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163. ɽʩʘʫʣʦʚ ɼ., ɯʣʶʪʝʥʢʦ ɸ., ɻʽʜʝʥʢʦ ɭ. 

ʉʇɽʎʀʌɯʏʅɯ ʇʈʀʅʎʀʇʀ ʉʇɽʎɯɸʃʔʅʆɰ ʊɸʂʊʀʂʀ 

880 

164. ɾʫʨʘʚʝʣʴ ʄ. ɺ. 

ʆʈɻɸʅɯɿɸʎɯʁʅɯ ʇʈʆɹʃɽʄʀ ɿɸɹɽɿʇɽʏɽʅʅʗ ʇʈʆʎɽʉʋ 

ʈʆɿʉʃɯɼʋɺɸʅʅʗ ʇʈɸɺʆʇʆʈʋʐɽʅʔ ʇʈʆʊʀ ɼʆɺʂɯʃʃʗ 

884 

165. ɾʫʨʘʚʝʣʴ ʆ. ɸ. 

ʊɸʂʊʀʂɸ ʉɸʄʆɿɸʍʀʉʊʋ ʊɸ ʆʉʆɹʀʉʊʆɰ ɹɽɿʇɽʂʀ 

 

888 
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166. ʂʘʨʧʝʥʢʦ ʆ. ʄ. 

ʆʉʆɹʃʀɺʆʉʊɯ ʇɯɼɻʆʊʆɺʂʀ ʇʈɸʎɯɺʅʀʂɯɺ ʅɸʎɯʆʅɸʃʔʅʆɰ 

ʇʆʃɯʎɯɰ ɼʆ ɺɽɼɽʅʅʗ ɺʆɻʅʖ ɺ ʋʄʆɺɸʍ ʆɹʄɽɾɽʅʆɻʆ 

ʇʈʀʎɯʃʖɺɸʅʅʗ 

893 

167. ʂʘʨʧʝʥʢʦ ʆ. ʄ. 

ɸʂʊʋɸʃʔʅɯ ʆʉʆɹʃʀɺʆʉʊɯ ɿɸʇʆɹɯɻɸʅʅʗ ɿʃʆʏʀʅɯɺ ʋ 

ʉʌɽʈɯ ʆɹɯɻʋ ʅɸʈʂʆʊʀʏʅʀʍ ʈɽʏʆɺʀʅ, ʗʂɯ ɺʏʀʅʗʖʊʔʉʗ 

ʅɽʇʆɺʅʆʃɯʊʅɯʄʀ 

896 

168. ʂʘʨʧʝʥʢʦ ʆ. ʄ. 

ɸʅɸʃɯɿ ʆʉʅʆɺʅʀʍ ʇʆʃʆɾɽʅʔ ɼʆɿɺɯʃʔʅʆɰ ʉʀʉʊɽʄʀ ɺ 

ʋʂʈɸɰʅɯ 

900 

169. ʂʘʩʠʯ ɭ. ʖ., ɻʽʜʝʥʢʦ ɭ. ʉ. 

ʆʉʆɹʃʀɺʆʉʊɯ ɼɯʗʃʔʅʆʉʊɯ ʅɸʎɯʆʅɸʃʔʅʆɰ ʇʆʃɯʎɯɰ ʇɯɼ 

ʏɸʉ ɺʆɭʅʅʆɻʆ ʉʊɸʅʋ 

903 

170. ʂʦʟʠʨʴ ɺ. ɯ., ɿʝʣʝʥʩʴʢʠʡ ɭ. ʉ. 

ʄɯɾʅɸʈʆɼʅʆ-ʇʈɸɺʆɺɯ ɸʉʇɽʂʊʀ ʇʈʆʊʀɼɯɰ 

ʅɽɿɸʂʆʅʅʆʄʋ ʆɹɯɻʋ ʅɸʈʂʆʊʀʏʅʀʍ ɿɸʉʆɹɯɺ 

907 

171. ʂʦʨʦʛʦʜ ʉ. ɺ., ʃʠʩʠʮʠʥ ɼ. ʄ., ʅʘʙʦʢ ʆ. ʖ. 

ʇʆʄʀʃʂʀ ɺ ʂɺɸʃɯʌɯʂɸʎɯɰ ʂʈʀʄɯʅɸʃʔʅʀʍ 

ʇʈɸɺʆʇʆʈʋʐɽʅʔ 

910 

172. ʂʫʞʫʢʽʥʘ ɸ., ʏʦʨʥʘ ɸ. ɻ. 

ʂɺɸʃɯʌɯʂɸʎɯʗ ʂʈʀʄɯʅɸʃʔʅʀʍ ʇʈɸɺʆʇʆʈʋʐɽʅʔ ʇʈʆʊʀ 

ɾʀʊʊʗ ʊɸ ɿɼʆʈʆɺ'ʗ ʆʉʆɹʀ 

916 

173. ʂʫʯʝʨʝʥʢʦ ɼ. ɺ., ɸʥʽʩʽʤʦʚ ɼ. 

ʇʈʆɹʃɽʄʀ ɺɯɼɹʆʈʋ ʄɸʁɹʋʊʅɯʍ ʇʈɸʎɯɺʅʀʂɯɺ ʇʆʃɯʎɯɰ 

ʋʂʈɸɰʅʀ 

919 

174. ʂʫʯʝʨʝʥʢʦ ɼ. ɺ., ɹʦʜʠʨʻʚ ɼ. 

ɺʆɻʅɽɺɸ ʇɯɼɻʆʊʆɺʂɸ, ʗʂ ʆʉʅʆɺɸ ʉʃʋɾɹʆɺʆ-ɹʆʁʆɺʆɰ 

ɼɯʗʃʔʅʆʉʊɯ ʇʆʃɯʎɽʁʉʔʂʀʍ 

923 

175. ʃʠʧʢʘ ʈ., ʂʠʨʠʯʝʥʢʦ ɸ. 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʇʈʀʁʆʄɯɺ ɹʆʈʆʊʔɹʀ ʋ ʇʆʃɯʎɽʁʉʔʂɯʁ 

ɼɯʗʃʔʅʆʉʊɯ 

928 

176. ʃʽʪʦʰʢʦ ɺ., ɿʘʜʦʷ ɺ. 

ʄɽɼɯɸʎɯʗ ʋ ʉʌɽʈɯ ɺʀʈɯʐɽʅʅʗ ʇʋɹʃɯʏʅʆ-ʇʈɸɺʆɺʀʍ 

ʉʇʆʈɯɺ 

931 

177. ʄʘʨʦʯʢʽʥ ʆ. ɯ. 

ʇʈɸɺʆ ʅɸ ʉɺʆɹʆɼʋ ɺʀʉʃʆɺʃɽʅʅʗ ɼʋʄʂʀ ʊɸ ʁʆɻʆ 

ʆɹʄɽɾɽʅʅʗ ʋ ʂʈʀʄɯʅɸʃʔʅʆʄʋ ʉʋɼʆʏʀʅʉʊɺɯ: 

ɭɺʈʆʇɽʁʉʔʂɯ ʉʊɸʅɼɸʈʊʀ ʊɸ ɺɯʊʏʀɿʅʗʅɯ ʈɽɸʃɯɰ 

935 

178. ʅʘʣʽʞʠʪʠʡ ɺ. ɺ., ɿʘʚʽʩʪʦʚʩʴʢʠʡ ʆ. ɼ. 

ʊɸʂʊʀʂɸ ɼɯʁ ʊɸ ɿɸʍʆɼʀ ɹɽɿʇɽʂʀ ʇʆʃɯʎɽʁʉʔʂʀʍ ʇɯɼ 

ʏɸʉ ʇɽʈɽɺɯʈʂʀ ɼʆʂʋʄɽʅʊɯɺ ʆʉʆɹʀ 

939 

179. ʇʝʨʝʜʝʨʽʡ ʆ. ʉ. 

ʋʄʆɺʀ ɯʅʅʆɺɸʎɯʁʅʆɻʆ ʈɽʌʆʈʄʋɺɸʅʅʗ ʇʈɸɺʆɺʆɰ 

ʉʀʉʊɽʄʀ ʋʂʈɸɰʅʀ ʗʂ ɼɽʈɾɸɺʀ, ʑʆ ʄɸɭ ʉʊɸʊʋʉ 

942 
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ʂɸʅɼʀɼɸʊɸ ʅɸ ɺʉʊʋʇ ɼʆ ɭɺʈʆʇɽʁʉʔʂʆɻʆ ʉʆʖɿʋ 

180. ʇʣʘʭʦʪʥʠʡ ɸ. ʇ., ɻʘʨʩʦʷʥ ʃ. ʈ. 

ʆʉʅʆɺʅɯ ɿɸʉɸɼʀ, ʅɸ ʗʂʀʍ ɹɸɿʋɭʊʔʉʗ ɼɯʗʃʔʅɯʉʊʔ 

ʅɸʎɯʆʅɸʃʔʅʆɰ ʇʆʃɯʎɯɰ ʋ ʉʌɽʈɯ ɿɸʇʆɹɯɻɸʅʅʗ ʊɸ 

ʇʈʆʊʀɼɯɰ ɼʆʄɸʐʅʔʆʄʋ ʅɸʉʀʃʔʉʊɺʋ 

949 

181. ʇʣʝʪʝʥʝʮʴ ɺ. ʄ., ʇʦʧʦʚʠʯ ɸ. ʆ. 

ʆʉʆɹʃʀɺʆʉʊɯ ɼʆʇʀʊʋ ʅɽʇʆɺʅʆʃɯʊʅɯʍ, ʇʆʉʊʈɸɾɼɸʃʀ 

ɺɯɼ ʉɽʂʉʋɸʃʔʅʆɻʆ ʅɸʉʀʃʔʉʊɺɸ 

953 

182. ʇʫʟʘʥʦʚ ʄ. ɺ., ɾʫʨʘʚʝʣʴ ʆ. ɸ. 

ʌɯɿʀʏʅɸ ʇɯɼɻʆʊʆɺʂɸ ʋ ʇɽʈɯʆɼ ɸɼɸʇʊɸʎɯɰ ʂʋʈʉɸʅʊɯɺ 

ɼʆ ʉʃʋɾɹʀ ʇʆʃɯʎɽʁʉʔʂʆɻʆ 

957 

183. ʇʫʟʘʥʦʚ ʄ. ɺ., ɾʫʨʘʚʝʣʴ ʆ. ɸ. 

ʇɯɼɺʀʑɽʅʅʗ ʈɯɺʅʗ ʌɯɿʀʏʅʆɰ ʇɯɼɻʆʊʆɺʃɽʅʆʉʊɯ 

ʂʋʈʉɸʅʊɯɺ ɿɸʂʃɸɼɯɺ ɺʀʑʆɰ ʆʉɺɯʊʀ ʄɺʉ ʋʂʈɸɰʅʀ 

960 

184. ʇʫʟʘʥʦʚ ʄ. ɺ., ɾʫʨʘʚʝʣʴ ʆ. ɸ. 

ʊɽʆʈɽʊʀʏʅɯ ɿɸʉɸɼʀ ʈʆɿɺʀʊʂʋ ʉʇɽʎɯɸʃʔʅʆɰ ʌɯɿʀʏʅʆɰ 

ʇɯɼɻʆʊʆɺʂʀ ʉɽʈɽɼ ʂʋʈʉɸʅʊɯɺ ɿɹʈʆʁʅʀʍ ʉʀʃ ʋʂʈɸɰʅʀ 

962 

185. ʉʝʚʝʨʠʥ ʆ. ʆ., ʐʘʧʦʰʥʠʢ ʄ. ʖ., ɻʽʜʝʥʢʦ ɽ. ʉ. 

ʆʈɻɸʅɯɿɸʎɯʁʅɸ ʇʆɹʋɼʆɺɸ ʉʀʃ ʊɸ ɿɸʉʆɹɯɺ 

ʅɸʎɯʆʅɸʃʔʅʆɰ ʇʆʃɯʎɯɰ ɼʃʗ ɺʀʂʆʅɸʅʅʗ ʉʇɽʎɯɸʃʔʅʀʍ 

ɹʆʁʆɺʀʍ ɿɸɺɼɸʅʔ ʇɯɼ ʏɸʉ ʅɸɼɿɺʀʏɸʁʅʀʍ ʉʀʊʋɸʎɯʁ 

965 

186. Coʣoʜoʚʥʠʢ ɺ. C., ʂoʯʝʨʛa C. ɺ., ʏoʨʥa A. ɻ. 

ʂɺAʃɯʌɯʂAʎɯʗ ʅɽɿAʂɯʅʏɽʅOɻO ʂʈʀʄɯʅAʃʔʅOɻO 

ʇʈAɺOʇOʈʋʐɽʅʅʗ 

968 

187. ʉʦʧʠʣʶʢ ɸ. ʇ., ʅʘʤʣʠʥʩʴʢʘ ʆ. ʉ. 

ʇʈʆɹʃɽʄɸʊʀʂɸ ɯ ɺʀʈɯʐɽʅʅʗ ʇʈɸɺʆɺʆɻʆ ɸʉʇɽʂʊʋ 

ɿʋʇʀʅʂʀ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ɿɸʉʆɹʋ ɺ ʋʂʈɸɰʅɯ 

971 

188. ʊʽʥʽʥ ɼ. ɻ., ʌʫʨʩʦʚʘ ɸ. ʆ. 

ʆʇʊʀʄɯɿɸʎɯʗ ʅɸɺʏɸʃʔʅʆ-ʄɽʊʆɼʀʏʅʆɻʆ 

ɿɸɹɽɿʇɽʏɽʅʅʗ ʇɯɼɻʆʊʆɺʂʀ ʇʆʃɯʎɽʁʉʔʂʀʍ 

976 

189. ʊʽʥʽʥ ɼ. ɻ. 

ɼɽʗʂɯ ʆʉʆɹʃʀɺʆʉʊɯ ɺɿɸɭʄʆɺɯɼʅʆʉʀʅ ʇʆʃɯʎɽʁʉʔʂʀʍ ɿ 

ʆʂʈɽʄʀʄʀ ʂɸʊɽɻʆʈɯʗʄʀ ʅɸʉɽʃɽʅʅʗ 

980 

190. ʊʨʦʮʴʢʘ ɺ. ʄ. 

ʉʊʈɯʊ-ɸʈʊ: ʋʅʆʈʄʋɺɸʅʅʗ ɺɯɼʅʆʉʀʅ ʑʆɼʆ ʅɸʅɽʉɽʅʅʗ 

ʊɺʆʈɯɺ ʅɸ ʉʊɯʅʀ ɹʋɼʀʅʂɯɺ ʊɸ ɯʅʐɯ ʆɹôɭʂʊʀ ʇʈɸɺɸ 

ɺʃɸʉʅʆʉʊɯ 

985 

191. ʋʩʦʚʘ ɼ., ʂʠʨʠʯʝʥʢʦ ɸ. 

ʇʈʆɹʃɽʄɸʊʀʂɸ ɿɸʉʊʆʉʋɺɸʅʅʗ ʌɯɿʀʏʅʆɰ ʉʀʃʀ 

ʇʈɸʎɯɺʅʀʂɸʄʀ ʅɸʎɯʆʅɸʃʔʅʆɰ ʇʆʃɯʎɯɰ ʋʂʈɸɰʅʀ ʊɸ 

ʇɽʈɽɺʀʑɽʅʅʗ ʉʃʋɾɹʆɺʀʍ ʇʆɺʅʆɺɸɾɽʅʔ 

992 

192. ʌʫʨʩʦʚ ɺ. ʄ., ɻʦʨʣʦʚʠʡ ɯ. ɺ., ʏʦʨʥʘ ɸ. ɻ. 

ʂʈʀʄɯʅʆʃʆɻɯʏʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʂʆʈʋʇʎɯʁʅʆɰ 

ɿʃʆʏʀʅʅʆʉʊɯ 

 

996 
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193. ʏʝʨʝʚʫʪʘ ʆ. ʆ., ʂʘʨʧʝʥʢʦ ʆ. ʄ. 

ʇʈʀʅʎʀʇʀ ʂʈʀʄɯʅɸʃʔʅʆ-ʇʈɸɺʆɺʆɰ ʇʆʃɯʊʀʂʀ ɺ 

ʉʋʏɸʉʅʆʄʋ ɿɸʂʆʅʆɼɸɺʉʊɺɯ ʋʂʈɸɰʅʀ 

1000 

194. ʏʝʨʢʘʩʦʚʘ ʆ. ʄ., ɸʥʽʩʽʤʦʚ ɼ. ʆ. 

ʉʇʆʈʊ ʗʂ ɸʃʔʊɽʈʅɸʊʀɺɸ ʐʂɯɼʃʀɺʀʄ ɿɺʀʏʂɸʄ 

1003 

195. ʐʢʦʣʴʥʠʢ ʅ. ɹ., ɹʽʣʽʯʝʥʢʦ ɺ. ɺ. 

ʇʆɺʅʆɺɸɾɽʅʅʗ ʇʆʃɯʎɽʁʉʔʂʀʍ ɺ ʋʄʆɺɸʍ ɺʆɭʅʅʆɻʆ 

ʉʊɸʅʋ 

1006 

196. ʐʫʚʘʣʦʚʘ ʊ. ʆ. 

ʑʆɼʆ ʇʀʊɸʅʔ ɿ ʇʆɿɸʉʋɼʆɺʆɻʆ ʈʆɿɺôʗɿɸʅʅʗ 

ʌɯʅɸʅʉʆɺʀʍ ʉʇʆʈɯɺ 

1010 

197. ʐʫʣʴʛʘ ʊ., ʂʠʨʠʯʝʥʢʦ ɸ. 

ʈʆɿɺʀʊʆʂ ʌɯɿʀʏʅʀʍ ʗʂʆʉʊɽʁ ʇʆʃɯʎɽʁʉʔʂʆɻʆ 

1015 
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AGRICULTURAL  SCIENCES 

 
ɺʀɼʆɺɽ ʈɯɿʅʆʄɸʅɯʊʊʗ ɼɽʅɼʈʆʌʃʆʈʀ ɺʆʈʆʅɯɺʉʔʂʆɻʆ 

ʃɯʉʅʀʎʊɺɸ 

 

ɼʤʠʪʨʠʢ ʇʘʚʣʦ ʄʠʢʦʣʘʡʦʚʠʯ, 

ʢ. ʩ.-ʛ. ʥ, ʜʦʮʝʥʪ 

ʢʘʬʝʜʨʠ ʣʽʩʦʚʦʛʦ ʽ ʘʛʨʘʨʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ 

ʇʨʠʢʘʨʧʘʪʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʝʬʘʥʠʢʘ 

ʤ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ 

 

ɺʩʪʫʧ. ɼʝʥʜʨʦʬʣʦʨʘ ɺʦʨʦʥʽʚʩʴʢʦʛʦ ʣʽʩʥʠʮʪʚʘ ï ʮʝ ʧʝʨʩʧʝʢʪʠʚʥʝ ʜʞʝʨʝʣʦ 

ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʨʝʚôʷʥʠʩʪʠʭ ʨʦʩʣʠʥ ʚ 

ʜʝʢʦʨʘʪʠʚʥʠʭ ʮʽʣʷʭ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʑʝ 

ʦʜʥʠʤ ʘʩʧʝʢʪʦʤ ʘʢʪʫʘʣʴʥʦʩʪʽ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʽʜʪʚʦʨʝʥʥʷ ʣʽʩʦʚʠʭ 

ʨʦʩʣʠʥʥʠʭ ʫʛʨʫʧʦʚʘʥʴ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʣʘ ʫ ʚʠʚʯʝʥʥʽ ʜʝʥʜʨʦʬʣʦʨʠ ʣʽʩʦʚʠʭ ʥʘʩʘʜʞʝʥʴ 

ɺʦʨʦʥʽʚʩʴʢʦʛʦ ʣʽʩʥʠʮʪʚʘ, ʟʦʢʨʝʤʘ, ʩʢʣʘʜʘʥʥʷ ʢʦʥʩʧʝʢʪʫ ʪʘ ʧʨʦʚʝʜʝʥʥʷ 

ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʦ ɺʦʨʦʥʽʚʩʴʢʝ ʣʽʩʥʠʮʪʚʦ ʥʘʣʝʞʠʪʴ 

ʜʦ ɼʇ çʈʦʛʘʪʠʥʩʴʢʝ ʃɻè ʽ ʨʦʟʪʘʰʦʚʘʥʝ ʚ ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ 

ʦʙʣʘʩʪʽ. ʇʣʦʱʘ ʣʽʩʥʠʮʪʚʘ ʩʪʘʥʦʚʠʪʴ 3217 ʛʘ. ɼʇ çʈʦʛʘʪʠʥʩʴʢʝ ʃɻè ʚʢʣʶʯʘʻ 

ɺʦʨʦʥʽʚʩʴʢʝ, ʇʫʢʽʚʩʴʢʝ, ʈʦʛʘʪʠʥʩʴʢʝ ʽ ɹʫʢʘʯʽʚʩʴʢʝ ʣʽʩʥʠʮʪʚʘ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʜʝʥʜʨʦʬʣʦʨʠ ʧʨʦʚʦʜʠʣʦʩʷ ʥʘʤʠ ʧʨʦʪʷʛʦʤ 2019-2021 ʨ.ʨ. ʚ 

ʣʽʩʦʚʠʭ ʥʘʩʘʜʞʝʥʥʷʭ ʪʘ ʣʽʩʦʚʠʭ ʢʫʣʴʪʫʨʘʭ ʣʽʩʥʠʮʪʚʘ. 

ʇʨʠ ʚʠʚʯʝʥʥʽ ʜʝʥʜʨʦʬʣʦʨʠ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ ʟʘʩʪʦʩʫʚʘʣʠʩʷ 

ʨʽʟʥʽ ʤʝʪʦʜʠ ʬʣʦʨʠʩʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʩʘʤʝ: ʤʝʪʦʜ ʧʦʩʪʽʡʥʠʭ ʧʨʦʙʥʠʭ 

ʧʣʦʱ ʪʘ ʤʝʪʦʜ ʪʠʤʯʘʩʦʚʠʭ ʧʨʦʬʽʣʴʥʠʭ ʣʽʥʽʡ (ʤʘʨʰʨʫʪʥʠʡ). 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʇʣʦʱʘ ʣʽʩʽʚ ʈʦʛʘʪʠʥʱʠʥʠ ʩʪʘʥʦʚʠʪʴ 18,3 % 

ʚʽʜ ʚʩʽʻʾ ʪʝʨʠʪʦʨʽʾ ʨʘʡʦʥʫ. ʉʫʮʽʣʴʥʠʤʠ ʤʘʩʠʚʘʤʠ ʚʦʥʠ ʧʦʰʠʨʝʥʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʟ 
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ʩʠʣʴʥʦ ʧʝʨʝʩʽʯʝʥʠʤ ʨʝʣʴʻʬʦʤ. ʎʝ ʜʫʙʦʚʦ-ʛʨʘʙʦʚʦ-ʙʫʢʦʚʽ ʣʽʩʠ ʟ ʜʦʤʽʰʢʦʶ 

ʢʣʝʥʘ, ʷʚʦʨʘ, ʣʠʧʠ, ʷʩʝʥʘ, ʷʣʠʥʠ. ɼʦʙʨʝ ʚʠʨʘʞʝʥʠʡ ʧʽʜʣʽʩʦʢ ʽʟ ʰʠʧʰʠʥʠ, ʛʣʦʜʫ, 

ʣʽʱʠʥʠ, ʚʦʚʯʦʛʦ ʣʠʢʘ, ʢʘʣʠʥʠ, ʤʘʣʠʥʠ, ʦʞʠʥʠ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʪʘ ʢʨʠʪʠʯʥʦʾ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʠʭ 

ʙʦʪʘʥʽʯʥʠʭ ʧʨʘʮʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʬʣʦʨʘ ʈʦʛʘʪʠʥʩʴʢʦʛʦ ʆʧʽʣʣʷ ʥʘʨʘʭʦʚʫʻ 1143 

ʚʠʜʠ ʚʠʱʠʭ ʢʚʽʪʢʦʚʠʭ ʨʦʩʣʠʥ.  

ɿʘ ʜʘʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʬʣʦʨʘ ʈʦʛʘʪʠʥʩʴʢʦʛʦ ʆʧʽʣʣʷ ʜʝʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʚʽʜ ʬʣʦʨʠ ʩʝʨʝʜʥʴʦʻʚʨʦʧʝʡʩʴʢʦʛʦ ʪʠʧʫ, ʱʦ ʦʯʝʚʠʜʥʦ, ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʬʣʦʨʦʛʝʥʝʟʫ, ʥʘ ʷʢʠʡ ʤʘʣʘ ʚʧʣʠʚ ʬʣʦʨʘ ʧʽʚʜʝʥʥʠʭ ʨʝʛʽʦʥʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʢʣʘʜʝʥʦ ʢʦʥʩʧʝʢʪ ʜʝʥʜʨʦʬʣʦʨʠ 

ʣʽʩʥʠʮʪʚʘ, ʷʢʠʡ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1  

ʂʦʥʩʧʝʢʪ ʜʝʥʜʨʦʬʣʦʨʠ ɺʦʨʦʥʽʚʩʴʢʦʛʦ ʣʽʩʥʠʮʪʚʘ 

ʈʦʜʠʥʘ ʈʽʜ ɺʠʜ ɾ-ʚʘ 

ʬʦʨʤʘ 

1.ʉʦʩʥʦʚʽ ï 

 Pinaceae 

1. ʉʦʩʥʘ ï  

 Pinus 

1. ʉʦʩʥʘ ʟʚʠʯʘʡʥʘ ï 

 Pinus sylvestris L. 
ʜʝʨʝʚʦ 

2.ʗʣʠʥʘ ï 

 Picea 

2. ʗʣʠʥʘ ʻʚʨʦʧʝʡʩʴʢʘ ï 

 Picea abies Karst. 
ʜʝʨʝʚʦ 

3. ʗʣʠʮʷ ï  

 Abies 

3. ʗʣʠʮʷ ʙʽʣʘ ï  

 Abies alba Mill. 
ʜʝʨʝʚʦ 

2. ʂʠʧʘʨʠʩʦʚʽ ï  

 Cupressaceae 

 4. ʊʫʷ ï  

 Thuja 

4. ʊʫʷ ʟʘʭʽʜʥʘï  

 Thuja occidentalis L. 
ʜʝʨʝʚʦ 

3. ɺôʷʟʦʚʽ ï 

 Ulmaceae 

 5. ɺôʷʟ ï  

 Ulmus 

5. ɺôʷʟ ʛʣʘʜʝʥʴʢʠʡ ï  

 Ulmus laevis Pall. 
ʜʝʨʝʚʦ 

6. ɺôʷʟ ʰʦʨʩʪʢʠʡ ï  

 Ulmus scabra Mill. 
ʜʝʨʝʚʦ 

4. ʐʦʚʢʦʚʠʮʝʚʽ ï  

 Moraceae 

6. ʐʦʚʢʦʚʠʮʷ -  

 Morus 

7. ʐʦʚʢʦʚʠʮʷ ʯʦʨʥʘ -  

 Morus nigra L. 
ʜʝʨʝʚʦ 

5. ɹʫʢʦʚʽ ï 

 Fagaceae 

7. ɹʫʢ ï  

 Fagus 

8. ɹʫʢ ʣʽʩʦʚʠʡ ï 

 Fagus sylvatica L. 
ʜʝʨʝʚʦ 

8. ɼʫʙ ï  

 Quercus 

9. ɼʫʙ ʟʚʠʯʘʡʥʠʡ ï  

 Quercus robur L. 
ʜʝʨʝʚʦ 

10. ɼʫʙ ʩʢʝʣʴʥʠʡ ï  

 Quercus petraea Liebl. 
ʜʝʨʝʚʦ 

9. ʂʘʰʪʘʥ ï  

 Castanea 

11. ʂʘʰʪʘʥ ʾʩʪʽʚʥʠʡ - 

 Castanea sativa Mill. 
ʜʝʨʝʚʦ 

6. ɹʝʨʝʟʦʚʽ ï  

 Betulaceae 

 10. ɹʝʨʝʟʘ ï  

 Betula 

12. ɹʝʨʝʟʘ ʧʦʚʠʩʣʘ  

 Betula pendula Roth. 
ʜʝʨʝʚʦ 

13. ɹʝʨʝʟʘ ʚʠʰʥʝʚʘ ï 

 Betula lenta L.  
ʜʝʨʝʚʦ 
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14. ɹʝʨʝʟʘ ʧʫʭʥʘʩʪʘ ï  

 Betula pubescens Ehrh. 
ʜʝʨʝʚʦ 

 11. ɺʽʣʴʭʘ ï  

 Alnus  

15. ɺʽʣʴʭʘ ʯʦʨʥʘ ï  

 Alnus glutinosa Gaertn.  
ʜʝʨʝʚʦ  

7. ʃʽʱʠʥʦʚʽ ï  

 Corylaceae 

 12. ʃʽʱʠʥʘ ï  

 Corylus 

16. ʃʽʱʠʥʘ ʟʚʠʯʘʡʥʘ ï  

 Corylus avellana L. 
ʢʫʱ  

 13. ɻʨʘʙ ï  

 Carpinus 

17. ɻʨʘʙ ʟʚʠʯʘʡʥʠʡ ï 

 Carpinus betulus L. ʜʝʨʝʚʦ 

8. ɻʦʨʽʭʦʚʽ ï 

 Juglandaceae 

14. ɻʦʨʽʭ ï  

 Juglans 

18. ɻʦʨʽʭ ʛʨʝʮʴʢʠʡ ï 

 Juglans regia L.  
ʜʝʨʝʚʦ 

9. ɺʝʨʙʦʚʽ ï  

 Salicaceae 

15. ɺʝʨʙʘ ï 

 Salix 

19. ɺʝʨʙʘ ʙʽʣʘ ï  

 Salix alba L. 
ʜʝʨʝʚʦ  

20. ɺʝʨʙʘ ʣʘʤʢʘ ï  

 Salix fragilis L. 
ʢʫʱ  

21. ɺʝʨʙʘ ʛʦʩʪʨʦʣʠʩʪʘ ï  

 Salix acutifolia Willd. 
ʢʫʱ  

22. ɺʝʨʙʘ ʢʦʟʷʯʘ ï 

 Salix caprea L. 
ʢʫʱ  

16. ʊʦʧʦʣʷ ï  

 Populus 

23. ʊʦʧʦʣʷ ʯʦʨʥʘ ï 

 Populus nigra L. 
ʜʝʨʝʚʦ 

24. ʊʦʧʦʣʷ ʙʽʣʘ ï 

 Populus alba L. 
ʜʝʨʝʚʦ  

10. ʃʠʧʦʚʽ ï  

 Tiliaceae  

 17. ʃʠʧʘ ï  

 Tilia  

 25. ʃʠʧʘ ʩʝʨʮʝʣʠʩʪʘ ï 

 Tilia corbata Mill.  
ʜʝʨʝʚʦ  

11. ɸʛʨʫʩʦʚʽ ï  

 Grossulariaceae 

18. ʉʤʦʨʦʜʠʥʘ ï 

 Ribes 

26. ʉʤʦʨʦʜʠʥʘ ʯʦʨʥʘ ï 

 Ribes nigrum L. 
ʢʫʱ 

27. ʉʤʦʨʦʜʠʥʘ ʯʝʨʚʦʥʘ ï 

 Ribes rubrum L.. 
ʢʫʱ 

19. ɸˇʨʫʩ ï  

 Grossularia 

28. ɸˇʨʫʩ ʚʽʜʭʠʣʝʥʠʡ ï  

 Grossularia reclinata Mill. 
ʢʫʱ 

12. ʈʦʟʦʚʽ ï  

 Rosaceae 

20. ɻʦʨʦʙʠʥʘ ï  

 Sorbus  

29. ɻʦʨʦʙʠʥʘ ʟʚʠʯʘʡʥʘ ï  

 Sorbus aucuparia L.  
ʜʝʨʝʚʦ  

21. ʐʠʧʰʠʥʘ ï 

 Rosa 

30. ʐʠʧʰʠʥʘ ʟʚʠʯʘʡʥʘ ï  

 Rosa canina L. ʢʫʱ 

31. ʐʠʧʰʠʥʘ ʪʨʘʚʥʝʚʘ ï 

 Rosa majalis Herrm. 
ʢʫʱ 

22. ɸʡʚʘ ï  

 Cydonia 

32. ɸʡʚʘ ʜʦʚʛʘʩʪʘ ï  

 Cydonia oblonga Mill. 
ʜʝʨʝʚʦ 

 23. ɻʣʽʜ ï  

 Crataegus 

33. ɻʣʽʜ ʦʜʥʦʤʘʪʦʯʢʦʚʠʡ ï  

 ʉrataegus monogyha Jack. 
ʢʫʱ 

 24. ɻʨʫʰʘ ï 

 Pyrus 

34. ɻʨʫʰʘ ʟʚʠʯʘʡʥʘ ï 

 Pyrus communis L. 
ʜʝʨʝʚʦ 

 25. ʗʙʣʫʥʷ ï  

 Malus 

 

35. ʗʙʣʫʥʷ ʣʽʩʦʚʘ ï  

 Malus sylvestris L. 
ʜʝʨʝʚʦ 

36. ʗʙʣʫʥʷ ʨʘʥʥʷ - 

 Malus praecox Borkh. 
ʜʝʨʝʚʦ 

26. ʏʝʨʝʤʭʘ ï  

 Padus 

37. ʏʝʨʝʤʭʘ ʟʚʠʯʘʡʥʘ ï 

 Padus racemosa Lam. 
ʢʫʱ 

 27. ɺʠʰʥʷ ï 

 Cerasus 

38. ɺʠʰʥʷ ʢʫʱʦʚʘ ï  

 Cerasus fruticosa Pall.  
ʢʫʱ 
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39. ʏʝʨʝʰʥʷ ʧʪʘʰʠʥʘ ï  

 Cerasus avium L. 
ʜʝʨʝʚʦ 

28. ʉʣʠʚʘ ï 

 Prunus 

40. ʉʣʠʚʘ ʨʦʟʣʦʛʘ ï 

 Prunus divaricata Ledeb. 
ʜʝʨʝʚʦ 

41. ʉʣʠʚʘ ʢʦʣʶʯʘ ï  

 Prunus spinosa L. 
ʢʫʱ 

42. ʊʝʨʝʥ ʩʪʝʧʦʚʠʡ ï  

 Prunus stepposa Kotov. 
ʢʫʱ  

29. ɸʙʨʠʢʦʩ ï  

 Armeniaca 

43. ɸʙʨʠʢʦʩ ʟʚʠʯʘʡʥʠʡ ï  

 Armeniaca vulgaris Mill. 
ʜʝʨʝʚʦ 

 30. ʆʞʠʥʘ,  

 ʄʘʣʠʥʘ ï 

 Rubus 

  

 

 

44. ʄʘʣʠʥʘ ʟʚʠʯʘʡʥʘ ï  

 Rubus idaeus L. 
ʢʫʱʠʢ  

45. ʆʞʠʥʘ ʩʠʟʘ ï  

 Rubus caesius L. 
ʢʫʱʠʢ 

46. ʆʞʠʥʘ ʰʦʨʩʪʢʘ ï  

 Rubus hirtus Waldst et Kit. 
ʢʫʱʠʢ 

13. ʂʣʝʥʦʚʽ ï  

 Aceraceae 

31. ʂʣʝʥ ï 

 Acer  

47. ʂʣʝʥ ʛʦʩʪʨʦʣʠʩʪʠʡ ï  

 Acer platanoides L. 
ʜʝʨʝʚʦ 

48. ʂʣʝʥ ï̫ ʚʽʨ ï  

 Acer pseudoplatanus L. 
ʜʝʨʝʚʦ 

14. ɾʦʩʪʝʨʦʚʽ ï  

 Rhamnaceae 

32. ʂʨʫʰʠʥʘ ï  

 Frangula 

49. ʂʨʫʰʠʥʘ ʣʘʤʢʘ ï  

 Frangula alnus Mill. 
ʢʫʱ 

15. ɺʠʥʦʛʨʘʜʥʽ ï 

 Vitaceae 

33. ɺʠʥʦʛʨʘʜ ï  

 Vitis 

50. ɺʠʥʦʛʨʘʜ ʣʽʩʦʚʠʡ -  

 Vitis sylvestris Gmel. 

 

ʣʽʘʥʘ 

16. ʄʘʩʣʠʥʦʚʽ ï 

 Oleaceae 

 

 

 

 

34. ʗʩʝʥ ï  

 Fraxcinus 

51. ʗʩʝʥ ʟʚʠʯʘʡʥʠʡ ï  

 Fraxcinus excelsior L. 
ʜʝʨʝʚʦ 

35. ɾʘʩʤʠʥ ï  

 Jasminum 

52. ɾʘʩʤʠʥ ʩʘʜʦʚʠʡ ï  

 Jasminum coronarius L.  
ʢʫʱ 

36. ɹʫʟʦʢ ï  

 Syringa 

53. ɹʫʟʦʢ ʟʚʠʯʘʡʥʠʡ -  

 Syringa vulgaris L. 
ʢʫʱ 

 17. ɾʠʤʦʣʦʩʪʝʚʽ- 

 Caprifoliaceae 

37. ɹʫʟʠʥʘ ï 

 Sambucus 

54. ɹʫʟʠʥʘ ʯʦʨʥʘ ï  

 Sambucus nigra L. 
ʢʫʱ 

38. ʂʘʣʠʥʘ ï  

 Viburnum 

55. ʂʘʣʠʥʘ ʟʚʠʯʘʡʥʘ ï  

 Viburnum opulus L. 
ʢʫʱ 

ɺʩʴʦʛʦ : 

17 ʨʦʜʠʥ 
38 ʨʦʜʽʚ 55 ʚʠʜʽʚ  

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʜʝʥʜʨʦʬʣʦʨʽ ɺʦʨʦʥʽʚʩʴʢʦʛʦ ʣʽʩʥʠʮʪʚʘ ʤʠ ʚʠʷʚʠʣʠ 55 

ʚʠʜʽʚ ʜʝʨʝʚʥʦ-ʢʫʱʦʚʠʭ ʨʦʩʣʠʥ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 38 ʨʦʜʽʚ ʪʘ 17 ʨʦʜʠʥ.  

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʚʚʘʞʘʶʪʴʩʷ ʨʦʜʠʥʠ ʈʦʟʦʚʽ (Rosaceae), ɺʝʨʙʦʚʽ 

(Salicaceae), ɹʝʨʝʟʦʚʽ (Betulaceae), ɾʠʤʦʣʦʩʪʝʚʽ (Caprifoliaceae), ʄʘʩʣʠʥʦʚʽ 

(Oleaceae), ʃʽʱʠʥʦʚʽ (Corylaceae), ɹʫʢʦʚʽ (Fagaceae), ʉʦʩʥʦʚʽ (Pinaceae), 

ʂʣʝʥʦʚʽ (Aceraceae). ʈʝʰʪʘ ʨʦʜʠʥ ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʽʣʴʢʦʤʘ ʚʠʜʘʤʠ, ʯʘʩʪʦ ʤʘʶʪʴ 

ʻʜʠʥʝ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ. ɿʦʢʨʝʤʘ, ɾʦʩʪʝʨʦʚʽ (Rhamnaceae), ʂʠʧʘʨʠʩʦʚʽ 

(Cupressaceae). ɭ ʨʦʜʠʥʠ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʜʥʠʤ ʚʠʜʦʤ, ʘʣʝ ʜʦʩʠʪʴ ʯʠʩʣʝʥʥʽ ʽ 
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ʟʘʡʤʘʶʪʴ ʚʝʣʠʢʫ ʯʘʩʪʠʥʫ ʪʝʨʠʪʦʨʽʾ ʣʽʩʥʠʮʪʚʘ. ʎʝ ï ɻʦʨʽʭʦʚʽ (Juglandaceae), 

ʃʠʧʦʚʽ (Tiliaceae), ʄʘʩʣʠʥʦʚʽ (Oleaceae).  

ʇʝʨʝʣʽʢ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʨʦʩʣʠʥ ʚ ʣʽʩʘʭ ɺʦʨʦʥʽʚʩʴʢʦʛʦ ʣʽʩʥʠʮʪʚʘ 

ʧʨʠʚʦʜʠʤʦ ʚ ʪʘʙʣʠʮʽ 2. 

ʊʘʙʣʠʮʷ 2 

ʅʘʡʧʦʰʠʨʝʥʽʰʽ ʨʦʩʣʠʥʠ ʣʽʩʦʚʠʭ ʬʽʪʦʮʝʥʦʟʽʚ 

ɺʦʨʦʥʽʚʩʴʢʦʛʦ ʣʽʩʥʠʮʪʚʘ 

ɼʝʨʝʚʥʽ ʧʦʨʦʜʠ 
ʇʣʦʱʘ ɿʘʛʘʣʴʥʠʡ ʟʘʧʘʩ 

ʛʘ % ʜʝʩ. ʤ
3 

% 

1. ɹʫʢ ʣʽʩʦʚʠʡ - 

 Fagus sylvatica L. 
6129,7 43,3 14867 56,3 

2. ɼʫʙ ʯʝʨʝʰʯʘʪʠʡ ï  

 Quercus robur L. 
4196,1 29,6 55084 20,9 

3. ɻʨʘʙ ʟʚʠʯʘʡʥʠʡ ï  

 Carpinus betulus L. 
1100,8 7,8 13852 5,3 

4. ʗʩʝʥ ʟʚʠʯʘʡʥʠʡ ï  

 Fraxcinus excelsior L. 
137,6 1,0 2539 1,0 

5. ʂʣʝʥ ʛʦʩʪʨʦʣʠʩʪʠʡ -  

 Acer platanoides L.  
14,2 0.1 176 0,1 

6. ʂʣʝʥ-ʷʚʽʨ -  

 Acer pseudoplatanus L. 
28,6 0,2 404 0,2 

7. ɹʝʨʝʟʘ ʧʦʚʠʩʣʘ -  

 Betula pendula Roth. 
50,3 0,4 579 0.2 

ʈʘʟʦʤ ʪʚʝʨʜʦʣʠʩʪʷʥʠʭ 130098,5 92,6 244689 93,1 

 

ɼʝʥʜʨʦʨʽʟʥʦʤʘʥʽʪʪʷ ʧʨʝʜʩʪʘʚʣʝʥʝ ʚ ʦʩʥʦʚʥʦʤʫ ʘʙʦʨʠʛʝʥʥʠʤʠ ʚʠʜʘʤʠ, ʜʝ 

ʥʘ ʙʫʢ ʣʽʩʦʚʠʡ (Fagus sylvatica L.) ʧʨʠʧʘʜʘʻ 43 %, ʜʫʙ ʯʝʨʝʰʯʘʪʠʡ (Quercus 

robur L.) ʤʘʡʞʝ 30 % ʧʣʦʱʽ. ʅʝʟʥʘʯʥʫ ʧʣʦʱʫ ʜʦ 12 % ʟʘʡʤʘʶʪʴ ʽʥʪʨʦʜʫʢʦʚʘʥʽ 

ʚʠʜʠ. 

ʉʠʩʪʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʜʝʥʜʨʦʬʣʦʨʠ ʧʨʠʚʦʜʠʤʦ ʚ ʪʘʙʣʠʮʽ 3. 

ʗʢ ʙʘʯʠʤʦ, ʥʘʡʯʠʩʝʣʴʥʽʰʠʤʠ ʟʘ ʚʠʜʦʚʠʤ ʩʢʣʘʜʦʤ ʻ ʨʦʜʠʥʘ ʈʦʟʦʚʠʭ 

(Rosaceae) ï 18 ʚʠʜʽʚ (33 % ʜʝʥʜʨʦʬʣʦʨʠ), ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ 11 ʨʦʜʽʚ (27 % 

ʜʝʥʜʨʦʬʣʦʨʠ) ʪʘ ɺʝʨʙʦʚʠʭ (Salicaceae) ï 6 ʚʠʜʽʚ (11 % ʜʝʥʜʨʦʬʣʦʨʠ), ʷʢʽ 

ʥʘʣʝʞʘʪʴ ʜʦ 2 ʨʦʜʽʚ (5 % ʜʝʥʜʨʦʬʣʦʨʠ). ʏʠʩʝʣʴʥʠʤʠ ʻ ʨʦʜʠʥʠ ɹʫʢʦʚʠʭ 

(Fagaceae) ï 4 ʚʠʜʠ (7 % ʜʝʥʜʨʦʬʣʦʨʠ), ɹʝʨʝʟʦʚʠʭ (Betulaceae) ï 4 ʚʠʜʠ (7 % 

ʜʝʥʜʨʦʬʣʦʨʠ), ʄʘʩʣʠʥʦʚʠʭ (Qecaceae) ï 3 ʚʠʜʠ (6 % ʜʝʥʜʨʦʬʣʦʨʠ), ʉʦʩʥʦʚʠʭ 

(Pinaceae) - 3 ʚʠʜʠ (6 % ʜʝʥʜʨʦʬʣʦʨʠ), ɸʛʨʫʩʦʚʠʭ (Grossulariceae) - 3 ʚʠʜʠ (6 % 
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ʜʝʥʜʨʦʬʣʦʨʠ). ʈʝʰʪʘ ʨʦʜʠʥ ʧʨʝʜʩʪʘʚʣʝʥʽ 1-2 ʚʠʜʘʤʠ ʨʦʩʣʠʥ, ʷʢʽ ʚ ʩʫʤʽ 

ʩʢʣʘʜʘʶʪʴ ʙʽʣʷ 24 % ʜʝʥʜʨʦʬʣʦʨʠ. 

ʊʘʙʣʠʮʷ 3 

ɸʥʘʣʽʟ ʜʝʥʜʨʦʬʣʦʨʠ ɺʦʨʦʥʽʚʩʴʢʦʛʦ ʣʽʩʥʠʮʪʚʘ 

ˉ 

ʧ/ʧ 
ʈʦʜʠʥʠ 

ʂ-ʪʴ ʨʦʜʽʚ ʂ-ʪʴ ʚʠʜʽʚ, ʬʦʨʤ 

ʰʪ. % ʰʪ. % 

1. ʉʦʩʥʦʚʽ - Pinaceae 3 8 3 6 

2. ʂʠʧʘʨʠʩʦʚʽ - Cuparessaceae 1 3 1 2 

3. ɺôʷʟʦʚʽ ï Ulmaceae 1 3 2 3 

4. ʐʦʚʢʦʚʠʮʝʚʽ ï Moraceae 1 3 1 2 

5. ɹʫʢʦʚʽ ï Fagaceae 3 8 4 7 

6. ɹʝʨʝʟʦʚʽ ï Betulaceae 2 5 4 7 

7. ʃʽʱʠʥʦʚʽ ï Corylaceae 2 5 2 3 

8.  ɻʦʨʽʭʦʚʽ ï Juglandaceae 1 3 1 2 

9. ɺʝʨʙʦʚʽ ï Salicaceae 2 5 6 11 

10. ʃʠʧʦʚʽ ï Tiliaceae 1 3 1 2 

11. ɸʛʨʫʩʦʚʽ ï Grossulariceae 2 5 3 6 

12. ʈʦʟʦʚʽ ï Rosaceae 11 27 18 33 

13. ʂʣʝʥʦʚʽ - Aceraceae 1 3 2 3 

14. ɾʦʩʪʝʨʦʚʽ ï Rhamnaceae 1 3 1 2 

15. ɺʠʥʦʛʨʘʜʥʽ ï Vitaceae 1 3 1 2 

16. ʄʘʩʣʠʥʦʚʽ ï Oleaceae 3 8 3 6 

17. ɾʠʤʦʣʦʩʪʝʚʽ - Caprifoliaceae 2 5 2 3 

 ɺʩʴʦʛʦ: 38 100 55 100 

 

ɸʥʘʣʽʟ ʜʝʥʜʨʦʬʣʦʨʠ ʣʽʩʥʠʮʪʚʘ ʟʘ ʞʠʪʪʻʚʠʤʠ ʬʦʨʤʘʤʠ ʧʦʜʘʥʦ ʚ 

ʪʘʙʣʠʮʽ 4. 

ʊʘʙʣʠʮʷ 4 

ɾʠʪʪʻʚʽ ʬʦʨʤʠ ʜʝʥʜʨʦʬʣʦʨʠ ɺʦʨʦʥʽʚʩʴʢʦʛʦ 

ʣʽʩʥʠʮʪʚʘ 

 ̄

n/n 

ʈʦʜʠʥʘ ʂʽʣʴʢʽʩʪʴ ʚʠʜʽʚ, ʰʪ 

ɼʝʨʝʚʘ ʂʫʱʽ ʂʫʱʠʢʠ ʃʽʘʥʠ ɺʩʴʦʛʦ 

1. ʉʦʩʥʦʚʽ - Pinaceae 3    3 

2. ʂʠʧʘʨʠʩʦʚʽ - Cuparessaceae  1   1 

3. ɺôʷʟʦʚʽ ï Ulmaceae 2    2 

4. ʐʦʚʢʦʚʠʮʝʚʽ ï Moraceae 1    1 

5. ɹʫʢʦʚʽ ï Fagaceae 4    4 

6. ɹʝʨʝʟʦʚʽ ï Betulaceae 4    4 

7. ʃʽʱʠʥʦʚʽ ï Corylaceae 1 1   2 

8.  ɻʦʨʽʭʦʚʽ ï Juglandaceae 1    1 

9. ɺʝʨʙʦʚʽ ï Salicaceae 3 3   6 

10. ʃʠʧʦʚʽ ï Tiliaceae 1    1 
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11. ɸʛʨʫʩʦʚʽ ï Grossulariceae  3   3 

12. ʈʦʟʦʚʽ ï Rosaceae 8 7 3  18 

13. ʂʣʝʥʦʚʽ - Aceraceae 2    2 

14. ɾʦʩʪʝʨʦʚʽ ï Rhamnaceae  1   1 

15. ɺʠʥʦʛʨʘʜʥʽ ï Vitaceae    1 1 

16. ʄʘʩʣʠʥʦʚʽ ï Oleaceae 1 2   3 

17. ɾʠʤʦʣʦʩʪʝʚʽ - Caprifoliaceae  2   2 

ɺʩʴʦʛʦ ʚʠʜʽʚ: 31 20 3 1 55 

% 56,4 36,4 5,6 1,6 100 

 

ɿʘ ʞʠʪʪʻʚʠʤʠ ʬʦʨʤʘʤʠ ʨʦʩʣʠʥʠ ʨʦʟʧʦʜʽʣʠʣʠʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ɼʝʨʝʚ ï 56,4 % (31 ʚʠʜ), ʢʫʱʽʚ ï 36,4 % (20 ʚʠʜʽʚ), ʢʫʱʠʢʽʚ ï 5,6 % (3 

ʚʠʜʠ), ʣʽʘʥ ï 1,6 % (1 ʚʠʜ). 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʜʝʥʜʨʦʬʣʦʨʽ ɺʦʨʦʥʽʚʩʴʢʦʛʦ ʣʽʩʥʠʮʪʚʘ 

ʚʠʷʚʣʝʥʦ 55 ʚʠʜʽʚ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʠʭ ʨʦʩʣʠʥ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 38 ʨʦʜʽʚ ʪʘ 17 

ʨʦʜʠʥ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʻ ʨʦʜʠʥʠ ʈʦʟʦʚʽ (Rosaceae), ɺʝʨʙʦʚʽ (Salicaceae), 

ɹʝʨʝʟʦʚʽ (Betulaceae), ɾʠʤʦʣʦʩʪʝʚʽ (Caprifoliaceae), ʄʘʩʣʠʥʦʚʽ (Oleaceae), 

ʃʽʱʠʥʦʚʽ (Corylaceae), ɹʫʢʦʚʽ (Fagaceae), ʉʦʩʥʦʚʽ (Pinaceae), ʂʣʝʥʦʚʽ 

(Aceraceae). ʈʝʰʪʘ ʨʦʜʠʥ ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʽʣʴʢʦʤʘ ʚʠʜʘʤʠ, ʯʘʩʪʦ ʤʘʶʪʴ ʻʜʠʥʝ 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ, ʷʢ ʦʪ ɾʦʩʪʝʨʦʚʽ (Rhamnaceae), ʂʠʧʘʨʠʩʦʚʽ (Cupressaceae), 

ʽʥ. 

ɼʝʥʜʨʦʬʣʦʨʘ ʣʽʩʥʠʮʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤʫ ʘʙʦʨʠʛʝʥʥʠʤʠ ʚʠʜʘʤʠ, 

ʜʝ ʥʘ ʙʫʢ ʣʽʩʦʚʠʡ (Fagus sylvatica L.) ʧʨʠʧʘʜʘʻ 43 %, ʜʫʙ ʯʝʨʝʰʯʘʪʠʡ (Quercus 

robur L.) ʤʘʡʞʝ 30 % ʧʣʦʱʽ. ʅʝʟʥʘʯʥʫ ʧʣʦʱʫ (ʜʦ 12 %) ʟʘʡʤʘʶʪʴ ʽʥʪʨʦʜʫʢʦʚʘʥʽ 

ʚʠʜʠ, ʜʝ ʥʘ ʜʫʙ ʧʽʚʥʽʯʥʠʡ (Quercus borealis Michx.) ʧʨʠʧʘʜʘʻ 10,2 % ʧʣʦʱʽ. 

ʅʘʡʯʠʩʝʣʴʥʽʰʠʤʠ ʟʘ ʚʠʜʦʚʠʤ ʩʢʣʘʜʦʤ ʻ ʨʦʜʠʥʘ ʈʦʟʦʚʠʭ (Rosaceae) ï 

18 ʚʠʜʽʚ (33 % ʜʝʥʜʨʦʬʣʦʨʠ), ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ 11 ʨʦʜʽʚ (27 % ʜʝʥʜʨʦʬʣʦʨʠ) ʪʘ 

ɺʝʨʙʦʚʠʭ (Salicaceae) ï 6 ʚʠʜʽʚ (11 % ʜʝʥʜʨʦʬʣʦʨʠ), ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ 2 ʨʦʜʽʚ 

(5 % ʜʝʥʜʨʦʬʣʦʨʠ). ʏʠʩʝʣʴʥʠʤʠ ʻ ʨʦʜʠʥʠ ɹʫʢʦʚʠʭ (Fagaceae) ï 4 ʚʠʜʠ (7 % 

ʜʝʥʜʨʦʬʣʦʨʠ), ɹʝʨʝʟʦʚʠʭ (Betulaceae) ï 4 ʚʠʜʠ (7 % ʜʝʥʜʨʦʬʣʦʨʠ), ʄʘʩʣʠʥʦʚʠʭ 

(Qecaceae) ï 3 ʚʠʜʠ (6 % ʜʝʥʜʨʦʬʣʦʨʠ), ʉʦʩʥʦʚʠʭ (Pinaceae) - 3 ʚʠʜʠ (6 % 

ʜʝʥʜʨʦʬʣʦʨʠ), ɸʛʨʫʩʦʚʠʭ (Grossulariceae) - 3 ʚʠʜʠ (6 % ʜʝʥʜʨʦʬʣʦʨʠ). 
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ɿʘ ʞʠʪʪʻʚʠʤʠ ʬʦʨʤʘʤʠ ʨʦʩʣʠʥʠ ʨʦʟʧʦʜʽʣʠʣʠʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ɼʝʨʝʚ ï 56,4 % (31 ʚʠʜ), ʢʫʱʽʚ ï 36,4 % (20 ʚʠʜʽʚ), ʢʫʱʠʢʽʚ ï 5,6 % 

(3 ʚʠʜʠ), ʣʽʘʥ ï 1,6 % (1 ʚʠʜ). ʅʘʡʯʠʩʝʣʴʥʽʰʠʤʠ ʟʘ ʚʤʽʩʪʦʤ ʜʝʨʝʚ ʻ ʨʦʜʠʥʠ 

ʈʦʟʦʚʠʭ (Rosaceae) ï 8 ʚʠʜʽʚ, ɹʫʢʦʚʠʭ (Fagaceae) - 4 ʚʠʜʠ ʪʘ ɹʝʨʝʟʦʚʠʭ 

(Betulaceae) ï 4 ʚʠʜʠ. ʏʘʛʘʨʥʠʢʠ ʥʘʡʙʽʣʴʰʝ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʦʜʠʥʦʶ ʈʦʟʦʚʠʭ 

(Rosaceae) ï 7 ʚʠʜʽʚ. ʃʽʘʥ ï ʪʽʣʴʢʠ 1 ʚʠʜ ʟ ʨʦʜʠʥʠ ɺʠʥʦʛʨʘʜʥʠʭ (Vitaceae). 
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ɻɽʅɽʊʀʏʅɸ ʂʆʃɽʂʎɯʗ ʉɸʄʆɿɸʇʀʃɽʅʀʍ ʃɯʅɯʁ ʉʆʅʗʐʅʀʂʋ 

ʉʊɯʁʂʀʍ ɼʆ ɻɽʈɹɯʎʀɼɯɺ ɻʈʋʇʀ ɯʄɯɼɸɿʆʃɯʅʆʅɯɺ 

 

ɯʣʴʯʝʥʢʦ ɸʣʴʦʥʘ ʉʝʨʛʽʾʚʥʘ 

ʜ.ʬ. (PhD) 

ɺʘʨʝʥʠʢ ɹʦʨʠʩ ʌʝʜʦʨʦʚʠʯ 

ʢʘʥʜʠʜʘʪ ʩ.-ʛ. ʥʘʫʢ, ʩ.ʥ.ʩ., ʜʦʮʝʥʪ 

ʉʝʣʝʢʮʽʡʥʦ-ʛʝʥʝʪʠʯʥʠʡ ʽʥʩʪʠʪʫʪ ï 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʮʝʥʪʨ ʥʘʩʽʥʥʻʟʥʘʚʩʪʚʘ ʪʘ ʩʦʨʪʦʚʠʚʯʝʥʥʷ 

ʤ. ʆʜʝʩʘ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. / Introductions. ɻʦʣʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʩʝʣʝʢʮʽʾ ʩʦʥʷʰʥʠʢʫ ʟʘʚʞʜʠ 

ʙʫʣʦ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʚʨʦʞʘʡʥʠʭ ʪʘ ʩʪʽʡʢʠʭ ʜʦ ʢʦʤʧʣʝʢʩʫ 

ʥʘʡʙʽʣʴʰ ʰʢʽʜʣʠʚʠʭ ʭʚʦʨʦʙ ʽ ʰʢʽʜʥʠʢʽʚ ʩʦʨʪʽʚ ʪʘ ʛʽʙʨʠʜʽʚ. ʎʝʡ ʥʘʧʨʷʤʦʢ 

ʧʦʪʨʝʙʫʻ ʟʘʣʫʯʝʥʥʷ ʛʝʥʝʪʠʯʥʦ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʠʢʽ ʚʠʜʠ 

ʩʦʥʷʰʥʠʢʫ ʻ ʜʦʥʦʨʘʤʠ ʙʘʛʘʪʴʦʭ ʛʦʩʧʦʜʘʨʩʴʢʦ ʮʽʥʥʠʭ ʦʟʥʘʢ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ 

ʧʝʨʝʜʫʩʽʤ ʢʦʤʧʣʝʢʩʥʦʾ ʩʪʽʡʢʦʩʪʽ ʜʦ ʦʩʥʦʚʥʠʭ ʭʚʦʨʦʙ. ʎʽ ʚʠʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʦʣʽʾ, ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʙʽʣʢʘ, ʩʪʽʡʢʦʩʪʽ ʜʦ ʭʚʦʨʦʙ ʪʘ 

ʛʝʨʙʽʮʠʜʽʚ.  

ʋ ʩʚʽʪʽ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʚʘʞʣʠʚʠʭ ʢʦʣʝʢʮʽʡ ʩʦʥʷʰʥʠʢʘ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʩʝʣʝʢʮʽʦʥʝʨʽʚ ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʛʝʥʝʪʠʯʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. ʅʘʡʙʽʣʴʰʽ ʢʦʣʝʢʮʽʾ ʫ ʩʚʽʪʽ 

ʢʫʣʴʪʫʨʥʦʛʦ ʩʦʥʷʰʥʠʢʫ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʌʝʜʝʨʘʣʴʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʮʝʥʪʨʽ 

ɺʩʝʨʦʩʽʡʩʴʢʦʛʦ ʽʥʩʪʠʪʫʪʫ ʛʝʥʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʨʦʩʣʠʥ ʽʤ. ʄ.ɯ. ɺʘʚʠʣʦʚʘ ʪʘ ʫ 

USDA National Plant Germplasm, Plant Introduction Station, ɽʡʤʩ, ʰʪʘʪ ɸʡʦʚʘ, 

ʉʐɸ. ʊʘʢʦʞ ʟʥʘʯʥʽ ʢʦʣʝʢʮʽʾ ʩʦʥʷʰʥʠʢʘ ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʚ ɯʥʩʪʠʪʫʪʽ ʧʦʣʴʦʚʠʭ ʪʘ 

ʦʚʦʯʝʚʠʭ ʢʫʣʴʪʫʨ ʅʦʚʽ ʉʘʜ, ʉʝʨʙʽʷ; ʄʦʥʧʝʣʴʝ, ʌʨʘʥʮʽʷ; ʇʝʨʛʘʤʽʥʦ, ɸʨʛʝʥʪʠʥʘ; 

ʂʦʨʜʦʙʘ, ɯʩʧʘʥʽʷ ʪʘ ɯʥʩʪʠʪʫʪʽ ʨʦʩʣʠʥʥʠʮʪʚʘ ʽʤ. ɺ.ʗ. ʖʨô̒ ʚʘ ʅɸɸʅ, ʋʢʨʘʾʥʘ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʠʢʠʭ ʬʦʨʤ, ʟʘʧʘʩʠ ʷʢʠʭ ʧʦʩʪʽʡʥʦ ʧʦʧʦʚʥʶʶʪʴ ʢʦʣʝʢʮʽʾ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʝʣʝʢʮʽʡʥʠʭ ʫʩʪʘʥʦʚ ʧʦ ʟʙʝʨʝʞʝʥʥʶ ʛʝʥʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʫ 

ʩʚʽʪʽ, ʩʪʚʦʨʶʶʪʴʩʷ ʥʦʚʽ ʣʽʥʽʾ ʪʘ ʛʽʙʨʠʜʠ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʚ ʩʦʙʽ ʢʦʤʧʣʝʢʩʠ 

ʛʦʩʧʦʜʘʨʩʴʢʦ ʮʽʥʥʠʭ ʦʟʥʘʢ.  
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ɺ ʥʘʰ ʯʘʩ, ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʩʦʥʷʰʥʠʢʘ, ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʚʠʨʦʙʥʠʯʽ ʩʠʩʪʝʤʠ ʦʙʨʦʙʽʪʢʫ ʩʦʥʷʰʥʠʢʫ Clearfield ʪʘ Clearfield Plus, ɦ ʦ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʢʦʤʙʽʥʘʮʽʶ ʛʝʨʙʽʮʠʜʽʚ ʛʨʫʧʠ ʽʤʽʜʘʟʦʣʽʥʦʥʽʚ  ̔ ʛʝʥʦʪʠʧʽʚ 

ʩʦʥʷʰʥʠʢʫ, ʩʪʽʡʢʠʭ ʜʦ ʜʽʾ ʦʩʪʘʥʥʽʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʝʣʠʢʠʡ ʩʧʝʢʪʨ ʙʫʨôʷʥʽʚ ʚ ʧʽʩʣʷʩʭʦʜʦʚʠʡ ʧʝʨʽʦʜ 

ʚʝʛʝʪʘʮʽʾ ʩʦʥʷʰʥʠʢʫ.  

ʄʝʪʘ ʨʦʙʦʪʠ. / Aim. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʬʦʨʤʫʚʘʥʥʷ ʦʟʥʘʢʦʚʦʾ ʢʦʣʝʢʮʽʾ 

ʩʘʤʦʟʘʧʠʣʝʥʠʭ ʣʽʥʽʡ ʩʦʥʷʰʥʠʢʫ ʟʘ ʩʪʽʡʢʽʩʪʶ ʜʦ ʛʝʨʙʽʮʠʜʽʚ ʛʨʫʧʠ ʽʤʽʜʘʟʦʣʽʥʦʥʽʚ 

ʪʘ ʟʘ ʢʦʤʧʣʝʢʩʦʤ ʤʦʨʬʦ-ʙʽʦʣʦʛʽʯʥʠʭ ʪʘ ʤʦʨʬʦ-ʤʝʪʨʠʯʥʠʭ ʦʟʥʘʢ, ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʝʣʝʢʮʽʡʥʠʭ ʧʨʦʛʨʘʤʘʭ.  

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ./Materials and methods. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʦʟʥʘʢʦʚʦʾ 

ʢʦʣʝʢʮʽʾ ʩʘʤʦʟʘʧʠʣʝʥʠʭ ʣʽʥʽʡ ʩʦʥʷʰʥʠʢʫ ʩʪʽʡʢʠʭ ʜʦ ʛʝʨʙʽʮʠʜʫ ɭʚʨʦ-ʃʘʡʪʥʽʥʛ 

(ʜ. ʨ. ʽʤʘʟʘʧʽʨ + ʽʤʘʟʘʤʦʢʩ), ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʧʦʣʷʭ ʚ ʉʝʣʝʢʮʽʡʥʦ-

ʛʝʥʝʪʠʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ï ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʮʝʥʪʨʫ ʥʘʩʽʥʥʻʟʥʘʚʩʪʚʘ ʪʘ 

ʩʦʨʪʦʚʠʚʯʝʥʥʷ (ʉɻɯ-ʅʎʅʉ) ʤ. ʆʜʝʩʘ, ʋʢʨʘʾʥʘ, ʧʨʦʪʷʛʦʤ 2019 ï 2021 ʨʦʢʽʚ. 

ʂʦʣʝʢʮʽʷ ʩʢʣʘʜʘʣʘʩʷ ʟ ʜʚʘʥʘʜʮʷʪʠ ʩʘʤʦʟʘʧʠʣʝʥʠʭ ʣʽʥʽʡ ʩʦʥʷʰʥʠʢʘ: Imisun 1, 

Imsun 2, Imisun 3, ʆʉ 7, ʆʉ 8, ʆʉ 9, ʆʉ 1063, ʆʉ 2018, RHA 425, RHA 426, 

RHA 427, RHA 443. 

ɼʣʷ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ ʢʦʣʝʢʮʽʡʥʠʭ ʟʨʘʟʢʽʚ ʜʦ ʛʝʨʙʽʮʠʜʫ ʧʨʦʚʦʜʠʣʠ 

ʦʙʧʨʠʩʢʫʚʘʥʥʷ ʨʦʩʣʠʥʠ ʫ ʬʘʟʽ ʪʨʴʦʭ ʩʧʨʘʚʞʥʽʭ ʣʠʩʪʢʽʚ ʛʝʨʙʽʮʠʜʦʤ ɭʚʨʦ-

ʃʘʡʪʥʽʥʛ ʚ ʜʦʟʽ 1,0 ʣ/ʛʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʧʨʠʩʢʫʚʘʯʘ Spay MASTER ï 2000. 

ʆʙʣʽʢ ʩʪʽʡʢʦʩʪʽ ʣʽʥʽʡ ʩʦʥʷʰʥʠʢʫ ʜʦ ʛʝʨʙʽʮʠʜʫ ʧʨʦʚʝʣʠ ʰʣʷʭʦʤ ʧʽʜʨʘʭʫʥʢʫ 

ʢʽʣʴʢʦʩʪʽ ʩʪʽʡʢʠʭ ʪʘ ʥʝʩʪʽʡʢʠʭ ʨʦʩʣʠʥ ʜʦ ʛʝʨʙʽʮʠʜʫ ʥʘ 14-ʡ ʜʝʥʴ ʧʽʩʣʷ ʦʙʨʦʙʢʠ 

ʛʝʨʙʽʮʠʜʦʤ. ʅʝʩʪʽʡʢʽ ʨʦʩʣʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ ʥʘʩʪʫʧʥʠʤʠ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʷʚʘʤʠ: ʧʨʠʧʠʥʝʥʥʷ ʨʦʩʪʫ, ʥʝʢʨʦʟ ʪʢʘʥʠʥ, ʫʨʘʞʝʥʥʷ ʪʦʯʢʠ ʨʦʩʪʫ.  

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ./Results and discussion ɺ ʉʝʣʝʢʮʽʡʥʦ-

ʛʝʥʝʪʠʯʥʦʤʫ ʽʥʩʪʠʪʫʪʽ ï ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʮʝʥʪʨʫ ʥʘʩʽʥʥʻʟʥʘʚʩʪʚʘ ʪʘ 

ʩʦʨʪʦʚʠʚʯʝʥʥʷ ʽʟ 2008 ʨʦʢʫ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʙʦʪʘ ʧʦ ʩʪʚʦʨʝʥʥʶ ʚʠʭʽʜʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʛʽʙʨʠʜʽʚ ʩʦʥʷʰʥʠʢʫ ʩʪʽʡʢʠʭ ʜʦ ʛʝʨʙʽʮʠʜʽʚ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʩʪʽʡʢʠʭ 

ʛʝʥʦʪʠʧʽʚ ʟʘʣʫʯʘʻʤʦ ʜʦʥʦʨʠ ʪʘ ʜʞʝʨʝʣʘ ʩʪʽʡʢʦʩʪʽ ʜʦ ʛʝʨʙʽʮʠʜʽʚ. ʋ ʚʽʜʜʽʣʽ 
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ʩʝʣʝʢʮʽʾ ʪʘ ʥʘʩʽʥʥʠʮʪʚʘ ʧʝʨʝʭʨʝʩʥʦʟʘʧʠʣʴʥʠʭ ʢʫʣʴʪʫʨ ʩʬʦʨʤʦʚʘʥʦ, ʦʮʽʥʝʥʦ ʪʘ 

ʦʧʠʩʘʥʦ ʢʦʣʝʢʮʽʶ ʩʘʤʦʟʘʧʠʣʝʥʠʭ ʣʽʥʽʡ ʩʦʥʷʰʥʠʢʫ ʩʪʽʡʢʠʭ ʜʦ ʛʝʨʙʽʮʠʜʽʚ ʛʨʫʧʠ 

ʽʤʽʜʘʟʦʣʽʥʦʥʽʚ. ʂʦʣʝʢʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʘʥʘʜʮʷʪʠ ʩʘʤʦʟʘʧʠʣʝʥʠʭ ʣʽʥʽʡ 

ʩʦʥʷʰʥʠʢʘ: Imisun 1, Imsun 2, Imisun 3, ʆʉ 7 ɺ, ʆʉ 8 ɺ, ʆʉ 9 ɺ, ʆʉ 1063 ɺ, ʆʉ 

2018 ɺ, RHA 425, RHA 426, RHA 427, RHA 443.  

ʊʘʙʣʠʮʷ 1  

ʉʪʽʡʢʽʩʪʴ ʩʘʤʦʟʘʧʠʣʝʥʠʭ ʣʽʥʽʡ ʩʦʥʷʰʥʠʢʫ ʜʦ ʛʝʨʙʽʮʠʜʫ ɭʚʨʦ-

ʃʘʡʪʥʽʥʛ (2019 ï 2021 ʨʨ.) 

 

ɻʝʥʦʪʠʧ 

2019 ʨʽʢ 2020 ʨʽʢ 2021 ʨʽʢ 

 

ʩʪʽʡʢʽ 

 

ʥʝʩʪʽʡʢʽ 

% 

ʩʪʽʡʢʠʭ 

ʨʦʩʣʠʥ 

 

ʩʪʽʡʢʽ 

 

ʥʝʩʪʽʡʢʽ 

ʩʪʽʡʢʽ 

ʨʦʩʣʠʥʠ 

ʚʩʴʦʛʦ, 

% 

 

ʩʪʽʡʢʽ 

 

ʥʝʩʪʽʡʢʽ 

% 

ʩʪʽʡʢʠʭ 

ʨʦʩʣʠʥ 

Imisun 1  35 0 100 30 0 100 19 0 100 

Imisun 2  57 22 62 49 0 100 32 0 100 

Imisun 3  72 0 100 31 0 100 41 0 100 

ʅɸ 425 78 0 100 48 0 100 71 0 100 

RHA 426 70 0 100 70 0 100 103 0 100 

RHA 427 93 0 100 47 0 100 76 0 100 

RHA 443 72 0 100 32 0 100 56 0 100 

ʆʉ 7  77 0 100 75 0 100 91 0 100 

ʆʉ 8  41 45 48 59 11 85 80 10 88 

ʆʉ 9  33 10 77 54 10 81 93 0 100 

ʆʉ 1063 ɺ 25 0 100 29 0 100 69 0 100 

ʆʉ 2018 ɺ 103 0 100 73 0 100 101 0 100 

 

ʋ 2019 ʨʦʮʽ ʩʧʦʩʪʝʨʽʛʘʣʠ ʨʦʟʱʝʧʣʝʥʥʷ ʨʦʩʣʠʥ ʥʘ ʜʚʘ ʢʣʘʩʠ (ʩʪʽʡʢʽ ʪʘ 

ʥʝʩʪʽʡʢʽ) ʫ ʛʝʥʦʪʠʧʘʭ Imisun 2 ï 57 ʪʘ 22 ʰʪ., ʆʉ 8 ɺ ï 41 ʪʘ 45 ʰʪ. ʽ ʆʉ 9 ɺ ï 

33 ʪʘ 77 ʰʪ., ʨʝʰʪʘ ʧʦʢʘʟʘʣʠ ʧʦʚʥʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʛʝʨʙʽʮʠʜʫ ɭʚʨʦ-ʃʘʡʪʥʽʥʛ 

(ʪʘʙʣ. 1). ʋ ʥʘʩʪʫʧʥʦʤʫ, 2020 ʨʦʮʽ, ʨʦʟʱʝʧʣʝʥʥʷ ʟʘ ʩʪʽʡʢʽʩʪʶ ʩʧʦʩʪʝʨʽʛʘʣʠ ʫ 

ʛʝʥʦʪʠʧʘʭ ʆʉ 8 ʚ ʪʘ ʆʉ 9 ɺ, ʚʽʜʩʦʪʦʢ ʩʪʽʡʢʠʭ ʨʦʩʣʠʥ ʩʪʘʥʦʚʠʚ 85 ʪʘ 81 

ʚʽʜʧʦʚʽʜʥʦ. ʋ 2021 ʨʽʢ, ʫʩʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʟʨʘʟʢʠ ʧʦʢʘʟʘʣʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʩʪʽʡʢʦʩʪʽ ʜʦ ʛʝʨʙʽʮʠʜʫ ʽʟ ʛʨʫʧʠ ʽʤʽʜʘʟʦʣʽʥʦʥʽʚ ɭʚʨʦ-ʃʘʡʪʥʽʥʛ. 
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ʈʠʩ. 1. ʇʦʰʢʦʜʞʝʥʥʷ ʨʦʩʣʠʥ ʩʦʥʷʰʥʠʢʫ ʛʝʨʙʽʮʠʜʦʤ ɭʚʨʦʣʘʡʪʽʥʛ 

(ʜ. ʨ. ʽʤʘʟʘʧʽʨ 15 ʛ/ʣ + ʽʤʘʟʘʤʦʢʩ 33 ʛ/ʣ) 

 

ʂʦʣʝʢʮʽʷ ʩʘʤʦʟʘʧʠʣʝʥʠʭ ʣʽʥʽʡ ʩʦʥʷʰʥʠʢʫ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʉɻɯ-ʅʎʅʉ, 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʚʠʩʦʢʦʷʢʽʩʥʠʡ ʚʠʭʽʜʥʠʡ ʤʘʪʝʨʽʘʣ, ʩʪʽʡʢʠʡ ʜʦ 

ʛʝʨʙʽʮʠʜʽʚ ʛʨʫʧʠ ʽʤʽʜʘʟʦʣʽʥʦʥʽʚ, ʜʣʷ ʥʦʚʠʭ ʛʽʙʨʠʜʽʚ.  

ɺʠʩʥʦʚʢʠ/Conclusions. ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʣʝʢʮʽʾ ʣʽʥʽʡ ʩʦʥʷʰʥʠʢʫ ʧʦʢʘʟʘʣʠ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʪʽʡʢʦʩʪʽ ʜʦ ʛʝʨʙʽʮʠʜʫ ɭʚʨʦʣʘʡʪʽʥʛ (ʜ. ʨ. ʽʤʘʟʘʧʽʨ 15 ʛ/ʣ + 

ʽʤʘʟʘʤʦʢʩ 33 ʛ/ʣ) ʙʽʣʴʰʦʩʪʽ ʜʦʩʣʽʜʞʝʥʠʭ ʛʝʥʦʪʠʧʽʚ. ɺʠʜʽʣʝʥʽ ʛʝʥʦʪʠʧʠ ʤʦʞʥʘ 

ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʩʝʣʝʢʮʽʡʥʠʭ ʧʨʦʛʨʘʤʘʭ ʱʦʜʦ ʩʪʽʡʢʦʩʪʽ ʜʦ 

ʛʝʨʙʽʮʠʜʽʚ ʛʨʫʧʠ ʽʤʽʜʘʟʦʣʽʥʦʥʽʚ. 
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ʋɼʂ 631.87 

ɿɸʉʊʆʉʋɺɸʅʅʗ ɽʃɽʄɽʅʊɯɺ ɹɯʆʃʆɻɯɿɸʎɯɰ ɿɽʄʃɽʈʆɹʉʊɺɸ ɺ 

ɾʀʊʆʄʀʈʉʔʂɯʁ ʆɹʃɸʉʊɯ 

 

ʂʦʟʣʠʢ ʊʝʪʷʥʘ ɯʚʘʥʽʚʥʘ, 

ʢ.ʩ-ʛ.ʥ., ʩ.ʥ.ʩ., 

ɼʨʦʟʜ ɹʦʛʜʘʥ ɭʚʛʝʥʽʡʦʚʠʯ, 

ʈʦʤʘʥʯʫʢ ʃʫʾʟʘ ʄʠʭʘʡʣʽʚʥʘ, 

ʄʝʥʯʠʥʩʴʢʠʡ ʖʨʽʡ ʉʪʘʥʽʩʣʘʚʦʚʠʯ 

ɾʠʪʦʤʠʨʩʴʢʘ ʬʽʣʽʷ ʜʝʨʞʘʚʥʦʾ ʫʩʪʘʥʦʚʠ 

çɯʥʩʪʠʪʫʪ ʦʭʦʨʦʥʠ ˇʨʫʥʪʽʚ ʋʢʨʘʾʥʠè 

ʤ. ɾʠʪʦʤʠʨ 

 

ɺʩʪʫʧ. ɿʙʝʨʝʞʝʥʥʷ ʪʘ ʧʽʜʪʨʠʤʘʥʥʷ ʧʨʦʜʦʚʦʣʴʯʦʾ ʙʝʟʧʝʢʠ ʜʝʨʞʘʚʠ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʙʝʨʝʞʝʥʥʽ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʭʘʥʽʟʤʽʚ 

ʟʜʽʡʩʥʝʥʥʷ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ ʫ ʩʬʝʨʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʦʭʦʨʦʥʠ ʟʝʤʝʣʴ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ [2]. ɺʘʞʢʦ ʧʝʨʝʦʮʽʥʠʪʠ ʚʘʞʣʠʚʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʴ ˇʨʫʥʪʫ, ʟʘʭʦʜʽʚ ʟ ʘʛʨʦʭʽʤʽʯʥʦʾ ʧʘʩʧʦʨʪʠʟʘʮʽʾ ʟʝʤʝʣʴ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʷʢ ʜʣʷ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘʢ ʽ ʜʣʷ 

ʜʝʨʞʘʚʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʦʥʪʨʦʣʶ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ˇʨʫʥʪʽʚ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʛʨʦʭʽʤʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʩʪʘʥ 

ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ ʪʘ ʚʠʷʚʣʷʶʪʴʩʷ ʡʦʛʦ ʟʤʽʥʠ, ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʘʛʨʦʟʘʭʦʜʠ ʱʦʜʦ 

ʟʘʭʠʩʪʫ ˇʨʫʥʪʽʚ ʚʽʜ ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʝʭʥʦʣʦʛʽʾ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ, ʦʧʪʠʤʽʟʘʮʽʾ ʜʦʟ, ʩʪʨʦʢʽʚ ʽ ʩʧʦʩʦʙʽʚ ʾʭ 

ʚʥʝʩʝʥʥʷ [1]. ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʦʙʩʪʝʞʝʥʥʷ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʧʨʦʝʢʪʥʦ-ʢʦʰʪʦʨʠʩʥʘ 

ʜʦʢʫʤʝʥʪʘʮʽʷ ʥʘ ʚʘʧʥʫʚʘʥʥʷ ʢʠʩʣʠʭ ˇʨʫʥʪʽʚ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʘʡʦʥʠ ʜʣʷ 

ʚʠʨʦʱʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʾ ʧʨʦʜʫʢʮʽʾ. 

ɺ ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʚʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʢʪʠʚʥʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ 

ʛʫʤʫʩʫ. ɸ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʘʛʨʦʭʽʤʽʯʥʠʭ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ, 

ʙʽʦʣʦʛʽʯʥʠʭ ʪʘ ʽʥʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ, ʪʦʙʪʦ ʜʦ ʟʥʠʞʝʥʥʷ ʨʦʜʶʯʦʩʪʽ, ʪʦʤʫ 

ʢʦʤʧʣʝʢʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʽʭ ʚʠʜʽʚ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ ʜʣʷ ʧʦʧʦʚʥʝʥʥʷ ʟʘʧʘʩʽʚ 

ʛʫʤʫʩʫ ʚ ˇʨʫʥʪʽ, ʩʪʚʦʨʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʙʝʟʜʝʬʽʮʠʪʥʦʛʦ, ʘʣʝ ʡ ʧʦʟʠʪʠʚʥʦʛʦ ʡʦʛʦ 
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ʙʘʣʘʥʩʫ ï ʚʘʞʣʠʚʝ ʟʘʚʜʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ. ʊʦʤʫ ʫ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʦʙʣʘʩʪʽ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʽ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ 

ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʪʘ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ 

ʪʝʭʥʦʣʦʛʽʾ. ɺʦʥʠ ʚ ʧʝʚʥʽʡ ʤʽʨʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʽʜʪʚʦʨʝʥʥʷ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ, ʘ 

ʪʘʢʦʞ ʩʧʨʠʷʶʪʴ ʦʜʝʨʞʘʥʥʶ ʩʪʘʙʽʣʴʥʠʭ ʫʨʦʞʘʾʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʢʫʣʴʪʫʨ. ʎʽ ʪʝʭʥʦʣʦʛʽʾ ʚʢʣʶʯʘʶʪʴ ʽ ʙʽʦʣʦʛʽʟʘʮʽʶ ʟʝʤʣʝʨʦʙʩʪʚʘ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ 

ʟʙʽʣʴʰʝʥʥʷ ʚʥʝʩʝʥʥʷ ʚ ˇʨʫʥʪ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʟʘ ʨʘʭʫʥʦʢ ʧʦʩʽʚʫ ʽ 

ʧʨʠʦʨʶʚʘʥʥʷ ʩʠʜʝʨʘʪʽʚ, ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ ʪʘ ʽʥʰʦʾ ʧʦʙʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ, 

ʨʦʟʰʠʨʝʥʥʷ ʧʣʦʱ ʧʦʩʽʚʽʚ ʙʘʛʘʪʦʨʽʯʥʠʭ ʙʦʙʦʚʠʭ ʪʨʘʚ. 

ʆʜʥʠʤ ʽʟ ʝʬʝʢʪʠʚʥʠʭ ʽ ʜʦʩʪʫʧʥʠʭ ʟʘʭʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ ʚ 

ʛʦʩʧʦʜʘʨʩʪʚʘʭ ʦʙʣʘʩʪʽ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʝʣʝʥʠʭ ʜʦʙʨʠʚ, ʦʩʦʙʣʠʚʦ ʥʘ ʜʝʨʥʦʚʦ-

ʧʽʜʟʦʣʠʩʪʠʭ ˇʨʫʥʪʘʭ ʣʝʛʢʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʷʢʠʭ ʥʘ ɾʠʪʦʤʠʨʱʠʥʽ 

ʥʘʨʘʭʦʚʫʻʪʴʩʷ ʙʽʣʷ 70 %. ɿʝʣʝʥʽ ʜʦʙʨʠʚʘ (ʩʠʜʝʨʘʪʠ) - ʮʝ ʩʧʝʮʽʘʣʴʥʽ ʧʦʩʽʚʠ 

ʢʫʣʴʪʫʨ, ʟʝʣʝʥʫ ʤʘʩʫ ʩʦʢʦʚʠʪʠʭ, ʱʝ ʥʝ ʚʽʜʤʝʨʣʠʭ ʯʘʩʪʢʦʚʦ ʟʜʝʨʝʚôʷʥʽʣʠʭ 

ʨʦʩʣʠʥ, ʙʘʛʘʪʠʭ ʥʘ ʮʫʢʨʠ, ʢʨʦʭʤʘʣʴ, ʙʽʣʦʢ ʽ ʘʟʦʪ, ʯʘʩʪʢʦʚʦ ʘʙʦ ʧʦʚʥʽʩʪʶ 

ʧʨʠʦʨʶʶʪʴ ʫ ˇʨʫʥʪ, ʘ ʪʘʢʦʞ ʢʦʨʝʥʽ ʨʦʩʣʠʥ, ʱʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʜʦ ʧʦʯʘʪʢʫ 

ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ, ʟ ʚʣʘʩʪʠʚʠʤ ʪʽʣʴʢʠ ʾʤ ʩʢʣʘʜʦʤ ʝʣʝʤʝʥʪʽʚ ʞʠʚʣʝʥʥʷ, 

ʬʝʨʤʝʥʪʽʚ ʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ˇʨʫʥʪʫ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʾʭ ʨʦʟʢʣʘʜʘʥʥʽ, 

ʧʦʣʽʧʰʫʶʪʴ ʘʛʨʦʬʽʟʠʯʥʽ ʽ ʘʛʨʦʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʚʦʜʥʠʡ, ʧʦʚʽʪʨʷʥʠʡ ʽ 

ʪʝʧʣʦʚʠʡ ʨʝʞʠʤʠ, ʩʧʨʠʷʶʪʴ ʙʽʦʣʦʛʽʟʘʮʽʾ ʟʝʤʣʝʨʦʙʩʪʚʘ ʪʘ ʦʭʦʨʦʥʽ ʜʦʚʢʽʣʣʷ [3]. 

ɿʝʣʝʥʽ ʜʦʙʨʠʚʘ - ʚʘʞʣʠʚʝ ʜʞʝʨʝʣʦ ʛʫʤʫʩʫ ʡ ʘʟʦʪʫ ʚ ˇʨʫʥʪʽ. ʋʥʘʩʣʽʜʦʢ 

ʧʨʠʦʨʶʚʘʥʥʷ 35-40 ʪ/ʛʘ ʟʝʣʝʥʦʾ ʤʘʩʠ ʜʦ ˇʨʫʥʪʫ ʧʦʪʨʘʧʣʷʻ 150-200 ʢʛ ʘʟʦʪʫ, ʱʦ 

ʧʨʠʨʽʚʥʶʶʪʴ ʜʦ 30-40 ʪ ʛʥʦʶ. ʂʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʟʦʪʫ ʟʝʣʝʥʠʭ ʜʦʙʨʠʚ 

ʧʝʨʰʦʛʦ ʨʦʢʫ ʜʽʾ ʫʜʚʽʯʽ ʙʽʣʴʰʠʡ, ʥʽʞ ʛʥʦʶ. ʆʩʥʦʚʥʠʤʠ ʢʫʣʴʪʫʨʘʤʠ ʚ ʧʦʩʽʚʘʭ 

ʩʠʜʝʨʘʪʽʚ ʽʟ ʙʦʙʦʚʠʭ ʢʫʣʴʪʫʨ ʻ: ʣʶʧʠʥ, ʧʝʣʶʰʢʘ, ʚʠʢʘ, ʙʫʨʢʫʥ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʻ ʚʠʩʚʽʪʣʝʥʥʷ ʧʠʪʘʥʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʩʦʙʽʚ ʙʽʦʣʦʛʽʟʘʮʽʾ 

ʟʝʤʣʝʨʦʙʩʪʚʘ ʚ ɾʠʪʦʤʠʨʩʴʢʽʡ ʦʙʣʘʩʪʽ.  

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʇʫʙʣʽʢʘʮʽʷ ʩʬʦʨʤʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʦʧʨʘʮʴʦʚʘʥʠʭ 

ʜʘʥʠʭ ɻʦʣʦʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʪʠʩʪʠʢʠ ʚ ɾʠʪʦʤʠʨʩʴʢʽʡ ʦʙʣʘʩʪʽ. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɿʘʨʘʟ ʥʘʙʫʣʦ ʧʦʰʠʨʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʦʫʢʽʩʥʠʭ ʽ ʧʦʞʥʠʚʥʠʭ ʧʦʩʽʚʽʚ ʨʽʧʘʢʫ, ʦʣʽʡʥʦʾ ʨʝʜʴʢʠ, ʛʽʨʯʠʮʽ ʙʽʣʦʾ, ʩʫʨʽʧʠʮʽ, 

ʞʠʪʘ. 

ʋ 2020 ʨʦʮʽ ʩʠʜʝʨʘʣʴʥʽ ʢʫʣʴʪʫʨʠ ʚ ʛʦʩʧʦʜʘʨʩʪʚʘʭ ʦʙʣʘʩʪʽ ʟʘʡʤʘʣʠ 

9,83 ʪʠʩ. ʛʘ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʙʫʣʦ ʧʨʠʦʨʘʥʦ 125,5 ʪʠʩ. ʪʦʥʥ ʟʝʣʝʥʦʾ ʤʘʩʠ. ɺ 

ʨʦʟʨʽʟʽ ʨʘʡʦʥʽʚ ʥʘʡʙʽʣʴʰʝ ʩʠʜʝʨʘʪʽʚ ʟʘʨʦʙʣʝʥʦ ʚ ˇʨʫʥʪ ʫ ʇʦʧʽʣʴʥʷʥʩʴʢʦʤʫ, 

ɾʠʪʦʤʠʨʩʴʢʦʤʫ ʪʘ ʅʦʚʦʛʨʘʜ ï ɺʦʣʠʥʩʴʢʦʤʫ ʨʘʡʦʥʘʭ ʚʽʜʧʦʚʽʜʥʦ ï 17,9; 16,7 ʪʘ 

15,2 ʪʠʩ. ʪʦʥʥ. ɺ ʆʣʝʚʩʴʢʦʤʫ ʨʘʡʦʥʽ ʩʠʜʝʨʘʪʠ ʥʝ ʚʠʩʽʚʘʣʠʩʴ ʽ ʥʝ ʧʨʠʦʨʶʚʘʣʠʩʴ, 

ʘ ʚ ʃʫʛʠʥʩʴʢʦʤʫ ʨʘʡʦʥʽ ʾʭ ʧʨʠʦʨʘʥʦ ʣʠʰʝ 0,2 ʪʠʩ. ʪʦʥʥ. ʇʦʨʽʚʥʷʥʦ ʟ 

ʧʦʧʝʨʝʜʥʽʤ ʨʦʢʦʤ ʧʣʦʱʽ ʧʨʠʦʨʘʥʠʭ ʩʠʜʝʨʘʪʽʚ ʟʙʽʣʴʰʠʣʠʩʴ ʥʘ 0,89 ʪʠʩ. ʛʘ, ʘ ʾʭ 

ʢʽʣʴʢʽʩʪʴ ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ 0,3 ʪʠʩ. ʪʦʥʥ (ʨʠʩ.1, ʨʠʩ.2).  

ɺʘʛʦʤʠʤ ʥʘʢʦʧʠʯʫʚʘʯʝʤ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ˇʨʫʥʪʽ ʙʫʣʠ ʧʦʚʪʦʨʥʽ 

ʧʦʩʽʚʠ, ʦʩʦʙʣʠʚʦ ʙʦʙʦʚʠʭ ʢʫʣʴʪʫʨ ʪʘ ʾʭ ʩʫʤʽʰʦʢ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʷʢ ʥʘ 

ʢʦʨʤ ʭʫʜʦʙʽ, ʪʘʢ ʽ ʥʘ ʟʝʣʝʥʝ ʜʦʙʨʠʚʦ. 

ɿʙʘʛʘʪʠʪʠ ˇʨʫʥʪ ʦʨʛʘʥʽʯʥʦʶ ʨʝʯʦʚʠʥʦʶ ʛʦʩʧʦʜʘʨʩʪʚʘʤ ʦʙʣʘʩʪʽ ʚʜʘʣʦʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʧʨʠʦʨʶʚʘʥʥʷ ʩʦʣʦʤʠ ʟʝʨʥʦʚʠʭ ʽ ʟʝʨʥʦʙʦʙʦʚʠʭ ʢʫʣʴʪʫʨ, ʩʪʝʙʝʣ 

ʢʫʢʫʨʫʜʟʠ ʪʘ ʩʦʥʷʰʥʠʢʘ, ʛʠʯʢʠ ʮʫʢʨʦʚʠʭ ʽ ʢʦʨʤʦʚʠʭ ʙʫʨʷʢʽʚ, ʚʽʜʭʦʜʽʚ 

ʦʚʦʯʽʚʥʠʮʪʚʘ. 

ʋ ʛʦʩʧʦʜʘʨʩʪʚʘʭ ʦʙʣʘʩʪʽ ʥʘ ʧʣʦʱʽ 271,7 ʪʠʩ. ʛʘ ʟʘʨʦʙʣʝʥʦ ʫ ˇʨʫʥʪ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʨʘʥʢʠ 1701,3 ʪʠʩ. ʪʦʥʥ ʧʦʙʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟʝʨʥʦʚʠʭ (ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʩʪʝʙʝʣ ʢʫʢʫʨʫʜʟʠ) ʽ ʟʝʨʥʦʙʦʙʦʚʠʭ ʢʫʣʴʪʫʨ, ʩʦʾ, ʩʦʥʷʰʥʠʢʫ ʪʘ ʨʽʧʘʢʫ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʟ ʚʥʝʩʝʥʥʷʤ ʘʤʽʘʯʥʦʾ ʩʝʣʽʪʨʠ ï 43,3 ʪʠʩ. ʛʘ. ʅʘ ʜʦʣʶ ʧʨʠʦʨʘʥʦʾ ʩʦʣʦʤʠ 

ʧʨʠʭʦʜʠʪʴʩʷ 115,4 ʪʠʩ. ʛʘ ʪʘ 262,7 ʪʠʩ. ʪʦʥʥ ʩʦʣʦʤʠ. ʇʨʠ ʮʴʦʤʫ ʟʘʨʦʙʣʝʥʦ ʫ 

ˇʨʫʥʪ 15,4 ʪʠʩ. ʛʘ ʧʦʞʥʠʚʥʠʭ ʨʝʰʪʦʢ ʟ ʚʥʝʩʝʥʥʷʤ ʘʟʦʪʫ. 

ɺ ʨʦʟʨʽʟʽ ʨʘʡʦʥʽʚ ʥʘʡʙʽʣʴʰʽ ʧʣʦʱʽ, ʥʘ ʷʢʠʭ ʧʨʠʦʨʘʥʦ ʧʦʙʽʯʥʫ ʧʨʦʜʫʢʮʽʶ, 

ʟʘʬʽʢʩʦʚʘʥʦ ʚ ɸʥʜʨʫʰʽʚʩʴʢʦʤʫ, ʈʫʞʠʥʩʴʢʦʤʫ ʪʘ ʇʦʧʽʣʴʥʷʥʩʴʢʦʤʫ ʨʘʡʦʥʘʭ ï 

26,2; 25,2 ʪʘ 26,4 ʪʠʩ. ʛʘ. ɺ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʨʘʡʦʥʘʭ ʟʘʨʦʙʣʝʥʦ ʫ ˇʨʫʥʪ ʧʦʙʽʯʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦ 159,3; 176,0 ʪʘ 193,7 ʪʠʩ. ʪʦʥʥ. ʅʘʡʤʝʥʰʘ ʧʣʦʱʘ, ʥʘ ʷʢʽʡ 

ʟʘʨʦʙʣʝʥʦ ʧʦʙʽʯʥʫ ʧʨʦʜʫʢʮʽʶ, ʚʠʟʥʘʯʝʥʘ ʚ ʆʣʝʚʩʴʢʦʤʫ ʪʘ ʃʫʛʠʥʩʴʢʦʤʫ 
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ʨʘʡʦʥʘʭ ï 0,5 ʪʘ 1,4 ʪʠʩ. ʛʘ ʚʽʜʧʦʚʽʜʥʦ. ɺ ʜʘʥʠʭ ʨʘʡʦʥʘʭ ʧʨʠʦʨʘʥʦ ʧʦʙʽʯʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦ 4,1 ʪʘ 3,1 ʪʠʩ. ʪʦʥʥ.  

 

ʈʠʩ. 1 ʇʣʦʱʘ ʚʥʝʩʝʥʥʷ ʧʦʙʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʧʨʠʦʨʘʥʥʷ ʩʠʜʝʨʘʪʽʚ 

ʪʠʩ. ʛʘ ʫ 2016 ï 2020 ʨʦʢʘʭ 

ʇʦʨʽʚʥʷʥʥʷ ʚʥʝʩʝʥʥʷ ʧʦʙʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʚ ʨʦʟʨʽʟʽ ʧôʷʪʠʨʽʯʢʠ ʚʽʜʤʽʯʘʻʪʴʩʷ 

ʧʦʩʪʫʧʦʚʝ, ʧʨʦʪʝ ʥʝ ʟʥʘʯʥʝ, ʾʾ ʟʨʦʩʪʘʥʥʷ. ʗʢʱʦ ʫ 2016 ʨʦʮʽ ʙʫʣʦ ʟʘʨʦʙʣʝʥʦ ʫ 

ˇʨʫʥʪ 1266,5 ʪʠʩ. ʪʦʥ, ʪʦ ʥʘ ʢʽʥʝʮʴ ʧôʷʪʠʨʽʯʥʦʛʦ ʪʝʨʤʽʥʫ ʜʘʥʘ ʚʝʣʠʯʠʥʘ ʟʨʦʩʣʘ 

ʥʘ 434,8 ʪʠʩ. ʪʦʥ. ʅʘʡʙʽʣʴʰʝ ʚʥʝʩʝʥʦ ʧʦʙʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʟʘ ʜʘʥʠʤʠ ɻʦʣʦʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʪʠʩʪʠʢʠ ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʙʫʣʦ ʫ 2019 ʨʦʮʽ ʽ ʩʪʘʥʦʚʠʣʦ 

1704,1 ʪʠʩ. ʪʦʥ. ʗʢʱʦ ʞ ʘʥʘʣʽʟʫʚʘʪʠ ʧʣʦʱʽ ʟ ʧʨʦʚʝʜʝʥʥʷʤ ʚʥʝʩʝʥʥʷ ʧʦʙʽʯʥʦʾ 

ʧʨʦʜʫʢʮʽʾ, ʪʦ ʚʦʥʠ ʙʫʣʠ ʙʣʠʟʴʢʠʤʠ. ʊʘʢ, ʫ 2016 ʨʦʮʽ ʙʫʣʦ ʟʘʨʦʙʣʝʥʦ ʧʦʙʽʯʥʫ 

ʧʨʦʜʫʢʮʽʶ ʥʘ 264,0 ʪʠʩ. ʛʘ, ʫ 2018-2019 ʨʦʢʘʭ ʧʣʦʱʽ ʩʪʘʥʦʚʠʣʠ 260,2 ʪʘ 

273,6 ʪʠʩ. ʛʘ ʚʽʜʧʦʚʽʜʥʦ. ʅʘ ʢʽʥʝʮʴ ʧôʷʪʠʨʽʯʢʠ ʚʥʝʩʝʥʥʷ ʧʦʙʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʙʫʣʦ 

ʟʜʽʡʩʥʝʥʦ ʥʘ ʧʣʦʱʽ 271,7 ʪʠʩ. ʛʘ. 

ʇʦʨʷʜ ʽʟ ʚʥʝʩʝʥʥʷʤ ʧʦʙʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʯʘʤʠ ʚ ʥʘʧʨʷʤʢʫ 

ʙʽʦʣʦʛʽʟʘʮʽʾ ʟʝʤʣʝʨʦʙʩʪʚʘ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʠʜʝʨʘʣʴʥʽ ʢʫʣʴʪʫʨʠ. ʇʦʯʠʥʘʶʯʠ ʟ 

2016 ʨʦʢʫ, ʚʽʜʤʽʯʝʥʦ ʟʨʦʩʪʘʥʥʷ ʦʙôʻʤʽʚ ʟʘʨʦʙʣʷʥʥʷ ʫ ˇʨʫʥʪ ʩʠʜʝʨʘʪʽʚ. ʊʘʢ ʾʭ 

ʢʽʣʴʢʽʩʪʴ ʟʘ ʧôʷʪʴ ʨʦʢʽʚ ʟʨʦʩʣʘ ʟ 97,7 ʪʠʩ. ʪʦʥ ʫ 2016 ʨʦʮʽ ʜʦ 125,5 ʪʠʩ. ʪʦʥ ʫ 

2020 ʨʦʮʽ. ʗʢʱʦ ʞ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʢʽʣʴʢʦʩʪʽ ʧʣʦʱ ʟʘʜʽʷʥʠʭ ʧʽʜ ʩʠʜʝʨʘʮʽʶ, ʪʦ 

ʚʦʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʙʣʠʟʴʢʦʤʫ ʨʽʚʥʽ ʙʝʟ ʟʥʘʯʥʠʭ ʟʨʦʩʪʘʥʴ. ʅʘ ʧʦʯʘʪʢʫ 

ʧôʷʪʠʨʽʯʢʠ ʜʘʥʘ ʧʣʦʱʘ ʩʪʘʥʦʚʠʣʘ 9,6 ʪʠʩ. ʛʘ, ʘ ʥʘ ʢʽʥʝʮʴ 9,8, ʱʦ ʥʘ 0,2 ʪʠʩ. ʛʘ 

ʙʽʣʴʰʝ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ. 
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ʈʠʩ. 2 ɺʥʝʩʝʥʥʷ ʧʦʙʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʧʨʠʦʨʘʥʥʷ ʩʠʜʝʨʘʪʽʚ ʪʠʩ. ʪ ʫ 

2016 ï 2020 ʨʦʢʘʭ 

ɺʠʩʥʦʚʢʠ. ɸʥʘʣʽʟ ʜʘʥʠʭ ʟʘ ʧôʷʪʴ ʨʦʢʽʚ ʧʦʯʠʥʘʶʯʠ ʟ 2016 ʨʦʢʫ ʚʢʘʟʫʻ, ʱʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʝ ʟʨʦʩʪʘʥʥʷ ʩʝʜʝʨʘʣʴʥʠʭ ʧʦʩʽʚʽʚ ʪʘ ʧʦʞʥʠʚʥʠʭ ʨʝʰʪʢʽʚ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. ʇʨʦʪʝ ʚ ʨʦʟʨʽʟʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʣʦʱ 

ʦʙʣʘʩʪʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʛʨʘʨʽʷʤʠ ʫʛʽʜʜʷ ʥʘ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʝʜʝʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʙʽʦʣʦʛʽʟʘʮʽʾ ʟʝʤʣʝʨʦʙʩʪʚʘ ʥʝ ʟʥʘʯʥʘ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ˇʨʫʥʪʦʚʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʚʘʞʣʠʚʫ ʣʘʥʢʫ ʥʘʫʢʦʚʦʾ ʩʠʩʪʝʤʠ 

ʟʝʤʣʝʨʦʙʩʪʚʘ ʩʠʩʪʝʤʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ. 

ɺʘʞʣʠʚʦ, ʱʦ ʝʢʦʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ʟʝʣʝʥʠʭ ʜʦʙʨʠʚ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʤʦʙʽʣʽʟʘʮʽʾ 

ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ ʞʠʚʣʝʥʥʷ, ʷʢ ʬʦʩʬʦʨ, ʢʘʣʽʡ, ʢʘʣʴʮʽʡ, ʤʘʛʥʽʡ, ʤʘʨʛʘʥʝʮʴ ʪʘ ʽʥ. ʽʟ 

ʛʣʠʙʰʠʭ ʛʝʥʝʪʠʯʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ˇʨʫʥʪʫ, ʘ ʪʘʢʦʞ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʩʧʦʣʫʢ ʽ 

ʟʘʣʫʯʝʥʥʷ ʾʭ ʜʦ ʢʨʫʛʦʦʙʽʛʫ ʨʝʯʦʚʠʥ [4].  

ʉʠʩʪʝʤʘʪʠʯʥʝ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʫ 

ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʽ ʧʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ ʩʪʘʥʦʤ ˇʨʫʥʪʦʚʦʾ 

ʨʦʜʶʯʦʩʪʽ, ʩʪʫʧʝʥʝʤ ʝʨʦʜʦʚʘʥʦʩʪʽ, ʨʝʘʢʮʽʻʶ ʪʘ ʩʦʣʴʦʚʠʤ ʨʝʞʠʤʦʤ ˇʨʫʥʪʦʚʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ, ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ, 

ʧʝʩʪʠʮʠʜʘʤʠ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ. 

1. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʘʛʨʦʭʽʤʽʯʥʦʾ ʧʘʩʧʦʨʪʠʟʘʮʽʾ ʟʝʤʝʣʴ 

ʩ̔ ʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ : ʢʝʨʽʚʥʠʡ ʥʦʨʤʘʪʠʚʥʠʡ ʜʦʢʫʤʝʥʪ / ɿʘ ʨʝʜ. 
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ʗʮʫʢʘ ɯ.ʇ., ɹʘʣʶʢʘ ʉ.ɸ. ï 2-ʛʝ ʚʠʜ., ʜʦʧʦʚ. ï ʂ.: 2019. ï 108 ʩ.  
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ɺʇʃʀɺ ɹɯʃʂʆɺʆ-ɺɯʊɸʄɯʅʅʆɻʆ ʇʈɽʄɯʂʉʋ ʅɸ ʇɽʈɽʊʈɸɺʅɯʉʊʔ 

ʇʆɾʀɺʅʀʍ ʈɽʏʆɺʀʅ ʈɸʎɯʆʅʋ ɹʀʏʂɯɺ 

 

ʗʨʝʤʯʫʢ ʆʣʝʢʩʘʥʜʨ ʉʪʝʧʘʥʦʚʠʯ 

ʜʦʢʪʦʨ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʈʘʟʘʥʦʚʘ ʆʣʝʥʘ ʇʝʪʨʽʚʥʘ 

ʢʘʥʜʠʜʘʪ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

ʤ. ɺʽʥʥʠʮʷ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʟʘʜʘʯ ʘʛʨʦʧʨʦʤʠʩʣʦʚʠʤ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ ʻ 

ʟʙʽʣʴʰʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʷʣʦʚʠʯʠʥʠ, ʱʦ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʦʜʽʚʣʽ 

ʪʚʘʨʠʥ ʟʙʘʣʘʥʩʦʚʘʥʠʤʠ ʨʘʮʽʦʥʘʤʠ ʟʘ ʫʩʽʤʘ ʧʦʞʠʚʥʠʤʠ ʡ ʤʽʥʝʨʘʣʴʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ. ʋ ʩʪʨʫʢʪʫʨʽ ʟʘʪʨʘʪ ʥʘ ʧʨʦʜʫʢʮʽʶ ʚʠʨʦʱʫʚʘʥʥʷ ʤʦʣʦʜʥʷʢʫ ʚʝʣʠʢʦʾ 

ʨʦʛʘʪʦʾ ʭʫʜʦʙʠ ʢʦʨʤʠ ʟʘʡʤʘʶʪʴ ʧʦʥʘʜ 60%, ʪʦʤʫ ʚʦʥʠ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʠʨʦʩʪʫ. ɼʦʩʠʪʴ ʯʘʩʪʦ ʪʚʘʨʠʥʠ ʧʦʛʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʨʤʠ 

ʯʝʨʝʟ ʥʝ ʧʦʚʥʝ ʧʝʨʝʪʨʘʚʣʝʥʥʷ ʾʭ ʫ ʪʨʘʚʥʦʤʫ ʪʨʘʢʪʽ. ʋ ʤʝʞʘʭ 1/3 ʦʨʛʘʥʽʯʥʠʭ 

ʨʝʯʦʚʠʥ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʚ ʦʨʛʘʥʽʟʤ ʟ ʢʦʨʤʦʤ, ʟʘʟʚʠʯʘʡ ʥʝ ʧʝʨʝʪʨʘʚʣʶʻʪʴʩʷ 

ʪʚʘʨʠʥʦʶ. ɿʥʠʞʝʥʥʷ ʪʘʢʠʭ ʚʪʨʘʪ ʭʦʯʘ ʙ 2-3% ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ ʜʦʜʘʪʢʦʚʫ 

ʧʨʦʜʫʢʮʽʶ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʨʘʮʽʦʥʘʭ ʪʚʘʨʠʥ ʨʽʟʥʦʛʦ ʨʦʜʫ ʜʦʙʘʚʦʢ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʙʘʚʦʢ, ʱʦ 

ʤʽʩʪʷʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʽʥʝʨʘʣʴʥʽ ʨʝʯʦʚʠʥʠ, ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʫʚʘʪʠ ʜʠʥʘʤʽʢʫ 

ʨʦʩʪʫ ʪʚʘʨʠʥ ʽ ʦʪʨʠʤʘʪʠ ʚʽʜʛʦʜʦʚʘʥʠʭ ʙʠʯʢʽʚ ʟʘ ʢʦʨʦʪʰʠʡ ʪʝʨʤʽʥ ʚʽʜʛʦʜʽʚʣʽ ʟ 

ʙʽʣʴʰʦʶ ʞʠʚʦʶ ʤʘʩʦʶ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʢʦʚʦ-ʚʽʪʘʤʽʥʥʦʛʦ ʧʨʝʤʽʢʩʫ ɯʥʪʝʨʤʽʢʩ ʚʽʜʛʦʜʽʚʣʷ ʫ 

ʨʘʮʽʦʥʘʭ ʙʠʯʢʽʚ ʤʦʣʦʯʥʦʾ ʧʦʨʦʜʠ ʟʘ ʚʽʜʛʦʜʽʚʣʽ ʾʭ ʥʘ ʤ'ʷʩʦ ʪʘ ʚʠʷʩʥʠʪʠ ʚʧʣʠʚ ʥʘ 

ʜʦʙʘʚʢʠ ʥʘ ʧʝʨʝʪʨʘʚʥʽʩʪʴ ʽ ʟʘʩʚʦʻʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʢʦʨʤʽʚ.  

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʙʘʣʘʥʩʦʚʦʛʦ ʜʦʩʣʽʜʫ 

ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʜʚʦʭ ʛʨʫʧʘʭ ʙʠʯʢʽʚ ʫʢʨʘʾʥʩʴʢʦʾ ʯʦʨʥʦ-ʨʷʙʦʾ ʤʦʣʦʯʥʦʾ ʧʦʨʦʜʠ 

ʚʽʢʦʤ 15 ʤʽʩʷʮʽʚ. ɺʠʚʯʘʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʽʣʢʦʚʦ-ʚʽʪʘʤʽʥʥʦʛʦ ʧʨʝʤʽʢʩʫ ɯʥʪʝʨʤʽʢʩ 

ʚʽʜʛʦʜʽʚʣʷ ʫ ʨʘʮʽʦʥʽ ʙʠʯʢʽʚ ʥʘ ʦʙʤʽʥ ʨʝʯʦʚʠʥ ʰʣʷʭʦʤ ʨʽʚʥʦʤʽʨʥʦʛʦ ʚʥʝʩʝʥʥʷ ʽ ʟ 
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ʥʘʩʪʫʧʥʠʤ ʨʝʪʝʣʴʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʫ ʜʦʟʽ ʥʘ 1 ʪ ʢʦʤʙʽʢʦʨʤʫ. ʆʩʥʦʚʥʠʡ 

ʨʘʮʽʦʥ ʛʦʜʽʚʣʽ ʙʠʯʢʽʚ ʦʙʦʭ ʛʨʫʧ ʫʧʨʦʜʦʚʞ ʦʩʥʦʚʥʦʛʦ ʧʝʨʽʦʜʫ ʜʦʩʣʽʜʫ ʙʫʚ 

ʦʜʥʘʢʦʚʠʤ, ʪʚʘʨʠʥʘʤ ʜʦʩʣʽʜʥʦʾ ʛʨʫʧʠ ʜʦ ʢʦʤʙʽʢʦʨʤʫ ʜʦʜʘʚʘʣʠ ʙʽʣʢʦʚʦ-

ʚʽʪʘʤʽʥʥʠʡ ʧʨʝʤʽʢʩ ɯʥʪʝʨʤʽʢʩ ʚʽʜʛʦʜʽʚʣʷ. ʋ ʜʦʩʣʽʜʽ ʚʠʟʥʘʯʘʣʠ ʢʽʣʴʢʽʩʪʴ ʟôʾʜʝʥʠʭ 

ʢʦʨʤʽʚ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʪʨʦʣʴʥʦʾ ʛʦʜʽʚʣʽ ʯʝʨʝʟ ʢʦʞʥʽ 10 ʜʥʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɿʘ ʚʝʩʴ ʧʝʨʽʦʜ ʚʽʜʛʦʜʽʚʣʽ ʙʠʯʢʠ ʜʦʩʣʽʜʥʦʾ 

ʛʨʫʧʠ ʚʽʜʨʽʟʥʷʣʠʩʷ ʚʽʜ ʢʦʥʪʨʦʣʴʥʠʭ ʘʥʘʣʦʛʽʚ ʢʨʘʱʠʤʠ ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʤʠ 

ʧʨʠʨʦʩʪʘʤʠ. ɿʘ 9 ʤʽʩʷʮʽʚ ʚʽʜʛʦʜʽʚʣʽ ʙʫʛʘʡʮʽʚ (6-15 ʤʽʩʷʮʽʚ) ʦʪʨʠʤʘʥʦ 968 ʛ 

ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʛʦ ʧʨʠʨʦʩʪʫ ʞʠʚʦʾ ʤʘʩʠ, ʱʦ ʚʠʱʝ ʢʦʥʪʨʦʣʴʥʠʭ ʦʜʥʦʣʽʪʢʽʚ ʥʘ 

85 ʛ. ʆʩʢʽʣʴʢʠ ʦʩʥʦʚʥʠʤ ʯʠʥʥʠʢʦʤ ʧʨʠ ʮʴʦʤʫ ʤʦʛʣʠ ʙʫʪʠ ʧʝʨʝʜʫʩʽʤ ʢʦʨʤʠ, 

ʟʦʢʨʝʤʘ, ʾʭ ʧʦʞʠʚʥʽ ʨʝʯʦʚʠʥʠ, ʧʨʦʚʦʜʠʚʩʷ ʙʘʣʘʥʩʦʚʠʡ ʜʦʩʣʽʜ ʟ ʚʠʚʯʝʥʥʷʤ 

ʧʝʨʝʪʨʘʚʥʦʩʪʽ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʥʘ ʪʨʴʦʭ ʪʚʘʨʠʥʘʭ ʫ ʢʦʞʥʽʡ ʛʨʫʧʽ. ʅʘ ʦʩʥʦʚʽ 

ʩʧʦʞʠʪʠʭ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʢʦʨʤʽʚ ʽ ʚʠʜʽʣʝʥʠʭ ʟ ʧʨʦʜʫʢʪʘʤʠ ʦʙʤʽʥʫ 

ʧʨʦʚʦʜʠʣʠʩʷ ʨʦʟʨʘʭʫʥʢʠ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʪʨʘʚʥʦʩʪʽ. ʋ ʩʧʦʞʠʚʘʥʥʽ ʢʦʨʤʽʚ 

ʙʠʯʢʘʤʠ ʦʙʦʭ ʛʨʫʧ ʚʽʜʯʫʪʥʦʾ ʨʽʟʥʠʮʽ ʥʝ ʚʠʷʚʣʝʥʦ, ʧʨʦʪʝ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʩʪʫ 

ʙʠʯʢʽʚ ʜʦʩʣʽʜʥʦ ʾʛʨʫʧʠ ʙʫʣʘ ʚʠʱʦʶ ʟʘ ʢʦʥʪʨʦʣʴ. ʊʘʢ, ʥʘʧʨʠʢʽʥʮʽ ʜʦʩʣʽʜʫ ʟʘ 

ʞʠʚʦʶ ʤʘʩʦʶ ʙʠʯʢʠ ʜʦʩʣʽʜʥʦʾ ʛʨʫʧʠ ʧʝʨʝʚʠʱʫʚʘʣʠ ʢʦʥʪʨʦʣʴʥʠʭ ʘʥʘʣʦʛʽʚ ʥʘ 

7,0%, ʟʘ ʚʽʜʛʦʜʽʚʝʣʴʥʠʡ ʧʝʨʽʦʜ ʚʦʥʠ ʟʙʽʣʴʰʠʣʠ ʩʚʦʶ ʧʦʯʘʪʢʦʚʫ ʞʠʚʫ ʤʘʩʫ ʥʘ 

84,8%, ɦ ʦ ʚʠʱʝ ʥʘ 3,5% ʟʘ ʧʦʢʘʟʥʠʢʠ ʫ ʢʦʥʪʨʦʣʽ.  

ʇʝʨʝʪʨʘʚʥʽʩʪʴ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʨʘʮʽʦʥʽʚ ʙʠʯʢʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʟʥʘʯʥʦʶ ʤʽʥʣʠʚʽʩʪʶ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʥʠʟʢʦʶ ʬʘʢʪʦʨʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʚʽʢ ʪʚʘʨʠʥʠ, 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʩʪʫ, ʧʦʨʦʜʘ, ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ. ʈʽʚʝʥʴ ʧʝʨʝʪʨʘʚʥʦʩʪʽ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʨʘʮʽʦʥʫ ʦʨʛʘʥʽʟʤʦʤ 

ʪʚʘʨʠʥ.  

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʚʚʝʜʝʥʥʷ ʜʦ ʨʘʮʽʦʥʫ ʙʽʣʢʦʚʦ-

ʚʽʪʘʤʽʥʥʦʛʦ ʧʨʝʤʽʢʩʫ ɯʥʪʝʨʤʽʢʩ ʚʽʜʛʦʜʽʚʣʷ ʧʨʠʟʚʝʣʦ ʜʦ ʧʦʤʽʪʥʠʭ ʟʤʽʥ ʫ 

ʧʨʦʮʝʩʘʭ ʪʨʘʚʣʝʥʥʷ ʪʝʣʷʪ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʠʯʢʠ ʜʦʩʣʽʜʥʦʾ ʛʨʫʧʠ ʧʝʨʝʚʘʞʘʣʠ ʩʚʦʾ ʦʜʥʦʣʽʪʢʽʚ ʟ 

ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ (ʪʘʙʣ. 1). 
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ʊʘʙʣʠʮʷ 1 

ʇʝʨʝʪʨʘʚʥʽʩʪʴ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʨʘʮʽʦʥʫ ʙʠʯʢʽʚ, % 

ʇʦʢʘʟʥʠʢ  ɻʨʫʧʘ 

1-ʢʦʥʪʨʦʣʴʥʘ  2-ʜʦʩʣʽʜʥʘ 

ʉʫʭʘ ʨʝʯʦʚʠʥʘ 64,3Ñ0,26 68,2Ñ0,18 

ʇʨʦʪʝʾʥ 68,7Ñ0,37 71,3Ñ0,35 

ɾʠʨ 72,6Ñ0,46 73,6Ñ0,58 

ʂʣʽʪʢʦʚʠʥʘ 54,7Ñ0,32 56,5Ñ0,50 

ɹɽʈ 70,4Ñ0,23 72,8Ñ0,30 

 

ʇʝʨʝʪʨʘʚʥʽʩʪʴ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ ʙʠʯʢʘʤʠ, ʷʢʽ ʩʧʦʞʠʚʘʣʠ ʨʘʮʽʦʥ ʟ ʙʽʣʢʦʚʦ-

ʚʽʪʘʤʽʥʥʠʤ ʧʨʝʤʽʢʩʦʤ, ʙʫʣʘ ʚʠʱʦʶ ʥʘ 3,9 ʧ.ʧ. ʑʦʜʦ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʪʨʘʚʥʦʩʪʽ 

ʧʨʦʪʝʾʥʫ, ʪʦ ʚʦʥʠ ʫ ʪʚʘʨʠʥ ʜʦʩʣʽʜʥʦʾ ʛʨʫʧʠ ʙʫʣʠ ʚʠʱʽ ʥʘ 2,6 ʧ.ʧ., ʥʽʞ ʫ 

ʢʦʥʪʨʦʣʽ. ʋ ʜʦʩʣʽʜʥʠʭ ʙʠʯʢʽʚ ʢʨʘʱʝ ʧʝʨʝʪʨʘʚʣʶʚʘʚʩʷ ʞʠʨ ï ʥʘ 1,0 ʧ.ʧ., 

ʢʣʽʪʢʦʚʠʥʘ ï ʥʘ 1,8 ʧ.ʧ. ʽ ɹɽʈ ï ʥʘ 2,4 ʧ.ʧ. ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʪʚʘʨʠʥʘʤʠ. 

ʑʦʜʦ ʟʘʩʚʦʻʥʥʷ ʘʟʦʪʫ, ʪʦ ʤʽʞ ʛʨʫʧʘʤʠ ʪʘʢʦʞ ʚʠʷʚʣʝʥʦ ʜʝʷʢʽ ʚʽʜʤʽʥʥʦʩʪʽ. 

ʈʽʟʥʠʮʷ ʟʘ ʩʧʦʞʠʪʠʤ ʘʟʦʪʦʤ ʙʫʣʘ ʥʝʟʥʘʯʥʦʶ, ʥʘ 2,1 ʛ ʚʠʱʘ ʫ ʜʦʩʣʽʜʥʽʡ ʛʨʫʧʽ. 

ɺʠʜʽʣʝʥʥʷ ʘʟʦʪʫ ʟ ʢʘʣʦʤ ʥʠʞʯʘ ʫ ʜʦʩʣʽʜʥʽʡ ʛʨʫʧʽ ʥʘ 6,9% ʽ ʚ ʦʨʛʘʥʽʟʤʽ ʪʚʘʨʠʥ 

ʜʘʥʦʾ ʛʨʫʧʠ ʟʘʩʚʦʻʥʦ ʥʘ 5,8% (ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʷ 2 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʟʦʪʫ ʙʠʯʢʘʤʠ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʢʦʚʦ-ʚʽʪʘʤʽʥʥʦʛʦ 

ʧʨʝʤʽʢʩʫ, % 

ʇʦʢʘʟʥʠʢ  ɻʨʫʧʘ 

1-ʢʦʥʪʨʦʣʴʥʘ  2-ʜʦʩʣʽʜʥʘ 

ʇʦʩʪʫʧʠʣʦ ʟ ʢʦʨʤʦʤ, ʛ 111,9Ñ0,35 114,0Ñ0,35 

ɺʠʜʽʣʝʥʦ ʟ ʢʘʣʦʤ, ʛ 34,5Ñ0,47 32,1Ñ0,18 

ɿʘʩʚʦʻʥʦ, ʛ 77,4Ñ0,39 81,9Ñ0,25 

ɺʠʜʽʣʝʥʦ ʟ ʩʝʯʝʶ, ʛ 2,72Ñ0,01 2,74Ñ0,02 

ɺʽʜʢʣʘʣʦʩʷ, ʛ 74,6Ñ0,38 79,1Ñ0,25 

ɺʽʜʢʣʘʣʦʩʷ ʚʽʜ ʧʨʠʡʥʷʪʦʛʦ, % 66,7Ñ0,36 69,3Ñ0,07 

ɺʽʜʢʣʘʣʦʩʷ ʚʽʜ ʧʝʨʝʪʨʘʚʥʦʛʦ. ʛ  96,4 96,6 

 

ʋ ʜʦʩʣʽʜʥʠʭ ʙʠʯʢʽʚ ʚ ʦʨʛʘʥʽʟʤʽ ʚʽʜʢʣʘʣʦʩʷ ʙʽʣʴʰʝ ʘʟʦʪʫ ʥʘ 6,0%, 

ʚʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʟ ʩʝʯʝʶ ʚʠʜʽʣʠʣʦʩʷ ʫ ʪʚʘʨʠʥ ʦʙʦʭ ʛʨʫʧ ʤʘʡʞʝ ʦʜʥʘʢʦʚʘ 
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ʢʽʣʴʢʽʩʪʴ. ɺʽʜʢʣʘʣʦʩʷ ʘʟʦʪʫ ʚʽʜ ʧʨʠʡʥʷʪʦʛʦ ʫ ʜʦʩʣʽʜʥʽʡ ʛʨʫʧʽ ʙʠʯʢʽʚ ʜʝʱʦ 

ʙʽʣʴʰʝ, ʨʽʟʥʠʮʷ ʤʽʞ ʛʨʫʧʘʤʠ ʩʢʣʘʣʘ 22,6 ʥʘ ʢʦʨʠʩʪʴ ʜʦʩʣʽʜʥʠʭ ʪʚʘʨʠʥ.  

ɺʠʩʥʦʚʢʠ. ɿʛʦʜʦʚʫʚʘʥʥʷ ʙʠʯʢʘʤ ʨʘʮʽʦʥʫ ʟ ʚʢʣʶʯʝʥʥʷ ʙʽʣʢʦʚʦ-

ʚʽʪʘʤʽʥʥʦʛʦ ʧʨʝʤʽʢʩʫ ɯʥʪʝʨʤʽʢʩ ʚʽʜʛʦʜʽʚʣʷ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʥʫʣʦ ʥʘ 

ʧʝʨʝʪʨʘʚʥʽʩʪʴ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ. 
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VETERINARY  SCIENCES 

 
ɹɯʆʍɯʄɯʏʅɯ ɿʄɯʅʀ ʂʈʆɺɯ ʉʆɹɸʂ ʋ ʈɸɿɯ ʍʈʆʅɯʏʅʆɰ ʅʀʈʂʆɺʆɰ 

ʅɽɼʆʉʊɸʊʅʆʉʊɯ 

 

ʊʦʜʦʨʦʚ ʄʠʢʦʣʘ ɯʚʘʥʦʚʠʯ, 

ʢ.ʚ.ʥ., ʜʦʮʝʥʪ 

ʉʪʦʨʦʞʝʥʢʦ ɺʽʢʪʦʨʽʷ ɺʷʯʝʩʣʘʚʽʚʥʘ, 

ʩʪʫʜʝʥʪʢʘ 

ʆʜʝʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʤ. ʆʜʝʩʘ ʋʢʨʘʾʥʘ 

 

ʅʘʚʝʜʝʥʽ ʙʽʦʭʽʤʽʯʥʽ ʟʤʽʥʠ ʢʨʦʚʽ ʩʦʙʘʢ ʫʨʘʟʽ ʭʨʦʥʽʯʥʦʾ ʥʠʨʢʦʚʦʾ 

ʥʝʜʦʩʪʘʪʥʦʩʪʽ. ɿʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʝʯʦʚʠʥʠ ʪʘ ʢʨʝʘʪʠʥʽʥʫ ʚ ʢʨʦʚʽ ʻ 

ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʦʟʥʘʢʦʶ ʥʠʨʢʦʚʦʾ ʥʝʜʦʩʪʘʪʥʦʩʪʽ. ʇʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʮʠʭ 

ʤʝʪʘʙʦʣʽʪʽʚ ʫ ʢʨʦʚʽ ʧʦʚ'ʷʟʘʥʝ ʽʟ ʧʦʨʫʰʝʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʥʠʨʦʢ. ɿ ʫʩʽʭ 

ʧʦʢʘʟʥʠʢʽʚ ʘʟʦʪʠʩʪʦʛʦ ʦʙʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʨʝʘʪʠʥʽʥʫ ʥʘʡʙʽʣʴʰ ʧʦʢʘʟʦʚʘ ʧʨʠ 

ʜʘʥʽʡ ʧʘʪʦʣʦʛʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʍʨʦʥʽʯʥʘ ʥʠʨʢʦʚʘ ʥʝʜʦʩʪʘʪʥʽʩʪʴ, ʢʨʝʘʪʠʥʽʥ, ʩʝʯʦʚʠʥʘ. 

 

ɺʉʊʋʇ 

ʍʨʦʥʽʯʥʘ ʥʠʨʢʦʚʘ ʥʝʜʦʩʪʘʪʥʽʩʪʴ ï ʮʝ ʧʦʨʫʰʝʥʥʷ ʛʦʤʝʦʩʪʘʟʫ, ʚʠʢʣʠʢʘʥʝ 

ʥʝʟʚʦʨʦʪʥʠʤ ʟʥʠʞʝʥʥʷʤ ʤʘʩʠ ʜʽʶʯʠʭ ʥʝʬʨʦʥʽʚ ʥʠʨʦʢ. ʅʘʡʯʘʩʪʽʰʝ ʫ ʪʚʘʨʠʥ 

(ʯʘʩʪʽʰʝ ʣʽʪʥʽʭ) ʚʥʘʩʣʽʜʦʢ ʛʦʩʪʨʠʭ ʪʘ ʭʨʦʥʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʥʠʨʦʢ ʤʦʞʝ 

ʨʦʟʚʠʥʫʪʠʩʴ ʥʠʨʢʦʚʘ ʥʝʜʦʩʪʘʪʥʽʩʪʴ. ʍʨʦʥʽʯʥʘ ʥʠʨʢʦʚʘ ʥʝʜʦʩʪʘʪʥʽʩʪʴ (ʍʅʅ) 

ʟʘʟʚʠʯʘʡ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʦ ʚʥʘʩʣʽʜʦʢ ʧʨʦʛʨʝʩʫʶʯʦʾ ʥʝʟʚʦʨʦʪʥʦʾ ʚʪʨʘʪʠ 

ʬʫʥʢʮʽʦʥʫʶʯʦʾ ʧʘʨʝʥʭʽʤʠ ʥʠʨʦʢ, ʧʨʠ ʮʴʦʤʫ ʧʦʨʫʰʫʻʪʴʩʷ ʢʣʫʙʦʯʢʦʚʘ ʪʘ 

ʢʘʥʘʣʴʮʝʚʘ ʬʫʥʢʮʽʾ ʥʠʨʦʢ, ʨʦʟʚʠʚʘʻʪʴʩʷ ʫʨʝʤʽʷ, ʥʘʩʣʽʜʢʦʤ ʯʦʛʦ ʻ ʧʦʨʫʰʝʥʥʷ 

ʚʦʜʥʦ-ʝʣʝʢʪʨʦʣʽʪʥʦʛʦ ʪʘ ʦʩʤʦʪʠʯʥʦʛʦ ʛʦʤʝʦʩʪʘʟʫ [1]. ʍʚʦʨʦʙʘ ʧʨʦʚʦʢʫʻ 

ʟʘʛʠʙʝʣʴ ʥʝʬʨʦʥʽʚ ʥʠʨʢʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʢʣʫʙʦʯʢʦʚʦʾ 

ʬʽʣʴʪʨʘʮʽʾ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʥʝʤʦʞʣʠʚʦʩʪʽ ʢʦʥʮʝʥʪʨʫʚʘʪʠ ʩʝʯʫ ʥʠʨʢʦʶ ʪʘ 
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ʨʦʟʚʠʪʢʫ ʘʟʦʪʝʤʽʾ. ʋ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʫ ʢʽʰʦʢ ʍʅʅ ʦʙʫʤʦʚʣʝʥʘ 

ʭʨʦʥʽʯʥʠʤ ʽʥʪʝʨʩʪʠʮʽʘʣʴʥʠʤ ʥʝʬʨʠʪʦʤ, ʜʠʣʘʪʘʮʽʻʶ ʪʘ ʘʪʨʦʬʽʻʶ ʢʘʥʘʣʴʮʽʚ, ʘ 

ʪʘʢʦʞ ʬʽʙʨʦʟʦʤ ʽʥʪʝʨʩʪʠʮʽʶ [2, 5]. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʚʯʝʥʥʷ ʜʝʷʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʫʛʣʝʚʦʜʥʦʛʦ, ʣʽʧʽʜʥʦʛʦ ʪʘ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʦʙʤʽʥʽʚ ʫ ʩʦʙʘʢ ʟ ʭʨʦʥʽʯʥʦʶ ʥʠʨʢʦʚʦʶ ʥʝʜʦʩʪʘʪʥʽʩʪʶ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʪʚʘʨʠʥʘʭ ʽʟ ʦʟʥʘʢʘʤʠ 

ʭʨʦʥʽʯʥʦʾ ʥʠʨʢʦʚʦʾ ʥʝʜʦʩʪʘʪʥʦʩʪʽ. ʇʦʨʽʚʥʶʚʘʣʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʟʽ ʟʜʦʨʦʚʠʤʠ 

ʪʚʘʨʠʥʘʤʠ, ʜʝ ʚ ʜʦʩʣʽʜʽ ʚʦʥʠ ʽʤʝʥʫʚʘʣʠʩʷ ʢʦʥʪʨʦʣʴʥʦʶ ʛʨʫʧʦʶ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʣʽʥʽʯʥʽ, ʙʽʦʭʽʤʽʯʥʽ ʪʘ ʣʘʙʦʨʘʪʦʨʥʽ 

ʤʝʪʦʜʠ. ʇʨʠ ʚʟʷʪʪʽ ʚʝʥʦʟʥʦʾ ʢʨʦʚʽ ʜʣʷ ʙʽʦʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʪʨʠʤʫʚʘʣʠʩʷ 

ʧʨʘʚʠʣ ʘʩʝʧʪʠʢʠ ʪʘ ʘʥʪʠʩʝʧʪʠʢʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʛʦʣʢʫ ʟ ʚʝʣʠʢʠʤ ʧʨʦʩʚʽʪʦʤ. 

ʃʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʙʽʦʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʫ 

STAT fax 1904. ʉʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʨʦʚʦʜʠʣʠ ʟʘ 

ʧʨʦʛʨʘʤʦʶ ʉʪʴʶʜʝʥʪʘ. ʈʽʟʥʠʮʶ ʤʽʞ ʧʦʢʘʟʥʠʢʘʤʠ ʤʽʞ ʜʦʩʣʽʜʥʦʶ ʪʘ 

ʢʦʥʪʨʦʣʴʥʦʶ ʛʨʫʧʘʤʠ ʚʠʟʥʘʯʘʣʠ ʟʘ ʪʨʴʦʤʘ ʧʦʨʦʛʘʤʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ: p< 0,5; 

**p<0,01; *** p<0,001. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʫ ʪʚʘʨʠʥ ʽʟ ʧʘʪʦʣʦʛʽʻʶ ʦʨʛʘʥʽʚ ʩʝʯʦʫʪʚʦʨʝʥʥʷ ʪʘ ʩʝʯʦʚʠʜʽʣʝʥʥʷ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʤʽʥʠ ʨʽʟʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʦʙʤʽʥʫ ʨʝʯʦʚʠʥ. ʊʘʢ, ʟ ʪʘʙʣʠʮʽ 1 ʙʘʯʠʤʦ, 

ʱʦ ʫ ʩʦʙʘʢ ʟ ʥʠʨʢʦʚʦʶ ʥʝʜʦʩʪʘʪʥʽʩʪʶ ʜʦʩʪʦʚʽʨʥʦ ʟʨʦʩʪʘʻ ʘʢʪʠʚʥʽʩʪʴ ɸʣɸʊ, 

ɸʩɸʊ, ʃɼɻ, ʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʪʨʽʘʮʠʣʛʣʽʮʝʨʦʣʫ. 

ʊʘʙʣʠʮʷ1 

ʇʦʢʘʟʥʠʢʠ ʚʫʛʣʝʚʦʜʥʦ - ʣʽʧʽʜʥʦʛʦ ʦʙʤʽʥʫ ʫ ʨʘʟʽ ʧʘʪʦʣʦʛʽʾ ʥʠʨʦʢ ʫ 

ʩʦʙʘʢ 

ʇʦʢʘʟʥʠʢʠ ɼʦʩʣʽʜʥʘ ʛʨʫʧʘ ʂʦʥʪʨʦʣʴʥʘ ʛʨʫʧʘ 

ɻʣʶʢʦʟʘ, ʤʤʦʣʴ/ʣ 4,28 Ñ0,32 *  5,1 Ñ0,12 

ɸʤ̔ʣʘʟʘ, ʆʜ/ʣ 971,23 Ñ152,32 *  574,56 Ñ93,24 

ʃɼɻ, ʆʜ/ʣ 118,13 Ñ12,14 ŷ* 108,67 Ñ0,19 

 ʊɻʤʤʦʣʴ/ʣ  2.9Ñ0,9*  0,74Ñ0,08 

ɸʣɸʊ, ʦʜ/ʣ 42Ñ2,14* 32,6Ñ3,12 

ɸʩɸʊ, ʦʜ/ʣ 49Ñ2,24* 29,4Ñ2,78 
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ʊʘʢʦʞ, ʜʦʩʪʦʚʽʨʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʢʨʝʘʪʠʥʽʥʫ, 

ʩʝʯʦʚʠʥʠ, ʥʘʪʨʽʶ ʪʘ ʬʦʩʬʦʨʫ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʷ2 

ʇʦʢʘʟʥʠʢʠ ʭʨʦʤʦʧʨʦʪʝʾʜʥʦʛʦ ʪʘ ʤʽʥʝʨʘʣʴʥʦʛʦ ʦʙʤʽʥʫ ʫ ʨʘʟʽ ʧʘʪʦʣʦʛʽʾ 

ʥʠʨʦʢ ʫ ʩʦʙʘʢ 

ʇʦʢʘʟʥʠʢʠ ɼʦʩʣʽʜʥʘ ʛʨʫʧʘ ʂʦʥʪʨʦʣʴʥʘ ʛʨʫʧʘ 

ʆʙʱʠʡ ʙʝʣʦʢ, ʛ/ʣ 65, 0 Ñ3,18 * 67,4 Ñ3,81 

ɸʣʴʙʫʤʠʥ, ʛ/ʣ 28,5 Ñ4,47 * 33,2 Ñ2,91 

ɻʣʦʙʫʣʠʥ, ʛ/ʣ 
36,5 Ñ1,44 * 

 

34,2 Ñ3.10 

ʆʙʱʠʡ ʙʠʣʠʨʫʙʠʥ, 

ʤʢʤʦʣʴ/ʣ 
14,02 Ñ2,51 ŷ * 3,20 Ñ0,87 

ʄʦʯʝʚʠʥʘ, ʤʤʦʣʴ/ʣ 21,76 Ñ3,20 ŷ ** 6,71 Ñ0,59 

ʂʨʝʘʪʠʥʠʥ, 

ʤʢʤʦʣʴ/ʣ 
 229,17 Ñ21,12 ŷ ** 91,11 Ñ4,81 

ʌʦʩʬʦʨ, ʤʤʣʴ/ʣ 2,13Ñ 0,50 ŷ * 1,21Ñ 0,07 

ʅʘʪʨʠʡ, ʤʤʦʣʴ/ʣ 152,00Ñ 7,10 ŷ ** 141,00Ñ 6,75 

 

ɺʤʽʩʪ ʛʣʶʢʦʟʠ ʚ ʢʨʦʚʽ ʭʚʦʨʠʭ ʪʚʘʨʠʥ ʪʨʦʭʠ ʥʠʞʯʝ ʧʦʨʽʚʥʷʥʦ ʟ 

ʢʦʥʪʨʦʣʴʥʦʶ ʛʨʫʧʦʶ, ʘ ʘʢʪʠʚʥʽʩʪʴ ʘʤʽʣʘʟʠ ʟʥʘʯʥʦ ʚʠʱʘ. 

ɿʙʽʣʴʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʙʽʣʽʨʫʙʽʥʫ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ɸʉʊ, 

ɸʣɸʊ ʫ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ʤʦʞʣʠʚʦ ʧʦʚ'ʷʟʘʥʝ ʟ ʛʝʧʘʪʦʪʦʢʩʠʯʥʠʤ ʩʠʥʜʨʦʤʦʤ ʫ 

ʪʚʘʨʠʥ, ʭʚʦʨʠʭ ʥʘ ʍʅʅ. ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʮʴʦʛʦ ʻ ʟʥʠʞʝʥʥʷ ʘʣʴʙʫʤʽʥʦʚʦʾ 

ʬʨʘʢʮʽʾ ʩʠʨʦʚʘʪʢʠ ʢʨʦʚʽ ʫ ʛʨʫʧʽ ʪʚʘʨʠʥ ʽʟ ʭʨʦʥʽʯʥʦʶ ʥʠʨʢʦʚʦʶ ʥʝʜʦʩʪʘʪʥʽʩʪʶ. 

ɿʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʝʯʦʚʠʥʠ ʪʘ ʢʨʝʘʪʠʥʽʥʫ ʚ ʢʨʦʚʽ ʻ 

ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʦʟʥʘʢʦʶ ʥʠʨʢʦʚʦʾ ʥʝʜʦʩʪʘʪʥʦʩʪʽ. ʇʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʮʠʭ 

ʤʝʪʘʙʦʣʽʪʽʚ ʫ ʢʨʦʚʽ ʧʦʚ'ʷʟʘʥʝ ʽʟ ʧʦʨʫʰʝʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʥʠʨʦʢ. ɿ ʫʩʽʭ 

ʧʦʢʘʟʥʠʢʽʚ ʘʟʦʪʠʩʪʦʛʦ ʦʙʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʨʝʘʪʠʥʽʥʫ ʥʘʡʙʽʣʴʰ ʧʦʢʘʟʦʚʘ. 

ʉʝʯʦʚʠʥʘ ʥʝ ʻ ʧʝʨʚʠʥʥʠʤ ʫʨʝʤʽʯʥʠʤ ʪʦʢʩʠʥʦʤ, ʘʣʝ ʾʾ ʢʦʥʮʝʥʪʨʘʮʽʷ ʫ ʩʠʨʦʚʘʪʮʽ 

ʢʨʦʚʽ ʢʦʨʝʣʶʻ ʟʽ ʩʪʫʧʝʥʝʤ ʧʦʢʘʟʦʚʦʩʪʽ ʢʣʽʥʽʯʥʠʭ ʦʟʥʘʢ ʫʨʝʤʽʾ [4]. 

ʅʠʨʢʠ ʚʽʜʽʛʨʘʶʪʴ ʛʦʣʦʚʥʫ ʨʦʣʴ ʨʝʛʫʣʷʮʽʾ ʬʦʩʬʦʨʥʦʛʦ ʙʘʣʘʥʩʫ. ʇʨʠ 

ʟʥʠʞʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʢʣʫʙʦʯʢʦʚʦʾ ʬʽʣʴʪʨʘʮʽʾ (ʉʂʌ) ʪʘ ʧʦʨʫʰʝʥʥʽ ʬʫʥʢʮʽʾ ʥʠʨʦʢ 

ʝʢʩʢʨʝʮʽʷ ʬʦʩʬʦʨʫ ʟʥʠʞʫʻʪʴʩʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ, ʥʘʩʘʤʧʝʨʝʜ, ʜʦ ʟʘʧʫʩʢʫ 
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ʢʦʤʧʝʥʩʘʪʦʨʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʚʢʣʶʯʘʶʯʠ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʧʘʨʘʪʛʦʨʤʦʥʫ (ʇʊɻ) 

ʽ ʟʨʝʰʪʦʶ ʜʦ ʛʽʧʝʨʬʦʩʬʘʪʝʤʽʾ. 

ʆʙʤʝʞʝʥʥʷ ʥʘʜʭʦʜʞʝʥʥʷ ʬʦʩʬʦʨʫ ʟ ʾʞʝʶ ʩʧʨʠʷʻ ʟʙʝʨʝʞʝʥʥʶ ʥʠʨʢʦʚʦʾ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʬʫʥʢʮʽʾ, ʟʤʝʥʰʝʥʥʶ ʪʫʙʫʣʦʽʥʪʝʨʩʪʠʮʽʘʣʴʥʦʛʦ ʥʝʢʨʦʟʫ, ʟʥʠʞʝʥʥʶ 

ʛʽʧʝʨʬʦʩʬʘʪʝʤʽʾ ʪʘ ʛʽʧʝʨʧʘʨʘʪʠʨʝʦʾʜʠʟʤʫ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʶ ʛʽʧʝʨʣʽʧʽʜʝʤʽʾ ʫ 

ʪʚʘʨʠʥ ʟ ʭʨʦʥʽʯʥʦʶ ʥʠʨʢʦʚʦʶ ʥʝʜʦʩʪʘʪʥʽʩʪʶ [5]. 

ɿʘʪʨʠʤʢʘ ʥʘʪʨʽʶ ʽ ʧʦʰʠʨʝʥʥʷ ʧʦʟʘʢʣʽʪʠʥʥʦʛʦ ʦʙʩʷʛʫ ʨʽʜʠʥʠ ʤʘʶʪʴ ʤʽʩʮʝ 

ʧʨʠ ʭʨʦʥʽʯʥʽʡ ʥʠʨʢʦʚʽʡ ʥʝʜʦʩʪʘʪʥʦʩʪʽ ʽ ʤʦʞʫʪʴ ʨʦʙʠʪʠ ʩʚʽʡ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ 

ʩʠʩʪʝʤʥʦʾ ʛʽʧʝʨʪʝʥʟʽʾ [3]. 

ɺʠʩʥʦʚʦʢ. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʽʦʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʨʦʚʘʪʢʠ ʢʨʦʚʽ ʩʦʙʘʢ 

ʤʦʞʫʪʴ ʙʫʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʧʦʩʪʘʥʦʚʢʠ ʜʽʘʛʥʦʟʫ ʥʘ ʥʠʨʢʦʚʫ 

ʥʝʜʦʩʪʘʪʥʽʩʪʴ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʫʪʦʯʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʨʝʥʪʛʝʥʦʛʨʘʬʽʾ, ʘʥʘʣʽʟʫ ʩʝʯʽ ʪʘ ʽʥ. 
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BIOLOGICAL  SCIENCES 

 
ɼʆʉʃɯɼɾɽʅʅʗ ʊɽʏɯʁ ʄɯʂʈʆ/ʅɸʅʆʈɯɼʀʅ ʂʈɯɿʔ ʂɸʇɯʃʗʈʀ ɺ 

ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʀʍ ʇʆʃʗʍ ʅɸɼɺʀʉʆʂʆɰ ʏɸʉʊʆʊʀ 

 

ɹʘʪʶʢ ʃʽʣʽʷ ɺʘʩʠʣʽʚʥʘ, 

ʢ.ʙʽʦʣ.ʥ., ʜʦʮʝʥʪ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʂʽʟʽʣʦʚʘ ʅʘʪʘʣʽʷ ʄʠʢʦʣʘʾʚʥʘ, 

ʜ.ʬʽʟ.-ʤʘʪ.ʥ., ʧʨʦʬʝʩʦʨ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɺ.ʅ. ʂʘʨʘʟʽʥʘ 

ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 

ʈʦʟʨʦʙʢʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦ/ʥʘʥʦʨʽʜʠʥ, ʪʦʙʪʦ ʩʫʩʧʝʥʟʽʡ 

ʤʽʢʨʦ/ʥʘʥʦʯʘʩʪʠʥʦʢ ʫ ʨʽʜʠʥʘʭ, ʟʥʘʡʰʣʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʩʪʦʩʫʚʘʥʴ ʫ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʤʝʜʠʮʠʥʽ ʪʘ ʙʽʦʤʝʜʠʯʥʽʡ ʽʥʞʝʥʝʨʽʾ [1]. ʅʘʚʽʪʴ ʧʨʦʩʪʽ ʟʩʫʚʥʽ 

ʧʦʪʦʢʠ ʤʽʢʨʦ/ʥʘʥʦʬʣʶʾʜʽʚ ʯʝʨʝʟ ʢʘʥʘʣʠ ʨʽʟʥʦʾ ʛʝʦʤʝʪʨʽʾ ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʦʚʽ 

ʬʽʟʠʯʥʽ ʷʚʠʱʘ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʯʘʩʪʠʥʦʢ, ʾʭ ʬʦʨʤʽ ʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ (C), ʚʣʘʩʪʠʚʦʩʪʷʭ ʥʝʦʜʥʦʨʽʜʥʦʾ ʩʪʽʥʢʠ, ʧʨʦʩʣʠʟʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʘ 

ʩʪʨʠʙʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʩʪʽʥʢʘʾ ʪʨʫʙʢʠ [2]. ʊʝʧʣʦ- ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʟʥʘʯʥʦ 

ʟʨʦʩʪʘʻ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ C, ʪʦʜʽ ʷʢ ʧʨʠ ʚʠʩʦʢʽʡ C ʚôʷʟʢʽʩʪʴ ʨʽʜʠʥʠ ʪʘʢʦʞ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ. ɿʦʚʥʽʰʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ 

(ɽʄʇ) ʩʪʚʦʨʶʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʬʽʟʠʯʥʽ ʝʬʝʢʪʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ 

ʜʦʜʘʪʢʘʭ [3-5]. 

ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʝʣʝʢʪʨʦ-ʤʘʛʥʽʪʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʝʬʝʢʪʠ ʚ ʪʝʯʽʷʭ 

ʤʽʢʨʦ/ʥʘʥʦʨʽʜʠʥ ʽ ʧʝʨʝʥʦʩʫ ʪʝʧʣʘ ʚ ʪʦʥʢʠʭ ʪʨʫʙʢʘʭ ʚʠʚʯʘʶʪʴʩʷ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʜʦ ʨʦʟʙʘʚʣʝʥʠʭ ʩʫʩʧʝʥʟʽʡ (35%) ʝʨʠʪʨʦʮʠʪʽʚ (RBC) ʽ ʥʘʥʦʘʣʤʘʟʽʚ (ND) ʫ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʤʫ ʨʝʞʠʤʽ. (f=9,2 ɻɻʮ) ʟʦʚʥʽʰʥʴʦʛʦ ɽʄʇ. ɺ ʦʩʥʦʚʽ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʣʝʞʠʪʴ ʝʣʝʢʪʨʦʛʽʜʨʦʜʠʥʘʤʽʯʥʘ (ɽɻɼ) ʤʦʜʝʣʴ 

ʩʣʘʙʦʧʨʦʚʽʜʥʦʾ ʩʫʩʧʝʥʟʽʾ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ 

ʯʠʩʝʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʱʦʜʦ ʧʦʪʦʢʽʚ ɽɻɼ 
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ʩʫʩʧʝʥʟʽʡ ʝʨʠʪʨʦʮʠʪʽʚ ʟʜʦʨʦʚʠʭ ʜʦʥʦʨʽʚ ʽ ʧʘʮʽʻʥʪʽʚ ʟ ʧʫʭʣʠʥʘʤʠ, ʘ ʪʘʢʦʞ 

ʨʦʟʚʝʜʝʥʠʭ ʚʦʜʥʠʭ ʩʫʩʧʝʥʟʽʡ ʅɼ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʊ=0-45ʉ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʨʝʦʣʦʛʽʯʥʽ ʟʘʢʦʥʠ 

ʤʽʢʨʦ/ʥʘʥʦʨʽʜʠʥ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʜʦʜʘʪʢʦʚʽ ʛʨʘʜʽʻʥʪʠ ʪʘ ʧʦʭʽʜʥʽ ʟʘ ʯʘʩʦʤ 

ʧʦʪʦʢʽʚ ʤʘʩʠ, ʪʝʧʣʘ ʪʘ ʟʘʨʷʜʫ (ʫʟʘʛʘʣʴʥʝʥʽ ʬʦʨʤʠ), ʧʦʚʠʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʟʘʤʽʩʪʴ ʢʣʘʩʠʯʥʠʭ. ʋ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʤʫ ɽʄʇ ʛʘʤʤʘ-ʜʠʩʧʝʨʩʽʷ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʣʠʚʘʥʥʷʤ ʤʦʣʝʢʫʣ ʚʦʜʠ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ 

ʥʝʦʙʦʨʦʪʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʷʚʠʱ ʥʘ ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʯʘʩʪʠʥʦʢ. ʆʥʢʦʣʦʛʽʯʥʽ 

ʟʘʭʚʦʨʶʚʘʥʥʷ ʧʨʠʚʦʜʷʪʴ ʜʦ ʜʝʛʽʜʨʘʪʘʮʽʾ ʤʝʤʙʨʘʥ ʝʨʠʪʨʦʮʠʪʽʚ ʽ ʟʥʠʞʝʥʥʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʚôʷʟʘʥʘ/ʚʽʣʴʥʘ ʚʦʜʘ ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ, ʪʦʜʽ ʷʢ ʥʘʣʝʞʥʝ 

ʨʝʥʪʛʝʥʽʚʩʴʢʝ/ʤʝʜʠʢʘʤʝʥʪʦʟʥʝ ʣʽʢʫʚʘʥʥʷ ʚʽʜʥʦʚʣʶʻ ʛʽʜʨʘʪʘʮʽʡʥʽ ʦʙʦʣʦʥʢʠ 

ʝʨʠʪʨʦʮʠʪʽʚ. ɺʠʨʦʙʥʠʮʪʚʦ ʝʥʪʨʦʧʽʾ ʦʙʯʠʩʣʶʻʪʴʩʷ ʪʘ ʧʦʨʽʚʥʶʻʪʴʩʷ ʜʣʷ 

ʩʫʩʧʝʥʟʽʡ ʟʜʦʨʦʚʠʭ ʽ ʨʘʢʦʚʠʭ ʝʨʠʪʨʦʮʠʪʽʚ. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʧʦʤʽʪʥʠʡ 

ʟʘʭʠʩʥʠʡ ʚʧʣʠʚ ʅɼ ʥʘ ʝʨʠʪʨʦʮʠʪʠ. 
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ʇɯɼʇɸʃʀ ʉʋʍʆɰ ʈʆʉʃʀʅʅʆʉʊɯ ʅɸ ʊɽʈʀʊʆʈɯɰ ʅɸʎɯʆʅɸʃʔʅʆɻʆ 

ʇʈʀʈʆɼʅʆɻʆ ʇɸʈʂʋ "ʇʀʈʗʊʀʅʉʔʂʀʁ" ɺ 2020-2021 ʈʆʂɸʍ 

 

ɹʝʟʧʘʣʘ ʊʝʪʷʥʘ ʄʠʢʦʣʘʾʚʥʘ, 

ʤʦʣʦʜʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʧʨʠʨʦʜʥʠʡ ʧʘʨʢ "ʇʠʨʷʪʠʥʩʴʢʠʡ" 

 

ɺʩʪʫʧ. ʇʦʞʝʞʽ ʙʫʣʠ ʽ ʟʘʣʠʰʘʶʪʴʩʷ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ 

ʧʨʠʨʦʜʥʽ ʝʢʦʩʠʩʪʝʤʠ. ʉʧʘʣʶʚʘʥʥʷ ʨʦʩʣʠʥʥʠʭ ʟʘʣʠʰʢʽʚ ï ʥʝʙʝʟʧʝʢʘ ʜʣʷ ʞʠʪʪʷ, 

ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʉʧʘʣʶʚʘʥʥʷ 

ʩʫʭʠʭ ʨʦʩʣʠʥʥʠʭ ʟʘʣʠʰʢʽʚ ʩʪʘʣʦ ʜʣʷ ʥʘʰʠʭ ʛʨʦʤʘʜʷʥ ʥʘʩʪʽʣʴʢʠ ʟʚʠʯʥʠʤ, ʱʦ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʚʝʨʪʘʻʪʴʩʷ ʫʚʘʛʘ ʥʘ ʪʝ, ʷʢʦʾ ʰʢʦʜʠ ʮʽ ʜʽʾ ʟʘʚʜʘʶʪʴ ʜʦʚʢʽʣʣʶ, 

ʞʠʪʪʶ ʪʘ ʟʜʦʨʦʚôʶ ʣʶʜʝʡ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʈʦʟʛʣʷʥʫʪʠ ʣʦʢʘʣʽʪʝʪʠ ʪʘ ʧʣʦʱʽ ʧʦʞʝʞ ʚ ʅʇʇ 

çʇʠʨʷʪʠʥʩʴʢʠʡè ʫ 2020-2021 ʨʦʢʘʭ. ʇʨʦʘʥʘʣʽʟʦʚʘʪʠ ʩʪʘʪʠʩʪʠʢʫ ʧʽʜʧʘʣʽʚ ʩʫʭʦʾ 

ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ çʇʠʨʷʪʠʥʩʴʢʠʡè ʚ 

ʧʝʨʽʦʜ 2020-2021 ʨʦʢʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʅʘʮʽʦʥʘʣʴʥʠʡ ʧʨʠʨʦʜʥʠʡ ʧʘʨʢ 

"ʇʠʨʷʪʠʥʩʴʢʠʡ", ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ 12028,42 ʛʘ, ʩʪʚʦʨʝʥʠʡ 11 ʛʨʫʜʥʷ 2009 

ʨʦʢʫ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʇʦʣʪʘʚʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʫ ʤʝʞʘʭ 

ʇʠʨʷʪʠʥʩʴʢʦʾ ʦʙôʻʜʥʘʥʦʾ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ ʃʫʙʝʥʩʴʢʦʛʦ ʨʘʡʦʥʫ, ʚ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʤʝʞʘʭ ʢʦʣʠʰʥʽʭ ɼʘʚʠʜʽʚʩʴʢʦʾ, ʉʘʩʠʥʽʚʩʴʢʦʾ, 

ɹʝʨʝʟʦʚʦʨʫʜʩʴʢʦʾ, ʂʘʧʣʠʥʮʽʚʩʴʢʦʾ, ʍʘʨʢʽʚʝʮʴʢʦʾ, ɼʝʡʤʘʥʽʚʩʴʢʦʾ, 

ɺʝʣʠʢʦʢʨʫʯʘʥʩʴʢʦʾ, ɻʨʘʙʘʨʽʚʩʴʢʦʾ, ʆʣʝʢʩʘʥʜʨʽʚʩʴʢʦʾ ʩʽʣʴʩʴʢʠʭ ʨʘʜ 

ʇʠʨʷʪʠʥʩʴʢʦʛʦ ʨʘʡʦʥʫ ʪʘ ʇʠʨʷʪʠʥʩʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠ. ʇʨʠʨʦʜʥʽ ʝʢʦʩʠʩʪʝʤʠ 

ʇʘʨʢʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʣʽʩʘʤʠ, ʣʫʢʘʤʠ, ʚʦʜʥʦ-ʙʦʣʦʪʥʠʤʠ ʫʛʽʜʜʷʤʠ. ʎʝ ʥʝ ʣʠʰʝ 

ʙʝʟʣʶʜʥʽ ʽʟʦʣʴʦʚʘʥʽ ʪʝʨʠʪʦʨʽʾ, ʘ ʽ ʜʽʣʷʥʢʠ ʩʫʰʽ ʪʘ ʚʦʜ, ʥʘ ʷʢʠʭ ʙʝʟʧʦʩʝʨʝʜʥʽʡ 

ʣʶʜʩʴʢʠʡ ʚʧʣʠʚ ʚʽʜʯʫʚʘʻʪʴʩʷ ʢʦʨʦʪʢʦʪʨʠʚʘʣʠʤ. 

ʇʨʦʪʷʛʦʤ 2020-2021 ʨʦʢʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʅʇʇ "ʇʠʨʷʪʠʥʩʴʢʠʡ" ʙʫʣʦ 

ʟʘʬʽʢʩʦʚʘʥʦ11 ʧʦʞʝʞ ʩʫʭʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʟʘʛʘʣʴʥʽʡ ʧʣʦʱʽ 291,5 ʛʘ. (ʪʘʙʣ. 1). 
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ʇʦʞʝʞʽ ʚ ʝʢʦʩʠʩʪʝʤʘʭ ʟʘʚʠʨʫʚʘʣʠ ʱʝ ʫ ʣʶʪʦʤʫ ï ʛʦʨʽʣʠ ʦʯʝʨʝʪʠ. ɿʘʛʦʨʘʥʥʷ 

ʩʪʘʣʦʩʷ ʫ ʟʘʧʣʘʚʽ ʨʽʯʢʠ ʋʜʘʡ. 

ʊʘʙʣʠʮʷ 1 

ʃʦʢʘʣʽʪʝʪʠ ʪʘ ʧʣʦʱʽ ʧʦʞʝʞ ʚ ʅʇʇ "ʇʠʨʷʪʠʥʩʴʢʠʡ" ʫ 2020-2021 

ʨʦʢʘʭ 

 ̄ ɼʘʪʘ 

ʚʠʷʚʣʝʥʥʷ 

ʃʦʢʘʣʽʪʝʪ ʇʣʦʱʘ, ʛʘ 

2020 ʨ. 

1 20.02.2020 ʍʘʨʢʽʚʝʮʴʢʝ ʇʅɼɺ, ʧʦʙʣʠʟʫ ʩ. ɺʠʩʦʢʝ 4 

2 03.03.2020 ʇʦʙʣʠʟʫ ʩ. ʋʩʽʚʢʘ, ʥʘ ʣʽʚʦʤʫ ʙʝʨʝʟʽ ʨʽʯʢʠ ʋʜʘʡ 57,3 

3 17.03.2020 ʇʦʙʣʠʟʫ ʙʦʪʘʥʽʯʥʦʾ ʧʘʤôʷʪʢʠ ʧʨʠʨʦʜʠ 

çʃʽʩʦʧʘʨʢ çʆʩʪʨʽʚ ʄʘʩʘʣʴʩʴʢʠʡè 

10,3 

4 20.03.2020 ʇʦʙʣʠʟʫ ʩ. ɺʠʩʦʢʝ  7 

5 24.03.2020 ʍʘʨʢʽʚʝʮʴʢʝ ʇʅɼɺ, ʚʟʜʦʚʞ ʘʚʪʦʰʣʷʭʫ ʉʫʤʠ ï 

ʇʠʨʷʪʠʥ 

12 

6 29.03.2020 ʇʦʙʣʠʟʫ ʩ. ɺʠʩʦʢʝ  29 

7 05.04.2020 ʂʝʡʙʘʣʽʚʩʴʢʝ ʇʅɼɺ, ʥʘ ʧʨʘʚʦʤʫ ʙʝʨʝʟʽ ʨʽʯʢʠ 

ʋʜʘʡ, ʚ ʨʘʡʦʥʽ ʩ. ʃʝʣʷʢʠ 

144 

8 07.04.2020 ʤ. ʇʠʨʷʪʠʥ, ʚʫʣ. ʉʽʯʦʚʠʭ ʉʪʨʽʣʴʮʽʚ 0,8 

9 22.04.2020 ʍʘʨʢʽʚʝʮʴʢʝ ʇʅɼɺ, ʧʦʙʣʠʟʫ ʢʦʤʧʣʝʢʩʥʦʾ 

ʧʘʤôʷʪʢʠ çɹʫʨʪʠè, ʩ. ʇʦʚʩʪʠʥ 

2,5 

10 10.04.2021 ʅʘ ʪʝʨʠʪʦʨʽʾ ʍʘʨʢʽʚʝʮʴʢʦʛʦ ʇʅɼɺ (ʟʝʤʣʽ ʟ 

ʚʠʣʫʯʝʥʥʷʤ), ʧʦʙʣʠʟʫ ʩ. ɼʝʡʤʘʥʽʚʢʘ  

5 

11 26.11.2021 ʅʘ ʪʝʨʠʪʦʨʽʾ ʍʘʨʢʽʚʝʮʴʢʦʛʦ ʇʅɼɺ (ʟʝʤʣʽ ʟ 

ʚʠʣʫʯʝʥʥʷʤ), ʧʦʙʣʠʟʫ ʩ. ɿʘʨʽʯʯʷ  

19,6 

ʈʘʟʦʤ: 291,5 ʛʘ 

 

ʇʽʜʧʘʣʠ ʙʫʣʠ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʚ ʤʝʞʘʭ ʉʤʘʨʘʛʜʦʚʦʛʦ ʦʙôʻʢʪʫ "ʅʇʇ 

"ʇʠʨʷʪʠʥʩʴʢʠʡ"" ˉ UA0000077, ʱʦ ʩʪʚʦʨʝʥʠʡ ʥʘ ʙʘʟʽ ʪʝʨʠʪʦʨʽʾ ʧʨʠʨʦʜʥʦ-

ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʋʢʨʘʾʥʠ - ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ, ʥʘ 7 ʧʦʣʽʛʦʥʘʭ. 

9 ʧʽʜʧʘʣʽʚ ʩʪʘʣʠʩʷ ʥʘ 7 ʧʦʣʽʛʦʥʘʭ, ʟ ʷʢʠʭ 3 ʤʽʩʪʷʪʴ ʉʤʘʨʘʛʜʦʚʽ ʦʩʝʣʠʱʘ ʟʘ 

ʈʝʟʦʣʶʮʽʻʶ ˉ 4 ɹʝʨʥʩʴʢʦʾ ʢʦʥʚʝʥʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʞʝʞʽ ʥʝʩʫʪʴ ʟʘʛʨʦʟʫ 

ʩʤʘʨʘʛʜʦʚʽʡ ʪʝʨʠʪʦʨʽʾ. ɿʝʤʣʝʢʦʨʠʩʪʫʚʘʯʘʤʠ ʜʘʥʠʭ ʜʽʣʷʥʦʢ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʩʝʣʠʱ ʧʦʜʘʥʽ ʚ ʪʘʙʣʠʮʽ 2. 
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ʊʘʙʣʠʮʷ 2 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʩʝʣʠʱ, ʷʢʽ ʙʫʣʠ ʚʨʘʞʝʥʽ ʧʦʞʝʞʘʤʠ 

 ̄ ʇʦʣʽ

ʛʦʥ 

ɯʥʜʝʢʩ ʪʠʧʫ ʦʩʝʣʠʱʘ ʫ ʩʠʩʪʝʤʽ EUNIS ɿʝʤʣʝ 

ʢʦʨʠʩʪʫʚʘʯʽ 

1 550 D5.11-ʆʯʝʨʝʪʷʥʽ ʟʚʠʯʘʡʥʽ ʛʨʷʜʢʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʙʝʟ ʩʪʦʷʯʦʾ ʚʦʜʠ 90% 

C3.2-ʆʯʝʨʝʪʷʥʽ ʚʦʜʦʨʦʩʪʽ ʪʘ ʚʠʩʦʢʽ ʛʝʣʦʬʽʪʠ, 

ʢʨʽʤ ʦʯʝʨʝʪʫ 10% 

ɿʝʤʣʽ ʅʇʇ 

ʙʝʟ ʚʠʣʫʯʝʥʥʷ 

/ ʟʘʧʦʚʽʜʥʘ 

ʟʦʥʘ ʅʇʇ 

2 309 G1.4113-ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʽ ʙʦʣʦʪʥʽ ʚʽʣʴʭʦʚʽ 

ʣʽʩʠ 30% 

G1.1112-ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʽ ʪʦʧʦʣʝʚʦ-ʚʝʨʙʦʚʽ 

ʣʽʩʠ 10% ɺɺ 

F9.212-ʉʝʨʝʜʥʴʦʻʚʨʦʧʝʡʩʴʢʽ ʩʽʨʽ ʚʝʨʙʦʣʦʟʠ  

D5.11-ʆʯʝʨʝʪʷʥʽ ʟʚʠʯʘʡʥʽ ʛʨʷʜʢʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʙʝʟ ʩʪʦʷʯʦʾ ʚʦʜʠ 40% 

C3.21-ʊʨʦʩʪʠʥʠ ʟʚʠʯʘʡʥʽ 10% 

ɿʝʤʣʽ ʅʇʇ 

ʙʝʟ ʚʠʣʫʯʝʥʥʷ 

/ ʩʽʣʴʨʘʜʠ / 

ʟʝʤʣʽ ʣʽʩʛʦʩʧʫ 

3 541 D5.11-ʆʯʝʨʝʪʷʥʽ ʟʚʠʯʘʡʥʽ ʛʨʷʜʢʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʙʝʟ ʩʪʦʷʯʦʾ ʚʦʜʠ 80% 

C3.2-ʆʯʝʨʝʪʷʥʽ ʚʦʜʦʨʦʩʪʽ ʪʘ ʚʠʩʦʢʽ ʛʝʣʦʬʽʪʠ, 

ʢʨʽʤ ʦʯʝʨʝʪʫ 20% 

ɿʝʤʣʽ ʅʇʇ 

ʙʝʟ ʚʠʣʫʯʝʥʥʷ 

/ʟʝʤʣʽ 

ʣʽʩʛʦʩʧʫ 

/ʩʽʣʴʨʘʜʠ 

4 596 F9.212-ʉʝʨʝʜʥʴʦʻʚʨʦʧʝʡʩʴʢʽ ʩʽʨʽ ʚʝʨʙʦʣʦʟʠ  

D5.11-ʆʯʝʨʝʪʷʥʽ ʟʚʠʯʘʡʥʽ ʛʨʷʜʢʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʙʝʟ ʩʪʦʷʯʦʾ ʚʦʜʠ 95% 

ɿʝʤʣʽ ʅʇʇ 

ʙʝʟ ʚʠʣʫʯʝʥʥʷ 

/ʟʝʤʣʽ 

ʣʽʩʛʦʩʧʫ 

5 528 D5.11-ʆʯʝʨʝʪʷʥʽ ʟʚʠʯʘʡʥʽ ʛʨʷʜʢʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʙʝʟ ʩʪʦʷʯʦʾ ʚʦʜʠ 100% 

ɿʝʤʣʽ ʅʇʇ 

ʙʝʟ ʚʠʣʫʯʝʥʥʷ 

/ ʩʽʣʴʨʘʜʠ 

6 321/

167 

G1.1112-ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʽ ʪʦʧʦʣʝʚʦ-ʚʝʨʙʦʚʽ 

ʣʽʩʠ 10% ʎʂ 

F9.212-ʉʝʨʝʜʥʴʦʻʚʨʦʧʝʡʩʴʢʽ ʩʽʨʽ ʚʝʨʙʦʣʦʟʠ  

D5.11-ʆʯʝʨʝʪʷʥʽ ʟʚʠʯʘʡʥʽ ʛʨʷʜʢʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʙʝʟ ʩʪʦʷʯʦʾ ʚʦʜʠ 80% 

G1.1112-ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʽ ʪʦʧʦʣʝʚʦ-ʚʝʨʙʦʚʽ 

ʣʽʩʠ 5% AA 

C3.21-ʊʨʦʩʪʠʥʠ ʟʚʠʯʘʡʥʽ 95% 

ɿʝʤʣʽ ʅʇʇ ʟ 

ʚʠʣʫʯʝʥʥʷʤ 

7 ʯʘʩʪ

ʠʥʘ 

293 

D5.11-ʆʯʝʨʝʪʷʥʽ ʟʚʠʯʘʡʥʽ ʛʨʷʜʢʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʙʝʟ ʩʪʦʷʯʦʾ ʚʦʜʠ 70% 

C3.2-ʆʯʝʨʝʪʷʥʽ ʚʦʜʦʨʦʩʪʽ ʪʘ ʚʠʩʦʢʽ ʛʝʣʦʬʽʪʠ, 

ʢʨʽʤ ʦʯʝʨʝʪʫ 30% 

ʇʠʨʷʪʠʥʩʴʢʘ 

ʤʽʩʴʢʨʘʜʘ 
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ʇʣʦʱʘ ʧʦʣʽʛʦʥʫ 550 ʩʪʘʥʦʚʠʪʴ 53,8314 ʛʘ. ʇʽʜʧʘʣʦʤ ʥʘʥʝʩʝʥʦ 

ʙʝʟʧʦʩʝʨʝʜʥʶ ʟʘʛʨʦʟʫ ʆʩʦʢʦʚʠʤ ʡ ʚʠʩʦʢʦʪʨʘʚʥʠʤ ʙʦʣʦʪʥʠʤ ʫʛʨʫʧʦʚʘʥʥʷʤ 

ʉʤʘʨʘʛʜʦʚʦʛʦ ʦʙôʻʢʪʫ "ʅʇʇ "ʇʠʨʷʪʠʥʩʴʢʠʡ "" ʥʘ ʧʣʦʱʽ 4 ʛʘ (ʨʠʩ. 1). 

 

 

 

 

 

 

 

ʈʠʩ. 1                                                         ʈʠʩ. 2 

ʇʣʦʱʘ ʧʦʣʽʛʦʥʫ 309 ʩʪʘʥʦʚʠʪʴ 98,5916 ʛʘ. ʇʽʜʧʘʣʦʤ ʥʘʥʝʩʝʥʦ 

ʙʝʟʧʦʩʝʨʝʜʥʶ ʟʘʛʨʦʟʫ ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʠʤ ʪʦʧʦʣʝʚʦ-ʚʝʨʙʦʚʠʤ ʣʽʩʘʤ, 

ʆʯʝʨʝʪʷʥʠʤ ʟʚʠʯʘʡʥʠʤ ʛʨʷʜʢʘʤ, ʙʝʟ ʩʪʦʷʯʦʾ ʚʦʜʠ ʥʘ ʧʣʦʱʽ 57,3 ʛʘ. ʆʩʝʣʠʱʘ 

ʚʭʦʜʷʪʴ ʜʦ ʈʝʟʦʣʶʮʽʾ ˉ 4 ɹʝʨʥʩʴʢʦʾ ʢʦʥʚʝʥʮʽʾ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʟʘʛʨʦʟʦʶ ʽ 

ʧʦʪʨʝʙʫʶʪʴ ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʭʦʜʽʚ ʦʭʦʨʦʥʠ ʉʤʘʨʘʛʜʦʚʦʛʦ ʦʙôʻʢʪʫ "ʅʇʇ 

"ʇʠʨʷʪʠʥʩʴʢʠʡ"" (ʨʠʩ. 2). 

ʇʣʦʱʘ ʧʦʣʽʛʦʥʫ 541 ʩʪʘʥʦʚʠʪʴ 143,5565 ʛʘ. ʇʽʜʧʘʣʦʤ ʥʘʥʝʩʝʥʦ 

ʙʝʟʧʦʩʝʨʝʜʥʶ ʟʘʛʨʦʟʫ ʆʯʝʨʝʪʷʥʠʤ ʟʚʠʯʘʡʥʠʤ ʫʛʨʫʧʦʚʘʥʥʷʤ ʉʤʘʨʘʛʜʦʚʦʛʦ 

ʦʙôʻʢʪʫ "ʅʇʇ "ʇʠʨʷʪʠʥʩʴʢʠʡ"" ʥʘ ʧʣʦʱʽ 10,3 ʛʘ (ʨʠʩ. 3). 

 

 

 

 

 

 

 

 

ʈʠʩ. 3                                                          ʈʠʩ. 4 



52 

ʇʣʦʱʘ ʧʦʣʽʛʦʥʫ 596 ʩʪʘʥʦʚʠʪʴ 44,617 ʛʘ. ʇʽʜʧʘʣʦʤ ʥʘʥʝʩʝʥʦ 

ʙʝʟʧʦʩʝʨʝʜʥʶ ʟʘʛʨʦʟʫ ʉʝʨʝʜʥʴʦʻʚʨʦʧʝʡʩʴʢʠʤ ʩʽʨʠʤ ʚʝʨʙʦʣʦʟʘʤ ʪʘ ʆʯʝʨʝʪʷʥʠʤ 

ʟʚʠʯʘʡʥʠʤ ʫʛʨʫʧʦʚʘʥʥʷʤ ʉʤʘʨʘʛʜʦʚʦʛʦ ʦʙôʻʢʪʫ "ʅʇʇ "ʇʠʨʷʪʠʥʩʴʢʠʡ"" ʥʘ 

ʧʣʦʱʽ 10,3 ʛʘ (ʨʠʩ. 4). 

ʇʣʦʱʘ ʧʦʣʽʛʦʥʫ 528 ʩʪʘʥʦʚʠʪʴ 365,7928 ʛʘ. ʇʽʜʧʘʣʦʤ ʥʘʥʝʩʝʥʦ 

ʙʝʟʧʦʩʝʨʝʜʥʶ ʟʘʛʨʦʟʫ ʆʯʝʨʝʪʷʥʠʤ ʟʚʠʯʘʡʥʠʤ ʫʛʨʫʧʦʚʘʥʥʷʤ ʉʤʘʨʘʛʜʦʚʦʛʦ 

ʦʙôʻʢʪʫ "ʅʇʇ "ʇʠʨʷʪʠʥʩʴʢʠʡ"" ʥʘ ʧʣʦʱʽ 29 ʛʘ (ʨʠʩ. 5). 

ʈʠʩ. 5                                                         ʈʠʩ. 6 

ʇʣʦʱʘ ʧʦʣʽʛʦʥʫ 321 ʩʪʘʥʦʚʠʪʴ 99,2856 ʛʘ. ʇʽʜʧʘʣʦʤ, ʥʘ ʧʣʦʱʽ 57,3 ʛʘ, 

ʟʥʠʱʝʥʦ ʚʝʩʴ ʧʦʣʽʛʦʥ ʟ ʦʩʝʣʠʱʘʤʠ: ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʽ ʪʦʧʦʣʝʚʦ-ʚʝʨʙʦʚʽ ʣʽʩʠ, 

ʆʯʝʨʝʪʷʥʽ ʟʚʠʯʘʡʥʽ ʛʨʷʜʢʠ, ʙʝʟ ʩʪʦʷʯʦʾ ʚʦʜʠ, ʉʝʨʝʜʥʴʦʻʚʨʦʧʝʡʩʴʢʽ ʩʽʨʽ 

ʚʝʨʙʦʣʦʟʠ. (ʨʠʩ. 6). 

ʇʣʦʱʘ ʧʦʣʽʛʦʥʫ 167 ʩʪʘʥʦʚʠʪʴ 105,6798 ʛʘ. ʇʽʜʧʘʣʦʤ ʥʘʥʝʩʝʥʦ 

ʙʝʟʧʦʩʝʨʝʜʥʶ ʟʘʛʨʦʟʫ ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʠʤ ʪʦʧʦʣʝʚʦ-ʚʝʨʙʦʚʠʤ ʣʽʩʘʤ ʥʘ ʧʣʦʱʽ 

44,7144 ʛʘ. ʆʩʝʣʠʱʝ ʚʭʦʜʷʪʴ ʜʦ ʈʝʟʦʣʶʮʽʾ ˉ 4 ɹʝʨʥʩʴʢʦʾ ʢʦʥʚʝʥʮʽʾ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʟʘʛʨʦʟʦʶ ʽ ʧʦʪʨʝʙʫʶʪʴ ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʭʦʜʽʚ ʦʭʦʨʦʥʠ 

ʉʤʘʨʘʛʜʦʚʦʛʦ ʦʙôʻʢʪʫ "ʅʇʇ "ʇʠʨʷʪʠʥʩʴʢʠʡ"" (ʨʠʩ. 7). 

ʇʣʦʱʘ ʧʦʣʽʛʦʥʫ 293 ʩʪʘʥʦʚʠʪʴ 0,299 ʛʘ. ʇʽʜʧʘʣʦʤ, ʥʘ ʧʣʦʱʽ 0,8 ʛʘ, 

ʟʥʠʱʝʥʦ ʚʝʩʴ ʧʦʣʽʛʦʥ ʽ ʥʘʥʝʩʝʥʦ ʙʝʟʧʦʩʝʨʝʜʥʶ ʟʘʛʨʦʟʫ ʫʛʨʫʧʦʚʘʥʥʷʤ: 

ʆʯʝʨʝʪʷʥʽ ʟʚʠʯʘʡʥʽ ʛʨʷʜʢʠ, ʷʢ ʧʨʘʚʠʣʦ, ʙʝʟ ʩʪʦʷʯʦʾ ʚʦʜʠ, ʆʯʝʨʝʪʷʥʽ ʚʦʜʦʨʦʩʪʽ 

ʪʘ ʚʠʩʦʢʽ ʛʝʣʦʬʽʪʠ, ʢʨʽʤ ʦʯʝʨʝʪʫ, ʉʤʘʨʘʛʜʦʚʦʛʦ ʦʙôʻʢʪʫ "ʅʇʇ "ʇʠʨʷʪʠʥʩʴʢʠʡ"" 

(ʨʠʩ. 8). 



53 

 

 

 

 

ʈʠʩ. 7                                                          ʈʠʩ. 8 

ʅʘ ʯʦʪʠʨʴʦʭ ʪʝʨʠʪʦʨʽʷʭ, ʷʢʽ ʥʝ ʚʭʦʜʷʪʴ ʚ ʉʤʘʨʘʛʜʦʚʫ ʤʝʨʝʞʫ, ʧʣʦʱʘ 

ʧʽʜʧʘʣʫ ʩʪʘʥʦʚʠʪʴ 34,1 ʛʘ. ʇʦʞʝʞʘ (2,5 ʛʘ), ʷʢʘ ʚʠʥʠʢʣʘ ʧʦʙʣʠʟʫ ʢʦʤʧʣʝʢʩʥʦʾ 

ʧʘʤôʷʪʢʠ ʧʨʠʨʦʜʠ "ɹʫʨʪʠ", ʩ. ʇʦʚʩʪʠʥ, ʇʠʨʷʪʠʥʩʴʢʦʛʦ ʨʘʡʦʥʫ, ʇʦʣʪʘʚʩʴʢʦʾ 

ʦʙʣʘʩʪʽ, ʤʦʛʣʘ ʩʧʨʠʯʠʥʠʪʠ ʰʢʦʜʫ ʪʝʨʠʪʦʨʽʾ, ʥʘ ʷʢʽʡ ʟʨʦʩʪʘʻ ʚʝʣʠʢʝ ʚʠʜʦʚʝ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʨʦʩʣʠʥ, ʘ ʪʘʢʦʞ ʛʥʽʟʜʠʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʚʦʜʥʦ-ʙʦʣʦʪʥʠʭ 

ʧʪʘʭʽʚ. ʇʦʞʝʞʘ ʧʦʙʣʠʟʫ ʩ. ɺʠʩʦʢʝ ʪʘ ʩ. ɿʘʨʽʯʯʷ ʃʫʙʝʥʩʴʢʦʛʦ ʨʘʡʦʥʫ, 

ʇʦʣʪʘʚʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʥʘʥʝʩʣʘ ʙʝʟʧʦʩʝʨʝʜʥʶ ʟʘʛʨʦʟʫ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʶ ʥʘ ʜʘʥʽʡ 

ʪʝʨʠʪʦʨʽʾ, ʘ ʩʘʤʝ ʟʘʛʦʨʘʥʥʷ ʦʯʝʨʝʪʫ ʪʘ ʟʥʠʱʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʤʘʭ. 

ɺʠʩʥʦʚʢʠ. ɺʝʣʠʢʦʾ ʰʢʦʜʠ ʟʘʚʜʘʻ ʚʦʛʦʥʴ ʪʠʧʦʚʠʤ ʣʘʥʜʰʘʬʪʥʠʤ 

ʝʣʝʤʝʥʪʘʤ ʨʽʯʢʦʚʦʾ ʜʦʣʠʥʠ: ʟʘʙʦʣʦʯʝʥʠʤ ʚʽʣʴʰʥʷʢʘʤ, ʟʘʧʣʘʚʥʠʤ ʣʽʩʘʤ, 

ʩʪʘʨʠʮʷʤ, ʨʽʟʥʦʪʠʧʥʠʤ ʣʫʢʘʤ ï ʚʽʜ ʧʝʨʝʟʚʦʣʦʞʝʥʠʭ ʟʘʪʦʧʣʶʚʘʥʠʭ ʜʦ ʩʫʭʠʭ 

ʩʦʣʦʥʮʶʚʘʪʠʭ, ʦʩʢʽʣʴʢʠ, ʩʘʤʝ ʪʫʪ ʟʦʩʝʨʝʜʞʝʥʘ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʪʝʨʠʪʦʨʽʾ, 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦʾ ʜʣʷ ʦʭʦʨʦʥʠ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ. ʊʝʨʠʪʦʨʽʾ, ʥʘ ʷʢʠʭ ʥʘʷʚʥʽ 

ʪʘʢʽ ʦʩʝʣʠʱʘ, ï ʚʘʞʣʠʚʽ ʪʘ ʫʥʽʢʘʣʴʥʽ ʥʘ ʨʽʚʥʽ ʚʩʽʻʾ ɭʚʨʦʧʠ ʽ ʾʭ ʦʭʦʨʦʥʘ ʻ 

ʧʠʪʘʥʥʷʤ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʢʦʞʥʦʾ ʟ ʜʝʨʞʘʚ, ʚ ʷʢʽʡ ʚʦʥʠ ʟʙʝʨʝʛʣʠʩʴ. ʈʘʧʪʦʚʠʡ ʽ 

ʰʚʠʜʢʠʡ ʚʧʣʠʚ ʣʶʜʠʥʠ ʟʫʤʦʚʣʶʻ ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʨʫʡʥʫʚʘʥʥʷ ʦʩʝʣʠʱ, ʟʥʠʱʝʥʥʷ 

ʦʢʨʝʤʠʭ ʝʢʦʩʠʩʪʝʤ ʽ ʥʘʚʽʪʴ ʧʦʚʥʝ ʚʠʤʠʨʘʥʥʷ ʜʝʷʢʠʭ ʚʠʜʽʚ. 

ʉʇʀʉʆʂ ʃɯʊɽʈɸʊʋʈʀ 
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ʋɼʂ 577.124 616-006 

ʃɽʂʊʀʅʀ ʗʂ ʊɽʈɸʇɽɺʊʀʏʅɯ ʊɸ ɼɯɸɻʅʆʉʊʀʏʅɯ ʇʈɽʇɸʈɸʊʀ ʇʈʀ 

ʇʋʍʃʀʅɸʍ ɻʆʃʆɺʅʆɻʆ ʄʆɿɻʋ 

 

ʅʝʪʨʦʥʽʥʘ ʆʣʴʛʘ ɺʦʣʦʜʠʤʠʨʽʚʥʘ 

ʢ.ʙ.ʥ., ʜʦʮʝʥʪ 

ʌʽʣʴʰʪʠʥʩʴʢʘ ʉʦʬʽʷ ɸʥʘʪʦʣʽʾʚʥʘ 

ʩʪʫʜʝʥʪʢʘ 

ʢʘʬʝʜʨʘ ʙʽʦʭʽʤʽʾ ʪʘ ʤʝʜʠʯʥʦʾ ʭʽʤʽʾ 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺʩʪʫʧ  

ʆʥʢʦʣʦʛʽʯʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʽ 

ʩʤʝʨʪʥʦʩʪʽ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ. ɿ ʢʦʞʥʠʤ ʨʦʢʦʤ ʟʘʭʚʦʨʶʚʘʥʽʩʪʴ ʥʘ ʧʫʭʣʠʥʠ (ʨʘʢʦʚʽ 

ʪʘ ʜʦʙʨʦʷʢʽʩʥʽ) ʛʦʣʦʚʥʦʛʦ ʪʘ ʩʧʠʥʥʦʛʦ ʤʦʟʢʫ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʍʦʯʘ ʽ ʡʤʦʚʽʨʥʽʩʪʴ 

ʨʦʟʚʠʪʢʫ ʟʣʦʷʢʽʩʥʦʾ ʧʫʭʣʠʥʠ ʤʦʟʢʫ ʥʠʟʴʢʘ, ʘʣʝ ʥʠʥʽ ʜʦʚʦʣʽ ʩʢʣʘʜʥʦ ʷʢ 

ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʾʾ, ʪʘʢ ʽ ʚʠʣʽʢʫʚʘʪʠ. ɺ 21 ʩʪʦʣʽʪʪʽ ʚʩʝ ʙʽʣʴʰʝ ʨʦʟʚʠʚʘʻʪʴʩʷ ʽʜʝʷ ʧʨʦ 

ʟʘʣʫʯʝʥʥʷ ʚ ʜʽʘʛʥʦʩʪʠʢʫ ʪʘ ʪʝʨʘʧʽʶ ʪʘʢʠʭ ʨʦʩʣʠʥʥʠʭ ʨʝʯʦʚʠʥ, ʷʢ ʣʝʢʪʠʥʠ. 

ʈʦʩʣʠʥʥʽ ʣʝʢʪʠʥʠ ï ʛʨʫʧʘ ʧʨʦʪʝʾʥʽʚ, ʷʢʘ ʤʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʜʽʾ. ʅʘʧʨʠʢʣʘʜ, 

ʤʘʶʪʴ ʪʘʢʽ ʬʫʥʢʮʽʾ, ʷʢ: ʧʨʦʪʠʛʨʠʙʢʦʚʽ, ʧʨʦʪʠʚʽʨʫʩʥʽ ʽ ʧʨʦʪʠʧʫʭʣʠʥʥʽ. ʊʘʢʦʞ 

ʚʦʥʠ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʽʤʫʥʥʦʤʫ ʟʘʭʠʩʪʽ, ʤʽʛʨʘʮʽʾ ʢʣʽʪʠʥ, ʝʤʙʨʽʦʛʝʥʝʟʽ, 

ʦʨʛʘʥʦʛʝʥʝʟʽ ʪʘ ʟʘʧʘʣʝʥʥʽ. ɼʝʷʢʽ ʨʦʩʣʠʥʥʽ ʣʝʢʪʠʥʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʜʣʷ ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʟʣʦʷʢʽʩʥʠʭ ʧʫʭʣʠʥ, ʯʠʥʠʪʠ ʘʥʪʠʧʨʦʣʽʬʝʨʘʪʠʚʥʫ ʪʘ 

ʧʨʦʪʠʧʫʭʣʠʥʥʫ ʘʢʪʠʚʥʽʩʪʴ ʯʝʨʝʟ ʘʫʪʦʬʘʛʽʶ ʽ ʘʧʦʧʪʦʟ. ʈʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʷʢ 

ʨʦʩʣʠʥʥʽ ʣʝʢʪʠʥʠ ʜʽʶʪʴ ʘʥʪʠʧʨʦʣʽʬʝʨʘʪʠʚʥʦ ʪʘ ʯʠʥʷʪʴ ʮʠʪʦʪʦʢʩʠʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʨʘʢʦʚʽ ʢʣʽʪʠʥʠ ʤʦʞʝ ʩʧʨʠʷʪʠ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʧʦʪʫʞʥʠʭ ʧʨʦʪʠʧʫʭʣʠʥʥʠʭ 

ʟʘʩʦʙʽʚ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʪʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷ ʣʝʢʪʠʥʽʚ ʪʘ ʧʝʨʩʧʝʢʪʠʚʫ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ ʚ ʷʢʦʩʪʽ 

ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʪʘ ʪʝʨʘʧʝʚʪʠʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʧʨʠ ʨʽʟʥʠʭ ʪʠʧʘʭ ʥʦʚʦʫʪʚʦʨʝʥʴ. 
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ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ  

ɼʣʷ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʾ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʽ ʙʘʟʠ ʜʘʥʠʭ, ʷʢ: Google 

Scholar, ScienceDirect, Hindawi, PubMed. 

ʈʝʟʫʣʴʪʘʪʠ. ʆʙʛʦʚʦʨʝʥʥʷ 

ʈʦʩʣʠʥʥʽ ʣʝʢʪʠʥʠ ʧʨʦʷʚʣʷʶʪʴ ʟʜʘʪʥʽʩʪʴ ʜʦ ʟʚôʷʟʫʚʘʥʥʷ ʟ ʨʝʮʝʧʪʦʨʥʠʤ 

ʘʧʘʨʘʪʦʤ ʥʘ ʧʦʚʝʨʭʥʷʭ ʢʣʽʪʠʥ, ʱʦ ʩʢʣʘʜʘʻ ʫ ʩʚʦʶ ʯʝʨʛʫ ʦʩʥʦʚʫ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ 

ʟʣʦʷʢʽʩʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ. ɻʣʽʢʘʥʠ ï ʮʝ ʩʢʣʘʜʥʽ ʚʫʛʣʝʚʦʜʥʝʚʽ ʢʦʤʧʦʥʝʥʪʠ 

ʛʣʽʢʦʢʘʣʽʢʩʫ ʟ ʨʽʟʥʠʤʠ ʤʦʥʦʩʘʭʘʨʠʜʘʤʠ, ʤʽʩʮʷʤʠ ʧʨʠʻʜʥʘʥʥʷ, ʪʠʧʘʤʠ ʟʚôʷʟʢʫ ʪʘ 

ʨʦʟʛʘʣʫʞʝʥʥʷʤʠ. ɺʦʥʠ ʟʜʝʙʽʣʴʰʦʛʦ ʧʦʚôʷʟʘʥʽ ʟ ʘʟʦʪʦʤ ʘʩʧʘʨʘʛʽʥʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʫ (N-ʛʣʽʢʘʥʠ), ʘʙʦ ʟ ʢʠʩʥʝʤ ʩʝʨʠʥʫ, ʘʙʦ ʟ ʬʨʘʛʤʝʥʪʘʤʠ ʪʨʝʦʥʽʥʫ (ʆ-

ʛʣʽʢʘʥʠ) ʥʘ ʩʝʢʨʝʪʦʚʘʥʠʭ ʘʙʦ ʧʦʚôʷʟʘʥʠʭ ʟ ʤʝʤʙʨʘʥʦʶ ʛʣʽʢʦʧʨʦʪʝʾʥʘʭ . ɻʣʽʢʘʥʠ 

ʩʧʨʠʷʶʪʴ ʟʛʦʨʪʘʥʥʶ ʙʽʣʢʽʚ, ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʣʽʪʠʥʘʤʠ, ʨʦʟʧʽʟʥʘʚʘʥʥʶ ʧʘʪʦʛʝʥʽʚ, 

ʽʤʫʥʥʠʤ ʨʝʘʢʮʽʷʤ, ʧʨʝʟʝʥʪʘʮʽʾ ʘʥʪʠʛʝʥʫ, ʘʜʛʝʟʽʾ ʪʘ ʤʽʛʨʘʮʽʾ ʢʣʽʪʠʥ, ʪʦʙʪʦ 

ʚʧʣʠʚʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʢʣʽʪʠʥʥʠʭ ʧʨʦʮʝʩʽʚ. ʋʩʽ ʝʫʢʘʨʽʦʪʠʯʥʽ ʢʣʽʪʠʥʠ 

ʤʘʶʪʴ ʦʩʥʦʚʥʠʡ ʤʝʭʘʥʽʟʤ ʩʠʥʪʝʟʫ ʛʣʽʢʦʧʨʦʪʝʾʥʽʚ, ʘʣʝ ʤʽʞ ʟʣʦʷʢʽʩʥʠʤʠ ʪʘ 

ʟʜʦʨʦʚʠʤʠ ʢʣʽʪʠʥʘʤʠ ʽʩʥʫʶʪʴ ʧʝʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ. ʈʘʢʦʚʽ ʢʣʽʪʠʥʠ ʤʘʶʪʴ ʟʤʽʥʝʥʽ 

ʩʭʝʤʠ ʛʣʽʢʦʟʠʣʶʚʘʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ ʘʙʦ ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʛʣʽʢʘʥʽʚ, ʘʙʦ ʥʝʧʦʚʥʠʡ 

ʩʠʥʪʝʟ ʚʠʭʽʜʥʠʭ ʛʣʽʢʘʥʽʚ. ɿʤʽʥʝʥʽ ʤʦʜʝʣʽ ʛʣʽʢʦʟʠʣʶʚʘʥʥʷ ʛʝʥʝʨʫʶʪʴ ʯʠʩʣʝʥʥʽ 

ʙʽʦʤʘʨʢʝʨʠ, ʜʝʷʢʽ ʟ ʷʢʠʭ ʧʦʚôʷʟʘʥʽ ʟʽ ʟʣʦʷʢʽʩʥʽʩʪʶ ʢʣʽʪʠʥ.  

N-ʟʚ'ʷʟʘʥʽ ʟʤʽʥʠ ʛʣʽʢʦʧʨʦʪʝʾʥʽʚ ʟʜʝʙʽʣʴʰʦʛʦ ʚʢʣʶʯʘʶʪʴ ʫʪʚʦʨʝʥʥʷ 

ʨʦʟʛʘʣʫʞʝʥʠʭ ʦʣʽʛʦʩʘʭʘʨʠʜʽʚ. ʅʘʧʨʠʢʣʘʜ, ʟʙʽʣʴʰʝʥʘ ʢʽʣʴʢʽʩʪʴ N-

ʘʮʝʪʠʣʛʣʶʢʦʟʘʤʽʥʽʣʪʨʘʥʩʬʝʨʘʟʠ V (MGAT5) ʽʥʜʫʢʫʻ ɓ1-6Glc-NAc 

ʨʦʟʛʘʣʫʞʝʥʥʷ ʛʣʽʢʦʧʨʦʪʝʾʥʽʚ; ʮʷ ʤʦʜʠʬʽʢʘʮʽʷ ʩʧʨʠʷʻ ʤʘʣʽʛʥʽʟʘʮʽʾ (ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʥʦʨʤʘʣʴʥʠʭ ʘʙʦ ʜʦʙʨʦʷʢʽʩʥʠʭ ʢʣʽʪʠʥ ʫ ʟʣʦʷʢʽʩʥʽ). ʈʦʟʛʘʣʫʞʝʥʥʷ ɓ1-6Glc-NAc 

N-ʧʦʚôʷʟʘʥʠʭ ʦʣʽʛʦʩʘʭʘʨʠʜʽʚ ʩʧʨʠʷʻ ʩʽʘʣʶʚʘʥʥʶ, ʷʢʝ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʧʨʦʮʝʩʽ 

ʤʝʪʘʩʪʘʟʫʚʘʥʥʽ ʨʘʢʫ. 

ɺʽʜʦʤʦ, ʱʦ ʆ-ʟʯʝʧʣʝʥʽ ʘʥʪʠʛʝʥʠ T, Tn ʽ sTn ʧʨʠʩʫʪʥʽ ʫ ʙʘʛʘʪʴʦʭ 

ʟʣʦʷʢʽʩʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʥʷʭ, ʘʣʝ ʚʽʜʩʫʪʥʽ ʫ ʥʝʨʘʢʦʚʠʭ ʢʣʽʪʠʥʘʭ. ɹʘʛʘʪʦ 

ʧʘʪʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʢʦʝʢʩʧʨʝʩʫʶʪʴ ʤʦʜʠʬʽʢʦʚʘʥʽ O-ʛʣʽʢʘʥʠ, ʘʢʪʠʚʥʘ 
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ʨʝʛʫʣʷʮʽʷ ʷʢʠʭ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʠʪʠ ʧʦʛʘʥʠʡ ʧʨʦʛʥʦʟ ʧʨʠ 

ʜʝʷʢʠʭ ʚʠʜʘʭ ʨʘʢʫ. 

ɼʝʷʢʽ ʛʣʽʢʦʧʨʦʪʝʾʥʠ ʪʘ ʛʣʽʢʦʣʽʧʽʜʠ ʥʘʜʤʽʨʥʦ ʚʠʨʦʙʣʷʶʪʴ ʧʨʠ ʨʘʢʫ 

ʛʘʥʛʣʽʦʟʠʜʠ ʪʘ ʤʫʮʠʥʠ. ʇʽʜʚʠʱʝʥʫ ʢʽʣʴʢʽʩʪʴ ʛʘʥʛʣʽʦʟʠʜʽʚ ʚʠʷʚʣʷʶʪʴ ʧʨʠ 

ʧʫʭʣʠʥʘʭ ʤʦʟʢʫ ï ʥʝʡʨʦʙʣʘʩʪʦʤʽ, ʤʝʜʫʣʦʙʣʘʩʪʦʤʽ.  

ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʪʦʢʩʠʯʥʠʭ ʛʨʫʧ ʨʦʩʣʠʥʥʠʭ ʙʽʣʢʽʚ ʻ ʪʽ, ʱʦ ʽʥʘʢʪʠʚʫʶʪʴ 

ʨʠʙʦʩʦʤʠ (RIP ï çribosome-inactivating proteinsè). ɺʦʥʠ ʧʨʠʚʝʨʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰʫ 

ʫʚʘʛʫ ʯʝʨʝʟ ʾʭʥʶ ʪʝʨʘʧʝʚʪʠʯʥʫ ʜʽʶ. ʈʦʩʣʠʥʥʽ RIP ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ ʦʩʥʦʚʥʠʭ 

ʢʣʘʩʽʚ, ʚʢʣʶʯʘʶʯʠ ʪʠʧ I (ʦʜʥʦʣʘʥʮʶʛʦʚʽ ʤʦʣʝʢʫʣʠ ʟ ʬʝʨʤʝʥʪʘʪʠʚʥʦʶ 

ʘʢʪʠʚʥʽʩʪʶ) ʽ II (ʬʝʨʤʝʥʪʘʪʠʚʥʘ ʩʫʙʦʜʠʥʠʮʷ-ɸ ʽ ʦʜʥʘ ʘʙʦ ʙʘʛʘʪʦ B-ʣʘʥʮʶʛʽʚ ʟ 

ʣʝʢʪʠʥʦʚʦʶ ʘʢʪʠʚʥʽʩʪʶ). ʆʩʢʽʣʴʢʠ ɺ-ʩʫʙʦʜʠʥʠʮʷ ʤʘʻ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ 

ʤʦʣʝʢʫʣ, ʱʦ ʤʽʩʪʷʪʴ ʮʫʢʦʨ ʥʘ ʧʦʚʝʨʭʥʽ ʢʣʽʪʠʥʠ, ʚʦʥʘ ʙʝʨʝ ʫʯʘʩʪʴ ʧʨʠ 

ʪʨʘʥʩʣʦʢʘʮʽʾ ʪʦʢʩʠʯʥʦʛʦ ʣʘʥʮʶʛʘ-ɸ ʚ ʮʠʪʦʟʦʣʴ, ʜʝ ʚʽʥ ʧʨʠʛʥʽʯʫʻ ʨʠʙʦʩʦʤʠ. RIP 

ʩʧʝʮʽʘʣʴʥʦ ʽ ʙʝʟʧʦʚʦʨʦʪʥʦ ʧʨʠʛʥʽʯʫʶʪʴ ʩʠʥʪʝʟ ʙʽʣʢʘ ʬʝʨʤʝʥʪʘʪʠʚʥʠʤ ʰʣʷʭʦʤ 

ʟʤʽʥʶʶʯʠ 28S ʨʈʅʂ 60S ʨʠʙʦʩʦʤʘʣʴʥʦʾ ʩʫʙʦʜʠʥʠʮʽ. ʈʦʩʣʠʥʥʽ RIP ʚʭʦʜʷʪʴ ʜʦ 

ʩʢʣʘʜʫ ʨʠʮʠʥʠ, ʣʝʢʪʠʥʠ ʦʤʝʣʠ ʙʽʣʦʾ, ʣʝʢʪʠʥ ʦʤʝʣʠ ʢʦʨʝʡʩʴʢʦʾ, ʜʝʷʢʽ ʟ ʷʢʠʭ 

ʢʦʨʦʪʢʦ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʥʠʞʯʝ. 

ʂʦʥʢʘʥʘʚʘʣʽʥ ɸ (ConA) ʦʜʠʥ ʽʟ ʧʝʨʰʠʭ ʣʝʢʪʠʥʽʚ, ʱʦ ʦʪʨʠʤʘʥʠʡ ʽʟ 

ʥʘʩʽʥʥʷ ʙʦʙʦʚʠʭ, ʽʥʜʫʢʫʻ ʟʘʛʠʙʝʣʴ ʢʣʽʪʠʥ ʯʝʨʝʟ ʦʧʦʩʝʨʝʜʢʦʚʘʥʠʡ ʤʽʪʦʭʦʜʨʽʷʤʠ 

ʘʧʦʧʪʦʟ ʽ ʘʫʪʦʬʘʛʽʶ, ʟʜʘʪʝʥ ʧʨʠʛʥʽʯʫʚʘʪʠ ʚʠʞʠʚʘʥʥʷ ʨʘʢʦʚʠʭ ʢʣʽʪʠʥ, ʢʨʽʤ 

ʮʴʦʛʦ, ʬʦʨʤʫʻ ʢʣʽʪʠʥʠʡ ʽʤʫʥʽʪʝʪ. ʄʝʤʙʨʘʥʥʘ ʤʘʪʨʠʯʥʘ ʤʝʪʘʣʦʧʨʦʪʝʾʥʘʟʘ ʪʠʧʫ 

1 (ʄʊ1-ʄʄʈ) ï ʛʣʽʢʦʧʨʦʪʝʾʥ, ʱʦ ʚʟʘʻʤʦʜʽʻ ʟ ʉonA ʽ ʙʝʨʝ ʫʯʘʪʴ ʚ ʘʧʦʧʪʦʟʽ ʪʘ 

ʘʫʪʦʬʘʛʽʾ, ʱʦ ʽʥʜʫʢʦʚʘʥʽ ʣʝʢʪʠʥʦʤ, ʯʝʨʝʟ ʩʠʛʥʘʣʴʥʠʡ ʰʣʷʭ JAK2/STAT3. ʇʨʠ 

ʟʚôʷʟʫʚʘʥʥʽ ʥʝʽʜʝʥʪʠʬʽʢʦʚʘʥʦʛʦ ʛʣʽʢʦʧʨʦʪʝʾʥʫ ʥʘ ʧʦʚʝʨʭʥʽ ʢʣʽʪʠʥʠ, ʩʧʨʠʷʻ 

ʥʘʢʦʧʠʯʝʥʥʶ ʡʦʛʦ ʚ ʤʽʪʦʭʦʥʜʨʽʷʭ, ʽʥʜʫʢʫʻ ʘʫʪʦʬʘʛʽʯʥʠʡ ʰʣʷʭ. ConA ʟʜʘʪʝʥ 

ʜʽʷʪʠ ʥʘ ʛʣʽʢʦʧʨʦʪʝʾʥ CD73 ï ʜʠʤʝʨʥʘ ʝʢʪʦ-5ô-ʥʫʢʣʝʦʪʠʜʘʟʘ, ʷʢʘ ʝʢʩʧʨʝʩʫʻʪʴʩʷ 

ʥʘ ʟʦʚʥʽʰʥʽʡ ʩʪʦʨʦʥʽ ʧʣʘʟʤʘʪʠʯʥʦʾ ʤʝʤʙʨʘʥʠ. ɸ ʟʤʽʥʠ ʚ ʘʢʪʠʚʥʦʩʪʽ CD73, ʫ 

ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʨʦʟʚʠʪʦʢ ʨʘʢʦʚʠʭ ʢʣʽʪʠʥ. ɿʘ ʨʽʟʥʠʭ ʫʤʦʚ 

ʥʘʪʠʚʥʠʡ Con A ʧʨʦʷʚʣʷʻ ʜʚʽ ʘʥʪʘʛʦʥʽʩʪʠʯʥʽ ʜʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʣʽʤʬʦʾʜʥʠʭ ʢʣʽʪʠʥ: 
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ʽʥʜʫʢʫʻ ʫʪʚʦʨʝʥʥʷ ʢʝʧʢʠ ʡʦʛʦ ʚʣʘʩʥʠʤʠ ʨʝʮʝʧʪʦʨʘʤʠ ʪʘ ʽʥʛʽʙʫʻ çʨʫʭʣʠʚʽʩʪʴè 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʝʮʝʧʪʦʨʽʚ, ʚʢʣʶʯʘʶʯʠ ʚʣʘʩʥʽ. 

ʃʝʢʪʠʥ Dioclea violacea (DVL) ʦʪʨʠʤʘʥʠʡ ʟ ʥʘʩʽʥʥʷʤ Dioclea violacea ʻ 

ʽʥʰʠʤ ʙʽʣʢʦʤ ʟ ʛʨʫʧʠ ʙʦʙʦʚʠʭ, ʱʦ ʤʘʻ ʧʨʦʪʠʧʫʭʣʠʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. DVL 

ʧʦʩʠʣʶʻ ʘʢʪʠʚʘʮʽʶ ʢʘʩʧʘʟʠ-3 ʽ ʘʧʦʧʪʦʟ ʢʣʽʪʠʥ. DVL ʧʨʠʛʥʽʯʫʻ ʢʣʽʪʠʥʠ U87 

ʯʝʨʝʟ ʧʦʩʠʣʝʥʥʷ ʘʫʪʦʬʘʛʽʾ ʰʣʷʭʦʤ ʧʨʠʛʥʽʯʝʥʥʷ ʝʬʝʢʪʦʨʘ, ʪʘʢʽ ʷʢ Akt, ERK1/2 ʽ 

TORC1, ʷʢʽ ʥʘʜʤʽʨʥʦ ʝʢʩʧʨʝʩʫʶʪʴʩʷ ʧʨʠ ʨʘʢʫ.  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʡʦʛʦ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʣʠʟʴʢʽ ʜʦ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ConA, ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʢʽʣʴʢʘ ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ ʜʝʷʢʠʭ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ, ʚʠʢʣʠʢʘʥʠʭ 

ʜʚʦʤʘ ʣʝʢʪʠʥʘʤʠ ʧʽʜ ʯʘʩ ʤʽʪʦʛʝʥʥʦʾ ʩʪʠʤʫʣʷʮʽʾ ʣʽʤʬʦʮʠʪʽʚ: ʨʽʚʝʥʴ ʩʠʥʪʝʟʫ 

ʽʥʪʝʨʣʝʡʢʽʥʫ-2 (IL-2), ʦʧʪʠʤʘʣʴʥʘ ʜʦʟʘ ʜʣʷ ʩʠʥʪʝʟʫ IL-2 ʧʨʠ ʩʫʙʦʧʪʠʤʘʣʴʥʽʡ 

ʤʽʪʦʛʝʥʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʚʽʜʩʫʪʥʽʩʪʴ ʽʥʛʽʙʫʚʘʥʥʷ ʝʢʪʦ-5' ʥʫʢʣʝʦʪʠʜʘʟʠ ʪʘ 

ʚʽʜʩʫʪʥʽʩʪʴ ʽʥʛʽʙʫʚʘʥʥʷ ʤʽʪʦʛʝʥʫ ʧʨʠ ʚʠʩʦʢʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʝʢʪʠʥʫ. ʇʨʠ 

ʪʝʨʘʧʝʚʪʠʯʥʽʡ ʜʽʾ DVL ʧʨʠʛʥʽʯʫʻʪʴʩʷ ʢʣʽʪʠʥʥʘ ʤʽʛʨʘʮʽʷ ʪʘ ʧʨʦʣʽʬʝʨʘʮʽʷ, ʘʣʝ 

ʪʽʣʴʢʠ ʧʨʠ ʧʽʜʪʨʠʤʘʥʥʽ ʥʠʟʴʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʯʦʚʠʥʠ ʧʨʦʪʷʛʦʤ 24 ʛʦʜʠʥ. 

ʂʣʽʪʠʥʠ, ʱʦ ʙʫʣʠ ʦʙʨʦʙʣʝʥʥʽ ConA ʪʘ DVL, ʟʥʠʞʫʶʪʴ ʧʦʪʝʥʮʽʘʣ 

ʤʽʪʦʭʦʥʜʨʽʘʣʴʥʦʾ ʤʝʤʙʨʘʥʠ, ʢʨʽʤ ʮʴʦʛʦ, ʩʘʤʘ ʢʽʣʴʢʽʩʪʴ ʟʣʦʷʢʽʩʥʠʭ ʢʣʽʪʠʥ ʙʫʜʝ 

ʟʤʝʥʰʝʥʘ. 

ɺʠʩʥʦʚʦʢ 

ɿʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʚʯʝʥʽ ʜʽʟʥʘʣʠʩʷ ʧʨʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʛʨʫʧ ʣʝʢʪʠʥʽʚ, 

ʱʦ ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʥʘʧʨʷʤʢʠ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʪʘ ʜʽʘʛʥʦʩʪʠʮʽ ʟʣʦʷʢʽʩʥʠʭ 

ʥʦʚʦʫʪʚʦʨʝʥʥʷʭ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ, ʧʽʜʰʣʫʥʢʦʚʦʾ ʟʘʣʦʟʠ, ʱʠʪʦʧʦʜʽʙʥʦʾ ʟʘʣʦʟʠ, 

ʢʠʰʝʯʥʠʢʫ, ʦʨʛʘʥʽʚ ʩʝʯʦʩʪʘʪʝʚʦʾ ʩʠʩʪʝʤʠ. ɿʚôʷʟʫʶʯʠʩʴ ʟ ʚʫʛʣʝʚʦʜʥʝʚʠʤʠ 

ʩʧʦʣʫʢʘʤʠ, ʨʝʮʝʧʪʦʨʘʤʠ ʤʦʞʫʪʴ ʜʽʷʪʠ ʯʝʨʝʟ ʩʠʛʥʘʣʴʥʽ ʰʣʷʭʠ, ʙʣʦʢʫʶʯʠ ʧʨʠ 

ʮʴʦʤʫ ʩʠʥʪʝʟ ʥʦʚʠʭ ʙʽʣʢʽʚ ʯʝʨʝʟ ʧʨʠʛʥʽʯʝʥʥʷ ʨʠʙʦʩʦʤ, ʟʥʠʞʫʶʪʴ 

ʤʽʪʦʭʦʥʜʨʽʘʣʴʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʘʢʪʠʚʫʶʪʴ ʢʘʩʧʘʟʠ, ʪʦʙʪʦ ʯʠʥʷʪʴ 

ʘʥʪʠʧʨʦʣʽʬʝʨʘʪʠʚʥʫ ʜʽʶ. ʆʩʢʽʣʴʢʠ ʨʽʟʥʽ ʣʝʢʪʠʥʠ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʢʽʥʮʝʚʠʤʠ 

ʮʫʢʨʘʤʠ ʥʘ ʛʣʽʢʦʧʨʦʪʝʾʥʘʭ ʽ ʛʣʽʢʦʣʽʧʽʜʘʭ ʟ ʚʠʩʦʢʦʶ ʩʧʝʮʠʬʽʯʥʽʩʪʶ, ʚʦʥʠ 

ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʟʤʽʥʠ ʢʣʽʪʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠ ʨʘʢʫ. ʊʦʤʫ 

ʮʷ ʪʝʤʘ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ.  
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ɺʩʪʫʧ. ɺʽʜʦʤʦ, ʱʦ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʬʦʪʦʩʠʥʪʝʟʫ ʧʦʪʨʽʙʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʘʛʘʪʴʦʭ ʙʽʣʢʽʚ ʽ ʚʢʣʶʯʘʻ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʘʟʦʪʫ ʨʦʩʣʠʥʠ. ʉʘʤʝ 

ʚʝʣʠʢʘ ʧʦʪʨʝʙʘ ʚ ʘʟʦʪʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟʫʤʦʚʣʶʻ 

ʧʦʪʨʝʙʫ ʚ ʘʟʦʪʥʠʭ ʜʦʙʨʠʚʘʭ ʫ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʢʫʣʴʪʫʨ. ʋ ʟʝʨʥʦʚʠʭ 

ʢʫʣʴʪʫʨ ʘʟʦʪ ʨʝʤʦʙʽʣʽʟʫʻʪʴʩʷ ʟ ʣʠʩʪʢʽʚ ʪʘ ʩʪʝʙʝʣ ʧʽʜ ʯʘʩ ʥʘʣʠʚʫ ʟʝʨʥʘ. ʅʘ ʩʪʘʜʽʾ 

ʟʨʽʣʦʩʪʽ ʚ ʟʝʨʥʽ ʤʦʞʝ ʤʽʩʪʠʪʠʩʷ 80-90 %, ʘʟʦʪʫ, ʨʝʤʦʙʽʣʽʟʦʚʘʥʦʛʦ ʟ ʥʘʜʟʝʤʥʠʭ 

ʦʨʛʘʥʽʚ (Barraclough et al., 2014; Gaju et al., 2014). ɸʟʦʪʦʚʤʽʩʥʽ ʩʧʦʣʫʢʠ ʣʠʩʪʢʽʚ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʩʠʤʽʣʷʮʽʡʥʦʛʦ ʘʧʘʨʘʪʫ ʪʘ ʧʽʜʪʨʠʤʢʫ 

ʤʝʪʘʙʦʣʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʢʦʣʦʩʘ. ɺʠʩʦʢʘ ʻʤʥ̔ ʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʘʟʦʪʫ ʚ ʩʪʝʙʣʽ, 

ʧʦʪʝʥʮʽʡʥʦ ʧʦʚôʷʟʘʥʘ ʟ ʡʦʛʦ ʚʝʣʠʢʦʶ ʤʘʩʦʶ, ʭʦʯʘ ʧʠʪʦʤʠʡ ʚʤʽʩʪ ʘʟʦʪʫ ʚ ʥʴʦʤʫ 

ʤʝʥʰʠʡ, ʥʽʞ ʫ ʣʠʩʪʢʘʭ. ʂʽʣʴʢʽʩʪʴ ʘʟʦʪʫ ʚ ʩʪʝʙʣʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʡʦʛʦ 

ʜʝʧʦʥʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ, ʷʢʘ ʚʽʜʽʛʨʘʻ ʽʩʪʦʪʥʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʘʟʦʪʥʦʛʦ 

ʽʥʜʝʢʩʫ ʚʨʦʞʘʶ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʽʩʪʦʪʥʘ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʢʽʣʴʢʽʩʪʶ ʮʴʦʛʦ 

ʝʣʝʤʝʥʪʘ ʫ ʩʪʝʙʣʽ ʚ ʧʝʨʽʦʜ ʮʚʽʪʽʥʥʷ ʪʘ ʢʽʣʴʢʽʩʪʶ ʘʟʦʪʫ ʚ ʟʝʨʥʽ ʟ ʫʩʴʦʛʦ ʢʦʣʦʩʘ ʟʘ 

ʧʦʚʥʦʾ ʩʪʠʛʣʦʩʪʽ (ʇʦʯʠʥʦʢ, 2009). ʆʩʦʙʣʠʚʦ ʚʝʣʠʢʘ ʧʦʪʨʝʙʘ ʚ ʘʟʦʪʽ ʙʫʚʘʻ ʫ 

ʨʦʩʣʠʥ ʨʘʥʦ ʥʘʚʝʩʥʽ ʧʽʩʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʚʝʛʝʪʘʮʽʾ, ʘʣʝ ʡʦʛʦ ʟʘʩʚʦʻʥʥʷ 

ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʜʦ ʥʘʣʠʚʫ ʟʝʨʥʘ. ʅʝʩʪʘʯʘ ʘʟʦʪʫ ʚ ʨʘʥʥʴʦʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʚʨʦʞʘʶ, ʘ ʚ ʧʝʨʽʦʜ ʥʘʣʠʚʫ ʟʝʨʥʘ ï ʜʦ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ 

ʟʝʨʥʘ ʚʥʘʩʣʽʜʦʢ ʤʘʣʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʙʽʣʢʘ (ʄʘʨʯʫʢ ʪʘ ʽʥ., 2010). ɺʤʽʩʪ ʘʟʦʪʫ ʚ 

ʦʨʛʘʥʘʭ ʨʦʩʣʠʥ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʫ ʬʘʟʫ ʮʚʽʪʽʥʥʷ ʪʽʩʥʦ ʢʦʨʝʣʶʻ ʟ ʾʭʥʴʦʶ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʘʢʪʠʚʥʽʩʪʶ. ɺʽʜʤʽʯʝʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʚʽʜʪʦʢʫ ʘʟʦʪʫ ʟ 
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ʚʝʛʝʪʘʪʠʚʥʠʭ ʦʨʛʘʥʽʚ ʽ ʧʦʛʣʠʥʘʥʥʷ ʘʟʦʪʫ ʢʦʨʝʥʷʤʠ ʚ ʧʝʨʽʦʜ ʧʽʩʣʷ ʮʚʽʪʽʥʥʷ 

ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʟʚʦʨʦʪʥʽʡ ʟʘʣʝʞʥʦʩʪʽ. ɺʠʢʣʶʯʝʥʥʷ ʘʟʦʪʫ ʟ ʞʠʚʠʣʴʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ (ʟ ʢʽʥʮʷ ʮʚʽʪʽʥʥʷ ʜʦ ʜʦʟʨʽʚʘʥʥʷ) ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ ʡʦʛʦ ʚʽʜʪʽʢ ʟ 

ʚʝʛʝʪʘʪʠʚʥʠʭ ʦʨʛʘʥʽʚ ʫ ʟʝʨʥʦ. ʇʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʚʤʽʩʪʽ ʘʟʦʪʫ ʚ ˇʨʫʥʪʽ ʘʟʦʪ 

ʣʠʩʪʢʽʚ ʥʘ ʩʪʘʜʽʾ ʮʚʽʪʽʥʥʷ ʧʦʩʪʘʯʘʻ ʜʦ 40 % ʘʟʦʪʫ ʟʝʨʥʘ (Barbottin et al., 2005). 

ʈʘʟʦʤ ʟ ʪʠʤ, ʢʽʣʴʢʽʩʪʴ ʘʟʦʪʫ, ʷʢʠʡ ʧʦʪʝʥʮʽʡʥʦ ʨʝʤʦʙʽʣʽʟʫʻʪʴʩʷ ʚʽʜ ʢʦʨʝʥʽʚ ʜʦ 

ʟʝʨʥʘ, ʥʝʟʥʘʯʥʘ (Allard et al., 2013). ɺʠʷʚʣʝʥʦ ʧʦʟʠʪʠʚʥʽ ʢʦʨʝʣʷʮʽʡʥʽ ʟʚôʷʟʢʠ ʤʽʞ 

ʚʤʽʩʪʦʤ ʚ ʣʠʩʪʢʘʭ ʘʟʦʪʫ ʽ ʭʣʦʨʦʬʽʣʫ, ʚʤʽʩʪʦʤ ʘʟʦʪʫ ʽ ʚʨʦʞʘʡʥʽʩʪʶ, ʚʤʽʩʪʦʤ 

ʘʟʦʪʫ ʽ ʙʽʣʢʦʚʽʩʪʶ ʟʝʨʥʘ ʫ ʨʽʟʥʠʭ ʛʝʥʦʪʠʧʽʚ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ (ʊʘʨʘʩʶʢ, ʇʦʯʠʥʦʢ, 

2015). 

ʎʽʣʴ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʚʯʠʪʠ ʟʝʨʥʦʚʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʛʦʣʦʚʥʦʛʦ ʧʘʛʦʥʘ, ʨʦʟʧʦʜʽʣ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ ʤʽʞ ʦʨʛʘʥʘʤʠ ʨʦʩʣʠʥ ʧʰʝʥʠʮʽ ʪʘ 

ʚʤʽʩʪ ʚ ʥʽʡ ʘʟʦʪʫ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʞʠʚʣʝʥʥʷ ʮʠʤ ʝʣʝʤʝʥʪʦʤ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ɺ ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 6 ʩʦʨʪʽʚ ʧʰʝʥʠʮʽ 

ʤôʷʢʦʾ ʦʟʠʤʦʾ (Triticum aestivum L.): ɼʦʩʪʘʪʦʢ, ɸʩʪʘʨʪʘ, ʄʘʣʠʥʽʚʢʘ, ʅʘʪʘʣʢʘ, 

ʂʠʾʚʩʴʢʘ ʦʩʪʠʩʪʘ, ʂʫʷʣʴʥʠʢ. ʈʦʩʣʠʥʠ ʧʰʝʥʠʮʽ ʚʠʨʦʱʫʚʘʣʠ ʥʘ ʜʚʦʭ ʬʦʥʘʭ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ ï ʚʠʩʦʢʦʤʫ (ʦʧʪʠʤʘʣʴʥʦʤʫ, N160P160K160 ʤʛ/ʢʛ ˇʨʫʥʪʦʚʦʾ 

ʩʫʤʽʰʽ) ʪʘ ʥʠʟʴʢʦʤʫ (N32P32K32 ʤʛ/ʢʛ). ʅʘʧʨʠʢʽʥʮʽ ʮʚʽʪʽʥʥʷ (BBCH 69) ʯʘʩʪʠʥʫ 

ʨʦʩʣʠʥ ʧʦʟʘʢʦʨʝʥʝʚʦ ʧʽʜʞʠʚʣʶʚʘʣʠ ʘʟʦʪʦʤ ʰʣʷʭʦʤ ʦʙʧʨʠʩʢʫʚʘʥʥʷ 5 %-ʤ 

ʨʦʟʯʠʥʦʤ ʢʘʨʙʘʤʽʜʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʜʨʫʛʽʡ ʧʦʣʦʚʠʥʽ ʚʝʛʝʪʘʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ 

ʩʦʨʪʫ ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ ʧʦ 4 ʚʘʨʽʘʥʪʠ: 1) ʚʠʩʦʢʠʡ ʬʦʥ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ; 

2) ʚʠʩʦʢʠʡ ʬʦʥ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ, ʦʙʨʦʙʢʘ ʢʘʨʙʘʤʽʜʦʤ; 3) ʥʠʟʴʢʠʡ ʬʦʥ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ; 4) ʥʠʟʴʢʠʡ ʬʦʥ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ, ʦʙʨʦʙʢʘ 

ʢʘʨʙʘʤʽʜʦʤ. 

ʋ ʬʘʟʫ ʮʚʽʪʽʥʥʷ ʽ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʚʥʦʾ ʩʪʠʛʣʦʩʪʽ ʟʝʨʥʘ ʚʽʜʙʠʨʘʣʠ 

ʟʨʘʟʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʠ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ ʦʢʨʝʤʠʭ ʦʨʛʘʥʽʚ ʛʦʣʦʚʥʦʛʦ ʧʘʛʦʥʘ 

ʨʦʩʣʠʥ (ʣʠʩʪʢʠ, ʩʪʝʙʣʦ, ʢʦʣʦʩ) ʽ ʚʤʽʩʪʫ ʚ ʥʽʡ ʟʘʛʘʣʴʥʦʛʦ ʘʟʦʪʫ. ɺ ʧʝʨʽʦʜ ʮʚʽʪʽʥʥʷ 

ʧʨʦʙʠ ʚʽʜʙʠʨʘʣʠ ʜʦ ʦʙʨʦʙʢʠ ʢʘʨʙʘʤʽʜʦʤ. ʋ ʬʘʟʫ ʮʚʽʪʽʥʥʷ ʘʥʘʣʽʟʫʚʘʣʠ ʤʘʩʫ 

ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ ʮʽʣʦʛʦ ʢʦʣʦʩʘ, ʟʘ ʧʦʚʥʦʾ ʩʪʠʛʣʦʩʪʽ ï ʦʢʨʝʤʦ ʤʘʩʫ ʥʝʟʝʨʥʦʚʠʭ 
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ʝʣʝʤʝʥʪʽʚ (ʩʪʨʠʞʝʥʴ, ʢʦʣʦʩʢʦʚʽ ʣʫʩʢʠ) ʽ ʦʢʨʝʤʦ ʟʝʨʥʦ (ʤʘʩʘ 1000 ʟʝʨʝʥ, ʤʘʩʘ 

ʟʝʨʥʘ ʚ ʢʦʣʦʩʽ, ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʫ ʢʦʣʦʩʽ). 

ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʟʘʛʘʣʴʥʦʛʦ ʘʟʦʪʫ ʚ ʩʫʭʽʡ ʨʝʯʦʚʠʥʽ ʯʘʩʪʠʥ ʧʘʛʦʥʘ 

ʨʦʩʣʠʥ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʤʝʪʦʜʦʤ ʂôʻʣʴʜʘʣʷ ʟʽ ʩʧʘʣʶʚʘʥʥʷʤ ʟʘ ʤʝʪʦʜʦʤ ʇʦʯʠʥʢʘ 

(ʇʦʯʠʥʦʢ, 1976). ɿʘ ʤʘʩʦʶ ʟʝʨʥʘ ʟ ʢʦʣʦʩʘ ʽ ʚʤʽʩʪʦʤ ʘʟʦʪʫ ʨʦʟʨʘʭʦʚʫʚʘʣʠ 

ʧʦʢʘʟʥʠʢʠ ʚʠʥʦʩʫ ʘʟʦʪʫ ʟ ʟʝʨʥʦʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʋ ʥʘʰʠʭ ʜʦʩʣʽʜʘʭ ʚʠʷʚʣʝʥʦ ʷʢ ʛʝʥʦʪʠʧʥ ̔

ʚʽʜʤʽʥʥʦʩʪʽ ʟʘ ʤʘʩʦ  ʁ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦ ʾ ʨʝʯʦʚʠʥʠ ʦʨʛʘʥʽʚ ʛʦʣʦʚʥʦʛʦ ʧʘʛʦʥʘ 

ʨʦʩʣʠʥ ʧʰʝʥʠʮʽ, ʪʘʢ ʽ ʾʾ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʫʤʦʚ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ (ʪʘʙʣ. 1). ʋ 

ʬʘʟʫ ʮʚʽʪʽʥʥʷ ʤʘʢʩʠʤʘʣʴʥʘ ʤʘʩʘ ʣʠʩʪʢʽʚ ʩʧʦʩʪʝʨʽʛʘʣʘʩ ɹ ʫ ʨʦʩʣʠʥ ʩʦʨʪʫ 

ɼʦʩʪʘʪʦʢ, ʥʘʡʙʽʣʴʰʘ ʤʘʩʘ ʩʪʝʙʣʘ ʛʦʣʦʚʥʦʛʦ ʧʘʛʦʥʘ ʥʘ ʚʠʩʦʢʦʤʫ ʬʦʥʽ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ ʙʫʣʘ ʚ ɸʩʪʘʨʪʠ, ʥʘ ʥʠʟʴʢʦʤʫ ï ʫ ʅʘʪʘʣʢʠ, ʘ 

ʤʘʢʩʠʤʘʣʴʥʘ ʤʘʩʘ ʢʦʣʦʩʘ ʙʫʣʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʨʦʩʣʠʥ ʩʦʨʪʫ ɸʩʪʘʨʪʘ. ʋ ʬʘʟʫ 

ʧʦʚʥʦʾ ʩʪʠʛʣʦʩʪʽ ʤʘʩʘ ʣʠʩʪʢʽʚ ʽ ʩʪʝʙʝʣ ʟʤʝʥʰʠʣʘʩ,ɹ ʘ ʝʣʝʤʝʥʪʽʚ ʢʦʣʦʩʘ ï 

ʟʙʽʣʴʰʠʣʘʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ʬʘʟʦʶ ʮʚʽʪʽʥʥʷ. ʅʘʡʙʽʣʴʰʘ ʤʘʩʘ ʣʠʩʪʢʽʚ ʫ ʮʝʡ ʧʝʨʽʦʜ 

ʙʫʣʘ ʫ ʩʦʨʪʫ ɼʦʩʪʘʪʦʢ, ʥʘʡʙʽʣʴʰʘ ʤʘʩʘ ʩʪʝʙʝʣ ʥʘ ʚʠʩʦʢʦʤʫ ʬʦʥʽ ʞʠʚʣʝʥʥʷ 

ʩʧʦʩʪʝʨʽʛʘʣʘʩ ɹʫ ʂʠʾʚʩʴʢʦ ʾʦʩʪʠʩʪʦ,ʾ ʥʘ ʥʠʟʴʢʦʤʫ ï ʚ ʅʘʪʘʣʢʠ, ʥʘʡʙʽʣʴʰʘ ʤʘʩʘ 

ʥʝʟʝʨʥʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʣʦʩʘ (ʧʦʣʦʚʠ) ï ʚ ɸʩʪʘʨʪʠ, ʟʝʨʥʘ ï ʫ ɼʦʩʪʘʪʢʫ. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʥʠʞʝʥʥʷ ʬʦʥʫ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ ʚ ʧ'ʷʪʴ ʨʘʟʽʚ ʚ ʫʤʦʚʘʭ 

ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʫ ʧʨʠʟʚʝʣʦ ʜʦ ʟʤʝʥʰʝʥʥʷ ʟʝʨʥʦʚʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʛʦʣʦʚʥʦʛʦ ʧʘʛʦʥʘ ʨʦʩʣʠʥ ʧʰʝʥʠʮʽ ʣʠʰʝ ʥʘ 10-50 % ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʦʨʪʫ. 

ʇʦʟʘʢʦʨʝʥʝʚʝ ʧʽʜʞʠʚʣʝʥʥʷ ʢʘʨʙʘʤʽʜʦʤ ʧʽʩʣʷ ʮʚʽʪʽʥʥʷ ʧʨʠʚʝʣʦ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʟʝʨʥʘ ʟ ʢʦʣʦʩʘ ʫ ʚʩʽʭ ʩʦʨʪʽʚ, ʢʨʽʤ ɸʩʪʘʨʪʠ, ʥʘ 4-22 % ʥʘ 

ʚʠʩʦʢʦʤʫ ʬʦʥʽ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ ʽ ʥʘ 8-22 % ʥʘ ʥʠʟʴʢʦʤʫ ʬʦʥʽ ʧʦʨʽʚʥʷʥʦ 

ʟ ʥʝʦʙʨʦʙʣʝʥʠʤʠ ʨʦʩʣʠʥʘʤʠ. ɿʘ ʩʪʫʧʝʥʝʤ ʨʝʘʢʮʽʾ ʥʘ ʧʽʜʞʠʚʣʝʥʥʷ ʢʨʘʱʝ ʟʘ ʽʥʰ ̔

ʧʦʢʘʟʘʣʠ ʩʝʙʝ ʩʦʨʪ ʂʠʾʚʩʴʢʘ ʦʩʪʠʩʪʘ ʥʘ ʥʠʟʴʢʦʤʫ ʬʦʥʽ ʡ ʄʘʣʠʥʽʚʢʘ ʥʘ 

ʚʠʩʦʢʦʤʫ. 
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ʊʘʙʣʠʮʷ 1 

ʄʘʩʘ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ (ʛ) ʯʘʩʪʠʥ ʛʦʣʦʚʥʦʛʦ ʧʘʛʦʥʘ ʨʦʩʣʠʥ ʧʰʝʥʠʮʽ 

ʨʽʟʥʠʭ ʩʦʨʪʽʚ, ʚʠʨʦʱʝʥʠʭ ʥʘ ʚʠʩʦʢʦʤʫ (ɺ) ʽ ʥʠʟʴʢʦʤʫ (ʅ) ʬʦʥʽ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ ʽ ʟʘ ʧʦʟʘʢʦʨʝʥʝʚʦʛʦ ʧʽʜʞʠʚʣʝʥʥʷ ʢʘʨʙʘʤʽʜʦʤ (ʂ) 

 

 

 

 

 

ʉʦʨʪ 
ɺʘʨ̔-

ʘʥʪ 

ʎʚ̔ʪʽʥʥʷ ʇʦʚʥʘ ʩʪʠʛʣʽʩʪʴ 

ʃʠʩ-

ʪʢʠ 

ʉʪʝ-

ʙʣʦ 
ʂʦʣʦʩ 

ʃʠʩ-

ʪʢʠ 

ʉʪʝ-

ʙʣʦ 

ʇʦʣʦ-

ʚʘ 
ɿʝʨʥʦ 

ɸʩʪʘʨʪʘ  

ɺ 0,40 1,58 1,14 0,28 1,09 1,24 1,80 

ɺʂ ï ï ï 0,29 1,11 1,28 1,77 

ʅ 0,26 1,19 1,01 0,23 0,83 0,79 1,43 

ʅʂ ï ï ï 0,24 0,90 0,80 1,44 

ɼʦʩʪʘʪʦʢ 

ɺ 0,47 1,29 0,82 0,33 0,80 1,05 2,13 

ɺʂ ï ï ï 0,34 0,70 1,10 2,21 

ʅ 0,31 1,16 0,74 0,28 0,76 0,76 1,32 

ʅʂ ï ï ï 0,29 0,69 0,63 1,46 

ʅʘʪʘʣʢʘ 

ɺ 0,27 1,52 0,68 0,19 1,14 0,94 1,85 

ɺʂ ï ï ï 0,20 1,11 0,82 2,05 

ʅ 0,21 1,39 0,63 0,19 1,15 0,78 1,31 

ʅʂ ï ï ï 0,20 1,11 0,73 1,49 

ʂʠʾʚʩɹʢʘ 

ʦʩʪʠʩʪʘ 

ɺ 0,33 1,42 0,88 0,23 1,17 0,90 1,25 

ɺʂ ï ï ï 0,24 1,19 1,00 1,36 

ʅ 0,24 1,18 0,86 0,22 0,94 0,84 1,11 

ʅʂ ï ï ï 0,22 0,83 0,76 1,35 

ʄʘʣʠʥʚ̔ʢʘ 

ɺ 0,33 1,38 0,67 0,23 1,11 0,70 1,10 

ɺʂ ï ï ï 0,24 1,16 0,75 1,34 

ʅ 0,28 0,92 0,66 0,25 0,80 0,55 1,02 

ʅʂ ï ï ï 0,26 0,71 0,59 1,21 

ʂʫʷʣʴʥʠʢ 

ɺ 0,37 1,47 0,75 0,26 1,07 1,00 1,75 

ɺʂ ï ï ï 0,27 1,03 0,94 1,90 

ʅ 0,29 1,11 0,71 0,26 0,98 0,71 1,16 

ʅʂ ï ï ï 0,27 0,96 0,65 1,25 

ʅɯʈ0,05 0,03 0,12 0,07 0,03 0,11 0,09 0,10 
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ʊʘʙʣʠʮʷ 2 

ɺʤʽʩʪ ʟʘʛʘʣʴʥʦʛʦ ʘʟʦʪʫ (% ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ) ʚ ʯʘʩʪʠʥʘʭ 

ʛʦʣʦʚʥʦʛʦ ʧʘʛʦʥʘ ʨʦʩʣʠʥ ʧʰʝʥʠʮʽ ʨʽʟʥʠʭ ʩʦʨʪʽʚ, ʚʠʨʦʱʝʥʠʭ ʥʘ ʚʠʩʦʢʦʤʫ 

(ɺ) ʽ ʥʠʟʴʢʦʤʫ (ʅ) ʬʦʥʽ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ ʽ ʟʘ ʧʦʟʘʢʦʨʝʥʝʚʦʛʦ 

ʧʽʜʞʠʚʣʝʥʥʷ ʢʘʨʙʘʤʽʜʦʤ (ʂ) 

 

ʋ ʬʘʟʫ ʮʚʽʪʽʥʥʷ ʥʘʡʚʠʱʠʡ ʚʤʽʩʪ ʟʘʛʘʣʴʥʦʛʦ ʘʟʦʪʫ ʚʠʷʚʣʝʥʦ ʚ ʣʠʩʪʢʘʭ, 

ʜʝʱʦ ʤʝʥʰʝ ʮʴʦʛʦ ʝʣʝʤʝʥʪʫ ʤʽʩʪʠʣʦʩʷ ʚ ʩʫʭʽʡ ʤʘʩʽ ʢʦʣʦʩʘ, ʘ ʥʘʡʤʝʥʰʝ ï ʚ 

ʩʪʝʙʣʽ (ʪʘʙʣ. 2). ʉʧʦʩʪʝʨʽʛʘʣʘʩʷ ʛʝʥʦʪʠʧʥʘ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ ʟʘ ʚʤʽʩʪʦʤ ʘʟʦʪʫ ʚ 

ʉʦʨʪ 
ɺʘʨ̔-

ʘʥʪ 

ʎʚ̔ʪ̔ʥʥ ̫ ʇʦʚʥʘ ʩʪʠʛʣ̔ʩʪʴ 

ʃʠʩ-

ʪʢʠ 

ʉʪʝ-

ʙʣʦ 
ʂʦʣʦʩ 

ʃʠʩ-

ʪʢʠ 

ʉʪʝ-

ʙʣʦ 

ʇʦʣʦ-

ʚʘ 
ɿʝʨʥʦ 

ɸʩʪʘʨʪʘ  

ɺ 3,39 1,33 2,08 0,64 0,31 0,80 2,53 

ɺʂ ï ï ï 0,86 0,34 0,65 2,56 

ʅ 1,75 0,49 1,48 0,83 0,26 0,63 1,72 

ʅʂ ï ï ï 0,74 0,21 0,43 1,75 

ɼʦʩʪʘʪʦʢ 

ɺ 3,70 1,50 2,19 0,77 0,31 0,90 2,72 

ɺʂ ï ï ï 0,68 0,28 0,92 2,80 

ʅ 1,85 0,56 1,80 0,55 0,28 0,68 1,73 

ʅʂ ï ï ï 0,45 0,23 0,55 1,75 

ʅʘʪʘʣʢʘ 

ɺ 4,00 1,30 2,40 0,69 0,32 0,80 3,13 

ɺʂ ï ï ï 0,75 0,37 0,71 3,20 

ʅ 1,90 0,56 1,90 0,45 0,26 0,62 1,78 

ʅʂ ï ï ï 0,40 0,22 0,46 1,80 

ʂʠʾʚʩɹʢʘ 

ʦʩʪʠʩʪʘ 

ɺ 3,78 1,42 1,93 0,77 0,38 0,89 2,86 

ɺʂ ï ï ï 0,64 0,35 0,68 3,14 

ʅ 1,83 0,80 1,41 0,56 0,28 0,59 1,79 

ʅʂ ï ï ï 0,53 0,27 0,56 1,81 

ʄʘʣʠʥʚ̔ʢʘ 

ɺ 3,52 1,04 2,05 0,71 0,39 0,81 2,89 

ɺʂ ï ï ï 0,65 0,31 0,75 2,74 

ʅ 1,71 0,46 1,60 0,64 0,23 0,74 1,70 

ʅʂ ï ï ï 0,51 0,21 0,61 1,74 

ʂʫʷʣʴʥʠʢ 

ɺ 4,08 1,40 2,25 0,79 0,35 0,83 3,02 

ɺʂ ï ï ï 0,84 0,31 0,77 2,90 

ʅ 1,87 0,50 1,70 0,41 0,27 0,64 1,76 

ʅʂ ï ï ï 0,34 0,24 0,56 1,79 

ʅɯʈ0,05 0,23 0,07 0,18 0,06 0,02 0,07 0,18 
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ʦʨʛʘʥʘʭ ʥʘʜʟʝʤʥʦʾ ʯʘʩʪʠʥʠ ʨʦʩʣʠʥ ʧʰʝʥʠʮʽ. ʊʘʢ, ʚ ʣʠʩʪʢʫ ʥʘʡʙʽʣʴʰʠʡ ʚʤʽʩʪ 

ʮʴʦʛʦ ʝʣʝʤʝʥʪʫ ʙʫʚ ʫ ʩʦʨʪʽʚ ʅʘʪʘʣʢʘ ʽ ʂʫʷʣʴʥʠʢ. ʋ ʧʝʨʽʦʜ ʜʦʟʨʽʚʘʥʥʷ ʚʤʽʩʪ 

ʘʟʦʪʫ ʚ ʣʠʩʪʢʘʭ ʽ ʩʪʝʙʣʘʭ ʟʥʠʟʠʚʩʷ ʚ 3-4 ʨʘʟʠ ʚʥʘʩʣʽʜʦʢ ʡʦʛʦ ʚʽʜʪʦʢʫ ʚ ʟʝʨʥʦ. 

ʅʘʡʙʽʣʴʰʠʡ ʚʤʽʩʪ ʘʟʦʪʫ ʚ ʟʝʨʥʽ ʥʘ ʚʠʩʦʢʦʤʫ ʬʦʥʽ ʙʫʚ ʫ ʩʦʨʪʫ ʅʘʪʘʣʢʘ, ʥʘ 

ʥʠʟʴʢʦʤʫ ï ʚ ʂʠʾʚʩʴʢʦ ʾ ʦʩʪʠʩʪʦ.ʾ ʇʦʟʘʢʦʨʝʥʝʚʝ ʧʽʜʞʠʚʣʝʥʥʷ ʢʘʨʙʘʤʽʜʦʤ ʫ 

ʚʠʢʦʨʠʩʪʘʥʽʡ ʥʘʤʠ ʜʦʟʽ ʽʩʪʦʪʥʦ ʥʝ ʚʧʣʠʥʫʣʦ ʥʘ ʚʤʽʩʪ ʘʟʦʪʫ ʚ ʟʝʨʥʽ. ʋ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ ʣʠʰʝ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ. 

ʊʽʣʴʢʠ ʫ ʨʦʩʣʠʥ ʩʦʨʪʽʚ ʄʘʣʠʥʽʚʢʘ ʽ ʂʫʷʣʴʥʠʢ ʥʘ ʚʠʩʦʢʦʤʫ ʬʦʥʽ ʞʠʚʣʝʥʥʷ ʟʘ 

ʦʙʨʦʙʢʠ ʢʘʨʙʘʤʽʜʦʤ ʚʤʽʩʪ ʘʟʦʪʫ ʚ ʟʝʨʥʽ ʜʝʱʦ ʟʤʝʥʰʠʚʩʷ, ʱʦ, ʦʯʝʚʠʜʥʦ, ʙʫʣʦ 

ʟʫʤʦʚʣʝʥʦ ʟʥʘʯʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʟʝʨʥʦʚʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚ ʮʠʭ ʚʘʨʽʘʥʪʘʭ, 

ʪʦʙʪʦ ʝʬʝʢʪʦʤ çʨʦʟʚʝʜʝʥʥʷè. 

ɺʤʽʩʪ ʘʟʦʪʫ ʚ ʟʝʨʥʽ ʨʦʩʣʠʥ ʥʘ ʥʠʟʴʢʦʤʫ ʬʦʥʽ ʞʠʚʣʝʥʥʷ ʙʫʚ ʤʝʥʠhʡ, ʥʽʞ 

ʥʘ ʚʠʩʦʢʦʤʫ, ʘʣʝ ʟʥʦʚʫ ʞ ʪʘʢʠ ʥʝ ʚ ʧ'ʷʪʴ ʨʘʟʽʚ, ʘ ʥʘ 40-80 %. ʅʘʡʚʠʱʠʡ ʚʤʽʩʪ 

ʘʟʦʪʫ ʚ ʟʝʨʥʽ (ʘ ʦʪʞʝ, ʡʦʛʦ ʙʽʣʢʦʚʽʩʪʴ) ʟʘ ʚʠʩʦʢʦʛʦ ʬʦʥʫ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ 

ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʫ ʨʦʩʣʠʥ ʩʦʨʪʫ ʅʘʪʘʣʢʘ, ʘ ʥʘʡʥʠʞʯʠʡ ï ʫ ʩʦʨʪʫ ɸʩʪʘʨʪʘ, ʱʦ 

ʮʽʣʢʦʤ ʚʽʜʧʦʚʽʜʘʻ ʾʭ ʩʦʨʪʦʚʠʤ ʦʩʦʙʣʠʚʦʩʪʷʤ. ɿʤʝʥʰʝʥʥʷ ʬʦʥʫ ʤʽʥʝʨʘʣʴʥʦʛʦ 

ʞʠʚʣʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʽʚʝʣʶʚʘʣʦ ʨʽʟʥʠʮʶ ʤʽʞ ʩʦʨʪʘʤʠ ʟʘ ʮʠʤ ʧʦʢʘʟʥʠʢʦʤ. 

ɺʠʭʦʜʷʯʠ ʟ ʜʘʥʠʭ ʱʦʜʦ ʤʘʩʠ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʧʘʛʦʥʘ ʪʘ 

ʚʤʽʩʪʫ ʚ ʥʽʡ ʘʟʦʪʫ, ʤʠ ʨʦʟʨʘʭʫʚʘʣʠ ʚʘʣʦʚʫ ʢʽʣʴʢʽʩʪʴ ʮʴʦʛʦ ʝʣʝʤʝʥʪʘ (ʤʛ) ʧʦ 

ʦʨʛʘʥʘʭ ʪʘ ʚ ʫʩʴʦʤʫ ʧʘʛʦʥʽ ʚ ʧʝʨʽʦʜ ʮʚʽʪʽʥʥʷ ʪʘ ʟʘ ʧʦʚʥʦʾ ʩʪʠʛʣʦʩʪʽ (ʣʠʩʪʢʠ + 

ʩʪʝʙʣʦ + ʝʣʝʤʝʥʪʠ ʢʦʣʦʩʘ ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʟʝʨʥʘ), ʘ ʪʘʢʦʞ ʫ ʟʝʨʥʽ ʟ ʫʩʴʦʛʦ 

ʢʦʣʦʩʘ. ɺʠʷʚʠʣʦʩʷ, ʱʦ ʤʽʞ ʨʽʟʥʠʮʝʶ ʢʽʣʴʢʦʩʪʽ ʘʟʦʪʫ ʚ ʫʩʴʦʤʫ ʧʘʛʦʥʽ ʚ ʧʝʨʽʦʜ 

ʮʚʽʪʽʥʥʷ ʽ ʟʘ ʧʦʚʥʦʾ ʩʪʠʛʣʦʩʪʽ (ʢʨʽʤ ʟʝʨʥʘ) ʪʘ ʢʽʣʴʢʽʩʪʶ ʘʟʦʪʫ ʚ ʟʝʨʥʽ ʟ ʫʩʴʦʛʦ 

ʢʦʣʦʩʘ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʜʦʩʠʪʴ ʪʽʩʥʠʡ ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚôʷʟʦʢ (ʨʠʩ. 1, ɸ). 

ʇʨʠʚʝʨʪʘʶʪʴ ʜʦ ʩʝʙʝ ʫʚʘʛʫ ʪʦʯʢʠ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʦʨʪʫ ʅʘʪʘʣʢʘ ʚ 

ʢʦʥʪʨʦʣʽ ʽ ʟʘ ʦʙʨʦʙʢʠ ʢʘʨʙʘʤʽʜʦʤ, ʷʢʽ ʟʘ ʧʦʤʽʨʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʫʪʠʣʽʟʦʚʘʥʦʛʦ 

ʘʟʦʪʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʩʦʢʠʤ ʨʽʚʥʷʤ ʥʘʢʦʧʠʯʝʥʥʷ ʮʴʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʟʝʨʥʽ. ʗʢʱʦ 

ʚʠʢʣʶʯʠʪʠ ʮʽ ʪʦʯʢʠ, ʪʦ ʢʦʨʝʣʷʮʽʷ ʩʪʘʻ ʱʝ ʪʽʩʥʽʰʦʶ (ʨʠʩ. 1, ɹ). ʎʝ ʩʚʽʜʯʠʪʴ, ʱʦ 

ʥʘ ʬʦʥʽ ʟʘʛʘʣʴʥʦʾ ʪʝʥʜʝʥʮʽʾ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʢʦʧʠʯʝʥʥʷ ʘʟʦʪʫ ʚ ʟʝʨʥʽ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʦʙôʻʤʫ ʡʦʛʦ ʨʝʫʪʠʣʽʟʘʮʽʾ ʽʩʥʫʻ ʤʽʞʩʦʨʪʦʚʘ ʨʽʟʥʠʮʷ ʟʘ 
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ʝʬʝʢʪʠʚʥʽʩʪʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʰʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʝʨʥʘ ʘʟʦʪʦʤ. 
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ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʨʽʟʥʠʮʝʶ ʢʽʣʴʢʦʩʪʽ ʘʟʦʪʫ ʚ ʮʽʣʦʤʫ ʧʘʛʦʥʽ ʚ 

ʧʝʨʽʦʜ ʮʚʽʪʽʥʥʷ ʽ ʟʘ ʧʦʚʥʦʾ ʩʪʠʛʣʦʩʪʽ (Nʮʚ ï Nʧʩ) ʪʘ ʢʽʣʴʢʽʩʪʶ ʘʟʦʪʫ ʚ ʟʝʨʥʽ ʟ 

ʫʩʴʦʛʦ ʢʦʣʦʩʘ (Nʟ) (ɸ) ʽ ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʪʦʯʦʢ ʜʣʷ ʩʦʨʪʫ ʅʘʪʘʣʢʘ (ɹ) 

 

ɺʠʩʥʦʚʢʠ. ɿʥʠʞʝʥʥʷ ʬʦʥʫ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ ʚ ʧ'ʷʪʴ ʨʘʟʽʚ ʚ ʫʤʦʚʘʭ 

ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʟʝʨʥʦʚʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʛʦʣʦʚʥʦʛʦ ʧʘʛʦʥʘ ʨʦʩʣʠʥ ʧʰʝʥʠʮʽ ʣʠʰʝ ʥʘ 10-50 % ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʦʨʪʫ. 

ʇʦʟʘʢʦʨʝʥʝʚʝ ʧʽʜʞʠʚʣʝʥʥʷ ʢʘʨʙʘʤʽʜʦʤ ʥʘʡʢʨʘʱʝ ʩʝʨʝʜ ʜʦʩʣʽʜʞʝʥʠʭ ʩʦʨʪʽʚ 

ʧʽʜʚʠʱʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫ ʂʠʾʚʩʴʢʦ ʾʦʩʪʠʩʪʦ ʾʥʘ ʥʠʟʴʢʦʤʫ ʬʦʥʽ ʤʽʥʝʨʘʣʴʥʦʛʦ 

ʞʠʚʣʝʥʥʷ ʡ ʄʘʣʠʥʽʚʢʠ ʥʘ ʚʠʩʦʢʦʤʫ. ʅʘʡʙʽʣʴʰʠʡ ʚʤʽʩʪ ʘʟʦʪʫ ʚ ʟʝʨʥʽ 

ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʚ ʩʦʨʪʫ ʅʘʪʘʣʢʘ ʥʘ ʚʠʩʦʢʦʤʫ ʬʦʥʽ ʞʠʚʣʝʥʥʷ. ʅʘ ʬʦʥʽ ʟʘʛʘʣʴʥʦʾ 

ʪʝʥʜʝʥʮʽʾ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʢʦʧʠʯʝʥʥʷ ʘʟʦʪʫ ʚ ʟʝʨʥʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙôʻʤʫ ʡʦʛʦ 

ʨʝʫʪʠʣʽʟʘʮʽʾ ʽʩʥʫʻ ʤʽʞʩʦʨʪʦʚʘ ʨʽʟʥʠʮʷ ʟʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʰʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʝʨʥʘ ʘʟʦʪʦʤ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʆʉʆɹʃʀɺʆʉʊɽʁ ʅɸʂʆʇʀʏɽʅʅʗ ɺɸɾʂʀʍ 

ʄɽʊɸʃɯɺ ɺ SAVLIA NUTANS L ., ʑʆ ɿʈʆʉʊɸɭ ɺ ɼʆʃʀʅɯ 

ɻɯʇɽʈɻɸʃɯʅʅʆɻʆ ʂʋʗʃʔʅʀʎʔʂʆɻʆ ʃʀʄɸʅʋ 

 

ʐʠʭʘʣʻʻʚʘ ɻ. ʄ., 

ʢ.ʭ.ʥ., ʧʨʦʚ. ʥʘʫʢ. ʩʧʽʚʨʦʙʽʪʥʠʢ 

ʂʽʨʶʰʢʽʥʘ ɻ. ʄ., 

ʩʪ. ʥʘʫʢ. ʩʧʽʚʨʦʙʽʪʥʠʢ 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

 ʽ ʣʶʜʠʥʠ ʄʆʅ ʋʢʨʘʾʥʠ ʪʘ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʚʫʣ. ʇʨʝʦʙʨʘʞʝʥʩʴʢʘ, 3, ʆʜʝʩʘ 65082, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ./Introductions.  

ɺʘʞʢʽ ʤʝʪʘʣʠ, ʧʦʪʨʘʧʣʷʶʯʠ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʚʢʣʶʯʘʶʪʴʩʷ ʫ 

ʙʽʦʛʝʦʭʽʤʽʯʥʠʡ ʢʨʫʛʦʦʙʽʛ ʽ ʤʽʛʨʫʶʪʴ ʧʦ ʣʘʥʮʶʛʘʤ ʧʨʠʨʦʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʅʘʨʘʟʽ ʚ ʫʤʦʚʘʭ ʛʣʦʙʘʣʴʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʪʘ ʚʽʡʥʠ ʟ ʈʌ ʽ 

ʩʧʦʩʪʝʨʽʛʘʻʤʦʛʦ ʫ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʧʦʩʠʣʝʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʧʨʠʨʦʜʥʽ ʝʢʦʩʠʩʪʝʤʠ, ʚʢʨʘʡ ʘʢʪʫʘʣʴʥʠʤ ʻ ʤʦʥʽʪʦʨʠʥʛ ʟʘʙʨʫʜʥʝʥʥʷ ʚʘʞʢʠʤʠ 

ʤʝʪʘʣʘʤʠ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ, ʷʢ ʧʝʨʰʦʾ ʣʘʥʢʠ ʪʨʦʬʽʯʥʠʭ ʣʘʥʮʶʛʽʚ. ʆʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʦ ʦʮʽʥʶʚʘʪʠ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ ʣʽʢʘʨʩʴʢʠʭ ʨʦʩʣʠʥ. 

ɺ ʜʦʣʠʥʽ ʛʽʧʝʨʛʘʣʽʥʥʦʛʦ ʂʫʷʣʴʥʠʮʴʢʦʛʦ ʣʠʤʘʥʫ (ʂʣ) ï ʦʜʥʦʛʦ ʟ 

ʥʘʡʩʪʘʨʽʰʠʭ ʣʠʤʘʥʽʚ ʇʽʚʥʽʯʥʦʛʦ ʇʨʠʯʦʨʥʦʤʦʨôʷ, ʥʘ ʧʣʦʱʽ ~105 ʢʤĮ (ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʘʢʚʘʪʦʨʽʾ ʣʠʤʘʥʫ) ʟʘ ʜʘʥʠʤʠ ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ, ʧʨʦʚʝʜʝʥʦʾ ʚʧʨʦʜʦʚʞ 

2001-2018 ʨʨ. ʨʘʟʦʤ ʬʘʭʽʚʮʷʤʠ ʌʍɯɿʅʉɯʃ ʄʆʅ ʽ ʅɸʅ ʋʢʨʘʾʥʠ, ɯʥʩʪʠʪʫʪʫ 

ʙʦʪʘʥʽʢʠ ʽʤʝʥʽ ʄ.ɻ. ʍʦʣʦʜʥʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ ʪʘ ʆʜʝʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯ.ɯ. ʄʝʯʥʠʢʦʚʘ, ʟʘʨʝʻʩʪʨʦʚʘʥʦ 630 ʚʠʜʽʚ ʜʠʢʦʨʦʩʣʠʭ 

ʩʫʜʠʥʥʠʭ ʨʦʩʣʠʥ, ʟ ʷʢʠʭ ʙʣʠʟʴʢʦ ~ 50 % ʚʦʣʦʜʽʶʪʴ ʣʽʢʘʨʩʴʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

[1]. ʊʦʤʫ ʚʢʨʘʡ ʘʢʪʫʘʣʴʥʠʤʠ ʻ ʧʠʪʘʥʥʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʯʠʩʪʦʪʠ 

ʧʨʠʨʦʜʥʦʛʦ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʜʠʢʦʨʦʩʣʠʭ ʨʦʩʣʠʥ ʂʣ, ʘʜʞʝ ʥʘʨʘʟʽ ʩʪʫʧʽʥʴ 

ʚʠʚʯʝʥʦʩʪʽ ʝʢʦʣʦʛʽʯʥʠʭ ʽ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʯʠʥʥʠʢʽʚ, ʾʭʥʽʡ ʚʧʣʠʚ ʥʘ ʝʣʝʤʝʥʪʥʠʡ 

ʩʢʣʘʜ ʨʦʩʣʠʥ ʫ ʢʦʥʢʨʝʪʥʠʭ ʤʽʩʮʝʟʨʦʩʪʘʥʥʷʭ ʻ ʥʝʜʦʩʪʘʪʥʽʤ. 
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ʄʝʪʘ ʨʦʙʦʪʠ/Aim . ï ʜʦʩʣʽʜʞʝʥʥʷ ʚʤʽʩʪʫ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʚ ʦʨʛʘʥʘʭ Savlia 

nutans L., ʷʢʘ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʘ ʥʘ ʧʨʠʙʝʨʝʞʥʦ-ʩʭʠʣʦʚʠʭ ʪʝʨʠʪʦʨʽʷʭ 

ʛʽʧʝʨʛʘʣʽʥʥʦʛʦ ʂʣ ʽ ʚʦʣʦʜʽʻ ʣʽʢʘʨʩʴʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʚ ʨ̌ʫʥʪʘʭ, ʥʘ ʷʢʠʭ 

ʚʦʥʘ ʟʨʦʩʪʘʻ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ./Materials and metods. 

Savlia nutans ï ʮʝ ʙʘʛʘʪʦʨʽʯʥʘ ʪʨʘʚôʷʥʠʩʪʘ ʨʦʩʣʠʥʘ ʚʽʜ 30 ʜʦ 100 ʩʤ 

ʟʘʚʚʠʰʢʠ ʽʟ ʨʦʜʠʥʠ Lamiaceae. ʌʘʨʤʘʢʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʩʣʠʥʠ 

ʦʙʫʤʦʚʣʝʥʽ ʾʾ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ. ʈʦʩʣʠʥʫ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʥʘʨʦʜʥʽʡ 

ʤʝʜʠʮʠʥʽ [1].  

ɼʦʩʣʽʜʞʝʥʥʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ (Cu, Cd, Cr, Al, Mn, Fe, Pb, Zn,V) ʚ ʦʨʛʘʥʘʭ 

ʨʦʩʣʠʥ Savlia nutans ʧʨʦʚʦʜʠʣʠʩʴ ʫ ʧʝʨʽʦʜ ʮʚʽʪʽʥʥʷ (ʢʽʥʝʮʴ ʪʨʘʚʥʷ 2015 ʨ.) ʚ 

ʧʨʠʙʝʨʝʞʥʦ-ʩʭʠʣʦʚʽʡ ʪʝʨʠʪʦʨʽʾ ʂʣ ʥʘ ʜʚʦʭ ʧʨʦʙʥʠʭ ʜʽʣʷʥʢʘʭ (ʇɼ): ʇɼ-1 ï ʥʘ 

ʧʨʘʚʦʙʝʨʝʞʞʽ ʥʘ ʜʽʣʷʥʮʽ ʥʘʜʟʘʧʣʘʚʥʦʾ ʭʚʠʣʷʩʪʦ-ʨʽʚʥʠʥʥʦʾ ʪʝʨʘʩʠ ʨʽʯʢʠ 

ɺʝʣʠʢʠʡ ʂʫʷʣʴʥʠʢ (ʟʨʘʟʦʢ ʨʦʩʣʠʥ ˉ1), ʇɼ-2 ï ʥʘ ʣʽʚʦʙʝʨʝʞʞʽ ʚ ʨʘʡʦʥʽ 

ʩ. ʅʦʚʦʢʫʙʘʥʢʘ ʚ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʩʭʠʣʫ (ʟʨʘʟʦʢ ʨʦʩʣʠʥ ˉ 2) (ʨʠʩ. 1).  

 

 

ʈʠʩ. 1. ʂʘʨʪʘ-ʩʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʦʙʥʠʭ ʜʽʣʷʥʦʢ ʚ ʜʦʣʠʥʽ ʂʣ 



69 

ʨ̂ʫʥʪʠ ʥʘ ʇɼ-1 ï ʣʫʛʦʚʘʪʦ-ʯʦʨʥʦʟʝʤʥʽ ʢʘʨʙʦʥʘʪʥʽ ʜʝʣʶʚʽʘʣʴʥʦ-ʥʘʥʦʩʥʽ, 

ʩʝʨʝʜʥʴʦʩʫʛʣʠʥʠʩʪʽ ʥʘ ʜʝʣʶʚʽʘʣʴʥʠʭ ʩʫʛʣʠʥʢʘʭ; ʥʘ ʇɼ-2 ï ʯʦʨʥʦʟʝʤ ʧʽʚʜʝʥʥʠʡ 

(ʟʘʣʠʰʢʦʚʦ-ʩʦʣʦʥʮʶʚʘʪʠʡ) ʥʘ ʚʘʞʢʠʭ ʩʫʛʣʠʥʢʘʭ. ɺʤʽʩʪ ʛʫʤʫʩʫ ʥʘ ʇɼ-1 ʽ ʇɼ-2 

ʩʢʣʘʜʘʻ 3,13ʽ 3,03%, ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ï 7,3 ʽ 5,6 %, ʨʅ ʚʦʜʥʠʭ ʚʠʪʷʞʦʢ ï

7,92-7,97 ʚʽʜʧʦʚʽʜʥʦ.  

ʅʘ ʧʨʦʙʥʠʭ ʜʽʣʷʥʢʘʭ ʚʠʢʦʧʫʚʘʣʠ ʧʦ 20-30 ʨʦʩʣʠʥ, ʢʦʨʝʥʽ ʧʨʦʤʠʚʘʣʠ ʚ 

ʧʨʦʪʦʯʥʽʡ ʚʦʜʽ, ʨʦʟʙʠʨʘʣʠ ʨʦʩʣʠʥʠ ʧʦ ʦʨʛʘʥʘʭ ʽ ʚʠʩʫʰʫʚʘʣʠ ʜʦ ʧʦʚʽʪʨʷʥʦ-

ʩʫʭʦʛʦ ʩʪʘʥʫ. ɼʘʣʽ ʦʨʛʘʥʠ ʨʦʩʣʠʥ ʨʦʟʤʝʣʶʚʘʣʠ ʥʘ ʤʣʠʥʽ ʜʦ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ 

0,1 ʤʤ, ʫʧʘʢʦʚʫʚʘʣʠ ʚ ʢʦʥʚʝʨʪʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʘʥʘʣʽʟʽʚ.  

ɸʥʘʣʽʟʠ ʟʨʘʟʢʽʚ ʨʦʩʣʠʥ ʪʘ ʨ̌ʫʥʪʽʚ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʘʪʝʩʪʦʚʘʥʽʡ ʚ ʛʘʣʫʟʽ 

ʧʨʠʨʦʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ çʄʦʥʽʪʦʨʠʥʛè ʌʍɯɿʅʉɯʃ 

ʄʆʅ ʪʘ ʅɸʅ ʋʢʨʘʾʥʠ.  

ɺʘʣʦʚʠʡ ʚʤʽʩʪ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʚʠʟʥʘʯʘʣʠ ʚ ʟʨʘʟʢʘʭ ʨʽʟʥʠʭ ʦʨʛʘʥʽʚ 

ʨʦʩʣʠʥʠ ʪʘ ʨ̌ʫʥʪʽʚ ʧʽʩʣʷ ʤʦʢʨʦʛʦ ʦʟʦʣʝʥʥʷ ʚ ʢʦʥʮʝʥʪʨʦʚʘʥʽʡ ʘʟʦʪʥʽʡ ʢʠʩʣʦʪʽ 

ʤʝʪʦʜʦʤ ʘʙʩʦʨʙʮʽʾ (ʝʣʝʢʪʨʦʪʝʨʤʽʯʥʠʡ ʚʘʨʽʘʥʪ) ʥʘ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʦʤʫ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ çʉʘʪʫʨʥ-3è ʟ ʧʨʠʩʪʘʚʢʦʶ çɻʨʘʬʽʪ-2è. ɸʥʘʣʽʟʠ ʟʨʘʟʢʽʚ ʥʘ 

ʚʤʽʩʪ ʟʘʟʥʘʯʝʥʠʭ ʤʝʪʘʣʽʚ ʚʠʢʦʥʫʚʘʣʠʩʴ ʫ 3-ʭ ʧʦʚʪʦʨʶʚʘʥʦʩʪʷʭ. ʈʦʟʨʘʭʫʥʦʢ 

ʚʤʽʩʪʫ ʤʝʪʘʣʽʚ ʧʨʦʚʦʜʠʣʠ ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʩʫʭʫ ʨʝʯʦʚʠʥʫ. 

ɼʣʷ ʦʮʽʥʢʠ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʨ̌ʫʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʭʥʦʛʝʥʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʂʩ (ʚʽʜʥʦʰʝʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʚʤʽʩʪʫ ʜʦ ʬʦʥʦʚʦʛʦ ʚʤʽʩʪʫ (ʢʣʘʨʢʫ 

ʣʽʪʦʩʬʝʨʠ). ʂʩ > 1ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʫ ʨ̌ʫʥʪʘʭ, ʂʩ ᾽ 1 ï ʧʨʦ 

ʧʨʦʮʝʩʠ ʚʠʣʫʛʦʚʫʚʘʥʥʷ [2-3]. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʤʽʛʨʘʮʽʾ ʚʘʞʢʠʭ 

ʤʝʪʘʣʽʚ ʟ ˇʨʫʥʪʫ ʚ ʨʦʩʣʠʥʠ ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʝʬʽʮʽʻʥʪ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ 

ʂɹʇ (ʚʽʜʥʦʰʝʥʥʷ ʚʤʽʩʪʫ ʤʝʪʘʣʫ ʫ ʟʦʣʽ ʨʦʩʣʠʥʠ ʜʦ ʡʦʛʦ ʚʤʽʩʪʫ ʫ ˇʨʫʥʪʽ [2, 4]. 

ʂɹʇ > 1ʩʚʽʜʯʠʪʴ, ʱʦ ʨʦʩʣʠʥʘ ʻ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʝʣʝʤʝʥʪʘ. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʟʚôʷʟʢʫ ʤʽʞ ʚʤʽʩʪʦʤ ʝʣʝʤʝʥʪʫ ʚ ʨʦʩʣʠʥʽ ʽ ˇʨʫʥʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ ʧʦ ʇʽʨʩʦʥʫ. ʇʨʠ r ᾽ 0,30 ʟʚ'ʷʟʦʢ 

ʦʮʽʥʶʚʘʚʩʷ ʷʢ ʩʣʘʙʢʠʡ, ʧʨʠ r = 0,31-0,50 ï ʧʦʤʽʨʥʠʡ, ʧʨʠ r = 0,51-0,70 ï 

ʩʝʨʝʜʥʽʡ, ʧʨʠ r > 0,70 ï ʩʠʣʴʥʠʡ (ʟʘ ʰʢʘʣʦʶ ʏʝʜʜʦʢʘ) [5].  
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ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ./Results and discussion. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣ 

ʚʤʽʩʪʫ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ (Cu, Cr, Fe, Zn, Al , Pb, Mn, V, Cd) ʚ ʦʨʛʘʥʘʭ Savlia nutans 

ʥʦʩʠʪʴ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʘʢʫʤʫʣʷʮʽʷ ʤʝʪʘʣʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ ʫ ʥʘʜʟʝʤʥʽʡ ʯʘʩʪʠʥʽ (ʥʘʡʙʽʣʴʰʝ ʫ ʩʫʮʚʽʪʪʽ ʽ ʣʠʩʪʽ) ʨʦʩʣʠʥ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʾʭ ʫʯʘʩʪʴ ʫ ʙʽʦʛʝʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʘʭ. ʂʦʥʮʝʥʪʨʘʮʽʷ Cu ʽ Cd ʙʫʣʘ 

ʥʘʡʚʠʱʦʶ ʫ ʩʫʮʚʽʪʪʽ, Cr, Zn, Mn ʽ V ï ʫ ʣʠʩʪʢʘʭ ʨʦʩʣʠʥʠ (ʟʘ ʫʩʝʨʝʜʥʝʥʠʤʠ 

ʜʘʥʠʤʠ ʥʘ ʜʦʩʣʽʜʥʠʭ ʜʽʣʷʥʢʘʭ). ɺʠʷʚʣʝʥʦ ʪʘʢʦʞ, ʱʦ Zn, V ʽ Al ʽʥʪʝʥʩʠʚʥʦ 

ʥʘʢʦʧʠʯʫʚʘʚʩʷ ʪʘʢʦʞ ʽ ʫ ʩʪʝʙʣʽ Savlia nutans, ʘ Cu, Cr ʽ Mn ï ʫ ʢʦʨʝʥʷʭ ʨʦʩʣʠʥʠ. 

ɸʙʩʦʣʶʪʥʠʤ ʣʽʜʝʨʦʤ ʧʦ ʥʘʢʦʧʠʯʝʥʥʶ ʚ ʦʨʛʘʥʘʭ ʨʦʩʣʠʥʠ, ʷʢ ʥʘʟʝʤʥʦʾ ʯʘʩʪʠʥʠ, 

ʪʘʢ ʽ ʢʦʨʝʥʷʤʠ ʻ ʘʣʶʤʽʥʽʡ. (ʨʠʩ. 2-5).  

ʇʨʠ ʮʴʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʤʝʪʘʣʽʚ (ʟʘ ʚʠʥʷʪʢʦʤ Cd) ʙʫʣʘ 

ʥʘʡʚʠʱʦʶ ʥʘ ʇɼ-1(ʟʨʘʟʦʢ 1). 

 

ʈʠʩ. 2. ʂʦʥʮʝʥʪʨʘʮʽʷ Cu, Cr, Fe ʚ ʦʨʛʘʥʘʭ Savlia nutans, ʟʨʦʩʪʘʶʯʠʭ ʥʘ 

ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʧʨʠʙʝʨʝʞʥʠʭ ʩʭʠʣʽʚ ʂʣ ʚ ʧʝʨʽʦʜ ʮʚʽʪʽʥʥʷ (ʪʨʘʚʝʥʴ 2015 ʨ.) 

 

 

ʈʠʩ. 3. ʂʦʥʮʝʥʪʨʘʮʽʷ Zn ʽ Al ʚ ʦʨʛʘʥʘʭ Savlia nutans, ʟʨʦʩʪʘʶʯʠʭ ʥʘ 

ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʧʨʠʙʝʨʝʞʥʠʭ ʩʭʠʣʽʚ ʂʣ ʚ ʧʝʨʽʦʜ ʮʚʽʪʽʥʥʷ (ʪʨʘʚʝʥʴ 2015 ʨ.) 
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ʈʠʩ. 4. ʂʦʥʮʝʥʪʨʘʮʽʷ Mn, V, Pb ʚ ʦʨʛʘʥʘʭ Savlia nutans, ʟʨʦʩʪʘʶʯʠʭ ʥʘ 

ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʧʨʠʙʝʨʝʞʥʠʭ ʩʭʠʣʽʚ ʂʣ ʚ ʧʝʨʽʦʜ ʮʚʽʪʽʥʥʷ (ʪʨʘʚʝʥʴ 2015 ʨ.) 

 

 

ʈʠʩ. 5. ʂʦʥʮʝʥʪʨʘʮʽʷ Cd ʚ ʦʨʛʘʥʘʭ Savlia nutans, ʟʨʦʩʪʘʶʯʠʭ ʥʘ ʨʽʟʥʠʭ 

ʜʽʣʷʥʢʘʭ ʧʨʠʙʝʨʝʞʥʠʭ ʩʭʠʣʽʚ ʂʣ ʚ ʧʝʨʽʦʜ ʮʚʽʪʽʥʥʷ (ʪʨʘʚʝʥʴ 2015 ʨ.) 

 

ɿʛʽʜʥʦ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʝʪʘʣʽʚ ʫ ʥʘʜʟʝʤʥʽʡ ʪʘ 

ʢʦʨʝʥʝʚʽʡ ʯʘʩʪʠʥʘʭ Savlia nutans ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʨʷʜʫ:  

Al>Zn>Mn>V>Pb>Cu>Cr>Fe>Cd; 

ʫ ̌ʨʫʥʪʽ (ʪʘʙʣ.1) ï ʫ ʨʷʜʫ: Fe>Zn>V>Al>Cu>Mn>Pb>Cr>Cd. 

ɿʘ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʝʣʝʤʝʥʪʽʚ ʫ ʨʷʜʘʭ ʢʦʥʩʝʨʚʘʪʠʚʥʠʤʠ ʻ Zn  ̔Cd. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʦʮʽʥʢʠ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʨ̌ʫʥʪʽʚ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ 

ʥʘ ʧʨʦʙʥʠʭ ʜʽʣʷʥʢʘʭ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʾʭʥʴʦʾ ʤʽʛʨʘʮʽʾ ʟ ˇʨʫʥʪʫ ʚ Savlia nutans 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 1.  

ʅʘʢʦʧʠʯʝʥʥʷ ʜʦʩʣʽʜʞʝʥʠʭ ʤʝʪʘʣʽʚ (ʟʘ ʚʠʥʷʪʢʦʤ ʢʘʜʤʽʶ) ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ 

ʛʦʨʠʟʦʥʪʽ ʨ̌ʫʥʪʫ ʥʘ ʧʨʦʙʥʠʭ ʜʽʣʷʥʢʘʭ ʧʨʠʙʝʨʝʞʥʠʭ ʩʭʠʣʽʚ ʂʣ ʚʽʜʥʦʩʥʦ ʢʣʘʨʢʽʚ 

ʣʽʪʦʩʬʝʨʠ (ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʢʘʜʤʽʶ) ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. 
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ʈʦʟʨʘʭʫʥʢʠ ʂɹʇ ʩʚʽʜʯʘʪʴ, ʱʦ ʦʨʛʘʥʠ Savlia nutans ʤʘʶʪʴ ʨʽʟʥʫ ʟʘʭʠʩʥʫ 

ʚʣʘʩʪʠʚʽʩʪʴ ʱʦʜʦ ʧʦʛʣʠʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʦʛʦ ʨʷʜʫ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ (ʪʘʙʣ. 1).  

 

ʊʘʙʣʠʮʷ 1 

ɺʤʽʩʪ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʟʨʘʟʢʘʭ ʨ̌ʫʥʪʫ ʪʘ Shavlia nutans ʥʘ ʧʨʦʙʥʠʭ 

ʧʣʦʱʘʜʢʘʭ (ʤʛ/ʢʛ) ʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʭʥʦʛʝʥʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʂʂ) ʪʘ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ (ʂɹʇ) (ʟʘ ʫʩʝʨʝʜʥʝʥʠʤʠ ʥʘ ʧʨʦʙʥʠʭ ʜʽʣʷʥʢʘʭ 

ʜʘʥʠʤʠ) 

ʇʦʢʘʟʥʠʢʠ Al  Cu Zn Fe Mn Cr Pb Cd V 

ʉʝʨʝʜʥʽʡ 

ʚʤʽʩʪ ʫ 

ʨʦʩʣʠʥʽ 

175,13 1,34 97,52 0,62 18,08 0,93 4,15 0,04 11,06 

ʉʝʨʝʜʥʽʡ 

ʚʤʽʩʪ ʫ ʨ̌ʫʥʪʽ 

43,79 5,50 50,78 3014,95 5,68 1,57 2,38 0,22 48,33 

ʌʦʥ (ʢʣʘʨʢ 

ʣʽʪʦʩʬʝʨʠ [6] 

80500 47 83 46500 1000 83 16 0,13 90 

ʂʂʩʨ. 0,0005 0,12 0,61 0,064 0,006 0,02 0,15 1,69 0,54 

ʂɹʇ 3,99 0,24 1,92 0,0002 3,18 0,61 1,74 0,18 0,23 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʂɹʇ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ Savlia nutans ʻ 

ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ Al, Zn, Mn, Pb. 

ɼʘʥʽ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʟʚʦʨʦʪʥʴʦʛʦ ʟʚôʷʟʢʫ 

ʤʽʞ ʚʤʽʩʪʦʤ Cd (r= -0,93) ʽ Pb (r= -0,48) ʚ ʢʦʨʝʥʝʚʽʡ ʩʠʩʪʝʤʽ Savlia nutans ʽ 

ʨ̌ʫʥʪʽ. ɼʣʷ ʽʥʰʠʭ ʜʦʩʣʽʜʞʝʥʠʭ ʤʝʪʘʣʽʚ ʟʚ'ʷʟʦʢ ʧʨʷʤʠʡ ʨʽʟʥʦʾ ʩʠʣʠ: ʜʣʷ Cr, Mn, 

Cu ʽ Fe ï ʩʠʣʴʥʠʡ (r = 0,98 ʽ r = 0,77), V ʽ Al (r = 0,51 ʽ r = 0,38) ï ʩʝʨʝʜʥʴʦʾ ʽ 

ʧʦʤʽʨʥʦʾ ʩʠʣʠ ʚʽʜʧʦʚʽʜʥʦ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʤʽʩʪ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʨ̌ʫʥʪʽ, ʟʘ ʷʢʦʛʦ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʦʟʥʘʢʠ ʬʽʪʦʪʦʢʩʠʯʥʦʩʪʽ ʧʝʨʝʚʠʱʫʶʪʴ ʾʭ ɻɼʂ (ʆɼʂ). ʊʘʢ 

ʟʛʽʜʥʦ [7] ʬʽʪʦʪʦʢʩʠʯʥʽ ʚʘʣʦʚʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Cd ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 3-8 ʤʛ/ʢʛ 

(ɻɼʂ 3 ʤʛ/ʢʛ, ʆɼʂ 2-10 ʤʛ/ʢʛ), Pb ï ʚ ʜʽʘʧʘʟʦʥʽ 100-200 ʤʛ/ʢʛ (ɻɼʂ 32, ʆɼʂ 32-

130 ʤʛ/ʢʛ), Cr ï ʚ ʜʽʘʧʘʟʦʥʽ 75-100 ʤʛ/ʢʛ, Zn ï ʚ ʜʽʘʧʘʟʦʥʽ 200-400 ʤʛ/ʢʛ (ɻɼʂ 

100 ʤʛ/ʢʛ), Mn ï ʚ ʜʽʘʧʘʟʦʥʽ 1500-3000 ʤʛ/ʢʛ. ʅʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ 

ʢʨʠʪʠʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʽ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨ̌ʫʥʪʫ, ʜʦʩʪʫʧʥʦʩʪʽ ʽ ʤʦʙʽʣʴʥʦʩʪʽ ʤʝʪʘʣʽʚ ʚ ʨ̌ʫʥʪʽ, ʚʠʜʫ ʨʦʩʣʠʥ. 
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ʊʦʤʫ ʤʝʞʽ ʬʽʪʦʪʦʢʩʠʯʥʦʩʪʽ ʨʦʩʣʠʥ, ʱʦ ʚʢʘʟʘʥʽ ʨʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ ʯʘʩʪʦ ʥʝ 

ʩʧʽʚʧʘʜʘʶʪʴ. 

 

ɺʠʩʥʦʚʢʠ./Conclusions. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨ̌ʫʥʪ ʥʘ ʧʨʦʙʥʠʭ ʜʽʣʷʥʢʘʭ ʧʨʠʙʝʨʝʞʥʠʭ ʩʭʠʣʽʚ ʂʣ 

ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ Fe, Zn, V, Al . 

ʅʘʡʚʠʱʽ ʟʥʘʯʝʥʥʷ ʂɹʇ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ Al, ʘ ʥʘʡʥʠʞʯʽ ï ʜʣʷ Fe. 

ɿʘʛʘʣʦʤ ʥʘʢʦʧʠʯʝʥʥʷ ʽ ʨʦʟʧʦʜʽʣ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʧʦ ʦʨʛʘʥʘʤ ʨʦʩʣʠʥ Savlia 

nutans ʤʘʻ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʭʘʨʘʢʪʝʨ. ɺʩʽ ʤʝʪʘʣʠ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʫ 

ʩʫʮʚʽʪʪʽ ʽ ʣʠʩʪʢʘʭ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʢʦʨʝʣʷʮʽʡʥʽ ʟʚôʷʟʢʠ ʨʽʟʥʦʛʦ ʥʘʧʨʷʤʫ ʽ ʩʠʣʠ ʤʽʞ ʚʤʽʩʪʦʤ 

ʤʝʪʘʣʽʚ ʚ ʢʦʨʝʥʝʚʽʡ ʩʠʩʪʝʤʽ Savlia nutans ̔  ʚ ʨ̌ʫʥʪʘʭ ʥʘ ʜʽʣʷʥʢʘʭ ʾʭʥʴʦʛʦ 

ʟʨʦʩʪʘʥʥʷ. 

ɺʤʽʩʪ ʫʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʤʝʪʘʣʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ ʪʦʢʩʠʯʥʽ ʜʣʷ ʨʦʩʣʠʥ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʽ ʨʝʩʫʨʩʠ ʨʦʩʣʠʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʷʢʦʩʪʽ ʣʽʢʘʨʩʴʢʦʾ 

ʩʠʨʦʚʠʥʠ. 
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Introduction:  Central nervous system (CNS) disorders, such as ischemic 

atherothrombotic stroke(IATS), itôs one of the most common causes of death, or 

often lead to long-term disability. IATS is a heterogeneous disorder, which is the 

result of the interaction between numerous environmental and genetic factors. Long 

non-coding RNA (lncRNA) is a class of non-coding RNA with a transcription length 

over 200 nt, which take place in physiological and pathological processes through 

epigenetic, transcription, and post-transcriptional regulation. Further, dsregulated 

lncRNA is closely related to the occurrence and development of human diseases, 

including CNS disorders. Recent studies shown that One of the most studied 

representatives of lncRNA HOX Transcript antisense RNA (HOTAIR) plays an 

important role in the development of IATS. It is closely associated with inflammatory 

response, cell apoptosis, oxidative stress, and autophagy. It is known, that above 

processes are predictors atherosclerosis, which eventually leads to IATS. 

The aim: research the role of the rs-920778 polymorphic variant of the 

HOTAIR gene in development of ɯATS among smokers and non-smokers. 

Materials and methods: Venous blood of 200 patients with IATS, the control 

group consisted of 234 patients, without any acute cardiovascular pathology. Average 

age of patients in the research group is 66.72 Ñ 10.1 years, and among patients in the 

control group, it is 66.0 Ñ 14.53 years. Genotyping was made by the polymerase 
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chain reaction method in real time (Real-Time PCR). Mathematical analysis of the 

work results was performed using the SPSS software package (version 17.0, IBM, 

USA). The significance of differences was determined using the ɢ
2
-test. The value of 

P<0.05 in the results of all tests was considered statistically significant. 

Results and discussion: It was established that the ratio of homozygotes for 

the major allele, heterozygotes and homozygotes for the minor allele of the rs-920778 

polymorphism of the HOTAIR gene in patients without a smoking habit is 31.4%, 

44.35, 24.3%, and in the control group 32.9%, 54.3%, 12.7% respectively (P=0.025). 

Among persons-smokers with IATI, the distribution of genotypes T/T, T/C, C/C 

according to the above polymorphism is 35.0%, 51.7%, 13.3%; and in the control 

group 32.8%, 39.3%, 27.9%, respectively (ʈ=0.126). Among smokers, after applying 

regression analysis without corrections, a statistically significant relationship in the 

recessive model of inheritance was obtained (ORobs=0.398; 95% CI = 0.157 ï 1.011; 

Pobs=0.053). However, after adjusting for age, sex, BMI and diabetes, this relationship 

was lost (ORadj=0.415; 95% CI = 0.155 ï 1.109; Padj=0.079). Association analysis in 

the non-smoking group both before and after adjustment for IATS risk factors 

showed statistically significant results in the recessive model, thus before adjustment 

(ORobs=2.202; 95% CI = 1.209 ï 3.976; Pobs=0.009), after adjustments for risk factors 

(ORadj=2.100; 95% CI = 1.139 ï 3.874; Padj=0.017). 

Conclusions: There is no association between the rs-920778 polymorphism of 

the HOTAIR gene with the development of ischemic atherothrombotic stroke 

depending on the smoking habit, but carriers of minor homozygotes genotype can be 

considered more prone to the development of IATS. 

Keywords: single nucleotide polymorphism, HOTAIR gene, ischemic 

atherothrombotic stroke, long non-coding RNA, polymerase chain reaction. 
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Introductions. In the structure of the formation of stable stereotypes of a 

healthy lifestyle for children, adolescents and youths one of the most important places 

is occupied by questions of psychohygienic content, in the center of which are 

problems related to the study and objective assessment of the psychophysiological 

functions of the organism, personal traits and mental health, as well as the features of 

its dynamic changes due to the impact on the body of natural, educational and social 

factors and the development, on the basis of these studies, of preventive measures 

aimed at actively influencing the human body and its environment in order to create 

the most favorable conditions for preservation and strengthening of mental and 

somatic health [1-9]. 

Aim. The aim of the work is s to identify features of processes of preserving 

and strengthening the health of children, adolescents and youths as a factor in the 

formation of stable stereotypes of a healthy lifestyle. 

 Materials and methods. Scientific research was conducted among students of 

National Pirogov Memorial Medical University using hygienic, psychophysiological, 

psychodiagnostic, medico-sociological and statistical research methods. 
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Results and discussion. Mental hygiene in general and mental hygiene of 

children, adolescents and youths in particular define as priority two leading directions 

for the implementation of their tasks: the first tasks is associated with the 

implementation of hygienic prenosological diagnostics, which is centered on 

establishing the presence of various premorbid changes in the state of health in the 

context of a causal relationship between an individual and environment, the second 

tasks involves the direct implementation of the primary prevention of various 

prenosological disorders in order to increase the mental and somatic stability of the 

organism, as well as harmonize the relationship between the individual and society. 

Given the above, in the course of the research, the concept of psychohygienic 

impact was developed and scientifically substantiated on the processes of maintaining 

and strengthening the health of children, adolescents and youths, and on the processes 

of forming stable stereotypes of their healthy lifestyle, the leading components of 

which are: the development of a preventive-conditioned methodology for studying 

mental health (methodological component), determining the characteristics of the 

psychophysiological state of the organism and personal traits of children, adolescents 

and youths (diagnostic component), substantiating preventive technologies aimed at 

maintaining general somatic health by strengthening its neuropsychic component 

through the use of various psychohygienic measures (preventive component), as well 

as the use a systematic approach to conducting a prognostic assessment of the state of 

mental health (prognostic component). 

Conclusions. In the course of the conducted research is to identify main 

features of processes of preserving and strengthening the health of children, 

adolescents and youths as a factor in the formation of stable stereotypes of a healthy 

lifestyle. 
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Introductions. Considering the structural features of the personality traits of 

young women and young men, which determine the degree of academic success, 

professional preparation and social capacity of student youth and, therefore, set as the 

level of functional readiness of the organism to carry out intense mental activity in 

the conditions of medical higher education for the successful mastery of 

educationally significant theoretical knowledge and practical skills that require the 

creation of psychological comfort, one cannot, first of all, pay attention to the leading 

properties of temperament, primarily indicators of extraversion [1-9]. 

Aim. The aim of the work is a hygienic assessment of the peculiarities of shifts 

in the dynamics of on-line and off-line training in a medical institution of higher 

education from the point of view of criterion indicators of extraversion. 

Materials and methods. Scientific research was conducted on the basis of 

National Pirogov Memorial Medical University among students whose educational 

activities were conducted in remote (on-line) and auditorial (off-line) formats. In the 

course of research conducted with the purpose of determining the leading 

characteristics of temperament based on the use of the Eysenck personality 

questionnaire, based on the currently existing methodological point of view and from 

educational and professional positions, an in-depth assessment of the degree of 
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expression of such components as the level of extraversion was carried out ï 

introversion or extraversion of the personality and the level of emotional stability ï 

emotional instability of the personality. 

Results and discussion. In the course of research, the focus of which was the 

implementation of a hygienic assessment of the peculiarities of shifts in the dynamics 

of training in medical higher education institutions from the point of view of criterion 

indicators of extraversion, which indicate either a high level of mobility of nervous 

processes, sociability, impulsivity, flexibility of behavior and initiative (pole of 

extraversion), or inertia of nervous processes, isolation, shyness, tendency to 

introspection (pole of introversion), it should be noted that under the conditions of the 

remote (on-line) format of the organization of the educational process, their values 

among young women slightly increased from 12.93Ñ0.76 to 13.20 Ñ0.71 points 

(p>0.05), among young men, on the contrary, slightly decreased ï from 12.80Ñ0.77 

to 12.30Ñ0.76 points (p>0.05). At the same time, under the conditions of the 

auditorial (off-line) format of the organization of the educational process, which is 

quite traditional for higher education institutions of a similar profile, unidirectional 

changes were registered ï the values of the level of extraversion decreased in 

representatives of both gender groups: among young women from 13.73Ñ0.61 to 

13.16Ñ0.74 points (p>0.05), among young men ï from 13.90Ñ0.63 to 12.40Ñ0.77 

points (p>0.05). There were no statistically significant differences in the studied 

indicators, typical for representatives of different comparison groups, both in young 

women and in young men, both at the beginning and at the end of the school year 

(ʨ>0.05). 

The regularities of the changes that were described fully confirmed the results 

of the structural analysis of the distribution of the indicators of the degree of 

expression of the temperament characteristic. First of all, it should be noted that the 

obtained data testified to a fairly stable nature of changes in extraversion indicators, 

typical for representatives of the comparison groups. Thus, in the structure of 

indicators reflecting the level of extraversion, both among young women and among 

young men who were in the conditions of the remote (on-line) format of the 
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organization of the educational process during the observation period, the specific 

weight of the indicators testifying to the state of ambiversion was predominant, the 

values of which were, respectively 33.3% and also 33.3% at its beginning and 36.6% 

and 30.0% at its end. This was followed by young women first having a share of 

indicators that should be interpreted as potential extraversion (respectively 23.3% and 

33.6%) and, later, a share of indicators that should be noted as potential introversion 

(respectively 23.0% and 16.4%), on the contrary, young men initially had a share of 

indicators that should be interpreted as potential introversion (respectively 23.3% and 

36.7%) and, later, a share of indicators that should be noted as potential extraversion 

(respectively 20.0 % and 26.7%). 

An extremely similar picture was observed during the analysis of the structural 

features of the distribution of the investigated indicators in the auditorial (off-line) 

format. As in the previous case, the specific weight of indicators testifying to the state 

of ambiversion was the largest, the values of which were 40.0% and 46.3% at the 

beginning and 40.0% and 40.0% at the end, respectively. This was followed by young 

women first having a share of indicators that should be interpreted as potential 

extraversion (respectively 30.0% and 26.4%) and, later, a share of indicators that 

should be noted as potential introversion (respectively 20.0% and 13.0%), a 

completely similar picture was observed in young men ï first followed by the share 

of indicators that should be interpreted as potential extraversion (23.3% and 29.0% 

respectively) and, later, by the share of indicators that should be noted as potential 

introversion (respectively 16.7% and 20.0%). Considering the peculiarities of the 

spread of expressed and extremely expressed variants regarding the degree of spread 

of the property of temperamental manifestations of the personality that was subject to 

study, it was necessary to note that the specific weight of the indicators that marked 

both deep and expressed extraversion and deep and expressed introversion was 

insignificant and ranged from complete absence up to 10.0%. 

Conclusions. In the course of the conducted research, a hygienic assessment of 

the peculiarities of shifts in the dynamics of on-line and off-line learning at a medical 
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institution of higher education was carried out from the point of view of criterion 

indicators of extraversion. 
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ʈɽɿʋʃʔʊɸʊʀ ʃɯʂʋɺɸʅʅʗ ɻɯʇɽʈʇʃɸɿɯɰ ɽʅɼʆʄɽʊʈɯʖ ʅɸ ʌʆʅɯ 

ʍʈʆʅɯʏʅʆɻʆ ɽʅɼʆʄɽʊʈʀʊʋ 

 

ɸʙʜʫʣʣʘʻʚ ɺʘʛʽʬ ɽʪʽʙʘʨ ʦʛʣʠ 

ɸʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ʘʢʫʰʝʨʩʪʚʘ ʽ ʛʽʥʝʢʦʣʦʛʽʾ ˉ2 

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʝʜʠʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʄ. ɯ. ʇʠʨʦʛʦʚʘ 

 

ɺʩʪʫʧ. ʃʽʢʫʚʘʥʥʷ ʛʽʧʝʨʧʨʦʣʽʬʝʨʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʝʥʜʦʤʝʪʨʽʶ 

ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʩʫʯʘʩʥʦʾ ʛʽʥʝʢʦʣʦʛʽʾ. ʅʘ 

ʩʴʦʛʦʜʥʽ, ʥʝ ʽʩʥʫʻ ʻʜʠʥʦʛʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʪʝʨʘʧʽʾ 

ʛʽʧʝʨʧʨʦʣʽʬʝʨʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʝʥʜʦʤʝʪʨʽʶ, ʘ ʭʽʨʫʨʛʽʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ 

ʛʽʩʪʝʨʝʢʪʦʤʽʷ, ʟʘʣʠʰʘʻʪʴʩʷ ʦʩʥʦʚʥʠʤ ʣʽʢʫʚʘʣʴʥʠʤ ʧʽʜʭʦʜʦʤ. ʈʘʜʠʢʘʣʴʥʠʡ 

ʭʽʨʫʨʛʽʯʥʠʡ ʧʽʜʭʽʜ ʱʦʨʽʯʥʦ ʚʠʤʘʛʘʻ ʧʨʦʚʝʜʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʪʨʘʚʤʘʪʠʯʥʠʭ 

ʦʧʝʨʘʪʠʚʥʠʭ ʚʪʨʫʯʘʥʴ, ʩʪʚʦʨʶʶʯʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʩʫʯʘʩʥʠʤ ʥʘʧʨʷʤʢʦʤ ʝʪʽʦʧʘʪʦʛʝʥʝʟʫ ʛʽʧʝʨʧʨʦʣʽʬʝʨʘʪʠʚʥʠʭ 

ʧʨʦʮʝʩʽʚ ʝʥʜʦʤʝʪʨʽʶ ʻ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ ʟʘʧʘʣʴʥʦʛʦ ʘʛʝʥʪʫ. ɸ ʰʠʨʦʢʝ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʤʫʥʦʛʽʩʦʭʽʤʽʯʥʦʛʦ ʤʝʪʦʜʫ ʜʽʘʛʥʦʩʪʠʢʠ ʭʨʦʥʽʯʥʦʛʦ 

ʝʥʜʦʤʝʪʨʠʪʫ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʧʝʨʩʧʝʢʪʠʚʠ ʫ ʜʽʘʛʥʦʩʪʠʮʽ ʪʘ ʨʦʟʨʦʙʮʽ ʣʽʢʫʚʘʥʥʷ 

ʛʽʧʝʨʧʨʦʣʽʬʝʨʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʝʥʜʦʤʝʪʨʽʶ ʘʩʦʮʽʡʦʚʘʥʠʭ ʟ ʭʨʦʥʽʯʥʠʤ 

ʝʥʜʦʤʝʪʨʠʪʦʤ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɺʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ ʭʨʦʥʽʯʥʦʛʦ ʝʥʜʦʤʝʪʨʠʪʫ ʫ ʨʦʟʚʠʪʢʫ 

ʛʽʧʝʨʧʨʦʣʽʬʝʨʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʝʥʜʦʤʝʪʨʽʶ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʭʝʤ ʪʝʨʘʧʽʾ 

ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʪʠʟʘʧʘʣʴʥʠʭ ʧʨʝʧʘʨʘʪʽʚ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʋ ʟʚ'ʷʟʢʫ ʟ ʧʦʩʪʘʚʣʝʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʘʤʠ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 101 ʧʘʮʽʻʥʪʢʠ, ʟ ʷʢʠʭ ʫʩʽ ʞʽʥʢʠ ʤʘʣʠ ʚʝʨʽʬʽʢʦʚʘʥʽ 

ʜʽʘʛʥʦʟʠ ʛʽʧʝʨʧʣʘʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʝʥʜʦʤʝʪʨʽʶ, ʘ 51 ʧʘʮʽʻʥʪʮʽ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ 

ʤʦʨʬʦʣʦʛʽʯʥʦ ʚʝʨʽʬʽʢʦʚʘʥʽ ʛʽʧʝʨʧʣʘʩʪʠʯʥʽ ʧʨʦʮʝʩʠ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʭʨʦʥʽʯʥʠʤ 

ʝʥʜʦʤʝʪʨʠʪʦʤ. ʂʦʥʪʨʦʣʴʥʘ ʛʨʫʧʘ - 20 ʞʽʥʦʢ ʙʝʟ ʦʟʥʘʢ ʛʽʧʝʨʧʣʘʩʪʠʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʪʘ ʭʨʦʥʽʯʥʦʛʦ ʝʥʜʦʤʝʪʨʠʪʫ. 
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ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʏʝʨʝʟ 24 ʤʽʩʷʮʽ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʛʽʩʪʝʨʦʨʝʟʝʢʪʦʩʢʦʧʽʾ ʫ 40,5% ʧʘʮʽʻʥʪʦʢ ʟ ʛʽʧʝʨʧʨʦʣʽʬʝʨʘʪʠʚʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ʝʥʜʦʤʝʪʨʽʶ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʨʝʮʠʜʠʚʠ, ʚ ʪʦʡ ʯʘʩ ʫ ʛʨʫʧʽ ʧʘʮʽʻʥʪʦʢ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʝʩʪʝʨʦʾʜʥʠʭ ʧʨʦʪʠʟʘʧʘʣʴʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʨʽʚʝʥʴ ʨʝʮʠʜʠʚʫʚʘʥʥʷ 

ʩʢʣʘʚ 20,1%. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʜʘʪʢʦʚʠʭ ʢʣʽʥʽʯʥʠʭ ʪʘ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʜʦʚʝʣʠ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʣʽʢʫʚʘʥʥʷ ʧʦʚô̫ ʟʘʥʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʤʝʪʦʜʠʢʠ ʪʘ ʥʝ ʻ ʚʠʧʘʜʢʦʚʽʩʪʶ. 

ɺʠʩʥʦʚʢʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦ ʧʨʠʡʪʠ ʜʦ 

ʚʠʩʥʦʚʢʫ, ʱʦ ʭʨʦʥʽʯʥʠʡ ʝʥʜʦʤʝʪʨʠʪ ʚʽʜʽʛʨʘʻ ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʚʠʥʠʢʥʝʥʥʽ ʪʘ 

ʨʝʮʠʜʠʚʫʚʘʥʥʽ ʛʽʧʝʨʧʨʦʣʽʬʝʨʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʝʥʜʦʤʝʪʨʽʶ, ʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʝʩʪʝʨʦʾʜʥʠʭ ʧʨʦʪʠʟʘʧʘʣʴʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʻ ʤʦʞʣʠʚʠʤ ʤʝʪʦʜʦʤ ʪʝʨʘʧʽʾ 

ʭʨʦʥʽʯʥʦʛʦ ʝʥʜʦʤʝʪʨʠʪʫ ʪʘ ʧʨʦʬʽʣʘʢʪʠʢʠ ʨʝʮʠʜʠʚʫʚʘʥʥʷ ʛʽʝʨʧʨʦʣʽʬʝʨʘʪʠʚʥʠʭ 

ʧʨʦʮʝʩʽʚ ʝʥʜʦʤʝʪʨʽʶ. 
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ʈʆʃʔ ʋʃʔʊʈɸɿɺʋʂʆɺʆʁ ɼʀɸɻʅʆʉʊʀʂʀ ɺ ʇʆʉʊɸʅʆɺʂɽ 

ɼʀɸɻʅʆɿɸ ʇʆʗʉʅʀʏʅʆʁ ʈɸɼʀʂʋʃʆʇɸʊʀʀ 

 

ɸʢʠʣʦʚʘ ʀʧʘʨʭʘʥ ɻʘʣʠʧʦʚʥʘ 

ʉʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʩʦʠʩʢʘʪʝʣʴ 

ʎʝʥʪʨ ʨʘʟʚʠʪʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʤʝʜʠʮʠʥʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ 

 

ɺʩʪʫʧʣʝʥʠʝ: ɹʦʣʠ ʚ ʩʧʠʥʝ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ 

ʯʘʩʪʳʭ ʧʨʠʯʠʥ ʦʙʨʘʱʝʥʠʡ ʠ ʩʘʤʦʡ ʯʘʩʪʦʡ ʧʨʠʯʠʥʦʡ ʚʨʝʤʝʥʥʦʡ ʠʣʠ 

ʧʦʩʪʦʷʥʥʦʡ ʥʝʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ. ɺ ʩʪʨʫʢʪʫʨʝ ʙʦʣʝʡ ʚ ʩʧʠʥʝ ʦʩʦʙʝʥʥʦ 

ʚʳʜʝʣʷʶʪʩʷ ʙʦʣʠ ʚ ʧʦʷʩʥʠʯʥʦʤ ʦʪʜʝʣʝ ʧʦʟʚʦʥʦʯʥʠʢʘ. ʇʦʷʩʥʠʯʥʘʷ 

ʨʘʜʠʢʫʣʦʧʘʪʠʷ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʘʪʦʣʦʛʠʯʝʩʢʠʤ 

ʩʦʩʪʦʷʥʠʝʤ, ʢʦʪʦʨʦʝ ʚʦʟʥʠʢʘʝʪ ʧʨʠʤʝʨʥʦ ʫ 3ï5% ʣʠʮ ʚ ʧʦʧʫʣʷʮʠʠ. 

ɿʘʙʦʣʝʚʘʝʤʦʩʪʴ ʤʫʞʯʠʥ ʠ ʞʝʥʱʠʥ ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ, ʦʜʥʘʢʦ ʝʝ ʧʠʢ ʫ ʤʫʞʯʠʥ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʦʟʨʘʩʪ ʦʪ 40 ʜʦ 50 ʣʝʪ, ʘ ʫ ʞʝʥʱʠʥ ï ʦʪ 50 ʜʦ 60 ʣʝʪ. ʈʠʩʢ 

ʨʘʟʚʠʪʠʷ ʚʝʨʪʝʙʨʦʛʝʥʥʦʡ ʨʘʜʠʢʫʣʦʧʘʪʠʠ ʧʦʚʳʰʝʥ ʫ ʣʠʮ, ʟʘʥʠʤʘʶʱʠʭʩʷ 

ʪʷʞʝʣʳʤ ʬʠʟʠʯʝʩʢʠʤ ʪʨʫʜʦʤ, ʢʫʨʷʱʠʭ, ʠʤʝʶʱʠʭ ʦʪʷʛʦʱʝʥʥʳʡ ʩʝʤʝʡʥʳʡ 

ʘʥʘʤʥʝʟ. ɿʘʙʦʣʝʚʘʥʠʝ ʚʝʜʝʪ ʢ ʚʨʝʤʝʥʥʦʡ ʠʣʠ ʩʪʦʡʢʦʡ ʧʦʪʝʨʝ ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ, 

ʠʥʚʘʣʠʜʠʟʘʮʠʠ, ʦʛʨʘʥʠʯʝʥʠʷʤ ʚ ʩʦʮʠʘʣʴʥʦ-ʙʳʪʦʚʦʡ ʩʬʝʨʝ ʠ ʚ ʠʪʦʛʝ ʚʳʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ. ʈʝʟʫʣʴʪʘʪʳ ʢʣʠʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʝʜʦʚʘʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʦʢʘʣʠʟʘʮʠʠ ʠ 

ʚʳʨʘʞʝʥʥʦʩʪʠ ʧʦʨʘʞʝʥʠʡ ʩʪʨʫʢʪʫʨ ʧʦʷʩʥʠʯʥʦʛʦ ʦʪʜʝʣʘ. ʈʝʥʪʛʝʥʦʣʦʛʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʜʦʩʪʘʪʦʯʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʤʷʛʢʠʭ ʪʢʘʥʝʡ: ʤʳʰʮ, ʩʚʷʟʦʢ, ʩʫʭʦʞʠʣʠʡ, ʩʦʩʫʜʦʚ ʠ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʥʝʨʚʦʚ, ʘ ʪʘʢʞʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʫʚʝʨʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʚʝʥʴ 

ʧʦʨʘʞʝʥʠʷ ʥʝʨʚʘ, ʧʦʩʢʦʣʴʢʫ ʜʝʛʝʥʝʨʘʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʝʨʪʝʙʨʘʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨ ʧʨʠʩʫʪʩʪʚʫʶʪ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʣʠʮ ʩʨʝʜʥʝʛʦ ʠ ʧʦʞʠʣʦʛʦ ʚʦʟʨʘʩʪʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʠʥʬʦʨʤʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʤʘʛʥʠʪʥʦʨʝʟʦʥʘʥʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠ 

ʦʛʨʘʥʠʯʝʥʦ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʥʝʨʝʜʢʦ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʩʪʴʶ, ʘ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ï ʥʘʣʠʯʠʝʤ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʚ ʦʨʛʘʥʠʟʤʝ ʧʘʮʠʝʥʪʘ. 
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ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʧʨʠʯʠʥ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʣʦʢʘʣʠʟʘʮʠʠ 

ʢʦʨʝʰʢʦʚʦʛʦ ʩʠʥʜʨʦʤʘ, ʚʳʙʦʨʝ ʪʘʢʪʠʢʠ ʣʝʯʝʥʠʷ ʠ ʢʦʥʪʨʦʣʝ ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ 

ʷʚʣʷʝʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʚʳʩʦʢʦʡ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴʶ, ʜʦʩʪʫʧʥʦʩʪʴʶ, ʦʪʩʫʪʩʪʚʠʝʤ ʣʫʯʝʚʦʡ ʥʘʛʨʫʟʢʠ, 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʤʥʦʛʦʢʨʘʪʥʦʛʦ 

ʧʨʦʚʝʜʝʥʠʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʚ ʜʠʥʘʤʠʢʝ. ʆʜʥʘʢʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ 

ʦʪʩʫʪʩʪʚʫʝʪ ʫʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʷʩʥʠʯʥʦʛʦ ʦʪʜʝʣʘ ʧʦʟʚʦʥʦʯʥʠʢʘ, ʯʪʦ ʠ ʷʚʠʣʦʩʴ ʮʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ 

ʎʝʣʴ ʨʘʙʦʪʳ: ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʧʦʩʪʘʥʦʚʢʝ ʜʠʘʛʥʦʟʘ ʧʦʷʩʥʠʯʥʦʡ ʨʘʜʠʢʫʣʦʧʘʪʠʠ 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ 

ʙʘʟʝ ʯʘʩʪʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ñAlmazmed-Lineò. ɺ ʠʩʩʣʝʜʫʝʤʫʶ ʚʳʙʦʨʢʫ 

ʚʦʰʣʦ 25 ʟʜʦʨʦʚʳʭ ʯʝʣʦʚʝʢ (I ʛʨʫʧʧʘ) ï 11 ʤʫʞʯʠʥ ʠ 14 ʞʝʥʱʠʥ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 

21 ʜʦ 25 ʣʝʪ (23,3Ñ0,45) ʠ 30 ʧʘʮʠʝʥʪʦʚ ʩ ʧʦʷʩʥʠʯʥʦʡ ʨʘʜʠʢʫʣʦʧʘʪʠʝʡ (II  

ʛʨʫʧʧʘ) - 12 ʤʫʞʯʠʥ ʠ 18 ʞʝʥʱʠʥ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 51 ʜʦ 80 ʣʝʪ (62,4Ñ5,4). 

ʇʨʦʚʦʜʠʣʠ ʩʪʘʥʜʘʨʪʥʦʝ ʢʣʠʥʠʢʦʘʥʘʤʥʝʩʪʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ. ʇʘʮʠʝʥʪʘʤ 

ʦʙʦʠʭ ʛʨʫʧʧ ʧʨʦʚʦʜʠʣʦʩʴ ʋɿ-ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʥʦʯʥʦʛʦ ʩʪʦʣʙʘ ʚ ʧʦʷʩʥʠʯʥʦʤ 

ʦʪʜʝʣʝ, ʘ ʪʘʢʞʝ ʩʧʠʥʥʦʤʦʟʛʦʚʳʭ ʥʝʨʚʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʤʝʪʦʜʘ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʄʈʊ.  

ɼʣʷ ʋɿʀ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʢʘʥʝʨ Phillips Affinity  30 (ʉʐɸ) ʩ ʜʘʪʯʠʢʘʤʠ 

ʢʦʥʚʝʢʩʥʳʤ 2,0-6,0 ʄɻʮ ʠ ʣʠʥʝʡʥʳʤ 4,0-12,0 ʄɻʮ. ʋɿ-ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʳʧʦʣʥʷʣʠ ʚ ʜʚʫʭ ʧʣʦʩʢʦʩʪʷʭ ï ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ, ʜʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʘʜʥʠʡ ʠʥʪʝʣʘʤʠʥʘʨʥʳʡ ʜʦʩʪʫʧ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʧʦʣʥʷʣʘʩʴ 

ʩʝʨʠʷ ʩʢʘʥʦʚ ʩʧʨʘʚʘ ʠ ʩʣʝʚʘ ʦʪ ʦʩʪʠʩʪʳʭ ʦʪʨʦʩʪʢʦʚ ʚʩʝʭ 5 ʧʦʷʩʥʠʯʥʳʭ 

ʧʦʟʚʦʥʢʦʚ ʩ ʜʝʪʘʣʴʥʦʡ ʦʮʝʥʢʦʡ ʟʘʜʥʝʛʦ ʢʨʘʷ ʤʝʞʧʦʟʚʦʥʦʯʥʦʛʦ ʜʠʩʢʘ ʠ 

ʩʧʠʥʥʦʤʦʟʛʦʚʳʭ ʥʝʨʚʦʚ 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʋɿ ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʳʣʠ ʜʦʩʪʫʧʥʳ ʪʝʣʘ 5 

ʧʦʟʚʦʥʢʦʚ ʦʪ L1 ʜʦ L5. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʋɿ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ 

ʤʝʞʧʦʟʚʦʥʢʦʚʳʭ ʜʠʩʢʦʚ ʩ ʜʘʥʥʳʤʠ ʄʈʊ ʧʦʢʘʟʘʣʦ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʋɿʀ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʢʦʪʦʨʳʡ ʫ ʟʜʦʨʦʚʳʭ ʦʙʩʣʝʜʫʝʤʳʭ ʩʦʩʪʘʚʠʣ ʚ 
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ʩʨʝʜʥʝʤ 8,44Ñ0,48 ʤʤ ʠ ʜʦʩʪʦʚʝʨʥʦ ʥʝʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʣ ʦʪ ʫʨʦʚʥʷ L1 ʜʦ L5. 

ɹʳʣʘ ʠʟʫʯʝʥʘ ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʢʘʨʪʠʥʘ ʩʧʠʥʥʦʤʦʟʛʦʚʳʭ ʥʝʨʚʦʚ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʢʘʢ ʛʠʧʦʵʭʦʛʝʥʥʳʝ ʧʨʦʪʷʞʝʥʥʳʝ ʘʚʘʩʢʫʣʷʨʥʳʝ ʪʷʞʠ, ʚʳʭʦʜʷʱʠʝ 

ʠʟ ʧʦʟʚʦʥʦʯʥʦʛʦ ʩʪʚʦʣʘ. ʋɿ-ʜʠʘʛʥʦʩʪʠʢʘ ʧʨʝʜʦʩʪʘʚʠʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩ ʚʳʩʦʢʦʡ 

(100,0%) ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʚʳʷʚʠʪʴ ʣʠʩʪʝʟʳ ʧʦʷʩʥʠʯʥʳʭ ʧʦʟʚʦʥʢʦʚ ʠ ʦʮʝʥʠʪʴ 

ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʚʳʷʚʠʪʴ ʦʩʪʝʦʬʠʪʳ ʰʝʡʥʳʭ ʧʦʟʚʦʥʢʦʚ ʚ ʚʠʜʝ ʛʠʧʝʨʵʭʦʛʝʥʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʧʦ ʢʦʥʪʫʨʫ ʪʝʣʘ ʠʣʠ ʦʪʨʦʩʪʢʦʚ ʧʦʟʚʦʥʢʘ, ʢʦʪʦʨʳʝ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʚʝʨʠʬʠʮʠʨʦʚʘʥʳ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʣʫʯʝʚʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʇʨʠ ʋɿʀ ʫ 

ʧʘʮʠʝʥʪʦʚ II  ʛʨʫʧʧʳ ʩ ʜʝʛʝʥʝʨʘʪʠʚʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʦʧʨʝʜʝʣʷʣʠ ʠʟʤʝʥʝʥʠʝ 

ʋɿ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʞʧʦʟʚʦʥʢʦʚʳʭ ʜʠʩʢʦʚ: ʧʦʚʳʰʝʥʠʝ ʵʭʦʛʝʥʥʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʚʳʩʦʪʳ ʦʪ 8,44Ñ0,48 ʤʤ ʫ ʟʜʦʨʦʚʳʭ ʣʠʮ ʜʦ 

6,8Ñ0,54 ʤʤ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʜʝʛʝʥʝʨʘʪʠʚʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ (p<0,05).  

ʇʨʠ ʋɿʀ ʧʘʮʠʝʥʪʦʚ II  ʛʨʫʧʧʳ ʫ 23 (76,6%) ʧʘʮʠʝʥʪʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʧʨʦʪʨʫʟʠʠ ʠʣʠ ʛʨʳʞʠ ʢʘʢ ʚʳʧʷʯʠʚʘʥʠʷ ʧʫʣʴʧʦʟʥʦʛʦ ʷʜʨʘ ʟʘ ʧʨʝʜʝʣʳ ʢʦʥʪʫʨʘ 

ʤʝʞʧʦʟʚʦʥʢʦʚʦʛʦ ʜʠʩʢʘ ʨʘʟʤʝʨʦʤ ʦʪ 2,5 ʜʦ 7,5 ʤʤ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʧʨʦʪʨʫʟʠʠ ʠ ʛʨʳʞʠ ʧʦʩʨʝʜʩʪʚʦʤ ʋɿ ʦʮʝʥʢʠ ʮʝʣʦʩʪʥʦʩʪʠ 

ʬʠʙʨʦʟʥʦʛʦ ʢʦʣʴʮʘ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʋɿ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʠʥʥʦʤʦʟʛʦʚʳʭ ʥʝʨʚʦʚ ʫ ʧʘʮʠʝʥʪʦʚ II  ʛʨʫʧʧʳ ʪʘʢʞʝ 

ʧʦʢʘʟʘʣʦ ʚʳʩʦʢʫʶ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ʋɿɼ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʵʭʦʛʝʥʥʦʩʪʴ ʧʦʨʘʞʝʥʥʦʛʦ ʚʩʣʝʜʩʪʚʠʝ ʭʨʦʥʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʝʨʚʘ ʥʠʞʝ, ʯʝʤ ʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʝʨʚʘ ʥʘ ʢʦʥʪʨʘʣʘʪʝʨʘʣʴʥʦʡ ʩʪʦʨʦʥʝ. ʇʨʠ 

ʥʘʣʠʯʠʠ ʦʩʪʝʦʬʠʪʦʚ ʥʘʙʣʶʜʘʣʠ ʚʳʟʚʘʥʥʳʝ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʩʤʝʱʝʥʠʝ ʥʝʨʚʘ ʚ ʚʝʨʭʥʝ-ʜʦʨʩʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʝʛʦ ʜʝʬʦʨʤʘʮʠʶ, 

ʥʘʨʫʰʝʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʭʦʜʘ ʥʝʨʚʦʚ. 

 

ɺʳʚʦʜʳ. 1. ʋɿ-ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʷʩʥʠʯʥʦʛʦ ʦʪʜʝʣʘ ʧʦʟʚʦʥʦʯʥʦʛʦ ʩʪʦʣʙʘ, 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦ ʧʨʦʚʦʜʠʪʴ ʟʘʜʥʠʤ ʜʦʩʪʫʧʦʤ ʜʚʫʭ ʧʣʦʩʢʦʩʪʷʭ ï 

ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʜʣʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʝʨʪʝʙʨʘʣʴʥʳʭ ʠ 

ʤʷʛʢʦʪʢʘʥʥʳʭ ʩʪʨʫʢʪʫʨ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 
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ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʜʠʘʛʥʦʩʪʠʢʫ ʧʦʷʩʥʠʯʥʦʡ ʨʘʜʠʢʫʣʦʧʘʪʠʠ, 

ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

2. ʋ ʟʜʦʨʦʚʳʭ ʦʙʩʣʝʜʫʝʤʳʭ ʚʳʩʦʪʘ ʤʝʞʧʦʟʚʦʥʢʦʚʦʛʦ ʜʠʩʢʘ ʩʦʩʪʘʚʣʷʝʪ ʚ 

ʩʨʝʜʥʝʤ 8,44Ñ0,48 ʤʤ ʠ ʜʦʩʪʦʚʝʨʥʦ ʥʝʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʣ ʦʪ ʫʨʦʚʥʷ L1 ʜʦ L5. 

3. ʇʨʠ ʋɿʀ ʧʘʮʠʝʥʪʦʚ II ʛʨʫʧʧʳ ʫ 23 (76,6%) ʧʘʮʠʝʥʪʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʧʨʦʪʨʫʟʠʠ ʠʣʠ ʛʨʳʞʠ ʢʘʢ ʚʳʧʷʯʠʚʘʥʠʷ ʧʫʣʴʧʦʟʥʦʛʦ ʷʜʨʘ ʟʘ ʧʨʝʜʝʣʳ ʢʦʥʪʫʨʘ 

ʤʝʞʧʦʟʚʦʥʢʦʚʦʛʦ ʜʠʩʢʘ ʨʘʟʤʝʨʦʤ ʦʪ 2,5 ʜʦ 7,5 ʤʤ.  

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʠʥʥʦʤʦʟʛʦʚʳʭ ʥʝʨʚʦʚ ʫ ʧʘʮʠʝʥʪʦʚ II ʛʨʫʧʧʳ ʪʘʢʞʝ 

ʧʦʢʘʟʘʣʦ ʚʳʩʦʢʫʶ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ʋɿɼ.  

5. ɺʦʟʤʦʞʥʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʧʨʦʪʨʫʟʠʠ ʠ ʛʨʳʞʠ ʧʦʩʨʝʜʩʪʚʦʤ ʋɿ 

ʦʮʝʥʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʬʠʙʨʦʟʥʦʛʦ ʢʦʣʴʮʘ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʋɿ ʠ ʚ 

ʙʫʜʫʱʝʤ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʤʝʪʦʜ ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʨʝʛʠʦʥʘʭ ʙʝʟ ʄʈʊ ʠʣʠ ʫ 

ʙʝʨʝʤʝʥʥʳʭ. 
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ʉʊɸʅ ʉʋɼʀʅ ɻɽʄʆʄɯʂʈʆʎʀʈʂʋʃʗʊʆʈʅʆɻʆ ʈʋʉʃɸ ɺ ʆʈɻɸʅɸʍ 

ɯʄʋʅʅʆɻʆ ɿɸʍʀʉʊʋ ɺ ʋʄʆɺɸʍ ɼʆɺɻʆʊʈʀɺɸʃʆɻʆ ɺʇʃʀɺʋ 

ʆʇɯʆɰɼɯɺ 

 

ɺʘʣʴʢʦ ʆʣʝʩʷ ʆʣʝʢʩʽʾʚʥʘ 

ʢ.ʤʝʜ.ʥ., ʜʦʮʝʥʪ 

ʢʘʬʝʜʨʘ ʘʥʘʪʦʤʽʾ ʣʶʜʠʥʠ ʪʘ ʛʽʩʪʦʣʦʛʽʾ 

ʤʝʜʠʯʥʠʡ ʬʘʢʫʣʴʪʝʪ 

ɼɺʅɿ çʋʞʛʦʨʦʜʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 

ʤ. ʋʞʛʦʨʦʜ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʃʶʜʩʪʚʦ ʚʞʝ ʜʘʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʘʨʢʦʪʠʯʥʽ ʨʝʯʦʚʠʥʠ ʜʣʷ 

ʟʥʝʙʦʣʝʥʥʷ, ʘʣʝ ʚʦʥʠ, ʟʦʢʨʝʤʘ ʦʧʽʦʾʜʠ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʝ ʣʠʰʝ ʚ ʤʝʜʠʯʥʽʡ 

ʧʨʘʢʪʠʮʽ. ʄʘʶʯʠ ʚʠʨʘʞʝʥʠʡ ʝʬʝʢʪ ʩʪʘʥʫ ʝʡʬʦʨʽʾ, ʦʧʽʦʾʜʠ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ, ʘ ʩʘʤʝ ʥʘʨʢʦʟʘʣʝʞʥʠʤʠ, ʪʦʤʫ ʧʨʝʧʘʨʘʪʠ 

ʜʘʥʦʾ ʛʨʫʧʠ ʚʠʢʣʠʢʘʶʪʴ ʫ ʩʫʩʧʽʣʴʩʪʚʽ ʨʷʜ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʨʦʙʣʝʤ. 

ɿʦʢʨʝʤʘ ʧʨʝʧʘʨʘʪʠ ʩʠʥʪʝʪʠʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʪʘʢʽ ʷʢ ʥʘʣʙʫʬʽʥ, ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʫʧʠʥʝʥʥʷ ʭʨʦʥʽʯʥʦʛʦ ʙʦʣʶ ʫ ʧʘʮʽʻʥʪʽʚ, ʧʝʨʝʚʘʞʥʦ ʟ 

ʦʥʢʦʣʦʛʽʯʥʦʶ ʧʘʪʦʣʦʛʽʻʾ, ʦʩʢʽʣʴʢʠ ʾʭ ʝʬʝʢʪ ʙʽʣʴʰ ʚʠʨʘʞʝʥʠʡ ʧʨʠ 

ʜʦʚʛʦʪʨʠʚʘʣʦʤʫ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʽ. ʊʨʠʚʘʣʠʡ ʚʧʣʠʚ ʙʫʜʴ-ʷʢʠʭ ʧʨʝʧʘʨʘʪʽʚ, 

ʦʩʦʙʣʠʚʦ ʥʘʨʢʦʪʠʯʥʠʭ, ʟʦʙʦʚôʷʟʫʻ ʥʘʫʢʦʚʮʽʚ ʚʩʴʦʛʦ ʩʚʽʪʫ ʧʦʩʪʽʡʥʦ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʪʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʘʪʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʚ ʦʨʛʘʥʘʭ ʪʘ ʩʠʩʪʝʤʘʭ, ʷʢʽ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʧʽʦʾʜʽʚ ʷʢ ʟ ʣʽʢʫʚʘʣʴʥʦʶ ʤʝʪʦʶ, ʪʘʢ ʽ 

ʫ ʥʘʨʢʦʟʘʣʝʞʥʠʭ ʧʘʮʽʻʥʪʽʚ. 

ʊʠʤʫʩ, ʷʢ ʧʝʨʚʠʥʥʠʡ ʣʽʤʬʦʾʜʥʠʡ ʦʨʛʘʥ, ʦʜʥʽʻʶ ʟ ʬʫʥʢʮʽʡ ʷʢʦʛʦ ʻ 

ʜʦʟʨʽʚʘʥʥʷ ʊ-ʣʽʤʬʦʮʠʪʽʚ, ʘ ʣʽʤʬʘʪʠʯʥʽ ʚʫʟʣʠ, ʷʢ ʚʪʦʨʠʥʥʽ ʣʽʤʬʦʾʜʥʽ ʦʨʛʘʥʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʟʨʽʚʘʥʥʷ ɺ-ʣʽʤʬʦʮʽʪʽʚ ʨʘʟʦʤ ʬʦʨʤʫʶʪʴ ʣʘʥʢʠ ʢʣʽʪʠʥʥʦʛʦ ʪʘ 

ʛʫʤʦʨʘʣʴʥʦʛʦ ʽʤʫʥʽʪʝʪʫ, ʚʽʜ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʷʢʽʩʪʴ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʞʠʪʪʷ. ʊʦʤʫ ʻ 

ʜʦʮʽʣʴʥʠʤ ʽ ʘʢʪʫʘʣʴʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʦʧʽʦʾʜʽʚ ʥʘ ʮʽ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʽ 

ʣʽʤʬʦʾʜʥʽ ʦʨʛʘʥʠ. 
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ʎʽʣʴ ʨʦʙʦʪʠ. ɺʠʟʥʘʯʠʪʠ ʪʘ ʧʦʨʽʚʥʷʪʠ ʩʪʘʥ ʩʫʜʠʥ 

ʛʝʤʦʤʽʢʨʦʮʠʨʢʫʣʷʪʦʨʥʦʛʦ ʨʫʩʣʘ ʧʘʨʝʥʭʽʤʠ ʢʣʫʙʦʚʠʭ ʣʽʤʬʘʪʠʯʥʠʭ ʚʫʟʣʽʚ ʪʘ 

ʪʠʤʫʩʘ ʟʘ ʫʤʦʚ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ (ʰʝʩʪʠʪʠʞʥʝʚʦʛʦ) ʚʧʣʠʚʫ ʥʘ ʦʨʛʘʥʽʟʤ 

ʧʽʜʜʦʩʣʽʜʥʠʭ ʪʚʘʨʠʥ ʦʧʽʦʾʜʫ ʥʘʣʙʫʬʽʥʫ ʪʘ ʯʝʨʝʟ ʪʠʞʜʝʥʴ ʧʽʩʣʷ ʚʽʜʤʽʥʠ 

ʧʨʝʧʘʨʘʪʫ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʦ ʥʘ 15 

ʙʝʟʧʦʨʦʜʥʠʭ ʙʽʣʠʭ ʱʫʨʘʭ-ʩʘʤʮʷʭ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʽʢʫ ï 1,5-ʤʽʩʷʯʥʠʭ, ʟ 

ʧʦʯʘʪʢʦʚʦʶ ʤʘʩʦʶ 140ï150 ʛ. ʄʦʜʝʣʽ ʬʽʟʠʯʥʦʾ ʦʧʽʦʾʜʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʬʦʨʤʫʚʘʣʠ 

ʟʘ ʧʘʪʝʥʪʦʤ ˉ 76564 U çʉʧʦʩʽʙ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʟʠʯʥʦʾ ʦʧʽʦʾʜʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʫ 

ʱʫʨʽʚè. ʊʚʘʨʠʥ ʨʦʟʧʦʜʽʣʝʥʦ ʥʘ 3 ʛʨʫʧʠ. ʅʘʣʙʫʬʽʥ ʪʚʘʨʠʥʘʤ ʚʚʦʜʠʣʠ ʱʦʜʝʥʥʦ ʚ 

ʧʨʘʚʫ ʩʽʜʥʠʯʥʫ ʜʽʣʷʥʢʫ ʚʥʫʪʨʽʰʥʴʦʤôʷʟʦʚʦ ʫʧʨʦʜʦʚʞ 6 ʪʠʞʥʽʚ ʟʘ ʩʭʝʤʦʶ: 1 

ʛʨʫʧʘ ï 5 ʽʥʪʘʢʪʥʠʭ ʱʫʨʽʚ; 2 ʛʨʫʧʘ ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ, 5 ʦʩʦʙʠʥ, ʷʢʠʤ ʚʚʦʜʠʣʠ 

ʥʘʣʙʫʬʽʥ ʱʦʜʝʥʥʦ ʧʨʦʪʷʛʦʤ 6 ʪʠʞʥʽʚ ʟʘ ʩʭʝʤʦʶ: 1-ʠʡ ʪʠʞʜʝʥʴ ʫ ʜʦʟʽ 8 ʤʛ/ʢʛ; 2-

ʠʡ ʪʠʞʜʝʥʴ ï 15 ʤʛ/ʢʛ; 3-ʽʡ ʪʠʞʜʝʥʴ ï 20 ʤʛ/ʢʛ; 4-ʠʡ ʪʠʞʜʝʥʴ ï 25 ʤʛ/ʢʛ; 

30 ʤʛ/ʢʛ ʧʨʦʪʷʛʦʤ ʧôʷʪʦʛʦ ʪʠʞʥʷ ʪʘ 35 ʤʛ/ʢʛ ʧʨʦʪʷʛʦʤ ʰʦʩʪʦʛʦ ʪʠʞʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ; 3 ʛʨʫʧʘ ï 5 ʦʩʦʙʠʥ, ʷʢʠʤ ʫʧʨʦʜʦʚʞ ʩʴʦʤʦʛʦ ʪʠʞʥʷ ʥʝ ʚʚʦʜʠʣʠ 

ʦʧʽʦʾʜ ï ʚʽʜʤʽʥʘ. ɼʦʟʫ ʥʘʣʙʫʬʽʥʫ ʦʙʨʘʥʦ ʟʛʽʜʥʦ ʧʘʪʝʥʪʫ ˉ76564 U çʉʧʦʩʽʙ 

ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʟʠʯʥʦʾ ʦʧʽʦʾʜʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʫ ʱʫʨʽʚè. 

ɽʢʩʧʝʨʠʤʝʥʪ ʥʘʜ ʪʚʘʨʠʥʘʤʠ ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ ʧʦʣʦʞʝʥʥʷ çɭʚʨʦʧʝʡʩʴʢʦʾ 

ʢʦʥʚʝʥʮʽʾ ʱʦʜʦ ʟʘʭʠʩʪʫ ʭʨʝʙʝʪʥʠʭ ʪʚʘʨʠʥ, ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʮʽʣʷʭè (ʉʪʨʘʩʙʫʨʛ, 1986), ɼʠʨʝʢʪʠʚʘʤʠ 

ʈʘʜʠ ɭʚʨʦʧʠ 86/609/ɽɽʉ (1986), ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ ˉ3447-ɯ çʇʨʦ ʟʘʭʠʩʪ ʪʚʘʨʠʥ 

ʚʽʜ ʞʦʨʩʪʢʦʛʦ ʧʦʚʦʜʞʝʥʥʷè, çɿʘʛʘʣʴʥʠʤʠ ʝʪʠʯʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʥʘ ʪʚʘʨʠʥʘʭè, ʫʭʚʘʣʝʥʠʭ ɯ ʅʘʮʽʦʥʘʣʴʥʠʤ ʢʦʥʛʨʝʩʦʤ ʋʢʨʘʾʥʠ ʟ ʙʽʦʝʪʠʢʠ (2001). 

ʂʣʫʙʦʚʽ ʣʽʤʬʘʪʠʯʥʽ ʚʫʟʣʠ ʪʘ ʪʠʤʫʩ ʟʘʙʠʨʘʣʠ ʧʽʜ ʯʘʩ ʟʥʝʯʫʣʝʥʥʷ 

ʧʽʜʜʦʩʣʽʜʥʠʭ ʪʚʘʨʠʥ ʚʥʫʪʨʽʰʥʴʦʦʯʝʨʝʚʠʥʥʠʤ ʥʘʨʢʦʟʦʤ ʪʽʦʧʝʥʪʘʣʦʤ ʥʘʪʨʽʷ (ʟ 

ʨʦʟʨʘʭʫʥʢʫ 25ʤʛ/ʢʛ). ʐʤʘʪʦʯʢʠ ʦʨʛʘʥʽʚ ʦʙôʻʤʦʤ 1ï1,5 ʤʤį ʬʽʢʩʫʚʘʣʠ 1,5 % 

ʨʦʟʯʠʥʦʤ ʯʦʪʠʨʠʦʢʩʠʜʫ ʦʩʤʽʶ ʚ 0,2 ʄ ʨʦʟʯʠʥʽ ʢʘʢʦʜʠʣʘʪʫ ʥʘʪʨʽʶ ʧʨʠ ʨʅ 7,2 

ʧʨʦʪʷʛʦʤ 2ï2,5 ʛʦʜʠʥ ʥʘ ʭʦʣʦʜʽ. ʇʽʩʣʷ ʮʴʦʛʦ ʟʨʘʟʢʠ ʦʨʛʘʥʘ ʟʥʝʚʦʜʥʶʚʘʣʠ ʚ 

ʟʨʦʩʪʘʶʯʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ (50ę, 70ę, 90ę, 100ę) ʧʦ 30 ʭʚʠʣʠʥ ʫ 
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ʢʦʞʥʦʤʫ ʪʘ ʧʨʦʧʽʣʝʥʦʢʩʠʜʽ 10 ʭʚʠʣʠʥ, ʟʘʣʠʚʘʣʠ ʫ ʩʫʤʽʰ ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ ʪʘ 

ʧʦʣʽʤʝʨʠʟʫʚʘʣʠ 24 ʛʦʜʠʥʠ ʚ ʪʝʨʤʦʩʪʘʪʽ ʧʨʠ 60ęʉ. ɿʨʽʟʠ ʚʠʛʦʪʦʚʣʷʣʠ ʥʘ 

ʫʣʴʪʨʘʤʽʢʨʦʪʦʤʽ ʋʄʊʇï6ʄ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʤʘʟʥʦʛʦ ʥʦʞʘ (ɼɯɸʊʆʄ) ʪʘ 

ʧʨʦʚʦʜʠʣʠ ʧʦʜʚʽʡʥʝ ʢʦʥʪʨʘʩʪʫʚʘʥʥʷ ʟʘ ʈʝʡʥʦʣʴʜʩʦʤ ʪʘ ʫʨʘʥʽʣʘʮʝʪʘʪʦʤ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʥʩʤʽʩʽʡʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ʊɽʄï100 ʜʦʩʣʽʜʞʫʚʘʣʠ 

ʟʨʽʟʠ ʢʣʫʙʦʚʠʭ ʣʽʤʬʘʪʠʯʥʠʭ ʚʫʟʣʽʚ ʪʘ ʬʦʪʦʜʦʢʫʤʝʥʪʫʚʘʣʠ ʾʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʮʠʬʨʦʚʦʾ ʢʘʤʝʨʠ SONYïH9. ʅʘ ʫʣʴʪʨʘʤʽʢʨʦʪʦʤʽ LKB-3 (ʐʚʝʮʽʷ) ʚʠʛʦʪʦʚʣʷʣʠ 

ʥʘʧʽʚʪʦʥʢʽ ʟʨʽʟʠ ʪʦʚʱʠʥʦʶ 1ï2 ʤʢʤ ʪʘ ʟʘʙʘʨʚʣʶʚʘʣʠ ʾʭ ʤʝʪʠʣʝʥʦʚʠʤ ʩʠʥʽʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʇʨʠ ʝʣʝʢʪʨʦʥʥʦʤʽʢʨʦʩʢʦʧʽʯʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʧʘʨʝʥʭʽʤʠ ʢʣʫʙʦʚʠʭ ʣʽʤʬʘʪʠʯʥʠʭ ʚʫʟʣʽʚ ʪʘ ʪʠʤʫʩʘ ʧʽʩʣʷ ʜʽʾ 

ʥʘʣʙʫʬʽʥʫ ʚʩʪʘʥʦʚʣʝʥʦ ʧʦʜʽʙʥʽ ʧʘʪʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʩʫʜʠʥ 

ʛʝʤʦʤʽʢʨʦʮʠʨʢʫʣʷʪʦʨʥʦʛʦ ʨʫʩʣʘ: ʚʝʥʠ ʨʦʟʰʠʨʝʥʽ, ʧʦʚʥʦʢʨʦʚʥʽ, ʚʠʨʘʞʝʥʠʡ 

ʥʘʚʢʦʣʦʩʫʜʠʥʥʠʡ ʥʘʙʨʷʢ, ʧʨʦʩʚʽʪ ʘʨʪʝʨʽʦʣ, ʛʝʤʦʢʘʧʽʣʷʨʽʚ ʪʘ ʚʝʥʫʣ ʪʘʢʦʞ 

ʨʦʟʰʠʨʝʥʠʡ. ʉʪʽʥʢʘ ʘʨʪʝʨʽʦʣ ʟʥʘʯʥʦ ʫʱʽʣʴʥʝʥʘ ʪʘ ʧʦʪʦʚʱʝʥʘ, ʫ ʧʨʦʩʚʽʪʽ 

ʨʦʟʰʠʨʝʥʠʭ ʩʫʜʠʥ ʥʘʷʚʥʝ ʩʢʫʧʯʝʥʥʷ ʝʨʠʪʨʦʮʠʪʽʚ ʫ ʚʠʛʣʷʜʽ ʪʘʢ ʟʚʘʥʦʛʦ ʩʣʘʜʞ-

ʝʬʝʢʪʫ. ɿʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʜʝʩʪʨʫʢʪʠʚʥʦ ʟʤʽʥʝʥʠʭ ʢʣʽʪʠʥ ʪʘ ʝʨʠʪʨʦʮʠʪʽʚ 

(ʨʠʩ. 1, 2). ʏʘʩʪʦ ʪʨʘʧʣʷʶʪʴʩʷ ʩʫʜʠʥʠ ʽʟ ʟʨʫʡʥʦʚʘʥʦʶ ʩʪʽʥʢʦʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʚʠʭʦʜʫ ʬʦʨʤʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʨʦʚʽ ʫ ʤʽʞʢʣʽʪʠʥʥʠʡ ʧʨʦʩʪʽʨ. 

ɽʥʜʦʪʝʣʽʦʮʠʪʠ ʛʝʤʦʢʘʧʽʣʷʨʽʚ ʤʘʶʪʴ ʥʘʙʨʷʢʣʫ ʮʠʪʦʧʣʘʟʤʫ ʽʟ ʟʥʘʯʥʦ 

ʧʦʰʢʦʜʞʝʥʠʤʠ ʦʨʛʘʥʝʣʘʤʠ, ʜʝʷʢʽ ʜʽʣʷʥʢʠ ʙʝʟʩʪʨʫʢʪʫʨʥʽ, ʫ ʷʢʠʭ ʤʽʩʪʷʪʴʩʷ 

ʟʘʣʠʰʢʠ ʤʝʤʙʨʘʥ ʢʘʥʘʣʴʮʽʚ ʝʥʜʦʧʣʘʟʤʘʪʠʯʥʦʾ ʩʽʪʢʠ ʪʘ ʤʽʪʦʭʦʥʜʨʽʾ ʟ 

ʧʦʦʜʠʥʦʢʠʤʠ ʢʨʠʩʪʘʤʠ. ʗʜʨʘ ʤʘʶʪʴ ʚʠʨʘʞʝʥʽ ʪʘ ʛʣʠʙʦʢʽ ʽʥʚʘʛʽʥʘʮʽʾ ʷʜʝʨʥʦʾ 

ʦʙʦʣʦʥʢʠ, ʬʦʨʤʘ ʾʭ ʥʝʧʨʘʚʠʣʴʥʘ, ʘ ʫ ʢʘʨʽʦʧʣʘʟʤʽ ʛʝʪʝʨʦʭʨʦʤʘʪʠʥ ʩʢʫʧʯʫʻʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʦʩʤʽʦʦʬʽʣʴʥʦʾ ʩʤʫʞʢʠ ʙʽʣʷ ʷʜʝʨʥʦʾ ʦʙʦʣʦʥʢʠ. ɹʘʟʘʣʴʥʘ ʤʝʤʙʨʘʥʘ 

ʟʥʘʯʥʦ ʧʦʪʦʚʱʝʥʘ, ʚʦʥʘ ʥʝʯʽʪʢʦ ʢʦʥʪʫʨʦʚʘʥʘ. ɿʥʘʯʥʦ ʨʦʟʰʠʨʝʥʠʡ 

ʤʽʞʢʣʽʪʠʥʥʠʡ ʧʨʦʩʪʽʨ (ʨʠʩ. 1).  
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ʈʠʩ. 1. ʋʣʴʪʨʘʩʪʨʫʢʪʫʨʥʠʡ ʩʪʘʥ ʢʽʨʢʦʚʦʾ ʨʝʯʦʚʠʥʠ ʯʘʩʪʦʯʢʠ ʪʠʤʫʩʘ 

ʙʽʣʦʛʦ ʱʫʨʘ-ʩʘʤʮʷ ʯʝʨʝʟ ʰʽʩʪʴ ʪʠʞʥʽʚ ʚʚʝʜʝʥʥʷ ʥʘʣʙʫʬʽʥʫ. ʈʦʟʰʠʨʝʥʠʡ 

ʤʽʞʢʣʽʪʠʥʥʠʡ ʧʨʦʩʪʽʨ (1), ʷʜʨʦ (2) ʽ ʮʠʪʦʧʣʘʟʤʘ (3) ʪʠʤʦʮʠʪʘ. ʅʝʨʽʚʥʽ ʢʦʥʪʫʨʠ 

ʷʜʝʨ (ʩʪʨʽʣʢʘ). ɿʙ.: Ĭ4000. 

ɺʽʜʤʽʥʘ ʧʨʝʧʘʨʘʪʫ ʥʘʣʙʫʬʽʥʫ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʧʘʪʦʣʦʛʽʯʥʦ 

ʟʤʽʥʝʥʠʭ ʩʪʨʫʢʪʫʨ ʩʫʜʠʥ ʛʝʤʦʤʽʢʨʦʮʠʨʢʫʣʷʪʦʨʥʦʛʦ ʨʫʩʣʘ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʚʘʞʢʽ 

ʜʝʩʪʨʫʢʪʠʚʥʦ-ʜʝʛʝʥʝʨʘʪʠʚʥʽ ʟʤʽʥʠ ʷʢ ʚ ʩʫʜʠʥʘʭ, ʪʘʢ ʽ ʚ ʪʢʘʥʠʥʘʭ, ʷʢʽ ʾʭ ʦʪʦʯʫʪʴ 

(ʨʠʩ. 2). 

 

ʈʠʩ. 2. ɻʝʤʦʢʘʧʽʣʷʨ ʫ ʢʣʫʙʦʚʦʤʫ ʣʽʤʬʘʪʠʯʥʦʤʫ ʚʫʟʣʽ ʙʽʣʦʛʦ ʱʫʨʘ-ʩʘʤʮʷ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʽʢʫ ʯʝʨʝʟ ʦʜʠʥ ʪʠʞʜʝʥʴ ʧʽʩʣʷ ʚʽʜʤʽʥʠ ʥʘʣʙʫʬʽʥʫ. ɽʣʝʢʪʨʦʥʥʘ 

ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʷ. ɿʙ.: Ĭ9000. ʇʦʟʥʘʯʝʥʥʷ: 1 ï ʜʝʬʦʨʤʦʚʘʥʠʡ ʝʨʠʪʨʦʮʠʪ ʫ 

ʧʨʦʩʚʽʪʽ ʛʝʤʦʢʘʧʽʣʷʨʘ; 2 ï ʚʠʜʦʚʞʝʥʦʾ ʬʦʨʤʠ ʷʜʨʦ ʝʥʜʦʪʝʣʽʦʮʠʪʘ; 3 ï 

ʚʘʢʫʘʣʽʟʦʚʘʥʘ ʮʠʪʦʧʣʘʟʤʘ ʝʥʜʦʪʝʣʽʦʮʠʪʘ; 4 ï ʥʝʯʽʪʢʦ ʢʦʥʪʫʨʦʚʘʥʘ ʙʘʟʘʣʴʥʘ 

ʤʝʤʙʨʘʥʘ ʛʝʤʦʢʘʧʽʣʷʨʘ; 5 ï ʥʘʙʨʷʢ ʥʘʚʢʦʣʦʢʘʧʽʣʷʨʥʦʛʦ ʧʨʦʩʪʦʨʫ. 
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ɺʠʩʥʦʚʢʠ. ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʝʣʝʢʪʨʦʥʥʽ ʬʦʪʦʛʨʘʬʽʾ ʢʣʫʙʦʚʠʭ 

ʣʽʤʬʘʪʠʯʥʠʭ ʚʫʟʣʽʚ ʽ ʪʠʤʫʩʘ ʙʽʣʠʭ ʱʫʨʽʚ-ʩʘʤʮʽʚ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʽʢʫ, 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʫʙʤʽʢʨʦʩʢʦʧʽʯʥʽ ʟʤʽʥʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʩʫʜʠʥʘʭ ʮʠʭ ʦʨʛʘʥʽʚ 

ʧʨʠ ʜʽʾ ʥʘ ʦʨʛʘʥʽʟʤ ʦʧʽʦʾʜʫ ʥʘʣʙʫʬʽʥʫ ʻ ʧʦʜʽʙʥʠʤʠ ï ʚʠʢʣʠʢʘʶʪʴ ʚʘʞʢʽ ʪʘ 

ʛʣʠʙʦʢʽ ʜʝʩʪʨʫʢʪʠʚʥʦ-ʜʝʛʝʥʝʨʘʪʠʚʥʽ ʟʤʽʥʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʭ ʩʫʙʢʦʤʧʝʥʩʘʮʽʶ 

ʪʘ ʜʝʢʦʤʧʝʥʩʘʮʽʶ, ʱʦ ʚʠʢʣʠʢʘʥʘ ʜʦʚʛʦʪʨʠʚʘʣʠʤ ʚʧʣʠʚʦʤ ʥʘʣʙʫʬʽʥʫ. ɺʽʜʤʽʥʘ 

ʧʨʝʧʘʨʘʪʫ ʥʝ ʚʠʢʣʠʢʘʻ ʟʚʦʨʦʪʥʠʭ ʟʤʽʥ.  
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ʄɽɼʀʎʀʅɸ ʄʀʅʋʃʆɻʆ, ʊɽʇɽʈɯʐʅʔʆɻʆ ʊɸ ʄɸʁɹʋʊʅʔʆɻʆ 

 

ɼʘʥʴʢʦ ʖʣʽʷ ʉʝʨʛʽʾʚʥʘ, 

ʌʦʤʽʥ ɺʣʘʜʣʝʥ ʉʝʨʛʽʡʦʚʠʯ 

ʉʪʫʜʝʥʪʠ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 

ʅʘʩʘʤʧʝʨʝʜ ʤʘʛʽʶ ʧʣʫʪʘʣʠ ʟ ʤʝʜʠʮʠʥʦʶ; 

ʥʠʥʽ ʤʝʜʠʮʠʥʫ ʧʣʫʪʘʶʪʴ ʽʟ ʤʘʛʽʻʶ. 

ʊʦʤʘʩ ʉʘʩ 

 

ɺʩʪʫʧ./Introductions. ʄʝʜʠʮʠʥʘ ʽʩʥʫʻ ʚʞʝ ʙʘʛʘʪʦ ʪʠʩʷʯʦʣʽʪʴ. ʇʝʯʝʨʥʽ 

ʣʶʜʠ ʧʽʜ ʯʘʩ ʣʽʢʫʚʘʥʥʷ ʭʚʦʨʦʙ ʚʽʜʜʘʚʘʣʠ ʧʝʨʝʚʘʛʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʨʠʪʫʘʣʽʚ, ʤʦʚʘ ʡʜʝ ʧʨʦ ʟʘʢʣʠʥʘʥʥʷ, ʥʦʩʽʥʥʷ ʘʤʫʣʝʪʽʚ, ʞʝʨʪʚʦʧʨʠʥʦʰʝʥʥʷ ʪʦʱʦ. 

ɼʦ ʪʘʢʠʭ ʦʙʨʷʜʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʚʠʛʥʘʥʥʷʤ ʭʚʦʨʦʙʠ, ʥʘʣʝʞʠʪʴ ʽ ʪʨʝʧʘʥʘʮʽʷ 

ʯʝʨʝʧʘ, ʷʢʘ ʚʽʜʦʤʘ ʙʘʛʘʪʴʦʤ ʣʶʜʷʤ. ʎʽʢʘʚʦ, ʘʣʝ ʚʯʝʥʽ ʪʘʢ ʽ ʥʝ ʜʽʡʰʣʠ ʜʦ 

ʦʩʪʘʪʦʯʥʦʛʦ ʨʽʰʝʥʥʷ, ʥʘʚʽʱʦ ʥʘʰʽ ʧʨʝʜʢʠ ʧʨʦʚʦʜʠʣʠ, ʜʦʩʠʪʴ ʩʢʣʘʜʥʫ 

ʭʽʨʫʨʛʽʯʥʫ ʦʧʝʨʘʮʽʶ. ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʟʚʽʪʠ ʘʥʪʨʦʧʦʣʦʛʽʚ ʧʨʦ ʪʨʝʧʘʥʘʮʽʾ, ʱʦ 

ʧʨʦʚʦʜʠʣʠʩʷ ʚ ɸʬʨʠʮʽ ʪʘ ʇʦʣʽʥʝʟʽʾ ʚ XX ʩʪʦʣʽʪʪʽ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ 

ʭʽʨʫʨʛʽʯʥʝ ʚʪʨʫʯʘʥʥʷ ʙʫʣʦ ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʛʦʣʦʚʥʦʛʦ ʙʦʣʶ, 

ʥʘʧʨʠʢʣʘʜ, ʱʦ ʚʠʥʠʢ ʫʥʘʩʣʽʜʦʢ ʥʝʚʨʦʣʦʛʽʯʥʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ ʯʠ ʪʨʘʚʤʠ 

ʯʝʨʝʧʘ. ɯʤʦʚʽʨʥʦ, ʟ ʪʽʻʶ ʞ ʤʝʪʦʶ ʪʨʝʧʘʥʘʮʽʶ ʨʦʙʠʣʠ ʡ ʫ ʜʘʚʥʠʥʫ ʘʜʞʝ ʥʘ 

ʙʘʛʘʪʴʦʭ ʪʨʝʧʘʥʦʚʘʥʠʭ ʯʝʨʝʧʘʭ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʦʟʥʘʢʠ ʤʝʭʘʥʽʯʥʠʭ ʫʰʢʦʜʞʝʥʴ 

ʯʠ ʥʝʚʨʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʱʦ ʟʥʘʭʦʜʠʣʠʩʷ, ʥʘʡʯʘʩʪʽʰʝ, ʥʝʧʦʜʘʣʽʢ 

ʪʨʝʧʘʥʘʮʽʡʥʦʛʦ ʦʪʚʦʨʫ.  

ɿ ʜʘʚʥʽʭ-ʜʘʚʝʥ ʽ ʜʦ ʩʴʦʛʦʜʥʽ ʣʶʜʩʪʚʦ ʥʘʢʦʧʠʯʫʻ ʤʝʜʠʯʥʽ ʟʥʘʥʥʷ. 

ʇʦʭʦʚʘʥʥʷ ʥʝʘʥʜʝʨʪʘʣʴʮʽʚ ʫ ʌʨʘʥʮʽʾ, ʧʝʯʝʨʘ ʐʘʥʽʜʘʨ (ɯʨʘʥ) ʜʘʶʪʴ ʧʽʜʩʪʘʚʠ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚʞʝ ʫ ʪʽ ʯʘʩʠ ʣʶʜʠ ʣʽʢʫʚʘʣʠ ʧʝʨʝʣʦʤʠ, ʨʘʥʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʬʽʣʘʢʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʟʥʠʭ ʪʨʘʚ. ʇʽʜ ʯʘʩ ʤʝʟʦʣʽʪʫ 

ʧʝʨʚʽʩʥʽ ʣʽʢʘʨʽ, ʨʦʣʴ ʷʢʠʭ ʚʠʢʦʥʫʚʘʣʠ ʰʘʤʘʥʠ ʡ ʯʘʢʣʫʥʠ, ʫʤʽʣʠ ʨʦʙʠʪʠ 

ʘʤʧʫʪʘʮʽʶ ʢʽʥʮʽʚʦʢ. ɺʽʜʦʤʦ, ʱʦ ʧʝʨʚʽʩʥʘ ʣʶʜʠʥʘ ʧʨʝʢʨʘʩʥʦ ʚʦʣʦʜʽʣʘ ʟʥʘʥʥʷʤʠ 
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ʧʦʚʝʜʽʥʢʠ ʜʠʢʠʭ ʪʚʘʨʠʥ ʪʘ ʧʪʘʭʽʚ. ɿ ʯʘʩʦʤ ʨʦʟʰʠʨʶʚʘʣʠʩʷ ʟʥʘʥʥʷ ʧʨʦ 

ʘʥʘʪʦʤʽʶ. ʇʨʦ ʮʝ ʩʚʽʜʯʘʪʴ ʥʘʩʢʘʣʴʥʽ ʨʦʟʧʠʩʠ ʚ ʧʝʯʝʨʘʭ, ʥʘ ʷʢʠʭ ʟʦʙʨʘʞʝʥʦ 

ʟʚʽʨʽʚ ʫ ʪʘʢ ʟʚʘʥʦʤʫ ʨʝʥʪʛʝʥʽʚʩʴʢʦʤʫ ʩʪʠʣʽ. ɿʛʽʜʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ, ʧʨʦʚʝʜʝʥʠʤ 

ʆʢʩʬʦʨʜʩʴʢʦʶ ʣʘʙʦʨʘʪʦʨʽʻʶ ʨʘʜʽʦʢʘʨʙʦʥʫʚʘʥʥʷ, ʥʘʡʜʘʚʥʽʰʠʡ ʯʝʨʝʧ ʟʽ ʩʣʽʜʘʤʠ 

ʪʨʝʧʘʥʘʮʽʾ ʚʠʷʚʣʝʥʦ ʚ ʋʢʨʘʾʥʽ. ʁʦʛʦ ʟʥʘʡʜʝʥʦ ʚ ʤʝʟʦʣʽʪʠʯʥʦʤʫ ʤʦʛʠʣʴʥʠʢʫ 

ɺʘʩʠʣʽʚʢʘ II (ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ ʨʘʡʦʥ). ʏʝʨʝʧ ʜʘʪʦʚʘʥʦ 7300-6220 ʨʦʢʘʤʠ ʜʦ 

ʥ. ʝ. ʇʦʚʥʝ ʟʘʛʦʻʥʥʷ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʧʦ ʢʨʘʶ ʪʨʝʧʘʥʘʮʽʡʥʦʛʦ ʦʪʚʦʨʫ, ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʪʝ, ʱʦ ʯʝʨʝʧ çʧʘʮʽʻʥʪʘè ʪʨʝʧʘʥʦʚʘʥʦ ʚʜʘʣʦ ʡ ʚʽʥ ʧʨʦʞʠʚ, ʧʽʩʣʷ ʦʧʝʨʘʮʽʾ, ʱʝ 

ʜʝʷʢʠʡ ʯʘʩ.  

ʇʨʦʪʷʛʦʤ XX-XXI  ʩʪʦʣʽʪʴ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʤʝʜʠʯʥʘ ʛʝʥʝʪʠʢʘ: 

ʚʠʚʯʝʥʥʷ ʪʘ ʨʦʟʫʤʽʥʥʷ ʬʘʢʪʦʨʽʚ ʩʧʘʜʢʦʚʦʩʪʽ, ʤʽʥʣʠʚʦʩʪʽ. ʎʝ ʜʘʣʦ ʟʤʦʛʫ 

ʧʨʦʛʨʘʤʫʚʘʪʠ, ʣʽʢʫʚʘʪʠ ʪʘ ʧʦʧʝʨʝʜʞʘʪʠ ʩʧʘʜʢʦʚʽ ʭʚʦʨʦʙʠ ʤʝʪʦʜʘʤʠ ʝʢʩʧʨʝʩ-

ʜʽʘʛʥʦʩʪʠʢʠ. ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʦʯʝʚʠʜʥʦ, ʱʦ ʽʤʫʥʦʣʦʛʽʷ XX ʩʪʦʣʽʪʪʷ 

ʧʝʨʝʚʝʨʰʠʣʘ ʨʘʤʢʠ ʢʣʘʩʠʯʥʦʛʦ ʚʯʝʥʥʷ ʧʨʦ ʽʤʫʥʽʪʝʪ ʜʦ ʽʥʬʝʢʮʽʡʥʠʭ ʭʚʦʨʦʙ ʽ 

ʧʦʩʪʫʧʦʚʦ ʦʭʦʧʠʣʘ ʧʨʦʙʣʝʤʠ ʧʘʪʦʣʦʛʽʾ, ʦʥʢʦʣʦʛʽʾ, ʛʝʥʝʪʠʢʠ, ʝʤʙʨʽʦʣʦʛʽʾ, 

ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʪʘ ʽʥ. ʋ 1898 ʨʦʮʽ ʚʪʘʥʦʚʣʝʥʦ ʬʘʢʪ, ʱʦ ʚʚʝʜʝʥʥʷ ʜʦ ʦʨʛʘʥʽʟʤʫ 

ʯʫʞʦʨʽʜʥʠʭ ʝʨʠʪʨʦʮʠʪʽʚ ʽ ʩʠʨʦʚʘʪʢʦʚʠʭ ʙʽʣʢʽʚ ʩʪʠʤʫʣʶʻ ʚʠʨʦʙʣʝʥʥʷ ʘʥʪʠʪʽʣ. ɿ 

ʪʦʛʦ ʤʦʤʝʥʪʫ ʨʦʟʧʦʯʘʚʩʷ ʨʦʟʚʠʪʦʢ ʥʝʽʥʬʝʢʮʽʡʥʦʾ ʽʤʫʥʦʣʦʛʽʾ. ɼʽʡʩʥʦ, ʧʦʜʘʣʴʰʝ 

ʚʠʚʯʝʥʥʷ ʘʥʪʠʪʽʣ ʩʪʘʣʦ ʦʩʥʦʚʦʶ ʬʦʨʤʫʚʘʥʥʷ ʽʤʤʫʥʦʧʘʪʦʣʦʛʽʽ, ʱʦ ʚʠʚʯʘʻ ʙʝʟʣʽʯ 

ʟʘʭʚʦʨʶʚʘʥʴ, ʧʨʠʨʦʜʘ ʷʢʠʭ ʧʦʚ'ʷʟʘʥʘ ʟ ʨʦʟʣʘʜʘʤʠ ʽʤʫʥʦʣʦʛʽʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, 

ʟʦʢʨʝʤʘ ʡ ʨʝʘʢʮʽʷʤʠ ʥʘ ʯʫʞʦʨʽʜʥʽ ʝʣʝʤʝʥʪʠ ʫ ʢʨʦʚʽ. ʍʽʤʽʦʪʝʨʘʧʽʷ, 

ʛʦʨʤʦʥʦʪʝʨʘʧʽʷ, ʨʦʟʨʦʙʢʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʮʝʥʪʨʘʣʴʥʫ 

ʥʝʨʚʦʚʫ ʩʠʩʪʝʤʫ ʟʤʽʥʠʣʠ ʢʘʨʪʠʥʢʫ ʢʣʘʩʠʯʥʦʾ ʤʝʜʠʮʠʥʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʣʽʢʘʨʷʤ 

ʘʢʪʠʚʥʦ ʚʪʨʫʯʘʪʠʩʷ ʚ ʧʝʨʝʙʽʛ ʭʚʦʨʦʙʠ. ɹʝʟʧʝʨʝʯʥʦ, ʤʠ ʩʭʠʣʷʻʤʦʩʷ ʜʦ ʽʜʝʾ, ʱʦ ʫ 

ʤʘʡʙʫʪʥʴʦʤʫ ʣʽʢʫʚʘʥʥʷ ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʙʫʜʝ ʤʘʪʠ ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ 

ʚʽʜʩʦʪʦʢ ʚʠʧʘʜʢʽʚ ʟ ʧʦʜʘʣʴʰʠʤ ʦʜʫʞʘʥʥʷʤ. ɿʚʝʨʥʽʤʦ ʫʚʘʛʫ, ʱʦ ʦʜʥʽʻʶ ʟ 

ʥʘʡʚʧʣʠʚʦʚʽʰʠʭ ʛʘʣʫʟʝʡ ʤʦʞʝ ʩʪʘʪʠ ʧʨʝʮʠʟʽʡʥʘ ʤʝʜʠʮʠʥʘ, ʷʢʘ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ 

ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʩʧʦʩʦʙʠ ʣʽʢʫʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʧʘʮʽʻʥʪʘ ʪʘ ʚʽʜʤʦʚʠ ʚʽʜ 

ʰʘʙʣʦʥʥʦʛʦ ʧʽʜʭʦʜʫ ʫ ʩʬʝʨʽ ʟʜʦʨʦʚôʷ. ʅʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ, ʦʩʦʙʣʠʚʦ 
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ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʫʞʝ ʧʦʯʠʥʘʶʪʴ ʧʨʘʢʪʠʢʫʚʘʪʠʩʷ ʥʝ ʪʽʣʴʢʠ ʟʘ 

ʢʦʨʜʦʥʦʤ, ʘʣʝ ʡ ʚ ʋʢʨʘʾʥʽ. 

ʄʝʪʘ ʨʦʙʦʪʠ./Aim. ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʜʠʯʥʠʭ ʟʥʘʥʴ ʤʠʥʫʣʦʛʦ, 

ʪʝʧʝʨʽʰʥʴʦʛʦ ʪʘ ʤʘʡʙʫʪʥʴʦʛʦ, ʧʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. ɺʠʷʚʣʝʥʥʷ 

ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʤʝʪʦʜʽʚ ʣʽʢʫʚʘʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ/Materials and methods. ʊʝʦʨʝʪʠʯʥʽ: ʦʛʣʷʜ ʪʘ ʘʥʘʣʽʟ 

ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʦʾ, ʧʫʙʣʽʮʠʩʪʠʯʥʦʾ ʪʘ ʽʩʪʦʨʠʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ./Results and discussion. ʋ ʭʦʜʽ ʘʥʘʣʽʟʫ 

ʥʘʫʢʦʚʦ-ʤʝʜʠʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ, ʚʠʟʥʘʯʝʥʦ ʝʚʦʣʶʮʽʡʥʠʭ ʧʨʦʮʝʩ ʤʝʜʠʮʠʥʠ, ʫ ʭʦʜʽ 

ʷʢʦʛʦ ʣʶʜʩʪʚʦ ʦʪʨʠʤʘʣʦ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʬʽʣʘʢʪʠʢʠ ʪʘ ʣʽʢʫʚʘʥʥʷ 

ʙʝʟʣʽʯʽ ʭʚʦʨʦʙ. ɿʚʝʨʥʽʤʦ ʩʚʦʶ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʞ ʯʝʢʘʻ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʥʘ 

ʤʝʜʠʮʠʥʫ ʡ ʥʘʩ ʟ ʚʘʤʠ? ʄʠ ʥʘʚʽʪʴ ʽ ʥʝ ʫʷʚʣʷʻʤʦ, ʷʢʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʤʝʪʦʜʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʫʪʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʧʽʜʪʨʠʤʢʠ ʥʘʰʦʛʦ 

ʟʜʦʨʦʚôʷ ʚ ʥʦʨʤʽ. ʑʦʜʥʷ ʚʯʝʥʽ, ʤʝʜʠʢʠ ʪʘ ʽʥʞʝʥʝʨʠ ʧʨʘʮʶʶʪʴ ʥʘʜ ʪʠʤ, ʘʙʠ 

ʤʝʜʠʮʠʥʘ ʨʦʟʚʠʚʘʣʘʩʷ ʪʘ ʦʪʨʠʤʫʚʘʣʘ ʷʢʥʘʡʙʽʣʴʰʝ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʣʽʢʫʚʘʥʥʷ 

ʧʘʮʽʻʥʪʽʚ. ʄʝʪʘ - ʜʦʩʷʛʪʠ ʪʘʢʦʛʦ ʨʽʚʥʷ, ʢʦʣʠ ʚʠʣʽʢʫʚʘʪʠ ʤʦʞʥʘ ʙʫʜʝ ʚʩʽ 

ʭʚʦʨʦʙʠ, ʥʘʚʽʪʴ ʪʽ, ʷʢʽ ʥʘ ʩʴʦʛʦʜʝʥʥʷ ʚʚʘʞʘʶʪʴ ʥʝʚʠʣʽʢʦʚʥʠʤʠ. ʅʘʨʘʟʽ ʤʠ 

ʟʘʩʪʘʣʠ ʧʘʥʜʝʤʽʶ COVID-19, ʽ ʷʢʱʦ ʙ ʣʶʜʩʪʚʦ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʥʝ 

ʚʜʦʩʢʦʥʘʣʶʚʘʣʦ ʩʚʦʾ ʤʝʜʠʯʥʽ ʟʥʘʥʥʷ, ʪʦ ʩʚʽʪ ʦʪʨʠʤʘʚ ʙʠ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʞʝʨʪʚ 

ʚʽʜ ʮʴʦʛʦ ʽʥʬʝʢʮʽʡʥʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ. ʗʢ ʛʦʚʦʨʷʪʴ: ñʊʝʧʝʨʽʰʥʻ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʝ 

ʟ ʤʠʥʫʣʠʤò, - ʮʝʡ ʬʘʢʪ ʥʝ ʦʙʽʡʰʦʚ ʽ ʤʝʜʠʮʠʥʫ. ɹʝʟʧʝʨʝʯʥʦ, ʫʯʝʥʽ ʟ ʧʦʢʦʣʽʥʥʷ ʚ 

ʧʦʢʦʣʽʥʥʷ ʧʨʦʜʦʚʞʫʚʘʣʠ ʨʦʙʠʪʠ ʥʦʚʽ ʚʽʜʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ ʪʠʭ, ʱʦ ʦʧʠʩʘʥʽ ʚ 

ʤʠʥʫʣʦʤʫ. ʅʘʨʘʟʽ ʜʝʷʢʽ ʣʽʢʠ ʪʦʛʦ ʯʘʩʫ ʟʘʣʠʰʘʶʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤʠ, ʥʘʧʨʠʢʣʘʜ, 

ʣʠʩʪʷ ʧʦʜʦʨʦʞʥʠʢʫ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʢʨʦʚʦʪʝʯʽ, ʩʧʨʠʷʻ ʟʘʛʦʻʥʥʶ ʟʘʩʪʘʨʽʣʠʭ ʽ 

ʩʚʽʞʠʭ ʨʘʥ; ʥʘʧʫʚʘʥʥʷ ʭʚʦʨʦʛʦ ʬʝʥʭʝʣʝʤ ʟ ʭʦʣʦʜʥʦʶ ʚʦʜʦʶ - ʜʦʧʦʤʘʛʘʻ ʚʽʜ 

ʟʘʧʘʣʝʥʥʷ ʰʣʫʥʢʫ. ɿʚʠʯʘʡʥʦ ʞ, ʮʽ ʤʝʪʦʜʠ ʥʘʣʝʞʘʪʴ ʜʦ ʥʘʨʦʜʥʠʭ, ʘʣʝ 

ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʾʭʥʽʡ ʚʧʣʠʚ ʜʽʻʚʠʡ. 

ɺʠʩʥʦʚʢʠ./Conclusions. ʇʝʚʥʘ ʨʽʯ, ʜʦʩʷʛʥʝʥʥʷ ʩʫʯʘʩʥʦʾ ʤʝʜʠʮʠʥʠ 

ʧʝʨʝʚʝʨʰʠʣʠ ʤʠʥʫʣʽ ʦʯʽʢʫʚʘʥʥʷ. ʋ 1953 ʨʦʮʽ ʛʨʫʧʘ ʙʨʠʪʘʥʩʴʢʠʭ ʜʦʩʣʽʜʥʠʢʽʚ 

ʟʫʤʽʣʘ ʚʽʜʢʨʠʪʠ ʩʝʢʚʝʥʫʚʘʥʥʷ ɼʅʂ - ʤʦʣʝʢʫʣʠ, ʫ ʷʢʽʡ ʤʽʩʪʠʪʴʩʷ ʚʩʷ ʽʥʬʦʨʤʘʮʽʷ 
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ʧʨʦ ʪʝ, ʷʢ ʚʣʘʰʪʦʚʘʥʠʡ ʽ ʧʨʘʮʶʻ ʦʨʛʘʥʽʟʤ ʙʫʜʴ-ʷʢʦʾ ʞʠʚʦʾ ʽʩʪʦʪʠ, ʥʘʩʘʤʧʝʨʝʜ 

ʣʶʜʠʥʠ. ʅʝ ʤʝʥʰʦʾ ʫʚʘʛʠ ʟʘʩʣʫʛʦʚʫʻ ʤʝʪʦʜ ʚʽʪʨʠʬʽʢʘʮʽʾ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ, 

ʦʭʦʣʦʜʞʝʥʥʷ ʢʣʽʪʠʥʠ ʘʙʦ ʝʤʙʨʽʦʥ ʤʝʥʰ ʯʠʤ ʟʘ ʩʝʢʫʥʜʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ -199Áʉ. 

ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʨʝʯʦʚʠʥʘ ʚʩʝʨʝʜʠʥʽ ʢʣʽʪʠʥ ʧʝʨʝʭʦʜʠʪʴ ʫ ʩʪʘʥ, ʱʦ ʩʭʦʞʠʡ ʥʘ 

ʩʢʣʦ, ʙʝʟ ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʚ. ɼʘʣʽ ʷʢʱʦ ʾʭ çʚʽʜʽʛʨʽʪʠè, ʪʦ ʥʘʚʽʪʴ ʯʝʨʝʟ 30 ʨʦʢʽʚ 

ʢʣʽʪʠʥʠ ʙʫʜʫʪʴ ʫ ʧʨʝʢʨʘʩʥʦʤʫ ʩʪʘʥʽ. ʉʴʦʛʦʜʥʽ ʮʝʡ ʤʝʪʦʜ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʝʧʨʦʜʫʢʪʠʚʥʽʡ ʤʝʜʠʮʠʥʽ. 

 ʗʢ ʙʘʯʠʤʦ, ʚʯʝʥʽ-ʤʝʜʠʢʠ ʧʨʦʜʦʚʞʫʶʪʴ ʟʥʘʭʦʜʠʪʠ ʥʦʚʽ ʤʝʜʠʯʥʽ 

ʚʠʥʘʭʦʜʠ, ʪʝ, ʱo ʨoʙʠʪʴ ʥʘʰʝ ʞʠʪʪʷ ʪʘ ʽʩʥʫʚʘʥʥʷ ʙʽʣʴʰ ʜʦʚʛʠʤ ʪʘ 

ʥʘʡʛʦʣʦʚʥʽʰʝ - ʷʢʽʩʥʠʤ. ʄʘʡʙʫʪʥʻ, ʧʨʦ ʷʢʝ ʧʠʩʘʣʠ ʚ ʢʥʠʞʢʘʭ, ʟʥʽʤʘʣʠ 

ʢʽʥʦʬʽʣʴʤʠ, ʟʨʝʰʪʦʶ ʙʫʜʫʻʪʴʩʷ ʥʘ ʥʘʰʠʭ ʦʯʘʭ ʡ ʨʫʢʘʤʠ ʥʘʰʦʛʦ ʧʦʢʦʣʽʥʥʷ, 

ɸʣʴʙʝʨʪ ɽʡʥʰʪʝʡʥ ʛʦʚʦʨʠʚ: òʗ ʥʽʢʦʣʠ ʥʝ ʜʫʤʘʶ ʧʨʦ ʤʘʡʙʫʪʥʻ. ɺʦʥʦ ʥʘʩʪʘʻ 

ʜʦʩʠʪʴ ʰʚʠʜʢʦò.  
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ɺʇʃʀɺ ʉʆʄɸʊʀʏʅʆɰ ʇɸʊʆʃʆɻɯɰ ʅɸ ʄɯʂʈʆʂʈʀʉʊɸʃɯɿɸʎɯʖ 

ɿʄɯʐɸʅʆɰ ʉʃʀʅʀ ʋ ɼɯʊɽʁ ʊɸ ʇɯɼʃɯʊʂɯɺ 

 

ʃʶʙʯʝʥʢʦ ʆʣʴʛʘ ɺʘʣʝʨʽʾʚʥʘ 

ʜ.ʤ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚ. ʢʘʬʝʜʨʦʶ, 

ɺʝʣʽʛʦʨʷ ɯʨʠʥʘ ɭʚʛʝʥʽʚʥʘ, 

ʇʫʰʢʘʨʴ ʃʶʜʤʠʣʘ ʖʨʽʾʚʥʘ 

ʢ.ʤ.ʥ., ʜʦʮʝʥʪʠ, 

ʈʦʞʢʦʚʘ ɺʽʢʪʦʨʽʷ ɺʦʣʦʜʠʤʠʨʽʚʥʘ 

ʘʩʠʩʪʝʥʪ, 

ʍʘʨʢʽʚʩʴʢʘ ʤʝʜʠʯʥʘ ʘʢʘʜʝʤʽʷ ʧʽʩʣʷʜʠʧʣʦʤʥʦʾ ʦʩʚʽʪʠ 

ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

ɹʦʙʨʦʚʩʴʢʘ ʅʘʪʘʣʽʷ ʇʘʚʣʽʚʥʘ 

ʢ.ʤ.ʥ., ʘʩʠʩʪʝʥʪ, 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ.ɺ.ʅ. ʂʘʨʘʟʽʥʘ, 

ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ./Introductions.  ʉʣʠʥʘ ʚʽʜʽʛʨʘʻ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʙʝʨʝʞʝʥʥʽ 

ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʪʢʘʥʠʥ ʧʦʨʦʞʥʠʥʠ ʨʦʪʘ ʪʘ ʦʨʛʘʥʽʟʤʫ ʚ ʮʽʣʦʤʫ ʽ ʻ 

ʽʥʜʠʢʘʪʦʨʦʤ ʾʭʥʴʦʛʦ ʩʪʘʥʫ. ʅʘ ʩʢʣʘʜ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʩʣʠʥʠ ʚʧʣʠʚʘʶʪʴ ʟʦʚʥʽʰʥʽ 

ʪʘ ʚʥʫʪʨʽʰʥʽ ʬʘʢʪʦʨʠ. ʆʜʥʠʤ ʽʟ ʤʘʣʦ ʜʦʩʣʽʜʞʝʥʠʭ ʷʢʦʩʪʝʡ ʩʣʠʥʠ ʻ ʾʾ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʢʨʠʩʪʘʣʦʧʦʜʽʙʥʠʡ ʢʦʥʛʣʦʤʝʨʘʪ ʧʨʠ ʚʠʩʫʰʫʚʘʥʥʽ ʢʨʘʧʣʽ 

ʨʦʪʦʚʦʾ ʨʽʜʠʥʠ ʥʘ ʧʦʚʽʪʨʽ. ʎʝ ʥʘʟʠʚʘʻʪʴʩʷ ʤʽʢʨʦʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʩʣʠʥʠ (ʄʂʉ) ʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʝʪʦʜʦʤ ʤʽʢʨʦʩʢʦʧʽʾ ʚʠʩʦʭʣʦʾ ʢʨʘʧʣʠʥʠ ʩʣʠʥʠ. 

ɼʽʘʛʥʦʩʪʠʢʘ ʤʽʢʨʦʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʤʽʰʘʥʦʾ ʩʣʠʥʠ ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʪʝʦʨʽʾ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ - ʚʠʷʚʣʝʥʥʽ ʘʥʦʤʘʣʴʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʚʟʘʻʤʦʜʽʡ ʧʨʠ ʧʝʨʝʭʦʜʽ ʢʨʘʧʣʽ ʙʽʦʣʦʛʽʯʥʦʾ ʨʽʜʠʥʠ ʟ ʨʽʜʢʦʛʦ ʩʪʘʥʫ ʚ ʪʚʝʨʜʝ. ɯ 

ʧʦʣʷʛʘʻ ʫ ʧʦʜʽʣʽ ʦʨʛʘʥʽʯʥʠʭ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʫ ʧʨʦʮʝʩʽ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʫ. ɿ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʜʠʥʘʤʽʢʫ ʟʤʽʥ, ʷʢʽ ʻ ʫ ʦʨʛʘʥʽʟʤʽ. 

ɺ ʦʩʥʦʚʽ ʤʽʥʝʨʘʣʽʟʫʶʯʦʾ ʬʫʥʢʮʽʾ ʩʣʠʥʠ ʣʝʞʘʪʴ ʤʝʭʘʥʽʟʤʠ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ 

ʚʠʭʦʜʫ ʟ ʝʤʘʣʽ ʟʫʙʽʚ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʾʾ ʩʢʣʘʜʘʶʪʴ, ʽ ʩʧʨʠʷʶʪʴ ʥʘʜʭʦʜʞʝʥʥʶ 

ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ ʟʽ ʩʣʠʥʠ ʚ ʝʤʘʣʴ. ɺʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʦʮʽʥʮʽ ʮʴʦʛʦ ʧʨʦʮʝʩʫ 

ʤʘʶʪʴ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʘʣʴʮʽʶ, ʬʦʩʬʦʨʫ ʪʘ ʽʦʥʥʘ ʩʠʣʘ ʩʣʠʥʠ. ʅʝʜʦʣʽʢ ʢʘʣʴʮʽʶ ʚ 

ʜʠʪʷʯʦʤʫ ʚʽʮʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʪʨʠʤʢʠ ʨʦʩʪʫ, ʧʦʨʫʰʝʥʴ ʧʦʩʪʘʚʠ, ʟʥʠʞʝʥʥʷ 
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ʤ'ʷʟʦʚʦʛʦ ʪʦʥʫʩʫ, ʘ ʪʘʢʦʞ ʨʽʟʥʦʾ ʩʦʤʘʪʠʯʥʦʾ ʧʘʪʦʣʦʛʽʾ. ɿʨʫʯʥʠʡ ʪʘ ʧʨʦʩʪʠʡ ʫ 

ʚʠʢʦʥʘʥʥʽ ʪʝʩʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʜʽʘʛʥʦʩʪʠʢʘ ʪʘ ʯʫʪʣʠʚʠʡ ʽʥʜʠʢʘʪʦʨ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ ʚ ʥʦʨʤʽ ʪʘ ʧʨʠ ʧʘʪʦʣʦʛʽʾ. 

ɻʦʣʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʤʝʪʦʜʫ ʻ ʥʝʽʥʚʘʟʠʚʥʽʩʪʴ, ʧʨʦʩʪʦʪʘ ʚʠʢʦʥʘʥʥʷ, 

ʜʦʩʪʫʧʥʽʩʪʴ, ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ, ʝʢʦʥʦʤʽʯʥʽʩʪʴ, ʥʝʦʙʤʝʞʝʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʚʪʦʨʥʠʭ ʘʥʘʣʽʟʽʚ, ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʤʘʩʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʙʝʟʧʝʢʘ.  

ʎʽʣʴ ʨʦʙʦʪʠ. / Aim. ʄʝʪʦʶ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʚʯʠʪʠ ʚʣʠʧ 

ʨʽʟʥʦʾ ʩʦʤʘʪʠʯʥʦʾ ʧʘʪʦʣʦʛʽʾ ʥʘ ʤʽʢʨʦʢʨʠʩʪʘʣʽʟʘʮʽʶ ʟʤʽʰʘʥʦʾ ʩʣʠʥʠ ʫ ʜʽʪʝʡ ʪʘ 

ʧʽʜʣʽʪʢʽʚ ʪʘ ʚʠʷʚʠʪʠ ʟʚ'ʷʟʦʢ ʤʽʞ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʢʘʨʽʻʩʫ ʟʫʙʽʚ ʪʘ ʤʽʥʝʨʘʣʽʟʫʶʯʠʤ 

ʧʦʪʝʥʮʽʘʣʦʤ ʩʣʠʥʠ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ./ Materials and methods. ʆʙʩʪʝʞʠʣʠ 3 ʛʨʫʧʠ ʜʽʪʝʡ ʪʘ 

ʧʽʜʣʽʪʢʽʚ ʨʽʟʥʦʛʦ ʚʽʢʫ (9-10 ʨʦʢʽʚ, 13 ʨʦʢʽʚ ʽ 16-17 ʨʦʢʽʚ) ʟ ʧʘʪʦʣʦʛʽʻʶ ʦʧʦʨʥʦ-

ʨʫʭʦʚʦʾ ʩʠʩʪʝʤʠ (ʢʽʬʦ-ʩʢʦʣʽʦʟʥʘ ʧʦʩʪʘʚʘ, ʢʦʤʙʽʥʦʚʘʥʠʡ ʩʢʦʣʽʦʟ) ʪʘ ʟ 

ʝʥʜʦʢʨʠʥʥʦʶ ʧʘʪʦʣʦʛʽʻʶ (ʜʠʬʫʟʥʠʡ ʥʝʪʦʢʩʠʯʥʠʡ ʟʦʙ, ʮʫʢʨʦʚʠʡ ʜʽʘʙʝʪ 1 ʪʠʧʫ). 

ʋʩʽʤ ʰʢʦʣʷʨʘʤ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʰʘʥʦʾ ʩʣʠʥʠ ʥʘ ʤʽʢʨʦʢʨʠʩʪʘʣʽʟʘʮʽʶ, 

ʚʠʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʘʨʽʻʩʫ ʟʫʙʽʚ. ʄʽʥʝʨʘʣʽʟʫʶʯʠʡ 

ʧʦʪʝʥʮʽʘʣ ʨʦʪʦʚʦʾ ʨʽʜʠʥʠ ʦʮʽʥʶʚʘʣʠ ʟʘ ʾʾ ʤʽʢʨʦʢʨʠʩʪʘʣʽʟʘʮʽʻʶ (ʇ.ɸ. ʃʝʫʩ, 

1977). ʇʝʨʦʨʘʣʴʥʫ ʨʽʜʠʥʫ ʟʘʙʠʨʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʝʨʠʣʴʥʦʾ ʢʨʘʧʝʣʴʥʠʮʽ ʟ ʜʥʘ 

ʨʦʪʦʚʦʾ ʧʦʨʦʞʥʠʥʠ, ʤʽʥʽʤʫʤ 2 ʛʦʜʠʥʠ ʧʽʩʣʷ ʾʞʽ ʪʘ ʦʧʦʣʽʩʢʫʚʘʥʥʷ 

ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ. ʊʨʠ ʢʨʘʧʣʽ ʨʦʪʦʚʦʾ ʨʽʜʠʥʠ ʧʦʤʽʱʘʣʠ ʥʘ ʧʨʝʜʤʝʪʥʝ ʩʢʣʦ 

ʤʽʢʨʦʩʢʦʧʘ, ʦʙʨʦʙʣʷʣʠ ʝʪʠʣʦʚʠʤ ʩʧʠʨʪʦʤ ʽ ʩʫʰʠʣʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ʇʽʩʣʷ ʚʠʩʠʭʘʥʥʷ ʢʨʘʧʣʽ ʾʭ ʜʦʩʣʽʜʞʫʚʘʣʠ ʧʽʜ ʤʽʢʨʦʩʢʦʧʦʤ çɹʽʦʣʘʤ ʃʦʤʦ ʈ14è ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ 2ʭ6 ʫ ʚʽʜʙʠʪʦʤʫ ʩʚʽʪʣʽ. ʆʮʽʥʢʫ ʤʽʢʨʦʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʣʠʥʠ (ʄʂʉ) ʪʘ 

ʤʽʥʝʨʘʣʽʟʫʶʯʠʡ ʧʦʪʝʥʮʽʘʣ ʩʣʠʥʠ (ʄʇʉ) ʧʨʦʚʦʜʠʣʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʝʛʣʷʜʫ 

ʚʩʽʻʾ ʧʣʦʱʽ ʚʠʩʦʭʣʠʭ ʢʨʘʧʝʣʴ. ɿʘʣʝʞʥʦ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʝʣʠʯʠʥʠ ʢʨʠʩʪʘʣʽʚ 

ʚʠʜʽʣʷʣʠ 3 ʪʠʧʠ ʄʂʉ: I ʪʠʧ ï ʜʦʙʨʝ ʚʠʨʘʞʝʥʘ ʩʪʨʫʢʪʫʨʘ ʩʣʠʥʠ, ʢʨʠʩʪʘʣʠ ʚʝʣʠʢʽ 

ʟ ʜʝʥʜʨʠʪʦʧʦʜʽʙʥʠʤʠ ʚʽʜʨʦʩʪʢʘʤʠ, ʱʦ ʤʘʶʪʴ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʣʠʪʪʷ; II ʪʠʧ - 

ʧʨʦʤʽʞʥʠʡ, ʢʨʠʩʪʘʣʠ ʤʝʥʰʠʭ ʨʦʟʤʽʨʽʚ ʟ ʪʝʥʜʝʥʮʽʻʶ ʜʦ ʾʭ ʨʦʟ'ʻʜʥʘʥʥʷ; III  ʪʠʧ - 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʘʤʦʨʬʥʠʭ ʩʪʨʫʢʪʫʨ, ʢʨʠʩʪʘʣʽʚ ʥʝʤʘʻ. ʄʽʥʝʨʘʣʽʟʫʶʯʠʡ 

ʧʦʪʝʥʮʽʘʣ ʩʣʠʥʠ (ʄʇʉ) ʦʮʽʥʶʚʘʣʠ ʷʢ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʧʝʚʥʠʭ 
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ʪʠʧʽʚ ʤʽʢʨʦʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʣʠʥʠ (ʄʂʉ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʩʽʻʾ ʧʣʦʱʽ ʢʨʘʧʝʣʴ ʥʘ 

ʧʨʝʜʤʝʪʥʦʤʫ ʩʢʣʽ ʤʽʢʨʦʩʢʦʧʘ (ʟʘ ʤʝʪʦʜʠʢʦʶ ʉʘʡʬʫʣʽʥʦʾ ʍ.ʄ., ʇʦʟʜʻʻʚʘ ɸ.ʈ., 

1992). ʄʽʥʝʨʘʣʽʟʫʶʯʠʡ ʧʦʪʝʥʮʽʘʣ ʩʣʠʥʠ (ʄʇʉ) ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ ʚ 

ʄʇʉ = ʄʂʉ/3, ʜʝ ʄʇʉ - ʤʽʥʝʨʘʣʽʟʫʶʯʠʡ ʧʦʪʝʥʮʽʘʣ ʩʣʠʥʠ, ʄʂʉ ʩʫʤʘʨʥʽ ʚʠʜʠ 

ʤʽʢʨʦʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʣʠʥʠ. ɿʘʣʝʞʥʦ ʚʽʜ ʚʠʷʚʣʝʥʠʭ ʪʠʧʽʚ ʢʨʠʩʪʘʣʦʫʪʚʦʨʝʥʥʷ 

ʄʇʉ ʚʠʨʘʞʘʣʠ ʚ ʫʩʝʨʝʜʥʝʥʦʤʫ ʙʘʣʽ. : 0,0 - 1,0 - ʜʫʞʝ ʥʠʟʴʢʠʡ, 1,1 - 2,0 - 

ʥʠʟʴʢʠʡ, 2,1 - 3,0 - ʟʘʜʦʚʽʣʴʥʠʡ, 3,1 - 4,0 - ʚʠʩʦʢʠʡ, 4,1-5,0 - ʜʫʞʝ ʚʠʩʦʢʠʡ. 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʘʨʽʻʩʫ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʢʘʨʽʻʩʫ ʚʠʟʥʘʯʘʣʠ ʰʣʷʭʦʤ ʧʽʜʨʘʭʫʥʢʫ 

ʽʥʜʝʢʩʫ ʂʇɺ ʫ ʧʦʩʪʽʡʥʦʤʫ ʧʨʠʢʫʩʽ, ʫ ʟʤʽʥʥʦʤʫ ï ʂʇɺ + ʢʧ, ʜʝ ʂ ï ʢʘʨʽʦʟʥʽ 

ʧʦʩʪʽʡʥʽ ʟʫʙʠ; ʇ - ʧʣʦʤʙʦʚʘʥʽ ʧʦʩʪʽʡʥʽ ʟʫʙʠ; ɺ - ʚʽʜʜʘʣʝʥʽ ʧʦʩʪʽʡʥʽ ʟʫʙʠ; ʢ - 

ʢʘʨʽʦʟʥʽ ʪʠʤʯʘʩʦʚʽ ʟʫʙʠ; ʧ - ʧʣʦʤʙʦʚʘʥʽ ʪʠʤʯʘʩʦʚʽ ʟʫʙʠ. ʈʽʚʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʢʘʨʽʻʩʫ ʚʠʜʽʣʷʣʠ ʧʦ ɺʆʆɿ ʽ ʚʠʟʥʘʯʘʣʠ ʩʪʫʧʽʥʴ ʘʢʪʠʚʥʦʩʪʽ ʢʘʨʽʻʩʫ (ʧʦ 

ʊ.ʌ. ɺʠʥʦʛʨʘʜʦʚʽʡ, 1985). ʆʪʨʠʤʘʥʽ ʮʠʬʨʦʚʽ ʜʘʥʽ ʦʧʨʘʮʴʦʚʘʥʦ ʥʘ 

ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʢʦʤʧ'ʶʪʝʨʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʘʢʝʪʘ ʜʣʷ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ï Statistica for Windows 6.0 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. /Results and discussion. ʊʠʧʠ ʢʨʠʩʪʘʣʽʚ 

ʟʤʽʰʘʥʦʾ ʩʣʠʥʠ ʪʘ ʾʭ ʯʘʩʪʦʪʘ ʫ ʦʙʩʪʝʞʝʥʠʭ ʜʽʪʝʡ ʪʘ ʧʽʜʣʽʪʢʽʚ ʟ ʝʥʜʦʢʨʠʥʥʦʶ 

ʧʘʪʦʣʦʛʽʻʶ ʪʘ ʧʘʪʦʣʦʛʽʻʶ ʦʧʦʨʥʦ-ʨʫʭʦʚʦʾ ʩʠʩʪʝʤʠ, ʷʢʽ ʦʪʨʠʤʘʣʠ ʧʨʠ ʚʠʚʯʝʥʥʽ 

ʤʽʢʨʦʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʣʠʥʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1 

ʊʠʧʠ ʢʨʠʩʪʘʣʽʚ ʟʤʽʰʘʥʦʾ ʩʣʠʥʠ ʪʘ ʾʭ ʯʘʩʪʦʪʘ ʫ ʦʙʩʪʝʞʝʥʠʭ ʜʽʪʝʡ ʪʘ 

ʧʽʜʣʽʪʢʽʚ (ʚ%) 

ɺʽʢ 

(ʚ ʨʦʢʘʭ) 

ʂ̔ʣ-

ʪ ɹ

ɽʥʜʦʢʨʠʥʥʘ ʧʘʪʦʣʦʛʽʷ ʂ̔ʣ-

ʪ ɹ

ʇʘʪʦʣʦʛʽʷ ʦʧʦʨʥʦ-ʨʫʭʦʚʦʾ 

ʩʠʩʪʝʤʠ 

ʊʠʧʠ ʢʨʠʩʪʘʣʽʚ ʊʠʧʠ ʢʨʠʩʪʘʣʽʚ 

I II  III  I II  III  

9-10 12 - 16,72,9 83,3Ñ3,4 14 - 21,5Ñ1,6 78,5Ñ3,5 

13 10 - 10,0Ñ5,25 90,0Ñ4,1 15 - 13,3Ñ1,9 86,7Ñ3,5 

16-17 15 - 20,0Ñ1,5 80,0Ñ1,7 8 - 37,5Ñ3,4 62,5Ñ5,3 

 

ʋ ʜʽʪʝʡ ʚ ʚʽʮʽ 9-10 ʨʦʢʽʚ ʟ ʝʥʜʦʢʨʠʥʥʦʶ ʧʘʪʦʣʦʛʽʻʶ ʘʥʘʣʽʟ 

ʤʽʢʨʦʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʦʢʘʟʘʚ, ʱʦ ʢʨʠʩʪʘʣʠ I ʪʠʧʫ ʙʫʣʠ ʚʽʜʩʫʪʥʽ ʫ ʚʩʽʭ ʧʨʦʙʘʭ, 
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ʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʚʩʷ II ʪʘ III ʪʠʧʠ ʤʽʢʨʦʢʨʠʩʪʘʣʽʟʘʮʽʾ (16,7Ñ2,9% ʪʘ 83,3Ñ3,4%). 

ʋ ʧʽʜʣʽʪʢʽʚ 13 ʨʦʢʽʚ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʫ ʜʽʪʝʡ 9 -10 ʨʦʢʽʚ, ʙʫʚ ʚʽʜʩʫʪʥʽʡ I ʪʠʧ 

ʤʽʢʨʦʢʨʠʩʪʘʣʽʟʘʮʽʾ ʽ ʧʝʨʝʚʘʞʘʚ III ʪʠʧ (II ʪʠʧ ï 10,0Ñ5,2%, III ʪʠʧ ï 90,0Ñ4,1%). 

ʋ ʧʽʜʣʽʪʢʽʚ 16-17 ʨʦʢʽʚ ʪʘʢʦʞ ʙʫʚ ʚʽʜʩʫʪʥʽʡ ɯ ʪʠʧ ʤʽʢʨʦʢʨʠʩʪʘʣʽʟʘʮʽʾ, ɯɯ ʪʠʧ 

ʩʪʘʥʦʚʠʚ 20,0Ñ1,5%, ʘ ɯɯɯ ʪʠʧ 80,0Ñ1,7%. 

ʋ ʜʽʪʝʡ ʪʘ ʧʽʜʣʽʪʢʽʚ ʟ ʧʘʪʦʣʦʛʽʻʶ ʦʧʦʨʥʦ-ʨʫʭʦʚʦʾ ʩʠʩʪʝʤʠ ʙʫʚ ʚʽʜʩʫʪʥʽʡ ɯ 

ʪʠʧ ʤʽʢʨʦʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ ʧʝʨʝʚʘʞʘʚ ɯɯ ʪʘ ɯɯɯ ʪʠʧ ʤʽʢʨʦʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʊʘʢ, ʫ ʜʽʪʝʡ 

9- 10 ʨʦʢʽʚ ɯɯ ʪʠʧ ʩʪʘʥʦʚʠʚ 21,5Ñ1,6%, ʘ ɯɯɯ ʪʠʧ ï 78,5Ñ3,5%. ʋ ʧʽʜʣʽʪʢʽʚ 13 ʨʦʢʽʚ 

ɯɯ ʪʠʧ ʩʪʘʥʦʚʠʚ 13,3Ñ1,9% ʪʘ ɯɯɯ ʪʠʧ ï 86,7Ñ3,5%. ʋ ʧʽʜʣʽʪʢʽʚ 16-17 ʨʦʢʽʚ ɯɯ ʪʠʧ 

ʩʪʘʥʦʚʠʚ 37,5Ñ3,4% ʪʘ ɯɯɯ ʪʠʧ ï 62,5Ñ5,3%. 

ʅʘʡʙʽʣʴʰ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ III ʪʠʧʫ ʤʽʢʨʦʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ 

ʧʽʜʣʽʪʢʽʚ 13 ʨʦʢʽʚ, ʧʦʨʽʚʥʷʥʦ ʟ ʜʽʪʴʤʠ 9-10 ʨʦʢʽʚ ʪʘ ʧʽʜʣʽʪʢʘʤʠ 16-17 ʨʦʢʽʚ, ʷʢ 

ʧʨʠ ʝʥʜʦʢʨʠʥʥʽʡ ʧʘʪʦʣʦʛʽʾ, ʪʘʢ ʽ ʧʨʠ ʧʘʪʦʣʦʛʽʾ ʦʧʦʨʥʦ-ʨʫʭʦʚʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʡʤʦʚʽʨʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʫʪʪʻʚʽ ʟʤʽʥʠ ʚ ʤʽʥʝʨʘʣʴʥʦʤʫ ʩʢʣʘʜʽ ʚ ʧʝʨʽʦʜ ʧʫʙʝʨʪʘʪʫ. 

ʗʢʱʦ ʧʦʨʽʚʥʶʚʘʪʠ ʮʝʡ ʧʦʢʘʟʥʠʢ ʤʽʞ ʜʚʦʤʘ ʥʦʟʦʦʣʦʛʽʯʥʠʤʠ ʛʨʫʧʘʤʠ ʜʽʪʝʡ, ʪʦ 

ʧʨʠ ʝʥʜʦʢʨʠʥʥʽʡ ʧʘʪʦʣʦʛʽʾ ʟʤʽʥʠ ʙʽʣʴʰ ʚʠʨʘʞʝʥʽ, ʥʽʞ ʧʨʠ ʧʘʪʦʣʦʛʽʾ ʦʧʦʨʥʦ-

ʨʫʭʦʚʦʾ ʩʠʩʪʝʤʠ ï 90,0% ʪʘ 86,7% , ʚʽʜʧʦʚʽʜʥʦ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʥʝʨʘʣʽʟʫʶʯʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʩʣʠʥʠ ʪʘ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʘʨʽʻʩʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 2 . 

ʊʘʙʣʠʮʷ 2 

ʄʽʥʝʨʘʣʽʟʫʶʯʠʡ ʧʦʪʝʥʮʽʘʣ ʩʣʠʥʠ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʘʨʽʻʩʫ ʫ ʜʽʪʝʡ ʪʘ 

ʧʽʜʣʽʪʢʽʚ ʟ ʝʥʜʦʢʨʠʥʥʦʶ ʧʘʪʦʣʦʛʽʻʶ ʪʘ ʧʘʪʦʣʦʛʽʻʶ ʦʧʦʨʥʦ-ʨʫʭʦʚʦʾ ʩʠʩʪʝʤʠ 

ɺʽʢ 

(ʚ ʨʦʢʘʭ) 

ʂ̔ʣ-

ʪ ɹ

ʄʇʉ ʂʇɺ 

+ʢʧ 

ʈʽʚʝʥʴ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʢʘʨʽʻʩʫ 

ʉʪʫʧʽʥʴ ʘʢʪʠʚʥʦʩʪʽ 

ʢʘʨʽʻʩʫ 

 

ɽʥʜʦʢʨʠʥʥʘ ʧʘʪʦʣʦʛʽʷ 

9-10 12 1,8Ñ0,2 5,2Ñ0,8 ɺʠʩʦʢʠʡ ʉʫʙʢʦʤʧʝʥʩʦʚʘʥʠʡ ʨ>0,05 

13 10 1,3Ñ0,4 4,7Ñ0,8 ɺʠʩʦʢʠʡ ʉʫʙʢʦʤʧʝʥʩʦʚʘʥʠʡ ʨ>0,05 

 

16-17 15 2,0Ñ0,3 7,1Ñ0,8 ɼʫʞʝ ʚʠʩʦʢʠʡ  ɼʝʢʦʤʧʝʥʩʦʚʘʥʠʡ ʨ<0,05 

ʇʘʪʦʣʦʛʽʷ ʦʧʦʨʥʦ-ʨʫʭʦʚʦʾ ʩʠʩʪʝʤʠ 

9-10 14 2,2Ñ0,3 5,5Ñ0,6 ɺʠʩʦʢʠʡ ʉʫʙʢʦʤʧʝʥʩʦʚʘʥʠʡ ʨ>0,05 

13 15 1,5Ñ0,2 3,4Ñ0,3 ʉʝʨʝʜʥʽʡ  ʂʦʤʧʝʥʩʦʚʘʥʠʡ ʨ>0,05 

 

16-17 8 2,5Ñ0,3 3,4Ñ1,1 ʉʝʨʝʜʥʽʡ ʂʦʤʧʝʥʩʦʚʘʥʠʡ ʨ<0,05 
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ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ 2, ʤʽʥʝʨʘʣʽʟʫʶʯʠʡ ʧʦʪʝʥʮʽʘʣ ʩʣʠʥʠ (ʄʇʉ) ʫ ʜʽʪʝʡ ʪʘ 

ʧʽʜʣʽʪʢʽʚ ʟ ʝʥʜʦʢʨʠʥʥʦʶ ʧʘʪʦʣʦʛʽʻʶ ʜʦʨʽʚʥʶʻ ʚ 9-10 ʨʦʢʽʚ - 1,8Ñ0,2, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʠʟʴʢʠʡ ʤʽʥʝʨʘʣʽʟʫʶʯʠʡ ʧʦʪʝʥʮʽʘʣ ʩʣʠʥʠ. ʋ ʧʽʜʣʽʪʢʽʚ 13 ʨʦʢʽʚ ʚʽʥ 

ʥʠʞʯʠʡ ʽ ʜʦʨʽʚʥʶʻ 1,3Ñ0,4, ʚ 16 -17 ʨʦʢʽʚ - 2,0Ñ0,3, ʱʦ ʪʘʢʦʞ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʥʠʟʴʢʠʡ ʤʽʥʝʨʘʣʽʟʫʶʯʠʡ ʧʦʪʝʥʮʽʘʣ ʩʣʠʥʠ. ʅʘʡʥʠʞʯʠʡ ʤʽʥʝʨʘʣʽʟʫʶʯʠʡ 

ʧʦʪʝʥʮʽʘʣ ʩʣʠʥʠ ʚ 13 ʨʦʢʽʚ. 

ʉʝʨʝʜʥʽʡ ʧʦʢʘʟʥʠʢ ʂʇɺ+ʢʧ ʫ ʜʽʪʝʡ 9 -10 ʨʦʢʽʚ ʟ ʝʥʜʦʢʨʠʥʥʦʶ ʧʘʪʦʣʦʛʽʻʶ 

ʩʪʘʥʦʚʠʚ 5,2Ñ0,8, ʨʽʚʝʥʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʘʨʽʻʩʫ ʚʠʩʦʢʠʡ, ʨʽʚʝʥʴ ʘʢʪʠʚʥʦʩʪʽ 

ʢʘʨʽʻʩʫ ï ʩʫʙʢʦʤʧʝʥʩʦʚʘʥʠʡ. ʋ ʰʢʦʣʷʨʽʚ ʫ ʚʽʮʽ 13 ʨʦʢʽʚ ʂʇɺ ʜʦʨʽʚʥʶʻ 4,7Ñ0,8, 

ʨʽʚʝʥʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʘʨʽʻʩʫ ʚʠʩʦʢʠʡ, ʩʪʫʧʽʥʴ ʘʢʪʠʚʥʦʩʪʽ ʢʘʨʽʻʩʫ - 

ʩʫʙʢʦʤʧʝʥʩʦʚʘʥʠʡ. ʋ ʧʽʜʣʽʪʢʽʚ 16-17 ʨʦʢʽʚ ʂʇɺ ʜʦʨʽʚʥʶʻ 7,1 Ñ 0,8, ʨʽʚʝʥʴ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʘʨʽʻʩʫ ʜʫʞʝ ʚʠʩʦʢʠʡ, ʩʪʫʧʽʥʴ ʘʢʪʠʚʥʦʩʪʽ ʢʘʨʽʻʩʫ - 

ʜʝʢʦʤʧʝʥʩʦʚʘʥʠʡ. 

ʋ ʜʽʪʝʡ 9 -10 ʨʦʢʽʚ ʟ ʧʘʪʦʣʦʛʽʻʶ ʦʧʦʨʥʦ-ʨʫʭʦʚʦʾ ʩʠʩʪʝʤʠ ʩʝʨʝʜʥʽʡ 

ʧʦʢʘʟʥʠʢ ʂʇɺ+ʢʧʫ ʩʪʘʥʦʚʠʚ 5,5Ñ0,6, ʨʽʚʝʥʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʘʨʽʻʩʫ ʚʠʩʦʢʠʡ, 

ʩʪʫʧʽʥʴ ʘʢʪʠʚʥʦʩʪʽ ʢʘʨʽʻʩʫ ʩʫʙʢʦʤʧʝʥʩʦʚʘʥʠʡ. ʋ ʧʽʜʣʽʪʢʽʚ 13 ʨʦʢʽʚ ʧʦʢʘʟʥʠʢ 

ʂʇɺ ʜʦʨʽʚʥʶʻ 3,4 Ñ 0,3, ʨʽʚʝʥʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʘʨʽʻʩʫ ʩʝʨʝʜʥʽʡ, ʩʪʫʧʽʥʴ 

ʘʢʪʠʚʥʦʩʪʽ ʢʘʨʽʻʩʫ - ʢʦʤʧʝʥʩʦʚʘʥʠʡ. ʋ ʚʽʮʽ 16-17 ʨʦʢʽʚ ʩʝʨʝʜʥʽʡ ʧʦʢʘʟʥʠʢ ʂʇɺ 

ʩʪʘʥʦʚʠʚ 3,4Ñ1,1, ʨʽʚʝʥʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʘʨʽʻʩʫ ʻ ʩʝʨʝʜʥʽʡ, ʩʪʫʧʽʥʴ ʘʢʪʠʚʥʦʩʪʽ 

ʢʘʨʽʻʩʫ ï ʢʦʤʧʝʥʩʦʚʘʥʠʡ. 

ɺʠʩʥʦʚʢʠ. / Conclusions. ɸʥʘʣʽʟ ʤʽʢʨʦʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʤʽʰʘʥʦʾ ʩʣʠʥʠ ʫ 

ʜʽʪʝʡ ʪʘ ʧʽʜʣʽʪʢʽʚ ʟ ʝʥʜʦʢʨʠʥʥʦʶ ʧʘʪʦʣʦʛʽʻʶ ʧʦʢʘʟʘʚ, ʱʦ ʤʽʥʝʨʘʣʽʟʫʶʯʠʡ 

ʧʦʪʝʥʮʽʘʣ ʩʣʠʥʠ ʥʠʟʴʢʠʡ, ʧʝʨʝʚʘʞʥʦ ʟʫʩʪʨʽʯʘʣʠʩʷ ʢʨʠʩʪʘʣʠ II ʪʘ III ʪʠʧʫ. 

ʅʠʟʴʢʠʡ ʤʽʥʝʨʘʣʽʟʫʶʯʠʡ ʧʦʪʝʥʮʽʘʣ ʩʣʠʥʠ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʚʠʩʦʢʠʤ ʽʥʜʝʢʩʦʤ 

ʂʇɺ, ʚʠʩʦʢʠʤʠ ʪʘ ʜʫʞʝ ʚʠʩʦʢʠʤʠ ʨʽʚʥʷʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʘʨʽʻʩʫ ʪʘ 

ʧʝʨʝʚʘʞʘʥʥʷʤ ʩʫʙʢʦʤʧʝʥʩʦʚʘʥʦʛʦ ʩʪʫʧʝʥʷ ʘʢʪʠʚʥʦʩʪʽ ʢʘʨʽʻʩʫ.  

ʅʘʜʥʠʟʴʢʠʡ ʤʽʥʝʨʘʣʽʟʫʶʯʠʡ ʧʦʪʝʥʮʽʘʣ ʩʣʠʥʠ ʚʠʷʚʣʝʥʦ ʚ ʚʽʮʽ 13 ʨʦʢʽʚ, ʘ 

ʩʪʫʧʽʥʴ ʘʢʪʠʚʥʦʩʪʽ ʢʘʨʽʻʩʫ ʧʨʦʛʨʝʩʫʻ ʟ ʚʽʢʦʤ. 

ɸʥʘʣʽʟ ʤʽʢʨʦʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʤʽʰʘʥʦʾ ʩʣʠʥʠ ʫ ʜʽʪʝʡ ʪʘ ʧʽʜʣʽʪʢʽʚ ʟ 

ʧʘʪʦʣʦʛʽʻʶ ʦʧʦʨʥʦ-ʨʫʭʦʚʦʾ ʩʠʩʪʝʤʠ ʧʦʢʘʟʘʚ, ʱʦ ʩʣʠʥʘ ʤʘʻ ʥʠʟʴʢʠʡ 
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ʤʽʥʝʨʘʣʽʟʫʶʯʠʡ ʧʦʪʝʥʮʽʘʣ, ʧʝʨʝʚʘʞʘʶʪʴ ʢʨʠʩʪʘʣʠ ɯɯ ʪʘ ɯɯɯ ʪʠʧʽʚ. 

ʄʽʥʝʨʘʣʽʟʫʶʯʠʡ ʧʦʪʝʥʮʽʘʣ ʩʣʠʥʠ ʻ ʥʠʟʴʢʠʡ ʽ ʟʘʜʦʚʽʣʴʥʠʡ. ʋ ʜʽʪʝʡ ʪʘ ʧʽʜʣʽʪʢʽʚ ʟ 

ʧʘʪʦʣʦʛʽʻʶ ʦʧʦʨʥʦ-ʨʫʭʦʚʦʾ ʩʠʩʪʝʤʠ ʧʦʢʘʟʥʠʢʠ ʂʇɺ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʩʦʢʠʤʠ ʪʘ 

ʩʝʨʝʜʥʽʤ ʨʽʚʥʷʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʘʨʽʻʩʫ, ʧʝʨʝʚʘʞʘʻ ʢʦʤʧʝʥʩʦʚʘʥʠʡ ʩʪʫʧʝʥʴ 

ʘʢʪʠʚʥʦʩʪʽ ʢʘʨʽʻʩʫ.  

ʅʘʜʥʠʟʴʢʠʡ ʤʽʥʝʨʘʣʽʟʫʶʯʠʡ ʧʦʪʝʥʮʽʘʣ ʩʣʠʥʠ ʚʠʷʚʣʝʥʦ ʚ ʚʽʮʽ 13 ʨʦʢʽʚ, ʘ 

ʩʪʫʧʽʥʴ ʘʢʪʠʚʥʦʩʪʽ ʢʘʨʽʻʩʫ ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʚʽʢʦʤ. 

ʋ ʜʽʪʝʡ ʪʘ ʧʽʜʣʽʪʢʽʚ ʟ ʧʘʪʦʣʦʛʽʻʶ ʦʧʦʨʥʦ-ʨʫʭʦʚʦʾ ʩʠʩʪʝʤʠ ʧʦʢʘʟʥʠʢʠ 

ʂʇʋ, ʨʽʚʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ ʘʢʪʠʚʥʦʩʪʽ ʢʘʨʽʻʩʫ ʜʝʱʦ ʥʠʞʯʽ, ʥʽʞ ʫ ʰʢʦʣʷʨʽʚ ʟ 

ʝʥʜʦʢʨʠʥʥʦʶ ʧʘʪʦʣʦʛʽʻʶ. 
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ɺɸʈɯɸʅʊʅɸ ɸʅɸʊʆʄɯʗ ʇʆʈʊɸʃʔʅʆɰ ɺɽʅʀ 

 

ʉʢʨʷʙʽʥʘ ʆʣʝʥʘ ʄʠʢʦʣʘʾʚʥʘ, 

ʢ.ʤ.ʥ., ʜʦʮʝʥʪ 

ʐʘʧʦʚʘʣʦʚʘ ʆʣʴʛʘ ʆʣʝʢʩʽʾʚʥʘ 

ʘʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ʘʥʘʪʦʤʽʾ, ʬʽʟʽʦʣʦʛʽʾ ʪʘ ʧʘʪʦʬʽʟʽʦʣʦʛʽʾ 

ʇʨʷʜʢʦ ʈʦʩʪʠʩʣʘʚ ʄʠʢʦʣʘʡʦʚʠʯ, 

ʩʪʫʜʝʥʪ ɯɯɯ ʢʫʨʩʫ 

ʃʫʛʘʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʤ. ʈʽʚʥʝ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʇʨʦʬʝʩʽʷ ʣʽʢʘʨʷ-ʭʽʨʫʨʛʘ ʚʠʤʘʛʘʻ ʚʽʜ ʣʶʜʠʥʠ ʥʘʜʟʚʠʯʘʡʥʦ ʪʦʯʥʠʭ 

ʟʥʘʥʴ ʟ ʥʦʨʤʘʣʴʥʦʾ ʪʘ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʘʥʘʪʦʤʽʾ, ʱʦʙ ʙʫʪʠ ʧʝʨʰʦʢʣʘʩʥʠʤ 

ʩʧʝʮʽʘʣʽʩʪʦʤ. ɺ ʩʚʦʾʡ ʧʨʘʢʪʠʮʽ ʣʽʢʘʨ-ʭʽʨʫʨʛ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʟ ʚʽʜʤʽʥʥʦʩʪʷʤʠ 

ʜʝʷʢʠʭ ʘʥʘʪʦʤʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʫ ʧʝʚʥʠʭ ʣʶʜʝʡ. ɿʥʘʥʥʷ ʚʘʨʽʘʥʪʥʦʾ ʘʥʘʪʦʤʽʾ 

ʜʦʟʚʦʣʠʪʴ ʭʽʨʫʨʛʫ ʙʫʪʠ ʚʧʝʚʥʝʥʠʤ ʚ ʩʦʙʽ ʽ ʧʨʦʚʦʜʠʪʠ ʦʧʝʨʘʮʽʾ ʨʽʟʥʦʛʦ ʨʽʚʥʷ 

ʩʢʣʘʜʥʦʩʪʽ. 

ɺʦʨʽʪʥʘ ʚʝʥʘ, ʪʘʢʦʞ ʚʽʜʦʤʘ ʷʢ çvena portaeè, ʻ ʚʘʞʣʠʚʦʶ ʢʨʦʚʦʥʦʩʥʦʶ 

ʩʫʜʠʥʦʶ, ʷʢʘ ʧʨʦʚʦʜʠʪʴ ʢʨʦʚ ʚʽʜ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʛʦ ʪʨʘʢʪʫ ʪʘ ʩʝʣʝʟʽʥʢʠ ʜʦ 

ʧʝʯʽʥʢʠ. ʇʝʯʽʥʢʘ ʦʪʨʠʤʫʻ ʙʣʠʟʴʢʦ 75% ʢʨʦʚʽ ʯʝʨʝʟ ʚʦʨʽʪʥʫ ʚʝʥʫ, ʘ ʨʝʰʪʘ 

ʥʘʜʭʦʜʠʪʴ ʽʟ ʚʣʘʩʥʝ ʧʝʯʽʥʢʦʚʦʾ ʘʨʪʝʨʽʾ. ɺʦʨʽʪʥʘ ʚʝʥʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʥʰʠʭ 

ʚʝʥ, ʪʠʤ ʱʦ ʚʦʥʘ ʥʝ ʧʨʦʚʦʜʠʪʴ ʢʨʦʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʩʝʨʮʝ. 

ʋ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ ʟʘ ʦʩʪʘʥʥʽ 10 ʨʦʢʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʩʪʽʡʥʝ ʟʨʦʩʪʘʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʧʘʮʽʻʥʪʽʚ, ʷʢʠʤ ʧʨʦʚʦʜʷʪʴ ʪʨʘʥʩʧʣʘʥʪʘʮʽʶ ʧʝʯʽʥʢʠ. ʇʦʜʽʙʥʘ ʪʝʥʜʝʥʮʽʷ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʂʠʪʘʾ, ʂʘʥʘʜʽ ʪʘ ɯʥʜʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʢʽʣʴʢʽʩʪʴ 

ʩʢʣʘʜʥʠʭ ʛʝʧʘʪʦʙʽʣʽʘʨʥʠʭ ʭʽʨʫʨʛʽʯʥʠʭ ʽ ʩʫʜʠʥʥʠʭ ʚʪʨʫʯʘʥʴ ʟʙʽʣʴʰʠʣʘʩʷ ʟʘʚʜʷʢʠ 

ʧʨʦʛʨʝʩʫ ʚ ʤʝʜʠʮʠʥʽ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʟʥʘʥʴ ʚʘʨʽʘʥʪʥʦʾ ʘʥʘʪʦʤʽʾ ʻ ʚʘʞʣʠʚʦʶ 

ʩʢʣʘʜʦʚʦʶ ʮʴʦʛʦ ʧʨʦʛʨʝʩʫ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʱʦʜʦ ʚʘʨʽʘʥʪʥʦʾ 

ʘʥʘʪʦʤʽʾ ʧʦʨʪʘʣʴʥʦʾ ʚʝʥʠ ʣʶʜʠʥʠ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ: ʜʘʥʽ ʜʦʩʪʫʧʥʦʾ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ, ʩʪʘʪʠʩʪʠʯʥʠʡ 

ʪʘ ʧʦʷʩʥʶʚʘʣʴʥʦ-ʽʣʶʩʪʨʘʪʠʚʥʠʡ ʤʝʪʦʜʠ. 
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ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ: ɹʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʦʩʪʚʽʪʘʣʴʥʠʡ 

ʤʘʪʝʨʽʘʣ ʜʦʨʦʩʣʠʭ ʣʶʜʝʡ, ʘʨʭʽʚʥʽ ʜʘʥʽ ʪʘ ʜʘʥʽ ʜʦʩʣʽʜʞʝʥʴ ʯʝʨʝʚʥʦʾ ʧʦʨʦʞʥʠʥʠ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʘʨʽʘʥʪʥʦʾ ʘʥʘʪʦʤʽʾ ʢʦʨʝʥʽʚ ʪʘ ʧʨʠʪʦʢʽʚ ʚʦʨʽʪʥʦʾ ʚʝʥʠ. ɺʘʨʽʘʥʪʥʘ 

ʘʥʘʪʦʤʽʷ ʚʦʨʽʪʥʦʾ ʚʝʥʠ: 

ʊʠʧ 1 - ʥʦʨʤʘʣʴʥʘ ʘʥʘʪʦʤʽʷ(79,94%). ɻʦʣʦʚʥʘ ʚʦʨʽʪʥʘ ʚʝʥʘ ʫʪʚʦʨʝʥʘ 

ʟʣʠʪʪʷʤ ʚʝʨʭʥʴʦʾ ʙʨʠʞʦʚʦʾ ʪʘ ʩʝʣʝʟʽʥʢʦʚʦʾ ʚʝʥ, ʚʦʥʘ ʧʝʨʝʥʦʩʠʪʴ ʢʨʦʚ ʚʽʜ 

ʩʝʣʝʟʽʥʢʠ ʪʘ ʰʣʫʥʢʦʚʦ-ʢʠʢhʦʚʦʛʦ ʪʨʘʢʪʫ ʜʦ ʢʘʧʽʣʷʨʥʦʛʦ ʨʫʩʣʘ ʧʝʯʽʥʢʠ. 

ɻʦʣʦʚʥʘ ʚʦʨʽʪʥʘ ʚʝʥʘ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʧʨʘʚʫ ʚʦʨʽʪʥʫ ʚʝʥʫ(ʇɺɺ) ʽ ʣʽʚʫ ʚʦʨʽʪʥʫ 

ʚʝʥʫ(ʃɺɺ) ʚʽʜʧʦʚʽʜʥʦ. ʇʦʪʽʤ ʇɺɺ ʜʽʣʠʪʴʩʷ ʥʘ ʧʨʘʚʫ ʧʝʨʝʜʥʶ ʚʦʨʽʪʥʫ ʚʝʥʫ 

(ʇʇɺɺ) ʽ ʧʨʘʚʫ ʟʘʜʥʶ ʚʦʨʽʪʥʫ ʚʝʥʫ(ʇɿɺɺ), ʷʢʘ ʜʘʣʽ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʚʝʨʭʥʶ ʪʘ 

ʥʠʞʥʶ ʩʝʛʤʝʥʪʘʨʥʽ ʛʽʣʢʠ. ʉʪʦʚʙʫʨ ʣʽʚʦʾ ʚʦʨʽʪʥʦʾ ʚʝʥʠ(ʃʇɺ) ʚʽʜʜʘʻ ʛʽʣʢʠ ʜʦ II, 

III ʽ IV ʩʝʛʤʝʥʪʽʚ ʧʝʯʽʥʢʠ. 

ʊʠʧ 2 ï ʪʨʠʬʫʨʢʘʮʽʷ(6,83%). ɻʦʣʦʚʥʘ ʚʦʨʽʪʥʘ ʚʝʥʘ(ɻɺɺ) ʜʽʣʠʪʴʩʷ ʥʘ ʪʨʠ 

ʛʽʣʢʠ: ʇʇɺɺ, ʇɿɺɺ ʽ ʃɺɺ. 

ʊʠʧ 3 - ʧʨʘʚʘ ʟʘʜʥʷ ʚʦʨʽʪʥʘ ʚʝʥʘ ʷʢ ʧʝʨʰʘ ʛʽʣʢʘ ʛʦʣʦʚʥʦʾ ʚʦʨʽʪʥʦʾ 

ʚʝʥʠ(4,96%). ʇʝʨʰʦʶ ʛʽʣʢʦʶ ɻɺɺ ʻ ʇɿɺɺ, ʷʢʘ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʚʧʨʘʚʦ ʥʘ 

ʥʝʚʝʣʠʢʫ ʚʽʜʩʪʘʥʴ, ʘ ʧʦʪʽʤ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʇʇɺɺ ʽ ʃɺɺ. 

ʊʠʧ 4 - ɺʽʜʭʽʜ ʧʨʘʚʦʾ ʧʝʨʝʜʥʴʦʾ ʚʦʨʽʪʥʦʾ ʚʝʥʠ ʚʽʜ ʣʽʚʦʾ ʚʦʨʽʪʥʦʾ ʚʝʥʠ 

(2,69%). ɻɺɺ ʩʧʦʯʘʪʢʫ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʇɿɺɺ ʽ ʃɺɺ. ʊʦʜʽ ʇʇɺɺ ʚʠʥʠʢʘʻ ʟ ʃɺɺ. 

ʇʦʚʥʝ ʨʦʟʛʘʣʫʞʝʥʥʷ(1,37%). ʋʩʽ ʩʝʛʤʝʥʪʘʨʥʽ ʛʽʣʢʠ ʚʦʨʽʪʥʦʾ ʚʝʥʠ, ʱʦ 

ʧʦʯʠʥʘʶʪʴʩʷ ʚʽʜ ʻʜʠʥʦʾ ʛʦʣʦʚʥʦʾ ʚʦʨʽʪʥʦʾ ʚʝʥʠ ʙʝʟ ʧʦʜʽʣʫ ʥʘ ʧʨʘʚʫ ʪʘ ʣʽʚʫ 

ʛʽʣʢʠ. 

ɯʥʰʽ ʚʘʨʽʘʮʽʾ(1,96%).ʉʝʛʤʝʥʪ V, ʱʦ ʧʦʭʦʜʷʪʴ ʚʽʜ ʇɿɺɺ; ʦʢʨʝʤʝ 

ʧʦʭʦʜʞʝʥʥʷ ʩʝʛʤʝʥʪʘ VI ʪʘ ʩʝʛʤʝʥʪʘ VII  ʚʽʜ ʇɺɺ; ʚʠʧʘʜʢʠ ʜʦʜʘʪʢʦʚʦʛʦ 

ʚʽʜʛʘʣʫʞʝʥʥʷ ʩʝʛʤʝʥʪʫ VI, ʱʦ ʚʠʥʠʢʘʻ ʟ ʇʇɺɺ; ʩʝʛʤʝʥʪ IV ʧʦʜʘʻʪʴʩʷ ʚʽʜ ʇɺɺ ʽ 

ʃɺɺ; ʚʽʜʛʘʣʫʞʝʥʥʷ ʩʝʛʤʝʥʪʘ II  ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜ ʙʽʬʫʨʢʘʮʽʾ ɻɺɺ; ʚʽʜʛʘʣʫʞʝʥʥʷ 

ʩʝʛʤʝʥʪʘ VIII , ʱʦ ʚʠʥʠʢʘʻ ʚʽʜ ʃɺɺ; ʦʢʨʝʤʝ ʧʦʭʦʜʞʝʥʥʷ ʩʝʛʤʝʥʪʘ V ʚʽʜ ʇɺɺ. 

ʅʘ ʟʦʙʨʘʞʝʥʥʽ ʥʠʞʯʝ ʧʨʦʽʣʶʩʪʨʦʚʘʥʽ 5 ʧʦʰʠʨʝʥʠʭ ʪʠʧʽʚ. 
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ɻɺɺ ï ʛʦʣʦʚʥʘ ʚʦʨʽʪʥʘ ʚʝʥʘ; ʇɺɺ/ʃɺɺ ï ʧʨʘʚʘ/ʣ̔ʚʘ ʚʦʨʽʪʥʘ ʚʝʥʘ; ʇʇɺɺ ï 

ʧʨʘʚʘ ʧʝʨʝʜʥʷ ʚʦʨʽʪʥʘ ʚʝʥʘ; ʇɿɺɺ ï ʧʨʘʚʘ ʟʘʜʥʷ ʚʦʨʽʪʥʘ ʚʝʥʘ; ʉɺ ï ʩʝʣʝʟʽʥʢʦʚʘ 

ʚʝʥʘ: ɺɹɺ ï ʚʝʨʭʥʷ ʙʨʠʞʦʚʘ ʚʝʥ; ʩʝʛ. ï ʩʝʛʤʝʥʪ. 

ɺʠʩʥʦʚʦʢ: ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʪʦʧʦʛʨʘʬʦ-ʘʥʘʪʦʤʽʯʥʠʭ ʚʘʨʽʘʮʽʡ ʥʘ ʜʦʦʧʝʨʘʮʽʡʥʦʤʫ 

ʝʪʘʧʽ ʪʘ ʤʘʶʪʴ ʚʘʞʣʠʚʝ ʧʨʠʢʣʘʜʥʝ ʟʥʘʯʝʥʥʷ ʫ ʭʽʨʫʨʛʽʾ ʚʝʨʭʥʴʦʛʦ ʧʦʚʝʨʭʫ 

ʧʦʨʦʞʥʠʥʠ ʦʯʝʨʝʚʠʥʠ. 
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ɺʇʃʀɺ ʇʆʃʆɻʆɺʆɰ ɸʉʌɯʂʉɯɰ (ʇɸ) ʅɸ ʌɯɿɯʆʃʆɻɯʏʅɯ ʇʈʆʎɽʉʀ ɺ 

ʆʈɻɸʅɯɿʄɯ ʊɸ ʄɽʊʆɼʀ ʇʈʆʌɯʃɸʂʊʀʂʀ ʅɸʉʃɯɼʂɯɺ ʇɸ 

 

ʉʪʝʣʴʤʘʱʫʢ ɭʚʛʝʥʽʷ 

ʚʘʣʝʦʣʦʛ, ʧʩʠʭʦʣʦʛ, ʢʦʥʬʣʽʢʪʦʣʦʛ, 

ʩʪʘʨʰʠʡ ʤʝʪʦʜʠʩʪ ʢʦʤʧʘʥʽʾ çɸʢʘʜʝʤʽʷ ʟʜʦʨʦʚôʷè 

ʤ.ʂʘʤôʷʥʝʮʴ-ʇʦʜʽʣʴʩʴʢʠʡ, ʋʢʨʘʾʥʘ 

ʄʘʣʝʮʴʢʠʡ ɺʦʣʦʜʠʤʠʨ 

ʣʽʢʘʨ-ʚʯʝʥʠʡ, ʤʽʞʥʘʨʦʜʥʠʡ ʝʢʩʧʝʨʪ ʚ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ, 

ʟʘʩʥʦʚʥʠʢ ʢʦʤʧʘʥʽʾ çɸʢʘʜʝʤʽʷ ʟʜʦʨʦʚôʷè 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʇʦʣʦʛʦʚʘ ʘʩʬʽʢʩʽʷ (ʇɸ) ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ ʙʘʛʘʪʴʦʭ 

ʧʘʪʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʩʪʘʥʽʚ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʞʠʪʪʷ ʣʶʜʠʥʠ. ʋ 

ʥʘʰ ʯʘʩ ʧʦʣʦʛʦʚʘ ʘʩʬʽʢʩʽʷ ʪʘ ʾʾ ʥʘʩʣʽʜʢʠ ʩʪʘʣʠ ʘʢʪʫʘʣʴʥʦʶ health-ʧʨʦʙʣʝʤʦʶ, 

ʚʠʨʽʰʝʥʥʷʤ ʷʢʦʾ ʟʘʡʤʘʶʪʴʩʷ ʙʘʛʘʪʦʧʨʦʬʽʣʴʥʽ ʬʘʭʽʚʮʽ ʜʦʢʘʟʦʚʦʾ, ʽʥʪʝʛʨʘʣʴʥʦʾ ʪʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʤʝʜʠʮʠʥʠ. ʌʝʥʦʤʝʥ ʧʦʣʦʛʦʚʦʾ ʘʩʬʽʢʩʽʾ ʫ ʩʚʦʻʤʫ ʧʨʦʬʝʩʽʡʥʦʤʫ 

ʧʦʣʽ ʨʦʟʛʣʷʜʘʶʪʴ ʥʝ ʣʠʰʝ ʢʣʽʥʽʮʠʩʪʠ, ʘ ʡ ʚʘʣʝʦʣʦʛʠ, ʦʩʢʽʣʴʢʠ ʇɸ ʧʦʚôʷʟʘʥʘ ʥʝ 

ʣʠʰʝ ʟ ʫʩʢʣʘʜʥʝʥʥʷʤʠ ʧʽʜ ʯʘʩ ʧʦʣʦʛʽʚ ʪʘ ʥʘʡʯʘʩʪʽʰʝ ʻ ʧʨʦʚʽʜʥʠʢʦʤ ʧʝʚʥʠʭ 

ʭʨʦʥʽʯʥʠʭ ʫʩʢʣʘʜʥʝʥʴ ʽ ʥʘʜʘʣʽ. ʋ ʮʽʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʽʡ ʩʪʘʪʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʧʨʠʯʠʥʠ ʧʦʣʦʛʦʚʦʾ ʘʩʬʽʢʩʽʾ, ʾʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʥʘʩʣʽʜʢʠ, ʘ ʪʘʢʦʞ ʨʦʣʴ 

ʬʽʪʦʧʨʝʧʘʨʘʪʽʚ ʪʘ ʚʘʣʝʦʣʦʛʽʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʫ ʢʦʨʝʢʮʽʾ ʩʪʘʥʽʚ, ʘʩʦʮʽʡʦʚʘʥʠʭ ʟ 

ʇɸ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɺʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʧʨʦʷʚʠ ʧʦʣʦʛʦʚʦʾ ʘʩʬʽʢʩʽʾ, ˇʨʫʥʪʫʶʯʠʩʴ 

ʥʘ ʄʽʞʥʘʨʦʜʥʽʡ ʢʣʘʩʠʬʽʢʘʮʽʾ ʇɸ, ʦʢʨʝʩʣʠʪʠ ʚʧʣʠʚ ʢʠʩʥʝʚʦʛʦ ʛʦʣʦʜʫʚʘʥʥʷ ʥʘ 

ʬʽʟʽʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ʦʨʛʘʥʽʟʤʽ, ʚʠʟʥʘʯʠʪʠ ʨʦʣʴ ʚʘʣʝʦʣʦʛʽʯʥʠʭ ʪʘ 

ʬʽʪʦʪʝʨʘʧʝʚʪʠʯʥʠʭ ʦʟʜʦʨʦʚʯʠʭ ʧʨʘʢʪʠʢ ʚ ʘʩʧʝʢʪʽ ʟʘʧʦʙʽʛʘʥʥʷ ʥʘʩʣʽʜʢʽʚ 

ʧʦʣʦʛʦʚʦʾ ʘʩʬʽʢʩʽʾ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʇʦʣʦʛʦʚʘ ʘʩʬʽʢʩʽʷ ï ʮʝ ʧʘʪʦʣʦʛʽʯʥʠʡ ʩʪʘʥ 

ʥʦʚʦʥʘʨʦʜʞʝʥʦʾ ʜʠʪʠʥʠ, ʷʢʠʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʨʫʰʝʥʥʷʤ ʜʠʭʘʥʥʷ ʟ 

ʢʠʩʥʝʚʠʤ ʛʦʣʦʜʫʚʘʥʥʷʤ, ʱʦ ʩʪʨʽʤʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ. ʇʦʣʦʛʦʚʫ ʘʩʬʽʢʩʽʶ ʪʘʢʦʞ 

ʥʘʟʠʚʘʶʪʴ ʛʽʧʦʢʩʽʻʶ, ʤʘʶʯʠ ʥʘ ʫʚʘʟʽ ʘʢʪʠʚʥʽʩʪʴ ʢʠʩʥʝʚʦʛʦ ʛʦʣʦʜʫʚʘʥʥʷ, ʧʨʦʪʝ 
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ʪʝʨʤʽʥ çʛʽʧʦʢʩʽʷè ʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʘʤʝ ʜʦ ʧʣʦʜʫ ʧʽʜ ʯʘʩ ʡʦʛʦ 

ʚʥʫʪʨʽʰʥʴʦʫʪʨʦʙʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʪʦʜʽ ʷʢ çʘʩʬʽʢʩʽʷè ï ʜʦ ʜʽʪʝʡ, ʱʦ 

ʥʘʨʦʜʠʣʠʩʷ [1, ʩ. 12-19; 2, ʩ.3]. ɻʽʧʦʢʩʽʷ, ʷʢ ʽ ʘʩʬʽʢʩʽʷ ï ʮʝ ʧʨʦʮʝʩ ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʢʠʩʥʶ ʚ ʦʨʛʘʥʽʟʤʽ ʘʙʦ ʚ ʦʢʨʝʤʠʭ ʦʨʛʘʥʘʭ ʽ ʪʢʘʥʠʥʘʭ, ʪʦʤʫ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʜʘʥʦʛʦ ʩʪʘʥʫ ʚ ʘʥʘʤʥʝʟʽ ʚʘʣʝʦʣʦʛʠ ʪʘ ʥʫʪʨʠʮʽʦʣʦʛʠ ʥʘʧʦʣʝʛʣʠʚʦ ʨʝʢʦʤʝʥʜʫʶʪʴ 

ʪʘʢʽʡ ʢʘʪʝʛʦʨʽʾ ʦʩʽʙ ʜʣʷ ʩʠʩʪʝʤʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʪʫʨʘʣʴʥʽ ʧʨʝʧʘʨʘʪʠ ʪʘ 

ʘʤʽʥʦʢʠʩʣʦʪʠ (ɸʄʂ) ʘʥʛʽʦʧʨʦʪʝʢʪʦʨʥʦʾ, ʤʽʢʨʦʮʠʨʢʫʣʷʪʦʨʥʦʾ ʛʨʫʧʠ ʢʫʨʩʦʤ 

2 ʨʘʟʠ ʥʘ ʨʽʢ: ʥʘʧʨʠʢʣʘʜ, ʤʽʩʷʯʥʠʡ ʮʠʢʣ ʧʨʠʡʦʤʫ ʝʢʩʪʨʘʢʪʽʚ ʢʘʰʪʘʥʫ, ʭʚʦʱʘ, 

ʰʠʧʰʠʥʠ, ʚʝʨʙʠ, ʢʘʣʠʥʠ, ʧʝʨʮʶ ʙʦʣʛʘʨʩʴʢʦʛʦ, ʘ ʟ ɸʄʂ ï ʛʣʫʪʘʤʽʥʦʚʦʾ ʢʠʩʣʦʪʠ, 

ʘʨʛʽʥʽʥʫ, ʤʝʪʽʦʥʽʥʫ. ɼʘʥʽ ʽʥʛʨʝʜʽʻʥʪʠ ʚ ʥʝʦʙʭʽʜʥʦʤʫ ʣʽʢʫʚʘʣʴʥʦʤʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʧʨʝʧʘʨʘʪʫ ɺʝʥʫʤʬʽʪʘʤ ʫʢʨʘʾʥʩʴʢʦʾ ʢʦʤʧʘʥʽʾ 

ʇʨʠʤʘʬʣʦʨʘ [7, ʩ. 66]. ɼʦʩʣʽʜʥʠʮʴʢʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʜʠʥʘʤʽʮʽ ʧʦʢʘʟʘʣʦ, ʱʦ 

ʩʠʩʪʝʤʥʠʡ ʧʨʠʡʦʤ ʜʘʥʦʛʦ ʬʽʪʦʧʨʝʧʘʨʘʪʫ ʦʩʦʙʘʤʠ, ʱʦ ʤʘʶʪʴ ʧʦʣʦʛʦʚʫ ʘʩʬʽʢʩʽʶ 

ʚ ʘʥʘʤʥʝʟʽ, ʚ ʜʠʪʷʯʦʤʫ ʪʘ ʧʽʜʣʽʪʢʦʚʦʤʫ ʚʽʮʽ ʟʥʠʞʫʚʘʚ ʧʨʦʷʚʠ ʩʫʜʠʥʥʦʾ 

ʩʠʤʧʪʦʤʘʪʠʢʠ (ʤʽʛʨʝʥʴ, ʟʘʧʘʤʦʨʦʯʝʥʥʷ, ʘʩʪʠʛʤʘʪʠʟʤ, ʤʝʪʝʦʟʘʣʝʞʥʽʩʪʴ ʪʘ ʽʥ.) ʚ 

3-4 ʨʘʟʠ, ʚ ʩʝʨʝʜʥʽʡ ʪʘ ʩʪʘʨʰʽʡ ʚʽʢʦʚʠʭ ʛʨʫʧʘʭ ʜʘʥʽ ʧʦʢʘʟʥʠʢʠ ʟʥʠʞʫʚʘʣʠʩʷ ʥʘ 

30-60% (ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʽʥʰʠʭ ʭʨʦʥʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ), ʘ ʨʠʟʠʢ 

ʩʭʠʣʴʥʦʩʪʽ ʜʦ ʽʥʩʫʣʴʪʽʚ ʪʘ ʽʥʬʘʨʢʪʽʚ ʫ ʦʩʽʙ ʩʪʘʨʰʦʾ ʚʽʢʦʚʦʾ ʛʨʫʧʠ ʟʥʠʞʫʚʘʚʩʷ ʥʘ 

40-70%, ʱʦ ʜʦʢʫʤʝʥʪʘʣʴʥʦ ʟʘʬʽʢʩʦʚʘʥʦ ʧʽʜ ʯʘʩ ʦʙʩʪʝʞʝʥʥʷ ʥʘ ʜʽʘʛʥʦʩʪʠʯʥʦʤʫ 

ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʤʫ ʢʦʤʧʣʝʢʩʽ çMedBiotechè [8, ʩ. 15]. 

ʇʦʣʦʛʦʚʘ ʘʩʬʽʢʩʽʷ ʚ ʩʠʩʪʝʤʽ ɺʆʆɿ ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ ʥʘ ʧʝʨʚʠʥʥʫ 

(ʚʨʦʜʞʝʥʫ) ʪʘ ʚʪʦʨʠʥʥʫ (ʧʦʩʪʥʘʪʘʣʴʥʫ ï ʫ ʧʝʨʰʽ ʛʦʜʠʥʠ ʧʽʩʣʷ ʥʘʨʦʜʞʝʥʥʷ). 

ʊʘʢ, ʧʝʨʚʠʥʥʘ ʘʩʬʽʢʩʽʷ, ʟʘʣʝʞʥʦ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʽʥʪʨʘʥʘʪʘʣʴʥʫ 

(ʛʦʩʪʨʫ) ʪʘ ʘʥʪʝʥʘʪʘʣʴʥʫ (ʭʨʦʥʽʯʥʫ); ʟʘʣʝʞʥʦ ʚʽʜ ʪʷʞʢʦʩʪʽ ʧʨʦʷʚʽʚ ʘʩʬʽʢʩʽʶ 

ʧʦʜʽʣʷʶʪʴ ʥʘ ʧʦʤʽʨʥʫ (ʩʝʨʝʜʥʶ ʪʷʞʢʽʩʪʴ) ʪʘ ʚʘʞʢʫ [2, ʩ. 2]. ɺʘʞʣʠʚʦ ʧʦʟʥʘʯʠʪʠ, 

ʱʦ ʚʩʽ ʚʠʱʝ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚʠʜʠ ʇɸ ʤʘʶʪʴ ʩʚʦʾ ʭʘʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʤʘʥʽʬʝʩʪʘʮʽʾ ʪʘ ʪʠʧʠ ʫʩʢʣʘʜʥʝʥʴ, ʪʦʤʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʣʽʢʫʚʘʥʥʷ ʪʘ 

ʧʨʦʬʽʣʘʢʪʠʢʠ ʥʘʩʣʽʜʢʽʚ ʧʦʣʦʛʦʚʦʾ ʘʩʬʽʢʩʽʾ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦ ʨʦʟʫʤʽʪʠ ʦʢʨʽʤ 

ʢʣʽʥʽʯʥʦʛʦ ʜʽʘʛʥʦʟʫ ʱʝ ʡ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʇɸ, ʱʦ ʚ ʧʦʣʦʛʦʚʠʡ ʧʝʨʽʦʜ ʩʧʨʠʯʠʥʠʣʘ 

ʬʦʨʤʫʚʘʥʥʷ ʧʝʚʥʠʭ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʧʦʨʫʰʝʥʴ: ʥʘʧʨʠʢʣʘʜ, ʧʘʮʽʻʥʪ ʇ., 25 ʨʦʢʽʚ, 
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ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟ ʜʽʘʛʥʦʟʦʤ çʅʝʡʨʦʮʠʨʢʫʣʷʪʦʨʥʘ ʜʠʩʪʦʥʽʷ ʩʝʨʝʜʥʴʦʛʦ ʩʪʫʧʝʥʷ 

ʪʷʞʢʦʩʪʽ ʟ ʦʟʥʘʢʘʤʠ ʤʽʦʧʽʯʥʦʛʦ ʘʩʪʠʛʤʘʪʠʟʤʫ ʥʘ ʪʣʽ ʧʝʨʚʠʥʥʦʾ ʧʦʤʽʨʥʦʾ 

ʘʥʪʝʥʘʪʘʣʴʥʦʾ ʧʦʣʦʛʦʚʦʾ ʘʩʬʽʢʩʽʾè. ʗʢʱʦ ʪʦʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʧʦʣʦʛʦʚʦʾ ʘʩʬʽʢʩʽʾ ʥʝʤʘʻ ʘʙʦ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʜʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʥʝ ʻ ʜʦʩʪʦʚʽʨʥʦʶ, 

ʧʦʢʘʟʥʠʢʠ ʇɸ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʪʘ ʦʢʨʝʩʣʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʩʪʝʞʝʥʥʷ ʥʘ 

ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʤʫ ʢʦʤʧʣʝʢʩʽ çMedBiotechè, ʱʦ ʜʦʟʚʦʣʠʪʴ ʥʝ ʪʽʣʴʢʠ 

ʚʠʷʚʠʪʠ ʪʠʧ ʧʦʣʦʛʦʚʦʾ ʘʩʬʽʢʩʽʾ, ʘʣʝ ʡ ʟʘʬʽʢʩʫʚʘʪʠ ʪʽ ʤʦʞʣʠʚʽ ʧʦʨʫʰʝʥʥʷ, ʷʢʽ 

ʤʦʞʫʪʴ ʩʬʦʨʤʫʚʘʪʠʩʷ ʫ ʮʽʻʾ ʣʶʜʠʥʠ ʥʘʜʘʣʽ ʥʘ ʪʣʽ ʧʝʨʝʥʝʩʝʥʦʾ ʨʘʥʽʰʝ ʇɸ. 

 

ʄʽʞʥʘʨʦʜʥʦʶ ɸʩʦʮʽʘʮʽʻʶ ʘʢʫʰʝʨʽʚ ʪʘ ʛʽʥʝʢʦʣʦʛʽʚ ʜʦʚʝʜʝʥʦ, ʱʦ ʘʩʬʽʢʩʽʷ, 

ʢʦʪʨʘ ʨʝʻʩʪʨʫʻʪʴʩʷ ʫ ʥʦʚʦʥʘʨʦʜʞʝʥʠʭ, ʫ 78% ʚʠʧʘʜʢʘʭ ʻ ʣʠʰʝ ʧʨʦʜʦʚʞʝʥʥʷʤ 

ʛʽʧʦʢʩʽʾ, ʱʦ ʧʦʯʘʣʘʩʷ ʚʥʫʪʨʽʰʥʴʦʫʪʨʦʙʥʦ. ɺ ʋʢʨʘʾʥʽ ʘʩʬʽʢʩʽʶ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ 

ʪʷʞʢʦʩʪʽ ʜʽʘʛʥʦʩʪʫʶʪʴ ʫ 3-6% ʜʽʪʝʡ ʽ ʮʝʡ ʚʽʜʩʦʪʦʢ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʨʽʚʥʷ ʥʝʜʦʥʦʰʝʥʦʩʪʽ ʧʣʦʜʘ: ʪʘʢ, ʫ ʤʘʣʶʢʽʚ, ʥʘʨʦʜʞʝʥʠʭ ʜʦ 36 ʪʠʞʥʽʚ, ï 9%, ʘ ʫ 

ʜʽʪʝʡ, ʱʦ ʥʘʨʦʜʠʣʠʩʷ ʧʽʩʣʷ 37 ʪʠʞʥʽʚ, ʽʥʜʝʢʩ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 1-2%. ʆʩʥʦʚʥʝ 

ʚʠʟʥʘʯʝʥʥʷ ʘʩʬʽʢʩʽʾ ʥʦʚʦʥʘʨʦʜʞʝʥʦʛʦ ʪʘʢʝ: ʜʠʪʠʥʘ ʥʝ ʤʦʞʝ ʩʘʤʦʩʪʽʡʥʦ ʜʠʭʘʪʠ 

ʘʙʦ ʟʜʽʡʩʥʶʻ ʧʦʚʝʨʭʥʝʚʽ ʩʫʜʦʤʥʽ ʨʫʭʠ, ʷʢʽ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʦʨʛʘʥʽʟʤʫ ʦʪʨʠʤʘʪʠ 

ʢʠʩʝʥʴ ʫ ʜʦʩʪʘʪʥʴʦʤʫ ʦʙʩʷʟʽ. ʉʪʘʥ ʪʘ ʧʨʦʛʥʦʟ ʧʦʜʘʣʴʰʦʛʦ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʪʘ 

ʥʝʨʚʦʚʦ-ʧʩʠʭʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʜʠʪʠʥʠ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʰʢʘʣʦʶ ɸʧʛʘʨ [1, ʩ.56-57]. 

ʊʠʤ ʥʝ ʤʝʥʰ, ʚʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʛʽʧʦʢʩʽʷ ʪʘ ʘʩʬʽʢʩʽʷ ʥʝʨʽʜʢʦ (ʙʣʠʟʴʢʦ 30% 

ʚʠʧʘʜʢʽʚ) ʧʨʦʷʚʣʷʶʪʴʩʷ ʨʝʘʢʪʠʚʥʦ, ʙʫʜʫʯʠ ʪʠʤʯʘʩʦʚʠʤ ʩʪʘʥʦʤ, ʧʨʠ ʮʴʦʤʫ ʥʝ 

ʥʝʩʫʪʴ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʞʠʪʪʷ ʽ ʧʦʪʽʤ ʪʘʢʦʞ ʩʪʨʽʤʢʦ ʤʠʥʘʶʪʴ ʧʨʠ ʜʝʷʢʠʭ 

ʘʢʫʰʝʨʩʴʢʠʭ ʩʪʘʥʘʭ: ʥʘʧʨʠʢʣʘʜ, ʥʘʧʽʚʦʙʚʠʚʘʥʥʷ ʧʫʧʦʚʠʥʦʶ, ʧʦʨʫʰʝʥʥʷ 

ʧʝʨʝʜʣʝʞʘʥʥʷ ʪʘ ʽʥʰʽ [3, ʩ. 26-36]. ʋ ʮʠʭ ʢʣʽʥʽʯʥʠʭ ʚʠʧʘʜʢʘʭ ʧʨʠ ʚʠʧʠʩʮʽ ʟ 

ʧʦʣʦʛʦʚʦʛʦ ʙʫʜʠʥʢʫ ʥʝ ʟʘʚʞʜʠ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʜʽʘʛʥʦʟ çʧʦʣʦʛʦʚʘ 

ʛʽʧʦʢʩʽʷ/ʘʩʬʽʢʩʽʷè, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʧʣʽʜ/ʜʠʪʠʥʘ ʚʞʝ ʧʝʨʝʥʝʩʣʘ ʪʝʤʧʦʨʘʣʴʥʠʡ ʩʪʘʥ 

ʜʝʬʽʮʠʪʫ ʢʠʩʥʶ, ʱʦ ʥʘʜʘʣʽ ʤʦʞʝ ʥʘʢʣʘʩʪʠ ʚʽʜʙʠʪʦʢ ʥʘ ʧʝʨʝʙʽʛ ʡʦʛʦ 

ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʦʤʫ ʚʘʣʝʦʣʦʛʠ ʨʝʢʦʤʝʥʜʫʶʪʴ ʟ ʧʨʦʬʽʣʘʢʪʠʯʥʦʶ 

ʤʝʪʦʶ ʧʨʦʪʷʛʦʤ ʤʽʩʷʮʷ ʧʽʩʣʷ ʚʠʧʠʩʢʠ ʟ ʧʦʣʦʛʦʚʦʛʦ ʙʫʜʠʥʢʫ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʜʽʪʷʤ ʥʘʪʫʨʘʣʴʥʽ ʘʥʛʽʦʟʤʽʮʥʶʶʯʽ ʧʨʝʧʘʨʘʪʠ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʢʨʦʚʦʦʙʽʛʫ ʚ 
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ʩʫʜʠʥʥʦʤʫ ʨʫʩʣʽ ʪʘ ʧʨʦʪʠʜʽʾ ʥʘʩʣʽʜʢʘʤ ʛʽʧʦʢʩʽʾ: ʥʘʧʨʠʢʣʘʜ, ʝʢʩʪʨʘʢʪʠ ʢʘʰʪʘʥʫ, 

ʙʫʨʢʫʥʫ, ʚʝʨʙʠ, ʘʨʥʽʢʠ, ʛʘʤʘʤʝʣʽʩʫ ï ʚʢʘʟʘʥʽ ʽʥʛʨʝʜʽʻʥʪʠ ʚ ʥʝʦʙʭʽʜʥʦʤʫ 

ʣʽʢʫʚʘʣʴʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʤʽʩʪʷʪʴʩʷ ʚ ʝʣʽʢʩʠʨʽ çɺʝʥʦʪʦʥʽʢè ʫʢʨʘʾʥʩʴʢʦʾ 

ʢʦʤʧʘʥʽʾ ʇʨʠʤʘʬʣʦʨʘ [5, ʩ. 44-49]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʇʨʦʪʦʢʦʣʫ ɺʆʆɿ ʨʝʻʩʪʨʘʮʽʷ ʩʪʘʥʫ ʥʦʚʦʥʘʨʦʜʞʝʥʦʛʦ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ 1-ʡ ʪʘ 5-ʡ ʭʚʠʣʠʥʘʭ ʧʽʩʣʷ ʥʘʨʦʜʞʝʥʥʷ. ʊʘʢʦʞ ʦʙʦʚôʷʟʢʦʚʫ 

ʦʮʽʥʢʫ ʩʪʘʥʫ ʟʜʦʨʦʚôʷ ʤʘʣʶʢʘ ʧʨʦʚʦʜʷʪʴ ʥʘ 10-ʡ, 20-ʡ ʭʚʠʣʠʥʘʭ ʞʠʪʪʷ. 

