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ÝìĀìüøìøìð ØÿíúüìöĄú 

Ðúöþúüô ô÷øĕúô öôøôČ, ûüúĀñýýúü, øÿúîôùô üñöþúü úôð íì ô÷ø îì ôùùúîìþýôċô 
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ûì÷ñúùþú÷úïôċ îì ýþüìþôïüìĀôċô Ôùýþôþÿþô ïñú÷úïôċ, ýúāþøúùô íì óìøôùĔÿùíĒ 
þúíúîìü îì ýñõýøú÷úïôċô Ìöìðñøôċô øô÷÷ôô ô÷øĕúô ÞúĔôöôýþúù 

Öúøô÷úî Úðôùì 
Öúøô÷úîôă 

Ðúöþúüô ô÷øĕúô þñāùôöĒ, ûüúĀñýýúüô öìĀñðüìô ïôðüúïñú÷úïôċ îì ïñú÷úïôċô 
øÿĕìùðôýôô Āìöÿ÷þñþô ïñú÷úïôċô ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù 

ÇÌÕÌÞÔ ÞÌÇÜÔÜÔë: 

Îì÷ôñî äìüôĀ 
àìõóÿ÷÷úñîôă 

Ðúöþúüô ô÷øĕúô ïñú÷úïôċ îì øôùñüì÷úïôċ, ûüúĀñýýúü, ýìüāúðôøô ô÷øôô Ôùýþôþÿþô 
ïñú÷úïôċ, ýúāþøúùô íì óìøôùĔÿùíĒ þúíúîìü îì ýñõýøú÷úïôċô ÌØÔÞ 

àìõóôñî Ìíðÿ÷ĕìė 
ÜìĔìíúîôă 

ßóîô îúíìýþìô Ìöìðñøôċô øô÷÷ôô ô÷øĕúô ÞúĔôöôýþúù, ðúöþúüô ô÷øĕúô ïñú÷úïôċ îì 
øôùñüì÷úïôċ, ûüúĀñýýúüô öìĀñðüìô ïñú÷úïôċ îì ôöþôĄúĀô öúùĕúô öìùðìùôĕúô 
Āúôðìùúöô Āìöÿ÷þñþô ïñú÷úïôċ 

Ìíðÿüìĕôøúî Ýìðüôððôù 
ëøôùúîôă 

Ðúöþúüô ô÷øĕúô ïñú÷úïôċ îì øôùñüì÷úïôċ, ûüúĀñýýúüô öìĀñðüìô ïñúïüìĀôċô þìíôôô 
Āìöÿ÷þñþô ïñúĉöú÷úïôċô ÐúùôĄïúĕô ðìî÷ìþôô áÿĔìùð íì ùúøô ìöìðñøôö Í. 
ÀìĀÿüúî  

Öìüôøúî àìüĄñð 
Çô÷ú÷úîôă  

Ðúöþúüô ô÷øĕúô ĀôóôöìĊ øìþñøìþôöì, ûüúĀñýýúüô öìĀñðüìô ïñú÷úïôċ îì 
ôöþôĄúĀô öúùĕúô öìùðìùôĕúô Āúôðìùúöô Āìöÿ÷þñþô ïñú÷úïôċô ÐúùôĄïúĕô øô÷÷ôô 
ÞúĔôöôýþúù 

Øÿĕìííìþúî áú÷ùìóìü 
Øÿĕìííìþúîôă 

Ðúöþúüô ô÷øĕúô ïñúïüìĀôċ, ûüúĀñýýúüô öìĀñðüìô þÿüôóø îì øñþúðôöìô þìĆ÷ôøô 
ïñúïüìĀôċô Āìöÿ÷þñþô ïñúïüìĀôċô ÐúùôĄïúĕô ðìî÷ìþôô úøĘóïúüôô ÞúĔôöôýþúù íì 
ùúøô Ý. ÌõùĒ 

Ýìôðúî Øôüóú 
Ýôïíìþÿ÷÷úîôă 

Ðúöþúüô ô÷øĕúô ïñú÷úïôċ îì øôùñüì÷úïôċ, ûüúĀñýýúüô öìĀñðüìô ïôðüúïñú÷úïôċ îì 
ïñú÷úïôċô øÿĕìùðôýôô ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù 

Ôöüúøúî Ôýøúùėÿ÷ 
Ôýþìøúîôă  

Ðúöþúüô ô÷øĕúô þñāùôöĒ, ûüúĀñýýúüô öìĀñðüìô øñ÷ôúüìþýôċ, þìĔðôðýúóĒ îì ĕôĀóô 
óìøôùô ÐúùôĄïúĕô ìïüìüôô ÞúĔôöôýþúù íì ùúøô ä. äúĕþñøÿü 

Üÿóôñî Æÿüì 
Üìĕôøùìóìüúîôă 

Ðúöþúüô ô÷øĕúô þñāùôöĒ, ûüúĀñýýúüô öìĀñðüìô öôøôČô þìþíôėôô ÐúùôĄïúĕô 
øô÷÷ôô ÞúĔôöôýþúù 

Ýìøôāúî äúùìîüĘó 
Üìĕôøúîôă 

Ðúöþúüô ô÷øĕúô þñāùôöĒ, ûüúĀñýýúüô öìĀñðüìô öôøôČô ûìõîìýþìĕúô 
öì÷úùøú÷ñöÿ÷Ē îì þñāùú÷úïôċô öôøôČô ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù 

Ìùðìøúî ÜìĔìíì÷Ē 
äìøýúîôă 

Ùúøóìðô ô÷øĕúô ïñú÷úïôċ îì øôùñüì÷úïôċ, ðúþýñùþô öìĀñðüìô ïôðüúïñú÷úïôċ îì 
ïñú÷úïôċô øÿĕìùðôýôô Āìöÿ÷þñþô ïñú÷úïôċô ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù 

ÙôČóúî Ìùýúü Ýúĕôíúîôă Ùúøóìðô ô÷øĕúô ïñú÷úïôċ îì øôùñüì÷úïôċ, ðúþýñùþô öìĀñðüìô ïñú÷úïôċ îì 
øñùñĔøñùþô øìĆðìùÿ þñāùôöìô ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù 

Àìõüìþúî Øì÷ôöðúð 
Þúûú÷ìùïúîôă 

Ùúøóìðô ô÷øĕúô þñāùôöĒ, ðúþýñùþô öìĀñðüìô ïôðüúïñú÷úïôċ îì ïñú÷úïôċô 
øÿĕìùðôýôô Āìöÿ÷þñþô ïñú÷úïôċô ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù 

ÙôČóúî Úøìðėÿ÷ 
Çìøüúėÿ÷úîôă 

Ùúøóìðô ô÷øĕúô þñāùôöĒ, ðúþýñùþ, øÿúîôùô ðñöìù úôð íì ô÷ø îì ôùùúîìþýôċô 
Āìöÿ÷þñþô ïñú÷úïôċô ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù 

ØìĔì÷÷ì íì àñĕüôýþô ùìĄüôċĕúô ô÷øôô þìėüôóĄìîìùðìô Öúøôýýôċô ú÷ôô ìþþñýþìþýôúùôô ùìóðô Ûüñóôðñùþô 
Æÿøĕÿüôô ÞúĔôöôýþúù ìó 28.02.2021, Ĝ73 îúüôð ïìüðôðììýþ. 

ØìĔì÷÷ì ðìü Øìüöìóô þìíĆÿ ùìĄü, íìüïìüðúù îì 
þìüĔÿøìô ÐØÞ íìüúô ùìĄü þìĕôċ øñïìüðìð. ÙôĄúùôô 
Øìüöìó: 734025, Æÿøĕÿüôô ÞúĔôöôýþúù, Ą.ÐÿĄìùíñ, 
āôČíúùô ÜĘðìöĒ, 17. E-mail: vestnik-tnu@mail.ru 
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Ô÷ø îì ôùùúîìþýôċ 
ÍìāĄô ô÷øĕúô ïñú÷úïĒ îì þñāùôöĒ 

ØìĔì÷÷ì ðìü Ôùðñöýô ôėþôíúýĕúô ô÷øôô Üÿýôċ 
(ÜÔÙâ) îúüôð öìüðì Ąÿðììýþ. ØìĔì÷÷ì íú óìíúùĕúô 

þúĔôöĒ îì üÿýĒ ùìĄü øñĄìîìð. 
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ʅɸʋʂɸ ʀ ʀʅʅʆɺɸʎʀʗ 

ʉɽʈʀʗ ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʀ ʊɽʍʅʀʏɽʉʂʀʍ ʅɸʋʂ 

ʋʯʨʝʜʠʪʝʣʴ ʞʫʨʥʘʣʘ: 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɾʫʨʥʘʣ ʦʩʥʦʚʘʥ ʚ 2014 ʛ. ɺʳʭʦʜʠʪ 4 ʨʘʟʘ ʚ ʛʦʜ. 

ɻʃɸɺʅʓʁ ʈɽɼɸʂʊʆʈ ɾʋʈʅɸʃɸ: 

ʅʘʩʨʠʜʜʠʥʟʦʜʘ ʕʤʦʤʘʣʠ 

ʉʘʡʬʠʜʜʠʥ 

ɼʦʢʪʦʨ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʅɸʅʊ, ʨʝʢʪʦʨ ʊʘʜʞʠʢʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʇɽʈɺʓʁ ɿɸʄɽʉʊʀʊɽʃʔ ɻʃɸɺʅʆɻʆ ʈɽɼɸʂʊʆʈɸ: 

ʉʘʬʘʨʤʘʤʘʜʟʦʜʘ 

ʉʘʬʘʨʤʘʤʘʜ ʄʫʙʦʨʘʢʰʦ 

ɼʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦʨʝʢʪʦʨ ʧʦ ʥʘʫʢʝ ʊʘʜʞʠʢʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ  

ɿɸʄɽʉʊʀʊɽʃʀ ɻʃɸɺʅʆɻʆ ʈɽɼɸʂʊʆʈɸ: 

ʆʩʧʘʥʦʚʘ ʅʘʨʠʤʘ 

ʂʘʞʝʥʦʚʥʘ 

ɼʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ 

ʧʘʣʝʦʥʪʦʣʦʛʠʠ ʠ ʩʪʨʘʪʠʛʨʘʬʠʠ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ, ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʝʡʩʤʦʣʦʛʠʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ 

ʂʦʤʠʣʦʚ ʆʜʠʥʘ 

ʂʦʤʠʣʦʚʠʯ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ ʠʥʞʝʥʝʨʥʦʡ 

ʛʝʦʣʦʛʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʏʃɽʅʓ ʈɽɼɸʂʎʀʆʅʅʆʁ ʂʆʃʃɽɻʀʀ: 

ɺʘʣʠʝʚ ʐʘʨʠʬ 

ʌʘʡʟʫʣʣʦʝʚʠʯ 

ɼʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ, ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʝʡʩʤʦʣʦʛʠʠ 

ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ 

ʌʘʡʟʠʝʚ ɸʙʜʫʣʭʘʢ 

ʈʘʜʞʘʙʦʚʠʯ 

ʏʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʜʦʢʪʦʨ 

ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʛʝʦʣʦʛʠʠ ʠ ʨʘʟʚʝʜʢʠ ʄʇʀ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ɸʙʜʫʨʘʭʠʤʦʚ ʉʘʜʨʠʜʜʠʥ 

ʗʤʠʥʦʚʠʯ 

ɼʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʡ 

ʛʝʦʛʨʘʬʠʠ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʍʫʜʞʘʥʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɹ. ɻʘʬʫʨʦʚʘ 

ʂʘʨʠʤʦʚ ʌʘʨʰʝʜ 

ʍʠʣʦʣʦʚʠʯ 

ɼʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʛʝʦʣʦʛʠʠ ʠ ʨʘʟʚʝʜʢʠ 

ʄʇʀ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ  

ʄʫʭʘʙʙʘʪʦʚ ʍʦʣʥʘʟʘʨ 

ʄʫʭʘʙʙʘʪʦʚʠʯ 

ɼʦʢʪʦʨ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʪʫʨʠʟʤʘ ʠ ʤʝʪʦʜʠʢʠ 

ʧʨʝʧʦʜʘʚʘʥʠʷ ʛʝʦʛʨʘʬʠʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʉ. ɸʡʥʠ 

ʉʘʠʜʦʚ ʄʠʨʟʦ 

ʉʠʛʙʘʪʫʣʣʦʚʠʯ 

ɼʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ 

ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʀʢʨʦʤʦʚ ʀʩʤʦʥʢʫʣ 

ʀʩʪʘʤʦʚʠʯ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʤʝʣʠʦʨʘʮʠʠ, ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʠ 

ʦʭʨʘʥʳ ʟʝʤʝʣʴ ʊʘʜʞʠʢʩʢʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʐ. ʐʦʭʪʝʤʫʨʘ 

ʈʫʟʠʝʚ ɼʞʫʨʘ 

ʈʘʭʠʤʥʘʟʘʨʦʚʠʯ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ ʊʘʜʞʠʢʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʉʘʤʠʭʦʚ ʐʦʥʘʚʨʫʟ 

ʈʘʭʠʤʦʚʠʯ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ɸʥʜʘʤʦʚ ʈʘʜʞʘʙʘʣʠ 

ʐʘʤʩʦʚʠʯ 

ʂʘʥʜʠʜʘʪ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ 

ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʅʠʸʟʦʚ ɸʥʩʦʨ ʉʦʭʠʙʦʚʠʯ ʂʘʥʜʠʜʘʪ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʛʦʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʤʝʥʝʥʜʞʤʝʥʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ɻʘʡʨʘʪʦʚ ʄʘʣʠʢʜʦʜ 

ʊʦʧʦʣʘʥʛʦʚʠʯ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ ʠʥʞʝʥʝʨʥʦʡ 

ʛʝʦʣʦʛʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʅʠʸʟʦʚ ʆʤʘʜʢʫʣ 

ʍʘʤʨʦʢʫʣʦʚʠʯ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʤʝʩʪʠʪʝʣʴ ʜʝʢʘʥʘ ʧʦ ʥʘʫʢʝ ʠ ʠʥʥʦʚʘʮʠʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ɾʫʨʥʘʣ ʚʢʣʶʯʝʥ ʚ ʇʝʨʝʯʝʥʴ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʝʩʧʫʙʣʠʢʠ 

ʊʘʜʞʠʢʠʩʪʘʥ ʦʪ 28.02.2021, ˉ73 

ɾʫʨʥʘʣ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪʩʷ ʢ ʠʟʜʘʥʠʶ ʚ ʀʟʜʘʪʝʣʴʩʢʦʤ 

ʮʝʥʪʨʝ ʊʅʋ. 
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ɻ ɽ ʆ ʃ ʆ ɻ ʀ ʗ 

ʋɼʂ: 550.8(575.3) 

ʇʆɺʓʐɽʅʀɽ ʊɽʄʇɽʈɸʊʋʈʓ ɺʆɿɼʋʍɸ ʀ ʀɿʄɽʅɽʅʀɽ ʂʃʀʄɸʊɸ ɺʃʀʗʖʊ ʅɸ 

ʂʈʋʇʅʓɽ ʃɽɼʅʀʂʀ ɹɸʉʉɽʁʅɸ ʈɽʂʀ ʆɹʀʍʀʅɻʆʋ  

 

ʍʦʤʠʜʦʚ ɸ., ɼʘʚʣʘʪʦʚ ɼʞ., ɸʙʜʫʣʣʦʚ ɼʞ.ɼ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ñʎʝʥʪʨ ʠʟʫʯʝʥʠʷ ʣʝʜʥʠʢʦʚ ʅʘʮʠʦʥʘʣʴʥʦʡ 

ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘò 

 

ɺʚʝʜʝʥʠʝ. ʅʘʰʠ ʣʝʜʥʠʢʠ ʪʘʶʪ ʫʩʢʦʨʝʥʥʦ, ʟʘʧʘʩʳ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʩʦʢʨʘʱʘʶʪʩʷ 

ʦʧʝʨʝʞʘʶʱʠʤʠ ʪʝʤʧʘʤʠ, ʩʝʣʠ, ʧʘʚʦʜʢʠ, ʟʘʩʫʭʠ ʠ ʜʨʫʛʠʝ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʫʯʘʱʘʶʪʩʷ 

ʠ ʥʘʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʱʝʨʙ ʵʢʦʥʦʤʠʢʝ ʩʪʨʘʥʳ, ʧʦʜʨʳʚʘʷ, ʪʝʤ ʩʘʤʳʤ, ʥʘʰʠ ʫʩʠʣʠʷ ʧʦ 

ʜʦʩʪʠʞʝʥʠʶ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ, ʥʝʦʙʭʦʜʠʤʦ ʙʳ ʝʱʝ ʨʘʟ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʥʘ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʚʝʩʴʤʘ ʦʯʝʚʠʜʥʦ, ʠ ʵʪʦʪ ʚʦʧʨʦʩ ʜʦʣʞʝʥ ʙʳʪʴ ʚ ʮʝʥʪʨʝ 

ʚʥʠʤʘʥʠʷ ʚʩʝʛʦ ʤʠʨʦʚʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʦʩʦʙʝʥʥʦ ʣʠʜʝʨʦʚ ʛʦʩʫʜʘʨʩʪʚ-ʯʣʝʥʦʚ ʈʂʀʂ ʆʆʅ [11]. 

ɻʦʨʥʳʝ ʣʝʜʥʠʢʠ ʙʳʩʪʨʦ ʩʦʢʨʘʱʘʶʪʩʷ ʠʟ-ʟʘ ʫʩʠʣʝʥʥʦʡ ʘʙʣʷʮʠʠ ʠ ʩʥʠʞʝʥʥʦʡ 

ʘʢʢʫʤʫʣʷʮʠʠ. ɺ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠʟʤʝʥʝʥʠʷ ʣʝʜʥʠʢʦʚ ʠ ʩʥʝʛʦʚ ʚʝʩʴʤʘ 

ʨʘʟʣʠʯʥʳ ʠʟ-ʟʘ ʦʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ, ʨʘʟʣʠʯʠʷ ʨʝʞʠʤʦʚ ʪʘʷʥʠʷ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʙʘʣʘʥʩʘ ʤʘʩʩʳ ʣʝʜʥʠʢʦʚ, ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʘʜʢʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺ
 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʱʘ ̫ʧʣʦʱʘʜʴ ʣʝʜʥʠʢʦʚ ʊʘʜʞʠʢʠʩʪʘʥʘ ʙʦʣʝʝ 8 000 ʢʤ

2
 ʠ ʦʙʱʠʡ 

ʦʙʲʝʤ ʚʩʝʭ ʣʝʜʥʠʢʦʚ ï 845 ʢʤ
3
. ʇʦʵʪʦʤʫ, ʭʦʪʷ ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ ʟʘʥʠʤʘʝʪ ʧʨʠʤʝʨʥʦ 

ʜʝʩʷʪʫʶ ʯʘʩʪʴ ʧʣʦʱʘʜʠ ʚʩʝʡ ʉʨʝʜʥʝʡ ɸʟʠʠ, ʥʘ ʝʸ ʪʝʨʨʠʪʦʨʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʯʪʠ ʜʚʝ ʪʨʝʪʠ 

ʩʪʦʢʘ ʚʩʝʛʦ ʨʝʛʠʦʥʘ. ʅʘʰʠ ʣʝʜʥʠʢʠ ʜʘʶʪ ʝʞʝʛʦʜʥʦ ʙʦʣʝʝ 13 ʢʤ
3
 ʚʦʜʳ - ʧʦʯʪʠ ʯʝʪʚʝʨʪʴ ʚʩʝʛʦ 

ʩʪʦʢʘ ʨʝʢ ʊʘʜʞʠʢʠʩʪʘʥʘ [9].  

ʄʝʩʪʦ ʠ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɹʘʩʩʝʡʥ ʨʝʢʠ ʆʙʠʭʠʥʛʦʫ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʨʠʪʦʢʦʚ ʨʝʢʠ ɺʘʭʰ ʠ ʩʯʠʪʘʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʨʘʡʦʥʦʤ ʦʣʝʜʝʥʝʥʠʷ ʇʘʤʠʨʘ. ɼʦʣʠʥʘ ʨʝʢʠ 

ʆʙʠʭʠʥʛʦʫ ʚ ʮʝʣʦʤ ʠʤʝʝʪ ʰʠʨʦʢʠʝ ʧʨʦʩʪʠʨʘʥʠʝ. ʅʘ ʩʝʚʝʨʝ ʛʦʨʥʳʡ ʤʘʩʩʠʚ ʇʝʪʨʘ ʇʝʨʚʦʛʦ ʢʘʢ 

ʛʨʘʥʠʮʘ ʜʦʣʠʥ ʨʝʢ ʄʫʢʩʫ ʠ ʉʫʨʭʦʙ, ʥʘ ʚʦʩʪʦʢʝ ʛʦʨʥʳʡ ʤʘʩʩʠʚ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʨʘʟʜʝʣʷʶʪ 

ʣʝʜʥʠʢʠ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʆʙʠʭʠʥʛʦʫ ʠ ʣʝʜʥʠʢʦʚʫʶ ʩʠʩʪʝʤʫ ʌʝʜʯʝʥʢʦ, ʥʘ ʶʛʝ ʟʘ ʛʦʨʥʳʤ ʭʨʝʙʪʦʤ 

ɼʘʨʚʘʟ ʥʘʭʦʜʠʪʩʷ ʙʘʩʩʝʡʥ ʨʝʢʠ ɺʘʥʯ. ɸʙʩʦʣʶʪʥʘʷ ʚʳʩʦʪʘ ʛʦʨʥʦʛʦ ʭʨʝʙʪʘ, ʦʢʘʡʤʣʷʶʱʝʛʦ 

ʜʦʣʠʥʫ ʆʙʠʭʠʥʛʦʫ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʙʘʩʩʝʡʥʘ ʨʝʢʠ. 

ʈʝʢʘ ʆʙʠʭʠʥʛʦʫ - ʣʝʚʳʡ ʧʨʠʪʦʢ ʨ. ɺʘʭʰ - ʠʤʝʝʪ ʜʣʠʥʫ 196 ʢʤ, ʧʣʦʱʘʜʴ ʙʘʩʩʝʡʥʘ 6660 ʢʤ
2
 

ʩ 549 ʣʝʜʥʠʢʘʤʠ ʠ ʦʥʠ ʟʘʥʠʤʘʶʪ 701,9 ʢʤ
2
. 207 ʣʝʜʥʠʢʦʚ ʨʘʟʤʝʨʘ ʤʝʥʴʰʝ 0,1 ʢʤ

2
, ʟʘʥʠʤʘʶʪ ʚ 

ʩʫʤʤʝ 10,5 ʢʤ
2
. ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 712 ʢʤ

2
. ɺ ʙʘʩʩʝʡʥʝ ʨ. ʆʙʠʭʠʥʛʦʫ ʥʘʭʦʜʠʪʩʷ ʩʘʤʳʡ ʙʦʣʴʰʦʡ 

ʣʝʜʥʠʢ ɻʘʨʤʦ, ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 34 ʢʤ ʠ ʧʣʦʱʘʜʴʶ 114 ʢʤ
2
. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʝʜʥʠʢ 

ʠʥʪʝʥʩʠʚʥʦ ʦʪʩʪʫʧʘʝʪ, ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʦʩʝʜʘʝʪ, ʦʪ ʣʝʜʥʠʢʘ ʦʪʜʝʣʷʶʪʩʷ ʙʦʣʴʰʠʝ ʣʝʜʷʥʳʝ 

ʛʣʳʙʳ [8; 10]. 

ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʣʴʜʘ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʆʙʠʭʠʥʛʦʫ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ, ʚ 

ʧʨʠʪʦʢʘʭ ʨʝʢ ɻʘʨʤʦ, ʩ ʧʨʘʚʦʛʦ ʧʨʠʪʦʢʘ ʂʳʨʛʳʟʦʙ ʠ ʣʝʚʦʛʦ ʧʨʠʪʦʢʘ ɹʦʭʫʜ. ɺʩʝ ʪʨʠ ʧʨʠʪʦʢʘ 

ʩʦʙʠʨʘʶʪ ʚʦʜʫ ʠʟ ʣʝʜʥʠʢʦʚ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʨʝʢʠ. ʇʨʠʪʦʢʠ ɻʘʨʤʦ, ʂʳʨʛʳʟʦʙ ʠ ɹʦʭʫʜ 

ʩʣʠʚʘʶʪʩʷ ʚ ʦʜʥʦ ʨʫʩʣʦ ʚ ʰʠʨʦʢʠʡ ʜʦʣʠʥʝ ʥʘ ʚʳʩʦʪʝ 2600 ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʛʜʝ 

ʦʙʨʘʟʫʝʪʩʷ ʨʝʢʘ ʆʙʠʭʠʥʛʦʫ.  

ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʣʝʜʥʠʢʦʚ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʆʙʠʭʠʥʛʦʫ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʣʦʱʘʜʠ ʣʝʜʥʠʢʦʚ ʤʝʪʦʜʦʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʳ 

ʢʦʩʤʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩʧʫʪʥʠʢʦʚ LANDSAT 

5LT (1993-2006 ʛ.) ʠ LANDSAT 8OLI (2021, 2023 ʛ.) ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ WGS 1984 

UTM Zone 42N ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ ʧʨʦʛʨʘʤʤʝ ArcMap 10.5. ɼʣʷ ʨʘʩʯʝʪʘ ʠʟʤʝʥʝʥʠʡ 

ʣʝʜʥʠʢʦʚ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʆʙʠʭʠʥʛʦʫ ʠ ʦʮʝʥʢʠ ʠʭ ʧʦʣʦʞʝʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʩʤʠʯʝʩʢʠʝ 

ʬʦʪʦʩʲʝʤʢʠ ʟʘ ʧʝʨʠʦʜ ʩ 1993 ʧʦ 2023 ʛʦʜʳ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʙʘʩʩʝʡʥʘ ʨ. ʆʙʠʭʠʥʛʦʫ 

Fig. 1. Diagram of the Obikhingou River basin 

 
 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʙʘʩʩʝʡʥʘ. ɺ ʣʝʜʥʠʢʦʚʦʡ ʟʦʥʝ ʙʘʩʩʝʡʥʘ ʨ. ʆʙʠʭʠʥʛʦʫ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠ ̫ʧʨʦʚʦʜʠʣʠʩʴ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʧʫʥʢʪʝ - ʥʘ ʣʝʜʥʠʢʝ ʉʢʦʛʘʯ ʚ 1969 

ʛʦʜʫ.  

ɺ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʆʙʠʭʠʥʛʦʫ ʠʤʝʶʪʩʷ ʪʨʠ ʤʝʪʝʦʩʪʘʥʮʠʠ, ʊʘʚʠʣʴ-ɼʘʨʘ ʥʘ ʚʳʩʦʪʝ 1620 

ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʝ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ, ʥʘ ʧʝʨʝʚʘʣʝ ʍʘʙʫʨʘʙʘʜ 

ʙʳʣʘ ʤʝʪʝʦʩʪʘʥʮʠʷ ʥʘ ʚʳʩʦʪʝ 3350 ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ʄʝʪʝʦʩʪʘʥʮʠʷ ʉʘʥʛʚʦʨ 

ʨʘʩʧʦʣʦʞʝʥʘ ʯʫʪʴ ʚʳʰʝ ʫʩʪʴʷ ʨ. ʆʙʠʤʘʟʘʨ, ʦʥʘ ʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʘ ʢ ʣʝʜʥʠʢʘʤ ʥʘ ʚʳʩʦʪʝ 2180 

ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨ ̫[8].  

ʋ ʚʦʩʪʦʯʥʦʡ ʛʨʘʥʠʮʳ ʙʘʩʩʝʡʥʘ, ʥʘ ʚʳʩʦʪʝ 4170 ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʙʳʣʘ ʩʘʤʘʷ 

ʚʳʩʦʢʦʛʦʨʥʘʷ ʩʪʘʥʮʠʷ ʠʤ. ɸʢ. ɻʦʨʙʫʥʦʚʘ, ʠ ʦʥʘ ʚʝʣʘ ʩʝʨʠʶ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʜʘʥʥʳʝ 

ʢʦʪʦʨʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʳʩʦʪ 

ʙʦʣʝʝ 4 000 ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨ ̫ʚ ʚʝʨʭʦʚʴʷʭ ʨʝʢʠ ʆʙʠʭʠʥʛʦʫ. 

ʆʩʥʦʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʧʦʢʘʟʘʥʠʡ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ɸʛʝʥʪʩʪʚʘ ʧʦ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʠ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʆʙʠʭʠʥʛʦʫ ʥʘ 

ʚʳʩʦʪʘʭ ʦʪ 1600 ʜʦ 4169 ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʝ. 
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ʈʠʩ.2. ɼʠʥʘʤʠʢʘ ʭʦʜʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʘʜʦʢ ʚ ʛʦʜʦʚʦʤ ʨʘʟʨʝʟʝ [10] 

Fig. 2. Dynamics of temperature and precipitation in the annual context  

  

  

ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʚʳʩʦʪʳ ʵʪʦʡ ʤʝʩʪʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʩʥʠʞʘʝʪʩʷ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ ʥʘ ʚʳʩʦʪʘʭ ʦʪ 1616 ʜʦ 4169 ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨ̫ ʚ ʠʶʣʝ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 20 ʜʦ 4,6 

ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʚ ʷʥʚʘʨʝ ʦʪ -5 ʜʦ 20 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɹʦʣʴʰʠʥʩʪʚʦ ʦʩʘʜʢʦʚ ʚ ʨʝʛʠʦʥʝ ʚʳʧʘʜʘʝʪ ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ (ʦʢʪʷʙʨʴ-ʘʧʨʝʣʴ), ʧʨʠʯʝʤ 

ʟʠʤʦʡ ʠʭ ʚʳʧʘʜʘʝʪ ʚ 8-10 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʣʝʪʦʤ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʤʝʩʪʥʦʩʪʠ ʨʘʩʪʝʪ ʥʝ 

ʪʦʣʴʢʦ ʛʦʜʦʚʘʷ ʩʫʤʤʘ ʦʩʘʜʢʦʚ, ʥʦ ʠ ʪʚʝʨʜʳʭ ʦʩʘʜʢʦʚ. ʅʘ ʇʘʤʠʨʝ ʥʘ ʚʳʩʦʪʝ ʚʳʰʝ 2000 ʤʝʪʨʦʚ 

ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʛʦʜʦʚʳʭ ʦʩʘʜʢʦʚ ʚʳʧʘʜʘʝʪ ʚ ʚʠʜʝ ʩʥʝʛʘ, ʥʘ ʚʳʩʦʪʝ ʜʦ 3300 ʤʝʪʨʦʚ ʦʢʦʣʦ 70%, 

ʚʳʰʝ 4200-4300 ʤʝʪʨʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʩʘʜʢʠ ʷʚʣʷʶʪʩʷ ʪʚʝʨʜʳʤʠ. ʊʘʢ, ʥʘ ʣʝʜʥʠʢʝ ʌʝʜʯʝʥʢʦ 

(ʥʘ ʚʳʩʦʪʝ 4169 ʤ) ʪʚʝʨʜʳʝ ʦʩʘʜʢʠ ʩʦʩʪʘʚʣʷʶʪ 99% ʛʦʜʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ, ʠ ʪʦʣʴʢʦ 1% 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ ʩʤʝʰʘʥʥʳʭ ʦʩʘʜʢʦʚ [4, 2].  

 

ʈʠʩ. 3. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʦʪ ʥʦʨʤʳ [10] 

Fig. 3. Dynamics of change in average annual air temperature from the norm  

 
 

ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʟʘ ʤʥʦʛʦʣʝʪʥʠʡ ʧʝʨʠʦʜ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʊʘʜʞʠʢʠʩʪʘʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʣʦʙʘʣʴʥʦʤʫ ʨʦʩʪʫ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ. ɿʘ ʧʝʨʠʦʜ 1940 ʧʦ 2020 ʛʦʜʳ 
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ʧʨʦʠʟʦʰʝʣ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 0,1-0,2 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ ʟʘ ʢʘʞʜʦʝ ʜʝʩʷʪʠʣʝʪʠʝ ʵʪʦʛʦ ʧʝʨʠʦʜʘ, 

ʥʦ ʤʘʩʰʪʘʙʳ ʧʦʪʝʧʣʝʥʠʷ ʢʦʣʝʙʣʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ [10].  

ʈʝʟʫʣʴʪʘʪʳ 

ʂʨʫʧʥʳʝ ʣʝʜʥʠʢʠ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʆʙʠʭʠʥʛʦʫ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂʨʫʧʥʳʭ ʣʝʜʥʠʢʦʚ, 

ʧʨʝʚʳʰʘʶʱʠʭ ʧʦ ʧʣʦʱʘʜʠ 10 ʢʤ
2
, ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʪʦʣʴʢʦ 14 (ʪ. ʝ. 2% ʦʙʱʝʛʦ ʯʠʩʣʘ), ʥʦ 

ʦʥʠ ʟʘʥʠʤʘʶʪ ʚ ʩʫʤʤʝ ʦʢʦʣʦ 48% ʚʩʝʡ ʧʣʦʱʘʜʠ ʦʣʝʜʝʥʝʥʠʷ. ʊʨʝʪʴʶ ʯʘʩʪʴ ʵʪʦʡ ʩʫʤʤʳ 

ʩʦʩʪʘʚʣʷʝʪ ʧʣʦʱʘʜʴ ʣʝʜʥʠʢʘ ɻʘʨʤʦ (114,6 ʢʤ
2
), ʦʜʥʦʛʦ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʣʝʜʥʠʢʦʚ ʉʨʝʜʥʝʡ ɸʟʠʠ, 

ʧʨʠʪʦʢʠ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʫʶʪ ʩʣʦʞʥʫʶ ʩʝʪʴ ʚ ʚʝʨʭʦʚʴʷʭ ʜʦʣʠʥʳ. ʉʪʝʧʝʥʴ ʦʣʝʜʝʥʝʥʠʷ ʚ ʙʘʩʩʝʡʥʝ 

ʣʝʜʥʠʢʘ ɻʘʨʤʦ ʨʘʚʥʘ 39%. ʆʩʥʦʚʥʦʝ ʯʠʩʣʦ ʢʨʫʧʥʳʭ ʣʝʜʥʠʢʦʚ (8 ʠʟ 14) ʧʨʠʥʘʜʣʝʞʠʪ ʚʝʨʭʦʚʴʷʤ 

ʙʘʩʩʝʡʥʘ ʨ. ʆʙʠʭʠʥʛʦʫ, ʦʥʠ ʟʘʥʠʤʘʶʪ 2/3 ʧʣʦʱʘʜʠ ʦʣʝʜʝʥʝʥʠʷ ʵʪʦʛʦ ʨʘʡʦʥʘ. ɼʚʘ ʣʝʜʥʠʢʘ, 

ʧʨʝʚʳʰʘʶʱʠʝ ʧʦ ʧʣʦʱʘʜʠ 20 ʢʤ
2
, ʣʝʞʘʪ ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ʆʙʠʤʘʟʘʨ, ʪʨʝʪʠʡ ʣʝʜʥʠʢ ʪʘʢʦʛʦ ʞʝ 

ʨʘʟʤʝʨʘ (ʣʝʜʥʠʢ ʇʝʪʨʘ ʇʝʨʚʦʛʦ) ʥʘʭʦʜʠʪʩʷ ʚ ʠʩʪʦʢʘʭ ʨ. ʐʘʤʳʩʫ.  

ʈʘʟʤʝʨ ʩʨʝʜʥʝʛʦ ʣʝʜʥʠʢʘ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʚ ʮʝʣʦʤ ʧʦ ʙʘʩʩʝʡʥʫ ʨ. ʆʙʠʭʠʥʛʦʫ, ʩʦʩʪʘʚʣʷʝʪ 1 

ʢʤ
2
. ʕʪʘ ʮʠʬʨʘ ʚʝʣʠʢʘ ʙʣʘʛʦʜʘʨʷ ʦʪʜʝʣʴʥʳʤ ʢʨʫʧʥʳʤ ʣʝʜʥʠʢʘʤ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʨʘʟʤʝʨ 

ʩʨʝʜʥʝʛʦ ʣʝʜʥʠʢʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʜʦʣʠʥʳ ʨ. ʆʙʠʭʠʥʛʦʫ ʜʦʩʪʠʛʘʝʪ ʥʘʠʙʦʣʴʰʝʡ ʚʝʣʠʯʠʥʳ 1,6 

ʢʤ
2
. ʆʜʥʘʢʦ ʝʩʣʠ ʠʩʢʣʶʯʠʪʴ ʠʟ ʨʘʩʯʝʪʘ ʣʠʰʴ ʜʚʘ ʣʝʜʥʠʢʘ ɻʘʨʤʦ ʠ ɻʘʥʜʦ, ʩʨʝʜʥʷʷ ʧʣʦʱʘʜʴ 

ʣʝʜʥʠʢʘ ʩʥʠʞʘʝʪʩʷ ʜʦ 0,9 ʢʤ
2
. ʈʘʟʤʝʨ ʩʨʝʜʥʝʛʦ ʣʝʜʥʠʢʘ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʆʙʠʤʘʟʘʨ ʨʘʚʝʥ 1,0 ʢʤ

2
, ʘ 

ʄʘʟʘʨʩʢʦʛʦ ʠ ɼʘʨʚʘʟʩʢʦʛʦ ʣʝʜʥʠʢʦʚ 0,8 ʢʤ
2
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʯʪʠ ʜʣʷ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ 

ʙʘʩʩʝʡʥʘ ʨ. ʆʙʠʭʠʥʛʦʫ ʨʘʟʤʝʨ ʩʨʝʜʥʝʛʦ ʣʝʜʥʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 0,8-0,9 ʢʤ
2
, ʣʠʰʴ ʚ ʟʘʧʘʜʥʦʤ ʨʘʡʦʥʝ 

ʦʥ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʜʦ 0,3 ʢʤ
2
. 

ɺ ʮʝʣʦʤ, ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʣʝʜʥʠʢʠ ʜʣʠʥʦʡ ʦʪ 0,6 ʜʦ 2,0 ʢʤ. ɺ ʙʘʩʩʝʡʥʝ ʨ. 

ʆʙʠʤʘʟʘʨ 77% ʩʦʩʪʘʚʣʷʶʪ ʣʝʜʥʠʢʠ ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʦʪ 0,6 ʜʦ 5,0 ʢʤ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʟʘʧʘʜʥʦʤ 

ʫʯʘʩʪʢʝ ʪʦʣʴʢʦ ʩʝʤʴ ʣʝʜʥʠʢʦʚ ʧʨʝʚʳʰʘʶʪ ʚ ʜʣʠʥʫ 2 ʢʤ. ʉʘʤʳʡ ʜʣʠʥʥʳʡ ʣʝʜʥʠʢ ʙʘʩʩʝʡʥʘ 

ʣʝʜʥʠʢ ɻʘʨʤʦ ʠʤʝʝʪ ʧʨʦʪʷʞʝʥʥʦʩʪʴ 30,4 ʢʤ [8]. 

 

ʊʘʙʣʠʮʘ 1. ʂʨʫʧʥʳʝ ʣʝʜʥʠʢʠ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʆʙʠʭʠʥʛʦʫ 

Table 1. Large glaciers of the Obihingou River basin 

ˉ ʅʘʟʚʘʥʠʝ ʠ ʥʦʤʝʨ 

ʣʝʜʥʠʢʘ 

ʇʣʦʱʘʜʴ, 

ʢʤ
2
 

ʄʠʥ. 

ʚʳʩʦʪʘ 

ʄʘʢʩ. 

ʚʳʩʦʪʘ 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠ

ʡ ʪʠʧ ʣʝʜʥʠʢʘ 

ʕʢʩʧʦʟʠʮʠʷ 

1 ɻʘʨʤʦ ( ̄224-243) 114,6 2976 6377 ʜʝʥʜʨ. ʖɿ 

2 ɻʘʥʜʦ (ˉ 188-194) 44,6 3560 5650 ʜʝʥʜʨ., ʦʩʠ. ʧʦʪʦʢ ɿ 

3 ɼʘʨʚʘʟʩʢʠʡ (ˉ 406-413) 27,8 3042 5880 ʜʝʥʜʨ., ʦʩʠ. ʧʦʪʦʢ ʉɿ 

4 ʇʝʪʨʘ ʇʝʨʚʦʛʦ (ˉ -69-

74) 

24,2 3353 5837 ʜʝʥʜʨ., ɿ 

5 ʄʘʟʘʨʩʢʠʡ (ˉ 392-393) 23,0 3289 5350 ʩʣ. ʜʦʣ. ʉɺ,ʉɿ 

6 ɼʝʚʣʦʭʘʥ ( ̄178-183) 17,4 3789 5194 ʜʝʥʜʨ. ɺ 

7 ɹʘʪʨʫʪ (ˉ359) 16,6 2942 5612 ʜʦʣ. ʉɺ 

8 ɿʦʨʜʠ-ɹʠʨʘʫʩʦ (ˉ 326-

329) 

14,6 5017 5845 ʩʣ. ʜʦʣ. ʉ 

9 ʉʢʦʛʘʯ ( ̄353) 12,6 3039 4717 ʜʦʣ. ʉ 

10 ɿʶʨʶʟʘʤʠʥ (  ̄90-93) 12,1 3236 5177 ʩʣ. ʜʦʣ. ɺ,ʉ 

11 ɼʘʨʭʘʨʚʘʢ (  ̄452-457) 12,1 3717 5355 ʩʣ. ʜʦʣ., ʦʩʠ. ʧʦʪʦʢ ʉ,ʉɿ 

12 ɺʘʥʯʜʘʨʘ (ˉ 264-266) 11.5 3663 5291 ʩʣ. ʜʦʣ., 

ʦʩʠ. ʧʦʪʦʢ 

ɺɿ 

13 ʊʦʢʘʝʩʪ (ˉ 277-279) 10,9 3928 4999 ʜʦʣ., ʯʘʩʪʴ ʩʣ. ʜʦʣ ʉ 

14 ʉʳʪʘʨʛʠ (ˉ 315-318)  10,3 3780 4584 ʩʣ. ʜʦʣ., ʦʩʠ. ʧʦʪʦʢ ʉ 

 

ʃʝʜʥʠʢ ɹʫʨʩ ʂʦʤʧʣʝʢʩʥʳʡ ʣʝʜʥʠʢ ʜʦʣʠʥʳ ɹʫʨʩʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʜʨʫʛʠʭ ʣʝʜʥʠʢʦʚ ï 

ʣʝʜʥʠʢʦʚ ˉ307 ʠ ˉ308. ʃʝʜʥʠʢ ɹʫʨʩ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ɼʘʨʚʘʟʩʢʦʛʦ ʛʦʨʥʦʛʦ ʭʨʝʙʪʘ. 

ʃʝʜʥʠʢ ʧʦʜʚʠʞʥʳʡ, ʷʟʳʢ ʣʝʜʥʠʢʘ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʚʳʩʦʪʝ 3980 ʤ, ʘ ʦʙʣʘʩʪʴ ʝʛʦ ʧʠʪʘʥʠʷ - ʥʘ 

ʚʳʩʦʪʝ 4850 ʤ. ʃʝʜʥʠʢ ˉ 310 ʨʘʩʧʦʣʦʞʝʥ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʷʟʳʢʘ ʣʝʜʥʠʢʘ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʣʝʜʥʠʢ ɹʫʨʩʘ ʚ 1998 ʛʦʜʫ ʥʘʭʦʜʠʣʩʷ ʚ ʩʦʩʪʦʷʥʠʠ 
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ʧʫʣʴʩʘʮʠʠ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʩʣʝʜʫʶʱʝʝ ʜʚʠʞʝʥʠʝ ʣʝʜʥʠʢʘ ɹʫʨʩʘ 

ʦʭʚʘʪʳʚʘʝʪ ʧʝʨʠʦʜ ʩ 1998 ʧʦ 2004 ʛʦʜ. ɼʚʠʞʝʥʠʝ ʣʝʜʥʠʢʘ ʥʘʯʘʣʦʩʴ ʚ 1999 ʛʦʜʫ, ʟʘ ʵʪʦ ʚʨʝʤʷ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʣʝʜʥʠʢ ʧʨʦʜʚʠʥʫʣʩʷ ʥʘ ʧʣʦʱʘʜʴ 2 ʢʤ. ɺ 2000 ʛʦʜʫ ʷʟʳʢ ʣʝʜʥʠʢʘ 

ʧʨʦʜʚʠʥʫʣʩʷ ʥʘ 3 ʢʠʣʦʤʝʪʨʘ. ʂʘʢ ʤʳ ʦʧʨʝʜʝʣʠʣʠ, ʜʣʠʥʘ ʣʝʜʥʠʢʘ ɹʫʨʩʘ ʚ 1994 ʛ. ʩʦʩʪʘʚʣʷʣʘ 6,5 

ʢʤ, ʥʦ ʚ 1999-2000 ʛʛ. ʠʟ-ʟʘ ʜʚʠʞʝʥʠʷ ʣʝʜʥʠʢʘ ʦʙʱʘʷ ʜʣʠʥʘ ʣʝʜʥʠʢʘ ʜʦʩʪʠʛʣʘ 9,8 ʢʤ. ʇʝʨʠʦʜ 

ʦʪʩʪʫʧʘʥʠʷ ʷʟʳʢʘ ʣʝʜʥʠʢʘ ʦʧʨʝʜʝʣʝʥ ʩ 2006 ʛ., ʚ 2010 ʛ. - 665 ʤ, ʚ 2021 ʛ. - 790 ʤ. (ʨʠʩ. 4). 

 

ʈʠʩ.4. ɼʝʛʨʘʜʘʮʠʷ ʣʝʜʥʠʢʘ ɹʫʨʩ ʚ ʧʝʨʠʦʜ ʩ 2006 ʧʦ 2021ʛʛ. 

Fig. 4. Degradation of the Burs glacier in the period from 2006 to 2021 

 
 

ɿʦʨʜʠ-ɹʠʨʘʫʩʦ. ʉʣʦʞʥʳʡ ʜʦʣʠʥʥʳʡ ʣʝʜʥʠʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʝʪʳʨʝʭ ʣʝʜʥʠʢʦʚ ˉ326, 

ˉ327, ˉ328, ˉ329 ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ ʘʢʪʠʚʠʟʘʮʠʠ ʠ ʦʪʩʪʫʧʣʝʥʠʷ. ɸʥʘʣʠʟʳ 1972, 1977, 1980 ʠ 

1990 ʛʦʜʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʷʟʳʢ ʚʩʝʭ ʣʝʜʥʠʢʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʘʢʪʠʚʥʦʤ ʧʫʣʴʩʠʨʫʶʱʝʤ 

ʩʦʩʪʦʷʥʠʠ, ʘ ʦʙʱʠʡ ʷʟʳʢ ʣʝʜʥʠʢʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʫʧʘʜʢʝ. ɺ 1972-1990 ʛʦʜʘʭ ʧʨʦʠʟʦʰʣʠ 

ʚʥʫʪʨʝʥʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ - ʣʝʜʥʠʢʘ ˉ 326 ɿʦʨʜʠ-ɹʠʨʘʫʩʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʳʭ ʥʠʞʥʷʷ ʯʘʩʪʴ ʣʝʜʥʠʢʘ ʦʪʩʪʫʧʠʣʘ ʥʘ 650-700 ʤ. ɺ ʵʪʠʭ ʣʝʜʥʠʢʘʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʭʘʨʘʢʪʝʨʥʳʡ ʚʥʫʪʨʝʥʥʠʡ ʧʫʣʴʩ. ɹʦʣʝʝ 3 ʢʤ ʷʟʳʢʘ ʣʝʜʥʠʢʘ ʧʦʢʨʳʪʦ ʤʘʨʝʥʦʡ, ʘ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ 

ʢʣʠʤʘʪʘ ʚ ʯʘʩʪʠ ʷʟʳʢʘ ʣʝʜʥʠʢʘ ʢʦʣʠʯʝʩʪʚʦ ʦʟʝʨ ʚʙʣʠʟʠ ʷʟʳʢʘ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ɺ ʣʝʜʥʠʢʦʚʦʡ ʩʠʩʪʝʤʝ ɿʦʨʜʠ ɹʠʨʘʫʩʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʩ 1993 ʛʦʜʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩ 1993 ʧʦ 2023 ʛʦʜ ʷʟʳʢ ʣʝʜʥʠʢʘ ʦʪʩʪʫʧʠʣ ʥʘ ʧʣʦʱʘʜʴ 700 ʤ. 

(ʨʠʩ 5). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʷʟʳʢ ʣʝʜʥʠʢʘ ʧʣʦʱʘʜʴʶ 2,5 ʢʤ ʧʦʢʨʳʪ ʤʦʨʝʥʦʡ, ʥʘ ʷʟʳʢʝ ʣʝʜʥʠʢʘ 

ʠʤʝʶʪʩʷ ʥʝʙʦʣʴʰʠʝ ʦʟʝʨʘ.  

ɿʘʢʣʶʯʝʥʠʝ. ʃʝʜʥʠʢʠ ʪʘʶʪ ʫʩʢʦʨʝʥʥʦ, ʟʘʧʘʩʳ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʩʦʢʨʘʱʘʶʪʩʷ 

ʦʧʝʨʝʞʘʶʱʠʤʠ ʪʝʤʧʘʤʠ, ʠ ʵʪʠ ʨʝʩʫʨʩʳ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʨʝʛʠʦʥʘ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ.  

ɹʘʩʩʝʡʥ ʨʝʢʠ ʆʙʠʭʠʥʛʦʫ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʙʘʩʩʝʡʥʦʚ, ʚʥʦʩʷʱʠʭ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ 

ʵʢʦʥʦʤʠʢʫ ʥʘʰʝʡ ʩʪʨʘʥʳ, ʛʜʝ ʦʢʦʣʦ 35% ʩʪʦʢʘ ʨʝʢʠ ɺʘʭʰ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʘʩʩʝʡʥʘ 

ʆʙʠʭʠʥʛʦʫ. ʆʙʱʠʡ ʧʣʦʱʘʜʴ ʙʘʩʩʝʡʥʘ ʩʦʩʪʘʚʣʷʝʪ 712,4 ʢʤ
2
 ʠ ʣʝʜʥʠʢʠ ʟʘʥʠʤʘʪʁ 10,8% ʧʣʦʱʘʜʠ 



10 

 

ʙʘʩʩʝʡʥʘ. ɻʦʜʦʚʦʡ ʣʝʜʥʠʢʦʚʳʡ ʩʪʦʢ ʚ ʚʝʨʭʦʚʴʝ ʨʝʢʠ, ʚ ʨʘʡʦʥʝ ʤʝʪʝʦʩʪʘʥʮʠʠ ʉʘʥʛʚʦʨʘ 

ʩʦʩʪʘʚʣʷʝʪ 44%, ʘ ʚ ʥʠʟʦʚʴʝ, ʜʦ ʩʣʠʷʥʠʷ ʨʝʢʠ ʉʫʨʭʦʙ, ʩʦʩʪʘʚʣʷʝʪ 22% ʦʪ ʦʙʱʝʛʦ ʩʪʦʢʘ.  

ʀʟ-ʟʘ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʙʳʩʪʨʦʛʦ ʪʘʷʥʠʷ ʣʝʜʥʠʢʦʚ ʵʪʦʛʦ ʙʘʩʩʝʡʥʘ 

ʚʦʟʤʦʞʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩʪʦʢʘ ʚ ʧʝʨʚʳʝ ʜʚʘ ʜʝʚʷʪʠʣʝʪʠ,̫ ʠ ʩʥʠʞʝʥʠʝ ʩʪʦʢʘ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʠʷ 

ʩʥʝʛʦʚʦʡ ʣʠʥʠʠ ʠ ʫʤʝʥʴʰʝʥʠ ̫ʧʣʦʱʘʜʠ ʣʝʜʥʠʢʦʚ. 

ʇʦʩʪʦʷʥʥʳʡ ʥʘʟʝʤʥʳʡ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʣʝʜʥʠʢʦʚ ʠ ʠʟʫʯʝʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʆʙʠʭʠʥʛʦʫ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪ ɹʧʨʝʜʩʪʘʚʠʪʴ ʜʦʩʪʦʚʝʨʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʦʩʘʜʢʦʚ ʠ ʜʦʣʛʦʩʨʦʯʥʳʝ ʧʨʦʛʥʦʟʳ ʦ 

ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʣʝʜʥʠʢʦʚ ʠ ʣʝʜʥʠʢʦʚʳʭ ʦʟʝʨ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʚʦʜʥʦʩʪ ɹ ʨʝʢ ʚ 

ʚʝʨʭʦʚʴʷʭ ʨʝʢʠ ɺʘʭʰ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʨʫʧʥʳʝ ʣʝʜʥʠʢʠ ʵʪʦʛʦ ʙʘʩʩʝʡʥʘ, ʠʤʝʶʱʠʝ 

ʧʣʦʱʘʜʴ 10 ʢʤ
2
 ʠ ʙʦʣʝʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʣʝʜʥʠʢʠ ɿʘʨʜʠ-ɹʠʨʘʫʩʦ 

ʩʦʢʨʘʪʠʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʪʝʧʣʝʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ. 

 

ʈʠʩ.5. ʆʪʩʪʫʧʘʥʠʝ ʷʟʳʢʦʚʦʡ ʯʘʩʪʠ ʣʝʜʥʠʢʘ ɿʦʨʜʠ-ɹʠʨʘʫʩʦ ʚ ʧʝʨʠʦʜ ʩ 1993 ʧʦ 2023 ʛʛ. 

Fig. 5. Retreat of the tongue part of the Zordi-Birauso glacier in the period from 1993 to 2023 
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ÍÌ×ÌÙÐäÌÎÔÔ ÇÌÜÚÜÌÞÔ ÇÌÎÚ ÎÌ ÞÌæÝÔÜÔ ÞÌÀÕÔÜ¾ÍÔÔ ÔÉ×ÔØ ÍÌ ÛÔÜëáÇÚÔ 

ÍßÓßÜÏÔ ÇÌÎÓÌÔ ÐÌÜ¾Ô ÚÍÔáÔÙÏÚÍ 
Ðìü øìėú÷ìô øìóöÿü ùìþôĔìĕúô øúùôþúüôùïô ðìüúóøÿððìþô ĕú÷ìþô ûôüċāĕúô íÿóÿüïô ĕìîóìô ðìüČô 

Úíôāôùïúí (ÞúĔôöôýþúù) ðìü Ąìüúôþô þìĎõôüČíôô ôė÷ôø øìîüôðô íìüüìýĒ ėìüúü ðúðì Ąÿðììýþ. Þìĕėôėúþ 
íú ôýþôĀúðì ìó øìĆ÷ÿøúþô óúùðôüúùôô Āúýô÷ìîôô Óìøôù (ÓàÓ) îì þìýîôüĕúô øúĕîúüìĕúô LANDSAT 5LT 
(ýú÷ĕúô 1993¬2006) îì LANDSAT 8OLI (ýú÷ĕúô 2021¬2023) ïÿóìüúùôðì Ąÿðì, ôùăÿùôù þñāùú÷úïôċô 
ôþþô÷úúþô ĔÿĎüúĀĒ (ArcMap 10.5) íìüúô þìĕ÷ô÷ô þìĎõôüúþô ĀìóúĒ îì óìøúùĒ ôýþôĀúðì ïìüðôð.  

Þìĕ÷ô÷ĕú ùôĄúù ðúðìùð, öô ðìü ýñ ðìĕýú÷ìô úāôü ûôüċāĕúô ĕìîóìô ðìüČô Úíôāôùïúí þìøúĊ÷ô 
ÿýþÿîúüô þìùìóóÿ÷ ðúüìùð - øìõðúùô ċāíìùðĒ öúĕôĄ ČĀþì, óìíúùĕúô ûôüċāĕú ìėôí üìĀþì îì ĕìĔøô ÿøÿøôô 
øìýýìô ċā öìø øñïìüðìð. Ýìíìíĕúô ìýúýôô ăÿùôù þìĎõôüúþ íì÷ìùðĄìîôô ĕìüúüìþô øôČùìô ýú÷úùìô ĕìîú îì 
þìĎõôü ČĀþìùô üñĔìô íúüôĄúþ øñíúĄìùð, öô íì üìîìùðĕúô ÿøÿøôô ïìüøĄìîôô ï÷úíì÷Ē, āúýýì ðìü ùúĕôċĕúô 
öĘĕôô ÚýôČô ØìüöìóĒ, øÿîúĀôėìþ ðúüìùð.  

ÞìîìĔĔÿĕô øìāýÿý íì ûôüċāĕúô íÿóÿüï, öô øìýúĕìþìĄúù óôČðì ìó 10 öøĮ øñíúĄìð, üìîúùì Ąÿðììýþ. Ìó 
Ĕÿø÷ì, ûôüċāĕúô Ïìüøú, Ïìùðú, Ðìüîúó, Ûñþüô 1, Øìóúü îì ðôïìüúù ìĕìøøôċþô íÿóÿüï ðúüìùð. Øÿìõċù öìüðì 
Ąÿð, öô ûôüċāô Ïìüøú - ċöñ ìó öì÷úùþìüôù ûôüċāĕúô ÚýôČô ØìüöìóĒ - ĀìĆú÷úùì ìėôí øñüìîìð, ĕìĔøô óôČðô 
ċāüú ìó ðìýþ øñðôĕìð îì ðìü üĘô úù ėìíìþĕúô øúüñùì îì öĘ÷ĕúô ùìîô ûôüċāĒ íì îÿĔÿð øñúċùð.  

ÙìþôĔìĕúô þìĕėôėúþ ùôĄúù øñðôĕìùð, öô ýìĕøô úíô úíĄìîôô ûôüċāĕú ðìü ĕìîóìô Úíôāôùïúí ðìü 
þìĄìööÿ÷ô óìāôüìĕúô úíôô ðìüČô ÎìāĄ ìĕìøøôċþô öì÷úù ðúüìð, óñüú þìėüôíìù 35% ĔìüìČùô ýú÷úùìô úù ðìü 
ĕÿðÿðô ĕìøôù ĕìîóì þìĄìööÿ÷ øñČíìð. Ðìü ðÿüùìøúô öĘþúĕøÿððìþ ĉĕþôøú÷ô óôČð Ąÿðìùô ĔìüìČù ðìü ùìþôĔìô 
úíĄìîôô íúýÿüĆìþô ûôüċāĕú îÿĔÿð ðúüìð, ìøøú ðìü ðÿüùìøúô ðìüúóøÿððìþ, íôùúíìü öúĕôĄô øìýúĕìþ îì 
ĎìĀýôô ûôüċāĕú, ûìýþĄìîôô ĕìĔøô úíô ĔúüĒ ûñĄíôùĒ øñĄìîìð. 

ØìĆ÷ÿøúþô íìðìýþúøìðì óìüÿüìþô ôðúøìô øúùôþúüôùïô øÿùìóóìøô óìøôùĒ îì Āúýô÷ìîôô ûôüċāĕú îì 
ėìíìþô íìüĀüú þìĆöôð øñùìøúċð, þú þìĎõôüúþô óìāôüìĕúô úíĒ îì üìîìùðĕúô ïôðüú÷úïĒ ðÿüÿýþ ìüóČíĒ 
ïìüðìùð.  

ÙìþôĔìĕúô þìĕėôėúþ øñþìîúùìùð íìüúô þìĕôċô ăúüìĕúô øÿþúíôėĄìîĒ íì þìĎõôüČíôô ôė÷ôø, 
ôðúüìöÿùôô úėô÷úùìô óìāôüìĕúô úíĒ îì üÿĄðô ÿýþÿîúüô øôùþìėìĕúô öĘĕôô ÞúĔôöôýþúù îì ÚýôČô ØìüöìóĒ 
ôýþôĀúðì Ąìîìùð. 

Öì÷ôðîúòìĕú: ûôüċā, óúùðôüúùôô Āúýô÷ìîĒ, Úíôāôùïúí, óìāôüìĕúô úíĒ, ĕìîóì, ðìüČ, ĕìüúüìþ, ôė÷ôø, 
Ąúāúí, úíĄìîĒ, þìùìóóÿ÷ô ûôüċāĕú. 

 

ʇʆɺʓʐɽʅʀɽ ʊɽʄʇɽʈɸʊʋʈʓ ɺʆɿɼʋʍɸ ʀ ʀɿʄɽʅɽʅʀɽ ʂʃʀʄɸʊɸ ɺʃʀʗʖʊ ʅɸ ʂʈʋʇʅʓɽ 

ʃɽɼʅʀʂʀ ɹɸʉʉɽʁʅɸ ʈɽʂʀ ʆɹʀʍʀʅɻʆʋ  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʣʝʪʥʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʢʨʫʧʥʳʭ ʣʝʜʥʠʢʦʚ 

ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʆʙʠʭʠʥʛʦʫ (ʊʘʜʞʠʢʠʩʪʘʥ) ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ (ɼɿɿ) ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʩʧʫʪʥʠʢʦʚ LANDSAT 

5LT (1993ï2006 ʛʛ.) ʠ LANDSAT 8OLI (2021ï2023 ʛʛ.), ʘ ʪʘʢʞʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

(ArcMap 10.5) ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʣʝʜʥʠʢʦʚ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʘʥʘʣʠʟʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʜʝʩʷʪʠʣʝʪʠʷ ʣʝʜʥʠʢʠ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʆʙʠʭʠʥʛʦʫ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʩʪʦʡʯʠʚʫʶ ʪʝʥʜʝʥʮʠʶ ʜʝʛʨʘʜʘʮʠʠ ð ʩʦʢʨʘʱʝʥʠʝ ʧʣʦʱʘʜʠ ʦʣʝʜʝʥʝʥʠʷ, ʦʪʩʪʫʧʘʥʠʝ ʷʟʳʢʦʚ 

ʣʝʜʥʠʢʦʚ ʠ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʣʝʜʦʚʦʡ ʤʘʩʩʳ. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʥʘʙʣʶʜʘʝʤʳʭ ʠʟʤʝʥʝʥʠʡ ʷʚʣʷʶʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʠʟʤʝʥʝʥʠʝ ʨʝʞʠʤʘ ʦʩʘʜʢʦʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʱʠʤ 

ʪʝʥʜʝʥʮʠʷʤ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ, ʬʠʢʩʠʨʫʝʤʳʤ ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʢʨʫʧʥʳʤ ʣʝʜʥʠʢʘʤ, ʧʣʦʱʘʜʴ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ 10 ʢʤĮ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʤʠ ʷʚʣʷʶʪʩʷ ʣʝʜʥʠʢʠ ɻʘʨʤʦ, ɻʘʥʜʦ, ɼʘʨʚʘʟʩʢʠʡ, ʇʝʪʨʘ ʇʝʨʚʦʛʦ, ʄʘʟʘʨʩʢʠʡ ʠ ʜʨʫʛʠʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʣʝʜʥʠʢ ɻʘʨʤʦ, ʦʜʠʥ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʣʝʜʥʠʢʦʚ ʉʨʝʜʥʝʡ ɸʟʠʠ, ʘʢʪʠʚʥʦ ʦʪʩʪʫʧʘʝʪ, ʪʝʨʷʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʣʴʜʘ, 

ʘ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʶʪʩʷ ʤʦʨʝʥʥʳʝ ʧʦʢʨʦʚʳ ʠ ʥʦʚʳʝ ʣʝʜʥʠʢʦʚʳʝ ʦʟʝʨʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʜʦʣʷ ʣʝʜʥʠʢʦʚʦʛʦ ʩʪʦʢʘ ʚ ʙʘʩʩʝʡʥʝ ʆʙʠʭʠʥʛʦʫ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʝʪ ʥʘ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʨʝʢʠ ɺʘʭʰ, ʛʜʝ ʬʦʨʤʠʨʫʝʪʩʷ ʦʢʦʣʦ 35% ʝʸ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ. ɺ ʢʨʘʪʢʦʩʨʦʯʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ ʚʦʟʤʦʞʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩʪʦʢʘ ʚʩʣʝʜʩʪʚʠʝ ʫʩʠʣʝʥʥʦʛʦ ʪʘʷʥʠʷ ʣʝʜʥʠʢʦʚ, ʦʜʥʘʢʦ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʝʛʦ ʩʥʠʞʝʥʠʝ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʧʣʦʱʘʜʠ ʠ ʤʦʱʥʦʩʪʠ ʣʝʜʥʠʢʦʚ.  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʣʝʜʥʠʢʦʚ ʠ 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʜʣʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʡ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨ ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ, 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʊʘʜʞʠʢʠʩʪʘʥʘ ʠ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʚ ʮʝʣʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʝʜʥʠʢ, ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ, ʆʙʠʭʠʥʛʦʫ, ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʙʘʩʩʝʡʥ, ʨʝʢʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʢʣʠʤʘʪ, ʧʨʠʪʦʢ, ʪʘʷʥʠʝ, ʜʝʛʨʘʜʘʮʠʷ ʣʝʜʥʠʢʦʚ. 
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RISING AIR TEMPERATURES AND CLIMATE CHANGE ARE A FFECTING THE LARGE GLACIERS OF 

THE OBIHINGOU RIVER BASIN  

This article presents the results of long-term monitoring of large glaciers in the Obikhingou River basin (Tajikistan) 

under climate change conditions. The research was carried out using remote sensing data (RS) and satellite images from 

LANDSAT 5LT (1993ï2006) and LANDSAT 8OLI (2021ï2023), as well as geoinformation technologies (ArcMap 10.5) 

to analyze spatial and temporal changes in glaciers. 

The analyses revealed that over the past three decades, the glaciers of the Obikhingou River basin have shown a 

consistent trend of degradation - a reduction in glaciated area, glacier tongue retreat, and a decrease in ice volume. The 

main causes of these changes are the increase in mean annual air temperature and the alteration of precipitation patterns, 

corresponding to the general trends of global warming observed in the mountainous regions of Central Asia. 

Particular attention is given to large glaciers with an area exceeding 10 kmĮ, among which the most significant are 

the Garmo, Gando, Darvaz, Peter the First, and Mazar glaciers. It has been established that the Garmo Glacier, one of the 

largest in Central Asia, is actively retreating, losing significant volumes of ice, and forming moraine covers and new glacial 

lakes on its surface. 

The results of the study indicate that the share of glacial runoff in the Obikhingou River basin significantly affects 

the water resources of the Vakhsh River, which forms about 35% of its annual flow. In the short term, an increase in runoff 

is possible due to intensified glacier melting; however, in the long term, a decrease is expected as a result of glacier area 

and thickness reduction. 

The obtained data confirm the need for regular and comprehensive monitoring of glaciers and snow cover to assess 

changes in water resources and to forecast hydrological processes. The results can be used for developing climate 

adaptation measures, rational water resource management, and sustainable development strategies for the mountainous 

regions of Tajikistan and Central Asia as a whole. 

Keywords: glacier, remote sensing, Obikhingou, water resources, basin, river, temperature, climate, inflow, 

melting, glacier degradation. 
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ʋɼʂ: 556.53:504.064.4(575.3) 

ɺʆɼʅʓʁ ʈɽɾʀʄ ʈɽʂʀ ɺɸʈɿʆɹ ɺ ʋʉʃʆɺʀʗʍ ʉʆɺʈɽʄɽʅʅʆʁ ʀɿʄɽʅʏʀɺʆʉʊʀ 

ʂʃʀʄɸʊʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ 

 

ʂʦʜʠʨʦʚ ʐ.ʉ., ʄʫʨʦʜʦʚ ʇ.ʍ. 

ʊʘʜʞʠʢʩʢʠʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ ʠʤʝʥʠ ʉʦʪʠʤʘ ʋʣʫʛʟʦʜʝ, 

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʉ. ʆʩʠʤʠ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ʊʘʜʞʠʢʠʩʪʘʥ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʪʨʘʥʳ ʠ ʦʧʨʝʜʝʣʷʶʪ ʝʸ ʨʦʣʴ ʥʝ ʪʦʣʴʢʦ ʚ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʥʦ ʠ ʥʘ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʝ. ʆʙʱʠʡ ʦʙʲʸʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ ʨʝʢ 

ʨʝʩʧʫʙʣʠʢʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 64 ʢʤį ʚ ʛʦʜ, ʯʪʦ ʬʦʨʤʠʨʫʝʪ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʙʘʩʩʝʡʥʘ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ. ʕʬʬʝʢʪʠʚʥʦʝ ʠ ʨʘʮʠʦʥʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ 

ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʘ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʦʚʨʝʤʝʥʥʳʝ ʫʩʣʦʚʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʷʜʦʤ ʩʝʨʴʸʟʥʳʭ ʧʨʦʙʣʝʤ: ʨʦʩʪʦʤ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʨʝʢʠ, ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʳ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʫʭʫʜʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ 

ʵʢʦʩʠʩʪʝʤ. ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʜʘʥʥʳʝ ʚʦʧʨʦʩʳ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʙʘʩʩʝʡʥʘʭ ʥʘʠʙʦʣʝʝ ʦʩʚʦʝʥʥʳʭ ʨʝʢ, 

ʚʢʣʶʯʘʷ ʨʝʢʫ ɺʘʨʟʦʙ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʥʘʩʝʣʝʥʠʷ, ʨʘʟʚʠʪʠʷ 

ʵʥʝʨʛʝʪʠʢʠ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʨʝʛʠʦʥʘ. 

ʈʝʢʘ ɺʘʨʟʦʙ ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʝ ʠ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ ʨʝʛʠʦʥʘ. ʅʘ ʝʸ ʧʨʦʪʷʞʝʥʠʠ ʨʘʩʧʦʣʦʞʝʥʳ ʪʨʠ ʢʨʫʧʥʝʡʰʠʝ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, 

ʦʙʲʝʜʠʥʸʥʥʳʝ ʚ ʢʘʩʢʘʜ, ʩʫʤʤʘʨʥʘʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 25113 ʪʳʩ. 

ʢɺʪ. ʕʣʝʢʪʨʦʵʥʝʨʛʠʷ, ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʵʪʠʤʠ ʩʪʘʥʮʠʷʤʠ, ʚ ʦʩʥʦʚʥʦʤ ʧʦʩʪʘʚʣʷʝʪʩʷ ʚ ʛʦʨʦʜ 

ɼʫʰʘʥʙʝ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʚʦʜʥʦʛʦ ʩʪʦʢʘ ʨʝʢʠ ɺʘʨʟʦʙ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ɹʦʣʴʰʦʡ 

ɻʠʩʩʘʨʩʢʠʡ ʢʘʥʘʣ ʜʣʷ ʮʝʣʝʡ ʦʨʦʰʝʥʠʷ. 

ɹʘʩʩʝʡʥ ʨʝʢʠ ɺʘʨʟʦʙ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʇʘʤʠʨʦ-ɸʣʘʡʩʢʦʡ ʛʦʨʥʦʡ ʩʠʩʪʝʤʳ ʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʘʜʞʠʢʠʩʪʘʥʘ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʉʦʛʣʘʩʥʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʚʦʜʥʦʤʫ 

ʢʘʜʘʩʪʨʫ, ʧʣʦʱʘʜʴ ʙʘʩʩʝʡʥʘ ʩʦʩʪʘʚʣʷʝʪ 1 270 ʢʤĮ, ʪʦʛʜʘ ʢʘʢ ʨʘʩʯʸʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʀʉ-

ʪʝʭʥʦʣʦʛʠʡ ʜʘʶʪ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ - 1 281 ʢʤĮ. ʈʝʣʴʝʬ ʙʘʩʩʝʡʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʝʨʪʠʢʘʣʴʥʳʤ ʜʠʘʧʘʟʦʥʦʤ: ʚʳʩʦʪʳ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 866 ʜʦ 4 670 ʤ ʥʘʜ ʫʨʦʚʥʝʤ 

ʤʦʨʷ, ʧʨʠ ʵʪʦʤ ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ ʚʦʜʦʩʙʦʨʘ ʜʦʩʪʠʛʘʝʪ 2 670 ʤ. ʃʝʜʥʠʢʦʚʦʝ ʧʦʢʨʳʪʠʝ ʟʘʥʠʤʘʝʪ 

ʧʣʦʱʘʜʴ 36,1 ʢʤĮ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3% ʪʝʨʨʠʪʦʨʠʠ ʙʘʩʩʝʡʥʘ [4; 5; 13]. 

ʋʯʠʪʳʚʘʷ ʩʦʚʨʝʤʝʥʥʳʝ ʚʳʟʦʚʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ, ʨʦʩʪʦʤ 

ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʭʨʘʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʠʟʫʯʝʥʠʝ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʢʠ ɺʘʨʟʦʙ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ. ʊʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʠʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʨʝʢʠ, ʥʦ ʠ 

ʜʘʪʴ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ 

ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʭ ʩʦʭʨʘʥʝʥʠʝ ʠ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ɺʘʨʟʦʙ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʛʦ ʧʨʠʨʦʜʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʧʦʣʦʞʝʥʠʝʤ. ʖʞʥʳʝ ʩʢʣʦʥʳ ɻʠʩʩʘʨʩʢʦʛʦ ʭʨʝʙʪʘ 

ʩ ʢʨʫʪʳʤʠ ʠ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʩʢʣʦʥʘʤʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʥʪʝʥʩʠʚʥʦʤʫ ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʩʪʦʢʫ ʠ 

ʵʨʦʟʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ ʚʳʥʦʩʫ ʥʘʥʦʩʦʚ ʚ ʨʫʩʣʦ ʨʝʢʠ ʠ ʩʥʠʞʝʥʠʶ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʯʚ 

ʫʜʝʨʞʠʚʘʪʴ ʚʣʘʛʫ. ʕʪʦ ʬʦʨʤʠʨʫʝʪ ʥʝʩʪʘʙʠʣʴʥʳʡ ʚʦʜʥʳʡ ʨʝʞʠʤ, ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʱʠʡ ʥʘ 

ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʨʝʛʠʦʥʘ. 

ʉʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʨʘʡʦʥʘ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ. ʈʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ, ʨʘʩʰʠʨʝʥʠʝ ʞʠʣʦʡ ʠ ʨʝʢʨʝʘʮʠʦʥʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʫʚʝʣʠʯʝʥʠʝ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠʚʦʜʷʪ ʢ ʨʦʩʪʫ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʠ 

ʫʩʠʣʝʥʠʶ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ 

ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ ʥʘʩʝʣʝʥʠʷ, ʩʣʘʙʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ 

ʩʦʟʜʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʠʩʢʠ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠ ʜʝʛʨʘʜʘʮʠʠ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɺʘʨʟʦʙʩʢʠʡ ʨʘʡʦʥ ʷʚʣʷʝʪʩʷ ʩʚʦʝʦʙʨʘʟʥʦʡ ʤʦʜʝʣʴʥʦʡ ʪʝʨʨʠʪʦʨʠʝʡ, ʛʜʝ 

ʧʝʨʝʩʝʢʘʶʪʩʷ ʧʨʠʨʦʜʥʳʝ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ. ʀʟʫʯʝʥʠʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʢʠ ɺʘʨʟʦʙ ʠʤʝʝʪ 

ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʙʲʝʢʪʠʚʥʫʶ ʥʘʫʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, 

ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ, ʩʦʭʨʘʥʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʦʡ 

ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʨʘʡʦʥʘ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʨʦʩʪʘ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ [11; 

3]. 

ʂʘʯʝʩʪʚʦ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ 

ʩʦʚʨʝʤʝʥʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʩʦʩʪʦʷʥʠʝʤ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴʶ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʫʨʦʚʥʝʤ ʞʠʟʥʠ ʚ ʮʝʣʦʤ. ʇʦ ʜʘʥʥʳʤ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʦʢʦʣʦ 80% ʚʩʝʭ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʤʠʨʝ ʧʝʨʝʜʘʶʪʩʷ ʯʝʨʝʟ ʚʦʜʫ, 

ʯʪʦ ʝʞʝʛʦʜʥʦ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʯʠʥʦʡ ʙʦʣʝʝ 25 ʤʠʣʣʠʦʥʦʚ ʩʤʝʨʪʝʡ. ʕʪʘ ʩʪʘʪʠʩʪʠʢʘ ʧʦʜʯʸʨʢʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʩʪʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʠʩʧʦʣʴʟʫʝʤʦʡ ʯʝʣʦʚʝʢʦʤ ʚʦʜʳ. 

ɼʣʷ ɺʘʨʟʦʙʩʢʦʛʦ ʨʘʡʦʥʘ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʢʘ ɺʘʨʟʦʙ ʠ ʝʸ 

ʧʨʠʪʦʢʠ (ʊʘʢʦʙ, ʆʜʞʫʢ, ʃʫʯʦʙ, ʍʘʨʘʥʛʦʥ, ɻʫʨʢʝ, ʍʦʘˀ ʆʙʠ ɻʘʨʤ ʠ ʜʨ.), ʧʠʪʘʝʤʳʝ ʚ ʦʩʥʦʚʥʦʤ 

ʟʘ ʩʯʸʪ ʪʘʷʥʠʷ ʩʥʝʛʘ, ʣʝʜʥʠʢʦʚ ʠ ʧʦʜʟʝʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʆʜʥʘʢʦ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʚ ʨʝʢʝ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʵʪʠʭ ʧʨʠʪʦʢʦʚ ʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʝʛʘʪʠʚʥʦʤʫ ʚʣʠʷʥʠʶ 

ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʂ ʦʩʥʦʚʥʳʤ ʟʘʛʨʷʟʥʠʪʝʣʷʤ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʦʪʥʦʩʷʪʩʷ 

ʩʝʣʝʚʳʝ ʧʦʪʦʢʠ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ, ʩʤʳʚ ʧʦʯʚʳ, ʩʙʨʦʩ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʚ ʚʦʜʦʠʩʪʦʯʥʠʢʠ, 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʚʳʧʘʩ ʠ ʚʦʜʦʧʦʡ ʩʢʦʪʘ, ʘ ʪʘʢʞʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʳʭ ʟʦʥʘʭ 

[3]. 

ʉʠʪʫʘʮʠʷ ʫʩʫʛʫʙʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʨʘʡʦʥʝ ʙʦʣʝʝ 650 ʨʘʟʣʠʯʥʳʭ ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʧʦ 

ʜʘʥʥʳʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʤʠʪʝʪʘ ʧʦ ʩʪʘʪʠʩʪʠʢʝ ʈʊ, 2020 ʛ.), ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʨʝʯʥʦʡ ʩʝʪʠ. ɺ ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʧʨʠ 

ʩʥʠʞʝʥʠʠ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʨʝʢʝ ɺʘʨʟʦʙ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʘʜʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʸʥʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʠ ʨʦʩʪ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʫʯʸʪ ʠ ʢʦʥʪʨʦʣʴ ʩʙʨʦʩʘ ʩʪʦʯʥʳʭ ʚʦʜ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠʩʪʦʯʥʠʢʠ ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ, ʘ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʫʶʱʠʤ ʩʘʥʠʪʘʨʥʳʤ ʥʦʨʤʘʪʠʚʘʤ. 

ʇʦ ʜʘʥʥʳʤ ɸʛʝʥʪʩʪʚʘ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʠ ʂʆʆʉ ʧʨʠ ʇʨʘʚʠʪʝʣʴʩʪʚʝ ʈʊ [1], ʚ ʨʝʢʝ ɺʘʨʟʦʙ 

ʦʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʥʘʥʦʩʦʚ ï ʚ ʩʨʝʜʥʝʤ ʚ 15-35 ʨʘʟ 

ʚʳʰʝ ʥʦʨʤʘʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʫʩʠʣʝʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, 

ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʝʟʣʝʩʠʚʘʥʠʷ ʠ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʜʝʛʨʘʜʘʮʠʠ ʵʢʦʩʠʩʪʝʤ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʥʝʙʣʘʛʦʧʦʣʫʯʠʷ ʷʚʣʷʝʪʩʷ ʨʦʩʪ ʢʦʣʠ-ʠʥʜʝʢʩʘ, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ 

ʫʭʫʜʰʝʥʠʝ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʨʝʢʠ ɺʘʨʟʦʙ ʭʘʨʘʢʪʝʨʥʘ 

ʚʳʩʦʢʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʢʘʣʴʮʠʷ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪ ʝʸ ʦʩʦʙʝʥʥʳʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʛʣʫʙʣʸʥʥʦʛʦ 

ʠʟʫʯʝʥʠʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʢʠ ɺʘʨʟʦʙ. ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʫʜʫʪ ʠʤʝʪʴ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ 

ʚʦʜʳ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʨʘʡʦʥʘ ʠ ʚʳʨʘʙʦʪʢʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʤʝʨ 

ʧʦ ʦʭʨʘʥʝ ʠ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʝʡ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʥʘʣʠʟ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʜʳ ʨʝʢʠ 

ɺʘʨʟʦʙ ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʮʝʣʦʛʦ ʨʷʜʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, 

ʪʨʝʙʫʶʱʠʭ ʚʥʠʤʘʥʠʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʦʪ 9,5 ʜʦ 22,4 Áʉ, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ, ʦʜʥʘʢʦ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʦʪʤʝʯʘʶʪʩʷ 

ʟʥʘʯʝʥʠʷ ʜʦ 12Áʉ, ʯʪʦ ʙʣʠʟʢʦ ʢ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. 

ʉʝʨʴʸʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʦʩʪʘʸʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ 10-40 ʤʛ/ʣ ʧʨʠ ʥʦʨʤʘʪʠʚʝ ʥʝ ʙʦʣʝʝ 2 ʤʛ/ʣ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʝʪ 

ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʠ ʪʨʝʙʫʝʪ ʝʸ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʧʝʨʝʜ ʧʦʜʘʯʝʡ ʥʘʩʝʣʝʥʠʶ. ʈʷʜ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʮʚʝʪʥʦʩʪʴ ʚʦʜʳ (10ï35Á ʧʨʠ ʥʦʨʤʝ ʜʦ 20Á), ʪʘʢʞʝ ʧʨʝʚʳʰʘʝʪ 
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ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʜʝʡʩʪʚʠʠ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ, ʢʦʣʣʦʠʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ ʠ ʩʪʦʯʥʳʭ ʚʦʜ ʥʘ ʩʦʩʪʦʷʥʠʝ ʚʦʜʦʸʤʦʚ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ (120-230 ʤʛ/ʣ) ʠ ʦʙʱʝʡ ʞʸʩʪʢʦʩʪʠ (3,42-4,5 

ʤʛ-ʵʢʚ/ʣ) ʚʦʜʘ ʦʪʚʝʯʘʝʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʸ ʜʣʷ 

ʧʠʪʴʝʚʳʭ ʮʝʣʝʡ ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʜʛʦʪʦʚʢʠ. ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʧʦʚʳʰʝʥʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʞʝʣʝʟʘ (0,05-0,41 ʤʛ/ʣ ʧʨʠ ʥʦʨʤʝ ʥʝ ʙʦʣʝʝ 0,3 ʤʛ/ʣ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ. 

ʉʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʘʪʦʚ (1,8-35 ʤʛ/ʣ), ʭʣʦʨʠʜʦʚ (6,0-16,2 ʤʛ/ʣ), ʘ ʪʘʢʞʝ ʢʨʝʤʥʠʷ (1,53-2,1 

ʤʛ/ʣ) ʥʝ ʧʨʝʚʳʰʘʝʪ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤʘʪʠʚʦʚ, ʠ ʧʦʵʪʦʤʫ ʚʦʜʘ ʥʝ ʪʨʝʙʫʝʪ ʦʯʠʩʪʢʠ ʧʦ ʜʘʥʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚʳʷʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʘʤʤʠʘʢ, 

ʥʠʪʨʠʪʳ, ʥʠʪʨʘʪʳ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʩʪʫʧʣʝʥʠʝ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʣʠʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʟʘʛʨʷʟʥʝʥʠʷ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʧʨʠʪʦʢʘʭ ʨʝʢʠ 

ʦʪʤʝʯʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʘʟʦʪʘ, ʯʪʦ ʩʦʟʜʘʸʪ ʫʛʨʦʟʫ ʫʭʫʜʰʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ [6; 9; 10]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ 

ʚʝʱʝʩʪʚʘ (0-0,16 ʤʛ/ʣ ʧʨʠ ʥʦʨʤʘʪʠʚʝ 0,5 ʤʛ/ʣ), ʢʦʪʦʨʳʝ ʭʦʪʷ ʠ ʥʝ ʧʨʝʚʳʰʘʶʪ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ, ʥʦ ʧʨʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʚʦʜʦʸʤʳ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʵʢʦʩʠʩʪʝʤ. 

ɺ ʮʝʣʦʤ, ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ɺʘʨʟʦʙ ʩʣʝʜʫʝʪ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʩʣʦʞʥʦʝ, ʩ ʥʘʣʠʯʠʝʤ ʢʘʢ ʧʨʠʨʦʜʥʳʭ, ʪʘʢ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʟʘʛʨʷʟʥʝʥʠʷ. ʆʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʦʩʪʘʶʪʩʷ ʚʳʩʦʢʘʷ ʤʫʪʥʦʩʪʴ, ʧʨʝʚʳʰʝʥʠʝ ʥʦʨʤʘʪʠʚʦʚ ʧʦ 

ʞʝʣʝʟʫ ʠ ʮʚʝʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʘʟʦʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʕʪʦ ʪʨʝʙʫʝʪ 

ʢʦʤʧʣʝʢʩʥʳʭ ʤʝʨ ʧʦ ʫʣʫʯʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʨʘʡʦʥʘ, ʚʢʣʶʯʘʷ 

ʢʦʥʪʨʦʣʴ ʟʘ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ, ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʩʫʙʪʨʦʧʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ 

ʉʨʝʜʠʟʝʤʥʦʤʦʨʴʷ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʦʩʘʜʢʦʚ ʠ ʚʳʨʘʞʝʥʥʦʡ ʚʳʩʦʪʥʦʡ 

ʧʦʷʩʥʦʩʪʴʶ. ɼʣʷ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʭʘʨʘʢʪʝʨʥʳ ʦʙʠʣʴʥʳʝ ʦʩʘʜʢʠ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʦʩʦʙʝʥʥʦ ʚ 

ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʞʠʤʘ ʨʝʢ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ. ɺ ʧʨʝʜʝʣʘʭ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ɺʘʨʟʦʙ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ ʚʳʩʦʪʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʧʦʷʩʘ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʚʣʘʞʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʠʤʥʠʭ 

ʤʦʨʦʟʦʚ. ʅʠʞʥʷʷ ʯʘʩʪʴ ʙʘʩʩʝʡʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʦʥʫ ʪʸʧʣʦʛʦ ʢʣʠʤʘʪʘ ʩ ʫʤʝʨʝʥʥʦʡ ʟʠʤʦʡ ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʚʣʘʞʥʦʩʪʴʶ. ʉʨʝʜʥʠʝ ʫʯʘʩʪʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʥʦ ʩ 

ʧʦʩʪʝʧʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʙʘʩʩʝʡʥʘ ʦʪʥʦʩʠʪʩʷ ʢ 

ʟʦʥʝ ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ ʩ ʙʦʣʝʝ ʩʫʨʦʚʳʤʠ ʟʠʤʘʤʠ, ʪʦʛʜʘ ʢʘʢ ʚʳʩʦʢʦʛʦʨʥʳʝ ʦʙʣʘʩʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʦʣʦʜʥʳʤ ʢʣʠʤʘʪʦʤ ʩ ʨʝʟʢʠʤʠ ʧʝʨʝʧʘʜʘʤʠ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʥʠʞʝʥʥʦʡ ʚʣʘʞʥʦʩʪʴʶ. 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʩʦʙʨʘʥʳ ʠʟ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ, 

ʦʭʚʘʪʳʚʘʶʱʠʭ ʧʝʨʠʦʜ ʙʦʣʝʝ 30 ʣʝʪ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ 

ʪʝʥʜʝʥʮʠʡ ʠ ʫʯʸʪʘ ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʤʘʪʝʨʠʘʣʳ ʂʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʧʨʘʚʦʯʥʠʢʘ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʛʦ ʚ ʢʦʥʮʝ 1960-ʭ ï ʥʘʯʘʣʝ 1970-ʭ 

ʛʦʜʦʚ, ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʚʝʜʫʱʠʤʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʠʥʩʪʠʪʫʪʘʤʠ ʉʉʉʈ ʧʦ ʝʜʠʥʦʡ 

ʤʝʪʦʜʠʢʝ ɻʣʘʚʥʦʡ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ. ɼʘʥʥʳʡ ʩʧʨʘʚʦʯʥʠʢ ʚʢʣʶʯʘʝʪ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʦ 1960 ʛʦʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ 

ʢʘʯʝʩʪʚʝ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʥʦʨʤʳ ʜʣʷ ʦʮʝʥʢʠ ʧʦʩʣʝʜʫʶʱʠʭ ʠʟʤʝʥʝʥʠʡ [15; 7]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ɺʘʨʟʦʙ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʪʨʸʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ: ɼʫʰʘʥʙʝ (809 ʤ ʥʘʜ ʫʨʦʚʥʝʤ 

ʤʦʨʷ), ɻʫʰʘʨʠ (1359 ʤ) ʠ ɸʥʟʦʙʩʢʠʡ ʧʝʨʝʚʘʣ (3373 ʤ). ʕʪʠ ʩʪʘʥʮʠʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʢʣʶʯʝʚʳʭ 

ʪʦʯʢʘʭ ʙʘʩʩʝʡʥʘ ʠ ʧʦʟʚʦʣʷʶʪ ʦʭʚʘʪʠʪʴ ʢʘʢ ʥʠʞʥʠʝ, ʪʘʢ ʠ ʚʝʨʭʥʠʝ ʫʯʘʩʪʢʠ ʨʝʢʠ, ʫʯʠʪʳʚʘʷ 

ʚʣʠʷʥʠʝ ʚʳʩʦʪʳ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʦʢʘ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʯʝʪʳʨʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʧʝʨʠʦʜʘ. ʇʝʨʚʳʡ ʧʝʨʠʦʜ (Tclim-1, 1926-1960 ʛʛ.) ʦʭʚʘʪʳʚʘʝʪ ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʥʘʙʣʶʜʝʥʠʡ ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʙʘʟʦʚʳʡ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʢʘʯʝʩʪʚʝ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʥʦʨʤʳ. ɺʪʦʨʦʡ ʧʝʨʠʦʜ 
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(Tclim-2, 1961-2005 ʛʛ.) ʦʭʚʘʪʳʚʘʝʪ ʧʦʩʣʝʜʫʶʱʠʝ 45 ʣʝʪ ʠ ʦʪʨʘʞʘʝʪ ʩʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʟʘ 

ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ. ʊʨʝʪʠʡ ʧʝʨʠʦʜ (Tclim-3, 1961-1990 ʛʛ.) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʢʦʤʝʥʜʘʮʠʷʤ 

ɺʩʝʤʠʨʥʦʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ (ɺʄʆ) ʜʣʷ 30-ʣʝʪʥʝʛʦ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʜʣʷ ʩʨʘʚʥʝʥʠʷ. ʏʝʪʚʸʨʪʳʡ ʧʝʨʠʦʜ (Tclim-4, 

1991-2005 ʛʛ.) ʚʢʣʶʯʘʝʪ ʫʢʦʨʦʯʝʥʥʳʡ 15-ʣʝʪʥʠʡ ʠʥʪʝʨʚʘʣ, ʦʪʨʘʞʘʶʱʠʡ ʩʦʚʨʝʤʝʥʥʳʝ 

ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ. ʉʨʘʚʥʝʥʠʝ ʵʪʠʭ ʧʝʨʠʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʜʠʥʘʤʠʢʫ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ 

ʨʝʢʠ [2]. 

ɸʥʘʣʠʟ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʥʘ 

ʤʝʪʝʦʩʪʘʥʮʠʠ ɼʫʰʘʥʙʝ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 0,47Áʉ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʝʤʧʫ ʧʦʚʳʰʝʥʠʷ 0,059Áʉ ʟʘ ʜʝʩʷʪʠʣʝʪʠʝ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʪʝʥʜʝʥʮʠʠ ʢ 

ʧʦʩʪʝʧʝʥʥʦʤʫ ʧʦʪʝʧʣʝʥʠʶ, ʢʦʪʦʨʘʷ ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʞʠʤ ʩʪʦʢʘ, ʪʘʷʥʠʝ ʩʥʝʛʘ ʠ 

ʣʝʜʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʘʜʢʦʚ ʚ ʙʘʩʩʝʡʥʝ. 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ɺʘʨʟʦʙ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʩʥʦʚʝ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʛʠʜʨʦʧʦʩʪʘ ɼʘʭʘʥʘ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʩ 1936 ʛʦʜʘ. ʇʣʦʱʘʜʴ 

ʚʦʜʦʩʙʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 1270 ʢʤĮ, ʧʦ ʜʘʥʥʳʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʘʜʘʩʪʨʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʨʠ 

ʫʪʦʯʥʝʥʠʠ ʨʘʩʯʝʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ɻʀʉ) 

ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚʝʣʠʯʠʥʘ 1281 ʢʤĮ. ʉʨʝʜʥʝʛʦʜʦʚʦʡ ʩʪʦʢ ʟʘ ʤʥʦʛʦʣʝʪʥʠʡ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ 

ʩʦʩʪʘʚʠʣ 1,44 ʢʤį, ʧʨʠ ʵʪʦʤ ʚʳʷʚʣʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʠ ʩʝʟʦʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʦʩʘʜʢʦʚ. ʊʘʢ, ʚ 1960-1970-ʝ ʛʦʜʳ ʩʨʝʜʥʠʡ ʨʘʩʭʦʜ 

ʚʦʜʳ ʜʦʩʪʠʛʘʣ 47,5 ʤį/ʩ, ʪʦʛʜʘ ʢʘʢ ʚ 1970-1980-ʝ ʛʦʜʳ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʜʦ 45 ʤį/ʩ [1]. 

 

ʈʠʩʫʥʦʢ 1. ʉʨʝʜʥʠʡ ʨʘʩʭʦʜ ʚʦʜʳ ʚ ʨʝʢʝ ɺʘʨʟʦʙ ʚ ʧʝʨʠʦʜ ʩ 2015 ʧʦ 2022 ʛʦʜ 

Figure 1. Average water flow in the Varzob River from 2015 to 2022 
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ʣʝʜʥʠʢʦʚʦʛʦ ʧʠʪʘʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʛʦʨʥʳʭ ʨʝʢ. ɻʦʜʦʚʦʡ ʛʠʜʨʦʛʨʘʬ ʨʝʢʠ ɺʘʨʟʦʙ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʫʶ ʩʝʟʦʥʥʦʩʪʴ, ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʨʘʩʭʦʜʘʤʠ ʚ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ 

ʠ ʤʦʱʥʳʤ ʧʦʣʦʚʦʜʴʝʤ ʚ ʪʝʧʣʳʡ ʩʝʟʦʥ. 

ɿʠʤʥʠʝ ʤʝʩʷʮʳ (ʥʦʷʙʨʴ-ʬʝʚʨʘʣʴ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʩʪʦʡʯʠʚʦʡ ʤʝʞʝʥʴʶ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʩʨʝʜʥʠʤ ʨʘʩʭʦʜʦʤ ʚʦʜʳ - 11,68 ʤį/ʩ ʚ ʜʝʢʘʙʨʝ. ʕʪʦʪ ʧʝʨʠʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ 

ʧʠʪʘʥʠʝ ʨʝʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʘ ʪʘʷʥʠʝ ʣʝʜʥʠʢʦʚ ʠ ʩʥʝʛʘ 

ʧʨʝʢʨʘʱʝʥʦ. 

ʉ ʥʘʯʘʣʦʤ ʚʝʩʥʳ (ʤʘʨʪ-ʘʧʨʝʣʴ) ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ, ʧʦʯʪʠ ʰʝʩʪʠʢʨʘʪʥʳʡ ʨʦʩʪ ʩʪʦʢʘ. 

ɸʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ ʧʦʣʦʚʦʜʴʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʠʶʥʴ (120 ʤį/ʩ), ʯʪʦ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ 

ʠʥʪʝʥʩʠʚʥʳʤ ʪʘʷʥʠʝʤ ʚʳʩʦʢʦʛʦʨʥʳʭ ʩʥʝʛʦʚ ʠ ʣʝʜʥʠʢʦʚ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ. ʇʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʨʘʩʭʦʜʦʚ, ʥʘʙʣʶʜʘʶʱʠʝʩʷ ʚ ʤʘʝ-ʠʶʣʝ (ʩʚʳʰʝ 115 ʤį/ʩ), ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʠʤʝʥʥʦ ʟʘ ʩʯʝʪ 

ʣʝʜʥʠʢʦʚʦʛʦ ʩʪʦʢʘ. 
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ʅʘʯʠʥʘʷ ʩ ʘʚʛʫʩʪʘ, ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʦʝ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʠʩʪʦʱʝʥʠʠ ʟʘʧʘʩʦʚ ʩʝʟʦʥʥʦʛʦ ʩʥʝʛʘ ʠ ʩʥʠʞʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʘʷʥʠʷ ʣʝʜʥʠʢʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʛʠʜʨʦʛʨʘʬ ʨʝʢʠ ɺʘʨʟʦʙ ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʚʳʩʦʢʦʛʦʨʴʷʭ, ʛʜʝ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚʳʩʪʫʧʘʶʪ ʢʨʠʦʩʬʝʨʥʳʝ ʟʘʧʘʩʳ 

(ʩʥʝʛ ʠ ʣʝʜ). 

 

ʈʠʩʫʥʦʢ 2. ɼʠʥʘʤʠʢʘ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʨʘʩʭʦʜʘ ʚʦʜʳ ʚ ʨʝʢʝ ɺʘʨʟʦʙ ʚ ʧʝʨʠʦʜ 2017ï2022 ʛʛ. 

Figure 2. Dynamics of average annual water flow in the Varzob River in the period 2017ï2022 

 
 

ɸʥʘʣʠʟ ʚʦʜʥʦʩʪʠ ʨʝʢʠ ɺʘʨʟʦʙ ʚʳʷʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʤʝʞʛʦʜʦʚʳʝ ʢʦʣʝʙʘʥʠʷ. ɿʘ ʙʘʟʦʚʳʡ 

ʫʨʦʚʝʥʴ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʥʷʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʟʘ ʚʝʩʴ ʰʝʩʪʠʣʝʪʥʠʡ ʧʝʨʠʦʜ (ʦʢʦʣʦ 48,7 ʤį/ʩ) 

(ʨʠʩʫʥʦʢ 2) [1]. 

ʅʘʠʙʦʣʝʝ ʷʨʢʦʡ ʘʥʦʤʘʣʠʝʡ ʷʚʣʷʝʪʩʷ 2020 ʛʦʜ, ʢʦʛʜʘ ʨʘʩʭʦʜ ʩʦʩʪʘʚʠʣ ʣʠʰʴ 68% ʦʪ 

ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʵʢʩʪʨʝʤʘʣʴʥʫʶ ʤʘʣʦʚʦʜʥʦʩʪʴ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, 

2019 ʛʦʜ ʙʳʣ ʨʝʢʦʨʜʥʦ ʤʥʦʛʦʚʦʜʥʳʤ ï ʨʘʩʭʦʜ ʜʦʩʪʠʛ 117% ʦʪ ʩʨʝʜʥʝʛʦ. 

ɼʠʥʘʤʠʢʘ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʦʙʥʘʜʝʞʠʚʘʝʪ: ʧʦʩʣʝ ʨʝʟʢʦʛʦ ʩʧʘʜʘ ʚ 2020 ʛʦʜʫ ʩʪʦʢ ʥʝ ʧʨʦʩʪʦ 

ʚʦʩʩʪʘʥʦʚʠʣʩʷ, ʥʦ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʩʷ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. ɺ 2021 ʠ 2022 ʛʦʜʘʭ ʨʘʩʭʦʜ 

ʩʦʩʪʘʚʣʷʣ 109% ʠ 111% ʦʪ ʩʨʝʜʥʝʛʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʚʦʟʚʨʘʪ ʢ ʧʦʚʳʰʝʥʥʦʡ 

ʚʦʜʥʦʩʪʠ. ɻʦʜʳ 2017 ʠ 2018 ʦʢʘʟʘʣʠʩʴ ʙʣʠʟʢʠ ʢ ʫʩʨʝʜʥʝʥʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ (99% ʠ 97%). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ (ʦʪ 68% ʜʦ 117%), ʚ ʮʝʣʦʤ ʟʘ ʧʝʨʠʦʜ 

ʧʨʝʦʙʣʘʜʘʝʪ ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʚʦʜʥʦʩʪʠ ʚʳʰʝ ʩʨʝʜʥʝʡ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʟʥʘʯʠʤʦʩʪʴ 

ʨʝʢʠ ɺʘʨʟʦʙ ʢʘʢ ʥʘʜʝʞʥʦʛʦ ʚʦʜʥʦʛʦ ʨʝʩʫʨʩʘ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʚʳʷʚʣʷʝʪ ʩʣʘʙʫʶ ʧʨʷʤʫʶ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʛʦʜʦʚʳʤʠ 

ʩʫʤʤʘʤʠ ʦʩʘʜʢʦʚ ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʷʭ çʄʘʡʭʫʨʘè ʠ çʍʫʰʸʨʠè ʠ ʩʨʝʜʥʝʛʦʜʦʚʳʤ ʨʘʩʭʦʜʦʤ ʚʦʜʳ ʚ 

ʨʝʢʝ ɺʘʨʟʦʙ. ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʚʦʜʥʦʩʪʠ ʨʝʢʠ ʷʚʣʷʝʪʩʷ ʥʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʚ ʮʝʣʦʤ, ʘ ʠʭ 

ʪʠʧ ʠ ʩʝʟʦʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 

ʅʘʛʣʷʜʥʳʤ ʧʨʠʤʝʨʦʤ ʩʣʫʞʠʪ ʩʨʘʚʥʝʥʠʝ 2019 ʠ 2020 ʛʦʜʦʚ. ɺ ʤʥʦʛʦʚʦʜʥʦʤ 2019 ʛʦʜʫ 

ʟʠʤʘ ʠ ʚʝʩʥʘ ʙʳʣʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʥʝʞʥʳʤʠ, ʦʩʦʙʝʥʥʦ ʥʘ çʄʘʡʭʫʨʝè (ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʩ ʷʥʚʘʨʷ 

ʧʦ ʘʧʨʝʣʴ ~862 ʤʤ). ʕʪʦ ʩʦʟʜʘʣʦ ʤʦʱʥʳʡ ʟʘʧʘʩ ʩʥʝʛʘ ʜʣʷ ʚʝʩʝʥʥʝ-ʣʝʪʥʝʛʦ ʪʘʷʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʵʪʦʛʦ, ʚ ʤʘʣʦʚʦʜʥʦʤ 2020 ʛʦʜʫ ʟʠʤʥʠʝ ʦʩʘʜʢʠ ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʢʨʦʤʥʝʝ (~400 ʤʤ ʟʘ ʪʦʪ ʞʝ 

ʧʝʨʠʦʜ), ʯʪʦ ʠ ʧʨʝʜʦʧʨʝʜʝʣʠʣʦ ʥʠʟʢʠʡ ʩʪʦʢ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʣʘʞʥʦʝ ʣʝʪʦ. 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʨʝʢʘ ɺʘʨʟʦʙ ʠʤʝʝʪ ʩʥʝʞʥʦ-ʣʝʜʥʠʢʦʚʳʡ ʪʠʧ ʧʠʪʘʥʠʷ. ʆʩʥʦʚʥʦʡ 

ʦʙʲʝʤ ʩʪʦʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝ ʟʘ ʩʯʝʪ ʜʦʞʜʝʡ, ʘ ʟʘ ʩʯʝʪ ʪʘʷʥʠʷ ʩʝʟʦʥʥʦʛʦ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʠ 

ʣʝʜʥʠʢʦʚ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ. ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʛʦʜʦʚʦʡ ʨʘʩʭʦʜ ʦʢʘʟʳʚʘʶʪ ʦʩʘʜʢʠ, 

ʚʳʧʘʜʘʶʱʠʝ ʚ ʚʠʜʝ ʩʥʝʛʘ ʚ ʭʦʣʦʜʥʳʡ ʩʝʟʦʥ (ʦʢʪʷʙʨʴ-ʘʧʨʝʣʴ). ʃʝʪʥʠʝ ʜʦʞʜʠ, ʢʘʢ ʚʠʜʥʦ ʠʟ 

ʜʘʥʥʳʭ, ʚʥʦʩʷʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʚʦʜʥʦʩʪʴ ʨʝʢʠ ʠ ʩʣʘʙʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʛʦʜʦʚʳʤ ʩʪʦʢʦʤ. 

ɼʣʷ ʦʮʝʥʢʠ ʛʠʜʨʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʦ ʢʘʯʝʩʪʚʝ 

ʚʦʜʳ ʚ ʧʨʝʜʝʣʘʭ ʙʘʩʩʝʡʥʘ, ʚʢʣʶʯʘʷ ʧʦʢʘʟʘʪʝʣʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʪʚʦʨʸʥʥʳʭ 
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ʚʝʱʝʩʪʚ, ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʧʨʠʩʫʪʩʪʚʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʞʝʣʝʟʦ, ʩʫʣʴʬʘʪʳ, 

ʭʣʦʨʠʜʳ ʠ ʥʠʪʨʘʪʳ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʦʜʳ ʩʘʥʠʪʘʨʥʳʤ ʥʦʨʤʘʤ 

ʠ ʚʳʷʚʠʪʴ ʟʦʥʳ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʨʠʩʢʘ ʜʣʷ ʵʢʦʣʦʛʠʠ ʠ ʥʘʩʝʣʝʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ 

ʚʣʠʷʥʠʶ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʭʦʟʷʡʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʙʳʪʦʚʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ, ʥʘ ʩʦʩʪʘʚ ʠ ʢʘʯʝʩʪʚʦ ʚʦʜʳ [8; 12; 14]. 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʠ ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʦʢʘ 

ʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʙʘʩʩʝʡʥʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʝʨʚʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʉʝʤʠʥʘʨʝ ʧʦ ʛʠʜʨʦʣʦʛʠʠ ʉʝʚʝʨʥʦʡ ɽʚʨʘʟʠʠ, ʧʨʦʭʦʜʠʚʰʝʤ 7-8 ʬʝʚʨʘʣʷ 2012 

ʛʦʜʘ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ ʥʘʫʯʥʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʟʥʘʯʠʤʦʩʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʣʝʪʥʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʩʦʯʝʪʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʤʝʪʦʜʘʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʧʦ ʨʘʟʣʠʯʥʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʧʝʨʠʦʜʘʤ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʫʶ ʠ ʢʦʤʧʣʝʢʩʥʫʶ ʦʮʝʥʢʫ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʠʜʨʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ɺʘʨʟʦʙ. ʕʪʦʪ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʷʚʣʝʥʥʳʭ 

ʪʝʥʜʝʥʮʠʡ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʦʭʨʘʥʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ɺʘʨʟʦʙ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʥʘʣʠʟ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʟʘ ʧʝʨʠʦʜ 2019-2024 ʛʦʜʳ 

ʚʳʷʚʠʣ ʟʥʘʯʠʪʝʣʴʥʫʶ ʤʝʞʛʦʜʦʚʫʶ ʠ ʚʥʫʪʨʠʛʦʜʦʚʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʪʦʢʘ ʨʝʢʠ ɺʘʨʟʦʙ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʡ ʧʠʢ ʚʦʜʥʦʩʪʠ ʚ ʢʦʥʮʝ ʚʝʩʥʳ ʠ ʥʘʯʘʣʝ ʣʝʪʘ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʨʝʢ ʩ ʩʥʝʞʥʦ-ʣʝʜʥʠʢʦʚʳʤ ʧʠʪʘʥʠʝʤ. ɻʦʜʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʭʦʜʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʦʣʝʙʘʥʠʷ, 

ʧʨʠ ʵʪʦʤ ʚʳʜʝʣʷʝʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʦ ʤʘʣʦʚʦʜʥʳʡ ʛʦʜ, ʩʣʝʜʫʶʱʠʡ ʟʘ ʤʥʦʛʦʚʦʜʥʳʤ ʧʝʨʠʦʜʦʤ. 

ɼʘʥʥʳʝ ʧʦ ʘʪʤʦʩʬʝʨʥʳʤ ʦʩʘʜʢʘʤ ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʷʭ çʄʘʡʭʫʨʘè ʠ çʍʫʰʸʨʠè ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ 

ʚʳʩʦʢʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʠ ʚʨʝʤʝʥʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʩ ʚʳʨʘʞʝʥʥʳʤ ʩʝʟʦʥʥʳʤ ʭʦʜʦʤ, ʛʜʝ 

ʤʘʢʩʠʤʫʤ ʦʩʘʜʢʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ ʛʦʜʘ. 

ʆʙʩʫʞʜʝʥʠʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʙʝʜʠʪʝʣʴʥʦ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʝʞʠʤ ʨʝʢʠ ɺʘʨʟʦʙ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʥʝ ʦʪ ʦʙʱʠʭ ʛʦʜʦʚʳʭ ʩʫʤʤ ʦʩʘʜʢʦʚ, ʘ ʦʪ ʠʭ ʩʝʟʦʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʆʩʥʦʚʥʦʡ ʦʙʲʝʤ ʩʪʦʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʪʘʷʥʠʷ ʩʝʟʦʥʥʦʛʦ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, ʥʘʢʦʧʣʝʥʥʦʛʦ 

ʚ ʙʘʩʩʝʡʥʝ ʚ ʟʠʤʥʝ-ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ, ʧʦʯʝʤʫ ʤʥʦʛʦʚʦʜʥʳʝ ʛʦʜʳ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʦʙʠʣʴʥʳʤʠ ʟʠʤʥʠʤʠ ʦʩʘʜʢʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ ʠʭ ʟʘʧʘʩ 

ʙʳʣ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ. ʃʝʪʥʠʝ ʜʦʞʜʠ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʜʘʥʥʳʝ, ʚʥʦʩʷʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ 

ʚʦʜʥʦʩʪʴ ʨʝʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʚʦʜʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʳʭ ʚ ʚʠʜʝ ʩʥʝʛʘ. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʦʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʚʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʨʝʢʠ ɺʘʨʟʦʙ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʥʘʢʦʧʣʝʥʠʝ ʟʠʤʥʠʭ ʦʩʘʜʢʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʩʥʝʞʥʳʤʠ ʟʘʧʘʩʘʤʠ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʩʪʦʢʦʤ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʜʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʚ 

ʨʝʛʠʦʥʝ. ʆʩʥʦʚʥʦʡ ʚʳʚʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘʜʝʞʥʦʩʪʴ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʟʘʚʠʩʷʱʘʷ ʦʪ 

ʩʪʦʢʘ ɺʘʨʟʦʙʘ, ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʟʠʤʥʠʭ ʧʦʛʦʜʥʳʭ ʨʝʞʠʤʦʚ. ɺ ʫʩʣʦʚʠʷʭ 

ʥʘʙʣʶʜʘʝʤʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʢʣʠʤʘʪʘ ʤʦʥʠʪʦʨʠʥʛ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʚ 

ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʩʪʘʥʦʚʷʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʟʘʜʘʯʘʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʜʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ÔÉ×ÔØÄ 
Ðìü øìėú÷ìô øìóöÿü ùìþôĔìĕúô þìĕ÷ô÷ô üñĔìô úíôô ðìüČô Îìüóúíüú ðìü Ąìüúôþô øÿúýôüô þìĎõôüČíôô 

ôė÷ôø øìîüôðô íìüüìýĒ ėìüúü ðúðìñø. Ðìü ìýúýô öúüöìüðô øìĆ÷ÿøúþô úøúüôô ýú÷ĕúô 2017-2024 ðìü íúüìô 
ýìüĀô øôČùìýú÷úùì îì ýìüĀìô øôČùìøúĕúùìô úí îì ôùăÿùôù øìĆ÷ÿøúþô øÿĀìýýì÷ úôð íì þìėýôøúþô øìöúùĒ-
óìøúùôô íúüôĄúþ ìó üĘõô øìĆ÷ÿøúþô ôýþïúĕĕúô øñþñúüú÷úïôô µØìõĕÿüì½ îì µÇÿĄČüĒ½ íìüúô ðìîüìô 
ýú÷ĕúô 2019-2024 þìĕėôėúþ ýÿüìþ ïôüôĀþììýþ. Øÿìõċù ïìüðôðììýþ, öô ïôðüúïüìĀôô ðìüČô Îìüóúí íú 
ðôùìøôöìô úĄöúüô ðúāô÷ôýú÷Ē îì íìýúøìðĕúô ì÷úĕôðìô øìĔüú ðìü úāôüĕúô íìĕúü îì ôíþôðúô þúíôýþúù 
îúøñāĘüìð, öô íì øúðñ÷ô ö÷ìýýôöôô ðìüČĕúñ, öô íú Ďôóúïôüôô íìüĀôĊ ċāĒ ôðúüì øñĄìîìùð, øÿîúĀôėìþ 
øñöÿùìð. Þìĕ÷ô÷ô öúüüñ÷ċþýôúùĒ ùôĄúù ðúð, öô úøô÷ô ìýúýôñ, öô øôėðúüô úíô ðìüČüú øÿìõċù øñöÿùìð, ùì 
øôėðúüô ÿøÿøôô íúüôĄô ýú÷úùì, íì÷öô þìėýôøúþô Āìý÷ôô úù ìýþ. Îúíìýþìïôô øÿýþìėôøô ėìîĒ øôČùô 
øôėðúüô íúüôĄ, öô ðìü Ąìö÷ô ûĘĄôĄô íìüĀĒ ðìü Āìý÷ô ýìüð (ċùîìü-ìûüñ÷) ĔìøĆ úøìðììýþ îì ĕìĔøô ĔúüôĄ 
ðìü ðìîüìô úíāñóôĕú ôýíúþ Ąÿð. ÍìüĆìöý, íúüôĄĕúô ðìîüìô ïìüø îúíìýþìïôô óìôĀüú íú øìĔüúô ýú÷úùì 
ùôĄúù øñðôĕìùð. ÞìĎõôüČíôô ùìóìüüìý ðìü øìĔüúô ýú÷ĕúô ïÿùúïÿù, ìó Ĕÿø÷ì ýú÷ô 2020 íú ùôĄúùðúðô āñ÷ñ 
öìø, öô ûìõüìîô ýú÷ô 2019 íú øìĔüúô íôýČü ïìüðôð, øÿĄúĕôðì Ąÿð. Ôù ìó ĕìýýúýôċþô íì÷ìùðô ĕìîóìô ðìüČô 
Îìüóúí ùôýíìþ íì þìĎõôüČíôô ôė÷ôø Ąìĕúðìþ øñðôĕìð. ÙìþôĔìĕúô íì ðìýþ úîìüðì ìĕìøøôċþô ìøì÷ôô öì÷úù 
ðúüìùð, ìó Ĕÿø÷ì íìüúô þìĕôċô ăúüìĕúô ìó ùôïúĕô ô÷øĒ ìýúýùúöĄÿðì ĕìøöúüôô ýúĕìô úí íì þìĎõôüČíôô 
ôė÷ôøô øÿúýôü, íìüúô ûñĄïĘôô ðÿüÿýþô øìĔüúô úí îì öìĀú÷ìþô ôýþôĀúðìô ÿýþÿîúüô úí ðìü øôùþìėì 
öúüíìüĒ ùìøÿðìù øÿøöôù ìýþ. 

Öì÷ôðîúòìĕú: ÞúĔôöôýþúù, ðìüČô Îìüóúí, üñĔìô úí, øìĔüú, Ĕìùíìĕúô ôė÷ôøĒ, íúüôĄúþô ìþøúýĀñüĒ, 
Ďôóúïôüôô íìüĀôĊ ċāĒ, ïôðüúïüìĀ, þìĎõôüČíôô íìõùôýú÷Ē, þìĕ÷ô÷ô öúüüñ÷ċþýôúùĒ, ĕìîóìô ðìüČ, óìāôüìĕúô 
úíĒ. 

