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Ô×Ø ÎÌ ÔÙÙÚÎÌÞÝÔë 
ÍÌáäÔ Ô×ØÇÚÔ ÏÑÚ×ÚÏÄ ÎÌ ÞÑáÙÔÖÄ 

Øÿìýýôýô øìĔì÷÷ì: 
ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù 

ØìĔì÷÷ì ýú÷ô 2014 þìĆýôý ðúðì Ąÿðììýþ. 
Ðìü ċö ýú÷ 4 Ąÿøúüì ùìĄü øñïìüðìð. 

 
ÝÌÜØßÇÌÜÜÔÜ: 

Ùìýüôððôùóúðì éøúøì÷Ē 
ÝìõĀôððôù 

Ðúöþúüô ô÷øĕúô ĕÿėÿėĄôùúýĒ, ÿóîô îúíìýþìô ÌØÔÞ, üñöþúüô ÐúùôĄïúĕô 
øô÷÷ôô ÞúĔôöôýþúù 
ØßÚÎÔÙÔ ÌÎÎÌ×Ô ÝÌÜØßÇÌÜÜÔÜ: 

ÝìĀìüøìøìðóúðì 
ÝìĀìüøìøìð ØÿíúüìöĄú 

Ðúöþúüô ô÷øĕúô öôøôČ, ûüúĀñýýúü, øÿúîôùô üñöþúü úôð íì ô÷ø îì 
ôùùúîìþýôċô ÐúùôĄïúĕô øô÷÷ôô Þúăôöôýþúù 

ØßÚÎÔÙÚÙÔ ÝÌÜØßÇÌÜÜÔÜ: 
Úýûìùúîì Ùìüôøì 
Öìòñùúîùì 

Ðúöþúüô ô÷øĕúô ïñú÷úïôċ îì øôùñüì÷úïôċ, ýìüāúðôøô ô÷øôô úóøúôĄïúĕô 
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, ðúþýñùþ, ðñöìùô 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 28.02.2022, 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 
Þñ÷.: (+992 37) 227-74-41 

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, ʜʝʢʘʥ 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 ʢʘʬʝʜʨʦʡ 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 28.02.2022, ˉ73 

ɾʫʨʥʘʣ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪʩʷ ʢ ʠʟʜʘʥʠʶ ʚ ʀʟʜʘʪʝʣʴʩʢʦʤ 

ʮʝʥʪʨʝ ʊʅʋ. 

ɸʜʨʝʩ ʀʟʜʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ:734025, ʈʝʩʧʫʙʣʠʢʘ 

ʊʘʜʞʠʢʠʩʪʘʥ, ʛ.ɼʫʰʘʥʙʝ, ʧʨʦʩʧʝʢʪ ʈʫʜʘʢʠ, 17. 

E-mail: vestnik-tnu@mail.ru 

ʊʝʣ.: (+992 37) 227-74-41 
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ʉʝʨʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

ɾʫʨʥʘʣ ʚʢʣʶʯʝʥ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʈʦʩʩʠʡʩʢʦʛʦ ʠʥʜʝʢʩʘ 
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ɻ ɽ ʆ ʃ ʆ ɻ ʀ ʗ 

ʋɼʂ:551.1/.4 

ʆʉʅʆɺʅʓɽ ʉʇʆʉʆɹʓ ɿɸʑʀʊʓ ʆʊ ʀʅɾɽʅɽʈʅʆ-ɻɽʆʃʆɻʀʏɽʉʂʀʍ 

ʇʈʆʎɽʉʉʆɺ (ʆʇʆʃɿʅɽʁ, ʆɹɺɸʃʆɺ ʀ ʆʉʓʇɽʁ) ɺ ʈɸʁʆʅɽ ɺɸʍʐʉʂʆɻʆ ʀ 

ʂɸʈɸʊɽɻʀʅʉʂʆɻʆ ʍʈɽɹʊʆɺ 

 

ɼʘʚʣʘʪʦʚ ʌ. ʉ. 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

  

ɺ ʧʨʝʜʝʣʘʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ ʠ ʦʙʣʘʩʪʝʡ ʚʳʜʝʣʷʶʪʩʷ ʙʦʣʝʝ ʤʝʣʢʠʝ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ - ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʨʘʡʦʥʳ, ʪʝʨʨʠʪʦʨʠʠ ʩ ʦʜʥʦʦʙʨʘʟʥʳʤ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ. ʆʥʠ ʠʤʝʶʪ ʥʘʨʷʜʫ ʩʦ ʩʭʦʜʩʪʚʦʤ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ - 

ʬʘʮʠʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʡʦʥʦʚ, ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʠʭ ʩʦʩʪʦʷʥʠʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ. ɻʨʘʥʠʮʳ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʨʘʡʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʛʨʘʥʠʮʘʤ ʢʦʤʧʣʝʢʩʦʚ ʠ ʬʦʨʤʘʮʠʡ [9]. 

ʇʨʠ ʘʥʘʣʠʟʝ ʭʘʨʘʢʪʝʨʘ ʧʨʦʷʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʪʤʝʯʝʥʦ 

ʥʝʦʙʳʯʥʦ ʚʳʩʦʢʦʝ ʚʣʠʷʥʠʝ ʭʘʨʘʢʪʝʨʘ ʩʣʘʛʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ ʧʨʦʮʝʩʩʘ ʠ ʩʪʝʧʝʥʴ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ ʦʜʠʥʘʢʦʚʳʭ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʧʨʦʷʚʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʛʨʫʧʧ ʠ ʘʩʩʦʮʠʘʮʠʡ ʛʨʫʧʧ ʠ ʪʠʧʦʚ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʘʪʝʛʦʨʠʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʝʜʠʥʠʮ: ʧʦʜʨʘʡʦʥʳ 

ʠ ʫʯʘʩʪʢʠ ʩʢʣʦʥʦʚ. ʆʥʠ ʦʪʨʘʞʝʥʳ ʚ ʦʪʯʸʪʘʭ ʧʨʝʜʳʜʫʱʠʭ ʣʝʪ [2], ʛʜʝ ʦʧʨʝʜʝʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʨʝʜʳ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʜʝʣʴʥʦ. 

ʊʠʧʠʟʘʮʠʷ ʪʝʨʨʠʪʦʨʠʡ ʧʨʦʠʟʚʝʜʝʥʘ ʚ ʝʜʠʥʦʤ ʢʣʶʯʝ, ʢʘʢ ʚʳʧʦʣʥʝʥʠʝ ʦʮʝʥʦʯʥʦʡ 

ʪʠʧʠʟʘʮʠʠ 2-ʦʡ ʩʪʘʜʠʠ ʜʣʷ ʖʞʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʩʦʛʣʘʩʥʦ [1; 2] ʠ ʜʨ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʝʨʨʠʪʦʨʠʶ ʛʝʥʝʨʘʣʠʟʦʚʘʥʥʦ ʚ ʝʜʠʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʩʭʝʤʦʡ ʧʦʜʨʘʡʦʥʦʚ 

ʧʦ ʢʘʞʜʦʤʫ ʪʠʧʫ ʧʨʦʮʝʩʩʘ ʧʨʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤ ʧʦʜʭʦʜʝ. ʂʣʘʩʩʠʬʠʢʘʮʠʦʥʥʘʷ ʩʭʝʤʘ 

ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʧʦ ʪʠʧʘʤ ʪʝʨʨʠʪʦʨʠʡ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʫʯʠʪʳʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʦʷʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʮʝʣʦʤ ʜʣʷ ɻʠʩʩʘʨʦ-ɸʣʘʷ ʠ 

ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʧʨʦʷʚʣʝʥʠʷ ʚʝʜʫʱʝʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʧʦʜʨʘʡʦʥʳ ʦʙʨʘʟʫʶʪ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ (ʧʦʜʨʘʡʦʥʦʚ - ʘʥʘʣʦʛʦʚ ʠ ʧʨʦʪʦʪʠʧʦʚ): 

1. ʇʦʜʨʘʡʦʥʳ ʩ ʧʣʦʱʘʜʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʷʚʣʝʥʠʷ ʦʧʦʣʟʥʝʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ 

ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ (ɸ ʠ ɹ). ʇʝʨʚʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʣʦʱʘʜʥʳʤʠ ʠ ʣʠʥʝʡʥʦ-

ʧʣʦʱʘʜʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʢʨʫʧʥʳʭ ʦʧʦʣʟʥʝʡ ʛʣʫʙʦʢʦʛʦ ʟʘʣʦʞʝʥʠʷ ʩ ʦʙʲʸʤʦʤ ʩʤʝʱʝʥʠʷ 

ʙʦʣʝʝ 0.1 ʤʣʥ. ʤ
3
 ï A1 ï ɸ19. ɺʪʦʨʳʝ - ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʧʨʦʷʚʣʝʥʠʝʤ ʤʝʣʢʠʭ ʦʧʦʣʟʥʝʡ ʩ 

ʦʙʲʝʤʘʤʠ ʩʤʝʱʝʥʠʷ ʜʦ 0.1 ʤʣʥ. ʤ
3
- ɹ1 ʠ ɹ2 [1; 2]. 

2. ʇʦʜʨʘʡʦʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʘʢʪʠʚʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʩʝʣʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʟʘʨʦʞʜʝʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ.  

3. ʇʦʜʨʘʡʦʥʳ ʩ ʘʢʪʠʚʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ: ʘ) ʦʚʨʘʞʥʦʡ ʵʨʦʟʠʝʡ 

- ɻ, ʙ) ʩʢʣʦʥʦʚʦʡ ʵʨʦʟʠʝʡ - ʕ. 

4. ʇʦʜʨʘʡʦʥʳ ʩ ʧʣʦʱʘʜʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʢʘʨʩʪʘ - ʂ1 ʠ ʩʫʬʬʦʟʠʠ-ʂ2. 

5. ʊʝʨʨʠʪʦʨʠʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʦʷʚʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʝ 

ʭʘʨʘʢʪʝʨʥʦ, ʥʦ ʦʪʤʝʯʝʥʦ ʝʜʠʥʠʯʥʦ, ʚ ʨʘʟʦʙʱʝʥʥʳʭ ʤʝʩʪʘʭ. 

ʆʩʦʙʳʝ ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʛʦʨʥʳʭ ʨʘʡʦʥʦʚ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʪʝʩʥʦʝ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʚʩʝʭ ʪʠʧʦʚ ʧʨʦʮʝʩʩʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʭʘʨʘʢʪʝʨ 

ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʪʝʨʨʠʪʦʨʠʠ ʧʦ ʪʠʧʘʤ: ʦʧʦʣʟʥʠŸʩʝʣʠ; 

ʦʧʦʣʟʥʠŸʦʚʨʘʛʠŸʩʫʬʬʦʟʠʷ; ʦʧʦʣʟʥʠŸʦʚʨʘʛʠŸʩʝʣʠ; ʩʝʣʠŸʵʨʦʟʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʙʱʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʧʦ ʜʘʥʥʳʤ ɺʠʥʠʯʝʥʢʦ ʉ.ʄ. [1; 2] ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ 

ʦʩʦʙʦʡ ʛʨʫʧʧʦʡ ʧʦʜʨʘʡʦʥʦʚ, çʧʝʨʝʢʨʝʱʠʚʘʶʱʠʭʩʷè ʧʦ ʪʠʧʫ ʛʝʥʝʟʠʩʘ ʧʨʦʮʝʩʩʘ, ʥʘʧʨʠʤʝʨ, 

ʦʧʦʣʟʥʠŸʩʝʣʠ; ʦʧʦʣʟʥʠŸʦʚʨʘʛʠ; ʩʝʣʠŸʵʨʦʟʠʷ ʠ ʪ.ʜ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʦʩʥʦʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʟʘʱʠʪʳ ʪʝʨʨʠʪʦʨʠʡ ʥʝ ʪʦʣʴʢʦ ʧʦ ʦʪʜʝʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ ʠ ʧʦʜʨʘʡʦʥʘʤ, ʥʦ ʠ ʧʦ 

ʙʦʣʝʝ ʢʨʫʧʥʳʤ ʧʣʦʱʘʜʷʤ ʚʧʣʦʪʴ ʜʦ ʮʝʣʳʭ ʙʘʩʩʝʡʥʦʚ, ʢʨʫʧʥʳʭ ʨʝʯʥʳʭ ʜʦʣʠʥ ʠ ʤʝʛʘʩʢʣʦʥʦʚ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʚʳʜʝʣʝʥʥʳʝ ʧʨʦʪʦʪʠʧʳ ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʪʝʨʨʠʪʦʨʠʡ ʥʝ ʧʦʣʫʯʘʶʪ ʧʦʣʥʦʛʦ 
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ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʪ.ʢ. ʦʥʠ ʟʘʥʠʤʘʶʪ ʪʦʣʴʢʦ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ɻʠʩʩʘʨʦ-ɸʣʘʡʩʢʦʛʦ ʠ ʖʞʥʦ-

ʊʘʜʞʠʢʩʢʦʛʦ ʨʝʛʠʦʥʦʚ. ɺʳʜʝʣʝʥʥʳʝ ʧʦʜʨʘʡʦʥʳ ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʭʘʨʘʢʪʝʨʦʤ 

ʧʦʜʨʘʡʦʥʦʚ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʫʩʣʦʚʠʡ ʠʩʩʣʝʜʫʝʤʦʡ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʦʙʣʘʩʪʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ. 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʙʦʨʴʙʳ ʩ ʧʨʦʮʝʩʩʘʤʠ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʚʨʝʜʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ 

ʠʭ ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʧʨʘʢʪʠʢʝ, ʥʘʯʠʥʘʷ ʩ 1976 ʛ [4; 5; 6; 5], [12; 13; 14; 15] ʠ 

ʜʨ., ʥʦʪʦʣʴʢʦ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʩʥʦʚʥʳʤ ʪʠʧʘʤ ʠ ʧʦʜʪʠʧʘʤ ʵʪʠʭ ʷʚʣʝʥʠʡ ʩ ʫʯʸʪʦʤ 

ʝʜʠʥʦʚʨʝʤʝʥʥʦʛʦ ʦʙʲʸʤʘ ʩʤʝʱʝʥʠʷ ʠ ʚʳʥʦʩʘ. ɸ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʱʠʪʥʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ, ʦʩʫʱʝʩʪʚʣʝʥʥʳʝ ʚ ʨʝʩʧʫʙʣʠʢʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ 

çʉʣʫʞʙʳ ʥʘʙʣʶʜʝʥʠʷè, ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʣʠʢʚʠʜʘʮʠʶ ʫʛʨʦʟʳ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʩʣʫʯʘʷ. 

ɿʘʱʠʪʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʘʢʪʠʚʥʳʝ ʠ ʧʘʩʩʠʚʥʳʝ [1; 2]. 

ɸʢʪʠʚʥʳʝ ʧʨʠʟʚʘʥʳ ʠʩʢʣʶʯʠʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʨʦʮʝʩʩʘ, ʘ ʧʨʠ ʠʭ ʧʦʷʚʣʝʥʠʠ - 

ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʪʠʚʦ-ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʤʝʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʝʢʨʘʱʝʥʠʝ ʩʤʝʱʝʥʠʡ ʥʘ 

ʜʣʠʪʝʣʴʥʳʡ ʠʣʠ ʟʘʜʘʥʥʳʡ ʩʨʦʢ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʜʠʢʘʣʴʥʳʤʠ: ʚʳʩʝʣʝʥʠʝʤ ʠ ʣʠʢʚʠʜʘʮʠʝʡ 

ʧʦʩʣʝʜʩʪʚʠʡ ʠ ʟʘʱʠʪʥʳʤʠ: ʣʠʢʚʠʜʘʮʠʝʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ, ʚʨʝʤʝʥʥʳʤʠ ʧʦʜʧʦʨʥʳʤʠ ʩʪʝʥʢʘʤʠ, 

ʜʨʝʥʘʞʝʤ, ʩʲʸʤʦʤ ʦʧʦʣʟʥʝʚʳʭ ʤʘʩʩ, ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʤʘʩʩʠʚʘ. 

ʇʘʩʩʠʚʥʳʝ ʤʝʨʳ ʥʝ ʫʩʪʨʘʥʷʶʪ ʧʨʠʯʠʥʫ, ʘ ʚʝʜʫʪʩʷ ʩ ʫʞʝ ʧʨʦʷʚʠʚʰʠʤʠʩʷ ʷʚʣʝʥʠʷʤʠ ʠ 

ʫʩʣʦʚʠʷʤʠ ʚ ʟʦʥʝ ʟʘʨʦʞʜʝʥʠʷ, ʪʨʘʥʟʠʪʘ ʠ ʘʢʢʫʤʫʣʷʮʠʠ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʨʘʟʣʠʯʠʪʴ: ʘ) 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ - ʜʝʪʘʣʴʥʳʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʪʘʮʠʦʥʘʨʥʦʝ ʠʟʫʯʝʥʠʝ 

ʧʨʦʮʝʩʩʘ, ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʫʯʘʩʪʢʦʤ ʩʢʣʦʥʘ; ʙ) ʧʨʝʜʫʧʨʝʞʜʘʶʱʠʝ - 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʪʦʢʘ ʚ ʩʝʣʝʚʳʭ ʚʦʜʦʪʦʢʘʭ ʠ ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ ʦʧʦʣʟʥʷ, ʣʝʩʦʤʝʣʠʦʨʘʮʠʷ, 

ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʪʝʨʨʘʩʠʨʦʚʘʥʠʝ ʩʢʣʦʥʘ, ʩʦʙʣʶʜʝʥʠʝ ʧʨʘʚʠʣ ʠ ʥʦʨʤ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʦʨʦʰʝʥʠʠ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʚ ʪʦʤʯʠʩʣʝ ʵʢʩʪʨʝʥʥʳʝ, 

ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ; ʚ) ʟʘʱʠʪʥʳʝ - ʚʦʟʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʟʘʱʠʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʦʜ 

ʩʢʣʦʥʦʤ ʠ ʚ ʩʝʣʝʚʳʭ ʨʫʩʣʘʭ, ʩʝʣʝʩʜʝʨʞʠʚʘʶʱʠʝ ʜʘʤʙʳ, ʨʘʩʯʠʩʪʢʘ ʨʫʩʝʣ, ʵʢʩʪʨʝʥʥʦʝ 

ʚʦʟʚʝʜʝʥʠʝ ʧʨʦʧʫʩʢʥʳʭ ʢʘʥʘʣʦʚ, ʨʘʙʦʪʳ ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʧʝʨʝʢʨʳʪʠʡ ʠ ʪ.ʜ. 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʧʨʝʜʫʧʨʝʞʜʘʶʱʠʝ ʠ ʣʠʢʚʠʜʘʮʠʦʥʥʳʝ ʤʝʨʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʩʥʷʪʠʝ ʫʛʨʦʟʳ ʦʪ ʧʦʣʥʳʭ ʠ ʯʘʩʪʠʯʥʳʭ ʧʝʨʝʢʨʳʪʠʡ ʨʝʯʥʳʭ ʜʦʣʠʥ ʩ ʧʨʦʨʳʚʦʤ ʟʘʧʨʫʜʥʳʭ ʦʟʸʨ ʠ 

ʧʝʨʝʣʠʚʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱ. ɺ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʚʩʝʭ ʚʠʜʦʚ ʤʝʨʦʧʨʠʷʪʠʡ, 

ʭʦʪʷ ʤʥʦʛʠʝ ʘʢʪʠʚʥʳʝ ʤʝʨʳ ʦʯʝʥʴ ʜʦʨʦʛʦʩʪʦʷʱʠ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʠʭ ʩʦʧʨʷʞʝʥʦ ʩʦ ʤʥʦʛʠʤʠ 

ʪʨʫʜʥʦʩʪʷʤʠ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʤʝʨʳ ʤʦʛʫʪ ʙʳʪʴ ʦʙʱʠʤʠ ʜʣʷ ʚʩʝʭ ʠʣʠ ʙʦʣʴʰʠʥʩʪʚʘ ʪʠʧʦʚ 

ʷʚʣʝʥʠʡ ʠʣʠ ʦʩʦʙʳʤʠ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ.  

ʏʘʩʪʦ ʵʬʬʝʢʪʠʚʥʘʷ ʙʦʨʴʙʘ ʩ ʦʜʥʠʤʠ ʷʚʣʝʥʠʷʤʠ ʧʨʝʜʫʧʨʝʞʜʘʝʪ ʫʛʨʦʟʫ ʦʪ ʜʨʫʛʠʭ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʭʘʨʘʢʪʝʨʘ ʮʝʧʥʳʭ ʷʚʣʝʥʠʡ: ʦʧʦʣʟʝʥʴ - ʩʝʣʴ, ʦʚʨʘʛ - 

ʦʧʦʣʟʝʥʴ, ʵʨʦʟʠʷ - ʩʝʣʴ ʠ ʪ.ʜ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʦʧʦʣʟʥʝʡ, ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ 

ʫʛʨʦʟʘ ʦʪ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʚʦ ʚʩʝʭ ʛʨʫʧʧʘʭ ʪʝʨʨʠʪʦʨʠʡ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʟʥʳʭ ʪʠʧʦʚ ʧʨʦʮʝʩʩʦʚ, 

ʘ ʪʘʢʞʝ ʪʠʧ ʩʦʚʨʝʤʝʥʥʦʡ ʫʛʨʦʟʳ ʥʘ ʥʘʠʙʦʣʝʝ ʦʩʚʦʝʥʥʳʭ ʯʘʩʪʷʭ ʪʝʨʨʠʪʦʨʠʠ ʧʦʟʚʦʣʷʝʪ ʚʩʝ 

ʘʢʪʠʚʥʦ ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʧʨʦʮʝʩʩʳ ʦʙʲʝʜʠʥʠʪʴ ʚ ʪʨʠ ʛʨʫʧʧʳ [11; 12; 13; 14; 1; 2]: 

1. ʇʨʦʮʝʩʩʳ, ʟʘʱʠʪʘ ʦʪ ʢʦʪʦʨʳʭ, ʟʘ ʨʝʜʢʠʤ ʠʩʢʣʶʯʝʥʠʝʤ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʘ. ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ: ʘ) ʦʧʦʣʟʥʠ ʩ ʦʙʲʸʤʘʤʠ ʩʤʝʱʝʥʠʡ ʙʦʣʝʝ 5 ʤʣʥ. ʤ
3
, ʧʦʨʘʞʘʶʱʠʝ ʚʝʩʴ ʩʢʣʦʥ ʠ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʫ ʧʦʜʥʦʞʠʷ (ʦʧʦʣʟʝʥʴ ʉʘʨʠʧʫʣʴ); ʙ) ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʦʧʦʣʟʥʝʡ ʩ ʚʜʦʣʴ 

ʨʫʩʣʦʚʳʤʠ ʧʝʨʝʤʝʱʝʥʠʷʤʠ ʥʘ ʢʨʫʪʳʭ ʩʠʣʴʥʦ ʨʘʩʯʣʝʥʝʥʥʳʭ ʩʢʣʦʥʘʭ(ʦʧʦʣʟʝʥʴ ɺʝʨʭʥʠʡ-

ʄʫʜʞʠʭʘʨʬ) (ʨʠʩ. 2); ʚ) ʩʝʣʝʚʳʝ ʧʦʪʦʢʠ ʩ ʦʙʲʸʤʘʤʠ ʝʜʠʥʦʚʨʝʤʝʥʥʳʭ ʚʳʥʦʩʦʚ 0.05 ʤʣʥ. ʤ
3
;ʛ) 

ʢʨʫʧʥʳʝ ʦʙʚʘʣʳ ʠ ʦʧʦʣʟʥʠ-ʦʙʚʘʣʳ ʥʘ ʢʨʫʪʳʭ ʚʳʩʦʢʠʭ ʩʢʣʦʥʘʭ. 

2. ʇʨʦʮʝʩʩʳ, ʟʘʱʠʪʘ ʦʪ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʥʝʤʝʜʣʝʥʥʦʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʫʢʨʝʧʣʝʥʠʶ ʩʢʣʦʥʘ ʠʣʠ ʠʩʢʣʶʯʝʥʠʶ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ - ʵʪʦ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʦʧʦʣʟʥʝʡ, ʤʝʣʢʠʭ ʩʝʣʝʚʳʭ ʧʦʪʦʢʦʚ ʠ ʘʢʪʠʚʥʘʷ ʦʚʨʘʞʥʘʷ ʵʨʦʟʠʷ ʚ ʧʨʝʜʝʣʘʭ 

ʦʩʚʦʝʥʥʳʭ ʠ ʦʩʚʘʠʚʘʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

3. ʇʨʦʮʝʩʩʳ, ʨʘʟʚʠʪʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʥʝ ʟʦʥʳ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ, ʥʦ ʚ ʧʝʨʩʧʝʢʪʠʚʝ 

ʦʩʚʦʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʩʦʟʜʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʠʜ ʫʛʨʦʟʳ, - ʧʨʘʢʪʠʯʝʩʢʠ ʢʘʞʜʦʝ ʩʝʣʝʥʦʩʥʦʝ 

ʨʫʩʣʦ, ʫʯʘʩʪʢʠ ʘʢʪʠʚʥʦʡ ʦʚʨʘʞʥʦʡ ʵʨʦʟʠʠ. 

ʂʘʞʜʘʷ ʠʟ ʛʨʫʧʧ ʧʨʦʮʝʩʩʦʚ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʘʱʠʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 
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ɻʨʫʧʧʘ 1 - ʚ ʦʩʥʦʚʥʦʤ ʧʘʩʩʠʚʥʳʝ, ʨʝʞʝ ʘʢʪʠʚʥʳʝ ʟʘʱʠʪʥʳʝ; 

ɻʨʫʧʧʘ 2 - ʨʘʜʠʢʘʣʴʥʳʝ ʠ ʟʘʱʠʪʥʳʝ ʧʘʩʩʠʚʥʳʝ, 

ɻʨʫʧʧʘ 3 - ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʧʘʩʩʠʚʥʳʝ ʠ ʨʘʜʠʢʘʣʴʥʳʝ. 

 

ʈʠʩ. 2. ʌʨʘʛʤʝʥʪ ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʥʠʤʢʘ ʤʘʩʰʪʘʙʘ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʥʘ ʥʝʡ ɺʝʨʭʥʝ-

ʄʫʜʞʠʭʘʨʚʩʢʦʛʦ ʦʧʦʣʟʥʝʚʦʛʦ ʫʯʘʩʪʢʘ 

Fig. 2. A fragment of a scale satellite image showing the Verkhne-Mudzhikharvsky landslide 

area 

 
 

ɿʘʱʠʪʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʚ ʦʪʥʦʰʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʦʧʘʩʥʳʭ ʷʚʣʝʥʠʡ ʜʦʣʞʥʳ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʦʡ ʚʩʝʛʦ ʩʢʣʦʥʘ, ʙʘʩʩʝʡʥʘ ʠʣʠ ʯʘʩʪʠ 

ʪʝʨʨʠʪʦʨʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʩʪʳʤʠ ʠ ʩʣʦʞʥʳʤʠ. ʇʨʦʩʪʳʝ ʟʘʱʠʪʥʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʜʥʠʤ ʠʟ ʥʠʭ, ʩʧʦʩʦʙʥʳʤ ʦʩʫʱʝʩʪʚʠʪʴ ʟʘʱʠʪʫ. ʅʘʧʨʠʤʝʨ, 

ʧʦʜʧʦʨʥʳʝ ʩʪʝʥʢʠ, ʥʝʛʣʫʙʦʢʠʡ ʣʦʢʘʣʴʥʳʡ ʜʨʝʥʘʞ, ʨʝʛʫʣʠʨʦʚʢʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ, 

ʣʝʩʦʤʝʣʠʦʨʘʮʠʷ, ʧʝʨʝʩʝʣʝʥʠʝ, ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ, ʜʝʪʘʣʴʥʳʝ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʩʩʠʚʘ ʠʣʠ ʥʝʙʦʣʴʰʦʛʦ ʫʯʘʩʪʢʘ, ʩʲʸʤ ʥʝʙʦʣʴʰʠʭ ʦʧʦʣʟʥʝʚʳʭ ʤʘʩʩ ʠ ʪ.ʜ. 

ʉʣʦʞʥʳʝ ʟʘʱʠʪʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʦʧʨʝʜʝʣʷʶʪ ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʤʝʨʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʠ ʨʘʟʚʠʪʠʠ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ ʧʨʦʮʝʩʩʘ.  

ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʘ) ʤʝʨʦʧʨʠʷʪʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʚ ʦʧʦʣʟʥʝʚʳʭ ʠ ʦʙʚʘʣʴʥʳʭ ʤʘʩʩʠʚʘʭ 

ʦʙʲʸʤʦʤ ʙʦʣʝʝ ʤʣʥ. ʤ
3
 ʠʣʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʢʨʫʪʳʭ ʠ ʥʝʜʦʩʪʫʧʥʳʭ ʩʢʣʦʥʘʭ; ʙ) ʤʝʨʦʧʨʠʷʪʠʷ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ ʩ ʟʘʭʚʘʪʦʤ ʛʣʫʙʠʥ ʙʦʣʝʝ 20 ʤ (ʜʨʝʥʘʞʥʳʝ ʩʢʚʘʞʠʥʳ), ʘ ʧʨʠ ʚʩʢʨʳʪʠʠ ʤʘʩʩʠʚʘ 

- ʙʦʣʝʝ 10 ʤ; ʚ) ʩʣʦʞʥʦʝ ʧʦ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ, ʚʦʟʚʝʜʝʥʠʝ ʙʦʣʴʰʠʭ 

ʚʦʜʦʧʨʦʪʦʢʦʚ, ʩʠʣʴʥʘʷ ʨʘʟʜʨʦʙʣʝʥʥʦʩʪʴ ʧʦʨʦʜ, ʩʣʦʞʥʦʝ ʢʨʝʧʣʝʥʠʝ ʦʪʢʦʩʦʚ ʚ ʧʝʨʠʦʜ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʚʦʟʚʝʜʝʥʠʝ ʩʦʦʨʫʞʝʥʠʡ ʚ ʵʢʩʪʨʝʥʥʳʭ ʩʣʫʯʘʷʭ; ʛ) ʩʣʦʞʥʳʝ ʧʦ ʩʚʦʝʤʫ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʭʘʨʘʢʪʝʨʫ, ʪ.ʝ. ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʟʘʱʠʪʳ ʦʪ ʷʚʣʝʥʠʡ ʦʩʦʙʦ ʢʨʫʧʥʳʭ 

ʤʘʩʰʪʘʙʦʚ ʩʠʩʪʝʤʳ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʥʦʨʦʜʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ʤʘʩʩʠʚʝ 

(ʜʨʝʥʘʞʥʳʭ, ʫʜʝʨʞʠʚʘʶʱʠʭ), ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʳʭ ʧʦ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʠ ʧʦ ʚʳʩʦʪʝ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʦʟʚʝʜʝʥʠʝʤ ʦʯʝʥʴ ʢʨʫʧʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʩʦʧʦʩʪʘʚʠʤʳʭ ʧʦ ʦʙʲʸʤʫ ʩ ʦʧʘʩʥʳʤʠ ʷʚʣʝʥʠʷʤʠ. 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʦʣʟʥʝ-ʦʙʚʘʣʴʥʳʭ ʧʦʜʨʘʡʦʥʦʚ. ʅʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʟʦʥʳ 

ʩʦʯʣʝʥʝʥʠʷ ɻʠʩʩʘʨʦ-ɸʣʘʡʩʢʦʛʦ ʩʝʢʪʦʨʘ ʖʞʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ (ʂʘʨʘʪʝʛʠʥʩʢʦʝ ʧʦʜʥʷʪʠʝ) ʠ 

ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ (ɺʘʭʰʩʢʠʡ ʭʨʝʙʝʪ, ʭʨʝʙʝʪ ʇʝʪʨʘ I) 

ʧʣʦʱʘʜʴʶ 11 ʪʳʩ. ʢʤ
2 
ʚʳʜʝʣʝʥʳʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʨʦʪʦʪʠʧʳ ʦʧʦʣʟʥʝ-ʦʙʚʘʣʴʥʳʭ ʧʦʜʨʘʡʦʥʦʚ ɹ ʠ 

A, ʢʦʪʦʨʳʝ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʨʦʷʚʣʝʥʠʝʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ ʚʩʝʭ ʧʨʠʥʷʪʳʭ 

ʪʠʧʦʚ ʧʦ ʤʝʭʘʥʠʟʤʫ ʩʤʝʱʝʥʠʷ ʠʦʙʲʸʤʫ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ. ʈʘʥʝʝ [1] ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʟʦʥʳ ʩʦʯʣʝʥʝʥʠʷ ɻʠʩʩʘʨʦ-ɸʣʘʡʩʢʦʛʦ ʩʝʢʪʦʨʘ 

ʖʞʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ (ʂʘʨʘʪʝʛʠʥʩʢʦʝ ʧʦʜʥʷʪʠʝ) ʠ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʊʘʜʞʠʢʩʢʦʡ 

ʜʝʧʨʝʩʩʠʠ ʚʳʜʝʣʝʥʦ 18 ʧʨʦʪʦʪʠʧʦʚ ʦʧʦʣʟʥʝ-ʦʙʚʘʣʴʥʳʭ ʧʦʜʨʘʡʦʥʦʚ, ʛʜʝ ʧʦʜʨʘʡʦʥʳ ɹ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʤʝʣʢʠʭ ʦʧʦʣʟʥʝʡ, ʦʙʲʸʤʦʤ ʩʤʝʱʝʥʠʷ ʜʦ 0.1 ʤʣʥ. ʤ
3
, ʘ 

ʧʦʜʨʘʡʦʥʳ ɸ - ʧʨʦʷʚʣʝʥʠʝʤ ʢʨʫʧʥʳʭ ʦʧʦʣʟʥʝʡ ʛʣʫʙʦʢʦʛʦ ʟʘʣʦʞʝʥʠʷ ʩ ʦʙʲʸʤʦʤ ʩʤʝʱʝʥʠʷ 

ʙʦʣʝʝ 0.1 ʤʣʥ. ʤ
3
. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʚ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʧʦʣʫʯʠʣʠ 

ʥʝʩʝʡʩʤʦʛʝʥʥʳʝ ʧʦʜʨʘʡʦʥʳ ʧʦ ʪʠʧʫ A2. ɺ ʢʦʨʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʥʘʠʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ 

ʧʦʣʫʯʠʣʠ ʥʝʩʝʡʩʤʦʛʝʥʥʳʝ ʧʦʜʨʘʡʦʥʳ A6 ʠ A7 ʠ ʩʝʡʩʤʦʛʝʥʥʳʝ ʧʦʜʨʘʡʦʥʘ A10-12.  

ʅʘʨʷʜʫ ʩ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʫʩʣʦʚʠʡ ʧʨʦʷʚʣʝʥʠʷ ʦʧʦʣʟʥʝ-

ʦʙʚʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʧʨʦʪʦʪʠʧʘ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʦʧʨʝʜʝʣʝʥʠʶ 

ʢʦʤʧʣʝʢʩʘ ʟʘʱʠʪʥʳʭ ʤʝʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʤʘʩʰʪʘʙʦʚ. ʋʯʠʪʳʚʘʝʪʩʷ ʮʝʣʳʡ 

ʨʷʜ ʢʨʠʪʝʨʠʝʚ: ʪʠʧ ʩʤʝʱʝʥʠʷ, ʦʙʲʸʤ ʩʤʝʱʝʥʠʷ, ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʤʘʩʩʠʚʘ. ʅʘ 

ʧʝʨʚʦʤ ʤʝʩʪʝ ʚʳʩʪʫʧʘʝʪ ʦʙʲʸʤ ʷʚʣʝʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʦʪʜʝʣʴʥʦ ʩʤʝʱʝʥʠʷ 

ʙʦʣʴʰʠʭ, ʩʨʝʜʥʠʭ ʠ ʤʘʣʳʭ ʦʙʲʸʤʦʚ [1]. 

ʆʧʦʣʟʥʠ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ï 5-10 ʤʣʥ. ʤ
3
,
 
ʦʧʦʣʟʥʠ ʌʘʪʭʘʙʘʜ, ʊʘʜʞʠʢʘʙʘʜ, (ʨʠʩ. 3.) ʠ 

ʅʫʰʦʨ (ʨʠʩ. 4.). ɼʣʷ ʵʪʠʭ ʦʧʦʣʟʥʝʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʢʦʤʧʣʝʢʩ 

ʤʝʨʦʧʨʠʷʪʠʡ: ʧʨʦʛʥʦʟ ʦʧʘʩʥʳʭ ʟʦʥ ʠ ʟʘʧʨʝʱʝʥʠʝ ʠʭ ʢʘʧʠʪʘʣʴʥʦʛʦ ʦʩʚʦʝʥʠʷ; ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʝ 

ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʝ, ʠʩʢʣʶʯʘʶʱʠʭ ʠʣʠ ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʫʤʝʥʴʰʝʥʠʶ ʦʧʘʩʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ; ʦʨʛʘʥʠʟʘʮʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʜʝʡʩʪʚʫʶʱʝʡ ʩʣʫʞʙʳ ʥʘʙʣʶʜʝʥʠʷ, ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ 

ʧʨʦʛʥʦʟʘ ʠ ʦʧʦʚʝʱʝʥʠʷ. 

ɼʣʷ ʥʠʭ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ ʩʤʝʱʝʥʠʷ, ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ 

ʨʘʟʚʠʪʠʷ, ʫʯʘʩʪʠʝ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʚ ʩʤʝʱʝʥʠʠ ʠ ʤʘʩʰʪʘʙ ʷʚʣʝʥʠʷ. 

 

ʈʠʩ. 3 ʌʨʘʛʤʝʥʪ ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʥʠʤʢʘ ʤʘʩʰʪʘʙʘ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʥʘ ʥʝʡ ʦʧʦʣʟʥʝʚʦʛʦ 

ʫʯʘʩʪʢʘ ʌʘʪʭʘʙʘʜ, ʊʘʜʞʠʢʘʙʘʜ  

Fig. 3. Fragment of a scale satellite image showing the landslide area of Fatkhabad, Tajikabad 
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ʈʠʩ. 4. ʌʨʘʛʤʝʥʪ ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʥʠʤʢʘ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʥʘ ʥʝʡ ʦʧʦʣʟʥʝʚʦʛʦ ʫʯʘʩʪʢʘ 

ʅʫʰʦʨ 

Fig. 4. A fragment of a space image showing the Nushor landslide area 

 
 

ʇʦʯʪʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʦʧʦʣʟʥʠ - ʧʦʣʠʛʦʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʩʥʠʪʴ 

ʠʭ ʧʨʠʯʠʥʫ. ʀʤʠ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴʧʨʦʮʝʩʩʳ, ʠʟʤʝʥʷʶʱʠʝ ʚʥʝʰʥʶʶ ʬʦʨʤʫ ʠ ʚʳʩʦʪʫ ʩʢʣʦʥʦʚ 

(ʧʦʜʨʝʟʢʘ ʩʢʣʦʥʦʚ, ʥʘʨʫʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʩʥʦʚʘʥʠʷ); ʧʨʦʮʝʩʩʳ, ʚʝʜʫʱʠʝ ʢ ʠʟʤʝʥʝʥʠʶ 

ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʧʦʨʦʜ (ʠʟʤʝʥʝʥʠʝ ʧʦʨʦʜ ʧʨʠ ʚʳʚʝʪʨʠʚʘʥʠʠ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʣʘʞʥʦʩʪʠ, ʧʨʠ 

ʧʨʦʮʝʩʩʘʭ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʩʫʬʬʦʟʠʠ); ʧʨʦʮʝʩʩʳ, ʩʦʟʜʘʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ 

ʧʦʨʦʜʳ (ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ ʚ ʩʪʦʨʦʥʫ ʩʢʣʦʥʘ, 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʚʦʜʳ ʚ ʪʨʝʱʠʥʘʭ ʠ ʧʦʨʘʭ ʧʦʨʦʜʳ, ʩʝʡʩʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ). 

ʅʝʩʝʡʩʤʦʛʝʥʥʳʝ ʦʧʦʣʟʥʝ-ʦʙʚʘʣʴʥʳʝ ʧʦʜʨʘʡʦʥʳ. ʅʝʩʝʡʩʤʦʛʝʥʥʳʝ ʦʧʦʣʟʥʝ-ʦʙʚʘʣʴʥʳʝ 

ʧʦʜʨʘʡʦʥʳ ʩʦʩʪʘʚʣʷʶʪ ʥʝ ʙʦʣʝʝ 5-10% ʚʩʝʡ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɿʜʝʩʴ ʧʨʝʦʙʣʘʜʘʶʪ 

ʦʧʦʣʟʥʠ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʠ ʦʙʲʸʤʘ, ʨʘʟʚʠʪʳʝ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʚ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, 

ʥʦ ʩ ʟʘʭʚʘʪʦʤ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ (ʚʦʩʪʦʯʥʳʡ ʩʢʣʦʥ ɺʘʭʰʩʢʦʛʦ ʭʨʝʙʪʘ). ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʥʝʩʝʡʩʤʦʛʝʥʥʳʭ ʦʧʦʣʟʥʝ-ʦʙʚʘʣʴʥʳʭ ʧʦʜʨʘʡʦʥʘʭ ʥʘʨʘʚʥʝ ʩ ʥʝʩʝʡʩʤʦʛʝʥʥʳʤʠ ʤʘʩʩʠʚʘʤʠ 

ʨʘʟʚʠʪʳ ʫʩʣʦʚʥʦ ʩʝʡʩʤʦʛʝʥʥʳʝ ʦʧʦʣʟʥʠ.  

ʇʦʜʨʘʡʦʥʳ ʚ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. ɻʨʫʧʧʘ ʧʦʜʨʘʡʦʥʦʚ ʧʨʦʪʦʪʠʧʘ ɹ. ʆʧʦʣʟʥʝʚʳʝ 

ʧʦʜʨʘʡʦʥʳ ʧʨʦʪʦʪʠʧʘ ɹ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʦʜʨʘʡʦʥʦʚ ɸ ʨʘʟʚʠʪʠʝʤ ʤʘʣʳʭ ʥʝʛʣʫʙʦʢʠʭ ʦʧʦʣʟʥʝʡ 

ʪʝʯʝʥʠʷ ʚ ʧʦʢʨʦʚʥʳʭ ʩʫʛʣʠʥʢʘʭ ʩ ʦʙʲʸʤʦʤ ʜʦ 0.1 ʤʣʥ. ʤ
3
. ɺʩʝʛʦ ʚʳʜʝʣʷʝʪʩʷ ʜʚʘ ʪʠʧʘ 

ʧʦʜʨʘʡʦʥʦʚ-ʘʥʘʣʦʛʦʚ ɹ1 ʠ ɹ2. ʇʦ ʪʠʧʫ ɹ1 ʚʳʜʝʣʷʝʪʩʷ ʜʚʘʧʦʜʨʘʡʦʥʘ, ʧʦ ʣʝʚʦʤʫ ʙʦʨʪʫ ʅʠʞʥʝ-

ʉʫʨʭʦʙʩʢʦʡ ʜʦʣʠʥʳ ʚ ʤʝʞʜʫʨʝʯʴʝ ʉʘʥʛʠʢʘʨ ʂʘʙʫʪʠʸʥ ʠ ʥʘ ʣʝʚʦʤ ʠ ʧʨʘʚʦʤ ʙʦʨʪʘʭ 

ʚʥʫʪʨʠʛʦʨʥʦʡ ʜʦʣʠʥʳ ʄʫʜʞʠʭʘʨʬ (ʫʩʣʦʚʥʦ ʥʝʩʝʡʩʤʦʛʝʥʥʳʝ, ʪʘʢ ʢʘʢ ʥʘʨʘʚʥʝ ʩ 

ʥʝʩʝʡʩʤʦʛʝʥʥʳʤʠ ʨʘʟʚʠʪʳ ʠ ʩʝʡʩʤʦʛʝʥʥʳʝ ʦʧʦʣʟʥʠ). ʇʦʜʨʘʡʦʥ ɹ1 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʚʠʪʠʝʤ 

ʩʧʣʳʚʦʚ ʠ ʦʧʣʳʚʠʥ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚ ʤʘʣʦʤʦʱʥʳʭ ʜʝʣʶʚʠʘʣʴʥʳʭ ʩʫʛʣʠʥʢʘʭ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʘʢʪʠʚʥʳʤʠ ʵʨʦʟʠʦʥʥʳʤʠ ʠ ʩʝʣʝʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɺ ʧʨʦʛʥʦʟʥʦʤ ʦʪʥʦʰʝʥʠʠ ʚ 

ʧʦʜʨʘʡʦʥʝ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʪʘʢʞʝ ʨʘʟʚʠʪʝʝ ʩʧʣʳʚʦʚ ʠ ʦʧʣʳʚʠʥ, ʨʝʞʝ ʦʧʦʣʟʥʝʡ ʪʝʯʝʥʠʷ ʠ 

ʩʢʦʣʴʞʝʥʠʷ ʧʦ ʙʦʨʪʘʤ ʚʨʝʟʦʚ ʩ ʘʢʪʠʚʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʩʝʣʝʡ. ʇʨʠ ʩʦʚʨʝʤʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʩʢʣʦʥʦʚ ʦʩʥʦʚʥʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʣʢʠʭ ʩʤʝʱʝʥʠʡ, ʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʦʣʟʥʝʚʦʡ ʧʦʨʘʞʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩʢʣʦʥʦʚ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ 
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ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʟʘʱʠʪʝ. 

ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʤʝʨ ʙʦʨʴʙʳ ʚ ʧʦʜʨʘʡʦʥʘʭ ɹ1, ʛʜʝ ʨʘʟʚʠʪʳ ʪʦʣʴʢʦ ʤʝʣʢʠʝ ʦʧʦʣʟʥʠ ʦʙʲʸʤʦʤ 

ʜʦ 0.1 ʤʣʥ. ʤ
3
, ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʦʙʠʣʴʥʳʝ ʦʩʘʜʢʠ ʠ ʨʘʟʤʳʚ 

ʧʘʚʦʜʢʦʚʳʤʠ ʚʦʜʘʤʠ, ʩʚʦʜʠʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʢ: ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʥʘʙʣʶʜʝʥʠʷʤ ʟʘ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʩʢʣʦʥʦʚ; ʯʘʩʪʠʯʥʦʤʫ ʧʝʨʝʩʝʣʝʥʠʶ; ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ; ʟʘʱʠʪʝʦʪ ʧʦʜʤʳʚʘ ʠ 

ʦʚʨʘʞʥʦʡ ʵʨʦʟʠʠ. ʇʨʠ ʧʝʨʩʧʝʢʪʠʚʥʦʤ ʦʩʚʦʝʥʠʠ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ: ʦʨʛʘʥʠʟʘʮʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ; ʟʘʱʠʪʘ ʦʪ ʧʦʜʤʳʚʘ ʠ ʩʢʣʦʥʦʚʦʛʦ ʨʘʟʤʳʚʘ; ʥʝʛʣʫʙʦʢʠʡ ʣʦʢʘʣʴʥʳʡ 

ʜʨʝʥʘʞ ʠ ʟʘʣʝʩʝʥʠʝ ʩʢʣʦʥʦʚ. 

ʆʧʦʣʟʥʝʚʦʡ ʧʦʜʨʘʡʦʥ ʧʨʦʪʦʪʠʧʘ ɹ2 - ʚʳʜʝʣʷʝʪʩʷ ʧʦ ʧʨʘʚʦʤʫ ʙʝʨʝʛʫ ʨ. ʉʫʨʭʦʙ ʚ 

ʤʝʞʜʫʨʝʯʴʝ ʨʝʢ ʉʘʥʛʠʢʘʨ-ʄʫʜʞʠʭʘʨʬ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʣʠʥʝʡʥʦ-ʧʣʦʱʘʜʥʳʤ ʨʘʟʚʠʪʠʝʤ 

ʤʝʣʢʠʭ ʦʧʦʣʟʥʝʡ ʧʦʪʦʢʦʚ ʠ ʩʢʦʣʴʞʝʥʠʷ ʩ ʦʙʲʸʤʦʤ ʜʦ 0.1 ʤʣʥ. ʤ
3
 ʧʦ ʙʦʨʪʘʤ ʘʢʪʠʚʥʳʭ ʦʚʨʘʛʦʚ 

ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʧʣʦʱʘʜʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʤʦʱʥʳʭ ʩʫʛʣʠʥʢʦʚ ʩʫʙʘʵʨʘʣʴʥʦʛʦ ʪʠʧʘ. 

ʅʘʨʷʜʫ ʩ ʤʝʣʢʠʤʠ ʦʧʦʣʟʥʷʤʠ ʩʢʦʣʴʞʝʥʠʷ ʧʦ ʙʦʨʪʘʤ ʦʚʨʘʛʦʚ ʦʪʤʝʯʘʝʪʩʷ ʥʘʣʠʯʠʝ ʥʝʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʢʨʫʧʥʳʭ ʦʧʦʣʟʥʝʡ ʩ ʦʙʲʸʤʘʤʠ ʜʦ 3.5-5.0 ʤʣʥ. ʤ
3
. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʦʩʪʦʷʥʠʷ ʩʢʣʦʥʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʦʣʟʥʝʚʦʡ ʧʦʨʘʞʝʥʥʦʩʪʠ ʧʦʜʨʘʡʦʥʘ ʠʤʝʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ 

ʚʝʣʠʯʠʥʳ ʠ ʙʝʟ ʫʯʝʪʘ ʨʘʟʚʠʪʠʷ ʢʨʫʧʥʳʭ ʦʧʦʣʟʥʝʡ ʠʥʪʝʨʝʩʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ. ʇʦʵʪʦʤʫ ʧʨʠ 

ʦʩʚʦʝʥʠʠ ʪʝʨʨʠʪʦʨʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʦʧʦʣʟʥʝʚʳʝ ʧʨʦʮʝʩʩʳ ʨʘʟʚʠʚʘʶʪʩʷ ʢʘʢ 

ʥʝʧʨʝʨʳʚʥʘʷ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʧʦ ʪʠʧʫ ɸ+ɹ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʝʨʨʠʪʦʨʠʠ ʪʨʝʙʫʶʪ 

ʩʣʦʞʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʨ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘʣʠʯʠʝʤ ʦʧʦʣʟʥʝʡ, ʧʦ ʪʠʧʫ ɸ.  

ʆʩʥʦʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʟʘʱʠʪʝ ʦʪ ʤʝʣʢʠʭ ʥʝʛʣʫʙʦʢʠʭ ʦʧʦʣʟʥʝʡ ʚ ʧʦʜʨʘʡʦʥʘʭ ɹ2 

ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʘʢʪʠʚʥʦʛʦ ʦʚʨʘʞʥʦʛʦ ʨʘʟʤʳʚʘ ʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ: 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʩʢʣʦʥʦʚ ʚ ʧʨʝʜʝʣʘʭ ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ; ʧʝʨʝʩʝʣʝʥʠʝ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ (ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ: ʐʝʨʙʘʛʠʸʥ, ʂʘʙʫʪʠʸʥ, 

ʋʣʬʘʪʘʙʘʜ, ɼʘʭʘʥʘ, ɼʝʭʠʛʫʣʤʦʥ, ʏʦʨʤʘʛʟʘʢ, ʆʭʘʥʛʘʨʦʥ); ʠʩʢʣʶʯʝʥʠʝ ʧʦʜʨʝʟʦʢ ʩʢʣʦʥʦʚ; 

ʦʨʛʘʥʠʟʘʮʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ ʠ ʣʝʩʦʤʝʣʠʦʨʘʮʠʶ. ɼʣʷ ʙʫʜʫʱʝʛʦ ʦʩʚʦʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ 

ʢʨʦʤʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʨʟʘʱʠʪʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʜʨʝʥʘʞʝʡ ʣʦʢʘʣʴʥʦʛʦ ʠ ʛʣʫʙʦʢʦʛʦ 

ʟʘʣʦʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɻʨʫʧʧʘ ʧʦʜʨʘʡʦʥʦʚ ʧʨʦʪʦʪʠʧʘ ɸ. ɺ ʧʨʝʜʝʣʘʭ ʯʝʪʚʝʨʪʠʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʳʜʝʣʝʥʦ 5 ʧʦʜʨʘʡʦʥʦʚ ʩ ʨʘʟʚʠʪʠʝʤ ʥʝʩʝʡʩʤʦʛʝʥʥʳʭ 

ʦʧʦʣʟʥʝʡ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʪʦʪʠʧʦʚ (ɸ2-4), ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʜʥʦʪʠʧʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠʭ ʨʘʟʚʠʪʠʷ. 

ɺʳʜʝʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʜʨʘʡʦʥʘ ʧʨʦʪʦʪʠʧʘ A2 ʥʘʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʩʢʣʦʥʝ ʭʨ. ʉʫʨʭʢʫ 

(ʥʘʧʨʦʪʠʚ ʧ.ʛ.ʪ. ʆʙʠʛʘʨʤ). ʇʦʜʨʘʡʦʥʳ ʜʘʥʥʦʛʦ ʪʠʧʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ 

ʨʘʟʚʠʪʠʝʤ ʦʧʦʣʟʥʝʡ ʧʦʪʦʢʦʚ ʛʣʫʙʦʢʦʛʦ ʟʘʣʦʞʝʥʠʷ ʚ ʤʦʱʥʳʭ ʣʸʩʩʦʚʠʜʥʳʭ ʩʫʛʣʠʥʢʘʭ 

ʧʦʢʨʦʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʯʘʩʪʠʝʤ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʂʦʨʝʥʥʳʝ ʧʦʨʦʜʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʩʯʘʥʠʢʘʤʠ, ʛʣʠʥʘʤʠ ʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. ʇʨʝʦʙʣʘʜʘʶʪ 

ʩʦʚʨʝʤʝʥʥʳʝ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʦʧʦʣʟʥʠ-ʧʦʪʦʢʠ ʠ ʩʢʦʣʴʞʝʥʠʷ, ʠʥʦʛʜʘ ʩ ʟʘʭʚʘʪʦʤ ʢʦʨʝʥʥʳʭ 

ʧʦʨʦʜ, ʨʘʟʚʠʪʳʝ ʚ ʚʝʨʭʥʠʭ ʠ ʧʨʠʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʯʘʩʪʷʭ ʩʢʣʦʥʦʚ ʩʨʝʜʥʝʡ ʢʨʫʪʠʟʥʳ, ʨʝʞʝ ʧʦ 

ʙʦʨʪʘʤ ʵʨʦʟʠʦʥʥʳʭ ʚʨʝʟʦʚ ʠ ʦʚʨʘʛʦʚ. ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʝ ʦʙʲʸʤʳ 0.5-3.0 ʤʣʥ.ʤ
3
. 

ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʩʭʦʜʩʪʚʝ ʫʩʣʦʚʠʡ ʦʧʦʣʟʥʝʧʨʦʷʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʩʢʣʦʥʦʚ ʚ ʧʦʜʨʘʡʦʥʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʥʘʧʨʷʞʝʥʥʳʤ ʠ ʥʝʩʸʪ ʥʘʠʙʦʣʴʰʫʶ ʫʛʨʦʟʫ 

ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʦʙʲʝʢʪʘʤ. ɿʜʝʩʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʢʣʦʥʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʧʦʣʟʥʝʚʦʡ ʧʦʨʘʞʝʥʥʦʩʪʠ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʨʫʧʥʳʭ ʤʘʩʩʠʚʦʚ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʥʝʦʧʘʩʥʳʝ ʠ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʦʧʘʩʥʳʝ ʩ ʦʙʲʸʤʘʤʠ 1-10 ʤʣʥ.ʤ
3
, ʩ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʤʠ ʚʜʦʣʴʨʫʩʣʦʚʳʤʠ ʧʝʨʝʤʝʱʝʥʠʷʤʠ. ɺʩʝʛʦ ʚ ʧʨʝʜʝʣʘʭ ʧʦʜʨʘʡʦʘʦʪʤʝʯʘʝʪʩʷ 9 

ʦʧʦʣʟʥʝʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʚʜʦʣʴ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʛʦ ʩʢʣʦʥʘ ʭʨ. ʉʫʨʭʢʫ, ʧʦ ʧʨʘʚʦʤʫ ʙʝʨʝʛʫ ʨ. ʆʙʠʛʘʨʤ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʦʪ 4 

ʜʦ 6 ʦʧʦʣʟʥʝʚʳʭ ʤʘʩʩʠʚʦʚ ʩ ʚʜʦʣʴ ʨʫʩʣʦʚʳʤʠ ʧʝʨʝʤʝʱʝʥʠʷʤʠ.  

ʈʘʟʣʠʯʠʷ ʚ ʤʘʩʰʪʘʙʘʭ ʠ ʦʙʲʸʤʘʭ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʪʠʭ ʧʦʜʨʘʡʦʥʘʭ ʪʨʝʙʫʶʪ ʠ 

ʨʘʟʣʠʯʥʳʭ ʤʝʨ ʟʘʱʠʪʳ. ʆʧʦʣʟʥʠ ʪʦʣʴʢʦ ʚ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʩ ʤʘʣʳʤ ʦʙʲʸʤʦʤ, ʙʦʣʝʝ 

ʧʨʦʩʪʳʭ: ʟʘʧʨʝʱʝʥʠʝ ʧʦʜʨʝʟʦʢ; ʦʨʛʘʥʠʟʘʮʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ; ʟʘʱʠʪʫ ʦʪ ʧʦʜʤʳʚʘ ʠ 

ʦʚʨʘʞʥʦʡ ʵʨʦʟʠʠ; ʣʝʩʦʤʝʣʠʦʨʘʮʠʶ, ʘ ʪʘʢʞʝ ʧʝʨʝʩʝʣʝʥʠʝ ʠʟ ʦʧʘʩʥʳʭ ʟʦʥ ʠ ʦʨʛʘʥʠʟʘʮʠʶ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. ʂʨʫʧʥʳʝ ʦʧʦʣʟʥʝʚʳʝ ʤʘʩʩʠʚʳ ʩ ʟʘʭʚʘʪʦʤ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʚ 

ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʤʝʩʪʘʭ ʪʨʝʙʫʶʪ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʛʦ ʧʝʨʝʩʝʣʝʥʠʷ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ 
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ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʛʣʫʙʦʢʠʭ ʜʨʝʥʘʞʝʡ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʧʣʘʥʠʨʦʚʢʦʡ ʩʢʣʦʥʦʚ. ɼʣʷ ʙʫʜʫʱʝʛʦ ʦʩʚʦʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʢʨʦʤʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʨ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ: ʦʛʨʘʥʠʯʝʥʠʝ ʠʣʠ ʟʘʧʨʝʱʝʥʠʝ ʦʩʚʦʝʥʠʷ ʦʧʦʣʟʥʝ - ʦʧʘʩʥʳʭ ʟʦʥ, ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ ʠ ʨʘʟʣʠʯʥʳʝ ʜʨʝʥʘʞʠ. ɺ ʧʦʜʨʘʡʦʥʝ ʩʣʝʜʫʝʪ ʫʩʪʘʥʦʚʠʪʴ ʭʘʨʘʢʪʝʨ ʦʧʦʣʟ-

ʥʝʦʧʘʩʥʳʭ ʟʦʥ ʧʦ ʚʩʝʤ ʜʦʣʠʥʘʤ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʚʜʦʣʴʨʫʩʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ. 

ʇʦʜʨʘʡʦʥʳ ʧʨʦʪʦʪʠʧʘ ɸ3-4. ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʚʠʪʠʝʤ ʦʧʦʣʟʥʝʡ ʩʢʦʣʴʞʝʥʠʷ ʠ ʩʣʦʞʥʦʛʦ 

ʪʠʧʘ ʚ ʤʦʱʥʳʭ ʣʸʩʩʦʚʠʜʥʳʭ ʩʫʛʣʠʥʢʘʭ ʩ ʦʙʥʘʞʝʥʠʝʤ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʚ ʷʜʨʘʭ ʘʥʪʠʢʣʠʥʘʣʝʡ 

ʟʦʥ ʧʦʧʝʨʝʯʥʳʭ ʧʦʜʥʷʪʠʡ. ʂʦʥʪʨʦʣʠʨʫʶʪʩʷ ʘʢʪʠʚʥʳʤʠ ʨʘʟʨʳʚʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ 

ʚʥʫʪʨʠʩʪʨʫʢʪʫʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʇʦʜʨʘʡʦʥʳ ɸ3 ʥʘʭʦʜʷʪʩʷ ʚ ʟʦʥʝ ʇʨʝʜʛʠʩʩʘʨʩʢʦʛʦ ʧʨʦʛʠʙʘ 

(ɸ+ɻ+ɺ - ʤʝʞʜʫʨʝʯʴʝ ɺʘʭʰ-ʆʙʠʛʘʨʤ; ɸ3+ɻ1 - ʤʝʞʜʫʨʝʯʴʝ ʄʫʜʞʠʭʘʨʬ-ʉʘʥʛʠʢʘʨ) ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʚʠʪʠʝʤ ʢʘʢ ʜʨʝʚʥʠʭ, ʪʘʢ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʦʧʦʣʟʥʝʡ ʩʢʦʣʴʞʝʥʠʷ, ʪʝʯʝʥʠʷ ʠ 

ʩʣʦʞʥʦʛʦ ʪʠʧʘ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʵʨʦʟʠʦʥʥʳʤ ʚʨʝʟʘʤ ʠ ʫʩʪʫʧʘʤ ʩʨʝʜʥʝ-ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʳʭ 

ʪʝʨʨʘʩ, ʦʙʥʘʞʘʷ ʚʳʭʦʜʳ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʍʘʨʘʢʪʝʨʥʦ ʤʥʦʛʦʢʨʘʪʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʦʧʦʣʟʥʝʡ 

ʮʠʢʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʫʯʘʩʪʢʘ.  

ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʢʣʦʥʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ: ʵʨʦʟʠʦʥʥʦʡ ʘʢʪʠʚʠʟʘʮʠʝʡ 

ʥʠʞʥʠʭ ʯʘʩʪʝʡ ʜʨʝʚʥʠʭ ʤʘʩʩʠʚʦʚ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʦʧʘʩʥʳʭ ʠ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʥʝʦʧʘʩʥʳʭ ʩ ʣʦʢʘʣʴʥʳʤʠ ʧʨʠ ʙʦʨʪʦʚʳʤʠ ʧʝʨʝʢʨʳʪʠʷʤʠ ʤʝʣʢʠʭ ʚʨʝʟʦʚ; ʧʣʦʱʘʜʥʳʤ 

ʧʨʦʷʚʣʝʥʠʝʤ ʦʧʦʣʟʥʝʡ ʣʠʪʦʣʦʛʦ-ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʟʘʭ ʩ 

ʧʨʦʷʚʣʝʥʠʝʤ ʮʝʧʥʳʭ ʨʝʘʢʮʠʠ ʦʧʦʣʟʝʥʴ - ʩʝʣʴ. ɺ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʳ ʩʤʝʱʝʥʠʷ 

ʢʨʫʧʥʳʭ ʤʘʩʩʠʚʦʚ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʦʧʘʩʥʳʝ ʠ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʦʧʘʩʥʳʝ 

ʦʙʲʸʤʘʤʠ ʦʪ 5 ʜʦ ʧʝʨʚʳʭ ʜʝʩʷʪʢʦʚ ʤʣʥ. ʤ
3
, ʩ ʚʦʟʤʦʞʥʳʤ ʧʝʨʝʢʨʳʪʠʝʤ ʨʝʢ; ʚ ʦʧʦʣʟʥʝ ʦʧʘʩʥʳʭ 

ʟʦʥʘʭ ʚ ʧʨʝʜʝʣʘʭ ʧʦʜʨʘʡʦʥʘ ʥʘʭʦʜʠʪʩʷ 25 ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ (ʏʦʨʤʘʛʟ, ʂʫʣʠʘʙʘʜ, ʀʣʷʢʜʘʨʘ ʠ 

ʜʨ.) ʛʜʝ ʦʩʥʦʚʥʦʡ ʨʝʢʦʤʝʥʜʘʮʠʝʡ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʝ ʠʣʠ ʯʘʩʪʠʯʥʦʝ ʧʝʨʝʩʝʣʝʥʠʝ. 

ʅʝʦʙʭʦʜʠʤʘ ʧʦʩʪʘʥʦʚʢʘ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʵʪʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ. 

ɺʦʟʤʦʞʥʳ 4 ʧʨʠ ʙʦʨʪʦʚʳʭ ʠ ʧʦʣʥʳʭ ʧʝʨʝʢʨʳʪʠʡ ʥʘ ʚʳʩʦʪʫ ʜʦ 30-40 ʤ ʠ 5 ʩʤʝʱʝʥʠʡ ʩ 

ʚʜʦʣʴʨʫʩʣʦʚʳʤʠ ʧʝʨʝʤʝʱʝʥʠʷʤʠ. ʉ ʫʯʸʪʦʤ ʚʩʝʭ ʪʠʧʦʚ ʦʧʘʩʥʦʩʪʠ ʧʝʨʚʦʦʯʝʨʝʜʥʳʝ ʤʝʨʳ 

ʟʘʱʠʪʳ ʚ ʵʪʠʭ ʧʦʜʨʘʡʦʥʘʭ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ: ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʣʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ. 

ʕʪʦ ʚʳʟʚʘʥʦ ʰʠʨʦʢʠʤ ʧʣʦʱʘʜʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʧʦʣʟʥʝʡ ʥʘ ʦʩʚʦʝʥʥʳʝ ʫʯʘʩʪʢʠ ʩʢʣʦʥʦʚ ʠ ʠʭ 

ʘʢʪʠʚʥʳʤ ʫʯʘʩʪʠʝʤ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʝʣʝʡ; ʦʨʛʘʥʠʟʘʮʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ ʠ 

ʣʝʩʦʤʝʣʠʦʨʘʪʠʚʥʳʝ ʨʘʙʦʪʳ; ʟʘʱʠʪʫ ʦʪ ʧʦʜʤʳʚʘ ʠ ʦʚʨʘʞʥʦʡ ʵʨʦʟʠʠ ʧʫʪʸʤ ʚʦʟʚʝʜʝʥʠʷ 

ʧʦʜʧʦʨʥʳʭ ʠ ʟʘʱʠʪʥʳʭ ʩʪʝʥʦʢ;ʟʘʧʨʝʱʝʥʠʝ ʧʦʜʨʝʟʢʠ ʩʢʣʦʥʦʚ. 

ɼʣʷ ʙʫʜʫʱʝʛʦ ʦʩʚʦʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʛʨʘʥʠʯʝʥʠʝ ʠʣʠ ʟʘʧʨʝʱʝʥʠʝ ʟʘʩʪʨʦʡʢʠ 

ʦʧʦʣʟʥʝʦʧʘʩʥʳʭ ʟʦʥ, ʟʘʱʠʪʘ ʦʪ ʧʦʜʤʳʚʘ ʠ ʦʚʨʘʞʥʦʡ ʵʨʦʟʠʠ, ʘ ʪʘʢʞʝ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʝ 

ʫʜʘʣʝʥʠʝ ʦʧʘʩʥʳʭ ʤʘʩʩʠʚʦʚ ʠʣʠ ʚʦʟʚʝʜʝʥʠʝ ʫʜʝʨʞʠʚʘʶʱʠʭ ʩʦʦʨʫʞʝʥʠʡ. ɺ ʪʝʭ ʤʝʩʪʘʭ, ʛʜʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʢʨʫʧʥʳʭ ʤʘʩʩʠʚʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ ʚʜʦʣʴʨʫʩʣʦʚʳʤʠ 

ʧʝʨʝʤʝʱʝʥʠʷʤʠ ʠ ʚʦʟʤʦʞʥʳʤʠ ʧʝʨʝʢʨʳʪʠʷʤʠ, ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʵʢʩʪʨʝʥʥʳʝ ʤʝʨʳ 

ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ. 
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Ýúāþúüô ùôĄñíôĕú îì ĕú÷ìþô Ĕôùýĕúô øìýýôîĕú ðìü óñüô þìĆýôüô ïÿùúïÿùô ýñõýøôöĒ 

þìĄìööÿ÷ô ċüăĕúô ýñõýøúïñùôô ùìîĆĕúô ïÿùúïÿùüú øÿìõċù øñöÿùìð. Ðìü ùôĄñíô״úô øÿüìööìíô 
ôùĄúúþô í÷úö íú øìîֹוÿðôċþô Ąôöìýþì״ú ״ìùïúøô óìøôù÷ìüóìô Ąìðôðô 8-9 íì÷÷, ċüă״úô ìøôץô 
ýñõýøúïñù, ìó ֹוô״ìþô ýñõýøôö íì ״ìċֹוúù úøìðìô ö״״ú îì āìüúíì״ú, ċüă״úô ùúûÿüüì, ÷ìסòôĄô 
óìøôù íú øñāìùôóøô øÿöìøøì÷ô ֹוúõôîìóöÿù, ״ìֹוøô ìóôø îì íúýÿüĆìþô Āì÷úöìþíúü ôùöôĄúĀ îì 
þìĄìööÿ÷ øñČíìùð. áÿýÿýôċþô óÿ״ÿüô ċüă״úô ýñõýøúïñù øÿýþìץô÷ôċþô þìĄìööÿ÷ô úù״ú ìó 
úøúðìïôô ùôĄñí øñíúĄìð. ׳ú÷ìþô Ĕôùý״úô øìýýôî ״ìֹוø îì ùìøÿð״úô úøñāþìüú øÿìõċù øñöÿùìð. 
 úô ýñõýøúïñùôô״ìץúô ýñõýøúïñù îì ĀÿüûúĄ ðìü øôùþì״úô ìýúýôô ûìõðúôĄô ċüă״úôðìפ
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þìĆýôüô úùĕú íì Ąìüúôþô øÿ״ìùðôýôĊ ïñú÷úïôô ĕÿðÿðĕú îìýñĆ ôýþôĀúðì íÿüðì Ąìîìùð. ÙìîĆýúóôô 
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ʆʉʅʆɺʅʓɽ ʉʇʆʉʆɹʓ ɿɸʑʀʊʓ ʆʊ ʀʅɾɽʅɽʈʅʆ-ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ 

(ʆʇʆʃɿʅɽʁ, ʆɹɺɸʃʆɺ ʀ ʆʉʓʇɽʁ) ɺ ʈɸʁʆʅɽ ɺɸʍʐʉʂʆɻʆ ʀ ʂɸʈɸʊɽɻʀʅʉʂʆɻʆ 

ʍʈɽɹʊʆɺ 

ʉʪʨʦʝʥʠʝ ʩʢʣʦʥʦʚ ʠ ʩʦʩʪʦʷʥʠʝ ʧʦʨʦʜ ʚ ʤʘʩʩʠʚʘʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ 

ʦʧʨʝʜʝʣʷʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʝʡʩʤʦʛʝʥʥʳʭ ʦʧʦʣʟʥʝʡ ʨʘʟʥʳʭ ʪʠʧʦʚ. ʅʘ ʩʣʦʞʥʳʭ ʩʢʣʦʥʘʭ ʙʣʦʢʦʚʦʛʦ 

ʩʪʨʦʝʥʠʷ ʩ ʥʘʣʠʯʠʝʤ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʧʨʠ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ 8-9 ʙʘʣʣʦʚ ʦʙʨʘʟʫʶʪʩʷ 

ʛʣʫʙʦʢʠʝ ʩʝʡʩʤʦʛʝʥʥʳʝ ʦʧʦʣʟʥʠ-ʦʙʚʘʣʳ, ʩʝʡʩʤʦʚʦʟʙʫʞʜʝʥʥʳʝ ʢʘʤʝʥʥʦ-ʱʝʙʥʠʩʪʳʝ ʣʘʚʠʥʳ, 

ʥʝʟʘʚʝʨʰʝʥʥʳʝ ʦʧʦʣʟʥʠ ʩʜʚʠʛʘ, ʦʧʦʣʟʥʠ-ʧʦʪʦʢʠ ʩʦ ʩʣʦʞʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʩʤʝʱʝʥʠʷ, ʦʛʨʦʤʥʳʤʠ 

ʦʙʲʝʤʘʤʠ ʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠ ʙʳʩʪʨʳʤ ʨʘʟʚʠʪʠʝʤ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʷʚʣʝʥʠʷ ʩʝʡʩʤʦʛʝʥʥʳʭ ʦʧʦʣʟʥʝʡ 
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ʷʚʣʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ ʩʢʣʦʥʘ. ʉʦʩʪʦʷʥʠʝ ʧʦʨʦʜ ʚ ʤʘʩʩʠʚʝ 

ʦʧʨʝʜʝʣʷʝʪ ʦʙʲʝʤ ʠ ʪʠʧʳ ʩʤʝʰʝʥʠʷ. ʆʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʡʩʤʦʛʝʥʥʳʭ ʦʧʦʣʟʥʝʡ 

ʠ ʦʙʚʘʣʦʚ, ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ ʢ ʩʝʡʩʤʦʛʝʥʝʨʠʨʫʶʱʠʤ ʟʦʥʘʤ ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ. ɺ 

ʧʨʝʜʝʣʘʭ ɻʠʩʩʘʨʦ-ɸʣʘʷ ʩ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʨʘʟʚʠʪʠʝʤ ʧʨʦʯʥʳʭ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʠ ʠʥʪʨʫʟʠʚʥʳʭ 

ʧʦʨʦʜ ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʭʘʨʘʢʪʝʨʥʦ ʧʨʦʷʚʣʝʥʠʝ ʛʣʫʙʦʢʠʭ ʩʝʡʩʤʦʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʦʧʦʣʟʥʝʡ. ʇʨʠ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʠʟʫʯʝʥʠʠ ʛʦʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʝʜʫʝʪ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʪʴ ʧʨʠʥʮʠʧʳ ʪʠʧʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʠ ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʭʘʨʘʢʪʝʨʫ ʠʭ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʪʝʨʨʠʪʦʨʠʠ. ʊʠʧʠʟʘʮʠʶ ʪʝʨʨʠʪʦʨʠʡ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʠʟʚʦʜʠʪ ʥʘ ʫʨʦʚʥʷʭ ʫʯʘʩʪʢʦʚ ʩʢʣʦʥʦʚ, ʧʦʜʨʘʡʦʥʦʚ, ʟʦʥ, ʘ ʧʨʠ ʚʦʟʤʦʞʥʦʩʪʠ ʙʘʩʩʝʡʥʦʚ ʧʦ 

ʧʨʝʦʙʣʘʜʘʶʱʝʤʫ ʭʘʨʘʢʪʝʨʫ ʚʝʜʫʱʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʮʝʩʩ, ʪʝʨʨʠʪʦʨʠʷ, ʫʩʣʦʚʠʷ, ʦʧʦʣʴʟʝʥ, ʩʢʣʦʥ, ʧʨʦʷʚʣʝʥʠʷ, ʧʦʜʨʘʡʦʥ, ʩʪʘʜʠʷ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ. 