ʆʩʥʦʚʥʠʡ ʧʨʦʛʥʦʟ ʥʝʨʚʦʚʦ-ʧʩʠʭʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʜʠʪʠʥʠ ʟʘʟʚʠʯʘʡ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ 5 ʭʚʠʣʠʥʽ. 

 

ʇʽʜ ʯʘʩ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʦʨʛʘʥʽʟʤʫ ʪʘ ʢʦʥʩʫʣʴʪʘʪʠʚʥʦʛʦ 

ʧʨʠʡʦʤʫ ʬʘʭʽʚʮʽ health-ʧʨʦʝʢʪʫ çɸʢʘʜʝʤʽʷ ʟʜʦʨʦʚôʷè ʧʨʠʜʽʣʷʶʪʴ ʦʩʦʙʣʠʚʫ 

ʫʚʘʛʫ ʩʪʘʥʘʤ, ʱʦ ʘʩʦʮʽʶʶʪʴʩʷ ʟ ʘʩʬʽʢʩʽʻʶ ʘʙʦ ʥʘʩʣʽʜʢʘʤʠ ʧʨʦʷʚʽʚ ʇɸ. ʊʘʢ, 

ʟʛʽʜʥʦ ʟ ʄʽʞʥʘʨʦʜʥʠʤ ʧʘʩʧʦʨʪʦʤ ʟʜʦʨʦʚôʷ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʬʘʭʽʚʮʷʤʠ 

ɺʠʱʦʾ ʰʢʦʣʠ ɺʘʣʝʦʣʦʛʽʾ, ʥʝʦʙʭʽʜʥʦ ʦʢʨʝʩʣʠʪʠ ʯʘʩʪʽ ʣʽʥʽʡʥʽ ʪʘ ʥʝʧʨʷʤʽ ʧʨʠʯʠʥʠ 

ʧʦʣʦʛʦʚʦʾ ʘʩʬʽʢʩʽʾ [4, ʩ. 2-8; 6, ʩ. 146]: 

- ʰʢʽʜʣʠʚʽ ʟʚʠʯʢʠ ʤʘʪʝʨʽ (ʧʝʨʝʚʘʞʥʦ) ʪʘ ʙʘʪʴʢʘ; 

- ʥʝʩʫʤʽʩʥʽʩʪʴ ʨʝʟʫʩʽʚ ʢʨʦʚʽ ʤʘʤʠ ʪʘ ʜʠʪʠʥʠ; 

- ʘʥʦʤʘʣʽʾ ʨʦʟʚʠʪʢʫ ʧʣʦʜʘ; 

- ʦʩʦʙʣʠʚʦʩʪʽ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʧʦʨʫʰʝʥʴ ʤʘʪʝʨʽ; 

- ʧʦʨʫʰʝʥʥʷ ʢʨʦʚʦʦʙʽʛʫ, ʭʚʦʨʦʙʠ ʩʝʨʮʷ ʫ ʤʘʪʝʨʽ ʘʙʦ ʧʣʦʜʘ; 

- ʚʥʫʪʨʽʰʥʴʦʯʝʨʝʧʥʘ ʪʨʘʚʤʘ, ʦʪʨʠʤʘʥʘ ʨʘʥʽʰʝ ʘʙʦ ʧʽʜ ʯʘʩ ʧʦʣʦʛʽʚ; 

- ʧʨʦʷʚʠ ɺʉɼ, ʅʎɼ ʘʙʦ ʽʥʰʠʭ ʩʫʜʠʥʥʠʭ ʩʪʘʥʽʚ ʫ ʤʘʪʝʨʽ ʘʙʦ ʧʣʦʜʘ; 

- ʽʥʬʝʢʮʽʾ (ʭʣʘʤʽʜʽʦʟ, ʛʝʨʧʝʩ, ʢʦʨʦʥʘʚʽʨʫʩ ʪʘ ʽʥ.); 

- ʝʢʩʪʨʘʛʝʥʽʪʘʣʴʥʽ ʧʘʪʦʣʦʛʽʾ; 

- ʩʠʩʪʝʤʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʤʘʪʝʨʽ (ʪʠʨʝʦʪʦʢʩʠʢʦʟ, ʘʥʝʤʽʷ, ʮʫʢʨʦʚʠʡ ʜʽʘʙʝʪ); 

- ʽʥʬʝʢʮʽʡʥʽ ʭʚʦʨʦʙʠ, ʦʩʦʙʣʠʚʦ ʫ ʜʨʫʛʦʤʫ ʪʘ ʪʨʝʪʴʦʤʫ ʪʨʠʤʝʩʪʨʘʭ 

ʚʘʛʽʪʥʦʩʪʽ; 

- ʫʩʢʣʘʜʥʝʥʽ ʧʦʣʦʛʠ; 

- ʩʪʨʝʩʦʚʽ ʩʪʘʥʠ ʜʦ ʘʙʦ ʧʽʜ ʯʘʩ ʧʦʣʦʛʽʚ; 
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- ʥʝʜʦʥʦʰʝʥʘ ʯʠ ʧʝʨʝʥʦʰʝʥʘ ʚʘʛʽʪʥʽʩʪʴ; 

- ʥʝʧʦʚʥʦʮʽʥʥʝ ʭʘʨʯʫʚʘʥʥʷ ʪʘ ʽʥ. 

ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ: ʥʘʡʯʘʩʪʽʰʘ ʧʨʠʯʠʥʘ ʧʦʣʦʛʦʚʦʾ ʘʩʬʽʢʩʽʾ ï 

ʥʝʩʪʘʯʘ ʢʠʩʥʶ ʚ ʫʪʨʦʙʽ ʤʘʪʝʨʽ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʷʢ ʩʘʤʦʩʪʽʡʥʦʶ ʧʨʠʯʠʥʦʶ 

ʬʦʨʤʫʚʘʥʥʷ ʇɸ, ʪʘʢ ʽ ʾʾ ʥʘʩʣʽʜʢʽʚ ʥʘʜʘʣʽ. ʇʽʜʩʫʤʦʚʫʶʯʠ ʜʘʥʠʡ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʡ 

ʪʘ ʥʘʩʣʽʜʢʦʚʦ-ʧʨʠʯʠʥʥʠʡ ʧʝʨʝʣʽʢ, ʥʝʦʙʭʽʜʥʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʧʨʦʷʚʠ ʧʦʣʦʛʦʚʦʾ 

ʘʩʬʽʢʩʽʾ ʣʝʞʘʪʴ ʫ ʧʣʦʱʠʥʽ ʙʘʛʘʪʴʦʭ ʧʨʦʬʽʣʴʥʠʭ ʬʘʭʽʚʮʽʚ ʤʝʜʠʯʥʦʾ ʪʘ 

ʚʘʣʝʦʣʦʛʽʯʥʦʾ ʩʬʝʨʠ, ʪʦʤʫ ʧʽʜʭʽʜ ʫ ʚʠʨʽʰʝʥʥʽ ʧʠʪʘʥʴ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʟʜʦʨʦʚôʷ 

ʪʘ ʘʩʦʮʽʡʦʚʘʥʽ ʟ ʧʦʣʦʛʦʚʦʶ ʘʩʬʽʢʩʽʻʶ, ʧʦʚʠʥʝʥ ʪʘʢʦʞ ʙʫʪʠ ʙʘʛʘʪʦʧʨʦʬʽʣʴʥʠʤ, 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʪʘ ʧʦʝʪʘʧʥʠʤ. ʋ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ çɸʢʘʜʝʤʽʷ ʟʜʦʨʦʚôʷè 

ʩʧʝʮʽʘʣʽʩʪʘʤʠ health-ʢʦʤʘʥʜʠ [9] ʨʦʟʨʦʙʣʝʥʦ çʉʠʩʪʝʤʫ ʚʘʣʝʦʣʦʛʘ ɭʚʛʝʥʽʾ 

ʉʪʝʣʴʤʘʱʫʢè. ɿʘʚʜʷʢʠ ʯʽʪʢʠʤ ʘʣʛʦʨʠʪʤʘʤ ʜʘʥʘ ʉʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ [4, ʩ. 5]: 

- ʚʠʟʥʘʯʠʪʠ ʢʣʘʩʠʬʽʢʘʮʽʶ, ʪʠʧ ʽ ʩʪʫʧʽʥʴ ʧʦʣʦʛʦʚʦʾ ʘʩʬʽʢʩʽʾ, ʦʪʨʠʤʘʥʦʾ ʚ 

ʧʦʣʦʛʦʚʠʡ ʧʝʨʽʦʜ; 

- ʚʠʷʚʠʪʠ ʩʬʦʨʤʦʚʘʥʽ ʧʦʨʫʰʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤʽ, ʘʩʦʮʽʡʦʚʘʥʽ ʟ ʇɸ; 

- ʧʦʟʥʘʯʠʪʠ ʤʦʞʣʠʚʫ ʩʭʠʣʴʥʽʩʪʴ ʪʘ ʪʝʥʜʝʥʮʽʶ ʜʦ ʪʠʭ ʯʠ ʽʥʰʠʭ ʧʦʨʫʰʝʥʴ 

ʯʠ ʟʘʭʚʦʨʶʚʘʥʴ, ʷʢʽ ʤʦʞʫʪʴ ʩʪʘʪʠ ʥʘʩʣʽʜʢʦʤ ʧʝʨʝʥʝʩʝʥʦʛʦ ʨʘʥʽʰʝ ʢʠʩʥʝʚʦʛʦ 

ʛʦʣʦʜʫʚʘʥʥʷ; 

- ʦʪʨʠʤʘʪʠ ʧʦʚʥʦʮʽʥʥʫ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʢʦʥʩʫʣʴʪʘʮʽʶ ʽʟ ʧʨʠʟʥʘʯʝʥʥʷʤʠ 

ʬʽʪʦʧʨʝʧʘʨʘʪʽʚ, ʜʽʻʪʠ, ʧʨʦʚʝʜʝʥʥʷʤ ʜʠʭʘʣʴʥʦʾ ʛʽʤʥʘʩʪʠʢʠ, ʣʽʢʫʚʘʣʴʥʦʾ 

ʬʽʟʢʫʣʴʪʫʨʠ, ʩʧʦʨʪʠʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʽʥʰʠʭ ʦʟʜʦʨʦʚʯʠʭ ʪʘ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʡ. 

çʉʠʩʪʝʤʘ ʚʘʣʝʦʣʦʛʘ ɭʚʛʝʥʽʾ ʉʪʝʣʴʤʘʱʫʢè ʪʘʢʦʞ ʚʢʣʶʯʘʻ ʚ ʩʚʽʡ ʘʣʛʦʨʠʪʤ 

ʦʙʦʚôʷʟʢʦʚʫ ʜʦʜʘʪʢʦʚʫ ʢʦʥʩʫʣʴʪʘʮʽʶ ʫ ʧʝʚʥʠʭ ʧʨʦʬʽʣʴʥʠʭ ʤʝʜʠʯʥʠʭ ʬʘʭʽʚʮʽʚ 

ʪʘ ʚʠʚʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʦʨʛʘʥʽʚ ʪʘ ʩʠʩʪʝʤ ʦʨʛʘʥʽʟʤʫ, ʟʘʬʽʢʩʦʚʘʥʠʭ ʥʘ 

ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʛʥʦʩʪʠʯʥʦʤʫ ʢʦʤʧʣʝʢʩʽ çMedBiotechè, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʨʦʬʝʩʽʡʥʦ, ʛʣʠʙʠʥʥʦ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʣʽʪʠʥʥʦʤʫ ʨʽʚʥʽ ʪʘ ʙʘʛʘʪʦʟʘʜʘʯʥʦ ʫ 

ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʦʤʫ ʘʩʧʝʢʪʽ ʧʽʜʽʡʪʠ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʴ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ 

ʧʨʦʷʚʫ ʧʦʣʦʛʦʚʦʾ ʘʩʬʽʢʩʽʾ. 
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ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʇʦʣʦʛʦʚʘ ʘʩʬʽʢʩʽʷ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʪʽʻʾ 

ʢʘʪʝʛʦʨʽʾ ʧʘʪʦʣʦʛʽʡ, ʚʧʣʠʚ ʷʢʠʭ ʤʘʻ ʚʣʘʩʪʠʚʽʩʪʴ ʧʦʰʠʨʶʚʘʪʠʩʷ ʥʘ ʪʨʠʚʘʣʠʡ 

ʧʝʨʽʦʜ, ʥʘʡʯʘʩʪʽʰʝ ʧʝʨʝʭʦʜʷʯʠ ʫ ʩʪʽʡʢʽ ʭʨʦʥʽʯʥʽ ʧʦʨʫʰʝʥʥʷ, ʪʘ ʧʨʠ ʮʴʦʤʫ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʬʽʟʽʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ʦʨʛʘʥʽʟʤʽ. ʋ ʟʘʧʦʙʽʛʘʥʥʽ 

ʥʘʩʣʽʜʢʘʤ ʇɸ ʚʘʞʣʠʚʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ, ʽʥʪʝʛʨʘʣʴʥʠʡ ʪʘ ʙʘʛʘʪʦʧʨʦʬʽʣʴʥʠʡ 

ʧʽʜʭʽʜ. 

 

ɺʠʩʥʦʚʢʠ. ʇʨʦʬʽʣʘʢʪʠʢʫ ʥʘʩʣʽʜʢʽʚ ʧʦʣʦʛʦʚʦʾ ʘʩʬʽʢʩʽʾ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʦʜʠʪʠ ʢʦʥʩʠʣʽʫʤʥʦ, ʚʨʘʭʦʚʫʶʯʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʨʦʬʽʣʴʥʠʭ ʤʝʜʠʯʥʠʭ 

ʬʘʭʽʚʮʽʚ, ʧʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘ ʙʫʜʴ-ʷʢʠʭ ʧʨʦʷʚʽʚ ʇɸ 

ʦʙʦʚôʷʟʢʦʚʠʤʠ ʜʦʜʘʪʢʦʚʠʤʠ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʻ ʬʽʪʦʣʽʢʫʚʘʥʥʷ, ʥʘʪʫʨʦʧʘʪʽʷ, 

ʦʟʜʦʨʦʚʯʽ ʧʨʘʢʪʠʢʠ. ɺʘʣʝʦʣʦʛʽʯʥʠʡ ʘʣʛʦʨʠʪʤ ʣʽʢʫʚʘʥʥʷ ʪʘ ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʥʘʩʣʽʜʢʽʚ ʧʦʣʦʛʦʚʦʾ ʘʩʬʽʢʩʽʾ ʝʢʩʧʝʨʪʘʤʠ ʧʨʦʝʢʪʫ çɸʢʘʜʝʤʽʷ ʟʜʦʨʦʚôʷè 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ çʉʠʩʪʝʤʠ ʚʘʣʝʦʣʦʛʘ ɭʚʛʝʥʽʾ 

ʉʪʝʣʴʤʘʱʫʢè. 
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ʃʖɼʀʅʀ 

 

ʐʘʪʘʣʦʚʘ ɺʽʢʪʦʨʽʷ ɹʨʦʥʽʩʣʘʚʽʚʥʘ 

ʟʜʦʙʫʚʘʯʢʘ ʦʩʚʽʪʠ 2 ʢʫʨʩ 3 ʤʝʜʠʯʥʠʡ ʬʘʢʫʣʴʪʝʪ 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʝʜʠʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʋʰʘʢʦʚʘ ʄʘʨʽʷ ɸʥʜʨʽʾʚʥʘ 

ʟʜʦʙʫʚʘʯʢʘ ʦʩʚʽʪʠ 5 ʢʫʨʩ 1 ʤʝʜʠʯʥʠʡ ʬʘʢʫʣʴʪʝʪ 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʝʜʠʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʉʫʭʦʥʦʩʦʚ ʈʦʤʘʥ ʆʣʝʢʩʘʥʜʨʦʚʠʯ 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʘʥʘʪʦʤʽʾ ʣʶʜʠʥʠ 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʝʜʠʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

 

çʆʩʚʽʪʘ ï ʩʢʘʨʙ, ʧʨʘʮʷ ï ʢʣʶʯ ʜʦ ʥʴʦʛʦè ʇ. ɹʫʘʩʪ 

 

ɺʩʪʫʧ. ʃʽʤʬʘʪʠʯʥʽ ʬʦʣʽʢʫʣʠ ʷʚʣʷʶʪʴʩʷ ʦʨʛʘʥʘʤʠ ʣʽʤʬʦʧʦʝʟʫ ʪʘ 

ʚʽʜʽʛʨʘʶʪʴ ʜʦʩʠʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʟʘʭʠʩʥʠʭ ʨʝʘʢʮʽʷʭ ʦʨʛʘʥʽʟʤʫ. ɺ ʣʽʤʬʘʪʠʯʥʠʭ 

ʬʦʣʽʢʫʣʘʭ ʨʦʟʚʠʚʘʶʪʴʩʷ ʣʽʤʬʦʮʠʪʠ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʚ ʣʽʤʬʘʪʠʯʥʝ ʨʫʩʣʦ ʽ 

ʟʙʘʛʘʯʫʶʪʴ ʣʽʤʬʫ ʾʾ ʬʦʨʤʝʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ï ʣʽʤʬʦʮʠʪʘʤʠ, ʱʝ ʜʦ 

ʧʨʦʭʦʜʞʝʥʥʷ ʾʾ ʯʝʨʝʟ ʚʫʟʣʠ ʧʝʨʰʦʛʦ ʝʪʘʧʫ. ɼʘʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʛʣʷʜʫ 

ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʣʽʤʬʦʢʘʧʽʣʷʨʽʚ ʜʝʷʢʠʭ ʚʽʜʜʽʣʽʚ ʦʯʝʨʝʚʠʥʠ. 

ɯʥʪʝʨʝʩ ʪʠʤ ʙʽʣʴʰʠʡ, ʱʦ ʷʢ ʧʦʢʘʟʘʣʠ ʢʣʽʥʽʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʯʝʨʝʚʠʥʽ ʚʣʘʩʪʠʚʽ ʡ ʙʘʢʪʝʨʠʮʠʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʄʝʪʦʶ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʚʯʝʥʥʷ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʣʽʤʬʘʪʠʯʥʠʭ ʢʘʧʽʣʷʨʽʚ ʜʝʷʢʠʭ ʚʽʜʜʽʣʽʚ ʦʯʝʨʝʚʠʥʠ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʊʝʦʨʝʪʠʯʥʽ: ʦʛʣʷʜ ʪʘ ʘʥʘʣʽʟ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʦʾ 

ʣʽʪʝʨʘʪʫʨʠ; ʧʨʘʢʪʠʯʥʽ: ʚʣʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʚʠʩʥʦʚʢʠ. ɿʘʛʘʣʴʥʦ ʧʨʠʟʥʘʥʠʤ ʬʘʢʪʦʤ ʷʚʣʷʻʪʴʩʷ 

ʚʩʤʦʢʪʫʚʘʥʥʷ ʢʨʠʩʪʘʣʦʾʜʽʚ ʚ ʢʨʦʚʦʥʦʩʥʽ ʢʘʧʽʣʷʨʠ, ʘ ʚʝʣʠʢʦʜʠʩʧʝʨʩʥʠʭ ʙʽʣʢʽʚ 

ʪʽʣʴʢʠ ʚ ʣʽʤʬʘʪʠʯʥʽ ʢʘʧʽʣʷʨʠ. 

ʇʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʩʪʽʥʢʫ ʣʽʤʬʘʪʠʯʥʠʭ ʢʘʧʽʣʷʨʽʚ ʙʽʣʴʰ ʚʝʣʠʢʠʭ 

ʯʘʩʪʦʯʦʢ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʦʥʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʨʦʚʦʥʦʩʥʠʭ ʢʘʧʽʣʷʨʽʚ, 

ʩʢʣʘʜʘʻʪʴʩʷ ʪʽʣʴʢʠ ʽʟ ʝʥʜʦʪʝʣʽʶ ʽ ʧʦʟʙʘʚʣʝʥʘ ʙʘʟʘʣʴʥʦʾ ʤʝʤʙʨʘʥʠ. 
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ɺ ʦʨʛʘʥʽʟʤʽ ʢʨʦʚʦʥʦʩʥʽ ʪʘ ʣʽʤʬʘʪʠʯʥʽ ʩʫʜʠʥʠ ʥʽʜʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝ 

ʧʨʠʣʷʛʘʶʪʴ ʜʦ ʢʣʽʪʠʥ ʧʘʨʝʥʭʽʤʠ, ʤʽʞ ʥʠʤʠ ʟʘʚʞʜʠ ʟʥʘʭʦʜʠʪʴʩʷ 

ʩʧʦʣʫʯʥʦʪʢʘʥʠʥʥʘ ʨʝʯʦʚʠʥʘ, ʙʫʜʦʚʘ ʷʢʦʾ ʪʽʩʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʫʥʢʮʽʡ ʦʨʛʘʥʫ. 

ɽʥʜʦʪʝʣʽʡ ʣʽʤʬʘʪʠʯʥʠʭ ʢʘʧʽʣʷʨʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʘʛʘʣʴʥʠʤʠ 

ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʧʨʠʟʥʘʢʘʤʠ. ɺ ʝʥʜʦʪʝʣʽʾ ʨʦʟʨʽʟʥʷʶʪʴ ʥʝʘʨʛʠʨʦʬʽʣʴʥʫ ʪʘ 

ʘʨʛʠʨʦʬʽʣʴʥʫ ʮʠʪʦʧʣʘʟʤʠ. ʆʩʪʘʥʥʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʥʝʧʝʨʝʨʚʥʫ ʤʝʨʝʞʫ, ʚ 

ʙʘʛʘʪʴʦʭ ʤʽʩʮʷʭ ʧʝʨʝʨʠʚʘʻʪʴʩʷ ʥʝʘʨʛʠʨʦʬʽʣʴʥʦʶ ʮʠʪʦʧʣʘʟʤʦʶ. ʇʦ ʭʦʜʫ ʩʽʪʢʠ 

ʙʫʚʘʶʪʴ ʨʦʟʰʠʨʝʥʥʷ. ʆʢʨʽʤ ʪʦʛʦ, ʚ ʥʝʘʨʛʠʨʦʬʽʣʴʥʽʡ ʮʠʪʦʧʣʘʟʤʽ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʽʣʴʥʽ ʚʢʣʶʯʝʥʥʷ ʘʨʛʠʨʦʬʽʣʴʥʦʾ ʮʠʪʦʧʣʘʟʤʠ ï ʷʢ ʜʨʽʙʥʽ, 

ʮʷʪʦʯʢʦʚʽ, ʪʘʢ ʽ ʙʽʣʴʰʽ ʚ ʚʠʛʣʷʜʽ ʩʚʽʪʣʦ-ʞʦʚʪʠʭ ʧʦʣʽʚ, ʦʪʦʯʝʥʠʭ ʪʝʤʥʠʤ 

ʦʙʽʜʢʦʤ. ʅʘʷʚʥʽʩʪʴ ʨʦʟʰʠʨʝʥʠʭ ʜʽʣʷʥʦʢ ʘʨʛʠʨʦʬʽʣʴʥʦʾ ʮʠʪʦʧʣʘʟʤʠ ʽ 

ʮʷʪʦʯʢʦʚʠʭ ʚʢʣʶʯʝʥʴ ʦʩʪʘʥʥʴʦʾ ʧʝʨʝʚʘʞʥʦ ʚ ʢʘʧʽʣʷʨʘʭ ʪʘ ʧʦʩʪʢʘʧʽʣʷʨʘʭ, ʪʦʙʪʦ 

ʚ ʪʠʭ ʚʽʜʜʽʣʘʭ ʣʽʤʬʘʪʠʯʥʠʭ ʩʫʜʠʥ, ʷʢʽ ʤʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʜʦ ʚʩʤʦʢʪʫʚʘʥʥʷ, ʩʘʤʝ ʚ 

ʮʠʭ ʤʽʩʮʷʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʜʩʦʨʙʮʽʷ ʚʝʣʠʢʦʜʠʩʧʝʨʩʥʠʭ ʙʽʣʢʽʚ. 

ʍʘʨʘʢʪʝʨ ʝʥʜʦʪʝʣʽʶ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʧʝʨʝʭʦʜʽ ʣʽʤʬʘʪʠʯʥʠʭ ʢʘʧʽʣʷʨʽʚ ʚ 

ʩʫʜʠʥʠ. ɽʥʜʦʪʝʣʽʡ ʥʘʙʫʚʘʻ ʪʫʪ ʢʣʽʪʠʥʥʫ ʙʫʜʦʚʫ, ʤʝʨʝʞʘ ʘʨʛʠʨʦʬʽʣʴʥʦʾ 

ʮʠʪʦʧʣʘʟʤʠ ʧʦ ʤʝʞʘʤ ʢʣʽʪʠʥ ʟʘʤʢʥʝʥʘ, ʽ ʤʘʡʞʝ ʥʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʽʣʴʥʽ 

ʚʢʣʶʯʝʥʥʷ ʘʨʛʠʨʦʬʽʣʴʥʦʾ ʮʠʪʦʧʣʘʟʤʠ ʚ ʥʝʘʨʛʠʨʦʬʽʣʴʥʫ. ʈʦʟʤʽʱʝʥʥʷ ʽ ʢʽʣʴʢʽʩʪʴ 

ʩʽʪʦʢ ʣʽʤʬʘʪʠʯʥʠʭ ʢʘʧʽʣʷʨʽʚ ʚ ʢʦʞʥʦʤʫ ʰʘʨʽ ʦʯʝʨʝʚʠʥʠ ʩʪʦʾʪʴ ʚ ʪʽʩʥʦʤʫ ʟʚôʷʟʢʫ 

ʟ ʙʫʜʦʚʦʶ ʦʨʛʘʥʫ ʷʢʠʡ ʦʯʝʨʝʚʠʥʘ ʚʢʨʠʚʘʻ. 

ɹʫʜʦʚʘ ʧʘʨʽʻʪʘʣʴʥʦʾ ʪʘ ʚʽʩʮʝʨʘʣʴʥʦʾ ʦʯʝʨʝʚʠʥʠ ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ. 

ʉʧʦʣʫʯʥʘ ʪʢʘʥʠʥʘ ʦʯʝʨʝʚʠʥʠ ʚ ʨʽʟʥʠʭ ʾʾ ʤʽʩʮʷʭ ʤʘʻ ʥʝʦʜʥʘʢʦʚʫ ʙʫʜʦʚʫ. 

ʅʘʡʙʽʣʴʰ ʧʦʪʫʞʥʠʡ ʰʘʨ ʾʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʩʢʣʘʜʽ ʧʘʨʽʻʪʘʣʴʥʦʾ ʦʯʝʨʝʚʠʥʠ, ʚ 

ʪʦʡ ʞʝ ʯʘʩ ʷʢ ʩʧʦʣʫʯʥʦʪʢʘʥʠʥʥʠʡ ʰʘʨ ʚʽʩʮʝʨʘʣʴʥʦʾ ʦʯʝʨʝʚʠʥʠ ʙʽʣʴʰ ʪʦʥʢʠʡ. ʎʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʜʦʚʠ ʩʧʦʣʫʯʥʦʾ ʪʢʘʥʠʥʠ ʧʨʠʩʪʽʥʢʦʚʦʾ ʪʘ ʥʫʪʨʦʱʝʚʦʾ ʦʯʝʨʝʚʠʥʠ 

ʚʽʜʙʠʚʘʶʪʴʩʷ ʽ ʥʘ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʷʭ ʝʥʜʦʪʝʣʽʶ ʣʽʤʬʘʪʠʯʥʠʭ 

ʢʘʧʽʣʷʨʽʚ. 

ɺʠʷʚʣʝʥʥʷ ʪʘ ʚʠʚʯʝʥʥʷ ʣʽʤʬʘʪʠʯʥʠʭ ʩʫʜʠʥ ʩʝʨʦʟʥʦʛʦ ʧʦʢʨʠʚʫ ʟʚôʷʟʘʥʦ ʽʟ 

ʪʨʫʜʥʦʱʘʤʠ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʷʢ ʚʽʜ ʙʫʜʦʚʠ ʦʙʦʣʦʥʦʢ, ʪʘʢ ʽ ʚʽʜ ʥʝʟʥʘʯʥʦʛʦ ʜʽʘʤʝʪʨʫ 

(20 ï 30 ʤʢ) ʣʽʤʬʘʪʠʯʥʠʭ ʢʘʧʽʣʷʨʽʚ. 
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ɺ ʧʨʠʩʪʽʥʢʦʚʽʡ ʦʯʝʨʝʚʠʥʽ ʽʩʥʫʻ ʜʚʦʰʘʨʦʚʘ ʣʽʤʬʘʪʠʯʥʘ ʤʝʨʝʞʘ ï 

ʧʦʚʝʨʭʥʝʚʘ ʪʘ ʛʣʠʙʦʢʘ, ʣʝʞʘʪʴ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʪʘ ʛʣʠʙʦʢʦʤʫ ʢʦʣʘʛʝʥʦʚʠʭ 

ʰʘʨʘʭ. ʃʽʤʬʘʪʠʯʥʽ ʢʘʧʽʣʷʨʠ ʛʣʠʙʦʢʦʾ ʤʝʨʝʞʠ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʢʨʦʚʦʥʦʩʥʽ 

ʩʫʜʠʥʠ, ʘ ʛʣʠʙʠʥʘ ʾʭʥʴʦʛʦ ʟʘʣʷʛʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʫʜʦʚʠ ʡ ʪʦʚʱʠʥʠ ʦʯʝʨʝʚʠʥʠ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʨʦʟʤʽʱʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʤʝʨʝʞʠ, ʪʦ ʚʦʥʘ ʣʝʞʠʪʴ ʙʣʠʞʯʝ ʜʦ 

ʤʝʟʦʪʝʣʽʷ, ʚ ʪʠʭ ʤʽʩʮʷʭ ʦʯʝʨʝʚʠʥʠ, ʜʝ ʧʨʦʮʝʩʠ ʚʩʤʦʢʪʫʚʘʥʥʷ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ. ʗʢ ʚʽʜʦʤʦ, ʨʽʟʥʽ ʜʽʣʷʥʢʠ ʦʯʝʨʝʚʠʥʠ ʤʘʶʪʴ ʥʝʦʜʥʘʢʦʚʫ 

ʧʨʦʥʠʢʥʽʩʪʴ, ʛʦʣʦʚʥʠʤʠ ʰʣʷʭʘʤʠ ʚʩʤʦʢʪʫʚʘʥʥʷ ʢʦʣʦʾʜʽʚ ʽʟ ʯʝʨʝʚʥʦʾ ʧʦʨʦʞʥʠʥʠ 

ʷʚʣʷʶʪʴʩʷ ʣʽʤʬʘʪʠʯʥʽ ʩʫʜʠʥʠ ʜʽʘʬʨʘʛʤʠ. ʅʘʡʙʣʠʞʯʝ ʜʦ ʤʝʟʦʪʝʣʽʶ (ʚʽʜ 6 ʜʦ 

12 ʤʢ) ʨʦʟʤʽʱʝʥʽ ʣʽʤʬʘʪʠʯʥʽ ʢʘʧʽʣʷʨʠ ʚ ʦʯʝʨʝʚʠʥʽ ʜʽʘʬʨʘʛʤʠ ʪʘ ʽʣʝʦʮʝʢʘʣʴʥʽʡ 

ʜʽʣʷʥʮʽ. ɺ ʽʣʝʦʮʝʢʘʣʴʥʽʡ ʜʽʣʷʥʮʽ, ʦʯʝʨʝʚʠʥʘ ʪʘʢʦʞ ʚʦʣʦʜʽʻ ʚʝʣʠʢʦʶ 

ʚʩʤʦʢʪʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ. ʅʘʡʙʽʣʴʰ ʚʽʜʜʘʣʝʥʽ ʚʽʜ ʤʝʟʦʪʝʣʽʷ ʣʽʤʬʘʪʠʯʥʽ 

ʢʘʧʽʣʷʨʠ ʚ ʦʯʝʨʝʚʠʥʽ ʧʝʨʝʜʥʴʦʾ ʩʪʽʥʢʠ ʞʠʚʦʪʘ. 

ɽʥʜʦʪʝʣʽʡ ʣʽʤʬʘʪʠʯʥʠʭ ʢʘʧʽʣʷʨʽʚ ʦʯʝʨʝʚʠʥʠ ʧʝʨʝʜʥʴʦʾ ʩʪʽʥʢʠ ʞʠʚʦʪʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʦʥʢʦʶ ʩʽʪʢʦʶ ʘʨʛʠʨʦʬʽʣʴʥʦʾ ʮʠʪʦʧʣʘʟʤʠ. ʇʝʪʣʽ ʮʽʻʾ ʩʽʪʢʠ 

ʧʦʣʽʛʦʥʘʣʴʥʦʾ ʬʦʨʤʠ. ɺʢʣʶʯʝʥʥʷ ʘʨʛʠʨʦʬʽʣʴʥʦʾ ʮʠʪʦʧʣʘʟʤʠ ʚ ʥʝʘʨʛʠʨʦʬʽʣʴʥʫ 

ʥʝʙʘʛʘʪʦʯʠʩʝʣʴʥʽ, ʯʘʩʪʽʰʝ ʮʷʪʦʯʢʦʚʽ ʽ ʨʽʜʰʝ ʚʝʣʠʢʽ ʚ ʚʠʛʣʷʜʽ ʩʚʽʪʣʦ-ʞʦʚʪʠʭ 

ʧʦʣʽʚ, ʦʪʦʯʝʥʠʭ ʪʝʤʥʠʤ ʦʙʽʜʢʦʤ. 

ɺ ʝʥʜʦʪʝʣʽʾ ʣʽʤʬʘʪʠʯʥʠʭ ʢʘʧʽʣʷʨʽʚ ʜʽʘʬʨʘʛʤʘʣʴʥʦʾ ʦʯʝʨʝʚʠʥʠ ʧʝʪʣʽ 

ʘʨʛʠʨʦʬʽʣʴʥʦʾ ʩʽʪʢʠ ʥʝʟʘʤʢʥʝʥʽ, ʤʘʶʪʴ ʭʚʠʣʷʩʪʽ ʢʨʘʾ, ʨʦʤʙʦʧʦʜʽʙʥʽ, ʚʠʪʷʛʥʫʪʽ 

ʧʦ ʜʦʚʞʠʥʽ ʢʘʧʽʣʷʨʘ, ʜʦʚʞʠʥʘ ʾʭ ʟʥʘʯʥʦ ʧʨʝʚʘʣʶʻ ʥʘʜ ʰʠʨʠʥʦʶ. ʉʽʪʢʘ 

ʘʨʛʠʨʦʬʽʣʴʥʦʾ ʮʠʪʦʧʣʘʟʤʠ ʙʽʣʴʰ ʛʨʫʙʘ, ʥʽʞ ʚ ʝʥʜʦʪʝʣʽʾ ʣʽʤʬʘʪʠʯʥʠʭ ʢʘʧʽʣʷʨʽʚ 

ʩʝʨʦʟʥʦʛʦ ʧʦʢʨʠʚʫ ʧʝʨʝʜʥʴʦʾ ʯʝʨʝʚʥʦʾ ʩʪʽʥʢʠ ʽ ʤʽʩʪʠʪʴ ʙʘʛʘʪʦʯʠʩʝʣʴʥʽ 

ʛʫʜʟʠʢʦʧʦʜʽʙʥʽ ʨʦʟʰʠʨʝʥʥʷ, ʨʦʟʤʽʱʝʥʽ ʷʢ ʟʘ ʭʦʜʦʤ ʘʨʛʠʨʦʬʽʣʴʥʦʾ ʩʽʪʢʠ, ʪʘʢ ʽ ʚ 

ʥʝʘʨʛʠʨʦʬʽʣʴʥʽʡ ʮʠʪʦʧʣʘʟʤʽ. ʏʘʩʪʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʢʣʶʯʝʥʥʷ ʘʨʛʠʨʦʬʽʣʴʥʦʾ 

ʮʠʪʦʧʣʘʟʤʠ ʚ ʚʠʛʣʷʜʽ ʩʚʽʪʣʦ-ʞʦʚʪʠʭ ʧʦʣʽʚ, ʦʪʦʯʝʥʠʭ ʪʝʤʥʠʤ ʦʙʽʜʢʦʤ ʽ ʨʽʜʰʝ 

ʜʨʽʙʥʽ ï ʚ ʚʠʛʣʷʜʽ ʟʝʨʝʥ. ɽʥʜʦʪʝʣʽʡ ʣʽʤʬʘʪʠʯʥʠʭ ʢʘʧʽʣʷʨʽʚ ʜʽʘʬʨʘʛʤʘʣʴʥʦʾ 

ʦʯʝʨʝʚʠʥʠ ʥʝʤʦʚ ʙʠ ʚʩʽʷʥʠʡ ʚʝʣʠʢʠʤʠ ʚʢʣʶʯʝʥʥʷʤʠ ʘʨʛʠʨʦʬʽʣʴʥʦʾ 

ʮʠʪʦʧʣʘʟʤʠ. 
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ɺ ʝʥʜʦʪʝʣʽʾ ʣʽʤʬʘʪʠʯʥʠʭ ʢʘʧʽʣʷʨʽʚ ʽʣʝʦʮʝʢʘʣʴʥʦʾ ʜʽʣʷʥʢʠ ʧʝʪʣʽ 

ʘʨʛʠʨʦʬʽʣʴʥʦʾ ʮʠʪʦʧʣʘʟʤʠ ʥʝʟʘʤʢʥʝʥʽ ʽ ʨʦʟʤʽʱʝʥʽ ʧʦ ʜʦʚʞʠʥʥʠʢʫ ʢʘʧʽʣʷʨʘ. ɿʘ 

ʭʦʜʦʤ ʩʽʪʢʠ, ʘ ʪʘʢʦʞ ʚʽʣʴʥʦ ʚ ʥʝʘʨʛʠʨʦʬʽʣʴʥʽʡ ʮʠʪʦʧʣʘʟʤʽ ʚʟʜʦʚʞ ʧʝʨʠʬʝʨʽʾ 

ʢʘʧʽʣʷʨʘ ʣʝʞʘʪʴ ʚ ʚʠʛʣʷʜʽ ʣʘʥʮʶʛʽʚ ʮʷʪʦʯʢʦʚʽ ʚʢʣʶʯʝʥʥʷ ʘʨʛʠʨʦʬʽʣʴʥʦʾ 

ʮʠʪʦʧʣʘʟʤʠ ʽ ʙʽʣʴʰʽ ʚ ʚʠʛʣʷʜʽ ʩʚʽʪʣʠʭ ʧʦʣʽʚ, ʦʪʦʯʝʥʠʭ ʪʝʤʥʠʤ ʦʙʽʜʢʦʤ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʙʫʜʦʚʠ ʣʽʤʬʘʪʠʯʥʠʭ ʢʘʧʽʣʷʨʽʚ ʦʯʝʨʝʚʠʥʠ ʟʘʜʥʴʦʾ ʯʝʨʝʚʥʦʾ 

ʩʪʽʥʢʠ, ʧʦʚôʷʟʘʥʽ ʟ ʬʫʥʢʮʽʻʶ ʦʨʛʘʥʫ, ʜʦ ʷʢʦʛʦ ʚʦʥʘ ʧʨʠʣʷʛʘʻ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ 

ʟʤʽʥʶʻʪʴʩʷ ʡ ʭʘʨʘʢʪʝʨ ʝʥʜʦʪʝʣʽʶ ʣʽʤʬʘʪʠʯʥʠʭ ʢʘʧʽʣʷʨʽʚ. ɿʦʢʨʝʤʘ ʚ ʝʥʜʦʪʝʣʽʾ 

ʣʽʤʬʦʢʘʧʽʣʷʨʽʚ ʦʯʝʨʝʚʠʥʠ, ʱʦ ʚʢʨʠʚʘʻ ʧʽʜʰʣʫʥʢʦʚʫ ʟʘʣʦʟʫ, ʤʝʨʝʞʘ 

ʘʨʛʠʨʦʬʽʣʴʥʦʾ ʮʠʪʦʧʣʘʟʤʠ ʤʘʻ ʚʠʛʣʷʜ ʚʫʟʴʢʠʭ ʧʝʪʝʣʴ, ʚʠʪʷʛʥʫʪʠʭ ʟʘ ʭʦʜʦʤ 

ʢʘʧʽʣʷʨʫ. ɿʘ ʭʦʜʦʤ ʩʽʪʢʠ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʙʘʛʘʪʦʯʠʩʝʣʴʥʽ ʚʢʣʶʯʝʥʥʷ ʚ ʚʠʛʣʷʜʽ 

ʩʚʽʪʣʦ-ʞʦʚʪʠʭ ʧʦʣʽʚ, ʦʪʦʯʝʥʠʭ ʪʝʤʥʠʤ ʦʙʽʜʢʦʤ. ɺʦʥʠ ʥʘʜʘʶʪʴ ʝʥʜʦʪʝʣʽʶ 

ʣʽʤʬʘʪʠʯʥʠʭ ʢʘʧʽʣʷʨʽʚ ʦʯʝʨʝʚʠʥʠ, ʱʦ ʚʢʨʠʚʘʻ ʧʽʜʰʣʫʥʢʦʚʫ ʟʘʣʦʟʫ, ʟʝʨʥʠʩʪʠʡ 

ʭʘʨʘʢʪʝʨ. ʈʽʜʰʝ ʚʽʣʴʥʦ ʚ ʮʠʪʦʧʣʘʟʤʽ ʝʥʜʦʪʝʣʽʶ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʮʷʪʦʯʢʦʚʽ 

ʚʢʣʶʯʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʪʠʭ ʤʽʩʮʷʭ ʧʨʠʩʪʽʥʢʦʚʦʾ ʦʯʝʨʝʚʠʥʠ, ʜʝ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʽ ʧʨʦʮʝʩʠ ʚʩʤʦʢʪʫʚʘʥʥʷ ʚ ʝʥʜʦʪʝʣʽʾ ʣʽʤʬʘʪʠʯʥʠʭ ʢʘʧʽʣʷʨʽʚ, 

ʢʽʣʴʢʽʩʪʴ ʪʘ ʨʦʟʤʽʨʠ ʚʢʣʶʯʝʥʴ ʘʨʛʠʨʦʬʽʣʴʥʦʾ ʮʠʪʦʧʣʘʟʤʠ ʟʙʽʣʴʰʫʶʪʴʩʷ. 

ʅʘʡʙʽʣʴʰ ʙʘʛʘʪʦʯʠʩʝʣʴʥʽ ʚʝʣʠʢʽ ʪʘ ʜʨʽʙʥʽ ʮʷʪʦʯʢʦʚʽ ʚʢʣʶʯʝʥʥʷ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ 

ʣʽʤʬʘʪʠʯʥʠʭ ʢʘʧʽʣʷʨʘʭ ʜʽʘʬʨʘʛʤʠ. 

ɺ ʚʽʩʮʝʨʘʣʴʥʽʡ ʦʯʝʨʝʚʠʥʽ (ʰʣʫʥʢʫ, ʧʝʯʽʥʢʠ, ʪʦʥʢʦʾ ʢʠʰʢʠ), ʜʝ 

ʩʧʦʣʫʯʥʦʪʢʘʥʠʥʥʠʡ ʰʘʨ ʙʽʣʴʰ ʪʦʥʢʠʡ, ʽʩʥʫʻ ʪʽʣʴʢʠ ʦʜʥʘ ʩʽʪʢʘ ʣʽʤʬʘʪʠʯʥʠʭ 

ʢʘʧʽʣʷʨʽʚ. ʅʘʡʙʽʣʴʰ ʥʘʙʣʠʞʝʥʘ ʚʦʥʘ ʚ ʦʯʝʨʝʚʠʥʽ ʧʝʯʽʥʢʠ, ʜʝ ʝʥʜʦʪʝʣʽʡ 

ʣʽʤʬʘʪʠʯʥʠʭ ʢʘʧʽʣʷʨʽʚ ʤʘʻ ʙʽʣʴʰʽ ʽ ʙʘʛʘʪʦʯʠʩʝʣʴʥʽ ʚʢʣʶʯʝʥʥʷ ʘʨʛʠʨʦʬʽʣʴʥʦʾ 

ʮʠʪʦʧʣʘʟʤʠ ʚ ʥʝʘʨʛʠʨʦʬʽʣʴʥʫ. 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʝʥʜʦʪʝʣʽʡ 

ʣʽʤʬʘʪʠʯʥʠʭ ʢʘʧʽʣʷʨʽʚ ʧʘʨʽʻʪʘʣʴʥʦʾ ʪʘ ʚʽʩʮʝʨʘʣʴʥʦʾ ʦʯʝʨʝʚʠʥʠ ʤʘʻ ʩʚʦʾ 

ʤʦʨʬʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʙʫʤʦʚʣʝʥʽ ʬʫʥʢʮʽʻʶ ʪʘ ʙʫʜʦʚʦʶ ʦʯʝʨʝʚʠʥʠ, ʱʦ 

ʚʢʨʠʚʘʻ ʦʨʛʘʥ. ʆʩʪʘʥʥʷ ʷʚʣʷʻʪʴʩʷ ʥʝʚʽʜô̒ ʤʥʦʶ ʯʘʩʪʠʥʦʶ ʩʧʦʣʫʯʥʦʪʢʘʥʠʥʥʦʾ 

ʩʪʨʦʤʠ ʢʦʞʥʦʛʦ ʦʨʛʘʥʫ ʽ ʚʽʜʦʙʨʘʞʘʻ ʟʘʛʘʣʴʥʠʡ ʧʣʘʥ ʡʦʛʦ ʙʫʜʦʚʠ.  
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PHARMACEUTICAL  SCIENCES 

 
ʇʆʊɽʅʎɯʆʅʋɺɸʅʅʗ ɸɼɸʇʊʀɺʅʀʍ ʄɽʍɸʅɯɿʄɯɺ ʉʊʈɽʉ-

ʃɯʄɯʊʋʖʏʀʍ ʉʀʉʊɽʄ ʅɸ ʄʆɼɽʃʗʍ ʊɽʈʄɯʏʅʆɻʆ ɹʆʃʖ 

 

ʎʽʩʘʢ ɸʣʴʦʥʘ ʆʣʝʢʩʘʥʜʨʽʚʥʘ 

ʢ.ʙ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʬʘʨʤʘʢʦʣʦʛʽʾ ʣʽʢʽʚ 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯ. ɯ. ʄʝʯʥʠʢʦʚʘ 

ʃʘʨʽʦʥʦʚ ɺʽʪʘʣʽʡ ɹʦʨʠʩʦʚʠʯ 

ʜ.ʙ.ʥ., ʧʨʦʚʽʜʥʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ʆ.ɺ.ɹʦʛʘʪʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ 

ɹʻʥʻʪ ʉʪʘʥʽʩʣʘʚ ʉʝʨʛʽʡʦʚʠʯ 

ʘʩʧʽʨʘʥʪ 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯ. ɯ. ʄʝʯʥʠʢʦʚʘ, 

ʤ. ʆʜʝʩʘ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʽ ʫʤʦʚʠ ʞʠʪʪʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʩʪʨʝʩʦʨʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʜʽʷʣʴʥʦʩʪʽ. ʗʢʱʦ ʜʽʷ ʩʪʨʝʩʦʨʘ ʥʘʜʤʽʨʥʘ ʟʘ ʩʠʣʦʶ 

ʯʠ ʪʨʠʚʘʣʽʩʪʶ, ʘ ʪʘʢʦʞ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʨʦʜʞʝʥʠʭ ʯʠ ʥʘʙʫʪʠʭ ʜʝʬʝʢʪʽʚ ʩʪʨʝʩ-

ʣʽʤʽʪʫʶʯʠʭ ʩʠʩʪʝʤ ʨʦʟʚʠʚʘʻʪʴʩʷ ʜʠʩʪʨʝʩ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷʤ 

ʜʠʟʨʝʛʫʣʷʮʽʾ ʚ ʦʜʥʽʡ ʘʙʦ ʢʽʣʴʢʦʭ ʦʥʪʦʛʝʥʝʪʠʯʥʦ ʦʩʣʘʙʣʝʥʠʭ ʬʽʟʽʦʣʦʛʽʯʥʠʭ 

ʩʠʩʪʝʤʘʭ ʦʨʛʘʥʽʟʤʫ. ɺ ʜʘʥʠʡ ʯʘʩ ʜʦʚʝʜʝʥʦ ʧʨʦʚʽʜʥʫ ʨʦʣʴ ʩʪʨʝʩʫ ʫ ʨʦʟʚʠʪʢʫ 

ʧʘʪʦʣʦʛʽʡ ʨʽʟʥʦʛʦ ʛʝʥʝʟʫ [1,2]. 

ʆʜʥʠʤ ʽʟ ʟʘʚʜʘʥʴ ʩʫʯʘʩʥʦʾ ʬʘʨʤʘʢʦʣʦʛʽʾ ʻ ʧʦʰʫʢ ʬʘʨʤʘʢʦʣʦʛʽʯʥʠʭ 

ʟʘʩʦʙʽʚ ï ʧʦʪʝʥʮʽʡʥʠʭ ʘʜʘʧʪʦʛʝʥʽʚ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʜʦʩʷʛʥʝʥʥʷ ʦʨʛʘʥʽʟʤʦʤ ʩʪʘʥʫ ʥʝʩʧʝʮʠʬʽʯʥʦ ʧʽʜʚʠʱʝʥʦʾ ʦʧʽʨʥʦʩʪʽ ʜʦ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʫ ʰʢʽʜʣʠʚʠʭ ʚʧʣʠʚʽʚ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʚ ʜʘʥʠʡ ʯʘʩ ʽʥʪʝʨʝʩ ʜʦ ʬʘʨʤʘʢʦʣʦʛʽʯʥʠʭ ʟʘʩʦʙʽʚ ʨʦʩʣʠʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʘʜʘʧʪʦʛʝʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʟʨʦʩʪʘʻ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ. 

ʇʝʨʝʚʘʛʦʶ ʨʦʩʣʠʥʥʠʭ ʟʘʩʦʙʽʚ ʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʘʨʤʘʢʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʫ 

ʧʦʻʜʥʘʥʥʽ ʟ ʥʠʟʴʢʦʶ ʪʦʢʩʠʯʥʽʩʪʶ ʪʘ ʤʦʞʣʠʚʽʩʪʶ ʪʨʠʚʘʣʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʟ 

ʨʠʟʠʢʫ ʨʦʟʚʠʪʢʫ ʥʝʛʘʪʠʚʥʠʭ ʧʦʙʽʯʥʠʭ ʝʬʝʢʪʽʚ. 
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ɸʜʘʧʪʦʛʝʥʥʽ ʧʨʝʧʘʨʘʪʠ ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ ʥʝʩʧʝʮʠʬʽʯʥʦʾ ʦʧʽʨʥʦʩʪʽ 

ʜʦ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʚʧʣʠʚʽʚ. ʇʨʦʪʝ ʤʝʭʘʥʽʟʤʠ ʘʜʘʧʪʦʛʝʥʥʦʛʦ 

ʚʧʣʠʚʫ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʜʦʩʣʽʜʞʝʥʽ ʥʝʜʦʩʪʘʪʥʴʦ. 

ʅʘʧʨʠʢʣʘʜ, ʜʦʩʣʽʜʥʠʢʠ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʪʽʣʦ ʣʶʜʠʥʠ ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ ʙʦʣʶ 

ʟʘʚʜʷʢʠ ʩʠʣʽ ʩʠʛʥʘʣʽʚ ʥʝʡʨʦʥʽʚ. ʇʽʜ ʯʘʩ ʨʫʭʽʚ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʙʽʣʴ, ʤʦʟʦʢ 

ʧʦʩʠʣʘʻ ʩʣʘʙʢʽ ʩʠʛʥʘʣʠ, ʘ ʢʦʣʠ ʨʫʭʠ ʙʦʣʶ ʥʝ ʚʠʢʣʠʢʘʶʪʴ, ʩʠʛʥʘʣʠ ʤʦʟʢʫ 

ʧʦʩʠʣʶʶʪʴʩʷ. ʗʢʱʦ ʤʦʟʦʢ ʟʥʘʻ, ʱʦ ʧʝʨʝʤʽʱʝʥʥʷ ʩʧʨʠʯʠʥʠʪʴ ʙʽʣʴ, ʪʦ ʯʘʩ 

ʨʝʘʢʮʽʾ ʥʘ ʚʠʢʦʥʘʥʥʷ ʪʘʢʦʛʦ ʨʫʭʫ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʩʘʤʘ ʤʘʥʽʧʫʣʷʮʽʷ 

ʧʨʦʭʦʜʠʪʴ ʰʚʠʜʰʝ, ʥʽʞ ʟʚʠʯʘʡʥʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʟʦʢ ʥʘʤʘʛʘʻʪʴʩʷ ʩʢʦʨʦʪʠʪʠ 

ʪʨʠʚʘʣʽʩʪʴ ʙʦʣʴʦʚʠʭ ʚʽʜʯʫʪʪʽʚ. ʎʝ ʚʽʜʢʨʠʪʪʷ ʚʘʞʣʠʚʦ, ʪʦʤʫ ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ 

ʚʠʥʠʢʥʝʥʥʷ ʟʘʭʠʩʥʠʭ ʩʪʨʘʪʝʛʽʡ ʦʨʛʘʥʽʟʤʫ ʧʽʜ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʛʦʩʪʨʦʛʦ ʙʦʣʶ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʪʠʙʦʣʴʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʨʘʚʠ ʢʠʧʨʝʶ 

ʚʫʟʴʢʦʣʠʩʪʦʛʦ (ʉhamaenerion angustifolium), ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʣʽʢʘʨʩʴʢʦʾ 

ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʟ ʘʜʘʧʪʦʛʝʥʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʉʢʨʠʥʽʥʛʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʥʘʣʛʝʟʫʶʯʦʾ ʜʽʾ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘ ʤʦʜʝʣʽ ʙʦʣʴʦʚʦʛʦ ʩʠʥʜʨʦʤʫ, ʚʠʢʣʠʢʘʥʦʛʦ, ʪʝʨʤʽʯʥʠʤ 

ʧʦʜʨʘʟʥʝʥʥʷʤ ʫ ʪʝʩʪʽ ʟʘʥʫʨʶʚʘʥʥʷ ʭʚʦʩʪʘ ʱʫʨʽʚ ʫ ʛʘʨʷʯʫ ʚʦʜʫ [3] ï ʪʝʩʪ 

ʪʝʧʣʦʚʦʾ ʽʤʤʝʨʩʽʾ ʭʚʦʩʪʘ (tail immersion). ʎʝʡ ʪʝʩʪ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʧʠʥʘʣʴʥʦʤʫ 

ʬʣʝʢʩʦʨʥʦʤʫ ʨʝʬʣʝʢʩʽ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʟʘʥʫʨʝʥʥʷ ʢʽʥʯʠʢʘ ʭʚʦʩʪʘ (5 ʩʤ) ʚ ʛʘʨʷʯʫ 

ʚʦʜʫ t 50Áʉ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʢʪʠʚʘʮʽʷ ʉ-ʚʦʣʦʢʦʥ, ɸd-ʚʦʣʦʢʦʥ 

ʧʦʣʽʤʦʜʘʣʴʥʠʭ ʥʦʮʠʮʝʧʪʦʨʦʚ ʪʘ ʚʠʩʦʢʦʧʦʨʦʛʦʚʠʭ ʤʝʭʘʥʦʨʝʮʝʧʪʦʨʽʚ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʥʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʱʫʨʘʭ, ʱʦ ʫʪʨʠʤʫʚʘʣʠʩʴ ʚ 

ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʚʽʚʘʨʽʶ, ʚʩʽ ʜʦʩʣʽʜʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʚ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʟʘʛʘʣʴʥʠʭ ʧʨʘʚʠʣ ʝʪʠʯʥʦʛʦ ʧʦʚʦʜʞʝʥʥʷ ʟ ʣʘʙʦʨʘʪʦʨʥʠʤʠ ʪʚʘʨʠʥʘʤʠ. 

ʊʚʘʨʠʥ ʙʫʣʦ ʧʦʜʽʣʝʥʦ ʥʘ ʛʨʫʧʠ. ʊʚʘʨʠʥʘʤ ʜʦʩʣʽʜʥʦʾ ʛʨʫʧʠ ʧʦʧʝʨʝʜʥʴʦ ʥʘ 

ʭʚʽʩʪ ʥʘʥʦʩʠʣʠ ʤʘʟʴ ʥʘ ʦʩʥʦʚʽ ʝʢʩʪʨʘʢʪʫ ʪʨʘʚʠ ʢʠʧʨʝʶ, ʪʚʘʨʠʥʘʤ ʜʨʫʛʦʾ ʛʨʫʧʠ 

ʥʘʥʦʩʠʣʠ ʤʘʟʴ ʘʥʝʩʪʝʟʠʥʫ (ʛʨʫʧʘ-ʧʦʨʽʚʥʷʥʥʷ). ʊʚʘʨʠʥʠ ʪʨʝʪʴʦʾ ʛʨʫʧʠ ʩʣʫʛʫʚʘʣʠ 

ʢʦʥʪʨʦʣʝʤ.  
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ʈʝʻʩʪʨʫʚʘʣʠ ʪʨʠʚʘʣʽʩʪʴ (ʩʝʢ) ʣʘʪʝʥʪʥʦʛʦ ʧʝʨʽʦʜʫ ʜʦ ʚʽʜʩʤʠʢʫʚʘʥʥʷ 

ʭʚʦʩʪʘ. ʂʨʠʪʝʨʽʻʤ ʥʘʷʚʥʦʩʪʽ ʟʥʝʙʦʣʶʶʯʦʾ ʜʽʾ ʚʚʘʞʘʣʠ ʩʪʘʪʠʩʪʠʯʥʦ ʚʽʨʦʛʽʜʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʣʘʪʝʥʪʥʦʛʦ ʧʝʨʽʦʜʫ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ ʪʚʘʨʠʥ.  

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ.  

ɿ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʝʤʦ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ ʧʨʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʘʥʘʣʛʝʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʧʦʢʘʟʥʠʢʠ ʣʘʪʝʥʪʥʦʛʦ ʧʝʨʽʦʜʫ ʜʦʩʣʽʜʥʠʭ 

ʪʚʘʨʠʥ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʚʘʣʠ ʘʥʘʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ ʽ ʙʫʣʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʽ ʜʦ ʨʽʚʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʝʧʘʨʘʪʫ-ʧʦʨʽʚʥʷʥʥʷ - 2% ʤʘʟʽ 

ʘʥʝʩʪʝʟʠʥʫ (ʤʽʞ ʜʦʩʣʽʜʥʦʶ ʛʨʫʧʦʶ ʪʘ ʛʨʫʧʦʶ ʧʨʝʧʘʨʘʪʫ-ʧʦʨʽʚʥʷʥʥʷ ʥʝ ʙʫʣʦ 

ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʠʤʦʾ ʨʽʟʥʠʮʽ). ʏʘʩ ʫʪʨʠʤʫʚʘʥʥʷ ʭʚʦʩʪʘ ʚ ʛʘʨʷʯʽʡ ʚʦʜʽ ʜʣʷ 

ʚʢʘʟʘʥʠʭ ʜʚʦʭ ʛʨʫʧ ʩʢʣʘʜʘʻ ʚ ʩʝʨʝʜʥʴʦʤʫ 15,9 ʪʘ 15,3 ʩʝʢʫʥʜʠ, ʧʨʦʪʠ 

ʧʦʢʘʟʥʠʢʽʚ ʢʦʥʪʨʦʣʶ ï 7,1 ʩʝʢʫʥʜ. 

ɺʠʩʥʦʚʢʠ. ɿ ʦʛʣʷʜʫ ʥʘ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʜʦʩʣʽʜʞʫʚʘʥʘ ʣʽʢʘʨʩʴʢʘ ʨʦʩʣʠʥʥʘ ʩʠʨʦʚʠʥʘ ʻ ʧʦʪʝʥʮʽʡʥʠʤ ʟʘʩʦʙʦʤ ʟ 

ʘʜʘʧʪʦʛʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ ʙʽʣʴʰ ʜʝʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. 
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CHEMICAL  SCIENCES 

 
ʉʀʅʊɽɿ 11-ʆʂʉʆ-N-(2-ʆʂʉʆɹʋʊʀʃ)ɯʅɼɽʅʆ[1,2-b]ʍɯʅʆʂʉɸʃɯʅ-8-

ʂɸʈɹʆʂʉɸʄɯɼʋ ʊɸ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ʁʆɻʆ ʌɸʈʄɸʂʆʃʆɻɯʏʅʀʍ 

ɺʃɸʉʊʀɺʆʉʊɽʁ 

 

ɯʰʢʦʚ ʖʨʽʡ ɺʘʩʠʣɹ ʦʚʠʯ 

ʜ.ʭ.ʥ., ʧʨʦʬʝʩʦʨ 

ʉʘʟʦʥʦʚ ʂʠʨʠʣʦ ɼʤʠʪʨʦʚʠʯ 

ɸʩʧʽʨʘʥʪ 

ʆʜʝʩʴʢʠʡ ʅʘʮʽʦʥʘʣʴʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯ.ɯ.ʄʝʯʥʠʢʦʚʘ 

ʤ. ʆʜʝʩʘ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʅʘ ʩʴʦʛʦʜʥʽ ʚʽʨʫʩʥʽ ʪʘ ʦʥʢʦʣʦʛʽʯʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʛʦʩʪʨʫ ʧʨʦʙʣʝʤʫ, ʷʢʘ ʧʦʩʪʘʻ ʧʝʨʝʜ ʣʶʜʩʪʚʦʤ. ʂʽʣʴʢʽʩʪʴ ʝʬʝʢʪʠʚʥʠʭ 

ʧʨʦʪʠʚʽʨʫʩʥʠʭ ʪʘ ʧʨʦʪʠʧʫʭʣʠʥʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʥʝʚʝʣʠʢʘ. ʉʫʯʘʩʥʽ ʣʽʢʘʨʩʴʢʽ 

ʟʘʩʦʙʠ ʧʦʪʨʝʙʫʶʪʴ ʧʦʩʪʽʡʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ (ʟʤʝʥʰʝʥʥʷ ʪʦʢʩʠʯʥʦʩʪʽ, ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʭ ʧʨʝʧʘʨʘʪʽʚ, ʾʭ ʜʦʩʪʫʧʥʽʩʪʴ ʫ ʪʦʤʫ ʯʠʩʣʽ ʣʶʜʷʤ ʟ ʥʠʟʴʢʠʤ 

ʙʶʜʞʝʪʦʤ). ʌʦʨʤʫʚʘʥʥʷ ʥʦʚʠʭ ʨʝʟʠʩʪʝʥʪʥʠʭ ʰʪʘʤʽʚ ʚʽʨʫʩʽʚ ʩʧʦʥʫʢʘʻ ʜʦ 

ʧʦʰʫʢʫ ʥʦʚʠʭ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ. ʅʘʨʘʟʽ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʻ ʚʠʩʦʢʦʩʝʣʝʢʪʠʚʥʽ 

ʪʝʨʘʧʝʚʪʠʯʥʽ ʧʨʝʧʘʨʘʪʠ, ʦʩʦʙʣʠʚʽʩʪʶ ʷʢʠʭ ʻ ʧʨʠʛʥʽʯʫʚʘʥʥʷ ʨʝʧʨʦʜʫʢʮʽʾ ʚʽʨʫʩʽʚ. 

ʊʘʢʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʻ ʚʘʢʮʠʥʠ, ʮʠʪʦʩʪʘʪʠʢʠ. ʎʽ ʧʨʝʧʘʨʘʪʠ ʜʦʙʨʝ ʩʝʙʝ 

ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʪʘ ʚʨʷʪʫʚʘʣʠ ʚʽʜ ʩʤʝʨʪʽ ʤʽʣʴʡʦʥʠ ʣʶʜʝʡ. ɸʣʝ ʫ ʥʠʭ ʻ ʨʷʜ 

ʥʝʜʦʣʽʢʽʚ. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʽʨʫʩʽʚ ʩʪʘʥʦʚʠʪʴ 10
31 

[1], ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʰʚʠʜʢʦʩʪʽ ʾʭ ʤʫʪʘʮʽʡ ʩʪʘʥʦʚʠʪʴʩʷ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʧʦʷʚʘ ʥʦʚʠʭ ʰʪʘʤʽʚ 

ʨʝʟʠʩʪʝʥʪʥʠʭ ʜʦ ʣʽʢʽʚ ʮʝ ʣʠʰʝ ʧʠʪʘʥʥʷ ʯʘʩʫ [2]. ʊʦʤʫ ʻ ʜʦʮʽʣʴʥʦʶ ʨʦʟʨʦʙʢʘ 

ʥʦʚʠʭ ʪʝʨʘʧʝʚʪʠʯʥʠʭ ʟʘʩʦʙʽʚ ʟ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʜʽʾ. ʊʘʢ ʷʢ ʫʩʽ ʞʠʚʽ ʦʨʛʘʥʽʟʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʝʧʣʽʢʘʮʽʶ ʜʣʷ ʩʘʤʦʚʽʜʪʚʦʨʝʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʛʝʥʝʪʠʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʮʝʡ ʧʨʦʮʝʩ ʧʦʚʠʥʝʥ ʙʫʪʠ ʤʽʰʝʥʥʶ ʜʣʷ ʥʦʚʠʭ ʧʨʦʪʠʽʥʬʝʢʮʽʡʥʠʭ 

ʧʨʝʧʘʨʘʪʽʚ ʰʠʨʦʢʦʾ ʜʽʾ. ɸʛʝʥʪ, ʷʢʠʡ ʟʜʘʪʥʠʡ ʧʨʠʛʥʽʯʫʚʘʪʠ ʨʦʟʧʣʽʪʘʥʥʷ 

ʜʚʦʭʩʧʽʨʘʣʴʥʦʛʦ ʧʦʣʽʥʫʢʣʝʦʪʠʜʫ ʥʘ ʜʚʘ ʦʜʥʦʩʧʽʨʘʣʴʥʽ, ʤʘʻ ʩʪʘʪʠ 
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ʧʨʦʪʠʚʽʨʫʩʥʠʤ ʧʨʝʧʘʨʘʪʦʤ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʜʽʾ. ʊʘʢʽ ʘʛʝʥʪʠ ʟʚʫʪʴʩʷ 

ʽʥʪʝʨʢʘʣʷʪʦʨʘʤʠ [3]. ɯʩʥʫʻ ʥʝʙʘʛʘʪʦ ʨʦʙʦʪ ʧʨʠʩʚʷʯʝʥʠʭ ʧʦʭʽʜʥʠʤ 

ʽʥʜʝʥʦʭʽʥʦʢʩʘʣʽʥʫ ʷʢ ʽʥʪʝʨʢʘʣʷʪʦʨʘʤ ɼʅʂ ʪʘ ʧʨʦʪʠʚʽʨʫʩʥʠʤ ʘʛʝʥʪʘʤ. ʉʘʤʝ 

ʪʦʤʫ ʮʝʡ ʢʣʘʩ ʨʝʯʦʚʠʥ ʩʪʘʚ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ.  

 

ʄʝʪʘ ʨʦʙʦʪʠ. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʩʠʥʪʝʟʫ 11-ʦʢʩʦ-N-(2-

ʦʢʩʦʙʫʪʠʣ)ʽʥʜʝʥʦ[1,2-b]ʭʽʥʦʢʩʘʣʠʥ-8-ʢʘʨʙʦʢʩʘʤʽʜʫ, ʷʢʠʡ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʝ ʤʘʪʠ 

ʧʨʦʪʠʚʽʨʫʩʥʫ ʪʘ ʧʨʦʪʠʧʫʭʣʠʥʥʫ ʘʢʪʠʚʥʽʩʪʴ. 

 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ.  

ɼʣʷ ʩʠʥʪʝʟʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʥʘʩʪʫʧʥʽ ʨʝʘʢʪʠʚʠ: ʥʽʥʛʽʜʨʠʥ, 3,4-

ʜʠʘʤʽʥʦʙʝʥʟʦʡʥʘ ʢʠʩʣʦʪʘ, ʢʨʠʞʘʥʘ ʦʮʪʦʚʘ ʢʠʩʣʦʪʘ, ʪʨʠʝʪʠʣʘʤʽʥ, 1,3-

ʜʠʮʠʢʣʦʛʝʢʩʠʣʢʘʨʙʦʜʽʽʤʽʜ (ɼʎʂ), ʛʽʜʨʦ ʭʣʦʨʠʜ ʝʪʠʣʦʚʦʛʦ ʝʬʽʨʫ ʛʣʽʮʠʥʘ. 

ʉʪʨʫʢʪʫʨʫ ʦʪʨʠʤʘʥʠʭ ʩʧʦʣʫʢ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʤʝʪʦʜʦʤ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʽʾ. ʄʘʩ-ʩʧʝʢʪʨʠ ʦʪʨʠʤʘʥʽ ʥʘ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽ ʄʍ-1321 ʟ ʧʨʷʤʠʤ 

ʚʚʝʜʝʥʥʷʤ ʟʨʘʟʢʘ.  

ʌʘʨʤʘʢʦʣʦʛʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʨʝʯʦʚʠʥʠ ʙʫʣʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʘ ʧʨʦʛʨʘʤʤʦʶ 

Prediction of Activity Spectra for Substances (PASS) (ʪʘʙʣʠʮʷ 2). 

 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʎʽʣʴʦʚʠʡ ʧʨʦʜʫʢʪ ʦʪʨʠʤʫʚʘʣʠ: 5 ʤʤʦʣʴ 

(1,38 ʛ) 11-ʦʢʩʦʽʥʜʝʥʦ[1,2-b]ʭʽʥʦʢʩʘʣʽʥ-8-ʢʘʨʙʦʥʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ 6 ʤʤʦʣʴ (0,834 

ʛ) ʛʽʜʨʦʭʣʦʨʠʜʫ ʝʪʠʣʦʚʦʛʦ ʝʬʽʨʫ ʛʣʽʮʠʥʘ ʧʦʤʽʱʘʶʪʴ ʚ ʧʣʦʩʢʦʜʦʥʥʫ ʢʦʣʙʫ, 

ʜʦʜʘʶʪʴ 7 ʤʤʦʣʴ ( 0,97 ʤʣ) ʪʨʠʝʪʠʣʘʤʽʥʫ ʪʘ ʧʝʨʝʤʽʰʫʶʪʴ 4 ʯʘʩʘ ʫ ʭʣʦʨʠʩʪʦʤʫ 

ʤʝʪʠʣʝʥʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 1,3 ï ʜʠʮʠʢʣʦʛʝʢʩʠʣʢʘʨʙʦʜʽʽʤʽʜʫ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ. ʈʦʟʯʠʥ ʬʽʣʴʪʨʫʚʘʣʠ, ʧʨʦʤʠʚʘʣʠ ʚʦʜʦʶ ʪʘ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ 

ʢʦʣʦʥʢʫ (5ʩʤ) ʟ Al 2O3 (ʥʝʡʪʨʘʣʴʥʠʡ) ʪʘ ʧʝʨʝʢʨʠʩʪʘʣʽʟʦʚʫʚʘʣʠ ʽʟ ʩʫʤʽʰʽ 

ʛʝʢʩʘʥ:ʙʝʥʟʦʣ (1:1) (ʨʠʩ. 1). ʆʪʨʠʤʘʥʠʡ ʚʠʭʽʜ 75 % (1,885 ʛ). 



125 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʥʪʝʟʫ 11-ʦʢʩʦ-N-(2-ʦʢʩʦʙʫʪʠʣ)ʽʥʜʝʥʦ[1,2-b]ʭʽʥʦʢʩʘʣʠʥ-8-

ʢʘʨʙʦʢʩʘʤʽʜʫ 

ʜʝ R - 11-ʦʢʩʦʽʥʜʝʥʦ[1,2-b]ʭʽʥʦʢʩʘʣʽʥ-8-ʢʘʨʙʦʥʦʚʘ ʢʠʩʣʦʪʘ. 

11-ʦʢʩʦʽʥʜʝʥʦ[1,2-b]ʭʽʥʦʢʩʘʣʽʥ-8-ʢʘʨʙʦʥʦʚʫ ʢʠʩʣʦʪʫ ʦʪʨʠʤʫʚʘʣʠ ʤʝʪʦʜʦʤ 

ʢʦʥʜʝʥʩʘʮʽʾ ʥʽʥʛʽʜʨʠʥʫ ʟ 2,3-ʜʠʘʤʽʥʦʙʝʥʟʦʡʥʦʶ ʢʠʩʣʦʪʦʶ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:1 

ʤʦʣʴ ʫ ʨʦʟʯʠʥʽ ʢʨʠʞʘʥʦʾ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ (ʨʠʩ. 2) [4] . 

 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʩʠʥʪʝʟʫ 11-ʦʢʩʦʽʥʜʝʥʦ[1,2-b]ʭʽʥʦʢʩʘʣʽʥ-8-ʢʘʨʙʦʥʦʚʦʾ 

ʢʠʩʣʦʪʠ 

ɺ ʤʘʩʩ-ʩʧʝʢʪʨʘʭ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʠʛʥʘʣʠ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʽʦʥʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʦʣʝʢʫʣʷʨʥʠʤ ʤʘʩʩʘʤ (ʪʘʙʣʠʮʷ 1). 

 

ʊʘʙʣʠʮʷ 1 

ʄʘʩ-ʩʧʝʢʪʨʠ ʪʘ ʚʠʭʦʜʠ 

ʌʦʨʤʫʣʘ Tʧʣ., Áʉ ɺʠʭʽʜ, % ʄ 

ʟʥʘʡʜʝʥʘ 

ʄ 

ʨʦʟʨʘʭʦʚʘʥʘ 

C
16

H
8
N

2
O

3
 321 49 276 276,24 

C
20

H
15

N
3
O

3
 146 75 377 377,35 
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ʊʘʙʣʠʮʷ 2 

ʌʘʨʤʘʢʦʣʦʛʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ 11-ʦʢʩʦ-N-(2-ʦʢʩʦʙʫʪʠʣ)ʽʥʜʝʥʦ[1,2-

b]ʭʽʥʦʢʩʘʣʠʥ-8-ʢʘʨʙʦʢʩʘʤʽʜʫ 

Pa Pi ɸʢʪʠʚʥʽʩʪʴ 

0,384 0,123 ʇʨʦʪʠʚʦʚʽʨʫʩʥʠʡ 

0,688 0,028 ʇʨʦʪʠʚʦʧʫʭʣʠʥʥʠʡ 

0,249 0,021 ɯʥʛʽʙʽʪʦʨ ʪʦʧʦʽʟʦʤʝʨʘʟʠ ɯ 

0,158 0,018 ɯʥʪʝʨʢʘʣʷʪʦʨ ɼʅʂ 

 

ʜʝ Pa ï ʡʤʦʚʽʨʥʽʩʪʴ ʙʫʪʠ ʘʢʪʠʚʥʠʤ; 

Pi ï ʡʤʦʚʽʨʥʽʩʪʴ ʙʫʪʠ ʥʝʘʢʪʠʚʥʠʤ. 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 1, ʤʽʥʽʤʘʣʴʥʝ 0. 

ɺʠʩʥʦʚʢʠ. ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʩʠʥʪʝʟʫ ʩʠʥʪʝʟʫ 11-ʦʢʩʦ-N-(2-

ʦʢʩʦʙʫʪʠʣ)ʽʥʜʝʥʦ[1,2-b]ʭʽʥʦʢʩʘʣʠʥ-8-ʢʘʨʙʦʢʩʘʤʽʜʫ.  

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1.  Breitbart M.Rohwer F. Here a virus, there a virus, everywhere the same 

virus? // Trends Microbiol. ï 2005. ï V. 13, ˉ 6. ï P. 278 ï 284. 

2.  Drake J.W. The distribution of rates of spontaneous mutation over 

viruses, prokaryotes, andeukaryotes // Ann. N. Y. Acad. Sci. ï 1999. ï V. 870, ˉ . ï 

P. 100 ï 107. 

3.  Lerman L.S. Structural consideration in the interaction of DNA and 

acridines/ L.S. Lerman // J. Mol. Biol. ï 1961. ï Vol. 3,ˉ 1. ï P. 18 ï 30. 

4.  Novel c-Jun N-Terminal Kinase (JNK) Inhibitors with an 11H-

Indeno[1,2-b]quinoxalin-11-one Scaffold By Liakhov, Serhii A.; Schepetkin, Igor A.; 

Karpenko, Olexander S.; Duma, Hanna I.; Haidarzhy, Nadiia M.; Kirpotina, Liliya 

N.; Kovrizhina, Anastasia R.; Khlebnikov, Andrei I.; Bagryanskaya, Irina Y.; Quinn, 

Mark T. From Molecules, 26(18), 5688; 2021. 
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ʉʊɽʈɽʆʉɽʃɽʂʊʀɺʅʀʁ ʉʀʅʊɽɿ ɼʀɻɯɼʈʆʂʉʀ ʉʋʃʔʊɸʄɯɺ 

 

ʄʘʨʪʠʥʶʢ ɸʥʪʦʥ ɸʥʜʨʽʡʦʚʠʯ 

ʤʘʛʽʩʪʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

"ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ" 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. / Introduction. ʉʫʣʴʪʘʤʠ ʻ ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʚ 

ʤʝʜʠʮʠʥʽ, ʚʦʥʠ ʯʘʩʪʦ ʩʪʘʶʪʴ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʘʤʽʜʥʽʡ ʛʨʫʧʽ ʜʣʷ ʷʢʦʾ ʩʫʣʴʬʘʤʽʜʠ 

ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʙʽʦʽʟʦʩʪʝʨʠʯʥʦʾ ʟʘʤʽʥʠ [1]. ɿʘʚʜʷʢʠ ʩʚʦʾʤ 

ʬʽʟʠʢʦïʭʽʤʽʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, ʭʽʤʽʯʥʽʡ ʽ ʤʝʪʘʙʦʣʽʯʥʽʡ ʩʪʘʙʽʣʴʥʦʩʪʽ, ʙʘʛʘʪʽʡ 

ʛʝʪʝʨʦʘʪʦʤʘʤʠ ʧʨʠʨʦʜʽ ʪʘ ʟʘʯʘʩʪʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʬʦʨʤʽ ʚ ʩʫʤʽʰʽ ʧʨʦʧʘʛʘʶʪʴ 

ʩʫʣʴʬʘʤʽʜʥʫ ʛʨʫʧʫ ʚ ʨʦʟʨʦʙʮʽ ʩʫʯʘʩʥʠʭ ʙʽʦʘʢʪʠʚʥʠʭ ʤʦʣʝʢʫʣ [2]. ʆʪʨʠʤʘʥʽ 

ʤʦʣʝʢʫʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʘʥʪʠʙʽʦʪʠʢʽʚ, ʷʢ 

ʧʨʦʪʠʚʦʚʽʨʫʩʥʽ ʧʨʝʧʘʨʘʪʠ, ʚ ʣʽʢʫʚʘʥʥʽ ɺɯʏ ʪʘ ʤʽʛʨʝʥʽ ʽ ʟʘʢʽʥʯʫʶʯʠ ʛʝʨʙʽʮʠʜʘʤʠ. 

ʄʝʪʘ ʨʦʙʦʪʠ. / Aim. ʉʠʥʪʝʟ ʨʷʜʫ ʩʪʝʨʠʯʥʦ ʘʢʪʠʚʥʠʭ ʮʠʢʣʽʯʥʠʭ 

ʜʠʛʽʜʨʦʢʩʠ ʩʫʣʴʬʘʤʽʜʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ OsO4. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. / Materials and methods. ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʨʷʜ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ ʪʘ ʨʝʘʛʝʥʪʽʚ: 

ʈʦʟʯʠʥʥʠʢʠ: 

¶ ɼʠʤʝʪʠʣʬʦʨʤʘʤʽʜ 

¶ ɽʪʠʣʘʮʝʪʘʪ 

¶ ɽʪʘʥʦʣ 

¶ ɼʽʦʢʩʘʥ 

¶ ɼʠʭʣʦʨʤʝʪʘʥ 

¶ ɸʮʝʪʦʥ 

ʈʝʘʛʝʥʪʠ: 

¶ ʌʪʘʣʝʤʽʜ ʢʘʣʽʶ 

¶ K2CO3 

¶ ɻʽʜʨʘʟʠʥ ʛʽʜʨʘʪ 
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¶ ʊʨʠʝʪʠʣʘʤʽʥ 

¶ ʂʘʪʘʣʽʟʘʪʦʨ ʍʦʚʝʡʜʘ ï ɻʨʘʙʙʩʘ 

¶ N-ʆʢʩʠʜ N-ʤʝʪʠʣʤʦʨʬʦʣʽʥʘ 

¶ OsO4 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʥʪʝʟʫ ʮʽʣʴʦʚʠʭ ʩʧʦʣʫʢ 

 

ʅʘ ʨʠʩ. 1 ʟʦʙʨʘʞʝʥʦ ʚʩʽ ʩʪʘʜʽʾ ʯʝʨʝʟ ʷʢʽ ʧʦʪʨʽʙʥʦ ʧʨʦʡʪʠ. ʆʩʥʦʚʥʠʤʠ ʟ 

ʥʠʭ ʻ ʤʝʪʘʪʝʟʠʩ ʟ ʢʘʪʘʣʽʟʘʪʦʨʦʤ ɻʨʘʙʙʩʘ ʪʘ ʜʠʛʽʜʨʦʢʩʠʣʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

OsO4. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. / Results and discussion. ʇʝʨʰʽ ʩʪʘʜʽʾ ʩʭʝʤʠ, 

ʘ ʩʘʤʝ ʩʠʥʪʝʟ ʨʝʯʦʚʠʥ 2, 3, 5a, 5b, 5c, 5d ʧʨʦʡʰʣʠ ʟ ʯʫʜʦʚʠʤʠ ʚʠʭʦʜʘʤʠ (> 90%) 

ʷʢ ʽ ʦʯʽʢʫʚʘʣʦʩʴ. 

ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟ ʪʘʙʣʠʮʽ 1, ʚʠʭʽʜ ʨʝʯʦʚʠʥ ʟ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʢʘʪʘʣʽʟʘʪʦʨʘ 0.015ʄ ʻ ʥʝʟʘʜʦʚʽʣʴʥʠʤ, ʭʦʯ ʧʨʠ 0.03ʄ ʚʠʭʽʜ ʨʝʯʦʚʠʥʠ 6ʘ ʟʥʘʯʥʦ 

ʟʙʽʣʴʰʠʚʩʷ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʻ ʽʜʝʷ ʧʽʜʚʠʱʠʪʠ 

ʚʠʭʽʜ ʨʝʯʦʚʠʥ 6b ʪʘ 6ʩ ʧʦʚʽʩʠʚʰʠ ʥʘ ʘʪʦʤ ʘʟʦʪʫ ʙʝʥʟʠʣʴʥʠʡ ʟʘʭʠʩʪ ʪʘ 

ʟʘʢʠʧôʷʪʠʚʰʠ ʩʫʤʽʰ [1]. 
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ʊʘʙʣʠʮʷ 1 

ɺʠʭʽʜ ʩʪʘʜʽʾʾ ʤʝʪʘʪʝʟʠʩʫ ʧʨʠ 0.015M ʪʘ 0.003ʄ ʢʘʪʘʣʽʟʘʪʦʨʘ ʍʦʚʝʡʜʘ ï 

ɻʨʘʙʙʩʘ 

ɺʠʭʽʜʥʽ 

ʨʝʯʦʚʠʥʠ 
ʇʨʦʜʫʢʪ 0.015ʄ 0.03ʄ 

   

46% 78% 

   

40% 73% 

  

10% 52% 

   

12% 55% 

 

ʆʩʪʘʥʥʷ ʩʪʘʜʽʷ ʩʠʥʪʝʟʫ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʣʠʰʝ ʟ ʨʝʯʦʚʠʥʥʦʶ 6ʘ ʷʢʘ 

ʟʘʭʠʱʝʥʘ ʇʄɹ ʛʨʫʧʦʶ ʧʦ ʘʪʦʤʫ ʥʽʪʨʦʛʝʥʫ. 

 

 

ʈʠʩ. 2. ʈʝʘʢʮʽʷ ʜʠʛʽʜʨʦʢʩʠʣʶʚʘʥʥʷ 

 

ʆʪʨʠʤʘʥʠʡ ʚʠʭʽʜ ʙʫʚ ʟʘʜʦʚʽʣʴʥʠʡ 67%. ɸʣʝ ʥʘʞʘʣʴ ʟʥʷʪʪʷ ʟʘʭʠʩʪʫ ʥʝ 

ʚʜʘʣʦʩʴ ʟʜʽʡʩʥʠʪʠ. ɺ ʤʘʡʙʫʪʥʴʦʤʫ ʧʣʘʥʫʻʪʴʩʷ ʩʧʨʦʙʫʚʘʪʠ ʧʨʦʚʝʩʪʠ ʜʘʥʫ 

ʨʝʘʢʮʽʶ ʽ ʟ ʨʝʯʦʚʠʥʘʤʠ 6ʘ, 6b, 6c ʪʘ 6d ʟ ʙʝʥʟʠʣʴʥʠʤ ʽ BOC ʟʘʭʠʩʪʦʤ. 
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ɺʠʩʥʦʚʢʠ. / Conclusions. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʝʨʽʶ ʩʠʥʪʝʟʽʚ, ʷʢʽ ʜʘʣʠ ʜʦʩʠʪʴ 

ʥʝʧʘʛʘʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʧʦʙʫʜʦʚʘʥʦ ʤʘʡʙʫʪʥʽʡ ʧʣʘʥ ʜʽʡ. 
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Nïʍʃʆʈʆʉʋʃʔʌʆʅɯʃʊʈʀɻɸʃʆɻɽʅɸʎɽʊɯʄɯɼʆɰʃʍʃʆʈʀɼʀ ʋ 

ʉʀʅʊɽɿɯ ɻɽʊɽʈʆɸʅɽʃʔʆɺɸʅʀʍ ʊɯɸɼɯɸɿʀʅɯɺ ʊɸ ʊɯɸɼɯɸɿɽʇɯʅɯɺ 

 

ʆʮʘʣʶʢ ɼʤʠʪʨʦ ɺʘʣʝʥʪʠʥʦʚʠʯ, 

ʩʪʫʜʝʥʪ 

ʅʊʋʋ 

"ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ" 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ʐʘʣʽʤʦʚ ʆʣʝʢʩʘʥʜʨ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, 

ʢ.ʭ.ʥ., 

ʂʦʣʦʪʠʣʦ ʄʠʢʦʣʘ ɺʘʩʠʣʴʦʚʠʯ, 

ʢ.ʭ.ʥ., 

ʆʥʠʩʴʢʦ ʇʝʪʨʦ ʇʝʪʨʦʚʠʯ, 

ʜ.ʭ.ʥ., ʧʨʦʬ. 

ɯʥʩʪʠʪʫʪ ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɻʝʪʝʨʦʮʠʢʣʽʯʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʤʽʩʪʷʪʴ 1,2,4-ʪʽʘʜʽʘʟʠʥʦʚʠʡ ʮʠʢʣ 

ʚʠʷʚʣʷʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʩʝʨʝʜ ʾʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʙʫʣʠ 

ʟʥʘʡʜʝʥʽ ʩʧʦʣʫʢʠ ʟ ʘʥʪʠʚʽʨʫʩʥʦʶ, ʧʨʦʪʠʨʘʢʦʚʦʶ ʪʘ ʛʽʧʦʪʝʥʟʠʚʥʦʶ ʘʢʪʠʚʥʽʩʪʶ, 

ʜʝʷʢʽ ʟ ʥʠʭ ʜʘʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʣʽʢʘʨʩʴʢʽ ʟʘʩʦʙʠ. ʆʜʥʠʤʠ ʟ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʚ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʻ ʤʘʣʦʜʦʩʣʽʜʞʝʥʽ ʛʝʪʝʨʦʘʥʝʣʴʦʚʘʥʽ ʧʦʭʽʜʥʽ 

1,2,4-ʪʽʘʜʽʘʟʠʥʫ, ʷʢʽ, ʟʦʢʨʝʤʘ, ʧʨʦʷʚʣʷʶʪʴ ʚʠʩʦʢʫ ʘʢʪʠʚʥʽʩʪʴ ʧʨʦʪʠ ʚʽʨʫʩʫ 

ʛʝʧʘʪʠʪʫ ʉ. ʅʘʷʚʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʛʝʪʝʨʦʮʠʢʣʽʯʥʦʛʦ ʷʜʨʘ ʫ ʧʦʻʜʥʘʥʥʽ ʽʟ 

ʬʘʨʤʘʢʦʬʦʨʥʠʤ ʝʥʜʦʮʠʢʣʽʯʥʠʤ ʩʫʣʴʬʦʥʘʤʽʜʥʠʤ ʬʨʘʛʤʝʥʪʦʤ, ʘ ʪʘʢʦʞ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ, ʟʜʘʪʥʠʭ ʜʦ ʤʦʜʠʬʽʢʘʮʽʾ, ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ 

ʩʧʨʷʤʦʚʘʥʦʛʦ ʩʠʥʪʝʟʫ ʩʧʦʣʫʢ ʟ ʨʽʟʥʦʤʘʥʽʪʥʦʶ ʙʽʦʣʦʛʽʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ. ɺ 

ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʧʦʰʫʢ ʥʦʚʠʭ ʤʝʪʦʜʦʣʦʛʽʡ ʪʘ ʨʝʘʛʝʥʪʽʚ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʻ ʚʘʞʣʠʚʠʤ ʷʢ ʚ ʪʝʦʨʝʪʠʯʥʦʤʫ, ʪʘʢ ʽ ʧʨʘʢʪʠʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʉʠʥʪʝʟ ʧʦʣʽʝʣʝʢʪʨʦʬʽʣʴʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʱʦ ʤʽʩʪʷʪʴ 

ʭʣʦʨʩʫʣʴʬʦʥʽʣʴʥʫ ʪʘ ʛʘʣʦʛʝʥʘʣʢʽʣʴʥʫ ʛʨʫʧʠ, ʟʦʢʨʝʤʘ, ʜʠʬʣʫʦʨʤʝʪʠʣʝʥʦʚʠʡ 

ʬʨʘʛʤʝʥʪ ʪʘ ʚʠʷʚʣʝʥʥʝʥʥʷ ʾʭ ʩʠʥʪʝʪʠʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ. ɺʠʢʦʨʠʩʪʘʥʥʷ 1,3-

CNS-ʙʽʝʣʝʢʪʨʦʬʽʣʴʥʠʭ ʨʝʘʛʝʥʪʽʚ ʟ ʪʨʠʛʘʣʦʛʝʥʤʝʪʠʣʴʥʦʶ ʛʨʫʧʦʶ ʜʣʷ ʩʠʥʪʝʟʫ 
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ʙʽʦʧʝʨʩʧʝʢʪʠʚʥʠʭ ʰʝʩʪʠ- ʽ ʩʝʤʠʯʣʝʥʥʠʭ ʥʽʪʨʦʛʝʥ- ʽ ʩʫʣʴʬʫʨʚʤʽʩʥʠʭ 

ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʠʩʪʝʤ. ʅʘʷʚʥʽʩʪʴ ʛʘʣʦʛʝʥʘʣʢʽʣʴʥʦʾ ʛʨʫʧʠ ʚ ʦʜʝʨʞʘʥʠʭ 

ʛʝʪʝʨʦʮʠʢʣʘʭ ʜʦʟʚʦʣʠʪʴ ʧʨʦʚʝʩʪʠ ʾʭ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʶ ʪʘ ʚʽʜʢʨʠʻ ʰʣʷʭ ʜʦ 

ʥʦʚʠʭ ʧʦʪʝʥʮʽʡʥʦ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɽʬʝʢʪʠʚʥʠʤʠ ʚ ʩʠʥʪʝʪʠʯʥʦʤʫ ʧʣʘʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʠʩʪʝʤ ʻ 1,3-CNS-ʙʽʝʣʝʢʪʨʦʬʽʣʴʥʽ ʨʝʘʛʝʥʪʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʧʨʝʧʘʨʘʪʠʚʥʠʡ ʩʧʦʩʽʙ ʦʜʝʨʞʘʥʥʷ ʛʘʣʦʛʝʥʦʚʤʽʩʥʠʭ ʚʠʩʦʢʦʝʣʝʢʪʨʦʬʽʣʴʥʠʭ 

ʨʝʘʛʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʜʦʩʪʫʧʥʠʭ ʧʦʭʽʜʥʠʭ ʪʨʠʛʘʣʦʛʝʥʦʮʪʦʚʠʭ ʢʠʩʣʦʪ (ʈʠʩ. 1). 

 

 

ʈʠʩ. 1. ʉʠʥʪʝʟ N-ʭʣʦʨʦʩʫʣʴʬʦʥʽʣʪʨʠʛʘʣʦʛʝʥʘʮʝʪʽʤʽʜʦʾʣʭʣʦʨʠʜʽʚ 

ʄʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʝʘʢʮʽʾ ʩʫʣʴʬʫʚʘʥʥʷ ʪʨʠʛʘʣʦʛʝʥʘʮʝʪʠʣʽʟʦʮʽʘʥʘʪʽʚ ʟ 

ʧʦʜʘʣʴʰʠʤ ʭʣʦʨʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ Nïʭʣʦʨʦʩʫʣʴʬʦʥʽʣʘʤʽʜʽʚ ʧʝʥʪʘʭʣʦʨʠʜʦʤ 

ʬʦʩʬʦʨʫ. ʋ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʩʧʦʣʫʢ ʜʣʷ ʛʝʪʝʨʦʮʠʢʣʽʟʘʮʽʡ ʙʫʣʠ ʚʠʙʨʘʥʽ 

ʘʤʽʥʦʤʝʪʠʣ ʪʘ ʘʤʽʥʦʝʪʠʣʧʽʨʘʟʦʣʠ, ʙʝʥʟʽʤʽʜʘʟʦʣʠ ʟ ʘʢʪʠʚʥʦʶ ʤʝʪʠʣʝʥʦʚʦʶ 

ʛʨʫʧʦʶ ʫ ʜʨʫʛʦʤʫ ʧʦʣʦʞʝʥʥʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʦʜʝʨʞʘʥʠʭ N-

ʭʣʦʨʦʩʫʣʴʬʦʥʽʣʪʨʠʛʘʣʦʛʝʥʘʮʝʪʽʤʽʜʦʾʣʭʣʦʨʠʜʽʚ (1a,b) ï ʷʢ ʚʠʩʦʢʦ 

ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʭ 1,3-CNS-ʙʽʝʣʝʢʪʨʦʬʽʣʴʥʠʭ ʨʝʘʛʝʥʪʽʚ ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʽ 

ʩʠʥʪʝʪʠʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʩʠʥʪʝʟʫ ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʰʝʩʪʠ- ʪʘ ʩʝʤʠʯʣʝʥʥʠʭ 

ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʠʩʪʝʤ (ʈʠʩ. 2). 



133 

 

ʈʠʩ. 2. ʉʠʥʪʝʟ ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʰʝʩʪʠ- ʪʘ ʩʝʤʠʯʣʝʥʥʠʭ 

ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ N-

ʭʣʦʨʦʩʫʣʴʬʦʥʽʣʪʨʠʛʘʣʦʛʝʥʘʮʝʪʽʤʽʜʦʾʣʭʣʦʨʠʜʽʚ 

ʇʦʢʘʟʘʥʦ, ʱʦ ʙʽʝʣʝʢʪʨʦʬʽʣʠ (1) ʨʝʛʽʦʩʝʣʝʢʪʠʚʥʦ ʨʝʘʛʫʶʪʴ ʟ 

ʘʤʽʥʦʧʽʨʘʟʦʣʘʤʠ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʜʽʽʟʦʧʨʦʧʽʣʝʪʠʣʘʤʽʥʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ 

1,2,4-ʧʽʨʘʟʦʣʦʪʽʘʜʽʘʟʠʥʽʚ (2a-e). ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʠʣ- ʘʙʦ ʝʪʠʣʘʤʽʥʦʟʘʤʽʱʝʥʥʠʭ 

ʧʦʭʽʜʥʠʭ ʧʽʨʘʟʦʣʫ ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʦ ʩʠʥʪʝʟʫ ʧʝʨʰʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ 

ʧʽʨʘʟʦʣʦʪʽʘʜʽʘʟʝʧʽʥʫ (3a-f). ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʜʝʨʞʘʪʠ ʩʝʤʠʯʣʝʥʥʽ 

ʘʥʘʣʦʛʠ ʩʧʦʣʫʢ (2a-e) ʚʠʭʦʜʷʯʠ ʟ ʛʦʤʦʣʦʛʽʚ 4-ʘʤʽʥʦʧʽʨʘʟʦʣʽʚ ʥʝ ʚʜʘʻʪʴʩʷ. 

ʈʝʘʢʮʽʾ, ʱʦ ʧʨʠʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʩʝʤʠʯʣʝʥʥʠʭ ʩʠʩʪʝʤ (3a-f) 

ʚʜʘʻʪʴʩʷ ʧʨʦʚʝʩʪʠ ʚʠʢʣʶʯʥʦ ʜʣʷ 3- ʪʘ 5-ʤʝʪʠʣ- ʘʙʦ ʝʪʠʣʘʤʽʥʦʟʘʤʽʱʝʥʠʭ 

ʧʽʨʘʟʦʣʽʚ, ʧʨʠ ʮʴʦʤʫ ʮʠʢʣʽʟʘʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʯʝʪʚʝʨʪʦʤʫ ʧʦʣʦʞʝʥʥʶ 

ʧʽʨʘʟʦʣʴʥʦʛʦ ʢʽʣʴʮʷ. 

ʈʝʘʢʮʽʾ ʽʤʽʜʦʾʣʭʣʦʨʠʜʽʚ ʟ ʙʝʥʟʽʤʽʜʘʟʦʣʘʤʠ, ʷʢ ʙʽʥʫʢʣʝʦʬʽʣʘʤʠ, ʧʨʠʚʦʜʷʪʴ 

ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʩʠʩʪʝʤ (4a,b). ʎʽʢʘʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʩʧʦʣʫʢʠ (4) ʟʘ ʜʘʥʠʤʠ ʈʉɼ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ ʘʥʘʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ, ʽʩʥʫʶʪʴ 

ʫ ʚʠʛʣʷʜʽ ʪʘʫʪʦʤʝʨʘ, ʚ ʷʢʦʤʫ ʘʪʦʤ ʛʽʜʨʦʛʝʥʫ ʟʥʘʭʦʜʠʪʴʩʷ ʙʽʣʷ ʘʪʦʤʘ ʥʽʪʨʦʛʝʥʫ 

ʩʫʣʴʬʦʥʽʣʴʥʦʾ ʛʨʫʧʠ, ʘ ʥʝ ʚ ʽʤʽʜʘʟʦʣʴʥʦʤʫ ʮʠʢʣʽ.  
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ʈʠʩ. 3. ʉʠʥʪʝʟ ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʙʝʥʟʽʤʽʜʘʟʦʪʽʘʜʽʘʟʠʥʽʚ 

ɹʫʜʦʚʫ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʘʥʠʤʠ 
1
ʅ, 

13
ʉ ʗʄʈ ʩʧʝʢʪʨʽʚ, 

ʘ ʪʘʢʦʞ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ. 

 

3a 4a 

ʈʠʩ. 4. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʩʧʦʣʫʢ 3a ʽ 4a 

ɺʠʩʥʦʚʢʠ.  

1. ʅʘ ʦʩʥʦʚʽ ʜʦʩʪʫʧʥʠʭ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʩʠʥʪʝʟʫ 

ʩʠʥʪʝʪʠʯʥʦ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʚʠʩʦʢʦʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʭ 1,3-CNS-ʙʽʝʣʝʢʪʨʦʬʽʣʴʥʠʭ 

N-ʭʣʦʨʦʩʫʣʴʬʦʥʽʣʪʨʠʛʘʣʦʛʝʥʘʮʝʪʽʤʽʜʦʾʣʭʣʦʨʠʜʽʚ.  

2. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʽ ʩʠʥʪʝʪʠʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʩʠʥʪʝʟʫ 

ʛʝʪʝʨʦʘʥʝʣʴʦʚʘʥʠʭ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʧʦʣʫʢ ʟ ʧʽʨʘʟʦʣʴʥʠʤ ʪʘ ʙʝʥʟʽʤʽʜʘʟʦʣʴʥʠʤ 

ʬʨʘʛʤʝʥʪʦʤ. 
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ʄɸʂʈʆʎʀʂʃɯʏʅɯ ʇɽʇʊʀɼʆʄɯʄɽʊʀʂʀ ʅɸ ʆʉʅʆɺɯ CYCLIC  

CRYPEVEIC  ï ʅʆɺɯ ɯʅɻɯɹɯʊʆʈʀ PIN1 

 

ʍʘʨʯʝʥʢʦ ʉʝʨʛʽʡ ɻʨʠʛʦʨʦʚʠʯ, 

ʢ.ʭ.ʥ. 

ʇʝʪʣʴʦʚʘʥʘ ʅʘʪʘʣʽʷ ɸʥʘʪʦʣʽʾʚʥʘ 

ʄʘʛʽʩʪʨʘʥʪʢʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. 

ʇʦʰʫʢ ʥʝʪʦʢʩʠʯʥʠʭ ʜʣʷ ʣʶʜʠʥʠ ʧʨʝʧʘʨʘʪʽʚ, ʢʦʪʨʽ ʝʬʝʢʪʠʚʥʦ ʙ ʣʽʢʫʚʘʣʠ 

ʭʚʦʨʦʙʠ, ʻ ʦʩʥʦʚʥʠʤ ʧʨʝʜʤʝʪʦʤ ʩʫʯʘʩʥʦʾ ʤʝʜʠʯʥʦʾ ʭʽʤʽʾ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽ 

ʧʝʧʪʠʜʠ ʪʘ ʾʭ ʤʘʢʨʦʮʠʢʣʽʯʥʽ ʧʦʭʽʜʥʽ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʩʪʚʦʨʝʥʥʽ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʥʘ ʨʠʥʢʫ ʽʩʥʫʻ ʚʩʴʦʛʦ 47 

ʪʝʨʘʧʝʚʪʠʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʥʘ ʦʩʥʦʚʽ ʮʠʢʣʽʯʥʠʭ ʧʝʧʪʠʜʽʚ, ʟ ʷʢʠʭ ʣʠʰʝ 26 - 

ʟʘʪʚʝʨʜʞʝʥʠʭ FDA (Food and Drug Administration), 21 ï ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʢʣʽʥʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ, ʟ ʷʢʠʭ 9 ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʘʮʽʻʥʪʘʤʠ ʜʦ ʧʦʚʥʦʛʦ 

ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʨʝʧʘʨʘʪʫ ʦʨʛʘʥʽʟʘʮʽʻʶ FDA. ʊʦʢʩʠʯʥʽʩʪʴ ʪʘ ʧʨʦʙʣʝʤʠ ʟ 

ʮʠʪʦʩʪʘʙʽʣʴʥʽʩʪʶ, ʨʘʟʦʤ ʟ ʥʠʟʴʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʻ ʦʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ 

ʨʦʟʨʦʙʮʽ ʪʘʢʠʭ ʧʨʝʧʘʨʘʪʽʚ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ PIN1 (ʨʠʩ. 1) - ʧʝʧʪʠʜʠʣ-ʧʨʦʣʽʣ ʮʠʩ-ʪʨʘʥʩ-

ʽʟʦʤʝʨʘʟʘ (PPI-ʘʟʘ), ʢʦʪʨʘ ʽʟʦʤʝʨʠʟʫʻ Pro-Ser/Thr ʬʨʘʛʤʝʥʪʠ. ʇʽʜʚʠʱʝʥʘ 

ʘʢʪʠʚʥʽʩʪʴ PIN1 ʧʦʚ'ʷʟʘʥʘ ʟ ʨʽʟʥʠʤʠ ʬʦʨʤʘʤʠ ʨʘʢʫ, ʘ ʟʥʠʞʝʥʥʷ ʮʽʻʾ ʬʫʥʢʮʽʾ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʠʭ ʭʚʦʨʦʙ. 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʙʽʣʢʘ Pin1. ɿʦʙʨʘʞʝʥʥʷ ʦʪʨʠʤʘʥʦ ʟ ʬʘʡʣʫ PDb 

1F8A ʚ ʧʨʦʛʨʘʤʽ PyMOL. 

 

ɯʥʛʽʙʽʪʦʨʠ, ʱʦ ʽʩʥʫʶʪʴ PIN1 ʤʘʶʪʴ ʨʷʜ ʥʝʜʦʣʽʢʽʚ, ʟʦʢʨʝʤʘ: 

ʥʝʩʝʣʝʢʪʠʚʥʽʩʪʴ, ʚʠʩʦʢʘ ʪʦʢʩʠʯʥʽʩʪʴ, ʥʠʟʴʢʘ ʢʣʽʪʠʥʥʘ ʧʨʦʥʠʢʥʽʩʪʴ, ʥʠʟʴʢʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ, ñʧʦʛʘʥʽò ʪʝʨʘʧʝʚʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʚʝʣʠʢʠʡ ʦʙ'ʻʤ, ʤʘʩʘ), 

ʩʢʣʘʜʥʽʩʪʴ ʩʠʥʪʝʟʫ, ʚʝʣʠʢʽ ʚʠʪʨʘʪʠ ʧʨʠ ʦʪʨʠʤʘʥʥʽ. ɺʠʭʦʜʷʯʠ ʟ ʦʙʨʦʙʢʠ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ, ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʤʦʣʝʢʫʣ-

ʽʥʛʽʙʽʪʦʨʽʚ PIN1, ʢʦʪʨʽ ʙʫʜʫʪʴ ʤʘʪʠ ʢʨʘʱʽ ʬʘʨʤʦʢʦʬʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʩʬʦʨʤʦʚʘʥʘ ʙʽʙʣʽʦʪʝʢʘ ʤʘʢʨʦʮʠʢʣʽʯʥʠʭ ʩʧʦʣʫʢ ʪʘ 

ʩʠʥʪʝʟʦʚʘʥʦ 3 ʧʝʧʪʠʜʦʤʽʤʝʪʠʢʠ ʥʘ ʦʩʥʦʚʽ cyclic CRYPEVEIC. ʆʪʨʠʤʘʥʽ 

ʧʦʣʽʧʝʧʪʠʜʠ ʧʝʨʝʜʘʥʽ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʽʥʛʽʙʫʚʘʥʥʷ PIN1. ɼʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʙʫʜʫʪʴ ʨʝʬʝʨʝʥʩʥʦʶ ʪʦʯʢʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʩʪʚʦʨʝʥʥʷ ʙʽʙʣʽʦʪʝʢʠ 

ʥʦʚʠʭ ʽʥʛʽʙʽʪʦʨʽʚ PIN1. 

ʎʽʣʴ ʨʦʙʦʪʠ 

ʄʝʪʦʜʦʤ ʩʢʨʠʥʽʥʛʫ ʤʽʣʴʷʨʜʥʦʾ ʙʽʙʣʽʦʪʝʢʠ ʛʝʧʪʘʤʝʨʥʠʭ ʧʝʧʪʠʜʽʚ ʛʨʫʧʦʶ 

ʜʦʩʣʽʜʥʠʢʽʚ ʥʘ ʯʦʣʽ ʟ Dunkan ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʝʬʝʢʪʠʚʥʽ ʮʠʢʣʽʯʥʽ ʽʥʛʽʙʽʪʦʨʠ PIN1, 

ʚʢʣʶʯʘʶʯʠ cyclic CRYPEVEIC (ʨʠʩ. 2). ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ cyclic CRYPEVEIC 

ʷʢ ʽʥʛʽʙʽʪʦʨʘ PIN1 ʙʫʣʦ ʟ`ʷʩʦʚʘʥʦ, ʱʦ ʚʽʥ ʤʘʻ IC50 = 500 nM, ʧʨʦʪʝ ʻ 

ʥʝʩʪʘʙʽʣʴʥʠʤ in vivo ʯʝʨʝʟ ʨʫʡʥʫʚʘʥʥʷ ʜʠʩʫʣʴʬʽʜʥʦʛʦ ʟʚ`ʷʟʢʫ (ʨʠʩ. 2, ʧʦʢʘʟʘʥʠʡ 

ʟʽʨʦʯʢʦʶ). 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʦʰʫʢ ʧʝʧʪʠʜʥʦʛʦ ʤʘʢʨʦʮʠʢʣʫ ʥʘ ʦʩʥʦʚʽ 

cyclic CRYPEVEIC, ʢʦʪʨʠʡ ʙʫʜʝ ʤʘʪʠ ʥʠʟʴʢʫ ʪʦʢʩʠʯʥʽʩʪʴ, ʢʨʘʱʫ ʢʣʽʪʠʥʥʫ 
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ʧʨʦʥʠʢʥʽʩʪʴ ʪʘ ʚʠʩʦʢʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʢʣʽʪʠʥʠ, ʘ 

ʪʘʢʦʞ ʤʘʪʠʤʝ ʘʙʦ ʧʽʜʚʠʱʠʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʽʥʛʽʙʫʚʘʥʥʷ ʦʧʠʩʘʥʦʛʦ ʤʘʢʨʦʮʠʢʣʫ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. 

ɼʣʷ ʧʦʰʫʢʫ lead-ʘʢʪʠʚʥʦʾ ʩʧʦʣʫʢʠ ʙʫʣʘ ʩʬʦʨʤʦʚʘʥʘ ʚʽʨʪʫʘʣʴʥʘ ʙʽʙʣʽʦʪʝʢʘ 

ʤʘʢʨʦʮʠʢʣʽʯʥʠʭ ʧʝʧʪʠʜʦʤʽʤʝʪʠʢʽʚ ʥʘ ʦʩʥʦʚʽ ʚʠʱʝ ʟʛʘʜʘʥʦʛʦ 

cyclic CRYPEVEIC: 

 

.  

ʈʠʩ. 2. ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ cyclic CRYPEVEIC ʟ ʚʠʜʽʣʝʥʠʤ 

ʬʨʘʛʤʝʥʪʦʤ ʮʠʩʪʝʾʥ-ʮʠʩʪʝʾʥ ʪʘ ʨʷʜ ʘʤʽʥʦʢʠʩʣʦʪ, ʷʢʽ ʻ ʤʽʤʝʪʠʢʘʤʠ ʜʣʷ 

ʜʘʥʦʛʦ ʬʨʘʛʤʝʥʪʫ 

 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʭʽʜʥʠʭ ʟ ʜʘʥʦʾ ʙʽʙʣʽʦʪʝʢʠ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ 

ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʧʝʧʪʠʜʥʦʛʦ ʩʠʥʪʝʟʫ (ʊʌʇʉ) ʪʘ ʧʽʜʽʙʨʘʥʦ ʚʽʜʧʦʚʽʜʥʽ 

ʦʨʪʦʛʦʥʘʣʴʥʽ ʟʘʭʠʩʥʽ ʛʨʫʧʠ. ʄʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʘʤʽʥʦʢʠʩʣʦʪ ʦʙʨʘʥʦ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʟʙʝʨʝʛʪʠ ʭʽʨʘʣʴʥʫ ʯʠʩʪʦʪʫ ʚʽʜʧʦʚʽʜʥʠʭ ʩʢʣʘʜʦʚʠʭ ʤʘʢʨʦʮʠʢʣʽʯʥʦʛʦ 

ʢʘʨʢʘʩʘ. ʋʩʽ ʧʨʦʤʽʞʥʽ ʩʧʦʣʫʢʠ ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʦʤ ʇʄʈ ʪʘ LCMS. 

ʍʽʨʘʣʴʥʫ ʯʠʩʪʦʪʫ ʤʽʤʝʪʠʯʥʠʭ ʩʪʨʫʢʪʫʨ ʙʫʣʦ ʧʝʨʝʚʽʨʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ 

ʭʽʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. 
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ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʮʽʣʴʦʚʠʭ ʧʝʧʪʠʜʦʤʽʤʝʪʠʢʽʚ ʈʄ-2 ʪʘ ʈʄ-3 ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ʚʽʜʧʦʚʽʜʥʽ ʘʤʽʥʦʢʠʩʣʦʪʠ 2-ʄ ʪʘ 3-ʄ, ʩʭʝʤʠ ʩʠʥʪʝʟʫ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʩ. 3. 

 

 

ʈʠʩ. 3. ʉʭʝʤʠ ʩʠʥʪʝʟʫ ʘʤʽʥʦʢʠʩʣʦʪ, ʷʢʽ ʙʫʣʠ ʩʠʥʪʝʟʦʚʘʥʽ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʧʝʧʪʠʜʦʤʽʤʝʪʝʢʽʚ ʈʄ-2 ʪʘ ʈʄ-3 

 

ɸʤʽʥʦʢʠʩʣʦʪʘ 2-ʄ ʙʫʣʘ ʩʠʥʪʝʟʦʚʘʥʘ ʟ ʯʠʩʪʦʶ 90% ʟʽ ʩʧʦʣʫʢʠ 1, ʚʠʭʦʜʷʯʠ 

ʟ ʥʘʩʪʫʧʥʦʾ ʩʭʝʤʠ: ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʟʠʜʦ-ʪʨʘʥʩʬʝʨʫ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʩʧʦʣʫʢʫ 2 

ʚʠʭʦʜʷʯʠ ʟ ʜʽʘʤʽʥʦʧʨʦʧʽʦʥʦʚʦʾ ʢʠʩʣʦʪʠ 1; ʟʘʭʠʩʪ ʢʠʩʣʦʪʥʦʾ ʛʨʫʧʠ ʨʝʯʦʚʠʥʠ 2 

ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʝʩʪʝʨʠʬʽʢʘʮʽʻʶ ʟʘ ʉʪʝʛʣʽʭʦʤ ʟ ʦʜʝʨʞʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʾ ʧʦʭʽʜʥʦʾ 

3, ʢʦʪʨʫ ʚʠʢʦʨʠʩʪʘʣʠ ʚ click-ʨʝʘʢʮʽʾ ʟʽ ʩʧʦʣʫʢʦʶ 5. ʈʝʯʦʚʠʥʫ 5 ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟ 

ʧʨʦʧʘʣʛʽʣʛʣʽʮʠʥʫ 4 ʬʤʦʢʫʚʘʥʥʷʤ. 

ʉʧʦʣʫʢʘ 3-ʄ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʨʝʘʢʮʽʻʶ click ʤʽʞ 5 ʪʘ 7, ʩʚʦʻʶ ʯʝʨʛʦʶ 

ʨʝʯʦʚʠʥʫ 7 ʩʠʥʪʝʟʦʚʘʥʦ ʝʩʪʝʨʠʬʽʢʘʮʽʻʶ ʟʘ ʉʪʝʛʣʽʭʦʤ ʘʟʠʜʦ-ʢʩʠʣʦʪʠ 6. 

ʉʢʣʘʜ ʪʘ ʙʫʜʦʚʫ ʦʪʨʠʤʘʥʠʭ ʩʧʦʣʫʢ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʄʈ- 

ʪʘ LCMS-ʘʥʘʣʽʟʽʚ (ʨʠʩ. 4 ʪʘ ʨʠʩ. 5). 
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ʈʠʩ. 4. ʇʄʈ-ʘʥʘʣʽʟ ʩʧʦʣʫʢʠ 2-ʄ 

 

 

ʈʠʩ. 5. ʇʄʈ-ʘʥʘʣʽʟ ʩʧʦʣʫʢʠ 3-ʄ 

 

ɸʤʽʥʦʢʠʩʣʦʪʘ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʦʨʪʦʛʦʥʘʣʴʥʠʤ ʟʘʭʠʩʪʦʤ, ʷʢʘ ʙʫʣʘ ʥʝʦʙʭʽʜʥʘ 

ʜʣʷ ʩʠʥʪʝʟʫ ʧʝʧʪʠʜʦʤʽʤʝʪʠʢʘ ʈʄ-1 (ʨʠʩ. 6), ʙʫʣʘ ʦʜʝʨʞʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʣʘʩʠʯʥʦʾ ʨʝʘʢʮʽʾ ʬʤʦʢʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʧʦʭʽʜʥʦʾ. 

ʅʘ ʮʝʡ ʤʦʤʝʥʪ, ʩʠʥʪʝʟʦʚʘʥʦ 3 ʤʘʢʨʦʮʠʢʣʠ (ʨʠʩ. 6), ʢʦʪʨʽ ʙʫʣʠ ʧʝʨʝʜʘʥʽ ʥʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʮʠʪʦʩʪʘʙʽʣʴʥʦʩʪʽ, ʪʦʢʩʠʯʥʦʩʪʽ, ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʜʦ ʂɯʊ 

(Karlsruhe Institute of Technology). 
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ʈʠʩ. 6. ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʘʢʨʦʮʠʢʣʽʯʥʠʭ 

ʧʝʧʪʠʜʦʤʽʤʝʪʠʢʽʚ ʥʘ ʦʩʥʦʚʽ cyclic CRYPEVEIC 

 

ɺʠʩʥʦʚʢʠ. 

1. ʉʪʚʦʨʝʥʘ ʚʽʨʪʫʘʣʴʥʘ ʙʽʙʣʽʦʪʝʢʘ ʜʣʷ ʧʦʰʫʢʫ ʧʝʧʪʠʜʥʦʛʦ ʤʘʢʨʦʮʠʢʣʫ 

ʥʘ ʦʩʥʦʚʽ ʦʧʠʩʘʥʦʛʦ cyclic CRYPEVEIC, ʢʦʪʨʠʡ ʙʫʜʝ ʤʘʪʠ ʥʠʟʴʢʫ ʪʦʢʩʠʯʥʽʩʪʴ, 

ʢʨʘʱʫ ʢʣʽʪʠʥʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʩʝʨʝʜʠʥʽ ʢʣʽʪʠʥʠ, ʘ ʪʘʢʦʞ ʟʙʝʨʝʞʝ 

ʘʙʦ ʧʦʢʨʘʱʘʪʴ ʩʚʦʾ ʽʥʛʽʙʽʪʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

2. ʉʠʥʪʝʟʦʚʘʥʦ ʨʷʜ ʘʤʽʥʦʢʠʩʣʦʪ, ʱʦ ʚʠʩʪʫʧʘʶʪʴ ʤʽʤʝʪʠʢʘʤʠ ʜʣʷ 

ʬʨʘʛʤʝʥʪʘ Cys-Cys ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʘʥʘʣʦʛʽʚ cyclic CRYPEVEIC. 

3. ʉʠʥʪʝʟʦʚʘʥʦ 3 ʤʘʢʨʦʮʠʢʣʽʯʥʠʭ ʧʝʧʪʠʜʦʤʽʤʝʪʠʢʽʚ ʥʘ ʦʩʥʦʚʽ cyclic 

CRYPEVEIC. 

4. ɺʽʜʧʦʚʽʜʥʽ ʩʧʦʣʫʢʠ ʧʝʨʝʜʘʥʦ ʥʘ ʙʽʦʣʦʛʽʯʥʽ ʪʘ ʙʽʦʭʽʤʽʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ. 
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Abstract 

The effects of partial substitution of low gluten flour with potato starch treated 

with heat moisture treatment or microwave treatment on the color and texture 

properties of cookies were investigated. The results showed that the addition of heat 

moisture treatment modified potato starch (HMTS) had significant effects on the 

color and texture properties of cookies. Compared with the control cookies, all the 

experimental cookies made of HMTS had lower a* value, but higher L* value and b* 

value, indicating the cookies made of HMTS became brighter (higher L*), less 

reddish (lower a*) , and more yellowish (higher b*). The average hardness, surface 

hardness and max hardness of cookies with HMTS were significantly lower than of 

control (p<0.05), but higher crispy value.  

Keyword: potato starch, heat moisture treatment, cookies. 
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1. Introduction  

Cookies occupy an important consuming position in the world and are 

favorited by various groups of consumers owing to their soft texture and sweet taste. 

Most recipes for cookies include high sugar and high fat, resulting in high calories. 

Modern health concepts advocates maintaining appropriate body weight and 

maintaining steady blood sugar. Therefore, it is very important to improve the 

nutritional and functional properties of cookies. Starch is the most important 

component of potato, the dry root tuber of potato contains 75 % starch, indicating a 

good starch source [1]. The properties of native starch such as low shear, heat 

sensitivity and high tendency for retrogradation limit its use in food systems [2], 

therefore, modification of starch is carried out to eliminate the shortcomings of native 

starch [3]. Many previous researches [4-6] have indicated that heat moisture 

treatment can increase the content of slowly digested starch and resistant starch, 

which is benefits to develop modified starch as a low glycaemic food ingredient. The 

purpose of the research was to investigate the effect of partial substitution of low 

gluten flour with modified potato starch on the quality of cookies, which will 

accumulate data for application of modified potato starch in food industry and 

provide technical support for the industrial development of cookie products with 

potato starch. 

 

2. Materials and methods of the research 

2.1 Materials 

The following raw materials were used in the experiment: low gluten flour 

(Guangzhou Da Fan Zhuo Food Co. Ltd., China), white granulated sugar (Nanjing 

Ganzhiyuan Sugar Co. Ltd., China), unsalted butter (Anchor, New Zealand Milk 

Brand Co. Ltd.), pure milk (Yili industrial group Co. Ltd., China), potato starch 

modified by heat moisture treatment (HMTS).  

2.2 Preparation of modified potato starch  

Native potato starch was subjected to heat-moisture treatment in accordance 

with the method of Deng [7] with minor modifications. According to the preliminary 
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test results, the moisture level of treatment was adjusted to 23.56 %, the heat moisture 

treatment length was 1.5 hours and heating temperature was 90 . The prepared 

starch was named HMTS. The SDS content of HMTS was 57.96 %, and the RS 

content of HMTS was 14.03 %.  

2.4 Cookies preparation  

The cookies had the following formulation: low gluten flour (180 g), unsalted 

butter (120 g), powdered white granulated sugar (50 g), pure milk (30 g), salt (1 g). 

Butter, powdered white granulated sugar, salt dissolved in milk and mixed with 

electric mixer at speed 1 for 3 minutes to make all the materials smooth, added the 

low gluten flour in batches to make a soft dough. The soft dough was then shaped 

into a cuboid and stored at -18 ÁC for 1 hour. The frozen cuboid dough was cut into 

0.7 cm thick slices and then were put into the prepared baking pan. All these samples 

were backed in a preheated electric oven with both the upper and lower heat of 170 

ÁC for 17 minutes. After cooling to room temperature baking for 30 min, the cookies 

were packed into hermetically sealed plastic bags to prevent drying. All quality 

measurements were performed in 1 hour after baking.  

In the experimental cookies, 5 %, 15% and 25% of low gluten flour was 

substituted with the same amount of HMTS, and named as HMT-5, HMT-15, HMT-

25.  

2.6 Determination of color 

The color values (L*, a*, b*) of cookies were determined at least three times 

by a colorimeter (CR-400, Konica Minolta Inc., Japan.) after the calibration of the 

equipment with a standard-white reflection plate. The center rather than the edge of 

every cookie was used as the test point for color determination. The L* value 

indicates lightness, which varies from black (L* =0) to white (L* =100), the a* value 

varies from greenness (-60) to redness (+60) and b* value varies from blue (-60) to 

yellow (+60). Color difference (ȹE) between control cookies and experimental 

cookies was calculated with the equation:  

ɝ% ῳὒz ɝÁz ɝÂz  ρ 

ɝ,ᶻ  ,ᶻ ,ᶻ ς 
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ɝÁᶻ  Áᶻ Áᶻ σ 

ɝÂᶻ  Âᶻ Âᶻ τ 

Where L*, a*, b* are the value of experimental cookiesL0*, a0*, b0* refers to 

the value of control cookies. 

2.7 Texture analysis 

Cookies texture was determined by the TA-XT plus Texture Analyzer 

(Exponent stable microsystem, version 6.1.2.0, Stable Microsystems Ltd., UK) with 

P2 probe on the center of every cookie. The pre-test speed and the test speed were set 

at 1.00 mm/s, post-test speed was set at 2.0 mm/s, while the distance was fixed at 5 

mm with a trigger force of 20 g. All the textural parameters were measured and 

calculated by the instrument software from the resulting force-deformation curves. 

The TPA measurement was carried out parallel at least three times. 

2.8 Statistical analysis 

All the experiments were conducted in triplicate unless otherwise stated. The 

Statistical analysis was performed on Data Processing System (version 7.05). Data 

were analyzed using ANOVA with Duncanôs multiple range test, and the values were 

considered significantly different when pÒ0.05.  

 

3. Results and discussion 

3.1 Color analysis of cookies 

Color is related to the physicochemical characteristics of ingredients and 

baking conditions. In this study, the centre rather than the edge of every cookie was 

used as the test point for color determination. Table 1 presented the results of 

experiments evaluating the effect of partial substitution of low gluten flour with 

HMTS on cookies color. Compared with the control cookies, all the experimental 

cookies had lower a* value, but higher L* value and b* value, indicating the cookies 

made of HMTS or MWS became brighter (higher L*), less reddish (lower a*) , and 

more yellowish (higher b*).The color differences (ȹE) between experimental cookies 

and the control cookies was above 3, indicating that the differences in color between 
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the control and experimental cookies were detectable by the human eye when the 

substitution amount of low gluten flour with HMTS reached 5 %.  

 

Table 1 

Effect of HMT modified potato starch on color of cookies 

Cookies 

samples 
L

*
 a

*
 b

*
 ȹE 

Control 78.08Ñ1.46
b
 2.46Ñ0.08

a
 29.65Ñ0.71

b
 - 

HMT-5 81.05Ñ0.18
a
 2.25Ñ0.06

b
 30.69Ñ0.30

a
 3.16Ñ0.21

a
 

HMT-

15 
81.18Ñ0.22

a
 2.12Ñ0.06

c
 30.84Ñ0.11

a
 3.33Ñ0.19

a
 

HMT-

25 
81.24Ñ0.29

a
 2.07Ñ0.05

c
 30.78Ñ0.49

a
 3.41Ñ0.30

a
 

 

Note: all values are the mean of at least triplicate determinations Ñ SD. The 

means within the same column with different letters are significantly different 

(P<0.05). 

 

3.2 Texture analysis of cookies  

Cookies texture is an important index to evaluate the cookies quality, and the 

crispy value also can be used as sensory indicator of cookies. Too high crispy value 

would lead to dross, rough taste in cookies, which would reduce the quality of 

cookies, while poor crispy value would lose the unique taste texture of cookies [8]. 

Texture properties of the control cookies and experimental cookies were investigated 

in 1 hour after baking according to the mentioned method, and the results were 

showed in Table 2. The hardness (included average hardness, surface hardness and 

max hardness) of cookies with HMTS was significantly lower than of control 

(p<0.05), but higher crispy value, indicating less work to be consumed when 

chewing. The hardness of cookies decreased with the increase of substitution amount 

of HMTS, while crispy value increased with the increase of substitution amount of 

HMTS. The substitution of low gluten flour with HMTS diluted the gluten in dough, 

which enhanced the dough plasticity and fat lubrication effect in the dough.  
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Table 2 

Effect of HMT modified potato starch on texture of cookies  

Cookie

s 

sample 

Average 

hardness /g 

Surface 

hardness /g 

Max hardness 

/g 

Crunch 

value 

Crispy 

value 

Control 543.55Ñ11.30
a
 545.66Ñ12.96

a
 725.79Ñ14.02

a
 1.40Ñ0.55

a
 2.40Ñ0.55

b 
 

HMT-5 
425.42Ñ18.03

b

c
 

365.96Ñ10.13
b
 623.62Ñ14.76

bc
 1.00Ñ0.00

a
 2.60Ñ0.55

b
 

HMT-

15 

412.15Ñ13.17b 345.92Ñ11.54c 596.49Ñ10.95c 1.00Ñ0.00a 3.60Ñ0.55a 

HMT-

25 

319.80Ñ13.63e 308.05Ñ9.06d 472.39Ñ21.21d 1.20Ñ0.45a 4.00Ñ0.7a 

Note: all values are the mean of at least triplicate determinations Ñ SD. The 

means within the same column with different letters are significantly different 

(P<0.05). 

4. Conclusions 

1. The substitution of low gluten flour with HMTS in quantity above 5 % 

made cookies brighter, yellower, and less reddish. The differences in color between 

the control and experimental cookies were detectable by the human eye when the 

substitution amount of low gluten flour with HMTS reached 5 %. The hardness 

(included average hardness, surface hardness and max hardness) of cookies with 

HMTS or MWS was significantly lower than of control (p<0.05), but higher crispy 

value, indicating less work to be consumed when chewing. Good quality cookies can 

thus be prepared from low gluten flour with substitution of HMTS as it is gluten free 

and can be beneficial for patients suffering from celiac disease and for public in 

general. The present research might help to enlarge the application of modified potato 

starch in bakeries. 
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ʄʆɼɽʃʔ ʆʎɯʅʖɺɸʅʅʗ ʇɸʈʊʅɽʈʉʔʂʀʍ ɺɯɼʅʆʉʀʅ ɺʀɼɸɺʅʀʏʆ-

ʇʆʃɯɻʈɸʌɯʏʅʆɻʆ ʇɯɼʇʈʀɭʄʉʊɺɸ 

 

ɸʥʜʨʶʱʝʥʢʦ ʊʝʪʷʥʘ ʖʨʽʾʚʥʘ 

ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʉʝʤʝʥʘ ʂʫʟʥʝʮʷ 

ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʂʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʙʫʜʴ-ʷʢʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ, ʷʢ ʢʦʥʢʫʨʝʥʪʥʦʩʪʽʡʢʽʩʪʴ ʩʘʤʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʂʦʥʢʫʨʝʥʪʥʦʩʪʽʡʢʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʷʢ ʩʪʘʙʽʣʴʥʝ ʩʪʘʥʦʚʠʱʝ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʨʠʥʢʫ ʦʜʥʦʛʦ ʚʠʜʘʚʥʠʯʦ-ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʱʦʜʦ 

ʽʥʰʦʛʦ, ʘʙʦ ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʚʠʧʫʩʢʫ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʦʜʽʚ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʚʠʜʘʚʥʠʯʦ-ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. 

ʄʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 

ʚʠʜʘʚʥʠʯʦ-ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʜʦ ʷʢʠʭ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʤʝʪʦʜʠ, 

ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʤʽʞʥʘʨʦʜʥʦʛʦ ʧʦʜʽʣʫ ʧʨʘʮʽ ʪʘ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʘʥʽ ʥʘ 

ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʝʬʝʢʪʠʚʥʦʾ ʢʦʥʢʫʨʝʥʮʽʾ: ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʭʽʜ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ 

ʧʽʜʭʽʜ. 

ʄʝʪʦʜʠ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʨʽʚʥʦʚʘʛʠ ʬʽʨʤʠ ʽ ʛʘʣʫʟʽ 

ɸ. ʄʘʨʰʘʣʣʘ ʪʘ ʪʝʦʨʽʾ ʬʘʢʪʦʨʽʚ ʚʠʨʦʙʥʠʮʪʚʘ. ʅʘʩʪʫʧʥʠʡ ʤʝʪʦʜʠ ʷʢʠʡ 

ʨʦʟʛʣʷʥʝʤʦ ʮʝ ʤʝʪʦʜʠ, ʱʦ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʟʘʣʝʞʥʦʩʪʽ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʽʜ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʘʙʦ ʷʢʦʩʪʽ ʽ ʮʽʥʠ. 

ʄʝʪʦʜ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ, ʜʝ ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʢʦʥʢʫ-

ʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʽʩʪʠʪʴ ʜʚʘ ʢʨʠʪʝʨʽʾ: ʩʪʫʧʽʥʴ ʟʘʜʦʚʦʣʝʥʥʷ 

ʧʦʪʨʝʙ ʩʧʦʞʠʚʘʯʽʚ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ. 
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ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʤʘʣʦ ʧʨʠʩʪʦʩʦʚʘʥʽ ʜʦ 

ʫʤʦʚ ʋʢʨʘʾʥʠ, ʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʘ ʚ ʧʦʚʥʦʮʽʥʥʽʡ ʨʠʥʢʦʚʽʡ 

ʝʢʦʥʦʤʽʮʽ.  

ʂʘʪʝʛʦʨʽʷ çʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘè ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʝʨʝʣʽʢʦʤ ʥʘʩʪʫʧʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ: ʧʦʨʽʚʥʶʚʘʥʽʩʪʴ, ʧʨʦʩʪʦʨʦʚʽʩʪʴ, 

ʜʠʥʘʤʽʯʥʽʩʪʴ, ʧʨʝʜʤʝʪʥʽʩʪʴ, ʘʪʨʠʙʫʪʠʚʥʽʩʪʴ, ʩʠʩʪʝʤʥʽʩʪʴ, ʦʙôʻʢʪʠʚʥʽʩʪʴ [1-5]. 

ʇʨʝʜʤʝʪʥʽʩʪʴ ʧʝʨʝʜʙʘʯʘʻ ʚʠʜʽʣʝʥʥʷ ʥʘʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʬʦʨʤʫʶʪʴ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʩʘʤʝ: ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ; 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ; ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʢʚʘʣʽʬʽʢʘʮʽʾ ʧʝʨʩʦʥʘʣʫ; ʬʦʨʤʫʚʘʥʥʷ ʧʦʟʠʪʠʚʥʦʛʦ ʽʤʽʜʞʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʡʦʛʦ 

ʧʨʦʜʫʢʮʽʾ ʚ ʩʚʽʜʦʤʦʩʪʽ ʩʧʦʞʠʚʘʯʽʚ; ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʤʘʨʢʝʪʠʥʛʫ ʧʨʠ 

ʧʨʦʩʫʚʘʥʥʽ ʧʨʦʜʫʢʮʽʾ ʥʘ ʨʠʥʦʢ; ʟʘʙʝʟʧʝʯʝʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʘʪʝʨʽʘʣʴʥʠʤʠ, 

ʪʨʫʜʦʚʠʤʠ ʪʘ ʬʽʥʘʥʩʦʚʠʤʠ ʨʝʩʫʨʩʘʤʠ; ʥʘʷʚʥʽʩʪʴ ʧʘʪʝʥʪʽʚ ʥʘ ʫʥʽʢʘʣʴʥʽ 

ʚʠʥʘʭʦʜʠ; ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʝʩʠʚʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʦʱʦ. 

ɸʥʘʣʽʟ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʨʠʥʢʫ ʜʦʧʫʩʢʘʻ 

ʚʠʚʯʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʽʜʥʦʰʝʥʥʷ ʧʦʢʫʧʮʽʚ ʜʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʾʾ 

ʧʨʦʜʫʢʮʽʾ ʽ ʷʢ ʨʝʟʫʣʴʪʘʪ ð ʟʤʽʥʘ ʯʘʩʪʢʠ ʧʨʦʜʫʢʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʨʠʥʢʫ. ʋʩʽ 

ʬʘʢʪʦʨʠ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʟʦʚʥʽʰʥʽ ʡ 

ʚʥʫʪʨʽʰʥʽ, ʷʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʷ 1 

ʌʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʌʘʢʪʦʨʠ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʚʠʜʘʚʥʠʯʦ-ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ɿʦʚʥʽʰʥʽ ʬʘʢʪʦʨʠ ɺʥʫʪʨʽʰʥʽ ʬʘʢʪʦʨʠ 

ɽʢʦʥʦʤʽʯʥʽ ʟʚôʟʢʠ ʉʠʩʪʝʤʠ ʪʘ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚʦʤ  

ʅʘʷʚʥʽʩʪʴ ʢʦʥʢʫʨʝʥʪʽʚ ʈʽʚʝʥʴ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ 

ɺʠʨʦʙʥʠʯʽ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʨʽʚʝʥʴ ʾʭ 

ʦʩʥʘʱʝʥʥʷ 

ɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ 

ʅʘʷʚʥʽ ʚʠʨʦʙʥʠʯʽ ʤʘʪʝʨʽʘʣʠ ʉʪʫʧʝʥʴ ʟʘʜʦʚʦʣʝʥʦʩʪʽ ʧʦʪʨʝʙ 

ʩʧʦʞʠʚʘʯʽʚ 

ʈʽʚʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʗʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ 
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ɺʠʩʥʦʚʢʠ. ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʢʫʨʝʪʥʦʩʧʨʦʤʦʞʥʽʪʴ 

ʚʠʜʘʚʥʠʯʦ-ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʩʧʨʠʷʻ ʨʦʟʫʤʽʥʥʶ ʩʪʨʘʪʝʛʽʯʥʦʾ 

ʩʠʪʫʘʮʽʾ ʚ ʚʠʜʘʚʥʠʯʽʡ ʛʘʣʫʟʽ ʽ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʩʪʫʧʽʥʴ 

ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʜʘʥʦʾ ʛʘʣʫʟʽ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʚʝʜʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʙʽʟʥʝʩʫ. 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʘʥʘʣʽʟʫ ʛʘʣʫʟʽ ʻ ʚʠʷʚʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʫʩʧʽʭʫ ʚ ʛʘʣʫʟʽ. ʈʦʟʨʽʟʥʷʶʪʴ ʪʘʢʽ ʪʠʧʠ ʬʘʢʪʦʨʽʚ: 

ʪʝʭʥʦʣʦʛʽʯʥʽ (ʟʜʘʪʥʽʩʪʴ ʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʽ ʚʠʨʦʙʥʠʮʪʚʘ, ʥʘʷʚʥʽʩʪʴ ʽ 

ʷʢʽʩʪʴ ʚʣʘʩʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʪʘ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ); ʚʠʨʦʙʥʠʯʽ (ʥʠʟʴʢʽ 

ʚʠʪʨʘʪʠ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ, ʚʠʩʦʢʠʡ ʧʦʪʝʥʮʽʘʣ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1) ɹʘʣʘʙʘʥʦʚʘ ʃ. ɺ ʄʘʨʢʝʪʠʥʛ : ʧʽʜʨʫʯʥʠʢ / ʃ. ɺ. ɹʘʣʘʙʘʥʦʚʘ ; 2-ʛʝ ʚʠʜ., 

ʧʝʨʝʨʦʙ. ʽ ʜʦʧ. ï ʂʠʾʚ : ɿʥʘʥʥʷ-ʧʨʝʩ,2006. ï 640 ʩ. 

2) ɼʦʣʞʘʥʩʴʢʠʡ ɯ. ɿ. ʂʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ : ʥʘʚʯ. 

ʧʦʩʽʙ. / ɯ. ɿ. ɼʦʣʞʘʥʩʴʢʠʡ. ï ʂ. : ʎʝʥʪʨ ʥʘʚʯʘʣʴʥʦʾ ʣʽʪʝʨʘʪʫʨʠ,2008. ï 384 ʩ. 

3) ɼʨʘʛʘʥ ʆ.ɯ. ʋʧʨʘʚʣʽʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʶ ʧʽʜʧʨʠʻʤʩʪʚ: 

ʪʝʦʨʝʪʠʯʥʽ ʘʩʧʝʢʪʠ. ʄʦʥʦʛʨʘʬʽʷ. ï ʂʠʾʚ : ɼɸʂʂʂʽʄ, 2006. ï 160 ʩ. 

4) ʂʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ: ʦʮʽʥʢʘ ʨʽʚʥʷ ʪʘ ʥʘʧʨʷʤʠ 

ʧʽʜʚʠʱʝʥʥʷ: [ʤʦʥʦʛʨʘʬʽʷ / ʟʘ ʟʘʛ. ʨʝʜ.. ʆ.ɻ. ʗʥʢʦʚʦʛʦ]. ï ʆʜʝʩʘ: ɸʪʣʘʥʪ, 2013. ï 

470 ʩ. 

5) ʏʫʤʘʢ ʃ.ʌ. ʌʘʢʪʦʨʠ ʚʧʣʠʚʫ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʧʽʜʧʨʠʻʤʩʪʚ / ʃ.ʌ. ʏʫʤʘʢ // ʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ. - ˉ 1. ï 

2013. ï ʩ. 62-69. 
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ʇʈʆɻʅʆɿʋɺɸʅʅʗ ʆʉʆɹʃʀɺʆʉʊɽʁ ʈɸɼɯʆɽʂʆʃʆɻɯʏʅʆɻʆ 

ɺʇʃʀɺʋ ʅɸʉʃɯɼʂɯɺ ɸɺɸʈɯʁ ʅɸ ʗɼɽʈʅʆ-ɽʅɽʈɻɽʊʀʏʅʀʍ 

ʆɹôɭʂʊɸʍ 

 

ɺʘʱʝʥʢʦ ɺ. ʄ. 
1 
, 

ʂʦʨʜʫʙʘ ɯ. ɹ. 
2
 

1
ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

2 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʘʨʭʽʪʝʢʪʫʨʠ ʽ ʙʫʜʽʚʥʠʮʪʚʘ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ 

ʆʜʠʥ ʟ ʫʨʦʢʽʚ ʥʘʡʙʽʣʴʰʠʭ ʟʘ ʚʩʶ ʽʩʪʦʨʽʶ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʘʚʘʨʽʡ ʥʘ 

ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ʚ 1986 ʨ., ʽ ʥʘ Fukushima-Daiichi ɸɽʉ ʚ 2011 ʨ., ʚʠʤʘʛʘʻ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʧʣʠʚʫ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ 

ʚʘʞʢʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʟʘ ʧʨʦʝʢʪʥʠʭ ʘʚʘʨʽʡ ʟ ʨʦʟʧʣʘʚʣʝʥʥʷʤ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʪʘ 

ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ ʷʜʝʨʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʘʢʪʦʨʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʥʘ ʧʝʨʩʦʥʘʣ, 

ʥʘʩʝʣʝʥʥʷ ʽ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʈʘʜʽʦʝʢʦʣʦʛʽʯʥʠʡ ʬʘʢʪʦʨ ʜʘʻ ʥʘʡʙʽʣʴʰʠʡ ʷʢ ʧʨʷʤʠʡ, ʪʘʢ ʽ 

ʦʧʦʩʝʨʝʜʢʦʚʘʥʠʡ ʚʧʣʠʚ ʥʘ ʩʪʘʥ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ ʯʝʨʝʟ ʦʙôʻʢʪʠ ʜʦʚʢʽʣʣʷ, 

ʧʦʩʠʣʶʶʯʠ ʪʘ ʽʥʽʮʽʶʶʯʠ ʥʦʚʽ ʬʘʢʪʦʨʠ ʥʝʨʘʜʽʘʮʽʡʥʦʾ ʧʨʠʨʦʜʠ, ʱʦ ʽʩʥʫʚʘʣʠ ʥʘ 

ʜʦʘʚʘʨʽʡʥʦʤʫ ʝʪʘʧʽ. 

ʎʽʣʴ ʨʦʙʦʪʠ. ʋ ʧʨʦʛʥʦʟʥʠʭ ʦʮʽʥʢʘʭ ʩʪʦʭʘʩʪʠʯʥʠʭ ʩʮʝʥʘʨʽʾʚ ʨʘʜʽʘʮʽʡʥʠʭ 

ʥʘʩʣʽʜʢʽʚ ʟʨʦʙʠʪʠ ʜʦʜʘʪʢʦʚʠʡ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ, ʷʢʽ ʧʦʚôʷʟʘʥʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʠʤʠ ʘʚʘʨʽʷʤʠ ʚʥʘʩʣʽʜʦʢ ʷʢʠʭ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʟʤʽʥʠ ʝʢʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, ʧʘʪʦʣʦʛʽʯʥʽ ʽ ʽʥʬʝʢʮʽʡʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ, ʟʤʽʥʶʻʪʴʩʷ 

ʩʧʦʩʽʙ ʞʠʪʪʷ ʪʘ ʽʥʰʽ ʬʘʢʪʦʨʠ). 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɼʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʩʝʨʝʜ ʬʘʭʽʚʮʽʚ-

ʨʘʜʽʦʝʢʦʣʦʛʽʚ, ʨʘʜʽʦʙʽʦʣʦʛʽʚ ʪʘ ʨʘʜʽʘʮʽʡʥʠʭ ʤʝʜʠʢʽʚ ʥʝʤʘʻ ʦʜʥʦʟʥʘʯʥʦʛʦ ʧʽʜʭʽʜʫ 

ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʫ ʬʦʨʤʘʪʽ 

çʜʦʟʘ - ʝʬʝʢʪè. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʨʠʟʠʢ-

ʦʨʽʻʥʪʦʚʘʥʠʭ ʤʝʪʦʜʽʚ, ʟʘʩʥʦʚʘʥʠʭ ʷʢ ʥʘ ʩʪʦʭʘʩʪʠʯʥʠʭ, ʪʘʢ ʽ ʥʘ ʜʝʪʝʨʤʽʥʽʩʪʩʴʢʠʭ 
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ʤʝʪʦʜʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ ʾʭ ʟʘʩʪʦʩʦʚʥʦʩʪʽ, ʟʘʣʠʰʘʻʪʴʩʷ ʚʘʞʣʠʚʦʶ ʪʘ 

ʘʢʪʫʘʣʴʥʦ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʪʦʭʘʩʪʠʯʥʠʭ ʽ ʜʝʪʝʨʤʽʥʽʩʪʩʴʢʠʭ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʚʧʣʠʚʫ ʨʘʜʽʘʮʽʡʥʠʭ ʥʘʩʣʽʜʢʽʚ ʘʚʘʨʽʡ ʦʙʤʝʞʝʥʘ ʚʥʘʩʣʽʜʦʢ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ 

ʬʘʢʪʦʨʽʚ [2-15]: 

1) ʥʘ ʩʪʘʪʠʩʪʠʢʫ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ ʧʨʠ ʩʪʦʭʘʩʪʠʯʥʠʭ ʧʽʜʭʦʜʘʭ 

ʤʦʞʫʪʴ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʪʠ ʝʬʝʢʪʠ ʥʝ ʧʦʚôʷʟʘʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ 

ʨʘʜʦʝʢʦʣʦʛʽʯʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʘʚʘʨʽʡ; 

2) ʚʽʜʩʫʪʥʽ ʦʙˇʨʫʥʪʦʚʘʥʽ ʫʥʽʚʝʨʩʘʣʴʥʽ ʜʝʪʝʨʤʽʥʽʩʪʩʴʢʽ ʤʦʜʝʣʽ 

ʚʧʣʠʚʫ ʽʦʥʽʟʫʶʯʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʙʽʦ- ʽ ʝʢʦʩʠʩʪʝʤʠ ʚ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʽ 

ʟʤʽʥ ʜʦʟʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ; 

3) ʛʨʘʥʠʯʥʦ ʢʦʥʩʝʨʚʘʪʠʚʥʘ çʙʝʟʧʦʨʦʛʦʚʘè ʜʝʪʝʨʤʽʥʽʩʪʩʴʢʘ ʤʦʜʝʣʴ 

ʬʘʢʪʠʯʥʦ ʟʘʩʥʦʚʘʥʘ ʥʘ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʟʘʣʝʞʥʦʩʪʽ çʜʦʟʘ - ʝʬʝʢʪè ʚ ʦʙʣʘʩʪʴ 

ʜʦʟʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʤʝʥʰʝ 1,0 ɻʨ; 

4) çʧʦʨʦʛʦʚʘè ʜʝʪʝʨʤʽʥʽʩʪʩʴʢʘ ʤʦʜʝʣʴ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʚ 

ʦʙʣʘʩʪʽ ʤʘʣʠʭ ʜʦʟʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟʘʛʠʙʝʣʴ ʢʣʽʪʠʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʽʣʴʢʠ ʧʨʠ 

ʧʦʧʘʜʘʥʥʽ ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʥʘʡʙʽʣʴʰ çʯʫʪʣʠʚʽè ʝʣʝʤʝʥʪʠ 

ʢʣʽʪʠʥʠ; ʪʘʢ, ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ 

ʤʽʢʨʦʧʫʯʢʘʤʠ ʽʦʥʽʟʫʶʯʠʭ ʯʘʩʪʠʥʦʢ ʜʽʘʤʝʪʨʦʤ 0,1 ʤʢʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

çʩʤʝʨʪʝʣʴʥʘè ʜʦʟʘ ʜʣʷ ʢʣʽʪʠʥʠ ʷʜʨʘ ʚ 10-100 ʨʘʟʽʚ ʤʝʥʴʰʝ, ʥʽʞ ʧʨʠ 

ʦʧʨʦʤʽʥʝʥʥʽ ʽʥʰʠʭ ʯʘʩʪʠʥ ʢʣʽʪʠʥʠ. 

ɯʤʦʚʽʨʥʽʩʪʴ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʨʠʟʠʢʫ ʚʠʥʠʢʥʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ ʚ 

ʧʦʩʪʘʚʘʨʽʡʥʠʡ ʧʝʨʽʦʜ t ʥʘ ʦʩʥʦʚʽ ʟʘʨʝʻʩʪʨʦʚʘʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ 

ʣʽʢʚʽʜʘʪʦʨʽʚ/ʥʘʩʝʣʝʥʥʷ, ʷʢʽ ʦʪʨʠʤʘʣʠ ʩʫʤʘʨʥʫ ʜʦʟʫ D ʥʘ ʤʦʤʝʥʪ ʘʚʘʨʽʾ: 
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ʜʝ Nn(D, t = 0) - ʢʽʣʴʢʽʩʪʴ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ ʟ ʦʪʨʠʤʘʥʦʶ 

ʜʦʟʦʶ D ʥʘ ʤʦʤʝʥʪ ʘʚʘʨʽʾ; N0(D) - ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʦʩʽʙ, ʷʢʽ ʦʪʨʠʤʘʣʠ ʚ 

ʧʨʦʮʝʩʽ ʘʚʘʨʽʾ ʩʫʤʘʨʥʫ ʜʦʟʫ D; Nǋn(D,Ű) = dNn(D)/dŰ - 

ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ ʟ ʧʦʯʘʪʢʦʚʦʶ ʜʦʟʦʶ D ʚ 
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ʧʦʩʪ ʘʚʘʨʽʡʥʠʡ ʧʝʨʽʦʜ. ʊʝʨʤʽʥ ʥʝʛʘʪʠʚʥʽ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʽ ʝʬʝʢʪʠ ʚʠʟʥʘʯʘʻ 

ʩʝʨʡʦʟʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ/ʚʽʜʭʠʣʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ. 

ʄʦʞʣʠʚʽ ʩʮʝʥʘʨʽʾ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʨʠʟʠʢʫ Rs ʟʘ ʩʪʘʪʠʩʪʠʢʦʶ 

ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ ʛʨʫʧ ʟ ʧʦʯʘʪʢʦʚʦʶ ʥʘ ʤʦʤʝʥʪ 

ʨʘʜʽʘʮʽʡʥʦʾ ʘʚʘʨʽʾ ʩʫʤʘʨʥʦʶ ʜʦʟʦʶ ʦʧʨʦʤʽʥʝʥʥʷ D ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1. 

