
1 
 

ISSN 2664-1534 

 

Ô×Ø ÎÌ ÔÙÙÚÎÌÞÝÔë 
ÐÚÙÔäÏÚÇÔ ØÔ××ÔÔ ÞÚÆÔÖÔÝÞÚÙ 

ÍìāĄô ô÷øĕúô ïñú÷úïĒ îì þñāùôöĒ 
2025. Ĝ2  

 

ʅɸʋʂɸ ʀ ʀʅʅʆɺɸʎʀʗ 
ʊɸɼɾʀʂʉʂʀʁ ʅɸʎʀʆʅɸʃʔʅʓʁ ʋʅʀɺɽʈʉʀʊɽʊ 

ʉʝʨʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 2025. ̄ 2 

 

 

SCIENCE AND INNOVATION  
OF THE TAJIK NATIONAL UNIVERSITY  

Series of geological and technical Sciences 

2025. No. 2 

 

 
 

 
 

 
ØÌÜÖÌÓÔ  

ÞÌÍæß ÙÌäÜ, ÍÌÜÏÌÜÐÚÙ ÎÌ ÞÌÜÆßØÌ  
ÐßäÌÙÍÑ ¬ 2025 

  



2 
 

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 28.02.2021, Ĝ73 îúüôð ïìüðôðììýþ. 

ØìĔì÷÷ì ðìü Øìüöìóô þìíĆÿ ùìĄü, íìüïìüðúù îì 
þìüĔÿøìô ÐØÞ íìüúô ùìĄü þìĕôċ øñïìüðìð. 

ÙôĄúùôô Øìüöìó: 734025, Æÿøĕÿüôô ÞúĔôöôýþúù, 
Ą.ÐÿĄìùíñ, āôČíúùô ÜĘðìöĒ, 17. E-mail: vestnik-

tnu@mail.ru 
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 28.02.2021, 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 

ʅʘʫʢʘ ʠ ʠʥʥʦʚʘʮʠʷ 

ʉʝʨʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

ɾʫʨʥʘʣ ʚʢʣʶʯʝʥ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʈʦʩʩʠʡʩʢʦʛʦ ʠʥʜʝʢʩʘ 

ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ (ʈʀʅʎ). ɾʫʨʥʘʣ 

ʧʝʯʘʪʘʝʪʩʷ ʥʘ ʪʘʜʞʠʢʩʢʦʤ, ʨʫʩʩʢʦʤ ʷʟʳʢʘʭ. 
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ɻ ɽ ʆ ʃ ʆ ɻ ʀ ʗ 

ʋɼʂ: 551.583.551.324.63 

ʆʉʅʆɺʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʇʋʃʔʉʀʈʋʖʑʀʍ ʃɽɼʅʀʂʆɺ ʇɸʄʀʈɸ 

 

ʉʘʡʬʫʣʣʦʝʚʘ ʂ.ɻ. 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɺʚʝʜʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʳʩʪʨʳʝ ʧʦʜʚʠʞʢʠ ʣʝʜʥʠʢʦʚ 

ʷʚʣʷʶʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʘʤʠʭ ʣʝʜʥʠʢʦʚʳʭ ʩʠʩʪʝʤʘʭ. 

ɸʥʘʣʠʟ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʪʘʢʠʭ ʧʦʜʚʠʞʝʢ. ʃ.ɼ. ɼʦʣʛʫʰʠʥ [3] ʧʨʝʜʣʦʞʠʣ ʥʘʟʳʚʘʪʴ ʵʪʠ ʣʝʜʥʠʢʠ 

çʛʘʟʠʨʫʶʱʠʤʠè, ʘ ɸ.ɹ. ʂʘʟʘʥʩʢʠʡ [5] ʠʩʧʦʣʴʟʦʚʘʣ ʪʝʨʤʠʥ çʧʫʣʴʩʠʨʫʶʱʠʝ ʣʝʜʥʠʢʠè.  

ʅʘ ʇʘʤʠʨʝ ʠ ʇʘʤʠʨʦ-ɸʣʘʝ ʩʫʱʝʩʪʚʫʶʪ ʣʝʜʥʠʢʠ, ʢʦʪʦʨʳʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʙʱʠʡ ʪʨʝʥʜ 

ʤʝʜʣʝʥʥʦʛʦ ʦʪʩʪʫʧʘʥʠʷ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʥʝʟʘʧʥʦʝ ʠ ʙʳʩʪʨʦʝ ʧʨʦʜʚʠʞʝʥʠʝ 

ʢʦʥʮʦʚ ʷʟʳʢʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʣʝʜʥʠʢʠ ʥʘʯʠʥʘʶʪ ʤʝʜʣʝʥʥʦ ʦʪʩʪʫʧʘʪʴ, ʧʦʢʘ ʥʝ ʥʘʩʪʫʧʘʝʪ ʥʦʚʳʡ 

ʮʠʢʣ ʧʨʦʜʚʠʞʝʥʠʷ. ʊʘʢʠʝ ʷʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʜʦʣʠʥʥʳʭ ʣʝʜʥʠʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʭʨʝʙʪʘʭ ɸʢʘʜʝʤʠʠ ʅʘʫʢ, ʇʝʪʨʘ ʇʝʨʚʦʛʦ, ʗʟʛʫʣʝʤʩʢʦʤ, ɿʘʘʣʘʡʩʢʦʤ ʠ ʚ ʙʘʩʩʝʡʥʝ ʣʝʜʥʠʢʘ 

ʌʝʜʯʝʥʢʦ. 

ʇʫʣʴʩʘʮʠʠ ʣʝʜʥʠʢʦʚ ʧʦʚʪʦʨʷʶʪʩʷ ʯʝʨʝʟ ʦʧʨʝʜʝʣʸʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʠʣʠ ʩʦʪʝʥ ʣʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ 

ʨʘʟʤʝʨʦʚ ʠ ʤʝʩʪʥʳʭ ʫʩʣʦʚʠʡ. ʂʦʣʝʙʘʥʠʷ ʧʠʪʘʥʠʷ ʠ ʘʙʣʷʮʠʠ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʫʣʴʩʘʮʠʡ, ʥʦ ʥʝ ʠʟʤʝʥʷʶʪ ʦʙʱʫʶ ʜʠʥʘʤʠʢʫ ʣʝʜʥʠʢʦʚ [3]. ʕʪʠ ʣʝʜʥʠʢʠ ʃ.ɼ. ɼʦʣʛʫʰʠʥ ʚ 1968 

ʛʦʜʫ ʥʘʟʚʘʣ ʧʫʣʴʩʠʨʫʶʱʠʤʠ. 

ɺʦ ʚʨʝʤʷ ʧʫʣʴʩʘʮʠʠ ʣʝʜʥʠʢʠ ʤʦʛʫʪ ʜʚʠʛʘʪʴʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 200-300 ʤ ʚ ʩʫʪʢʠ. ɽʩʣʠ 

ʢʦʥʝʮ ʣʝʜʥʠʢʦʚʦʛʦ ʷʟʳʢʘ ʧʝʨʝʚʘʣʠʚʘʝʪ ʯʝʨʝʟ ʧʦʨʦʛ ʚʠʩʷʯʝʡ ʜʦʣʠʥʳ, ʢʘʢ ʵʪʦ ʧʨʦʠʟʦʰʣʦ ʫ 

ʣʝʜʥʠʢʦʚ ʈʘʚʘʢ ʚ 1967 ʛʦʜʫ ʠ ɼʠʜʘʣʴ ʚ 1974 ʛʦʜʫ, ʚʦʟʤʦʞʝʥ ʦʙʨʳʚ ʷʟʳʢʘ ʠ ʝʛʦ ʧʘʜʝʥʠʝ ʚ ʚʠʜʝ 

ʣʘʚʠʥʳ ʠʣʠ ʚʦʜʥʦ-ʣʝʜʦʚʦ-ʢʘʤʝʥʥʦʛʦ ʩʝʣʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 100 ʢʤ/ʯ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʣʝʜʥʠʢʦʚ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ, ʚʢʣʶʯʘʷ ʂʘʥʘʜʫ, ʀʩʣʘʥʜʠʶ, ʇʘʤʠʨ, 

ʊʷʥʴ-ʐʘʥʴ ʠ ʂʘʚʢʘʟ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʫʣʴʩʘʮʠʠ ʣʝʜʥʠʢʦʚ - ʵʪʦ ʟʘʢʦʥʦʤʝʨʥʦʝ ʷʚʣʝʥʠʝ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʥʝʫʩʪʦʡʯʠʚʳʤ ʩʦʩʪʦʷʥʠʝʤ ʣʝʜʥʠʢʦʚʳʭ ʩʠʩʪʝʤ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʤʦʝ ʦʪ 

ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʇʦʜʚʠʞʢʠ ʣʝʜʥʠʢʦʚ ʚʦ ʚʨʝʤʷ ʧʫʣʴʩʘʮʠʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳ, ʚ 10ï100 ʨʘʟ 

ʢʦʨʦʯʝ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʡ ʬʘʟʳ, ʘ ʠʭ ʩʢʦʨʦʩʪʠ ʚ ʘʢʪʠʚʥʦʡ ʬʘʟʝ ʚ 10ï100 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʚ 

ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ ʧʦʜʚʠʞʢʘʤʠ.  

ʃʝʜ ʤʦʞʝʪ ʩʤʝʱʘʪʴʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʠʣʦʤʝʪʨʦʚ, ʥʦ ʵʪʦ ʥʝ ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʦʜʚʠʞʝʥʠʶ ʢʦʥʮʘ ʣʝʜʥʠʢʘ, ʪʘʢ ʢʘʢ ʧʫʣʴʩʘʮʠʠ ʧʝʨʠʦʜʠʯʥʳ ʠ ʧʨʠ ʢʘʞʜʦʡ ʧʦʜʚʠʞʢʝ ʣʝʜʥʠʢ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʧʦʣʦʞʝʥʠʝ ʧʨʝʜʳʜʫʱʝʡ. ʇʦʣʦʞʝʥʠʝ ʣʝʜʥʠʢʘ ʠʟʤʝʥʷʝʪʩʷ ʣʠʰʴ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʝʛʦ ʧʨʠʭʦʜʥʦ-ʨʘʩʭʦʜʥʦʛʦ ʙʘʣʘʥʩʘ. ʇʫʣʴʩʠʨʫʶʪ ʣʝʜʥʠʢʠ ʚʩʝʭ ʪʠʧʦʚ ʠ ʧʨʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʠʪʘʥʠʷ ʠ ʘʙʣʷʮʠʠ, ʩ ʨʘʟʥʳʤ ʥʘʢʣʦʥʦʤ ʠ ʧʨʦʬʠʣʝʤ, ʠ ʧʫʣʴʩʘʮʠʠ ʤʦʛʫʪ ʟʘʪʨʘʛʠʚʘʪʴ ʢʘʢ ʚʝʩʴ 

ʣʝʜʥʠʢ, ʪʘʢ ʠ ʝʛʦ ʯʘʩʪʴ. 

ʄʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʜʥʠʢʦʚ ʇʘʤʠʨʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʣʝʜʥʠʢʘ ʄʝʜʚʝʞʴʝʛʦ, ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʦʜʚʠʞʝʢ ʷʚʣʷʝʪʩʷ ʩʤʝʥʘ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʣʴʜʘ ʥʘ ʛʣʳʙʦʚʦʝ 

ʩʢʦʣʴʞʝʥʠʝ, ʢʦʛʜʘ ʥʘʧʨʷʞʝʥʠʷ ʚ ʣʝʜʥʠʢʝ ʜʦʩʪʠʛʘʶʪ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʠ ʥʘ ʝʛʦ ʢʦʥʪʘʢʪʝ ʩ 

ʣʦʞʝʤ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʩʣʦʡ ʚʦʜʥʦʡ ʩʤʘʟʢʠ.  

ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʫʣʴʩʘʮʠʠ ʧʨʦʠʩʭʦʜʷʪ ʢʘʢ ʚ ʧʝʨʠʦʜʳ ʥʘʩʪʫʧʣʝʥʠʷ, ʪʘʢ ʠ 

ʦʪʩʪʫʧʘʥʠʷ ʣʝʜʥʠʢʦʚ ʠ ʥʝ ʟʘʚʠʩʷʪ ʥʘʧʨʷʤʫʶ ʦʪ ʢʦʣʝʙʘʥʠʡ ʧʨʠʭʦʜʥʦ-ʨʘʩʭʦʜʥʦʛʦ ʙʘʣʘʥʩʘ. ʕʪʦ 

ʷʚʣʝʥʠʝ - ʜʠʥʘʤʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʨʘʟʨʷʜʢʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʣʝʜʥʠʢʦʚʦʡ ʩʠʩʪʝʤʝ, ʠ ʚ ʘʢʪʠʚʥʫʶ 

ʬʘʟʫ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʱʝʩʪʚʘ ʚʥʫʪʨʠ ʣʝʜʥʠʢʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʟ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʣʝʜʷʥʦʛʦ ʷʟʳʢʘ ʤʘʪʝʨʠʘʣ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʥʠʞʥʶʶ, ʥʝ ʠʟʤʝʥʷʷ ʦʙʱʝʡ ʤʘʩʩʳ ʣʴʜʘ. 

ʇʦʣʥʳʡ ʮʠʢʣ ʧʫʣʴʩʘʮʠʠ ʣʝʜʥʠʢʘ, ʧʦ ʤʥʝʥʠʶ ɼʦʣʛʫʰʠʥʘ ʃ.ɼ. ʠ ʆʩʠʧʦʚʘ ɻ.ɹ.), ʚʢʣʶʯʘʝʪ 

ʪʨʠ ʬʘʟʳ: 

1. ʌʘʟʘ ʘʢʪʠʚʥʦʛʦ ʧʨʦʜʚʠʞʝʥʠʷ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʣʴʜʘ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 1-2 ʧʦʨʷʜʢʘ, 

ʠ ʧʦʚʦʜʦʯʥʘʷ ʚʦʣʥʘ ʙʳʩʪʨʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʥʠʟ ʧʦ ʣʝʜʥʠʢʫ, ʜʚʠʛʘʷ ʝʛʦ ʢʦʥʝʮ ʚ ʦʙʣʘʩʪʴ 
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ʤʝʨʪʚʦʛʦ ʣʴʜʘ, ʤʦʨʝʥʥʳʭ ʠ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʦʩʪʘʚʣʝʥʥʳʭ ʧʨʝʜʳʜʫʱʠʤʠ 

ʧʦʜʚʠʞʢʘʤʠ. 

2. ʌʘʟʘ ʦʤʝʨʪʚʝʥʠʷ ʠ ʜʝʛʨʘʜʘʮʠʠ ʧʨʦʜʚʠʥʫʚʰʝʡʩʷ ʯʘʩʪʠ ʣʝʜʥʠʢʘ. 

3. ʌʘʟʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʣʝʜʥʠʢ ʧʦʩʪʝʧʝʥʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʦʡ 

ʧʨʦʜʦʣʴʥʳʡ ʧʨʦʬʠʣʴ, ʥʘʯʠʥʘʷ ʩ ʚʝʨʭʦʚʴʝʚ. 

ʆʜʥʦʡ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʢʘʪʘʩʪʨʦʬ ʙʳʣʘ ʧʦʜʚʠʞʢʘ ʣʝʜʥʠʢʘ ʈʫʩʩʢʦʛʦ ɻʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʆʙʱʝʩʪʚʘ ʚ ʜʦʣʠʥʝ ɺʘʥʯ (ɿʘʧʘʜʥʳʡ ʇʘʤʠʨ) ʙʦʣʝʝ 60 ʣʝʪ ʥʘʟʘʜ. ɺ 1973 ʛʦʜʫ ʣʝʜʥʠʢ ʄʝʜʚʝʞʠʡ 

ʧʨʦʜʚʠʥʫʣʩʷ ʥʘ 1600 ʤ, ʦʙʨʘʟʦʚʘʚ ʣʝʜʷʥʫʶ ʟʘʧʨʫʜʫ ʚ ʜʦʣʠʥʝ ʙʘʩʩʝʡʥʘ ʨ. ɸʙʜʫʢʘʭʦʨ. ʆʟʝʨʦ ʩ 

ʦʙʲʝʤʦʤ 16 ʤʣʥ. ʤį ʧʨʦʨʚʘʣʦ ʧʣʦʪʠʥʫ, ʚʳʟʚʘʚ ʩʝʣʝʚʳʡ ʧʦʪʦʢ, ʢʦʪʦʨʳʡ ʨʘʟʨʫʰʠʣ ʤʦʩʪʳ ʠ 

ʜʦʨʦʛʠ [7].  

ɼʚʠʞʝʥʠʝ ʣʝʜʥʠʢʘ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʙʘʣʘʥʩʘ ʤʘʩʩʳ ʠ ʫʢʣʦʥʘ ʣʦʞʘ, ʥʦ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʝʛʦ ʧʦʚʝʜʝʥʠʷ ʥʫʞʥʳ ʜʘʥʥʳʝ ʦ ʙʘʣʘʥʩʝ ʤʘʩʩʳ ʟʘ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʣʝʪ, ʢʦʪʦʨʳʭ ʥʝʪ ʜʣʷ ʥʠ 

ʦʜʥʦʛʦ ʣʝʜʥʠʢʘ. ɼʣʷ ʦʮʝʥʢʠ ʜʝʛʨʘʜʘʮʠʠ ʦʣʝʜʝʥʝʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʘʥʥʳʭ ʪʦʣʴʢʦ ʦ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʷʭ; ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʢʦʥʝʯʥʦ-ʤʦʨʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʜʣʷ ʙʦʣʝʝ 

ʪʦʯʥʳʭ ʚʳʚʦʜʦʚ. ʇʫʣʴʩʘʮʠʠ ʣʝʜʥʠʢʦʚ ʚʳʟʚʘʥʳ ʥʝ ʚʥʝʰʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʘ ʚʥʫʪʨʝʥʥʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʚʥʫʪʨʠ ʣʝʜʥʠʢʘ, ʧʦʵʪʦʤʫ ʠʭ ʧʦʚʝʜʝʥʠʝ ʥʝʣʴʟʷ ʩʚʷʟʳʚʘʪʴ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʥʘʧʨʷʤʫʶ [6]. 

ʉʨʝʜʠ ʧʫʣʴʩʠʨʫʶʱʠʭ ʣʝʜʥʠʢʦʚ ʊʘʜʞʠʢʠʩʪʘʥʘ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥ ʣʝʜʥʠʢ ʄʝʜʚʝʞʠʡ. ɽʛʦ 

ʧʦʜʚʠʞʢʠ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ 1937, 1951, 1963, 1973, 1989, 2001 ʛʦʜʘʭ, ʘ ʧʦʩʣʝʜʥʷʷ - ʚ 

ʘʚʛʫʩʪʝ 2011 ʛʦʜʘ. ɺ ʭʦʜʝ ʧʦʩʣʝʜʥʝʡ ʧʦʜʚʠʞʢʠ, ʧʨʦʠʟʦʰʝʜʰʝʡ 11 ʠʶʥʷ 2011 ʛʦʜʘ, ʙʳʣʦ 

ʧʝʨʝʢʨʳʪʦ ʨʫʩʣʦ ʨʝʢʠ ɸʙʜʫʢʘʭʦʨ. ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʟʝʨʘ, ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ, ʩʣʝʜʫʶʱʠʝ: ʜʣʠʥʘ - 800 ʤ, ʩʨʝʜʥʷʷ ʰʠʨʠʥʘ - 300ï350 ʤ, ʥʘʠʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ - 100ï

150 ʤ. ɺʦ ʬʨʦʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʣʝʜʥʠʢʘ ʦʙʨʘʟʦʚʘʣʩʷ ʛʨʦʪ, ʠʟ ʢʦʪʦʨʦʛʦ ʩʪʦʢ ʚʦʜʳ ʜʦʩʪʠʛʘʣ 7ï8 

ʤį/ʩ. 

ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ [9] ʦʙʲʷʩʥʷʶʪ ʧʦʜʚʠʞʢʠ ʣʝʜʥʠʢʘ ʣʘʚʠʥʦʦʙʨʘʟʥʳʤ ʚʳʙʨʦʩʦʤ ʬʠʨʥʘ ʠ 

ʣʴʜʘ ʠʟ ʦʙʣʘʩʪʠ ʧʠʪʘʥʠʷ ʯʝʨʝʟ ʣʝʜʦʧʘʜ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʣʝʜʥʠʢʘ, ʪʘʢʠʝ ʢʘʢ ʫʟʢʠʡ ʚʳʭʦʜ 

ʣʴʜʘ ʠ ʬʠʨʥʘ ʯʝʨʝʟ ʣʝʜʦʧʘʜ, ʪʘʢʞʝ ʠʛʨʘʶʪ ʨʦʣʴ. ɹ.ʉ. ʏʫʯʢʘʣʦʚ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʠʪʘʥʠʝ ʣʝʜʥʠʢʘ ʠʟ ʦʙʣʘʩʪʠ ʧʠʪʘʥʠʷ ɸʢʘʜʝʤʠʠ ʅʘʫʢ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ 

ʫʜʣʠʥʝʥʠʶ ʷʟʳʢʘ ʄʝʜʚʝʞʴʝʛʦ. ʆʜʥʘʢʦ ʦʙʩʣʝʜʦʚʘʥʠʝ [9] ʦʙʣʘʩʪʠ ʧʠʪʘʥʠʷ ʚ ʩʝʥʪʷʙʨʝ 1963 ʛʦʜʘ 

ʥʝ ʚʳʷʚʠʣʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʦʩʪʦʷʥʠʠ ʬʠʨʥʦʚʦʛʦ ʙʘʩʩʝʡʥʘ. 

ɺ.ʀ. ʈʘʮʝʢ [11] ʧʨʝʜʣʦʞʠʣ ʜʨʫʛʫʶ ʛʠʧʦʪʝʟʫ: ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʧʦʜʚʠʞʢʠ ʣʝʜʥʠʢʦʚ ʤʦʛʫʪ 

ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʫʩʪʦʡʯʠʚʳʤ ʦʪʩʪʫʧʘʥʠʝʤ ʣʝʜʥʠʢʦʚʳʭ ʷʟʳʢʦʚ. ʅʘʨʫʰʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ 

ʣʝʜʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʪʘʷʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʤʘʩʩʳ ʷʟʳʢʘ ʠ 

ʝʛʦ ʩʦʩʢʘʣʴʟʳʚʘʥʠʶ ʧʦ ʩʢʣʦʥʫ. ʕʪʦ ʚʳʟʳʚʘʝʪ ʚʳʪʘʣʢʠʚʘʥʠʝ ʣʝʜʥʠʢʘ ʚʧʝʨʝʜ ʠ ʦʛʦʣʝʥʠʝ 

ʩʢʣʦʥʦʚ. ʈʘʮʝʢ ʩʯʠʪʘʝʪ ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʝʦʙʨʘʪʠʤʳʤ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʫʤʝʥʴʰʝʥʠʝ ʦʣʝʜʝʥʝʥʠʷ. 

ɸ.ɹ. ʂʘʟʘʥʩʢʠʡ [5], ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪʤʝʪʠʣ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʧʠʪʘʥʠʷ ʣʝʜʥʠʢʘ ʄʝʜʚʝʞʴʝʛʦ 

ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʦʢʨʘʱʝʥʠʷ, ʘ ʧʦʩʣʝʜʥʠʝ ʧʦʜʚʠʞʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʦʱʥʝʝ ʧʨʝʜʳʜʫʱʠʭ. ʉʨʝʜʥʝʝ 

ʧʦʣʦʞʝʥʠʝ ʢʦʥʮʘ ʣʝʜʥʠʢʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʠʞʝ, ʯʝʤ 30-35 ʣʝʪ ʥʘʟʘʜ, ʠ ʥʝʪ ʧʨʠʟʥʘʢʦʚ 

ʩʦʢʨʘʱʝʥʠʷ ʝʛʦ ʨʘʟʤʝʨʦʚ. ʇʨʦʮʝʩʩ ʦʪʩʪʫʧʘʥʠʷ ʧʝʨʝʜ ʧʦʜʚʠʞʢʦʡ ʠʤʝʝʪ ʤʝʩʪʦ, ʧʦʩʢʦʣʴʢʫ ʦʪʪʦʢ 

ʣʴʜʘ ʠʟ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʷʟʳʢʘ ʥʝʜʦʩʪʘʪʦʯʝʥ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʬʨʦʥʪʘ ʣʝʜʥʠʢʘ. 

ʉʦʢʨʘʱʝʥʠʝ ʥʠʞʥʝʡ ʯʘʩʪʠ ʷʟʳʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʦʱʥʦʩʪʠ ʚʝʨʭʥʝʡ ʝʛʦ ʯʘʩʪʠ, ʯʪʦ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʧʨʝʞʥʠʡ ʧʨʦʜʦʣʴʥʳʡ ʧʨʦʬʠʣʴ ʣʝʜʥʠʢʘ. 

ʊʘʜʞʠʢʠʩʪʘʥ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʨʝʛʠʦʥʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʫʣʴʩʠʨʫʶʱʠʭ ʣʝʜʥʠʢʦʚ, ʢʦʪʦʨʳʝ 

ʦʪʣʠʯʘʶʪʩʷ ʙʳʩʪʨʳʤʠ ʧʦʜʚʠʞʢʘʤʠ, ʚʦʟʤʦʞʥʳʤʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʠ 

ʢʦʣʝʙʘʥʠʷʤʠ ʤʝʞʜʫ ʧʝʨʠʦʜʘʤʠ ʧʨʦʜʚʠʞʝʥʠʷ ʠ ʦʪʩʪʫʧʘʥʠʷ. ʈʘʥʝʝ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʣʝʜʥʠʢʠ 

ʜʚʠʞʫʪʩʷ ʤʝʜʣʝʥʥʦ, ʥʦ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʡʦʥʘʭ, 

ʥʘʧʨʠʤʝʨ, ʥʘ ʇʘʤʠʨʝ ʠ ʇʘʤʠʨʦ-ɸʣʘʝ, ʣʝʜʥʠʢʠ ʤʦʛʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʠʣʦʤʝʪʨʦʚ ʟʘ 

ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʯʪʦ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. 

ʇʫʣʴʩʠʨʫʶʱʠʝ ʣʝʜʥʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʪʘʢʠʝ ʢʘʢ ʣʝʜʥʠʢ ʄʝʜʚʝʞʠʡ, ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘʤʠ 

ʘʢʪʠʚʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ. ʕʪʠ ʣʝʜʥʠʢʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʙʱʠʡ ʪʨʝʥʜ ʤʝʜʣʝʥʥʦʛʦ ʦʪʩʪʫʧʘʥʠʷ, 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʷʚʣʷʶʪ ʚʥʝʟʘʧʥʦʝ ʧʨʦʜʚʠʞʝʥʠʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 
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ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʪʘʢʠʭ ʧʦʜʚʠʞʝʢ ʝʱʝ ʥʝ ʷʩʥʳ, ʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʚʳʟʚʘʥʳ ʩʣʦʞʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʣʝʜʥʠʢʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʣʝʜʥʠʢʦʚʳʭ ʦʟʝʨ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ, ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʤʦʡ ʧʨʦʙʣʝʤʦʡ. ʆʟʝʨʘ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʝʨʝʜ ʣʝʜʥʠʢʘʤʠ ʠʣʠ ʚ ʠʭ ʷʟʳʢʦʚʦʡ ʯʘʩʪʠ, 

ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʦʨʳʚʫ ʧʣʦʪʠʥ, ʯʪʦ ʚʳʟʦʚʝʪ ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ ʥʘʚʦʜʥʝʥʠʷ. ʂʣʶʯʝʚʳʤʠ 

ʧʨʠʯʠʥʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʠʭ ʦʟʝʨ ʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪʘʷʥʠʝ ʣʴʜʦʚ, ʘ ʪʘʢʞʝ 

ʧʨʠʨʦʜʥʳʝ ʢʘʪʘʩʪʨʦʬʳ, ʪʘʢʠʝ ʢʘʢ ʦʧʦʣʟʥʠ ʠ ʦʙʚʘʣʳ. 

ɼʣʷ ʦʮʝʥʢʠ ʫʛʨʦʟ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʫʣʴʩʠʨʫʶʱʠʤʠ ʣʝʜʥʠʢʘʤʠ ʠ ʠʭ ʦʟʝʨʘʤʠ, ʚʘʞʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʫʜʘʣʝʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʦʪʩʣʝʞʠʚʘʪʴ ʜʠʥʘʤʠʢʫ ʣʝʜʥʠʢʦʚ, ʦʟʝʨ ʠ ʩʝʣʝʚʳʭ ʧʦʪʦʢʦʚ, 

ʯʪʦ ʧʦʤʦʛʘʝʪ ʚʦʚʨʝʤʷ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʦʟʤʦʞʥʳʝ ʢʘʪʘʩʪʨʦʬʳ. 