 

MAIN METHODS OF PROTECTION AGAINST ENGINEERING -GEOLOGICAL PROCESSES 

(LANDSLIDES, ALMOST AFFECTED LANDSLIDES AND SLUDGE) IN THE AREA OF THE 

VAKHSH AND KARATEGY RIDGES  

The structure of slopes and the state of rocks in massifs under various seismic impacts determine the 

formation of seismogenic landslides of different types. On complex slopes of block structure with the presence 

of faults during strong earthquakes of 8-9 points, deep seismogenic landslides-landslides, seismically excited 

rock-rubble avalanches, unfinished shear landslides, landslide-flows with a complex displacement mechanism, 

huge volumes and catastrophically rapid development are formed. A feature of the manifestation of seismogenic 

landslides is the independence of their formation from the preparedness of the slope. The state of rocks in the 

massif determines the volume and types of mixing. The main patterns of formation of seismogenic landslides 

and rockfalls are confined to seismogenic zones of active faults. Within the Gissar-Alai with the predominant 

development of strong metamorphosed and intrusive rocks of the Paleozoic age, the manifestation of deep 

seismogravitational landslides is characteristic. In the engineering-geological study of mountainous territories at 

all stages of research, the principles of typification of processes and national economic objects by the nature of 

their impact on the engineering-geological conditions of the territory should be widely applied. Typification of 

territories must be carried out at the levels of slope sections, sub-regions, zones, and, if possible, basins by the 

predominant nature of the leading geological processes. 

Keywords: process, territory, conditions, pollutant, slope, manifestations, sub-region, stage, stability. 
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ʈɸʉʇʈʆʉʊʈɸʅɽʅʀɽ ʉʆʃʗʅʆɻʆ ʂɸʈʉʊɸ ɺ ʉɽɺɽʈʆ-ɿɸʇɸɼʅʆʁ ʌɽʈɻɸʅɽ 

 

ʍʦʜʞʠʤʘʪʦʚ ʇ.ʈ., ɸʙʜʫʨʘʭʠʤʦʚ ʉ.ʗ. 

ʍʫʜʞʘʥʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɹ. ɻʘʬʫʨʦʚʘ 

 

ʉʦʣʷʥʦʡ ʢʘʨʩʪ - ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʚʳʟʳʚʘʝʤʳʭ ʚʦʜʦʡ ʠ ʘʪʤʦʩʬʝʨʦʡ ʥʘ ʩʦʣʠʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ ʩʦʟʜʘʶʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʝ ʢʘʨʩʪʦʚʳʝ ʬʦʨʤʳ ʠ ʝʩʪʝʩʪʚʝʥʥʳʝ ʨʘʩʩʦʣʳ.  

ʉʦʣʷʥʳʝ ʟʘʣʝʞʠ ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʅɻ, ʭʦʪʷ ʠ ʤʝʥʴʰʝʝ, ʯʝʤ ʢʘʨʩʪʫʶʱʠʝʩʷ ʢʘʨʙʦʥʘʪʥʳʝ ʚ ʩʫʣʴʬʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ. 

ʅʦ ʩʢʦʨʦʩʪʴ ʨʘʟʚʠʪʠʷ ʩʦʣʷʥʦʛʦ ʢʘʨʩʪʘ ʥ ʩʦʪʥʠ ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʪʘʢʦʚʫʶ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʠ 

ʩʫʣʴʬʘʪʥʳʭ ʧʦʨʦʜʘʭ (ʨʠʩ. 1).  

 

ʈʠʩ 1. ɻʠʜʨʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ɿʘʧʘʜʥʦʡ ʌʝʨʛʘʥʳ 

Fig. 1. Hydrological map of Western Fergana 

 
ɸʪʣʘʩ ʊʘʜʞʠʢʠʩʢʦʡ ʉʉʈ. -ʉ.33  

 

ʇʦʟʥʘʥʠʝ ʩʦʣʷʥʦʛʦ ʢʘʨʩʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʘʤʝʥʥʦʡ ʠ ʢʘʣʠʡʥʳʭ ʩʦʣʝʡ, ʤʠʨʘʙʠʣʠʪʘ, 

ʪʝʥʘʨʜʠʪʘ ʠ ʜʨʫʛʠʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʟʚʠʪʠʷ ʢʘʨʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʫʰʘʶʪʩʷ ʩʦʣʷʥʳʝ ʟʘʣʝʞʠ, ʛʠʙʥʫʪ ʩʦʣʷʥʳʝ ʨʫʜʥʠʢʠ, 

ʙʝʩʩʣʝʜʥʦ ʫʥʦʩʷʪʩʷ ʢʘʨʩʪʦʚʳʤʠ ʚʦʜʘʤʠ ʚ ʨʝʢʠ, ʦʟʝʨʘ ʠ ʤʦʨʷ ʦʛʨʦʤʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʮʝʥʥʳʭ 

ʨʘʩʩʦʣʦʚ ʭʣʦʨʠʩʪʳʭ ʠ ʩʝʨʥʦ-ʢʠʩʣʳʭ ʩʦʣʝʡ ʥʘʪʨʠʷ, ʢʘʣʠʷ, ʤʘʛʥʠʷ, ʩʦʝʜʠʥʝʥʠʡ ʙʨʦʤʘ, ʙʦʨʘ ʠ 

ʧʨʦʯʠʭ ʵʣʝʤʝʥʪʦʚ [4; 7]. ɼʣʠʪʝʣʴʥʦʝ ʢʘʨʩʪʦʚʘʥʠʝ ʚ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʩʦʣʝʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʦʩʪʝʧʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʩʦʣʷʥʳʭ ʟʘʣʝʞʝʡ, ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ ʠʭ ʠʩʯʝʟʥʦʚʝʥʠʷ.  

ʊʦʣʴʢʦ ʧʨʠ ʭʦʨʦʰʝʡ ʠʟʫʯʝʥʥʦʩʪʠ ʬʘʢʪʦʨʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩʳ ʢʘʨʩʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʩʦʣʷʥʳʭ ʟʘʣʝʞʘʭ, ʟʥʘʥʠʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ ʢʘʨʩʪʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʥʦ ʜʝʣʘʪʴ 

ʧʨʦʛʥʦʟʳ ʚʦʟʤʦʞʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʢʘʨʩʪʦʚʳʭ ʷʚʣʝʥʠʡ ʠ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʤʝʨʦʧʨʠʷʪʠʷ 

ʧʦ ʙʦʨʴʙʝ ʩ ʢʘʨʩʪʦʤ ʥʘ ʩʦʣʷʥʳʭ ʨʫʜʥʠʢʘʭ ʠ ʧʨʦʤʳʩʣʘʭ. 

 ɿʥʘʷ ʭʦʜ ʧʨʦʮʝʩʩʦʚ ʨʘʟʚʠʪʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʢʘʨʩʪʘ, ʤʦʞʥʦ ʫʧʨʘʚʣʷʝʤʳʤ ʧʦʜʟʝʤʥʳʤ 

ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ ʧʦʣʫʯʘʪʴ ʨʘʩʩʦʣʳ ʜʣʷ ʩʦʣʷʥʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʦʟʜʘʚʘʪʴ 

ʢʘʨʩʪʦʚʳʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʧʦʣʦʩʪʠ ï çʧʝʱʝʨʳè ʜʣʷ ʭʨʘʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ [3].  
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ʂʘʤʳʰ-ʂʫʨʛʘʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʢʘʤʝʥʥʦʡ ʩʦʣʠ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʉʝʚʝʨo-ɿʘʧʘʜʥʦʡ 

ʌʝʨʛʘʥʝ, ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʧʨʦʜʦʣʞʝʥʠʠ ʛʦʨ ɸʢ-ɹʝʣʴ, ʢʦʪʦʨʳʝ ʚ ʵʪʦʡ ʯʘʩʪʠ ʠʟʚʝʩʪʥʳ ʧʦʜ 

ʥʘʟʚʘʥʠʝʤ ʂʠʟʳʣ-ɼʞʘʨ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʛʣʫʙʦʢʦʡ ʜʨʝʚʥʦʩʪʠ [2,4]. ʅʘ ʙʘʟʝ 

ʢʘʨʩʪʦʚʳʭ ʩʦʣʷʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʤʳʰ-ʂʫʨʛʘʥ ʨʘʙʦʪʘʝʪ ʩʦʣʷʥʦʡ ʧʨʦʤʳʩʝʣ 

ʂʘʨʘ-ʂʦʥ, ʥʘ ʢʦʪʦʨʦʤ ʚʳʚʘʨʠʚʘʝʪʩʷ ʠʟ ʢʘʨʩʪʦʚʳʭ ʨʘʩʩʦʣʦʚ ʜʦ 10 ʪʳʩ. ʪ ʚ ʛʦʜ ʧʠʱʝʚʦʡ ʩʦʣʠ.  

ɻʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ, ʧʨʦʚʝʜʘʥʥʳʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʂʘʤʳʰ-ʂʫʨʛʘʥʩʢʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʢʘʤʝʥʥʦʡ ʩʦʣʠ, ʜʘʣʠ ʙʦʣʴʰʦʡ ʬʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʧʦʟʥʘʥʠʷ 

ʩʚʦʝʦʙʨʘʟʥʳʭ ʬʦʨʤ ʩʦʣʷʥʦʛʦ ʢʘʨʩʪʘ. 

ʉʦʣʝʥʦʩʥʳʝ ʦʪʣʦʞʝʥʠʷ ʂʘʤʳʰ-ʂʫʨʛʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʥʝʦʛʝʥʦʚʦʤʫ 

ʚʦʟʨʘʩʪʫ ʠ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʩʚʠʪ: ʩʦʣʝʥʦʩʥʦʡ ʠ ʛʠʧʩʦʥʦʩʥʦʡ. ʉʦʣʝʥʦʩʥʘʷ ʩʚʠʪʘ ʩʣʦʞʝʥʘ 

ʟʝʣʝʥʳʤʠ, ʙʫʨʳʤʠ, ʢʦʨʠʯʥʝʚʳʤʠ ʧʝʩʯʘʥʠʩʪʳʤʠ ʛʣʠʥʘʤʠ ʩ ʧʣʘʩʪʘʤʠ ʢʘʤʝʥʥʦʡ ʩʦʣʠ ʠ 

ʧʨʦʩʣʦʷʤʠ ʛʠʧʩʘ, ʘ ʪʘʢʞʝ ʪʝʤʥʦ-ʢʨʘʩʥʳʤʠ ʠ ʟʝʣʝʥʳʤʠ ʤʝʨʛʝʣʷʤʠ ʠ ʛʣʠʥʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʛʠʧʩʘ 

ʠ ʛʣʘʫʙʝʨʠʪʘ. ʄʦʱʥʦʩʪʴ ʩʦʣʝʥʦʩʥʦʡ ʩʚʠʪʳ - ʦʢʦʣʦ ɿ00 ʤ. ɺʳʰʝ ʥʘʜ ʩʦʣʝʥʦʩʥʦʡ ʩʚʠʪʦʡ 

ʟʘʣʝʛʘʝʪ ʛʠʧʩʦʥʦʩʥʘʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʟʝʣʝʥʳʤʠ ʠ ʙʫʨʳʤʠ ʛʣʠʥʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʛʠʧʩʘ ʠ 

ʪʝʥʘʨʜʠʪʘ ʠ ʣʠʥʟʘʤʠ ʢʘʤʝʥʥʦʡ ʩʦʣʠ. 

 

ʈʠʩ. 2, 3. ʌʦʨʤʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʩʦʣʷʥʳʤ ʢʘʨʩʪʦʤ, ʂʘʤʳʰ-ʂʫʨʛʘʥ ï 2024 ʛ. 

Fig. 2, 3. Formations formed by salt karst, Kamysh-Kurgan ï 2024 

  
 

ʉʝʨʦ-ʟʝʣʝʥʳʝ ʠ ʢʨʘʩʥʦ-ʙʫʨʳʝ ʩʦʣʷʥʳʝ ʛʣʠʥʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ 

ʢʘʨʩʪʫʶʱʠʤʠʩʷ ʧʦʨʦʜʘʤʠ ʩʦʣʝʥʦʩʥʦʡ ʩʚʠʪʳ ʂʘʤʳʰ-ʂʫʨʛʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ 

ʥʝʟʘʪʨʦʥʫʪʦʤ ʢʘʨʩʪʦʤ ʩʦʩʪʦʷʥʠʠ ʛʣʠʥʳ ʤʥʦʛʦʢʨʘʪʥʦ ʧʝʨʝʩʣʘʠʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʩ ʢʘʤʝʥʥʦʡ 

ʩʦʣʴʶ ʠ ʜʨʫʛʠʤʠ ʧʦʨʦʜʘʤʠ.  

ʇʣʘʩʪʳ ʩʦʣʠ ʩʠʣʴʥʦ ʟʘʛʨʷʟʥʝʥʳ ʚʢʣʶʯʝʥʠʷʤʠ ʠ ʧʨʠʤʝʩʷʤʠ ʛʣʠʥ, ʛʣʠʥʠʩʪʳʭ ʧʝʩʢʦʚ ʠ 

ʛʠʧʩʘ, ʧʦʵʪʦʤʫ ʣʝʛʢʦ ʧʦʜʜʘʶʪʩʷ ʨʘʩʪʚʦʨʝʥʠʶ ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʶ. ʌʦʨʤʳ ʢʘʨʩʪʘ ʟʜʝʩʴ 

ʩʚʦʝʦʙʨʘʟʥʳ, ʪʘʢ ʢʘʢ ʛʝʥʝʟʠʩ ʠʭ ʩʚʷʟʘʥ ʩʦ ʩʣʦʞʥʳʤ ʩʦʩʪʘʚʦʤ ʩʦʣʝʥʦʩʥʦʡ ʩʚʠʪʳ. ʅʘʧʨʠʤʝʨ, 

ʢʘʨʩʪʦʚʳʝ ʚʦʨʦʥʢʠ ʤʝʣʢʠʝ ʥ ʤʝʩʪʘʤʠ ʨʘʩʧʦʣʦʞʝʥʳ ʦʯʝʥʴ ʛʫʩʪʦ, ʧʦ 5-7 ʥʘ ʧʣʦʱʘʜʠ 10 ʤ
2
. 

ɼʠʘʤʝʪʨʳ ʚʦʨʦʥʦʢ ʥʝʙʦʣʴʰʠʝ (1-1,2 ʤ ʤʝʥʴʰʝ). ɺ ʜʦʣʠʥʘʭ ʦʚʨʘʛʦʚ ʢʦʨʦʥʢʠ ʪʷʥʫʪʩʷ 

ʧʨʘʚʠʣʴʥʳʤʠ ʨʷʜʘʤʠ ʧʦ ʜʥʫ ʪʘʣʴʚʝʛʘ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʠʟʦʙʠʣʫʝʪ ʩʦʣʷʥʳʤʠ ʧʝʱʝʨʘʤʠ, 

ʛʨʦʪʘʤʠ, ʫʱʝʣʴʷʤʠ.  

ʉ ʧʦʚʝʨʭʥʦʩʪʠ ʚʩʝ ʢʘʨʩʪʦʚʳʝ ʬʦʨʤʳ ʩʦʣʝʥʦʩʥʦʡ ʪʦʣʱʠ ʣʝʪʦʤ ʧʦʢʨʳʪʳ ʙʝʣʦʩʥʝʞʥʳʤʠ 

ʥʘʪʝʢʘʤʠ ʪʦʣʩʪʦʡ, ʧʣʦʪʥʦʡ ʛʣʠʥʷʥʦʩʦʣʷʥʦʡ ʢʦʨʦʡ ʚʪʦʨʠʯʥʳʭ ʩʦʣʝʡ, ʢʦʪʦʨʘʷ ʚʦ ʚʨʝʤʷ ʜʦʞʜʝʡ 

ʩʪʘʥʦʚʠʪʩʷ ʚʷʟʢʦʡ, ʣʠʧʢʦʡ ʠ ʩʢʦʣʴʟʢʦʡ. ʇʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʦʚ ʢʘʤʝʥʥʦʡ ʩʦʣʠ ʠ ʩʦʣʝʥʦʩʥʳʭ 

ʛʣʠʥ ʚʦ ʚʨʝʤʷ ʜʦʞʜʝʡ ʩʦʯʘʪʩʷ ʩʦʣʝʥʳʝ ʚʦʜʳ; ʩʦʙʠʨʘʷʩʴ ʚ ʧʦʥʠʞʝʥʠʷʭ, ʦʥʠ ʦʙʨʘʟʫʶʪ ʤʝʣʢʠʝ 

ʨʫʯʝʡʢʠ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʥʠʟʚʝʨʛʘʶʪʩʷ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʘʨʩʪʦʚʳʝ ʚʦʨʦʥʢʠ ʠ ʩ ʞʫʨʯʘʥʠʝʤ 

ʧʨʦʜʦʣʞʘʶʪ ʩʚʦʡ ʧʦʜʟʝʤʥʳʡ ʧʫʪʴ ʧʦ ʟʘʢʘʨʩʪʦʚʘʥʥʳʤ ʧʫʩʪʦʪʘʤ ʠ ʭʦʜʘʤ ʚ ʧʣʘʩʪʘʭ ʢʘʤʝʥʥʦʡ 

ʩʦʣʠ. ɺ ʦʪʚʝʩʥʳʭ ʩʪʝʥʢʘʭ ʧʣʘʩʪʦʚ ʢʘʤʝʥʥʦʡ ʩʦʣʠ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʪʘ ʤʝʣʢʠʤʠ ʙʦʨʦʟʜʘʤʠ 

ʰʠʨʠʥʦʡ ʜʦ 10 ʩʤ ʩ ʦʩʪʨʳʤʠ ʨʝʞʫʱʠʤʠ ʢʨʘʷʤʠ. 

ʉʪʘʣʘʢʪʠʪʳ, ʧʦ ʩʣʦʚʘʤ ʈʳʯʢʦʚʘ, ç...ʩʦʩʪʘʚʣʷʶʪ ʨʘʟʣʠʯʥʳʝ ʫʜʠʚʣʝʥʠʷ ʜʦʩʪʦʡʥʳʝ ʚʝʱʴ... 

ʀʥʜʝ ʩʣʠʣʠʩʴ ʦʥʠ ʥʘ ʧʦʜʦʙʥʦ ʠʩʢʫʩʩʪʚʦʤ ʩʜʝʣʘʥʥʦʛʦ ʩʪʦʣʙʘ, ʠʥʜʝ ʚʠʩʷʪ ʚʝʨʭʫ ʭʨʘʤʠʥʳ, ʢʘʢ 
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ʩʚʝʯʠ ʠʟ ʙʝʣʦʛʦ ʚʦʩʢʘ, ʥʘʨʦʯʥʦ ʙʫʜʪʦ ʧʦʩʪʘʚʣʝʥʥʳʝ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʭʨʘʤʠʥʳ...è [6,ʩ.25-62]. ɺ 

ʠʟʫʯʝʥʠʠ ʩʦʣʷʥʦʛʦ ʢʘʨʩʪʘ ʙʦʣʴʰʫʶ ʧʦʤʦʱʴ ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʢʨʘʝʚʝʜʳ, ʨʘʙʦʪʥʠʢʠ ʠ ʫʯʘʱʠʝʩʷ 

ʤʝʩʪʥʳʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. 

ɺ ʪʦʣʱʝ ʢʘʤʝʥʥʦʡ ʩʦʣʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤʝʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʣʠʥʟʳ ʠ ʚʢʣʶʯʝʥʠʷ 

ʩʝʨʥʦʢʠʩʣʳʭ ʩʦʣʝʡ (ʤʠʨʘʙʠʣʠʪʘ ʠ ʪʝʥʘʨʜʠʪʘ), ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʞʝʥʳ ʝʱʝ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʚʳʚʝʪʨʠʚʘʥʠʶ, ʯʝʤ ʢʘʤʝʥʥʘʷ ʩʦʣʴ. ɻʠʧʩʦʚʦ-ʘʥʛʠʜʨʠʪʦʚʳʝ ʧʨʦʩʣʦʠ, ʥʘʦʙʦʨʦʪ, ʚʳʚʝʪʨʠʚʘʶʪʩʷ 

ʪʨʫʜʥʝʝ ʢʘʤʝʥʥʦʡ ʩʦʣʠ ʠ ʥʘ ʟʘʣʝʞʠ ʦʙʨʘʟʫʶʪ ʚʳʩʪʫʧʳ ʠ ʛʨʷʜʳ, ʩʚʝʨʭʫ ʧʨʠʢʨʳʪʳʝ ʢʦʨʦʡ 

ʢʦʨʠʯʥʝʚʳʭ ʠ ʟʝʣʝʥʦʚʘʪʳʭ ʛʠʧʩʦʥʦʩʥʳʭ ʛʣʠʥ, ʦʩʪʘʚʰʠʭʩʷ ʦʪ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʢʘʤʝʥʥʦʡ ʩʦʣʠ. 

ɻʣʠʥʠʩʪʦ-ʛʠʧʩʦʚʘʷ ʢʦʨʘ ʩ ʦʪʪʝʥʢʘʤʠ ʢʨʘʩʥʦ-ʤʘʣʠʥʦʚʳʭ, ʟʝʣʝʥʦʚʘʪʦ-ʛʦʣʫʙʳʭ ʠ ʞʝʣʪʳʭ ʮʚʝʪʦʚ ʩ 

ʙʝʣʳʤʠ ʧʷʪʥʘʤʠ ʚʳʮʚʝʪʦʚ ʩʦʣʝʡ ʠ ʧʨʠʩʳʧʢʦʡ ʠ ʚʠʜʝ ʠʥʝʷ, ʧʫʰʦʥʢʦʡ ʪʝʥʘʨʜʠʪʘ ʙʳʚʘʝʪ ʚʝʩʴʤʘ 

ʢʨʘʩʦʯʥʘ ʠʟʜʘʣʠ.  

ʂʘʤʝʥʥʘʷ ʩʦʣʴ ʂʠʟʳʣ-ɼʞʘʨʝ ʦʙʥʘʞʘʝʪʩʷ ʣʠʰʴ ʚ ʩʚʝʞʠʭ ʦʙʨʳʚʘʭ ʩʢʣʦʥʦʚ ʦʚʨʘʛʦʚ, 

ʧʝʱʝʨʘʭ ʠ ʧʦʜʟʝʤʥʳʭ ʨʫʩʣʘʭ ʢʘʨʩʪʦʚʳʭ ʜʦʣʠʥ. ɿʜʝʩʴ ʧʦʚʝʨʭʥʦʩʪʴ ʠʥʦʛʜʘ ʧʨʠʢʨʳʪʘ ʘʞʫʨʥʳʤʠ 

ʙʝʣʳʤʠ ʥʘʪʝʢʘʤʠ ʩʦʣʠ, ʜʣʠʥʥʳʤʠ ʠ ʪʦʥʢʠʤʠ ʩʪʘʣʘʢʪʠʪʘʤʠ ʠ ʥʘʨʦʩʪʘʤʠ ʩʪʘʣʘʛʤʠʪʦʚ. ʊʘʤ ʞʝ, 

ʛʜʝ ʚ ʢʘʤʝʥʥʦʡ ʩʦʣʠ ʠʤʝʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʤʠʨʘʙʠʣʠʪʘ, ʦʙʨʘʟʫʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʥʝʞʥʦ ʦʧʫʰʝʥʥʳʝ ʠʥʝʝʤ ʪʝʥʘʨʜʠʪʘ.  

ʅʘ ʂʠʟʳʣ-ɼʞʘʨʝ ʧʦʷʚʣʷʶʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʝ ʬʦʨʤʳ ʩʦʣʷʥʦʛʦ ʢʘʨʩʪʘ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʩʦʣʷʥʳʝ çʙʘʙʳè, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʚʳʭʦʜʳ ʢʘʤʝʥʥʦʡ ʩʦʣʠ ʥʘ ʩʢʣʦʥʘʭ, ʧʨʠʢʨʳʪʳʝ 

ʧʣʘʱʦʤ ʦʧʣʳʚʰʝʡ ʛʣʠʥʳ. ɻʣʠʥʷʥʳʡ ʧʣʘʱ, ʧʦʢʨʳʚʘʶʱʠʡ ʚʳʩʪʫʧ ʢʘʤʝʥʥʦʡ ʩʦʣʠ, ʧʨʝʜʦʭʨʘʥʷʝʪ 

ʠʭ ʦʪ ʨʘʟʤʳʚʘʥʠʷ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ. 

ʉʦʣʷʥʳʝ çʙʘʙʳè ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʟʜʘʣʠ ʥʘʧʦʤʠʥʘʶʪ ʞʝʥʱʠʥ, ʟʘʢʫʪʘʥʥʳʭ ʚ ʮʚʝʪʥʦʡ ʧʣʝʜ, 

ʪʘʢ ʢʘʢ ʛʣʠʥʘ ʙʳʚʘʝʪ ʨʘʟʥʳʭ ʦʪʪʝʥʢʦʚ - ʦʪ ʩʝʨʦ-ʟʝʣʝʥʦʚʘʪʳʭ ʜʦ ʢʦʨʠʯʥʝʚʳʭ ʠ ʢʨʘʩʥʳʭ.  

 

ʈʠʩ. 4, 5. ʂʘʨʩʪʦʚʳʝ ʧʦʣʷ ʂʠʟʳʣ-ɼʞʘʨ ï 2024 ʛ. 

Fig. 4, 5. Karst fields of Kyzyl-Dzhar ï 2024 

  
 

ʅʘ ʂʠʟʳʣ-ɼʞʘʨʝ ʢʘʨʩʪʦʚʳʝ ʚʦʨʦʥʢʠ ʠ ʧʝʱʝʨʳ ʧʦʣʫʯʠʣʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ. 

ʅʝʢʦʪʦʨʳʝ ʧʝʱʝʨʳ ʪʷʥʫʪʩʷ ʥʘ ʩʦʪʥʠ ʤʝʪʨʦʚ ʠ ʧʦ ʩʚʦʝʤʫ çʦʬʦʨʤʣʝʥʠʶè ʩʦʣʷʥʳʤʠ ʥʘʪʝʢʘʤʠ ʠ 

ʛʫʩʪʳʤʠ ʱʝʪʢʘʤʠ ʩʪʘʣʘʢʪʠʪʦʚ ʧʨʦʠʟʚʦʜʷʪ ʥʝʟʘʙʳʚʘʝʤʝ ʚʧʝʯʘʪʣʝʥʠʝ. ʇʦ ʜʥʫ ʦʪʜʝʣʴʥʳʭ ʧʝʱʝʨ 

ʩʪʨʫʷʪʩʷ ʤʝʣʢʠʝ ʧʨʦʟʨʘʯʥʳʝ ʨʫʯʝʡʢʠ ʢʘʨʩʪʦʚʳʭ ʚʦʜ. ʄʝʩʪʘʤʠ ʚ ʧʝʱʝʨʘʭ ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʥʝʙʦʣʴʰʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʥʝʛʣʫʙʦʢʠʝ ʦʟʝʨʢʠ ʩ ʥʘʩʳʱʝʥʥʳʤʠ ʢʘʨʩʪʦʚʳʤʠ ʨʘʩʩʦʣʘʤʠ.  

ʆʜʥʠ ʩʦʣʷʥʳʝ ʧʝʱʝʨʳ ʥʘʩʪʦʣʴʢʦ ʚʳʩʦʢʠʝ, ʯʪʦ ʤʦʞʥʦ ʭʦʜʠʪʴ, ʥʝ ʩʛʠʙʘʷʩʴ, ʧʦ ʚʝʩʴ ʨʦʩʪ, 

ʥʦ ʧʦ ʜʨʫʛʠʤ ʤʦʞʥʦ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʪʦʣʴʢʦ ʧʦʣʟʢʦʤ. ɺ ʥʝʢʦʪʦʨʳʭ ʧʝʱʝʨʘʭ ʠʤʝʶʪʩʷ 

ʧʨʠʯʫʜʣʠʚʳʝ ʩʦʣʷʥʳʝ ʩʪʘʣʘʢʪʠʪʳ ʠ ʩʦʣʷʥʳʝ ʥʘʪʝʢʠ, ʦʢʨʘʰʝʥʥʳʝ ʛʣʠʥʘʤʠ ʚ ʧʨʠʯʫʜʣʠʚʳʝ 

ʦʪʪʝʥʢʠ. ɺ ʦʜʥʦʡ ʠʟ ʪʘʢʠʭ ʧʝʱʝʨ ʥʘʤʠ ʥʘʡʜʝʥ ʜʠʢʦʦʙʨʘʟ, ʧʦʛʨʝʙʝʥʥʳʡ ʧʦʜ ʩʦʣʷʥʳʤʠ ʥʘʪʝʢʘʤʠ, 

ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʪʦʨʯʘʣʠ ʪʦʣʴʢʦ ʢʦʥʮʳ ʝʛʦ ʜʣʠʥʥʳʭ ʠʛʣ. ɺʠʜʠʤʦ, ʩʦʣʷʥʘʷ ʧʝʱʝʨʘ ʩʣʫʞʠʣʘ ʝʤʫ 

ʧʨʠ ʞʠʟʥʠ ʞʠʣʠʱʝʤ, ʘ ʧʦʪʦʤ ʠ ʤʦʛʠʣʦʡ. ɺ ʜʨʫʛʦʡ ʧʝʱʝʨʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʢʝʪʤʝʥʴ ʩʦ 

ʩʣʦʤʘʥʥʦʡ ʨʫʯʢʦʡ, ʩʣʫʞʠʚʰʠʡ ʜʣʷ ʜʦʙʳʯʠ ʩʦʣʠ. ʂʝʪʤʝʥʴ ʪʘʢʞʝ ʥʘʭʦʜʠʣʩʷ ʧʦʜ ʩʦʣʷʥʳʤʠ 

ʥʘʪʝʢʘʤʠ. ʇʝʱʝʨʘ ʵʪʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʙʨʦʰʝʥʥʫʶ ʰʪʦʣʴʥʶ, ʚ ʢʦʪʦʨʦʡ 

ʢʦʛʜʘ-ʪʦ ʜʦʙʳʚʘʣʘʩʴ ʢʘʤʝʥʥʘʷ ʩʦʣʴ. 
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ɺ ʦʜʥʦʡ ʧʝʱʝʨʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʦʢʦʣʦ ɹʘʨʜʘʤʢʫʣʴʩʢʦʛʦ ʫʱʝʣʴʷ, ʧʦʣ, ʧʦʪʦʣʦʢ ʠ ʩʪʝʥʳ 

ʧʦʢʨʳʪʳ ʤʷʛʢʦʡ ʠ ʨʳʭʣʦʡ ʧʫʰʦʥʢʦʡ ʪʝʥʘʨʜʠʪʘ. ɺʳʩʪʫʧʳ ʥʘ ʩʪʝʥʘʭ ʥʘʧʦʤʠʥʘʣʠ ʧʦ ʩʚʦʝʤʫ 

ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʪʦʣʴʢʦ ʯʪʦ ʚʳʧʘʚʰʠʡ ʩʥʝʛ. ʅʘ ʜʥʝ ʧʝʱʝʨʳ ʥʦʛʠ ʫʪʦʧʘʣʠ ʥʘ 15-20 ʩʤ ʚ ʪʘʢʫʶ ʞʝ 

ʨʭrʣʫʶ ʠ ʧʫʭʣʫʶ ʧʫʰʦʥʢʫ. ʅʘ ʧʦʪʦʣʢʝ ʧʝʱʝʨʳ ʚʠʜʥʝʣʠʩʴ ʥʝʙʦʣʴʰʠʝ ʩʪʘʣʘʢʪʠʪʳ, ʪʘʢʞʝ 

ʧʦʢʨʳʪʳʝ ʙʝʣʳʤ ʧʫʭʦʤ ʩʦʣʝʡ ʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ. 

ɺʳʚʦʜʳ. ɼʣʷ ʧʦʟʥʘʥʠʷ ʩʦʣʷʥʦʛʦ ʢʘʨʩʪʘ ʪʦʛʦ ʠʣʠ ʜʨʫʛʦʛʦ ʙʘʩʩʝʡʥʘ ʠʣʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʨʘʡʦʥʘ ʩʦʣʷʥʦʡ ʟʘʣʝʞʠ, ʝʛʦ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʰʣʦʛʦ ʠ ʥʘʩʪʦʷʱʝʛʦ.  

ʅʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʘ ʠʩʪʦʨʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʫʜʥʠʢʦʚ, ʨʘʟʚʠʪʠʷ ʥʘ ʥʠʭ ʢʘʨʩʪʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʙʦʨʴʙʘ ʩ ʢʘʨʩʪʦʤ ʠ ʪ. ʜ.  

ʇʨʠʯʫʜʣʠʚʳʝ ʬʦʨʤʳ ʩʦʣʷʥʦʛʦ ʢʘʨʩʪʘ, ʫʜʠʚʠʪʝʣʴʥʳʝ ʧʦ ʢʨʘʩʦʪʝ ʢʘʨʩʪʦʚʳʝ ʧʝʱʝʨʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʵʩʪʝʪʠʯʝʩʢʠʡ ʠ ʧʦʟʥʘʚʘʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʩʝʱʝʥʠʷ ʠʭ ʵʢʩʢʫʨʩʠʷʤʠ 

ʫʯʘʱʠʭʩʷ ʠ ʪʫʨʠʩʪʘʤʠ.  
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ÞÌÉÝÔØ ÖÌÜÐÌÙÔ ÙÌØÌÖÔ ÖÌÜÝÞ ÐÌÜ äÔØÚ×ß ÀÌÜÍÔÔ àÌÜÀÚÙÌ 

Øìėú÷ì íì ċöñ ìó ûìðôðìĕúô ìĔôí, îì÷ñ öìøúøĘāþìô þìíôìþ - öìüýþô ùìøìö íìāĄôðì Ąÿðììýþ. 
Öìüýþô ùìøìö ðìü ėôýøô Ąôøú÷ÿ Ďìüíôô îúðôô àìüĎúùì ûìĕù Ąÿðììýþ. ØìýĆì÷ìĕúñ, öô ðìü ôù 
øìėú÷ì ôùĆôöúý ČĀþììùð, ùì þìùĕú ìó Ĕôĕìþô ùìóìüôċîĒ, íì÷öô ìĕìøøôċþô öì÷úùô ìøì÷Ē ĕìø 
ðúüìùð. Ðúùôýþìùô ėúùÿùôċþô ôùöôĄúĀô ĕúðôýìô öìüýþ ðìü Ĕúõïôüöÿùôô úíĆñöþĕúô ýúāþøúù 
ùìėĄô öì÷úù øñíúóìð. 

Öì÷ôðîúòìĕú: öìüýþô ùìøìö, Ďúü, öìüýþô ýÿ÷Āìþ, þñùìüðôþ, öúùô ÉìøôĄ-ÉÿüĎúù, ùìøìöô 
ýìùïô Éôóô÷-Æìü. 
 

ʈɸʉʇʈʆʉʊʈɸʅɽʅʀɽ ʉʆʃʗʅʆɻʆ ʂɸʈʉʊɸ ɺ ʉɽɺɽʈʆ-ɿɸʇɸɼʅʆʁ ʌɽʈɻɸʅɽ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʦʜʥʦʤʫ ʠʟ ʫʜʠʚʠʪʝʣʴʥʳʭ, ʥʦ ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʷʚʣʝʥʠʡ ʧʨʠʨʦʜʳ ï ʩʦʣʷʥʦʤʫ 

ʢʘʨʩʪʫ. ɺ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʩʦʣʷʥʦʡ ʢʘʨʩʪ, ʚ ʩʪʘʪʴʝ 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʫʩʣʦʚʠʷ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʩʦʣʷʥʦʛʦ 

ʢʘʨʩʪʘ. ɺʦʧʨʦʩʳ, ʦʪʨʘʞʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʠʤʝʶʪ ʥʝ ʪʦʣʴʢʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ, ʥʦ ʠ ʙʦʣʴʰʦʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ɿʥʘʥʠʝ ʟʘʢʦʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʢʘʨʩʪʦʚʦʛʦ ʷʚʣʝʥʠʷ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ 

ʨʘʟʤʝʱʝʥʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʣʷʥʦʡ ʢʘʨʩʪ, ʧʝʱʝʨʘ, ʩʫʣʴʬʘʪʥʳʡ ʢʘʨʩʪ, ʪʝʥʘʨʜʠʪ, ʂʘʤʳʰ-ʂʫʨʛʘʥʩʢʦʝ 

ʤʝʩʪʘʨʦʞʜʝʥʠʝ, ʢʘʤʝʥʥʘʷ ʩʦʣʴ, ʂʳʟʳʣ-ɼʞʘʨ. 

 

DISTRIBUTION OF SALT KARST IN THE NORTH -WEST OF FERGANA 

This article is devoted to one of the amazing but little-studied natural phenomena - salt karst. Salt karst is 

widespread in the northwestern part of the Fergana Valley; the article analyzes the conditions of its formation, 

geographical distribution and landforms of salt karst. The issues reflected in this article are not only theoretical, 

but also of great practical importance. Knowledge of the legality of the development of the karst phenomenon 

plays an important role in the placement of construction projects. 

Keywords: salt karst, cave, sulfate karst, thenardite, Kamysh-Kurgan deposit, Kyzyl-Jar rock salt. 
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äÌÜÚÔÞÔ ÔÉ×ÔØÄ ÎÌ ÞÌæÝÔÜÔ ÚÙ ÍÌ ÓÌáÔÜÌÇÚÔ ÚÍÄ ÎÌ ÛÔÜëáÔÔ 

ÆßØÇßÜÔÔ ÞÚÆÔÖÔÝÞÚÙ 
 

ÇúĔôóúðì Ï.Ç. 
Øìüöìóô úøĘóôĄô ûôüċāĕúô ÌØÔÞ 

 
Óìāôüìĕúô úí ôėþôðúüô íÿóÿüïô üÿĄðô ÿýþÿîúü, ìóùìîýúóôô ôėþôýúðĒ íìĄÿøúü 

øñüìîìùð. Æÿøĕÿüôô ÞúĔôöôýþúù, öô ðìü ėôýøìþô öĘĕýúüô ÚýôČô ØìüöìóĒ Ĕúõïôü ìýþ, 
ðúüúô óìāôüìĕúô öì÷úùô úí øñíúĄìð. Ðìü ėì÷ìøüìîô ĔÿøĕÿüĒ íñĄ ìó 80% úíô ÌøÿðìüČ îì 
1% úíô ÝôüðìüČ þìĄìööÿ÷ øñČíìð. ßøÿøìù ôù þìėüôíìù 64 ĕìóúü öø3 ðìü ýú÷ øñíúĄìð, 
ċĆùñ íñĄ ìó 55% ĕìĔøô ÿøÿøôô úíĕúô ðìüČĕúô øìóöÿüüú ðìü ėì÷ìøüìîô ðìî÷ìþĕúô ÚýôČô 
ØìüöóĒ þìĄöô÷ øñðôĕìð [11]. 

ÞìĆøôùô íñāìþìüôô ôėþôýúðĒ óìüÿüìþô öúüöìüðô ýþüìþñïôċô ìýúùúöô ôðúüìô 
óìāôüìĕúô þìíôôô øô÷÷ôüú ûñĄìöĒ øÿìõċù øñùìøúċð. ÞìĄìööÿ÷ îì ûñĄüìĀþô ôėþôðúüô 
ýúðôüúþôô ÞúĔôöôýþúù íú öúüöìüðô ýìùúìþôô óìāôüìĕúô úí, úíûìüþúĒ îì ôýþôĀúðìô 
úėô÷úùìô úí üúíôþìô óôă ðúüìð. Ðìü óìøúùô ôýþôė÷ú÷ô ðìî÷ìþĒ îì ôýþô÷úĕô ôėþôýúðĒ íì 
óìāôüìĕúô ûÿüýìøìüô ýĘóôĄîúüôô þìíôĒ íì ėìðüô öúĀĒ þìĆøôù ùìíÿðìùô ÞúĔôöôýþúù 
ðìüìĔìô ôýþôė÷ú÷ôċþô ĉùñüïñþôöô úùüú ûìýþ øñùìøúċð. Ðìü ôù óìøôùì íìüúô ìøì÷ôĄìîôô 
ôýþôė÷ú÷ôċþô ĉùñüïñþôöĒ ðìü ðìüČĕúô öôĄîìü ýôýþñøìô ýô÷ýô÷ì ùñüÿïúĕĕúô íìüėôĊ úíôô 
āÿüðÿ íÿóÿüï üúĕìùðúóĒ Ąÿðììýþ. Ýúāþÿøúùô ÙÍÚ-ôô āÿüðÿ íÿóÿüï øñþìîúùìð ċöñ ìó 
üúĕĕúô ìýúýôô þìĆøôùô ìĕú÷Ē íú ùñüÿô íìüėô ôýþñĕýú÷ô ðúāô÷ì øñíúĄìð. Ðìü ÚýôČô 
ØìüöìóĒ ûüúí÷ñøìĕúô øÿúýôüô ôýþôĀúðìíìüôô óìāôüìĕúô úíĒ, Ąìüúôþô ôė÷ôøĒ îì 
þìĆýôüô úù íì óìāôüìĕúô úíĒ, ĕôĀóô þìíôìþ, ôýþôĀúðìô úėô÷úùì îì íìüėìüúüýúóôô 
óìĕôüìĕúô úù, ýìøìüìùúö ôýþôĀúðì íÿüðìùô óìāôüìĕúô úí îì ýú÷ôøïìüðúùôô øÿĕôþô óôýþ 
îìóôĀìô ìýúýôô ôýþôĀúðìíìüìùðìïúù øñíúĄìð [13]. 

Æÿøĕÿüôô ÞúĔôöôýþúù ýôČýìþô āÿðüú ðìü ýúĕìô øÿùúýôíìþĕúô úí íìü ìýúýô óìüÿüìþô 
üÿĄðô ÿýþÿîúüô ôėþôýúðĒ øìø÷ìöìþ, íñāìþìüôô ĉöú÷úïĒ, üôúċô ÿýÿ÷ĕúô ĕÿėÿėĕúô 
íìõùì÷øô÷ì÷Ē îì ôùöôĄúĀô ĕìøöúüĒ íÿùČð øñùìøúċð. Ìî÷ìîôċþ ðìü ýúĕìô ôýþôĀúðìô 
úėô÷úùì îì ĕôĀóô óìāôüìĕúô úíüú µÖúùýñûýôċô ôýþôĀúðìô ýìøìüìùúö îì ĕôĀóô óìāôüìĕúô 
úí ðìü Æÿøĕÿüôô ÞúĔôöôýþúù½, öô ìó þìüìĀô Çÿöÿøìþô Æÿøĕÿüôô ÞúĔôöôýþúù þìýðôė 
ïìüðôðììýþ, øÿìõċù øñöÿùìð. 

Ýìĕøô Æÿøĕÿüôô ÞúĔôöôýþúù ðìü þìĄìööÿ÷ô ïôðüúïüìĀôċô ÚýôČô ØìüöìóĒ íìĎúċþ 
íÿóÿüï øñíúĄìð. Ìó ĕìĔøô ÿøÿøôô þìøúøô úíô ĕìîóìô íìĕüô Ìüì÷ þìėüôíìù 90%-ô úù ìó 
ĕÿðÿðô ÞúĔôöôýþúù îì ÉôüĎôóôýþúù ĔúüĒ øñïìüðìð. Ì÷ĕú÷ ðìü ÞúĔôöôýþúù 947 ðìüČ íì 
ĕôýúí ïôüôĀþì Ąÿðììýþ, öô ðìü øìĔøÿĆ, ðìüúóôô øìĔüúô úù 25 ĕìóúü öø2-üú þìĄöô÷ 
øñðôĕìð. 

Ýìĕøô úí ðìü ĕìøìô ðìîüÿ óìøúùĕú ðìü ôüþôíúþ íì ûìõðúôĄô ĕìČþ îì þìøúøô 
øìîĔÿðúþô óôùðì ðìü ýìõČüìô øú ùôĕúċþ íÿóÿüï îì íñíìĕú øñíúĄìð. Þôíėô þìĕ÷ô÷ô 
öúüĄôùúýúùô ýúĕì øìĆ÷ÿø ïìüðôðììýþ, öô ôù øôėðúüô úíô ùĘĄúöĒ (1200 öø3) ðìü ùìþôĔìô 
ïìüðôĄô úí ýú÷ñ øñþìîúùìð þú 40000 ø3 úíüú þìî÷ôð ýúóìð îì ôù ùôýíìþô úíĕúô ĔĘĊ ðìüČĕú 
þìėüôíìù 33 øìüúþôíì óôČðþìü øñíúĄìð [11]. 

ÞúĔôöôýþúù ðìü ÚýôČô ØìüöìóĒ ċïúùì öôĄîìüô ðúüúô óìāôüìĕúô óôČðô úíĕúô Ąôüôù 
íÿðì, ìó ĕôýúíô ýìøìüìùúö ôýþôĀúðì íÿüðìùô úí øñþìîúùìð ĔìĕôĄô íÿóÿüïĒ ôėþôýúðôüú 
íìüúô āÿð øÿĕìõČ ùìøúċð.  

Øìîüôðô óôöü ìýþ, öô ðìü ôýþôĀúðìô ýìøìüìùúö îì úíČüôô ðÿüÿýþô óìøôùĕúô öôĄþ 
Æÿøĕÿüôô ÞúĔôöôýþúù ðìü ÚýôČô ØìüöìóĒ ċïúùì öôĄîìüñýþ, öô íì ôýüúĀô íñĕÿðìô úí üúĕ 
ùìøñðôĕìð.  
  

https://teacode.com/online/udc/55/551.583.html
https://teacode.com/online/udc/55/551.324.6.html


20 

 

Üìýøô 1. ÐìüČô ÎìāĄ 
Figure 1. Vakhsh River 

 
 

ÖĘĕýúüô óñíúô ÞúĔôöôýþúù, öô ĕìóúüĕú ûôüċāĕúô ïÿùúïÿùüú ðìü āÿð Ĕúõ ðúðì, ìýúýô 
ýñüúíôô ăìĄøìĊ ðìüČ îì öĘ÷ĕúô öôĄîìü ïìüðôðììýþ, íú ýìíóÿ āÿüüìøôô āÿð íñĕìøþúýþ. 
Úíĕúô ÞúĔôöôýþúù, öô ìó Ĕôĕìþô ĉöú÷úïĒ þúóììùð îì āÿýÿýôċþĕúô ĄôĀúôô óôČðñüú ðúüìùð, 
øñþìîúùìùð ðìü ûñĄüìĀþô ôėþôýúðô ĔÿøĕÿüĒ ùìėĄô ùôĕúċþ øÿĕôø íúóìùð. 

Ðìü ÞúĔôöôýþúù Ąÿøúüìô úíĕúô øôùñüì÷Ē Č āÿð ĄôĀúĒ íñĄþìü ìó 150¬þú íÿðì, ðìĕĕú 
ăÿùôù úíĕúô ðôïìü ðìü óñüô óìøôù úĄöúü öìüðì ùìĄÿðììùð [16]. 

Ùúíìüúíìü þìėýôø Ąÿðìùô óìāôüìĕúô úí ðìü öÿüìô Óìøôù, ûñĄ ìó ĕìøì, íú 
ĔúõïôüĄìîôô øìĕì÷ îì úøô÷ĕúô ôė÷ôøô øìîóñĆ ýìāþ îúíìýþìïĒ ðúüìð. Øìýì÷ìù, ðìü 
øôùþìėìô øÿĆþìðô÷ îì ĉöîìþúüôì÷Ē íì ĕìü Āìüð 25 ĕìó. ø3 úíô ùĘĄúöĒ, îì÷ñ ðìü øôùþìėìô 
āÿĄöĒ (íôČíúùÿ ùôøíôČíúù), öô ìó 1/3 ĕôýýìô ìĕú÷ôô ðÿùČ óôùðìïĒ øñöÿùìð, íì ýìüô ĕìü 
ùìĀìü ðìü ċö ýú÷ ĕìøìïĒ 3 ĕìó. ø3 úí üúýþ øñúċð. Ôù ėôýøìþô úíüú ĕìø ìöýìü íìüúô úíČüôô 
óìøôùĕú ôýþôĀúðì øñíìüìùð. 

Óìāôüìô úíĒ ïôðüúýĀñüì ðìü ýìõČüìô øú ùôĕúċþ íÿóÿüï íÿðì, íì 1,5 ø÷üð öø3 øñüìýìð, 
îì÷ñ 96%-ô úùüú úíô ĄĘüô íìĕüÿ ÿėČùÿýĕú þìĄöô÷ øñðôĕìð. Íì ĕôýýìô úíô ùĘĄúöĒ íúĄìð, 
ĕìøìïĒ 2,5% ĕìĔøô ÿøÿøôô ïôðüúýĀñüì üúýþ øñúċð. Ìó þìüìĀô ðôïìü, ôù ùôĄúùðôĕìùðì 
āñ÷ñ íÿóÿüï ìýþ îì øñþìîúùìð þì÷ìíúþô ìĕú÷ôô ýìõČüìüú þú 10 ĕìóúü øìüúþôíì íú úíô 
ùĘĄúöĒ þìĆøôù ùìøúċð. ÞúĔôöôýþúù ðìü ýìüïìĕĕúô þìĄìööÿ÷Číôô úíô öĘ÷ÿ ðìüČĕúô ÚýôČô 
ØìüöìóĒ Ĕúõïôü Ąÿðììýþ. Íì ôù, ûñĄ ìó ĕìøì, øìîėñô ïñúïüìĀĒ, āÿýÿýôċþĕúô ôė÷ôøĒ, ýìþĕô 
ĔúõïôüĄìîĒ îì ðôïìü úøô÷ĕúô þìíôĒ ýìíìí ïìüðôðììùð. Ðìü ôù Ĕú ùìóìüô āúýýô ìöìðñøôö 
Ì.Ñ. àñüýøìù ùôýíìþô øìîėñô ïñúïüìĀôô øìùíìĆĕúô úíô ôù ýìüóìøôù ăÿùôù ùìîôĄþììýþ, 
úîìüðìù íìøìîüôð ìýþ, öô ăÿùôù ùôïúĄþììýþ: µÞúĔôöôýþúù ïôüñĕô ûüúí÷ñøìĕúô øÿĕôøøô 
ùì ôù öô ÚýôČô ØìüöìóĒ, íì÷öô þìøúøô ėôþĆìô ÚýôČ ùôó øñíúĄìð½ íìøìîüôð ìýþ.  

Ûüúí÷ñøìĕúô ôýþôĀúðì îì ùúüìýúôô úí ðìü Æÿøĕÿüôô ÞúĔôöôýþúù. Óìāôüìĕúô üĘô 
óìøôùôô úí ðìü ėì÷ìøüìîô ĔÿøĕÿüĒ ùúíìüúíìü þìėýôø Ąÿðììùð. Þìėüôíìù 50% ĔìüìČùô úí 
ðìü ĕÿðÿðô ùúĕôċĕúô ÞúĔôöôýþúùô ØìüöìóĒ íì îÿĔÿð øñúċð. Ôù Ĕú ĕìøăÿùôù ðìüìĔìô 
íì÷ìùðþìüôùô þìĆøôùô úí íú ĔìüìČùô øìĕì÷÷ôô úí 861 ĕìó. ø2 ðìü 1 öø2 íì ùìóìü øñüìýìð. 
ÞìĆøôùô öìøþìüôù íú ĔìüìČùô øìĕì÷÷ôô úí ùôýíìþ íì øìýúĕìþ ðìü îô÷úċþô áìþ÷úù (117 
ĕìó. ø3) øÿĄúĕôðì øñĄìîìð, îì÷ñ ôù Ĕú üñóôĄô óôČðô úí ìó ùúĕôċĕúô ĕìøýúċ íì ùìóìü 
øñüìýìð, íôùúíìü ôù, þìĆøôùô úí ìó óìāôüìĕúô ÿøÿøĒ ðìü 1 öø2 øìýúĕìþ ôù Ĕú ìó ĕìøì óôČð 
ìýþ. ÞìĆøôùô ÿøÿøôô ĕìððô ìöýìü ìó óìāôüìĕúô ÿøÿøôô úí íì ĕìü ýìüô ìĕú÷Ē ðìü Îô÷úċþô 
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Øÿāþúüô ÖĘĕôýþúùô ÍìðìāĄúù¬109 ĕìó.ø3 ðìü ýú÷, öìøþìüôù¬14,5 ĕìó.ø3 ðìü ùúĕôċĕúô 
þúíñô ĔÿøĕÿüĒ (ÞúĔôöôýþúùô ØìüöìóĒ) øñíúĄìð [2].  

Ðìü ėì÷ìøüìîô ĔÿøĕÿüĒ íì ĕôýúíô øôČùì ýú÷úùì 51,2 ø÷üð ø3 úí øñïÿóìüìð, ìó Ĕÿø÷ì 
ìó ðìüČô Ìøÿ 50, 5 ø÷üð ø3, ðìüČô Ýôü 0,7 ø÷üð ø3. Ìó ĕìĔøô ÿøÿøôô úíô ðìü ėì÷ìøüìîô 
öôĄîìü þìî÷ôðĄìîìùðì 20%-ìĄ ðìü ðúāô÷ô øìø÷ìöìþ ôýþôĀúðì øñĄìîìð îì 80% íñüÿù ìó 
ėì÷ìøüìîô øìø÷ìöìþ íì ðìî÷ìþĕúô ĕìøýúċ øñüìîìð.  

ÇìĔøô úíĕúô óñüôóìøôùĒ ðìü Æÿøĕÿüôô ÞúĔôöôýþúù íì ìėôðìô ú÷ôøúù íì 18,7 ø÷üð 
ø3 íìüúíìü øñíúĄìð. Ìó ôù øôėðúü ėôýøñ þìüôėô ăúĕöìùĒ íì øìėýìðĕúô ùĘĄúöĒ îì 
ĉĕþôČĔúþô øìôĄôĊ þñāùôöĒ íì ėìðüô 2,8 ø÷üð ø3 ĕú÷ú ôýþôĀúðì øñĄìîìð. 

Þìėýôøô ùúøÿþìùúýôíô úí ðìü ýúĕìô öôĄúîìüóĒ îì íì ĔĘĊ ðìüČĕú üñāþìùô ïìùðìúí ùì 
Āìėìþ úùĕúüú ôĀ÷úý øñýúóìð, íì÷öô ýìíìíô ûìĕùĄìîôô íôýČü íñøúüôĕúô ýôüúċþöÿùìùðì 
ùôó øñïìüðìð. Þú ĕú÷ íôýČü Ąìíìöìĕúô íìüėìüúüùìĄÿðìô óôüúìþöúüĒ, úíČüĒ îì úíô 
úĄúøôðìùĒ øìîĔÿðìùð, öô úùĕú ėôýøô þìüöôíôô óñüýúāþúüô øìîĔÿðìüú þìĄöô÷ øñðôĕìùð. 

ÝìüăìĄøìô þìĆüôāĒ ïÿîúĕĒ ìó úù øñðôĕìùð, öô ðìü þÿ÷ô ĕìóúüýú÷ìĕú ðôėėìþô 
ýìõČĕúùüú ðìü íìüúíìüô óìāôüìĕúô þô÷÷úĊ ùÿėüì îì ýìùïĕúô ėôøìþíìĕú íúó úíĕúô 
ĄìĀĀúĀÿ ĄôĀúíìāĄô ÞúĔôöôýþúù Ĕì÷í øñöìüð. 

Ðìü ĕìėôėìþ ýìĕøô ÞúĔôöôýþúù ðìü þìĄìööÿ÷ô øìùíìĕúô úíô ÚýôČô ØìüöìóĒ āñ÷ñ 
íÿóÿüï ìýþ. Ìó 115,6 öø3 úíô ĕìîóìô íìĕüô Ìüì÷ ėìüôí 90%-ô úù ðìü ĕÿðÿðô ÞúĔôöôýþúù îì 
ÉôüĎôóôýþúù ĔúüĒ øñïìüðìùð.  

 
Æìðîì÷ô 1. ÞìĄìööÿ÷ČíĒ îì þìėýôøúþô úí ðìü íìõùô Ĕÿøĕÿüôĕúô ÚýôČô ØìüöìóĒ 

Table 1. Water formation and distribution among the Central Asian republics 

Øìø÷ìöìþĕú ÞìĄìööÿ÷Číôô úíô 
ðìüČĕú, ĕìøìïĒ 

Þìėýôøúþô úíô ðìüČĕú, 
ĕìøìïĒ 

Íì ĕôýúíô 
öø3 

Íì ĕôýúíô 
Āúôó (%) 

Íì ĕôýúíô 
öø 2 

Íì ĕôýúíô 
Āúôó (%) 

ÉôüĎôóôýþúù 29,3 25,3 5,1 4,64 

ÞúĔôöôýþúù 64,0 55,4 12,0 10,89 

Éìóúėôýþúù 4,5 3,9 10,9 9,86 

Êóíñöôýþúù 8,8 7,9 58,6 53,3 

Þÿüöøìùôýþúù - - 23,9 21,63 

Ðôïìü ðìî÷ìþĕú (éüúù îì 
ÌĀĎúùôýþúù) 

8,9 7,8 - - 

ÇìøìïĒ 115,6 100 110,5 100 
ØìùíìĆ: Øÿĕìííìþúî á. Úí øìùíìô ĕìČþ. -ÐÿĄìùíñ: ÔüĀúù, 2003. 
 

ãô þìîüñ ìó Ĕìðîì÷ ðôðô øñĄìîìð, ïìüăìùðñ ðìü ĕÿðÿðô ÞúĔôöôýþúù 64 öø3 îì Č āÿð 
55,4% úíô ĕìîóìô íìĕüô Ìüì÷ íì îÿĔÿð øñúċð, îì÷ñ íìüúô úù ĕìøìïĒ ðìü ĕìĔøô 12 öø3 úí 
Ĕÿðú Ąÿðììýþ [11]. 

ÔĀ÷úýĄìîôô úí ċöñ ìó ûüúí÷ñøìĕúô øÿĕôøþìüôùô øÿĕôþô óôýþ íÿðì, ėìüôí íì þìøúøô 
Ĕìùíìĕúô ĀìĆú÷ôċþô ìĕú÷ôô ýìõČüì þìĆýôü üìýúùôðì ôýþúðììýþ. Óñüú ýú÷ĕúô úāôü 
Ĕôððôċþô øìýĆì÷ìô ôĀ÷úýĄìîôô úí, Ďìõüôøìėýìðùúö ôýþôĀúðìíìüôô úí îì úėôíìþĕúô 
ùúøìþ÷ÿíô úù íìüúô ùìý÷ĕúô úċùðì íì þìîüô îúóñĕ ĉĕýúý öìüðì øñĄìîìð. Ðìü ùìþôĔì, ðìü 
íôýČü øìĕì÷ĕúô ìĕú÷ôùôĄôù ûüúí÷ñøì ìó úù ôíúüìþ ìýþ, öô ðìýþüìý ùìíÿðìùô úíô 
úĄúøôðìùôô ĉĆþôøúðùúö Ďìõüôôøöúù øñíúĄìð. Íú ùìóìüðúĄþô úù, öô ðìü ÞúĔôöôýþúù 
ôĀ÷úýĄìîôô úí íú ûìüþúîĕú ðìü ùìþôĔìô ĀìĆú÷ôċþô ôùýúù, ăúüîúðúüĒ îì ûìüþúîĕúô 
ýìùúìþĒ îìýñĆ ûìĕù Ąÿðììýþ. Ìøøú íìüúô ėôýøô óôČðô ìĕú÷Ē úíĒ ýôýþñøìô ėÿíÿüĕú 
ðìýþüìý ùñýþ, íìü óìøøô ôù, ėôýøô óôČðô úíô ýôýþñøìô ėÿíÿüĕú ėôýøìù îì Č ûÿüüì þúóì 
öìüðì ùìøñĄìîìùð. 

Þìėüôíìù Ĳ ĕôýýìô ìĕú÷ôô ÞúĔôöôýþúù ðìü ðñĕúþ óôùðìïĒ øñöÿùìð, öô ðìü úù Ĕú 
ĕìøìïĒ íì 40% ĕìî÷ôĕú úíô ÷ÿ÷ì ðìýþüìý ìýþ. Íì úù ėôýøô ìĕú÷Ē, öô ðìü Ąìĕü óôùðìïĒ 
øñöÿùìùð, úíô āÿíô ÷ÿ÷ì (95%) ðìýþüìý ìýþ. Ìøøú 30% ýôýþñøìô úíþìĆøôùöÿùĒ öúü 
ùìøñöÿùìð, ėôýøô íúėôøúùðì íúĄìð, íì øñĆČüô ýìùôþìüôČÿ ĉûôðñøú÷úïĒ øÿúĀôė ùñýþ. ëö 
ėôýøô ĕìîóìĕúô øìîĔÿðì ðìü áúüÿĎ îì ôùăÿùôù ðìü ùúĕôċĕú íì øúùìùðô ÎìāĄ, 
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Þñøÿüøì÷ôö, Æì÷ú÷ôððôùĒ ÜÿøĒ, ÉÿíúðôČù, ÎúýñĆ îì ðôïìü ùúĕôċĕúô ïôüðÿ ìþüúĀ öúü 
ùìøñöÿùìùð.  

Íñāìþìüôô úíô úĄúøôðìùĒ ìó íôýČü Ĕôĕìþ íì ôýþôĀúðì îì öúüöìüðô ûìüþúîĕúô 
øìôĄĒ, øìāýÿýìù ðìü Ĕúõĕúñ, öô úðìøúù ìó úíô þúóìô ÷ÿ÷ìĕú ìöýìüìù ðìýþüìý ùñýþìùð, 
îúíìýþì øñíúĄìð. Çìøôù þìüôė, ùìėĄìô øÿĄöô÷úþĕúô ĉöú÷úïôô ĕú÷ìþô ýôýþñøìĕúô 
öìùì÷ôóìþýôúùôüú íú øÿĄöô÷ôô úíô úĄúøôðìùĒ ì÷úėìøìùð øñĕôýúíìùð. Ýôýþñøìô 
öìùì÷ôóìþýôúùĒ ðìü ÞúĔôöôýþúù íì øúùìùðô ýôýþñøìĕúô þúóìöÿùôô úíô úĄúøôðìùĒ îì 
ýôýþñøìĕúô ÷ÿ÷ìĕúô úí öúüùúĄúċø ïìüðôðìùð. Ýìíìíĕúô íñîúýôþì ĀìüýÿðìĄìîôô 
ýôýþñøìĕú ðìü ûúČù úîìüðì Ąÿðììùð: ôðúüìöÿùôô ĎìõüôėìùúìþíìāĄô ýôýþñøìĕúô øìîĔÿðì, 
ùìíÿðìùô øìí÷ìĎĔÿðúöÿùĒ îì ðìýþïôüôô þñāùôöĒ íìüúô ôùöôĄúĀ, ôýþôĀúðì îì 
āôóøìþüìýúùôô ýôýþñøìĕú, úýñíûìóôüôô ôùĀüìýúāþúü îúíìýþì íì ċüă îì ýñ÷ ì÷úėìøìùðìùð. 

Éìüôí ĕìøìô ýôýþñøìô öìùì÷ôóìþýôúùôô (öú÷ñöþúüĕú îì ôùĄúúþô þúóìöÿùĒ) 
ÞúĔôöôýþúù ýú÷ô 1960 þú ýú÷ô 1980 ýúāþì Ąÿðì íÿðìùð, Ąÿøúüìô ÿøÿøôô úùĕú 109 ìðìð ðìü 
Ąìĕüĕúô öì÷úù, øôČùì îì Ąìĕüìöĕú, 347 ìðìð ðìü ĕÿðÿðô öúüāúùìĕúô öì÷úù îúėñĆ 
ïìüðôðììùð. ØÿîúĀôėô øìĆ÷ÿøúþô Öÿøôþìô ðìî÷ìþôô úøúü ýôýþñøìĕúô öìùì÷ôóìþýôċ 89% 
āúĔìïôĕúô Ąìĕüĕú îì 10% āúĔìïôô ðñĕúþ, ċĆùñ 23% þìøúøô ìĕú÷ôüú Āìüú øñïôüìð [15]. 

Ìøøú íôùúíìü øìí÷ìĎïÿóúüôô ùúăôó ýôýþñøìĕúô ùìîô öìùì÷ôóìþýôċ ýúāþì ùìøñĄìîìð 
îì ùôýíìþ íì ýôýþñøìĕúô øìîĔÿðì āôóøìþüìýúùĒ ýÿüìþ ùìøñïôüìð. Ìó Ąÿøúüìô ÿøÿøôô 456 
ôùĄúúþ þìùĕú 50 Č 55 ìðìð öúü öìüðì, 25% ôėþôðúüô āÿðüú ôýþôĀúðì øñíìüìùð. 
Ýôýþñøìĕúô öìùì÷ôýìþýôċ ðìü ðÿ Ąìĕüô öì÷úùþìüôù ¬ ÐÿĄìùíñ îì áÿĔìùð ĀìĆú÷ìùð, îì÷ñ 
ðìü ìöýìüô ðôïìüô ùúĕôċĕú: ÎìāĄ, Þñøÿüøì÷ôö, Æì÷ú÷ôððôùô ÜÿøĒ, ÉÿíúðôČù, ÎúýñĆ, 
ÐìùĎìüì, ÖĘ÷úí, Ą.Íúāþìü, Îìĕðìþ îì äìĕüôùìî ýôýþñøìĕúô öìùì÷ôóìþýôúùĒ ùñýþìùð îì Č 
ĀìĆú÷ôċþ ùìøñöÿùìùð. 

Íúôýô ôóþôüúí ìýþ, öô îìóĆô øìîĔÿðì ðìü ĕú÷ô ìĀóúôĄ ìýþ. Þìîüñ øìĆ÷ÿø ìýþ, öô 
ôĀ÷úýĄìîôô úí îì ýì÷úøìþôô ôùýúù, øÿĕôþô óôýþ āÿýÿýìù øÿĕôþô úíĒ, öôĄúîìüóĒ, 
ôùĀüìýúāþúüô ùìė÷ôČþ îì ðôïìü ýúĕìĕú íì üÿĄðô ÿýþÿîúü þìĆýôüô øìùĀĒ øñüìýúùìùð. Îì÷ñ 
þìĆýôüô ôĀ÷úýôô øÿĕôþ íì óìāôüìô ûôüċāĕú íñĄþìü ìýþ. Ôù øìýĆì÷ì āÿýÿýìù ðìü ÚýôČô 
ØìüöìóĒ, öô úí ðìü úù ùì þìùĕú ìýúýô üÿĄðô ôĔþôøúîÿ ôėþôýúðĒ, íì÷öô úøô÷ô 
øÿĕôøþìüôùô þìĆøôùô ìøùôċþô øô÷÷Ē îì øôùþìėìîĒ øñíúĄìð, ûÿüĄôððìþ ïìüðôðììýþ. 
ÙìþôĔìô íìĆóñ þìþĕėôėúþ ùôĄúù øñðôĕìð, öô ìó ýú÷ĕúô 1956 þú ýú÷ô 1990 óìāôüìô 
ûôüċāĕúô ÚýôČô ØìüöìóĒ íñĄ ìó 3 øìüúþôíì öìø Ąÿðììýþ îì ĕìü ýú÷ øìõðúù îì ĕìĔøô ċāĕú 
íì ĕôýúíô øôČùì øÿþìùúýôíìù 0,6-0,8 Āôýìð îì 0,1 Āôýìð öúĕôĄ øñČíìð. 