ɻʨʘʥʠʯʥʦ ʥʝʛʘʪʠʚʥʠʡ ʩʮʝʥʘʨʽʡ 1 ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʘʙʽʣʴʥʠʤ 

ʟʙʽʣʴʰʝʥʥʷʤ Nn (D) ʽ Nǋn (t) > 0. ɿʤʽʥʥʠʡ ʩʮʝʥʘʨʽʡ 2 ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʦʯʘʪʢʦʚʦʶ ʰʚʠʜʢʽʩʪʶ Nǋn(t) > 0 ʟ ʧʦʜʘʣʴʰʠʤ ʩʪʘʙʽʣʴʥʠʤ ʟʥʠʞʝʥʥʷʤ Nn(Nǋn<0). 

ʉʮʝʥʘʨʽʡ 2-1 ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʚʪʦʨʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ Nn ʽ ʥʝ ʻ ʥʘʩʣʽʜʢʦʤ 

ʧʦʯʘʪʢʦʚʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ. 

 

ʈʠʩ. 1. ʉʮʝʥʘʨʽʾ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʨʠʟʠʢʫ ʟʘ ʩʪʘʪʠʩʪʠʢʦʶ 

ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ ʛʨʫʧ ʟ ʧʦʯʘʪʢʦʚʦʶ ʜʦʟʦʶ ʦʧʨʦʤʽʥʝʥʥʷ 

D: 1 - ʛʨʘʥʠʯʥʦ ʥʝʛʘʪʠʚʥʠʡ ʩʮʝʥʘʨʽʡ; 2 - ʟʤʽʥʥʠʡ ʩʮʝʥʘʨʽʡ; 2-1 - ʩʮʝʥʘʨʽʡ, 

ʥʝ ʧʦôʷʟʘʥʠʡ ʟ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʘʚʘʨʽʾ; 3 - 

cʮʝʥʘʨʽʡ ʩʪʘʙʽʣʴʥʦʛʦ ʟʥʠʞʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ ʟ ʧʦʯʘʪʢʦʚʦʶ ʜʦʟʦʶ D; 

3-1 - ʩʮʝʥʘʨʽʡ, ʥʝ ʧʦʚôʷʟʘʥʠʡ ʟ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʘʚʘʨʽʾ. 

 ʉʧʨʠʷʪʣʠʚʠʡ ʩʮʝʥʘʨʽʡ 3 ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʘʙʽʣʴʥʠʤ ʟʥʠʞʝʥʥʷʤ 

ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ ʥʘ ʚʩʴʦʤʫ ʯʘʩʦʚʦʤʫ ʝʪʘʧʽ ʽ ʱʦʜʦ 

ʤʽʥʽʤʘʣʴʥʠʤ ʩʪʦʭʘʩʪʠʯʥʠʤ ʨʠʟʠʢʦʤ Rs. ʉʮʝʥʘʨʽʡ 3-1, ʘʥʘʣʦʛʽʯʥʦ ʩʮʝʥʘʨʽʻʤ 2-1, 

ʥʝ ʻ ʥʘʩʣʽʜʢʦʤ ʧʦʯʘʪʢʦʚʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ. ʇʨʠ Nǋn (t) = 0 ʧʨʦʛʥʦʟʦʚʘʥʠʡ 

ʩʪʦʭʘʩʪʠʯʥʠʡ ʨʠʟʠʢ Rs (t) = Rs (t = 0). ʆʙʣʘʩʪʴ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ 

ʜʝʪʝʨʤʽʥʽʩʪʩʴʢʦʛʦ ʨʠʟʠʢʫ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ Rd ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʫʤʘʨʥʠʭ 

ʜʦʟʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʘʚʘʨʽʾ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.  
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ʈʠʩ. 2. ʆʙʣʘʩʪʴ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʜʝʪʝʨʤʽʥʽʩʪʩʴʢʦʛʦ ʨʠʟʠʢʫ ʥʝʛʘʪʠʚʥʠʭ 

ʝʬʝʢʪʽʚ: 1 ï çʙʝʟʧʦʨʦʛʦʚʘè ʤʦʜʝʣʴ; 2 - çʧʦʨʦʛʦʚʘè ʤʦʜʝʣʴ. ʇʦ ʦʩʽ ʦʨʜʠʥʘʪ 

ʚʽʜʢʣʘʜʝʥʦ ʢʽʣʴʢʽʩʪʴ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ ʈʌ, ʧʦ ʦʩʽ ʘʙʩʮʠʩ ï 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ D/Dmax. 

 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʄʝʞʘʤʠ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʦʙʣʘʩʪʽ ʻ 

çʙʝʟʧʦʨʦʛʦʚʘè ʤʦʜʝʣʴ (maxRd) ʽ çʧʦʨʦʛʦʚʘè ʤʦʜʝʣʴ (minRd). ɻʨʘʥʠʯʥʘ 

ʢʦʥʩʝʨʚʘʪʠʚʥʘ ʜʦʟʘ ʚʠʥʠʢʥʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ max D = 0,3 ɻʨ [16]. 

ɺ ʨʘʤʢʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʠʟʠʢ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʦʚʘʥʠʡ 

ʨʠʟʠʢ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ RF ʚʥʘʩʣʽʜʦʢ ʨʘʜʽʘʮʽʡʥʠʭ ʘʚʘʨʽʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʦʮʽʥʦʢ ʩʪʦʭʘʩʪʠʯʥʠʤʠ Rs ʽ ʜʝʪʝʨʤʽʥʽʩʪʩʴʢʠʤʠ Rd 

ʤʝʪʦʜʘʤʠ: 

ʷʢʱʦ Rs Ó max Rd, ʪʦ 
)()( sF tRtR =               (2) 

ʷʢʱʦ min Rd <  Rs < max Rd, ʪʦ dF max)( RtR = .        (3) 

ʷʢʱʦ Rs Ò min Rd, ʪʦ dF min)( RtR = .               (4) 

ʋ ʨʘʟʽ ʩʪʦʭʘʩʪʠʯʥʠʭ ʩʮʝʥʘʨʽʾʚ ʚʠʥʠʢʥʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ, ʥʝ 

ʧʦʚôʷʟʘʥʠʭ ʟ ʨʘʜʽʘʮʽʡʥʠʤʠ ʘʚʘʨʽʷʤʠ, ʨʠʟʠʢ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ, 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʠʭ ʟ ʚʘʞʢʦʶ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʦʶ ʘʚʘʨʽʻʶ, ʦʮʽʥʶʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʘʤʠ (2)-(4) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Rs ʽ Rd ʥʘ ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ 

çʥʝʘʚʘʨʽʡʥʦʛʦè ʩʮʝʥʘʨʽʶ ʨʦʟʚʠʪʢʫ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ. 

ʑʦ ʞ ʩʪʦʩʫʻʪʴʩʷ ʙʝʟʧʦʨʦʛʦʚʦʾ ʤʦʜʝʣʽ, ʪʦ ʮʷ ʤʦʜʝʣʴ ʨʠʟʠʢʫ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʘʡʞʝ ʫʩʽʤʘ ʟʘʢʣʘʜʘʤʠ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚô̫  ʽ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. 

ʎʷ ʤʦʜʝʣʴ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽ ʟʘʪʚʝʨʜʞʝʥʥʷ ʞʦʨʩʪʢʠʭ ʧʨʠʥʮʠʧʽʚ 

ʦʙʤʝʞʝʥʥʷ ʜʦʟ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʜʣʷ ʧʝʨʩʦʥʘʣʫ ʽ ʥʘʩʝʣʝʥʥʷ. ʃʦʛʽʢʘ ʚ 
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ʪʦʤʫ, ʱʦ, ʷʢʱʦ ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʟʣʦʷʢʽʩʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʜʦʟʽ ʽʦʥʽʟʫʶʯʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ, ʪʦ ʚ ʪʘʢʦʤʫ ʨʘʟʽ ʥʝ ʧʦʚʠʥʥʦ 

ʽʩʥʫʚʘʪʠ ʨʘʜʽʘʮʽʡʥʦʾ ʜʦʟʠ ʙʝʟʧʝʯʥʦʾ ʜʣʷ ʙʫʜʴ ʷʢʦʛʦ ʦʨʛʘʥʽʟʤʫ (ʙʝʟʧʦʨʦʛʦʚʘ 

ʤʦʜʝʣʴ). ɸʣʝ ʙʘʛʘʪʦ ʨʘʜʽʦʝʢʦʣʦʛʽʚ, ʨʘʜʽʦʙʽʦʣʦʛʽʚ, ʨʘʜʽʘʮʽʡʥʠʭ ʤʝʜʠʢʽʚ 

ʚʚʘʞʘʶʪʴ, ʱʦ ʥʝʤʦʞʣʠʚʦ ʜʦʚʝʩʪʠ ʪʝ, ʱʦ ʚ ʦʙʣʘʩʪʽ ʤʘʣʠʭ ʜʦʟ (ʤʝʥʰʝ 100 

ʤɿʚ/ʨʽʢ) ʚʠʥʠʢʘʶʪʴ ʟʣʦʷʢʽʩʥʽ ʥʦʚʦʫʪʚʦʨʝʥʥʷ. ʇʨʦʪʝ ʻ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ 

ʚʢʘʟʫʶʪʴ ʥʘ ʨʝʘʣʴʥʝ ʽʩʥʫʚʘʥʥʷ ʢʘʥʮʝʨʦʛʝʥʥʦʛʦ ʨʠʟʠʢʫ ʚ ʦʙʣʘʩʪʽ ʤʘʣʠʭ 

ʨʘʜʽʘʮʽʡʥʠʭ ʜʦʟ. ʆʪʞʝ ʧʨʦʙʣʝʤʘ ʤʘʣʠʭ ʜʦʟ ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʢʨʠʪʦʶ. ʇʨʦʪʝ 

ʦʯʝʚʠʜʥʦ ʪʝ, ʱʦ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʝʡ ʟ ʤʝʪʦʶ ʪʦʯʥʽʰʠʭ ʦʮʽʥʦʢ ʨʠʟʠʢʽʚ 

ʚʠʥʠʢʥʝʥʥʷ ʟʣʦʷʢʽʩʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ ʚ ʜʽʘʧʘʟʦʥʽ ʤʘʣʠʭ ʜʦʟ ʚʘʞʣʠʚʦ 

ʩʪʚʦʨʶʚʘʪʠ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʛʝʨʤʝʟʠʩʥʦʾ ʪʝʦʨʽʾ ʜʣʷ ʧʨʦʮʝʩʽʚ ñʜʦʟʘ-ʝʬʝʢʪò. ʇʨʠ 

ʮʴʦʤʫ ʽʩʥʫʻ ʛʦʣʦʚʥʘ ʪʨʫʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʽʦʜʫ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ 

ʜʣ̫ ʦʪʨʠʤʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʠʤʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ. 

ɺʠʩʥʦʚʢʠ 
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ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʧʣʠʚʫ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʘʚʘʨʽʡ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʢʦʤʧʣʝʢʩʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʪʦʭʘʩʪʠʯʥʠʭ ʽ ʜʝʪʝʨʤʽʥʽʩʪʩʴʢʠʭ ʤʝʪʦʜʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʘʜʽʘʮʽʡʥʠʭ ʥʘʩʣʽʜʢʽʚ ʷʜʝʨʥʠʭ ʘʚʘʨʽʡ. 
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ʧʦʩʪʘʚʘʨʽʡʥʠʭ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ 

ʥʝʛʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʦʚôʷʟʘʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʷʜʝʨʥʦʶ ʘʚʘʨʽʻʶ. 
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ʋɼʂ 004 

ʇʈʆɻʅʆɿʋɺɸʅʅʗ ɼʀʅɸʄɯʂʀ ʋʂʈɸɰʅʉʔʂʆʖ ʄɯɾɹɸʅʂɯɺʉʔʂɯʁ 

ɹɯʈɾɯ ɿF ɼʆʇʆʄʆɻʆʖ ʅɽʁʈʆʄɽʈɽɾɽɺʀʍ ʊɽʍʅʆʃʆɻɯʁ 

 

ɺʦʣʢʦʚʘ ʉʚʽʪʣʘʥʘ ɸʥʘʪʦʣʽʾʚʥʘ 

ʢ.ʬ.-ʤ.ʥ., ʜʦʮ. 

ɼɺʅɿ çʋɼʍʊʋè 

ʛ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

ɻʽʣʷʚʩʴʢʠʡ ɼʝʥʠʩ ʆʣʝʢʩʘʥʜʨʦʚʠʯ 

ʄʘʛʽʩʪʨ 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ 

ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ: ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʦʜʽʡ. ɯʩʥʫʶʪʴ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʫʩʧʽʰʥʦ ʧʨʦʨʦʢʫʶʪʴ ʣʘʫʨʝʘʪʽʚ 

ʆʩʢʘʨʘ, ʢʦʪʠʨʫʚʘʥʥʷ ʮʽʥʥʠʭ ʧʘʧʝʨʽʚ ʽ ʥʘʚʽʪʴ ʧʦʰʠʨʝʥʥʷ ʧʘʥʜʝʤʽʾ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʥʘʧʨʷʤʦʢ ʧʝʨʝʜʙʘʯʝʥʥʷ ʢʫʨʩʫ 

ʙʽʪʢʦʾʥʫ ʚ ʧʘʨʽ ʟ ʜʦʣʘʨʦʤ. ʏʝʨʝʟ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʮʽʥʫ ʥʘ 

ʢʨʠʧʪʦʚʘʣʶʪʫ ʜʫʞʝ ʩʢʣʘʜʥʦ. ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʨʠ ʪʠʧʠ ʨʝʢʫʨʝʥʪʥʦʾ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʝʡʨʦʥʽ ʩʝʪʽ, ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, ʙʽʪʢʦʾʥ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ, 

ʢʨʠʧʪʦʚʘʣʶʪʘ 

 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʽʩʥʫʻ ʙʽʣʴʰ ʥʽʞ 9000 ʨʽʟʥʠʭ ʢʨʠʧʪʦʚʘʣʶʪʽʚ, ʘ ʟʘʛʘʣʴʥʘ 

ʢʘʧʽʪʘʣʽʟʘʮʽʷ ʨʠʥʢʫ ʧʝʨʝʚʠʱʫʻ [1] 1.9 ʪʨʣʥ ʜʦʣʘʨʽʚ ʉʐɸ. ɺʩʝ ʮʝ ʨʽʟʥʦʤʘʥʽʪʪʷ 

ʢʨʠʧʪʦʚʘʣʶʪ ʤʘʻ ʨʽʟʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘʣʝ ʚʦʥʠ ʻʜʠʥʽ ʚ ʦʩʥʦʚʦʧʦʣʦʞʥʠʭ 

ʧʨʠʥʮʠʧʘʭ ʘʥʦʥʽʤʥʦʩʪʽ ʪʘ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʤʝʨʝʞʽ. 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʨʠʥʢʽʚ ï ʩʢʣʘʜʥʝ ʟʘʚʜʘʥʥʷ [2-4]. ʅʘʩʘʤʧʝʨʝʜ 

ʢʦʪʠʨʫʚʘʥʥʷ ʮʽʥʥʠʭ ʧʘʧʝʨʽʚ ʽ ʢʨʠʧʪʦʚʘʣʶʪ ʟʦʢʨʝʤʘ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʰʫʤʽʚ ʽ ʥʘʷʚʥʽʩʪʶ ʩʢʣʘʜʥʠʭ ʚʥʫʪʨʽʰʥʽʭ ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ. ʏʝʨʝʟ ʮʝ 

ʩʪʘʥʜʘʨʪʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʧʝʨʝʜʙʘʯʝʥʥʷ ʜʦʭʽʜʥʦʩʪʽ ʥʝ ʜʘʶʪʴ ʙʘʞʘʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ. ʊʦʤʫ ʚ ʮʽʡ ʨʦʙʦʪʽ ʤʠ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʷʢʽ 
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ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʻ state of the art ʚ ʛʘʣʫʟʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʯʘʩʦʚʠʭ 

ʨʷʜʽʚ. 

ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ (ʚʦʥʘ ʰʪʫʯʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ, ɯʅʉ) ð ʤʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ, ʽ ʥʘʚʽʪʴ ʾʾ ʧʨʦʛʨʘʤʥʝ ʯʠ ʘʧʘʨʘʪʥʝ ʚʪʽʣʝʥʥʷ, ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ð ʤʝʨʝʞ 

ʥʝʨʚʦʚʠʭ ʢʣʽʪʠʥ ʞʠʚʦʛʦ ʦʨʛʘʥʽʟʤʫ. ʎʝ ʧʦʥʷʪʪʷ ʚʠʥʠʢʣʦ ʱʦʜʦ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʫ 

ʤʦʟʢʫ, ʽ ʟʘ ʩʧʨʦʙʽ ʟʤʦʜʝʣʶʚʘʪʠ ʮʽ ʧʨʦʮʝʩʠ. ʇʽʩʣʷ ʨʦʟʨʦʙʢʠ ʘʣʛʦʨʠʪʤʽʚ ʥʘʚʯʘʥʥʷ 

ʦʜʝʨʞʫʚʘʥʽ ʤʦʜʝʣʽ ʧʦʯʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʧʨʘʢʪʠʯʥʠʭ ʮʽʣʷʭ: ʫ ʟʘʚʜʘʥʥʷʭ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ, ʫ ʟʘʚʜʘʥʥʷʭ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʽʥ. 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʘʣʛʦʨʠʪʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʥʘʯʝʥʥʷ 

ʢʫʨʩʫ ʢʨʠʧʪʦʚʘʣʶʪʠ bitcoin. ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʤʘʰʠʥʥʝ 

ʥʘʚʯʘʥʥʷ. ɺʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʙʫʜʴ-ʷʢʽ ʪʝʢʩʪʦʚʽ ʤʘʩʠʚʠ. ʋ 

ʨʦʟʨʦʙʣʝʥʽʡ ʘʣʛʦʨʠʪʤʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʢʫʨʩ ʢʨʠʧʪʦʚʘʣʶʪʥʠʭ ʧʘʨ ʥʘ 

ʨʽʟʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ (ʤʽʩʷʮʴ, ʪʠʞʜʝʥʴ, ʜʝʥʴ, ʛʦʜʠʥʘ, ʭʚʠʣʠʥʘ). ɸʣʛʦʨʠʪʤ ʥʝ 

ʩʢʣʘʜʥʦ ʧʝʨʝʢʣʘʩʪʠ ʙʫʜʴ-ʷʢʫ ʽʥʰʫ ʢʨʠʧʪʦ-ʧʘʨʫ. ɼʣʷ ʮʴʦʛʦ ʜʦʩʪʘʪʥʴʦ ʟʤʽʥʠʪʠ 

ʚʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ (ʜʘʥʽ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʽʥʰʦʾ ʢʨʠʧʪʦʧʘʨʠ). 

ɼʣʷ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʧʨʦʛʨʘʤʥʘ ʙʽʙʣʽʦʪʝʢʘ 

ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ Python. ʉʠʩʪʝʤʘ ʥʘʚʯʘʻʪʴʩʷ ʥʘ 

ʚʽʜʦʤʽʡ ʥʘʤ ʜʽʣʷʥʮʽ ʯʘʩʫ (ʟʘ ʦʩʪʘʥʥʽ ʢʽʣʴʢʘ ʨʦʢʽʚ), ʘ ʧʽʩʣʷ ʥʘʚʯʘʥʥʷ ʤʦʞʝ ʩʘʤʘ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʽʜʩʫʤʢʦʚʝ ʟʥʘʯʝʥʥʷ ʢʫʨʩʫ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʫʩʽ ʩʧʨʦʙʠ ʩʪʚʦʨʠʪʠ ʥʘʜʽʡʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʥʘ ʙʘʟʽ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚʠʷʚʠʣʠʩʷ ʤʘʨʥʠʤʠ. ʎʝ ʟʚôʷʟʘʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʦʚʥʽʰʥʽʭ 

ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ. ɸʣʝ, ʥʘ ʧʨʘʢʪʠʮʽ ʚʞʝ ʚʜʘʚʘʣʦʩʷ ʩʪʚʦʨʶʚʘʪʠ ʚʽʜʥʦʩʥʦ ʪʦʯʥʽ 

ʘʣʛʦʨʠʪʤʠ, ʧʨʦʪʝ ʚʦʥʠ ʱʝ ʥʝʧʨʠʜʘʪʥʽ ʜʣʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚ 

ʫʤʦʚʘʭ ʥʝ ʩʪʘʙʽʣʴʥʦʩʪʽ. ɺʠʩʦʢʘ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ ʪʘ ʥʝʩʪʘʯʘ ʜʘʥʠʭ 

ʫʩʢʣʘʜʥʶʶʪʴ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʥʠʢʽʚ. 

ʆʜʥʘʢ, ʷʢ ʧʦʢʘʟʫʻ ʧʨʘʢʪʠʢʘ, ʨʝʢʫʨʝʥʪʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʜʘʶʪʴ ʭʦʨʦʰʠʡ 

ʨʝʟʫʣʴʪʘʪ ʫ ʩʪʘʙʽʣʴʥʠʭ ʫʤʦʚʘʭ [5-7]. 

ʄʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʪʘʪʥʴʦ ʙʣʠʟʴʢʽ ʜʦ ʬʘʢʪʠʯʥʠʭ ʮʽʥ ʥʘ ʢʨʠʧʪʦʚʘʣʶʪʠ ʚ ʫʤʦʚʘʭ ʩʪʘʙʽʣʴʥʦʩʪʽ. 
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ɺʘʞʣʠʚʽʩʪʴ ʥʘʷʚʥʦʩʪʽ ʮʠʭ ʤʦʜʝʣʝʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʤʘʪʠ 

ʟʥʘʯʥʽ ʝʢʦʥʦʤʽʯʥʽ ʥʘʩʣʽʜʢʠ, ʜʦʧʦʤʘʛʘʶʯʠ ʚʠʟʥʘʯʠʪʠʩʴ ʟ ʧʨʦʜʘʞʫ ʽ ʢʫʧʽʚʣʻʶ 

ʢʨʠʧʪʦʚʘʣʶʪʠ. 
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ʘʩʧʽʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʇɯè, 

ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 

ɺʉʊʋʇ: 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʷʚʣʝʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʘʜʩʦʨʙʝʥʪʫ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʘʪʥʽʡ ʩʪʫʧʽʥʴ ʚʠʚʝʜʝʥʥʷ ʧʝʨʝʢʠʩʥʠʭ ʩʧʦʣʫʢ ʪʘ ʙʝʥʟ(ʘ)ʧʽʨʝʥʫ 

ʇɸɺ ʽʟ ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʦʯʠʱʝʥʥʷ ʚ ʟʥʘʯʥʽʡ 

ʤʽʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʙʦʨʦʤ ʘʜʩʦʨʙʝʥʪʫ, ʚʠʙʽʨ ʷʢʠʭ ʥʘ ʋʢʨʘʾʥʽ ʱʝ ʥʝʜʦʩʪʘʪʥʽʡ, 

ʪʦʤʫ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʘʜʩʦʨʙʝʥʪʫ ʥʘ ʦʩʥʦʚʽ ʚʽʜʭʦʜʽʚ ʧʝʨʝʨʦʙʢʠ 

ʥʘʩʽʥʥʷ ʩʦʥʷʰʥʠʢʘ ï ʡʦʛʦ ʣʫʰʧʠʥʥʷ. ʉʠʨʦʚʠʥʘ ʟ ʚʽʜʭʦʜʽʚ ʧʨʦʭʦʜʠʪʴ ʩʪʘʜʽʶ 

ʧʽʨʦʣʽʟʫ ʷʢ ʽ ʥʘʥʦʪʨʫʙʢʠ, ʱʦ ʦʪʨʠʤʫʶʪʴ ʧʨʠ ʧʽʨʦʣ̔ʟʫ ʢʦʢʩʫ. ʎʝʡ 

ʚʫʛʣʝʮʚʤʽʱʫʶʯʠʡ ʧʨʦʜʫʢʪ ʚʠʧʨʦʙʫʚʘʚʩʷ ʚ ʷʢʦʩʪʽ ʘʜʩʦʨʙʝʥʪʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʷʢʦʩʪʽ ʩʦʥʷʰʥʠʢʦʚʦʽ ʦʣʽʾ [1-2 ]. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʝ ʙʽʣʴʰʝ ʫʚʘʛʠ ʧʨʠʜʽʣʷʻʪʴʩʷ ʙʝʟʧʝʮʽ ʭʘʨʯʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʨʦʩʣʠʥʥʠʭ ʦʣʽʡ ʪʘ ʞʠʨʽʚ. ɹʝʟʧʝʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʧʝʨʰ ʟʘ 

ʚʩʝ, ʛʨʘʥʠʯʥʠʤ ʚʤʽʩʪʦʤ ʜʦʤʽʰʦʢ ʪʝʭʥʦʛʝʥʥʦʛʦ ʽ ʧʨʠʨʦʜʥʴʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ï 

ʜʽʦʢʩʠʥʽʚ ʽ ʧʦʣʽʮʠʢʣʽʯʥʠʭ ʘʨʦʤʘʪʠʯʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ[3-6 ]. 

ʊʝʨʤʽʥ çʜʽʦʢʩʠʥʠè ʦʙ'ʻʜʥʫʻ ʛʨʫʧʠ ʭʣʦʨʦʚʘʥʠʭ ʧʦʣʽʮʠʢʣʽʯʥʠʭ ʩʧʦʣʫʢ ï 

ʧʦʣʽʭʣʦʨʦʚʘʥʠʭ ʜʽʙʝʥʟʦʜʽʦʢʩʠʜʘʥʪʽʚ, ʜʽʙʝʥʟʦʬʫʨʘʥʽʚ ʽ ʜʠʬʝʥʽʣʽʚɼʽʦʢʩʠʥʠ ʻ 

ʪʦʢʩʠʯʥʠʤʠ ʽ ʢʘʥʮʝʨʦʛʝʥʥʠʤʠ. 
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ʂʘʥʮʝʨʦʛʝʥʥʠʤʠ ʽ ʪʦʢʩʠʯʥʠʤʠ ʻ ʪʘʢʦʞ ʧʦʣʽʮʠʢʣʽʯʥʽ ʘʨʦʤʘʪʠʯʥʽ 

ʚʫʛʣʝʚʦʜʥʽ (ʇɸɺ). ʎʠʤ ʪʝʨʤʽʥʦʤ ʚʠʟʥʘʯʘʶʪʴ ʛʨʫʧʫ ʩʧʦʣʫʢ ʛʦʤʦʣʦʛʽʯʥʦʛʦ ʨʷʜʫ 

ʙʝʥʟʦʣʫ, ʷʢʽ ʧʦʜʽʣʷʶʪʴ ʥʘ ʣʝʛʢʽ ʪʘ ʚʘʞʢʽ ʇɸɺ ʟʘ ʯʠʩʣʦʤ ʙʝʥʟʦʣʴʥʠʭ ʢʽʣʝʮʴ ʚ 

ʩʪʨʫʢʪʫʨʽ ʤʦʣʝʢʫʣʠ [7-9]. ʇɸɺ ʪʘ ʜʽʦʢʩʠʥʠ ʚʠʜʘʣʷʶʪʴ ʘʜʩʦʨʙʝʥʪʘʤʠ ʟ 

ʧʦʜʘʣʴʰʦʶ ʜʝʟʦʜʦʨʘʮʽʻʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʘʜʩʦʨʙʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʨʦʤʠʩʣʦʚʠʭ 

ʘʜʩʦʨʙʝʥʪʽʚ ʱʦʜʦ ʚʠʜʘʣʝʥʥʷ ʧʦʣʽʘʨʦʤʘʪʠʯʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ (ʟʦʢʨʝʤʘ, 

ʙʝʥʟ(ʘ)ʧʽʨʝʥʫ) ʻ ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ 

ʉʠʨʦʚʠʥʦʶ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʘʥʦ ʦʣʽʶ ʩʦʥʷʰʥʠʢʦʚʫ ʨʘʬʽʥʦʚʘʥʫ. 

ɺʠʟʥʘʯʝʥʥʷ ʙʝʥʟ(ʘ)ʧʽʨʝʥʫ ʪʘ ʩʫʤʠ ʧʦʣʽʘʨʦʤʘʪʠʯʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʟʛʽʜʥʦ ɼʉʊʋ 

4689 [4]. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ɺʘʞʣʠʚʦʶ ʪʘ ʦʙʦʚôʷʟʢʦʚʦʶ ʩʪʘʜʽʻʶ ʩʫʯʘʩʥʦʾ ʨʘʬʽʥʘʮʽʾ ʻ ʘʜʩʦʨʙʮʽʡʥʝ 

ʦʯʠʱʝʥʥʷ. ʎʷ ʩʪʘʜʽʷ ʜʫʞʝ ʚʘʞʣʠʚʘ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʦʣʽʡ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʭʘʨʯʦʚʦʾ (ʤʘʨʛʘʨʠʥʦʚʦʾ, ʤʘʡʦʥʝʟʥʦʾ), ʢʦʩʤʝʪʠʯʥʦʾ ʪʘ ʽʥʰʦʾ ʞʠʨʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ɺʽʜʙʽʣʶʚʘʥʥʶ ʧʽʜʜʘʶʪʴʩʷ ʦʣʽʾ ʧʽʩʣʷ ʨʝʪʝʣʴʥʦʾ ʛʽʜʨʘʪʘʮʽʾ, ʥʝʡʪʨʘʣʽʟʘʮʽʾ, 

ʧʨʦʤʠʚʘʥʥʷ, ʩʫʰʢʠ. ɿʘʜʘʯʘ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʦʯʠʱʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʚʠʣʫʯʝʥʥʽ ʽʟ ʦʣʽʡ ʬʘʨʙʫʶʯʠʭ ʨʝʯʦʚʠʥ, ʟʘʣʠʰʢʽʚ ʬʦʩʬʦʣʽʧʽʜʽʚ, ʥʘʪʨʽʻʚʠʭ ʤʠʣ, 

ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʪʘ ʤʝʪʘʣʝʚʠʭ ʧʦʭʽʜʥʠʭ [3]. 

ɺʽʜʙʽʣʶʚʘʥʥʷ ï ʦʩʪʘʥʥʷ ʩʪʘʜʽʷ, ʚ ʷʢʽʡ ʤʦʞʣʠʚʝ ʚʠʜʘʣʝʥʥʷ ʬʦʩʬʦʣʽʧʽʜʽʚ, 

ʱʦ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʛʽʜʨʘʪʘʮʽʾ. ʅʘʚʽʪʴ ʥʝʟʥʘʯʥʠʡ ʚʤʽʩʪ ʬʦʩʬʦʨʫ (ʥʘ ʨʽʚʥʽ 4Ā10
-4 

%) 

ʧʝʨʝʜ ʧʨʦʮʝʩʘʤʠ ʜʝʟʦʜʦʨʘʮʽʾ ʪʘ ʛʽʜʨʦʛʝʥʽʟʘʮʽʾ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʧʦʛʽʨʰʝʥʥʷ 

ʩʤʘʢʫ, ʜʦ ʧʦʪʝʤʥʽʥʥʷ ʦʣʽʾ ʽ ʜʦ ʦʪʨʫʻʥʥʷ. 

ɿʘʣʠʰʢʦʚʽ ʤʠʣʘ ʪʘʢʦʞ ʚʠʜʘʣʷʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʜʩʦʨʙʮʽʾ, ʪʘʢ ʷʢ ʥʘ 

ʩʪʘʜʽʾ ʜʝʟʦʜʦʨʘʮʽʾ ʪʘ ʛʽʜʨʦʛʝʥʽʟʘʮʽʾ ʚʦʥʠ ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʩʤʘʢ ʽ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. ɺʠʜʘʣʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʧʝʨʚʠʥʥʦʛʦ ʦʢʠʩʥʝʥʥʷ 

ʧʽʜ ʯʘʩ ʚʽʜʙʽʣʶʚʘʥʥʷ ʚʘʞʣʠʚʻ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʝʟʦʜʦʨʦʚʘʥʦʾ ʦʣʽʾ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ. 

ɺʠʙʽʨ ʘʜʩʦʨʙʝʥʪʫ ʟʘʣʝʞʠʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʜ ʪʨʴʦʭ ʯʠʥʥʠʢʽʚ: ʚʘʨʪʦʩʪʽ, 

ʘʢʪʠʚʥʦʩʪʽ ʽ ʚʪʨʘʪ ʦʣʽʾ. ʂʽʣʴʢʽʩʪʴ ʘʜʩʦʨʙʝʥʪʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ, 
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ʜʫʞʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʢʪʠʚʥʦʩʪʽ ʽ ʭʘʨʘʢʪʝʨʫ ʘʜʩʦʨʙʝʥʪʫ, ʪʠʧʫ ʦʣʽʾ, ʢʦʣʴʦʨʫ 

ʥʝʦʙʨʦʙʣʝʥʦʾ ʦʣʽʾ, ʙʘʞʘʥʦʛʦ ʢʦʣʴʦʨʫ ʚʠʙʽʣʝʥʦʾ ʦʣʽʾ, ʘ ʪʘʢʦʞ ʚʽʜ ʨʦʙʦʯʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ. ɿ-ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʚ ʋʢʨʘʾʥʽ ʷʢʽʩʥʠʭ ʘʜʩʦʨʙʝʥʪʽʚ, ʦʣʽʻʞʠʨʦʚʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʠʤʫʰʝʥʽ ʘʙʦ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʧʨʦʚʝʜʝʥʥʷ ʘʜʩʦʨʙʮʽʡʥʦʛʦ 

ʦʯʠʱʝʥʥʷ ʦʣʽʡ ʪʘ ʞʠʨʽʚ, ʱʦ ʥʝʤʠʥʫʯʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʛʦʪʦʚʦʾ 

ʞʠʨʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʘʙʦ ʧʦʩʪʘʶʪʴ ʧʝʨʝʜ ʥʝʦʙʭʽʜʥʽʩʪʶ ʩʘʤʦʩʪʽʡʥʦʛʦ ʧʦʰʫʢʫ ʘʙʦ 

ʧʦʢʫʧʢʠ ʽʤʧʦʨʪʥʠʭ ʘʜʩʦʨʙʝʥʪʽʚ [1]. 

ʇʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʦʯʘʪʢʦʚʘ ʨʘʬʽʥʦʚʘʥʘ 

ʩʦʥʷʰʥʠʢʦʚʘ ʦʣʽʷ ʤʘʻ ʢʠʩʣʦʪʥʝ ʯʠʩʣʦ 0,31 ʤʛKOH/ʛ, ʘ ʧʝʨʦʢʩʠʜʥʝ ï 

7,3 1/2O ʤʤʦʣʴ/ʢʛ, ʢʦʣʽʨʥʝ ʯʠʩʣʦ ï 5-9ʤʛ J2 . 

ɼʘʣʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʩʝʨʽʶ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʦʯʠʱʝʥʥʷ ʨʘʬʽʥʦʚʘʥʦʾ ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ ʟʘ 

ʫʯʘʩʪʶ ʘʜʩʦʨʙʝʥʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟ ʣʫʰʧʠʥʥʷ ʩʦʥʷʰʥʠʢʘ ʟ ʥʘʥʦʪʨʫʙʢʘʤʠ ʧʽʩʣʷ 

ʧʽʨʦʣʽʟʫ. ʆʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʦʯʠʱʝʥʥʷ ʫ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʜʣʷ ʚʩʽʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʠ ʦʜʥʘʢʦʚʠʤʠ: ʤʘʩʘ ʧʦʨʮʽʾ 

ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ ï 100 ʛ; ʥʦʨʤʘ ʚʚʝʜʝʥʦʛʦ ʘʜʩʦʨʙʝʥʪʫ ï 1,0 %; ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʦʮʝʩʫ - 95Áʉ; ʟʘʣʠʰʢʦʚʠʡ ʪʠʩʢ ï 2,7 ï 9,7 ʢʇʘ; ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ï 15 ʭʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʘʜʩʦʨʙʮʽʾ ʚ ʪʘʙʣ.1 

ʊʘʙʣʠʮʷ 1 

ɺʤʽʩʪ ʧʦʣʽʘʨʦʤʘʪʠʯʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʫ ʩʦʥʷʰʥʠʢʦʚʽʡ ʦʣʽʾ ʜʦ ʽ ʧʽʩʣʷ 

ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʦʯʠʱʝʥʥʷ. 

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʧʦʣʽʘʨʦʤʘʪʠʯʥʦʛʦ 

ʚʫʛʣʝʚʦʜʥʶ (ʇɸɺ) 

ɺʤʽʩʪ ʇɸɺ, ʤʛ/ʢʛ 

ʇʦʯʘʪʢʦʚʘ 

ʦʣʽʷ 

ɺʽʜʙʽʣʝʥʘ ʦʣʽʷ  

 

ɹʝʥʟ(ʘ)ʧʽʨʝʥ 2,78 1,48 

ɹʝʥʟ(ʘ)ʘʥʪʨʘʮʝʥ 3,72 1,84 

ɹʝʥʟ(ʚ)ʬʣʫʦʨʘʥʪʨʝʥ 2,94 2,17 

ʍʨʠʟʝʥ 4,34 2,42 

ʉʫʤʘ ʇɸɺ 13,8 7,91 
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ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ 3 ʨʽʚʝʥʴ ʪʦʢʩʠʯʥʠʭ ʜʦʤʽʰʦʢ ʧʨʠ ʜʽʾ 

ʚʫʛʣʝʮʴʚʤʽʱʫʶʯʦʛʦ ʘʜʩʦʨʙʝʥʪʫ ʟ ʣʫʰʧʠʥʥʷ ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ ʪʘ ʥʘʥʦʪʨʫʙʦʢ 

ʟʤʝʥʰʫʚʘʚʩʷ. 

ʆʢʠʩʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ ʻ ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʷʢʦʩʪʽ, 

ʪʦʤʫ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʢʠʩʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʟʨʘʟʢʽʚ ʧʨʦʜʫʢʪʫ ʧʦ 

ʧʨʦʧʦʥʦʚʘʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʘʜʩʦʨʙʮʽʾ ʡ ʜʝʟʦʜʦʨʦʚʘʥʦʾ ʩʦʥʷʯʥʦʾ ʦʣʽʾ ʚ ʷʢʦʩʪʽ 

ʢʦʥʪʨʦʣʶ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʦʢʠʩʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʟʨʘʟʢʽʚ ʦʣʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽʥʽʮʽʡʦʚʘʥʦʛʦ ʦʢʠʩʥʝʥʥʷ (70-75
0
ʉ) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʘʩ ʦʢʠʩʥʦʾ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʦʣʽʾ, ʦʪʨʠʤʘʥʦʾ ʧʦ ʨʦʟʨʦʙʣʝʥʦʤʫ ʩʧʦʩʦʙʫ ʘʜʩʦʨʙʮʽʾ, ʟʙʽʣʴʰʫʚʘʚʩʷ 

ʥʘ 55ʭʚʠʣʠʥ, ʧʨʠ ʯʦʤʫ ʰʚʠʜʢʽʩʪʴ ʜʠʬʫʟʽʾ ʢʠʩʣʦʨʦʜʫ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ 

ʟʤʝʥʰʫʚʘʣʘʩʴ ʚ 1,5 ʨʘʟʠ (ʪʘʙʣ..2). 

ʊʘʙʣʠʮʷ 2  

ɺʧʣʠʚ ʚʫʛʣʝʮʚʤʽʱʫʶʯʦʛʦ ʘʜʩʦʨʙʝʥʪʫ ʥʘ ʧʦʢʘʟʥʠʢʠ ʦʢʠʩʥʦʾ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ 

ɺʽʜʙʽʣʝʥʘ ʩʦʣʥʝʯʥʠʢʦʚʘ ʦʣʽʷ ʉʦʥʷʰʥʠʢʦʚʘ ʦʣʽʷ, ʢʦʥʪʨʦʣʴ  

ʇʝʨʝ- 

ʢʠʩʥʝ 

ʯʠʩʣʦ, 

ʤʤʦʣʴ 

İʆ/ʢʛ 

ɸʥ̔ʟʠ- 

ʜʠʥʦʚʝ 

ʯʠʩʣʦ, ʝʜ 

ʉʪʫʧ̔ʥʴ 

ʦʢʠʩʥ- 

ʥʦʩ̔ 

 

ʇʝʨʝʢʠʩʥʝ 

ʯʠʩʣʦ, 

ʤʤʦʣʴ 

İʆ/ʢʛ 

ɸʥ̔ʟʠ- 

ʜʠʥʦʚʝ 

ʯʠʩʣʦ, ʝʜ 

ʉʪʫʧ̔ʥʴ 

ʦʢʠʩʣʝʥ- 

ʥʦʩʪ ̔

 

ʏʘʩ ʟʙʝʨʽʛʘʥʥʷ 3 ʜʽʙ 

0,5 0,7 1,7 0,6 0,7 1,9 

ʏʘʩ ʟʙʝʨʽʛʘʥʥʷ 50 ʜʽʙ 

0,6 1,0 2,2 0,9 1,2 3,0 

ʏʘʩ ʟʙʝʨʽʛʘʥʥʷ 80 ʜʽʙ 

0,9 1,5 3,3 1,6 2,0 4,2 

ʏʘʩ ʟʙʝʨʽʛʘʥʥʷ 120 ʜʽʙ 

1,7 2,4 5,6 3,0 2,5 8,5 

 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʤʽʩʪ ʧʦʣʽʘʨʦʤʘʪʠʯʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʫ 

ʧʦʯʘʪʢʦʚʽʡ ʦʣʽʾ ʧʝʨʝʚʠʱʫʻ ʚʩʪʘʥʦʚʣʝʥʽ ʦʙʤʝʞʝʥʥʷ ʽ ʟʘ ʙʝʥʟ(ʘ)ʧʽʨʝʥʦʤ 2,68 

ʤʛ/ʢʛ ʧʨʦʪʠ ʥʦʨʤʘʪʠʚʫ 2,0 ʤʛ/ʢʛ, ʽ ʟʘ ʩʫʤʦʶ ʇɸɺ: 13,60 ʤʛ/ʢʛ (ʥʦʨʤʘʪʠʚ ʜʣʷ 

ʨʦʩʣʠʥʥʠʭ ʦʣʽʡ ʩʪʘʥʦʚʠʪʴ 10 ʤʛ/ʢʛ). ʋ ʦʙʨʦʙʣʝʥʳʡ ʩʦʥʷʰʥʠʢʦʚʽʡ ʦʣʽʡ 
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ʧʦʢʘʟʥʠʢʠ ʚʤʽʩʪʫ ʙʝʥʟ(ʘ)ʧʽʨʝʥʫ ï 1,38 ʤʛ/ʢʛ ʽ ʩʫʤʠ ʇɸɺ ï 7,93 ʤʛ/ʢʛ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʦʨʤʘʤ. 

 

ɺʠʩʥʦʚʢʠ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʣʝʮʚʤʽʱʶʶʯʦʛʦ ʘʜʩʦʨʙʝʥʪʫ ʟ ʣʫʰʧʠʥʥʷ 

ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ ʪʘ ʥʘʥʦʪʨʫʙʦʢ ʧʽʜ ʯʘʩ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʦʯʠʱʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 

ʧʦʪʨʽʙʥʠʡ ʩʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ ʧʦʣʽʘʨʦʤʘʪʠʯʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʟ ʩʦʥʷʰʥʠʢʦʚʦʾ 

ʦʣʽʾ, ʱʦ ʧʦʢʨʘʱʫʻ ʾʾ ʷʢʽʩʪʴ ʪʘ ʙʝʟʧʝʢʫ. 

ʃʽʪʝʨʘʪʫʨʘ. 
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ʈʆɿʈʆɹʂɸ ʄɽʊʆɼʀʂʀ ɺʀʇʈʆɹʋɺɸʅʔ ɹɽɿʇɯʃʆʊʅʀʍ ʃɯʊɸʃʔʅʀʍ 

ɸʇɸʈɸʊɯɺ ɼʃʗ ʇʆʐʋʂʋ ɺʀɹʋʍʆʅɽɹɽɿʇɽʏʅʀʍ ʇʈɽɼʄɽʊɯɺ 

 

ɾʫʨʘʭʦʚ ʆʣʝʢʩʽʡ ɺʘʩʠʴʦʚʠʯ 

ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ 

ɾʜʘʥʶʢ ʄʠʢʦʣʘ ʄʠʢʦʣʘʡʦʚʠʯ 

ʥʘʯʘʣʴʥʠʢ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʛʦ ʚʽʜʜʽʣʫ 

ʏʝʨʝʜʥʽʢʦʚ ʆʣʝʛ ʄʠʢʦʣʘʡʦʚʠʯ 

ʢʘʥʜ.ʪʝʭ.ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ 

ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ 

ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʩʝʨʪʠʬʽʢʘʮʽʾ ʦʟʙʨʦʻʥʥʷ ʪʘ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ 

ʤ. ʏʝʨʥʽʛʽʚ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ: ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʧʨʦʙʫʚʘʥʴ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ 

ʘʧʘʨʘʪʽʚ ʜʣʷ ʧʦʰʫʢʫ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʧʨʝʜʤʝʪʽʚ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʦʨʽʾ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʜʦʩʣʽʜʽʚ. ɿʘʟʥʘʯʝʥʦ, ʱʦ ʩʫʯʘʩʥʠʡ ʙʝʟʧʽʣʦʪʥʠʡ 

ʣʽʪʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ ʟ ʝʣʝʤʝʥʪʘʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʥʝʦʙʭʽʜʥʦ ʽʥʪʝʛʨʫʚʘʪʠ ʚ 

ʟʘʛʘʣʴʥʦʚʽʡʩʴʢʦʚʫ ʩʠʩʪʝʤʫ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʦʟʤʽʥʫʚʘʥʥʷ, ʚʠʙʫʭʦʚʦʥʝʙʝʟʧʝʯʥʽ ʧʨʝʜʤʝʪʠ, 

ʙʝʟʧʽʣʦʪʥʠʡ ʣʽʪʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ, ʤʘʪʝʤʘʪʠʯʥʝ ʧʣʘʥʫʚʘʥʥʷ ʜʦʩʣʽʜʽʚ. 

 

ɺʩʪʫʧ. ʉʢʣʘʜʥʽʩʪʴ ʛʣʦʙʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ ʨʦʟʤʽʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ ʪʘ 

ʦʙôʻʢʪʽʚ ʚʠʤʘʛʘʻ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʾʾ ʚʠʨʽʰʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʦʩʦʙʣʠʚʘ 

ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʟʘʙʝʟʧʝʯʝʥʥʶ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ ʧʨʦʮʝʩʽʚ 

ʨʦʟʤʽʥʫʚʘʥʥʷ, ʟʥʠʞʝʥʥʶ ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʢʠ ʪʘ ʟʤʝʥʰʝʥʥʶ 

ʚʘʨʪʦʩʪʽ ʨʦʙʽʪ ʟ ʨʦʟʤʽʥʫʚʘʥʥʷ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʨʦʟʤʽʥʫʚʘʥʥʷ ʧʦʰʫʢ ʪʘ ʚʠʷʚʣʝʥʥʷ 

ʚʠʙʫʭʦʚʦʥʝʙʝʟʧʝʯʥʠʭ ʧʨʝʜʤʝʪʽʚ (ɺʅʇ) ʟʘʡʤʘʻ ʟʥʘʯʥʝ ʪʘ ʚʽʜʧʦʚʽʜʘʣʴʥʝ ʤʽʩʮʝ. 

ʇʦʤʠʣʢʠ ʚʠʟʥʘʯʘʶʪʴ ʥʝ ʣʠʰʝ ʤʘʪʝʨʽʘʣʴʥʽ ʚʪʨʘʪʠ, ʘʣʝ ʡ ʣʶʜʩʴʢʽ ʞʝʨʪʚʠ. 

ʉʫʯʘʩʥʠʡ ʙʝʟʧʽʣʦʪʥʠʡ ʣʽʪʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ (ɹʧɸʂ) ʻ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʶ 

ʩʠʩʪʝʤʦʶ ʟ ʝʣʝʤʝʥʪʘʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʽʥʪʝʛʨʦʚʘʥʦʶ ʚ ʟʘʛʘʣʴʥʦʚʽʡʩʴʢʦʚʫ 

ʩʠʩʪʝʤʫ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟʜʘʪʝʥ ʚʠʨʽʰʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʟʘʚʜʘʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʟʝʤʥʦʾ (ʚʦʜʥʦʾ) ʧʦʚʝʨʭʥʽ. ʄʠ ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ ʤʝʪʦʜʠ ʪʘ 
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ʟʘʩʦʙʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʨʦʪʦʨʥʦʛʦ ʪʠʧʫ ʜʣʷ ʨʦʟʚʽʜʢʠ, ʚʠʷʚʣʝʥʥʷ ʤʽʥ ʪʘ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʥʠʱʝʥʥʷ, ʷʢ ʯʘʩʪʠʥʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ɹʧɸʂ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʧʽʜʛʦʪʦʚʢʘ ʘʣʛʦʨʠʪʤʫ ʪʘ ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ ʜʦʩʣʽʜʽʚ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʟʘʷʚʣʝʥʠʭ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹʇʃɸ ʟ ʨʦʟʨʦʙʢʦʶ 

ʨʝʛʨʝʩʠʚʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ 

ʩʧʦʯʘʪʢʫ ʩʬʦʨʤʫʣʶʚʘʪʠ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ 

ʚʠʟʥʘʯʠʪʠ ʧʦʨʷʜʦʢ 2
n
 ʤʦʜʝʣʽ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʧʽʜʭʦʜʽʚ ʻ ʨʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʠʭ 

ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʷʢʠʭ ʫ ʩʚʽʪʽ ʘʢʪʠʚʥʦ ʟʨʦʩʪʘʻ ʽ ʷʢʽ ʟʘ ʩʚʦʾʤʠ ʪʝʭʥʽʢʦ-ʪʘʢʪʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʚʽʜʢʠ, ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʥʠʱʝʥʥʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʧʨʝʜʤʝʪʽʚ (ɺʅʇ).  

ɺ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʽʡ ʜʦʢʫʤʝʥʪʘʮʽʾ ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ ʨʦʟʤʽʥʫʚʘʥʥʷ 

ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʦʙôʻʢʪʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʥʘʷʚʥʽʩʪʴ ɺʅʇ, ʟ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʡ 

ʦʯʠʱʝʥʥʷ (ʚʨʫʯʥʫ ʯʠ ʤʝʭʘʥʽʟʘʚʘʥʦ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʟʘʩʦʙʽʚ: ʤʽʥʦʰʫʢʘʯʽʚ, ʱʫʧʽʚ, ʦʧʪʠʯʥʠʭ ʟʘʩʦʙʽʚ ʨʦʟʚʽʜʢʠ, ʤʽʥʥʠʭ ʪʨʘʣʽʚ, ʟʘʨʷʜʽʚ 

ʨʦʟʤʽʥʫʚʘʥʥʷ, ʧʽʜʨʠʚʥʠʭ ʟʘʨʷʜʽʚ ʪʦʱʦ. 

ɺ ʩʪʘʥʜʘʨʪʘʭ ʽ ʥʦʨʤʘʭ ʟ ʄʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʧʨʦʪʠʤʽʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

(IMAS), ʦʯʠʱʝʥʥʷ ʚʽʜ ʤʽʥ ʪʘ ɺʅʇ ʚʚʘʞʘʻʪʴʩʷ ʚʩʴʦʛʦ ʣʠʰʝ ʦʜʥʽʻʶ ʩʢʣʘʜʦʚʦʶ 

ʯʘʩʪʠʥʦʶ ʧʨʦʮʝʩʫ ʨʦʟʤʽʥʫʚʘʥʥʷ (http://www.mineactionstandards.org/), ʪʦʤʫ 

ʧʦʪʨʽʙʥʘ ʢʦʤʧʣʝʢʩʥʘ ʦʮʽʥʢʘ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹʧɸʂ, ʾʭ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ, ʤʽʮʥʽʩʪʴ ʪʘ ʣʴʦʪʥʦ- ʪʝʭʥʽʯʥʽ ʭʘʨʘʢ 

ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʩʝʨʪʠʬʽʢʘʮʽʾ ʦʟʙʨʦʻʥʥʷ 

ʪʘ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ (ɼʅɼɯ ɺʉ ʆɺʊ) ʧʨʦʚʦʜʠʪʴ ʜʦʩʣʽʜʥʠʮʴʢʽ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʚʽʪʯʠʟʥʷʥʦʛʦ ʪʘ ʟʘʨʫʙʽʞʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʨʽʟʥʠʭ ʢʣʘʩʽʚ, ʢʘʪʝʛʦʨʽʡ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʈʠʩ.1). 
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ʈʠʩ. 1. ɻʽʙʨʠʜʥʘ ʧʣʘʪʬʦʨʤʘ ɹʇʃɸ, ʦʩʥʘʱʝʥʘ ʧʽʜʚʽʩʥʠʤ 

ʤʘʛʥʽʪʦʤʝʪʨʦʤ ʚ ʟʘʭʠʩʥʦʤʫ ʬʫʪʣʷʨʽ 

 

ʅʘʞʘʣʴ ʞʠʚʣʝʥʥʷ ʙʽʣʴʰʦʩʪʽ ɹʇʃɸ ʚʽʜ ʣʽʪʽʡ-ʽʦʥʥʠʭ (LiI) ʪʘ ʣʽʪʽʡ-

ʧʦʣʽʤʝʨʥʠʭ (LiPo) ʘʢʫʤʫʣʷʪʦʨʽʚ ʯʝʨʝʟ ʾʭ ʚʘʛʫ ʦʙʤʝʞʫʻ ʢʦʨʠʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʪʘ ʯʘʩ ʧʦʣʴʦʪʫ. ʉʝʨʝʜʥʽʡ ʯʘʩ ʧʦʣʴʦʪʫ ʛʝʢʩʘʢʦʧʪʝʨʘ ʟ ʢʦʨʠʩʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

ʤʝʥʰʝ 3 ʢʛ ʩʢʣʘʜʘʻ ʚʽʜ 15 ʜʦ 25 ʭʚʠʣʠʥ. ʎʷ ʪʨʠʚʘʣʽʩʪʴ ʧʦʣʴʦʪʫ, ʭʦʯʘ ʟʘʛʘʣʦʤ 

ʧʨʠʡʥʷʪʥʘ ʜʣʷ ʱʽʣʴʥʦʛʦ ʦʛʣʷʜʫ ʦʙʤʝʞʝʥʦʾ ʦʙʣʘʩʪʽ ʘʙʦ ʛʨʫʙʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʥʘ 

ʰʠʨʦʢʽʡ ʜʽʣʷʥʮʽ, ʻ ʥʝʧʨʦʧʦʨʮʽʡʥʦʶ, ʢʦʣʠ ʧʦʪʨʽʙʥʝ ʰʠʨʦʢʦʪʦʯʥʝ ʚʠʩʦʢʦʪʦʯʥʝ 

ʩʢʘʥʫʚʘʥʥʷ. ɼʫʞʝ ʚʘʞʣʠʚʦ, ʱʦʙ ʧʨʦʛʨʘʤʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʷʚʣʝʥʥʷʤ ɺʅʇ, 

ʚʠʤʘʛʘʣʠ ʱʽʣʴʥʠʭ ʤʘʛʥʽʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʥʠʟʴʢʽʡ ʚʠʩʦʪʽ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʜʦʩʪʘʪʥʶ ʪʦʯʥʫ ʚʠʙʽʨʢʫ ʜʣʷ ʘʥʘʣʽʟʫ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʭ ʤʝʪʘʣʝʚʠʭ ʧʨʝʜʤʝʪʽʚ. 

ʋʩʧʽʭ ʪʝʭʥʦʣʦʛʽʾ ɹʇʃɸ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʫʩʧʽʰʥʠʤʠ ʟʫʩʠʣʣʷʤʠ ʟ 

ʤʽʥʽʘʪʶʨʠʟʘʮʽʾ ʟʘʛʘʣʴʥʦʧʦʣʴʦʚʠʭ ʤʘʛʥʽʪʦʤʝʪʨʽʚ ʜʘʶʪʴ ʫʥʽʢʘʣʴʥʫ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʩʪʝʤʫ, ʚʩʪʘʥʦʚʣʝʥʫ ʥʘ ɹʇʃɸ, ʜʣʷ ʤʘʛʥʽʪʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʚʠʷʚʣʝʥʥʷ ɺʅʇ. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʷʢ ʟʘʨʫʙʽʞʥʠʭ, 

ʪʘʢ ʽ ʚʽʪʯʠʟʥʷʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʧʠʪʘʥʥʶ ʨʦʟʤʽʱʝʥʥʷ ʘʥʦʤʘʣʽʡ ʧʽʜ 
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ʟʝʤʣʝʶ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʝʣʠʢʘ ʫʚʘʛʘ. ɹʽʣʴʰʝ ʪʦʛʦ, ʥʘʡʙʽʣʴʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ 

ʚʠʷʚʣʝʥʥʽ ɺʇ ʧʦʢʘʟʘʣʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʤʝʪʦʜʠ. ʄʝʪʦʜ ʥʝʣʽʥʽʡʥʦʛʦ 

ʨʘʜʽʦʣʦʢʘʪʦʨʘ (ʅʈʃ) ʚʠʷʚʠʚʩʷ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ɺʅʇ. 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʚʝʨʪʠʢʘʣʴʥʦʾ 

ʯʫʪʣʠʚʦʩʪʽ MFAM ʜʦ ʤʘʛʥʽʪʥʦʾ ʘʥʦʤʘʣʽʾ, ʛʝʥʝʨʦʚʘʥʦʾ ʦʜʥʠʤ ʚʠʪʢʦʤ BM-21 

UXO, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʨʫʙʫ, ʟʘʧʦʚʥʝʥʫ ʙʝʪʦʥ 3 ʤ, ʩʭʦʞʠʡ ʟʘ ʚʘʛʦʶ, 

ʜʦʚʞʠʥʦʶ ʪʘ ʚʤʽʩʪʦʤ ʤʝʪʘʣʫ ʥʘ 122-ʤʤ ʢʦʤʧʦʟʠʪʥʠʡ ʢʨʫʛʣʠʡ ɹʄ-21, ʷʢʠʡ 

ʟʘʟʚʠʯʘʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʥʘʨʷʜʘ ʪʘ ʤʝʪʘʣʝʚʦʾ ʦʩʢʦʣʢʦʚʦʾ ʢʦʪʫʰʢʠ, ʥʘʤʦʪʘʥʦʾ ʥʘ 

ʚʥʫʪʨʽʰʥʽʡ ʩʪʽʥʮʽ (ʈʠʩ. 2ʘ).  

 ʘ)  

ʙ)     ʚ)   

ʈʠʩ. 2. ʂʦʥʩʪʨʫʢʮʽʷ ʪʝʩʪʦʚʦʛʦ ʟʨʘʟʢʘ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫ 

ʤʘʛʥʽʪʥʫ ʯʫʪʣʠʚʽʩʪʴ (ʘ) ʽ ʚʠʤʽʨʶʚʘʥʥʷ ʜʽʘʤʝʪʨʫ (ʙ) ʪʘ ʜʦʚʞʠʥʠ (ʚ). 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʩʪʫʧʽʥʴ ʦʧʨʘʮʶʚʘʥʥʷ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ ʜʦʩʣʽʜʞʝʥʴ 

ʩʚʽʜʯʠʪʴ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʨʦʙʽʪ, ʱʦ ʧʨʠʩʚʷʯʝʥʽ ʨʽʟʥʠʤ ʘʩʧʝʢʪʘʤ 

ʩʪʚʦʨʝʥʥʷ ʽ ʮʽʣʴʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ɹʇʃɸ ʋ ʥʠʭ ʫ ʪʦʤʫ ʯʠʩʣʽ ʨʦʟʛʣʷʥʫʪʽ 

ʧʠʪʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 
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ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝ ʚʨʘʭʦʚʫʚʘʣʠ ʡʤʦʚʽʨʥʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘ ʚʠʤʦʛʠ 

ʢʝʨʽʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʱʦʜʦ ʷʢʦʩʪʽ ʨʦʟʤʽʥʫʚʘʥʥʷ, ʥʝ ʽʩʥʫʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ 

ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ ʱʦʜʦ ʚʠʷʚʣʝʥʥʷ ɺʈ ʟ 

ʜʠʩʪʘʥʮʽʡʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʟ ʜʠʩʪʘʥʮʽʡʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ɼʣʷ ʦʪʨʠʤʘʥʥʷ 

ʘʜʝʢʚʘʪʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʩʣʽʜ ʧʦʧʝʨʝʜʥʴʦ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʚʩʽ ʯʠʥʥʠʢʠ ʪʘ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ ʚʠʟʥʘʯʠʪʠ ʾʭ 

ʟʥʘʯʫʱʽʩʪʴ ʪʘ ʽʥʪʝʨʚʘʣʠ ʚʘʨʽʶʚʘʥʥʷ.  

ɺ ʷʢʦʩʪʽ ʟʥʘʯʫʱʠʭ ʬʘʢʪʦʨʽʚ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ ʜʦʩʣʽʜʽʚ 

ʚʠʟʥʘʯʝʥʦ ʰʚʠʜʢʽʩʪʴ ʽ ʚʠʩʦʪʫ ʩʢʘʥʫʚʘʥʥʷ, ʢʣʽʤʘʪʠʯʥʽ ʚʧʣʠʚʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʛʥʽʪʦʤʝʪʨʫ ʪʦʱʦ. ʊʘʢ ʨʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʥʘ ʛʨʘʬʽʢʫ (ʈʠʩ. 3), ʜʝ ʘʙʩʮʠʩʩʘ ʚʽʜʦʙʨʘʞʘʻ ʟʤʽʥʫ ʚʠʩʦʪʠ, ʘ ʦʨʜʠʥʘʪʘ ʨʝʻʩʪʨʫʻ 

ʟʘʛʘʣʴʥʫ ʤʘʛʥʽʪʥʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʤʘʛʥʽʪʦʤʝʪʨʫ. ʗʢ ʽ ʩʣʽʜ ʙʫʣʦ ʦʯʽʢʫʚʘʪʠ, 

ʤʘʛʥʽʪʥʘ ʘʥʦʤʘʣʽʷ ʙʫʣʘ ʥʘʡʙʽʣʴʰ ʚʠʨʘʞʝʥʦʶ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘʜ ʟʤʦʜʝʣʴʦʚʘʥʠʤ 

ʪʝʩʪʦʚʠʤ ʟʨʘʟʢʦʤ, ʘ ʾʾ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʩʽʶʚʘʣʘʩʷ ʟʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ ʜʦ ʧʦʚʥʦʛʦ ʟʥʠʢʥʝʥʥʷ ʥʘ ʚʠʩʦʪʽ ʙʣʠʟʴʢʦ 20 ʤ ʥʘʜ ʟʝʤʣʝʶ. 

 

 

 

ʈʠʩ. 3. ʌʨʘʛʤʝʥʪ (ʩʢʨʽʥʰʦʪ) ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʾ ʚʠʩʦʪʠ ʩʢʘʥʫʚʘʥʥʷ . 
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ɺʠʧʨʦʙʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʧʣʘʪʬʦʨʤʠ ʦʙʩʪʝʞʝʥʥʷ ʪʘ ʘʣʛʦʨʠʪʤʽʚ 

ʚʠʷʚʣʝʥʥʷ ʦʙʨʦʙʢʠ ʥʘ ʨʝʘʣʴʥʦʤʫ ʧʦʣʽʛʦʥʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʚʠʩʦʢʦʪʦʯʥʽ 

ʘʝʨʦʤʘʛʥʽʪʥʽ ʟʡʦʤʢʠ ʥʘ ʦʩʥʦʚʽ ɹʇʃɸ ʤʦʞʫʪʴ ʤʘʪʠ ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʠʡ ʝʬʝʢʪ 

ʧʨʠ ʦʮʽʥʮʽ ʚʝʣʠʢʠʭ ʪʝʨʠʪʦʨʽʡ, ʱʦ ʧʦʩʪʨʘʞʜʘʣʠ ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ɺʅʇ. ʇʽʩʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʦʙʩʪʝʞʝʥʥʷ ʪʘ 

ʧʦʣʴʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʽʡʰʣʠ ʜʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʤʘʩʰʪʘʙʥʠʭ 

ʦʙʩʪʝʞʝʥʴ, ʩʧʝʮʽʘʣʴʥʦ ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʠʷʚʣʝʥʥʷ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʶ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ 122-ʤʤ ʨʘʢʝʪ ɺʅʇ ɹʄ-21. 

ʋʩʧʽʰʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʤʝʪʦʜʦʣʦʛʽʾ ʚʠʷʚʣʝʥʥʷ ɺʅʇ ʤʦʞʝ ʙʫʪʠ 

ʦʙʤʝʞʝʥʠʤ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʠʩʦʢʦʾ ʨʦʩʣʠʥʥʦʩʪʽ. ʅʘ ʥʘʜʽʡʥʽʩʪʴ ʜʘʥʠʭ ʤʦʞʫʪʴ 

ʚʧʣʠʚʘʪʠ ʫʤʦʚʠ ʤʽʩʮʷ, ʚʢʣʶʯʘʶʯʠ ʛʝʦʣʦʛʽʶ ˇʨʫʥʪʫ, ʥʘʷʚʥʽʩʪʴ ʤʝʪʘʣʦʙʨʫʭʪʫ, 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʪʘ ʪʦʧʦʛʨʘʬʽʶ, ʱʦ ʤʦʞʝ ʩʧʦʪʚʦʨʠʪʠ ʧʝʚʥʽ ʧʘʨʘʤʝʪʨʠ ʛʣʠʙʠʥʠ, 

ʢʦʦʨʜʠʥʘʪʠ ʪʘ ʫʩʧʽʰʥʫ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʅɺʂ. 

ʄʦʞʣʠʚʦ, ʥʘʡʛʦʣʦʚʥʽʰʝ, ʱʦ ʜʽʣʷʥʢʠ ʽʟ ʫʨʘʞʝʥʦʶ ʨʦʩʣʠʥʥʽʩʪʶ ʚʠʩʦʪʦʶ 

ʧʦʥʘʜ 10 ʤ ʟʤʫʩʷʪʴ ʜʘʪʯʠʢ ʧʽʜʥʽʤʘʪʠʩʷ ʟʘ ʤʝʞʽ ʝʬʝʢʪʠʚʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʩʠʩʪʝʤʠ 

ʦʙʩʪʝʞʝʥʥʷ. ʅʘʨʝʰʪʽ, ʜʫʞʝ ʤʽʥʣʠʚʘ ʪʦʧʦʛʨʘʬʽʷ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʛʦ ʨʦʟʛʣʷʜʫ 

ʪʘ ʪʦʯʥʦʛʦ ʢʦʥʪʫʨʫ ʤʽʩʮʝʚʦʩʪʽ ɹʇʃɸ, ʱʦʙ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʦʩʪʽʡʥʫ ʚʠʩʦʪʫ 

ʜʘʪʯʠʢʘ ʥʘʜ ʨʽʚʥʝʤ ʟʝʤʣʽ. ɺʝʣʠʢʽ ʧʨʠʧʦʚʝʨʭʥʝʚʽ ʧʨʠʨʦʜʥʽ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʽ 

ʤʘʛʥʽʪʥʽ ʘʥʦʤʘʣʽʾ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʷʪʠ ʩʪʨʫʢʪʫʨʥʽ ʘʙʦ ʨʫʡʥʽʚʥʽ ʧʝʨʝʰʢʦʜʠ ʚ 

ʤʘʛʥʽʪʥʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ, ʫʩʢʣʘʜʥʶʶʯʠ ʧʦʯʘʪʢʦʚʠʡ ʘʥʘʣʽʟ. 

ʅʘʡʙʣʠʞʯʠʤ ʯʘʩʦʤ ʤʠ ʩʧʦʜʽʚʘʻʤʦʩʴ ʧʨʦʚʝʩʪʠ ʜʦʜʘʪʢʦʚʽ ʧʦʚʥʦʤʘʩʰʪʘʙʥʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʣʘʪʬʦʨʤʠ 

ɹʇʃɸ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʧʨʝʜʤʝʪʽʚ ʪʘ ʤʘʛʥʽʪʥʠʭ 

ʨʦʟʣʘʜʽʚ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʦʪʨʠʤʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʥʘʰʽ ʤʘʩʠʚʠ 

ʜʘʥʠʭ, ʚʠʢʦʨʠʩʪʘʻʤʦ ʤʝʪʦʜʠ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʷʢʽ ʦʩʥʦʚʘʥʽ ʥʘ ʪʦʤʫ, ʱʦ ʤʘʩʠʚ 

ʜʘʥʠʭ ʟʘʤʽʥʠʤʦ ʧʨʦʩʪʦʶ ʬʫʥʢʮʽʻʶ ʣʽʥʽʡʥʦʾ ʘʙʦ ʢʚʘʜʨʘʪʠʯʥʦʶ ʨʝʛʨʝʩʽʾ, ʷʢʘ ʥʝ 

ʦʙʦʚôʷʟʢʦʚʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʩʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʦʯʢʠ, ʘʣʝ ʦʧʠʩʫʻ ʪʝʥʜʝʥʮʽʾ 

ʟʤʽʥʠ ʮʠʭ ʜʘʥʠʭ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʫʤ ʩʫʤʠ ʢʚʘʜʨʘʪʽʚ ʚʽʜʭʠʣʝʥʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚʽʜ ʮʽʻʾ ʬʫʥʢʮʽʾ.  
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ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʠʡ 

ʧʽʜʭʽʜ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ ʱʦʜʦ ʧʦʰʫʢʫ ʪʘ ʚʠʷʚʣʝʥʥʷ 

ɺʅʇ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʥʘʙʽʨ ʧʨʦʮʝʜʫʨ ʪʘ ʨʦʟʨʦʙʣʝʥʽ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ 

ʤʦʜʝʣʽ ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʩʝʙʽʯʥʦ ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʠʤʦʛʠ ʜʦ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɹʇʃɸ ʪʘ ʧʦʢʘʟʥʠʢʠ ʨʝʞʠʤʽʚ ʩʢʘʥʫʚʘʥʥʷ.  
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ɺʀɻʆʊʆɺʃɽʅʅʗ ʄɯʂʈʆʊɽʇʃʆɺʀʍ ʊʈʋɹ ɿ ʄɯɼʅʀʍ ɻɸɿɸʈɯɺ 

 

ʂʘʨʧʦʚ ɺʦʣʦʜʠʤʠʨ ʖʨʽʡʦʚʠʯ 

ʜ.ʪ.ʥ., ʧʨʦʬ. 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʾ, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. 

ʈʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʠʪʠʭ ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʽ 

ʩʪʨʫʢʪʫʨʦʶ ʛʘʟʘʨʘ ʚ ʷʢʦʩʪʽ ʤʽʢʨʦ ʢʘʧʽʣʷʨʥʠʭ ʪʝʧʣʦʚʠʭ ʪʨʫʙ. ʇʦʢʘʟʘʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʨʘʟʢʽʚ ʟ ʤʦʥʦʣʽʪʥʦʾ ʤʽʜʽ ʪʘ ʤʽʜʥʠʭ 

ʛʘʟʘʨʽʚ ʟʘʧʦʚʥʝʥʠʭ ʨʽʜʠʥʦʶ, ʱʦ ʧʝʨʝʥʦʩʠʪʴ ʪʝʧʣʦ ʮʝ ʚʦʜʘ ʪʘ ʩʧʠʨʪ. ʅʘʚʝʜʝʥʦ 

ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʚʝʣʠʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʘ 

ʪʝʧʣʦʚʠʤʠ ʪʨʫʙʘʤʠ ʥʘ ʙʘʟʽ ʛʘʟʘʨʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʦʥʦʣʽʪʥʦʶ ʤʽʜʜʶ ʚ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ ʜʦ 150
0
ʉ. 

ʄʝʪʘ ʨʦʙʦʪʠ. 

ʉʫʯʘʩʥʽ ʚʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʪʘ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʙʝʟʧʝʨʝʨʚʥʦ ʟʨʦʩʪʘʶʪʴ. ʇʦʪʨʽʙʥʽ ʩʠʩʪʝʤʠ 

ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ ʪʘ ʭʦʣʦʜʠʣʴʥʠʢʠ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʪʘ ʚʝʣʠʢʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʶ, ʙʘʞʘʥʦ ʧʣʦʩʢʽ ʷʢʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʩʫʚʦʨʦʾ ʦʨʽʻʥʪʘʮʽʾ ʫ ʧʨʦʩʪʦʨʽ. 

ʊʝʧʣʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʩʥʫʶʯʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʦʙʤʝʞʫʶʪʴʩʷ 

ʥʝʜʦʩʪʘʪʥʽʤ ʨʽʚʥʝʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ. ʆʜʥʠʤ ʽʟ 

ʰʣʷʭʽʚ ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʝʨʝʥʝʩʝʥʥʷ ʧʨʠʭʦʚʘʥʦʾ ʪʝʧʣʦʪʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʽʜʠʥʠ, ʪʦʙʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ ʪʝʧʣʦʚʠʭ ʪʨʫʙ. 

ʋ ʣʽʪʝʨʘʪʫʨʽ ʻ ʜʘʥʽ, ʱʦ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʘʤʽʘʢʫ ʷʢ ʪʝʧʣʦʥʦʩʽʡ ʽ ʨʦʟʤʽʨʘʭ ʪʝʧʣʦʚʦʾ ʪʨʫʙʠ ʜʽʘʤʝʪʨʦʤ ~ 1ʩʤ ʽ ʜʦʚʞʠʥʦʶ 

~1ʤ ʾʾ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʤʽʜʥʦʛʦ ʩʪʨʠʞʥʷ 

ʪʘʢʠʭ ʞʝ ʨʦʟʤʽʨʽʚ ʜʦ ~ 1000 ʨʘʟʽʚ [1,2]. ʊʦʙʪʦ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʧʝʨʝʧʘʜʘʭ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʚʘ ʪʨʫʙʘ ʧʝʨʝʜʘʻ ~1000 ʨʘʟʽʚ ʙʽʣʴʰʠʡ ʧʦʪʽʢ ʪʝʧʣʘ, ʥʽʞ 

ʤʽʜʥʠʡ ʩʪʨʠʞʝʥʴ. 
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ʗʢʱʦ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʚʝʣʠʢʫ ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʶ ʪʝʧʣʦʦʙʤʽʥʫ ʫ 

ʚʠʛʣʷʜʽ ʨʷʜʫ ʪʦʥʢʠʭ, ʜʦʚʛʠʭ ʽ ʚʫʟʴʢʠʭ ʧʣʘʩʪʠʥ, ʨʦʟʜʽʣʝʥʠʭ ʚʫʟʴʢʠʤʠ ʟʘʟʦʨʘʤʠ ʽ 

ʧʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʠʪʠ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʚʙʫʜʦʚʘʥʠʭ ʚ ʧʣʘʩʪʠʥʠ 

ʪʝʧʣʦʚʠʭ ʪʨʫʙ, ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʧʣʦʚʽ ʤʽʢʨʦʪʨʫʙʢʠ, ʚʠʧʘʨʥʠʢ ʘʙʦ 

ʢʦʥʜʝʥʩʘʪʦʨ ʷʢʠʭ ʧʦʤʽʱʘʻʪʴʩʷ ʚ ʪʦʥʢʫ ʧʣʘʩʪʠʥʫ. 

ɼʣʷ ʮʠʭ ʮʽʣʝʡ ʧʽʜʭʦʜʠʪʴ ʥʦʚʠʡ ʤʘʪʝʨʽʘʣ - ʛʘʟʘʨ, ʱʦ ʤʘʻ ʦʜʥʦʨʽʜʥʫ 

ʩʪʨʫʢʪʫʨʫ ʛʘʟʦʢʨʠʩʪʘʣʽʯʥʠʭ ʢʦʣʦʥʽʡ, ʚ ʷʢʦʤʫ ʤʝʪʘʣʝʚʘ ʤʘʪʨʠʮʷ, ʧʨʦʥʠʟʘʥʘ 

ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʧʦʨʘʤʠ, ʨʦʟʤʽʨʘʤʠ ʷʢʠʭ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʚ ʧʨʦʮʝʩʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

(ʤʘʣ.1) [3,4]. ɼʣʷ ʮʽʻʾ ʤʝʪʠ ʜʽʘʤʝʪʨ ʢʘʧʽʣʷʨʽʚ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʚʽʜ 10 ʜʦ 

1000 ʤʢʤ (ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʦ 5000 ʤʢʤ). ʈʘʥʽʰʝ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʘʣʠ ʧʽʜʚʠʱʝʥʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʛʘʟʘʨʽʚ ʥʘʚʽʪʴ ʽʟ ʟʘʤʢʥʫʪʠʤʠ ʧʦʨʘʤʠ, ʜʝ 

ʪʝʧʣʦʥʦʩʽʻʤ ʚʠʩʪʫʧʘʚ ʚʠʩʦʢʦ ʪʝʧʣʦʧʨʦʚʽʜʥʠʡ ʛʘʟ - ʚʦʜʝʥʴ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʧʦʨʘʭ 

[4-6]. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʴ. 

ɹʫʣʦ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʧʨʠʜʘʪʥʽʩʪʴ ʤʽʜʥʠʭ ʛʘʟʘʨʽʚ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ 

ʤʽʢʨʦʪʝʧʣʦʚʽ ʪʨʫʙʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ ʟ ʧʽʜʚʠʱʝʥʠʤʠ 

ʪʝʧʣʦʧʨʦʚʽʜʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽʡ ʪʝʭʥʽʮʽ. ʊʘʢʽ 

ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʜʦʟʚʦʣʠʣʠ ʙ ʧʦʤʽʪʥʦ ʫʱʽʣʴʥʠʪʠ ʤʦʥʪʘʞ 

ʚʠʨʦʙʽʚ, ʧʦʢʨʘʱʠʪʠ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʙʘʛʘʪʦ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ.  

ʆʩʥʦʚʥʘ ʩʝʨʽʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʙʫʣʘ 

ʧʨʦʚʝʜʝʥʘ ʟʘ ʩʭʝʤʦʶ, ʢʦʣʠ ʢʘʧʽʣʷʨʠ (ʧʦʨʠ) ʫ ʛʘʟʦʥʽ ʦʨʽʻʥʪʫʚʘʣʠʩʷ ʚʝʨʪʠʢʘʣʴʥʦ 

(ʤʘʣ. 2). ʇʨʠ ʮʴʦʤʫ ʧʦʨʽʚʥʶʚʘʣʠ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʛʘʟʘʨʽʚ, ʟʘʧʦʚʥʝʥʠʭ ʨʽʟʥʠʤʠ 

ʪʝʧʣʦʥʦʩʽʷʤʠ, ʪʘ ʟʨʘʟʢʽʚ ʟ ʤʦʥʦʣʽʪʥʦʾ ʤʽʜʽ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ ʟʨʘʟʢʘ ʧʽʜʚʦʜʠʣʦʩʷ 

ʪʝʧʣʦ ʧʝʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʬʽʢʩʫʚʘʣʘʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʨʘʟʢʘ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ 

ʟʨʘʟʢʘ ʪʝʧʣʦ ʚʽʜʚʦʜʠʣʦʩʷ ʽ ʪʘʢʦʞ ʬʽʢʩʫʚʘʣʘʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʨʘʟʢʘ. 

ɿʨʘʟʦʢ ʤʽʢʨʦʪʝʧʣʦʚʦʾ ʪʨʫʙʠ ʟ ʤʽʜʥʦʛʦ ʛʘʟʘʪʦʨʘ ʚʠʛʦʪʦʚʣʷʣʠ ʚ ʪʘʢʠʡ 

ʩʧʦʩʽʙ. ʇʣʘʩʪʠʥʫ ʟ ʤʽʜʥʦʛʦ ʛʘʟʘʪʦʨʘ ʨʦʟʤʽʨʘʤʠ 15 ʭ 15 ʭ 5 ʤʤ ʦʧʘʶʚʘʣʠ ʤʽʜʥʦʶ 

ʬʦʣʴʛʦʶ ʪʦʚʱʠʥʦʶ 0,05 ʤʤ ʽ ʟʘʧʦʚʥʶʚʘʣʠ ʪʝʧʣʦʥʦʩʽʻʤ. ʗʢ ʪʝʧʣʦʥʦʩʽʡ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʦʜʫ ʪʘ 96% ʝʪʠʣʦʚʠʡ ʩʧʠʨʪ. ɺʽʜʩʦʪʦʢ ʟʘʧʦʚʥʝʥʥʷ ʢʘʧʽʣʷʨʽʚ 
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(ʧʦʨ) ʛʘʟʘʨʘ ʪʝʧʣʦʥʦʩʽʻʤ ʩʪʘʥʦʚʠʚ 15%. ɿʨʘʟʦʢ ʧʦʨʽʚʥʷʥʥʷ ʚʠʛʦʪʦʚʣʷʣʠ ʟ 

ʚʽʜʧʘʣʝʥʦʾ ʤʽʜʽ ʟ ʪʘʢʠʤʠ ʩʘʤʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʨʦʟʤʽʨʘʤʠ. ɼʦ ʟʨʘʟʢʽʚ 

ʧʽʜʚʦʜʠʣʠ ʪʝʧʣʦ ʧʦʪʫʞʥʽʩʪʶ ʪʨʴʦʭ ʬʽʢʩʦʚʘʥʠʭ ʚʝʣʠʯʠʥ ï 1,5; 3; 6 ɺʪ/ʩʤ
2
. ɺ 

ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʤʽʨʶʚʘʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ ʰʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʘ ʟ 

ʙʦʢʫ ʧʽʜʚʝʜʝʥʥʷ ʪʘ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ. ʊʝʤʧʝʨʘʪʫʨʫ ʬʽʢʩʫʚʘʣʠ ʍʂ ʪʝʨʤʦʧʘʨʘʤʠ 

ʪʘ ʟʘʧʠʩʫʚʘʣʠ ʾʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʪʝʥʮʽʦʤʝʪʨʘ ʂʉʇ-4. 

 

                            ʘ ʭ100                                    ʙ ʭ5 

ʈʠʩ. 1. ʘ -ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʽ ʙ - ʧʦʟʜʦʚʞʥʽʡ ʤʘʢʨʦʰʣʽʬ ʛʘʟʘʨʘ 

Q  , T2 2

Q  , T1 1  

ʈʠʩ. 2. ʉʭʝʤʘ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ ʟʨʘʟʢʘ ʟ ʤʽʜʥʦʛʦ 

ʛʘʟʘʨʫ ʟ ʚʝʨʪʠʢʘʣʴʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʧʽʨ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʤʽʢʨʦʪʝʧʣʦʚʦʾ ʪʨʫʙʠ ʟ 

ʛʘʟʘʨʽʚ ʚʧʣʠʚʘʻ ʥʝ ʪʽʣʴʢʠ ʪʝʧʣʦʥʦʩʽʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʘʣʝ ʽ ʚʝʣʠʯʠʥʘ 

ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʥʠʭ (ʤʘʣ. 3). 

ɸʥʘʣʽʟ ʢʨʠʚʠʭ ʥʘʛʨʽʚʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʟ ʤʦʥʦʣʽʪʥʦʾ ʤʽʜʽ ʪʘ 

ʤʽʢʨʦʪʝʧʣʦʚʠʭ ʪʨʫʙ ʟ ʤʽʜʥʠʭ ʛʘʟʘʨʽʚ ʟ ʨʽʟʥʠʤʠ ʥʦʩʽʷʤʠ ʧʦʢʘʟʘʚ, ʱʦ ʚ ʤʽʨʫ 

ʟʙʽʣʴʰʝʥʥʷ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ, ʜʦ ʟʨʘʟʢʽʚ ʟ'ʷʚʣʷʻʪʴʩʷ ʚʠʜʠʤʘ 

ʚʽʜʤʽʥʥʽʩʪʴ ʫ ʭʦʜʽ ʮʠʭ ʢʨʠʚʠʭ.  
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ʈʠʩ. 3. ʂʨʠʚʽ ʥʘʛʨʽʚʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʤʦʥʦʣʽʪʥʠʭ ʤʽʜʥʠʭ ʟʨʘʟʢʽʚ ʽ 

ʛʘʟʘʨʽʚ ʟ ʚʝʨʪʠʢʘʣʴʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʧʦʨ ʧʨʠ ʨʽʟʥʠʭ ʪʝʧʣʦʚʠʭ 

ʧʦʪʫʞʥʦʩʪʷʭ, ʱʦ ʧʽʜʚʦʜʷʪʴʩʷ (ʘ, ʙ, ʚ ï ʚʽʜʧʦʚʽʜʥʦ 1,5; 3; 6 ɺʪ/ʩʤ2) ʪʘ 

ʩʝʨʝʜʦʚʠʱʘʭ ʚ ʪʝʧʣʦʚʠʭ ʪʨʫʙʘʭ: 1 ï ʤʦʥʦʣʽʪʥʠʡ ʟʨʘʟʦʢ, 2-ʛʘʟʘʨ ʟ 

ʥʘʧʦʚʥʶʚʘʯʝʤ ʚʦʜʘ, 3 - ʛʘʟʘʨ ʟ ʥʘʧʦʚʥʶʚʘʯʝʤ ʩʧʠʨʪ 

ɼʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʤʦʥʦʣʽʪʥʠʡ ʟʨʘʟʦʢ 

ʥʘʛʨʽʚʘʚʩʷ ʰʚʠʜʰʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 40, 70, 100
ʦ
ʉ ʚʽʜʧʦʚʽʜʥʦ ʟʘ 10, 5 ʽ 6 ʭʚ. ɿʨʘʟʦʢ 

ʤʽʢʨʦʪʝʧʣʦʚʦʾ ʪʨʫʙʠ ʟ ʛʘʟʘʨʫ ʟ ʚʦʜʷʥʠʤ ʪʝʧʣʦʥʦʩʽʻʤ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʪʝʧʣʦʚʽʡ 

ʧʦʪʫʞʥʦʩʪʽ (1,5 ɺʪ/ʩʤ
2
), ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ, ʥʝ ʜʦʩʷʛ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʘ ʟʽ 

ʩʧʠʨʪʦʚʠʤ ʪʝʧʣʦʥʦʩʽʻʤ ʥʝ ʥʘʛʨʽʚʩʷ ʥʘʚʽʪʴ ʜʦ 30
ʦ
ʉ. ʇʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ 

ʟʥʘʯʝʥʥʷʭ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʧʽʜʚʦʜʠʣʠʩʷ (3 ɺʪ/ʩʤ
2
 ʽ 6 ɺʪ/ʩʤ

2
) ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ 
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ʯʝʨʝʟ ʛʘʟʘʨʠ ʟʨʦʩʪʘʻ ʙʽʣʴʰʦʶ ʤʽʨʦʶ, ʥʽʞ ʯʝʨʝʟ ʧʣʘʩʪʠʥʫ ʟ ʤʦʥʦʣʽʪʥʦʛʦ ʤʝʪʘʣʫ ʽ 

ʧʦʪʨʽʙʥʦ ʙʽʣʴʰʝ ʯʘʩʫ ʜʣʷ ʡʦʛʦ ʚʠʭʦʜʫ ʥʘ ʟʘʜʘʥʫ ʪʝʤʧʝʨʘʪʫʨʫ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʪʝ, ʱʦ ʟʨʘʟʢʠ ʤʽʢʨʦʪʝʧʣʦʚʠʭ ʪʨʫʙ ʽʟ ʛʘʟʘʨʽʚ ʧʨʦʚʦʜʷʪʴ ʪʝʧʣʦ ʟʥʘʯʥʦ 

ʽʥʪʝʥʩʠʚʥʽʰʝ (ʤʘʶʪʴ ʙʽʣʴʰʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ), ʥʽʞ ʘʥʘʣʦʛʽʯʥʽ ʤʦʥʦʣʽʪʥʽ 

ʤʝʪʘʣʝʚʽ ʟʨʘʟʢʠ. 

ʇʨʦ ʮʝ ʩʚʽʜʯʠʪʴ ʚʝʣʠʯʠʥʘ ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʢʽʥʮʷʭ ʟʨʘʟʢʘ ȹʊ, ʷʢʘ 

ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʤʦʥʦʣʽʪʥʦʛʦ ʟʨʘʟʢʘ ʤʽʜʽ ʜʦ ʟʨʘʟʢʘ ʤʽʢʨʦʪʝʧʣʦʚʦʾ 

ʪʨʫʙʠ ʟ ʤʽʜʥʦʛʦ ʛʘʟʘʨʫ ʟ ʚʦʜʷʥʠʤ ʽ ʜʘʣʽ ʜʦ ʛʘʟʘʨʫ ʟʽ ʩʧʠʨʪʦʚʠʤʠ ʪʝʧʣʦʥʦʩʽʷʤʠ 

(ʪʘʙʣʠʮʷ 1). 

ʆʯʝʚʠʜʥʦ, ʱʦ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʤʽʢʨʦʪʝʧʣʦʚʦʾ ʪʨʫʙʠ ʟ ʤʽʜʥʦʛʦ ʛʘʟʘʨʫ 

ʥʘʚʽʪʴ ʧʨʠ ʤʘʣʽʡ ʪʦʚʱʠʥʽ ʟʨʘʟʢʽʚ (5 ʤʤ) ʙʽʣʴʰ ʥʽʞ ʫʜʚʽʯʽ ʚʠʱʝ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʦʥʦʣʽʪʥʦʛʦ ʟʨʘʟʢʘ ʟ ʤʽʜʽ. ʋ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʟʨʘʟʢʘ 

ʮʷ ʨʽʟʥʠʮʷ ʤʦʞʝ ʟʨʦʩʪʘʪʠ ʙʘʛʘʪʦʨʘʟʦʚʦ (ʜʦ 1000 ʽ ʙʽʣʴʰʝ ʨʘʟʽʚ). 

ʊʘʙʣʠʮʷ 1. 

ɿʤʽʥʘ ʚʝʣʠʯʠʥʠ ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʢʽʥʮʷʭ ʟʨʘʟʢʽʚ ȹʊ (
o
C) 

ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ, ʤʘʪʝʨʽʘʣʫ ʪʝʧʣʦʧʨʦʚʦʜʫ ʽ 

ʪʝʧʣʦʥʦʩʽʷ. 

ʄʘʪʝʨʽʘʣ 

ʪʝʧʣʦʧʨʦʚʦʜʫ\ʪʝʧʣʦʥʦʩʽʡ 

ʇʽʜʚʦʜʠʤʘ ʪʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ, 

ɺʪ/ʩʤ
2
 

1,5 3 6 

ȹʊ (
o
C) 

ʄʦʥʦʣʽʪʥʘʷ ʤʽʜʴ 6 19 35 

ʄʽʜʥʠʡ ʛʘʟʘʨ\ʚʦʜʘ 2,5 10,5 19 

ʄʽʜʥʠʡ ʛʘʟʘʨ \ʩʧʠʨʪ 2,5 9,5 16,5 

 

ɺʠʩʥʦʚʢʠ. 

1. ɼʦʩʣʽʜʞʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʚʝʣʠʯʠʥʠ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ 

ʧʽʜʚʦʜʠʪʴʩʷ, ʚʠʜʫ ʪʝʧʣʦʥʦʩʽʷ ʚ ʤʽʢʨʦʪʝʧʣʦʚʠʭ ʪʨʫʙʘʭ ʽʟ ʤʽʜʥʠʭ ʛʘʟʘʨʽʚ ʥʘ ʾʭ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. 
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2. ʇʦʢʘʟʘʥʦ ʧʝʨʝʚʘʛʫ ʨʽʜʠʥʠ ʟ ʥʠʟʴʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʢʠʧʽʥʥʷ (ʩʧʠʨʪ) ʱʦ 

ʧʝʨʝʥʦʩʠʪʴ ʪʝʧʣʦ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʦʜʠ. 

3. ɼʦʚʝʜʝʥʦ ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʘʨʽʚ ʚ ʷʢʦʩʪʽ ʪʝʧʣʦʚʽʜʚʦʜʽʚ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʦʥʦʣʽʪʥʠʤʠ ʟʨʘʟʢʘʤʠ ʤʽʜʽ, ʮʝ ʜʦʟʚʦʣʠʪʴ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ 

ʤʽʥʽʘʪʶʨʠʟʘʮʽʶ ʨʘʜʽʘʪʦʨʽʚ ʦʭʦʣʦʜʞʝʥʥʷ ʚʠʨʦʙʽʚ ʱʦ ʧʦʢʨʘʱʠʪʴ ʙʘʛʘʪʦ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʪʝʭʥʽʢʠ. 

ʃʽʪʝʨʘʪʫʨʘ. 
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ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ʎɽʅʓ ʂʈʀʇʊʆɺɸʃʖʊʓ SOLANA ʉ 

ʇʆʄʆʑʔʖ ʅɽʁʈʆʅʅʆʁ ʉɽʊʀ LSTM  

 

ʂʠʨʪʦʢʘ ɸʣʝʢʩʝʡ ɺʠʪʘʣʴʝʚʠʯ, 

ʙʘʢʘʣʘʚʨ, 

ʇʦʣʷʢʦʚʘ ʄʘʨʠʥʘ ɺʷʯʝʩʣʘʚʦʚʥʘ, 

ʜ.ʪ.ʥ., ʜʦʮʝʥʪ, 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ "ʆʜʝʩʩʢʘʷ ʧʦʣʠʪʝʭʥʠʢʘ" 

ʛ. ʆʜʝʩʩʘ, ʋʢʨʘʠʥʘ 

 

ɺʚʝʜʝʥʠʝ. ɿʘʜʘʯʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʮʝʥʳ ʢʨʠʧʪʦʚʘʣʶʪʳ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʢʦʤʧʘʥʠʡ, ʪʨʝʡʜʝʨʦʚ, ʢʦʤʧʘʥʠʡ, 

ʞʝʣʘʶʱʠʭ ʚʥʝʜʨʠʪʴ ʢʨʠʧʪʦʚʘʣʶʪʫ ʢʘʢ ʩʨʝʜʩʪʚʦ ʜʝʥʝʞʥʦʛʦ ʨʘʩʯʸʪʘ; 

ʛʦʩʫʜʘʨʩʪʚ, ʣʝʛʘʣʠʟʠʨʫʶʱʠʭ ʠ ʚʥʝʜʨʷʶʱʠʭ ʚ ʵʢʦʥʦʤʠʢʫ ʢʨʠʧʪʦʚʘʣʶʪʳ. ʇʦʜ 

ʢʨʠʧʪʦʚʘʣʶʪʦʡ ʧʦʥʠʤʘʝʪʩʷ ʮʠʬʨʦʚʘʷ ʚʝʨʩʠʷ ʜʝʥʝʛ, ʢʦʪʦʨʘʷ ʥʝ ʠʤʝʝʪ 

ʬʠʟʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʬʨʦʚʦʡ ʢʦʜ ʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʘ 

ʦʩʥʦʚʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ.  

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʮʝʥʳ ʢʨʠʧʪʦʚʘʣʶʪʳ ʟʘ ʨʘʚʥʦʦʪʩʪʦʷʱʠʝ 

ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʚʨʝʤʝʥʥʦʡ ʨʷʜ. ɺʨʝʤʝʥʥʦʡ 

ʨʷʜ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʦʢʘʟʘʪʝʣʷ ʟʘ ʥʝʩʢʦʣʴʢʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ. ɽʩʣʠ ʚʨʝʤʝʥʥʦʡ ʨʷʜ x(t) ʩʦʩʪʦʠʪ ʠʟ m 

ʟʥʘʯʝʥʠʡ ʮʝʥʳ ʢʨʠʧʪʦʚʘʣʶʪʳ, ʪʦ ʟʘʜʘʯʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ 

ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʥʘ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ m+1, m+2,é,m+n. ɼʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʚ ʙʫʜʫʱʠʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʬʫʥʢʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʚʷʟʴ 

ʤʝʞʜʫ ʧʨʦʰʣʳʤʠ ʠ ʙʫʜʫʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ. 

ɺʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʬʠʥʘʥʩʦʚʳʭ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ: ʢʘʯʝʩʪʚʝʥʥʳʝ, ʢʘʫʟʘʣʴʥʳʝ, ʩʪʨʫʢʪʫʨʥʳʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʂʘʯʝʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʶʪ ʦʙʨʘʱʝʥʠʝ ʢ ʤʥʝʥʠʶ 

ʵʢʩʧʝʨʪʦʚ ï ʣʶʜʝʡ, ʥʘʠʙʦʣʝʝ ʢʦʤʧʝʪʝʥʪʥʳʭ ʧʦ ʠʩʩʣʝʜʫʝʤʳʤ ʚʦʧʨʦʩʘʤ. 

ʂʘʟʫʘʣʴʥʳʝ ʤʝʪʦʜʳ ʚʢʣʶʯʘʶʪ ʨʘʟʨʘʙʦʪʢʫ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʥʦʟʥʳʭ 
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ʤʦʜʝʣʝʡ, ʚ ʢʦʪʦʨʳʭ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʷʚʣʷʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʚʣʠʷʥʠʷ ʥʝ ʦʜʥʦʡ, ʘ ʜʚʫʭ ʠ ʙʦʣʝʝ ʧʝʨʝʤʝʥʥʳʭ. ʂʘʟʫʘʣʴʥʳʝ ʤʝʪʦʜʳ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʨʝʙʫʶʪ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʦʮʝʥʢʠ ʠʭ ʠʟʤʝʥʝʥʠʡ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʥʠʤʠ ʠ ʠʩʩʣʝʜʫʝʤʳʤ ʷʚʣʝʥʠʝʤ. ʉʪʨʫʢʪʫʨʥʳʝ 

ʤʝʪʦʜʳ ʟʘʜʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʙʫʜʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʦʪ ʧʨʦʰʣʳʭ 

ʟʥʘʯʝʥʠʡ ʚ ʚʠʜʝ ʥʝʢʦʪʦʨʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʘʚʠʣ ʧʝʨʝʭʦʜʘ ʧʦ ʥʝʡ, ʢʘʢ ʥʘʧʨʠʤʝʨ, 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ʄʦʜʝʣʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚʢʣʶʯʘʶʪ ʘʚʪʦʨʝʛʨʝʩʩʠʶ ʠ 

ʩʛʣʘʞʠʚʘʥʠʝ. 

ʂ ʤʝʪʦʜʘʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʦʪʥʦʩʷʪʩʷ ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʘʚʪʦʨʝʛʨʝʩʩʠʠ 

ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ (ɸʈʇʉʉ), ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʠʪʴ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʨʦʛʥʦʟ ʬʠʥʘʥʩʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʄʦʜʝʣʴ ɸʈʇʉʉ ʧʨʝʜʧʦʣʘʛʘʝʪ, 

ʯʪʦ ʧʨʦʰʣʳʝ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʚʣʠʷʶʪ ʥʘ ʪʝʢʫʱʠʝ ʠ ʙʫʜʫʱʠʝ 

ʟʥʘʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʠʥʚʝʩʪʦʨ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʤʦʜʝʣʴ ɸʈʇʉʉ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʮʝʥ ʥʘ ʘʢʮʠʠ, ʙʫʜʝʪ ʠʩʭʦʜʠʪʴ ʠʟ ʪʦʛʦ, ʯʪʦ ʥʦʚʳʝ ʧʦʢʫʧʘʪʝʣʠ ʠ 

ʧʨʦʜʘʚʮʳ ʵʪʠʭ ʘʢʮʠʡ ʟʘʚʠʩʷʪ ʦʪ ʥʝʜʘʚʥʠʭ ʨʳʥʦʯʥʳʭ ʩʜʝʣʦʢ ʧʨʠ ʧʨʠʥʷʪʠʠ 

ʨʝʰʝʥʠʷ ʦ ʪʦʤ, ʩʢʦʣʴʢʦ ʧʨʝʜʣʦʞʠʪʴ ʠʣʠ ʧʨʠʥʷʪʴ ʟʘ ʮʝʥʥʫʶ ʙʫʤʘʛʫ.  

ʄʦʜʝʣʴ ɸʈʇʉʉ ʚʢʣʶʯʘʝʪ ʢʦʤʧʦʥʝʥʪʳ ʘʚʪʦʨʝʛʨʝʩʩʠʠ, 

ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʥʥʦʩʪʠ, ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ. ɸʚʪʦʨʝʛʨʝʩʩʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʝʨʝʤʝʥʥʦʡ ʤʦʜʝʣʠ ʦʪ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʝʜʳʜʫʱʠʭ 

ʟʥʘʯʝʥʠʡ. ʇʨʦʠʥʪʝʛʨʠʨʦʚʘʥʥʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʚʨʝʤʝʥʥʦʤʫ ʨʷʜʫ 

ʨʘʟʥʦʩʪʝʡ, ʪʦ ʝʩʪʴ ʟʥʘʯʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʟʘʤʝʥʷʶʪʩʷ ʠʭ 

ʨʘʟʥʦʩʪʷʤʠ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʪʦʛʦ ʞʝ ʨʷʜʘ. ʉʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʩʪʘʪʦʯʥʦʡ ʦʰʠʙʢʠ ʘʚʪʦʨʝʛʨʝʩʩʠʠ ʦʪ 

ʧʨʝʜʳʜʫʱʠʭ ʟʥʘʯʝʥʠʡ ʵʪʦʡ ʦʰʠʙʢʠ.  

ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠ ɸʈʇʉʉ ʦʙʳʯʥʦ ʜʘʝʪ ʤʘʣʫʶ ʦʰʠʙʢʫ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʢʨʠʧʪʦʚʘʣʶʪʳ, ʦʜʥʘʢʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ 

ʪʨʝʥʜʘ ʦʰʠʙʢʘ ʤʦʞʝʪ ʚʦʟʨʘʩʪʘʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ɸʈʇʉʉ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʦʡ ʦʙʲʸʤ ʜʘʥʥʳʭ ʠ 
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ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʧʨʠ ʦʮʝʥʢʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. ʏʪʦʙʳ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʚʘʪʴ ʠʭ ʟʘʥʦʚʦ, 

ʚʦʟʤʦʞʥʦ, ʠʟʤʝʥʷʷ ʧʦʨʷʜʦʢ ʤʦʜʝʣʠ. ʇʦʩʣʝʜʥʝʝ ʦʙʫʩʣʦʚʣʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʘʢʝʪʥʦʛʦ ʨʝʞʠʤʘ ʦʙʫʯʝʥʠʷ, ʪʦ ʝʩʪʴ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʧʨʦʚʦʜʠʪʩʷ ʧʦ 

ʚʩʝʤ ʠʤʝʶʱʠʤʩʷ ʜʘʥʥʳʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ ʨʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʤʦʛʫʪ ʦʙʫʯʘʪʴʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʨʝʞʠʤʝ ʠ ʫʯʠʪʳʚʘʪʴ ʚʥʦʚʴ ʧʦʩʪʫʧʠʚʰʠʝ ʥʘ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʮʝʥʳ ʢʨʠʧʪʦʚʘʣʶʪʳ, ʠʟʥʘʯʘʣʴʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʚʳʩʦʢʦʡ ʚʦʣʘʪʠʣʴʥʦʩʪʴʶ. ʂ ʪʦʤʫ ʞʝ ʣʠʢʚʠʜʥʦʩʪʴ ʨʳʥʢʘ 

ʢʨʠʧʪʦʚʘʣʶʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʥʘ ʨʳʥʢʘʭ ʮʝʥʥʳʭ ʙʫʤʘʛ. 

ʃʠʢʚʠʜʥʦʩʪʴ ð ʩʚʦʡʩʪʚʦ ʘʢʪʠʚʦʚ ʙʳʪʴ ʙʳʩʪʨʦ ʧʨʦʜʘʥʥʳʤʠ ʧʦ ʮʝʥʝ, ʙʣʠʟʢʦʡ ʢ 

ʨʳʥʦʯʥʦʡ. ʏʝʤ ʤʝʥʴʰʝ ʣʠʢʚʠʜʥʦʩʪʴ ʘʢʪʠʚʘ, ʪʝʤ ʧʨʦʱʝ ʟʘʨʘʙʘʪʳʚʘʪʴ ʦʛʨʦʤʥʳʝ 

ʜʝʥʴʛʠ ʥʘ ʜʚʠʞʝʥʠʠ ʮʝʥʳ.. ɼʦʩʪʘʪʦʯʥʦ ʧʨʦʜʘʪʴ Bitcoin (BTC) ʚʩʝʛʦ ʥʘ $1 ʤʣʨʜ 

ʯʝʨʝʟ ʙʠʨʞʠ, ʯʪʦʙʳ ʦʙʨʫʰʠʪʴ ʢʫʨʩ ʙʦʣʝʝ ʯʝʤ ʥʘ 50%, ʯʝʛʦ ʥʘ ʜʨʫʛʠʭ ʨʳʥʢʘʭ 

ʩʜʝʣʘʪʴ ʙʳʣʦ ʙʳ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʣʠʢʚʠʜʥʦʩʪʠ. ʏʪʦʙʳ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʮʝʥʳ ʢʨʠʧʪʦʚʘʣʶʪʳ ʚ ʨʘʙʦʪʝ ʚʳʙʨʘʥ ʤʝʪʦʜ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʝʪʠ LSTM. LSTM (long short-term memory, ʜʦʣʛʘʷ 

ʢʨʘʪʢʦʩʨʦʯʥʘʷ ʧʘʤʷʪʴ) ð ʪʠʧ ʨʝʢʫʨʨʝʥʪʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʩʧʦʩʦʙʥʳʡ 

ʦʙʫʯʘʪʴʩʷ ʜʦʣʛʦʩʨʦʯʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʠ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʙʳʚʘʪʴ ʧʨʦʰʣʳʡ 

ʢʦʥʪʝʢʩʪ ʩʝʪʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʠʢʠ ʧʨʠʤʝʥʝʥʠʷ ʩʝʪʠ 

LSTM ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʮʝʥʳ ʢʨʠʧʪʦʚʘʣʶʪʳ Solana. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʩʝʪʠ LSTM ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʟʥʘʯʝʥʠʡ ʮʝʥʳ ʢʨʠʧʪʦʚʘʣʶʪʳ, ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: ʟʘʛʨʫʟʢʫ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ (ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ, 

ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʚʦʣʘʪʠʣʴʥʦʩʪʴ), ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʜʘʥʥʳʭ, ʚʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʦʙʫʯʝʥʠʝ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʝʪʠ. 

ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʮʝʥʳ ʢʨʠʧʪʦʚʘʣʶʪʳ Solana ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʢʫʨʝʥʪʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ LSTM-10, ʩʦʩʪʦʷʱʫʶ ʠʟ 10 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʙʣʦʢʦʚ LSTM, ʧʨʠʥʠʤʘʶʱʫʶ ʥʘ ʚʭʦʜ 10 ʟʥʘʯʝʥʠʡ 
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ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʠ ʚʳʜʘʶʱʝʡ ʩʣʝʜʫʶʱʝʝ 11-ʝ ʟʥʘʯʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʛʥʦʟʘ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʢʘʞʜʦʛʦ ʙʣʦʢʘ LSTM ʚʢʣʶʯʘʝʪ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩʣʦʝʚ (ʨʠʩ. 1, ʘ). 

1. ʉʣʦʡ ʟʘʙʳʚʘʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʡ, ʢʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʥʫʞʥʦ ʫʜʘʣʠʪʴ ʠʟ 

ʜʘʥʥʳʭ (ʨʠʩ. 1, ʙ), ʚʳʧʦʣʥʷʝʪ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ 

ft = ů(Wf [htï1, xt ] +bf ), 

ʛʜʝ xt ï ʪʝʢʫʱʠʡ ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ, ft ï ʚʳʭʦʜʥʦʡ ʚʝʢʪʦʨ ʩʣʦʷ ʟʘʙʳʚʘʥʠʷ,    

htï1 ï ʚʝʢʪʦʨ-ʧʨʝʙʩʢʘʟʘʥʠʝ ʧʨʝʜʳʜʫʱʝʛʦ ʙʣʦʢʘ LSTM, Wf ʠ bf ï ʤʘʪʨʠʮʘ ʚʝʩʦʚ 

ʟʘʙʳʚʘʥʠʷ ʠ ʚʝʢʪʦʨ ʩʤʝʱʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ů ï ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ 

ʘʢʪʠʚʘʮʠʠ. ɺʝʢʪʦʨʘ xt ʠ htï1 ʩʥʘʯʘʣʘ ʢʦʥʢʘʪʝʥʫʶʪʩʷ (ʩʢʣʝʠʚʘʶʪʩʷ), ʘ ʟʘʪʝʤ 

ʫʤʥʦʞʘʶʪʩʷ ʥʘ ʤʘʪʨʠʮʫ ʚʝʩʦʚ ʟʘʙʳʚʘʥʠʷ Wf, ʧʦʣʫʯʘʝʤʫʶ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ 

ʩʝʪʠ. ʂ ʧʨʦʠʟʚʝʜʝʥʠʶ ʜʦʙʘʚʣʷʝʪʩʷ ʩʤʝʱʝʥʠʝ bf. ʇʦʣʫʯʠʚʰʠʡʩʷ ʚʝʢʪʦʨ 

ʧʦʵʣʝʤʝʥʪʥʦ ʧʨʦʧʫʩʢʘʝʪʩʷ ʯʝʨʝʟ ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʘʢʪʠʚʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʨʝʰʘʝʪ, ʢʘʢʠʝ ʟʥʘʯʝʥʠʷ ʩʪʘʨʦʛʦ ʢʦʥʪʝʢʩʪʘ ʥʫʞʥʦ ʟʘʙʳʪʴ. ɼʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ 

ʚʝʢʪʦʨʘ ʬʫʥʢʮʠʷ ʚʳʜʘʝʪ ʟʥʘʯʝʥʠʝ ʦʪ 0 ʜʦ 1, ʛʜʝ 1 ʟʥʘʯʠʪ çʦʩʪʘʚʠʪʴ ʵʣʝʤʝʥʪ 

ʮʝʣʠʢʦʤè, ʘ 0 ð çʮʝʣʠʢʦʤ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʵʣʝʤʝʥʪʘè. ʊʦʛʜʘ ʧʦʣʫʯʝʥʥʳʡ ʚʝʢʪʦʨ 

ft ʦʮʝʥʠʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʟʘʙʳʪʴ ʪʦ ʠʣʠ ʠʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʰʣʦʛʦ ʢʦʥʪʝʢʩʪʘ.  

2. ʉʣʦʡ ʩʦʭʨʘʥʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʣʷ ʦʙʥʦʚʣʝʥʠʷ ʧʘʤʷʪʠ (ʨʠʩ. 1, ʚ).  

ɺ ʵʪʦʤ ʩʣʦʝ ʚʝʢʪʦʨʘ xt ʠ htï1 ʢʦʥʢʘʪʝʥʫʶʪʩʷ ʠ ʧʦʧʘʜʘʶʪ ʥʘ ʜʚʘ 

ʥʝʟʘʚʠʩʠʤʳʭ ʩʣʦʷ. ɺ ʩʣʦʝ ʩʧʨʘʚʘ ʢʦʥʢʘʪʝʥʘʮʠʷ ʚʝʢʪʦʨʦʚ ʭt ʠ ht-1 ʫʤʥʦʞʘʝʪʩʷ 

ʥʘ ʤʘʪʨʠʮʫ ʚʝʩʦʚ Wc, ʧʦʣʫʯʘʝʤʫʶ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʩʝʪʠ. ʂ ʧʨʦʠʟʚʝʜʝʥʠʶ 

ʧʨʠʙʘʚʣʷʝʪʩʷ ʩʤʝʱʝʥʠʝ bc, ʠ ʨʝʟʫʣʴʪʘʪ ʧʦʵʣʝʤʝʥʪʥʦ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʬʫʥʢʮʠʶ 

ʘʢʪʠʚʘʮʠʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʪʘʥʛʝʥʩ, tanh. ʇʦʣʫʯʘʝʪʩʷ ʚʝʢʪʦʨ ʥʦʚʳʭ ʟʥʘʯʝʥʠʡ 

ʉt ʩ ʚʦʣʥʦʡ: 

t = tanh(Wc [htï1 , xt ] + bc). 

ɺ ʩʣʦʝ ʩʣʝʚʘ ʢʦʥʢʘʪʝʥʘʮʠʷ ʚʝʢʪʦʨʦʚ ʭt ʠ ht-1 ʫʤʥʦʞʘʝʪʩʷ ʥʘ ʤʘʪʨʠʮʫ 

ʚʝʩʦʚ Wi, ʜʦʙʘʚʣʷʝʪʩʷ ʩʤʝʱʝʥʠʝ bi, ʠ ʨʝʟʫʣʴʪʘʪ ʧʦʵʣʝʤʝʥʪʥʦ ʧʦʜʘʝʪʩʷ ʥʘ 

ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʘʢʪʠʚʘʮʠʠ ů. ʌʦʨʤʠʨʫʝʪʩʷ ʦʮʝʥʦʯʥʳʡ ʚʝʢʪʦʨ i(t) ʜʣʷ 
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ʚʝʢʪʦʨʘ ʉt ʩ ʚʦʣʥʦʡ, ʧʦʢʘʟʳʚʘʶʱʠʡ, ʢʘʢʫʶ ʜʦʣʶ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʵʪʦʛʦ 

ʚʝʢʪʦʨʘ ʥʦʚʳʭ ʟʥʘʯʝʥʠʡ ʧʘʤʷʪʠ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʚ ʢʦʥʪʝʢʩʪ: 

it = ů(Wi [htï1, xt ] + bi ). 

3. ɺʝʢʪʦʨ ʧʘʤʷʪʠ Ct ʪʝʢʫʱʝʛʦ ʙʣʦʢʘ LSTM ʚʳʯʠʩʣʷʝʪʩʷ ʧʫʪʝʤ 

ʫʤʥʦʞʝʥʠʷ ʚʝʢʪʦʨʘ ʧʘʤʷʪʠ ʉtï1 ʧʨʝʜʳʜʫʱʝʛʦ ʙʣʦʢʘ LSTM ʥʘ ʦʮʝʥʦʯʥʳʡ 

ʚʝʢʪʦʨ f(t). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʜʥʘ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʟʘʙʳʚʘʝʪʩʷ (ʫʤʥʦʞʝʥʠʝʤ ʥʘ 

ʙʣʠʟʢʦʝ ʢ ʥʫʣʶ ʯʠʩʣʦ), ʘ ʜʨʫʛʘʷ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʩʦʭʨʘʥʷʝʪʩʷ ʫʤʥʦʞʝʥʠʝʤ ʥʘ 

ʯʠʩʣʦ, ʙʣʠʟʢʦʝ ʢ ʝʜʠʥʠʮʝ. ʂ ʨʝʟʫʣʴʪʘʪʫ ʫʤʥʦʞʝʥʠʷ ʜʦʙʘʚʣʷʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʦʮʝʥʦʯʥʦʛʦ ʚʝʢʪʦʨʘ it ʥʘ ʚʝʢʪʦʨ ʥʦʚʳʭ ʟʥʘʯʝʥʠʡ ʧʘʤʷʪʠ ʉt ʩ ʚʦʣʥʦʡ: 

Ct = ft ʉtï1 + i t t˞, 

ɽʩʣʠ ʚ ʦʮʝʥʦʯʥʦʤ ʚʝʢʪʦʨʝ it ʝʩʪʴ ʥʫʣʠ, ʢʘʢʠʝ-ʪʦ ʵʣʝʤʝʥʪʳ ʥʦʚʳʭ 

ʟʥʘʯʝʥʠʡ ʧʘʤʷʪʠ ʥʘ ʥʠʭ ʫʤʥʦʞʘʪʩʷ ʠ ʥʝ ʜʦʡʜʫʪ ʪʦ ʢʦʥʪʝʢʩʪʘ. 

4. ɺʳʭʦʜʥʦʡ ʵʣʝʤʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʳʭʦʜʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʢʘʢ 

ʨʝʟʫʣʴʪʘʪ ʦʙʨʘʙʦʪʢʠ ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʙʣʦʢʝ ʧʘʤʷʪʠ (ʨʠʩ. 3). 

ot=ů(Wo[ht-1, xt]+bo), 

ht=ot tanh(Ct), 

ʛʜʝ i t ï ʚʳʭʦʜʥʦʡ ʚʝʢʪʦʨ ʚʭʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ, Wi, Ui ʠ bi ï ʤʘʪʨʠʮʘ ʚʝʩʦʚ 

ʜʣʷ ʚʝʥʪʠʣʷ ʟʘʙʳʚʘʥʠʷ, ʤʘʪʨʠʮʘ ʚʝʩʦʚ ʚʭʦʜʦʚ ʠ ʚʝʢʪʦʨ ʩʤʝʱʝʥʠʡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʚʭʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ, tanh ï ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʪʘʥʛʝʥʩ. 

ʇʨʝʜʩʢʘʟʘʥʠʝ ʧʦʣʫʯʘʝʪʩʷ ʠʟ çʬʠʣʴʪʨʦʚʘʥʥʦʛʦè ʚʝʢʪʦʨʘ ʢʦʥʪʝʢʩʪʘ 

 

ʅʘʢʦʥʝʮ ʨʝʰʘʝʤ, ʢʘʢʫʶ ʯʘʩʪʴ çʚʝʢʪʦʨʘ ʧʘʤʷʪʠè ʧʦʜʘʪʴ ʜʘʣʴʰʝ ʢʘʢ 

ʧʨʝʜʩʢʘʟʘʥʠʝ. ʉʣʦʡ ʩ ʩʠʛʤʦʠʜʥʦʡ ʘʢʪʠʚʘʮʠʝʡ ʩʥʦʚʘ ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʠʝ ʯʘʩʪʠ 

ʚʝʢʪʦʨʘ ʧʘʤʷʪʠ ʚʘʞʥʳ, ʩʪʨʦʠʪ ʩʚʦʡ çʦʮʝʥʦʯʥʳʡè ʚʝʢʪʦʨ o(t) ð ʵʪʦ ʧʝʨʚʘʷ 

ʩʪʨʦʢʘ ʬʦʨʤʫʣ ʩ ʢʘʨʪʠʥʢʠ. ʊʘʢʦʡ ʚʝʢʪʦʨ ʧʦʣʫʯʠʪʩʷ ʫʤʥʦʞʝʥʠʝʤ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʥʘ ʭʦʨʦʰʫʶ ʤʘʪʨʠʮʫ ʚʝʩʦʚ: ʝʝ ʵʣʝʤʝʥʪʳ ʧʨʘʚʠʣʴʥʦ ʧʦʜʙʠʨʘʶʪʩʷ ʧʨʠ 

ʪʨʝʥʠʨʦʚʢʝ. ʄʘʪʨʠʮʘ ʠʟʤʝʥʷʝʤʘ, ʦʥʘ ʧʦʜʩʪʨʘʠʚʘʝʪʩʷ ʧʦʜ ʚʭʦʜʥʳʝ ʧʨʠʤʝʨʳ ʚʦ 

ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ. 
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ɺʝʢʪʦʨ ʧʘʤʷʪʠ C(t) ʧʦʵʣʝʤʝʥʪʥʦ çʧʨʦʧʫʩʢʘʝʪʩʷè ʯʝʨʝʟ ʬʫʥʢʮʠʶ tanh, ʠ 

ʚʩʝ ʢʨʫʧʥʳʝ ʵʣʝʤʝʥʪʳ ʩʪʘʥʦʚʷʪʩʷ ʣʠʙʦ 1, ʣʠʙʦ ī1. çʇʫʰʠʩʪʳʡè ʠ 

çʜʝʨʝʚʷʥʥʳʡè ʚ ʢʦʥʪʝʢʩʪʝ ʢʘʢ ʙʳ ʧʨʠʚʦʜʷʪʩʷ ʢ ʦʙʱʝʤʫ ʟʥʘʤʝʥʘʪʝʣʶ. ʅʘʢʦʥʝʮ 

ʚʝʢʪʦʨ ʢʦʥʪʝʢʩʪʘ ʧʝʨʝʤʥʦʞʘʝʪʩʷ ʩ çʦʮʝʥʦʯʥʳʤè ð ʥʘ ʚʪʦʨʦʡ ʩʪʨʦʢʝ ʬʦʨʤʫʣ. 

ʈʘʟ ʪʝʧʝʨʴ ʥʘ ʚʭʦʜʝ çʛʣʘʜʢʠʡè, ʧʨʦʰʣʫʶ çʧʫʰʠʩʪʦʩʪʴè ʯʝʛʦ-ʪʦ ʪʘʤ ʫʜʘʣʦʩʴ 

ʟʘʙʳʪʴ ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ ʥʘ çʜʝʨʝʚʷʥʥʦʩʪʠè: ʪʘʢ ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʨʝʜʩʢʘʟʘʪʴ çʜʝʨʝʚʷʥʥʳʡ ʛʣʘʜʢʠʡ ʩʪʦʣè. ʇʦʣʫʯʠʣʩʷ ʚʝʢʪʦʨ h(t). 

ʀʤʝʥʥʦ h(t) ð ʧʨʝʜʩʢʘʟʘʥʠʝ, ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʩʣʦʷ LSTM. 

 
 

ʘ ʙ 

   

ʚ ʛ ʜ 

 

ʈʠʩ. 1. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʙʣʦʢʠ ʩʝʪʠ LSTM  (ʘ), ʩʣʦʡ ʟʘʙʳʚʘʥʠʷ (ʙ), 

ʩʣʦʡ ʩʦʭʨʘʥʝʥʠʷ (ʚ), ʚʳʯʠʩʣʝʥʠʝ ʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʛ), ʚʳʭʦʜʥʦʡ ʩʣʦʡ (ʜ). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʠʟ 

790 ʝʞʝʜʥʝʚʥʳʭ ʟʥʘʯʝʥʠʡ ʮʝʥʳ ʟʘʢʨʳʪʠʷ ʜʣʷ ʢʨʠʧʪʦʚʘʣʶʪʳ Solana ʚ ʜʦʣʣʘʨʘʭ 

ʉʐɸ ʩ ʘʧʨʝʣʷ 2020 ʛʦʜʘ ʧʦ ʠʶʥʴ 2022 ʛʦʜʘ [ ]. ɸʥʘʣʠʟ ʵʪʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʝʛʦ ʟʥʘʯʝʥʠʷ ʥʝ ʧʦʜʯʠʥʷʶʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʨʷʜ 

ʥʝʩʪʘʮʠʦʥʘʨʝʥ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʚʦʣʘʪʠʣʴʥʦʩʪʴʶ [ ]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʣʘʩʴ 

ʥʦʨʤʘʣʠʟʘʮʠʷ ʮʝʥʳ ʟʘʢʨʳʪʠʷ ʢ ʜʠʘʧʘʟʦʥʫ ʦʪ 0 ʜʦ 1 ʧʦ ʚʩʝʤʫ ʥʘʙʦʨʫ ʜʘʥʥʳʭ. 

ʆʙʫʯʝʥʠʝ ʩʝʪʠ LSTM-10 ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ɸdam ʥʘ 85% ʟʥʘʯʝʥʠʡ 
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ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ. ʂʦʣʠʯʝʩʪʚʦ ʵʧʦʭ ʦʙʫʯʝʥʠʷ - 100, ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ (ʉʂʆ). ɿʘʚʠʩʠʤʦʩʪʴ ʵʪʦʡ 

ʦʰʠʙʢʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʵʧʦʭ ʦʙʫʯʝʥʠʷ ʜʣʷ ʦʙʫʯʘʶʱʝʡ ʠ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʠ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. ʇʨʠʚʝʜʝʥʥʳʝ ʛʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʝʨʝʦʙʫʯʝʥʠʝ ʩʝʪʠ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʵʧʦʭ 

ʦʙʫʯʝʥʠʷ ʉʂʆ ʩʥʘʯʘʣʘ ʫʙʳʚʘʝʪ, ʘ ʟʘʪʝʤ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʠ ʥʘʯʠʥʘʝʪ 

ʚʦʟʨʘʩʪʘʪʴ. 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʉʂʆ ʦʙʫʯʝʥʠʷ ʩʝʪʠ (ʦʩʴ ʦʨʜʠʥʘʪ) ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʵʧʦʭ ʦʙʫʯʝʥʠʷ (ʦʩʴ ʘʙʩʮʠʩʩ) ʜʣʷ ʦʙʫʯʘʶʱʝʡ ʠ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʦʢ (ʢʨʘʩʥʘʷ ʠ 

ʩʠʥʠʷ ʣʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

 

ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʝʪʠ ʥʘ ʟʥʘʯʝʥʠʷʭ ʮʝʥʳ 

ʟʘʢʨʳʪʠʷ ʢʨʠʧʪʦʚʘʣʶʪʳ Solana: ʩʠʥʠʷ ʣʠʥʠʷ ï ʠʩʭʦʜʥʘʷ ʮʝʥʘ ʟʘʢʨʳʪʠʷ, 

ʢʨʘʩʥʘʷ ʠ ʟʝʣʝʥʘʷ ʣʠʥʠʠ ï ʟʥʘʯʝʥʠʷ ʧʨʦʛʥʦʟʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʦʙʫʯʝʥʠʠ ʠ 

ʪʝʩʪʠʨʦʚʘʥʠʠ ʩʝʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʠ ʧʨʦʛʥʦʟʥʳʝ 

ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʦʙʫʯʝʥʠʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʩʝʪʠ. ʊʝʩʪʠʨʦʚʘʥʠʝ 
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ʦʙʫʯʝʥʥʦʡ LSTM-ʩʝʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ ʩʨʝʜʥʝʡ ʘʙʩʦʣʶʪʥʦʡ 

ʦʰʠʙʢʠ ʚ ʧʨʦʮʝʥʪʘʭ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 7,39%, ʘ ʪʘʢʞʝ ʢʦʨʥʷ ʠʟ ʩʨʝʜʥʝʡ 

ʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ ʚ ʜʦʣʣʘʨʘʭ ʉʐɸ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 2,41$. 

ɺʳʚʦʜʳ. ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ 

ʠʟʤʝʥʝʥʠʷ ʮʝʥʳ ʢʨʠʧʪʦʚʘʣʶʪʳ Solana ʙʳʣʘ ʚʳʙʨʘʥʘ ʨʝʢʫʨʨʝʥʪʥʘʷ ʥʝʡʨʦʥʥʘʷ 

ʩʝʪʴ LSTM-10. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʛʥʦʟʘ ʥʘ 60 ʜʥʝʡ ʧʫʪʝʤ 

ʚʳʯʠʩʣʝʥʠʷ ʩʨʝʜʥʝʡ ʘʙʩʦʣʶʪʥʦʡ ʦʰʠʙʢʠ ʚ ʧʨʦʮʝʥʪʘʭ ʠ ʢʦʨʥʷ ʩʨʝʜʥʝʡ 

ʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ. 
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ɺʇʃʀɺ ʇʃɯɺʂʆʋʊɺʆʈʖɺɸʏɯɺ ɿ ʌʋʃɽʈɽʅɸʄʀ ʅɸ 

ʇʈʆʈʆʑʋɺɸʅʅʗ ʅɸʉɯʅʅʗ 

 

ʂʨʠʯʢʦʚʩʴʢʘ ʃ. ɺ. 

ʜ.ʙ.ʥ., 

ʃʠʩʘʢ ʇ. ʖ. 

ʘʩʧʽʨʘʥʪ, 

ɻʨʠʮʘʻʥʢʦ ʖ. ɸ. 

ʘʩʧʽʨʘʥʪ., 

ɼʫʙʦʥʦʩʦʚ ɺ. ʃ. 

ʩʪ. ʚʠʢʣʘʜʘʯ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʇɯè 

 

ɺʩʪʫʧ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʠʩʣʦ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʩʪʚʦʨʝʥʥʶ 

ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʢʨʽʤ ʧʝʩʪʠʮʠʜʫ ʽ ʧʦʣʽʤʝʨʫ 

ʧʦʞʠʚʥʽ ʨʝʯʦʚʠʥʠ ʦʨʛʘʥʽʯʥʦʾ ʽ ʤʽʥʝʨʘʣʴʥʦʾ ʧʨʠʨʦʜʠ ʽ ʩʪʠʤʫʣʷʪʦʨʠ ʨʦʩʪʫ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ. 

ʇʦʰʫʢ ʧʨʦʚʦʜʠʚʩʷ ʚ ʥʘʩʪʫʧʥʠʭ ʥʘʧʨʷʤʢʘʭ: 

1) ʧʦʩʠʣʝʥʥʷ ʽ ʨʦʟʰʠʨʝʥʥʷ ʧʝʩʪʠʮʠʜʥʦʾ ʽ ʙʘʢʪʝʨʠʮʠʜʥʦʾ ʜʽʾ ʥʘ 

ʬʽʪʦʧʘʪʦʛʝʥʥʽ ʽ ʮʚʽʣʝʚʽ ʛʨʠʙʠ;  

2) ʧʦʩʠʣʝʥʥʷ ʘʜʛʝʟʽʾ ʧʨʝʧʘʨʘʪʽʚ ʽ ʩʪʚʦʨʝʥʥʷ ʟʘʧʘʩʫ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʥʘ 

ʧʦʚʝʨʭʥʽ ʥʘʩʽʥʥʷ, ʱʦ ʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʥʦʨʤʠ ʚʠʪʨʘʪʠ ʮʠʭ ʨʝʯʦʚʠʥ, ʣʦʢʘʣʽʟʘʮʽʾ 

ʪʘ ʧʨʦʣʦʥʛʘʮʽʾ ʾʭ ʜʽʾ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʦ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʦʪʦʯʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ;  

3) ʟʥʷʪʪʷ ʩʪʨʝʩʦʚʦʾ, ʪʦʢʩʠʯʥʦʾ ʜʽʾ ʧʝʩʪʠʮʠʜʽʚ ʽ ʧʦʣʽʤʝʨʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʚʚʝʜʝʥʥʷ ʤʘʢʨʦ- ʽ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʱʦ ʧʽʜʚʠʱʫʻ ʩʭʦʞʽʩʪʴ ʽ ʧʦʢʨʘʱʫʻ 

ʬʽʟʽʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʨʦʩʣʠʥ. 

ʂʦʥʮʝʥʪʨʦʚʘʥʽ ʚʦʜʥʽ ʨʦʟʯʠʥʠ ʛʽʜʨʘʪʦʚʘʥʦʛʦ ʬʫʣʝʨʝʥʫ ʉ60, ʩʢʦʨʦʯʝʥʦ 

C60FWS, ʚʠʨʦʙʥʠʢ - ɯʥʩʪʠʪʫʪ ʪʝʨʘʧʽʾ ɸʄʅʋ ʚ ʤ. ʍʘʨʢʦʚʽ, ʻ ʤʦʣʝʢʫʣʷʨʥʦ-

ʢʦʣʦʾʜʥʽ ʩʠʩʪʝʤʠ ʩʬʝʨʠʯʥʠʭ ʬʨʘʢʪʘʣʴʥʠʭ ʢʣʘʩʪʝʨʽʚ, ʩʪʨʫʢʪʫʨʥʦʶ ʦʜʠʥʠʮʝʶ 

ʷʢʠʭ ʻ ʤʽʮʥʠʡ, ʚʠʩʦʢʦʛʽʜʨʦʬʽʣʴʥʠʡ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʠʡ ʢʦʤʧʣʝʢʩ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʦʣʝʢʫʣʠ ʬʫʣʝʨʝʥʫ ʉ60, ʫʢʣʘʜʝʥʦʾ ʚ ʧʝʨʰʫ ʛʽʜʨʘʪʥʫ ʦʙʦʣʦʥʢʫ, 
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ʢʦʪʨʘ ʤʽʩʪʠʪʴ 24 ʤʦʣʝʢʫʣʠ ʚʦʜʠ: C60 (H2O) 24 - ʛʽʜʨʘʪʦʚʘʥʠʡ ʬʫʣʝʨʝʥ ʉ60 

(C60HyFn). ʉʪʘʙʽʣʴʥʽʩʪʴ ʛʽʜʨʘʪʥʦʾ ʦʙʦʣʦʥʢʠ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ 

ʚʧʦʨʷʜʢʦʚʘʥʠʤʠ ʚʦʜʥʠʤʠ ʦʙʦʣʦʥʢʘʤʠ. ʈʦʟʤʽʨ C60HyFn ʚʽʜʧʦʚʽʜʘʻ 1,6-1,8 ʥʤ., 

ʢʣʘʩʪʝʨʠ (ʚʪʦʨʠʥʥʽ ʘʩʦʮʽʘʪʠ) C60HyFn ʫʪʚʦʨʶʶʪʴʩʷ ʰʣʷʭʦʤ ʟʣʠʪʪʷ ʾʭ 

ʛʽʜʨʘʪʥʠʭ ʦʙʦʣʦʥʦʢ. ʈʦʟʤʽʨʠ ʪʘʢʠʭ ʩʬʝʨʠʯʥʠʭ ʢʣʘʩʪʝʨʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʷʜʫ 

ʟʥʘʯʝʥʴ: 3.4; 7.1; 10.9; 14.5; 18.1; 21.8; 25.4; 28.8; 32.4; 36.0 ʥʤ. 

ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʽʚ ʧʨʠ ʦʙʨʦʙʮʽ ʥʘʩʽʥʥʷ 

ʚʠʚʯʘʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʚʦʜʦʨʦʟʯʠʥʥʽ ʧʦʣʽʤʝʨʠ, ʪʘʢ ʷʢ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʟʙʽʣʴʰʝʥʥʷ ʛʽʜʨʦʬʽʣʴʥʦʩʪʽ ʧʽʜʩʠʣʶʻ ʘʜʛʝʟʽʶ ʧʦʣʽʤʝʨʫ [3, 2] ʽ ʨʦʙʠʪʴ ʧʣʽʚʢʫ 

ʤʽʮʥʽʰʝ [3]. ʇʨʠ ʮʴʦʤʫ ʯʠʤ ʤʝʥʰʝ ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ ʧʦʣʽʤʝʨʽʚ, ʪʠʤ ʰʚʠʜʰʝ 

ʫʪʚʦʨʶʻʪʴʩʷ ʧʣʽʚʢʘ; ʪʦʤʫ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʧʣʽʚʢʦʫʪʚʦʨʶʶʯʠʭ ʢʦʤʧʦʟʠʮʽʡ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʦʣʽʤʝʨʠ ʟ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ 500-5000 [4, 5]. 

ʇʨʠ ʚʠʚʯʝʥʥʽ ʧʦʣʽʤʝʨʽʚ ʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪʠ, ʧʦʣʽʝʪʠʣʝʥʛʣʽʢʦʣʶ, ʧʦʣʽʛʣʠʢʦʣʽʚ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʤʽʮʥʦʶ ʻ ʧʣʽʚʢʘ ʧʦʣʽʤʝʨʫ ʟ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ ʜʦ 

2000. ʆʜʥʘʢ ʮʝʡ ʚʠʩʥʦʚʦʢ ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʦʢʠ ʦʜʥʦʟʥʘʯʥʠʤ, ʦʩʢʽʣʴʢʠ ʻ ʜʘʥʽ, ʱʦ 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ ʧʦʣʽʤʝʨ ʩʪʘʻ ʙʽʣʴʰ ʝʣʘʩʪʠʯʥʠʤ, ʽ ʻ ʧʨʠʢʣʘʜ 

ʫʩʧʽʰʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʚʽʥʽʣʧʽʨʦʣʽʜʦʥʫ ʟ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ 180000- 

350000 ʜʣʷ ʦʙʨʦʙʢʠ ʥʘʩʽʥʥʷ ʙʘʚʦʚʥʠʢʘ [6]. ɿʦʢʨʝʤʘ ʜʦ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʽʚ ʥʘʤʠ 

ʜʦ ʨʦʟʯʠʥʫ ʧʨʝʧʘʨʘʪʫ ʚʚʝʜʝʥʦ ʛʽʜʨʘʪʦʚʘʥʽ ʬʫʣʝʨʝʥʠ. 

ʈʦʟʤʽʨʠ ʢʣʘʩʪʝʨʽʚ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ C60HyFn ʚ 

ʨʦʟʯʠʥʽ. ʏʠʤ ʤʝʥʰʝ ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ʨʦʟʯʠʥ, ʪʠʤ ʤʝʥʰʝ ʚ ʥʴʦʤʫ ʩʝʨʝʜʥʽʡ 

ʨʦʟʤʽʨ ʢʣʘʩʪʝʨʘ. ʇʨʠ ʨʦʟʚʝʜʝʥʥʽ C60 ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʠʥʘʤʽʯʥʠʡ ʧʨʦʮʝʩ 

ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʦʜʠʥʠʮʴ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʟ ʧʝʚʥʠʤ ʜʠʩʧʝʨʩʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʢʣʘʩʪʝʨʽʚ, ʭʘʨʘʢʪʝʨʥʠʤ 

ʜʣʷ ʜʘʥʠʭ ʫʤʦʚ. ʇʨʦʮʝʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʠʩʧʝʨʩʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ ʤʦʞʝ ʪʨʠʚʘʪʠ 

ʜʦʩʠʪʴ ʪʨʠʚʘʣʠʡ ʯʘʩ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ C60HyFn ʝʢʚʽʚʘʣʝʥʪʥʘ 144 

ʤʛ/ʣ (200 ʤʽʢʨʦ/ʣ) ʉ60, ʻ ʦʜʥʽʻʶ ʟ ʦʧʪʠʤʘʣʴʥʠʭ ʧʨʠ ʡʦʛʦ ʪʨʠʚʘʣʦʤʫ ʟʙʝʨʽʛʘʥʥʽ 

[8-10]. ʈʦʟʯʠʥʠ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 14,4 ʽ 1,0 ʤʛ/ʣ ʻ ʟʨʫʯʥʠʤʠ ʜʣʷ ʙʽʦʣʦʛʽʯʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʤʘʣʠʭ ʽ ʥʘʜʤʘʣʠʭ ʜʦʟ C60HyFn, ʦʩʢʽʣʴʢʠ ʧʨʠ ʨʦʟʚʝʜʝʥʥʽ ʨʦʟʯʠʥʽʚ 

ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 14,4 ʤʛ/ʣ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʢʝ ʨʦʟʫʢʨʫʧʥʝʥʥʷ ʢʣʘʩʪʝʨʥʠʭ 
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ʩʪʨʫʢʪʫʨ, ʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 1,0 ʤʛ/ʣ ʽ ʤʝʥʰʝ, ʧʦʦʜʠʥʦʢʽ C60HyFn ʽʩʥʫʶʪʴ ʚ 

ʨʦʟʯʠʥʽ ʫ ʚʠʛʣʷʜʽ ʽʟʦʣʴʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ C60HyFn ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ 

ʜʽʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʽʡ ʛʽʜʨʘʪʦʚʘʥʦʛʦ ʬʫʣʝʨʝʥʫ ʉ60 ʚ ʢʽʥʮʝʚʦʤʫ ʧʨʦʜʫʢʪʽ 

ʩʢʣʘʜʘʻ: - ʚ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʘʭ ʚʦʜʦʤʽʩʪʢʠʭ (ʚʦʜʘ ʧʠʪʥʘ, ʚʦʜʘ ʜʣʷ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʘʣʢʦʛʦʣʴʥʽ ʥʘʧʦʾ, ʙʝʟʘʣʢʦʛʦʣʴʥʽ ʥʘʧʦʾ ʪʦʱʦ) 

- (0,01-10) ʭ 10
-3
ʤʛ/ʣ. ɺʦʜʥʽ ʨʦʟʯʠʥʠ ʬʫʣʝʨʝʥʫ ʚʠʷʚʣʷʶʪʴ ʥʘʡʰʠʨʰʠʡ ʩʧʝʢʪʨ 

ʢʦʨʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɺʦʥʠ ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʫ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫ ʘʢʪʠʚʥʽʩʪʴ, 

ʥʽʞ ʪʘʢʽ ʚʠʟʥʘʥʽ ʘʥʪʠʦʢʩʠʜʘʥʪʠ, ʷʢ ʚʽʪʘʤʽʥʠ ɽ, ʪʦʢʦʤʽʢʩ ʪʘ ʽʥ. ʇʦʪʨʘʧʣʷʶʯʠ ʚ 

ʞʠʚʠʡ ʦʨʛʘʥʽʟʤ, ʨʦʟʯʠʥ ʛʽʜʨʘʪʦʚʘʥʦʛʦ ʬʫʣʝʨʝʥʫ ʟʤʫʰʫʻ ʥʘʜʣʠʰʢʦʚʽ ʚʽʣʴʥʽ 

ʨʘʜʠʢʘʣʠ, ʟʦʢʨʝʤʘ ʘʛʨʝʩʠʚʥʽ ʬʦʨʤʠ ʢʠʩʥʶ ʽ ʧʨʦʜʫʢʪʠ ʦʢʠʩʣʝʥʥʷ ʙʽʦʤʦʣʝʢʫʣ, 

ʩʘʤʦʟʥʠʱʫʚʘʪʠʩʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʦʻʜʥʘʥʥʷ ʪʘʢʠʭ ʧʦʪʫʞʥʠʭ ʨʝʯʦʚʠʥ ʷʢ ʷʥʪʘʨʥʘ 

ʢʠʩʣʦʪʘ ʪʘ ʛʽʜʨʘʪʦʚʘʥʽ ʬʫʣʝʨʝʥʠ ʪʝʦʨʝʪʠʯʥʦ ʧʦʚʠʥʥʽ ʟʥʠʞʫʚʘʪʠ ʨʽʚʝʥʴ 

ʫʨʘʞʝʥʥʷ ʥʘʩʽʥʥʷ, (ʾʭ ʩʫʤʽʩʥʘ ʜʽʷ ʘʧʨʦʙʦʚʘʥʦ ʥʘʤʠ ʥʘ ʢʦʨʝʥʝʚʽʡ ʛʥʠʣʽ ʥʘʩʽʥʥʷ 

ʧʰʝʥʠʮʽ) ʪʘʙʣ.1.  

ʆʪʨʠʤʘʥʽ ʜʘʥʥʽ ʧʽʜʪʚʝʨʜʠʣʠ ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʱʦʜʦ ʟʥʠʞʝʥʥʷ 

ʫʨʘʞʝʥʥʷ ʮʽʻʶ ʧʘʪʦʣʦʛʽʻʶ ʥʘʩʽʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʡʦʛʦ ʧʨʝʧʘʨʘʪʦʤ, ʱʦ ʚʤʽʱʫʻ 

ʷʥʪʘʨʥʫ ʢʠʩʣʦʪʫ (ʗʂ) ʪʘ ʛʽʜʨʘʪʦʚʘʥʽ ʬʫʣʝʨʝʥʠ. 

ʊʘʙʣʠʮ ̫1 

ɺʧʣʠʚ ʧʣ̔ʚʢʦʫʪʚʦʨʶʚʘʯʘ ʪʘ ʩʪʠʤʫʣʷʪʦʨʚ̔ ʨʦʩʪʘ ʥʘ ʚʩʭʦʞʩ̔ʪʴ ʥʘʩʽʥʥʷ 

(ʣʘʙʦʨʘʪʦʨʥʝ ʜʦʩʣʽʜʞʝʥʥʷ) 

ɺʘʨ̔ʘʥʪ (ʦʙʨʦʙʢʘ ʥʘʩʽʥʥʷ 

ʧʰʝʥʠʮ)̔ 

ɽʥʝʨʛʽ̫  ʧʨʦʨʦʩʪʘʥʥ,̫ % ɺʩʭʦʞʩ̔ʪʴ, % 

ʂʦʥʪʨʦʣʴ (ʙʝʟ 

ʦʙʨʦʙʢʠ) 

80,3Ñ2,3 91,0Ñ1,5 

ɻʫʤʘʪʠ+ʗʂ  83,0Ñ3,8 94,3Ñ2,1 

ɻʫʤʘʪʠ+ʌʫʣʝʨʝʥʠ + ʗʂ 83,0Ñ1,7 96,1Ñ0,8 

ɻʫʤʘʪʠ + ʗʂ + ʢʘʨʦʪʠʥ 80,0Ñ1,9 94,7Ñ0,7 

ɻʫʤʘʪʠ+ ʢʘʨʦʪʠʥ + 

+ ʬʫʣʝʨʝʥ + ʗʂ 

84,7Ñ1,4 95,0Ñ2,7 

ʇʕɻʠ + ʛʫʤʘʪʠ + 

+ ʢʘʨʦʪʠʥ+ʗʂ  

 

69,3Ñɿ 

 

94,0Ñ1,3 

ʇʨʠʤʽʪʢʘ. ʗʂ ð ʷʥʪʘʨʥʘ ʢʠʩʣʦʪʘ 5ʛ/100ʤʣ, ʜʦʟʠ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʽʚ: ʇɽɻ 500 ï 

0,002/ʣ., ʇɽɻ 1500ð 0,003 ʣ/ʣĂ ʛʫʤʘʪʠ ð 0,006 /ʢʛ, ʢʘʨʦʪʠʥ ð 0,002 ʢʛ/ʣ. 
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ʇʦʻʜʥʘʥʥʷ ʜʚʦʭ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʽʚ (ʇɽɻ 500 ʽ ʇɽɻ 1500) ʜʦʟʚʦʣʠʣʦ 

ʚʘʨʽʶʚʘʪʠ ʤʽʮʥʽʩʪʴ ʧʨʠʣʠʧʘʥʥʷ ʧʨʝʧʘʨʘʪʫ ʜʦ ʥʘʩʽʥʥʷ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʜʦ ʦʩʥʦʚʠ (ʛʫʤʘʪʠ) ʢʘʨʦʪʠʥʫ, ʙʫʨʰʪʠʥʦʚʦʾ 

ʢʠʩʣʦʪʠ ʽ ʛʽʜʨʘʪʦʚʘʥʠʭ ʬʫʣʝʨʝʥʽʚ ʘʜʛʝʟʽʷ ʧʨʝʧʘʨʘʪʫ ʥʘ ʥʘʩʽʥʥʽ ʧʰʝʥʠʮʽ ʧʦʤʽʪʥʦ 

ʟʙʽʣʴʰʫʚʘʣʘʩʷ (ʟ 85,2 ʜʦ 97,9% ʽ ʟ 87,4 ʜʦ 96,0% ʚʽʜʧʦʚʽʜʥʦ); ʪʘʢʦʛʦ ʝʬʝʢʪʫ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʜʦ ʦʩʥʦʚʽ ʪʽʣʴʢʠ ʬʫʣʝʨʝʥʽʚ (ʜʠʚ. ʪʘʙʣ. 2). ʆʜʥʘʢ 

ʩʭʦʞʽʩʪʴ ʥʘʩʽʥʥʷ ʟʙʽʣʴʰʫʚʘʣʘʩʷ ʫ ʚʩʽʭ ʚʘʨʽʘʥʪʘʭ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʭ ʩʫʤʽʰʝʡ ʇɽɻ500 + ʇɽɻ1500 ʟ ʷʥʪʘʨʥʦʶ ʢʠʩʣʦʪʦʶ ʽ 

ʢʘʨʦʪʠʥʦʤ, ʡʤʦʚʽʨʥʦ, ʟʘ ʨʘʭʫʥʦʢ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʜʨʫʛʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʽ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʝʨʰʦʛʦ. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʝʧʘʨʘʪʫ 

ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʫʜʝʨʞʘʥʥʷ ʧʨʝʧʘʨʘʪʫ ʥʘ ʥʘʩʽʥʥʽ, ʱʦ 

ʟʙʽʣʴʰʫʚʘʣʦ ʨʽʚʝʥʴ ʚʩʭʦʞʦʩʪʽ ʥʘʩʽʥʥʷ (ʪʘʙʣ..1,2) 

ʊʘʙʣʠʮʷ 2 

ɺʧʣʠʚ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʽʚ ʪʘ ʾʭ ʩʫʤʽʰʝʡ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʽʾ ʬʫʣʝʨʝʥʽʚ ʧʨʦʪʠ 

ʢʦʨʝʥʝʚʦʾ ʛʥʠʣʽ ʥʘ ʧʰʝʥʠʮʽ (ʣʘʙʦʨʘʪʦʨʥʠʡ ʜʦʩʣʽʜ) 

ʇʣ̔ʚʢʦʫʪʚʦʨʶʚʘʯ ʅʦʨʤʘ ʚʠʪʨʘʪʠ 

ʧʣʽʚʢʦʫʪʚʦʨʶʚ

ʘʯʘ ʨʘʩʭʦʜʫ 

ʧʣ̔ʚʢʦʫʪʚʦʨʶʚ

ʘʯʘ* 

ʉʪʫʧ̔ʥʴ 

ʫʪʨʠʤʘʥʥʷ, 

% 

ɺʩʭʦʞʩ̔ʪʴ % ʈʘʟʚʠʪʦʢ ʢʦʨʝʥʝʚʠʭ 

ʛʥʠʣʝʡ Fusarium ssp., 

%**  

ɻʫʤʘʪʠ+ʇɽɻ500 0,2 ʢʛ/ʪ 85,6 93,3Ñ3,0 30.4Ñ3,4 

ɻʫʤʘʪʠ+ʇɽɻ500+ʇʕ

ɻ1500 

0,1 ʢʛ/ʛ 94,7 96,0Ñ2,8 28,7Ñ3,2 

ɻʫʤʘʪʠ+ʇɽɻ500+ʇʕ

ɻ1500+ʬʫʣʝʨʝʥʠ+ʗʂ 

ʆ,2 ʢʛ/ʪ + 0,1 

ʢʛ/ʪ 

92,3 97,0Ñ1,9 17,0Ñ2,1 

 ɻʫʤʘʪʠ 2,0 ʢʛ/ʛ 

(ʢʦʥʪʨʦʣʴ) 

ð 46,4 88,2Ñ5,3 33.3Ñ3,5 

* ʆʙʩʷʛ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ - 20 ʣ / ʪ. ** ʆʮʽʥʢʫ ʨʦʟʚʠʪʢʫ ʢʦʨʝʥʝʚʠʭ ʛʥʠʣʝʡ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʧʨʦʨʦʩʪʢʘʭ ʫ ʚʽʮʽ 20 ʜʥʽʚ. 