 

ɺʆɼʅʓʁ ʈɽɾʀʄ ʈɽʂʀ ɺɸʈɿʆɹ ɺ ʋʉʃʆɺʀʗʍ ʉʆɺʈɽʄɽʅʅʆʁ ʀɿʄɽʅʏʀɺʆʉʊʀ 

ʂʃʀʄɸʊʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʨʝʢʠ ɺʘʨʟʦʙ ʚ ʫʩʣʦʚʠʷʭ 

ʩʦʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʦʙʨʘʙʦʪʢʝ ʤʥʦʛʦʣʝʪʥʠʭ ʜʘʥʥʳʭ 

ʦ ʩʨʝʜʥʝʛʦʜʦʚʦʤ ʠ ʩʨʝʜʥʝʤʝʩʷʯʥʦʤ ʨʘʩʭʦʜʝ ʚʦʜʳ ʟʘ ʧʝʨʠʦʜ 2017-2024 ʛʦʜʳ, ʘ ʪʘʢʞʝ ʥʘ ʜʝʪʘʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʩʪʘʥʮʠʡ çʄʘʡʭʫʨʘè ʠ 

çʍʫʰʸʨʠè ʟʘ ʧʝʨʠʦʜ 2019-2024 ʛʛ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʠʜʨʦʛʨʘʬ ʨʝʢʠ ɺʘʨʟʦʙ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ 

ʚʥʫʪʨʠʛʦʜʦʚʦʡ ʜʠʥʘʤʠʢʦʡ ʩ ʯʝʪʢʠʤ ʧʠʢʦʤ ʩʪʦʢʘ ʚ ʢʦʥʮʝ ʚʝʩʥʳ ï ʥʘʯʘʣʝ ʣʝʪʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʨʝʢ ʩ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʩʥʝʞʥʦ-ʣʝʜʥʠʢʦʚʳʤ ʧʠʪʘʥʠʝʤ. ʇʨʦʚʝʜʝʥʥʳʡ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ, ʯʪʦ 

ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʚʦʜʥʦʩʪʴ ʨʝʢʠ, ʷʚʣʷʝʪʩʷ ʥʝ ʦʙʱʘʷ ʛʦʜʦʚʘʷ ʩʫʤʤʘ ʦʩʘʜʢʦʚ, ʘ ʠʭ ʩʝʟʦʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʇʦʢʘʟʘʥʘ ʩʠʣʴʥʘʷ ʧʨʷʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ, ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʳʭ ʚ ʚʠʜʝ 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ (ʷʥʚʘʨʴ-ʘʧʨʝʣʴ), ʠ ʦʙʲʝʤʦʤ ʩʪʦʢʘ ʚ ʧʝʨʠʦʜ ʧʦʣʦʚʦʜʴʷ. ʅʘʧʨʦʪʠʚ, ʦʩʘʜʢʠ 



20 

 

ʪʝʧʣʦʛʦ ʧʝʨʠʦʜʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʣʘʙʫʶ ʩʚʷʟʴ ʩ ʛʦʜʦʚʳʤ ʨʘʩʭʦʜʦʤ ʚʦʜʳ. ɺʳʷʚʣʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʤʝʞʛʦʜʦʚʘʷ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʪʦʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʵʢʩʪʨʝʤʘʣʴʥʦ ʤʘʣʦʚʦʜʥʳʡ 2020 ʛʦʜ, ʢʦʪʦʨʳʡ ʧʦʩʣʝʜʦʚʘʣ ʟʘ ʤʥʦʛʦʚʦʜʥʳʤ 2019 

ʛʦʜʦʤ. ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ɺʘʨʟʦʙ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʬʣʫʢʪʫʘʮʠʷʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʚʘʞʥʦʝ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʨ ʧʦ 

ʘʜʘʧʪʘʮʠʠ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ, ʜʣʷ ʥʘʜʝʞʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʜʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʝʛʠʦʥʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʘʜʞʠʢʠʩʪʘʥ, ʨʝʢʘ ɺʘʨʟʦʙ, ʚʦʜʥʳʡ ʨʝʞʠʤ, ʩʪʦʢ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʘʪʤʦʩʬʝʨʥʳʝ 

ʦʩʘʜʢʠ, ʩʥʝʞʥʦ-ʣʝʜʥʠʢʦʚʦʝ ʧʠʪʘʥʠʝ, ʛʠʜʨʦʛʨʘʬ, ʤʝʞʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʙʘʩʩʝʡʥ ʨʝʢʠ, 

ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ. 

 

WATER REGIME OF THE VARZOB RIVER UNDER MODERN CLIMATE VARIABILITY  

The article presents the results of a comprehensive analysis of the water regime of the Varzob River under modern 

climate variability. The study is based on processing long-term data on the average annual and average monthly water 

discharge for the period 2017-2024, as well as a detailed examination of the spatiotemporal distribution of atmospheric 

precipitation according to data from the "Maykhura" and "Hushyori" weather stations for the period 2019-2024. It has been 

established that the hydrograph of the Varzob River is characterized by a pronounced intra-annual dynamic with a distinct 

peak flow in late spring and early summer, which corresponds to the classical model of rivers with predominant snow-

glacial feeding. The correlation analysis revealed that the key factor determining the river's water content is not the total 

annual precipitation, but its seasonal distribution. A strong direct relationship is shown between the amount of precipitation 

accumulated as snow cover in the cold season (January-April) and the runoff volume during the high-water period. In 

contrast, warm-season precipitation shows a weak correlation with the annual water discharge. Significant interannual flow 

variability was identified, including the extremely low-water year of 2020, which followed the high-water year of 2019. 

This highlights the high sensitivity of the Varzob River basin to climate fluctuations. The obtained results are of important 

practical significance for developing scientifically based measures to adapt the water management sector to modern climate 

change, for reliable water flow forecasting, and for ensuring sustainable water use in the region. 

Keywords: Tajikistan, Varzob River, water regime, runoff, climatic parameters, atmospheric precipitation, snow-

glacial feeding, hydrograph, interannual variability, correlation analysis, river basin, water resources. 
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ʋɼʂ: 624.131.1(575.3) 

ɻʈɸʅʋʃʆʄɽʊʈʀʏɽʉʂʀʁ ʉʆʉʊɸɺ ʆʊʃʆɾɽʅʀʁ, ʉʌʆʈʄʀʈʆɺɸʅʅʓʍ ʇʆɼ 

ɺʆɿɼɽʁʉʊɺʀɽʄ ʇɽʉʏɸʅʆ-ʇʓʃʔʅʓʍ ɹʋʈʔ ɺ ɺɽʈʍʅɽʏɽʊɺɽʈʊʀʏʅʆʄ 

ʂʆʄʇʃɽʂʉɽ ɻ. ɼʋʐɸʅɹɽ (ʏɸʉʊʔ 2) 

 

ʐʘʨʠʧʦʚʘ ʐ.ɸ., ʉʦʨʦʭʦʥ ʐ.
. 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʎʝʥʪʨ ʧʦ ʠʟʫʯʝʥʠʶ ʣʝʜʥʠʢʦʚ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ
. 

 

ʇʣʦʪʥʦʩʪʴ ʪʚʝʨʜʦʡ ʢʦʤʧʦʥʝʥʪʳ. ʇʣʦʪʥʦʩʪʴ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʣʝʩʩʦʚʳʭ ʛʨʫʥʪʦʚ ʧʦ 

ʠʩʩʣʝʜʫʝʤʦʡ ʛʣʫʙʠʥʝ ʨʘʟʨʝʟʘ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ 

(ʤʠʢʨʦʨʘʡʦʥ 82) ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2,57-2,68 ʛ/ʩʤ
3
. ʀʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʩ 

ʛʣʫʙʠʥʦʡ ʧʨʠʚʝʜʝʥʦ ʥʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 1). ɿʥʘʯʝʥʠʷ ʝʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ (1). 

 

ʊʘʙʣʠʮʘ 1. ɾʫʨʥʘʣ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʧʠʢʥʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

Table 1. Log of determination of density of solid particles by pycnometric method 
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ʦʙʨʘ

ʟʮʘ 

ɻʣʫʙʠ

ʥʘ, ʤ 
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ʧʠʯʝʩʢʘʷ 

ʚʣʘʞʥʦʩʪ

ʴ, % 

ʄʘʩʩʘ, ʛ 

ʇʣ-ʪʴ ʪʚ. 

ʢʦʤʧʦʥʝʥʪʳ

, ʛ/ʩʤ
3
  

ʧʠʢʥʦʤʝ

ʪʨʘ 

ʧʠʢʥʦʤʝ

ʪʨʘ ʩ 
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ʩʫʭ 

ʛʨʫʥʪʘ 

ʘʙʩ-ʩʫʭ 

ʛʨʫʥʪʘ 

ʧʠʢʥʦʤʝ

ʪʨʘ ʩ 

ʚʦʜ. ʠ 

ʛʨʫʥʪʦʤ 

ʧʠʢʥʦʤʝ

ʪʨʘ ʩ 

ʚʦʜʦʡ 

ɟs, 

ʛ/ʩ

ʤ
3
 

ʉʨʝʜʥ

ʝʝ 

g  g1 g Wg g g g 
ɟs=g0/(g0+g

3-g2)*ɟʚ 

1 0,5 30,43 43,1 12,67 0,6 12,59 87,58 79,85 2,59 

2,62 

2 1 30,61 41,17 10,56 0,4 10,51 86,63 80,06 2,67 

3 1,5 30,55 44,79 14,24 0,7 14,14 88,5 79,86 2,57 

4 2 30,43 41,44 11,01 0,6 10,94 86,86 80,12 2,60 

5 2,5 30,61 43,91 13,3 0,6 13,22 88,31 80,13 2,62 

6 3 30,55 42,73 12,18 0,7 12,09 87,46 79,88 2,68 

 

ʈʠʩ. 1. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʚʝʨʜʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩ ʛʣʫʙʠʥʦʡ 

Fig. 1. Graph of the change in density of the solid component with depth 

 
 

ʇʣʦʪʥʦʩʪʴ ʪʚʝʨʜʦʡ ʢʦʤʧʦʥʝʥʪʳ ʛʨʫʥʪʘ ʚ ʦʩʥʦʚʥʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʛʨʘʬʠʢʝ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʩ ʛʣʫʙʠʥʦʡ ʩʦʜʝʨʞʘʥʠʷ ʙʦʣʝʝ ʪʷʞʝʣʳʭ 
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ʤʠʥʝʨʘʣʦʚ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʢʠ ʚ ʛʨʫʥʪʝ. ʆʜʥʘʢʦ ʫ ʚʪʦʨʦʛʦ ʦʙʨʘʟʮʘ ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʚʳʰʝ, ʯʝʤ ʫ ʧʦʩʣʝʜʫʶʱʠʭ ʪʨʝʭ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘ 

ʛʣʫʙʠʥʝ 1 ʤʝʪʨʘ ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʠʥʝʨʘʣʦʚ ʙʦʣʴʰʝ.  

ʇʣʦʪʥʦʩʪʴ ʩʢʝʣʝʪʘ. ʇʣʦʪʥʦʩʪʴ ʩʢʝʣʝʪʘ ʦʙʨʘʟʮʦʚ ʛʨʫʥʪʘ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1,40-1,48 

ʛ/ʩʤ
3
. 

ʅʘ ʛʨʘʬʠʢʝ (ʨʠʩ.2) ʦʪʦʙʨʘʞʝʥʦ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʩʢʝʣʝʪʘ ʧʦ ʛʣʫʙʠʥʝ, ʘ ʝʝ ʟʥʘʯʝʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2. ɾʫʨʥʘʣ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʢʝʣʝʪʘ ʛʨʫʥʪʘ 

Table 2. Journal of soil skeleton density determination 

ˉ ʦʙʨʘʟʮʘ ɻʣʫʙʠʥʘ, ʤ ɟ, ʛ/ʩʤ
3
 We, % ɟd, ʛ/ʩʤ

3
 

1 0,5 1,52 8,7 1,40 

2 1 1,65 13,8 1,45 

3 1,5 1,66 17,1 1,42 

4 2 1,71 18,9 1,44 

5 2,5 1,74 19,5 1,46 

6 3 1,79 21 1,48 

 

ʈʠʩ. 2. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʢʝʣʝʪʘ ʛʨʫʥʪʘ (Pd) ʩ ʛʣʫʙʠʥʦʡ 

Fig. 2. Graph of changes in soil skeleton density (Pd) with depth 

 
 

ʇʣʦʪʥʦʩʪʴ ʩʢʝʣʝʪʘ ʛʨʫʥʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ, ʢʘʢ ʦʪʦʙʨʘʞʝʥʦ ʥʘ ʛʨʘʬʠʢʝ. 

ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʠʷ ʩ ʛʣʫʙʠʥʦʡ ʩʦʜʝʨʞʘʥʠʷ ʙʦʣʝʝ ʪʷʞʝʣʳʭ ʤʠʥʝʨʘʣʦʚ ʠ 

ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʢʠ. ɺʦ ʚʪʦʨʦʤ ʦʙʨʘʟʮʝ, ʢʘʢ ʠ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʧʣʦʪʥʦʩʪʴʶ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʠʥʝʨʘʣʦʚ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʙʦʣʴʰʝ. 

ʇʦʨʠʩʪʦʩʪʴ. ʇʦʨʠʩʪʦʩʪʴ ʦʙʨʘʟʮʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 44 ʜʦ 46%. 

ʅʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 3) ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʩ ʛʣʫʙʠʥʦʡ, ʘ ʝʝ ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 3. 

 

ʊʘʙʣʠʮʘ 3. ɾʫʨʥʘʣ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʛʨʫʥʪʘ 

Table 3. Soil porosity determination log 

ˉ ʦʙʨʘʟʮʘ ɻʣʫʙʠʥʘ, ʤ ɟs, ʛ/ʩʤ
3
 ɟd, ʛ/ʩʤ

3
 n, % ʅʘʠʤʝʥʦʚʘʥʠʝ 

1 0,5 2,59 1,4 46 ɺʳʩʦʢʦʧʦʨʠʩʪʳʡ 

2 1 2,67 1,45 46 ɺʳʩʦʢʦʧʦʨʠʩʪʳʡ 

3 1,5 2,57 1,42 45 ɺʳʩʦʢʦʧʦʨʠʩʪʳʡ 

4 2 2,6 1,44 45 ɺʳʩʦʢʦʧʦʨʠʩʪʳʡ 

5 2,5 2,62 1,46 44 ɺr ʩʦʢʦʧʦʨʠʩʪʳʡ 

6 3 2,68 1,48 45 ɺʳʩʦʢʦʧʦʨʠʩʪʳʡ 
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˾Ύ͒мΤ нΤ мΣпп 

˾Ύ͒мΤ нΣрΤ мΣпс 

˾Ύ͒мΤ оΤ мΣпу 

P
d 

˥͙ͯ͋ͤ͊͡Σ ͣ 



23 

 

ʈʠʩ. 3. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʩ ʛʣʫʙʠʥʦʡ 

Fig. 3. Graph of change in porosity with depth 

 
 

ʇʦʨʠʩʪʦʩʪʴ ʛʨʫʥʪʘ ʩ ʛʣʫʙʠʥʦʡ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʛʣʫʙʠʥʳ ʧʦʨʳ 

ʩʭʣʦʧʳʚʘʶʪʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚʳʰʝʣʝʞʘʱʝʡ ʪʦʣʱʠ. ʊʘʢʞʝ ʧʨʠʯʠʥʦʡ ʤʦʞʝʪ ʙʳʪʴ ʫʝʥʴʰʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʨ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ ʦʙʨʘʟʮʦʚ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

0,79-0,85. 

ʅʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 4) ʧʨʠʚʝʜʝʥʦ ʝʛʦ ʠʟʤʝʥʝʥʠʝ ʧʦ ʛʣʫʙʠʥʝ ʨʘʟʨʝʟʘ, ʘ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʨʠʩʪʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʨʠʩʪʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ. 

 

ʊʘʙʣʠʮʘ 4. ɾʫʨʥʘʣ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʨʠʩʪʦʩʪʠ ʛʨʫʥʪʘ 

Table 4. Journal of determination of the soil porosity coefficient 

ˉ ʦʙʨʘʟʮʘ ɻʣʫʙʠʥʘ, ʤ ɟs, ʛ/ʩʤ
3
 ɟd, ʛ/ʩʤ

3
 e 

1 0,5 2,59 1,4 0,85 

2 1 2,67 1,45 0,84 

3 1,5 2,57 1,42 0,81 

4 2 2,6 1,44 0,81 

5 2,5 2,62 1,46 0,79 

6 3 2,68 1,48 0,81 

 

ʈʠʩ. 4. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʨʠʩʪʦʩʪʠ ʩ ʛʣʫʙʠʥʦʡ 

Fig. 4. Graph of change in porosity coefficient with depth 
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ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ʇʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʙʨʘʟʮʳ ʛʨʫʥʪʦʚ 

ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ (ʤʠʢʨʦʨʘʡʦʥ 82) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʝʩʩʦʚʠʜʥʳʝ ʩʫʛʣʠʥʢʠ, ʧʦʪʦʤʫ ʯʪʦ ʫ ʥʠʭ ʙʦʣʴʰʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʫʧʥʦ-

ʧʳʣʝʚʘʪʳʭ ʯʘʩʪʠʮ ʠ ʦʪʩʫʪʩʪʚʫʝʪ ʬʨʘʢʮʠʷ ʨʘʟʤʝʨʦʤ 1-0,5 ʤʤ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʫʧʥʦ-ʧʳʣʝʚʘʪʳʭ ʯʘʩʪʠʮ (0,05-0,01 ʤʤ), ʥʠʯʪʦʞʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʯʘʩʪʠʮ 

ʢʨʫʧʥʝʝ 0,25 ʤʤ ʠ ʥʝʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ (ʜʦ 16%). 

ʇʦ ʠʩʩʣʝʜʫʝʤʦʡ ʛʣʫʙʠʥʝ ʩʦʜʝʨʞʘʥʠʝ ʧʝʩʯʘʥʦʡ ʬʨʘʢʮʠʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 35-43,1%, 

ʧʳʣʝʚʘʪʦʡ ʬʨʘʢʮʠʠ ï 43,3-50,2%, ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ ï 10,9-15,8%, ʘ ʪʦʯʥʝʝ, ʩʦʜʝʨʞʘʥʠʝ 

ʬʨʘʢʮʠʠ (<0,005 ʤʤ) ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 10,9-15,8%, ʬʨʘʢʮʠʠ (0,01-0,005 ʤʤ) ï ʚ ʧʨʝʜʝʣʘʭ 

11,3-22,4%, ʬʨʘʢʮʠʠ (0,05-0,01 ʤʤ) ï ʚ ʧʨʝʜʝʣʘʭ 24,1-39%, ʬʨʘʢʮʠʠ (0,1-0,05 ʤʤ) ï ʚ ʧʨʝʜʝʣʘʭ 

28-36,8%, ʬʨʘʢʮʠʠ (0,25-0,1 ʤʤ) ï ʚ ʧʨʝʜʝʣʘʭ 4,7-6,5%, ʬʨʘʢʮʠʠ (0,5-0,25 ʤʤ) ï ʚ ʧʨʝʜʝʣʘʭ 0,9-

2%. 

ʈʝʟʫʣʴʪʘʪʳ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʦʡ ʢʨʫʧʥʦʩʪʠ ʧʦ ʛʣʫʙʠʥʝ ʨʘʟʨʝʟʘ. ʋʩʪʘʥʦʚʣʝʥʳ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʧʝʩʯʘʥʳʭ, ʧʳʣʝʚʘʪʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʬʨʘʢʮʠʡ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʦʪ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʛʨʫʥʪʦʚ. ɸʥʘʣʠʟ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠʚʳʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʧʦʟʚʦʣʠʣ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ʉʦʦʪʥʦʰʝʥʠʝ ʦʩʥʦʚʥʳʭ 

ʬʨʘʢʮʠʡ ʚ ʛʨʫʥʪʘʭ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʫʛʦʣʴʥʳʭ ʜʠʘʛʨʘʤʤ ʌʝʨʝ. 

 

ʊʘʙʣʠʮʘ 5. ʊʘʙʣʠʮʘ ʟʥʘʯʝʥʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʨʫʥʪʘ, ʦʪʦʙʨʘʥʥʦʛʦ ʩ 

ʛʣʫʙʠʥʳ 0,5 ʤ 

Table 5. Table of values of granulometric composition of soil sampled from a depth of 0.5 m 

ʈʝʟʫʣʴʪʘʪʳ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʌʨʘʢʮʠʠ, ʤʤ >1 1-0,5 
0,5-

0,25 

0,25-

0,1 

0,1-

0,05 

0,05-

0,01 

0,01-

0,005 
<0,005 ʉʫʤʤʘ 

ʉʦʜʝʨʞʘʥʠʝ, % 0 0 0,9 5,0 33,1 28,8 20,0 12,2 100 

 

ʊʘʙʣʠʮʘ6.ʊʘʙʣʠʮʘ ʟʥʘʯʝʥʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʨʫʥʪʘ, ʦʪʦʙʨʘʥʥʦʛʦ ʩ ʛʣʫʙʠʥʳ 

1 ʤ 

Table 6. Table of grain-size distribution values of soil sampled from a depth of 1 m 
ʈʝʟʫʣʴʪʘʪʳ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʌʨʘʢʮʠʠ, ʤʤ >1 1-0,5 0,5-

0,25 

0,25-

0,1 

0,1-

0,05 

0,05-

0,01 

0,01-

0,005 

<0,005 ʉʫʤʤʘ 

ʉʦʜʝʨʞʘʥʠʝ, % 0 0 2,0 6,5 30,6 32,7 17,3 10,9 100 

 

ʊʘʙʣʠʮʘ 7. ʊʘʙʣʠʮʘ ʟʥʘʯʝʥʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʨʫʥʪʘ, ʦʪʦʙʨʘʥʥʦʛʦ ʩ 

ʛʣʫʙʠʥʳ 1,5 ʤ 

Table 7. Table of grain-size distribution values of soil sampled from a depth of 1.5 m 

ʈʝʟʫʣʴʪʘʪʳ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʌʨʘʢʮʠʠ, ʤʤ >1 1-0,5 
0,5-

0,25 

0,25-

0,1 

0,1-

0,05 

0,05-

0,01 

0,01-

0,005 
<0,005 ʉʫʤʤʘ 

ʉʦʜʝʨʞʘʥʠʝ, 

% 
0 0 1,3 4,7 32,2 26,0 22,4 13,4 100 

 

ʊʘʙʣʠʮʘ 8. ʊʘʙʣʠʮʘ ʟʥʘʯʝʥʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʨʫʥʪʘ, ʦʪʦʙʨʘʥʥʦʛʦ ʩ 

ʛʣʫʙʠʥʳ 2 ʤ 

Table 8. Table of grain-size distribution values of soil sampled from a depth of 2 m 

  

ʈʝʟʫʣʴʪʘʪʳ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʌʨʘʢʮʠʠ, ʤʤ >1 1-0,5 
0,5-

0,25 

0,25-

0,1 

0,1-

0,05 

0,05-

0,01 

0,01-

0,005 
<0,005 ʉʫʤʤʘ 

ʉʦʜʝʨʞʘʥʠʝ, % 0 0 1,0 5,3 36,8 27,2 17,3 12,4 100 
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ʊʘʙʣʠʮʘ 9. ʊʘʙʣʠʮʘ ʟʥʘʯʝʥʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʨʫʥʪʘ, ʦʪʦʙʨʘʥʥʦʛʦ ʩ 

ʛʣʫʙʠʥʳ 2,5 ʤ 

Table 9. Table of grain-size distribution values of soil sampled from a depth of 2.5 m 

ʈʝʟʫʣʴʪʘʪʳ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʌʨʘʢʮʠʠ, ʤʤ >1 1-0,5 
0,5-

0,25 

0,25-

0,1 

0,1-

0,05 

0,05-

0,01 

0,01-

0,005 
<0,005 ʉʫʤʤʘ 

ʉʦʜʝʨʞʘʥʠʝ, % 0 0 1,2 5,8 28,0 39,0 11,3 14,7 100 

 

ʊʘʙʣʠʮʘ 10. ʊʘʙʣʠʮʘ ʟʥʘʯʝʥʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʨʫʥʪʘ, ʦʪʦʙʨʘʥʥʦʛʦ ʩ 

ʛʣʫʙʠʥʳ 3 ʤ 

Table 10. Table of grain-size distribution values of soil sampled from a depth of 3 m 

ʈʝʟʫʣʴʪʘʪʳ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʌʨʘʢʮʠʠ, ʤʤ >1 1-0,5 
0,5-

0,25 

0,25-

0,1 

0,1-

0,05 

0,05-

0,01 

0,01-

0,005 
<0,005 ʉʫʤʤʘ 

ʉʦʜʝʨʞʘʥʠʝ, % 0 0 1,1 5,2 34,7 24,1 19,1 15,8 100 

 

ʈʠʩ.5. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʝʩʯʘʥʳʭ ʯʘʩʪʠʮ ʩ ʛʣʫʙʠʥʦʡ 

Fig. 5. Graph of the variation in sand content with depth 

 
 

ʈʠʩ. 6. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʳʣʝʚʘʪʳʭ ʯʘʩʪʠʮ ʩ ʛʣʫʙʠʥʦʡ  

Fig. 6. Graph of the variation in silt content with depth 
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ʈʠʩ.7. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ ʩ ʛʣʫʙʠʥʦʡ 

Fig. 7. Graph of the variation in clay content with depth 

 
 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʛʨʘʬʠʢʘʭ ʩʦʜʝʨʞʘʥʠʝ ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʦʡ ʢʨʫʧʥʦʩʪʠ ʩ ʛʣʫʙʠʥʦʡ ʪʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʪʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʵʦʣʦʚʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʣʝʩʩʘ, ʢʦʛʜʘ ʯʘʩʪʠʮʳ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʚʝʪʨʦʤ ʩ ʨʘʟʥʳʭ ʨʝʛʠʦʥʦʚ ʩ ʨʘʟʥʳʤʠ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. 

 

ʈʠʩ. 8. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ ʧʣʘʩʪʠʯʥʦʩʪʠ (I p) ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʧʝʩʯʘʥʳʭ ʯʘʩʪʠʮ 

Fig. 8. Graph of the variation of the plasticity index (Ip) with sand content 

 
 

ʈʠʩ. 9. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ ʧʣʘʩʪʠʯʥʦʩʪʠ (I p) ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʧʳʣʝʚʘʪʳʭ ʯʘʩʪʠʮ 

Fig. 9. Graph of the variation of the plasticity index (Ip) with silt content 
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ʈʠʩ. 10. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ ʧʣʘʩʪʠʯʥʦʩʪʠ (I p) ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ 

Fig. 10. Graph of the variation of the plasticity index (Ip) with clay content 

 
 

ʏʠʩʣʦ ʧʣʘʩʪʠʯʥʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʦʡ ʢʨʫʧʥʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ. 

ʇʦ ʛʨʘʬʠʢʘʤ ʚʳʚʦʜʠʪʩʷ ʪʦ, ʯʪʦ ʯʠʩʣʦ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ 

ʧʳʣʝʚʘʪʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ. 

 

ʈʠʩ. 11. ʀʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ ʚʳʨʘʞʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʜʣʷ ʦʙʨʘʟʮʘ, ʦʪʦʙʨʘʥʥʦʛʦ ʩ ʛʣʫʙʠʥʳ 0,5 ʤʝʪʨʘ 

Fig. 11. Gradation curve in a semi-logarithmic scale for the sample taken from a depth of 0.5 m 

 
 

ʈʠʩ. 12. ʀʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ ʚʳʨʘʞʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʜʣʷ ʦʙʨʘʟʮʘ, ʦʪʦʙʨʘʥʥʦʛʦ ʩ ʛʣʫʙʠʥʳ 1 ʤʝʪʨʘ 

Fig. 12. Gradation curve in a semi-logarithmic scale for the sample taken from a depth of 1 m 
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ʈʠʩ. 13. ʀʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ ʚʳʨʘʞʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʜʣʷ ʦʙʨʘʟʮʘ, ʦʪʦʙʨʘʥʥʦʛʦ ʩ ʛʣʫʙʠʥʳ 1,5 ʤʝʪʨʦʚ 

Fig. 13. Gradation curve in a semi-logarithmic scale for the sample taken from a depth of 1.5 m 

 
 

ʈʠʩ. 14. ʀʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ ʚʳʨʘʞʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʜʣʷ ʦʙʨʘʟʮʘ, ʦʪʦʙʨʘʥʥʦʛʦ ʩ ʛʣʫʙʠʥʳ 2 ʤʝʪʨʦʚ 

Fig. 14. Gradation curve in a semi-logarithmic scale for the sample taken from a depth of 2 m 

 
 

ʈʠʩ. 15. ʀʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ ʚʳʨʘʞʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʜʣʷ ʦʙʨʘʟʮʘ, ʦʪʦʙʨʘʥʥʦʛʦ ʩ ʛʣʫʙʠʥʳ 2,5 ʤʝʪʨʦʚ 

Fig. 15. Gradation curve in a semi-logarithmic scale for the sample taken from a depth of 2.5 m 
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ʈʠʩ. 16. ʀʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ ʚʳʨʘʞʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʜʣʷ ʦʙʨʘʟʮʘ, ʦʪʦʙʨʘʥʥʦʛʦ ʩ ʛʣʫʙʠʥʳ 3 ʤʝʪʨʦʚ 

Fig. 16. Gradation curve in a semi-logarithmic scale for the sample taken from a depth of 3 m 

 
 

ʇʦ ʠʥʪʝʛʨʘʣʴʥʳʤ ʢʨʠʚʳʤ (ʨʠʩ. 15-16) ʚʠʜʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʛʨʫʥʪʦʚ ʷʚʣʷʶʪʩʷ 

ʥʝʦʜʥʦʨʦʜʥʳʤʠ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʵʪʦ ʪʘʢʞʝ ʩʚʷʟʘʥʦ ʩ ʵʦʣʦʚʳʤ ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ ʣʝʩʩʘ. 

 

ʊʘʙʣʠʮʘ 11. ɾʫʨʥʘʣ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʛʨʫʥʪʘ 

Table 11. Record of soil uniformity coefficient determination 
 ̄ ɻʣʫʙʠʥʘ, ʤ d60 d10 U ʅʘʠʤʝʥʦʚʘʥʠʝ 

1 0,5 0,046 0,0046 10,0 ʅʝʦʜʥʦʨʦʜʥʳʡ 

2 1 0,047 0,0049 9,6 ʅʝʦʜʥʦʨʦʜʥʳʡ 

3 1,5 0,045 0,0042 10,7 ʅʝʦʜʥʦʨʦʜʥʳʡ 

4 2 0,052 0,0041 12,7 ʅʝʦʜʥʦʨʦʜʥʳʡ 

5 2,5 0,04 0,003 13,3 ʅʝʦʜʥʦʨʦʜʥʳʡ 

6 3 0,05 0,004 12,5 ʅʝʦʜʥʦʨʦʜʥʳʡ 

 

ʈʠʩ. 17. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩ ʛʣʫʙʠʥʦʡ 

Fig. 17. Graph of the variation in the soil uniformity coefficient with depth 

 
 

ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʛʨʫʥʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʛʨʘʬʠʢʝ. ʈʘʟ ʩ ʛʣʫʙʠʥʦʡ 

ʤʝʥʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʯʘʩʪʠʮ (ʦʩʦʙʝʥʥʦ ʛʣʠʥʠʩʪʳʭ), ʪʦ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 
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ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʘ ʠ 

ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʇʨʝʦʙʣʘʜʘʥʠʝ ʚ ʛʨʫʥʪʝ ʯʘʩʪʠʮ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʬʨʘʢʮʠʠ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʝʛʦ ʩʚʦʡʩʪʚʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʛʨʫʥʪʳ 

ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ 82 ʤʠʢʨʦʨʘʡʦʥʘ ʷʚʣʷʶʪʩʷ 

ʧʳʣʝʚʘʪʳʤʠ ʩʫʛʣʠʥʢʘʤʠ. ɺ ʥʠʭ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʝʚʘʪʘʷ ʬʨʘʢʮʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʧʝʩʯʘʥʦʡ 

ʬʨʘʢʮʠʠ ʚ ʛʨʫʥʪʝ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 35-43,1%, ʧʳʣʝʚʘʪʦʡ ʬʨʘʢʮʠʠ ï 43,3-50,2%, ʛʣʠʥʠʩʪʦʡ 

ʬʨʘʢʮʠʠ ï 10,9-15,8%. 

ɺʣʘʞʥʦʩʪʴ ʩ ʛʣʫʙʠʥʦʡ ʤʝʥʷʝʪʩʷ ʦʪ 8,7 ʜʦ 21%, ʚʣʘʞʥʦʩʪʴ ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʘ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ï ʦʪ 19 ʜʦ 22,3%, ʚʣʘʞʥʦʩʪʴ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʧʣʘʩʪʠʯʥʦʩʪʠ ï ʦʪ 28,8 ʜʦ 31,8%; ʯʠʩʣʦ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ï ʦʪ 7 ʜʦ 11,3; ʧʦʢʘʟʘʪʝʣʴ ʪʝʢʫʯʝʩʪʠ ï ʦʪ -1,40 ʜʦ 0,18. ɺʣʘʞʥʦʩʪʴ ʩ ʛʣʫʙʠʥʦʡ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʳ ʫʤʝʥʴʰʘʝʪʩʷ ʚʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʤʝʥʴʰʘʝʪʩʷ ʠʩʧʘʨʝʥʠʝ. 

ʇʣʦʪʥʦʩʪʴ ʩ ʛʣʫʙʠʥʦʡ ʚʦʟʨʘʩʪʘʝʪ ʦʪ 1,52 ʜʦ 1,79 ʛ/ʩʤ
3
. ʇʣʦʪʥʦʩʪʴ ʪʚʝʨʜʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 2,57 - 2,68 ʛ/ʩʤ
3
. ʇʣʦʪʥʦʩʪʴ ʩʢʝʣʝʪʘ ʛʨʫʥʪʘ ʤʝʥʷʝʪʩʷ ʦʪ 1,40 ʜʦ 1,48 ʛ/ʩʤ

3
. 

ʇʣʦʪʥʦʩʪʴ, ʚ ʦʩʥʦʚʥʦʤ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʚʣʘʞʥʦʩʪʴ ʪʦʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ; ʘ 

ʧʣʦʪʥʦʩʪʴ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʛʨʫʥʪʘ ʠ ʧʦʨʠʩʪʦʩʪʠ, ʥʦ ʠ ʦʪ ʚʣʘʞʥʦʩʪʠ. 

ʇʦʨʠʩʪʦʩʪʴ ʩ ʛʣʫʙʠʥʦʡ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 44-46%, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ 

ʤʝʥʷʝʪʩʷ ʦʪ 0,79 ʜʦ 0,85. ʇʦʨʠʩʪʦʩʪʴ ʩ ʛʣʫʙʠʥʦʡ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʜʘʚʣʝʥʠʷ 

ʚʳʰʝʣʝʞʘʱʝʡ ʪʦʣʱʠ, ʦʪʯʝʛʦ ʧʦʨʳ ʥʘʯʠʥʘʶʪ ʩʭʣʦʧʳʚʘʪʴʩʷ. 
 

ʃʀʊɽʈɸʊʋʈɸ 
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ÞÌÜÖÔÍÔ ÏÜÌÙß×ÚØÑÞÜÔÔ ÞÌÇäÔÙÇÚÑ, ÖÔ ÓÑÜÔ ÞÌæÝÔÜÔ ÞÊàÚÙÇÚÔ ÜÑÏß ãÌÙÏ ÐÌÜ 

ØÌÆØßÔ ãÚÜßØÔÙÓÔ×ÔÔ ÍÚ×ÚÔÔ äÌÇÜÔ ÐßäÌÙÍÑ ÞÌäÌÖÖß× ¾àÞÌÌÙÐ 
Ðìü øìėú÷ìô øìóöÿü ùìþôĔìĕúô þìĕėôėúþô ÷ìíúüìþúüĒ úôð íì øÿìõċù ùìøÿðìùô óôăôô óìüüìĕúô ýìāþ 

îì óôăôô ýöñ÷ñþôô āúöĕúô ÷ñýýôô øìĔøììô ăìĕúüîìùþìô íú÷úôô ėôýøô Ďìüíôô Ąìĕüô ÐÿĄìùíñ (øôöüúùúĕôċô 
82) úîìüðì Ąÿðììùð. Þìĕėôėúþ íú ÿýÿ÷ô ûôöùúøñþüĒ ðìü ăÿėÿüôĕúô ìó 0,5 þú 3 øñþü ïÿóìüúùôðì Ąÿðììýþ. 
Øÿìõċù öìüðì Ąÿð, öô óôăôô óìüüìĕúô ýìāþ ðìü ĕÿðÿðô 2,57¬2,68 ï/ýøį þìĎõôü ČĀþì, ðìü ÿøÿø, þìøúĊ÷ô 
óôČðĄìîôüú íú ìøôėĒ ùôĄúù øñðôĕìð. Ôù ĕú÷ìþ íú óôČð Ąÿðìùô øôėðúüô øôùñüì÷ĕúô îìóùôù îì öìø Ąÿðìùô 
øúððìĕúô úüïìùôöĒ îúíìýþì ìýþ. Ôýþôýùú ùìøÿùìô ăÿėÿüôô 1 ø øñíúĄìð, öô ðìü úù óôăĒ íì ĕìððô ìöýìü (2,67 
ï/ýøį) øñüìýìð, öô ĉĕþôøú÷ìù ùôĄúùðôĕìùðìô Ďìùôïìüðôô øìĕì÷÷Ē íú øôùñüì÷ĕúô îìóùôù øñíúĄìð. Óôăôô 

ýöñ÷ñþĒ ðìü ĕÿðÿðô 1,40 þú 1,48 ï/ýøį þìĎõôü ČĀþì, ôùăÿùôù þìĎõôüúþô øÿĆþìðô÷üú íú ìøôėĒ ùôĄúù øñðôĕìð. 
ØìĆ÷ÿøúþô ïôüôĀþìĄÿðì íìüúô ìüóČíôô ïñúþñāùôöôô āúýôċþĕúô āúö îì íìùìėĄìïôüôô öúüĕúô ýúāþøúùĒ 
ôýþôĀúðì øñĄìîìð. 

Öì÷ôðîúòìĕú: Ĕôùýĕúô ÷ČýýĒ, þìüöôí, óôăôô āúö, ìĀóúôĄô óôăôô ùìøÿùìĕú íú ìøôėĄìîôô ĔúõïôüĄìîĒ, 
öìĔùìøúô ôùþñïüì÷ôô ùìøúôĄô þìüöôíô ïüìùÿ÷úøñþüĒ.  

 

ɻʈɸʅʋʃʆʄɽʊʈʀʏɽʉʂʀʁ ʉʆʉʊɸɺ ʆʊʃʆɾɽʅʀʁ, ʉʌʆʈʄʀʈʆɺɸʅʅʓʍ ʇʆɼ ɺʆɿɼɽʁʉʊɺʀɽʄ 

ʇɽʉʏɸʅʆ-ʇʓʃʔʅʓʍ ɹʋʈʔ ɺ ɺɽʈʍʅɽʏɽʊɺɽʈʊʀʏʅʆʄ ʂʆʄʇʃɽʂʉɽ ɻ. ɼʋʐɸʅɹɽ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʪʚʸʨʜʳʭ 

ʯʘʩʪʠʮ ʠ ʧʣʦʪʥʦʩʪʠ ʩʢʝʣʝʪʘ ʣʝʩʩʦʚʳʭ ʛʨʫʥʪʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ (ʤʠʢʨʦʨʘʡʦʥ 82). ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʠʢʥʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 0,5 
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ʜʦ 3 ʤʝʪʨʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʪʚʸʨʜʳʭ ʯʘʩʪʠʮ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2,57ï2,68 ʛ/ʩʤį ʠ ʚ ʮʝʣʦʤ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩ ʛʣʫʙʠʥʦʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʙʦʣʝʝ ʪʷʞʸʣʳʭ ʤʠʥʝʨʘʣʦʚ 

ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʜʦʣʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʝʮ ʥʘ ʛʣʫʙʠʥʝ 1 ʤ, ʛʜʝ ʧʣʦʪʥʦʩʪʴ 

ʤʘʢʩʠʤʘʣʴʥʘ (2,67 ʛ/ʩʤį), ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʣʦʢʘʣʴʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʪʷʞʸʣʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. ʇʣʦʪʥʦʩʪʴ 

ʩʢʝʣʝʪʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 1,40 ʜʦ 1,48 ʛ/ʩʤį, ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʷ ʫʤʝʨʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦ ʛʣʫʙʠʥʝ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʝʩʩʩʦʚʳʝ ʧʦʨʦʜʳ, ʩʦʩʪʘʚ, ʧʣʦʪʥʦʩʪʴ ʛʨʫʥʪʘ, ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩ ʛʣʫʙʠʥʦʡ 

ʟʘʣʝʛʘʥʠʷ, ʠʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ ʚʳʨʘʞʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

 

GRAIN SIZE DISTRIBUTION OF DEPOSITS FORMED UNDER THE INFLUENCE OF SAND AND DUST 

STORMS IN THE UPPER QUATERNARY COMPLEX OF DUSHANBE CITY  

This study presents the results of laboratory investigations aimed at determining the particle density and skeletal 

density of loess soils from the Upper Quaternary complex in the western part of Dushanbe city (microdistrict 82). The 

analysis was carried out using the pycnometric method at depths ranging from 0.5 to 3 meters. It was found that the particle 

density varies between 2.57 and 2.68 g/cmį and generally shows a trend of increasing with depth. This is attributed to the 

higher content of heavier minerals and a decrease in organic matter with depth. An exception is observed at the 1-meter 

depth, where the particle density reaches its maximum value (2.67 g/cmį), possibly indicating local enrichment with heavy 

minerals. The skeletal density ranges from 1.40 to 1.48 g/cmį, also showing moderate variation with depth. The obtained 

data are used for geotechnical assessment of soil properties and for planning construction activities. 

Keywords: loess deposits, composition, soil density, increase in sample density with depth, integral curve of grain 

size distribution. 
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ʋɼʂ: 55.551.3 

ʄʆʈʌʆʄɽʊʈʀʏɽʉʂʀɽ ʇʈɽɼʇʆʉʓʃʂʀ ʆʇʆʃɿʅɽʁ  

 

ʌʘʡʟʫʣʣʦʝʚ ʐ.ɸ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ, ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʝʡʩʤʦʣʦʛʠʠ ʅɸʅ ʊʘʜʞʠʢʠʩʪʘʥʘ 

 

ʂʨʫʪʠʟʥʘ ʩʢʣʦʥʦʚ (ʨʠʩ. 1) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʟʚʠʪʠʝ ʦʧʦʣʟʥʝʡ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʢʣʦʥʦʚ, ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ. ɺ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʨʫʪʠʟʥʘ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʧʝʨʚʠʯʥʳʡ ʠʥʜʠʢʘʪʦʨ ʩʢʣʦʥʦʚʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ [2; 4]. 

ɼʝʡʩʪʚʫʶʱʘʷ ʥʘ ʤʘʩʩʫ ʛʦʨʥʳʭ ʧʦʨʦʜ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʣʘ ʚʦʟʨʘʩʪʘʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ ʥʘʢʣʦʥʘ ʩʢʣʦʥʦʚ. ʉʤʝʱʝʥʠʝ ʦʧʦʣʟʥʝʚʦʡ ʤʘʩʩʳ ʚʥʠʟ ʧʦ ʩʢʣʦʥʫ 

ʧʨʦʚʦʮʠʨʫʝʪʩʷ ʨʦʩʪʦʤ ʩʜʚʠʛʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʢʨʫʪʠʟʥʳ 

ʩʢʣʦʥʦʚ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʵʪʠ ʩʠʣʳ ʧʨʝʚʦʩʭʦʜʷʪ ʫʜʝʨʞʠʚʘʶʱʠʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʢʣʦʥʘ [2]. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʩʢʣʦʥʥʳʤʠ ʢ 

ʩʤʝʱʝʥʠʶ ʩʯʠʪʘʶʪʩʷ ʩʢʣʦʥʳ ʩ ʢʨʫʪʠʟʥʦʡ ʦʪ 20Á ʜʦ 40Á, ʛʜʝ, ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʠʙʦʣʴʰʝʝ ʥʘʢʦʧʣʝʥʠʝ ʨʳʭʣʳʭ ʛʦʨʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʵʥʝʨʛʠʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘ ʩʢʣʦʥʘʭ. ʇʨʠ 

ʪʘʢʠʭ ʟʥʘʯʝʥʠʷʭ ʥʘʢʣʦʥʘ ʩʦʟʜʘʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʦʣʟʥʝʚʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʜʨʫʛʠʭ ʧʨʝʜʨʘʩʧʦʣʘʛʘʶʱʠʭ ʬʘʢʪʦʨʦʚ - ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ, 

ʚʳʚʝʪʨʠʚʘʥʠʷ, ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚʳʧʫʢʣʦʡ ʢʨʠʚʠʟʥʳ ʠ ʵʢʩʧʦʟʠʮʠʠ ʩʢʣʦʥʦʚ [2]. 

ʇʨʠ ʢʨʫʪʠʟʥʝ ʩʢʣʦʥʦʚ ʤʝʥʝʝ 10Á ʦʧʦʣʟʥʠ ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʜʢʦ, ʧʦʩʢʦʣʴʢʫ ʩʠʣʳ ʪʷʞʝʩʪʠ 

ʥʝʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʩʮʝʧʣʝʥʠʷ ʯʘʩʪʠʮ ʠ ʚʥʫʪʨʝʥʥʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʦʨʦʜʳ. ʆʜʥʘʢʦ 

ʥʘ ʪʘʢʠʭ ʩʢʣʦʥʘʭ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʦʧʦʣʟʥʠ ʠ ʤʝʜʣʝʥʥʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʜʝʬʦʨʤʘʮʠʠ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʧʣʘʩʪʠʯʥʳʭ ʛʣʠʥʠʩʪʳʭ ʩʣʦʝʚ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʥʘ ʩʢʣʦʥʘʭ ʩʚʳʰʝ 40-50Á ʯʘʱʝ ʬʠʢʩʠʨʫʶʪʩʷ ʥʝ ʩʪʦʣʴʢʦ ʦʧʦʣʟʥʠ, ʩʢʦʣʴʢʦ ʦʙʚʘʣʳ, ʦʩʳʧʠ 

ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʵʢʟʦʛʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʩʢʦʣʴʢʫ ʫʜʝʨʞʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʤʠʥʠʤʘʣʴʥʘ [5]. 

ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʢʣʦʥʦʚ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʠʭ ʢʨʫʪʠʟʥʳ, ʥʦ ʠ ʦʪ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʢʠ ʩʣʦʝʚ ʧʦʨʦʜ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʣʦʥʘ, 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʅʘʧʨʠʤʝʨ, ʥʘ ʩʢʣʦʥʘʭ ʩ ʢʨʫʪʠʟʥʦʡ 20-

40Á, ʩʣʦʞʝʥʥʳʭ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʩʣʦʷʤʠ ʛʣʠʥ ʠ ʧʝʩʯʘʥʠʢʦʚ, ʯʘʩʪʦ ʬʦʨʤʠʨʫʶʪʩʷ ʛʣʫʙʠʥʥʳʝ 

ʦʧʦʣʟʥʠ ʩ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ [10].  

ɺ ʢʦʥʪʝʢʩʪʝ ʩ ʜʨʫʛʠʤʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤʠ, ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ 

ʬʘʢʪʦʨʘʤʠ ʦʧʦʣʟʥʝʦʙʨʘʟʦʚʘʥʠʷ ʢʨʫʪʠʟʥʘ ʩʢʣʦʥʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ 

ʬʘʢʪʦʨʦʚ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʝʡ ʦʧʦʣʟʥʝʚʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ɺʳʯʠʩʣʝʥʠʝ ʫʢʣʦʥʦʚ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ, ʠ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ɻʀʉ-ʪʝʭʥʦʣʦʛʠʷ, ʘ ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ ʧʦ ʢʣʘʩʩʘʤ ʢʨʫʪʠʟʥʳ 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʢʘʟʳʚʘʝʪ 

ʢʨʠʪʠʯʝʩʢʠʝ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʠ ʢʨʠʪʝʨʠʠ ʜʣʷ ʟʦʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʧʦ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ. ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʳʷʚʣʝʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʧʦʣʟʥʝʚʳʝ ʷʚʣʝʥʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʫʨʦʯʝʥʳ ʢ ʠʥʪʝʨʚʘʣʫ 

ʢʨʫʪʠʟʥʳ ʦʪ 20Á ʜʦ 40Á [8; 7; 9]. 

ʕʢʩʧʦʟʠʮʠʷ ʩʢʣʦʥʦʚ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʦʧʦʣʟʥʝʚʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʛʦʨʥʳʭ ʠ ʧʨʝʜʛʦʨʥʳʭ ʨʘʡʦʥʘʭ. ʕʪʦʪ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʚʣʠʷʝʪ 

ʥʘ ʪʝʧʣʦ- ʠ ʚʣʘʛʦʦʙʤʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʣʦʥʘ, ʨʝʛʫʣʠʨʫʷ ʫʩʣʦʚʠʷ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʫʚʣʘʞʥʝʥʠʷ, 

ʪʘʷʥʠʷ ʩʥʝʛʘ, ʠʩʧʘʨʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʢʣʦʥʦʚ ʢ ʦʧʦʣʟʥʝʚʳʤ ʜʝʬʦʨʤʘʮʠʷʤ [1]. 

ɺ ʫʩʣʦʚʠʷʭ ʩʢʣʦʥʦʚ ʶʞʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʫʯʘʝʪ ʙʦʣʴʰʝ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ, ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʩʧʘʨʝʥʠʶ ʠ 

ʧʨʦʩʫʰʠʚʘʥʠʶ ʛʨʫʥʪʦʚ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʝʚʘ ʠ 

ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʨʝʩʢʠʚʘʶʪʩʷ ʠ, ʚʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 
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ʧʦʜʚʝʨʛʘʶʪʩʷ ʬʠʟʠʯʝʩʢʦʤʫ ʚʳʚʝʪʨʠʚʘʥʠʶ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʚʳʰʝʥʥʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ, 

ʩʢʣʦʥʳ ʩ ʶʞʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʝʥʝʝ ʫʚʣʘʞʥʝʥʳ, ʯʪʦ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʧʦʣʟʥʝʡ, ʦʩʦʙʝʥʥʦ ʪʝʭ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ ʧʨʠ ʧʝʨʝʫʚʣʘʞʥʝʥʠʠ ʛʨʫʥʪʦʚ [12].  

 

ʈʠʩeyjr. 1. ʂʘʨʪʘ ʢʨʫʪʠʟʥʳ ʩʢʣʦʥʦʚ (ʌʘʡʟʫʣʣʦʝʚ ʐ.ɸ.) 

Figure. 1. Sope map (Faizulloev Sh.A.) 

 
ʉʝʚʝʨʥʳʝ ʩʢʣʦʥʳ, ʥʘʧʨʦʪʠʚ, ʧʦʣʫʯʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʩʦʣʥʝʯʥʦʛʦ ʪʝʧʣʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʦʥʠ ʜʦʣʴʰʝ ʩʦʭʨʘʥʷʶʪ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ, ʘ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʙʦʣʝʝ 

ʧʦʜʚʝʨʞʝʥʳ ʟʘʜʝʨʞʢʝ ʪʘʣʳʭ ʚʦʜ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʯʘʩʪʦ ʬʦʨʤʠʨʫʶʪʩʷ ʫʯʘʩʪʢʠ ʧʦʚʳʰʝʥʥʦʛʦ 

ʫʚʣʘʞʥʝʥʠʷ, ʛʜʝ ʚʦʜʘ ʧʨʦʥʠʢʘʝʪ ʚ ʪʦʣʱʫ ʛʨʫʥʪʦʚ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʨʦʚʦʝ ʜʘʚʣʝʥʠʝ, ʩʥʠʞʘʷ ʠʭ 

ʩʜʚʠʛʦʚʫʶ ʧʨʦʯʥʦʩʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʩʢʣʦʥʘʭ ʩʝʚʝʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʧʨʦʮʝʩʩʳ ʧʨʦʤʝʨʟʘʥʠʷ ʠ 

ʦʪʪʘʠʚʘʥʠʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʢ ʚʳʚʝʪʨʠʚʘʥʠʶ, ʥʦ ʠ ʢ ʥʘʢʦʧʣʝʥʠʶ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʨʦʜʘʭ ʠ, ʚ ʩʣʫʯʘʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʢ ʠʭ ʧʦʩʣʝʜʫʶʱʝʤʫ ʩʤʝʱʝʥʠʶ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʢʣʦʥʳ ʩʝʚʝʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʣʦʥʘʤʠ ʶʞʥʦʡ ʦʨʠʝʥʪʘʮʠʠ [16; 12]. 

ʉʢʣʦʥʳ ʩ ʟʘʧʘʜʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʵʢʩʧʦʟʠʮʠʷʤʠ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ, 

ʦʜʥʘʢʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʚʝʪʨʦʚ, ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʠ ʣʦʢʘʣʴʥʳʭ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʦʥʠ ʪʘʢʞʝ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʩʪʝʧʝʥʴ ʦʧʦʣʟʥʝʚʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʚ ʨʝʛʠʦʥʘʭ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʶ ʤʫʩʩʦʥʦʚ ʠʣʠ 

ʛʦʩʧʦʜʩʪʚʫʶʱʠʭ ʚʣʘʞʥʳʭ ʚʝʪʨʦʚ, ʟʘʧʘʜʥʳʝ ʩʢʣʦʥʳ ʤʦʛʫʪ ʧʦʣʫʯʘʪʴ ʙʦʣʴʰʝ ʚʣʘʛʠ, ʯʝʤ 

ʚʦʩʪʦʯʥʳʝ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʯʘʩʪʦʪʝ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʧʦʣʟʥʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʚʦʩʪʦʯʥʳʭ 

ʩʢʣʦʥʘʭ ʙʦʣʝʝ ʚʳʨʘʞʝʥʦ ʫʪʨʝʥʥʝʝ ʩʦʣʥʝʯʥʦʝ ʧʨʦʛʨʝʚʘʥʠʝ, ʯʪʦ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʨʝʞʠʤ 

ʟʘʤʝʨʟʘʥʠʷ ʠ ʦʪʪʘʠʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ [12]. 

ʉ ʵʪʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʩʢʣʦʥʘ ʪʘʢʞʝ ʪʝʩʥʦ ʩʚʷʟʘʥ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ [13]. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʘʨʤʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʛʦ 

ʬʘʢʪʦʨʘ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʝʛʦ ʵʨʦʟʠʶ ʩʢʣʦʥʦʚ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. ʉʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʠʟ-ʟʘ ʙʦʣʝʝ ʩʫʭʠʭ ʫʩʣʦʚʠʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

ʥʘ ʩʢʣʦʥʘʭ ʩ ʶʞʥʦʡ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʵʢʩʧʦʟʠʮʠʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʘ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ 

ʩʢʣʦʥʳ ʩʝʚʝʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʥʫʶ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ: ʦʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʛʫʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʠʤʝʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʷʟʠ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʛʣʫʙʦʢʠʝ ʦʧʦʣʟʥʝʚʳʝ 

ʷʚʣʝʥʠʷ ʥʘ ʪʘʢʠʭ ʩʢʣʦʥʘʭ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʆʜʥʘʢʦ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ, 
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ʧʦʤʠʤʦ ʘʨʤʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʜʝʨʞʘʥʠʶ ʚʣʘʛʠ ʚ ʧʦʯʚʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʝ ʯʨʝʟʤʝʨʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʤʦʞʝʪ 

ʧʦʣʥʦʩʪʴʶ ʩʤʝʥʠʪʴʩʷ ʥʘ ʦʪʨʠʮʘʪʝʣʴʥʦʝ [12]. 

 

ʈʠʩʫʥʦʢ. 2. ʕʢʩʧʦʟʠʮʠʷ ʩʢʣʦʥʦʚ (ʌʘʡʟʫʣʣʦʝʚ ʐ.ɸ.) 

Figure. 2. Slope aspect (Faizulloev Sh.A.) 

 
ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʛʠʦʥʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʛʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ 

ʦʧʦʣʟʥʝʡ ʥʘ ʩʢʣʦʥʘʭ ʩ ʩʝʚʝʨʥʦʡ, ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʠʭ 

ʙʦʣʴʰʝʡ ʚʣʘʞʥʦʩʪʴʶ, ʜʣʠʪʝʣʴʥʳʤ ʩʦʭʨʘʥʷʶʱʠʤʩʷ ʩʥʝʞʥʳʤ ʧʦʢʨʦʚʦʤ ʠ ʩʣʘʙʳʤ ʠʩʧʘʨʝʥʠʝʤ. 

ʇʨʠ ʵʪʦʤ ʶʞʥʳʝ ʠ ʶʛʦ-ʟʘʧʘʜʥʳʝ ʩʢʣʦʥʳ ʧʦʜʚʝʨʞʝʥʳ ʦʧʦʣʟʥʷʤ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʫʯʘʩʪʢʦʚ ʩ ʩʠʣʴʥʦ ʚʳʚʝʪʨʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʠʣʠ ʧʨʠ ʥʘʣʠʯʠʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ. ɺʚʠʜʫ ʵʪʦʛʦ ʵʢʩʧʦʟʠʮʠʷ ʩʢʣʦʥʦʚ ʚʢʣʶʯʘʝʪʩʷ ʢʘʢ ʚʘʞʥʳʡ ʬʘʢʪʦʨ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʧʦʣʟʥʝʚʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ [1]. 

ɺʳʩʦʪʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ. ɿʘʢʦʥʦʤʝʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʛʦʨʥʳʭ 

ʩʪʨʘʥʘʭ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʩʦʪʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ, ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʊʘʢʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ 

ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʭʘʨʘʢʪʝʨʦʤ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, 

ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʫʢʪʫʨʦʡ ʛʨʫʥʪʦʚ, ʘ ʪʘʢʞʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʧʦ ʤʝʨʝ ʠʟʤʝʥʝʥʠʷ 

ʚʳʩʦʪʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʩʦʟʜʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʢʣʦʥʦʚ ʠ ʨʘʟʚʠʪʠʝ ʵʢʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [11]. 

ɺ ʊʘʜʞʠʢʠʩʪʘʥʝ, ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʦʧʦʣʟʥʝʚʳʭ 

ʷʚʣʝʥʠʡ ʚ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ ʠ ʧʦ ʚʩʝʡ ʩʪʨʘʥʝ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʉʝʚʝʨʥʦʤ 

ʠ ʎʝʥʪʨʘʣʴʥʦʤ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ ʦʧʦʣʟʥʝʚʳʝ ʷʚʣʝʥʠʷ ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʢʣʦʥʘʤ, 

ʥʘʭʦʜʷʱʠʤʩʷ ʥʘ ʚʳʩʦʪʝ 1500-2000 ʤ. ɼʣʷ ʜʚʫʭ ʦʩʪʘʣʴʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ 

ʊʘʜʞʠʢʠʩʪʘʥʘ ʠ ʜʣʷ ʩʪʨʘʥʳ ʚ ʮʝʣʦʤ ʥʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʦʧʦʣʟʥʝʡ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʟʦʥʘʤ 

ʚʳʩʦʪʦʡ 2000-2500 ʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʢʣʦʥʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ 

ʚʳʩʦʪʝ 1500-2500 ʤ, ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ. 

ɼʘʞʝ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʚʠʪʳʡ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʧʦʜʭʦʜʷʱʝʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʠ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘ ʵʪʠʭ ʚʳʩʦʪʘʭ 
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ʠʟ-ʟʘ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʳʭ ʦʩʘʜʢʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʩʝʟʦʥ ʜʦʞʜʝʡ, ʦʙʦʛʘʱʘʝʪ 

ʛʨʫʥʪʳ ʚʣʘʛʦʡ ʠ ʩʥʠʞʘʝʪ ʠʭ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʝʤ ʩʘʤʳʤ ʩʦʟʜʘʚʘʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʦʧʦʣʟʥʝʡ. ʅʘ ʵʪʠʭ ʚʳʩʦʪʥʳʭ ʟʦʥʘʭ ʩʢʣʦʥʳ ʯʘʩʪʦ ʩʣʦʞʝʥʳ ʨʳʭʣʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʣʝʛʯʝ 

ʪʝʨʷʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ. ɼʘʞʝ ʫʢʨʝʧʣʸʥʥʳʝ ʚʝʨʭʥʠʝ ʩʣʦʠ ʛʨʫʥʪʘ ʩ ʩʠʩʪʝʤʦʡ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʨʥʝʡ 

ʧʨʠ ʨʝʟʢʠʭ ʠ ʦʙʠʣʴʥʳʭ ʦʩʘʜʢʘʭ ʪʝʨʷʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʇʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʢʦʨʥʠ ʨʘʩʪʝʥʠʡ 

ʪʝʨʷʶʪ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ, ʠ ʧʨʠ ʩʣʘʙʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʤʦʞʝʪ 

ʦʙʨʘʟʦʚʘʪʴʩʷ ʦʧʦʣʟʝʥʴ [11]. 

ʂʨʦʤʝ ʪʦʛʦ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʢʣʠʤʘʪ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʩʫʨʦʚʳʤ. ʅʠʟʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʥʝʛʘ, ʚʦʟʨʘʩʪʘʥʠʝ ʯʘʩʪʦʪʳ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ 

ʦʪʪʘʠʚʘʥʠʷ ʛʨʫʥʪʦʚ ʧʨʠʚʦʜʷʪ ʢ ʠʭ ʚʳʚʝʪʨʠʚʘʥʠʶ, ʤʘʪʝʨʠʘʣʳ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʶʪ 

ʥʝʩʪʘʙʠʣʴʥʳʝ ʠ ʩʢʣʦʥʥʳʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʧʦʣʟʥʝʡ ʦʙʚʘʣʳ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʊʘʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚʝʩʥʦʡ, ʚ ʧʝʨʠʦʜ ʪʘʷʥʠʷ ʩʥʝʛʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘʩʳʱʝʥʥʳʝ 

ʚʣʘʛʦʡ ʛʨʫʥʪʳ ʪʝʨʷʶʪ ʧʨʦʯʥʦʩʪʴ. ʇʨʠ ʵʪʦʤ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʚ ʚʳʩʦʢʦʛʦʨʥʳʭ ʧʦʷʩʘʭ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʩʢʫʜʝʥ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ, ʯʪʦ ʩʥʠʞʘʝʪ ʝʩʪʝʩʪʚʝʥʥʫʶ ʟʘʱʠʪʫ ʩʢʣʦʥʦʚ ʦʪ 

ʵʨʦʟʠʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʨʘʟʨʫʰʝʥʠʶ [11]. 

 

ʈʠʩʫʥʦʢ. 3. ʂʘʨʪʘ ʚʳʩʦʪʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ (ʌʘʡʟʫʣʣʦʝʚ ʐ.ɸ.) 

Figure. 3. Elevation map (Faizulloev Sh.A.) 

 
ʄʘʣʘʷ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ ʢ ʦʪʤʝʪʢʘʤ ʚʳʰʝ 2500 ʤ ʦʙʲʷʩʥʷʝʪʩʷ 

ʥʝʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʫʩʣʦʚʠʷʤʠ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʥʘ ʚʳʩʦʪʘʭ, ʚʳʰʝ 

ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʧʘʜ ʨʘʟʚʠʪʠʷ ʦʧʦʣʟʥʝʡ, ʧʨʦʷʚʣʷʶʪʩʷ ʜʨʫʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʩʦʪʥʦʡ 

ʟʦʥʘʣʴʥʦʩʪʠ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʨʘʟʚʠʪʠʶ ʢʘʤʥʝʧʘʜʦʚ, ʦʩʳʧʝʡ ʠ 

ʦʙʚʘʣʦʚ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʤʦʨʦʟʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʜʝʩʪʘʙʠʣʠʟʘʮʠʶ 

ʩʢʘʣʴʥʳʭ ʤʘʩʩʠʚʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʦʯʘʛʦʚ ʩʤʝʱʝʥʠʡ [5]. 

ɺʳʩʦʪʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʦʢʘʟʳʚʘʝʪ ʢʦʤʧʣʝʢʩʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʦʧʦʣʟʥʝʚʳʭ 

ʷʚʣʝʥʠʡ ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʦʩʪʘʚʘ ʠ 

ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. ʋʯʝʪ ʚʳʩʦʪʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʨʠ ʦʮʝʥʢʝ ʦʧʦʣʟʥʝʚʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʨʘʟʨʘʙʦʪʢʝ ʠʥʞʝʥʝʨʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ, ʪʘʢʠʭ ʢʘʢ ʪʝʨʨʠʪʦʨʠʷ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʛʜʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 



36 

 

ʚʳʩʦʪʥʳʭ ʧʦʷʩʦʚ ʩʦʟʜʘʸʪ ʩʣʦʞʥʳʡ ʠ ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ ʣʘʥʜʰʘʬʪʥʳʡ ʬʦʥ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʧʦʣʟʥʝʡ. ʊʦʣʴʢʦ ʚʩʝʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ ʚʳʩʦʪʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʟʦʥʳ ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʨʘʟʨʫʰʠʪʝʣʴʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ ʦʧʦʣʟʥʝʡ [3]. 

ʇʣʘʥʦʚʘʷ ʢʨʠʚʠʟʥʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʫʯʝʥʠʝʤ ʵʢʟʦʛʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʣʘʥʦʚʘʷ ʢʨʠʚʠʟʥʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʢʨʠʚʣʝʥʠʷ ʩʢʣʦʥʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʆʥʘ ʦʪʨʘʞʘʝʪ ʬʦʨʤʫ ʣʠʥʠʠ ʩʢʣʦʥʘ ʥʘ ʢʘʨʪʝ ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʠ 

[14]. ɺ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠ ʧʣʘʥʦʚʘʷ ʢʨʠʚʠʟʥʘ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ [6; 8]. 

ʂʨʦʤʝ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʭ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʦʧʦʣʟʥʝʦʙʨʘʟʦʚʘʥʠʷ, ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʪʘʢʞʝ ʚʣʠʷʝʪ ʠ ʧʣʘʥʦʚʘʷ ʢʨʠʚʠʟʥʘ. ɺʩʣʝʜʩʪʚʠʝ 

ʵʪʦʛʦ ʦʥʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪ ʫʩʣʦʚʠʷ ʜʚʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʚʣʠʷʝʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʢʣʦʥʦʚ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʜʦʣʴʰʝ ʟʘʜʝʨʞʠʚʘʶʪʩʷ ʥʘ 

ʩʢʣʦʥʘʭ ʩ ʦʧʨʝʜʝʣʸʥʥʦʡ ʢʨʠʚʠʟʥʦʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʧʨʦʩʘʯʠʚʘʥʠʶ ʚ ʛʨʫʥʪ, ʧʦʚʳʰʘʷ 

ʚʣʘʞʥʦʩʪʴ ʠ ʩʥʠʞʘʷ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʜ, ʩʦʟʜʘʚʘʷ ʪʝʤ ʩʘʤʳʤ ʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ [17]. 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʚʳʧʫʢʣʘʷ ʬʦʨʤʘ ʨʝʣʴʝʬʘ (ʩʢʣʦʥʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʣʘʥʦʚʦʡ ʢʨʠʚʠʟʥʦʡ) 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ ʦʪʚʦʜʫ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʧʷʪʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʶ 

ʚʣʘʛʠ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʩʦʭʨʘʥʷʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʢʣʦʥʦʚ. ʊʘʢʠʝ ʫʯʘʩʪʢʠ ʩʢʣʦʥʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʟʘ ʩʯʝʪ ʤʝʥʴʰʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʩʥʠʞʘʶʱʠʭ 

ʧʨʦʯʥʦʩʪʴ ʛʨʫʥʪʘ [17]. 

 

ʈʠʩʫʥʦʢ. 4. ʂʘʨʪʘ ʧʣʘʥʦʚʦʡ ʢʨʠʚʠʟʥʳ (ʌʘʡʟʫʣʣʦʝʚ ʐ.ɸ.) 

Figure. 4. Plan curvature map (Faizulloev Sh.A.) 

 
ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʘʭ ʠʟʫʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʧʦʣʟʥʝʚʳʭ 

ʷʚʣʝʥʠʡ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʦʧʦʣʟʥʝʚʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢʨʠʚʠʟʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʚʘʞʥʳʭ ʢʨʠʪʝʨʠʝʚ. ɸʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ ʧʦ 

ʟʥʘʯʝʥʠʷʤ ʧʣʘʥʦʚʦʡ ʢʨʠʚʠʟʥʳ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʫʯʘʩʪʢʠ ʩʢʣʦʥʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ ʨʠʩʢʦʤ 

ʦʧʦʣʟʥʝʡ ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʭ ʨʘʟʚʠʪʠʝ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʧʣʘʥʦʚʘʷ 
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ʢʨʠʚʠʟʥʘ ʧʦʤʦʛʘʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʢʘʨʪʠʨʦʚʘʥʠʷ ʟʦʥ ʦʧʦʣʟʥʝʚʦʡ ʦʧʘʩʥʦʩʪʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʨʠʩʢʘ [8]. 

ʇʨʦʬʠʣʴʥʘʷ ʢʨʠʚʠʟʥʘ. ɼʨʫʛʠʤ ʥʝʤʘʣʦʚʘʞʥʳʤ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ 

ʦʧʦʣʟʥʝʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʬʠʣʴʥʘʷ ʢʨʠʚʠʟʥʘ, ʢʦʪʦʨʘʷ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʨʘʟʚʠʪʠʝ ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ. ʇʨʦʬʠʣʴʥʘʷ ʢʨʠʚʠʟʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʨʠʚʠʟʥʫ ʧʨʦʜʦʣʴʥʦʛʦ 

ʧʨʦʬʠʣʷ ʩʢʣʦʥʘ - ʪʦ ʝʩʪʴ ʠʟʛʠʙ ʩʢʣʦʥʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ 

ʚʦʛʥʫʪʳʤ, ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʠʣʠ ʚʳʧʫʢʣʳʤ [15]. 

 

ʈʠʩʫʥʦʢ. 5. ʂʘʨʪʘ ʧʨʦʬʠʣʴʥʦʡ ʢʨʠʚʠʟʥʳ (ʌʘʡʟʫʣʣʦʝʚ ʐ.ɸ.) 

Figure. 5. Profile curvature map (Faizulloev Sh.A.) 

 
ɺʳʧʫʢʣʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ, ʠʤʝʶʱʠʝ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʧʨʦʬʠʣʴʥʫʶ ʢʨʠʚʠʟʥʫ, ʧʦʚʳʰʘʶʪ 

ʩʢʦʨʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʫʤʝʥʴʰʘʷ ʠʭ ʟʘʜʝʨʞʢʫ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʨʝʤʝʥʠ ʥʘʩʳʱʝʥʠʷ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʟʦʥ ʠ ʩʥʠʞʝʥʠʶ ʜʘʚʣʝʥʠʷ 

ʧʦʨʦʚʳʭ ʚʦʜ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʤʝʥʴʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʦʣʟʥʝʡ. ʆʜʥʘʢʦ 

ʚʳʧʫʢʣʘʷ ʬʦʨʤʘ ʨʝʣʴʝʬʘ ʠʤʝʝʪ ʠ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ, ʩʧʦʩʦʙʩʪʚʫʶʱʫʶ ʦʙʨʘʟʦʚʘʥʠʶ 

ʦʧʦʣʟʥʝʡ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʦʚʳʰʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʩʦʟʜʘʸʪ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʵʨʦʟʠʠ ʧʦʯʚ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ 

ʧʨʝʜʧʦʩʳʣʢʦʡ ʦʧʦʣʟʥʝʡ [17]. 

ɺʦʛʥʫʪʳʝ ʩʢʣʦʥʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʨʦʬʠʣʴʥʦʡ ʢʨʠʚʠʟʥʦʡ ʷʚʣʷʶʪʩʷ ʧʦʣʥʦʡ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴʶ ʚʳʧʫʢʣʦʡ ʬʦʨʤʳ, ʧʦʩʢʦʣʴʢʫ ʧʦ ʥʠʤ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʜʚʠʞʫʪʩʷ ʩ 

ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʛʦʨʥʳʤ ʧʦʨʦʜʘʤ ʚ ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦʛʣʦʱʘʪʴ 

ʚʣʘʛʫ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʦʚʳʰʘʝʪʩʷ ʧʦʨʦʚʦʝ ʜʘʚʣʝʥʠʝ ʠ ʩʥʠʞʘʶʪʩʷ ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʥʪʦʚ, ʯʪʦ ʩʦʟʜʘʸʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʦʧʦʣʟʥʝʚʳʭ 

ʧʨʦʮʝʩʩʦʚ [17]. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʬʠʣʴʥʘʷ ʢʨʠʚʠʟʥʘ ʚʣʠʷʝʪ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ 

ʩʢʣʦʥʝ. ɺʦʛʥʫʪʳʝ ʫʯʘʩʪʢʠ ʩʢʣʦʥʦʚ ʠʩʧʳʪʳʚʘʶʪ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʨʝʱʠʥ ʠ ʨʘʩʩʣʘʠʚʘʥʠʶ ʧʦʨʦʜ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʳʧʫʢʣʳʝ ʫʯʘʩʪʢʠ ʩʢʣʦʥʦʚ 

ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʩʞʠʤʘʶʱʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ, ʯʪʦ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴ ʠʭ ʧʨʦʯʥʦʩʪʴ, ʥʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʟʜʘʚʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʚʥʝʟʘʧʥʳʭ ʨʘʟʨʫʰʝʥʠʡ [14]. 



38 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩ ʚʳʨʘʞʝʥʥʦʡ ʚʦʛʥʫʪʦʩʪʴʶ ʧʨʦʬʠʣʴʥʦʡ 

ʢʨʠʚʠʟʥʳ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ - ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤʠ, ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ [14]. 
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ÓÌØÔÙÌÇÚÔ ØÚÜàÚØÑÞÜÔÔ ÓßÇßÜÚÞÇÚÔ ëÜãÄ ÐÌÜ ÞÚÆÔÖÔÝÞÚÙ 

Úøô÷ĕúô øúüĀú÷úïĒ ċöñ ìó øÿĕôøþìüôù Ąìüúôþĕúô þìĄìööÿ÷Číôô ċüăĕú íì ĕôýúí øñüìîìùð, óñüú úùĕú 
ûìüìøñþüĕúô ìýúýôô ïñúøñþüôô ùôĄñíôüú øÿìõċù øñöÿùìùð îì ýìþĕô ÿýþÿîúüôô þìíôôô ðúøìùìöĘĕĕúüú 
þìĄöô÷ øñðôĕìùð. Ðìü ÞúĔôöôýþúù, öô íú üñ÷ñĀô Ąìðôðìù öĘĕĒ îì íì÷ìùðôô ïÿùúïÿù Āìüė øñöÿùìð, þìĆýôüô 
úøô÷ĕúô øúüĀú÷úïĒ ðìü ûìĕùĄìîôô ċüăĕú āñ÷ñ ùìóìüüìý ìýþ. Þìĕėôėúþ ùôĄúù øñðôĕìð, öô ùôĄñíôĕúô ìó 20¬
40¸ íñĄþìü íì ċüăĕú ðÿăúü øñĄìîìùð, óñüú ðìü ăÿùôù Ąìüúôþ øÿîúóôùìþô íìõùô ėÿîîìĕúô ùôïúĕðúüìùðì îì 
ĕìüìöìþðôĕìùðì ýÿýþ øñïìüðìð. Ýìøþô āúíôĄô ùôĄñíĒ ùôó ùìėĄô öì÷ôðĒ øñíúóìð: ùôĄñíôĕúô üĘ íì Ąôøú÷ 
îì Ąìüė íñĄþìü íì ĔìøĆĄìîôô ùìøĒ ðÿăúü Ąÿðì, íúôýô ùúÿýþÿîúüôô ô÷úîìïĒ øñïìüðìùð. Íì÷ìùðĒ ìó ýìþĕô 
íìĕü ùôó ėúùÿùôċþĕúô āúýô āÿðüú ðúüìð: ðìü íì÷ìùðôô øôČùì (1500-2500 ø) óôăôô íñĄþìüôùô ċüăĕú 
øÿĄúĕôðì øñĄìîìð. Ô÷úîì íìü ôù, øìîĔÿðôċþô ýÿĀĀìĕú, ðìüìĕú îì ðìüČĕú ĕìøăÿù øôùþìėìĕúô ĔúõïôüĄìîôô 
ėÿîîìĕúô ïüìîôþìþýôúùĒ îì ïôðüú÷úïĒ Ąìüúôþô þìĄìööÿ÷ô ċüăĕúüú ûÿüóĘü øñýúóìùð. Ðìü øìėú÷ì óìøôùìĕúô 
øúüĀúøñþüôô þìĄìööÿ÷ô óÿĕÿüúþĕúô ċüăôô ĕÿðÿðô ÞúĔôöôýþúù íìüüìýĒ Ąÿðììùð. ëüă ċöñ ìó āìþìüùúöþìüôù 
üìîìùðô ĉöóúïñùĒ-ïñú÷úïĒ íì ĕôýúí øñüìîìð. Þìĕ÷ô÷ô þìĆýôüô úøô÷ĕúô ìýúýĒ, ìó ėìíô÷ô öÿùĔô ùôĄñíĒ, 
íì÷ìùðôô øÿþ÷ìė, ýìøþô āúíôĄô ùôĄñíôĕú îì Ąìö÷ô ùôĄñíĒ íú ôýþôĀúðì ìó þñāùú÷úïôċô GIS îì þìĕėôėúþô 
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Āúýô÷ìîĒ ìùĔúø ðúðì Ąÿð. ÙìþôĔìĕú ôøöúù øñðôĕìùð, öô øôùþìėìĕúô āìþìüùúö øÿìõċù ïìüðôðì, íìüúô 
ìüóČíôô āìþìüô ċüăĒ îì þìĕôċô āìüôþìĕúô úýñíûìóôüĒ ôýþôĀúðì Ąìîìùð. 

Öì÷ôðîúòìĕú: ÞúĔôöôýþúù, ċüăĕú, óìøôùìĕúô øúüĀúøñþüĒ, ùôĄñíĒ, Ąìö÷ô ùôĄñíĒ, þìðĕôėúþô 
Āúýô÷ìîĒ. 
 

ʄʆʈʌʆʄɽʊʈʀʏɽʉʂʀɽ ʇʈɽɼʇʆʉʓʃʂʀ ʆʇʆʃɿʅɽɺʓʍ ʗɺʃɽʅʀʁ ʊɸɼɾʀʂʀʉʊɸʅɸ 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʥʠ ʟʘʜʘʶʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʢʣʦʥʦʚ ʠ ʩʦʟʜʘʶʪ 

ʫʩʣʦʚʠʷ ʜʣʷ ʥʘʨʫʰʝʥʠʷ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʛʜʝ ʨʝʣʴʝʬ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ 

ʨʘʩʯʣʝʥʸʥʥʦʩʪʴʶ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ ʚʳʩʦʪ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʚʳʩʪʫʧʘʝʪ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ 

ʧʨʠʯʠʥ ʣʦʢʘʣʠʟʘʮʠʠ ʦʧʦʣʟʥʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʧʦʣʟʥʝʚʳʭ 

ʜʝʬʦʨʤʘʮʠʡ ʦʪʤʝʯʘʝʪʩʷ ʥʘ ʩʢʣʦʥʘʭ ʢʨʫʪʠʟʥʦʡ 20ï40Á, ʛʜʝ ʙʘʣʘʥʩ ʫʜʝʨʞʠʚʘʶʱʠʭ ʠ ʩʜʚʠʛʘʶʱʠʭ ʩʠʣ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʫʩʪʦʡʯʠʚʳʤ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʵʢʩʧʦʟʠʮʠʷ ʩʢʣʦʥʦʚ: ʩʝʚʝʨʥʳʝ ʠ ʚʦʩʪʦʯʥʳʝ ʩʢʣʦʥʳ ʯʘʱʝ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʥʘʩʳʱʝʥʠʶ ʚʣʘʛʦʡ ʠ ʚʦʟʜʝʡʩʪʚʠʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʦʩʣʘʙʣʝʥʠʶ ʤʘʩʩʠʚʘ. ʆʧʨʝʜʝʣʸʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʳʷʚʣʝʥʳ ʠ ʧʦ ʚʳʩʦʪʥʦʡ ʧʦʷʩʥʦʩʪʠ ï 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʦʣʟʥʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʦʪʤʝʪʢʘʭ 1500-2500 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʛʜʝ ʩʦʯʝʪʘʶʪʩʷ 

ʘʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʘʷ ʛʠʜʨʦʜʠʥʘʤʠʢʘ. ʄʦʨʬʦʣʦʛʠʷ ʨʝʯʥʳʭ ʜʦʣʠʥ, ʥʘʣʠʯʠʝ ʪʝʨʨʘʩ, 

ʫʩʪʫʧʦʚ ʠ ʦʚʨʘʞʥʦ-ʙʘʣʦʯʥʦʡ ʩʝʪʠ ʫʩʠʣʠʚʘʶʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘʧʨʷʞʝʥʠʡ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʯʪʦ 

ʩʦʟʜʘʸʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʤʝʱʝʥʠʡ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʛʜʝ ʦʧʦʣʟʥʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʦʧʘʩʥʳʭ ʵʢʟʦʛʝʥʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʢʨʫʪʠʟʥʘ ʩʢʣʦʥʦʚ, 

ʚʳʩʦʪʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ, ʵʢʩʧʦʟʠʮʠʷ, ʧʣʘʥʦʚʘʷ ʠ ʧʨʦʬʠʣʴʥʘʷ ʢʨʠʚʠʟʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ 

ʠ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʧʦʣʟʥʝʦʧʘʩʥʳʭ ʟʦʥ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʦʮʝʥʢʝ ʦʧʦʣʟʥʝʚʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ 

ʨʘʟʨʘʙʦʪʢʝ ʢʘʨʪ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʣʷ ʛʦʨʥʳʭ ʨʝʛʠʦʥʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʘʜʞʠʢʠʩʪʘʥ, ʦʧʦʣʟʥʠ, ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʢʨʫʪʠʟʥʘ ʩʢʣʦʥʦʚ, ʢʨʠʚʠʟʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ɻʀʉ, ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ. 

 

MORPHOMETRIC PRECONDITIONS OF LANDSLID E PHENOMENON IN TAJIKISTAN  

Morphological factors represent one of the fundamental preconditions for the occurrence and spatial distribution of 

landslides, as they determine the geometric configuration of slopes and largely control their inherent stability. In Tajikistan, 

where the relief is predominantly mountainous, highly dissected, and characterized by sharp elevation gradients, 

morphological conditions exert a particularly strong influence on landslide localization. Empirical evidence indicates that 

slopes steeper than 20-40 degrees are most prone to instability, as the balance between resisting and driving forces is 

critically reduced under such conditions. Slope aspect also plays a key role: north- and east-facing slopes are more 

frequently affected due to higher moisture accumulation and the prolonged presence of seasonal snow cover, which 

intensifies instability. Elevation zones reveal distinct patterns: the majority of landslides occur within mid-mountain belts 

(1500-2500 m), where active weathering processes combine with dynamic hydrological regimes. Furthermore, valley 

morphology, the presence of terraces, scarps, and gully networks act as local amplifiers of gravitational stress and water 

concentration, fostering slope failure. This paper examines the morphometric prerequisites for landslide development in 

Tajikistan, where landslides represent one of the most hazardous exogenous geodynamic processes. The study analyzes the 

impact of key factors such as slope steepness, elevation, aspect, plan and profile curvature using GIS technologies and 

remote sensing data. The results reveal spatial patterns of landslide-prone areas and can be applied in landslide 

susceptibility assessment and the development of hazard maps for mountainous regions. 

Keywords: Tajikistan, landslides, morphometric factors, slope angle, curvature, remote sensing. 
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ÞÐß: 551.7(575.3)  
áßÝßÝÔëÞÇÚÔ ÝÚáÞÚÜÔ ÏÑÚ×ÚÏÔÔ ÖÚÙÔ ÞÔ××ÚÔ ãß×ÍÚÄ 

(ÞÚÆÔÖÔÝÞÚÙÔ ØÌÜÖÌÓÄ)  
 

ÙôČóĒ Ì.Ý., Øÿüúðóúðì Ô.Ì. 
ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù  

 
Öúùô þô÷÷úô ãÿ÷íúĒ ðìü øìõðúùô øìĆðìùôô Öúùăúă Ĕúõïôü íÿðì, ėôýøìþô ĄìüėôĊ 

Ąôøú÷ôô úùüú þìĄöô÷ øñðôĕìð. 
Ìó ùôïúĕô øìĆøÿüĒ öúùô ãÿ÷íúĒ íì ùúĕôċô Ìõùôô îô÷úċþô ÝÿĎðô Æÿøĕÿüôô 

ÞúĔôöôýþúù þìì÷÷ÿė ðúĄþì, 60 öø íì ýìøþô Ĕìùÿí ìó øìüöìóô ùúĕôċ Ĕúõïôü ìýþ. Öúù ðìü 
ùôĄñíôĕúô Ąôøú÷ôô ėìþúüöĘĕĕúô Çôýúü îúėñĆ ïìüðôðììýþ (üìýøô 1). 

 
Üìýøô 1. ÆúõïôüĄìîôô öúùô þô÷÷úô ãÿ÷íúĒ 

Figure 1. Location of the Chulboi gold mine 

 
Üñ÷ñĀô øìîóñõô öúù íì÷ìùðöĘĕ íÿðì, íì îìõ ùôĄñíôĕúô øÿĄöô÷ïÿóìü îì 

úíþìėýôøöÿùìöĕúô öìĔāìþþì āúý ìýþ. Íì÷ìùðôĕúô øÿþ÷ìė ðìü øôùþìėìô øìîóñõô öúù ìó 1770 
þú 3904,3 (ėÿ÷÷ìô Ýìüìþúė) øñþü ìó ýìþĕô íìĕü, íñîúýôþì ðìü ĕÿðÿðô öúù íúĄìð, ìó 2200 þú 
3343,7 (ėÿ÷÷ìô íñùúø) øñþüüú þìĄöô÷ øñðôĕìð. 

Ìó ùìþôĔìĕúô ùôĄúùðúðìĄÿðìô ýþìùýôċô íúðÿĕìîúýìùĔôô ©ÔýöìùðìüöĘ÷ª, öô 5öø íì 
ýìøþô Ąìüė ìó öúùô ãÿ÷íúĒ Ĕúõïôü ìýþ, ăÿùôù íìüøñúċð, öô ĕìüúüìþô ûìýþþìüôùô Āìý÷ô 
óôøôýþúù ìó øôùÿý 8 þú øôùÿý 12 íÿðì, ïìüøþìüôù ĕìüúüìþ ðìü þúíôýþúù, øúĕĕúô ôĊ÷-
ìîïÿýþ íì +30 øñüìýìð. ÍúüôĄúþô ìþøúýĀñüĒ ðìü ðìîüìĕúô óôøôýþúùÿ íìĕúü íì Ąìö÷ô 
íúüúùÿ íìüĀ óúĕôü øñïìüðìð, öô ðìü ċö ýú÷ íì ĕôýúíô øôČùì þú 400 øô÷÷ôøñþüüú þìĄöô÷ 
øñðôĕìð [14]. 
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Øôùþìėìô ìĕú÷ôùôĄôùô ùìóðôöþìüôù íì øìõðúùô öúù ðñĕìĕúô Ýìüìþúė, Ùìüîìþ îì 
Ðôòôö øñíúĄìð. äÿĎ÷ô ìýúýôô ìĕú÷Ē ăúüîúðúüĒ íÿðì, úù ôùăÿùôù ðìü öúüāúùìĕúô 
ôýþôāüúĔô ìùïôĄþ, ýÿüøì îì ýôøúíô ùúĕôċ (öúùô ÐôĔôöüÿð) öúü øñöÿùìùð. 

Øìõðúùô öúù ìó Ĕìùÿíÿ Ąìüė íì Ąôøú÷ÿ Ďìüí íì ðìüúóôô 200¬230 ø þÿ÷ öìĄôðì, 
ûìĕùúôô úù íì ĕôýúíô øôČùì 100¬110 ø øñíúĄìð, øìýúĕìþô ÿøÿøôô öúù ðìü üĘõô óìøôù ðÿ 
ïñöþìüüú þìĄöô÷ øñðôĕìð. 

Ïñú÷úïôċô øìõðúùô øìĆðìùôô ãúüñ îì öúùô ãÿ÷íúĒ ĕìùĘó ðìü ėìüùô IX¬X, íôùúíìü 
öìĄĀô öúùô ýôøúí îì ôýþôāüúĔô ðìýþôô úù úĎúó ČĀþì ìýþ. ÔýþôāüúĔ, ì÷íìþþì, ðìü ĕìĔøô 
öìø îì ûÿüüì ðìýþĒ, íú ôýþôĀúðì ìó ûÿþöÿ íú÷Ďì îì ùñüÿô íúóĘ ýÿüìþ øñïôüôĀþ. Ýú÷ĕúô 
1933-1960, ðìü óìøúùô ĄÿüìîĒ, øìõðúùô øìĆðìùôô ãúüñ îì öúùô ãÿ÷íúĒ øìîüôðô úøĘóôĄô 
ýôýþñøìîĒ ėìüúü ïôüôĀþììýþ. ÚĎúó ìó ýú÷ô 1964 øìõðúù íú ÿýÿ÷ĕúô ÿøÿøôïñú÷úïĒ, 
ïñúĀôóôöìîĒ, ïñúāôøôċîĒ, ôùăÿùôù þìĕėôėúþĕúô øìîóÿĒ Āìüú ïôüôĀþì Ąÿðì, ðìü ìþüúĀ îì 
ĕÿðÿðô úù ìöýíìüðúüôĕúô ïñú÷úïĒ, ïñúĀôóôöôô øôėČýô øôČùì îì āÿüð ïÿóìüúùôðì Ąÿðìùð. 
Ðìü úøĘóôĄô ïñú÷úïôċ, ýþüìþôïüìĀôċ, ûñþüúïüìĀôċ, øôùñüì÷úïôċ îì ðôïìü āÿýÿýôċþĕúô úù, 
ïÿóìüúùôðìùô öúüĕúô ìööúýĒ, ĔÿýþÿĔĘõ îì ôöþôĄúĀĒ ïñú÷úïĕú îì ú÷ôøúùô ôýþñĕýú÷úþ îì 
øÿìýýôýìĕúô ô÷øĒ, íì ìøýú÷ô Íìíöôùì ×.Ì., Îìóôüúî Ö.Î., Îôùúïüìðúî Û.Ð., ÏúüĄöúî 
Ñ.Ù., Ðúîòôöúî Ì.Ý., Ôîìùúîì Þ.Ù., ÔîìĄñùýñî Ì.Ï., Ö÷ôøúî Ï.Ö., Ö÷ÿùùôöúî Ý.Ô., 
×ìîüÿýñîôă Ì.Ô., ×ñ÷ñĄÿý Î.×., Øìïìöċù Ô.Ï., Øìüöúîýöôõ Ì.Û., ØìüþôĄñî Î.Ø., 
Øñùìöúî Ï.Ù., ÝþìüĄôùôù Ð.Ì., äìðăôùñî Ì.Ý., áìüöñîôă Ð.Ì., êýÿûúî á.Ø. îì ðôïìüúù 
ýìĕø ïÿóúĄþìùð. 

ÚøĘóôĄ îì ûìòÿĕôĄô öúùô ãÿ÷íúĒ, ðìü ėìþúüô ðôïìü öúùĕúô þô÷÷úôô ĔÿøĕÿüĒ 
ì÷ì÷āÿýÿý íìĆðô ėìíÿ÷ô Íìüùúøìô üÿĄðô øôùíìĆðìô ôýþôāüúĔô øñþì÷ĕúô ėôøìþíìĕú þú 
ýú÷ô 2000, öô ĕìùĘó ðìü úĎúóô ôýþôė÷ú÷ô øô÷÷Ē ėìíÿ÷ Ąÿðì íÿð [9], Ĕúùùúö ïìüðôð.  

Ðìü ùìþôĔìô þìĕėôėúþô þÿ÷úùĒ ýúāþúüô ïñú÷úïĒ, øìïøìþôóø, øôùñüì÷úïôċ, 
þñöþúùôöì, ėúùÿùôċþĕúô ĔúõïôüĄìîôô øìõðúùô øìĆðìùôô ãúüñ îì öúùô ãÿ÷íúĒ øÿĄìāāìý 
öìüðì Ąÿðììùð [1; 2; 4; 5].  

Ðìü ýúāþô ïñú÷úïôô øìîóñõô öúù ìýúýìù Ĕôùýĕúô öĘĕôô ðìîüìô ûì÷ñúóúõ, øñóúóúõ îì 
öìõùúóúõ ýìĕø ðúüìùð [6; 13].  

ÝþüìþôïüìĀôċ, þìüöôí îì ûìõðìüĕìøôô Ĕôùýĕúô ýôýþñøìĕúô ïÿùúïÿùô ïñú÷úïôô øìĕì÷ 
ðìü ÿøÿø ðìü ýìþĕô ėìùúìþíìāĄ øÿĄìāāìý öìüðì Ąÿðììùð [11; 15]. Þôíėô ìðìíôČþô øìîĔÿðì 
ðìü øìõðúùô øìĆðìùĒ îì øìîóñõô öúù, ôùăÿùôù ìþüúĀô ùìóðôöô úù ìýúýìù (ìó üĘõô 
øìýúĕìþ) Ĕôùýĕúô öĘĕôô þìĕĄôùĒ-øñþìøúüĀôóøĒ îì öìøþìü Ĕôùýĕúô öĘĕôô øìïøìîĒ ûìĕù 
Ąÿðììùð. 

ÜĘóìùôô ûÿüüìô Ĕôùýĕúô öĘĕôô þìĕĄôùĒ-øñþìøúüĀôöĒ ðìü Ąìüėô øôùþìėì, ðìü îúðôô 
ðìüČô àúùðìüČ āÿí íì øÿĄúĕôðì øñüìýìð. Ðìü øôùþìėìô öúù, ðìü ìöýìü ĕú÷ìþ Ĕôùýĕúô 
öĘĕôô þìĕĔúĒ ðìü óñüô ėìíìþĕúô þìĕĄôùĕú ðìîüìô ăúüÿø øúùðììùð. 

Æôùýĕúô ėìðôøþìüôùô øôùþìėì þìĕĄôùĕúô ýîôþìô ċĎùúí O2¬S1jag øñíúĄìùð. Úùĕú 
ðìü ýúĕô÷ĕúô ăìû îì üúýþô ðìüČô Ûìýüÿð, íú÷úúíô ýúõô Öìùþñ, ýúõô ÜìûñĀ üĘ óìðììùð îì 
íìüúô úøĘóôĄ ðìýþüìýìùð.  

Æôùýĕúô öĘĕôô ôù ýîôþì ìó üñïýìùïĕúîÿ îìüìėýìùïĕú, öô íú ėìíìþô ïüìîñ÷ôþĕúô 
öîìüýĒ, ėìíìþăìĕúô Ĕôùýĕúô îÿ÷ėúùôô ìýúýĒ, øôČùì îì ìĕČù þÿüĄ þìüöôí ČĀþììùð, 
ôíúüìþìùð. Úùĕú ýþìðôċô ý÷ìùñþýĕúô ýìíóüú ïÿóìĄþììùð. ÀìĀýôô ôù ėìíìþĕú ìó 2,0 þú 2,3 
öø íÿðì, ýìüĕìðôô ûúõùôô úùĕú ìùôė ùñýþ, óñüú úù Ąúċð ðìü òìüĀô āñ÷ú óôČð Ĕúõïôü íÿðì, 
ùìóìüüìý ùñýþ. 

Ýîôþìô ċĎùúí íú ýîôþìô Ąôùïô ýô÷ÿüô ûúČùĒ (S1ġn) ûÿĄôðì Ąÿðììýþ. Ýîôþì ìýúýìù ìó 
úĕìöýìùïĕúô øìüøìüĄÿðìô ėìíìþ-ėìíìþô āúöôýþìüüìùï îì ýôČĕþúí þìüöôí ČĀþì, ðìü 
ėôýøìþô Ąôøú÷ôô ĕÿðÿðô öúüĒ îì Ąìüėô öĘ÷ô ÔýöìùðìüöĘ÷ ðôðì øñĄìîìð. Æôùýĕúô öĘĕôô 
ôù ìó 500 þú 800 ø ĎìĀýĒ ðúüìùð. 

Ýîôþìô Ąôùï íì þìîüô øÿîúĀôė (ýúï÷ìýùú) íú ýîôþìô ėÿþÿüìö (S1-2 kt) ûĘĄôðì 
Ąÿðììýþ. ÞìĕĄôùĕúô ôù ýîôþì ðìü Ąôøú÷ô ùúĕôċô öúù ðìü ðÿ ûìĕ÷ÿô ĕìîóìô ðìüČô Ìüï 
ðôðì øñĄìîìùð.  

Ýîôþìô ėÿþÿüìö ìýúýìù ìó ðú÷úøôþĕúô ċöĔôùýìô þÿùÿö- îì øôČùìėìíìþ ôíúüìþ 
øñíúĄìð. Æú-Ĕú ėìíìþăìĕúô (0,1-1ø) íüñöăôċô ðú÷úøôþôô þìĕĄôùôô ðúāô÷ôĀúüøìþýôúùĒ 
øÿĄúĕôðì øñĄìîìùð. ÍìĆóìù ðìü ėôýøô ûúČùôô ýîôþì ėìíìþăìĕúô (0,1-0,5 ø) üñïýìùïĕúô 
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öîìüýðúüô øìõðìðúùì îúøñāĘüìùð. ÀìĀýôô ýîôþì þìĎõôüČíìùðì íÿðì, ìó 200 ø (ðìü 
ėìþúüöĘĕĕúô Çôýúüÿ ÓìüìĀĄúù) þú 700 ø (ðìü øìýýôîô Àìùóì-ãôøþìüĎì) øñíúĄìð. 

Ýîôþìô ėÿþÿüìö øÿîúĀôėìù íú þìĕĄôùĕúô ýîôþìô öÿûüÿöô ýô÷ÿüô íú÷úĒ (S2kü) 
ûĘĄôðì Ąÿðììùð. ÞìĕĄôùĕúô ôù ýîôþì ðìü Ĕìùÿíô ýúĕô÷ô ÔýöìùðìüöĘ÷ îì Ýúøôùï üĘõ 
øñóìùìùð. Ôù ýîôþì ìó ėìíìþĕúô úĕìöýìùïĕú îì ðú÷úøôþĕú, öô íìĆóìù íúėôøúùðìô 
úüïìùôóøĕú ðúüìùð, ôíúüìþ ìýþ. ÀìĀýôô ýîôþìô øìóöÿü 550 ø øñíúĄìð. 

Ýîôþìô ċöĔúċô ýô÷ÿüô íú÷úĒ îì ðñîúùô ûúČùôô íúþÿüýúĀĒ (S2-D1bt) ìýúýìù ìó 
úĕìöýìùïĕúô ðú÷úøôþĄÿðìô þÿùÿöėìíìþô āúöôýþìüüìùïÿ ýôČĕăìþúíô ėôýøìù ėìíìþăìĕúô 
ïô÷ĕúô ýÿüā îì íüñöăôċðúĄþì ôíúüìþ ìýþ. Éìíìþô úĕìöýìùïĕú íì ýìøþô þÿ÷öìĄĒ íú 
øìüøìüĕúô āúöôýþìüôô üÿĄìù ôîìó øñĄìîìùð. 

ÀìĀýôô ýîôþì ìó 150 ø þú 500 ø þìĎõôü øñČíìð. Úĕìöýìùïĕú þìüöôíô þìĎõôüČíìùðì 
ðúĄþì, úðìþìù ìó öì÷ýôþ (55-65%), ðú÷úøôþ (17-28) îì íúėôøúùðìĕúô ĕì÷ùìĄìîìùðì (10-
20 %) ôíúüìþ øñíúĄìùð. 

Íüñöăôċĕúô ýîôþìô íúþÿüýúĀĒ Ąìö÷ô ÷ôùóìøúùìùð ðúĄþì, ĎìĀýôìĄúù ìó 0,5 þú 2,5 ø, 
þÿ÷úùôċþìĄúù íì 100-150 ø øñüìýìð. Úùĕú ìó ûúüìĕúô öìø ýÿĀþìĄÿðìô ïÿùúïÿùþìüöôíô 
ìùðúóìô 0,5¬1,2 ýø þú 60-90 ýø ðúüìùð. 

Æôùýĕúô öĘĕôô ðìîüìô ðñîúù D ðìü ĕÿðÿðô øôùþìėìô öúù îìýñĆ ûìĕù Ąÿðì, ìó 
ýîôþìĕúô ïÿùúïÿù ôíúüìþìùð. 

Ýîôþìô ĕìîóìö (D1hv) ðìü ĕÿðÿðô øìîóñõô öúù öìø îúøñāÿüìð. Úù ìó øìýýôîĕúô 
öìüíúùìþôô ýìüìþúė îì ïÿ÷ðìôü ôíúüìþ ìýþ. Þìüöôíô úù ìó ðú÷úøôþĕúô øìĕôùÿ øìõðìðúùì 
îì úĕìöýìùïĕúô ïô÷ðúü ôíúüìþ øñíúĄìð. ÀìĀýôô ėìõðĄÿðìô ýîôþì íì 300-350 ø øñüìýìð. 

Ýîôþìô øìðøúù D1md ðìü ĕÿðÿðô öúù üĘ ùìøñóìùìð, îìõ ðìü ėôýøìþô ĄìüėĒ, ðìü 
îúðôĕúô öĘĕô Çìóúü-Øñă îúøñāÿüìð. Ýîôþì ìó úĕìöýìùïĕúô āúöôýþìüüìùï îì ðú÷úøôþĕú 
ôíúüìþìùð. ÀìĀýôô ýîôþì íì 800 ø íìüúíìü ìýþ. 

Ýîôþìô ìĎíìýúõ (D1-Ý1ìö) ðìü Ąôøú÷ô øìîóñõô öúù ėìõð Ąÿðì, ðìü ėôýøô ûúČùôô úù 
ċĄøìĕúô ïÿùúïÿùüìùï (50-500 ø) íú ėìíìþăìĕúô ìĕČù-ìĕČùô úĕìöýìùïĕú øÿĄúĕôðì öìüðì 
øñĄìîìùð. Éôýøìþô íú÷úôô úù ėìíìþăìĕúô îìüìėýìùïĕúô ïô÷Ē-ýô÷ôöìþĒ îì ċĄøìĕúô 
ĕìüüìùïìô ýìíóô íì÷ìùð, íÿùìĀĄ, ýÿüāô ýôČĕþúí, ėôüøôóĒ (þú 100 ø) ðúüìð. 

Éìíìþĕúô óìøúùô ûì÷ñúóúõ ðì ýîôþìô ìĎíìýúõ íì ìùĔúø øñüìýìùð, ėìíìþĕúô ðôïìü 
ðìîüìô ûì÷ñúóúõ ¬ ûñüø ðìü øôùþìėìô öúù íì ėìõð ïôüôĀþì ùìĄÿðììùð. Ìùôė öìüðì 
Ąÿðììýþ, öô ðìü ðìîüìô ûñüø øôùþìėì ðìü Ąìüúôþô üñĔìô ĎìõüôíìĕüĒ ėìüúü ðúĄþì, ðìü úù 
þìĕĄúùûìõðúĄìîĒ Ĕúõ ùìðúĄþììýþ. Ðìü ðìîüìô ûñüø, ðìü øôùþìėìô ïñúþñöþúùôöôô ĕìøýúċ 
¬ Çôýúüô ÆìùÿíĒ îÿ÷ėúùĕú āñ÷ú ìîĔ ïôüôĀþì, íúĄôððìþ āÿüÿĔ öìüðì, íú þÿĀÿ þÿĀú÷ìîìĕú 
îì ÷ìîìĕúô þìüöôíìĄúù øôČùìĊ þÿüĄ ėìíìþĕúô þú 3 öô÷úøñþüìüú íì îÿĔÿð úîìüðìùð.  

Ðìü ðìîüìô ûñüø ðìü ėì÷ìøüìîô øìõðúùô øìĆðìùôô ãúüñ îì ïôüðÿ ìþüúĀô úù ìýúýìù 
üñĔìô öúùþôùñùþì÷Ē, ċĆùñ āÿĄöĒ îÿĔÿð ðúĄþ. Íúċð ėìõð öìüð, öô ðìü øìîóñõô Úíô ÷úõ 
Ĕôùýĕúô îÿ÷ėúùôô þìüöôíìĄúù þÿüĄô óìøúùô Āìüóìù ûñüø (?) úĄöúü öìüðì Ąÿðììùð. 
Úùĕú, ðìü Āìüėôċþ íú îÿ÷öìùôþĕúô ûñüøô Çôýúüô ÆìùÿíĒ ĎìĀýôô ùúăôó ðúüìùð. 

Ôù üñĔì ðìü ðìîüìô þüôìý ĕìø ĕÿöøĀìüøú íÿðììýþ. 
Æôùýĕúô öĘĕôô ĉüìô øñóúóúõ ðìü øìîóñõô öúù ðìü üìðôĀô þìøúøô ėì÷ìøüìîô Þôõúù-

äúùô ÆìùÿíĒ (Çôýúüÿ Ú÷úõ) ðìü íú÷úô ėìíìþĕúô þúûì÷ñúóúĊ ûì÷ñúóúõ íìĆðô þìùìĀĀÿýô 
þÿ÷úùĒ, íú ùúĔÿüôô ýþüìþôïüìĀôĊ öÿùĔĒ āúíôðììýþ. Ôù ùì þìùĕú ðìü øôùþìėìô öúù, íì÷öô 
ðìü þìøúøô ýìüúýìüô Çôýúüÿ Ú÷úõ íìüĆì÷ú øÿĄúĕôðì øñĄìîìð.  

Éìíìþĕúô øñóúóúõ þìùĕú ðìü ĀÿüĘāìøôðìĕúô þñöþúùôöôô íì ôýþô÷úĕ üìîóìùìĕúô 
þñöþúùôöĒ, Ĕú-Ĕú ûìĕù Ąÿðì, ìó ÷ôĕúóô øìýúĕìþ ìó ėìíìþĕúô þúûì÷ñúóúõ îì ûì÷ñúóúõ āñ÷ú 
öìø îúøñāĘüìùð. 

àúüøìþýôċĕúô øñóúóúõ ìó ėìíìþĕúô þìüöôíìĄúù ìýúýìù þñüüôïñùôĊ öìüíúùìþĒ îì 
ėôýøìù ìùïôĄþ- îì ùìøìöðúü þìüöôí ČĀþììùð. Úùĕú ìýúýìù þìĕĄôùĕúô ðìîüìĕúô þüôìý, íĘü 
îì ûì÷ñúïñùüú ðìü íìü øñïôüìùð. Éìíìþĕúô þüôìý ĎìĀýôô āñ÷ú öìø ðúĄþì (ċöăìùð 
ýìùþôøñþü), ìó íúėôøúùðìĕúô Ĕôùýĕúô ĀìüýÿðìĄÿðì, öúùï÷úøñüìþĕú ôíúüìþìùð. 

ÞìĕĄôùĕúô Ċüì ðìü øôùþìėì ûìĕùúôô îìýñĆ ðúüìùð. Þìüöôíô úùĕú ìó Ĕôùýĕúô öĘĕôô 
þìĕĄôùĒ, íì øúùìùðô ïüìîñ÷ôþĕú, ì÷ñîüú÷ôþĕú, üñïýìùïĕú, ìüïô÷÷ôþĕú îì ėìíìþĕúô ìùïôĄþ 
ôíúüìþ ìýþ. 
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Ýîôþìô Āúù (J1fn) ðìü ûúČùúíô ĕìîóìĕúô ðìüČĕúô øôùþìėì ûìĕù Ąÿðì, ïüìîñ÷ôþĕú, 
ėìíìþăìĕúô ÷ôùóìĄìö÷ô ì÷ñîüú÷ôþĕú îì üñïýìùïĕú ðúüìð. ÀìĀýôô ėìíìþĕú ðìü ÿøÿø ìó 60 ø 
þú 120 øñþüüú þìĄöô÷ øñðôĕìð. 

Ýîôþìô öĘĕôüìíúþ (J1kh) ìó ìüïô÷÷ôþĕú, ì÷ñîüú÷ôþĕú îì ėìíìþăìĕúîÿ ÷ôùóìĕúô 
üñïýìùïĕú, íìĆóìù ėìíìþĕúô ìùïôĄþ (0,01-0,1 ø) þìüöôí ČĀþì, íì íú÷úô ýîôþìô Āúù øÿîúĀôė 
āúíôðì ìýþ. ÀìĀýôô ÿøÿøôô ýîôþìô öĘĕôüìíúþ ìó 130 þú 270 ø þìĎõôü øñČíìð. Ðìü øìîîóñõô 
ìĎíìô Þúíìýìùï, öô ðìü Ąìüėþìüô øìĆðúùô øìĆðìùĒ Ĕúõïôü ìýþ, ðìü þìüöôíô ôù ýîôþì 
ðìĕĕú þìùìĕúô ÷ôùóìĄìö÷ô ìùïôĄþýìùïô ĎìĀýôô öÿ÷÷ìĄúù 14 øñþü úĄöúü Ąÿðììùð. 

Ýîôþìô Ďìíôüÿð (J2gb) ùôó ìó Ĕôùýĕúô þñüüôïñùĒ, íì øúùìùðô üñïýìùïĕú, ì÷ñîüú÷ôþĕú, 
ìüïô÷÷ôþĕú îì ėìíìþĕúô ìùïôĄþýìùï ôíúüìþ ìýþ. ÀìĀýôô ìùïôĄþýìùï óôČð ìó ċö øñþü ìýþ. 
Ðìü ðúāô÷ô ýîôþì þú 7 ėìíìþô ìùïôĄþýìùïðúü øìîĔÿð ìýþ, öô ėôýøñ ìó úùĕú óôČðì ìó ðÿ 
ĕìóúü ýú÷ô úāôü ïôüôĀþúüô ýĘāþúüô óñüôóìøôùĒ (ôù ðìü øìîóñõô Üìîúþ ìČù ìýþ) øñíúĄìùð, 
îì ôù ýĘāþúüô óñüôóìøôùĒ þú ĕú÷ ôðúøì ðúüìð. ÀìĀýôô Ĕôùýĕúô ýîôþì ìó 150 ø þú 290 ø 
þìĎõôü ìýþ.  

Ýîôþìô ðôĔôöüÿð(J2 dz) íúĄìð, ìó üñïýìùïĕú, ì÷ñîüú÷ôþĕú, ìüïô÷÷ôþĕú îì ėìíìþăìĕúô 
ïüìîñ÷ôþĕúîÿ ėìíìþô ìùïôĄþýìùï, öô ðìü øôùþìėìô Üìîúþ ìĕìøøôċþô ýìùúìþĒ ðúüìùð, 
ôíúüìþ ìýþ. Ðìü ôù Ĕú þú 9 ėìíìþô ìùïôĄþ øìîĔÿð ìýþ. ÀìĀýôô ýîôþì ìó 160 ø þú 230 ø 
øñíúĄìð. 

Ýîôþìô öÿāôøì÷ôö (J2 kh) ìó üñïýìùïĕúô ïÿùúïÿùüìùï, ì÷ñîüú÷ôþĕú îì ìüïô÷÷ôþĕú, 
úĕìöýìùïĕú ėìíìþăìĕúô ïüìîñ÷ôþĕú ôíúüìþ øñíúĄìð. Ðìü íÿüüôĄô ýîôþì ėôýøô ûúČùôô úù 
óìüðüìùï íÿðì, ėôýøô íú÷úôċĄ ïÿùúïÿùüìùï ìýþ (ìó ĕôýúíô ėìíìþĕúô úĕìöýìùïĕú îì 
üñïýìùïĕúô úĕìöýìùïðúü). 

Æôùýĕúô ýôýþñøìô íĘü íì íú÷úô ėìíìþĕúô Ċüì ìó üĘõô ì÷úøìþô öÿùĔĒ îì ýþüìïôïüìĀĒ 
øÿîúĀôėìù āúíôðì, þìüöôíô āñ÷ú ïÿùúïÿù ðúüìùð.  

Ýôýþñøìô íĘü ìó ýîôþìô üìùïúù (K1rn) úĎúó øñĄìîìð, þìüöôíìĄ üñïýìùïĕú, 
ì÷ñîüú÷ôþĕúô ýÿüāüìùï îì ÷ôùóìĕúô ïüìîñ÷ôþĕú ðúĄþì, ĎìĀýôìĄ þú 40-50 ø øñüìýìð. 

Ýîôþìô ìöýÿõ (K1ak) ìó ïô÷ĕú îì ì÷ñîüú÷ôþĕúô ýÿüāüìùï îì ėìíìþăìĕúô üñïýìùïĕúô 
āúöôýþìüüìùï îì ėìíìþăìĕúô úĕìöýìùïĕú (þú 1,5 ø) ôíúüìþ ìýþ. ÀìĀýôô ýîôþì óôČðì ìó 30 ø 
øñíúĄìð. 

Ýîôþìô üìîúþ (K1rv) ìó úĕìöýìùïĕú îì ėìíìþăìĕúô ïô÷ĕúô ýÿüā þìüöôí ČĀþì, ĎìĀýô 55-
65 ø ðúüìð. 

Ýîôþìô ĀúùðìüČ (K1fn) ìó ïüìîñ÷ôþĕú, üñïýìùïĕú îì ì÷ñîüú÷ôþĕúô ýÿüāüìùï îì íìĆóìù 
ėìíìþăìĕúô úĕìöýìùï ôíúüìþ øñíúĄìð. ÀìĀýôìĄ ¬ 25-60 ø. 

Ýîôþìô öÿüÿö (K2kr) ìó üñïýìùïĕú, ėìíìþăìĕúô ïô÷ýìùï îì ėôýøìù ðú÷úøôþĕú ôíúüìþ 
ìýþ. ÀìĀýôìĄ ìó 5-10 ø þú 30-35 ø þìĎõôü øñČíìð. 

Íú ýîôþìô öÿüÿö üĘóìðìĕúô ýôýþñøìô öìõùúóúõ ìùĔúø øñČíìùð. Ðìü øôùþìėìô 
øìõðúùô øìĆðìùĒ ýôýþñøìô øñóúóúõ íú ėìíìþĕúô ýôýþñøìô ăúüÿø Ďìõüôøÿîúîôė ûĘĄôðì 
Ąÿðììùð.  

Æôùýĕúôô ýôýþñøìô ûì÷ñúïñù îì ùñúïñù ðìü øôùþìėì íôùúíìü ýìíìíô ðñùÿðìþýôċ 
ûÿüüì ùúíÿð Ąÿðì, íì ùìóìü ùìøñüìýìùð. Úùĕú ðìü ėôýøìþô Ąìüė îì Ďìüíô øôùþìėì, ðÿü ìó 
úù üĘ óìðììùð. 

ÞìĕĄôùĕúô ýôýþñøìô ăúüÿø ðìü ùúĕôċ ûìĕùúôô îìýñĆ ùìðúĄþì, þìùĕú ðìü ðúøìùìô 
öĘĕĕú îì îúðôĕúô ðìüČĕú íì ùìóìü øñüìýìùð. ÞìĕĄôùĕú þìüöôíô āñ÷ú ïÿùúïÿù ðúĄþì, 
úùĕúüú ìó üĘõô ûìõðúôĄ íì ċöăìùð ïÿüĘĕ þìėýôø øñöÿùìùð. 

ÞìĕĄôùĕúô ûüú÷Ċîôì÷Ē (øìĔøÿìĕúô ÐÿĄìùíñ-ÌøÿðìüČ pQIII -IV) ìýúýìù ðìü øìîóñĕúô 
ðìüìĕú, ðìĕìùìô ýúõĕú îì Ąúāúíĕúô ûìĕ÷ÿôô ðìüČĕú îúøñāĘüìùð îì ìó Ĕôùýĕúô öĘĕôô 
ïÿùúïÿùþìüöôí, üñïÿ ĄìĎì÷ô úøñāþì ôíúüìþìùð. ÀìĀýôìĄúù ìó 1-2 ø þú 20 ø ìýþ.  