ʃ.ɼ. ɼʦʣʛʫʰʠʥ ʠ ɻ.ɹ. ʆʩʠʧʦʚʘ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʘʥʘʣʠʟʝ ʤʥʦʞʝʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʫʣʴʩʠʨʫʶʱʠʝ ʣʝʜʥʠʢʠ ʥʝ ʠʤʝʶʪ ʩʚʷʟʠ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʪʠʧʘʤʠ, ʨʝʣʴʝʬʦʤ, 

ʤʦʨʬʦʣʦʛʠʝʡ ʣʝʜʥʠʢʦʚ, ʩʝʡʩʤʠʯʥʦʩʪʴʶ, ʚʫʣʢʘʥʠʟʤʦʤ, ʫʢʣʦʥʘʤʠ ʣʦʞʘ ʠ ʧʦʨʦʛʘʤʠ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʫʣʴʩʘʮʠʠ ʣʝʜʥʠʢʦʚ ʚʳʟʳʚʘʶʪʩʷ ʢʦʤʧʣʝʢʩʦʤ ʬʘʢʪʦʨʦʚ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʦʪʪʦʢʝ ʚʝʱʝʩʪʚʘ ʣʝʜʥʠʢ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ: 

ʘʢʢʫʤʫʣʷʮʠʷ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʧʝʨʝʥʦʩʦʤ ʣʴʜʘ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʠ ʪʘʷʥʠʝʤ. ɺ 

ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝ ʚʦʟʥʠʢʘʝʪ ʧʨʠʯʠʥ ʜʣʷ ʧʝʨʝʭʦʜʘ ʢ ʫʩʢʦʨʝʥʥʦʤʫ ʜʚʠʞʝʥʠʶ ʣʝʜʥʠʢʘ. ʆʜʥʘʢʦ, 

ʝʩʣʠ ʩʢʦʨʦʩʪʴ ʘʢʢʫʤʫʣʷʮʠʠ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʯʘʩʪʠ ʣʝʜʥʠʢʘ ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʪʘʷʥʠʷ ʠ ʦʪʪʦʢʘ 

ʚʝɦʝʩʪʚʘ, ʣʝʜʥʠʢ ʥʘʯʠʥʘʝʪ ʠʟʤʝʥʷʪʴ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ, ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ 

ʩʦʩʪʦʷʥʠʶ. 

ʇʫʣʴʩʠʨʫʶʱʠʝ ʣʝʜʥʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʠ ʤʘʣʦʠʟʫʯʝʥʥʳʡ 

ʬʝʥʦʤʝʥ, ʪʨʝʙʫʶʱʠʡ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʠʭ ʜʠʥʘʤʠʢʠ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ. 

ɸʚʪʦʢʦʣʝʙʘʥʠʷ ʣʝʜʥʠʢʦʚ ʠʤʝʶʪ ʨʝʣʘʢʩʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ: ʬʘʟʘ ʤʝʜʣʝʥʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʫʪʦʣʱʘʝʪʩʷ ʚʝʨʭʥʷʷ ʠʣʠ ʩʨʝʜʥʷʷ ʯʘʩʪʴ ʣʝʜʥʠʢʘ, ʯʝʨʝʜʫʝʪʩʷ ʩ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʬʘʟʦʡ ʨʝʣʘʢʩʘʮʠʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʚʳʥʦʩ ʣʴʜʘ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ 

ʠ ʥʘʩʪʫʧʣʝʥʠʝ ʬʨʦʥʪʘ ʣʝʜʥʠʢʘ. ʇ.ɸ. ʐʫʤʩʢʠʡ [12] ʦʪʤʝʯʘʝʪ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʬʘʟʳ 

ʨʝʣʘʢʩʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ ʦʪ ʦʙʱʝʛʦ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʷ. 

ɼʦʣʛʫʰʠʥ ʃ.ɼ., ʆʩʠʧʦʚ ɻ.ɹ. [1] ʚʳʜʝʣʷʪʁ ʪʨʠ ʩʪʘʜʠʠ ʧʫʣʴʩʘʮʠʠ ʣʝʜʥʠʢʦʚ: 1) 

ʧʨʦʜʚʠʞʝʥʠʷ, 2) ʦʤʝʨʪʚʝʥʠʷ ʠ ʜʝʛʨʘʜʘʮʠʠ, 3) ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʉʪʘʜʠʷ ʧʨʦʜʚʠʞʝʥʠʷ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʣʴʜʘ ʠ ʧʝʨʝʤʝʱʝʥʠʝʤ ʚʝʱʝʩʪʚʘ ʠʟ "ʟʦʥʳ 

ʚʳʥʦʩʘ" ʚ "ʟʦʥʫ ʧʨʠʚʥʦʩʘ", ʧʨʠ ʵʪʦʤ ʨʘʟʤʝʨ ʷʟʳʢʘ ʣʝʜʥʠʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʝʛʦ 

ʦʙʱʝʡ ʤʘʩʩʳ. ʅʘ ʩʪʘʜʠʠ ʦʤʝʨʪʚʝʥʠʷ ʠ ʜʝʛʨʘʜʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʴ ʣʝʜʥʠʢʘ ʚʳʨʘʚʥʠʚʘʝʪʩʷ, ʘ 

ʜʚʠʞʝʥʠʝ ʣʴʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʅʘ ʩʪʘʜʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʣʝʜʥʠʢ ʩʥʦʚʘ 

ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ: ʥʠʞʥʷʷ ʯʘʩʪʴ ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʨʫʰʘʪʴʩʷ, ʘ ʚʝʨʭʥʷʷ ʨʘʩʪʝʪ ʠ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʣʴʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʉʪʘʜʠʷ ʧʨʦʜʚʠʞʝʥʠʷ, ʚʳʜʝʣʝʥʥʘʷ ɼʦʣʛʫʰʠʥʳʤ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʘʟʝ ʨʝʣʘʢʩʘʮʠʠ, ʧʦ ʇ.ɸ. 

ʐʫʤʩʢʦʤʫ [12]. ʇʦʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ ʣʫʯʰʝ ʦʙʲʝʜʠʥʠʪʴ, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪ ʐʫʤʩʢʠʡ, ʚ ʦʜʥʫ ð 

ʩʪʘʜʠʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɸʢʪʠʚʥʘʷ ʩʪʘʜʠʷ ʧʫʣʴʩʘʮʠʠ ʥʘ ʣʝʜʥʠʢʝ ʄʝʜʚʝʞʴʝʤ ʜʣʠʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʤʝʩʷʮʝʚ, ʥʦ ʥʘ ʜʨʫʛʠʭ ʣʝʜʥʠʢʘʭ ʤʦʞʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ. ʇʦʣʥʳʡ ʮʠʢʣ 

ʧʫʣʴʩʘʮʠʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʣʝʜʥʠʢʘʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 10 ʜʦ 100 ʣʝʪ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʛʠʧʦʪʝʟʳ ʦ ʧʨʠʯʠʥʘʭ ʙʳʩʪʨʳʭ ʧʦʜʚʠʞʝʢ ʣʝʜʥʠʢʦʚ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ 

ʚʳʷʩʥʝʥʠʠ ʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʝʨʝʭʦʜʘ ʣʝʜʥʠʢʘ ʠʟ ʩʪʘʜʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʩʪʘʜʠʶ 

ʧʨʦʜʚʠʞʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʵʪʦʤ. 

ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʫʩʢʦʨʝʥʠʝ ʜʚʠʞʝʥʠʷ ʣʝʜʥʠʢʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʣʠ 

ʫʪʦʣʱʝʥʠʝʤ ʚʦʜʥʦʡ ʧʣʝʥʢʠ ʥʘ ʣʦʞʝ [13; 5; 15]. ɺ ʧʦʩʣʝʜʥʝʡ ʨʘʙʦʪʝ ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ ʩʪʘʚʠʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʤʦʱʥʦʩʪʠ ʣʝʜʥʠʢʘ. ɺʦʜʘ ʥʘ ʣʦʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʢʦʣʴʞʝʥʠʶ, ʥʦ ʥʝ ʷʚʣʷʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ ʧʦʜʚʠʞʢʠ, ʪʘʢ ʢʘʢ ʥʘ ʤʥʦʛʠʭ ʣʝʜʥʠʢʘʭ, ʥʝ ʦʪʥʦʩʷʱʠʭʩʷ ʢ 

ʧʫʣʴʩʠʨʫʶʱʠʤ, ʦʥʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʩʝʛʜʘ. ɽʩʣʠ ʫʪʦʣʱʝʥʠʝ ʧʣʝʥʢʠ ʩʚʷʟʘʥʦ ʩ ʤʦʱʥʦʩʪʴʶ 

ʣʝʜʥʠʢʘ, ʪʦ ʚʩʝ çʤʦʱʥʳʝè ʣʝʜʥʠʢʠ ʜʦʣʞʥʳ ʧʫʣʴʩʠʨʦʚʘʪʴ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʪʘʢ. 
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ʇʦʟʜʥʷʷ ʨʘʙʦʪʘ [14] ʦʙʲʷʩʥʷʝʪ ʟʘʪʦʧʣʝʥʠʝ ʧʨʝʧʷʪʩʪʚʠʡ ʚʳʞʠʤʘʥʠʝʤ ʚʦʜʳ ʧʦ ʣʝʜʥʠʢʫ ʠ ʝʝ 

ʥʘʢʦʧʣʝʥʠʝʤ ʚ ʟʦʥʝ ʧʦʚʳʰʝʥʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʆʪʩʫʪʩʪʚʠʝ ʧʦʜʣʝʜʥʳʭ ʢʘʥʘʣʦʚ 

ʦʪʪʦʢʘ ʚʦʜʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʘʷʥʠʶ ʣʴʜʘ ʠ ʟʘʪʦʧʣʝʥʠʶ ʧʨʝʧʷʪʩʪʚʠʡ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʙʳʩʪʨʫʶ 

ʧʦʜʚʠʞʢʫ ʣʴʜʘ. 

ɺ ʜʨʫʛʦʡ ʛʠʧʦʪʝʟʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘʣʠʯʠʝ ʧʫʩʪʦʪ ʤʝʞʜʫ ʣʴʜʦʤ ʠ ʣʦʞʝʤ ʧʨʠ ʫʩʢʦʨʝʥʠʠ 

ʜʚʠʞʝʥʠʷ ʣʝʜʥʠʢʘ [13]. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʘʚʣʝʥʠʷ ʣʴʜʘ ʫʩʢʦʨʝʥʠʝ ʜʚʠʞʝʥʠʷ 

ʫʤʝʥʴʰʘʝʪ ʢʦʥʪʘʢʪ ʣʴʜʘ ʩ ʣʦʞʝʤ, ʩʥʠʞʘʷ ʪʨʝʥʠʝ ʠ ʩʦʟʜʘʚʘʷ ʫʩʣʦʚʠʷ ʜʣʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. ɸʚʪʦʨ 

ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʢʘʚʝʨʥʳ, ʟʘʧʦʣʥʝʥʥʳʝ ʚʦʜʦʡ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʜʚʠʞʝʥʠʶ. 

ʅʝʢʦʪʦʨʳʝ ʛʠʧʦʪʝʟʳ ʩʚʷʟʳʚʘʶʪ ʧʫʣʴʩʘʮʠʠ ʣʝʜʥʠʢʦʚ ʩ ʧʨʝʚʳʰʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʡ ʚ ʣʴʜʝ 

ʥʘʜ ʝʛʦ ʧʨʝʜʝʣʦʤ ʧʨʦʯʥʦʩʪʠ. ʂ.ʌ. ɺʦʡʪʢʦʚʩʢʠʡ ʩʯʠʪʘʝʪ, ʯʪʦ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 

ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʝ ʪʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʩʧʣʦʰʥʦʩʪʠ ʣʴʜʘ. ʕʪʦ 

ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʫʩʢʦʨʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʣʴʜʘ. ɺʦʡʪʢʦʚʩʢʠʡ ʚʳʜʝʣʷʝʪ ʪʨʠ ʫʩʣʦʚʠʷ ʜʣʷ ʧʫʣʴʩʘʮʠʠ ʣʝʜʥʠʢʘ: 1) ʙʦʣʴʰʘʷ 

ʪʦʣʱʠʥʘ ʣʴʜʘ; 2) ʧʦʣʦʛʠʡ ʫʯʘʩʪʦʢ ʣʦʞʘ ʚ ʢʦʥʮʝ ʣʝʜʥʠʢʘ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʝʛʦ ʦʪʝʢʘʥʠʶ; 3) 

ʠʥʪʝʥʩʠʚʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʣʴʜʘ ʚ ʵʪʫ ʟʦʥʫ. ɺ ʵʪʦʡ ʛʠʧʦʪʝʟʝ ʥʝ ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ ʚʦʜʥʦʡ ʧʣʝʥʢʠ 

ʠʣʠ ʧʫʩʪʦʪ, ʟʘʧʦʣʥʝʥʥʳʭ ʚʦʜʦʡ. 

ʃ.ɼ. ɼʦʣʛʫʰʠʥ ʠ ʜʨ. [4] ʪʘʢʞʝ ʫʧʦʤʠʥʘʝʪ ʦ ʧʦʜʚʠʞʢʘʭ ʣʴʜʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʣʝʜʥʠʢʘ, 

ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʚ ʘʢʪʠʚʥʫʶ ʬʘʟʫ ʧʫʣʴʩʘʮʠʠ ʦʙʰʠʨʥʦʝ ʧʦʣʝ ʣʴʜʘ ʩʢʦʣʴʟʠʪ ʣʠʙʦ ʧʦ ʣʦʞʫ, ʣʠʙʦ 

ʧʦ ʩʢʦʣʘʤ ʚ ʪʝʣʝ ʣʝʜʥʠʢʘ. ɺʦʜʥʦʩʤʘʟʦʯʥʘʷ ʛʣʠʥʠʩʪʘʷ ʧʣʝʥʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʪʦʤʫ ʧʨʦʮʝʩʩʫ. 

ɺʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʦʜʚʠʞʝʢ ʣʝʜʥʠʢʦʚ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʣʠʯʠʝ ʙʳʩʪʨʦ 

ʜʚʠʞʫʱʠʭʩʷ ʚʦʣʥ ʚʥʫʪʨʠ ʣʴʜʘ. ʇʨʦʛʥʦʟ ʧʦʜʚʠʞʢʠ ʣʝʜʥʠʢʘ ʄʝʜʚʝʞʴʝʛʦ [4] ʙʳʣ ʦʩʥʦʚʘʥ ʥʘ 

ʥʘʙʣʶʜʝʥʠʷʭ ʟʘ ʧʦʚʝʜʝʥʠʝʤ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʴʜʘ. ʄʥʦʛʦʣʝʪʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʦʨʦʩʪʥʦʛʦ ʧʦʣʷ ʷʟʳʢʘ ʣʝʜʥʠʢʘ ʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʝʛʦ 

ʧʨʦʜʦʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʧʦʟʚʦʣʠʣʠ ʪʦʯʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʚʨʝʤʷ ʧʦʜʚʠʞʢʠ. ʆʜʥʘʢʦ ʧʨʝʜʩʢʘʟʘʪʴ ʦʙʲʝʤ 

ʚʳʥʝʩʝʥʥʦʛʦ ʣʴʜʘ ʠ ʚʝʣʠʯʠʥʫ ʫʜʣʠʥʝʥʠʷ ʷʟʳʢʘ ʛʦʨʘʟʜʦ ʩʣʦʞʥʝʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʥʦ 

ʣʠʰʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʮʝʥʠʚʘʪʴ ʨʘʟʤʝʨʳ ʙʫʜʫʱʝʡ ʧʦʜʚʠʞʢʠ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʝʜʳʜʫʱʠʭ 

ʜʘʥʥʳʭ. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʧʦʩʪʦʷʥʥʦʩʪʴ ʧʝʨʠʦʜʘ ʧʫʣʴʩʘʮʠʠ ʫ ʥʝʢʦʪʦʨʳʭ ʣʝʜʥʠʢʦʚ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʩʢʘʟʘʪʴ ʥʦʚʳʝ ʧʦʜʚʠʞʢʠ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʭʦʪʷ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʥʠʟʢʦʡ, ʩ ʦʰʠʙʢʦʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʝʨʠʦʜʘʭ ʧʫʣʴʩʘʮʠʠ ʝʩʪʴ ʥʝ 

ʜʣʷ ʚʩʝʭ ʣʝʜʥʠʢʦʚ, ʠ ʥʝ ʚʩʝ ʧʫʣʴʩʠʨʫʶʱʠʝ ʣʝʜʥʠʢʠ ʚʳʷʚʣʝʥʳ. ʂʘʪʘʣʦʛʠʟʘʮʠʷ ʧʫʣʴʩʠʨʫʶʱʠʭ 

ʣʝʜʥʠʢʦʚ ʧʦʤʦʞʝʪ ʩʦʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʨʦʛʥʦʟʦʚ. 

ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʜʚʠʞʝʢ ʣʝʜʥʠʢʦʚ ʚʘʞʥʦ ʠʟʫʯʘʪʴ ʨʝʞʠʤʳ ʩʢʦʨʦʩʪʝʡ ʠ 

ʚʝʱʝʩʪʚʝʥʥʳʡ ʙʘʣʘʥʩ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʣʝʜʥʠʢʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʪʦʯʥʝʝ ʧʨʝʜʩʢʘʟʘʪʴ ʚʨʝʤʷ ʠ 

ʤʘʩʰʪʘʙʳ ʧʦʜʚʠʞʝʢ. ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʢʘʪʘʩʪʨʦʬʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʫʣʴʩʘʮʠʷʤʠ, ʤʦʞʥʦ 

ʧʨʝʜʚʠʜʝʪʴ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʩʣʝʜʘʭ ʧʨʝʜʳʜʫʱʠʭ ʩʦʙʳʪʠʡ. ʅʘʙʣʶʜʝʥʠʷ 

ʚʦ ʚʨʝʤʷ ʠ ʧʦʩʣʝ ʧʦʜʚʠʞʢʠ ʧʦʤʦʛʫʪ ʪʦʯʥʝʝ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨ ʪʘʢʠʭ ʷʚʣʝʥʠʡ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, 

ʧʨʦʨʳʚʳ ʧʦʜʧʨʫʜʥʳʭ ʦʟʝʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʚʳʚʦʜʦʚ ʦ ʜʦʣʛʦʩʨʦʯʥʦʡ ʜʠʥʘʤʠʢʝ ʧʫʣʴʩʠʨʫʶʱʠʭ 

ʣʝʜʥʠʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʴʰʝ ʜʘʥʥʳʭ. ɺʦʟʤʦʞʥʦ, ʣʝʜʥʠʢʠ ʠʩʧʳʪʳʚʘʶʪ ʢʦʣʝʙʘʥʠʷ ʚʦʢʨʫʛ 

ʥʝʠʟʤʝʥʥʦʛʦ ʩʨʝʜʥʝʛʦ ʧʦʣʦʞʝʥʠʷ. 
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Ðìü Ûúøôü îì Ûúøôü-Ú÷ìõ ûôüċāĕúñ ĕìýþìùð, öô ýìüĀô ùìóìü ìó þìøúĊ÷ô ÿøÿøôô ýÿýþ ìėôíùôĄôùĒ, 
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ʆʉʅʆɺʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʇʋʃʔʉʀʈʋʖʑʀʍ ʃɽɼʅʀʂʆɺ ʇɸʄʀʈɸ 

ʅʘ ʇʘʤʠʨʝ ʠ ʇʘʤʠʨʦ-ɸʣʘʝ ʩʫʱʝʩʪʚʫʶʪ ʣʝʜʥʠʢʠ, ʢʦʪʦʨʳʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʙʱʠʡ ʪʨʝʥʜ ʤʝʜʣʝʥʥʦʛʦ 

ʦʪʩʪʫʧʘʥʠʷ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʥʝʟʘʧʥʦʝ ʠ ʙʳʩʪʨʦʝ ʧʨʦʜʚʠʞʝʥʠʝ ʢʦʥʮʦʚ ʷʟʳʢʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʣʝʜʥʠʢʠ 

ʥʘʯʠʥʘʶʪ ʤʝʜʣʝʥʥʦ ʦʪʩʪʫʧʘʪʴ, ʧʦʢʘ ʥʝ ʥʘʩʪʫʧʘʝʪ ʥʦʚʳʡ ʮʠʢʣ ʧʨʦʜʚʠʞʝʥʠʷ. ʊʘʢʠʝ ʷʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʜʦʣʠʥʥʳʭ ʣʝʜʥʠʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʭʨʝʙʪʘʭ ɸʢʘʜʝʤʠʠ ʅʘʫʢ, ʇʝʪʨʘ ʇʝʨʚʦʛʦ, ʗʟʛʫʣʝʤʩʢʦʤ, ɿʘʘʣʘʡʩʢʦʤ ʠ ʚ 

ʙʘʩʩʝʡʥʝ ʣʝʜʥʠʢʘ ʌʝʜʯʝʥʢʦ. ʇʘʤʠʨʩʢʦʝ ʚʳʩʦʢʦʛʦʨʴʝ, ʩʣʦʞʥʦʝ ʨʝʣʴʝʬʦʤ ʠ ʩ ʦʙʠʣʴʥʳʤʠ ʟʠʤʥʠʤʠ ʦʩʘʜʢʘʤʠ, 

ʩʦʟʜʘʸʪ ʫʩʣʦʚʠʷ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʫʣʴʩʠʨʫʶʱʠʭ ʣʝʜʥʠʢʦʚ. ʇʦʜʚʠʞʢʠ ʣʝʜʥʠʢʦʚ ʧʨʦʠʩʭʦʜʷʪ 

ʥʝ ʚʥʝʟʘʧʥʦ, ʘ ʧʦʩʪʝʧʝʥʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʢʦʧʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʣʝʜʥʠʢʦʚʦʡ ʩʠʩʪʝʤʝ ʠʟ-ʟʘ ʜʠʩʙʘʣʘʥʩʘ ʤʝʞʜʫ 

ʧʦʩʪʫʧʣʝʥʠʝʤ ʠ ʦʪʪʦʢʦʤ ʣʴʜʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʣʝʜʥʠʢʘ ʄʝʜʚʝʞʴʝʛʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʝʛʦ ʷʟʳʢ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʙʘʣʘʥʩ ʚ ʧʝʨʠʦʜ ʤʝʞʜʫ ʧʦʜʚʠʞʢʘʤʠ. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʩʜʚʠʛʘ, ʢʦʛʜʘ ʜʚʠʞʝʥʠʝ ʟʘʤʝʜʣʷʝʪʩʷ, 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʙʘʣʘʥʩ ʩʦʭʨʘʥʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʷʟʳʢʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʟʦʥʘ ʧʦʚʳʰʝʥʥʦʡ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʥʠʟ ʧʦ ʣʝʜʥʠʢʫ ʢʘʢ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʦʣʥʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʨʝʤʷ ʧʦʜʚʠʞʢʠ. 

ʊʘʢʠʝ ʜʘʥʥʳʝ ʧʦʤʦʛʘʶʪ ʧʨʝʜʫʧʨʝʜʠʪʴ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʦʨʳʚʘ ʧʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ 

ʧʦʜʚʠʞʢʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʣʘʩʪʴ ʧʠʪʘʥʠʷ, ʣʝʜʥʠʢʠ, ʧʫʣʴʩʠʨʫʶʱʠʝ ʣʝʜʥʠʢʠ, ʇʘʤʠʨ, ɸʙʜʫʢʘʭʭʘʨ, ɺʘʥʯ, 

ʄʝʜʚʝʞʠʡ, ʨʝʞʠʤ. 

 

BASIC DESCRIPTION OF POMIR PULSE GLACIERS  

In the Pamirs and Pamir-Alai there are glaciers that, despite the general trend of slow retreat, periodically 

demonstrate sudden and rapid advance of the ends of the tongues. After this, the glaciers begin to slowly retreat until a new 

cycle of advance begins. Such phenomena are typical for valley glaciers located on the ridges of the Academy of Sciences, 

Peter the Great, Yazgulemsky, Zaalaisky and in the Fedchenko glacier basin. The Pamir highlands, with their complex 

relief and abundant winter precipitation, create conditions for active glaciation, including surging glaciers. Glacier 

movements do not occur suddenly, but gradually, as a result of the accumulation of stress in the glacier system due to an 

imbalance between the inflow and outflow of ice. Studies of the Medvezhyi Glacier have shown that its tongue maintains a 

positive balance between movements. After each shift, when the movement slows down, the positive balance is maintained 

only in the upper part of the tongue. Subsequently, the zone of increased velocity spreads down the glacier as a kinematic 

wave, which allows us to predict the time of movement. Such data help prevent the catastrophic consequences of a 

breakthrough of a dammed lake created by the movements. 
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ʋɼʂ: 549.761.63  

ʌɽʈɹɽʈʀʊ ʀɿ ʇɽɻʄɸʊʀʊʆɺ ʆɼɾʋʂʉʂʆɻʆ ʇʆʃʗ (ʎɽʅʊʈɸʃʔʅʓʁ 

ʊɸɼɾʀʂʀʉʊɸʅ) 

 

ɼʞʘʙʠʨʦʚ ɸ.ɸ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ, ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʝʡʩʤʦʣʦʛʠʠ ʅɸʅʊ 

 

ɺʚʝʜʝʥʠʝ. ʌʝʨʙʝʨʠʪ ʢʘʢ ʨʝʜʢʠʡ ʤʠʥʝʨʘʣ ʦʧʠʩʘʥ ʚ ʨʷʜʝ ʧʝʛʤʘʪʠʪʦʚʳʭ, ʛʨʝʡʟʝʥʦʚʳʭ, 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠ ʩʢʘʨʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɺ ʜʦʩʪʫʧʥʳʭ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪʘʭ 

ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʧʦ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʊʘʜʞʠʢʠʩʪʘʥʘ ʫʧʦʤʠʥʘʝʪʩʷ ʤʠʥʝʨʘʣ 

ʬʝʨʙʝʨʠʪ, ʙʝʟ ʧʨʠʚʝʜʝʥʠʷ ʜʘʥʥʳʭ ʦ ʝʛʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʠ ʦʧʪʠʢʦ-ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

(ɸʨʘʧʦʚ, 1937; ʄʘʛʘʢʴʷʥ, 1941; ɹʘʨʘʪʦʚ, ɹʣʦʭʠʥʘ, 1957).  

ʉʨʝʜʠ ʧʝʛʤʘʪʠʪʦʚʳʭ ʧʦʣʝʡ ʖʞʥʦ-ɻʠʩʩʘʨʩʢʦʡ ʟʦʥʳ, ʧʝʛʤʘʪʠʪʦʚʦʝ ʧʦʣʝ ʆʜʞʫʢ ʷʚʣʷʝʪʩʷ 

ʩʘʤʳʤ ʢʨʫʧʥʳʤ (27,5 ʢʤ2), ʦʥʦ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʖʞʥʦ-ɺʘʨʟʦʙʩʢʦʛʦ 

ʛʨʘʥʠʪʥʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʚʳʩʦʪʘʭ ʦʪ 2000 ʤ ʜʦ 3000 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʥʘ ʫʯʘʩʪʢʝ, 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʩ ʩʝʚʝʨʘ ʚʦʜʦʨʘʟʜʝʣʴʥʳʤ ʛʨʝʙʥʝʤ ʊʘʢʦʙ ï ʆʜʞʫʢ, ʘ ʩ ʚʦʩʪʦʢʘ ï ʚʦʜʦʨʘʟʜʝʣʴʥʳʤ 

ʛʨʝʙʥʝʤ ʆʜʞʫʢ-ʉʝʤʠʛʘʥʯ. ɺ ʧʨʝʜʝʣʘʭ ʆʜʞʫʢʩʢʦʛʦ ʧʦʣʷ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʠʤʝʨʥʦ 590 

ʧʝʛʤʘʪʠʪʦʚʳʭ ʪʝʣ [6]. 

ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʆʜʞʫʢ ï ʣʝʚʦʛʦ ʧʨʠʪʦʢʘ ʨ. ɺʘʨʟʦʙ. 

ʇʝʛʤʘʪʠʪʳ ʟʜʝʩʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʖʞʥʦʚʘʨʟʦʙʩʢʠʤ ʛʨʘʥʠʪʥʳʤ 

ʧʣʫʪʦʥʦʤ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʚʥʫʪʨʠʛʨʘʥʠʪʥʳʤ ʤʘʣʦʛʣʫʙʠʥʥʳʤ ʧʝʛʤʘʪʠʪʘʤ ʭʨʫʩʪʘʣʦʥʦʩʥʦʡ 

ʬʦʨʤʘʮʠʠ [6]. 

ʖʞʥʦʚʘʨʟʦʙʩʢʠʡ ʛʨʘʥʠʪʥʳʡ ʤʘʩʩʠʚ ʨʘʩʧʦʣʦʞʝʥ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʖʞʥʦ-ɻʠʩʩʘʨʩʢʦʡ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʡ ʟʦʥʳ. ʄʘʩʩʠʚ ʨʘʩʧʦʣʦʞʝʥ ʩʨʝʜʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩ ʶʛʘ ʢʦʥʪʘʢʪʠʨʫʷ ʩ ʙʘʟʘʣʴʪʘʤʠ ʠ ʧʣʘʛʠʦʛʨʘʥʠʪʘʤʠ ʉ1-2 ʠ ʩ ʘʥʜʝʟʠʪʘʤʠ 

ʉ2. ʄʘʩʩʠʚ ʦʙʥʘʞʘʝʪʩʷ ʥʘ ʫʯʘʩʪʢʝ ʦʪ ʧʨʘʚʦʙʝʨʝʞʴʷ ʨ. ɺʘʨʟʦʙ ʜʦ ʧʨʘʚʦʙʝʨʝʞʴʷ ʨ. ʂʘʬʠʨʥʠʛʘʥ. 