Æÿøĕÿüôô ÞúĔôöôýþúù íôùúíìü Ąìüúôþô øÿüìööìíô øìîėñô ïñúïüìĀôô āÿð ðìü 
ėôþĆìô ÌîüÿúýôČ ċöñ ìó öôĄîìüĕúô ìó þìĎõôüČíôô ôė÷ôø úýñíðôðì øñíúĄìð. Ðìü ðìîúøô 
60 ýú÷ô úāôü ĕìüúüìþô øôČùìô ýú÷úùìô ĕìîú ðìü öôĄîìüô øú þú 1 ðìüìĔì íì÷ìùð Ąÿð, 
Ąÿøúüìô üĘóĕúô íúüôĄúþô ýñ÷ ìĀóÿðì ôýþúðììýþ îì úĀìþĕúô þìíôĒ øìüíÿþ íì úí, öô 
āôýúüúþô ôėþôýúðôô úùĕú ðìü ùìîíìþô āÿð ôøöúùôċþĕúô öôĄîìüüú íìüúô ùúô÷ Ąÿðìù íì 
üÿĄðô ÿýþÿîúü öúĕôĄ øñðôĕìð, ìĀóÿù ïìüðôðììýþ. 

Øÿĕôøþìüôù üúĕô ĕôĀóô úí, ûñĄ ìó ĕìøì, ôýþôĀúðìô úėô÷úùìô úù ìýþ. ØÿîúĀôėô 
øìĆ÷ÿøúþô ú÷ôøúùô ýúĕìô öôĄúîìüóĒ íìüúô úíČüôô óìøôùĕúô öúüìø ėìüôí 25% úí íú 
üúĕô íÿāúüĄìîĒ îì ûú÷úôĄ ùñýþ øñĄìîìð. áìüúĔúþô úí ðìü úíČüôô óìøôùĕú íì îúýôþìô 
ìýíúíĕúô þñāùôöĒ îì úðĒ 6:1 íìüúíìü ìýþ. 

ÔýþôĀúðìô úėô÷úùìô óìāôüìĕúô úíĒ üÿĄð îì ðÿüùìøúô úù ðìü ôėþôýúðôČþô 
ÞúĔôöôýþúù. Ðìü Ąìüúôþô ùìîô āúĔìïôðúüĒ ôðúüìöÿùôô óìāôüìĕúô úíĒ ċöñ ìó øìýĆì÷ìĕúô 
øÿíüìøô üĘó, ăĒ ðìü ĔÿøĕÿüĒ îì ăĒ ðìü øôùþìėì íì ĕôýúí øñüìîìð. Ôù ĕú÷ìþ, ûñĄ ìó ĕìøì, 
ðìü úù øÿĄúĕôðì øñĄìîìð, öô óìāôüìĕúô úí ĕìøăÿù ýìüîìþô þìíôĒ íñýìüĕìð íÿðì, Ĕúõ îì 
øìöúùô ìùôė ùìðúĄþì, øñþìîúùìð ðìü íìĆóñ ĕú÷ìþĕú ìó ĕÿðÿðô ăìùð øìø÷ìöìþ ïÿóìüìð. Ìó 
ôù üĘ, üúĕĕúô øÿöìøøì÷ïìüðúùôô ôýþôĀúðìô óìāôüìĕúô úíüú øñþìîúù íú ĕì÷÷ô üìîìùðĕúô 
øÿĕôøþìüôù ìøì÷Ē ýúāþ, öô úùüú íú ăÿùôù þìüó Ąìüĕ ðúðìù øÿøöôù ìýþ: 

Íìüúô íúó ĕìø îúóñĕÿ üìîĄìù Ąÿðìùô ýúāþúüô øÿöìøøì÷ïìüðúùôô ôðúüìöÿùôô 
ôýþôĀúðìô óìāôüìĕúô úí îì ýìøþĕúô ìýúýôô úù ðìü ĔÿøĕÿüĒ Ąìüĕô íúþìîýô÷ô ĕìü ċö 
öìðúøô úùĕúüú ìó ùìóìü øñïÿóìüúùñø. 
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Øÿìøøúĕúô úíþìėýôøöÿùôô íìõùôðìî÷ìþĒ. ØìýĆì÷ìô ìýúýĒ ðìü ĕìîóìô íìĕüô Ìüì÷ 

úíþìėýôøöÿùôô íìõùôðìî÷ìþĒ íì ĕôýúí øñüìîìð. Ðôïìü øÿĄöô÷úþ, ìó Ĕÿø÷ì ĉöú÷úïĒ ìó ôù 
øìýĆì÷ìô ìýúýĒ íìüøñúċð. 

Çú÷ú óìāôüìĕúô úíô ĕìîóìô íìĕüô Ìüì÷ ðìü ìýúýô ýúóôĄùúøìĕúô ûìý ìó ðìîüúùô 
ĄÿüìîĒ íì ôøóúüìýôðì, îì÷ñ ðìü óìøôùìô ýìùìðĕúô þñāùôöôĊ ôėþôýúðôô ðìîüaô ĄÿüìîĒ 
ðìü Ąìüúôþô ìøì÷ ùìöìüðìùô øñāìùôóøô Ĕÿíüúùôñ, öô úíþìėýôøöÿùôô ùúíìüúíìüüú íúċð 
íìüþìüìĀ ùìøúċð îì āìüúĔúþô ùôïúĕðúüôô öúøû÷ñöýô āúĔìïôô úíô ðúüúô ìĕìøøôċþô 
øôùþìėìîôüú ûĘĄúùìð, ôýþôĀúðì øñïìüðìùð. Çú÷ìþĕúô óôöüïìüðôðì ôøüĘó íì øìùĀôìþĕúô 
øô÷÷ôô ÞúĔôöôýþúù ĔìîúíïĘ ùñýþìùð [11].  

Çìøăÿùôù, ìó ôù ùÿėþìô ùìóìü, íì Ĕÿø÷ìô úøô÷ĕúô øÿĄöô÷úþô íìõùôðìî÷ìþôô 
öúøû÷ñöýô āúĔìïôô úí øñþìîúù ôùĕúüú ðúāô÷ ùìøÿð: 

× îúíìýþìïôô úíþìĆøôùöÿùĒ îì ĕú÷ìþô øñ÷ôúüìþôîôô óìøôùĕúô úíČüôĄìîìùðì ìó 
øìùíìĆĕúô úíþìĆøôùöÿùôñ, öô ðìü ðìî÷ìþĕúô ĕìøýúċ îúėñĆ øñíúĄìùð, ôùăÿùôù ìó Ĕúùôíô 
úùĕú ėôýøìù óñüô úí øúùðìù; 

× ĕìùïúøñ, öô úíìùíúüô Éìõüúėÿø ðìü ùôóúøô ôüpôïìþýôúùĒ öúü øñöÿùìð, ìó ôù 
ðìüúøìð íì ðìýþ úîìüðì ùìøñĄìîìð; 

× øìýĆì÷ìô úíþìėýôøöÿùĒ ðìü ýú÷ĕúô öìøúíĒ; 
× þìĆýôüô øÿùþìóìø ìĀóúċùðìô ðñøúïüìĀĒ íì øìýĆì÷ìĕúô ôýþñĆøú÷ô úí 

øÿýúôðìþöÿùìùðì; 
× ðìü øaĔøÿĆ íìüúô ĕì÷÷ô øìýĆì÷ìĕúô íìõùôðìî÷ìþôô øìóöÿü øÿîúĀôėô øñĆČü îì 

ÿýÿ÷ĕú, íìýþìùô ýúóôĄùúøìĕúô ðÿĔúùôíìĊ íôýČüĔúùôíì óìüÿü øñíúĄìùð.  
ÇôĀó îì øìýĆì÷ìĕúô íñāìþìüôô ôýþôĀúðìô óìāôüìĕúô úí. ÜÿĄðô ÿýþÿîúüô øìø÷ìöìþ 

íñĄþìü ìó ĕìøì íì ôýþôĀúðìô ýìøìüìùúö îì ĕôĀóô óìāôüìĕúô úí ìó ôĀ÷úýĄìîĒ îúíìýþì 
øñíúĄìð. Ðìü ôù íúíìþ îìóôĀìĕúô ìýúýĒ ăÿùôùìùð: 
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× üúĕ ùìðúðìù íì íì÷ìùð Ąÿðìùô ýìþĕô úíĕúô óñüôóìøôùĒ ðìü øôùþìėìĕúô ýÿöÿùìþĒ; 
× ûñĄïôüĒ îì üìĀĆ ùìøÿðìùô ĄĘüĄìîĒ îì íúþ÷úėĄìîôô óìøôùĕúô úíČüôĄìîìùðì; 
× þìĆøôùô ôýþôĀúðìô øñĆČüô úí ðìü ĀìĆú÷ôċþô þñāùú÷úïĒ; 
× ûñĄïôüôô ôĀ÷úýĄìîôô óìāôüìĕúô úí ìó íúėôøúùìðô ûìüþúîĕú ìó öúüāúùìĕúô 

ýìùúìþĒ, öôĄúîìüóĒ, āúĔìïôĕúô öúøøÿùì÷Ē-øìùóô÷Ē îì Ďìõüìĕú. 
ØìýĆì÷ìĕúô ĕôĀóô óìāôüìĕúô úíüú óìüÿü ìýþ, öô øìĔøÿìù ðìü ìýúýô ðúôøĒ ðìü 

þìüöôíô íìüùúøìĕúô ðìî÷ìþôô ĉöú÷úïĒ ĕì÷÷ÿ Āìý÷ ùìøÿð. Çú÷ú ûìýþüìîôô ýìþĕô 
þñāùúïñùôô ôĀ÷úýĄìîôô óìāôüìĕúô úí Ĕúõ ðúüìð, îì÷ñ íìüúíìüô üÿĄðô ôėþôýúðôĊ 
ðñøúïüìĀĒ ôøöúù ðúüìð ăÿùôù āìþìü óôČð Ąìîìð.  

Íôùúíìü ôù, ðìü ýúĕìô ĕôĀóô óìāôüìĕúô úí íúċð ýìøþĕúô ìĀóì÷ôċþùúö ôùĕú íúĄìùð: 
× ðìîüì íì ðìîüì íñüÿù íìüúîìüðìùô ôùĄúúþô ôĀ÷úýöÿùìùðì ìó øìîóñĆĕúô 

ĕôĀóĄìîìùðìô úíĕúô ðìüČĕú, öìùì÷ĕú, ðôïìü øìùíìĆĕúô úí îì øôùþìėìĕúô ýìùôþìüôĊ 
øÿĕúĀôóìþôô øìāóìùô úí; 

× üúĕ ùìðúðìù íì ôýþôĀúðìô ôùĄúúþô ùìî îì þìĔðôð ïìüðôðì íôðÿùô ýúāþøúùô 
ôùĄúúþô ûñĄïôüôöÿùìùðìô ôĀ÷úýĄìîĒ îì þìĆýôüô óìüìüúîìüôô óìāôüìĕúô úí; 

× ôýþôĀúðìô øñĆČüô ùÿüôĕúô øìĆðìùĒ îì óìĕüðúüÿĕú; 
× íÿùČðô öúüāúùìĕúô ôýþñĕýú÷ô öúìïÿ÷ċùþĕú ìó ìĄČô øìĕì÷÷Ē íìüúô ûúö ýúāþìùô 

úíĕúô úĄúøôðìùĒ; 
× ýúāþøúùô öúüāúùìĕúô öúüöìüðô ûìþüúîĕú ðìü Ąìĕüĕúô öì÷úù; 
× íìüėìüúüýúóĒ îì þìĆýôý ðúðìùô úóøúôĄïúĕĕúô ôðúüìîĒ úôð íì ùìóúüìþô ýôĀìþô 

úíĕú; 
× ĔúüĒ ùìøÿðìùô þñāùú÷úïôċô ûñĄėìðìøô ýúĀÿ þúóì îì íñóìüìü ïìüðúùðìùô úíĕúô 

ôĀ÷úý; 
× íñăÿùÿăìüú ôĔüú ùìøÿðìùô þì÷ìíúþô ĕôĀóô þìíôìþ ĕìùïúøô ôýþôĀúðìô úíìùíúüĕú, 

ôùĄúúþô úíôô ĕÿðÿðĕúô øìāýÿýĕôĀóĄìîìùðì, øìùíìĆĕúô úíĕúô ôĀ÷úý íì úíĆñöþĕúô úí îì 
øÿĕôþô þìíôĒ;  

× ìùĔúø ðúðìùô øúùôþúüôùïô ûìüþúĀþìùô úíĕúô øìĆðìùĒ îì úíĕúô ïìüøô 
óñüôóìøôùĒ; 

× úøĘóôĄô þìĆýôüô öúüāúùìĕúô öì÷úùô āúĔìïôô úí îì ýìùúìþ íì ĕú÷ìþô óìāôüìĕúô 
úí îì ôė÷ôø.  

ØìýĆì÷ìĕúô ôýþôĀúðìô ûôüċāĕú îì üúĕĕúô ûñĄïôüôô öìøĄìîôô úùĕú. Éìõð öìüðìù 
Ĕúôó ìýþ, öô ðìü 50 ýú÷ô úāôü íôùúíìü þìĎõôüúþô ï÷úíì÷ôô ôė÷ôøĒ ĕúðôýìô öìøĄìîôô 
ûôüċāĕú íì ùìóìü øñüaýìð. Çìøóìøúù, íú úíĄìîôô ûôpċāĕú ĕìĔøô úùĕú öìø ïìüðôðì ĕú÷ú 
þìùĕú íì ýñüúíôô ðìüČĕúô ðúüúô ĕôýýììĄúù (40-50%) ðìü øìĔüúô ûôüċāĕú þìĆýôü 
øñüìýúùìùð. Ìó þìüìĀô ðôïìü, ðìü øôùþìėìô ÚýôČô ØìüöìóĒ óôČð Ąÿðìùô øôėðúüô 
íúüôĄúþ ûñĄíôùĒ øñĄìîìð, öô úù íì ìĀóúôĄ ČĀþìùô ĕìĔøô ċāíìùðĒ úîìüðì øñüìýúùìð. 
Çìøôù þìîü, úøô÷ĕúñ øìîĔÿð øñíúĄìùð, öô Ĕì÷í ùìøÿðìùô þìîìĔĔÿĕô Ĕúøñìô ĔìĕúùĒ îì 
þìĄöô÷ô øÿĄúĕôðìĕúô øÿùìóóìø, øìāýÿýìù íìüúô þìüþôí ðúðìùô ðÿüùìøúĕúô ðìüúóøÿððìþ 
îì Āìîėÿ÷úðì ðìüúóøÿððìþô ýñüúíôô ðìüČĕúô ÌøÿðìüČ îì ÝôüðìüČüú þìėúóú øñùìøúċùð. 
Íìüúô ôù íì øìėýìð øÿîúĀôė øñíÿð, ìïìü ìøì÷ôýúóôô ăúüìíôùôĕúô óñüôù ðìü øìððô ìîîì÷ 
øñôýþúð: 

× ùôóúøô øÿĄúĕôðì ðìü 10-12 ûôüċāĕúô ĕìĔøìù öì÷úùÿ øÿĕôø ðìü 2-3 ýú÷ ċö 
øìüúþôíì; 

× øÿĄúĕôðìĕúô ĕìüýú÷ìô ìĉüúĀúþúøñþüĒ íì îìóĆô ûôüċāĕú ðìü ėôýøìþĕúô ìýúýôô 
ċāíìùðôĄìîìùðì; 

× øÿĄúĕôðìô ùôóúøô ĎìĀýôô íìüĀ ðìü øôùþìėìĕúô öĘĕĒ ðìü ðìîüìô ìó øúĕĕúô ċùîìü 
þú øìõ. 

Ðìü ĕÿðÿðô ÞúĔôöôýþúù, íñĄþìü ìó 20 ûôüċāĕúô ÷ìĎòìùðì øìîĔÿð øñíúĄìùð, öô 
āÿýÿýôċþô ÷ìĎòôĄ ðìü ðìîüìĕúô øÿìõċù ðúüìùð îì íúôýô íì îÿĔÿð úøìðìùô þìĕðôðô íìùð 
öìüðìùô ûñĄô øìĔüúô ýìüïìĕô ðìüČĕúô öĘĕĒ ïìüðôðì øñþìîúùìùð. Íôùúíìü ôù, 
ïÿóìüúùôðìùô øìĔøÿô ăúüìíôùôĕúô úôð íì ûñĄíôùôô ÷ìĎòôĄĕúô ĀúĔôìîĒ ðìü ìýúýô 
þìĕėôėúþĕúô øìėýìðùúöô ċāĄôùúýĒ óìüÿü îì ðìü ìõùô ĕú÷ ĕì÷þì÷ìí øñíúĄìð.  

Æÿøĕÿüôô ÞúĔôöôýþúù ăÿù öôĄîìüô ðúüúô ýìüîìþĕúô óôČðô þìíôĒ ðìü ýìü þú ýìüô 
ú÷ìø øìîėñô āúýìüú ôĄĎú÷ øñöÿùìð, öô ċöñ ìó ôù ýìüîìþĕúô ûÿüìüóôĄ úí íì ĕôýúí øñüìîìð. 
Úíô úĄúøôðìùĒ íì øôý÷ô ùñĀþÿ ïìó, øìĆðÿùÿ ýìùïĕúô ėôøìþíìĕú ýìüîìþô íñíìĕúô øô÷÷ôýþ 
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îì øú íúċð íì ėìðüô ôù ùñĆøìþô āÿðúðúð íôüìýñøÿ íìüúô ìĀóÿù ùìøÿðìùô úù ýìĆĊ öĘĄôĄ 
ùìøúñø. Éìüôí 55%-ô úíô úĄúøôðìùô ÚýôČô ØìüöìóĒ ðìü öúĄîìüô øú îúėñĆ ïìĄþììýþ 
[11]. 

Óìāôüìĕúô úíô ÞúĔôöôýþúùüú ûôüċāĕú, úíô öĘ÷ĕú, úíìùíúüĕú, ðìüČĕú îì úíĕúô 
óñüôóìøôùĒ þìĄöô÷ øñðôĕìùð. Óìāôüìĕúô úíô ðôČüô øú ðÿ ùìøÿðìùð: óìāôüìĕúô úíô ìíìðĒ 
(úíô ėìíìþĕúô ăÿėÿüô óìøôù, ûôüċāĕú öĘ÷ĕúô öì÷úù îì Ďìõüì) îì óìāôüìĕúô úíô 
íìüėìüúüĄìîìùðì (úíô ðìüČĕú, óìāôüìĕúô þìĎõôüČíìùðìô úíĕúô óñüôóìøôùĒ, ċö ėôýøô úíô 
öĘ÷ĕú îì Ďìõüì). Ôù óìāôüìĕú ìó ĕìø îúíìýþìïôô ýìāþ ðúüìùð, øìýì÷ìù ìïìü óìāôüìĕúô 
ìíìðĒ ìó ĕìð óôČð ôýþôĀúðì íÿüðì Ąìîìùð, ôù íì óìāôüìĕúô íìüėìüúüĄìîìùðì þìĆýôüô 
øìùĀĒ øñüìýúùìð. ëöñ ìó ýìüăìĄøìĕúô ìýúýôô úíĕúô úĄúøôðìùĒ ðìü öôĄîìüô øú, ðìüČĕú 
íì ĕôýúí øñüìîìùð [11]. 

Ðìî÷ìþÿ ĕÿöÿøìþô ĔÿøĕÿüĒ ðìü ĕìøöúüô íì þìĄöô÷úþÿ āìóôùìĕúô íú ùÿĀÿóô 
íìõùì÷āì÷ėĒ íìĕüô þìĆøôùô ìĕú÷ôô öôĄîìü, ìó Ĕÿø÷ì Ąìĕüô ÐÿĄìùíñ íú úíô þúóìô 
úĄúøôðìùĒ ăúüì Č þìðíôüĕúô óìüÿüôüú øñìùðñĄìð. Ðìü ùìîíìþô āÿð, øú Ąìĕüîìùðúù ùôó 
îìóôĀìðúüñø, öô ðìü ėìðüÿ ėôøìþô úí îì ýìüĀìöúüúùì ôýþôĀúðì íÿüðìùô úù íú ĉĕþôČþ 
íúĄñø îì íì ôù ùñĆøìþô āÿðúðúð ĕôýýìïÿóúü íúĄñø.  
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äÌÜÚÔÞÔ ÔÉ×ÔØÄ ÎÌ ÞÌæÝÔÜÔ ÚÙ ÍÌ ÓÌáÔÜÌÇÚÔ ÚÍÄ ÎÌ ÛÔÜëáÔÔ ÆßØÇßÜÔÔ 
ÞÚÆÔÖÔÝÞÚÙ 

Ðìü øìėú÷ìô øìóöÿü øìĆ÷ÿøúþĕú úôðô ĕú÷ìþô ôýþôĀúðìíìüôô úíô ùĘĄúöĒ úîìüðì Ąÿðììýþ. 
Æìĕúù ôøüĘó ðìü úýþúùô íÿĕüúùô Ĕôððôô ýúĕìô úí ėìüúü ðúüìð. ØìýĆì÷ìô öìøíÿðô úíô ùĘĄúöĒ îì 
ôýþôĀúðìô úėô÷úùìô óìāôüìĕúô úí ðìü ðìĕýú÷ìô úāôü þúüìĀþ íì øÿĄöô÷úþñ þìíðô÷ øñČíìð, öô 
ĕìüăô íñĄþìü íì āÿð þìîìĔĔÿĕô āúýýô ú÷ìøôČùüú Ĕì÷í öìüðì, ėìíÿ÷ îì þìþíôėô þìðíôüĕúô ÿøÿøĒ îì 
þìĆýôüíìāĄüú ùúïÿóôü ïìüðúùôðì ôýþúðììýþ. Ýìíìíô ìý÷ôô ăÿùôù ĕú÷ìþô ùúïÿîúü, ûñĄ ìó ĕìøì, 
ìĀóúôĄô ìĕú÷ôô Ĕìĕúù, ûÿüóĘüĄìîôô þìĆýôüúþô þñāùúïñùôô ĀìĆú÷ôċþô ôùýúù íì ĕú÷ìþô 
ĉöúýôýþñøìĕú îì ðìü ûìČøìð Ąôððìþùúö ïìüðôðìùô øÿĄöô÷úþô ĉöú÷úïôô øôùþìėì îì Ĕìĕúù, 
ôùăÿùôù þìĎõôüČíôô ôė÷ôøô ýìõČüì ðúùôýþì øñĄìîìð. 

Ìó üĘô óìāôüìô úí ÞúĔôöôýþúù ðìü ýúíôė Ôþôĕúðô äÿüìîĒ íìĆðô àñðüìþýôċô Üÿýôċ Ĕúô 
ðÿĊøüú ôĄĎú÷ øñöÿùìð. Úíĕúô ĔÿøĕÿüĒ íì ÿėČùÿý íìüúøìð ùìðúüìð. Ìó íìüĀÿ ûôüċāĕú ĔĘõíúüĕúô 
ýñüĄÿøúü, ðìüČăìĕúô öĘĕĒ úĎúó øñĄìîìð, öô ýôûìý íú ĕìø ûìõîìýþ Ąÿðì ðìüČĕúô ìóôøüú þìĄöô÷ 
øñöÿùìð, öô íì ĕìøîúüĒ íìüúøìðì ýôýþñøìĕúô úíČüôüú íú úí þìĆøôù øñùìøúċùð. 

Ðìü ĕìėôėìþ ýìĕøô ÞúĔôöôýþúù ðìü þìĄìööÿ÷ô øìùíìĕúô úíô ÚýôČô ØìüöìóĒ āñ÷ñ íÿóÿüï ìýþ. 
Ìó 115,6 öø3 úíô ĕìîóìô íìĕüô Ìüì÷ ėìüôí 90% úù ðìü ĕÿðÿðô ÞúĔôöôýþúù îì ÉôüĎôóôýþúù ĔúüĒ 
øñïìüðìùð. Ðìü ĔÿøĕÿüĒ óôČðì ìó 947 ðìüČĕúô (íú ðìüúóô óôČðì ìó 10 öø) íì ĕôýúí ïôüôĀþì Ąÿðììýþ, 
öô ðìü ċöĔúċ íú ðìüúóôô 28 ĕìóúü öô÷úøñþü öìĄú÷ ČĀþììùð. Çú÷ú ðìü ĕÿðÿðô ĔÿøĕÿüĒ íì ĕôýýìô 
ðìüČĕú 64 öø3, íì ĕôýýìô öĘ÷ĕú 44 öø3 (ìó ôù øôėðúü 20 öø3 úùüú úíô þúóìô ùĘĄúöĒ þìĄöô÷ 
øñðôĕìð) îì íñĄþìü ìó 6 öø3 úíô þúóì íì ĕôýýìô úíĕúô óñüôóìøôùĒ üúýþ øñúċð.  

Öì÷ôðîúòìĕú: úíô þúóì, úíĕúô óñüôóìøôùĒ, íìĕüô Ìüì÷, úíô ùĘĄúöĒ, ðìüČăìĕúô öĘĕĒ. 
 

ʂʃʀʄɸʊʀʏɽʉʂʀɽ ʋʉʃʆɺʀʗ ʀ ʀʍ ɺʃʀʗʅʀɽ ʅɸ ɺʆɼʅʓɽ ʀ ʃɽɼʅʀʂʆɺʓɽ ʈɽʉʋʈʉʓ 

ʈɽʉʇʋɹʃʀʂʀ ʊɸɼɾʀʂʀʉʊɸʅ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʠʪʴʝʚʦʡ ʚʦʜʳ. ʉʝʛʦʜʥʷ 

ʤʠʨ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʨʘʥʠ ʩʝʨʴʝʟʥʦʛʦ ʚʦʜʥʦʛʦ ʢʨʠʟʠʩʘ. ʇʨʦʙʣʝʤʘ ʥʝʭʚʘʪʢʠ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʠ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʚʩʝ ʙʦʣʴʰʝ ʩʪʘʥʦʚʠʪʩʷ 

ʧʨʦʙʣʝʤʦʡ, ʧʨʠʚʣʝʢʘʶʱʝʡ ʚʩʝ ʙʦʣʝʝ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʤʠʨʘ, ʜʝʣʘʶʱʝʡ ʥʝʠʟʙʝʞʥʳʤ ʧʨʠʥʷʪʠʝ ʠ 

ʨʝʘʣʠʟʘʮʠʶ ʦʙʱʠʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʩʪʦʣʴ ʥʝʧʨʠʷʪʥʦʡ ʩʠʪʫʘʮʠʠ ʷʚʣʷʝʪʩʷ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʨʦʩʪ ʥʘʩʝʣʝʥʠʷ ɿʝʤʣʠ, ʫʩʠʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʥʘ 

ʩʦʩʪʦʷʥʠʝ ʵʢʦʩʠʩʪʝʤ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʙʦʩʪʨʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚ ʨʝʛʠʦʥʝ ʠ ʤʠʨʝ, ʘ ʪʘʢʞʝ 

ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʧʣʘʥʝʪʳ. ʇʦ ʟʘʧʘʩʘʤ ʚʦʜʳ ʊʘʜʞʠʢʠʩʪʘʥ ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʩʪʨʘʥ ʙʳʚʰʝʛʦ 

ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʧʦʩʣʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ɺʦʜʳ ʨʝʩʧʫʙʣʠʢʠ ʥʝ ʠʤʝʶʪ ʚʳʭʦʜʘ ʢ ʦʢʝʘʥʫ. ʀʟ ʩʥʝʛʦʚ 

ʠ ʣʝʜʥʠʢʦʚ ʙʝʨʫʪ ʥʘʯʘʣʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʫʯʴʠ ʠ ʛʦʨʥʳʝ ʨʝʢʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʦʙʲʝʜʠʥʷʶʪʩʷ, ʦʙʨʘʟʫʷ 

ʦʛʨʦʤʥʳʝ ʨʝʢʠ, ʜʦʩʪʠʛʘʶʱʠʝ ʨʘʚʥʠʥ ʠ ʩʥʘʙʞʘʶʱʠʝ ʚʦʜʦʡ ʦʨʦʩʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʚʢʣʘʜ ʊʘʜʞʠʢʠʩʪʘʥʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʦʯʝʥʴ ʚʝʣʠʢ. ʀʟ 115,6 ʢʤ
3
 

ʚʦʜ ʙʘʩʩʝʡʥʘ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ 90% ʧʨʦʪʝʢʘʝʪ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʊʘʜʞʠʢʠʩʪʘʥʘ ʠ ʂʳʨʛʳʟʩʪʘʥʘ. ɺ 

ʨʝʩʧʫʙʣʠʢʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʙʦʣʝʝ 947 ʨʝʢ (ʜʣʠʥʦʡ ʙʦʣʝʝ 10 ʢʤ), ʦʙʱʘʷ ʜʣʠʥʘ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 28 ʪʳʩ. 

ʢʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʝʩʧʫʙʣʠʢʠ ʜʦʣʷ ʨʝʢ ʩʦʩʪʘʚʣʷʝʪ 64 ʢʤ
3
, ʜʦʣʷ ʦʟʝʨ ï 44 ʢʤ

3
 (ʠʟ 

ʵʪʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 20 ʢʤ
3
 ï ʯʠʩʪʘʷ ʧʠʪʴʝʚʘʷ ʚʦʜʘ), ʙʦʣʝʝ 6 ʢʤ

3
 ʧʨʝʩʥʦʡ ʚʦʜʳ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʩʥʘʷ ʚʦʜʘ, ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ɸʨʘʣʴʩʢʦʝ ʤʦʨʝ, ʧʠʪʴʝʚʘʷ ʚʦʜʘ, ʛʦʨʥʳʝ ʨʝʢʠ. 

 

CLIMATIC CONDITIONS AND I TS IMPACT ON WATER AND GLACIERIC RESOURCES OF THE 

REPUBLIC OF TAJIKISTAN  

This article provides information on the state of drinking water use. Today, the world is on the brink of a 

serious water crisis. The problem of shortage of drinking water and rational use of water resources in the last 

decade has increasingly become a problem that attracts more and more special attention of the world, making it 

inevitable to adopt and implement common and effective measures. The main reason for such an unpleasant 

situation is, first of all, the growth of the Earth's population, the increasing technological impact of human 

activities on the state of ecosystems and, as a consequence, the aggravation of environmental problems in the 

region and the world, as well as climate change on the planet. In terms of water reserves, Tajikistan ranks 

second among the countries of the former Soviet Union after the Russian Federation. The waters of the republic 

have no outlet to the ocean. Numerous streams and mountain rivers originate from snow and glaciers, which 

then unite, forming huge rivers that reach the plains and supply water to irrigation systems. Indeed, Tajikistan's 

contribution to the formation of water sources in Central Asia is very large. Of the 115.6 km
3
 of water in the 

Aral Sea basin, 90% flows through the territory of Tajikistan and Kyrgyzstan. There are more than 947 rivers 

(longer than 10 km) in the republic, the total length of which is 28 thousand km. At present, the share of rivers 
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in the republic is 64 km
3
, the share of lakes is 44 km3 (of this amount, 20 km

3
 is clean drinking water), more 

than 6 km3 of fresh water is groundwater. 

Keywords: fresh water, groundwater, Aral Sea, drinking water, mountain rivers. 
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ÞÚÆÔÖÔÝÞÚÙ 
 

Ìíðÿüìāôøúîì Ø.Ø. 
ÐúùôĄïúĕô ðìî÷ìþôô áÿĔìùð íì ùúøô ìöìðñøôö Í. ÀìĀÿüúî 

 
Ðìü ôíþôðúô ìýüô XIX, îìėþñ öô ðìîüìô ċāíìùðĒ îì ðôïìü þìĎõôüúþô þìíôĒ ðìü 

ûì÷ñúôė÷ôø îì þìĆýôüô ïìüøĄìîôô þìíôĒ íúüô ìîîì÷ øÿĄúĕôðì îì øÿìõċù öìüðì Ąÿð, 
öìĄĀô ô÷øôô þìĎõôüČíôô ôė÷ôø úĎúó ČĀþ. Ðìü úāôüô ìýüô XIX ú÷ôøúù ôóĕúü ðúĄþìùð, öô 
ûìüþúîĕúô ïìóĕúô ïÿ÷āúùìĒ ìó þìüìĀô úðìøúù øñþìîúùìùð þìîúóÿùô ĉùñüïñþôöĒ îì ôė÷ôøô 
Óìøôùüú þìĎõôü ðôĕìùð. ÍôýČü ùìóìüôċĕúô ðôïìüô þìĎõôüČíôô ôė÷ôø, ìó Ĕÿø÷ì ėÿîîìô 
îÿ÷öìùôóø þú þìĎõôüúþ ðìü ĀìĆú÷ôċþô úĀþúíĒ ûñĄùôĕúð öìüðì Ąÿðììùð. Ðìü ýú÷ĕúô 1960- 
ÿø ðì÷ñ÷ĕúô þìĆýôüô ïìüøĄìîĒ ìó ïìóô öìüíúù íñĄþìü øÿĄúĕôðì öìüðì Ąÿðìùð. ÍìĆóñ 
ú÷ôøúù ėìõð öìüðìùð, öô ĀìĆú÷ôċþô ôùýúù, öô ìĉüúóú÷ĕúô ìþøúýĀñüìüú íì îÿĔÿð øñúüìð 
(íì øôý÷ô ©ôĀ÷úýĄìîĒª), øñþìîúùìð þìĆýôüô āÿùÿööÿùìùðì ðúĄþì íúĄìð. Ðìü ýú÷ĕúô 
1970-ÿø ìĀöúüô ô÷øĒ íñĄþìü íì ùÿėþìô ùìóìüô ïìüøĄìîĒ øìõ÷ øñöìüð. Þú ýú÷ĕúô 1990-ÿø 
ðìü ùìþôĔìô íñĕþìü Ąÿðìùô ðìėôėôô øúðñ÷ĕúô öúøûĊþñüĒ îì øÿĄúĕôðìĕú øìĆ÷ÿø Ąÿð, öô 
ïìóĕúô ïÿ÷āúùìĒ ðìü þìĎõôüČíôô ôė÷ôø ìøôė ôĄþôüúö øñöÿùìùð îì ûìüþúîĕúô 
ìùþüúûúïñùĒ íì ïìüøĄìîôô ùìóìüüìýô ï÷úíì÷Ē úîìüðì øñüìýúùìùð. Ìó ýú÷ĕúô 1990-ÿø 
ôùĔúùôí þìĕėôėúþ úôð íì þìĎõôüČíôô ôė÷ôø ýúĕìĕúô ïÿùúïÿùüú Āìüú ïôüôĀþ îì ïÿýþìüôĄ 
ČĀþ. 

ÞìĎõôüČíôô ôė÷ôø ċöñ ìó þìĕðôðĕúô ï÷úíì÷ôô ìýüô XXI íì Ąÿøúü øñüìîìð. Ôù 
üìîìùð íúôýô ðôïìüïÿùĄìîôô øÿĆþìðô÷ôċþô ôė÷ôø îì ìĀóúôĄô ĕúðôýìĕúô þìíôĒ øñïìüðìð, 
öô þìĆýôüô øìùĀĒ íì íìĄìüôċþ îì øÿĕôþô óôýþ ðúüìð. Ýìíìíĕúô ìýúýôô þìĎõôüČíôô ôė÷ôø, 
ôù ìĀóúôĄô ûìüþúîĕúô ïìóĕúô ïÿ÷āúùìîĒ ìó ĀìĆú÷ôċþĕúô ôùýúùĒ, ìó Ĕÿø÷ì, ôýþôāüúĔô 
ýĘóôĄîúüôô Āúôðìùúö, ýìùúìþ, öôĄúîìüóĒ îì ùúíÿðöÿùôô Ĕìùïì÷ĕú øìĆùôðúð øñïìüðìð. 
ÞúĔôöôýþúù ðìü ùìîíìþô āÿð, íú ûñĄúĕìùïĒ îì þìĄìííÿýĕúô ĔìĕúùĒ ðìü ýìøþô ûñĄïôüôô 
üìîìùðô þìĎõôüČíôô ôė÷ôø þìîìĔĔÿĕô Ĕúøñìô Ĕìĕúùôüú íì ìùðñĄôðìùô þìðíôüĕúô 
þìĆāôüùúûìóôü Ĕì÷í øñùìøúċð. ÌĀóúôĄô ûìüþúîĕúô ïìóĕúô ïÿ÷āúùìîĒ, ìó Ĕÿø÷ì ðÿúöýôðô 
öìüíúù (CO2), øñþìù (CH4) îì úöýôðô ùôþüúïñù (N2O) ìýúýô þìĎõôüČíôô ôė÷ôø íìĕúïÿóúüĒ 
øñïìüðìð. ãÿùôù ïìóĕú þìîìýýÿþô ýĘóúùôðìùô ýĘóôĄîúüôô Āúôðìùúö, ĀìĆú÷ôċþô ýìùúìþĒ îì 
öôĄúîìüóĒ, ôùăÿùôù, íÿüôðìùô Ĕìùïì÷ĕú îì þìĎõôü ðúðìùô ôýþôĀúðìô óìøôùĕú þìî÷ôð 
øñĄìîìùð. Ôù ìýþ, öô ðôïìüïÿùôĕúô þìíôĒ, āÿĄöýú÷Ē, ÷ìûôĄĕúô ôėþôýúðĒ îì íú÷úüìîôô 
ìüóôĄô øìîúðô úóÿėì ðìü óìøúùô ùìîôù ðìü ìöýìü öôĄîìüĕúô Ĕìĕúù ăÿù øÿĄöô÷úþô ĔôððĒ 
ûìóôüÿĀþì Ąÿðì, öìøíÿðô Ďôóú îì úėôíìþĕúô ùúïÿîúüô úù ìùðñĄôðìùô þìðíôüĕúô 
íñþìĆāôüüú þìėúóú øñöÿùìð. 

ÞìĎõôüČíôô ôė÷ôø ýú÷ þú ýú÷ íì ċöñ ìó øìýĆì÷ìô ï÷úíì÷ôô óìøúùô øÿúýôü þìíðô÷ 
ČĀþì, úù ýìíìíô ðìü þìøúøô ïĘĄìĊ öìùúüô Ĕìĕúù íì ìøì÷ úøìðìùô úĀìþĕúô þìíôĒ, ìó 
ėìíô÷ô íúýÿüĆìþ úíĄìîôô ûôüċāĕú, úíāñóôĕúô íñýúíôėì, þĘĀúùÿ ïôüðíúðĕúô ĕì÷úöìþíúü, 
Āìüúøìðìùô ýñ÷ÿ ċüă, āÿĄöýú÷Ē íôùúíìü íúüôĄúþô öìø îì ðôïìü óÿĕÿüúþô Āì÷úöìþíúüô 
ïôðüúøñþñúüú÷úïĒ ïìüðôðì, íì óìāôüìĕúô úíôĊ ïôðüúĉùñüïñþôöĒ, ýú÷ôøôô Ĕúøñì îì 
ìøùôċþô úóÿėìîúüôô ðìî÷ìþĕú þìĆýôüô øìùĀĒ øñüìýúùìð.  

Ðìü ĕìøìô ðúøìùìöĘĕĕú îì öĘĕĕú, ôùăÿùôù ðìü íìĆóñ Ĕúõĕúô ĕìøîúüĒ, ĔìüôĊ úííÿüðì 
îì þñûûìĕú ĕúðôýìĕúô ýñ÷Ē ûìĕù ïìüðôðììùð. Ðìü ÞúĔôöôýþúù 93% ĕÿðÿðüú øìĕì÷÷ĕúô 
öĘĕôýþúù ôĄĎú÷ øñöÿùìùð, ðìü úù 72% ìĕú÷ôô öĘĕôýþúù óôùðìïĒ øñöÿùìùð. Çìøìýú÷ì ðìü 
ÞúĔôöôýþúù ìó ýñ÷ ùìĀìüúùô óôČð ĕì÷úö øñĄìîìùð, óìüìüô ôėþôýúðĒ ìó ýñ÷ĕú þú íì ýìðĕú 
øô÷÷ôúù ýúøúùĒ øñüìýìð. Øìýì÷ìù, ðìü îô÷úċþô ÝÿĎð ìó ýú÷ô 2000 þú 2016 ìó ýñ÷ĕú óôČðì 
ìó 300 ùìĀìü úðìøúù ĕì÷úö ïìüðôðì, 1100 ïì öôĄþóúü 3 ĕìóúü āúùìĕú, ûÿ÷ĕúô óôČð îì āìþþô 
íìüė îì ýìðĕú öô÷úøñþü üúĕĕúô ìîþúøúíô÷ïìüð ùúíÿð ïìüðôðììùð. 

Çÿöÿøìþô ÞúĔôöôýþúù ĕìøìýú÷ì íìüúô øÿíúüôóì íú āìþìüĕúô ýñ÷Ē øìí÷ìĎô óôČð Ĕÿðú 
øñöÿùìð, ìøøú ðìü íôýČü ùúĕôċĕú ôùĄúúþĕúô óôððôýñ÷Ē îÿĔÿð ùìðúüìùð Č ùìþôĔìô āÿí 
ùìøñðôĕìùð. Öúüöìüðô ÿýÿ÷ĕúô ìó Ĕôĕìþô ô÷øĒ ìýúýùúö öìüðìĄÿðìô ĕôøúċ ìó ýñ÷ĕú íìüúô 
ĕÿðÿðĕúô öôĄúîìüóĒ, āúùìĕúô ôýþôėúøìþĒ, öúüāúùìĕúô ýìùúìþĒ îì ðôïìü ôùĄúúþ ċöñ ìó 
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øìýĆì÷ìĕúô ìîîì÷ôùðìüìĔì ðìü øôùíìĆðì ìóāÿðöÿùôô ùúĕôċĕúô öĘĕôô ÞúĔôöôýþúù íì 
ĕôýúí øñüìîìð. 

Ìó üĘõô øìĆ÷ÿøúþĕúô úøúüĒ ăÿùôù íìüøñúċð, öô ìó þìüøì íì ĕôýúíô øôČùì ðìü ĕìü 
ýú÷ ðìü Ĕìĕúù 200 ùìĀìü, ðìü Üÿýôċ - þú 20 ùìĀìü, ðìü ÞúĔôöôýþúù 20 - 30 ùìĀìü úðìøúù 
ĕì÷úö øñĄìîìùð. 

Ùúĕôċĕúô óôČðô öĘĕĒ Ìøñüôöìô ÆìùÿíĒ îì äôøú÷Ē, ėôýøô óôČðô ĕÿðÿðô öĘĕôô 
ÌîüÿúýôČ þìüøìāìþìüùúö øñíúĄìùð. Ùìóðôöô 6% ýìþĕô öÿüìô óìøôù, öô þìāøôùìù 9,2 ø÷ù 
öø2-üú þìĄöô÷ øñðôĕìùð, íì āìþìüô þìüøì ðÿăúü øñĄìîìùð. Ðìü Üÿýôċ 3,1 ø÷ù öø2 ĕÿðÿðô 
þìüøìāìþìüùúö øìîĔÿð ìýþ, öô ìó øìõðúùô ÿøÿøôô ùúĕôċĕúô þìüøìāìþìüùúöô Óìøôù ùìóðôö 
18%-üú þìĄöô÷ øñöÿùìð. Ìøøú Āìėìþ 800 ĕìó. öø2 ĕÿðÿðô ĉĕþôøú÷Ē þìüøìāìþìüùúö 
øñíúĄìùð. 

Þìüøìĕú ðìü āÿð ĀÿüĘüìîĒ Č ĎñĔôĄô øìýýìô íìüĀôüú ìó ýìþĕô ùôĄñíôĕúô öĘĕĒ ôĀúðì 
øñöÿùìùð. Úùĕú ðìü ùìþôĔìô ðìü ĕÿðÿðĕúô öĘĕĒ ĔìøĆ Ąÿðìùô øôėðúüô óôČðô íìüĀ ûìõðú 
øñĄìîìùð. Ýìíìíô Āìüúøìðìùô þìüøìĕúô íìüĀĒ, ĔìøĆĄìîôô óôČðô øìýýìô íìüĀ ðìü 
ùôĄñíôĕúô öĘĕĒ îì óôČð Ąÿðìùô ėÿîîìô ùôïúĕðúüìùðì øñíúĄìð. Ýìíìíô þìüøìô āÿĄö - ôù 
ûìõîìýþĄìîôô ùúöôĀúċô íìüĀô ùìîíúüôðì íú ýìþĕô þìï ðìü ðìîúøô ðÿ- ýñ ĄìíúùìüĘó 
íìĆðô íúüôðìùô íìüĀ ìýþ. Þìüøìĕúô þìü ðìü îìėþô íúüôðìùô íúüúù Č ïìüøĄìîĒ íì ìøì÷ 
øñúċùð, îìėþñ öô íìõùô ýìþĕô ùôĄñíĒ îì ýìþĕô ûúČùĒ íìüĀ ėìíìþô þÿùÿöô úíĒ ûìõðú 
øñĄìîìð. Àìõü ìó ôù, íì ĉĕþôøú÷ôċþô Āìüúøìðìùô þìüøì ăÿùôù úøô÷ĕú, íì øúùìùðô íì 
ìøì÷ úøìðìùô øÿ÷úôøĄìîĒ ðìü ėôýøô ûúČùôô øìýýìô íìüĀĒ, öô ìó öüôýþì÷÷ĕúô ċāăìô 
ăÿėÿüĒ ôíúüìþ íÿðì, íú ĕìøðôïìü ûìõîìýþì ùñýþìùð, þìĆýôüô ĔôððĒ øñïÿóúüìùð. 

Íì ìùðñĄìô ôė÷ôøĄôùúýúù, ċöñ ìó ýìíìíĕúô ìýúýôô þìĎõôüČíôô ôė÷ôø ðìü Ĕìĕúù íì 
ìĀóúôĄô ûìüþúîĕúô ïìóĕúô ïÿ÷āúùìîĒ øìüíÿþ íÿðì, ôù úøô÷ ýìíìíïúüô ïìüøĄìîôô 
ĕìüúüìþô ĕìîú ðìü öÿüìô óìøôù ïìĄþì, íúôýô íú ýÿüĆìþ úí Ąÿðìùô ûôüċāĕú ïìüðôðììýþ. 

Þìĕ÷ô÷ îì ûìòÿĕôĄô ôė÷ôøĄôúýúù ýúíôþ ùìøÿð, öô ýú÷ þú ýú÷ íú ýìíìíô þìĆýôüô 
ôðúøìô ðôïìüïÿùĄìîôô ôė÷ôøô ýìõČüì ûôüċāĕú, öô øìùíìô ìýúýôô þìĄìööÿ÷Číôô úí ðìü 
Ĕìĕúù íì Ąÿøúü øñüìîìùð, ìó íìõù üìĀþì, íúôýô ùúüìýúôô úíô þúóìô úĄúøôðìùĒ îì ýìü 
óìðìùôô úĀìþĕúô þìíôĒ ðìü üĘô óìøôù ïìĄþììùð. ÛìČøìðĕúô ðôïìüïÿùôô ôė÷ôø ðìü 
ýìõČüìô óìøôù ôė÷ôøĄôùúýúù îì Ĕúøñìô Ĕìĕúùüú îúðúü ýúāþ, öô üúĕĕúô ûñĄïôüĒ, 
øÿþúíôėĄìîĒ îì öúĕôĄ ðúðìùô úíĄìîôô ûôüċāĕúüú íú ôýþôĀúðì ìó üúĕÿ îúýôþìĕúô ùìî 
ĔúüĒ ùìøúċùð. 

Ìöùÿù ĕìøìýú÷ì ðìü Ĕìĕúù 21 øìüþ ĕìøăÿù üĘóô ĕôĀóô ûôüċāĕú þìĔ÷ô÷ øñĄìîìð îì ôù 
þìĄìííÿýô ÞúĔôöôýþúù íÿð, öô ìó Ĕúùôíô Ýúóøúùô Øô÷ì÷ô Øÿþþìĕôð ċöðô÷úùì ėìíÿ÷ 
ïìüðôð. Íúôýô āÿĄĕú÷ôýþ, öô ðìü üúíôþì íì ôù, ìó Ĕúùôíô øÿþìāìýýôýúùÿ øÿĕìėėôėúù, 
üĘóùúøìùôïúüúùÿ ìðôíúù îì ðúôüìô îìýñô ìĕ÷ô óôČîÿ Āìüĕìùï þìîóñĕÿ þìĀýôüô āñ÷ñ óôČð 
ðìü ôù øìîóÿĆ ûñĄùôĕúð Ąÿðìùð.  

Ûôüċāĕú ðìü ùÿėþìĕúô íì÷ìùðÿ ýìüð, ðìü ìýúýô íúüôðìùô ėìíìþĕúô íìüĀ ûìõðú 
øñĄìîìùð. ÍìüĀĕúô íúüôðì íú÷úô ĕìø ėìüúü ïôüôĀþì, íú þìĆýôüô ĕìîúô ýìüð úí 
ùìøñĄìîìùð îì ĕìøðôïìüüú ĀôĄúü øñðôĕìùð. Ïìüøôĕúô øÿùìóóìøô þúíôýþúù îì úíĄìîôô 
íú÷úô ûôüċāĕú Ąìö÷ïôüôô ċā (÷úóÿüĕú)-üú íì îÿĔÿð øñúîìüìùð îì ôù ùôóúøô øìāýÿýô 
þìíôìþ øñíúĄìð, öô øôėðúüô øÿìõċùô ûôüċāĕú ĕìøìýú÷ì úí Ąÿðì, íñĄþìü óìāôüìô úíô 
ðìüČĕúüú þìĆøôù øñùìøúċð. ØÿþììýôĀúùì, ðìîúøô ċö ìýüô úāôü ĕìüìöìþô ûôüċāĕú íñĄþìü 
ïìüðôðììýþ. 

ÖúüĄôùúýúù úíĄìîôô ûôüċāĕúüú üìîìùðô þìíôĒ øñðúùìùð, ìøøú ðìĕýú÷ìĕúô úāôü 
ĕìüìöìþô ûôüċāĕú íñĄþìü ïìüðôðììýþ. 

Ðìü ÞúĔôöôýþúù íñĄ ìó 8 ĕìóúü ûôüċā øìîĔÿð ìýþ, öô 19-þúô úù āñ÷ñ íÿóÿüïìùð. Øìĕó 
úùĕú øìùíìô ìý÷ôô úíô ðìüČĕú íì Ąÿøúü øñüìîìùð. Úíô þúóìñ, öô ìó ôù ûôüċāĕú ĔúüĒ 
øñĄìîìð, ùì þìùĕú íìüúô ÞúĔôöôýþúù, íì÷öô íìüúô ðôïìü öôĄîìüĕúô øôùþìėìô ÚýôČô 
ØìüöìóĒ āñ÷ñ óìüÿü ĕìýþìùð. 

Ðìîúøô ðìĕýú÷ìĕúô úāôü óñüô þìĆýôüô þìĎõôüČíôô ôė÷ôø íìĆóñ ûôüċāĕúô öì÷úù, āÿüð 
Ąÿðìùð. Íì þìöôðô ðúùôĄøìùðúù, üìîìùðô úíĄìîôô ûôüċāĕú ìøì÷ô þìíôĒ øñíúĄìð, ìøøú 
ðìîüìô ýìùúìþôĄìîĒ ôù üìîìùðüú ýÿüĆìþ øñíìāĄìð. 

ÞúĔôöôýþúù ìó üĘô Ąÿøúüìô ûôüċāĕú ðìü øôùþìėìô ÚýôČô ØìüöìóĒ ûñĄýìĀ ìýþ. 
Çìüăìùð ûôüċāĕú ĕìøìïĒ 6-8%-ô ėì÷ìøüìîô öôĄîìüüú þìĄöô÷ ðôĕìùð ĕìø (8476,2 øñþüô 
øÿüìíìĆ), ýìðĕú öô÷úøñþüô øÿöììí úíô þúóìüú óìāôüì øñöÿùìùð. Éôýøô ìýúýôô ûôüċāĕú 
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ðìü ĕÿðÿðô íì÷ìùðþìüôù ėÿ÷÷ìĕúô ĔÿøĕÿüĒ ¬ Ôýøúô÷ô ÝúøúùĒ îì ÌíĘì÷ô ôíùô Ýôùú 
Ĕúõïôüìùð.  

Ûôüċāĕúô íÿóÿüïþìüôùô ÞúĔôöôýþúù üĘðāúùìĕúô ÌøÿðìüČ îì ÓìüìĀĄúù, öô úíô úùĕú 
íì öôĄîìüĕúô ûúČùúí ¬ óíñöôýþúù, Þÿüöøìùôýþúù þìĄìööÿ÷ øñČíìð. 

Íÿóÿüïþìüôù ûôüċāĕúô øôùþìėìô ÚýôČô ØìüöìóĒ ðìü ÞúĔôöôýþúù Ĕúõïôüìùð. Þôíėô 
ôþþô÷úô ©Øìüöìóô úøĘóôĄô ûôüċāĕúô ÞúĔôöôýþúùª, íì÷ìùðôô ûôüċāĕúñ, öô ìó ùôĄñíôĕúô 
ėÿ÷÷ìô Ôýøúô÷ô ÝúøúùĒ ýìüăìĄøì øñïôüìð, íì 7400 øñþü ìó ýìþĕô íìĕü øñüìýìð. 

Ûôüċāĕúô öì÷úùþìüôùô ÞúĔôöôýþúù ðìü Ĕúõô ûìõîìýþĄìîôô ėìþúüöĘĕĕúô Ìöìðñøôċô 
ô÷øĕú, Ðìüîúó, ÛČþü 1 îì ÎìùĔÿ ëóĎÿ÷úø Ĕúõïôüìùð. Íÿóÿüïþìüôù ûôüċāô ÚýôČô ØìüöìóĒ 
¬ ÎìùĔċā (àñðăñùöú) ìó ĕìøôù Ĕú ýìüăìĄøì øñïôüìð. Ðìü ĔÿøĕÿüĒ ėôýøô óôČðô ûôüċāĕú íì 
Ąìüėô öôĄîìü üúýþ øñúċð. 

Øÿĕìėėôėúùô Øìüöìóô ċāĄôùúýôô úĔúùýôô úíÿĕìîúĄôùúýôô ÞúĔôöôýþúù, óôČðì ìó 30 
ýú÷ øñĄìîìð, öô íì úøĘóôĄô ûôüċāĕú øìĄĎÿ÷ ĕìýþìùð. Ìó üĘô øìĆ÷ÿøúþô øÿĕìėėôėúùô 
øìüöìóô ċāĄôùúýôô úĔúùýôô úíÿĕìîúĄôùúýôô ÞúĔôöôýþúù ûôüċāĕúô ÞúĔôöôýþúù, ðìü 
øìüĕô÷ìô þìùìóóÿ÷ ėìüúü ðúüìùð. Ìøøú ðìü ôù øìîüôð íúùïô āìþìü óìðìù ÷úóôø ùñýþ. 
©Ûôüċāĕú úí øñĄìîìùð îì ôù ċö üìîìùðô øÿėìüüìüôô þìíôĒ øñíúĄìð. Úùĕú ûñĄ ìó øú ĕìø 
úí øñĄÿðìùð îì íìĆð ìó øú ĕìø úí āúĕìùð Ąÿð, íìĆóìù íìüĆìöý ¬ íñĄþìü óìāôüì øñĄìîìùð. 
Ôù ĕú÷ìþ ðìü þÿ÷ô ìýüĕú üĘõ øñðôĕìð. Íìüúô ûñĄïôüôô ôù üìîìùð öúüñ öìüðìù ėìüôí 
Ďìõüôôøöúù ìýþ ¬ ôė÷ôø óñüô þìĆýôüô úøô÷ĕúô ïÿùúïÿù þìĎõôü øñČíìð îì ôùüú ûñĄïôüĒ 
öìüðìù ùúøÿøöôù ìýþ. Þìùĕú íúċð ûôüċāĕúüú ùìóúüì öìüð. ÞìĆüôā ì÷÷ìöìõ Ąúĕôðô 
ċāíìùðôô ï÷úíì÷Ē Ąÿðììýþ, îìėþñ ùôýĀô Ìîüÿûú óñüô ċā íÿð, ìøøú íìĆðìù ôù ûôüċāĕú íì 
úíĄìîĒ ĄÿüÿĆ öìüðìùðª. Íìüúô ùìøÿùì ìó öì÷úùþìüôù ûôüċā ðìü ÚýôČô ØìüöìóĒ ¬ ÎìùĔċā 
(àñðăñùöú) øôýú÷ úîìüðìù øÿøöôù ìýþ, öô úù óìøúùñ ýñ øìüúþôíì íÿóÿüïþìü íÿð îì ðìüúóôô 
úù þú ×ìāĄ (ùúĕôċô ùìóðôøìüöìóôô ÞúĔôöôýþúù íú ÉôüĎôóôýþúù) øñüìýôð. ÍìĆðìù 
üìîìùðô úíĄìîôô úù ýìü Ąÿð îì ĕú÷ú ðìüúóôìĄ íì 70 öø øñüìýìð, íìĆðô ðìĕýú÷ìĕú íúĄìð, 
2 öô÷úøñþüô ðôïìü öìø øñĄìîìð. 

Ûôüċāô ÎìùĔċā ðìü Îô÷úċþô Øÿāþúüô ÖĘĕôýþúùô ÍìðìāĄúù Ĕúõïôü íÿðì, íì 
ðìĕïúùìô íÿóÿüïþìüôù ûôüċāĕúô Ĕìĕúù Ąúøô÷ øñĄìîìð. 

Ûôüċāô ÎìùĔċā ėìüôí 50 Ąúāúí ðúüìð, öô íìĆóñô úù íÿóÿüïþìüôù ûôüċāĕúô ÚýôČô 
ØìüöìóĒ íì ĕôýúí øñüìîìð (Íôîìăôõ, Ùì÷ôîöôù, Îôþöúîýöôõ, Ìöìðñøôċô ô÷øĕú). 
Øìýúĕìþô úù ĕìøüúĕ íú þìøúøô ĄúāúíĕúċĄ 651,7 öô÷úøñþüô øÿüìíìĆ îì ðìüúóôô úù 70 
öô÷úøñþü øñíúĄìð. ÇìøìïĒ ðìü ùôóúøô ûôüċāô ÎìùĔċā 45 ûôüċā øìîĔÿð ìýþ. 

Íì÷ìùðôô Ąúāúíô íú÷úôô ûôüċā íì 7480 øñþü ìó ýìþĕô íìĕü øñüìýìð, úāôüô óìíúùìô 
úù ðìü îúðôô ðìüČô Ýñ÷ðìüì (Ąúāúíô Øÿöýÿ) þú íì÷ìùðôô 2910 øñþü ûìýþ Āìüúøìðììýþ. 
ÀìĀýôô ċā ðìü ėôýøìþô íú÷úôô ûôüċā øìüóô 800 øñþüüú ÿíÿü öìüðì, ĕìĔøô ÿøÿøôô ċā, 
ċöĔúċ íú ĄúāúíĕúċĄ ĕÿðÿðô 130 öô÷úøñþüô øÿöììíüú þìĄöô÷ øñðôĕìð. 

ëāĄôùúýúùô þúĔôö ðìĕýú÷ìĕúýþ, öô íì úøĘóôĄô ûôüċāĕú øìĄĎÿ÷ìùð îì þìîüñ øìĆ÷ÿø 
Ąÿðììýþ, ÎìùĔċā ĕìüìöìþ øñöÿùìð. Ðìîúøô þìėüôíìù 40 ýú÷ô øÿĄúĕôðìĕú øìĆ÷ÿø Ąÿðì, öô 
ýÿüĆìþô øôČùìô ýú÷úùìô ĕìüìöìþô ôù ûôüċā ìó 63 þú 89 ýø ðìü ĄìíúùìüĘó þìĎõôü öìüðì, íì 
ĕôýúíô øôČùì 73 ýø ðìü ċö ĄìíúùìüĘóüú þìĄöô÷ øñðôĕìð. 

Ìøøú íì ìùðñĄìô ðúùôĄøìùðúù, āìíìüô ùúÿøñðöÿùìùðì ôù ìýþ, öô ûôüċā ĕìøìýú÷ì 
ðìü ĕú÷ô øìõðì Ąÿðìù ìýþ îì ôù üìîìùð ìó øñĆČüô øÿėìüüìüĒ íñĄþìü ýÿüìþ øñïôüìð. Íôùú 
íì ôþþô÷úô úāôüôù, ðìîúøô 30 ýú÷ô úāôü ÎìùĔċā íñĄ ìó 3 öô÷úøñþü øìýúĕìþô āÿðüú ìó ðìýþ 
ðúðì, ýìþĕô úù 50 øñþü ûìýþ Āìüúøìðììýþ. 

Ìõùô óìøúù 60%-ô óìāôüìĕúô úíô ÚýôČô ØìüöìóĒ ðìü ĕÿðÿðô ÞúĔôöôýþúù þìĄìööÿ÷ 
øñČíìùð. ëĆùñ, ôðúøìô ĉĕþôøú÷ôô üìîìùðô úíĄìîôô íúýÿüĆìþô ûôüċāĕú øñþìîúùìð íì 
þìĄìööÿ÷ô óìāôüìĕúô úíô øôùþìėì þìĆýôüô øìùĀĒ üìýúùìð. Ìó ôù üĘ, îìėþô úù üìýôðììýþ, 
öô øú ìó ïÿĀþÿïĘ íì ìøì÷ ïÿóìüñø îì ðìü ûôČðìýúóôô ĕìðìĀĕúô ÝúóôĄùúøìô Ûìüôò ýìĕø 
ïÿóúüñø. Ìõùô ĕú÷ ÞúĔôöôýþúù íìü ûúċô øÿėìüüìüúþô ýìùìðô øìóöÿü Ýþüìþñïôċô øô÷÷ôô 
āÿðüú úôð íì øÿþúíôėĄìîĒ íì þìĎõôüČíôô ôė÷ôø þìĕôċ ùìøÿðì ôýþúðììýþ. Íì ìùðñĄìô øú, 
þìĆöôð öìüðìùð Ûüñóôðñùþô Æÿøĕÿüôô ÞúĔôöôýþúù éøúøì÷Ē Üìĕøúù, ðìü øìüĕì÷ìô 
öÿùÿùĒ ċöñ ìó üúĕĕúô ùúô÷ĄìîĒ íì ĕìðìĀĕúô ÝúóôĄùúøìô Ûìüôò ôù þìîýñìô ôėþôýúðô 
µýìíó½ îì ôýþôĀúðìô íúýìøìü ìó óìāôüìĕúô ĉùñüïôċô þìĔðôðĄìîìùðì íì ĕôýúí øñüìîìð. 
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Íì÷ìùðĄìîôô ĕìüúüìþô ĕìîú ðìü ýìðýú÷ìô ïÿóìĄþì, öô íì öìøĄìîĒ îì ùñýþĄìîôô óìāôüìĕúô 
úíĒ îì ôùăÿùôù ûôüċāĕú ýìíìí ïìüðôð, íì úðìøúù ðÿĄîúüôĕúüú íì îÿĔÿð îì íì ĕú÷ìþĕúô ĀúĔôìîúü 
úîìüðì üìýúùð. ÞìøúĊ÷ĕúô ï÷úíì÷ôô þìĎõôüČíôô ôė÷ôø îì þìùìóóÿ÷ô ìĀóúċùðìô óìāôüìĕúô þìíôĒ, 
úĀìþĕúô ïÿùúïÿùô þìíôĒ îì þñāùúïñùĒ öĘĄôĄĕúô øúüú íìüúô ùúô÷ Ąÿðìù íì üÿĄðô ÿýþÿîúü íì 
þìîüô ĔôððĒ āì÷ì÷ðúü øñöÿùìùð. ØìĆ÷ÿø ìýþ, öô ăúüìĕúô øÿìýýôü úôð íì öúĕôĄ ðúðìùô úėôíìþĕúô 
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ɻʃʆɹɸʃʔʅʆɽ ʀɿʄɽʅɽʅʀɽ ʂʃʀʄɸʊɸ ʀ ɽɻʆ ɺʃʀʗʅʀɽ ʅɸ ʇʈʀʈʆɼʅʓɽ ʈɽʉʋʈʉʓ 

ʊɸɼɾʀʂʀʉʊɸʅɸ 

ɼʣʷ ʥʦʚʦʛʦ ʥʝʟʘʚʠʩʠʤʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʊʘʜʞʠʢʠʩʪʘʥ ʥʘʯʘʣʦ XXI ʚʝʢʘ ʩʯʠʪʘʝʪʩʷ ʥʘʯʘʣʦʤ 

ʧʨʝʜʣʦʞʝʥʠʷ ʙʣʘʛʦʨʦʜʥʳʭ ʠʥʠʮʠʘʪʠʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. ʅʘʨʦʜ ʩʪʨʘʥʳ ʩʯʘʩʪʣʠʚ ʠ ʛʦʨʜ ʪʝʤ, ʯʪʦ ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʊʘʜʞʠʢʠʩʪʘʥʘ 

ʤʫʜʨʳʤʠ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʫʩʠʣʠʷʤʠ ʆʩʥʦʚʘʪʝʣʷ ʤʠʨʘ ʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʝʜʠʥʩʪʚʘ, ʃʠʜʝʨʘ ʥʘʮʠʠ, 

ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ, ʫʚʘʞʘʝʤʦʛʦ ʕʤʦʤʘʣʠ ʈʘʭʤʦʥʘ ʚ ʮʝʣʷʭ ʜʦʩʪʠʞʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʳʭ 

ʮʝʣʝʡ, ʫʩʪʦʡʯʠʚʦ ʫʢʨʝʧʣʷʝʪ ʩʚʦʠ ʧʦʟʠʮʠʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʘʨʝʥʝ, ʥʘʨʷʜʫ ʩ ʵʪʠʤ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʠ ʢʫʣʴʪʫʨʥʦ-ʜʫʭʦʚʥʘʷ ʞʠʟʥʴ ʩʪʨʘʥʳ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʘʷ ʫʨʦʚʥʝ. 

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʧʨʦʰʣʦʤ ʚʝʢʝ, ʧʨʠʚʝʜʰʝʝ ʢ ʩʦʢʨʘʱʝʥʠʶ ʠ ʫʥʠʯʪʦʞʝʥʠʶ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʣʝʜʥʠʢʦʚ, ʩʦʟʜʘʣʦ ʪʨʫʜʥʦʩʪʠ ʜʣʷ ʣʶʜʝʡ ʠ ʧʨʠʚʝʣʦ ʢ ʪʨʘʛʠʯʝʩʢʠʤ ʩʠʪʫʘʮʠʷʤ. 

ɻʣʦʙʘʣʴʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʨʘʩʪʫʱʘʷ ʜʝʛʨʘʜʘʮʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʨʘʟʣʠʯʥʳʝ 

ʧʨʠʨʦʜʥʳʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʢʘʪʘʩʪʨʦʬʳ ʩʝʨʴʝʟʥʦ ʧʦʜʨʳʚʘʶʪ ʥʘʰʠ ʫʩʠʣʠʷ ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʨʳ ʧʦ ʩʤʷʛʯʝʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ ʵʪʠʭ ʪʝʥʜʝʥʮʠʡ ʪʨʝʙʫʶʪ 

ʢʦʥʩʦʣʠʜʘʮʠʠ ʫʩʠʣʠʡ ʧʦ ʧʝʨʝʭʦʜʫ ʢ ʟʝʣʝʥʦʡ ʵʢʦʥʦʤʠʢʝ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʷʭ. ɽʩʣʠ 

ʧʘʨʪʥʝʨʩʪʚʦ ʩʦʩʨʝʜʦʪʦʯʠʪʩʷ ʥʘ ʵʪʠʭ ʢʣʶʯʝʚʳʭ ʦʙʣʘʩʪʷʭ, ʤʦʞʥʦ ʙʫʜʝʪ ʜʦʙʠʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʧʨʦʛʨʝʩʩʘ ʥʘ ʧʫʪʠ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ. 

ɽʩʣʠ ʚ ʥʘʯʘʣʝ XIX ʚʝʢʘ, ʢʦʛʜʘ ʙʳʣʠ ʚʧʝʨʚʳʝ ʚʳʷʚʣʝʥʳ ʣʝʜʥʠʢʦʚʳʡ ʧʝʨʠʦʜ, ʜʨʫʛʠʝ ʝʩʪʝʩʪʚʝʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʧʘʣʝʦʢʣʠʤʘʪʘ ʠ ʚʣʠʷʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ, ʠ ʥʘʯʘʣʦʩʴ ʥʘʫʯʥʦʝ ʦʪʢʨʳʪʠʝ ʠʟʤʝʥʝʥʠʷ 

ʢʣʠʤʘʪʘ, ʪʦ ʚ ʢʦʥʮʝ XIX ʚʝʢʘ ʫʯʸʥʳʝ ʧʨʠʰʣʠ ʢ ʪʘʢʦʤʫ ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʩʦ 

ʩʪʦʨʦʥʳ ʯʝʣʦʚʝʢʘ ʤʦʛʫʪ ʠʟʤʝʥʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ɿʝʤʣʠ ʠ ʢʣʠʤʘʪ. 
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GLOBAL CLIMATE CHANGE AND ITS IMPACT ON NATURAL RESOURCES OF TAJIKISTAN  

The given article touches upon the problems of warming climate and melting of the glaciers of Tajikistan, 

which the huge territory in Central Asia. By the support of the Founder of Peace and National Unity - the 

Leader of the Nation, the President of the Republic of Tajikistan, the respected Emomali Rahmon, our country 

achieved many national goals, steadily strengthens its position in the international arena, along with this, the 

socio-economic and cultural-spiritual life of the country is developing to a qualitatively new level.  

The warming of the temperature in the last century, which led to the reduction and destruction of water 

resources, as well as glaciers, created difficulties for people and led to tragic situations. The author take into the 

consideration the global changes of climate, the growing of degradation of natural resources, various natural and 

man-made disasters seriously undermine human efforts to achieve sustainable development. It is obvious that 

effective measures to mitigate the consequences of these trends require the consolidation of efforts to transition 

to a green economy at the regional and global levels. Also itôs shown that in the case of partnerships on these 

key areas, significant progress can be made towards sustainable development. 

At the end the author points out that by the end of the 19th century that human emissions of greenhouse 

gases could change the Earth's energy balance and climate and there must measures be taken. 

Keywords: climate change, water resources, paleoclimate, natural changes, drought, economic collapse, 

avalanches, glaciers, glacier melting, global glaciation, natural process, global problems. 
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Íì øôùþìėìô þìĕėôėĄìîìùðì ùúĕôċĕúô ïÿùúïÿù ôĀúðìČíìùðìô úüúïüìĀĒ ûìýþāìøôĕúô 

øÿúýôü íú íì÷ìùðôĕúô ùôýíôô ùì úù ėìðìü öì÷úù îì øÿþ÷ìėô āúý íú íì÷ìùðôô óôČðì ìó 3000 
ø ðúāô÷ øñĄìîìùð [2]. 