ɼʣʷ ʟʘʭʠʩʪʫ ʥʘʩʽʥʥʷ ʚʽʜ ʮʚʽʣʝʚʠʭ ʛʨʠʙʽʚ ʜʦ ʩʢʣʘʜʫ ʦʙʦʣʦʥʢʠ ʚʚʦʜʷʪʴ 

ʙʘʢʪʝʨʠʮʠʜʥʽ ʩʧʦʣʫʢʠ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʧʨʠ ʟʘʚʯʘʩʥʦʤʫ ʧʨʦʪʨʘʚʣʝʥʥʽ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʘʤʝʨʠʢʘʥʩʴʢʠʤʠ ʘʚʪʦʨʘʤʠ [2] ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʚʦʜʠʪʠ ʽʥʛʽʙʽʪʦʨʠ 

ʮʚʽʣʽ - ʩʦʨʙʽʥʦʚʫ, ʦʮʪʦʚʫ, ʧʨʦʧʽʦʥʦʚʫ ʢʠʩʣʦʪʠ ʽ ʾʭ ʩʦʣʽ, ʘ ʪʘʢʦʞ ʯʝʪʚʝʨʪʠʥʥʽ 

ʘʤʦʥʽʻʚʽ ʩʧʦʣʫʢʠ, ʷʢʽ ʻ ʦʜʥʦʯʘʩʥʦ ʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. ʋ 

ʇʦʣʴʱʽ ʚʠʧʨʦʙʫʚʘʥʦ ʧʨʦʪʨʫʡʥʠʢ ʥʘʩʽʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ ʢʦʤʧʣʝʢʩ ʦʢʩʠʜʫ ʤʽʜʽ ʽ 
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ʩʘʣʽʮʠʣʦʚʦʾ ʢʠʩʣʦʪʠ [4]. ɺ ʋʛʦʨʱʠʥʽ ʜʣʷ ʽʥʢʨʫʩʪʦʚʘʥʦʛʦ ʧʨʦʪʨʫʶʚʘʥʥʷ ʥʘʩʽʥʥʷ 

ʙʦʙʦʚʠʭ ʚʠʢʦʨʠʩʪʘʥʽ ʬʫʥʛʽʮʠʜʠ, ʱʦ ʤʽʩʪʷʪʴ ʨʽʟʥʽ ʢʦʥʩʝʨʚʘʥʪʠ [4]. 

ʗʢ ʚʠʜʥʦ ʟ ʦʪʨʠʤʘʥʠʭ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʜʘʥʠʭ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʢʣʘʜʽ 

ʢʦʤʧʦʥʝʥʪʽʚ ʨʦʩʪʩʪʠʤʫʣʶʶʯʦʛʦ ʧʨʝʧʘʨʘʪʫ ʙʫʨʰʪʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʚ ʧʦʻʜʥʘʥʥʽ ʟ 

ʛʽʜʨʘʪʦʚʘʥʠʤʠ ʬʫʣʝʨʝʥʘʤʠ ʟʥʠʞʫʚʘʚʩʷ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ ʢʦʨʝʥʝʚʦʾ ʛʥʠʣʽ ʚ 

ʥʘʩʽʥʥʽ, ʱʦ ʧʨʦʨʘʩʪʘʻ, ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʨʦʩʪʩʪʠʤʫʣʶʶʯʠʭ ʢʦʤʧʦʟʠʮʽʷʭ. 

ɺʠʩʥʦʚʢʠ: 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʙʫʨʰʪʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʩʧʽʣʴʥʦ ʟ ʛʽʜʨʘʪʦʚʘʥʠʤʠ ʬʫʣʝʨʝʥʘʤʠ ʽ 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʤ ʢʘʨʦʪʠʥʦʤ ʥʝ ʪʽʣʴʢʠ ʟʙʽʣʴʰʫʻ ʚʽʜʩʦʪʦʢ ʩʭʦʞʦʩʪʽ ʥʘʩʽʥʥʷ, ʘ ʡ 

ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʛʥʠʣʝʡ ʥʘ ʢʦʨʝʥʷʭ ʥʘʩʽʥʥʷ, ʱʦ ʧʨʦʨʘʩʪʘʻ. 
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ʩʪʨʫʢʪʫʨ ʚʦʜʳ. //ʉʙ. ʊʝʟʠʩʦʚ ʋʇ ʄʝʞʜʫʥ. ʉʠʤʧ. çɹʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ 

ʩʪʘʨʝʥʠʷè. ʍʘʨʴʢʦʚ. ï 2006. ï ʉ.91-92.  



193 

ɿɸʉʆɹʀ ɺɿɸɭʄʆɼɯɰ CAD-ʉʀʉʊɽʄʀ ɿ PDM-ʉʀʉʊɽʄʆʖ 

 

ʂʫʟʷʢ ʅʘʟʘʨʽʡ ɯʚʘʥʦʚʠʯ 

ʩʪʫʜʝʥʪ 

ʂʫʙʣʽʡ ʃʘʨʠʩʘ ɯʚʘʥʽʚʥʘ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʪʝʤʧʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʧʦʩʪʽʡʥʦ 

ʟʨʦʩʪʘʶʪʴ. ʇʦʩʪʽʡʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦʧʠʪ ʥʘ ʨʽʟʥʽ ʪʠʧʠ ʪʦʚʘʨʽʚ, ʯʝʨʝʟ ʱʦ 

ʧʦʪʨʽʙʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʧʨʦʧʦʟʠʮʽʶ. ʈʝʘʣʽʾ ʩʴʦʛʦʜʝʥʥʷ ʚʠʤʘʛʘʶʪʴ ʧʦʩʪʽʡʥʦ 

ʧʝʨʝʛʣʷʜʘʪʠ ʨʠʥʦʢ ʽ ʥʝʛʘʡʥʦ ʨʦʟʨʦʙʣʷʪʠ ʥʦʚʫ ʯʠ ʟʤʽʥʶʚʘʪʠ ʚʞʝ ʽʩʥʫʶʯʫ 

ʧʨʦʜʫʢʮʽʶ ʧʽʜ ʧʦʪʨʝʙʠ ʢʦʨʠʩʪʫʚʘʯʘ. ʂʝʨʽʚʥʠʮʪʚʦ ʢʦʤʧʘʥʽʡ ʟʘʮʽʢʘʚʣʝʥʝ ʚ 

ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʢʨʝʤʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʜʫʢʪʫ ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ, ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ. 

ʈʦʟʨʦʙʢʘ ʥʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʙʘʛʘʪʦ ʝʪʘʧʽʚ, ʦʜʥʠʤ ʟ ʷʢʠʭ ʻ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʣʝʢʪʠʚʥʦ. ʈʽʟʥʽ 

ʧʽʜʨʦʟʜʽʣʠ ʧʨʦʝʢʪʫʶʪʴ ʨʽʟʥʽ ʯʘʩʪʠʥʠ ʚʠʨʦʙʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ð ʉɸʇʈ (CAD-ʩʠʩʪʝʤ). 

ʊʘʢʦʞ ʢʦʞʝʥ ʝʪʘʧ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʧʨʦʜʫʢʮʽʾ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʽ ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. ʆʩʦʙʣʠʚʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʜʦʢʫʤʝʥʪʽʚ ʩʪʚʦʨʶʻʪʴʩʷ ʽ ʙʘʛʘʪʦʨʘʟʦʚʦ ʤʦʜʠʬʽʢʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʚʠʨʦʙʫ, ʟʦʢʨʝʤʘ ʢʦʞʥʦʾ ʡʦʛʦ ʯʘʩʪʠʥʠ. ʉʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʜʘʥʠʤʠ ʧʨʦ ʚʠʨʽʙ 

(PDM-ʩʠʩʪʝʤʠ) ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʙʫʜʫʚʘʪʠ ʟʚôʷʟʢʠ ʤʽʞ ʜʦʢʫʤʝʥʪʘʤ ʽ 

ʧʝʨʝʛʣʷʜʘʪʠ ʾʭ ʫ ʟʨʫʯʥʽʡ ʬʦʨʤʽ, ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ, ʥʝʦʙʭʽʜʥʽ ʥʘ ʝʪʘʧʘʭ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ, ʩʪʚʦʨʶʚʘʪʠ ʟʚʽʪʠ ʧʨʦ ʚʠʨʦʙʠ, ʾʭʥʽ 

ʯʘʩʪʠʥʠ ʡ ʦʢʨʝʤʽ ʜʝʪʘʣʽ, ʚʠʢʦʨʠʩʪʘʥʽ ʤʘʪʝʨʽʘʣʠ, ʘ ʪʘʢʦʞ ʧʨʦ ʚʩʽ ʝʪʘʧʠ 
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ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʚʠʨʦʙʫ ð ʚʽʜ ʨʦʟʨʦʙʢʠ ʜʦ ʫʪʠʣʽʟʘʮʽʾ. ʂʦʞʝʥ ʨʘʟ ʧʨʠ ʚʥʝʩʝʥʥʽ 

ʟʤʽʥ ʫ ʧʨʦʝʢʪ ʪʨʝʙʘ ʟʤʽʥʶʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʚ PDM-ʩʠʩʪʝʤʽ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʟʜʘʪʥʦʛʦ ʨʦʟʰʠʨʠʪʠ ʬʫʥʢʮʽʦʥʘʣ CAD-ʩʠʩʪʝʤʠ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ PDM-ʩʠʩʪʝʤʦʶ 

ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʢʦʤʘʥʜ ʚ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ CAD-ʩʠʩʪʝʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʘʥʪʫʚʘʪʠʤʝ ʧʨʘʚʠʣʴʥʫ ʽ 

ʚʯʘʩʥʫ ʟʤʽʥʫ ʜʘʥʠʭ ʫ PDM-ʩʠʩʪʝʤʽ ʧʨʠ ʚʥʝʩʝʥʥʽ ʟʤʽʥ ʫ ʧʨʦʝʢʪ, ʱʦ 

ʫʥʝʤʦʞʣʠʚʠʪʴ ʚʪʨʘʪʫ ʯʠ ʥʝʢʦʨʝʢʪʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʚ ʜʦʢʫʤʝʥʪʘʮʽʾ ʯʝʨʝʟ 

ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ.  

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ 

ʨʝʘʣʽʟʫʻ ʚʟʘʻʤʦʜʽʶ ʤʽʞ CAD-ʩʠʩʪʝʤʦʶ ʽ PDM-ʩʠʩʪʝʤʦʶ, ʩʧʦʯʘʪʢʫ ʙʫʣʦ 

ʜʦʩʣʽʜʞʝʥʦ ʩʧʦʩʦʙʠ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ ʮʠʭ ʩʠʩʪʝʤ.  

ʈʦʟʨʦʙʥʠʢʠ CAD-ʩʠʩʪʝʤ ʧʝʨʝʜʙʘʯʠʣʠ ʤʦʞʣʠʚʫ ʧʦʪʨʝʙʫ ʨʦʟʰʠʨʝʥʥʷ 

ʾʭʥʴʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. ʈʘʟʦʤ ʟ ʩʠʩʪʝʤʦʶ ʚʦʥʠ ʩʪʚʦʨʠʣʠ 

ʧʨʠʢʣʘʜʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʽʥʪʝʨʬʝʡʩ (API) ʜʦ ʥʝʾ. ɼʘʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ð ʮʝ ʯʽʪʢʦ 

ʚʠʟʥʘʯʝʥʽ ʤʝʪʦʜʠ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʠ. ɺʽʥ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʟʦʚʥʽʰʥʽ ʧʨʦʛʨʘʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʜʦʜʘʚʘʪʠ ʥʦʚʽ ʢʦʤʘʥʜʠ ʽ 

ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʾʭ ʫ ʩʠʩʪʝʤʫ. ʗʢ ʧʨʘʚʠʣʦ, ʪʘʢʽ ʧʨʦʛʨʘʤʥʽ ʽʥʪʝʨʬʝʡʩʠ 

ʨʝʻʩʪʨʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʽ ʷʢ COM-ʢʦʤʧʦʥʝʥʪʠ. ʇʝʨʝʚʘʛʦʶ ʻ ʪʝ, ʱʦ ʤʦʜʝʣʴ COM 

ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʩʪʚʦʨʶʚʘʪʠ ʙʽʙʣʽʦʪʝʢʠ ʢʦʜʫ, ʷʢʽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʨʽʟʥʠʭ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʜʽʡʩʥʝʥʦ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ CAD-ʩʠʩʪʝʤʠ 

CATIA [1] ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ PDM-ʩʠʩʪʝʤʦʶ IT-Enterprise [2]. ʈʦʟʨʦʙʣʝʥʽ 

ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ: ʨʦʟʰʠʨʝʥʥʷ CAD-ʩʠʩʪʝʤʠ ʽ 

ʨʦʟʰʠʨʝʥʥʷ PDM-ʩʠʩʪʝʤʠ. ɼʣʷ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ CAD-ʩʠʩʪʝʤʠ ʙʫʣʦ 

ʥʘʧʠʩʘʥʦ ʙʽʙʣʽʦʪʝʢʫ ʢʦʜʫ, ʷʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ API ʚʠʢʦʥʫʻ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʬʫʥʢʮʽʾ. 

ʈʦʟʰʠʨʝʥʥʷ ʜʣʷ PDM-ʩʠʩʪʝʤʠ ʚʠʢʦʥʫʻ ʦʙʨʦʙʢʫ ʢʦʤʘʥʜ, ʷʢʽ ʧʨʠʭʦʜʷʪʴ ʟ CAD-

ʩʠʩʪʝʤʠ.  

ʄʦʞʣʠʚʽʩʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ CATIA ʥʘʜʘʻ 

ʧʨʠʢʣʘʜʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʽʥʪʝʨʬʝʡʩ CATIA API [3]. ɺʽʥ ʘʚʪʦʤʘʪʠʯʥʦ 
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ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʽ ʨʝʻʩʪʨʫʻʪʴʩʷ ʥʘ ʢʦʤʧôʶʪʝʨʽ ʢʦʨʠʩʪʫʚʘʯʘ ʧʽʜ ʯʘʩ ʽʥʩʪʘʣʷʮʽʾ 

ʩʠʩʪʝʤʠ CATIA. ʆʩʥʦʚʥʠʤ ʢʣʘʩʦʤ ʧʨʦʛʨʘʤʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ CATIA API ʻ 

INFITF.Application. ɿ ʥʴʦʛʦ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʦʙôʻʢʪʠ ʜʦʢʫʤʝʥʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʦʜʫ FindDocument ʯʠ ʚʽʜʢʨʠʪʠ ʥʦʚʠʡ ʜʦʢʫʤʝʥʪ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

OpenFile. ʇʨʦʪʝ ʟ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ ʥʝ ʤʦʞʣʠʚʦ ʜʦʜʘʪʠ ʢʦʤʘʥʜʠ ʚ ʧʘʥʝʣʴ 

ʽʥʩʪʨʫʤʝʥʪʽʚ CATIA, ʘʣʝ ʮʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʢʨʦʩʽʚ ʪʘ 

ʥʘʣʘʰʪʫʚʘʥʴ CAD-ʩʠʩʪʝʤʠ. 

ʄʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʘʢʨʦʩʽʚ ʫ CATIA ʻ ʤʦʚʘ Visual Basic for 

Applications. ʑʦʙ ʫ ʩʠʩʪʝʤʫ CATIA ʜʦʜʘʪʠ ʤʘʢʨʦʩ, ʧʦʪʨʽʙʥʦ ʜʠʨʝʢʪʦʨʽʶ, ʜʝ 

ʤʽʩʪʠʪʴʩʷ ʤʘʢʨʦʩ, ʜʦʜʘʪʠ ʜʦ ʤʘʢʨʦʙʽʙʣʽʦʪʝʢ ʩʠʩʪʝʤʠ. ʉʪʚʦʨʝʥʠʡ ʬʫʥʢʮʽʦʥʘʣ 

ʨʝʻʩʪʨʫʻʪʴʩʷ ʚ CAD-ʩʠʩʪʝʤʽ ʷʢ ʢʦʤʘʥʜʠ, ʘ ʚʽʜʧʦʚʽʜʥʽ ʧʽʢʪʦʛʨʘʤʠ ʤʦʞʥʘ 

ʨʦʟʤʽʩʪʠʪʠ ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ. 

PDM-ʩʠʩʪʝʤʘ IT-Enterprise [2] ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦ ʨʦʟʚôʷʟʫʚʘʪʠ 

ʪʘʢʽ ʧʠʪʘʥʥʷ, ʷʢ: ʢʝʨʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʶ ʧʽʜʛʦʪʦʚʢʦʶ ʚʠʨʦʙʥʠʮʪʚʘ; 

ʢʝʨʫʚʘʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʷʤʠ ʽ ʩʪʚʦʨʝʥʥʷʤ ʚʠʨʦʙʽʚ; ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʶ 

ʧʽʜʛʦʪʦʚʢʦʶ ʚʠʨʦʙʥʠʮʪʚʘ; ʥʦʨʤʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʨʝʩʫʨʩʽʚ; ʽʥʪʝʛʨʘʮʽʷ ʟ CAD-

ʩʠʩʪʝʤʘʤʠ. ʉʠʩʪʝʤʘ IT-Enterprise ʥʝ ʩʪʚʦʨʶʚʘʣʘʩʷ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜ ʧʝʚʥʫ 

CAD-ʩʠʩʪʝʤʫ, ʪʦʤʫ ʚʦʥʘ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʫʚʘʪʠʩʷ ʟ ʙʫʜʴ-ʷʢʦʶ ʩʠʩʪʝʤʦʶ. 

ʉʠʩʪʝʤʘ IT-Enterprise ʬʫʥʢʮʽʦʥʫʻ ʚ ʪʨʠʨʽʚʥʝʚʽʡ ʘʨʭʽʪʝʢʪʫʨʽ ʢʣʽʻʥʪ-ʩʝʨʚʝʨ. 

ɺʠʜʽʣʷʶʪʴʩʷ ʰʘʨʠ ʩʝʨʚʝʨʘ ʙʘʟʠ ʜʘʥʠʭ, ʧʫʣʫ ʩʝʨʚʝʨʽʚ ʜʦʜʘʪʢʽʚ (ʩʝʨʚʝʨʽʚ 

ʜʦʜʘʪʢʽʚ ʤʦʞʝ ʙʫʪʠ ʙʫʜʴ-ʷʢʘ ʢʽʣʴʢʽʩʪʴ), ʢʣʽʻʥʪʩʴʢʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʎʷ ʩʠʩʪʝʤʘ ʘʜʘʧʪʠʚʥʘ ð ʚʦʥʘ ʤʘʻ ʙʽʣʴʰʝ 3000 ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʣʘʰʪʫʚʘʥʥʷ. ʆʩʥʦʚʥʦʶ ʤʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ IT-Enterprise ʻ C#. ɿʘ 

ʾʾ ʜʦʧʦʤʦʛʦʶ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʚʠʢʣʠʢʫ ʬʫʥʢʮʽʡ ʟ PDM-ʩʠʩʪʝʤʠ.  

ʉʪʚʦʨʝʥʝ ʨʦʟʰʠʨʝʥʥʷ ʜʣʷ PDM-ʩʠʩʪʝʤʠ IT-Enterprise ʚʠʢʦʥʫʻ ʦʙʨʦʙʢʫ 

ʢʦʤʘʥʜ, ʷʢʽ ʧʨʠʭʦʜʷʪʴ ʟ CAD-ʩʠʩʪʝʤʠ. ʆʩʥʦʚʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʮʴʦʛʦ API ʻ: 

ʚʽʜʢʨʠʪʪʷ ʬʘʡʣʫ ʜʦʢʫʤʝʥʪʘ; ʚʟʷʪʪʷ ʜʦʢʫʤʝʥʪʽʚ ʥʘ ʟʤʽʥʫ ʩʪʘʪʫʩʫ (ʜʦʢʫʤʝʥʪ ʤʦʞʝ 

ʤʘʪʠ ʩʪʘʪʫʩ ʥʘ ʟʤʽʥʽ ʚ ʧʦʪʦʯʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʥʘ ʟʤʽʥʽ ʚ ʽʥʰʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʚ 

ʘʨʭʽʚʽ, ʪʦʙʪʦ ʥʝ ʥʘ ʟʤʽʥʽ ʚ ʞʦʜʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ); ʟʙʝʨʝʞʝʥʥʷ ʜʦʢʫʤʝʥʪʽʚ ʚ 
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ʘʨʭʽʚ; ʧʦʚʝʨʥʝʥʥʷ ʜʦʢʫʤʝʥʪʘ ʚ ʘʨʭʽʚ (ʟʤʽʥʠʪʠ ʩʪʘʪʫʩ ʜʦʢʫʤʝʥʪʘ ʥʘ çʚ ʘʨʭʽʚʽè) ʽ 

ʟʙʝʨʝʞʝʥʥʷ ʡʦʛʦ; ʩʪʚʦʨʝʥʥʷ ʜʦʢʫʤʝʥʪʘ ʟʘ ʰʘʙʣʦʥʦʤ, ʚʠʙʨʘʥʠʤ ʫ PDM-ʩʠʩʪʝʤʽ. 

ʗʢ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʘʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ 

ʽʥʪʝʛʨʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ Microsoft Visual Studio, ʷʢʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʮʶʚʘʪʠ 

ʟ ʨʽʟʥʠʤʠ ʤʦʚʘʤʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʣʷʪʠ ʜʦʜʘʪʢʠ ʥʝ ʪʽʣʴʢʠ ʧʽʜ 

Windows, ʘ ʡ ʧʽʜ ʽʥʰʽ ʧʦʧʫʣʷʨʥʽ ʧʣʘʪʬʦʨʤʠ, ʥʘʧʨʠʢʣʘʜ, Android, iOS, Linux. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʩʪʘʣʷʪʦʨʘ ʚʠʢʦʨʠʩʪʘʥʦ ʨʦʟʰʠʨʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʢʠ 

Microsoft Visual Studio Installer Projects. ɼʣʷ ʥʘʧʠʩʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙʨʘʥʦ ʚʠʩʦʢʦʨʽʚʥʝʚʫ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ C#; ʤʦʚʘ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ C# ʽ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ Microsoft Visual Studio ʤʘʶʪʴ ʚʝʩʴ 

ʬʫʥʢʮʽʦʥʘʣ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʩʪʦʨʦʥʥʽʭ ʙʽʙʣʽʦʪʝʢ ʢʦʜʫ. ɼʣʷ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʘʢʨʦʩʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʚʫ Visual Basic for Applications; ʜʣʷ 

ʚʟʘʻʤʦʜʽʾ ʟ ʙʘʟʘʤʠ ʜʘʥʠʭ ð ʜʝʢʣʘʨʘʪʠʚʥʫ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ MS SQL. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʨʦʙʦʪʫ ʚ CAD-ʩʠʩʪʝʤʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʦʾ ʧʘʥʝʣʽ 

ʽʥʩʪʨʫʤʝʥʪʽʚ, ʥʘ ʷʢʽʡ ʨʦʟʤʽʱʫʶʪʴʩʷ ʢʦʤʘʥʜʠ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ PDM-ʩʠʩʪʝʤʦʶ, 

ʱʦ ʻ ʜʫʞʝ ʟʨʫʯʥʠʤ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ-ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʘ. 

ʈʝʘʣʽʟʦʚʘʥʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʘʢʽ ʬʫʥʢʮʽʾ, ʷʢ: ʚʽʜʢʨʠʪʪʷ 

ʜʦʢʫʤʝʥʪʘ ʟ PDM-ʩʠʩʪʝʤʠ ʚ CAD-ʩʠʩʪʝʤʽ; ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʦʛʦ ʚʠʨʦʙʫ ʟʘ 

ʰʘʙʣʦʥʦʤ, ʚʠʙʨʘʥʠʤ ʟ PDM-ʩʠʩʪʝʤʠ; ʚʟʷʪʪʷ ʜʦʢʫʤʝʥʪʘ ʥʘ ʟʤʽʥʫ ʨʦʟʨʦʙʥʠʢʦʤ; 

ʟʙʝʨʝʞʝʥʥʷ ʧʨʦʝʢʪʫ ʚʠʨʦʙʫ ʟ CAD-ʩʠʩʪʝʤʠ; ʧʦʚʝʨʥʝʥʥʷ ʜʦʢʫʤʝʥʪʘ ʚ PDM-

ʩʠʩʪʝʤʫ; ʟʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ ʟ ʩʝʩʽʾ CAD-ʩʠʩʪʝʤʠ ʽ ʧʝʨʝʜʘʯʫ ʾʭ ʫ PDM-ʩʠʩʪʝʤʫ, 

ʜʝ ʧʨʘʚʠʣʴʥʦ ʟʘʧʦʚʥʶʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʠʨʽʙ. 

ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʢʝʨʫʚʘʥʥʷ 

ʜʘʥʠʤʠ ʧʨʦ ʚʠʨʽʙ ʻ ʢʣʶʯʦʚʦʶ ʣʘʥʢʦʶ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ 

ʧʝʨʝʭʦʜʫ ʟ ʝʪʘʧʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʦ ʝʪʘʧʫ ʧʦʚʥʦʮʽʥʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʈʦʟʨʦʙʣʝʥʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʢʦʣʝʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʽ 

ʰʚʠʜʢʦʛʦ ʾʭʥʴʦʛʦ ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʉʪʚʦʨʝʥʦ ʬʫʥʢʮʽʦʥʘʣ, ʧʨʠʩʫʪʥʽʡ ʫ CAD-ʩʠʩʪʝʤʽ ʷʢ ʢʦʤʘʥʜʠ, 

ʷʢʠʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʟ PDM-ʩʠʩʪʝʤʦʶ. ʊʘʢʠʡ ʩʧʦʩʽʙ ʻ ʛʥʫʯʢʠʤ ʜʣʷ 
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ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ ʨʦʟʨʦʙʥʠʢʦʤ ʽ ʟʨʫʯʥʠʡ ʯʝʨʝʟ ʤʦʞʣʠʚʽʩʪʴ 

ʥʘʣʘʰʪʫʚʘʪʠ ʧʘʥʝʣʴ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. 

ɿʘʚʜʷʢʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʢʝʨʦʚʘʥʽʩʪʴ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʤʠ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʨʦʙʽʚ, ʷʢʽʩʪʴ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʥʘʜʽʡʥʽʩʪʴ ʽ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ 

ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʢʦʥʪʨʦʣʴ ʟʘ ʪʝʨʤʽʥʘʤʠ ʫʟʛʦʜʞʝʥʥʷ ʜʦʢʫʤʝʥʪʽʚ, ʨʽʚʝʥʴ 

ʚʠʢʦʥʘʚʯʦʾ ʜʠʩʮʠʧʣʽʥʠ.  

ʉʇʀʉʆʂ ʃɯʊɽʈɸʊʋʈʀ 

1. CATIA [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ð URL: https://www.3ds.com/products-

services/catia/ 

2. ʋʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ ʧʨʦ ʚʠʨʽʙ (PDM) [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ð URL: 

https://www.it.ua/products/rd/upravlenie-dannymi-ob-izdelii-pdm 

3. CATIA API documentation [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ð URL: 

http://catiadoc.free.fr/online/interfaces/main.htm 
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ʆʇʊʀʄɯɿɸʎɯʗ ʈʆɿʊɸʐʋɺɸʅʅʗ ʇʈʀʉʊʈʆɰɺ FACTS ʊɸ ʇʈʀʉʊʈʆɰɺ 

ʉɺɺ ʋ ɽɽʉ ɿ ʈʆɿʇʆɼɯʃɽʅʆʖ ɻɽʅɽʈɸʎɯɭʖ 

 

ʃʽʪʚʽʥʦʚ ɺʦʣʦʜʠʤʠʨ ɺʘʣʝʨʽʡʦʚʠʯ, 

ʢ.ʪ.ʥ., ʥʘʯʘʣʴʥʠʢ ʚʽʜʜʽʣʫ 

ʌʽʣʽʷ çɼʥʽʧʨʦʚʩʴʢʘ ɻɽʉè ʇʨɸʊ çʋʢʨʛʽʜʨʦʝʥʝʨʛʦ, 

ʤ. ɿʘʧʦʨʽʞʞʷ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ (ɽɽʉ) ʋʢʨʘʾʥʠ 

ʬʫʥʢʮʽʦʥʫʻ ʫ ʚʘʞʢʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʷʢʽ 

ʩʧʨʠʯʠʥʠʣʠ ʪʘʢʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ: 

- ʟʘʩʪʘʨʽʣʝ ʩʠʣʦʚʝ ʪʘ ʢʦʤʫʪʘʮʽʡʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʯʘʩʪʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʟʘʜʦʚʽʣʴʥʠʤ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ; 

- ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʽʜʤʦʚ ʦʙʣʘʜʥʘʥʥʷ, ʷʢ ʚʥʘʩʣʽʜʦʢ ʥʝʟʘʜʦʚʽʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘʢ ʽ ʚʥʘʩʣʽʜʦʢ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ; 

- ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʞʝʨʝʣ ʨʦʟʧʦʜʽʣʝʥʦʾ ʛʝʥʝʨʘʮʽʾ ʚ ʆɽʉ ʋʢʨʘʾʥʠ, ʨʦʙʦʪʘ 

ʷʢʠʭ ʥʦʩʠʪʴ ʩʪʦʭʘʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ; 

- ʩʫʪʪʻʚʝ ʟʥʠʞʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ, ʷʢʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʩʢʣʘʜʥʝʥʥʷ ʧʽʜʪʨʠʤʢʠ ʙʘʣʘʥʩʫ ʚ ɽɽʉ. 

ɿ ʙʝʨʝʟʥʷ 2022 ʨʦʢʫ ɽɽʉ ʋʢʨʘʾʥʠ ʧʨʘʮʶʻ ʧʘʨʘʣʝʣʴʥʦ ʟ ʆɽʉ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʾ ɭʚʨʦʧʠ ENTSO-E, ʷʢʘ ʚʠʩʫʚʘʻ ʚʠʱʽ ʚʠʤʦʛʠ ʜʦ ʥʘʜʽʡʥʦʩʪʽ, 

ʤʘʥʝʚʨʦʚʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ ʨʦʙʦʪʠ ɽɽʉ ʋʢʨʘʾʥʠ, ʥʽʞ ʙʫʣʠ ʨʘʥʽʰʝ, ʞʦʨʩʪʢʽʰʽ 

ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʚʠʤʦʛʠ ʜʦ ʞʠʚʫʯʦʩʪʽ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ɼʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ENTSO-E ʚʠʤʦʛ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʝʨʝʣʽʯʝʥʠʭ ʚʠʱʝ ʦʙôʻʢʪʠʚʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ɽɽʉ ʋʢʨʘʾʥʠ ʧʦʣʷʛʘʻ ʫ 

ʚʧʨʦʚʘʜʞʝʥʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ɽɽʉ ʟ ʘʢʪʠʚʥʦ-ʘʜʘʧʪʠʚʥʦʶ ʝʣʝʢʪʨʠʯʥʦʶ 

ʤʝʨʝʞʝʶ SmartGrid [1,2]. ʊʝʭʥʦʣʦʛʽʾ SmartGrid ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʜʞʝʨʝʣʘʤʠ ʛʝʥʝʨʘʮʽʾ, ʽʥʪʝʛʨʘʮʽʾ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʪʘ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʧʨʠʩʪʨʦʾʚ ʛʥʫʯʢʦʛʦ 

ʟʚôʷʟʢʫ (FACTS). ʉʪʚʦʨʝʥʥʷ ʘʢʪʠʚʥʦ-ʘʜʘʧʪʠʚʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ SmartGrid 

ʤʘʻ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʥʘ ʦʩʥʦʚʽ ʩʫʯʘʩʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʨʝʞʠʤʽʚ (ʩʠʥʭʨʦʥʽʟʦʚʘʥʽ 
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ʚʝʢʪʦʨʥʽ ʚʠʤʽʨʶʚʘʥʥʷ (ʉɺɺ)) ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʥʠʤʠ, ʩʪʽʡʢʦʩʪʽ ʪʘ ʢʝʨʦʚʘʥʦʩʪʽ 

ɽɽʉ. 

ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʠʧʫ, 

ʢʽʣʴʢʦʩʪʽ ʧʨʠʩʪʨʦʾʚ FACTS ʪʘ ʉɺɺ ʪʘ ʤʽʩʮʴ ʾʭʥʴʦʛʦ ʚʩʪʘʥʦʚʣʝʥʥʷ. ʎʝʡ ʚʠʙʽʨ 

ʤʘʻ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʧʦ ʨʷʜʫ ʢʨʠʪʝʨʽʾʚ, ʘ ʩʘʤʝ: ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʦʙʣʘʜʥʘʥʥʷ ɽɽʉ, 

ʨʝʞʠʤʠ ʨʦʙʦʪʠ ɽɽʉ, ʥʘʷʚʥʽʩʪʴ ʨʦʟʧʦʜʽʣʝʥʦʾ ʛʝʥʝʨʘʮʽʾ, ʥʘʷʚʥʽʩʪʴ ʩʣʘʙʢʠʭ 

ʧʽʜʩʠʩʪʝʤ ɽɽʉ, ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʤʽʩʮʷʤʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ FACTS ʪʘ 

ʉɺɺ, ʝʢʦʥʦʤʽʯʥʠʡ ʧʦʢʘʟʥʠʢ (ʤʽʥʽʤʽʟʘʮʽʷ ʚʠʪʨʘʪ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʦʙʦʭ ʪʠʧʽʚ ʟʘ ʾʭ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʧʨʠʩʪʨʦʾʚ FACTS ʪʘ ʉɺɺ 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʟʘʜʘʯ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ʂʨʠʪʝʨʽʻʤ ʦʮʽʥʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʰʝʥʴ ʱʦʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ FACTS ʪʘ ʉɺɺ ʚ ɽɽʉ ʻ 

ʪʝʭʥʽʯʥʠʡ ʨʠʟʠʢ [3], ʦʩʢʽʣʴʢʠ ʚʽʥ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʪʝʭʥʽʯʥʽ, ʝʢʦʥʦʤʽʯʥʽ, 

ʩʪʦʭʘʩʪʠʯʥʽ ʬʘʢʪʦʨʠ ʪʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʽʣʴʢʽʩʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʜʝʢʽʣʴʢʦʭ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ɽɽʉ ʟʘ ʾʭ ʥʘʷʚʥʦʩʪʽ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʤʽʩʮʴ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ FACTS ʪʘ ʉɺɺ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʪʘ 

ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ɽɽʉ ʚ ʫʤʦʚʘʭ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʠʩʪʨʦʾ FACTS ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʢʦʤʧʝʥʩʘʮʽʶ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʣʽʥʽʡ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ, ʧʦʢʨʘʱʝʥʥʷ ʥʘʧʨʫʛʠ ʪʘ ʩʪʽʡʢʦʩʪʽ. ʇʨʠʩʪʨʦʾ FACTS ʧʨʘʮʶʶʪʴ 

ʟʛʽʜʥʦ ʟ ʢʦʤʘʥʜʘʤʠ ʜʠʩʧʝʪʯʝʨʘ, ʷʢʠʡ ʘʥʘʣʽʟʫʻ ʧʦʪʨʝʙʫ ʚ ʥʠʭ ʟʘ ʜʘʥʠʤʠ, ʱʦ 

ʦʪʨʠʤʫʶʪʴʩʷ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ SCADA ʩʠʩʪʝʤ, ʘʣʛʦʨʠʪʤʽʚ ʦʮʽʥʢʠ ʩʪʘʥʫ ʪʘ 

ʧʨʠʩʪʨʦʾʚ ʉɺɺ. ɺ ʨʦʙʦʪʽ [4] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʨʦʙʦʪʠ 

ʧʨʠʩʪʨʦʾʚ FACTS ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʧʨʠʩʪʨʦʷʤʠ ʉɺɺ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʰʣʷʭʦʤ 

ʪʘʨʦʟʛʣʷʥʫʪʦ ʩʪʨʘʪʝʛʽʶ ʢʦʥʪʨʦʣʶ ʜʣʷ FACTS ʚ ʦʩʥʦʚʽ ʷʢʦʾ ʣʝʞʠʪʴ ʤʝʪʦʜ 

ʙʽʥʘʨʥʦʛʦ ʧʦʰʫʢʫ [5], ʜʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ FACTS ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʟʛʽʜʥʦ ʟ [6]. ʉɺɺ ʥʘʧʨʘʚʣʷʶʪʴ ʜʘʥʽ 

ʯʝʨʝʟ ʢʦʤʫʥʽʢʘʮʽʡʥʠʡ ʟʚôʷʟʦʢ ʜʦ ʢʦʥʮʝʥʪʨʘʪʦʨʫ ʚʝʢʪʦʨʥʠʭ ʚʠʤʽʨʽʚ ʷʢʠʡ ʟʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʘʻ ʢʦʤʘʥʜʫ ʥʘ ʟʤʽʥʫ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ FACTS. ʇʨʠ 
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ʮʴʦʤʫ ʚ ʩʪʘʪʪʽ ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʚʠʙʦʨʫ ʤʽʩʮʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ 

ʉɺɺ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʽʩʮʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ FACTS ʜʣʷ ʾʭ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʾ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ. 

ɺ ʩʪʘʪʪʽ [7] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʪʨʘʪʝʛʽʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʩʪʨʦʷʤʠ FACTS ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʠʩʪʨʦʾʚ ʉɺɺ. ʉʪʨʘʪʝʛʽʶ ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ 

ʧʨʠʢʣʘʜʽ STATCOM. ʆʧʪʠʤʘʣʴʥʽ ʤʽʩʮʷ ʚʩʪʘʥʦʚʣʝʥʥʷ STATCOM ʚʠʟʥʘʯʝʥʦ ʟʘ 

ʤʝʪʦʜʦʤ ʽʥʜʝʢʩʥʦʛʦ ʚʝʢʪʦʨʫ, ʘ ʦʧʪʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʪʨʦʾʚ ʉɺɺ ï ʤʝʪʦʜʘʤʠ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʥʝ ʚʠʟʥʘʯʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʘʥʦʾ ʩʪʨʘʪʝʛʽʾ 

ʜʣʷ ʽʥʰʠʭ ʪʠʧʽʚ ʧʨʠʩʪʨʦʾʚ FACTS ʪʘ ʥʝ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʚʘʛʦʚʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʘʞʣʠʚʦʩʪʽ ʚʫʟʣʽʚ ɽɽʉ. 

ɺ ʨʦʙʦʪʽ [8] ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʴ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʧʨʠʩʪʨʦʾʚ FACTS ʫ ʚʝʣʠʢʠʭ ʨʦʟʛʘʣʫʞʝʥʠʭ ɽɽʉ, ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ 

ʩʣʘʙʢʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʧʽʜʩʠʩʪʝʤ ɽɽʉ ʰʣʷʭʦʤ ʦʙôʻʜʥʘʥʥʷ ʾʭ ʫ ʩʣʘʙʢʠʡ ʢʣʘʩʪʝʨ. 

ɺ ʩʪʘʪʪʽ [9] ʨʦʟʨʦʙʣʝʥʦ ʽʤʦʚʽʨʥʽʩʥʦ-ʥʝʯʽʪʢʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʉɺɺ ʫ ʚʫʟʣʘʭ ɽɽʉ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʩʪʽ ʚʫʟʣʽʚ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ.ɺ ʪʦʡ ʞʝ ʯʘʩ, ʘʚʪʦʨʘʤʠ 

ʥʝ ʦʧʨʘʮʴʦʚʘʥʝ ʧʠʪʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʮʠʭ ʜʚʦʭ ʟʘʜʘʯ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʚʠʟʥʘʯʝʥʥʷʦʧʪʠʤʘʣʴʥʠʭ ʤʽʩʮʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ FACTS ʟ 

ʫʨʘʭʫʚʘʥʥʷʤʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʉɺɺ ʫ ʚʫʟʣʘʭ. 

ɺ ʧʦʪʫʞʥʠʭ ɽɽʉ ʧʨʠʩʪʨʦʾ FACTS ʥʘʡʜʦʮʽʣʴʥʽʰʝ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʚ 

ʧʽʜʩʠʩʪʝʤʘʭ, ʷʢʽ ʻ ʩʣʘʙʢʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʝʞʠʤʥʦʾ, ʩʪʨʫʢʪʫʨʥʦʾ ʪʘ ʪʝʭʥʽʯʥʦʾ 

ʥʘʜʽʡʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʮʝ ʧʽʜʚʠʱʠʪʴ ʟʘʛʘʣʴʥʫ ʥʘʜʽʡʥʽʩʪʴ ɽɽʉ ʪʘ ʟʥʠʟʠʪʴ 

ʽʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʚ ʮʽʡ ʧʽʜʩʠʩʪʝʤʽ [8]. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʩʣʘʙʢʠʭ ʧʽʜʩʠʩʪʝʤ ɽɽʉ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʥʘʩʪʫʧʥʽ ʢʨʠʪʝʨʽʾ ʩʣʘʙʢʦʩʪʽ: 

1) ʚʠʩʦʢʘ ʽʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʚ ɽɽʉ ʯʝʨʝʟ ʚʽʜʤʦʚʫ 

ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʤʘʻ ʥʝʟʘʜʦʚʽʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ; 

2) ʚʠʩʦʢʘ ʽʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʚ ɽɽʉ ʯʝʨʝʟ 

ʥʘʷʚʥʽʩʪʴ ʦʙʪʷʞʝʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʨʝʞʠʤʫ. 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʉɺɺ ʫ ʧʦʪʫʞʥʽʡ ɽɽʉ 

ʥʝʦʙʭʽʜʥʝ ʚʨʘʭʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʢʦʥʪʨʦʣʴʦʚʘʥʦʩʪʽ ʚʫʟʣʽʚ ɽɽʉ ʪʘ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ɽɽʉ [9]. 

ɿ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ, ʚʠʜʥʦ, ʱʦ ʩʧʽʣʴʥʠʤ ʢʨʠʪʝʨʽʻʤ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʴ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʩʪʨʦʾʚ FACTS ʪʘ ʉɺɺ ʻ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʦʙʣʘʜʥʘʥʥʷ ɽɽʉ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʩʣʘʙʢʠʭ ʧʽʜʩʠʩʪʝʤ ʥʘ ʧʽʜʩʪʘʚʽ ʮʴʦʛʦ ʢʨʠʪʝʨʽʶ. ʅʘʷʚʥʽʩʪʴ ʬʘʢʪʦʨʽʚ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʩʪʽ ʚʫʟʣʽʚ ɽɽʉ ʪʘ ʦʙʪʷʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ ʨʝʞʠʤʽʚ ɽɽʉ 

ʚʽʜʥʦʩʠʪʴ ʧʦʩʪʘʚʣʝʥʫ ʟʘʜʘʯʫ ʜʦ ʢʣʘʩʫ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʾ 

ʜʦʮʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʦʚʽʨʥʽʩʥʦ-ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʤʝʪʦʜʽʚ ʥʝʯʽʪʢʦʾ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʪʘ ʤʝʪʦʜʫ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʟʘ ʇʘʨʝʪʦ. ɺʢʘʟʘʥʽ 

ʤʝʪʦʜʠ ʪʘ ʧʽʜʭʦʜʠ ʜʦʟʚʦʣʷʪʴ ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʚ 

ʫʤʦʚʘʭ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʨʝʞʠʤʫ ɽɽʉ ʪʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʧʦʚôʷʟʘʥʠʭ ʟ 

ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ ʦʙʣʘʜʥʘʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ɽɽʉ, ʷʢʘ ʤʽʩʪʠʪʴ K ʚʫʟʣʽʚ ʪʘ N ʝʣʝʤʝʥʪʽʚ ʩʠʣʦʚʦʛʦ ʪʘ 

ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɺ ʪʘʢʽʡ ɽɽʉ ʧʽʜʭʽʜ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʨʠʩʪʨʦʾʚ FACTS ʪʘ ʧʨʠʩʪʨʦʾʚ ʉɺɺ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʜʭʦʜʫ, 

ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʥʘʩʪʫʧʥʠʤ ʘʣʛʦʨʠʪʤʦʤ. 

1) ɺʠʟʥʘʯʘʻʪʴʩʷ ʤʥʦʞʠʥʘ N ʝʣʝʤʝʥʪʽʚ ʦʙʣʘʜʥʘʥʥʷ ɽɽʉ; 

2) ɺʠʟʥʘʯʘʻʪʴʩʷ ʤʥʦʞʠʥʘ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ɸ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ 

ʚ ʨʦʟʛʣʷʜʫʚʘʥʽʡ ɽɽʉ.  

3) ɿʘ ʤʝʪʦʜʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʠʤ ʚ [10],ʚʠʟʥʘʯʝʥʦ m ʩʧʦʩʦʙʽʚ 

ʨʦʟʪʘʰʫʚʘʥʥʷ K1 ʧʨʠʩʪʨʦʾʚ ʉɺɺ ʫ K ʚʫʟʣʘʭ ɽɽʉ ʟʘ ʧʨʠʥʮʠʧʦʤ ʤʽʥʽʤʽʟʘʮʽʾ 

ʢʽʣʴʢʦʩʪʽ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʚʫʟʣʽʚ ʪʘ ʯʘʩʫ ʨʦʟʨʘʭʫʥʢʫ ʫʩʪʘʣʝʥʦʛʦ ʪʘ 

ʧʝʨʝʭʽʜʥʦʛʦ ʨʝʞʠʤʽʚ. ɺ ʷʢʦʩʪʽ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ f, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʽʜʥʦʩʥʫ ʢʽʣʴʢʽʩʪʴ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʚʫʟʣʽʚ ʟʘ ʧʝʚʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙʤʝʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʉɺɺ: 

F={ f1, f2,é f ,̔ é, fm}, ʜʝ KKf i ʅɽʂʽ= , ʅɽʂʽK  - ʢʽʣʴʢʽʩʪʴ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʚʫʟʣʽʚ 

ʟʘ ʽ-ʪʦʛʦ ʩʧʦʩʦʙʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʉɺɺ. 

4) ʅʘ ʤʥʦʞʠʥʽ ʝʣʝʤʝʥʪʽʚ ɽɽʉ N ʚʠʜʽʣʷʻʪʴʩʷ ʧʽʜʤʥʦʞʠʥʘ ʝʣʝʤʝʥʪʽʚ N1, 

ʚʽʜʤʦʚʠ ʷʢʠʭ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʧʦʜʽʾ ʟ ʤʥʦʞʠʥʠ ɸ. 
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5) ɺʠʟʥʘʯʘʻʪʴʩʷ ʤʥʦʞʠʥʘ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʽʚ ʦʙôʻʢʪʽʚ S1 ʟ ʧʽʜʤʥʦʞʠʥʠ 

N1 ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʯʽʪʢʠʭ ʤʦʜʝʣʝʡ ʦʮʽʥʢʠ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ. 

6) ɿʘ ʽʥʪʝʛʨʘʣʴʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʨʦʟʧʦʜʽʣʫ ʽʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ 

ʦʙʣʘʜʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʠʧʫ ( )F t , ʚʠʟʥʘʯʘʶʪʴʩʷ ʽʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʨi(ʅ1) ʪʘ 

ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʨi(ʅ2), 11,...,i n=  ʝʣʝʤʝʥʪʽʚ ʟ ʧʽʜʤʥʦʞʠʥʠ 
1N  ʥʘ ʽʥʪʝʨʚʘʣʽ 

ʯʘʩʫ 12 ttt -=D  ʟʘ ʤʝʪʦʜʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʠʤ ʚ [3, 8, 9]. 

7) ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʨʠʮʴ ʥʝʯʽʪʢʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʩʪʘʥʘʤʠ 

ʦʙôʻʢʪʽʚ iS  ʪʘ ʫʤʦʚʥʠʤʠ ʽʤʦʚʽʨʥʦʩʪʷʤʠ ʾʭʥʴʦʾ ʚʽʜʤʦʚʠ ʪʘ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ 

ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʥʷ ʤʘʢʩʤʽʥʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʥʝʯʽʪʢʦʛʦ ʚʠʚʦʜʫ ɿʘʜʝ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʫʤʦʚʥʽ ʽʤʦʚʽʨʥʦʩʪʽ 
1( / )ip B H  ʪʘ 

2( / )ip B H , 
11,...,i n= . 

8) ɿʘ ʪʝʦʨʝʤʦʶ ɹʘʡʻʩʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʥʦʞʠʥʘ ʽʤʦʚʽʨʥʦʩʪʝʡ ʚʽʜʤʦʚ 

ʦʢʨʝʤʠʭ ʦʜʠʥʠʮʴ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʥʘ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ tD  ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭʥʽʭ 

ʬʘʢʪʠʯʥʠʭ ʩʪʘʥʽʚ: 

   

1 1
1

1 1 2 2

( ) ( / )
( / )

( ) ( / ) ( ) ( / )

i i
i

i i i i

p H p B H
p H B

p H p B H p H p B H

Ö
=

Ö + Ö
, 

11,...,i n= . (1) 

9) ɺʠʢʦʥʫʻʪʴʩʷ ʫʪʦʯʥʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ ʽʤʦʚʽʨʥʦʩʪʽ 

ʚʽʜʤʦʚʠ ʜʣʷ ʢʦʞʥʦʾ ʦʜʠʥʠʮʽ ʦʙʣʘʜʥʘʥʥʷ ʟ ʧʽʜʤʥʦʞʠʥʠ N1: 

ʋi 1( ) { ( ); ( )}, 1,...,i iF t F t p t i n= D =  ʥʘ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ tD  ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 

   ʋi 2 1 1( ) ( ) ( ), 1,...,i iF t F t p t i n= + D = .   (2) 

10) ɿ ʚʽʜʦʤʦʛʦ ʟʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʨʦʟʧʦʜʽʣʫ ʟʥʘʯʝʥʴ ʥʘʧʨʫʛʠ ʫ 

ʙʘʣʘʥʩʫʶʯʦʤʫ ʚʫʟʣʽ ɽɽʉ ʪʘ ʨʦʟʧʦʜʽʣʽʚ ʟʥʘʯʝʥʴ ʛʝʥʝʨʘʮʽʾ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ 

ʚʫʟʣʘʭ ɽɽʉ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʨʘʪʦʨʘ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʚʠʟʥʘʯʘʶʪʴʩʷʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʛʠ ʫ ʙʘʣʘʥʩʫʶʯʦʤʫ ʚʫʟʣʽ ʪʘ ʘʢʪʠʚʥʠʭ ʽ ʨʝʘʢʪʠʚʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʫ ʽʥʰʠʭ 

ʚʫʟʣʘʭ ɽɽʉ ʚ ʤʦʤʝʥʪ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʤʦʚʠ ʝʣʝʤʝʥʪʫ.  

11) ʈʦʟʨʘʭʦʚʫʶʪʴʩʷ ʧʝʨʝʭʽʜʥʠʡ ʪʘ ʫʩʪʘʣʝʥʠʡ ʨʝʞʠʤʠ ɽɽʉ ʟʘ 

ʚʠʟʥʘʯʝʥʠʭ ʫʤʦʚ ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʘʥʥʷ (ʘʙʦ ʥʝʥʘʩʪʘʥʥʷ) ʘʚʘʨʽʡʥʦʾ ʧʦʜʽʾ ʟ 

ʤʥʦʞʠʥʠ ɸ. 

12) ʇʫʥʢʪʠ 8ï11 ʘʣʛʦʨʠʪʤʫ ʨʝʘʣʽʟʫʶʪʴʩʷ k  ʨʘʟʽʚ. ʋ ʚʠʧʘʜʢʫ ʢʦʣʠ 



203 

2N ÍÅ (ʞʦʜʝʥ ʝʣʝʤʝʥʪ ʥʝ ʚʽʜʤʦʚʠʚ ʥʘ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ 
1 2[ ; ]t t ), ʧʫʥʢʪʠ 9ï11 

ʘʣʛʦʨʠʪʤʫ ʥʝ ʚʠʢʦʥʫʶʪʴʩʷ. 

13) ɿ ʦʪʨʠʤʘʥʦʾ ʤʥʦʞʠʥʠ Z ʨʝʞʠʤʽʚ ɽɽʉ ʚʠʜʽʣʷʻʪʴʩʷ ʧʽʜʤʥʦʞʠʥʘ 

ʨʝʞʠʤʽʚ Z1, ʫ ʷʢʠʭ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʧʦʜʽʷ ʟ ʤʥʦʞʠʥʠ ɸ. ʅʘ ʧʽʜʤʥʦʞʠʥʽ Z1 

ʚʠʜʽʣʷʶʪʴʩʷ ʧʽʜʤʥʦʞʠʥʠ Z1,̔ ʽ=1,é,ʘ, ʱʦ ʤʽʩʪʷʪʴ ʨʝʞʠʤʠ ʫ ʷʢʠʭ ʚʽʜʙʫʣʠʩʴ 

ʧʦʜʽʾ ʟ ʤʥʦʞʠʥʠ ɸ. 

14) ɺʠʟʥʘʯʘʶʪʴʩʷ ʽʤʦʚʽʨʥʦʩʪʽ ʚʽʜʢʣʶʯʝʥʥʷ ʛʽʣʦʢ ʷʢ ʩʫʤʠ ʽʤʦʚʽʨʥʦʩʪʝʡ 

ʩʫʤʽʩʥʠʭ ʧʦʜʽʡ. ɺ ʷʢʦʩʪʽ ʽʤʦʚʽʨʥʦʩʪʝʡ ʩʫʤʽʩʥʠʭ ʧʦʜʽʡ ʧʨʠ ʮʴʦʤʫ ʚʠʩʪʫʧʘʶʪʴ 

ʽʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʨʦʟʛʣʷʜʫʚʘʥʫ ʛʽʣʢʫ. ɿ ʦʪʨʠʤʘʥʠʭ 

ʽʤʦʚʽʨʥʦʩʪʝʡ, ʪʘʢʦʞ ʷʢ ʩʫʤʠ ʽʤʦʚʽʨʥʦʩʪʝʡ ʩʫʤʽʩʥʠʭ ʧʦʜʽʡ, ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ 

ʩʫʤʘʨʥʽ ʽʤʦʚʽʨʥʦʩʪʽ ʚʽʜʢʣʶʯʝʥʥʷ ʛʽʣʦʢ, ʱʦ ʚʠʭʦʜʷʪʴ ʟ ʚʫʟʣʘ k: 

...)/()/()/()/(
;1,

11

1

11 +Ö-= ää
¸==

kk R

jiji

ji

R

i

ik BHpBHpBHpBHp  (3) 

15) ɿ ʦʪʨʠʤʘʥʠʭ ʽʤʦʚʽʨʥʦʩʪʝʡ ʬʦʨʤʫʻʪʴʩʷ ʤʥʦʞʠʥʘ ʽʤʦʚʽʨʥʦʩʪʝʡ 

ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʚ ɽɽʉ ʯʝʨʝʟ ʚʽʜʤʦʚʫ ʝʣʝʤʝʥʪʘ, ʧʦʚôʷʟʘʥʦʛʦ ʟ k-

ʪʠʤ ʚʫʟʣʦʤ ɽɽʉ:{ })/(),...,/(),/( 11211 BHʨBHʨBHʨʈ k= . 

16) ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʻʤʦ ʤʥʦʞʠʥʫ ʤʦʞʣʠʚʠʭ ʩʧʦʩʦʙʽʚ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʨʠʩʪʨʦʾʚ ʉɺɺ, ʜʝ ʢʦʞʥʠʡ ʟ m ʚʘʨʽʘʥʪʽʚ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʥʘʙʽʨ 

ʚʫʟʣʽʚ ʫ ʷʢʠʭ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʨʠʩʪʨʦʾ ʉɺɺ ʪʘ ʦʧʠʩʫʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ f ,̔ 

ʽ=1,é,m ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʽʜʥʦʩʥʫ ʢʽʣʴʢʽʩʪʴ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʚʫʟʣʽʚ. 

ʊʘʢʦʞ ʤʘʻʤʦ ʩʫʤʘʨʥʽ ʽʤʦʚʽʨʥʦʩʪʽ ʚʽʜʢʣʶʯʝʥʥʷ ʛʽʣʢʠ ʫ ʢʦʞʥʦʤʫ ʟ k ʚʫʟʣʽʚ ɽɽʉ, 

ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʦʟʚʠʪʢʫ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ. 

17) ɺʠʟʥʘʯʘʻʤʦ ʽʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʥʘʙʦʨʫ 

ʚʫʟʣʽʚ ʟ ʚʠʟʥʘʯʝʥʠʭ m ʚʘʨʽʘʥʪʽʚ: 

...)/()/()/()/(
;1,

11

1

11 +Ö-= ää
¸==

m

jiji

kjki

m

i

kikm BHpBHpBHpBHp  (4) 

18)  ɺʠʟʥʘʯʘʶʪʴʩʷ ʣʦʢʘʣʴʥʽ ʽʤʦʚʽʨʥʦʩʪʽʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʾ ʚ ɽɽʉ ʯʝʨʝʟ 

ʚʽʜʤʦʚʠ ʝʣʝʤʝʥʪʽʚ ʟ ʧʽʜʤʥʦʞʠʥ Z1:̔ 

    1,...,1,,...,1, njai
z

z
p

ji

ji === ,   (5)
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ʜʝ jiz  ï ʢʽʣʴʢʽʩʪʴ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʟʘ -̔ʪʠʤ ʩʮʝʥʘʨʽʻʤ ʯʝʨʝʟ ʚʽʜʤʦʚʫ j-

ʪʦʛʦ ʝʣʝʤʝʥʪʫ, z  ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʨʝʘʣʽʟʦʚʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʤʦʚʽʨʥʽʩʥʦ-

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʽʚ.  

19) ʌʦʨʤʫʻʪʴʩʷ ʤʥʦʞʠʥʘ ʽʤʦʚʽʨʥʦʩʪʝʡ ʚʽʜʤʦʚʠ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʥʘʙʦʨʫ 

ʚʫʟʣʽʚ ʫ ʷʢʠʭ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʨʠʩʪʨʦʾ ʉɺɺ:

{ })/(),...,/(),/( 11211 BHʨBHʨBHʨʈ kmkkM = . 

20) ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʞʥʠʡ ʚʘʨʽʘʥʪ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʉɺɺ ʫ 

ʚʫʟʣʘʭ ɽɽʉ ʢʽʣʴʢʽʩʥʦ ʦʧʠʩʫʻʪʴʩʷ ʜʚʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ: ʚʽʜʥʦʩʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʚʫʟʣʽʚ ʪʘ ʽʤʦʚʽʨʥʽʩʪʶ ʚʽʜʤʦʚʠ ʝʣʝʤʝʥʪʫ, ʧʦʚôʷʟʘʥʦʛʦ ʟ 

ʚʫʟʣʘʤʠ, ʫ ʷʢʠʭ ʚʩʪʘʥʦʚʣʝʥʽ ʧʨʠʩʪʨʦʾ ʉɺɺ ʚ ʜʘʥʦʤʫ ʚʘʨʽʘʥʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʷʢʽ 

ʬʦʨʤʫʶʪʴ ʤʥʦʞʠʥʫ ʄ: miBHʨfʄ ʂiii ,...,1)},/(,{ 1 == . 

21) ɿ ʦʪʨʠʤʘʥʠʭ ʚ ʧ.18 ʘʣʛʦʨʠʪʤʫ ʽʤʦʚʽʨʥʦʩʪʝʡ ʚʝʣʠʯʠʥ ʬʦʨʤʫʻʪʴʩʷ 

ʤʘʪʨʠʮʷ ʦʙôʻʢʪʽʚ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʍ: 

     
ù
ù
ù

ú

ø

é
é
é

ê

è

=

nan

ji

a

pp

p

pp

ʍ

...

......

...

1

111

  

  (6)

 22) ɺʠʟʥʘʯʘʶʪʴʩʷ ʥʝʯʽʪʢʽ ʢʣʘʩʪʝʨʠ { }1 ... ...i mC c c c= , ʜʝ m ï ʢʽʣʴʢʽʩʪʴ 

ʢʣʘʩʪʝʨʽʚ, w - ʝʢʩʧʦʥʝʥʮʽʡʥʘ ʚʘʛʘ ʢʣʘʩʪʝʨʽʚ, e- ʪʦʯʥʽʩʪʴ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. 

23) ɿʘ ʜʦʧʦʤʦʛʦʶ ɻɺʏ ʛʝʥʝʨʫʻʪʴʩʷ ʤʘʪʨʠʮʷ ʥʝʯʽʪʢʦʛʦ ʨʦʟʙʠʪʪʷ F: 

    
11 1

1

...

... ...

...

c

ki

n nc

f f

F f

f f

è ø
é ù
=
é ù
é ùê ú

,      (7) 

ʷʢʘ ʟʘʜʦʚʦʣʴʥʷʻ ʥʘʩʪʫʧʥʠʤ ʫʤʦʚʘʤ: 

     nkf
m

i

ki ,...,1,1
1

==ä
=

,     (8)

 

    
minkfki ,...,1,,...,1,0 =="> .     (9) 

24) ʈʦʟʨʘʭʦʚʫʶʪʴʩʷ ʮʝʥʪʨʠ ʢʣʘʩʪʝʨʽʚ: 

   

mi

f

Xf

V
n

i

m

ki

n

i
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m

ki

ki ,...,1,

)(

)(

1

1 =

Ö

=

ä

ä

=

= .     (10)

 



205 

25) ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʙôʻʢʪʘʤʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʍ ʪʘ ʮʝʥʪʨʘʤʠ 

ʢʣʘʩʪʝʨʽʚ: 

   minkVXD kikki ,...,1,,...,1,)( 2 ==-= .    (11)
 

26) ʇʝʨʝʨʘʭʦʚʫʶʪʴʩʷ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ ʥʝʯʽʪʢʦʛʦ ʨʦʟʙʠʪʪʷ F : 

   .,...,1,

1

1

1

1

1

2

mj

D
D

f

mm

j ik

ik

ki =

ö
ö

÷

õ

æ
æ

ç

å

=

-

=

ä

    

(12)

 
27) ʇʝʨʝʚʽʨʷʻʪʴʩʷ ʫʤʦʚʘ ʪʦʯʥʦʩʪʽ ʢʣʘʩʪʝʨʠʟʘʮʽʾ: 

    
*F F- <e,     (13) 

ʜʝ *F  ï ʤʘʪʨʠʮʷ ʥʝʯʽʪʢʦʛʦ ʨʦʟʙʠʪʪʷ ʧʦʧʝʨʝʜʥʴʦʾ ʽʪʝʨʘʮʽʾ ʘʣʛʦʨʠʪʤʫ. ʗʢʱʦ 

ʫʤʦʚʘ ʚʠʢʦʥʫʻʪʴʩʷ ï ʧʝʨʝʭʽʜ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʧʫʥʢʪʫ; ʷʢʱʦ ʥʽ ï ʧʦʚʝʨʥʝʥʥʷ ʜʦ 

ʧʫʥʢʪʫ 24. 

28) ɿʘ ʦʪʨʠʤʘʥʦʶ ʤʘʪʨʠʮʝʶ ʥʝʯʽʪʢʦʛʦ ʨʦʟʙʠʪʪʷ F ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʦʙôʻʢʪʫ ʜʦ ʦʜʥʦʛʦ ʟ ʢʣʘʩʪʝʨʽʚ C ʟʘ ʥʘʩʪʫʧʥʦʶ ʫʤʦʚʦʶ: 

   minkfcn kiik ,...,1,,...,1,}max{ ==Í .    (14) 

29) ɿ ʦʪʨʠʤʘʥʠʭ ʢʣʘʩʪʝʨʽʚ ʦʙʠʨʘʻʪʴʩʷ ʪʦʡ, ʷʢʠʡ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʤʥʦʞʠʥʠ 

ʢʣʘʩʪʝʨʽʚ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʥʘʡʩʣʘʙʰʠʤ. ʎʝ ʢʣʘʩʪʝʨ ʜʦ ʷʢʦʛʦ ʚʽʜʥʦʩʷʪʴʩʷ 

ʥʘʡʙʽʣʴʰ ʩʣʘʙʢʽ ʝʣʝʤʝʥʪʠ ɽɽʉ, ʚʽʜʤʦʚʠ ʪʘ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʷʢʠʭ ʩʧʨʠʯʠʥʷʶʪʴ 

ʨʦʟʚʠʪʦʢ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ. ɼʦ ʮʴʦʛʦ ʢʣʘʩʪʝʨʫ ʚʭʦʜʠʪʴ ʤʥʦʞʠʥʘ ʝʣʝʤʝʥʪʽʚ 

N3 Nɴ2. ʇʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʩʭʝʤʠ ɽɽʉ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʢʦʛʦ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʚʫʟʣʠ ʪʘ ʛʽʣʢʠ ɽɽʉ, ʜʦ ʷʢʠʭ ʚʭʦʜʷʪʴ ʝʣʝʤʝʥʪʠ ʟ ʤʥʦʞʠʥʠ N3. ʋ ʚʠʟʥʘʯʝʥʠʭ 

ʛʽʣʢʘʭ ʪʘ ʚʫʟʣʘʭ ʤʦʜʝʣʶʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʧʨʠʩʪʨʦʾ FACTS ʪʘʢʽ ʷʢ ʉʊʂ, 

ʉʊɸʊʂʆʄ, ʋʇʂ ʪʘ ʽʥʰʽ.  

30) ɺʠʟʥʘʯʘʻʪʴʩʷ ʥʘʡʢʨʘʱʠʡ ʚʘʨʽʘʥʪ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʉɺɺ ʫ 

ʚʫʟʣʘʭ ɽɽʉ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʤʽʥʽʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʚʫʟʣʽʚ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʽʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʨʦʟʚʠʪʢʫ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʟʘʩʪʦʩʫʻʤʦ 

ʧʨʠʥʮʠʧ ʇʘʨʝʪʦ [10], ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʘʨʽʘʥʪ ʚʠʟʥʘʻʪʴʩʷ ʢʨʘʱʠʤ ʟʘ 

ʽʥʰʽ ʪʽʣʴʢʠ ʫ ʚʠʧʘʜʢʫ ʷʢʱʦ ʚʽʥ ʻ ʢʨʘʱʠʤ ʟʘ ʚʩʽʤʘ ʢʨʠʪʝʨʽʷʤʠ ʧʦʨʽʚʥʷʥʥʷ. 

ʐʫʢʘʥʘ ʤʥʦʞʠʥʘ ʇʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʤʥʦʞʠʥʠ ʄ 

ʧʦʩʣʽʜʦʚʥʠʤ ʚʠʣʫʯʝʥʥʷʤ ʟʘʟʜʘʣʝʛʽʜʴ ʥʝʦʧʪʠʤʘʣʴʥʠʭ ʚʝʢʪʦʨʽʚ. ɸʣʛʦʨʠʪʤ 
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ʚʠʟʥʘʯʝʥʥʷ ʇʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ [9]. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʇʽʩʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʙʫʜʝ ʦʪʨʠʤʘʥʦ ʦʧʪʠʤʘʣʴʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ FACTS ʪʘ ʧʨʠʩʪʨʦʾʚ ʉɺɺ ʚ 

ʜʦʩʣʽʜʞʫʚʘʥʽʡ ɽɽʉ, ʷʢʝ ʟʘʙʝʟʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ ʾʾ ʩʪʽʡʢʦʩʪʽ ʪʘ 

ʥʘʜʽʡʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʘʢʪʠʯʥʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʨʝʞʠʤʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʙʦʪʠ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ 

ʦʜʥʦʯʘʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ FACTS 

ʪʘ ʧʨʠʩʪʨʦʾʚ ʉɺɺ ʚ ɽɽʉ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʪʝʭʥʽʯʥʠʡ ʨʠʟʠʢ ʚ ʷʢʦʩʪʽ 

ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ. ʈʠʟʠʢ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʜʦʙʫʪʦʢ ʽʤʦʚʽʨʥʦʩʪʽ 

ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʾ ʪʘ ʾʾ ʥʘʩʣʽʜʢʽʚ ʽ ʻ ʢʽʣʴʢʽʩʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʥʘʜʽʡʥʦʩʪʽ 

ɽɽʉ ʥʘ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ: 

ɿtpR ÖD= )(      (15) 

ʜʝ )( tp D  - ʽʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʾ ʥʘ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ, ɿ - ʟʘʚʜʘʥʽ 

ʟʙʠʪʢʠ ʫ ʬʽʥʘʥʩʦʚʦʤʫ, ʤʘʪʝʨʽʘʣʴʥʦʤʫ, ʪʝʭʥʽʯʥʦʤʫ ʘʙʦ ʽʥʰʦʤʫ ʝʢʚʽʚʘʣʝʥʪʽ. 

ʂʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʟʥʘʯʝʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ 

FACTS ʪʘ ʉɺɺ ʚ ɽɽʉ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʠʟʠʢʫ (15) ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʤʦʚʽʨʥʽʩʥʦ-ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʤʦʜʝʣʶʻʪʴʩʷ V ʨʝʘʣʽʟʘʮʽʡ 

ʘʣʛʦʨʠʪʤʫ ʽʤʦʚʽʨʥʽʩʥʦ-ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʩʭʝʤʠ ɽɽʉ ʟ 

ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʟʛʽʜʥʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʷʤʠ FACTS ʪʘ ʉɺɺ ʪʘ ʜʣʷ ʩʭʝʤʠ 

ɽɽʉ ʙʝʟ ʥʠʭ. ɼʣʷ ʢʦʞʥʦʾ ʩʭʝʤʠ ɽɽʉ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʨʝʘʣʽʟʘʮʽʡ 

ʘʣʛʦʨʠʪʤʫ ʫ ʷʢʠʭ ʚʽʜʙʫʣʘʩʴ ʧʦʜʽʷ ʟ ʤʥʦʞʠʥʠ ɸ, ʷʢʘ ʧʨʠʟʚʝʣʘ ʜʦ ʨʦʟʚʠʪʢʫ 

ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʪʘ ʜʘ ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʠʭ ʟʙʠʪʢʽʚ ɿ. ɼʣʷ ʩʭʝʤʠ ʙʝʟ ʧʨʠʩʪʨʦʾʚ 

FACTS ʪʘ ʉɺɺ ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʨʝʘʣʽʟʘʮʽʡ ʩʢʣʘʜʘʻ 1V ,ʘ ʜʣʷ ʩʭʝʤʠ ʟ ʦʧʪʠʤʘʣʴʥʠʤ 

ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʧʨʠʩʪʨʦʾʚ FACTS ʪʘ ʉɺɺ ï 1'V . ɺʠʟʥʘʯʘʶʪʴʩʷ ʽʤʦʚʽʨʥʦʩʪʽ 

ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʾ ʜʣʷ ʦʙʦʭ ʚʠʧʘʜʢʽʚ: 

V

V
tp 1)( =D ; 

V

V
tp 1' '
)( =D .    (16) 

ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʚ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʟʘʚʜʘʥʽ ʟʙʠʪʢʠ ɿ

ʙʫʜʫʪʴ ʤʘʪʠ ʦʜʥʘʢʦʚʝ ʢʽʣʴʢʽʩʥʝ ʟʥʘʯʝʥʥʷ ʦʙʨʘʥʦʛʦ ʝʢʚʽʚʘʣʝʥʪʫ. ʊʘʢʠʤ ʯʠʥʦʤ, 
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ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʟʥʘʯʝʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ FACTS ʪʘ 

ʉɺɺ ʚ ɽɽʉ ʜʦʮʽʣʴʥʦ ʚʠʢʦʥʘʪʠ ʧʦ ʽʤʦʚʽʨʥʦʩʪʷʤ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʾ (16). 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʦʜʥʦʯʘʩʥʦ ʚʠʟʥʘʯʠʪʠ 

ʦʧʪʠʤʘʣʴʥʝ ʪʘ ʚʟʘʻʤʦ ʝʬʝʢʪʠʚʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ FACTS ʪʘ ʧʨʠʩʪʨʦʾʚ 

ʉɺɺ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʪʝʭʥʽʯʥʦ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʦ ʧʽʜʚʠʱʠʪʠ 

ʥʘʜ̔ʡʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɽɽʉ ʘʙʦ ʾʾ ʧʽʜʩʠʩʪʝʤ. ʇʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʜʦʩʷʛʘʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʦ 

ʥʝʦʙʭʽʜʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʨʠʩʪʨʦʾʚ FACTS ʪʘ ʉɺɺ, ʦʩʢʽʣʴʢʠ ʾʭ ʚʠʙʽʨ ʟʜʽʡʩʥʝʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʽʟ ʚʟʘʻʤʥʠʤ ʚʨʘʭʫʚʘʥʥʷʤ 

ʩʭʝʤʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚ ɽɽʉ ʧʨʠʩʪʨʦʾʚ ʦʙʦʭ ʪʠʧʽʚ. ʂʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʠʡʥʷʪʠʭ ʟʘʭʦʜʽʚ ʧʦ ʚʩʪʘʥʦʚʣʝʥʥʶ ʧʨʠʩʪʨʦʾʚ FACTS ʪʘ ʉɺɺ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ 

ʧʽʜʩʪʘʚʽ ʪʝʭʥʽʯʥʦʛʦ ʨʠʟʠʢʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʨʠʟʠʢ-ʦʨʽʻʥʪʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ɽɽʉ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ɸɽʈʆɼʀʅɸʄɯʏʅʆɻʆ ʆʇʆʈʋ ʅɽʈʋʍʆʄʆɻʆ 

ʑɯʃʔʅʆɻʆ ʐɸʈʋ ʑɽɹʅʗ 

 

ʄʫʢʤʽʥʦʚ ɯʛʦʨ ɯʛʦʨʦʚʠʯ, 

ʘʩʧʽʨʘʥʪ 

ʆʜʝʩʴʢʠʡ ʅʘʮʽʦʥʘʣʴʥʠʡ ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ 

ʤ. ʆʜʝʩʘ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʅʝʨʫʭʦʤʠʡ ʟʝʨʥʠʩʪʠʡ ʰʘʨ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʘʧʘʨʘʪʘʭ 

ʬʽʣʴʪʨʫʚʘʥʥʷ, ʡʦʥʥʦʛʦ ʦʙʤʽʥʫ, ʘʙʩʦʨʙʮʽʾ, ʨʝʢʪʠʬʽʢʘʮʽʾ, ʝʢʩʪʨʘʢʮʽʾ, ʘʙʩʦʨʙʮʽʾ, 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʚ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʽ ʪ.ʜ. [1]. ʇʽʜ ʯʘʩ ʨʫʭʫ 

ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʯʠ ʛʘʟʫ ʯʝʨʝʟ ʟʝʨʥʠʩʪʠʡ ʰʘʨ, ʩʫʮʽʣʴʥʘ ʬʘʟʘ ʟʘʧʦʚʥʶʻ ʚʝʩʴ 

ʧʨʦʩʪʽʨ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ, ʚʦʥʘ ʦʜʥʦʯʘʩʥʦ ʨʫʭʘʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʢʘʥʘʣʽʚ 

ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ, ʱʦ ʫʪʚʦʨʝʥʽ ʮʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʪʘ ʦʙʪʝʢʘʻ ʦʢʨʝʤʽ ʯʘʩʪʢʠ. 

ʆʧʠʩʘʥʥʷ ʪʘʢʦʛʦ ʨʫʭʫ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʟʤʽʰʘʥʫʶ ʟʘʜʘʯʫ ʛʽʜʨʦʜʠʥʘʤʽʢʠ. 

ɯʥʪʝʨʝʩʠ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʦʩʫʶʪʴʩʷ ʦʮʽʥʢʠ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ 

ʱʽʣʴʥʦʛʦ ʰʘʨʫ ʩʽʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʢʘʥʘʣʽ ʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ ʷʢ 

ʯʘʩʪʠʥʠ ʛʨʫʥʪʦʚʦʛʦ ʨʝʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʪʝʧʣʠʮʴ.  

ʎʽʣʴ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ 

ʱʽʣʴʥʦʛʦ ʰʘʨʫ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʦʮʽʥʢʘ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʪʨʘʪ ʪʠʩʢʫ ʧʽʜ ʯʘʩ ʧʨʦʜʫʚʢʠ 

ʧʦʚʽʪʨʷʤ ʰʘʨʫ ʱʝʙʥʶ ʚ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʢʘʥʘʣʽ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ 

ʦʧʦʨʫ ʱʽʣʴʥʦʛʦ ʰʘʨʫ ʚ ʮʠʣʽʥʜʨʠʯʥʽʡ ʪʨʫʙʽ (ʨʠʩ. 1ʘ) ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ 

ʚʘʨʽʶʚʘʥʥʽ ʚʠʩʦʪʠ ʰʘʨʫ: ʅ1=0,8 ʤ, ʅ2=0,6 ʤ, ʅ3=0,4 ʤ, ʅ4=0,2 ʤ. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʚʪʨʘʪ ʥʘʧʦʨʫ ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ ʚʦʜʷʥʠʡ ʜʠʬʤʘʥʦʤʝʪʨ, ʚʽʜʙʽʨʥʠʢʠ 

ʢʦʪʨʦʛʦ ʙʫʣʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ ʪʨʫʙʠ. ʇʨʦʮʝʩ ʟʥʷʪʪʷ ʟʥʘʯʝʥʴ 

ʚʪʨʘʪ ʥʘʧʦʨʫ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1ʙ. ʇʨʦʜʫʚʢʘ ʰʘʨʫ ʧʦʚʽʪʨʷʤ ʟʜʽʡʩʥʶʚʘʣʘʩʴ 

ʚʝʥʪʠʣʷʪʦʨʦʤ, ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʘ ʚʭʦʜʽ ʚ ʢʘʥʘʣ (ʨʠʩ. 1ʚ). 
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ʈʠʩʫʥʦʢ 1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ 

ʱʽʣʴʥʦʛʦ ʰʘʨʫ ʱʝʙʥʷ 

1ʘ ï ʟʦʚʥʽʰʥʽʡ ʚʠʜ ʢʘʥʘʣʫ, 1ʙ ï ʚʠʤʽʨʶʚʘʥʥʷ ʚʪʨʘʪ ʥʘʧʦʨʘ ʚ ʧʨʦʮʝʩʽ 

ʧʨʦʜʫʚʢʠ ʰʘʨʫ ʧʦʚʽʪʨʷʤ, 1ʚ ï ʚʠʜ ʚʝʥʪʠʣʷʪʦʨʘ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʘ ʚʭʦʜʽ ʚ ʢʘʥʘʣ. 

 

ɼʣʷ ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʰʘʨʫ ʘʥʝʤʦʤʝʪʨʦʤ ʚʠʤʽʨʶʚʘʣʠ ʰʚʠʜʢʽʩʪʴ 

ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ ʚ ʚʝʥʪʠʣʷʪʦʨ ʪʘ ʥʘ ʚʠʭʦʜʽ ʟ ʢʘʥʘʣʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʫʟʘʛʘʣʴʥʶʶʪʴ ʜʘʥʽ ʧʦ ʚʪʨʘʪʘʤ ʪʠʩʢʫ ʚ 

ʧʦʪʦʮʽ ʧʨʠ ʧʨʦʜʫʚʮʽ ʱʽʣʴʥʦʛʦ ʥʝʨʫʭʦʤʦʛʦ ʰʘʨʫ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ [1 ï 3]. ɺ [1] 

ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʧʨʦ ʦʧʽʨ ʜʝʨʝʚʥʠʭ ʧʝʣʝʪ ʧʦʚʽʪʨʷʥʦʤʫ ʧʦʪʦʢʫ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʚʝʥʪʠʣʷʮʽʻʶ, ʦʭʦʣʦʜʞʝʥʥʷʤ ʽ ʩʫʰʢʦʶ ʩʠʧʢʠʭ ʧʝʣʝʪ. 

ɺ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʤʽʨʶʚʘʣʠ ʧʝʨʝʧʘʜʠ ʪʠʩʢʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʪʨʘʪ 

ʧʦʚʽʪʨʷ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʨʝʚʝʩʥʠʭ ʛʨʘʥʫʣ ʜʝʢʽʣʴʢʦʭ ʨʘʟʤʽʨʽʚ. ɼʽʘʤʝʪʨ ʛʨʘʥʫʣ 

6,4 ʤʤ; ʜʦʚʞʠʥʘ ʚʘʨʽʶʚʘʣʘcm ʚʽʜ 4 ʜʦ 34 ʤʤ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʰʚʠʜʢʦʩʪʽ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʚʘʨʽʶʚʘʣʠʩʷ ʚʽʜ 0,014 ʜʦ 0,8 ʤ
3
/ʩ. ɺʽʜʧʦʚʽʜʥʽ ʚʠʤʽʨʷʥʽ 

ʩʪʘʪʠʯʥʽ ʪʠʩʢʠ ʟʥʘʭʦʜʠʣʠʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 2 ʜʦ 2550 ʤ
-1
 ʇʘ. ɼʘʥʽ ʙʫʣʠ 

ʘʜʘʧʪʦʚʘʥʽ ʜʦ ʪʨʴʦʭ ʧʨʦʛʥʦʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʐʝʜʜʘ, ʍʫʢʽʣʣʘ-ɸʡʚʟʘ ʪʘ ɽʨʛʫʥʘ, 

ʷʢʽ ʧʦʚ'ʷʟʫʶʪʴ ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʟ ʧʦʪʦʢʦʤ ʧʦʚʽʪʨʷ ʫ ʩʠʧʢʠʭ ʛʨʘʥʫʣʴʦʚʘʥʠʭ 

ʤʘʪʝʨʽʘʣʘʭ. ɺʠʟʥʘʯʠʣʠ, ʱʦ ʨʽʚʥʷʥʥʷ ɽʨʛʫʥʘ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʢʨʘʱʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ. 

ʌʦʨʤʫʣʫ ɽʨʛʫʥʘ (ɽʨʛʘʥʘ) [2] ʥʘ ʧʨʘʢʪʠʮʽ ʜʣʷ ʱʽʣʴʥʦʛʦ ʰʘʨʫ, ʪʨʘʜʽʮʽʡʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʫ, ʷʢʘ ʚʠʤʘʛʘʻ ʚʨʘʭʫʚʘʥʥʷ ʽʥʝʨʮʽʡʥʠʭ ʩʠʣ ʚ ʧʦʪʦʮʽ, ʱʦ 

ʨʫʭʘʻʪʴʩʷ (ʜʨʫʛʠʡ ʜʦʜʘʥʦʢ ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʥʷ). 
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˚

ȟ
   (1) 

 

 ʜʝ ɛ - ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚ'ʷʟʢʦʩʪʽ, 

 ɟ ï ʱʽʣʴʥʽʩʪʴ ʨʽʜʠʥʠ (ʛʘʟʫ), 

 w - ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, 

 H-ʚʠʩʦʪʘ ʰʘʨʫ. 

ʇʝʨʝʧʘʜ ʪʠʩʢʫ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʷʢ ʩʫʤʘ ʜʚʦʭ ʜʦʜʘʥʢʽʚ: ʧʝʨʰʠʡ ʜʦʜʘʥʦʢ 

ʚʠʟʥʘʯʘʻ ʚʧʣʠʚ ʧʦʚʝʨʭʥʝʚʦʛʦ ʪʝʨʪʷ, ʜʨʫʛʠʡ ð ʦʧʦʨʫ ʬʦʨʤʠ. ɿʥʘʯʝʥʥʷ 

ʧʦʩʪʽʡʥʠʭ 150 ʪʘ 1,75 ʦʪʨʠʤʘʥʽ ʧʨʠ ʦʙʨʦʙʮʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. 

ʋ ʷʢʦʩʪʽ ʯʘʩʪʠʥʢʠ ʚ ʮʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʢʫʣʴʢʠ, 

ʮʠʣʽʥʜʨʠ, ʪʘʙʣʝʪʢʠ, ʤʘʨʤʫʨʦʚʘ ʢʨʠʭʪʘ ʪʘ ʩʦʨʪʦʚʘʥʠʡ ʢʦʢʩ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʢʫʣʽ ʪʘʢʦʞ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʬʦʨʤʫʣʘ [3]: 

 ῳὴ Ὢ̞
̄ ́̔̕ ̅

 ʇʘ, (2) ,‏

ɼʝ ɻf ï ʪʘ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʢʫʣʽ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ 

ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʧʝʨʝʙʽʛʫ (ʚ'ʷʟʢʽʩʥʦʛʦ, ʽʥʝʨʮʽʡʥʦʛʦ, ʚ'ʷʟʢʽʩʥʦ-ʽʥʝʨʮʽʡʥʦʛʦ) ʽʟ 

ʟʘʣʝʞʥʦʩʪʽ: 

 Ὢ̞
̞
å å̉  ̎, (3) 

ɼʝ ὙὩ̞
̕

́̔ ̅̄
 ï ʝʢʚʽʚʘʣʝʥʪʥʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ; Þ, Þʠʥï ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʬʦʨʤʠ ʯʘʩʪʠʥʦʢ. 

ɼʣʷ ʛʣʘʜʢʠʭ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ Þ =4.55, Þʠʥ = 0.45; ʜʣʷ ʰʤʘʪʢʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ Þ =5.0, Þʠʥ = 0.75. 

ɿʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ (ʚ ʦʜʠʥʠʮʽ ʦʙ'ʻʤʫ): 

ὥ̔ ̅
ẗ

ẗ
ȟ      (4)  

ɼʝ ὑ ï ʧʦʨʽʟʥʽʩʪʴ ʰʘʨʫ; ʟʥʘʯʝʥʥʷ ʚʠʟʥʘʯʘʣʦʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ɿʘʩʪʦʩʦʚʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ (ʱʝʙʽʥʴ) ʻ ʧʦʣʽʜʠʩʧʝʨʩʥʠʤ, ʜʣʷ ʪʘʢʦʛʦ ʚʠʧʘʜʢʫ 

ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʧʦ ʧʦʚʝʨʭʥʽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʣʝʞʥʦʩʪʽ (1): 
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Ὠ̞ В ȟ     (5) 

ʜʝ n ï ʯʠʩʣʦ ʬʨʘʢʮʽʡ ʫ ʩʫʤʽʰʽ, mi ï ʤʘʩʦʚʠʡ ʚʤʽʩʪ i-ʪʦʾ ʬʨʘʢʮʽʾ ʫ ʩʫʤʽʰʽ, 

ʢʛ/ʢʛ; di ï ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ i-ʪʦʾ ʬʨʘʢʮʽʾ; űi ï ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ ʯʘʩʪʠʥʦʢ. 

ʂʦʝʬʽʮʽʻʥʪ űi, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʭʠʣʝʥʥʷ ʬʦʨʤʠ ʯʘʩʪʠʥʦʢ ʚʽʜ ʩʬʝʨʠʯʥʦʾ, ʜʣʷ 

ʢʫʣʴʦʢ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʘ ʜʣʷ ʯʘʩʪʠʥʦʢ ʽʥʰʦʾ ʬʦʨʤʠ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʠʡ ʟʘ 

ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ [4]: ‰ ȟ ʜʝ F0 ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʽʜʝʘʣʴʥʦʛʦ ʪʽʣʘ, F ï ʨʝʘʣʴʥʘ 

ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʛʨʘʥʫʣʠ i-ʪʦʾ ʬʨʘʢʮʽʾ. 

ʊʘʙʣʠʮʷ 1 

ɻʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʨʘʢʮʽʡ ʱʝʙʝʥʶ 

 ̄ di, ʤ
 

F0, ʤ
2 

F, ʤ
2
 űi mĿ10

2
, ʢʛ n mi, ʢʛ 

1 0,0267 1,45Ț10
-3
 18Ț10

-4
 1,24 1,01 33 0,367 

2 0,0317 1,54Ț10
-3
 22Ț10

-4
 1,43 1,11 19 0,2323 

3 0,0276 1,51Ț10
-4
 19Ț10

-4
 1,26 1,07 20 0,2357 

4 0,0266 1,29Ț10
-3
 17Ț10

-4
 1,31 0,85 11 0,103 

5 0,0203 0,69Ț10
-3
 9,5Ț10

-4
 1,37 0,33 17 0,0618 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʘʥʠʭ ʬʨʘʢʮʽʡ, ʦʪʨʠʤʘʣʠ, ʱʦ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ 

ʱʝʙʝʥʶ Ὠ̞ πȟπςρ
 

ʤ.

 

 

ʊʘʙʣʠʮʷ 2 

ɺʪʨʘʪʠ ʪʠʩʢʫ ʚ ʰʘʨʽ ʱʝʙʝʥʶ ʧʨʠ ʡʦʛʦ ʧʨʦʜʫʚʘʥʥʽ ʧʦʪʦʢʦʤ ʧʦʚʽʪʨʷ 

ɼʦʚʞʠʥʘ ʢʘʥʘʣʫ ʟ ʱʝʙʝʥʝʤ, ʤ 0,8 0,6 0,4 0,2 

ʐʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ ʚ ʢʘʥʘʣ, ʤ/ʩ 5,4 6,1 6,7 6,9 

ʐʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷ ʥʘ ʚʠʭʦʜʽ ʟ ʢʘʥʘʣʫ, ʤ/ʩ 0,31 0,3 0,32 0,33 

ɺʪʨʘʪʠ ʥʘʧʦʨʫ, ʤʤ. ʚʦʜ. ʩʪ. 6 4 3 2 

ɺʪʨʘʪʠ ʥʘʧʦʨʫ, ʇʘ 57 39 29 20 

ɺʪʨʘʪʠ ʥʘʧʦʨʫ ʟʘ ʨʽʚʥʷʥʥʷʤ ɽʨʛʫʥʘ [2] 41,82 29,49 22,19 11,76 

ɺʪʨʘʪʠ ʥʘʧʦʨʫ ʟʘ ʨʽʚʥʷʥʥʷʤ ɻʦʨʙʽʩʘ [3] 68,20 47,96 36,3 19,2 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ ʚ 

ʢʘʥʘʣ ʩʫʪʪʻʚʦ ʧʝʨʝʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷ ʥʘ ʚʠʭʦʜʽ ʟ ʥʴʦʛʦ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ 

ʚʝʣʠʢʠʡ ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʢʫʣʽ ʜʣʷ ʚʝʥʪʠʣʷʪʦʨʘ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ. ʇʦʚʽʪʨʷ 

ʥʘ ʚʭʦʜʽ ʟʘʢʠʜʘʻʪʴʩʷ ʥʘʟʘʜ ʫ ʜʦʚʢʽʣʣʷ, ʥʝ ʧʨʦʭʦʜʷʯʠ ʱʽʣʴʥʠʡ ʰʘʨ ʤʘʪʝʨʽʘʣʫ. 
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ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠʡʤʘʣʦʩʷ, ʱʦ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ 

ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʘ=89,2 ʤ
2
/ʤ

3
. ʎʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʣʠ ʧʨʠ ʦʮʽʥʮʽ ʧʦʚʝʨʭʥʽ 

ʯʘʩʪʠʥʦʢ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʫ ʮʠʣʽʥʜʨʠʯʥʽʡ ʪʨʫʙʽ ʦʙ'ʻʤʦʤ V=0,00785 ʤ
3
. ɹʫʣʦ 

ʚʠʟʥʘʯʝʥʦ, ʱʦ F=0,7 ʤ
2
. ɿʥʘʯʝʥʥʷ ʧʦʨʽʟʥʦʩʪʽ Ů=0,36 ʪʘʢʦʞ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʠ ʟʘʧʦʚʥʝʥʥʽ ʟʘʜʘʥʦʛʦ ʦʙôʻʤʫ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʚʪʨʘʪ 

ʥʘʧʦʨʫ ʧʦʢʘʟʫʻ ʭʦʨʦʰʫ ʢʦʨʝʣʷʮʽʶ. ʇʨʠʯʦʤʫ ʟʘʣʝʞʥʽʩʪʴ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ɻʦʨʙʽʩʦʤ [3], ʜʝʤʦʥʩʪʨʫʻ ʢʨʘʱʫ ʟʙʽʞʥʽʩʪʴ ʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. 

ɺʠʩʥʦʚʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʥʝʨʫʭʦʤʦʾ ʱʽʣʴʥʦʾ ʢʫʣʽ 

ʱʝʙʝʥʶ ʧʦʢʘʟʘʣʦ, ʱʦ ʜʣʷ ʦʙʨʘʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʧʨʦʜʫʚʘʥʥʷ ʢʫʣʽ ʫʩʢʣʘʜʥʝʥʝ ʪʘ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʘʩʧʦʨʪʥʠʤ ʜʘʥʠʤ, ʩʣʽʜ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʝʥʪʠʣʷʪʦʨ ʙʽʣʴʰʦʾ ʧʦʪʫʞʥʦʩʪʽ ʘʙʦ ʟʤʝʥʰʫʚʘʪʠ ʪʦʚʱʠʥʫ ʢʫʣʽ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʚʪʨʘʪ 

ʥʘʧʦʨʫ ʧʦʢʘʟʫʻ ʭʦʨʦʰʫ ʢʦʨʝʣʷʮʽʶ. ʇʨʠʯʦʤʫ ʟʘʣʝʞʥʽʩʪʴ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ɻʦʨʙʽʩʦʤ, ʜʝʤʦʥʩʪʨʫʻ ʢʨʘʱʫ ʟʙʽʞʥʽʩʪʴ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʟʘʣʝʞʥʽʩʪʶ ɽʨʛʫʥʘ. 
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ʇʈʆɽʂʊ ɿɽʄɽʃʔʅʆɰ ɼɯʃʗʅʂʀ ï ʇʈʆɹʃɽʄɸʊʀʂɸ ɿɽʄʃɽʋʉʊʈʆʖ 

ʉʔʆɻʆɼʅɯ 

 

ʇʝʪʨʠʱʝ ʆʣʴʛʘ ɯʚʘʥʽʚʥʘ 

ʢ. ʩ.- ʛ. ʥ., ʜʦʮʝʥʪ 

ɿɺʆ çʇɼʋè 

ʤ. ʂʘʤôʷʥʝʮʴ-ʇʦʜʽʣʴʩʴʢʠʡ, ʋʢʨʘʾʥʘ 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʧʨʦʱʝʥʥʷ ʧʦʨʷʜʢʫ ʥʘʜʘʥʥʷ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʽʟ ʟʝʤʝʣʴ 

ʜʝʨʞʘʚʥʦʾ ʽ ʢʦʤʫʥʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ ʫ ʚʣʘʩʥʽʩʪʴ ʽ ʢʦʨʠʩʪʫʚʘʥʥʷ ʛʨʦʤʘʜʷʥʘʤ ʪʘ 

ʶʨʠʜʠʯʥʠʤ ʦʩʦʙʘʤ ʥʘʜʪʦ ʫʟʘʛʘʣʴʥʠʚʩʷ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʟʘ ʟʤʽʩʪʦʤ 

ʟʘʚʜʘʥʴ. ʈʘʟʦʤ ʟ ʪʠʤ, ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʜʣʷ ʪʠʭ ʯʠ ʽʥʰʠʭ ʧʦʪʨʝʙ 

ʨʝʛʫʣʶʻʪʴʩʷ ʚʽʜʦʢʨʝʤʣʝʥʦ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʟʘʢʦʥʽʚ ʪʘ ʧʨʠʡʥʷʪʠʭ ʜʦ ʥʠʭ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ. ɸʣʝ ʷʢʱʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʾʭ, ʪʦ ʚʦʥʠ ʥʝ 

ʛʘʨʤʦʥʫʶʪʴ ʽʟ ʟʝʤʣʝʚʧʦʨʷʜʥʠʤ ʧʨʦʮʝʩʦʤ. 

ɯʟ ʟʘʧʨʦʚʘʜʞʝʥʥʷʤ ʧʨʠʥʮʠʧʫ ʝʢʩʪʝʨʠʪʦʨʽʘʣʴʥʦʩʪʽ ʧʦʛʦʜʞʝʥʥʷ ʧʨʦʝʢʪʽʚ 

ʟʝʤʣʝʫʩʪʨʦʶ ʱʦʜʦ ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʪʝʨʠʪʦʨʽʘʣʴʥʠʤʠ ʦʨʛʘʥʘʤʠ 

ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʟ ʧʠʪʘʥʴ ʛʝʦʜʝʟʽʾ, ʢʘʨʪʦʛʨʘʬʽʾ ʪʘ ʢʘʜʘʩʪʨʫ ʧʦʯʘʣʦ 

ʧʨʦʷʚʣʷʪʠʩʷ ʨʽʟʥʝ ʙʘʯʝʥʥʷ ʨʦʟʨʦʙʢʠ ʪʘʢʠʭ ʜʦʢʫʤʝʥʪʘʮʽʡ. 

ʉʢʣʘʜʥʽʩʪʴ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʨʷʜʢʫ ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʝʢʪʽʚ 

ʟʝʤʣʝʫʩʪʨʦʶ ʱʦʜʦ ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ, ʟʘʩʪʘʨʽʣʽʩʪʴ ʩʪʘʥʜʘʨʪʽʚ, ʥʦʨʤ 

ʽ ʧʨʘʚʠʣ, ʩʫʧʝʨʝʯʣʠʚʽʩʪʴ ʤʽʞ ʦʢʨʝʤʠʤʠ ʥʦʨʤʘʪʠʚʥʠʤʠ ʘʢʪʘʤʠ. 

ɿʝʤʣʝʚʧʦʨʷʜʥʠʡ ʧʨʦʮʝʩ ð ʮʝ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ ʪʘ ʨʦʙʽʪ ʚʽʜ ʧʦʜʘʥʥʷ 

ʢʣʦʧʦʪʘʥʥʷ ʥʘ ʦʜʝʨʞʘʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʝʞ ʜʽʣʷʥʢʠ ʚ 

ʥʘʪʫʨʽ (ʥʘ ʤʽʩʮʝʚʦʩʪʽ) ʪʘ ʨʝʻʩʪʨʘʮʽʾ ʧʨʘʚʘ ʥʘ ʥʝʾ. 

ʋ ɿʘʢʦʥʽ ʋʢʨʘʾʥʠ çʇʨʦ ʟʝʤʣʝʫʩʪʨʽʡè ʚʠʟʥʘʯʝʥʦ ʩʢʣʘʜ ʜʦʢʫʤʝʥʪʽʚ, ʷʢʽ ʚ 

ʦʙʦʚôʷʟʢʦʚʦʤʫ ʧʦʨʷʜʢʫ ʤʘʶʪʴ ʙʫʪʠ ʫ ʧʨʦʝʢʪʽ ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʫ 

ʨʘʟʽ ʟʤʽʥʠ ʾʾ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʘʙʦ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʾ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ. 

ɿʘʢʦʥʦʤ ʣʘʢʦʥʽʯʥʦ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʫ ʪʘʢʦʤʫ ʧʨʦʝʢʪʽ ʟʝʤʣʝʫʩʪʨʦʶ ʤʘʶʪʴ 

ʙʫʪʠ ʤʘʪʝʨʽʘʣʠ ʟʝʤʣʝʚʧʦʨʷʜʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ (ʫ ʨʘʟʽ ʬʦʨʤʫʚʘʥʥʷ ʟʝʤʝʣʴʥʦʾ 
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ʜʽʣʷʥʢʠ). ɸʣʝ ʞʦʜʥʠʤ ʥʦʨʤʘʪʠʚʥʠʤ ʜʦʢʫʤʝʥʪʦʤ ʥʝ ʚʠʟʥʘʯʝʥʦ, ʷʢʠʤ ʯʠʥʦʤ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʝʤʣʝʚʧʦʨʷʜʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʫ ʧʦʜʽʙʥʠʭ ʚʠʧʘʜʢʘʭ. 

ʋ 1999 ʨʦʮʽ ɼʝʨʞʢʦʤʟʝʤʦʤ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ çɽʪʘʣʦʥ ʧʨʦʝʢʪʫ ʚʽʜʚʝʜʝʥʥʷ 

ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʶʨʠʜʠʯʥʠʤ ʪʘ ʬʽʟʠʯʥʠʤ ʦʩʦʙʘʤ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʧʦʪʨʝʙè. ɸʣʝ, 

ʬʘʢʪʠʯʥʦ, ʮʝʡ ɽʪʘʣʦʥ ʩʪʦʩʫʚʘʚʩʷ ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʧʽʜ ʟʘʙʫʜʦʚʫ. 

ɿʛʘʜʘʥʠʤ ɽʪʘʣʦʥʦʤ ʫ ʧʨʦʝʢʪʽ ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʧʝʨʝʜʙʘʯʝʥʦ 

ʪʘʢʠʡ ʜʦʢʫʤʝʥʪ ʷʢ ʧʣʘʥ ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ. ʋ ʩʫʯʘʩʥʦʤʫ ʟʝʤʝʣʴʥʦʤʫ 

ʟʘʢʦʥʦʜʘʚʩʪʚʽ ʘʙʩʦʣʶʪʥʦ ʥʝ ʟʘʩʣʫʞʝʥʦ ʟʘʙʫʪʦ ʮʝʡ ʦʩʥʦʚʥʠʡ ʜʦʢʫʤʝʥʪ 

ʟʝʤʣʝʚʧʦʨʷʜʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʠ ʚʽʜʚʝʜʝʥʥʽ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʜʣʷ ʙʫʜʴ-

ʷʢʠʭ ʧʦʪʨʝʙ. 

ʉʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʧʨʦʝʢʪʠ ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ 

ʣʠʰʝ ʟʘ ʥʘʟʚʦʶ ʽ ʟʘʛʘʣʴʥʦ ʧʦʩʪʘʚʣʝʥʠʤ ʟʘʚʜʘʥʥʷʤ ʧʦʜʽʙʥʽ, ʘ ʱʦʜʦ ʰʣʷʭʽʚ 

ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʧʝʨʝʜ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʘʤʠ ʟʘʚʜʘʥʴ ʚʦʥʠ ʤʽʞ ʩʦʙʦʶ 

ʧʦʤʽʪʥʦ ʨʽʟʥʷʪʴʩʷ. ʅʘʧʨʠʢʣʘʜ, ʧʨʦʝʢʪ ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʚ ʦʨʝʥʜʫ 

ʧʽʜ ʨʦʟʨʦʙʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʚʽʜʢʨʠʪʠʤ ʩʧʦʩʦʙʦʤ ʪʘ ʙʫʜʽʚʥʠʮʪʚʦ ʧʦʩʪʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʽʟ ʟʝʤʝʣʴ ʘʙʦ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʜʝʨʞʘʚʥʦʾ ʚʣʘʩʥʦʩʪʽ, 

ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʢʦʨʠʩʪʫʚʘʥʥʽ, ʻ ʜʦʚʦʣʽ ʩʢʣʘʜʥʠʤ. ʈʦʟʨʦʙʢʫ ʪʘʢʦʛʦ ʘʙʦ 

ʧʦʜʽʙʥʦʛʦ ʧʨʦʝʢʪʫ ʚʽʜʚʝʜʝʥʥʷ ʥʝ ʤʦʞʥʘ ʧʦʨʽʚʥʶʚʘʪʠ ʟ ʽʥʰʠʤʠ ʧʨʦʝʢʪʘʤʠ 

ʚʽʜʚʝʜʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʟ ʧʨʦʝʢʪʦʤ ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʛʨʦʤʘʜʷʥʠʥʫ ʚ 

ʦʨʝʥʜʫ ʜʣʷ ʛʦʨʦʜʥʠʮʪʚʘ ʟ ʦʨʥʠʭ ʟʝʤʝʣʴ ʟʘʧʘʩʫ ʜʝʨʞʘʚʥʦʾ ʚʣʘʩʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʫ 

ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ. ʊʦʤʫ ʩʪʘʥʜʘʨʪʠʟʫʚʘʪʠ ʦʜʥʠʤ ʝʪʘʣʦʥʦʤ ʪʘʢʽ 

ʜʦʢʫʤʝʥʪʘʮʽʾ ʥʝ ʩʣʽʜ. ʄʦʞʥʘ ʣʠʰʝ ʨʦʟʨʦʙʠʪʠ ʩʪʘʥʜʘʨʪʠ ʦʢʨʝʤʠʭ ʜʦʢʫʤʝʥʪʽʚ ʪʘ 

ʧʽʜʭʦʜʠ ʜʦ ʾʭ ʦʬʦʨʤʣʝʥʥʷ. ʇʨʠʤʽʨʦʤ, ʚʩʪʘʥʦʚʠʪʠ ʚʠʤʦʛʠ ʜʦ ʦʬʦʨʤʣʝʥʥʷ 

ʦʢʨʝʤʠʭ ʜʦʢʫʤʝʥʪʽʚ ʧʨʦʝʢʪʫ ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ. 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʨʘʭʦʚʫʻʪʴʩʷ ʢʨʫʪʠʟʥʘ ʩʭʠʣʽʚ, ʝʨʦʜʦʚʘʥʽʩʪʴ ʟʝʤʝʣʴ, ʩʢʣʘʜ ˇʨʫʥʪʽʚ, 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʪʦʨʽʥ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ, ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʦʩʚʦʻʥʥʷ ʟʝʤʝʣʴ ʜʣʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʟʤʽʥʘ ʩʢʣʘʜʫ ʫʛʽʜʴ). 

ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʥʘ ʢʘʜʘʩʪʨʦʚʦʤʫ ʧʣʘʥʽ ʫ ʧʨʦʝʢʪʽ ʚʽʜʚʝʜʝʥʥʷ 

ʥʝʤʦʞʣʠʚʦ ʚʽʜʦʙʨʘʟʠʪʠ ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʙʫʜʫʪʴ ʧʦʰʠʨʶʚʘʪʠʩʷ ʥʘ ʩʫʤʽʞʥʽ ʟʝʤʣʽ 
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ʪʘ ʟʝʤʝʣʴʥʽ ʜʽʣʷʥʢʠ. ɸʜʞʝ ʢʘʜʘʩʪʨʦʚʠʡ ʧʣʘʥ ʦʙʤʝʞʫʻʪʴʩʷ ʣʠʰʝ ʪʝʨʠʪʦʨʽʻʶ 

ʜʽʣʷʥʢʠ. 

ʂʨʝʩʣʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʫ ʤʘʩʰʪʘʙʽ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʥʝʦʙʭʽʜʥʫ ʪʦʯʥʽʩʪʴ ʪʘ ʧʦʚʥʦʪʫ ʟʘʟʥʘʯʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʅʘʡʙʽʣʴʰ ʟʨʫʯʥʠʡ 

ʤʘʩʰʪʘʙ 1:10000 ʯʠ 1:5000 ʟʘ ʤʝʞʘʤʠ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʽ 1:2000 ʫ ʤʝʞʘʭ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ. 

ʇʣʘʥ ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ð ʮʝ ʜʦʢʫʤʝʥʪ, ʷʢʠʡ ʥʘʦʯʥʦ 

ʚʽʜʦʙʨʘʞʘʻ ʭʽʜ ʟʝʤʣʝʚʧʦʨʷʜʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ (ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʾ ʟʝʤʝʣʴʥʦʾ 

ʜʽʣʷʥʢʠ), ʦʨʛʘʥʽʟʘʮʽʶ ʧʝʚʥʦʾ ʪʝʨʠʪʦʨʽʾ. ʊʦʙʪʦ ʚʽʜʦʙʨʘʞʘʻ ʧʨʘʢʪʠʯʥʦ ʚʩʶ 

ʽʩʥʫʶʯʫ ʩʠʪʫʘʮʽʶ ʪʘ ʧʝʨʝʜʙʘʯʝʥʽ ʧʨʦʝʢʪʦʤ ʟʘʭʦʜʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʦʭʦʨʦʥʠ 

ʟʝʤʝʣʴ. 

ʇʣʘʥ ʚʽʜʚʝʜʝʥʥʷ ʤʘʻ ʧʽʜʧʠʩʫʚʘʪʠʩʷ (ʧʦʛʦʜʞʫʚʘʪʠʩʷ) ʤʘʡʙʫʪʥʽʤ 

ʚʣʘʩʥʠʢʦʤ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʯʠ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʯʝʤ, ʫ ʨʘʟʽ ʚʠʣʫʯʝʥʥʷ ʟʝʤʝʣʴʥʦʾ 

ʜʽʣʷʥʢʠ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʫ ʢʦʨʠʩʪʫʚʘʥʥʽ, ð ʢʦʨʠʩʪʫʚʘʯʝʤ ʜʽʣʷʥʢʠ, ʘ ʪʘʢʦʞ 

ʧʨʘʮʽʚʥʠʢʦʤ ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʦʨʛʘʥʫ ɼʝʨʞʛʝʦʢʘʜʘʩʪʨʫ, ʷʢʠʡ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʝʢʩʪʝʨʠʪʦʨʽʘʣʴʥʦʩʪʽ ʟʜʽʡʩʥʶʻ ʨʦʟʛʣʷʜ ʪʘ ʧʦʛʦʜʞʝʥʥʷ ʧʨʦʝʢʪʫ ʟʝʤʣʝʫʩʪʨʦʶ. 

ɯʟ ʧʣʘʥʫ ʚʽʜʚʝʜʝʥʥʷ ʻ ʟʨʦʟʫʤʽʣʦʶ ʧʨʘʢʪʠʯʥʦ ʚʩʷ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ 

ʚʠʨʽʰʫʻʪʴʩʷ ʧʨʦʝʢʪʦʤ ʟʝʤʣʝʫʩʪʨʦʶ ʱʦʜʦ ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ. ɿ 

ʢʨʝʩʣʝʥʴ ʮʴʦʛʦ ʧʣʘʥʫ ʟʨʫʯʥʦ ʟʥʘʡʪʠ ʫ ʇʫʙʣʽʯʥʽʡ ʢʘʜʘʩʪʨʦʚʽʡ ʢʘʨʪʽ ʘʙʦ ʽʥʰʠʭ 

ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤʘʭ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝʨʠʪʦʨʽʶ, ʷʢʘ ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʦ 

ʚʽʜʚʝʜʝʥʥʷ. ʇʣʘʥ ʚʽʜʚʝʜʝʥʥʷ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʜʦʢʫʤʝʥʪʦʤ, ʷʢʠʡ ʽʜʝʥʪʠʬʽʢʫʻ 

ʧʨʦʝʢʪʥʫ ʟʝʤʝʣʴʥʫ ʜʽʣʷʥʢʫ. ɸʜʞʝ ʥʘ ʩʪʘʜʽʾ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʫ ʚʽʜʚʝʜʝʥʥʷ 

ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʡʦʛʦ ʜʝʨʞʘʚʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʚʽʜʩʫʪʥʽʡ 

ʢʘʜʘʩʪʨʦʚʠʡ ʥʦʤʝʨ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ. 

ʂʨʽʤ ʪʦʛʦ, ʩʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʧʝʨʝʜʙʘʯʝʥʠʡ ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ 

çʇʨʦ ʟʝʤʣʝʫʩʪʨʽʡè ʧʝʨʝʣʽʢ ʜʦʢʫʤʝʥʪʽʚ ʫ ʧʨʦʝʢʪʽ ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ 

ʥʝ ʟʦʚʩʽʤ çʚʧʠʩʫʻʪʴʩʷè ʫ ʟʝʤʣʝʚʧʦʨʷʜʥʠʡ ʧʨʦʮʝʩ. ʎʝ ʪʘʢʽ ʜʦʢʫʤʝʥʪʠ, ʷʢ 

ʢʘʜʘʩʪʨʦʚʠʡ ʧʣʘʥ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ, ʘʢʪ ʧʨʠʡʤʘʥʥʷ-ʧʝʨʝʜʘʯʽ ʤʝʞʦʚʠʭ ʟʥʘʢʽʚ 

ʥʘ ʟʙʝʨʽʛʘʥʥʷ (ʫ ʨʘʟʽ ʬʦʨʤʫʚʘʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ), ʘʢʪ ʧʝʨʝʥʝʩʝʥʥʷ ʚ ʥʘʪʫʨʫ 

(ʥʘ ʤʽʩʮʝʚʽʩʪʴ) ʤʝʞ ʦʭʦʨʦʥʥʠʭ ʟʦʥ, ʟʦʥ ʩʘʥʽʪʘʨʥʦʾ ʦʭʦʨʦʥʠ, ʩʘʥʽʪʘʨʥʦʟʘʭʠʩʥʠʭ 



217 

ʟʦʥ ʽ ʟʦʥ ʦʩʦʙʣʠʚʦʛʦ ʨʝʞʠʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʟʘ ʾʭ ʥʘʷʚʥʦʩʪʽ (ʫ ʨʘʟʽ 

ʬʦʨʤʫʚʘʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ), ʪʘ ʤʘʪʝʨʽʘʣʠ ʧʝʨʝʥʝʩʝʥʥʷ ʤʝʞ ʟʝʤʝʣʴʥʦʾ 

ʜʽʣʷʥʢʠ ʚ ʥʘʪʫʨʫ (ʥʘ ʤʽʩʮʝʚʽʩʪʴ) ʫ ʨʘʟʽ ʬʦʨʤʫʚʘʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ. 

ɿʘʟʥʘʯʝʥʽ ʜʦʢʫʤʝʥʪʠ, ʦʯʝʚʠʜʥʦ, ʽ ʚʘʨʪʦ ʜʦʜʘʚʘʪʠ ʜʦ ʧʨʦʝʢʪʫ ʟʝʤʣʝʫʩʪʨʦʶ 

ʱʦʜʦ ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ, ʘʣʝ ʧʽʩʣʷ ʡʦʛʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʘ 

ʧʝʨʝʥʝʩʝʥʥʷ ʤʝʞ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʚ ʥʘʪʫʨʫ (ʥʘ ʤʽʩʮʝʚʽʩʪʴ). 

ʅʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʫ ʧʨʦʝʢʪʽ ʾʾ ʚʽʜʚʝʜʝʥʥʷ ʤʦʞʝ 

ʙʫʪʠ ʧʨʦʝʢʪ ʢʘʜʘʩʪʨʦʚʦʛʦ ʧʣʘʥʫ, ʪʦʤʫ ʱʦ ʜʽʣʷʥʢʠ ʷʢ ʦʙôʻʢʪʘ ʱʝ ʥʝʤʘʻ ʚ ʞʦʜʥʽʡ 

ʩʠʩʪʝʤʽ ʚʽʜʦʤʦʩʪʝʡ, ʞʦʜʥʦʤʫ ʢʘʜʘʩʪʨʽ (ʟʝʤʝʣʴʥʦʤʫ, ʤʽʩʪʦʙʫʜʽʚʥʦʤʫ ʯʠ 

ʽʥʰʦʤʫ). ʇʨʦʝʢʪ ʞʝ ʢʘʜʘʩʪʨʦʚʦʛʦ ʧʣʘʥʫ ʤʘʻ ʚʽʜʦʙʨʘʞʘʪʠ ʬʘʢʪʠʯʥʦ ʚʩʽ ʟʘʭʦʜʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʦʭʦʨʦʥʠ ʟʝʤʝʣʴ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʟʜʽʡʩʥʠʪʠ ʟʘ ʪʘʢʠʤ 

ʧʨʦʝʢʪʦʤ. 

ʗʢʱʦ ʢʦʨʦʪʢʦ ʧʽʜʩʫʤʫʚʘʪʠ, ʪʦ ʟʝʤʣʝʫʩʪʨʽʡ ð ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʟʘʭʦʜʽʚ, ʘ 

ʢʘʜʘʩʪʨ ð ʮʝ ʩʠʩʪʝʤʘ ʚʽʜʦʤʦʩʪʝʡ. ɯ ʮʽ ʩʢʣʘʜʦʚʽ ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥ ʤʘʶʪʴ 

ʜʦʧʦʚʥʶʚʘʪʠ ʦʜʥʘ ʦʜʥʫ, ʘ ʥʝ ʧʽʜʤʽʥʶʚʘʪʠ, ʥʘʧʨʠʢʣʘʜ, ʟʝʤʣʝʫʩʪʨʽʡ ʢʘʜʘʩʪʨʦʤ. 

ʆʜʥʘʢ ʽʩʥʫʶʪʴ ʩʧʝʮʠʬʽʯʥʽ ʚʠʤʦʛʠ ʚʽʜ ʝʢʩʧʝʨʪʽʚ ʜʦ ʢʘʜʘʩʪʨʦʚʦʛʦ ʧʣʘʥʫ ʫ 

ʧʨʦʝʢʪʽ ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ, ʟ ʷʢʠʤʠ ʥʝ ʤʦʞʥʘ ʧʦʛʦʜʠʪʠʩʷ. ɿʦʢʨʝʤʘ, 

ʥʝʟʤʽʥʥʽʩʪʴ ʩʢʣʘʜʫ ʫʛʽʜʴ, ʘʙʦ ʞ ʚʠʤʦʛʘ ʜʦ ʨʦʟʨʦʙʥʠʢʘ ʜʦʢʫʤʝʥʪʘʮʽʾ ʽʟ 

ʟʝʤʣʝʫʩʪʨʦʶ ʚʠʟʥʘʯʘʪʠ ʽ ʚʧʠʩʫʚʘʪʠ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ ʢʘʜʘʩʪʨʦʚʦʛʦ ʥʦʤʝʨʘ 

ʜʦ ʡʦʛʦ ʧʨʠʩʚʦʻʥʥʷ ʟʝʤʝʣʴʥʽʡ ʜʽʣʷʥʮʽ. ʅʘ ʢʘʜʘʩʪʨʦʚʦʤʫ ʧʣʘʥʽ ʫ ʧʨʦʝʢʪʽ 

ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʾʾ ʤʝʞʽ, ʮʽʣʴʦʚʝ ʧʨʠʟʥʘʯʝʥʥʷ, ʬʦʨʤʘ ʚʣʘʩʥʦʩʪʽ ʻ 

ʧʨʦʝʢʪʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʚʣʘʩʥʠʢ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʯʠ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʯ ʪʘʢʦʞ 

ʟʘʟʥʘʯʘʻʪʴʩʷ ʤʘʡʙʫʪʥʽʡ, ʦʜʥʘʢ ʩʢʣʘʜ ʫʛʽʜʴ ʝʢʩʧʝʨʪʠ ʧʨʦʧʦʥʫʶʪʴ ʥʝ ʟʤʽʥʶʚʘʪʠ. 

ʊʘʢʘ ʧʦʟʠʮʽʷ ʦʙʤʝʞʫʻ ʨʦʟʨʦʙʥʠʢʽʚ ʜʦʢʫʤʝʥʪʘʮʽʾ ʽʟ ʟʝʤʣʝʫʩʪʨʦʶ ʧʝʨʝʜʙʘʯʘʪʠ 

ʟʘʭʦʜʠ ʟ ʦʭʦʨʦʥʠ ʟʝʤʝʣʴ, ʷʢʽ ʧʣʘʥʫʻʪʴʩʷ ʟʜʽʡʩʥʠʪʠ ʟʘ ʪʘʢʠʤ ʧʨʦʝʢʪʦʤ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ɿʝʤʝʣʴʥʠʤ ʢʦʜʝʢʩʦʤ ʋʢʨʘʾʥʠ ʜʦʧʫʩʢʘʻʪʴʩʷ ʟʤʽʥʘ ʩʢʣʘʜʫ 

ʫʛʽʜʴ ʧʨʠ ʚʽʜʚʝʜʝʥʥʽ ʟʝʤʝʣʴ. ʅʘʧʨʠʢʣʘʜ, ʫ ʨʘʟʽ ʚʠʣʫʯʝʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʪʘ ʣʽʩʦʚʠʭ ʟʝʤʝʣʴ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʽʜʰʢʦʜʫʚʘʥʥʷ 

ʚʪʨʘʪ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʪʘ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʽʜʧʦʚʽʜʥʦ. 
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ʊʘʢ ʟʚʘʥʠʡ ʢʘʜʘʩʪʨʦʚʠʡ ʧʣʘʥ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʜʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʨʦʝʢʪʫ 

ʟʝʤʣʝʫʩʪʨʦʶ ʱʦʜʦ ʾʾ ʚʽʜʚʝʜʝʥʥʷ, ʩʢʣʘʜʝʥʠʡ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʝʤʣʝʚʧʦʨʷʜʥʠʭ 

ʨʦʙʽʪ, ʽ ʨʦʟʨʦʙʢʠ ʪʘʢʦʛʦ ʧʨʦʝʢʪʫ ʬʘʢʪʠʯʥʦ ʻ ʝʣʝʤʝʥʪʦʤ ʟʝʤʣʝʚʧʦʨʷʜʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. ʋ ʧʨʦʝʢʪʽ ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʥʘ ʝʪʘʧʽ ʡʦʛʦ 

ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʜʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʻ ʣʠʰʝ ʩʫʢʫʧʥʽʩʪʴ ʟʘʭʦʜʽʚ, ʧʝʨʝʜʙʘʯʝʥʠʭ ʮʠʤ 

ʧʨʦʝʢʪʦʤ. ɯ ʦʩʥʦʚʥʠʤ ʜʦʢʫʤʝʥʪʦʤ ʮʴʦʛʦ ʧʨʦʝʢʪʫ ʟʝʤʣʝʫʩʪʨʦʶ ʤʘʻ ʙʫʪʠ ʧʣʘʥ 

ʚʽʜʚʝʜʝʥʥʷ ʪʘʢʦʾ ʜʽʣʷʥʢʠ, ʩʢʣʘʜʝʥʠʡ ʟʘ ʦʧʠʩʘʥʠʤ ʚʠʱʝ ʟʨʘʟʢʦʤ. 

ʋ ʩʫʯʘʩʥʠʭ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʘʭ ʟ ʧʠʪʘʥʴ ʨʝʛʫʣʶʚʘʥʥʷ ʟʝʤʝʣʴʥʠʭ 

ʚʽʜʥʦʩʠʥ ʫ ʧʨʦʝʢʪʽ ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʚʽʜʩʫʪʥʻ ʧʦʥʷʪʪʷ çʧʨʦʝʢʪʥʘ 

ʜʽʣʷʥʢʘè ʪʘ çʧʨʦʝʢʪʥʽ ʜʘʥʽ (ʧʨʦʝʢʪʥʽ ʢʦʦʨʜʠʥʘʪʠ)è. ʊʘʢʦʞ ʥʝ ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ 

ʨʦʟʙʽʞʥʦʩʪʽ ʪʘ ʜʦʧʫʩʢʠ ʤʽʞ ʧʨʦʝʢʪʥʠʤʠ ʜʘʥʠʤʠ (ʧʨʦʝʢʪʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ) ʪʘ 

ʾʭ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʽʩʣʷ ʧʝʨʝʥʝʩʝʥʥʷ ʤʝʞ ʜʽʣʷʥʢʠ ʚ ʥʘʪʫʨʫ (ʥʘ ʤʽʩʮʝʚʽʩʪʴ). 

ɺʽʜʧʦʚʽʜʥʦ ʨʦʟʨʦʙʥʠʢʠ ʜʦʢʫʤʝʥʪʘʮʽʾ ʽʟ ʟʝʤʣʝʫʩʪʨʦʶ ʚʠʤʫʰʝʥʽ ʚʜʘʚʘʪʠʩʷ ʜʦ 

ʜʽʡ, ʷʢʽ ʥʝ ʚʧʠʩʫʶʪʴʩʷ ʫ ʟʝʤʣʝʚʧʦʨʷʜʥʠʡ ʧʨʦʮʝʩ, ʘʣʝ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʙʽʡʪʠ 

ʪʘʢʽ ʧʨʦʙʣʝʤʠ. 

ʅʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʟʘʷʚʥʠʢʫ 

ʙʝʟʦʧʣʘʪʥʦ ʚʠʜʘʻʪʴʩʷ ʚʠʪʷʛ ʟ ɼʝʨʞʘʚʥʦʛʦ ʟʝʤʝʣʴʥʦʛʦ ʢʘʜʘʩʪʨʫ. ɺʠʪʷʛ ʤʽʩʪʠʪʴ 

ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʟʝʤʝʣʴʥʫ ʜʽʣʷʥʢʫ, ʚʥʝʩʝʥʽ ʜʦ ʇʦʟʝʤʝʣʴʥʦʾ ʢʥʠʛʠ. ʉʢʣʘʜʦʚʦʶ 

ʯʘʩʪʠʥʦʶ ʚʠʪʷʛʫ ʻ ʢʘʜʘʩʪʨʦʚʠʡ ʧʣʘʥ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ. ʊʦʙʪʦ ʢʘʜʘʩʪʨʦʚʠʡ 

ʧʣʘʥ ð ʮʝ ʝʣʝʤʝʥʪ ʩʠʩʪʝʤʠ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʦʙôʻʢʪ ɼʝʨʞʘʚʥʦʛʦ ʟʝʤʝʣʴʥʦʛʦ 

ʢʘʜʘʩʪʨʫ. ʆʜʥʘʢ, ʜʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʨʦʝʢʪʫ ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʘ ʜʽʣʷʥʢʘ ʷʢ 

ʦʙôʻʢʪ ʮʠʚʽʣʴʥʠʭ ʧʨʘʚ ʬʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʷ. 

ɯʥʩʪʨʫʢʮʽʻʶ ʧʨʦ ʚʩʪʘʥʦʚʣʝʥʥʷ (ʚʽʜʥʦʚʣʝʥʥʷ) ʤʝʞ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʚ 

ʥʘʪʫʨʽ (ʥʘ ʤʽʩʮʝʚʦʩʪʽ) ʪʘ ʾʭ ʟʘʢʨʽʧʣʝʥʥʷ ʤʝʞʦʚʠʤʠ ʟʥʘʢʘʤʠ ʚʠʟʥʘʯʝʥʦ, ʱʦ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʝʞ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʚ ʥʘʪʫʨʽ (ʥʘ ʤʽʩʮʝʚʦʩʪʽ) ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ 

ʧʽʜʩʪʘʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʪʘ ʟʘʪʚʝʨʜʞʝʥʦʾ ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʽʟ ʟʝʤʣʝʫʩʪʨʦʶ 

ʱʦʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ (ʚʽʜʥʦʚʣʝʥʥʷ) ʤʝʞ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʚ ʥʘʪʫʨʽ (ʥʘ 

ʤʽʩʮʝʚʦʩʪʽ), ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʽʟ ʟʝʤʣʝʫʩʪʨʦʶ ʱʦʜʦ ʧʦʜʽʣʫ ʪʘ ʦʙôʻʜʥʘʥʥʷ 

ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʘʙʦ ʧʨʦʝʢʪʫ ʟʝʤʣʝʫʩʪʨʦʶ ʱʦʜʦ ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʦʾ 

ʜʽʣʷʥʢʠ. ʈʘʟʦʤ ʟ ʪʠʤ, ʫ ɿʝʤʝʣʴʥʦʤʫ ʢʦʜʝʢʩʽ ʋʢʨʘʾʥʠ ʟʘʟʥʘʯʝʥʦ: ʚʠʥʝʩʝʥʥʷ ʚ 
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ʥʘʪʫʨʫ (ʥʘ ʤʽʩʮʝʚʽʩʪʴ) ʤʝʞ ʩʬʦʨʤʦʚʘʥʦʾ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʜʦ ʾʾ ʜʝʨʞʘʚʥʦʾ 

ʨʝʻʩʪʨʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʢʫʤʝʥʪʘʮʽʻʶ ʽʟ ʟʝʤʣʝʫʩʪʨʦʶ, ʷʢʘ ʩʪʘʣʘ ʧʽʜʩʪʘʚʦʶ 

ʜʣʷ ʾʾ ʬʦʨʤʫʚʘʥʥʷ. 

ʗʢʱʦ ʧʨʦʝʢʪ ʟʝʤʣʝʫʩʪʨʦʶ ʱʦʜʦ ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʥʝ 

ʟʘʪʚʝʨʜʞʝʥʠʡ, ʪʦ ʬʘʢʪʠʯʥʦ ʨʝʻʩʪʨʫʻʪʴʩʷ ʪʘ ʧʨʠʩʚʦʶʻʪʴʩʷ ʢʘʜʘʩʪʨʦʚʠʡ ʥʦʤʝʨ 

ʥʝ ʟʝʤʝʣʴʥʽʡ ʜʽʣʷʥʮʽ, ʘ ʦʜʥʦʤʫ ʟ ʪʝʭʥʽʯʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʱʦʜʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʟʘʭʦʜʽʚ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʟʜʽʡʩʥʠʪʠ ʟʘ ʪʘʢʠʤ ʧʨʦʝʢʪʦʤ. 

ʋ ʚʠʧʘʜʢʫ ʥʝ ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʨʦʝʢʪʫ ʟʝʤʣʝʫʩʪʨʦʶ ʱʦʜʦ ʚʽʜʚʝʜʝʥʥʷ 

ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʫ ʻʜʠʥʽʡ ʜʝʨʞʘʚʥʽʡ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʚʽʜʦʤʦʩʪʝʡ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʥʘ ʇʫʙʣʽʯʥʽʡ ʢʘʜʘʩʪʨʦʚʽʡ ʢʘʨʪʽ, ʪʨʠʚʘʣʠʡ ʯʘʩ ʽʩʥʫʻ ʧʝʚʥʘ ʽʥʬʦʨʤʘʮʽʷ 

ʧʨʦ ʪʘʢʫ çʟʝʤʝʣʴʥʫ ʜʽʣʷʥʢʫè. 

ʅʘ ʇʫʙʣʽʯʥʽʡ ʢʘʜʘʩʪʨʦʚʽʡ ʢʘʨʪʽ ʟʘʟʥʘʯʝʥʫ çʢʘʜʘʩʪʨʦʚʫ ʽʥʬʦʨʤʘʮʽʶè 

ʧʦʪʨʽʙʥʦ ʚʽʜʦʙʨʘʞʘʪʠ ʦʢʨʝʤʠʤ ʰʘʨʦʤ, ʦʩʢʽʣʴʢʠ ʥʘ ʮʽʡ ʂʘʨʪʽ ʧʦʨʷʜ ʽʟ ʥʘʜʘʥʠʤʠ 

ʚ ʫʩʪʘʥʦʚʣʝʥʦʤʫ ʧʦʨʷʜʢʫ ʟʝʤʝʣʴʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʘʥʘʣʦʛʽʯʥʦ ʚʠʩʚʽʪʣʶʻʪʴʩʷ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʟʘʭʦʜʠ ʽʟ ʟʝʤʣʝʫʩʪʨʦʶ. 

ʊʘʢʠʡ ʧʦʨʷʜʦʢ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʧʨʠʩʚʦʻʥʥʷ ʢʘʜʘʩʪʨʦʚʦʛʦ ʥʦʤʝʨʘ 

ʦʙôʻʢʪʫ ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥ ʩʪʚʦʨʝʥʦ ʟ ʤʝʪʦʶ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʦʝʢʪʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʫ ʨʽʰʝʥʥʷʭ ʧʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʨʦʝʢʪʽʚ ʟʝʤʣʝʫʩʪʨʦʶ ʱʦʜʦ ʚʽʜʚʝʜʝʥʥʷ 

ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ. ɸʣʝ ʮʷ ʨʝʻʩʪʨʘʮʽʷ ʩʫʧʝʨʝʯʣʠʚʘ ʽ ʥʘ ʧʨʘʢʪʠʮʽ, ʫ ʨʘʟʽ ʥʝ 

ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʨʦʝʢʪʫ ʟʝʤʣʝʫʩʪʨʦʶ ʱʦʜʦ ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ, ʤʦʞʝ 

ʩʪʚʦʨʶʚʘʪʠ ʧʝʨʝʰʢʦʜʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʥʘʜʘʥʥʷ ʾʾ ʽʥʰʽʡ ʦʩʦʙʽ, ʘʙʦ ʞ 

ʬʦʨʤʫʚʘʥʥʷ ʽʥʰʦʾ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʨʘʭʫʥʦʢ ʾʾ ʯʘʩʪʠʥʠ, ʘʙʦ. 

ʇʽʜ ʯʘʩ ʝʢʩʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʧʦʛʦʜʞʝʥʥʷ ʪʘ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʪʠʟ 

ʧʨʦʝʢʪʽʚ ʟʝʤʣʝʫʩʪʨʦʶ ʱʦʜʦ ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʟʘʟʥʘʯʝʥʽ 

ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʫ ʥʦʨʤʘʪʠʚʥʦ ʧʨʘʚʦʚʠʭ ʘʢʪʘʭ ʝʢʩʧʝʨʪʠ ʙʘʯʘʪʴ ʢʦʞʝʥ ʧʦ ʩʚʦʻʤʫ, 

ʱʦ ʩʪʚʦʨʶʻ ʥʝʧʦʨʦʟʫʤʽʥʥʷ. 
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ɺʩʪʫʧ. ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʜʨʽʙʥʶʶʯʠʭ ʤʘʰʠʥ 

ʟʘʣʠʰʘʻʪʴʩʷ ʚʘʣʴʮʴʦʚʠʡ ʚʝʨʩʪʘʪ, ʪʦʤʫ ʚʽʥ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʦʜʨʽʙʥʝʥʥʷ ʨʽʟʥʦʾ ʭʘʨʯʦʚʦʾ ʩʠʨʦʚʠʥʠ [1]. ʋ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʦʩʥʦʚʥʽ ʤʦʜʝʣʽ 

ʚʘʣʴʮʴʦʚʠʭ ʚʝʨʩʪʘʪʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ, ʙʫʣʠ 

ʩʧʨʦʝʢʪʦʚʘʥʽ ʱʝ ʥʘ ʨʫʙʝʞʽ 50-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ, ʛʦʩʪʨʦ ʩʪʘʻ ʧʠʪʘʥʥʷ ʾʭ 

ʟʘʤʽʥʠ ʥʘ ʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʫ ʤʦʜʝʣʴ.  

ʄʝʪʘ ʧʨʘʮʽ. ʄʝʪʦʶ ʜʘʥʦʾ ʧʨʘʮʽ ʻ ʘʥʘʣʽʟ ʩʪʨʫʢʪʫʨʥʠʭ ʩʭʝʤ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʘʣʴʮʴʦʚʠʭ ʚʝʨʩʪʘʪʽʚ. ɼʣʷ ʦʮʽʥʢʠ ʯʘʩʫ 

ʤʽʞʨʝʤʦʥʪʥʦʛʦ ʧʝʨʽʦʜʫ ʜʣʷ ʚʘʣʴʮʽʚ, ʱʦ ʤʝʣʶʪʴ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʥʦʩʫ ʧʦʚʝʨʭʥʽ ʽ ʨʠʬʣʽʚ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʄʝʪʦʜʠʢʘ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʣʘ ʫ 

ʧʦʩʣʽʜʦʚʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʥʘʩʪʫʧʥʠʭ ʧʨʦʮʝʜʫʨ ʧʨʠ ʘʥʘʣʽʟʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʨʽʰʝʥʴ ʚʘʣʴʮʴʦʚʠʭ ʚʝʨʩʪʘʪʽʚ: ʩʪʨʫʢʪʫʨʥʝ ʯʣʝʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʨʽʟʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʠʩʪʨʦʾ ʪʘ ʤʝʭʘʥʽʟʤʠ; ʩʢʣʘʜʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʩʭʝʤ ʽʩʥʫʶʯʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ; ʨʦʟʨʦʙʢʘ ʪʘ ʚʠʜʽʣʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʦʟʥʘʢ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ; ʘʥʘʣʽʟ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ ʚʠʜʽʣʝʥʠʭ 
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ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʤʝʭʘʥʽʟʤʽʚ. ɺʠʤʽʨʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ ʨʠʬʣʽʚ ʪʘ ʽʥʰʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʚʘʣʴʮʽʚ ʚʠʢʦʥʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʣʘʙʦʨʘʪʦʨʽʾ (ʤʽʢʨʦʤʝʪʨʽʚ, ʰʪʘʥʛʝʥʮʠʨʢʫʣʽʚ, ʢʫʪʦʤʽʨʽʚ ʪʘ ʽʥ.). 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ.  

ʇʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʘʣʴʮʴʦʚʠʭ ʚʝʨʩʪʘʪʽʚ ʨʠʬʣʽ ʚʘʣʴʮʽʚ ʟʥʦʰʫʶʪʴʩʷ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʝ ʧʦʣʽʧʰʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʚʘʣʴʮʽʚ ʟʘ ʦʩʪʘʥʥʽ 25-30 

ʨʦʢʽʚ, ʚ ʦʩʥʦʚʥʦʤʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʥʘʥʥʷ ʜʚʦʰʘʨʦʚʠʭ ʚʘʣʴʮʽʚ ʟ ʟʥʦʩʦʩʪʽʡʢʠʭ 

ʩʧʣʘʚʽʚ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʯʝʨʝʟ ʧʝʚʥʠʡ ʯʘʩ ʥʝʦʙʭʽʜʥʦ ʚʽʜʥʦʚʣʶʚʘʪʠ ʾʭ ʨʦʙʦʯʫ 

ʧʦʚʝʨʭʥʶ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʨʠʬʣʽ ʰʚʠʜʢʦʦʙʝʨʪʦʚʦʛʦ ʚʘʣʴʮʷ ʟʥʦʰʫʶʪʴʩʷ 

ʰʚʠʜʰʝ, ʥʽʞ ʨʠʬʣʽ ʧʦʚ̔ʣʴʥʦʦʙʝʨʪʦʚʦʛʦ ʚʘʣʴʮʷ, ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʫ ʯʘʩʪʦʪʫ 

ʦʙʝʨʪʘʥʥʷ.  

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʽ ʛʨʘʬʽʢʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʦʩʫ ʨʠʬʣʽʚ 

ʚhʠʜʢʦʦʙʝʨʪʦʚʦʛʦ ʚʘʣʴʮʷ ʚʝʨʩʪʘʪʘ ɸ1-ɹɿʅ ʚ ʯʘʩʽ [2]. 

ʗʢ ʚʠʭʦʜʠʪʴ ʟ ʛʨʘʬʽʢʽʚ ʚʝʣʠʯʠʥʘ ʟʥʦʩʫ ʨʠʬʣʽʚ ʥʘ ʜʨʘʥʠʭ ʽ ʨʦʟʤʝʣʴʥʠʭ 

ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ ʨʠʬʣʽʚ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʘʣʴʮʽʚ ʚʝʨʩʪʘʪʘ. 
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ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʨʽʟʥʘ. ʅʘʡʙʽʣʴʰʠʡ ʟʥʦʩ ʨʠʬʣʽʚ ʥʘ ʚʘʣʴʮʷʭ 1 ʜʨʘʥʦʾ 

ʩʠʩʪʝʤʠ. ʊʦʤʫ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʟʥʦʩʫ ʨʠʬʣʽʚ ʧʦ ʚʠʩʦʪʽ ʥʘ 50-55% ʥʝʦʙʭʽʜʥʦ 

ʚʘʣʴʮʽ ʟʘʤʽʥʶʚʘʪʠ. ɿʘ ʯʘʩʦʤ ʮʝ ʩʪʘʥʦʚʠʪʴ 240-290 ʜʽʙ. ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʛʨʘʬʽʢʘ, ʥʘ 

ʯʝʪʚʝʨʪʽʡ ʜʨʘʥʽʡ ʩʠʩʪʝʤʽ ʟʘʤʽʥʘ ʚʘʣʴʮʽʚ ʜʦʮʽʣʴʥʘ ʯʝʨʝʟ ʪʨʠ ʨʦʢʠ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ 

ʚʟʷʪʽ ʧʨʠ ʨʦʙʦʪʽ ʚʘʣʴʮʴʦʚʠʭ ʚʝʨʩʪʘʪʽʚ ʩʝʢʮʽʾ ɸ ʤʣʠʥʘ. ʇʨʠ ʧʝʨʝʨʦʙʮʽ ʤʝʥʰ 

ʩʢʣʦʧʦʜʽʙʥʦʛʦ ʟʝʨʥʘ ʚ ʩʝʢʮʽʾ ɹ, ʨʠʬʣʽ ʟʥʦʰʫʶʪʴʩʷ ʧʦʚʽʣʴʥʽʰʝ. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʚʘʣʴʮʽʚ ʚʝʨʩʪʘʪʘ ʤʦʜʝʣʽ ɿʄ ʟʥʘʯʥʦ 

ʥʠʞʯʝ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʷʢ ʟ ʥʦʚʠʤʠ ʜʚʦʰʘʨʦʚʠʤʠ ʚʘʣʴʮʷʤʠ, ʪʘʢ ʽ ʙʽʣʴʰ 

ʜʦʩʢʦʥʘʣʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʚʝʨʩʪʘʪʘ ɸ1-ɹɿʅ. 

ʈʦʟʛʣʷʥʝʤʦ ʚʘʣʴʮʽ ʟ ʰʦʨʩʪʢʦʶ ʧʦʚʝʨʭʥʝʶ ʽ ʾʭ ʩʪʫʧʽʥʴ ʟʥʦʩʫ ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ (ʨʠʩ. 2). ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʛʨʘʬʽʢʽʚ ʰʦʨʩʪʢʘ ʧʦʚʝʨʭʥʷ 

ʟʜʘʪʥʘ ʩʘʤʦʚʽʜʥʦʚʣʶʚʘʪʠʩʷ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʚʝʣʠʢʠʤʠ ʯʘʩʪʢʘʤʠ ʧʨʦʜʫʢʪʫ, ʱʦ 

ʘʙʨʘʟʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʚʝʨʭʥʶ ʚʘʣʴʮʷ. ɼʨʽʙʥʽʰʽ ʯʘʩʪʢʠ ʧʦʜʨʽʙʥʝʥʦʛʦ 

ʧʨʦʜʫʢʪʫ ʟʜʽʡʩʥʶʶʪʴ ʤʝʥʰʠʡ ʘʙʨʘʟʠʚʥʠʡ ʟʥʦʩ ʧʦʚʝʨʭʥʽ ʚʘʣʴʮʷ. ʊʝʨʤʽʥ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʘʣʴʮʽʚ ʟ ʰʦʨʩʪʢʦʶ ʧʦʚʝʨʭʥʝʶ ʜʦ ʯʝʨʛʦʚʦʾ ʟʘʤʽʥʠ ʟʨʦʩʪʘʻ ʜʦ 10-12 

ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʰʦʨʩʪʢʦʩʪʽ ʚʘʣʴʮʽʚ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʘʣʴʮʽʚ ʚʝʨʩʪʘʪʘ. 
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ʨʦʢʽʚ. 

ɺʽʜʥʦʚʣʝʥʥʷ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʚʘʣʴʮʽʚ ʧʦʪʨʝʙʫʻ ʯʘʩʪʢʦʚʦʾ ʨʦʟʙʦʨʢʠ 

ʚʘʣʴʮʴʦʚʦʛʦ ʚʝʨʩʪʘʪʘ. ʊʘʢʦʞ ʧʦʪʨʽʙʥʦ ʟʥʷʪʠ ʚʩʽ ʜʝʪʘʣʽ ʷʢʽ ʧʦʚʷʟʘʥʽ ʟ ʚʘʣʴʮʝʤ ï 

ʰʢʽʚʠ, ʢʦʨʧʫʩʠ ʧʽʜʰʠʧʥʠʢʽʚ, ʢʨʠʰʢʠ, ʛʘʡʢʠ, ʰʘʡʙʠ ʪʘ ʩʘʤʽ ʧʽʜʰʠʧʥʠʢʠ. ʊʦʤʫ 

ʜʝʤʦʥʪʘʞ ʮʠʭ ʜʝʪʘʣʝʡ ʧʦʪʨʝʙʫʻ ʧʝʚʥʦʛʦ ʯʘʩʫ, ʪʘ ʧʝʨʝʩʪʨʦʡʢʠ ʨʦʙʦʪʠ ʩʝʢʮʽʾ 

ʤʣʠʥʘ. ɼʣʷ ʟʥʷʪʪʷ ʧʽʜʰʠʧʥʠʢʽʚ ʟ ʧʽʚʚʽʩʽ ʚʘʣʴʮʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʛʽʜʨʦʟ`ʻʤʥʽ 

ʧʨʠʩʪʨʦʾ. ʇʨʠ ʮʴʦʤʫ ʢʦʥʩʪʨʫʢʮʽʷ ʧʽʚʚʽʩʽ ʟʘʟʥʘʣʘ ʜʝʷʢʠʭ ʟʤʽʥ (ʨʠʩ. 3). ɺʘʣʝʮʴ 1 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ ʧʽʜʰʠʧʥʠʢʘʭ 2, ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʚ ʩʚʦʾʭ ʢʦʨʧʫʩʘʭ 3 ʟ ʢʨʠʰʢʘʤʠ 4 ʽ 

5. ɺʥʫʪʨʽʰʥʻ ʢʽʣʴʮʝ ʧʽʜʰʠʧʥʠʢʘ ʧʦʩʘʜʞʝʥʦ ʥʘ ʢʦʥʽʯʥʫ ʧʦʚʝʨʭʥʶ ʧʽʚʦʩʽ. ʇʨʠ 

ʮʴʦʤʫ ʥʘ ʧʦʩʘʜʦʯʥʦʾ ʧʦʚʝʨʭʥʽ ʧʽʚʚʽʩʽ ʻ ʢʘʥʘʚʢʘ ʜʣʷ ʤʘʩʣʘ, ʷʢʘ ʜʦʧʦʤʘʛʘʻ 

ʟʤʝʥʰʠʪʠ ʟʫʩʠʣʣʷ ʪʝʨʪʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʣʘ ʧʽʜʰʠʧʥʠʢʘ ʧʨʠ ʡʦʛʦ ʟʥʷʪʪʽ. 

ɿʥʽʤʘʶʪʴ ʢʨʠʰʢʫ 5, ʟʚʽʣʴʥʷʶʪʴ ʛʘʡʢʫ 8 ʚʽʜ ʩʪʦʧʦʨʥʦʾ ʰʘʡʙʠ 9 ʽ ʚʽʜʢʨʫʯʫʶʪʴ 

ʛʘʡʢʫ.  

ɺʠʜʘʣʷʶʪʴ ʛʘʡʢʫ 8 ʽ ʰʘʡʙʫ 9, ʘ ʛʽʜʨʦʟ'ʻʤʥʠʢ 6 ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ ʧʽʚʦʩʽ 

ʧʦʻʜʥʫʶʯʠ ʦʪʚʦʨʠ ʢʘʥʘʣʽʚ ʜʣʷ ʤʘʩʣʘ ʥʘ ʛʽʜʨʦʟʥʽʤʘʯʫ ʽ ʧʽʚʚʽʩʽ. ʄʘʩʣʦ ʧʦ 

ʢʘʥʘʣʘʭ 7 ʥʘʜʭʦʜʠʪʴ ʚ ʢʘʥʘʚʢʫ ʧʽʜ ʚʥʫʪʨʽʰʥʽʤ ʢʽʣʴʮʝʤ ʧʽʜʰʠʧʥʠʢʘ 2. ɿʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʪʠʩʢʫ ʤʘʩʣʘ ʚ ʩʠʩʪʝʤʽ ʧʽʜʰʠʧʥʠʢ 2 ʣʝʛʢʦ ʟʥʽʤʘʻʪʴʩʷ ʟ ʧʦʩʘʜʢʦʚʦʛʦ 

ʤʽʩʮʷ. ʆʪʚʽʨ 10 ʢʘʥʘʣʫ ʜʣʷ ʤʘʩʣʘ ʧʨʠ ʮʴʦʤʫ ʟʘʛʣʫʰʝʥʦ. ɺ ʽʥʰʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ 

ʯʝʨʝʟ ʦʪʚʽʨ ʜʣʷ ʛʚʠʥʪʘ 10 ʧʦʜʘʶʪʴ ʤʘʩʣʦ ʚʽʜ ʛʽʜʨʦʟʥʽʤʘʯʘ ʯʝʨʝʟ ʛʥʫʯʢʠʡ ʰʣʘʥʛ 

ʟʽ ʰʪʫʮʝʨʦʤ.  

                      ʘ                                                   ʙ 

ʈʠʩ. 3. ɿʥʷʪʪʷ ʧʽʜʰʠʧʥʠʢʘ ʟ ʨʦʙʦʯʦʛʦ ʚʘʣʴʮʷ. 
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ʇʨʠ ʧʝʨʝʥʘʨʽʟʮʽ ʽ ʧʝʨʝʰʣʽʬʦʚʫʚʘʥʥʽ ʚʘʣʴʮʽʚ ʙʝʟ ʜʝʤʦʥʪʘʞʫ ʧʽʜʰʠʧʥʠʢʽʚ 

ʥʝʦʙʭʽʜʥʦ ʟʘʭʠʩʪʠʪʠ ʧʦʨʦʞʥʠʥʠ ʨʦʣʠʢʦʚʠʭ ʧʽʜʰʠʧʥʠʢʽʚ ʚʽʜ ʧʦʧʘʜʘʥʥʷ 

ʩʪʨʫʞʢʠ ʽ ʘʙʨʘʟʠʚʥʠʭ ʯʘʩʪʠʥʦʢ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʟʜʽʡʩʥʶʶʪʴ ʜʝʤʦʥʪʘʞ ʦʜʠʥʦʯʥʠʭ ʚʘʣʴʮʽʚ, ʟʘʩʪʦʩʦʚʫʶʯʠ 

ʚʽʟʢʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʽʜʡʦʤʫ ʚʘʣʴʮʽʚ ʽ ʾʭ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. ʊʘʢʽ ʚʽʟʢʠ ʟʨʫʯʥʽ 

ʜʣʷ ʚʘʣʴʮʴʦʚʠʭ ʚʝʨʩʪʘʪʽʚ ʟ ʜʽʘʛʦʥʘʣʴʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʚʘʣʴʮʽʚ. 

ʈʷʜ ʬʽʨʤ ʟʘʩʪʦʩʦʚʫʻ ʪʝʭʥʦʣʦʛʽʶ ʢʦʤʧʦʥʦʚʢʠ ʚʘʣʴʮʦʚʠʭ ʚʝʨʩʪʘʪʽʚ ʚ ʷʢʦʾ 

ʥʝ ʧʦʪʨʽʙʥʦ ʧʦʚʥʽʩʪʴʶ ʨʦʟʙʠʨʘʪʠ ʚʘʣʴʮʴʦʚʫ ʧʘʨʫ. ʋ ʟʚ'ʷʟʢʫ ʟ ʢʦʤʧʦʥʫʚʘʥʥʷʤ 

ʚʘʣʴʮʽʚ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʽ ʚʠʢʦʥʘʥʥʷʤ ʾʭ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʦʾ 

ʩʢʣʘʜʘʣʴʥʦʾ ʦʜʠʥʠʮʽ, ʜʣʷ ʜʝʤʦʥʪʘʞʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʽʟʢʠ ʟ ʛʽʜʨʘʚʣʽʯʥʠʤ 

ʧʽʜʡʦʤʥʠʢʦʤ. ʇʨʠ ʮʴʦʤʫ ʨʦʙʦʯʽ ʚʘʣʴʮʽ ʚ ʟʙʦʨʽ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʚʨʫʯʥʫ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʥʘ ʚʽʟʦʢ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ ʜʝʤʦʥʪʘʞ ʧʘʨʠ 

ʚʘʣʴʮʽʚ, ʧʝʨʝʥʘʨʽʟʢʘ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʝʟ ʧʦʚʥʦʛʦ ʨʦʟʙʠʨʘʥʥʷ ʧʽʜʰʠʧʥʠʢʦʚʠʭ 

ʚʫʟʣʽʚ. 