ʖʞʥʦʚʘʨʟʦʙʩʢʠʡ ʤʘʩʩʠʚ ʩʣʦʞʝʥ ʧʦʨʬʠʨʦʚʠʜʥʳʤʠ ʙʠʦʪʠʪʦʚʳʤʠ ʛʨʘʥʠʪʘʤʠ ʛʣʘʚʥʦʡ ʠ 

ʣʝʡʢʦʛʨʘʥʠʪʘʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʬʘʟʳ (ɹʘʨʘʪʦʚ, 1966). 

ʇʦ ʛʝʥʝʟʠʩʫ ʩʨʝʜʠ ʧʝʛʤʘʪʠʪʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʆʜʞʫʢʩʢʦʛʦ ʧʦʣʷ ʚʳʜʝʣʷʪʁʩ ̫ ʜʚʘ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʘ (ʉʢʦʯʠʣʦʚ, 1999). 

ʇʝʨʚʳʡ ʪʠʧ, ʩʚʷʟʘʥʥʳʡ ʩ ʛʨʘʥʠʪʘʤʠ ʛʣʘʚʥʦʡ ʬʘʟʳ ʖʞʥʦʚʘʨʟʦʙʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʦʙʲʝʜʠʥʷʝʪ 

ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʧʝʛʤʘʪʠʪʳ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʩʪʠ (60% ʦʪ ʚʩʝʭ 

ʧʝʛʤʘʪʠʪʦʚʳʭ ʪʝʣ). ɺʪʦʨʦʡ ʪʠʧ ʧʝʛʤʘʪʠʪʦʚ, ʩʚʷʟʘʥʥʳʡ ʩ ʣʝʡʢʦʛʨʘʥʠʪʘʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʬʘʟʳ, 

ʦʙʨʘʟʫʝʪ ʚ ʦʩʥʦʚʥʦʤ ʞʠʣʴʥʳʝ ʠ ʞʠʣʦʦʙʨʘʟʥʳʝ ʪʝʣʘ, ʢʘʢ ʚʥʫʪʨʠ ʛʨʘʥʠʪʦʚ ʛʣʘʚʥʦʡ ʬʘʟʳ, ʪʘʢ ʠ 

ʩʨʝʜʠ ʣʝʡʢʦʛʨʘʥʠʪʦʚ. ʂʦʣʠʯʝʩʪʚʦ ʪʝʣ ʚʪʦʨʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʜʦʩʪʠʛʘʝʪ ʜʦ 40% ʦʪ ʦʙʱʝʛʦ 

ʯʠʩʣʘ ʧʝʛʤʘʪʠʪʦʚ ʆʜʞʫʢʩʢʦʛʦ ʧʦʣʷ [6]. 

ʉ ʞʠʣʴʥʳʤʠ ʪʝʣʘʤʠ ʣʝʡʢʦʢʨʘʪʦʚʳʭ ʛʨʘʥʠʪʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʬʘʟʳ ʦʙʳʯʥʦ ʩʚʷʟʘʥʳ 

ʣʠʥʟʳ ʧʝʛʤʘʪʠʪʦʚ, ʦʙʨʘʟʫʶʱʠʝ ʧʦʨʦʡ ʧʨʘʪʷʞʝʥʥʦʩʪʴʶ ʜʦ 1 ʢʤ ʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 1,0-2,0 ʤ 

ʩʣʘʙʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʧʝʛʤʘʪʠʪʦʚʳʝ ʪʝʣʘ. ɺ ʛʨʘʥʠʪʘʭ ʛʣʘʚʥʦʡ ʬʘʟʳ, ʧʝʛʤʘʪʠʪʳ ʨʝʜʢʦ 

ʦʙʨʘʟʫʶʪ ʦʪʜʝʣʴʥʳʝ ʧʣʦʩʢʠʝ ʪʝʣʘ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚ ʩʠʩʪʝʤʘʭ ʪʨʝʱʠʥ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʪʘʢʞʝ 

ʪʝʣʘ ʞʠʣʴʥʳʭ ʣʝʡʢʦʛʨʘʥʠʪʦʚ. ʉ ʥʘʠʙʦʣʝʝ ʧʦʟʜʥʠʤʠ ʪʨʝʱʠʥʘʤʠ ʦʪʜʝʣʴʥʦʩʪʠ ʩʚʷʟʘʥʦ ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʝʛʤʘʪʠʪʦʚʳʭ ʪʝʣ - ʜʦ 10%. ʅʘ ʦʜʥʦʡ ʠʟ ʢʚʘʨʮ-ʤʫʩʢʦʚʠʪ-ʧʦʣʝʚʦʰʧʘʪʦʚʦʡ 

ʧʝʛʤʘʪʠʪʦʚʦʡ ʞʠʣʝ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʧʨʘʚʦʤ ʙʦʨʪʫ ʨʝʢʠ ʆʜʞʫʢ, ʦʙʥʘʨʫʞʝʥ ʤʠʥʝʨʘʣ ʬʝʨʙʝʨʠʪ 

(ʨʠʩ.1). 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʝʛʤʘʪʠʪʦʚʳʭ ʞʠʣ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʧʝʛʤʘʪʠʪʦʚ ʢʚʘʨʮ-ʤʫʩʢʦʚʠʪ-ʧʦʣʝʚʦʰʧʘʪʦʚʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʚʳʷʚʣʝʥʠʝ 

ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʚʦʣʴʬʨʘʤʘ, ʧʘʨʘʤʝʪʨʳ ʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʠ ʠʭ ʩʨʘʚʥʝʥʠʝ ʩ 

ʬʝʨʙʝʨʠʪʘʤʠ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʦ ʚʨʝʤʷ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʧʝʛʤʘʪʠʪʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʆʜʞʫʢʩʢʦʛʦ ʧʦʣʷ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʰʪʫʬʥʳʝ ʦʙʨʘʟʮʳ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʠʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʮʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʫʯʘʣʠʩʴ ʧʦʜ ʙʠʥʦʢʫʣʷʨʥʳʤ 

ʤʠʢʨʦʩʢʦʧʦʤ Discover.V8 ʬʠʨʤʳ ʂʘʨʣ ʎʝʡʩ. ʆʪʜʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʥʳʝ ʦʙʨʘʟʮʳ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʰʣʠʭʦʚ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʜʨʦʙʣʝʥʠʶ.  
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ʈʠʩ. 1 ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʧʣʦʱʘʜʠ ʧʝʛʤʘʪʠʪʦʚʦʛʦ ʧʦʣʷ ʆʜʞʫʢ, ʚ ʤʘʩʰʪʘʙʝ 1:25000 

Fig. 1 Geological map of the Ojuk pegmatite field area, at a scale of 1:25000 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʢʘʨʪ ʙʳʣʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ ɺ.ɸ. ʂʫʪʝʥʮʘ, ʖ.ɺ. ʉʢʦʯʠʣʦʚʘ ʠ ʜʨ. 
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ɼʣʷ ʦʧʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʟʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʧʦʣʠʨʦʚʘʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʚ ʚʠʜʝ ʘʥʰʣʠʬʦʚ, ʟʘʣʠʪʳʝ ʚ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʝ.  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʬʝʨʙʝʨʠʪʘ ʠʟʫʯʝʥ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ JSM-35 CF ʬʠʨʤʳ JEOL ʩ Si(Li) - ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʠ ʩʠʩʪʝʤʦʡ 

ʘʥʘʣʠʟʘ ISIS ʬʠʨʤʳ Oxford ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 20 ʢɺ ʠ ʪʦʢʝ ʧʦʛʣʦʱʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʥʠʢʝʣʝ 1ʥɸ. ʈʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʧʨʦʚʦʜʠʣʦʩʴ 

ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʘʛʨʘʤʤ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʝ ɼʈʆʅ-3 ʩ Cu-ʘʥʦʜʦʤ ʠ Ni -ʬʠʣʴʪʨʦʤ, 

ʩʢʦʨʦʩʪʴ ʩʯʝʪʯʠʢʘ 1 ʛʨʘʜʫʩ ʚ ʤʠʥʫʪʫ. ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʬʝʨʙʝʨʠʪʘ 

ʧʨʠʚʝʜʝʥ rʚ ʪʘʙʣ.1 ʠ ʨʠʩ.2. 

 

ʈʠʩ. 2. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʬʝʨʙʝʨʠʪʘ: ʚʝʨʭʥʠʡ ʩʧʝʢʪʨ ïʜʠʬʨʘʢʪʦʛʨʘʤʤʘ, ʧʦʣʫʯʝʥʥʘʷ ʩ 

ʦʙʨʘʟʮʘ 

Fig. 2. Diffraction pattern of ferberite: the upper spectrum is the diffraction pattern obtained 

from the sample 

 
ʅʠʞʥʠʡ ʩʧʝʢʪʨ ï ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʬʝʨʙʝʨʠʪʘ (74-1100), ʢʚʘʨʮʘ (46-1045, ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ) ʠ ʰʝʝʣʠʪʘ (77-

2233). 

 

ʇʘʨʘʤʝʪʨʳ ʤʦʥʦʢʣʠʥʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠʟʫʯʝʥʥʦʛʦ ʬʝʨʙʝʨʠʪʘ ʧʦ 20 ʦʪʨʘʞʝʥʠʷʤ 

ʩʣʝʜʫʶʱʠʝ: ʘ= 4,738,b= 5,723, c= 4,970, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʪʦʯʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʘʨʘʤʝʪʨʘʤ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ FeWO4. 

ʈʝʥʥʪʛʝʥʦʛʨʘʤʤʘ ʬʝʨʙʝʨʠʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʛʣʘʚʥʳʭ ʣʠʥʠʡ ʩ 

ʵʪʘʣʦʥʥʦʡ (JCPDS 74-1100). 
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ʊʘʙʣ. 1. ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʧʦʨʦʰʢʦʛʨʘʤʤʘ ʬʝʨʙʝʨʠʪʘ 

Tabl.1. X-ray powder diffraction pattern of ferberite  
ʆʜʞʫʢ, ʎʝʥʪʨʘʣʴʥʳʡ ʊʘʜʞʠʢʠʩʪʘʥ FeWO4JCPDS 74-1100 

d l d i hkl 

5.73 61 5.72 96 010 

4.77 41 4.749 366 100 

3.77 17 3.751 311 011 

3.66 30 3.654 305 110 

2.95 86 2.9473 762 111 

2.86 100 2.8600 124 020 

2.48 24 2.4849 198 002 

2.45 10 2.4501 49 120 

2.38 9 2.3749 107 200 

2.28 2 2.2792 14 012 

2.20 15 2.1989 211 121 

2.05 4 2.0527 64 112 

2.00 10 2.0087 62 211 

1.908 18 1.9066 22 030 

1.877 4 1.8758 80 022 

1.817 6 1.8271 78 220 

1.771 41 1.7694 143 130 

1.716 24 1.7161 229 221 

1.670 5 1.7161 229 221 

1.593 6 1.5912 23 013 

1.514 6 1.5127 31 032 

1.4897 4 1.4868 22 230 

1.462 15 1.4599 71 311 

1.441 8 1.4421 80 132 

1.431 8 1.4335 67 023 
ʇʨʠʤʝʯʘʥʠʝ: ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀɻʉʉʉ ʅɸʅʊ. ɸʥʘʣʠʪʠʢ 

ï ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʀɻʉʉʉ ʅɸʅʊ ʐʦʜʠʙʝʢʦʚ ʄ.ɸ. 

 

ʌʝʨʙʝʨʠʪ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʝʢʪʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʨʝʜʢʠʭ ʠ ʤʝʣʢʠʭ ʚʳʜʝʣʝʥʠʡ 

ʨʘʟʤʝʨʦʤ ʜʦ 2.0 ʩʤ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʢʚʘʨʮʝʤ, ʤʫʩʢʦʚʠʪʦʤ ʠ ʤʠʢʨʦʢʣʠʥʦʤ. ʎʚʝʪ ʤʠʥʝʨʘʣʘ 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʜʦ ʯʝʨʥʦʛʦ (ʨʠʩ. 3). 

 

ʈʠʩ. 3. ʘ-ʚʳʜʝʣʝʥʠʝ ʬʝʨʙʝʨʠʪʘ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʢʚʘʨʮʝʤ, ʤʫʩʢʦʚʠʪʦʤ ʠ ʩʣʶʜʦʡ ʧʦʜ 

ʤʠʢʨʦʩʢʦʧʦʤ (Zeiss), ʙ- ʟʝʨʥʦ ʬʝʨʙʝʨʠʪʘ ʧʦʜ ʦʪʨʘʞʸʥʥʳʤ (BSE) 

Fig. 3. a-separation of ferberite with association of quartz, muscovite and mica under a 

microscope (Zeiss), b-grain of ferberite under reflected light (BSE)

 
ɸʥʘʣʠʪʠʢ ï ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʄʠʨʘʢʦʚ ʄ.ɸ. 
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ʊʘʙʣ 2. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʬʝʨʙʝʨʠʪʘ ʠʟ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʤʘʩʩ.% 

Tabl 2. Chemical composition of ferberite from different 
ʂʦʤʧʦ-

ʥʝʥʪ r
1 2 3 4 5 6 7 8 9 10 11 12 13 

FeO 16.45 16.83 16.84 17.02 17.01 17.32 16.70 22.85 22.54 20.28 21.64 14.48 15.80 

WO3 75.13 75.13 74.94 76.73 73.68 75.33 75.93 75.68 75.07 73.60 71.68 74.39 68.83 

MnO 7.00 7.61 7.72 7.10 7.78 7.33 7.65 1.00 1.41 1.21 0.77 10.20 6.85 

Nb2O5 0.45 0.40 0.41 0.04 0.73 0.79 0.48     0.14 4.29 

CaO  0.17 0.07          0.72 

SnO2  0.29 0.26           

ʉʫʤʤʘ 100.81 100.25 100.22 100.88 99.20 99.19 100.77 99.53 99.02 95.09 94.09 99.07 91.48 

ʬʦʨʤʫʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʨʘʩʯʝʪʝ ʆ = 4 

Fe+2 0.68 0.71 0.71 0.71 0.72 0.73 0.70 0.97 0.96 0.97 0.97 0.62 0.68 

Mn+2 0.29 0.32 0.33 0.30 0.33 0.32 0.32 0.04 0.06 0.05 0.04 0.44 0.30 

× A 0.97 1.03 1.04 1.01 1.05 1.05 1.02 1.01 1.02 1.01 1.01 1.06 0.98 

              

W+2 0.96 0.98 0.98 0.99 0.97 1.00 0.98 1.00 0.99 1.01 1.00 0.98 0.91 

Nb+4 0.01 0.01 0.01  0.02 0.02 0.01      0.10 

× B 0.97 0.99 0.99 0.99 0.99 1.02 0.99 1.00 0.99 1.01 1.00 0.98 0.91 

ʇʨʠʤʝʯʘʥʠʝ: 1-7 ï ʬʝʨʙʝʨʠʪ ʠʟ ʧʝʛʤʘʪʠʪʦʚ ʆʜʞʫʢʘ, ʎʝʥʪʨʘʣʴʥʳʡ ʊʘʜʞʠʢʠʩʪʘʥ, ʥʘʰʠ ʜʘʥʥʳʝ; 8 ï ʬʝʨʙʝʨʠʪ ʠʟ 

ʧʝʛʤʘʪʠʪʘ ʃʦʚʦʟʝʨʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʂʦʣʴʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚ, ʈʦʩʩʠʷ [5]; 9 ï ʬʝʨʙʝʨʠʪ ʠʟ ʈʠʜʜʘʥʭʠʪʘʥ, ʐʚʝʮʠʷ [7]; 10 ï 

ʬʝʨʙʝʨʠʪ ʠʟ ʃʠʢʚʠʥʘʩʪʝ, ɾʫʞʫʡ, ɸʨʛʝʥʪʠʥʘ [7]: 11 ï ʬʝʨʙʝʨʠʪ ʠʟ ʢʦʣʯʝʜʘʥʥʳʭ ʨʫʜ ʖʞʥʦʡ ʇʝʯʝʥʛʠ, ʂʦʣʴʩʢʠʡ 

ʧʦʣʫʦʩʪʨʦʚ, ʈʦʩʩʠʷ [3]; 12 ï ʬʝʨʙʝʨʠʪ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʠ (ɸʡʜʳʨʣʠʥʩʢʘʷ ʛʨʫʧʧʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ) ʉʝʚʝʨʥʦʛʦ 

ʋʨʘʣʘ, ʈʦʩʩʠʷ [4]; 13 ï ʬʝʨʙʝʨʠʪ ʠʟ ʦʥʛʦʥʠʪʦʚ ɸʨʛʘ-ʓʥʥʘʭ-ʍʘʡʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʗʢʫʪʠʷ) [1]. 

 

ɺʦʣʴʬʨʘʤʠʪ (Fe, Mn)WO4 - ʵʪʦ ʤʠʥʝʨʘʣ ʢʣʘʩʩʘ ʦʢʩʠʜʦʚ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʦʝʜʠʥʝʥʠʷ Fe, Mn, 

W ʩ ʢʠʩʣʦʨʦʜʦʤ. ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ Fe ʠ Mn ʚ ʩʦʩʪʘʚʝ ʚʦʣʴʬʨʘʤʠʪʘ ʚʳʜʝʣʷʶʪ ʬʝʨʙʝʨʠʪ (FeWO4) 

ʠ ʛʶʙʥʝʨʠʪ (MnWO4). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ ʠ ʜʠʘʛʨʘʤʤʳ (ʨʠʩ. 4), ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʝʨʙʝʨʠʪʫ (FeWO4) ï ʢʨʘʡʥʝʤʫ ʯʣʝʥʫ ʨʷʜʘ ʬʝʨʙʝʨʠʪ (FeWO4) ï ʛʶʙʥʝʨʠʪ 

(MnWO4) ʛʨʫʧʧʳ ʚʦʣʴʬʨʘʤʠʪʘ. 

 

ʈʠʩ. 4. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʜʠʘʛʨʘʤʤʘ ʤʝʞʜʫ ʬʝʨʙʝʨʠʪʦʤ ʠ ʛʶʙʥʝʨʠʪʦʤ 

Fig. 4. Comparison diagram between ferberite and hubnerite 

 
 

 

 

 

 

 

 

 



16 
 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ-ʧʨʠʤʝʩʷʤʠ 

ʬʝʨʙʝʨʠʪʘ ʠʟ ʢʚʘʨʮ-ʤʫʩʢʦʚʠʪ-ʧʦʣʝʚʦʰʧʘʪʦʚʦʛʦ ʧʝʛʤʘʪʠʪʘ ʆʜʞʫʢʩʢʦʛʦ ʧʦʣʷ ʷʚʣʷʶʪʩʷ Nb, Ca, 

Sn. ʄʘʨʛʘʥʝʮ ʦʙʥʘʨʫʞʝʥ ʚʦ ʚʩʝʭ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʝʨʥʘʭ ʤʠʥʝʨʘʣʘ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

Mn ʩʦʩʪʘʚʣʷʝʪ 7,45%. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʤʘʨʛʘʥʮʘ ʬʝʨʙʝʨʠʪ ʠʟ ʆʜʞʫʢʘ ʦʪʣʠʯʘʝʪʩʷ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʝʨʙʝʨʠʪʘ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ [4], ʥʦ ʚ ʜʨʫʛʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʦʥ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝ Mn [5; 3; 1].  

ɼʨʫʛʦʡ ʭʘʨʘʢʪʝʨʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʬʝʨʙʝʨʠʪʘ ʠʟ ʆʜʞʫʢʩʢʦʛʦ ʧʝʛʤʘʪʠʪʦʚʦʛʦ ʧʦʣʷ ï 

ʥʠʦʙʠʡ. ʅʠʦʙʠʡ ʦʧʨʝʜʝʣʝʥ ʚʦ ʚʩʝʭ ʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʝʨʥʘʭ ʤʠʥʝʨʘʣʘ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Nb 

ʩʦʩʪʘʚʣʷʝʪ 0,47%. ʇʦ ʩʦʜʝʨʞʘʥʠʶ Nb ʬʝʨʙʝʨʠʪ ʠʟ ʆʜʞʫʢʘ ʦʪʣʠʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʤʝʥʪʘ, ʯʝʤ ʚ ʬʝʨʙʝʨʠʪʝ ʠʟ ʦʥʛʦʥʠʪʘ ɸʨʛʘ-ʓʥʥʘʭ-ʍʘʡʩʢʦʛʦ ʤʘʩʩʠʚʘ ʚ ʗʢʫʪʠʠ, 

ʥʦ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʝ Nb, ʯʝʤ ʬʝʨʙʝʨʠʪ ʠʟ ɸʡʜʳʨʣʠʥʩʢʦʡ ʛʨʫʧʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉʝʚʝʨʥʦʛʦ 

ʋʨʘʣʘ, ʈʦʩʩʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʦʩʪʘʚʝ ʦʜʞʫʢʩʢʦʛʦ ʬʝʨʙʝʨʠʪʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ CaO. ʆʢʩʠʜ 

ʢʘʣʴʮʠʷ ʦʙʥʘʨʫʞʝʥ ʪʦʣʴʢʦ ʚ ʜʚʫʭ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʝʨʥʘʭ ʬʝʨʙʝʨʠʪʘ, ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʩʦʩʪʘʚʣʷʝʪ 0,12%. ʆʪʥʦʩʠʪʝʣʴʥʦ ʬʝʨʙʝʨʠʪʘ ʠʟ ʦʥʛʦʥʠʪʦʚ ɸʨʛʘ-ʓʥʥʘʭ-ʍʘʡʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʛʜʝ 

ʩʦʜʝʨʞʘʥʠʝ CaO ʩʦʩʪʘʚʣʷʝʪ 0,72%, ʢʦʣʠʯʝʩʪʚʦ CaO ʚ ʬʝʨʙʝʨʠʪʝ ʆʜʞʫʢʩʢʦʛʦ ʧʝʛʤʘʪʠʪʦʚʦʛʦ 

ʧʦʣʷ ʧʦʯʪʠ ʚ 6 ʨʘʟ ʤʝʥʴʰʝ. ɺ ʩʦʩʪʘʚʝ ʆʜʞʫʢʩʢʦʛʦ ʬʝʨʙʝʨʠʪʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ SnO2, ʥʝ 

ʦʙʥʘʨʫʞʝʥʥʦʝ ʚ ʜʨʫʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʝʨʙʝʨʠʪ ʠʟ ʢʚʘʨʮ-ʤʫʩʢʦʚʠʪ-ʧʦʣʝʚʦʰʧʘʪʦʚʦʛʦ ʧʝʛʤʘʪʠʪʘ ʆʜʞʫʢʩʢʦʛʦ 

ʧʦʣʷ ʦʪʣʠʯʘʝʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʛʜʝ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʱʠʝ FeO ʩʦʩʪʘʚʣʷʝʪ 

6,88%, MnO ï 7,45% ʠ WO3 ï 75,27%.  
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àÑÜÍÑÜÔÞ ÌÓ ÛÑÏØÌÞÔÞÇÚÔ ØÌÕÐÚÙÔ ÚÆßÖ (ÞÚÆÔÖÔÝÞÚÙÔ ØÌÜÖÌÓÄ) 

Ðìü øìėú÷ì øôùñüì÷ô Āñüíñüôþ ìó øìõðúùô ûñïøìþôþô öîìüþý-øÿýöîôþ-Ąûìþôýìĕüúôô ÚĔÿö úîìüðì 
Ąÿðììýþ. Úôðô þìüöôíô āôøôċîôô Āñüíñüôþ þìĕ÷ô÷ô Āìóìĕúô üñùþïñùĒ îì āúýôċþĕúô úûþôöôô Āñüíñüôþ 
øìĆ÷ÿøúþ ðúðì Ąÿðììýþ.  

Ö÷ôðîúòìĕú: Āñüíñüôþ, ÚĔÿö, ûñïøìþôþ, þìüöôí, þìĕ÷ô÷ô üñùþïñùúĀìóĒ, ÞúĔôöôýþúùô ØìüöìóĒ. 
 

ʌɽʈɹɽʈʀʊ ʀɿ ʇɽɻʄɸʊʀʊʆɺ ʆɼɾʋʂʉʂʆɻʆ ʇʆʃʗ (ʎɽʅʊʈɸʃʔʅʓʁ ʊɸɼɾʀʂʀʉʊɸʅ) 

ɺ ʩʪʘʪʴʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʤʠʥʝʨʘʣ ʬʝʨʙʝʨʠʪ ʠʟ ʢʚʘʨʮ-ʤʫʩʢʦʚʠʪ-ʧʦʣʝʚʦʰʧʘʪʦʚʦʛʦ ʧʝʛʤʘʪʠʪʘ ʆʜʞʫʢʩʢʦʛʦ 

ʧʦʣʷ. ɺʧʝʨʚʳʝ ʧʨʠʚʦʜʪ̫ʩʷ ʜʘʥʥʳʝ ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ, ʨʝʥʪʛʝʥʦ-ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 

ʬʝʨʙʝʨʠʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʝʨʙʝʨʠʪ, ʧʝʛʤʘʪʠʪ, ʩʦʩʪʘʚ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ, ʆʜʞʫʢ, ʎʝʥʪʨʘʣʴʥʳʡ ʊʘʜʞʠʢʠʩʪʘʥ. 

 

FERBERITE FROM PEGMATITES OF THE OJUK FIELD (CENTRAL TAJIKISTAN)  

The article describes the mineral ferberite from the quartz-muscovite-feldspar Ojuk pegmatite field. Data on the 

chemical composition of ferberite, X-ray phase analysis and optical properties of ferberite will be provided.  

Keywords: ferberite, Ojuk, pegmatite, composition, X-ray phase analysis, Central Tajikistan. 
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ÞÐß: 556.551.582 
àÌÜÉÔëÞÔ ÞÌæØÔÙÚÞÔ ÙÌØÙÚÖÔÔ ÆÌØæäÌÎÔÔ ÝÚ×ÚÙÌÔ ÍÚÜÔäÚÞ 

ÐÌÜ ÇÌÎÓÌÔ ÐÌÜ¾Ô ÛÌÙÆ ÐÌÜ ÇßÐßÐÔ ÎÔ×ÚëÞÔ áÌÞ×ÚÙ  
 

äìüúĀôððôùúî Ý.Ý., Ðìî÷ìþúî à.Ý.  
Ìïñùþôô úíÿĕìîúĄôùúýôô Öÿøôþìô ĕôĀóô øÿĕôþô óôýþô ùìóðô Çÿöÿøìþô Æÿøĕÿüôô 

ÞúĔôöôýþúù, 

ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù  
 

Ðìü Ąìüúôþô þìĎõôüČíôô ôė÷ôø îì ôîìóĄìîôô ðìîüìĕúô íúüôĄúþô ýú÷úùì ðìü 
øôùþìėìĕúô öĘĕĒ îì ĕìøîúüôĕúô Æÿøĕÿüôô ÞúĔôöôýþúù ðôïìüïÿùôĕúô ïÿùúïÿù íì 
øÿĄúĕôðì øñüìýìð. Þñóÿ þÿùð ïìüðôðìùô üìîìùðô ăìùïÿ Ďÿíúü ðìü öôĄîìü íúôýô îìõüúù 
Ąÿðìùô ĉöúýôýþñøìĕúô ĉöú÷úïĒ ïìüðôðììýþ. Þìõô ýú÷ĕúô úāôü ôù üìîìùð þôíėô þìĕ÷ô÷ĕúô 
øÿþìāìýýôýúùô ýúĕì îì ùôĄúùðôĕìùðìĕúô úøúüĒ ðìü ôù ýìøþ óôČð íì ėìõð ïôüôĀþì 
Ąÿðììýþ [2; 3].  

Ðìü íìüúíìüô ôù, Āìüėôċþô þìĆøôùùúöôô ùìøôô ĔìøĆĄìîôô ýú÷úùìô íúüôĄúþ ðìü 
ĕìîóìô ðìüČô ÛìùĔ îì ĕÿðÿðô îô÷úċþô áìþ÷úù íì øÿĄúĕôðì øñüìýìð, öô ôù ôùĆôöúýïìüô 
þìĎõôüúþô ôė÷ôøĒ îì ìîĔô íú÷ú üìĀþìùô üìîìùðĕúô ïôðüúøñþñúüú÷úïĒ ðìü øôùþìėì 
ïìüðôðììýþ [4]. Ôù Āìüėôċþĕú øñþìîúùìùð ìó þìĆýôüô úøô÷ĕúô ïÿùúïÿù, ìó Ĕÿø÷ì 
ïìüøĄìîôô ï÷úíì÷Ē, þìĎõôüúþô ðìîüôô ôė÷ôø, íì÷ìùðôô ĔúõïôüĄìîôô øôùþìėìĕú îì ðôïìü 
úøô÷ĕúô øñþñúüú÷úïĒ îúíìýþì íúĄìùð [5]. Þìĕ÷ô÷ô øìĆ÷ÿøúþô íúüôĄúþ íìüúô ýú÷ĕúô 
1991¬2020 ùôĄúù øñðôĕìð, öô ðìü ėôČý íú øñĆČüô ôė÷ôøôô ýú÷ĕúô 1961¬1990, øôùþìėì ðìü 
ýú÷ĕúô úāôü íú þìøúĊ÷ĕúô ïÿùúïÿùô óôČðĄìîĒ Č öìøĄìîôô íúüôĄúþ üĘíìüĘ ïìüðôðììýþ 
[1]. 