Øìõðúùô øôùþìėìô úøĘóôĄ íì øôùþìėìô ïñúþñöþúùôöôô ÉìüìþúĎÿ Üúøôþ îì ôùăÿùôù, 
Úýøúùþì÷ì þìì÷÷ÿė ðúüìð. 

ÞìüėôĄô ìó ĕìøì öì÷úù ðìü ėôýøìþô ùúĕôċ, ôù þìüėôĄô ÆÿüČó íì ĕôýúí øñüìîìð, öô 
íì ðÿ Ąúāìô öì÷úù íì ýìøþô Ąôøú÷ÿ ĎìüíĒ Ĕÿðú øñĄìîìùð. Ôù Ąúāìĕúô ðìü íú÷ú 
óôöüïìüðôðì Ąìö÷ô ăÿėÿüôô íìüìĄ þú íì 1,5 öø îì ðìüúóôô 3,5 öø-üú ðúüìùð. Ðìü ýìøþô 
Ąôøú÷ÿ ĄìüėĒ Ąúāúíô ðúôøôô ðìüČô ÖúĀìüùôĕúù üìîúù øñíúĄìð. Àôóúïôüôô ôù ðìüČ ìó 
íìüĀÿ ăìĄøì íÿðì, øúĕĕúô ìûüñ÷ÿ øìõ îìėþô ýñüĎôóúĄìîôô ðìüČ íì Ąÿøúü øñüìîìð, öô 
üñóôĄô úí ìó üñóôĄïúĕ 7,0-33,0 ø3/ýúù-üú þìĄöô÷ øñðôĕìð, ĕú÷ úù öô ìó øúĕĕúô ùúċíü þú 
øìüþ ôù üìėìø íì 0,3 ø3/ýúùôċ íìüúíìü ìýþ [5]. 

Ðìü ôù øôùþìėì þìėýôøúþô ýìþĕô ùúĕìøîúüôô üñ÷ñĀ ïÿùúïÿù ìýþ, íìĆóìù āìøôĕúô 
Ąìö÷ìĄúù āú÷ôïôðúüüú ðôðìù øÿøöôù ìýþ [6]. Ôė÷ôøô øôùþìėì öúùþôùñùþì÷Ē øñíúĄìð. 
Þúíôýþúù îì óôøôýþúùìĄ þÿ÷úùĒ íÿðì, Āìý÷ô íìĕúüÿ þôüìøúĕìĄ ùôýíìþìù öĘþúĕþìü ìýþ. 
Éìíìþô āúíôĄô øìöýôøì÷ôô íìüĀ 1,5-2 ø íÿðì, ðìü øôùþìėì øÿððìþô 4-5 øúĕ øñôýþìð îì 
āìþìüô ċüăĀìüúĒ îì þìüøìĀìüúôüú ùìðúüìð. Îúíaýþa ía ôė÷ôø öúüĕúô úøĘóôĄôĊ 
ôýþôāüúĔĒ ðaü øôùþìėì øÿððaþô 7-8 øúĕ ðaü ċö ýú÷ íì üúĕ øúùðì øñĄìîìð. Ùúĕôċô øìóöÿü 
aó üĘõô Ĕaðîa÷ô Üôāþñü ía øôùþaėaô ýñõýøôöôô 9 ía÷÷a þaì÷÷ÿė ðúüað [4].  

Ðìü øôùþìėì ìýúýìù ûìõðúôĄĕúô ôùþüÿóôîĒ îìýñĆ íì üĘô óìøôù íìüúøìðììùð, öô íì 
ýôùùÿ ýú÷ô öìüíúùô øôČùì üúýþ úøìðì, ìó íôúþôþĕúô øìõðìðúùì, íôúþôþĕú, ïüìùúðôúüôþĕú 
îì ïüìùôþĕú þìĄìööÿ÷ ČĀþììùð [6, 7]. 

áúíôĄĕúô ðìîüìô ăúüċöÿøôù óôČðì ìó 80%-ô øìîóñô öúüôüú Āìüú ïôüôĀþì, ìýúýìù ìó 
ïô÷āúöĕúô ÷Čýýðúü ôíúüìþ øñíúĄìùð. Ôėþôðúüô úù ìó 1,5-2,0 þú 50 øñþüüú þìĄöô÷ øñðôĕìð 
[2]. 

ÉìþúüöĘĕô Éìüúþñïôù ċöñ ìó Ąúāìĕúô ėìþúüöĘĕô Çôýúü íÿðì, ðìü ĕÿðÿðÿðô øôùþìėìô 
þìĕėôėĄÿðì ėìð-ėìðô ýúĕô÷ô üúýþô ÎìāĄô Íú÷ú îì ûúČùúíô ðìüČô Ýÿüāúí þÿ÷ öìĄôðììýþ. 
Ðìü ôù Ĕú úù ĕìøăÿù íìāĄïúĕô ðìüČô Ýúüíú îì íú÷úúíô ÎìāĄ āôóøìþ øñöÿùìð. Ðìü 
Ąôøú÷ÿ Ąìüė íì÷ìùðôô óôČð (þú 3925,0 ø) ðúĄþì, ðìü ýìøþô Ĕìùÿíÿ Ďìüí þìðüôĔìù ûìýþ 
øñĄìîìð, öô ðìü ôù Ĕú íìāĄïúĕô îúðôĕúô ÖúĀìüùôĕúù îì é÷úö øñíúĄìð [7; 8; 9]. 

Îúðôô ðìüČĕúô ùúøíÿüðì āñ÷ñ þìùï íÿðì, ûìĕ÷ÿĕúô íì÷ìùðôô Ąìö÷ô íìüĔìýþìüú 
ðúüìùð. 

Üñ÷ñĀô ûÿĄþì ÿøÿøìù íú Ąìö÷ĕúô ĉüúóôúùĒ-ðñùÿðìþýôúùĒ, öô ðìü ìõùô óìøúù 
ĀìĆú÷úùì ôùöôĄúĀ ČĀþì ôýþúðììùð, ċöíúüì öìùðì Ąÿðììýþ [3]. 

áÿýÿýôċþĕúô øÿĕìùðôýôĊ ïñú÷úïôô øôùþìėì ìó ċö ėìþúü úøô÷ĕúñ îúíìýþì ìýþ, öô ðìü 
ôù øôùþìėì øìĔøÿô āñ÷ñ íñùìóôüô ýúāþúüô ïñú÷úïĒ, ýúāþúüĒ-þñöþúùôöĒ îì ïñúøúüĀú÷úïĒ, 
ôė÷ôø, þìėýôøĄìîĒ, ùñúþñöþúùôöì îì øìāýÿýìù ĀìĆú÷ôċþô ýñõýøôöôô øôùþìėìüú þìĄöô÷ 
øñðôĕìùð. ëöñ ìó āÿýÿýôċþāúô ìýúýôô øôùþìėì ôùöôĄúĀô íìüþìüôðúĄþìô Ĕôùýĕúô 
ûì÷ñúóúõ îì ûñĄ ìó ûì÷ñúóúõô ýôùùÿ ýú÷ô ïÿùúïÿù ¬ ìó îìüìėýìùïĕúô öüôýþì÷÷Ē îì 
āúüúýìùïĕúô ýôùùÿ ýú÷ô ìüāñõ (ÌR), ûìõðúôĄĕúô ïÿùúïÿùô þñüüôïñùĒ îì þñüüôïñùôĊ 
öìüíúùìþôô ýôùùÿ ýú÷ô ìùïôĄþýìùï (Ý1, Ý2+3) øñíúĄìð [1; 2; 4; 5]. 

ÞìĄìööÿ÷ô üñ÷ñĀô øÿúýôü ìó ðìîüìô ùñúïñù úĎúó ČĀþììýþ. Úøô÷ĕúô ìýúýôñ, öô üñ÷ñĀô 
øÿúýôüüú íì îÿĔÿð úîìüðììùð, íì÷ìùðĄìîôô ûÿüėÿîîìþô ðôĀĀñüñùýôì÷ôô øìĔøÿô 
üìîìùðĕú: ĀìĆú÷ôċþô ûÿüĄôððìþô ðìüČĕú îì ûôüċāĕú íÿðìùð [5; 6].  

Ìó üìîìùðĕúô øÿĕìùðôýôĊ ïñú÷úïôñ, öô ýôøúô øúüĀú÷úïôô øôùþìėìüú øÿìõċù 
øñöÿùìùð, ĉüúóôċô þìùìóóÿ÷Ē, ĔìüìČùĕúô ùôĄñíĒ, ċüă îì ýñ÷ĕú íñĄþìü ôĀúðì ČĀþììùð [1; 9].  
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Ðìü ùìþôĔìô ĉüúóôċô û÷ñõýþúþýñù-ïú÷úþýñùĒ þìøúøô ýìþĕĕúô ïñúøúüĀú÷úïôüú 
íÿüôðì, Ąìíìöìô ĀìĆú÷úùì ôùöôĄúĀČíìùðìô ĉüúóôúùôô Ąìö÷ô ûìüðúü íì îÿĔÿð 
úîìüðììýþ. ÍÿüôĄô ĉüúóôúùĒ ðìü ûüúĀô÷ô öÿùðì÷ìùïĒ V-Ąìö÷ô ðúüúô ùôĄñíôĕúô 
íìüĔìýþì øñíúĄìð, öô ùìøÿðô óúĕôüôô íì āÿð āúýýô Ąìö÷ô öÿùĔô þñó îì ûìüøúùìùð, öô 
þìėýôøĄìîôô øôùþìėìüú øÿìõċù øñöÿùìð. Ðìü ĕÿðÿðô ùúĕôċ ùìîĆĕúô óñüôùô ïñùñþôöôô 
üñ÷ñĀ Ĕÿðú öìüðì øñĄìîìùð: ĉüúóôúùĒ-þñöþúùôöĒ, ýìþĕô ðñùÿðìþýôúùôô ėìðôø, ýúāþúüĒ-
ðñùÿðìþýôúùĒ, ĉöóìüìþýôúùĒ îì ìööÿøÿ÷ċþôîĒ [6; 7; 8; 9]. 

Üñ÷ñĀô ĉüúóôúùĒ-þñöþúùôöĒ íì ċö ėìþúü óñüĄìö÷ĕúô øúüĀú÷úïĒ îì ėôýøĕú Ĕÿðú 
øñĄìîìð, öô ùìøÿðô úùĕúüú āÿýÿýôċþĕúô ÷ôþú÷úïôô Ĕôùýĕúô þìüöôíĒ øÿìõċù øñöÿùìùð. 
Óñüùìøÿðô üñ÷ñĀô ýìùï÷úāô Ąìāô íì÷ìùðöĘĕ ðìü øôùþìėìô ìóāÿðöÿùôô Ĕôùýĕúô íì 
úøô÷ĕúô ðñùÿðìþýôúùĒ þúíúîìü íì øúùìùðô úĕìöýìùïĕúô øñþìøúüĀôĄÿðì, îìüìėýìùïĕú îì 
ïüìùôþĕú ėìõð öìüðì øñĄìîìð. Ôù üñ÷ñĀ íìüúô ðôìûìóúùô íì÷ìùðôô ìó 2000 þú 4800 ø āúý 
ìýþ. Æôùýĕúô ûì÷ñúóúõ (ėìþúüöĘĕô Éìüúþñïôù) ðìü ôù Ĕú üñ÷ñĀô þìėýôøĄÿðìô ýìùï÷úāüú 
íú ėÿ÷÷ìĕúô ùôĄñíô þñó îì öìùðìĄÿðìô ýÿþÿùðúü þìĄöô÷ øñðôĕìùð. Îúðôĕúô ðìüČĕú, öô ìó 
úĕìöýìùïĕú îì îìüìėýìùïĕú øñïÿóìüìùð, ċöíúüì þìùï Ąÿðì, ùìøÿðô ðìüìĕúô ðñîúüøúùìùðüú 
íì āÿð øñïôüìùð. 

Óñüùìøÿðô üñ÷ñĀô ùôĄñíôô íì÷ìùðöĘĕ. äìö÷ĕúô ôù ïÿùì üñ÷ñĀ ðìü íì÷ìùðôô ìó 2000 
þú 3500 ø øìĆøÿ÷ìùð. áÿýÿýôċþĕúô øúüĀú÷úïôô üñ÷ñĀô ôù óñüùìøÿð, ìó ċö þìüìĀ, ðìü 
ėìíìþĕúô ûì÷ñúóúõ øìîĔÿð íÿðìùô Ĕôùýĕúô íì ĔìüìČùĕúô ðñùÿðìþýôúùĒ þúíúîìü, ìó þìüìĀô 
ðôïìü þìĕĄôùĕúô íì úýúùĒ îìõüúùĄÿðì øñíúĄìùð. Îìüìėýìùïĕúô ýô÷ôþýôõðúü ðìü üñ÷ñĀô 
ûÿĄþìĕúô þñó þìýîôüĄÿðì îì þñó íìüðúĄþìĄÿðì íì îÿĔÿð øñúċùð. Éìüôí ĕìøìô îúðôĕúô 
ðìüČĒ ðìü øôùþìėìĕúô ûìĕùĄìîôô ôù ùìîĆô üñ÷ñĀ Ąìö÷ô øìĆøÿ÷ìù ĉüúóôúùôô V-Ąìö÷ 
ðúüìùð. 

Óñüþôûô üñ÷ñĀô íì÷ìùðöĘĕ íú ùôĄñíôĕúô ĕìøîúü ðìü øôùþìėìĕúô ìĀóúôĄô ýñüôþýôþ-
ā÷úüôþĕúô îìüìėýìùïĒ îì ïüìùôþĕúô öì÷úùðúùì øìĕðÿð ìýþ. ÙôĄñíôĕúô ôù Ĕú ùôýíìþìù 
ĕìøîúü, íñ þñûûìĕúô íìüĔìýþì øñíúĄìùð. Îúðôĕú ðìü íÿüôĄô öÿùðì÷ìùï Ąìö÷ô V-üú 
ðúüìùð. ÛÿĄþìĕúô íìāĄïúĕ îìýñĆ íÿðì, āìøôĄĕúô øúô÷ ðúüìùð. ÙôĄúùìĕúô øÿþ÷ìėô 
Ąìö÷ĕúô üñ÷ñĀô ôù ùìøÿð ðìü íì÷ìùðôĕúô 2000-3500 ø Ĕúõïôü Ąÿðììùð. 

Üñ÷ñĀô ýúāþúüĒ-ðñùÿðìþýôúùĒ ûìĕùĄìîôô āñ÷ñ øìĕðÿð íÿðì, ìýúýìù ðìü øôùþìėìô 
ìĀóúôĄô þìĕĄôùĕúô Ċüì îì íĘü øìĕðÿð Ąÿðììýþ. áúýôċþô ùìîĆô āúýýô øúüĀú÷úïôô 
üñ÷ñĀô öìüýþĒ îì ĕìøăÿù ĕúýô÷ô úù üñ÷ñĀô ùôĄñíôĕúô óôüñĕûĘĄô úøúðìĄÿðì øñíúĄìð. 
×ìùðĄìĀþô öìüýþĒ íú úøñóôĄô ùôĄñíôĕúô ĕìøîúüô ėìíìþ-ėìíìþ, ėìíìþĕúô ÿýþÿîúüô íú 
ìĀþôĄ úøúðìĄÿðì îì íìüúøìðô öìùðìĄìîôô úùĕú íú îÿýĆìþČíĒ ôĀúðì öìüðì øñĄìîìð. Ðìü 
úù Ĕúñ, öô óôùì ýÿýþ ôĀúðì ČĀþììýþ Č ėìüôí ôĀúðì ùìĄÿðììýþ, ùôĄñíôĕúô óôüñĕûĘĄ Ĕÿðú 
öìüðì øñĄìîìùð. 

Üñ÷ñĀô ĉöóìüìþýôúùĒ ðìü ėôýøĕúô íú÷úôô íìāĄïúĕĕúô ùôĄñíôĕúô Ąôøú÷ôô 
ėìþúüöĘĕĕú øìĆøÿ÷ ìýþ. Ðìü ôù Ĕú ċö ùìîĆô îúðôô ûôüċāĕú öô ìýúýìù íú øôùþìėìĕúô 
ìĀóúôĄô úĕìöýìùïĕú ì÷úėìøìùðìùð, Ĕÿðú öìüðì øñĄìîìð. Íôùúíìü ôù, üñ÷ñĀô 
ĉöóìüìþýôúùĒ Ąìö÷ô ùôĄñíôĕúô Ąÿāô öìùðìĄÿðì ðúüìð, öô ðìü íú÷úô úùĕú üñ÷ñĀô 
öúýìĄìö÷ îì ýôüöĕú íú ðñîúüĕúô úîñóúù îì ðìùðúùðúü, öô ðìü ðìĕìùìô íìāĄïúĕĕú þìùï 
ïìüðôðììùð. ÞìĄìööÿ÷ô ôù üñ÷ñĀ ðìü ðìîüìô ăúüċöÿøôù, îìėþñ öô øôùþìėìô íì÷ìùðöĘĕô 
þìîýôĀĄÿðì íúüĕú íì ûôüċāĄìîôô öĘĕôĊ îúðĒ ðÿăúü Ąÿðì íÿð [6]. Ûôüċāĕúô öì÷úùþìüôùô 
øÿúýôü íì ðìüúóôô 3,5 öø øñüìýìð, îì÷ñ ìöýìü îìėþ ðìü ėìĆüô ċā þìùĕú íìüĀāúùì íì îÿĔÿð 
øñúċð. Ðìü ùìþôĔìô ĀìĆú÷ôċþô ûÿüĄôððìþô ĉüúóôúùôô íìĆðôûôüċāĒ, ðìüČĕú ĔĘõĕúô 
ėìðôøì ìó þìüìĀô ðìüìĕúô þìùïÿ ăÿėÿü íÿüôðì Ąÿðììùð, öô úýúüô úùĕú ðìü Ąìö÷ô 
øìõðúùăìĕúô ýÿĀìïĒ, ðìü ùôĄñíôĕúô îúðôĕúô íì÷ìùð øÿĄúĕôðì øñĄìîìð. Íì÷ìùðôô ĕìððô 
ìėì÷ô øÿþ÷ìėô ăÿùôù øìîóñĆĕú 2000-2100 ø ìýþ. 

Üñ÷ñĀô ìööÿøÿ÷ċþôîĒ þìėýôøúþô øìĕðÿð ðúüìð. Ðìü ôù öìþñïúüôċ ðÿ ùìøÿðô ïñùñþôöĒ 
îÿĔÿð ðúüìð: þìĕĄôùĕúô øúüñùìïĒ îì ýÿĀìăìĕúô ðìüČôô ìööÿøÿ÷ċþôîĒ. äìö÷ĕúô 
ìööÿøÿ÷ċþôîôô ĀìĆú÷ôċþô ûôüċāĕú íú øôùþìėìĕúô ôùöôĄúĀô üñ÷ñĀô ĉöóìüìþýôúùĒ óôă 
ì÷úėìøìùðĒ ðúüìùð. Ìööÿøÿ÷ċþýôċô ûôüċāĕú ðìü ûìõðúôĄô ăúü øúüñùì ôĀúðì ČĀþìùð. 
Øúüñùìĕú ðìü íú÷úúíô îúðôĕúô ðìüČĕúô øÿúýôü, ðìü ùôĄñíôĕúô ĔìùÿíĒ îì Ĕìùÿíÿ 
Ąìüėôô ėìþúüöĘĕĕúô Éìüìþñïôù Ĕúõïôüìùð [6]. 

ÝÿĀìăìĕúô ðìüČôô ìööÿøÿ÷ċþôîĒ ðìü ėìð-ėìðô øìĔüúô ðìüČĕúô ìýúýĒ îúøñāĘüìùð îì 
íñĄþìü íì ėôýøô Ĕìùÿíôô øôùþìėì āúýìùð. Ìó Ĕôĕìþô øúüĀú÷úïĒ ýñ ýÿĀìăìô íú÷úôô 
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û÷ñõýþúýñùô øôČùì (øìĔøÿô é÷úö), öô ðìü íú÷úô ċöðôïìü ïÿóúĄþì Ąÿðììùð, āñ÷ñ üìîĄìù 
ôĀúðì ČĀþììùð. Úùĕú ðìü íì÷ìùðôô 115-200 øñþü ìó ÷ìíô úí Ĕúõïôü Ąÿðììùð [6]. Ýñ 
ýÿĀìăìô øôČùì (ÐÿĄìùíñ) îì ĕìøîúüôĕúô ì÷÷Ċîôì÷ôô û÷ñõýþúþýñùô íú÷ú ðìü íì÷ìùðôô 40 
þú 80 ø ìó øìĔüúô ðìüČô ĕúóôüì Ĕúõïôü Ąÿðììùð. Úùĕú ĕìøîúüôĕúô îìýñĆ îì ĔÿðúĄÿðìüú 
þìĄöô÷ øñðôĕìùð, öô ðìü öìùúü îì ûúċĕúô ùôĄñíôĕúô îúðĒ íú ðúøìùìĕúô ûüú÷Ċîôì÷Ē 
ăìĕúüăĘíìíìùðĒ Ąÿðììùð. äìö÷ĕúô ìööÿøÿ÷ċþôîôô üñ÷ñĀô øÿúýôü (øìüĕô÷ìô ÚøÿðìüČ) 
íì ýÿĀìăìĕúô ýúĕô÷Ē îì ìîîì÷ôùô óñüýúĕô÷ô þúíñĆ øñíúĄìùð, öô íì÷ìùðôô úùĕú ìó ýìþĕô 
ðìüČ íì 10 ø øñüìýìð. 

Ðìü íìõùô Ąìö÷ĕúô ìööÿøÿ÷ċþôîĒ, öúùÿýĕú îì úíúîìüðĕúô ì÷÷Ċîôì÷ôüú ùôó íúċð 
ėìõð öìüð. Øìõðúùô úùĕú ðìü ðúøìùìô ùôĄñíôô Ĕìùÿíÿ Ąìüėôô ėìþúüöĘĕô Éìüúþñïôù āñ÷ñ 
āÿüð íÿðì, ĕìøăÿù Ąìö÷ô üñ÷ñĀ ìĕìøøôċþô öì÷úù ùìðúüìð. 
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äÔØÚ×ÔÔ ÉÌÞÚÜÖÊÇÔ ÉÌÜÚÞÑÏÔÙ 
Íì øôùþìėìô þìĕėôėĄìîìùðì ùúĕôċĕúô ïÿùúïÿù ôĀúðìČíìùðìô úüúïüìĀĒ ûìýþāìøôĕúô øÿúýôü íú 

íì÷ìùðôĕúô ùôýíôô ùì úù ėìðìü öì÷úù îì øÿþ÷ìėô āúý íú íì÷ìùðôô óôČðì ìó 3000 ø ðúāô÷ øñĄìîìùð. Ðìü ôù 
øôùþìėì þìėýôøúþô ýìþĕô ùúĕìøîúüô üñ÷ñĀ ïÿùúïÿù ìýþ, íìĆóìù āìøôĕúô Ąìö÷ìĄúù āú÷ôïôðúüüú ðôðìù 
øÿøöôù ìýþ. Ôė÷ôøô øôùþìėì öúùþôùñùþì÷Ē øñíúĄìð. Þúíôýþúù îì óôøôýþúùìĄ þÿ÷úùĒ íÿðì, Āìý÷ô íìĕúüÿ 
þôüìøúĕìĄ ùôýíìþìù öĘþúĕþìü øñíúĄìð. ÉìþúüöĘĕô Éìüúþñïôù, öô ċöñ ìó Ąúāìĕúô ėìþúüöĘĕô Çôýúü íÿðì, 
ðìü ĕÿðÿðô øôùþìėìô þìĕėôėĄÿðì ėìð-ėìðô ýúĕô÷ô üúýþô ÎìāĄô Íú÷ú îì ûúČùúíô ðìüČô Ýÿüāúí þÿ÷ 
öìĄôðììýþ. Ðìü Ąôøú÷ÿ Ąìüė íì÷ìùðôô óôČð (þú 3925,0 ø) ðúĄþì, ðìü ýìøþô Ĕìùÿíÿ Ďìüí þìðüôĔìù ûìýþ 
øñĄìîìð, öô ðìü ôù Ĕú íìāĄïúĕô îúðôĕúô ÖúĀìüùôĕúù îì é÷úö øñíúĄìð. Ìó üìîìùðĕúô øÿĕìùðôýôĊ 
ïñú÷úïôñ, öô ýôøúô øúüĀú÷úïôô øôùþìėìüú øÿìõċù øñöÿùìùð, ĉüúóôċô þìùìóóÿ÷Ē, ĔìüìČùĕúô ùôĄñíĒ, ċüă îì 
ýñ÷ĕú íñĄþìü ôĀúðì ČĀþììùð. ÝÿĀìăìĕúô ðìüČôô ìööÿøÿ÷ċþôîĒ ðìü ėìð-ėìðô øìĔüúô ðìüČĕúô ìýúýĒ 
îúøñāĘüìùð îì íñĄþìü íì ėôýøô Ĕìùÿíôô øôùþìėì āúýìùð. Ìó Ĕôĕìþô øúüĀú÷úïĒ ýñ ýÿĀìăìô íú÷úôô 
û÷ñõýþúýñùô øôČùì (øìĔøÿô é÷úö), öô ðìü íú÷úô ċöðôïìü Ĕúõïôü Ąÿðììùð, āñ÷ñ üìîĄìù ôĀúðì ČĀþììùð. 

Öì÷ôðîúòìĕú: ĉ÷ñøñùþĕúô øúüĀú÷úïĒ, þìíìėúþ, ýÿĀìăì, ùôĄñíĒ, ėìþúüöĘĕ, øìĔüúô ûúČùúí, íìāĄïúĕ, 
îúðĒ, üìîìùðĕúô øÿĕìùðôýôĊ ïñú÷úïĒ, ĔìüìČùĕúô ùôĄñíĒ, øìĔøÿô é÷úö. 

 

ʆʉʅʆɺʅʓɽ ʄʆʈʌʆʃʆɻʀʏɽʉʂʀɽ ʕʃɽʄɽʅʊʓ ʀ ʆʉʆɹɽʅʅʆʉʊʀ ʗʈʋʉʅʆɻʆ 

ʉʊʈʆɽʅʀʗ ʈɽʃʔɽʌɸ ʉɽɺɽʈʅʆɻʆ ʉʂʃʆʅɸ ʂɸʈɸʊɽɻʀʅʉʂʆɻʆ ʍʈɽɹʊɸ 

ɺ ʠʩʩʣʝʜʫʝʤʳʡ ʨʘʡʦʥ ʚʭʦʜʷʪ ʨʘʡʦʥʳ ʨʘʟʣʠʯʥʦʡ ʦʨʦʛʨʘʬʠʯʝʩʢʦʡ ʚʳʨʘʞʝʥʥʦʩʪʠ - ʩʦʚʨʝʤʝʥʥʳʝ 

ʚʧʘʜʠʥʳ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤʠ ʘʙʩʦʣʶʪʥʳʤʠ ʚʳʩʦʪʘʤʠ ʠ ʪʠʧʠʯʥʳʝ ʛʦʨʥʳʝ ʭʨʝʙʪʳ ʩ ʘʤʧʣʠʪʫʜʦʡ 

ʙʦʣʝʝ 3000 ʤ. ʂʣʠʤʘʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʘʡʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ, ʫʤʝʨʝʥʥʦ 

ʪʝʧʣʳʤ ʣʝʪʦʤ ʠ ʫʤʝʨʝʥʥʦ ʩʫʨʦʚʦʡ ʩʥʝʞʥʦʡ ʟʠʤʦʡ. ʀʟʨʝʟʘʥʥʦʩʪʴ ʨʝʣʴʝʬʘ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʳʩʦʪ 

ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʨʘʟʣʠʯʠʷ ʦʪʜʝʣʴʥʳʭ ʨʘʡʦʥʦʚ ʠ ʠʭ ʚʝʨʪʠʢʘʣʴʥʫʶ ʟʦʥʘʣʴʥʦʩʪʴ. 

ʂʘʨʘʪʝʛʠʥʩʢʠʡ ʭʨʝʙʝʪ, ʷʚʣʷʷʩʴ ʦʜʥʠʤ ʠʟ ʦʪʨʦʛʦʚ ɻʠʩʩʘʨʩʢʦʛʦ ʭʨʝʙʪʘ, ʪʷʥʝʪʩʷ ʚ ʛʨʘʥʠʮʘʭ 

ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʨʘʡʦʥʘ ʚʜʦʣʴ ʧʨʘʚʦʙʝʨʝʞʴʷ ɺʝʨʭʥʝʛʦ ɺʘʭʰʘ ʠ ʥʠʞʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. ʉʫʨʭʦʙ. ʀʤʝʷ 

ʥʘʠʙʦʣʴʰʠʝ ʚʳʩʦʪʳ (ʜʦ 3925. 0 ʤ) ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ, ʦʥ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʛʜʝ ʷʚʣʷʝʪʩʷ ʚʦʜʦʨʘʟʜʝʣʦʤ ʂʘʬʠʨʥʠʛʘʥʩʢʦʡ ʠ ʀʣʷʢʩʢʦʡ ʜʦʣʠʥ. ʀʟ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʦʙʣʠʢ ʪʝʨʨʠʪʦʨʠʠ, ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 
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ʨʝʛʨʝʩʩʠʚʥʘʷ ʵʨʦʟʠʷ, ʩʢʣʦʥʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʦʧʦʣʟʥʠ ʠ ʩʝʣʝʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. ɸʢʢʫʤʫʣʷʪʠʚʥʳʝ ʨʝʯʥʳʝ 

ʪʝʨʨʘʩʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚʜʦʣʴ ʨʫʩʝʣ ʦʩʥʦʚʥʳʭ ʨʝʢ ʠ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʶʞʥʦʡ ʯʘʩʪʠ ʨʘʡʦʥʘ. 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʳ ʪʨʠ, ʚʣʦʞʝʥʥʳʝ ʦʜʥʘ ʚ ʜʨʫʛʫʶ, ʚʝʨʭʥʠʝ ʪʝʨʨʘʩʳ ʩʨʝʜʥʝʛʦ 

ʧʣʝʡʩʪʦʮʝʥʘ (ʠʣʷʢʩʢʠʡ ʢʦʤʧʣʝʢʩ). 

ʂʣʶʯʝʚʝr ʩʣʦʚʘ: ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʷʨʫʩ, ʪʝʨʨʘʩʘ, ʩʢʣʦʥ, ʭʨʝʙʝʪ, ʥʠʞʥʝʝ ʪʝʯʝʥʠʝ, 

ʚʦʜʦʨʘʟʜʝʣ, ʜʦʣʠʥʘ, ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʩʢʣʦʥʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʠʣʴʷʢʩʢʠʡ ʢʦʤʧʣʝʢʩ. 

 

MAIN MORPHOLOGICAL ELEMENTS AND FEATURES OF THE TIERED ST RUCTURE OF THE 

RELIEF OF THE NORTH SLOPE OF THE KARATEGI RIDGE  

The study area includes areas of varying orographic severity - modern depressions with relatively low 

absolute heights and typical mountain ranges with an amplitude of more than 3000 m. The climate of the region 

under consideration is characterized by sufficient moisture, moderately warm summers and moderately severe 

snowy winters. The ruggedness of the relief and the diversity of altitudes determine the climatic differences of 

individual regions and their vertical zonation. The Karateginsky ridge, being one of the spurs of the Gissar 

ridge, stretches within the boundaries of the studied area along the right bank of the Upper Vakhsh and the 

lower reaches of the river. Surkhob. Having the highest heights (up to 3925.0 m) in the northeast, it gradually 

decreases in the southwest direction, where it is the watershed of the Kafirnigan and Ilyak valleys. Of the 

engineering-geological processes that determine the morphological appearance of the territory, the most 

represented are regressive erosion, slope processes, landslides and mudflows. Accumulative river terraces are 

found along the beds of the main rivers and are most characteristic of the southern part of the region. 

Morphologically, the three upper terraces of the Middle Pleistocene (Ilyak complex), nested one within the 

other, are most clearly expressed. 

Keywords: morphological elements, stage, terrace, slope, ridge, lower reaches, watershed, valley, 

engineering-geological processes, slope processes, Ilyak complex. 
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ʋɼʂ: 624.014.15 (575.3) 

ʊɽʈʄʆʍʀʄʀʏɽʉʂɸʗ ɸʂʊʀɺɸʎʀʗ ʉʓʈʔɽɺʆʁ ʉʄɽʉʀ ʅɸ ʆʆʆ çʍʋɸʂʉʀʅ 

ɻɸʖʈ ʎɽʄɽʅʊè 

 

ɼʞʫʨʘʢʫʣʦʚ ʄ.ʈ., ɸʢʨʘʤʦʚ ɸ.ɸ. 

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʉ. ʆʩʠʤʠ 

 

ɺʚʚʝʜʝʥʠʝ. ʉʫʭʦʡ ʩʧʦʩʦʙ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ 

ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ. ʅʘʠʙʦʣʝʝ ʵʥʝʨʛʦʝʤʢʠʡ ʧʨʦʮʝʩʩ ï 

ʜʝʢʘʨʙʦʥʠʟʘʮʠʷ ʩʳʨʴʷ ï ʚʳʥʝʩʝʥ ʠʟ ʚʨʘʱʘʶʱʝʡʩʷ ʧʝʯʠ ʚ ʩʧʝʮʠʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ï 

ʜʝʢʘʨʙʦʥʠʟʘʪʦʨ, ʚ ʢʦʪʦʨʦʤ ʦʥ ʧʨʦʪʝʢʘʝʪ ʙʳʩʪʨʝʝ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʧʣʦʪʳ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʢʘʨʙʦʥʠʟʘʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʣʠʥʠʠ, ʩʥʠʟʠʪʴ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ, ʧʨʠʤʝʨʥʦ ʚʜʚʦʝ ʩʦʢʨʘʪʠʪʴ ʜʣʠʥʫ 

ʚʨʘʱʘʶʱʝʡʩʷ ʧʝʯʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʣʫʯʰʠʪʴ ʢʦʤʧʦʥʦʚʢʫ ʟʘʚʦʜʘ ʠ ʫʤʝʥʴʰʠʪʴ ʟʘʥʠʤʘʝʤʫʶ 

ʧʣʦʱʘʜʴ [1].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʟʘʚʦʜʝ ʆʆʆ çʍʫʘʢʩʠʥ ɻʘʶʨ ʎʝʤʝʥʪè ʚ ʛ. ʗʚʘʥʝ ʜʣʷ ʦʙʞʠʛʘ 

ʢʣʠʥʢʝʨʘ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʧʝʯʴ ˉ3 ʩʫʭʦʛʦ ʩʧʦʩʦʙʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʤʝʨʦʤ Ï5ʭ75 ʤ. ʎʠʢʣʦʥʥʳʡ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʙʝʟ ʜʝʢʘʨʙʦʥʠʟʘʪʦʨʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʚʝʪʚʝʡ, ʢʘʞʜʘʷ ʠʭ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʯʝʪʳʨʝ 

ʩʪʫʧʝʥʠ. ʆʪʩʫʪʩʪʚʠʝ ʜʝʢʘʨʙʦʥʠʟʘʪʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ 

ʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ, ʧʦʚʳʰʘʝʪ ʪʝʧʣʦʥʘʧʨʷʞʝʥʠʝ ʚ ʧʝʯʠ.  

ɺ ʮʝʣʷʭ ʫʣʫʯʰʝʥʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʚʦ ʚʨʘʱʘʶʱʫʶʩʷ ʧʝʯʴ 

ʚʩʪʨʦʝʥʥʳʡ ʣʦʧʘʩʪʥʦʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʚʝʩʪʠ ʯʘʩʪʴ ʤʘʪʝʨʠʘʣʘ ʚʦ 

ʚʟʚʝʰʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʨʝʮʠʨʢʫʣʷʮʠʶ ʩʳʨʴʝʚʦʡ ʰʠʭʪʳ ʚ ʛʘʟʦʚʦʤ ʧʦʪʦʢʝ ʚ 

ʥʝʦʙʭʦʜʠʤʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ.  

ʀʟ ʧʨʘʢʪʠʢʠ ʠʟʚʝʩʪʥʦ: ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʘʨʙʦʥʘʪʩʦʜʝʨʞʘʱʠʝ 

ʩʳʨʴʝʚʳʝ ʩʤʝʩʠ ʠʟʤʝʥʷʝʪ ʩʪʨʫʢʪʫʨʫ CaO, ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʪʝʤ 

ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʚʦʙʦʜʥʦʛʦ ʦʢʩʠʜʘ ʢʘʣʴʮʠʷ [2]. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʵʪʦ ʜʦʣʞʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʶ 

ʢʘʯʝʩʪʚʘ ʦʩʥʦʚʥʳʭ ʢʣʠʥʢʝʨʥʳʭ ʤʠʥʝʨʘʣʦʚ C3S, ʉ2S, C3A, C4AF [3-6].  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʦʜʛʦʪʦʚʣʝʥʥʘʷ ʩʳʨʴʝʚʘʷ ʰʠʭʪʘ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʘʷ ʟʘʚʦʜʦʤ ʆʆʆ çʍʫʘʢʩʠʥ 

ɻʘʶʨ ʎʝʤʝʥʪè. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʳʨʴʝʚʦʡ ʰʠʭʪʳ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1.  

 

ʊʘʙʣʠʮʘ 1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʳʨʴʝʚʦʡ ʰʠʭʪʳ 

Table 1. Chemical composition of the raw material charge 
ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʳʨʴʝʚʦʡ ʰʠʭʪʳ, % 

ʧ.ʧ.ʧ SiO2 Al 2O3 Fe2O3 CaO MgO SO3 R2O ʥ.ʦ. ʩʫʤʤʘ CaOʩʚ. 

0,27 21,88 5,06 4,08 66,06 2,14 0,15 0,59 0,28 100,23 0,99 

 

ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʝʯʠ ʩ ʫʩʪʘʥʦʚʢʦʡ 

ʣʦʧʘʩʪʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʚʳʧʦʣʥʝʥʘ ʨʘʙʦʪʘ, ʤʦʜʝʣʠʨʫʶʱʘʷ ʧʨʦʮʝʩʩ ʜʚʫʭʢʨʘʪʥʦʛʦ ʦʙʞʠʛʘ 

ʯʘʩʪʠ ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ. ʉʳʨʴʝ, ʧʦʜʚʝʨʛʰʝʝʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʝ, ʚʚʦʜʠʣʦʩʴ ʚ 

ʠʩʭʦʜʥʫʶ ʩʳʨʴʝʚʫʶ ʩʤʝʩʴ ʚ ʢʦʣʠʯʝʩʪʚʝ 30 % ʧʦ ʤʘʩʩʝ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʩʳʨʴʷ ʙʳʣʦ ʧʦʜʛʦʪʦʚʣʝʥʦ ʰʝʩʪʴ ʩʤʝʩʝʡ. ʆʙʨʘʟʝʮ ˉ1 ï 

ʢʦʥʪʨʦʣʴʥʳʡ (ʙʝʟ ʪʝʨʤʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʦʙʘʚʢʠ ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ), ʦʙʨʘʟʮʳ ˉ2-5 ï ʩ 

ʪʝʨʤʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʜʦʙʘʚʢʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ: ˉ2 ï ʧʨʠ 

t=1000 Áʉ, ˉ3 ï ʧʨʠ t=1100 Áʉ, ˉ4 ï ʧʨʠ t=1200 Áʉ, ˉ5 ï ʧʨʠ t=1300 Áʉ; ˉ6 ï ʩ ʜʦʙʘʚʢʦʡ 

ʮʝʤʝʥʪʘ 5% ʧʦ ʤʘʩʩʝ. ʎʝʤʝʥʪ ʚ ʦʙʨʘʟʮʝ ˉ6 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʛʦʪʦʚʳʭ ʟʘʪʨʘʚʦʢ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʢʣʠʥʢʝʨʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʉʧʨʝʩʩʦʚʘʥʥʳʝ ʠʟ ʵʪʠʭ ʩʤʝʩʝʡ ʪʘʙʣʝʪʢʠ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʙʞʠʛʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1450 Áʉ ʩ ʚʳʜʝʨʞʢʦʡ 40 ʤʠʥ. ʇʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʦʙʞʠʛʘ 

ʪʘʙʣʝʪʢʠ ʠʟʤʝʣʴʯʘʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʩ ʜʦʙʘʚʢʦʡ ʛʠʧʩʘ 5% ʧʦ ʤʘʩʩʝ ʜʦ 

ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ Sʫʜ å 300 ʤ
2
/ʢʛ.  
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ɼʣʷ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʢʣʠʥʢʝʨʦʚ ʙʳʣʠ ʩʜʝʣʘʥʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ 

ʘʥʘʣʠʟʳ. ʉʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʧʦ ʈʌɸ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ. ɺ ʢʦʥʪʨʦʣʴʥʦʤ ʦʙʨʘʟʮʝ ˉ1, ʢʘʢ ʠ 

ʚ ʜʨʫʛʠʭ ʦʙʨʘʟʮʘʭ, ʯʝʪʢʦ ʬʠʢʩʠʨʦʚʘʥʳ ʬʘʟʳ ʦʩʥʦʚʥʳʭ ʢʣʠʥʢʝʨʥʳʭ ʤʠʥʝʨʘʣʦʚ: C3S ï 3.048, 

2.614, 1.763 ¡; C2S ï 2.889, 2.455, 1.702 ¡; C3A ï  

2.702 ¡; C4AF ï 7.344, 2.651, 1.828 ¡.  

 

ʈʠʩʫʥʦʢ 1. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʧʳʪʥʳʭ ʢʣʠʥʢʝʨʦʚ: 1) ï ʦʙʨʘʟʝʮ ˉ1; 2) ï ʦʙʨʘʟʝʮ ˉ4; 3) ï 

ʦʙʨʘʟʝʮ ˉ6 

Figure 1. Diffraction patterns of experimental clinkers: 1) ï sample No. 1; 2) ï sample No. 4; 3) ï 

sample No. 6 

 

 
 

 

 ï C3S; ï C2S; ï ʉ4AF ï C3A; 



39 

 

 
 

ʆʙʩʫʞʜʝʥʠʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʌɸ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʘʟ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʦʙʨʘʟʮʘ ˉ4, ʫ ʢʦʪʦʨʦʛʦ ʦʩʥʦʚʥʳʝ ʦʪʨʘʞʝʥʠʷ ʘʣʠʪʘ: 3.033, 2.603, 1.763 ¡ 

ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ï ʚʳʰʝ ʥʘ ~30%, ʯʝʤ ʫ ʦʩʪʘʣʴʥʳʭ ʧʷʪʠ ʦʙʨʘʟʮʦʚ. ɺʳʩʦʢʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʘ 2.776 ¡ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʣʠʪʘ ʪʨʠʢʣʠʥʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ, ʢʦʪʦʨʘʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʘʣʠʪʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʝʡ. ʊʘʢʠʝ ʢʨʠʩʪʘʣʣʳ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʘʢʪʠʚʥʳʤʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠʩʧʳʪʘʥʠʷʤʠ ʤʘʣʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ. 

 

ʈʠʩʫʥʦʢ 2. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʦʧʳʪʥʳʭ ʢʣʠʥʢʝʨʦʚ (ʭ100): 1) ï ʦʙʨʘʟʝʮ ˉ1; 2) ï ʦʙʨʘʟʝʮ 

ˉ4; 3) ï ʦʙʨʘʟʝʮ ˉ6. 

Figure 2. Microphotographs of experimental clinkers (x100): 1) ï sample No. 1; 2) ï sample No. 

4; 3) ï sample No. 6. 

 

 
 

3) 

1) 2) 
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ɼʣʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʜʝʣʘʥʳ ʘʥʰʣʠʬʳ ʢʣʠʥʢʝʨʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 2. ʅʘ ʬʦʪʦʛʨʘʬʠʷʭ ʚʠʜʥʳ ʨʘʟʣʠʯʠʷ ʧʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ 

ʩʨʘʚʥʠʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ. ʆʙʨʘʟʝʮ ˉ1 ʠʤʝʝʪ ʩʧʝʢʰʠʝʩʷ ʢʨʠʩʪʘʣʣʳ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ. ɺ 

ʦʙʨʘʟʮʝ ˉ 6 ʚʳʷʚʣʝʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʨ, ʙʦʣʴʰʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʠʪʦʚʳʭ ʟʝʨʝʥ, 

ʢʨʠʩʪʘʣʣʳ ʘʣʠʪʘ ʚ ʦʩʥʦʚʥʦʤ ʢʨʫʧʥʳʝ. ʆʙʨʘʟʝʮ ˉ 4 ʧʦʢʘʟʘʣ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʫʶ 

ʤʝʣʢʦʟʝʨʥʠʩʪʫʶ ʢʘʨʪʠʥʫ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ ʘʣʠʪʘ, ʩ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʨ.  

 

ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʢʦïʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

Table 2. Results of physical and mechanical tests 

 
 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʮʝʤʝʥʪʦʚ ʙʳʣʠ ʩʬʦʨʤʦʚʘʥʳ ʤʘʣʳʝ ʮʝʤʝʥʪʥʳʝ ʦʙʨʘʟʮʳ ʩ ɺ/ʎ=0,28 ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʚ ʚʦʟʨʘʩʪʝ 2, 7 ʠ 28 ʩʫʪʦʢ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.  

ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 2 ʙʳʣ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʩʞʘʪʠʝ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. 

 

ʈʠʩʫʥʦʢ 3. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ 

Figure 3. Tensile strength of cement stone 

 
ʅʘ ʨʠʩ. 3 ʭʦʨʦʰʦ ʚʠʜʝʥ ʨʦʩʪ ʧʨʦʯʥʦʩʪʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘʠʙʦʣʴʰʫʶ ʧʨʦʯʥʦʩʪʴ ʧʦʢʘʟʘʣ ʦʙʨʘʟʝʮ ˉ6 ʩ ʜʦʙʘʚʢʦʡ ʮʝʤʝʥʪʘ 5%. 

ɺ ʥʘʯʘʣʴʥʳʝ ʩʨʦʢʠ ʪʚʝʨʜʝʥʠʷ ʣʫʯʰʝʡ ʧʨʦʯʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʦʙʨʘʟʝʮ ˉ4 ʩ 

ʪʝʨʤʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʩʳʨʴʝʤ ʧʨʠ ʊ=1200 Áʉ. ʋ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʧʨʦʯʥʦʩʪʠ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʝʤ ʫ ʦʙʨʘʟʮʦʚ ˉ4 ʠ ˉ6. ʆʙʨʘʟʮʳ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʙʞʠʛʦʤ 

ʩʳʨʴʷ ʧʨʠ ʊ=1000 Áʉ, ʊ=1100 Áʉ, ʊ=1300 Áʉ ʦʙʣʘʜʘʶʪ ʥʠʟʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ ʥʘʯʘʣʴʥʳʝ ʩʨʦʢʠ ʪʚʝʨʜʝʥʠʷ, ʠ ʥʝ ʜʦʛʦʥʷʶʪ ʦʙʨʘʟʮʳ ˉ1, 4, 6 ʥʘ 28-ʝ ʩʫʪʢʠ.  

ɺʳʚʦʜʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʠ:  
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1. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ ʚ ʧʝʯʠ ˉ3 ʥʘ ʆʆʆ çʍʫʘʢʩʠʥ ɻʘʶʨ ʎʝʤʝʥʪè 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʫʩʪʘʥʦʚʢʫ ʣʦʧʘʩʪʥʦʛʦ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ, 

ʚʳʧʦʣʥʷʶʱʝʛʦ ʨʦʣʴ ʚʩʪʨʦʝʥʥʦʛʦ ʢʘʣʴʮʠʥʘʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʟʘʪʨʘʚʦʢ ʚ ʧʨʦʮʝʩʩʝ ʦʙʞʠʛʘ ʢʣʠʥʢʝʨʘ. ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʦʥʘ 

ʫʩʪʘʥʦʚʢʠ ï ʊ=1200 Áʉ.  

2. ɺʚʝʜʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʟʘʪʨʘʚʦʢ ʠʣʠ ʧʦʣʫʯʝʥʠʝ ʠʭ ʚ ʧʨʦʮʝʩʩʝ ʦʙʞʠʛʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʢʣʠʥʢʝʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 
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Ðìü øìėú÷ì þìĕėôėúþ úôð íì íì÷ìùð íìüðúĄþìùô ýôĀìþô ö÷ôùöñü úîìüðì Ąÿðììýþ. Íú ôù 
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ʊɽʈʄʆʍʀʄʀʏɽʉʂɸʗ ɸʂʊʀɺɸʎʀʗ ʉʓʈʔɽɺʆʁ ʉʄɽʉʀ ʅɸ ʆʆʆ çʍʋɸʂʉʀʅ ɻɸʖʈ 

ʎɽʄɽʅʊè 
ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʢʣʠʥʢʝʨʘ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʚʦ 

ʚʨʘʱʘʶʱʫʶʩʷ ʧʝʯʴ ʚʩʪʨʦʝʥʥʳʡ ʣʦʧʘʩʪʥʦʡ ʢʝʨʘʤʠʯʝʩʢʠʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʝʨʝʚʝʩʪʠ 

ʯʘʩʪʴ ʤʘʪʝʨʠʘʣʘ ʚʦ ʚʟʚʝʰʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʨʝʮʠʨʢʫʣʷʮʠʶ ʩʳʨʴʝʚʦʡ ʰʠʭʪʳ ʚ ʛʘʟʦʚʦʤ 

ʧʦʪʦʢʝ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ. ʇʦʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʟʘʪʨʘʚʦʢ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʞʠʛʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʚʳʰʝʥʠʶ ʢʣʠʥʢʝʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʝʤʝʥʪ, ʢʣʠʥʢʝʨ, ʚʨʘʱʘʶʱʘʷʩʷ ʧʝʯʴ, ʧʨʦʯʥʦʩʪʴ, ʦʙʞʠʛ, ʪʝʧʣʦʦʙʤʝʥʥʠʢ, 

ʪʝʤʧʝʨʘʪʫʨʘ. 

 

THERMOCHEMICAL ACTIVATION OF RAW MIXTURE AT HUAXING GAYUR CEMENT LLC  

The article presents research on improving the quality of clinker. For this purpose, a built-in bladed 

ceramic heat exchanger was installed in the rotary kiln. This made it possible to transfer part of the material into 

a suspended state, ensuring recirculation of the raw material charge in the gas flow in the required temperature 

range. Obtaining crystalline seeds during the firing process contributed to an increase in clinker activity. 

Keywords: cement, clinker, rotary kiln, strength, firing, heat exchanger, temperature. 
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ʋɼʂ: 628.16 

ʉʀʉʊɽʄʓ DEWATS ʀ ɸʅɸʃʀɿ ʈɽɿʋʃʔʊɸʊʆɺ ʀʉʉʃɽɼʆɺɸʅʀʗ ʆʏʀʉʊʂʀ 

ʉʊʆʏʅʓʍ ɺʆɼ  

 

ʄʘʨʘʤʦʚ ʄ.ɹ., ʗʢʫʙʦʚ ɸ.ʆ., ʈʘʙʠʝʚ ʂ.ʈ., ʍʦʣʤʫʨʦʜʟʦʜʘ ʐ. 

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʢʘʜʝʤʠʢʘ ʄ.ʉ. ʆʩʠʤʠ 

 

ɺʚʝʜʝʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʫʶ ʵʧʦʭʫ ʚʩʝʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʩʚʷʟʠ ʩ ʨʦʩʪʦʤ ʥʘʩʝʣʝʥʠʷ ʚ 

ʢʨʫʧʥʳʭ, ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʛʦʨʦʜʘʭ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʝʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ: ʬʘʙʨʠʢ ʠ 

ʟʘʚʦʜʦʚ, ʧʨʦʙʣʝʤʘ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ. ʀʟ 

ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ 93% ʩʦʩʪʘʚʣʷʶʪ ʛʦʨʳ, ʘ 74% ʥʘʩʝʣʝʥʠʷ ʧʨʦʞʠʚʘʝʪ ʚ 

ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ, ʛʜʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʘʷ ʧʨʦʙʣʝʤʘ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ 

ʚʦʜ. 

ʊʝʨʤʠʥ "ʩʪʦʯʥʳʝ ʚʦʜʳ" ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ, ʥʦ ʙʦʣʝʝ 

ʧʨʘʚʠʣʴʥʦ ʧʨʠʤʝʥʷʪʴ ʝʛʦ ʢ ʙʳʪʦʚʳʤ (ʭʦʟʷʡʩʪʚʝʥʥʳʤ) ʩʪʦʯʥʳʤ ʚʦʜʘʤ ʠʣʠ ʥʝʦʯʠʱʝʥʥʳʤ 

ʩʪʦʯʥʳʤ ʚʦʜʘʤ, ʧʦʩʪʫʧʘʶʱʠʤ ʥʘ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʠ ʧʨʠʪʦʢʦʤ. ʆʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʛʦʨʦʜʘʭ ʠ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ, ʥʦ ʠ ʚ ʰʢʦʣʘʭ, ʙʦʣʴʥʠʮʘʭ ʠ ʜʨʫʛʠʭ 

ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʷʭ. 

ʉʪʦʯʥʳʝ ʚʦʜʳ ʤʦʛʫʪ ʦʯʠʱʘʪʴʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʤʝʩʪʘ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ: 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ (ʚ ʩʝʧʪʠʢʘʭ, ʙʠʦʬʠʣʴʪʨʘʭ ʠʣʠ ʩʠʩʪʝʤʘʭ ʘʵʨʦʙʥʦʡ ʦʯʠʩʪʢʠ), ʠʣʠ 

ʩʦʙʠʨʘʪʴʩʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴʩʷ ʧʦ ʩʝʪʠ ʪʨʫʙ ʠ ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʠ ʥʘ ʛʦʨʦʜʩʢʠʝ ʦʯʠʩʪʥʳʝ 

ʩʦʦʨʫʞʝʥʠʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ʉʙʦʨ ʠ ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʦʙʳʯʥʦ ʨʝʛʫʣʠʨʫʶʪʩʷ 

ʤʝʩʪʥʳʤʠ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʠ ʬʝʜʝʨʘʣʴʥʳʤʠ ʥʦʨʤʘʤʠ ʠ ʩʪʘʥʜʘʨʪʘʤʠ. ʇʨʦʤʳʰʣʝʥʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʯʘʩʪʦ ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʦʯʠʩʪʢʠ. ʆʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ 

ʦʙʳʯʥʦ ʚʢʣʶʯʘʶʪ ʪʨʠ ʩʪʘʜʠʠ, ʥʘʟʳʚʘʝʤʳʝ ʧʝʨʚʠʯʥʦʡ, ʚʪʦʨʠʯʥʦʡ ʠ ʪʨʝʪʠʯʥʦʡ ʦʯʠʩʪʢʦʡ [8]. 

ʄʳ ʜʦʣʞʥʳ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʩʘʥʠʪʘʨʠʷ ʩʪʦʯʥʳʭ ʚʦʜ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ 

ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʨʠʩʢʦʚ ʜʣʷ ʟʜʦʨʦʚʴʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɺ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʢʨʫʛ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ, ʨʘʩʰʠʨʠʣʩʷ ʠ ʩʪʘʣ 

ʚʢʣʶʯʘʪʴ ʭʨʦʥʠʯʝʩʢʠʝ ʨʠʩʢʠ ʜʣʷ ʟʜʦʨʦʚʴʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ [8]. 

ʇʦ ʤʝʨʝ ʪʦʛʦ ʢʘʢ ʦʙʱʝʩʪʚʦ ʧʝʨʝʭʦʜʠʣʦ ʦʪ ʢʦʯʝʚʳʭ ʢʫʣʴʪʫʨ ʢ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʙʦʣʝʝ 

ʧʦʩʪʦʷʥʥʳʭ ʧʦʩʝʣʝʥʠʡ, ʫʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ (ʪʚʝʨʜʳʭ ʠ ʩʪʦʯʥʳʭ ʚʦʜ) ʩʪʘʣʘ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ. 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʠʩʪʦʨʠʠ ʵʪʦʪ ʚʦʧʨʦʩ ʨʝʰʘʣʩʷ ʧʦ-ʨʘʟʥʦʤʫ, ʟʥʘʥʠʷ ʪʝʨʷʣʠʩʴ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠʩʴ. 

ʂʦʛʜʘ ʣʶʜʠ ʞʠʣʠ ʦʭʦʪʦʡ ʠ ʩʦʦʙʱʝʩʪʚʦʤ, ʧʨʠʨʦʜʘ ʩʧʨʘʚʣʷʣʘʩʴ ʩ ʤʫʩʦʨʦʤ ʠ ʯʝʣʦʚʝʯʝʩʢʠʤʠ 

ʦʪʭʦʜʘʤʠ ʧʫʪʝʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ.  

ʇʦʵʪʦʤʫ ʢʘʞʜʳʡ ʜʝʥʴ ʚ ʤʠʨʝ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚ ʦʙʣʘʩʪʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ 

ʚʦʜʦʦʪʚʝʜʝʥʠʷ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʫʩʣʦʚʠʡ ʞʠʟʥʠ ʣʶʜʝʡ ʠ ʫʣʫʯʰʝʥʠʷ ʩʘʥʠʪʘʨʥʦ-

ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. 

ʅʦʚʝʡʰʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʦʟʚʦʣʷʶʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʣʶʜʝʡ, ʥʦ ʠ ʩʦʭʨʘʥʠʪʴ ʵʢʦʣʦʛʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʚʦʜʥʳʭ ʞʠʚʦʪʥʳʭ ʧʝʨʝʜ ʝʝ 

ʩʙʨʦʩʦʤ ʚ ʨʝʢʠ. ʈʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʩʪʘʪʴ ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʢʦʥʦʤʠʯʥʳʭ ʤʝʪʦʜʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʙʳʪʦʚʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʩʪʦʯʥʳʭ ʚʦʜ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʚʩʝʤ ʤʠʨʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʦʯʠʩʪʢʠ ʚʦʜʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʪʦ-ʦʯʠʩʪʥʳʭ ʩʠʩʪʝʤ (ʌʆʉ). ʌʠʪʦ-ʦʯʠʩʪʥʳʝ ʩʠʩʪʝʤʳ - ʵʪʦ ʩʠʩʪʝʤʳ, ʚ 

ʢʦʪʦʨʳʭ ʩʪʦʯʥʳʝ ʚʦʜʳ ʧʨʦʧʫʩʢʘʶʪʩʷ ʯʝʨʝʟ ʬʠʣʴʪʨʫʶʱʫʶ ʩʨʝʜʫ, ʟʘʩʝʣʝʥʥʫʶ ʚʳʩʰʠʤʠ 

ʚʦʜʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ. ʇʦʪʦʢ ʚʦʜʳ ʯʝʨʝʟ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʢʘʢ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʝʤʣʠ, ʪʘʢ ʠ ʧʦʜ ʟʝʤʣʝʡ (ʯʝʨʝʟ ʧʦʨʠʩʪʳʡ ʤʘʪʝʨʠʘʣ ʩ ʧʦʩʘʞʝʥʥʳʤʠ ʙʦʣʦʪʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ) ʘ 

ʪʘʢʞʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ, ʪʘʢ ʠ ʚʝʨʪʠʢʘʣʴʥʳʤ [7]. 

ʌʆʉ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʩʦ 

ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʝʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʦʙʠʪʘʶʱʠʭ ʚ ʢʦʨʥʝʚʦʡ ʟʦʥʝ ʨʘʩʪʝʥʠʡ ʠ ʜʨʫʛʠʭ 

ʩʫʙʩʪʨʘʪʘʭ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ (ʨʠʩ.1) [7; 2]. 
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ʈʠʩ.1. ʈʘʟʥʳʝ ʪʠʧʳ ʌʆʉ ʚ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥʘʭ 

Fig. 1. Different types of organophosphates in European countries 

 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɻʝʨʤʘʥʠʠ ʠ ʉʦʝʜʠʥʝʥʥʳʭ ʐʪʘʪʦʚ. ɹʦʣʝʝ ʪʳʩʷʯʠ ʌʀʉ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʚ 

ɸʚʩʪʨʘʣʠʠ ʠ ʩʪʨʘʥʘʭ ʉʝʚʝʨʥʦʡ ɽʚʨʦʧʳ. ʀʭ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʟʘʚʠʩʷʪ ʥʝ 

ʪʦʣʴʢʦ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʝʛʠʦʥʘ, ʥʦ ʠ ʦʪ ʢʘʯʝʩʪʚʘ ʦʯʠʱʘʝʤʳʭ ʚʦʜ. 

ʌʀʉ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʥʪʝʟ ʧʨʠʨʦʜʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʩʢʦʣʴʢʫ 

ʦʯʠʩʪʢʘ ʚ ʥʠʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʧʨʠʨʦʜʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʤʠʨʝ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ 

ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʥ çconstructed wetlandè (ʚʦʜʥʦ-ʙʦʣʦʪʥʘʷ ʦʯʠʩʪʢʘ) ʠʣʠ çtreatment 

wetlandè (ʦʙʨʘʙʦʪʢʘ ʚʦʜʥʦ-ʙʦʣʦʪʥʦʡ ʦʯʠʩʪʢʠ) [6; 8; 3]. 

ʇʦ ʩʪʨʫʢʪʫʨʝ ʌʆʉ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʘ: ʚʦʜʦʫʧʦʨʥʳʡ ʩʣʦʡ, 

ʬʠʣʴʪʨʫʶʱʠʡ ʩʣʦʡ, ʙʦʣʦʪʥʳʝ ʨʘʩʪʝʥʠʷ ʠ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʦʯʥʳʭ 

ʚʦʜ ʥʘ ʧʣʦʱʘʜʠ ʌʀʉ ʠ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʩʠʩʪʝʤʝ. 

ʆʙʳʯʥʦ ʥʠʞʥʷʷ ʯʘʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʛʣʠʥʳ ʠʣʠ ʥʝʧʨʦʥʠʮʘʝʤʳʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʥʘʧʨʠʤʝʨ, ʛʝʦʤʝʤʙʨʘʥʳ), ʘ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʩʦʩʪʦʠʪ ʠʟ ʧʦʨʠʩʪʦʛʦ 

ʤʘʪʝʨʠʘʣʘ (ʪʘʢʦʛʦ ʢʘʢ ʢʘʤʝʥʴ, ʛʨʘʚʠʡ, ʧʝʩʦʢ, ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ, ʪʦʨʬ ʠʣʠ ʢʦʤʙʠʥʘʮʠʠ ʵʪʠʭ 

ʤʘʪʝʨʠʘʣʦʚ). 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʵʡʭʦʨʥʠʷ (Eichhornia sp.), 

ʪʨʦʩʪʥʠʢ (Scirpus sp.), ʫʟʢʦʣʠʩʪʥʘʷ ʠ ʰʠʨʦʢʦʣʠʩʪʥʘʷ ʨʦʛʦʟʘ (Typha angustifolia ʠ Typha latifolia), 

ʦʙʳʢʥʦʚʝʥʥʳʡ ʪʨʦʩʪʥʠʢ (Phragmites communis) ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʤʘʢʨʦʬʠʪʦʚ. ɺ ʤʠʨʝ, ʧʦ 

ʵʢʩʧʝʨʪʥʳʤ ʦʮʝʥʢʘʤ, ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 130-ʪʠ ʪʳʩʷʯ (ʨʠʩ.2). 

 

ʈʠʩ.2. ʆʮʝʥʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʌʆʉ ʧʦ ʩʪʨʘʥʘʤ ʤʠʨʘ 

Fig. 2. Estimated amount of FOS by countries of the world 
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ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʚ ʬʠʪʦ-ʦʯʠʩʪʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʜʨʫʛʠʭ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʘʢʪʠʚʥʳʤ ʠʣʦʤ. ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʤʘʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ 

ʦʯʠʩʪʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ʠ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʩʪʦʯʥʳʭ ʚʦʜ ʥʝʚʝʣʠʢ, ʜʦʧʫʩʢʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʌʀʉ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʵʪʘʧʘ ʦʯʠʩʪʢʠ [3]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʩʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ, ʠ ʌʀʉ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʥʘ ʵʪʘʧʘʭ ʚʪʦʨʠʯʥʦʡ ʠʣʠ ʪʨʝʪʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʨʠʩ. 3).  

 

ʈʠʩ.3. ʌʆʉ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 

Fig. 3. FOS in the technological scheme of wastewater treatment 

 
 

ʉ 1970 ʧʦ 1980 ʛʦʜ ʬʠʪʦ-ʦʯʠʩʪʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʭ ʠʣʠ ʛʦʨʦʜʩʢʠʭ ʩʪʦʯʥʳʭ ʚʦʜ. ʇʦʩʣʝ ʪʦʛʦ, ʢʦʛʜʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʩʦʦʨʫʞʝʥʠʡ ʩʪʘʣʠ ʣʫʯʰʝ, ʩ 1990-ʳʭ ʛʦʜʦʚ ʦʥʠ ʥʘʯʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʦʯʠʩʪʢʠ 

ʩʪʦʯʥʳʭ ʚʦʜ, ʪʘʢʠʭ ʢʘʢ ʛʦʨʦʜʩʢʠʝ, ʜʦʨʦʞʥʳʝ, ʩʪʦʯʥʳʝ ʚʦʜʳ ʘʵʨʦʧʦʨʪʦʚ, ʩʪʦʯʥʳʝ ʚʦʜʳ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʠ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ 

(ʭʠʤʠʯʝʩʢʦʡ, ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪ.ʜ.), ʰʘʭʪʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ, ʩʪʦʯʥʳʝ 

ʚʦʜʳ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʠ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʜʘʞʝ ʠʟʙʳʪʦʯʥʳʝ ʦʩʘʜʢʠ ʩʪʦʯʥʳʭ 

ʚʦʜ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʌʆʉ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʨʷʜʫ ʧʨʠʟʥʘʢʦʚ. ʇʨʦʩʪʝʡʰʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʌʆʉ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʠʞʝ: 
 

ʈʠʩ. 4. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʌʆʉ 

Fig. 4. Main types of organophosphates 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʪʨʘʥʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʪʘʢʠʭ ʢʘʢ ʂʘʟʘʭʩʪʘʥ, ʂʳʨʛʳʟʩʪʘʥ, 

ʊʘʜʞʠʢʠʩʪʘʥ, ʊʫʨʢʤʝʥʠʩʪʘʥ ʠ ʋʟʙʝʢʠʩʪʘʥ, ʪʦʞʝ ʥʘʯʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʠʪʦ-ʠʥʞʝʥʝʨʥʳʝ 

ʩʦʦʨʫʞʝʥʠʷ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʩʦʮʠʘʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʜʦʤʦʭʦʟʷʡʩʪʚʘʭ ʠ ʩʝʣʴʩʢʠʭ 

ʧʦʩʝʣʝʥʠʷʭ. 

ɺ ʈʝʩʧʫʙʣʠʢʝ ʊʘʜʞʠʢʠʩʪʘʥ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʧʠʣʦʪʥʳʝ ʬʠʪʦ-ʠʥʞʝʥʝʨʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʚ 

ʧʨʠʛʦʨʦʜʥʳʭ ʨʘʡʦʥʘʭ ʈʫʜʘʢʠ, ɻʠʩʩʘʨʘ, ɸʡʥʠ, ʉʧʠʪʘʤʝʥ ʠ ʌʘʡʟʦʙʦʜʩʢʦʤ ʨʘʡʦʥʝ, ʘ ʪʘʢʞʝ 

ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʪʘʢʠʝ ʩʦʦʨʫʞʝʥʠʷ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. 
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ʆʜʠʥ ʠʟ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ ʧʦ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʦʙʨʘʙʦʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʬʠʪʦ-ʠʥʞʝʥʝʨʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʨʘʡʦʥʥʦʡ ʙʦʣʴʥʠʮʝ 

ʈʫʜʘʢʠ ʩʪʘʣ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ñCoP4WASH in Central Asiaò [8]. 

ɼʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ (DEWATS) ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʳ ʠ 

ʫʩʧʝʰʥʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʦʤ ʤʝʩʪʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʩʥʦʚʘʥʳ ʥʘ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʥʝ ʪʨʝʙʫʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʭʠʤʠʢʘʪʦʚ ʠʣʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. ʆʯʠʩʪʢʘ ʩʦʩʪʦʠʪ ʠʟ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʮʝʜʫʨ, ʢʦʪʦʨʳʝ 

ʩʥʠʤʘʶʪ ʥʝʛʘʪʠʚʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʫʜʘʣʷʷ ʠʣʠ ʠʟʤʝʥʷʷ ʚʨʝʜʥʳʝ 

ʚʝʱʝʩʪʚʘ ʚ ʙʝʟʚʨʝʜʥʦʝ ʠʣʠ ʤʝʥʝʝ ʚʨʝʜʥʳʝ ʩʦʩʪʦʷʥʠʷ [3]. 

ʆʯʠʩʪʢʘ ʚ ʩʠʩʪʝʤʝ DEWATS ʟʘʚʠʩʠʪ ʦʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʷ: ʨʘʟʣʦʞʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʜʦ ʤʦʤʝʥʪʘ ʧʨʝʢʨʘʱʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʠʣʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ (ʩʪʘʙʠʣʠʟʘʮʠʷ), ʬʠʟʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʠ ʫʜʘʣʝʥʠʝ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ 

ʠʟ ʞʠʜʢʦʩʪʝʡ ʠ ʫʜʘʣʝʥʠʝ ʪʦʢʩʠʯʥʳʭ ʠʣʠ ʜʨʫʛʠʭ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ (ʥʘʧʨʠʤʝʨ, ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 

ʠʣʠ ʬʦʩʬʦʨʘ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʨʫʰʠʪʴ ʫʩʪʦʡʯʠʚʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʮʠʢʣʳ, ʜʘʞʝ ʧʦʩʣʝ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

ɺ ʩʠʩʪʝʤʘʭ DEWATS ʠʩʧʦʣʴʟʫʶʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʦʯʠʩʪʢʠ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ. ɺʥʝʰʥʝʝ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ, ʜʦʟʠʨʦʚʘʥʠʝ ʭʠʤʠʢʘʪʦʚ ʠ ʧʦʜʚʠʞʥʳʝ ʯʘʩʪʠ ʠʩʢʣʶʯʝʥʳ, ʯʪʦʙʳ ʩʚʝʩʪʠ ʢ 

ʤʠʥʠʤʫʤʫ ʚʦʟʤʦʞʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʠ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʯʠʩʪʢʠ 

ʪʨʝʙʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʩʠʩʪʝʤʳ DEWATS ʩʦʩʪʦʷʪ ʠʟ ʨʷʜʘ ʦʯʠʩʪʥʳʭ ʙʣʦʢʦʚ, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʜʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʨʫʧʧ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʢʘʞʜʳʡ ʵʪʘʧ 

ʦʯʠʩʪʢʠ ʫʜʘʣʷʝʪ ʪʦʣʴʢʦ "ʣʝʛʢʫʶ ʯʘʩʪʴ" ʟʘʛʨʷʟʥʝʥʠʷ, ʦʪʧʨʘʚʣʷʷ ʦʩʪʘʪʢʠ ʥʘ ʵʪʘʧʳ. 