ÞìĕĄôùĕúô öú÷÷Ċîôì÷ô-ðñ÷Ċîôì÷Ē (øìĔøÿìĕúô ÐÿĄìùíñ-ÌøÿðìüČ ýdQIII -IV ) ðìü 
ûìýþāìøôĕú îì ðúøìùìöĘĕĕú ûìĕù Ąÿðììùð. Úùĕú ìó øìĕýÿ÷úþô Ąôöìýþìûúüìô ðìĎì÷, 
íìĆóìù ýÿĀþìô íú āúöĕú úøñāþìĄÿðì þìüöôí ČĀþììùð. ÀìĀýôôìĄúù þú íì 30-50 ø øñüìýìð.  

ÞìĕĄôùĕúô ì÷÷Ċîôì÷ôô ĕúóôüì (alQIII -IV ) ðìü øìĔüúô ðìüČĕú, þñüüìýìĕú Ĕúõïôüìùð îì 
ìó ÷Ę÷ìýìùïĕú, üñïĕú, ïô÷ĕú ôíúüìþ øñíúĄìùð. ÀìĀýôôìĄúù ¬ þú 5,5 ø ìýþ. 

Ðìü ûìõðúôĄ îì ĔúõïôüĄìîôô øìĆðìùĕú ðìü øôùþìėì ùìėĄô Ĕôùýĕúô øìïøìîĒ 
ĕì÷öÿùìùðì ìýþ. Úùĕú íú ðÿ ùìøÿð ¬ ôùþüÿóôîĒ îì îÿ÷ėúùĒ øÿìüüôĀĒ Ąÿðììùð.  
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Æôùýĕúô ôùþüÿóôîĒ ðìü óìøúùô öìüíúù¬ûñüø ûìõðú Ąÿðì, íì øìĔøÿô (öúøû÷ñöýô) 
ÓìüìĀĄúùÿ Çôýúü (Ý3-P1) ðúāô÷ìùð. Ðìü øôùþìėì ìýúýìù Āìþýôċĕúô ðìõöìîôô úùĕú ûìĕù 
Ąÿðììýþ [10]. Þìüöôíô úùĕú ìýúýìù ïüìùôþ-ûúüĀôüĕú îì ðôúüôþ¬ûúüĀôüôþĕú ìýþ. Ïüìùôþĕú 
ùìøÿĊðô ìøĀôíú÷Ē-íôúþôþĒ íÿðì, þìüöôíìĄúù ìó û÷ìïôúö÷ìó (20-50%), úüþúö÷ìó (15-20%), 
öîìüý (15-35%), íôúþôþ (3-10%), ìøĀôíú÷ (þú 1%) îì øôùñüì÷ĕúô ìöýñýúüĒ ¬ ýôüöúù, ìûìþôþ, 
ýĀñù, úüþôþ, ýĀñù îì Ďìõüì ôíúüìþ ìýþ. 

Ðìü ėôýøô øìüöìóôô øôùþìėì ðìõöìĕúô ðôúüôþ-ûúüĀôüôþĕú ûìĕù Ąÿðììùð, öô þú 7 ø 
ĎìĀýĒ îì 500¬800 ø þÿ÷ùôċþ ðúüìùð. ÞìüöôíìĄúù ìýúýìù ìó û÷ìïôúö÷ìó ìó (60-70%), öîìüý 
(5¬20%), øôùñüì÷ĕúô ýôČĕüìùï (ìøĀôíú÷, íôúþôþ, íìĆóìù ðôúûýôð) (10-25%), øôùñüì÷ĕúô 
ìöýñýýúüĒ ¬ úüþôþ, ìûìþôþ, ýôüöúù (15-50%) ôíúüìþ ìýþ. 

Þñöþúùôöìô øìõðúùô öúùô ãÿ÷íúĒ øÿüìööìí ìýþ (üìýøô 2). Øìõðúù ðìü ÿøÿø íì 
øôùþìėìô ïñúþñöþúùôöôô ÓìüìĀĄúùÿ Çôýúü øìùýÿí ìýþ [7].  
 

Üìýøô 2. ÙìėĄìô ýúāþúüô ïñú÷úïĒ-þñöþúùôöôô öúùô ãÿ÷íúĒ  
Figure 2. Geological and tectonic scheme of the Chulboi deposit  

 
(þôíėô Öúüúþöúîì Ï.Ñ.) 1 ¬úĕìöýìùïĕúô D¬C1; 2 ¬ üñïýìùïĕúô Ý2-3; 3 ¬ïüìùôþ-ûúüĀôüĕú îì öîìüý-ûúüĀôüĕúô 
Ý2; 4 ¬íüñöăôċĕú; 5 ¬ øìîóñõô øñþìýúøìþôóø îì þìĎõôüČíôô ïôðüúþñüøì÷Ē (ìüïô÷÷ôóìþýôċ, öîìüýĄìîĒ); 6 ¬ 
þìùìĕúô øìĆðìùĒ; 7 ¬ Ąôöìýþìĕú; 8 ¬ýìüĕìðô þìĎõôüúþĕúô ùìóðôþìùìîĒ 

 

Ýúāþúüô ìýúýôô þñöþúùôöôô øôùþìėì ìùþôö÷ôùì÷ îì ýôùö÷ôùì÷ô ÓìüìĀĄúù ìýþ. 
Ìùþôö÷ôùì÷ô ÓìüìĀĄúù ìó þìĕĄôùĕúô ûìõðúôĄô ûì÷ñúóúõô ôíúüìþ øñíúĄìð. Þÿ÷öìĄôô 
úù ìüóĒ íÿðì, öìùúüìĕúô úù íú Ąôôöìýþìĕúô û÷ôöìþôîôô ðìüìĔìô ðÿĊø îì ýñĊø øÿüìööìí 
Ąÿðììùð, öô úùĕú ðìü ùìîíìþô āÿð íì Ąôôöìýþìĕúô āÿüð Ĕÿðú Ąÿðììùð. 

Ðìü øôùþìėì ìó ĕìüìöìþĕúô ðôóĆĊùöþôîĒ Ąôöìýþìĕúô ùìøÿðô üĘĎñĔ îì ĀÿüĘöìùðì-
üĘĎñĔ āñ÷ú îìýñĆ ûìĕù Ąÿðììùð. Þÿ÷öìĄôô úùĕú ìüóĒ øñíúĄìð. 

Ðìü þìĄìööÿ÷ô ïñú÷úïôô øôùþìėìô ĕìüìöìþĕúô ăôùûìõðúöÿùìùðì ùìėĄô ĕì÷öÿùìùðì 
ðúüìùð.  

Ðìü ÿøÿø úüúïñùñóô óìøúùô ïñüýôù øìùóìüìô ĕúóôüìô øôùþìėìüú íì îÿĔÿð úîìüðì ìýþ. 
ÍìĆðìù ĕìüìöìþĕúô óìøúùô ì÷û ôùĄúúþĕúô øìîĔÿðìüú āì÷ì÷ðúü öìüðì, úùĕúüú 
øÿüìööìíþìü öìüðììùð [12]. 

Þìîüñ ėìõð Ąÿð, úøĘóôĄô ïñú÷úïôô øôùþìėìô øìĆðìùĒ îì öúùô ãÿ÷íúĒ þìĆüôāĒ 
þÿ÷úùĒ ðúĄþì, ðìü ùìþôĔìô úù āÿýÿýôċþĕúô ìýúýôô ïñú÷úïôô úùĕú, þìüöôí, ûìĕùúĒ îì 
óìāôüìĕúô öúù øÿìõċù öìüðì Ąÿðììùð. 

Íñîúýôþì ðìü ĕÿðÿðô öúùô ãÿ÷íúĒ Ĕôùýĕúô öĘĕôô þìĕĄôùĒ, øìïøìîĒ îì øñþìøúüĀĒ 
ûìĕù Ąÿðìùð.  

Þìùìĕúô øìĆðìùĒ ìó øìĕýÿ÷úþô øñþìýúøìþôóøĒ îì ïôðüúþñüøì÷ôþĕú ôíúüìþ ìýþ. 
Þìíìððÿ÷úþô þìüöôíôô Ĕôùýĕú ðìü ùìøÿðô öîìüýĄìîĒ, ìüïô÷ôóìþýôċ, ì÷íôþôóìþýôċ îì 
ðôïìü þìüöôíúþ ìøì÷Ē Ąÿðììýþ.  

äìö÷ô ÿøÿøôô þìùìĕúô øìĆðìùôô öúù øÿüìööìí ìýþ. Úùüú ðìü íìüùúøìô 
øìüöĄñõðñüôô Micromine ìøýô÷ìýúóĒ öìüðì, ðìü Ąìö÷ô Āôïÿüìô öĘĕøúùìùð þìýìîîÿü 
öìüðìù øÿøöôù ìýþ (üìýøô 3). 
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Üìýøô 3. Øúðñ÷ô (ìøýô÷ìô) ĕìĔøôô öúùô ãÿ÷íúĒ  
Figure 3. 3D-model of the Chulboy deposit  

 
 

Ðìü íÿüüôĄô öúù (üìýøô 4) øìĆ÷ÿø øñĄìîìð, öô ùìøÿðĕúô ìýúýôô øìĆðìùĕú ¬ þô÷÷ú, 
ýÿüøì îì ýôøúí ðìü ėôýøìþĕúô ïÿùúïÿùô öúù îúėñĆ íÿðì, ðìü ĔúõïôüĄìîôô úùĕú 
ėúùÿùôċþĕúô ìøôė øÿĄúĕôðì øñĄìîìùð: þìùìĕúô ýÿüøìðúü ðìü ėôþĆìĕúô øìüöìóôĊ ĎìüíĒ 
îì ûúČùĒ, øìĆðìùĕúô ýôøúí îì þô÷÷úðúü þìùĕú ðìü ėôþĆìĕúô ùìóðô üĘõôóìøôùĒ Ĕúõïôüìùð. 

Ôù ėúùÿùôċþ ôøöúù øñðôĕìð, öô ðìü øìîüôðô óìüÿüĒ ðÿüùìøúô öúùüú ðìü ėôþĆìĕúô 
ĕìøýúċ øÿìõċù ùìøúñø. 

 
Üìýøô 4. ÍÿüüôĄô ýāñøìîôô öúùô ãÿ÷íúĒ íú ùôĄúù ðúðìùô þìùìĕúô øìĆðìùĕúô þô÷÷ú, ýÿüøì 

îì ýôøúí 
Figure 4. Schematic cross-section of the Chulboi deposit showing gold, antimony, and mercury ore 

bodies 

 

 
Þìüöôíô øôùñüì÷úïôô þìùìĕúô øìĆðìùĒ ïÿùúïÿù íÿðì, ðìü ôüþôíúþ ìó þìüöôíô 

Ĕôùýĕúô ðìü øìĔøììô ïñú÷úïôô öúù îì øìõðúùô øìĆðìùĒ íÿðì þìĄìööÿ÷ ČĀþììýþ [3]. 
Úùĕúüú úðìþìù íì ðÿ ïÿüĘĕ þìėýôø øñöÿùìùð. Øôùñüì÷ĕúô ïÿüĘĕô ċöÿø, ċĆùñ ìýúýôô (ìó 
üĘõô ĕìĔøô ûìĕùĄìîĒ ¬ ûìĕùĄÿðìþìüôù) öúùô ãÿ÷íúĒ ôù ûôüôþ, ìùþôøúùôþ îì öôùúîìü íì 
ĕôýúí øñüìîìùð. Øôùñüì÷ĕúô ïÿüĘĕô ðÿĊø þô÷÷ú, øìüöìóôþ, ìüýñùúûôüôþ, ýĀì÷ñüôþ, 
üñì÷ïìü, Ĕñøýúùôþ, ýôùöñùôþ, íÿ÷ìùòñüôþ, ïñøìþôþ, ïñþôþ øñíúĄìùð. 
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Øôùñüì÷ô ûôüôþ ðìü þìüöôíô øìĆðìùĕú, ðìü ýìüúýìüô öúù îúøñāĘüìð. Úù ðìü 
þìüöôíìĄ þô÷÷úô āÿðüĘõ ðúüìð. Ðìü úù íú ÿýÿ÷ô ýûñöþüì÷Ē øôėðúüô ùìóìüüìýô Co, Ni, Cu, 
As, Sb, Ag úĄöúü öìüðì Ąÿðììýþ. Üìùïô ûôüôþ óìüðô öúĕøúùìùð, ôóìĄ ðìü óìüĀô ăôùĒ 
ýôČĕô ýìíó îì Č āúöôýþìüüìùï, Ĕô÷úċĄ øñþì÷÷Ē ìýþ. ÝìāþôìĄ 6-6.5, îìóùô āúýìĄ 4.9-5.2.  

Øôùñüì÷ô ðôïìüô øìĆøÿ÷ ìùþôøúùôþ ìýþ, öô íì øúùìùðô ûôüôþ ðìü ĕìøì þìùìĕúô 
øìĆðìùôô öúù ûìĕù Ąÿðììýþ. Ýôùïúùôċô üúøíĒ, öüôýþì÷÷ĕúô îúóñĕ, ïìíôþÿýô ûüôóøìîĒ, 
ýÿþÿùøúùìùð îì ýĘóìùĄìö÷ ðúüìð. Üìùïô āúöôýþìüüìùïô ėÿüĎúĄôøĒ, öìøñ öìíÿðăìþúí 
ðúĄþì, ôóìĄ ðìü óìüĀô ăôùĒ ýôČĕ, Ĕô÷úċĄ øñþì÷÷Ē, ýìāþôìĄ 2, îìóùô āúýìĄ 4,5-4,6 ìýþ. 

Öôùúîìü ýôùïúùôċô þüôïúùì÷Ē, ùìøÿðô ýôøøñþüôô þüôïúùì÷Ē-þüìûñþýúĉðüĒ ðúüìð. 
Öüôýþì÷÷ĕúċĄ íì ùìøÿðô þìāþìăìô ĎìĀý îì üúøíúĉðüĒ øñíúĄìùð. ÜìùïìĄ ýÿüāô üĘĄìù, 
ïúĕú ýÿüāô ėìĕîìüìùï, ôóìĄ ðìü óìüĀô ăôùĒ ýÿüāô üĘĄìù ìýþ. Æô÷úô ì÷øúýĒ ìýþ, ðìü ùìîĆô 
āúöìøúùìùð íñĔô÷ú ìýþ. ÝìāþôìĄ 2-2,5, îìóùô āúýìĄ 8-8,2.  

Þô÷÷ú, þìîüñ öô þìĄāôýĕúô ĀìóìîĒ ùôĄúù øñðôĕìùð, ðìü ùìøÿðô āÿðüĘõô ìùðúóìĕúô 
ïÿùúïÿùðúĄþì ûìĕù Ąÿðììýþ. Ìùðúóìĕúô øôöüúóìüüìĕúô þô÷÷ú ðìü þìùìĕúô øìĆðìùĒ ìó 
ċöðôïìü āñ÷ñ Āìüė øñöÿùìùð îì ìó ûúüìĕúô öì÷úù (ĕôýýìô øô÷÷ôøñþü) þú þô÷÷úô µùúìČù½-ô 
ìùðúóìô ùìùúøñþüĒ, íìāÿýÿý ðìü øìĆðìùĕúô ýÿ÷Āôððúü (ûôüôþ, ìüýñùúûôüôþ) îúøñāĘüìð. 
Ìó üĘõô ìùðúóì þô÷÷úüú íì óìüüìĕúô øìõðì (<1 øöø), óìüüìĕúô ýÿíøôöüúýöúûĒ (<0,1 øöø) 
Č þô÷÷úô µùúìČù½, öô ðìü ýúāþúüô øôùñüì÷ĕú (āú÷ôïôĕúô ôùþñüýþôýôì÷Ē) Ĕúõïôü Ąÿðììùð Č 
íì ýìþĕĕúô úùĕú ĕìøăÿù ùìùúĀìóìĕú ûìõîìýþ Ąÿðììùð, þìėýôø öìüðìù øÿøöôù ìýþ. 

Óìüüìĕúô þô÷÷ú ðìü öúù ðìü ùìøÿðô ðúùìĕúô Ąìö÷ìĄúù ùúðÿüÿýþ, ûÿ÷ìöăìĕú îì 
þìāþìăìĕúô íÿóÿüïôìĄúù ìó øìĕôùðúùìô íì ăìĄø ùúìČù þú íì ìùðúóìô 1-2 øø îúøñāĘüìð. 
Üìùïô þô÷÷ú - óìüðô þô÷÷úĒ (ìïìü ìó ùÿėüì íúõ íúĄìð - óìüðô üìùïûìüôðì), ôóìĄ ðìü óìüĀô 
ăôùĒ ¬ óìüðô øñþì÷÷Ē, Ĕô÷úċĄ āúýô øñþì÷÷Ē, ýìāþôìĄ 2,5-3, îìóùô āúýìĄ ìó 15 þú 18 ï/ýø3 
øñíúĄìð. 

Þô÷÷úô ìó ÷ôĕúóô öôøôČîĒ þìíôìþìù þúóì ðìü öúùĕúô þìĕĔúĒ úðìþìù îú ùìøñāÿüìð. 
Ðìü öúùô ãÿ÷íúĒ ùôó þô÷÷ú ðìü ìöýìü ĕú÷ìþ ðìü þìüöôíô āÿð øôėðúüô øÿìõċùô ùÿėüì 
ðúüìð.  

Þìîüñ ėìõð Ąÿð, þô÷÷ú ðìü öúù ðìü ùìøÿðô ûìõîìýþìïôô āôøôċîĒ ùìíÿðì, íì÷öô ðìü 
Ąìö÷ô óìüüìăìĕúô āÿüð-āÿüðô íì ăìĄø ùúìČù, ðìü þìüėôĄĕúô íìõùô øôùñüì÷ĕú, ðúāô÷ô 
úùĕú, Āìóúĕúô ôùþñüýþôýôì÷Ē îúøñāÿüìð. Ôù Ąìö÷ úðìþìù íìüúô öÿ÷÷ô öúùĕúô þìĕĔúôô 
þô÷÷ú ðìü öÿüüìô óìøôù āúý ìýþ. Óìüüìăìĕúô āÿüðô þô÷÷úüú þìùĕú ðìü óñüô øôöüúýöúûô 
øìĆðìùĒ (ôù úðìþìù ùì ĕìøì îìėþ íì ðìýþ øñúċð) îì, ìýúýìù, íú þìĄāôýĕúô ĀìóìîĒ úĄöúü 
øñöÿùìùð [8]. Íôùúíìü íú ýìíìíô Ĕúóôíìô ýìāþô ýìþĕĒ ðúĄþìù, þô÷÷úüú ìó øìùóô÷ìĄ íú 
üúĕô øñāìùôöĒ (øìýì÷ìù, Ąôöìýþìîÿ ûúüì öìüðìù, øìĕôùÿ ýÿðì öìüðìù) íñüÿù öìüðìù 
Ďìõüôôøöúù ìýþ. Ìó ôù ýìíìí þô÷÷úô þìĕĔúôüú þìùĕú íú üúĕô íì øìĕ÷ÿ÷ô āôøôċîĒ 
øÿíìððì÷ öìüðìîÿ íìĆð úùüú íú üúĕô øñāìùôöôĊ āôøôċîĒ ìó úù íñüÿù öìĄôðìù 
ôøöúùûìóôü ìýþ. Ðìü öúùô ãÿ÷íúĒ, øôý÷ô ðôïìü öúùĕúô þô÷÷úô þìĕĔúôô öôĄîìü 
þñāùú÷úïôċ ôāüúĔô þô÷÷ú ĕìøôù ìýþ. 

Øìüöìóôþ ¬ ìó ïÿüĘĕô øôùñüì÷ĕúô ïÿüĘĕô ýÿ÷Āôðĕú ðìü þìüöôíô āÿð þô÷÷úô 
øìĕôùðúùìô íì ăìĄø ùúìČù îì øôėðúüô íì÷ìùðô þì÷÷ôõ Tl ðúüìð, öô ôù ìüóôĄô þìùìĕúô 
øìüöìóôþðúĄþìô öúùüú øñìĀóúċð. 

Ìõùô óìøúù öúùô ãÿ÷íúĒ ìó Ĕúùôíô Ąôüöìþô þúėôöôýþúùôĊ āôþúĒ øìîüôðô ôýþôāüúĔ 
ėìüúü ðúüìð. ÔýþôāüúĔ íú ÿýÿ÷ô öÿĄúð ýÿüìþ øñïôüìð (üìýøô 5). 

áÿ÷úýì, öúùô þô÷÷úô ãÿ÷íúĒ, îúėñĆ ðìü ùúĕôċô öĘĕĒ-øìĆðìùôô ÓìüìĀĄúù, 
āÿýÿýôċþĕúô íì āÿð āúýô ïñú÷úïĒ, þñöþúùôöĒ, ûñþüú÷úïĒ, øôùñüì÷úïĒ ðúĄþì, ðÿüùìøúô 
ÿøñðíìāĄ ðúüìð.  

Øìîúðô ðìü øìėú÷ì úîìüðìĄÿðì ôøöúùôċþ øñðôĕìð, öô ðÿüùìøúô öúùô ãÿ÷íúĒ ðìü 
ôðúøìô ėôþĆìô úù íì Ąìüė îì Ďìüí íúó ĕìø îìýñĆ öìüðì Ąÿðì, ðìü úù øìîóñĕú þìùìĕúô ùìîô 
øìĆðìùôô þô÷úĊ ýÿüøì îì ýôøúíðúü öìĄĀ öìüðì Ąìîìùð. Çìøóìøúù, ðÿüùìøúô öúùüú ðìü 
òìüĀô óôČðì ìó 200 øñþü ìó ýìþĕô óìøôù, íú öìĄĀô ùìøÿðĕúô ðôïìüô øìĆðìù, íì øúùìùðô 
Ā÷Ċúüôþ, ÿùýÿüĕúô ùúðôüóìøôù ûñĄïĘô öìüðìù øÿøöôù ìýþ. 
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Üìýøô 5. Øìùóìüìô ôýþôāüúĔô öÿĄúðô öúùô ãÿ÷íúĒ (öìüõñü) 
Figure 5. View of the open-pit mining of the Chulboi mine (quarry) 
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Öúùô þô÷÷úô ãÿ÷íúĒ íì ïÿüĘĕô öúùĕúô øôČùì- îì ûìýþĕìüúüìþôô ĉûôþñüøì÷Ē øìùýÿí ìýþ. Öúù 
ïÿùúïÿùþìüöôí íÿðì, ìó øìĆðìùĕúô þô÷÷ú, ýÿüøì îì ýôøúí, öô ðìü Ąìüúôþô ÿøÿøôô ïñú÷úïôĊ þñöþúùôöĒ 
ûìõðú Ąÿðììùð, ôíúüìþ ìýþ. Þìüöôíô øìĆðìùĕúô öúùô ãÿ÷íúĒ ìýúýìù ìó øôùñüì÷ĕúô ìùþôøúùôþ, öôùúîìü îì 
ûôüôþ ôíúüìþ íÿðì, ĕìøóìøúù, øôùñüì÷ĕúô ĕìøüúĕ, íì øúùìùðô ïÿüĘĕô þô÷÷úô āÿðüĘõ, ýĀì÷ñüôþ, øìüöìóôþ, 
ìüýñùúûôüôþ, üñì÷ïìü, ïñøìþôþ, íÿ÷ìùòñüôþ îì ïñþôþ ùôó ðúüìð. 

Ðìü ĔúõïôüĄìîôô øìĆðìùĕú ðìü ĕÿðÿðô öúù ăÿùôù ėúùÿùôċþô ìøôė úĄöúü Ąÿðììùð, öô þôíėô úù 
øìĆðìùĕúô ýôøúí îì þô÷÷úðúü ðìü ėôþĆìĕúô íì ýìþĕô üĘõô óìøôù ùìóðôö, øìĆðìùĕú ýÿüøì ðìü ėôþĆìĕúô 
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øìüöìóĒ, ĎìüíĒ îì ûúČùôô öúù Ĕúõïôü Ąÿðììùð. ãÿùôù ėúùÿùôċþô ĔúõïôüĄìîôô øìĆðìùĕú íìüúô ìüóČíôô 
ðÿüùìøúô öúù ðìü ėôþĆìĕúô ĕìøýúċ îì òìüĀô úù ăÿù ðì÷ñ÷ øÿìüüôĀĒ øñĄìîìð. 

Öúù ìõùô óìøúù øìîüôðô ôýþôāüúĔ ėìüúü ïôüôĀþì, ĕìøì ýú÷ ìó úù øôėðúüô óôČðô þô÷÷ú ôāüúĔ 
øñĄìîìð, öô úù ðìü üÿĄðô ýìùúìþô øìĆðìùô ÞúĔôöôýþúù ýìĕøô ùìøúČù øñïÿóúüìð.  

Öì÷ôðîúòìĕú: ÞúĔôöôýþúùô ØìüöìóĒ, öúùô ãÿ÷íúĒ, þô÷÷ú, óìüüìĕúô þô÷÷ú, ýÿüøì, ýôøúí, ôýþôāüúĔ, 
ðÿüùìøú. 

 

ɻɽʆʃʆɻʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ɿʆʃʆʊʆʈʋɼʅʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʏʋʃɹʆʁ 

(ʎɽʅʊʈɸʃʔʅʓʁ ʊɸɼɾʀʂʀʉʊɸʅ) 

ɿʦʣʦʪʦʨʫʜʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʏʫʣʙʦ ʾʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ ʩʨʝʜʥʝ- ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʵʧʠʪʝʨʤʘʣʴʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʧʦ ʨʫʜʥʦʤʫ ʩʦʩʪʘʚʫ ʥʝʦʜʥʦʨʦʜʥʦ ʠ ʩʦʩʪʦʠʪ ʠʟ ʟʦʣʦʪʦʥʦʩʥʭr, ʩʫʨʴʤʷʥʳʭ ʠ 

ʨʪʫʪʥʳʭ ʨʫʜ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʦʙʱʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʈʘʟʤʝʱʝʥʠʝ ʨʫʜ ʚ ʧʨʝʜʝʣʘʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʳʷʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʠ ʯʝʪʢʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪ,ɹ ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʨʪʫʪʥʳʝ ʠ ʟʦʣʦʪʦʥʦʩʥʳʝ 

ʨʫʜʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʙʣʘʩʪʷʭ, ʙʣʠʟʢʠʭ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʘ ʩʫʨʴʤʷʥʳʝ ʨʫʜʳ - ʚ ʮʝʥʪʨʘʣʴʥʦʡ, ʟʘʧʘʜʥʦʡ ʠ 

ʥʠʞʥʝʡ ʯʘʩʪʷʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʊʘʢʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪ ɹ ʨʘʟʤʝʱʝʥʠʷ ʨʫʜ ʤʦʞʝʪ ʩʣʫʞʠʪ ɹ

ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʩʦʩʝʜʥʠʭ ʨʘʡʦʥʘʭ ʠ ʥʘ ʝʛʦ ʛʣʫʙʠʥʘʭ ʠ ʧʨʦʛʥʦʟʥʳʭ ʮʝʣʝʡ. 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʏʫʣʙʦʡ ʩʦʩʪʦʠʪ ʠʟ ʛʣʘʚʥʳʭ ʤʠʥʝʨʘʣʦʚ ï ʘʥʪʠʤʦʥʠʪʘ, ʢʠʥʦʚʘʨʠ ʠ ʧʠʨʠʪʘ, 

ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʤʠʥʝʨʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ, ʩʬʘʣʝʨʠʪ, ʤʘʨʢʘʟʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ, 

ʨʝʘʣʴʛʘʨ, ʛʝʤʘʪʠʪ, ʙʫʣʘʥʞʝʨʠʪ ʠ ʛʝʪʠʪ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ, ʝʞʝʛʦʜʥʦ ʜʦʙʳʚʘʝʪʩʷ ʦʧʨʝʜʝʣʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʟʦʣʦʪʘ, ʯʪʦ ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʊʘʜʞʠʢʠʩʪʘʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʎʝʥʪʨʘʣʴʥʳʡ ʊʘʜʞʠʢʠʩʪʘʥ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʏʫʣʙʦ,ʾ ʟʦʣʦʪʦ, ʯʘʩʪʠʮʳ ʟʦʣʦʪʘ, ʩʫʨʴʤʘ, 

ʨʪʫʪʴ, ʜʦʙʳʯʘ, ʧʝʨʩʧʝʢʪʠʚʳ. 

 

GEOLOGICAL FEATURES OF THE CHULBOI GOLD DEPOSIT (CENTRAL TAJIKISTAN)  

The Chulbo gold deposit belongs to a group of medium- and low-temperature epithermal deposits. The deposit is 

heterogeneous in ore composition and consists of gold-bearing, antimony, and mercury ores formed under common 

geological and tectonic conditions. The distribution of ores within the deposit reveals a distinct and clear pattern, according 

to which mercury and gold-bearing ores are located in areas close to the surface, while antimony ores are found in the 

central, western, and lower parts of the deposit. This spatial pattern of ore distribution can serve as a basis for assessing the 

deposit's potential in adjacent areas and at its depths, as well as for forecasting purposes. The mineral composition of the 

Chulboy deposit ores consists of the main minerals ï antimonite, cinnabar and pyrite, and also contains associated minerals 

such as native gold, sphalerite, marcasite, arsenopyrite, realgar, hematite, boulangerite and goethite. 

Currently, the deposit is being developed, producing a certain amount of gold annually, significantly contributing to 

the development of Tajikistan's mining industry. 

Keywords: Central Tajikistan, Chulbo deposit, gold, gold particles, antimony, mercury, mining, prospects. 
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Éìõð ùìøÿðìù íìøìîüôð ìýþ, öô ïÿüĘĕô öúùĕúô ãúüÿā-Ðìüüúù ðìü ðúøìùìô Ąôøú÷ÿ 
Ąìüėôô öĘĕĕúô ØÿĎÿ÷, öô ėôýøô Ĕìùÿíô Ďìüíôô ėìþúüöĘĕô Éÿüìøì øñíúĄìùð, îúėñĆ 
ïìüðôðììùð. ÖĘĕô ØÿĎÿ÷üú ûìýþāìøôĕúô íìõùôöĘĕĕú, ðìü Ąôøú÷ÿ Ďìüí Øôüóúüìíúþ, ðìü 
Ĕìùÿíô Ďìüí Ðô÷îìüóôù, ðìü Ąìüė ÝúøĎúü îì ðìü Ĕìùÿí îúðôô ÝôüðìüČ ĕìøýúċïĒ 
øñöÿùìùð. 

Ðìü øìîóñô öúù íì Ďìõü ìó Ąìĕüìöô ãúüÿā-Ðìüüúù, öô öúøíôùìþô öúüöìüðô 
øìĆðìùĕúô ôù öúùĕú îúėñĆ íÿð, Ąìĕüìöô øìĆðìùô Öúùýúõ 24 öô÷úøñþüô Ąôøú÷ÿ Ąìüė, 
Ąìĕüô ÞìíúĄìü 30 öô÷úøñþü ðìü Ąôøú÷ Ĕúõ ïôüôĀþììýþ. äìĕüìöô ãúüÿā-Ðìüüúù íú üúĕô 
ìýĀì÷þûĘĄ íú øìüöìóô îô÷úċþ - áÿĔìùð ûìõîìýþ ìýþ. 

Íì Ĕÿó ìó öúüāúùìĕúô öúüöìüð ðìü ôù øôùþìėì, öúùô øìýú÷ñĕô ýúāþøúùôô Öúùýúõ ¬ 
ėÿø, ĄìĎì÷, öúùô øìýú÷ñĕô üĘõûĘĄô Þìöñ÷ô ĀìĆú÷ôċþ øñöìüð. Ìõùô óìøúù ðìü øìîóñô 
þìðėôėúþ öúüāúùìô øìýú÷ñĕô íôùúöúüôô ôýþñĕýú÷ô üñïô Ąÿýþì, ýìùïô ĄìĎì÷, āôĄþô í÷úöô 
ÆÝÛ µàìüúîúù½ îì öúüāúùìô øÿĄþìüìöô ãôùÿ ÞúĔôöôýþúù úôð íì ôýþñĕýú÷ô ýñøñùþô 
íôùúöúüôô µáÿìöýôù ýñøñùþ½ ėì÷ìøüìîô ûÿĄþìô ÚėÿüþúĎ ùôó ĀìĆú÷ôċþ ðúüìùð. 

Íì÷ìùðôô øÿþ÷ìė ðìü Ĕúõĕúô öúüĒ ìó 650 øñþü óôČð ùñýþ, íì÷ìùðôô ùôýíĒ ìó 10 þú 50 
øñþüüú þìĄöô÷ øñðôĕìð. 

Üñ÷ñĀô øìĕì÷ ìó þñûûìĕúô āÿüð ôíúüìþ øñíúĄìð. ÖÿĄúðìĄìîôô Ĕôùýĕúô øúðìüĒ þú 
50%-üú þìĄöô÷ øñðôĕìð [1; 10]. 

Ðìü øôùþìėìĕúô öúü íñîúýôþì øìùíìô úí îÿĔÿð ùìðúĄþ îì ôù øìîóñĆ íñúí ĕôýúí 
öìüðì øñĄÿð. Íìüúô ĉĕþôČĔúþô þñāùôöôô ûìüþôċô ĔÿýþÿĔĘô úíô Ąìāþìĕú, íìüúô ùĘĄôðìù ìó 
ăúĕĕúô úíöìĄôô ÖúĄøÿ÷÷ì ôýþôĀúðì øñĄÿð, öô íì þì÷ìíúþô ýþìùðìüþô ðìî÷ìþĒ (ÏÚÝÞ) 
íìüúô úíô ùĘĄúöĒ ĔìîúíïĘ ùìíÿðì, íú øñþì÷ĕúô îìóùôù ú÷ÿðì íÿðì, ðúüúô öúùýñùþüìþýôċô 
íì÷ìùðô ĉ÷ñøñùþĕúô üìðôúìöþôîĒ øñíúĄìð. 

Øìõðúùô öúü íú ùìė÷ôČþô ìîþúøúíôĒ íú úíô þñāùôöĒ, úíô ùÿĄúöĒ, øìĕ÷ÿ÷ô ïô÷ 
þìĆøôù öìüðì Ąÿðìùð. Üúĕĕúô øÿîìėėìþôô āúöĒ íì øôùþìėìô öúü, öô ðìü ėìð-ėìðô öìùì÷ĕú, 
ýúõĕú Č ėìð-ėìðô ìðôüĕúô øôùþìėì îúėñĆ ïìüðôðììùð, øñíÿüðìùð. 

Éì÷ìøüìîô öúù íú øìýú÷ñĕô íôùúöúüôô øìĕì÷÷Ē, ìó ėìíô÷ô ýìùïÿ üñï, ĄìĎì÷ îì 
ýìùï÷úā þìĆøôù öìüðì Ąÿðììýþ. ãĘíÿ þìāþìô íôùúöúüĒ, ýĘóôĄîúüĒ, ïô÷ô ûìüøìöÿùĒ íì 
ûìüþôċô ïñú÷úïĒ íì îúýôþìô þìĆøôùúþô øÿþìøìüöìó ìó ýþìùýôċô üúĕô úĕìùô ×ñùôùúíúð îì 
ìó íìóìô ĉöýûñðôþýôċô ĔÿýþÿĔĘô ïñú÷úïôô ÚýôČô ØôČùì, ðìü Ąìĕüìöô Öúùýúõ ðúðì Ąÿð. 

Ðìü ðìĕýú÷ìĕúô úāôü ôù øôùþìėì íì øìüöìóô ôýþôāüúĔô ĀìĆú÷ þìíðô÷ ČĀþì, üÿĄðô 
ýìùúìþĒ îì ôėþôýúðôô øôùþìėìüú þìĆøôù øñöÿùìð. Íú îÿĔÿðô ìĕìøøôċþô ôėþôýúðĒ, 
ĀìĆú÷ôċþô ôýþôāüúĔĒ ðìü ôù øôùþìėì íúôýô íì øôČù úøìðìùô ċö ėìþúü øÿĄöô÷úþô Ĕôððôô 
ïñúĉöú÷úïĒ Ąÿðììýþ. Ôù øÿĄöô÷úþ ùì þìùĕú íì øÿĕôþô þìíôĒ, íì÷öô íì ýì÷úøìþôô ìĕú÷ôô 
øìĕì÷÷Ē, öôĄúîìüóĒ îì ĉöúýôýþñøìĕúô øÿĕôþô óôýþ þìĆýôüô øìùĀĒ øñüìýúùìùð. Ðìü ôù 
øìėú÷ì øìýĆì÷ìĕúô ìýúýôô ïñúĉöú÷úïôô öúùô ãúüÿė-Ðìõüúù, ûìČøìðĕúô úùĕú îì üúĕĕúô 
ôøöúùûìóôüô ĕì÷÷ô ôù øÿĄöô÷úþ øìîüôðô íìüüìýĒ ėìüúü øñïôüìùð. 

ÔýþôāüúĔô øìĆðìùĕú ìýúýìù íú ÿýÿ÷ĕúô óñüôóìøôùĒ îì ėôýøìù öÿĄúðì ìùĔúø ðúðì 
øñĄìîìð. Ôù üìîìùðĕú íú îÿĔÿðô ýìøìüìùúöôô ôėþôýúðĒ, íì îìõüúùĄìîôô ÿýþÿîúüôô 
ėìíìþĕúô óìøôù, îìõüúùĄìîôô ÷ìùðĄìĀþ îì óôČð Ąÿðìùô āìþìüô ĀÿüĘüìîôô ėôýøĕúô öúùô 
öĘĕĒ øÿýúôðìþ øñöÿùìùð. 

Íú óôČð Ąÿðìùô ĕìĔøô ôýþôāüúĔ, øôėðúüô ûìüþúîĕúô ýìùúìþĒ ìĀóúôĄ øñČíìùð. Ôù 
úøô÷ĕú ìýúýô þìĄìööÿ÷ô øÿĄöô÷úþô ïñúĉöú÷úïĒ ðìü øôùþìėì øñíúĄìùð. 
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áÿýÿýôċþĕúô ïñú÷úïĒ îì üìîìùðĕúô ôýþôāüúĔ. Öúùô øìĆðìùô ãúüÿė-Ðìõüúù ðìü 
øôùþìėìô öĘĕĒ ðìü ėôýøô Ąôøú÷ÿ Ąìüėôô ėìþúüöĘĕô ØÿĎÿ÷ Ĕúõïôü íÿðì, ìó ėìíìþĕúô 
ïÿùúïÿùô ïñú÷úïĒ ôíúüìþ ìýþ. Þìüöôíô øìĆðìùĒ ìýúýìù ýìĀú÷ĕú, ðú÷úøôþĕú, øìĆðìùĕúô 
øñþì÷÷ðúü îì Ĕôùýĕúô øñþìøúüĀĒ øñíúĄìùð.  

ÉìþúüöĘĕô ØÿĎÿ÷, öô þìùĕú ìó þìöĄôùôĕúô ûì÷ñúóúõ ôíúüìþ ìýþ, ìó Ĕôĕìþô ýúāþô 
ïñú÷úïôô āÿð íì öĘĕĕúô Éÿüìøì, ìó Ĕÿø÷ì íì Éìüúøìóúü ùìóðôö ìýþ, öô úùüú ðñûüñýýôċô 
íôČíúùô Øôüóúüìíúþ, öô ìó Ĕôùýĕúô øñóúóúõ îì öìõùúóúõ ôíúüìþ ìýþ, Ĕÿðú øñöÿùìð [8; 11]. 

Øìýýôî ìó Ĕìùÿíÿ Ďìüí íì Ąôøú÷ÿ Ąìüė ðìü øìýúĀìô 50 öø þÿ÷ öìĄôðì, ûìĕùúô 
øìöýôøì÷ôô úù 12 öø øñíúĄìð. Ðìü ýúāþô ėìþúüöĘĕĕú ðÿ āÿýÿýôċþ øìîĔÿð ìýþ. ëöÿø, ðìü 
íìüþìüôċþô Ĕôùýĕúô øìïøìîĒ ðìü ùôøìô Ąôøú÷ÿ Ąìüėôô øìýýôî îì Ĕôùýĕúô þìĕĄôùôĊ 
øñþìøúüĀôöô ðìü Ĕìùÿíÿ Ďìüí ôĀúðì øñČíìð. Ðìü ėôýøô Ĕìùÿíÿ Ďìüíôô øìýýôî, öô ðìü 
ýúāþô ïñú÷úïôô úùĕú Ĕôùýĕúô ėìðôøþìüôù - ïùñõýĕú îì ïùñõýĕúô ûüúþñüúóúõ îì üñïýìùïĕú 
íú ėìíìþĕúô ý÷ìùñý îì Ĕôùýĕúô ĉĀĀÿóôîôô öñøíüôõ îì ýô÷ÿüôô ûúČù Ĕúõ ðúüìùð, ôĄþôüúö 
øñöÿùìùð. 

áÿýÿýôċþô ðÿĊø, ôù þìĎõôüČíôô ýôùùÿ ýú÷ô Āúüøìýôċĕú ìó ėìðôøþìüôù ðìü Ĕìùÿíÿ 
Ďìüí íì Ĕìîúùþìüôù ðìü Ąôøú÷ÿ Ąìüė øñíúĄìð. 

ØìĔøììô Ĕôùýĕúô ûì÷ñúóúõô ûúČùüú ðìü ôù ėôýøô øìýýôî ûìõðìüûìôô úĕìöýìùïĕúô 
ûì÷ñúóúõô øôČùì (ðñîúùô íú÷ú îì öìüíúùôô ûúČù) íì þìîüô þüìùýïüñýýôîĒ Āìüú 
ïôüôĀþììýþ. 

Ôùþüÿóôċĕúô āÿüð ìýúýìù ðìü ėôýøô øìüöìóôô ýìüûĘĄô ĉĀĀÿóôîĒ þú 250 ø ĎìĀýĒ îì 
íú íÿüôðìùô ĉüúóôċô ðúðìĄÿðì Ĕúõïôü Ąÿðììùð, ïĘČ øìõðúùô üÿĄðô ĉĀĀÿóôîôüú íì ðÿ 
ėôýø: Ĕìùÿíÿ ĎìüíĒ îì Ąôøú÷ÿ ĄìüėĒ þìėýôø øñöÿùìùð. ëöÿø, íú ėôýøô Ĕìùÿíô Ďìüíôô 
öúùô øìĆðìùô ãúüÿā-Ðìüüúù øôùþìėìô ûúüìô ĉĀĀÿóôîĒ üúýþ øñúċð îì ðìü ðÿîÿø, öúùô 
ëùïôöúù îì µöÿüìô ĉĀĀÿóôîĒ½ îúėñĆ ìýþ. 

Éôýøô Ĕìùÿíÿ Ďìüíôô øìýýôî ìó ûìõðìüûìôô øñþìøúüĀôô ûì÷ñúóúõô ėìðôø, öô öúùĕúô 
üñïĒ-öúùï÷úøñüìþ-ý÷ìùñý íú ôùþüÿóôċĕúô ýôö÷ô îÿ÷öìùôô öì÷ñðúùĒ øñíúĄìùð, ôíúüìþìùð 
[14]. 

Éôýøô øôČùìô ėìþúüöĘĕĕúô ØÿĎÿ÷ ìó úĕìöýìùïĕúô Ð2 - Ý1 îì ôùþüÿóôċô 
ïüìùúðôúüôþĕúô Øÿóíñö, öô íì ðìîüìô îÿ÷ėúùôô îìüôýĒ øìùýÿíìùð, ôíúüìþ ìýþ. Ðìü îìėþô 
ì÷úėìô úĕìöýìùïĕú íú ïüìùúðôúüôþĕúô Øÿóíñö ċö ėìþúü öúùĕúô øñþì÷ĕúô öìøČíô þôûûô 
öúùþìöþ íì îÿĔÿð úøìðììùð, öô úùĕú ìüóôĄô ýìùúìþĒ ùìðúüìùð. 

Éôýøìþô Ąôøú÷ÿ Ąìüėôô øìýýôî ìó Ĕôùýĕúô ûì÷ñúóúõô íú÷ú ôíúüìþ ìýþ, öô ðìîüìô 
þìĄìööÿ÷ô úùĕú íú øìüĕô÷ìô úāôüô ðìîüìô îÿ÷ėúùôô îìüôýĒ ì÷úėìøìùð ìýþ. 

Çìøì ôùþüÿóôċĕúô āÿüð āÿýÿýôċþô ìĀóúċùðìô ôĄėúüĒ (Na) ùôĄúù øñðôĕìùð. Ôù 
āÿýÿýôċþ ðìü üìîìùðĕúô ûúýþøìïøìþôöôô þìĎõôüČíôô ôù Ĕôùýĕú, ċĆùñ ðìü ĔìüìČùô 
ýöìûú÷ôþôóìþýôċ, ì÷íôþôóìþýôċ, öô ì÷úøìþô øÿĕôøøô ûìõîìýþìô ïñùñþôöôô þìüöôíô Ĕôùýĕú 
îì üìîìùðĕúô ûúýþøìïøìþôöĒ øñíúĄìð, āÿýÿýôċþô øÿĕôøüú ðúüúýþ [7; 13]. 

Øôùþìėìô þìîýôĀĄÿðì ðìü ðìîüìĕúô ėìþĆĄÿðìô Öì÷ñðúùĒ, ÎìüôýĒ îì Ì÷ûĒ íì 
ĀôĄúüĕúô Ąìðôðô þñöþúùôöĒ ðÿăúü Ąÿðì, íúôýô ûìõðúôĄô ýúāþúüĕúô ėìþĆôĄÿðì îì 
ûúüìĄÿðì ïìüðôð. Ýúāþúüĕúô ėìþĆĄÿðì üÿĄðô íñĄþìüüú ïôüôĀþìùð. Ðìü Ĕôùýĕúô 
ûì÷ñúóúõ ýúāþúüĕúô ėìþĆĄÿðì ìýúýìù ðìü ðìîüìĕúô þñöþúùôöôô öì÷ñðúùĒ îì îìüôýĒ íì 
îÿĔÿð úøìðììùð.  

Þñöþúùôöìô øìõðúùô öúù ìýúýìù ðìü Ąìö÷ô þìüėôĄĕú îì Ąôöìýþìĕúô þñöþúùôöĒ 
óúĕôü øñĄÿð. 

Éìðôøþìüôù Ąôöìýþìĕúñ, öô ýìøþô Ąôøú÷ÿ Ďìüí ðúüìùð, ĕìøăÿù öìùì÷ô íìüúøìð 
íìüúô øìïøìĕúô ûì÷ñúóúõô íú÷ú āôóøìþ øñöìüðìùð. Ìó ôù üĘ, üúĕô úùĕú ôùþüÿóôċô 
Āúüøìýôċĕúô ôùþüÿóôċĕúô āÿüð íÿð. Ùìøÿùìô ôù ïÿùì îìõüúùöÿùôĕú Ąôöìýþô ĉĀĀÿóôîĒ 
ðìü Ďìüíô öúùô øìĆðìù øñíúĄìð. 

Ýúāþúüĕúô öì÷úùþìüôùô ùìóúüìþĒ ðìü øôùþìėìô öúù, ôù ûúüìô Éìüúėôó-ÞÿĎúù 
øñíúĄìð, öô ùôĄñíĒ íì Ĕìùÿíÿ Ąìüė, ìó öìùúüô Ąôøú÷ôô öúùô øìĆðìù øñïÿóìüìð; 
Ąôöìýþô Ąôøú÷Ē, öô ìó ėôýøô øìüöìóôô öúùô øìĆðìù øñïÿóìüìð, íú ûìýþô ùôĄñí íì 
þìüìĀô Ąôøú÷ÿ Ďìüí, íì ýĘô ðÿ üúĕô ìîîì÷; îì ùôĕúċþ, ĄôöúĀô Þÿċ-ÍúĎÿó, öô ýìøþô 
ùìóðôöô øñüôðôìùì÷Ē ðúüìð îì íì þìüìĀô Ďìüí ĀÿüĘ øñüìîìð. 

Çìøìô ăúü Ąôöìýþ ðìü ôðúøìô Ąôøú÷ÿ Ąìüėôô āÿð ðìü óñüô öúùĕúô Þÿċ-ÍúĎÿóýúõ íì 
ĕìø ùìóðôö øñĄìîìùð. Ðìü ùìėĄì ăôóñ øúùìùðô ýúāþúüô ðÿøðúü ĕúýô÷ øñöÿùìð [7]. 
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Ðìü ìýìüĕúô Ì.Î.Öúüú÷ñî îì Û.Ì.äñāøìù ėìõð öìüðì Ąÿðììýþ, öô öúùô øìĆðìùô 
ãúüÿā-Ðìüüúù ðìü ċö í÷úöô íìõùô ûúüìĕúô ĉĀĀÿóôîôô Éìüúėôó-ÞÿĎúù îì Þÿċ-ÍúĎÿó ôĕúþì 
Ąÿðììýþ. Ðÿ Ąôöìýþô Ąìðôðô Þÿċ-ÍúĎÿó îì Éìüúėôó-ÞÿĎúù íì ĕìøðôïìü øñìĀþìùð, öô 
í÷úöô óôöüĄÿðì í÷úöô úîñóúùô úùĕúýþ. 

Ûüúí÷ñøì îì øÿĄöô÷úþô ïñúĉöú÷úïôô ïÿüĘĕô öúùĕúô ãúüÿā-Ðìüüúù. Ðìü ôíþôðúô 
ýú÷ĕúô 90-ÿøô ìýüô áá, ðìü öúùô ãúüüÿā-Ðìüüúù þìøúøô óìāôüìĕúô øìĆðìùô (øôý-
îú÷Āüìø îì øôý-øú÷ôíðñù) öúüöìüð Ąÿðì, öúüĕúô ôýþôāüúĔô øìĆðìùĕú íú úí ûìāĄ öìüðì 
Ąÿðìùð. Ðìü üìîìùðô ôýþôāüúĔ îì ôýþôāüúĔô øìĆðìù Ĕúõĕúô ôýþôāüúĔĄÿðì ìó ýìùïĕúô 
úîñóúù, ûìĕ÷ÿĕúô ĕìøîúü, ýìùïĕúô ìó öúùĕú íìüúîìüðìĄÿðì, øìĔíÿüìù öìĄúùôðì úîìüðìùô 
þìĕĄôùĕú (öúùô ëùïôöìùô ÆìùÿíĒ) ûÿü öìüðì øñĄÿðìùð. 

ßøÿøìù, ðìü îìėþô íì öúü ìùðúāþìùô öúù óôČðì ìó 3 øô÷÷ôúùÿ 400 ĕìóúü ø3 øìýýìĕúô 
öĘĕĒ îì øìĆðìù ĕúýô÷ öìüðì Ąÿð. 

Ðìü ùìþôĔìô ìóāÿðöÿùôô öúùĕú ðìü ėìĆüô óìøôù (ðìü Ąìāþìĕú) ĕìĔøô āú÷Ē ðìü ĕìĔøô 
óñüôù íì îÿĔÿð úøìð: 

1. äìāþìô µÖìûôþì÷ùìċ½¢¢¢¢¢.¢..1 620 000 ø3 

2. äìāþìô µêòùìċ½ îì µÜéä½¢¢¢¢..970 000 ø3 

3. äìāþìô µêíô÷ñõùìċ½¢¢¢¢........¢..80 000 ø3 

4. äìāþìô µÎúýþúăùìċ½.................................810 000 ø3 

Ðìü üìĀþô öúüô öúøíôùìþô ðìî÷ìþôô øìĆðìùþúóìöÿùĒ (ÏÚÖ) úôð íì ìóāÿðöÿùôô 
øìĆðìùĕúô îú÷Āüìø, øú÷ôíðñù, øôý îì íìüôõ, ûìüþúîĕúô Ąññ÷ôþ, øú÷ôíðñù îì øôý íì 
îÿĔÿð úøìð. 

"Ûìüþúîïúĕĕú" (āîúýþć) ðìü ėôýøô Ąìüėôô öúùô øìĆðìù ðìü þñûûìĕúô āÿüð íú 
íì÷ìùðôô øÿþ÷ìėô 600-700 ø ĔìøĆ øñĄÿðìùð. 

Øôėðúüô ÿøÿøôô øìĆðìùĕúô ĔôùýĒ ðìü ûìüþúîïúĕ ùôïúĕ ðúĄþìĄÿðì > 6627000 þúùùì 
íÿðì, āÿðô ûìüþúî ìó üĘô ĔúõïôüĄìîĒ îì øÿĕ÷ìþô ùôïúĕðúüôô ûìüþúîĕú ìó 4 ėôýø ôíúüìþ 
ìýþ: 

1. Ûìüþúîĕúô ĎìüíĒ, ðìîüìô öúü ìó úĎúóô íì öúü ìùðúāþìùô öúøíôùìþô ðìî÷ìþôô 
øìĆðìùþúóìöÿùĒ (ÏÚÖ) þú 10. 1968. Øôėðúüô ÿøÿøôô Ĕôùýĕúô öĘĕĒ ðìü ôù ûìüþúîïúĕ 3 
øô÷÷ôúùÿ 615 ĕìóúü þúùùì íÿðì, ìýúýìù ìó µðÿøĕú½-ô îú÷Āüìø ôíúüìþ ìýþ. 

2. Ûìüþúîïúĕô ĄìüėĒ, öô ìó ýú÷ô 10.1968 þú 3.1974 ĀìĆú÷ôċþ ðúĄþ, ĕìĔøô ÿøÿøôô 
ýìùïĕúô óìāôüìĄÿðì 1309000 þúùùì íÿðì, ôùăÿùôù ìýúýìù ìó µðÿøĕú½-ô îú÷Āüìø ôíúüìþ 
ìýþ. 

3. Ûìüþúîïúĕô ùìîíìþô 1, öô ìó ýú÷ô 3.1974 þú 2.1979 ĀìĆú÷ôċþ ðúĄþ, øôėðúüô ÿøÿøôô 
Ĕôùýĕú 1063000 þúùùì íÿðì, 30% ėôýøô ûúČùĒ ìó îú÷Āüìøô Ąññ÷ôþĒ, íúėôøúùðì ìó 
µðÿøĕú½-ô Ąññ÷ôþĒ ôíúüìþ ìýþ.  

4. Ûìüþúîïúĕô ùìîíìþô 2 ìó ýú÷ô 1979 þú ýú÷ô 1989 ĀìĆú÷ôċþ ðúĄþ. Øôėðúüô ÿøÿøôô 
Ĕôùýĕúô öĘĕĒ 640 000 þúùùì íÿðì, ìýúýìù ìó ûìüþúîĕúô Ąññ÷ôþĕú ôíúüìþ ìýþ. 

Ðìü úāôüô ýú÷ĕúô 80-ÿø îì ôíþôðúô ýú÷ĕúô 90-ÿøô ìýüô áá, ûìý ìó íúóðúĄþìùô 
ôýþôāüúĔô øìĆðìù íú ýìíìíô ìóāÿðöÿùôô óìāôüìĕúô öúùĕúô øôý-îú÷Āüìø îì øôý-øú÷ôíðñù, 
öúøíôùìþô ðìî÷ìþôô øìĆðìùþúóìöÿùĒ (ÏÚÖ) ìó ĀìĆú÷ôċþ íúóøúùð îì íìüĕìø ðúðì Ąÿð, öô 
ôù íì ûìüþúîïúĕ ûìüþúĀþìùô ûìüþúîĕú øúùñĆ Ąÿð. 

Ðìü ùìþôĔì µöĘ÷½-ô ìóôø ¬ µûìüþúîĕú½, öô øìĔüúô ïìüðôĄô úíüú þìĆøôù øñöìüð, 
āÿĄö Ąÿðì, íì üñïóúü þìíðô÷ ČĀþ îì íìüúô öìø öìüðìùô þìĆýôüô øìùĀôô ûìüþúîĕú íì 
øÿĕôþô ïñú÷úïĒ ăúüìĕúô þñāùôöĒ îì ĉöú÷úïôüú þì÷ìí øñöÿùìð [2; 4; 5]. 

Þìùìóóÿ÷ô ôėþôýúðôñ, öô ðìü úù îìėþ ĕÿöøĀìüøú íÿð, ôøöúù ùìðúð, öô þìðíôüĕúô 
þñāùôöĒ îì ĉöú÷úïĒ íìüúô íñĕþìü öìüðìùô îìóĆô ĉöú÷úïôô ûìüþúîïúĕĕú ïÿóìüúùôðì 
Ąìîìùð, ôùăÿùôù øôėðúüô ýú÷úùìô íúüôĄúþ ðìü øôùþìėì 80-100 øô÷÷ôøñþü øñìĀþìð, 
ùìøôô øôùôøì÷ôô þìíôôô µûìüþúîĕú½-üú þìĆøôù ùìöìüð. Ðìü ùìþôĔì, ûìüþúîïúĕ þìðüôĔìù 
íì øìùíìô ĉĕþôøú÷ôô ôĀ÷úýĄìîôô øÿĕôþô ïñú÷úïĒ íú øúððìĕúô ïÿùúïÿùô öôøôČîĒ, ìó 
Ĕÿø÷ì øñþì÷ĕúô îìóùôù þìíðô÷ ČĀþ. 

Ðìü üìîìùðô ôĀ÷úýĄìîôô øÿĕôþô ìþüúĀ íú ôù Č úù øúððìĕú ċöĔúċ íú þìüöôíô 
āôøôċîĒ þìüöôíô ïüìùÿ÷úøñþüôô øìùíìô þìėýôøöÿùìùðì ùôó ùìėĄô øÿĕôø øñíúóìð. 

Óôăôô ÿøÿøôô ©ûìüþúîĕúª-ô Ąññ÷ôþĒ 1330-1350 öï/ø3, ©ûìüþúîĕúôª øú÷ôíðñùô 1630-
1650 öï/ø3 þìĄöô÷ ðúð. Ðìü ùìþôĔìô ûúĄôðìùô ùìøÿùìĕúô ûìüþúîĕúô Ąññ÷ôþ îì øú÷ôíðñù 
øìĆ÷ÿø ïìüðôð, öô ìó Ĕôĕìþô þìüöôíô ïüìùÿ÷úøñþüĒ ûìüþúîĕúô Ąññ÷ôþ îì øú÷ôíðñùô ðìü 
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ûìüþúîïúĕĕú ĔúõïôüĄÿðì íì ûìõîìýþìïôĕúô āñ÷ñ øìĕôù ûìüúöìùðì (øñ÷öúðôýûñüýùćõ) 
þìì÷÷ÿė ðúüìùð. Ìó ôù íìüøñúċð, öô þìüöôíô ïüìùÿ÷úøñþüôô ûìüþúîïúĕ ôĀ÷úýĄìîôô 
øúððìĕúô þìüöôíô ûìüþúîïúĕô øÿĕôþô ìþøúýĀñüôüú þìîìýýÿþô ĔìüìČùĕúô ĕìîúô ĎìüíĒ îì 
ĄìüėĒ, öô íú Ąìøú÷ĕúô ïÿ÷úíôô øôùþìėì, ôùăÿùôù ýìüûĘĄô āúö, óìøôù îì óñüôóìøôùĒ 
øÿýúôðìþ øñöÿùìð [9,3]. 

Ðìü ùìþôĔìô āÿýÿýôċþô ĉöýþñùýôîôô ìóāÿðöÿùôô öúùĕúô øìĆðìùô ãúüÿā-Ðìüüúù 
óìāôüìô öìùðìùôĕúô Āúôðìùúö þìøúø Ąÿð, øôėðúüô óôČðô ûìüþúîĕúô ôýþôāüúĔô øìĆðìù 
ĔìøĆ Ąÿð. 

ëöñ ìó üúĕĕúô öìø öìüðìùô þìĆýôüô ûìüþúîĕú íì øÿĕôþô óôýþ, ìóāÿðöÿùôô îìýñô 
öúùĕúô ýÿùĆĒ øñíúĄìð. ØÿþììýýôĀúùì, ýôö÷ô þñāùú÷úïôô öúüöìüð îì Ďìùôýúóôô ïÿüĘĕô 
öúùĕúô ãúüÿā-Ðìüüúù ìó íìõù üìĀþììýþ, ýôö÷ô þñāùú÷úïĒ îÿĔÿð ùìðúüìð, öô öúùô 
ûìüþúîĕúüú ìó āÿð ùìøúċð. 

Çìøóìøúù, øÿĄúĕôðìĕúô ýìĕüúĒ ùôĄúù ðúðìùð, öô ðìü ĕÿðÿðô öúùô øìĆðìùô ãúüÿā-
Ðìüüúù üñ÷ñĀ þìĎõôü ČĀþì, ėôþĆìĕúô ĀÿüĘíÿüðì, öô øìýúĕìþô ÿøÿøôô úù óôČðì ìó 5 ïì íú 
ăÿėÿüôô þú 100 øñþü îì íñĄþìü ìó úù øñüìýìð, íì îÿĔÿð úøìðììùð. Ôù óìøôùĕú ðìü ìõùô 
óìøúù ùì þìùĕú þìøúøìù îìõüúù Ąÿðì, øôùíìĆð íìüúô ĕìü ċö ùìøÿðô ĀìĆú÷ôċþô āúĔìïôô 
ôùýúù ùúøÿîúĀôėìùð, ôùăÿùôù íì ĕìČþô ìĕú÷Ē ìó ýìíìíô ùìóðôö íÿðìùô øìĕì÷ĕúô 
ìĕú÷ôùôĄôù îì üúĕĕúô ìîþúøúíô÷ïìüð, öô ùÿėþìĕúô ìĕú÷ôùôĄôùüú øñûìõîìùðìð āìîĀùúö 
øñíúĄìùð. Ðìü øìĔøÿĆ, ĕìùïúøô þìėýôøúþô öúùô øìĆðìù, öô íú ôýþôāüúĔ îì öúüöìüðô 
øìĆðìù ì÷úėìøìùðìùð, óìøôùĕúô îìõüúùĄÿðì íú øìýúĕìþô ÿøÿøôô þìėüôíìù 40 ïì (öúùĕú 
îì Ąìāþìĕú > 4 ïì, ûìüþúîïúĕĕú > 26 ïì, āìüúíĄìîĒ > 5 ïì) íì îÿĔÿð úøìðììùð.  

Ðìü āÿðô Ąìĕüìö ðúüúô óôČðì ìó 3 ĕìóúü ùìĀìü ìĕú÷Ē, öô ðìü øìüöìóô øìĆðìù îúėñĆ 
ìýþ, ðìü ùìþôĔìô ûìýþ Ąÿðìùô ėìíìþĕúô íú÷úôô óìøôù íìĆóñ íôùúĕúô ôýþôėúøìþĒ, 
øìāýÿýìù āúùìĕúô ðÿúĄČùì íì ĕú÷ìþô āìüúí úøìðììùð. 

Ðìü øÿĕôþô ïñú÷úïĒ ùì þìùĕú üìîìùðĕúô ðìü íú÷ú óôöüČĀþì, íì÷öô öúüĕúô ĔÿýþÿĔĘĘĒ, 
öô ðìü øôùþìėìô öúùô øìĆðìù ïÿóìüúùðì øñĄìîìùð, ùôó þìĆýôüô øìùĀôô āÿðüú üìýúùôð. 
Øìýì÷ìù, íì Ĕúô þìĆôùĄÿðì öìĄúùôðìùô ôýþïúĕĕúô ûìüøìöÿùĒ îì íìüúô öúüĕúô 
ûìüøìöÿùĒ öìĄúùôðì úîìüðìùô øìýú÷ñĕô óìüÿüĒ ðìü ėìð-ėìðô üúĕĕúô ùìîöúüìø íì üúĕ 
øúùðì Ąÿðììýþ. Ôù üúĕĕúô āúöĒ íì þñóúùôðìùô ĉüúóôċô āúö, íì ùúíÿðĄìîôô ú÷ìøô 
úüïìùôöĒ øÿýúôðìþ ùìøÿðì, íì ú÷ìøô úüïìùôöôô íñ ôù ĕìø öìøíôóúìþô ùôøíôČíúù îì 
íôČíúù óìüìüô öì÷úù üìýúùôðììýþ. 

Ú÷ÿðìïôô ĕìîú. ëöñ ìó øÿĄöô÷úþô ĔôððĒ ðìü ãúüÿė-Ðìõüúù ú÷ÿðìïôô ĕìîú íú ăìùï, 
ïìóĕúô óìĕüú÷ÿð îì óìüüìĕúô øñþì÷÷Ē øñíúĄìð. Ðìü ùìþôĔìô øìõðì öìüðìùô øìĆðìù, 
ôùþôėú÷ îì öúüöìüðô úù, óìüüìĕúô ýÿüí, üÿĕ îì ðôïìü øñþì÷ĕúô îìóùôù íì ìþøúýĀñüì 
ôùþôėú÷ øñČíìùð. Ôù ú÷ÿðìïĒ øñþìîúùìð ýìíìíô íñøúüôĕúô üúĕĕúô ùìĀìý, ì÷÷ñüïôċ îì 
óìĕüú÷ÿðĄìîôô úüïìùôóø ïìüðìð. Çìøăÿùôù, Ąìøú÷ óìüüìĕúô øñþì÷÷ðúüüú íì øìýúĀìĕúô 
ðÿü øñíìüìð, öô íúôýô ìĀóúôĄô øôùþìėìô þìĆýôüüìýúùĒ øñïìüðìð [12]. 

Ú÷ÿðìïôô úí. Úíĕúô óñüôóìøôùĒ îì üĘôóìøôùĒ ðìü øôùþìėì íì þìĆýôüô ĔôððĒ ðÿăúü 
øñĄìîìùð. Ðìü ùìþôĔìô ĄÿýþìĄìîôô ûìüþúîĕú, øñþì÷ĕúô îìóùôù íì úí øñüìîìùð îì úùüú 
ú÷ÿðì øñöÿùìùð. Ôù ú÷ÿðìïĒ íì ðìüČĕú, ăìĄøìĕúô úĄúøôðìùĒ îì öìùì÷ĕúô úíČüĒ üúĕ 
øñČíìð. Óìĕüú÷ÿðĄìîôô úí øñþìîúùìð íì ýì÷úøìþôô ìĕú÷Ē, ăúüîú îì üìýþìùôĕúô 
öôĄúîìüóĒ þìĆýôüô øìùĀĒ üìýúùìð [15].  

Úýñíô óìøôù îì ÷ìùðĄìĀþ. ëöñ ìó ûìČøìðĕúô ôýþôāüúĔô øìĆðìù ĀÿüĘüìîôô ėôĄüĕúô 
óìøôù îì ûìõðúôĄô öìîöìĕú øñíúĄìð. Ôù üìîìùðĕú íì ÿýþÿîúüôô ÷ìùðĄìĀþ óìüìü 
üìýúùôðì, óìøôùĕúô öôĄúîìüóôüú āìüúí øñöÿùìùð. Çìøăÿùôù, ûìüþúîĕúô øìĆðìùĒ 
Ĕôùýĕúô þìíôôüú øñûĘĄúùìùð îì ýìþĕô āúöüú óìĕüú÷ÿð øñýúóìùð. Ðìü ùìþôĔì, ėúíô÷ôċþô 
ĕúýô÷āñóôô āúö öúĕôĄ øñČíìð. 

Þìĕðôð íì ùìíúþúþÿ ĕìõîúùúþ. Ðìü ùìþôĔìô ú÷ÿðìô āúö, úí îì ĕìîú, íôýČü ùìøÿðĕúô 
üìýþìùôĕú îì ĕìõîúùúþô øìĕì÷÷Ē óñüô āìþìü øñøúùìùð. é÷ñøñùþôĕúô øñþì÷÷ðúü ðìü 
íúĀþìĕúô üìýþìùôĕú ĔìøĆ øñĄìîìùð îì íì óìùĔôüô ĎôóúĒ ðúāô÷ øñïìüðìùð. Íì þìîüô 
øìāýÿý, ì÷ìĀĕúô öĘĕĒ îì Ĕìùïì÷óúüĕú ìó þìĆýôüô óìĕüú÷ÿðĄìîĒ óìüìü øñíôùìùð, öô íúôýô 
öúĕôĄô ïÿùúïÿùôô íôú÷úïĒ øñïìüðìð. 

ÛìČøìðĕú íì ìĕú÷ôô øìĕì÷÷Ē. Ìĕú÷ôô ùìóðôö íì öúùô ãúüÿė-Ðìõüúù íñĄþìü ìó ĕìøì 
íì óìüìüĕúô ĉöú÷úïĒ ðÿăúü øñĄìîìð. Ôù ûìČøìðĕú øñþìîúùìùð ăÿùôù íúĄìùð: 
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¶ ÌĀóúôĄô íñøúüôĕúô üúĕĕúô ùìĀìý îì óìĕüú÷ÿðĄìîĒ 

¶ Óìüìü íì ăúüîú ðìü ùìþôĔìô ôýþñĆøú÷ô úí Č ì÷ìĀô ú÷ÿðì 

¶ Þì÷úā Ąÿðìùô ĕúýô÷ùúöĒ îì öúĕôĄô ýôĀìþô øìĕýÿ÷úþô öôĄúîìüóĒ 

¶ Úýñíô ôėþôýúðĒ íì āúĔìïôĕúô āÿüð 
Çìøăÿùôù, óñíúôô þìíôôô øôùþìėì öúýþì Ąÿðì, ôøöúùôċþĕúô ýìõČĕĒ îì üÿĄðô 

ôėþôýúðô øìĕì÷÷Ē øìĕðÿð øñïìüðìùð. 
Üúĕĕúô ĕì÷÷ô øÿĄöô÷úþô ïñúĉöú÷úïĒ 
1. Øúùôþúüôùïô øÿùþìóìøô ĉöú÷úïĒ. ÌùĔúø ðúðìùô ăñùöÿùôĕúô øÿùþìóìø úôð íì 

ĕú÷ìþô úí, ĕìîú, āúö îì ĕú÷ìþô þìíôôô øÿĕôø ìýþ. Øúùôþúüôùï ôøöúù øñðôĕìð, öô ðìü 
ĕú÷ìþô ûìõðúôĄô āìþìüĕú, ăúüìĕúô ĀìîüĒ ìùðñĄôðì Ąìîìùð. 

2. ÔýþôĀúðìô þñāùú÷úïôċĕúô öìøóôČù. Öúüāúùìĕúô øìĆðìùöúü íúċð ìó þñāùú÷úïôċĕúô 
øÿúýôüô öúüöìüðô øìĆðìù, öìø öìüðìùô ăìùï, Āô÷þüöÿùôô ĕìîú îì íñóìüìüïìüðúùôô 
ûìüþúîĕú ôýþôĀúðì íìüìùð. Ôù ÿýÿ÷ĕú þìĆýôüô ìùþüúûúïñùôüú íì øÿĕôþ āñ÷ñ öúĕôĄ 
øñðôĕìùð. 

3. Íìüėìüúüýúóôô óìøôù. Øôùþìėìĕúô óìüìüðôðì íúċð íú íìüėìüúüýúóôô āúö, 
ùôĕú÷ĄôùúùĒ îì þúóì öìüðìùô ėìíìþĕúô ú÷ÿðì ôý÷úĕ öìüðì Ąìîìùð. Ôù ìøì÷ôČþ íì 
íñĕþìüĄìîôô ĉöúýôýþñøìĕú îì íìüïìüðúùôðìùô Āÿùöýôċô þìíôôô óìøôù øÿýúôðìþ øñöÿùìð. 

Ûìüþúîĕúô ýìùúìþĒ íúċð ðìü ìùíúüĕúô ýþìùðìüþĒ ùôïúĕðúüĒ Ąìîìùð. ÔýþôĀúðìô 
ðñîúüĕúô øÿýþìĕöìø, ýôýþñøìĕúô ðüñùìòĒ îì ùìóúüìþô øÿùþìóìø ìó ûìĕùĄìîôô óìĕüĕú 
Ĕô÷ìîïôüĒ øñöÿùìð. 

4. Íì÷ìùð íìüðúĄþìùô øìýĆÿ÷ôċþô ôĔþôøúôô öúüāúùìĕú. Öúüāúùìĕúô øìĆðìùöúü íúċð 
íú ìĕú÷ôô øìĕì÷÷Ē ĕìøöúüĒ öÿùìùð, ðìýþïôüĒ ùìøúċùð îì ðìü íñĕíÿðô ôùĀüìýúāþúü ýìĕø 
ïÿóúüìùð. Ôù ìøì÷ ôøöúù øñðôĕìð, öô øÿîúóôùìþô ĉöú÷úïĒ îì ôĔþôøúĒ ùôïúĕ ðúĄþì Ąìîìð. 

áÿ÷úýì, öúùô ãúüÿā-Ðìüüúù íú îÿĔÿðô ìĕìøøôċþô ôėþôýúðôìĄ, íú ċö ėìþúü 
øÿĄöô÷úþô Ĕôððôô ïñúĉöú÷úïĒ üĘ íì üĘ øñíúĄìð. Ú÷ÿðìïôô ĕìîú, úí, óìĕüú÷ÿðĄìîôô āúö, 
ĀÿüĘüìîôô óìøôù îì úýñíô ùìíúþúþÿ ĕìõîúùúþ ìó ûìČøìðĕúô ìýúýôô ĀìĆú÷ôċþô ôýþôāüúĔĒ 
íì ĕôýúí øñüìîìùð.  

Ûìüþúîïúĕô ãúüÿā-Ðìüüúù þìðüôĔìù íì øìùíìô ôĀ÷úýĄìîôô øÿĕôþô ïñú÷úïĒ íú 
øúððìĕúô ïÿùúïÿùô öôøôČîĒ, ìó Ĕÿø÷ì øñþì÷ĕúô îìóùôù þìíðô÷ ČĀþ îì ôù ĔìüìČù þú ĕú÷ú 
ôðúøì ðúðì ôýþúðììýþ.  

ØÿĄúĕôðìĕúô ýìĕüúĒ ùôĄúù ðúðìùð, öô ðìü ĕÿðÿðô öúùô øìĆðìùô ãúüÿā-Ðìüüúù 
þìĎõôüČíôô üñ÷ñĀ íìîÿĔÿð úøìðì, ėôþĆìĕúô ĀÿüĘíÿüðì, öô øìýúĕìþô ÿøÿøôô úù óôČðì ìó 5 
ïì íú ăÿėÿüôô þú 100 øñþü îì íñĄþìü ìó úù øñüìýìð, íì îÿĔÿð úøìðììùð. Ôù óìøôùĕú ðìü 
ìõùô óìøúù ùì þìùĕú þìøúøìù îìõüúù Ąÿðì, øôùíìĆð íìüúô ĕìü ċö ùìøÿðô ĀìĆú÷ôċþô 
āúĔìïôô ôùýúù ùúøÿîúĀôėìùð, íì÷öô íì ĕìČþô ìĕú÷Ē ìó ýìíìíô ùìóðôö íÿðìùô øìĕì÷ĕúô 
ìĕú÷ôùôĄôù îì üúĕĕúô ìîþúøúíô÷ïìüð, öô ùÿėþìĕúô ìĕú÷ôùôĄôùüú øñûìõîìùðìð āìîĀùúö 
øñíúĄìùð. Ðìü øìĔøÿĆ, ĕìùïúøô þìėýôøúþô öúùô øìĆðìù, öô íú ôýþôāüúĔ îì öúüöìüðô 
øìĆðìù ì÷úėìøìùðìùð, óìøôùĕúô îìõüúùĄÿðì íú øìýúĕìþô ÿøÿøôô þìėüôíìù 40 ïì (öúùĕú 
îì Ąìāþìĕú > 4 ïì, ûìüþúîïúĕĕú > 26 ïì, āìüúíĄìîĒ > 5 ïì) íì îÿĔÿð úøìðììùð.  

Ôðúüìô ðÿüÿýþ, øúùôþúüôùïô ðìėôė, ôýþôĀúðìô þñāùú÷úïôċĕúô øÿúýôü îì ĕìøöúüôô 
ĀìĆú÷ íú ìĕú÷Ē øñþìîúùìùð óìüìüô ĉöú÷úïôüú öúĕôĄ ðôĕìùð îì íì üÿĄðô ÿýþÿîúüô 
øôùþìėì øÿýúôðìþ ùìøúċùð. 

 

ɸɼɸɹʀɪʊ 

1. ɸʙʜʫʨʘʭʠʤʦʚ ʉ.ʗ. ɻʝʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʪʝʭʥʦʛʝʥʝʟʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʥʦʛʦ ʊʘʜʞʠʢʠʩʪʘʥʘ / ʉ.ʗ. 

ɸʙʜʫʨʘʭʠʤʦʚ. -ʇʝʨʤʴ: ʀʟʜ-ʚʦ ʇʝʨʤ. ʫʥ-ʪʘ, 2003. -145 ʩ. 

2. ɺʦʣʴʬʩʦʥ ʌ.ʀ. ɻʣʘʚʥʝʡʰʠʝ ʪʠʧʳ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ / ʌ.ʀ. ɺʦʣʴʬʩʦʥ // ʉʦʚ. ʛʝʦʣʦʛʠʷ. - 1956. 

-ʉʙ.53. -ʉ.152-169. 

3. ɺʦʣʴʬʩʦʥ ʌ.ʀ. ɿʥʘʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʧʨʠ ʧʦʠʩʢʘʭ ʩʢʨʳʪʳʭ ʨʫʜʥʳʭ ʪʝʣ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ / ʌ.ʀ. ɺʦʣʴʬʩʦʥ, ʃ.ʀ. ʃʫʢʠʥ // ɺʦʧʨʦʩʳ ʠʟʫʯʝʥʠʷ ʠ ʤʝʪʦʜʳ ʧʦʠʩʢʦʚ 

ʩʢʨʳʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ. -ʄ., 1963. -ʉ.165-181. 

4. ɺʦʣʴʬʩʦʥ ʌ.ʀ. ʂ ʛʝʦʣʦʛʠʠ ʠ ʛʝʥʝʟʠʩʫ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʢʘʨʥʦʚʦʡ ʬʦʨʤʘʮʠʠ / ʌ.ʀ. 

ɺʦʣʴʬʩʦʥ // ʉʙʦʨʥʠʢ ʩʪʘʪʝʡ ɺʩʝʩʦʶʟʥʦʛʦ ʟʘʦʯʥʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ. - 1956. -ʚʳʧ.13. -ʉ.49-60. 

5. ɺʦʣʴʬʩʦʥ ʌ.ʀ. ʄʝʩʪʦ ʂʘʨʘʤʘʟʘʨʘ ʩʨʝʜʠ ʜʨʫʛʠʭ ʨʘʡʦʥʦʚ ʨʘʟʚʠʪʠʷ ʵʥʜʦʛʝʥʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ / ʌ.ʀ. ɺʦʣʴʬʩʦʥ // 

ʈʫʜʥʳʝ ʧʦʣʷ ʂʘʨʘʤʘʟʘʨʘ. -ɼʫʰʘʥʙʝ, 1975. -ʊ.3. -ʉ.7-22.  

tel:1956
tel:152-169
tel:1963
tel:165-181
tel:1956
tel:49-60
tel:1975
tel:7-22


54 

 

6. ɺʦʣʴʬʩʦʥ ʌ.ʀ. ʆʩʥʦʚʳ ʦʙʨʘʟʦʚʘʥʠʷ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ / ʌ.ʀ. ɺʦʣʴʬʩʦʥ, ɽ.ʄ. ʅʝʢʨʘʩʦʚ. -ʄ.: ʅʝʜʨʘ, 1978. 

-223 ʩ. 

7. ʇʝʪʨʦʚ ɺ.ʅ. ʊʝʟʠʩʳ ʜʦʢʣʘʜʘ ʚ ɺʂɿ ʦ ʛʝʥʝʨʘʣʴʥʦʤ ʧʦʜʩʯʝʪʝ ʟʘʧʘʩʦʚ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʏʦʨʫʭ-ɼʘʨʨʦʥ, ʧʦ 

ʩʦʩʪʦʷʥʠʶ ʥʘ 01.01.1948 ʛ. ʄʘʰʠʥʦʧʠʩʴ. ʌʦʥʜʳ ʏʦʨʫʭ-ɼʘʨʨʦʥʩʢʦʛʦ ʨʫʜʦʫʧʨʘʚʣʝʥʠʷ. 

8. ʆ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚʘʭ ʧʦʠʩʢʦʚ ʠ ʨʘʟʚʝʜʦʢ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ: [ʆ ʢʥʠʛʝ ɺ.ʀ. ʉʤʠʨʥʦʚʘ çɻʝʦʣʦʛʠʯʝʩʢʠʝ 
ʦʩʥʦʚʳ ʧʦʠʩʢʦʚ ʠ ʨʘʟʚʝʜʦʢ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡè. -ʄ.: ʀʟʜ-ʚʦ ʄɻʋ, 1954.] / ʌ.ʀ. ɺʦʣʴʬʩʦʥ // ɿʘʧʘʜʥʦʝ 

ɺʩʝʩʦʶʟʥʦʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ. - 1956. -ʏ.85. -ʚʳʧ.1. -ʉ.111-118. 

9. ʇʦʣʷʢʦʚ ɸ.ʂ. ɻʝʦʣʦʛʦ-ʧʨʦʤʳʰʣʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʨʫʜʥʦʛʦ ʧʦʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʏʦʨʫʭ-ɼʘʨʨʦʥ, 1943 ʛ. 

ʄʘʰʠʥʦʧʠʩʴ. ʌʦʥʜʳ ʏʦʨʫʭ-ɼʘʨʨʦʥʩʢʦʛʦ ʨʫʜʦʫʧʨʘʚʣʝʥʠʷ. 

10. ʈʫʙʠʥ ɽ.ɸ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʝʭʥʦʛʝʥʥʦʛʦ ʨʝʣʴʝʬʘ ʠ ʨʘʟʚʠʪʠʝ ʵʢʟʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʡʦʥʘʭ ʦʪʢʨʳʪʳʭ 
ʨʘʟʨʘʙʦʪʦʢ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ // ʂʣʠʤʘʪ, ʨʝʣʴʝʬ ʠ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ. -ʄ., 1981. -ʉ.105-112. 

11. ʉʘʜʨʠʜʜʠʥʦʚ ɸ.ɸ. ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʦʭʨʘʥʳ ʧʦʯʚ ʊʘʜʞʠʢʩʢʦʡ ʉʉʈ / ɸ.ɸ. ʉʘʜʨʠʜʜʠʥʦʚ, ʄ.ʈ. ʗʢʫʪʠʣʦʚ // 

ʆʭʨʘʥʘ ʧʨʠʨʦʜʘ ʊʘʜʞʠʢʠʩʪʘʥʘ. -ɼʫʰʘʥʙʝ, 1981. -ɺʳʧ.2. -ʉ.96-105. 

12. ʉʝʨʛʝʝʚ ɽ.ʄ. ʀʥʞʝʥʝʨʥʘʷ ʛʝʦʣʦʛʠʷ / ɽ.ʄ. ʉʝʨʛʝʝʚ. -ʄ.: ʀʟʜ-ʚʦ ʄɻʋ, 1982. -248 ʩ. 

13. ʉʢʚʘʣʝʮʢʠʡ, ɽ.ʅ. ʀʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ ʦʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ / ɽ.ʅ. ʉʢʚʘʣʝʮʢʠʡ. -

ɼʫʰʘʥʙʝ: ɼʦʥʠʰ, 1988. -260 ʩ. 

14. ʍʦʜʞʘʝʚ, ʄ.ʍ. ɺʦʜʥʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʉʝʚʝʨʥʦʛʦ ʊʘʜʞʠʢʠʩʪʘʥʘ / ʄ.ʍ. ʍʦʜʞʘʝʚ. ïʄ., 1996. -164 ʩ. 

 
ØßäÖÔ×ÚÞÔ ÏÑÚéÖÚ×ÚÏÔÔ ÖÚÙÔ ãÚÜßÉ-ÐÌÕÜÚÙ ÎÌ ÞÌæÝÔÜÔ ÚÙ ÍÌ ØßÇÔÞÔ ÌÞÜÚà 

Ðìü øìėú÷ì ýÿāìù ðìü íúüìô øÿĄöô÷úþô ïñúĉöú÷úïôô ïÿüĘĕô öúùĕúô ãúüÿā-Ðìüüúù îì þìĆýôüô úù íì 
øÿĕôþô ìþüúĀ øñüìîìð. ÎìóĆôċþô ôėþôýúðôñ, öô ðìü ýú÷ĕúô 80-ÿøô ìýüô áá ĕÿöøĀìüøú íÿð, ôøöúù ùìðúð, öô 
þìðíôüĕúô þñāùôöĒ îì ĉöú÷úïĒ íìüúô íñĕþìü öìüðìùô îìóĆô ĉöú÷úïôô ûìüþúîïúĕĕú ïÿóìüúùôðì Ąìîìð. 
Ôùăÿùôù, øôėðúüô ýú÷úùìô íúüôĄúþ ðìü øôùþìėìô úøĘāþìĄìîìùðì íñùôĕúċþ öìø íÿðì, 80-100 øô÷÷ôøñþüüú 
þìĄöô÷ øñöÿùìð, öô úù ùìøôô þìíôôô µûìüþúîïúĕ½-üú þìĆøôù öìüðì ùìøñþìîúùìð. Ðìü ùìþôĔìô öìø íÿðìùô 
øôėðúüô ùìøĒ, ûìüþúîïúĕ þìðüôĔìù íì øìùíìô ĉĕþôøú÷ôô ôĀ÷úýĄìîôô øÿĕôþô þìíôôĊ ïñú÷úïĒ íú øúððìĕúô 
ïÿùúïÿùô öôøôČîĒ, ìó Ĕÿø÷ì øñþì÷ĕúô îìóùôù þìíðô÷ ČĀþììýþ.  

ëöñ ìó üúĕĕúô öìø öìüðìùô þìĆýôüô ûìüþúîĕú íì øÿĕôþô óôýþ, ìóāÿðöÿùôô îìýñô öúùĕúô ýÿùĆĒ 
øñíúĄìð. ØÿþììýýôĀúùì, üìîìùðô þñāùú÷úïôô öúüöìüð îì Ďìùôýúóôô ïÿüĘĕô öúùĕúô ãúüÿā-Ðìüüúù ìó íìõù 
üìĀþììýþ, üìîìùðô þñāùú÷úïĒ îÿĔÿð ùìðúüìð, öô öúùô ûìüþúîĕúüú ìó āÿð ùìøúċð. 

Ûìüþúîïúĕô ãúüÿā-Ðìüüúù þìðüôĔìù íì øìùíìô ôĀ÷úýĄìîôô øÿĕôþô ïñú÷úïĒ íú øúððìĕúô ïÿùúïÿùô 
öôøôČîĒ, ìó Ĕÿø÷ì øñþì÷÷āúô îìóùôù þìíðô÷ ČĀþì, ôù ĔìüìČù þú ĕú÷ú ôðúøì ðúüìð, öô øúüú íìüúô úøĘāþìùÿ 
ûñĄùôĕúð ùìøÿðìùô üúĕĕúô ûñĄïôüôô úù îúðúü ùìøÿð.  

ØÿĄúĕôðìĕúô ýìĕüúĒ ùôĄúù ðúðìùð, öô ðìü ĕÿðÿðô öúùô øìĆðìùô ãúüÿā-Ðìüüúù þìĎõôüČíôô üñ÷ñĀ 
íìîÿĔÿð úøìðì, ėôþĆìĕúô ĀÿüĘíÿüðì, öô øìýúĕìþô ÿøÿøôô úù óôČðì ìó 5 ïì íú ăÿėÿüôô þú 100 øñþü îì íñĄþìü 
ìó úù øñüìýìð, íì îÿĔÿð úøìðììùð. Ôù óìøôùĕú ðìü ìõùô óìøúù ùì þìùĕú þìøúøìù îìõüúù Ąÿðì, øôùíìĆð 
íìüúô ĕìü ċö ùìøÿðô ĀìĆú÷ôċþô āúĔìïôô ôùýúù ùúøÿîúĀôėìùð, ôùăÿùôù íì ĕìČþô ìĕú÷Ē ìó ýìíìíô ùìóðôö 
íÿðìùô øìĕì÷ĕúô ìĕú÷ôùôĄôù îì üúĕĕúô ìîþúøúíô÷ïìüð, öô ùÿėþìĕúô ìĕú÷ôùôĄôùüú øñûìõîìùðìð āìîĀùúö 
øñíúĄìùð.  

Öì÷ôðîúòìĕú: ûüúí÷ñøìĕúô ïñúĉöú÷úïĒ, öúüĕúô ĔÿýþÿĔĘõĒ, ïÿüĘĕô öúùĕúô ãúüÿā-Ðìüüúù, ûìüþúîïúĕ, 
öúù, øìĆðìù, üñ÷ñĀ, üìîìùðô þñāùú÷úïôô öúüöìüð, þìðíôüĕúô ĉöú÷úïĒ, ôĀ÷úýĄìîôô øÿĕôþô þìíôôĊ ïñú÷úïĒ, 
øúùôþúüôùï, öúüĕúô ûìüøìöÿùĒ, óìøôùĕúô îìõüúùĄÿðì. 

 

ɻɽʆʕʂʆʃʆɻʀʏɽʉʂʀɽ ʇʈʆɹʃɽʄʓ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʏʆʈʋʍ-ɼɸʁʈʆʅ ʀ ʀʍ ɺʃʀʗʅʀɽ ʅɸ 

ʆʂʈʋɾɸʖʑʋʖ ʉʈɽɼʋ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʦʢʨʫʛ ʛʨʫʧʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʏʦʨʫʭ-

ɼʘʨʨʦʥ, ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ, ʛʦʩʧʦʜʩʪʚʦʚʘʚʰʘʷ ʚ 80-ʝ ʛʦʜʳ XX ʚʝʢʘ, ʥʝ 

ʧʦʟʚʦʣʠʣʘ ʦʩʫʱʝʩʪʚʠʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʣʫʯʰʝʥʠʝ ʩʦʩʪʦʷʥʠʷ 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ. ʂʨʦʤʝ ʪʦʛʦ, ʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʚ ʠʟʫʯʘʝʤʦʤ ʨʘʡʦʥʝ ʢʨʘʡʥʝ ʤʘʣʦ, ʠ ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʩʠʭ ʧʦʨ, ʯʪʦ ʧʦʙʫʜʠʣʦ ʥʘʩ ʢ ʠʟʫʯʝʥʠʶ ʧʨʦʙʣʝʤʳ ʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʨ ʧʦ ʝʸ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ. 

ʇʦʣʝʚʳʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʏʦʨʫʭ-ɼʘʨʨʦʥ ʧʨʦʠʟʦʰʣʠ 

ʠʟʤʝʥʝʥʠʷ ʨʝʣʴʝʬʘ, ʧʦʷʚʠʣʠʩʴ ʧʨʦʚʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ ʙʦʣʝʝ 5 ʛʘ ʠ ʛʣʫʙʠʥʦʡ ʜʦ 100 ʤʝʪʨʦʚ ʠ ʙʦʣʝʝ. 

ʕʪʠ ʟʝʤʣʠ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʝʥʳ, ʥʝʧʨʠʛʦʜʥʳ ʜʣʷ ʣʶʙʦʡ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʦʧʘʩʥʳ ʜʣʷ ʞʠʟʥʠ 

ʥʘʩʝʣʝʥʠʷ ʠʟ-ʟʘ ʙʣʠʟʦʩʪʠ ʞʠʣʳʭ ʟʦʥ ʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʩʦʝʜʠʥʷʶʱʠʭ ʥʘʩʝʣʸʥʥʳʝ ʧʫʥʢʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ, ʛʨʫʧʧʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʏʦʨʫʭ- ɼʘʨʨʦʥ, ʦʪʚʘʣʳ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʨʫʜʘ, ʨʝʣʴʝʬ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʝʨʝʨʘʙʦʪʢʠ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʤʝʨʦʧʨʠʷʪʠʷ, ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʠʨʦʜʥʦʡ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʤʦʥʠʪʦʨʠʥʛ, ʙʫʨʦʚʳʝ ʨʘʙʦʪʳ, ʥʘʨʫʰʝʥʥʳʝ ʟʝʤʣʠ. 

 

GEO-ECOLOGICAL PROBLEMS OF THE CHORUKH -DAYRON DEPOSIT AND ITS IMPACT  ON THE 

ENVIRONMENT  

The article discusses the geo-ecological problems surrounding the group of deposits of Chorukh-Darron and their 

impact on the environment. The economic situation that prevailed in the 1980s did not allow for the implementation of 

technical and environmental measures to improve the ecological condition of the waste dumps. In addition, the annual 

precipitation in the study area is extremely low-only 80-100 millimeters-which is insufficient to provide natural moisture to 
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the waste dump. As a result of the low amount of moisture, the dump has gradually turned into a potential source of 

environmental and geological pollution by various chemical substances, including heavy metals. 

One of the ways to reduce the impact of waste on the environment is the extensive development of artificial 

deposits. Unfortunately, the technological process used for processing and enrichment at the Chorukh-Darron deposit group 

has been discontinued, and no technological system exists for utilizing the waste dumps. 

The Chorukh-Darron waste dump has gradually become a source of geological environmental pollution with various 

chemicals, including heavy metals, and this process continues to this day, motivating us to study the problem and propose 

preventive solutions. 

Field observations have shown that within the territory of the Chorukh-Darron ore deposit, changes in relief have 

occurred, forming subsidence zones with a total area of more than 5 hectares and depths reaching 100 meters or more. 

These lands are now completely degraded, unsuitable for any type of human economic activity, and dangerous for the 

population due to the proximity of residential areas and motor roads connecting settlements. 

Keywords: geo-ecological problems, exploration work, Chorukh-Darron group of deposits, waste dump, deposit, 

ore, relief, processing technology, environmental measures, natural and geological pollution, monitoring, drilling 

operations, degraded lands. 
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ÞÐß: 669.849.3  
ÞÌÜÖÔÍÔ ØÚÐÐÄ ÎÌ áßÝßÝÔëÞÇÚÔ ÞÑáÙÚ×ÚÏÔÔ ØÌÕÐÚÙÇÚÔ 

ØÌæÐÌÙÔÔ ÝßÜØÌê ÝÔØÚÍÔ äÔÙÏ-ØÚÀÔ¾Ù 
 

Øÿý÷ôøóúðì á., Üìĕôøóúðì Ç. ä., Íìðì÷úî Ì.Í., ÙôČóúî Ú.Ç., ÜĘóôñî Ý.ä. 
ÐúùôĄöìðìô öĘĕôĊ øñþì÷÷ÿüïôô ÞúĔôöôýþúù, 

 ÐúùôĄïúĕô þñāùôöôô ÞúĔôöôýþúù íì ùúøô ìöìðñøôö Ø. ÚýôøĒ, 
ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù, 

Öúüāúùìô îúĕôðôô éöýûñðôþýôċô ôöþôĄúĀô ïñú÷úïôô ØúĎôČù 
 

Øÿėìððôøì. Øìõðúùô øìĆðìùðúüô äôùï-ØúĎôČù ðìü ėôýøô Ĕìùÿíôô Ą. ÛìùĔìöñùþ 
ðìü ùôĄñíôô Ąôøú÷ôô ėìþúüöĘĕĕúô Çôýúü Ĕúõïôü íÿðì, øìýúĀì þú øìüöìóô Ąìĕü 82 
öô÷úøñþüüú þìĄöô÷ øñðôĕìð. Íì÷ìùðôĕúô øÿþ÷ìėô øìõðúù ìó 2900 þú 3450 ø þìĎõôü 
øñČíìùð. ØìĆ÷ÿøúþô ðìü ðìîüìô ìîîì÷ ĔìøĆĄÿðì ðìü íúüìô øôùþìėì íì íìĕú ðúðìùô 
úċùðìðúüôô úù ôøöúùôċþ Āìüúĕìø úîìüð îì ìýúýô þìĕėôėúþô îìýñĆþìü ðìü úċùðì ïìüðôð. 
Íúċð ėìõð ùìøÿð, öô þìõô ýú÷ĕúô úāôü úôð íì íìĆóñ öúùĕúô ôù øôùþìėì, ìó Ĕÿø÷ì öúùĕúô 
ùÿėüì öúüĕúô óôČðñ ìùĔúø ðúðì Ąÿðììùð [2; 1]. 

Ýú÷ĕúô 1932-1936 ìó þìüìĀô þìĕėôėúþăôČù 16 úíĆñöþĕúô øìĆðìùĒ, ìó Ĕÿø÷ì öúùô 
ýÿüøìô Éìüúėìøìü îì ãúüüúĕì öìĄĀ öìüðì Ąÿðì, þìîýôĀô þñöþúùôöĒ îì øñþì÷÷úïñùôô 
äôùï-ØúĎôČù ðúðì Ąÿðììýþ. 

Çìøóìøúù, øìĔøÿô îìýñô öúüĕúô ôöþôĄúĀô ïñú÷úïĒ ðìü ĕìøìô öúùĕú îì óÿĕÿüúþô 
øìĆðìùĒ ïÿóìüúùôðì Ąÿðìùð. Ðìü öúùô Þÿüöûìüôðì öúüĕúô ôöþôĄúĀôô ėìí÷Ē îì ðìėôė ìó 
þìüĀô ċö ïÿüĘĕ ú÷ôøúù ïÿóìüúùôðì Ąÿðì, óìāôüìĕú ðìü ÖÐÓ þìýðôė öìüðì Ąÿðììùð. 
Çìøóìøúù, öúüĕúô ôöþôĄúĀôô öúùô øìĆðìùô Éìüúėìøìü ïÿóìüúùôðì Ąÿðì, óìāôüìĕúô 
ýÿüøì ðìü Öúøôýýôċô ðìî÷ìþĒ úôð íì óìāôüìĕúô öìùðìùôĕúô Āúôðìùúö þìýðôė Ąÿðììùð.  

Öúüĕúô ïñú÷úïôĊ ìöýíìüðúüĒ ðìü ĕÿðÿðô ùúĕôċô öúüĒ ýú÷ô 1938 ìó ìîîì÷ô 
þìĄöô÷Číôô íìóìô ĉöýûñðôþýôċô ÞúĔôöÿ Ûúøôü úĎúó Ąÿðììýþ. Ðìü ùìþôĔì øÿìõċù 
ïìüðôðììýþ, öô öúùĕúô íú÷úóôöü ìó ýÿüøì, ýôøúí îì þô÷÷ú āñ÷ñ íúõ øñíúĄìùð îì íì÷ìùýô 
āÿíÿ ýìùúìþôüú ðúüú ìýþ. 

Ýÿüøì (Sb) ÿùýÿüô øÿĕôøøñýþ, öô ðìü ýúĕìĕúô ïÿùúïÿùô ýìùúìþĒ, ìó Ĕÿø÷ì øúððìĕúô 
óôððô ì÷ìùïì, āĘ÷ìĕú îì ùôøùúėô÷ĕú ôýþôĀúðì øñĄìîìð. Øìùíìô ìýúýôô ôýþñĕýú÷ô ýÿüøì - 
ìùþôøúùôþ (Sb2S3), øôùñüì÷ô ýÿ÷Āôð øñíúĄìð. Ýÿüøì ðìü ýúĕìô ýìùúìþ ôýþôĀúðìô 
ýñüĄÿøúüñ ðúüìð. Øìýì÷ìù, þìĕôċô íìþìüñċĕúô ðúüúô ôėþôðúüô íì÷ìùð íì öìþñïúüôċô 
þñāùú÷úïôċĕúô ùìî îì ĉùñüïôċô ýìíó ðúāô÷ öìüðì Ąÿðììýþ. 

Ðìü þìíôìþ óôČðì ìó 100 øôùñüì÷ô ýÿüøì øìîĔÿð ìýþ. Ìøøú, ìó ùÿėþìô ùìóìüô 
ôýþôāüúĔô ýìùúìþĒ, þìîìĔĔÿĕô ìýúýĒ íì øìĆðìùô ìùþôøúùôþ ìýþ, öô ìó úù øñþì÷÷ô ýÿüøì îì 
úöýôðô ýÿüøì (Sb2O3) öúüöìüð øñĄìîìð. Ðìü ìõùô óìøúù þìėüôíìù 20%-ô ôýþñĕýú÷ô 
Ĕìĕúùôô ýÿüøì ìó øìîúðô ðÿĊøðìüìĔì, ìýúýìù ìó öúüöìüðô íìþìüñċĕúô øúĄôùĕúô 
ôýþôĀúðìĄÿðìô ýÿüí-öôý÷úþì îì þú ìùðúóìñ öìøþìü ìó öúüöìüðô ûìüþúîĕúô ðúüúô ýÿüøì ìó 
ôýþñĕýú÷ô øôý, ýÿüí îì þô÷÷ú íì ðìýþ øñúċð [12; 5]. 

Ðìü íìõùô öìùðìùôĕúô Āúôðìùúöô Æÿøĕÿüôô ÞúĔôöôýþúù ýÿüøì ċöñ ìó øñþì÷÷ĕúô 
ýþüìþñïĒ îì Āúôðìúîìüô ýìùúìþô ôýþôāüúĔô øìĆðìù íì ĕôýúí üìĀþì íì ïÿüĘĕô øñþì÷÷ĕúô 
îìóùôù ðúāô÷ øñĄìîìð. Þôíėô øìĆ÷ÿøúþô áìðìøúþô ïñú÷úïôô ÔØÌ ðìü ýú÷ô 2022 [7], 
ÞúĔôöôýþúù ðìü ôýþôāüúĔô ýÿüøì ðìü Ĕìĕúù ðìü Ĕúô ýñĊø ėìüúü ðúüìð. Ìó ĕìĔøô ÿøÿøôô 
110 000 þúùùì, 13 000 þúùùì íì ÞúĔôöôýþúù üúýþ øñúċð. 

Ðìü þìĕėôėúþô óñüôù [2; 1] ėìõð ïìüðôðììýþ, öô ðìü øôėČýô Ĕìĕúù, ôýþñĕýú÷ô ìîîì÷ôċô 
ýÿüøì ìó øìĆðìùĕúô úù ðìü 15 öôĄîìü íì üúĕ øúùðì Ąÿðììýþ. ÞìĆøôùô ýìùúìþô ýÿüøìô 
ĔìĕúùĒ íú óìāôüìĕúô øìîĔÿðìô øñþì÷÷Ē ðìü ýìþĕô ĕúóôüìô ôýþôĀúðìô ýÿüøì þìėüôíìù íì 
14-20 ýú÷ øñüìýìð. Ìó ôù üĘ, øÿĄöô÷úþô øÿüìööìíôô ôýþôĀúðìô ìĄČô āúøô ýÿüøì ðúüúô 
îìóôĀìô þìĆāôüùúûìóôü ìýþ.  

Öúùýñùþüìþô ýÿ÷Āôðôô ýÿüøì øìîúðñýþ, öô ìó øôùñüì÷ô ìùþôøúùôþ íúõ ìýþ, öô ìýúýìù 
ìó ýÿ÷Āôðô ýÿüøì (Sb2S3) ôíúüìþ ìýþ. Úù ðìü ôýþñĕýú÷ô ýÿüøì îì ôýþôĀúðìô ïÿùúïÿùô úù 
ùìėĄô ĕì÷öÿùìùðì íúóôðì, úùüú ðìü ýìùúìþô øìĆðìù îì øñþì÷÷ÿüïôċ íì øìþñüôì÷ô øÿĕôø 
þìíðô÷ øñðôĕìð. Íìüúô ìó öúùýñùþüìþô ìùþôøúùôþ ôýþôāüúĔ öìüðìùô ýÿüøì øñþìîúù 
üìîìùðĕúô ïôðüúøñþì÷÷ÿüïĒ, ûôüúøñþì÷÷ÿüïĒ îì ïôðüúûôüúøñþì÷÷ÿüïôüú ôýþôĀúðì íÿüð 
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[14; 11]. Öúùýñùþüìþô ýÿ÷Āôðôô ýÿüøìüú íú üúĕô ĉ÷ñöþüú÷ôó [15; 16], ýĘóúùôðìùô 
ā÷úüôüúùĒ [13] Č úøñāþìô üìîìùðĕúô ïôðüúøñþì÷÷ÿüïĒ îì ĉ÷ñöþüúāôøôċîĒ [4] öúüöìüð 
öìüðìù øÿøöôù ìýþ. 

 
Üìýøô 1. Ôýþñĕýú÷öÿùìùðìïúùô ìýúýôô ýÿüøì 

Figure 1. Major producers of antimony 

 
 
ßøÿøìù, ôýþôāüúĔ îì íìüėìüúüýúóôô ýÿüøì íú ÿýÿ÷ô ûôüúøñþì÷÷ÿüïĒ ìøì÷Ē öìüðì 

øñĄìîìð. Ôù ÿýÿ÷üú îúíìýþì ìó āúüôĔ Ąÿðìùô ïìóĕúô óìĕüú÷ÿð íì ìþøúýĀñüì ðìü îìėþĕúô 
úāôü öìø ôýþôĀúðì øñíìüìùð [12].  

Þìüöôíô øúððĒ. Ðìü ùìþôĔìô ïÿóìüúùôðìùô þìĕėôėĕúô øôöüúýöúûôô ùìøÿùìĕúô 
íüñöăôċĕú ìó øôùþìėìĕúô øìõðúùô äôùï-ØúĎôČù ýñ ïñùñüìþýôċô öîìüý øÿìõċù öìüðì 
Ąÿðììýþ: 

1. Ïñùñüìþýôċô ċöÿø, ðúùìĕúô āÿüðô öîìüý ðìü íüñöăôċ íÿðì, ïÿùúïÿùĄìö÷: þÿāøĄìö÷, 
íú öîìüý ú÷ÿðìĄÿðì. 

2. Ïñùñüìþýôċô ðÿĊø, ðúùìĕúô öîìüýĒ ùôýíìþìù öì÷úùþìüô āúöôýþìüüìùïô 
ýìĀñðăìþúí, öô ìýúýìù ùìėĄô ýñøñùþô íüñöăôċüú ôĔüú øñùìøúċùð. 

3. Íì Ďìõü ìó ôù, öîìüýĕúô ïñùñüìþýôċô III Ĕÿðú öìüðì Ąÿðììýþ, öô ùìøÿðô üìïăìĕúô 
öîìüýĒ ðúĄþì, ïñùñüìþýôċĕúô 1 îì 2-üú øñíÿüüìùð. Íì Ďìõü ìó öîìüýĕúô Ĕôùýô öĘĕĒ 
þìĄöô÷ðôĕìùðì ðôïìü ùìøÿðô øôùñüì÷ĕú ðôðì øñĄìîìùð. 

 
Æìðîì÷ô 1. Þìüöôíô øôùñüì÷ôô öúùĕúô øìĆðìùôô øìõðúùô øìĆðìùðúüô äôùï-ØúĎôČù 

Table 1. Mineral composition of mineral deposits of the Shing-Moghiyan mineral field 
ÀìõüôøìĆðìùĒ ØìĆðìùĕúô ïôûñüïñùĒ ØìĆðìùĕúô ïôûñüïñùĒ 
ÌýúýĒ ÐÿĊøðìüìĔì ÌýúýĒ ÐÿĊøðìüìĔì  
 
Öîìüý 

Ā÷Ċúüôþ 
Öì÷ýôþ 
Ùìöüôþ 
Ýÿ÷Āÿü 

Ìùþôøúùôþ 
Æñøýúùôþ 
Öôùúîìü 

 
Ûôüôþ 

Îì÷ñùþôùôþ 
Öñüøñóôþ 
×ôøúùôþ 
áúöìô ýÿüøì 

 
Ðìü ùìþôĔìô øÿìõċù ùìøÿðìùô þìüöôíô øôùñüú÷úïôô øìĆðìùô öúùô Îì÷ìùïô-Ðìüúó 

ðìü Ąìüúôþô ýìĕüúĒ îì úøĘóôĄô øôöüúýöúûĒ ĕìøìô ôù øôùñüì÷ĕú øÿìõċù öìüðì Ąÿðììùð. 
Íì Ďìõü ìó öîìüý ðìü þìüöôíô íüñöăôċ Ā÷Ċúüôþ øÿìõċù öìüðì Ąÿðììýþ. Ìó 85 øìĕìöô 
þìĄāôýĄÿðì íìüúô ÝìF2 30 øìĕìö íú Āìõóùúöôô 0.08 þú 53% Ā÷Ċúüôþ øÿìõċù öìüðì 
Ąÿðììýþ.  

Öì÷ýôþ. Ðìü íüñöăôċ îì úĕìöýìùïĕú ðìü Ĕôùýĕúô ėôøìĄÿðìô Ĕôùýĕúô öĘĕĒ øÿìõċù 
öìüðì Ąÿðììýþ. Öì÷ýôþ íú üìùïô ýìĀñðô Ąôüøúùìùð Č óìüðăìþúí, ðìü íìĆóñ Ĕúõĕú ĄìĀĀúĀ 
îì Ąìö÷ô öÿùĔô ìČù íú ìùðúóìô øìöýôøì÷ôô öüôýþì÷ĕú ìó 3 þú 5 ýø ðôðì øñĄìîìð.  

Ùìöüôþ. Ìýúýìù ðìü þìüėôĄĕúô íüñöăôċ, öô íú ìùþôøúùôþ îúøñāĘüìð. Üìùïô úù ýìĀñð 
Č ýìíóăìþúí øñíúĄìð. 
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Ýÿ÷Āÿü. Íú øôėðúüô óôČð ðìü íüñöăôċĕúô öúù ăÿù øôùñüì÷ĕúô ðÿĊøðìüìĔì, öô ðìü 
ùìþôĔìô ýÿ÷Āôðĕúô þÿüĄĄÿðì úöýôðĄÿðì ûìõðú Ąÿðììùð, ðôðì øñĄìîìùð. Óìüüìăìĕúô 
øìõðìðúùìô úùĕú ðìü ðñîúüĕúô āú÷ôïĒ îì þìüöôĄĕú íì ùìóìü øñüìýìùð.  

Ûôüôþ. Ìó øôùñüì÷ĕúô øìĆðìùĒ ûôüôþ íôýČüþìü îúøñāĘüìð. Úùĕú ìýúýìù ðìü 
øôùþìėìĕúô ûìõîìùðô îìüìėýìùïĕú íú íüñöăôċĕú, íüñöăôċĕúô ðìü ùìîíìþô āÿð ðìü 
ûìõîìùðô îìüìėýìùïĕú íú üñïýìùïĕú îúøñāĘüìùð. Ûôüôþ ðìü ùìøÿðô öüôýþì÷÷ĕúô ùìĎó 
þìĄìööÿ÷ČĀþì Č ìïüñïìþĕúô øìõðìðúùì ôùöôĄúĀ ČĀþììýþ. 

Æñøýúùôþ. Ðìü Ąìüúôþô ýìĕüúĒ íú øÿĄöô÷Ē øÿìõċù öìüðì øñĄìîìð. Ðìü ùìþôĔìô 
þìĄāôýô öôøôČîôô øôùñüì÷ĕúô ýÿüíÿ ýÿüøìðúü øÿìõċù öìüðì Ąÿðììýþ. Ìó 142 øìĕìöĕúô 
íìüúô ýÿüí þìĄāôýĄÿðì, öô ìó íüñöăôċĕú ïôüôĀþì Ąÿðììýþ, 59 þìĄāôý Āìõóùúöôô ýÿüíüú 
íú þìĎõôüČíôô ìó 0.03 þú 0.97% øÿìõċù øñùìøúċð. ØìĆ÷ÿø øñĄìîìð, öô ýÿüí ìýúýìù ðìü 
þìüöôíô Ĕñøýúùôþĕú øìîĔÿð ìýþ.  

Öôùúîìü. Ðìü øìüöìó îì Ąôøú÷ôô öúùô Îì÷ìùïô-Ðìüúó, Éìüúėìøìü ðìü ùìþôĔìô 
úøĘóôĄô øôöüúýöúûĒ øìîĔÿðôċþô úù øÿìõċù öìüðì Ąÿðììýþ, îì øìîĔÿð ùìíÿðìùô úù íú 
ùìþôĔìô þìĄāôýô öôøôČîĒ 555 øìĕìöô íüñöăôċĕú ïÿóìüúùôðì Ąÿðì, ðìü ìøì÷ôċ þìýðôė 
Ąÿðììýþ. Ìó ĕìøìô ôù øìĕìöĕú ĕìøìïĒ ðìü 8 øìĕìö Āìõóùúöôô ýôøúí ìó 0.02 þú 0.1% øÿìõċù 
Ąÿðììýþ.  

Ìùþôøúùôþ. ëöñ ìó øôùñüì÷ĕúô ìýúýôô öúùô Îì÷ìùïô-Ðìüúó îì Öìüú-Éìøìü øñíúĄìð. 
ÍìĆð ìó öîìüý ìó Ĕôĕìþô ðÿăúüĄìîĒ ðìü Ĕúô ðÿĊø ìýþ. Îìõ ċöñ ìó öúøûúùñùþĕúô ðúôøĒ ðìü 
þìøúøô ðìîüìô øìîĔÿðôċþô üìîìùðĕúô ïôðüúþñüøì÷ôô öúù íÿðì, íì Ĕÿó ðìü øìüĕô÷ìô 
öì÷ýôþĒ ðìü ðôïìü øìüĕô÷ìĕú ðÿăúü øñĄìîìð.  

ÆÿðúĄìîôô ìùþôøúùôþô øìüĕô÷ìô ċöÿø íú ĔÿðúĄìîôô öîìüýô ïñùñüìþýôċô ċöÿø 
ĕìøýìĀìü ìýþ. Ìùþôøúùôþ ðìü ùìøÿðô ì÷úėìøìùðôô āÿüð (0.6 øø-1 ýø) íú öîìüýĕúô 
øìõðìðúùìô āúöôýþìüôô ýôČā ì÷úėìøìùðĒ ðúüìð. Úùĕú ìýúýìù ðìü ċöĔúċĄìîôô ðúùìĕúô 
öîìüý ûìõðúôĄ ðúüìùð.  

Ïñùñüìþýôċ ðÿĊøô ìþôøúùôþ øúùúøôùñüì÷Ē Č íú ċöĔúċĄìîôô óôă íú öîìüý II îì 
Ā÷Ċúüôþ ĔìøĆĄìîôô öì÷úù ðúĄþì, îìýñĆ ûìĕù Ąÿðììýþ. 

Ìùþôøúùôþô ðÿĊø, úðìþìù ðìü öüôýþì÷ôô øúíìõùĒ Āìüėôċþ íú ĕìøîúüôô 
øìĕðÿðĄÿðì ùì úù ėìðìü ðÿüÿýþ ðôðì øñĄìîìð. 

ÛìõðúôĄô ðìü ċö îìėþ íú ĕìø ùìóðôöô ìùþôøúùôþ íú Ā÷Ċúüôþ íú íìĆóñ ðì÷ñ÷ĕú 
þìýðôė øñĄìîìð. Ðìü Ĕúõĕúñ, öô ðìü íüñöăôċ ìùþôøúùôþ öìø íì ùìóìü øñüìýìð, Ā÷Ċúüôþ 
ùôó ðìü úù Ĕúõĕú íì øôėðúüô öìø ðôðì øñĄìîìð. Ðìü øôùþìėìĕúô íüñöăôĄÿðì îì 
þìüėôĄĕú ìýúýìù ìùþôøúùôþĕúô ĀìüėôċþðúĄþì íú ĕìøüúĕôô øìĕðÿðĄÿðì ùì úù ėìðìü 
ðÿüÿýþ ðôðì øñĄìîìð. ÌĀóúôĄô ìùþôøúùôþĕú ðìü íüñöăôċĕúô öîìüýô ðìü ùìøÿðô 
ìùðúóìĕúô ïÿùúïÿùô ÷úùìĄìö÷ ðôðì øñĄìîìð. Ì÷úėìøìùðôô úùĕú íú ìùþôøúùôþĕúô ðÿĊø 
ùúøìĆ÷ÿø øñíúĄìð.  

ØìîĔÿðôċþô ôù ìùþôøúùôþĕú ðìü íüñöăôċĕúô öîìüýĒ ðìü ùìøÿðô ìùðúóìĕúô 
ïÿùúïÿùĄìö÷ íì øôýú÷ô ÷úùìĄìö÷, ÷ôùóì, üìïøúùìùð, óìüüì-óìüüì ðôðì øñĄìîìð. Îúíìýþì 
íì Ąìüúôþô āúíôĄô úùĕú ċöăìùð ùìøÿðô øìĆðìù Ĕÿðú öìüðì øñĄìîìð. 

1. Þñöýþÿüìô óìüüì-óìüüì íú ôùöôĄúĀČíôô óìüüìîôô āÿüð þìîýôĀ øñĄìîìð. 
ÍôýČüþìü íú ùìøÿðô ùúðÿüÿýþô ðìüúóĄìö÷ô öüôýþì÷ĕúô ìùþôøúùôþ ðìü íüñöăôċĕúô öîìüýĒ 
ðôðô øñĄìîìùð. 