Øÿìõċù öìüðìùô ôù Āìüėôċþĕú íìüúô íìùìėĄìïôüôô óìāôüìĕúô úíĒ, ôðúüìöÿùôô 
āìîĀô āÿĄöýú÷Ē îì ûñĄïĘôô þìĎõôüúþô úċùðìô ôė÷ôøĒ øÿĕôø øñíúĄìð. Ôùăÿùôù, þìĕ÷ô÷ 
îì øúùôþúüôùïô ûìõîìýþìô ôù üìîìùðĕú øñþìîúùìð íìüúô üÿĄðô ÿýþÿîúüô íìāĄĕúô 
öôĄúîìüóĒ îì ĉöúýôýþñøìĕúô øìĕì÷÷Ē ðìü ĕìîóìô ðìüČô ÛìùĔ øÿýúôðìþ öÿùìð [6; 7]. 
Çìùïúøô úøĘóôĄô þìĎõôüúþô þìĆøôùùúöôô ùìøùúöĒ, ÿýÿ÷ĕúô þìĕ÷ô÷ô þìĎõôüúþô íúüôĄúþ 
ðìü ýþìùýôċĕúô ĕìîúýìùĔôô ÛìùĔ, àìüāúü, ÐìùĎìüì, ØÿĆøôùúíúð, áúîì÷ôùï îì ãúüøìĎóìö 
íìüúô ðìîüìô ýú÷ĕúô 1991¬2020 ôýþôĀúðì Ąÿðìùð [1]. 

Ðìü ïüìĀôöĕú (üìýøĕúô 1¬6) Āìüėôċþĕúô ĔìøĆĄìîôô ýú÷úùìô íúüôĄúþüú ìó øñĆČü íú 
ôýþôĀúðìô ïôýþúïüìøøìĕú ùôĄúù øñðôĕìùð, öô ðìü úùĕú þüñùðô āìþþĒ (āìþþô ýôČĕô üúýþ) 
îì ôùĕôüúĀúþô úù (āìþþô ýôČĕô Ąôöìýþì) þìýîôü Ąÿðììùð. Ô÷úîì íìü ôù, ðìü Ĕìðîì÷ô 1 
ĕôýúíĕúô öúĉĀĀôþýôñùþô þüñùðô þìĎõôüúþô íúüôĄúþ íìüúô ĕìü ċö ýþìùýôċ ðìü ðìîüìô 
1991¬2020 ûñĄùôĕúð Ąÿðììùð. 

Íìüúô ïÿóìüúùôðìùô þìĕ÷ô÷, øìĆ÷ÿøúþô íúõïúùôô Ìïñùþôô úíÿĕìîúĄôùúýôô 
Öÿøôþìô ĕôĀóô øÿĕôþô óôýþô ùìóðô Çÿöÿøìþô Æÿøĕÿüôô ÞúĔôöôýþúù ôýþôĀúðì 
ïìüðôðììýþ, öô ðìėôė îì ìĕìøøôċþô íì÷ìùðô ðúðìĕúô ûñĄùôĕúðĄÿðìüú þìĆøôù øñùìøúċð 
[1]. 

 

Æìðîì÷ô 1. àìüėôċþô þìĆøôùùúöôô ùìøùúöĒ îì ĔìøĆĄìîôô ýú÷úùìô íúüôĄúþ ðìü ĕìîóìô 
ðìüČô ÛìùĔ ðìü ĕÿðÿðô îô÷úċþô áìþ÷úù íìüúô ðìîüìô ýú÷ĕúô (1991¬2020) ùôýíìþ íì øñĆČüô 

ôė÷ôøĒ (1961¬1990) 
Table 1. Difference in moisture availability and annual precipitation accumulation in the Panj River 

basin in Khatlon region for the period (1991¬2020) compared to the climatic norm (1961¬1990) 

Ĝ 
Øñþñúýþìùýôċô 
ĕìîúýìùĔĒ 

Íì÷ìùðĒ 
(ø). 

Íìüúíìüôô āìþþô 
þìĎõôüČíôô íúüôĄúþ 

(1991¬2020) 

ÞìĎõôüČíôô 
íúüôĄúþ íìüúô 
ðìîüìô (1991¬

2020) øø 

Øôėðúüô øôČùìô 
ýú÷úùìô íúüôĄúþ 

(1961¬1990 ïï.) (øø) 

Ùôýíìþô 
øñĆČü (%) 

1 ÛìùĔ 362 y = -2.084x + 56.798 -62.5 306 -20,4 
2 àìüāúü  447 y = -2.7658x + 32.656 -83.0 335 -24.8 
3 ÐìùĎìüì 668 y = -6.316x + 64.223 -189 584 -32.4 
4 ØÿĆøôùúíúð  1232 y = -8.3967x + 98.453 -252 821 -30.7 
5 áúîì÷ôùï 1468 y = -6.3517x + 12557 -191 1014 -18.8 
6 ãúüøìĎóìö  1730 y = -1.9183x - 14.064 -57.5 676 -8.50 
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Ðìü Ĕìðîì÷ øìĆ÷ÿøúþĕú ðìü íúüìô þìĎõôüúþô íúüôĄúþ ðìü ýþìùýôċĕúô ïÿùúïÿùô 
ĕìîúýìùĔĒ ðìü îô÷úċþô áìþ÷úù íìüúô ðìîüìô 1991¬2020 ûñĄöìĄ Ąÿðììùð. Ôù øìĆ÷ÿøúþĕú 
íì þìîüô øÿĀìýýì÷ þìĎõôüúþô íúüôĄúþ ðìü øôùþìėìĕúô øÿāþì÷ôĀô îô÷úċþüú ùôĄúù 
øñðôĕìùð. Íìüúô ĕìü ċö ýþìùýôċ, ùôĄúùðôĕìùðìĕúô óñüôù úîìüðì Ąÿðììùð: 

Íì÷ìùðôô ýþìùýôċ ìó ýìþĕô íìĕü (íú øñþü) ¬ ôù úøô÷ ùôĄúù øñðôĕìð, öô ĔúõïôüĄìîôô 
ýþìùýôċ ðìü íì÷ìùðôô ïÿùúïÿù ăĒ ïÿùì íì øôėðúüô íúüôĄúþ þìĆýôü øñüìýúùìð, óñüú 
íì÷ìùðôô ĔÿĎüúĀĒ ùìėĄô øÿĕôø ðìü þìėýôøúþô íúüôĄúþ ðìü øôùþìėì øñíúóìð. ÞìøúĊ÷ô 
íúüôĄúþ íìüúô ðìîüìô 1991¬2020 (íú øô÷÷ôøñþü) ¬ ôù ùôĄúùðôĕìùðì ùôĄúù øñðôĕìð, öô 
øôėðúüô íúüôĄúþ ðìü ôù ðìîüì ăĒ ïÿùì þìĎõôü ČĀþììýþ îì ôù þìĎõôüúþ ăĒ ïÿùì íì ôė÷ôøô 
øôùþìėì þìĆýôü öìüðììýþ. ØôČùìô íúüôĄúþô ýú÷ĕúô 1961¬1990 (íú øô÷÷ôøñþü) ¬ ĕìøăÿù ċö 
ùôĄúùðôĕìùðìô øÿėúôýìîĒ íìüúô ìüóČíôô þìĎõôüúþô íúüôĄúþ ðìü ðìîüìĕúô ïÿùúïÿù îì 
íìüúô Ąôùúýúôô þìøúĊ÷ĕúô ôė÷ôøô ðìüúóøÿððìþ ôýþôĀúðì øñĄìîìð. àúôóô þìĎõôüúþ 
ùôýíìþ íì øñĆČüô ėìí÷Ē ¬ ôù ùôĄúùðôĕìùðì þìĎõôüúþô ùôýíôô íúüôĄúþüú ðìü ðìîüìô 
þìĕ÷ô÷Ąÿðì ùôĄúù øñðôĕìð, öô íìüúô Āìĕøôðìùô üìîìùðĕúô ðìüúóøÿððìþô ôė÷ôøĒ îì 
þìĆýôüô úùĕú íì øÿĕôþô óôýþ, öôĄúîìüóĒ îì óìāôüìĕúô úíĒ öÿøìö øñöÿùìð.  

 
Üìýøô 1. ÞìĎõôüČíôô øôėðúüô íúüôĄúþ ðìü ĕÿðÿðô ýþìùýôċô ĕìîúýìùĔôô ÛìùĔ ðìü ðìîüìô 

ýú÷ĕúô 1991 þú ýú÷ô 2020 
Figure 1. Changes in precipitation in the area of the Panj meteorological station from 1991 to 2020 

 
 
Þôíėô øìĆ÷ÿøúþĕúô ýþìùýôċô ĕìîúýìùĔôô ÛìùĔ ðìü ðìîüìô 1991-2020 ýú÷ĕúñ, öô 

øôėðúüô íúüôĄúþ óôČð Č öìø íÿð, øÿĄúĕôðì öìüðì Ąÿðìùð. Ìó Ĕÿø÷ì, ýú÷ĕúñ, öô íúüôĄúþ 
ìó øñĆČüô øÿėìüüìüĒ óôČð íì øÿĄúĕôðì üìýôð: ýú÷ô 1991 íúüôĄúþ 100 øø, ýú÷ô 1992, (141 
øø), ýú÷ô 1999 137 øø îì ýú÷ô 2012 (129 øø) ìó øñĆČü óôČð íì ėìõð ïôüôĀþì Ąÿð.  

Íÿóÿüïþìüôù Āìüėôċþ ìó øñĆČüô øÿėìüüìüĒ óôČð ðìü ýú÷ô 1993 íì ėìõð ïôüôĀþì Ąÿð, 
öô íúüôĄúþ (168 øø)-üú þìĄöô÷ ðúð. Ýú÷ĕúô āÿĄöþìüôù ðìü ôù ðìîüì øÿĄúĕôðì ïìüðôð: 
ýú÷ô 1997 (65,7 øø), ýú÷ô 2001 (104 øø) îì ýú÷ô 2007 (57,3 øø). áÿĄöþìüôù ýú÷ ðìü ôù ðìîüì 
ýú÷ô 2008 íÿð, öô ðìü ôù ýú÷ íúüôĄúþ (107 øø) öìøþìü ìó øñĆČü øÿĄúĕôðì ïìüðôð. ØôČùìô 
ýú÷úùìô íúüôĄúþ íìüúô ðìîüìô ìýúýĒ (1961¬1990) 306 øø øñíúĄìð. Îì÷ñ ðìü ðìîüìô 
ýú÷ĕúô 1991¬2020 öúĕôĄ ČĀþìùô íúüôĄúþ íì (62,5 øø) øÿĄúĕôðì øñĄìîìð, öô 20,4% ìó 
øñĆČü öìø íì øÿĄúĕôðì üìýôð. 

Íìü ìýúýô øìĆ÷ÿøúþô ýþìùýôċô ĕìîúýìùĔôô àìüāúü íìüúô ðìîüìô 1991¬2020 ýú÷ĕúô 
øôėðúüô óôČðô íúüôĄúþ îì ĕìø ýú÷ĕúô āÿĄö øÿĄúĕôðì Ąÿðììùð. Ìó Ĕÿø÷ì, ýú÷ĕúô 
íúüôĄúþĒ óôČð: ýú÷ô 1992 (104 øø), ýú÷ô 1993 (65 øø), ýú÷ô 1996 (88 øø), ýú÷ô 1999 (83 øø), 
ýú÷ô 2003 (72 øø) îì ýú÷ô 2014 (78 øø) ìó øñĆČü óôČð øÿĄúĕôðì ïìüðôð. ÍúüôĄúþô 
óôČðþìüôù ðìü ýú÷ô 1992 íì ėìõð ïôüôĀþì Ąÿð, öô (104 øø) óôČð ìó øñĆČü íÿð. 
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Üìýøô 2. ÞìĎõôüČíôô øôėðúüô íúüôĄúþ ðìü ĕÿðÿðô ýþìùýôċô ĕìîúýìùĔôô àìüāúü ðìü ðìîüìô 
ýú÷ĕúô (1991-2020) 

Figure 2. Changes in precipitation in the Farkhor meteorological station area during the period 
(1991-2020) 

 
 
Ýú÷ĕúô āÿĄö Ąÿðìùð: ýú÷ô 2000 (111 øø), ýú÷ô 2001 (128 øø), ýú÷ô 2002 (83 øø), ýú÷ô 

2007 (93 øø) îì ýú÷ô 2013 (102 øø). ÍúüôĄúþô óôČðþìüôù ðìü ýú÷ô 2008 øÿĄúĕôðì ïìüðôð, 
öô (160 øø) öìøþìü ìó øñĆČü íÿð. 

ØôČùìô ýú÷úùìô íúüôĄúþ íìüúô ðìîüìô 1961¬1990 ýú÷ĕú (335 øø) þìĄöô÷ ðúð. Îì÷ñ 
ðìü ðìîüìô 1991¬2020 ýú÷ĕú, øôėðúüô íúüôĄúþ (92,4 øø) Č 45,1% öìø Ąÿðììýþ, öô ùôýíìþ 
íì øñĆČüô ìýúýĒ öìøĄìîôô ùìóìüüìýüú ùôĄúù øñðôĕìð. 
 
Üìýøô 3. ÞìĎõôüČíôô øôėðúüô íúüôĄúþ ðìü ĕÿðÿðô ýþìùýôċô ĕìîúýìùĔôô ÐìùĎìüì ðìü ðìîüìô 

ýú÷ĕúô (1991-2020) 
Figure 3. Changes in precipitation in the Dangara meteorological station area during the period 

(1991-2020) 

 
 
Íôùúíìü øìĆ÷ÿøúþô ýþìùýôċô ĕìîúýìùĔôô ÐìùĎìüì ðìü ðìîüìô ýú÷ĕúô 1991 þú 2020 

ðìîüìô íúüôĄúþô óôČð îì öìøíúüôĄ øÿĄúĕôðì Ąÿðììýþ. Ýú÷ĕúô íúüôĄúþô óôČð ðìü ôù 
ðìîüì: ýú÷ô 1991 (212 øø), ýú÷ô 1992 (190 øø), ýú÷ô 1998 (102 øø), ýú÷ô 2003 (127 øø) ìó 
øñĆČüô øÿėìüüìüĒ óôČð íì ėìõð ïôüôĀþì Ąÿð. Ýú÷ĕúô öìøíúüôĄ: ýú÷ô 1995 (140øø), ýú÷ô 
2001 (190 øø), ýú÷ô 2007 (177 øø), ýú÷ô 2013 (119 øø) îì ýú÷ô 2018 (179 øø) ìó øñĆČü öìø íì 
øÿĄúĕôðì üìýôð.  



21 
 

Ýú÷ô āÿĄöýú÷þìüôù ýú÷ô 2008 íì ĕôýúí üìĀþì, íúüôĄúþ (267 øø) öìøþìü ìó øñĆČü 
íÿð. ØñĆČüôô øôČùìô íúüôĄúþ ðìü ðìîüìô ýú÷ĕúô 1961-1990 (584 øø) íì ėìõð ïôüôĀþì Ąÿð. 
Ðìü ðìîüìô ýú÷ĕúô 1991-2020 ðìü ýþìùýôċô ĕìîúøìùĔôô ÐìùĎìüì öúĕôĄô öìøô íúüôĄúþ íú 
(189 øø) Č 32,4% ðìü øÿėúôýì íú øñĆČüô ðìîüìô ìýúýôô ýú÷ĕúô 1961-1990 øÿĄúĕôðì 
ïìüðôðììýþ. 

 
Üìýøô 4. ÞìĎõôüČíôô øôėðúüô íúüôĄúþ ðìü ĕÿðÿðô ýþìùýôċô ĕìîúýìùĔôô ØÿĆøôùúíúð ðìü 

ðìîüìô ýú÷ĕúô (1991-2020) 
Figure 4. Changes in precipitation in the area of the Muminabad weather station during the period 

(1991-2020) 

 
 
Íìü ìýúýô øìĆ÷ÿøúþô ýþìùýôċô ĕìîúýìùĔôô ØÿĆøôùúíúð íìüúô ðìîüìô ýú÷ĕúô 1991¬

2020, ðìîüìĕúô þÿ÷úùĒ íú íúüôĄúþô óôČð ðìü ýú÷ô 1991 (437 øø) ýú÷ô 1992 (276 øø), ýú÷ô 
1998 (272 øø) îì ýú÷ô 2003 (237 øø) ùôýíìþ íì øñĆČü óôČð øÿĄúĕôðì ïìðôðììýþ. Ýú÷ĕúô 
öìøíúüôĄ: ýú÷ô 1995 (185 øø), ýú÷ô 2000 (201 øø), ýú÷ô 2010 (336 øø) îì ýú÷ô 2011 (251 øø) 
íúüôĄúþô óôČðþìüôù ðìü ýú÷ô 2008 øÿĄúĕôðì Ąÿð, öô (376 øø) ùôýíìþô øñĆČü íì ėìõð 
ïôüôĀþì Ąÿð. ØôČùìô ýú÷úùìô íúüôĄúþ íìüúô ðìîüìô 1961¬1990 (821 øø) íì ĕôýúí 
øñüìîìð. Îì÷ñ ðìü ðìîüìô 1991¬2020, øôėðúüô íúüôĄúþ ðìü ýþìùýôċô ØÿĆøôùúíúð 252 øø 
(Č 30,7%) öìø Ąÿðììýþ. 

 
Üìýøô 5. ÞìĎõôüČíôô øôėðúüô íúüôĄúþ ðìü ĕÿðÿðô ýþìùýôċô ĕìîúýìùĔôô áúîì÷ôùï ðìü 

ðìîüìô ýú÷ĕúô (1991-2020) 
Figure 5. Changes in precipitation in the area of the Khovaling weather station during the period 

(1991-2020) 
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Íìü ìýúýô øìĆ÷ÿøúþô ýþìùýôċô áúîì÷ôùï íìüúô ðìîüìô ýú÷ĕúô 1991¬2020, ðìîüìĕúô 
íúüôĄúþô óôČð ðìü ýú÷ô 1991 363 øø, öô íúüôĄúþô íñĄþìüôùô ýú÷ íÿð, ýú÷ô 1992 331 øø 
îì ýú÷ô 1991 353 øø øÿĄúĕôðì Ąÿðììýþ. 

Ýú÷ĕúô íúüôĄúþ ùôýíìþô øñĆČü öìø: ýú÷ô 1997 441 øø, ýú÷ô 2000 516 øø, ýú÷ô 2001 
487 øø, ýú÷ô 2005 474 øø îì ýú÷ô 2008 569 øø ðìü ôù ðìîüì ìó ĕìøì íúüôĄúþô öìøþìüôù 
ðìü ýú÷ô 2012 øÿĄúĕôðì ïìüðôð, öô 582 øø öìøþìü ìó øñĆČü íÿð. ØôČùìô ýú÷úùìô íúüôĄúþ 
íìüúô ðìîüìô 1961¬1990 ýú÷ĕú 1014 øø íÿð. Îì÷ñ ðìü ðìîüìô 1991¬2020 ýú÷ĕú, øôėðúüô 
íúüôĄúþ ðìü ýþìùýôċô áúîì÷ôùï 191 øø (Č 18,8%) öìø Ąÿðììýþ. 

 
Üìýøô 6. ÞìĎõôüČíôô øôėðúüô íúüôĄúþ ðìü ĕÿðÿðô ýþìùýôċô ĕìîúýìùĔôô ãúüøìĎóìö ðìü 

ðìîüìô ýú÷ĕúô (1991-2020) 
Figure 6. Changes in precipitation in the Chormagzak meteorological station area during the period 

(1991-2020) 

 
 
Íìü ìýúýô øìĆ÷ÿøúþô ýþìùýôċô ãúüøìĎóìö íìüúô ðìîüìô ýú÷ĕúô 1991¬2020, ðìîüìĕúô 

íúüôĄúþô óôČð ðìü ýú÷ô 1991 240 øø, ýú÷ô 1999 (186 øø), ýú÷ô 2003 (119 øø) îì ýú÷ô 2009 
(352 øø) øÿĄúĕôðì ïìüðôðììýþ. Ýú÷ĕúô íúüôĄúþô öìø ùôýíìþ íì øñĆČüô øÿėìüüìüĒ: ýú÷ô 
1995 (242 øø), ýú÷ô 1999 (270øø), ýú÷ô 2000 (304 øø), ýú÷ô 2007 (245øø), ýú÷ô 2008 (249 øø), 
ýú÷ô 2015 (195 øø) îì ýú÷ô 2017 (294 øø) íúüôĄúþô óôČðþìüôù ðìü ôù ðìîüì ðìü ýú÷ô 2010 
øÿĄúĕôðì ïìüðôð, öô íúüôĄúþ (361 øø) öìøþìü ìó øñĆČü íÿð. ØôČùìô ýú÷úùìô íúüôĄúþ 
íìüúô ðìîüìô 1961¬1990 ýú÷ĕú (676 øø) íÿð. Îì÷ñ ðìü ðìîüìô 1991¬2020, øôėðúüô íúüôĄúþ 
ðìü ýþìùýôċô ĕìîúýìùĔôô ãúüøìĎóìö (58,5 øø) Č 8,5% ùôýíìþ ìó øñĆČüô øÿėìüüìüĒ öìø íì 
øÿĄúĕôðì üìýôð. 

áÿ÷úýì ùôĄúù øñðôĕìð, öô ðìü ĕìîóìô ðìüČô ÛìùĔ (îô÷úċþô áìþ÷úù) ðìü ðìîüìô 1991¬
2020 öúĕôĄô ùìóìüüìýô íúüôĄúþ íì ìøì÷ úøìðììýþ, öô íì þìĎõôüČíôô ôė÷ôø îì úøô÷ĕúô 
ïôðüúøñþñúüú÷úïĒ üìíþ ðúüìð. Ðìü ìöýìüô ýþìùýôċĕúô ĕìîúýìùĔĒ öúĕôĄô íúüôĄúþ 
øÿĄúĕôðì Ąÿðììýþ, ìó Ĕÿø÷ì ðìü ØÿĆøôùúíúð (-252 øø, 30,7%) îì ÐìùĎìüì (-189 øø, 
32,4%) öúĕôĄô íñĄþìü îì ðìü ãúüøìĎóìö (-58 øø, 8,5%) îì áúîì÷ôùï (-191 øø, 18,8%) 
öúĕôĄô öìøþìü íì ėìõð ïôüôĀþì Ąÿðììýþ. Ôù þìøúĊ÷ĕú øñþìîúùìð íúôýô öúĕôĄô 
óìāôüìĕúô úíĒ, ìĀóúôĄô āìîĀô āÿĄöýú÷Ē îì ùúÿýþÿîúüôô íìāĄô öôĄúîìüóĒ ïìüðìð. 
Þìĕ÷ô÷ óìüÿüìþô ăúüìíôùôĕúô øÿþúíôėýúóĒ îì ôðúüìöÿùôô ÿýþÿîúüô óìāôüìĕúô úíôüú 
þìĆöôð øñöÿùìð. 
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àÌÜÉÔëÞÔ ÞÌæØÔÙÚÞÔ ÙÌØÙÚÖÔÔ ÆÌØæäÌÎÔÔ ÝÚ×ÚÙÌÔ ÍÚÜÔäÚÞ ÐÌÜ ÇÌÎÓÌÔ 

ÐÌÜ¾Ô ÛÌÙÆ ÐÌÜ ÇßÐßÐÔ ÎÔ×ÚëÞÔ áÌÞ×ÚÙ 
Ðìü ôù øìėú÷ì þìĕ÷ô÷ô þìĆøôùùúþô ùìøùúöôô ĔìøĆĄìîôô ýú÷úùìô íúüôĄúþ ðìü ĕìîóìô ðìüČô ÛìùĔ 

ðìü ĕÿðÿðô îô÷úċþô áìþ÷úù ùôĄúù øñðôĕìð, öô ðìü ðìîüìô 1991¬2020 þìøúĊ÷ô öúĕôĄô øôėðúüô íúüôĄúþ 
ðìü ìöýìüô ýþìùýôċĕúô ĕìîúýìùĔĒ øÿĄúĕôðì Ąÿðììýþ. Ðìü øÿėúôýì íú ðìîüìô 1961¬1990, öúĕôĄô ùìóìüüìýô 
íúüôĄúþ, øìāýÿýìù ðìü ýþìùýôċĕúô ØÿĆøôùúíúð (-252 øø Č 30,7%) îì ÐìùĎìüì (-189 øø Č 32,4%) íì ėìõð 
ïôüôĀþì Ąÿðììýþ. Ýìíìíĕúô ôù þìĎõôüúþ íì þìĆýôüô úøô÷ĕúô ôė÷ôøĒ, ìó Ĕÿø÷ì ïìüøĄìîôô ï÷úíì÷Ē îì ðôïìü 
úøô÷ĕúô ïôðüúøñþñúüú÷úïĒ îúíìýþì øñíúĄìùð. ÖúĕôĄô íúüôĄúþ øñþìîúùìð íúôýô öìø Ąÿðìùô óìāôüìĕúô 
úíĒ, ìĀóúôĄô āìîĀô āÿĄöýú÷Ē îì ùúÿýþÿîúüôô íìāĄô öôĄúîìüóĒ ïìüðìð. Ìó ôù üĘ, óìüÿüìþô ăúüìíôùôĕúô 
øÿþúíôėýúóĒ íì øúùìùðô ôýþôĀúðìô þñāùú÷úïôċĕúô ýìüĀìöúüúùìô úíĒ, þìöøô÷ô ôùĀüìýúāþúüô óìāôüìĕúô úí 
îì øúùôþúüôùïô ûìõîìýþìô ôė÷ôø íì øôČù øñúċð. Ôù þìðíôüĕú øñþìîúùìùð íì öúĕôĄô þìĆýôüô øìùĀôô 
þìĎõôüČíôô ôė÷ôø øÿýúôðìþ ùìøúċùð.  

Öì÷ôðîúòìĕú: þìĎõôüČíôô ôė÷ôø, øôėðúüô ýú÷úùìô íúüôĄúþ, öúĕôĄô íúüôĄúþ, āÿĄöýú÷Ē, 
øúùôþúüôùï. 

 

ʀɿʄɽʅɽʅʀɽ ɺʓʇɸɼɽʅʀʗ ʆʉɸɼʂʆɺ ɺ ɹɸʉʉɽʁʅɽ ʈɽʂʀ ʇʗʅɼɾ ʅɸ ʊɽʈʈʀʊʆʈʀʀ 

ʍɸʊʃʆʅʉʂʆʁ ʆɹʃɸʉʊʔ  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʥʘʣʠʟ ʦʙʝʩʧʝʯʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʛʦʜʦʚʦʛʦ ʩʫʤʤʘʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ 

ʇʷʥʜʞ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʍʘʪʣʦʥʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʧʝʨʠʦʜ 1991ï2020 ʛʦʜʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ 

ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʤʝʪʝʦʩʪʘʥʮʠʡ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʠʦʜʦʤ 1961ï1990 ʛʦʜʦʚ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʩʘʜʢʦʚ, ʦʩʦʙʝʥʥʦ ʥʘ ʩʪʘʥʮʠʷʭ ʄʫʤʠʥʘʙʘʜ (-252 ʤʤ ʠʣʠ 30,7%) ʠ 

ɼʘʥʛʘʨʘ (-189 ʤʤ ʠʣʠ 32,4%). ʇʨʠʯʠʥʳ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʩʚʷʟʘʥʳ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʛʣʦʙʘʣʴʥʳʤ ʧʦʪʝʧʣʝʥʠʝʤ ʠ ʜʨʫʛʠʤʠ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʉʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʫʚʝʣʠʯʝʥʠʶ ʨʠʩʢʘ ʟʘʩʫʭʠ ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʩʝʢʪʦʨʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʦʩʪʦʷʥʥʳʡ 

ʤʦʥʠʪʦʨʠʥʛ ʢʣʠʤʘʪʘ. ʕʪʠ ʤʝʨʳ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʥʠʞʝʥʠʶ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ, ʛʦʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʩʥʠʞʝʥʠʝ ʦʩʘʜʢʦʚ, ʟʘʩʫʭʠ, ʤʦʥʠʪʦʨʠʥʛ. 

 

CHANGE IN PRECIPITATION IN TH E PYANJ RIVER BASIN IN KHATLON PROVI NCE OVER THE 

PERIOD (1991-2020) 

In this article, based on the analysis of moisture availability of annual total precipitation in the Panj River basin in 

Khatlon province, it is shown that in the period 1991-2020, the majority of meteorological stations show a tendency to 

decrease precipitation. Compared to the period 1961-1990, a significant decrease in precipitation is observed, especially at 

Muminabad (-252 mm or 30.7%) and Dangara (-189 mm or 32.4%) stations. The reasons for these changes are related to 

the impact of climatic factors, including global warming and other hydrometeorological factors. Decreased rainfall can lead 

to reduced water resources, increased risk of drought and instability in the agricultural sector. This raises the need for 

adaptation measures such as the use of water-saving technologies, modernization of water infrastructure and continuous 

climate monitoring. These measures will help to reduce the negative impacts of climate change. 