ɺ ʦʩʥʦʚʝ DEWATS ʣʝʞʘʪ ʯʝʪʳʨʝ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ: ʦʩʘʞʜʝʥʠʝ ʠ ʧʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚ 

ʦʪʩʪʦʡʥʠʢʝ; ʚʪʦʨʠʯʥʘʷ ʘʥʘʵʨʦʙʥʘʷ ʦʯʠʩʪʢʘ ʚ ʬʠʣʴʪʨʘʭ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ ʠʣʠ ABR 

(ʨʝʘʢʪʦʨʳ ʩ ʧʝʨʝʛʦʨʦʜʢʘʤʠ); ʚʪʦʨʠʯʥʘʷ ʠ ʪʨʝʪʠʯʥʘʷ ʘʵʨʦʙʥʘʷ/ʘʥʘʵʨʦʙʥʘʷ ʦʯʠʩʪʢʘ ʚ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʚʦʜʥʦʤ - ʙʦʣʦʪʥʳʭ ʫʛʦʜʴʷʭ (ʬʠʣʴʪʨʳ ʩ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʪʦʢʦʤ), ʚʪʦʨʠʯʥʘʷ ʠ 

ʪʨʝʪʠʯʥʘʷ ʘʵʨʦʙʥʘʷ/ʘʥʘʵʨʦʙʥʘʷ ʦʯʠʩʪʢʘ ʚ ʧʨʫʜʘʭ. 

ʂʦʤʧʦʥʝʥʪʳ ʢʦʤʙʠʥʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʘ ʧʦʩʪʫʧʘʶʱʠʭ ʩʪʦʯʥʳʭ ʚʦʜ ʠ 

ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʩʪʦʢʦʚ. ɺʦʟʤʦʞʥʳ ʪʘʢʞʝ ʛʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ ʠʣʠ ʩʦʯʝʪʘʥʠʝ ʚʪʦʨʠʯʥʦʡ 

ʦʯʠʩʪʢʠ ʥʘ ʤʝʩʪʝ ʠ ʩʦʚʤʝʩʪʥʦʡ ʪʨʝʪʠʯʥʦʡ ʦʯʠʩʪʢʠ. 

ɼʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʙʳʯʥʦ ʪʨʝʙʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʧʨʝʞʜʝ ʯʝʤ ʤʦʞʥʦ 

ʙʫʜʝʪ ʧʨʠʤʝʥʠʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʩʭʝʤʳ DEWATS. ʆʥʠ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʦʪʢʨʳʪʳʝ ʦʪʩʪʦʡʥʠʢʠ ʜʣʷ 

ʝʞʝʜʥʝʚʥʦʛʦ ʫʜʘʣʝʥʠʷ ʬʨʫʢʪʦʚʳʭ ʦʪʭʦʜʦʚ ʩ ʢʦʥʩʝʨʚʥʳʭ ʟʘʚʦʜʦʚ, ʙʫʬʝʨʥʳʝ ʨʝʟʝʨʚʫʘʨʳ ʜʣʷ 

ʩʤʝʰʠʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʪʦʢʦʚ ʠʟ ʤʦʣʦʯʥʳʭ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʦʚ, ʞʠʨʦ - ʫʣʦʚʠʪʝʣʠ 

ʠʣʠ ʥʝʡʪʨʘʣʠʟʘʮʠʦʥʥʳʭ ʷʤ ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ pH ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʩʪʦʢʠ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ 

ʩʪʘʥʜʘʨʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ DEWATS ʧʨʠʤʝʥʠʤʳ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʠʭ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʦʯʠʩʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʎʝʣʴ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʩʪʨʦʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʠʟʠʯʝʩʢʠʤ, 

ʭʠʤʠʯʝʩʢʠʤ ʠ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʪʦʯʥʳʭ ʚʦʜ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʨʦʚʝʜʝʥʠʝ ʧʦʣʝʚʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʦʜʳ, ʦʧʨʝʜʝʣʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʦʜʳ ʠ ʘʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ.  

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʇʘʨʘʤʝʪʨʳ ʩʪʦʯʥʳʭ ʚʦʜ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʬʠʟʠʯʝʩʢʠʝ, 

ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʚʘʞʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʘ ʪʘʢʞʝ ʥʘ ʜʠʟʘʡʥ, 

ʩʪʦʠʤʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʦʯʠʩʪʢʠ. 

ʊʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʤʦʛʫʪ ʩʦʩʪʦʷʪʴ ʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʨʛʘʥʠʟʤʦʚ. ʊʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʜʦʣʞʥʳ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʝʥʳ ʧʫʪʝʤ 

ʦʯʠʩʪʢʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʤʦʛʫʪ ʫʚʝʣʠʯʠʪʴ ʦʨʛʘʥʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʧʨʠ ʩʙʨʦʩʝ ʚ ʧʨʠʥʠʤʘʶʱʠʝ 

ʚʦʜʳ ʠ ʦʙʝʩʧʝʯʠʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ ʤʝʩʪʘ, ʛʜʝ ʦʥʠ ʤʦʛʫʪ ʠʟʙʝʞʘʪʴ ʜʝʟʠʥʬʝʢʮʠʠ. ʆʥʠ ʪʘʢʞʝ 
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ʤʦʛʫʪ ʟʘʩʦʨʷʪʴ ʧʦʯʚʝʥʥʳʝ ʧʦʣʷ ʧʦʛʣʦʱʝʥʠʷ ʚ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. ʊʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ ʚ 

ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʪʚʦʨʝʥʥʳʤʠ, ʚʟʚʝʰʝʥʥʳʤʠ ʠʣʠ ʦʩʝʜʘʶʱʠʤʠ. 

ʂʘʞʜʳʡ ʪʠʧ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ, ʧʦʵʪʦʤʫ ʚʘʞʥʦ ʧʦʥʠʤʘʪʴ 

ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ. ʆʩʘʞʜʘʝʤʳʝ ʠ ʥʝʢʦʪʦʨʳʝ ʚʟʚʝʰʝʥʥʳʝ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ 

ʦʙʳʯʥʦ ʫʜʘʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʘʮʠʷ ʠʣʠ ʦʪʩʪʘʠʚʘʥʠʷ. ɼʨʫʛʠʝ ʚʟʚʝʰʝʥʥʳʝ ʠ 

ʨʘʩʪʚʦʨʝʥʥʳʝ ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʣʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ. ʂʠʩʣʦʪʥʦʩʪʴ ʠʣʠ ʱʝʣʦʯʥʦʩʪʴ ʩʪʦʯʥʳʭ ʚʦʜ ʚʣʠʷʝʪ ʢʘʢ ʥʘ ʦʯʠʩʪʢʫ, ʪʘʢ ʠ 

ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ pH ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ, ʘ ʚʳʩʦʢʠʡ 

pH - ʥʘ ʧʦʚʳʰʝʥʠʝ ʱʝʣʦʯʥʦʩʪʠ (pH 7 ʷʚʣʷʝʪʩʷ ʥʝʡʪʨʘʣʴʥʳʤ). ɼʣʷ ʟʘʱʠʪʳ ʦʨʛʘʥʠʟʤʦʚ ʨʅ 

ʩʪʦʯʥʳʭ ʚʦʜ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 6,5 ʜʦ 9.  

 

ʈʠʩ.5. ʆʧʪʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʠ ʪʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ pH 

Fig. 5. Optimum range for biological treatment and typical pH values 

 
ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

 

ʇʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ CoP4WASH ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʚ ʊʊʋ ʠʤ.ʘʢ.ʄ. ʉ. ʆʩʠʤʠ ʥʘʯʘʣʘ 

ʨʘʙʦʪʫ ʣʘʙʦʨʘʪʦʨʠʷ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʦʯʥʳʭ ʚʦʜ, ʦʩʥʘʱʝʥʥʘ ̫ʩʦʚʨʝʤʝʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 

ɺʩʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ ʨʘʙʦʪʘʝʪ ʧʦ ʟʘʜʘʥʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤ, ʘ ʠʭ ʨʝʟʫʣʴʪʘʪʳ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʞʫʨʥʘʣʳ ʜʣʷ ʘʥʘʣʠʟʠʨʦʚʘʥʠʷ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʨʅ), ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ, ʩʦʣʠ, ʬʦʩʬʘʪʫ, ʪʝʤʧʝʨʘʪʫʨʝ, ʘʤʤʦʥʠʶ, ʤʫʪʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʍʇʂ ʠ ɹɸʂ (ʨʠʩ. 6-12). ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʪʦʯʥʳʭ ʚʦʜ ʧʦ 

ʬʠʟʠʯʝʩʢʠʤ ʠ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. ʅʘ ʨʠʩʫʥʢʘʭ ʦʪʨʘʞʝʥʳ ʨʘʟʥʳʝ ʮʚʝʪʥʳʝ ʪʦʯʢʠ, 

ʢʦʪʦʨʳʝ ʦʙʦʟʥʘʯʘʶʪ ʠʭ ʨʝʟʫʣʴʪʘʪʳ. 

 

ʈʠʩ. 6. ʈʝʟʫʣʪʘʪʳ ʩʦʜʝʨʞʘʪ ʜʘʥʥʳʝ, ʩʦʙʨʘʥʥʳʝ ʜʣʷ ʦʙʨʘʟʮʘ 1 (ʩʝʧʪʠʢ - ʚʭʦʜ) 

Fig. 6. Results contain data collected for sample 1 (septic tank - inlet) 
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ʈʠʩ.7. ʈʝʟʫʣʪʘʪʳ ʩʦʜʝʨʞʘʪ ʜʘʥʥʳʝ, ʩʦʙʨʘʥʥʳʝ ʜʣʷ ʦʙʨʘʟʮʘ 2 (ʘʥʘʵʨʦʙʥʦʛʦ ʨʝʘʢʪʦʨʘ)  

Fig. 7. Results contain data collected for sample 2 (anaerobic reactor) 

 
ʈʠʩ.8. ʈʝʟʫʣʪʘʪʳ ʩʦʜʝʨʞʘʪ ʜʘʥʥʳʝ, ʩʦʙʨʘʥʥʳʝ ʜʣʷ ʦʙʨʘʟʮʘ 2 (ʘʥʘʵʨʦʙʥʦʛʦ ʨʝʘʢʪʦʨʘ) 

Fig. 8. The results contain data collected for sample 2 (anaerobic reactor) 

 
 

ʈʠʩ.9. ʈʝʟʫʣʴʪʘʪʳ ʩʦʜʝʨʞʘʪ ʜʘʥʥʳʝ ʧʦ ʬʦʩʬʘʪʫ ʠ ʘʤʦʥʠʶ  

Fig.9. Results contain data on phosphate and ammonium 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʭʠʤʠʯʝʩʢʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʢʠʩʣʦʨʦʜʝ (ʍʇʂ) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʙʱʝʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʦʙʨʘʟʮʘʭ ʠ 

ʦʧʠʩʳʚʘʝʪ, ʩʢʦʣʴʢʦ ʢʠʩʣʦʨʦʜʦʚ ʪʨʝʙʫʶʪʩʷ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʚʩʝʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʚʦʜʝ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʍʇʂ ʠʟʤʝʨʷʝʪʩʷ ʚ ʤʠʣʣʠʛʨʘʤʤʘʭ ʢʠʩʣʦʨʦʜʘ ʥʘ ʣʠʪʨ (ʤʛ/ʣ). ɺ ʪʝʩʪʝ ʥʘ 

ʍʇʂ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʢʠʩʣʠʪʝʣʴ - ʜʠʭʨʦʤʘʪ ʢʘʣʠʷ - ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ 

ʦʙʨʘʟʮʝ. ʕʪʦʪ ʪʝʩʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʟʘʥʠʤʘʝʪ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ (ʦʢʦʣʦ 3 ʯʘʩʦʚ), 

ʯʝʤ ʜʨʫʛʠʝ ʪʝʩʪʳ, ʪʘʢʠʝ ʢʘʢ ɹʇʂ, ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪ 5 ʜʥʝʡ. ʆʜʥʘʢʦ ʪʝʩʪ ʍʇʂ ʥʝ ʨʘʟʣʠʯʘʝʪ 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʝ ʠ ʥʝʙʠʦʨʘʟʣʘʛʘʝʤʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ. 

ʊʠʧʠʯʥʳʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʍʇʂ ʜʣʷ ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʩʦʩʪʘʚʣʷʶʪ 1000 - 3000 ʤʛ/ʣ 

ʜʦ ʠ 50 - 200 ʤʛ/ʣ ʧʦʩʣʝ ʦʯʠʩʪʢʠ, ʘ ʪʘʢʞʝ ɹʇʂ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʍʇʂ. ʇʨʠ ʵʪʦʤ ʵʪʦʪ ʪʝʩʪ 

ʚʘʞʝʥ ʜʣʷ ʦʮʝʥʢʠ ʪʦʛʦ, ʢʘʢʦʡ ʦʙʲʝʤ ʦʯʠʩʪʢʠ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ, ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʦʝ ʦʥʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʥʘ ʧʨʠʥʠʤʘʶʱʠʝ ʚʦʜʳ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʘ ʦʙʨʘʟʮʳ ʩʪʦʯʥʳʭ ʚʦʜ ʧʦʤʝʱʘʶʪʩʷ ʚ ʙʫʪʳʣʢʠ ʩ ɹʇʂ ʠ ʨʘʟʙʘʚʣʷʶʪʩʷ 

ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʚʦʜʦʡ, ʩʦʜʝʨʞʘʱʝʡ ʨʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ. ɺ ʚʦʜʫ ʜʣʷ 

ʨʘʟʙʘʚʣʝʥʠʷ ʪʘʢʞʝ ʜʦʙʘʚʣʷʶʪ ʙʘʢʪʝʨʠʠ, ʝʩʣʠ ʪʝʩʪʠʨʫʶʪʩʷ ʦʯʠʱʝʥʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ (ʨʠʩ. 10) 

[8; 3; 1]. 

 

ʈʠʩ.10. ʇʨʦʚʝʜʝʥʠʝ ʪʝʩʪʘ ɹʇʂ ʠ ʦʙʨʘʟʮʳ ʩʪʦʯʥʳʭ ʚʦʜ  

Fig.10. Conducting the BOD test and wastewater samples  

 
 

ɸ ʪʘʢʞʝ ʠʟʤʝʨʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʨʘʟʙʘʚʣʝʥʥʦʤ ʦʙʨʘʟʮʝ, ʧʦʩʣʝ 

ʯʝʛʦ ʦʙʨʘʟʮʳ ʭʨʘʥʷʪʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 20 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ (68 ʛʨʘʜʫʩʦʚ ʧʦ 

ʌʘʨʝʥʛʝʡʪʫ). ʆʙʳʯʥʳʝ ʧʝʨʠʦʜʳ ʠʥʢʫʙʘʮʠʠ ʩʦʩʪʘʚʣʷʶʪ ʧʷʪʴ, ʩʝʤʴ ʠʣʠ ʜʚʘʜʮʘʪʴ ʜʥʝʡ -ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚʘʨʠʘʥʪ ʧʷʪʴ ʜʥʝʡ (ʠʣʠ ɹʇʂ5). ʇʦ ʦʢʦʥʯʘʥʠʠ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ 

ʨʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ ʠʟʤʝʨʷʝʪʩʷ ʩʥʦʚʘ. ʂʦʣʠʯʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 

(ʚʳʨʘʞʝʥʥʦʝ ʚ ʤʠʣʣʠʛʨʘʤʤʘʭ ʥʘ ʣʠʪʨ), ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʢʨʝʧʦʩʪʠ ʩʪʦʯʥʳʭ ʚʦʜ. ɼʣʷ 

ʛʦʨʦʜʩʢʠʭ ʩʪʦʯʥʳʭ ʚʦʜ ʦʙʳʯʥʦ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʍʇʂ ʠ ɹʇʂ [3].  

ɺ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʦʙʠʪʘʝʪ ʤʥʦʞʝʩʪʚʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ 

"ʧʦʤʦʱʥʠʢʘʤʠ", ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʤʦʛʘʶʪ ʫʜʘʣʷʪʴ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʝʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʥʘʥʦʩʷʪ ʚʨʝʜ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠʣʠ ʣʶʜʷʤ, 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʤ ʩʦ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ, ʝʩʣʠ ʠʭ ʥʝ ʫʜʘʣʠʪʴ. ʕʪʠ "ʚʦʟʙʫʜʠʪʝʣʠ ʧʨʦʙʣʝʤ", ʢʘʢ 

ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʩʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʚʳʟʳʚʘʶʱʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷ, ʥʘʟʳʚʘʝʤʳʤʠ ʧʘʪʦʛʝʥʘʤʠ 

[3; 1]. 

ɺʠʨʫʩʳ, ʧʘʨʘʟʠʪʳ ʠ ʙʘʢʪʝʨʠʠ, ʚʳʟʳʚʘʶʱʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʧʦʧʘʜʘʶʪ ʚ ʩʪʦʯʥʳʝ ʚʦʜʳ ʚ ʦʩʥʦʚʥʦʤ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʣʶʜʴʤʠ ʠ ʞʠʚʦʪʥʳʤʠ, ʢʦʪʦʨʳʝ ʟʘʨʘʞʝʥʳ ʠʣʠ ʷʚʣʷʶʪʩʷ 

ʥʦʩʠʪʝʣʷʤʠ ʟʘʙʦʣʝʚʘʥʠʷ. ʂ ʯʠʩʣʫ ʚʘʞʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ, 

ʦʪʥʦʩʷʪʩʷ ʛʝʧʘʪʠʪ ɸ, ʪʠʬ, ʧʦʣʠʦʤʠʝʣʠʪ, ʭʦʣʝʨʘ ʠ ʜʠʟʝʥʪʝʨʠʷ. ɺʩʧʳʰʢʠ ʵʪʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʤʦʛʫʪ 

ʚʦʟʥʠʢʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʠʪʴʷ ʚʦʜʳ ʠʟ ʢʦʣʦʜʮʝʚ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ, ʫʧʦʪʨʝʙʣʝʥʠʷ 

ʚ ʧʠʱʫ ʟʘʨʘʞʝʥʥʦʡ ʨʳʙʳ ʠʣʠ ʦʪʜʳʭʘ ʚ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜʦʝʤʘʭ.  
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ʈʠʩ.11. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʍʇʂ ʠ ɹʇʂ ʧʨʠ ʚʭʦʜʝ ʥʘ ʆʉ 

Fig.11. Results obtained for COD and BOD at the entrance to the treatment plant 

 
 

ɺ ʩʪʘʪʴʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʘ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ ʠ ʧʣʦʪʥʦʩʪʠ ʢʦʣʠ ʬʦʨʤʥʳʭ 

ʙʘʢʪʝʨʠʡ: ʤʝʪʦʜ ʤʝʤʙʨʘʥʥʦʛʦ ʬʠʣʴʪʨʘ (ʄʌ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʷʤʦʡ ʧʦʜʩʯʝʪ ʢʦʣʦʥʠʡ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʟʘʭʚʘʯʝʥʳ ʠ ʟʘʪʝʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʳ ʠ ʤʝʪʦʜ ʤʥʦʛʦʢʨʘʪʥʦʡ ʬʝʨʤʝʥʪʘʮʠʠ ʚ ʧʨʦʙʠʨʢʘʭ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ (MPN) ʥʘ 100 ʤʠʣʣʠʣʠʪʨʦʚ ʧʦ ʢʦʣʠʯʝʩʪʚʫ 

ʧʨʦʙʠʨʦʢ, ʚ ʢʦʪʦʨʳʭ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʦʙʨʘʟʫʶʪʩʷ ʧʫʟʳʨʴʢʠ ʛʘʟʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ (ʨʠʩ 12-13). 

 

ʈʠʩ.12. ʈʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ 

Fig.12. Results of microbiological analyses 

 
 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜ 34, ʤʝʪʦʜ 385 ʠ ʤʝʪʦʜ 167 

ʪʘʢ, ʢʘʢ ʵʪʠ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ɽʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥʘʭ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ, ʢʘʞʜʘʷ ʠʟ 

ʵʪʠʭ ʪʦʯʝʢ ʜʘʸʪ ʩʚʦʝ ʟʥʘʯʝʥʠʝ ʧʦ ʩʪʦʯʥʳʤ ʚʦʜʘʤ ʠ ʧʦʢʘʟʳʚʘʝʪ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʨʝʘʢʮʠʷ 

(ʨʅ), ʢʦʪʦʨʳʝ ʥʝ ʚʳʭʦʜʷʪ ʟʘ ʧʨʝʜʝʣʳ 6,5... 8,5, ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʚʳʰʝ 30 

ʛʨʘʜʫʩʦʚ, ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʧʘʨʘʤʝʪʨʫ ʬʦʩʬʘʪ, ʘʤʤʦʥʠʡ, ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʥʦʨʤ ʉʘʥʇʀʅ ʠ ʜʨʫʛʠʭ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʥʦʨʤ.  

ɺʳʚʦʜʳ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʩʠʩʪʝʤʳ 

DEWATS ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʝ ʚʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ. ɺʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ 
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ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʦʙʲʝʢʪʘʭ ʩʦʭʨʘʥʝʥʠʷ 

ʯʠʩʪʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʦ ʤʥʦʛʠʭ ʩʝʣʴʩʢʠʭ ʨʘʡʦʥʘʭ ʩʪʨʘʥʳ. 

 

ʈʠʩ.13. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʍʇʂ ʠ ɹʇʂ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʆʉ 

Fig.13. The obtained results of COD and BOD at the exit from the OS 

 
1. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʠʤʝʥʷʶʪʩʷ ʘʥʘʵʨʦʙʥʳʝ ʠ 

ʘʵʨʦʙʥʳʝ ʧʨʦʮʝʩʩʳ. 

2. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ DEWATS 

ʪʘʢʞʝ ʠ ʚ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ ʥʘʰʝʡ ʨʝʩʧʫʙʣʠʢʠ. 
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ÝÔÝÞÑØÌÇÚÔ DEWATS  ÎÌ ÙÌÞÔÆÌÇÚÔ ÞÌÇÉÔÉÚÞÔÔ ÞÚÓÌÖßÙÔÔ ÚÍÇÚÔ ÛÌÜÞÚÎ 

Ðìü øìėú÷ì øìĆ÷ÿøúþĕú ðúôü íì ýôýþñøìĕúô Āôþú øÿĕìùðôýĒ Č ôù, öô ýôýþñøìô DEWATS îì 
ùìþôĔìĕúô öúüĕúô þìĕėôėúþôô úùĕú úîìüðì Ąÿðììýþ. ÙìþôĔìĕúô þìĕėôėúþ íú ùôĄúùðúðĕúô 
ĀôóôöôĊ āôøôċîĒ îì íìöþñüôú÷úïôô úíô ûìüþúî úîìüðì Ąÿðììùð. Ôùăÿùôù ðìü íúüìô ýôýþñøìĕúô 
Ďìõüôøìüöìóôô þúóìöÿùôô úíĕúô ûìüþúî øìĆ÷ÿøúþ úîìüðì Ąÿðììýþ, öô úùĕúüú ėìüôí ðìü ĕìøì 
øìöúù íúøÿîìĀĀìėôċþ ôýþôĀúðì íÿüðìù øÿøöôù ìýþ, óñüú úùĕú íì üìîìùðĕúô þìíôôô öúüöìüðô úí 
ìýúý ČĀþììùð. Ôù ýôýþñøì üìîìùðĕúô þìíôĒ, íôú÷úïĒ îì Āôóôöôüú íìüúô öúĕôĄ ðúðìù îì āúüôĔ 
öìüðìùô ôĀ÷úýöÿùìùðìĕú ìó úíô ûìüþúî ôýþôĀúðì øñíìüìùð, þú öìøíÿðôĕúô ĉĕþôøú÷ôô ìøì÷ôČþĒ 
îì ùôïúĕðúüĒ öìø öìüðì Ąìîìð. 
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Öì÷ôðîúòìĕú: ýìùôþìüôċ, þñāùú÷úïôċô þúóìöÿùôô úí, úíĕúô ûìüþúî, ýôýþñøìĕúô 
ĀôþúþúóìöÿùĒ, ôùĄúúþĕúô þúóìöÿùìùðìô úí, þúóìöÿùôô ìùìĉüúíĒ, ûú÷úüĕú, üñìöþúüĕú, 
íúþ÷úėóúüĕúô ýÿùĆĒ. 

 

ʉʀʉʊɽʄʓ DEWATS ʀ ɸʅɸʃʀɿ ʈɽɿʋʃʔʊɸʊʆɺ ʀʉʉʃɽɼʆɺɸʅʀʗ ʆʏʀʉʊʂʀ ʉʊʆʏʅʓʍ 

ɺʆɼ  

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʬʠʪʦ-ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤʘʭ ʠʣʠ ʩʠʩʪʝʤʝ DEWATS ʠ ʨʝʟʫʣʴʪʘʪʘʭ 

ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʦʯʥʳʭ ʚʦʜ. ɸ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʦʯʠʩʪʢʠ 

ʩʪʦʯʥʳʭ ʚʦʜ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʦʤ ʤʝʩʪʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʦʩʥʦʚʘʥʳ ʥʘ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. ɺ ɻʪʦʡ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʦʯʠʩʪʢʠ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠʟ 

ʩʪʦʯʥʳʭ ʚʦʜ, ʯʪʦʙʳ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʚʦʟʤʦʞʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʘʥʠʪʘʨʠʷ, ʪʝʭʥʦʣʦʛʠʷ ʦʯʠʩʪʢʠ ʚʦʜʳ, ʩʪʦʯʥʳʝ ʚʦʜʳ, ʬʠʪʦ-ʦʯʠʩʪʥʳʝ ʩʠʩʪʝʤʳ, 

ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʘʥʘʵʨʦʙʥʘʷ ʦʯʠʩʪʢʘ, ʬʠʣʴʪʨʳ, ʨʝʘʢʪʦʨʳ, ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʚʦʜʥʦ-ʙʦʣʦʪʥʳʝ ʫʛʦʜʴʷ. 

 

DEWATS SYSTEMS AND ANALYSIS OF WASTEWATER TREATMENT STUDY RESULTS  

The article provides information about phyto-engineering systems or the DEWATS system and the results 

of their research. The results of a study of physicochemical and bacteriological parameters of wastewater are 

also presented. The results of a study of physicochemical and bacteriological parameters of wastewater are 

presented. We also provide information about decentralized wastewater treatment systems that can be 

successfully operated in almost any location, since they are based on natural wastewater treatment processes. 

This system uses natural biological and physical treatment processes to reduce and remove contaminants from 

wastewater to minimize possible operational and maintenance deficiencies. 

Keywords: sanitation, water purification technology, wastewater, phyto-treatment systems, wastewater 

treatment plants, anaerobic treatment, filters, reactors, artificial wetlands. 
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ʍʦʣʦʚ ʌ.ɹ. 

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʢʘʜ. ʄ.ʉ. ʆʩʠʤʠ 

 

ʎʚʝʪʥʳʝ ʜʨʘʛʦʮʝʥʥʳʝ ʢʘʤʥʠ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʪʚʝʨʜʦʩʪʴʶ, ʥʦ ʧʨʠ ʵʪʦʤ ʷʚʣʷʶʪʩʷ 

ʜʦʚʦʣʴʥʦ ʭʨʫʧʢʠʤʠ. ʇʦʵʪʦʤʫ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʦʙʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʦ ʠʟʙʝʛʘʪʴ ʫʜʘʨʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʵʪʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʠʟʜʝʣʠʡ ʠʟ ʧʦʣʫʜʨʘʛʦʮʝʥʥʳʭ ʠ ʧʦʜʝʣʦʯʥʳʭ ʢʘʤʥʝʡ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪ ʩʧʦʩʦʙʳ ʛʘʣʪʦʚʢʠ. ɻʘʣʪʦʚʢʦʡ ʤʦʞʥʦ ʦʢʨʫʛʣʠʪʴ ʦʩʪʨʳʝ ʛʨʘʥʠ ʠʟʜʝʣʠʡ ʠ ʧʨʠʜʘʪʴ ʠʤ 

ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟʜʝʣʠʡ, ʧʨʠʜʘʪʴ ʠʤ ʪʦʚʘʨʥʳʡ ʚʠʜ ʠ 

ʭʘʨʘʢʪʝʨʥʳʡ ʙʣʝʩʢ. ɻʘʣʪʦʚʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʤʝʪʦʜʦʚ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ 

ʜʣʷ ʟʘʛʦʪʦʚʦʢ ʠʟ ʧʦʣʫʜʨʘʛʦʮʝʥʥʳʭ ʠ ʧʦʜʝʣʦʯʥʳʭ ʢʘʤʥʝʡ. ʉʫʪʴ ʛʘʣʪʦʚʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʩʧʝʮʠʘʣʴʥʫʶ ʝʤʢʦʩʪʴ ʧʦʤʝʱʘʝʪʩʷ ʩʤʝʩʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʟʘʛʦʪʦʚʦʢ, 

ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʦʡ ʧʨʠʜʘʝʪʩʷ ʩʣʦʞʥʦʝ ʜʚʠʞʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʟʘʛʦʪʦʚʢʘʤʠ, ʘʙʨʘʟʠʚʦʤ ʠ ʞʠʜʢʦʩʪʴʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟʜʝʣʠʡ. 

ʇʨʠ ʵʪʦʤ ʦʢʨʫʛʣʷʶʪʩʷ ʦʩʪʨʳʝ ʛʨʘʥʠ ʠ ʟʘʛʦʪʦʚʢʠ ʧʦʣʫʯʘʶʪ ʦʢʨʫʛʣʳʝ ʬʦʨʤʳ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʛʘʣʪʦʚʢʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʘʤʦʮʚʝʪʥʳʭ ʢʘʤʥʝʡ ʪʘʢʦʚʳ, ʯʪʦ ʥʝ ʜʦʧʫʩʢʘʶʪʩʷ ʫʜʘʨʥʳʝ 

ʥʘʛʨʫʟʢʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ. ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʭʨʫʧʢʦʩʪʴ ʢʘʤʥʝʡ. ʇʨʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʢʘʭ 

ʚʦʟʤʦʞʥʳ ʧʦʣʦʤʢʠ ʠʣʠ ʧʦʷʚʣʝʥʠʝ ʪʨʝʱʠʥ, ʯʪʦ ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ. ʇʦʵʪʦʤʫ 

ʠʟʳʩʢʘʥʠʝ ʤʝʪʦʜʦʚ ʛʘʣʪʦʚʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʪʨʝʙʫʝʤʦʝ 

ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʇʨʠ ʛʘʣʪʦʚʢʝ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʚʨʘʱʝʥʠʝʤ ʧʝʨʝʤʝʱʝʥʠʝ ʠ ʩʤʝʰʠʚʘʥʠʝ ʟʘʛʨʫʞʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ ʩʠʣʝ ʪʷʞʝʩʪʠ. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʵʪʘ ʩʠʣʘ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʘʷ ʠ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʦʛʨʘʥʠʯʝʥʘ, ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢʘʤʥʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʩʦʙʝʥʥʦ ʧʦ ʪʚʝʨʜʦʩʪʠ. ɻʣʘʚʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʚ ʪʦʤ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ ʠ ʧʦʣʦʤʦʢ ʚ ʧʨʦʮʝʩʩʝ 

ʤʠʥʠʤʘʣʴʥʘ.  

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʛʘʣʪʦʚʢʠ. ʅʘʧʨʠʤʝʨ, ʛʘʣʪʦʚʢʘ ʚ 

ʫʧʣʦʪʥʝʥʥʳʭ ʧʦʪʦʢʘʭ ʘʙʨʘʟʠʚʥʳʭ ʯʘʩʪʠʮ, ʛʘʣʪʦʚʢʘ ʚ ʙʘʨʘʙʘʥʘʭ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʴʶ 

ʚʨʘʱʝʥʠʷ, ʚʠʙʨʦʛʘʣʪʦʚʢʘ, ʤʥʦʛʦʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʮʝʥʪʨʦʙʝʞʥʘʷ ʘʙʨʘʟʠʚʥʘʷ ʛʘʣʪʦʚʢʘ, 

ʮʝʥʪʨʦʙʝʞʥʘʷ ʛʘʣʪʦʚʢʘ ʩ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ, ʧʣʘʥʝʪʘʨʥʦ-ʮʝʥʪʨʦʙʝʞʥʘʷ ʛʘʣʪʦʚʢʘ ʠ ʜʨ.  

ɺ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʛʘʣʪʦʚʢʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ, ʥʘʧʨʠʤʝʨ, 

ʛʘʣʪʦʚʢʘ ʚ ʫʧʣʦʪʥʝʥʥʳʭ ʧʦʪʦʢʘʭ ʘʙʨʘʟʠʚʥʳʭ ʯʘʩʪʠʮ, ʙʘʨʘʙʘʥʥʘʷ ʛʘʣʪʦʚʢʘ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʦʩʴʶ, ʚʠʙʨʘʮʠʦʥʥʘʷ ʛʘʣʪʦʚʢʘ, ʤʥʦʛʦʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʮʝʥʪʨʦʙʝʞʥʘʷ ʛʘʣʪʦʚʢʘ, ʛʘʣʪʦʚʢʘ ʩ 

ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʠ ʧʣʘʥʝʪʘʨʥʦ-ʮʝʥʪʨʦʙʝʞʥʘʷ ʛʘʣʪʦʚʢʘ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʦʚʳʡ ʤʝʪʦʜ ʛʘʣʪʦʚʢʠ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʮʚʝʪʥʳʝ ʢʘʤʥʠ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺ ʧʨʝʜʣʦʞʝʥʥʦʤ ʩʧʦʩʦʙʝ ʦʙʨʘʙʦʪʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʷʯʝʡʢʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ. ʀʩʭʦʜʷ 

ʠʟ ʵʪʦʛʦ, ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʠʤʝʥʫʝʪʩʷ ʢʘʢ ʤʥʦʛʦʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʮʝʥʪʨʦʙʝʞʥʦʘʙʨʘʟʠʚʥʘʷ 

ʦʙʨʘʙʦʪʢʘ.  

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ:  

1. ʇʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ, ʚʝʣʠʯʠʥʫ 

ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʥʘʩʪʨʘʠʚʘʪʴ, ʠʟʤʝʥʷʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

2. ʆʙʨʘʙʦʪʢʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʷʯʝʡʢʘʭ ʦʪʜʝʣʴʥʳʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ. ʄʦʞʥʦ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʦ 

ʷʯʝʝʢ.  
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ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʥʦʛʦʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦ-

ʘʙʨʘʟʠʚʥʦʛʦ ʩʪʘʥʢʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʜʨʘʛʦʮʝʥʥʳʭ ʠ ʧʦʜʝʣʦʯʥʳʭ ʢʘʤʥʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʩʪʘʥʢʝ, ʠʟʦʙʨʘʞʝʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 1 [6]. ʕʪʦʪ ʩʪʘʥʦʢ ʦʩʥʘʱʝʥ ʧʷʪʴʶ 

ʘʣʤʘʟʥʳʤʠ ʜʠʩʢʘʤʠ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʦʜʥʦʡ ʦʩʠ. ʉʪʘʥʦʢ ʩʦʩʪʦʠʪ ʠʟ ʢʦʨʧʫʩʘ 1, 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 2, ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ 3, ʰʧʠʥʜʝʣʷ 4, ʘʙʨʘʟʠʚʥʳʭ ʜʠʩʢʦʚ 5, ʙʘʨʘʙʘʥʘ 6, 

ʨʝʟʠʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ 7, ʢʨʳʰʢʠ 8, ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 9.  

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ 2 ʫʩʪʘʥʦʚʣʝʥ ʚ ʢʦʨʧʫʩʝ 1. ʅʘ ʚʘʣʫ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʰʧʠʥʜʝʣʝ ʩʪʘʥʢʘ 

ʫʩʪʘʥʦʚʣʝʥʳ ʰʢʠʚʳ, ʩʚʷʟʘʥʥʳʝ ʨʝʤʥʝʤ. ɼʠʩʢʠ 5 ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʰʧʠʥʜʝʣʝ 4. ʂʨʳʰʢʘ 8 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʚʝʨʭʫ ʙʘʨʘʙʘʥʘ 6 ʠ ʧʨʝʜʦʭʨʘʥʷʝʪ ʟʘʛʦʪʦʚʢʠ ʦʪ ʚʳʧʘʜʝʥʠʷ. 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʤʥʦʛʦʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʮʝʥʪʨʦʙʝʞʥʦʡ ʘʙʨʘʟʠʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ 

Fig. 1. Schematic diagram of the device for multi-tool centrifugal abrasive processing 

 
ʅʘ ʜʘʥʥʦʤ ʩʪʘʥʢʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʨʘʙʦʪʢʘ ʥʝʩʢʦʣʴʢʠʤʠ ʜʠʩʢʘʤʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʟʘʛʦʪʦʚʦʢ ʜʣʷ ʟʘʛʨʫʟʢʠ ʧʝʨʚʦʛʦ ʜʠʩʢʘ ʩʣʫʞʘʪ ʢʫʙʠʢʠ ʠʟ ʩʘʤʦʮʚʝʪʥʳʭ ʢʘʤʥʝʡ, ʘ ʚ 

ʢʘʯʝʩʪʚʝ ʟʘʛʦʪʦʚʦʢ ʚʪʦʨʦʛʦ ʜʠʩʢʘ, ʟʘʛʦʪʦʚʢʠ ʦʙʨʘʙʦʪʘʥʥʳʝ ʚ ʧʝʨʚʦʤ ʜʠʩʢʝ, ʚ ʢʘʯʝʩʪʚʝ ʟʘʛʦʪʦʚʦʢ 

ʜʣʷ ʟʘʛʨʫʟʢʠ ʪʨʝʪʴʝʛʦ ʜʠʩʢʘ, ʟʘʛʦʪʦʚʢʠ, ʦʙʨʘʙʦʪʘʥʥʳʝ ʚʦ ʚʪʦʨʦʤ ʜʠʩʢʝ ʠ ʪ.ʜ. ɸʙʨʘʟʠʚʥʳʝ ʜʠʩʢʠ, 

5 ʧʨʠʚʦʜʷʪʩʷ ʚʦ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʰʧʠʥʜʝʣʝʤ 4, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ ʚʨʘʱʝʥʠʝ ʦʪ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 2 ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ. ʅʝʦʙʭʦʜʠʤʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ 9 [6; 12]. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ, ʪʠʧʘ ʰʘʨʠʢʦʚ ʠʟ ʩʘʤʦʮʚʝʪʥʳʭ ʢʘʤʥʝʡ, ʧʦʚʳʰʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ, ʚʳʨʘʞʘʶʱʠʭʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, 

ʯʝʨʥʦʚʦʡ ʠ ʯʠʩʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʘʙʨʘʟʠʚʥʳʝ ʜʠʩʢʠ ʦʜʠʥʘʢʦʚʦʡ 

ʟʝʨʥʠʩʪʦʩʪʠ, ʧʨʠ ʧʦʤʦʱʠ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʪʦʣʴʢʦ ʦʜʥʫ ʦʧʝʨʘʮʠʶ, ʥʦ ʩ 

ʙʦʣʴʰʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. 
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ʈʠʩ.2. ʉʠʣʳ ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʟʘʛʦʪʦʚʢʫ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

Fig. 2. Forces acting on the workpiece during processing 

 
 

ʅʘ ʨʠʩʫʥʢʝ 2. ʠʟʦʙʨʘʞʝʥʳ ʩʠʣʳ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʟʘʛʦʪʦʚʢʫ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ. ʇʨʠ 

ʚʨʘʱʝʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʙʨʘʟʠʚʥʳʡ ʠʣʠ ʘʣʤʘʟʥʳʡ ʜʠʩʢ, ʥʘ 

ʟʘʛʦʪʦʚʢʫ ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ ʪʨʝʥʠʷ ʠ ʮʝʥʪʨʦʙʝʞʥʘʷ ʠʥʝʨʮʠʷ. ʂʦʛʜʘ ʟʘʛʦʪʦʚʢʘ ʢʘʩʘʝʪʩʷ ʩʪʝʥʢʠ 

ʙʘʨʘʙʘʥʘ, ʤʝʞʜʫ ʥʝʡ ʠ ʩʪʝʥʢʦʡ ʪʘʢʞʝ ʚʦʟʥʠʢʘʝʪ ʪʨʝʥʠʝ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘ ʜʝʪʘʣʴ ʜʝʡʩʪʚʫʶʪ 

ʮʝʥʪʨʦʙʝʞʥʘʷ ʠʥʝʨʮʠʷ - Ὂʮ, ʪʨʝʥʠʝ ʩʦ ʩʪʝʥʢʘʤʠ ʙʘʨʘʙʘʥʘ - Ὂʪʨʙ ʠ ʪʨʝʥʠʝ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ - Ὂʪʨʠ. 

ʇʦʜ ʚʣʠʷʥʠʝʤ ʵʪʠʭ ʩʠʣ ʧʨʦʠʩʭʦʜʠʪ ʚʨʘʱʝʥʠʝ ʟʘʛʦʪʦʚʢʠ ʚʦʢʨʫʛ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ. 

ɺʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʆʋ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʠʣʳ Ὂʪʨʙ, 

ʢʦʪʦʨʘʷ ʜʝʡʩʪʚʫʝʪ ʥʘ ʙʘʨʘʙʘʥ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʦʩʠ ὕὢ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʩʠʣʳ ʪʨʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʝʡ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ Ὂʪʨʠ. ʇʝʨʝʤʝʱʝʥʠʝ ʚʜʦʣʴ ʨʘʜʠʫʩʘ 

ʚʳʟʳʚʘʝʪ ʚʨʘʱʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ὕὤ. 

ɺʩʣʝʜʩʪʚʠʝ ʪʨʝʭʦʩʥʦʛʦ ʚʨʘʱʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʙʦʪʢʘ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ, 

ʦʩʦʙʝʥʥʦ ʚ ʝʛʦ ʚʳʩʪʫʧʘʶʱʠʭ ʯʘʩʪʷʭ [8; 13]. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʥʘ ʜʘʥʥʦʤ ʩʪʘʥʢʝ ʚ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʜʠʩʢʘʭ ʤʦʞʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʙʦʪʘʪʴ 

ʢʘʤʥʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʚ ʥʘʯʘʣʝ ʟʘʛʦʪʦʚʢʠ ʨʘʟʤʝʱʘʶʪ ʚʥʫʪʨʠ ʙʘʨʘʙʘʥʘ ʥʘʜ ʥʠʞʥʠʤ 

ʜʠʩʢʦʤ, ʩʚʝʨʭʫ ʚʩʪʘʚʣʷʝʪʩʷ ʦʯʝʨʝʜʥʦʡ ʩʣʝʜʫʶʱʠʡ ʜʠʩʢ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʤʝʱʘʶʪʩʷ ʥʦʚʳʝ 

ʟʘʛʦʪʦʚʢʠ ʠ ʪʘʢ ʜʘʣʝʝ.  

ɺ ʢʘʯʝʩʪʚʝ ʟʘʛʦʪʦʚʦʢ ʜʣʷ ʟʘʛʨʫʟʢʠ ʧʝʨʚʦʛʦ ʜʠʩʢʘ ʩʣʫʞʘʪ ʢʫʙʠʢʠ ʠʟ ʩʘʤʦʮʚʝʪʥʳʭ ʢʘʤʥʝʡ, ʘ 

ʚ ʢʘʯʝʩʪʚʝ ʟʘʛʦʪʦʚʦʢ ʚʪʦʨʦʛʦ ʜʠʩʢʘ ʟʘʛʦʪʦʚʢʠ, ʦʙʨʘʙʦʪʘʥʥʳʝ ʚ ʧʝʨʚʦʤ ʜʠʩʢʝ, ʚ ʢʘʯʝʩʪʚʝ 

ʟʘʛʦʪʦʚʦʢ ʜʣʷ ʟʘʛʨʫʟʢʠ ʪʨʝʪʴʝʛʦ ʜʠʩʢʘ, ʟʘʛʦʪʦʚʢʠ ʦʙʨʘʙʦʪʘʥʥʳʝ ʚʦ ʚʪʦʨʦʤ ʜʠʩʢʝ ʠ ʪ.ʜ. 

ʂʦʛʜʘ ʥʦʤʝʥʢʣʘʪʫʨʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʠʟʜʝʣʠʡ ʙʦʣʴʰʘʷ, ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ 

ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʙʦʪʘʪʴ ʥʝʩʢʦʣʴʢʦ ʥʘʠʤʝʥʦʚʘʥʠʡ ʠʟʜʝʣʠʡ ʚ ʦʪʜʝʣʴʥʳʭ ʷʯʝʡʢʘʭ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ, ʪʠʧʘ ʰʘʨʠʢʦʚ ʠʟ ʩʘʤʦʮʚʝʪʥʳʭ ʢʘʤʥʝʡ, 

ʧʦʚʳʰʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ, ʚʳʨʘʞʘʶʱʫʶʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʚʳʧʦʣʥʝʥʠʷ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʯʝʨʥʦʚʦʡ ʠ ʯʠʩʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, 

ʠʩʧʦʣʴʟʫʷ ʘʙʨʘʟʠʚʥʳʝ ʜʠʩʢʠ ʦʜʠʥʘʢʦʚʦʡ ʟʝʨʥʠʩʪʦʩʪʠ, ʧʨʠ ʧʦʤʦʱʠ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʥʦ 

ʚʳʧʦʣʥʷʪʴ ʪʦʣʴʢʦ ʦʜʥʫ ʦʧʝʨʘʮʠʶ, ʥʦ ʩ ʙʦʣʴʰʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ.  
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ʈʠʩ. 3. ʉʭʝʤʘ ʮʝʥʪʨʦʙʝʞʥʦʡ ʦʙʨʘʙʦʪʢʠ ʰʘʨʠʢʦʚ ʚ ʩʝʧʘʨʘʪʦʨʝ 

Fig. 3. Scheme of centrifugal processing of balls in a separator 

 
ʅʘ ʜʘʥʥʦʤ ʩʪʘʥʢʝ ʪʘʢʞʝ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʰʣʠʬʦʚʘʥʠʝ ʠ ʧʦʣʠʨʦʚʘʥʠʝ ʰʘʨʦʚʠʜʥʳʭ 

ʟʘʛʦʪʦʚʦʢ. ɼʣʷ ʵʪʦʛʦ ʚʤʝʩʪʦ ʘʙʨʘʟʠʚʥʦʛʦ ʜʠʩʢʘ ʠʩʧʦʣʴʟʫʶʪ ʩʝʧʘʨʘʪʦʨʳ 1 (ʨʠʩʫʥʦʢ 3). 

ʉʝʧʘʨʘʪʦʨ ʠʤʝʝʪ ʦʪʜʝʣʴʥʳʝ ʛʥʝʟʜʘ, ʚ ʢʦʪʦʨʳʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʦʙʨʘʙʘʪʳʚʘʝʤʳʝ ʜʝʪʘʣʠ 3. 

ʆʙʨʘʙʦʪʢʘ ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʩʢʦʣʴʞʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ. ʀʥʩʪʨʫʤʝʥʪ ʚ ʚʠʜʝ ʘʙʨʘʟʠʚʥʦʡ ʣʝʥʪʳ ʫʩʪʘʥʦʚʣʝʥ ʚʦ 

ʚʥʫʪʨʝʥʥʠʝ ʧʦʣʦʩʪʠ ʙʘʨʘʙʘʥʘ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʜʝʣʠʡ ʪʝʣ 

ʚʨʘʱʝʥʠʷ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʥʘʧʨʠʤʝʨ, ʰʘʨʠʢʦʚ ʜʠʘʤʝʪʨʦʤ ʜʦ 20 ʤʤ. ʆʙʨʘʙʦʪʢʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʳʩʪʫʧʘʶʪ ʢʫʙʠʯʝʩʢʠʝ ʟʘʛʦʪʦʚʢʠ ʩ ʟʘʢʨʫʛʣʸʥʥʳʤʠ 

ʛʨʘʥʷʤʠ (3), ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʷʯʝʡʢʝ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʩʝʧʘʨʘʪʦʨʘ. ɺʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʩʝʧʘʨʘʪʦʨʫ. ʇʨʠ ʟʘʧʫʩʢʝ ʩʝʧʘʨʘʪʦʨʘ, ʟʘʛʦʪʦʚʢʠ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʩʚʦʠʭ ʷʯʝʡʢʘʭ, ʠʩʧʳʪʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ, ʢʦʪʦʨʘʷ 

ʧʨʠʞʠʤʘʝʪ ʠʭ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ (5). ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʦʙʣʘʩʪʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʠʟʜʝʣʠʷʤʠ ʠ 

ʙʘʨʘʙʘʥʦʤ, ʘ ʪʘʢʞʝ ʩ ʘʙʨʘʟʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʚʦʟʚʨʘʪʥʦ-

ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʩʝʯʝʥʠʝ ʪʨʘʝʢʪʦʨʠʡ ʧʝʨʝʤʝʱʝʥʠʷ ʟʘʛʦʪʦʚʦʢ, ʟʘʜʘʥʥʳʭ ʚ 

ʩʤʝʞʥʳʭ ʩʝʧʘʨʘʪʦʨʘʭ. ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʠʤʝʝʪ ʫʥʠʢʘʣʴʥʫʶ ʩʠʣʫ ʫʜʝʨʞʠʚʘʥʠʷ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʚʝʩʦʤ. ʈʘʟʤʝʨ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ, ʫʜʝʨʞʠʚʘʶʱʝʡ ʟʘʛʦʪʦʚʢʠ ʚʦʟʣʝ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ:  

ὊʮȢʩ άʟʘʛ‫ Ὑʩʝʧ ρ 

ʛʜʝ: Fʮ.ʩ. - ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʨʘʜʠʫʩʫ ʨʘʱʝʥʠʷ ʩʝʧʘʨʘʪʦʨʘ; 

mʟʘʛ ï ʤʘʩʩʘ ʟʘʛʦʪʦʢʠ; 

Rʩʝʧ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ ʩʝʧʘʨʘʪʦʨʘ ʜʦ ʮʝʥʪʨʘ ʤʘʩʩʳ ʟʘʛʦʪʦʚʦʢ. 

ʉʠʣʘ ʧʨʠʞʘʪʠʷ ʢʘʞʜʦʡ ʟʘʛʦʪʦʚʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʸ ʤʘʩʩʦʡ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʟʘʛʦʪʦʚʦʢ, ʢʦʪʦʨʳʝ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʕʪʫ ʩʠʣʫ ʤʦʞʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʰʠʨʦʢʠʭ 
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ʧʨʝʜʝʣʘʭ, ʠʟʤʝʥʷʷ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʩʝʧʘʨʘʪʦʨʘ. ʏʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ 

ʦʩʝʡ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ (2). 

‫ʟʘʛ
‫ʠʥ ‫ʩʝʧ Ὑʠʥʩ

Ὑʟʘʛ
ȟς 

ʚ ʵʪʦʡ ʬʦʨʤʫʣʝ ‫  ï ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ; 

 ;‫ʩʝʧ ï ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʩʝʧʘʨʘʪʦʨʘ 

 Ὑ  ï ʨʘʜʠʫʩ ʠʥʩʪʨʫʤʝʥʪʘ; 

 Ὑ  ï ʨʘʜʠʫʩ ʟʘʛʦʪʦʚʢʠ. 

ʎʝʥʪʨʦʙʝʞʥʘʷ ʦʙʨʘʙʦʪʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʧʣʘʥʝ ʩʥʷʪʠʷ ʩʣʦʷ 

ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʦʢ ʠ ʦʢʨʫʛʣʝʥʠʝ ʠʭ ʦʩʪʨʳʭ ʛʨʘʥʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʮʝʥʪʨʦʙʝʞʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʟʘʛʦʪʦʚʦʢ ʠʟ ʣʘʟʫʨʠʪʘ, ʦʬʠʪʘ ʠ ʦʥʠʢʩʘ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʛʣʘʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ. ʕʪʠ ʬʘʢʪʦʨʳ ʩʣʝʜʫʶʱʠʝ: ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ, ʟʝʨʥʠʩʪʦʩʪʴ ʘʙʨʘʟʠʚʘ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ, ʫʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ (ʩʫʭʦʡ ʠʣʠ ʞʠʜʢʦʩʪʥʦʡ).  

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ 

ʧʨʦʮʝʩʩʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʟʘʛʦʪʦʚʦʢ ʠʟ ʣʘʟʫʨʠʪʘ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʦʚ 4 ʠ 5, ʩʲʝʤ ʤʝʪʘʣʣʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ. ʃʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʪʘʙʠʣʴʥʦʡ ʨʝʞʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʜʘʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ.  

ʉʪʘʙʠʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʘ ʟʘʛʦʪʦʚʢʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʚʝʣʠʯʠʥʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʧʫʩʢʦʚ, ʧʦʜʣʝʞʘʱʠʭ ʫʜʘʣʝʥʠʶ. ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʞʠʜʢʦʩʪʥʦʡ 

ʦʙʨʘʙʦʪʢʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʩʫʭʦʡ.  

ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ (ʨʠʩʫʥʦʢ 6 ʠ 7) ʥʝ 

ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ. ʇʨʠ ʵʪʦʤ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʩʫʭʦʡ 

ʦʙʨʘʙʦʪʢʝ. 

 

ʈʠʩ 4. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʣʘʟʫʨʠʪʘ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʩʫʭʦʡ 

ʦʙʨʘʙʦʪʢʝ 

Fig. 4. Graph of the dependence of the productivity of lazurite processing on time during dry 

processing 

 
ʇʨʠʤʝʯʘʥʠʝ: ʃʠʥʠʷ 1 ʬʘʢʪʠʯʝʩʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ; ʣʠʥʠʷ 2 ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʟʘʚʠʩʠʤʦʩʪʠ Q Ÿ f(t). 
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ʈʠʩ 5. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʣʘʟʫʨʠʪʘ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ 

Fig. 5. Graph of the dependence of the productivity of lazurite processing on time during 

processing in a liquid medium 

 
ʇʨʠʤʝʯʘʥʠʝ: ʃʠʥʠʷ 1 ʬʘʢʪʠʯʝʩʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ; ʣʠʥʠʷ 2 ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʟʘʚʠʩʠʤʦʩʪʠ Q Ÿ f(t). 

 

ʈʠʩ 6. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʩʫʭʦʡ ʦʙʨʘʙʦʪʢʝ ʣʘʟʫʨʠʪʘ 

Fig. 6. Graph of productivity dependence on the linear speed of rotation of the tool during dry 

processing of lazurite 

 
ʇʨʠʤʝʯʘʥʠʝ: 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ; 2. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
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ʈʠʩ 7. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʣʘʟʫʨʠʪʘ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ 

Fig. 7. Graph of the dependence of productivity on the linear speed of rotation of the tool when 

processing lazurite in a liquid medium 

 
ʇʨʠʤʝʯʘʥʠʝ: 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ; 2. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ. ɺʳʷʩʥʝʥʦ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʚʨʘʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʥʝʣʠʥʝʡʥʦʡ ʬʦʨʤʝ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʘ ʠʤʝʝʪ ʣʠʥʝʡʥʳʡ 

ʭʘʨʘʢʪʝʨ. ɿʥʘʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʟʝʨʥʠʩʪʦʩʪʠ ʘʙʨʘʟʠʚʘ. ɼʣʷ ʮʝʥʪʨʦʙʝʞʥʦʡ 

ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʩʧʫʩʪʷ 10-15 ʤʠʥʫʪ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʧʣʘʥʝʪʘʨʥʦʡ ʮʝʥʪʨʦʙʝʞʥʦʡ ʦʙʨʘʙʦʪʢʠ ʵʪʦʪ ʩʨʦʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 30 ʤʠʥʫʪ, ʘ 

ʜʣʷ ʚʠʙʨʦʛʘʣʪʦʚʢʠ ï ʜʦ 6-8 ʯʘʩʦʚ. ʋʯʠʪʳʚʘʷ ʜʘʥʥʳʡ ʘʥʘʣʠʟ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜʳ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʵʪʘʧʘʭ ʯʝʨʥʦʚʦʡ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʜʦʨʘʙʦʪʢʠ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʜʨʘʛʦʮʝʥʥʳʭ ʠ ʧʦʜʝʣʦʯʥʳʭ ʢʘʤʥʝʡ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ 

ʦʙʱʝʝ ʚʨʝʤʷ ʮʠʢʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ. 
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ÐÌÝÞÏÚÇÔ ÍÔÝ¾ÜÌàÓÚÜÌ ÍÌÜÚÔ ÖÚÜÖÌÜÐÔ ÝÌÉÉÚÇÚ 

Ðìü ôù øìėú÷ì øìýĆì÷ìô íì÷ìùð íìüðúĄþìùô ĕúýô÷ùúöôô öúüöìüð ðìü ðìýþïúĕô 
íôýČüìĀóúüìô ìíüìóôîôô øìüöìóĄôþúí íìüúô öúüöìüðô ýìėėúĕú ìó ýìùïĕúô ùôøėôøìþíìĕú îì 
úüúôĄĒ íìüüìýĒ øñĄìîìð. Þìĕėôėúþô þìĔüôíìîôô üìîìùðô öúü ðìü ðìýþïúĕô íôýČüìĀóúüìô 
ìíüìóôîôô øìüöìóĄôþúí ïÿóìüúùôðì Ąÿð. Ôù ÿýÿ÷ô öúüöìüð ðìü øÿėúôýìô ùìþôĔìĕúô íì ðìýþ 
úîìüðìĄÿðì ùôýíìþ íì ÿýÿ÷ĕúô ûñĄþìüìô øìĆøÿ÷Ē íìüþìüôô íì÷ìùð ùôĄúù ðúð. ßýÿ÷ô 
ûñĄùôĕúðĄÿðìô öúüöìüðô ýìėėúĕú ìó ýìùïĕúô ùôøėôøìþíìĕú ôøöúù øñðôĕìð, öô ĕúýô÷ùúöôô 
öúüöìüð îì ýôĀìþô øìĕýÿ÷úþ ðìü Ąìüúôþô ôýþñĕýú÷ô úøøìîĒ, öô íú ôýþôĀúðì ìó ÿýÿ÷ĕúô øìîĔÿðìô 
öúüöìüð Ďìõüôôøöúù ðúùôýþì øñĄÿð, āñ÷ñ íì÷ìùð íìüðúĄþì Ąìîìð. 

Öì÷ôðîúòìĕú: öúüöìüðô ìíüìóôîĒ, ýìùïĕúô ùôøėôøìþíìĕú îì úüúôĄĒ, ðìýþïúĕô íôýČüìĀóúüì, 
øìĕýÿ÷ùúöôô öúüöìüð, ïì÷þúîöì. 
 

ʄʅʆɻʆʀʅʉʊʈʋʄɽʅʊɸʃʔʅʓʁ ʉʊɸʅʆʂ ɼʃʗ ʆɹʈɸɹʆʊʂʀ ʐɸʈʀʂʆɺ  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʥʘ 

ʤʥʦʛʦʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤ ʮʝʥʪʨʦʙʝʞʥʦ-ʘʙʨʘʟʠʚʥʦʤ ʩʪʘʥʢʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʰʘʨʠʢʦʚ ʠʟ ʧʦʣʫʜʨʘʛʦʮʝʥʥʳʭ ʠ 

ʧʦʜʝʣʦʯʥʳʭ ʢʘʤʥʝʡ. ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʤʥʦʛʦʜʠʩʢʦʚʦʡ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ ʦʙʨʘʙʦʪʢʠ ʫʢʘʟʘʣʦ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ 

ʦʙʨʘʙʦʪʢʠ ʰʘʨʠʢʦʚ ʠʟ ʩʘʤʦʮʚʝʪʥʳʭ ʢʘʤʥʝʡ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ ʠ ʢʘʯʝʩʪʚʦ ʠʟʜʝʣʠʡ ʚ ʫʩʣʦʚʠʷʭ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʩʯʠʪʘʣʦʩʴ ʥʝʚʦʟʤʦʞʥʳʤ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʧʦʩʦʙʘʭ ʦʙʨʘʙʦʪʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʧʦʣʫʜʨʘʛʦʮʝʥʥʳʭ ʠ ʧʦʜʝʣʦʯʥʳʭ ʢʘʤʥʝʡ, 

ʤʥʦʛʦʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʩʪʘʥʦʢ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ, ʛʘʣʪʦʚʢʘ. 

 

MULTI -TOOL MACHINE FOR PROCESSING BALLS  

This article discusses the issue of increasing the processing productivity of a multi-tool centrifugal-

abrasive machine for processing balls from semi-precious and ornamental stones. Experimental studies of the 

process of multi-disk centrifugal abrasive processing were conducted. Comparisons of the obtained results with 

previously known processing methods showed the advantage of this processing method. The proposed method 

for processing balls from semi-precious stones allows for a significant increase in processing productivity and 

product quality in serial production, which was considered impossible when using existing processing methods. 

Keywords: abrasive processing, semi-precious and ornamental stones, multi -tool machine, processing 

productivity, tumbling. 
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ʋɼʂ: 622.142.1(575.3) 

ʆʊɹʆʈ ʇʈʆɹ ʀ ʃɸɹʆʈɸʊʆʈʅʓʁ ɸʅɸʃʀɿ ʈɽʂ ʊɸɼɾʀʂʀʉʊɸʅ 

 

ʅʫʨʠʜʜʠʥ ʌ., ɿʦʠʨʦʚ ʌ.ɹ., ʀʟʘʪʫʣʣʦʟʦʜʘ ʈ.ʍ.  

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ. ʘʢʘʜ. ʄ.ʉ ʆʩʠʤʠ, 

ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ, ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʵʢʦʣʦʛʠʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ 

ʊʘʜʞʠʢʠʩʪʘʥʘ 

 

ʉʧʠʩʦʢ ʪʦʯʝʢ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʠ ʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 ʠ 

ʫʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ʊʦʯʢʠ ʦʪʙʦʨʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʨʝʢʘʭ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ɸʤʫʜʘʨʴʷ ʠ ʉʳʨʜʘʨʴʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʨʝʢʘʤ 

ɺʘʨʟʦʙ ʠ ʂʘʬʠʨʥʠʛʘʥ, ʩʦʩʪʘʚʣʷʚʰʠʤ ʦʩʥʦʚʫ ʚʦʜʦʟʘʙʦʨʘ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ.  

ʇʨʠ ʦʪʙʦʨʝ ʧʨʦʙ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ ʛʨʫʧʧʠʨʦʚʘʣʠʩʴ ʚʦʢʨʫʛ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ ʠ ʯʠʩʪʦʪʳ ʧʨʦʙ. ʇʨʦʙʦʦʪʙʦʨ ʧʨʦʚʦʜʠʣʩʷ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ 

ʄʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʡ [7]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʵʪʠ ʫʢʘʟʘʥʠʷ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪ ʤʠʥʠʤʘʣʴʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪʙʦʨʘ ʧʨʦʙ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʨʝʢʠ ʦʪ ʙʣʠʞʘʡʰʝʛʦ ʧʨʠʪʦʢʘ ʠʣʠ ʚʦʜʦʩʣʠʚʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʜʦʩʪʘʪʦʯʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʜʣʷ ʚʟʷʪʠʷ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʧʨʦʙʳ ʚʦʜʳ.  

ʇʨʦʙʘ ʚʦʜʳ ʩʦʙʠʨʘʣʘʩʴ ʢʘʢ ʤʠʥʠʤʫʤ ʠʟ ʧʷʪʠ ʪʦʯʝʢ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʪʚʦʨʝ. ʇʨʦʙʳ 

ʚʦʜʳ ʬʠʣʴʪʨʦʚʘʣʠʩʴ ʠ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʥʝ ʧʦʟʜʥʝʝ ʦʜʥʦʛʦ ʯʘʩʘ ʧʦʩʣʝ ʦʪʙʦʨʘ.  

 

ʊʘʙʣʠʮʘ 1. ʊʦʯʢʠ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʠ ʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ 

Table 1. Sampling points and their geographic coordinates 
 ʆʙʨʘʟʮ r ʈʝʢʠ ʈʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʦʪʙʦʨʘ ʐʠʨʦʪʘ ɼʦʣʛʦʪʘ 

1 TJ-25 ʉʠʦʤʘ ʇʨʠʪʦʢ ɺʘʨʟʦʙ 38
ʦ
54' 68

ʦ
44' 

2 TJ-28 ʊʘʛʦʙ ʇʨʠʪʦʢ ɺʘʨʟʦʙ  38
ʦ
50' 68

ʦ
50' 

3 TJ-29 ʆʙʠ ʏʘʧʧʘ ʇʨʠʪʦʢ ɺʘʨʟʦʙ 38
ʦ
47' 68

ʦ
49' 

4 TJ-30 ʆʜʞʫʢ ʇʨʠʪʦʢ ɺʘʨʟʦʙ 38
ʦ
46' 68

ʦ
49' 

5 TJ-01 ɺʘʨʟʦʙ 1 18 ʢʤ ʚʳʰʝ ɼʫʰʘʥʙʝ 38
ʦ
42' 68

ʦ
47' 

6 TJ-02 ɺʘʨʟʦʙ 2 9 ʢʤ ʥʠʞʝ ɼʫʰʘʥʙʝ 38
ʦ
31' 68

ʦ
46' 

7 TJ-67 ʉʘʨʙʦ 1 ʢʤ ʚʳʰʝ ʩʣʠʷʥʠʷ ʩ ʉʘʨʜʘʠ ʄʠʸʥʘ, 

ʧʨʠʪʦʢ ʂʘʬʠʨʥʠʛʘʥ 

38
ʦ
47' 69

ʦ
19' 

8 TJ-66 ʉʘʨʜʘʠ ʄʠʸʥʘ 1 ʢʤ ʚʳʰʝ ʩʣʠʷʥʠʷ ʩ ʉʦʨʙʦ, ʧʨʠʪʦʢ 

ʂʘʬʠʨʥʠʛʘʥʘ 

38
ʦ
43' 69

ʦ
19' 

9 TJ-03 ʂʘʬʠʨʥʠʛʘʥ 1 1 ʢʤ ʚʳʰʝ ʩʣʠʷʥʠʷ ʩ ɺʘʨʟʦʙʦʤ 38
ʦ
29' 68

ʦ
46' 

10 TJ-04 ʂʘʬʠʨʥʠʛʘʥ 2 3 ʢʤ ʥʠʞʝ ʩʣʠʷʥʠʷ ʩ ɽʣʦʢʦʤ 38
ʦ
27' 68

ʦ
44' 

11 TJ-05 ʂʘʬʠʨʥʠʛʘʥ 3 ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʤʦʩʪ ʐʘʨʪʫʟ 37
ʦ
16' 68

ʦ
8' 

12 TJ-06 ɽʣʦʢ 1 ʢʤ ʚʳʰʝ ʩʣʠʷʥʠʷ ʩ ʂʘʬʠʨʥʠʛʘʥʦʤ 38
ʦ
28' 68

ʦ
47' 

13 TJ-08 ɺʘʭʰ 1 ʇʦʩʝʣʦʢ ʏʦʨʩʘʜʘ 38
ʦ
48' 69

ʦ
52' 

14 TJ-07 ɺʘʭʰ 2 ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʤʦʩʪ ɼʞʠʣʠʢʫʣʴ 37
 ʦ
33' 68

ʦ
31 

15 TJ-09 ɻʫʥʪ ʆʢʨʘʠʥʘ (ʚʳʭʦʜ) ʍʦʨʦʛʘ   

16 TJ-10 ʇʷʥʜʞ 1 ʄʦʩʪ ʧʦʩʝʣʢʘ ʊʝʤ   

17 TJ-11 ʇʷʥʜʞ 2 ʄʦʩʪ ʧʦʩʝʣʢʘ ʅʠʞʥʠʡ ʇʷʥʜʞ 37
ʦ
11' 68

ʦ
35' 

18 TJ-31 ʉʳʨʜʘʨʴʷ 1 ʂʠʰʣʘʢ ɹʫʣʦʢ 40
ʦ
33' 70

ʦ
32' 

19 TJ-13 ʉʳʨʜʘʨʴʷ 2 ɿʘʧʘʜʥʘʷ ʦʢʨʘʠʥʘ ʛ. ʍʦʜʞʝʥʪʘ 40
ʦ
17' 69

ʦ
37' 

20 TJ-14 ʀʩʬʘʨʘ 1 ɻʨʘʥʠʮʘ ʩ ʂʳʨʛʳʟʩʪʘʥʦʤ 39
ʦ
51' 70

ʦ
32' 

21 TJ-15 ʀʩʬʘʨʘ 2 ʇʦʩʝʣʦʢ ʈʘʙʦʪ (ʜʦ ʌʝʨʛʘʥʩʢʦʛʦ ʢʘʥʘʣʘ) 40
ʦ
18' 70

ʦ
33' 

22 TJ-68 ʉʘʙʫʨʛʘʥ ʇʨʠʪʦʢ ʂʘʨʘʪʘʛʝ 38
ʦ
41' 68

ʦ
22' 

23 TJ-69 ʂʘʨʘʪʘʛ 1 500 ʤ ʦʪ ʩʣʠʷʥʠʷ ʩ ʉʘʙʫʨʛʫʥʦʤ 38
ʦ
41' 68

ʦ
22' 

24 TJ-58 ʂʘʨʘʪʘʛ 2 ʂʠʰʣʘʢ ɹʘʪʦʰ 38
ʦ
34' 68

ʦ
19' 

25 TJ-70 ʈʦʛʦʚʘ ʇʨʠʪʦʢ ʍʦʥʘʢʦ 38
ʦ
39' 68

ʦ
34' 

26 TJ-71 ʍʦʥʘʢʦ 1 1 ʢʤ ʦʪ ʩʣʠʷʥʠʷ ʩ ʈʦʛʦʚʘ, ʢʠʰʣʘʢ 

ɼʫʪʘʢʘ 

38
ʦ
39' 68

ʦ
34' 

27 TJ-59 ʍʦʥʘʢʦ 2 ʂʠʰʣʘʢ ʍʠʨʤʘʥʘʢ 38
ʦ
35' 68

ʦ
33' 

28 TJ-74 ʐʘʭʨʠʩʪʘʥ 1 ʅʘʯʘʣʦ ʧʝʨʝʚʘʣʘ ʐʘʭʨʠʩʪʘʥ, ʩʦ 

ʩʪʦʨʦʥʳ ʐʘʭʨʠʩʪʘʥʘ 

39
ʦ
34' 68

ʦ
36' 
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29 TJ-72 ʐʘʭʨʠʩʪʘʥ 2 ʅʘʯʘʣʦ ʧʝʨʝʚʘʣʘ ʐʘʭʨʠʩʪʘʥ, ʩʦ 

ʩʪʦʨʦʥʳ ʐʘʭʨʠʩʪʘʥʘ 

39
ʦ
35' 68

ʦ
34' 

30 TJ-73 ʐʘʭʨʠʩʪʘʥ 3 ʅʘʯʘʣʦ ʧʝʨʝʚʘʣʘ ʐʘʭʨʠʩʪʘʥ, ʩʦ 

ʩʪʦʨʦʥʳ ʐʘʭʨʠʩʪʘʥʘ 

39
ʦ
35' 68

ʦ
34' 

31 TJ-75 ʐʘʭʨʠʩʪʘʥ 4 ʂʦʥʝʮ ʧʝʨʝʚʘʣʘ ʐʘʭʨʠʩʪʘʥ, ʩʦ ʩʪʦʨʦʥʳ 

ɸʡʥʠ 

39
ʦ
27' 68

ʦ
32' 

 

ʈʠʩ. 1. ʂʘʨʪʘ ʊʘʜʞʠʢʠʩʪʘʥʘ ʩ ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʥʝʝ ʪʦʯʢʘʤʠ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ 

Fig. 1. Map of Tajikistan with sampling points marked on it 

 
ʅʦʤʝʨʘ ʪʦʯʝʢ ʥʘ ʢʘʨʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʤʝʨʘʤ ʪʦʯʝʢ ʦʪʙʦʨʘ (TJ1,..TJ75) 

 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʪʙʦʨʦʤ ʧʨʦʙ ʚʦʜʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʳ ʚ ʪʦʯʢʝ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ. ʇʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʝʢʝ ʧʨʦʚʝʨʷʣʘʩʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʙʦʨʘ çHydrolab DS-5è ʚ 

ʩʚʝʞʝʥʘʙʨʘʥʥʦʡ ʚ ʚʝʜʨʦ ʚʦʜʝ. ʇʨʦʠʟʚʦʜʠʣʦʩʴ ʧʷʪʴ ʠʟʤʝʨʝʥʠʡ ʯʝʨʝʟ ʢʘʞʜʳʝ ʧʷʪʴ ʤʠʥʫʪ ʩ 

ʟʘʧʠʩʴʶ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʩʢʦʨʦʩʪʠ 

ʜʝʛʘʟʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʇʨʠ ʭʦʨʦʰʝʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚʦʜʳ ʨʝʯʥʳʤ ʧʦʪʦʢʦʤ, 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʘʷ ʧʨʦʙʘ ʙʨʘʣʘʩʴ ʚ ʪʨʝʭ ʪʦʯʢʘʭ ʨʫʩʣʘ: ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2-3 ʤʝʪʨʦʚ ʦʪ ʙʝʨʝʛʦʚ ʠ ʚ 

ʩʝʨʝʜʠʥʝ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʭʦʨʦʰʝʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʣʫʞʠʣʦ ʧʦʩʪʦʷʥʩʪʚʦ ʧʦʢʘʟʘʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ pH ʧʨʠ ʦʧʨʦʙʦʚʘʥʠʠ [10]. ʂʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʳʡ ʧʨʠʙʦʨ çHydrolab DS-5è 

ʧʦʟʚʦʣʷʝʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠʟʤʝʨʷʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʚʦʜʳ: ʪʝʤʧʝʨʘʪʫʨʫ 

ʚʦʜʳ; ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ; ʦʙʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ; ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʩʦʣʝʡ; ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ; ʫʜʝʣʴʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚʦʜʳ; ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʙʦʨ ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʘʩʯʝʪʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ. ʇʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ 

ʨʘʩʯʝʪʘʭ pH, ʘ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʧʨʠ ʨʘʩʯʝʪʘʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ɺ 

ʪʘʙʣʠʮʝ 2 ʫʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠʙʦʨʘ, ʥʘ ʨʠʩʫʥʢʘʭ 8 ʠ 9 ʠ ʧʦʢʘʟʘʥʳ ʵʩʢʠʟʳ ʧʨʠʙʦʨʘ 

[10]. 
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ʈʠʩ. 2. ʕʩʢʠʟ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʛʦʣʦʚʢʠ ʧʨʠʙʦʨʘ çHydrolabè ʪʠʧʘ DS 5 [2] 

Fig. 2. Sketch of the measuring head of the Hydrolab device, type DS 5 

 
ɻʜʝ: 1-ʢʶʚʝʪʘ ʜʣʷ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ; 2-ʨʘʙʦʯʠʡ ʦʙʲʝʤ; 3-ʠʟʦʣʷʮʠʦʥʥʳʡ ʟʘʞʠʤ;4-ʙʣʦʢ 

ʵʣʝʢʪʨʦʥʠʢʠ; 5-ʨʘʟʲʝʤ; 6-ʙʘʪʘʨʝʠ; 7-ʘʥʢʝʨʥʳʝ ʙʦʣʪʳ. 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʧʨʠʙʦʨʘ Hydrolab DS-5 [10] 

Fig. 3. Connection diagram of the Hydrolab DS-5 device 

 
ʇʝʨʝʥʦʩʥʦʡ ʧʫʣʴʪ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʢʦʤʧʴʶʪʝʨʦʤ ʧʨʠ ʧʦʤʦʱʠ ʧʦʨʪʘ Bluetooth ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʠʥʪʝʨʬʝʡʩʦʚ. 