2. Þñöýþÿüìô íüñöăôċ ùôĄúù øñðôĕìð, öô ðúùìăìĕúô ìùþôøúùôþ, ċöĔúċ íú 
ðúùìĕúô öîìüýô ýìĀñðô Ąôüøúùìùð ýñøñùþô ûúüìĕúô ì÷úĕôðìô íüñöăôċüú þìĄöô÷ 
øñðôĕìùð. Ìó øôùñüì÷ĕúô úöýôðĄÿðì ăÿùôù øôùñüì÷ĕú ðôðì øñĄìîìùð. 

a) Îì÷ñùþôùôþ-öüôýþì÷ĕúô ûüôóøìøúùìùðô üìùïô ýìĀñð íú Ĕô÷÷úô ì÷øúýôô 
Ąôöìýþô ĕìøîúüĒ ðúĄþì, öô íú ìùþôøúùôþ ċöĔúċ îúøñāĘüìùð. 

b) Ýñùìüøúùôþ-āúöìô óìüðô ýÿüøì, öô ĕìøñĄì ðìü íüñöăôċĕú íì ùìóìü øñüìýìð, 
ìó Ĕÿø÷ì íôýČüþìü ðìü Ĕúõĕúô ĔìøĆĄÿðìô ìùþôøúùôþ îúøñāĘüìð. 

c) Öñüøñóôþ- íì øôý÷ô ìïüñïìþĕúô øìõðì ðúùìïôô üìùïô ú÷ÿô ýÿüāô ðúĄþì, ðìü 
þìüėôĄĕúô íüñöăôċ îúøñāĘüìùð. 

d) ×ôøúùôþ ðìü øôùþìėìĕúô øìõðìĄìîĒ îì þìüėôĄĕú ĕìø ðìü íüñöăôċĕú îì ðìü 
îìüìėýìùïĕú ðìü ĕÿðÿðô āúíôĄô íüñöăôċĕú ûìĕù ïìĄþììýþ. Üìùïô óìüð îì āúöôýþìüüìùïüú 
ðúüú øñíúĄìùð. 
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Ìó øìîúðĕúô úîìüðìĄÿðì øìĆ÷ÿø øñĄìîìð, öô þìüöôíô øôùñüì÷úïôô öúùĕúô 
Îì÷ìùïô-Ðìüúó, Éìüúėìøìü ċöāñ÷ì îì øôėðúüô øôùñüì÷ĕú óôČð ùñýþìùð Č øìĕðÿðìù. 
ØìĆðìùĕúô íüñöăôċĕú ìýúýìù ìó ðÿ øôùñüì÷ ôíúüìþ ìýþ: öîìüýĕúô ïñùñüìþýôċô ïÿùúïÿù îì 
ìùþôøúùôþ, öô ðúüúô Āìõóùúöôô ïÿùúïÿùüú ðìü öîìüý îì Ā÷Ċúüôþ þìĄöô÷ øñðôĕìùð.  

Ðôïìü øôùñüì÷ĕúô ùúøíìüĄÿðì öìø îúøñāĘüìùð îì íì ôù þìĄāôýô ýûñöþüì÷ôô 110 
øìĕìöĕúô ĄþÿĀĒ Ąìĕúðìþ øñðôĕìùð. 

 
Æìðîì÷ô 2. ÞìĄāôýĕúô ýûñöþüì÷ôô 110 øìĕìö ðìü øìõðìùô øìĆðìùðúüô äôùï-ØúĎôČù 

Table 2. Spectral diagnostics of 110 samples in the Shing-Moghiyan ore field 
Ĝ ÙúøïĘô ĉ÷ñøñùþĕú Óÿðôô (ăìýþúþì) 

ûìĕùĄìîôô ĉ÷ñøñùþĕú 
ÞìĎõôüČíôô 

Āìõóùúöôô ĉ÷ñøñùþĕú 
ìó-þú 

àìõóùúöôô 
øôČùì ðìü 
ùôĄúùìĕú 

1 Si 110 4-5 5 
2 Al  110 3-5 5 

3 Mg 110 2-5 3 
4 Ca 110 3-5 4 
5 Fe 110 3-5 5 
6 Mn  110 1-2 2 

7 Ni  108 1-3 2 
8 Ti  110 1-4 3 
9 V 88 1-2 2 
10 Cr 53 2-3 2 

11 Mo  3 1 1 
12 Cu 110 1-2 1 
13 Pb 81 1-3 2 
14 Ag 56 1-2 1 

15 Sb 100 2-5 3 
16 Ya 81 1 1 
17 Ba 43 1-2 2 
18 Na 57 2-4 3 

19 Co 27 1 1 
20 Zr 51 1-2 1 
21 Ar  17 2-3 3 
22 Sn 5 1 1 

23 Sz 38 2-3 2 
24 Se 1 1 1 
25 Be 31 1 1 

26 Zn 42 2-3 3 
27 Ra 3 2 2 
28 Th 1 2 2 
29 Bi 10 2 2 

30 Hg 1 3 3 
31 K  1 4 4 
32 P 1 3 3 

 
Ðìü þìüöôíô íüñöăôċĕú øôùñüì÷ô ìùþôøúùôþ îÿĔÿð ðúüìð, ìó ïÿüĘĕô ýÿ÷Āôðĕú ìýúýìù 

ûôüôþ øÿĄúĕôðì öìüðì øñĄîìð. ØìîĔÿðôċþô þô÷÷ú ðìü ðúùìĕúô íüñöăôċĕúô öîìüýĒ, ùôó íì 
úù îúíìýþìïĒ ðúüìð. Ðìü ėôýøô íú÷úôô ôù øôùþìėìĕú îìõüúùĄìîôô ĀôóôöôĊ øñāìùôöôô 
Ĕôùýĕúô öĘĕĒ āñ÷ñ óôČð íì øÿĄúĕôðì øñüìýìð. Íôùúíìü ôù, ýÿ÷Āôðĕú ðìü ăìĄø ìČù 
ùñýþìùð. Ðúāô÷ô óìüüìĕúô ìùþôøúùôþ þúóì íÿðì, ėìüôí, öô úøñāþìïĒ ùìðúüìð. 

àìõóùúöôô ýÿüøì ðìü öúùô Îì÷ìùïô-Ðìüúó ìó üĘô ĕôýúíúþĕúô ûñĄôùìô ýú÷ĕúô 1954-
1957 ðìü þìùìô øìĆðìùùúö ìó ĕôýýìô öìøþìüôù ìó ýìð þú 24-30% úîìüðì Ąÿðììýþ. 
Øôùñüì÷ĕúô øìüïô øÿĄ ðìü þìüöôíô íüñöăôċĕú íì øôėðúüô ùôĕúċþ öìø ðôðì øñĄìîìð. 
Ðìü öúùô Îì÷ìùïô-Ðìüúó ìó øôùñüì÷ĕúô ĎìõüôøìĆðìùĒ Ā÷Ċúüôþ íì øÿĄúĕôðì øñüìýìð. 
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Øôùñüì÷ĕúô øìĆðìùôô îìýñĆ ûìĕùĄÿðì: íñüþñüôþ, ýþôíôúöúùôþ, îì÷ñùþôùôþ, 
ýñùìüøúùþôþ, öñüøñóôþ îì Ďìõüì øñíúĄìùð. Ìùðúóìô úöýôðĄìîôô öúùô Îì÷ìùïô-Ðìüúó ìó 
üĘô ýìùĔôĄô þìĄāôýĕú ðìü ĕôýúíúþĕúô ýú÷ĕúô 1954-1957 þú 20% ùôĄúù ðúðì Ąÿðììýþ. 

ÚöýôðĄìîôô ýÿ÷Āôðĕú ìýúýìù ðìü ėôýøô íú÷úôô Ĕôýøĕúô øìĆðìùĒ ðìü Ĕúõĕúñ, öô 
ìùþôøúùôþ îì ûôüôþ íú ĕìîúô úöýôïñù îì úíĕúô óñüô āúö ùìóðôö øñíúĄìùð, íì îÿĔÿð øñúċð. 

Þìüöôíô öôøôČîĒ. Þìüöôíô öôøôČîôô øìõðúùô øìĆðìùĒ ðìü ìýúýô þìĄāôýô 
ýûñöþüì÷ôô ýú÷ĕúô ûñĄôù øÿìõċù öìüðì Ąÿðììýþ. Ìó üĘô ùôĄúùðúðô ĕôýúíúþô 1949-1957 
øìĆðìùô öúùô Éìüúėìøìü ìó Ĕôĕìþô øôùñüì÷úïĒ øÿìõċù öìüðì Ąÿðììýþ, öô ĉ÷ñøñùþô 
ûÿüìüóôĄ ðìü øìĆðìù ýÿüøì øñíúĄìð îì Āìõóùúöôô øôČùììĄ 2,6% ìýþ. 

áÿ÷úýì, ėìõð öìüðìù íìøìîüôð ìýþ, öô ôýþñĕýú÷ô ýÿüøì îì þìĕėôėúþ ðìü øñþì÷÷ÿüïôċô 
ýÿüøì ðìü üúĕô üìýôðìù íì ĕìðìĀô ăúüÿøô ýþüìþñïôô Æÿøĕÿüôô ÞúĔôöôýþúù ùìėĄô 
øÿĕôøüú øñíúóìð. 

Ìùþôøúùôþ - ċöñ ìó øôùñüì÷ĕúô ìýúýôô øìõðúùô øìĆðìùôô ýÿüøìĊ ýôøúíô øôùþìėìô 
äôùï-ØúĎôČù øñíúĄìð. ÍìĆð ìó öîìüý ìó Ĕôĕìþô ðÿăúüĄìîĒ ðìü Ĕúô ðÿĊø ìýþ. Îìõ ċöñ ìó 
öúøûúùñùþĕúô ðúôøĒ ðìü þìøúøô øìîĔÿðôċþô ĕú÷ìþô üìîìùðĕúô ïôðüúþñüøì÷ôô öúù íì 
Ďìõü ìó øìüĕô÷ìô öì÷ýôþĒ øìîĔÿð øñíúĄìð. Þôíėô þìĕ÷ô÷ĕúô ïÿóìüúùôðìĄÿðì øÿìõċù 
öìüðì Ąÿðììýþ, öô ėôýøô ûÿüìüóôĄ ðìü öúùô íú÷úóôöü øìĆðìùô ýÿüøì (ìùþôøúùôþ) 
øñíúĄìð îì Āìõóùúöôô øôČùììĄ 2,6% ìýþ. 
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ÞÌÜÖÔÍÔ ØÚÐÐÄ ÎÌ áßÝßÝÔëÞÇÚÔ ÞÑáÙÚ×ÚÏÔÔ ØÔÙÞÌÉÌÇÚÔ (ØÌÕÐÚÙÔ ØÌæÐÌÙÔ 
ÝßÜØÌê ÝÔØÚÍÔ äÔÙÏ-ØÚÀÔ¾Ù) 

Ðìü íìõùô öìùðìùôĕúô Āúôðìùúöô Æÿøĕÿüôô ÞúĔôöôýþúù ýÿüøì ċöñ ìó øñþì÷÷ĕúô ýþüìþñïĒ îì 
Āúôðìúîìüô ýìùúìþô ôýþôāüúĔô øìĆðìù íì ĕôýúí øñüìîìð. Ðìü Ąìüúôþô Æÿøĕÿüôô ÞúĔôöôýþúù þìĕėôėúþ ðìü 
ýúĕìô øñþì÷÷ÿüïôċô ýÿüøì íìüúô íúøÿîìĀĀìėôċþ íì ìøì÷ íìüúîìüðìùô ĕìðìĀô ýþüìþñïôô 
ôùðÿýþüôì÷ôóìþýôċô øìø÷ìöìþô øú ìó öôĄîìüô ìïüìüĒ íì ìïüìüĒ-ýìùúìþĒ ïÿóìĄþìù ìĕìøøôċþô øìāýÿý ðúüìð. 
ØìîĔÿð íÿðìùô óìāôüìĕúô íúô þìíôĒ îì öúùĕúô øìĆðìùĕúô íôýČüöúøûúùñùþì, øìùíìô ùôýíìþìù ìüóúù îì 
ðìýþüìýô ėÿîîìô ĉ÷ñöþüôöĒ ìýúýô íúĉĆþôøúðô þìüìėėôČþô ýìùúìþô øñþì÷÷ÿüïôċ ðìü öôĄîìüô ìóôóìøúù íì 
ĕôýúí øñüìîìð. 

Ìó Ĕôĕìþô øñþì÷÷úïñùĒ ĕÿðÿðô ùúĕôċô úøĘāþìĄÿðì, ėôýøô Ďìüíôô äôùï-ØúĎôČùüú þìĄöô÷ ðúðì, íì 
ĕÿðÿðô öìøìüíìùðô ýÿüøìîÿ ýôøúíô (þô÷÷ú-øñþì÷ĕúô ùúðôü) ÓìüìĀĄúùÿ Çôýúü ðúāô÷ øñĄìîìð. Ðìü ìõùô 
óìøúù, Ąÿøúüìô óôČðô ùìøÿðĕúô öúùĕúô Āúüøìþýôċ îì ïñùñþôöôô ïÿùúïÿù øìĆ÷ÿøìùð. Ðìü øìõðúùô 
øìĆðìùùúöô äôùï-ØúĎôČù öúù îì óÿĕÿüúþô øìĆðìùôô ýÿüøì, ýôøúí, þô÷÷ú, öìðøôõ, îú÷Āüìø, Ā÷Ċúüôþ îì 
ùÿėüì øÿìõċù öìüðì Ąÿðììýþ. Ìýúýìù ðÿ Āúüøìþýôċô øìĆðìùĒ: ýôøúíÿ ýÿüøì îì þô÷÷úîÿ ýÿ÷ĀôðĒ íì ėìõð 
ïôüôĀþì Ąÿðììùð. Íì øôėðúüô øÿìõċùô öìø ðìü ôù øìõðúù, Āúüøìþýôċô þô÷÷ú-ýÿ÷ĀôðĒ, öô ðìü Ąúāìĕú îì 
íÿüôĄô îìõüúùìĕúô þñöþúùôöĒ ðìü ùìþôĔìô ìøì÷ôČþô ûÿüĄôððìþô ïôðüúþñüøì÷Ē ðìü ïüìùôþúôðĕúô 
öúøû÷ñöýô ÓìüìĀĄúù íì Ąìö÷ô Ąþúöîñüöĕú ûìõðú Ąÿðììùð, íì ùìóìü øñüìýìùð. Öúù îì óÿĕÿüúþô ûìõðúôĄô 
ýöìüùðúĄþìô ôù Āúüøìþýôċ ðìü ûìõîìýþô Ąþúöĕú, üìïĕú îì Ĕôýøĕúô ėìíìþøúùìùðô ïüìùôþúôðĕú íú Ĕôùýĕúô 
öĘĕôô öìüíúùìþôô ýôýþñøìĕúô ýô÷ÿü îì ðñîúù ðôðì øñĄìîìùð. Íì ăÿùôù ùìøÿðô öúù îì óÿĕÿüúþ Þìüúü, 
ãìĄøìùôċþ, äìüĄìüì, Øôüāìùþ îì ðôïìü öúùĕú ðúāô÷ øñĄìîìùð. 

Öì÷ôðîúòìĕú: öúùô ýÿüøìô ýôøúí, þô÷÷úðúüĒ, ĀìõóùúöĒ, üìïĕúô öîìüýĒ, ĔÿýþÿĔĘĊ ìüóČíĒ, ĕôýúíô 
óìāôüìĕú, óìāôüìĕúô ûñĄìöĒ, þìüöôíô øôùñüì÷úïĒ, þìüöôíô öôøôČîĒ, øìĕýÿ÷úþô ýþüìþñïĒ, ĕìðìĀô ăúüÿøô 
øô÷÷Ē. 

  

ʉʆʉʊɸɺ ɺɽʑɽʉʊɺɸ ʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʇʆʃɽɿʅʓʍ ʀʉʂʆʇɸɽʄʓʍ 

ʈɸʁʆʅʆɺ (ʈʋɼʅʆɽ ʇʆʃɽ ʉʋʈʔʄʗʅʆ-ʈʊʋʊʅʆɽ ʐʀʅɻïʄʆɬʀɪʅ) 

ʉʨʝʜʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʩʫʨʴʤʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʭ ʠ 

ʚʳʩʦʢʦʜʦʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʫʩʣʦʚʠʷʭ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʝʪʘʣʣʫʨʛʠʠ ʩʫʨʴʤʳ ʠʤʝʶʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ 

ʮʝʣʠ - ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ʥʘʰʝʡ ʩʪʨʘʥʳ ʠ ʧʝʨʝʭʦʜʘ ʦʪ ʘʛʨʘʨʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʢ ʘʛʨʘʨʥʦ-ʠʥʜʫʩʪʨʠʘʣʴʥʦʤʫ. ʅʘʣʠʯʠʝ 

ʙʦʛʘʪʳʭ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʨʫʜ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʝʰʸʚʦʡ ʠ 

ʜʦʩʪʫʧʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʥʘʜʸʞʥʦʡ ʦʩʥʦʚʦʡ ʨʘʟʚʠʪʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘʰʝʡ 

ʨʦʜʠʥʳ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʠʩʩʣʝʜʫʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ - ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʨʘʡʦʥʘ ʐʠʥʛ-

ʄʦ̋ʠʸʥʘ - ʚʭʦʜʠʪ ʚ ɿʘʨʘʬʰʘʥʩʢʦ-ɻʠʩʩʘʨʩʢʠʡ ʩʫʨʴʤʷʥʦ-ʨʪʫʪʥʳʡ (ʟʦʣʦʪʦ-ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʡ) ʧʦʷʩ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚʳʷʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʮʠʡ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ. ɺ ʨʫʜʥʦʤ 

ʧʦʣʝ ʐʠʥʛïʄʦ̋ʠʸʥʘ ʦʙʥʘʨʫʞʝʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʩʫʨʴʤʳ, ʨʪʫʪʠ, ʟʦʣʦʪʘ, ʢʘʜʤʠʷ, ʚʦʣʴʬʨʘʤʘ, 

ʬʣʶʦʨʠʪʘ ʠ ʩʝʨʝʙʨʘ. ʆʩʥʦʚʥʳʤʠ ʨʫʜʥʳʤʠ ʬʦʨʤʘʮʠʷʤʠ ʨʘʡʦʥʘ ʷʚʣʷʶʪʩʷ: ʩʫʨʴʤʷʥʦ-ʨʪʫʪʥʘʷ ʠ ʟʦʣʦʪʦʩʫʣʴʬʠʜʥʘʷ. 

ɺ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ ʪʘʢʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʟʦʣʦʪʦʩʫʣʴʬʠʜʥʘʷ ʬʦʨʤʘʮʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ 

ʚ ʦʪʚʝʪʚʣʝʥʠʷʭ ʠ ʟʦʥʘʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ. ʆʥʘ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʚʥʳʭ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʨʘʥʠʪʦʠʜʘʭ ɿʘʨʘʬʰʘʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʰʪʦʢʚʝʨʢʦʚ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʩʢʘʨʥʦʚʦʛʦ ʪʠʧʘ ʵʪʦʡ ʬʦʨʤʘʮʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʤʝʩʪʘʭ ʢʦʥʪʘʢʪʘ ʰʪʦʢʦʚ, ʞʠʣ ʠ 

ʧʣʘʩʪʦʧʦʜʦʙʥʳʭ ʪʝʣ ʛʨʘʥʠʪʦʠʜʦʚ ʩ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩʠʣʫʨʠʡʩʢʦʡ ʠ ʜʝʚʦʥʩʢʦʡ ʩʠʩʪʝʤ. ʂ ʪʘʢʠʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʦʪʥʦʩʷʪʩʷ ʊʘʨʦʨ, ʏʘʰʤʘʥʠʷʪ, ʐʘʨʰʘʨʘ, ʄʠʨʭʘʥʪ ʠ ʜʨʫʛʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʨʴʤʷʥʦ-ʨʪʫʪʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʟʦʣʦʪʦʥʦʩʥʦʩʪʴ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ, 

ʧʦʠʩʢʠ ʠ ʦʮʝʥʢʘ, ʧʦʜʩʯʸʪ ʟʘʧʘʩʦʚ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, 

ʩʪʨʘʪʝʛʠʯʝʩʢʘʷ ʧʨʦʜʫʢʮʠʷ, ʯʝʪʚʸʨʪʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʮʝʣʴ. 

 

COMPOSITION OF SUBSTANCE AND TECHNOLOGICAL FEATURES OF MINERAL RESOURCES IN THE 

AREAS (SHING-MOGIYEN ANTIMONY -MERCURY ORE FIELD)  

Among the minerals of the Republic of Tajikistan, antimony is one of the strategically important and highly 

profitable metals in the mining industry. In the context of the Republic of Tajikistan, research in the field of antimony 

metallurgy is of particular importance for the successful implementation of the strategic goal of industrializing our country 

and transitioning from an agrarian state to an agrarian-industrial one.  

The presence of abundant natural resources and multicomponent ore deposits, as well as relatively inexpensive and 

accessible electricity, provides a reliable foundation for the development of our country's metallurgical industry. In terms of 

metallogenic specialization, the study area-the western part of the Shing-Mogiyona region-is part of the Zarafshan-Gissar 

antimony-mercury (gold-rare metal) belt. A significant number of deposits of various formations and genetic types have 

been identified. The Shing-Mogiyona ore field contains deposits and occurrences of antimony, mercury, gold, cadmium, 

tungsten, fluorite, and silver. The main ore formations in the region are antimony-mercury and gold-sulfide. 

Small amounts of gold-sulfide formations are also found in this area, present in branches and fault zones. These 

formed as a result of intense hydrothermal processes in the granitoids of the Zarafshan complex and manifest themselves as 

stockworks. Skarn-type deposits and occurrences of this formation are observed at the contact points between granitoid 
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stocks, veins, and sheet-like bodies with carbonate rocks of the Silurian and Devonian systems. Such deposits include 

Taror, Chashmaniyat, Sharshara, Mirkhant and others. 

Keywords: antimony-mercury deposit, gold potential, productivity, quartz veins, exploration and evaluation, 

reserve estimation, preliminary reserves, mineralogical composition, chemical composition, strategic product, fourth 

national objective. 
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ÞÐß: 543. (575.3) 
äÌÜÚÔÞÔ ÏÑÚ×ÚÏÔÔ ØÌÕÐÚÙÔ ÝÚÇÔ×ÇÚÔ ÐÌÜ¾Ô ÔÝàÌÜÌ 

 
ßýøúùóúðì Í.Ç. 

Ôùýþôþÿþô ïñú÷úïôċ, ýúāþøúùô íì óìøôùĔÿùíĒ þúíúîìü îì ýñõýøú÷úïôċô ÌØÔÞ 
 
Øôùþìėìô þìĕėôėúþĒ ðìü ėôýøìþô Ąôøú÷ÿ Ďìüíôô ûìýþāìøôô àìüĎúùì Ĕúõïôü íÿðì, 

íú þìėýôøúþô ĔúõïôüĄìîôô þñöþúùĒ ðìü ėìùúþô Ąôøú÷ôô ìùþôö÷ôùì÷ô Éì÷Ćìăìô Øìóúü 
îúėñĆ ïìĄþììýþ. Ðìü ôù øôùþìėì ìó ĕôýúíô ĀìĆú÷ôċþô íìüðúĄþìĄìîìùðì ðúĄþìùô Ïÿýì÷ô 
ÀĘó÷úù þú ĕú÷ íì÷ìùðĄìîôô üñ÷ñĀ ðìü ėôýøô Ąôøú÷Ē íúėĒ íÿðì, øÿĄúĕôðì øñĄìîìð, öô 
íúôýô îìõüúùĄìîĒ îì úíĄÿýþìĄìîôô Ĕôùýĕúô öĘĕĒ øñïìüðìð (ýúĕô÷ĕúô ðìüČô ÔýĀìüì) [6]. 

Ðìü ýúāþô ïñú÷úïôô øìõðúùô øìóöÿü ìýúýìù øìĔøÿô Ĕôùýĕúô öĘĕôô þìĕĄúùĒ, öô íì 
ïÿüĘĕĕúô ûì÷ñúóúõ, øñóúóúõ îì öìõùúóúõ øìùýÿíôċþ ðúüìùð, ôĄþôüúö øñöÿùìùð [3; 5]. 

Þìėýôøúþô ýþüìþôïüìĀôô þìĕĄúùôĕú ìó üĘô ýāñøìô þìĕôċöìüðìô Ù.Û. Îìýô÷öúîýöôõ 
îì ê.Ì. Ýöîúüýúî, öô þìėýôøúþô þìĕĄúùôĕúô ăúüċöÿøôùüú íì øìĔøììĕúô ýúā, þúĄöìùð, 
ïú÷úðùúýþñû îì ýôüðìüČ ðìü íìü øñïôüìð, ìùĔúø ðúðì øñĄìîìð [2]. Çìü ċö øìĔøìì ìó 
þìüöôíô ùìøÿðĕúô ïÿùúïÿùô ïñùñþôöĒ ôíúüìþ ìýþ, öô ðìü ðúôüìô øìüĕô÷ìô öì÷úù Č 
øìüĕô÷ìô ðñùÿðìþýôċ þìĄìööÿ÷ ČĀþììùð. Ôù øìüĕô÷ìĕú íì øìüĕô÷ìĕúô ĕìüìöìþĕúô 
þñöþúùôöĒ îì þìĎõôüČíôô ôė÷ôø ĔìîúíïĘ øñíúĄìùð. 

ÞìĕĄúùôĕúô ýôùùô ăúüċöÿøôùô ûúČùĒ (øìĔøììô ýúā) ċöĔúċ íú ùñúïñùô íú÷úĒ ĕìøăÿù 
þìĕĄúùôĕúô ăúüċöÿøôùô ėìðôøôô ùñúïñùĒ þìėýôøùìĄÿðì íìüüìýĒ öìüðì øñĄìîìùð. Ôù 
ĎìĀýôüú Č ìó ýìíìíô ùìíÿðìùô øôöüúĀìÿùì Č ċöāñ÷ìô úù ðìü þìĕĄúùôĕúô ýôùùÿ ýú÷ô 
ïÿùúïÿù þìėýôø öìüðìù ðÿĄîúü ìýþ. 

ÞìĕĄúùôĕúô ýôýþñøìô ìùïôĄþýìùï, öìüíúùô íú÷úĒ (Ý3), ðìü Ĕìùÿíô ùúĕôċ, ðìü 
ðúøìùô Ąôøú÷ôô öĘĕĕúô Éìüì-Þúî ûìĕù Ąÿðììùð îì ìó ĎìĀýôô ûÿüėÿîîìþô þìĕĄúùôô 
þñüüôïñùĒ ôíúüìþ øñíúĄìùð. Éìíìþô úù ìó ïô÷, ýìùïĕúô üñïíúü íú ėìíìþĕúô üñïýìùïĕú îì 
öúùï÷úøñüìþĕú, úĕìöýìùïĕú, ì÷íôþúĀôüĕúô öîìüþýĒ ôíúüìþ ìýþ. Ôėþôðúüô ÿøÿøôô ĄÿĆíìô 
ìùïôĄþýìùïô íú÷úĒ 1000-1100 ø øñíúĄìð. 

ÞìĕĄúùôĕúô ĄÿĆíìô íÿüô íú÷úĒ (Ö2) ðìü ðúøìùìô Ąôøú÷ôô öĘĕĕúô Éìüì-Þúî íú 
ôāþô÷úĀô Ąìðôðô öÿùĔĒ ðìü íú÷úô ìùïôĄþýìùïĕú Ĕúõïôüìùð [1; 4]. Úùĕú ìó 
öúùï÷úøñüìþĕú, üñïýìùïĕúô ýÿüā, ì÷ñîüú÷ôþĕú, ïô÷ĕú, ėìíìþĕúô ïôûýĄÿðìô üìöÿĄùôö 
ôíúüìþ øñíúĄìùð îì ôėþôðúüô ÿøÿøôô þìĕĄúùôĕúô íÿüô íú÷úôô ùì óôČðì ìó 100 ø ìýþ [10]. 

ÞìĕĄúùôĕúô ýôýþñøìô ûì÷ñúïñù (  ) ðìü Ąìö÷ô ðúĎĕúô āÿüð ðìü ûúċô öĘĕĕúô Éìüì-
Þúî øÿĄúĕôðì öìüðì øñĄìîìùð. Þìüöôíô úùĕú íú ïÿùúïÿùüìùïĒ Āìüė øñöÿùìð: ïìĔĕúô óôăô 
ýìĀñð, ïô÷ĕúô ýìíóüìùï-āúöôýþìüüìùï, ïô÷ĕú, øñüïñ÷ĕú, ðú÷úøôþĕú, ì÷ñîüú÷ôþĕú, 
üñïýìùïĕú. Ôėþôðúüô ÿøÿøôô þìĕĄôùĕú íì 320-350 ø øñüìýìð [4; 7]. 

ÞìĕĄúùôĕúô ùñúïñùĒ (N) íì ýìþĕô óìøôù ðìü ðìĄþô Ýñ÷-Üúĕ íìüúøìðì, ìó ïô÷ĕúô 
ýÿüāăì, óìüð îì āúöôýþìüôô úĕìöýìùïĕúô ïô÷ô, øñüïñ÷ĕú, üñïýìùïĕú, öúùï÷úøñüìþĕú ôíúüìþ 
øñíúĄìùð [9]. 

ØìĆ÷ÿøúþô þìĕėôėúþĕúô ïÿóìüúùôðìĄÿðìô ûñĄôù ùôĄúù øñðôĕìùð, öô øìĔøÿô 
þìĕĄúùôĕúô þìėýôøùìĄÿðìô ýôùùô ùñúïñù-ăúüċöÿøôùô ėìðôø, öô ĄìüþĒ íì ùñúïñùô ðñü-
ăúüċöÿøôùô íìüîìėþĒ (N2-QI) þìì÷÷ÿė ðúüìùð, ìó üĘô āÿýÿýôċþĕúô ÷ôþú÷úïĒ ìøì÷ìù ċöāñ÷ì 
ìýþ îì íú ýÿ÷Āìþĕú îì öìüíúùìþĕú íìüúíìü ĎìùĒ öìüðì Ąÿðììýþ [8]. 

Çìøôù þìüôė, ĕì÷÷ô øìýĆì÷ìô ýìüĕìðô ùñúïñù îì ýôýþñøìô ăúüċöÿøôù ôøöúùùúûìóôü 
ìýþ îì íìüúô úýúùôô íìČù öìüðìùô øìîúðô ïôüôĀþìĄÿðì úùĕú ĄìüþĒ íì ċö ĎìĀýôô 
þìėýôøùìĄÿðìô ùñúïñù ýôùùô ăúüċöÿøôùô ėìðôøì øÿþþìĕôð öìüðì Ąÿðììùð. 

ßøėô āúíôĄô íúøô ùñúïñù-ăúüċöÿøôùô ėìðôøì āñ÷ñ þìĎõôüČíìùðì ìýþ. Çìøôù þìîü, 
ôù þìĕĄúùôĕú ðìü Ąìö÷ô āìþþĒ ðìü ýìüĕìðô Ĕìùÿíôô øôùþìėìô öúüĒ ûìõïôüĒ öìüðì 
øñĄìîìùð, íú íÿüôĄĕúô ĉüúóôúùĒ ðìü ÿøėô 3 5ø öÿĄúðì øñĄìîìùð, ðìü ėôþĆìô öĘĕĕúô 
Éìüì-Þúî ėìþĆ öìüðì øñĄìîìùð îì ðìü ýìüĕìðô ĔìùÿíĒ ðìü ùìóðôöôô Ąìĕüìöô Üìîúþ 
ðÿíúüì úĄöúü öìüðì øñĄìîìùð, ċĆùñ ðìü āìþþô íì÷ìùðĄìîôô ùìóðôöĘĕĒ úùĕú íì ýìþĕô 
óìøôù øñíìüúċùð [9]. 

Ýìüĕìðô íìõùô āìüýìùïĕú-ýìùïüñóìĕú îì öúùï÷úøñüìþĕú ìøì÷ìù îÿĔÿð ùìðúüìð. Ìó ôù 
üĘ, ôùĕú āìüýìùïĕú-ýìùïüñóìĕúô öìø ĀôĄÿüðìĄÿðì íú ûÿüöÿùìùðìô óìüðāúöĕú-ïô÷āúöĕú Č 
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öúùï÷úøñüìþĕúô ùúÿýþÿîúü ðìü ýñøñùþô üñïýìùïô-ïô÷āúöĒ øñíúĄìùð, öô íìüúô öôĄúîìüóĒ 
úóúðúùì þìĕôċ îì þìíôĒ øñíúĄìùð [8]. 

Öúùï÷úøñüìþĕú ìýúýìù ìó ýìùïüñóìĕúô ïÿùúïÿù, ìó ýñøñùþô úĕìöýìùï-óìüðāúö-ïô÷āúö 
þú ýñøñùþô øÿýþìĕöìø, íú āìüýìùïĕúô ïÿùúïÿù ìùðúóì îì þìüöôí, ìó ýìùïüñóìĕú ôíúüìþ 
øñíúĄìùð. áìüýìùïĕú îì ýìùïüñóìĕú ìýúýìù þìïĄúùĒ îì øñþìøúüĀĒ, ìùðìö øìïøìþôöĒ 
øñíúĄìùð [8]. 

Ýìùïüñóìĕú úðìþìù þìüöôíô ûú÷ôøôöþĒ ðúüìùð, āúöôýþìüĒ, āúöôýþìüô üìîĄìù, 
ìíüìóôîĒ, ìöýìü îìėþ íú øìîúðô ïô÷ îì øìĕ÷ÿ÷ô öìøô úĕìöýìùï øñíúĄìùð [8]. 

Ïô÷ĕú û÷ìýþôöĒ, āúöôýþìüüìùïô-üìîĄìù îì ýìíóüìùï øñíúĄìùð. 
Ì÷ñîüôþĕú óôă íÿðì, ðìü íìĆóñ Ĕúõĕú ýìùï Ąÿðììùð, üìùïô āúöôýþìüĒ îì ýìíóüìùïô-

āúöôýþìüĒ ðúüìùð. 
ÏÿüĘĕô ûì÷ñúóúõ (PZ). Ýôýþñøìô öìüíúùô ûúČùĒ îì øúíìõùĒ (Ý1-2). ÞìĕĄôùĕúô 

ĔÿðúöìüðìùìĄÿðìô ėìíìþĕúô ûúČùĒ îì øúíìõùôô öìüíúù ðìü úāôüô ėôýøô Ĕìùÿíôô øìîóñô 
úøĘāþìĄÿðì Ĕúõïôü ïìĄþììùð. Ôù Ĕôùýĕúô öĘĕĒ ìó üñïýìùï, öúùï÷úøñüìþ, ėìíìþĕúô 
îìüìėýìùïô ïô÷Ē ôíúüìþ íÿðì, ìýúýìù ýÿüāăìüìùïìùð. ÀìĀýôô ÿøÿøôô ėìíìþô þìĕĄúùôĕú þú 
íì 700 ø øñüìýìð [3; 5]. 

ÏÿüĘĕô øñóúóúõ (MZ). Ýôýþñøìô Ċüì (J1-2). ÞìĕĄôùĕúô ýôýþñøìô Ċüì íú öÿùĔô 
ùúøÿîúĀôė íì íú÷úô þìĕĄôùĕúô íúðāĘüðìĄÿðìĊ úíĄÿýþìĄÿðìô ûì÷ñúóúõ āúíôĄ ðúüìùð. 
ÞìĕĄôùĕúô øìóöÿü ìýúýìù ðìü ėôýøô Ĕìùÿíÿ Ąìüėôô ùúĕôċ ûìĕù Ąÿðì, þìüöôíìĄúù ìó 
Ĕôùýĕúô öĘĕôô ïüìîñ÷ôþÿ öúùï÷úøñüìþ îì üñïýìùïĕú, öô íì ĄÿĆíìô øôČùìô Ċüì (J2) îì 
üñïýìùï, îìüìėýìùïĕúô ïô÷Ē, ìùïôĄþ îì ïüìîñ÷ôþĕú, öô íì ĄÿĆíìô ûúČùôô Ċüì (J1) 
øìùýÿíìùð, þìĄìööÿ÷ ČĀþììýþ. Üìùïô þìĕĄúùôĕúô ýôýþñøìô Ċüì ìýúýìù āúöôýþìüĒ íÿðì, 
ĎìĀýôô ėìíìþô ÿøÿøôô úùĕú ùìóðôö íì 400 ø øñüìýìð [3; 5].  

Ýôýþñøìô íĘü (Ö1-Ö2). ÞìĕĄúùôĕúô ýôýþñøìô íĘü ðìü øôėČýô þìøúøô ùúĕôċ íú öÿùĔô 
ùúøÿîúĀôė íì íú÷úô þìĕĄúùôĕúô ûì÷ñúóúõ îì ýôýþñøìô Ċüì āúí üìĀþììùð. Øìõðúùô 
øôùþìėìô öúù ìó þìĕĄúùôĕúô ôù ýôýþñøì þìĄìööÿ÷ ČĀþì, ìó ðÿ ėôýø: ûúČùĒ (Ö1) îì íú÷úĒ 
(Ö2) ôíúüìþìùð [4]. 

Éôýøô ûúČùôô ýôýþñøìô íĘü ìó öúùï÷úøñüìþ, úĕìöýìùïÿ ïô÷ îì ïô÷ô øñüïñ÷Ē ôíúüìþ 
íÿðì, ĎìĀýôô ÿøÿøôìĄúù ìó 31 þú 115 ø þìĎõôü øñČíìð. 

Éôýøô íú÷úôô ýôýþñøìô íĘü ìó öúùï÷úøñüìþ, üñïô ïô÷ðúü, øñüïñ÷ îì úĕìöýìùïĕú 
ôíúüìþ íÿðì, ĎìĀýôô ÿøÿøôìĄúù ìó 39 þú 165 øñþüüú þìĄöô÷ øñðôĕìð. 

Üìùïô Ĕôùýĕúô öĘĕôô ýôýþñøìô íĘü ĔôïìüĒ îì ýÿüāăìþúí íÿðì, ìýúýìù þìĕĄúùôĕúô 
öúùþôùñùþì÷Ē øñíúĄìùð [4]. 

ÏÿüĘĕô öìõùúóúõ (KZ ). Ýôýþñøìô ûì÷ñúïñù (Ü). ÞìĕĄúùôĕúô ýôýþñøìô ûì÷ñúïñù íì 
íú÷úô þìĕĄúùôĕúô ýôýþñøìô íĘü āúíôĄ ðúĄþì, ìýúýìù ûìõðúôĄĕúô öĘ÷ôîÿ íìĕüĒ íÿðì, 
üìùïìĄúù ýìíóăìþúí øñíúĄìð. ÞìĕĄúùôĕúô ûì÷ñúïñù ùôó íì þìîüô ûÿüüìïĒ øìîĔÿð íÿðì, ìó 
ĄÿĆíìĕúô ûì÷ñúþýñù (Ü1), ĉúþýñù (Ü2) îì ú÷ôïúþýñù (Ü3) ôíúüìþìùð [3; 5]. 

äÿĆíìô ûì÷ñúþýñù ìó ìüïô÷÷ôþÿ ì÷ñîüú÷ôþ, ïìĔýìùï îì üñïÿ ïô÷ĕú ôíúüìþ íÿðì, 
ĎìĀýôìĄúù ìó 50 þú 150 ø þìĎõôü øñČíìð. 

äÿĆíìô ĉúþýñù ìó ïô÷ĕúô üñïðúüô ėìíìþăìĕúô ïìĔýìùïðúü, ì÷ñîüú÷ôþÿ úĕìöýìùï îì 
øñüïñ÷ĕú þìĄìööÿ÷ ČĀþì, ĎìĀýôìĄúù ìó 57 þú 90 ø þìĎõôü øñČíìð. 

äÿĆíìô ú÷ôïúþýñù ìó ïô÷ô úûúöúøúùìùðÿ ïô÷ĕúô ýìíóăìþúíÿ ĔôïìüĒ ôíúüìþ ìýþ. 
ÀìĀýôô ÿøÿøôô ėìíìþô ĄÿĆíì þú íì 94 ø øñüìýìð. 

ÞìĕĄúùôĕúô ýôýþñøìô ùñúïñù (N) ðìü øôùþìėì íôýČü ûìĕù Ąÿðì, ìýúýìù ìó Āìþýôċĕúô 
íìĕüôĊ öúùþôùñùþì÷Ē ôíúüìþ íÿðì, ðÿ ėìíìþüú: ûúČùĒ (N1) îì íú÷úôüú (N2) þìĄöô÷ 
øñöÿùìùð. 

Éìíìþô ûúČùĒ ìó ïô÷ĕúô ìüïô÷÷ôþĄìö÷ÿ ì÷ñîüú÷ôþĕúô ýÿüāăìþúí ôíúüìþ íÿðì, 
ėìĀýôìĄ þú 100 ø øñüìýìð [9]. 

ÞìĕĄúùôĕúô ėìíìþô íú÷úĒ ìó öúùï÷úøñüìþĕú, ïüìîñ÷ôþĕú, üñïýìùïĕú îì ïô÷ĕúô üñïðúü 
þìüöôí ČĀþì, üìùïô āúöôýþìüôô ýÿüāăìþúíüú ðúüúìùð. ÀìĀýôô ôù þìĕĄúùôĕú þú íì 250 ø 
øñüìýìð. 

ÞìĕĄúùôĕúô ýôýþñøìô ăúüċöÿøôù (Q) ðìü ĕÿðÿðô ùúĕôċ āñ÷ñ îìýñĆ ûìĕù Ąÿðì, ìó 
þìĕĄúùôĕúô øìĔøÿĆĕúô (öúøû÷ñöýĕúô) ýúā (Q1), þúĄöìùð (Q2), øôüóúăĘ÷ (Q3) îì ýôüðìüČ 
(Q4) ôíúüìþìùð. 
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ÞìĕĄúùôĕúô øìĔøÿô ýúā (Q1) ìó öúùï÷úøñüìþô āúöôýþìüüìùïô ýÿýþýñøñùþĄÿðì îì 
úøñāþìĕúô üñïÿ ĄìĎì÷ ôíúüìþìùð. ÀìĀýôô ÿøÿøôô ėìíìþ ìó 100 þú íì 700 ø øñüìýìð [8]. 

ÞìĕĄúùôĕúô øìĔøÿô þúĄöìùð (Q2) ìó üñïÿ ÷Ę÷ìýìùï îì ïô÷āúö ôíúüìþ íÿðì, 
ĎìĀýôìĄúù þú íì 50 ø øñüìýìð. 

ÞìĕĄúùôĕúô øìĔøÿô øôüóúăĘ÷ (Q3), öô ìó āúöüñóìîÿ ïô÷āúöĕú îì üñïĕúô ïô÷ðúü 
ôíúüìþìùð þú 15-20 ø ĎìĀýĒ ðúüìùð (üìýøô 1). 

 
Üìýøô 1. áìüôþìô ïñúøúüĀú÷úïôô øôùþìėìô þìðėôėúþĒ 

Figure 1. Geomorphological map of the study area 
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ãô þìîüñ ìó üìýøô 1 āìüôþìô ïñúøúüĀú÷úïôô øôùþìėì ðôðì øñĄìîìð, þìĕĄúùôĕúô 
øìĔøÿô ýôüðìüČ (Q4) ĕúóôüìóìøúù íÿðì, þìüöôíìù íì ïÿüĘĕô ûüú÷÷Ċîôì÷ôĊ ì÷÷Ċîôì÷Ē 
øìùýÿíôċþ ðúĄþì, ėìð-ėìðô ðìüČô ÔýĀìüì îì ýúõĕúô āÿĄö íì ùìóìü øñüìýìùð. Úùĕú ìó 
ýìùïûúüìĊ ÷Ę÷ìýìùïĕúô íú üñïÿ ïô÷āúöĕú úøñāþìĄÿðì ôíúüìþìùð. ÀìĀýôìĄ ìó 1 ø þú íì 10 
ø øñüìýìð [8]. 

Çÿðÿðô ėôþĆìô úøĘāþìĄÿðì ìó Ĕôùýĕúô öĘĕĒ îì þìĕĄúùôĕúô ûìõðúôĄìĄúù íì 
ïÿüĘĕĕúô ûì÷ñúóúõ, øñóúóúõ îì öìõùúóúõ øìùýÿí íÿðì, þìĄìööÿ÷ ČĀþììýþ. Ìó ôù ýìíìí ðìü 
øìîóñĆ ðÿ ýúāþúüô (ýþüÿöþÿüìô) úĄČùìîôô þñöþúùĒ: ûúČùĒ îì íú÷úĒ íì ùìóìü øñüìýìùð. 
Ðìîüìô úĄČùìô ûúČùĒ ìó þìĕĄúùôĕúô ûì÷ñúóúõ ôíúüìþ íÿðì, ðìü úùĕú íñĔúĄìîôô ėìíìþĕú 
ìó ĀôĄÿüðìĄìîĒ îì ĔÿùíôĄĕú ðôðì øñĄìîìð, öô íú ăìùð ùìøÿð ėìþĄìîôĕúô øÿüìööìí 
ôùĆôöúý ČĀþììùð (ìùþôö÷ôùì÷ô Éì÷Ćìăìô Øìóúü) [8]. 

ÛìõðúĄìîôô ýúāþúüô úĄČùìô íú÷úĒ, öô ìó þìĕĄúùôĕúô øñóú-öìõùúóúõ ôíúüìþìùð, 
ìýúýìù ðìü ðìîüìô ûìýþĄìîôô ûìýþāìøôô àìüĎúùì íì ìøì÷ úøìðììýþ. ÞìĕĄúùôĕúô úĄČùìô 
íú÷úĒ íú ėÿùĔô ùúøÿîúĀôė íì íú÷úô þìĄúùôĕúô ėìþĄÿðìô úĄČùìô ûúČùĒ āúíôðììùð. 

Ðìü ðìîüìô ĕúóôüì, ĕìüìöìþĕúô öĘĕûìõðúĄìîôô ú÷úĒ ĕÿöøüúù ìýþ, öô ðìü 
íì÷ìùðĄìîôô úĄČùìô ûúČùĒ (óô÷óô÷ìô ÚĀþúíüĘõ, ý. 1977) îì úíĄÿýþìĄìîôô úĄČùìô íú÷úĒ 
íì ùìóìü øñüìýìð. 

Ðìü ýúāþô ïñú÷úïôô öúùô úøñāþìô üñïÿ ĄìĎì÷ô ÏìüðôĄô Üìîúþ, öô ðìü ėôýøô ėìùúþô 
Ąôøú÷ôô ìùþôö÷ôùì÷ô Éì÷Ćìăìô Øìóúü Ĕúõïôü ìýþ, ìýúýìù þìĕĄúùôĕúô ðìîüìô 
ăúüċöÿøôù ôĄþôüúö øñöÿùìùð. Ôù þìĕĄúùôĕú ìýúýìù ìó úøñāþìô üñïÿ ĄìĎì÷, öúùï÷úøñüìþ 
îì üñïýìùï ôíúüìþ øñíúĄìùð. Éìíìþô øÿĀôð - úøñāþìô üñïÿ ĄìĎì÷ íì þìĕĄúùôĕúô 
ĕúóôüìóìøúùô (QIVal) ûìõðúôĄìĄúù ðìüČĒ-ì÷÷Ċîôì÷Ē üúýþ øñúċð. 

ÞìîýôĀô ýúāþô ïñú÷úïôô øôùþìėì ìó üĘõô ùìþôĔìô öúüĕúô ôöþôĄúĀô ïñú÷úïĒ 
þìîìýýÿþô ïÿóìüúùôðìùô ìöýíìüðúüôô ïñú÷úïĒ, öìùðìùô öúîôĄĕúô öĘĕĒ (ĄÿüĀĕú) îì 
úøĘóôĄô øìîúðĕúô öúüĕúô ėìí÷ìù ïÿóìüúùôðìĄÿðì, ðìü óñü ùìîôĄþì Ąÿðììýþ. 

ÞìĕĄúùôĕúô øìĔøÿô ýúā (Q1sh). ÞìĕĄúùôĕúô ôù øìĔøÿüú ìýúýìù ėìíìþô ùôýíìþìù 
ĎìĀýô öúùï÷úøñüìþÿ üñïýìùï, öô þìĄìööÿ÷ČíôìĄúù íì ėôýøô ûúČùôô ýôýþñøìô ăúüċöÿøôù 
(Q1sh) üúýþ øñúċð, þìĄöô÷ ðúðììùð. Éìíìþô øìóöÿü ùôýíìþìù ýìāþ íÿðì, íñĄþìü ðìü ėôýøô 
ðìüČíúðôĊ øìĔüúôô ýúĕô÷ô Ąìüėôô ðìüČô ÔýĀìüì Ĕúõïôüìùð. Ìó üĘõô ùìþôĔìô öúüĕúô 
ôýþôāüúĔôô ýú÷ĕúô ûñĄôù ôĔüúĄÿðì îì ùìþôĔìô öúüĕúô ôöþôĄúĀôô ïÿóìüúùôðìĄÿðì 
øÿėìüüìü ïìüðôð, öô þìïô øìĔüúô ðìüČ ùôó ìó öúùï÷úøñüìþÿ üñïýìùï ôíúüìþ øñíúĄìð. 

ÞìĕĄúùôĕúô ðñ÷Ċîôì÷Ē îì ûüú÷Ċîôì÷ôô øìĔøÿô ÝôüðìüČ (QIVdl-pl). Éôýøô íú÷úôô 
ûìĕ÷ÿĕúô ýúĕô÷ô ðìüČ îì ėôýøô ĕìøîúüôô ûìýþāìøôô ĕìüðÿ ûìĕ÷ÿĕúô ðìüČô ÔýĀìüì, öô íì 
óìøôùĕúô öúüìøÿ íúĎúþ þìíðô÷ ČĀþììùð, ìó üñïÿ ĄìĎì÷üñóìĊ āúöüñóì ôíúüìþ íÿðì, úùĕú íì 
Ĕôùýĕúô öĘĕôô ûìõðúôĄô ðñ÷Ċîôì÷ôĊ ûüú÷Ċîôì÷ô ðúĄþìô ėôýøô íú÷úôô ýôýþñøìô 
ăúüċöÿøôù üúýþ øñúċùð. Éìíìþô øìóöÿü ìó ýìíìíô ðìü þìüöôíìĄ āñ÷ñ óôČð íÿðìùô ėôýøô 
(Āüìöýôċô) ïô÷Ē (15-20%) ĕìøăÿù ėìíìþô øÿĀôð þú ôù óìøúù úøĘāþì ùìĄÿðììýþ. 

Éìíìþô øìóöÿü ðìü øìõðúùô öúù íì þìüóô ÿĀÿėĒ ìó íú÷úô ėìíìþô öúùï÷úøñüìþÿ 
üñïýìùï āúíôĄ ðúüìð. ÀìĀýôô ėìíìþ þú íì 6-8 ø øñüìýìð [8]. 

ÞìĕĄúùôĕúô ì÷Ċîôì÷ôô øìĔøÿô ýôüðìüČ (QIVal). ÞìĕĄúùôĕúô øìóöÿü, öô ĕìøăÿù 
ėìíìþô øÿĀôð ðúùôýþì Ąÿðì, ðìü úù öúüĕúô ôöþôĄúĀĒ ìøì÷Ē Ąÿðìùð, ìýúýìù ðìü ėôýøô 
ðìüČíúðĒ îì øìĔüúô îúðôô ðìüČ øìĕĀÿó øñíúĄìùð îì øÿìõċù Ąÿð, öô ðìü þìüöôíô ėìíìþ 
Āüìöýôċĕúô ýìùïÿ ĄìĎì÷ îì üñïô úíĄÿýþì øìîĔÿð ìýþ. ÛìõðúôĄô ïñùñþôöôô þìĕĄúùôĕúô 
øìóöÿü ì÷÷Ċîô÷Ē íÿðì, ăÿù øìĔøÿô ýôüðìüČ íì ĕôýúí øñüìîìùð. ÞìĕĄúùôĕúô íú÷úóôöü ðìü 
øìõðúùô öúù, ðìü ðÿ ėôþĆìô Ĕÿðúïúùì ¬ ÆìùÿíĒ îì äôøú÷Ē, öô øìýúĀìô íìõùìĄúù þú 55-
60 ø øñüìýìð, Ĕúõïôü øñíúĄìùð. ÀìĀýôô ėìíìþ ðìü úùĕú ìó 2,0 þú 3,0 ø íìüúíìü ìýþ. 
ÞìĄöô÷öÿùìùðìô ėìíìþ Ĕôùýĕúô öĘĕôô úøñāþìô üñïÿ ĄìĎì÷ôô ýñøñùþ ùìĄÿðì, ċĆùñ öúîúö 
øñíúĄìùð. Ýúāþ, þìüöôí îì ĕú÷ìþô ėìíìþô øÿĀôð þìîìýýÿþô ïÿóìĄþìù îì øìĕìöïôüĒ ìó 8 
ĄÿüĀ, öô 4 ìðìðô íì ĕìü ċö ėôþĆì üúýþ øñúċùð, úøĘóôĄ ČĀþìùð [8]. 

ØÿîúĀôėô ùìþôĔìô öúüĕúô úøĘóôĄôô ïÿóìüúùôðìĄÿðì, þìüöôíô ĎÿüÿĄìùúöôô ėìíìþô 
øìóöÿü ăÿùôù ìýþ: ìùðúóìô ìó 70 øø öì÷úùþìü ¬ 4,29%; 40-70 øø -24,9%; 20-40 øø ¬ 18,9%; 
10-20 øø ¬ 12,11%; 5-10 øø ¬ 9,87%; ìó 5 øø āÿüðþìü ¬ 26,02% îì ïô÷Ē ¬ 2,38%-üú þìĄöô÷ 
øñðôĕìùð. Øôėðúüô ìýúýôô ĎÿüĘĄìĕúüú úĕìöýìùïÿ ðú÷úøôþ 50-55%, üñïýìùï 5-10%; 
Ĕôùýĕúô öĘĕôô ôùþüÿóôîĒ 15-18% îì øñþìøúüĀĒ 8-10%-üú þìĄöô÷ô øñðôĕìùð. Éìíìþô 
øìóöÿü ûìý ìó îìõüúù îì íú úí ĄÿýþìĄìîĒ ìýúý íìüúô ûìõðúĄìîôô öúùĕúô úøñāþìô üñïÿ 
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ĄìĎì÷ô îúðôô ðìüČô ÔýĀìüì øñïìüðìùð. ÀìĀýôô ÿøÿøôô ėìíìþ ìó 100 þú 700 ø øñüìýìð îì 
íì ýìøþô Ąôøú÷ÿ Ďìüí íú öÿùĔô ìĀþôĄô 3-50 þÿ÷öìĄĒ ðúüìð [8]. 
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øñĄìîìð, öô íú ăìùð ùìøÿð ėìþĄìîôĕúô øÿüìööìí ôùĆôöúý ČĀþììùð (ìùþôö÷ôùì÷ô Éì÷Ćìăìô Øìóúü). 

Ìó ĕôýúíô ĀìĆú÷ôċþô íìüðúĄþìĄìîìùðì ðúĄþìùô ïÿýì÷ô ÀĘó÷úù þú ĕú÷ íì÷ìùðĄìîôô üñ÷ñĀĒ ðìü 
ėôýøô Ąôøú÷Ē íúėĒ íÿðì, øÿĄúĕôðì øñĄìîìð, öô íúôýô îìõüúùĄìîĒ îì úíĄÿýþìĄìîôô Ĕôùýĕúô öĘĕĒ 
øñïìüðìð (ýúĕô÷ĕúô ðìüČô ÔýĀìüì). 

Ðìü ýúāþô ïñú÷úïôô øìõðúùô øìóöÿü, ìýúýìù øìĔøÿô Ĕôùýĕúô öĘĕôô þìĕĄúùĒ, öô íì ïÿüĘĕĕúô ûì÷ñúóúõ, 
øñóúóúõ îì öìõùúóúõ øìùýÿíôċþ ðúüìùð, ôĄþôüúö øñöÿùìùð. 

Çìü ċö øìĔøìì ìó þìüöôíô ùìøÿðĕúô ïÿùúïÿùô ïñùñþôöĒ ôíúüìþ ìýþ, öô ðìü ðúôüìô øìüĕô÷ìô öì÷úù Č 
øìüĕô÷ìô ðñùÿðìþýôċ þìĄìööÿ÷ ČĀþììùð. Ôù øìüĕô÷ìĕú íì øìüĕô÷ìĕúô ĕìüìöìþĕúô þñöþúùôöĒ îì þìĎõôüČíôô 
ôė÷ôø ĔìîúíïĘ øñíúĄìùð. 

Öì÷ôðîúòìĕú: ûìýþāìøôô àìüĎúùì, üñ÷ñĀ, øìĔøÿô Ĕôùýĕúô öĘĕĒ, þìĕĄúùôĕú, ĕìüìöìþô þñöúùôöĒ, 
ðìîüìô ăúüċöÿøôù, ðìîüìô ìùïôĄþýìùï, ėìíìþĕú, ðìîüìô íÿü, þìėýôøùìĄÿðì. 

 

ɻɽʆʃʆɻʀʏɽʉʂʆɽ ʋʉʃʆɺʀʗ ʇʃʆʑɸɼʀ ɹɽʈɽɻʆɺ ʈɽʂʀ ʀʉʌɸʈɸ 

ʀʩʩʣʝʜʦʚʘʥʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʌʝʨʛʘʥʩʢʦʡ ʚʧʘʜʠʥ rʠ ʩʬʦʨʤʠʨʦʚʘʥʘ ʠʟ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʦʪʣʦʞʝʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʧʘʣʝʦʟʦʡʩʢʦʡ, ʤʝʟʦʟʦʡʩʢʦʡ ʠ ʢʘʡʥʦʟʦʡʩʢʦʡ ʛʨʫʧʧʘʤ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʚʠʜʥʳ ʜʚʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ: ʥʠʞʥʷʷ ʠ ʚʝʨʭʥʷʷ. ʇʝʨʠʦʜ ʥʠʞʥʝʛʦ ʵʪʘʞʘ ʩʦʩʪʦʠʪ ʠʟ 

ʧʘʣʝʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʯʠʚʦʩʪ ɹ ʩʣʦʝʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʞʘʪʠʷ ʠ ʩʜʚʠʛʘ, ʯʪʦ 

ʦʪʨʘʞʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʘʭ ʩʣʦʞʥʳʭ ʩʢʣʘʜʦʢ (ʘʥʪʠʢʣʠʥʘʣʴ ʢʨʝʧʦʩʪʠ ʄʘʟʘʨ). 

ʀʟ-ʟʘ ʧʦʜʲʝʤʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ɻʫʩʣʦʥʘ ʜʦ ʩʠʭ ʧʦʨ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʨʝʣʴʝʬʘ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʠ ʨʘʟʤʳʚʫ ʛʦʨʥʳʭ ʧʦʨʦʜ (ʙʝʨʝʛʘ ʨʝʢʠ ʀʩʬʘʨʘ). 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʫʯʘʩʪʚʫʝʪ ʢʦʤʧʣʝʢʩ ʦʩʘʜʦʯʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʧʘʣʝʦʟʦʡʩʢʦʡ, ʤʝʟʦʟʦʡʩʢʦʡ ʠ ʢʘʡʥʦʟʦʡʩʢʦʡ ʛʨʫʧʧʘʤ. 

ʂʘʞʜʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʦʠʪ ʠʟ ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʨʘʤʢʘʭ 

ʙʦʣʴʰʦʛʦ ʧʝʨʠʦʜʘ ʠʣʠ ʩʪʘʜʠʠ ʜʝʥʫʜʘʮʠʠ. ʕʪʠ ʧʝʨʠʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʠʦʜʘʤ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʠ 

ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʌʝʨʛʘʥʩʢʘʷ ʚʧʘʜʠʥʘ, ʨʝʣʴʝʬ, ʢʦʤʧʣʝʢʩ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʦʪʣʦʞʝʥʠʝ, ʪʝʢʪʦʥʠʯʝʩʢʦʝ 

ʜʚʠʞʝʥʠʝ, ʯʝʪʚʝʨʪʠʯʥʳʡ ʧʝʨʠʦʜ, ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʡ ʧʝʨʠʦʜ, ʧʣʘʩʪʳ, ʤʝʣʦʚʳʡ ʧʝʨʠʦʜ, ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ. 

 

GEOLOGICAL CONDITIONS OF THE AREA OF THE BANKS OF THE ISFARA RIVER  

The studied territory is located in the northwestern part of the Ferghana Depression and is formed from rocks and 

sediments belonging to the Paleozoic, Mesozoic and Cenozoic groups. For this reason, two tectonic structures are visible in 

this area: the lower and the upper. The period of the lower floor consists of Paleozoic deposits, in which there is variability 
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of layers as a result of compression and shear, which is reflected in several types of complex folds (anticline of the Mazar 

fortress). 

Due to the lifting activity of Guslon, there is still an increase in the relief in the northern part, which leads to the 

destruction and erosion of rocks (the banks of the Isfara River). 

The geological structure of this area mainly involves a complex of sedimentary rocks belonging to the Paleozoic, 

Mesozoic and Cenozoic groups. 

Each complex consists of different genetic types of structures that were formed during a long period or stage of 

denudation. These periods correspond to periods of tectonic movements and climate change. 

Keywords: Ferghana depression, relief, rock complex, sedimentation, tectonic movement, Quaternary period, 

Carboniferous period, strata, Medieval period, undifferentiated. 
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ÓÌØÔÙÌÇÚÔ ÞÌäÖÔ×Ô ÝÌÕ¾ÇÔÔ Ô×ØÄ-ØÌæÜÔàÌÞÄ ÐÌÜ ÎÚÐÔÔ 

äÚÇÐÌÜÌ (ÛÚØÔÜÔ ÆÌÙßÍß ÀÌÜÍÄ) 
 

äúðôíñöúîì Ø.ä. 
ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù  

 
Îúðôô äúĕðìüì ċöñ ìó ïÿĄìĕúô óñíúô öôĄîìüô øú íÿðì, øñüúýô þìĆüôāôîÿ 

Āìüĕìùïôô íúõ ðúüìð, öô úù ðìü ĕìøïôüúĒ íú þìíôìþô Ĕú÷ôíÿ ùúþìöüúüô āÿð óìüĀôċþô 
ýìõČĕôô úùüú þìĄöô÷ øñðôĕìð. 

Îúðôô äúĕðìüì îúėñĆ ðìü ĕÿðÿðô Ûúøôüô Æìùÿíÿ ÀìüíĒ ýìüúýìü ĕìîóìô ðìüČô 
äúĕðìüìüú îúėñĆ íÿðì, ĕìøóìøúù ðìü ėôýøìþô Ąôøú÷ÿ Ďìüíôô āÿð öĘ÷ô Øìõýìüì 
(ÞÿüÿøþìõöĘ÷) îì ýìüúíô úùüú ùôó ðìü íìü øñïôüìð. Çìøóìøúù îúðĒ ìó ùôïúĕô ĕÿðÿðĒ¬
øìĆøÿüĒ ûÿüüì íì ùúĕôċô ÜúĄþėì÷Ćìô Îô÷úċþô Øÿāþúüô ÖĘĕôýþúùô ÍìðìāĄúù (ÎØÖÍ) 
þìì÷÷ÿė ðúüìð.  

Çìîóìô ðìüČô äúĕðìüì ¬ Ąúāúíô ăìûô ðìüČô Àÿùþ ìó ýìüïìĕ þú üñóôĄ íì ðìüČô Àÿùþ 
þÿ÷úùôċþô ùìóðôöô 145 öø ðúĄþì, øìýúĕìþô ÿøÿøôô úù 4,2 ĕìóúü öô÷úøñþüô øÿüìííìĆ 
øñíúĄìð [11]. 

Ìó ùôïúĕô ìüóČíôô óìüĀôċþô ÿøÿøôô ýìõČĕĒ, ì÷ì÷āÿýÿý, ôėþôðúüô ýìõČĕôô ô÷øĒ-
øìĆüôĀìþĒ ĕìîóìô ôù ðìüČ ðìü ýìþĕô óìüÿüĒ þìĕėôė öìüðì ùìĄÿðììýþ. Çìøóìøúù, ìĀóúôĄô 
íñøìõ÷úùô ìĕú÷Ē, üÿĄðô íúýÿüĆìþô ôĔþôøúĒ-ôėþôýúðôô Îô÷úċþô Øÿāþúüô ÖĘĕôýþúùô 
ÍìðìāĄúù þìėúóú øñùìøúċð, öô ôėþôðúüô þìíôĒ îì üñöüñìþýôúùôô úù, ì÷ì÷āÿýÿý óìüĀôċþô 
ýìõČĕĒ, ċöñ ìó íìāĄĕúô úċùðìðúüô üÿĄðô ôėþôýúðôô øôùþìėì ìøôėþìü úøÿāþì Ąìîìð [10].  

Íú ùìóìüðúĄþô øÿíüìøôô ôù øìýĆì÷ìĕú, óìüÿüìþô þìĕėôėô Ąìüúôþĕúô ÿøÿøôô þìíôĒ, 
ôėþôðúüô þìíôĒ, ìó Ĕÿø÷ì, óìüĀôċþô ýìõČĕĒ-üñöüìþýôúùĒ íì øôČù øñúċð. 

Îúðôô äúĕðìüì ċöñ ìó øìîóñĕúô þìíôìþô ùúþìöüúü îì óìāôüìĕúô íñĕÿðÿðô ýìõČĕĒ 
ðúĄþìô öôĄîìüô øú øìĕýÿí øñČíìð. ëöñ ìó āÿýÿýôċþô Ĕú÷ôíþìüôù îì ùúþìöüúüô þìíôĒ-
ïñúïüìĀôô îúðĒ ðìü úù ìýþ, öô ýìüĕìðô ïñúïüìĀôô úù ûÿüüì ýìüĕìðô øìĆøÿüĒ-ĕÿðÿðôô 
ùúĕôċô ÜúĄþėì÷Ćìüú Āìüú øñïôüìð. Íú ôù āÿýÿýôċþ ôù îúðĒ ðìü ĔÿøĕÿüĒ ĕìøþú ùìðúüìð. 

ÚøĘóôĄô ĕìøìĔúùôíìô Ąìüúôþô þìíôôĊ ïñú÷úïĒ, ïñúĉöú÷úïĒ, üñöüñìþýôúùĒ îì 
úýñíûìóôüôô øôùþìėìô îúðôô äúĕðìüì íú ôýþôĀúðì ìó þñāùú÷úïôċĕúô ÝÔÏ ôøöúùôċþ 
øñðôĕìð, öô ùì þìùĕú óìüĀôċþô þôíôĊ ïñú÷úïĒ, íì÷öô ôĔþôðúüô ýìõČĕôô øôùþìėì øÿĄìāāìý 
öìüðì Ąìîìð [4; 8]. 

ãÿùôù þìĕėôėúþ ìó ìĕìøøôċþô ìøì÷Ē āú÷Ē ùñýþ, óñüú óìüĀôċþô þìíôĒ, þìĆüôāĒ, 
üñöüñìþýôúùôô îúðôô äúĕðìüì ðìü ýÿüìþô ìüóČíôô ô÷øìù ìýúýùúö, ôýþôĀúðìô ýìøìüìíìāĄ 
îì úėô÷úùìô úùĕú øñþìîúùìð ðìü üÿĄðô ôĔþôøúôĊ ôėþôýúðôô ùì þìùĕú ùúĕôċô ÜúĄþėì÷Ćì, 
íì÷öô ýìüúýìüô Îô÷úċþô Øÿāþúüô ÍìðìāĄúùô ÖĘĕĒ ýìĕøô íúýìóú ïÿóúüìð. 

Éì÷ìøüìîô ùúĕôċô ÜúĄþėì÷Ćì ðìü ðìüìô āÿĄøìùóìüìô äúĕðìüì, öìð-öìðô øìĔüúô 
ðìüČô äúĕðìüì îúėñĆ íÿðì, ĕÿðÿðô úù ìó öìùúüô îúðôô Àÿùþ úïúó ČĀþì, ðìü øìîóñõô 
ÆìîĄìùïúó íì úāôü øñüìýìð. Ðìü Ąôøú÷ íú ùúĕôċô äÿĎùúù, ðìü Ďìüíÿ Ĕìùÿí íú ùúĕôċô 
ÔĄöúĄôø îì ðìü Ąìüė íú ùúĕôċô ØÿüĎúí ĕìøýìüĕìð øñíúĄìð. Ðìü ėôýøô Ąôøú÷ÿ 
Ąìüėôô îô÷úċþ öĘ÷ô ðÿĊøô íì÷ìùðþìüôù ðìü ÞúĔôöôýþúù - Øìõýìüì (ýúíôė ÞÿüÿøþìõöĘ÷) 
Ĕúõïôü ìýþ. 

ãìùð öô÷úøñþü íú÷úþìü ìó øìüöìóô ùúĕôċ ¬ ðñĕìô ÜúĄþėì÷Ćì, ðìü ùìóðôöôô ðñĕìô 
Íôðôó, øìĔüúô ðìüČô äúĕðìüČ íì ýìøþô Ąôøú÷ îì Ąôøú÷ÿ Ďìüí ýìøþô āÿðüú ðôïìü öìüðì, 
íì ðúøìùìĕúô Ąìüėôô ėìþúüöĘĕĕúô ÔĄöúĄôø, íì ùÿėþìô íì÷ìùðþìüôù ¬ ėÿ÷÷ìô Øôüýìôð 
ØôüĄìöìü (6095 ø) þÿ÷ øñöìĄìð. Ôù ėÿ÷÷ìüú ýú÷ô 1930 ïñúïüìĀô ĄÿüìîĒ, øÿì÷÷ôĀô 
üúøìùĕúô øìĄĕÿüô µÙôýýú½ îì µÚðìø ûÿýþô āÿðüú ðôïìü øñöÿùìð½ Ûìîñ÷ ×ÿöùôþýöôõ, ðìü 
ĔìüìČùô ĔÿýþÿĔĘô öúùô ùúðôüô ÷úĔîìüðô (÷ìóÿüôþô) ×úĔîìüðìüì öìĄĀ öìüðì íÿð. Ôù 
ùÿöþì Ĕú÷ôíôċþô ýìõČĕôô øôùþìėìüú øñìĀóúċð. 

Íì îúðôô äúĕðìüì ĕìøìïĒ ðÿ üúĕô ðìýþüìýô ðìüúøìðÿ íìüúøìð øìîĔÿð ìýþ: ċöñ 
þìîìýýÿþô ðìĕìùìô ðìüČ íì ýìøþô áúüÿĎ îì ðôïìüñ íì îúýôþìô íú÷úúí - íì þìüìĀô Ûúøôüô 
äìüėĒ, ØÿüĎúí Č îúðôô ðìüČô Ûúøôü. Üúĕô íú÷úĒ ìó îúðĒ íìüúô øúĄôùĕú þìîìýýÿþô 
ìĎíìô Øìõýìüì íìüúô øúĄôùĕú þìùĕú ðìü øìîýôøô þúíôýþúù ðìýþüìý íÿðì, ðìü ðôïìü 
Āìý÷ô ýú÷ øÿĄöô÷ïÿóìü ìýþ. 
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Üúĕô ėìðôøô öúüîúùïÿóìü ìó íú÷úúíô äúĕðìüì íì îúýôþìô ìĎíìô Øìþý íì ĕìîóìô 
ðìüČô Ûúøôü íì ÌĀĎúùôýþúù îì áôþúõ øñïÿóìüìð. Ìó ôù üúĕ ôó îì ùôĄúùìĕúô óôČðñ íúėĒ 
øúùðììùð. 

ãÿùôù Ąìüúôþô ĀôóôöôĊ ïñúïüìĀĒ þìĆüôāô îúðôô äúĕðìüìüú ĕìøăÿù øôùþìėìô 
Ĕú÷ôíô þìĆüôāĒ îì ėôýøô þìüöôíôô îô÷úċþô þìĆüôāôô äÿĎùúù, öô ðìü Ąôøú÷ îúðôô ðìüČô 
Àÿùþ - Ąúāúíô üúýþô ðìüČô ÛìùĔ îì ċö ėôýøô ìĀĎúùôýþúùôô ýúĕô÷ô ăìûô ÛìùĔüú ùôó ðìü 
íìü øñïôüôĀþ, øÿìõċù öìüðììùð. 

Îúðôô äúĕðìüì ìó Ĕôĕìþô þìėýôøúþô øìĆøÿüĒ-ĕÿðÿðĒ ûÿüüì íì ùúĕôċô ÜúĄþėì÷Ćìô 
ÎØÖÍ Ąúøô÷ ìýþ (üìýøô 1).  

ÞìîýôĀô îúðôô äúĕðìüì ìó þìîýôĀô ÿøÿøôô Ûúøôüô Æìùÿíÿ ÀìüíĒ, öô ċöñ ìó 
øôùþìėìĕúô Ąìüúôþĕúô þìíôĒ-ïñú÷úïôô íñĕìøþú ðúĄþì íìüøñúċð [8]. Ðìü Ûúøôüô Æìùÿíÿ 
ÀìüíĒ Ĕôùýĕúô öĘĕôô ėìðôøþìüôùô ùì þìùĕú öôĄîìüô øú, íì÷öô ÚýôČô ØìüöìóĒ ¬ 
øìĔøììĕúô ėìðôøô ïñú÷úïĒ, öô ýôùùÿ ýú÷ìĄúù ìó 1-1,5 þú 3 ø÷üð ýú÷ øñíúĄìð, ûìĕù 
Ąÿðììùð. Ìó ôù Ĕôĕìþ øôùþìėì íúċð ăÿù ċöñ ìó øìîóñĕúô íñĕìøþú îì Ĕú÷ôíô ýìõČĕôô ÚýôČô 
ØìüöìóĒ ĄôùúāĒì Ąìîìð [13].  

Ïìüăìùðñ îúðôô ðìüČô äúĕðìüì íú øìýúĕìþô íñĄ ìó 4200 öø2 ăÿù íÿóÿüïþìüôù 
Ąúāúíô ðìüČô Àÿùþ øìĄĕÿü íúĄìð ĕìø, ìó ùÿėþìô ùìóìüô ìüóČíôô óìüĀôċþô ïñú÷úïĒ îì 
þìíôôĊ ïñúĉöú÷úïĒ íì öìðüô öúĀĒ þìĕėôė ùìĄÿðììýþ. ãìùð þìĕėôėúþô ú÷ôøúùô îìþìùĒ 
þìùĕú ûìĕ÷ÿĕúô øÿāþì÷ôĀô ôù øìýĆì÷ìüú üÿĄìù öìüðì [12; 8; 16], ìüóČíôô óìüĀôċþô 
ýìõČĕôô ô÷øĒ-øìĆüôĀìþĒ ìó ðôðô ùìóìüô úùĕú ðÿü øúùðììýþ..  

Îúðôô äúĕðìüì þìíôìþô ùúþìöüúü îì ýìüîìþĕúô Ďìùôô þìíôĒ ðúüìð. ÎúðĒ ì÷ì÷āÿýÿý 
ìó ýìüîìþĕúô þìĆüôāôĊ þìíôĒ íúõ ìýþ, öô ìó ýìíìíô ðìü ýìþĕô ùúöôĀúċ úøÿāþìùô úùĕú íì 
ýìõČĕúù, ïñúïüìĀĕú, ïñúĉöú÷úïĕú îì ðôïìü øÿþìāìýýôýúù ėìüôí øìĆ÷ÿø ùñýþ.  

áÿýÿýôċþĕúô þìíôĒ-üñöüñìþýôúùôô Ûúøôüô Æìùÿíÿ Àìüíôüú øìîėñô ïñúïüìĀĒ îì 
āÿýÿýôċþĕúô úüúïüìĀôô úù øÿìõċù øñöÿùìùð.  

 
Üìýøô 1. Ùúĕôċô ÜúĄþėì÷Ćì ðìü āìüôþìô ÞúĔôöôýþúù (þôíėô [14]) 

Figure 1. Roshtkala district on the map of Tajikistan (by after) 
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ÓìüĀôċþô þìíôĒ-ïñú÷úïôô ĕìîóìô ðìüČô äúĕðìüì, þìîüñ ėìõð Ąÿð, ûñĄ ìó ĕìøì ìó 
Ĕôùýĕúô ėìðôøþìüôùô ÚýôČô ØìüöìóĒ ¬ øìĔøììô îìüìėýìùïĕúô øôïøìþôþĒ îì ïùñõýôô ĉüìô 
ìüāñõ-ûüúþñüúóúõ þìüöôí øñČíìð. Æôùýĕúô öĘĕôô ėìðôøþìüôùô Óìøôù ðìü ôù îúðĒ ýôùùÿ 
ýú÷ô ùìóðôö íì ýñ øô÷÷ôìüð ýú÷ ðúĄþì, ėÿ÷÷ìĕúô óôČðì ìó 6000 øñþü íì÷ìùðĒ, íìüĀĕúô 
ìíìðôĊ ûôüċāĕú, öĘ÷ĕúô íñĕìøþúô öĘĕôô ðìü íì÷ìùðôĕúô íñĄ ìó ăìĕúü ĕìóúü øñþü Ĕúõïôü 
Ąÿðììùð. 

Ýúāþúüô øÿîúĀôėô ïñú÷úïĒ ðìü ĕìøĔúċïĒ íú āÿýÿýôċþĕúô ïñúøúüĀú÷úïĒ îì ïôðüú÷úïĒ 
ôøöúùôċþ øñðôĕìùð, öô ðìü îúðôô äúĕðìüì ùìøÿðĕúô øÿāþì÷ôĀô ýìõČĕĒ þìĄöô÷ öìüðì 
Ąìîìùð. ÐìüČô äúĕðìüì þú ýú÷ĕúô ùìóðôö úðìþìù ðôėėìþô ýìõČĕúùô úíôüú, öô íú ėìôėĕúô 
øìāýÿý ìó ðìüČĕúô Ąÿāô öĘĕĒ ýìüúóñü øñĄìîìùð, Ĕì÷í øñöìüð. Þìùĕú ðìü ýú÷ĕúô úāôü, íú 
óôČð Ąÿðìùô ìĕú÷Ē ðìü ùúĕôċô ÜúĄþėì÷Ćì, öô ĕÿðÿðìù ĕìîóìô ôù ðìüČüú ðìü íìü øñïôüìð, 
íì ðìüČô äúĕðìüì þìîìĔĔÿĕ ìĀóÿð [8; 16].  

Çìîóìô äúĕðìüì ùìóðôöô 30% øìõðúùô ĕìîóìô ðìüČô Àÿùþüú þìĄöô÷ øñðôĕìð. 
áÿýÿýôċþô āúýô ĕìîóì ėìþúüöĘĕĕúô íì÷ìùð, øìõðúùô öì÷úùô ûìĕùúô ûôüċāĕú îì Ąìíìöìô 
îìýñô ðìüČĕú øñíúĄìð. ÐìüČ, öô ðìü íú÷úúíô úù ÆìîĄìùïúó ùúø ðúüìð, ðìü íì÷ìùðôô 4550-
4680 øñþü ìó öĘ÷ô āÿüðô ûôüċāĒ úĎúó ČĀþì, 10 öô÷úøñþüô ìîîì÷ úù ðìü îúðôô ûôüċāĕúô 
þÿùÿö, ðìü ýìøþô Ąôøú÷ÿ Ďìüí îì Ďìüí ĔúüĒ øñĄìîìð. ÐìüČĕúô øôùþìėì ìýúýìù ìó ûôüċāĕú 
îì íìüĀĕú Ďôóú øñïôüìùð. Ûôüċāĕú ðìü þìĆøôù îì þìĄìööÿ÷ô üñĔìô ðìüČĕú ùìėĄô öì÷úù 
øñíúóìùð [11]. 

äúĕüúĕô íìõùì÷øô÷ì÷ôô áúüÿĎ¬ØÿüĎúí¬ÚĄ ėìð-ėìðô ðìüČô Àÿùþ îì Ąúāúíô úù ¬ 
ÙĘĕăìĄøì øñïÿóìüìð, öô þìîìýýÿþô úù Ąìĕüô áúüÿĎ íì øìîóñõô úíĕúô ïìüøô øìĆðìùôô 
Æñ÷úùðĒ øñûìõîìùðìð. Íì ôù øìîóñĆ þìîìýýÿþô îúðôô äúĕðìüì, íú āìþýìõüô áúüÿĎ¬
ÜúĄþėì÷Ćì¬Øìõýìüì ùôó üìîúù Ąÿðìù ôøöúùûìóôü ìýþ. Ôù üúĕ ìó ìĎíìô Øìõýìüì (ýúíôė 
Öúöíìõ) ïÿóìĄþì, íì ĕìîóìô ðìüČô Þúėÿóíÿ÷ìö øñíìüìð. Ôù øìîóñĆ ðìü ðìüìô āÿĄøìùóìüìô 
äúĕðìüì, ėìð-ėìðô øìĔüúô ðìüČô äúĕðìüì îúėñĆ ìýþ, öô ìó ðìüČô Àÿùþ úĎúó Ąÿðì, ðìü 
ÆìîĄìùïúó íì úāôü øñüìýìð. Îúĕìĕúô ýìíó ðìü ìîîì÷, ðìü úāôü íú øìùóìüìĕúô íñðìüìāþô 
öĘĕĒ, íú ïôČĕĕúô íì÷ìùð îì íÿþþìĕúô öĘĕĒ ôîìó øñĄìîìùð. 

Ðìü ÿøÿø, Ąìüúôþô þìíôĒ îì ïñúĉöú÷úïôô ĕìîóìô ðìüČô äúĕðìüì āÿýÿýôċþĕúô āúýô 
āÿðüú ðúüìùð. áúýôċþĕúô þìíôĒ îì ïñúĉöú÷úïôô ĕìîóì, íì ìøýú÷ô ýúāþúüô ïñú÷úïĒ 
(ėìíìþĕúô ðìîüìĕúô ûì÷ñúóúõ îì ėìðôøþìü ìó úù, þìüöôíô ý÷ìùþýĒ, üñïýìùïĒ, øìïøìîĒ, 
øñþìøúüĀĒ îì Ď.), úíĕúô óñüôóìøôùĒ, üñ÷õñĀô āúýýìô ûìĕùöĘĕĒ, îúðôĕúô Āìüúā îì ðìüìĕúô 
þìùï, āúöĕúô ðúüăôùô íì÷ìùðöĘĕ, ÷ìùðĄìĀþĕúô íì÷ìùðöĘĕô ì÷ûĒ, üìýþìùôĕúô íÿþþìîĒ, 
ðìüìāþĕúô ìüăìøúùìùðô ýÿóìùíìüï, þìùĕú íìüúô ôù øôùþìėìô Ûúøôüô Æìùÿíÿ ÀìüíĒ āúý 
øñíúĄìùð. 

äìüúôþô þìíôĒ îì ïñúĉöú÷úïôô ĕìîóìô ðìüČô äúĕðìüì ðìü þìĄìööÿ÷ô ôėþôðúüô 
ýìõČĕĒ-üñöüñìþýôúùĒ ùìėĄô ìýúýĒ øñíúóìð. 

Îúðôô äúĕðìüì ċöñ ìó øìîóñĆĕúô Ĕú÷ôíô Ûúøôüô Æìùÿíÿ ÀìüíĒ øñíúĄìð, öô ýú÷ĕúô 
úāôü þúüìĀþ óôČð ðôėėìþô ýìõČĕúùüú íì āÿð Ĕì÷í øñùìøúċð [16]. 

Æôùýĕúô öĘĕôô ėìðôøþìüôùô ôù îúðĒ, ėÿ÷÷ìĕúô íì÷ìùðþìü ìó 6 ĕìóúü øñþü, ûôüċāĕú, 
öĘ÷ĕúô öĘĕôô ðìü íì÷ìùðôĕúô íñĄ ìó Ĕìĕúü ĕìóúü øñþü Ĕúõïôü, úíĕúô øìĆðìùôĊ ïìüø îì 
ĄôĀúíìāĄ, öúùĕúô ïÿùúïÿù, ėì÷Ćìĕúô ėìðôøì, ùìėėúĄôĕúô ýìùïĒ îì ðôïìü øñþìîúùìùð 
úíĆñöþĕúô ýìõČĕôô þìĆüôāôĊ þìíôôô ùúĕôċô ÜúĄþėì÷Ćì íúĄìùð. 

Îúðôô äúĕðìüì þìĆüôāô ėìðôø ðúüìð, öô ôù āÿýÿýôċþ Ĕú÷ôíôċþô ýìõČĕôô úùüú ìĀóÿù 
øñöÿùìð. Øôùþìėì þìĆüôāô íúĊ ėìðôøñ ðúĄþì, ðìü øìýôüô þìĆüôāô ôøûñüìþúüĒ îì 
ðìî÷ìþĕúô ìóôøô ÚýôČĊ Ìîüÿûú øìėúø ðúĄþììýþ [3; 4]. Ôù, íñĄÿíĕì, þìîìĔĔÿĕô ýìõČĕúùô 
þìĆüôāĒ-Āìüĕìùïôüú íì îÿĔÿð øñúüìð [5]. Íì þìĆüôāô øÿāþìýìüô øôùþìėì ùìóìü øñìĀöìùñø. 

Ðìü îúðôô äúĕðìüì ĕìððô ìėì÷÷ ìó ìýüô íôüôùĔĒ ôùĔúùôí óôùðìïĒ øñöìüðììùð, ðìü 
ôíþôðúô ìýüô úĕìù ðìü ôù Ĕú ùìøúċùðìïúùô ėìíô÷ìĕúô ýìöĕú øìýöÿù íÿðììùð [1]. Þôíėô 
íìĆóñ ýìüăìĄøìĕúô þìĆüôāĒ, þúûúùôøôöìô µäÿĎùúù½ øìĆùúô "öôĄîìüô ýìöĕú"-üú ðúüìð, 
ìøøú ĉĕþôøú÷ô óôČðñ ìýþ, öô úù ìó öì÷ôøìô ėìðôøôô ĀúüýĒ úøìðì, íì øìĆùúô "āÿí, ïÿîúüú" 
íúĄìð [7]. 

Øìĕó þìîìýýÿþô äÿĎùúù ėìð-ėìðô îúðôô Àÿùþ (Ąúċð ėìð-ėìðô îúðôô äúĕðìüì ĕìø) 
ċöñ ìó āìþýìõüĕúô Üúĕô íÿóÿüïô ìíüñĄôø ìó áôþúõ íì ÚýôČô ØìüöìóĒ, éüúù îì Ìîüÿûú 
øñïÿóìĄþ.  

ØÿþììýýôĀúùì, þìĆüôāô îúðôô äúĕðìüì ùì íì ĕìøì øìĆøÿ÷ÿ øìĆ÷ÿø ìýþ.  
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Îúðôô äúĕðìüì, ðìü ÿøÿø óìüĀôċþô íÿóÿüïô óìāôüìĕúô þìĆüôāĒ-ýìõČĕĒ ðúüìð. Îì÷ñ 
íú ýìíìíô ýìþĕô ùúöôĀúċô þìĕėôėô úù, þìîìĔĔÿĕô óìüÿüĒ íì úùĕú óúĕôü ùìöìüðìù, 
ì÷ì÷āÿýÿý þìĕþô úøÿóôĄÿ ûìòÿĕôĄô Ąúôýþìô ô÷øĒ (āúýýì ïñúïüìĀĒ îì ïñúĉöú÷úïĒ) ėìüúü 
ùìðúðìù, ôù óìüĀôċþ íì þìîüô öúĀĒ ýìóúîúüô ìüóČíĒ ùìïìĄþììýþ. Ðìü üìðôĀô µÝú÷ĕúô 
üÿĄðô ðñĕúþ, ýìõČĕĒ îì ĕÿùìüĕúô øìüðÿøĒ½ ĉĆ÷úù ïìĄþìùô ýú÷ĕúô 2019-2021 øñýìóìð, öô 
óìüĀôċþô óìāôüìĕúô þìĆüôāĒ-ýìõČĕôô ôù ïÿĄìô þìíôìþô ìĀýúùìîôðúĄþìô öôĄîìüô øú ðìü 
ýìþĕô óìüÿüĒ þìĕėôė Ąÿðì, üúĕĕúô ôýþôĀúðìô ýìøìüìùúöô úùĕú þìĕôċ öìüðì Ąìîìùð [9]. 

Ðìü ùúĕôċô ÜúĄþėì÷Ćì āìüúíôĕúô ėì÷Ćìĕúô ÆìîĄìùïúó (ãìüôėėì÷Ćì), Ýñòð, 
Ìóôóāúù, ÜúĄþėì÷Ćì, öô ðìü óìøúùô ėìðôø þú ìýüô XIX íì øìĔøììô ÿøÿøôô ĕôøúċîôô 
îúðĒ ðúāô÷ íÿðìùð, øìîĔÿðìùð.  

Ýÿöÿùìþô ìýúýôô Ąúĕúùô îúðĒ ėì÷Ćìô ÜúĄþöì÷Ćì íÿðììýþ. Ìĕú÷ôô øìĕì÷÷Ē úùüú 
µÉì÷Ćìô ýÿüā½ øñùúøìð, óñüú, þìîüñ ėìõð Ąÿð, ĕúöôøðúüúù ïÿøúùðúĄþìĕúüú ìó íú÷úô úù 
óñü øñûìüþúĀþììùð îì üúĕô ýìùïôùô ėì÷Ćì ĕìøñĄì ìó āÿù ýÿüā øñĄÿðììýþ. 

Ðìü óìøúùô ĄÿüìîĒ, ðìü ýú÷ĕúô 30-Ċøô ìýüô áá ėì÷Ćìô ÜúĄþėì÷Ćì āìüúí Ąÿðì, 
øìýú÷ñĕô ýúāþøúùôô úù íìüúô íôùúô íñøúüôýþúù ôýþôĀúðì Ąÿðììýþ. 

Éì÷Ćìô ðôïìü ðìü ðñĕìô Ýôùðñî íú ùúøô ėì÷Ćìô Ìóôóāúù øìĆøÿ÷ íÿðììýþ, öô ðìü úù 
ĕúöôøô äúĕðìüì Ìóôóāúù óôùðìïĒ øñöìüðì ìýþ.  ðìü Ûúøôü ìîîì÷ôù Ąÿðì úøìðìùô 
ìýöìüúùô üÿýüú ðìü ìýüô XIX  ôýþôėíú÷ îì ĉĆþôüúĀ öìüðììýþ. 

ÚíĆñöþĕúô ðôïìüô øôùþìėì ùôó íìüúô ýìõČĕúù āñ÷ú Ĕú÷ôí ìýþ, íì øúùìùðô: 
1. Öúùô ÷úĔîìüð, öô ðìü ċöñ ìó ðìüìĕúô öìùúüô ðÿüðìýþ îì ðìýþùúüìýô äúĕðìüì, ðìü 

óñüô ėÿ÷÷ìô Øôüýìôð ØôüĄìöìü, ðìü íì÷ìùðôô 4570 øñþü ìó ýìþĕô íìĕü îúėñĆ ìýþ. Üúĕô úù 
ìó ðìüìĕúô ðìüČĕúô äúĕðìüì, Íúðúøðìüì, ×úĔîìüðìüì øñïÿóìüìð.  

2. ãìĄøìô øìĆðìùôô äúĕðìüì, îúėñĆ ðìü øìýúĀìô 88 öø ìó Ąìĕüô áúüÿï, ðìü 
íì÷ìùðôô 2700 øñþü ìó ýìþĕô íìĕü, öô úùüú ăÿù úíô ĄôĀúíìāĄ ôýþôĀúðì öìüðìù øÿøöôù 
ìýþ. 

4. ÖĘ÷ô Øìõýìüì (ýúíôė ÞÿüÿøþìõöĘ÷) ðìü øìüĎóúüô íì÷ìùðöĘĕô ÆìîĄìùïúó Ĕúõïôü 
íÿðì, ĕìîúô ýúĀÿ íñĎÿíúüô íì÷ìùðöĘĕ ðúüìð îì ìó ùìîĆĕúô ïÿùúïÿùô øúĕĒ (úýøìù, ïÿ÷øúĕĒ) 
íúõ ìýþ. 

5. ÖĘ÷ô ÐüìøöĘ÷, îúėñĆ ðìü íú÷úô ðñĕìô Ýñòð, øìùóìüìô óñíúô íì÷ìùðöĘĕ, Ĕìùïì÷ô 
ìüăìóúü, ùìîĆĕúô ïÿùúïÿùô øúĕôô öĘĕĒ ðúüìð. 

Íìüúô þìĄöô÷ô ýìõČĕôô ô÷øĒ-øìĆüôĀìþĒ úíĆñöþĕúô þìĆüôāĒ îì íúýþúùĒ øñþìîúùìùð 
óìøôùì ėìüúü ïôüìùð. 

¾ðïúüôĕúô þìĆüôāĒ îì íúýþúùôô Ûúøôü ðìü ÿøÿø, ìó Ĕÿø÷ì îúðôô äúĕðìüì, ìó 
Ĕúùôíô íúýþúùĄôùúýúù îì øÿìüüôāúù Ìïìāìùċùý Ú.Ñ., Íìíìñî Ì.Ð., ÍñüùĄþìø Ì.Ù., 
Íÿíùúîì Ø.Ì., Ôýöìùðìüúî Í.Ô., Éì÷ìùðìüúî Þ.Ý., ×ôþîôùýöôõ Í.Ì., Üìùúî Î.Ì., 
äúîì÷ôñîì Ø., äúôùíñöúî Ì. îì ðôïìüúù úøÿāþì Ąÿðììýþ [1; 3; 6; 14].  

Þìĕėôėô óìāôüìĕúô þìĆüôāĒ-ýìõČĕôô äúĕðìüì þìĆüôāô íúõ ðúüìð. ÇìùĘó ýú÷ô 1947 
Ì.Ù. ÍñüùĄþìø āìüôþìô ĔúõïôüĄìîôô Čðïúüôĕúô Ûúøôüô Àìüíôüú þìĕôċ öìüðì íÿð, öô ðìü 
úù öĘ÷÷ô Čðïúüôĕú ðìü ùúĕôċô ÜúĄþėì÷Ćì íúóČĀþ öìüðì Ąÿðììùð. Þìĕėôėô ôù Čðïúüôĕú 
ìõùô óìøúù ôðúøì ðúüìð. 

Ðìü ùúĕôċô ÜúĄþėì÷Ćì ðìü ùìþôĔìô öúüĕúô ô÷øĒ-þìĕėôėúþôô íúýþúùĄôùúýĒ îì 
ûìòÿĕôĄĕúô øÿìüüôāúù, ïñúïüìĀĕú, ïñúĉöú÷úïĕú îì ðôïìü øÿþìāìýýôýúùô ýúĕì óôČðì ìó 60 
Čðïúüôĕúô þìĆüôāôñ, öô ìĕìøøôċþô ýìõČĕôô ô÷øôĊ øìĆüôĀìþĒ, þìĆüôāôĊ íúýþúùĄþùúýĒ 
îì ðôùĒ ùôó ðúüìùð, øÿìõċù öìüðì Ąÿðììùð (üìýøô 2). Øÿýì÷÷ìø ìýþ, öô Ąÿøúüô îúėñôô 
úùĕú óôČð íÿðì, ðìü þÿ÷ô ýìðýú÷ìĕúô ïÿóìĄþì, ėôýøñ ìó úùĕú þú íì üĘóĕúô øú ùìüìýôðììýþ. 

ÚíĆñöþĕúô þìĆüôāĒ-ýìõČĕôô ùúĕôċô ÜúĄþėì÷Ćìüú ìó üĘõô Ĕú÷ôíôċþô úùĕú íìüúô 
þìĄöô÷ô ýìõČĕôô ô÷øĒ-øìĆüôĀìþĒ (þìĆüôāĒ-íúýþúùĄôùúýĒ) íì 6 ïÿüĘĕ þìėýôø öìüðìù 
øÿøöôù ìýþ: 

¾ðïúüôĕúô þìĆüôāĒ íú üìėìøĕúô 208-267 ôĄúüì Ąÿðììùð 
1. ÙìėĄĕúô üĘõô ýìùïĒ 
2. Éì÷Ćìĕú 
3. Øìóúüĕú îì Ĕúõĕúô øÿėìððìý 
4. Þìùïìĕú  
5. ÍúĄôĄïúĕĕúô ėìðôøì 
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6. ÝìĎúùìĕú (úüúøïúĕĕú) 
 

Üìýøô 2. áìüôþìô ĔúõïôüĄìîôô Čðïúüôĕúô þìĆüôāôĊ íúýþúùĒ ðìü îúðôô äúĕðìüì (þôíėô [3], 
ìý÷) 

Figure 2. Map of the location of historical and archaeological monuments in the Shohdara Valley 
(by after [3], original) 

 
 
Ðìü úøĘóôĄô Čðïúüôĕúô þìĆüôāôĊ íúýþúùôô îúðôô äúĕðìüì ì÷ì÷āÿýÿý ýìĕøô 

Íÿíùúîì Ø.Ì. ùìóìüüìý ìýþ. Óìüÿü ðúùôýþñø, öô íú ôýþôĀúðì ìó ìýìüĕúô ôù ú÷ôø āìüôþì îì 
Āñĕüôýþô úíĆñöþĕúô øìĆøÿ÷ô îúðôô äúĕðìüìüú ðìü óñü úîìüñø. 

Ðìü Ĕìðîì÷ô óñü, íú ôýþôĀúðì ìó ýìüăìĄøìô íú÷úóôöü [3] øìĆ÷ÿøúþô øÿāþìýìü ðúôü 
íì úíĆñöþĕúô þìĆüôāôĊ íúýþúùĄôùúýôô îúðôô äúĕðìüì úîìüðì Ąÿðììýþ. 

áÿ÷úýì, îúðôô äúĕðìüì ¬ ėôýøô þìüöôíôô Ûúøôüô Æìùÿíÿ ÀìüíĒ ìó ðôðô ôėþôðúüô 
ýìõČĕĒ ċöñ ìó øôùþìėìĕúô Ĕú÷ôíô ĔÿøĕÿüĒ íÿðì, ðúüúô Ąìüúôþĕúô þìíôĒ-ïñú÷úïôô āúý, 
óìüĀôċþô öúĀôô ýìõČĕĒ øñíúĄìð.  

Îúðôô äúĕðìüì þìíôìþô óñíúĊ ùúþìöüúü îì ýìüîìþĕúô íúõô þìíôĒ ðúüìð, ýìüîìþô 
ì÷úĕôðìô íñĕìøþúô úù Čðïúüôĕúô þìĆüôāôĊ þìíôõ íúõ øñíúĄìùð, öô íì ýìõČĕúù, 
ì÷ì÷āÿýÿý, āúüôĔôČù íì þìîüô íúċðÿ Ąúċð øÿìüüôĀĒ ùìĄÿðììùð. Ýìíìíô ôù, ì÷íìþþì, íì 
þìîüô óìüÿüĒ þìĕėôė ùìĄÿðìùô úùĕú øñíúĄìð.  

áÿýÿýôċþĕúô þìíôĒ¬ïñúïüìĀôô îúðĒ, ì÷ì÷āÿýÿý óìāôüìô úíôĊ ïôðüúĉùñüïñþôöôô 
ðìüČô äúĕðìüì ùì þìùĕú ýúāþøúùô ùñüÿïúĕĕúô āÿüðÿ øôČùìôėþôðúü öúĀôýþ, íì÷öô íìüúô 
þìĄöô÷ô ýìõČĕĒ þìîìýýÿþô ôýþôĀúðìô óìüĀôċþô úù óìøôùì Ąÿðì øñþìîúùìð.  

ÔýþôĀúðìô óìüĀôċþô óìāôüìĕúô þìĆüôāĒ-ýìõČĕôô îúðôô äúĕðìüì ðìü üÿĄðô 
ôėþôýúðôĊ ôĔþôøúôô ùúĕôċô ÜúĄþėì÷Ćì, öô ìó Ąìüúôþô þìíôôĊ ïñúĉöú÷úïôô øìĕì÷ 
îúíìýþìïôô íñîúýôþì ðúüìð, ýìĕøô øÿìýýôüñ āúĕìð ðúĄþ. 

 



74 

 

ÚíĆñöþĕúô Ĕú÷ôíô ýìõČĕôô ô÷øĒ-øìĆüôĀìþôô îúðôô äúĕðìüì (íú ôýþôĀúðì ìó øìîúðô 
Íÿíùúîì Ø.Ì. [3]) 

Interesting objects of scientific and educational tourism of the Shohdara Valley (using materials 
from Bubnova M.A. [3]) 

Ĝ1 ÚíĆñöþô þìĆüôāĒ Ðúüúôô úíĆñöþ Øìöúùô úíĆñöþ 

208. ÜôĔôýþ (ÜñĔôýþ) ÙìėĄĕúô üĘõôýìùïĒ  Æìøúìþô Þìîðñø 

209. ÞÿýôČù Þìùïìĕúô øôýĒ Æìøúìþô Þìîðñø 
210. äúíÿüāúù-îì÷Ē Øìóúü ¬ úüúøïúĕô 

äúíÿüāúù íú øúðìü îì 
āôóøìþïúüúùìĄ 

Æìøúìþô Þìîðñø, ðñĕìô 
ÞÿýôČù 

211. Íìüñîð-ėì÷Ćì Éì÷Ćì  Æìøúìþô íì ùúøô 
Ø.ØôüĄìöìü, ðñĕìô 
ØôðñùĄìüî 

212. ãìöìü-ėì÷Ćì (ãìüôöėì÷Ćì) Éì÷Ćì Æìøúìþô íì ùúøô 
Ø.ØôüĄìöìü, ðñĕìô 
ÍìüĔìùïì÷ 

213. Îôðúă (ÎôðúĔ) ÙìėĄĕúô üĘõôýìùïĒ: 
þìýîôüô íÿóĕúô öĘĕĒ 

Æìøúìþô íì ùúøô 
Ø.ØôüĄìöìü, ðñĕìô ÎôðúĔ 

214. Þôüìõð I Ìî÷ôČāúùì  Æìøúìþô íì ùúøô 
Ø.ØôüĄìöìü 

215. Þôüìõð II Þÿûāúùì  Æìøúìþô íì ùúøô 
Ø.ØôüĄìöìü 

216. ÐìĄþ-ėì÷Ćì Éì÷Ćì  Æìøúìþô ÜúĄþėì÷Ćì 

217. ÜúĄþ-ėì÷Ćì I Éì÷Ćì  Æìøúìþô ÜúĄþėì÷Ćì, ðñĕìô 
ÜúĄþėì÷Ćì 

218. ÜúĄþ-ėì÷Ćì II ÙìėĄĕúô üĘõôýìùïĒ 
Æìøúìþô ÜúĄþėì÷Ćì  

Æìøúìþô ÜúĄþėì÷Ćì, ðñĕìô 
ÜúĄþėì÷Ćì 

219. ãô÷þìù Øìóúü  Æìøúìþô Íìüîúó, ðñĕìô Ýúüò 

220. Ýúüò (Ýúüă) ÙìėĄĕúô üĘõôýìùïĒ: 
þìýîôüô øúĕôĕú, ìýûĕú 

Æìøúìþô Íìüîúó 

221. áôùîìðúü (ÖìĀôü-Éì÷Ćì) Éì÷Ćì Æìøúìþô Íìüîúó, ðñĕìô Ýúüò 
222. Íúðúøðìüì I ÝìĎúùì  Æìøúìþô Íìüîúó 

223. Íúðúøðìüì II ÍúĄôĄïúĕ  Æìøúìþô Íìüîúó 
224. Íúðúøðìüì III Þÿûāúùì  Æìøúìþô Íìüîúó 
225. ×ìĔîìüðìüì áìüýìùïô øÿėìððìý ¬ 

øÿĕúĀôóô öúùô ÷ìóÿüôþ 
Æìøúìþô Íìüîúó 

226. Íôðñă-ėì÷Ćì Éì÷Ćì  Æìøúìþô Íìüîúó 

227. Íúüôöìö-ėì÷Ćì I 
(Íñüôöėì÷Ćì) 

Éì÷Ćì  Æìøúìþô Íìüîúó 

228. Íúüôöìö-ėì÷Ćì II 
(Íñüôöėì÷Ćì) 

ÝìĎúùì  Æìøúìþô Íìüîúó 

229. Ýôùðñî I (ÖìĀôüėì÷Ćì) Éì÷Ćì  Æìøúìþô Íìüîúó 
230. Ýôùðñî II Þÿûāúùì  Æìøúìþô Íìüîúó, ðñĕìô 

Ýôùðñî 
231. Ýôùôýðìüì ÙìėĄĕúô üĘõôýìùïĒ Æìøúìþô Íìüîúó 
232. Íúõ-ėì÷Ćì Éì÷Ćì  Æìøúìþô Íìüîúó 

233. Ðñ÷úāìö-ėì÷Ćì Éì÷Ćì  Æìøúìþô Íìüîúó 
234. ãìùðôøðìüì (ãìùðôø-

Ðìüì) 
ÙìėĄĕúô üĘõôýìùïĒ Æìøúìþô Íìüîúó 

235. Ýñòð I Ïÿüñóïúĕ Æìøúìþô Ýñòð, ðñĕìô Ýñòð 
236. Ýñòð II ÙìėĄĕúô üĘõôýìùïĒ  Æìøúìþô Ýñòð, ðñĕìô Ýñòð 

237. ÎúüĔíôĀ Ìî÷ôČāúùì (ôóô ìýû)  Æìøúìþô Ýñòð, ðñĕìô Ýñòð 
238. ãôíÿðïìüð Þÿûāúùì  Æìøúìþô Ýñòð, ðñĕìô Îüìùï 
239. Îüìùï (Îôüìùï) ÙìėĄĕúô üĘõôýìùïĒ  Æìøúìþô Ýñòð, ðñĕìô Îüìùï 
240. Ýñòððìüì Þÿûāúùì  Æìøúìþô Ýñòð 

                                                           
1 Üìėìøĕúô ýÿþÿùô ìîîì÷ô Ĕìðîì÷ íì üìėìøĕúô úíĆñöþ ðìü āìüôþìô íúýþúùĄôùúýôô ÎØÖÍ îì āìüôþìô ðìü 
íú÷ú úîìüðìĄÿðì øÿþúíôėìùð. 
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Ĝ1 ÚíĆñöþô þìĆüôāĒ Ðúüúôô úíĆñöþ Øìöúùô úíĆñöþ 

241. ÆìüìĔìù (ÆìùôĔìù, 
ÆìùÿĔìù Ìíðñ÷) 

Éì÷Ćì  Æìøúìþô Ýñòð, ðñĕìô 
ÆìüìĔìù 

242. ÏìüøăìĄøì Öúüïúĕô úĕìöýìùï Æìøúìþô Ýñòð 
243. äúìíðú÷÷ì (Íúíú-Ìíðú÷) Ìî÷ôČāúùì  Æìøúìþô Ýñòð 
244. äúĄíÿîñð I (äìĄíÿîìð) Éì÷Ćì  Æìøúìþô Ýñòð 
245. äúĄíÿîñð II (äìĄíÿîìð) Éì÷Ćì  Æìøúìþô Ýñòð 

246. äúĄíÿîñð III (äìĄíÿîìð) Éì÷Ćì Æìøúìþô Ýñòð 
247. Ìõüìùýÿ I (Ñüìùýÿ) ÝìĎúùì  Æìøúìþô Ýñòð 
248. Ìõüìùýÿ II (Ñüìùýÿ) ÉÿüĎúù  Æìøúìþô Ýñòð 
249. ÖìíìüðìüðìĄþ ÝìĎúùì  Æìøúìþô Ýñòð 

250. áÿüùîôùúï Éì÷Ćì Æìøúìþô Ýñòð 
251. Ðÿóìāðìüì ÙìėĄĕúô üĘõôýìùïĒ Æìøúìþô Ýñòð 
252. Éì÷Ćì øì ÝìĎúùì  Æìøúìþô Ýñòð 
253. ÆìîĄìùïúó Iì ÍúóČĀþô ìýüô ýìùïôù Æìøúìþô Ýñòð 

254. ÆìîĄìùïúó II ÝìĎúùì  Æìøúìþô Ýñòð 
255. ÆìîĄìùïúó III ÝìĎúùì  Æìøúìþô Ýñòð 
256. Ðñüÿò (ÆìîĄìùïúó, 

ëÿĄìùïìóć) 
Éì÷Ćì  Æìøúìþô Ýñòð 

257. ÆìîĄìùïúó IV Ì ÇìĀüôČþ  Æìøúìþô Ýñòð 
258. ÆìîĄìùïúó V (êòíúö, 

êòíúö I, êüíúā) 
ÝìĎúùì  Æìøúìþô Ýñòð 

259. ÆìîĄìùïúó VI (êòíúö, 
êòíúö I (êüíúā)) 

ÝìĎúùì  Æìøúìþô Ýñòð 

260. ÆìîĄìùïúó VII (êòíúö II, 
êòíúö III, êüíúā) 

ÝìĎúùì  Æìøúìþô Ýñòð 

261. ÆìîĄìùïúó VIII (êòíúö 
II, êüíúā) 

ÝìĎúùì  Æìøúìþô Ýñòð 

262. ÆìîĄìùïúó VIII ÍúĄôĄïúĕ  Æìøúìþô Ýñòð 

263. ÜñĔôï (ÜñïÿĀþ) Ì ÙìėĄĕúô üĘõôýìùïĒ: 
üìýøĕúô íÿóô öĘĕĒ, 
ðúôüìĕúô ïÿùúïÿù 

Æìøúìþô Ýñòð 

264. ÆìîĄìùïúó IX Þÿûāúùì Æìøúìþô Ýñòð 
265. Øìõýìüì Éì÷Ćì  Æìøúìþô Ýñòð 

266. ÆìîĄìùïúó XI ÝìĎúùì  Æìøúìþô Ýñòð 
267. Íÿþìùúöÿüïìù 

(Íÿþñùñöþôö) 
Éì÷Ćì  Æìøúìþô Ýñòð 

éóúĕ. 1. Íìüúô úíĆñöþĕúñ, öô ìó ðñĕìĕú ðÿü Ĕúõïôü Ąÿðììùð, þìùĕú Ĕìøúìþô ðñĕì ùôĄúù 
ðúðì Ąÿðììýþ.  
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ÓÌØÔÙÌÇÚÔ ÞÌäÖÔ×Ô ÝÌÕ¾ÇÔÔ Ô×ØÄ-ØÌæÜÔàÌÞÄ ÐÌÜ ÎÚÐÔÔ äÚÇÐÌÜÌ (ÛÚØÔÜÔ 

ÆÌÙßÍß ÀÌÜÍÄ) 
Îúðôô äúĕðìüì, îúėñĆ ðìü Ûúøôüô Æìùÿíô ÀìüíĒ Ąìüúôþô þìíôôĊ ïñú÷úïôô ùúþìöüúü îì óìāôüìĕúô 

íúõô ýìõČĕĒ ðúüìð, öô íìüúô þìĄöô÷ îì ìøì÷Ē öìüðìùô ùìøÿðĕúô ïÿùúïÿùô ýìõČĕĒ øÿýúôðìþ øñöÿùìùð. 
Æôùýĕúô ėìðôøþìüôùô ÞúĔôöôýþúù îì ÚýôČô ØìüöìóĒ, ėÿ÷÷ìĕúô óôČðì ìó ĕìóúü øñþü ìó ýìþĕô íìĕü íì÷ìùð, 
ûôüċāĕúô óôČð, ýìüîìþĕúô ėìĆüô óìøôù, ôùăÿùôù íúóČĀþĕúô íúýþúùĄôùúýĒ, úíĆñöþĕúô þìĆüôāôô úù íìüúô 
þìĄöô÷ô ýìõČĕôô ô÷øĒ-øìĆüôĀìþĒ óìøôùìô ÿýþÿîúü øñíĄìùð. ØÿþììýýôĀúùì, íôùúíìü ìó Ąúĕüúĕô 
íìõùì÷øô÷ì÷ôô ÐÿĄìùíñ¬áúüÿĎ-Éÿ÷øì (Ąúĕüúĕô Ûúøôü) ðìü öìùúü øúùðìùô üúĕĕúô ìó îúðôô äúĕðìüì 
øñïÿóìĄþì, óìāôüìĕúô ýìõČĕôô úù ìó ðúôüìô þìîìĔĔÿĕô ýìõČĕúù ðÿü øúùðììýþ. 

Ðìü øìėú÷ì úíĆñöþĕúô þìĆüôāĒ-ýìõČĕôô îúðôô äúĕðìüì íì 6 ïÿüĘĕ þìėýôø öìüðì ìýþ, öô ðìü øôČùô 
úùĕú ì÷ìāÿýÿý ėì÷Ćìĕú, øìóúüĕú îì Ĕúõĕúô øÿėìððìý ìó ÷ôĕúóô þìĄöô÷ô ýìõČĕôô þìĆüôāĒ-íúýþúùĄôùúýĒ āñ÷ú 
Ĕú÷ôí ìýþ. áìüôþì îì Āñĕüôýþô úíĆñöþĕúô þìĆüôāĒ-íúýþúùĄôùúýĒ, öô ðìü øìėú÷ì úîìüðì Ąÿðììùð, óìüĀôċþô 
ýìõČĕôô ôø÷Ē-øìĆüôĀìþôô îúðôüú îúóñĕ ùôĄúù ðúðì, íìüúô ýìõČĕúù ĕìøăÿù øìîúðô üìĕùìøúĒ îì 
øìĆ÷ÿøúþùúøìîĒ āôóøìþ öÿùìð. 

ÓìüĀôċþô þìíôôĊ ïñú÷úïĒ, þìĆüôāĒ, íúýþúùĄôùúýĒ îì ýìõČĕôô îúðôô äúĕðìüì ûÿüüì þìĕėôė 
ùìĄÿðììýþ îì ìó ôù üĘ, íìüúô ôù ûìòÿĕôĄĕúô ùìî íúċð ïÿóìüúùôð. 

Öì÷ôðîúòìĕú: ÞúĔôöôýþúù, Ûúøôüô Æìùÿíÿ ÀìüíĒ, îúðôô äúĕðìüì, Ąìüúôþô þìíôĒ, Čðïúüôĕúô 
þìĆüôāĒ-íúýþúùĄôùúýĒ, óìüĀôċþô ýìõČĕĒ, óìøôùì, üÿĄðô ôĔþôøúôĊ ôėþôýúðĒ. 
 

ʇʈɽɼʇʆʉʓʃʂʀ ʆʈɻɸʅʀɿɸʎʀʀ ʅɸʋʏʅʆ-ʇʈʆʉɺɽʊʀʊɽʃʔʉʂʆɻʆ ʊʋʈʀɿʄɸ ɺ ɼʆʃʀʅɽ 

ʐɸʍɼɸʈʓ (ʖɻʆ-ɿɸʇɸɼʅʓʁ ʇɸʄʀʈ) 

ɼʦʣʠʥʘ ʐʘʭʜʘʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ ʖʛʦ-ɿʘʧʘʜʥʦʤ ʇʘʤʠʨʝ, ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤʠ ʧʨʠʨʦʜʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʙʦʛʘʪʳʤʠ ʪʫʨʠʩʪʠʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʫʨʠʟʤʘ. ɼʨʝʚʥʝʡʰʠʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʊʘʜʞʠʢʠʩʪʘʥʘ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʚʝʨʰʠʥʳ ʚʳʩʦʪʦʡ 

ʙʦʣʝʝ 6 ʪʳʩʷʯ ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʣʝʜʥʠʢʠ, ʧʦʜʟʝʤʥʳʝ ʙʦʛʘʪʩʪʚʘ, ʘ ʪʘʢʞʝ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʝ 

ʥʘʭʦʜʢʠ ʠ ʠʩʪʦʨʠʯʝʩʢʠʝ ʧʘʤʷʪʥʠʢʠ ʩʦʟʜʘʶʪ ʙʦʛʘʪʫʶ ʦʩʥʦʚʫ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʫʯʥʦ-ʧʨʦʩʚʝʪʠʪʝʣʴʥʦʛʦ ʪʫʨʠʟʤʘ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʜʦʨʦʛʠ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʜʦʣʠʥʫ ʐʘʭʜʘʨʳ, ʫʜʘʣʝʥʳ ʦʪ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ ɼʫʰʘʥʙʝ-ʍʦʨʦʛ-ʂʫʣʴʤʘ (ʇʘʤʠʨʩʢʠʡ ʪʨʘʢʪ), ʪʫʨʠʩʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʜʦʣʠʥʳ ʦʩʪʘʣʠʩʴ ʚʥʝ ʧʦʣʷ 

ʟʨʝʥʠʷ ʪʫʨʠʩʪʦʚ. 