Keywords: climate change, annual precipitation, decreasing precipitation, droughts, monitoring. 
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ʋɼʂ: 624 

ɻʀɼʈɸɺʃʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ɼɽʈʀɺɸʎʀʆʅʅʆɻʆ ʊʆʅʅɽʃʗ ʅɸ ʇʈʀʄɽʈɽ D1-D2 

ʈʆɻʋʅʉʂʆʁ ɻʕʉ 

 

ɿʫʚʘʡʜʦʚ ʄ.ʄ., ʄʝʭʨʫʙʦʥʦʚ ʄ.ʍ., ʍʘʩʘʥʦʚ ʄ.ʅ. 

ɹʦʭʪʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅʦʩʠʨʘ ʍʫʩʨʘʚʘ, 

ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ, ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʵʢʦʣʦʛʠʠ ʅɸʅ ʊʘʜʞʠʢʠʩʪʘʥʘ  

 

ɺʚʝʜʝʥʠʝ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʮʝʧʮʠʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʨʠʚʘʮʠʦʥʥʳʭ ʪʦʥʥʝʣʝʡ, ʫʨʦʚʝʥʴ 

ʧʦʨʦʛʘ ʚʭʦʜʥʦʛʦ ʧʦʨʪʘʣʘ ʜʝʨʠʚʘʮʠʦʥʥʳʭ ʪʦʥʥʝʣʝʡ 1 ʠ 2 (D1) ʜʦʣʞʝʥ ʙʳʪʴ ʫʚʝʣʠʯʝʥ ʩ ʮʝʣʴʶ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʧʫʩʢʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪʣʦʞʝʥʠʡ ʯʝʨʝʟ ʪʦʥʥʝʣʠ. ʕʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ 

ʧʦʩʨʝʜʩʪʚʦʤ ʫʩʪʘʥʦʚʢʠ ʰʘʥʜʦʨʦʚ ʥʘ ʦʪʤʝʪʢʝ 1013 ʤ ʥ.ʫ.ʤ. ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʇʣʘʪʬʦʨʤʘ ʧʦʨʪʘʣʘ D1, ʛʜʝ ʨʘʙʦʪʘʣʠ ʤʝʭʘʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʝʨʩʦʥʘʣ ʚʦ ʚʨʝʤʷ 

ʫʩʪʘʥʦʚʢʠ ʰʘʥʜʦʨʦʚ, ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʦʪʤ. 1020.0 ʤ. ʥ.ʫ.ʤ. ɺ ʤʦʤʝʥʪ ʧʝʨʝʢʨʳʪʠʷ ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ 

ʚʝʨʭʥʝʤ ʙʴʝʬʝ (ʋɺɺɹ) ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʜʦʣʞʝʥ ʩʦʭʨʘʥʷʪʴʩʷ ʥʠʞʝ ʵʪʦʡ ʦʪʤʝʪʢʠ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘ ʨʠʩʫʥʦʢ 1 ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʝʞʝʜʥʝʚʥʳʡ 

ʨʘʩʭʦʜ ʟʘ 15 ʣʝʪ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʦʜʳ 1953, 1958 ʠ 1969 ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʚʳʙʦʨʢʫ ʣʝʪ 

ʩ ʦʩʦʙʦ ʚʳʩʦʢʠʤ ʨʘʩʭʦʜʦʤ. ɺʦ ʚʩʝʭ ʜʦʩʪʫʧʥʳʭ ʟʘʧʠʩʷʭ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ ʤʘʨʪʘ 

ʨʘʩʭʦʜ ʦʩʪʘʝʪʩʷ ʥʠʞʝ 500.0 ʤ3/ʩ, ʧʦʜʥʠʤʘʷʩʴ ʚʳʰʝ 300.0 ʤ3/ʩ ʪʦʣʴʢʦ ʚʦ ʚʨʝʤʷ ʦʜʥʦʛʦ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʧʘʚʦʜʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʯʠʪʘʝʪʩʷ ʚʧʦʣʥʝ ʚʝʨʦʷʪʥʳʤ, ʯʪʦ ʨʘʩʭʦʜ ʥʠʞʝ 300.0 

ʤ3/ʩ ʧʦʜʪʚʝʨʜʠʣʩ ̫ʚʦ ʚʨʝʤʷ ʨʘʙʦʪ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʤʦʜʠʬʠʢʘʮʠʡ ʚ ʤʘʨʪʝ 2018 ʛ. 

ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʣʶʙʫʶ ʦʧʝʨʘʮʠʶ ʩ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʛʥʦʟʦʤ, ʧʦʩʢʦʣʴʢʫ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʘʥʦʤʘʣʴʥʦʤʫ ʪʘʷʥʠʶ, 

ʘ ʣʠʚʥʠ ʥʘ ʙʦʣʝʝ ʥʠʟʢʠʭ ʚʳʩʦʪʘʭ ʤʦʛʫʪ ʥʘʧʨʷʤʫʶ ʩʢʘʟʘʪʴʩʷ ʥʘ ʙʳʩʪʨʦʤ (ʧʫʩʪʴ ʠ ʦʛʨʘʥʠʯʝʥʥʦʤ) 

ʫʚʝʣʠʯʝʥʠʠ ʧʨʠʪʦʢʘ. 

ɺʦ ʚʨʝʤʷ ʫʩʪʘʥʦʚʢʠ ʰʘʥʜʦʨʦʚ ʚ D1, ʪʦʥʥʝʣʴ D2 ʥʝ ʜʦʣʞʝʥ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʚʠʜʫ ʪʝʢʫʱʠʭ 

ʨʘʙʦʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʋɺɺɹ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 1016 ʤ ʥ.ʫ.ʤ., ʩʦʟʜʘʚʘʷ ʦʧʘʩʥʦʩʪʴ ʜʣʷ 

ʧʝʨʩʦʥʘʣʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʚʦ ʚʭʦʜʥʦʤ ʧʦʨʪʘʣʝ ʥʘ ʦʪʤ. 1020 ʤ ʥ.ʫ.ʤ. ʕʪʦʪ ʧʨʝʜʝʣ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʨʘʟʫʤʥʳʤ, ʥʦ ʜʦʣʞʝʥ ʧʦʣʫʯʠʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʦʪ ʉʘʣʠʥʠ ʀʤʧʨʝʜʞʠʣʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʵʚʘʢʫʘʮʠʠ ʧʝʨʩʦʥʘʣʘ ʠ ʤʝʭʘʥʠʟʤʦʚ [5]. 

 

ʈʠʩʫʥʦʢ 1. ɿʘʧʠʩʠ ʝʞʝʜʥʝʚʥʦʛʦ ʨʘʩʭʦʜʘ ʠ ʨʘʩʯʝʪʥʳʭ ʧʘʚʦʜʢʦʚ 

Figure 1. Records of daily discharge and estimated floods 
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ʇʦʩʢʦʣʴʢʫ ʰʘʥʜʦʨʳ ʜʦʣʞʥʳ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʩʝʛʤʝʥʪʥʳʝ 

ʟʘʪʚʦʨʳ D1 ʙʫʜʫʪ ʟʘʢʨʳʪʳ, ʘ ʨʝʯʥʦʡ ʩʪʦʢ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʢʨʳʪ. ʕʪʦ ʙʝʟʫʩʣʦʚʥʦ ʚʳʟʦʚʝʪ 

ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʳʡ ʧʦʜʲʝʤ ʋɺɺɹ, ʢʦʪʦʨʦʛʦ ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʚʩʝ 

ʰʘʥʜʦʨʳ. ɽʩʣʠ ʵʪʦʛʦ ʥʝ ʧʨʦʠʟʦʡʜʝʪ, ʦʧʝʨʘʮʠʶ ʚʩʝ ʞʝ ʤʦʞʥʦ ʙʫʜʝʪ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʬʘʟʳ, 

ʩʥʦʚʘ ʦʪʢʨʳʚ D1 ʤʝʞʜʫ ʵʪʠʤʠ ʬʘʟʘʤʠ, ʯʪʦʙʳ ʧʦʥʠʟʠʪʴ ʋɺɺɹ. 

ʐʘʥʜʦʨʥʳʡ ʟʘʪʚʦʨ (ʰʘʥʜʦʨ) - ʵʪʦ ʚʨʝʤʝʥʥʳʡ ʟʘʪʚʦʨ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʡ ʚ ʢʘʥʘʣʝ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʠʣʠ ʘʚʘʨʠʡʥʳʭ ʨʘʙʦʪ (ʨʠʩʫʥʦʢ 2). 

ʕʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʦʜʝʣʠʨʫʝʪʩʷ ʜʣʷ ʜʚʫʭ ʨʘʟʥʳʭ ʨʘʩʭʦʜʦʚ: 

-ʝʩʣʠ ʧʨʠʪʦʢ ʚʦ ʚʨʝʤʷ ʦʧʝʨʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 300 ʤ3/ʩ, ʚʦʜʘ ʜʦʩʪʠʛʥʝʪ ʦʪʤʝʪʢʠ 1016 ʤ ʥ.ʫ.ʤ. 

ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ 15 ʯʘʩʦʚ, ʘ ʦʪʤʝʪʢʠ 1020 ʤ ʥ.ʫ.ʤ. ʯʝʨʝʟ 19 ʯʘʩʦʚ (ʨʠʩʫʥʦʢ 3); 

-ʝʩʣʠ ʧʨʠʪʦʢ ʩʦʩʪʘʚʣʷʝʪ 500 ʤ3/ʩ, ʵʪʦʪ ʧʨʝʜʝʣ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʩʷ, ʠ ʚʦʜʘ ʧʦʜʥʠʤʝʪʩʷ 

ʜʦ ʦʪʤʝʪʢʠ 1016 ʤ ʥ.ʫ.ʤ. ʯʝʨʝʟ 7.5 ʯʘʩʦʚ, ʘ ʜʦ ʦʪʤʝʪʢʠ 1020 ʤ ʥ.ʫ.ʤ. ʯʝʨʝʟ 10 ʯʘʩʦʚ (ʨʠʩʫʥʦʢ 4). 

 

ʈʠʩʫʥʦʢ 2. ɺʠʜʳ ʰʘʥʜʦʨʥʳʭ ʟʘʪʚʦʨʦʚ 

Figure 2. Types of stop valves 

 
ʈʠʩʫʥʦʢ 3. ɿʘʧʦʣʥʝʥʠʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʦʩʣʝ ʟʘʢʨʳʪʠʷ D1. ʇʨʠʪʦʢ ʚ 300 ʤ3/ʩ 

Figure 3. Filling the reservoir after closing D1. Inflow of 300 m3/s 
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ʈʠʩʫʥʦʢ 4. ɿʘʧʦʣʥʝʥʠʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʦʩʣʝ ʟʘʢʨʳʪʠʷ D1. ʇʨʠʪʦʢ ʚ 500 ʤ3/ʩ 

Figure 4. Filling the reservoir after closing D1. Inflow of 500 m3/s 

 
 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. ɽʩʣʠ ʪʨʝʙʫʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ, D1 ʙʫʜʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʘʩʠʤʤʝʪʨʠʯʥʦ, ʠʩʧʦʣʴʟʫʷ ʪʦʣʴʢʦ ʫʯʘʩʪʦʢ ʥʘ ʣʝʚʦʤ 

ʙʝʨʝʛʫ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʠʜʨʘʚʣʠʢʠ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʦʙʳʯʥʦ ʥʝʞʝʣʘʪʝʣʴʥʘ, ʧʦʩʢʦʣʴʢʫ ʟʘ 

ʟʘʢʨʳʪʳʤ ʚʳʭʦʜʥʳʤ ʦʪʚʝʨʩʪʠʝʤ ʙʫʜʫʪ ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʚʪʦʨʳʝ ʧʦʪʦʢʠ, ʯʪʦ ʤʦʞʝʪ ʩʪʘʪʴ 

ʧʨʠʯʠʥʦʡ ʢʦʣʝʙʘʥʠʷ ʜʣʷ ʰʘʥʜʦʨʥʦʛʦ ʟʘʪʚʦʨʘ. 

ʏʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʘʩʠʤʤʝʪʨʠʯʥʳʡ ʧʦʪʦʢ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʰʘʥʜʦʨʥʦʛʦ 

ʟʘʪʚʦʨʘ, ʯʠʩʣʝʥʥʦ ʩʤʦʜʝʣʠʨʦʚʘʣʠ ʨʝʞʠʤ ʨʘʙʦʪʳ. ʇʝʨʚʳʡ ʰʘʛ ʟʘʢʣʶʯʘʣʩʷ ʚ ʯʠʩʣʦʚʦʡ ʤʦʜʝʣʠ 

1D ʜʝʨʠʚʘʮʠʦʥʥʦʛʦ ʪʦʥʥʝʣʷ D1 ʚ 20 ʤ ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ ʦʪ ʚʭʦʜʥʦʛʦ ʧʦʨʪʘʣʘ ʜʦ ʢʘʤʝʨʳ ʟʘʪʚʦʨʘ 

(~400 ʤ). ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʎʝʥʪʨʝ ʧʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ ʧʨʠ ʠʥʞʝʥʝʨʥʦʤ ʢʦʨʧʫʩʝ 

ʉʐɸ (HEC-RAS), ʘ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʜʣʷ 

ʦʪʚʦʜʘ ʚʦʜʳ ʜʦ 500 ʤ3/ʩ, ʧʦʪʦʢ ʚʩʝʛʜʘ ʩʪʘʥʦʚʠʪʩʷ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʤ, ʜʦʩʪʠʛʘʷ ʢʘʤʝʨʳ ʟʘʪʚʦʨʘ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ, ʝʩʣʠ ʢʘʤʝʨʘ ʟʘʪʚʦʨʘ ʧʦʣʥʦʩʪʴʶ ʦʪʢʨʳʪʘ, ʦʪʚʦʜ ʚʦʜʳ ʚ ʪʦʥʥʝʣʝ ʥʝ ʙʫʜʝʪ 

ʟʘʚʠʩʝʪʴ ʦʪ ʫʩʣʦʚʠʡ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʥʥʝʣʴ ʥʝ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ. 

ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ HEC-RAS, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʨʝʡʪʠʥʛʦʚʫʶ ʢʨʠʚʫʶ ʩʨʘʟʫ ʧʦʩʣʝ 

ʚʦʜʦʟʘʙʦʨʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ 

ʜʣʷ ʯʠʩʣʦʚʦʡ ʤʦʜʝʣʠ 2D ʚʭʦʜʥʦʛʦ ʧʦʨʪʘʣʘ. ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ 2D ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ BASEMENT [2]. ɼʦʤʝʥ, ʩʦʜʝʨʞʘʱʠʡ ʙʦʣʝʝ 12000 ʷʯʝʝʢ, ʧʨʠʚʝʜʝʥʦ 

ʥʘ (ʨʠʩʫʥʢʝ 6). 

ʉʤʦʜʝʣʠʨʦʚʘʥʳ ʜʚʘ ʩʣʫʯʘʷ. ɺʦ-ʧʝʨʚʳʭ, ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʫʯʝʥ ʚʭʦʜʥʦʡ 

ʧʦʨʪʘʣ D1 ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʡ. ɺʦ-ʚʪʦʨʳʭ, ʨʘʩʩʯʠʪʘʣʠ ʩʣʫʯʘʡ ʩ ʧʦʣʥʦʡ ʙʣʦʢʠʨʦʚʢʦʡ ʦʜʥʦʛʦ 

ʚʭʦʜʘ. ʇʦʩʣʝʜʥʠʝ ʨʘʩʯʝʪʳ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 7 ʠ ʨʠʩʫʥʢʝ 8.  

 

ʈʠʩʫʥʦʢ 5. ʇʨʦʬʠʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ ʧʝʨʝʜ ʢʘʤʝʨʦʡ ʟʘʪʚʦʨʘ D1 

ʨʘʩʩʯʠʪʘʥ ʯʠʩʣʝʥʥʦ ʚ HEC-RAS 

Figure 5. The profile of the upper pool water surface in front of the D1 gate chamber calculated 

numerically in HEC-RAS 
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ʈʠʩʫʥʦʢ 6. ʈʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ 2D-ʤʦʜʝʣʠ ʚʭʦʜʥʦʛʦ ʧʦʨʪʘʣʘ ʜʝʨʠʚʘʮʠʦʥʥʦʛʦ ʪʦʥʥʝʣʷ D1. 

ʉʣʝʚʘ: ʧʦʣʥʳʡ ʜʦʤʝʥ; ʩʧʨʘʚʘ: ʜʝʪʘʣʠ ʚʦʜʦʟʘʙʦʨʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ 

Figure 6. Computational domain of the 2D model of the entrance portal of the diversion tunnel 

D1. Left: full dom ain; right: details of the water intake structure 

 
ʈʠʩʫʥʦʢ 7. ʋʨʦʚʥʠ ʚʦʜʳ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (300 ʤ3/ʩ) 

Figure 7. Steady state water levels (300 m3/s) 

 
 

ʈʠʩʫʥʦʢ 8. ʉʢʦʨʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (300 ʤ3/ʩ) 

Figure 8. Steady state velocities (300 m3/s) 

 
 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʬʠʣʠ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʜʣʷ ʧʦʣʥʦʩʪʴʶ 

ʦʪʢʨʳʪʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 9. ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʧʦʪʦʢ ʦʩʪʘʝʪʩʷ 

ʩʧʦʢʦʡʥʳʤ ʚ ʤʦʜʝʣʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ. 

ʕʪʦ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʧʝʨʚʦʡ ʩʪʦʡʢʠ ʰʘʥʜʦʨʥʦʛʦ ʟʘʪʚʦʨʘ (ʨʠʩʫʥʦʢ 10). 

ʀʟʤʝʥʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʋɺɺɹ ʜʣʷ ʪʝʭ ʞʝ ʩʘʤʳʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʠ 

ʩʦʟʜʘʝʪ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʧʦʪʦʢʘ ʩʨʘʟʫ ʧʦʩʣʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ. 

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʦʥʥʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʋɺɺɹ (BASEMENT DT1-1) ʤʦʞʥʦ 

ʩʨʘʚʥʠʪʴ ʩ ʢʨʠʚʦʡ, ʦʪʨʝʛʫʣʠʨʦʚʘʥʥʦʡ ʨʝʟʫʣʴʪʘʪʘʤʠ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ [4] (ʩʚʦʙʦʜʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ HPI DT1-1) ʥʘ ʨʠʩʫʥʢʝ 12. ʋɺɺɹ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʜʚʫʤʝʨʥʦʡ (2D) 

ʤʦʜʝʣʠ BASEMENT ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʘʜʘʝʪ ʥʠʞʝ ʤʦʜʝʣʠ ʢʨʠʚʦʡ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʠʟ-ʟʘ 

ʪʦʛʦ, ʯʪʦ ʚ ʯʠʩʣʦʚʫʶ ʤʦʜʝʣʴ ʥʝ ʚʢʣʶʯʠʣʠ ʧʝʨʚʫʶ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʠʪʫ. 

ʍʦʪʷ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʟʘʚʳʰʘʝʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚʭʦʜʥʦʛʦ ʧʦʨʪʘʣʘ, 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʘʩʯʝʪ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʡ, ʯʪʦʙʳ ʩʦʦʙʱʠʪʴ, ʢʘʢʦʚʘ ʙʫʜʝʪ ʧʨʦʧʫʩʢʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʫʦʪʢʨʳʪʦʛʦ ʚʭʦʜʥʦʛʦ ʧʦʨʪʘʣʘ ʩ ʰʘʥʜʦʨʥʳʤ ʟʘʪʚʦʨʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʚʭʦʜʝ 

ʥʠʞʥʝʛʦ ʙʴʝʬʘ. ʏʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ (BASEMENT DT1-1 w/stoplogs) ʪʝʧʝʨʴ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ 
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ʩ ʢʨʠʚʦʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ [3] ʫʨʘʚʥʝʥʠʡ ʨʘʩʭʦʜʦʚ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʘʥʳ 

ʠʩʭʦʜʷ ʠʟ ʧʦʣʦʚʠʥʳ ʜʦʩʪʫʧʥʦʡ ʰʠʨʠʥʳ. 

 

ʈʠʩʫʥʦʢ 9. ʇʨʦʬʠʣʴ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʜʦʣʴ ʚʭʦʜʥʦʛʦ ʧʦʨʪʘʣʘ ʜʝʨʠʚʘʮʠʦʥʥʦʛʦ ʪʦʥʥʝʣʷ 

D1 ʚ ʩʚʦʝʡ ʠʩʭʦʜʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 

Figure 9. Profile of the water surface along the entrance portal of the diversion tunnel D1 in its 

initial configuration 

 
 

ʉʚʦʙʦʜʥʘʷ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʥʷʪʦʡ ʢʨʠʚʦʡ ʚʳʯʠʩʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ: 

ὗ πȢψπςϽφȢχυϽςὫὟὡὒ ωψωȢφ  

ʍʦʪʷ ʝʝ ʯʘʩʪʴ, ʥʘʭʦʜʷʱʘʷʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʪʘʢʞʝ ʙʝʨʝʪʩʷ ʠʟ [3]: 

ὗ πȢςσϽφπȢρφϽςὫὟὡὒ ωωςȢπτ  

 

ʈʠʩʫʥʦʢ 10. ʇʨʦʬʠʣʴ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʜʦʣʴ ʚʭʦʜʥʦʛʦ ʧʦʨʪʘʣʘ D1, ʢʦʛʜʘ ʰʘʥʜʦʨʥʳʡ 

ʟʘʪʚʦʨ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʚʭʦʜʝ ʥʠʞʥʝʛʦ ʙʴʝʬʘ 

Figure 10. Water surface profile along the inlet portal D1 when the stopcock is installed at the 

inlet of the lower pool 

 
 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʧʨʦʤʝʞʫʪʦʯʥʦʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ D1 ʠ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʫʨʦʚʝʥʴ ʚʦʜʳ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ. ʇʨʠ ʧʦʪʦʢʝ 300 ʤ3/ʩ, 

ʫʨʦʚʝʥʴ ʚʦʜʳ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ (ʋɺɺɹ) ʜʦʩʪʠʛʘʝʪ ʦʪʤʝʪʢʠ 1016,0 ʤ. ʥ.ʫ.ʤ ʟʘ 15 ʯʘʩʦʚ. ʂʦʛʜʘ 

ʦʪʢʨʳʚʘʝʪʩʷ ʩʝʛʤʝʥʪʥʳʡ ʟʘʪʚʦʨ, ʋɺɺɹ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʟʘ 20 ʯʘʩʦʚ ʜʦʩʪʠʛʥʝʪ 

ʦʪʤ.1002.0 ʤ ʥ.ʫ.ʤ (ʨʠʩʫʥʦʢ 12). 
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ʈʠʩʫʥʦʢ 11. ʂʨʘʪʢʦʝ ʠʟʣʦʞʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʦʪʥʦʰʝʥʠʡ Q-UWL  

Figure 11. Summary of Q-UWL calculation relationships 

 
 

ʈʠʩʫʥʦʢ 12. ʇʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʋɺɺɹ ʠ ʦʙʲʸʤʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʠ ʩʙʨʦʩʝ ʚʦʜʳ ʯʝʨʝʟ D1, 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʭʦʜʘ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʋɺɺɹ ʦʪʤ. = 1016,0 ʤ ʥ.ʫ.ʤ. 

ʇʦʩʪʦʷʥʥʳʡ ʧʨʠʪʦʢ ʩʦʩʪʘʚʣʷʝʪ 300 ʤ3/ʩ 

Figure 12. The process of changing the water level limit and the reservoir volume when 

discharging water through D1, using the upper pool entrance after reaching the water level limit 

of 1016.0 m above sea level. The constant inflow is 300 m3/s 

 
 

ʇʨʠ ʧʨʠʪʦʢʝ 500 ʤ3/ʩ ʋ ɺɺɹ ʪʘʢʞʝ ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ ʧʨʠ ʧʨʦʤʝʞʫʪʦʯʥʦʤ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ, ʦʜʥʘʢʦ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʋɺɺɹ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ 

ʚʳʰʝ ʦʪʤ. 1007,0 ʤ ʥ.ʫ.ʤ. ʉ ʵʪʦʡ ʦʪʤ. ʋɺɺɹ, ʢʦʛʜʘ ʩʝʛʤʝʥʪʥʳʝ ʚʦʨʦʪʘ ʚʥʦʚʴ ʙʫʜʫʪ ʟʘʢʨʳʪʳ, 

ʚʦʜʘ ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ ʦʪʤ. 1016,0 ʤ ʥ.ʫ.ʤ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ ʠ ʜʦ ʦʪʤ. 1020,0 ʤ ʥ.ʫ.ʤ ʤʝʥʝʝ ʯʝʤ ʟʘ 

8 ʯʘʩʦʚ (ʨʠʩʫʥʦʢ 13). 
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ʈʠʩʫʥʦʢ 13. ʇʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʋɺɺɹ ʠ ʦʙʲʸʤʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʠ ʩʙʨʦʩʝ ʚʦʜʳ ʯʝʨʝʟ D1, 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʭʦʜʘ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʋɺɺɹ ʦʪʤ.= 1016,0 ʤ ʥ.ʫ.ʤ. 

ʇʦʩʪʦʷʥʥʳʡ ʧʨʠʪʦʢ 500 ʤ3/ʩ 

Figure 13. The process of changing the water level limit and the reservoir volume when 

discharging water through D1, using the upper pool entrance after reaching the water level limit 

of 1016.0 m above sea level. Constant inflow of 500 m3/s 

 
ɺʳʚʦʜʳ: 

-ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠʪʦʢ ʚ ʪʝʯʝʥʠʝ ʤʘʨʪʘ ʦʩʪʘʥʝʪʩʷ ʥʠʞʝ 300 ʤ3/ʩ ʠ ʪʦʣʴʢʦ ʧʨʠ 

ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʞʝʪ ʧʦʜʦʡʪʠ ʢ ʦʪʤʝʪʢʝ 500 ʤ3/ʩ; 

-ʣʶʙʳʝ ʨʘʙʦʪʳ ʩʣʝʜʫʝʪ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʩ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʛʥʦʟʘʤʠ, ʧʦʩʢʦʣʴʢʫ 

ʥʝʦʙʳʯʥʦ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʥʝʪʠʧʠʯʥʳʝ ʫʩʣʦʚʠʷ ʩʥʝʛʦʪʘʷʥʠʷ, ʘ ʚʳʧʘʜʝʥʠʝ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʥʘ ʙʦʣʝʝ ʥʠʟʢʠʭ ʚʳʩʦʪʘʭ ʤʦʛʫʪ ʥʘʧʨʷʤʫʶ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʳʩʪʨʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʧʨʠʪʦʢʦʚ; 

-ʧʨʠ ʧʨʠʪʦʢʝ 300 ʤ3/ʩ ʚʦʜʘ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʟʘ 15 ʯʘʩʦʚ, ʜʦʩʪʠʛʥʝʪ ʦʪʤʝʪʢʠ 1016,0 ʤ, ʘ ʟʘ 

19 ʯʘʩʦʚ ʧʨʠʙʣʠʟʠʪʩʷ ʢ ʦʪʤ. 1020,0 ʤ ʥ.ʫ.ʤ; 

-ʧʨʠ ʧʨʠʪʦʢʝ 500 ʤ3/ʩ, ʛʨʘʥʠʮʘ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʝʥʘ, ʠ ʚʦʜʘ ʧʦʜʥʠʤʝʪʩʷ ʜʦ ʦʪʤ. 