 

ʊʘʙʣʠʮʘ 2. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠʙʦʨʘ çHydrolabè ʪʠʧʘ DS-5 

Table 2. Main parameters of the Hydrolab device, type DS-5 
DS 5 ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʛʦʣʦʚʢʘ 

ɺʥʝʰʥʠʡ ʜʠʘʤʝʪʨ 8,9 ʩʤ 

ɼʣʠʥʘ 58,4 ʩʤ 

ɺʝʩ (ʪʠʧʠʯʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ) 3,35 ʢʛ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ 225 ʤ 

ʈʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ -5 ʜʦ 50
ʦ
ʉ 

ʇʠʪʘʥʠʝ 8 ʉ ʙʘʪʘʨʝʠ 

ʂʦʤʧʴʶʪʝʨʥʳʝ ʠʥʪʝʨʬʝʡʩʳ RS232, SDI-12, RS485 

ɽʤʢʦʩʪʴ ʧʘʤʷʪʠ 120000 ʠʟʤʝʨʝʥʠʡ 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʜʘʪʯʠʢ 

ɼʠʘʧʘʟʦʥ -5 ʜʦ 50
ʦ
ʉ 

ʊʦʯʥʦʩʪʴ Ñ0,10
ʦ
ʉ 

ʈʘʟʨʝʰʝʥʠʝ 0,01
ʦ
ʉ 

ɼʘʪʯʠʢ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ  

ɼʠʘʧʘʟʦʥ 0 ʜʦ 100 mS/ʩʤ  

ʊʦʯʥʦʩʪʴ Ñ1% ʦʪ ʠʟʤʝʨʝʥʠʡ Ñ0,01 mS/ʩʤ 

ʈʘʟʨʝʰʝʥʠʝ 0,0001 ʝʜ. 

ɼʘʪʯʠʢ pH 
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ɼʠʘʧʘʟʦʥ 0õ14 ʝʜ. 

ʊʦʯʥʦʩʪʴ Ñ0,2 ʝʜ. 

ʈʘʟʨʝʰʝʥʠʝ 0,01 ʝʜ. 

ɼʘʪʯʠʢ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ (ʷʯʝʡʢʘ ʂʣʘʨʢʘ) 

ɼʠʘʧʘʟʦʥ 0õ50 ʤʛ/ʣ 

ʊʦʯʥʦʩʪʴ Ñ0,2 ʧʨʠ <20 ʤʛ/ʣ 

Ñ0,6 ʧʨʠ >20 ʤʛ/ʣ 

ʈʘʟʨʝʰʝʥʠʝ 0,01 ʤʛ/ʣ 

ɼʘʪʯʠʢ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ɼʠʘʧʘʟʦʥ -999 ʜʦ 999 ʤɺ 

ʊʦʯʥʦʩʪʴ Ñ20 ʤɺ 

ʈʘʟʨʝʰʝʥʠʝ 1 ʤɺ 

ɼʘʪʯʠʢ ʩʦʜʝʨʞʘʥʠʷ ʩʦʣʝʡ 

ɼʠʘʧʘʟʦʥ 0õ70 ppt 

ʊʦʯʥʦʩʪʴ Ñ0,2 ppt 

ʈʘʟʨʝʰʝʥʠʝ 1 ʤɺ 

 

ʄʝʪʦʜʳ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʅɸɸ) ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ 

ʤʝʪʘʣʣʦʚ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʲʝʢʪʘʭ ʩ ʪʦʯʥʦʩʪʴʶ ʣʫʯʰʝ, ʯʝʤ 10
-10

 ʛ/ʛ. ʇʦʜʦʙʥʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʣʝʜʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ 

ʦʙʲʝʢʪʘʭ. ʂ ʧʨʠʤʝʨʫ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝʢʦʪʦʨʳʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʨʝʩʥʳʭ ʚʦʜʘʭ ʯʘʩʪʦ 

ʤʝʥʴʰʝ, ʯʝʤ 10
-9

 ʛ/ʛ (ʥʘʥʦʛʨʘʤʤ ʥʘ ʛʨʘʤʤ). ʂ ʩʦʞʘʣʝʥʠʶ, ʅɸɸ ʥʝ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʩʝ 

ʵʣʝʤʝʥʪʳ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʏʘʩʪʴ ʵʣʝʤʝʥʪʦʚ ʦʙʨʘʟʫʶʪ ʦʯʝʥʴ ʢʦʨʦʪʢʦʞʠʚʫʱʠʝ ʠʟʦʪʦʧʳ, 

ʨʝʛʠʩʪʨʘʮʠʷ ʢʦʪʦʨʳʭ ʟʘʪʨʫʜʥʝʥʘ ʠʟ-ʟʘ ʘʧʧʘʨʘʪʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ɼʨʫʛʘʷ ʯʘʩʪʴ ʵʣʝʤʝʥʪʦʚ ʣʠʙʦ 

ʥʝ ʦʙʨʘʟʫʶʪ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ, ʣʠʙʦ ʠʤʝʶʪ ʦʯʝʥʴ ʤʘʣʦʝ ʩʝʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʥʝʡʪʨʦʥʘʤʠ. 

ʆʪʦʙʨʘʥʥʳʝ ʦʙʨʘʟʮʳ ʚʦʜ ʜʦʩʪʘʚʣʷʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʶ, ʛʜʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʫʧʘʨʠʚʘʥʠʝ 

ʚʦʜʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 85
ʦ
ʉ. ʀʟ 5 ʣʠʪʨʦʚʦʛʦ ʦʙʲʝʤʘ ʧʦʣʫʯʘʣʘʩʴ ʧʨʦʙʘ ʨʘʚʥʘʷ 50 ʤʣ, ʪ.ʝ. 

ʩʪʝʧʝʥʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 1:100.  

ʉʦʙʨʘʥʥʳʝ ʧʨʦʙʳ ʨʘʟʜʝʣʷʣʠʩʴ ʜʣʷ ʦʪʧʨʘʚʢʠ ʚ ʪʨʠ ʨʘʟʣʠʯʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʣʘʙʦʨʘʪʦʨʠʠ. 

ʇʦ ʫʩʣʦʚʠʷʤ ʧʨʦʝʢʪʘ, ʧʦʣʥʳʡ ʦʙʲʝʤ ʧʨʦʙ ʦʪʧʨʘʚʣʷʣʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʚ ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ 

ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ (ʀʗʌ ɸʅ ʈʋ), ʦʜʥʘ ʜʝʩʷʪʘʷ ʯʘʩʪʴ ʧʨʦʙ ï ʚ ʀʥʩʪʠʪʫʪ 

ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (ʀʗʌ ɸʅ ʈʂ) ʠ ʪʘʢʘʷ ʞʝ ʧʘʨʪʠʷ 

ʥʘʧʨʘʚʣʷʣʘʩʴ ʚ ʉʘʥʜʠʡʩʢʫʶ ʥʘʮʠʦʥʘʣʴʥʫʶ ʣʘʙʦʨʘʪʦʨʠʶ ʉʐɸ (ʉʅʃ ʉʐɸ); ʜʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʜʘʥʥʳʭ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʘʥʘʣʠʟʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʛʘʨʘʥʪʠʨʦʚʘʣ ʜʣʷ ʚʩʝʭ ʧʘʨʪʥʝʨʦʚ ʦʙʝʩʧʝʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʜʘʥʥʳʭ. ʈʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʦʚ ʩʦʙʠʨʘʣʠʩʴ ʚ ʉʅʃ ʉʐɸ. 

ɺ ʀʗʌ ɸʅ ʈʋ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʚʦʜʳ ʦʢʦʥʯʘʪʝʣʴʥʦ ʚʳʩʫʰʠʚʘʣʠʩʴ. ʉʫʭʦʡ ʦʩʘʜʦʢ 

ʦʙʨʘʟʮʦʚ ʚʟʚʝʰʠʚʘʣʩʷ, ʚʝʩ ʦʙʨʘʟʮʦʚ ʥʝ ʜʦʣʞʝʥ ʙʳʣ ʧʨʝʚʳʰʘʪʴ 0,2 ʛʨʘʤʤʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʦʙʨʘʟʮʳ ʫʧʘʢʦʚʳʚʘʣʠʩʴ ʚ ʜʚʦʡʥʳʝ ʧʦʣʠʵʪʠʣʝʥʦʚʳʝ ʧʘʢʝʪʳ ʠ ʘʣʶʤʠʥʠʝʚʳʝ ʢʦʥʪʝʡʥʝʨʳ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʡʪʨʦʥʥʦʛʦ ʬʣʶʝʥʩʘ ʠ ʩʧʝʢʪʨʘ ʚ ʵʪʦʪ ʞʝ ʢʦʥʪʝʡʥʝʨ ʧʦʤʝʱʘʣʩʷ ʥʠʭʨʦʤʦʚʳʡ 

ʤʦʥʠʪʦʨ. ʆʙʣʫʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʢʘʥʘʣʝ ʨʝʘʢʪʦʨʘ ɺɺʈ-ʂ ʧʨʠ 

ʤʦʱʥʦʩʪʠ 300 ʢʚʪ. ʇʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʚ ʢʘʥʘʣʝ ʦʙʣʫʯʝʥʠʷ ʜʦʩʪʠʛʘʣʘ 10
12
ʥʝʡʪ./ʩʤ

2
*ʩ. 

ʇʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʦʙʨʘʟʮʳ ʦʭʣʘʞʜʘʣʠʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 2 ʩʫʪʦʢ, ʧʝʨʝʫʧʘʢʦʚʳʚʘʣʠʩʴ ʠ 

ʜʦʩʪʘʚʣʷʣʠʩʴ ʥʘ ʠʟʤʝʨʝʥʠʝ.  

ʀʟʤʝʨʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʛʝʨʤʘʥʠʝʚʦʤ ʜʝʪʝʢʪʦʨʝ GEM 20180. ɺ ʭʦʜʝ ʧʝʨʚʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʠʟʤʝʨʷʣʘʩʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ: Na, K, Ca, As, Br, Cd, Sb, La, Sm, Au 

ʠ U. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʦʭʣʘʞʜʝʥʠʝ ʦʙʨʘʟʮʦʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 30-32 ʜʥʝʡ. ʆʙʨʘʟʮʳ 

ʧʝʨʝʫʧʘʢʦʚʳʚʘʣʠʩʴ, ʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠʭ ʧʦʚʪʦʨʥʦʝ ʠʟʤʝʨʝʥʠʝ, ʧʨʠ ʵʪʦʤ ʠʟʤʝʨʷʣʘʩʴ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ: Sc, Cr, Co, Fe, Zn, Se, Rb, Cs, Ba, Eu, Tb, Yb, Hf, Ta, Hg ʠ 

Th.  

ʇʨʠ ʘʥʘʣʠʟʘʭ ʅɸɸ ʦʩʥʦʚʥʦʡ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ, ʫʨʘʚʥʝʥʠʝ (1), ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʟʘʭʚʘʪʘ 

ʥʝʡʪʨʦʥʦʚ ʘʥʘʣʠʟʠʨʫʝʤʳʤʠ ʷʜʨʘʤʠ,  
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n + 
A
ZŸ

A+1
Z* Ÿ

A+1
Z + ɔ    (1) 

ʄʝʪʦʜʳ ʅɸɸ ʦʩʥʦʚʘʥʳ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ, ʩ 

ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʚʝʜʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʚʳʜʝʣʝʥʥʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ 

ʠʥʪʝʨʚʘʣʝ. ʇʨʠ ʘʙʩʦʣʶʪʥʦʤ ʚʘʨʠʘʥʪʝ ʅɸɸ (ʨʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʜʝʨʥʳʭ 

ʢʦʥʩʪʘʥʪ) [11] ʘʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 2:  

A = ůū (m/M) NAɗPɔɝ(1-exp(-ɚtʦʭʣ)((1-exp(-ɚtʠʟʤ))exp(-ɚtʦʙʣ)  (2) 

ʛʜʝ ɸ - ʠʟʤʝʨʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ (ɹʢ); ů - ʩʝʯʝʥʠʝ ʘʢʪʠʚʘʮʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʠʟʦʪʦʧʘ (ʩʤ
2
); ū - 

ʧʦʪʦʢ ʥʝʡʪʨʦʥʦʚ (ʩʤ
-2
, ʩ

-1
); m - ʤʘʩʩʘ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʵʣʝʤʝʥʪʘ (ʛ); M- ʘʪʦʤʥʘʷ ʤʘʩʩʘ ʵʣʝʤʝʥʪʘ; 

NA - ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ (1/ʤʦʣʴ); ɗ - ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴ ʘʢʪʠʚʠʨʫʝʤʦʛʦ ʠʟʦʪʦʧʘ; Pɔ - ʚʝʨʦʷʪʥʦʩʪʴ 

ʠʟʣʫʯʝʥʠʷ ɔ -ʢʚʘʥʪʦʚ ʩ ʵʥʝʨʛʠʝʡ E; ɝ- ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʪʝʢʪʦʨʘ (ʜʣʷ ʵʥʝʨʛʠʠ E); tʦʙʣ,tʠʟʤ,tʦʭʣ- 

ʚʨʝʤʷ ʦʙʣʫʯʝʥʠʷ, ʠʟʤʝʨʝʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʘ; ɚ - ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʧʘʜʘ ʦʙʨʘʟʦʚʘʥʥʦʛʦ 

ʠʟʦʪʦʧʘ. 

ʇʨʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʘʨʠʘʥʪ ʅɸɸ, 

ʢʦʛʜʘ ʦʙʨʘʟʝʮ ʠ ʵʪʘʣʦʥ ʦʜʠʥʘʢʦʚʦʡ ʤʘʩʩʳ ʦʙʣʫʯʘʶʪʩʷ ʠ ʠʟʤʝʨʷʶʪʩʷ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ, 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʟʤʝʨʷʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ (3): 

ʉʦʙʨ = ʉɻ ʪ(ɸʦʙʨ/ɸɻ ʪʘʣ)   (3)  

ɽʩʣʠ ʦʙʨʘʟʝʮ ʠ ʵʪʘʣʦʥ ʨʘʟʥʦʡ ʤʘʩʩʳ ʦʙʣʫʯʘʶʪʩʷ ʠ ʠʟʤʝʨʷʶʪʩʷ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ, ʪʦ ʬʦʨʤʫʣʘ 

ʩʪʘʥʦʚʠʪʩʷ ʩʣʦʞʥʝʝ [4], ʫʨʘʚʥʝʥʠʝ (4): 

ʦʙʨʦʙʨ

ʵʪʵʪ

ʦʙʨʠʟʤʦʙʨʦʭʣʦʙʨʦʙʣʵʪ

ʵʪʠʟʤʵʪʦʭʣʵʪʦʙʣʦʙʨ

ʵʪʦʙʨ
ʌW

ʌW

tttA

tttɸ
ʉʉ Ö

-----

-----
=

)exp(1)exp(1)exp(

)exp(1)exp(1)exp(
.

...

...

lll

lll

   (4)

 

ʛʜʝ Wʵʪ, ʠ Wʦʙʨï ʤʘʩʩʘ ʩʪʘʥʜʘʨʪʘ ʠ ʦʙʨʘʟʮʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʤʝʪʦʜʘ ʅɸɸ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ, 

ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʙʩʦʣʶʪʥʦʛʦ ʤʝʪʦʜʘ, ʪʘʢ ʢʘʢ ʚ ʦʩʥʦʚʥʫʶ ʬʦʨʤʫʣʫ ʚʭʦʜʠʪ ʙʦʣʴʰʦʝ 

ʯʠʩʣʦ ʚʝʣʠʯʠʥ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʥʦʩʠʪʴ ʚʢʣʘʜ ʚ ʩʫʤʤʘʨʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʅɸɸ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʮʳ 

ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ (ʄɸɻɸʊʕ) ʠ ʚʥʫʪʨʝʥʥʠʤʠ ʵʪʘʣʦʥʘʤʠ. 

ʈʘʩʯʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʠʟʤʝʨʷʝʤʳʭ ʠʟʦʪʦʧʦʚ ʠ ʠʭ 

ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʩʝʯʝʥʠʝ ʘʢʪʠʚʘʮʠʠ, ʚʨʝʤʷ ʧʦʣʫʨʘʩʧʘʜʘ, ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 

ʛʘʤʤʘ-ʣʠʥʠʡ), ʘ ʪʘʢʞʝ ʜʘʥʥʳʭ ʧʦ ʬʣʶʝʥʩʫ ʠ ʩʧʝʢʪʨʫ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ 

ʠʟʤʝʨʝʥʠʠ ʥʠʭʨʦʤʦʚʳʭ ʤʦʥʠʪʦʨʦʚ [8]. 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʝʪʦʜʘ ʅɸɸ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʀʗʌ ɸʅ ʈʋ 

[8]. 

 

ʊʘʙʣʠʮʘ 3. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʝʪʦʜʘ ʅɸɸ (ʀʗʌ ɸʅ ʈʋ) 

Table 3. Main parameters of the NAA method (INP AS RU) 
ʕʣʝʤʝʥʪ ʀʟʦʪʦʧ ɔ- ʵʥʝʨʛʠʷ (ʢʵɺ) ʊ 1/2 ʇʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ (ʤʢʛ/ʛ) 

Ag 110m-Ag 658 250 ʯ 0,01 

Au 198-Au 411 2,69 ʯ 0,001 

Ba 133-Ba 496,3 11,8 ʜ 50 

Br 82-Br 777 1,47 ʯ 0,1 

Ca 47-Sc 160 3,43 ʜ 250 

Cl 38-Cl 1642 37,2 ʤ 100 

Co 60-Co 1173 5,27 ʛ 0,01 

Cr 51-Cr 320 27,2 ʜ 0,08 

Cs 134-Cs 796 2,06 ʛ 0,01 

Cu 64-Cu 511 12,8 ʯ 1 

Eu 152-Eu 1408 13,6 ʛ 0,01 

Fe 59-Fe 1098 44,5 ʜ 10 

Hg 203-Hg 278 46,6 ʯ 0,01 

I 128-I 443 25,4 ʯ 0,1 

La 140-La 1595 40,2 ʯ 0,01 

Mn 56-Mn 845 2,58 ʯ 0,05 
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Na 24-Na 1369 15 ʯ 5 

Sb 124-Sb 1696 60 ʯ 0,01 

Sc 46-Sc 889 84 ʜ 0,001 

Se 75-Se 265 120 ʜ 0,05 

Sr 85-Sr 514 64,8 ʜ 50 

Th 233-Th 312 27 ʜ 0,1 

U 230-Np 228 2,35 ʯ 0,02 

Zn 65-Zn 1115 244 ʜ 5 
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ÙÌØßÙÌÇÚ ÎÌ ÞÌÇ×Ô×Ô ×ÌÍÚÜÌÞÚÜÔÔ ÐÌÜ¾ÇÚÔ ÞÚÆÔÖÔÝÞÚÙ 

Ðìü øìėú÷ìô øìóöÿü ìó 31 ùÿėþìô ðìüČĕúô ìýúýôô ÞúĔôöôýþúù ôùþôāúíô ùìøÿùìĕú þìĕėôė 
öìüðì Ąÿð. Ùìøÿùìĕú ðìü ðìîüìô ýñ÷, ðìü øìîýôøô íìĕúüĒ-þúíôýþúùĒ (øúĕĕúô øìõ-ôĊù), íñ 
ùìóìüðúĄþô āÿýÿýôċþĕúô ôė÷ôøĒ (íúüúùĕú îì ýñ÷ĕú) ôùþôāúí öìüðì Ąÿðìùð. ßýÿ÷ô ùìøÿùìïôüĒ 
ôùþôāúíô ùìøÿùìô ĔÿóĆĕúô ĕì÷Ąÿðìô úíô ðìüČ îì ýÿýûñùóôċĕúô úíüú ûñĄíôùĒ øñöìüð. Ðìü 
íìüúíìüô ïôüôĀþìùô ùìøÿùì ûìüìøñþüĕúô ìýúýôô ĀôóôöôĊ āôøôċîôô úí (ĕìüúüìþ, pH, 
ïÿóìüúùôðìùô āúý, þìüöôíô ÿøÿøôô øúððìĕúô ĕì÷Ąÿðì, ùìøìö, úöýôïñùô ĕì÷Ąÿðì îì ûúþñùýôì÷ô 
úöýôðöÿùĒ) ăñù öìüðì Ąÿðìùð. Ìùðúóìïôüôô āÿýÿýôċþĕúô ĀôóôöôĊ āôøôċîôô úí ðìü Ĕúõĕúô 
ôùþôāúí íú ìýíúíô "HydrolabDS-5" (ÔØÌ) ïÿóìüúùôðì Ąÿð.  

Öì÷ôðîúòìĕú: ĕìüúüìþ, pH, ïÿóìüúùôðìùô āúý, þìüöôíô ÿøÿøôô øúððìĕúô ĕì÷Ąÿðì, ùìøìö, 
úöýôïñùô ĕì÷Ąÿðì îì ûúþñùýôì÷ô úöýôðöÿùĒ. 

 

ʆʊɹʆʈ ʇʈʆɹ ʀ ʃɸɹʆʈɸʊʆʈʅʓʁ ɸʅɸʃʀɿ ʈɽʂ ʊɸɼɾʀʂʀʉʊɸʅ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʪʙʦʨʳ ʦʙʨʘʟʮʦʚ ʚ 31 ʪʦʯʢʝ ʦʩʥʦʚʥʳʭ ʨʝʢ ʊʘʜʞʠʢʠʩʪʘʥʘ. 

ʆʪʙʦʨ ʧʨʦʙ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʚ ʧʝʨʠʦʜ ʧʦʣʦʚʦʜʴʷ, ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʩʝʟʦʥ (ʤʘʡ-ʠʶʥʴ ʤʝʩʷʮʳ), ʙʝʟ ʫʯʝʪʘ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ (ʜʦʞʜʝʡ ʠ ʩʝʣʝʡ). ʄʝʪʦʜʠʢʘ ʧʨʦʙʦʦʪʙʦʨʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ ʦʪʙʦʨ ʧʨʦʙʳ 
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ʨʘʩʪʚʦʨʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʯʥʦʡ ʚʦʜʳ ʠ ʚʦʜʥʳʭ ʩʫʩʧʝʥʟʠʡ. ʅʘʨʷʜʫ ʩ ʧʨʦʙʦʦʪʙʦʨʦʤ ʠʟʤʝʨʷʣʠʩʴ 

ʦʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʦʜʳ (ʪʝʤʧʝʨʘʪʫʨʘ, pH, ʫʜʝʣʴʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʦʙʱʠʡ ʩʦʩʪʘʚ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʩʦʣʝʥʦʩʪʴ, ʨʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ 

ʧʦʪʝʥʮʠʘʣ). ʀʟʤʝʨʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʘ ʤʝʩʪʘʭ ʦʪʙʦʨʘ ʧʨʦʙ 

ʧʨʠʙʦʨʦʤ ñHydrolabDS-5ò (ʉʐɸ) [1]. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʤʧʝʨʘʪʫʨʘ, pH, ʫʜʝʣʴʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʦʙʱʠʡ ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ, 

ʩʦʣʝʥʦʩʪʴ, ʨʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ. 

 

SAMPLING AND LABORATORY ANALYSIS OF THE TAJIKISTAN RIVER  

In this article, sampling was conducted at 31 points of the main rivers of Tajikistan. Sampling was carried 

out during the high water period, in the spring and summer season (May-June months), without taking into 

account climatic features (rains and mudslides). The sampling procedure provided for sampling dissolved 

components of river water and aqueous suspensions. Along with sampling, the main physico-chemical 

parameters of water (temperature, pH, conductivity, total composition of solutes, salinity, dissolved oxygen and 

redox potential) were measured. Measurements of the physico-chemical characteristics of the water were carried 

out at the sampling sites with the HydrolabDS-5 device (USA). 

Keywords: temperature, pH, conductivity, total composition of solutes, salinity, dissolved oxygen and 

redox potential. 
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ʉʆʉʊɸɺʃɽʅʀɽ ʂɸʈʊʓ ʀʅɺɽʅʊɸʈʀɿɸʎʀʀ ʆʇʆʃɿʅɽʁ ʀ ʆʇʈɽɼɽʃɽʅʀɽ 

ʌɸʂʊʆʈʆɺ ʀʍ ɸʂʊʀɺʀɿɸʎʀʀ ʂɸʂ ʆʉʅʆɺɸ ɺɽʈʆʗʊʅʆʉʊʅʆɻʆ ʇʈʆɻʅʆɿɸ ʀʍ 

ʄɽʉʊ ʇʈʆʗɺʃɽʅʀʗ ʅɸ ʇʈʀʄɽʈɽ ɼʆʃʀʅʓ ʈɽʂʀ ʆɹʀʍʀʅɻʆʋ 

 

ɸʣʘʤʦʚ ɹ.ɸ., ɼʞʫʨʘʝʚ ʈ.ʋ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ, ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʝʡʩʤʦʣʦʛʠʠ ʅʘʮʠʦʥʘʣʴʥʘʷ 

ʘʢʘʜʝʤʠʷ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ 

 

ʊʝʨʨʠʪʦʨʠʷ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʦʩʦʙʝʥʥʦ ʝʛʦ ʛʦʨʥʳʝ ʨʘʡʦʥʳ, ʚ ʩʠʣʫ ʧʨʠʨʦʜʥʳʭ, 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ 

ʧʨʠʨʦʜʥʳʭ ʵʢʟʦʛʝʥʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʛʣʘʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʦʧʦʣʟʥʠ, ʩʝʣʠ 

ʠ ʦʙʚʘʣʳ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʂ ʪʘʢʠʤ ʪʝʨʨʠʪʦʨʠʷʤ ʦʪʥʦʩʠʪʩʷ ʠ ʜʦʣʠʥʘ ʨ. ʆʙʠʭʠʥʛʦʫ, 

ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ, ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʦʪʥʦʩʷʱʝʡʩʷ ʢ 

ʊʘʚʠʣʴʜʘʨʠʥʩʢʦʤʫ ʨʘʡʦʥʫ (ʨʠʩ 1). ɼʦʣʠʥʘ ʨ. ʆʙʠʭʠʥʛʦʫ ʩ ʩʝʚʝʨʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʚʦʜʦʨʘʟʜʝʣʴʥʦʡ ʯʘʩʪʴʶ ʭʨʝʙʪʘ ʇʝʪʨʘ ʇʝʨʚʦʛʦ, ʘ ʩ ʶʛʘ ï ʩʝʚʝʨʥʳʤʠ ʦʪʨʦʛʘʤʠ ɼʘʨʚʘʟʩʢʦʛʦ 

ʭʨʝʙʪʘ.  
 

ʈʠʩ 1. ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷ 

Figure 1. Study area 

  
ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʢʟʦʛʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʦʞʥʳʤ, ʩʠʣʴʥʦ ʨʘʩʯʣʝʥʝʥʥʳʤ ʨʝʣʴʝʬʦʤ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʛʝʦʣʦʛʦ-

ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʚʳʩʦʢʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʨʘʡʦʥʘ. ɺ ʧʝʨʠʦʜ ʚʝʩʝʥʥʠʭ ʠ 

ʦʩʝʥʥʠʭ ʣʠʚʥʝʚʳʭ ʜʦʞʜʝʡ ʧʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʩʘʷʤ ʢʨʫʪʳʭ ʩʢʣʦʥʦʚ ʜʦʣʠʥʳ ʧʨʦʭʦʜʷʪ ʩʝʣʠ, 

ʧʘʚʦʜʢʠ ʧʦ ʨ. ʆʙʠʭʠʥʛʦʫ, ʦʧʦʣʟʥʠ ʥʘ ʩʢʣʦʥʘʭ, ʥʘʥʦʩʷʱʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʘʚʪʦʜʦʨʦʛʘʤ, 

ʥʘʩʝʣʝʥʥʳʤ ʧʫʥʢʪʘʤ, ʦʙʲʝʢʪʘʤ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʉʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ 
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ʵʪʦʤ ʨʘʡʦʥʝ, ʯʘʩʪʦ ʚʳʟʳʚʘʶʪ ʦʧʦʣʟʥʠ ʥʘ ʩʢʣʦʥʘʭ, ʩʣʦʞʝʥʥʳʭ ʣʝʩʩʦʚʠʜʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ, 

ʦʙʚʘʣʳ ʨʳʭʣʦʦʙʣʦʤʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʆʧʦʣʟʥʠ ʠʥʦʛʜʘ ʧʝʨʝʢʨʳʚʘʶʪ ʨʫʩʣʦ ʙʦʢʦʚʳʭ ʧʨʠʪʦʢʦʚ 

ʨ. ʆʙʠʭʠʥʛʦʫ, ʦʙʨʘʟʫʷ ʦʟʝʨʦ, ʧʨʦʨʳʚ ʢʦʪʦʨʦʛʦ ʚʳʟʳʚʘʝʪ ʩʝʣʠ.  

ɼʦʣʠʥʘ ʨ. ʆʙʠʭʠʥʛʦʫ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʨʘʡʦʥʦʚ 

ʊʘʜʞʠʢʠʩʪʘʥʘ. ʆʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧʨʝʜʝʣʘʭ ʩʝʡʩʤʦʛʝʥʥʳʭ ʟʦʥ ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ, ʢ 

ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ɼʘʨʚʘʟ-ɿʘʘʣʘʡʩʢʘʷ ʠ ʀʣʷʢʩʢʦ-ɺʘʭʰʩʢʘʷ ʟʦʥʳ [3]. 

ɺ ʧʨʝʜʝʣʘʭ ʜʦʣʠʥʳ ʨ. ʆʙʠʭʠʥʛʦʫ ʟʘ ʧʝʨʠʦʜ ʩ 1934 ʧʦ 2012 ʛʛ. ʧʨʦʠʟʦʰʣʠ ʙʦʣʝʝ ʰʝʩʪʠ 

ʩʠʣʴʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚ ʵʧʠʮʝʥʪʨʝ ʦʪ 6 ʜʦ 8-9 ʙʘʣʣʦʚ [5; 6]. ʇʨʠ ʵʪʦʤ 

ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦʡ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʘʷ ʠ ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʠ ʜʦʣʠʥʳ, ʛʜʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ 8-9 

ʙʘʣʣʴʥʳʝ ɸʨʛʘʥʢʫʣʴʩʢʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ (ʩ ʄ=6.5 ʠ 6.1), 6-7 ʙʘʣʣʴʥʳʝ ɸʨʛʘʥʢʫʣʴʩʢʦʝ 1937 ʛ. ʠ 

ʉʘʷʪʩʢʦʝ 1943 ʛ. (ʩ ʄ=5.2), ʘ ʪʘʢʞʝ 6 ʙʘʣʣʴʥʦʝ ʀʰʪʠʸʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ (ʄ=5.2). ɺ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʜʦʣʠʥʳ (ʚ ʨʘʡʦʥʝ ʧʦʩ. ʊʘʚʠʣʴʜʘʨʘ) ʚ 1950 ʠ 2012 ʛʛ. ʧʨʦʠʟʦʰʣʠ ʜʚʘ 

ʧʦʜʟʝʤʥʳʭ ʪʦʣʯʢʘ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚ ʵʧʠʮʝʥʪʨʝ 7 ʙʘʣʣʦʚ ʩ ʄ=5.3 ʠ 5.9 (ʨʠʩ 2). 

 

ʈʠʩ 2. ʂʘʨʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʧʠʮʝʥʪʨʦʚ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʜʦʣʠʥʳ ʨ. ʆʙʠʭʠʥʛʦʫ. 1- 

ʵʧʠʮʝʥʪʨ ʠ ʛʦʜ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ; 2 ï ɼʘʨʚʘʟ-ʂʘʨʘʢʫʣʴʩʢʠʡ ʛʣʫʙʠʥʥʳʡ 

ʨʘʟʣʦʤ; 3 ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ, ʩ ʧʦʜʚʠʞʢʘʤʠ, ʩ ʢʦʪʦʨʳʤʠ 

ʩʚʷʟʘʥʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

figure 2. Map of the location of the epicenters of strong earthquakes in the river valley. 

Obihingou. 1- epicenter and year of earthquake occurrence; 2 ï  

Darvaz-Karakul deep fault; 3 ï supposed tectonic faults, with movements along which 

earthquakes are associated 

 
 

ɺʩʝ ʵʪʠ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʦʩʪʘʪʦʯʥʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʛʨʫʥʪʦʚ ʚ 

ʚʠʜʝ ʦʧʦʣʟʥʝʡ, ʦʙʚʘʣʦʚ, ʢʘʤʥʝʧʘʜʦʚ ʠ ʪʨʝʱʠʥ ʚ ʛʨʫʥʪʘʭ ʥʘ ʩʢʣʦʥʘʭ ʜʦʣʠʥʳ ʨ. ʆʙʠʭʠʥʛʦʫ [5; 2]. 

ʇʨʠʤʝʨʦʤ ʵʪʦʛʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʊʘʚʠʣʴʜʘʨʠʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 12 ʤʘʷ 2012 ʛ. (ʨʠʩ. 3. 4. 5).  
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ʈʠʩ 3. ʆʧʦʣʟʝʥʴ ʥʘ ʩʝʚʝʨʥʦʤ ʩʢʣʦʥʝ ʭʦʣʤʘ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʢʠʰʣʘʢʘ ʂʘʣʲʘʠ ʉʫʨʭ 

Figure 3. Landslide on the northern slope of a hill in the southern part of the village of Kalai 

Surkh 

  
 

ʈʠʩ 4. ʆʧʦʣʟʝʥʴ ʥʘ ʩʢʣʦʥʝ ʣʝʚʦʛʦ ʙʦʨʪʘ ʨ. ʆʙʠʭʠʥʛʦʫ, ʚʦʩʪʦʯʥʝʝ ʢʠʰʣʘʢʘ ɹʠʭʠʥʛ 

Figure 4. Landslide on the slope of the left side of the river Obihingou, east of the village of 

Bikhing 

.  
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ʈʠʩ 5. ʆʧʦʣʟʝʥʴ-ʦʙʚʘʣ ʥʘ ʩʢʣʦʥʝ ʢʠʰʣʘʢʠ ʉʘʨʠʧʫʣ 

Figure 5. Landslide on the slope of the village of Saripul 

 
 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʛʨʫʥʪʦʚ, ʚʳʟʚʘʥʥʳʭ ʊʘʚʠʣʴʜʘʨʠʥʩʢʠʤ 

ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ 12 ʤʘʷ 2012 ʛ., ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʜʦʣʠʥʝ ʨʝʢʠ ʆʙʠʭʠʥʛʦʫ ʚ ʩʠʣʫ ʤʦʨʬʦʣʦʛʠʠ 

ʨʝʣʴʝʬʘ ʠ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ ʨʘʡʦʥʘ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 6 ʠ ʙʦʣʝʝ ʙʘʣʣʦʚ 

ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʦʧʦʣʟʥʠ, ʭʦʪʷ ʠ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʥʦ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ.  

ʆʜʥʘ ʠʟ ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʝʡʩʤʦʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʦʧʦʣʟʥʝʡ ïʠʭ ʙʦʣʴʰʘʷ 

ʩʢʦʨʦʩʪʴ ʧʨʦʜʚʠʞʝʥʠʷ ʠ ʙʦʣʴʰʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ, ʠʟ-ʟʘ ʫʩʢʦʨʝʥʠʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʩʢʣʦʥ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʪʦʣʯʢʘ [4].  

ʆʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʦʧʦʣʟʥʝʡ ʚ ʧʨʝʜʝʣʘʭ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʳʡ 

ʃʘʡʨʦʥʩʢʠʡ ʦʧʦʣʟʝʥʴ ʥʘ ʧʨʘʚʦʤ ʩʢʣʦʥʝ ʜʦʣʠʥʳ ʨ. ʈʘʛʥʦʫ (ʧʨʘʚʳʡ ʧʨʠʪʦʢ ʨ. ʆʙʠʭʠʥʛʦʫ) 

ʚʦʩʪʦʯʥʝʝ ʦʜʥʦʠʤʝʥʥʦʛʦ ʢʠʰʣʘʢʘ, ʢʦʪʦʨʳʡ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʦʙʨʘʟʦʚʘʣʩʷ ʧʦʩʣʝ 8-9 ʙʘʣʣʴʥʳʭ 

ɸʨʛʘʥʢʫʣʴʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 1934-1935 ʛʛ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʧʦʣʟʥʝʚʦʛʦ ʩʢʣʦʥʘ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʦʣʴʥʳʭ ʪʨʝʱʠʥ ʩʢʦʣʘ ʚ ʧʦʢʨʦʚʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʣʝʩʩʦʚʠʜʥʳʭ ʩʫʛʣʠʥʢʦʚ (ʨʠʩ. 6). ʇʨʠ ʦʯʝʨʝʜʥʦʤ ʩʤʝʱʝʥʠʠ ʦʧʦʣʟʥʝʚʳʭ ʤʘʩʩ ʦʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʫʛʨʦʟʫ ʧʝʨʝʢʨʳʪʠʷ ʨ. ʈʘʛʥʦʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʨʳʚʥʦʛʦ ʦʟʝʨʘ [7].  

ʉʦ ʚʨʝʤʝʥʠ ʧʦʩʣʝʜʥʠʭ ʜʝʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʪʦʤ ʨʘʡʦʥʝ 

ʧʨʦʰʣʦ ʙʦʣʝʝ 40 ʣʝʪ (ʇʝʪʨʦʩʷʥ, 1977). ɿʘ ʵʪʦ ʚʨʝʤʷ ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ ʤʦʛʣʠ 

ʠʟʤʝʥʠʪʴʩʷ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʦʧʦʣʟʥʝʚʳʭ ʠ 

ʩʝʣʝʚʳʭ ʷʚʣʝʥʠʡ. 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʮʝʣʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʢʟʦʛʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ 

ʟʘʱʠʪʘ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ, ʥʘʨʦʜʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ 

ʦʪ ʦʧʦʣʟʥʝʡ, ʩʝʣʝʡ, ʩʥʝʞʥʳʭ ʣʘʚʠʥ, ʦʙʚʘʣʦʚ ʠ ʜʨʫʛʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʆʧʦʣʟʥʝʚʳʝ ʠ 

ʦʙʚʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʊʘʚʠʣʴʜʘʨʠʥʩʢʦʤ ʨʘʡʦʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ ʥʘʩʝʣʝʥʥʳʤ 

ʧʫʥʢʪʘʤ, ʘʚʪʦʜʦʨʦʛʘʤ. ɺ ʩʚʷʟʠ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʦʩʚʦʝʥʠʝʤ ʛʦʨʥʳʭ ʨʘʡʦʥʦʚ ʨʝʩʧʫʙʣʠʢʠ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ (ʚʢʣʶʯʘʷ ʨʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷ), ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. ɺʳʷʚʣʝʥʠʝ ʟʦʥ ʠʭ ʚʝʨʦʷʪʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʷʚʣʝʥʠʝ ʦʧʦʣʟʥʝʚʳʭ ʠ ʦʙʚʘʣʴʥʳʭ ʷʚʣʝʥʠʡ, ʜʘʜʫʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʟʘʱʠʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʚʳʙʦʨʘ ʙʝʟʦʧʘʩʥʳʭ 

ʫʯʘʩʪʢʦʚ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʪ.ʜ. [1].  

ʆʩʥʦʚʦʡ ʵʪʠʭ ʨʘʙʦʪ ʷʚʣʷʶʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʨʦʚʝʜʝʥʠʝ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʚʩʝʭ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʧʦʣʟʥʝʡ, ʩʦʩʪʘʚʣʝʥʠʝ ʢʘʪʘʣʦʛʘ ʩ ʜʘʥʥʳʤʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, ʧʘʨʘʤʝʪʨʦʚ, ʪʠʧʦʚ 

ʦʧʦʣʟʥʝʡ, ʬʦʨʤ ʨʝʣʴʝʬʘ, ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʠʭ ʧʨʦʷʚʣʝʥʠʷ ʠ ʪ.ʜ., ʪʦ ʝʩʪʴ ʩʦʩʪʘʚʣʝʥʠʝ ʙʘʟʳ 

ʜʘʥʥʳʭ ʠ ʩʦʟʜʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʘʨʪʳ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʀʉ ʧʨʦʛʨʘʤʤ 

[6].  
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ʈʠʩ 6. ʃʘʡʨʦʥʩʢʠʡ ʦʧʦʣʟʝʥʴ ʥʘ ʧʨʘʚʦʤ ʩʢʣʦʥʝ ʜʦʣʠʥʳ ʨ. ʈʘʛʥʦʫ (ʧʨʘʚʳʡ ʧʨʠʪʦʢ ʨ. 

ʆʙʠʭʠʥʛʦʫ) 

Figure 6. Lairona landslide on the right slope of the river valley Ragnou (right tributary of the 

Obihingou rive r)  

 
 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠ ʤʝʪʦʜʳ 

ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʢʟʦʛʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʝʪʦʜʦʚ, ʘ ʠʤʝʥʥʦ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʪ.ʝ. ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ ʢʦʩʤʦʩʥʠʤʢʦʚ 

ʚ ʧʨʦʛʨʘʤʤʝ Google Earth, ʦʩʦʙʝʥʥʦ ʛʦʨʥʳʭ ʨʘʡʦʥʦʚ, ʤʦʛʫʪ ʠʤʝʪʴ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʦʧʦʣʟʥʝʡ, ʯʪʦ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʤʥʦʛʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ. 

ɼʝʪʘʣʠʟʘʮʠʷ ʠ ʚʝʨʠʬʠʢʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ (ʤʦʱʥʦʩʪʠ ʧʦʢʨʦʚʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʢʣʦʥʦʚ, 

ʧʦʜʚʝʨʞʝʥʥʳʭ ʦʧʦʣʟʥʷʤ, ʠʭ ʢʨʫʪʠʟʥʘ, ʢʨʠʚʠʟʥʘ, ʚʳʩʦʪʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʦʧʦʣʟʥʝʡ ʠ ʪ.ʜ.) ʦʙʳʯʥʦ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʣʝʚʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʟʥʳʭ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ 

ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʦʧʦʣʟʥʝʚʦʝ ʧʨʦʷʚʣʝʥʠʝ, ʦʙʳʯʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʂʘʢ ʚʳʷʩʥʠʣʦʩʴ ʜʣʷ ʜʦʣʠʥʳ ʨ. ʆʙʠʭʠʥʛʦʫ, ʢʨʦʤʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʦʣʟʥʝʡ ʠ ʭʘʨʘʢʪʝʨʘ ʠʭ ʧʨʦʷʚʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ 

ʟʝʤʣʝʪʨʷʩʝʥʠʝ. ʅʝʤʘʣʦʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ ʤʦʱʥʦʩʪʴ ʯʝʪʚʝʨʪʠʯʥʳʭ ʩʢʣʦʥʦʚʳʭ 

ʦʪʣʦʞʝʥʠʡ. ɺ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʢʨʫʪʳʭ, ʠʟʨʝʟʘʥʥʳʭ ʥʝʙʦʣʴʰʠʤʠ ʧʨʦʜʦʣʴʥʳʤʠ ʦʚʨʘʛʘʤʠ ʠ 

ʧʨʦʤʦʠʥʘʤʠ ʩʢʣʦʥʦʚ, ʦʙʳʯʥʦ ʤʦʱʥʦʩʪʴ ʧʦʢʨʦʚʥʳʭ ʣʝʩʩʦʚʠʜʥʳʭ ʩʫʛʣʠʥʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ʚ 

ʦʩʥʦʚʥʦʤ ʦʪ 1.0 ʜʦ 0.2, ʨʝʞʝ ï 3 ʤ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʜʦʣʠʥʳ ʨ. ʆʙʠʭʠʥʛʦʫ. ʆʙʳʯʥʦ ʥʘ ʪʘʢʠʭ 

ʩʢʣʦʥʘʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʧʨʦʠʩʭʦʜʷʪ ʦʧʦʣʟʥʠ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʚ 

ʚʠʜʝ ʦʧʣʳʚʠʥ. 

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʥʘʤʠ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʢʘʨʪʘ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʦʧʦʣʟʥʝʡ ʜʦʣʠʥʳ ʨ. ʆʙʠʭʥʛʦʫ, 

ʛʜʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʜʝʣʝʥʳ 16 ʥʦʚʳʭ ʩʝʡʩʤʦʛʨʘʚʠʪʘʮʠʦʥʥʳʭ (ʦʪʤʝʯʝʥʳ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ) 

ʦʧʦʣʟʥʝʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 12 ʤʘʷ 2012 ʛ., ʠ ʜʨʫʛʠʝ (ʟʝʣʸʥʳʤ ʮʚʝʪʦʤ) 

(ʨʠʩ 7).  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ 7. ʙʦʣʴʰʠʥʩʪʚʦ ʦʧʦʣʟʥʝʡ ʨʘʩʧʦʣʦʞʝʥʳ ʚʜʦʣʴ ʧʨʦʩʪʠʨʘʥʠʷ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʫʨʦʯʝʥʳ ʦʯʘʛʠ ʩʠʣʴʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʷ 

ʨʘʡʦʥʘ.  

ɼʝʪʘʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʩʝʡʩʤʦʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʷʚʣʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ 

2012 ʛ., ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʧʦʣʟʥʠ ʙʳʣʠ ʧʨʠʫʨʦʯʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʢ ʚʝʨʭʥʠʤ ʯʘʩʪʷʤ ʩʢʣʦʥʦʚ ʨʘʟʥʦʡ 

ʵʢʩʧʦʟʠʮʠʠ, ʢʨʫʪʠʟʥʦʡ 35-45
0
, ʩ ʤʦʱʥʦʩʪʴʶ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ 3-6 ʤ, ʨʝʞʝ ï ʜʦ 10 ʤ. 

ʇʨʠ ʵʪʦʤ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʦʧʦʣʟʥʝʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʤʦʞʝʪ ʚʣʠʷʪʴ ʩʪʝʧʝʥʴ 
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ʚʣʘʞʥʦʩʪʠ ʧʦʢʨʦʚʥʳʭ ʛʨʫʥʪʦʚ, ʪ.ʝ. ʧʦʛʦʜʥʳʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʚ ʚʠʜʝ ʜʦʞʜʷ ʠ ʩʥʝʛʘ [2].  

 

ʈʠʩ 7. ʂʘʨʪʘ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʦʧʦʣʟʥʝʡ ʜʦʣʠʥʳ ʨ. ʆʙʠʭʠʥʛʦʫ 

Figure 7. Landslide inventory map of the river valley Obihingou 

 
 

ɺʳʚʦʜʳ. ʂʘʨʪʘ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʦʧʦʣʟʥʝʡ ʠ ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚ ʜʦʣʠʥʝ ʨ. ʆʙʠʭʠʥʛʦʫ, ʩ ʧʦʜʨʦʙʥʳʤ ʠʭ ʦʧʠʩʘʥʠʝʤ, ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʩʥʦʚʥʳʭ 

ʬʘʢʪʦʨʦʚ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʢʘʨʪʳ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʢ ʦʧʦʣʟʥʝʚʳʤ ʧʨʦʮʝʩʩʘʤ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʦʪʚʝʯʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʧʨʦʛʥʦʟʘ ʠʭ ʤʝʩʪ ʧʨʦʷʚʣʝʥʠʷ.  

ɸʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʦʧʨʘʚʜʘʥʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ï ʦʥʦ ʧʦʟʚʦʣʷʝʪ ʩʵʢʦʥʦʤʠʪʴ ʩʨʝʜʩʪʚʘ, ʚʨʝʤʷ ʠ 

ʪʨʫʜʦʚʳʝ ʨʝʩʫʨʩʳ, ʠ ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʨʠ 

ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʮʝʣʷʭ ʜʦʧʦʣʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘʟʝʤʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ 

ʠʥʪʝʛʨʘʮʠʠ ʚ ʦʙʱʫʶ ʩʠʩʪʝʤʫ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʙʣʶʜʝʥʠʡ [6].  

ɺr ʷʚʣʝʥʠʝ ʟʦʥ ʚʝʨʦʷʪʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʧʨʦʷʚʣʝʥʠʝ ʦʧʦʣʟʥʝʚʳʭ ʠ ʦʙʚʘʣʴʥʳʭ ʷʚʣʝʥʠʡ, ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʟʘʱʠʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʚʳʙʦʨʘ ʙʝʟʦʧʘʩʥʳʭ ʫʯʘʩʪʢʦʚ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʦʚ ʠ ʪ.ʜ. 
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ÞÌÜÞÔÍÔ áÌÜÔÞÌÔ ÔÙÎÑÙÞÌÜÔÓÌÞÝÔëÔ ëÜãÇÚ ÎÌ ØßÌÕëÙ ÖÌÜÐÌÙÔ ÚØÔ×ÇÚÔ 
àÌæÚ×ÝÚÓÔÔ ÚÙÇÚ ÇÌØãßÙ ÌÝÚÝÔ ÛÑäÏÊÔÔ éÇÞÔØÚ×ÔÔ ÆÚÕÇÚÔ ÓßÇßÜÔ 

ÚÙÇÚ ÐÌÜ ØÔÝÚ×Ô ÎÚÐÔÔ ÐÌÜ¾Ô ÚÍÔáÔÙÏÚÎ 
Ðìü øìėú÷ì úøô÷ĕúô ìýúýôñ, öô íì üĘõ ðúðìùô ċüă ðìü îúðôô ðìüČô Úíôāôùïúî þìĆýôü 

øñüìýúùìùð îì ìĕìøøôċþô úùĕú ðìü þìüþôíðôĕôô āìüôþìô ôùîñùþìüôóìþýôċô úùĕú ýÿāìù øñüìîìð. 
Éìõð öìüðì øñĄìîìð, öô ðìü íìüúíìüô úøô÷ĕúô ïñú÷úïĒ, øúüĀú÷úïĒ îì ôė÷ôøĒ, ċöñ ìó úøô÷ĕúô 
ìýúýôô ûìõðúôĄô ċüă, āÿýÿýôċþô ýñõýøôöôô íì÷ìùðô øôùþìėì øñíúĄìð. àìüėô íìõùô ċüăĕúñ, öô 
ðìü ùìþôĔìô óìøôùĔÿùíĒ îì íñ þìĆýôüô ýñõýøôöĒ íì ìøì÷ úøìðììùð, þìîýôĀ öìüðì øñĄìîìùð. 
ØìùĀôìþĕúô ôėþôýúðĒ îì îìėþô ïÿóìüúùôðìùô þìĄāôýô Āúýô÷ìîĒ íú ôýþôĀúðì ìó þñāùú÷úïôċĕúô 
GIS ðìü úøĘóôĄô óÿĕÿüúþĕúô ċüăĒ ðìü øôùþìėìĕúô öì÷úù ėìõð öìüðì øñĄìîìùð.  

Öì÷ôðîúòìĕú: ċüă, GIS- þñāùú÷úïôċĕú, ôùîñùþìüôóìþýôċ, óìøôùĔÿùíĒ, óúùðöÿùôô ðÿüðìýþ. 
 

ʉʆʉʊɸɺʃɽʅʀɽ ʂɸʈʊʓ ʀʅɺɽʅʊɸʈʀɿɸʎʀʀ ʆʇʆʃɿʅɽʁ ʀ ʆʇʈɽɼɽʃɽʅʀɽ ʌɸʂʊʆʈʆɺ 

ʀʍ ɸʂʊʀɺʀɿɸʎʀʀ ʂɸʂ ʆʉʅʆɺɸ ɺɽʈʆʗʊʅʆʉʊʅʆɻʆ ʇʈʆɻʅʆɿɸ ʀʍ ʄɽʉʊ 

ʇʈʆʗɺʃɽʅʀʗ ʅɸ ʇʈʀʄɽʈɽ ɼʆʃʀʅʓ ʈɽʂʀ ʆɹʀʍʀʅɻʆʋ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʷʚʣʝʥʠʝ ʦʧʦʣʟʥʝʡ ʜʦʣʠʥʳ ʨ. 

ʆʙʠʭʠʥʛʦʫ ʠ ʠʭ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʢʘʨʪʳ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʦʧʦʣʟʥʝʡ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʩʝʡʩʤʠʯʥʦʩʪʴ ʨʘʡʦʥʘ. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʨʘʟʣʠʯʠʷ ʩʝʡʩʤʦʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 

ʦʧʦʣʟʥʝʡ ʠ ʧʨʦʠʟʦʰʝʜʰʠʭ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʩʝʡʩʤʠʢʠ. ʆʪʤʝʯʝʥʘ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʠ ʚʨʝʤʝʥʥʘʷ ʚʳʛʦʜʘ 

ʧʨʦʚʝʜʝʥʠʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ ʥʘ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʷʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʦʣʟʥʠ, ɻʀʉ-ʪʝʭʥʦʣʦʛʠʠ, ʠʥʚʝʥʪʘʨʠʟʘʮʠʷ, ʟʝʤʣʝʪʨʷʩʝʥʠʝ, ʜʠʩʪʘʥʮʠʦʥʥʦʝ 

ʟʦʥʜʠʨʦʚʘʥʠʝ. 

  

COMPLICATION OF A LANDSIDE INVENTOTY MAP AND DETERMINATION OF THE 

FACTOTRS OF THEIR ACTIVATION AS THE BASIS OF PROBABLISTIC FORECAST OF THEIR 

PLACES OF MANIFESTATION USING THE EXAMPLE OF THE OBIHINGOU RIVER VALLEY  

The article discusses the main factors influencing the occurrence of landslides in the river Obihingou 

valley and their significance in mapping the inventory. It is noted, that along with geological, morphological and 

climatic factors, one of the main factors in the formation of landslides is the high seismicity of the area. The 

differences between seismic-gravity landslides and those, that occurred without seismic influence, are 

characterized. The economic and time benefits of conducting remote sensing using GIS technologies in the 

study of landslide phenomena over large areas are noted. 

Keywords: landslides, GIS technologies, inventory, earthquake, remote sounding. 
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ʋɼʂ: 004.056 

ɸʃɻʆʈʀʊʄʓ ʅɸʍʆɾɼɽʅʀʗ ʌɽʁʂʆɺʓʍ ɸʂʂɸʋʅʊʆɺ ɺ ʉʆʎʀɸʃʔʅʓʍ ʉɽʊʗʍ 

ʉ ʇʆʄʆʑʔʖ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ 

 

ʉʘʬʘʨʦʚ ʌ.ɻ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʀʉʀʉ ʚ ʛ. ɼʫʰʘʥʙʝ 

 

ɺʩʝʛʦ ʟʘ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʧʝʨʝʞʠʣʠ ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ, ʢʘʢ ʚ ʩʦʟʜʘʥʠʠ 

ʫʯʸʪʥʳʭ ʟʘʧʠʩʝʡ, ʪʘʢ ʠ ʚ ʩʦʮʠʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ. ɺ ʵʪʠʭ ʩʝʪʷʭ ʣʶʜʠ ʤʦʛʫʪ ʜʝʣʠʪʴʩʷ 

ʠʥʬʦʨʤʘʮʠʝʡ, ʢʦʪʦʨʘʷ ʢʘʩʘʝʪʩʷ ʠʭ ʜʝʣʦʚʦʡ ʠ ʣʠʯʥʦʡ ʞʠʟʥʠ. ʉʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ʩʦʮʠʘʣʴʥʳʭ 

ʩʝʪʝʡ ʧʨʠʚʸʣ ʢ ʪʦʤʫ, ʯʪʦ ʚʤʝʩʪʝ ʩ ʥʠʤʠ ʘʢʪʠʚʠʟʠʨʦʚʘʣʠʩʴ ʠ ʚʨʝʜʦʥʦʩʥʳʝ ʜʝʡʩʪʚʠʷ: 

ʜʝʟʠʥʬʦʨʤʘʮʠʷ, ʩʧʘʤ, ʩʦʟʜʘʥʠʝ ʧʦʜʜʝʣʴʥʳʭ ʫʯʸʪʥʳʭ ʟʘʧʠʩʝʡ, ʬʠʰʠʥʛ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʚʨʝʜʦʥʦʩʥʳʭ ʧʨʦʛʨʘʤʤ. ʅʘʧʨʠʤʝʨ, ʬʘʢʪʠʯʝʩʢʠ ʦʢʦʣʦ 34.6% ʧʦʣʴʟʦʚʘʪʝʣʝʡ Facebook ʥʝ ʠʤʝʶʪ 

ʦʪʥʦʰʝʥʠʷ ʢ ʨʝʘʣʴʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ, 

ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳ ʦʙʥʘʨʫʞʠʪʴ ʚʨʝʜʦʥʦʩʥʳʝ ʘʢʢʘʫʥʪʳ ʠ ʠʭ ʧʦʜʦʟʨʠʪʝʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʚ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ, ʥʦ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ. 

ʉ ʧʦʤʦʱʴʶ ʧʦʜʜʝʣʴʥʳʭ ʘʢʢʘʫʥʪʦʚ (ʬʝʡʢʦʚ) ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʧʨʝʧʷʪʩʪʚʠʷ ʥʘ ʧʫʪʠ ʨʝʘʣʴʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʨʘʟʨʫʰʠʪʴ ʜʦʚʝʨʠʝ ʢ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ. ʌʝʡʢʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʚʨʝʜʦʥʦʩʥʳʝ ʜʝʡʩʪʚʠʷ, ʪʘʢʠʝ ʢʘʢ ʨʘʩʩʳʣʢʠ ʩʧʘʤʘ, ʩʙʦʨ ʣʠʯʥʳʭ ʜʘʥʥʳʭ, ʜʝʟʠʥʬʦʨʤʘʮʠʶ. 

ʈʘʟʤʝʱʘʷ ʥʘ ʬʝʡʢʦʚʳʭ ʘʢʢʘʫʥʪʘʭ ʬʦʪʦʛʨʘʬʠʠ ʠ ʠʥʬʦʨʤʘʮʠʶ (ʣʠʯʥʳʝ ʜʘʥʥʳʝ), ʠʭ ʩʦʟʜʘʪʝʣʠ 

ʠʤʠʪʠʨʫʶʪ ʨʝʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʷ ʧʨʠ ʵʪʦʤ ʤʘʩʢʠʨʦʚʢʫ.  

ʅʘ ʧʨʦʩʪʦʨʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʪʦʨʳʝ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʪʩʷ, ʤʦʞʥʦ 

ʚʩʪʨʝʪʠʪʴ ʪʝʨʤʠʥ "ʙʦʪʳ". ʕʪʦ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦʬʠʣʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʥʘ 

Facebook, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʦ. ʅʝ ʚʩʝ ʟʥʘʶʪ, ʯʪʦ ʜʘʞʝ ʪʘʢʠʝ ʬʝʡʢʦʚʳʝ ʧʦʜʧʠʩʯʠʢʠ 

ʠʤʝʶʪ ʩʚʦʠ ʢʘʪʝʛʦʨʠʠ ʠ ʦʪʣʠʯʠʷ [3]: 

V ʃʞʝ-ʘʢʢʘʫʥʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʬʦʣʣʦʚʝʨʦʚ ʚ ʩʝʪʠ, ʤʘʩʩʦʚʦʛʦ 

ʣʘʡʢʠʥʛʘ ʠ çʞʠʚʦʛʦè ʢʦʤʤʝʥʪʠʨʦʚʘʥʠʷ ʚ ʣʝʥʪʝ ʥʦʚʦʩʪʝʡ. ʕʪʦ ʣʠʜʝʨ ʧʦ ʚʩʝʤ ʢʘʪʝʛʦʨʠʷʤ. ʂʘʢ 

ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʯʘʱʝ ʚʩʝʛʦ ʫʩʣʫʛʫ ʥʘʢʨʫʪʢʠ ʧʦʜʧʠʩʯʠʢʦʚ ʟʘʢʘʟʳʚʘʶʪ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʧʨʦʜʚʠʛʘʪʴ ʩʚʦʠ ʙʨʝʥʜʳ ʥʘ ʩʦʮʠʘʣʴʥʳʭ ʧʣʘʪʬʦʨʤʘʭ. 

V ʉʫʱʝʩʪʚʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʙʦʪʳ ʜʣʷ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ Facebook, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʭʫʜʰʠʪʴ ʨʝʧʫʪʘʮʠʶ ʢʦʥʢʫʨʝʥʪʦʚ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʠʭ ʟʘʙʣʦʢʠʨʦʚʘʪʴ ʥʘ 

ʧʣʘʪʬʦʨʤʝ. ʂʘʢʠʝ ʠʤʝʥʥʦ ʜʝʡʩʪʚʠʷ ʩʦʚʝʨʰʘʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʵʪʠʭ ʧʨʦʛʨʘʤʤ? ɼʘʥʥʘʷ ʩʠʪʫʘʮʠʷ 

ʠʤʝʝʪ ʤʥʦʛʦ ʚʘʨʠʘʮʠʡ ʠ ʪʘʢʦʝ ʧʦʥʷʪʠʝ, ʢʘʢ ʯʝʩʪʴ, ʟʜʝʩʴ ʥʝ ʠʛʨʘʝʪ ʥʠʢʘʢʦʡ ʨʦʣʠ. ʅʝʦʙʭʦʜʠʤʦ 

çʣʠʢʚʠʜʠʨʦʚʘʪʴè ʢʦʥʢʫʨʝʥʪʦʚ, ʯʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʥʠʭ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʢʦʤʤʝʥʪʘʨʠʝʚ, ʘʥʪʠʣʘʡʢʦʚ, ʞʘʣʦʙ ʥʘ ʧʨʦʬʠʣʴ ʠ ʪ.ʜ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʧʦʣʴʟʦʚʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʯʠʪʘʶʪ ʥʝʛʘʪʠʚʥʳʝ ʦʪʟʳʚʳ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʦʮʝʥʢʠ, ʥʝ ʟʘʜʫʤʳʚʘʶʪʩʷ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʢʫʨʝʥʮʠʠ, ʪʝ, ʢʪʦ ʯʠʪʘʝʪ ʧʦʟʠʪʠʚʥʳʝ ʦʪʟʳʚʳ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʦʮʝʥʢʠ, 

ʧʨʦʷʚʣʷʶʪ ʙʦʣʴʰʫʶ ʩʪʝʧʝʥʴ ʚʥʠʤʘʥʠʷ ʢ ʵʪʦʡ ʧʨʦʙʣʝʤʝ.  

V ʇʩʝʚʜʦ-ʬʦʣʣʦʚʝʨʳ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʥʝʛʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʙʝʟ ʚʝʜʦʤʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɼʘʥʥʘʷ ʮʝʣʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʙʦʪʦʚ, 

ʢʦʪʦʨʳʝ ʠʟʥʘʯʘʣʴʥʦ ʠʤʝʶʪ ʩʭʦʜʩʪʚʦ ʩ ʦʙʳʯʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʥʦ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ 

ʦʥʠ ʥʘʯʠʥʘʶʪ ʦʩʪʘʚʣʷʪʴ ʥʝʛʘʪʠʚʥʳʝ ʢʦʤʤʝʥʪʘʨʠʠ ʚʝʟʜʝ, ʛʜʝ ʪʦʣʴʢʦ ʤʦʞʥʦ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, 

ʠʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ çʛʦʨʷʯʝʡè, ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʭʚʘʯʝʥʘ ʩʨʝʜʩʪʚʘʤʠ ʤʘʩʩʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʘ ʚʦʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʨʝʧʫʪʘʮʠʶ ʠ ʜʦʙʠʪʴʩʷ ʦʧʨʦʚʝʨʞʝʥʠʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ.  

çɺʠʨʪʫʘʣʴʥʘʷ ʣʠʯʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʠʤʠʪʠʨʫʝʪ ʯʝʨʪʳ ʜʨʫʛʦʛʦ ʯʝʣʦʚʝʢʘ ʠ ʠʤʝʝʪ ʧʨʠ 

ʵʪʦʤ ʩʦʙʩʪʚʝʥʥʫʶ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ï ʵʪʦ ʥʘʠʙʦʣʝʝ ʨʘʜʠʢʘʣʴʥʳʡ ʩʧʦʩʦʙ ʦʩʪʘʪʴʩʷ 

ʘʥʦʥʠʤʥʳʤ ʚ ʩʝʪʠ. ʃʶʜʠ ʯʘʩʪʦ ʧʨʠʙʝʛʘʶʪ ʢ ʙʦʣʝʝ ʢʦʤʧʨʦʤʠʩʩʥʳʤ ʚʘʨʠʘʥʪʘʤ, ʪʘʢʠʤ ʢʘʢ 

ʦʪʩʫʪʩʪʚʠʝ ʫʢʘʟʘʥʠʷ ʥʘʩʪʦʷʱʝʛʦ ʠʤʝʥʠ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠè. 
ʉʨʝʜʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʠʟʦʱʨʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪ ʚʠʨʪʫʘʣʴʥʳʝ 

ʣʠʯʥʦʩʪʠ ʜʣʷ ʩʦʮʠʘʣʴʥʦʡ ʠʥʞʝʥʝʨʠʠ, ʝʩʪʴ ʪʝ, ʢʪʦ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʠʟʦʙʨʝʪʘʪʝʣʴʥʳʤʠ. ɽʩʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʳʡ ʧʦʜʭʦʜ, ʪʦ ʧʨʦʜʫʤʘʥʥʳʡ ʜʦ ʤʝʣʦʯʝʡ ʬʝʡʢʦʚʳʡ ʧʨʦʬʠʣʴ ʤʦʞʝʪ ʧʦʤʦʯʴ 

ʚʘʤ ʧʨʦʥʠʢʥʫʪʴ ʚ ʜʦʚʝʨʠʝ ʢ ʯʝʣʦʚʝʢʫ ʠ ʫʟʥʘʪʴ ʫ ʥʝʛʦ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ [8].  
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ʄʝʜʠʡʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʝʞʠʚʘʝʪ ʧʝʨʠʦʜ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ɺ 

ʵʪʦʡ ʩʚʷʟʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʦʯʝʚʠʜʥʦʡ ʪʝʥʜʝʥʮʠʷ ʨʘʟʤʳʪʠʷ ʛʨʘʥʠʮ ʤʝʞʜʫ ʧʨʘʚʜʦʡ ʠ 

ʣʦʞʴʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʤʝʜʠʘʧʨʦʩʪʨʘʥʩʪʚʝ ʚʩʝ ʯʘʱʝ ʧʦʷʚʣʷʶʪʩʷ ʬʝʡʢʦʚʳʝ ʥʦʚʦʩʪʠ. 

ʉʘʤʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʧʣʦʱʘʜʢʦʡ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ çʬʝʡʢʦʚʠʟʘʮʠʠè, ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʥʝʪ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʫʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʥʘʙʠʨʘʶʪ ʬʝʡʢʦʚʳʝ ʥʦʚʦʩʪʠ. ʇʨʠʯʠʥʦʡ 

ʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʯʠʪʘʪʝʣʠ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʩʨʘʟʫ ʨʘʩʧʦʟʥʘʪʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʬʘʣʴʰʴ, ʠ ʦʥʠ ʙʝʟʦʛʦʚʦʨʦʯʥʦ ʠʣʠ ʯʘʩʪʠʯʥʦ ʚʝʨʷʪ ʚ ʧʨʘʚʜʠʚʦʩʪʴ ʠʟʣʦʞʝʥʥʳʭ 

ʬʘʢʪʦʚ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ ʧʦʪʨʝʙʠʪʝʣʠ ʥʦʚʦʩʪʝʡ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘʚʳʢʘʤʠ 

ʯʪʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ.  

ʌʝʡʢʠ ʩʪʘʣʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʮʠʫʤʘ ʠ ʧʨʠʙʳʣʴʥʳʤ ʙʠʟʥʝʩʦʤ. ʀʭ ʧʨʦʜʘʶʪ ʩ 

ʮʝʣʴʶ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʧʠʩʯʠʢʦʚ ʥʘ ʩʚʦʸʤ ʘʢʢʘʫʥʪʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʘ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʩʨʝʜʠ ʟʥʘʤʝʥʠʪʦʩʪʝʡ, ʧʦʣʠʪʠʢʦʚ ʠ ʦʨʛʘʥʠʟʘʮʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʜʝʣʴʥʳʭ ʘʢʢʘʫʥʪʦʚ ʚ ʠʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ. ʊʘʢʠʝ ʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʠʤʝʪʴ 

ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʥʝ ʚ ʢʫʨʩʝ ʧʨʦʠʩʭʦʜʷʱʠʭ ʩʦʙʳʪʠʡ: ʧʨʠʚʝʜʝʥʳ 

ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʝʡʢʦʚ ʚ ʧʦʣʠʪʠʯʝʩʢʠʭ ʮʝʣʷʭ ʠʣʠ ʩʦʟʜʘʥʠʷ ʧʦʣʠʪʠʯʝʩʢʦʛʦ ʠʤʠʜʞʘ [7] 

(ʨʠʩʫʥʦʢ 1). 

 

ʈʠʩʫʥʦʢ 1. ʬʝʡʢʦʚʘʷ ʩʪʨʘʥʠʮʘ ʚ Facebook  

 Figure 1. Fake Facebook page 

 
 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʮʠʦʣʦʛʠʠ, ʜʣʷ ʘʥʘʣʠʟʘ ʩʝʪʠ ʪʘʢʞʝ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚʦʧʨʦʩ ʦ 

ʚʣʠʷʥʠʠ ʥʘʣʠʯʠʷ ʬʝʡʢʦʚ ʥʘ ʚʳʙʦʨʢʠ. ʉʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʤʠ 

ʧʣʘʪʬʦʨʤʘʤʠ, ʢʘʢ Facebook, Twitter ʠ ʜʨʫʛʠʝ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʛʨʦʤʥʳʝ ʛʨʘʬʳ ʩ 

ʤʥʦʞʝʩʪʚʦʤ ʫʟʣʦʚ ʠ ʨʸʙʝʨ. ɺ ʩʚʷʟʠ ʩ ʧʦʣʠʪʠʢʦʡ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʩʙʦʨ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʦ 

ʪʘʢʠʭ ʙʦʣʴʰʠʭ ʩʝʪʷʭ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ ʟʘʪʨʘʪʥʳʤ ʠʣʠ ʥʝʚʦʟʤʦʞʥʳʤ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʚʳʙʦʨʢʠ ʙʫʜʫʪ ʩʦʭʨʘʥʝʥʳ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʦʡ 

https://ru-ru.facebook.com/
https://ru-ru.facebook.com/
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ʩʝʪʠ: ʧʣʦʪʥʦʩʪʴ, ʩʪʨʫʢʪʫʨʘ ʩʦʦʙʱʝʩʪʚʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʝʡ ʠ ʜʨʫʛʠʝ. ʆʜʥʘʢʦ ʨʘʟʣʠʯʥʳʝ 

ʚʠʜʳ ʚʳʙʦʨʦʢ ʜʘʶʪ ʨʘʟʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ 

ʦʧʠʩʘʥʳ ʧʨʠʤʝʥʝʥʠʝ ʠ ʩʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʩʝʪʝʡ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ 

ʚʳʙʦʨʦʯʥʳʝ ʤʝʪʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʙʦʨʦʢ ʠʟ ʩʝʪʝʡ ʷʚʣʷʶʪʩʷ: ʚʳʙʦʨʢʘ ʧʦ ʫʟʣʘʤ, ʚʳʙʦʨʢʘ ʧʦ ʨʸʙʨʘʤ, 

ʤʝʪʦʜ ʩʣʫʯʘʡʥʦʛʦ ʙʣʫʞʜʘʥʠʷ ʠ ʤʝʪʦʜ ʩʥʝʞʥʦʛʦ ʢʦʤʘ. ɺʳʙʦʨ ʤʝʪʦʜʦʚ ʜʣʷ ʩʝʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʧʦʜʨʦʙʥʦʤ ʚʠʜʝ. ʀ ʚʩʸ ʞʝ, ʧʦʩʢʦʣʴʢʫ ʬʝʡʢʠ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʣʠʷʪʴ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʩʝʪʝʡ ʠ 

ʠʟʤʝʥʷʪʴ ʠʭ, ʩʣʝʜʫʝʪ ʚʳʷʚʣʷʪʴ ʧʦʜʜʝʣʴʥʳʝ ʘʢʢʘʫʥʪʳ ʜʦ ʪʦʛʦ, ʢʘʢ ʙʫʜʝʪ ʩʬʦʨʤʠʨʦʚʘʥʘ 

ʩʦʚʦʢʫʧʥʦʩʪʴ. 

ʉʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʬʝʡʢʦʚ. ʅʘ ʫʨʦʚʥʝ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ, ʢʦʪʦʨʘʷ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʘʢʢʘʫʥʪʦʚ ʠ ʠʭ ʚʤʝʰʘʪʝʣʴʩʪʚʦ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʠʩʢʘʞʝʥʠʝ ʢʘʨʪʠʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʨʝʘʣʴʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʠ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʚʝʨʥʳʤ ʚʳʚʦʜʘʤ. 

ʅʝʩʦʤʥʝʥʥʦ, ʫʩʪʨʘʥʝʥʠʝ ʬʝʡʢʦʚʳʭ ʘʢʢʘʫʥʪʦʚ ʠʟ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʣʦ 

ʙʳ ʝʸ ʩʪʨʫʢʪʫʨʫ, ʧʦʟʚʦʣʠʚ ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ 

ʪʝʤʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʨʝʜʠ ʨʝʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʙʳ ʝʤʫ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ 

ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʤ, ʢʘʢ ʚʝʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʩʨʝʜʠ ʨʝʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʚʳʷʚʣʝʥʠʝ ʬʝʡʢʦʚ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤ ʠ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ 

ʧʨʦʮʝʩʩʦʤ. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʠʢ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 

ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ, ʪʝʦʨʠʶ ʛʨʘʬʦʚ ʠ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ. ɼʣʷ ʝʸ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ (ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʨʘʬʦʚ, ʧʦʚʝʜʝʥʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʪ.ʜ.). 

ʇʨʠʥʷʪʦ ʨʘʟʜʝʣʷʪʴ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʘʥʘʣʠʟʫ ʧʦʚʝʜʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ: ʧʝʨʚʳʡ ʦʩʥʦʚʘʥ ʥʘ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʧʦʚʝʜʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʫʙʝʞʜʸʥʥʦʩʪʠ ʚ ʪʦʤ, ʯʪʦ ʣʶʜʠ ʯʘʱʝ 

ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʥʝ ʢʘʢ ʬʝʡʢʠ, ʧʦʵʪʦʤʫ ʦʙʥʘʨʫʞʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʚʳʷʚʣʝʥʠʶ; ʚʪʦʨʦʡ ʞʝ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʥʘʣʠʯʠʝ ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʪʦʤ, ʯʪʦ ʣʶʜʠ ʯʘʱʝ ʚʩʝʛʦ ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ 

ʧʦʜʜʝʣʴʥʳʭ ʘʢʢʘʫʥʪʘʭ, ʨʘʟʤʝʱʸʥʥʳʭ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ, ʘʚʪʦʨʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ. ʈʘʟʣʠʯʘʶʪ ʩʪʘʪʠʯʥʳʝ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʪʠʯʥʳʭ ʧʨʠʟʥʘʢʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʪʘʢʠʝ, ʢʘʢ ʟʘʧʦʣʥʝʥʠʝ 

ʧʨʦʬʠʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʜʨʫʟʴʷ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ (ʫ ʬʝʡʢʦʚ ʠʭ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʩʨʝʜʥʝʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷ), ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʤʝʥʪʘʨʠʝʚ ʦʪ ʜʨʫʟʝʡ (ʫ ʬʝʡʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ), ʠ 

ʥʘʣʠʯʠʝ ʨʝʢʣʘʤʳ. ɼʘʥʥʳʝ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʘʢʪʠʚʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʩʢʦʨʦʩʪʴ ʢʦʤʤʝʥʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʫ 

ʨʝʘʣʴʥʳʭ ʘʢʢʘʫʥʪʦʚ ʛʦʨʘʟʜʦ ʚʳʰʝ, ʯʝʤ ʫ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʘʥʘʣʦʛʦʚ. ʇʦʚʝʜʝʥʯʝʩʢʠʡ ʧʦʜʭʦʜ 

ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ. ɽʩʣʠ ʬʝʡʢ ʥʝ ʧʦʣʴʟʫʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ, ʘ ʠʩʧʦʣʴʟʫʝʪ 

ʪʦʣʴʢʦ ʙʘʟʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʩʚʦʝʛʦ ʧʨʦʬʠʣʷ, ʝʛʦ ʦʯʝʥʴ ʩʣʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ [10]. 

ʊʝʦʨʠʷ ʛʨʘʬʦʚ ð "ʆʙʥʘʨʫʞʝʥʠʝ ʬʝʡʢʦʚʳʭ ʥʦʚʦʩʪʝʡ: ʦʙʟʦʨ ʤʝʪʦʜʦʚ ʛʨʘʬʦʚʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ". ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʚʦʜʠʪʩʷ ʤʥʦʛʦʘʩʧʝʢʪʥʳʡ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʦʙʟʦʨ 

ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʨʦʙʣʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʘʬʦʚʳʭ ʥʝʡʨʦ-ʩʝʪʝʡ (GNN) ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʬʝʡʢʦʚʳʭ ʥʦʚʦʩʪʝʡ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ 

ʬʝʡʢʦʚʳʭ ʥʦʚʦʩʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GNN [13]. 

ɺ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʚʦʜʷʱʠʭʩʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʜʝʣʘʝʪʩʷ ʘʢʮʝʥʪ ʥʘ ʪʦʤ, ʯʪʦ 

ʬʝʡʢʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʢʣʘʩʪʝʨʳ ʠ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʡʪʠ ʪʘʢʠʝ ʛʨʫʧʧʳ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʘʢʢʘʫʥʪʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ.  

ɺ ʮʝʣʷʭ ʚʳʷʚʣʝʥʠʷ ʬʝʡʢʦʚ, ʙʳʣ ʩʦʟʜʘʥ ʥʦʚʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ. ʏʪʦʙʳ ʩʦʟʜʘʪʴ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʩʥʘʯʘʣʘ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʩʦʙʨʘʣʘ ʙʦʣʝʝ 1000 ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɼʣʷ ʥʘʯʘʣʘ ʠʤ 

ʪʨʝʙʦʚʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ, ʢʪʦ ʠʟ ʠʭ ʜʨʫʟʝʡ ʠ ʧʦʜʧʠʩʯʠʢʦʚ ʷʚʣʷʝʪʩʷ ʠʤ ʣʠʯʥʦ ʟʥʘʢʦʤʳʤ, ʘ ʢʪʦ 

ʪʦʣʴʢʦ ʜʦʙʘʚʠʣ ʠʣʠ ʧʳʪʘʣʩʷ ʩʜʝʣʘʪʴ ʵʪʦ, ʥʦ ʥʝ ʠʤʝʝʪ ʦʪʥʦʰʝʥʠʷ ʢ ʥʠʤ ʠʣʠ ʥʝ ʷʚʣʷʝʪʩʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ɺʳʙʦʨʢʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʩʦʟʜʘʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, ʩʦʩʪʦʷʣʘ ʠʟ 14264 ʥʘʩʪʦʷʱʠʭ ʠ 3782 ʧʦʜʜʝʣʴʥʳʭ ʘʢʢʘʫʥʪʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʫʜʘʣʝʥʳ ʧʦʩʣʝ ʧʝʨʝʩʝʯʝʥʠʷ ʠ ʜʫʙʣʠʨʦʚʘʥʠʷ. 



81 

 

ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʠ ʙʠʙʣʠʦʪʝʢʝ Requests, 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʘʚʪʦʨʦʤ, ʫʜʘʣʦʩʴ ʩʦʙʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷʭ [11]. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʪʦʤ, ʢʘʢ ʠ ʢʘʢʠʝ ʧʦʣʷ ʚ ʧʨʦʬʠʣʝ ʟʘʧʦʣʥʷʣʠʩʴ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʙʳʣʘ ʚʟʷʪʘ ʠʟ 

ʜʘʥʥʳʭ ʦ ʧʦʣʝ, ʚʦʟʨʘʩʪʝ, ʰʢʦʣʝ, ʠʣʠ ʚʫʟʝ, ʧʦʣʠʪʠʯʝʩʢʠʭ ʫʙʝʞʜʝʥʠʷʭ, ʥʘʣʠʯʠʠ ʧʘʨʪʥʸʨʘ ʠ 

ʩʚʝʜʝʥʠʷʭ ʦ ʪʠʧʝ ʫʩʪʨʦʡʩʪʚʘ, ʩ ʢʦʪʦʨʦʛʦ ʚ ʧʦʩʣʝʜʥʠʡ ʨʘʟ ʧʦʣʴʟʦʚʘʪʝʣʴ ʟʘʭʦʜʠʣ ʥʘ ʩʘʡʪ.  

ɺ ʧʨʦʮʝʩʩʝ ʨʘʩʯʸʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʠ ʩʝʪʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ: ʧʦʢʘʟʘʪʝʣʠ ʪʨʘʥʟʠʪʠʚʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʧʠʩʯʠʢʦʚ ʚ ʩʝʪʠ: ʢʦʣʠʯʝʩʪʚʦ ʜʨʫʟʝʡ 

ʠ ʧʦʜʧʠʩʯʠʢʦʚ ʚ ʩʝʪʠ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʦʜʠʥʘʢʦʚʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʨʫʟʝʡ ʠ 

ʧʦʜʧʠʩʯʠʢʦʚ. ʊʘʢʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʚʘʞʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʚʝʢʪʦʨʦʚ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʠʩʣʦ ʟʘʷʚʦʢ ʥʘ ʜʦʙʘʚʣʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʜʨʫʟʴʷ, ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʧʨʠʥʷʪʳ, ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʛʨʫʧʧ, ʚ ʢʦʪʦʨʳʭ ʦʥ ʩʦʩʪʦʠʪ, ʠ ʯʠʩʣʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʦʣʴʟʫʶʪʩʷ 

ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʩʨʝʜʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʙʦʣʝʝ 1000). ɹʳʣ ʫʩʪʘʥʦʚʣʝʥ ʨʘʟʤʝʨ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʨʘʟʤʝʨ 

ʝʛʦ ʢʣʘʩʪʝʨʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʙʠʝʥʠʷ ʛʨʘʬʘ) ʠ ʦʧʨʝʜʝʣʸʥ ʫʨʦʚʝʥʴ ʝʛʦ 

ʩʝʛʤʝʥʪʘ ʩʝʪʠ. ɺʳʚʦʜ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʠʟ ʧʝʨʝʯʥʷ ʩʦʙʨʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʆʥʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʢʘʢ ʩʪʘʪʠʯʥʳʝ, ʪʘʢ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʘʣʛʦʨʠʪʤ ʩʣʫʯʘʡʥʦʛʦ ʣʝʩʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ 

ʩʤʦʛʣʘ ʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʷʚʣʷʝʪʩʷ ʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʨʝʘʣʴʥʳʤ ʠʣʠ ʥʝʪ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʣʫʯʘʡʥʳʡ ʣʝʩ ʩʧʦʩʦʙʝʥ ʩʦʟʜʘʪʴ ʤʥʦʞʝʩʪʚʦ ʜʝʨʝʚʴʝʚ, 

ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʣʶʜʠ) ʠ ʨʘʩʩʯʠʪʳʚʘʷ, ʢʘʢʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʝʨʝʚʴʝʚ ʙʫʜʝʪ ʛʦʣʦʩʦʚʘʪʴ ʟʘ ʢʘʞʜʳʡ ʢʣʘʩʩ ʚʳʙʦʨʢʠ. ʋ ʩʣʫʯʘʡʥʦʛʦ ʣʝʩʘ ʦʪʩʫʪʩʪʚʫʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʟʤʝʥʝʥʠʠ ʠ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʨʠʟʥʘʢʦʚ, ʧʦʵʪʦʤʫ ʦʥ ʥʝ 

ʧʦʜʚʝʨʞʝʥ ʠʟʙʳʪʦʯʥʳʤ ʧʝʨʝʤʝʥʘʤ. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʦʥ 

ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʧʝʨʝʦʙʫʯʝʥʠʷ, ʯʪʦ ʪʨʝʙʫʝʪ ʦʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʜʝʣʝʥʠʷ 

ʚʳʙʦʨʢʠ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʦʙʫʯʘʶʱʫʶ ʠ ʪʝʩʪʦʚʫʶ. ʉʣʝʜʫʷ ʘʥʘʣʦʛʠʯʥʦʤʫ ʘʣʛʦʨʠʪʤʫ, ʢʦʪʦʨʳʡ 

ʩʦʩʪʦʠʪ ʠʟ 1000 ʚʝʪʚʝʡ, ʜʚʝ ʪʨʝʪʠ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʦʩʥʦʚʘʥʳ ʥʘ ʙʘʟʝ, ʘ ʦʩʪʘʣʴʥʳʝ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʥʘ ʧʝʨʝʦʙʫʯʝʥʠʷ [8]. 

 

ʈʠʩʫʥʦʢ 2. K-ʷʜʨʦ ʛʨʘʬʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʧʨʠ k=1000) 

Figure 2. K-core of the user graph (for k=1000) 

 
 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘʣʛʦʨʠʪʤ ʚʝʨʥʦ ʨʘʩʧʦʟʥʘʚʘʣ 89% 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 22,7% ʬʝʡʢʦʚ ʙʳʣʠ ʨʘʩʧʦʟʥʘʥʳ ʢʘʢ ʨʝʘʣʴʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ, ʘ 

11,7% ʨʝʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʙʳʣʠ ʥʝʧʨʘʚʠʣʴʥʦ ʨʘʩʧʦʟʥʘʥʳ ʘʣʛʦʨʠʪʤʦʤ ʢʘʢ ʬʝʡʢʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ Interpretation of the AUC ʩʦʩʪʘʚʣʷʝʪ 13,47, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʢʘʢ ʨʝʘʣʴʥʳʭ ʘʢʢʘʫʥʪʦʚ, ʪʘʢ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ. ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʤʦʜʝʣʝʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʘʣʛʦʨʠʪʤʝ 

XGBoost ʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʛʫʣʷʨʠʟʘʮʠʠ, ʜʘʣʠ ʪʘʢʠʝ ʞʝ 

ʨʝʟʫʣʴʪʘʪʳ.  

ʅʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ ʟʥʘʯʝʥʠʷ ʜʨʫʞʝʩʢʠʭ ʩʚʷʟʝʡ, ʘ ʪʘʢʞʝ ʜʝʚʷʪʦʛʦ ʜʝʮʠʣʷ 

(D9) ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʨʠʤʝʨ, ʜʝʣʷʪ ʨʘʥʞʠʨʦʚʘʥʥʳʡ ʨʷʜ ʥʘ ʜʝʩʷʪʴ ʨʘʚʥʳʭ ʯʘʩʪʝʡ: ʧʝʨʚʳʤ 
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ʜʝʮʠʣʝʤ (D1) ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʨʠʟʥʘʢʘ, ʢʦʪʦʨʦʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 10% ʝʜʠʥʠʮ ʩʦʚʦʢʫʧʥʦʩʪʠ, 

ʚʪʦʨʳʤ (D2) - 20%, ʪʨʝʪʴʠʤ (D3) - 30% ʠ ʪ.ʜ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʤʝʨʳ ʫʚʝʣʠʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʢʨʦʤʝ 9-

ʛʦ ʜʝʮʠʣʷ, ʦʥʠ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʀʟ-ʟʘ ʵʪʦʛʦ ʦʥʠ ʯʘʱʝ ʚʩʝʛʦ ʦʢʘʟʳʚʘʶʪʩʷ ʣʠʙʦ ʭʘʙʘʤʠ, 

ʣʠʙʦ ʬʝʡʢʘʤʠ (ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʝʩʪʴ ʪʦʣʴʢʦ 374 ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʜʨʫʟʝʡ) ʠʣʠ ʞʝ ʩʣʘʙʦ ʚʢʣʶʯʝʥʥʳʤʠ ʚ ʩʝʪʴ ʘʢʢʘʫʥʪʘʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʢʣʶʯʝʥʠʷ 

ʬʝʡʢʦʚʳʭ ʘʢʢʘʫʥʪʦʚ ʚ ʘʥʘʣʠʟ, ʧʨʦʠʩʭʦʜʠʪ ʜʝʛʨʘʜʘʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʨʫʞʝʩʢʠʭ ʩʚʷʟʝʡ ʫ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʂ-ʷʜʨʦ (ʠʣʠ k) ʛʨʘʬʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʝ k ʨʘʚʥʦ 1000, ʩʦʜʝʨʞʠʪ 90 000 

ʫʟʣʦʚ (ʧʦʣʴʟʦʚʘʪʝʣʝʡ) ʠ 2 420 156 ʨʸʙʝʨ (ʦʪʥʦʰʝʥʠʡ ʜʨʫʞʙʳ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ). ʆʙʝ 

ʩʪʦʨʦʥʳ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʜʣʷ ʩʚʦʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ: ʟʝʣʝʥʳʝ ʫʟʣʳ ʦʙʦʟʥʘʯʘʶʪ 

ʥʘʩʪʦʷʱʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʘ ʢʨʘʩʥʳʝ - ʧʦʜʜʝʣʴʥʳʝ. ʇʨʠ ʥʘʣʠʯʠʠ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʧʦʜʜʝʣʴʥʦʛʦ 

ʢʦʥʮʘ, ʨʝʙʨʦ ʙʫʜʝʪ ʠʤʝʪʴ ʢʨʘʩʥʳʡ ʦʪʪʝʥʦʢ [5]. 

ʉʦʛʣʘʩʥʦ ʂʝʣʣʠ ɹʦʨʥʫ, ʥʦʚʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʨʝʜʘ ʠʤʝʝʪ ʜʚʝ ʦʪʣʠʯʠʪʝʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ: ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʠ ʧʦʣʠʪʠʯʝʩʢʫʶ ʧʦʣʷʨʠʟʘʮʠʶ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ɹʦʨʥʘ, ʩʝʛʦʜʥʷ 

ʣʶʙʦʡ ʯʝʣʦʚʝʢ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʪʴ ʢʦʥʪʝʥʪ ʠ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʝʛʦ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʜʝʣʘʪʴ ʵʪʦ ʘʥʦʥʠʤʥʦ. ʉʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʛʨʘʞʜʘʥ, ʦʮʝʥʠʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʝʸ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. ʉʦʮʠʘʣʴʥʘʷ ʧʨʘʢʪʠʢʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 

ʜʨʫʛ ʜʨʫʛʫ ʩʪʘʣʘ ʥʦʨʤʦʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ. ʆʥʘ ʥʝʩʸʪ ʚ ʩʝʙʝ ʨʝʣʝʚʘʥʪʥʦʩʪʴ ʠ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ. ʅʘʭʦʜʷʱʠʝʩʷ ʚ ʩʝʪʠ ʨʘʟʛʦʚʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʭʚʘʯʝʥʳ ʙʦʪʘʤʠ ʠ ʪʨʦʣʣʷʤʠ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʘʚʪʦʨʘʤʠ ʢʦʥʬʣʠʢʪʦʚ ʩ ʮʝʣʴʶ ʨʘʟʞʠʛʘʥʠʷ ʚʨʘʞʜʳ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʙʦʨ 

ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʡ, ʤʠʢʨʦʪʘʨʛʝʪʠʥʛʘ, 

ʧʦʣʠʪʠʯʝʩʢʠʡ ʤʝʩʩʝʜʞ, ʥʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʪʦʯʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʦ ʪʦʤ, ʢʘʢ ʵʪʠ ʩʦʦʙʱʝʥʠʷ 

ʧʦʜʙʠʨʘʣʠʩʴ ʧʦʜ ʫʟʢʠʝ ʘʫʜʠʪʦʨʠʠ. ɺʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʚʦʟʤʦʞʥʦ ʙʫʜʝʪ ʤʥʦʞʝʩʪʚʦ 

ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʜʥʦʛʦ ʩʦʦʙʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʚʝʨʝʥʳ ʠ ʘʜʘʧʪʠʨʦʚʘʥʳ ʧʦʜ 

ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʯʝʣʦʚʝʢʘ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʥʦ ʥʝ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʝʛʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ.  

ʂʝʣʣʠ ɹʦʨʥ ʚ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪ ʰʝʩʪʴ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʚʣʠʷʣʠ ʥʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʨʝʜʫ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʚʳʷʚʣʝʥʠʶ ʬʝʡʢʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʭ ʤʦʞʥʦ 

ʦʧʠʩʘʪʴ ʢʘʢ [2,ʩ.10]: 

1) ʜʝʤʦʢʨʘʪʠʟʘʮʠʷ ʩʦʟʜʘʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢ ʯʪʦ ʣʶʙʦʡ ʠʥʜʠʚʠʜ ʠʣʠ 

ʛʨʫʧʧʘ ʤʦʞʝʪ ʚʣʠʷʪʴ ʚ ʦʥʣʘʡʥʝ ʥʘ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʣʶʜʝʡ; 

2) ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʦʮʠʘʣʠʟʘʮʠʷ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ ʦʪʦʚʩʶʜʫ, 

ʘ ʥʝ ʠʟ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʦʜʯʠʥʷʶʱʠʭʩʷ ʞʫʨʥʘʣʠʩʪʩʢʠʤ ʩʪʘʥʜʘʨʪʘʤ; 

3) ʘʪʦʤʠʟʘʮʠʷ ʢʘʢ ʨʘʩʭʦʞʜʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʥʦʚʦʩʪʝʡ ʦʪ ʙʨʝʥʜʦʚ ʠ ʠʩʪʦʯʥʠʢʦʚ; 

4) ʘʥʦʥʠʤʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ: ʜʣʷ ʯʠʪʘʪʝʣʷ ʩʝʛʦʜʥʷ ʚʘʞʥʝʝ ʪʦ, 

ʢʪʦ ʧʨʠʩʣʘʣ ʠʥʬʦʨʤʘʮʠʶ, ʯʝʤ ʝʸ ʠʩʪʦʯʥʠʢ; 

5) ʧʝʨʩʦʥʘʣʠʟʘʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʳ, ʯʪʦ ʦʪʣʠʯʘʝʪ ʝʸ ʦʪ ʧʝʯʘʪʠ, ʨʘʜʠʦ ʠ 

ʪʝʣʝʚʠʜʝʥʠʷ, ʧʦʟʚʦʣʷʷ ʧʦʣʴʟʦʚʘʪʴʩʷ ʤʠʢʨʦʪʘʨʛʝʪʠʥʛʦʤ 

6) ʩʫʚʝʨʝʥʥʦʩʪʴ: ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʝʣʝʚʠʜʝʥʠʷ, ʧʝʯʘʪʠ ʠ ʨʘʜʠʦ, ʩʦʮʩʝʪʠ ʷʚʣʷʶʪʩʷ 

ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʤʠ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʘʟʣʠʯʘʪʴ ʬʝʡʢʠ ʠ ʜʝʟʠʥʬʦʨʤʘʮʠʶ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʠʭ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ (ʠʩʪʦʯʥʠʢ). ʉ ʫʯʸʪʦʤ ʨʘʟʣʠʯʥʳʭ ʪʦʯʝʢ ʟʨʝʥʠʷ, ʬʝʡʢʠ ʠ ʜʝʟʠʥʬʦʨʤʘʮʠʷ 

ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʪʨʫʜʘ, ʘ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʵʪʦ ʧʨʦʩʪʦ ʯʝʣʦʚʝʢ, ʢʦʪʦʨʳʡ ʥʝ ʠʤʝʝʪ 

ʥʘʤʝʨʝʥʠʷ ʦʙʤʘʥʳʚʘʪʴ ʢʦʛʦ-ʪʦ. ʅʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʦʥ ʤʦʞʝʪ ʜʦʧʫʩʪʠʪʴ ʦʰʠʙʢʫ. ʇʨʠ ʥʘʣʠʯʠʠ 

ʜʝʟʠʥʬʦʨʤʘʮʠʠ ʢʘʢ ʠʩʭʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʝʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ 

ʩʪʘʨʘʝʪʩʷ ʥʝ ʨʘʩʢʨʳʚʘʪʴ ʩʚʦʝʛʦ ʭʘʨʘʢʪʝʨʘ. ʇʨʠ ʵʪʦʤ ʦʥʘ ʠʩʧʦʣʴʟʫʝʪ ʨʘʟʣʠʯʥʳʝ ʫʣʦʚʢʠ, ʯʪʦʙʳ 

ʚʚʝʩʪʠ ʚ ʟʘʙʣʫʞʜʝʥʠʝ. ʊʘʢ ʠʣʠ ʠʥʘʯʝ, ʦʙʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ 

ʤʘʥʠʧʫʣʷʮʠʡ. ɼʝʟʠʥʬʦʨʤʘʮʠʷ ʚ ʧʦʧʳʪʢʝ ʧʦʚʣʠʷʪʴ ʥʘ ʠʩʭʦʜ ʚʳʙʦʨʦʚ ʚ ʉʐɸ, ʧʨʝʜʩʪʘʚʣʷʣʘ 

ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ ʜʠʩʧʝʨʩʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʣʠ ʬʝʡʢʦʤ. ɼʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ ʜʝʟʠʥʬʦʨʤʘʮʠʶ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ: ʵʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʩʪʘʪʴʷ ʚ ʛʘʟʝʪʝ, ʚʳʩʪʫʧʣʝʥʠʝ ʤʠʥʠʩʪʨʘ ʠʣʠ ʜʘʞʝ ʜʦʢʫʤʝʥʪʘʣʴʥʳʡ ʬʠʣʴʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
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ʪʘʢʦʛʦ ʨʦʜʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʫʜʝʪ ʩʦʟʜʘʥ ʵʬʬʝʢʪ ʧʨʠʚʣʝʯʝʥʠʷ ʚʥʠʤʘʥʠʷ ʢ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʢʨʫʛ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚ ʢʫʨʩʝ ʧʨʦʠʩʭʦʜʷʱʝʛʦ. 

ʌʝʡʢʠ ʠ ʜʝʟʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʢʘʪʝʛʦʨʠʠ: ʩʦʟʥʘʪʝʣʴʥʦ ʩʦʟʜʘʥʥʳʡ 

ʦʙʤʘʥ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʩʣʫʯʘʡʥʦʩʪʠ, ʠ ʩʣʫʯʘʡʥʳʡ ʬʝʡʢ. ʅʘʧʨʠʤʝʨ, 

ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʤʦʛʫʪ ʟʘʥʠʤʘʪʴʩʷ ʧʦʜʛʦʪʦʚʢʦʡ ʜʝʟʠʥʬʦʨʤʘʮʠʠ. ʇʦ ʵʪʦʡ ʩʭʝʤʝ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʀʥʜʠʠ. ʀʟ ʉʦʚʝʪʩʢʦʛʦ ʧʦʩʦʣʴʩʪʚʘ ʠʣʠ ʠʟ ʙʨʠʪʘʥʩʢʦʛʦ ʦʥʠ ʧʦʣʫʯʘʣʠ ʤʘʪʝʨʠʘʣʳ 

ʜʣʷ ʩʚʦʠʭ ʧʫʙʣʠʢʘʮʠʡ, ʢʦʪʦʨʳʝ ʧʝʯʘʪʘʣʠʩʴ ʚ ʤʝʩʪʥʳʭ ʛʘʟʝʪʘʭ. ʇʨʠ ʞʝʣʘʥʠʠ ʠʭ ʤʦʞʥʦ ʙʳʣʦ 

ʧʝʨʝʧʝʯʘʪʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʧʝʨʚʦʠʩʪʦʯʥʠʢʦʤ [2,ʩ.198]. 

ʅʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʝʭʥʦʣʦʛʠʷʭ, ʧʨʠʸʤʘʭ ʠ ʤʝʪʦʜʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʚʦʡʥʳ, ʯʪʦʙʳ ʛʨʘʤʦʪʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʦʚʘʪʴ ʧʨʦʪʠʚʥʠʢʘʤ. 

ʋʯʝʥʳʝ ʩʦʟʜʘʣʠ ʨʷʜ ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʟʘʱʠʪʠʪʴ ʦʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʘʛʨʝʩʩʠʠ. 

ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʦʙʦʨʦʥʠʪʝʣʴʥʳʤʠ, ʪʘʢ ʠ ʥʘʩʪʫʧʘʪʝʣʴʥʳʤʠ. ʉ ʧʦʤʦʱʴʶ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʧʣʘʥʠʨʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʨʘʥʥʝʛʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ, ʩʧʦʩʦʙʥʦʡ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʪʴ ʧʦʧʳʪʢʠ ʤʘʥʠʧʫʣʷʮʠʡ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʪʦʨʦʥʳ 

ʧʨʦʪʠʚʥʠʢʘ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʠʭ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʠ ʫʪʦʯʥʠʪʴ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʩʭʝʤʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ, ʦʧʠʨʘʷʩʴ ʥʘ ʢʣʶʯʝʚʳʝ ʤʦʤʝʥʪʳ ʚ ʢʦʥʮʝʧʮʠʠ ʀ.ʖ. 

ʅʝʞʜʘʥʦʚʘ, ʪʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʧʨʦʮʝʩʩ ʦʪʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʘʛʨʝʩʩʠʠ ʠ ʝʛʦ ʵʪʘʧʳ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

I . ɼʘʥʥʳʡ ʵʪʘʧ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʘʙʣʶʜʝʥʠʝ ʠ ʦʪʩʣʝʞʠʚʘʥʠʝ ʜʝʡʩʪʚʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʨʦʪʠʚʥʠʢʘ: 

1. ʜʝʤʦʥʩʪʨʘʮʠʷ ʥʘʯʘʣʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʘʪʘʢʠ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʟʢʠʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʥʝʛʘʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʚʙʨʦʩʦʚ;  

2. ʦʧʨʝʜʝʣʠʪʴ ʠʩʪʦʯʥʠʢ ʘʛʨʝʩʩʠʠ (ʧʨʦʪʠʚʥʠʢʘ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʚʦʡʥʝ) ʠ ʦʮʝʥʠʪʴ 

ʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʜʝʩʪʨʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ; 

3. ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʛʘʪʠʚʥʳʭ ʜʝʡʩʪʚʠʡ ʧʨʦʪʠʚʥʠʢʘ; 

4. ʩ ʧʦʤʦʱʴʶ ʤʦʥʠʪʦʨʠʥʛʘ ʤʦʞʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʨʝʘʢʮʠʶ ʘʫʜʠʪʦʨʠʠ (ʢʘʢ ʦʪʜʝʣʴʥʦʡ, 

ʪʘʢ ʠ ʤʘʩʩʦʚʦʡ) ʥʘ ʜʝʡʩʪʚʠʷ ʧʨʦʪʠʚʥʠʢʘ. 

II.  ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʠ ʜʝʡʩʪʚʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʪʚʝʪʳ:  

1. ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʠʷ ʫʷʟʚʠʤʦʩʪʝʡ ʧʨʦʪʠʚʥʠʢʘ (ʢʦʤʧʨʦʤʘʪ), ʢʦʪʦʨʳʝ 

ʩʪʘʥʫʪ ʦʙʲʝʢʪʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ; 

2. ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʩʝʪʴ ʚʠʨʪʫʘʣʴʥʳʭ ʣʠʯʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ ʟʘʱʠʱʘʪʴ ʦʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʘʪʘʢ (ʥʘʧʨʠʤʝʨ, ʩʦʟʜʘʥʠʝ ʪʝʤʘʪʠʯʝʩʢʠʭ ʘʢʢʘʫʥʪʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʟʘʱʠʪʳ ʦʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʘʪʘʢʠ); 

3. ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʠ ʜʠʩʢʨʝʜʠʪʘʮʠʠ ʜʝʡʩʪʚʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʘʛʨʝʩʩʦʨʦʚ, 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ çʢʠʙʝʨʟʘʱʠʪʥʠʢʦʚè, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʥʝʡʪʨʘʣʠʟʘʮʠʶ ʠ 

ʟʘʱʠʪʫ ʦʪ ʥʠʭ. 

III.  ʆʪʚʝʪʥʳʝ ʜʝʡʩʪʚʠʷ: 

1. ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ çʢʠʙʝʨʟʘʱʠʪʥʠʢʦʚè 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ, ʤʦʞʥʦ ʟʘʱʠʱʘʪʴ ʢʦʥʪʝʥʪ; 

2. ʚ ʧʨʦʮʝʩʩʝ ʤʦʥʠʪʦʨʠʥʛʘ, ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʨʝʘʢʮʠʶ ʘʫʜʠʪʦʨʠʠ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʩʦʙʳʪʠʷ; 

3. ʧʨʦʚʝʜʝʥʠʝ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʘʪʘʢʠ; 

4. ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʘʪʘʢʠ; 

5. ʧʝʨʝʭʦʜ ʢ ʢʦʥʪʨʥʘʩʪʫʧʣʝʥʠʶ (ʦʪ ʦʙʦʨʦʥʠʪʝʣʴʥʦʡ ʢ ʥʘʩʪʫʧʘʪʝʣʴʥʦʡ ʪʘʢʪʠʢʝ). 

ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʘʛʨʝʩʩʠʚʥʳʭ ʥʘʤʝʨʝʥʠʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʘʪʘʢʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʨʦʪʠʚʦʙʦʨʩʪʚʘ. ʉʫʱʝʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʩʠʩʪʝʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʠʟʙʝʞʘʪʴ ʥʝʦʞʠʜʘʥʥʦʛʦ 

ʥʘʧʘʜʝʥʠʷ, ʥʦ ʠ ʩʠʩʪʝʤʘ ʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʟʙʝʞʘʪʴ ʧʦʨʘʞʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʘʧʘʜʝʥʠʷ [4,ʩ.43]. 

ʅʝ ʩʝʢʨʝʪ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʪʝʨʤʠʥ çʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʚʦʡʥʘè ʩʪʘʣ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥ. ʅʘ ʪʝʤʫ ʚʟʘʠʤʦʩʚʷʟʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʚʦʡʥ ʩ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ ʥʘ 
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ʦʙʱʝʩʪʚʦ ʚʝʜʫʪʩʷ ʜʠʩʢʫʩʩʠʠ ʩʨʝʜʠ ʧʦʣʠʪʦʣʦʛʦʚ ʠ ʩʦʮʠʦʣʦʛʦʚ. ʆʜʥʘʢʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʤʦʤʝʥʪʘ 

ʥʝ ʫʜʘʣʦʩʴ ʚʳʨʘʙʦʪʘʪʴ ʝʜʠʥʫʶ ʪʝʦʨʠʶ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʘʣʦ ʢʪʦ ʤʦʞʝʪ ʜʘʪʴ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʦʥʷʪʠʷ. ʂʨʘʡʥʝ ʥʝʧʨʦʩʪʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ 

ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ: ʢʦʛʜʘ ʠʤʝʥʥʦ ʣʶʜʠ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʠʥ çʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʚʦʡʥʘè ʠ ʚ 

ʢʘʢʦʡ ʤʦʤʝʥʪ ʦʥʠ ʥʘʯʘʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʢʘʢ ʥʦʚʳʡ ʚʠʜ ʦʨʫʞʠʷ. 

ʋʞʝ ʩ ʜʨʝʚʥʠʭ ʚʨʝʤʝʥ ʩʫʱʝʩʪʚʦʚʘʣʦ ʦʙʩʫʞʜʝʥʠʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʬʣʠʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʙʦʨʴʙʦʡ ʠʜʝʦʣʦʛʠʡ. ʂʦʥʬʣʠʢʪʳ ʚ ʚʦʝʥʥʦʡ ʩʬʝʨʝ ʥʝʤʳʩʣʠʤʳ ʙʝʟ ʧʦʥʠʤʘʥʠʷ 

ʩʫʪʠ ʚʦʡʥʳ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʚʦ ʚʩʝʭ ʝʸ ʧʨʦʷʚʣʝʥʠʷʭ, ʢʦʪʦʨʳʭ ʥʘʢʦʧʠʣʦʩʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ. 

ʇʩʠʭʦʣʦʛ ʠ ʪʝʦʨʝʪʠʢ ʉ. ʇʘʜʦʚʝʨ ʧʦ-ʨʘʟʥʦʤʫ ʦʧʨʝʜʝʣʷʝʪ ʧʦʥʷʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʚʦʡʥʳ ʠ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʚʦʡʥʳ. ʋ ʥʝʛʦ ʩʣʦʞʠʣʦʩʴ ʤʥʝʥʠʝ, ʯʪʦ ʵʪʦ ʙʳʣʦ ʚʩʝʛʦ ʣʠʰʴ ʫʥʠʯʪʦʞʝʥʠʝ 

ʞʝʣʘʥʠʷ ʧʨʦʪʠʚʥʠʢʘ ʩʨʘʞʘʪʴʩʷ, ʧʨʠ ʵʪʦʤ ʧʨʠʤʝʥʷʷ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʩʧʦʩʦʙʳ ʢʦʤʤʫʥʠʢʘʮʠʠ 

[15,ʩ.238]. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʬʝʡʢʠ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʳʤʠ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʩʚʷʟʝʡ, ʢʦʪʦʨʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʚʩʝʡ ʩʝʪʠ ʠ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʟʘʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʪʨʘʥʟʠʪʠʚʥʦʩʪʠ ʠ 

ʘʩʩʦʨʪʘʪʠʚʥʦʩʪʠ (ʪʘʢʠʝ ʢʘʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʥʘʥʠʡ, ʤʥʝʥʠʡ, ʧʘʪʦʛʝʥʦʚ, "ʬʝʡʢʦʚʳʭ ʥʦʚʦʩʪʝʡ"). 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʪʘʢʠʝ ʥʝʜʦʩʪʘʪʢʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʢʘʢ ʠʭ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʠ ʥʝʜʦʩʪʦʚʝʨʥʦʩʪʴ [14]. ɼʘʥʥʳʡ 

ʥʝʜʦʩʪʘʪʦʢ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʨʘʥʸʥ ʚ ʩʣʫʯʘʝ ʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʩʣʫʯʘʡʥʳʝ ʠʣʠ ʥʘʤʝʨʝʥʥʳʝ ʧʨʦʧʫʩʢʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʟʘʧʦʣʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʩʚʦʠʭ 

ʜʘʥʥʳʭ (ʧʦʣ, ʚʦʟʨʘʩʪ, ʤʝʩʪʦ ʞʠʪʝʣʴʩʪʚʘ). ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʪʦʨʦʡ ʪʠʧ ʥʝʜʦʩʪʘʪʢʦʚ ʩʚʷʟʘʥ ʩ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʘʢʢʘʫʥʪʦʚ, ʩʦʟʜʘʶʱʠʭ ʧʨʦʙʣʝʤʳ ʚ ʜʘʥʥʳʭ. ʀʟ-ʟʘ 

ʥʝʧʦʣʥʳʭ ʠ ʥʝʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ ʤʦʛʫʪ ʙʳʪʴ ʥʘʨʫʰʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʪʠ, ʘ ʪʘʢʞʝ 

ʧʨʦʠʟʦʡʜʝʪ ʩʤʝʱʝʥʠʝ ʝʸ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜʳ 

ʠʟʤʝʥʝʥʠʷ ʩʝʪʠ (ʝʸ ʜʦʧʦʣʥʝʥʠʝ ʥʝʜʦʩʪʘʶʱʠʤʠ ʩʚʝʜʝʥʠʷʤʠ ʦ ʧʦʣʴʟʦʚʘʪʝʣʷʭ ʠʣʠ ʞʝ, ʥʘʦʙʦʨʦʪ, 

çʯʠʩʪʢʫè ʦʪ ʬʝʡʢʦʚ). ʂʣʘʩʩʠʬʠʢʘʪʦʨ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ ʩʪʘʪʴʝ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʩʧʦʩʦʙʦʚ ʧʦʠʩʢʘ ʧʦʜʜʝʣʴʥʳʭ ʘʢʢʘʫʥʪʦʚ [1]. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʥʠʠ ʘʣʛʦʨʠʪʤʘ ʚʳʷʚʣʝʥʦ, ʯʪʦ 89% ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʨʘʩʧʦʟʥʘʸʪʩʷ ʚʝʨʥʦ, ʘ 

(22.7% ʬʝʡʢʦʚ ʫʜʘʣʦʩʴ ʨʘʩʧʦʟʥʘʪʴ ʢʘʢ ʨʝʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʤʝʞʜʫ ʪʝʤ 11.7% ʨʝʘʣʴʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʢʘʪʝʛʦʨʠʠ ʬʝʡʢʦʚ). ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʧʦʜʣʠʥʥʦʩʪʴ ʧʨʦʬʠʣʷ, 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʩʪʘʪʠʯʥʳʝ, ʪʘʢ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ. ʆʥ ʠʩʧʦʣʴʟʫʝʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʤ, ʢʘʢ ʟʘʧʦʣʥʷʶʪʩʷ ʧʦʣʷ ʚ ʝʛʦ ʧʨʦʬʠʣʝ, ʜʘʥʥʳʝ ʦ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ 

(ʢʦʣʠʯʝʩʪʚʦ ʜʨʫʟʝʡ ʠ ʧʦʜʧʠʩʯʠʢʦʚ, ʯʠʩʣʦ ʫʯʘʩʪʥʠʢʦʚ ʛʨʫʧʧ), ʘ ʪʘʢʞʝ ʤʝʪʨʠʢʠ (ʪʨʘʥʟʠʪʠʚʥʦʩʪʴ, 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʛʨʫʧʧʘʭ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʩʝʪʠ ʠ ʪ.ʜ.). 

ɿʘʢʣʶʯʝʥʠʝ. ɼʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʘʢʢʘʫʥʪ 

ʭʦʨʦʰʦ ʠʥʪʝʛʨʠʨʦʚʘʥ ʩ ʩʝʪʴʶ ʨʝʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʆʥʠ ʩʦʟʜʘʶʪ ʥʦʚʳʭ ʜʨʫʟʝʡ ʧʦ 

ʧʨʠʥʮʠʧʫ ʩʥʝʞʥʦʛʦ ʢʦʤʘ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʝʡ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ 

ʮʝʥʪʨʦʤ ʩʚʷʟʠ ʚ ʩʝʪʠ, ʥʝ ʩʯʠʪʘʷ ʵʪʦʛʦ. ʄʝʥʝʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʫʯʘʩʪʥʠʢʠ ʩʝʪʠ ʪʝʨʷʶʪ ʩʚʷʟʴ ʩ 

ʦʩʥʦʚʥʦʡ ʯʘʩʪʴʶ ʠʟ-ʟʘ ʫʜʘʣʝʥʠʷ ʧʦʜʜʝʣʴʥʳʭ ʘʢʢʘʫʥʪʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʢʦʤʧʦʥʝʥʪ ʠ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʚʩʝʡ ʩʠʩʪʝʤʳ. ʉʦ ʚʨʝʤʝʥʝʤ, ʬʝʡʢʠ ʚ ʩʝʪʠ 

ʩʪʘʥʦʚʷʪʩʷ ʠʣʠ ʭʘʙʘʤʠ, ʠʣʠ ʞʝ ʘʢʢʘʫʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʥʝ ʦʯʝʥʴ ʭʦʨʦʰʦ ʚʢʣʶʯʝʥʳ ʚ ʩʝʪʴ. 

ʉʣʝʜʩʪʚʝʥʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʢʣʶʯʝʥʠʷ ʬʝʡʢʦʚʳʭ ʘʢʢʘʫʥʪʦʚ ʚ ʚʳʙʦʨʢʫ, ʧʨʦʠʩʭʦʜʠʪ ʜʝʛʨʘʜʘʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʨʫʞʝʩʢʠʭ ʩʚʷʟʝʡ ʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɿʘʚʳʰʝʥʠʝ ʥʘʙʣʶʜʘʝʤʳʭ ʫʨʦʚʥʝʡ 

ʘʩʩʦʨʪʘʪʠʚʥʦʩʪʠ ʠ ʪʨʘʥʟʠʪʠʚʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʬʝʡʢʦʚʦʛʦ ʘʢʢʘʫʥʪʘ. ɺ 

ʩʣʫʯʘʝ ʝʛʦ ʥʘʣʠʯʠʷ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʟʘʢʨʳʪʳʭ ʪʨʠʘʜ, ʚ ʢʦʪʦʨʳʭ ʚʩʝ ʪʨʦʝ 

ʷʚʣʷʶʪʩʷ ʜʨʫʟʴʷʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʥʝ ʷʚʣʷʶʪʩʷ 

ʨʝʘʣʴʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʩʝʪʠ, ʥʦ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʣʠʷʪʴ ʥʘ ʝʸ ʪʦʧʦʣʦʛʠʶ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ. ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʠʯʠʥ, ʧʦ ʢʦʪʦʨʳʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʢʦʨʨʝʢʪʥʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʪʝ ʠʣʠ ʠʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʩʪʨʫʢʪʫʨʳ ʩʝʪʠ ʥʘ ʩʘʡʪʘʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʥʝʦʙʭʦʜʠʤʦ 

ʩʥʘʯʘʣʘ ʚʳʷʚʠʪʴ ʠ ʫʜʘʣʠʪʴ ʚʩʝ ʧʦʜʜʝʣʴʥʳʝ ʘʢʢʘʫʥʪʳ. 
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Ì×ÏÚÜÔÞØÇÚÔ ÆßÝÞÚÜÄ ÍÌÜÚÔ ÐÌÜ¾àÞÔ ÝÌÇÔàÌÇÚÔ ØßÝÞÌÚÜ ÐÌÜ 
äÌÍÌÖÌÇÚÔ ÔÆÞÔØÚÄ ÍÚ ÔÝÞÔàÚÐÌ ÌÓ äÌÍÌÖÌÇÚÔ ÙÑÕÜÚÙÄ 

Ðìü øìėú÷ì øÿĄöô÷ô ýìĕôĀìĕúô ėì÷íìöĒ (Āñõö) ðìü Ąìíìöìĕúô ôĔþôøúĒ îì þìĆýôüô úùĕú íì 
üÿĕôċô øìüðÿø íìüüìýĒ Ąÿðììýþ. Ðìü óñüô þìĆýôüô ýìĕôĀìĕúô ėì÷íìöĒ üÿĕ îì üìĀþúüô úðìøúù ðìü 
Ĕúøñì þìĎõôü øñČíìð. äÿøúüìô ýìĕôĀìĕúô ėì÷íìöĒ ĕìùïúøô þìĄìööÿ÷ ðúðìùô ùìøÿùì ìó ìý÷ôìĄ 
øÿĕôø ìýþ, óñüú úøĘóôĄô Ąìíìöìĕú ðìü øìĔøÿĆ, íú ýìíìíô øìĆ÷ÿøúþô óôČðô úùĕú ôøöúùùúûìóôü 
øñĄìîìð. ÇìðìĀô ôù øìėú÷ì þìîýôĀô üúĕĕúô þìĆýôüüìýúùôô ýìĕôĀìĕúô ėì÷íìöĒ íì öúüíìüúùô 
Ąìíìöìĕúô ôĔþôøúĒ îì ûñĄïôüôô úùĕú øñíúĄìð. Ì÷ïúüôþøô ûñĄùôĕúðĄÿðì þìýùôĀúþüú ĉĔúð 
øñöÿùìð, öô íìüúô øÿìõċù öìüðìùô ĕìėėúùôċþô ìý÷ôô öúüíìü öÿøìö øñöÿùìð. 

Öì÷ôðîúòìĕú: Ąìíìöìĕúô ôĔþôøúĒ, þìĕ÷ô÷ô øìĆ÷ÿøúþ, ýìĕôĀìô ėì÷íìöĒ, ĕôýúíô ėì÷íìöĒ, 
ĕôĀóô øìĆ÷ÿøúþ, Ĕìùïô ôþþô÷úúþĒ, øìĆ÷ÿøúþô íìüðÿüĘĎ, ìøùôċþô ôþþô÷úúþĒ. 

 

ɸʃɻʆʈʀʊʄʓ ʅɸʍʆɾɼɽʅʀʗ ʌɽʁʂʆɺʓʍ ɸʂʂɸʋʅʊʆɺ ɺ ʉʆʎʀɸʃʔʅʓʍ ʉɽʊʗʍ ʉ 

ʇʆʄʆʑʔʖ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʦʜʜʝʣʴʥʳʭ ʘʢʢʘʫʥʪʦʚ (ʬʝʡʢʦʚ) ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʠ ʠʭ 

ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʝʩʪʚʝʥʥʳʡ ʨʝʟʦʥʘʥʩ. ʇʦʜ ʚʣʠʷʥʠʝʤ ʬʝʡʢʦʚ ʠʟʤʝʥʷʶʪʩʷ ʧʩʠʭʠʢʘ ʠ ʧʦʚʝʜʝʥʠʝ ʣʶʜʝʡ ʚ 

ʦʙʱʝʩʪʚʝ. ʂʦʣʠʯʝʩʪʚʦ ʬʝʡʢʦʚ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʳʙʦʨʢʠ ʠʟ ʩʝʪʝʡ, ʪʘʢ ʢʘʢ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʪʝʡ ʚ ʮʝʣʦʤ ʯʘʩʪʦ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʠʭ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ. ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʦʧʠʩʘʪʴ 

ʩʧʦʩʦʙʳ ʚʣʠʷʥʠʷ ʧʦʜʜʝʣʴʥʳʭ ʘʢʢʘʫʥʪʦʚ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠʭ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʘʣʛʦʨʠʪʤ ʩʦʟʜʘʸʪ ʢʣʘʩʩʠʬʠʢʘʪʦʨ, ʢʦʪʦʨʳʡ ʧʦʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʦʜʣʠʥʥʦʩʪʴ ʘʢʢʘʫʥʪʘ 

ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʬʝʡʢ, ʧʦʜʜʝʣʴʥʳʡ ʘʢʢʘʫʥʪ, ʟʘʱʠʪʘ ʜʘʥʥʳʭ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʚʦʡʥʘ, ʜʝʟʠʥʬʦʨʤʘʮʠʷ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ.  

 

ALGORITHMS FOR FINDING FAKE ACCOUNTS IN SOCIAL NETWORKS USING NEURAL 

NETWORKS  

The article examines the problem of fake accounts (fakes) on social networks and their impact on public 

outcry. Under the influence of fakes, the psyche and behavior of people in society change. The number of fakes 
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matters when forming a sample from networks, since the study of networks as a whole is often impossible due 

to their large data. The purpose of this article is to describe ways in which fake accounts influence social 

network users and prevent them. The proposed algorithm creates a classifier that will help determine the 

authenticity of a user account. 

Keywords: social networks, data analysis, fake, fake account, data protection, information war, 

disinformation, information security. 
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ʋɼʂ: 55.551.3 

ʆʎɽʅʂɸ ʇʈʆɻʅʆʉʊʀʏɽʉʂʆʁ ʉʇʆʉʆɹʅʆʉʊʀ ʄʆɼɽʃʀ ɺʆʉʇʈʀʀʄʏʀɺʆʉʊʀ ʂ 

ɺʆɿʅʀʂʅʆɺɽʅʀʖ ʆʇʆʃɿʅɽʁ 

 

ʈʘʭʠʤʙʝʢʦʚʘ ʄ.ʈ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ, ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʝʡʩʤʦʣʦʛʠʠ ʅɸʅ ʊʘʜʞʠʢʠʩʪʘʥʘ 

 

ʆʧʦʣʟʥʠ ʩʣʫʞʘʪ ʦʙʲʝʢʪʘʤ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʚʘʣʠʜʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʩʥʘʯʘʣʘ ʩʦʟʜʘʸʪʩʷ ʤʦʜʝʣʴ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ ʠ ʧʦʩʣʝ ʩ ʧʦʤʦʱʴʶ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʦʧʦʣʟʥʝʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʦ ʤʥʦʛʠʭ ʧʫʙʣʠʢʘʮʠʷʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ 70% ʦʧʦʣʟʥʝʡ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ 30% ʜʣʷ ʚʘʣʠʜʘʮʠʠ. ʇʨʠʯʸʤ ʚʳʙʦʨ ʦʧʦʣʟʥʝʡ 

ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʥʜʦʤʥʳʤ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʠʟʙʝʞʘʥʠʷ ʦʰʠʙʦʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʦʧʦʣʟʥʠ ʪʘʢʞʝ 

ʜʦʣʞʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʧʦ ʚʩʝʡ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ [2]. 

ʈʘʟʙʠʝʥʠʝ ʦʧʦʣʟʥʝʡ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʩ ʚʘʞʥʝʡʰʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʘʰʠʭ 

ʜʘʥʥʳʭ-ʥʝʟʘʚʠʩʠʤʦʩʪʴʶ. ʇʦʣʥʘʷ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʤʦʜʝʣʠ ʦʪ ʦʧʦʣʟʥʝʡ ʜʣʷ ʚʘʣʠʜʘʮʠʠ ʥʝʦʙʭʦʜʠʤʘ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʡʪʠ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ: ʜʦ ʢʘʢʦʡ ʩʪʝʧʝʥʠ ʤʦʜʝʣʴ ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʘʣʴʥʦʩʪʴʶ? [3].  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʥʜʝʢʩʘ ʧʦʨʘʞʸʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ ʦʧʦʣʟʥʷʤʠ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʣʠʰʴ 

ʤʝʩʪʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʧʦʣʟʥʝʡ ʠ ʥʝ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴ ʜʨʫʛʠʝ ʫʷʟʚʠʤʳʝ ʧʣʦʱʘʜʠ, ʚʦʩʧʨʠʠʤʯʠʚʳʝ 

ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ, ʢʨʦʤʝ ʫʞʝ ʧʦʜʚʝʨʞʝʥʥʳʭ ʦʧʦʣʟʥʝʚʦʤʫ ʧʨʦʮʝʩʩʫ, ʤʦʜʝʣʴ 

ʧʦʢʘʟʳʚʘʝʪ ʤʝʩʪʘ ʠʭ ʙʫʜʫʱʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘʨʷʜʫ ʩ ʧʨʦʛʥʦʟʦʤ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʠ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠ. 

ʆʮʝʥʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʝʣʠ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ ʦʙʳʯʥʦ 

ʜʝʣʘʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ROC-ʘʥʘʣʠʟʘ. ʇʦʢʘ ʯʪʦ ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʦ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʝʣʠ ʠ ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʧʦʩʦʙ 

ʦʙʥʘʨʫʞʝʥʠʷ ʪʦʛʦ, ʯʪʦ ʥʘʰʘ ʤʦʜʝʣʴ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʢʨʦʩʩ-ʪʘʙʫʣʷʮʠʶ ʥʘʟʳʚʘʶʪ ʧʦ-ʨʘʟʥʦʤʫ, ʚ ʦʜʥʠʭ ʩʣʫʯʘʷʭ-ʧʝʨʝʢʨʝʩʪʥʦʡ 

ʪʘʙʣʠʮʝʡ, ʘ ʚ ʜʨʫʛʠʭ-ʪʘʙʣʠʮʝʡ ʩʦʧʨʷʞʝʥʥʦʩʪʠ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʵʪʦʛʦ, ʦʥʘ ʠʩʧʦʣʥʷʝʪ ʦʜʥʫ 

ʬʫʥʢʮʠʶ: ʧʦʤʦʛʘʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʘʪʝʛʦʨʠʘʣʴʥʳʝ ʠ ʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ. 

ʇʝʨʝʢʨʝʩʪʥʳʝ ʪʘʙʣʠʮʳ ʜʝʣʘʶʪ ʘʥʘʣʠʟ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʙʦʣʝʝ 

ʜʝʪʘʣʠʟʦʚʘʥʥʳʤ. ʀʩʢʣʶʯʝʥʠʝ ʢʨʦʩʩ-ʪʘʙʫʣʷʮʠʠ ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʥʝʧʘʨʘʣʣʝʣʴʥʳʤ ʠʥʪʝʨʧʨʝʪʘʮʠʷʤ ʠʥʬʦʨʤʘʮʠʠ. 

ʂʨʦʩʩ-ʪʘʙʫʣʷʮʠʷ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʧʦʣʟʥʝʚʳʭ 

ʷʚʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʠʟʫʘʣʴʥʦ ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ.  

ʃʶʙʦʝ ʷʚʣʝʥʠʝ - ʵʪʦ ʨʝʟʫʣʴʪʘʪ ʢʦʛʦ-ʪʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʠ ʦʧʦʣʟʥʝʚʳʝ ʷʚʣʝʥʠʷ ʚ ʵʪʦʤ ʧʣʘʥʝ ʥʝ ʠʩʢʣʶʯʝʥʠʝ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʬʘʢʪʦʨʘ, 

ʘʢʪʠʚʠʟʠʨʫʶʱʝʛʦ ʦʧʦʣʟʥʝʚʦʡ ʧʨʦʮʝʩʩ (ʩʝʡʩʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʠ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ), ʦʥ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʢʦʥʢʨʝʪʥʳʭ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ, ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʅʝ ʟʨʷ ʛʦʚʦʨʷʪ, ʯʪʦ çʧʨʦʰʣʦʝ - ʵʪʦ ʢʣʶʯ ʢ ʙʫʜʫʱʝʤʫè, ʠ, ʩʣʝʜʫʷ ʵʪʦʤʫ ʧʨʠʥʮʠʧʫ ʠ ʠʟʫʯʘʷ 

ʧʨʦʰʣʦʝ, ʤʦʞʥʦ ʨʘʡʦʥʠʨʦʚʘʪʴ ʪʝʨʨʠʪʦʨʠʶ ʧʦ ʩʪʝʧʝʥʠ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʦʧʦʣʟʥʝʡ [2; 6]. 

ʕʪʦ ʚʦʟʤʦʞʥʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʧʨʝʜʝʣʸʥ ʨʷʜ ʧʨʠʟʥʘʢʦʚ ʦʧʦʣʟʥʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʦʧʦʣʟʥʝʦʙʨʘʟʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʧʦʣʟʥʝʡ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʧʨʠʚʷʟʘʥʥʳʭ ʢʘʨʪ ʬʘʢʪʦʨʦʚ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʀʭ ʩʦʧʦʩʪʘʚʣʝʥʠʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʧʦʣʥʠʤʦ ʩ ʧʦʤʦʱʴʶ ʢʨʦʩʩ-ʪʘʙʫʣʷʮʠʠ. 

ʆʜʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʦʧʦʣʟʥʝʡ ʩ ʬʘʢʪʦʨʘʤʠ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ 

ʛʦʚʦʨʠʪʴ ʦʙ ʠʭ ʧʨʠʟʥʘʢʘʭ, ʜʣʷ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʝʜʣʦʞʠʣʠ ʨʷʜ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ 

ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʦʜʦʚ ʚʳʷʚʣʝʥʠʷ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ ʩ ʬʘʢʪʦʨʘʤʠ 

ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʷʚʣʝʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʧʦʣʟʥʝʚʳʭ 

ʷʚʣʝʥʠʡ, ʩʦʧʨʷʞʸʥʥʳʭ ʩ ʠʟʫʯʝʥʠʝʤ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʭ ʚʳʯʠʩʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ.  
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ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ 

Fig. 1. Scheme for Conducting Landslide Susceptibility Modeling 

  
 

ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʫʤʝʥʴʰʘʝʪ ʟʘʪʨʘʪʳ ʪʨʫʜʘ ʚ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʥʘʤʥʦʛʦ ʧʨʝʚʦʩʭʦʜʷʪ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʫʪʸʤ. ɼʨʫʛʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 
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ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ - ʵʪʦ ʪʦ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʥʠʭ ʨʝʰʘʶʪʩʷ ʜʘʞʝ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʨʝʰʘʝʤʳʝ ʟʘʜʘʯʠ [4; 8]. 

ʆʜʥʠʤ ʠʟ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ 

ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ, ʷʚʣʷʝʪʩʷ ArcGIS ArcMap. 

ʈʘʡʦʥ ʢʘʩʢʘʜʘ ɻʕʉ ʥʘ ʨʝʢʝ ɺʘʭʰ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʪʝʨʨʠʪʦʨʝʡ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ, ʛʜʝ 

ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʢʘʨʪʳ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ ʙʳʣʘ 

ʩʜʝʣʘʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʠ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ. ʊʘʢʞʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚʘʣʠʜʘʮʠ ̫(ʨʠʩ 2) 

ʚʩʝʭ ʩʦʟʜʘʥʥʳʭ ʤʦʜʝʣʝʡ [1]. 

 

ʈʠʩ. 2. ʉʨʘʚʥʝʥʠʝ ʤʦʜʝʣʝʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ 

 Fig. 1. Comparison of Landslide Susceptibility Models 

 
ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʩʣʝʜʫʶʱʠʤ ʚʳʚʦʜʘʤ: 

1. ʇʨʠ ʦʮʝʥʢʝ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ 

ʚʘʣʠʜʘʮʠʷ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʥʝʧʨʝʤʝʥʥʳʭ ʨʘʙʦʪ. ʂʘʨʪʘ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʦʧʦʣʟʥʝʡ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʚʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʩʪʘʚʣʷʝʪ ʟʘ ʩʦʙʦʡ ʩʦʤʥʝʥʠʝ ʠ ʥʝ ʚʩʝʛʜʘ ʚʥʝʜʨʷʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʊʦʯʥʦʩʪʴ ʤʦʜʝʣʠ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ ʜʦ ʢʘʢʦʡ ʩʪʝʧʝʥʠ ʦʧʦʣʟʥʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʚʘʣʠʜʘʮʠʠ, 

ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʟʦʥʳ ʩ ʚʳʩʦʢʦʡ ʠ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ [7]. 

2. ʈʘʟʙʠʝʥʠʝ ʦʧʦʣʟʥʝʡ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʩ ʚʘʞʥʝʡʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʜʘʥʥʳʭ-ʥʝʟʘʚʠʩʠʤʦʩʪʴʶ. ʇʦʣʥʘʷ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʤʦʜʝʣʠ ʦʪ ʦʧʦʣʟʥʝʡ ʜʣʷ ʚʘʣʠʜʘʮʠʠ ʥʝʦʙʭʦʜʠʤʘ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʡʪʠ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ: ʜʦ ʢʘʢʦʡ ʩʪʝʧʝʥʠ ʤʦʜʝʣʴ ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʘʣʴʥʦʩʪʴʶ? 

3. ʀʥʚʝʥʪʘʨʠʟʘʮʠʦʥʥʘʷ ʢʘʨʪʘ ʙʝʟ ʝʸ ʚʝʨʠʬʠʢʘʮʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʣʝ ʥʝ 

ʩʯʠʪʘʝʪʩʷ ʧʦʣʥʦʮʝʥʥʦʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʭʦʜʝ ʚʝʨʠʬʠʢʘʮʠʠ ʪʘʢʞʝ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʪʝ 

ʷʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠ ʜʝʰʠʬʨʦʚʢʝ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʥʝʚʦʟʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ [4; 3]. 
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ÌÜÓ¾ÍÔÔ ÉÚÍÔ×ÔëÞÔ ÛÑäÏÊÔÔ ÞÌÜÇÔ ÇÌÝÝÚÝÔëÞ ÍÌ Üßá ÐÚÐÌÙÔ ëÜãÇÚ 
Øúðñ÷ýúóôô ĕìýýúýôċþô ċüă íñ íì ðìýþ úîìüðìùô ĉĆþôíúüô ĕÿėÿėĒ, öô øìĆøÿ÷ìù 

îì÷ôðìþýôúùĒ ùúøôðì øñĄìîìð, ìĕìøøôċþô ìøì÷Ē ùìðúüìð. Ìó ôù üĘ, ìüóČíôô úýñíûìóôüôô øôùþìėì 
íì ċüăĕú îìóôĀìô ìýúýôô íìùìėĄìïôüĒ, üÿĄðô ôėþôýúðĒ îì öìø öìüðìùô āôýúüúþô ĉĕþôøú÷Ē 
øñíúĄìð. Ðìü üúíôþì íì ôù, øìėú÷ìô øìóöÿü ċöăìùð ÿýÿ÷ĕúô þìýðôėöÿùôüú ûñĄùôĕúð øñöÿùìð, öô 
ìó þìĕôċô āìüôþìô þìėýôøúþô ĕúðôýìĕúô ċüă þú íìĕúðôĕôô ðÿüÿýþôô øúðñ÷ô ĕìýýúýôċþô ċüă 
øñíúĄìð.  