ʅʘʨʽʟʢʫ ʨʠʬʣʽʚ ʚʠʢʦʥʫʶʪʴ ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʰʣʽʬʫʚʘʣʴʥʦ-ʨʠʬʝʣʴʥʠʭ 

ʚʝʨʩʪʘʪʘʭ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʜʘʣʠʪʠ ʽʩʥʫʶʯʫ ʥʘʨʽʟʢʫ, ʧʨʦʰʣʽʬʫʚʘʪʠ ʙʦʯʢʫ 

ʚʘʣʴʮʷ ʽ ʟʜʽʡʩʥʠʪʠ ʥʝʦʙʭʽʜʥʫ ʥʘʨʽʟʢʫ ʥʦʚʠʭ ʨʠʬʣʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʣʠʚʦ 

ʚʠʢʦʥʫʚʘʪʠ ʦʥʦʚʣʝʥʥʷ ʨʠʬʣʽʚ ʚʘʣʴʮʽʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʟʽ 

ʟʤʝʥʴʰʝʥʥʷʤ ʜʠʘʤʝʪʨʫ ʚʘʣʴʮʽʚ ʟʤʝʥʴʰʫʻʪʴʩʷ ʽ ʪʚʝʨʜʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

ʚʘʣʴʮʷ. ʅʘ ʨʘʟʽ ʜʠʘʤʝʪʨ ʚʘʣʴʮʽʚ ʟʤʝʥʴʰʫʻʪʴʩʷ ʥʘ 25 ʤʤ. ɺʽʜʥʦʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʥʫʶʪʴ ʥʘ ʄʦʛʠʣʽʚ-ʇʦʜʽʣʴʩʴʢʦʤʫ ʤʘʰʠʥʦʙʫʜʽʚʥʦʤʫ ʟʘʚʦʜʽ 

(ʄʇʄɿ). 

ʗʢʱʦ ʚʘʣʴʮʽ ʥʝ ʥʘʨʽʟʘʶʪʴ, ʪʦ ʾʭ ʧʽʩʢʦʩʪʨʫʶʪʴ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʤʽʢʨʦʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ, ʪʘʢʦʞ ʥʘ ʦʙʣʘʜʥʘʥʥʽ ʄʇʄɿ. ʇʽʩʣʷ ʮʠʭ ʦʧʝʨʘʮʽʡ 

ʚʘʣʴʮʽ ʟʘʟʚʠʯʘʡ ʙʘʣʘʥʩʫʶʪʴ ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ. 

ɺʝʣʠʢʠʡ ʧʘʨʢ ʨʘʥʽʰʝ ʚʠʧʫʱʝʥʠʭ ʚʘʣʴʮʴʦʚʠʭ ʚʝʨʩʪʘʪʽʚ (80 - 90-ʪʽ ʨʦʢʠ) 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʚ ʷʢʦʩʪʽ ʤʽʞʚʘʣʴʮʴʦʚʦʾ ʧʝʨʝʜʘʯʽ ʢʦʩʦʟʫʙʯʘʩʪʫ. ʅʝʜʦʣʽʢʠ ʮʽʻʾ 

ʧʝʨʝʜʘʯʽ ʚʽʜʦʤʽ, ʪʦʤʫ ʾʾ ʚ ʜʘʥʠʡ ʯʘʩ ʥʘʤʘʛʘʶʪʴʩʷ ʟʘʤʽʥʠʪʠ ʥʘ ʨʝʤʽʥʥʫ ʧʝʨʝʜʘʯʫ 

ʟ ʜʚʦʩʪʦʨʦʥʥʽʤ ʟʫʙʯʘʪʦ-ʧʦʣʽʢʣʠʥʦʚʠʤ ʨʝʤʝʥʝʤ. ʆʜʥʘʢ ʪʘʢʘ ʤʦʜʝʨʥʽʟʘʮʽʷ 

ʧʦʪʨʝʙʫʻ ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʙʦʢʦʚʠʥ ʚʘʣʴʮʴʦʚʦʛʦ ʚʝʨʩʪʘʪʘ, ʱʦ ʜʦʟʚʦʣʷʻ 
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ʚʩʪʘʥʦʚʠʪʠ ʜʦʜʘʪʢʦʚʝ ʢʦʣʝʩʦ ʥʘʪʷʛʫ. ʄʦʛʠʣʽʚ-ʇʦʜʽʣʴʩʴʢʠʡ ʤʘʰʠʥʦʙʫʜʽʚʥʠʡ 

ʟʘʚʦʜ, ʷʢ ʟʘʚʦʜ ʚʠʨʦʙʥʠʢ ʚʘʣʴʮʴʦʚʠʭ ʚʝʨʩʪʘʪʽʚ, ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʦʧʨʘʮʶʚʘʪʠ 

ʢʦʥʩʪʨʫʢʮʽʶ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴ ʡʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʗʢʱʦ ʚ 

ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ ʟʘʤʽʥʫ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʜʚʘ ʟʫʙʯʘʩʪʠʭ 

ʨʝʤʝʥʷ, ʪʦ ʚ ʜʘʥʠʡ ʯʘʩ ʬʽʨʤʠ ʚʠʨʦʙʥʠʢʠ ʧʨʦʧʦʥʫʶʪʴ ʦʜʠʥ ʰʠʨʦʢʠʡ 

ʜʚʦʩʪʦʨʦʥʥʽʡ ʨʝʤʽʥʴ, ʱʦ ʚʠʪʨʠʤʫʻ ʧʽʜʚʠʱʝʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺʠʩʥʦʚʢʠ. 

1. ɺ ʜʦʢʣʘʜʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʩʭʝʤʠ ʪʘ ʤʝʭʘʥʽʟʤʠ ʚʘʣʴʮʴʦʚʠʭ ʚʝʨʩʪʘʪʽʚ, ʷʢʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʙʦʨʦʰʥʦʤʝʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  

2. ʆʪʨʠʤʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʪʨʠʚʘʣʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʚʘʣʴʮʽʚ ʥʘ ʟʥʦʩ ʫ ʨʦʙʦʯʠʭ 

ʨʝʞʠʤʘʭ ʤʣʠʥʽʚ. ɭ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʯʘʩ ʨʦʙʦʪʠ ʚʘʣʴʮʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ 

ʥʘ ʨʽʟʥʠʭ ʩʝʢʮʽʷʭ ʤʣʠʥʽʚ. 

ʃʽʪʝʨʘʪʫʨʘ. 

1. ɻʘʧʦʥʶʢ, ʆ.ɯ. ʊʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʙʦʨʦʰʥʦʤʝʣʴʥʠʭ ʽ 

ʢʨʫʧôʷʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ [ʊʝʢʩʪ] : ʧʽʜʨʫʯʥʠʢ/ ʆ.ɯ. ɻʘʧʦʥʶʢ, ʃ. ʉ. ʉʦʣʜʘʪʝʥʢʦ, 

ʃ.ɻ. ɻʨʦʩʫʣ, ɺ.ʌ. ʇʝʪʴʢʦ, ɺ. ʄ. ʇʝʪʨʦʚ, ɯ.ɯ. ɻʘʧʦʥʶʢ; ʧʽʜ ʨʝʜʘʢʮʽʻʶ ʆ. ɯ. 

ɻʘʧʦʥʶʢʘ ʽ ʃ. ʉ. ʉʦʣʜʘʪʝʥʢʦ ï ʍʝʨʩʦʥ: ʆʣʜʽ-ʧʣʶʩ, 2018. ï 752 ʩ.- ISBN 978-

966-289-188-1. 

2. ʇʝʪʨʦʚ, ɺ.ʄ. ɺʘʣʴʮʴʦʚʝ ʧʦʜʨʽʙʥʶʶʯʝ ʦʙʣʘʜʥʘʥʥʷ [ʊʝʢʩʪ] : 

ʄʦʥʦʛʨʘʬʽʷ / ɺ. ʄ. ʇʝʪʨʦʚ ïʆʜʝʩʘ : ʆɼɸɹɸ, 2019. ï 228 ʩ. 
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ʇʈʆ ʆʈɻɸʅɯɿɸʎɯʖ ʊɸ ɺʀʂʆʈʀʉʊɸʅʅʗ ɼɽʊɽʂʊʆʈɸ ʆɹʃʀʏʏʗ 

 

ʇʦʪʘʧʦʚʘ ʂʘʪʝʨʠʥʘ ʈʦʤʘʥʽʚʥʘ, 

ʂ.ʪ.ʥ, ʜʦʮʝʥʪ, 

ɼʘʜʠʚʝʨʽʥ ɺʽʪʘʣʽʡ ɺʘʣʝʨʽʡʦʚʠʯ, 

ʌʝʱʝʥʢʦ ɯʚʘʥ ʆʣʝʢʩʘʥʜʨʦʚʠʯ 

ʉʪʫʜʝʥʪʠ 

ʅʊʋʋ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʦʛʦè 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. 

ʄʠ ʞʠʚʝʤʦ ʚ ʯʘʩ ʙʝʟʤʝʞʥʦʾ ʮʠʬʨʦʚʽʟʘʮʽʾ ʨʽʟʥʦʛʦ ʨʦʜʫ ʧʨʦʮʝʩʽʚ 

ʩʫʩʧʽʣʴʥʦʾ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ. ɿôʷʚʠʣʘʩʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʩʠʣʠʪʠ ʥʘʰ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ. ʆʜʥʦʶ ʟ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʻ ʜʝʪʝʢʪʦʨ ʦʙʣʠʯʯʷ.  

ʅʝʦʮʽʥʝʥʥʦ ʚʘʞʣʠʚʠʤ ʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯʯʷ ʣʶʜʝʡ ʷʢ ʽ ʚ 

ʩʪʘʪʠʯʥʦʤʫ, ʪʘʢ ʽ ʚ ʜʠʥʘʤʽʯʥʦʤʫ ʩʪʘʥʘʭ, ʙʦ ʮʝ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʶ 

ʪʝʭʥʦʣʦʛʽʶ ʫ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʷʭ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ. ɼʝʪʝʢʪʦʨ ʦʙʣʠʯʯʷ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʘʪʠʯʥʠʭ 

ʟʦʙʨʘʞʝʥʴ (ʬʦʪʦ) ʘʙʦ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

ʟʘʜʣʷ ʰʚʠʜʢʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʤʦʞʣʠʚʠʡ ʧʦʜʨʘʟʥʠʢ.  

ʎʽʣʴ ʨʦʙʦʪʠ. 

ʆʮʽʥʢʘ ʘʣʛʦʨʠʪʤʫ Haar Cascade Face Detector ʪʘ ʧʨʦʧʦʟʠʮʽʷ ʘʩʧʝʢʪʽʚ, ʱʦ 

ʤʦʞʫʪʴ ʟʙʽʣʴʰʠʪʠ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ʆʮʽʥʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

¶ ʂʽʣʴʢʽʩʪʴ ʢʘʜʨʽʚ (FPS); 

¶ ɺʠʟʥʘʯʝʥʥʷ ʦʙʣʠʯʯʷ ʥʘ ʬʨʦʥʪʘʣʴʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ; 

¶ ɺʠʟʥʘʯʝʥʥʷ ʦʙʣʠʯʯʷ ʥʘ ʟʦʙʨʘʞʝʥʥʽ, ʜʝ ʦʙʣʠʯʯʷ ʥʘʧʨʘʚʣʝʥʝ ʜʦʥʠʟʫ 

ʯʠ ʧʦʚʝʨʥʫʪʝ ʚ ʩʪʦʨʦʥʫ ʚʽʜʰʪʦʚʭʫʶʩʴ ʚʽʜ ʬʨʦʥʪʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ. 

ʊʝʨʤʽʥʦʣʦʛʽʷ. 

FPS (ʘʥʛʣ. frames per second) ð ʢʽʣʴʢʽʩʪʴ ʢʘʜʨʽʚ ʚ ʩʝʢʫʥʜʫ ʥʘ ʝʢʨʘʥʽ 

ʤʦʥʽʪʦʨʘ ʯʠ ʪʝʣʝʚʽʟʦʨʘ. 

https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0
https://uk.wikipedia.org/wiki/%D0%A7%D0%B0%D1%81%D1%82%D0%BE%D1%82%D0%B0_%D0%BA%D0%B0%D0%B4%D1%80%D1%96%D0%B2
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AdaBoost (ʩʢʦʨʦʯʝʥʥʷ ʚʽʜ Adaptive Boosting) ð ʘʣʛʦʨʠʪʤ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ.  

ʆʉ ï ʦʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ. 

RGB (ʩʢʦʨʦʯʝʥʦ ʚʽʜ ʘʥʛʣ. Red, Green, Blue) ð ʘʜʠʪʠʚʥʘ ʢʦʣʽʨʥʘ ʤʦʜʝʣʴ, 

ʱʦ ʦʧʠʩʫʻ ʩʧʦʩʽʙ ʩʠʥʪʝʟʫ ʢʦʣʴʦʨʫ, ʟʘ ʷʢʦʶ ʯʝʨʚʦʥʝ, ʟʝʣʝʥʝ ʪʘ ʩʠʥʻ ʩʚʽʪʣʦ 

ʥʘʢʣʘʜʘʶʪʴʩʷ ʨʘʟʦʤ, ʟʤʽʰʫʶʯʠʩʴ ʫ ʨʽʟʥʦʤʘʥʽʪʥʽ ʢʦʣʴʦʨʠ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. 

Haar Cascade Face ï ʮʝ ʘʣʛʦʨʠʪʤ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ, ʚ ʥʘʰʦʤʫ 

ʚʠʧʘʜʢʫ ʦʙʣʠʯʯʷ ʣʶʜʝʡ, ʥʘ ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ.  

ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʢʘʩʢʘʜʥʘ ʬʫʥʢʮʽʷ ʧʨʦʭʦʜʠʪʴ 

ʪʨʝʥʫʚʘʥʥʷ ʥʘ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʧʦʟʠʪʠʚʥʠʭ ʪʘ ʥʝʛʘʪʠʚʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʜʝ 

ʧʦʟʠʪʠʚʥʽ ï ʮʝ ʪʽ ʟʦʙʨʘʞʝʥʥʷ, ʥʘ ʷʢʠʭ ʧʨʠʩʫʪʥʽʡ ʦʙôʻʢʪ ʜʣʷ ʧʦʰʫʢʫ, ʘ 

ʥʝʛʘʪʠʚʥʽ ï ʮʝ ʪʽ, ʜʝ ʮʴʦʛʦ ʦʙôʻʢʪʫ ʥʝʤʘʻ. 

ʎʝ ʥʘʚʯʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤ ʘʣʛʦʨʠʪʤʦʤ : 

¶ ɼʘʻʤʦ ʪʝʩʪʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ὼȟώ ȟȣȟὼȟώ ȟ where ώ πȟρ ʜʣʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʘʙʦ ʧʦʟʠʪʠʚʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʚʽʜʧʦʚʽʜʥʦ; 

¶ ɯʥʽʮʽʘʣʽʟʫʻʤʦ ʟʥʘʯʝʥʥʷ ʚʘʛʠ ύ ȟ  ȟ ʜʣʷ ώ πȟρ ʚʽʜʧʦʚʽʜʥʦ, 

ʜʝ ά ʪʘ ὰ ï ʮʝ ʢʽʣʴʢʽʩʪʴ ʥʝʛʘʪʠʚʥʠʭ ʪʘ ʧʦʟʠʪʠʚʥʠʭ ʚʽʜʧʦʚʽʜʥʦ; 

¶ ɼʘʣʽ ʤʠ ʟʘʭʦʜʠʤʦ ʫ ʮʠʢʣ ὸ ρȟȣȟὝȡ 

1. ʅʦʨʤʘʣʽʟʫʻʤʦ ʚʘʛʫ, ύ ȟ N  
 ȟ

В  ȟ 

, ʪʘʢ ʱʦ ύ  ï ʮʝ ʨʦʟʧʦʜʽʣ 

ʡʤʦʚʽʨʥʦʩʪʝʡ; 

2. ɼʣʷ ʢʦʞʥʦʾ ʦʟʥʘʢʠ Ὦ, ʪʨʝʙʘ çʧʦʪʨʝʥʫʚʘʪʠè ʢʣʘʩʠʬʽʢʘʪʦʨ Ὤ , ʷʢʠʡ 

ʦʙʤʝʞʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʽʻʾ ʦʟʥʘʢʠ. ʇʦʭʠʙʢʘ ʦʮʽʥʶʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ύ ȟ‭ ȟ  Вύ  ȿὬ ὼ  ώ ȿ; 

3. ʆʙʠʨʘʻʤʦ ʢʣʘʩʠʬʽʢʘʪʦʨ Ὤ  ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʥʘʡʤʝʥʰʠʤ ʟʥʘʯʝʥʥʷʤ 

ʧʦʤʠʣʢʠ ‭ ; 

4. ʇʝʨʝʨʘʭʦʚʫʻʤʦ ʟʥʘʯʝʥʥʷ ʚʘʛʠ: ύ ȟ = ύ ȟ ‍ ,  

https://ru.wikipedia.org/wiki/%D0%91%D1%83%D1%81%D1%82%D0%B8%D0%BD%D0%B3_(%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5_%D0%BC%D0%B0%D1%88%D0%B8%D0%BD)
https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC
https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0
https://uk.wikipedia.org/wiki/%D0%90%D0%B4%D0%B8%D1%82%D0%B8%D0%B2%D0%BD%D0%B5_%D0%B7%D0%BC%D1%96%D1%88%D0%B0%D0%BD%D0%BD%D1%8F_%D0%BA%D0%BE%D0%BB%D1%8C%D0%BE%D1%80%D1%96%D0%B2
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BB%D1%8C%D0%BE%D1%80%D0%BE%D0%B2%D0%B0_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BB%D1%96%D1%80
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ʜʝ Ὡ π, ʷʢʱʦ ὼ ʢʣʘʩʠʬʽʢʦʚʘʥʦ ʧʨʘʚʠʣʴʥʦ ʪʘ Ὡ ρ, ʷʢʱʦ 

ʢʣʘʩʠʬʽʢʦʚʘʥʘ ʥʝʧʨʘʚʠʣʴʥʦ ʪʘ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ‍  
 

 

¶ ʆʩʪʘʪʦʯʥʠʡ ʚʠʨʽʰʘʣʴʥʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ ʙʫʜʝ ʪʘʢʠʤ: 

Ὤὼ  
ρȟВ ‌Ὤ ὼ πȢυ В ‌
πȟ̠ ̋̚ ̏̐̑̏̓̉̌̆̇̎̆ ̙̐̆̑̏̍̔

, ʜʝ ‌ ὰέὫ 

ʇʝʨʝʥʦʩʷʯʠʩʴ ʚʽʜ ʘʣʛʦʨʠʪʤʫ ʫ ʪʝʢʩʪ, ʷʢ ʙʫʣʦ ʩʢʘʟʘʥʦ ʨʘʥʽʰʝ ʥʘʚʯʘʥʥʷ 

ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʜʚʦʭ ʪʠʧʘʭ ʟʦʙʨʘʞʝʥʴ ʽ ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʧʦʟʠʪʠʚʥʠʤʠ ʻ 

ʟʦʙʨʘʞʝʥʥʷ ʦʙʣʠʯʴ, ʘ ʥʝʛʘʪʠʚʥʠʤʠ ï ʟʦʙʨʘʞʝʥʥʷ ʙʝʟ ʛʨʘʥʝʡ, ʮʝ ʥʘʤ ʜʘʻ ʟʤʦʛʫ 

ʧʽʜʛʦʪʫʚʘʪʠ ʢʣʘʩʠʬʽʢʘʪʦʨ. ɺʩʷ ʦʩʥʦʚʥʘ ʨʦʙʦʪʘ ʧʨʦʭʦʜʠʪʴ ʟʘ ʜʦʧʦʤʦʛʠ ʪʘʢ 

ʟʚʘʥʦʛʦ çʬʽʣʴʪʨʘè, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʷʢʠʡ ʚʠʣʫʯʘʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʽ ʽʟ ʧʦʪʦʯʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ, ʪʘʢʦʞ ʚʘʨʪʦ ʩʢʘʟʘʪʠ, ʱʦ ʮʷ ʩʠʩʪʝʤʘ ʻ ʧʦʜʽʙʥʦʶ ʜʦ ʟʛʦʨʪʢʦʚʦʛʦ 

ʷʜʨʘ.  

ʎʽ ʬʽʣʴʪʨʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

 

ʈʠʩ. 1. ɺʠʛʣʷʜ ʬʽʣʴʪʨʽʚ Haar 

 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʚʠʱʝ ʬʽʣʴʪʨʠ ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘ ʟʦʙʨʘʞʝʥʥʷ ʧʝʨʝʚʽʨʷʶʯʠ 

ʦʜʥʠʥ ʩʝʢʪʦʨ (ʚʽʢʥʦ) ʽ ʜʘʣʽ ʧʝʨʝʭʦʜʷʪʴ ʥʘ ʽʥʰʠʡ. ɼʘʣʽ ʜʣʷ ʢʦʞʥʦʛʦ ʩʝʢʪʦʨʫ ʽʜʝ 

ʦʙʨʘʭʫʥʦʢ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʷ ʟʘ ʡʦʛʦ ʚʽʜʧʦʚʽʜʥʽʩʪʶ ʯʦʨʥʦʤʫ ʪʘ 

ʙʽʣʦʤʫ ʢʦʣʴʦʨʘʤ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʦʪʨʠʤʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʚʠʪʷʛʥʫʪʦʾ ʦʟʥʘʢʠ, 
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ʱʦ ʦʙʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʨʽʟʥʠʮʷ ʜʚʦʭ ʩʫʤ ʦʪʨʠʤʘʥʠʭ ʥʘ ʤʠʥʫʣʦʤʫ ʝʪʘʧʽ. ɺ 

ʥʘʡʢʨʘʱʦʤʫ ʚʠʧʘʜʢʫ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ ʧʦʚʠʥʥʦ ʧʦʢʘʟʫʚʘʪʠ ʾʾ ʨʝʣʝʚʘʥʪʥʽʩʪʴ. 

ɼʘʣʽ ʤʠ ʩʪʠʢʘʻʤʦʩʷ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʚʝʨʥʫʪʠʭ ʦʙʨʘʭʫʥʢʽʚ ʟ 

ʩʝʢʪʦʨʽʚ, ʷʢʽ ʪʨʝʙʘ ʦʧʪʠʤʽʟʫʚʘʪʠ. ɯ ʪʫʪ ʥʘ ʜʦʧʦʤʦʛʫ ʧʨʠʭʦʜʠʪʴ ʢʦʥʮʝʧʮʽʷ 

Integral Image ï ʮʝ ʦʩʦʙʣʠʚʘ ʩʪʨʫʢʪʫʨʘ ʜʘʥʠʭ ʪʘ ʘʣʛʦʨʠʪʤ ʧʽʜʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ ʫ 

ʧʨʷʤʦʢʫʪʥʽʡ ʧʽʜʤʥʦʞʠʥʽ ʩʽʪʢʠ, ʷʢʠʡ ʩʧʨʦʚʦʢʫʻ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʙʯʠʩʣʝʥʴ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʢʨʦʮʽ ʦʧʪʠʤʽʟʘʮʽʾ ʤʠ ʧʦʚʝʨʪʘʻʤʦʩʷ ʜʦ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʽ 

ʟʘʚʜʷʢʠ ʪʝʭʥʦʣʦʛʽʾ Adaboost ʩʪʚʦʨʶʻʪʴʩʷ ʪʘʢ ʟʚʘʥʠʡ çʩʠʣʴʥʠʡè ʢʣʘʩʠʬʽʢʘʪʦʨ ʟ 

ʜʝʢʽʣʴʢʦʭ çʩʣʘʙʢʠʭè, ʘ ʦʙôʻʜʥʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʩʧʽʣʴʥʠʤʠ ʥʘʡʢʨʘʱʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʆʩʪʘʥʥʽʤ ʢʨʦʢʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʩʪʫʧʘʻ ʥʘʰʘ ʢʘʩʢʘʜʥʽʩʪʴ, ʷʢʘ ʽʩʥʫʻ ʜʣʷ 

ʧʨʘʚʠʣʴʥʦʛʦ ʛʨʫʧʫʚʘʥʥʷ ʦʟʥʘʢ ʟʘ ʨʽʟʥʠʤʠ ʩʪʘʜʽʷʤʠ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʽ 

ʧʦʜʘʣʴʰʦʛʦ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦ ʯʝʨʟʽ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʩʝʢʪʦʨʘʭ. ʎʝ ʜʘʻ ʟʤʦʛʫ 

ʚʽʜʢʠʥʫʪʠ ʚʽʜʧʦʚʽʜʥʽ ʩʝʢʪʦʨʠ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʟʥʘʯʝʥʴ ʜʣʷ ʥʠʭ, ʘ ʦʪʞʝ ʮʝ 

ʩʪʚʦʨʶʻ ʧʨʝʮʝʜʝʥʪ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʤôʷʪʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. 

ɺʠʟʥʘʯʘʻʤʦ ʩʠʩʪʝʤʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘ ʷʢʠʭ ʧʨʦʚʦʜʠʣʠʩʴ ʜʦʩʣʽʜʞʝʥʥʷ: 

¶ ʇʨʦʮʝʩʦʨ : Intel Core i7 7700HQ ï 4 ʧʦʪʦʢʠ. 

¶ ʆʧʝʨʘʪʠʚʥʘ ʧʘʤôʷʪʴ : 16 ɻʙ. 

¶ ɺʽʜʝʦʢʘʨʪʘ : NVIDIA  GeForce GTX 1050, 4 ɻʙ. 

¶ ʆʉ : Windows 10. 

¶ ʄʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ : ʉ++. 

ʂʘʩʢʘʜʥʘ ʤʦʜʝʣʴ - haarcascade_frontalface_alt.xml. 

1. ɼʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʢʘʨʪʠʥʢʠ ʨʦʟʤʽʨʦʤ 300ʥʘ300 

ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʦʙʨʦʙʦʢ ʽ ʥʘ ʨʠʩʫʥʢʫ 2 ʟʦʙʨʘʞʝʥʦ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʢʘʜʨʽʚ ʫ ʩʝʢʫʥʜʫ(FPS). 

https://github.com/VetalDadyverin/Diploma/blob/master/Files/haarcascade_frontalface_alt.xml
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ʈʠʩ. 2. ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʫ FPS 

 

ʂʽʣʴʢʽʩʪʴ ʢʘʜʨʽʚ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʘ, ʪʦʤʫ ʚ ʮʴʦʤʫ ʘʩʧʝʢʪʽ ʜʦʜʘʪʢʦʚʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʚʦʜʠʪʠ ʥʝ ʪʨʝʙʘ, ʙʦ ʥʘʚʽʪʴ ʨʽʟʥʠʮʷ ʫ 9 fps ʥʝ ʻ ʢʨʠʪʠʯʥʦʶ.  

2. ʅʘʷʚʥʘ ʤʦʜʝʣʴ ʜʫʞʝ ʜʦʙʨʝ ʚʠʟʥʘʯʘʻ ʦʙʣʠʯʯʷ ʥʘ ʬʨʦʥʪʘʣʴʥʦʤʫ 

ʟʦʙʨʘʞʝʥʥʽ (9 ʟ 10 ʚʠʟʥʘʯʝʥʴ ʚ ʧʦʛʘʥʦʤʫ ʚʠʧʘʜʢʫ), ʘʣʝ ʪʫʪ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʫ 

ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʱʦ ʚʦʥʦ ʩʪʘʻ ʛʝʪʴ ʞʘʭʣʠʚʠʤ (ʥʠʞʯʝ ʟʘ 144ʨ), ʪʦ ʷʢʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʜʘʻ, ʘʣʝ ʥʝ ʢʨʠʪʠʯʥʦ, ʟʘʣʠʰʘʻʪʴʩʷ 60-70% ʧʦʟʠʪʠʚʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

3. ɿʦʙʨʘʞʝʥʥʷ, ʜʝ ʦʙʣʠʯʯʷ ʥʘʧʨʘʚʣʝʥʝ ʜʦʥʠʟʫ ʯʠ ʧʦʚʝʨʥʫʪʝ ʚ ʩʪʦʨʦʥʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ 50-60% ʚʠʧʘʜʢʘʭ ʽ ʩʢʘʟʘʪʠ, ʱʦ ʮʝ ʧʦʛʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʥʝ ʤʦʞʥʘ, 

ʙʦ ʢʘʩʢʘʜʥʘ ʤʦʜʝʣʴ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʟʜʝʙʽʣʴʰʦʛʦ ʬʨʦʥʪʘʣʴʥʦ ʥʘʧʨʘʚʣʝʥʝ 

ʦʙʣʠʯʯʷ. ɿʘʚʞʜʠ ʪʨʝʙʘ ʧʘʤôʷʪʘʪʠ ʧʨʦ ʢʫʪ, ʥʘ ʷʢʠʡ ʦʙʣʠʯʯʷ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ 

ʬʨʦʥʪʘʣʴʥʦʾ ʦʨʽʻʥʪʘʮʽʾ, ʙʦ ʷʢʱʦ ʟʦʚʩʽʤ ʥʝ ʚʠʜʥʦ ʦʜʥʽʻʾ ʟ ʪʨʴʦʭ ʛʦʣʦʚʥʠʭ ʦʟʥʘʢ 

(ʦʯʽ, ʛʫʙʠ, ʥʽʩ), ʪʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʢʨʘʪʥʦ ʧʘʜʘʻ, ʘʜʞʝ ʤʦʜʝʣʴ ʥʘ ʮʝ ʥʝ 

ʨʦʟʨʘʭʦʚʘʥʘ. 
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ɺʠʩʥʦʚʢʠ. 

ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʷʚʣʝʥʦ ʥʝʜʦʣʽʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʷʢʽ 

ʥʝ ʻ ʢʨʠʪʠʯʥʠʤʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʡʦʛʦ ʜʣʷ ʟʘʷʚʣʝʥʠʭ ʚʠʧʘʜʢʽʚ. ɺʘʨʪʦ 

ʟʘʟʥʘʯʠʪʠ ʱʦ ʢʣʶʯʦʚʫ ʨʦʣʴ ʛʨʘʻ ʤʦʜʝʣʴ ʥʘ ʷʢʫ ʩʧʠʨʘʻʪʴʩʷ ʚʘʰ ʧʨʦʛʨʘʤʥʠʡ 

ʧʨʦʜʫʢʪ, ʘʥʘʣʽʟʘʪʦʨ, ʪʦʱʦ, ʙʦ ʷʢʱʦ ʫ ʨʝʛʽʦʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʞʠʚʘʻ ʧʝʨʝʚʘʞʥʦ 

ʣʶʜʠ ʤʦʥʛʦʣʦʾʜʥʦʾ ʯʠ ʙʫʜʴ-ʷʢʦʾ ʽʥʰʦʾ ʨʘʩʠ, ʪʦ ʥʘʚʯʘʥʥʷ ʯʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʤʦʜʝʣʽ ʩʣʽʜ ʧʨʦʚʦʜʠʪʠ ʥʘ ʧʨʝʜʩʪʘʚʥʠʢʘʭ ʩʘʤʝ ʮʽʻʾ ʨʘʩʠ. ɸʙʦ ʪʨʝʙʘ ʜʦʜʘʚʘʪʠ 

RGB-ʘʥʘʣʽʟʘʪʦʨ, ʷʢʠʡ ʙʫʜʝ ʙʨʘʪʠ ʚʠʟʥʘʯʝʥʽ ʅaar ʘʣʛʦʨʠʪʤʦʤ ʟʦʥʠ ʽ ʧʝʨʝʚʽʨʷʪʠ 

ʯʠ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʮʴʦʛʦ ʩʝʢʪʦʨʫ ʫʤʦʚʘ R>G>B ʱʦʜʦ ʡʦʛʦ ʢʦʣʴʦʨʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʙʦ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʘ ʫʥʠʢʥʫʪʠ ʤʽʥʽʤʫʤ 50% ʧʦʤʠʣʢʦʚʠʭ 

ʜʝʪʝʢʮʽʡ. ɼʦʢʘʟ ʦʩʪʘʥʥʴʦʤʫ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ ʨʠʩʫʥʢʫ 3, ʜʝ ʯʝʨʚʦʥʽ 

ʢʚʘʜʨʘʪʠ ï ʮʝ Haar, a ʟʝʣʝʥʽ ï RGB-ʘʥʘʣʽʟʘʪʦʨ. 

 

ʈʠʩ. 3. ʆʧʪʠʤʽʟʘʮʽʷ ʧʦʤʠʣʦʢ 

 

ʇʽʜ ʯʘʩ ʝʤʧʽʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʡʣʽʧʰʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʨʦʙʦʪʠ ʧʦʢʘʟʘʣʘ 

ʤʦʜʝʣʴ ʟ ʧʦʜʚʽʡʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʟʠʪʠʚʽʚ ʚʽʜʥʦʩʥʦ ʥʝʛʘʪʠʚʽʚ, ʧʦʨʽʚʥʶʚʘʣʘʩʴ 

ʚʦʥʘ ʟ ʤʦʜʝʣʷʤʠ: 

¶ ʇʦʟʠʪʠʚʽʚ ʽ ʥʝʛʘʪʠʚʽʚ ʦʜʥʘʢʦʚʘ ʢʽʣʴʢʽʩʪʴ; 

¶ ʅʝʛʘʪʠʚʽʚ ʙʽʣʴʰʝ ʥʽʞ ʧʦʟʠʪʠʚʽʚ ʫ 2 ʨʘʟʠ. 

ɿʤʝʥʰʠʪʠ ʚʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ opencv_createsamples, ʷʢʠʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʢʣʘʜʘʪʠ 

ʧʦʟʠʪʠʚʠ ʥʘ ʥʝʛʘʪʠʚʠ ʽ ʧʦʚʝʨʪʘʻ ʧʦʟʠʪʠʚʥʝ ʟʦʙʨʘʞʝʥʥʷ. 



232 

ʈʽʟʥʦʙʘʨʚʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʫʞʝ ʩʠʣʴʥʦ ʟʙʽʣʴʰʫʻ ʤʦʜʝʣʴ, ʥʘ ʷʢʫ 

ʩʧʠʨʘʪʠʤʝʪʴʩʷ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ, ʪʦʤʫ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʚʠʯʘʡʥʽ ʟʛʦʨʪʢʦʚʽ ʤʝʨʝʞʽ ʜʣʷ ʣʽʧʰʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʙʦ, ʜʣʷ 

ʧʨʠʢʣʘʜʫ, ʪʘʢʦʛʦ ʨʦʜʫ ʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʘʨʪʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʥʘ ʤʘʣʝʥʴʢʽ 

ʜʨʦʥʠ ʜʣʷ ʢʦʥʪʨʦʣʶ ʙʝʟʧʝʢʦʚʦʾ ʩʠʪʫʘʮʽʾ, ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʢʦʤʧʘʢʪʥʠʤʠ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʦ ʬʽʥʘʥʩʦʚʦ ʚʠʛʽʜʥʠʤʠ.  

ʃʽʪʝʨʘʪʫʨʘ. 
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ɿɸʂʆʅʆʄɯʈʅʆʉʊɯ ɿʄɯʅʀ ʉʄʋɻʀ ʈʋʍʋ ʅɸ ɼɺʆʉʄʋɻʆɺʀʍ 

ɺʋʃʀʎʗʍ ʇʈʀ ɺʀʅʀʂʅɽʅʅɯ ʇɽʈɽʐʂʆɼ 

 

ʇʨʘʩʦʣʝʥʢʦ ʆʣʝʢʩʽʡ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʏʫʤʘʯʝʥʢʦ ɺʽʪʘʣʽʡ ɸʥʘʪʦʣʽʡʦʚʠʯ, 

ɸʩʧʽʨʘʥʪ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 ʤʽʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽʤʝʥʽ ʆ. ʄ. ɹʝʢʝʪʦʚʘ 

ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɿʤʽʥʘ ʩʤʫʛʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ ʻ ʩʢʣʘʜʥʦʶ ʪʘ ʚʘʞʣʠʚʦʶ 

ʧʦʚʝʜʽʥʢʦʶ ʜʣʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ʜʦʨʦʟʽ. ʏʘʩʪʘ ʟʤʽʥʘ ʩʤʫʛʠ ʨʫʭʫ ʤʦʞʝ 

ʩʧʨʠʯʠʥʠʪʠ ʩʝʨʡʦʟʥʽ ʧʨʦʙʣʝʤʠ ʟ ʙʝʟʧʝʢʦʶ ʨʫʭʫ, ʦʩʦʙʣʠʚʦ ʥʘ ʜʽʣʷʥʮʽ ʜʦʨʦʛʠ ʟ 

ʜʚʦʤʘ ʩʤʫʛʘʤʠ ʨʫʭʫ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ-ʧʝʨʝʰʢʦʜ, ʱʦ ʧʨʠʧʘʨʢʦʚʘʥʽ. ɺ 

ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʩʤʫʛʠ ʨʫʭʫ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ 

ʘʚʪʦʤʦʙʽʣʝʤ ʧʝʨʝʰʢʦʜʦʶ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʨʘʚʽʡ ʩʤʫʟʽ ʨʫʭʫ ʚ ʥʘʧʨʷʤʫ 

ʧʨʷʤʫʚʘʥʥʷ. 

ʏʘʩʪʘ ʟʤʽʥʘ ʩʤʫʛʠ ʨʫʭʫ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʫʭʫ ʚ ʫʤʦʚʘʭ 

ʧʽʜʚʠʱʝʥʦʛʦ ʧʦʧʠʪʫ ʥʘ ʨʫʭ [1]. ʃʽ ʪʘ ʽʥ. [2] ʜʦʩʣʽʜʞʫʚʘʣʠ ʘʛʨʝʩʠʚʥʫ ʧʦʚʝʜʽʥʢʫ 

ʰʚʠʜʢʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʨʠ ʟʤʽʥʽ ʩʤʫʛʠ ʨʫʭʫ ʪʘ ʥʘʩʣʽʜʢʠ ʨʽʟʥʦʾ 

ʧʦʚʝʜʽʥʢʠ ʧʨʠ ʟʤʽʥʽ ʩʤʫʛʠ ʨʫʭʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʠʤʝʪʨʠʯʥʦʛʦ 

ʜʚʦʩʤʫʛʦʚʦʛʦ ʢʣʽʪʠʥʥʦʛʦ ʘʚʪʦʤʘʪʘ. ɿʤʽʥʘ ʩʤʫʛʠ ʨʫʭʫ ʚʚʘʞʘʻʪʴʩʷ ʦʜʥʽʻʶ ʟ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʧʨʠʯʠʥ ʘʚʘʨʽʡ ʫ ʉʧʦʣʫʯʝʥʠʭ ʐʪʘʪʘʭ. ʂʨʽʤ ʪʦʛʦ, ʟʛʽʜʥʦ ʟ 

ʦʬʽʮʽʡʥʦʶ ʩʪʘʪʠʩʪʠʢʦʶ, ʧʨʠʥʘʡʤʥʽ 33% ʫʩʽʭ ɼʊʇ ʩʪʘʶʪʴʩʷ, ʢʦʣʠ ʪʨʘʥʩʧʦʨʪʥʽ 

ʟʘʩʦʙʠ ʟʤʽʥʶʶʪʴ ʩʤʫʛʫ ʨʫʭʫ ʘʙʦ ʟôʾʞʜʞʘʶʪʴ ʟ ʜʦʨʦʛʠ [3]. 

ɼʝʷʢʽ ʧʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʦʩʝʨʝʜʞʫʚʘʣʠʩʷ ʥʘ ʟʚôʷʟʢʫ ʤʽʞ 

ʢʦʣʠʚʘʥʥʷʤʠ ʰʚʠʜʢʦʩʪʽ ʪʘ ʯʘʩʪʦʪʦʶ ʘʚʘʨʽʡ ʘʙʦ ʨʠʟʠʢʦʤ ʘʚʘʨʽʡ [4, 5, 6, 7], ʪʦʜʽ 

ʷʢ ̔ʥʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʚʯʘʣʠ ʢʽʣʴʢʽʩʪʴ ʟʤʽʥ ʩʤʫʛ ʨʫʭʫ ʟʘ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ ʜʣʷ ʘʥʘʣʽʟʫ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ [ 8, 9]. ʆʜʥʘʢ ʫ ʮʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʝ ʚʠʩʪʘʯʘʣʦ ʜʘʥʠʭ ʱʦʜʦ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ 

ʟʥʘʯʫʱʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʤʽʥʫ ʩʤʫʛʠ ʨʫʭʫ, 
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ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʘʣʴʥʽ ʜʘʥʽ, ʨʦʟʛʣʷʜʘʶʯʠ ʟʤʽʥʫ ʩʤʫʛʠ ʨʫʭʫ ʷʢ ʦʜʠʥ ʽʟ 

ʚʘʞʣʠʚʠʭ ʧʨʝʜʤʝʪʽʚ ʩʪʘʙʽʣʴʥʦʾ ʙʝʟʧʝʢʠ ʨʫʭʫ ʪʘ ʧʨʠ ʧʘʨʢʫʚʘʥʥʽ. 

ʄʽʢʨʦʩʢʦʧʽʯʥʽ ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ ʟʥʘʭʦʜʷʪʴ ʚʩʝ ʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʦʮʽʥʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʝʟʧʝʢʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʘʚʘʨʽʡ. ʇʝʨʰ ʥʽʞ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʮʽ ʤʦʜʝʣʽ, ʾʭ ʥʝʦʙʭʽʜʥʦ ʚʽʜʢʘʣʽʙʨʫʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʜʦʨʦʞʥʴʦʛʦ 

ʨʫʭʫ. ʆʩʥʦʚʥʘ ʤʝʪʘ ʢʘʣʽʙʨʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ 

ʧʘʨʘʤʝʪʨʠ, ʚʚʝʜʝʥʽ ʚ ʽʤʽʪʘʮʽʡʥʫ ʤʦʜʝʣʴ, ʜʘʶʪʴ ʥʘʡʢʨʘʱʽ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʝʟʧʝʢʠ. ɿʘ ʨʘʭʫʥʦʢ ʤʽʢʨʦʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʟʤʽʥʠ 

ʩʤʫʛʠ ʨʫʭʫ, ʧʨʦʪʝ ʬʘʢʪʦʨ ʣʶʜʠʥʠ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʩʫʙôʻʢʪʠʚʥʫ ʜʠʩʪʘʥʮʽʶ ʜʦ 

ʧʝʨʝʰʢʦʜʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʣʠʰʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʧʦʚʦʜʞʝʥʥʷ ʚʦʜʽʾʚ ʧʨʠ ʟʤʽʥʽ ʩʤʫʛʠ ʨʫʭʫ, ʢʦʣʠ ʻ ʧʝʨʝʰʢʦʜʘ ʚ ʥʘʧʨʷʤʫ 

ʧʨʷʤʫʚʘʥʥʷ ʥʘ ʢʨʘʡʥʽʡ ʧʨʘʚʽʡ ʩʤʫʟʽ ʥʘ ʜʚʦʩʤʫʛʦʚʠʭ ʚʫʣʠʮʷʭ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɽʢʩʧʝʨʝʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ 

ʚʫʣʠʮʴ ʤ. ʍʘʨʢʦʚʘ ʚʠʢʦʥʫʚʘʣʠʩʴ ʚʣʽʪʢʫ 2021 ʨʦʢʫ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ 

ʘʚʪʦʤʦʙʽʣʴ-ʣʘʙʦʨʘʪʦʨʽʶ ʟ ʩʠʩʪʝʤʦʶ ʨʝʻʩʪʨʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ çracelogicè 

Videovbox ʪʘ ʘʚʪʦʤʦʙʽʣʴ ʧʨʝʰʢʦʜʫ, ʷʢʠʡ ʧʨʠʧʘʨʢʦʚʘʥʦ ʙʫʣʦ ʥʘ ʧʨʦʾʟʥʽʡ 

ʯʘʩʪʠʥʽ ʧʘʨʘʣʝʣʴʥʦ ʚ ʢʨʘʡʥʽʡ ʧʨʘʚʽʡ ʩʤʫʟʽ ʨʫʭʫ. ʋʤʦʚʠ ʨʫʭʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʫʣʦ ʦʙʨʘʥʦ, ʷʢ çʚʽʣʴʥʽè. ʇʘʨʘʤʝʪʨʠ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ, ʧʨʦʜʦʣʴʥʦʛʦ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʧʦʧʝʨʝʯʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʪʘ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩ.1. ɺʩʽ ʮʽ ʜʘʥʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʨʫʭʫ ʘʚʦʤʦʙʽʣʷ-ʣʘʙʦʨʘʪʦʨʽʾ. 

ɽʢʩʧʝʨʠʤʝʥʪ ʚʠʢʦʥʫʚʘʣʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɺʦʜʽʻʚʽ ʟʘʜʘʚʘʣʠ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 

30, 40, 50, 60 ʢʤ/ʛʦʜ. ʂʦʣʠ ʚʦʜʽʡ ʚʚʘʞʘʚ ʩʫʙʻʢʪʠʚʥʦ, ʱʦ ʡʦʤʫ ʧʦʪʨʽʙʥʦ ʧʦʯʘʪʠ 

ʟʤʽʥʶʚʘʪʠ ʩʤʫʛʫ ʨʫʭʫ ʧʝʨʝʜ ʘʚʪʦʤʦʙʽʣʝʤ ʧʝʨʝʰʢʦʜʦʶ ʟ ʧʨʘʚʘ ʥʘ ʣʽʚʦ, ʚʽʥ 

ʩʘʤʦʩʪʽʡʥʦ ʧʨʠʡʤʘʚ ʨʽʰʝʥʥʷ. ɿ ʨʠʩ.1 ʚʠʜʥʦ ʜʠʩʪʘʥʮʽʶ ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ. 

ʅʘʡʙʽʣʴʰʽ ʢʦʣʠʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʟʤʽʥʽ ʩʤʫʛʠ ʪʨʫʭʫ ʪʘ 

ʧʦʚʝʨʥʝʥʥʷ ʚ ʧʦʯʘʪʢʦʚʫ ʩʤʫʛʫ ʨʫʭʫ ʧʝʨʝʜ ʚʠʢʦʥʘʥʥʷʤ ʤʘʥʝʚʨʫ. ʊʘʢʦʞ ʥʘ 

ʛʨʘʬʽʢʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʝʨʝʜʥʽ ʧʦʢʘʟʥʠʢʠ ʨʫʭʫ. 
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ʈʠʩ. 1 ╖ ʇʘʨʘʤʝʪʨʠ ʨʫʭʫ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʘʚʪʦʤʦʙʽʣʝʤ 

ʧʝʨʝʰʢʦʜʦʶ. ʇʦʟʥʘʯʝʥʥʷ ʥʘ ʨʠʩ.1 ʥʘʩʪʫʧʥʽ: 1 ╖ ʟʦʥʘ ʧʦʯʘʪʢʫ ʟʤʽʥʠ ʩʤʫʛʠ ʨʫʭʫ ʟ 

ʧʨʘʚʦʾ ʥʘ ʣʽʚʫ; 2 ╖ ʟʤʽʥʘ ʩʫʙôʻʢʪʠʚʥʦʾ ʙʝʟʧʝʯʥʦʾ ʚʽʜʩʪʘʥʽ ʜʦ ʘʚʪʦʤʦʙʽʣʷ 

ʧʝʨʝʰʢʦʜʠ, ʷʢʫ ʟʘʣʠʰʘʻ ʚʦʜʽʡ ʚʠʢʦʥʘʚʰʠ ʤʘʥʝʚʨ ʟʤʽʥʠ ʩʤʫʛʠ ʨʫʭʫ; 3 ╖ 

ʧʦʣʦʞʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʧʝʨʝʰʢʦʜʠ; 4 ╖ ʟʦʥʘ ʧʦʚʝʨʥʝʥʥʷ ʚʦʜʽʷ ʚ ʧʦʯʘʪʢʦʚʫ ʧʨʘʚʫ 

ʩʤʫʛʫ ʨʫʭʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʧʦʪʨʽʙʥʦʾ ʚʽʜʩʪʘʥʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʤʘʥʝʚʨʫ ʧʨʠ ʟʤʽʥʽ ʩʤʫʛʠ 

ʨʫʭʫ ʧʝʨʝʜ ʘʚʪʦʤʦʙʽʣʝʤ ʧʝʨʝʰʢʦʜʦʶ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ (ʨʠʩ. 2) ʪʘ ʟʤʽʥʫ 

ʩʫʙôʻʢʪʠʚʥʦʾ ʙʝʟʧʝʯʥʦʾ ʜʠʩʪʘʥʮʽʾ ʜʦ ʘʚʪʦʤʦʙʽʣʷ ʧʝʨʝʰʢʦʜʠ, ʷʢʫ ʟʘʣʠʰʘʻ ʚʦʜʽʡ 

ʧʽʜʩʚʽʜʦʤʦ ʚʠʢʦʥʘʚʰʠ ʤʘʥʝʚʨ ʟʤʽʥʠ ʩʤʫʛʠ ʨʫʭʫ (ʨʠʩ. 3). 
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ʈʠʩ. 2. ɿʤʽʥʘ ʧʦʪʨʽʙʥʦʾ ʚʽʜʩʪʘʥʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʤʘʥʝʚʨʫ ʧʨʠ ʟʤʽʥʽ 

 ʩʤʫʛʠ ʨʫʭʫ ʧʝʨʝʜ ʘʚʪʦʤʦʙʽʣʝʤ ʧʝʨʝʰʢʦʜʦʶ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

 

 

ʈʠʩ. 3. ɿʤʽʥʘ ʩʫʙôʻʢʪʠʚʥʦʾ ʙʝʟʧʝʯʥʦʾ ʚʽʜʩʪʘʥʽ ʜʦ ʘʚʪʦʤʦʙʽʣʷ ʧʝʨʝʰʢʦʜʠ, ʷʢʫ 

ʟʘʣʠʰʘʻ ʚʦʜʽʡ ʧʽʜʩʚʽʜʦʤʦ ʚʠʢʦʥʘʚʰʠ ʤʘʥʝʚʨ ʟʤʽʥʠ ʩʤʫʛʠ ʨʫʭʫ 

 

y = 0,4768x + 2,2617 
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ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ, ʢʤ/ʛʦʜ 

y = 0,01x2 - 0,5963x + 13,262 

RĮ = 0,8978 

2

4

6

8

10

12

14

16

10 20 30 40 50 60 70

ɿ
ʘ
ʣ
ʠ
ʰ
ʝ
ʥ
ʘ
 
ʩ
ʫ
ʙ

'ʻ
ʢ
ʪ
ʠ
ʚ
ʥ
ʘ
 
ʙ
ʝ
ʟ
ʧ
ʝ
ʯ
ʥ
ʘ
 

ʚ
ʽ
ʜ
ʩ
ʪ
ʘ
ʥ
ʴ
 
ʜ
ʦ
 
ʘ
ʚ
ʪ
ʦ
ʤ
ʦ
ʙ
ʽ
ʣ
ʷ
 
ʧ
ʝ
ʨ
ʝ
ʰ
ʢ
ʦ
ʜ
ʠ
,
 
ʤ

 

ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ, ʢʤ/ʛʦʜ 



237 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʇʘʨʢʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʧʨʦʾʟʥʽʡ ʯʘʩʪʠʥʽ 

ʩʫʯʘʩʥʘ ʧʨʦʙʣʝʤʘ ʫ ʤʽʩʪʘʭ. ʇʨʠʧʘʨʢʦʚʘʥʽ ʪʨʘʥʩʧʦʨʪʽ ʟʘʩʦʙʠ ʥʘ ʧʨʦʾʟʥʽʡ ʯʘʩʪʠʥʽ 

ʟʘʡʤʘʶʪʴ ʚʽʣʴʥʫ ʧʣʦʱʫ ʥʘ ʩʤʫʟʽ ʨʫʭʫ. ʎʷ ʧʨʦʙʣʝʤʘ ʤʘʻ ʪʘʢʽ ʥʘʩʣʽʜʢʠ ʷʢ: 

ʘʚʘʨʽʡʥʽʩʪʴ ʪʘ ʟʤʝʥʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ. ʇʨʦʙʣʝʤʘ 

ʘʚʘʨʽʡʥʦʩʪʽ ʧʦʚôʷʟʘʥʘ ʧʝʨʰ ʟʘ ʚʩʝ, ʱʦ ʢʦʣʠ ʚʦʜʽʾ ʨʫʭʘʶʪʴʩʷ ʚ ʛʨʫʧʦʚʦʤʫ 

ʨʝʞʠʤʽ, ʧʝʨʰʠʡ ʚʦʜʽʡ ʤʦʞʝ ʚʯʘʩʥʦ ʧʦʤʽʪʠʪʠ ʧʝʨʝʰʢʦʜʫ ʪʘ ʟʤʽʥʠʪʠ ʩʤʫʛʫ ʨʫʭʫ, 

ʘ ʚʦʜʽʡ ʱʦ ʧʦʟʘʜʫ ʤʦʞʝ ʥʝ ʚʩʪʠʛʥʫʪʠ ʚʽʜʨʝʘʛʫʚʘʪʠ ʪʘ ʩʢʦʾʪʴ ʥʘʾʟʜ ʥʘ ʩʪʦʷʯʠʡ 

ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʶʪʴ ʥʘʦʯʥʦ, ʱʦ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʤʘʥʝʚʨʫ ʧʨʠ ʧʝʚʥʽʡ ʰʚʠʜʢʦʩʪʽ ʧʦʪʨʽʙʥʘ ʙʝʟʧʝʯʥʘ ʚʽʜʩʪʘʥʴ ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʪʨʽʙʥʦʾ ʚʽʜʩʪʘʥʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʤʘʥʝʚʨʫ ʧʨʠ ʟʤʽʥʽ ʩʤʫʛʠ ʨʫʭʫ 

ʧʝʨʝʜ ʘʚʪʦʤʦʙʽʣʝʤ ʧʝʨʝʰʢʦʜʦʶ ʪʘ ʩʫʙôʻʢʪʠʚʥʦʾ ʙʝʟʧʝʯʥʦʾ ʚʽʜʩʪʘʥʽ ʜʦ 

ʘʚʪʦʤʦʙʽʣʷ ʧʝʨʝʰʢʦʜʠ, ʷʢʫ ʟʘʣʠʰʘʻ ʚʦʜʽʡ ʧʽʜʩʚʽʜʦʤʦ ʚʠʢʦʥʘʚʰʠ ʤʘʥʝʚʨ ʟʤʽʥʠ 

ʩʤʫʛʠ ʨʫʭʫ. ʊʦʤʫ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʧʘʨʢʫʚʘʥʥʷ ʥʘ ʧʨʦʾʟʥʽʡ ʯʘʩʪʠʥʽ ʜʦʮʽʣʴʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʙʦ ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʘʙʦ ʟʘʟʜʘʣʝʛʽʜʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʽʥʬʦʨʤʫʚʘʥʥʷ ʚʦʜʽʾʚ ʧʨʦ ʤʦʞʣʠʚʫ ʩʤʫʛʫ ʨʫʭʫ. 

ɺʠʩʥʦʚʢʠ. ʗʢ ʧʨʘʚʠʣʦ, ʟʤʽʥʘ ʩʤʫʛʠ ʨʫʭʫ ʚʠʢʦʥʫʻʪʴʩʷ ʚʦʜʽʻʤ ʟʘ ʚʣʘʩʥʠʤ 

ʙʘʞʘʥʥʷʤ ʪʘ ʚ ʫʤʦʚʘʭ ʚʠʥʠʢʥʝʥʥʷ ʢʦʥʬʣʽʢʪʫ ʟ ʧʨʠʧʘʨʢʦʚʘʥʠʤ ʪʨʘʥʩʧʦʨʪʥʠʤ 

ʟʘʩʦʙʦʤ ʥʘ ʧʨʘʚʽʡ ʩʤʫʟʽ ʨʫʭʫ. ɺʦʜʽʻʚʽ ʧʦʪʨʽʙʥʦ ʦʙʨʘʪʠ ʧʝʚʥʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʜʣʷ 

ʤʘʥʝʚʨʫ, ʷʢʱʦ ʚʽʥ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʨʘʚʽʡ ʩʤʫʟʽ ʨʫʭʫ. ɿʤʽʥʘ ʩʤʫʛʠ ʨʫʭʫ ʚʠʤʘʛʘʻ 

ʚʽʜ ʚʦʜʽʷ ʩʢʦʥʮʝʥʪʨʦʚʘʥʦʩʪʽ ʫʚʘʛʠ ʪʘ ʦʮʽʥʢʠ ʚʽʜʩʪʘʥʽ ʧʨʠ ʤʘʥʝʚʨʫʚʘʥʥʽ. 

ɿʘʛʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʤʘʥʝʚʨʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʪʘ 

ʩʫʙôʻʢʪʠʚʥʦʾ ʚʽʜʩʪʘʥʽ, ʷʢʫ ʚʦʜʽʡ ʧʽʜʩʚʽʜʦʤʦ ʟʘʣʠʰʘʻ ʜʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, 

ʢʦʣʠ ʟʤʽʥʘ ʩʤʫʛʠ ʨʫʭʫ ʚʽʜʙʫʣʘʩʴ. ʆʪʨʠʤʘʥʽ ʤʦʜʝʣʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʧʨʠ 

ʧʣʘʥʫʚʘʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʦʜʽʾʚ, ʘ ʩʘʤʝ ʧʨʠ ʦʙˇʨʫʥʪʫʚʘʥʥʽ 

ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʭ ʟʥʘʢʽʚ. 
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ɸɺʊʆʄɸʊʅɯ ɯʅʊɽʈʇʈɽʊɸʎɯɰ ʆʇɽʈɸʎɯʁ ʄʆɼʀʌɯʂɸʎɯɰ 

ʎʀʂʃɯʏʅʀʍ ʂʆɼɯɺ 

 

ʉʝʤʝʨʝʥʢʦ ɺʘʩʠʣʴ ʇʝʪʨʦʚʠʯ, 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɺʦʡʥʘʣʦʚʠʯ ʆʣʝʢʩʘʥʜʨ ʖʨʽʡʦʚʠʯ 

ʘʩʧʽʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʤ. ɺʽʥʥʠʮʷ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɺ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʠʩʪʝʤʥʽ ʢʦʤʧʨʦʤʽʩʠ. ʅʘʧʨʠʢʣʘʜ, ʚ ʢʘʥʘʣʘʭ ʮʠʬʨʦʚʦʛʦ ʟʚôʷʟʢʫ 

ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʚʠʩʦʢʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʘʥʠʭ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ: ʘʙʦ 

ʟʙʽʣʴʰʫʶʯʠ ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʜʘʚʘʯʘ, ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʝʮʽʘʣʴʥʽ ʢʦʜʦʚʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ. ɺ ʩʘʤʠʭ ʟʘʚʘʜʦʩʪʽʡʢʠʭ ʢʦʜʘʭ ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʜʦʜʘʪʢʦʚʠʭ ʧʝʨʝʚʽʨʦʯʥʠʭ ʨʦʟʨʷʜʽʚ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, 

ʘʙʦ ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʢʦʨʝʢʪʫʚʘʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʢʦʜʫ [1]. 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ ʢʦʜʦʚʽ ʢʦʤʧʨʦʤʽʩʠ ʚ ʟʘʚʘʜʦʩʪʽʡʢʠʭ ʢʦʜʘʭ ʚ 

ʟʘʜʘʯʘʭ ʚʠʷʚʣʝʥʥʷ ʪʘ ʚʠʧʨʘʚʣʝʥʥʷ ʧʦʤʠʣʦʢ. ʆʩʥʦʚʥʫ ʫʚʘʛʠ ʧʨʠʜʽʣʠʤʦ 

ʮʠʢʣʽʯʥʠʤ ʢʦʜʘʤ. ɺ ʪʘʢʦʤʫ (kn, )-ʢʦʜʽ n-ʨʦʟʨʷʜʥʝ ʢʦʜʦʚʝ ʩʣʦʚʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ k

-ʨʦʟʨʷʜʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʣʦʚʘ ʪʘ r -ʨʦʟʨʷʜʥʦʛʦ ʧʝʨʝʚʽʨʦʯʥʦʛʦ ʩʣʦʚʘ (

knr -= ). ʏʠʤ ʙʽʣʴʰʠʡ ʧʘʨʘʤʝʪʨ r, ʪʠʤ ʙʽʣʴʰʝ ʧʦʤʠʣʦʢ ʤʦʞʝ ʚʠʷʚʠʪʠ ʪʘ 

ʚʠʧʨʘʚʠʪʠ ʪʘʢʠʡ ʢʦʜ. ɸʣʝ, ʪʦʜʽ ʧʦ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʧʝʨʝʜʘʻʪʴʩʷ 

ʤʝʥʰʝ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʪʦʙʪʦ ʧʘʜʘʻ ʰʚʠʜʢʽʩʪʴ ʢʦʜʫ. ɼʘʣʽ ʧʦʪʨʽʙʥʦ 

ʚʨʘʭʫʚʘʪʠ, ʱʦ ʢʦʜʦʚʽ ʧʘʨʘʤʝʪʨʠ rkn ,,  ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʚʽʣʴʥʠʤʠ, ʘ ʤʘʶʪʴ ʨʷʜ 

ʦʙʤʝʞʝʥʴ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʘʻʤʦ ʥʝʪʨʠʚʽʘʣʴʥʫ ʟʘʜʘʯʫ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ 

ʢʦʜʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʊʨʘʜʠʮʽʡʥʦ ʪʘʢʘ 

ʟʘʜʘʯʘ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʮʽʡ ʤʦʜʠʬʽʢʘʮʽʾ ʢʦʜʫ [2]. ɿʘʨʘʟ ʚʽʜʦʤʽ 

ʰʽʩʪʴ ʙʘʟʦʚʠʭ ʦʧʝʨʘʮʽʡ ʤʦʜʠʬʽʢʘʮʽʾ ʮʠʢʣʽʯʥʠʭ ʢʦʜʽʚ. ʂʦʞʥʘ ʦʧʝʨʘʮʽʷ 

ʤʦʜʠʬʽʢʘʮʽʾ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʤʽʥʦʶ ʦʜʥʦʛʦ ʘʙʦ ʜʚʦʭ ʢʦʜʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ʆʧʝʨʘʮʽʾ ʤʦʜʠʬʽʢʘʮʽʡ ʮʠʢʣʽʯʥʠʭ ʢʦʜʽʚ (h ï ʢʦʥʩʪʘʥʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ rkn ,, ) 

 

ʄʝʪʘ ʨʦʙʦʪʠ. ʈʦʟʨʦʙʠʪʠ ʘʚʪʦʤʘʪʥʽ ʤʦʜʝʣʽ ʙʘʟʦʚʠʭ ʦʧʝʨʘʮʽʡ ʤʦʜʠʬʽʢʘʮʽʾ 

ʮʠʢʣʽʯʥʠʭ ʢʦʜʽʚ. 

ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʮʠʢʣʽʯʥʠʭ ʢʦʜʽʚ. ʊʨʘʜʠʮʽʡʥʦ ʮʠʢʣʽʯʥʽ ʢʦʜʠ, ʷʢ ʽ 

ʚʩʽ ʣʽʥʽʡʥʽ ʢʦʜʠ, ʜʣʷ ʩʚʦʛʦ ʦʧʠʩʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʨʝʚʽʨʦʯʥʫ ʤʘʪʨʠʮʶ H, ʷʢʘ 

ʤʘʻ ʚʝʣʠʢʽ ʦʙʩʷʛʠ, ʩʢʣʘʜʥʽ ʦʧʝʨʘʮʽʾ ʢʦʜʦʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʥʝ ʚʨʘʭʦʚʫʻ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʮʠʢʣʽʯʥʠʭ ʢʦʜʽʚ.  

ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʮʠʭ ʦʧʝʨʘʮʽʡ ʪʝʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ 

ʤʘʪʨʠʮʶ H, ʘʣʝ ʪʘʢʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʥʝ ʧʦʢʘʟʫʻ ʜʫʞʝ ʚʘʞʣʠʚʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʜʫ ʽ ʡʦʛʦ ʢʦʨʝʢʪʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ.  

ʅʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ ʘʧʘʨʘʪʦʤ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʷʢ 

ʩʘʤʠʭ ʮʠʢʣʽʯʥʠʭ ʢʦʜʽʚ, ʪʘʢ ʽ ʾʭ ʤʦʜʠʬʽʢʘʮʽʡ ʻ ʣʽʥʽʡʥʽ ʘʚʪʦʤʘʪʠ ʚ ʧʦʣʷʭ ɻʘʣʫʘ, 

ʪʦʯʥʽʰʝ ï ʣʽʥʽʡʥʽ ʧʦʩʣʽʜʦʚʥʽʩʥʽ ʩʭʝʤ (ʃʇʉ) [3]. 

ʃʇʉ ʟ r ʝʣʝʤʝʥʪʘʤʠ ʧʘʤôʷʪʽ, l ʚʭʦʜʘʤʠ ʪʘ m ʚʠʭʦʜʘʤʠ ʻ ʩʢʽʥʯʝʥʠʤ 

ʘʚʪʦʤʘʪʦʤ ʣʽʥʽʡʥʦʛʦ ʪʠʧʫ, ʷʢʠʡ ʥʘʜ ʜʚʽʡʢʦʚʠʤ ʧʦʣʝʤ ɻʘʣʫʘ GF(2) ʦʧʠʩʫʻʪʴʩʷ 

ʬʫʥʢʮʽʻʶ ʧʝʨʝʭʦʜʽʚ 

)(GF),t(UB)t(SA)t(S 21 ³+³=+   (1) 

i ʬʫʥʢʮʽʻʶ ʚʠʭʦʜʽʚ 

˽ͦ;͍͙͚͊ͭͦ͟ ͦ͟ ͒ 

n,k,r n,k,r 

͍͔ͨͦ͒ͦ͗ͤͤΎ ͦ͒ͯ͟ 
 k=k+h, r=r-h 

ͪͦ͘΄͙͔ͪͤͤΎ ͦ͒ͯ͟ 
 r=r+h, n=n+h 

͍ͦͪͦ͟;͔ͤͤΎ ͦ͒ͯ͟ 
 k=k-h, n=n-h 

͔ͨͪͺͦͪ͊ͼ͜Ύ ͦ͒ͯ͟ 
 r=r-h, n=n-h 

͍͔ͯ͗ͤͤ͘Ύ ͦ͒ͯ͟ 
 k=k-h r=r+h  

͍͔ͨͦͨͦͤͤͤΎ ͦ͒ͯ͟ 
 k=k+h, r=r-h 
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)(GF),t(UD)t(SC)t(Y 2³+³=     (2) 

ʜʝ t ï ʜʠʩʢʨʝʪʥʠʡ ʯʘʩ; A, B, C, D ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʤʘʪʨʠʮʽ;  

S(t), U(t), Y(t) ï ʚʽʜʧʦʚʽʜʥʦ ʩʣʦʚʦ ʩʪʘʥʫ, ʚʭʽʜʥʝ ʩʣʦʚʦ, ʚʠʭʽʜʥʝ ʩʣʦʚʦ. 

ɺ ʦʜʥʦʤʫ ʨʷʜʢʫ ʘʙʦ ʩʪʦʚʧʮʽ ʤʘʪʨʠʮʽ A ʘʙʦ ʚ ʤʘʪʨʠʮʽ B ʚ (1) ʦʙʦʚôʷʟʢʦʚʦ 

ʟʘʧʠʩʫʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʨʦʜʞʫʚʘʣʴʥʦʛʦ ʧʦʣʽʥʦʤʫ g(x) ʮʠʢʣʽʯʥʦʛʦ ʢʦʜʫ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʽ ʃʇʉ ʤʘʻ ʜʚʽ ʦʩʥʦʚʥʽ ʬʦʨʤʠ: ʘʚʪʦʤʘʪʥʦ-

ʘʥʘʣʽʪʠʯʥʫ ʪʘ ʘʚʪʦʤʘʪʥʦ-ʛʨʘʬʦʚʫ. ʗʢʱʦ ʧʝʨʰʘ ʬʦʨʤʘ ʟʨʫʯʥʘ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ, ʪʦ ʜʨʫʛʘ ʬʦʨʤʘ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʫʻ ʩʪʨʫʢʪʫʨʫ ʛʨʘʬʘ G ʃʇʉ. 

ʄʝʪʦʜʠ ʤʦʜʠʬʽʢʘʮʽʾ ʮʠʢʣʽʯʥʠʭ ʢʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʃʇʉ. ʄʘʡʞʝ ʚʩʽ 

ʦʧʝʨʘʮʽʾ ʤʦʜʠʬʽʢʘʮʽʾ ʮʠʢʣʽʯʥʠʭ ʢʦʜʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʯʠ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ 

ʧʦʚʷʟʘʥʽ ʟʽ ʟʤʽʥʦʶ ʢʦʨʝʢʪʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʦʜʽʚ. ʗʢ ʚʠʧʣʠʚʘʻ ʽʟ 

ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʜʫ, ʷʢʠʡ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ r-ʨʦʟʨʷʜʥʦʤʫ 

ʧʦʨʦʜʞʫʚʘʣʴʥʦʤʫ ʧʦʣʽʥʦʤʽ g(x), ʟʙʽʣʴʰʝʥʥʷ (ʟʤʝʥʰʝʥʥʷ) ʢʽʣʴʢʦʩʪʽ 

ʧʝʨʝʚʽʨʦʯʥʠʭ ʨʦʟʨʷʜʽʚ r ʥʘʜʘʻ ʤʦʜʠʬʽʢʦʚʘʥʦʤʫ ʢʦʜʫ ʧʦʪʝʥʮʽʡʥʫ ʤʦʞʣʠʚʽʩʪʴ 

ʟʙʽʣʴʰʝʥʥʷ (ʟʤʝʥʰʝʥʥʷ) ʩʚʦ̒ ʾ ʢʦʨʝʢʪʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. ɹʽʣʴʰ ʪʦʯʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʦʜʦʚʽ ʥʘʜʘʻ ʡʦʛʦ ʘʚʪʦʤʘʪʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ: ʯʠʤ ʙʽʣʴʰʝ ʨʽʚʥʽʚ 

ʤʘ̒ ʛʨʘʬ G, ʪʠʤ ʙʽʣʴʰʫ ʢʦʨʝʢʪʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʤʘʻ ʚʽʜʧʦʚʽʜʥʠʡ ʮʠʢʣʽʯʥʠʡ 

ʢʦʜ. 

ɺ [4] ʨʦʟʛʣʷʜʘʣʘʩʴ ʦʧʝʨʘʮʽʷ ʚʢʦʨʦʯʝʥʥʷ ʮʠʢʣʽʯʥʦʛʦ ʢʦʜʫ, ʘ ʚ [5] ï 

ʦʧʝʨʘʮʽʾ ʧʦʧʦʚʥʝʥʥʷ ʽ ʟʚʫʞʝʥʥʷ ʮʠʢʣʽʯʥʠʭ ʢʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʘʚʪʦʤʘʪʥʠʭ ʤʦʜʝʣʝʡ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ ʦʧʝʨʘʮʽʶ ʧʝʨʬʦʨʘʮʽʾ ʮʠʢʣʽʯʥʠʭ ʢʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ 

ʃʇʉ. 

ʆʧʝʨʘʮʽʷ ʧʝʨʬʦʨʘʮʽʾ ʮʠʢʣʽʯʥʠʭ ʢʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʃʇʉ. ɺ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʬʦʨʘʮʽʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʢʦʜʝʨ ʥʘ ʙʦʮʽ ʧʝʨʝʜʘʚʘʯʘ ʥʘ 

ʦʩʥʦʚʽ k -ʨʦʟʨʷʜʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʣʦʚʘ ʬʦʨʤʫʻ r -ʨʦʟʨʷʜʥʝ ʧʝʨʝʚʽʨʦʯʥʝ 

ʩʣʦʚʦ, ʦʜʥʘʢ, ʚ ʢʘʥʘʣ ʧʝʨʝʜʘʻʪʴʩʷ ʣʠʰʝ (hr - ) ʧʝʨʝʚʽʨʦʯʥʠʭ ʨʦʟʨʷʜʽʚ 

(ʽʥʬʦʨʤʘʮʽʡʥʝ ʩʣʦʚʦ ʧʝʨʝʜʘʻʪʴʩʷ ʙʝʟ ʟʤʽʥ) [6]. ɿʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʢʦʜʦʚʦʛʦ 

ʩʣʦʚʘ ʟʤʝʥʰʫʻʪʴʩʷ, ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʰʚʠʜʰʝ, ʱʦ ʻ ʧʝʨʝʚʘʛʦʶ ʪʘʢʦʛʦ ʩʧʦʩʦʙʫ 

ʢʦʜʦʚʦʾ ʤʦʜʠʬʽʢʘʮʽʾ. ɸʣʝ ʥʘ ʙʦʮʽ ʧʨʠʡʤʘʯʘ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʟʘʜʘʯʘ ʧʝʨʝʚʽʨʢʠ 
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ʧʨʘʚʠʣʴʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʦʩʢʽʣʴʢʠ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʧʦʤʠʣʦʢ.  

ʊʨʘʜʠʮʽʡʥʝ ʟʘʚʘʜʦʩʪʽʡʢʝ ʢʦʜʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʦʨʽʻʥʪʦʚʘʥʦ ʥʘ ʜʚʽʡʢʦʚʦ-ʩʠʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ ʢʘʥʘʣʫ ʪʘ ʽʥʚʝʨʩʥʫ ʤʦʜʝʣʴ 

ʧʦʤʠʣʦʢ. ʊʘʢʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʢʦʜʝʨʦʤ ʥʘ 

ʩʪʦʨʦʥʽ ʧʝʨʝʜʘʚʘʯʘ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʝʣʝʤʝʥʪʠ ʜʘʥʠʭ ʽʟ ʤʥʦʞʠʥʠ }1,0{=M

ʈʦʟʨʷʜʠ ʢʦʜʦʚʦʛʦ ʩʣʦʚʘ errZ , ʷʢʠʡ ʧʦʩʪʫʧʘʻ ʟ ʚʠʭʦʜʫ ʜʝʤʦʜʫʣʷʪʦʨʘ ʥʘ ʙʦʮʽ 

ʧʨʠʡʤʘʯʘ ʜʘʥʠʭ, ʤʦʞʫʪʴ ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ ʟ ʤʥʦʞʠʥʠ },,1,0{ xxM x =  

(ʩʠʤʚʦʣʠ xx,  ʙʫʜʫʪʴ ʧʦʟʥʘʯʘʪʠ ʩʪʠʨʘʥʥʷ). 

ʗʢ ʧʦʢʘʟʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʘʣʛʝʙʨʘʾʯʥʘ ʩʪʨʫʢʪʫʨʘ ʜʣʷ ʤʥʦʞʠʥʠ ʝʣʝʤʝʥʪʽʚ 

xM  ʽʟ ʦʧʝʨʘʮʽʷʤʠ ʜʦʜʘʚʘʥʥʷ ʪʘ ʤʥʦʞʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʚʩʽʤ ʦʟʥʘʢʘʤ 

ʘʣʛʝʙʨʘʾʯʥʦʛʦ ʢʦʤʫʪʘʪʠʚʥʦʛʦ ʢʽʣʴʮʷ R  [7]. ʊʦʤʫ ʜʣʷ ʦʧʝʨʘʮʽʡ ʜʝʢʦʜʫʚʘʥʥʷ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʘʚʪʦʤʘʪʥʫ ʤʦʜʝʣʴ ʮʠʢʣʽʯʥʠʭ ʢʦʜʽʚ ʥʘʜ ʢʦʤʫʪʘʪʠʚʥʠʤ 

ʢʽʣʴʮʝʤ R ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʃʇʉ [3]. 

ʗʢʱʦ ʩʠʥʜʨʦʤ errtS )(  ʤʽʩʪʠʪʴ ʣʠʰʝ ʩʠʤʚʦʣʠxx,,0 , ʮʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʢʦʜʦʚʝ ʩʣʦʚʦ ʤʽʩʪʠʪʴ ʣʠʰʝ ʩʪʠʨʘʥʥʷ, ʽ ʾʭ ʚʽʜʥʦʩʥʦ ʣʝʛʢʦ ʚʽʜʥʦʚʠʪʠ. ʗʢʱʦ 

ʩʠʥʜʨʦʤ errtS )(  ʤʽʩʪʠʪʴ ʚʩʽ ʩʠʤʚʦʣʠ xx,,1,0 , ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʦʜʦʚʝ ʩʣʦʚʦ 

ʤʽʩʪʠʪʴ ʽʥʚʝʨʩʥʽ ʧʦʤʠʣʢʠ ʪʘ ʩʪʠʨʘʥʥʷ, ʽ ʾʭ ʚʽʜʥʦʚʠʪʠ ʩʢʣʘʜʥʽʰʝ. ɺ ʫʩʽʭ 

ʚʠʧʘʜʢʘʭ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ.  

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. 

ʊʝʭʥʽʯʥʽ ʩʧʝʮʽʘʣʽʩʪʠ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ 

ʢʦʤʧʨʦʤʽʩʘʤʠ. ɺ ʮʽʡ ʨʦʙʦʪʽ ʤʠ ʪʘʢʦʞ ʤʘʻʤʦ ʢʣʘʩʠʯʥʠʡ ʚʘʨʽʘʥʪ ʢʦʤʧʨʦʤʽʩʫ: ʘʙʦ 

ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʧʦ ʢʘʥʘʣʫ ʟ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʶ ʰʚʠʜʢʽʩʪʶ ʪʘ ʩʢʣʘʜʥʠʤ 

ʜʝʢʦʜʫʚʘʥʥʷʤ, ʘʙʦ ʚʝʩʪʠ ʧʝʨʝʜʘʚʘʥʥʷ ʧʦʚʽʣʴʥʽʰʝ ʪʘ ʟʽ ʩʧʨʦʱʝʥʠʤ 

ʜʝʢʦʜʫʚʘʥʥʷʤ. ɼʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʪʝʭʥʽʯʥʦʾ ʧʨʦʙʣʝʤʠ ʥʝʦʙʭʽʜʥʦ 

ʤʘʪʠ ʜʦʜʘʪʢʦʚʽ ʜʘʥʽ, ʷʢʽ ʜʦʧʦʤʦʞʫʪʴ ʟʨʦʙʠʪʠ ʧʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʚ ʢʦʥʢʨʝʪʥʠʭ 

ʫʤʦʚʘʭ. 

ɺ ʧʨʦʮʝʩʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʢʘʥʘʣʽʚ, ʘ ʮʝ 

ʚʠʤʘʛʘʻ ʧʝʨʽʦʜʠʯʥʦʾ ʟʤʽʥʠ ʽ ʢʦʜʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠ 
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ʤʦʜʠʬʽʢʘʮʽʾ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘʚʘʜʦʩʪʽʡʢʝ ʢʦʜʫʚʘʥʥʷ ʚ 

ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ.  

ɺʠʩʥʦʚʢʠ. ʊʨʘʜʠʮʽʡʥʝ ʟʘʚʘʜʦʩʪʽʡʢʝ ʢʦʜʫʚʘʥʥʷ ʦʨʽʻʥʪʦʚʘʥʝ ʥʘ ʥʘʧʝʨʝʜ 

ʚʠʟʥʘʯʝʥʽ ʢʦʜʦʚʽ ʧʘʨʘʤʝʪʨʠ. ʈʽʟʥʦʤʘʥʽʪʥʽ ʦʧʝʨʘʮʽʾ ʤʦʜʠʬʽʢʘʮʽʾ ʢʦʜʽʚ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʡʪʠ ʟʘ ʞʦʨʩʪʢʽ ʨʘʤʢʠ ʢʦʜʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʦʤʠʭ ʢʦʜʽʚ. ɯ 

ʥʘʡʛʦʣʦʚʥʽʰʝ ï ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʻʜʠʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ (ʪʝʦʨʽʶ ʃʇʉ) 

ʷʢ ʜʣʷ ʩʪʘʥʜʘʨʪʥʠʭ, ʪʘʢ ʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʢʦʜʽʚ.  

ʇʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ ʮʽʻʾ ʪʝʤʘʪʠʢʠ ʻ ʨʝʘʣʽʟʘʮʽʷ ʦʧʝʨʘʮʽʡ ʨʦʟʰʠʨʝʥʥʷ ʽ 

ʧʦʜʦʚʞʝʥʥʷ ʢʦʜʫ ʥʘ ʦʩʥʦʚʽ ʘʚʪʦʤʘʪʥʠʭ ʤʦʜʝʣʝʡ. 
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ʉʀʉʊɽʄɸ ʂɯɹɽʈɿɸʍʀʉʊʋ ɿɹʈʆʁʅʀʍ ʉʀʃ ʋʂʈɸɰʅʀ, ɯʅʊɽʈʅɽʊ-

ɻɯɻɯɭʅɸ ɺɯʁʉʔʂʆɺʆʉʃʋɾɹʆɺʎɯɺ ʊɸ ʇʈɸʎɯɺʅʀʂɯɺ ɿɹʈʆʁʅʀʍ 

ʉʀʃ ʋʂʈɸɰʅʀ 

 

ʉʣʫʞʝʥʢʦ ɺʽʪʘʣʽʡ ʆʣʝʢʩʘʥʜʨʦʚʠʯ 

ʄʦʣʦʜʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ ʽʤʝʥʽ ɯʚʘʥʘ ʂʦʞʝʜʫʙʘ 

 

ɺʩʪʫʧ. ʑʝ ʟʘʜʦʚʛʦ ʜʦ ʧʦʯʘʪʢʫ ʥʝʟʘʢʦʥʥʦʛʦ ʟʘʭʦʧʣʝʥʥʷ ɸʚʪʦʥʦʤʥʦʾ 

ʈʝʩʧʫʙʣʽʢʠ ʂʨʠʤ ʪʘ ʨʝʛʽʦʥʽʚ ɼʦʥʝʮʴʢʦʾ ʪʘ ʃʫʛʘʥʩʴʢʦʾ ʦʙʣʘʩʪʝʡ ʚ ɯʥʪʝʨʥʝʪ 

ʧʨʦʩʪʦʨʽ ʟ ʙʦʢʫ ʢʨʘʾʥʠ-ʘʛʨʝʩʦʨʘ ʧʨʦʚʦʜʠʣʠʩʴ ʢʽʙʝʨʘʪʘʢʠ ʥʘ ʝʣʝʤʝʥʪʠ ʢʨʠʪʠʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʨʠʚʘʪʥʠʭ ʪʘ ʜʝʨʞʘʚʥʠʭ ʫʩʪʘʥʦʚ ʋʢʨʘʾʥʠ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʇʦʥʷʪʪʷ ʧʨʦ ʢʽʙʝʨʟʘʭʠʩʪ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ, 

ʢʽʙʝʨʟʣʦʯʠʥʥʽʩʪʴ ʪʘ ɯʥʪʝʨʥʝʪ ʛʽʛʽʻʥʫ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ɿʙʨʦʡʥʽ ʉʠʣʠ ʋʢʨʘʾʥʠ ʩʪʘʣʠ 

ʥʘʙʘʛʘʪʦ ʚʨʘʟʣʠʚʽʰʽ ʜʦ ʢʽʙʝʨʘʪʘʢ ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʢʽʙʝʨʟʣʦʯʠʥʽʚ. ʉʠʩʪʝʤʘ 

ʢʽʙʝʨʟʘʭʠʩʪʫ ʚ ɿʙʨʦʡʥʠʭ ʉʠʣʘʭ ʋʢʨʘʾʥʠ ʜʦʩʷʛʘʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʶ 

ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ, ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ, ʟʘʭʦʜʽʚ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʪʘ 

ʪʝʭʥʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. ɼʣʷ ʧʨʦʪʠʜʽʾ ʢʽʙʝʨʟʘʛʨʦʟʘʤ ʚ ɿʙʨʦʡʥʠʭ ʉʠʣʘʭ 

ʋʢʨʘʾʥʠ ʬʫʥʢʮʽʦʥʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʧʽʜʨʦʟʜʽʣʠ ʥʘ ʷʢʠʭ ʧʦʢʣʘʜʝʥʽ ʩʧʝʮʽʘʣʴʥʽ 

ʟʘʚʜʘʥʥʷ: 

- ʩʠʩʪʝʤʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʪʠʚʽʨʫʩʥʦʛʦ ʟʘʭʠʩʪʫ;  

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ;  

- ʨʦʟʤʝʞʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ;  

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ 

ʪʘ ʦʙʤʽʥʽ ʥʝʶ;  

- ʩʪʚʦʨʝʥʥʷ ʨʝʟʝʨʚʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʥʘ ʥʦʩʽʾ ʽʥʬʦʨʤʘʮʽʾ, ʜʦ ʷʢʠʭ 

ʚʠʢʣʶʯʝʥʠʡ ʙʫʜʴ - ʷʢʠʡ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ ʜʦʩʪʫʧ.  
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ʉʠʩʪʝʤʘ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʷʢʘ ʟʘʨʘʟ ʽʩʥʫʻ ʪʘ ʨʝʘʣʴʥʽ ʨʽʚʥʽ ʚʟʘʻʤʦʜʽʾ ʟ 

ʽʥʰʠʤʠ ʜʝʨʞʘʚʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʥʘʧʨʷʤʢʫ ʢʽʙʝʨʥʝʪʠʯʥʦʾ 

ʙʝʟʧʝʢʠ, ʥʝ ʜʦʟʚʦʣʷʻ ʧʽʜʨʦʟʜʽʣʘʤ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠ ʟʘʡʥʷʪʠ ʩʚʦʻ 

ʤʽʩʮʝ ʚ ʥʘʮʽʦʥʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʢʽʙʝʨʙʝʟʧʝʢʠ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚ ɿʙʨʦʡʥʠʭ ʉʠʣʘʭ 

ʋʢʨʘʾʥʠ ʦʩʥʦʚʥʠʤʠ ʟ ʥʝʜʦʣʽʢʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʽʙʝʨʟʘʭʠʩʪ ʻ:  

- ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʬʘʭʽʚʮʽʚ ɯʊ ʥʘʧʨʷʤʢʫ ʚʽʜʧʦʚʽʜʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʜʣʷ 

ʨʦʙʦʪʠ ʚ ʢʽʙʝʨʧʨʦʩʪʦʨʽ ʪʘ ʧʨʦʪʠʜʽʾ ʙʫʜʴ-ʷʢʠʤ ʟʘʛʨʦʟʘʤ;  

- ʥʝ ʚʝʣʠʢʠʡ ʧʨʦʮʝʥʪ ʟʘʙʝʟʧʝʯʝʥʥʷ ʯʘʩʪʠʥ ʪʘ ʧʽʜʨʦʟʜʽʣʽʚ ʣʽʮʝʥʟʽʡʥʠʤ 

ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʪʘ ʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʪʠʚʽʨʫʩʥʦʛʦ ʟʘʭʠʩʪʫ; 

- ʥʝʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʘ ʚ ʜʝʷʢʠʭ ʯʘʩʪʠʥʘʭ ʪʘ ʧʽʜʨʦʟʜʽʣʘʭ ʚʟʘʛʘʣʽ 

ʚʽʜʩʫʪʥʽʩʪʴ ʩʫʯʘʩʥʦʛʦ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ 

ʟʘʭʠʩʪʫ ʪʘ ʧʨʦʪʠʜʽʾ ʢʽʙʝʨʟʘʛʨʦʟʘʤ;  

- ʚʽʜʩʫʪʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ ʥʘʜʽʡʥʦʾ ʰʪʘʪʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʥʘ ʢʦʞʥʦʤʫ 

ʨʽʚʥʽ, ʷʢʽ ʙ ʜʽʷʣʠ ʚʦʻʜʠʥʦ ʥʘ ʙʫʜʴ-ʷʢʽ ʤʦʞʣʠʚʽ ʢʽʙʝʨʟʣʦʯʠʥʫ ʪʘ ʧʨʘʮʶʚʘʣʠ ʚ 

ʢʦʤʘʥʜʽ. 

ʉʠʩʪʝʤʘ ʢʽʙʝʨʟʘʭʠʩʪʫ ɿʙʨʦʡʥʠʭ ʉʠʣʘʭ ʋʢʨʘʾʥʠ ʪʽʩʥʦ ʚʟʘʻʤʦʜʽʻ ʟ 

ɯʥʪʝʨʥʝʪ-ʛ̔ ʛʽʻʥʦʶ ʢʦʞʥʦʛʦ ʚʽʡʩʴʢʦʚʦʩʣʫʞʙʦʚʮʷ ʪʘ ʧʨʘʮʽʚʥʠʢʘ ɿʙʨʦʡʥʠʭ ʉʠʣ 

ʋʢʨʘʾʥʠ, ʦʩʥʦʚʦʶ ʷʢʦʾ ʻ ʟʘʭʠʩʪ ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ. ʂʦʞʥʠʡ ʜʝʥʴ ʟôʷʚʣʷʶʪʴʩʷ 

ʥʦʚʽ ʚʽʨʫʩʠ ʪʘ ʟʣʦʚʤʠʩʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʇʽʩʣʷ ʧʘʥʜʝʤʽʾ ʢʦʨʦʥʘʚʽʨʫʩʘ, 

ʜʝ ʞʠʪʪʷ ʚ ʫʤʦʚʘʭ ʧʘʥʜʝʤʽʾ ʪʘ ʚʽʜʜʘʣʝʥʘ ʨʦʙʦʪʘ ʩʪʘʣʠ ʥʦʚʦʶ ʥʦʨʤʦʶ, ʽʥʪʝʨʥʝʪ 

ʛʽʛʽʻʥʘ ʩʪʘʣʘ ʛʦʣʦʚʥʦʶ ʩʢʣʘʜʦʚʦʶ ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚ ʽʥʪʝʨʥʝʪʽ. ɯʩʥʫʶʪʴ 

ʦʩʥʦʚʥʽ ʧʨʘʚʠʣʘ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚ ʽʥʪʝʨʥʝʪʽ: 

-  ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʣʽʮʝʥʟʽʡʥʝ ʘʥʪʠʚʽʨʫʩʥʝ ʪʘ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ; 

- ʚʢʣʶʯʠʪʠ ʤʝʨʝʞʝʚʠʡ ʙʨʘʥʜʤʘʫʝʨ;  

- ʧʘʨʦʣʴ ʜʦʩʪʫʧʫ ʜʦ ʩʘʡʪʽʚ, ʘʨʭʽʚʽʚ, ʧʘʧʦʢ ʪʘ ʽʥʰʠʭ ʜʘʥʠʭ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʥʘʜʽʡʥʠʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʣʠʢʠʭ ʪʘ ʤʘʣʠʭ ʣʘʪʠʥʩʴʢʠʭ ʣʽʪʝʨ ʟ 

ʯʠʩʣʦʚʠʤʠ ʪʘ ʩʧʝʮʽʘʣʴʥʠʤʠ ʩʠʤʚʦʣʘʤʠ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʾ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ; 

- ʨʝʛʫʣʷʨʥʦ ʨʦʙʠʪʠ ʨʝʟʝʨʚʥʽ ʢʦʧʽʾ ʜʘʥʠʭ; 
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- ʨʝʛʫʣʷʨʥʝ ʦʥʦʚʣʝʥʥʷ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ; 

- ʦʙʤʝʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʧʨʘʚʘʤʠ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ. 

ɺʠʩʥʦʚʢʠ. ɺ ʜʚʘʜʮʷʪʴ ʧʝʨʰʦʤʫ ʩʪʦʨʽʯʯʽ ʚ ʢʽʙʝʨʥʝʪʠʯʥʦʤʫ ʧʨʦʩʪʦʨʽ ʜʝ 

ʢʦʤʧôʶʪʝʨʥʠʡ ʚʽʨʫʩ ʤʦʞʝ ʟʘʚʜʘʪʠ ʰʢʦʜʠ ʥʘ ʤʽʣʴʡʦʥʠ ʛʨʠʚʥʽʚ ʪʘ ʩʪʚʦʨʠʪʠ 

ʟʘʛʨʦʟʫ ʦʙʦʨʦʥʦʟʜʘʪʥʦʩʪʽ ʜʝʨʞʘʚʠ, ʧʦʪʨʽʙʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʧʨʘʚʠʣ ʪʘ ʚʠʤʦʛ ʜʦ 

ʢʽʙʝʨʟʘʭʠʩʪʫ ʪʘ ɯʥʪʝʨʥʝʪ ʛʽʛʽʻʥʠ. 
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ʌɯɿʀʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ɸʃʄɸɿʅʆɻʆ ʂʆʄʇʆɿʀʊʋ ɿ ɼʆɹɸɺʂɸʄʀ 

N-ʐɸʈʆɺʀʍ ɻʈɸʌɽʅɯɺ, ʆɼɽʈɾɸʅʆɻʆ ʉʇɯʂɸʅʅʗʄ ʇʈʀ 

ɺʀʉʆʂʀʍ ʊʀʉʂɸʍ 

 

ʉʦʢʦʣʦʚ ʆʣʝʢʩʘʥʜʨ ʄʠʢʦʣʘʡʦʚʠʯ, 

ʢ.ʪ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ 

ɻʘʨʛʽʥ ɺʣʘʜʠʩʣʘʚ ɻʝʨʘʩʠʤʦʚʠʯ, 

ʢ.ʪ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ 

ʈʫʩʽʥʦʚʘ ʅʘʪʘʣʽʷ ʆʣʝʢʩʘʥʜʨʽʚʥʘ, 

ʤʦʣʦʜʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ 

ɯʥʩʪʠʪʫʪ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʤ. ɺ.ʄ. ɹʘʢʫʣʷ ʅɸʅ ʋʢʨʘʾʥʠ 

ʤ. ʂʠʾʚ 

 

ɺʩʪʫʧ / Introductions. ʇʨʠ ʨʦʟʨʦʙʮʽ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʚʠʨʦʙʽʚ 

ʧʽʜʚʠʱʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʾʭ ʦʭʦʣʦʜʞʝʥʥʷ, ʱʦʙ ʢʦʤʧʝʥʩʫʚʘʪʠ ʟʙʽʣʴʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ 

ʧʦʪʫʞʥʦʩʪʽ ʯʝʨʝʟ ʟʤʝʥʰʝʥʥʷ ʚʘʛʠ ʪʘ ʨʦʟʤʽʨʽʚ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ [1]. 

ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʽʜʴ, ʘʣʶʤʽʥʽʡ ʪʘ 

ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ, ʷʢ Cu-W, AlN, BeO, Al2O3, ʢʦʤʧʦʟʠʪʠ ʥʘ ʦʩʥʦʚʽ Al-SiC. ʊʠʤ ʥʝ 

ʤʝʥʰ, ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʤʽʢʨʦʤʽʥʽʘʪʶʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʥʥʠʭ ʚʠʨʦʙʽʚ ʚʩʝ ʙʽʣʴʰ 

ʘʢʪʫʘʣʴʥʦʶ ʩʪʘʻ ʧʨʦʙʣʝʤʘ, ʧʦʚ'ʷʟʘʥʘ ʽʟ ʚʽʜʚʝʜʝʥʥʷʤ ʪʝʧʣʘ ʚʽʜ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ. ʇʣʦʱʘ ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ ʜʣʷ ʤʽʥʽʘʪʶʨʥʦʛʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʚʢʨʘʡ ʤʘʣʘ (50ï100 ʤʢʤ
2
), ʘ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ 

ʨʦʟʩʽʶʻʪʴʩʷ, ʤʦʞʝ ʜʦʩʷʛʘʪʠ 1,6Ĭ10
5
Öɺʪ/ʤʤ

2
, ʪʦʤʫ ʨʦʟʩʽʶʚʘʥʥʷ ʪʝʧʣʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʚʠʯʘʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʤʽʜʴ, ʘʣʶʤʽʥʽʡ, ʦʢʠʩ ʙʝʨʠʣʽʶ ʽ ʪ. ʜ.) 

ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʽʤ [2]. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʨʽʯʯʷ ʚʝʣʠʢʘ ʫʚʘʛʘ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʨʦʟʨʦʙʮʽ ʘʣʤʘʟʥʠʭ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

(ɸʇʂʄ), ʷʢʽ ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ (ʷʢʘ 

ʯʘʩʪʦ ʥʝ ʤʝʥʰ, ʥʽʞ ʫ ʜʚʘ ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʽʩʪʴ ʤʽʜʽ), 

ʟʥʘʭʦʜʷʪʴ ʚʩʝ ʙʽʣʴʰ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʪʝʧʣʦʧʨʦʚʽʜʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ 

ʘʙʦ ʢʦʥʩʪʨʫʢʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ [3, 4]. 
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ʗʢ ʚʽʜʦʤʦ [5], ʩʧʽʢʘʥʥʷ ʘʣʤʘʟʥʠʭ ʧʦʨʦʰʢʽʚ ʧʨʠ ʚʠʩʦʢʠʭ ʪʠʩʢʘʭ 

ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʱʽʣʴʥʦʛʦ ʪʘ ʤʽʮʥʦʛʦ ʘʣʤʘʟʥʦʛʦ ʢʘʨʢʘʩʘ, ʱʦ ʩʧʨʠʷʻ 

ʧʽʜʚʠʱʝʥʥʶ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʣʽʢʨʠʩʪʘʣʽʚ, ʘʣʝ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʪʘʢʽ ʧʨʦʮʝʩʠ, 

ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʧʨʦʮʝʩ ʩʧʽʢʘʥʥʷ, ʷʢ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʧʽʜ ʜʽʻʶ ʚʠʩʦʢʠʭ 

ʪʠʩʢʽʚ ʪʘ ʪʝʤʧʝʨʘʪʫʨ, ʨʫʡʥʫʚʘʥʥʷ ʟʝʨʝʥ ʘʣʤʘʟʫ, ʾʭ ʚʪʦʨʠʥʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʪʦʱʦ 

ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʢʨʠʩʪʘʣʫ ʚ 

ʮʽʣʦʤʫ, ʟʥʘʯʥʦ ʾʾ ʟʥʠʞʫʶʯʠ. ʂʨʽʤ ʮʴʦʛʦ, ʜʫʞʝ ʩʝʨʡʦʟʥʦʶ ʧʨʦʙʣʝʤʦʶ ʻ 

ʥʘʷʚʥʽʩʪʴ ʫ ʧʦʨʘʭ ʜʦʤʽʰʦʢ ʛʨʘʬʽʪʫ ʪʘ ʽʥʰʠʭ ʬʦʨʤ ʥʝʘʣʤʘʟʥʦʛʦ ʚʫʛʣʝʮʶ, ʷʢʽ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʘʣʤʘʟʥʦʛʦ ʢʘʨʢʘʩʫ, ʘ ʪʘʢʦʞ ʻ ʮʝʥʪʨʘʤʠ 

ʨʦʟʩʽʶʚʘʥʥʷ ʬʦʥʦʥʽʚ, ʱʦ ʪʘʢʦʞ ʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʫ, ʟʦʢʨʝʤʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʜʥʠʤ ʽʟ ʘʢʪʫʘʣʴʥʠʭ 

ʟʘʚʜʘʥʴ ʻ ʚʠʚʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʩʢʣʘʜʦʚʠʭ ʘʣʤʘʟʥʦʛʦ ʢʦʤʧʦʟʠʪʫ ʧʨʠ ʩʧʽʢʘʥʥʽ ʟ 

ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʫ ʥʴʦʛʦ ʥʝʦʙʭʽʜʥʠʭ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɿʦʢʨʝʤʘ, ʢʦʣʠ ʩʪʘʣʠ 

ʢʦʤʝʨʮʽʡʥʦ ʜʦʩʪʫʧʥʠʤʠ ʥʠʟʴʢʦʨʦʟʤʽʨʥʽ ʚʫʛʣʝʮʝʚʽ ʤʘʪʝʨʽʘʣʠ (ʚʫʛʣʝʮʝʚʽ 

ʥʘʥʦʪʨʫʙʢʠ, ʛʨʘʬʝʥʠ), ʱʦ ʤʘʶʪʴ ʫʥʽʢʘʣʴʥʽ ʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʯʘʣʠʩʷ 

ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʽ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʩʢʣʘʜʦʚʽ 

ʢʦʤʧʦʟʠʪʽʚ ʨʽʟʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ.  

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʚʝʨʪʘʶʪʴ ʛʨʘʬʝʥʠ. ɿʘʚʜʷʢʠ ʩʚʦʾʤ ʫʥʽʢʘʣʴʥʠʤ 

ʚʣʘʩʪʠʚʦʩʪʷʤ ʛʨʘʬʝʥʠ ʨʽʟʥʦʾ ʙʫʜʦʚʠ (ʤʦʥʦʰʘʨʦʚʽ ʪʘ n-ʰʘʨʦʚʽ, ʜʝ n = 1ï20) ʪʘ 

ʨʦʟʤʽʨʽʚ (ʚʽʜ ʤʽʢʨʦʥʥʠʭ ʜʦ ʥʘʥʦʜʽʘʧʘʟʦʥʫ) ʟ ʥʝʜʘʚʥʴʦʛʦ ʯʘʩʫ ʩʪʘʶʪʴ ʦʜʥʠʤʠ ʟ 

ʥʘʡʧʨʠʚʘʙʣʠʚʽʰʠʭ ʤʘʪʝʨʽʘʣʽʚ ʷʢ ʚʪʦʨʠʥʥʘ ʬʘʟʘ ʚ ʘʣʤʘʟʥʠʭ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʘʭ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʥʘ 

ʟʝʨʥʘʭ ʢʦʤʧʦʟʠʪʫ ʪʦʥʢʠʭ ʛʨʘʬʝʥʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʟ ʚʠʩʦʢʦʶ ʝʣʝʢʪʨʦ- ʽ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ, ʧʨʠ ʮʴʦʤʫ, ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʛʨʘʬʝʥ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʪʘʢʦʞ 

ʬʫʥʢʮʽʶ ʘʨʤʫʶʯʦʾ ʜʦʙʘʚʢʠ, ʱʦ ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ. 

ʎʽʣʴ ʨʦʙʦʪʠ / Aim. ʄʝʪʘ ʨʦʙʦʪʽ ʧʦʣʷʛʘʣʘ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʟʠʪʫ, ʦʪʨʠʤʘʥʦʛʦ ʩʧʽʢʘʥʥʷʤ ʧʨʠ ʚʠʩʦʢʠʭ ʪʠʩʢʘʭ ʫ ʩʠʩʪʝʤʽ 

ʘʣʤʘʟ-ʤʽʜʴ ʟ ʜʦʙʘʚʢʦʶ 0,2% ʟʘ ʤʘʩʦʶ n-ʰʘʨʦʚʠʭ ʛʨʘʬʝʥʽʚ. ɺʠʙʽʨ ʚ ʷʢʦʩʪʽ 
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ʜʦʙʘʚʢʠ n-ʰʘʨʦʚʦʛʦ ʛʨʘʬʝʥʫ ʦʙʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʜʦʙʘʚʢʘ ʡʦʛʦ ʫ ʚʠʭʽʜʥʫ 

ʰʠʭʪʫ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ɸʇʂʄ, ʱʦ 

ʦʜʝʨʞʫʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʪʘ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʦʢʨʝʤʘ, ʟʘ 

ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʪʝʨʪʷ ʪʘ ʚʟʘʻʤʥʦʛʦ ʟʘʢʣʠʥʶʚʘʥʥʷ ʘʣʤʘʟʥʠʭ ʯʘʩʪʠʥʦʢ ʧʨʠ 

ʭʦʣʦʜʥʦʤʫ ʫʱʽʣʴʥʝʥʥʽ ʘʣʤʘʟʥʦʛʦ ʧʦʨʦʰʢʫ ʟʘʚʜʷʢʠ ʚʠʩʦʢʠʤ ʪʨʠʙʦʣʦʛʽʯʥʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ n-ʰʘʨʦʚʦʛʦ ʛʨʘʬʝʥʫ [6] ʂʨʽʤ ʪʦʛʦ, n-ʰʘʨʦʚʠʡ ʛʨʘʬʝʥ, ʷʢ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʘ ʜʦʙʘʚʢʘ, ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʷʢ ʢʦʤʧʦʥʝʥʪ, ʟʜʘʪʥʠʡ ʬʦʨʤʫʚʘʪʠ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʽʥʰʠʭ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

[7]. ʊʘʢʦʞ ʥʘʤʠ ʙʫʣʦ ʚʠʚʯʝʥʦ ʚʧʣʠʚ ʜʦʙʘʚʢʠ n-ʰʘʨʦʚʦʛʦ ʛʨʘʬʝʥʫ ʥʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʟʨʘʟʢʽʚ ʤʽʜʽ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʚʠʩʦʢʠʭ ʪʠʩʢʘʭ ʽ ʪʝʤʧʝʨʘʪʫʨʽ [8] 

ʪʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʜʦʙʘʚʢʘ ʛʨʘʬʝʥʫ ʜʦ ʤʽʜʥʦʛʦ ʧʦʨʦʰʢʫ ʜʦʟʚʦʣʠʣʘ ʥʘ 14ï37 % 

ʟʙʽʣʴʰʠʪʠ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʧʝʯʝʥʠʭ ʟʨʘʟʢʽʚ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ / Materials and methods. ʋ ʨʦʙʦʪʽ ʷʢ ʜʦʙʘʚʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʚʘ ʚʘʨʽʘʥʪʠ n-ʰʘʨʦʚʠʭ ʛʨʘʬʝʥʽʚ ï Gn(4) (n < 4; ʨʦʟʤʽʨʠ: z < 3 

ʥʤ, x & y > 2 ʤʢʤ; ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʧʦʥʘʜ 700 ʤ
2
/ʛ) ʪʘ N002-PDR ( n < 3; 

ʨʦʟʤʽʨʠ: z < 3 ʥʤ, x & y < 10 ʤʢʤ;, ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ 400-800 ʤ
2
/ʛ). ɺʠʙʽʨ ʪʘʢʦʛʦ 

ʪʠʧʫ ʧʦʨʦʰʢʽʚ ʦʙʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ, ʭʦʯʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʛʨʘʬʝʥʫ ʩʫʪʪʻʚʦ 

ʟʥʠʞʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʯʠʩʣʘ ʰʘʨʽʚ, ʧʨʦʪʝ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʯʦʪʠʨʠʰʘʨʦʚʦʛʦ 

ʛʨʘʬʝʥʫ ʜʦʩʠʪʴ ʚʠʩʦʢʘ ʽ ʩʪʘʥʦʚʠʪʴ 1300 ɺʪ/(ʤĬʂ) [9]. ʆʪʞʝ, ʥʘʷʚʥʽʩʪʴ ʫ ʰʠʭʪʽ 

n-ʰʘʨʦʚʦʛʦ ʛʨʘʬʝʥʫ (n < 4) ʤʦʞʝ ʩʧʨʠʷʪʠ ʧʦʢʨʘʱʝʥʥʶ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʟʠʪʫ. ʂʨʽʤ ʪʦʛʦ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʘʢʽ ʛʨʘʬʝʥʠ ʥʝ 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʘʣʤʘʟ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ ʪʠʩʢʽʚ ʽ ʪʝʤʧʝʨʘʪʫʨ ʥʘʚʽʪʴ ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ ʤʝʪʘʣʽʚ-ʨʦʟʯʠʥʥʠʢʽʚ ʚʫʛʣʝʮʶ ʪʘ ʾʭ ʩʧʣʘʚʽʚ [10]. 

ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʟʽ ʩʧʽʢʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʽʢʨʦʧʦʨʦʰʦʢ ʧʨʠʨʦʜʥʦʛʦ 

ʘʣʤʘʟʫ ʟʝʨʥʠʩʪʦʩʪʽ 28/20. ɺʢʘʟʘʥʠʡ ʤʽʢʨʦʧʦʨʦʰʦʢ ʙʫʚ ʜʦʩʣʽʜʞʝʥʠʡ ʤʝʪʦʜʦʤ 

ʽʥʬʨʘʯʝʨʚʦʥʦʾ (ɯʏ) ʢʦʣʠʚʘʣʴʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʣʝʢʩʫ ɯʏ-

ʌʫʨ'ʻ ʩʧʝʢʪʨʦʩʢʦʧʽʾ Nicolet Instrument Corporation ï Nexus (ʉʐɸ). 

ɸʥʘʣʽʟ ɯʏ ʩʧʝʢʪʨʫ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ (ʧʦʛʣʠʥʘʥʥʷ) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ ʚ ʜʽʘʧʘʟʦʥʽ 4000-500 ʩʤ-1, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʦʚʞʠʥʽ ʭʚʠʣʴ 2,5-20 

ʤʢʤ, ʧʦʢʘʟʫʻ, ʱʦ ʚʢʘʟʘʥʠʡ ʧʦʨʦʰʦʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʨʠʩʪʘʣʽʚ ʘʣʤʘʟʫ ʪʠʧʫ ɯʘ, ʱʦ 
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ʤʽʩʪʷʪʴ ʜʦ 0,3 ʘʪʦʤʥʠʭ % ʘʟʦʪʫ (~3000 ppm) ʫ ʘʛʨʝʛʦʚʘʥʠʭ ʥʝʧʘʨʘʤʘʛʥʽʪʥʠʭ 

ʬʦʨʤʘʭ (ʨʠʩ. 1). ɺʦʥʠ ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʧʨʠʨʦʜʥʠʤʠ ʘʣʤʘʟʘʤʠ (ʧʦʥʘʜ 98%). 

 

ʈʠʩ. 1. ɯʥʬʨʘʯʝʨʚʦʥʠʡ ʩʧʝʢʪʨ ʦʧʪʠʯʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʤʽʢʨʦʧʦʨʦʰʢʫ 

ʤʘʨʢʠ ɸʄ ʟʝʨʥʠʩʪʽʩʪʶ 28/20 

ɺʠʭʽʜʥʘ ʰʠʭʪʘ ʜʣʷ ʩʧʽʢʘʥʥʷ ʷʚʣʷʣʘ ʩʦʙʦʶ ʩʫʤʽʰ ʤʽʢʨʦʧʦʨʦʰʢʽʚ 

ʧʨʠʨʦʜʥʦʛʦ ʘʣʤʘʟʫ ʪʘ ʧʦʨʦʰʢʫ n-ʰʘʨʦʚʦʛʦ ʛʨʘʬʝʥʫ. ɿʤʽʰʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʨʦʚʦʜʠʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʦʾ ʦʨʠʛʽʥʘʣʴʥʦʾ ʤʝʪʦʜʠʢʠ [11]. ʉʫʤʽʰ 

ʧʦʤʽʱʘʣʠ ʚ ʢʦʤʽʨʢʫ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ, ʜʣʷ ʾʾ ʧʨʦʩʦʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʬʦʣʴʛʫ 

ʭʽʤʽʯʥʦ ʯʠʩʪʦʾ ʤʽʜʽ ʟʘʚʪʦʚʰʢʠ 0,05 ʤʤ. ʉʧʽʢʘʥʥʷ ʰʠʭʪʠ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʚʠʩʦʢʠʭ 

ʪʠʩʢʘʭ ʥʘ ʧʨʝʩʦʚʽʡ ʫʩʪʘʥʦʚʮʽ ɼʆ-043, ʱʦ ʟʫʩʠʣʣʷ ʨʦʟʚʠʚʘʻ ʜʦ 20 ʄʅ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʘʨʘʪʫ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʪʠʧʫ çʪʦʨʦʾʜè ʢʦʥʩʪʨʫʢʮʽʾ ɯʥʩʪʠʪʫʪʫ 

ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʤ. ɺ.ʄ. ɹʘʢʫʣʷ ʅɸʅ ʋʢʨʘʾʥʠ ʟ ʜʽʘʤʝʪʨʦʤ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʧʦʛʣʠʙʣʝʥʥʷ 30 ʤʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1450 Áʉ ʽ ʪʠʩʢʫ 7,0 ɻʇʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʤʝʪʦʜʠʢʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʩʦʯʝʥʥʷ ʢʦʤʧʦʟʠʪʫ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʤʽʜʜʶ. 

ɿʨʘʟʢʠ ʧʽʩʣʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʷʚʣʷʣʠ ʩʦʙʦʶ ʜʠʩʢʠ ʚʠʩʦʪʦʶ 2,0 ʤʤ ʪʘ 

ʜʽʘʤʝʪʨʦʤ 10 ʤʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ / Results and discussion. ʋ ʦʪʨʠʤʘʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʘʣʤʘʟ-ʤʽʜʴ ʟ ʜʦʙʘʚʢʦʶ n-ʰʘʨʦʚʠʭ ʛʨʘʬʝʥʽʚ ʚʠʟʥʘʯʝʥʦ ʱʽʣʴʥʽʩʪʴ ʽ 

ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʦʦʧʽʨ. ʑʽʣʴʥʽʩʪʴ ʟʨʘʟʢʽʚ ʚʠʤʽʨʶʚʘʣʠ ʤʝʪʦʜʦʤ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ 

ʟʚʘʞʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʘʛ PS210/C/1 ʬʽʨʤʠ Radwag (ʇʦʣʴʱʘ), ʦʩʥʘʱʝʥʠʭ 
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ʧʨʠʩʪʦʩʫʚʘʥʥʷʤ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʱʽʣʴʥʦʩʪʽ. ɺʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ 

ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ ʢʦʤʧʦʟʠʪʽʚ ʟ ʜʦʙʘʚʢʦʶ n-ʰʘʨʦʚʠʭ ʛʨʘʬʝʥʽʚ ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ 

ʟ ʤʝʪʦʜʠʢʦʶ, ʦʧʠʩʘʥʦʶ ʚ [7]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʫʩʪʠʥʘ ʟʨʘʟʢʽʚ ɸʇʂʄ ʟ ʜʦʙʘʚʢʦʶ ʧʦʨʦʰʢʫ ʛʨʘʬʝʥʫ 

Gn(4) ʚʠʱʝ, ʥʽʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʦʙʘʚʢʠ ʛʨʘʬʝʥʫ N002-PDR.  

ɽʣʝʢʪʨʦʬʽʟʠʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʘ 

ʟʤʝʥʰʝʥʥʽ ʥʘʧʨʫʛʠ, ʱʦ ʧʨʠʢʣʘʜʘʻʪʴʩʷ, ʚʦʣʴʪ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʣʷʨʠʟʘʮʽʾ ʟʨʘʟʢʽʚ ʫ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ. ʇʠʪʦʤʠʡ ʝʣʝʢʪʨʦʦʧʽʨ ʢʦʤʧʦʟʠʪʫ ʟ ʜʦʙʘʚʢʦʶ ʛʨʘʬʝʥʫ N002-

PDR ʩʪʘʥʦʚʠʚ 0,035 ʆʤ³ʩʤ, ʘ ʫ ʨʘʟʽ ʜʦʙʘʚʢʠ ʛʨʘʬʝʥʫ Gn(4) ï 0,064 ʆʤ³ʩʤ. 

ʄʝʪʦʜʘʤʠ ʜʠʣʘʪʦʤʝʪʨʽʾ ʪʘ ʣʘʟʝʨʥʦʛʦ ʬʣʝʰ-ʘʥʘʣʽʟʫ ʚʠʚʯʝʥʽ ʪʝʤʧʝʨʘʪʫʨʦ- 

ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʨʘʟʢʽʚ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʜʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ ʜʽʘʧʘʟʦʥʽ 20ï850 ʉ̄ . ɼʠʣʘʪʦʤʝʪʨʠʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʠʣʘʪʦʤʝʪʨʽ DIL 402C Netzsch Company. ɹʘʟʦʚʘ ʢʨʠʚʘ ʦʪʨʠʤʘʥʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʩʪʘʥʜʘʨʪ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʛʦ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ. ɺʩʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʘʥʥʷ 5Áʉ/ʭʚ ʫ ʧʦʪʦʮʽ ʘʨʛʦʥʫ 

ɺʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ ʧʨʦʚʦʜʠʣʦʩʷ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʛʦ ʩʧʘʣʘʭʫ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʣʘʜʫ LFA 427 Netzsch Company. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʂʝʡʧ-ʃʝʤʘʥ + 

ʽʤʧʫʣʴʩʥʘ ʢʦʨʝʢʮʽʷ (ɺʠʤʽʨʶʚʘʥʥʷ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʂʨʘʢʦʚʽ (Department of Ceramics and Refractories, Faculty of 

Materials Science and Ceramics, AGH University of Science and Technology in 

Krakow, Poland).  

ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʨʘʟʢʠ ɸʇʂʄ, 

ʦʪʨʠʤʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʦʰʢʫ ʛʨʘʬʝʥʫ Gn(4), ʤʘʶʪʴ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʧʨʠ 

ʊ = 20 ʉ̄ ʚ 1,4 ʨʘʟʠ ʚʠʱʝ, ʥʽʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʷʢ ʜʦʙʘʚʢʠ ʥʘʥʦʛʨʘʬʝʥʫ N002-

PDR. ʋ ʚʩʽʭ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʽʟ 

ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʗʢ ʧʦʢʘʟʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʭʘʨʘʢʪʝʨ ʾʾ ʟʤʽʥʠ 

ʽʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʝ 250 ʉ̄ ʦʜʥʘʢʦʚʠʡ ʜʣʷ 
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ʦʙʦʭ ʟʨʘʟʢʽʚ ɸʇʂʄ ï ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʦʥʦʪʦʥʥʝ ʟʨʦʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɺʠʩʥʦʚʢʠ / Conclusions. ʉʧʽʢʘʥʥʷʤ ʚ ʅʈʅʊ ʫʤʦʚʘʭ ʧʨʠʨʦʜʥʠʭ ʘʣʤʘʟʥʠʭ 

ʤʽʢʨʦʧʦʨʦʰʢʽʚ ʟʝʨʥʠʩʪʽʩʪʶ 28/20 ʟ n-ʰʘʨʦʚʠʤʠ ʛʨʘʬʝʥʘʤʠ ʚ ʢʽʣʴʢʦʩʪʽ 0,2 % (ʧʦ 

ʤʘʩʽ) ʽ ʘʢʪʠʚʫʶʯʦʶ ʧʨʦʮʝʩ ʩʧʽʢʘʥʥʷ ʜʦʙʘʚʢʦʶ ʤʽʜʽ ʦʜʝʨʞʘʥʽ ʟʨʘʟʢʠ ʢʦʤʧʦʟʠʪʽʚ 

ʪʘ ʜʦʩʣʽʜʞʝʥʽ ʾʭ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʪʝʤʧʝʨʘʪʫʨʦ- ʽ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, 

ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʘ ʾʭ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚ ʜʽʘʧʘʟʦʥʽ 20ï850 Áʉ). 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʨʘʟʢʠ ʢʦʤʧʦʟʠʪʽʚ, 

ʦʪʨʠʤʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʦʰʢʫ ʛʨʘʬʝʥʘ Gn(4) ʤʘʶʪʴ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʧʨʠ 

ʊ = 20 Áʉ ʚ 1,4 ʨʘʟʠ ʚʠʱʝ, ʥʽʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʷʢʦʩʪʽ ʜʦʙʘʚʢʠ ʥʘʥʦʛʨʘʬʝʥʘ 
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ɼʆʉʃɯɼɾɽʅʅʗ ʂʆʈʆɿɯʁʅʆɰ ʊʈʀɺʂʆʉʊɯ ɾɸʈʆʄɯʎʅʀʍ 

ʍʈʆʄʆʅɯʂɽʃɽɺʀʍ ʉʊɸʃɽʁ ɼʃʗ ɸɺɯɸɼɺʀɻʋʅʆɹʋɼʋɺɸʅʅʗ 

 

ʊʦʥʢʦʥʦʛ ɼʤʠʪʨʦ ʄʠʢʦʣʘʡʦʚʠʯ 

ɸʩʧʽʨʘʥʪ 

ʂʨʽʧʘʢ ɸʣʴʦʥʘ ʆʣʝʢʩʘʥʜʨʽʚʥʘ 

ʉʪʘʨʰʠʡ ʣʘʙʦʨʘʥʪ 

ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʤ. ɿʘʧʦʨʽʞʞʷ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɾʘʨʦʤʽʮʥʽ ʭʨʦʤʦʥʽʢʝʣʝʚʽ ʩʪʘʣʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ 

ʩʬʝʨʘʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘ ʩʘʤʝ: ʘʚʽʘʮʽʡʥʽʡ, ʭʽʤʽʯʥʽʡ ʤʝʪʘʣʫʨʛʽʡʥʽʡ ʪʘ ʽʥ. 

ʇʨʠʯʠʥʦʶ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʻ ʧʨʠʪʘʤʘʥʥʽ ʮʠʤ ʩʪʘʣʷʤ ʚʣʘʩʪʠʚʦʩʪʽ 

ʚʦʜʥʦʯʘʩ ʚʠʩʦʢʦʾ ʞʘʨʦʤʽʮʥʦʩʪʽ ʪʘ ʢʦʨʦʟʽʡʥʦʾ ʪʨʠʚʢʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʩʦʢʦʣʝʛʦʚʘʥʦʛʦ ʘʫʩʪʝʥʽʪʫ ʪʘ ʫʪʚʦʨʝʥʥʷ ʟʘʭʠʩʥʦʾ ʧʣʽʚʢʠ ʥʘ ʾʭʥʽʡ ʧʦʚʝʨʭʥʽ, ʷʢʘ 

ʧʨʝʜʩʪʘʚʣʷʻ ʰʧʽʥʝʣʴ ʟ ʦʢʩʠʜʽʚ ʭʨʦʤʫ ʪʘ ʥʽʢʝʣʶ. ʅʘʷʚʥʽʩʪʴ ʚ ʮʠʭ ʩʪʘʣʷʭ ʨʽʟʥʠʭ 

ʣʝʛʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʦʙʫʤʦʚʣʶʻ ʧʦʷʚʫ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʦʧʦʨʫ 

ʢʦʨʦʟʽʾ ʞʘʨʦʤʽʮʥʠʭ ʩʪʘʣʝʡ. ʄʝʭʘʥʽʟʤʠ ʢʘʨʙʽʜʥʦʛʦ ʟʤʽʮʥʝʥʥʷ ʮʠʭ ʩʪʘʣʝʡ 

ʚʠʢʣʠʢʘʶʪʴ ʾʾ ʚʨʘʟʣʠʚʽʩʪʴ ʜʦ ʧʽʪʠʥʛʦʚʦʾ ʢʦʨʦʟʽʾ. ɺʠʨʦʙʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʭ 

ʤʘʨʦʢ ʩʪʘʣʝʡ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜʜʘʶʪʴʩʷ ʜʽʾ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʪʦʤʫ ,ʥʝ ʨʽʜʢʦ, ʚʠʟʥʘʯʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ ʪʨʠʚʢʦʩʪʽ ʞʘʨʦʤʽʮʥʠʭ ʩʪʘʣʝʡ ʚ ʨʽʟʥʠʭ 

ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʻ ʘʢʪʫʘʣʴʥʠʤ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ ʪʨʠʚʢʦʩʪʽ ʭʨʦʤʦʥʽʢʝʣʝʚʠʭ ʩʪʘʣʝʡ 

ʫ ʨʽʟʥʠʭ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ ʧôʷʪʴ ʜʦʩʣʽʜʥʠʭ 

ʟʨʘʟʢʽʚ ʩʪʘʣʽ ʤʘʨʢʠ 11ʍ13ʅ16ʄɹ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʜʝʬʦʨʤʘʮʽʾ: 0%, 15%, 30%, 

45%, 60%. ɼʘʥʘ ʩʝʨʽʷ ʟʨʘʟʢʽʚ ʙʫʣʘ ʚʠʛʦʪʦʚʣʝʥʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ 

ʧʦʢʘʟʥʠʢʘ ʰʚʠʜʢʦʩʪʽ ʢʦʨʦʟʽʾ ʂ ʚʽʜ ʩʪʫʧʝʥʷ ʜʝʬʦʨʤʘʮʽʾ. ɼʦʩʣʽʜʥʽ ʟʨʘʟʢʠ 

ʧʽʜʜʘʚʘʣʠʩʷ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʤʫ ʦʙʨʦʙʣʝʥʥʶ. ʇʝʨʝʜ ʜʝʬʦʨʤʘʮʽʻʶ ʧʨʦʚʦʜʠʚʩʷ 

ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʡʥʠʡ ʚʽʜʧʘʣ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʙʦʨʘʪʦʨʥʦʾ ʝʣʝʢʪʨʦʧʝʯʽ. ʐʚʠʜʢʽʩʪʴ 

ʥʘʛʨʽʚʘʥʥʷ 10 Áʉ ʟʘ ʩʝʢʫʥʜʫ. ʅʘʛʨʽʚʘʣʠʩʷ ʟʨʘʟʢʠ ʜʦ 1120-1140 Áʉ ʽ 
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ʚʠʪʨʠʤʫʚʘʣʠʩʷ ʚʧʨʦʜʦʚʞ 20 ʭʚ. ʇʽʩʣʷ ʚʽʜʧʘʣʫ ʟʨʘʟʢʠ ʙʫʣʦ ʜʝʬʦʨʤʦʚʘʥʦ ʥʘ 

ʧʨʦʢʘʪʥʦʤʫ ʚʝʨʩʪʘʪʽ çRheintsche Walzmachinen Fabrik G.m.b.H, Cºlneè 

ɼʨʫʛʘ ʩʝʨʽʷ ʟʨʘʟʢʽʚ ʥʘʣʽʯʫʚʘʣʘ ʯʦʪʠʨʠ ʦʜʠʥʠʮʽ. ʎʽ ʟʨʘʘʟʢʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ 

ʨʽʟʥʠʭ ʤʘʨʦʢ ʩʪʘʣʝʡ. ʊʘʢʽ ʟʨʘʟʢʠ ʙʫʣʦ ʦʙʨʘʥʦ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʧʽʪʠʥʛʦʚʫ 

ʢʦʨʦʟʽʶ. ʎʽ ʤʘʨʢʠ ʩʪʘʣʽ ʤʘʶʪʴ ʘʫʩʪʝʥʽʪʥʫ ʩʪʨʫʢʪʫʨʫ ʟ ʢʘʨʙʽʜʥʠʤʠ ʚʢʣʶʯʝʥʥʷʤʠ 

ʨʽʟʥʦʾ ʢʽʣʴʢʦʩʪʽ.  

ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʛʨʘʚʽʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ. ɺʽʥ 

ʦʩʥʦʚʘʥʠʡ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʢʦʨʦʟʽʾ ʟʘ ʨʘʭʫʥʦʢ ʚʪʨʘʪ ʤʘʩʠ ʟʨʘʟʢʫ ʟʘ 

ʦʜʠʥʠʮʶ ʯʘʩʫ ʟ ʦʜʠʥʠʮʽ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ 

ʥʘʩʪʫʧʥʘ ʬʦʨʤʫʣʘ: 

K=
ᶻ

, 

ʜʝ ȹm ï ʟʤʽʥʘ ʤʘʩʠ ʟʨʘʟʢʘ 

S- ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ 

t- ʯʘʩ ʚʠʪʨʠʤʢʠ ʟʨʘʟʢʘ ʚ ʘʛʨʝʩʠʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʇʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ ʫ ʨʦʟʯʠʥʽ NaCl. ɼʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʙʫʣʦ 

ʧʽʜʛʦʪʦʚʣʝʥʦ ʚʦʜʥʽ ʨʦʟʯʠʥʠ NaCl ʥʘʩʪʫʧʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ: 3%, 5%, 7%, 9%. 

ɼʣʷ ʨʦʟʯʠʥʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʢʫʭʦʥʥʘ ʩʽʣʴ ʪʘ ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ. ʇʦʩʫʜʠʥʘ 

ʜʣʷ ʨʦʟʯʠʥʫ ï ʩʢʣʷʥʽ ʧʣʦʩʢʦʜʦʥʥʽ ʢʦʣʙʠ ʟ ʛʫʤʦʚʦʶ ʧʨʦʙʢʦʶ ʻʤʥʽʩʪʶ 500 ʤʣ. 

ɿʨʘʟʢʠ ʧʽʜʚʽʰʫʚʘʣʠʩʴ ʥʘ ʧʦʣʽʝʪʠʣʝʥʦʚʽʡ ʥʠʪʮʽ. ɿʨʘʟʢʠ ʟʚʘʞʫʚʘʣʠʩʷ ʧʦ 3 ʨʘʟʠ ʥʘ 

ʢʦʞʥʠʡ ʚʠʤʽʨ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʝʟʽʚ ɸɼɺ-200ʄ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ 

ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ. ʇʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʟʨʘʟʢʽʚ ʟ ʩʝʨʝʜʦʚʠʱʘ ï ʟʨʘʟʢʠ ʧʨʦʤʠʚʘʣʠʩʷ 

ʩʧʦʯʘʪʢʫ ʚʦʜʦʧʨʦʚʽʜʥʦʶ ʚʦʜʦʶ, ʧʦʪʽʤ ʜʠʩʪʠʣʴʦʚʘʥʦʶ, ʧʨʦʪʠʨʘʣʠʩʷ 

ʙʘʚʦʚʥʷʥʦʶ ʩʝʨʚʝʪʢʦʶ, ʟ ʝʪʠʣʦʚʠʤ ʩʧʠʨʪʦʤ, ʟ ʥʘʩʪʫʧʥʠʤ ʚʠʜʘʣʝʥʥʷʤ 

ʧʨʦʜʫʢʪʽʚ ʢʦʨʦʟʽʾ ʤʝʭʘʥʽʯʥʠʤ ʩʧʦʩʦʙʦʤ. ʇʽʩʣʷ ʮʴʦʛʦ ʟʨʘʟʢʠ ʧʨʦʤʠʚʘʣʠʩʷ 

ʝʪʠʣʦʚʠʤ ʩʧʠʨʪʦʤ, ʽ ʧʦʚʪʦʨʥʦ ʟʚʘʞʫʚʘʣʠʩʷ ʪʨʠʯʽ ʢʦʞʝʥ ʟʨʘʟʦʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʪʨʘʪʠ ʤʘʩʠ ʟʨʘʟʢʫ.  

ɸʥʘʣʦʛʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʫ 57% ʨʦʟʯʠʥʽ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʫ 

ʨʦʟʯʠʥʘʭ 10% ʽ 20% ʨʦʟʯʠʥʘʭ FeCl3. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʇʦʙʫʜʦʚʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʧʣʠʚʫ ʜʝʬʦʨʤʘʮʽʾ 

ʥʘ ʧʦʢʘʟʥʠʢʠ ʢʦʨʦʟʽʾ ʩʪʘʣʽ. ɿ ʧʦʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʝʡ ʢʦʨʦʟʽʾ (ʨʠʩ 1.), 
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(ʨʠʩ. 2) ʚʽʜ ʩʪʫʧʝʥʷ ʜʝʬʦʨʤʘʮʽʾ ʚʠʜʥʦ, ʱʦ ʢʦʨʦʟʽʡʥʘ ʪʨʠʚʢʽʩʪʴ ʟʨʘʟʢʽʚ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʫʧʝʥʷ ʜʝʬʦʨʤʘʮʽʾ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ 

ʧʽʩʣʷ ʟʨʦʩʪʘʥʥʷ ʩʪʫʧʝʥʷ ʜʝʬʦʨʤʘʮʽʾ ʟʨʘʟʢʽʚ ï ʟʥʠʞʫʻʪʴʩʷ ʰʦʨʩʪʢʽʩʪʴ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. 

 

 

ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʢʦʨʦʟʽʾ ʚʽʜ ʩʪʫʧʝʥʶ ʜʝʬʦʨʤʘʮʽʾ ʩʪʘʣʽ 

11ʍ13ʅ16ʄɹ  

 

ʇʦʢʘʟʥʠʢʠ ʛʽʩʪʦʛʨʘʤʠ (ʨʠʩ. 3) ʚʢʘʟʫʶʪʴ, ʱʦ ʥʘʡʙʽʣʴʰʫ ʢʦʨʦʟʽʡʥʫ 

ʪʨʠʚʢʽʩʪʴ ʤʘʻ ʩʪʘʣʴ ʪʠʧʫ 14ʍ16ʅ17ʄɹ, ʘ ʥʘʡʤʝʥʰʫ 11ʍ13ʅ13ʄɹ. 

ɼʦʩʣʽʜʞʝʥʦ ʢʦʨʦʟʽʡʥʫ ʪʨʠʚʢʽʩʪʴ ʩʪʘʣʝʡ ʫ 57% ʨʦʟʯʠʥʽ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʚʪʨʘʪʠ ʤʘʩʠ ʟʨʘʟʢʽʚ ʥʝ ʚʽʜʙʫʣʦʩʴ. 
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ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʧʽʪʠʥʛʦʚʦʾ ʢʦʨʦʟʽʾ ʚʽʜ ʩʪʫʧʝʥʶ 

ʜʝʬʦʨʤʘʮʽʾ ʩʪʘʣʽ 11ʍ13ʅ16ʄɹ  

 

 

ʈʠʩ. 3. ɻʽʩʪʦʛʨʘʤʘ ʰʚʠʜʢʦʩʪʽ ʧʽʪʠʥʛʦʚʦʾ ʢʦʨʦʟʽʾ ʨʽʟʥʠʭ ʤʘʨʦʢ ʩʪʘʣʝʡ 
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ɺʠʩʥʦʚʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʰʚʠʜʢʽʩʪʶ ʢʦʨʦʟʽʾ ʪʘ ʩʪʫʧʝʥʝʤ 

ʜʝʬʦʨʤʘʮʽʾ ʟʨʘʟʢʽʚ ʩʪʘʣʽ ʪʠʧʫ 11ʍ3ʅ16ʄɹ ʚ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʟʤʽʥʦʶ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ ʪʘ ʥʘʷʚʥʽʩʪʶ ʢʘʨʙʽʜʥʦʾ ʬʘʟʠ. 

ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ ʪʨʠʚʢʦʩʪʽ ʚ 

ʜʝʬʦʨʤʦʚʘʥʦʤʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʩʪʘʣʽ ʧʽʩʣʷ ʪʝʨʤʦʤʝʭʘʥʽʯʦʾ ʦʙʨʦʙʢʠ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʧʦʢʨʘʱʝʥʥʷʤ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ ʰʚʠʜʢʦʩʪʽ ʧʽʪʠʥʛʦʚʦʾ ʢʦʨʦʟʽʾ ʚʽʜ 

ʨʽʟʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʜʦʩʣʽʜʥʠʭ ʤʘʨʦʢ ʩʪʘʣʝʡ. 
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ʈʆɿɺʀʊʆʂ 3D-ɼʈʋʂʋ ʄɽʊɸʃʆʄ ɺ ʋʂʈɸɰʅɯ 

 

ʊʨʠʰʠʥ ʇʘʚʣʦ ʈʦʤʘʥʦʚʠʯ 

ʢ.ʪ.ʥ., ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ 

ɻʦʥʯʘʨ ʅʘʪʘʣʷ ɺʽʢʪʦʨʽʚʥʘ 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʉʪʝʧʘʥʦʚʘ ɸʥʘʩʪʘʩʽʷ ɯʚʘʥʽʚʥʘ 

ʉʪʫʜʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

ʤ. ɿʘʧʦʨʽʞʞʷ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ʉʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʪʘ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʪʝʭʥʦʣʦʛʽʾ 3D-ʜʨʫʢʫ ʤʝʪʘʣʦʤ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʩʪʨʽʤʢʠʤʠ ʪʝʤʧʘʤʠ. ʉʝʨʝʜ ʧʝʨʝʚʘʛ 3D-ʜʨʫʢʫ ʤʝʪʘʣʦʤ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʦʪʨʠʤʘʥʥʷ ʚʠʨʦʙʽʚ [1] ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ: 

ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʫ (>90%); ʤʦʞʣʠʚʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʜʝʪʘʣʝʡ ʩʢʣʘʜʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʙʝʟ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʪʘ ʽʟ ʚʥʫʪʨʽʰʥʽʤʠ ʧʦʨʦʞʥʠʥʘʤʠ; ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʨʦʙʽʚ ʩʧʽʚʤʽʨʥʽ ʟ ʣʠʪʪʷʤ. ʇʝʨʝʨʘʭʦʚʘʥʽ ʧʝʨʝʚʘʛʠ ʩʧʨʠʷʶʪʴ ʾʭ 

ʽʥʪʝʥʩʠʚʥʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʶ ʫ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʽ ʛʘʣʫʟʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ: 

ʘʚʽʘʢʦʩʤʽʯʥʫ, ʘʚʪʦʤʦʙʽʣʝʙʫʜʽʚʥʫ, ʭʽʤʽʯʥʫ, ʽʤʧʣʘʥʪʦʣʦʛʽʶ ʪʦʱʦ. ɺ ʮʠʭ ʛʘʣʫʟʷʭ ʚ 

ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʘʣʠ ʟ ʚʠʩʦʢʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʽ ʩʣʫʞʙʦʚʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ: ʞʘʨʦʤʽʮʥʽ ʪʘ ʣʝʛʦʚʘʥʽ ʩʪʘʣʽ, ʪʠʪʘʥʦʚʽ ʩʧʣʘʚʠ, ʘʣʶʤʽʥʽʻʚʽ ʩʧʣʘʚʠ. 

ɾʘʨʦʤʽʮʥʽ ʩʪʘʣʽ ʪʘ ʪʠʪʘʥʦʚʽ ʩʧʣʘʚʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʘʚʽʘʜʚʠʛʫʥʦʙʫʜʫʚʘʥʥʽ, ʻ ʜʦʨʦʛʠʤʠ ʽ ʜʫʞʝ ʩʢʣʘʜʥʠʤʠ ʚ ʦʙʨʦʙʮʽ ʤʘʪʝʨʽʘʣʘʤʠ. 

ʂʣʘʩʠʯʥʠʡ ʤʝʪʦʜ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʟ ʥʠʭ ʧʝʨʝʜʙʘʯʘʻ ʤʝʭʘʥʽʯʥʝ 

ʬʨʝʟʝʨʫʚʘʥʥʷ ʟ ʧʦʢʦʚʢʠ ʘʙʦ ʧʨʦʢʘʪʫ, ʧʨʠʯʦʤʫ, ʙʽʣʴʰʽʩʪʴ ʤʘʪʝʨʽʘʣʫ (ʜʦ 

80é90%) ʡʜʝ ʫ ʚʽʜʭʦʜʠ [2]. ʊʦʤʫ ʟ 2017 ʨʦʢʫ ʪʘʢʽ ʢʦʤʧʘʥʽʾ, ʷʢ çBoeingè, 

çNASAè, çAirbusè ʧʦʯʘʣʠ ʚʠʛʦʪʦʚʣʷʪʠ ʜʝʪʘʣʽ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ [2] ʜʨʫʢʦʤ 

ʤʝʪʘʣʦʤ ʥʘ 3D-ʧʨʠʥʪʝʨʽ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ, ʫʢʨʘʾʥʩʴʢʠʡ ʨʠʥʦʢ ʽʩʪʦʪʥʦ ʚʽʜʩʪʘʻ ʚ ʨʦʟʚʠʪʢʫ ʚʽʜ 

ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʪʘ ʘʤʝʨʠʢʘʥʩʴʢʦʛʦ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ 3D-ʜʨʫʢʫ 

ʤʝʪʘʣʦʤ, ʘ ʪʘʢʦʞ ʥʝʩʪʘʯʫ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ [3]. ʊʘʢʦʞ ʚʠʩʦʢʘ 
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ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʮʝʩʫ 3D-ʜʨʫʢʫ ʤʝʪʘʣʦʤ, ʷʢʘ ʚʠʢʣʠʢʘʥʘ ʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ 

ʽʤʧʦʨʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʠʪʨʘʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʝʨʝʰʢʦʜʞʘʻ ʰʠʨʦʢʦʤʫ 

ʧʦʰʠʨʝʥʥʶ ʜʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʋʢʨʘʾʥʽ. ɸʣʝ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʚʩʽ ʧʝʨʝʧʦʥʠ, 

ʫʢʨʘʾʥʩʴʢʽ ʢʦʤʧʘʥʽʾ ʥʝ ʪʽʣʴʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʞʝ ʽʩʥʫʶʯʽ ʩʚʽʪʦʚʽ ʪʝʭʥʦʣʦʛʽʾ 

3D-ʜʨʫʢʫ ʤʝʪʘʣʦʤ, ʘʣʝ ʽ ʩʪʚʦʨʶʻ ʥʦʚʽ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ. ɺʧʝʨʰʝ ʚ ʋʢʨʘʾʥʽ ʫʥʽʢʘʣʴʥʫ ʪʝʭʥʦʣʦʛʽʶ 3D-ʜʨʫʢʫ 

ʚʧʨʦʚʘʜʠʚ ʚ 2001 ʨʦʮʽ ʚʠʥʘʭʽʜʥʠʢ ʉ. ɯ. ʏʝʨʥʠʰʦʚ [4]. ʋ 2017 ʨʦʮʽ ʦʜʝʩʴʢʘ 

ʢʦʤʧʘʥʽʷ çKwambioè ʟʘʧʨʦʧʦʥʫʚʘʣʘ ʚʣʘʩʥʫ ʨʦʟʨʦʙʢʫ ʚʠʩʦʢʦʪʦʯʥʦʛʦ 3D-

ʧʨʠʥʪʝʨʘ ʜʣʷ ʜʨʫʢʫ ʢʝʨʘʤʽʯʥʠʭ ʚʠʨʦʙʽʚ [5]. ʋ 2021 ʨʦʮʽ ʚʠʥʘʭʽʜʥʠʢʠ ʟ ʉʫʤ 

ʚʧʝʨʰʝ ʚ ʋʢʨʘʾʥʽ ʨʦʟʨʦʙʠʣʠ 3D-ʧʨʠʥʪʝʨ ʜʣʷ ʜʨʫʢʫ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ [6]. 

ɿʘʨʘʟ ʙʘʛʘʪʦ ʫʢʨʘʾʥʩʴʢʠʭ ʬʽʨʤ ʧʨʦʧʦʥʫʶʪʴ ʧʦʙʫʪʦʚʽ ʪʘ ʧʨʦʤʠʩʣʦʚʽ 3D-

ʧʨʠʥʪʝʨʠ ʚʣʘʩʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ [7] ʜʣʷ ʜʨʫʢʫ ʧʣʘʩʪʤʘʩʦʚʠʭ ʚʠʨʦʙʽʚ, ʜʦ ʥʠʭ 

ʥʘʣʝʞʠʪʴ çKlemaè, çTridentè ʪʘ ʽʥʰʽ. ʇʽʜʧʨʠʻʤʩʪʚʦ ʊʆɺ ç3ɼʧʨʠʥʪʝʨè [8] 

ʚʠʛʦʪʦʚʣʷʻ 3D-ʧʨʠʥʪʝʨ çPrime Xè, ʷʢʠʡ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʜʘʪʢʦʚʦ ʚʠʢʦʥʫʚʘʪʠ 

ʣʘʟʝʨʥʽ ʪʘ ʛʨʘʚʽʶʚʘʣʴʥʽ ʨʦʙʦʪʠ, ʟʘʤʽʥʶʶʯʠ ʚʝʨʩʪʘʪʠ ʟ ʏʇʂ. 

ʋʢʨʘʾʥʩʴʢʽ ʚʯʝʥʽ ɸʊ çɯʥʩʪʠʪʫʪ ʪʠʪʘʥʫè [9] ʨʦʟʨʦʙʠʣʠ ʪʘ ʚʧʨʦʚʘʜʞʫʶʪʴ 

ʩʫʯʘʩʥʫ, ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʫ ʪʝʭʥʦʣʦʛʽʶ ʦʪʨʠʤʘʥʥʷ ʣʝʛʦʚʘʥʠʭ ʤʝʪʘʣʦʧʦʨʦʰʢʦʚʠʭ 

ʢʦʤʧʦʟʠʮʽʡ ʜʣʷ 3D-ʜʨʫʢʫ ʤʝʪʘʣʦʤ ʥʘ ʦʩʥʦʚʽ ʧʦʨʦʰʢʽʚ ʪʠʪʘʥʫ (ɺʊ-5, Ti-Mo-Al, 

6%Al-4%V, Grade 5, Ti-O, Grade 3, ɺʊ-6 ʪʦʱʦ). 

ɺ ʜʘʥʠʡ ʯʘʩ, ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʨʝʩʫ ʜʦ 3D-ʜʨʫʢʫ ʤʝʪʘʣʦʤ ʚ ʋʢʨʘʾʥʽ, 

ʟʙʽʣʴʰʠʣʘʩʴ ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʘʥʽʡ, ʱʦ ʧʨʦʧʦʥʫʶʪʴ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʦʩʣʫʛʠ 3D-

ʜʨʫʢʫ, ʜʦ ʥʠʭ ʥʘʣʝʞʘʪʴ: 3D Factory, Imatek, Fabbers, 3dprinting, 3dprinto, 

3dreams, KLONA, 3dfly, Smartprint ʪʦʱʦ [4]. ʉʝʨʝʜ ʥʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 

ʧʽʜʧʨʠʻʤʩʪʚʦ ʊʆɺ "ʋʢʨʽʥʬʦʪʝʭ" [10], ʷʢʝ ʟʘʡʤʘʻʪʴʩʷ ʨʦʟʨʦʙʢʦʶ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʥʘʜʘʻ ʧʦʩʣʫʛʠ 3D-

ʜʨʫʢʫ ʤʝʪʘʣʦʤ. 

ɺʽʪʯʠʟʥʷʥʽ ʢʦʥʩʪʨʫʢʪʦʨʠ ʟ ʢʦʤʧʘʥʽʾ ʊʆɺ çɸʃʊ ʋʢʨʘʾʥʠè [11] ʩʪʚʦʨʠʣʠ 

ʚʠʩʦʢʦʪʦʯʥʠʡ 3D-ʧʨʠʥʪʝʨ, ʷʢʠʡ ʚʤʽʻ ʜʨʫʢʫʚʘʪʠ ʜʝʪʘʣʽ ʚʠʩʦʢʦʾ ʩʢʣʘʜʥʦʩʪʽ 

ʧʨʘʢʪʠʯʥʦ ʟ ʙʫʜʴ-ʷʢʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ. ʂʦʤʧʘʥʽʷ ʊʆɺ çɸʃʊ ʋʢʨʘʾʥʠè 

ʨʦʟʧʦʯʘʣʘ ʩʚʦʶ ʜʽʷʣʴʥʽʩʪʴ ʟ ʨʦʟʨʦʙʢʠ ʦʙʣʘʜʥʘʥʥʷ ʚ 2017 ʨʦʮʽ. ʋ 2018 ʨʦʮʽ 

https://3ddevice.com.ua/uk/shop/3d-pryntery/
https://3ddevice.com.ua/uk/shop/3d-pryntery/
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ʧʝʨʰʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ 3D-ʜʨʫʢʫ ʤʝʪʘʣʦʤ ï çAlfa-150è ʙʫʣʦ ʟʽʙʨʘʥʦ ʪʘ 

ʟʘʩʪʦʩʦʚʘʥʦ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʩʢʣʘʜʥʠʭ ʚʠʨʦʙʽʚ ʜʣʷ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʛʘʣʫʟʽ. ʗʢ 

ʩʪʚʝʨʜʞʫʶʪʴ ʨʦʟʨʦʙʥʠʢʠ, ʜʘʥʠʡ ʧʨʠʥʪʝʨ ʜʦʟʚʦʣʷʻ ʚ ʜʝʩʷʪʢʠ ʨʘʟʽʚ ʟʥʠʟʠʪʠ 

ʚʘʨʪʽʩʪʴ ʜʨʫʢʫ, ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʚʠʨʦʙʽʚ, ʘ ʛʦʣʦʚʥʝ ï ʟʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʽʶ 

ʜʦʩʪʫʧʥʦʶ ʫʢʨʘʾʥʩʴʢʦʤʫ ʙʽʟʥʝʩʫ, ʜʨʽʙʥʠʤ ʚʠʨʦʙʥʠʮʪʚʘʤ ʪʘ ʥʝʟʘʣʝʞʥʠʤ 

ʢʦʥʩʪʨʫʢʪʦʨʘʤ. 

ɺ ɯʥʩʪʠʪʫʪʽ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤ. ɭ.ʆ. ʇʘʪʦʥʘ ʅɸʅ ʋʢʨʘʾʥʠ ʚʧʝʨʰʝ ʚ 

ʋʢʨʘʾʥʽ ʨʦʟʨʦʙʣʝʥʦ [12] ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ ʧʦʰʘʨʦʚʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ 

ʚʠʨʦʙʽʚ ʟʘʜʘʥʦʾ ʬʦʨʤʠ ʽ ʩʪʨʫʢʪʫʨʠ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʛʦ 3D-ʜʨʫʢʫ 

ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʦʨʦʰʢʦʚʠʭ ʤʝʪʘʣʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʬʝʨʠʯʥʦʾ ʪʘ ʜʦʚʽʣʴʥʦʾ 

ʬʦʨʤʠ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ 3D-ʜʨʫʢʫ 

ʤʝʪʘʣʝʚʠʭ ʚʠʨʦʙʽʚ ʩʷʛʘʻ 80 ʩʤ
3
 ʟʘ ʛʦʜʠʥʫ. 

ʋʢʨʘʾʥʩʴʢʘ ʢʦʤʧʘʥʽʷ ʊʆɺ çʏʝʨʚʦʥʘ ʍʚʠʣʷè [13] ʨʦʟʨʦʙʠʣʘ ʪʘ 

ʟʘʧʘʪʝʥʪʫʚʘʣʘ ʚ 2014 ʨʦʮʽ ʪʝʭʥʦʣʦʛʽʶ ʧʽʜ ʥʘʟʚʦʶ XBeam, ʱʦ ʜʦʟʚʦʣʷʻ 

ʜʨʫʢʫʚʘʪʠ ʥʘ 3D-ʧʨʠʥʪʝʨʽ ʪʠʪʘʥʦʚʽ ʜʝʪʘʣʽ ʽʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ. ɺ ʷʢʦʩʪʽ 

ʜʞʝʨʝʣʘ ʥʘʛʨʽʚʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʨʦʞʥʠʩʪʠʡ ʢʦʥʽʯʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʧʫʯʦʢ. 