1016,0 ʤ ʟʘ 7,5 ʯʘʩʦʚ, ʘ ʜʦ ʦʪʤ. 1020,0 ʤ ʥ.ʫ.ʤ ʚʩʝʛʦ ʟʘ 10 ʯʘʩʦʚ; 

-ʧʨʠ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʧʦʥʠʞʝʥʠʠ ʚʦʜʳ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʩ ʧʨʠʪʦʢʦʤ 300 ʤ3/ʩ ʋɺɺɹ 

ʜʦʩʪʠʛʘʝʪ ʦʪʤ. 1016,0 ʤ ʥ.ʫ.ʤ ʟʘ 15 ʯʘʩʦʚ. ʂʘʢ ʪʦʣʴʢʦ ʦʪʢʨʳʚʘʶʪʩʷ ʩʝʛʤʝʥʪʥʳʝ ʚʦʨʦʪʘ, ʋɺɺɹ 

ʧʦʩʪʝʧʝʥʥʦ ʦʧʫʩʢʘʝʪʩʷ ʟʘ 20 ʯʘʩʦʚ ʜʦ ʦʪʤ. 1002,0 ʤ ʥ.ʫ.ʤ; 

-ʧʨʠ ʧʨʠʪʦʢʝ 500 ʤ3/ʩ, ʋɺɺɹ ʪʘʢʞʝ ʤʦʞʝʪ ʧʦʥʠʞʘʪʴʩʷ ʧʨʠ ʧʨʦʤʝʞʫʪʦʯʥʦʤ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ, ʦʜʥʘʢʦ ʨʘʚʥʦʚʝʩʠʝ ʋɺɺɹ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʰʝ ʦʪʤ. 1007,0 ʤ 

ʥ.ʫ.ʤ. ʉ ʫʢʘʟʘʥʥʦʡ ʦʪʤʝʪʢʠ ʋɺɺɹ, ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʟʘʢʨʳʪʠʠ ʩʝʛʤʝʥʪʥʳʭ ʟʘʪʚʦʨʦʚ, ʚʦʜʘ 

ʧʦʜʥʠʤʝʪʩʷ ʜʦ 1016,0 ʤ ʥ.ʫ.ʤ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ ʠ ʜʦ 1020,0 ʤ ʥ.ʫ.ʤ ʤʝʥʝʝ ʯʝʤ ʟʘ 8 ʯʘʩʦʚ.  
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ÞÌÇ×Ô×Ô ÏÔÐÜÌÎ×ÔÖÔÔ ÞßÙÙÑ×Ô ÐÑÜÔÎÌÞÝÔÚÙÄ ÐÌÜ ØÔÝÚ×Ô Ð1-Ð2 ÙÍÚ-ô ÜÚÀßÙ 
Ðìü øìėú÷ì íìĕú ðúðìù íì øÿĕ÷ìþô ûñĄíôùôĄÿðì íìüúô ûìýþ öìüðìùô öüìùĕúô öúùýþüÿöýôċô 

ðìüúøìðïúĕô þÿùùñ÷ô úííìüúüôô Ð1, ðìü ýÿüìþô ùìíÿðìùô ôýþôĀúðìíìüôô þÿùùñ÷ô íÿüôĄô Ð2 îì ûÿüüì 
íìýþìùô øìĔüúô ðìüČô ÎìāĄ úîìüðì Ąÿðììýþ. äìüúôþĕúô ïôðüìî÷ôöĒ, öô ĕìùïúøô ïôüôĀþìùô Āúýô÷ìîôô úí 
ðìü úíìùíúü íì ìøì÷ úøìðì øñþìîúùìùð, íú ôýþôĀúðì ìó øúðñ÷ýúóôô ìðìðĒ (øúðñ÷ĕúô 1-D îì 2-D) þìĕ÷ô÷ 
öìüðì Ąÿðìùð. 

Ôùăÿùôù, ýìþĕô úýþúùìô îÿüÿðô ðìüúøìðïúĕô D1/D2 íì ùìóìü ïôüôĀþì øñĄìîìð, öô íìüúô ûñĄïôüôô 
ïÿóìüôĄô øôėðúüô óôČðô þìĕĄôùĕú ìó þÿùùñ÷ íúċð íì÷ìùð öìüðì Ąìîìð. Ôù öúü þìîìýýÿþô ùìýí öìüðìùô 
öüìùĕú þú íì íì÷ìùðôô 1013,0 ø ìó ýìþĕô íìĕü íú ûìõðìüûìôô óñüôù ìùĔúø ðúðì øñĄìîìð. 

Öì÷ôðîúòìĕú: þÿùùñ÷ĕúô ðñüôîìþýôċ, øñþúðú÷úïôċ, ýìþĕô úýþúùì, ïôðüìî÷ôö, ĔìüìČùô úí, øúðñ÷ýúóĒ, 
ĕìîóô íú÷úĒ. 

 

ɻʀɼʈɸɺʃʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ɼɽʈʀɺɸʎʀʆʅʅʆɻʆ ʊʆʅʅɽʃʗ ʅɸ ʇʈʀʄɽʈɽ D1-D2 ʈʆɻʋʅʉʂʆʁ ɻʕʉ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʧʝʨʠʦʜʘ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʦʛʦ ʜʣʷ ʦʧʫʩʢʘʥʠʷ ʰʘʥʜʦʨʥʳʭ ʟʘʪʚʦʨʦʚ ʚʭʦʜʥʦʛʦ 

ʩʦʦʨʫʞʝʥʠʷ ʜʝʨʠʚʘʮʠʦʥʥʦʛʦ ʪʦʥʥʝʣʷ D1, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʝʨʠʚʘʮʠʦʥʥʦʛʦ ʪʦʥʥʝʣʷ D2 ʠ ʚʳʧʦʣʥʝʥʠʠ 

ʧʦʣʥʦʛʦ ʧʝʨʝʢʨʳʪʠʝ ʨʝʢʠ ɺʘʭʰ. ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʠʟʦʡʪʠ ʧʨʠ ʧʨʦʤʝʞʫʪʦʯʥʦʤ 

ʧʦʥʠʞʝʥʠʠ ʚʦʜʳ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʠ ʧʦʤʦʱʠ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ (1-ʤʝʨʥʦʡ ʠ 2-ʤʝʨʥʦʡ ʤʦʜʝʣʝʡ). 

ʊʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʨʦʚʝʥʴ ʧʦʨʦʛʘ ʚʧʫʩʢʥʦʛʦ ʦʪʚʝʨʩʪʠʷ D1/ D2, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʥʷʪʴ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʧʫʩʢʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪʣʦʞʝʥʠʡ ʯʝʨʝʟ ʪʦʥʥʝʣʴ. ʕʪʦ ʙʫʜʝʪ ʩʜʝʣʘʥʦ ʧʦʩʨʝʜʩʪʚʦʤ 

ʫʩʪʘʥʦʚʢʠ ʰʘʥʜʦʨʦʚ ʜʦ ʦʪʤʝʪʢʠ 1013.0 ʤ ʥ.ʫ.ʤ. ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʨʠʚʘʮʠʦʥʥʳʝ ʪʦʥʥʝʣʠ, ʤʝʪʦʜʦʣʦʛʠʷ, ʫʨʦʚʝʥɹ ʧʦʨʦʛʘ, ʛʠʜʨʘʚʣʠʢʘ, ʧʨʠʪʦʢ ʚʦʜʳ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚʝʨʭʥʝʡ ʙʴʝʬ. 

 

HYDRAULIC ANALYSIS OF THE DERIVATION TUNNEL ON THE EXAMPLE OF D1 -D2 OF 

ROGUNSKAYA HPP 

The paper presents an assessment of the period foreseen for lowering of the shandor gates of the inlet structure of 

the D1 diversion tunnel in the absence of operation of the D2 diversion tunnel and full closure of the Vakhsh River. 

Hydraulic conditions that may occur at intermediate drawdown of water in the reservoir were analyzed by numerical 

modeling (1-dimensional and 2-dimensional models). 

Also considered is the level of the D1/ D2 inlet threshold, which needs to be raised to prevent large amounts of 

sediment from passing through the tunnel. This will be done by installing shandrels up to 1013.0 m a.s.l. in the following 

sequence. 

Keywords: diversion tunnels, methodology, threshold level, hydraulics, water inflow, modeling, upstream. 
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ʈɸɿʈɸɹʆʊʂɸ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʄʆɼɽʃʀ ʀ ɸʃɻʆʈʀʊʄ ʈɸɿɹʀɽʅʀʗ 

ɻʆʈʆɼʉʂʀʍ ʊɽʈʈʀʊʆʈʀʁ 

 

ʆʜʠʥʘʝʚʘ ʉ.ɸ. 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɺʚʝʜʝʥʠʝ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʛʦʨʦʜʘ ï ʵʪʦ ʘʙʩʪʨʘʢʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʛʦʨʦʜʩʢʦʡ 

ʩʨʝʜʳ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ ʜʘʥʥʳʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʨʦʜʘ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʛʦʨʦʜʩʢʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʪʘʢʠʝ ʢʘʢ ʟʜʘʥʠʷ, ʜʦʨʦʛʠ, ʧʘʨʢʠ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʝʪʠ, ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʜʨʫʛʠʝ 

ʦʙʲʝʢʪʳ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʛʦʨʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɻʀʉ) ʠ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʩʦʙʠʨʘʪʴ, ʭʨʘʥʠʪʴ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʦ ʛʦʨʦʜʝ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʚʠʨʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ ʛʦʨʦʜʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʛʦʨʦʜʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʫʧʨʘʚʣʝʥʠʝ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʠ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʛʦʨʦʜʘ ï ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ʉ ʝʝ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʘ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ 

ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʛʦʨʦʞʘʥ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʛʦʨʦʜʘ ʠ ʜʝʡʩʪʚʫʶʱʠʝ ʦʙʲʝʢʪ rʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ [7; 6]. 

ʇʦʩʣʝʜʫʶʱʝʝ ʨʘʟʚʠʪʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʦʝ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʛʨʘʜʦʩʪʨʦʝʥʠʷ, 

ʙr ʣʦ ʠʟʫʯʝʥʦ ʚ ʨʘʙʦʪʘʭ [5; 13]. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ 

ʛʝʥʝʨʘʣʴʥʳʡ ʧʣʘʥ ʪʝʨʨʠʪʦʨʠʠ (CIM) ð ʵʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʛʦʨʦʜʩʢʠʤ 

ʭʦʟʷʡʩʪʚʦʤ, ʚʢʣʶʯʘʶʱʘʷ ʩʙʦʨ ʠ ʦʙʨʘʙʦʪʢʫ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʦʨʦʜʝ, ʘʥʘʣʠʟ ʵʪʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʧʝʨʘʪʠʚʥʦʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ; ʠʥʪʝʛʨʘʮʠʶ ʨʘʟʣʠʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʛʦʨʦʜʩʢʠʤ ʭʦʟʷʡʩʪʚʦʤ (ʘʢʪʠʚʘʤʠ, 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʦʪʥʦʰʝʥʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʩʫʙʲʝʢʪʦʚ), ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʮʝʥʘʨʠʝʚ ʨʘʟʚʠʪʠʷ. 

ʇʦʤʠʤʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʜʘ ʛʦʨʦʜʘ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ, CIM ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʚʠʨʪʫʘʣʴʥʫʶ ʧʣʘʪʬʦʨʤʫ, ʚ ʢʦʪʦʨʦʡ ʣʶʙʦʡ ʢʦʤʧʦʥʝʥʪ ʛʦʨʦʜʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʟʤʝʥʝʥ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ.  

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʦʜʝʣʝʡ: 

1. ʀʥʜʠʚʠʜʫʘʣʴʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʝʡʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ; 

2. ʄʦʜʝʣʴ ʩʦʮʠʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

ʇʨʠʚʦʜʠʤ ʦʙʱʫʶ ʩʭʝʤʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʝʡʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ [7]: 

 

ʈʠʩʫʥʦʢ 1. ʆʙʱʘʷ ʩʭʝʤʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʝʡʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ 

Figure 1. General scheme of the information model of operating objects 
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ʈʘʩʩʤʦʪʨʠʤ ʛʦʨʦʜ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʪʥʦʰʝʥʠʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʨʦʜʦʡ ʠ ʫʨʙʘʥʠʟʘʮʠʝʡ, ʧʦʜʨʘʟʜʝʣʝʥʥʦʡ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʫʶ, ʦʙʱʝʩʪʚʝʥʥʫʶ, 

ʧʦʣʠʪʠʯʝʩʢʫʶ ʠ ʢʫʣʴʪʫʨʥʳʝ ʦʪʨʘʩʣʠ ʯʝʣʦʚʝʯʝʩʪʚʘ. ɸʥʘʣʦʛʠʯʥʦ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʞʜʳʡ ʩʝʛʤʝʥʪ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʧʦʜʤʦʜʝʣʠ ʩ ʦʩʥʦʚʥʦʡ ʤʦʜʝʣʴʶ. ɺ ʩʬʝʨʝ ʵʢʦʥʦʤʠʢʠ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ 

ʥʝʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʠʝʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʚʩʝʭ ʦʪʨʘʩʣʝʡ.  

ʉʧʝʮʠʬʠʢʘ ʩʦʮʠʘʣʴʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʥʜʝʢʩʝ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ, 

ʢʘʯʝʩʪʚʝʥʥʦʩʪʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ, ʪʦ ʝʩʪʴ ʚ ʩʪʝʧʝʥʠ ʦʙʨʘʟʦʚʘʥʥʦʩʪʠ, ʚ ʫʨʦʚʥʝ ʞʠʟʥʠ, 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠ ʪ.ʧ. 

ʀʥʜʝʢʩʳ ʧʦʜʜʝʨʞʘʥʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʮʝʥʥʦʩʪʝʡ ʦʧʠʩʘʥʳ ʚ ʩʬʝʨʝ ʢʫʣʴʪʫʨʳ.  

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʯʝʩʪʚʝʥʥʦʝ 

ʦʧʠʩʘʥʠʝ ʠʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʳʭ, ʦʙʱʝʩʪʚʝʥʥʳʭ, ʧʦʣʠʪʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʚʠʜʦʚ ʷʚʣʝʥʠʡ; ʚ ʚʠʜʝ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʢʘʨʪʳ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʠ ʝʛʦ ʯʘʩʪʝʡ; 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, n-ʤʝʨʥʳʭ ʤʦʜʝʣʝʡ, ʧʦʩʪʨʦʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʦʩʥʦʚʝ ʢʦʩʤʠʯʝʩʢʠʭ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ ʧʘʢʝʪʳ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʥʘ ʧʨʠʤʝʨʝ BIM ʠ CityGML [8].  

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʩʦʟʜʘʥʠʠ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠ ̫ʩʦ ʩʪʦʨʦʥʳ ʩʫʙʲʝʢʪʘ ʠ ʘʥʘʣʦʛʠʯʥʦ ʩʦ ʩʪʦʨʦʥʳ ʦʙʲʝʢʪʘ.  

ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʧʦʩʪʨʦʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʛʦʨʦʜʩʢʠʭ 

ʪʝʨʨʠʪʦʨʠʡ ï ʵʪʦ ʧʫʪʴ ʪʦʯʝʢ ʩʭʦʞʜʝʥʠʷ ʠʥʪʝʨʝʩʦʚ ʠʥʜʠʚʠʜʘ ʠ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʩʦ ʩʪʦʨʦʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʢʘʢ ʜʝʡʩʪʚʠʝ ʠʣʠ ʞʝ ʢʘʢ ʮʝʣʳʡ 

ʠʥʩʪʠʪʫʪ.  

ɸʣʛʦʨʠʪʤ ʨʘʟʙʠʝʥʠʷ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ. ɸʣʛʦʨʠʪʤ ʨʘʟʙʠʝʥʠʷ ʛʦʨʦʜʩʢʠʭ 

ʪʝʨʨʠʪʦʨʠʡ ʩʦʩʪʘʚʣʷʝʪ ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ: 

1. ɾʠʣʳʝ ʧʦʤʝʱʝʥʠʷ. 

2.  ɼʦʨʦʞʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

3. ʃʘʥʜʰʘʬʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ.  

4. ʉʦʮʠʘʣʴʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ.  

5. ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ.  

6. ʆʙʱʝʛʦʨʦʜʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʩʨʝʜʳ ʛʦʨʦʜʩʢʦʛʦ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ: 

1. ʂʨʠʪʝʨʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ. 

2. ʂʨʠʪʝʨʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. 

3. ʂʨʠʪʝʨʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʤʬʦʨʪʥʦʩʪʠ ʛʦʨʦʜʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʚʩʝʭ ʛʨʘʞʜʘʥ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʛʨʘʞʜʘʥ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. 

4. ʂʨʠʪʝʨʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʥʠʢʘʣʴʥʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ ʛʦʨʦʜʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʰʠʨʝʥʠʷ 

ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ. 

5. ʂʨʠʪʝʨʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʨʦʜʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʝ ʜʝʣʝʥʠʝ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ. ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʝ ʜʝʣʝʥʠʝ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʨʘʡʦʥʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʚʣʘʜʝʝʪ ʩʚʦʠʤ ʨʘʡʦʥʥʳʤ ʍʫʢʫʤʘʪʦʤ (ʨʘʡʦʥʥʦʡ ʘʜʤʠʥʠʩʪʨʘʮʠʝʡ): 

 

ʊʘʙʣʠʮʘ 1. ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʦʝ ʜʝʣʝʥʠʝ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ 

Table 1. Administrative division of the city of Dushanbe 
 ̄ ʅʘʟʚʘʥʠʝ ʨʘʡʦʥʘ ʇʨʝʞʥʝʝ ʥʘʟʚʘʥʠʝ ʇʣʦʱʘʜʴ, ʢʤ2  ʅʘʩʝʣʝʥʠʝ, ʯʝʣʦʚʝʢ 

1.  ʀʩʤʦʠʣʠ ʉʦʤʦʥʠ ʆʢʪʷʙʨʴʩʢʠʡ 37,6 148700 

2.  ʉʠʥʦ ʌʨʫʥʟʝʥʩʢʠʡ 62,2 326100 

3.  ʌʠʨʜʘʚʩʠ ʎʝʥʪʨʘʣʴʥʳʡ 54,5 209000 

4.  ʐʦʭʤʘʥʩʫʨ ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ 48,9 162600 
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ʇʣʘʥʳ ʦ ʨʘʩʰʠʨʝʥʠʠ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ ʚ ʪʨʠ ʨʘʟʘ ʙʳʣʠ ʦʙʲʷʚʣʝʥʳ 18 ʠʶʣʷ 

2013 ʛʦʜʘ. ʇʦʵʪʘʧʥʦ ʜʦ 2020 ʛʦʜʘ ʨʘʩʰʠʨʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʟʘ ʩʯʝʪ ʨʘʡʦʥʘ ʈʫʜʘʢʠ ʙʳʣʠ 

ʫʚʝʣʠʯʝʥʳ ʥʘ 7659 ʛʝʢʪʘʨʦʚ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ, ʠ ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʩʪʦʣʠʮʳ ʩʦʩʪʘʚʠʣʘ 20318, 25 

ʛʝʢʪʘʨʦʚ.  

 

ʈʠʩʫʥʦʢ 2. ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʦʝ ʜʝʣʝʥʠʝ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ 

Figure 2. Administrative division of the city of Dushanbe 

 
 

ɸʥʘʣʠʟ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ. ɸʥʘʣʠʟ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ 

ʤʦʜʝʣʠ ʚʢʣʶʯʘʝʪ ʦʮʝʥʢʫ ʝʝ ʨʝʘʣʠʩʪʠʯʥʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʊʘʢʞʝ ʧʨʦʚʦʜʠʪʩʷ 

ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʳʭ ʨʠʩʢʦʚ ʠ ʧʨʝʧʷʪʩʪʚʠʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʤʦʜʝʣʠ [12]. 
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ʈʠʩʫʥʦʢ 3. ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ 

Figure 3. Conceptual model of urban area 

 
 

ɼʣʷ ʘʥʘʣʠʟʘ ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʤʦʜʝʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʰʝʠʟʣʦʞʝʥʥʫʶ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ 

ʤʦʜʝʣʴ ʙʘʟʳ ʜʘʥʥʳʭ (ʨʠʩ.3). 

ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʨʘʤʢʘʭ ER- ʥʦʪʘʮʠʠ [12], ʚ ʢʦʪʦʨʦʡ ʢʣʶʯʝʚʳʤʠ 

ʩʫʱʥʦʩʪʷʤʠ ʷʚʣʷʶʪʩʷ:  

¶ Building ï ʚ ʦʩʥʦʚʥʦʤ ʦʪʦʙʨʘʞʘʝʪ ʞʠʣʳʝ ʧʦʤʝʱʝʥʠʷ, ʪ.ʝ. ʨʘʟʣʠʯʥʳʝ ʞʠʣʳʝ ʨʘʡʦʥʳ, 

ʚʢʣʶʯʘʷ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʝ ʜʦʤʘ, ʯʘʩʪʥʳʝ ʜʦʤʘ ʠ ʢʦʪʪʝʜʞʥʳʝ ʧʦʩʝʣʢʠ. 
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¶ Road ï ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʩʥʦʚʥʳʭ ʜʦʨʦʛʘʭ, ʫʣʠʮʘʭ, 

ʘʚʪʦʤʘʛʠʩʪʨʘʣʷʭ, ʤʦʩʪʘʭ, ʧʝʰʝʭʦʜʥʳʭ ʜʦʨʦʞʢʘʭ, ʘ ʪʘʢʞʝ ʦʙʱʝʩʪʚʝʥʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʪʘʢʦʤ ʢʘʢ 

ʘʚʪʦʙʫʩʳ, ʪʨʦʣʣʝʡʙʫʩʳ ʠ ʪ.ʜ. 

¶ GreenZone ï ʦʪʦʙʨʘʞʘʝʪ ʣʘʥʜʰʘʬʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ: ʚ ʥʝʛʦ ʚʢʣʶʯʝʥʳ ʧʘʨʢʠ, ʩʢʚʝʨʳ, 

ʩʘʜʳ ʠ ʜʨʫʛʠʝ ʟʝʣʝʥʳʝ ʟʦʥʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʪʜʳʭʦʤ ʜʣʷ ʞʠʪʝʣʝʡ ʛʦʨʦʜʘ. 

¶ WaterObject ï ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʝ ʚʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʛʜʝ ʧʦʢʘʟʳʚʘʥ  r ʨʝʢʠ, ʦʟʝʨʘ, 

ʬʦʥʪʘʥʳ ʠ ʜʨʫʛʠʝ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ. 

¶ Yard ʭʨʘʥʠʪ ʦʩʥʦʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʚʦʨʘʭ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʛʦʨʦʜʘ.  

¶ MAF ï ʤʦʞʝʪ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʤʘʣʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʬʦʨʤʳ.  

¶ ConditionInfo ï ʤʦʞʝʪ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʮʝʥʦʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʲʝʢʪʦʚ 

ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ.  

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʚ ʜʘʥʥʦʡ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʫʯʘʩʪʚʫʶʪ ʩʧʨʘʚʦʯʥʠʢʠ-ʩʫʱʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʪʁ ʨʝʘʣʴʥʳʝ ʪʠʧʳ ʦʙʲʝʢʪʘ ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʪʨʝʙʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ 

ʦʙʱʝʛʦ ʚʠʜʘ, ʥʘʧʨʠʤʝʨ BuildingType, YardType. ʂ ʧʨʠʤʝʨʫ, ʩʫʱʥʦʩʪʴ Place ʭʨʘʥʠʪ 

ʥʝʦʙʭʦʜʠʤʝr ʜʘʥʥʳʝ ʦ ʥʘʟʥʘʯʝʥʥʳʭ ʨʘʡʦʥʘʭ; ʘ ʦʙʲʝʢʪ City - ʆʪʤʝʪʠʤ ʪʘʢʞʝ ʚ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ 

ʤʦʜʝʣʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʫʱʥʦʩʪʠ-ʩʧʨʘʚʦʯʥʠʢʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʦʥʢʨʝʪʥʳʡ ʪʠʧ ʦʙʲʝʢʪʘ 

ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʠʣʠ ʜʨʫʛʠʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʙʦʣʝʝ ʦʙʱʝʛʦ ʚʠʜʘ (BuildingType, 

YardType ʠ ʜʨ.). ʅʘʧʨʠʤʝʨ, ʚ ʩʫʱʥʦʩʪʠ Place ʭʨʘʥʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʡʦʥʝ 

(ʦʢʨʫʛʝ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʝʜʠʥʠʮʝ), ʩʫʱʥʦʩʪʴ City ï ʭʨʘʥʠʪ ʥʝʦʙʭʦʜʠʤʝr ʜʘʥʥʳʝ ʦ 

ʢʦʥʢʨʝʪʥʦʤ ʛʦʨʦʜʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʩʦʙʠʨʘʝʪʩ ̫ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ.  

ɸʥʘʣʠʟʠʨʫʷ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ, ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʧʫʪʠ 

ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʚʦʧʨʦʩʘʤ ʥʘʢʦʧʣʝʥʠʷ ʜʘʥʥʳʭ [11; 10].  

1. ʀʥʪʝʨʥʝʪ ï ʠʩʪʦʯʥʠʢʠ.  

2. ɺʚʦʜ ʠ ʤʘʥʠʧʫʣʷʮʠʷ ʜʘʥʥʳʭ ʩʦ ʩʪʦʨʦʥʳ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ʆʩʦʙʦ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʝʸ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʢ ʩʠʩʪʝʤʝ 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥ rʪʘʢʠʝ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ, ʢʘʢ ʦʙʟʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʘʭ ʛʦʨʦʜʩʢʦʡ 

ʪʝʨʨʠʪʦʨʠʠ, ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʥʘ ʧʨʠʤʝʨʝ ʛʨʘʬʠʢʦʚ ʠ ʜʠʘʛʨʘʤʤ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʛʦʨʦʜʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʧʨʦʚʝʜʝʥʠʝ ʨʝʡʪʠʥʛʦʚ ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʪ.ʜ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʊʝʦʨʠʷ ʛʨʘʬʦʚ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʦʱʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʘʥʘʣʠʟʘ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ ʛʦʨʦʜʘ ʠ ʠʭ ʨʘʡʦʥʳ.  

ɼʣʷ ʨʘʟʙʠʝʥʠʷ ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʥʝʢʦʪʦʨʳʝ ʩʝʛʤʝʥʪʳ ʥʘ ʧʨʠʤʝʨʝ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ, 

ʥʘʤ ʧʦʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʦʨʠʶ ʛʨʘʬʦʚ, ʠ ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʰʠʥʳ ʠ ʨʝʙʨʘ ʛʨʘʬʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʡʦʥʘʤ ʠ ʠʭ ʛʨʘʥʠʮʘʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʘ ʤʳ ʜʦʣʞʥʳ ʟʥʘʪʴ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ:  

1. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʨʰʠʥ: ʂʘʞʜʳʡ ʠʟ ʨʘʡʦʥʦʚ ʤʳ ʤʦʞʝʤ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʚʝʨʰʠʥʫ 

ʛʨʘʬʘ. ɺʳʙʠʨʘʝʤ ʪʦʯʢʠ ʚ ʛʦʨʦʜʝ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʠʤʚʦʣʠʟʠʨʦʚʘʪʴ ʮʝʥʪʨʳ ʨʘʡʦʥʦʚ ʠ ʥʘʟʥʘʯʠʤ 

ʢʘʞʜʦʡ ʪʦʯʢʝ ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ.  

2. ʆʧʨʝʜʝʣʝʥʠʝ ʨʝʙʨʘ: ʂʘʞʜʳʝ ʨʝʙʨʘ ʛʨʘʬʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʨʘʡʦʥʘʤʠ 

ʠ ʩʦʝʜʠʥʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʨʰʠʥʳ ʨʝʙʨʘʤʠ. 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʩʘ ʨʝʙʝʨ: ʋʯʠʪʳʚʘʷ ʨʘʩʩʪʦʷʥʠʝ, ʥʘʩʝʣʝʥʠʝ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ ʧʨʠ 

ʨʘʟʙʠʝʥʠʷ ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʩʝʛʤʝʥʪʳ, ʪʦ ʝʩʪʴ ʨʘʡʦʥʳ ʤʳ ʤʦʞʝʤ ʥʘʟʥʘʯʠʪʴ ʚʝʩ ʨʝʙʝʨ. 

4. ɸʣʛʦʨʠʪʤʳ ʘʥʘʣʠʟʘ ʛʨʘʬʦʚ: ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʘ ʤʳ ʤʦʞʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ʘʥʘʣʠʟʘ ʛʨʘʬʦʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʙʠʝʥʠʝʤ 

ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʥʝʢʦʪʦʨʳʝ ʩʝʛʤʝʥʪʳ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʘ ʯʝʪʳʨʝ ʨʘʡʦʥʘ ʛʦʨʦʜʘ 

ɼʫʰʘʥʙʝ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʙʠʝʥʠʷ ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʩʝʛʤʝʥʪʳ. 

ɿʘʜʘʝʪʩʷ ʞʝʣʘʝʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʨʘʟʙʠʝʥʠʷ ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʩʝʛʤʝʥʪʳ. ʄʦʜʝʣʠʨʫʷ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʨʘʟʙʠʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʪʝʦʨʠʶ ʛʨʘʬʦʚ, ʤʦʞʝʤ ʧʨʝʜʩʪʘʚʠʪʴ ʝʛʦ ʚ ʩʣʝʜʫʶʱʝʤ 

ʚʠʜʝ [8,ʩ.33]: 

),,( fEVG=     (1) 
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ʛʜʝ { }-= nvvvV ,...,, 21 n-ʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʨʰʠʥ ʛʨʘʬʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʨʘʟʙʠʝʥʠʝ ʛʦʨʦʜʩʢʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʩʝʛʤʝʥʪʳ; 

{ }{ }-== uvueE /,  n-ʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʙʝʨ ʛʨʘʬʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʤʝʞʥʳʝ 

ʩʝʛʤʝʥʪʳ, ʠ ʝ - ʥʝʧʨʦʠʟʚʦʣʴʥʦ ʧʘʨʝ ʚʝʨʰʠʥ u, v ʧʨʠ v  ᷾V. 

-­ +ZVf : ʬʫʥʢʮʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʘʷ ʚ ʩʦʦʪʥʦʰʝʥʠʝ ʢ ʢʘʞʜʦʡ ʚʝʨʰʠʥʝ ʥʘʪʫʨʘʣʴʥʦʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ q (ʢʦʣʠʯʝʩʪʚʦ ʥʘʩʝʣʝʥʠʷ).  