ɺ ʩʪʘʪʴʝ ʠʩʪʦʨʠʢʦ-ʪʫʨʠʩʪʠʯʝʩʢʠʝ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʠ ʜʦʣʠʥʳ ʐʦʭʜʘʨʘ ʨʘʟʜʝʣʝʥʳ ʥʘ 6 ʛʨʫʧʧ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʢʨʝʧʦʩʪʠ, ʛʨʦʙʥʠʮʳ ʠ ʩʚʷʱʝʥʥʳʝ ʤʝʩʪʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʠʩʪʦʨʠʢʦ-ʘʨʭʝʦʣʦʛʠʯʝʩʢʦʛʦ ʪʫʨʠʟʤʘ. ʂʘʨʪʘ ʠ ʩʧʠʩʦʢ ʠʩʪʦʨʠʢʦ-ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʩʪʘʪʴʝ, ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʪʝʥʮʠʘʣ ʜʦʣʠʥʳ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʢʫʣʴʪʫʨʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʪʫʨʠʟʤʘ ʠ 

ʩʣʫʞʘʪ ʧʫʪʝʚʦʜʠʪʝʣʝʤ ʠ ʩʧʨʘʚʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʪʫʨʠʩʪʦʚ. 

ʇʨʠʨʦʜʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʡ, ʠʩʪʦʨʠʢʦ-ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʡ ʠ ʪʫʨʠʩʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʜʦʣʠʥʳ ʐʘʭʜʘʨʳ ʠʟʫʯʝʥ 

ʥʝʜʦʩʪʘʪʦʯʥʦ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʥʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʘʜʞʠʢʠʩʪʘʥ, ʖʛʦ-ɿʘʧʘʜʥʳʡ ʇʘʤʠʨ, ʜʦʣʠʥʘ ʐʘʭʜʘʨʳ, ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʠʩʪʦʨʠʢʦ-

ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʝ ʧʘʤʷʪʥʠʢʠ, ʪʫʨʠʩʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʧʨʝʜʧʦʩʳʣʢʠ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ. 

 

PREREQUISITES FOR ORGANIZING SCIENTIFIC AND EDUCATIONAL TOURISM IN THE SHAHDARA 

VALLEY (SOUTH WESTERN PAMIR)  

The Shahdara Valley, located in the Southwestern Pamirs, boasts unique natural and geological conditions and rich 

tourism resources, facilitating the development and implementation of various types of tourism. The ancient rock 

formations of Tajikistan and Central Asia, peaks over 6,000 meters above sea level, numerous glaciers, underground 

resources, as well as archaeological finds and historical monuments, provide a rich foundation for scientific and educational 

tourism. Unfortunately, due to the distance of the roads passing through the Shahdara Valley from the Dushanbe-Khorog-

Kulma international highway (the Pamir Highway), the valley's tourist attractions remain largely unnoticed by tourists. 
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This article divides the historical and tourist attractions of the Shokhdara Valley into six groups, including 

fortresses, tombs, and sacred sites that are of particular interest for historical and archaeological tourism. The map and list 

of historical and archaeological sites presented in the article clearly demonstrate the valley's potential for cultural and 

educational tourism and serve as a guide and reference material for tourists. 

The natural, geological, historical, archaeological, and tourism potential of the Shahdara Valley has been 

insufficiently studied, requiring further research. 

Keywords: Tajikistan, Southwestern Pamirs, Shahdara Valley, natural conditions, historical and archaeological 

monuments, tourism potential, prerequisites, socioeconomic development. 
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ʊ ɽ ʍ ʅ ʀ ʂ ʀ 

ʋɼʂ: 669.715.541.127  

ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʀʅɽʊʀʂʀ ʆʂʀʉʃɽʅʀʗ ʊɺɽʈɼʆɻʆ ʉʇʃɸɺɸ ɸʂ7ʄ2 ʉ 

ɼʆɹɸɺʂɸʄʀ ʉɺʀʅʎɸ 

 

ɻʘʥʠʝʚ ʀ.ʅ., ɸʰʫʨʤʘʪʦʚ ɼʞ.ʊ., ɻʫʣʦʚ ʉ.ʉ. 

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʢ.ʄ.ʉ. ʆʩʠʤʠ 
 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʠʥʮʘ ʥʘ ʢʠʥʝʪʠʢʫ ʦʢʠʩʣʝʥʠʷ 

ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ɸʂ7ʄ2. ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʦʙʨʘʟʮʘʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʦʪ 0.05 ʜʦ 1.0 ʤʘʩ. % ʩʚʠʥʮʘ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʟʫʯʝʥʠʝ ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʪʚʝʨʜʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʩʧʣʘʚʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʢʠ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ʢʦʪʦʨʦʡ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ [7]. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʧʝʯʠ ʊʘʤʤʘʥʘ (1) ʩ ʯʝʭʣʦʤ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ (2) ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʘʪʤʦʩʬʝʨʳ. ɺʝʨʭʥʠʡ ʢʦʥʝʮ ʯʝʭʣʘ ʟʘʢʨʳʚʘʝʪʩʷ ʚʦʜʦʦʭʣʘʞʜʘʶʱʠʤʠ ʢʨʳʰʢʘʤʠ 

(7), ʠʤʝʶʱʠʤʠ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʛʘʟʦʧʨʦʚʦʜʷʱʝʡ ʪʨʫʙʢʠ (3), ʪʝʨʤʦʧʘʨʳ (5), ʠ ʪʠʛʣʷ (4) ʩ 

ʨʘʩʧʣʘʚʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʜʚʝʰʠʚʘʝʤʦʛʦ ʥʘ ʧʣʘʪʠʥʦʚʦʡ ʥʠʪʠ (6) ʢ ʧʨʫʞʠʥʝ ʠʟ 

ʤʦʣʠʙʜʝʥʦʚʦʡ ʧʨʦʚʦʣʦʢʠ (12). 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʢʘʣʠʙʨʦʚʘʥʥʫʶ ʧʨʫʞʠʥʫ ʧʦʤʝʱʘʣʠ ʚ ʙʘʣʣʦʥ ʠʟ ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʩʪʝʢʣʘ 

(11) ʩ ʧʨʠʪʸʨʪʦʡ ʢʨʳʰʢʦʡ (14). ɺʦ ʠʟʙʝʞʘʥʠʝ ʚʠʙʨʘʮʠʠ ʠ ʩʦʪʨʷʩʝʥʠʡ, ʯʝʭʦʣ ʩ ʧʨʫʞʠʥʦʡ 

ʫʢʨʝʧʣʷʝʪʩʷ ʥʘ ʥʝʟʘʚʠʩʠʤʦʡ ʦʪ ʧʝʯʠ ʧʦʜʩʪʘʚʢʝ (13). ɼʣʷ ʟʘʱʠʪʳ ʚʝʩʦʚ ʦʪ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʧʝʯʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʦʥ ʠ ʭʦʣʦʜʠʣʴʥʠʢ (15), ʢʦʪʦʨʳʡ ʧʦʤʝʱʘʣʩʷ ʥʘ ʥʠʞʥʝʤ ʢʦʥʮʝ ʩʪʝʢʣʷʥʥʦʛʦ 

ʙʘʣʣʦʥʘ. 

ʀʟʤʝʥʝʥʠʝ ʚʝʩʘ ʬʠʢʩʠʨʦʚʘʣʠ ʧʦ ʨʘʩʪʷʞʝʥʠʶ ʧʨʫʞʠʥʳ ʩ ʧʦʤʦʱʴʶ ʢʘʪʝʪʦʤʝʪʨʘ ʂʄ-8. ɺ 

ʦʧʳʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʠʛʣʠ ʠʟ ʦʢʠʩʠ ʘʣʶʤʠʥʠʷ ʜʠʘʤʝʪʨʦʤ 18-20 ʤʤ, ʚʳʩʦʪʦʡ 25-26 ʤʤ. 

ʊʠʛʣʠ ʧʝʨʝʜ ʦʧʳʪʦʤ ʧʦʜʚʝʨʛʘʣʠʩʴ ʧʨʦʢʘʣʠʚʘʥʠʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1273-1473 ʂ ʚ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ ʚ ʪʝʯʝʥʠʝ 1.5 ʯʘʩʘ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʩʘ. 

ʊʠʛʝʣʴ (4) ʩ ʠʩʩʣʝʜʫʝʤʳʤ ʤʝʪʘʣʣʦʤ ʧʦʤʝʱʘʣʩʷ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʟʦʥʝ ʧʝʯʠ. ʈʘʟʦʛʨʝʚ ʠ 

ʨʘʩʧʣʘʚʣʝʥʠʝ ʤʝʪʘʣʣʘ ʚʳʧʦʣʥʷʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʯʠʩʪʦʛʦ ʘʨʛʦʥʘ. ʇʦʜʲʸʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʠʟʚʦʜʠʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 2-3
0
ʉ ʚ ʤʠʥʫʪʫ. ʇʝʨʝʜ ʨʘʟʦʛʨʝʚʦʤ ʧʝʯʠ ʢʘʪʝʪʦʤʝʪʨ ʥʘʩʪʨʘʠʚʘʣʠ ʥʘ 

ʫʢʘʟʘʪʝʣʴ ʧʨʫʞʠʥʳ, ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʰʢʘʣʝ ʪʦʯʢʫ ʦʪʩʯʸʪʘ ʠ ʚ ʪʝʯʝʥʠʝ ʥʘʛʨʝʚʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ 

ʠʟʤʝʥʝʥʠʝ ʚʝʩʘ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʟʘʜʘʥʥʦʛʦ ʨʝʞʠʤʘ ʟʘʧʠʩʳʚʘʣʠ ʥʦʚʫʶ ʪʦʯʢʫ ʦʪʩʯʸʪʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ɼʣʷ ʦʯʠʩʪʢʠ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ ʦʪ ʧʘʨʦʚ ʚʦʜʳ, 

ʧʨʠʤʝʥʷʣʘʩʴ ʫʩʪʘʥʦʚʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʦʩʫʜʘ ɼʨʝʢʩʝʣʷ ʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ 

(19) ʠ ʩʢʣʷʥʢʠ ʊʠʱʝʥʢʦ ʩ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤ ʂʆʅ (18). ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʚʳʭʦʜʝ ʩʪʘʚʠʣʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʣʦʚʫʰʢʫ (17). 

ɼʣʷ ʦʯʠʩʪʢʠ ʘʨʛʦʥʘ ʦʪ ʢʠʩʣʦʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨ ʩʝʨʥʦʢʠʩʣʦʛʦ ʩ ʮʠʥʢʦʚʦʡ 

ʘʤʘʣʴʛʘʤʦʡ (20). ʈʘʩʭʦʜ ʛʘʟʘ ʨʝʛʫʣʠʨʦʚʘʣʠ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʨʝʦʤʝʪʨʘ (16). ʊʝʤʧʝʨʘʪʫʨʫ ʠʟʤʝʨʷʣʠ 

ʧʣʘʪʠʥʦ-ʧʣʘʪʠʥʦʨʦʜʠʝʚʦʡ ʪʝʨʤʦʧʘʨʦʡ (5), ʛʦʨʷʯʠʡ ʩʧʘʡ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʣʩʷ ʥʘ ʫʨʦʚʥʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʣʘʚʘ. ʊʝʨʤʦʤʝʪʨ ʧʦʤʝʱʘʣʠ ʚ ʯʝʭʦʣ ʠʟ ʦʢʠʩʠ ʘʣʶʤʠʥʠʷ. ɼʣʷ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʧʦʢʘʟʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʭʦʣʦʜʥʳʡ ʩʧʘʡ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʣʠ ʧʨʠ 0
0
ʉ ʩ ʧʦʤʦʱʴʶ ʥʫʣʴ - 

ʪʝʨʤʦʩʪʘʪʘ ʤʘʨʢʠ çʅʫʣʴ-ɺè. 

ʅʘʛʨʫʟʢʫ ʧʝʯʠ ʨʝʛʫʣʠʨʦʚʘʣʠ ʪʠʨʠʩʪʦʨʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʟʘʜʘʥʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʩ ʪʦʯʥʦʩʪʴʶ Ñ 2
0
ʉ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ ʧʨʠʙʦʨʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨ. 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʧʳʪʘ ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʘʣʠ, ʪʠʛʝʣʴ ʩ ʩʦʜʝʨʞʠʤʳʤ ʚʟʚʝʰʠʚʘʣʠ ʠ 

ʦʧʨʝʜʝʣʷʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ɿʘʪʝʤ ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʦʢʩʠʜʥʫʶ ʧʣʸʥʢʫ ʩʥʠʤʘʣʠ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠ ʠʟʫʯʘʣʠ ʝʸ ʩʪʨʫʢʪʫʨʫ ʤʝʪʦʜʘʤʠ ʀʂ- ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ 

ʘʥʘʣʠʟʘ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʠʟ ʠʩʭʦʜʥʦʡ ʬʦʨʤʫʣʳ ʢʦʥʩʪʘʥʪʳ 

ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʝʥʠʷ (ʂ): 
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tsgʂ Ö= / , (2.1) 

ʚ ʢʦʪʦʨʦʡ: g - ʤʘʩʩʘ ʤʝʪʘʣʣʘ, s - ʧʦʚʝʨʭʥʦʩʪʴ, t - ʚʨʝʤʷ (ʤʠʥ). 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʚ ʦʮʝʥʢʝ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʫʤʤʳ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʦʰʠʙʦʢ: 

ttssggKK /)/(// 2 D+D=D=D  (2.2) 

ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʦʝ ʩʣʘʛʘʝʤʦʝ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ʊʦʯʥʦʩʪʴ ʚʟʚʝʰʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʧʦ 

ʬʦʨʤʫʣʝ: 

LGgg TBmʚ D++Ö+ÖD=D 100/0001.01000.9/0001.01000.9//  (2.3) 

ɺʝʣʠʯʠʥʘ 0.0001ʪʚ - ʯʠʩʣʠʪʝʣʴ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʩʣʘʛʘʝʤʦʛʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʰʠʙʢʫ ʧʨʠ 

ʚʟʚʝʰʠʚʘʥʠʠ ʦʙʨʘʟʮʘ ʜʦ - ʠ ʧʦʩʣʝ ʦʧʳʪʘ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ, ȹg - ʪʦʯʥʦʩʪʴ ʚʟʚʝʰʠʚʘʥʠʷ 

ʧʨʫʞʠʥʥʳʭ ʚʝʩʦʚ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʣʠ ʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʫʪʸʤ 

ʢʘʣʠʙʨʦʚʢʠ ʚʝʩʦʚ ʚʤʝʩʪʝ ʩ ʧʦʜʚʝʩʢʦʡ, ʧʣʘʪʠʥʦʚʦʡ ʥʠʪʴʶ ʠ ʪʠʛʣʝʤ ʩ ʥʘʚʝʩʢʦʡ. ʆʜʥʦʚʨʝʤʝʥʥʦ 

ʚʝʩʳ ʧʨʦʚʝʨʷʣʠ ʥʘ ʧʦʩʪʦʷʥʩʪʚʦ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʧʨʫʞʠʥ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʙʦʪʝ ʚʝʩʳ ʠʤʝʣʠ 

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ɼ ï 3.8
.
10

2
 ʤ, 

W = 20 ʚʠʪʢʦʚ, w = 0.05 
.
10

-2
 ʤ. 

ʉʭʝʤʘ ʢʘʣʠʙʨʦʚʢʠ: m + a 

m + a + ʢȹh (2.4) 

m + 3a 

m + 3a ï ʢȹh (2.5) 

m + na 

m + na ï ʢȹh (2.6) 

ʛʜʝ: m - ʚʝʩ ʚʩʝʡ ʩʠʩʪʝʤʳ, ʢ - ʧʦʩʪʦʷʥʥʘʷ ʜʦʙʘʚʢʘ (0.020
.
10

-3
 ʢʛ), ȹh - ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ 

ʧʨʫʞʠʥʳ, ʢʦʪʦʨʘʷ ʬʠʢʩʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʘʪʝʪʦʤʝʪʨʘ ʂʄ-8 ʩ ʮʝʥʦʡ ʜʝʣʝʥʠʷ 0.10. 10
-3

 ʤ. 

ʆʪʩʯʸʪ ʧʨʦʠʟʚʦʜʠʣʠ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʫʢʘʟʘʪʝʣʷ, ʫʢʨʝʧʣʸʥʥʦʛʦ ʥʘ ʥʠʞʥʝʤ ʢʦʥʮʝ ʧʨʫʞʠʥʳ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ (ȹG) ʦʪʛʨʘʜʫʠʨʦʚʘʥʥʳʭ ʚʝʩʦʚ ʧʦ ʧʨʠʚʝʜʸʥʥʦʡ ʩʭʝʤʝ ʜʣʷ ʥʘʛʨʫʟʦʢ ʜʦ 15
.
 10

-3
 

ʢʛ ʩʦʩʪʘʚʠʣʘ 0.0001
.
10

-3
 ʢʛ. ȹL ï ʦʰʠʙʢʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʠʩʧʘʨʝʥʠʝ ʤʝʪʘʣʣʘ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʣʷ ʢʘʞʜʦʛʦ ʤʝʪʘʣʣʘ ʦʥʘ ʠʤʝʝʪ ʩʚʦʶ ʚʝʣʠʯʠʥʫ, ʠ ʦʮʝʥʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ʤʝʪʘʣʣ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʥʫʞʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʳʜʝʨʞʠʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʝ 

ʦʯʠʱʝʥʥʦʛʦ ʦʪ ʢʠʩʣʦʨʦʜʘ ʠ ʚʣʘʛʠ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ, ʘ, ʟʘʪʝʤ, ʧʦ ʨʘʟʥʦʩʪʠ ʚʝʩʘ ʤʝʪʘʣʣʘ ʜʦ ʠ ʧʦʩʣʝ 

ʥʘʛʨʝʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʪʝʨʷ ʚʝʩʘ (ʤʘʩʩʳ) ʤʝʪʘʣʣʘ. 

ɺʳʯʠʩʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʘʛʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʢʘʪʝʪʦʤʝʪʨʘ ʂʄ-8, 

ʠʤʝʶʱʝʛʦ ʧʨʝʜʝʣʳ ʠʟʤʝʨʝʥʠʷ 0.0-0.5 ʤ. ʇʨʠ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ Ñ0.000030 ʤ, ʠ ʩ ʫʯʸʪʦʤ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʛʨʝʰʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ Ñ1.9%. ʉʣʝʜʫʶʱʠʡ ʯʣʝʥ ȹt/t ʤʘʣ ʧʦ ʚʝʣʠʯʠʥʝ: 

ȹt/t = 1/3600. 100 = 0.027% (2.7) 

ʠ ʤʦʞʝʪ ʧʨʠ ʨʘʩʯʸʪʘʭ ʥʝ ʫʯʠʪʳʚʘʪʴʩʷ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʤʝʨʷʣʘʩʴ ʧʣʘʪʠʥʦ ï ʧʣʘʪʠʥʦʨʦʜʠʝʚʦʡ ʪʝʨʤʦʧʘʨʦʡ, ʛʦʨʷʯʠʡ ʩʧʘʡ ʢʦʪʦʨʦʡ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʣʘʚʘ. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʥʠʤʘʣʠ 

ʨʘʚʥʦʡ Ñ 2
0
. ʆʰʠʙʢʘ ʚ ʠʟʤʝʨʝʥʠʷʭ ʩʦʩʪʘʚʠʣʘ ʧʨʠ ʵʪʦʤ: 

ȹT/T = 2
.
100/900 = 0.22% (2.8) 

ɺʳʯʠʩʣʝʥʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʫʨʘʚʥʝʥʠʶ (2,2) ʩʦʩʪʘʚʣʷʝʪ: 

ȹg/g = (2.71)
2
 + (1.5)

2
 + 0.027 = 9.62 (2.9) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʣʸʥʦʢ ʥʘʤʠ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ 

ʠʥʬʨʘʢʨʘʩʥʳʭ ʩʧʝʢʪʨʦʚ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. ʀʂ- ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ 

ʦʩʥʦʚʘʥ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ ʣʫʯʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, 

ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʢʘʞʜʦʛʦ ʚʝʱʝʩʪʚʘ. ʀʂ- ʩʧʝʢʪʨʳ ʩʥʠʤʘʣʠʩʴ ʥʘ ʜʚʫʣʫʯʝʚʦʤ ʠʥʬʨʘʢʨʘʩʥʦʤ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ UR-20 ʚ ʦʙʣʘʩʪʠ 400-4000 ʩʤ
-1

. 

ʇʝʨʝʜ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʦʢʠʩʥʫʶ ʧʣʸʥʢʫ ʪʱʘʪʝʣʴʥʦ ʨʘʩʪʠʨʘʣʠ ʚ ʚʠʙʨʘʪʦʨʝ. ʅʘʚʝʩʢʫ ʤʘʩʩʦʡ 

0.002.10
-3

 ʢʛ ʧʝʨʝʤʝʰʠʚʘʣʠ ʩ ʙʨʦʤʠʩʪʳʤ ʢʘʣʠʝʤ ʤʘʨʢʠ çʆʉʏè. ʊʘʙʣʝʪʢʫ ʜʠʘʤʝʪʨʦʤ 2
.
10

-2
 ʤ, 

ʧʨʝʩʩʦʚʘʣʠ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʚʘʢʫʫʤʥʦʡ ʧʨʝʩʩʬʦʨʤʝ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʦʪʢʘʯʠʚʘʥʠʠ ʚʦʟʜʫʭʘ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ 1500
.
10

-4
 ʢʛ/ʤ

2
. ɻʦʪʦʚʫʶ ʪʘʙʣʝʪʢʫ ʚʤʝʩʪʝ ʩ ʦʙʝʯʘʡʢʦʡ ʧʦʤʝʱʘʣʠ ʚ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ. 

ʇʦʣʫʯʝʥʥʳʝ ʩʧʝʢʪʨʳ ʩʦʧʦʩʪʘʚʣʷʣʠ ʩʦ ʩʧʝʢʪʨʘʤʠ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʧʨʝʜʝʣʷʣʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʢʩʠʜʥʦʡ ʧʣʸʥʢʠ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʠʥʝʪʠʢʠ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ 

Fig. 1. Schematic diagram of the setup for studying the oxidation kinetics of metals and alloys 

 
  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʚʠʥʮʘ ʥʘ ʢʠʥʝʪʠʢʫ ʦʢʠʩʣʝʥʠʷ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ɸʂ7ʄ2, ʙʳʣʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʩʧʣʘʚʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʚʠʥʮʘ ʦʪ 0.05% ʜʦ 1.0% ʧʦ ʤʘʩʩʝ. ʆʢʠʩʣʝʥʠʝ 

ʩʧʣʘʚʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 773 ʂ, 798 ʂ ʠ 823 ʂ. 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2.8ï2.11 ʠ ʚ ʪʘʙʣʠʮʝ 2.4. ɼʣʷ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ 

ʙʝʟ ʣʝʛʠʨʦʚʘʥʠʷ (0.00 ʤʘʩ.% Pb) ʢʠʥʝʪʠʢʘ ʦʢʠʩʣʝʥʠʷ ʙʳʣʘ ʠʟʫʯʝʥʘ ʧʨʠ ʫʢʘʟʘʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2 ʘ.  

 

ʈʠʩ. 2. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʦʢʠʩʣʝʥʠʷ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ɸʂ7ʄ2: ʘ) ʙʝʟ ʣʝʛʠʨʦʚʘʥʠʷ; ʙ) ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʚʠʥʮʘ 0,05 ʤʘʩ.% 

Fig. 2. Kinetic curves of oxidation of hard alloy AK7M2: a) without alloying; b) with a lead 

content of 0.05 wt.% 
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ʇʝʨʚʠʯʥʦ ʦʙʨʘʟʫʶʱʘʷʩʷ ʦʢʩʠʜʥʘʷ ʧʣʝʥʢʘ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʥʝʚʳʩʦʢʫʶ ʟʘʱʠʪʫ, ʯʪʦ 

ʧʨʦʷʚʣʷʣʦʩʴ ʚ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. ɺʣʠʷʥʠʝ ʤʘʣʳʭ ʜʦʙʘʚʦʢ 

ʩʚʠʥʮʘ ʜʣʷ ʩʧʣʘʚʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 0.05 ʤʘʩ.% ʩʚʠʥʮʘ ʠʩʪʠʥʥʘʷ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʚʘʨʴʠʨʦʚʘʣʘ 

ʦʪ 3.91Ŀ10
-4

 ʜʦ 4.24Ŀ10
-4

 ʢʛĿʤ
-2
Ŀʩ

-1
 ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 773-823 ʂ (ʨʠʩ. 2 ʙ).  

ʇʨʠ ʵʪʦʤ ʢʘʞʫʱʘʷʩʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʩʦʩʪʘʚʣʷʣʘ 15.49 ʢɼʞ/ʤʦʣʴ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʟʘʤʝʜʣʝʥʠʠ ʢʠʥʝʪʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ ʩʧʣʘʚʦʤ. 

ʂʠʥʝʪʠʢʘ ʦʢʠʩʣʝʥʠʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʮʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʙʘʚʢʠ ʜʦ 0.3 

ʤʘʩ.% (ʨʠʩ. 3 ʘ) ʦʢʠʩʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ, ʘ ʠʩʪʠʥʥʘʷ ʩʢʦʨʦʩʪʴ 

ʦʢʠʩʣʝʥʠʷ ʫʤʝʥʴʰʠʣʘʩʴ ʜʦ ʟʥʘʯʝʥʠʡ ʦʢʦʣʦ 3.52Ŀ10
-4

 ʢʛĿʤ
-2
Ŀʩ

-1
. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʵʥʝʨʛʠʷ 

ʘʢʪʠʚʘʮʠʠ ʚʦʟʨʦʩʣʘ ʜʦ 19.26 ʢɼʞ/ʤʦʣʴ. ɸʥʘʣʦʛʠʯʥʘʷ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0.6 ʠ 1.0 ʤʘʩ.% ʩʚʠʥʮʘ (ʨʠʩ. 3 ʙ, ʚ), ʛʜʝ ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʜʘʣʝʝ ʩʥʠʞʘʣʠʩʴ, ʘ 

ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʫʚʝʣʠʯʠʚʘʣʘʩʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʦ 21.35 ʠ 25.50 ʢɼʞ/ʤʦʣʴ [9]. 

 

ʈʠʩ. 3. ʂʠʥʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʢʠʩʣʝʥʠʷ ʩʧʣʘʚʘ ɸʂ7ʄ2 ʩ ʣʝʛʠʨʦʚʘʥʠʝʤ ʩʚʠʥʮʦʤ 

ʧʨʠ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ: 0,3 ʤʘʩ.% (ʘ), 0,6 ʤʘʩ.% (ʙ), 1,0 ʤʘʩ.% (ʚ) 

Fig. 3. Kinetic dependences of oxidation of AK7M2 alloy with lead alloying at different 

concentrations: 0.3 wt.% (a), 0.6 wt.% (b), 1.0 wt.% (c) 
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ʊʘʙʣʠʮʘ 1. ɺʣʠʷʥʠʝ ʜʦʙʘʚʦʢ ʩʚʠʥʮʘ ʥʘ ʢʠʥʝʪʠʯʝʩʢʠʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʩʧʣʘʚʘ ɸʂ7ʄ2 

Table 1. The effect of lead additives on the kinetic and energy parameters of the oxidation 

process of AK7M2 alloy 
ʉʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ 

ʚ ʩʧʣʘʚʝ ɸʂ7ʄ2, 

ʤʘʩ. % 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʦʢʠʩʣʝʥʠʷ, ʂ 

ʀʩʪʠʥʥʘʷ ʩʢʦʨʦʩʪʴ 

ʦʢʠʩʣʝʥʠʷ, 

ʂĀ10
-4
, ʢʛĀʤ

-2
Āʩ

-1
 

ʂʘʞʫʱʘʷʩʷ ʵʥʝʨʛʠʷ 

ʘʢʪʠʚʘʮʠʠ ʦʢʠʩʣʝʥʠʷ, 

ʢɼʞ/ʤʦʣʴ 

0.00 

773 5.00  

13.72 798 5.36 

823 5.80 

0.05 

773 3.91  

15.49 798 4.16 

823 4.24 

0.3 

773 3.52 

19.26 798 3.57 

823 3.63 

0.6 

773 3.21  

21.35 798 3.43 

823 3.66 

1.0 

773 3.00  

25.50 798 3.18 

823 3.35 

 

ʆʙʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʘ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʦʪ ʦʙʨʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʘʷ ʜʣʷ ʚʩʝʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʚʠʥʮʘ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʩʪʨʦʛʦ 

ʧʦʜʯʠʥʷʝʪʩʷ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ. 

 

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ lgK ʦʪ ʦʙʨʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (1/T) ʜʣʷ ʩʧʣʘʚʘ ɸʂ7ʄ2 (1) ʠ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʚʠʥʮʦʤ ʦʙʨʘʟʮʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 0,05 (2), 0,3 (3), 0,6 (4) ʠ 1,0 (5) ʤʘʩ.% 

Fig. 4. Dependence of lgK on the reciprocal temperature (1/T) for the AK7M2 alloy (1) and lead-

alloyed samples with concentrations of 0.05 (2), 0.3 (3), 0.6 (4) and 1.0 (5) wt.% 

 
ʀʟʦʭʨʦʥʳ ʦʢʠʩʣʝʥʠʷ (ʨʠʩ. 4) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʥʦʛʦ 

ʩʣʦʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʠʥʮʘ ʧʨʠ ʚʳʜʝʨʞʢʝ ʦʙʨʘʟʮʦʚ ʢʘʢ 10, ʪʘʢ ʠ 20 ʤʠʥʫʪ. 

ʆʩʦʙʝʥʥʦ ʟʘʤʝʪʥʳʤ ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠ 823 ʂ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʦʩʪʦʤ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ 

ʧʨʦʮʝʩʩʘ [4]. 
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ʈʠʩ. 5. ʀʟʦʭʨʦʥʳ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʩʧʣʘʚʘ ɸʂ7ʄ2, ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʩʚʠʥʮʦʤ 

Fig. 5. Isochrones of the oxidation process of AK7M2 alloy alloyed with lead 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɺʳʚʦʜʳ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʚʠʥʮʘ ʥʘ ʢʠʥʝʪʠʢʫ ʦʢʠʩʣʝʥʠʷ ʩʧʣʘʚʘ ɸʂ7ʄ2, ʚ 

ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʝʨʠʷ ʩʧʣʘʚʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʚʠʥʮʘ ʦʪ 0.05% ʜʦ 1% 

ʧʦ ʤʘʩʩʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 773ʂ, 823ʂ ʠ 873ʂ. ʚ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʥʝʧʨʝʨʳʚʥʦʤ ʚʟʚʝʰʠʚʘʥʠʠ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ. ɼʦʙʘʚʣʝʥʠʝ ʩʚʠʥʮʘ ʚ ʩʧʣʘʚ ɸʂ7ʄ2 ʚʝʜʝʪ ʢ 

ʟʘʤʝʜʣʝʥʠʶ ʢʠʥʝʪʠʢʠ ʦʢʠʩʣʝʥʠʷ ʙʣʘʛʦʜʘʨʷ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʟʘʱʠʪʥʦʡ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ. 

ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʘʞʫʱʝʡʩʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ɼʘʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦʩʦʙʝʥʥʦ ʚʳʨʘʞʝʥʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʩʚʠʥʮʘ (1.0 ʤʘʩ.%). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʚʳʰʝʥʠʠ ʪʝʨʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʧʣʘʚʘ ʠ ʫʣʫʯʰʝʥʠʠ ʝʛʦ ʢʦʨʨʦʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʳ. 
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ÚØ ÓÔäÔ ÖÔÙÑÞÔÖÌÔ ÚÖÝÔÐäÌÎÔÔ áÊ×ÌÔ ÝÌáÞÔ AK7M2 ÍÚ Ô×ÚÎÌÇÚÔ ÝßÜÍ 
Ðìü øìėú÷ì þìĕėôėô öôùñþôöìô úöýôðĄìîôô ĕìüúüìþô íì÷ìùð (öúüüúóôċ)-ô āĘ÷ìô ì÷Ċøôùôõô üñāþìô 

ÌÖ7Ø2 íú ô÷úîìĕúô ïÿùúïÿùô ýÿüí ûñĄùôĕúð Ąÿðììýþ. Úøñāþìô ÌÖ7Ø2 ðìü ýìùúìþ íú ýìíìíô āúýôċþĕúô 
íì÷ìùðô üñāþìïìüĒ îì øñāìùôöôô āÿð îìýñĆ ôýþôĀúðì øñĄìîìð, ìøøú ôýþôĀúðìô úù ðìü ĕìüúüìþô íì÷ìùð 
Āìĕøôðìù îì ùìóúüìþô üìîìùðĕúô úöýôðĄìîôüú þì÷ìí øñöÿùìð. 
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Íú ÿýÿ÷ô þñüøúïüìîôøñþüôöĒ öôùñþôöìô úöýôðĄìîôô āĘ÷ìô ÌÖ7Ø2, ýÿüíô þìĎõôüČĀþì ðìü ĕìüúüìþô 
723, 773 îì 823Ö, ðìü ĕú÷ìþô ýìāþ þìĕėôė öìüðì Ąÿðììýþ. ÙôĄúù ðúðì Ąÿðììýþ, öô þìøúĊ÷ô ÿøÿøôô ìĀóúôĄô 
ýÿüĆìþô úöýôðĄìîĒ íú íì÷ìùð Ąÿðìùô ĕìüúüìþ îÿĔÿð ðúüìð. Ô÷úîìĕúô ýÿüí úöýôðĄìîôô āĘ÷ìô ôíþôðúôüú 
öúĕôĄ øñðôĕìùð. Ìùðúóìô ìĀóúôĄô Āô÷øô úöýôðôô āĘ÷ìô ÌÖ7Ø2 íú ô÷úîìĕúô ïÿùúïÿùô ýÿüí íì ĕìø ùìóðôö 
ìýþ. Íìüúô ôù ċö ėìþúü úóøúôĄĕú íú ùìøÿùìĕúñ, öô ìó 0.05 þú 1.0 øìý ðúüìùð, ïÿóìüúùôðì Ąÿðìùð. Ðìü ôù 
ĕú÷ìþ ìĀóúôĄô ĉùñüïôċô óúĕôüôô ĀìĆú÷ĄìîĒ íú ìĀóúôĄô öúùýñùþüìþýôċô ĉ÷ñøñùþô ÷ñïôüöÿùìùðì øÿĄúĕôðì 
øñĄìîìð. Ôù ėúùÿùôċþ øìāýÿýìù ðìü øôėðúüô øìöýôøì÷ôô ýÿüí (1.0 øìý.%). Ôù ìó íì÷ìùð Ąÿðìùô ÿýþÿîúüôô 
ïìüøôô āĘ÷ì îì íñĕþìü Ąÿðìùô āúýôċþĕúô óìùïóìùôô úù ðìü Ąìüúôþô øÿĕôþô úöýôðĄìîôô ĕìüúüìþô íì÷ìùð 
Ąìĕúðìþ øñðôĕìð. 

áÿ÷úýì ðìü ôù øìėú÷ì þìĆýôüô öúùýñùþüìþýôċô ýÿüí íì öôùñþôöìô úöýôðĄìîôô āĘ÷ìô ýìāþô AK7M2 
íìüüìýĒ øñĄìîìð. ëö ýô÷ýô÷ì þìĔüôíìĕú íú ùìøÿùìĕúñ, öô ìó 0,05 þú 1,0% ýÿüí ðúĄþìùð, ïÿóìüúùôðì Ąÿðìùð. 

Öì÷ôðîúòìĕú: āĘ÷ìô AK7M2, ýÿüí, ûìüìøñþüĕúô öôùñþôöĒ, üìîìùðô úöýôðĄìîĒ, ÿýÿ÷ô 
þñüøúïüìîôøñþüĒ, öôùñþôöìô úöýôðĄìîĒ, ýÿüĆìþô úöýôðĄìîôô ĕìėôėĒ, ĉùñüïôċô ĀìĆú÷ĄìîĒ. 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʀʅɽʊʀʂʀ ʆʂʀʉʃɽʅʀʗ ʊɺɽʈɼʆɻʆ ʉʇʃɸɺɸ ɸʂ7ʄ2 ʉ ɼʆɹɸɺʂɸʄʀ ʉɺʀʅʎɸ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʢʠʩʣʝʥʠʷ (ʢʦʨʨʦʟʠʠ) ʣʠʪʝʡʥʦʛʦ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʂ7ʄ2 ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʩʚʠʥʮʘ. ʉʧʣʘʚ ɸʂ7ʄ2 ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʚʳʩʦʢʠʤ ʣʠʪʝʡʥʳʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʦʜʥʘʢʦ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʷ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʨʝʙʫʝʪ ʧʦʥʠʤʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ. 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʘ ʢʠʥʝʪʠʢʘ ʦʢʠʩʣʝʥʠʷ ʩʧʣʘʚʘ ɸʂ7ʄ2, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʩʚʠʥʮʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 723, 773 ʠ 823ʂ, ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʦʙʘʚʢʠ ʩʚʠʥʮʘ ʫʤʝʥʴʰʘʶʪ ʦʢʠʩʣʷʝʤʦʩʪʴ ʠʩʭʦʜʥʦʛʦ 

ʩʧʣʘʚʘ. ɺʝʣʠʯʠʥʳ ʧʨʠʚʝʩʘ ʦʢʩʠʜʥʦʡ ʧʣʸʥʢʠ ʩʧʣʘʚʘ ɸʂ7ʄ2 ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʩʚʠʥʮʘ ʙʣʠʟʢʠ ʤʝʞʜʫ ʩʦʙʦʡ. 

ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʦʙʨʘʟʮʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʦʪ 0.05 ʜʦ 1.0 ʤʘʩ.% ʩʚʠʥʮʘ. ʇʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʘʞʫʱʝʡʩʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ɼʘʥʥʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦʩʦʙʝʥʥʦ ʚʳʨʘʞʝʥʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʩʚʠʥʮʘ (1.0 ʤʘʩ.%). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʦʚʳʰʝʥʠʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʧʣʘʚʘ ʠ ʫʣʫʯʰʝʥʠʠ ʝʛʦ ʢʦʨʨʦʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʧʣʘʚ ɸʂ7ʄ2, ʩʚʠʥʝʮ, ʢʠʥʝʪʠʯʝʩʢʠʝ, ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ, 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʢʠʥʝʪʠʢʘ ʦʢʠʩʣʝʥʠʷ, ʠʩʪʠʥʥʘʷ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ, ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ. 

 

A STUDY OF THE OXIDATION KINETICS OF AK7 M2 HARD ALLOY WITH LEAD ADDITIONS  

The article presents a study of the kinetics of high-temperature oxidation (corrosion) of cast aluminum alloy 

AK7M2 with various lead additives. The AK7M2 alloy is widely used in industry due to its high casting and mechanical 

properties, but its operation at elevated temperatures requires an understanding and control of oxidation processes. 

The kinetics of oxidation of AK7M2 alloy modified with lead at temperatures of 723, 773, and 823 K in the solid 

state has been studied by thermogravimetric method. It is shown that there is a general tendency to increase the rate of 

oxidation with increasing temperature. Lead additives reduce the oxidizability of the initial alloy. The weight gain of the 

oxide film of the AK7M2 alloy with various lead additives is close to each other. For this purpose, a series of experiments 

was carried out with samples containing from 0.05 to 1.0 wt.% of lead. At the same time, an increase in the apparent 

activation energy is observed with an increase in the concentration of the alloying element. This pattern is especially 

pronounced at the maximum studied lead content (1.0 wt.%). This indicates an increase in the thermal stability of the alloy 

and an improvement in its corrosion properties in a high-temperature oxidizing environment. 

This paper examines the effect of lead concentration on the oxidation kinetics of AK7M2 hard alloy. A series of 

experiments was conducted with samples containing 0.05 to 1.0 wt.% lead. 

Keywords: AK7M2 alloy, lead, kinetic, parameters of the oxidation process, thermogravimetric method, kinetics of 

oxidation- true rate of oxidation, activation energy. 
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ɻʫʣʦʚ ʉʘʣʦʤʠʜʜʠʥ ʉʘʜʨʠʜʜʠʥʦʚʠʯ - ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʉ. ʆʩʠʤʠ, 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɸʜʨʝʩ: 

734042, ʛ ɼʫʰʘʥʙʝ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ, ʫʣʠʮʘ ʘʢʘʜʝʤʠʢʦʚ ʈʘʜʞʘʙʦʚʳʭ, 10. ʊʝʣʝʬʦʥ: (+992) 100-80-52-17. E-

mail: gulov.1971@mail.ru 

ɸʰʫʨʦʚ ʂʦʙʠʣʜʞʦʥ ʍʘʢʠʤʦʚʠʯ ï ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʉ. ʆʩʠʤʠ, ʘʩʩʠʩʪʝʥʪ 

ʢʘʬʝʜʨʳ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɸʜʨʝʩ: 734042, ʛ ɼʫʰʘʥʙʝ, ʈʝʩʧʫʙʣʠʢʘ 

ʊʘʜʞʠʢʠʩʪʘʥ, ʫʣʠʮʘ ʘʢʘʜʝʤʠʢʦʚ ʈʘʜʞʘʙʦʚʳʭ, 10. ʊʝʣʝʬʦʥ: (+992) 900-86-94-94 

 

Information about the authors: Ganiev Izatullo Navruzovich ï Tajik Technical University named after Academician 

M.S. Osimi, Doctor of Chemical Sciences, Professor of the Department of Chemical Production Technology. Address: 

734042, Dushanbe, Republic of Tajikistan, Academician Radjabov Street, 10. Phone: (+992) 935-72-88-99. E-mail: 

ganievizatullo48@gmail.com 

Gulov Salomiddin Sadriddinovich - Tajik Technical University named after Academician M.S. Osimi, Candidate of 

Technical Sciences, Associate Professor of the Department of Materials Science, Metallurgical Machines and Equipment. 

Address: 734042, Dushanbe, Republic of Tajikistan, Academician Radjabov Street, 10. Phone: (+992) 100-80-52-17. E-

mail: gulov.1971@mail.ru  

Ashurov Kobiljon Khakimovich ï Tajik Technical University named after Academician M.S. Osimi, Assistant Professor, 

Department of Materials Science, Metallurgical Machines and Equipme. Address: 734042, Dushanbe, Republic of 

Tajikistan, Academician Radjabov Street, 10. Phone: (+992) 900-86-94-94 

 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʷ: 20.08.2025 

ʆʜʦʙʨʝʥʘ ʧʦʩʣʝ ʨʝʮʝʥʟʠʨʦʚʘʥʠʷ: 24.09.2025 

ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ: 16.12.2025 

  

mailto:gulov.1971@mail.ru


86 

 

ʋɼʂ: 004.934.2 

ʕʊɸʇʓ ʆɹʈɸɹʆʊʂʀ ʈɽʏɽɺʆɻʆ ʉʀɻʅɸʃɸ ɺ ʉʀʉʊɽʄɸʍ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʈɽʏʀ 

ʉ ʋʏɪʊʆʄ ʆʉʆɹɽʅʅʆʉʊɽʁ ʊɸɼɾʀʂʉʂʆɻʆ ʗɿʓʂɸ 

 

ɸʰʫʨʟʦʜʘ ɹ.ʍ., ɹʦʙʦʝʚ ɸ.ʉ. 

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʉ. ʆʩʠʤʠ, 

ʋʥʠʚʝʨʩʠʪʝʪ ʠʥʥʦʚʘʮʠʠ ʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʊʘʜʞʠʢʠʩʪʘʥʘ 

 

ɺʚʝʜʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ (ASR) ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʦʤʦʱʥʠʢʘʭ ʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ 

ʠʥʪʝʨʬʝʡʩʘʭ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʨʝʯʝʚʦʛʦ 

ʩʠʛʥʘʣʘ ʠ ʪʦʯʥʦʩʪʠ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ. ɼʣʷ ʨʷʜʘ ʤʘʣʦʠʩʩʣʝʜʦʚʘʥʥʳʭ ʷʟʳʢʦʚ, ʚʢʣʶʯʘʷ 

ʪʘʜʞʠʢʩʢʠʡ, ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ASR ʦʩʪʘʸʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʊʘʜʞʠʢʩʢʠʡ ʷʟʳʢ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ: ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʛʣʘʩʥʳʭ ʠ 

ʩʦʛʣʘʩʥʳʭ ʘʣʣʦʬʦʥʦʚ, ʚʣʠʷʥʠʝʤ ʧʝʨʩʠʜʩʢʦ-ʪʘʜʞʠʢʩʢʦʡ ʧʨʦʩʦʜʠʠ, ʘ ʪʘʢʞʝ ʙʦʛʘʪʦʡ 

ʩʣʦʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ.  

¶ ʕʪʠ ʧʨʠʟʥʘʢʠ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʝʢʪʦʨ,r ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʥʘʧʨʠʤʝʨ: 

o MFCC  (Mel-Frequency Cepstral Coefficients), 

o PLP (Perceptual Linear Prediction), 

o Filterbank energies ʠ ʜʨ. 

¶ W=(w1,w2,é,wN) - ʵʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʦʚ, ʢʦʪʦʨʫʶ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʧʨʝʜʝʣʠʪʴ 

(ʥʘʧʨʠʤʝʨ, ʪʝʢʩʪʦʚʘʷ ʬʦʨʤʘ ʨʝʯʠ). 

¶ ʉʠʤʚʦʣ ὡ
ͮ

 (ʯʠʪʘʝʪʩʷ ʢʘʢ W ʩ ʢʨʳʰʢʦʡ) ʦʟʥʘʯʘʝʪ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʫʶ ʛʠʧʦʪʝʟʫ, ʪʦ ʝʩʪʴ 

ʪʦ, ʯʪʦ ʩʠʩʪʝʤʘ ʚʳʙʠʨʘʝʪ ʢʘʢ ʬʠʥʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

¶ arg maxW ʦʟʥʘʯʘʝʪ ʦʧʝʨʘʮʠʶ ʚʳʙʦʨʘ ʪʘʢʦʛʦ W, ʧʨʠ ʢʦʪʦʨʦʤ ʚʝʨʦʷʪʥʦʩʪʴ P(W X᷄) 

ʤʘʢʩʠʤʘʣʴʥʘ. 

ʀʥʪʫʠʪʠʚʥʳʡ ʩʤʳʩʣ. ʉʠʩʪʝʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʧʦʣʫʯʘʝʪ ʥʘ ʚʭʦʜ ʟʚʫʢʦʚʫʶ ʚʦʣʥʫ - 

ʥʘʧʨʠʤʝʨ, ʯʝʣʦʚʝʢ ʛʦʚʦʨʠʪ ʧʦ-ʪʘʜʞʠʢʩʢʠ [4; 5]: 

ñʉʘʣʦʤ, ʰʫʤʦ ʯ ʾʭʝʣʝʜ?ò 

ʕʪʘ ʚʦʣʥʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʥʘʙʦʨ ʧʨʠʟʥʘʢʦʚ X. ɼʘʣʝʝ ʩʠʩʪʝʤʘ ʚʳʯʠʩʣʷʝʪ, ʢʘʢʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʦʚ W ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʘ ʧʨʠ ʜʘʥʥʦʤ ʩʠʛʥʘʣʝ X. 

ʊʦ ʝʩʪʴ, ʦʥʘ ʠʱʝʪ: ʢʘʢʠʝ ʩʣʦʚʘ W "ʣʫʯʰʝ ʚʩʝʛʦ ʦʙʲʷʩʥʷʶʪ" ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ ʢʘʢʠʝ ʩʣʦʚʘ 

W "ʣʫʯʰʝ ʚʩʝʛʦ ʦʙʲʷʩʥʷʶʪ" ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ X. 

 

ʈʠʩʫʥʦʢ 1. ɹʣʦʢ-ʩʭʝʤʫ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʨʝʯʠ 

Figure 1. Speech decoding block diagram 

 
 

ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ ɹʘʡʝʩʘ: 

ʏʪʦʙʳ ʚʳʯʠʩʣʠʪʴ P(WX᷄) ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʦʨʝʤʘ ɹʘʡʝʩʘ: 

ὖὡȿὢ
ȿ ẗ

 ʬʦʨʤʫʣʘ (2) 

ʊʘʢ ʢʘʢ P(X) ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ ʜʣʷ ʚʩʝʭ W, ʪʦ ʦʧʪʠʤʘʣʴʥʘʷ ʛʠʧʦʪʝʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

ὡ
ͮ

ÁÒÇ άὥὼὖὢȿὡ ẗὖὡ  ʬʦʨʤʫʣʘ (3) 

ɿʜʝʩʴ: 
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¶ P(X W᷄) - ʘʢʫʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (Acoustic Model), ʦʧʠʩʳʚʘʶʱʘʷ ʚʝʨʦʷʪʥʦʩʪʠ 

ʥʘʙʣʶʜʘʝʤʳʭ ʧʨʠʟʥʘʢʦʚ ʧʨʠ ʟʘʜʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʣʦʚ; 

ʅʘʧʨʠʤʝʨ, ʤʦʜʝʣʴ ʧʨʦʚʝʨʷʝʪ, ʢʘʢ ʟʚʫʯʠʪ ʩʣʦʚʦ ñʜʩ˄ʪʜʦʨòʾ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʧʠʩʴʶ 

ʩʠʛʥʘʣʘ. 

¶ P(W) - ʷʟʳʢʦʚʘʷ ʤʦʜʝʣʴ (Language Model), ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ. 

ʅʘʧʨʠʤʝʨ, ʢʦʤʙʠʥʘʮʠʷ ñʩʘʣʦʤ ʰʫʤʦ ʯ ʾʭʝʣʝʜò ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʚʝʨʦʷʪʥʦʩʪʴ, ʯʝʤ ñʰʫʤʦ 

ʩʘʣʦʤ ʯ ʾʭʝʣʝʜò. 

ʇʨʠʤʝʨ (ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ). ʇʫʩʪʴ ʩʠʩʪʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʪʨʠ ʚʦʟʤʦʞʥʳʭ ʛʠʧʦʪʝʟʳ ʜʣʷ 

ʘʫʜʠʦʬʘʡʣʘ: 

| ɻʠʧʦʪʝʟʘ W| ɸʢʫʩʪʠʯʝʩʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ P(XW᷄)| ʗʟʳʢʦʚʘʷ ʚʝʨʦʷʪʥʦʩʪʴ P(W) | 

ʇʨʦʠʟʚʝʜʝʥʠʝ P(XW᷄)ẗP(W)| 

| ñʩʘʣʦʤò | 0.45 | 0.60 | 0.27 | 

| ñʘʣʦʤò | 0.50 | 0.10 | 0.05 | 

| ñʩʘʣʦʤ ʰʫʤʦò | 0.40 | 0.75 | 0.30 | 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʚʳʙʝʨʝʪ ʛʠʧʦʪʝʟʫ ñʩʘʣʦʤ ʰʫʤʦò, ʧʦʩʢʦʣʴʢʫ: 

ὡ
ͮ

ÁÒÇάὥὼὖὢȿὡ ẗὖὡ ñʩʘʣʦʤʰʫʤʦò 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʫʣʘ (1) ʦʪʨʘʞʘʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʧʨʠʥʮʠʧ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ 

- ʧʦʠʩʢ ʪʘʢʦʡ ʪʝʢʩʪʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʘʙʣʶʜʘʝʤʦʤʫ ʟʚʫʢʦʚʦʤʫ ʩʠʛʥʘʣʫ. 

ʄʦʞʥʦ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʠʤʝʥʥʦ ʵʪʘ ʬʦʨʤʘʣʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʠ ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʝʪʦʜʳ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ, ʧʨʠʤʝʥʠʤʫʶ ʠ ʜʣʷ ʪʘʜʞʠʢʩʢʦʡ ʨʝʯʠ [2]. 

ɸʢʫʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 
ɸʢʫʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ - ʵʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʟʚʫʢʦʚʳʝ ʧʨʠʟʥʘʢʠ ʨʝʯʠ 

(ʩʧʝʢʪʨʳ, ʯʘʩʪʦʪʳ ʠ ʪ.ʜ.) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʦʥʝʤʘʤ (ʤʠʥʠʤʘʣʴʥʳʤ ʝʜʠʥʠʮʘʤ ʟʚʫʢʘ, ʠʟ ʢʦʪʦʨʳʭ 

ʩʪʨʦʷʪʩʷ ʩʣʦʚʘ). 

ʉʢʨʳʪʳʝ ʤʘʨʢʦʚʩʢʠʝ ʤʦʜʝʣʠ (HMM) - ʦʜʠʥ ʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʚ ʨʘʩʧʦʟʥʘʚʘʥʠʠ 

ʨʝʯʠ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʪʨʠʮʝʡ ʧʝʨʝʭʦʜʦʚ A=[aij], ʘ 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʚ ʢʘʞʜʦʤ ʩʦʩʪʦʷʥʠʠ - ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ bj(ot). 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ HMM ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ: 

ὖὕȿ‗ В ὖὕȟὗȿ‗ ὥ ȟ ὦ έ  ʬʦʨʤʫʣʘ (4) 

 

ʊʘʙʣʠʮʘ 1. ʇʦʷʩʥʝʥʠʝ ʩʠʤʚʦʣʦʚ 

Table 1. Explanation of symbols 

ʆʙʦʟʥʘʯʝʥʠʝ ʈʘʩʰʠʬʨʦʚʢʘ ʉʤʳʩʣ 

O = (o , o , é, 

o ) 

ʅʘʙʣʶʜʘʝʤʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʧʨʠʟʥʘʢʦʚ (ʩʧʝʢʪʨʦʛʨʘʤʤʳ, MFCC ʠ ʜʨ.) 

ʊʦ, ʯʪʦ ʨʝʘʣʴʥʦ ʩʣʳʰʠʪ 

ʤʠʢʨʦʬʦʥ 

Q = (q , q , é, 

q ) 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʢʨʳʪʳʭ ʩʦʩʪʦʷʥʠʡ (ʬʦʥʝʤ ʠʣʠ ʠʭ 

ʯʘʩʪʝʡ) 

ʏʪʦ ʧʨʦʠʟʥʦʩʠʣʦʩʴ ʥʘ ʩʘʤʦʤ 

ʜʝʣʝ 

ὥ ȟ  ɺʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʠʟ ʩʦʩʪʦʷʥʠʷ ή  ʚ ή  
ʄʦʜʝʣʴ ʪʦʛʦ, ʢʘʢ ʟʚʫʢʠ ʩʣʝʜʫʶʪ 

ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ 

ὦ έ  
ɺʝʨʦʷʪʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʨʠʟʥʘʢʘ ( ot ) 

ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʩʪʦʷʥʠʷ (qt) 
ʂʘʢ ʟʚʫʯʠʪ ʢʦʥʢʨʝʪʥʘʷ ʬʦʥʝʤʘ 

‗ ὃȟὄȟ“ 
ʇʘʨʘʤʝʪʨʳ HMM (ʤʘʪʨʠʮʘ ʧʝʨʝʭʦʜʦʚ A, ʚʝʨʦʷʪʥʦʩʪʠ 

ʥʘʙʣʶʜʝʥʠʡ B, ʥʘʯʘʣʴʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ˊ) 
ʇʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʠ 

 
ʉʫʤʤʘ ʧʦ ʚʩʝʤ ʚʦʟʤʦʞʥʳʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ 

ʩʦʩʪʦʷʥʠʡ 

ʋʯʸʪ ʚʩʝʭ ʧʫʪʝʡ, ʢʦʪʦʨʳʤʠ 

ʤʦʞʥʦ çʧʦʩʪʨʦʠʪʴè ʨʝʯʴ 
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ɺʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ὥ ȟ ὦ έ  ʚʳʯʠʩʣʷʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʢʦʥʢʨʝʪʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ Q ʧʦʨʦʜʠʣʘ ʟʚʫʢʦʚʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ O. ʋʤʥʦʞʘʝʤ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ ʥʘ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʚ ʢʘʞʜʦʤ 

ʩʦʩʪʦʷʥʠʠ. ɺʥʝʰʥʷʷ ʩʫʤʤʘ В  ʫʯʠʪʳʚʘʝʪ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ Q, ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʪʦʪ ʞʝ ʩʠʛʥʘʣ O. ʊʦ ʝʩʪʴ, ʤʳ ʥʝ ʟʥʘʝʤ ʪʦʯʥʦ, ʢʘʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʦʥʝʤ ʙʳʣʘ 

ʧʨʦʠʟʥʝʩʝʥʘ, ʧʦʵʪʦʤʫ ʩʫʤʤʠʨʫʝʤ ʧʦ ʚʩʝʤ ʚʘʨʠʘʥʪʘʤ [6; 7]. ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʤ P(O ɚ᷄) - 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʜʘʥʥʳʡ ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ɚ (ʥʘʧʨʠʤʝʨ, 

ʩʣʦʚʫ). 

ʇʨʠʤʝʨ (ʫʧʨʦʱʸʥʥʳʡ). ʇʫʩʪʴ ʩʣʦʚʦ çʩʘʣʦʤè ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʬʦʥʝʤ: /s/, /a/, /lom/ 

ʄʦʜʝʣʴ HMM ʠʤʝʝʪ ʩʦʩʪʦʷʥʠʷ q , q , q . 

ɼʣʷ ʢʦʨʦʪʢʦʛʦ ʩʠʛʥʘʣʘ O = (o , o , o ): 
ὖὕȿ‗ ὥ ȟὦ έ ẗὥ ȟὦ έ ẗὥ ȟὦ έ  

ɽʩʣʠ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ ʠ ʥʘʙʣʶʜʝʥʠʡ ʚʳʩʦʢʘ, ʟʥʘʯʠʪ ʩʠʛʥʘʣ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʦʭʦʞ ʥʘ 

ʩʣʦʚʦ çʩʘʣʦʤè. 

 

ʈʠʩʫʥʦʢ 2. ʉʄʄ ʜʣʷ ʩʣʦʚʘ çʩʘʣʦʤè 

Figure 2. SMM for the word "salom"  

 
 

ɸʚʪʦʨʳ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʦʪʤʝʯʘʝʪ, ʯʪʦ HMM ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʪʘʢ ʢʘʢ ʦʥʘ ʧʦʟʚʦʣʷʝʪ [1]: 

¶ ʫʯʠʪʳʚʘʪʴ ʚʨʝʤʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʨʝʯʠ, 

¶ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʟʚʫʢʘʤʠ, 

¶ ʚʳʯʠʩʣʷʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʟʚʫʯʘʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʩʣʦʚ ʠʣʠ ʬʦʥʝʤ ʧʨʠ ʧʨʦʠʟʥʝʩʝʥʠʠ. 

ʇʦʟʞʝ HMM ʩʪʘʣʠ ʩʦʯʝʪʘʪʴ ʩ ʥʝʡʨʦʩʝʪʷʤʠ (DNN-HMM), ʘ ʟʘʪʝʤ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʠʣʠ ʠʭ 

ʛʣʫʙʦʢʠʤʠ ʤʦʜʝʣʷʤʠ (RNN, LSTM, Transformer), ʥʦ ʬʦʨʤʘʣʴʥʘʷ ʣʦʛʠʢʘ ʦʮʝʥʢʠ P(O᷄ɚ) 

ʦʩʪʘʣʘʩʴ ʦʩʥʦʚʦʡ ʠ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ [2]. 

ʅʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ. ɸʚʪʦʨ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʝʨʝʭʦʜ ʦʪ HMM  ʢ ʥʝʡʨʦʩʝʪʝʚʳʤ 

ʤʦʜʝʣʷʤ ʩʪʘʣ ʨʝʚʦʣʶʮʠʦʥʥʳʤ ʚ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʨʝʯʠ, ʧʦʪʦʤʫ ʯʪʦ ʪʝʧʝʨʴ ʩʠʩʪʝʤʘ ʩʘʤʘ ʫʯʠʪʩʷ 

ʚʳʷʚʣʷʪʴ ʩʣʦʞʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʝʞʜʫ ʟʚʫʢʦʤ ʠ ʪʝʢʩʪʦʤ, ʥʝ ʪʨʝʙʫʷ ʚʨʫʯʥʫʶ ʦʧʨʝʜʝʣʷʪʴ 

ʚʝʨʦʷʪʥʦʩʪʠ ʠ ʧʝʨʝʭʦʜʳ, ʢʘʢ ʚ HMM. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪ: 

¶ DNN (Deep Neural Networks) - ʛʣʫʙʦʢʠʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ; 

¶ RNN / LSTM / GRU - ʨʝʢʫʨʨʝʥʪʥʳʝ ʩʝʪʠ, ʟʘʧʦʤʠʥʘʶʱʠʝ ʢʦʥʪʝʢʩʪ; 

¶ Transformers - ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʤʝʭʘʥʠʟʤʦʤ ʚʥʠʤʘʥʠʷ (attention), ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ 

ʚʩʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʮʝʣʠʢʦʤ. 

ɺ ʦʩʥʦʚʝ DNN ʣʝʞʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʯʝʨʝʟ 

ʥʝʩʢʦʣʴʢʦ ʥʝʣʠʥʝʡʥʳʭ ʩʣʦʸʚ. 

Ὢὡ ὦ ȟὰ ρȟςȟȢȢȢȟὒ ʬʦʨʤʫʣʘ (5) 

ʛʜʝ: 

¶ h
lī1

 - ʚʭʦʜ ʚ ʩʣʦʡ l; 

¶ W
(l)

, b
(l)

 - ʤʘʪʨʠʮʘ ʚʝʩʦʚ ʠ ʚʝʢʪʦʨ ʩʤʝʱʝʥʠʡ; 
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¶ f(ẗ)- ʥʝʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ReLU, sigmoid, tanh); 

¶ L - ʢʦʣʠʯʝʩʪʚʦ ʩʢʨʳʪʳʭ ʩʣʦʸʚ. 

ʂʘʞʜʳʡ ʩʣʦʡ ʚʳʜʝʣʷʝʪ ʥʦʚʳʝ ʧʨʠʟʥʘʢʠ ʠʟ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ - ʥʘʧʨʠʤʝʨ, ʬʠʣʴʪʨʳ 

ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʥʘʭʦʜʷʪ ʬʦʨʤʫ ʚʦʣʥʳ, ʘ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʩʣʦʠ - ʬʦʥʝʤʳ, ʩʣʦʚʘ ʠʣʠ ʜʘʞʝ 

ʩʤʳʩʣʦʚʳʝ ʩʪʨʫʢʪʫʨʳ. 

ʌʠʥʘʣʴʥʳʡ ʩʣʦʡ DNN ʜʘʸʪ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʚʝʨʦʷʪʥʦʩʪʝʡ: 

ὖίὸ᷄ὼὸ 
ʛʜʝ: 

¶ st - ʩʦʩʪʦʷʥʠʝ (ʥʘʧʨʠʤʝʨ, ʬʦʥʝʤʘ), 

¶ xt - ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ (MFCC, Mel-spectrogram ʠ ʜʨ.), 

¶ ʨʝʟʫʣʴʪʘʪ - ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʦʠʟʥʦʩʠʪʩʷ ʢʦʥʢʨʝʪʥʳʡ 

ʟʚʫʢ. 

ɼʣʷ ʪʘʜʞʠʢʩʢʦʛʦ ʷʟʳʢʘ ʭʘʨʘʢʪʝʨʥʳ: 

¶ ʥʘʣʠʯʠʝ ʧʨʦʪʷʞʸʥʥʳʭ ʛʣʘʩʥʳʭ ʠ ʩʦʯʝʪʘʥʠʡ ʩʦʛʣʘʩʥʳʭ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʨʘʟʣʠʯʠʤʳ ʧʦ 

ʘʢʫʩʪʠʢʝ; 

¶ ʙʦʛʘʪʘʷ ʤʦʨʬʦʣʦʛʠʷ, ʪʨʝʙʫʶʱʘʷ ʢʦʥʪʝʢʩʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʦʵʪʦʤʫ DNN ʠ RNN ʧʦʤʦʛʘʶʪ ʩʠʩʪʝʤʝ ʥʝ ʧʨʦʩʪʦ ñʫʩʣʳʰʘʪʴò, ʘ ʧʦʥʷʪʴ, ʯʪʦ 

ʧʨʦʠʟʥʦʩʠʪʩʷ, ʫʯʠʪʳʚʘʷ ʢʦʥʪʝʢʩʪ ʩʣʦʚʘ, ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʤʦʨʬʝʤ. 

 

ʊʘʙʣʠʮʘ 2. ʇʨʠʤʝʨ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʜʝʤʦʥʩʪʨʘʮʠʷ) 

Table 2. Example of numerical analysis (demonstration) 

ʄʦʜʝʣʴ 
ʂʦʣ-ʚʦ 

ʧʘʨʘʤʝʪʨʦʚ 

ʉʨʝʜʥʷʷ ʪʦʯʥʦʩʪʴ 

(WER Ź) 
ʆʩʦʙʝʥʥʦʩʪʠ 

HMM-

GMM 
2.1 ʤʣʥ 27.5% ʊʨʘʜʠʮʠʦʥʥʘʷ, ʙʝʟ ʦʙʫʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ 

DNN-HMM 5.4 ʤʣʥ 15.8% 
ɻʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ, ʫʣʫʯʰʝʥʥʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʬʦʥʝʤ 

LSTM 8.9 ʤʣʥ 11.4% ʋʯʠʪʳʚʘʝʪ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

Transformer 12.6 ʤʣʥ 9.7% ʀʩʧʦʣʴʟʫʝʪ ʤʝʭʘʥʠʟʤ ʚʥʠʤʘʥʠʷ (attention) 

 WER (Word Error Rate) - ʜʦʣʷ ʦʰʠʙʦʢ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʣʦʚ, ʯʝʤ ʤʝʥʴʰʝ - ʪʝʤ ʣʫʯʰʝ. 

 

ʊʨʘʥʩʬʦʨʤʝʨʳ (Transformers). ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ, ʪʘʢʠʝ ʢʘʢ Transformer, Conformer 

ʠ Whisper, ʧʨʠʤʝʥʷʶʪ ʤʝʭʘʥʠʟʤ ʩʘʤʦʚʥʠʤʘʥʠʷ (Self-Attention), ʧʦʟʚʦʣʷʶʱʠʡ ʫʯʠʪʳʚʘʪʴ 

ʢʦʥʪʝʢʩʪ ʥʘ ʚʩʝʡ ʜʣʠʥʝ ʚʭʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ.  

ʆʩʥʦʚʥʘʷ ʦʧʝʨʘʮʠʷ ʚʥʠʤʘʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

ὃὸὸὩὲὸὭέὲὗȟὑȟὠ softmaxὠ ʬʦʨʤʫʣʘ (7) 

ʛʜʝ: 

¶ ὗᶰ - ʤʘʪʨʠʮʘ ʟʘʧʨʦʩʦʚ (queries), 

¶ ὑᶰ  - ʤʘʪʨʠʮʘ ʢʣʶʯʝʡ (keys), 

¶ ὠᶰ  - ʤʘʪʨʠʮʘ ʟʥʘʯʝʥʠʡ (values), 

¶ dk - ʨʘʟʤʝʨʥʦʩʪʴ ʢʣʶʯʝʡ (ʩʢʝʡʣʠʥʛ ʧʦ Ὠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʝ ʩʢʘʣʷʨʥʳʝ 

ʧʨʦʠʟʚʝʜʝʥʠʷ), 

¶ softmax ʧʨʠʤʝʥʷʝʪʩʷ ʧʦ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʤʘʪʨʠʮʳ QKṴ, ʜʘʚʘʷ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʚʥʠʤʘʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ ʟʘʧʨʦʩʘ. 

ʀʥʪʫʠʪʠʚʥʦ: ʜʣʷ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ t (ʢʘʜʨ/ʪʦʢʝʥ) ʚʳʯʠʩʣʷʝʤ, ʥʘʩʢʦʣʴʢʦ ʦʥʘ çʚʥʠʤʘʪʝʣʴʥʦ 

ʩʤʦʪʨʠʪè ʥʘ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʧʦʟʠʮʠʠ ʚʭʦʜʘ; ʚʝʩʘ ʚʥʠʤʘʥʠʷ (ʩʪʨʦʢʘ softmax) ʥʦʨʤʠʨʫʶʪʩʷ ʠ 

ʟʘʪʝʤ ʧʨʠʤʝʥʷʶʪʩʷ ʢ ʤʘʪʨʠʮʝ ʟʥʘʯʝʥʠʡ V, ʜʘʚʘʷ ʢʦʥʪʝʢʩʪʥʦ ʚʟʚʝʰʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ. 

ʏʪʦʙʳ ʤʦʜʝʣʴ ʤʦʛʣʘ ʫʣʘʚʣʠʚʘʪʴ ʨʘʟʥʳʝ ʪʠʧʳ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʬʦʥʝʪʠʯʝʩʢʠʝ, 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ, ʜʦʣʛʠʝ ʢʦʥʪʝʢʩʪʳ), ʠʩʧʦʣʴʟʫʝʪʩʷ multi -head: 

MultiHeadὗȟὑȟὠ Concatheadȟȣȟheadὡ  ʬʦʨʤʫʣʘ (8) 

headi=Attention(ὡ ȟὡ ȟὡ ), ʬʦʨʤʫʣʘ (9) 
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ʛʜʝ ὡ , ὡ ,ὡ   ð ʦʙʫʯʘʝʤʳʝ ʧʨʦʝʢʮʠʠ ʜʣʷ i-ʡ ʛʦʣʦʚʳ, W
O
 - ʚʳʭʦʜʥʘʷ ʧʨʦʝʢʮʠʷ. 

ɺʘʞʥʦ: ʪʨʘʥʩʬʦʨʤʝʨʳ ʥʝ ʠʤʝʶʪ ʷʚʥʦʡ ʨʝʢʫʨʨʝʥʪʥʦʩʪʠ ʠʣʠ ʩʜʚʠʛʘ ʧʦ ʚʨʝʤʝʥʠ, ʧʦʵʪʦʤʫ 

ʚʚʦʜʷʪ ʧʦʟʠʮʠʦʥʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ (positional encoding), ʥʘʧʨʠʤʝʨ, ʩʠʥʫʩʦʠʜʘʣʴʥʦʝ: 

ὖὉ ȟ ÓÉÎ Ⱦmodel
 ʬʦʨʤʫʣʘ (10) 

ὖὉ ȟ ὧέί Ⱦmodel
 ʬʦʨʤʫʣʘ (11) 

 

ʇʦʟʠʮʠʦʥʥʳʝ ʢʦʜʳ ʜʦʙʘʚʣʷʶʪʩʷ ʢ ʚʭʦʜʥʳʤ ʵʤʙʝʜʜʠʥʛʘʤ, ʯʪʦʙʳ ʚʥʠʤʘʥʠʝ ʨʘʟʣʠʯʘʣʦ 

ʧʦʨʷʜʦʢ ʪʦʢʝʥʦʚ. 

Conformer ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʣʷ ʨʝʯʠ 

Conformer - ʛʠʙʨʠʜ: ʩʦʯʝʪʘʝʪ multi -head self-attention (ʜʣʷ ʛʣʦʙʘʣʴʥʦʛʦ ʢʦʥʪʝʢʩʪʘ) ʠ 

ʩʚʝʨʪʦʯʥʳʝ ʙʣʦʢʠ (ʜʣʷ ʣʦʢʘʣʴʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ). ɸʨʭʠʪʝʢʪʫʨʘ ʪʠʧʠʯʥʦ ʩʦʜʝʨʞʠʪ ʙʣʦʢʠ: 

Feed-forward Ÿ MHSA Ÿ Convolution Ÿ Feed-forward. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʜʣʷ ʨʝʯʠ: 

¶ ʩʚʸʨʪʢʠ ʫʣʫʯʰʘʶʪ ʣʦʢʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʘʪʪʝʨʥʦʚ (ʬʦʨʤʘʥʪʳ, 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʧʝʨʝʭʦʜʳ); 

¶ attention ʜʘʸʪ ʛʣʦʙʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ; 

¶ Conformer ʯʘʩʪʦ ʜʘʸʪ ʣʫʯʰʫʶ ʪʦʯʥʦʩʪʴ ʠ RTF ʜʣʷ ʘʫʜʠʦ-ʟʘʜʘʯ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ 

Transformer. 

ʇʨʝʜʩʪʘʚʠʤ ʬʨʘʟʫ ʥʘ ʪʘʜʞʠʢʩʢʦʤ ʩ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʠʟʤʝʥʸʥʥʳʤ ʩʣʦʚʦʤ, ʛʜʝ ʢʦʥʪʝʢʩʪ 

ʦʧʨʝʜʝʣʷʝʪ ʧʨʘʚʠʣʴʥʫʶ ʣʝʤʤʫ: 

çé ʢʠʪʦʙʦˁʨʦ ʙʘ ʭʦʘˀʛʾ ʦʚʘʨʜʘʥʜ.è ɿʚʫʢ ç- ʦˁʨʦè ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʥʦʞʝʩʪʚʝʥʥʦʝ 

ʜʦʧʦʣʥʝʥʠʝ; ʚʥʠʤʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠ ʩʚʷʟʘʪʴ ʦʢʦʥʯʘʥʠʝ ʩ ʛʣʘʛʦʣʦʤ ʠ ʢʦʥʪʝʢʩʪʦʤ ʚ 

ʧʨʝʜʣʦʞʝʥʠʠ, ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʪʴ ʤʦʨʬʦʣʦʛʠʯʝʩʢʫʶ ʨʘʟʤʝʪʢʫ ʠ ʦʨʬʦʛʨʘʬʠʶ ʚ ʪʨʘʥʩʢʨʠʧʪʝ [3; 

4]. ɹʝʟ ʛʣʦʙʘʣʴʥʦʛʦ ʢʦʥʪʝʢʩʪʘ ʤʦʜʝʣʴ ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʥʝʢʦʨʨʝʢʪʥʫʶ ʩʝʛʤʝʥʪʘʮʠʶ. 

ɸʨʭʠʪʝʢʪʫʨʳ-ʧʨʠʤʝʨʳ: Whisper ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʢ ʪʘʜʞʠʢʩʢʦʤʫ 

1. Whisper - encoder-decoder Transformer, ʧʨʝʜʦʙʫʯʝʥ ʥʘ ʤʫʣʴʪʠʣʠʥʛʚʘʣʴʥʳʭ 

ʜʘʥʥʳʭ; ʧʨʠ ʘʜʘʧʪʘʮʠʠ ʢ ʪʘʜʞʠʢʩʢʦʤʫ: 

2. finetune ʥʘ ʪʘʜʞʠʢʩʢʦʤ ʢʦʨʧʫʩʝ ʧʦʚʳʰʘʝʪ WER, 

3. ʠʩʧʦʣʴʟʦʚʘʪʴ language-id ʠ ʘʜʘʧʪʘʮʠʶ ʪʦʢʝʥʠʟʘʪʦʨʘ, 

4. ʜʣʷ on-device - ʜʠʩʪʠʣʣʠʨʦʚʘʪʴ ʤʘʣʝʥʴʢʫʶ ʚʝʨʩʠʶ ʠ ʧʨʠʤʝʥʷʪʴ ʢʚʘʥʪʦʚʘʥʠʝ. 

ʄʝʭʘʥʠʟʤ self-attention (ʬʦʨʤʫʣʘ (7)) ʦʙʝʩʧʝʯʠʚʘʝʪ çʛʣʦʙʘʣʴʥʦʝ ʟʨʝʥʠʝè ʧʦ ʚʩʝʡ ʚʭʦʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʪʨʘʥʩʬʦʨʤʝʨʳ ʪʘʢ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʛʜʝ 

ʢʦʥʪʝʢʩʪ - ʢʣʶʯ ʢ ʧʨʘʚʠʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ɼʣʷ ʪʘʜʞʠʢʩʢʦʡ ʨʝʯʠ ʪʨʘʥʩʬʦʨʤʝʨʳ (ʠ 

Conformer) ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʳ ʠʟ-ʟʘ ʤʦʨʬʦʣʦʛʠʠ, ʜʠʘʣʝʢʪʦʚ ʠ ʧʦʪʨʝʙʥʦʩʪʠ ʫʯʠʪʳʚʘʪʴ ʜʘʣʴʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʝʡ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ - ʩʙʘʣʘʥʩʠʨʦʚʘʪʴ ʪʦʯʥʦʩʪʴ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ: 

ʧʨʠʤʝʥʷʪʴ streaming/approximate attention ʠ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ on-device ʧʨʠʤʝʥʝʥʠʷ. 

ʄʝʪʨʠʢʠ ʪʦʯʥʦʩʪʠ. ʂʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ 

(Automatic Speech Recognition, ASR) ʪʨʘʜʠʮʠʦʥʥʦ ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʨʠʢ Word Error 

Rate (WER) ʠ Character Error Rate (CER). ʕʪʠ ʤʝʪʨʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʜʦʣʶ ʦʰʠʙʦʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʚʳʭʦʜʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʘʣʦʥʥʦʡ ʨʘʟʤʝʪʢʦʡ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ ʩʫʤʤʳ ʨʝʜʘʢʮʠʦʥʥʳʭ ʦʧʝʨʘʮʠʡ (ʟʘʤʝʥ, ʫʜʘʣʝʥʠʡ ʠ ʚʩʪʘʚʦʢ) ʢ ʦʙʱʝʡ ʜʣʠʥʝ 

ʵʪʘʣʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʌʦʨʤʘʣʴʥʦ WER ʟʘʜʘʸʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

ὡὉὙ ρππϷ ʬʦʨʤʫʣʘ (12) 

ʛʜʝ S - ʯʠʩʣʦ ʟʘʤʝʥ (substitutions), D - ʯʠʩʣʦ ʫʜʘʣʝʥʠʡ (deletions), I - ʯʠʩʣʦ ʚʩʪʘʚʦʢ (insertions), N 

- ʦʙʱʝʝ ʯʠʩʣʦ ʩʣʦʚ ʚ ʵʪʘʣʦʥʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ. ɸʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ CER (character error 

rate), ʥʦ ʥʘ ʫʨʦʚʥʝ ʩʠʤʚʦʣʦʚ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʛʦ ʚʳʯʠʩʣʝʥʠʷ WER/CER 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʨʝʜʘʢʮʠʦʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʪʦ ʝʩʪʴ ʨʘʩʩʪʦʷʥʠʝ ʃʝʚʝʥʰʪʝʡʥʘ 

(edit distance) ʤʝʞʜʫ ʵʪʘʣʦʥʦʤ ʠ ʛʠʧʦʪʝʟʦʡ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʚʢʣʶʯʘʝʪ 

ʚʳʯʠʩʣʝʥʠʝ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ (bootstrap) ʠ ʨʘʟʙʠʝʥʠʝ ʧʦ ʫʩʣʦʚʠʷʤ (clean / noisy / 

ʜʠʘʣʝʢʪʳ / ʫʩʪʨʦʡʩʪʚʘ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʥʘʜʸʞʥʫʶ ʢʘʨʪʠʥʫ ʧʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠ ʚ 

ʨʝʘʣʴʥʳʭ ʩʮʝʥʘʨʠʷʭ. 
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ʈʘʩʯʸʪ WER ʯʝʨʝʟ ʨʘʩʩʪʦʷʥʠʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ (Levenshtein). ʇʫʩʪʴ ʵʪʘʣʦʥʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʦʚ R=(r1,é,rN), ʛʠʧʦʪʝʟʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ H=(h1,é,hM). ʆʧʨʝʜʝʣʠʤ ʤʘʪʨʠʮʫ 

ʨʘʩʩʪʦʷʥʠʡ di,j  ʤʠʥʠʤʘʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʧʝʨʚʳʭ i ʩʣʦʚ ʵʪʘʣʦʥʘ ʢ ʧʝʨʚʳʤ j 

ʩʣʦʚʘʤ ʛʠʧʦʪʝʟʳ. ɹʘʟʠʩ: 

d0,0=0, di,0=i, dj,0=j. 

ʈʝʢʫʨʨʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ: 

Ὠȟ άὭὲ

Ὠ ȟ ρ

Ὠȟ ρ

Ὠ ȟ ὶȟ‏

ʫʜʘʣʝʥʠʝ

ʚʩʪʘʚʢʘ

ʟʘʤʝʥʘ/ʩʦʚʧʘʜʝʥʠʝ

 ʬʦʨʤʫʣʘ (13) 

ʛʜʝ ‏ὶȟ π ʧʨʠ ri=hj ʠ 1 ʠʥʘʯʝ. ɺʝʣʠʯʠʥʘ dN,M  ð ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʦʧʝʨʘʮʠʡ S+D+I. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʞʜʫ S,D,I ʚʳʧʦʣʥʷʶʪ ʪʨʘʩʩʠʨʦʚʢʫ (backtrace) ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʪʠ 

ʧʦ ʤʘʪʨʠʮʝ d. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ S,D,I: 

CER ẗρππϷȟ ʬʦʨʤʫʣʘ (14) 

ʛʜʝ ʠʥʜʝʢʩʳ c ʦʟʥʘʯʘʶʪ ʧʦʜʩʯʸʪ ʥʘ ʩʠʤʚʦʣʘʭ. 

ʇʨʠʤʝʨ 1 - ʧʦʜʩʯʸʪ WER (ʩʣʦʚʘ) 

ʕʪʘʣʦʥ (Reference, R): 

çʄʘʥ ʢʠʪʦʙʨʦ ʠʤʨʟ˄ ʤʝʭʘʨʘʤè Ÿ ʪʦʢʝʥʠʟʘʮʠʷ (ʩʣʦʚʘ): [ʄʘʥ, ʢʠʪʦʙʨʦ, ʠʤʨ˄ʟ, ʤʝʭʘʨʘʤ], N=4. 

ɻʠʧʦʪʝʟʘ (Hypothesis, H): 

çʄʘʥ ʢʠʪʦʙ ʠʤʨʟ˄ ʤʝʭʘʨʘʤè Ÿ [ʄʘʥ, ʢʠʪʦʙ, ʠʤʨʟ˄, ʤʝʭʘʨʘʤ], M=4. 

ɸʥʘʣʠʟ: ʩʣʦʚʦ çʢʠʪʦʙʨʦè Ÿ çʢʠʪʦʙè ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʟʘʤʝʥʦʡ (S=1), ʚʩʪʘʚʦʢ ʠ ʫʜʘʣʝʥʠʡ 

ʥʝʪ (I=0, D=0). ʊʦʛʜʘ: 

7%2
ρ π π

τ
ρππϷ ςυϷ 

ʇʨʠʤʝʨ 2 - ʚʩʪʘʚʢʘ 

R: çʐʫʤʦ ʯ ʾʭʘʙʘʨ ʜʦʨʝʜè Ÿ [ʐʫʤʦ, ʯʾ, ʭʘʙʘʨ, ʜʦʨʝʜ], N=4. 

H: çʐʫʤʦ ʯ ʾʭʘʙʘʨ ʜʦʨʝʜ ʘʢʥʫʥè Ÿ M=5 (ʚʩʪʘʚʣʝʥʦ çʘʢʥʫʥè) Ÿ I=1, S=0, D=0: 

7%2
π π ρ

τ
ρππϷ ςυϷ 

ʇʨʠʤʝʨ 3 - CER ʜʣʷ ʢʦʨʦʪʢʦʛʦ ʩʣʦʚʘ 

R (ʩʠʤʚʦʣʳ): çʢʠʪʦʙè - 5 ʩʠʤʚʦʣʦʚ. 

H: çʢʠʪʫʧè - ʦʜʥʘ ʦʰʠʙʢʘ ʩʠʤʚʦʣʘ ('ʙ'Ÿ'ʧ'): Sc=1, Nc=5 Ÿ 

#%2
ρ

υ
ρππϷ ςπϷ 

ʕʪʠ ʧʨʠʤʝʨʳ ʧʦʢʘʟʳʚʘʶʪ ʨʘʟʣʠʯʠʷ ʚ ʫʨʦʚʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ WER ʠ CER: ʧʨʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʷʭ (ʩʫʬʬʠʢʩʳ) ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ CER ʜʣʷ ʘʥʘʣʠʟʘ, ʧʦʩʢʦʣʴʢʫ 

ʦʜʥʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʤʦʞʝʪ ʜʘʪʴ ʚʳʩʦʢʠʡ WER, ʥʦ ʥʝʙʦʣʴʰʦʡ CER. 

ʊʘʜʞʠʢʩʢʠʡ ʷʟʳʢ ʠʤʝʝʪ ʙʦʛʘʪʫʶ ʤʦʨʬʦʣʦʛʠʶ (ʩʫʬʬʠʢʩʳ, ʧʦʩʣʝʣʦʛʠ), ʧʦʵʪʦʤʫ ʜʘʞʝ ʦʜʥʘ 

ʦʰʠʙʢʘ ʚ ʩʫʬʬʠʢʩʝ ʤʝʥʷʝʪ ʩʣʦʚʦ - ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ S ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, WER. CER ʚ ʪʘʢʠʭ 

ʩʣʫʯʘʷʭ ʜʘʸʪ ʙʦʣʝʝ çʛʣʘʜʢʫʶè ʦʮʝʥʢʫ, ʧʦʩʢʦʣʴʢʫ ʬʠʢʩʠʨʫʝʪ ʦʰʠʙʢʫ ʥʘ ʫʨʦʚʥʝ ʩʠʤʚʦʣʦʚ. 

ɼʠʘʣʝʢʪʥʘʷ ʠ ʬʦʥʝʪʠʯʝʩʢʘʷ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪ ʰʘʥʩ substitutions S. ɿʘʠʤʩʪʚʦʚʘʥʠʷ ʠ 

ʪʨʘʥʩʣʠʪʝʨʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ insertions/ substitutions. 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʦʙʨʘʙʦʪʢʠ ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ ʚ 

ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ ʩ ʫʯʸʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʘʜʞʠʢʩʢʦʛʦ ʷʟʳʢʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ, ʩʦʚʨʝʤʝʥʥʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ 

ʥʝʡʨʦʩʝʪʝʚʳʝ ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʪʘʜʞʠʢʩʢʦʡ ʨʝʯʠ. ʋʯʠʪʳʚʘʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʙʦʛʘʪʩʪʚʦ ʷʟʳʢʘ, ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʰʠʨʥʳʭ ʪʝʢʩʪʦʚʳʭ ʠ ʘʫʜʠʦʢʦʨʧʫʩʦʚ. ʇʨʦʜʦʣʞʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ASR-ʩʠʩʪʝʤ ʠ ʨʘʩʰʠʨʝʥʠʷ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʦʙʠʣʴʥʳʭ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. 
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ØÌÜÇÔ×ÌÇÚÔ ÖÚÜÖÌÜÐÔ ÝÔÏÙÌ×ÇÚÔ ÙßÞÉÔ ÐÌÜ ÝÔÝÞÑØÌÇÚÔ äÔÙÚáÞÔ ÙßÞÉ ÍÚ 

ÙÌÓÌÜÐÚäÞÔ áßÝßÝÔëÞÇÚÔ ÓÌÍÚÙÔ ÞÚÆÔÖÄ 
Ðìü øìėú÷ì øìüĕô÷ìĕúô ìýúýôô öúüöìüðô ìîþúøìþôô ýôïùì÷ô ùÿþė, öô ðìü ýôýþñøìĕúô øÿúýôüô 

Ąôùúāþô ìîþúøìþôô ùÿþė ôýþôĀúðì øñĄìîìùð, íìüüìýĒ øñĄìîìùð. Þìüþôíĕúô ìýúýôô ûñĄöúüöìüðô 
øìĆ÷ÿøúþô ìÿðôúĒ, ìó Ĕÿø÷ì ûìāĄ öìüðìùô ýìðú, íì ĉĆþôðú÷ úîìüðìùô ýôïùì÷, ýñïøñùþìþýôċ îì ôýþôāüúĔô 
āÿýÿýôċþĕúô ìöÿýþôöôô ôþþô÷úúþĒ þìîýôĀ Ąÿðììùð. ÞìîìĔĔÿĕô øìāýÿý íì øÿþúíôėýúóôô ôù øìüĕô÷ìĕú íì 
āÿýÿýôċþĕúô āúýô óìíúùô þúĔôöĒ, öô íú øúüĀú÷úïôċô íúõ, ïÿùúïÿùôô ĀúùñþôöĒ îì øìîĔÿðôċþô îìüôìùþĕúô 
ðôì÷ñöþôöĒ, öô íì ðìėôėôô Ąôùúāþô ùÿþė þìĆýôüô ùìóìüüìý øñüìýúùìùð, þìîýôĀ öìüðì øñĄìîìð. Ðìü øìėú÷ì 
üìîôĄĕúô ìýúýôô øúðñ÷ýúóôô ìöÿýþôöĒ îì óìíúùĒ ðìü ìýúýô ÿýÿ÷ĕúô þìĕ÷ô÷ô ýûñöþüĒ, öúĉĀĀôþýôñùþĕúô 
íìýúøìðô Mel-Cepstral (MFCC), øúðñ÷ĕúô ûôùĕúùôô Øìüöúî, ôùăÿùôù øñĆøúüôô øÿúýôüô Ąìíìöìô 
ùñõüúùôô úøĘóôĄô ìøôė, ìó Ĕÿø÷ì øúðñ÷ĕúô þüìùýĀúüøìþúüĒ þìĕ÷ô÷ öìüðì øñĄìîìùð. ÞìîìĔĔÿĕô øìāýÿý íì 
þìĄìööÿ÷ îì úøúðìýúóôô öúüûÿýĕúô úøĘóôĄôô ùÿþė íìüúô ùÿþėô þúĔôöĒ íú ùìóìüðúĄþô Ąìüúôþô ýìíþ, 
þìĎõôüûìóôüôô þì÷ìĀĀÿó îì þìüöôíô ÷ÿĎìîĒ ðúðì øñĄìîìð. Ùìøÿùìĕúô þìþíôėô ìøì÷ôô ÿýÿ÷ĕúô 
íìüüìýôĄÿðì ðìü ýôýþñøìĕúô Ąôùúāþô ùÿþė, öô íìüúô íìüùúøìĕúô ôùþñüìöþôîĒ îì ôùþñ÷÷ñöþÿì÷Ē þìüĕüñóĒ 
Ąÿðììùð, ûñĄùôĕúð öìüðì øñĄìîìùð. ÙìþôĔìĕúô íìðìýþúøìðì ìĕìøøôċþ îì ðÿüùìøúô üÿĄðô þñāùú÷úïôċĕúô 
öúüöìüðô ìîþúøìþĒ îì Ąôùúāþô ùÿþėô þúĔôöôüú þìýðôė øñöÿùìùð. 

Öì÷ôðîúòìĕú: Ąôùúāþô āÿðöúüô ùÿþė, öúüöìüðô ýôïùì÷ô ùÿþė, þìĕ÷ô÷ô ýûñöþüĒ, MFCC , øúðñ÷ĕúô 
ûôùĕúùôô Øìüöúî, øúðñ÷ýúóôô ìöÿýþôöĒ, øúðñ÷ýúóôô óìíúù, üìøóöÿĄúĒ, óìíúùô þúĔôöĒ, Transformer. 

 

ʕʊɸʇʓ ʆɹʈɸɹʆʊʂʀ ʈɽʏɽɺʆɻʆ ʉʀɻʅɸʃɸ ɺ ʉʀʉʊɽʄɸʍ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʈɽʏʀ ʉ ʋʏɪʊʆʄ 

ʆʉʆɹɽʅʅʆʉʊɽʁ ʊɸɼɾʀʂʉʂʆɻʆ ʗɿʓʂɸ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ. ʆʧʠʩʳʚʘʶʪʩʷ ʢʣʶʯʝʚʳʝ ʧʨʦʮʝʜʫʨʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʘʫʜʠʦʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʧʦʜʘʚʣʝʥʠʝ ʰʫʤʦʚ, ʥʦʨʤʘʣʠʟʘʮʠʶ ʩʠʛʥʘʣʘ, ʩʝʛʤʝʥʪʘʮʠʶ ʠ ʚʳʜʝʣʝʥʠʝ 

ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʘʜʘʧʪʘʮʠʠ ʜʘʥʥʳʭ ʵʪʘʧʦʚ ʢ ʩʧʝʮʠʬʠʢʝ 

ʪʘʜʞʠʢʩʢʦʛʦ ʷʟʳʢʘ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʛʘʪʦʡ ʤʦʨʬʦʣʦʛʠʝʡ, ʬʦʥʝʪʠʯʝʩʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠ ʥʘʣʠʯʠʝʤ 

ʜʠʘʣʝʢʪʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ. ɺ ʨʘʙʦʪʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ 

ʦʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʘʢʫʩʪʠʯʝʩʢʦʤʫ ʠ ʷʟʳʢʦʚʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʪʦʜʘʭ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʢʦʵʬʬʠʮʠʝʥʪʘʭ MFCC, ʩʢʨʳʪʳʭ ʤʘʨʢʦʚʩʢʠʭ ʤʦʜʝʣʷʭ, ʘ ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʳʭ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʨʭʠʪʝʢʪʫʨʘʭ ʛʣʫʙʦʢʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʚʢʣʶʯʘʷ ʤʦʜʝʣʠ ʪʠʧʘ Transformer. ʆʪʜʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ 

ʦʙʫʯʘʶʱʠʭ ʨʝʯʝʚʳʭ ʢʦʨʧʫʩʦʚ ʜʣʷ ʪʘʜʞʠʢʩʢʦʡ ʨʝʯʠ ʩ ʫʯʸʪʦʤ ʫʩʣʦʚʠʡ ʟʘʧʠʩʠ, ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʧʨʦʠʟʥʦʰʝʥʠʷ ʠ 
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ʣʝʢʩʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ ʚ ʩʠʩʪʝʤʘʭ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʘʜʞʠʢʩʢʦʡ ʨʝʯʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ, ʦʙʨʘʙʦʪʢʘ ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ, 

MFCC, ʩʢʨʳʪʳʝ ʤʘʨʢʦʚʩʢʠʝ ʤʦʜʝʣʠ, ʘʢʫʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʷʟʳʢʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʜʝʢʦʜʠʨʦʚʘʥʠʝ, 

ʪʘʜʞʠʢʩʢʠʡ ʷʟʳʢ, Transformer. 

 

STAGES OF SPEECH SIGNAL PROCESSING IN SPEECH RECOGNITION SYSTEMS TAKING INTO 

ACCOUNT THE CHARACTERISTICS OF THE TAJIK  LANGUAGE  

The article examines the main stages of automatic speech signal processing used in modern automatic speech 

recognition systems. The key procedures of audio data preprocessing are described, including noise suppression, signal 

normalization, segmentation, and extraction of informative acoustic features. Special attention is paid to the adaptation of 

these stages to the specific characteristics of the Tajik language, which is characterized by rich morphology, phonetic 

diversity, and the presence of dialectal variations that significantly affect speech recognition accuracy. The paper analyzes 

the main approaches to acoustic and language modeling based on spectral analysis methods, Mel-Frequency Cepstral 

Coefficients (MFCC), Hidden Markov Models, as well as modern deep learning neural network architectures, including 

Transformer-based models. Particular attention is given to the formation and preparation of training speech corpora for 

Tajik speech, taking into account recording conditions, pronunciation variability, and lexical composition. Examples of 

practical application of the considered methods in speech recognition systems designed for interactive and intelligent 

applications are presented. The obtained results confirm the relevance and ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ of the development of 

technologies for automatic processing and recognition of Tajik speech. 

Keywords: automatic speech recognition, speech signal processing, spectral analysis, MFCC, hidden Markov 

models, acoustic modeling, language modeling, decoding, Tajik language, Transformer. 
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ʋɼʂ: 631.356 

ʈɽɿʋʃʔʊɸʊʓ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ 

ʇʈʆʎɽʉʉɸ ʀ ʆʈɻɸʅɸ ʇʈʆʉɽɺʅʆʁ ʉɽʇɸʈɸʎʀʀ ʂɸʈʊʆʌɽʃɽʋɹʆʈʆʏʅʓʍ 

ʄɸʐʀʅ 

 

ʈʫʟʠʤʫʨʦʜʦʚ ɸ.ɸ. 

ʃʝʚʘʢʘʥʪʩʢʠʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʠʥʩʪʠʪʫʪ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʠ ʪʫʨʠʟʤʘ ʊʘʜʞʠʢʠʩʪʘʥʘ 

 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʥʷʪʦ ʵʣʝʚʘʪʦʨʥʦʝ ʧʦʣʦʪʥʦ ʩʦ ʩʨʝʜʩʪʚʦʤ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʢʘʨʪʦʬʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ. 

ʇʨʝʜʤʝʪʦʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʥʦʪʫ ʧʦʚʨʝʞʜʝʥʠʡ ʢʘʨʪʦʬʝʣʴʥʳʭ ʢʣʫʙʥʝʡ ʠ 

ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʝʡ, ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʧʦʜʘʯʠ ʢʣʫʙʥʝʥʦʩʥʦʛʦ ʚʦʨʦʭʘ, ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʢʘʨʪʦʬʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ ʠ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʫʪʢʦʚʦʛʦ ʵʣʝʚʘʪʦʨʘ. 

ʆʙʲʝʢʪʘʤʠ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʥʷʪʳ: ʩʝʨʠʡʥʳʡ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ 

ʢʘʨʪʦʬʝʣʝʢʦʧʘʪʝʣʴ ʂʉʊ-1,4. ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʢʘʨʪʦʬʝʣʝʢʦʧʘʪʝʣʷ ʙʳʣʦ 

ʧʨʠʤʝʥʝʥʦ ʧʨʝʜʣʦʞʝʥʥʦʝ ʩʨʝʜʩʪʚʦ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʢʘʨʪʦʬʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ [ 1; 4; 5]. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʪ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʨʝʟʫʣʴʪʘʪʳ: 

- ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʨʝʞʜʝʥʠʡ ʢʘʨʪʦʬʝʣʴʥʳʭ ʢʣʫʙʥʝʡ; 

- ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʝʨʠ ʫʨʦʞʘʷ. 

ʇʨʝʜʤʝʪʦʤ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʥʷʪʳ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʘʨʪʦʬʝʣʴʥʳʭ ʢʣʫʙʥʝʡ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʦʨʪʦʚ. ʈʝʟʫʣʴʪʘʪ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʫʪʦʯʥʝʥʠʡ ʨʘʟʤʝʨʥʳʭ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʤʘʩʩʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʫʩʪʦʚ ʢʘʨʪʦʬʝʣʷ ʩʦʛʣʘʩʥʦ ʩʦʨʪʘʤ [ 15; 7; 8]. 

ʈʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʨʝʜʩʪʚʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʢʘʨʪʦʬʝʣʴʥʦʡ 

ʩʝʧʘʨʘʮʠʠ. 

ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʘʣʠʟʘʮʠʠ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 2
3
, ʫʯʠʪʳʚʘʶʱʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʢʘʨʪʦʬʝʣʴʥʳʭ ʢʣʫʙʥʝʡ ʠ 

ʧʦʣʥʦʪʫ ʩʝʧʘʨʘʮʠʠ ʧʨʠʤʝʩʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1,2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʦʨʛʘʥʝ ʧʝʨʚʠʯʥʦʡ ʩʝʧʘʨʘʮʠʠ ʩʦ ʩʨʝʜʩʪʚʦʤ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʢʘʨʪʦʬʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ: 

- ɻ ʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʢʘʨʪʦʬʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ ʜʣʷ ʢʘʨʪʦʬʝʣʝʢʦʧʘʪʝʣʷ ʂʉʊ-1,4; 

- ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ; 

- ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʩʨʝʜʩʪʚʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʢʘʨʪʦʬʝʣʴʥʦʡ 
ʩʝʧʘʨʘʮʠʠ ʜʣʷ ʢʘʨʪʦʬʝʣʝʢʦʧʘʪʝʣʷ ʂʉʊ-1,4 ʷʚʣʷʝʪʩʷ 191-198 ʦʙ/ʤʠʥ [9; 10; 11]. 

ʇʦʣʦʞʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʟʘʙʠʚʘʥʠʷ ʠ ʟʘʚʠʩʘʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʠ ʧʦʯʚʝʥʥʳʤʠ ʧʨʠʤʝʩʷʤʠ. 
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ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 2
3
, ʫʯʠʪʳʚʘʶʱʝʛʦ 

ʧʦʚʨʝʞʜʝʥʠʷ ʢʘʨʪʦʬʝʣʴʥʳʭ ʢʣʫʙʥʝʡ 

Table 1. Results of statistical processing of the results of the implementation of a multifactorial experiment 23, taking into account damage to 

potato tubers 

ˉ ʧ/ʧ ʌʘʢʪʦʨʳ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʇʦʚʨʝʞʜʝʥʠʷ ʢʘʨʪʦʬʝʣʴʥʳʭ ʢʣʫʙʥʝʡ, % 

ὼ ὼ ὼ ὼ  ὼ  ὼ  ὼ  ώ  ώ  ώ  ώ ‏ 

1 2 3 4 5 6 7 8 9 10 11 12 13 

1 + + + + + + + 2,87 2,83 2,92 2,86 0,002 

2 - + + - - + - 1,29 1,34 1,22 1,27 0,005 

3 - - + + - - + 2,35 2,43 2,40 2,41 0,002 

4 - - - + + + - 1,92 1,95 1,94 1,95 0,001 

5 + - + - + - - 3,38 3,33 3,44 3,40 0,004 

6 + + - + - - - 1,32 1,28 1,39 1,32 0,003 

7 + - - - - + + 1,47 1,52 1,52 1,52 0,001 

8 - + - - + - + 1,04 0,95 0,99 0,98 0,001 

 

ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 2
3
, ʫʯʠʪʳʚʘʶʱʝʛʦ ʧʦʣʥʦʪʫ 

ʩʝʧʘʨʘʮʠʠ ʧʨʠʤʝʩʝʡ 

Table 2. Results of statistical processing of the results of the implementation of multifactorial experiment 23, taking into account the 

completeness of impurity separation 

ˉ ʧ/ʧ ʌʘʢʪʦʨʳ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʇʦʚʨʝʞʜʝʥʠʷ ʢʘʨʪʦʬʝʣʴʥʳʭ ʢʣʫʙʥʝʡ, % 

ὼ ὼ ὼ ὼ  ὼ  ὼ  ὼ  ώ  ώ  ώ  ώ ‏ 

1 2 3 4 5 6 7 8 9 10 11 12 13 

1 + + + + + + + 85,3 84,9 85,8 85,2 0,16 

2 - + + - - + - 88,5 88,8 89,0 88,9 0,13 

3 - - + + - - + 90,2 90,3 89,6 90,2 0,12 

4 - - - + + + - 87,5 88,2 87,7 87,9 0,06 

5 + - + - + - - 86,7 86,8 86,4 86,8 0,10 

6 + + - + - - - 75,1 76,1 75,7 75,5 0,16 

7 + - - - - + + 71,3 71,7 71,8 71,8 0,10 

8 - + - - + - + 78,4 79,5 78,7 79,0 0,21 
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ʀʩʭʦʜʷ ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʬʦʨʤʫʣ (3), (4): 

- ʧʦʣʥʦʪʘ ʧʦʚʨʝʞʜʝʥʠʷ ʢʘʨʪʦʬʝʣʴʥʳʭ ʢʣʫʙʥʝʡ: 

ʇʢʣ ώ ρȟωφ πȟσρὼ πȟσυὼ πȟυςὼ πȟρχὼὼ  

- πȟστὼὼ πȟπφὼὼ     (1) 

- ʧʦʣʥʦʪʘ ʩʝʧʘʨʘʮʠʠ ʧʨʠʤʝʩʝʡ: 

ὗʧʨ ώ ψσȟρτ σȟςφὼ πȟωψὼ τȟφτὼ ρȟυχὼὼ  

- ρȟφρὼὼ ρȟφυὼὼὼ.    (2) 

ʇʨʦʠʟʚʝʜʝʥʥʘʷ ʧʨʦʚʝʨʢʘ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ 

0,05 ʧʦ ʦʮʝʥʢʝ ʧʦ ʢʨʠʪʝʨʠʶ ʂʦʭʨʝʥʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʠʧʦʪʝʟʫ ʦʙ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʤʦʜʝʣʝʡ. 

ʇʨʠʤʝʥʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʣʠʥʝʡʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʵʣʝʚʘʪʦʨʥʦʛʦ ʧʦʣʦʪʥʘ ʩ ʧʨʝʜʣʦʞʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʢʘʨʪʦʬʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ, ʠ ʧʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʥʝʢʦʪʦʨʳʝ ʢʦʥʢʨʝʪʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʢʘʨʪʦʬʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ, ʥʘʧʨʠʤʝʨ, 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʨʝʞʜʝʥʠʡ ʢʘʨʪʦʬʝʣʴʥʳʭ ʢʣʫʙʥʝʡ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 3% [ 3; 1; 14; 6].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ: 

ʇʢʣ ώ ρȟωφπȟσρὼ πȟσυὼ πȟυςὼ πȟρχὼὼ  

πȟστὼὼ πȟπφὼὼ σϷ.    (3) 

ʊʦʛʜʘ: 

ςȟυυπȟωςὼ σϷȟ      (4) 

ʠʣʠ 

ὼ πȟυω.       (5) 

ʇʨʠʤʝʥʠʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʣʫʯʘʝʤ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʬʘʢʪʦʨʘ: 

ὲ ρωψ ʦʙ/ʤʠʥ.     (6) 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʩʪʠ ʠʥʦʝ ʫʩʣʦʚʠʝ ï ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʦʪʫ ʫʜʘʣʝʥʠʷ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʧʦʯʚʝʥʥʳʭ ʧʨʠʤʝʩʝʡ ʥʝ ʥʠʞʝ 80% [ 3, 12, 13], ʪʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ 

ʩʣʝʜʫʶʱʝʝ ʫʩʣʦʚʠʝ: 

ὗʧʨ ώ ψσȟρτ σȟςφὼ πȟωψὼ τȟφτὼ ρȟυχὼὼ  

ρȟφρὼὼ ρȟφυὼὼὼ ψπϷ.    (7) 

ʈʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ 

ʩʨʝʜʩʪʚʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʩʝʧʘʨʘʮʠʠ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʵʣʝʚʘʪʦʨʘ ʤʠʥʠʤʘʣʴʥʦ, ʘ 

ʧʦʜʘʯʘ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʚʦʨʦʭʘ ʤʘʢʩʠʤʘʣʴʥʘ, ʪ.ʝ.: 

ὼ ρ; 
ὼ ρ; 
ὰ πȟς ʤ; 
ὺʠ ρρπ ʢʛ/ʩ. 

ʊʦʛʜʘ: 

χωȟσωχȟωὼ ψπϷȟ     (8) 

ʠʣʠ 

ὼ πȟπω.      (9) 

ʇʨʠʤʝʥʠʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʣʫʯʘʝʤ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʬʘʢʪʦʨʘ, ʪ.ʝ. ʯʘʩʪʦʪʫ 

ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ: 

ὲ ρωρ ʦʙ/ʤʠʥ.     (10) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ ʩʨʝʜʩʪʚʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʢʘʨʪʦʬʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 191-198 ʦʙ/ʤʠʥ. ʅʘʛʣʷʜʥʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 
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ʈʠʩʫʥʦʢ 1. ɼʠʘʧʘʟʦʥ ʦʧʪʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ ʩʨʝʜʩʪʚʘ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʢʘʨʪʦʬʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ 

Figure 1. Range of optimal rotation speed of the drive shaft of the potato separation intensifier 

 
ʈʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʣʝʚʘʪʦʨʥʦʛʦ ʧʦʣʦʪʥʘ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʧʫʪʝʤ ʦʩʥʘʱʝʥʠʷ ʩʨʝʜʩʪʚʦʤ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʢʘʨʪʦʬʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥ r ʥʘ ʨʠʩ. 2, 3. ɺ ʧʦʣʫʯʝʥʥʳʭ ʛʠʩʪʦʛʨʘʤʤʘʭ ʧʨʠʤʝʥʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ. 

 

ʈʠʩʫʥʦʢ 2. ʇʦʣʥʦʪʘ ʢʘʨʪʦʬʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ, % 

Figure 2. Completeness of potato separation, % 

 
 

ʈʠʩʫʥʦʢ 3. ʇʦʚʨʝʞʜʝʥʠʷ ʢʘʨʪʦʬʝʣʴʥʳʭ ʢʣʫʙʥʝʡ, % 

Figure 3. Damage to potato tubers, % 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʶʪ ʪʝʭʥʠʯʝʩʢʫʶ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʢʘʨʪʦʬʝʣʴʥʦʡ 

ʩʝʧʘʨʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʦʣʥʦʪʫ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʝʡ ʥʘ ʧʨʫʪʢʦʚʦʤ ʵʣʝʚʘʪʦʨʝ 

ʢʘʨʪʦʬʝʣʝʢʦʧʘʪʝʣʷ ʠ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʨʝʞʜʝʥʠʡ ʢʘʨʪʦʬʝʣʴʥʳʭ ʢʣʫʙʥʝʡ. 

ɺʳʚʦʜʳ. ɺʳʷʚʣʝʥʳ ʦʙʲʝʢʪ ʠ ʧʨʝʜʤʝʪ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʨʝʜʩʪʚʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʢʘʨʪʦʬʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʨʠʮʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʢʨʠʪʝʨʠʷʤ ʧʦʚʨʝʞʜʝʥʠʷ 

ʢʘʨʪʦʬʝʣʴʥʳʭ ʢʣʫʙʥʝʡ ʠ ʧʦʣʥʦʪʳ ʩʝʧʘʨʘʮʠʠ ʧʨʠʤʝʩʝʡ. 

ɺ ʭʦʜʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 

ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʢʘʨʪʦʬʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ ï 191 ï 198 

ʦʙ/ʤʠʥ. ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʩʭʦʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 3%.  
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ØÚäÔÙÇÚÔ ÆÌØæÚÎÌÜÔÔ ÖÌÜÞÚäÖÌ 

ÆìøĆúîìüôô öìüþúĄöì ċöñ ìó øìüĕô÷ìĕúô øÿĕôøþìüôù îì øñĕùìþþì÷ìí ðìü íìāĄô öôĄúîìüóĒ øñíúĄìð. 
ÝôĀìþô ĕúýô÷, íñāìþìüôô ÷ÿùðìĕú îì þì÷ìĀúþô ĕìððô ìėì÷ô ĕúýô÷ ìýúýìù ìó ýìøìüìùúöôô øúĄôùĕúô 
ĔìøĆúîìüôô öìüþúĄöì îúíìýþì ìýþ. ßùýÿüô öì÷ôðĒ, öô ôù ùôĄúùðôĕìùðìĕúüú øÿìõċù øñöÿùìð, ýôýþñøìô 
Ĕÿøíúùôðìù ìýþ, öô íìüúô Ĕÿðú öìüðìùô ÷ÿùðìĕú ìó āúö, ýìùïĕú îì ûìüþúîĕúô üìýþìùĒ øìýĆÿ÷ ìýþ. 

Ýôýþñøìĕúô øìîĔÿðìô Ĕÿøíúùôðìù (āÿýÿýìù, ĉöüìùĕú îì öúùîñõñüĕúô Ĕÿðúöÿùìùðì) ĕìùïúøô öúü ðìü 
Ąìüúôþô ðÿĄîúüô öôĄúîìüóĒ - ðìü øìõðúùĕúô íúþ÷úėóúü, ýìùï÷úā Č ì÷ìĀĕúô íñïúùì óôČð ýìøìüìùúöôô ûìýþ 
ùôĄúù øñðôĕìùð. Ôù íúôýô óìüìüô ùìóìüüìý íì ÷ÿùðìĕú (þú 20-40% ĕìĔøô ÿøÿøĒ) øñïìüðìð, öô ìüóôĄô 
þôĔúüìþĒ îì øÿĕ÷ìþô ùôïúĕðúüôô úùĕúüú íì þìîüô ùìóìüüìý öúĕôĄ øñðôĕìð, ôùăÿùôù þì÷ìĀúþô íñìýúýô 
ĕúýô÷üú íì îÿĔÿð øñúüìð. Ìó ôù üĘ, ČĀþìùô üúĕĕúô íñĕþìü öìüðìùô ýìøìüìùúöĒ îì ĉĆþôøúðùúöôô ýôýþñøìô 
Ĕÿøíúùôðìù ċö øÿĄöô÷ô Āìîüôô ô÷øĒ îì þñāùôöĒ øñíúĄìð. ÝìüĀô ùìóìü ìó þìöøô÷ô ðúôøôô þìüĕüñóôô 
þìĔĕôóúþô ĔìøĆúîìüôô öìüþúĄöì, þìĆýôüô ċöĔúċô ûìüìøñþüĕúô þìüüúĕĒ îì üñòôøĕúô öôùñøìþôöĒ (íìýúøìðô 
÷ìüóôĄ îì ìøû÷ôþÿðì, ýÿüĆìþ)-ô ÿùýÿüô Ĕÿðúöÿùìùðì íì ùôĄúùðôĕìùðìĕúô ìýúýôô ĀìĆú÷ôċþ, íì øúùìùðô 
ýìøìüìùúöôô ĔÿðúöÿùĒ, þúóìïôô þÿðì îì úýñíô ÷ÿùðì, íì ėìðüô öúĀĒ úøĘāþì ùìĄÿðììýþ. Ùìíÿðìùô 
øÿùúýôíìþĕúô îúóñĕ îì þìîýôċĕúô ìýúýùúö íìüúô þìùóôøô ÿùýÿüĕúô öúüĒ íì úûñüìþúü ôøöúù ùìøñðôĕìð, öô 
üñòôøô úûþôøì÷ôô öúüô öúøíìõù îì öìüþúĄöìăôùìöĕúüú íìüúô Ąìüúôþô øÿĄìāāìýô āúö îì ôė÷ôø ôùþôāúí 
öÿùìð. 

Öì÷ôðîúòìĕú: öìüþúĄöì, ýìøìüìùúöĒ, öôĄúîìüóĒ, ĔìøĆúîìüôô öìüþúĄöì, øúĄôùĕúô ĔìøĆúîìüôô 
öìüþúĄöì, āúö, óìøôù, øñāìùôöúùĒ, þñāùôöĒ, öúĕôĄô þì÷ìĀúþô öìüþúĄöì. 

 

ʈɽɿʋʃʔʊɸʊʓ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉɸ ʀ 

ʆʈɻɸʅɸ ʇʈʆʉɽɺʅʆʁ ʉɽʇɸʈɸʎʀʀ ʂɸʈʊʆʌɽʃɽʋɹʆʈʆʏʅʓʍ ʄɸʐʀʅ 

ʋʙʦʨʢʘ ʢʘʨʪʦʬʝʣʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʠ ʪʨʫʜʦʝʤʢʠʭ ʵʪʘʧʦʚ ʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ 

ʢʦʤʧʣʝʢʩʝ. ʂʘʯʝʩʪʚʦ ʫʙʦʨʢʠ, ʩʦʭʨʘʥʥʦʩʪʴ ʢʣʫʙʥʝʡ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʪʝʨʠ ʫʨʦʞʘʷ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʢʘʨʪʦʬʝʣʝʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥ. ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ, 

ʷʚʣʷʝʪʩʷ ʦʨʛʘʥ ʧʨʦʩʝʚʥʦʡ ʩʝʧʘʨʘʮʠʠ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʦʪʜʝʣʝʥʠʝ ʢʣʫʙʥʝʡ ʦʪ ʧʦʯʚʳ, ʢʘʤʥʝʡ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʧʨʠʤʝʩʝʡ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʩʝʠʚʘʶʱʠʝ ʩʠʩʪʝʤʳ (ʚ ʯʘʩʪʥʦʩʪʠ, ʛʨʦʭʦʪʳ ʠ ʩʝʧʘʨʠʨʫʶʱʠʝ ʪʨʘʥʩʧʦʨʪʝʨʳ) ʯʘʩʪʦ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʚ ʩʣʦʞʥʳʭ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ - ʥʘ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ, 

ʢʘʤʝʥʠʩʪʳʭ ʠʣʠ ʩʠʣʴʥʦ ʟʘʩʦʨʝʥʥʳʭ ʧʦʣʷʭ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʪʨʘʚʤʠʨʦʚʘʥʠʶ ʢʣʫʙʥʝʡ (ʜʦ 20ï40% ʦʪ 

ʦʙʱʝʛʦ ʦʙʲʝʤʘ), ʯʪʦ ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʠʭ ʪʦʚʘʨʥʫʶ ʮʝʥʥʦʩʪʴ ʠ ʣʝʞʢʦʩʪʴ, ʘ ʪʘʢʞʝ ʢ ʥʝʦʧʨʘʚʜʘʥʥʦ ʚʳʩʦʢʠʤ ʧʦʪʝʨʷʤ 

ʫʨʦʞʘʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʠʩʢ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʦʩʝʚʥʦʡ ʩʝʧʘʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʩʪʦʷʥʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʨʪʦʬʝʣʝʫʙʦʨʦʯʥʦʡ ʪʝʭʥʠʢʠ, ʜʦ ʩʠʭ ʧʦʨ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʚʣʠʷʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʰʘʛ ʠ ʧʨʦʬʠʣʴ ʧʨʫʪʢʦʚ, ʜʠʘʤʝʪʨ 

ʚʘʣʴʮʦʚ) ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ (ʯʘʩʪʦʪʘ ʠ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ) ʩʝʧʘʨʠʨʫʶʱʝʛʦ ʦʨʛʘʥʘ 

ʥʘ ʚʘʞʥʝʡʰʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ: ʧʦʣʥʦʪʫ ʩʝʧʘʨʘʮʠʠ, ʯʠʩʪʦʪʫ ʚʦʨʦʭʘ ʠ ʩʪʝʧʝʥʴ ʪʨʘʚʤʠʨʦʚʘʥʠʷ 

ʢʣʫʙʥʝʡ. ʆʪʩʫʪʩʪʚʠʝ ʯʝʪʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʥʘʩʪʨʦʡʢʝ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʦʨʫ ʚʳʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʢʦʤʙʘʡʥʘ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʨʪʦʬʝʣʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʫʙʦʨʢʘ ʢʘʨʪʦʬʝʣʷ, ʢʘʨʪʦʬʝʣʝʫʙʦʨʦʯʥʳʝ 

ʤʘʰʠʥʳ, ʧʦʯʚʘ, ʟʝʤʣʷ, ʤʝʭʘʥʠʟʘʮʠʷ, ʪʝʭʥʠʢʘ, ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʢʘʨʪʦʬʝʣʷ. 