ɼʦ ʛʦʣʦʚʥʠʭ ʧʝʨʝʚʘʛ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘʣʝʞʠʪʴ ʝʢʦʥʦʤʽʷ ʟʥʘʯʥʦʾ ʯʘʩʪʠʥʠ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʪʘ ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʧʽʜ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ. ɼʣʷ ʜʨʫʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʚʠʯʘʡʥʠʡ ʧʨʦʤʠʩʣʦʚʠʡ ʪʠʪʘʥʦʚʠʡ ʜʨʽʪ, ʱʦ ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ. 

ʅʘ ʂɹ çʇʽʚʜʝʥʥʝè [14] ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʩʢʣʘʜʥʠʭ ʟʘ ʬʦʨʤʦʶ ʽ 

ʩʪʨʫʢʪʫʨʦʶ ʚʠʨʦʙʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 3D-ʜʨʫʢ ʟ ʤʝʪʘʣʝʚʠʭ ʧʦʨʦʰʢʽʚ. ʊʘʢʦʞ ʜʘʥʫ 

ʪʝʭʥʦʣʦʛʽʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʽ ʜʝʪʘʣʝʡ ʘʚʽʘʜʚʠʛʫʥʽʚ ʥʘ ɸʆ 

çʄʦʪʦʨ ʉʠʯè [1]. ɼʣʷ ʨʦʟʰʠʨʝʥʥʷ ʥʦʤʝʥʢʣʘʪʫʨʠ ʜʝʪʘʣʝʡ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ 

ʤʝʪʘʣʝʚʦʛʦ 3D-ʜʨʫʢʫ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʢʣʘʜʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʨʦʟʚʠʚʘʶʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʾ ʧʦʩʪʦʙʨʦʙʢʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ, ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʪʦʱʦ 

[15]. 

ʅʦʚʽ ʪʝʭʥʦʣʦʛʽʾ 3D-ʜʨʫʢʫ ʤʝʪʘʣʦʤ ʫʩʧʽʰʥʦ ʚʧʨʦʚʘʜʠʣʠ ʥʘ ʂɹ 

çɸʥʪʦʥʦʚʘè ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʣʽʪʘʢʽʚ ɸʥ-178, ɸʥ-132, ɸʥ-188 ʽ ʙʝʟʧʽʣʦʪʥʠʭ 
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ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ [4]. ʊʝʭʥʦʣʦʛʽʾ 3D-ʜʨʫʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʽʥʰʠʭ ʛʘʣʫʟʝʡ: ñʋʢʨʟʘʣʽʟʥʠʮʷò, ñɹʄʂ ʇʣʘʥʝʪʘ-ɹʫʜò, ñʈʦʰʝʥò, ñʋʢʨʘʚʪʦʜʦʨò, 

ɹʘʥʢʥʦʪʥʦ-ʤʦʥʝʪʥʠʡ ʜʚʽʨ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʙʘʥʢʫ, ñʇʨʠʚʘʪʙʘʥʢò ʪʘ ʽʥʰʽ [4]. 

ɺʠʩʥʦʚʢʠ. 3D-ʜʨʫʢ ʤʝʪʘʣʦʤ ʟʜʘʪʥʠʡ ʟ ʫʩʧʽʭʦʤ ʟʘʤʽʥʠʪʠ ʢʣʘʩʠʯʥʽ 

ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ ï ʣʠʪʪʷ, ʰʪʘʤʧʫʚʘʥʥʷ, ʟʚʘʨʶʚʘʥʥʷ, ʬʨʝʟʝʨʫʚʘʥʥʷ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʥʘ ʫʢʨʘʾʥʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. ʈʦʟʨʦʙʢʠ 

ʫʢʨʘʾʥʩʴʢʠʭ ʚʯʝʥʠʭ ʜʦʟʚʦʣʠʣʠ ʥʝ ʪʽʣʴʢʠ ʟ ʫʩʧʽʭʦʤ ʚʧʨʦʚʘʜʞʫʚʘʪʠ 3D-ʜʨʫʢ 

ʤʝʪʘʣʦʤ ʚ ʩʝʨʝʜʠʥʽ ʢʨʘʾʥʠ, ʘʣʝ ʽ ʚʠʡʪʠ ʟʽ ʩʚʦʾʤʠ ʩʪʘʨʪʘʧʘʤʠ, ʪʝʭʥʦʣʦʛʽʷʤʠ ʪʘ 

ʛʦʪʦʚʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʥʘ ʩʚʽʪʦʚʠʡ ʨʠʥʦʢ. 
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ʆʉʆɹʃʀɺʆʉʊɯ ɸʇɸʈɸʊʅʆ-ʇʈʀʉʂʆʈɽʅʆɻʆ ɸʃɻʆʈʀʊʄʋ 

ʈɽʅɼɽʈʀʅɻʋ ʅɸ ʆʉʅʆɺɯ ʊʈɸʉʋɺɸʅʅʗ ʇʈʆʄɽʅɯɺ 

 

ʌʝʱʝʥʢʦ ɯʚʘʥ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, 

ɼʘʜʠʚʝʨʽʥ ɺʽʪʘʣʽʡ ɺʘʣʝʨʽʡʦʚʠʯ, 

ʄʘʛʽʩʪʨʘʥʪʠ 

ʇʦʪʘʧʦʚʘ ʂʘʪʝʨʠʥʘ ʈʦʤʘʥʽʚʥʘ 

ʢ.ʪ.ʥ, ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. 

ʂʦʤʧôʶʪʝʨʥʘ ʛʨʘʬʽʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʩʴʦʛʦʜʝʥʥʷ. ɿʘ ʾʾ ʜʦʧʦʤʦʛʦʶ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠʩʷ ʢʦʤʧʣʝʢʩʥʽ 

ʛʨʘʬʽʯʥʽ ʩʮʝʥʠ ʘʙʦ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʆʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʻ ʤʝʪʦʜʠ ʨʝʥʜʝʨʠʥʛʫ ʟʦʙʨʘʞʝʥʥʷ, ʩʝʨʝʜ 

ʷʢʠʭ ʤʝʪʦʜ ʪʨʘʩʫʚʘʥʥʷ ʧʨʦʤʝʥʽʚ.  

ʅʘ ʜʘʥʠʡ ʯʘʩ ʤʝʪʦʜ ʪʨʘʩʫʚʘʥʥʷ ʧʨʦʤʝʥʽʚ ʧʦʪʨʝʙʫʻ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ 

ʟʥʘʯʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʽ ʥʝʩʪʘʥʜʘʨʪʥʠʭ ʘʧʘʨʘʪʥʠʭ 

ʨʽʰʝʥʴ, ʷʢʽ ʪʽʣʴʢʠ ʯʘʩʪʢʦʚʦ ʧʦʯʠʥʘʶʪʴ ʨʝʘʣʽʟʦʚʫʚʘʪʠʩʷ ʚʝʣʠʢʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ. 

ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʦʩʪʫʧʥʠʡ ʤʝʪʦʜ 

ʪʨʘʩʫʚʘʥʥʷ ʧʨʦʤʝʥʽʚ ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ ʪʘʢʠʤ ʚʠʤʦʛʘʤ: 

- ʨʦʙʦʪʘ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ; 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʢʘʜʨʽʚ ʟʘ ʩʝʢʫʥʜʫ; 

- ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʪʨʝʙʠ ʫ ʜʦʜʘʪʢʦʚʠʭ ʘʧʘʨʘʪʥʠʭ ʨʽʰʝʥʥʷʭ. 

ʄʝʪʘ ʨʦʙʦʪʠ. 

ʆʮʽʥʢʘ ʘʧʘʨʘʪʥʦ-ʧʨʠʩʢʦʨʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʝʥʜʝʨʠʥʛʫ ʥʘ ʦʩʥʦʚʽ 

ʪʨʘʩʫʚʘʥʥʷ ʧʨʦʤʝʥʽʚ ʪʘ ʟʘʧʨʦʧʦʥʫʚʘʥʥʷ ʰʣʷʭʽʚ ʡʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. 

ʊʝʨʤʽʥʦʣʦʛʽʷ. 

GPU ï graphics processing unit. 

ʈʝʥʜʝʨʠʥʛ ï ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ 
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ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. 

ʄʝʪʦʜ ʪʨʘʩʫʚʘʥʥʷ ʧʨʦʤʝʥʽʚ - ʤʝʪʦʜ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ʰʣʷʭʦʤ ʚʽʜʩʪʝʞʝʥʥʷ ʰʣʷʭʫ ʩʚʽʪʣʘ ʷʢ ʧʽʢʩʝʣʽʚ ʫ ʧʣʦʱʠʥʽ 

ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʝʬʝʢʪʽʚ ʡʦʛʦ ʟʫʩʪʨʽʯʝʡ ʟ ʦʙ'ʻʢʪʘʤʠ ʥʘ ʩʮʝʥʽ. ʎʷ 

ʪʝʭʥʽʢʘ ʟʜʘʪʥʘ ʥʘʜʘʪʠ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʨʝʘʣʽʟʤʫ, ʙʽʣʴʰʝ, ʥʽʞ ʪʠʧʦʚʽ ʤʝʪʦʜʠ 

ʚʽʟʫʘʣʽʟʘʮʽʾ, ʘʣʝ ʟʘ ʙʽʣʴʰʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʛʨʘʬʽʯʥʠʡ ʧʨʠʩʢʦʨʶʚʘʯ. ʎʝ ʨʦʙʠʪʴ ʪʨʘʩʫʚʘʥʥʷ ʧʨʦʤʝʥʽʚ ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ 

ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʚʠʧʘʜʢʽʚ, ʜʝ ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ ʚʽʜʥʦʩʥʦ ʪʨʠʚʘʣʠʤ ʯʘʩʦʤ ʜʣʷ 

ʨʝʥʜʝʨʠʥʛʫ, ʥʘʧʨʠʢʣʘʜ, ʫ ʥʝʨʫʭʦʤʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʪʘ ʚʽʟʫʘʣʴʥʠʭ 

ʝʬʝʢʪʘʭ ʫ ʬʽʣʴʤʘʭ ʪʘ ʪʝʣʝʙʘʯʝʥʥʽ, ʘʣʝ, ʷʢ ʧʨʘʚʠʣʦ, ʙʽʣʴʰ ʧʦʛʘʥʦ ʧʽʜʭʦʜʷʪʴ ʜʣʷ 

ʧʨʦʛʨʘʤ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʪʘʢʠʭ ʷʢ ʚʽʜʝʦʽʛʨʠ, ʜʝ ʰʚʠʜʢʽʩʪʴ ʻ ʢʨʠʪʠʯʥʦʶ ʜʣʷ 

ʨʝʥʜʝʨʠʥʛʫ ʢʦʞʥʦʛʦ ʢʘʜʨʫ. 

ʆʧʠʩʘʥʠʡ ʚʠʱʝ ʤʝʪʦʜ ʤʦʞʥʘ ʚʜʦʩʢʦʥʘʣʠʪʠ ʰʣʷʭʦʤ ʩʠʤʫʣʶʚʘʥʥʷ 

ʬʽʟʠʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʩʚʽʪʣʘ ʥʘʩʪʽʣʴʢʠ ʙʣʠʟʴʢʦ ʜʦ ʨʝʘʣʴʥʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʮʝ 

ʤʦʞʣʠʚʦ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʙʫʜʝ ʥʘʟʠʚʘʪʠʩʷ ʪʨʘʩʫʚʘʥʥʷʤ ʰʣʷʭʫ, ʽ ʚʽʥ ʻ ʧʨʦʩʫʥʫʪʠʤ 

ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʪʨʘʜʠʮʽʡʥʦʛʦ ʪʨʘʩʫʚʘʥʥʷ ʧʨʦʤʝʥʽʚ. ʇʨʦʤʽʥʴ ʚʽʜʙʠʚʘʻʪʴʩʷ 

ʚʽʜ ʧʨʝʜʤʝʪʽʚ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʧʦʚʥʽʩʪʶ ʥʝ ʙʫʜʝ ʧʦʛʣʠʥʫʪʠʡ ʦʙôʻʢʪʦʤ ʘʙʦ 

ʨʦʟʩʽʻʪʴʩʷ.  

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʽʟʠʯʥʠʭ ʟʘʢʦʥʘʭ ʧʦʰʠʨʝʥʥʷ 

ʩʚʽʪʣʘ. ɼʣʷ ʮʴʦʛʦ ʢʦʞʝʥ ʦʙôʻʢʪ ʥʘ ʩʮʝʥʽ ʤʘʻ ʤʘʪʝʨʽʘʣ ʟ ʥʘʩʪʫʧʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ: 

¶ ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʝʥʝʨʛʽʾ (ʘʥʛʣ. emittance) ï ʢʽʣʴʢʽʩʪʴ ʪʘ ʜʦʚʞʠʥʘ 

ʭʚʠʣʽ ʩʚʽʪʣʘ, ʷʢʫ ʚʠʧʨʦʤʽʥʶʻ ʦʙôʻʢʪ. 

¶ ʐʦʨʩʪʢʽʩʪʴ (ʘʥʛʣ. roughness) ï ʥʘʩʢʽʣʴʢʠ ʩʠʣʴʥʦ ʧʨʦʤʝʥʽ 

ʨʦʟʩʽʶʶʪʴʩʷ ʧʨʠ ʟʽʪʢʝʥʥʽ ʟ ʦʙôʻʢʪʦʤ. 

¶ ɺʽʜʙʠʚʥʘ ʟʜʘʪʥʽʩʪʴ (ʘʥʛʣ. reflectance) ï ʢʽʣʴʢʽʩʪʴ ʪʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ 

ʩʚʽʪʣʘ, ʷʢʫ ʚʽʜʙʠʚʘʻ ʦʙôʻʢʪ. 

¶ ʇʨʦʟʦʨʽʩʪʴ (ʘʥʛʣ. transparency) ï ʚʽʜʥʦʰʝʥʥʷ ʧʨʦʧʫʱʝʥʦʛʦ ʢʨʽʟʴ 

ʦʙôʻʢʪ ʩʚʽʪʣʘ ʜʦ ʚʽʜʙʠʪʦʛʦ. 

¶ ɿʘʣʦʤʣʝʥʥʷ (ʘʥʛʣ. refraction) ï ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʩʚʽʪʣʘ. 
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ʅʘ ʧʦʯʘʪʢʫ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʷ ʥʘ ʝʢʨʘʥʽ ʚʠʧʫʩʢʘʻʪʴʩʷ 

ʧʨʦʤʽʥʴ. ʗʢʱʦ ʧʨʦʤʽʥʴ ʧʝʨʝʪʠʥʘʻ ʦʙôʻʢʪ, ʪʦ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʫ, ʚʽʥ ʤʦʞʝ ʚʽʜʙʠʪʠʩʷ, ʟʘʣʦʤʠʪʠʩʷ ʘʙʦ ʨʦʟʩʽʷʪʠʩʷ.  

ʋ ʚʠʧʘʜʢʫ ʚʽʜʙʠʚʘʥʥʷ ʻ ʜʚʘ ʡʦʛʦ ʪʠʧʠ: ʜʟʝʨʢʘʣʴʥʝ ʪʘ ʜʠʬʫʟʥʝ. 

ʇʨʠ ʜʟʝʨʢʘʣʴʥʦʤʫ ʚʽʜʙʠʚʘʥʥʽ ʢʫʪ ʧʨʦʤʝʥʷ, ʷʢʠʡ ʚʽʜʙʠʚʩʷ, ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ ʢʫʪʫ ʧʨʦʤʝʥʷ, ʷʢʠʡ ʧʘʜʘʻ. 

ʇʨʠ ʜʠʬʫʟʥʦʤʫ ʚʽʜʙʠʚʘʥʥʽ ʧʨʦʤʝʥʽ, ʱʦ ʚʽʜʙʠʚʘʶʪʴʩʷ, ʤʘʶʪʴ ʨʽʟʥʠʡ 

ʥʘʧʨʷʤʦʢ. ʎʝ ʷʚʠʱʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʧ, ʱʦ ʩʚʽʪʣʦ ʨʦʟʩʽʶʻʪʴʩʷ ʥʘ ʥʝʨʽʚʥʠʭ 

ʧʦʚʝʨʭʥʷʭ.  

ʆʙʯʠʩʣʝʥʥʷ ʥʘʧʨʷʤʢʫ ʟʘʣʦʤʣʝʥʠʭ ʧʨʦʤʝʥʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʢʦʥʘ ʉʥʝʣʽʫʩʘ. ɿʘʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ίὭὲʃ

ίὭὲʃ

ὲ

ὲ
ȟ 

ʜʝ ɗ1 ï ʢʫʪ ʧʘʜʽʥʥʷ; 

ɗ2 ï ʢʫʪ ʚʽʜʙʠʪʪʷ; 

n1 ʪʘ n2 ï ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʣʦʤʣʝʥʥʷ ʜʚʦʭ ʩʝʨʝʜʦʚʠʱ. 

 

ʌʦʨʤʫʣʠ ʌʨʝʥʝʣʷ (ʘʙʦ ʢʦʝʬʽʮʽʻʥʪʠ ʌʨʝʥʝʣʷ) ʦʧʠʩʫʶʪʴ ʚʽʜʙʠʪʪʷ ʽ 

ʧʨʦʧʫʩʢʘʥʥʷ ʩʚʽʪʣʘ (ʘʙʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘʛʘʣʦʤ) ʧʨʠ 

ʧʘʜʽʥʥʽ ʥʘ ʤʝʞʫ ʨʦʟʜʽʣʫ ʤʽʞ ʨʽʟʥʠʤʠ ʦʧʪʠʯʥʠʤʠ ʩʝʨʝʜʦʚʠʱʘʤʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʝʬʝʢʪʫ ʌʨʝʥʝʣʷ, ʯʠʤ ʙʽʣʴʰʝ ʢʫʪ ʧʘʜʽʥʥʷ ʧʨʦʤʝʥʷ, ʪʠʤ 

ʽʥʪʝʥʩʠʚʥʽʰʝ ʚʽʜʙʠʪʠʡ ʧʨʦʤʽʥʴ. ʎʶ ʦʩʦʙʣʠʚʽʩʪʴ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ 

ʦʙʨʦʙʢʠ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʦʜʥʦʯʘʩʥʦ ʚʽʜʙʫʜʝʪʴʩʷ ʚʽʜʙʠʚʘʥʥʷ ʽ ʟʘʣʦʤʣʝʥʥʷ. ʏʠʤ 

ʙʽʣʴʰʝ ʙʫʜʝ ʢʫʪ ʧʘʜʽʥʥʷ ʧʨʦʤʝʥʷ, ʚʠʧʫʱʝʥʠʡ ʟ ʢʘʤʝʨʠ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʦʙôʻʢʪ, 

ʪʠʤ ʯʽʪʢʽʰʝ ʙʫʜʝ ʚʽʜʟʝʨʢʘʣʝʥʝ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʮʴʦʛʦ ʦʙôʻʢʪʘ. 
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ʈʠʩ. 1. ɽʬʝʢʪ ʌʨʝʥʝʣʷ ʥʘ ʧʦʚʝʨʭʥʽ ʚʦʜʠ 

ɼʣʷ ʮʴʦʛʦ ʪʨʝʙʘ ʟʥʘʡʪʠ ʢʦʝʬʽʮʽʻʥʪ ʜʟʝʨʢʘʣʴʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ R, ʷʢʠʡ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʷʢ ʟʥʘʯʝʥʥʷ ʯʘʩʪʠʥʠ ʩʚʽʪʣʘ, ʱʦ ʚʽʜʙʠʣʘʩʷ. ɺʽʜʧʦʚʽʜʥʦ (1 ï 

R) ʙʫʜʝ ʦʟʥʘʯʘʪʠ ʟʘʣʦʤʣʝʥʝ ʩʚʽʪʣʦ. 

ʆʪʞʝ, ʢʦʝʬʽʮʽʻʥʪ ʜʟʝʨʢʘʣʴʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ R ʤʦʞʥʘ ʟʥʘʡʪʠ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

Ὂ
ʂὧέίʃ ʂὧέίʃ

ʂὧέίʃ ʂὧέίʃ
ȟ 

Ὂ
ʂὧέίʃ ʂὧέίʃ

ʂὧέίʃ ʂὧέίʃ
ȟ 

2
ρ

ς
Ὂ Ὂ ȟ 

ʜʝ Fp - ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ p-ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʩʚʽʪʣʘ; 

Fs ï ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ s-ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʩʚʽʪʣʘ; 

ɖ1 ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʣʦʤʣʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ, ʟ ʷʢʦʛʦ ʩʚʽʪʣʦ ʧʘʜʘʻ; 

ɖ2 ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʣʦʤʣʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ, ʫ ʷʢʝ ʩʚʽʪʣʦ ʧʨʦʭʦʜʠʪʴ; 

ɗ1 ï ʢʫʪ ʧʘʜʽʥʥʷ;  

ɗ2 ï ʢʫʪ ʟʘʣʦʤʣʝʥʥʷ.  
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ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʢʫʪ ʧʘʜʽʥʥʷ ʧʦʚôʷʟʘʥ ʟ ʢʫʪʦʤ ʟʘʣʦʤʣʝʥʥʷ ʟʘʢʦʥʦʤ 

ʉʥʝʣʽʫʩʘ. 

ɺ ʢʦʤʧôʶʪʝʨʥʽʡ ʛʨʘʬʽʮʽ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʚʢʣʘʜʫ ʬʘʢʪʦʨʘ ʌʨʝʥʝʣʷ ʚ 

ʜʟʝʨʢʘʣʴʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʧʨʦʢʩʠʤʘʮʽʷ ʐʣʽʢʘ. ɿʛʽʜʥʦ ʟ 

ʤʦʜʝʣʣʶ ʐʣʽʢʘ, ʢʦʝʬʽʮʽʻʥʪ ʜʟʝʨʢʘʣʴʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ R ʤʦʞʝ ʙʫʪʠ 

ʥʘʙʣʠʞʝʥʠʡ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

2 Ὑ ρ Ὑ ρ ὧέίʃ ȟ 

ʜʝ ɗ - ʢʫʪ ʧʘʜʽʥʥʷ, ʘ R0 ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ: 

Ὑ
ʂ ʂ

ʂ ʂ
Ȣ 

ʍʦʯʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʐʣʽʢʘ ʽ ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʫ ʦʜʥʦʯʘʩʥʦʛʦ ʚʽʜʙʠʪʪʷ ʪʘ 

ʟʘʣʦʤʣʝʥʥʷ ʩʚʽʪʣʘ, ʚʦʥʘ ʧʦʨʦʜʞʫʻ ʽʥʰʫ. ʊʘʢ ʷʢ ʥʘ ʦʜʠʥ ʧʽʢʩʝʣʴ ʢʠʜʘʻʪʴʩʷ ʦʜʠʥ 

ʧʨʦʤʽʥʴ, ʪʦ ʥʘʚʽʪʴ ʧʨʠ ʩʪʘʪʠʯʥʦʤʫ ʟʦʙʨʘʞʝʥʽ ʢʦʣʽʨ ʧʽʢʩʝʣʷ ʥʘ ʢʦʞʥʦʤʫ 

ʥʘʩʪʫʧʥʦʤʫ ʢʘʜʨʽ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʟʫʣʴʪʘʪʫ ʘʧʨʦʢʩʠʤʘʮʽʾ, 

ʱʦ ʤʦʞʝ ʚʠʛʣʷʜʘʪʠ ʷʢ ʰʫʤ ʥʘʢʣʘʜʝʥʠʡ ʧʦʚʝʨʭ ʟʦʙʨʘʞʝʥʥʷ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʟʙʽʣʴʰʠʤʦ ʢʽʣʴʢʽʩʪʴ ʧʨʦʤʝʥʽʚ, ʷʢʽ 

ʢʠʜʘʶʪʴʩʷ ʥʘ ʦʜʠʥ ʧʽʢʩʝʣʴ. ʇʽʩʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʣʴʦʨʫ ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʦʤʝʥʷ 

ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʽ ʙʫʜʝ ʨʝʟʫʣʴʪʫʶʯʠʤ 

ʢʦʣʴʦʨʦʤ. 

ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʘʻʤʦ ʘʢʢʫʤʫʣʷʪʠʚʥʠʡ ʨʝʥʜʝʨʠʥʛ ʫ ʜʚʽ ʪʝʢʩʪʫʨʠ ʧʦʯʝʨʛʦʚʦ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʧʝʨʝʜʥʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ ʢʦʞʝʥ ʢʘʜʨ ʙʫʜʝ 

ʚʤʽʱʫʚʘʪʠ ʚ ʩʦʙʽ ʧʦʧʝʨʝʜʥʽʡ ʽ, ʧʨʠ ʩʪʘʪʠʯʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ, ʧʦʩʪʫʧʦʚʦ ʙʫʜʝ 

ʩʪʘʚʘʪʠ ʯʽʪʢʽʰʠʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ. 

ʇʨʦʚʝʜʝʥʦ ʨʷʜ ʪʝʩʪʫʚʘʥʴ, ʷʢʽ ʧʦʢʘʟʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʘʣʛʦʨʠʪʤʫ.  

ɸʣʛʦʨʠʪʤ ʟʘʙʝʟʧʝʯʫʻ ʨʝʥʜʝʨʠʥʛ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʘ ʢʽʣʴʢʽʩʪʶ ʢʘʜʨʽʚ ʟʘ ʩʝʢʫʥʜʫ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʘʧʘʨʘʪʥʠʭ ʨʦʟʰʠʨʝʥʴ. 
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ʈʠʩ. 2. ʈʝʟʫʣʴʪʫʶʯʘ ʩʮʝʥʘ 

ɺʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʝ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʝʢʨʘʥʫ ʫ 1280 ʥʘ 720 ʧʽʢʩʝʣʽʚ 

ʯʝʨʝʟ ʩʚʦʶ ʟʙʘʣʘʥʩʦʚʘʥʽʩʪʴ ʤʽʞ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ GPU ʪʘ ʷʢʽʩʪʶ 

ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ɼʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʦʢʨʘʱʝʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ʦʙʨʘʥʦ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʦʤʝʥʽʚ ʫ 6 ʦʜʠʥʠʮʴ 

ɺʠʩʥʦʚʢʠ. 

ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʨʦʙʣʝʥʦ ʘʧʘʨʘʪʥʦ-ʧʨʠʩʢʦʨʝʥʠʡ ʘʣʛʦʨʠʪʤ 

ʨʝʥʜʝʨʠʥʛʫ ʥʘ ʦʩʥʦʚʽ ʪʨʘʩʫʚʘʥʥʷ ʧʨʦʤʝʥʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʨʘʮʶʻ ʙʝʟ 

ʧʦʪʨʝʙʠ ʫ ʜʦʜʘʪʢʦʚʠʭ ʘʧʘʨʘʪʥʠʭ ʨʦʟʰʠʨʝʥʥʷʭ, ʱʦ ʻ ʡʦʛʦ ʦʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ. 

ʆʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʩʬʝʨʫ ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ, ʘ ʩʘʤʝ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʫ ʛʨʘʬʽʯʥʽ ʨʫʰʽʾ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʽʜʝʦʽʛʦʨ ʘʙʦ ʢʽʥʦʽʥʜʫʩʪʨʽʾ. 

ʃʽʪʝʨʘʪʫʨʘ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ɺʊʆʈʀʅʅʀʍ ʇʆʃɯʄɽʈɯɺ ɺ ɺʀʈʆɹʅʀʎʊɺɯ 

ɸɺʊʆʄʆɹɯʃʔʅʆɻʆ ɹɽʅɿʀʅʋ 

 

ʏʝʨʥʷʚʩʴʢʠʡ ɸʥʜʨʽʡ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, 

ʘʩʧʽʨʘʥʪ 

ɻʨʠʛʦʨʦʚ ɸʥʜʨʽʡ ɹʦʨʠʩʦʚʠʯ 

ʜ.ʪ.ʥ., ʧʨʦʬ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ. ɾʦʨʩʪʢʘ ʥʝʩʪʘʯʘ ʢʣʘʩʠʯʥʦʾ ʚʫʛʣʝʚʦʜʥʝʚʦʾ ʩʠʨʦʚʠʥʠ, ʷʢʘ ʩʴʦʛʦʜʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʚʘʨʥʠʭ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʟʦʢʨʝʤʘ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʙʝʥʟʠʥʽʚ, ʩʧʨʠʷʻ ʧʦʰʫʢʫ ʥʦʚʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ 

ʩʠʨʦʚʠʥʠ. ɿʚʘʞʘʶʯʠ ʥʘ ʥʘʷʚʥʽ ʚ ʋʢʨʘʾʥʽ ʝʥʝʨʛʦʨʝʩʫʨʩʠ, ʚʽʜʤʽʪʠʤʦ, ʱʦ ʦʜʥʠʤ ʟ 

ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʩʠʨʦʚʠʥʠ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʚʪʦʨʠʥʥʽ ʧʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ, 

ʟʘʧʘʩʠ ʷʢʠʭ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ.  

ʎʽʣʴ ʨʦʙʦʪʠ. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʪʦʨʠʥʥʦʾ 

ʧʦʣʽʤʝʨʥʦʾ ʩʠʨʦʚʠʥʠ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʙʝʥʟʠʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʫʯʘʩʥʠʭ ʪʝʨʤʽʯʥʠʭ ʪʘ ʪʝʨʤʦ-ʢʘʪʘʣʽʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʝʨʝʨʦʙʢʠ ʚʫʛʣʝʚʦʜʥʝʚʦʾ 

ʩʠʨʦʚʠʥʠ.  

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʆʩʥʦʚʥʠʤʠ ʩʠʨʦʚʠʥʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʚʠʩʪʫʧʘʻ 

ʧʦʣʽʦʣʝʬʽʥʦʚʘ ʚʪʦʨʠʥʥʘ ʩʠʨʦʚʠʥʠ. ʊʘʢʘ ʩʠʨʦʚʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʘ, ʛʦʣʦʚʥʠʤʠ 

ʯʠʥʦʤ, ʧʦʣʽʝʪʠʣʝʥʘʤʠ ʥʠʟʴʢʦʛʦ (ʇɽʅʊ) ʪʘ ʚʝʣʠʢʦʛʦ (ʇɽɺʊ) ʪʠʩʢʫ ʪʘ 

ʧʦʣʽʧʨʦʧʽʣʝʥʦʤ (ʇʇ), ʷʢʽ ʩʴʦʛʦʜʥʽ ʜʦʩʠʪʴ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʜʥʦʨʘʟʦʚʦʛʦ ʧʦʩʫʜʫ ʪʦʱʦ. ʆʩʥʦʚʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʷʢʠʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʝʨʝʨʦʙʣʷʪʠ ʪʘʢʫ ʩʠʨʦʚʠʥʠ 

ʧʽʩʣʷ ʾʾ ʩʦʨʪʫʚʘʥʥʷ ʪʘ ʧʦʧʝʨʝʜʥʴʦʾ ʧʽʜʛʦʪʦʚʢʠ (ʧʦʜʨʽʙʥʝʥʥʷ, ʧʨʦʤʠʚʢʠ ʪʘ 

ʧʨʦʩʫʰʢʠ), ʻ ʪʝʨʤʽʯʥʘ ʪʘ ʪʝʨʤʦ-ʢʘʪʘʣʽʪʠʯʥʘ ʜʝʩʪʨʫʢʮʽʷ. ɼʘʥʽ ʧʨʦʮʝʩʠ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʘʧʘʨʘʪʘʭ ʨʝʘʢʪʦʨʥʦʛʦ ʪʠʧʫ ʧʝʨʽʦʜʠʯʥʦʾ ʘʙʦ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ. 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ ʧʝʨʝʨʦʙʢʠ ʧʦʣʽʤʝʨʥʦʾ ʩʠʨʦʚʠʥʠ ʚʽʜʧʦʚʽʜʘʻ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʫ 380-420 Áʉ ʪʘ ʪʠʩʢʫ ʙʽʣʷ 0,1-0,12 ʄʇʘ. 
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ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɺ ʦʩʥʦʚʫ ʨʽʰʝʥʥʷ ʧʨʦ ʟʘʤʽʥʫ ʢʣʘʩʠʯʥʦʾ 

ʚʫʛʣʝʚʦʜʥʝʚʦʾ ʥʘʬʪʦʚʦʾ ʩʠʨʦʚʠʥʠ ʥʘ ʧʦʣʽʤʝʨʥʫ ʚ ʧʨʦʮʝʩʩʽ ʚʠʨʦʙʥʠʮʪʚʘ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʙʝʥʟʠʥʫ ʧʦʢʣʘʜʝʥʦ ʪʝ, ʱʦ ʧʦʣʽʤʝʨʠ, ʷʢ ʽ ʥʘʬʪʦʚʘ ʩʠʨʦʚʠʥʘ, 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʫʛʣʝʚʦʜʥʽʚ; ʾʭ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʦʶ 

ʢʽʣʴʢʽʩʪʪʶ ʚʫʛʣʝʚʦʜʥʽʚ; ʚʽʜʩʫʪʥʽʩʪʴ ʩʽʨʢʦ- ʪʘ ʘʟʦʪʦʚʤʽʩʥʠʭ ʩʧʦʣʫʢ; ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʨʦʚʠʥʠ; ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʩʠʨʦʚʠʥʠ; ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʩʠʨʦʚʠʥʠ; 

ʟʥʘʯʥʽ ʟʘʧʘʩʠ ʩʠʨʦʚʠʥʠ. 

ɺʽʜʦʤʦ, ʱʦ ʧʨʠ ʪʝʨʤʽʯʥʽʡ ʜʝʩʪʨʫʢʮʽʾ ʚʫʛʣʝʚʦʜʥʝʚʦʾ ʩʠʨʦʚʠʥʠ 

ʫʪʚʦʨʶʶʪʴʩʷ ʥʝʥʘʩʠʯʝʥʽ ʚʫʛʣʝʚʦʜʥʽ ï ʘʣʢʝʥʠ, ʷʢʽ ʟ ʯʘʩʦʤ ʚʩʪʫʧʘʶʪʴ ʚ 

ʚʟʘʻʤʦʜʽʶ ʟ ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ ʪʘ ʟʜʘʪʥʽ ʫʪʚʦʨʶʚʘʪʠ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʽ ʩʧʦʣʫʢʠ. 

ʎʝʡ ʧʨʦʮʝʩ ʽʥʪʝʥʩʠʬʽʢʫʶʪʴ ʘʟʦʪ- ʪʘ ʩʽʨʢʦʚʤʽʩʥʽ ʩʧʦʣʫʢʠ, ʷʢʽ ʧʨʠʩʫʪʥʽ ʚ 

ʩʠʨʦʚʠʥʽ ʪʘ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʽʾ. ɼʘʣʽ, ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ ʧʘʣʠʚʘ, ʫʪʚʦʨʝʥʽ 

ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʽ ʩʧʦʣʫʢʠ ʟʘ ʨʘʭʫʥʦʢ ʨʝʘʢʮʽʡ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʪʘ 

ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʾ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʩʤʦʣʠ, ʥʘʷʚʥʽʩʪʴ ʷʢʠʭ ʚ ʧʨʦʜʫʢʪʘʭ 

ʪʝʨʤʽʯʥʦʾ ʪʘ ʪʝʨʤʦʢʘʪʘʣʽʪʠʯʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʘʣʠʚʘ (ʟʤʽʥʝʥʥʷ ʢʦʣʴʦʨʫ, ʧʽʜʚʠʱʝʥʥʷ ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʣʘ, 

ʢʦʢʩʽʚʥʦʩʪʽ ʪʘ ʚʤʽʩʪʫ ʬʘʢʪʠʯʥʠʭ ʩʤʦʣ). ʉʘʤʝ ʯʝʨʝʟ ʮʝ ʘʚʪʦʤʦʙʽʣʴʥʽ ʙʝʥʟʠʥʠ, ʱʦ 

ʦʪʨʠʤʘʥʽ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʪʝʨʤʽʯʥʦʛʦ ʪʘ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʢʨʝʢʽʥʛʫ, ʤʘʶʪʴ 

ʦʙʤʝʞʝʥʠʡ ʪʝʨʤʽʥ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ. 

ʆʢʨʽʤ ʚʩʴʦʛʦ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ, ʘʟʦʪ- ʪʘ ʩʽʨʢʦʚʤʽʩʥʽ ʩʧʦʣʫʢʠ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʠʨʦʚʠʥʽ, ʟʜʘʪʥʽ ʦʪʨʫʶʚʘʪʠ ʢʘʪʘʣʽʟʘʪʦʨʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʚ ʪʝʭʥʦʣʦʛʽʾ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʢʨʝʢʽʥʛʫ. ʎʝ, ʫ ʩʚʦʶ 

ʯʝʨʛʫ, ʫʩʢʣʘʜʥʶʻ ʧʨʦʮʝʩ ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʚʘʨʥʦʛʦ ʙʝʥʟʠʥʫ ʟʘ ʨʘʭʫʥʦʢ 

ʦʙʦʚôʷʟʢʦʚʦʛʦ ʛʽʜʨʦʦʯʠʱʝʥʥʷ ʩʠʨʦʚʠʥʠ. 

ʆʟʥʘʯʝʥʽ ʚʠʱʝ ʧʨʦʙʣʝʤʠ ʤʦʞʣʠʚʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʦʣʽʤʝʨʥʦʾ ʩʠʨʦʚʠʥʠ. ʊʘʢ, ʧʨʠ ʪʝʨʤʽʯʥʽʡ ʜʝʩʪʨʫʢʮʽʾ ʧʦʣʽʦʣʝʬʽʥʦʚʦʾ ʩʠʨʦʚʠʥʠ ʚ 

ʦʪʨʠʤʘʥʠʭ ʧʨʦʜʫʢʪʘʭ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚʽʣʴʥʽ ʨʘʜʠʢʘʣʠ, ʟʜʘʪʥʽ ʚʟʘʻʤʦʜʽʷʪʠ ʦʜʠʥ 

ʟ ʦʜʥʠʤ ʪʘ ʟ ʦʩʢʦʣʢʘʤʠ ʚʠʭʽʜʥʠʭ ʤʦʣʝʢʫʣ. ʎʝ ʩʧʨʠʷʻ ʟʘʛʘʣʴʥʦʤʫ ʧʽʜʚʠʱʝʥʥʶ 

ʚʠʭʦʜʫ ʨʽʜʢʠʭ ʧʨʦʜʫʢʪʽʚ ʜʝʩʪʨʫʢʮʽʾ ʧʦʣʽʤʝʨʥʦʾ ʩʠʨʦʚʠʥʠ, ʱʦ, ʙʝʟʩʫʤʥʽʚʥʦ, ʻ 

ʧʦʟʠʪʠʚʥʠʤ ʤʦʤʝʥʪʦʤ. ʇʨʠ ʮʴʦʤʫ, ʨʽʜʢʽ ʧʨʦʜʫʢʪʠ ʜʝʩʪʨʫʢʮʽʾ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ 
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ʙʫʜʫʪʴ ʤʽʩʪʠʪʠ ʘʣʢʝʥʠ, ʘʣʝ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʘʟʦʪ- , ʩʽʨʢʦʚʤʽʩʥʠʭ, ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ 

ʩʧʦʣʫʢ, ʱʦ ʚʠʩʪʫʧʘʶʪʴ ʢʘʪʘʣʽʟʘʪʦʨʘʤʠ ʫ ʨʝʘʢʮʽʷʭ ʦʢʠʩʥʝʥʥʷ ʘʣʢʝʥʽʚ, ʦʪʨʠʤʘʥʽ 

ʧʨʦʜʫʢʪʠ ʙʫʜʫʪʴ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʭʽʤʽʯʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʦʜʫʢʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʰʣʷʭʦʤ ʪʝʨʤʽʯʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʢʣʘʩʠʯʥʦʾ 

ʥʘʬʪʦʚʦʾ ʩʠʨʦʚʠʥʠ.  

ʊʘʢʦʞ, ʦʪʨʠʤʘʥʽ ʥʘʤʠ ʧʨʦʜʫʢʪʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʨʦʜʫʢʪʽʚ ʜʝʩʪʨʫʢʮʽʾ 

ʥʘʬʪʦʚʦʾ ʩʠʨʦʚʠʥʠ, ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʥʝ ʤʽʩʪʷʪʴ ʮʠʢʣʦʦʣʝʬʽʥʦʚʽ ʽ ʜʽʻʥʦʚʽ 

ʚʫʛʣʝʚʦʜʥʽ, ʱʦ ʻ ʥʘʡʙʽʣʴʰ ʩʭʠʣʴʥʠʤʠ ʜʦ ʨʝʘʢʮʽʡ ʦʢʠʩʥʝʥʥʷ ʪʘ ʧʦʣʽʤʝʨʠʟʘʮʽʾ. 

ʆʪʞʝ, ʦʪʨʠʤʘʥʽ ʧʨʦʜʫʢʪʠ ï ʙʝʥʟʠʥʦʚʽ ʬʨʘʢʮʽʾ (ʤʝʞʽ ʚʠʢʠʧʘʥʥʷ ï ʧ.ʢ-

180 Áʉ), ʙʫʜʫʪʴ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʙʽʣʴʰʦʶ ʭʽʤʽʯʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ, ʥʽʞ 

ʘʥʘʣʦʛʽʯʥʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʢʠʧʽʥʥʷ ʬʨʘʢʮʽʾ, ʱʦ ʦʪʨʠʤʘʥʽ ʟ ʥʘʬʪʦʚʦʾ 

ʩʠʨʦʚʠʥʠ.  

ʇʽʜʚʠʱʠʪʠ ʭʽʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʧʦʣʽʧʰʠʪʠ ʽʥʰʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

(ʥʘʧʨʠʢʣʘʜ, ʢʦʣʽʨ, ʟʘʧʘʭ) ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ (ʥʘʧʨʠʢʣʘʜ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʜʝʪʦʥʘʮʽʾ) 

ʚʣʘʩʪʠʚʦʩʪʽ ʦʪʨʠʤʘʥʦʾ ʙʝʥʟʠʥʦʚʦʾ ʬʨʘʢʮʽʾ ʤʦʞʥʘ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʨʦʙʢʠ 

ʧʦʣʽʤʝʨʥʦʾ ʩʠʨʦʚʠʥʠ ʪʝʭʥʦʣʦʛʽʻʶ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʢʨʝʢʽʥʛʫ, ʜʝ ʚ ʷʢʦʩʪʽ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʮʝʦʣʽʪʠ ʘʙʦ ʧʦʣʽʤʝʪʘʣʝʚʽ ʢʘʪʘʣʽʟʘʪʦʨʠ. 

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ ʫʩʝ ʚʠʢʣʘʜʝʥʝ ʚʠʱʝ, ʧʦʣʽʤʝʨʥʫ ʩʠʨʦʚʠʥʫ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʜʣʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʘʚʪʦʤʦʙʽʣʴʥʠʭ 

ʙʝʥʟʠʥʽʚ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʪʝʨʤʽʯʥʦʛʦ ʘʙʦ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʢʨʝʢʽʥʛʫ. ʇʨʠ ʮʴʦʤʫ, ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʢʨʝʢʽʥʛʫ ʧʦʣʽʤʝʨʥʦʾ ʩʠʨʦʚʠʥʠ, ʩʠʨʦʚʠʥʘ ʥʝ 

ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʦʯʠʱʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘʢʦʛʦ ʝʥʝʨʛʦʻʤʥʦʛʦ ʧʨʦʮʝʩʫ 

ʷʢ ʢʘʪʘʣʽʪʠʯʥʝ ʛʽʜʨʦʦʯʠʱʝʥʥʷ. ɸ ʧʽʜʚʠʱʠʪʠ ʭʽʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʙʝʥʟʠʥʦʚʠʭ 

ʬʨʘʢʮʽʡ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʨʤʽʯʥʦʛʦ ʢʨʝʢʽʥʛʫ ʧʦʣʽʤʝʨʥʦʾ ʩʠʨʦʚʠʥʠ ʤʦʞʥʘ ʟʘ 

ʨʘʭʫʥʦʢ ʜʦʜʘʚʘʥʥʷ ʜʦ ʾʭ ʩʢʣʘʜʫ ʘʥʪʠʦʢʠʩʣʶʚʘʣʴʥʠʭ ʧʨʠʩʘʜʦʢ, ʷʢʽ ʪʘʢʦʞ 

ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʙʝʥʟʠʥʽʚ, ʱʦ ʦʪʨʠʤʘʥʽ ʟ ʢʣʘʩʠʯʥʦʾ ʥʘʬʪʦʚʦʾ 

ʩʠʨʦʚʠʥʠ. 
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ʅɽɻʆʃʆʅʆʄʅɸ ɼʀʅɸʄɯʏʅɸ ʄʆɼɽʃʔ ʂʋʃʔʆɺʆɻʆ ʄʃʀʅɸ 

 

ʐʘʪʦʭʽʥ ɺʦʣʦʜʠʤʠʨ ʄʠʭʘʡʣʦʚʠʯ, 

ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ 

ɻʨʘʥʴʢʦ ɹʦʨʠʩ ʌʝʜʦʨʦʚʠʯ, 

ʜʦʮʝʥʪ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ, 

ʉʦʙʦʣʴ ɺʦʣʦʜʠʤʠʨ ʄʠʢʦʣʘʡʦʚʠʯ, 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤ. ʄ.ɽ. ɾʫʢʦʚʩʴʢʦʛʦ 

çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè 

 

ɺʩʪʫʧ 

ʂʫʣʴʦʚʽ ʤʣʠʥʠ ʦʪʨʠʤʘʣʠ ʟʥʘʯʥʝ ʧʦʰʠʨʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʮʽʣʝʡ ʫ ʙʘʛʘʪʴʦʭ 

ʦʙʣʘʩʪʷʭ ʚʠʨʦʙʥʠʮʪʚʘ. ɿʦʢʨʝʤʘ, ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʦʰʠʨʝʥʥʷ ʦʜʝʨʞʘʣʠ ʪʨʫʙʥʽ ʢʫʣʴʦʚʽ ʤʣʠʥʠ, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʽ ʫʜʘʨʥʠʡ 

ʨʝʞʠʤ, ñʤʝʨʪʚʘ ʟʦʥʘò ʜʣʷ ʯʘʩʪʠʥʠ ʦʙʨʦʙʣʶʚʘʥʦʾ ʩʠʨʦʚʠʥʠ. ʋ ʨʦʙʦʪʽ [1] 

ʚʠʢʣʘʜʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʨʫʙʥʠʭ ʤʣʠʥʽʚ ʽʟ ʢʫʣʷʤʠ, ʤʝʪʦʜʠ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʾʭ ʨʦʙʦʪʠ. ʉʪʘʪʪʷ [2] ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʪʦʥʢʦʛʦ 

ʧʦʜʨʽʙʥʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʫʣʴʦʚʠʭ ʤʣʠʥʽʚ. ʂʦʥʩʪʨʫʢʮʽʷ ʥʦʚʦʾ 

ʤʦʜʝʣʽ ʢʫʣʴʦʚʦʛʦ ʤʣʠʥʘ, ʷʢʘ ʚʠʢʣʶʯʘʻ ʫʜʘʨʥʫ ʜʽʶ ʪʘ ñʤʝʨʪʚʫ ʟʦʥʫò, 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʫ ʩʪʘʪʪʽ [3]. ʇʝʨʰʽ ʩʧʨʦʙʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʢʫʣʴʦʚʠʭ ʤʣʠʥʘʭ, ʟʦʢʨʝʤʘ, ʧʨʦʮʝʩʫ ʨʫʭʫ ʪʽʣ, ʱʦ ʧʝʨʝʤʝʣʶʶʪʴ, ʟʨʦʙʣʝʥʽ ʚ [4]. 

ʄʝʪʘ ʪʘ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯʽ 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʩʪʚʦʨʝʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʙʝʟʫʜʘʨʥʦʾ ʤʦʜʝʣʽ ʢʫʣʴʦʚʦʛʦ ʤʣʠʥʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʷʢʦʩʪʝʡ ʧʨʠʩʪʨʦʶ, ʚʠʙʦʨʫ ʡʦʛʦ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʄʦʜʝʣʴ ʧʦʚʠʥʥʘ 

ʤʽʩʪʠʪʠ ʦʩʥʦʚʥʽ ʛʝʦʤʝʪʨʠʯʥʽ, ʤʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʫʣʽ, ʩʬʝʨʠʯʥʦʾ ʢʘʤʝʨʠ, 

ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʣʦʥʦʤʥʠʡ ʭʘʨʘʢʪʝʨ ʚô̫ ʟʝʡ, ʥʘʢʣʘʜʝʥʠʭ ʥʘ ʢʫʣʶ. 
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ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʦʟʚôʷʟʘʥʽ ʪʘʢʽ ʟʘʜʘʯʽ: 

ʚʠʢʦʥʘʥʦ ʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʨʦʪʦʨʥʦʛʦ ʢʫʣʴʦʚʦʛʦ ʤʣʠʥʘ ʟʽ ʩʬʝʨʠʯʥʦʶ 

ʢʘʤʝʨʦʶ ʪʘ ʨʦʙʦʯʦʶ ʢʫʣʝʶ; ʩʪʚʦʨʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʢʫʣʴʦʚʦʤʫ ʤʣʠʥʽ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʴ ʨʫʭʫ ʢʫʣʽ ʚ ʩʬʝʨʠʯʥʽʡ ʦʙʦʣʦʥʮʽ, 

ʱʦ ʨʦʙʠʪʴ ʢʨʫʛʦʚʠʡ ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ; ʟʘʧʠʩʘʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʨʫʭʫ 

ʢʫʣʽ ʫ ʬʦʨʤʽ ʨʽʚʥʷʥʴ ɸʧʝʣʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʠʭ ʫʟʘʛʘʣʴʥʝʥʠʭ 

ʢʦʦʨʜʠʥʘʪ ʽ ʢʚʘʟʽʰʚʠʜʢʦʩʪʝʡ, ʨʽʚʥʷʥʴ ʛʦʣʦʥʦʤʥʠʭ (ʛʝʦʤʝʪʨʠʯʥʠʭ) ʽ 

ʥʝʣʦʥʦʤʥʠʭ ʚô̫ ʟʝʡ, ʪʘ ʬʫʥʢʮʽʾ ʧʨʠʩʢʦʨʝʥʴ ɸʧʝʣʷ; ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʽʚʥʷʥʴ ɸʧʝʣʷ ʜʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʫ 

ʬʦʨʤʽ ʂʦʰʽ; ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʘʞʣʠʚʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ. 

ʉʪʚʦʨʝʥʥʷ ʤʝʪʦʜʽʚ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʩʪʨʦʶ ʻ 

ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ. 

ʅʝʛʦʣʦʥʦʤʥʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʢʫʣʴʦʚʦʛʦ ʤʣʠʥʘ 

ʋ ʥʦʚʽʡ ʤʦʜʝʣʽ ʰʘʨʦʚʦʛʦ ʤʣʠʥʘ [3] (ʨʠʩ. 1) ʨʘʤʘ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʜʚʽ 

ʥʝʨʫʭʦʤʽ ʦʧʦʨʠ ʽ ʤʘʻ ʩʚʽʡ ʥʝʟʘʣʝʞʥʠʡ ʧʨʠʚʽʜ ʜʣʷ ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ 

ʦʩʽ; ʥʘ ʨʘʤʽ ʚʩʪʘʥʦʚʣʝʥʠʡ ʯʦʪʠʨʠʰʘʨʥʽʨʥʠʡ ʧʘʨʘʣʝʣʦʛʨʘʤ, ʜʚʽ ʩʪʦʨʦʥʠ ʷʢʦʛʦ ʻ 

ʢʨʠʚʦʰʠʧʘʤʠ; ʢʨʠʚʦʰʠʧʠ ʤʘʶʪʴ ʥʝʟʘʣʝʞʥʠʡ ʧʨʠʚʽʜ ʽ ʦʙʝʨʪʘʶʪʴʩʷ ʩʠʥʭʨʦʥʥʦ; 

ʥʘ ʢʽʥʮʷʭ ʢʨʠʚʦʰʠʧʽʚ ʟʘʢʨʽʧʣʝʥʦ ʤʘʡʜʘʥʯʠʢ ʷʢ ʦʜʥʫ ʟʽ ʩʪʦʨʽʥ ʧʘʨʘʣʝʣʦʛʨʘʤʘ; 

ʤʘʡʜʘʥʯʠʢ ʟʜʽʡʩʥʶʻ ʢʨʫʛʦʚʠʡ ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ; ʥʘ ʤʘʡʜʘʥʯʠʢʫ ʚʩʪʘʥʦʚʣʝʥʦ 

ʩʬʝʨʠʯʥʫ ʦʙʦʣʦʥʢʫ, ʚʩʝʨʝʜʠʥʽ ʷʢʦʾ ʟʥʘʭʦʜʠʪʴʩʷ ʢʫʣʷ, ʱʦ ʻ ʨʦʙʦʯʠʤ ʪʽʣʦʤ 

ʤʣʠʥʘ; ʢʫʣʷ ʧʽʜ ʯʘʩ ʨʫʭʫ ʦʙʦʣʦʥʢʠ ʦʙʢʘʪʫʻ ʾʾ ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ, ʨʫʡʥʫʶʯʠ ʽ 

ʩʪʠʨʘʶʯʠ ʮʝʤʝʥʪʥʫ ʯʠ ʽʥʰʫ ʩʠʨʦʚʠʥʫ. ʇʨʠʡʥʷʪʽ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: 1 ï ʥʝʨʫʭʦʤʘ 

ʦʧʦʨʘ; 2 ï ʚʘʣ; 3, 6 ï ʟʫʙʯʘʩʪʝ ʢʦʣʝʩʦ; 4 ï ʚʝʜʫʯʝ ʟʫʙʯʘʩʪʝ ʢʦʣʝʩʦ; 5 ï ʧʨʠʚʦʜ 

ʚʽʜʥʦʩʥʦʛʦ ʦʙʝʨʪʘʥʥʷ; 7 ï ʨʘʤʘ (ʚʘʣ); 8 ï ʧʨʠʚʦʜ ʦʙʝʨʪʘʥʥʷ; 9, 15 ï ʢʨʠʚʦʰʠʧ; 

10 ï ʧʣʘʪʬʦʨʤʘ; 11 ï ʢʨʠʰʢʘ; 12 ï ʢʫʣʷ; 13 ï ʦʙʦʣʦʥʢʘ; 14 ï ʤʘʪʝʨʽʘʣ (ʢʣʽʥʢʝʨ). 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ ʚʠʢʣʶʯʘʻ ʫʜʘʨʥʠʡ ʚʧʣʠʚ ʽ ñʤʝʨʪʚʫ ʟʦʥʫò. 
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ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʨʫʭ ʢʫʣʽ ʷʢ ʥʘʡʚʘʞʣʠʚʽʰʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ 

ʤʣʠʥʘ ʧʽʜ ʯʘʩ ʨʫʭʫ ʩʬʝʨʠʯʥʦʾ ʢʘʤʝʨʠ, ʢʦʣʠ ʟʘʢʦʥ ʦʙʝʨʪʘʥʥʷ ʢʨʠʚʦʰʠʧʽʚ 

ʟʘʜʘʥʠʡ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʨʫʭʫ ʢʫʣʽ ʨʘʜʽʫʩʦʤ r  ʫ ʩʬʝʨʠʯʥʽʡ ʢʘʤʝʨʽ ʽʟ ʮʝʥʪʨʦʤ ʫ 

ʪʦʯʮʽ A  ʽ ʨʘʜʽʫʩʦʤ R, ʱʦ ʨʦʙʠʪʴ ʟʘʜʘʥʠʡ ʢʨʫʛʦʚʠʡ ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ, ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩ. 2. ʊʦʯʢʘ ʪʦʨʢʘʥʥʷ ʢʫʣʽ ʟʽ ʩʬʝʨʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ ï P .  

 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʢʫʣʽ ʚ ʩʬʝʨʠʯʥʽʡ ʦʙʦʣʦʥʮʽ ʥʘʧʠʰʝʤʦ ʫ 

ʬʦʨʤʽ ʨʽʚʥʷʥʴ ɸʧʝʣʷ. ɺʚʝʜʝʤʦ ʫ ʨʦʟʛʣʷʜ ʦʩʥʦʚʥʫ (ʥʝʨʫʭʦʤʫ) ʩʠʩʪʝʤʫ 

ʈʠʩ. 1. ʉʭʝʤʘ ʢʫʣʴʦʚʦʛʦ ʤʣʠʥʘ (ʚʠʛʣʷʜ ʫ ʧʣʘʥʽ) 

15 
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ʈʠʩ. 2. ʉʭʝʤʘ ʨʫʭʫ ʢʫʣʽ ʚ ʩʬʝʨʠʯʥʽʡ ʢʘʤʝʨʽ 
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ʢʦʦʨʜʠʥʘʪ 1111 zyxO  ʽ ʨʫʭʦʤʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ Oxyz, ʱʦ ʨʦʙʠʪʴ ʢʨʫʛʦʚʠʡ 

ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ. 

 

ɿʘ ʥʝʟʘʣʝʞʥʽ ʫʟʘʛʘʣʴʥʝʥʽ ʢʦʦʨʜʠʥʘʪʠ ʧʨʠʡʤʝʤʦ Cxq =1 , Cyq =2 , y=3q , 

j=4q , J=5q , ʜʝ Cx , Cy ï ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʤʘʩ ʢʫʣʽ ʫ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, 

ʷʢʘ ʟʚô̫ ʟʘʥʘ ʟ ʢʘʤʝʨʦʶ; y, j, Jï ʢʫʪʠ ɽʡʣʝʨʘ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʦʣʦʞʝʥʥʷ ʦʩʝʡ 

ʞʦʨʩʪʢʦ ʟʚô̫ ʟʘʥʦʾ ʟ ʢʫʣʝʶ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʚʽʜʥʦʩʥʦ ʚʣʘʩʥʠʭ ʦʩʝʡ 

ʢʦʦʨʜʠʥʘʪ, ʧʘʨʘʣʝʣʴʥʠʭ Ox, Oy, Oz. 

ʈʽʚʥʷʥʥʷ ʛʦʣʦʥʦʤʥʦʾ (ʛʝʦʤʝʪʨʠʯʥʦʾ) ʚô̫ ʟʽ ʚʠʨʘʞʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

222)( CCC yxrRRz ----= .                    (1) 

ʈʽʚʥʷʥʥʷ ʥʝʣʦʥʦʤʥʠʭ ʚô̫ ʟʝʡ ʟʥʘʡʜʝʤʦ ʟ ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ ʢʦʚʟʘʥʥʷ ʢʫʣʽ 

ʧʦ ʩʬʝʨʠʯʥʽʡ ʧʦʚʝʨʭʥʽ, ʱʦ ʚʠʨʘʞʘʻʪʴʩʷ ʨʽʚʥʽʩʪʶ ʘʙʩʦʣʶʪʥʠʭ ʰʚʠʜʢʦʩʪʝʡ 

ʪʦʯʦʢ ʪʦʨʢʘʥʥʷ ʢʫʣʽ ʪʘ ʢʘʤʝʨʠ 

OaCOaPrPePa CP vɤvvvvv =³++=+= ;    0=³+= CPCPr ɤvv ,      (2) 

ʜʝ Pav , OaPe vv = , Prv ï ʘʙʩʦʣʶʪʥʘ, ʧʝʨʝʥʦʩʥʘ ʪʘ ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʦʩʪʽ 

ʪʦʯʢʠ P ; [ ]ʪCCCCrC zyx ###==vv ï ʰʚʠʜʢʽʩʪʴ ʪʦʯʢʠ C  ʚ ʨʫʭʦʤʠʡ ʢʦʦʨʜʠʥʘʪʥʦʾ 

ʩʠʩʪʝʤʽ (ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ; ʪ ï ʟʥʘʢ ʪʨʘʥʩʧʦʥʫʚʘʥʥʷ); [ ]ʪzyx www=ɤ ï 

ʤʠʪʪʻʚʘ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʢʫʣʽ. 

ʆʩʢʽʣʴʢʠ ʥʘ ʧʽʜʩʪʘʚʽ ʬʦʨʤʫʣʠ (1) ʧʨʦʝʢʮʽʷ ʰʚʠʜʢʦʩʪʽ C  ʪʦʯʢʠ ʥʘ ʚʽʩʴ z 
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ʊʨʝʪʽʡ ʝʣʝʤʝʥʪ ʚʝʢʪʦʨʘ ʚ ʦʩʪʘʥʥʴʦʤʫ ʩʪʦʚʧʮʽ ʮʽʻʾ ʬʦʨʤʫʣʠ ʻ ʣʽʥʽʡʥʦʶ 

ʢʦʤʙʽʥʘʮʽʻʶ ʚʠʨʘʟʽʚ ʜʣʷ ʧʝʨʰʠʭ ʜʚʦʭ ʝʣʝʤʝʥʪʽʚ, ʪʦʤʫ ʫʤʦʚʠ, ʱʦ ʥʘʢʣʘʜʘʶʪʴʩʷ 

ʥʝʣʦʥʦʤʥʦʶ ʚô̫ ʟʟʶ, ʚʠʷʚʣʷʶʪʴʩʷ ʪʘʢʠʤʠ 
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CzCyC
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                    (5) 

ʇʨʠʡʤʝʤʦ ʟʘ ʥʝʟʘʣʝʞʥʽ ʢʚʘʟʽʰʚʠʜʢʦʩʪʽ ʧʨʦʝʢʮʽʾ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʥʘ ʦʩʽ 

x , y , z [5, 6]: 

î
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y+Jj=w=p

yJ+yJj-=w=p

yJ+yJj=w=p

.cos

,sincossin

,cossinsin
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x

                 (6) 

ʊʘʢʠʤ ʯʠʥʦʤ ʢʦʥʬʽʛʫʨʘʮʽʷ ʩʠʩʪʝʤʠ, ʱʦ ʚʠʚʯʘʻʪʴʩʷ (ʢʫʣʷ, ʷʢʘ ʨʫʭʘʻʪʴʩʷ) 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧô̫ ʪʴʤʘ ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ Cx , Cy , y, j, J, ʘʣʝ 

ʩʪʝʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʩʠʩʪʝʤʘ ʤʘʻ ʪʽʣʴʢʠ ʪʨʠ ʚʥʘʩʣʽʜʦʢ ʜʚʦʭ ʨʽʚʥʷʥʴ (5). 

ʉʢʣʘʜʝʤʦ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʢʫʣʽ ʫ ʬʦʨʤʽ ɸʧʝʣʷ [5, 6] 
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ʊʫʪ S ʬʫʥʢʮʽʷ ʧʨʠʩʢʦʨʝʥʴ ɸʧʝʣʷ, ʷʢʘ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʚʠʛʣʷʜ 

( ) ( )[ ]=w+w+w+++= 2222
1
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1

2
1
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1
zyxCCC IzyxmS #########  

( ) ( )[ ]2
3

2
2

2
1

2
1

2
1

2
1

2

1
p+p+p+++= ############ Izyxm CCC ,               (8) 

ʜʝ m ï ʤʘʩʘ ʢʫʣʽ; 2

5

2
mrI =  ï ʦʩʴʦʚʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʢʫʣʽ. 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʫʟʘʛʘʣʴʥʝʥʠʭ ʩʠʣ 1P , 2P , 3P  ʦʙʯʠʩʣʠʤʦ ʚʽʨʪʫʘʣʴʥʫ 

ʨʦʙʦʪʫ 

CzCyCx zFyFxFA 111332211 d+d+d=dpP+dpP+dpP=d .       (9) 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 0== yx FF , mgFz -= . ʂʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ C  ʚ 

ʥʝʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

COC xxx += 11 ; COC yyy += 11 ; 

222
111 )( CCOCOC yxrRRzzzz ----+=+= , (10) 

ʧʨʠʯʦʤʫ 01 ==constz O . ʊʦʜʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3), (5) 
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ʘ ʦʪʞʝ, 

211 dpl+dpl-=d CCC xyz .                    (11) 

ʊʘʢʠʤ ʯʠʥʦʤ 

( ) 2121 dpl-dpl=dpl+dpl--=d CCCC xmgymgxymgA ,       (12) 

ʘ ʟʥʘʯʠʪʴ 

Cymgl=P1 ,  Cxmgl-=P2 ,  03=P .              (13) 

ɼʣʷ ʧʨʦʝʢʮʽʡ ʧʨʠʩʢʦʨʝʥʥʷ ʪʦʯʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʫʣ (3), (5) ʤʘʻʤʦ 
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ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʫʣ (14) ʨʽʚʥʷʥʥʷ ɸʧʝʣʷ (7) ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜʫ: 
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CCCOCy

CCCOCx

yyxxxy

gzxxxzR
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I

ml
=a .          (16) 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ (16) ʩʣʽʜ ʽʥʪʝʛʨʫʚʘʪʠ ʨʘʟʦʤ ʟ ʚʠʨʘʟʘʤʠ 

ʥʝʣʦʥʦʤʥʠʭ ʚô̫ ʟʝʡ (5). 

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʪʘʢʽ: 

ʧʨʠ 0=t  0CC xx = , 0CC yy = , 0xx w=w , 0yy w=w , 0zz w=w . 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ɼʝʷʢʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ, ʷʢʘ 

ʩʪʚʦʨʝʥʘ ʟʘʩʦʙʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʘʢʝʪʘ MathCAD, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3, 4. 

ʅʘʚʝʜʝʥʦ ʭʘʨʘʢʪʝʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʪʦʨʢʘʥʥʷ ʢʫʣʽ ʽ ʩʬʝʨʠ ʜʣʷ 
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ʤʦʜʝʣʽ ʟ ʧʘʨʘʤʝʪʨʘʤʠ: ʤ025,0=r ; ʤ25,0=R ; ʤ5,0=l ï ʜʦʚʞʠʥʘ ʢʨʠʚʦʰʠʧʘ; 

-1
0 ʭʚ60=n ï ʩʪʘʣʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʢʨʠʚʦʰʠʧʘ. 

ɺʠʩʥʦʚʢʠ 

1. ʉʪʚʦʨʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʢʫʣʴʦʚʦʤʫ 

ʤʣʠʥʽ: ʦʪʨʠʤʘʥʽ ʨʽʚʥʷʥʥʷ ʨʫʭ ʢʫʣʽ ʚ ʩʬʝʨʠʯʥʽʡ ʦʙʦʣʦʥʮʽ, ʱʦ ʨʦʙʠʪʴ ʢʨʫʛʦʚʠʡ 

ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ. 

2. ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʟʘʧʠʩʘʥʽ ʫ ʬʦʨʤʽ ʨʽʚʥʷʥʴ ɸʧʧʝʣʷ; ʧʨʠ 

ʟʘʧʠʩʽ ʬʫʥʢʮʽʾ ʧʨʠʩʢʦʨʝʥʴ ʚʠʷʚʠʣʦʩʷ ʝʬʝʢʪʠʚʥʠʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʚʘʟʽʰʚʠʜʢʦʩʪʽ. 

3. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʽʚʥʷʥʴ ɸʧʧʝʣʷ ʜʦ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʫ ʬʦʨʤʽ ʂʦʰʽ. 

 

4. ʇʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʦʾ ʤʦʜʝʣʽ ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦʚʠʪʠ ʚʘʞʣʠʚʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʧʨʠʩʪʨʦʶ, ʥʘʧʨʠʢʣʘʜ, ʟʘʣʝʞʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ñʢʽʣʴʮʷò ʪʨʘʻʢʪʦʨʽʡ (ʢʘʫʩʪʠʢ) 

ʚʽʜ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʢʨʠʚʦʰʠʧʘ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. ʀʚʘʥʦʚ ɸ.ʅ. ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʨʘʙʦʪʳ ʰʘʨʦʚ ʚ ʪʨʫʙʥʳʭ ʤʝʣʴʥʠʮʘʭ / 

ɸ.ʅ. ʀʚʘʥʦʚ, ʄ.ʄ. ʐʦʚʢʫʥ // ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʙʫʜʽʚʥʠʮʪʚʘ.ï 2015.ï  ̄1.ï

ʉ. 193-197. 
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ʈʠʩ. 3. ɿʘʣʝʞʥʽʩʪʴ ʢʦʦʨʜʠʥʘʪʠ 
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ʈʠʩ. 4. ʊʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʪʦʯʢʠ 
ʪʦʨʢʘʥʥʷ ʢʫʣʽ  ̔ʩʬʝʨʠ ʚ 
ʧʨʦʝʢʮʽʾ ʥʘ ʧʣʦʱʠʥʫ Oxy 
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2. ɹʘʣʝʨʘ ʅ.ɼ. ʂʦʤʧʣʝʢʩ ʜʣʷ ʪʦʥʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ / 

ʅ.ɼ. ɹʘʣʝʨʘ, ɸ.ʊ. ɻʦʨʜʠʝʥʢʦ, ʉ.ɸ. ʂʘʩʘʡ // ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʙʫʜʽʚʥʠʮʪʚʘ.ï 
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ɺʩʪʫʧ. ɿʘ ʤʘʩʰʪʘʙʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ, ʋʢʨʘʾʥʘ 

ʢʨʠʪʠʯʥʦ ʚʽʜʩʪʘʻ ʥʝ ʣʠʰʝ ʚʽʜ ʢʨʘʾʥ, ʱʦ ʨʦʟʚʠʥʫʪʽ ʫ ʮʽʡ ʛʘʣʫʟʽ, ʘ ʡ ʚʽʜ ʢʨʘʾʥ-

ʩʫʩʽʜʽʚ, ʱʦ ʤʘʶʪʴ ʘʥʘʣʦʛʽʯʥʠʡ ʘʙʦ ʥʘʚʽʪʴ ʤʝʥʰʠʡ ʧʦʪʝʥʮʽʘʣ ʛʝʦʪʝʨʤʘʣʴʥʠʭ 

ʜʞʝʨʝʣ. ʄʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʩʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʛʝʦʪʝʨʤʘʣʴʥʘ ʝʥʝʨʛʝʪʠʢʘ 

ʚʽʜʩʫʪʥʷ, ʪʦʜʽ ʷʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʦʙʩʪʘʚʠʥ ʚ ʝʥʝʨʛʝʪʠʮʽ ʢʨʘʾʥʠ ʨʦʟʚʠʪʦʢ 

ʛʘʣʫʟʽ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʥʷʤ ʧʨʦʙʣʝʤʠ 

ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ 

ʮʽʡ ʛʘʣʫʟʽ.[1] 

ɽʢʦʣʦʛʽʯʥʘ ʢʨʠʟʘ, ʩʢʦʨʦʯʝʥʥʷ ʩʚʽʪʦʚʠʭ ʟʘʧʘʩʽʚ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ ʪʘ 

ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʥʴʦʛʦ ʚʠʟʥʘʯʠʣʠ ʙʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ʛʘʣʫʟʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʝʥʝʨʛʦʥʦʩʽʾʚ ʪʘ ʩʧʨʠʷʣʠ ʰʠʨʦʢʦʤʫ ʤʽʞʥʘʨʦʜʥʦʤʫ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʫ ʟ ʧʠʪʘʥʴ 

ʦʭʦʨʦʥʠ ʧʨʠʨʦʜʠ. ʋ 2019 ʨʦʮʽ ɭʚʨʦʧʝʡʩʴʢʘ ʂʦʤʽʩʽʷ ʧʨʝʜʩʪʘʚʠʣʘ ɭʚʨʦʧʝʡʩʴʢʠʡ 

ʟʝʣʝʥʠʡ ʢʫʨʩ (EGD), ʤʝʪʘ ʷʢʦʛʦ ï ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʉʆ2 ʥʘ 50 ï 55% ʜʦ 2030 

ʨʦʢʫ ʪʘ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʜʦ ʥʫʣʷ ʜʦ 2050 ʨʦʢʫ. ɺʽʥ 

ʩʪʦʩʫʻʪʴʩʷ ʚʩʽʭ ʩʝʢʪʦʨʽʚ ʝʢʦʥʦʤʽʢʠ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʶ ʬʦʨʤʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʻ ʾʾ 

ʧʨʷʤʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟ ʧʝʨʝʪʚʦʨʝʥʴ. ɺ ʟʘʛʘʣʴʥʦʤʫ ʦʙʩʷʟʽ ʧʦʪʫʞʥʦʩʪʝʡ ʩʚʽʪʦʚʦʾ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʧʦʥʘʜ 80% ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʩʠʩʪʝʤʘʭ ʦʧʘʣʝʥʥʷ ʪʘ 

ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. [2] ɿʘ ʜʘʥʠʤʠ WGC2015 ʥʘ ʢʽʥʝʮʴ 2019 ʨʦʢʫ ʟʘʛʘʣʴʥʘ 
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ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʚʠʭ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʩʪʘʥʮʽʡ ʫ ʩʚʽʪʽ ʩʪʘʥʦʚʠʣʘ 

107727 ʄɺʪ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʄʽʥʽʩʪʝʨʩʪʚʘ ʝʥʝʨʛʝʪʠʢʠ ʉʐɸ ʚ ʦʙʣʘʩʪʽ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ 

ʦʧʘʣʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʛʝʦʪʝʨʤʘʣʴʥʘ ʩʠʩʪʝʤʘ ʦʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ ʪʘ 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʤʦʞʝ ʩʢʦʨʦʪʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘ 25 - 50% ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. ɿʘ ʜʘʥʠʤʠ ʄʽʞʥʘʨʦʜʥʦʛʦ 

ɻʝʦʪʝʨʤʘʣʴʥʦʛʦ ɸʛʝʥʪʩʪʚʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʪʠ ʚ 2015 ʨʦʮʽ 

ʜʦʟʚʦʣʠʣʦ ʟʘʦʱʘʜʠʪʠ 52,5 ʤʽʣʴʡʦʥʘ ʪʦʥ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʥʘʬʪʠ ʚ ʨʽʢ ʽ ʩʢʦʨʦʪʠʪʠ 

ʚʠʢʠʜ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʦʙʩʷʟʽ 46 ʤʽʣʴʡʦʥʽʚ ʪʦʥ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʟʫʪʫ.  

ɯʩʪʦʪʥʦʶ ʧʝʨʝʚʘʛʦʶ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʻ ʾʭ ʥʝʟʘʣʝʞʥʽʩʪʴ ʽ 

ʟʥʘʯʥʦ ʙʽʣʴʰ ʚʠʩʦʢʘ ʥʘʜʽʡʥʽʩʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ, ʪʦʤʫ ʱʦ ʥʘ ʛʝʦʪʝʨʤʘʣʴʥʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʥʝ ʚʧʣʠʚʘʶʪʴ 

ʪʘʢʽ ʟʦʚʥʽʰʥʽ ʬʘʢʪʦʨʠ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʚʽʪʝʨ ʘʙʦ ʥʘʷʚʥʽʩʪʴ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ.  

ɺ ʜʘʥʠʡ ʯʘʩ ʫ 28 ʢʨʘʾʥʘʭ ʛʝʦʪʝʨʤʘʣʴʥʘ ʝʥʝʨʛʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. ʃʽʜʝʨʘʤʠ ʚ ʛʘʣʫʟʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟʘ ʨʽʯʥʠʤ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ ʻ: ʂʠʪʘʡ, ɯʩʣʘʥʜʽʷ, ʌʨʘʥʮʽʷ, 

ʅʽʤʝʯʯʠʥʘ, ʊʫʨʝʯʯʠʥʘ, ʉʐɸ ʪʘ ɯʪʘʣʽʷ. ʋ ɭʚʨʦʧʽ ʥʘʣʽʯʫʻʪʴʩʷ ʧʦʥʘʜ 5000 ʩʠʩʪʝʤ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʘ ʯʘʩʪʢʘ ʨʠʥʢʫ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 10% ʟʘʛʘʣʴʥʦʛʦ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʨʠʥʢʫ. 

ʂʨʘʾʥʠ ʉʭʽʜʥʦʾ ʪʘ ʎʝʥʪʨʘʣʴʥʦʾ ɭʚʨʦʧʠ ï ʋʛʦʨʱʠʥʘ, ʇʦʣʴʱʘ, ʉʣʦʚʘʯʯʠʥʘ, 

ʉʣʦʚʝʥʽʷ, ʏʝʭʽʷ ʪʘ ʈʫʤʫʥʽʷ ï ʪʘʢʦʞ ʘʢʪʠʚʥʦ ʚʢʣʶʯʘʶʪʴʩʷ ʫ ʩʪʚʦʨʝʥʥʷ 

ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. ʋʢʨʘʾʥʘ ʚʽʜʩʫʪʥʷ ʫ 

ʮʴʦʤʫ ʧʝʨʝʣʽʢʫ.  

ʎʽʣʴ. ɿʘʚʜʘʥʥʷʤ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʟ'ʷʩʫʚʘʥʥʷ ʧʨʠʯʠʥ ʚʽʜʩʫʪʥʦʩʪʽ ʚ 

ʋʢʨʘʾʥʽ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʦʮʽʥʢʘ ʧʝʨʩʧʝʢʪʠʚ ʾʾ ʨʦʟʚʠʪʢʫ ʽ, ʤʦʞʣʠʚʦ, 

ʛʦʣʦʚʥʝ ï ʧʨʠʚʝʨʥʫʪʠ ʫʚʘʛʫ ʬʘʭʽʚʮʽʚ ʪʘ ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʜʦ ʧʨʦʙʣʝʤʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. 
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ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʈʦʟʚʠʪʦʢ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʫ ʢʨʘʾʥʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʦʪʠʨʤʘ ʦʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ: 1. ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʨʝʩʫʨʩʠ; 

2. ʦʨʛʘʥʽʟʘʮʽʡʥʘ ʪʘ ʧʨʘʚʦʚʘ ʦʩʥʦʚʘ; 3. ʜʝʨʞʘʚʥʘ ʧʽʜʪʨʠʤʢʘ; 4. ʬʽʥʘʥʩʦʚʦ-

ʝʢʦʥʦʤʽʯʥʽ ʫʤʦʚʠ. 

 

ʈʝʩʫʨʩʥʘ ʙʘʟʘ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʨʝʩʫʨʩʠ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʽʰʝʥʥʷ ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʧʨʦʝʢʪʽʚ ʘʙʦ ʧʨʦʛʨʘʤ. 

ʇʦʪʝʥʮʽʡʥʠʤ ʨʦʟʨʦʙʥʠʢʘʤ ʪʘ ʽʥʚʝʩʪʦʨʘʤ ʥʝʦʙʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʥʘ ʜʝʨʞʘʚʥʦʤʫ 

ʨʽʚʥʽ ʧʨʦ ʛʝʦʪʝʨʤʘʣʴʥʽ ʨʝʩʫʨʩʠ: ʜʘʥʽ ʛʣʠʙʦʢʦʛʦ ʙʫʨʽʥʥʷ ʧʨʦ ʪʝʤʧʝʨʘʪʫʨʫ, ʪʠʩʢ, 

ʧʨʦʥʠʢʥʽʩʪʴ, ʧʨʦ ʨʝʩʫʨʩʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. 

ʆʩʥʦʚʥʽ ʧʨʦʛʥʦʟʥʽ ʨʝʩʫʨʩʠ ʪʝʨʤʘʣʴʥʠʭ ʚʦʜ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʜʝ 

ʤʦʞʥʘ ʦʨʛʘʥʽʟʫʚʘʪʠ ʾʭ ʚʠʜʦʙʫʪʦʢ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ, ʟʦʩʝʨʝʜʞʝʥʦ ʫ 

ɿʘʢʘʨʧʘʪʩʴʢʦʤʫ, ʇʨʠʢʘʨʧʘʪʩʴʢʦʤʫ, ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʦʤʫ ʪʘ 

ʇʨʠʯʦʨʥʦʤʦʨʩʴʢʦʤʫ ʘʨʪʝʟʽʘʥʩʴʢʠʭ ʙʘʩʝʡʥʘʭ. ɿʘ ʨʦʟʨʘʭʫʥʢʘʤʠ ɼʝʨʞʘʚʥʦʛʦ 

ʢʦʤʽʪʝʪʫ ʟ ʛʝʦʣʦʛʽʾ ʋʢʨʘʾʥʠ, ʚʦʥʠ ʩʪʘʥʦʚʣʷʪʴ 27,3 ʤʣʥ. ʤ3/ʜʦʙʫ. ʽʟ ʩʝʨʝʜʥʴʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ 70ʦʉ. ʈʦʟʚʽʜʘʥʽ ʟʘʧʘʩʠ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ 

ʩʪʘʥʦʚʠʪʠʤʫʪʴ ʙʣʠʟʴʢʦ 200 ɻɺʪ. ʇʝʨʩʧʝʢʪʠʚʥʠʡ ʧʦʪʝʥʮʽʘʣ ʛʝʦʪʝʨʤʘʣʴʥʦʾ 

ʝʥʝʨʛʽʾ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 90 ʊɺʪ.ʛʦʜ/ʨʽʢ, ʱʦ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʯʥʫ ʝʢʦʥʦʤʽʶ 

ʧʘʣʠʚʘ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʧʣʦʪʠ ʙʣʠʟʴʢʦ 10 ʤʣʨʜ.ʢʫʙ. ʤ ʛʘʟʫ. 

ɺ ʋʢʨʘʾʥʽ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʟʘʢʦʥʩʝʨʚʦʚʘʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʪʝʨʠʪʦʨʽʷʭ 

ʛʘʟʦʥʘʬʪʦʚʠʭ ʨʦʜʦʚʠʱ, ʷʢʽ ʟʘ ʧʝʚʥʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

 

ʆʨʛʘʥʽʟʘʮʽʡʥʘ ʪʘ ʧʨʘʚʦʚʘ ʦʩʥʦʚʘ. ʋ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʥʝʦʙʭʽʜʥʠʤʠ 

ʩʪʠʤʫʣʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚʚʘʞʘʶʪʴʩʷ: 

ʥʘʮʽʦʥʘʣʴʥʘ ʩʪʨʘʪʝʛʽʷ ʫ ʮʽʡ ʛʘʣʫʟʽ, ʚʽʜʧʦʚʽʜʥʘ ʟʘʢʦʥʦʜʘʚʯʘ ʙʘʟʘ, ʧʨʦʟʦʨʽʩʪʴ ʽ 

ʩʫʤʣʽʥʥʽʩʪʴ ʢʦʥʢʫʨʝʥʮʽʾ ʽʟ ʙʦʢʫ ʪʨʘʜʠʮʽʡʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʟʨʦʩʪʘʥʥʷ ʽʥʚʝʩʪʠʮʽʡ. 

ɺ ʋʢʨʘʾʥʽ ʻ ʮʽʣʘ ʥʠʟʢʘ ʟʘʢʦʥʽʚ: çʇʨʦ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾè, 

çʇʨʦ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷè, çʇʨʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷè, çʇʨʦ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʫè ʪʘ 

ʽʥʰʽ, ʷʢʽ ʻ ʦʩʥʦʚʥʠʤʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʫ ʩʬʝʨʽ 
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ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ɿʛʽʜʥʦ ʟ ʝʥʝʨʛʝʪʠʯʥʦʶ ʩʪʨʘʪʝʛʽʻʶ ʋʢʨʘʾʥʠ ʚ 

ʛʘʣʫʟʽ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʜʦ 2030 ʨʦʢʫ ʧʣʘʥʫʻʪʴʩʷ ʩʪʚʦʨʠʪʠ 

ʛʝʦʪʝʨʤʘʣʴʥʽ ʫʩʪʘʥʦʚʢʠ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 0,7 ɻɺʪ. ʋ 1996 ʨ. ʂʘʙʽʥʝʪʦʤ ʄʽʥʽʩʪʨʽʚ 

ʋʢʨʘʾʥʠ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ɼʝʨʞʘʚʥʫ ʮʽʣʴʦʚʫ ʧʨʦʛʨʘʤʫ çɽʢʦʣʦʛʽʯʥʦ ʯʠʩʪʘ 

ʛʝʦʪʝʨʤʘʣʴʥʘ ʝʥʝʨʛʝʪʠʢʘè. ʋ ʙʝʨʝʟʥʽ 2015 ʨ. ʙʫʣʦ ʧʽʜʧʠʩʘʥʦ ʄʝʤʦʨʘʥʜʫʤ ʧʨʦ 

ʩʧʽʚʧʨʘʮʶ ʪʘ ʚʟʘʻʤʦʨʦʟʫʤʽʥʥʷ ʫ ʨʦʟʚʠʪʢʫ ʩʬʝʨʠ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʤʽʞ 

ʋʢʨʘʾʥʦʶ ʪʘ ɯʩʣʘʥʜʽʻʶ. ɿ 2018 ʨʦʢʫ ʋʢʨʘʾʥʘ ʥʘʙʫʣʘ ʩʪʘʪʫʩʫ ʧʦʚʥʦʧʨʘʚʥʦʛʦ 

ʯʣʝʥʘ ʄʽʞʥʘʨʦʜʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ɿʘʢʦʥ ʋʢʨʘʾʥʠ 

çʇʨʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷè ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ çʥʝʪʨʘʜʠʮʽʡʥʠʭ ʪʘ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʚʦʜè. ʋ 

ʇʦʜʘʪʢʦʚʦʤʫ ʢʦʜʝʢʩʽ ʋʢʨʘʾʥʠ ʧʝʨʝʜʙʘʯʝʥʦ ʧʽʣʴʛʠ ʧʨʠ ʦʧʦʜʘʪʢʫʚʘʥʥʽ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʧʨʦʝʢʪʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʱʦʜʦ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. 

ʆʜʥʘʢ, ʥʽ ʰʠʨʦʢʝ ʟʘʢʦʥʦʜʘʚʩʪʚʦ, ʥʽ ʧʨʝʬʝʨʝʥʮʽʾ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ ʟ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ, ʥʽ ʥʘʚʽʪʴ ʯʠʩʣʝʥʥʽ ʧʽʣʴʛʠ ʧʦʤʽʪʥʦ ʥʝ ʚʧʣʠʥʫʣʠ ʥʘ 

ʟʘʛʘʣʴʥʫ ʢʘʨʪʠʥʫ ʚʠʣʫʯʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ. 

 

ʌʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʽ ʬʘʢʪʦʨʠ. ʇʨʦʝʢʪʠ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʥʘ 

ʚʽʜʤʽʥʫ ʙʽʣʴʰʦʩʪʽ ɺɼɽ, ʤʘʶʪʴ ʦʩʦʙʣʠʚʫ ʩʧʝʮʠʬʽʢʫ, ʱʦ ʟʫʤʦʚʣʶʻʪʴʩʷ ʚʠʩʦʢʠʤʠ 

ʨʠʟʠʢʘʤʠ ʽ ʪʨʠʚʘʣʽʩʪʶ ʧʝʨʰʦʛʦ ʧʝʨʽʦʜʫ ʨʦʟʨʦʙʢʠ. ɿʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ 

ʙʫʜʽʚʥʠʮʪʚʦ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʪʝʧʣʦʚʦʾ ʩʪʘʥʮʽʾ ʥʘ ʦʩʥʦʚʽ ʛʣʠʙʦʢʠʭ ʩʢʚʘʞʠʥ 

ʚʢʣʶʯʘʶʪʴ ʚʠʪʨʘʪʠ ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʜʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʩʢʣʘʜʘʥʥʷ ʧʨʦʝʢʪʥʦ-

ʢʦʰʪʦʨʠʩʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʪʦʧʦʛʨʘʬʽʯʥʽ ʪʘ ʽʥʞʝʥʝʨʥʦ-ʚʠʰʫʢʫʚʘʣʴʥʽ ʨʦʙʦʪʠ, 

ʩʧʦʨʫʜʞʝʥʥʷ ʧʽʜʟʝʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʙʫʜʽʚʥʠʮʪʚʦ ʧʦʚʝʨʭʥʝʚʠʭ ʩʧʦʨʫʜ. 

ʅʘʡʙʽʣʴʰʽ ʢʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʙʫʜʽʚʥʠʮʪʚʦ ʧʽʜʟʝʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ï ʙʫʨʽʥʥʷ ʨʦʟʚʽʜʫʚʘʣʴʥʦ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʘʙʦ 

ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʽʩʥʫʶʯʠʭ. ɺʦʥʠ ʩʢʣʘʜʘʶʪʴ ʚʽʜ 50 ʜʦ 90% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ 

ʚʢʣʘʜʝʥʴ ʟʘʣʝʞʥʦ ʚʽʜ ʛʣʠʙʠʥʠ ʟʘʣʷʛʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ. 

ʎʷ ʦʙʩʪʘʚʠʥʘ ʚʠʢʣʠʢʘʻ ʧʨʦʙʣʝʤʠ ʟʘʣʫʯʝʥʥʷ ʧʨʠʚʘʪʥʦʛʦ ʢʘʧʽʪʘʣʫ. ʊʦʤʫ 

ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʨʦʟʚʠʪʢʫ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚʘʞʣʠʚʦʶ ʫʤʦʚʦʶ ʻ ʫʯʘʩʪʴ ʫ 
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ʥʴʦʤʫ ʷʢ ʧʨʠʚʘʪʥʦʛʦ, ʪʘʢ ʽ ʜʝʨʞʘʚʥʦʛʦ ʩʝʢʪʦʨʽʚ. ʅʘ ʜʫʤʢʫ ʬʘʭʽʚʮʽʚ, ʨʦʟʨʘʭʫʥʦʢ 

ʣʠʰʝ ʥʘ ʢʦʤʝʨʮʽʡʥʠʡ ʢʘʧʽʪʘʣ ʨʽʜʢʦ ʙʫʚʘʻ ʫʩʧʽʰʥʠʤ ʥʘʚʽʪʴ ʫ ʨʦʟʚʠʥʝʥʠʭ 

ʢʨʘʾʥʘʭ. ʋ ʤʽʞʥʘʨʦʜʥʽʡ ʧʨʘʢʪʠʮʽ ʧʨʠʡʥʷʪʦ, ʱʦʙ ʫʨʷʜ ʘʙʦ ʤʽʞʥʘʨʦʜʥʽ ʜʦʥʦʨʠ 

ʚʠʜʽʣʷʣʠ ʯʘʩʪʠʥʫ ʚʠʪʨʘʪ ʥʘ ʧʦʯʘʪʢʦʚʫ ʨʦʟʨʦʙʢʫ ʧʨʦʝʢʪʫ, ʚʢʣʶʯʘʶʯʠ 

ʨʦʟʚʽʜʫʚʘʣʴʥʝ ʙʫʨʽʥʥʷ. 

ɼʦʮʽʣʴʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʚʝʣʠʯʠʥʦʶ ʚʠʨʦʙʥʠʯʦʛʦ 

ʧʨʠʙʫʪʢʫ ʪʘ ʪʝʨʤʽʥʘʤʠ ʦʢʫʧʥʦʩʪʽ, ʷʢʽ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʘʨʠʬʽʚ ʥʘ 

ʪʝʧʣʦʪʫ. 

ɺ ɯʊʊʌ ʅɸʅ ʋʢʨʘʾʥʠ ʚ ʧʝʨʽʦʜ 1998-2003 ʨʨ. ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʦʥʘʜ 20 

ʧʨʦʝʢʪʽʚ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ [3]. 

ɹʽʣʴʰʽʩʪʴ ʽʟ ʮʠʭ ʧʨʦʝʢʪʽʚ ʧʨʦʡʰʣʠ ʝʢʩʧʝʨʪʠʟʫ, ʟʦʢʨʝʤʘ, ʟʘʨʫʙʽʞʥʠʭ ʬʘʭʽʚʮʽʚ. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʧʝʮʽʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʪʝʨʤʽʥʫ 

ʦʢʫʧʥʦʩʪʽ ʧʨʦʝʢʪʽʚ ʚʽʜ ʪʘʨʠʬʽʚ ʥʘ ʪʝʧʣʦʪʫ ʪʘ ʝʥʝʨʛʦʥʦʩʽʾ. ɺʦʥʘ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ.1. 

 

ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʪʝʨʤʽʥʫ ʦʢʫʧʥʦʩʪʽ ʚʽʜ ʪʘʨʠʬʽʚ ʥʘ ʪʝʧʣʦ. 

 

ʇʨʦʚʝʜʝʥʽ ʥʘʤʠ ʨʦʟʨʘʭʫʥʢʠ [4] ʦʩʥʦʚʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘ ʙʘʟʽ 

ʯʦʪʠʨʴʦʭ ʟ ʮʠʭ ʧʨʦʝʢʪʽʚ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʽ ʈʠʩ.1 ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ 

ʽʩʥʫʶʯʠʭ ʩʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʪʘʨʠʬʽʚ ʥʘ ʪʝʧʣʦʪʫ ʪʘ ʝʥʝʨʛʦʥʦʩʽʾ ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ 

ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʧʨʦʝʢʪʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ 3-7 ʨʦʢʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʧʦʢʘʟʘʥʽ ʫ ʊʘʙʣʠʮʽ 1. 
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ʊʘʙʣʠʮʷ 1. 

ʇʦʨʽʚʥʷʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʝʢʪʽʚ. 

ˉ 
ʇʝʨʝʣʽʢ 

ʧʦʢʘʟʥʠʢʽʚ 

ʆʜʠʥʠʮʽ 

ʚʠʤʽʨʶʚʘʥʥʷ 

 ʈʝʛʽʦʥʠ 

ʄʽʩʪʦ ɹʝʨʝʛʦʚʦ 

ɿʘʢʘʨʧʘʪʩʴʢʘ ʦʙʣ. 

ʩ. ʄʦʩʪʠʩʴʢʘ 

ʃʴʚʽʚʩʴʢʘ ʦʙʣ. 

ʩ. ʗʥʪʘʨʥʝ 

ʂʨʠʤ 

ʄʦʥʘʩʪʠʨʠʱʝ 

ʏʝʨʥʽʛʽʚʩʴʢʘ ʦʙʣ. 

1998 2020 2003 2020 2003 2020 2001 2020 

1 

ʇʠʪʦʤʽ 

ʢʘʧ̔ʪʘʣʴʥʽ 

ʚʠʪʨʘʪʠ 

ɼʦʣ.ʉʐɸ/ʢɺʪ. 

ʛʦʜ 

*537/ 

261 

*702/ 

 365 
460 519,7 433 872 625 767 

2 
ʉʦʙʽʚʘʨʪʽʩʪ

 ɹ

ɼʦʣ.ʉʐɸ/ʄɺʪĿʛ

ʦʜ 
*30,60/26,9 *45,9/40,3 9,54 19,46 3,9 5,86 7,65 11,48 

3 
ɺʠʨʦʙʥʠʯʠ

ʡ ʧʨʠʙʫʪʦʢ 
ʊʠʩ.ɼʦʣ.ʉʐɸ _ 

*614,77 

/584,53 
366,03 

2212,

8 

508,21

5 

2 737,

6 
39,752 360,156 

4 
ʊʝʨʤʽʥ 

ʦʢʫʧʥʦʩʪʽ 
ʈʦʢʠ ɹʽʣʴʰʝ15 7/4 

ɹʽʣʴʰʝ

15 
3 13 3 

ɹʽʣʴʰʝ1

5 
6 

*ɼʣʷ ʤʽʩʪʘ ɹʝʨʝʛʦʚʦ ʜʘʥʽ ʚʢʘʟʘʥʽ ʚ ʬʦʨʤʘʪʽ: ʜʣʷ ʥʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ/ʜʣʷ ʚʽʜʥʦʚʣʝʥʠʭ ʩʚʝʨʜʣʦʚʠʥ.  

 

ʄʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʨʠ ʪʘʢʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʘʭ ʚ ʩʫʯʘʩʥʠʭ 

ʫʤʦʚʘʭ ʧʨʦʝʢʪʠ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ, ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʟ ʚʠʩʦʢʦʶ 

ʝʢʦʥʦʤʽʯʥʦʶ ʚʠʛʦʜʦʶ. 

ʇʦʨʽʚʥʶʚʘʣʴʥʠʡ ʘʥʘʣʽʟ ʩʠʩʪʝʤ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟ 

ʧʘʣʠʚʥʠʤʠ ʢʦʪʝʣʴʥʷʤʠ ʧʦʢʘʟʫʻ, ʱʦ ʟʘ ʩʪʫʧʝʥʝʤ ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʚʦʥʠ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʢʦʥʦʤʽʯʥʠʤ ʧʦʢʘʟʥʠʢʘʤ ʧʨʦʝʢʪʽʚ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʥʝʚʝʣʠʢʠʭ ʧʘʣʠʚʥʠʭ ʢʦʪʝʣʴʥʠʭ. ɸʣʝ ʝʢʦʣʦʛʽʯʥʽ ʧʝʨʝʚʘʛʠ, ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʢʦʥ'ʶʥʢʪʫʨʠ ʽ ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʥʘ ʨʠʥʢʫ ʧʘʣʠʚʘ ʨʦʙʣʷʪʴ ʛʝʦʪʝʨʤʘʣʴʥʽ ʩʠʩʪʝʤʠ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʘʣʠʚʥʠʤʠ 

ʢʦʪʝʣʴʥʷʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʋʢʨʘʾʥʘ ʤʘʻ ʚʩʽ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ: ʨʝʩʫʨʩʠ, ʟʘʢʦʥʦʜʘʚʯʘ ʙʘʟʘ, ʜʝʨʞʘʚʥʘ ʧʽʜʪʨʠʤʢʘ, ʝʢʦʥʦʤʽʯʥʝ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʨʦʟʚʠʪʢʫ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. ɯʩʥʫʻ 

ʛʦʩʪʨʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʢʦʧʘʣʠʥ ʧʘʣʠʚʘ, ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʦʙʣʘʩʪʽ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ. ʗʢ ʧʦʢʘʟʘʥʦ ʚ [5], ʧʨʦʝʢʪʠ ʥʘ 

ʦʩʥʦʚʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ, ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʩʘʤʦʜʦʩʪʘʪʥʽ ʩʠʩʪʝʤʠ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʦʨʦʥʥʽʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

ʇʦʨʷʜ ʟ ʮʠʤ ʽʩʥʫʻ ʮʽʣʘ ʥʠʟʢʘ ʦʙʩʪʘʚʠʥ, ʱʦ ʛʘʣʴʤʫʶʪʴ ʨʦʟʚʠʪʦʢ ʮʽʻʾ 

ʛʘʣʫʟʽ: ʚʢʨʘʡ ʥʝʜʦʩʪʘʪʥʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʨʝʩʫʨʩʠ ʧʦ ʨʝʛʽʦʥʘʭ ʢʨʘʾʥʠ; 
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ʟʘʢʦʥʦʜʘʚʯʘ ʙʘʟʘ ʯʘʩʪʦ ʤʘʻ ʜʝʢʣʘʨʘʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ; ʧʽʜʪʨʠʤʢʘ ʜʝʨʞʘʚʠ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʽʤ ʬʽʥʘʥʩʦʚʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ. 

ʇʨʠ ʮʴʦʤʫ ʧʦʢʘʟʘʥʽ ʚ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [4] ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʧʨʦʝʢʪʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʚʥʶ ʧʨʦʝʢʪʽʚ ʢʨʘʾʥ ï ʣʽʜʝʨʽʚ 

ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ. 

ɺʠʩʥʦʚʢʠ. 1.ʆʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʚʽʜʩʫʪʥʦʩʪʽ ʚ ʋʢʨʘʾʥʽ ʛʝʦʪʝʨʤʘʣʴʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʪʘʢʽ: 

- ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʧʨʦʝʢʪʽʚ, ʦʩʦʙʣʠʚʦ ʫ ʧʝʨʽʦʜ ʾʭ ʨʝʘʣʽʟʘʮʽʾ, ʽ ʜʦʩʠʪʴ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʨʠʟʠʢʽʚ; 

- ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʚʥʦʮʽʥʥʦʾ ʪʘ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʘʜʨʘ ʪʘ 

ʨʝʩʫʨʩʠ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ; 

- ʅʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʝ ʥʦʨʤʘʪʠʚʥʝ ʨʝʛʫʣʶʚʘʥʥʷ. 

2.ɼʣʷ ʨʦʟʚʠʪʢʫ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚ ʋʢʨʘʾʥʽ ʥʝʦʙʭʽʜʥʦ: 

- ʧʨʦʚʝʜʝʥʥʷ ʩʠʩʪʝʤʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʜʨ, ʱʦ ʤʽʩʪʷʪʴ ʛʝʦʪʝʨʤʘʣʴʥʽ 

ʨʝʩʫʨʩʠ, ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʪʘ ʨʠʟʠʢʽʚ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʛʝʦʪʝʨʤʘʣʴʥʠʭ 

ʧʨʦʝʢʪʽʚ; 

- ʟʘʣʫʯʝʥʥʷ ʩʫʯʘʩʥʠʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʣʫʯʝʥʥʷ 

ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʪʘ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ; 

- ʟʘʣʫʯʝʥʥʷ ʽʥʚʝʩʪʦʨʽʚ, ʷʢ ʚʽʪʯʠʟʥʷʥʠʭ, ʪʘʢ ʽ ʟʘʨʫʙʽʞʥʠʭ, ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ 

ʨʝʘʣʽʟʘʮʽʾ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʧʨʦʝʢʪʽʚ. 

3. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʧʦʨʷʜ ʟ ʙʫʜʽʚʥʠʮʪʚʦʤ ʩʦʥʷʯʥʠʭ 

ʽ ʚʽʪʨʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʱʦ ʙʫʨʭʣʠʚʦ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʛʝʦʪʝʨʤʘʣʴʥʘ ʝʥʝʨʛʽʷ 

ʤʦʞʝ ʟʘʡʥʷʪʠ ʛʽʜʥʝ ʤʽʩʮʝ ʚ ʛʝʦʪʝʨʤʘʣʴʥʦʤʫ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʽ. 

ʇʦʩʠʣʘʥʥʷ 

1. Development of autonomous heating systems urgency with the use of 

renewable energy (local resources) for small settlements in emergencies. / 

Shurchkova Y., Denisov V., Pidruchna A // "XIII International Scientific and 

Practical Conference", Chicago, USA, 15-17 June 2022. pp. 241 - 251. 

2. Problems of using renewable energy sources in Ukraine. / Chuprina L., 

Denisov V., Pidruchna A // ʇʦʜʦʣʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ ʪʘ ʟʘʛʨʦʟ ʜʣʷ 
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ʜʦʚʢʽʣʣʷ ʚ ʫʤʦʚʘʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ï 2022: ʢʦʣʝʢʪʠʚʥʘ ʤʦʥʦʛʨʘʬʽʷ 
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ʧʦʣʽʪʝʭʥʽʢʘè ð ɼʥʽʧʨʦ: ʉʝʨʝʜʥʷʢ ʊ. ʂ., 2022, ð 664 ʩ. ISBN 978-617-8111-24-3 

3. ɿʘʙʘʨʥʠʡ ɻ.ʄ., ʐʫʨʯʢʦʚ ɸ.ɺ. ,ɹʘʨʠʣʦ ɸ.ɸ., ʈʝʟʘʢʦʚʘ ʊ.ɸ., ʐʧʘʢ 

ʗ.ʌ. ɻʝʦʪʝʨʤʘʣʴʥʝ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʩʝʣʘ ʄʦʩʪʠʩʢʘ ʃʴʚʽʚʩʢʦʾ ʦʙʣʘʩʪʽ. ʂʠʾʚ. 

ɯʊʊʌ ʅɸʅ ʋʢʨʘʾʥʠ, 2003. 129 ʩ. 

4. ɽʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʘʨʠʬʽʚ ʥʘ ʪʝʧʣʦʪʫ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ. / ʐʫʨʯʢʦʚʘ ʖ.ʆ., 

ʇʽʜʨʫʯʥʘ ɸ.ʆ. // ɯʥʩʪʠʪʫʪʫ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʇʨʦʙʣʝʤʠ 

ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, 2020, ɺʠʧ. 2(61), ʩ. 43-50, doi.org/10.15407/pge2020.02.043 
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PHYSICAL AND MATHEMATICAL 

SCIENCES 

 
ʉʊɸʃɸ ɻɸɹɹʃɸ ɺ ʌɯɿʀʎɯ ɻʈɸɺɯʊɸʎɯʁʅʆɻʆ ʇʆʃʗ 

 

ʇʘʚʣʶʢ ʃʝʦʥʽʜ ʆʣʝʢʩʽʡʦʚʠʯ 

ɺʠʢʣʘʜʘʯ ʬʽʟʠʢʠ 

ʋʯʙʦʚʠʡ ʟʘʢʣʘʜ Ohr Menachem Vinnitsa, 

ʤ. ɺʽʥʥʠʮʷ, ʋʢʨʘʾʥʘ 

 

ɺʩʪʫʧ./Introductions . ɺ ʘʚʪʦʨʩʴʢʽʡ ʩʪʘʪʪʽ çʉʪʘʣʘ ɻʘʙʙʣʘ ʚ ʤʦʜʝʣʶʚʘʥʥʽ 

ʪʝʤʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʪʝʤʥʦʾ ʤʘʪʝʨʽʾè ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʠʚʦʾ ʦʙʝʨʪʘʥʥʷ 

ʪʠʧʦʚʦʾ ʩʧʽʨʘʣʴʥʦʾ ʛʘʣʘʢʪʠʢʠ ʄ33 ʪʘ ʾʾ ʢʨʠʚʦʾ ʦʙʝʨʪʘʥʥʷ, ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʥʘ 

ʧʽʜʩʪʘʚʽ ʚʠʜʠʤʦʾ ʨʝʯʦʚʠʥʠ [1]. ɿ ʪʘʙʣʠʮʽ ʧʘʨʘʤʝʪʨʽʚ ʪʦʯʦʢ ʢʨʠʚʠʭ ʦʙʝʨʪʘʥʥʷ 

ʚʠʷʚʣʝʥʦ, ʱʦ ʧʨʦʛʥʦʟʦʚʘʥʘ ʥʘ ʧʽʜʩʪʘʚʽ ʚʠʜʠʤʦʾ ʨʝʯʦʚʠʥʠ ʥʘʧʨʫʞʝʥʽʩʪʴ g0 

ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ ʛʘʣʘʢʪʠʢʠ ʧʦʨʽʚʥʷʥʘ ʟʘ ʚʝʣʠʯʠʥʦʶ ʟ ʥʘʧʨʫʞʝʥʽʩʪʶ gH =cH 

ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ ʚʘʢʫʫʤʫ. ɺ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʜʣʷ ʰʚʠʜʢʦʩʪʝʡ 

ʦʙʝʨʪʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʨʽʚʥʽʩʪʴ: 

ὠ ὠ ḙὠ         (1) 

ʊʦʙʪʦ, ʨʝʘʣʽʟʫʻʪʴʩʷ ʩʫʧʝʨʧʦʟʠʮʽʷ ʣʽʥʽʡʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʦʙʝʨʪʦʚʠʭ ʨʫʭʽʚ, 

ʦʙʫʤʦʚʣʝʥʠʭ ʜʦʮʝʥʪʨʦʚʠʤʠ ʧʨʠʩʢʦʨʝʥʥʷʤʠ, ʷʢʽ ʚʠʨʘʞʘʶʪʴʩʷ ʬʦʨʤʫʣʘʤʠ: 

Ὣ             (2) 

Ὣ             (3) 

ʜʝ Rðʨʘʜʽʫʩ ʦʨʙʽʪʠ ʟʦʨʽ. 

ɯʟ ʬʦʨʤʫʣ (1), (2) ʪʘ (3) ʤʘʻʤʦ: 

ὫὙ ὫὙ  + ὧὌὙ      (4) 

ɿ ʨʽʚʥʷʥʥʷ (4) ʤʘʻʤʦ ʬʦʨʤʫʣʫ ʨʝʟʫʣʴʪʫʶʯʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ 

ʧʦʣʷ ʢʦʤʧʘʢʪʥʦʛʦ ʩʬʝʨʠʯʥʦ-ʩʠʤʝʪʨʠʯʥʦʛʦ ʦʙôʻʢʪʘ ʤʘʩʦʶ ʄ, ʷʢʘ ʧʨʦʷʚʣʷʻʪʴʩʷ 

ʧʨʠ ʦʙʝʨʪʦʚʦʤʫ ʨʫʩʽ ʧʨʦʙʥʦʛʦ ʪʽʣʘ ʤʘʩʠ: 
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Ὣ Ὣ ςὫὧὌ ὧὌ        (5) 

ʎʽʣʴ ʨʦʙʦʪʠ./ɸʽʤ. ʇʝʨʝʚʽʨʢʘ ʬʦʨʤʫʣʠ (5) ʚ ʤʦʜʝʣʴʥʠʭ ʧʦʙʫʜʦʚʘʭ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʣʽ ʧʦʩʪʽʡʥʦʾ ɻʘʙʙʣʘ, ʷʢ ʧʘʨʘʤʝʪʨʘ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ./Materials and methods. 1.ʈʽʚʥʷʥʥʷ (5) ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʚ ʚʠʛʣʷʜʽ: 

Ὣ ὧὌὋὓ ὧὌ      (6) 

ʆʪʨʠʤʘʥʘ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʬʦʨʤʫʣʘ (6) ʤʘʻ 

ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʨʦʙʥʝ ʪʽʣʦ ʤʘʩʠ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘʚʢʦʣʦ 

ʢʦʤʧʘʢʪʥʦʛʦ ʩʬʝʨʠʯʥʦ-ʩʠʤʝʪʨʠʯʥʦʛʦ ʦʙôʻʢʪʘ ʤʘʩʦʶ ʄ, ʚ ʨʽʚʥʷʥʥʽ (6) ʙʫʜʝ ʟʥʘʢ 

ç+è ʧʝʨʝʜ ʜʨʫʛʠʤ ʜʦʜʘʥʢʦʤ. ʂʦʣʠ ʞ ʧʨʦʙʥʝ ʪʽʣʦ ʤʘʩʠ ʥʝ ʦʙʝʨʪʘʻʪʴʩʷ, ʘ ʚʽʣʴʥʦ 

ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʨʘʜʽʘʣʴʥʦ, ʚ ʨʽʚʥʷʥʥʽ (6) ʙʫʜʝ ʟʥʘʢ çðè ʧʝʨʝʜ ʜʨʫʛʠʤ ʜʦʜʘʥʢʦʤ. 

ɿ ʨʽʚʥʷʥʥʷ (6) ʦʪʨʠʤʫʻʤʦ ʬʦʨʤʫʣʫ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʜʣʷ ʚʠʧʘʜʢʫ 

ʥʝʨʝʣʷʪʠʚʽʩʪʩʴʢʠʭ ʟʥʘʯʝʥʴ ʣʽʥʽʡʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ: 

ρ • ρ       (7) 

ɼʦʩʣʽʜʠʤʦ ʨʽʚʥʷʥʥʷ (7) ʥʘ ʝʢʩʪʨʝʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷðʧʦʭʽʜʥʫ ʧʦ ʧʘʨʘʤʝʪʨʫ 

R ʧʨʠʨʽʚʥʶʻʤʦ ʜʦ ʥʫʣʷ: 

π              (8) 

ɯʟ ʨʽʚʥʷʥʥʷ (8) ʤʘʻʤʦ: 

Ὑ                (9) 

ʊʦʜʽ, ʧʽʜʩʪʘʚʣʷʻʤʦ ʨʽʚʥʷʥʥʷ (8) ʚ (6) ʽ ʧʽʩʣʷ ʘʣʛʝʙʨʘʾʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʤʘʻʤʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʦʙʝʨʪʘʥʥʷ ʧʨʦʙʥʦʛʦ ʪʽʣʘ ʤʘʩʠ ʧʦ ʦʨʙʽʪʽ ʨʘʜʽʫʩʦʤ R0 

ʥʘʚʢʦʣʦ ʢʦʤʧʘʢʪʥʦʛʦ ʩʬʝʨʠʯʥʦ-ʩʠʤʝʪʨʠʯʥʦʛʦ ʦʙôʻʢʪʘ ʤʘʩʦʶ ʄ, ʩʫʤʘʨʥʘ 

ʥʘʧʨʫʞʝʥʽʩʪʴ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʧʦʣʽʚ ʩʪʘʥʦʚʠʪʴ: 

Ὣ τὧὌ                 (10) 

ʋ ʚʠʧʘʜʢʫ ʚʽʜʩʫʪʥʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʧʨʦʙʥʦʛʦ ʪʽʣʘ ʤʘʩʠ, ʩʫʤʘʨʥʘ 

ʥʘʧʨʫʞʝʥʽʩʪʴ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʧʦʣʽʚ ʥʘ ʚʽʜʩʪʘʥʽ R0 ʚʽʜ ʢʦʤʧʘʢʪʥʦʛʦ ʦʙôʻʢʪʘ ʤʘʩʦʶ 

ʄ ʨʽʚʥʘ ʥʫʣʶ. 
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2. ɺʠʤʽʨʠ ʚ ʘʩʪʨʦʬʽʟʠʮʽ ʤʘʶʪʴ ʥʘʙʣʠʞʝʥʠʡ ʭʘʨʘʢʪʝʨ. ʊʦʤʫ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʨʦʟʛʣʷʥʫʪʠʭ ʬʦʨʤʫʣ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʘʩʪʨʦʥʦʤʽʯʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʨʦʙʣʝʤʘʪʠʯʥʝ. ɸʣʴʪʝʨʥʘʪʠʚʥʠʤ ʚʘʨʽʘʥʪʦʤ ʻ ʧʝʨʝʚʽʨʢʘ 

ʦʪʨʠʤʘʥʠʭ ʬʦʨʤʫʣ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ ʚ ʤʽʢʨʦʩʚʽʪʽ, ʜʝ ʧʘʨʘʤʝʪʨʠ ʯʘʩʪʠʥʦʢ 

ʚʠʨʘʞʝʥʽ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ. 

ʈʦʟʨʘʭʫʻʤʦ, ʧʨʠ ʷʢʦʤʫ ʟʥʘʯʝʥʥʽ ʚʽʜʩʪʘʥʽ r0, ʨʽʚʥʽʡ R0, ʤʘʩʘ ʤʽʢʨʦʯʘʩʪʠʥʢʠ 

ʤʘʻ ʚʝʣʠʯʠʥʫ: 

ά
ᴐ ᴐ

            (11) 

ɼʝ ðʧʦʩʪʽʡʥʘ ʇʣʘʥʢʘ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʦʤʧʪʦʥʽʚʩʴʢʦʶ ʯʘʩʪʦʪʦʶ ʪʘ ʯʘʩʪʦʪʦʶ ̒‫ ‫ : 

‫ ‌‫  

ʜʝ Ŭðʧʦʩʪʽʡʥʘ ʪʦʥʢʦʾ ʩʪʨʫʢʪʫʨʠ. 

ʈʽʚʥʷʥʥʷ (11) ʧʽʜʩʪʘʚʣʷʻʤʦ ʚ ʨʽʚʥʷʥʥʷ (9) ʽ ʧʽʩʣʷ ʘʣʛʝʙʨʘʾʯʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʤʘʻʤʦ ʬʦʨʤʫʣʫ ʢʣʘʩʠʯʥʦʛʦ ʨʘʜʽʫʩʘ ʝʣʝʢʪʨʦʥʘ: 

ὶ                 (12) 

ɸʥʘʣʦʛʦʤ ʩʧʽʥʫ ʝʣʝʢʪʨʦʥʘ ʻ ʤʦʤʝʥʪ ʽʤʧʫʣʴʩʫ. ɼʣʷ ʤʝʤʙʨʘʥʥʦʾ ʤʦʜʝʣʽ 

ʝʣʝʢʪʨʦʥʘ, ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

ὠ τὧὌὶ              (13) 

ʊʦʜʽ ʚʝʣʠʯʠʥʘ ʬʽʢʪʠʚʥʦʾ, ʯʠ ʧʨʠʭʦʚʘʥʦʾ ʦʙʝʨʪʦʚʦʾ ʤʘʩʠ ʤʝʤʙʨʘʥʠ: 

ά
ᴐ

                 (14) 

ʇʽʜʩʪʘʚʣʷʻʤʦ ʚ ʨʽʚʥʷʥʥʷ (14) ʬʦʨʤʫʣʠ (12) ʪʘ (13) ʽ ʧʽʩʣʷ ʘʣʛʝʙʨʘʾʯʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʤʘʻʤʦ: 

ά
ᴐ

             (15) 

ʜʝ ʧʣʘʥʢʦʚʘ ʤʘʩʘ: 

ά
ᴐ ᴐ

        (16) 

‫ ʧʣʘʥʢʦʚʘ ʯʘʩʪʦʪʘ. 

3.ɺʠʟʥʘʯʠʤʦ ʚʽʜʩʪʘʥʴ ὶ  ʜʣʷ ʧʣʘʥʢʦʚʦʾ ʤʘʩʠ: 
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ὶ         (17) 

ʊʦʜʽ ʚʽʜʧʦʚʽʜʥʘ ʚʝʣʠʯʠʥʘ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ: 

ὠ ςὧὌὶ               (18) 

ɺʝʣʠʯʠʥʘ ʬʽʢʪʠʚʥʦʾ ʯʠ ʧʨʠʭʦʚʘʥʦʾ ʤʘʩʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ: 

ά
ᴐ ᴐ

          (19) 

ɼʝ ʬʝʨʤʽʻʚʩʴʢʘ ʝʥʝʨʛʽʷ: 

Ὁ ᴐὌ‫                  (20) 

ɺʽʜʦʤʦ, ʱʦ ʚ ʧʨʠʩʢʦʨʶʚʘʯʘʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʩʪʠʥʦʢ ʝʣʝʢʪʨʦʥʫ ʤʦʞʥʘ 

ʥʘʜʘʪʠ ʝʥʝʨʛʽʾ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ 294ɻʝɺ. ʎʝ ʟʥʘʯʝʥʥʷ ʬʝʨʤʽʻʚʩʴʢʦʾ ʝʥʝʨʛʽʾ 

ʩʣʘʙʢʦʾ ʚʟʘʻʤʦʜʽʾ [2]. ʏʠʩʣʦʚʽ ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʬʦʨʤʫʣʦʶ (20) ʚ ʧʝʨʰʦʤʫ 

ʥʘʙʣʠʞʝʥʽ ʩʧʽʚʧʘʜʘʶʪʴ ʽʟ ʟʥʘʯʝʥʥʷʤ 294ɻʝɺ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʚʽʨʢʠ ʬʦʨʤʫʣʠ (6) ʻ ʦʪʨʠʤʘʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʩʚʽʪʫ. 

4.ɺʩʪʘʥʦʚʠʤʦ ʬʦʨʤʫʣʫ ʧʦʪʝʥʮʽʘʣʫ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ ʩʪʘʪʠʯʥʦʾ ʯʦʨʥʦʾ 

ʜʽʨʠ. 

ʅʝʭʘʡ ʢʦʤʧʘʢʪʥʠʡ ʩʬʝʨʠʯʥʦ-ʩʠʤʝʪʨʠʯʥʠʡ ʦʙôʻʢʪ ʤʘʩʦʶ ʄ ʟʥʘʭʦʜʠʪʴʩʷ 

ʥʘ ʦʩʽ Or. ʏʘʩʪʠʥʢʘ ʧʨʦʙʥʦʾ ʤʘʩʠ ʚʽʣʴʥʦ ʧʘʜʘʻ ʥʘ ʦʙôʻʢʪ ʟ ʚʽʜʩʪʘʥʽ R0, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (9). ʊʦʜʽ ʧʨʠʨʽʩʪ ʰʚʠʜʢʦʩʪʽ ʧʘʜʽʥʥʷ ʟ ʯʘʩʦʤ: 

ὨὟ ὫὨὸ          (21) 

ʇʽʜʩʪʘʚʣʷʻʤʦ ʚ ʨʽʚʥʷʥʥʷ (21) ʬʦʨʤʫʣʫ (6): 

ὨὟ
Ͻ

ϽὨὶ
Ͻ

       (22) 

ʇʽʩʣʷ ʘʣʛʝʙʨʘʾʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʽʥʪʝʛʨʫʻʤʦ: 

Ὗ ᷿ Ὠ τὧὌὋὓÌÎὶ ςὧὌὶ        (23) 

ʇʽʩʣʷ ʘʣʛʝʙʨʘʾʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʤʘʻʤʦ: 

τ ÌÎ                  (24) 
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ʊʦʜʽ ʬʦʨʤʫʣʘ ʧʦʪʝʥʮʽʘʣʫ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ: 

ρ • ρ τ ÌÎ           (25) 

ʅʘ ʦʩʥʦʚʽ ʮʽʻʾ ʬʦʨʤʫʣʠ, ʚ ʛʝʦʤʝʪʨʽʶ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ ʯʦʨʥʦʾ ʜʽʨʠ 

ʐʚʘʨʮʰʽʣʴʜʘ ʤʦʞʥʘ ʚʚʝʩʪʠ ʧʦʧʨʘʚʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ./Results and discussion. ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʨʦʟʨʘʭʫʥʢʠ ʧʨʠʚʝʣʠ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʪʘ ʚʠʨʘʞʝʥʥʷ 

ʾʭ ʚ ʚʠʛʣʷʜʽ ʬʽʟʠʯʥʠʭ ʬʦʨʤʫʣ. ɺʚʝʜʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ɻʘʙʙʣʘ ʚ ʨʦʟʨʘʭʫʥʢʠ 

ʩʪʨʫʢʪʫʨʠ ʤʽʢʨʦʯʘʩʪʠʥʦʢ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʚ ʢʦʥʮʝʧʮʽʾ ʥʘʫʢʦʚʦʾ ʧʘʨʘʜʠʛʤʠð

ʝʣʝʤʝʥʪʘʨʥʽ ʯʘʩʪʠʥʢʠ ʚʞʝ ʥʝ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʣʠʰʝ ʬʦʨʤʦʶ ʤʘʪʝʨʽʾ, ʱʦ ʽʩʥʫʻ ʚ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʤʫ ʢʦʥʪʠʥʫʫʤʽ. ʉʪʨʫʢʪʫʨʘ ʪʘ ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʯʘʩʪʠʥʦʢ ʧʦʚôʷʟʘʥʽ ʽʟ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʧʘʨʘʤʝʪʨʘʤʠ ʚʘʢʫʫʤʫ. ʎʝʡ ʬʘʢʪ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʛʽʧʦʪʝʟʠ ʨʝʘʣʽʟʘʮʽʾ ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʩʪʠʥʦʢ, ʷʢ ʢʦʣʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʚʘʢʫʫʤʽ. 

ʇʦʩʪʽʡʥʘ ʪʦʥʢʦʾ ʩʪʨʫʢʪʫʨʠ ‌ḙρȾρσχ ʚ ʪʘʢʽʡ ʤʦʜʝʣʽ ʻ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʤʽʞ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʝʥʝʨʛʽʾ ʦʩʮʠʣʷʪʦʨʘ ʪʘ ʝʥʝʨʛʽʻʶ ʢʚʘʥʪʘ 

ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ. ɼʣʷ ʝʣʝʢʪʨʦʥʘ: 

άὧ ộ‐Ớ ‌ᴐ‫          (26) 

ʉʫʯʘʩʥʘ ʤʝʤʙʨʘʥʥʘ ʪʝʦʨʽʷ ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʩʪʠʥʦʢ ʜʦʧʦʚʥʶʻʪʴʩʷ 

ʬʦʨʤʫʣʦʶ ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʤʝʤʙʨʘʥʠ, ʷʢ ʜʚʦʚʠʤʽʨʥʦʛʦ ʧʨʦʩʪʦʨʫ: 

„                     (27) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʩʪʽʡʥʘ ɻʘʙʙʣʘ ʥʝ ʧʨʦʩʪʦ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʚ 

ʟʘʢʦʥʽ ɻʘʙʙʣʘ, ʱʦ ʦʧʠʩʫʻ ʨʦʟʰʠʨʝʥʥʷ ɺʩʝʩʚʽʪʫ. ʇʦʩʪʽʡʥʘ ɻʘʙʙʣʘ ʻ ʧʘʨʘʤʝʪʨ 

ʚʘʢʫʫʤʫ, ʧʘʨʘʤʝʪʨ ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʩʪʠʥʦʢ, ʫʪʚʦʨʝʥʠʭ ʢʦʣʠʚʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ʚʘʢʫʫʤʫ. 

 

ɺʠʩʥʦʚʢʠ./Conclusions. ʎʽʣʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʩʷʛʥʫʪʦ: ʤʝʪʦʜʘʤʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʤʦʜʝʣʝʡ ʚʩʪʘʥʦʚʣʝʥʽ ʬʽʟʠʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʘ 

ʬʦʨʤʫʣʠ, ʱʦ ʾʭ ʦʧʠʩʫʶʪʴ. ɺʢʘʟʘʥʦ ʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʟʤʽʥʠ ʢʦʥʮʝʧʮʽʾ ʥʘʫʢʦʚʦʾ 

ʧʘʨʘʜʠʛʤʠ ʥʘ ʦʩʥʦʚʽ ʚʚʝʜʝʥʥʷ ʚ ʬʽʟʠʯʥʽ ʪʝʦʨʽʾ ʧʦʩʪʽʡʥʦʾ ɻʘʙʙʣʘ, ʷʢ ʧʘʨʘʤʝʪʨʘ 

ʚʘʢʫʫʤʫ, ʧʘʨʘʤʝʪʨʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʩʪʠʥʦʢ. 
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ʊɸ ʊɽʄʅʆɰ ʄɸʊɽʈɯɰ.//Modern research in world science. Proceeding of the 3rd 

International scientific and practical conference. SPC ñSci-conf. uaò. Lviv, Ukraine. 
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1985.ð208 ʩ., ʠʣ. 
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ɺʇʃʀɺ ʄɯʂʈʆʉʊʈʋʂʊʋʈʅʀʍ ʇɽʈɽʊɺʆʈɽʅʔ ʅɸ ʅɸʇʈʋɾɽʅʆ-

ɼɽʌʆʈʄʆɺɸʅʀʁ ʉʊɸʅ ʃʀʉʊʆɺʀʍ ɽʃɽʄɽʅʊɯɺ ʇʈʀ 

ʅɸʈʆʑʋɺɸʅʅɯ ʈɯɼʂʀʄ ʄɽʊɸʃʆʄ 

 

ʉʝʥʯʝʥʢʦʚ ɯʛʦʨ ʂʦʩʪʷʥʪʠʥʦʚʠʯ, 

ʜ.ʬ.-ʤ.ʥ., ʩ.ʥ.ʩ., 

ʏʝʨʚʽʥʢʦ ʆʣʴʛʘ ʇʝʪʨʽʚʥʘ, 

ʢ.ʬ.-ʤ.ʥ., ʩ.ʥ.ʩ. 

ɯʥʩʪʠʪʫʪ ʤʝʭʘʥʽʢʠ ʽʤ. ʉ. ʇ. ʊʠʤʦʰʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ, 

ʗʢʠʤʝʥʢʦ ʉʝʨʛʽʡ ʄʠʢʦʣʘʡʦʚʠʯ, 

ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ: ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʚʯʝʥʦ ʚʧʣʠʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʥʘ ʧʦʪʦʯʥʠʡ ʽ ʟʘʣʠʰʢʦʚʠʡ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʧʨʷʤʦʢʫʪʥʠʭ 

ʣʠʩʪʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʥʘʨʦʱʫʚʘʥʥʽ ʾʭ ʨʽʜʢʠʤ ʤʝʪʘʣʦʤ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʧʨʦʮʝʩʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʝʦʨʽʾ ʪʽʣ, ʱʦ ʨʦʩʪʫʪʴ, ʫʥʽʬʽʢʦʚʘʥʽʡ ʤʦʜʝʣʽ 

ʚôʷʟʢʦʧʣʘʩʪʠʯʥʦʾ ʪʝʯʽʾ, ʪʝʨʤʦʢʽʥʝʪʠʯʥʠʭ ʜʽʘʛʨʘʤʘʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ. ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʥʘʨʦʱʫʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʦʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʤʝʪʦʜʠʢʠ. ʅʘʷʚʥʽʩʪʴ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʥʘʨʦʱʫʚʘʥʠʭ ʰʘʨʘʭ ʩʪʘʣʽ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ 

ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʽ ʧʨʦʛʠʥʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʣʠʩʪʦʚʽ ʝʣʝʤʝʥʪʠ, ʙʘʛʘʪʦʰʘʨʦʚʝ ʥʘʨʦʱʫʚʘʥʥʷ, ʧʦʪʦʯʥʠʡ 

ʪʘ ʟʘʣʠʰʢʦʚʠʡ ʧʨʦʛʠʥʠ, ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

 

ɺʩʪʫʧ. ʅʘʨʦʱʫʚʘʥʥʷ ʤʝʪʘʣʦʤ (ʥʘʧʣʘʚʣʝʥʥʷ) ʻ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ, 

ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʨʦʙʦʯʠʤ ʧʦʚʝʨʭʥʷʤ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʩʧʝʮʽʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ, 

ʞʘʨʦʤʽʮʥʽʩʪʴ, ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ [1, 2]. ʅʘʧʣʘʚʣʝʥʽ ʣʠʩʪʦʚʽ ʝʣʝʤʝʥʪʠ 
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ʢʦʥʩʪʨʫʢʮʽʡ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ʛʽʨʥʠʯʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʙʫʜʽʚʥʠʮʪʚʽ, ʝʥʝʨʛʝʪʠʮʽ ʪʦʱʦ. ʅʘʧʣʘʚʣʝʥʥʷ ʻ ʙʘʟʦʚʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ 3D-ʜʨʫʢʫ ʤʝʪʘʣʝʚʠʭ ʪʘ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ. 

ɼʦ ʚʘʞʣʠʚʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ ʮʽʻʾ ʧʨʦʙʣʝʤʘʪʠʢʠ ʚʽʜʥʦʩʠʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʧʨʠ ʥʘʨʦʱʫʚʘʥʥʽ ʪʦʥʢʦʩʪʽʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʥʘʧʨʠʢʣʘʜ, ʪʨʫʙʯʘʩʪʠʭ ʘʙʦ 

ʣʠʩʪʦʚʠʭ, ʜʣʷ ʷʢʠʭ ʪʦʚʱʠʥʘ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʩʧʽʚʤʽʨʥʘ ʟ ʪʦʚʱʠʥʦʶ 

ʜʝʪʘʣʝʡ. ʉʧʝʮʠʬʽʢʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʥʝ ʪʽʣʴʢʠ ʅɼʉ, 

ʘ ʪʘʢʦʞ ʽ ʚ ʦʮʽʥʮʽ ʞʦʣʦʙʣʝʥʥʷ. 

ʆʙôʻʢʪʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʧʦʪʦʯʥʠʡ ʽ ʟʘʣʠʰʢʦʚʠʡ 

ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʡ ʩʪʘʥ ʜʝʪʘʣʝʡ ʚ ʧʨʦʮʝʩʽ ʥʘʧʣʘʚʣʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʧʦ ʮʽʡ ʧʨʦʙʣʝʤʘʪʠʮʽ ʫʟʘʛʘʣʴʥʝʥʽ ʚ ʨʦʙʦʪʘʭ[1, 2, 3].  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ 

ʥʘʨʦʱʫʚʘʥʥʽ ʧʨʷʤʦʢʫʪʥʠʭ ʚ ʧʝʨʝʨʽʟʽ ʣʠʩʪʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʨʠ ʦʩʪʠʛʘʥʥʽ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʈʦʟʛʣʷʥʝʤʦ ʣʠʩʪʦʚʽ ʝʣʝʤʝʥʪʠ ʟʽ ʩʪʘʣʽ ʉʪ3ʩʧ, ʷʢʽ 

ʥʘʨʦʱʫʶʪʴʩʷ ʦʜʥʠʤ ʘʙʦ ʜʚʦʤʘ ʰʘʨʘʤʠ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ ʟʽ ʩʪʘʣʝʡ ʉɺ-08ɸ ʽ 

25ʍ5ʌʄʉ. ʅʘ ʨʠʩ. 1 ʘ, ʙ, ʚ ʥʘʚʝʜʝʥʘ ʩʭʝʤʘ ʧʦʚʘʣʠʢʦʚʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ, 

ʛʣʘʜʢʦʛʦ ʦʧʠʨʘʥʥʷ ʤʽʞ ʧʣʘʩʪʠʥʦʶ ʽ ʦʩʥʦʚʦʶ ʽ ʩʭʝʤʘ ʜʚʦʰʘʨʦʚʦʛʦ 

ʥʘʨʦʱʫʚʘʥʥʷ. 

     

                                 ʘ                                     ʙ                               ʚ 

ʈʠʩ. 1. ʉʭʝʤʘ ʝʣʝʤʝʥʪʫ ʧʨʠ ʦʜʥʦ- ʽ ʜʚʦʰʘʨʦʚʦʤʫ ʥʘʨʦʱʫʚʘʥʥʽ 

 

ɼʣʷ ʧʨʠʚʝʜʝʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʟʘʜʘʯʽ ʜʦ ʜʚʦʚʠʤʽʨʥʦʾ ʚ ʧʣʦʱʠʥʽ Oxy 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʭʝʤʘ ʦʜʥʦʯʘʩʥʦʛʦ (ʤʠʪʪʻʚʦʛʦ) ʥʘʢʣʘʜʝʥʥʷ ʚʘʣʠʢʘ ʚ ʥʘʧʨʷʤʢʫ 

ὕᾀ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʚʜʘʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʜʘʯʽ ʧʨʦ ʧʣʦʩʢʠʡ ʜʝʬʦʨʤʦʚʘʥʠʡ 
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(ʇɼʉ) ʘʙʦ ʧʣʦʩʢʠʡ ʥʘʧʨʫʞʝʥʠʡ (ʇʅʉ) ʩʪʘʥ ʚ ʧʣʦʱʠʥʽ ὕὼώ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʫʤʦʚ ʟʘʢʨʽʧʣʝʥʥʷ ʪʦʨʮʽʚ ᾀ π ʽ ᾀ ὰ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 ï ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

 „ȟ π,   ὧȇ—
Ȣ

Ὧ—ȟȟ ὗ (1) 

ʟ ʛʨʘʥʠʯʥʠʤʠ ʽ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ 

Ὧὲ—ȟ ή ‎— — „‐— — ;   —π — 

 ï ʚʠʟʥʘʯʘʣʴʥʽ ʨʽʚʥʷʥʥʷ  

 ‐ ‐ ‐ ‐ ‐ᶻȟ   ‐ πȟ  

 ί ςὋὩ ‐ Ὡ Ὡᶻ ȟ   „ σὑ ‐ ‐ ‐ᶻ  (2) 

 ï ʨʽʚʥʷʥʥʷ ʪʝʯʽʾ ʤʦʜʝʣʽ ɹʦʜʥʝʨʘ-ʇʘʨʪʦʤʘ 

 ‐ ὈὩὼὴ ,   ‐ π π;  (3) 

ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ‐ᶻπḳπ; 

ï ʨʽʚʥʷʥʥʷ ʝʚʦʣʶʮʽʾ ʜʣʷ ʧʘʨʘʤʝʪʨʘ ʽʟʦʪʨʦʧʥʦʛʦ ʟʤʽʮʥʝʥʥʷ 

 ὑ ά ὑ ὑύ , ὑπ π;   

ʜʝ ὋȟὋ ʽ ὑȟὑ  ï ʤʦʜʫʣʽ ʟʩʫʚʫ ʽ ʦʙôʻʤʥʦʛʦ ʩʪʠʩʥʝʥʥʷ; ὑ, ὑ, ά , ὲ, 

Ὀ  ï ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ; ύ  ï ʧʣʘʩʪʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ, ί ï ʜʨʫʛʠʡ ʽʥʚʘʨʽʘʥʪ 

ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʴ, ύ „‐ , ί ρȾςίί; ὗ ï ʜʞʝʨʝʣʦ ʪʝʧʣʘ.  

ɿʘʢʦʥ ʥʘʢʦʧʠʯʝʥʥʷ ʥʦʚʦʾ ʬʘʟʠ x. x=F, P, B, M, ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʦʙʣʘʩʪʷʭ 

ʫʟʜʦʚʞ ʪʨʘʻʢʪʦʨʽʾ ʦʭʦʣʦʜʞʝʥʥʷ ʜʘʻʪʴʩʷ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʠʤ ʨʽʚʥʷʥʥʷʤ 

ʂʦʽʩʪʽʥʝʥʘïʄʘʨʙʫʨʛʝʨʘ 

 ὴ ρ ὩὼὴὯ ὴ   

ʜʝ —ȟ—ï ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʯʘʪʢʫ ʽ ʢʽʥʮʷ ʧʝʨʝʪʚʦʨʝʥʥʷ, k - ʤʘʪʝʨʽʘʣʴʥʘ 

ʢʦʥʩʪʘʥʪʘ, ὴ ὅẗρππϷ, ὴ  ïʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʦʚʦʾ ʬʘʟʠ ʜʣʷ ʜʘʥʦʾ 

ʪʨʘʻʢʪʦʨʽʾ, ὅ ï ʦʙ'ʻʤʥʘ ʯʘʩʪʢʘ ʬʘʟʠ, π ὅ ρȟВὅ ρ. 

ʄʝʭʘʥʽʯʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʢʦʥʢʨʝʪʠʟʫʶʪʴʩʷ ʫʤʦʚʘʤʠ ʥʘʧʣʘʚʣʝʥʥʷ ʽ 

ʟʘʢʨʽʧʣʝʥʥʷ ʝʣʝʤʝʥʪʘ.  
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ʊʝʨʤʦʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʞʥʦʾ ʬʘʟʠ ὣ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ὣ ὣ —. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʤʘʢʨʦʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ὣ ʜʣʷ ʜʦʚʽʣʴʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʣʽʥʽʡʥʝ ʧʨʘʚʠʣʦ ʩʫʤʽʰʝʡ.  

ʌʽʟʠʯʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʟʘ ʧʨʘʚʠʣʦʤ ʩʫʤʽʰʝʡ, ʻ: ὧ ï 

ʪʝʧʣʦʻʤʥʽʩʪʴ; Ὧ ï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ; Ὁ ï ʤʦʜʫʣʴ ʖʥʛʘ; ‌ ï ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ 

ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ; ’ ï ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ 

ʪʝʯʽʾ.  

ɼʝʬʦʨʤʘʮʽʾ ‐ᶻ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʫʤʦʚ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʚ ʝʣʝʤʝʥʪʽ 

Dv ʤʘʪʝʨʽʘʣʫ, ʱʦ ʥʘʨʦʱʫʻʪʴʩʷ ʚ ʤʦʤʝʥʪ ὸ ὸᶻ τ. 

ʊʝʨʤʦʬʘʟʦʚʘ ʜʝʬʦʨʤʘʮʽʷ ‐  ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ʧʠʪʦʤʽ ʦʙóʻʤʠ ʬʘʟ ὠ ʟʘ 

ʬʦʨʤʫʣʦʶ 

 ( )
() () ( ) ( )

( ) ( )3

r rph

ij r ij

r r

V C V C
, ,C

V C
x xq

x

x

q
e

-
=  (4) 

ʊʫʪ — ï ʧʦʪʦʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, — ï ʜʝʷʢʘ ʚʽʜʣʽʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ .  

ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʠʭ ʦʙôʻʤʽʚ ὠ — ʜʣʷ ʬʘʟʠ x ʚ ʤ3
/ʢʛ, 

ʚʽʜʥʝʩʝʥʽ ʜʦ —=20Áʉ, ʧʨʠʡʤʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

 ὠ — ὠ ρ σ‌ — — ,  

ʜʝ ‌ ï ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʬʘʟʠ ‚, ὠ  ï ʧʠʪʦʤʠʡ 

ʦʙóʻʤ ʬʘʟʠ ‚ ʧʨʠ ʚʽʜʣʽʢʦʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ɿʘʜʘʯʘ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʨʦʟʚʠʥʫʪʦʶ ʚ ʨʦʙʦʪʘʭ [1, 2, 4].  

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʅʘʢʣʘʜʘʥʥʷ ʚʘʣʠʢʽʚ ʤʦʜʝʣʶʚʘʣʦʩʷ ʟʘ 

ʩʭʝʤʦʶ, ʥʘʚʝʜʝʥʦʶ ʥʘ ʨʠʩ. 1 ʙ. ʇʨʠʡʤʘʣʦʩʴ l=100ʤʤ, h=3ʤʤ, Dh=2.3ʤʤ, 

Dl=5ʤʤ, lc=25ʤʤ, lz=200ʤʤ, ʜʝ lz ï ʜʦʚʞʠʥʘ ʝʣʝʤʝʥʪʘ ʚ ʥʘʧʨʷʤʢʫ ʦʩʽ Oz. 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʟ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥʠ ʧʨʠʡʤʘʚʩʷ g=30ɺʪ/ʤ
2
Áʉ, ʘ ʟ 

ʧʦʚʝʨʭʥʽ ʦʩʥʦʚʠ ï g=100ɺʪ/ʤ
2
Áʉ. 

ɺʘʣʠʢ ʽ ʧʨʠʣʝʛʣʽ ʜʦ ʥʴʦʛʦ ʩʤʫʞʢʠ ʤʘʪʝʨʽʘʣʫ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʽʛʨʽʚʘʶʪʴʩʷ 

ʧʨʦʪʷʛʦʤ ʯʘʩʫ 9Qt c=  ʦʙóʻʤʥʠʤʠ ʜʞʝʨʝʣʘʤʠ. ɰʭ ʧʦʪʫʞʥʽʩʪʴ ʚʽʜʧʦʚʽʜʘʻ 
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ʝʥʪʘʣʴʧʽʾ ʨʦʟʧʣʘʚʫ, ʷʢʠʡ ʚ ʥʴʦʛʦ ʚʢʣʘʜʘʻʪʴʩʷ, ʘ ʪʘʢʦʞ ʨʦʟʽʛʨʽʚʫ ʝʣʝʢʪʨʠʯʥʦʶ 

ʜʫʛʦʶ, ʽ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʽʛʨʽʚ ʜʦ qº1550̄ C. ɺ ʤʦʤʝʥʪ ʜʦʩʷʛʥʝʥʥʷ ʮʴʦʛʦ ʨʽʚʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʬʽʢʩʫʻʪʴʩʷ ʬʘʢʪʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ q* ʽ ʜʝʬʦʨʤʘʮʽʷ ije
*
 ʧʦʨʦʞʥʽʭ 

ʝʣʝʤʝʥʪʽʚ ʚʘʣʠʢʘ. ɼʘʣʽ ʚʦʥʠ ʟʘʧʦʚʥʶʶʪʴʩʷ ʤʘʪʝʨʽʘʣʦʤ ʥʘʨʦʱʫʚʘʥʥʷ. ʇʽʩʣʷ 

ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʦʪʷʛʦʤ ʯʘʩʫ to=23c ʥʘʧʣʘʚʦʯʥʽ ʮʠʢʣʠ ʧʦʚʪʦʨʶʶʪʴʩʷ ʜʦ 

ʟʘʢʽʥʯʝʥʥʷ ʧʨʦʮʝʩʫ ʥʘʧʣʘʚʣʝʥʥʷ. ɺʩʴʦʛʦ ʥʘʢʣʘʜʘʻʪʴʩʷ 20 ʚʘʣʠʢʽʚ. ʇʽʩʣʷ 

ʦʩʪʠʛʘʥʥʷ ʝʣʝʤʝʥʪ ʟʚʽʣʴʥʶʻʪʴʩʷ ʚʽʜ ʟʘʢʨʽʧʣʝʥʴ (ʨʠʩ. 1 ʙ), ʽ ʚʠʤʽʨʶʻʪʴʩʷ ʡʦʛʦ 

ʟʘʣʠʰʢʦʚʠʡ ʧʨʦʛʠʥ.  

ɺʧʣʠʚ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʢʽʥʝʪʠʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʧʝʨʝʤʽʱʝʥʴ ʽʣʶʩʪʨʫʻʪʴʩʷ ʚ ʪʦʯʮʽ ʚ ʦʩʥʦʚʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʧʽʜ 11-ʤ ʚʘʣʠʢʦʤ (x=55 

10
-3
ʤ, y=2.5 10

-3
ʤ), ʷʢʠʡ ʥʘʧʣʘʚʣʷʻʪʴʩʷ ʚ ʧʨʦʤʽʞʦʢ ʯʘʩʫ (230 239)t cÍ ·  ʟʛʽʜʥʦ 

ʩʭʝʤʠ ʥʘ ʨʠʩ. 1 ʙ ʟʘ ʫʤʦʚ ʚʽʣʴʥʦʾ ʥʠʞʥʴʦʾ ʛʨʘʥʠʮʽ. ʊʘʢʽ ʢʨʠʚʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2 

ʘ ʜʣʷ ʚʠʧʘʜʢʫ ʥʘʧʣʘʚʣʝʥʥʷ ʩʪʘʣʣʶ ʉʚ-08ɸ ʽ ʥʘ ʨʠʩ. 2 ʙ ï ʩʪʘʣʣʶ 25ʍ5ʌʄʉ, ʷʢʘ 

ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʟʘʟʥʘʻ ʤʘʨʪʝʥʩʠʪʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. 

     

ʘ                                                                   ʙ 

ʈʠʩ. 2. ʂʽʥʝʪʠʢʘ ʧʨʦʛʠʥʫ 

 

ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʤʽʩʮʝ ʩʫʪʪʻʚʝ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʛʠʥʫ ʚ ʦʙʣʘʩʪʽ 

ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʊʦʯʢʘʤʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʽʡ ʢʨʠʚʽʡ ʥʘ ʨʠʩ. 10 ʙ 

ʧʦʟʥʘʯʝʥʽ ʤʦʤʝʥʪʠ ʚʭʦʜʫ ʚ ʦʙʣʘʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʫʩʪʝʥʽʪ-ʤʘʨʪʝʥʩʠʪ ʽ ʚʠʭʦʜʫ ʟ 

ʥʝʾ. ʐʪʨʠʭʦʚʽ ʧʨʷʤʽ ʦʙʤʝʞʫʶʪʴ ʮʶ ʦʙʣʘʩʪʴ ʥʘ ʦʩʷʭ q ʽ t. ʄʠʪʪʻʚʘ ʟʤʽʥʘ 

ʧʨʦʛʠʥʫ ʧʨʠ tº1100c ʚʽʜʧʦʚʽʜʘʻ ʟʚʽʣʴʥʝʥʥʶ ʧʨʘʚʦʾ ʢʨʦʤʢʠ ʧʣʘʩʪʠʥʠ ʚʽʜ 

ʛʣʘʜʢʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ.  
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ʅʘ ʨʠʩ. 3 ʘ, ʙ ʜʘʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʧʨʦʛʠʥʽʚ ʧʨʠ ʧʦʚʘʣʠʢʦʚʦʤʫ 

ʥʘʧʣʘʚʣʝʥʥʽ ʰʘʨʫ (ʨʠʩ. 2) ʧʽʩʣʷ ʟʚʽʣʴʥʝʥʥʷ ʟʘʢʨʽʧʣʝʥʥʷ ʢʽʥʮʽʚ ʝʣʝʤʝʥʪʫ ʧʨʠ 

ʥʘʧʣʘʚʣʝʥʥʽ ʩʪʘʣʷʤʠ ʉɺ-08ɸ ʽ 25ʍ5ʌʄʉ, ʚʽʜʧʦʚʽʜʥʦ, ʽ ʚʽʣʴʥʽʡ ʥʠʞʥʽʡ ʛʨʘʥʠʮʽ.  

   

ʘ                                                            ʙ 

ʈʠʩ. 3. ɿʘʣʠʰʢʦʚʽ ʧʨʦʛʠʥʠ 

 

ʄʘʨʪʝʥʩʠʪʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʙʽʣʴʰʫʶʪʴ ʧʨʦʛʠʥʠ ʚʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ 

ʦʙôʻʤʫ ʚ ʮʽʡ ʬʘʟʽ. ʎʝ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʥʦ ʽ ʧʨʠ ʛʣʘʜʢʦʤʫ ʦʧʠʨʘʥʥʽ ʥʘ ʥʠʞʥʽʡ 

ʛʨʘʥʠʮʽ. 

ɿʘʣʠʰʢʦʚʽ ʨʦʟʧʦʜʽʣʠ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʥʘʧʨʫʞʝʥʴ si ʚ ʧʝʨʝʨʽʟʘʭ ɸ-ɸ 

(ʩʝʨʝʜʠʥʘ ʦʩʥʦʚʠ) ʽ ɺ-ɺ (ʩʝʨʝʜʠʥʘ ʥʘʨʦʱʝʥʦʛʦ ʰʘʨʫ) ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4 ʘ ʜʣʷ 

ʩʪʘʣʽ ʉɺ-08ɸ ʽ ʨʠʩ. 4 ʙ ʜʣʷ ʩʪʘʣʽ 25ʍ5ʌʄʉ ʫ ʚʠʧʘʜʢʫ ʤʦʜʝʣʽ ʇʅʉ ʽ ʛʣʘʜʢʦʛʦ 

ʦʧʠʨʘʥʥʷ. 

 

 

ʘ                                                     ʙ 

ʈʠʩ. 4. ʈʦʟʧʦʜʽʣʠ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ 

 

ɺʥʘʩʣʽʜʦʢ ʬʘʟʦʚʦʛʦ ʟʤʽʮʥʝʥʥʷ ʧʨʠ ʥʘʨʦʱʫʚʘʥʥʽ ʩʪʘʣʣʶ 25ʍ5ʌʄʉ 

ʥʘʧʨʫʞʝʥʥʷ ʟʥʘʯʥʦ ʚʠʱʽ, ʥʽʞ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʩʪʘʣʣʶ ʉɺ-08ɸ. 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ ʜʚʦʰʘʨʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʩʪʘʣʷʤʠ ʉɺ-08ɸ (ʨʠʩ. 5 ʘ, 

ʙ) ʽ 25ʍ5ʌʄʉ (ʨʠʩ. 6 ʘ, ʚ) ʟʘ ʫʤʦʚ ʛʣʘʜʢʦʛʦ ʦʧʠʨʘʥʥʷ ʽ ʇʅʉ. ɼʨʫʛʠʡ ʰʘʨ 

ʥʘʨʦʱʫʻʪʴʩʷ ʧʽʩʣʷ ʦʩʪʠʛʘʥʥʷ ʝʣʝʤʝʥʪʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 300
ʦ
ʉ ʐʪʨʠʭʦʚʽ ʣʽʥʽʾ 