Öì÷ôðîúòìĕú: Ĕìðîì÷ô íìõùôýúĕìîĒ, þìýðôėöÿùĒ, ĕìýýúýôċþ, ċüă, ýìùïüñóôĄ, þìüøì, GIS. 
 

ʆʎɽʅʂɸ ʇʈʆɻʅʆʉʊʀʏɽʉʂʆʁ ʉʇʆʉʆɹʅʆʉʊʀ ʄʆɼɽʃʀ ɺʆʉʇʈʀʀʄʏʀɺʆʉʊʀ ʂ 

ɺʆɿʅʀʂʅʆɺɽʅʀʖ ʆʇʆʃɿʅɽʁ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ ʙʝʟ ʧʦʣʫʯʝʥʠʷ ʶʨʠʜʠʯʝʩʢʦʡ ʩʠʣʳ, 

ʢʦʪʦʨʘʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʠʟʚʝʩʪʥʘ ʢʘʢ ʚʘʣʠʜʘʮʠʷ, ʥʝ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ. ʇʦʵʪʦʤʫ ʦʮʝʥʢʘ 

ʫʷʟʚʠʤʦʩʪʠ ʨʝʛʠʦʥʘ ʢ ʦʧʦʣʟʥʷʤ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʠ ʫʤʝʥʴʰʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʫʱʝʨʙʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʥʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ 

ʚʘʣʠʜʘʮʠʡ, ʥʘʯʠʥʘʷ ʦʪ ʩʦʟʜʘʥʠʷ ʢʘʨʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ ʜʦ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ 

ʤʦʜʝʣʠ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʢʨʦʩʩ-ʪʘʙʫʣʷʮʠʷ, ʚʘʣʠʜʘʮʠʷ, ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ, ʦʧʦʣʟʥʠ, ʦʩʳʧʠ, ʣʘʚʠʥʳ, ɻʀʉ. 

 

ASSESSMENT OF THE PREDICTIVE CAPABILITY OF THE LANDSLIDE SUSCEPTIBILITY 

MODEL  

Modeling of Landslide Susceptibility Without Legal Validation, Which Is More Commonly Known as 

Validation, Has No Practical Significance. Therefore, assessing the region's vulnerability to landslides is a key 

task for planning, economic development, and reducing potential damage. Therefore, This Paper Presents 

Several Validation Methods, Ranging from the Creation of a Landslide Occurrence Map to the Evaluation of the 

Accuracy of the Landslide Susceptibility Model. 

Keywords: cross-tabulation, validation, susceptibility, landslides, debris.  
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ʋɼʂ: 504 

ʈɽʅʊɻɽʅʆʌʃʋʆʈʀʉʎɽʅʊʅʓʁ ɸʅɸʃʀɿ ʉʆɼɽʈɾɸʅʀʗ ʊʗɾɪʃʓʍ ʄɽʊɸʃʃʆɺ ɺ 

ʃʀʐɸʁʅʀʂɸʍ ɺ ʋʉʃʆɺʀʗʍ ɻʆʈʆɼʉʂʆʁ ʉʈɽɼʓ 

 

ʅʘʟʨʫʣʣʦʝʚʘ ɸ.ɸ. 

ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ, ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʵʢʦʣʦʛʠʠ ʅɸʅʊ 

 

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ ʩʚʷʟʘʥʦ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʯʝʣʦʚʝʢʘ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʚ ʛʦʨʦʜʘʭ ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ 

ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʡ ʥʘʩʳʱʝʥ ʨʘʟʣʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ, ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ [2].  

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʣʠʰʘʡʥʠʢʦʚ ʢ ʘʪʤʦʩʬʝʨʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʦʪʤʝʯʝʥʘ ʝʱʝ ʚ ʧʨʦʰʣʦʤ 

ʚʝʢʝ ɻʨʠʥʜʦʥʦʤ ʠ ʅʠʣʘʥʜʝʨʦʤ [3]. ʃʠʰʘʡʥʠʢʠ ʩʧʦʩʦʙʥʳ ʥʘʢʘʧʣʠʚʘʪʴ ʵʣʝʤʝʥʪʳ ʠʟ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʢʦʣʠʯʝʩʪʚʘʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ. ʀʟ-ʟʘ 

ʦʪʩʫʪʩʪʚʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʨʛʘʥʦʚ ʜʣʷ ʦʙʤʝʥʘ ʚʦʜʳ ʠ ʛʘʟʦʚ ʠ ʥʠʟʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʦʥʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʩʜʝʣʘʣʘ ʣʠʰʘʡʥʠʢʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʢʘʯʝʩʪʚʝ 

ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʬʪʦʨʦʤ, ʩʝʨʦʡ, ʘʟʦʪʦʤ ʠ 

ʨʘʜʠʦʥʫʢʣʝʠʜʘʤʠ [1]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʧʦʣʫʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ ʠʭ ʩʪʨʫʢʪʫʨʳ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʮʠʥʢ ʥʘʭʦʜʠʪʩʷ ʚ ʢʣʝʪʢʘʭ ʣʠʰʘʡʥʠʢʦʚ, 

ʩʚʠʥʝʮ ʥʘ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʢʘʭ ʩʠʤʙʠʦʥʪʦʚ, ʘ ʞʝʣʝʟʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʤʝʞʢʣʝʪʦʯʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʪʘʣʣʦʤʦʚ. 

ʇʦʵʪʦʤʫ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ 

ʚʦʟʜʫʭʘ: ʩʫʙʢʣʝʪʦʯʥʘʷ ʬʨʘʢʮʠʷ, ʥʘʧʨʦʪʠʚ, ʠʟʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʭ 

ʧʨʦʤʝʞʫʪʢʦʚ ʚʨʝʤʝʥʠ, ʧʦʩʢʦʣʴʢʫ ʝʝ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʘʨʴʝʨʥʦʡ ʬʫʥʢʮʠʝʡ 

ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ, ʢʦʪʦʨʘʷ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʠ ʚʳʤʳʚʘʥʠʶ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ. 

ʇʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʣʠʰʘʡʥʠʢʘʭ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ, 

ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʚʦʟʜʫʭʘ. ɺ ʘʪʤʦʩʬʝʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʛʘʟʦʦʙʨʘʟʥʳʡ ʪʦʢʩʠʢʘʥʪ 

ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʩʝʨʘ (SO2), ʢʦʪʦʨʳʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʧʦʧʘʜʘʝʪ ʚ 

ʩʣʦʝʚʠʱʘ ʣʠʰʘʡʥʠʢʦʚ ʠ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʪʘʣʣʦʤʘʭ. ʊʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʪʝʩʪʘ ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʩʝʨʥʠʩʪʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʘʥʘʣʠʟ ʩʝʨʳ ʚ 

ʪʘʣʣʦʤʘʭ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ 

ʪʘʣʣʦʤʘʭ ʵʧʠʬʠʪʥʦʛʦ ʣʠʰʘʡʥʠʢʘ Hypogymnia physodes (ʩʝʤ. Parmeliaceae), ʩʦʙʨʘʥʥʳʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʛ. ɼʫʰʘʥʙʝ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. ɺʳʙʦʨ ʜʘʥʥʦʛʦ ʚʠʜʘ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʢ ʘʪʤʦʩʬʝʨʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʠ 

ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʵʧʠʬʠʪʦʚ, ʤʥʦʡ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʩʪʘʚʠʣʠʩʴ ʟʘʜʘʯʠ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʩ 

ʠʩʢʣʶʯʝʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʪ ʩʫʙʩʪʨʘʪʘ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʫʰʘʥʙʝ - ʢʨʫʧʥʳʡ ʛʦʨʦʜ, ʧʦʣʠʪʠʯʝʩʢʠʡ, 

ʢʫʣʴʪʫʨʥʳʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʮʝʥʪʨ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʩ ʥʘʩʝʣʝʥʠʝʤ ʙʦʣʝʝ 661,1 ʪʳʩ. ʯʝʣʦʚʝʢ. 

ɼʫʰʘʥʙʝ ʨʘʩʧʦʣʦʞʝʥ ʥʘ 38Á ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ ʠ 68Á ʚʦʩʪʦʯʥʦʡ ʜʦʣʛʦʪʳ ʥʘ ʚʳʩʦʪʝ ʦʢʦʣʦ 800 ʤ 

ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʚ ʛʫʩʪʦʥʘʩʝʣʸʥʥʦʡ ɻʠʩʩʘʨʩʢʦʡ ʜʦʣʠʥʝ. ʂʣʠʤʘʪ ʩʫʙʪʨʦʧʠʯʝʩʢʠʡ 

ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ, ʥʝʩʢʦʣʴʢʦ ʩʤʷʛʯʘʝʪʩʷ ʛʦʨʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʛʦʨʦʜʘ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʨʘʟʮʳ ʣʠʰʘʡʥʠʢʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʩʦʙʨʘʥʳ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʫʯʘʩʪʢʘʭ: ʪʦʯʢʘ ˉ 1 ï ʊʕʎ - 2 ʚ ʨʘʡʦʥʝ ʀ. ʉʦʤʦʥʠ; ʪʦʯʢʘ ˉ2 - ʇʘʨʢ ɺʝʣʠʢʦʛʦ ʂʠʨʘ 

ʚ ʨʘʡʦʥʝ ʐʦʭʤʘʥʩʫʨ; ʪʦʯʢʘ ˉ3 - ʇʘʨʢ ɸ. ʄʠʨʦʥʝʥʢʦ ʚ ʨʘʡʦʥʝ ʉʠʥʦ; ʪʦʯʢʘ ˉ 4 - ʎʝʥʪʨʘʣʴʥʳʡ 

ʧʘʨʢ ʚ ʨʘʡʦʥʝ ʌʠʨʜʦʫʩʠ.  

ʉʙʦʨ ʣʠʰʘʡʥʠʢʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʭʚʦʡʥʦʛʦ ʜʝʨʝʚʘ ʥʘ ʚʳʩʦʪʝ ʦʪ 1,2 ʜʦ 1,5 ʤʝʪʨʦʚ ʚ 

ʣʝʪʥʠʡ ʧʝʨʠʦʜ 2024 ʛʦʜʘ, ʚ ʩʫʭʠʭ ʫʩʣʦʚʠʷʭ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʧʘʜʘʥʠʷ ʚ ʦʙʨʘʟʮʳ 

ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʪʘʣʣʦʤʦʚ. ʆʙʨʘʟʮʳ ʩʨʝʟʘʣʠʩʴ ʚʤʝʩʪʝ ʩ ʢʦʨʦʡ ʠ ʧʦʤʝʱʘʣʠʩʴ ʚ ʦʙʱʠʡ 
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ʧʨʦʥʫʤʝʨʦʚʘʥʥʳʡ ʧʘʢʝʪ. ɺ ʜʥʝʚʥʠʢʝ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: ʜʘʪʘ ʩʙʦʨʘ, ʤʝʩʪʦ 

ʩʙʦʨʘ, ʜʠʘʤʝʪʨ ʩʪʚʦʣʘ, ʵʢʩʧʦʟʠʮʠʷ ʠ ʥʘʢʣʦʥ ʩʪʚʦʣʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʣʠʰʘʡʥʠʢʘʭ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʈʝʩʫʨʩʥʦʤ 

ʮʝʥʪʨʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʘʙʦʨʘʪʦʨʠʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʅʀʀ ʧʨʠ ʈʊʉʋ. ʉʦʙʨʘʥʥʳʝ 

ʦʙʨʘʟʮʳ ʧʨʦʰʣʠ ʩʪʘʥʜʘʨʪʥʫʶ ʢʘʤʝʨʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢ ʘʥʘʣʠʟʫ ʥʘ 

ʩʧʝʢʪʨʦʤʝʪʨʝ çʉʧʝʢʪʨʦʩʢʘʥ-ʄʘʢʩè ʢʦʤʧʘʥʠʠ Spectron. ɺʳʩʫʰʠʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʜʦ ʧʦʣʥʦʛʦ 

ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 105 Áʉ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

4 ʦʙʨʘʟʮʘ ʣʠʰʘʡʥʠʢʦʚ ʠ ʪʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʙʩʪʨʘʪʦʚ, ʚʢʣʶʯʘʷ ʢʦʨʫ ʠ ʧʦʯʚʫ. 

 

ʊʘʙʣʠʮʘ 1. ʅʘʢʦʧʣʝʥʠʝ ʊʄ ʵʧʠʬʠʪʥʳʤʠ ʣʠʰʘʡʥʠʢʘʤʠ 

Table 1. Accumulation of TM by epiphytic lichens 

ʊʄ ʇʨʦʙʳ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʢʦʧʣʝʥʠʷ * 

1 2 3 4 

Pb 0.35 1.98 0.85 0.91 

Mn 0.48 2.39 2.16 2.10 

Zn 1.52 0.77 0.52 0.99 

Fe 0.23 3.26 2.16 2.43 

Eu 1.84 1.54 0.74 1.12 

Th 0.03 0.52 1.21 0.86 

Cu 1.17 1.32 1.24 2.41 

Ni 0.22 0.85 0.53 2.74 

Co 0 0 0 0 

Cr 0.59 0.73 0.21 1.28 
ʇʨʠʤʝʯʘʥʠʝ: ʂʦʵʬʬʠʮʠʝʥʪʳ ʥʘʢʦʧʣʝʥʠʷ ʵʧʠʬʠʪʥʦʛʦ ʣʠʰʘʡʥʠʢʘ Hypogymnia physodes ʚ ʨʘʡʦʥʘʭ: 1 - ʀ. ʉʦʤʦʥʠ. 2 

-ʐʦʭʤʘʥʩʫʨ. 3 - ʉʠʥʦ. 4 - ʌʠʨʜʦʫʩʠ.  

 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʠʰʘʡʥʠʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʢʘʧʣʠʚʘʶʪ ʥʠʢʝʣʴ, ʭʨʦʤ, ʘ ʪʘʢʞʝ ʥʝ 

ʘʢʢʫʤʫʣʠʨʫʶʪ ʢʦʙʘʣʴʪ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʣʠʰʘʡʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ 

ʥʘʢʦʧʣʝʥʠʷ ʤʳʰʴʷʢʘ.  

ɼʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʪʤʝʯʝʥʳ ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʢʦʧʣʝʥʠʷ (ʂʥ > 2) 

ʜʣʷ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 1. ʉʦʜʝʨʞʘʥʠʷ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʣʠʰʘʡʥʠʢʘʭ Hypogymnia physodes 

Figure 1. Heavy metal content in lichens Hypogymnia physodes 
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ɺ ʨʘʡʦʥʝ ʊʕʎ-2 ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʣʠʰʘʡʥʠʢʘʭ ʩʚʠʥʮʘ ʠ ʪʦʨʠʷ, 

ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʜʘʥʥʦʡ ʪʝʧʣʦʵʣʝʢʪʨʦʮʝʥʪʨʘʣʠ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʝ 

ʫʨʦʚʥʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʊʕʎ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ ʚʦʟʤʦʞʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʪʦʯʢʠ ʩʙʦʨʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʠ ʭʨʦʤʘ ʚ ʣʠʰʘʡʥʠʢʘʭ, ʩʦʙʨʘʥʥʳʭ ʚʦʟʣʝ ʊʕʎ-2, ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ 

ʚ ʦʙʨʘʟʮʘʭ ʠʟ ʧʘʨʢʘ ɺʝʣʠʢʦʛʦ ʂʠʨʘ, ʧʘʨʢʘ ɸ. ʄʠʨʦʥʝʥʢʦ ʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʘʨʢʘ ʚ ʨʘʡʦʥʝ 

ʌʠʨʜʦʫʩʠ.  

ɿʘʢʣʶʯʝʥʠʝ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (Fe, Mn, Cu, 

Ni, Zn, Pb, Eu, Co, Th, Cr) ʚ ʣʠʰʘʡʥʠʢʘʭ ʚʠʜʘ Hypogymnia physodes.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ ʠ ʪʦʨʠʷ ʚ ʣʠʰʘʡʥʠʢʘʭ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʠʤ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʞʝʣʝʟʘ, ʮʠʥʢʘ ʠ ʤʘʨʛʘʥʮʘ ʥʝ ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʫʤʝʨʝʥʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ ʚ ʛ. 

ɼʫʰʘʥʙʝ. ɸʥʘʣʠʟ ʣʠʰʘʡʥʠʢʦʚ, ʩʦʙʨʘʥʥʳʭ ʚʙʣʠʟʠ ʊʕʎ-2, ʚʳʷʚʠʣ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʪʦʨʠʷ ʠ ʩʚʠʥʮʘ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʤʳʰʣʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʧʨʝʜʧʨʠʷʪʠʷ ʠ 

ʚʳʙʨʦʩʘʤʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʜʚʠʞʫʱʠʭʩʷ ʧʦ ʪʨʘʩʩʝ, ʧʨʦʭʦʜʷʱʝʡ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʦʪ ʤʝʩʪʘ ʩʙʦʨʘ ʦʙʨʘʟʮʦʚ. 

ɺʝʨʦʷʪʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʪʷʞʸʣʳʝ ʤʝʪʘʣʣʳ (ʊʄ) ʧʦʩʪʫʧʘʶʪ ʢʘʢ ʠʟ ʤʝʩʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʟʘʛʨʷʟʥʝʥʠʷ, ʪʘʢ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʣʦʢʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʚʠʜ ʣʠʰʘʡʥʠʢʘ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʠʥʜʠʢʘʪʦʨʘ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʦʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʷʞʸʣʳʭ 

ʤʝʪʘʣʣʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ. 
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ÞÌÇ×Ô×Ô ÜÑÙÞÏÑÙÚà×ßÚÜÑÝÑÙÞÔÔ ØÔÉÐÚÜÔ ØÑÞÌ××ÇÚÔ ÎÌÓÙÔÙ ÐÌÜ 

×ÔäÌÕÙÔÖÇÚ ÐÌÜ äÌÜÚÔÞÔ ØßÇÔÞÔ äÌÇÜÄ 
Ðìü øìėú÷ì þìĕ÷ô÷ô āÿýÿýôċþĕúô üìîìùðô ĔìøĆĄìîôô øñþì÷÷ĕúô îìóùôùô óñüôù úîìüðì 

Ąÿðììýþ: Pb, Th, Mn, Zn îì Fe ðìü ÷ôĄìõùôöĕúô ĉûôĀôþĒ Hypogymnia physodes. Æúõĕúô úøĘóôĄĒ 
ðìü ăúü ùúĕôċô Ąìĕüô ÐÿĄìùíñô ÞúĔôöôýþúù: ùúĕôċô Ýôùú, ùúĕôċô äúāøìùýÿü, ùúĕôċô àôüðìîýĒ 
îì ùúĕôċô Ô. ÝúøúùĒ Ĕúõïôü Ąÿðììùð. Ðìü ìýúýô þìĕėôėúþô ïÿóìüúùôðìĄÿðì ėìõð öìüðìù øÿøöôù 
ìýþ, öô ðìü øìîóñô þìĕėôėĄÿðì øôėðúüô øñþì÷÷ĕúô îìóùôù ðìü ĕÿðÿðô óñüôù þìĎõôü øñČíìùð: Pb 
0,35-5,43; Th 0,03-9,21; Mn 0,48-7,12; Zn 1,52-11,09; Fe 0,23-8,59 øï/öï, øÿþìùúýôíìùð íì ýìþĕô 
íÿóÿüïôĕúô úøúüĒ p <0,05, 0,01 îì 0,001. 

Þìĕ÷ô÷ô üñùþïñùúĀ÷ÿúüôýþñùþôô þìüöôíô āôøôċîôô ÷ôĄìõùôö íìüúô øÿìõċù öìüðìùô 
ðìüìĔìô ôĀ÷úýĄìîôô ĕìîúô ìþøúýĀñüì.  

Öì÷ôðîúòìĕú: ÷ôĄìõùôö, þìĕ÷ô÷ô üñùþïñùúýûñöþüì÷Ē, ÐÿĄìùíñ, øúùôþúüôùïô ýôĀìþô ĕìîúô 
ìþøúýĀñüì, øñþì÷÷ĕúô îìóùôù.  

 

ʈɽʅʊɻɽʅʆʌʃʋʆʈʀʉʎɽʅʊʅʓʁ ɸʅɸʃʀɿ ʉʆɼɽʈɾɸʅʀʗ ʊʗɾɪʃʓʍ ʄɽʊɸʃʃʆɺ ɺ 

ʃʀʐɸʁʅʀʂɸʍ ɺ ʋʉʃʆɺʀʗʍ ɻʆʈʆɼʉʂʆʁ ʉʈɽɼʓ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʥʘʢʦʧʣʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ: 

Pb, Th, Mn, Zn ʠ Fe ʚ ʵʧʠʬʠʪʥʳʭ ʣʠʰʘʡʥʠʢʘʭ Hypogymnia physodes. ʄʝʩʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʯʝʪʳʨʝʭ ʨʘʡʦʥʘʭ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ: ʨʘʡʦʥ ʉʠʥʦ, ʨʘʡʦʥ 

ʐʦʭʤʘʥʩʫʨ, ʨʘʡʦʥ ʌʠʨʜʦʫʩʠ ʠ ʨʘʡʦʥ ʀ. ʉʦʤʦʥʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʩʣʝʜʫʶʱʠʭ 

ʧʨʝʜʝʣʘʭ: Pb 0,35-5,43; Th 0,03-9,21; Mn 0,48-7,12; Zn 1,52-11,09; Fe 0,23-8,59 ʤʛ/ʢʛ, ʫʨʦʚʝʥʴ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ p <0,05, 0,01 ʠ 0,001, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ʈʝʥʪʛʝʥʦʬʣʫʦʨʠʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʠʰʘʡʥʠʢʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʰʘʡʥʠʢʠ, ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ, ɼʫʰʘʥʙʝ, ʤʦʥʠʪʦʨʠʥʛ ʢʘʯʝʩʪʚʘ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʪʷʞʸʣʳʝ ʤʝʪʘʣʣʳ. 

 

X-RAY FLUORESCENCE ANALYSIS OF THE CONTENT OF HEAVY METALS IN LICHENS IN 

AN URBAN ENVIRONMENT  

The article presents an analysis of the features of the accumulation of the following heavy metals: Pb, Th, 

Mn, Zn and Fe in epiphytic lichens Hypogymnia physodes. The study sites were located in four districts of 

Dushanbe, Tajikistan: Sino district, Shomansur district, Firdausi district and I. Somoni district. Based on the 

conducted research, it can be noted that in the studied territories the content of heavy metals varied within the 

following limits: Pb 0,35-5,43; Th 0,03-9,21; Mn 0,48-7,12; Zn 1,52-11,09; Fe 0,23-8,59 mg/kg, the level of 

statistical significance p<0.05, 0.01 and 0.001, respectively. 

X-ray fluorescence analysis of the chemical composition of lichen to determine the degree of atmospheric 

air pollution. 

Keywords: lichens, X-ray spectral analysis, Dushanbe, monitoring of atmospheric air quality, heavy 

metals. 
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ʋɼʂ: 621.923.9 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʆɹʈɸɹʆʊʂʀ ʉɸʄʆʎɺɽʊʅʓʍ ʂɸʄʅɽʁ ʅɸ 

ɻɸʃʊʆɺʆʏʅʆʄ ɹɸʈɸɹɸʅɽ ʋʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʅʆʁ ʂʆʅʉʊʈʋʂʎʀʀ 

 

ɸʤʦʥʦʚ ʉ.ʊ. 

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ʉ. ʆʩʠʤʠ 

 

ɺʚʝʜʝʥʠʝ. ʆʧʝʨʘʮʠʷ ʛʘʣʪʦʚʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʟʘʫʩʝʥʮʝʚ, ʜʝʬʝʢʪʦʚ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʦʯʠʱʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ ʦʪ ʛʨʷʟʠ, ʦʢʨʫʛʣʝʥʠʷ ʦʩʪʨʳʭ ʛʨʘʥʝʡ. ʇʨʠ 

ʦʙʨʘʙʦʪʢʝ ʩʘʤʦʮʚʝʪʥʳʭ ʢʘʤʥʝʡ ʛʘʣʪʦʚʢʦʡ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʷʪ ʧʨʠʜʘʥʠʝ ʜʝʪʘʣʷʤ ʦʢʨʫʛʣʦʡ 

ʬʦʨʤʳ, ʠʭ ʰʣʠʬʦʚʘʥʠʝ ʠ ʧʦʣʠʨʦʚʘʥʠʝ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʩʧʦʩʦʙ ʛʘʣʪʦʚʢʠ - ʵʪʦ 

ʦʙʨʘʙʦʪʢʘ ʚ ʛʘʣʪʦʚʦʯʥʳʭ ʙʘʨʘʙʘʥʘʭ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠʣʠ ʥʘʢʣʦʥʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ. ɺ 

ʛʘʣʪʦʚʦʯʥʳʭ ʙʘʨʘʙʘʥʘʭ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʙʨʘʙʦʪʢʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʪʨʝʥʠʷ ʜʝʪʘʣʝʡ ʠ ʘʙʨʘʟʠʚʘ 

ʧʨʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʩʢʦʣʴʞʝʥʠʠ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. ʉʢʦʨʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʩʢʦʣʴʞʝʥʠʷ ʠ ʜʝʡʩʪʚʫʶʱʠʝ ʩʠʣʳ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʦʛʨʘʥʠʯʝʥʳ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʫʩʢʦʨʝʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. ʇʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʚ ʛʘʣʪʦʚʦʯʥʳʭ ʙʘʨʘʙʘʥʘʭ ʧʨʦʠʩʭʦʜʠʪ 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʦ ʝʛʦ ʦʙʲʝʤʫ. ɺ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʟʘʛʨʫʟʦʯʥʘʷ ʤʘʩʩʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʤʘʣʦʧʦʜʚʠʞʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʦʙʨʘʙʦʪʢʝ ʥʝ ʫʯʘʩʪʚʫʝʪ. ʅʝʜʦʩʪʘʪʢʦʤ ʦʙʨʘʙʦʪʢʠ ʥʘ 

ʛʘʣʪʦʚʦʯʥʳʭ ʙʘʨʘʙʘʥʘʭ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ 

ʦʙʨʘʙʦʪʢʠ, ʧʨʠ ʙʘʨʘʙʘʥʥʦʡ ʛʘʣʪʦʚʢʝ ʩʘʤʦʮʚʝʪʥʳʭ ʢʘʤʥʝʡ ʟʘʚʠʩʷʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʦʩʥʦʚʥʳʤʠ 

ʷʚʣʷʶʪʩʷ: ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ ʙʘʨʘʙʘʥʘ ʠ 

ʟʘʛʦʪʦʚʦʢ, ʢʦʣʠʯʝʩʪʚʦ ʘʙʨʘʟʠʚʘ ʠ ʝʛʦ ʟʝʨʥʠʩʪʦʩʪʠ, ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʞʠʜʢʦʡ ʠ ʪʚʝʨʜʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʟʘʛʨʫʟʦʯʥʦʡ ʤʘʩʩʳ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. ʇʨʠ ʤʘʣʳʭ ʦʙʦʨʦʪʘʭ ʯʘʩʪʦʪʳ 

ʩʤʝʰʠʚʘʥʠʷ ʟʘʛʦʪʦʚʦʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʥʝʚʳʩʦʢʘʷ, ʘ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʦʙʦʨʦʪʘʭ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʣʠʧʘʥʠʝ ʟʘʛʦʪʦʚʦʢ ʢ ʩʪʝʥʢʝ ʙʘʨʘʙʘʥʘ, ʠ ʠʭ 

ʦʙʨʘʙʦʪʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʢʨʘʱʘʝʪʩʷ. 

ʆʙʟʦʨʥʘʷ ʯʘʩʪʴ. ʀʟʫʯʝʥʠʝ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʛʘʣʪʦʚʦʯʥʳʭ ʙʘʨʘʙʘʥʦʚ ʨʘʟʣʠʯʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʧʘʪʝʥʪʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʠʭ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ 

ʥʠʟʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. ʂʨʦʤʝ ʪʦʛʦ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʚ ʛʘʣʪʦʚʦʯʥʳʭ ʙʘʨʘʙʘʥʘʭ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʦ ʝʛʦ ʦʙʲʝʤʫ. ʅʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʟʘʛʨʫʟʦʯʥʘʷ ʤʘʩʩʘ ʥʘʭʦʜʠʪʩʷ 

ʚ ʤʘʣʦʧʦʜʚʠʞʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʦʙʨʘʙʦʪʢʝ ʥʝ ʫʯʘʩʪʚʫʝʪ. ʇʦʵʪʦʤʫ ʥʘʙʣʶʜʘʝʪʩʷ 

ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʙʦʪʘʥʥʳʭ ʟʘʛʦʪʦʚʦʢ. ʆʙʨʘʙʦʪʢʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ 

ʩʤʝʰʠʚʘʥʠʷ ʟʘʛʦʪʦʚʦʢ ʠ ʘʙʨʘʟʠʚʥʦʡ ʤʘʩʩʳ ʧʨʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʩʢʦʣʴʞʝʥʠʠ. ʇʨʠ ʤʘʣʳʭ 

ʦʙʦʨʦʪʘʭ ʙʘʨʘʙʘʥʘ ʯʘʩʪʦʪʘ ʩʤʝʰʠʚʘʥʠʷ ʟʘʛʦʪʦʚʦʢ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʥʝʚʳʩʦʢʠʝ, ʘ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʦʙʦʨʦʪʘʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʣʠʧʘʥʠʝ ʟʘʛʦʪʦʚʦʢ ʢ 

ʩʪʝʥʢʝ ʙʘʨʘʙʘʥʘ, ʠ ʠʭ ʦʙʨʘʙʦʪʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʛʘʣʪʦʚʦʯʥʦʛʦ ʙʘʨʘʙʘʥʘ, ʚʘʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʦʙʦʨʦʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʥʪʝʥʩʠʚʥʦʝ 

ʩʤʝʰʠʚʘʥʠʝ ʠ ʥʘʠʙʦʣʴʰʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ [6].  

ʆʧʪʠʤʘʣʴʥʫʶ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ (1). ɼʘʥʥʘʷ 

ʬʦʨʤʫʣʘ ʩʚʷʟʳʚʘʝʪ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʩ ʨʘʜʠʫʩʦʤ ʙʘʨʘʙʘʥʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ ʟʘʛʦʪʦʚʢʠ 

ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ ʙʘʨʘʙʘʥʘ. 

n  fRg sp /)/30(  ,  (1) 

ʛʜʝ n-ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ, ä- ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʨʘʙʘʥʘ, 

Rʙ- ʚʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ ʙʘʨʘʙʘʥʘ. ʇʨʠ ʟʥʘʯʝʥʠʷʭ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ï nʙ ʙʦʣʴʰʝ ʯʝʤ n 

ʟʘʛʦʪʦʚʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʧʨʠʣʠʧʘʶʪ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʨʘʙʘʥʘ ʠ ʦʙʨʘʙʦʪʢʘ 

ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʚʨʘʱʘʝʪʩʷ [6].  

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʛʘʣʪʦʚʦʯʥʦʛʦ ʙʘʨʘʙʘʥʘ. ʅʘʧʨʠʤʝʨ, ʠʟʚʝʩʪʥʘ 

ʢʦʥʩʪʨʫʢʮʠʷ ʛʘʣʪʦʚʦʯʥʦʛʦ ʙʘʨʘʙʘʥʘ, ʩʦʜʝʨʞʘʱʘʷ ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ, ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʫʶ 

ʘʙʨʘʟʠʚʦʤ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤʠ ʜʝʪʘʣʷʤʠ, ʠ ʧʨʠʚʦʜ ʚʨʘʱʝʥʠʷ, ʦʪʣʠʯʘʶʱʝʡʩʷ ʪʝʤ, ʯʪʦ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʝʡ ʩʤʝʩʠ. ʇʨʠ ʵʪʦʤ ʨʘʙʦʯʘʷ ʢʘʤʝʨʘ ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ ʟʘʤʢʥʫʪʦʛʦ ʢʘʥʘʣʘ, 

ʫʯʘʩʪʢʠ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʨʘʟʦʚʘʥʠʷ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ ʚ ʜʚʫʭ 

ʚʟʘʠʤʥʦʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʩʴ ʚʨʘʱʝʥʠʷ 



96 

 

ʙʘʨʘʙʘʥʘ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦʩʪʴ ʟʘʛʨʫʟʢʠ- ʚʳʛʨʫʟʢʠ, ʪʘʢʞʝ 

ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʩʪʨʝʚʘʥʠʷ ʜʝʪʘʣʝʡ ʚ ʢʘʥʘʣʘʭ [3].  

ʊʘʢʞʝ ʠʤʝʝʪʩ ̫ʢʦʥʩʪʨʫʢʮʠʷ ʛʘʣʪʦʚʦʯʥʦʛʦ ʙʘʨʘʙʘʥʘ, ʚʳʧʦʣʥʝʥʥʘʷ ʚ ʚʠʜʝ ʚʨʘʱʘʶʱʝʡʩʷ 

ʦʙʝʯʘʡʢʠ ʚ ʩʝʯʝʥʠʠ ʧʦ ʩʨʝʜʥʝʡ ʯʘʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʢʦʣʴʮʦ, 

ʦʪʣʠʯʘʶʱʝʝʩʷ ʪʝʤ, ʯʪʦ ʩ ʮʝʣʴʶ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʛʘʣʪʦʚʢʠ, ʩʝʯʝʥʠʷ ʧʦ ʪʦʨʮʘʤ 

ʦʙʝʯʘʡʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʘʚʥʦʝ ʩʦʧʨʷʞʝʥʠʝ ʜʚʫʭ ʢʦʣʝʮ -ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʠ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ, ʧʨʠ ʵʪʦʤ ʩʝʯʝʥʠʷ ʢʦʣʝʮ ʨʘʟʚʝʨʥʫʪʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʨʫʛʘ ʥʘ ʫʛʦʣ 180 

ʛʨʘʜʫʩʦʚ, ʘ ʠʭ ʙʦʣʴʰʘʷ ʦʩʴ ʨʘʚʥʘ ʜʠʘʤʝʪʨʫ ʫʧʦʤʷʥʫʪʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʦʙʝʯʘʡʢʠ [2]. 

ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʝʯʘʡʢʠ ʠ ʥʝʚʳʩʦʢʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ɺ ʜʨʫʛʦʤ ʫʩʪʨʦʡʩʪʚʝ ʛʘʣʪʦʚʦʯʥʳʡ ʙʘʨʘʙʘʥ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʤʥʦʛʦʛʨʘʥʥʦʡ ʚʠʥʪʦʚʦʡ 

ʢʦʣʦʥʥʳ, ʩʝʢʮʠʡ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʝʥʳ ʚ ʚʠʜʝ ʪʨʝʭ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ, ʪʨʠ ʛʨʘʥʠ ʢʦʪʦʨʳʭ ï 

ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʠ, ʘ ʜʚʝ ʜʨʫʛʠʝ ï ʪʨʝʫʛʦʣʴʥʠʢʠ, ʩʦʝʜʠʥʝʥʥʳʝ ʙʦʢʦʚʳʤʠ ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʤʠ 

ʛʨʘʥʷʤʠ ʪʘʢ, ʯʪʦ ʦʜʥʦʠʤʝʥʥʳʝ ʨʝʙʨʘ ʪʨʝʫʛʦʣʴʥʳʭ ʛʨʘʥʝʡ ʩʦʩʝʜʥʠʭ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ 

ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʜ ʫʛʣʦʤ 90 ʛʨʘʜʫʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʘ ʩʯʝʪ ʢʘʩʢʘʜʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʜʦʩʪʠʛʘʝʪʩʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ 

ʜʝʪʘʣʝʡ [1]. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʟʘʛʦʪʦʚʦʢ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ.  

ɺ ʜʨʫʛʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʙʘʨʘʙʘʥʘ, ʩ ʮʝʣʴʶ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʧʫʪʝʤ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʝʣʠʯʠʥʳ ʨʘʜʠʘʣʴʥʦʛʦ ʠ ʦʩʝʚʦʛʦ ʧʝʨʝʤʝʱʝʥʠʡ ʟʘʛʨʫʟʢʠ 

ʙʘʨʘʙʘʥʘ, ʝʛʦ ʪʦʨʮʦʚʳʝ ʩʪʝʥʢʠ ʚʳʧʦʣʥʝʥʳ ʚ ʚʠʜʝ ʫʛʣʦʚʳʭ ʧʣʘʥʦʢ ʩ ʨʘʚʥʦʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʢʦʩʘ ʦʪʚʝʨʩʪʠʷʤʠ, ʘ ʢʘʞʜʘʷ ʮʘʧʬʘ ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ ʨʳʯʘʛʘ, ʥʘ ʦʜʥʦʤ ʧʣʝʯʝ 

ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʝʥʳ ʦʪʚʝʨʩʪʠʷ. ʇʦʩʨʝʜʩʪʚʦʤ ʦʜʥʦʛʦ ʠʟ ʦʪʚʝʨʩʪʠʡ ʨʳʯʘʛ ʰʘʨʥʠʨʥʦ ʩʦʝʜʠʥʝʥ ʩ 

ʧʣʘʥʢʦʡ, ʘ ʜʨʫʛʠʤ ʰʘʨʥʠʨʥʦ ʩʚʷʟʘʥ ʩ ʦʜʥʠʤ ʢʦʥʮʦʤ ʚʚʝʜʝʥʥʦʡ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʙʘʨʘʙʘʥʘ ʩʢʦʙʳ 

ʩ ʦʪʚʝʨʩʪʠʷʤʠ, ʰʘʨʥʠʨʥʦ ʩʚʷʟʘʥʥʦʡ ʜʨʫʛʠʤ ʢʦʥʮʦʤ ʩ ʧʣʘʥʢʦʡ. ʇʨʠ ʵʪʦʤ ʦʪʚʝʨʩʪʠʷ ʚ ʩʢʦʙʝ 

ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʨʘʜʠʫʩʫ, ʨʘʚʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʦʪʚʝʨʩʪʠʷʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʚ ʨʳʯʘʛʝ. 

ʐʘʨʥʠʨʥʳʝ ʩʚʷʟʠ ʨʳʯʘʛʘ ʩ ʧʣʘʥʢʦʡ ʩʢʦʙʳ ʩ ʨʳʯʘʛʦʤ ʠ ʩʢʦʙʳ ʩ ʧʣʘʥʢʦʡ ʚʳʧʦʣʥʝʥʳ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʫʩʪʘʥʦʚʢʠ ʧʦ ʦʪʚʝʨʩʪʠʷʤ ʚ ʧʣʘʥʢʝ ʠ ʩʢʦʙʝ [5]. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʀʤʝʝʪʩʷ ʪʘʢʞʝ ʢʦʥʩʪʨʫʢʮʠʷ ʛʘʣʪʦʚʦʯʥʦʛʦ ʙʘʨʘʙʘʥʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ, 

ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʢʣʦʥʥʳʭ ʧʣʦʩʢʦʩʪʝʡ. ʇʦ ʥʠʤ ʦʙʨʘʙʘʪʳʚʘʝʤʳʝ ʜʝʪʘʣʠ 

ʧʝʨʝʩʳʧʘʶʪʩʷ ʠ ʛʘʣʪʫʶʪʩʷ ʧʨʠ ʝʛʦ ʚʨʘʱʝʥʠʠ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʧʨʠ ʦʙʨʘʪʥʦʤ ʚʨʘʱʝʥʠʠ 

ʦʙʨʘʙʦʪʘʥʥʳʝ ʜʝʪʘʣʠ ʚʳʩʳʧʘʶʪʩʷ ʚ ʨʘʟʛʨʫʟʦʯʥʳʡ ʙʫʥʢʝʨ [4]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʟʘʛʦʪʦʚʢʠ ʚʦʟʜʝʡʩʪʚʫʶʪ ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ ʧʨʠ ʠʭ ʧʝʨʝʩʳʧʘʥʠʠ ʩ ʦʜʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʚ ʜʨʫʛʫʶ, ʯʪʦ ʥʝ ʞʝʣʘʪʝʣʴʥʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʭʨʫʧʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢʠʤʠ ʷʚʣʷʶʪʩʷ 

ʩʘʤʦʮʚʝʪʥʳʝ ʢʘʤʥʠ. 

ʊʘʢʞʝ ʠʟʚʝʩʪʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʛʘʣʪʦʚʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʩʦʜʝʨʞʘʱʘʷ ʛʘʣʪʦʚʦʯʥʳʡ ʙʘʨʘʙʘʥ 

ʩ ʪʦʨʮʝʚʳʤʠ ʱʝʢʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘʢʣʦʥʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ, ʚ ʢʦʪʦʨʦʤ 

ʛʘʣʪʦʚʦʯʥʳʡ ʙʘʨʘʙʘʥ ʚʳʧʦʣʥʝʥ ʢʦʥʠʯʝʩʢʠʤ, ʝʛʦ ʦʩʴ ʩʦʩʪʘʚʣʷʝʪ ʩ ʦʩʴʶ ʝʛʦ ʚʨʘʱʝʥʠʷ ʦʩʪʨʳʡ 

ʫʛʦʣ, ʪʦʨʮʝʚʳʝ ʱʝʢʠ ʙʘʨʘʙʘʥʘ ʚʳʧʦʣʥʝʥʳ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʧʦʚʝʨʥʫʪʳ ʧʦ ʦʩʠ 

ʢʦʥʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʘʣʪʦʚʦʯʥʦʛʦ ʙʘʨʘʙʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʠ ʩʤʦʥʪʠʨʦʚʘʥʳ ʧʦʜ 

ʫʛʣʦʤ 10Á-90Á ʦʜʥʘ ʢ ʜʨʫʛʦʡ. ʇʦʚʳʰʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʪʜʝʣʦʯʥʦ-ʟʘʯʠʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠ ʨʘʩʰʠʨʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ [7]. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. 

ʆʙʱʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʘʷ ʯʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ, ʪʘʢ ʢʘʢ ʧʨʠ ʠʭ ʨʘʙʦʪʝ ʚʦʟʥʠʢʘʶʱʠʝ ʮʝʥʪʨʦʙʝʞʥʳʝ ʩʠʣʳ ʥʝ ʜʦʣʞʥʳ 

ʧʨʝʚʳʰʘʪʴ ʩʠʣʫ ʪʷʞʝʩʪʠ ʟʘʛʦʪʦʚʦʢ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʟʘʛʦʪʦʚʢʠ ʧʨʠʣʠʧʘʶʪ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʘʨʘʙʘʥʘ ʠ ʥʝ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ.  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʛʘʣʪʦʚʦʯʥʦʛʦ ʙʘʨʘʙʘʥʘ. ʎʝʣʴʶ ʧʨʝʜʣʦʞʝʥʠʷ ʜʘʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ. 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʮʝʣʴ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʩʪʘʥʢʘ ʚʚʝʜʝʥ ʥʦʚʳʡ ʵʣʝʤʝʥʪ, ʚ 

ʚʠʜʝ ʩʢʨʝʙʢʘ, ʩʚʦʙʦʜʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʚʘʣʫ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʠ ʧʨʝʧʷʪʩʪʚʫʶʱʝʛʦ 
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ʧʨʠʣʠʧʘʥʠʶ ʟʘʛʦʪʦʚʦʢ ʢ ʩʪʝʥʢʘʤ ʙʘʨʘʙʘʥʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ. ʂ ʩʢʨʝʙʢʫ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʩʤʝʥʥʳʝ 

ʛʨʫʟʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʝʛʦ ʫʩʪʦʡʯʠʚʫʶ ʨʘʙʦʪʫ ʧʨʠ ʙʦʣʴʰʦʡ ʤʘʩʩʝ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʟʘʛʦʪʦʚʦʢ.  

 

ʈʠʩʫʥʦʢ 1. ɻʘʣʪʦʚʦʯʥʳʡ ʩʪʘʥʦʢ ʠʟʤʝʥʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʫʩʪʨʘʥʷʶʱʠʡ ʧʨʠʣʠʧʘʥʠʝ 

ʟʘʛʦʪʦʚʦʢ ʢ ʙʘʨʘʙʘʥʫ 

Figure 1. Modified tumbling machine that eliminates sticking of workpieces to the drum 

 
 

ʉʫʱʥʦʩʪʴ ʚʥʝʩʝʥʥʳʭ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʠʟʤʝʥʝʥʠʡ ʧʦʷʩʥʷʝʪʩʷ ʯʝʨʪʝʞʘʤʠ, ʛʜʝ ʥʘ ʨʠʩʫʥʢʝ 1 

ʧʦʢʘʟʘʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʙʘʨʘʙʘʥʥʦʡ ʛʘʣʪʦʚʢʠ ʚ ʩʙʦʨʝ; ʥʘ ʨʠʩʫʥʢʝ 2 ʛʘʣʪʦʚʦʯʥʳʡ 

ʙʘʨʘʙʘʥ ʚ ʧʨʦʜʦʣʴʥʦʤ ʨʘʟʨʝʟʝ; ʥʘ ʨʠʩʫʥʢʝ 3 ʛʘʣʪʦʚʦʯʥʳʡ ʙʘʨʘʙʘʥ ʚ ʧʨʦʜʦʣʴʥʦʤ ʨʘʟʨʝʟʝ; ʥʘ 

ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʜʝʡʩʪʚʠʷ ʩʠʣ ʧʨʠ ʙʘʨʘʙʘʥʥʦʡ ʛʘʣʪʦʚʢʝ. ʂʦʥʩʪʨʫʢʮʠʷ ʩʦʩʪʦʠʪ ʠʟ 

ʙʘʨʘʙʘʥʥʦʡ ʛʦʣʦʚʢʠ -1, ʩʢʨʝʙʢʘ -2, ʚʘʣʘ -3, ʧʦʜʰʠʧʥʠʢʦʚ -4, ʰʢʠʚ ʙʘʨʘʙʘʥʘ -5, ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʰʢʠʚ -6 ʠ 7, ʰʢʠʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ- 8, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ -9, ʢʘʨʢʘʩʘ -10, ʫʩʪʨʦʡʩʪʚʘ ʠʟʤʝʥʝʥʠʷ 
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ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ -11.  

ʂʦʥʩʪʨʫʢʮʠʷ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚ ʥʘʯʘʣʝ ʚ ʧʦʣʦʩʪʴ ʙʘʨʘʙʘʥʘ ʟʘʛʨʫʞʘʝʪʩʷ 

ʨʘʙʦʯʘʷ ʩʤʝʩʴ. ʂʨʳʰʢʘ ʙʘʨʘʙʘʥʘ ʟʘʢʨʳʚʘʝʪʩʷ ʠ ʙʘʨʘʙʘʥʫ ʩʦʦʙʱʘʝʪʩʷ ʚʨʘʱʝʥʠʝ ʩ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ ɤ, ʧʨʝʚʳʰʘʶʱʝʡ ʧʨʝʜʝʣʴʥʫʶ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʫʶ ʧʦ ʬʦʨʤʫʣʝ 1. ʇʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʨʝʥʠʷ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʙʘʨʘʙʘʥʦʤ ʟʘʛʦʪʦʚʢʠ ʩʤʝʱʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ, ʜʝʡʩʪʚʫʶʪ ʥʘ ʩʢʨʝʙʦʢ ʠ ʧʦʚʦʨʘʯʠʚʘʶʪ ʝʛʦ ʥʘ ʫʛʦʣ Ŭ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʘʩʩʳ ʟʘʛʦʪʦʚʦʢ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʷ Ŭ. 

ɿʥʘʯʝʥʠʝ G1 ʠ G2 ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʟʚʝʰʠʚʘʥʠʝʤ ʩʢʨʝʙʢʘ ʠ ʛʨʫʟʘ. L1- ʧʣʝʯʦ ʩʠʣʳ 

G1, ʨʘʚʥʦʝ ʨʘʩʩʪʦʷʥʠʶ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ʩʢʨʝʙʢʘ ʜʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʡʩʪʚʠʷ ʜʘʥʥʦʡ ʩʠʣʳ. L2- 

ʧʣʝʯʦ ʩʠʣʳ G2, ʨʘʚʥʦʝ ʨʘʩʩʪʦʷʥʠʶ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ʩʢʨʝʙʢʘ ʜʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʡʩʪʚʠʷ ʵʪʦʡ 

ʩʠʣʳ. ʋʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʩʠʣ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ:  

G1 L1Sin Ŭ + G2 L2Sin Ŭ ï Fʟʘʛ=0   (2), 

ʛʜʝ Ŭ ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʩʢʨʝʙʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʟʘʛʦʪʦʚʦʢ.  

ʂʦʛʜʘ Fʟʘʛ > G1 L1Sin Ŭ + G2 L2Sin Ŭ ʩʢʨʝʙʦʢ ʥʝ ʤʦʞʝʪ ʫʜʝʨʞʠʚʘʪʴ ʟʘʛʦʪʦʚʢʠ ʠ ʥʘʯʠʥʘʝʪ 

ʚʨʘʱʘʪʴʩʷ ʩ ʥʠʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʚʝʩ ʩʤʝʥʥʦʛʦ ʛʨʫʟʘ- G2.  

 

ʈʠʩʫʥʦʢ 2. ʂʦʥʩʪʨʫʢʮʠʷ ʛʘʣʪʦʚʦʯʥʦʛʦ ʙʘʨʘʙʘʥʘ 

Figure 2. Construction of the tumbling drum 

  
ɸ) ɹʘʨʘʙʘʥ ʚ ʨʘʟʨʝʟʝ   ɹ) ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʢʨʝʙʢʘ ʚ ʙʘʨʘʙʘʥʝ 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʲʝʤʘ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʛʘʣʪʦʚʦʯʥʦʛʦ ʙʘʨʘʙʘʥʘ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʤʝʨʥʦ ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʙʝʟ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʦʙʨʘʙʦʪʢʠ. ʇʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ. 

ʆʙʨʘʙʦʪʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʙʝʟ ʩʢʨʝʙʢʘ ʠ ʩʦ ʩʢʨʝʙʢʦʤ. ʂʦʛʜʘ ʦʙʨʘʙʦʪʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʝʟ 

ʩʢʨʝʙʢʘ, ʟʘʛʦʪʦʚʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʩʢʦʣʴʟʷʪ ʠ ʚʨʘʱʘʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʇʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʜʦ ʟʥʘʯʝʥʠʷ n (ʬʦʨʤʫʣʘ 1) ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʲʝʤʘ 

ʚʦʟʨʘʩʪʘʝʪ. ʂʦʛʜʘ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʙʦʣʴʰʝ, ʯʝʤ n ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʨʝʟʢʦ 

ʩʥʠʞʘʝʪʩʷ, ʘ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʨʠʤʝʨʥʦ 1,5 n ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʢʨʘʱʘʝʪʩʷ. 

ɿʘʛʦʪʦʚʢʠ ʧʨʠ ʵʪʦʤ ʧʨʠʣʠʧʘʶʪ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ.  
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ʈʠʩʫʥʦʢ 3. ɼʝʡʩʪʚʠʷ ʩʠʣ ʧʨʠ ʨʘʙʦʪʝ ʙʘʨʘʙʘʥʘ 

Figure 3. Actions of forces during drum operation 

 
 

ɺ ʛʘʣʪʦʚʦʯʥʦʤ ʙʘʨʘʙʘʥʝ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʨʝʙʦʢ ʫʜʝʨʞʠʚʘʝʪ ʟʘʛʦʪʦʚʢʠ ʦʪ ʧʨʠʣʠʧʘʥʠʷ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʨʘʙʘʥʘ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʨʘʙʘʥʘ ʧʨʠʤʝʨʥʦ 

ʨʘʚʥʘ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʙʘʨʘʙʘʥʘ. ʅʘ ʨʠʩʫʥʢʘʭ 4 ʠ 5 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʦʙʨʘʙʦʪʢʝ ʦʬʠʦʢʘʣʴʮʠʪʘ (ʨʠʩ.4) ʠ ʣʘʟʫʨʠʪʘ (ʨʠʩ.5).  

 

ʈʠʩ.4. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʩʲʝʤʘ 

ʦʬʠʦʢʘʣʴʮʠʪʘ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ 

Fig. 4. Graph of the dependence of the amount of 

ophiocalcite removal on the duration of treatment 

 
1.ʆʙʨʘʙʦʪʢʘ ʥʘ ʛʘʣʪʦʚʦʯʥʦʤ ʙʘʨʘʙʘʥʝ ʩʦ 

ʩʢʨʝʙʢʦʤ 

2.ʆʙʨʘʙʦʪʢʘ ʥʘ ʦʙʳʯʥʦʤ ʛʘʣʪʦʚʦʯʥʦʤ ʙʘʨʘʙʘʥʝ 

ʈʠʩ.5. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʩʲʝʤʘ 

ʣʘʟʫʨʠʪʘ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ 

Fig. 5. Graph of the dependence of the amount of 

lazurite removal on the duration of processing 

 
1.ʆʙʨʘʙʦʪʢʘ ʥʘ ʛʘʣʪʦʚʦʯʥʦʤ ʙʘʨʘʙʘʥʝ ʩʦ 

ʩʢʨʝʙʢʦʤ 

2.ʆʙʨʘʙʦʪʢʘ ʥʘ ʦʙʳʯʥʦʤ ʛʘʣʪʦʚʦʯʥʦʤ ʙʘʨʘʙʘʥʝ 

 

ʆʙʨʘʙʦʪʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 218 ʦʙ/ʤʠʥ ʥʘ ʛʘʣʪʦʚʦʯʥʦʤ ʙʘʨʘʙʘʥʝ ʩʦ 

ʩʢʨʝʙʢʦʤ (ʨʠʩʫʥʦʢ 4 ʠ 5 ʣʠʥʠʷ 1), ʛʜʝ ʠʩʢʣʶʯʘʝʪʩʷ ʧʨʠʣʠʧʘʥʠʝ ʠ 100 ʦʙ/ʤʠʥ ʥʘ ʪʦʤ ʞʝ 

ʙʘʨʘʙʘʥʝ, ʥʦ ʙʝʟ ʩʢʨʝʙʢʘ (ʨʠʩʫʥʦʢ 4 ʠ 5 ʣʠʥʠʷ 2). ʅʘ ʠʩʩʣʝʜʫʝʤʦʤ ʛʘʣʪʦʚʦʯʥʦʤ ʙʘʨʘʙʘʥʝ ʙʝʟ 
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ʩʢʨʝʙʢʘ, ʢʦʛʜʘ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 100 ʦʙ/ʤʠʥ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ, ʘ ʝʩʣʠ 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʙʦʣʴʰʝ 100 ʦʙ/ʤʠʥ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʥʘʯʠʥʘʝʪ ʨʝʟʢʦ 

ʩʥʠʞʘʪʴʩʷ (ʨʠʩ.6, ʣʠʥʠʷ 1). 

ʀʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʙʦʣʝʝ ʚ 4 ʨʘʟʘ. ʇʨʠ 

ʦʙʨʘʙʦʪʢʝ ʰʘʨʦʚʠʜʥʳʭ ʟʘʛʦʪʦʚʦʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʧʨʘʚʣʝʥʠʷ ʬʦʨʤʳ ʥʘ 30% ʚʳʰʝ, ʯʝʤ ʧʨʠ 

ʦʙʯrʥʦʡ ʙʘʨʘʙʘʥʥʦʡ ʛʘʣʪʦʚʢʝ.  

 

ʈʠʩ.6. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʩʲʝʤʘ ʦʪ ʯʘʩʪʦʪ rʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ 

Fig. 6. Graph of the dependence of the removal amount on the drum rotation frequency 

 
1. ʇʨʠ ʛʘʣʪʦʚʢʝ ʥʘ ʙʘʨʘʙʘʥʝ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʨʘʙʦʯʝʡ ʯʘʩʪʴʶ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ 

2. ʇʨʠ ʛʘʣʪʦʚʢʝ ʥʘ ʙʘʨʘʙʘʥʝ ʩʦ ʩʢʨʝʙʢʦʤ, ʫʩʪʨʘʥʷʶʱʝʤ ʧʨʠʣʠʧʘʥʠʝ ʟʘʛʦʪʦʚʦʢ ʢ ʩʪʝʥʢʘʤ ʙʘʨʘʙʘʥʘ 

 

ɺʳʚʦʜʳ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʬʦʨʤʫʣʝ 1, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ ʥʘ ʛʘʣʪʦʚʦʯʥʦʤ ʙʘʨʘʙʘʥʝ ʦʙʳʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʠʙʦʣʴʰʝʝ. ʉʨʘʚʥʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʦʙʳʯʥʦʡ ʛʘʣʪʦʚʢʝ ʠ ʛʘʣʪʦʚʢʝ ʥʘ ʙʘʨʘʙʘʥʝ ʩʦ ʩʢʨʝʙʢʦʤ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ, ʚ ʛʘʣʪʦʚʦʯʥʦʤ 

ʙʘʨʘʙʘʥʝ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʨʝʙʦʢ ʫʜʝʨʞʠʚʘʝʪ ʟʘʛʦʪʦʚʢʠ ʦʪ ʧʨʠʣʠʧʘʥʠʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʘʨʘʙʘʥʘ ʠ ʩʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʨʘʙʘʥʘ ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ 

ʙʘʨʘʙʘʥʘ. ʂʘʢ ʚʠʜʥʦ, ʧʨʠ ʙʦʣʴʰʠʭ ʣʠʥʝʡʥʳʭ ʩʢʦʨʦʩʪʷʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʘʣʪʦʚʢʠ ʚ 

ʦʙʳʯʥʳʭ ʙʘʨʘʙʘʥʘʭ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ, ʘ ʧʨʠ ʛʘʣʪʦʚʦʯʥʦʤ ʙʘʨʘʙʘʥʝ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʦʟʨʘʩʪʘʥʠʶ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʙʘʨʘʙʘʥʘ. ɹʘʨʘʙʘʥ ʩʦ 

ʩʢʨʝʙʢʦʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʘʤʦʮʚʝʪʥʳʭ ʢʘʤʥʝʡ ʪʚʝʨʜʦʡ ʧʦʨʦʜʳ, ʛʜʝ 

ʧʨʠ ʦʙʳʯʥʦʡ ʛʘʣʪʦʚʢʝ ʦʥʠ ʠʤʝʶʪ ʜʣʠʪʝʣʴʥʳʡ ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ.  
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ÞÌÇÉÔÉÚÞÔ ÜÌÎÌÙÐÔ ÖÚÜÖÌÜÐÔ ÝÌÙÏÇÚÔ ÜÌÙÏÌ ÐÌÜ ÍÌÜÌÍÌÙÔ 

ÏÌ×ÞÚÎÖÌÖßÙÌÙÐÌÔ ÞÌÜÇÌä ØßÖÌØØÌ×ÖÌÜÐÌäßÐÌ 
Ðìü øìėú÷ìô øìóöÿü øìýĆì÷ìô íì÷ìùð íìüðúĄþìùô øìĕýÿ÷ùúöôô üìîìùðô ïì÷þúîöìöÿùúùĒ 

ðìü íìüìíìùô íú øñĕîìüô ÿĀÿėôô ïìüðôĄöÿùìùðì íìüüìýĒ øñĄìîìð. Þìĕėôėúþ ùôĄúù ðúð, öô 
ýìíìíô ìýúýôô ûìýþ íÿðìùô øìĕýÿ÷ùúöôô öúüöìüð íú ôýþôĀúðì ìó ôù íìüìíìùĕú ðìü úù ìýþ, öô úùĕú 
íú ýÿüĆìþô ûìýþ öúü øñöÿùìùð, ðìü úù Ĕú íìýúøìðô úøñāþìĄìîôô ùìøÿùìĕúô öúüöìüðìĄìîìùðì îì 
ýÿüĆìþô ùôýíôô ĕìüìöìþô ìíüìóôî-ùìøÿùì ûìýþ ìýþ. Çìùïúøô ýÿüĆìþô íì÷ìùð, ðìü óñüô þìĆýôüô 
ėÿîîìĕúô øìüöìóïÿüñó ùìøÿùìĕúô öúüöìüðĄìîìùðì íì ðñîúüô íìüìíìù ăìýûôðì, öúüöìüð ìøì÷ìù 
ėìþĆ øñïìüðìð. ÛñĄùôĕúð öìüðì øñĄìîìð, öô íì öúùýþüÿöýôċô íìüìíìù þìĎõôüúþ ðìüúîìüðì Ąìîìð, 
þú öô öúüöìüðüú íú ýÿüĆìþô íì÷ìùðô ăìüāóìùĒ îì øÿþìùúýôíìù ðìü ýÿüĆìþô ùôýíôô íì÷ìùðô 
÷ìĎòôĄô óìüìăìĕúô ìíüìóôî îì ùìøÿùì ìøì÷Ē ùìøúċð. 

Öì÷ôðîúòìĕú: íìüìíìùô ïì÷þúîöìöÿùìùðì, ïì÷þúîöìöÿùúùôô ìíüìóôîĒ, ėÿîîìô øìüöìóïÿüñó, ýÿüĆìþô 
ïìüðôĄ, øìýýìô íúüöÿùĒ, øìĕýÿ÷ùúöôô öúüöìüð, ýÿüĆìþô āìþþĒ, ýôö÷ô öúüöìüð. 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʆɹʈɸɹʆʊʂʀ ʉɸʄʆʎɺɽʊʅʓʍ ʂɸʄʅɽʁ ʅɸ 

ɻɸʃʊʆɺʆʏʅʆʄ ɹɸʈɸɹɸʅɽ ʋʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʅʆʁ ʂʆʅʉʊʈʋʂʎʀʀ  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʥʘ ʛʘʣʪʦʚʦʯʥʦʤ 

ʙʘʨʘʙʘʥʝ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʥʠʟʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʙʘʨʘʙʘʥʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʨʘʙʦʪʘʶʪ ʧʨʠ 

ʤʘʣʳʭ ʦʙʦʨʦʪʘʭ, ʛʜʝ ʯʘʩʪʦʪʘ ʩʤʝʰʠʚʘʥʠʷ ʟʘʛʦʪʦʚʦʢ ʠ ʩʢʦʨʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ ʘʙʨʘʟʠʚ-

ʟʘʛʦʪʦʚʢʠ ʥʝʚʳʩʦʢʠʝ. ʇʨʠ ʧʦʚʳʰʝʥʥʳʭ ʦʙʦʨʦʪʘʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠʣʠʧʘʥʠʝ ʟʘʛʦʪʦʚʦʢ ʢ ʩʪʝʥʢʝ ʙʘʨʘʙʘʥʘ, ʠ ʦʙʨʘʙʦʪʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʚʥʝʩʝʥʠʝ 

ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʙʘʨʘʙʘʥʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʦʙʦʨʦʪʘʭ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ ʘʙʨʘʟʠʚ - ʟʘʛʦʪʦʚʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʘʣʪʦʚʦʯʥʳʡ ʙʘʨʘʙʘʥ, ʘʙʨʘʟʠʚʥʘʷ ʛʘʣʪʦʚʢʘ, ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, ʯʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ, ʟʘʛʨʫʟʦʯʥʘʷ ʤʘʩʩʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ, ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ, ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ. 

 

RESEARCH OF THE PROCESS OF PROCESSING GEM STONES ON A TURNING DRUM OF AN 

IMPROVED DESIGN  

This article discusses the issue of increasing processing productivity on a tumbling drum with a horizontal 

axis of rotation. Research has shown that the main reason for the low processing productivity using these drums 

is that they operate at low speeds, where the frequency of mixing of workpieces and the speed of relative sliding 

of the abrasive-workpiece is low. At increased speeds, under the influence of centrifugal forces, the workpieces 

stick to the drum wall, and processing practically stops. It is proposed to make changes to the drum design to 

allow efficient operation at high speeds and, accordingly, at high relative sliding speeds of the abrasive 

workpiece. 

Keywords: tumbling drum, abrasive tumbling, centrifugal force, rotation speed, loading mass. 
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ASSESSMENT OF THE RELATIONSHIP BETWEEN CLIMATE CHANGE, SECURITY, 

AND IDENTIFICATION OF HOTSPOTS (VULNERABLE POINTS) IN THE FERGANA 

VALLEY  

 

Muminov P.J. 

TTU named after academician M. S. Osimi 

 

The territory of the Fergana Valley is shared by three Central Asian republics: Kyrgyzstan, 

Uzbekistan and Tajikistan. It is populated mainly by agrarian communities that depend heavily on the 

availability of water for irrigation. After the conventional borders, behind which in reality stood a 

unified Soviet state, were replaced by new, truly state borders, all these communities have become 

extremely vulnerable to any zigzags of interstate policy, and now they need to establish interaction on 

their own. Deterioration of natural conditions, in particular decreasing humidity and constant droughts, 

has only aggravated the competition between farms for access to extremely limited water resources. If 

comprehensive remedial strategies are not put in place in time, the region could be likened to a time 

bomb, and the effects of the explosion could be irreversible. In this paper, the problems of climate 

change in the Ferghana Valley are considered through the prism of the concept of human security. In 

particular, it analyzes the relationship between environmental, economic and community threats 

caused by water scarcity and lack of integrated water management strategies. Or, more precisely, it 

shows how in the Fergana Valley environmental threats cause various consequences for economic and 

community security. Further, the paper analyzes the existing approaches to solving the above-

mentioned problems 

Methodology.The study employs a mixed-methods approach, utilizing both quantitative and 

qualitative data. This multi-faceted methodology allows for a comprehensive assessment of the 

relationship between climate change and security. The following methods were employed: 

¶ A thorough analysis of existing research on climate change impacts and security issues in the 

Fergana Valley was conducted. This review included academic articles, reports from international 

organizations, and case studies to gather a broad range of perspectives and findings. 

¶ Surveys were administered in key districts to assess local perceptions of climate risks and 

security threats. The surveys aimed to gather first-hand accounts from residents, farmers, and local 

leaders regarding their experiences with climate-related challenges. 

¶ Climate models and socio-economic data were utilized to identify trends and correlations. This 

included analyzing temperature and precipitation data over the last three decades, as well as socio-

economic indicators such as poverty rates and migration patterns. 

¶ In-depth interviews were conducted with local authorities, NGOs, and community leaders to 

gather insights on vulnerabilities and adaptive strategies. These interviews aimed to identify existing 

initiatives and potential areas for collaboration to enhance community resilience. 

¶ Geographic Information Systems (GIS) were employed to visualize data related to climate 

risks, socio-economic factors, and vulnerable populations. This spatial analysis provided a clearer 

understanding of the geographic distribution of risks and vulnerabilities in the Fergana Valley. 

Results. Climate Change Impact Assessment 

The assessment revealed significant changes in temperature and precipitation patterns across the 

Fergana Valley. Key findings include: 

¶ Average temperatures have risen by 1.5ÁC over the past three decades. Projections indicate a 
further increase of 2-3ÁC by 2050, which is expected to exacerbate existing environmental challenges. 

¶ Annual precipitation has become increasingly erratic, with some areas experiencing prolonged 

droughts while others face intensified flooding. This variability poses risks to agriculture, water 

resources, and community livelihoods. 

¶ The regionôs glaciers are retreating, leading to reduced water availability in the long term. This 

trend threatens the irrigation systems crucial for agriculture and can lead to conflicts over water 

resources. 
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Map 1: Average monthly air temperature in January 

 

The belt of insufficiently humid climate with warm summers and moderately mild winters. This 

belt includes the foothills of the Kuramin Ridge and the northern slopes of the Turkestan Ridge. This 

belt is characterized by low cloudy dry weather and rainy cool winters 

 

 
Map 2: Average monthly air temperature in July 

 

The belt of insufficiently humid climate with moderately warm summers and moderately mild 

winters includes the highland area of the Turkistan Range and the highland area of the Kuramin 

Range. Vertically, the upper boundary of the belt passes at an altitude of 3500 meters above sea level. 

The average annual air temperature is about 0 degrees Celsius. The average January temperature is 

about -9 degrees. The average July temperature is +11 degrees Celsius. The mountainous territory of 

Shahristan and Asht districts belong to this belt. 
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Map 3: Average annual precipitation 

 

In the foothill and mountainous areas of the Syrdarya basin is characterized by liquid and solid 

precipitation in the cold season, with the main flow to pass at the beginning of the spring period, when 

the air temperature crosses zero degrees Celsius. 

 
Map 4: Runoff formation zone 

 

The highest period of mudflow activity in Sughd region is April-May, when a sharp rise in 

temperature can cause sudden melting of snow and glaciers, sometimes accompanied by intense 

precipitation, which creates conditions for mudflows in mountain valleys, destroying villages and 

arable land. 
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Map 5: Natural Disasters in the Syrdarya Basin 

 

The 2015 Paris Agreement sets a global framework for limiting global warming to well below 

2ÁC, preferably to 1.5ÁC (degrees Celsius), compared to pre-industrial levels. To achieve this global 

temperature goal, countries aim to reduce the growth of greenhouse gas emissions as soon as possible 

and then reduce them rapidly, based on the best available science, economic and social feasibility. 

 

 
Table 1: Annual temperature change 

 

The top graph shows an estimate of mean annual temperature for a large region in the Tajik part 

of the Ferghana Valley. The dotted blue line is a linear trend in climate change. If the trend line rises 

from left to right, then the temperature trend is positive and the Tajik part of the Ferghana Valley is 

getting warmer due to climate change. If the line is horizontal, no clear trend is seen, and if it goes 

downward, conditions in the Tajik part of the Ferghana Valley are getting colder over time. 
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 Table 2: Change in precipitation per year 

 

The top graph shows an estimate of average total precipitation for a large region in the Tajik part 

of the Ferghana Valley. The dotted blue line is a linear trend in climate change. If the trend line is 

upward from left to right, then the precipitation trend is positive and the Tajik part of the Ferghana 

Valley is becoming wetter due to climate change. If the line is horizontal, no clear trend can be seen, 

and if it goes downward, conditions in the Tajik part of the Ferghana Valley are becoming drier over 

time. The bottom part of the graph shows the so-called precipitation bands. Each colored band 

represents the total amount of precipitation for the year: green - wetter years, brown - drier years. 

 

 

 
Table 3: Monthly temperature and precipitation anomalies  

 

The top graph shows the temperature anomaly for each month from 1979 to the present. The 

anomaly shows by how much the month was warmer or colder than the 30-year climate average (1980-

2010). Thus, red months have been warmer and blue months have been colder than normal. Most 

locations have seen an increase in the number of warm months over the years, reflecting global 

warming associated with climate change. 

 

The bottom graph shows the precipitation anomaly for each month from 1979 to the present. The 

anomaly shows which month had more or less rainfall than the 30-year average for 1980-2010. Thus, 

green months were wetter and brown months were drier than normal.  