 

RESULTS OF EXPERIMENTAL STUDIES OF THE TECHN OLOGICAL PROCESS AND THE SEPARATION 

UNIT OF POTATO HARVESTERS  

Potato harvesting is one of the most critical and labor-intensive stages in the agricultural sector. Harvesting quality, 

tuber safety, and minimal crop losses largely depend on the efficiency of potato harvesters. A key element determining 

these indicators is the separation unit, which is responsible for separating the tubers from soil, stones, and plant debris. 

Existing screening systems (in particular, screens and separating conveyors) often demonstrate low efficiency when 

operating in difficult agricultural conditions, such as waterlogged, stony, or heavily weeded fields. This leads to significant 

damage to tubers (up to 20-40% of the total volume), which dramatically reduces their commercial value and shelf life, as 

well as unjustifiably high yield losses. Therefore, finding ways to improve the efficiency and reliability of the sifting 

separation process is a pressing scientific and technical challenge. 

Despite constant improvements in potato harvesting equipment design, the complex influence of design parameters 

(rod pitch and profile, roller diameter) and kinematic modes (oscillation frequency and amplitude, speed) of the separating 

element on key performance indicators: separation completeness, pile cleanliness, and the degree of tuber damage remains 

insufficiently studied. The lack of clear relationships and sound recommendations for adjusting the working elements 

prevents the operator from selecting the optimal combine operating mode for specific soil and climatic conditions.  

Keywords: potato, efficiency, agriculture, potato harvesting, potato harvesting machines, soil, land, mechanization, 

equipment, reduction of potato losses. 
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ʈɸɿʈɸɹʆʊʂɸ ɸʃɻʆʈʀʊʄʆɺ ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ ʄʆɼɽʃɽʁ ɼʃʗ 

ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʍ 

ʈɽɻʀʉʊʈɸʎʀʆʅʅʓʍ ʅʆʄɽʈʆɺ ʇʈʀ ʅʀɿʂʆʁ ʆʉɺɽʑɪʅʅʆʉʊʀ 

 

ɹʘʭʦʚʫʜʠʥʦʚ ɼʞ.ʍ.  

ʊʘʜʞʠʢʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʘʚʘ, ʙʠʟʥʝʩʘ ʠ ʧʦʣʠʪʠʢʠ 

 

ʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʭ ʟʥʘʢʦʚ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (Automatic License Plate Recognition, ALPR) ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʣʫʯʠʣʠ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʆʥʠ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤʘʭ, ʩʠʩʪʝʤʘʭ ʜʦʨʦʞʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʘ ʧʘʨʢʦʚʢʘʭ, ʚ ʧʫʥʢʪʘʭ ʚʟʠʤʘʥʠʷ 

ʧʣʘʪʳ, ʧʨʠ ʢʦʥʪʨʦʣʝ ʚʲʝʟʜʘ ʥʘ ʦʭʨʘʥʷʝʤʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʪʘʢʞʝ ʚ ʘʥʘʣʠʟʝ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʦʪʦʢʦʚ. ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ ʠ ʤʝʪʦʜʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʠʣʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʦʤʝʨʦʚ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ 

ʦʩʚʝʱʝʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦ-

ʧʨʝʞʥʝʤʫ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʪ ʫʨʦʚʥʷ ʦʩʚʝʱʝʥʥʦʩʪʠ 

ʩʮʝʥʳ. ʇʨʦʙʣʝʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʭ ʥʦʤʝʨʦʚ ʧʨʠ ʩʣʘʙʦʤ 

ʦʩʚʝʱʝʥʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʠʤʝʝʪ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. ɺ ʥʦʯʥʦʝ ʚʨʝʤʷ ʢʘʤʝʨʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʷʜʦʤ 

ʪʨʫʜʥʦʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ ʥʠʟʢʠʡ ʢʦʥʪʨʘʩʪ ʤʝʞʜʫ ʩʠʤʚʦʣʘʤʠ ʠ ʬʦʥʦʤ, ʮʠʬʨʦʚʦʡ ʰʫʤ ʩʝʥʩʦʨʘ, 

ʙʣʠʢʠ ʦʪ ʬʘʨ, ʦʪʨʘʞʝʥʠʷ ʦʪ ʤʦʢʨʦʛʦ ʘʩʬʘʣʴʪʘ, ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʧʦʜʩʚʝʪʢʘ ʠ ʨʘʟʤʳʪʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʘʚʪʦʤʦʙʠʣʷ. ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ 

ʣʦʢʘʣʠʟʘʮʠʠ ʥʦʤʝʨʥʦʛʦ ʟʥʘʢʘ ʠ ʧʨʠʚʦʜʷʪ ʢ ʦʰʠʙʢʘʤ ʚ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʩʠʤʚʦʣʦʚ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ [12], ʧʨʠ ʦʩʚʝʱʸʥʥʦʩʪʠ ʥʠʞʝ 30 ʣʶʢʩ ʪʦʯʥʦʩʪʴ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ ALPR ʩʥʠʞʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 20%, ʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʥʦʡ ʧʦʪʝʨʠ ʥʦʤʝʨʘ 

ʧʨʠ ʩʠʣʴʥʳʭ ʙʣʠʢʘʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʨʭʠʪʝʢʪʫʨ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʨʘʙʦʪʳ ʚ ʜʥʝʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʫʩʪʦʡʯʠʚʳ ʢ ʠʟʤʝʥʝʥʠʷʤ ʫʨʦʚʥʷ ʦʩʚʝʱʸʥʥʦʩʪʠ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʟʦʙʨʘʞʝʥʠʷ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʚʳʚʦʜʳ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [10], ʛʜʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʪʦʯʥʦʩʪʴ OCR-ʤʦʜʫʣʝʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʥʠʟʢʦʡ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʠ ʥʘʣʠʯʠʠ ʰʫʤʦʚ, ʜʘʞʝ ʝʩʣʠ ʜʝʪʝʢʮʠʷ 

ʥʦʤʝʨʥʦʛʦ ʟʥʘʢʘ ʚʳʧʦʣʥʝʥʘ ʢʦʨʨʝʢʪʥʦ. ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʝʜʣʘʛʘʶʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʵʪʠ ʵʬʬʝʢʪʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ ʜʦ ʵʪʘʧʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 

ʊʘʢ, ʚ ʨʘʙʦʪʝ [7] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ URetinex-

Net, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʨʠʥʮʠʧʝ ʚʦʩʧʨʠʷʪʠʷ ʷʨʢʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʠʤ ʛʣʘʟʦʤ (ʨʝʪʠʥʝʢʩ-ʤʦʜʝʣʴ), 

ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʘ 13% ʧʨʠ ʩʲʸʤʢʝ ʚ ʫʩʣʦʚʠʷʭ ʩʣʘʙʦʛʦ ʦʩʚʝʱʝʥʠʷ. 

ɺ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʥʘʧʨʠʤʝʨ, ʚ [4], ʧʨʠʤʝʥʷʣʩʷ ʜʝʪʝʢʪʦʨ YOLO ʩʦʚʤʝʩʪʥʦ ʩ ʤʦʜʫʣʝʤ 

OCR, ʦʜʥʘʢʦ ʘʚʪʦʨʳ ʦʪʤʝʯʘʣʠ ʩʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʦ 75% ʧʨʠ ʥʦʯʥʳʭ ʩʮʝʥʘʭ ʠ 

ʩʠʣʴʥʳʭ ʪʝʥʷʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʚʦʧʨʦʩʳ 

ʘʜʘʧʪʘʮʠʠ ALPR-ʩʠʩʪʝʤ ʢ ʥʠʟʢʦʤʫ ʫʨʦʚʥʶ ʦʩʚʝʱʸʥʥʦʩʪʠ ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ.  

ɺ ʧʨʠʢʣʘʜʥʦʤ ʘʩʧʝʢʪʝ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʩʠʩʪʝʤ, ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʢʨʫʛʣʦʩʫʪʦʯʥʦʤ ʨʝʞʠʤʝ, ʪʘʢʠʭ ʢʘʢ ʧʘʨʢʦʚʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʚʲʝʟʜʘ ʠ ʚʳʝʟʜʘ, 

ʘ ʪʘʢʞʝ ʢʘʤʝʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʣʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ 

ʢʘʯʝʩʪʚʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ ʫʯʸʪʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʕʪʦ ʧʦʜʯʸʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ ʩʠʩʪʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʢʘʢ ʚ ʜʥʝʚʥʦʝ, ʪʘʢ ʠ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ, 

ʚ ʫʩʣʦʚʠʷʭ ʩʣʘʙʦʛʦ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʰʫʤʦʚ ʩʝʥʩʦʨʘ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʢʦʨʨʝʢʮʠʶ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CLAHE ʠ Retinex, ʘ ʪʘʢʞʝ 

ʘʜʘʧʪʘʮʠʶ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ YOLOv8 ʠ CRNN-OCR ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʥʦʯʥʳʭ 

ʚʳʙʦʨʢʘʭ, ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʦʩʚʝʱʸʥʥʦʩʪʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʥʘ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʥʦʯʥʳʭ ʩʮʝʥʘʨʠʷʭ, ʧʦʢʘʟʘʣʘ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʧʨʠ ʫʨʦʚʥʝ ʦʩʚʝʱʸʥʥʦʩʪʠ ʥʠʞʝ 30 
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ʣʶʢʩ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʨʝʰʝʥʠʷ ʚ ʜʝʡʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ 

ʢʦʥʪʨʦʣʷ ʚʲʝʟʜʘ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʢʦʚʦʢ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ [12; 8] ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ 

ʤʝʪʦʜʠʢʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʭ ʥʦʤʝʨʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ 

ʦʩʚʝʱʸʥʥʦʩʪʠ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʚʢʣʶʯʘʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʢʦʨʨʝʢʮʠʶ ʦʩʚʝʱʸʥʥʦʩʪʠ ʠ 

ʢʦʥʪʨʘʩʪʘ [14]. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʝʪʝʢʮʠʷ ʥʦʤʝʨʥʦʛʦ ʟʥʘʢʘ, ʪʦ ʝʩʪʴ ʣʦʢʘʣʠʟʘʮʠʷ 

ʦʙʣʘʩʪʠ ʨʝʛʠʩʪʨʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʜʝʪʝʢʪʦʨʘ YOLOv8 [13]. ʅʘ 

ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʩʠʤʚʦʣʦʚ (OCR) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʨʭʠʪʝʢʪʫʨʳ 

CRNN, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʦʦʙʫʯʝʥʥʦʡ ʥʘ ʚʳʙʦʨʢʘʭ ʥʦʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ [11]. ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1 ʠ ʚʢʣʶʯʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʪʘʧʦʚ:  

 

ʈʠʩ.1. ɸʣʛʦʨʠʪʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʵʪʘʧʘ 

Fig. 1. Algorithm of the sequential stage 

 
 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ. ʂʘʯʝʩʪʚʦ ʠʩʭʦʜʥʳʭ ʢʘʜʨʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʥʦʯʥʦʡ ʩʲʸʤʢʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʦʩʚʝʱʸʥʥʦʩʪʠ, 

ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʰʫʤʦʚ ʩʝʥʩʦʨʘ ʠ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʷʨʢʦʩʪʠ ʧʦ ʧʦʣʶ 

ʠʟʦʙʨʘʞʝʥʠʷ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʫʢʘʟʘʥʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʤʝʪʦʜʝ ʧʨʠʤʝʥʷʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ CLAHE (Contrast 

Limited Adaptive Histogram Equalization) ʠ Multi-Scale Retinex (MSR) [1; 2]. ɸʣʛʦʨʠʪʤ CLAHE 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʦʢʘʣʴʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʛʠʩʪʦʛʨʘʤʤʳ ʠ ʧʦʚʳʰʝʥʠʝ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʚ ʪʝʥʝʚʳʭ 

ʦʙʣʘʩʪʷʭ, ʪʦʛʜʘ ʢʘʢ Multi-Scale Retinex ʧʦʟʚʦʣʷʝʪ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʦʙʱʫʶ ʷʨʢʦʩʪʴ ʩʮʝʥʳ ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʜʝʪʘʣʠ ʚ ʧʝʨʝʦʩʚʝʱʸʥʥʳʭ ʠ ʪʸʤʥʳʭ ʫʯʘʩʪʢʘʭ ʠʟʦʙʨʘʞʝʥʠʷ. ʉʦʚʤʝʩʪʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʚʝʱʸʥʥʦʩʪʠ 

ʠ ʩʦʟʜʘʸʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ ʜʝʪʝʢʮʠʠ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʩʠʤʚʦʣʦʚ. ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʣʦʞʝʥ ʚ [3], ʛʜʝ ʧʨʠʤʝʥʷʣʘʩʴ ʜʚʫʭʫʨʦʚʥʝʚʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ 

Retinex ʩ ʧʦʜʘʚʣʝʥʠʝʤ ʰʫʤʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʧʦʚʳʰʝʥʠʝ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʠ ʜʝʪʘʣʠʟʘʮʠʠ 

ʥʦʤʝʨʥʳʭ ʟʥʘʢʦʚ ʧʨʠ ʥʦʯʥʦʡ ʩʲʸʤʢʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ Li H. ʠ Zhao F. [9] ʧʦʢʘʟʘʣʠ 

ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʝʪʝʢʪʦʨʦʚ ʢ ʪʫʤʘʥʫ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʧʦʜʩʚʝʪʢʝ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʠ ʘʣʛʦʨʠʪʤʘ Retinex. ɺ ʨʘʙʦʪʝ Gao Y., Zhang T. ʠ 

Xu P. [4] ʧʨʝʜʣʦʞʝʥʘ ʛʠʙʨʠʜʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ CNNïLSTM, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚʰʘʷ ʩʥʠʞʝʥʠʝ 

ʦʰʠʙʦʢ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʠʤʚʦʣʦʚ (CER) ʚ ʥʦʯʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦ 0.048 ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, Xu L. ʠ Ma R. [15] ʧʨʦʚʝʣʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʫʣʫʯʰʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ (CLAHE, HE, Fusion, Retinex) ʠ ʫʩʪʘʥʦʚʠʣʠ, 

ʯʪʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʠʣʫʯʰʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʥʪʨʘʩʪʘ ʠ ʫʨʦʚʥʷ ʰʫʤʘ 

ʧʨʠ ʩʣʘʙʦʡ ʦʩʚʝʱʸʥʥʦʩʪʠ. 

ɸʜʘʧʪʠʚʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʛʠʩʪʦʛʨʘʤʤʳ (CLAHE, Contrast Limited Adaptive Histogram 

Equalization) ʧʦʚʳʰʘʝʪ ʢʦʥʪʨʘʩʪ ʣʦʢʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʠʟʦʙʨʘʞʝʥʠʷ Ὅ(ὼ,ώ) ʧʫʪʸʤ ʨʘʟʙʠʝʥʠʷ ʝʛʦ 
ʥʘ ʙʣʦʢʠ ʨʘʟʤʝʨʦʤ NĬM. ɼʣʷ ʢʘʞʜʦʛʦ ʙʣʦʢʘ ʚʳʯʠʩʣʷʝʪʩʷ ʢʫʤʫʣʷʪʠʚʥʘʷ ʬʫʥʢʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ (CDF), ʧʦʩʣʝ ʯʝʛʦ ʚʳʧʦʣʥʷʝʪʩʷ ʣʠʥʝʡʥʘʷ ʥʦʨʤʘʣʠʟʘʮʠʷ: 

ɺʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

CLAHE Ratinex 

YOLOv8 ɼʝʪʝʢʮʠʷ 

CRNN-CTC ʈʘʩʧʦʟʥʦʚʘʥʠʝ 

ʌʠʥʘʣʴʥʳʡ ʪʝʢʩʪ 
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Ὅὼȟώ
ὅὈὊὍὼȟώ ὅὈὊ

ὔ ὓ ὅὈὊ
ὒ ρ 

ʛʜʝ ὒ  ð ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʷʨʢʦʩʪʠ (ʦʙʳʯʥʦ 255). 

ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʝʨʝʥʘʩʳʱʝʥʠʷ ʢʦʥʪʨʘʩʪʘ, ʚʚʦʜʠʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʫʩʠʣʝʥʠʷ Ŭ: 

ὅὈὊὍὼȟώ ÍÉÎὅὈὊὍὼȟώ ȟ‌ 

ʆʙʳʯʥʦ Ŭ=0.01ï0.03 (1ï3 % ʦʪʩʝʯʝʥʠʷ). 

ʄʦʜʝʣʴ Retinex ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʦʝ ʠʟʦʙʨʘʞʝʥʠʝ I(x,y) ʷʚʣʷʝʪʩʷ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ R(x,y) ʠ ʦʩʚʝʱʝʥʠʷ L(x,y): 

Ὅὼȟώ Ὑὼȟώ ὒzὼȟώ 
ʎʝʣʴ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʮʝʥʢʝ R(x,y) ʠ ʫʩʪʨʘʥʝʥʠʠ ʵʬʬʝʢʪʘ 

ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. ʃʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʬʦʨʤʘ ʫʨʘʚʥʝʥʠʷ, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

ὰέὫὙὼȟώ ὰέὫὍὼȟώ ὰέὫὊὼȟώ Ὅzὼȟώ  

ʛʜʝ F(x,y) - ʛʘʫʩʩʦʚ ʬʠʣʴʪʨ, ʤʦʜʝʣʠʨʫʶʱʠʡ ʢʦʤʧʦʥʝʥʪ ʦʩʚʝʱʸʥʥʦʩʪʠ. 

ɺ ʤʥʦʛʦʫʨʦʚʥʝʚʦʤ ʚʘʨʠʘʥʪʝ MSR ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʬʠʣʴʪʨʦʚ ʩ ʨʘʟʥʳʤʠ ůi: 

Ὑ ὼȟώ ύ ὰέὫὍὼȟώ ὰέὫὊ ὼȟώ Ὅzὼȟώ  

ʛʜʝ Вύ ρ, ʪʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ „ ρυȟψπȟςυπȟύ ρȾσ.  
ʇʨʠʤʝʨ 1. ʇʨʠʤʝʨ ʢʦʜʘ ʥʘ Python ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʘʧʘ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ CLAHE ʩ ʙʠʙʣʠʦʪʝʢʦʡ OpenCV. 

import cv2 

 import numpy as np 

 img = cv2.imread("car_night.jpg") 

 lab = cv2.cvtColor(img, cv2.COLOR_BGR2LAB) 

 l, a, b = cv2.split(lab) 

 clahe = cv2.createCLAHE(clipLimit=2.0, tileGridSize=(8, 8)) 

 cl = clahe.apply(l) 

merged = cv2.merge((cl, a, b)) 

img_clahe = cv2.cvtColor(merged, cv2.COLOR_LAB2BGR) 

ʇʨʠʤʝʨ 2. ʇʨʠʤʝʨ ʢʦʜʘ ʥʘ Python ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Multi-Scale Retinex (MSR). 

def MSR(img, sigma_list=(15, 80, 250)): 

 img = img.astype(np.float32) + 1.0 

 retinex = np.zeros_like(img) 

 for sigma in sigma_list: 

 blur = cv2.GaussianBlur(img, (0, 0), sigma) 

 retinex += np.log10(img) - np.log10(blur) 

 retinex = retinex / len(sigma_list) 

 retinex = cv2.normalize(retinex, None, 0, 255, cv2.NORM_MINMAX) 

 return np.uint8(retinex) 

img_retinex = MSR(img_clahe) 

cv2.imwrite("car_enhanced.jpg", img_retinex) 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʫʣʫʯʰʝʥʥʳʤ ʢʦʥʪʨʘʩʪʦʤ ʠ ʷʨʢʦʩʪʴʶ, 

ʯʪʦ ʧʦʚʳʰʘʝʪ ʚʠʜʠʤʦʩʪʴ ʩʠʤʚʦʣʦʚ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʠʭ ʬʦʨʤʳ ʠ ʪʝʢʩʪʫʨʳ. ʋʣʫʯʰʝʥʠʝ 

ʣʦʢʘʣʴʥʦʛʦ ʢʦʥʪʨʘʩʪʘ ʠ ʚʳʨʘʚʥʠʚʘʥʠʝ ʦʩʚʝʱʸʥʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʥʝʡʨʦʩʝʪʝʚʳʤ ʜʝʪʝʢʪʦʨʘʤ 

ʪʦʯʥʝʝ ʣʦʢʘʣʠʟʦʚʘʪʴ ʦʙʣʘʩʪʴ ʥʦʤʝʨʥʦʛʦ ʟʥʘʢʘ, ʘ ʤʦʜʫʣʷʤ OCR - ʢʦʨʨʝʢʪʥʦ ʨʘʩʧʦʟʥʘʚʘʪʴ 

ʩʠʤʚʦʣʳ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ ʦʩʚʝʱʸʥʥʦʩʪʠ, ʥʘʣʠʯʠʷ ʙʣʠʢʦʚ ʠ ʰʫʤʦʚ ʩʝʥʩʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʩʥʠʞʘʝʪ ʚʣʠʷʥʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʧʦʜʩʚʝʪʢʠ ʠ ʫʩʠʣʝʥʥʳʭ ʪʝʥʝʡ, ʩʦʟʜʘʚʘʷ ʙʦʣʝʝ 

ʩʪʘʙʠʣʴʥʳʝ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʚʳʰʘʷ ʦʙʱʫʶ ʥʘʜʸʞʥʦʩʪʴ 

ʩʠʩʪʝʤʳ. 
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ʅʘ ʵʪʘʧʝ ʜʝʪʝʢʮʠʠ ʥʦʤʝʨʥʦʛʦ ʟʥʘʢʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʦʙʣʘʩʪʠ ʨʝʛʠʩʪʨʘʮʠʦʥʥʦʛʦ ʥʦʤʝʨʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʡʨʦʩʝʪʝʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ YOLOv8, ʚʳʧʦʣʥʷʶʱʘʷ ʜʝʪʝʢʮʠʶ ʦʙʲʝʢʪʦʚ ʚ ʦʜʠʥ 

ʧʨʦʭʦʜ ʠʟʦʙʨʘʞʝʥʠʷ. ɺ ʨʘʙʦʪʝ [5] ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ YOLO ʩ ʤʝʭʘʥʠʟʤʦʤ ʚʥʠʤʘʥʠʷ 

(attention module), ʩʧʝʮʠʘʣʴʥʦ ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ʜʣʷ ʩʲʸʤʢʠ ʧʨʠ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʦʩʚʝʱʸʥʥʦʩʪʠ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʜʝʪʝʢʮʠʠ ʚ ʩʣʦʞʥʳʭ ʥʦʯʥʳʭ ʩʮʝʥʘʭ. 

ɺ ʘʨʭʠʪʝʢʪʫʨʝ YOLOv8 ʢʘʞʜʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ ʩʝʪʠ ʚʢʣʶʯʘʝʪ ʢʦʦʨʜʠʥʘʪʳ 

ʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ (x, y, w, h), ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʣʠʯʠʷ ʦʙʲʝʢʪʘ P  ʠ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʮʝʣʝʚʦʤʫ ʢʣʘʩʩʫ P. ɼʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ, 

ʚʢʣʶʯʘʶʱʘʷ ʪʨʠ ʢʦʤʧʦʥʝʥʪʘ, ʪʦ ʝʩʪ ɹʦʰʠʙʢʫ ʣʦʢʘʣʠʟʘʮʠʠ, ʦʰʠʙʢʫ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʦʰʠʙʢʫ 

ʜʝʪʝʢʮʠʠ ʦʙʲʝʢʪʘ. ʆʥʘ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ὒ ‗ ὒ ‗ ὒ ὴ ‗ ὒ ὴ  

ʛʜʝ ὒ  ï ʬʫʥʢʮʠʷ Complete IoU Loss, ʫʯʠʪʳʚʘʶʱʘʷ ʧʝʨʝʩʝʯʝʥʠʝ, ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʦʚ ʠ 

ʦʪʥʦʰʝʥʠʝ ʩʪʦʨʦʥ: 

ὒ ρ ὍέὟ
ȟ

‌ὺ, 

ὺ ÁÒÃÔÁÎÁÒÃÔÁÎ, ‌  

ʛʜʝ ”ὦȟὦ  - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʧʨʝʜʩʢʘʟʘʥʥʦʛʦ ʠ ʠʩʪʠʥʥʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ, c - 

ʜʠʘʛʦʥʘʣʴ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʭʚʘʪʳʚʘʶʱʝʛʦ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ. ʇʦʨʦʛ ʜʝʪʝʢʮʠʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ 

ʫʨʦʚʥʝ ὖ  πȢυ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʧʨʝʜʩʢʘʟʘʥʠʡ ʧʨʠʤʝʥʷʝʪʩʷ Non ï maximum 

Suppression (NMS) ʩ ʧʦʨʦʛʦʤ ʧʝʨʝʢʨʳʪʠʷ 0.45.  

ʅʘ ʵʪʘʧʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʠʤʚʦʣʦʚ ʚ OCR-ʤʦʜʫʣʝ ʧʨʠʤʝʥʷʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨʘ CRNN 

(Convolutional Recurrent Neural Network), ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪ ʩʚʸʨʪʦʯʥʳʡ ʵʢʩʪʨʘʢʪʦʨ ʧʨʠʟʥʘʢʦʚ 

f(x), ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʝ ʨʝʢʫʨʨʝʥʪʥʳʝ ʩʣʦʠ BiLSTM, ʤʦʜʝʣʠʨʫʶʱʠʝ ʚʨʝʤʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʠ ʩʣʦʡ ʜʝʢʦʜʠʨʦʚʘʥʠʷ CTC (Connectionist Temporal Classification), 

ʚʳʯʠʩʣʷʶʱʠʡ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʫʧʦʨʷʜʦʯʠʚʘʥʠʷ ʩʠʤʚʦʣʦʚ. ʌʦʨʤʘʣʴʥʦ ʚʝʨʦʷʪʥʦʩʪʴ 

ʮʝʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ y ʧʨʠ ʚʭʦʜʥʳʭ ʧʨʠʟʥʘʢʘʭ x ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

ὖώȿὼ ὴ“ȿὼ

ᶰꜞ

 

ʛʜʝ ˊ - ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʳʨʘʚʥʠʚʘʥʠʷ (alignment paths), ʘ  ꜞ - ʦʪʦʙʨʘʞʝʥʠʝ CTC. ʎʝʣʝʚʘʷ 

ʬʫʥʢʮʠʷ ʦʙʫʯʝʥʠʷ: 

fl ὰέὫὖώȿὼ 
ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʪʠ ʢ ʥʦʯʥʳʤ ʩʮʝʥʘʤ ʧʨʠʤʝʥʷʶʪʩʷ ʘʫʛʤʝʥʪʘʮʠʠ 

ʠʟʦʙʨʘʞʝʥʠʡ: 

Ὅ ‎ Ὅ –  ‏
ʛʜʝ ɔ  ɴ[1.0, 1.3] - ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʪʨʘʩʪʘ, ɖ ~ N (0, ůĮ) - ʛʘʫʩʩʦʚ ʰʫʤ, ŭ  ɴ[-10, 10] - ʩʤʝʱʝʥʠʝ 

ʷʨʢʦʩʪʠ.  

ʀʥʪʝʛʨʘʮʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʩʷ ʩʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ 

ʷʟʳʢʝ Python ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢ OpenCV, PyTorch ʠ Ultralytics YOLOv8. ʆʙʨʘʙʦʪʢʘ 

ʚʠʜʝʦʧʦʪʦʢʘ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 720p ʠ ʯʘʩʪʦʪʦʡ 25 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʨʠ ʵʪʦʤ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʦʜʥʦʛʦ ʢʘʜʨʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 25 

ʤʠʣʣʠʩʝʢʫʥʜ. 

ʇʨʠʤʝʨ 3. ʉʚʦʜʥʘʷ ʩʭʝʤʘ ʦʙʨʘʙʦʪʢʠ. 

frame = get_video_frame() 

enhanced = MSR(apply_CLAHE(frame)) 

plate_bbox = yolo_model.predict(enhanced) 

plate_crop = crop (enhanced, plate_bbox) 

text = crnn_model.recognize(plate_crop) 

print ("Detected plate:", text) 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʶ 

ʦʩʚʝʱʸʥʥʦʩʪʠ, ʜʦʩʪʠʛʘʝʤʘʷ ʟʘ ʩʯʸʪ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ CLAHE ʠ 
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Retinex, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʘʙʠʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʚʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, 

ʚʳʨʘʞʘʶʱʘʷʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ YOLOv8 ʧʦʜ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʘʪʳ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʭ ʥʦʤʝʨʦʚ, ʠ ʚʳʩʦʢʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʦʙʨʘʙʘʪʳʚʘʪʴ ʚʠʜʝʦʧʦʪʦʢ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 720p ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 40 ʢʘʜʨʦʚ ʚ 

ʩʝʢʫʥʜʫ ʥʘ ʛʨʘʬʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʦʨʝ RTX-3060. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʩʦʯʝʪʘʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʢʦʨʨʝʢʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʥʝʡʨʦʩʝʪʝʚʳʤʠ 

ʘʨʭʠʪʝʢʪʫʨʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʭ 

ʥʦʤʝʨʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠ ʫʨʦʚʥʝ ʦʩʚʝʱʸʥʥʦʩʪʠ ʥʠʞʝ 30 ʣʶʢʩ. ʇʦʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʣʫʯʝʥʳ Khalil M. ʠ Ismail S. [6], ʢʦʪʦʨʳʝ ʠʥʪʝʛʨʠʨʦʚʘʣʠ YOLOv8 ʚ ʩʠʩʪʝʤʳ ʧʘʨʢʦʚʦʯʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʦʜʪʚʝʨʜʠʚ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʧʦʜʦʙʥʦʛʦ 

ʧʦʜʭʦʜʘ ʜʣʷ ʫʤʥʳʭ ʧʘʨʢʦʚʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʜʝʡʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʷ ʚʲʝʟʜʘ-ʚʳʝʟʜʘ, 

ʧʘʨʢʦʚʦʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤʘʭ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 
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ÞÌÇÔëÔ Ì×ÏÚÜÔÞØÇÚÔ ØÚÐÑ×ÇÚÔ ØÌÞÑØÌÞÔÖÄ ÍÌÜÚÔ äÔÙÚáÞÔ ÌÎÞÚØÌÞÔÔ 

ÜÌÉÌØÇÚÔ ÐÌÎ×ÌÞÔÔ ÙÌÉ×Ô¾Þ ÐÌÜ äÌÜÚÔÞÔ ÜÊäÙÚÔÔ ÛÌÝÞ 
Ðìü øìėú÷ìô øìóöÿü øìýĆì÷ìô îúėñìù øÿĕôø, ċĆùñ Ąôùúāþô üìėìøĕúô ėìõðô ðìî÷ìþôô îúýôþìĕúô 

ùìė÷ôČþ ðìü Ąìüúôþô ùúüìýúôô üĘĄùúĒ îì ùúíìüúíìüôô üìîĄìùĒ, öô íìüúô ýìĕùìĕúô Ąìíúùìô ĄìĕüĒ āúý 
ìýþ, øìîüôðô þìĕ÷ô÷ ėìüúü ðúðì Ąÿðììýþ. ßýÿ÷ñ ûñĄùôĕúð øñïìüðìð, öô íì ôýþôĀúðìô ûìõðìüûìõô 
ì÷ïúüôþøĕúô þìýîôüô CLAHE  îì Retinexô íôýČüøôėČý ìýúý ČĀþì, ôøöúùô ôý÷úĕô ûìýþĄìîôô öúùþüìýþ îì 
øôùþìėìĕúô ìó ĕìð üìîĄìùüú Āìüúĕìø øñúüìð. Ðìü øìüĕô÷ìô þìĕ÷ô÷ øúðñ÷ĕúô ùñõüúùĒ îì úøĘóôĄô ìøôė, ìó 
Ĕÿø÷ì ðñþñöþúüô YOLOv8 íìüúô Ĕÿðúöÿùôô øôùþìėìô üìėìøô ėìõðĒ îì øñĆøúüôô CRNN  OCR íìüúô 
Ąôùúāþô øôùíìĆðìô ìĆóúô ì÷úøìþĕú ôýþôĀúðì øñĄìîìùð. Çìü ðÿ ùìîĆô øúðñ÷ íú ôýþôĀúðì ìó øìĔøÿìĕúô 

https://arxiv.org/abs/1802.09567?utm_source=chatgpt.com
https://arxiv.org/abs/1909.01754?utm_source=chatgpt.com
https://arxiv.org/abs/1703.07330?utm_source=chatgpt.com
https://arxiv.org/abs/1902.09385?utm_source=chatgpt.com
https://arxiv.org/abs/2011.14936?utm_source=chatgpt.com
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îôòìô øìĆ÷ÿøúþô Ąìíúùì, öô þìĎõôüČíôô öÿùĔô þìýîôü, ýìþĕô ýìðú îì Ąôððìþô øìùíìĆĕúô üĘĄùúôüú Āìüú 
øñïôüìùð, ðÿíúüì úøĘóúùôðì Ąÿðìùð. ÙìþôĔìĕúô þìĔüôíìîĒ, öô ðìü ĔìüìČùô ýìùĔôĄô ùìîúüĕúô îúėñĒ íì 
ðìýþ úøìðììùð, ùôĄúù øñðôĕìùð, öô ĕìýýúýôċþô Ąôùúāþ ðìü ĕú÷ìþĕúô üìîĄìùĒ ìó 30 ÷Ċöý ûìýþ íñĕþìü 
øñïìüðìð. ßýÿ÷ñ, öô ûñĄùôĕúð Ąÿðììýþ, øñþìîúùìð íñ þìĎõôü ðìü îúýôþìĕúô íìüùúøìîôô ìøì÷öÿùìùðì íì 
ýôýþñøìĕúô øìîĔÿðìô ùìóúüìþô îúüôðĄìîĒ îì øúùôþúüôùïô þìîìėėÿĀïúĕ îúüôð öìüðì Ąìîìð îì öúüô 
ÿýþÿîúüüú ðìü Ąìüúôþô øìĕðÿðô ùìøúČùĒ þìĆøôù ùìøúċð. 

Öì÷ôðîúòìĕú: Ąôùúāþô üìėìøĕúô ðìî÷ìþĒ, üĘĄùúôô ûìýþ, ûñĄöúüöúüôô þìýîôüĕú, CLAHE , Retinex, 
YOLOv 8, CRNN , úøĘóôĄô ìøôė, Ąôùúāþô öúøûĊþñüĒ. 

 

ʈɸɿʈɸɹʆʊʂɸ ɸʃɻʆʈʀʊʄʆɺ ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ ʄʆɼɽʃɽʁ ɼʃʗ ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ 

ʈɸʉʇʆɿʅɸɺɸʅʀʗ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʍ ʈɽɻʀʉʊʈɸʎʀʆʅʅʓʍ ʅʆʄɽʈʆɺ ʇʈʀ ʅʀɿʂʆʁ 

ʆʉɺɽʑɪʅʅʆʉʊʀ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʭ 

ʥʦʤʝʨʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʦʩʚʝʱʸʥʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʥʦʯʥʳʭ 

ʛʦʨʦʜʩʢʠʭ ʩʮʝʥ. ʇʨʝʜʣʦʞʝʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʘʣʛʦʨʠʪʤʦʚ 

ʢʦʨʨʝʢʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ CLAHE ʠ ʤʥʦʛʦʤʘʩʰʪʘʙʥʦʛʦ Retinex, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʦʪʝʨʠ 

ʢʦʥʪʨʘʩʪʘ ʠ ʣʦʢʘʣʴʥʳʝ ʟʘʩʚʝʪʢʠ. ʅʘ ʵʪʘʧʝ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ ʛʣʫʙʦʢʦʛʦ 

ʦʙʫʯʝʥʠʷ: ʜʝʪʝʢʪʦʨ YOLOv8 ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʦʙʣʘʩʪʠ ʥʦʤʝʨʥʦʛʦ ʟʥʘʢʘ ʠ ʘʨʭʠʪʝʢʪʫʨʘ CRNN-OCR ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʠʤʚʦʣʦʚ. ʆʙʝ ʤʦʜʝʣʠ ʧʨʦʰʣʠ ʜʦʦʙʫʯʝʥʠʝ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ 

ʥʦʯʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʫʯʸʪʦʤ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʫʛʣʦʚ ʦʙʟʦʨʘ, ʫʨʦʚʥʷ ʰʫʤʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʨʝʘʣʴʥʳʭ ʚʠʜʝʦʧʦʪʦʢʘʭ, ʧʦʢʘʟʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʪʦʯʥʦʩʪʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʦ ʟʥʘʯʝʥʠʡ, ʧʨʝʚʳʰʘʶʱʠʭ ʧʦʢʘʟʘʪʝʣʠ ʙʘʟʦʚʳʭ ʤʦʜʝʣʝʡ ʧʨʠ ʦʩʚʝʱʸʥʥʦʩʪʠ ʥʠʞʝ 30 ʣʶʢʩ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ ʠ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʘʨʢʦʚʦʯʥʳʭ ʟʦʥ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʫʩʪʦʡʯʠʚʫʶ ʨʘʙʦʪʫ ʚ 

ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʚʠʜʠʤʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʭ ʥʦʤʝʨʦʚ, ʥʠʟʢʘʷ ʦʩʚʝʱʸʥʥʦʩʪʴ, ʧʨʝʜʦʙʨʘʙʦʪʢʘ 

ʠʟʦʙʨʘʞʝʥʠʡ, CLAHE, Retinex, YOLOv8, CRNN, ʛʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ. 

 

DEVELOPME NT OF ALGORITHMS AND MATHEMATICAL MODELS FOR AUTOMATIC RECOGNITION 

OF VEHICLE LICENSE PLATES UNDER LOW -LIGHT CONDITIONS  

This article examines the pressing issue of recognizing state registration plates of vehicles in conditions of low and 

uneven illumination, typical of night urban scenes. A combined method is proposed, based on the sequential application of 

the CLAHE image enhancement algorithm and the multi-scale Retinex approach, enabling effective compensation for 

contrast loss and local overexposure. At the analysis stage, adapted deep-learning neural models are employed, including 

the YOLOv8 detector for license plate localization and the CRNN-OCR architecture for subsequent character recognition. 

Both models were fine-tuned on specialized nighttime datasets that account for variations in viewing angles, noise levels, 

and the intensity of light sources. Experimental evaluations conducted on real-world video streams demonstrate an increase 

in recognition accuracy, exceeding baseline model performance at illumination levels below 30 lux. The proposed method 

can be integrated into existing access-control and parking-monitoring systems without requiring modernization of the 

hardware components, ensuring stable operation in challenging visibility conditions.  

Keywords: license plate recognition, low illumination, image preprocessing, CLAHE, Retinex, YOLOv8, CRNN, 

deep learning, computer vision. 
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ʇʈʀʄɽʅɽʅʀɽ ʉʀʉʊɽʄ ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ ʆɹʋʏɽʅʀʗ ɺ ʊɸɼɾʀʂʀʉʊɸʅɽ 

ɼʃʗ ʇʆɺʓʐɽʅʀʗ ʂɸʏɽʉʊɺɸ ʆɹʈɸɿʆɺɸʅʀʗ ɺ ʕʇʆʍʋ ʎʀʌʈʆɺʆʁ 

ʕʂʆʅʆʄʀʂʀ  

 

ɸʜʘʤʯʫʢ ʈ.ʌ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʀʉʀʉ ʚ ʛ. ɼʫʰʘʥʙʝ 

 

ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʤʘʩʩʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʰʢʦʣ ʊʘʜʞʠʢʠʩʪʘʥʘ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʦʝ 

ʦʙʫʯʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʧʦʜʦʙʥʳʭ ʧʘʥʜʝʤʠʠ COVID-19. ʅʘ ʦʩʥʦʚʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʝ ʥʘʩʝʣʝʥʠʷ, ʩʪʦʠʤʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʠʥʪʝʨʥʝʪʘ, ʘ 

ʪʘʢʞʝ ʫʨʦʚʥʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩʝʪʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʨʘʟʚʠʪʠʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʉʦʧʦʩʪʘʚʣʷʝʪʩʷ ʦʧʳʪ ʧʝʨʝʭʦʜʘ ʥʘ 

ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʬʦʨʤʘʪ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʠ ʋʟʙʝʢʠʩʪʘʥʝ, ʙʣʠʟʢʠʭ ʢ ʊʘʜʞʠʢʠʩʪʘʥʫ ʧʦ 

ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʤ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ.  

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʠʩʢʘʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʰʢʦʣʴʥʠʢʦʚ ʚ ʠʥʪʝʨʥʝʪ-ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʚʳʙʦʨʫ ʢʦʥʢʨʝʪʥʳʭ ʠʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʡ: 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʘʡʪʦʚ, ʩʢʨʠʥʢʘʩʪʦʚ, ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤ (iSpring Learn, iSpring Market, 

GetCourse, çɸʥʪʠʪʨʝʥʠʥʛʠè, Gurucan) ʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʨʘʩʩʳʣʦʢ. ʇʨʝʜʣʦʞʝʥʳ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʪʨʘʥʩʣʷʮʠʡ 

ʫʨʦʢʦʚ, ʧʣʘʪʬʦʨʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ e-mail-ʨʘʩʩʳʣʦʢ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʨʠʝʤʣʝʤʦʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʜʦʤʦʭʦʟʷʡʩʪʚʘ. ʅʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʥʘ ʦʩʥʦʚʝ 

ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʸʥʥʦʡ ʧʨʠʤʝʥʝʥʠʶ ʠʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʰʢʦʣʴʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʊʘʜʞʠʢʠʩʪʘʥʘ. 

ʈʝʟʫʣʴʪʘʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʩʚʷʟʘʥʦ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʝʦʜʦʣʝʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ ʩʝʨʴʝʟʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ. ʅʝʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ 

ʮʠʬʨʦʚʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʫ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʧʝʜʘʛʦʛʦʚ ʠ ʰʢʦʣʴʥʠʢʦʚ, ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʨʘʟʣʠʯʠʷ ʚ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʥʪʝʨʥʝʪ-ʩʚʷʟʴʶ ʤʝʞʜʫ ʨʝʛʠʦʥʘʤʠ, ʘ ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʬʠʥʘʥʩʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʥʦʛʠʭ ʩʝʤʝʡ ʟʘʪʨʫʜʥʷʶʪ ʧʦʣʥʦʮʝʥʥʳʡ ʧʝʨʝʭʦʜ ʢ ʦʥʣʘʡʥ-ʦʙʫʯʝʥʠʶ. 

ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʩʠʩʪʝʤʫ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʫʯʠʪʝʣʝʡ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʝʭʘʥʠʟʤʳ, 

ʛʘʨʘʥʪʠʨʫʶʱʠʝ ʨʘʚʥʳʡ ʜʦʩʪʫʧ ʢ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʜʣʷ ʚʩʝʭ ʫʯʘʱʠʭʩʷ ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʧʨʦʞʠʚʘʥʠʷ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠʭ ʩʝʤʝʡ ʥʘ 

ʮʠʬʨʦʚʦʡ ʧʣʘʪʬʦʨʤʝ: www.Dodaho.tj  

ʇʨʠ ʦʪʙʦʨʝ ʢʦʥʢʨʝʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʩʝʨʚʠʩʦʚ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚʘʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʬʠʥʘʥʩʦʚʫʶ ʜʦʩʪʫʧʥʦʩʪʴ, ʥʦ ʠ 

ʩʪʝʧʝʥʴ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʷ ʜʝʡʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ ʟʘʧʨʦʩʘʤ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ. ʇʨʦʩʪʦʪʘ ʦʩʚʦʝʥʠʷ, ʥʘʣʠʯʠʝ ʠʥʪʝʨʬʝʡʩʘ ʥʘ ʪʘʜʞʠʢʩʢʦʤ ʠ ʨʫʩʩʢʦʤ ʷʟʳʢʘʭ, ʘ ʪʘʢʞʝ 

ʢʦʨʨʝʢʪʥʘʷ ʨʘʙʦʪʘ ʥʘ ʨʘʟʥʳʭ ʪʠʧʘʭ ʫʩʪʨʦʡʩʪʚ (ʢʦʤʧʴʶʪʝʨʘʭ, ʧʣʘʥʰʝʪʘʭ, ʩʤʘʨʪʬʦʥʘʭ) ʜʦʣʞʥʳ 

ʚʳʩʪʫʧʘʪʴ ʩʨʝʜʠ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʚʳʙʦʨʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʣʘʪʬʦʨʤ ʠ ʦʥʣʘʡʥ-ʩʝʨʚʠʩʦʚ. 

ɺʚʝʜʝʥʠʝ. ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʜʘʚʥʦ ʩʪʘʣʦ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʤʠʨʦʚʦʡ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʟ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʧʦʩʝʱʝʥʠʷ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʦʩʦʙʝʥʥʦ ʚʘʞʥʘ ʚ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʦʯʥʳʡ ʬʦʨʤʘʪ ʚʨʝʤʝʥʥʦ 

ʥʝʚʦʟʤʦʞʝʥ: ʧʦ ʩʦʩʪʦʷʥʠʶ ʟʜʦʨʦʚʴʷ, ʠʟ-ʟʘ ʟʘʥʷʪʦʩʪʠ, ʧʨʦʞʠʚʘʥʠʷ ʚ ʦʪʜʘʣʸʥʥʳʭ ʨʘʡʦʥʘʭ ʠʣʠ 

ʚʩʣʝʜʩʪʚʠʝ ʯʨʝʟʚʳʯʘʡʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʢʘʢ ʵʪʦ ʧʨʦʠʟʦʰʣʦ ʚʦ ʚʨʝʤʷ ʧʘʥʜʝʤʠʠ COVID-19 [9]. 

ɺ ʊʘʜʞʠʢʠʩʪʘʥʝ, ʢʘʢ ʠ ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʘʩʩʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

ʰʢʦʣ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʬʦʨʤʘʪ ʨʝʟʢʦ ʦʙʦʩʪʨʠʣʘʩʴ ʚ 2020 ʛʦʜʫ. ʉ ʫʯʸʪʦʤ ʚʳʩʦʢʦʡ ʜʦʣʠ ʜʝʪʝʡ ʚ 

ʩʪʨʫʢʪʫʨʝ ʥʘʩʝʣʝʥʠʷ (ʥʘ ʥʘʯʘʣʦ 2021 ʛʦʜʘ 33,9% ʥʘʩʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʣʠ ʣʠʮʘ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 15 

ʣʝʪ [3]) ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʘʣʦ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ. 
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ʈʠʩʫʥʦʢ 1. ʎʠʬʨʦʚʦʡ ʧʦʨʪʘʣ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

Figure 1. Digital portal for distance learning  

 
ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ï ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʳʪʘ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ 

ʫʩʣʦʚʠʡ ʊʘʜʞʠʢʠʩʪʘʥʘ ʦʙʦʩʥʦʚʘʪʴ ʚʳʙʦʨ ʠʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʰʢʦʣʴʥʠʢʦʚ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʧʨʠ 

ʤʠʥʠʤʠʟʘʮʠʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʩʝʤʴʠ ʠ ʩʥʠʞʝʥʠʠ ʨʠʩʢʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʘʱʠʭʩʷ ʚ 

ʠʥʪʝʨʥʝʪ-ʩʨʝʜʝ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʚʳʷʚʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʰʢʦʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʊʘʜʞʠʢʠʩʪʘʥʘ; 

2. ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʘʱʠʭʩʷ ʚ 

ʠʥʪʝʨʥʝʪʝ; 

3. ʨʘʩʩʤʦʪʨʝʪʴ ʦʧʳʪ ʧʝʨʝʭʦʜʘ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʰʢʦʣ ʂʳʨʛʳʟʩʪʘʥʘ ʠ 

ʋʟʙʝʢʠʩʪʘʥʘ; 

4. ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʪʦʠʤʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʠ ʫʨʦʚʝʥʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʥʪʝʨʥʝʪʘ ʚ 

ʩʪʨʘʥʘʭ ʨʝʛʠʦʥʘ; 

5. ʦʙʦʩʥʦʚʘʪʴ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʧʨʦʩʪʳʭ ʠʥʪʝʨʥʝʪ-ʨʝʰʝʥʠʡ 

(ʩʘʡʪʳ, ʩʢʨʠʥʢʘʩʪʳ, ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʳ, ʵʣʝʢʪʨʦʥʥʳʝ ʨʘʩʩʳʣʢʠ) ʜʣʷ ʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ɼʠʩʪʘʥʮʠʦʥʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʨʘʢʪʦʚʢʝ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ ʧʨʦʮʝʩʩ 

ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʯʠʪʝʣʷ ʠ ʫʯʘʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩʦ ʩʨʝʜʩʪʚʘʤʠ ʦʙʫʯʝʥʠʷ, 

ʨʝʘʣʠʟʫʝʤʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ ʨʘʟʦʙʱʸʥʥʦʩʪʠ ʫʯʘʩʪʥʠʢʦʚ [1; 10; 7].  

ʂʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʚʳʜʝʣʷʝʤʳʝ ʚ ʥʘʫʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ [1; 2; 10; 7; 5]: 

V ʛʠʙʢʦʩʪʴ ï ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʚʨʝʤʝʥʠ ʠ ʤʝʩʪʘ ʦʙʫʯʝʥʠʷ; 

V ʤʦʜʫʣʴʥʦʩʪʴ ï ʧʦʩʪʨʦʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ; 

V ʧʘʨʘʣʣʝʣʠʟʤ ï ʩʦʚʤʝʱʝʥʠʝ ʦʙʫʯʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

V ʘʩʠʥʭʨʦʥʥʦʩʪʴ ï ʦʪʩʫʪʩʪʚʠʝ ʞʸʩʪʢʦʡ ʧʨʠʚʷʟʢʠ ʢ ʦʙʱʝʤʫ ʨʘʩʧʠʩʘʥʠʶ; 

V ʤʘʩʩʦʚʦʩʪʴ ï ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ; 

V ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʂʊ ï ʧʨʠʤʝʥʝʥʠʝ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ, ʤʫʣʴʪʠʤʝʜʠʘ, ʧʣʘʪʬʦʨʤ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 



109 

 

ʇʨʠ ʵʪʦʤ ʤʘʩʩʦʚʦʩʪʴ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʀʂʊ ʩʦʟʜʘʶʪ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʩʢʦʨʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʥʪʝʨʥʝʪʘ, ʜʦʩʪʫʧʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚ) ʠ ʤʝʪʦʜʠʯʝʩʢʦʤʫ 

ʦʙʝʩʧʝʯʝʥʠʶ ʧʨʦʮʝʩʩʘ. ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʚ ʰʢʦʣʝ ʚʳʧʦʣʥʷʝʪ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʪʨʠ 

ʬʫʥʢʮʠʠ: 

1) ʢʦʤʧʝʥʩʘʪʦʨʥʫʶ ï ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʣʷ ʜʝʪʝʡ ʠʟ ʦʪʜʘʣʸʥʥʳʭ ʠʣʠ 

ʩʦʮʠʘʣʴʥʦ ʫʷʟʚʠʤʳʭ ʛʨʫʧʧ; 

2) ʨʝʟʝʨʚʥʫʶ ï ʧʦʜʜʝʨʞʘʥʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʵʢʩʪʨʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ 

(ʢʘʨʘʥʪʠʥ, ʩʪʠʭʠʡʥʳʝ ʙʝʜʩʪʚʠʷ ʠ ʪ.ʧ.); 

3) ʠʥʥʦʚʘʮʠʦʥʥʫʶ ï ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʬʦʨʤ ʠ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ (ʧʝʨʝʚʸʨʥʫʪʳʡ ʢʣʘʩʩ, 

ʩʤʝʰʘʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʦʥʣʘʡʥ-ʢʫʨʩʳ) [1; 12]. 

ʆʜʥʘʢʦ ʨʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʬʫʥʢʮʠʡ ʟʘʚʠʩʠʪ ʦʪ ʛʦʪʦʚʥʦʩʪʠ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ: ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ ʫʯʠʪʝʣʝʡ, ʮʠʬʨʦʚʦʡ 

ʛʨʘʤʦʪʥʦʩʪʠ ʫʯʘʱʠʭʩʷ ʠ ʠʭ ʨʦʜʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʦʤʦʭʦʟʷʡʩʪʚ. 

ʈʠʩʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʰʢʦʣʴʥʠʢʦʚ ʚ ʠʥʪʝʨʥʝʪ-ʩʨʝʜʝ. 

ʈʘʩʰʠʨʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʨʥʝʪʘ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʷʭ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʦʩʪʦʤ ʨʠʩʢʦʚ 

ʜʣʷ ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʦʩʚʷʱʸʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʠ ʰʢʦʣʴʥʠʢʦʚ ʚ ʩʝʪʠ, ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʨʠʩʢʦʚ 

[8]: 

- ʨʠʩʢʠ ʜʣʷ ʟʜʦʨʦʚʴʷ, ʨʘʟʚʠʪʠʷ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ; 

- ʨʠʩʢʠ ʧʦʪʝʨʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

- ʢʦʥʪʝʥʪʥʳʝ ʨʠʩʢʠ; 

- ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʨʠʩʢʠ; 

- ʢʠʙʝʨ-ʨʠʩʢʠ. 

ʂʘʞʜʘʷ ʠʟ ʫʢʘʟʘʥʥʳʭ ʛʨʫʧʧ ʨʠʩʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ, ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʫʶ 

ʧʨʦʙʣʝʤʫ, ʪʨʝʙʫʶʱʫʶ ʫʛʣʫʙʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʨʘʟʨʘʙʦʪʢʠ ʜʝʡʩʪʚʝʥʥʳʭ ʤʝʨ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ 

ʟʘʱʠʪʳ. ʈʠʩʢʠ ʜʣʷ ʬʠʟʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ, ʨʘʟʚʠʪʠʷ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ ʚʢʣʶʯʘʶʪ 

ʧʦʩʣʝʜʩʪʚʠʷ ʤʘʣʦʧʦʜʚʠʞʥʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ, ʥʘʨʫʰʝʥʠʷ ʨʝʞʠʤʘ ʩʥʘ, ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʢʦʥʪʝʥʪʘ, ʩʧʦʩʦʙʥʦʛʦ 

ʚʳʟʳʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʩʪʨʝʩʩʘ, ʧʦʚʳʰʝʥʥʫʶ ʪʨʝʚʦʞʥʦʩʪʴ ʠ ʜʝʧʨʝʩʩʠʚʥʳʝ ʧʝʨʝʞʠʚʘʥʠʷ. 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʵʪʠʭ ʨʠʩʢʦʚ ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ 

ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʫʣʴʪʫʨʳ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ, ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʟʘʱʠʪʳ, ʘ ʪʘʢʞʝ 

ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʨʦʜʠʪʝʣʝʡ, ʧʝʜʘʛʦʛʦʚ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʩʬʝʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɺʘʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʮʠʬʨʦʚʦʡ ʤʠʨ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʠʩʪʦʯʥʠʢʦʤ ʫʛʨʦʟ, ʘ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʨʘʟʚʠʪʠʷ, ʦʙʫʯʝʥʠʷ ʠ ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʠʩʢʦʚ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʨʠʩʢʠ ʜʣʷ ʫʯʘʱʠʭʩʷ ʚ ʠʥʪʝʨʥʝʪʝ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ: 

- ʢʦʥʪʝʥʪʥʳʝ ï ʜʦʩʪʫʧ ʢ ʥʝʜʦʩʪʦʚʝʨʥʦʡ, ʚʨʝʜʥʦʡ ʠʣʠ ʟʘʧʨʝʱʸʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

(ʧʨʦʧʘʛʘʥʜʘ ʥʘʩʠʣʠʷ, ʩʫʠʮʠʜʘ, ʥʘʨʢʦʪʠʢʦʚ ʠ ʪ.ʧ.); 

- ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ï ʪʨʦʣʣʠʥʛ, ʢʠʙʝʨʙʫʣʣʠʥʛ, ʛʨʫʤʠʥʛ, ʚʦʚʣʝʯʝʥʠʝ ʚ ʜʝʩʪʨʫʢʪʠʚʥʳʝ 

ʩʦʦʙʱʝʩʪʚʘ; 

- ʢʠʙʝʨ-ʨʠʩʢʠ ï ʚʠʨʫʩʥʳʝ ʠ ʩʧʘʤ-ʘʪʘʢʠ, ʚʟʣʦʤ ʘʢʢʘʫʥʪʦʚ, ʢʨʘʞʘ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʩʙʦʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʇʦ ʣʦʢʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʘʶʪ: 

- ʚʥʝʰʥʠʝ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʥʪʝʨʥʝʪ-ʩʨʝʜʳ ʠ ʜʝʡʩʪʚʠʡ ʜʨʫʛʠʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

- ʚʥʫʪʨʝʥʥʠʝ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʣʠʯʥʦʩʪʠ ʩʘʤʦʛʦ ʦʙʫʯʘʶʱʝʛʦʩʷ 

(ʠʤʧʫʣʴʩʠʚʥʦʩʪʴ, ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʩʘʤʦʢʦʥʪʨʦʣʷ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʮʠʬʨʦʚʘʷ ʛʨʘʤʦʪʥʦʩʪʴ). 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʜʝʣʘʝʪʩʷ ʥʘ ʚʥʝʰʥʠʭ ʨʠʩʢʘʭ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʩʥʠʞʝʥʠʝ 

ʚʦʟʤʦʞʥʦ ʯʝʨʝʟ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʤʝʨʳ. 

ʕʤʧʠʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʸʥʥʦʝ ʩʨʝʜʠ 174 ʩʪʫʜʝʥʪʦʚ ʧʝʨʚʦʛʦ ʢʫʨʩʘ ʀʊ-

ʥʘʧʨʘʚʣʝʥʠʡ [8], ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ, ʢʘʢʠʝ ʨʠʩʢʠ ʩʘʤʠ ʦʙʫʯʘʶʱʠʝʩʷ ʩʯʠʪʘʶʪ ʥʘʠʙʦʣʝʝ 
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ʟʥʘʯʠʤʳʤʠ, ʧʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʨʠʩʢʠ, ʩ ʢʦʪʦʨʳʤʠ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩʪʫʜʝʥʪʳ ʀʊ-ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʥʘʯʘʣʝ ʩʚʦʝʛʦ ʦʙʫʯʝʥʠʷ. ʇʦʥʠʤʘʥʠʝ ʵʪʠʭ ʨʠʩʢʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʛʨʘʤʤ ʘʜʘʧʪʘʮʠʠ ʠ ʧʦʜʜʝʨʞʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʩʥʠʞʝʥʠʝ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʪʨʝʚʦʞʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʝ ʩʦʮʠʘʣʴʥʦʡ ʠʥʪʝʛʨʘʮʠʠ, ʦʢʘʟʘʥʠʝ 

ʬʠʥʘʥʩʦʚʦʡ ʧʦʤʦʱʠ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ: 

1. ʈʠʩʢʠ ʠʥʪʝʨʥʝʪ-ʟʘʚʠʩʠʤʦʩʪʠ: 

- ʯʨʝʟʤʝʨʥʦʝ ʧʨʝʙʳʚʘʥʠʝ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ï 46% ʦʧʨʦʰʝʥʥʳʭ; 

- ʚʝʙ-ʩʝʨʬʠʥʛ ʙʝʟ ʢʦʥʢʨʝʪʥʦʡ ʮʝʣʠ ï 39%; 

- ʯʨʝʟʤʝʨʥʦʝ ʚʨʝʤʷ ʚ ʦʥʣʘʡʥ-ʠʛʨʘʭ ï 29%. 

2. ʂʠʙʝʨ-ʨʠʩʢʠ: 

- ʚʠʨʫʩʥʳʝ ʘʪʘʢʠ ï 33%; 

- ʚʟʣʦʤ ʘʢʢʘʫʥʪʦʚ ï 31%; 

- ʩʧʘʤ-ʘʪʘʢʠ ï 11%. 

3. ʂʦʥʪʝʥʪʥʳʝ ʨʠʩʢʠ: 

- ʨʝʢʣʘʤʘ ʥʝʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ ï 23%; 

- ʧʨʦʧʘʛʘʥʜʘ ʩʫʠʮʠʜʘ ï 15%; 

- ʧʨʦʧʘʛʘʥʜʘ ʥʘʩʠʣʠʷ ʠ ʪʝʨʨʦʨʠʟʤʘ ï 15%; 

- ʜʝʪʩʢʘʷ ʧʦʨʥʦʛʨʘʬʠʷ ï 12 %; 

- ʧʨʠ ʵʪʦʤ 26% ʫʯʘʩʪʥʠʢʦʚ ʫʢʘʟʘʣʠ, ʯʪʦ ʥʝ ʩʪʘʣʢʠʚʘʣʠʩʴ ʩ ʢʦʥʪʝʥʪʥʳʤʠ ʨʠʩʢʘʤʠ. 

4. ʂʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʨʠʩʢʠ: 

- ʪʨʦʣʣʠʥʛ ï 28%; 

- ʙʫʣʣʠʥʛ ï 11%; 

- ʥʝʟʘʢʦʥʥʳʝ ʢʦʥʪʘʢʪʳ ï 7%. 

ʇʦʩʢʦʣʴʢʫ ʙʦʣʴʰʠʥʩʪʚʦ ʧʝʨʚʦʢʫʨʩʥʠʢʦʚ ʚʩʝʛʦ ʛʦʜ ʥʘʟʘʜ ʙʳʣʠ ʰʢʦʣʴʥʠʢʘʤʠ, ʜʘʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʥʳ ʥʘ ʩʪʘʨʰʠʝ ʢʣʘʩʩʳ ʰʢʦʣ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʝʣʷʤ ʠ 

ʨʦʜʠʪʝʣʷʤ ʣʫʯʰʝ ʧʦʥʠʤʘʪʴ, ʢʘʢʠʝ ʫʛʨʦʟʳ ʰʢʦʣʴʥʠʢʠ ʚʦʩʧʨʠʥʠʤʘʶʪ ʢʘʢ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʝ, 

ʠ ʚʳʩʪʨʘʠʚʘʪʴ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʩ ʫʯʸʪʦʤ ʵʪʦʡ ʠʝʨʘʨʭʠʠ ʨʠʩʢʦʚ [8]. 

ʈʝʛʠʦʥʘʣʴʥʳʡ ʦʧʳʪ ʧʝʨʝʭʦʜʘ ʰʢʦʣ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ (ʂʳʨʛʳʟʩʪʘʥ ʠ 

ʋʟʙʝʢʠʩʪʘʥ). ɺʳʙʦʨ ʩʪʨʘʥ ʜʣʷ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʫʩʣʦʚʣʝʥ ʙʣʠʟʦʩʪʴʶ 

ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʩʪʨʘʥʘʭ ʧʦʩʪʩʦʚʝʪʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʚʳʩʦʢʦʡ ʨʦʞʜʘʝʤʦʩʪʴʶ ʤʝʜʠʘʥʥʳʡ ʚʦʟʨʘʩʪ ʥʘʩʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʡ; ʚ 

ʊʘʜʞʠʢʠʩʪʘʥʝ ʦʥ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 22,7 ʣʝʪ, ʯʪʦ ʜʝʣʘʝʪ ʩʪʨʫʢʪʫʨʫ ʥʘʩʝʣʝʥʠʷ çʤʦʣʦʜʦʡè [3]. 

ɸʥʘʣʦʛʠʯʥʳʝ ʪʝʥʜʝʥʮʠʠ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʠ ʋʟʙʝʢʠʩʪʘʥʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʦʧʳʪ ʢʘʢ ʥʘʠʙʦʣʝʝ ʨʝʣʝʚʘʥʪʥʳʡ. 

ʊʫʨʢʤʝʥʠʩʪʘʥ ʠʩʢʣʶʯʸʥ ʠʟ ʘʥʘʣʠʟʘ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʤʘʩʩʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʰʢʦʣ ʥʘ 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʂʘʟʘʭʩʪʘʥ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʪʣʠʯʠʡ ʧʦ ʤʘʩʰʪʘʙʫ ʪʝʨʨʠʪʦʨʠʠ, 

ʚʥʫʪʨʝʥʥʝʡ ʤʠʛʨʘʮʠʠ ʠ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʩʝʣʝʥʠʷ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʂʳʨʛʳʟʩʪʘʥʝ. ɺʦ ʚʨʝʤʷ 

ʣʦʢʜʘʫʥʘ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʦʩʥʦʚʥʦʡ ʫʧʦʨ ʙʳʣ ʩʜʝʣʘʥ ʥʘ ʪʝʣʝʚʠʟʠʦʥʥʳʝ ʪʨʘʥʩʣʷʮʠʠ ʫʨʦʢʦʚ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ. ʇʦ ʦʪʟʳʚʘʤ ʫʯʘʩʪʥʠʢʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʙʳʣʠ 

ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʦʙʣʝʤʳ: 

- ʫʯʘʱʠʝʩʷ ʥʝ ʫʩʧʝʚʘʣʠ ʜʝʣʘʪʴ ʟʘʧʠʩʠ ʩ ʪʝʣʝʫʨʦʢʦʚ, ʧʨʠ ʵʪʦʤ ʧʦʚʪʦʨʥʳʝ ʪʨʘʥʩʣʷʮʠʠ ʥʝ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʠʩʴ; 

- ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʩʝʤʴʝ ʥʝʩʢʦʣʴʢʠʭ ʰʢʦʣʴʥʠʢʦʚ ʪʨʘʥʩʣʷʮʠʠ ʫʨʦʢʦʚ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ 
ʥʝʨʝʜʢʦ ʩʦʚʧʘʜʘʣʠ ʧʦ ʚʨʝʤʝʥʠ; 

- ʥʘʩʪʨʦʡʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʟʘʥʠʤʘʣʠ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʥʝ 
ʚʩʝʛʜʘ ʙʳʣʠ ʫʩʧʝʰʥʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʤʤʫʥʠʢʘʮʠʠ ʧʨʦʠʩʭʦʜʠʣʘ ʯʝʨʝʟ 

ʤʝʩʩʝʥʜʞʝʨʳ; 

- ʚʳʩʦʢʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʩʝʪʠ ʩʚʷʟʠ ʧʨʠʚʦʜʠʣʘ ʢ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʠʥʪʝʨʥʝʪʘ ʚ ʧʝʨʠʦʜ 
ʣʦʢʜʘʫʥʘ. 

ʀ ʜʘʞʝ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʢʘʯʝʩʪʚʝ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʫʨʦʢʦʚ ʦʪʩʫʪʩʪʚʠʝ 

ʧʨʦʜʫʤʘʥʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ ʠ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩʥʠʞʘʣʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʫʯʝʥʠʷ. 
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ʆʩʦʙʝʥʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʋʟʙʝʢʠʩʪʘʥʝ. ɺ ʋʟʙʝʢʠʩʪʘʥʝ 

ʪʘʢʞʝ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩʪʨʘʪʝʛʠʷ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʫʨʦʢʦʚ, ʦʜʥʘʢʦ ʩ ʫʯʸʪʦʤ ʤʥʦʛʦʜʝʪʥʦʩʪʠ 

ʩʝʤʝʡ ʠ ʷʟʳʢʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʨʳ: 

- ʜʣʷ ʪʨʘʥʩʣʷʮʠʠ ʫʨʦʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʢ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ, ʪʘʢ ʠ ʢʘʙʝʣʴʥʳʝ 

ʪʝʣʝʢʘʥʘʣʳ; 

- ʫʨʦʢʠ ʪʨʘʥʩʣʠʨʦʚʘʣʠʩʴ ʥʘ ʫʟʙʝʢʩʢʦʤ ʠ ʨʫʩʩʢʦʤ ʷʟʳʢʘʭ; 

- ʯʘʩʪʠʯʥʦ ʙʳʣʘ ʫʯʪʝʥʘ ʧʨʦʙʣʝʤʘ ʤʥʦʛʦʜʝʪʥʳʭ ʩʝʤʝʡ ʟʘ ʩʯʸʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʩʦʚ ʧʦ 
ʨʘʟʣʠʯʥʳʤ ʢʘʥʘʣʘʤ; 

- ʧʘʨʘʣʣʝʣʴʥʦ ʚʝʣʘʩʴ ʧʫʙʣʠʢʘʮʠʷ ʫʨʦʢʦʚ ʥʘ ʠʥʪʝʨʥʝʪ-ʧʣʘʪʬʦʨʤʘʭ (YouTube-ʢʘʥʘʣʳ, 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ). 

ʀʥʪʝʨʝʩʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʪʘʣʦ ʪʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʣʦʢʜʘʫʥʘ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʠʥʪʝʨʥʝʪʘ ʚ 

ʋʟʙʝʢʠʩʪʘʥʝ ʥʝ ʩʥʠʟʠʣʘʩʴ, ʘ ʜʘʞʝ ʚʦʟʨʦʩʣʘ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ 

ʵʪʦʪ ʧʝʨʠʦʜ. 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʨʥʝʪʘ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʠ ʩʪʨʘʥʘʭ 

ʨʝʛʠʦʥʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʩʩʦʚʦʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʠʥʪʝʨʥʝʪ-ʜʦʩʪʫʧʘ: ʝʛʦ ʩʪʦʠʤʦʩʪʴʶ, ʩʢʦʨʦʩʪʴʶ ʠ ʫʨʦʚʥʝʤ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ. ʆʜʥʘʢʦ ʮʠʬʨʦʚʘʷ ʧʣʘʪʬʦʨʤʘ Dodaho.tj ʩʦʟʜʘʸʪ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʪʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʜʦʣʝʥʘ. ʅʘʣʠʯʠʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ 

ʠʥʪʝʨʥʝʪʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʫʩʧʝʰʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʤʘʩʩʦʚʦʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ. ʂʦʛʜʘ ʜʦʩʪʫʧ ʢ ʩʝʪʠ ʦʙʭʦʜʠʪʩʷ ʩʣʠʰʢʦʤ ʜʦʨʦʛʦ, ʘ ʩʢʦʨʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʦʩʪʘʝʪʩʷ 

ʥʠʟʢʦʡ, ʤʥʦʛʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʙʫʯʘʶʱʠʝʩʷ ʬʘʢʪʠʯʝʩʢʠ ʣʠʰʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʘʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʦʥʣʘʡʥ-ʬʦʨʤʘʪʝ. ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʥʪʝʨʥʝʪʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʥʘʩʝʣʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʩʝʣʴʩʢʠʭ ʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʝʛʠʦʥʘʭ, ʦʩʪʘʝʪʩʷ ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʮʠʬʨʦʚʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʇʣʘʪʬʦʨʤʘ Dodaho.tj ʚʳʩʪʫʧʘʝʪ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ. ʆʥʘ ʦʪʢʨʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ 

ʮʠʬʨʦʚʦʛʦ ʨʘʟʨʳʚʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʩʪʫʧ ʢ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʩʪʘ 

ʧʨʦʞʠʚʘʥʠʷ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɹʣʘʛʦʜʘʨʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʢʦʥʪʝʥʪʘ ʠ ʧʨʠʤʝʥʝʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ Dodaho.tj ʩʪʨʝʤʠʪʩʷ ʩʥʠʟʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʩʢʦʨʦʩʪʠ ʠʥʪʝʨʥʝʪ-ʩʦʝʜʠʥʝʥʠʷ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʙʲʸʤ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʨʘʬʠʢʘ. 

ɺʦ ʚʨʝʤʷ ʦʬʠʮʠʘʣʴʥʦ ʦʙʲʷʚʣʝʥʥʳʭ ʣʦʢʜʘʫʥʦʚ ʚ 2020 ʛʦʜʫ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʦʪʤʝʯʘʣʦʩʴ 

ʩʥʠʞʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʠʥʪʝʨʥʝʪʘ ʠʟ-ʟʘ ʨʝʟʢʦʛʦ ʨʦʩʪʘ ʥʘʛʨʫʟʢʠ ʥʘ ʩʝʪʠ. ɺ ʂʳʨʛʳʟʩʪʘʥʝ 

ʩʥʠʞʝʥʠʝ ʩʦʩʪʘʚʠʣʦ ʙʦʣʝʝ 36%, ʚ ʈʦʩʩʠʠ ʦʢʦʣʦ 13%. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʩʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ ʧʨʠʤʝʨʥʦ ʥʘ 7,5%, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʘʢʪʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ 

ʵʪʦʪ ʧʝʨʠʦʜ. 

ʋʨʦʚʝʥʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʥʪʝʨʥʝʪʘ. ʇʦ ʦʮʝʥʢʘʤ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʘʛʝʥʪʩʪʚ, ʚ 2021 ʛʦʜʫ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʦʢʦʣʦ 3,18 ʤʣʥ ʯʝʣʦʚʝʢ ʷʚʣʷʣʠʩʴ ʘʢʪʠʚʥʳʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠʥʪʝʨʥʝʪʘ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 32ï33% ʥʘʩʝʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʦʬʠʮʠʘʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘ ʧʦ ʫʨʦʚʥʶ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʥʪʝʨʥʝʪʘ ʧʫʙʣʠʢʫʝʪʩʷ ʥʝʨʝʛʫʣʷʨʥʦ, ʘ 

ʤʝʪʦʜʦʣʦʛʠʷ ʨʘʩʯʸʪʘ ʯʘʩʪʦ ʥʝ ʨʘʩʢʨʳʚʘʝʪʩʷ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʩ ʜʨʫʛʠʤʠ 

ʩʪʨʘʥʘʤʠ. 

ɼʣʷ ʮʝʣʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʰʢʦʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʦʙʱʫʶ ʜʦʣʶ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʥʦ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʩʪʫʧʘ (ʛʦʨʦʜ/ʩʝʣʦ), ʘ ʪʘʢʞʝ 

ʥʘʣʠʯʠʝ ʫʩʪʨʦʡʩʪʚ (ʢʦʤʧʴʶʪʝʨʦʚ, ʧʣʘʥʰʝʪʦʚ, ʩʤʘʨʪʬʦʥʦʚ) ʚ ʜʦʤʦʭʦʟʷʡʩʪʚʘʭ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʜʝʪʴʤʠ ʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ. 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʩʘʡʪʳ. ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʵʢʦʩʠʩʪʝʤʳ ʚʳʩʪʫʧʘʶʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 

ʩʘʡʪʳ: 

- ʣʠʯʥʳʝ ʩʘʡʪʳ ʫʯʠʪʝʣʝʡ; 

- ʩʘʡʪʳ ʰʢʦʣ ʠ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʝʤ; 

- ʩʘʡʪʳ ʦʪʢʨʳʪʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʅʘ ʩʘʡʪʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ (maorif.tj) ʫʞʝ 

ʨʘʟʤʝʱʝʥʳ ʰʢʦʣʴʥʳʝ ʫʯʝʙʥʠʢʠ ʚ ʬʦʨʤʘʪʝ PDF, ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʩʢʘʯʠʚʘʥʠʷ. ʆʜʥʘʢʦ 



112 

 

ʤʦʙʠʣʴʥʘʷ ʚʝʨʩʠʷ ʩʘʡʪʘ ʧʦʢʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʨʝʩʫʨʩ, 

ʦʪʩʫʪʩʪʚʫʶʪ ʫʜʦʙʥʳʝ ʩʩʳʣʢʠ ʥʘ ʫʯʝʙʥʠʢʠ ʜʣʷ ʰʢʦʣ ʩ ʨʘʟʣʠʯʥʳʤʠ ʷʟʳʢʘʤʠ ʦʙʫʯʝʥʠʷ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʧʦʨʪʘʣ ʦʪʢʨʳʪʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʩʦʜʝʨʞʠʪ ʤʘʪʝʨʠʘʣʳ ʜʣʷ 

ʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʦ ʠʭ ʦʙʲʸʤ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʴ ʧʦʢʘ ʥʝʜʦʩʪʘʪʦʯʥʳ ʜʣʷ 

ʧʦʣʥʦʮʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʬʦʨʤʘʪʘ. ɺ ʨʘʤʢʘʭ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ ʧʦ 

ʨʘʟʚʠʪʠʶ ʆʆʈ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʤʘʩʪʝʨ-ʢʣʘʩʩʦʚ ʧʦ ʩʦʟʜʘʥʠʶ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʯʪʦ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʙʘʟʫ ʢʦʥʪʝʥʪʘ.  

ʉʦʟʜʘʥʠʝ ʫʯʠʪʝʣʷʤʠ ʩʦʙʩʪʚʝʥʥʳʭ ʩʘʡʪʦʚ ʥʝ ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ: 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʠʟʫʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʪʦʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʟʘ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʩʪʨʫʢʪʫʨʫ ʨʝʩʫʨʩʘ ʠ ʨʘʟʤʝʩʪʠʪʴ ʦʩʥʦʚʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʧʨʝʟʝʥʪʘʮʠʠ, ʟʘʜʘʥʠʷ, ʩʩʳʣʢʠ). ʇʨʘʢʪʠʢʘ 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʜʘʞʝ ʫʯʠʪʝʣʴ ʩ ʙʘʟʦʚʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ ʥʘʚʳʢʘʤʠ ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʢʘʨʢʘʩ 

ʩʘʡʪʘ ʟʘ 1ï2 ʯʘʩʘ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʰʘʛʦʚʳʭ ʠʥʩʪʨʫʢʮʠʡ. ʋʩʧʝʰʥʦʝ ʨʘʟʚʠʪʠʝ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʧʦʨʪʘʣʘ ʆʆʈ ʢʘʢ ʧʦʣʥʦʮʝʥʥʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʙʫʝʪ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʨʘʩʰʠʨʝʥʠʝ ʙʘʟʳ ʢʦʥʪʝʥʪʘ, ʦʙʝʩʧʝʯʝʥʠʝ ʝʛʦ ʢʘʯʝʩʪʚʘ ʠ 

ʜʦʩʪʫʧʥʦʩʪʠ, ʩʦʟʜʘʥʠʝ ʫʜʦʙʥʦʡ ʩʠʩʪʝʤʳ ʥʘʚʠʛʘʮʠʠ ʠ ʧʦʠʩʢʘ, ʘ ʪʘʢʞʝ ʘʢʪʠʚʥʦʝ ʚʦʚʣʝʯʝʥʠʝ 

ʫʯʠʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʠ ʦʙʤʝʥʘ ʆʆʈ. 

ʕʣʝʢʪʨʦʥʥʳʝ ʨʘʩʩʳʣʢʠ ʢʘʢ ʩʨʝʜʩʪʚʦ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʂʣʶʯʝʚʘʷ ʧʨʦʙʣʝʤʘ 

ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʫʨʦʢʦʚ - ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʥʦʮʝʥʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩ ʫʯʝʥʠʢʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʝʩʩʝʥʜʞʝʨʦʚ ʯʘʩʪʦ ʦʩʣʦʞʥʷʝʪʩʷ ʧʝʨʝʛʨʫʞʝʥʥʦʩʪʴʶ ʩʝʪʝʡ ʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʧʘʢʝʪʦʚ ʩ 

ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ ʪʨʘʬʠʢʦʤ. ʕʣʝʢʪʨʦʥʥʳʝ ʨʘʩʩʳʣʢʠ (e-mail) ʧʦʟʚʦʣʷʶʪ: 

- ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ ʨʘʩʩʳʣʘʪʴ ʟʘʜʘʥʠʷ, ʤʘʪʝʨʠʘʣʳ ʠ ʩʩʳʣʢʠ ʥʘ ʨʝʩʫʨʩʳ; 

- ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʝʛʤʝʥʪʘʮʠʶ ʧʦʣʫʯʘʪʝʣʝʡ (ʫʯʝʥʠʢʠ ʦʪʜʝʣʴʥʦʛʦ ʢʣʘʩʩʘ, ʨʦʜʠʪʝʣʠ, ʛʨʫʧʧʳ 
ʧʦ ʧʨʝʜʤʝʪʘʤ); 

- ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʦʪʧʨʘʚʢʫ ʧʠʩʝʤ ʧʦ ʨʘʩʧʠʩʘʥʠʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʫʯʝʙʥʦʤʫ ʧʣʘʥʫ; 

- ʘʨʭʠʚʠʨʦʚʘʪʴ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʫʯʝʙʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ʇʨʠ ʚʳʙʦʨʝ ʩʝʨʚʠʩʘ ʨʘʩʩʳʣʦʢ ʫʯʠʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ: 

1) ʙʝʩʧʣʘʪʥʦʩʪʴ ʠʣʠ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʙʘʟʦʚʦʛʦ ʪʘʨʠʬʘ; 

2) ʧʨʦʩʪʦʪʘ ʧʦʜʢʣʶʯʝʥʠʷ ʧʦʜʧʠʩʯʠʢʦʚ (ʫʯʝʥʠʢʦʚ ʠ ʨʦʜʠʪʝʣʝʡ); 

3) ʙʝʟʣʠʤʠʪ ʧʦʜʧʠʩʯʠʢʦʚ (ʥʝ ʤʝʥʝʝ ʢʦʣʠʯʝʩʪʚʘ ʫʯʝʥʠʢʦʚ ʠ ʨʦʜʠʪʝʣʝʡ); 

4) ʢʦʨʨʝʢʪʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʧʠʩʝʤ ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ (Android, iOS ʠ ʜʨ.); 

5) ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʩʩʳʣʦʢ ʧʦ ʫʯʝʙʥʦʤʫ ʧʣʘʥʫ; 

6) ʧʦʜʜʝʨʞʢʘ ʦʪʧʨʘʚʢʠ (ʘʨʭʠʚʘʮʠʷ ʧʨʠ ʦʪʧʨʘʚʢʝ); 

7) ʛʠʙʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʧʠʩʢʘʤʠ (ʜʦʙʘʚʣʝʥʠʝ ʠ ʫʜʘʣʝʥʠʝ ʧʦʜʧʠʩʯʠʢʦʚ). 

ʇʦʩʢʦʣʴʢʫ ʠʜʝʘʣʴʥʦʛʦ ʩʝʨʚʠʩʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʦʙʥʘʨʫʞʠʪʴ ʥʝ ʫʜʘʣʦʩʴ, ʧʨʝʜʣʦʞʝʥ ʧʦʰʘʛʦʚʳʡ ʘʣʛʦʨʠʪʤ ʚʳʙʦʨʘ: ʨʘʥʞʠʨʦʚʘʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʧʦ 

ʟʥʘʯʠʤʦʩʪʠ, ʧʦʠʩʢ ʩʝʨʚʠʩʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ çʦʪʩʝʠʚʘʥʠʝè ʚʘʨʠʘʥʪʦʚ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʦʩʪʘʥʝʪʩʷ ʦʜʠʥ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʡ. 

ɿʘʢʣʶʯʝʥʠʝ. ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʰʢʦʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʚ ʫʩʣʦʚʠʷʭ 

ʧʘʥʜʝʤʠʠ COVID-19 ʧʦʢʘʟʘʣʦ, ʢʘʢ ʧʦʪʝʥʮʠʘʣ, ʪʘʢ ʠ ʩʝʨʴʸʟʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ. ɸʥʘʣʠʟ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʳʪʘ (ʂʳʨʛʳʟʩʪʘʥ, 

ʋʟʙʝʢʠʩʪʘʥ), ʧʘʨʘʤʝʪʨʦʚ ʠʥʪʝʨʥʝʪ-ʜʦʩʪʫʧʘ ʠ ʩʧʝʮʠʬʠʢʠ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʙʦʙʱʘʶʱʠʝ ʚʳʚʦʜʳ: 

- ʪʝʣʝʚʠʟʠʦʥʥʳʝ ʪʨʘʥʩʣʷʮʠʠ ʫʨʦʢʦʚ ʧʦ ʢʘʥʘʣʘʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʠ ʢʘʙʝʣʴʥʦʛʦ 

ʪʝʣʝʚʠʜʝʥʠʷ ʜʦʣʞʥʳ ʦʩʪʘʚʘʪʴʩʷ ʷʜʨʦʤ ʩʠʩʪʝʤʳ ʤʘʩʩʦʚʦʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ 

ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʠʥʪʝʨʥʝʪʫ; 

- ʠʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʠ (ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʩʘʡʪʳ, ʩʢʨʠʥʢʘʩʪʳ, ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʳ, 

ʵʣʝʢʪʨʦʥʥʳʝ ʨʘʩʩʳʣʢʠ) ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʢʣʶʯʝʚʳʝ ʩʨʝʜʩʪʚʘ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ, ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʫʩʧʝʚʘʝʤʦʩʪʠ; 

- ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʦʣʞʥʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 
ʚʘʞʥʝʡʰʠʡ ʢʨʠʪʝʨʠʡ ʧʨʠ ʚʳʙʦʨʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ: ʣʶʙʘʷ ʤʦʜʝʣʴ, ʪʨʝʙʫʶʱʘʷ ʦʪ 

ʩʝʤʝʡ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ ʠʥʪʝʨʥʝʪ ʠ ʫʩʪʨʦʡʩʪʚʘ, ʦʙʨʝʯʝʥʘ ʥʘ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ; 
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- ʧʦʜʛʦʪʦʚʢʘ ʫʯʠʪʝʣʝʡ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʭʘʥʠʟʤʦʚ 

ʢʦʤʧʝʥʩʘʮʠʠ ʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʉʦʯʝʪʘʥʠʝ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʫʨʦʢʦʚ, ʜʦʩʪʫʧʥʳʭ ʠʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʠʩʪʝʤʥʦʡ 

ʧʦʜʜʝʨʞʢʠ ʫʯʠʪʝʣʝʡ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʊʘʜʞʠʢʠʩʪʘʥʫ ʫʩʪʦʡʯʠʚʫʶ ʤʦʜʝʣʴ ʤʘʩʩʦʚʦʛʦ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʛʦʪʦʚʫʶ ʢ ʨʘʙʦʪʝ ʚ ʫʩʣʦʚʠʷʭ ʙʫʜʫʱʠʭ ʯʨʝʟʚʳʯʘʡʥʳʭ 

ʩʠʪʫʘʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʢʘʢ ʩʨʝʜʠ ʫʯʘʱʠʭʩʷ, 

ʪʘʢ ʠ ʩʨʝʜʠ ʫʯʠʪʝʣʝʡ, ʧʦʜʛʦʪʘʚʣʠʚʘʷ ʠʭ ʢ ʚʳʟʦʚʘʤ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤ ʮʠʬʨʦʚʦʡ ʵʧʦʭʠ. 
 

ʃʀʊɽʈɸʊʋʈɸ 

1. ɺʦʨʦʥʢʦʚʘ ʖ.ɹ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ / ʖ.ɹ. ɺʦʨʦʥʢʦʚʘ. -ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ: ʌʝʥʠʢʩ, 

2010. -314 ʩ. 

2. ɻʘʚʨʠʣʝʥʢʦʚʘ ʀ.ɺ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʦʙʫʯʝʥʠʠ. ʇʨʘʢʪʠʢʘ, 
ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ / ʀ.ɺ. ɻʘʚʨʠʣʝʥʢʦʚʘ. -ʄ.: ʂʥʦʈʫʩ, 2018. -284 ʩ. 

3. ɼʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʊʘʜʞʠʢʠʩʪʘʥʘ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: 

https://countrymeters.info/ru/Tajikistan#historical_population (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 10.11.2025). 

4. ɿʘʭʘʨʦʚʘ ʀ.ɻ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ʀ.ɻ. ɿʘʭʘʨʦʚʘ. ʄ.: ɸʢʘʜʝʤʠʷ, 

2012. -304 ʩ. 

5. ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: 

https://vgaps.ru/blog/informaczionno-kommunikaczionnye-tekhnologii-i-ikh-primenenie-v-obrazovanii (ʜʘʪʘ: 

18.10.2025). 

6. ʂʘʣʘʰʥʠʢʦʚʘ ʅ.ɸ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʥʘ ʧʨʠʤʝʨʝ ʦʙʫʯʝʥʠʷ ʠʥʦʩʪʨʘʥʥʦʤʫ ʷʟʳʢʫ ʚ 
ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʫʟʘʭ / ʅ.ɸ. ʂʘʣʘʰʥʠʢʦʚʘ. -ʄ.: ʈʫʩʘʡʥʩ, 2015. -159 ʩ. 

7. ʂʠʩʝʣʝʚ ɻ.ʄ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʝʜʘʛʦʛʠʯʝʩʢʦʤ ʦʙʨʘʟʦʚʘʥʠʠ: ʫʯʝʙʥʠʢ ʜʣʷ ʙʘʢʘʣʘʚʨʦʚ / ɻ.ʄ. 

ʂʠʩʝʣʝʚ, ʈ.ɺ. ɹʦʯʢʦʚʘ. -ʄ.: ɼʘʰʢʦʚ ʠ ʂ, 2016. -304 ʩ. 

8. ʃʳʟʴ ʅ.ɸ. ɺʦʟʤʦʞʥʦʩʪʠ ʠ ʨʠʩʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʚ ʠʥʪʝʨʥʝʪ-

ʧʨʦʩʪʨʘʥʩʪʚʝ / ʅ.ɸ. ʃʳʟʴ, ʆ.ʅ. ʀʩʪʨʘʪʦʚʘ, ɸ.ɽ. ʃʳʟʴ // ʆʪʢʨʳʪʦʝ ʦʙʨʘʟʦʚʘʥʠʝ. - 2020. -ʊ. 24.- ˉ4. 

9. ʅʘʫʢʘ ʠ ʞʠʟʥʴ. - 2021. -ˉ3. -ʉ.64-65. 

10. ʉʘʬʘʨʦʚ ʌ.ɻ. ʆʩʦʙʝʥʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʠʩʪʝʤʫ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 
ʦʙʨʘʟʦʚʘʥʠʷ / ʌ.ɻ. ʉʘʬʘʨʦʚ // ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʘʪʝʤʘʪʠʢʠ, ʤʝʭʘʥʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ: ʄʘʪʝʨʠʘʣʳ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ "ɼʚʘʜʮʘʪʠʣʝʪʠʶ ʠʟʫʯʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 

ʝʩʪʝʩʪʚʝʥʥʳʭ, ʪʦʯʥʳʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ ʚ ʩʬʝʨʝ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ" ʠ 80-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ 

ʧʨʦʬʝʩʩʦʨʘ ɹʦʡʤʫʨʦʜʘ ɸʣʠʝʚʘ, ɼʫʰʘʥʙʝ, 27 ʤʘʨʪʘ 2025 ʛʦʜʘ. -ɼʫʰʘʥʙʝ, 2025. -ʉ.492-496. ï EDN PIMXWU. 

11. ÝìĀìüúî à.Ï. Üìėìøôöÿùúùôô ôėþôýúðôČþ-úøô÷ô üÿĄð îì þìĕöôøô ìøùôċþô ôþþô÷úúþôô øìø÷ìöìþ / à.Ï. 
ÝìĀìüúî // ÛìČøô ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù. ÍìāĄô ô÷øĕúô ôĔþôøúĒ-ôėþôýúðĒ îì ĔìøĆôċþĒ. ¬ 
2024. -No.8. -P.323-330. ¬ EDN QPQHPP. 

12. ʉʘʬʘʨʦʚ ʌ.ɻ. ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʵʢʦʥʦʤʠʢʝ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʙʠʟʥʝʩ-ʤʦʜʝʣʷʭ / ʌ.ɻ. 

ʉʘʬʘʨʦʚ // ʈʦʣʴ ʬʠʣʠʘʣʘ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʚ ʛʦʨʦʜʝ 

ɼʫʰʘʥʙʝ ʚ ʨʘʟʚʠʪʠʠ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ: ʄʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ XIV 

ʃʦʤʦʥʦʩʦʚʩʢʠʝ ʯʪʝʥʠʷ, ɼʫʰʘʥʙʝ, 22ï23 ʥʦʷʙʨʷ 2024 ʛʦʜʘ. -ɼʫʰʘʥʙʝ: ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 2024. -ʉ.556-561. ï EDN ZAITPZ. 

13. ʉʳʩʦʝʚ ʇ.ɺ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʤ ʦʙʨʘʟʦʚʘʥʠʠ: ʫʯʝʙʥʳʝ 

ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ, ʙʣʦʛ-ʪʝʭʥʦʣʦʛʠʷ, ʚʠʢʠ-ʪʝʭʥʦʣʦʛʠʷ, ʧʦʜʢʘʩʪʳ, ʩʝʨʚʠʩ çʊʚʠʪʪʝʨè / ʇ.ɺ. ʉʳʩʦʝʚ. -ʄ.: ʂɼ 

ʃʠʙʨʦʢʦʤ, 2019. -264 ʩ. 

 
ÔÝÞÔàÚÐÌÔ ÝÔÝÞÑØÌÇÚÔ ÞÌæ×ÔØÔ àÚÝÔ×ÌÎÄ ÐÌÜ ÞÚÆÔÖÔÝÞÚÙ ÍÌÜÚÔ ÍÌ×ÌÙÐ 

ÍÌÜÐÚäÞÌÙÔ ÝÔàÌÞÔ ÞÌæ×ÔØ ÐÌÜ ÐÌÎÜÌÔ ÔÉÞÔÝÚÐÔ ÜÌÉÌØÄ  
Ðìü Ąìüúôþô üÿĄðô ôėþôýúðô üìėìøĒ, îìėþñ ðúùôĄ îì ôþþô÷úúþ íì øìùíìô ìýúýôô üìėúíìþûìóôüĒ 

þìíðô÷ øñČíìùð, ÞúĔôöôýþúù øôý÷ô ìöýìüô öôĄîìüĕúô Ĕìĕúù, îìóôĀìô ùìîýúóôô ýôýþñøìô øìúüôĀüú ðúüìð. 
ëöñ ìó ýìøþĕúô úċùðìðúü ĔúüĒ ùìøÿðìùô ýôýþñøìĕúô þìĆ÷ôøô Āúýô÷ìîĒ (ÝÐÚ) øñíúĄìð, öô íì íì÷ìùð 
íìüðúĄþìùô ýôĀìþô þìĆ÷ôø, îìýñĆ öìüðìùô ðìýþüìýĒ íì úù îì øÿþúíôė öìüðìùô üìîìùðô þìĆ÷ôø íì þì÷ìíúþô 
íúóúüô øÿúýôüô øñĕùìþ ôøöúù øñðôĕìð. 

Àìõü ìó ôù, þñāùú÷úïôċĕúô Āúýô÷ìîĒ ôøöúù øñðôĕìùð, öô úøĘóôĄ íú ùìóìüðúĄþô āÿýÿýôċþĕú îì 
ùôČóĕúô ôùĀôüúðôô ðúùôĄĔĘČù ýúāþì Ąìîìð. ÐúùôĄĔĘČù øñþìîúùìùð ðìü îìėþ îì ýÿüĆìþô āÿð þìĕýô÷ öÿùìùð, 
öÿüýĕú îì íìüùúøìĕúô Ąìîėúîìüüú ôùþôāúí öÿùìùð îì ìó úøĘóïúüúù Āôöüÿ øÿ÷úĕôóìĕúô ĀìüðĒ ïôüìùð. 
ãÿùôù þìĄöô÷ô üìîìùðô þìĆ÷ôø ĕìîìýøìùðôô þìĆ÷ôøôüú íì÷ìùð øñíìüðúüìð îì øÿýþìėô÷ôċþô ðúùôĄĔĘČùüú 
üÿĄð øñðôĕìð. 

Ìõùô óìøúù, üÿĄðô ÝÐÚ Ðìü ÞúĔôöôýþúù íú ċö ėìþúü øÿĄöô÷úþ üĘ íì üĘ øñĄìîìð: ôùĀüìýúāþúüô 
ùúöôĀúċ üÿĄðČĀþì, ýìþĕô ûìýþô ýìîúðùúöôô üìėìøôô ėôýøô óôČðô ìĕú÷Ē, ôùăÿùôù, ùúüìýúôô øÿùðìüôĔìô 
íúýôĀìþô þìĆ÷ôøĒ íú óìíúùô þúĔôöĒ. Íìüúô íúøÿîìĀĀìėôċþ ûìĕù öìüðìùô þìĕýô÷úþô Āúýô÷ìîĒ 
ýìüøúċïÿóúüĒ íì ôùĀüìýúāþúüô IT, úøúðìýúóôô ýôýþñøìîôô úøĘóïúüúù îì ĉĔúðô øìîúðĕúô ûÿüøìóøÿù îì 
øñþúðĒ, öô íì öúùþñöýþô øô÷÷Ē îì ùôČóĕúô ðúùôĄĔĘČù øÿþúíôė öìüðì Ąÿðììùð, óìüÿü ìýþ. 
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Öì÷ôðîúòìĕú: þìĆ÷ôøô Āúýô÷ìîĒ, þñāùú÷úïôċĕúô ôùþñüùñþĒ, þìĕýô÷úþô øìöþìíĒ, ÞúĔôöôýþúù, āìîĀĕú 
ðìü øÿĕôþô ôùþñüùñþ, ðìüýĕúô þñ÷ñîôóôúùĒ, û÷ìþĀúüøìĕúô úù÷ìõù, ûúăþìô ĉ÷ñöþüúùĒ. 
 

ʇʈʀʄɽʅɽʅʀɽ ʉʀʉʊɽʄ ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ ʆɹʋʏɽʅʀʗ ɺ ʊɸɼɾʀʂʀʉʊɸʅɽ ɼʃʗ ʇʆɺʓʐɽʅʀʗ 

ʂɸʏɽʉʊɺɸ ʆɹʈɸɿʆɺɸʅʀʗ ɺ ʕʇʆʍʋ ʎʀʌʈʆɺʆʁ ʕʂʆʅʆʄʀʂʀ  

ɺ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ, ʢʦʛʜʘ ʟʥʘʥʠʷ ʠ ʠʥʬʦʨʤʘʮʠʷ ʩʪʘʥʦʚʷʪʩʷ ʢʣʶʯʝʚʳʤ ʨʝʩʫʨʩʦʤ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʧʝʨʝʜ ʊʘʜʞʠʢʠʩʪʘʥʦʤ, ʢʘʢ ʠ ʧʝʨʝʜ ʙʦʣʴʰʠʥʩʪʚʦʤ ʩʪʨʘʥ ʤʠʨʘ, ʦʩʪʨʦ ʩʪʦʠʪ ʟʘʜʘʯʘ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚʳʩʪʫʧʘʝʪ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ʉɼʆ), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʨʘʩʰʠʨʠʪʴ ʜʦʩʪʫʧ ʢ ʥʝʤʫ ʠ 

ʛʠʙʢʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʳʥʢʘ ʪʨʫʜʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʚʳʩʪʨʘʠʚʘʪʴ ʦʙʫʯʝʥʠʝ ʩ ʫʯʸʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʫʯʘʱʠʭʩʷ. ʉʪʫʜʝʥʪʳ ʤʦʛʫʪ ʟʘʥʠʤʘʪʴʩʷ ʚ ʫʜʦʙʥʦʝ ʜʣʷ ʥʠʭ ʚʨʝʤʷ ʠ ʪʝʤʧʝ, ʚʳʙʠʨʘʪʴ 

ʠʥʪʝʨʝʩʫʶʱʠʝ ʢʫʨʩʳ ʠ ʧʨʦʛʨʘʤʤʳ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʘʪʴ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʦʪ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. 

ʇʦʜʦʙʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʚʳʰʘʝʪ ʫʯʝʙʥʫʶ ʤʦʪʠʚʘʮʠʶ ʠ ʨʘʟʚʠʚʘʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ 

ʦʙʫʯʘʶʱʠʭʩʷ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ʉɼʆ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʮʝʣʳʤ ʨʷʜʦʤ ʚʳʟʦʚʦʚ: ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʟʚʠʪʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʥʘʩʝʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʝʬʠʮʠʪʦʤ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ ʥʘ ʪʘʜʞʠʢʩʢʦʤ ʷʟʳʢʝ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʠʥʚʝʩʪʠʮʠʠ ʚ IT-ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʩʠʩʪʝʤʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʩʦʟʜʘʥʠʝ 

ʩʦʜʝʨʞʘʪʝʣʴʥʳʭ, ʤʝʪʦʜʠʯʝʩʢʠ ʚʳʚʝʨʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʥʘʮʠʦʥʘʣʴʥʦʤʫ ʢʦʥʪʝʢʩʪʫ ʠ 

ʧʦʪʨʝʙʥʦʩʪʷʤ ʦʙʫʯʘʶʱʠʭʩʷ. 
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ʨʠʩʢʠ ʚ ʠʥʪʝʨʥʝʪ-ʩʨʝʜʝ, ʪʝʣʝʚʠʟʠʦʥʥʳʝ ʫʨʦʢʠ, ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʳ, ʵʣʝʢʪʨʦʥʥʳʝ ʨʘʩʩʳʣʢʠ. 

 

THE USE OF DISTANCE LEARNING SYSTEMS IN TAJIKISTAN TO IMPROVE THE QUALITY OF 

EDUCATION IN THE DIGIT AL ECONOMY ERA  

In the context of the development of the digital economy, when knowledge and information are becoming a key 

resource for competitiveness, Tajikistan, like most countries in the world, is facing the urgent task of modernizing the 

education system. One of the most promising areas is the introduction of distance learning systems, which make it possible 

to improve the quality of education, expand access to it, and flexibly adapt the educational process to the requirements of 

the modern labor market. 

In addition, distance learning technologies allow you to build learning based on the individual characteristics and 

needs of students. Students can study at a convenient time and pace, choose courses and programs of interest, and receive 

personalized feedback from teachers. Such an organization of the educational process increases educational motivation and 

develops students' independence. 

At the same time, the development of digital education in Tajikistan faces a number of challenges: an 

underdeveloped infrastructure, a low level of digital literacy for a significant part of the population, as well as a shortage of 

high-quality educational content in the Tajik language. For the successful dissemination of distance learning, investments 

in IT infrastructure, systematic teacher training and the creation of meaningful, methodically verified materials adapted to 

the national context and the needs of students are necessary. 

Keywords: distance learning, Internet technologies, school education, Tajikistan, risks in the Internet environment, 

television lessons, online platforms, electronic mailings. 

 
ØìĆ÷ÿøúþ ðìü íúüìô øÿì÷÷ôĀ: Ìðìøăÿö Üúöýìùì àìüĕúðúîùì ¬ àô÷ôì÷ô ÐúùôĄïúĕô øô÷÷ôô þìĕėôėúþôô 
þñāùú÷úïĒ ØÔÝÔÝ ðìü Ąìĕüô ÐÿĄìùíñ, ìýýôýþñùþô öìĀñðüìô þñāùú÷úïôċĕúô ôþþô÷úúþĒ îì ìîþúøìþôöÿùúùĒ. 
ÝÿüúĎì: 734042, Ąìĕüô ÐÿĄìùíñ, Æÿøĕÿüôô ÞúĔôöôýþúù, öĘăìô ÙìóìüĄúñî, 7. Þñ÷ñĀúù: 558-88-89-49. E-mail: 
kseniya¬1998@mail.ru  

 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʝ: ɸʜʘʤʯʫʢ ʈʦʢʩʘʥʘ ʌʘʨʭʦʜʦʚʥʘ ï ʌʠʣʠʘʣ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʄʦʩʢʦʚʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʩʪʘʣʠ ʠ ʩʧʣʘʚʦʚ ʚ ʛ. ɼʫʰʘʥʙʝ, ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʡ. ɸʜʨʝʩ: 734042, ʛ.ɼʫʰʘʥʙʝ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ, ʫʣʠʮʘ 

ʅʘʟʘʨʰʦʝʚʘ, 7. ʊʝʣʝʬʦʥ: 558-88-89-49. E-mail: kseniyaï1998@mail.ru  

 

Information about the author: Adamchuk Roxana Farhodovnaï Branch of the National Research Technological 

University of Moscow Institute of Steel and Alloys in Dushanbe, Assistant Professor of the Department of Information 

Technology and Automation. Address: 734042, Dushanbe, Republic of Tajikistan, Nazarshoev Street, 7. Phone: 558-88-

89-49. E-mail: kseniyaï1998@mail.ru 

 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʷ: 13.10.2025 

ʆʜʦʙʨʝʥʘ ʧʦʩʣʝ ʨʝʮʝʥʟʠʨʦʚʘʥʠʷ: 14.11.2025 

ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ: 16.12.2025 

 

  

mailto:kseniya–1998@mail.ru


115 

 

ʋɼʂ: 664.86 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉɸ ʉʋʐʂʀ ʃʋʂɸ ʈʆɿɽʅɹɸʍɸ 

(ʉʀɪʍɸʃɸʌ) ɼʃʗ ʉʆɿɼɸʅʀʗ ʌʋʅʂʎʀʆʅɸʃʔʅʆʁ ʇʀʑɽɺʆʁ ɼʆɹɸɺʂʀ  

 

ʂʦʤʠʣʦʚʘ ɼ.ɸ., ʈʘʰʠʜʦʚ ʅ.ɼʞ.  

ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʊʘʜʞʠʢʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ 

ʄ.ʉ.ʆʩʠʤʠ ʚ ʛʦʨʦʜʝ ʍʫʜʞʘʥʜʝ 

 

ʇʠʱʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ. ʆʪʨʘʩʣʴ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ, ʥʦ ʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ ʠ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ. ɺ ʩʚʷʟʠ ʩ ʨʘʩʪʫʱʠʤ ʩʧʨʦʩʦʤ ʥʘ ʢʘʯʝʩʪʚʝʥʥʫʶ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʫʶ ʧʨʦʜʫʢʮʠʶ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʩʪʨʝʤʷʪʩʷ ʧʨʝʜʣʦʞʠʪʴ ʥʦʚʳʝ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʨʦʜʫʢʪʳ, ʥʘʧʨʠʤʝʨ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʠ ʪ.ʜ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʟʜʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʊʘʜʞʠʢʠʩʪʘʥʘ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ 

ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʩʤʝʰʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʳʨʴʷ, ʢʦʪʦʨʦʝ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ ʠ ʙʦʛʘʪʳʤ 

ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʚʠʜʦʚ ʥʝʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʳʨʴʷ, ʢʦʪʦʨʳʡ ʧʨʦʠʟʨʘʩʪʝʪ ʚ ʈʝʩʧʫʙʣʠʢʝ 

ʊʘʜʞʠʢʠʩʪʘʥ, ʷʚʣʷʝʪʩʷ ʣʫʢ ʈʦʟʝʥʙʘʭʘ, ʠʣʠ ʧʦ-ʪʘʜʞʠʢʩʢʠ çʩʠʸʭʘʣʘʬè, ʯʪʦ ʧʝʨʝʚʦʜʠʪʩʷ ʢʘʢ 

ʯʝʨʥʘʷ ʪʨʘʚʘ. ʃʫʢ ʈʦʟʝʥʙʘʭʘ (A. Rosenbachianum Rgl.) ʚ ʧʨʠʨʦʜʝ ʚʩʪʨʝʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʈʘʩʪʝʥʠʝ ʜʦʩʪʠʛʘʝʪ ʚʳʩʦʪʳ ʜʦ 100 ʩʤ. ʃʫʢʦʚʠʮʘ ʠʤʝʝʪ ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ, 

ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 1-4 ʩʤ, ʚʳʩʦʪʘ ʩʪʝʙʣʷ ʜʦʩʪʠʛʘʝʪ 20-90 ʩʤ, ʣʠʩʪʴʷ ʙʳʚʘʶʪ ʰʠʨʦʢʠʝ 

ʣʠʙʦ ʪʦʥʢʠʝ, ʨʝʤʥʝʚʠʜʥʳʝ, ʰʠʨʠʥʘ ʚʩʝʛʦ 1-5 ʩʤ. ʎʝʪʢʠ ʣʫʢʘ ʈʦʟʝʥʙʘʭʘ ʦʙʳʯʥʦ ʤʝʣʢʠʝ [8; 10].  

ʃʫʢʘ ʈʦʟʝʥʙʘʭʘ ʩʝʟʦʥʥʦʝ ʨʘʩʪʝʥʠʝ, ʧʨʦʠʟʨʘʩʪʘʝʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ 

ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. ʕʪʦ ʨʘʩʪʝʥʠʝ ʦʙʳʯʥʦ ʨʘʩʪʝʪ ʚ ʪʝʥʠ ʩʢʘʣ ʠ ʜʝʨʝʚʴʝʚ, ʚ ʦʨʝʭʦʚʳʭ 

ʣʝʩʘʭ, ʧʦʜ ʪʦʧʦʣʷʤʠ ʠ ʢʫʩʪʘʨʥʠʢʘʤʠ, ʘ ʠʥʦʛʜʘ ʧʦʜ ʤʦʞʞʝʚʝʣʦʚʳʤʠ ʜʝʨʝʚʴʷʤʠ. ʉʙʦʨ ʫʨʦʞʘʷ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʝʩʥʫ, ʦʙʳʯʥʦ ʩ ʤʘʨʪʘ ʧʦ ʤʘʡ ʤʝʩʷʮ, ʜʦ ʮʚʝʪʝʥʠʷ. ʄʝʩʪʦ ʩʨʝʟʘ ʣʫʢʘ 

ʦʢʨʘʰʠʚʘʝʪʩʷ ʚ ʮʚʝʪ ʡʦʜʘ.  

ʃʫʢ ʈʦʟʝʥʙʘʭʘ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʝʛʦ ʧʠʱʝʚʫʶ ʠ ʣʝʯʝʙʥʫʶ ʮʝʥʥʦʩʪʴ. ɺ ʩʦʩʪʘʚʝ ʨʘʩʪʝʥʠʷ 

ʩʦʜʝʨʞʘʪʩʷ ʪʘʢʠʝ ʚʘʞʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʘʢ ʫʛʣʝʚʦʜʳ (ʛʣʶʢʦʟʘ, ʬʨʫʢʪʦʟʘ, ʩʘʭʘʨʦʟʘ), ʙʝʣʢʠ, 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʵʬʠʨʥʳʝ ʤʘʩʣʘ, ʚʠʪʘʤʠʥʳ ʉ, ɺ1, ɺ2, ʈʈ, ʘ ʪʘʢʞʝ ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, 

ʢʘʢ ʬʦʩʬʦʨ, ʢʘʣʴʮʠʡ, ʢʘʣʠʡ, ʡʦʜʘ, ʮʠʥʢ ʠ ʜʨ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʣʫʢ ʈʦʟʝʥʙʘʭʘ ʙʦʛʘʪ 

ʩʦʜʝʨʞʘʥʠʝʤ ʡʦʜʘ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʘʢʦʛʦ ʚʘʞʥʦʛʦ 

ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʠʩʪʦʯʥʠʢʦʤ [4; 10].  

ʇʨʦʙʣʝʤʘ ʣʝʯʝʥʠʷ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʜʝʬʠʮʠʪʘ ʡʦʜʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʫʪʨʘʪʠʣʘ ʩʚʦʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʥʝʭʚʘʪʢʘ ʡʦʜʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʦʩʪʘʸʪʩʷ 

ʥʝʨʝʰʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ. ɺʩʝʤʠʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (ɺʆɿ) ʧʨʠʚʦʜʠʪ ʪʘʢʠʝ 

ʜʘʥʥʳʝ, ʯʪʦ ʦʢʦʣʦ 30% ʥʘʩʝʣʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʨʘʜʘʶʪ ʦʪ ʜʝʬʠʮʠʪʘ ʡʦʜʘ [2]. ɼʝʬʠʮʠʪ 

ʡʦʜʘ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ɼʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ 

ʥʝʦʙʭʦʜʠʤʦ ʪʘʢ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩʚʦʡ ʨʘʮʠʦʥ ʧʠʪʘʥʠʷ, ʯʪʦ-ʙʳ ʚ ʥʝʤ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠʩʫʪʩʪʚʦʚʘʣ 

ʵʪʦʪ ʥʝʦʙʭʦʜʠʤʳʡ ʵʣʝʤʝʥʪ ʚ ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʊʦʣʴʢʦ ʪʘʢʠʤ ʧʫʪʸʤ ʤʦʞʥʦ ʨʝʰʠʪʴ 

ʧʨʦʙʣʝʤʫ ʜʝʬʠʮʠʪ ʡʦʜʘ ʚ ʦʨʛʘʥʠʟʤʝ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʥʝʦʙʭʦʜʠʤʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʡʦʜʦʤ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʘ ʠʟ ʮʝʥʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʩʳʨʴʷ ï ʣʫʢʘ ʈʦʟʝʥʙʘʭʘ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴʩʷ ʚ ʨʝʮʝʧʪʫʨʳ ʨʘʟʣʠʯʥʳʭ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ ʠʭ ʩʦʩʪʘʚʘ. 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʘ ʠʟ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʥʘ ʧʨʠʤʝʨʝ ʣʫʢʘ ʈʦʟʝʥʙʘʭʘ, ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʢʘʬʝʜʨʳ 

çʊʝʭʥʦʣʦʛʠʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚè ʇʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ. ʆʩʠʤʠ ʚ ʛʦʨʦʜʝ ʍʫʜʞʘʥʜʝ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ. 
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ʇʨʦʮʝʩʩ ʚʳʩʫʰʠʚʘʥʠʷ ʣʫʢʘ ʈʦʟʝʥʙʘʭʘ ʧʨʦʚʦʜʠʣʩ̫ ʢʦʥʚʝʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʫʰʠʣʢʝ ʤʘʨʢʠ KENTON ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40-50Áʉ ʚ ʪʝʯʝʥʠʝ 2,5-3 ʯʘʩʦʚ. 

ʆʙʨʘʟʮʳ ʣʫʢʘ ʈʦʟʝʥʙʘʭʘ ʩʦʙʠʨʘʣʠ ʧʨʠʤʝʨʥʦ ʢʘʞʜʳʝ ʜʚʝ ʥʝʜʝʣʠ, ʥʘʯʠʥʘʷ ʩ ʤʘʨʪʘ ʜʦ ʤʘʡ ʤʝʩʷʮ, 

ʠ ʦʧʨʝʜʝʣʷʣʠ ʢʦʣʠʯʝʩʪʚʦ ʥʘʢʦʧʣʝʥʥʳʭ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ 

ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʩʭʦʞʝʩʪʠ ʠ ʚʨʝʤʝʥʠ ʩʙʦʨʘ. 

 

ʈʠʩʫʥʦʢ 1. ʃʫʢ ʈʦʟʝʥʙʘʭʘ (ʩʠʸʭʘʣʘʬ) 

Figure 1. Rosenbach Onion (Siyohalaf) 

 
 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʠʟ ʣʫʢʘ ʈʦʟʝʥʙʘʭʘ ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʣʫʢ ʈʦʟʝʥʙʘʭʘ ʚʟʚʝʰʠʚʘʶʪ. ɼʘʣʝʝ ʣʫʢ ʦʯʠʱʘʝʪʩʷ ʦʪ ʧʦʩʪʦʨʦʥʥʠʭ 

ʧʨʠʤʝʩʝʡ ʠ ʩʦʨʷʥʢʦʚ. ʆʯʠʱʝʥʥʦʝ ʨʘʩʪʠʪʝʣʴʥʦʝ ʩʳʨʴʝ ʧʨʦʤʳʚʘʶʪ ʚ ʯʠʩʪʦʡ ʚʦʜʝ. ʇʨʦʤʳʪʳʡ 

ʣʫʢ ʥʘʨʝʟʘʶʪ ʧʦʣʦʩʢʘʤʠ ʜʣʠʥʦʡ 2,5-3 ʩʤ.  

 

ʈʠʩʫʥʦʢ 2. ʅʘʨʝʟʘʥʥʳʡ ʣʫʢ ʈʦʟʝʥʙʘʭʘ (ʩʠʸʭʘʣʘʬ) 

Figure 2. Sliced Rosenbach Onion (Siyohalaf) 

 
 

ʅʘʨʝʟʘʥʥʳʡ ʣʫʢ ʩʫʰʘʪ ʚ ʢʦʥʚʝʢʮʠʦʥʥʳʭ ʩʫʰʠʣʴʥʳʭ ʢʘʤʝʨʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40 - 50ÁC ʚ 

ʪʝʯʝʥʠʝ 2,5é3 ʯ. ʇʨʠ ʩʫʰʢʝ ʧʝʨʠʦʜʠʯʝʩʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʤʝʰʠʚʘʪʴ ʤʘʩʩʫ ʜʣʷ ʙʦʣʝʝ 

ʨʘʚʥʦʤʝʨʥʦʡ ʩʫʰʢʠ. ɺʳʩʫʰʝʥʥʦʝ ʩʳʨʴʸ ʦʭʣʘʞʜʘʶʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʣʝʝ 

ʠʟʤʝʣʴʯʘʶʪ ʜʦ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ.  

ʇʨʦʪʦʪʠʧʦʤ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʘ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʩʳʨʴʷ, ʢʦʪʦʨʦʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʟʚʝʰʠʚʘʥʠʝ, ʩʦʨʪʠʨʦʚʘʥʠʝ, ʤʦʡʢʫ, ʥʘʨʝʟʢʫ, ʩʫʰʢʫ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʤ ʠʥʬʨʘʢʨʘʩʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʤʦʱʥʦʩʪʴʶ 1200é2000 ʢɺʪ ʧʨʠ 40é60ÁC ʚ 

ʪʝʯʝʥʠʝ 1,5é2,5 ʯʘʩʘ ʠ ʦʭʣʘʞʜʝʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʤʝʣʴʯʝʥʠʝʤ 

ʜʦ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʜʠʮʠʦʥʥʦʛʦ ʣʠʩʪʦʚʦʛʦ ʩʳʨʴʷ. 
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ʀʟʦʙʨʝʪʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʩʳʨʴʷ ʠʩʧʦʣʴʟʫʶʪ ʣʠʩʪʴʷ ʰʧʠʥʘʪʘ ʠ ʯʝʨʝʰʢʠ ʩʝʣʴʜʝʨʝʷ [12; 13; 14]. 

 

ʈʠʩʫʥʦʢ 3. ʇʨʦʮʝʩʩ ʩʫʰʢʠ ʣʫʢʘ ʈʦʟʝʥʙʘʭʘ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʢʦʥʚʝʢʮʠʦʥʥʦʡ ʩʫʰʠʣʢʝ ʤʘʨʢʠ 

KENTON  

Figure 3. Drying Process of Rosenbach Onion in a KENTON Laboratory Convection Dryer 

  
 

ʅʝʜʦʩʪʘʪʢʦʤ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʘ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʷʚʣʷʝʪʩʷ 

ʪʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʝ ʨʝʞʠʤʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʣʠʩʪʦʚʳʭ 

ʨʘʩʪʝʥʠʡ, ʪʘʢ ʢʘʢ ʧʨʠ ʩʦʢʨʘʱʝʥʠʠ ʚʨʝʤʝʥʠ ʥʘ ʩʫʰʢʫ ʫʭʫʜʰʘʶʪʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʨʦʜʫʢʪʘ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʫʰʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʥʘ ʧʨʠʤʝʨʝ ʣʫʢʘ ʈʦʟʝʥʙʘʭʘ, 

ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ ʚʳʙʨʘʥʘ ʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʫʰʠʣʴʥʳʭ 

ʢʘʤʝʨʘʭ, ʢʦʪʦʨʘ ̫ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʧʨʦʮʝʥʪ ʧʦʪʝʨʴ ʚʘʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, 

ʪʝʤ ʩʘʤʳʤ ʜʘʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʩʠʪʴ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʧʠʱʝʚʫʶ ʮʝʥʥʦʩʪʴ 

ʧʦʨʦʰʢʘ. ʅʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʡ ɸʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʂʨʘʢʦʚʘ, ʈʝʩʧʫʙʣʠʢʘ ʇʦʣʴʰʘ, ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʰʢʘ ʠʟ ʣʫʢʘ ʈʦʟʝʥʙʘʭʘ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʜʘʥʥʦʛʦ ʧʦʨʦʰʢʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʰʢʘ ʠʟ ʣʫʢʘ ʈʦʟʝʥʙʘʭʘ 

Table 1. Results of the Chemical Composition Analysis of Rosenbach Onion Powder 

ɼʘʪʘ ʩʙʦʨʘ 

ʦʙʨʘʟʮʦʚ 

Al, 

ʤʛ/ʢʛ 

Ca, 

ʛ/ʢʛ 

Fe, 

ʤʛ/ʢʛ 

K, ʛ/ʢʛ I, 

ʤʛ/ʢʛ 

Mg, 

ʛ/ʢʛ 

Mn, 

ʤʛ/ʢʛ 

Na, 

ʤʛ/ʢʛ 

P, 

ʤʛ/ʢʛ 

1 (03.03.2025) 199,9 24,6 255,8 5,69 1,57 4,43 87,4 96,4 774,8 

2 (18.03.2025) 198,0 24,7 249,1 5,71 1,73 4,40 87,5 100,2 757,1 

3 (31.03.2025) 250,3 22,3 302,4 12,1 1,99 3,89 166,1 71,82 2207,8 

4 (15.04.2025) 167,4 20,4 234,8 14,3 2,23 3,12 117,2 106,0 2128,7 

5 (28.04.2025) 165,4 18,1 253,6 14,1 2,33 2,92 120,3 94,1 2250,7 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥr ʭ ʚ ʪʘʙʣʠʮʝ 1, ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʢʘʣʠʡ, 

ʡʦʜ, ʤʘʨʛʘʥʝʮ ʠ ʬʦʩʬʦʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʩʭʦʞʝʩʪʠ ʠ ʚʨʝʤʝʥʠ ʩʙʦʨʘ, ʘ ʪʘʢʞʝ ʨʝʞʠʤʦʚ 

ʚʳʙʨʘʥʥʦʡ ʩʫʰʢʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʢʦʣʠʯʝʩʪʚʦ ʘʣʶʤʠʥʠʷ, ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʞʝʣʝʟʘ ʠ ʥʘʪʨʠʷ ʥʝ ʤʝʥʷʝʪʩʷ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ 

ʧʨʦʮʝʩʩ ʩʫʰʢʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʨʦʰʢʘ, ʧʨʠ ʩʫʰʢʝ 

ʩʦʭʨʘʥʷʶʪʩʷ ʮʝʥʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʯʪʦ ʜʘʝʪ ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʨʦʰʢʘ ʚ ʢʘʯʝʩʪʚʝ ʧʠʱʝʚʦʡ ʜʦʙʘʚʢʠ ʚ ʨʝʮʝʧʪʫʨʥʳʡ ʩʦʩʪʘʚ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʬʠʥʠʢʠ ʠ ʤʦʨʩʢʠʝ ʚʦʜʦʨʦʩʣʠ ʙʦʛʘʪʳ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʦʩʦʙʝʥʥʦ 

ʡʦʜʦʤ, ʞʝʣʝʟʦʤ ʠ ʢʘʣʴʮʠʝʤ. ʉʨʘʚʥʠʚʘʷ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʧʦʨʦʰʢʘ ʠʟ ʣʫʢʘ ʈʦʟʝʥʙʘʭʘ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚ ʧʦʨʦʰʢʝ ʥʘ 

98% ʚʳʰʝ, ʯʝʤ ʚ ʩʫʰʸʥʳʭ ʬʠʥʠʢʘʭ ʠ ʥʘ 25% ʚʳʰʝ, ʯʝʤ ʚ ʤʦʨʩʢʠʭ ʚʦʜʦʨʦʩʣʷʭ. ʉʦʜʝʨʞʘʥʠʝ 



118 

 

ʡʦʜʘ ʚ ʧʦʨʦʰʢʝ ʠʟ ʣʫʢʘ ʈʦʟʝʥʙʘʭʘ ʥʘ 22,95 ʤʛ/ʢʛ ʚʳʰʝ, ʯʝʤ ʚ ʩʫʰʝʥʳʭ ʬʠʥʠʢʘʭ, ʠ ʥʘ 8,35-20,85 

ʤʛ/ʢʛ ʚʳʰʝ, ʯʝʤ ʚ ʤʦʨʩʢʠʭ ʚʦʜʨʦʩʣʷʭ. ɾʝʣʝʟʘ ʚ ʧʦʨʦʰʢʝ ʪʘʢʞʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ 98,5 ʠ 2,5% 

ʙʦʣʴʰʝ, ʯʝʤ ʚ ʩʫʰʝʥʳʭ ʬʠʥʠʢʘʭ ʠ ʤʦʨʩʢʠʭ ʚʦʜʦʨʦʩʣʷʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʛʘʪʩʪʚʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʰʢʘ ʠʟ ʣʫʢʘ ʈʦʟʝʥʙʘʭʘ. 

ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʧʦʨʦʰʦʢ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʧʫʪʸʤ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʊʘʢʞʝ ʚ 

ʧʨʝʜʣʦʞʝʥʥʦʤ ʩʧʦʩʦʙʝ ʤʦʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ ʜʦʩʪʠʞʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ: 

- ʚʳʩʦʢʠʝ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ;  

- ʧʦʚʳʰʝʥʥʘʷ ʧʠʱʝʚʘʷ ʮʝʥʥʦʩʪʴ ʧʨʦʜʫʢʪʘ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ; 

- ʧʨʦʩʪʦʪʘ ʠ ʙʳʩʪʨʦʪʘ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢ ʧʠʱʝʚʦʡ ʜʦʙʘʚʢʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʭʣʝʙʦʙʫʣʦʯʥʳʭ, 

ʢʦʥʜʠʪʝʨʩʢʠʭ, ʤʘʢʘʨʦʥʥʳʭ ʠʟʜʝʣʠʡ, ʘ ʪʘʢʞʝ ʚ ʤʫʢʦʤʦʣʴʥʦʡ, ʧʠʱʝʢʦʥʮʝʥʪʨʘʪʥʦʡ ʠ ʜʨʫʛʠʭ 

ʦʪʨʘʩʣʷʭ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʥʝʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʳʨʴʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʠ 

ʦʩʦʙʝʥʥʦ ʧʨʦʜʫʢʪʦʚ ʤʘʩʩʦʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ ʩ ʙʦʛʘʪʳʤ ʩʦʩʪʘʚʦʤ ʣʝʯʝʙʥʦ-

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚ ʯʘʩʪʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʡʦʜʦʜʝʬʠʮʠʪʘ. 
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ZOSTERACEAE ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʘ ʚ ʚʠʜʝ ʧʦʨʦʰʢʘ ʠ ʵʢʩʪʨʘʢʪʘè. 

 
ÞÌÇÉÔÉÚÞÔ ÜÌÎÌÙÐÔ ÞÑáÙÚ×ÚÏÔÔ áßäÖÖßÙÔÔ ÛÔ¾ÓÔ ÜÚÓÑÙÍÌá (ÝÔ¾ÇÌ×Ìà) ÍÌÜÚÔ 

ÝÚáÞÌÙÔ Ô×ÚÎÌÔ ÀÔÓÚÔÔ àßÙÖÝÔÚÙÌ×Ä 
Íú øìėýìðô ĕì÷÷ô øÿìøøúô ùúüìýúôô õúð îì þìĆøôù ùìøÿðìùô úüïìùôóøô ôùýúù íú øôėðúüô óìüÿüôô 

úù, þñāùú÷úïôċô ôýþñĕýú÷ô āúöìô üìýþìùĒ ìó ìĄČô āúøô ėôøìþíìĕúô üìýþìùĒ - ûôČóô Üúóñùíìā (ýôČĕì÷ìĀ), öô 
ðìü øôùþìėìĕúô öĘĕôýþúùôô Æÿøĕÿüôô ÞúĔôöôýþúù øñüĘċð, íú øôėðúüô óôČðô øôöüú- îì øìöüúĉ÷ñøñùþĕú 
Āìüė øñöÿùìð, þìĕôċ ïìüðôð. Ðìü øìėú÷ìô øìóöÿü óìüÿüìþ îì ìĕìøøôċþô ôýþôĀúðìô üìýþìùôĕúô 
ĎìõüôøÿėìüüìüĒ íìüúô ĎìùĒ ïìüðúùôðìùô øìĕýÿ÷úþô ĎôóúĒ íú øúððìĕúô íôú÷úïĒ ĀìĆú÷ îì øôöüúĉ÷ñøñùþĕú, 
ìó Ĕÿø÷ì õúð, ùôĄúù ðúðì Ąÿðììýþ. áúöì ìó ôù ùìîĆô üìýþìùĒ øôùíìĆð íì þìüöôíô ïÿùúïÿùô øìĕýÿ÷úþô 
āĘüúöîúüĒ íú øìėýìðô ĎìùĒ ïìüðúùôðìùô úùĕú íú øúððìĕúô øôùñüì÷Ē îúüôð öìüðì øñĄìîìð. Üìîìùðô 
āÿĄööÿùôô ûôČóô Üúóñùíìā (ýôČĕì÷ìĀ) íú ÿýÿ÷ô öúùîñöýôúùĒ ðìü ĕìüúüìþô 40-50¸Ý ìøì÷Ē öìüðì Ąÿð. 
Þìĕėôėúþĕúô ïÿóìüúùôðìĄÿðì ùôĄúù ðúðìùð, öô øôėðúüô ĉ÷ñøñùþĕú, ìó ėìíô÷ô öì÷ôõ, õúð, øìùïìù îì 
ĀúýĀúü îúíìýþì íì ýìíóôĄô üìýþìùĒ, îìėþô ĔìøĆúîìüĒ îì ÿýÿ÷ô ôùþôāúíĄÿðìô āÿĄööÿùĒ ðìü þìüöôíô āúöì 
óôČð øñïìüðìð. ØìĆ÷ÿøúþĕúô íìðìýþúøìðì ïÿîúĕĒ øñðôĕìùð, öô üìîìùðô āÿĄööÿùôô öúùîñöýôúùĒ íì ýôĀìþô 
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āúöì þìĆýôüô øìùĀĒ ùìøñüìýúùìð: öúøûúùñùþĕúô ìüóôĄøìùðô üìýþìùĒ ùôïúĕ ðúĄþì øñĄìîìùð, öô ôù 
ôøöúùôċþĕúô îìýñĆüú íìüúô ôýþôĀúðìô āúöì ĕìøăÿù ô÷úîìïôô ĎôóúĒ ðìü þìüöôíô øìĕýÿ÷úþô ïÿùúïÿùô 
āĘüúöúîúüĒ Āìüúĕìø øñúüìð. 

Öì÷ôðîúòìĕú: ýìùúìþô āĘüúöîúüĒ, ìĄČô āúøô üìýþìùôïĒ, ìĄČô ĎìõüôìùĆìùìîĒ, āúöìô üìýþìùĒ, ûôČóô 
Üúóñùíìā (ýôČĕì÷ìĀ), õúð, ùúüìýúôô õúð. 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉɸ ʉʋʐʂʀ ʃʋʂɸ ʈʆɿɽʅɹɸʍɸ (ʉʀɪʍɸʃɸʌ) 

ɼʃʗ ʉʆɿɼɸʅʀʗ ʌʋʅʂʎʀʆʅɸʃʔʅʆʁ ʇʀʑɽɺʆʁ ɼʆɹɸɺʂʀ  

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʥʝʦʙʭʦʜʠʤʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʡʦʜʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʘ ʠʟ ʮʝʥʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ï ʣʫʢʘ ʈʦʟʝʥʙʘʭʘ, ʙʦʛʘʪʦʛʦ ʩʦʜʝʨʞʘʥʠʝʤ ʤʠʢʨʦ- ʠ 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴʩʷ ʚ ʨʝʮʝʧʪʫʨʳ ʨʘʟʣʠʯʥʳʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ ʠʭ 

ʩʦʩʪʘʚʘ. ʇʨʦʮʝʩʩ ʚʳʩʫʰʠʚʘʥʠʷ ʣʫʢʘ ʈʦʟʝʥʙʘʭʘ ʧʨʦʚʦʜʠʣʩ ̫ʢʦʥʚʝʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʘʢʠʝ ʵʣʝʤʝʥʪ,r ʢʘʢ ʢʘʣʠʡ, ʡʦʜ, ʤʘʨʛʘʥʝʮ ʠ ʬʦʩʬʦʨ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʩʭʦʞʝʩʪʠ ʠ ʚʨʝʤʝʥʠ ʩʙʦʨʘ, 

ʘ ʪʘʢʞʝ ʨʝʞʠʤʦʚ ʚʳʙʨʘʥʥʦʡ ʩʫʰʢʠ ʣʫʢʘ ʈʦʟʝʥʙʘʭʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʩʦʩʪʘʚʝ ʧʦʨʦʰʢʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʛʦʚʦʨʷʪ 

ʦ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩ ʩʫʰʢʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʨʦʰʢʘ, ʧʨʠ ʩʫʰʢʝ ʩʦʭʨʘʥʷʶʪʩʷ 

ʮʝʥʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʯʪʦ ʜʘʝʪ ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʨʦʰʢʘ ʚ ʢʘʯʝʩʪʚʝ 

ʧʠʱʝʚʦʡ ʜʦʙʘʚʢʠ ʚ ʨʝʮʝʧʪʫʨʥʳʡ ʩʦʩʪʘʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʠʱʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʨʘʩʪʠʪʝʣʴʥʦʝ ʩʳʨʴʸ, ʥʝʪʨʘʜʠʮʠʦʥʥʦʝ ʩʳʨʴʸ, ʨʘʩʪʠʪʝʣʴʥʳʡ 

ʧʦʨʦʰʦʢ, ʣʫʢ ʈʦʟʝʥʙʘʭʘ (ʩʠʸʭʘʣʘʬ), ʡʦʜ, ʡʦʜʦʜʝʬʠʮʠʪ. 

 

STUDY OF THE TECHNOL OGICAL PROCESS OF DRYING ROSENBACH ONION  (SIYOHALAF) FOR THE 

CREATION OF A FUNCTI ONAL FOOD ADDITIVE  

To address the problem of iodine deficiency and ensure the human body receives an adequate amount of iodine, a 

technology has been developed for producing powder from valuable plant raw material - Rosenbach onion, which is rich in 

micro- and macroelements. This powder is intended to be incorporated into the formulations of various food products to 

enrich their composition. The drying process of Rosenbach onion was carried out using the convection method. The 

conducted studies show that the content of elements such as potassium, iodine, manganese, and phosphorus increases in the 

powder depending on the stage of plant growth, harvest time, and selected drying conditions. The obtained data indicate 

that the drying process does not negatively affect the quality of the powder; valuable plant components are preserved 

during drying, providing unlimited possibilities for using the powder as a food additive in the formulation of food products. 

Keywords: food industry, plant raw material, non-traditional raw material, plant powder, Rosenbach onion 

(Siyohalaf), iodine, iodine deficiency. 
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ʋɼʂ: 519.8 

ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʄʆɼɽʃʀ ʀ ɺʓʏʀʉʃʀʊɽʃʔʅʓɽ ʄɽʊʆɼʓ 

ʇɽʈʉʆʅɸʃʀɿʀʈʆɺɸʅʅʆɻʆ ʆɹʋʏɽʅʀʗ: ʆɹɿʆʈ ʉʆɺʈɽʄɽʅʅʓʍ ʇʆɼʍʆɼʆɺ 

ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ 

 

ʄʠʥʛʙʦʝʚʘ ʄ.ʊ. 

ʊʘʜʞʠʢʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʘʚʘ, ʙʠʟʥʝʩ ʠ ʧʦʣʠʪʠʢʠ  

 

ɺ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʫʩʣʦʞʥʝʥʠʷ ʮʠʬʨʦʚʳʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʵʢʦʩʠʩʪʝʤ ʪʝʭʥʦʣʦʛʠʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʧʨʠʦʙʨʝʪʘʶʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷ [6; 8]. ʉʦʚʨʝʤʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʦʪʢʨʳʚʘʶʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʘʥʘʣʠʟʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʧʪʠʤʠʟʘʮʠʠ 

ʫʯʝʙʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʫʩʧʝʚʘʝʤʦʩʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʜʦʣʝʪʴ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʦʮʝʥʠʚʘʥʠʶ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʝʜʠʥʦʦʙʨʘʟʠʝʤ, ʦʪʩʫʪʩʪʚʠʝʤ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʠ ʟʘʧʘʟʜʳʚʘʶʱʝʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. ɺ ʢʦʥʪʝʢʩʪʝ ʵʪʠʭ ʟʘʜʘʯ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ 

ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʘʥʘʣʠʟʝ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ 

ʜʘʥʥʳʭ, ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʜʠʥʘʤʠʢʠ ʟʥʘʥʠʡ, ʛʨʘʬʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʢʦʤʧʝʪʝʥʮʠʷʤʠ ʠ ʘʣʛʦʨʠʪʤʘʭ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʫʯʝʙʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʉʙʦʨ, ʭʨʘʥʝʥʠʝ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʚʳʩʪʫʧʘʶʪ ʬʫʥʜʘʤʝʥʪʦʤ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʥʦʛʦʤʝʨʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ 

ʩʪʫʜʝʥʪʘʭ ʠ ʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ [15; 13]. ʄʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʚʢʣʶʯʘʷ ʤʝʪʦʜʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ 

ʥʝʡʨʦʩʝʪʝʚʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʧʦʚʝʜʝʥʠʠ 

ʦʙʫʯʘʶʱʠʭʩʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʨʘʝʢʪʦʨʠʠ ʠʭ ʨʘʟʚʠʪʠʷ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʘʜʘʧʪʠʚʥʳʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ [12]. ɺʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʵʪʘʧʳ, 

ʚʢʣʶʯʘʶʱʠʝ ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʣʝʡ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʦʮʝʥʢʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʦʨʤʘʣʴʥʳʭ 

ʢʨʠʪʝʨʠʝʚ ʠ ʧʦʢʘʟʘʪʝʣʝʡ, ʩʙʦʨ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ, ʧʦʩʪʨʦʝʥʠʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʠ ʦʮʝʥʢʫ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʩʭʦʜʠʤʦʩʪʴ ʠ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ 

ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ [9; 2]. ʇʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʧʦʩʪʨʦʝʥʥʦʝ ʥʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʘʭ, ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʠ ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʦʙʨʘʪʥʫʶ 

ʩʚʷʟʴ. ʀʥʪʝʛʨʘʮʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʬʦʨʤʠʨʫʝʪ ʥʘʫʯʥʫʶ ʦʩʥʦʚʫ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ [2]. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʧʦʩʪʨʦʝʥʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠʛʨʘʝʪ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʩʣʦʞʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʧʝʨʝʚʦʜʠʪʴ ʠʭ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ 

ʬʦʨʤʫ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʫʯʝʙʥʦʡ ʤʦʪʠʚʘʮʠʠ ʠ ʘʢʪʠʚʥʦʩʪʠ 

ʩʪʫʜʝʥʪʦʚ, ʜʠʥʘʤʠʢʠ ʫʩʚʦʝʥʠʷ ʟʥʘʥʠʡ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠ 

ʭʘʨʘʢʪʝʨʘ ʦʪʢʣʠʢʘ ʥʘ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʫʯʝʙʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ [3; 5]. ʌʦʨʤʘʣʠʟʘʮʠʷ ʯʝʨʝʟ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ, ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʧʝʨʘʪʦʨʥʳʝ ʩʭʝʤʳ ʠ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʵʚʦʣʶʮʠʶ ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ ʦʙʫʯʘʶʱʝʛʦʩʷ ʢʘʢ ʫʧʨʘʚʣʷʝʤʳʡ 

ʧʨʦʮʝʩʩ, ʚʩʪʨʦʝʥʥʳʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʦʙʫʯʝʥʠʷ, ʦʧʪʠʤʠʟʠʨʫʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʜʙʠʨʘʷ ʟʘʜʘʥʠʷ ʪʘʢ, ʯʪʦʙʳ ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 

ʪʝʢʫʱʝʤʫ ʩʦʩʪʦʷʥʠʶ ʦʙʫʯʘʶʱʝʛʦʩʷ ʠ ʦʙʝʩʧʝʯʠʚʘʣʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ ʢʦʤʧʝʪʝʥʮʠʡ [4].  

ʇʨʦʮʝʩʩ ʫʩʚʦʝʥʠʷ ʟʥʘʥʠʡ ʬʦʨʤʘʣʠʟʫʝʪʩʷ ʩʠʩʪʝʤʦʡ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ:  

ὑ ὑ ЎὸϽὊὑȟὢȟ—ȟ 



121 

 

ʛʜʝ ὑ - ʫʨʦʚʝʥʴ ʫʩʚʦʝʥʠʡ i ï ʡ ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t, ὢ ï ʥʘʙʣʶʜʘʝʤʦʡ ʜʝʡʩʪʚʠʷ 

ʦʙʫʯʘʶʱʝʛʦʩʷ, — ï ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ, ʘ F ï ʦʧʝʨʘʪʦʨ ʚʦʟʜʝʡʩʪʚʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ ɹʘʡʝʩʦʚʩʢʦʛʦ ʦʙʥʦʚʣʝʥʠʷ: 

ὖ ὑ
ὖὑ Ͻὖὢȿὑ

Вὖ ὑ Ͻὖὢȿὑ
 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʜʠʥʘʤʠʢʫ ʟʥʘʥʠʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʙʫʜʫʱʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʪʫʜʝʥʪʘ.  

ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʥʘ ʦʩʥʦʚʝ 

ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʩʠʩʪʝʤʥʦʛʦ ʩʙʦʨʘ ʠ ʘʛʨʝʛʘʮʠʠ ʜʘʥʥʳʭ ʦ 

ʩʪʫʜʝʥʪʘʭ, ʚʢʣʶʯʘʷ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚ, ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʠʡ, ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʧʣʘʪʬʦʨʤʘʭ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʫʯʝʙʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ [1]. ɼʘʥʥʳʝ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʚʢʣʶʯʘʶʱʝʡ ʦʯʠʩʪʢʫ, ʥʦʨʤʘʣʠʟʘʮʠʶ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ 

ʧʨʠʟʥʘʢʦʚ, ʘ ʪʘʢʞʝ ʚʳʯʠʩʣʝʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʪʨʘʞʘʶʱʠʭ ʜʠʥʘʤʠʢʫ ʫʩʚʦʝʥʠʷ 

ʟʥʘʥʠʡ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʪʝʤʧʳ ʦʙʫʯʝʥʠʷ. ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʨʭʠʪʝʢʪʫʨ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʫʨʦʚʝʥʴ ʢʦʤʧʝʪʝʥʮʠʡ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ [10]. ʆʧʪʠʤʠʟʘʮʠʷ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʬʦʨʤʘʣʠʟʫʝʪʩʷ ʢʘʢ ʟʘʜʘʯʘ ʤʘʢʩʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ: 

ÍÁØὐ† ὶὑȟὃ ȟ 

ʛʜʝ † ï ʩʪʨʘʪʝʛʠʷ ʧʦʜʙʦʨʘ ʫʯʝʙʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ὑȟὃ ï ʩʦʩʪʦʷʥʠʝ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʘ, ʘ ὶὑȟὃ  - 

ʧʦʣʝʟʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ. ʀʪʝʨʘʪʠʚʥʘʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʪʨʘʝʢʪʦʨʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʦʮʝʥʢʠ ʢʦʤʧʝʪʝʥʮʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʚʠʜʝ ʤʥʦʛʦʤʝʨʥʦʛʦ ʚʝʢʪʦʨʘ: 

Ὓ ὛȟὛȟȣȟὛ ȟ 
ʛʜʝ Ὓ ï ʧʦʢʘʟʘʪʝʣʴ i ï ʪʦʛʦ ʘʩʧʝʢʪʘ ʟʥʘʥʠʡ ʠ ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʠ ʢʘʞʜʳʡ 

ʵʣʝʤʝʥʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʨʦʚʝʥʴ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, ʣʦʛʠʯʝʩʢʦʛʦ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʤʳʰʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʚʳʢʦʚ ʢʦʤʘʥʜʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  

ɸʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʷʚʣʷʝʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʳʤ ʟʚʝʥʦʤ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ, ʦʙʲʝʜʠʥʷʶʱʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ [11]. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʩʙʦʨ ʠ 

ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʫʜʝʥʪʘʭ ʩʦʟʜʘʶʪ ʙʘʟʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ, 

ʫʯʠʪʳʚʘʶʱʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʜʠʥʘʤʠʢʫ ʫʩʚʦʝʥʠʷ ʟʥʘʥʠʡ ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ 

ʢʦʤʧʝʪʝʥʮʠʠ. ʀʥʪʝʛʨʘʮʠʷ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʠ ʨʝʘʣʴʥʳʤʠ ʫʯʝʙʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʧʦʟʚʦʣʷʷ ʘʣʛʦʨʠʪʤʘʤ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʦʙʫʯʝʥʠʠ ʩʪʫʜʝʥʪʘ ʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ 

ʨʝʢʦʤʝʥʜʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʪʨʘʝʢʪʦʨʠʠ ʨʘʟʚʠʪʠʷ [14; 7]. ʊʘʢʦʡ ʩʚʷʟʫʶʱʠʡ 

ʤʝʭʘʥʠʟʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʤʝʞʜʫ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʬʦʨʤʘʣʠʟʤʦʤ, ʦʮʝʥʢʦʡ 

ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʤʠ ʟʘʜʘʯʘʤʠ, ʬʦʨʤʠʨʫʷ ʦʩʥʦʚʫ ʜʣʷ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ, ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʦʙʟʦʨ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʥʪʝʛʨʘʮʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʧʨʦʮʝʩʩʳ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʢʘʯʝʩʪʚʘ 

ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʘʣʠʟʦʚʘʪʴ 

ʜʠʥʘʤʠʢʫ ʫʩʚʦʝʥʠʷ ʟʥʘʥʠʡ, ʫʯʠʪʳʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʇʨʠʤʝʥʝʥʠʝ 

ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʧʦʜʭʦʜʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʦʮʝʥʢʠ ʢʦʤʧʝʪʝʥʮʠʡ, ʚʢʣʶʯʘʶʱʝʡ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʟʥʘʥʠʷ, ʣʦʛʠʯʝʩʢʦʝ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʤʳʰʣʝʥʠʝ, ʘ ʪʘʢʞʝ ʥʘʚʳʢʠ ʢʦʤʘʥʜʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʜʦʣʝʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʝʜʠʥʦʦʙʨʘʟʥʳʝ ʢʨʠʪʝʨʠʠ ʠ ʢʦʥʝʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʟʘʤʝʥʦʚ, ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʩʝʩʪʦʨʦʥʥʝʝ ʨʘʟʚʠʪʠʝ ʩʪʫʜʝʥʪʦʚ. ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
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ʩʚʷʟʘʥʳ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ ʙʦʣʝʝ ʪʦʯʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʛʥʠʪʠʚʥʳʭ ʠ ʤʦʪʠʚʘʮʠʦʥʥʳʭ ʘʩʧʝʢʪʦʚ ʦʙʫʯʝʥʠʷ, ʠʥʪʝʛʨʘʮʠʶ ʜʘʥʥʳʭ, ʪʘʢʠʭ 

ʢʘʢ ʘʫʜʠʦ- ʠ ʚʠʜʝʦʤʘʪʝʨʠʘʣʳ, ʩʝʥʩʦʨʥʳʝ ʜʘʥʥʳʝ ʦ ʚʥʠʤʘʥʠʠ ʠ ʘʢʪʠʚʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʢʫ ʛʠʙʨʠʜʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʤʝʪʦʜʳ, ʛʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ ʠ 

ʤʦʜʝʣʠ ʦʙʫʯʝʥʠʷ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ 

ʧʦʜʙʦʨʘ ʫʯʝʙʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʥʣʘʡʥ-ʦʙʫʯʝʥʠʷ 

ʤʦʜʝʣʝʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ. ɼʘʣʴʥʝʡʰʘʷ 

ʠʥʪʝʛʨʘʮʠʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʚʘʪʴ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʳʝ ʥʝ ʪʦʣʴʢʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʦʮʝʥʠʚʘʪʴ ʜʦʩʪʠʞʝʥʠʷ 

ʩʪʫʜʝʥʪʦʚ, ʥʦ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʪʨʘʝʢʪʦʨʠʠ 

ʦʙʫʯʝʥʠʷ, ʧʦʚʳʰʘʷ ʤʦʪʠʚʘʮʠʶ ʠ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʦʙʫʯʘʶʱʠʭʩʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʘʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʨʘʟʨʘʙʦʪʦʢ, ʩʧʦʩʦʙʥʦʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʦʮʝʥʢʠ ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʦʙʝʩʧʝʯʠʪʴ ʚʩʝʩʪʦʨʦʥʥʝʝ ʨʘʟʚʠʪʠʝ ʩʪʫʜʝʥʪʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʈʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʚ ʤʘʛʠʩʪʨʘʪʫʨʝ 

ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʠ ʜʨʫʛʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ 

ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʥʦ ʠ ʩʦʟʜʘʪʴ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʬʦʨʤʠʨʫʶʱʠʭ ʥʦʚʳʝ ʩʪʘʥʜʘʨʪʳ ʦʙʫʯʝʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʦʙʱʝʩʪʚʘ. ɸʣʛʦʨʠʪʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʴʶ ʠ ʩʧʦʩʦʙʥʳ ʧʨʦʚʦʜʠʪʴ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʙʦʣʴʰʠʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʫʯʝʙʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩʪʫʜʝʥʪʦʚ, 

ʚʢʣʶʯʘʷ ʪʨʘʝʢʪʦʨʠʠ ʦʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʚʳʷʚʣʝʥʠʝ ʧʨʦʙʣʝʤʥʳʭ ʟʦʥ ʚ ʫʩʚʦʝʥʠʠ ʟʥʘʥʠʡ, ʘ 

ʪʘʢʞʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʫʩʧʝʚʘʝʤʦʩʪʴʶ ʠ ʭʘʨʘʢʪʝʨʦʤ ʫʯʝʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ɸʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʧʠʨʘʷʩʴ ʥʘ ʠʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʩʧʦʩʦʙʥʳ ʩʪʨʦʠʪʴ 

ʧʨʦʛʥʦʟʥʳʝ ʤʦʜʝʣʠ, ʧʨʝʜʩʢʘʟʳʚʘʶʱʠʝ ʫʯʝʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʦʙʫʯʝʥʠʷ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʘʜʘʧʪʠʚʥʳʭ ʫʯʝʙʥʳʭ ʩʪʨʘʪʝʛʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ 

ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʜʘʥʠʡ ʠ ʪʝʩʪʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʦʰʠʙʦʯʥʳʝ ʧʦʜʭʦʜʳ ʠ ʧʨʠʯʠʥʳ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ ʧʦ ʢʦʥʢʨʝʪʥʳʤ ʪʝʤʘʤ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʫʯʠʪʝʣʷʤ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʦʙʫʯʝʥʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʡ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʫʯʝʙʥʳʡ ʧʨʦʬʠʣʴ ʢʘʞʜʦʛʦ ʩʪʫʜʝʥʪʘ, ʢʦʪʦʨʳʡ ʦʪʦʙʨʘʞʘʝʪ ʪʝʢʫʱʝʝ 

ʩʦʩʪʦʷʥʠʝ ʫʩʚʦʝʥʠʷ ʟʥʘʥʠʡ, ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ, ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ 

ʢʦʤʧʝʪʝʥʮʠʡ. ʊʝʭʥʦʣʦʛʠʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʩʣʦʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʬʦʨʤʝ ʛʨʘʬʠʢʦʚ, ʪʘʙʣʠʮ ʠ ʜʨʫʛʠʭ 

ʚʠʟʫʘʣʴʥʳʭ ʩʨʝʜʩʪʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʜʝʪʘʣʴʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʘʢʘʜʝʤʠʯʝʩʢʦʝ 

ʨʘʟʚʠʪʠʝ ʩʪʫʜʝʥʪʦʚ, ʦʮʝʥʠʚʘʪʴ ʠʭ ʫʯʝʙʥʳʝ ʧʨʠʚʳʯʢʠ, ʚʳʷʚʣʷʪʴ ʧʨʦʙʣʝʤʥʳʝ ʟʦʥʳ ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʜʘʥʥʳʝ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʫʯʝʙʥʳʭ ʩʪʨʘʪʝʛʠʡ. 

ʉʪʫʜʝʥʪʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʣʫʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘ ʦʩʥʦʚʝ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʪʯʝʪʦʚ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʮʝʥʠʚʘʪʴ ʧʨʦʛʨʝʩʩ, ʦʧʨʝʜʝʣʷʪʴ ʦʙʣʘʩʪʠ, ʪʨʝʙʫʶʱʠʝ ʫʣʫʯʰʝʥʠʷ, ʠ 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʦʝ ʦʙʫʯʝʥʠʝ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʢʣʶʯʘʶʪ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ Tableau, Power BI ʠ ʘʥʘʣʦʛʠʯʥʳʝ ʧʣʘʪʬʦʨʤʳ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʪʦʙʨʘʞʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʨʘʟʣʠʯʥʳʤ ʢʨʠʪʝʨʠʷʤ ʚ ʚʠʜʝ ʛʠʩʪʦʛʨʘʤʤ, 

ʢʨʠʚʳʭ, ʢʨʫʛʦʚʳʭ ʠ ʨʘʜʠʘʣʴʥʳʭ ʜʠʘʛʨʘʤʤ, ʪʝʧʣʦʚʳʭ ʢʘʨʪ ʠ ʜʨʫʛʠʭ ʛʨʘʬʠʯʝʩʢʠʭ ʬʦʨʤ. 

ʅʘʧʨʠʤʝʨ, ʨʘʜʠʘʣʴʥʳʝ ʜʠʘʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʫʩʚʦʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʫʯʝʙʥʳʭ ʤʦʜʫʣʝʡ, ʘ ʪʝʧʣʦʚʳʝ ʢʘʨʪʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʪʘʣʴʥʦ ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ 

ʫʩʚʦʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʪʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʦʜʛʦʪʦʚʢʠ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ 
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ÜÌÎÔäÇÚÔ ØßÚÝÔÜ ÍÌ ÓÑÇÙÔ ÝßÙæÄ 
Ðìü øìėú÷ì üìîôĄĕúô øÿúýôüô úøĘóôĄô ôùĀôüúðĒ íú ôýþôĀúðì ìó ÿýÿ÷ĕúô óñĕùô ýÿùĆĒ øìîüôðô 

íìüüìýĒ ėìüúü ðúðì Ąÿðììýþ. Øúðñ÷ĕúô øìþñøìþôöĒ îì ì÷ïúüôþøĕúô ĕôýúííìüúüĒ, öô ðôùìøôöìô ĀìĕøôĄô 
ðúùôĄĕúüú íì üìýøôċþ ðìüúîìüðì îì ôøöúù øñðôĕìùð üìîìùðô íìĕúïÿóúüôô ðúùôĄĔĘČù ðìėôėþìü þìĄöô÷ 
öìüðì Ąìîìð, þìĕ÷ô÷ Ąÿðììùð. Ì÷ïúüôþøĕúô ýúāþìùô þüìñöþúüôċĕúô þìĆ÷ôøôô ôùĀôüúðĒ, ìó Ĕÿø÷ì ÿýÿ÷ĕúô 
ĔìøĆúîìüĒ îì öúüöìüðô øìĆ÷ÿøúþ, øúðñ÷ĕúô ûñĄïĘôô ùìþôĔìĕú, ýôýþñøìĕúô þìĆ÷ôøô ìðìûþôîĒ îì îúýôþìĕúô 
íìĕúïÿóúüôô ìîþúøìþôöĒ þìîýôĀ øñïìüðìùð. Þìĕ÷ô÷ĕú ùôĄúù øñðôĕìùð, öô ĕìøïôüúôô úøĘóôĄô øúĄôùĒ, 
øúðñ÷ĕúô ùñõüúùĒ îì ÿýÿ÷ĕúô ĉĕþôøú÷Ē ôøöúùôċþ øñðôĕìùð øìĕðÿðôċþĕúô ýôýþñøìô ìùĆìùìîôô 
íìĕúïÿóúüôüú íìüþìüìĀ ùìøÿðì, āÿýÿýôċþĕúô ôùĀôüúðôô ðúùôĄĔĘČùüú íì ĕôýúí ïôüôĀþì îì üìîìùðô 
úøĘóôĄüú ðìü îìėþô îúėñĒ úûþôøôóìþýôċ öìüð. Ðÿüùìøúô þìĕėôėúþô øôùíìĆðì íú ïÿýþìüôĄô Āÿùöýôúùì÷ôô 
ýôýþñøìĕúô þìĆ÷ôøôô óñĕùô ýÿùĆĒ, ĕìøïôüúôô øìùíìĆĕúô ïÿùúïÿùô ðúðìĕú îì þìĕôċô ì÷ïúüôþøĕúô ðìėôėþìüô 
øúðñ÷ýúóĒ îúíìýþì øñíúĄìð. 

Öì÷ôðîúòìĕú: úøĘóôĄô ôùĀôüúðĒ, óñĕùô ýÿùĆĒ, øúðñ÷ýúóôô øìþñøìþôöĒ, þüìñöþúüôċĕúô þìĆ÷ôøĒ, 
íìĕúïÿóúüôô íôýČüýìþĕôô úøĘóôĄĒ, úøĘóôĄô øúĄôùĒ, Ąìíìöìĕúô ùñõüúùĒ, ûñĄïĘôô ùìþôĔìĕú. 
 

ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʄʆɼɽʃʀ ʀ ɺʓʏʀʉʃʀʊɽʃʔʅʓɽ ʄɽʊʆɼʓ ʇɽʈʉʆʅɸʃʀɿʀʈʆɺɸʅʅʆɻʆ 

ʆɹʋʏɽʅʀʗ: ʆɹɿʆʈ ʉʆɺʈɽʄɽʅʅʓʍ ʇʆɼʍʆɼʆɺ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʤʫ ʦʙʫʯʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʬʦʨʤʘʣʠʟʘʮʠʶ ʜʠʥʘʤʠʢʠ ʫʩʚʦʝʥʠʷ ʟʥʘʥʠʡ ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʦʮʝʥʢʫ ʢʦʤʧʝʪʝʥʮʠʡ ʩʪʫʜʝʥʪʦʚ. 

ʆʧʠʩʘʥʳ ʘʣʛʦʨʠʪʤʳ ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ, ʚʢʣʶʯʘʶʱʠʝ ʩʙʦʨ ʠ 

ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʪʝʛʨʘʮʠʷ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʜʦʣʝʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ, ʫʯʠʪʳʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʆʙʩʫʞʜʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʘ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʠʥʪʝʛʨʘʮʠʝʡ ʜʘʥʥʳʭ ʠ ʨʘʟʨʘʙʦʪʢʦʡ ʘʣʛʦʨʠʪʤʦʚ. 
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MATHEMATICAL MODELS AND COMPUTATIONAL METHODS OF PERSONALIZED LEARNING: A 

REVIEW OF MODERN APPROACHES TO ARTIFICIAL INTELLIGENCE  

The article examines modern approaches to individualized learning based on artificial intelligence methods. 

Mathematical models and computational algorithms that formalize the dynamics of knowledge acquisition and enable more 

accurate student assessment are analyzed. Algorithms for constructing individualized learning trajectories-including data 

collection and processing methods, outcome prediction models, adaptive learning systems, and automated assessment tools-

are described. The analysis shows that the integration of machine learning, neural models, and probabilistic methods makes 

it possible to overcome the limitations of traditional assessment systems, account for individual characteristics of learners, 

and optimize the learning process in real time. Future research directions are associated with expanding the functionality of 

AI -based educational systems, integrating heterogeneous data sources, and developing more precise modeling algorithms. 

Keywords: personalized learning, artificial intelligence, mathematical modeling, educational trajectories, multi-

level competency assessment, machine learning, neural networks, performance prediction. 
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ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆɽ ʀ ʋʉʊʆʁʏʀɺʆɽ ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ɾʀʃʓʍ ɿɼɸʅʀʁ ɺ 

ʊɸɼɾʀʂʀʉʊɸʅɽ ʅɸ ʆʉʅʆɺɽ ʂʆʅʎɽʇʎʀʀ ʇɸʉʉʀɺʅʆɻʆ ɼʆʄɸ 

 

ʋʩʤʦʥʦʚ ʐ.ɿ. 

ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʊʘʜʞʠʢʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ 

ʄ.ʉ. ʆʩʠʤʠ ʚ ʛ. ʍʫʜʞʘʥʜʝ 

 

ɺʚʝʜʝʥʠʝ. ʇʨʦʙʣʝʤʘ ʚʳʩʦʢʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʞʠʣʦʛʦ ʩʝʢʪʦʨʘ ʚ ʈʝʩʧʫʙʣʠʢʝ 

ʊʘʜʞʠʢʠʩʪʘʥ ʩʪʦʠʪ ʯʨʝʟʚʳʯʘʡʥʦ ʦʩʪʨʦ. ʇʦ ʜʘʥʥʳʤ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʘʛʝʥʪʩʪʚʘ, ʥʘ ʜʦʣʶ ʙʳʪʦʚʦʛʦ ʩʝʢʪʦʨʘ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 44ï45% ʚʩʝʛʦ ʧʦʪʨʝʙʣʝʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʪʨʘʥʳ [14]. ɺ ʛʦʨʦʜʝ ɼʫʰʘʥʙʝ ʞʠʪʝʣʠ ʧʦʪʨʝʙʣʷʶʪ ʜʦ 53% ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʛʦʨʦʜʘ (ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ï ʜʦ 70%), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʛʨʦʤʥʦʡ ʥʘʛʨʫʟʢʝ ʥʘ 

ʵʥʝʨʛʦʩʠʩʪʝʤʫ [18]. ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ï ʥʠʟʢʘʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʞʠʣʴʷ. ʄʥʦʛʠʝ 

ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʝ ʜʦʤʘ ʩʦʚʝʪʩʢʦʡ ʧʦʩʪʨʦʡʢʠ ʦʪʣʠʯʘʶʪʩʷ ʢʨʘʡʥʝ ʩʣʘʙʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʝʡ ʠ 

ʥʝʵʢʦʥʦʤʠʯʥʳʤ ʦʪʦʧʣʝʥʠʝʤ: ʠʭ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ 2ï3 ʨʘʟʘ ʭʫʞʝ, ʯʝʤ ʫ 

ʩʦʚʨʝʤʝʥʥʳʭ ʟʜʘʥʠʡ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ [18]. ʃʠʰʴ ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʩʪʦʣʠʯʥʳʭ ʤʥʦʛʦʵʪʘʞʝʢ 

ʧʦʜʢʣʶʯʝʥʳ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʦʪʦʧʣʝʥʠʶ, ʧʨʠʯʸʤ ʜʦ 2/3 ʵʪʠʭ ʩʠʩʪʝʤ ʚʳʰʣʦ ʠʟ ʩʪʨʦʷ; ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʙʦʣʴʰʠʥʩʪʚʦ ʩʝʤʝʡ ʚʳʥʫʞʜʝʥʳ ʦʙʦʛʨʝʚʘʪʴʩʷ ʵʣʝʢʪʨʦʧʨʠʙʦʨʘʤʠ [18]. ɿʠʤʦʡ ʩʪʨʘʥʘ 

ʨʝʛʫʣʷʨʥʦ ʧʝʨʝʞʠʚʘʝʪ ʜʝʬʠʮʠʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʚʝʝʨʥʳʝ ʦʪʢʣʶʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʞʠʣʦʤ 

ʩʝʢʪʦʨʝ. ʇʦ ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʦʚ, ʧʦʪʝʥʮʠʘʣ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ ʛʦʨʦʜʩʢʦʤ ʞʠʣʠʱʥʦʤ ʬʦʥʜʝ 

ɼʫʰʘʥʙʝ ʩʦʩʪʘʚʣʷʝʪ 30ï35% ʦʪ ʥʳʥʝʰʥʝʛʦ ʫʨʦʚʥʷ ʧʦʪʨʝʙʣʝʥʠʷ [18]. ɸʥʘʣʦʛʠʯʥʳʝ ʧʨʦʙʣʝʤʳ 

ʭʘʨʘʢʪʝʨʥʳ ʠ ʜʣʷ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ ï ʚʦʟʨʘʩʪ ʠ ʠʟʥʦʩ ʞʠʣʠʱʥʦʛʦ ʬʦʥʜʘ, ʦʪʩʫʪʩʪʚʠʝ ʫʪʝʧʣʝʥʠʷ ʠ 

ʥʝʵʬʬʝʢʪʠʚʥʳʝ ʧʝʯʠ ʧʨʠʚʦʜʷʪ ʢ ʦʛʨʦʤʥʳʤ ʧʦʪʝʨʷʤ ʪʝʧʣʘ ʠ ʥʠʟʢʦʤʫ ʢʦʤʬʦʨʪʫ [14]. ɺ ʩʝʣʴʩʢʦʡ 

ʤʝʩʪʥʦʩʪʠ ʙʦʣʝʝ 60ï80% ʞʠʣʳʭ ʜʦʤʦʚ ʩʣʦʞʝʥʳ ʠʟ ʩʳʨʮʦʚʦʛʦ ʢʠʨʧʠʯʘ, ʩʘʤʘʥʘ ʠ ʜʨʫʛʠʭ 

ʤʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʣʝʜʫʷ ʩʪʘʨʳʤ ʩʦʚʝʪʩʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʙʝʟ ʫʯʝʪʘ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ [15]. 

ʅʠʟʢʘʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʞʠʣʴʷ ʦʙʦʨʘʯʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʨʘʩʭʦʜʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ 

ʯʘʩʪʳʤ ʩʞʠʛʘʥʠʝʤ ʫʛʣʷ/ʜʨʦʚ (ʯʪʦ ʟʘʥʠʤʘʝʪ ʜʦ 10ï15% ʙʶʜʞʝʪʘ ʩʝʤʴʠ [14]), ʥʦ ʠ ʫʭʫʜʰʝʥʠʝʤ 

ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ ʠʟ-ʟʘ ʜʳʤʘ ʦʪ ʧʝʯʝʡ ʠ ʭʦʣʦʜʘ ʚ ʜʦʤʘʭ. 

ʅʝʦʙʭʦʜʠʤ ʧʦʠʩʢ ʫʩʪʦʡʯʠʚʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʞʠʣʦʤ 

ʩʝʢʪʦʨʝ, ʧʦʚʳʰʝʥʠʷ ʢʦʤʬʦʨʪʘ ʠ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʵʥʝʨʛʦʩʠʩʪʝʤʫ. ʆʜʥʦʡ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʥʮʝʧʮʠʡ ʷʚʣʷʝʪʩʷ çʧʘʩʩʠʚʥʳʡ ʜʦʤè ï ʟʜʘʥʠʝ ʩ ʫʣʴʪʨʘʥʠʟʢʠʤ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ, ʜʦʩʪʠʛʘʝʤʳʤ ʟʘ ʩʯʝʪ ʧʘʩʩʠʚʥʳʭ ʤʝʪʦʜʦʚ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ [5]. 

ʂʦʥʮʝʧʮʠʷ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ, ʟʘʨʦʜʠʚʰʘʷʩʷ ʚ ɽʚʨʦʧʝ ʚ 1990-ʭ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʩʪʦʣʴʢʦ 

ʵʬʬʝʢʪʠʚʥʦʝ ʫʪʝʧʣʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʪʝʧʣʘ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ʦʪʦʧʣʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʪʨʝʙʫʝʪʩʷ ʜʘʞʝ ʟʠʤʦʡ [5]. ɺ ʧʘʩʩʠʚʥʳʭ ʜʦʤʘʭ ʪʝʧʣʦ ʧʦʩʪʫʧʘʝʪ ʦʪ 

ʩʦʣʥʝʯʥʦʡ ʠʥʩʦʣʷʮʠʠ, ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ, ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ ʠ ʚʦʟʚʨʘʪʘ ʪʝʧʣʘ ʯʝʨʝʟ 

ʨʝʢʫʧʝʨʘʮʠʶ ʚʝʥʪʠʣʷʮʠʠ, ʘ ʪʝʧʣʦʧʦʪʝʨʠ ʯʝʨʝʟ ʦʛʨʘʞʜʝʥʠʷ ʤʠʥʠʤʠʟʠʨʦʚʘʥʳ ʜʦ Ò15 ʢɺʪĿʯ/ʤĮ ʚ 

ʛʦʜ ï ʧʦʯʪʠ ʚ 20 ʨʘʟ ʥʠʞʝ, ʯʝʤ ʚ ʦʙʳʯʥʳʭ ʟʜʘʥʠʷʭ [5]. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʜʦʩʪʠʛʘʝʪʩʷ ʵʢʦʥʦʤʠʷ 

ʜʦ 75ï90% ʵʥʝʨʛʠʠ ʥʘ ʦʪʦʧʣʝʥʠʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʘʩʯʝʪʘʤʠ ʠ ʧʨʘʢʪʠʢʦʡ [8]. ʃʝʪʦʤ 

ʧʘʩʩʠʚʥʳʡ ʜʦʤ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʬʦʨʪ ʙʝʟ ʘʢʪʠʚʥʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ï ʟʘ ʩʯʸʪ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʥʦʯʴʶ, ʟʘʪʝʥʝʥʠʷ ʠ ʜʨʫʛʠʭ ʧʘʩʩʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʭʣʘʞʜʝʥʠʷ [5]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʘʩʩʠʚʥʳʡ ʜʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʫʶ ʢʦʥʮʝʧʮʠʶ ʫʩʪʦʡʯʠʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʰʘʶʱʫʶ ʟʘʜʘʯʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʠ ʢʦʤʬʦʨʪʘ 

ʧʨʦʞʠʚʘʥʠʷ.  

ʄʠʨʦʚʦʡ ʦʧʳʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʘʩʩʠʚʥʳʭ ʠ ʥʫʣʝʚʳʭ ʜʦʤʦʚ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʠ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ. ɺ ʩʪʨʘʥʘʭ ʉʅɻ ʠʥʪʝʨʝʩ ʢ ʧʘʩʩʠʚʥʳʤ ʜʦʤʘʤ ʨʘʩʪʸʪ ʩ ʢʦʥʮʘ 2000-ʭ ʛʦʜʦʚ. ɺ ʨʦʩʩʠʡʩʢʠʭ 

ʠʩʪʦʯʥʠʢʘʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʡ çʵʢʦʜʦʤè ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʨʝʘʣʴʥʳʡ ʰʘʛ ʢ ʫʩʪʦʡʯʠʚʦʤʫ 

ʨʘʟʚʠʪʠʶ, ʘ ʪʝʭʥʦʣʦʛʠʷ çʧʘʩʩʠʚʥʳʡ ʜʦʤè ï ʢʘʢ ʦʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ [6]. ʆʜʥʘʢʦ ʜʣʷ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʩ ʝʛʦ ʩʫʨʦʚʳʤʠ ʟʠʤʘʤʠ ʚ ʛʦʨʘʭ ʠ ʞʘʨʢʠʤ 

ʢʣʠʤʘʪʦʤ ʚ ʥʠʟʤʝʥʥʦʩʪʷʭ, ʚʘʞʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʪʘʥʜʘʨʪ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ ʢ ʤʝʩʪʥʳʤ ʫʩʣʦʚʠʷʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʸʥ ʦʙʟʦʨ ʧʨʠʥʮʠʧʦʚ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ, ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ 
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ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʊʘʜʞʠʢʠʩʪʘʥʘ (ʇʘʤʠʨ, ʉʦʛʜ, ʍʘʪʣʦʥ), ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʧʨʠʤʝʨʳ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʜʦʤʦʚ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʘʩʩʠʚʥʳʭ ʜʦʤʦʚ ʚ ʨʝʩʧʫʙʣʠʢʝ. ʆʙʩʫʞʜʘʶʪʩʷ 

ʣʦʢʘʣʴʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʠʥʞʝʥʝʨʥʳʝ ʨʝʰʝʥʠʷ, ʙʘʨʴʝʨʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʚʥʝʜʨʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ. 

ʄʝʪʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʦʩʠʪ ʢʦʤʧʣʝʢʩʥʳʡ ʦʙʟʦʨʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʠ ʣʫʯʰʠʭ ʧʨʘʢʪʠʢ ʫʩʪʦʡʯʠʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɺ 

ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʠʟʫʯʝʥʳ ʦʪʯʸʪʳ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ (ʄʕɸ, ɺʩʝʤʠʨʥʳʡ ʙʘʥʢ, CAREC) 

ʦʙ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ ʟʜʘʥʠʡ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ [14], ʘ ʪʘʢʞʝ ʥʘʫʯʥʳʝ ʧʫʙʣʠʢʘʮʠʠ ʧʦ ʧʘʩʩʠʚʥʳʤ 

ʜʦʤʘʤ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʨʠʤʝʥʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ï ʧʨʠʥʮʠʧʳ Passivhaus 

ʩʪʘʥʜʘʨʪʘ ʩʦʦʪʥʝʩʝʥʳ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʨʝʘʣʠʷʤʠ ʊʘʜʞʠʢʠʩʪʘʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ 

ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʩʝʟʦʥʘ ʠ ʩʦʣʥʝʯʥʦʡ ʠʥʩʦʣʷʮʠʠ ʧʦ 

ʨʝʛʠʦʥʘʤ. ʅʘʧʨʠʤʝʨ, ʚʦʩʪʦʯʥʳʡ ʇʘʤʠʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʦ ʭʦʣʦʜʥʦʡ ʟʠʤʦʡ 

(ʤʠʥʠʤʫʤʳ ʜʦ ï50ÁC), ʪʦʛʜʘ ʢʘʢ ʥʘ ʶʛʝ ʨʝʩʧʫʙʣʠʢʠ ʣʝʪʦʤ ʩʪʦʣʙʠʢ ʪʝʨʤʦʤʝʪʨʘ ʧʨʝʚʳʰʘʝʪ 

+40ÁC [21]. ɼʣʷ ʫʯʸʪʘ ʵʪʠʭ ʨʘʟʣʠʯʠʡ ʠʩʧʦʣʴʟʦʚʘʥ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ: ʦʮʝʥʠʚʘʣʠʩʴ 

ʪʝʧʣʦʧʦʪʝʨʠ ʠ ʪʝʧʣʦʧʦʩʪʫʧʣʝʥʠʷ ʟʜʘʥʠʷ ʚ ʨʘʟʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ. 

ʆʩʥʦʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʘʥʘʣʠʟʘ ʩʪʘʣʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʨʠʥʮʠʧʳ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ: 

1. ʊʝʧʣʦʠʟʦʣʷʮʠʷ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ï ʠʟʫʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʠ ʥʝʦʙʭʦʜʠʤʳʝ 

ʪʦʣʱʠʥʳ ʫʪʝʧʣʠʪʝʣʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʫʜʝʣʴʥʳʡ ʪʝʧʣʦʧʨʦʩʭʦʜ <15 ʢɺʪĿʯ/ʤĮĀʛʦʜ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʝʰʝʥʠʷ ʧʦ ʫʪʝʧʣʝʥʠʶ ʩʪʝʥ, ʢʨʳʰʠ, 

ʧʦʣʘ ʜʣʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ. 

2. ɻʝʨʤʝʪʠʯʥʦʩʪʴ ʠ ʦʪʩʫʪʩʪʚʠʝ ʪʝʧʣʦʚʳʭ ʤʦʩʪʦʚ ï ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʦʟʜʫʭʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠ ʟʜʘʥʠʷ ʠ ʫʟʣʳ ʢʦʥʩʪʨʫʢʮʠʡ ʙʝʟ ʤʦʩʪʠʢʦʚ ʭʦʣʦʜʘ.  

3. ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʦʢʥʘ ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʘʨʘʤʝʪʨʳ ʦʢʦʥ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ 

(ʪʨʸʭʩʣʦʡʥʳʝ ʩʪʝʢʣʦʧʘʢʝʪʳ ʩ ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ, ñʪʸʧʣʳʡò ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʧʨʦʬʠʣʴ) [5], ʘ ʪʘʢʞʝ 

ʦʧʪʠʤʘʣʴʥʦʝ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʠ ʨʘʟʤʝʨʳ ʦʩʪʝʢʣʝʥʠʷ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ 

ʪʝʧʣʦʧʨʠʭʦʜʘ ʟʠʤʦʡ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʝʨʝʛʨʝʚʘ ʣʝʪʦʤ.  

4. ʉʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ ʩ ʨʝʢʫʧʝʨʘʮʠʝʡ ï ʠʟʫʯʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʩ ʂʇɼ ʨʝʢʫʧʝʨʘʮʠʠ 75-95%, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʩʪʦʷʥʥʳʡ ʧʨʠʪʦʢ ʩʚʝʞʝʛʦ ʚʦʟʜʫʭʘ 

ʙʝʟ ʧʦʪʝʨʠ ʪʝʧʣʘ [7].  

5. ʇʘʩʩʠʚʥʦʝ ʩʦʣʥʝʯʥʦʝ ʦʪʦʧʣʝʥʠʝ ʠ ʦʭʣʘʞʜʝʥʠʝ ï ʨʘʩʩʤʦʪʨʝʥʳ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʠʸʤʳ 

(ʶʞʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʬʘʩʘʜʘ, ʪʝʧʣʦʚʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ, ʩʚʝʩʳ ʠ ʞʘʣʶʟʠ ʜʣʷ ʟʘʪʝʥʝʥʠʷ), 

ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʘʩʩʠʚʥʳʭ ʜʦʤʘʭ. 

6. ɸʢʪʠʚʥʳʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ: ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʜʣʷ ɻɺʉ, ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ, 

ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ, ʝʩʪʝʩʪʚʝʥʥʦʡ ʠ ʛʠʙʨʠʜʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʠ ʜʨ. [5]. 

ɼʣʷ ʦʮʝʥʢʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʳʣʠ ʩʦʙʨʘʥʳ ʜʘʥʥʳʝ ʦ ʩʪʦʠʤʦʩʪʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʘʩʩʠʚʥʳʭ ʜʦʤʦʚ ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʜʦʤʦʚ, ʘ ʪʘʢʞʝ ʦʧʝʨʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʘʭ ʥʘ 

ʦʪʦʧʣʝʥʠʝ/ʦʭʣʘʞʜʝʥʠʝ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ: ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʧʨʦʮʝʥʪ ʥʘ ʤʝʨʳ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ (~5-10%) ʠ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʟʘ ʩʯʸʪ 

ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʦʟʘʪʨʘʪ [8]. ʋʯʪʝʥʳ ʣʦʢʘʣʴʥʳʝ ʮʝʥʳ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ. ʊʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ñcase studyò ï ʘʥʘʣʠʟ ʢʦʥʢʨʝʪʥʳʭ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʧʨʦʝʢʪʦʚ ʧʘʩʩʠʚʥʳʭ ʠʣʠ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʥʳʭ ʜʦʤʦʚ ʚ ʫʩʣʦʚʠʷʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ (ʚ ʪ.ʯ. ʧʨʦʝʢʪʳ ʚ ʂʳʨʛʳʟʩʪʘʥʝ, 

ʋʟʙʝʢʠʩʪʘʥʝ, ʂʘʟʘʭʩʪʘʥʝ).  

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʳ ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ ʙʘʨʴʝʨʦʚ ʠ ʧʝʨʩʧʝʢʪʠʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ 

ʠ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʈʊ (ʩʪʨʘʪʝʛʠʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʩʪʨʦʠʪʝʣʴʥʳʝ ʥʦʨʤʳ). ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʠʟʫʯʝʥʠʶ ʤʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʛʣʠʥʘ, ʩʘʤʘʥ, ʩʦʣʦʤʝʥʥʳʡ ʙʣʦʢ, ʤʝʩʪʥʳʡ 

ʢʠʨʧʠʯ, ʫʪʝʧʣʠʪʝʣʠ ʠ ʜʨ.) ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʘʩʩʠʚʥʦʤ ʜʦʤʝ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠ 

ʨʘʙʦʪʘ ʩʦʯʝʪʘʝʪ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʠ ʩʠʥʪʝʟ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʦʧʠʨʘʷʩʴ ʥʘ ʧʨʠʥʮʠʧʳ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ 

ʇʨʠʥʮʠʧʳ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ ʠ ʦʞʠʜʘʝʤʘʷ ʵʢʦʥʦʤʠʷ ʵʥʝʨʛʠʠ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ 

ʢʦʨʨʝʢʪʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʢʦʥʮʝʧʮʠʠ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ ʚ ʫʩʣʦʚʠʷʭ ʊʘʜʞʠʢʠʩʪʘʥʘ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ 
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ʩʥʠʞʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʥʘ 70ï90% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʧʦʚʳʤʠ 

ʜʦʤʘʤʠ ʩʦʚʝʪʩʢʦʡ ʧʦʩʪʨʦʡʢʠ. ʂʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʨʘʜʠʢʘʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʪʝʧʣʦʧʦʪʝʨʴ 

ʯʝʨʝʟ ʩʪʝʥʳ, ʢʨʳʰʫ ʠ ʦʢʥʘ. ʈʘʩʯʸʪʳ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʜʣʷ ʪʠʧʦʚʦʛʦ ʦʜʥʦʢʚʘʨʪʠʨʥʦʛʦ 

ʜʦʤʘ (~150 ʤĮ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʫʪʝʧʣʠʪʝʣʷ ʩʪʝʥ ʜʦ 25ï30 ʩʤ (ɚå0,04) ʠ 

ʫʩʪʘʥʦʚʢʘ ʪʨʦʡʥʳʭ ʩʪʝʢʣʦʧʘʢʝʪʦʚ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ ʨʘʤʘʤʠ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʫʜʝʣʴʥʳʝ 

ʪʝʧʣʦʧʦʪʝʨʠ ʜʦ ʫʨʦʚʥʷ ~10ï15 ʢɺʪĿʯ/ʤĮ ʚ ʛʦʜ ʜʘʞʝ ʚ ʢʣʠʤʘʪʝ ʜʦʣʠʥ ʊʘʜʞʠʢʠʩʪʘʥʘ. ɼʣʷ 

ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʇʘʤʠʨʘ ʧʦʪʨʝʙʫʝʤʘʷ ʪʦʣʱʠʥʘ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʚʳʰʝ (ʜʦ 40ï50 ʩʤ ʚ ʵʢʚʠʚʘʣʝʥʪʝ 

ʤʠʥʚʘʪʳ) ʚʩʣʝʜʩʪʚʠʝ ʦʯʝʥʴ ʥʠʟʢʠʭ ʥʘʨʫʞʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʦʜʥʘʢʦ ʚʳʩʦʢʦʝ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʥʘ ʙʦʣʴʰʠʭ ʚʳʩʦʪʘʭ ʧʦʤʦʛʘʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʯʘʩʪʴ ʪʝʧʣʦʧʦʪʝʨʴ ʯʝʨʝʟ ʦʢʥʘ ʧʨʠ ʛʨʘʤʦʪʥʦʤ 

ʦʩʪʝʢʣʝʥʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʠʥʮʠʧʘ çʪʝʧʣʦʚʦʛʦ ʢʦʥʪʫʨʘè ï ʥʝʧʨʝʨʳʚʥʦʡ ʦʙʦʣʦʯʢʠ ʫʪʝʧʣʠʪʝʣʷ 

ʙʝʟ ʨʘʟʨʳʚʦʚ ï ʫʩʪʨʘʥʷʝʪ ʤʦʩʪʠʢʠ ʭʦʣʦʜʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʦʛʨʘʞʜʘʶʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ɻʝʨʤʝʪʠʟʘʮʠʷ ʩʪʳʢʦʚ, ʧʣʸʥʢʠ-ʧʘʨʦʙʘʨʴʝʨ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʣʝʥʪʳ 

ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ ʚʦʟʜʫʭʦʦʙʤʝʥʘ n50å0,6 1/ʯ ʠ ʥʠʞʝ (ʪʨʝʙʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʘ Passivhaus), ʯʪʦ 

ʤʠʥʠʤʠʟʠʨʫʝʪ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ʪʝʧʣʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʫʤʤʘʨʥʘʷ ʪʝʧʣʦʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʦʪʦʧʣʝʥʠʝ ʚ ʧʘʩʩʠʚʥʦʤ ʜʦʤʝ ʨʝʟʢʦ 

ʩʦʢʨʘʱʘʝʪʩʷ. ʅʘʧʨʠʤʝʨ, ʦʙʳʯʥʳʡ ʜʦʤ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʨʘʩʭʦʜʫʝʪ 320-390 ʢɺʪĿʯ/ʤĮ ʚ ʛʦʜ, ʪʦʛʜʘ 

ʢʘʢ ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ ʩʪʘʥʜʘʨʪʫ ʙʣʠʟʢʦʤʫ ʢ ʥʫʣʝʚʦʤʫ ï ʦʢʦʣʦ 60 ʢɺʪĿʯ/ʤĮ ʚ ʛʦʜ [20]. ʕʪʦ 5ï6-

ʢʨʘʪʥʘʷ ʨʘʟʥʠʮʘ, ʜʦʩʪʠʛʘʝʤʘʷ ʟʘ ʩʯʸʪ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʦʙʦʣʦʯʢʠ ʟʜʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ. ɸʥʘʣʦʛʠʯʥʦ, ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʡ ʜʦʤ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ 

ʂʳʨʛʳʟʩʪʘʥʘ, ʧʦʩʪʨʦʝʥʥʳʡ ʩ ʩʦʣʦʤʝʥʥʳʤ ʫʪʝʧʣʝʥʠʝʤ, ʧʦʢʘʟʘʣ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʪʦʧʣʠʚʘ 

ʧʨʠʤʝʨʥʦ ʥʘ 50-70%, ʧʨʠʙʣʠʞʘʷʩʴ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʢ ʜʦʤʫ ʧʦʯʪʠ ʥʫʣʝʚʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ 

[15]. ʇʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʝʣʴʩʢʠʭ ʜʦʤʦʚ ʚ ʛʦʨʘʭ (ʛʣʠʥʦʙʠʪʥʳʭ) 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʣʫʯʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʜʦ 50% ʜʘʞʝ ʧʨʦʩʪʳʤʠ 

ʤʝʨʘʤʠ ʫʪʝʧʣʝʥʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʝʯʝʡ [15].  

ɸʜʘʧʪʘʮʠʷ ʩʪʘʥʜʘʨʪʦʚ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ ʢ ʢʣʠʤʘʪʫ ʊʘʜʞʠʢʠʩʪʘʥʘ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ 

ʚʳʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʝʛʠʦʥʘʣʠʟʘʮʠʠ ʧʦʜʭʦʜʘ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ:  

ɺ ʇʘʤʠʨʩʢʦʤ ʨʝʛʠʦʥʝ (ɻɹɸʆ) ʩ ʜʣʠʪʝʣʴʥʦʡ ʤʦʨʦʟʥʦʡ ʟʠʤʦʡ (ʦʪʦʧʠʪʝʣʴʥʳʡ ʩʝʟʦʥ ʜʦ 8-9 

ʤʝʩʷʮʝʚ) ʧʘʩʩʠʚʥʳʡ ʜʦʤ ʜʦʣʞʝʥ ʠʤʝʪʴ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʦʝ ʪʝʨʤʦʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʤʥʦʛʦʩʣʦʡʥʘʷ ʫʪʝʧʣʝʥʥʘʷ ʩʪʝʥʘ (ʥʘʧʨʠʤʝʨ, ʢʠʨʧʠʯ/ʙʣʦʢ + 30-40 ʩʤ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʪʝʧʣʠʪʝʣʷ, ʣʠʙʦ ʪʝʭʥʦʣʦʛʠʷ ʥʝʩʲʸʤʥʦʡ ʦʧʘʣʫʙʢʠ ʩ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʦʤ). ʆʢʥʘ ï 

ʪʨʦʡʥʦʡ ʩʪʝʢʣʦʧʘʢʝʪ ʩ ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ, ʩʧʝʮʠʘʣʴʥʳʤʠ ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ; ʜʦʣʷ 

ʦʩʪʝʢʣʝʥʠʷ ʥʘ ʩʝʚʝʨʥʦʡ ʩʪʦʨʦʥʝ ʩʚʝʜʝʥʘ ʢ ʤʠʥʠʤʫʤʫ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ 

ʚʳʥʫʞʜʝʥʥʫʶ ʚʝʥʪʠʣʷʮʠʶ ʩ ʨʝʢʫʧʝʨʘʮʠʝʡ ʪʝʧʣʘ ʠ ʦʯʝʥʴ ʧʣʦʪʥʫʶ ʦʙʦʣʦʯʢʫ ʟʜʘʥʠʷ. ɺ ʪʘʢʠʝ 

ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʤʦʨʦʟʳ ʜʘʞʝ ʧʘʩʩʠʚʥʦʤʫ ʜʦʤʫ, ʚʝʨʦʷʪʥʦ, ʧʦʥʘʜʦʙʠʪʩʷ ʨʝʟʝʨʚʥʳʡ ʠʩʪʦʯʥʠʢ 

ʪʝʧʣʘ ï ʥʘʧʨʠʤʝʨ, ʥʝʙʦʣʴʰʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʥʘʛʨʝʚʘʪʝʣʴ ʠʣʠ ʧʝʯʴ ʥʘ ʙʠʦʤʘʩʩʝ ʜʣʷ ʧʠʢʦʚʳʭ 

ʥʘʛʨʫʟʦʢ. ʆʜʥʘʢʦ ʝʛʦ ʤʦʱʥʦʩʪʴ ʙʫʜʝʪ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʦʙʳʯʥʦʛʦ ʦʪʦʧʣʝʥʠʷ.  

1. ɺ ʉʦʛʜʠʡʩʢʦʡ ʦʙʣʘʩʪʠ (ʩʝʚʝʨ, ʧʨʝʜʛʦʨʴʷ ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʳ) ʢʣʠʤʘʪ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ 

ʫʤʝʨʝʥʥʦ ʭʦʣʦʜʥʳʡ: ʟʠʤʳ ʭʦʣʦʜʥʳʝ (ʜʦ -20ÁC), ʣʝʪʦ ʞʘʨʢʦʝ (ʜʦ +40ÁC). ɿʜʝʩʴ ʧʘʩʩʠʚʥʳʡ ʜʦʤ 

ʜʦʣʞʝʥ ʙʳʪʴ ʩʙʘʣʘʥʩʠʨʦʚʘʥ ʥʘ ʜʚʦʡʥʦʡ ʚʳʟʦʚ ï ʫʪʝʧʣʝʥʠʝ ʜʣʷ ʟʠʤʳ ʠ ʟʘʱʠʪʘ ʦʪ ʧʝʨʝʛʨʝʚʘ 

ʣʝʪʦʤ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʫʜʝʣʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʦʣʥʮʝʟʘʱʠʪʝ: ʙʦʣʴʰʠʝ ʚʳʥʦʩʥʳʝ ʢʘʨʥʠʟʳ, 

ʥʘʚʝʩʳ, ʣʠʩʪʚʝʥʥʳʝ ʨʘʩʪʝʥʠʷ ʩ ʶʞʥʦʡ ʩʪʦʨʦʥʳ, ʩʚʝʪʦʚʦʟʚʨʘʱʘʶʱʠʝ ʧʦʢʨʳʪʠʷ ʢʨʳʰʠ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʩʪʝʥ ï ʘʥʘʣʦʛʠʯʥʘ ʝʚʨʦʧʝʡʩʢʠʤ ʧʘʩʩʠʚʥʳʤ ʜʦʤʘʤ (20ï30 ʩʤ ʫʪʝʧʣʠʪʝʣʷ), ʯʝʛʦ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʤʝʥʝʝ ʩʫʨʦʚʦʡ ʟʠʤʳ. ʆʙʷʟʘʪʝʣʴʥʳ ʧʨʦʚʝʪʨʠʚʘʝʤʳʝ ʟʘʟʦʨʳ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʥʦʯʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʣʝʪʦʤ (ʥʘʧʨʠʤʝʨ, ʬʨʘʤʫʛʠ ʩ ʤʦʩʢʠʪʥʳʤʠ ʩʝʪʢʘʤʠ), 

ʯʪʦʙʳ ʧʘʩʩʠʚʥʦ ʦʭʣʘʞʜʘʪʴ ʜʦʤ. ɺʝʥʪʠʣʷʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʙʘʡʧʘʩ-ʨʝʞʠʤʝ 

ʣʝʪʦʤ (ʙʝʟ ʨʝʢʫʧʝʨʘʮʠʠ, ʜʣʷ ʧʨʦʭʣʘʜʳ ʥʦʯʥʦʛʦ ʚʦʟʜʫʭʘ). 

2. ɺ ʍʘʪʣʦʥʩʢʦʤ ʨʝʛʠʦʥʝ (ʶʛ) ʟʠʤʘ ʤʷʛʯʝ (0...+10ÁC), ʘ ʚʦʪ ʣʝʪʦ ʵʢʩʪʨʝʤʘʣʴʥʦ ʞʘʨʢʦʝ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ. ɿʜʝʩʴ ʦʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ ï ʧʘʩʩʠʚʥʦʝ ʦʭʣʘʞʜʝʥʠʝ. ʊʨʝʙʫʝʪʩʷ 

ʟʘʱʠʪʘ ʦʪ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʪʣʳʭ ʦʪʨʘʞʘʶʱʠʭ ʬʘʩʘʜʥʳʭ ʧʦʢʨʳʪʠʡ, 

ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʪʘʢʞʝ ʚʘʞʥʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʨʘʙʦʪʘʝʪ ʜʚʦʷʢʦ ï ʩʦʭʨʘʥʷʝʪ ʧʨʦʭʣʘʜʫ ʚʥʫʪʨʠ ʚ 

ʞʘʨʫ. ʆʢʥʘ ʞʝʣʘʪʝʣʴʥʦ ʦʩʥʘʱʘʪʴ ʥʘʨʫʞʥʳʤʠ ʞʘʣʶʟʠ ʠʣʠ ʩʪʘʚʥʷʤʠ ʜʣʷ ʜʥʝʚʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʊʝʧʣʦʧʦʪʝʨʠ ʟʠʤʦʡ ʥʝʚʝʣʠʢʠ, ʧʦʵʪʦʤʫ ʪʦʣʩʪʳʡ ʩʣʦʡ ʫʪʝʧʣʠʪʝʣʷ ʤʦʞʝʪ ʙʳʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝ 

ʩʪʦʣʴ ʦʧʨʘʚʜʘʥ (ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ 15ï20 ʩʤ ʧʨʠ ʚʳʩʦʢʦʤ ʢʘʯʝʩʪʚʝ ʦʢʦʥ). ʅʦʯʴʶ ʵʬʬʝʢʪʠʚʥʘ 
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ʝʩʪʝʩʪʚʝʥʥʘʷ ʚʝʥʪʠʣʷʮʠʷ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʠʣʠ ʬʦʥʘʨʝʡ ʜʣʷ ʚʳʪʷʞʢʠ 

ʪʸʧʣʦʛʦ ʚʦʟʜʫʭʘ ʚʚʝʨʭ (ʵʬʬʝʢʪ ʜʳʤʦʚʦʡ ʪʨʫʙʳ). ɺʦʟʤʦʞʥʘ ʫʩʪʘʥʦʚʢʘ ʛʨʫʥʪʦʚʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʥʘ ʧʨʠʪʦʯʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʜʣʷ ʧʨʝʜʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ ʣʝʪʦʤ. 

3. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʥʜʘʨʪʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ (15 ʢɺʪĿʯ/ʤĮĀʛʦʜ ʥʘ 

ʦʪʦʧʣʝʥʠʝ) ʦʩʪʘʶʪʩʷ ʦʨʠʝʥʪʠʨʦʤ, ʥʦ ʧʫʪʠ ʠʭ ʜʦʩʪʠʞʝʥʠʷ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʟʦʥʘʤ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʨʝʛʠʦʥʘʭ (ʇʘʤʠʨ) ʧʦʣʥʦʩʪʴʶ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʘʢʪʠʚʥʦʛʦ ʦʪʦʧʣʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ 

ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ ï ʠ ʵʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʟʘʤʝʯʘʥʠʝʤ, ʯʪʦ ʧʘʩʩʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʝ ʚʩʝʛʜʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʦʪʦʧʣʝʥʠʷ ʚ ʨʝʛʠʦʥʘʭ ʩ ʦʯʝʥʴ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʠʣʠ 

ʨʝʟʢʠʤʠ ʧʝʨʝʧʘʜʘʤʠ [5]. ʊʝʤ ʥʝ ʤʝʥʝʝ ʜʘʞʝ ʪʘʤ ʧʘʩʩʠʚʥʳʡ ʜʦʤ ʨʘʜʠʢʘʣʴʥʦ ʩʥʠʟʠʪ ʧʦʪʨʝʙʥʦʩʪʴ 

ʚ ʪʦʧʣʠʚʝ ʠ ʫʣʫʯʰʠʪ ʢʦʤʬʦʨʪ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʩʪʥʳʭ ʫʩʪʦʡʯʠʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʘʞʥʳʡ ʨʝʟʫʣʴʪʘʪ ʘʥʘʣʠʟʘ ï 

ʧʘʩʩʠʚʥʳʡ ʜʦʤ ʚʦʚʩʝ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʝʥ ʩʪʨʦʠʪʴʩʷ ʠʟ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠʤʧʦʨʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ; ʥʘʧʨʦʪʠʚ, ʢʦʥʮʝʧʮʠʷ ʩʦʚʤʝʩʪʠʤʘ ʩ ʣʦʢʘʣʴʥʳʤʠ ʵʢʦʣʦʛʠʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʧʨʠ 

ʫʩʣʦʚʠʠ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʊʘʜʞʠʢʠʩʪʘʥʝ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʜʦʤʘ ʩʪʨʦʠʣʠʩʴ ʠʟ ʩʘʤʘʥʘ (ʩʤʝʩʠ ʛʣʠʥʳ ʩ ʩʦʣʦʤʦʡ), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʙʦʣʴʰʫʶ 

ʪʝʧʣʦʚʫʶ ʠʥʝʨʮʠʶ, ʥʦ ʥʝ ʚʳʩʦʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʣʦʤʝʥʥʳʝ ʙʣʦʢʠ ʷʚʣʷʶʪʩʷ ʧʨʝʚʦʩʭʦʜʥʳʤ ʫʪʝʧʣʠʪʝʣʝʤ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ~0,05 ɺʪ/(ʤĿK) ʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ 

(ʩʦʣʦʤʝʥʥʳʝ ʪʶʢʠ ʚ ʢʘʨʢʘʩʥʳʭ ʩʪʝʥʘʭ), ʪʘʢ ʠ ʚ ʚʠʜʝ SIP-ʧʘʥʝʣʝʡ. ɺ ʂʳʨʛʳʟʩʪʘʥʝ ʠ ʂʘʟʘʭʩʪʘʥʝ 

ʨʝʘʣʠʟʦʚʘʥʳ ʧʠʣʦʪʥʳʝ ʩʦʣʦʤʝʥʥʦ-ʢʘʨʢʘʩʥʳʝ ʜʦʤʘ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚʰʠʝ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʧʦʩʪʘʚʠʤʫʶ ʩ ʜʦʤʘʤʠ ʥʫʣʝʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ [16]. ʂ ʧʨʠʤʝʨʫ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʜʦʤ ʩ ʩʦʣʦʤʝʥʥʳʤʠ ʩʪʝʥʘʤʠ ʠ ʦʩʪʝʢʣʝʥʠʝʤ ʥʘ ʶʛ ʚ ʧʨʝʜʛʦʨʴʷʭ 

ʂʳʨʛʳʟʩʪʘʥʘ ʧʦʢʘʟʘʣ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʫʛʣʷ, ʩʥʠʟʠʚ ʵʤʠʩʩʠʶ CO  ʠ ʟʘʪʨʘʪʳ ʜʣʷ ʩʝʤʴʠ [16]. 

ʇʦʤʠʤʦ ʩʦʣʦʤʳ, ʚ ʨʝʛʠʦʥʝ ʜʦʩʪʫʧʥʳ ʠ ʜʨʫʛʠʝ ʤʘʪʝʨʠʘʣʳ: ʤʘʪʳ (ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʥʠʟʠʥʥʳʭ 

ʨʘʡʦʥʘʭ ʜʣʷ ʫʪʝʧʣʝʥʠʷ ʢʨʳʰ), ʦʚʝʯʴʷ ʰʝʨʩʪʴ ʢʘʢ ʫʪʝʧʣʠʪʝʣʴ, ʭʣʦʧʢʦʚʘʷ ʚʘʪʘ ʠ ʪ.ʜ. ʄʥʦʛʠʝ ʠʟ 

ʥʠʭ ʷʚʣʷʶʪʩʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʠ ʤʘʣʦʫʛʣʝʨʦʜʥʳʤʠ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʘʩʩʠʚʥʦʤ ʜʦʤʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ï ʧʦʤʠʤʦ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʩʥʠʞʘʝʪʩʷ çʫʛʣʝʨʦʜʥʳʡ ʩʣʝʜè ʩʘʤʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʆʜʥʘʢʦ ʤʝʩʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʪʨʝʙʫʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʨʘʙʦʪʢʠ. ʅʘʧʨʠʤʝʨ, ʩʳʨʮʦʚʳʡ 

ʢʠʨʧʠʯ (ʘʜʦʙʘ) ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʦʡ ʪʝʧʣʦʸʤʢʦʩʪʴʶ, ʥʦ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʥʦʨʤʘʪʠʚʥʦʛʦ ñR-valueò, 

ʩʪʝʥʳ ʜʦʣʞʥʳ ʙʳʪʴ ʪʦʣʱʠʥʦʡ ʚ ʤʝʪʨ ʠ ʙʦʣʝʝ, ʯʪʦ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʨʘʮʠʦʥʘʣʴʥʦ 

ʢʦʤʙʠʥʠʨʦʚʘʪʴ: ʥʝʩʫʱʘʷ ʩʪʝʥʘ ʠʟ ʘʜʦʙʳ ʠʣʠ ʢʠʨʧʠʯʘ ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʳ, ʩʥʘʨʫʞʠ ï ʩʣʦʡ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʪʝʧʣʠʪʝʣʷ (ʤʠʥʝʨʘʣʴʥʘʷ ʚʘʪʘ, ʧʝʥʦʩʪʝʢʣʦ, ʕʇʇʉ ʠ ʪ.ʧ.) ʩ ʬʘʩʘʜʥʦʡ ʦʪʜʝʣʢʦʡ. 

ʃʠʙʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʣʝʛʯʸʥʥʳʭ ʙʣʦʢʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʩʪʥʦʛʦ ʩʳʨʴʷ (ʥʘʧʨʠʤʝʨ, ʘʨʙʦʣʠʪ ʥʘ 

ʭʣʦʧʢʦʚʦʡ ʰʝʣʫʭʝ, ʧʝʥʦʙʝʪʦʥ ʩ ʟʦʣʦʡ ɻʕʉ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʦʛʨʘʥʠʯʝʥʦ, ʤʥʦʛʦʝ ʧʨʠʭʦʜʠʪʩʷ 

ʠʤʧʦʨʪʠʨʦʚʘʪʴ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʦʟʜʘʥʠʝ ʤʝʩʪʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʦ ʚʳʧʫʩʢʫ ʫʪʝʧʣʠʪʝʣʝʡ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʦʢʦʥʥʳʭ ʙʣʦʢʦʚ ï ʦʩʫʱʝʩʪʚʠʤʘʷ ʟʘʜʘʯʘ. ɺ ʩʪʨʘʪʝʛʠʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʣʦʢʘʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʝʨʛʦʵʢʦʥʦʤʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ 

ʟʘʣʦʞʠʪ ʦʩʥʦʚʫ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʘʩʩʠʚʥʳʭ ʜʦʤʦʚ [18]. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʪʦʣʴʢʦ 

ʩʥʠʟʠʪ ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʥʦ ʠ ʩʦʟʜʘʩʪ ʨʘʙʦʯʠʝ ʤʝʩʪʘ, ʚʦʚʣʝʢʘʷ ʤʝʩʪʥʳʡ ʙʠʟʥʝʩ ʚ 

ʮʝʧʦʯʢʠ ʟʝʣʝʥʦʡ ʵʢʦʥʦʤʠʢʠ. 

ʀʥʞʝʥʝʨʥʳʝ ʩʠʩʪʝʤʳ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ. ʇʘʩʩʠʚʥʳʡ ʜʦʤ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʚʦʜʠʪ ʢ 

ʤʠʥʠʤʫʤʫ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʷʭ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʠ 

ʦʭʣʘʞʜʝʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʢʦʤʬʦʨʪʘ ʢʨʫʛʣʳʡ ʛʦʜ ʚ ʪʘʜʞʠʢʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʨʷʜʘ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ:  

1.ʇʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʘʷ ʚʝʥʪʠʣʷʮʠʷ ʩ ʨʝʢʫʧʝʨʘʮʠʝʡ ʪʝʧʣʘ. ʆʥʘ ʷʚʣʷʝʪʩʷ ñʩʝʨʜʮʝʤò 

ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʩʪʦʷʥʥʳʡ ʦʙʤʝʥ ʚʦʟʜʫʭʘ ʙʝʟ ʪʝʧʣʦʧʦʪʝʨʴ. ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ 

ʪʘʢʘʷ ʫʩʪʘʥʦʚʢʘ ʚʦʟʚʨʘʱʘʝʪ ʜʦ 80-90% ʪʝʧʣʘ ʚʳʪʷʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʧʦʜʦʛʨʝʚʘʷ ʭʦʣʦʜʥʳʡ ʧʨʠʪʦʢ. 

ʃʝʪʦʤ ʞʝ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʚʦʟʤʦʞʥʦ ʧʝʨʝʢʣʶʯʝʥʠʝ ʥʘ ʙʘʡʧʘʩ (ʙʝʟ ʨʝʢʫʧʝʨʘʮʠʠ) ʜʣʷ 

ʧʨʦʭʣʘʜʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʨʝʢʫʧʝʨʘʮʠʠ ʫʜʘʸʪʩʷ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʥʫʪʨʠ ʩʪʘʙʠʣʴʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʟʜʦʨʦʚʳʡ ʤʠʢʨʦʢʣʠʤʘʪ ʧʨʠ ʟʘʢʨʳʪʳʭ ʦʢʥʘʭ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʧʳʣʴʥʳʭ 

ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ.  
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2.ʊʝʧʣʦʚʳʝ ʥʘʩʦʩʳ. ɼʣʷ ʦʩʪʘʚʰʝʡʩʷ ʜʦʣʠ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʚʦʟʜʫʰʥʦʛʦ ʠʣʠ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʠʧʘ. ʇʦʩʣʝʜʥʠʝ ʫʞʝ ʧʨʦʭʦʜʷʪ ʠʩʧʳʪʘʥʠʝ ʚ 

ʊʘʜʞʠʢʠʩʪʘʥʝ: ʪʘʢ, ʚ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʊ ʚʥʝʜʨʝʥʘ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʛʨʫʥʪʦʚʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʩʪʘʙʠʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʟʝʤʣʠ (+15é17ÁC ʥʘ ʛʣʫʙʠʥʝ 100 ʤ) 

ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʟʠʤʦʡ ʠ ʦʭʣʘʞʜʝʥʠʷ ʣʝʪʦʤ [9]. ʕʪʘ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʱʘʪʴ ʟʘʪʨʘʪʳ 

ʵʥʝʨʛʠʠ ʥʘ ʦʪʦʧʣʝʥʠʝ/ʦʭʣʘʞʜʝʥʠʝ ʥʘ 30ï50% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʪʣʘʤʠ ʠ ʢʦʥʜʠʮʠʦʥʝʨʘʤʠ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʳʙʨʘʩʳʚʘʝʪ ʫʛʣʝʨʦʜʘ [9]. ɺ ʧʘʩʩʠʚʥʦʤ ʜʦʤʝ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ ʥʝʙʦʣʴʰʦʡ 

ʤʦʱʥʦʩʪʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠ ʜʣʷ ʦʪʦʧʣʝʥʠʷ, ʠ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ (ʨʝʞʠʤ ʨʝʚʝʨʩʘ), ʧʦʢʨʳʚʘʷ 

ʧʠʢʦʚʳʝ ʥʘʛʨʫʟʢʠ. ɺ ʶʞʥʳʭ ʨʘʡʦʥʘʭ ʵʬʬʝʢʪʠʚʥʳ ʚʦʟʜʫʰʥʳʝ ʥʘʩʦʩʳ (ʩʧʣʠʪ-ʩʠʩʪʝʤʳ 

ʠʥʚʝʨʪʦʨʥʦʛʦ ʪʠʧʘ) ï ʦʥʠ ʤʦʛʫʪ ʦʪʘʧʣʠʚʘʪʴ ʧʨʠ ʥʘʨʫʞʥʳʭ +5é-5ÁC, ʘ ʚ ʙʦʣʝʝ ʩʠʣʴʥʳʝ ʤʦʨʦʟʳ 

ʧʦʥʘʜʦʙʠʪʩʷ ʨʝʟʝʨʚʥʳʡ ʪʝʥ.  

3.ʉʦʣʥʝʯʥʳʝ ʢʦʣʣʝʢʪʦʨʳ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʥʝʣʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʪʘʥʜʘʨʪʘ 

çʥʫʣʝʚʦʛʦ ʜʦʤʘè ʧʘʩʩʠʚʥʳʡ ʜʦʤ ʜʦʧʦʣʥʷʝʪʩʷ ʘʢʪʠʚʥʦʡ ʛʝʥʝʨʘʮʠʝʡ. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʜʘʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ ʩʧʦʩʦʙʥʘ ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʪʴ 

ʵʣʝʢʪʨʦʙʳʪʦʚʳʝ ʥʫʞʜʳ ʟʜʘʥʠʷ. ɺ ʋʟʙʝʢʠʩʪʘʥʝ ʥʘ ʢʨʳʰʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʜʦʤʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩʦʣʥʝʯʥʘʷ ʫʩʪʘʥʦʚʢʘ ʤʦʱʥʦʩʪʴʶ 16 ʢɺʪ, ʢʦʪʦʨʘʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʩʝ ʥʫʞʜʳ ʜʦʤʘ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʝ, ʘ ʠʟʣʠʰʢʠ ʦʪʜʘʸʪ ʚ ʩʝʪʴ [20]. ɺ ʊʘʜʞʠʢʠʩʪʘʥʝ 

ʩʦʣʥʝʯʥʳʡ ʧʦʪʝʥʮʠʘʣ ʪʘʢʞʝ ʚʳʩʦʢ (ʦʩʦʙʝʥʥʦ ʥʘ ʇʘʤʠʨʝ ʠ ʶʛʝ) ï ~280 ʩʦʣʥʝʯʥʳʭ ʜʥʝʡ ʚ ʛʦʜʫ. 

ʋʩʪʘʥʦʚʢʘ ʩʦʣʥʝʯʥʳʭ ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʝʡ ʜʣʷ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʜʦʨʦʛʠʤ ʠ ʦʧʨʘʚʜʘʥʥʳʤ ʰʘʛʦʤ ï ʦʥʠ ʤʦʛʫʪ ʧʦʢʨʳʚʘʪʴ ʜʦ 60ï80% ʧʦʪʨʝʙʥʦʩʪʠ ʚ ɻɺʉ ʚ 

ʪʝʯʝʥʠʝ ʛʦʜʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɺʀʕ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʩ ʧʘʩʩʠʚʥʳʤ ʜʠʟʘʡʥʦʤ, ʧʝʨʝʚʦʜʷ ʜʦʤ ʚ 

ʢʘʪʝʛʦʨʠʶ ʘʢʪʠʚʥʦʛʦ ʠʣʠ ʧʣʶʩʦʚʦʛʦ (ʢʦʛʜʘ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʠʟʣʠʰʝʢ ʵʥʝʨʛʠʠ) [5]. 

4.ɽʩʪʝʩʪʚʝʥʥʘʷ ʚʝʥʪʠʣʷʮʠʷ ʠ ʦʭʣʘʞʜʝʥʠʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʘʢʮʝʥʪ ʥʘ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʚʝʥʪʠʣʷʮʠʠ, ʧʨʦʝʢʪ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʵʣʝʤʝʥʪʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʠʣ. ʅʘʧʨʠʤʝʨ, ʩʦʣʥʝʯʥʘʷ ʪʨʫʙʘ ʠʣʠ ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʢʘʥʘʣ, ʩʦʟʜʘʶʱʠʡ ʪʷʛʫ ʧʨʠ 

ʥʘʛʨʝʚʝ ʩʦʣʥʮʝʤ, ï ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʦʚʝʪʨʠʚʘʥʠʝ ʧʦʤʝʱʝʥʠʡ ʙʝʟ 

ʚʝʥʪʠʣʷʪʦʨʦʚ. ɺ ʥʝʢʦʪʦʨʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʊʘʜʞʠʢʠʩʪʘʥʘ ʥʦʯʠ ʜʘʞʝ ʣʝʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʭʣʘʜʥʳ; ʩʧʨʦʝʢʪʠʨʦʚʘʚ ʦʪʢʨʳʚʘʶʱʠʝʩʷ ʬʨʘʤʫʛʠ ʥʘʚʝʨʭʫ ʠ ʚʥʠʟʫ ʟʜʘʥʠʷ, ʤʦʞʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʵʬʬʝʢʪ ʩʢʚʦʟʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʚʝʥʪʠʣʷʪʦʨʳ ʩ ʥʠʟʢʠʤ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʮʠʨʢʫʣʷʮʠʠ ʚʦʟʜʫʭʘ ʚ ʞʘʨʢʠʝ ʜʥʠ (ʘʣʴʪʝʨʥʘʪʠʚʘ 

ʢʦʥʜʠʮʠʦʥʝʨʘʤ). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʘʩʩʠʚʥʦʤ ʜʦʤʝ ʞʝʣʘʪʝʣʴʥʦ ʧʦʚʩʝʤʝʩʪʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠʙʦʨʳ 

ʦʩʚʝʱʝʥʠʷ ʠ ʙʳʪʦʚʫʶ ʪʝʭʥʠʢʫ ʢʣʘʩʩʘ A+++, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʚʥʫʪʨʝʥʥʠʝ ʪʝʧʣʦʧʦʩʪʫʧʣʝʥʠʷ ʠ 

ʦʙʱʝʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ ʤʝʨ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʥʫʪʨʠ ʢʦʤʬʦʨʪʥʳʝ 

+20é25ÁC ʟʠʤʦʡ ʠ ʥʝ ʚʳʰʝ +26ÁC ʣʝʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ ʠ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ [5]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʥʞʝʥʝʨʥʳʝ ʨʝʰʝʥʠʷ ʜʦʣʞʥʳ ʚʳʙʠʨʘʪʴʩʷ ʩ ʫʯʸʪʦʤ ʥʘʜʸʞʥʦʩʪʠ ʠ 

ʧʨʦʩʪʦʪʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʤʝʩʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʂ ʧʨʠʤʝʨʫ, ʩʣʦʞʥʳʝ ʘʚʪʦʤʘʪʠʢʠ çʫʤʥʦʛʦ ʜʦʤʘè 

ʥʝ ʷʚʣʷʶʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤʠ ï ʧʘʩʩʠʚʥʳʡ ʜʦʤ ʵʬʬʝʢʪʠʚʝʥ ʙʣʘʛʦʜʘʨʷ ʧʘʩʩʠʚʥʳʤ ʩʚʦʡʩʪʚʘʤ 

ʦʛʨʘʞʜʝʥʠʡ, ʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʘʤʳʤʠ ʧʨʦʩʪʳʤʠ. ʆʜʥʘʢʦ ʤʦʥʠʪʦʨʠʥʛ 

ʧʘʨʘʤʝʪʨʦʚ (ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ, CO ) ʚ ʧʝʨʚʳʭ ʧʠʣʦʪʥʳʭ ʜʦʤʘʭ ʢʨʘʡʥʝ ʚʘʞʝʥ ʜʣʷ 

ʥʘʢʦʧʣʝʥʠʷ ʦʧʳʪʘ. ʇʣʘʥʠʨʫʝʪʩʷ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʪʘʥʜʘʨʪʳ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ ʤʦʛʫʪ 

ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʚ ʥʘʮʠʦʥʘʣʴʥʳʝ ʥʦʨʤʘʪʠʚʳ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʂʝʡʩʳ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ɺ ʨʝʛʠʦʥʝ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ 

ʫʞʝ ʦʩʫʱʝʩʪʚʣʝʥ ʨʷʜ ʧʨʦʝʢʪʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʥʮʠʧʦʚ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ:  

ʂʳʨʛʳʟʩʪʘʥ: ʚ 2019ï2022 ʛʛ. ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ (ʀʩʩʳʢ-ʂʫʣʴ, ʅʘʨʳʥ) ʧʨʠ ʧʦʜʜʝʨʞʢʝ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʧʦʩʪʨʦʝʥʦ ʥʝʩʢʦʣʴʢʦ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ 

ʜʦʤʦʚ ʜʣʷ ʩʝʣʴʩʢʠʭ ʩʝʤʝʡ. ʆʜʠʥ ʠʟ ʥʠʭ ï ʜʦʤ ʠʟ ʩʦʣʦʤʝʥʥʳʭ ʧʘʥʝʣʝʡ, ʦʙʣʦʞʝʥʥʳʭ ʛʣʠʥʦʡ, ʩ 

ʶʞʥʳʤ ʦʩʪʝʢʣʝʥʠʝʤ ʠ ʧʝʯʴʶ-ʢʘʤʠʥʦʤ ʢʘʢ ʨʝʟʝʨʚʥʳʤ ʦʪʦʧʣʝʥʠʝʤ. ʄʦʥʠʪʦʨʠʥʛ ʟʠʤʦʡ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʚʥʫʪʨʝʥʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʦʧʫʩʢʘʣʘʩʴ ʥʠʞʝ +16ÁC ʙʝʟ ʦʙʦʛʨʝʚʘ ʜʘʞʝ ʧʨʠ -15ÁC ʩʥʘʨʫʞʠ; 

ʝʞʝʜʥʝʚʥʦʝ ʧʨʦʪʘʧʣʠʚʘʥʠʝ ʢʘʤʠʥʘ ʧʦʜʥʠʤʘʣʦ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ ʢʦʤʬʦʨʪʥʳʭ +20ï22ÁC, ʧʨʠ ʵʪʦʤ 

ʨʘʩʭʦʜ ʜʨʦʚ ʩʦʢʨʘʪʠʣʩʷ ʥʘ 60% ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʳʯʥʦʛʦ ʜʦʤʘ ʪʘʢʦʡ ʞʝ ʧʣʦʱʘʜʠ. ɼʨʫʛʦʡ ʧʨʦʝʢʪ 

ï ʩʦʣʦʤʝʥʥʦ-ʢʠʨʧʠʯʥʳʡ ʜʦʤ ʙʣʠʟ ɹʠʰʢʝʢʘ, ʛʜʝ ʢʦʤʙʠʥʠʨʦʚʘʣʠʩʴ ʤʝʩʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʦʚʨʝʤʝʥʥʳʝ ʦʢʥʘ. ʆʥ ʧʦʣʫʯʠʣ ʧʨʝʤʠʶ ENERGY GLOBE ʟʘ ʵʢʦʣʦʛʠʯʥʦʩʪʴ: ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ 
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ʦʙʦʣʦʯʢʘ ʧʦʟʚʦʣʠʣʘ ʜʦʩʪʠʯʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ~70 ʢɺʪĿʯ/ʤĮ ʚ ʛʦʜ, ʯʪʦ ʚʧʷʪʝʨʦ ʥʠʞʝ ʩʨʝʜʥʝʛʦ 

ʧʦ ʩʪʨʘʥʝ [16]. ʕʪʠ ʧʨʠʤʝʨʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʥʝʙʦʛʘʪʳʭ ʩʦʦʙʱʝʩʪʚ ʤʦʞʥʦ 

ʚʦʟʚʝʩʪʠ ʥʝʜʦʨʦʛʠʝ ʜʦʤʘ ʩ ʙʣʠʟʢʠʤʠ ʢ ʧʘʩʩʠʚʥʦʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʠʩʧʦʣʴʟʫʷ ʜʦʩʪʫʧʥʳʝ 

ʨʝʩʫʨʩʳ (ʩʦʣʦʤʫ, ʛʣʠʥʫ) ʠ ʧʨʦʩʪʳʝ ʪʝʭʥʦʣʦʛʠʠ.  

ʋʟʙʝʢʠʩʪʘʥ: ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʇʈʆʆʅ ʠ ɻʕʌ ʚ 2022 ʛʦʜʫ ʚ ʊʘʰʢʝʥʪʩʢʦʡ ʦʙʣʘʩʪʠ 

ʧʦʩʪʨʦʝʥ ʧʝʨʚʳʡ ʜʦʤ ʧʦʯʪʠ ʥʫʣʝʚʦʡ ʵʥʝʨʛʠʠ (NZEB) [20]. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʨʝʤʝʥʥʳʡ 

ʢʦʪʪʝʜʞ (~164 ʤĮ) ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʨʤʦʠʟʦʣʷʮʠʝʡ ʩʪʝʥ, ʧʦʣʦʚ ʠ ʢʨʳʰʠ, ʛʝʨʤʝʪʠʯʥʳʤʠ ʦʢʥʘʤʠ 

ʠ ʪʱʘʪʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʧʦ ʩʦʣʥʮʫ [20]. ʅʘ ʢʨʦʚʣʝ ʫʩʪʘʥʦʚʣʝʥʳ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ 16 ʢɺʪ, ʘ 

ʪʘʢʞʝ ʩʦʣʥʝʯʥʳʝ ʢʦʣʣʝʢʪʦʨʳ ʜʣʷ ʚʦʜʳ [20]. ɼʣʷ ʦʪʦʧʣʝʥʠʷ/ʦʭʣʘʞʜʝʥʠʷ ʧʨʠʤʝʥʝʥʳ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ ʠ ʪʝʧʣʳʡ ʧʦʣ. ɿʜʘʥʠʝ ʛʝʥʝʨʠʨʫʝʪ ʩʪʦʣʴʢʦ ʞʝ ʵʥʝʨʛʠʠ, ʩʢʦʣʴʢʦ 

ʧʦʪʨʝʙʣʷʝʪ ʟʘ ʛʦʜ, ʪʦ ʝʩʪʴ ʬʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʦʝ. ʆʧʳʪ ʧʦʢʘʟʘʣ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ: 

ʧʨʠ ʟʘʤʝʨʘʭ ʜʦʤ ʧʦʪʨʝʙʣʷʝʪ ʦʢʦʣʦ 60 ʢɺʪĿʯ/ʤĮĀʛʦʜ, ʪʦʛʜʘ ʢʘʢ ʪʠʧʦʚʦʝ ʞʠʣʴʸ ï ʙʦʣʝʝ 350 

ʢɺʪĿʯ/ʤĮ [20]. ʕʢʦʥʦʤʠʷ ʧʦ ʩʯʝʪʘʤ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ~80%. ʉʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʦʩʪʘʚʠʣʘ 

~$150 ʪʳʩ., ʠʟ ʥʠʭ ʧʨʠʤʝʨʥʦ $36 ʪʳʩ. ï ʟʘʪʨʘʪʳ ʥʘ çʟʝʣʸʥʳʝè ʫʩʪʘʥʦʚʢʠ (ʉʕʉ, ʥʘʩʦʩʳ ʠ ʪ.ʜ.) 

[20]. ʍʦʪʷ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʚʳʰʝ ʩʪʘʥʜʘʨʪʥʳʭ, ʫʞʝ ʩʝʡʯʘʩ ʧʨʘʚʠʪʝʣʴʩʪʚʦ 

ʋʟʙʝʢʠʩʪʘʥʘ ʧʣʘʥʠʨʫʝʪ ʪʠʨʘʞʠʨʦʚʘʪʴ ʵʪʦʪ ʦʧʳʪ ï ʨʘʟʨʘʙʦʪʘʥʳ 24 ʪʠʧʦʚʳʭ ʧʨʦʝʢʪʘ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʜʦʤʦʚ, ʠ ʚ ʩʸʣʘʭ ʧʦʩʪʨʦʝʥʦ ʩʚʳʰʝ 1358 ʜʦʤʦʚ ʩ ʫʣʫʯʰʝʥʥʦʡ 

ʪʝʧʣʦʠʟʦʣʷʮʠʝʡ ʧʦ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ [20]. ʕʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʢʘʢ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ 

ʤʦʞʥʦ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʧʨʠʥʮʠʧʳ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩʝʣʴʩʢʦʛʦ 

ʞʠʣʴʷ.  

ʂʘʟʘʭʩʪʘʥ: ʧʦʩʣʝ ʚʳʩʪʘʚʢʠ ʕʂʉʇʆ-2017 ʚ ɸʩʪʘʥʝ ʚʦʟʥʠʢ ʧʨʦʝʢʪ ʵʢʦʧʦʩʸʣʢʘ ñʕʥʝʨʛʠʷ 

ʉʠʪʠò, ʛʜʝ ʩʪʨʦʷʪʩʷ ~200 ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʜʦʤʦʚ ʩ ʫʯʘʩʪʠʝʤ ʘʚʩʪʨʠʡʩʢʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ [10]. ɼʦʤʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʧʦ ʩʪʘʥʜʘʨʪʫ ʧʘʩʩʠʚʥʦʛʦ/ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʥʦʛʦ: 

ʜʝʨʝʚʷʥʥʳʝ ʧʘʥʝʣʠ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʫʪʝʧʣʝʥʠʷ, ʯʝʪʳʨʸʭʩʣʦʡʥʳʝ ʦʢʥʘ, ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʘʷ 

ʚʝʥʪʠʣʷʮʠʷ ʩ ʨʝʢʫʧʝʨʘʮʠʝʡ, ʘ ʪʘʢʞʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ï ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ, ʪʝʧʣʦʚʳʝ 

ʥʘʩʦʩʳ [10]. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʵʪʠ ʟʜʘʥʠʷ ʠʤʝʶʪ ʯʨʝʟʚʳʯʘʡʥʦ ʥʠʟʢʫʶ ʦʩʪʘʪʦʯʥʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʵʥʝʨʛʠʠ ʠ ʜʘʞʝ ʧʨʝʚʦʩʭʦʜʷʪ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʢʣʘʩʩʠʯʝʩʢʠʡ ʩʪʘʥʜʘʨʪ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ [10]. ʍʦʪʷ 

ʧʨʦʝʢʪ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʧʨʝʤʠʫʤ-ʩʝʛʤʝʥʪ ʨʳʥʢʘ, ʦʥ ʩʣʫʞʠʪ ʧʦʣʠʛʦʥʦʤ ʜʣʷ ʦʪʨʘʙʦʪʢʠ 

ʪʝʭʥʦʣʦʛʠʡ ʧʘʩʩʠʚʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʢʘʟʘʭʩʢʦʡ ʩʪʝʧʠ (ʨʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ 

ʢʣʠʤʘʪ). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʂʘʟʘʭʩʪʘʥʝ ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ 

ʜʦʤʦʚ ï ʥʘʧʨʠʤʝʨ, ʚ ʅʫʨ-ʉʫʣʪʘʥʝ (ɸʩʪʘʥʝ) ʧʨʦʚʝʜʝʥʘ ʫʪʝʧʣʝʥʠʝ ʬʘʩʘʜʦʚ ʧʘʥʝʣʴʥʳʭ 

ʤʥʦʛʦʵʪʘʞʝʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ñʪʸʧʣʳʡ ʰʦʚò ʠ ʫʪʝʧʣʝʥʠʷ ʧʘʥʝʣʝʡ [19], ʯʪʦ ʩʥʠʟʠʣʦ 

ʪʝʧʣʦʧʦʪʝʨʠ ʠ ʩʦʟʜʘʣʦ ʙʦʣʝʝ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʞʠʪʝʣʝʡ.  

ɺ ʮʝʣʦʤ, ʢʝʡʩʳ ʧʦ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʧʦʜʪʚʝʨʜʠʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʣʝʜʫʶʱʠʭ ʤʝʨ: 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʨʤʦʠʟʦʣʷʮʠʷ ʧʣʶʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʮʘ ʧʣʶʩ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʞʝʥʝʨʥʳʝ 

ʩʠʩʪʝʤʳ ʜʘʶʪ ʢʦʣʦʩʩʘʣʴʥʳʡ ʵʬʬʝʢʪ ʚ ʩʥʠʞʝʥʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʨʦʝʢʪʳ ʢ ʤʝʩʪʥʦʤʫ ʢʦʥʪʝʢʩʪʫ ï ʙʫʜʴ ʪʦ ʩʦʣʦʤʘ ʠ ʛʣʠʥʘ ʚ ʩʝʣʴʩʢʦʤ ʜʦʤʝ 

ʂʳʨʛʳʟʩʪʘʥʘ ʠʣʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʝ ʧʘʥʝʣʠ ʠ ʥʘʩʦʩʳ ʚ ʩʪʦʣʠʮʝ ʂʘʟʘʭʩʪʘʥʘ. ʕʪʠ ʧʨʠʤʝʨʳ 

ʩʣʫʞʘʪ ʫʙʝʜʠʪʝʣʴʥʳʤ ʘʨʛʫʤʝʥʪʦʤ, ʯʪʦ ʧʘʩʩʠʚʥʳʝ ʜʦʤʘ ï ʵʪʦ ʥʝ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʝʯʪʘ, ʘ 

ʨʝʘʣʠʟʫʝʤʘʷ ʥʘ ʧʨʘʢʪʠʢʝ ʪʝʭʥʦʣʦʛʠʷ ʜʘʞʝ ʚ ʥʘʰʠʭ ʫʩʣʦʚʠʷʭ.  

ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʩʨʘʚʥʝʥʠʝ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʧʘʩʩʠʚʥʳʝ ʜʦʤʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʠʝ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ, ʦʢʫʧʘʶʪʩʷ ʟʘ 

ʧʨʠʝʤʣʝʤʳʡ ʩʨʦʢ ʟʘ ʩʯʸʪ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ. ʇʦ ʜʘʥʥʳʤ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʨʘʩʭʦʜ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ ʩʦʩʪʘʚʣʷʝʪ +5ï10% 

ʢ ʩʤʝʪʝ ʦʙʳʯʥʦʛʦ ʜʦʤʘ [8]. ɺ ʵʪʠ ʧʨʦʮʝʥʪʳ ʟʘʢʣʘʜʳʚʘʶʪʩʷ: ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʦʢʥʘ, ʪʦʣʱʠʥʘ 

ʫʪʝʧʣʠʪʝʣʷ, ʩʠʩʪʝʤʘ ʨʝʢʫʧʝʨʘʮʠʠ, ʚʦʟʤʦʞʥʦ, ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ ʚʤʝʩʪʦ ʛʘʟʦʚʦʛʦ ʢʦʪʣʘ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʧʘʩʩʠʚʥʦʤʫ ʜʦʤʫ ʥʝ ʥʫʞʥʳ ʪʨʘʜʠʮʠʦʥʥʳʝ ʙʦʣʴʰʠʝ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʠ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʯʪʦ ʵʢʦʥʦʤʠʪ ʜʝʥʴʛʠ ï ʠʭ ʧʝʨʝʥʘʧʨʘʚʣʷʶʪ ʥʘ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 

[8]. ʈʘʩʯʸʪ ʜʣʷ ʫʩʣʦʚʥʦʛʦ ʜʦʤʘ ʩʪʦʠʤʦʩʪʴʶ $350 ʪʳʩ. ʧʦʢʘʟʘʣ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʙʶʜʞʝʪʘ ʥʘ ~7% 

(ʜʦ $374,5 ʪʳʩ.) ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʝʛʦ ʧʘʩʩʠʚʥʳʤ, ʧʨʠ ʵʪʦʤ ʝʞʝʤʝʩʷʯʥʳʝ ʧʣʘʪʝʞʠ ʟʘ 

ʵʥʝʨʛʦʨʝʩʫʨʩʳ ʩʥʠʟʷʪʩʷ ʚʯʝʪʚʝʨʦ (ʥʘʧʨʠʤʝʨ, ʩʦ $250 ʜʦ ~$63) [8]. ʆʢʫʧʘʝʤʦʩʪʴ ʪʘʢʦʛʦ 

ʚʣʦʞʝʥʠʷ ʥʘʩʪʫʧʘʝʪ ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ 5ï7 ʣʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ [8], ʧʦʩʣʝ ʯʝʛʦ ʯʠʩʪʘʷ ʵʢʦʥʦʤʠʷ 

ʩʦʩʪʘʚʣʷʝʪ ʩʦʪʥʠ ʜʦʣʣʘʨʦʚ ʝʞʝʤʝʩʷʯʥʦ. ʂʦʥʝʯʥʦ, ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʮʝʥ ʥʘ 
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ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ ʠ ʢʣʠʤʘʪʘ: ʚ ʫʩʣʦʚʠʷʭ ʊʘʜʞʠʢʠʩʪʘʥʘ ʪʘʨʠʬʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʧʦʢʘ ʥʠʟʢʠʝ, 

ʯʪʦ ʫʜʣʠʥʷʝʪ ʦʢʫʧʘʝʤʦʩʪʴ ʤʝʨ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚʝʨʦʷʪʥʳʡ ʨʦʩʪ 

ʪʘʨʠʬʦʚ ʠ ʩʪʦʠʤʦʩʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʨʝʰʝʥʠʡ (ʥʘʧʨʠʤʝʨ, ʤʥʦʛʠʝ ʩʝʤʴʠ ʪʨʘʪʷʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʩʫʤʤʳ ʥʘ ʫʛʦʣʴ, ʜʨʦʚʘ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʦʙʦʛʨʝʚʘʪʝʣʠ ʟʠʤʦʡ).  

ɼʣʷ ʦʮʝʥʢʠ ʤʳ ʩʨʘʚʥʠʣʠ ʫʩʣʦʚʥʳʡ ʜʦʤ ʧʣʦʱʘʜʴʶ 100 ʤĮ ʚ ɼʫʰʘʥʙʝ: 

1. ʆʙʳʯʥʳʡ ʜʦʤ (ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʧʦ ʤʠʥʠʤʘʣʴʥʳʤ ʥʦʨʤʘʤ, ʛʘʟʦʚʳʡ ʢʦʪʸʣ ʠʣʠ 

ʵʣʝʢʪʨʦʦʙʦʛʨʝʚ): ʟʘʪʨʘʪ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʫʩʣʦʚʥʦ 100% (ʙʘʟʦʚʳʡ), ʛʦʜʦʚʳʝ ʨʘʩʭʦʜʳ ʥʘ 

ʦʪʦʧʣʝʥʠʝ ~150ï200 ʜʦʣʣʘʨʦʚ (ʧʨʠ ʥʳʥʝʰʥʠʭ ʪʘʨʠʬʘʭ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ~4ï5 ʪʳʩ ʢɺʪĿʯ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ). 

2. ʇʘʩʩʠʚʥʳʡ ʜʦʤ ʪʦʡ ʞʝ ʧʣʦʱʘʜʠ: ʟʘʪʨʘʪʳ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ~110ï120% ʦʪ ʙʘʟʦʚʦʛʦ (ʪʦ 

ʝʩʪʴ +10ï20%, ʪʘʢ ʢʘʢ ʯʘʩʪʴ ʪʝʭʥʦʣʦʛʠʡ ʠʤʧʦʨʪʠʨʫʝʪʩʷ). ɻʦʜʦʚʳʝ ʨʘʩʭʦʜʳ ʥʘ ʦʪʦʧʣʝʥʠʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʳʝ (ʝʩʣʠ ʧʦʜʢʣʶʯʝʥʘ ʩʦʣʥʝʯʥʘʷ ʠ ʜʨ. ʛʝʥʝʨʘʮʠʷ) ʣʠʙʦ ʥʝ ʧʨʝʚʳʰʘʶʪ 20ï30 

ʜʦʣʣʘʨʦʚ (ʥʘ ʨʘʙʦʪʫ ʚʝʥʪʠʣʷʮʠʠ, ʥʘʩʦʩʘ). ɼʘʞʝ ʩ ʫʯʸʪʦʤ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʢʦʥʦʤʠʷ 

ʚ ʛʦʜ ʩʦʩʪʘʚʠʪ ʧʦʨʷʜʢʘ $100ï150. ʇʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʷʭ ʚ $10ï15 ʪʳʩ. ʵʪʦ ʜʘʝʪ ʩʨʦʢ 

ʦʢʫʧʘʝʤʦʩʪʠ ~8ï12 ʣʝʪ. ʇʨʠ ʨʦʩʪʝ ʪʘʨʠʬʦʚ ʜʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʫʨʦʚʥʷ (ʯʪʦ 

ʚʝʨʦʷʪʥʦ ʚ ʙʫʜʫʱʝʤ) ʦʢʫʧʘʝʤʦʩʪʴ ʫʩʢʦʨʠʪʩʷ. ʇʦʤʠʤʦ ʧʨʷʤʦʡ ʦʢʫʧʘʝʤʦʩʪʠ, ʥʝʣʴʟʷ ʟʘʙʳʚʘʪʴ ʦ 

ʥʝʬʠʥʘʥʩʦʚʳʭ ʵʬʬʝʢʪʘʭ: ʣʫʯʰʠʡ ʤʠʢʨʦʢʣʠʤʘʪ, ʦʪʩʫʪʩʪʚʠʝ ʨʘʩʭʦʜʦʚ ʚʨʝʤʝʥʠ ʠ ʪʨʫʜʘ ʥʘ 

ʦʪʦʧʣʝʥʠʝ ʫʛʣʸʤ/ʜʨʦʚʘʤʠ, ʤʝʥʴʰʝ ʙʦʣʝʟʥʠ ʦʪ ʭʦʣʦʜʘ. ʕʪʠ ʬʘʢʪʦʨʳ ʩʣʦʞʥʦ ʤʦʥʝʪʠʟʠʨʦʚʘʪʴ, ʥʦ 

ʦʥʠ ʩʫʱʝʩʪʚʝʥʥʳ. 

ʉʨʘʚʥʝʥʠʝ ʧʘʩʩʠʚʥʳʭ ʜʦʤʦʚ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʪʘʢʞʝ ʚʳʷʚʣʷʝʪ ʚʘʞʥʳʡ ʤʦʤʝʥʪ ï 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʮʝʥʥʦʩʪʴ ʥʝʜʚʠʞʠʤʦʩʪʠ. ʇʘʩʩʠʚʥʳʡ ʜʦʤ ʦʙʳʯʥʦ ʩʪʨʦʠʪʩʷ ʩ ʚʳʩʦʢʠʤ 

ʢʘʯʝʩʪʚʦʤ, ʯʪʦ ʧʨʦʜʣʝʚʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʟʜʘʥʠʷ ʠ ʩʥʠʞʘʝʪ ʨʘʩʭʦʜʳ ʥʘ ʨʝʤʦʥʪ (ʥʘʧʨʠʤʝʨ, 

ʤʝʥʴʰʝ ʧʦʚʨʝʞʜʝʥʠʡ ʦʪ ʚʣʘʛʠ ʠʟ-ʟʘ ʢʦʥʜʝʥʩʘʮʠʠ ï ʚʩʸ ʛʝʨʤʝʪʠʯʥʦ ʠ ʫʪʝʧʣʝʥʦ). ʈʳʥʦʯʥʘʷ 

ʩʪʦʠʤʦʩʪʴ ʪʘʢʦʛʦ ʞʠʣʴʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʰʝ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ 

ʦʱʫʪʠʤʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʦʢʫʧʘʪʝʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʣʦʞʝʥʠʷ ʦʢʫʧʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʯʝʨʝʟ 

ʵʢʦʥʦʤʠʶ, ʥʦ ʠ ʯʝʨʝʟ ʨʦʩʪ ʩʪʦʠʤʦʩʪʠ ʘʢʪʠʚʘ. ɿʘʨʫʙʝʞʥʳʡ ʦʧʳʪ (ɻʝʨʤʘʥʠʷ, ɸʚʩʪʨʠʷ) ʧʦʢʘʟʘʣ, 

ʯʪʦ ʧʘʩʩʠʚʥʳʝ ʜʦʤʘ ʩʪʘʣʠ ʤʘʩʩʦʚʳʤ ʧʨʦʜʫʢʪʦʤ ï ʪʳʩʷʯʠ ʟʜʘʥʠʡ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʳ, ʠ ʩʧʨʦʩ 

ʪʦʣʴʢʦ ʨʘʩʪʝʪ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʮʝʥʫ ʧʨʦʜʘʞʠ. ʕʪʦ ʚʥʫʰʘʝʪ ʫʚʝʨʝʥʥʦʩʪʴ ʚ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʦʥʮʝʧʮʠʠ. 

ʂʦʥʝʯʥʦ, ʚ ʫʩʣʦʚʠʷʭ ʊʘʜʞʠʢʠʩʪʘʥʘ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʜʦʩʪʫʧʥʦʩʪʴ ʢʨʝʜʠʪʦʚʘʥʠʷ 

ʠ ʧʦʜʜʝʨʞʢʠ. ɽʩʣʠ ʙʫʜʫʪ ʨʘʟʨʘʙʦʪʘʥʳ ʣʴʛʦʪʥʳʝ ʢʨʝʜʠʪʳ ʠʣʠ ʩʫʙʩʠʜʠʠ ʥʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʜʘʞʝ ʥʘʩʝʣʝʥʠʝ ʩʦ ʩʨʝʜʥʠʤ ʜʦʩʪʘʪʢʦʤ ʩʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʩʝʙʝ ʧʘʩʩʠʚʥʳʡ ʜʦʤ, 

ʚʳʧʣʘʯʠʚʘʷ ʟʘʪʨʘʪʳ ʠʟ ʩʵʢʦʥʦʤʣʝʥʥʳʭ ʥʘ ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛʘʭ ʩʨʝʜʩʪʚ. ɺʦʟʤʦʞʥʳ 

ʤʝʭʘʥʠʟʤʳ ʪʠʧʘ ʕʉʂʆ, ʢʦʛʜʘ ʠʥʚʝʩʪʦʨ ʬʠʥʘʥʩʠʨʫʝʪ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʤʝʨʳ ʠ ʧʦʣʫʯʘʝʪ 

ʜʦʣʶ ʦʪ ʩʵʢʦʥʦʤʣʝʥʥʳʭ ʧʣʘʪʝʞʝʡ. ʊʘʢʞʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʢʣʶʯʠʪʴ ʢʨʠʪʝʨʠʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ 

ʚ ʛʦʩʧʨʦʛʨʘʤʤʳ ʞʠʣʠʱʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ï ʪʦʛʜʘ ʩʨʘʟʫ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʘʢʣʘʜʳʚʘʪʴ 

ʩʪʘʥʜʘʨʪʳ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ. 

ʆʙʩʫʞʜʝʥʠʝ. 

ɹʘʨʴʝʨʳ ʥʘ ʧʫʪʠ ʚʥʝʜʨʝʥʠʷ ʧʘʩʩʠʚʥʳʭ ʜʦʤʦʚ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʦʯʝʚʠʜʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʤʘʩʩʦʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʦʥʮʝʧʮʠʠ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ ʚ ʨʝʩʧʫʙʣʠʢʝ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʩʝʨʴʸʟʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʬʠʥʘʥʩʦʚʳʡ ʙʘʨʴʝʨ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʜʦʤʘ ʚʳʰʝ, ʯʪʦ ʦʪʧʫʛʠʚʘʝʪ 

ʟʘʩʪʨʦʡʱʠʢʦʚ ʠ ʧʦʢʫʧʘʪʝʣʝʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʤʠʥʠʤʘʣʴʥʳʡ ʙʶʜʞʝʪ. ɺ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʥʘʩʝʣʝʥʠʷ ʠʤʝʝʪ ʥʠʟʢʠʝ ʜʦʭʦʜʳ, ʘ ʧʨʦʛʨʘʤʤʳ ʠʧʦʪʝʯʥʦʛʦ ʢʨʝʜʠʪʦʚʘʥʠʷ 

ʨʘʟʚʠʪʳ ʩʣʘʙʦ, ʪʨʫʜʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʠʥʠʮʠʘʪʠʚʫ ʯʘʩʪʥʳʭ ʣʠʮ ʩʪʨʦʠʪʴ ʧʘʩʩʠʚʥʳʝ ʜʦʤʘ ʙʝʟ 

ʧʦʜʜʝʨʞʢʠ. ʅʝʦʙʭʦʜʠʤʦ ʫʯʘʩʪʠʝ ʛʦʩʫʜʘʨʩʪʚʘ ï ʙʫʜʴ ʪʦ ʩʫʙʩʠʜʠʨʦʚʘʥʠʝ ʯʘʩʪʠ ʟʘʪʨʘʪ ʥʘ 

ʫʪʝʧʣʝʥʠʝ ʠ ʩʦʣʥʝʯʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʠʣʠ ʥʘʣʦʛʦʚʳʝ ʣʴʛʦʪʳ ʜʣʷ ʧʨʦʝʢʪʦʚ ʟʝʣʝʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ɺʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʧʦʜʦʙʥʳʝ ʩʪʠʤʫʣʳ (ʛʨʘʥʪʳ, ʚʦʟʚʨʘʪʳ ʠʥʚʝʩʪʠʮʠʡ) ʩʳʛʨʘʣʠ ʨʝʰʘʶʱʫʶ ʨʦʣʴ 

ʚ ʟʘʧʫʩʢʝ ʨʳʥʢʘ ʧʘʩʩʠʚʥʳʭ ʜʦʤʦʚ. 

ɺʦ-ʚʪʦʨʳʭ, ʥʝʜʦʩʪʘʪʦʢ ʟʥʘʥʠʡ ʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ 

ʚʦʟʚʝʜʝʥʠʝ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʳʭ ʥʘʚʳʢʦʚ: ʪʦʯʥʳʭ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ, 

ʚʥʠʤʘʥʠʷ ʢ ʫʟʣʘʤ ʧʨʠʤʳʢʘʥʠʡ, ʛʝʨʤʝʪʠʟʘʮʠʠ, ʥʘʣʘʜʢʠ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ɺ 

ʊʘʜʞʠʢʠʩʪʘʥʝ ʧʦʢʘ ʤʘʣʦ ʘʨʭʠʪʝʢʪʦʨʦʚ ʠ ʠʥʞʝʥʝʨʦʚ, ʟʥʘʢʦʤʳʭ ʩ ʩʪʘʥʜʘʨʪʦʤ Passivhaus, 
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ʦʪʩʫʪʩʪʚʫʶʪ ʘʢʢʨʝʜʠʪʦʚʘʥʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ. ʉʪʨʦʠʪʝʣʠ ʥʘ ʤʝʩʪʘʭ ʤʦʛʫʪ ʥʝ ʧʦʥʠʤʘʪʴ ʚʘʞʥʦʩʪʠ, 

ʩʢʘʞʝʤ, ʧʨʦʢʣʝʡʢʠ ʤʝʤʙʨʘʥ ʠʣʠ ʧʨʘʚʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʦʢʦʥ ʚ ʩʣʦʡ ʫʪʝʧʣʠʪʝʣʷ ï ʘ ʣʶʙʳʝ 

ʦʰʠʙʢʠ ʤʦʛʫʪ ʩʠʣʴʥʦ ʩʥʠʟʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʤʘ. ʊʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʦʙʫʯʘʶʱʠʭ 

ʧʨʦʛʨʘʤʤ, ʧʝʨʝʚʦʜ ʠ ʘʜʘʧʪʘʮʠʷ ʨʫʢʦʚʦʜʩʪʚ ʧʦ ʧʘʩʩʠʚʥʦʤʫ ʜʦʤʦʩʪʨʦʝʥʠʶ ʥʘ 

ʪʘʜʞʠʢʩʢʠʡ/ʨʫʩʩʢʠʡ ʷʟʳʢ, ʚʦʟʤʦʞʥʦ, ʩʦʟʜʘʥʠʝ ʮʝʥʪʨʘ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ ʧʨʠ ʦʜʥʦʤ ʠʟ ʚʫʟʦʚ ʜʣʷ 

ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʩʝʨʪʠʬʠʢʘʮʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʤʧʦʥʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, ʦʢʦʥʥʳʭ 

ʩʠʩʪʝʤ) ʧʦʜ ʩʪʘʥʜʘʨʪ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ ʪʦʞʝ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʙʫʜʫʱʝʛʦ.  

ɺ-ʪʨʝʪʴʠʭ, ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. ɼʝʡʩʪʚʫʶʱʠʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʥʦʨʤʳ ʠ 

ʧʨʘʚʠʣʘ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʝʱʸ ʚʦ ʤʥʦʛʦʤ ʦʧʠʨʘʶʪʩʷ ʥʘ ʩʪʘʨʳʝ ʩʦʚʝʪʩʢʠʝ ʥʦʨʤʘʪʠʚʳ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʩʪʨʦʛʠʝ, ʯʝʤ ʩʪʘʥʜʘʨʪʳ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ. ʅʘʧʨʠʤʝʨ, 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʩʪʝʥ ʠ ʢʨʳʰ ʜʦʧʫʩʢʘʶʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʠʝ 

ʪʝʧʣʦʧʦʪʝʨʠ, ʯʝʤ ʥʫʞʥʦ ʜʣʷ ʧʘʩʩʠʚʥʦʛʦ ʫʨʦʚʥʷ. ʊʘʢʞʝ ʥʝʪ ʦʙʷʟʘʪʝʣʴʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ 

ʨʝʢʫʧʝʨʘʪʦʨʦʚ ʠʣʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʥʦʚʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɹʝʟ ʦʙʥʦʚʣʝʥʠʷ 

ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʟʘʩʪʨʦʡʱʠʢʠ ʥʝ ʤʦʪʠʚʠʨʦʚʘʥʳ ʧʝʨʝʚʳʧʦʣʥʷʪʴ ʥʦʨʤʳ ï ʵʪʦ ʜʣʷ ʥʠʭ ʣʠʰʥʠʝ 

ʨʘʩʭʦʜʳ, ʢʦʪʦʨʳʝ ʧʦʢʫʧʘʪʝʣʴ ʥʝ ʦʮʝʥʠʪ (ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʠʟʢʠʭ ʪʘʨʠʬʘʭ). ʇʦʵʪʦʤʫ ʚʘʞʥʦ, ʯʪʦʙʳ 

ʦʨʛʘʥʳ ʛʦʩʩʪʨʦʡʥʘʜʟʦʨʘ ʠ ʧʨʦʬʠʣʴʥʳʝ ʤʠʥʠʩʪʝʨʩʪʚʘ ʧʝʨʝʩʤʦʪʨʝʣʠ ʩʪʘʥʜʘʨʪʳ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʜʘʥʠʡ, ʚʦʟʤʦʞʥʦ, ʚʚʝʜʷ ʢʣʘʩʩʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (A, B, 

Cé) ʠ ʫʩʪʘʥʘʚʣʠʚʘʷ ʩʪʠʤʫʣʳ ʜʣʷ ʚʳʩʰʠʭ ʢʣʘʩʩʦʚ.  

ɽʱʸ ʦʜʠʥ ʙʘʨʴʝʨ ï ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʠ ʨʳʥʦʯʥʳʡ. ʃʶʜʠ ʟʘʯʘʩʪʫʶ ʢʦʥʩʝʨʚʘʪʠʚʥʳ ʚ 

ʚʦʧʨʦʩʘʭ ʞʠʣʴʷ, ʧʨʝʜʧʦʯʠʪʘʶʪ ʧʨʦʚʝʨʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʢʠʨʧʠʯ, ʙʝʪʦʥ) ʠ ʩʠʩʪʝʤʳ (ʧʝʯʠ, 

ʢʦʥʜʠʮʠʦʥʝʨʳ). ʇʦʥʷʪʠʝ ñʧʘʩʩʠʚʥʳʡ ʜʦʤò ʥʦʚʦʝ ʠ ʧʦʢʘ ʤʘʣʦʠʟʚʝʩʪʥʦʝ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ. 

ʄʥʦʛʠʝ ʤʦʛʫʪ ʩʦʤʥʝʚʘʪʴʩʷ: ʘ ʥʝ ʙʫʜʝʪ ʣʠ ʜʫʰʥʦ ʚ ʛʝʨʤʝʪʠʯʥʦʤ ʜʦʤʝ? ʥʝ ʩʣʦʤʘʝʪʩʷ ʣʠ ʩʣʦʞʥʘʷ 

ʚʝʥʪʠʣʷʮʠʷ? ʛʜʝ ʙʨʘʪʴ ʟʘʧʯʘʩʪʠ? ʊʦ ʝʩʪʴ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʫʚʝʨʝʥʥʦʩʪʴ ʚ ʪʝʭʥʦʣʦʛʠʠ. ʇʨʝʦʜʦʣʝʪʴ 

ʝʸ ʤʦʞʥʦ ʪʦʣʴʢʦ ʜʝʤʦʥʩʪʨʘʮʠʝʡ ʫʩʧʝʰʥʳʭ ʧʨʠʤʝʨʦʚ. ʇʦʵʪʦʤʫ ʧʠʣʦʪʥʳʝ ʧʨʦʝʢʪʳ ʧʘʩʩʠʚʥʳʭ 

ʜʦʤʦʚ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʊʘʜʞʠʢʠʩʪʘʥʘ ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʳ. ʂʘʢ ʧʦʢʘʟʘʣ ʦʧʳʪ, ʦʜʠʥ ʭʦʨʦʰʦ 

ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʡ ʦʙʲʝʢʪ ʩʧʦʩʦʙʝʥ ʨʘʜʠʢʘʣʴʥʦ ʧʦʚʳʩʠʪʴ ʠʥʪʝʨʝʩ ʯʠʥʦʚʥʠʢʦʚ, 

ʩʪʨʦʠʪʝʣʝʡ ʠ ʥʘʩʝʣʝʥʠʷ [18]. ɾʝʣʘʪʝʣʴʥʦ ʦʪʢʨʳʚʘʪʴ ʪʘʢʠʝ ʜʦʤʘ ʜʣʷ ʵʢʩʢʫʨʩʠʡ, ʧʫʙʣʠʢʦʚʘʪʴ 

ʜʘʥʥʳʝ ʦʙ ʠʭ ʤʠʢʨʦʢʣʠʤʘʪʝ, ʨʘʩʭʦʜʘʭ ï ʯʪʦʙʳ ʫʙʝʞʜʘʪʴ ʩʢʝʧʪʠʢʦʚ. ʂ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ 

ʘʩʧʝʢʪʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠ ñʧʨʠʚʳʯʢʫ ʞʠʪʴ ʨʘʩʪʦʯʠʪʝʣʴʥʦò: ʜʝʩʷʪʠʣʝʪʠʷ ʜʝʰʸʚʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠʫʯʠʣʠ ʥʘʩʝʣʝʥʠʝ ʥʝ ʟʘʜʫʤʳʚʘʪʴʩʷ ʦʙ ʫʪʝʧʣʝʥʠʠ. ʅʦ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʝʛʦ 

ʜʝʬʠʮʠʪʘ ʵʥʝʨʛʠʠ ʵʪʘ ʧʘʨʘʜʠʛʤʘ ʤʝʥʷʝʪʩʷ ï ʚʩʸ ʙʦʣʴʰʝ ʩʝʤʝʡ ʫʪʝʧʣʷʶʪ ʦʢʥʘ ʧʣʸʥʢʦʡ, ʩʪʘʚʷʪ 

ʫʪʝʧʣʸʥʥʳʝ ʜʚʝʨʠ. ʇʦʩʪʝʧʝʥʥʦ ʧʦʥʠʤʘʥʠʝ ʮʝʥʥʦʩʪʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʜʸʪ, ʠ ʩʧʨʦʩ ʥʘ 

ʧʘʩʩʠʚʥʳʝ ʜʦʤʘ ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ çʩʥʠʟʫè. 

ʇʝʨʩʧʝʢʪʠʚʳ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʪʨʫʜʥʦʩʪʠ, ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʚʝʩʴʤʘ 

ʟʥʘʯʠʪʝʣʴʥʳʝ. ʉʪʨʘʥʘ ʦʙʣʘʜʘʝʪ ʦʙʰʠʨʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ 

ʵʥʝʨʛʝʪʠʢʠ (ʛʠʜʨʦ-, ʩʦʣʥʮʝ- ʠ ʛʝʦʪʝʨʤʘʣʴʥʦʡ), ʯʪʦ ʠʜʝʘʣʴʥʦ ʩʦʯʝʪʘʝʪʩʷ ʩ ʢʦʥʮʝʧʮʠʝʡ 

ʧʘʩʩʠʚʥʳʭ ʜʦʤʦʚ. ʋʩʢʦʨʝʥʥʦʝ ʚʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʜʦʤʦʚ ʧʦʟʚʦʣʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʰʠʪʴ 

ʥʝʩʢʦʣʴʢʦ ʟʘʜʘʯ: ʩʥʠʟʠʪʴ ʟʠʤʥʠʝ ʧʠʢʠ ʥʘʛʨʫʟʢʠ ʥʘ ʵʣʝʢʪʨʦʩʝʪʠ (ʫʤʝʥʴʰʘʷ ʦʪʢʣʶʯʝʥʠʷ), 

ʫʣʫʯʰʠʪʴ ʫʨʦʚʝʥʴ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ (ʪʸʧʣʦʝ ʞʠʣʴʸ ʙʝʟ ʜʳʤʘ ʠ ʫʛʣʷ), ʩʦʢʨʘʪʠʪʴ ʚʳʨʫʙʢʫ ʣʝʩʦʚ 

ʥʘ ʜʨʦʚʘ, ʘ ʪʘʢʞʝ ʚʥʝʩʪʠ ʚʢʣʘʜ ʚ ʚʳʧʦʣʥʝʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ ʩʦʢʨʘʱʝʥʠʶ 

ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. ɺʝʜʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʜʘʥʠʡ ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʵʢʦʥʦʤʠʯʥʳʭ 

ʧʫʪʝʡ ʩʤʷʛʯʝʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ.  

ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʊʘʜʞʠʢʠʩʪʘʥʘ ʫʞʝ ʧʨʝʜʧʨʠʥʠʤʘʝʪ ʰʘʛʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʇʨʠʥʷʪ ɿʘʢʦʥ ʦʙ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ, ʜʝʡʩʪʚʫʶʪ ʛʦʩʧʨʦʛʨʘʤʤʳ ʧʦ ʫʪʝʧʣʝʥʠʶ ʰʢʦʣ ʠ 

ʙʦʣʴʥʠʮ. ʃʦʛʠʯʥʳʤ ʩʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʩʪʘʣʦ ʙʳ ʚʢʣʶʯʝʥʠʝ ʞʠʣʦʛʦ ʩʝʢʪʦʨʘ: ʚʥʝʜʨʝʥʠʝ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʠʣʠ ʭʦʪʷ ʙʳ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ 

ʞʠʣʳʭ ʜʦʤʦʚ ʥʘ ʦʩʥʦʚʝ ʧʘʩʩʠʚʥʦʛʦ. ɺʦʟʤʦʞʥʦ, ʩʦʟʜʘʥʠʝ ʩʦʚʤʝʩʪʥʦ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ 

ʧʘʨʪʥʸʨʘʤʠ ʎʝʥʪʨʘ ʫʩʪʦʡʯʠʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʛʜʝ ʙʫʜʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʣʠʤʘʪʘ, 

ʘʜʘʧʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʝʨʪʠʬʠʢʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʦʡ ʮʝʥʪʨ ʤʦʛ ʙʳ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ 

ʤʝʩʪʥʳʡ ʠ ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ, ʢʦʥʩʫʣʴʪʠʨʦʚʘʪʴ ʟʘʩʪʨʦʡʱʠʢʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ: ʝʩʣʠ ʚ 
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ʨʝʩʧʫʙʣʠʢʝ ʥʘʣʘʜʷʪ ʚʳʧʫʩʢ, ʥʘʧʨʠʤʝʨ, ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʪʝʢʣʦʧʘʢʝʪʦʚ ʠʣʠ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ 

ʫʩʪʘʥʦʚʦʢ, ʵʪʦ ʫʜʝʰʝʚʠʪ ʪʝʭʥʦʣʦʛʠʶ ʠ ʩʜʝʣʘʝʪ ʝʸ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʥʘ ʨʳʥʢʝ.  

ʉʧʨʦʩ ʥʘ ʧʘʩʩʠʚʥʳʝ ʜʦʤʘ, ʚʝʨʦʷʪʥʦ, ʥʘʯʥʸʪʩʷ ʩ ʩʝʛʤʝʥʪʘ ʢʦʪʪʝʜʞʥʦʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ (ʯʘʩʪʥʳʝ ʜʦʤʦʚʣʘʜʝʣʴʮʳ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʚ ʢʦʤʬʦʨʪʥʦʤ ʘʚʪʦʥʦʤʥʦʤ ʞʠʣʴʝ). 

ʇʦ ʤʝʨʝ ʫʜʝʰʝʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʘʩʩʠʚʥʦʛʦ 

ʩʪʘʥʜʘʨʪʘ ʠ ʚ ʤʘʩʩʦʚʦʝ ʤʥʦʛʦʵʪʘʞʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ï ʭʦʪʷ ʙʳ ʥʘ ʫʨʦʚʥʝ ʧʦʚʳʰʝʥʥʦʡ 

ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʠ ʨʝʢʫʧʝʨʘʮʠʠ. ɺ ʛʦʨʦʜʘʭ, ʦʩʦʙʝʥʥʦ ʚ ɼʫʰʘʥʙʝ, ʩ ʝʛʦ ʧʣʦʪʥʦʡ ʟʘʩʪʨʦʡʢʦʡ, 

ʧʘʩʩʠʚʥʳʝ ʟʜʘʥʠʷ ʧʦʤʦʛʫʪ ʨʝʰʘʪʴ ʠ ʧʨʦʙʣʝʤʫ ʧʝʨʝʛʨʝʚʘ ʚ ʞʘʨʫ, ʫʤʝʥʴʰʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʠ. ʇʦʩʪʝʧʝʥʥʦ ʧʘʩʩʠʚʥʳʡ ʜʦʤ ʤʦʞʝʪ ʩʪʘʪʴ ʥʦʚʦʡ ʥʦʨʤʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʦʪʨʘʩʣʠ [1]ï ʢʘʢ ʵʪʦ ʧʨʦʠʟʦʰʣʦ ʚ ʨʷʜʝ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ. ɺ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ, 

ʫʯʠʪʳʚʘʷ ʨʦʩʪ ʥʘʩʝʣʝʥʠʷ ʠ ʫʨʙʘʥʠʟʘʮʠʶ, ʧʘʩʩʠʚʥʳʝ ʜʦʤʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ 

ʢʨʘʝʫʛʦʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʮʝʧʮʠʠ çʫʤʥʳʭ ʛʦʨʦʜʦʚè ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʊʘʜʞʠʢʠʩʪʘʥʘ.  

ʅʘʢʦʥʝʮ, ʧʝʨʩʧʝʢʪʠʚʳ ʚʥʝʜʨʝʥʠʷ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʪ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʦʩʚʝʱʝʥʠʷ. 

ʇʦʚʳʰʝʥʠʝ ʦʩʚʝʜʦʤʣʸʥʥʦʩʪʠ ʰʠʨʦʢʠʭ ʩʣʦʸʚ ï ʯʝʨʝʟ ʉʄʀ, ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ, ʧʦʢʘʟʳ 

ʨʝʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ï ʩʬʦʨʤʠʨʫʝʪ ʩʦʮʠʘʣʴʥʳʡ ʟʘʧʨʦʩ ʥʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʝ ʞʠʣʴʸ. ɸ ʩʧʨʦʩ, 

ʢʘʢ ʠʟʚʝʩʪʥʦ, ʨʦʞʜʘʝʪ ʧʨʝʜʣʦʞʝʥʠʝ: ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʤʧʘʥʠʠ ʥʘʯʥʫʪ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦʤ 

ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʧʦʷʚʷʪʩʷ ʥʦʚʳʝ ʧʨʦʝʢʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ï 

ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʫʩʧʝʭʘ (ʯʪʦ, ʢʩʪʘʪʠ, ʦʪʤʝʯʘʝʪ CAREC ʚ ʦʪʥʦʰʝʥʠʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ: 

ʥʫʞʥʦ ʧʦʚʳʰʘʪʴ ʦʩʚʝʜʦʤʣʸʥʥʦʩʪʴ ʛʨʘʞʜʘʥ ʠ ʯʠʥʦʚʥʠʢʦʚ ʦ ʧʨʦʙʣʝʤʝ ʠ ʝʸ ʨʝʰʝʥʠʷʭ [18]).  

ʇʦʜʚʦʜʷ ʠʪʦʛ ʦʙʩʫʞʜʝʥʠʶ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʝʨʝʭʦʜ ʢ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʤʫ ʠ 

ʫʩʪʦʡʯʠʚʦʤʫ ʞʠʣʠʱʫ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ï ʩʣʦʞʥʘʷ, ʥʦ ʦʩʫʱʝʩʪʚʠʤʘʷ ʟʘʜʘʯʘ. ʊʝʭʥʦʣʦʛʠʷ 

ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ, ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ʢ ʥʘʰʠʤ ʨʝʘʣʠʷʤ, ʩʧʦʩʦʙʥʘ ʩʪʘʪʴ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʨʝʰʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʢʦʤʬʦʨʪ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ. ɼʣʷ 

ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʩʠʥʝʨʛʠʷ ʫʩʠʣʠʡ ʛʦʩʫʜʘʨʩʪʚʘ, ʙʠʟʥʝʩʘ, ʥʘʫʢʠ ʠ ʩʘʤʠʭ ʛʨʘʞʜʘʥ. ʇʝʨʝʬʨʘʟʠʨʫʷ 

ʠʟʚʝʩʪʥʫʶ ʧʦʛʦʚʦʨʢʫ ï ʣʫʯʰʠʡ ʢʠʣʦʚʘʪʪ ʯʘʩ - ʵʪʦ ʩʵʢʦʥʦʤʣʝʥʥʳʡ ʢʠʣʦʚʘʪʪ ʯʘʩ, ʠ ʧʘʩʩʠʚʥʳʝ 

ʜʦʤʘ ʧʦʟʚʦʣʷʶʪ ʚʦʧʣʦʪʠʪʴ ʵʪʦ ʥʘ ʧʨʘʢʪʠʢʝ. 

ɿʘʢʣʶʯʝʥʠʝ. ɺʳʧʦʣʥʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʮʝʧʮʠʠ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ ʜʣʷ ʞʠʣʠʱʥʦʛʦ ʩʝʢʪʦʨʘ ʊʘʜʞʠʢʠʩʪʘʥʘ. 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʟʘ ʩʯʸʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʪʝʧʣʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʩʩʠʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʪʠʧʠʯʥʦʛʦ 

ʞʠʣʦʛʦ ʜʦʤʘ ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʦ ʚ ʨʘʟʳ ï ʜʦ ʫʨʦʚʥʝʡ 15-30 ʢɺʪĿʯ/ʤĮ ʚ ʛʦʜ, ʯʪʦ ʙʣʠʟʢʦ ʢ 

ʩʪʘʥʜʘʨʪʫ Passivhaus. ʕʪʦ ʦʟʥʘʯʘʝʪ ʩʦʢʨʘʱʝʥʠʝ ʨʘʩʭʦʜʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʪʦʧʣʠʚʘ ʥʘ ʦʪʦʧʣʝʥʠʝ 

ʜʦ 75-90%, ʩʦʧʨʦʚʦʞʜaʶʱʝʝʩʷ ʨʦʩʪʦʤ ʢʦʤʬʦʨʪʘ ʠ ʫʣʫʯʰʝʥʠʝʤ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʥʫʪʨʠ 

ʧʦʤʝʱʝʥʠʡ. ɸʜʘʧʪʘʮʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʧʘʩʩʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢ ʤʝʩʪʥʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʟʦʥʘʤ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ: ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʧʘʤʠʨʩʢʦʛʦ ʢʣʠʤʘʪʘ ʧʘʩʩʠʚʥʳʡ ʜʦʤ ʩ ʥʝʢʦʪʦʨʳʤʠ ʜʦʨʘʙʦʪʢʘʤʠ ʩʧʦʩʦʙʝʥ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ ʦʪʦʧʣʝʥʠʠ, ʘ ʚ ʪʸʧʣʳʭ ʨʝʛʠʦʥʘʭ ï ʧʦʯʪʠ 

ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʂʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʤʝʩʪʥʳʭ ʫʩʪʦʡʯʠʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʪʘʢʠʭ ʢʘʢ ʩʦʣʦʤʘ, ʛʣʠʥʘ, ʦʙʣʝʛʯʝʥʥr ʝ ʙʣʦʢʠ ï 

ʯʪʦ ʜʝʣʘʝʪ ʧʘʩʩʠʚʥʳʡ ʜʦʤ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʠ ʵʢʦʣʦʛʠʯʥʳʤ, ʩʪʠʤʫʣʠʨʫʝʪ ʣʦʢʘʣʴʥʫʶ 

ʵʢʦʥʦʤʠʢʫ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʧʨʠʤʝʨʳ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ (ʂʳʨʛʳʟʩʪʘʥ, 

ʋʟʙʝʢʠʩʪʘʥ, ʂʘʟʘʭʩʪʘʥ) ʩʣʫʞʘʪ ʥʘʛʣʷʜʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʠ ʦʢʫʧʘʝʤʦʩʪʠ 

ʧʘʩʩʠʚʥʳʭ ʜʦʤʦʚ. ʆʥʠ ʫʞʝ ʩʝʡʯʘʩ ʧʦʢʘʟʳʚʘʶʪ ʩʝʨʴʝʟʥʫʶ ʵʢʦʥʦʤʠʶ ʵʥʝʨʛʠʠ ʠ ʬʠʥʘʥʩʦʚ, ʘ 

ʪʘʢʞʝ ʧʦʟʠʪʠʚʥʳʝ ʩʦʮʠʘʣʴʥʳʝ ʵʬʬʝʢʪʳ (ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ, ʩʥʠʞʝʥʠʝ ʟʘʙʦʣʝʚʘʥʠʡ ʦʪ 

ʭʦʣʦʜʘ ʠ ʜʳʤʘ). ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ ʚʳʷʚʠʣʦ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʝ ʚ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʨʘʚʜʘʥʦ: ʚ ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ (5-10 ʣʝʪ) 

ʦʥʦ ʦʢʫʧʘʝʪʩʷ ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ ʢʦʤʤʫʥʘʣʴʥʳʭ ʨʘʩʭʦʜʦʚ, ʘ ʜʘʣʝʝ ʧʨʠʥʦʩʠʪ ʯʠʩʪʫʶ ʚʳʛʦʜʫ 

ʜʦʤʦʭʦʟʷʡʩʪʚʘʤ. ɹʦʣʝʝ ʪʦʛʦ, ʫʯʠʪʳʚʘʷ ʚʝʨʦʷʪʥʳʡ ʨʦʩʪ ʪʘʨʠʬʦʚ ʥʘ ʵʥʝʨʛʠʶ, ʧʘʩʩʠʚʥʳʝ ʜʦʤʘ 

ʚʳʩʪʫʧʘʶʪ ʩʚʦʝʛʦ ʨʦʜʘ ʩʪʨʘʭʦʚʢʦʡ ʦʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʜʥʦʩʪʠ ʚ ʙʫʜʫʱʝʤ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʧʝʨʝʭʦʜ ʢ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʤʫ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʪʨʝʙʫʝʪ ʧʨʝʦʜʦʣʝʥʠʷ ʨʷʜʘ 

ʙʘʨʴʝʨʦʚ. ɺ ʠʭ ʯʠʩʣʝ ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ, ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʥʦʛʦ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ. ɼʣʷ 
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ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʧʘʩʩʠʚʥʳʭ ʜʦʤʦʚ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ: (1) ʨʝʘʣʠʟʦʚʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʧʠʣʦʪʥʳʭ ʧʨʦʝʢʪʦʚ ʞʠʣʳʭ ʧʘʩʩʠʚʥʳʭ ʜʦʤʦʚ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʠʭ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʘ ʧʨʘʢʪʠʢʝ; (2) ʨʘʟʨʘʙʦʪʘʪʴ ʥʘʮʠʦʥʘʣʴʥʳʝ ʨʫʢʦʚʦʜʩʪʚʘ ʠʣʠ ʩʪʘʥʜʘʨʪʳ ʧʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʟʜʘʥʠʡ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʢʣʠʤʘʪʫ ʈʊ; (3) ʚʥʝʜʨʠʪʴ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʩʪʠʤʫʣʳ (ʣʴʛʦʪʳ, ʩʫʙʩʠʜʠʠ, ʜʝʰʸʚʳʝ ʢʨʝʜʠʪʳ) ʜʣʷ ʟʘʩʪʨʦʡʱʠʢʦʚ ʠ ʛʨʘʞʜʘʥ, 

ʚʳʙʠʨʘʶʱʠʭ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʝ ʞʠʣʴʸ; (4) ʨʘʟʚʠʚʘʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ 

ʘʨʭʠʪʝʢʪʦʨʦʚ, ʠʥʞʝʥʝʨʦʚ ʠ ʩʪʨʦʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʢʘʤʧʘʥʠʠ ʜʣʷ ʰʠʨʦʢʦʡ 

ʧʫʙʣʠʢʠ; (5) ʧʦʜʜʝʨʞʠʚʘʪʴ ʣʦʢʘʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ï ʫʪʝʧʣʠʪʝʣʝʡ, 

ʦʢʦʥ, ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ï ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʛʦ ʞʠʣʴʷ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ 

ʦʙʱʝʡ ʩʪʨʘʪʝʛʠʝʡ ʩʪʨʘʥʳ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʝʪʠʢʠ ʠ ʵʢʦʣʦʛʠʠ. ʇʘʩʩʠʚʥʳʝ ʜʦʤʘ ʚʧʠʩʳʚʘʶʪʩʷ ʚ 

ʧʨʠʦʨʠʪʝʪʳ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʘʜʘʧʪʘʮʠʠ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʠ 

ʨʘʟʚʠʪʠʷ çʟʝʣʸʥʦʡè ʵʢʦʥʦʤʠʢʠ. ʀʭ ʤʘʩʩʦʚʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʚʳʩʚʦʙʦʜʠʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʣʠ 

ʵʢʩʧʦʨʪʘ, ʫʤʝʥʴʰʠʪʴ ʠʤʧʦʨʪ ʪʦʧʣʠʚʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʫʣʫʯʰʘʶʪʩʷ ʩʦʮʠʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ï 

ʞʠʪʝʣʠ ʧʦʣʫʯʘʶʪ ʪʸʧʣʦʝ, ʟʜʦʨʦʚʦʝ ʠ ʩʦʚʨʝʤʝʥʥʦʝ ʞʠʣʴʸ, ʨʘʩʭʦʜʳ ʩʝʤʝʡ ʥʘ ʵʥʝʨʛʠʶ 

ʩʥʠʞʘʶʪʩʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʙʝʜʥʳʭ ʩʣʦʸʚ. ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʘʩʩʠʚʥʳʡ 

ʜʦʤ ï ʵʪʦ ʥʝ ʨʦʩʢʦʰʴ, ʘ ʠʥʚʝʩʪʠʮʠʷ ʚ ʙʫʜʫʱʝʝ: ʙʫʜʫʱʝʝ, ʛʜʝ ʢʦʤʬʦʨʪ ʯʝʣʦʚʝʢʘ ʜʦʩʪʠʛʘʝʪʩʷ ʙʝʟ 

ʫʱʝʨʙʘ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʩ ʨʘʟʫʤʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ.  

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʝ ʠ ʫʩʪʦʡʯʠʚʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʞʠʣʳʭ ʟʜʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʢʦʥʮʝʧʮʠʠ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʜʣʷ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. ʇʨʠ ʧʦʜʜʝʨʞʢʝ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʦʙʱʝʩʪʚʘ, ʧʨʝʦʜʦʣʝʥʠʠ 

ʠʤʝʶʱʠʭʩʷ ʙʘʨʴʝʨʦʚ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʣʫʯʰʝʛʦ ʦʧʳʪʘ, ʧʘʩʩʠʚʥʳʝ ʜʦʤʘ ʠʟ ʤʝʯʪʳ ʤʦʛʫʪ 

ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ ʧʦʚʩʝʜʥʝʚʥʫʶ ʨʝʘʣʴʥʦʩʪʴ ʪʘʜʞʠʢʩʢʠʭ ʛʦʨʦʜʦʚ ʠ ʩʸʣ [6]. ɼʘʣʴʥʝʡʰʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʦʤʦʛʫʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʝʰʝʥʠʷ, ʩʥʠʟʠʪʴ 

ʠʟʜʝʨʞʢʠ ʠ ʥʘʡʪʠ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʤʝʩʪʥʳʭ ʫʩʣʦʚʠʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʠʥʞʝʥʝʨʥʳʝ 

ʨʝʰʝʥʠʷ. ʋʞʝ ʩʝʛʦʜʥʷ ʷʩʥʦ ʦʜʥʦ: ʧʫʪʴ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʙʫʜʫʱʝʤʫ ʞʠʣʠʱʥʦʛʦ ʩʝʢʪʦʨʘ ʣʝʞʠʪ 

ʯʝʨʝʟ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʠ ʢʦʥʮʝʧʮʠʷ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʜʝʞʥʳʭ ʦʨʠʝʥʪʠʨʦʚ ʥʘ ʵʪʦʤ ʧʫʪʠ. 
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îì Ď. íìüüìýĒ Ąÿðì, ðÿüùìøúô íìüþìüìĀýúóôô úùĕú þìîìýýÿþô íìüùúøìĕúô ðìî÷ìþĒ, ÷úôĕìĕúô ûô÷úþĒ îì 
íì÷ìùð íìüðúĄþìùô úïúĕôô ìĕú÷Ē øÿĕúöôøì øñïìüðìð. áÿ÷úýì öìüðì øñĄìîìð, öô íôùúĕúô ĎìõüôĀìĆú÷ 
íìüúô íì÷ìùð íìüðúĄþìùô ýìøìüìùúöôô ĉùñüïñþôöôô íìāĄô øìùóô÷ô ÞúĔôöôýþúù, ýìíÿö ùìøÿðìùô ĀôĄúü íì 
ùôóúøô ĉùñüïñþôöĒ îì íñĕþìü öìüðìùô Ąìüúôþô óôùðìïôô ìĕú÷Ē ðúüúô ôėþôðúüô íÿóÿüï øñíúĄìùð, ìøøú 
íìüúô ðìýþïôüĒ îì øÿþúíôėĄìîĒ íì Ąìüúôþô øìĕì÷÷Ē ùôČó ðúüìùð. 

Öì÷ôðîúòìĕú: íôùúô ĎìõüôĀìĆú÷, ýìøìüìùúöôô ĉùñüïôċ, íôùúĕúô ôýþôėúøìþĒ, ÞúĔôöôýþúù, ýúāþøúùô 
ÿýþÿîúü, ïìüøíìùðĒ, üñöÿûñüìþýôċ, ĉùñüïôċô úĀþúíĒ, ùìýúýô ïìüøĒ, þìĕ÷ô÷ô þñāùôöĒ-ôėþôýúðĒ. 

 

ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆɽ ʀ ʋʉʊʆʁʏʀɺʆɽ ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ɾʀʃʓʍ ɿɼɸʅʀʁ ɺ 

ʊɸɼɾʀʂʀʉʊɸʅɽ ʅɸ ʆʉʅʆɺɽ ʂʆʅʎɽʇʎʀʀ ʇɸʉʉʀɺʅʆɻʆ ɼʆʄɸ  

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʥʮʠʧʳ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ ʢʘʢ ʦʩʥʦʚʳ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʞʠʣʳʭ ʟʜʘʥʠʡ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ. ʇʨʠʚʝʜʸʥ ʘʥʘʣʠʟ ʪʝʢʫʱʝʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʞʠʣʦʛʦ ʩʝʢʪʦʨʘ 

ʨʝʩʧʫʙʣʠʢʠ, ʧʦʜʯʸʨʢʠʚʘʶʱʠʡ ʚʳʩʦʢʫʶ ʜʦʣʶ ʞʠʣʴʷ ʚ ʦʙʱʝʤ ʨʘʩʭʦʜʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʥʠʟʢʫʶ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʬʦʥʜʘ. ʆʧʠʩʘʥʳ ʢʣʶʯʝʚʳʝ ʧʨʠʥʮʠʧʳ ʩʪʘʥʜʘʨʪʘ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ 

(ʪʝʨʤʦʠʟʦʣʷʮʠʷ, ʛʝʨʤʝʪʠʯʥʦʩʪʴ, ʨʝʢʫʧʝʨʘʮʠʷ, ʧʘʩʩʠʚʥʦʝ ʩʦʣʥʝʯʥʦʝ ʦʪʦʧʣʝʥʠʝ ʠ ʜʨ.) ʠ ʧʨʝʜʣʦʞʝʥʳ ʧʦʜʭʦʜʳ ʧʦ ʠʭ 

ʘʜʘʧʪʘʮʠʠ ʢ ʨʘʟʣʠʯʥʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʟʦʥʘʤ ʊʘʜʞʠʢʠʩʪʘʥʘ ï ʦʪ ʩʫʨʦʚʦʛʦ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʢʣʠʤʘʪʘ ʇʘʤʠʨʘ ʜʦ 

ʞʘʨʢʦʛʦ ʢʣʠʤʘʪʘ ʶʞʥʳʭ ʨʘʡʦʥʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʝʩʪʥʳʭ ʵʢʦʣʦʛʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʥʘʧʨʠʤʝʨ, ʩʦʣʦʤʝʥʥʳʭ ʙʣʦʢʦʚ, ʩʘʤʘʥʘ) ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʧʘʩʩʠʚʥʳʭ ʜʦʤʦʚ ʠ ʠʥʪʝʛʨʘʮʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ, ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ) ʚ ʠʭ ʠʥʞʝʥʝʨʥʳʝ ʩʠʩʪʝʤʳ. ʇʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ 

ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʞʠʣʳʭ ʟʜʘʥʠʡ ʚ ʩʪʨʘʥʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ (ʂʳʨʛʳʟʩʪʘʥ, ʋʟʙʝʢʠʩʪʘʥ, 

ʂʘʟʘʭʩʪʘʥ) ʠ ʜʘʥʥʳʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ (ʜʦ 75ï90%) ʠ ʧʨʠʝʤʣʝʤʳʝ ʩʨʦʢʠ ʦʢʫʧʘʝʤʦʩʪʠ ʧʘʩʩʠʚʥʳʭ ʜʦʤʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ. ʆʙʩʫʞʜʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʙʘʨʴʝʨʳ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʘʩʩʠʚʥʦʛʦ ʜʦʤʘ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ï 

ʬʠʥʘʥʩʦʚʳʝ, ʢʘʜʨʦʚʳʝ, ʥʦʨʤʘʪʠʚʥʳʝ, ʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʧʨʝʦʜʦʣʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʧʨʦʛʨʘʤʤ, ʧʠʣʦʪʥʳʭ ʧʨʦʝʢʪʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ. ʉʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʧʘʩʩʠʚʥʳʝ ʜʦʤʘ ʦʙʣʘʜʘʶʪ 

ʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʞʠʣʠʱʥʦʛʦ ʩʝʢʪʦʨʘ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʩʥʠʞʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʥʘ ʵʥʝʨʛʦʩʠʩʪʝʤʫ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ, ʦʜʥʘʢʦ ʪʨʝʙʫʶʪ ʧʦʜʜʝʨʞʢʠ ʠ ʘʜʘʧʪʘʮʠʠ ʢ 

ʤʝʩʪʥʳʤ ʫʩʣʦʚʠʷʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʩʩʠʚʥʳʡ ʜʦʤ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʞʠʣʳʝ ʟʜʘʥʠʷ, ʊʘʜʞʠʢʠʩʪʘʥ, ʫʩʪʦʡʯʠʚʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʫʪʝʧʣʝʥʠʝ, ʨʝʢʫʧʝʨʘʮʠʷ, ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ, ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ, ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 
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ENERGY-EFFICIENT AND SUSTAINABLE DESIGN OF RESIDENTIAL BUILDINGS IN TAJIKISTAN 

BASED ON THE PASSIVE HOUSE CONCEPT 

The article presents a comprehensive study on energy-efficient and sustainable design of residential buildings in 

Tajikistan based on the passive house concept. It analyzes the current problem of high energy consumption in the countryôs 

housing sector, highlighting that residential buildings account for a dominant share of electricity use and suffer from poor 

energy performance. Key principles of the Passive House standard ï such as superinsulation, airtight construction, heat 

recovery ventilation, passive solar gains, etc. ï are described, and approaches to adapting them to Tajikistanôs diverse 

climatic zones (the Pamir highlands, Sughd region, Khatlon region) are proposed. Special attention is given to the use of 

local sustainable materials (e.g., straw bale, adobe) in passive house construction and the integration of renewable energy 

systems (solar panels, heat pumps) into building services. Real-world case studies from Central Asia (Kyrgyzstan, 

Uzbekistan, Kazakhstan) are presented, demonstrating substantial reductions in energy use (up to 75ï90%) and acceptable 

payback periods for passive and near-zero-energy homes compared to conventional houses. The major barriers to 

implementing passive house technology in Tajikistan ï such as high initial costs, lack of trained professionals, outdated 

building codes, and low public awareness ï are discussed, along with prospects for overcoming these challenges through 

government programs, pilot projects, and educational outreach. The study concludes that passive houses hold great 

potential for improving the energy efficiency of Tajikistanôs residential sector, alleviating stress on the power grid, and 

enhancing inhabitantsô living conditions, but successful adoption will require supportive policies and adaptation to local 

conditions. 

Keywords: passive house, energy efficiency, residential buildings, Tajikistan, sustainable construction, insulation, 

heat recovery, solar energy, heat pump, techno-economic analysis. 
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ɸʅʉɸʄɹʃʀʈʆɺɸʅʀɽ ʄʆɼɽʃɽʁ ʄɸʐʀʅʅʆɻʆ ʆɹʋʏɽʅʀʗ ɼʃʗ ʇʆɺʓʐɽʅʀʗ 

ʊʆʏʅʆʉʊʀ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʕʂʉʊʈɽʄɸʃʔʅʓʍ ʈɸʉʍʆɼʆɺ ɺʆɼʓ ʉ 

ʋʏɽʊʆʄ ɻʀɼʈʆʄɽʊɽʆʈʆʃʆɻʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

 

ʌʘʪʭʫʣʣʦʝʚ ʅ.ʀ., ɸʨʘʙʦʚ ʄ.ʂ. 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

1.ɺʚʝʜʝʥʠʝ. ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʯʸʪʥʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʷʤʫʶ 

ʚʣʠʷʝʪ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʝʨʝʛʦʟʘʱʠʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ [12; 13]. 

ɺ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʇʷʥʜʞ, ʷʚʣʷʶʱʝʤʩʷ ʪʨʘʥʩʛʨʘʥʠʯʥʳʤ ʚʦʜʥʳʤ ʦʙʲʝʢʪʦʤ ʠ ʢʣʶʯʝʚʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʨʝʛʠʦʥʘ, ʧʨʦʙʣʝʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʨʘʩʭʦʜʦʚ 

ʫʩʫʛʫʙʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ, ʬʦʨʤʠʨʫʶʱʠʤʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʪʘʷʥʠʷ 

ʣʝʜʥʠʢʦʚ ʠ ʩʝʟʦʥʥʳʭ ʦʩʘʜʢʦʚ [5]. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʸʪʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʷʜʦʚ ʥʘʙʣʶʜʝʥʠʡ, ʯʘʩʪʦ ʥʝ ʫʯʠʪʳʚʘʶʪ ʢʦʤʧʣʝʢʩʥʦʝ 

ʚʣʠʷʥʠʝ ʤʥʦʞʝʩʪʚʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʠʭ ʥʝʣʠʥʝʡʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [2]. ɺ ʵʪʦʡ 

ʩʚʷʟʠ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʩʧʦʩʦʙʥʳʭ ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʚ ʙʦʣʴʰʠʭ ʤʥʦʛʦʤʝʨʥʳʭ ʜʘʥʥʳʭ, ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʛʥʦʟʦʚ [10; 6]. ʆʩʦʙʳʡ ʧʦʪʝʥʮʠʘʣ ʠʤʝʶʪ ʘʥʩʘʤʙʣʝʚʳʝ ʧʦʜʭʦʜʳ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʘʟʥʦʨʦʜʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʤʠʥʠʤʠʟʠʨʫʷ ʠʭ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʥʝʜʦʩʪʘʪʢʠ [9]. ʆʜʥʘʢʦ ʚʦʧʨʦʩʳ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʥʩʘʤʙʣʠʨʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʤʝʥʥʦ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʜʘʥʥʳʭ 

ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʥʘʫʯʥʫʶ ʥʦʚʠʟʥʫ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʟʥʘʯʠʤʦʩʪʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

2. ʉʚʷʟʘʥʥʳʝ ʨʘʙʦʪʳ. ʇʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʝʨʝʭʦʜ ʦʪ ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʢ ʤʝʪʦʜʘʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʜʘʥʥʳʭ 

[2]. ʈʘʥʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʢʫʩʠʨʦʚʘʣʠʩʴ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ 

ARIMA ʠ ʝʸ ʤʦʜʠʬʠʢʘʮʠʠ, ʜʣʷ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʨʘʩʭʦʜʘ ʚʦʜʳ [2]. ʆʜʥʘʢʦ ʵʪʠ ʤʝʪʦʜʳ 

ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʣʘʙʦ 

ʫʯʠʪʳʚʘʶʪ ʚʣʠʷʥʠʝ ʵʢʟʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ [7]. ʉ ʨʘʟʚʠʪʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ 

ʩʝʪʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʥʝʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʩʪʦʢʦʤ [15], ʥʦ ʪʨʝʙʫʶʪ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʜʘʥʥʳʭ ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʠ ʯʘʩʪʦ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ çʯʸʨʥʦʛʦ ʷʱʠʢʘè [8]. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʩʪʘʣʠ ʘʣʛʦʨʠʪʤʳ ʥʘ ʦʩʥʦʚʝ ʜʝʨʝʚʴʝʚ ʨʝʰʝʥʠʡ, ʪʘʢʠʝ ʢʘʢ Random Forest ʠ 

ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ [3; 14; 16; 17]. Breiman [3] ʧʦʢʘʟʘʣ, ʯʪʦ Random Forest ʵʬʬʝʢʪʠʚʥʦ 

ʩʥʠʞʘʝʪ ʜʠʩʧʝʨʩʠʶ ʤʦʜʝʣʠ ʟʘ ʩʯʸʪ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʧʨʦʛʥʦʟʦʚ ʤʥʦʞʝʩʪʚʘ ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ 

ʜʝʨʝʚʴʝʚ. ʄʦʜʝʣʠ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ, ʚʢʣʶʯʘʷ XGBoost ʠ LightGBM, ʨʝʘʣʠʟʫʶʪ ʠʜʝʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʘʥʩʘʤʙʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʤʝʱʝʥʠʝ [14; 16; 

17]. ʕʪʠ ʤʝʪʦʜʳ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʟʘʜʘʯʘʭ ʨʝʛʨʝʩʩʠʠ, ʦʜʥʘʢʦ ʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ feature engineering ʠ ʥʘʩʪʨʦʡʢʠ 

ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ [6]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʛʠʙʨʠʜʥʳʭ ʠ 

ʘʥʩʘʤʙʣʝʚʳʭ ʧʦʜʭʦʜʦʚ. Sagi ʠ Rokach [9] ʦʪʤʝʯʘʶʪ, ʯʪʦ ʘʥʩʘʤʙʣʠ, ʪʘʢʠʝ ʢʘʢ Stacking ʠ Voting, 

ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʦʙʦʙʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʯʝʤ ʣʫʯʰʘʷ ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʤʦʜʝʣʴ 

ʚ ʥʘʙʦʨʝ. ɺ ʛʠʜʨʦʣʦʛʠʠ ʘʥʩʘʤʙʣʠʨʦʚʘʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʧʨʦʛʥʦʟʦʚ 

ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ [7], ʦʜʥʘʢʦ ʦʧʳʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʘʥʩʘʤʙʣʠʨʦʚʘʥʠʷ 

ʨʘʟʥʦʨʦʜʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʨʦʛʥʦʟʘ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʦʩʪʘʸʪʩʷ 

ʦʛʨʘʥʠʯʝʥʥʳʤ. ɺ ʨʘʙʦʪʘʭ ʘʚʪʦʨʦʚ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʘʣʛʦʨʠʪʤʳ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʝʨʝʛʦʟʘʱʠʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ [12; 13] ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ [10; 6]. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʨʘʟʚʠʚʘʝʪ ʵʪʠ ʠʜʝʠ, 
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ʧʨʝʜʣʘʛʘʷ ʤʝʪʦʜʦʣʦʛʠʶ ʘʥʩʘʤʙʣʠʨʦʚʘʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʠ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

3. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɺ ʦʩʥʦʚʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʛʣʠ ʜʚʘ ʦʩʥʦʚʥʳʭ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ. 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦʣʫʯʝʥʘ ʠʟ ʦʬʠʮʠʘʣʴʥʦʛʦ ʠʟʜʘʥʠʷ çɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ 

ʝʞʝʜʥʝʚʥʠʢ. ɹʘʩʩʝʡʥ ʨʝʢ ʉʨʝʜʥʝʡ ɸʟʠʠ. ɹʘʩʩʝʡʥʳ ʨʝʢ ɸʤʫʜʘʨʴʷ ʠ ɿʘʨʘʬʰʘʥʘè ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʝʞʝʜʥʝʚʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʜʳ (ʤį/ʩ) ʥʘ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤ ʧʦʩʪʫ ʍʠʨʤʘʥʜʞʦ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʨʝʢʝ ʇʷʥʜʞ ʚ ʐʫʨʘʙʘʜʩʢʦʤ ʨʘʡʦʥʝ ʊʘʜʞʠʢʠʩʪʘʥʘ [5]. ʇʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ 

ʦʭʚʘʪʳʚʘʝʪ 21 ʛʦʜ - ʩ 1 ʷʥʚʘʨʷ 1970 ʛʦʜʘ ʧʦ 31 ʜʝʢʘʙʨʷ 1990 ʛʦʜʘ, ʯʪʦ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 

ʩʦʩʪʘʚʣʷʝʪ 7670 ʩʫʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʟʘ ʪʦʪ ʞʝ ʧʝʨʠʦʜ ʧʦʣʫʯʝʥʳ ʩ 

ʦʪʢʨʳʪʦʛʦ ʨʝʩʫʨʩʘ Meteostat (ʩʪʘʥʮʠʷ 38836) ʠ ʚʢʣʶʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʩʫʪʦʯʥʳʝ ʧʘʨʘʤʝʪʨʳ: 

ʩʨʝʜʥʷʷ (tavg), ʤʠʥʠʤʘʣʴʥʘʷ (tmin) ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ (tmax) ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ (ÁC), 

ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ (prcp, ʤʤ), ʚʳʩʦʪʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ (snow, ʩʤ), ʥʘʧʨʘʚʣʝʥʠʝ (wdir, Á) ʠ 

ʩʢʦʨʦʩʪʴ (wspd, ʢʤ/ʯ) ʚʝʪʨʘ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʨʳʚ ʚʝʪʨʘ (wpgt, ʢʤ/ʯ), ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ 

(pres, ʛʇʘ) ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʩʠʷʥʠʷ (tsun, ʤʠʥ) [6]. 

ʇʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʚʢʣʶʯʘʣʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʙʳʣʠ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʳ ʧʦ ʜʘʪʝ ʠ ʦʙʲʝʜʠʥʝʥʳ ʚ ʝʜʠʥʳʡ 

ʜʘʪʘʬʨʝʡʤ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʨʦʧʫʩʢʦʚ ʚ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʠʤʝʥʝʥʘ ʣʠʥʝʡʥʘʷ 

ʠʥʪʝʨʧʦʣʷʮʠʷ ʜʣʷ ʥʝʧʨʝʨʳʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ) ʠ ʟʘʧʦʣʥʝʥʠʝ ʥʫʣʝʚʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʧʨʝʨʳʚʠʩʪʳʭ (ʦʩʘʜʢʠ, ʩʥʝʛ). ɺ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤ ʨʷʜʫ ʧʨʦʧʫʩʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. 

ʇʦʩʣʝ ʦʙʲʝʜʠʥʝʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʠʟʥʘʢʦʚ ʙʳʣʠ ʫʜʘʣʝʥʳ ʩʪʨʦʢʠ, ʚ ʢʦʪʦʨʳʭ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʣʘʛʦʚʳʭ ʠ ʩʢʦʣʴʟʷʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ ʩʦʢʨʘʪʠʣʦ 

ʠʩʭʦʜʥʳʡ ʥʘʙʦʨ ʜʦ 7640 ʧʦʣʥʳʭ ʟʘʧʠʩʝʡ. 

ɼʣʷ ʫʯʝʪʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʣʠʷʥʠʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʚʨʝʤʝʥʥʳʭ ʮʠʢʣʦʚ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʦʢʘ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʨʘʩʰʠʨʝʥʥʳʡ feature engineering, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ 

ʩʛʝʥʝʨʠʨʦʚʘʥʦ 132 ʧʨʠʟʥʘʢʘ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʛʨʫʧʧ [2; 14; 16]: 

1. ɺʨʝʤʝʥʥʳʝ ʠ ʮʠʢʣʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ: ʀʟ ʜʘʪʳ ʠʟʚʣʝʯʝʥʳ ʘʙʩʦʣʶʪʥʳʝ ʧʨʠʟʥʘʢʠ 

(ʛʦʜ, ʤʝʩʷʮ, ʜʝʥʴ ʤʝʩʷʮʘ, ʜʝʥʴ ʛʦʜʘ, ʜʝʥʴ ʥʝʜʝʣʠ, ʢʚʘʨʪʘʣ, ʥʝʜʝʣʷ ʛʦʜʘ). ɼʣʷ ʫʯʝʪʘ ʩʝʟʦʥʥʦʡ 

ʮʠʢʣʠʯʥʦʩʪʠ ʧʨʠʤʝʥʝʥʦ ʮʠʢʣʠʯʝʩʢʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʯʝʨʝʟ ʬʫʥʢʮʠʠ ʩʠʥʫʩʘ ʠ ʢʦʩʠʥʫʩʘ ʢ ʤʝʩʷʮʫ 

(ʧʝʨʠʦʜ 12), ʜʥʶ ʛʦʜʘ (ʧʝʨʠʦʜ 365) ʠ ʜʥʶ ʥʝʜʝʣʠ (ʧʝʨʠʦʜ 7). 

2. ʃʘʛʦʚʳʝ ʧʨʠʟʥʘʢʠ ʠ ʩʢʦʣʴʟʷʱʠʝ ʩʪʘʪʠʩʪʠʢʠ: ɼʣʷ ʦʩʥʦʚʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ (tavg, tmin, tmax) ʩʦʟʜʘʥʳ ʣʘʛʠ ʦʪ 1 ʜʦ 7 ʜʥʝʡ. ʈʘʩʩʯʠʪʘʥʳ ʩʢʦʣʴʟʷʱʠʝ ʩʪʘʪʠʩʪʠʢʠ ʟʘ 

ʦʢʥʘ 3, 7, 14, 30 ʠ 60 ʜʥʝʡ: ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ, ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʤʠʥʠʤʫʤ ʠ ʤʘʢʩʠʤʫʤ. 

3. ʇʨʦʠʟʚʦʜʥʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ: ʉʬʦʨʤʠʨʦʚʘʥʳ ʠʥʜʠʢʘʪʦʨʳ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ: çʣʝʜʷʥʦʡ ʜʝʥʴè (tmin < 0ÁC), çʞʘʨʢʠʡ ʜʝʥʴè (tmax > 25ÁC), ʩʫʪʦʯʥʳʡ 

ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ (tmax - tmin), ʘ ʪʘʢʞʝ ʝʛʦ ʩʢʦʣʴʟʷʱʝʝ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʢʘʢ ʤʝʨʘ 

ʠʟʤʝʥʯʠʚʦʩʪʠ. 

4. ʇʨʠʟʥʘʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʦʣʠʥʦʤʠʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ: ɼʦʙʘʚʣʝʥʳ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʥʘʧʨʠʤʝʨ, tavg * tmin) ʜʣʷ ʫʯʝʪʘ ʥʝʣʠʥʝʡʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʘ 

ʪʘʢʞʝ ʢʚʘʜʨʘʪʳ ʠ ʢʫʙʳ ʪʝʤʧʝʨʘʪʫʨ. 

5. ʉʝʟʦʥʥʳʝ ʠʥʜʠʢʘʪʦʨʳ: ʉʦʟʜʘʥʳ ʙʠʥʘʨʥʳʝ ʧʨʠʟʥʘʢʠ, ʦʙʦʟʥʘʯʘʶʱʠʝ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʚʨʝʤʝʥʠ ʛʦʜʘ (ʟʠʤʘ, ʚʝʩʥʘ, ʣʝʪʦ, ʦʩʝʥʴ). 

ɼʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦʧʠʩʘʥʥʳʭ ʵʪʘʧʦʚ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʘʙʦʨʘ ʧʨʠʟʥʘʢʦʚ ʙʳʣ ʚʳʧʦʣʥʝʥ ʜʝʪʘʣʴʥʳʡ ʨʘʟʚʝʜʦʯʥʳʡ ʘʥʘʣʠʟ ʠʩʭʦʜʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

ʅʘ ʈʠʩ. 1 (ʧʝʨʠʦʜ 1970-1990 ʛʛ.) ʧʨʝʜʩʪʘʚʣʝʥʳ: ʚʨʝʤʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʩʫʪʦʯʥʦʛʦ ʨʘʩʭʦʜʘ; 

ʧʦʚʝʜʝʥʠʝ ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ, ʤʠʥʠʤʘʣʴʥʦʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ; ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʟʥʘʯʝʥʠʡ ʨʘʩʭʦʜʘ; ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʘ ʦʪ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʦʢʨʘʩʢʘ - ʤʝʩʷʮ ʛʦʜʘ); 

ʧʦʤʝʩʷʯʥʳʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠ ʩʫʪʦʯʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ. ʕʪʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʣʫʞʘʪ 

ʵʤʧʠʨʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʚʳʙʦʨʘ ʧʨʠʟʥʘʢʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʝʤʳʭ ʜʘʣʝʝ. 
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ʈʠʩʫʥʦʢ 1. ʈʘʟʚʝʜʦʯʥʳʡ ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ (1970ï1990 ʛʛ.). (a) ʜʠʥʘʤʠʢʘ ʩʫʪʦʯʥʦʛʦ 

ʨʘʩʭʦʜʘ ʚʦʜʳ; (b) ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ, ʤʠʥʠʤʘʣʴʥʘʷ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ; (c) 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʨʘʩʭʦʜʘ ʩ ʫʢʘʟʘʥʠʝʤ ʩʨʝʜʥʝʛʦ; (d) ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʘ ʦʪ ʩʨʝʜʥʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʦʢʨʘʩʢʘ - ʤʝʩʷʮ ʛʦʜʘ); (e) ʩʨʝʜʥʠʝ ʧʦʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʩʭʦʜʘ; (f) 

ʩʫʪʦʯʥʳʡ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ (T_max ī T_min) 

Figure 1. Exploratory Analysis of Time Series (1970ï1990): (a) dynamics of daily water 

discharge; (b) mean daily, minimum, and maximum temperature; (c) distribution of discharge 

values with indication of the mean; (d) dependence of discharge on mean temperature (color-

coded by month of the year); (e) average monthly discharge values; (f) daily temperature range 

(T_max ī T_min) 

 
 

ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ ʜʘʥʥʳʭ ʚʳʷʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʨʝʢʠ ʇʷʥʜʞ ʠ ʦʙʦʩʥʦʚʳʚʘʝʪ ʚʳʙʨʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʧʨʠʟʥʘʢʦʚ ʠ ʚʳʙʦʨʫ ʤʦʜʝʣʝʡ. ɺʦ-ʧʝʨʚʳʭ, ʨʘʩʭʦʜ ʚʦʜʳ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʨʘʞʝʥʥʫʶ ʛʦʜʦʚʫʶ 

ʩʝʟʦʥʥʦʩʪʴ: ʤʘʢʩʠʤʫʤʳ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʚʩʣʝʜʩʪʚʠʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʪʘʷʥʠʷ ʩʥʝʛʘ ʠ ʚʢʣʘʜʘ ʣʝʜʥʠʢʦʚʦʛʦ ʩʪʦʢʘ; ʟʠʤʦʡ ʨʘʩʭʦʜ ʤʠʥʠʤʘʣʝʥ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʥʴʰʝʡ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ. ɺʦ-ʚʪʦʨʳʭ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʭʦʜʦʚ ʠʤʝʝʪ ʧʨʘʚʦʩʪʦʨʦʥʥʶʶ ʘʩʠʤʤʝʪʨʠʶ ʩ 

ʨʝʜʢʠʤʠ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʠʢʘʤʠ - ʵʪʦ ʦʙʷʟʳʚʘʝʪ ʧʨʠʤʝʥʷʪʴ ʘʣʛʦʨʠʪʤʳ, ʫʩʪʦʡʯʠʚʳʝ ʢ 

ʚʳʙʨʦʩʘʤ, ʣʠʙʦ ʧʨʦʚʦʜʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʟʥʘʢʦʚ. ɺ-ʪʨʝʪʴʠʭ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʚʝʣʠʯʠʥʦʡ ʨʘʩʭʦʜʘ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ t_avg > 15ï20 ÁC, ʯʪʦ ʦʧʨʘʚʜʳʚʘʝʪ ʚʢʣʶʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʣʘʛʦʚ ʠ ʩʢʦʣʴʟʷʱʠʭ 

ʩʪʘʪʠʩʪʠʢ ʚ ʥʘʙʦʨ ʧʨʠʟʥʘʢʦʚ. ʉʫʪʦʯʥʳʡ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʠ ʝʛʦ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʪʨʘʞʘʶʪ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʪʦʢʘ. 

ʋʢʘʟʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʙʳʣʠ ʫʯʪʝʥʳ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 132 ʧʨʠʟʥʘʢʦʚ ʠ ʧʨʠ ʚʳʙʦʨʝ ʩʪʨʘʪʝʛʠʡ 

ʚʘʣʠʜʘʮʠʠ ʠ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʵʪʘʧʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʪʨʦʝʥʦ ʥʘ ʢʦʤʧʘʨʘʪʠʚʥʦʤ ʘʥʘʣʠʟʝ 17 ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʦʭʚʘʪʳʚʘʶʱʠʭ ʦʩʥʦʚʥʳʝ ʩʝʤʝʡʩʪʚʘ ʤʦʜʝʣʝʡ: ʣʠʥʝʡʥʳʝ (Ridge, Lasso, ElasticNet, 
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HuberRegressor), ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʜʝʨʝʚʴʝʚ (RandomForest, ExtraTrees, GradientBoosting), 

ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ (XGBoost, LightGBM, CatBoost), ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (MLP, SVR) ʠ ʧʨʦʯʠʝ 

(KNN, GaussianProcess) [3; 14; 16; 17]. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʥʘʠʚʥʳʡ ʧʨʦʛʥʦʟ (Naive), ʩʝʟʦʥʥʳʡ ʥʘʠʚʥʳʡ ʧʨʦʛʥʦʟ (Seasonal Naive) ʠ ʧʨʦʛʥʦʟ ʩʨʝʜʥʠʤ 

ʟʥʘʯʝʥʠʝʤ (Mean). 

ʂʣʶʯʝʚʳʤ ʵʪʘʧʦʤ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʘʥʩʘʤʙʣʝʚʳʭ ʤʦʜʝʣʝʡ. Voting-ʘʥʩʘʤʙʣʴ (ʤʷʛʢʦʝ 

ʛʦʣʦʩʦʚʘʥʠʝ) ʙʳʣ ʧʦʩʪʨʦʝʥ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭ ʣʫʯʰʠʭ ʧʦ ʤʝʪʨʠʢʝ RMSE ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ 

- ExtraTrees, XGBoost ʠ GradientBoosting. ʀʪʦʛʦʚʳʡ ʧʨʦʛʥʦʟ ʘʥʩʘʤʙʣʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʝʜʩʢʘʟʘʥʠʡ ʵʪʠʭ ʤʦʜʝʣʝʡ [9]. 

ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʘʙʦʨ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʝʪʨʠʢ: ʩʨʝʜʥʷʷ 

ʘʙʩʦʣʶʪʥʘʷ ʦʰʠʙʢʘ (MAE), ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ (RMSE), ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ 

(RĮ) ʠ ʩʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ ʧʨʦʮʝʥʪʥʘʷ ʦʰʠʙʢʘ (MAPE). ɼʘʥʥʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʦʙʫʯʘʶʱʫʶ 

(80%, 1970-1986 ʛʛ.) ʠ ʪʝʩʪʦʚʫʶ (20%, 1987-1990 ʛʛ.) ʚʳʙʦʨʢʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʚʨʝʤʝʥʥʦʛʦ 

ʧʦʨʷʜʢʘ. ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʦʚʝʨʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʜʝʣʝʡ ʧʨʠʤʝʥʝʥʘ ʢʨʦʩʩ-

ʚʘʣʠʜʘʮʠʷ ʩ ʚʨʝʤʝʥʥʳʤʠ ʙʣʦʢʘʤʠ (TimeSeriesSplit, 5 ʬʦʣʜʦʚ). ɺʩʝ ʤʝʪʨʠʢʠ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʥʘ 

ʥʝʟʘʚʠʩʠʤʦʡ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ. 

ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʬʬʝʢʪʘ çʯʝʨʥʦʛʦ ʷʱʠʢʘè ʠ ʧʦʥʠʤʘʥʠʷ ʚʢʣʘʜʘ ʧʨʠʟʥʘʢʦʚ ʚ ʧʨʦʛʥʦʟ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ɻʣʦʙʘʣʴʥʘʷ ʚʘʞʥʦʩʪʴ ʧʨʠʟʥʘʢʦʚ 

ʦʮʝʥʠʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ SHAP (SHapley Additive exPlanations), ʢʦʪʦʨʳʡ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʠʛʨ 

ʚʳʯʠʩʣʷʝʪ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʧʨʠʟʥʘʢʘ ʚ ʢʘʞʜʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ [7]. ɼʣʷ ʣʦʢʘʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʦʪʜʝʣʴʥʳʭ ʧʨʦʛʥʦʟʦʚ ʧʨʠʤʝʥʷʣʩʷ LIME (Local Interpretable Model-agnostic Explanations), 

ʢʦʪʦʨʳʡ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪ ʧʦʚʝʜʝʥʠʝ ʩʣʦʞʥʦʡ ʤʦʜʝʣʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʪʦʯʢʠ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʩʪʦʡ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʡ ʤʦʜʝʣʠ (ʥʘʧʨʠʤʝʨ, ʣʠʥʝʡʥʦʡ) [8]. 

4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

4.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʩʨʝʜʝ Google Colaboratory (Python). ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʧʘʡʧʣʘʡʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʠʙʣʠʦʪʝʢʠ: pandas, numpy, scikit-learn, xgboost, 

lightgbm, catboost, shap, lime. ɺ ʩʣʫʯʘʷʭ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ ʧʨʠʤʝʥʷʣʦʩʴ ʘʧʧʘʨʘʪʥʦʝ 

ʫʩʢʦʨʝʥʠʝ ʥʘ GPU. ɼʣʷ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʬʠʢʩʠʨʦʚʘʣʩʷ ʩʠʜ ʛʝʥʝʨʘʪʦʨʘ ʩʣʫʯʘʡʥʳʭ 

ʯʠʩʝʣ (RANDOM_STATE = 42). ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚʢʣʶʯʘʣ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʚʳʧʦʣʥʝʥʠʝ ʦʜʠʥʥʘʜʮʘʪʠ ʵʪʘʧʦʚ: ʟʘʛʨʫʟʢʘ ʜʘʥʥʳʭ Ÿ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ Ÿ 

ʟʘʧʦʣʥʝʥʠʝ ʧʨʦʧʫʩʢʦʚ Ÿ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʘʛʦʚ ʠ ʩʢʦʣʴʟʷʱʠʭ ʩʪʘʪʠʩʪʠʢ Ÿ ʛʝʥʝʨʘʮʠʷ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʠʟʥʘʢʦʚ Ÿ ʦʙʩʣʝʜʦʚʘʥʠʝ ʧʨʠʟʥʘʢʦʚ (ʢʦʨʨʝʣʷʮʠʷ, VIF) Ÿ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ Ÿ ʨʘʟʙʠʝʥʠʝ ʚʳʙʦʨʦʢ Ÿ ʧʦʜʙʦʨ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ Ÿ ʦʙʫʯʝʥʠʝ ʤʦʜʝʣʝʡ Ÿ 

ʘʥʘʣʠʟ ʦʩʪʘʪʢʦʚ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 

4.2. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʳʭ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʦʙʨʘʙʦʪʢʠ. ʇʦʩʣʝ 

ʧʨʦʮʝʜʫʨ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠ ʛʝʥʝʨʘʮʠʠ ʧʨʠʟʥʘʢʦʚ ʩʬʦʨʤʠʨʦʚʘʥ ʬʠʥʘʣʴʥʳʡ ʥʘʙʦʨ: n = 7640 

ʧʦʣʥʳʭ ʟʘʧʠʩʝʡ, 132 ʧʨʠʟʥʘʢʘ ʠ ʦʜʥʘ ʮʝʣʝʚʘʷ ʧʝʨʝʤʝʥʥʘʷ. ʆʩʥʦʚʥʳʝ ʩʪʘʪʠʩʪʠʢʠ ʩʫʪʦʯʥʦʛʦ 

ʨʘʩʭʦʜʘ ʚʦʜʳ (1970ï1990 ʛʛ.) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.1. ʉʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ 

ʚʳʯʠʩʣʝʥʘ ʢʘʢ ὛὉ   
Ѝ

. ɼʣʷ ʤʝʜʠʘʥʳ ʠ ʧʝʨʮʝʥʪʠʣʝʡ SE ʦʮʝʥʠʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʙʫʪʩʪʨʝʧʘ 

(1000 ʧʦʚʪʦʨʝʥʠʡ), ʦ ʯʸʤ ʪʘʢʞʝ ʫʢʘʟʘʥʦ ʚ ʧʨʠʤʝʯʘʥʠʠ ʢ ʪʘʙʣʠʮʝ. 

ɸʥʘʣʠʟ ʪʘʙʣʠʮʳ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʠʣʴʥʫʶ ʧʨʘʚʦʩʪʦʨʦʥʥʶʶ ʘʩʠʤʤʝʪʨʠʶ (skew = 2,34 Ñ 0,03) 

ʠ ʚʳʩʦʢʠʡ ʵʢʩʮʝʩʩ (kurtosis = 5,87 Ñ 0,06), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʨʝʜʢʠʭ ʵʢʩʪʨʝʤʫʤʦʚ ʚ 

ʧʨʘʚʦʤ ʭʚʦʩʪʝ. ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ (CV = 61,0% Ñ 0,47%) ʢʣʘʩʩʠʬʠʮʠʨʫʝʪ ʨʷʜ ʢʘʢ 

ʚʳʩʦʢʦʚʘʨʠʘʙʝʣʴʥʳʡ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʨʦʙʘʩʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ/ʠʣʠ ʧʨʝʜʦʙʨʘʙʦʪʢʠ 

(ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʝ, ʦʪʩʝʯʝʥʠʝ ʚʳʙʨʦʩʦʚ, ʨʦʙʘʩʪʥʘʷ ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ). 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʠ ʩʝʟʦʥʥʦʩʪʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ACF/PACF ʠ 

ʚʳʧʦʣʥʝʥʳ ʪʝʩʪʳ LjungïBox. ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʧʨʠʤʝʥʸʥ ʪʝʩʪ ɼʠʢʠ-ʌʫʣʣʝʨʘ 

(ADF) ʩ ʫʨʦʚʥʝʤ ʟʥʘʯʠʤʦʩʪʠ Ŭ = 0,05; ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʜʸʥ ʪʝʩʪ KPSS ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʥʘʣʠʯʠʷ ʪʨʝʥʜʘ/ʩʝʟʦʥʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 118 ʠʟ 132 ʧʨʠʟʥʘʢʦʚ (å89,4%) ʠʤʝʶʪ 

p-value < 0,05 ʧʦ ADF; ʧʨʠ ʵʪʦʤ ʜʣʷ ʧʨʠʟʥʘʢʦʚ ʩ ʚʳʨʘʞʝʥʥʦʡ ʩʝʟʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ ʩʝʟʦʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʧʝʨʝʜ ʧʨʠʤʝʥʝʥʠʝʤ ADF. 
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ʊʘʙʣʠʮʘ 1. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʪʦʯʥʦʛʦ ʨʘʩʭʦʜʘ ʨʝʢʠ ʇʷʥʜʞ (1970ï1990; n 

= 7640) 

Table 2. Correlation Analysis and Summary Statistics by Feature Categories Panj (1970ï1990; n 

= 7640) 
ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ ɽʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʉʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ 

ʉʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 1054,2 ʤį/ʩ Ñ7,34 

ʄʝʜʠʘʥʘ 898,3 ʤį/ʩ Ñ10,56 

ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 642,8 ʤį/ʩ Ñ5,18 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 228,6 ʤį/ʩ - 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 4250,0 ʤį/ʩ - 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ 61,0% - Ñ0,47% 

ʂʦʵʬʬʠʮʠʝʥʪ ʘʩʠʤʤʝʪʨʠʠ 2,34 - Ñ0,028 

ʕʢʩʮʝʩʩ 5,87 - Ñ0,056 

25-ʡ ʧʝʨʮʝʥʪʠʣʴ 648,5 ʤį/ʩ Ñ5,12 

75-ʡ ʧʝʨʮʝʥʪʠʣʴ 1234,7 ʤį/ʩ Ñ8,93 

 

4.3. ʀʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ feature engineering 

ʩʬʦʨʤʠʨʦʚʘʥ ʥʘʙʦʨ ʠʟ 132 ʧʨʝʜʠʢʪʦʨʦʚ. ɼʣʷ ʧʝʨʚʠʯʥʦʡ ʦʮʝʥʢʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʨʘʩʩʯʠʪʘʥʳ 

ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʨʨʝʣʷʮʠʡ ʧʨʠʟʥʘʢʦʚ ʩ ʮʝʣʝʚʦʡ ʧʝʨʝʤʝʥʥʦʡ; ʘʛʨʝʛʠʨʦʚʘʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 2. ʂʨʦʤʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʜʣʷ ʦʪʙʦʨʘ ʧʨʠʟʥʘʢʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: VIF (ʠʥʜʠʢʘʪʦʨ ʤʫʣʴʪʠʢʦʣʣʠʥʝʘʨʥʦʩʪʠ), ʨʘʥʞʠʨʦʚʘʥʠʝ ʧʦ SHAP ʥʘ ʦʙʫʯʝʥʥʦʡ 

ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʠ ʨʝʢʫʨʩʠʚʥʳʡ ʦʪʙʦʨ (RFE). 

 

ʊʘʙʣʠʮʘ 2. ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʠ ʘʛʨʝʛʠʨʦʚʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʢʘʪʝʛʦʨʠʷʤ 

ʧʨʠʟʥʘʢʦʚ 

Table 2. Correlation Analysis and Aggregated Characteristics by Feature Categories 
ʂʘʪʝʛʦʨʠʷ ʧʨʠʟʥʘʢʦʚ ʂʦʣʠʯʝʩʪʚʦ ʉʨʝʜʥʷʷ ʢʦʨʨʝʣʷʮʠʷ 

ʩ ʮʝʣʴʶ 

ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʢʦʨʨʝʣʷʮʠʷ 

ʇʨʠʟʥʘʢ ʩ ʤʘʢʩ. 

ʢʦʨʨʝʣʷʮʠʝʡ 

ɺʨʝʤʝʥʥʳʝ 7 0,12 0,18 dayofyear 

ʎʠʢʣʠʯʝʩʢʠʝ 6 0,18 0,22 month_sin 

ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʙʘʟʦʚʳʝ 3 0,45 0,48 tavg 

ʃʘʛʦʚʳʝ (1-7 ʜʥʝʡ) 21 0,38 0,42 tavg_lag_1 

ʉʢʦʣʴʟʷʱʠʝ ʩʪʘʪʠʩʪʠʢʠ 60 0,41 0,45 tavg_ma_7 

ʈʘʟʥʦʩʪʥʳʝ 9 0,22 0,26 tavg_diff_7 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ 3 0,31 0,33 tavg_tmin 

ʇʦʣʠʥʦʤʠʘʣʴʥʳʝ 6 0,27 0,29 tavg_squared 

ʉʝʟʦʥʥʳʝ ʠʥʜʠʢʘʪʦʨʳ 4 0,15 0,17 is_summer 

ʕʢʩʪʨʝʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 4 0,09 0,11 hot_day 

ʇʨʦʠʟʚʦʜʥʳʝ 9 0,34 0,37 temp_range 

 

ɸʥʘʣʠʟ ʪʘʙʣʠʮʳ 2 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʙʘʟʦʚʳʝ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ, ʣʘʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʣʴʟʷʱʠʝ ʩʪʘʪʠʩʪʠʢʠ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ. 

ʉʨʝʜʥʷʷ ʢʦʨʨʝʣʷʮʠʷ ʚ ʵʪʠʭ ʛʨʫʧʧʘʭ ʜʦʩʪʠʛʘʝʪ 0,38ï0,45, ʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʝʚʳʰʘʶʪ 

0,48, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʢʣʶʯʝʚʳʤʠ ʧʨʝʜʠʢʪʦʨʘʤʠ ʤʦʜʝʣʠ. ʎʠʢʣʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʠ ʩʝʟʦʥʥʳʝ 

ʠʥʜʠʢʘʪʦʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʤʝʨʝʥʥʫʶ ʩʚʷʟʴ ʩ ʮʝʣʝʚʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʦʪʨʘʞʘʷ ʚʣʠʷʥʠʝ ʛʦʜʦʚʦʡ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ. ʇʨʠʟʥʘʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʦʣʠʥʦʤʠʘʣʴʥʳʝ ʠ ʨʘʟʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʥʝʣʠʥʝʡʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʜʦʧʦʣʥʷʷ ʩʪʨʫʢʪʫʨʫ ʙʘʟʦʚʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʅʠʟʢʘʷ ʢʦʨʨʝʣʷʮʠʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʦʞʠʜʘʝʤʘ, ʪʘʢ 

ʢʘʢ ʦʥʠ ʦʪʨʘʞʘʶʪ ʨʝʜʢʠʝ, ʥʦ ʚʘʞʥʳʝ ʨʝʞʠʤʳ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʥʘʙʦʨʘ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʪʦʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʭʦʜʘ ʚʦʜʳ.  

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʧʨʠʟʥʘʢʦʚ ʧʨʠʤʝʥʷʣʩʷ ADF (Ŭ = 0,05); 118(=89.4%) 

ʧʨʠʟʥʘʢʦʚ ʧʨʠʟʥʘʥʳ ʩʪʘʮʠʦʥʘʨʥʳʤʠ (p-value < 0,05). ɼʣʷ ʦʩʪʘʚʰʠʭʩʷ ʧʨʠʟʥʘʢʦʚ ʚʳʧʦʣʥʝʥʦ 
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ʣʠʙʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ, ʣʠʙʦ ʣʦʛ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ. 

4.4. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɼʣʷ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʡ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʫʪʦʯʥʦʛʦ ʨʘʩʭʦʜʘ ʚʦʜʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ 17 ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʦʜʭʦʜʦʚ: 

ʘʥʩʘʤʙʣʝʚʳʝ ʤʝʪʦʜʳ, ʜʝʨʝʚʴʷ ʨʝʰʝʥʠʡ, ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ, ʣʠʥʝʡʥʳʝ ʠ ʨʦʙʘʩʪʥʳʝ 

ʨʝʛʨʝʩʩʠʠ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʤʝʪʦʜ k-ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ (kNN), ʛʘʫʩʩʦʚʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʤʝʪʦʜ 

ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ (SVR). ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʫʨʦʚʥʝʡ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʦʩʪʳʝ 

ʤʦʜʝʣʠ: ʥʘʠʚʥʳʡ ʧʨʦʛʥʦʟ (Naµve), ʩʝʟʦʥʥʳʡ ʥʘʠʚʥʳʡ ʧʨʦʛʥʦʟ (Seasonal_Naive) ʠ ʧʨʦʛʥʦʟ 

ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ (Mean). ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʝʡ ʚʳʧʦʣʥʝʥʘ ʥʘ ʥʝʟʘʚʠʩʠʤʦʡ ʪʝʩʪʦʚʦʡ 

ʚʳʙʦʨʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʨʠʢ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ (RMSE, ʤį/ʩ), ʩʨʝʜʥʝʡ 

ʘʙʩʦʣʶʪʥʦʡ ʦʰʠʙʢʠ (MAE, ʤį/ʩ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ (RĮ). ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʦʜʝʣʝʡ 

(14 ʠʟ 17) ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʦʙʦʙʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʚʝʜʝʥʘ ʚʨʝʤʝʥʥʘʷ 

ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʷ ʥʘ 5 ʙʣʦʢʦʚ (TimeSeriesSplit), ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʡ (ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

CV_RMSE ʠ CV_RĮ) ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʣʷ ʘʥʘʣʠʟʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʨʘʥʞʠʨʦʚʘʥʠʝʤ ʤʦʜʝʣʝʡ ʧʦ RMSE ʥʘ ʪʝʩʪʦʚʦʡ 

ʚʳʙʦʨʢʝ ʩʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʫ 3. 

 

ʊʘʙʣʠʮʘ 3. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

Table 3. Results of Comparative Analysis of Machine Learning Algorithms 
ʂʘʪʝʛʦʨʠʷ ɸʣʛʦʨʠʪʤ RMSE

, ʤį/ʩ 

RĮ MAE, 

ʤį/ʩ 

CV_RMSE_

mean, ʤį/ʩ 

CV_R2

_mean 

ʈʘʥʛ ʧʦ 

RMSE 

ɸʥʩʘʤʙʣʠ Voting 189,79 0,9350 104,08 - - 1 

ɼʝʨʝʚʴʷ ExtraTrees 190,88 0,9342 104,64 163,22 0,9386 2 

ɹʫʩʪʠʥʛ XGBoost 191,70 0,9337 106,36 171,48 0,9324 3 

ɼʝʨʝʚʴʷ GradientBoosti

ng 

192,96 0,9328 106,00 182,23 0,9238 4 

ɼʝʨʝʚʴʷ RandomForest 193,54 0,9324 104,26 181,03 0,9247 5 

ɹʫʩʪʠʥʛ LightGBM 197,42 0,9297 109,27 175,73 0,9298 6 

ɹʫʩʪʠʥʛ CatBoost 200,29 0,9276 113,45 163,06 0,9390 7 

ʅʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ KNN 228,27 0,9060 131,72 188,69 0,9188 8 

ʈʦʙʘʩʪʥʳʝ Huber 234,17 0,9010 145,22 219,40 0,8860 9 

ʃʠʥʝʡʥʳʝ Ridge 234,57 0,9007 154,12 208,91 0,9001 10 

ʃʠʥʝʡʥʳʝ ElasticNet 235,22 0,9001 153,32 198,57 0,9109 11 

ʃʠʥʝʡʥʳʝ Lasso 236,61 0,8990 153,78 219,47 0,8872 12 

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ MLP 256,99 0,8808 153,76 253,49 0,8364 13 

ɹʘʟʦʚʳʝ Seasonal_Naiv

e 

285,55 0,8528 164,08 - - 14 

ɻʘʫʩʩʦʚʩʢʠʝ 

ʧʨʦʮʝʩʩʳ 

GaussianProce

ss 

331,70 0,8014 205,05 309,47 0,7828 15 

ʄʝʪʦʜ ʦʧʦʨʥʳʭ 

ʚʝʢʪʦʨʦʚ 

SVR 431,44 0,6641 261,56 515,13 0,3960 16 

ɹʘʟʦʚʳʝ Mean 747,97 -0,0097 622,05 - - 17 

ɹʘʟʦʚʳʝ Naµve 859,28 -0,3325 565,11 - - 18 

 

ɸʥʘʣʠʟ ʪʘʙʣʠʮʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʠʛʘʶʪʩʷ ʘʥʩʘʤʙʣʝʚʳʤʠ 

ʤʝʪʦʜʘʤʠ ʥʘ ʦʩʥʦʚʝ ʜʝʨʝʚʴʝʚ. Voting-ʘʥʩʘʤʙʣʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʠʥʠʤʘʣʴʥʳʡ RMSE (189,79 

ʤį/ʩ) ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ Ὑ(0,9350), ʟʥʘʯʠʪʝʣʴʥʦ ʦʧʝʨʝʞʘʷ ʦʪʜʝʣʴʥʳʝ ʤʦʜʝʣʠ. ʉʨʝʜʠ ʦʜʠʥʦʯʥʳʭ 
ʘʣʛʦʨʠʪʤʦʚ ʦʩʦʙʝʥʥʦ ʭʦʨʦʰʦ ʩʝʙʷ ʧʦʢʘʟʘʣʠ ExtraTrees, RandomForest ʠ GradientBoosting, 

ʫʩʪʦʡʯʠʚʦ ʜʝʤʦʥʩʪʨʠʨʫʷ RMSE ʚ ʜʠʘʧʘʟʦʥʝ 190ï194 ʤį/ʩ ʠ Ὑ πȟωσςïπȟωστ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʝʨʝʚʴʝʚ ʨʝʰʝʥʠʡ ʫʣʘʚʣʠʚʘʪʴ ʩʣʦʞʥʳʝ ʥʝʣʠʥʝʡʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ɻʨʘʜʠʝʥʪʥʳʝ ʙʫʩʪʠʥʛʦʚʳʝ ʘʣʛʦʨʠʪʤʳ (XGBoost, LightGBM, CatBoost) ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ 

ʩʪʘʙʠʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ RMSE ʚ ʧʨʝʜʝʣʘʭ 191ï200 ʤį/ʩ ʠ ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ Ὑ, ʯʪʦ 
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ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʭʦʞʠʝ ʩʚʦʡʩʪʚʘ ʩ ʤʦʜʝʣʷʤʠ ʥʘ ʦʩʥʦʚʝ ʜʝʨʝʚʴʝʚ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʣʠʥʝʡʥʳʝ ʤʦʜʝʣʠ ʠ ʙʘʟʦʚʳʝ ʙʝʡʟʣʘʡʥʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʦʰʠʙʢʠ (RMSE Ó 234 ʤį/ʩ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʨʘʞʝʥʥʫʶ ʥʝʣʠʥʝʡʥʦʩʪʴ ʜʘʥʥʳʭ. 

ʂʨʦʩʩ-ʚʘʣʠʜʘʮʠʷ ʧʦ ʚʨʝʤʝʥʥʳʤ ʙʣʦʢʘʤ ʧʦʢʘʟʘʣʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʝʤʠ 

ʣʫʯʰʠʭ ʤʦʜʝʣʝʡ: ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ CV_RMSE ʩʦʩʪʘʚʠʣ 5,2ï8,7%, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʝʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳ ʥʘ ʨʘʟʥʳʭ ʚʨʝʤʝʥʥʳʭ ʩʝʛʤʝʥʪʘʭ ʚʳʙʦʨʢʠ. 

ɼʣʷ ʥʘʛʣʷʜʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʨʘʚʥʝʥʠʷ ʤʦʜʝʣʝʡ ʥʘ ʈʠʩʫʥʢʝ 

2 ʧʨʝʜʩʪʘʚʣʝʥ ʩʚʦʜʥʳʡ ʘʥʘʣʠʟ ʧʦ ʯʝʪʳʨʝʤ ʢʣʶʯʝʚʳʤ ʘʩʧʝʢʪʘʤ. 

 

ʈʠʩʫʥʦʢ 2. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦ ʢʣʶʯʝʚʳʤ ʤʝʪʨʠʢʘʤ: 

(a) ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ (RMSE, ʤį/ʩ) ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ; (b) ʩʨʝʜʥʷʷ 

ʘʙʩʦʣʶʪʥʘʷ ʧʨʦʮʝʥʪʥʘʷ ʦʰʠʙʢʘ (MAPE, %) ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ; (c) ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʪʝʨʤʠʥʘʮʠʠ (RĮ) ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ; (d) ʩʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʦʰʠʙʦʢ ʥʘ 

ʦʙʫʯʘʶʱʝʡ ʠ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʘʭ (ʨʘʟʨʳʚ ʤʝʞʜʫ ʥʠʤʠ) 

Figure 2. Comparative Analysis of Machine Learning Models by Key Metrics: (a) Root Mean 

Square Error (RMSE, mį/s) on the test set; (b) Mean Absolute Percentage Error (MAPE, %) on 

the test set; (c) Coefficient of Determination (RĮ) on the test set; (d) Comparison of relative 

errors between training and test sets (gap between them) 

 
ɺʠʟʫʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʈʠʩʫʥʢʝ 2, ʧʦʜʪʚʝʨʞʜʘʝʪ ʠ ʜʦʧʦʣʥʷʝʪ ʚʳʚʦʜʳ, 

ʩʜʝʣʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʊʘʙʣʠʮʳ 3. ʇʘʥʝʣʴ (a) ï RMSE ï ʯʝʪʢʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʛʨʘʜʠʝʥʪ ʪʦʯʥʦʩʪʠ: 

ʘʥʩʘʤʙʣʝʚʳʝ ʠ ʜʨʝʚʝʩʥʳʝ ʤʦʜʝʣʠ ʬʦʨʤʠʨʫʶʪ ʧʣʦʪʥʫʶ ʛʨʫʧʧʫ ʣʠʜʝʨʦʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʦʰʠʙʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʣʠʥʝʡʥʳʝ ʠ ʙʘʟʦʚʳʝ ʤʦʜʝʣʠ ʠʤʝʶʪ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ RMSE. ʇʘʥʝʣʴ (b) ï MAPE ï ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʙʱʠʡ ʧʦʨʷʜʦʢ ʨʘʥʞʠʨʦʚʘʥʠʷ 

ʤʦʜʝʣʝʡ, ʚʳʷʚʣʝʥʥʳʡ ʧʦ RMSE. ɸʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ MAPE (ʧʦʨʷʜʢʘ 

10ĭ %) ʦʙʲʷʩʥʷʶʪʩʷ ʧʨʠʨʦʜʦʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʛʜʝ ʚ ʧʝʨʠʦʜʳ ʤʘʣʦʚʦʜʴʷ ʬʘʢʪʠʯʝʩʢʠʝ 

ʟʥʘʯʝʥʠʷ ʨʘʩʭʦʜʘ ʤʦʛʫʪ ʙʳʪʴ ʙʣʠʟʢʠ ʢ ʥʫʣʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʨʦʩʪʫ ʧʨʦʮʝʥʪʥʦʡ 

ʦʰʠʙʢʠ; ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʦʜʝʣʝʡ ʦʩʪʘʝʪʩʷ ʠʥʬʦʨʤʘʪʠʚʥʳʤ. ʇʘʥʝʣʴ 

(c) ï RĮ ï ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʣʫʯʰʠʝ ʤʦʜʝʣʠ (Voting, ExtraTrees, XGBoost) ʦʙʲʷʩʥʷʶʪ 

ʙʦʣʝʝ 93% ʜʠʩʧʝʨʩʠʠ ʮʝʣʝʚʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ 

ʘʜʝʢʚʘʪʥʦʩʪʴ. ʇʘʥʝʣʴ (d) ï ʩʨʘʚʥʝʥʠʝ ʦʰʠʙʦʢ (Train/Test) ï ʚʳʩʪʫʧʘʝʪ ʠʥʜʠʢʘʪʦʨʦʤ 

ʧʝʨʝʦʙʫʯʝʥʠʷ; ʜʣʷ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʤʦʜʝʣʝʡ, ʚʢʣʶʯʘʷ ʣʠʜʝʨʦʚ, ʨʘʟʨʳʚ ʤʝʞʜʫ 
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ʦʰʠʙʢʘʤʠ ʥʘ ʦʙʫʯʘʶʱʝʡ ʠ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʘʭ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣ (ʧʦʨʷʜʢʘ 0,0004ï0,0009), ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʤ ʧʨʠʟʥʘʢʦʤ ʦʪʩʫʪʩʪʚʠʷ ʧʝʨʝʦʙʫʯʝʥʠʷ ʠ ʭʦʨʦʰʝʡ ʦʙʦʙʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʜʥʦʟʥʘʯʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʘʥʩʘʤʙʣʝʚʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʦʩʥʦʚʝ ʜʝʨʝʚʴʝʚ ʨʝʰʝʥʠʡ ʠ ʛʨʘʜʠʝʥʪʥʦʛʦ 

ʙʫʩʪʠʥʛʘ ʜʣʷ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʨʝʢʠ ʇʷʥʜʞ. Voting-ʘʥʩʘʤʙʣʴ, ʦʙʲʝʜʠʥʷʶʱʠʡ 

ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʥʝʩʢʦʣʴʢʠʭ ʪʘʢʠʭ ʤʦʜʝʣʝʡ, ʧʦʢʘʟʘʣ ʥʘʠʚʳʩʰʫʶ ʪʦʯʥʦʩʪʴ ʠ ʙʳʣ ʚʳʙʨʘʥ ʚ 

ʢʘʯʝʩʪʚʝ ʠʪʦʛʦʚʦʡ ʤʦʜʝʣʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʆʜʥʘʢʦ, ʢʘʢ ʙʫʜʝʪ 

ʧʦʢʘʟʘʥʦ ʜʘʣʝʝ, ʜʘʞʝ ʣʫʯʰʘʷ ʤʦʜʝʣʴ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʪʨʫʜʥʦʩʪʷʤʠ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʨʘʩʭʦʜʘ. 

4.5. ʈʝʟʫʣʴʪʘʪʳ ʘʥʩʘʤʙʣʠʨʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʅʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ ʣʫʯʰʠʭ ʘʣʛʦʨʠʪʤʘ: ExtraTrees, XGBoost ʠ 

GradientBoosting. ɼʣʷ ʥʠʭ ʧʦʩʪʨʦʝʥ Voting-ʘʥʩʘʤʙʣʴ ʩ ʤʷʛʢʠʤ ʛʦʣʦʩʦʚʘʥʠʝʤ. ʈʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʝʥʠʷ ʘʥʩʘʤʙʣʷ ʩ ʣʫʯʰʝʡ ʦʜʠʥʦʯʥʦʡ ʤʦʜʝʣʴʶ (ExtraTrees) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

 

ʊʘʙʣʠʮʘ 4. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʩʘʤʙʣʝʚʦʡ ʤʦʜʝʣʠ 

Table 4. Comparative Characteristics of the Ensemble Model 
ʇʘʨʘʤʝʪʨ Voting-

ʘʥʩʘʤʙʣʴ 

ExtraTrees 

(ʣʫʯʰʘʷ 

ʠʥʜʠʚʠʜ.) 

ɸʙʩʦʣʶʪʥʦʝ 

ʠʟʤʝʥʝʥʠʝ 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ, % 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʟʥʘʯʠʤʦʩʪʴ (p-

value) 

RMSE, ʤį/ʩ 189,79 190,88 -1,09 -1,51 0,00018 

RĮ 0,9350 0,9342 +0,0008 +0,09 0,00124 

MAE, ʤį/ʩ 104,08 104,64 -0,56 -0,54 0,04562 

ʋʣʫʯʰʝʥʠʝ vs 

Naive, % 

77,91 77,78 +0,13 +0,17 < 0,00001 

 

ɺʚʝʜʝʥʠʝ ʘʥʩʘʤʙʣʷ ʧʨʠʚʝʣʦ ʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʤʫ ʫʣʫʯʰʝʥʠʶ ʚʩʝʭ ʢʣʶʯʝʚʳʭ 

ʤʝʪʨʠʢ. RMSE ʩʥʠʟʠʣʩʷ ʥʘ 1,09 ʤį/ʩ (ī1,51%), MAE ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 0,56 ʤį/ʩ, ʘ Ὑʚʳʨʦʩʣʦ ʥʘ 
0,0008. ɺʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ Error Diversity Index (EDI = 0,68) ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪʴ 

ʦʰʠʙʦʢ ʚʭʦʜʷʱʠʭ ʤʦʜʝʣʝʡ: ʨʘʟʥʳʝ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʝʥʩʠʨʫʶʪ ʦʰʠʙʢʠ ʜʨʫʛ ʜʨʫʛʘ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ Voting-ʘʥʩʘʤʙʣʷ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʪʝʩʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʣʫʯʰʝʥʠʷ ʥʝ ʩʣʫʯʘʡʥʳ: p-ʟʥʘʯʝʥʠʷ ʜʣʷ RMSE ʠ 

Ὑʤʝʥʴʰʝ 0,001, ʘ ʫʣʫʯʰʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʦʡ ʤʦʜʝʣʴʶ Naive ʧʨʝʚʳʰʘʝʪ 77%, 
ʧʦʜʪʚʝʨʞʜʘʷ ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʘʥʩʘʤʙʣʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ 

ʨʘʩʭʦʜʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ: 

- ʘʥʩʘʤʙʣʠʨʦʚʘʥʠʝ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ; 

- ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʜʝʨʝʚʴʝʚ ʦʩʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʦʜʠʥʦʯʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ; 

- ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. 

4.6. ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʦʩʪʘʪʢʦʚ ʠ ʧʨʦʚʝʨʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ. ɼʣʷ Voting-

ʘʥʩʘʤʙʣʷ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʦʩʪʘʪʢʦʚ ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ ʦʙʲʸʤʦʤ n = 1528. ʆʩʥʦʚʥʳʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʪʘʪʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʩʪʘʪʢʦʚ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 39,20 ʤį/ʩ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʤʝʨʝʥʥʫʶ ʪʝʥʜʝʥʮʠʶ ʤʦʜʝʣʠ ʢ 

ʥʝʜʦʦʮʝʥʢʝ ʨʘʩʭʦʜʘ ʚʦʜʳ. ʄʝʜʠʘʥʘ ʦʩʪʘʪʢʦʚ ʨʘʚʥʘ 4,46 ʤį/ʩ, ʪʦʛʜʘ ʢʘʢ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʜʦʩʪʠʛʘʝʪ 185,70 ʤį/ʩ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʦʰʠʙʦʢ. ɺʳʩʦʢʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʩʠʤʤʝʪʨʠʠ (1,82) ʠ ʵʢʩʮʝʩʩʘ (6,45) ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʨʝʜʢʠʭ ʢʨʫʧʥʳʭ 

ʦʰʠʙʦʢ ʚ ʧʨʘʚʦʤ ʭʚʦʩʪʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ 

ʩʦʙʳʪʠʡ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʩʪʳ. ʊʝʩʪ ʐʘʧʠʨʦï

ʋʠʣʢʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʪʘʪʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ (p < 

2.2Ĭ10 ĭ ). ɸʥʘʣʠʟ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʘ ʃʶʥʛʘïɹʦʢʩʘ (Q(10) = 5141,08, p < 

2.2Ĭ10 ĭ ) ʠ ʪʝʩʪʘ ɹʨʦʡʰʘïɻʦʜʬʨʠ (p < 2.2Ĭ10 ĭ ) ʚʳʷʚʠʣ ʟʥʘʯʠʤʫʶ ʘʚʪʦʢʦʨʨʝʣʷʮʠʶ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ. ʊʝʩʪ ʋʘʡʪʘ ʧʦʜʪʚʝʨʜʠʣ ʥʘʣʠʯʠʝ ʛʝʪʝʨʦʩʢʝʜʘʩʪʠʯʥʦʩʪʠ (p = 0,0032), ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʛʜʝ ʘʤʧʣʠʪʫʜʘ ʦʰʠʙʦʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʢʨʫʧʥʳʭ ʨʘʩʭʦʜʘʭ. 
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ʊʘʙʣʠʮʘ 5. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʪʘʪʢʦʚ Voting-ʘʥʩʘʤʙʣ ̫

Table 5. Statistical Characteristics of the Residuals of the Voting Ensemble 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʠʝ ɽʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʉʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ 

ʉʨʝʜʥʝʝ 39,1964 ʤį/ʩ Ñ4,756 

ʄʝʜʠʘʥʘ 4,4625 ʤį/ʩ Ñ6,891 

ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 185,7019 ʤį/ʩ Ñ3,367 

ʂʦʵʬʬʠʮʠʝʥʪ ʘʩʠʤʤʝʪʨʠʠ 1,8243 - Ñ0,062 

ʕʢʩʮʝʩʩ 6,4517 - Ñ0,124 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ -412,35 ʤį/ʩ - 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 1489,27 ʤį/ʩ - 

 

ʅʘ ʈʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʦʩʪʘʪʢʦʚ ʤʦʜʝʣʠ Voting ʥʘ ʪʝʩʪʦʚʦʡ 

ʚʳʙʦʨʢʝ. ʅʘ ʩʦʚʤʝʱʸʥʥʦʡ ʧʘʥʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ: ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʪʘʪʢʦʚ ʩ ʥʘʣʦʞʝʥʥʦʡ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʥʦʨʤʘʣʴʥʦʡ ʢʨʠʚʦʡ, QïQ plot, ʜʠʘʛʨʘʤʤʘ çʦʩʪʘʪʢʠ vs ʧʨʝʜʩʢʘʟʘʥʠʷè, 

ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʪʠʚ ʧʨʝʜʩʢʘʟʘʥʥʳʭ, ACF/PACF ʦʩʪʘʪʢʦʚ, ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʦʩʪʘʪʢʦʚ, 

ʢʫʤʫʣʷʪʠʚʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʰʠʙʦʢ ʠ ʧʦʤʝʩʷʯʥʳʝ ʩʨʝʜʥʠʝ ʠ ʨʘʟʙʨʦʩ ʦʩʪʘʪʢʦʚ. ʕʪʠ ʛʨʘʬʠʢʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʥʦʨʤʘʣʴʥʦʩʪʠ, ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ, ʛʝʪʝʨʦʩʢʝʜʘʩʪʠʯʥʦʩʪʠ ʠ ʩʝʟʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʦʰʠʙʦʢ ʤʦʜʝʣʠ. 

 

ʈʠʩʫʥʦʢ 3. ɼʠʘʛʥʦʩʪʠʢʘ ʦʩʪʘʪʢʦʚ ʤʦʜʝʣʠ Voting (ʨʘʩʧʨʝʜʝʣʝʥʠʝ, QïQ plot, ʦʩʪʘʪʢʠ vs 

ʧʨʝʜʩʢʘʟʘʥʠʷ, ACF/PACF, ʚʨʝʤʝʥʥʦʡ ʨʷʜ, ʢʫʤʫʣʷʪʠʚʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʧʦʤʝʩʷʯʥʘʷ 

ʩʪʘʪʠʩʪʠʢʘ) 

Figure 3. Residual Diagnostics of the Voting Model (distribution, QïQ plot, residuals vs 

predictions, ACF/PACF, time series, cumulative distribution, monthly statistics) 

 
 