ʕʪʦʪ ʛʨʘʬ ʥʘʟʳʚʘʝʪʩʷ ʠʩʭʦʜʥʳʤ ʛʨʘʬʦʤ ʠ ʠʩʭʦʜʥʦʝ ʨʘʟʙʠʝʥʠʝ ʤʦʜʝʣʠʨʫʝʪʩʷ ʵʪʠʤ ʛʨʘʬʦʤ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʥʦʚʳʡ ʠʩʢʦʤʳʡ ʛʨʘʬ, ʦʧʠʨʘʷʩʴ ʥʘ ʧʨʦʮʝʜʫʨʳ ʚʳʰʝ, ʢʦʪʦʨʳʝ 

ʦʩʥʦʚʘʥʳ ʥʘ ʜʝʣʝʥʠʠ ʠ ʦʙʲʝʜʠʥʝʥʠʠ ʚʝʨʰʠʥ ʠʩʭʦʜʥʦʛʦ ʛʨʘʬʘ, ʤʦʜʝʣʠʨʫʝʤ ʨʘʟʙʠʝʥʠʝ 

ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʩʝʛʤʝʥʪʳ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ʫʩʣʦʚʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ:  

(2) 

 

ɼʘʥʥʳʡ ʛʨʘʬ ʥʘʟʳʚʘʝʪʩʷ ʠʩʢʦʤʳʤ ʠ ʤʦʜʝʣʠʨʫʝʪ ʨʘʟʙʠʝʥʠʝ ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘ 

ʩʝʛʤʝʥʪʳ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ʫʩʣʦʚʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ.  

ʇʦ ʫʩʣʦʚʠʷʤ ʢʨʠʪʝʨʠ ̫ʦʧʪʠʤʘʣʴʥʦʩʪʠ, ʦʯʝʥʴ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʫʩʣʦʚʠʝ çʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝè ʧʦ ʚʝʨʰʠʥʘʤ ʠʩʢʦʤʦʛʦ ʛʨʘʬʘ, ʢʦʪʦʨʦʝ ʤʳ ʤʦʞʝʤ ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ 

ʢʨʠʪʝʨʠʝʤ:  

 min)(* ­-=F ä
ÍVu

puf   (3) 

ʛʜʝ ʨ ï ʦʧʨʝʜʝʣʷʝʪ ʥʦʨʤʘʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʅʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠʤʝʶʱʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠʣʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʫʩʣʦʚʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʧʨʝʜʝʣʸʥʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʟʘʜʘʯ ʤʦʛʫʪ ʚʦʟʣʘʛʘʪʴʩʷ ʥʘ ʠʩʢʦʤʳʝ ʠ ʠʩʭʦʜʥʳʝ 

ʛʨʘʬʳ, ʢʦʪʦʨʳʝ ʧʦʨʦʡ ʥʝ ʫʜʘʝʪʩʷ ʬʦʨʤʘʣʠʟʦʚʘʪʴ. 

ʆʜʥʠʤ ʠʟ ʢʨʠʪʝʨʠʝʚ ʨʘʟʙʠʝʥʠʷ ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʩʝʛʤʝʥʪʳ ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ  

ä ä
Í Í

==
Vv Vu

Pufvf )()( *
    (4) 

ʠʩʭʦʜʷ ʠʟ ʢʦʪʦʨʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʰʠʥ ʠʩʭʦʜʥʦʛʦ ʛʨʘʬʘ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʝʨʰʠʥʘʤ 

ʠʩʢʦʤʦʛʦ ʛʨʘʬʘ.  

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʈ ï ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ (ʢʦʣʠʯʝʩʪʚʦ ʥʘʩʝʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ 

ʨʘʟʙʠʝʥʠʝ ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʩʝʛʤʝʥʪʳ).  

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʘ ʦʙʱʘʷ ʩʭʝʤʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʛʦʨʦʜʘ ʠ 

ʜʝʡʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ. ʉʦʟʜʘʥ ʘʣʛʦʨʠʪʤ ʨʘʟʙʠʝʥʠʷ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʦʪʤʝʯʝʥʳ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʩʨʝʜʳ ʛʦʨʦʜʩʢʦʛʦ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ. ʅʘ ʦʩʥʦʚʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʜʝʣʝʥʠʷ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ ʧʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʟʙʠʝʥʠʷ 

ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʩʝʛʤʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʛʨʘʬʦʚ. 
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ÞÌÇÔëÔ ØÚÐÑ×Ô ÔÞÞÔ×ÚÚÞÄ ÎÌ Ì×ÏÚÜÔÞØÔ ÞÌÉÝÔØÚÞÔ ØÔÙÞÌÉÌÇÚÔ äÌÇÜ 
Øúðñ÷ô ôþþô÷úúþôñ, öô ðìü íÿùČðô øôùþìėìĕúô ĄìĕüĒ ôýþôĀúðì øñĄìîìð, øÿøöôù ìýþ ĕìø ìó Ĕúùôíô 

ýÿíĆñöþ îì ĕìø ìó Ĕúùôíô úíĆñöþ ýúāþì Ąìîìð. Ôøöúùúþô ýìøìüìùúöô þìĄìööÿ÷ô øúðñ÷ô ôþþô÷úúþôô Ąìĕüĕú 
üúĕô ùÿėþìô ùìóðôöĄìîôô øìùĀôìþĕúô Ąìāý îì øÿĕôþô ĄìĕüĒ øñíúĄìð. Øúðñ÷ô ôþþô÷úúþôô øôùþìėìĕúô 
ĄìĕüĒ ìó üìîôĄô ôþþô÷úúþĒ ĕìøăÿù üìîìùðô ì÷úĕôðì îì øÿýþìėô÷, ĕìøăÿù ìøì÷ Č ċö øÿìýýôýìô þúø íì ĕôýúí 
øñüìîìð. Íú Čüôô úù øñþìîúù ýñùìüôċĕúô ïÿùúïÿùô üÿĄðô Ąìĕüüú þìĕ÷ô÷ îì ûñĄïĘĒ ùìøúñø, ôýþôĀúðìô 
óìāôüìĕúüú úûþôøôóìþýôċ öÿùñø îì ýôĀìþô óôùðìïôô Ąìĕüîìùðúùüú íñĕþìü ùìøúñø. Íìüúô íì íìĆóñ ėôýøìþĕú 
þìėýôø öìüðìùô øôùþìėìĕúô Ąìĕü ðìü øôýú÷ô Ąìĕüô ÐÿĄìùíñ ùìóìüôċô ïüìĀĕú ôýþôĀúðì Ąÿðì, ėÿ÷÷ìĕú îì 
öÿùĔĕúô ïüìĀôö, øôùþìėìĕúô øÿîúĀôė îì ýìüĕìðô Ąìĕü øÿìõċù öìüðì Ąÿðìùð. Ðìü ôù øìėú÷ì ùìėĄìô 
ÿøÿøôô øúðñ÷ô ôþþô÷úúþôô Ąìĕü îì ôùĄúúþĕúô ìøì÷öÿùìùðì úîìüðì Ąÿðììýþ. Ì÷ïúüôþøô þìėýôøô 
øôùþìėìĕúô Ąìĕü þìĕôċ îì øñĆČüĕúô ýôĀìþôô øÿĕôþô úíúðúùôô Ąìĕü ėìõð öìüðì Ąÿðììùð. Ðìü ìýúýô 
þìėýôøúþô øìĆøÿüôĊ ĕÿðÿðôô Ąìĕüô ÐÿĄìùíñ øúðñ÷ô øìþñøìþôöôô þìėýôøúþô Ąìĕü íì ýñïøñùþĕú ðìü ìýúýô 
ùìóìüôċô ïüìĀĕú ýúāþì Ąÿðììýþ. 

Öì÷ôðîúòìĕú: øúðñ÷ô ôþþô÷úúþĒ, øôùþìėìĕúô Ąìĕü, ì÷ïúüôþøô þìėýôøúþ, ùìóìüôċô ïüìĀĕú, ýñïøñùþ, 
ùúĕôċ, Āìóú. 

 

ʈɸɿʈɸɹʆʊʂɸ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʄʆɼɽʃʀ ʀ ɸʃɻʆʈʀʊʄ ʈɸɿɹʀɽʅʀʗ ɻʆʈʆɼʉʂʀʍ 

ʊɽʈʈʀʊʆʈʀʁ 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʩʦʟʜʘʥʠʠ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠ ̫

ʩʦ ʩʪʦʨʦʥʳ ʩʫʙʲʝʢʪʘ ʠ, ʘʥʘʣʦʛʠʯʥʦ, ʩʦ ʩʪʦʨʦʥʳ ʦʙʲʝʢʪʘ. ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʧʦʩʪʨʦʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ï ʵʪʦ ʧʫʪʴ ʪʦʯʝʢ ʩʭʦʞʜʝʥʠʷ ʠʥʪʝʨʝʩʦʚ ʠʥʜʠʚʠʜʘ ʠ 

ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʩʦ ʩʪʦʨʦʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʢʘʢ ʜʝʡʩʪʚʠʝ ʠʣʠ ʞʝ ʢʘʢ ʮʝʣʳʡ ʠʥʩʪʠʪʫʪ. ʆʩʥʦʚʥʘʷ 

ʮʝʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʛʦʨʦʜʘ ï ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʛʦʨʦʜʩʢʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ʉ ʝʝ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʘ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʛʦʨʦʞʘʥ. ɼʣʷ ʨʘʟʙʠʝʥʠʷ ʛʦʨʦʜʩʢʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʥʝʢʦʪʦʨʳʝ ʩʝʛʤʝʥʪʳ ʥʘ ʧʨʠʤʝʨʝ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ, ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʝʦʨʠʷ ʛʨʘʬʦʚ ʠ ʦʧʨʝʜʝʣʝʥ r

ʚʝʨʰʠʥʳ ʠ ʨʝʙʨʘ ʛʨʘʬʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʡʦʥʦʚ ʠ ʠʭ ʛʨʘʥʠʮ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʘ ʦʙʱʘʷ ʩʭʝʤʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʛʦʨʦʜʘ ʠ ʜʝʡʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ. ʉʦʟʜʘʥ ʘʣʛʦʨʠʪʤ ʨʘʟʙʠʝʥʠʷ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʠ 

ʦʪʤʝʯʝʥʳ ʢʘʯʝʩʪʚʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʩʨʝʜʳ ʛʦʨʦʜʩʢʦʛʦ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ. ʅʘ ʦʩʥʦʚʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʜʝʣʝʥʠʷ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ ʧʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʟʙʠʝʥʠʷ ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘ 

ʩʝʛʤʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʛʨʘʬʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʛʦʨʦʜʩʢʘʷ ʪʝʨʨʠʪʦʨʠʷ, ʘʣʛʦʨʠʪʤ ʨʘʟʙʠʝʥʠʷ, ʪʝʦʨʠʷ ʛʨʘʬʦʚ, 

ʩʝʛʤʝʥʪ, ʨʘʡʦʥ, ʧʨʦʩʪʨʘʥʩʪʚʦ. 

 

DEVELOPMENT OF AN INFORMATION MODEL AND ALGORITHM FOR DIVIDING URBAN AREAS  

The information model used in the creation of urban areas can be constructed from the side of the subject and 

similarly from the side of the object. The most optimal option for constructing an information model of urban areas is the 

path of points of convergence of the interests of the individual and the urban environment. The information model of urban 

areas from the information approach is considered as a separate and independent process, as an action or as an entire 

institution. The main goal of the city information model is to provide more efficient planning and management of urban 

infrastructure. With its help, you can analyze and predict various city development scenarios, optimize the use of resources 

and improve the quality of life of citizens. To divide the urban area into some segments using the example of the city of 

Dushanbe, graph theory was used and the vertices and edges of the graph were determined, the corresponding areas and 

their boundaries. This article provides a general diagram of the information model of existing objects. An algorithm for 

dividing urban areas has been created and qualitative criteria for the urban improvement environment have been noted. 

Based on the administrative-territorial division of the city of Dushanbe, a mathematical model for dividing the urban area 

into segments based on graph theory was built. 

https://isicad.ru/ru/articles.php?article_num=19940
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ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ: ɸʅʊʀʌʈʆɼ-ʉʀʉʊɽʄʓ ɺ ʌʀʅɸʅʉʆɺʓʍ ʋʏʈɽɾɼɽʅʀʗʍ 

 

ʅʫʤʦʥʦʚʘ ʅ.ʈ. 

ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʊʘʜʞʠʢʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ 

ʄ.ʉ. ʆʩʠʤʠ ʚ ʛ. ʍʫʜʞʘʥʜʝ 

 

ɺʚʝʜʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʬʠʥʘʥʩʦʚʳʝ ʫʯʨʝʞʜʝʥʠʷ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʝʡ 

ʫʛʨʦʟʦʡ ʤʦʰʝʥʥʠʯʝʩʪʚʘ. ʎʠʬʨʦʚʠʟʘʮʠʷ ʬʠʥʘʥʩʦʚʳʭ ʦʧʝʨʘʮʠʡ, ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʥʣʘʡʥ-

ʧʣʘʪʝʞʝʡ ʠ ʨʘʟʚʠʪʠʝ ʢʨʠʧʪʦʚʘʣʶʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʶʪ ʥʦʚʳʝ ʚʳʟʦʚʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʘʥʟʘʢʮʠʡ. ʇʦ ʜʘʥʥʳʤ ʤʠʨʦʚʳʭ ʬʠʥʘʥʩʦʚʳʭ ʘʛʝʥʪʩʪʚ, ʫʙʳʪʢʠ ʦʪ 

ʤʦʰʝʥʥʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʝʞʝʛʦʜʥʦ ʠʩʯʠʩʣʷʶʪʩʷ ʤʠʣʣʠʘʨʜʘʤʠ ʜʦʣʣʘʨʦʚ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʘʥʪʠʬʨʦʜ-ʩʠʩʪʝʤ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʙʥʘʨʫʞʝʥʠʷ ʤʦʰʝʥʥʠʯʝʩʪʚʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʪʘʪʠʯʝʩʢʠʭ 

ʧʨʘʚʠʣʘʭ ʠ ʯʝʣʦʚʝʯʝʩʢʦʤ ʬʘʢʪʦʨʝ, ʫʞʝ ʥʝ ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʩʣʦʞʥʳʝ 

ʤʦʰʝʥʥʠʯʝʩʢʠʝ ʩʭʝʤʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʤʦʰʝʥʥʠʯʝʩʪʚʘ. 

ʅʘʩʪʦʷʱʠʡ ʦʙʟʦʨ ʥʘʧʨʘʚʣʝʥ ʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʚʳʷʚʣʝʥʠʶ 

ʤʦʰʝʥʥʠʯʝʩʪʚʘ ʚ ʬʠʥʘʥʩʦʚʦʤ ʩʝʢʪʦʨʝ, ʘʥʘʣʠʟ ʪʨʝʥʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʘʥʪʠʬʨʦʜ-

ʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʤʦʜʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ PRISMA ʠ Kitchenham, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦ ʠʟʫʯʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʘʫʯʥʳʝ ʨʘʙʦʪʳ ʠ ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ 

ʪʝʥʜʝʥʮʠʠ. ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʪʘʪʴʠ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ, 

ʪʘʢʠʭ ʢʘʢ IEEE Xplore, Google Scholar, CyberLeninka, ʟʘ ʧʝʨʠʦʜ ʩ 2020 ʧʦ 2024 ʛʦʜʳ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʪʤʝʯʘʝʪʩʷ ʘʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʤʦʰʝʥʥʠʯʝʩʪʚʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʣʛʦʨʠʪʤʳ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ (XGBoost, 

LightGBM, CatB oost) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ [1; 3; 11]. ʅʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ, 

ʪʘʢʠʝ ʢʘʢ LSTM, Autoencoders, GNN, ʧʦʟʚʦʣʷʶʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʘʥʦʤʘʣʴʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ [4; 18; 27]. 

ʆʙʥʘʨʫʞʝʥʠʝ ʤʦʰʝʥʥʠʯʝʩʪʚʘ ʪʨʝʙʫʝʪ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʸʤʘʤʠ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ 

ʜʘʥʥʳʭ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʶʪ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜʳ ʘʫʛʤʝʥʪʘʮʠʠ, ʙʘʣʘʥʩʠʨʦʚʢʠ ʢʣʘʩʩʦʚ ʠ 

ʘʥʩʘʤʙʣʝʚʳʝ ʤʦʜʝʣʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʜʝʪʝʢʮʠʠ [9; 16]. ɼʘʥʥʳʝ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʦʙʫʯʝʥʠʠ ʤʦʜʝʣʝʡ, ʚʢʣʶʯʘʶʪ ʨʝʘʣʴʥʳʝ ʪʨʘʥʟʘʢʮʠʠ ʙʘʥʢʦʚ, ʦʪʢʨʳʪʳʝ ʜʘʪʘʩʝʪʳ (Kaggle, 

LendingClub) ʠ ʦʪʯʸʪʳ ʬʠʥʘʥʩʦʚʳʭ ʫʯʨʝʞʜʝʥʠʡ [5; 14]. 

ʂʣʶʯʝʚʳʝ ʪʨʫʜʥʦʩʪʠ, ʦʙʩʫʞʜʘʝʤʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ: 

¶ ɼʠʩʙʘʣʘʥʩ ʢʣʘʩʩʦʚ ï ʤʦʰʝʥʥʠʯʝʩʢʠʝ ʪʨʘʥʟʘʢʮʠʠ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ 

ʦʙʫʯʝʥʠʝ ʤʦʜʝʣʝʡ [8; 20]. 

¶ ʀʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ ï ʛʣʫʙʦʢʠʝ ʥʝʡʨʦʩʝʪʠ ʩʣʦʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʯʪʦ 

ʩʥʠʞʘʝʪ ʜʦʚʝʨʠʝ ʬʠʥʘʥʩʦʚʳʭ ʦʨʛʘʥʠʟʘʮʠʡ [7; 19]. 

¶ ʆʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ï ʨʘʟʥʳʝ ʤʦʜʝʣʠ ʜʘʶʪ ʨʘʟʣʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʥʥʳʭ ʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʫʯʝʥʠʷ [6; 22]. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

¶ Federated Learning ï ʦʙʫʯʝʥʠʝ ʤʦʜʝʣʝʡ ʥʘ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʜʘʥʥʳʭ ʙʝʟ ʨʘʩʢʨʳʪʠʷ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʢʣʠʝʥʪʦʚ [21; 38]. 

¶ Graph Neural Networks (GNN) ï ʘʥʘʣʠʟ ʩʣʦʞʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʩʫʙʲʝʢʪʘʤʠ 

ʬʠʥʘʥʩʦʚʳʭ ʦʧʝʨʘʮʠʡ [26; 30]. 

¶ Explainable AI (XAI)  ï ʩʦʟʜʘʥʠʝ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʭ ʤʦʜʝʣʝʡ, ʦʙʲʷʩʥʷʶʱʠʭ ʜʝʪʝʢʮʠʶ 

ʤʦʰʝʥʥʠʯʝʩʪʚʘ [15; 35]. 

¶ ʀʥʪʝʛʨʘʮʠʷ ʩ ʙʣʦʢʯʝʡʥ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʨʝʝʩʪʨʦʚ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʜʜʝʣʢʠ ʜʘʥʥʳʭ [29; 40]. 
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ɸʥʘʣʠʟ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʘʥʪʠʬʨʦʜ-ʩʠʩʪʝʤʳ ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ ʦʪ ʧʨʦʩʪʳʭ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʧʨʘʚʠʣ ʢ ʛʠʙʨʠʜʥʳʤ ʤʦʜʝʣʷʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʠ 

ʬʝʜʝʨʘʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʅʘʠʙʦʣʴʰʠʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʚʦʧʨʦʩʳ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʠ ʤʦʜʝʣʝʡ, ʙʦʨʴʙʳ ʩ ʜʠʩʙʘʣʘʥʩʦʤ ʜʘʥʥʳʭ ʠ ʟʘʱʠʪʳ ʧʝʨʩʦʥʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ɹʫʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʘʨʭʠʪʝʢʪʫʨ, 

ʦʙʲʝʜʠʥʷʶʱʠʭ ʤʦʱʥʦʩʪʴ ʥʝʡʨʦʩʝʪʝʡ ʠ ʤʝʪʦʜʳ ʛʨʘʬʦʚʦʛʦ ʘʥʘʣʠʟʘ. 

ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʤʦʰʝʥʥʠʯʝʩʪʚʘ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 

¶ ɻʣʫʙʦʢʠʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (Deep Learning) 

¶ ʄʝʪʦʜʳ ʘʥʩʘʤʙʣʝʚʦʛʦ ʦʙʫʯʝʥʠʷ (Random Forest, XGBoost, LightGBM) 

¶ ʃʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ ʠ SVM (Support Vector Machine) 

¶ ɻʨʘʬʦʚʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (Graph Neural Networks - GNN) 

¶ ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʠ ʤʝʪʦʜʳ ʘʥʦʤʘʣʠʡ (Anomaly Detection) 

ɸʥʘʣʠʟ 55 ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ ʧʦʜʭʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʘʥʪʠʬʨʦʜ-ʩʠʩʪʝʤʘʭ. 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ ð XGBoost, 

CatBoost, LightGBM. ʕʪʠ ʤʦʜʝʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤʠ ʚʳʙʦʨʢʘʤʠ, ʯʪʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʜʝʪʝʢʮʠʠ ʤʦʰʝʥʥʠʯʝʩʪʚʘ [2; 5; 9]. ʂʨʦʤʝ 

ʪʦʛʦ, ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʚʭʦʜʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʷʚʣʷʪʴ 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʘʨʘʤʝʪʨʳ. 

ɼʨʫʛʦʡ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʤʳʡ ʢʣʘʩʩ ʤʦʜʝʣʝʡ ð ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ LSTM, 

Autoencoder ʠ ʛʨʘʬʦʚʳʝ ʥʝʡʨʦʩʝʪʠ (GNN). ʅʝʡʨʦʩʝʪʝʚʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʳ ʚ 

ʟʘʜʘʯʘʭ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʠʷ ʢʣʠʝʥʪʘ ʚʦ ʚʨʝʤʝʥʠ ʠʣʠ ʧʨʠ ʚʳʷʚʣʝʥʠʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ 

ʧʦʜʦʟʨʠʪʝʣʴʥʳʭ ʪʨʘʥʟʘʢʮʠʡ [8; 13; 21]. 

ʈʘʩʪʸʪ ʠʥʪʝʨʝʩ ʢ ʦʙʫʯʝʥʠʶ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ ʠ ʬʝʜʝʨʘʪʠʚʥʦʤʫ ʦʙʫʯʝʥʠʶ, ʦʩʦʙʝʥʥʦ ʚ 

ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʘʜʘʧʪʘʮʠʷ ʤʦʜʝʣʠ ʙʝʟ ʜʦʩʪʫʧʘ ʢ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʜʘʥʥʳʤ [19], [26]. ʊʘʢʠʝ ʧʦʜʭʦʜʳ ʧʦʟʚʦʣʷʶʪ ʩʪʨʦʠʪʴ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ 

ʘʥʪʠʬʨʦʜ-ʩʠʩʪʝʤʳ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʯʪʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʨʝʛʫʣʷʪʦʨʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ. 

ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʫʜʝʣʷʝʪʩʷ ʤʝʪʦʜʘʤ ʦʙʨʘʙʦʪʢʠ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ 

ʜʘʥʥʳʭ, ʧʦʩʢʦʣʴʢʫ ʤʦʰʝʥʥʠʯʝʩʢʠʝ ʪʨʘʥʟʘʢʮʠʠ ʩʦʩʪʘʚʣʷʶʪ ʤʘʣʫʶ ʜʦʣʶ ʚʳʙʦʨʢʠ. ɼʣʷ ʙʦʨʴʙʳ 

ʩ ʵʪʠʤ ʠʩʧʦʣʴʟʫʶʪʩʷ SMOTE, ʨʝʩʝʤʧʣʠʨʦʚʘʥʠʝ, ʚʟʚʝʰʝʥʥʳʝ ʤʝʪʨʠʢʠ ʧʦʪʝʨʴ ʠ 

ʘʥʩʘʤʙʣʠʨʦʚʘʥʠʝ ʤʦʜʝʣʝʡ [6; 14]. 

ʉʨʝʜʠ ʚʳʟʦʚʦʚ, ʫʢʘʟʘʥʥʳʭ ʚ ʧʫʙʣʠʢʘʮʠʷʭ, ʚʳʜʝʣʷʶʪʩʷ: 

¶ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ [17]; 

¶ ʦʪʩʫʪʩʪʚʠʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʦʪʢʨʳʪʳʭ ʜʘʪʘʩʝʪʦʚ [24]; 

¶ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ [10]; 

¶ ʧʨʦʙʣʝʤʳ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʠ ʟʘʜʝʨʞʝʢ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ [18]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʧʦʜʯʸʨʢʠʚʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ML ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʬʠʥʘʥʩʦʚʳʝ ʧʦʪʝʨʠ ʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ ʤʦʰʝʥʥʠʯʝʩʪʚʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʟʚʠʪʠʝ ʘʥʪʠʬʨʦʜ-ʩʠʩʪʝʤ. ɹʫʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʠ 

ʤʦʜʝʣʝʡ, ʠʥʪʝʛʨʘʮʠʠ ʩ ʙʣʦʢʯʝʡʥ-ʧʣʘʪʬʦʨʤʘʤʠ ʠ ʩʦʟʜʘʥʠʠ ʛʠʙʨʠʜʥʳʭ ʘʨʭʠʪʝʢʪʫʨ, ʩʦʯʝʪʘʶʱʠʭ 

ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ [30; 38; 42]. 
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ɻʨʘʬʠʢ ʦʪʦʙʨʘʞʘʝʪ ʜʠʥʘʤʠʢʫ ʢʦʣʠʯʝʩʪʚʘ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ ʘʥʪʠʬʨʦʜ-ʩʠʩʪʝʤ ʚ 

ʬʠʥʘʥʩʦʚʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʟʘ ʧʝʨʠʦʜ ʩ 2020 ʧʦ 2024 ʛʦʜ. 

ʆʩʥʦʚʥʳʝ ʥʘʙʣʶʜʝʥʠʷ: 

¶ ɺ 2020 ʛʦʜʫ ʦʧʫʙʣʠʢʦʚʘʥʦ ʤʝʥʝʝ 2 ʩʪʘʪʝʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʠʟʢʦʤ ʠʥʪʝʨʝʩʝ ʢ 

ʪʝʤʝ ʚ ʵʪʦʪ ʧʝʨʠʦʜ. 

¶ ɺ 2021 ʠ 2022 ʛʦʜʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʳʡ ʨʦʩʪ ʯʠʩʣʘ ʧʫʙʣʠʢʘʮʠʡ (ʦʢʦʣʦ 4 ʠ 8 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

¶ ɺ 2023 ʛʦʜʫ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ʦʩʪʘʝʪʩʷ ʥʘ ʩʪʘʙʠʣʴʥʦʤ ʫʨʦʚʥʝ, ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʟʠʚʰʠʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2022 ʛʦʜʦʤ. 

¶ ɺ 2024 ʛʦʜʫ ʬʠʢʩʠʨʫʝʪʩʷ ʨʝʟʢʠʡ ʨʦʩʪ ʯʠʩʣʘ ʧʫʙʣʠʢʘʮʠʡ (ʙʦʣʝʝ 20 ʩʪʘʪʝʡ), ʯʪʦ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʚʦʟʨʦʩʰʝʤ ʠʥʪʝʨʝʩʝ ʢ ʪʝʤʘʪʠʢʝ ʘʥʪʠʬʨʦʜ-ʘʥʘʣʠʪʠʢʠ ʠ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʚ ʩʬʝʨʝ ʬʠʥʘʥʩʦʚ. 

ɻʨʘʬʠʢ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʘʥʪʠʬʨʦʜ-ʩʠʩʪʝʤ, 

ʦʩʦʙʝʥʥʦ ʚ 2024 ʛʦʜʫ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠ ʨʘʩʪʫʱʠʡ ʠʥʪʝʨʝʩ ʩʦ ʩʪʦʨʦʥʳ 

ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠ ʬʠʥʘʥʩʦʚʳʭ ʫʯʨʝʞʜʝʥʠʡ. 

ɼʘʣʝʝ ʚ ʨʘʙʦʪʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ: 

1. ʄʝʪʦʜʳ PRISMA ʠ Kitchenham ʜʣʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ (Systematic Literature Review, SLR) ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʙʦʙʱʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ ʠ ʚʳʷʚʣʝʥʠʷ ʢʣʶʯʝʚʳʭ 

ʪʝʥʜʝʥʮʠʡ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʚʳʜʝʣʷʶʪʩʷ PRISMA  (Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses) ʠ Kitchenham (Systematic Literature Review in Software Engineering). ʆʙʘ 

ʤʝʪʦʜʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʚʳʙʦʨʫ, ʘʥʘʣʠʟʫ ʠ ʩʠʥʪʝʟʫ ʥʘʫʯʥʳʭ 

ʧʫʙʣʠʢʘʮʠʡ, ʧʦʟʚʦʣʷʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʨʝʜʚʟʷʪʦʩʪʴ ʠ ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʚʳʚʦʜʦʚ. 

1.2 ʄʝʪʦʜ PRISMA. ʄʝʪʦʜ PRISMA ʷʚʣʷʝʪʩʷ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʙʟʦʨʦʚ ʠ ʤʝʪʘʘʥʘʣʠʟʦʚ, ʢʦʪʦʨʳʡ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʤʝʜʠʮʠʥʝ, ʩʦʮʠʘʣʴʥʳʭ ʥʘʫʢʘʭ ʠ ʵʢʦʥʦʤʠʢʝ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʪʦʜ PRISMA ʙʳʣ 

ʧʨʠʤʝʥʝʥ ʜʣʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ ʘʥʪʠʬʨʦʜ-ʩʠʩʪʝʤ ʚ ʬʠʥʘʥʩʦʚʳʭ 

ʫʯʨʝʞʜʝʥʠʷʭ. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ 77 ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʠʟʚʣʝʯʸʥʥʳʭ ʠʟ 

XML -ʬʘʡʣʘ. ʕʪʠ ʠʩʪʦʯʥʠʢʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʩʪʘʪʴʠ ʠʟ ʪʘʢʠʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʦʚ, ʢʘʢ IEEE 

Access, Russian Journal of Criminology, ʧʫʙʣʠʢʘʮʠʠ ʠʟʜʘʪʝʣʴʩʪʚʘ Aurora Group ʠ ʜʨʫʛʠʭ. ʉʨʝʜʠ 

ʥʠʭ ʙʳʣʠ ʢʘʢ ʩʪʘʪʴʠ ʠʟ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʦʚ (ʥʘʧʨʠʤʝʨ, Scopus, IEEE), 
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ʪʘʢ ʠ ʧʫʙʣʠʢʘʮʠʠ ʠʟ ʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʙʘʟ ʜʘʥʥʳʭ (eLibrary, CyberLeninka), ʩʪʘʪʴʠ ʩ 

ʧʨʠʩʚʦʝʥʥʳʤʠ DOI, ʘ ʪʘʢʞʝ ʥʝʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʪʯʸʪʳ ʠ ʠʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʘʥʘʣʠʟʘ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ 67 ʟʘʧʠʩʝʡ. ʀʟ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʥʘʙʦʨʘ 

ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʧʨʠʤʝʨʥʦ ʜʝʩʷʪʴ ʟʘʧʠʩʝʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʣʠʩʴ ʜʫʙʣʠʢʘʪʘʤʠ, ʥʝ ʩʦʜʝʨʞʘʣʠ 

ʟʥʘʯʠʤʳʭ ʟʘʛʦʣʦʚʢʦʚ, ʣʠʙʦ ʠʤʝʣʠ ʪʝʭʥʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʠʣʠ ʧʫʩʪʳʝ, ʥʝʠʥʬʦʨʤʘʪʠʚʥʳʝ ʧʦʣʷ. 

ʅʘʧʨʠʤʝʨ, ʙʳʣʠ ʫʜʘʣʝʥʳ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʩʪʘʪʴʠ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʘʚʪʦʨʩʢʦʡ 

ʛʨʫʧʧʦʡ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʣʥʦʪʝʢʩʪʦʚʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʠʟʫʯʝʥʳ 52 ʩʪʘʪʴʠ. ʅʘ ʵʪʦʡ ʩʪʘʜʠʠ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʘʥʥʦʪʘʮʠʷʤ, ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ ʠ ʤʝʪʦʜʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʠʩʘʥʥʳʤ ʚ 

ʧʫʙʣʠʢʘʮʠʷʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʨʘʙʦʪʳ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʤʘʪʠʢʝ ʦʙʟʦʨʘ 

(ʥʘʧʨʠʤʝʨ, ʩʪʘʪʴʠ, ʧʦʩʚʷʱʸʥʥʳʝ ʬʠʥʘʥʩʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʥʦ ʥʝ ʩʚʷʟʘʥʥʳʝ ʥʘʧʨʷʤʫʶ ʩ 

ʘʥʪʠʬʨʦʜ-ʩʠʩʪʝʤʘʤʠ). ʊʘʢʞʝ ʙʳʣʠ ʦʪʩʝʷʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʝ ʠʩʧʦʣʴʟʫʶʱʠʝ ʤʝʪʦʜʳ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʠ ʩʪʘʪʴʠ, ʚ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʦʚʘʣʦ 

ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʦʚ ʠ ʘʥʥʦʪʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʙʳʣʦ ʫʜʘʣʝʥʦ ʝʱʸ 

15 ʧʫʙʣʠʢʘʮʠʡ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʚʩʝʭ ʵʪʘʧʦʚ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ PRISMA ʚ ʬʠʥʘʣʴʥʳʡ 

ʦʙʟʦʨ ʚʦʰʣʠ 47 ʩʪʘʪʝʡ. ʕʪʠ ʩʪʘʪʴʠ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʢʨʠʪʝʨʠʷʤ ʦʪʙʦʨʘ: ʦʥʠ ʙʳʣʠ 

ʧʦʩʚʷʱʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʘʥʪʠʬʨʦʜ-ʪʝʤʘʪʠʢʝ ʚ ʬʠʥʘʥʩʦʚʳʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʩʦʜʝʨʞʘʣʠ 

ʦʧʠʩʘʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʘ ʪʘʢʞʝ 

ʘʣʛʦʨʠʪʤʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ (anomaly detection), ʛʨʘʬʦʚʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (GNN) ʠ 

ʬʝʜʝʨʘʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ (federated learning). ʂʨʦʤʝ ʪʦʛʦ, ʚʩʝ ʚʢʣʶʯʸʥʥʳʝ ʨʘʙʦʪʳ ʠʤʝʣʠ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʘʥʥʦʪʘʮʠʠ, ʧʦʜʨʦʙʥʳʝ ʦʧʠʩʘʥʠʷ ʤʝʪʦʜʦʚ, ʘ ʪʘʢʞʝ ʘʜʝʢʚʘʪʥʳʝ ʩʩʳʣʢʠ ʥʘ 

ʠʩʪʦʯʥʠʢʠ ʠ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ. 

 

 
 

ɻʨʘʬʠʢ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʪʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʢʨʘʱʘʣʦʩʴ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ 

ʘʥʘʣʠʟʘ ð ʦʪ ʥʘʯʘʣʴʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (77) ʜʦ ʬʠʥʘʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʚ ʦʙʟʦʨ (47). 

¶ ʇʨʠʤʝʥʝʥʠʝ PRISMA ʧʦʟʚʦʣʠʣʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʠ ʦʯʠʩʪʠʪʴ ʤʘʩʩʠʚ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚ 

ʢʘʯʝʩʪʚʦ ʚʳʙʦʨʢʠ. 

¶ ɹʦʣʝʝ 38% ʧʫʙʣʠʢʘʮʠʡ ʙʳʣʠ ʦʪʩʝʷʥʳ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʘʞʥʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʧʦ 

ʨʝʣʝʚʘʥʪʥʦʩʪʠ. 

¶ ʂʦʥʝʯʥʳʡ ʢʦʨʧʫʩ ʠʟ 47 ʩʪʘʪʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʯʝʩʪʚʝʥʥʫʶ ʙʘʟʫ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʘʥʪʠʬʨʦʜ-ʩʠʩʪʝʤʘʭ. 

ʆʪʙʦʨ ʧʫʙʣʠʢʘʮʠʡ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʠʭ ʢʨʠʪʝʨʠʝʚ. ɺ ʦʙʟʦʨ ʚʢʣʶʯʘʣʠʩʴ 

ʩʪʘʪʴʠ, ʧʦʩʚʷʱʸʥʥʳʝ ʪʝʤʝ ʘʥʪʠʬʨʦʜ-ʩʠʩʪʝʤ ʚ ʬʠʥʘʥʩʦʚʳʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʩʦʜʝʨʞʘʱʠʝ ʦʧʠʩʘʥʠʝ 

ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʥʘʨʫʞʝʥʠʷ 
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ʤʦʰʝʥʥʠʯʝʩʪʚʘ. ʋʯʠʪʳʚʘʣʠʩʴ ʪʦʣʴʢʦ ʥʘʫʯʥʳʝ ʠ ʨʝʮʝʥʟʠʨʫʝʤʳʝ ʧʫʙʣʠʢʘʮʠʠ ʩ ʜʦʩʪʫʧʥʳʤʠ 

ʘʥʥʦʪʘʮʠʷʤʠ, ʢʣʶʯʝʚʳʤʠ ʩʣʦʚʘʤʠ ʠ ʫʢʘʟʘʥʠʝʤ ʛʦʜʘ ʧʫʙʣʠʢʘʮʠʠ (2012ï2024 ʛʛ.). 

ʀʩʢʣʶʯʘʣʠʩʴ ʨʘʙʦʪʳ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʤʘʪʠʢʝ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʧʠʩʘʥʠʷ ʠʣʠ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʜʫʙʣʠʨʫʶʱʠʝʩʷ ʟʘʧʠʩʠ, ʩʪʘʪʴʠ ʙʝʟ ʘʥʥʦʪʘʮʠʡ ʠʣʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ 

ʢʣʶʯʝʚʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʫʙʣʠʢʘʮʠʠ, ʥʝ ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʥʘʫʯʥʳʤ ʠʩʪʦʯʥʠʢʘʤ. 

1.3 ʄʝʪʦʜ Kitchenham. ɼʣʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʚ ʨʘʤʢʘʭ 

ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʸʥ ʤʝʪʦʜ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʧʨʝʜʣʦʞʝʥʥʳʡ 

ɹʘʨʙʘʨʦʡ ʂʠʪʯʝʥʭʵʤ (Kitchenham). ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʛʨʘʤʤʥʦʡ ʠʥʞʝʥʝʨʠʠ ʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ ʟʘʜʘʯʠ ʬʠʥʘʥʩʦʚʦʡ 

ʘʥʘʣʠʪʠʢʠ ʠ ʘʥʪʠʬʨʦʜ-ʪʝʭʥʦʣʦʛʠʡ. ʄʝʪʦʜ Kitchenham ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʧʨʠ ʠʟʫʯʝʥʠʠ 77 ʧʫʙʣʠʢʘʮʠʡ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʚʝʜʫʱʠʭ 

ʥʘʫʯʥʳʭ ʙʘʟ ʜʘʥʥʳʭ (IEEE, Google Scholar, CyberLeninka, eLibrary ʠ ʜʨ.). 

ʎʝʣʴʶ ʦʙʟʦʨʘ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʘʥʪʠʬʨʦʜ-ʩʠʩʪʝʤʘʭ ʬʠʥʘʥʩʦʚʳʭ 

ʫʯʨʝʞʜʝʥʠʡ. ɹʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʚʦʧʨʦʩʳ (RQ): 

¶ RQ1: ʂʘʢʠʝ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʀʀ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʜʝʪʝʢʮʠʠ ʤʦʰʝʥʥʠʯʝʩʪʚʘ? 

¶ RQ2: ʂʘʢʠʝ ʪʠʧʳ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ? 

¶ RQ3: ʉ ʢʘʢʠʤʠ ʦʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʘʥʪʠʬʨʦʜ-ʩʠʩʪʝʤ? 

¶ RQ4: ʂʘʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ? 

ʆʙʟʦʨ ʦʭʚʘʪʳʚʘʝʪ ʧʫʙʣʠʢʘʮʠʠ ʟʘ ʧʝʨʠʦʜ ʩ 2012 ʧʦ 2024 ʛʦʜ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ 

ʚʢʣʁʯʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʩʪʘʪʴʠ: 

¶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʤʘʪʠʢʝ ʘʥʪʠʬʨʦʜʘ ʚ ʬʠʥʘʥʩʦʚʳʭ ʫʯʨʝʞʜʝʥʠʷʭ; 

¶ ʩʦʜʝʨʞʘʱʠʝ ʘʥʥʦʪʘʮʠʶ, ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ ʠ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʦʚ; 

¶ ʥʘʧʠʩʘʥʥʳʝ ʥʘ ʨʫʩʩʢʦʤ ʠʣʠ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʘʭ; 

¶ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʩʙʦʨʥʠʢʘʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʀʩʢʣʶʯʘʣʠʩʴ ʨʘʙʦʪʳ ʜʫʙʣʠʨʫʶʱʝʛʦ ʭʘʨʘʢʪʝʨʘ, ʙʝʟ ʫʢʘʟʘʥʠʷ ʛʦʜʘ, ʘʥʥʦʪʘʮʠʠ ʠʣʠ ʥʝ 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʪʝʤʘʪʠʢʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʀʀ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ 77 ʧʫʙʣʠʢʘʮʠʡ. ʇʦʩʣʝ ʫʩʪʨʘʥʝʥʠʷ ʜʫʙʣʠʢʘʪʦʚ ʠ 

ʦʪʙʦʨʘ ʧʦ ʪʝʤʘʪʠʢʝ ʚ ʘʥʘʣʠʟ ʙʳʣʠ ʚʢʣʶʯʝʥʳ 47 ʨʝʣʝʚʘʥʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʀʟ ʢʘʞʜʦʡ ʩʪʘʪʴʠ 

ʠʟʚʣʝʢʘʣʠʩʴ ʢʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʥʘʟʚʘʥʠʝ, ʘʚʪʦʨʳ, ʛʦʜ ʧʫʙʣʠʢʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʤʝʪʦʜʳ ʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʪʠʧʳ ʜʘʥʥʳʭ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɸʣʛʦʨʠʪʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠ (RQ1): 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʤʝʪʦʜʳ ʚʢʣʶʯʘʶʪ: 

¶ ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ (XGBoost, LightGBM, CatBoost); 

¶ ʥʝʡʨʦʩʝʪʝʚʳʝ ʘʨʭʠʪʝʢʪʫʨʳ (LSTM, Autoencoder, GNN); 

¶ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ, ʩʣʫʯʘʡʥʳʡ ʣʝʩ; 

¶ ʘʣʛʦʨʠʪʤʳ ʦʙʫʯʝʥʠʷ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ ʠ ʬʝʜʝʨʘʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ. 

ʊʠʧʳ ʜʘʥʥʳʭ (RQ2): 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʨʝʘʣʴʥʳʝ ʙʘʥʢʦʚʩʢʠʝ ʪʨʘʥʟʘʢʮʠʠ, ʪʘʢ ʠ ʦʪʢʨʳʪʳʝ ʜʘʪʘʩʝʪʳ (Kaggle, 

LendingClub). ʏʘʩʪʦ ʫʧʦʤʠʥʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʜʠʩʙʘʣʘʥʩʘ ʢʣʘʩʩʦʚ, ʪʨʝʙʫʶʱʘʷ ʧʨʠʤʝʥʝʥʠʷ 

ʤʝʪʦʜʦʚ ʨʝʩʝʤʧʣʠʥʛʘ ʠ ʘʜʘʧʪʠʚʥʦʡ ʙʘʣʘʥʩʠʨʦʚʢʠ. 

ʇʨʦʙʣʝʤʳ ʠ ʚʳʟʦʚʳ (RQ3): 

ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʪʨʫʜʥʦʩʪʠ: 

¶ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʚʳʙʦʨʦʢ; 

¶ ʩʣʘʙʘʷ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ; 

¶ ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʜʘʪʘʩʝʪʦʚ; 

¶ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʧʨʠ ʨʘʙʦʪʝ ʩ deep learning. 

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ (RQ4): 

ɺ ʯʠʩʣʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʚʳʜʝʣʷʶʪʩʷ: 

¶ ʛʨʘʬʦʚʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (GNN); 

¶ ʪʨʘʥʩʬʦʨʤʝʨʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʜʣʷ ʧʦʪʦʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ; 
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¶ ʛʠʙʨʠʜʥʳʝ ʘʥʩʘʤʙʣʠ ʤʦʜʝʣʝʡ; 

¶ ʠʥʪʝʛʨʘʮʠʷ ʘʥʪʠʬʨʦʜ-ʩʠʩʪʝʤ ʩ ʙʣʦʢʯʝʡʥ ʠ ʤʫʣʴʪʠʘʛʝʥʪʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ. 

ʄʝʪʦʜʠʢʘ Kitchenham ʧʦʟʚʦʣʠʣʘ ʧʨʦʚʝʩʪʠ ʚʩʝʩʪʦʨʦʥʥʠʡ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʡ ʘʥʘʣʠʟ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʘʥʪʠʬʨʦʜʘ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʛʣʫʙʦʢʠʤ ʦʙʫʯʝʥʠʝʤ, ʛʠʙʨʠʜʥʳʤʠ ʧʦʜʭʦʜʘʤʠ ʠ ʧʨʠʤʝʥʝʥʠʝʤ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʣʠʯʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʥʘʫʯʥʦʛʦ ʠʥʪʝʨʝʩʘ ʢ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʩʠʩʪʝʤ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʤʦʰʝʥʥʠʯʝʩʪʚʘ ʚ ʬʠʥʘʥʩʦʚʦʤ ʩʝʢʪʦʨʝ. 

 

 
 

ɻʨʘʬʠʢ ʦʪʨʘʞʘʝʪ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʘʥʪʠʬʨʦʜ-

ʩʠʩʪʝʤʘʤ. ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʫʧʦʤʠʥʘʥʠʡ ʧʦʣʫʯʠʣʠ ʛʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ (Deep Learning), 

ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ (Machine Learning) ʠ ʦʙʥʘʨʫʞʝʥʠʝ ʤʦʰʝʥʥʠʯʝʩʪʚʘ (Fraud Detection). ʊʘʢʞʝ 

ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʢ ʬʝʜʝʨʘʪʠʚʥʦʤʫ ʦʙʫʯʝʥʠʶ (Federated Learning) ʠ ʦʙʫʯʝʥʠʶ ʩ 

ʧʦʜʢʨʝʧʣʝʥʠʝʤ (Reinforcement Learning). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʨʝʥʜ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʟʘʜʘʯʘʭ ʬʠʥʘʥʩʦʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ɻʨʘʬʠʢ ʧʦʢʘʟʳʚʘʝʪ ʪʦʧ-10 ʘʚʪʦʨʦʚ ʧʦ ʯʠʩʣʫ ʧʫʙʣʠʢʘʮʠʡ ʚ ʦʙʣʘʩʪʠ ʘʥʪʠʬʨʦʜ-ʩʠʩʪʝʤ. 

ʃʠʜʝʨʘʤʠ ʷʚʣʷʶʪʩʷ Zhang, Han ʠ Wang, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ 5ï7 ʧʫʙʣʠʢʘʮʠʡ. ʊʘʢʞʝ 

ʩʨʝʜʠ ʘʢʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʳʜʝʣʷʶʪʩʷ Larionova, Svetlana L'vovna, Chen ʠ X U, 

ʧʫʙʣʠʢʫʶʱʠʝʩʷ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʥʘʫʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 

ʬʠʥʘʥʩʦʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ PRISMA ʠ Kitchenham ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʢʘʯʝʩʪʚʝʥʥʳʡ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʝ ʘʥʪʠʬʨʦʜ-ʩʠʩʪʝʤ ʚ ʬʠʥʘʥʩʦʚʳʭ ʫʯʨʝʞʜʝʥʠʷʭ. 

PRISMA ʧʦʤʦʛʣʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʪʙʦʨʘ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʵʪʘʧʳ ʩ 

ʧʦʤʦʱʴʶ PRISMA-ʜʠʘʛʨʘʤʤʳ, ʘ ʤʝʪʦʜ Kitchenham ʦʙʝʩʧʝʯʠʣ ʛʣʫʙʠʥʥʳʡ ʘʥʘʣʠʟ ʢʣʶʯʝʚʳʭ 

ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʫʙʣʠʢʘʮʠʷʭ. ʆʙʘ ʤʝʪʦʜʘ ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ ʠ ʷʚʣʷʶʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʘʫʯʥʳʭ ʪʝʥʜʝʥʮʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ 

ʧʦʜʭʦʜʘ: PRISMA  ʠ Kitchenham, ʧʦʟʚʦʣʷʶʱʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʫʙʣʠʢʘʮʠʠ 

ʧʦ ʪʝʤʝ ʘʥʪʠʬʨʦʜ-ʩʠʩʪʝʤ ʚ ʬʠʥʘʥʩʦʚʳʭ ʫʯʨʝʞʜʝʥʠʷʭ. 

ʄʝʪʦʜ PRISMA ʧʦʤʦʛ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʪʙʦʨʘ ʠ ʬʠʣʴʪʨʘʮʠʠ ʩʪʘʪʝʡ. ɹʣʘʛʦʜʘʨʷ 

ʵʪʦʤʫ ʧʦʜʭʦʜʫ ʫʜʘʣʦʩʴ: 

¶ ʀʟ 77 ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʦʪʦʙʨʘʪʴ 47 ʥʘʠʙʦʣʝʝ ʨʝʣʝʚʘʥʪʥʳʭ; 

¶ ʀʩʢʣʶʯʠʪʴ ʜʫʙʣʠʢʘʪʳ, ʥʝʨʝʣʝʚʘʥʪʥʳʝ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

¶ ɺʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʪʙʦʨʘ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤʳ, ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʡ 

ʩʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʪʘʪʝʡ ʧʦ ʵʪʘʧʘʤ. 

ʄʝʪʦʜ Kitchenham ʧʦʟʚʦʣʠʣ ʧʨʦʚʝʩʪʠ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʩʦʜʝʨʞʠʤʦʛʦ ʩʪʘʪʝʡ: 

¶ ɺʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʘʥʪʠʬʨʦʜ-ʩʠʩʪʝʤʘʭ (ʛʣʫʙʦʢʠʝ 

ʥʝʡʨʦʩʝʪʠ, ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ, Federated Learning, Reinforcement Learning); 

¶ ʆʧʨʝʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ ʧʨʦʙʣʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʜʠʩʙʘʣʘʥʩ ʜʘʥʥʳʭ, 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʤʦʜʝʣʝʡ, ʦʪʩʫʪʩʪʚʠʝ ʦʙʱʠʭ ʩʪʘʥʜʘʨʪʦʚ); 

¶ ɺʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʘʚʪʦʨʦʚ ʠ ʚʝʜʫʱʠʝ ʠʩʪʦʯʥʠʢʠ ʧʫʙʣʠʢʘʮʠʡ; 

¶ ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʙʦʨʴʙʳ ʩ ʤʦʰʝʥʥʠʯʝʩʪʚʦʤ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ PRISMA ʠ Kitchenham ʧʦʟʚʦʣʠʣʦ ʥʝ ʪʦʣʴʢʦ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʚʳʙʦʨʘ ʩʪʘʪʝʡ, ʥʦ ʠ ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʥʘʫʯʥʳʝ ʪʨʝʥʜʳ ʚ ʩʬʝʨʝ 

ʘʥʪʠʬʨʦʜ-ʩʠʩʪʝʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʩʦʢʠʡ ʠʥʪʝʨʝʩ ʥʘʫʯʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ ʢ ʜʘʥʥʦʡ ʪʝʤʝ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʙʦʨʴʙʳ ʩ ʤʦʰʝʥʥʠʯʝʩʪʚʦʤ ʚ ʬʠʥʘʥʩʦʚʦʤ ʩʝʢʪʦʨʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʩʝʩʪʦʨʦʥʥʠʡ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʤʝʪʦʜʦʚ ʠ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʘʥʪʠʬʨʦʜ-ʩʠʩʪʝʤ ʚ ʬʠʥʘʥʩʦʚʳʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʘ ʪʘʢʞʝ 

ʦʩʚʝʱʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦʟʚʦʣʠʣ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠ ʦʧʨʝʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʘʥʪʠʬʨʦʜ-ʩʠʩʪʝʤ ʚ ʬʠʥʘʥʩʦʚʳʭ ʫʯʨʝʞʜʝʥʠʷʭ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʝʪʦʜʦʚ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʤʦʰʝʥʥʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. 

ʅʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ 

(XGBoost, LightGBM, CatBoost), ʛʣʫʙʦʢʠʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʚʢʣʶʯʘʷ LSTM ʠ Autoencoder, ʘ 

ʪʘʢʞʝ ʛʨʘʬʦʚʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (GNN). ʕʪʠ ʧʦʜʭʦʜʳ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʚʳʷʚʣʝʥʠʷ ʩʣʦʞʥʳʭ ʘʥʦʤʘʣʴʥʳʭ ʧʘʪʪʝʨʥʦʚ ʠ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ 

ʪʨʘʥʟʘʢʮʠʡ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʷʜ ʥʝʨʝʰʸʥʥʳʭ ʧʨʦʙʣʝʤ ʧʨʦʜʦʣʞʘʝʪ ʩʜʝʨʞʠʚʘʪʴ ʙʦʣʝʝ ʰʠʨʦʢʦʝ 

ʚʥʝʜʨʝʥʠʝ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʨʝʜʠ ʥʠʭ ʚʳʜʝʣʷʶʪʩʷ ʩʣʦʞʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʝʡ, ʥʘʣʠʯʠʝ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʠ ʥʝʜʦʩʪʘʪʦʢ ʝʜʠʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʥʪʠʬʨʦʜ-ʨʝʰʝʥʠʡ. ʄʥʦʛʠʝ ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʟʨʘʯʥʳʭ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʭ ʤʦʜʝʣʝʡ (Explainable AI), ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ 

ʬʝʜʝʨʘʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ (Federated Learning) ʠ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʘʥʪʠʬʨʦʜ-ʩʠʩʪʝʤ ʜʦʣʞʥʳ 

ʬʦʢʫʩʠʨʦʚʘʪʴʩʷ ʥʘ ʩʦʟʜʘʥʠʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʭ ʛʠʙʨʠʜʥʳʭ ʤʦʜʝʣʝʡ, ʩʧʦʩʦʙʥʳʭ ʙʳʩʪʨʦ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʦʚʳʤ ʤʦʰʝʥʥʠʯʝʩʢʠʤ ʩʭʝʤʘʤ, ʫʣʫʯʰʝʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʙʦʪʢʠ 

ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʠ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ. ʈʝʰʝʥʠʝ 

ʵʪʠʭ ʟʘʜʘʯ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʥʪʠʬʨʦʜ-

ʪʝʭʥʦʣʦʛʠʡ, ʩʥʠʞʝʥʠʶ ʬʠʥʘʥʩʦʚʳʭ ʧʦʪʝʨʴ ʠ ʫʢʨʝʧʣʝʥʠʶ ʜʦʚʝʨʠʷ ʢʣʠʝʥʪʦʚ ʢ ʮʠʬʨʦʚʳʤ 

ʬʠʥʘʥʩʦʚʳʤ ʫʩʣʫʛʘʤ. 
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LITERATURE REVIEW: ANTI -FRAUD SYSTEMS IN FINANCIAL INSTITUTIONS  

This article presents a systematic literature review of modern approaches to building anti-fraud systems in financial 

institutions using machine learning and artificial intelligence methods. The analysis is based on 55 scientific publications 

selected according to internationally recognized systematic review methodologiesðPRISMA and Kitchenham-which 

enabled rigorous selection and comprehensive analysis of relevant sources. Publications were selected from authoritative 

scientific databases and sources, including IEEE Access, Russian Journal of Criminology, Aurora Group, Scopus, eLibrary, 

and CyberLeninka. The most widely used algorithms identified include gradient boosting, deep neural networks, graph 

neural networks, and federated learning. Issues related to data imbalance, interpretability of models, and the protection of 

personal data are discussed. The conclusions highlight the perspectives and future research directions in the development of 

anti-fraud systems. 

Keywords: anti-fraud systems, fraud detection, financial institutions, machine learning, artificial intelligence, neural 

networks, deep learning, gradient boosting, PRISMA, Kitchenham, federated learning. 
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ɺɃɿɼɽʁʉʊɺʀɽ ʈɽɾʀʄɸ ʅɸɻʈʋɾɽʅʀʗ ʅɸ ʇʈɃʏʅɃʉʊʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

ʃɪʉʉɃɺʓʍ ɻʈʋʅʊɃɺ ʇʈʀ ʉɼɺʀɻɽ 

 

ʄʘʛʜʠʝʚ ʄ.ʄ. 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠɞʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɺʚʝʜʝʥʠʝ. ʉɞʧʨɞʪʠʚʣʝʥʠʝ ʩʜʚʠʛʫ ʩʚʷʟʥʳʭ ʛʨʫʥʪɞʚ ɞʙʫʩʣɞʚʣʝʥɞ ʩʣɞʞʥʳʤ 

ʚʟʘʠʤɞʜʝʡʩʪʚʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʬʘʢʪɞʨɞʚ [7]. ʉɞʛʣʘʩʥɞ ʟʘʢɞʥʫ ʂʫʣɞʥʘ, ʨʘʟʨʫʰʝʥʠʝ 

ʠʣʠ ʩʜʚʠʛ ʛʨʫʥʪʘ ʧʨɞʠʩʭɞʜʠʪ ʧʨʠ ʜɞʩʪʠʞʝʥʠʠ ɞʧʨʝʜʝʣʸʥʥɞʛɞ ʩɞɞʪʥɞʰʝʥʠʷ ʤʝʞʜʫ 

ʥɞʨʤʘʣʴʥʳʤʠ ʠ ʢʘʩʘʪʝʣʴʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ, ʚɞʟʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ ʧʣɞʩʢɞʩʪʴ ʩʜʚʠʛʘ. ɼʣʷ 

ʩʳʧʫʯʠʭ ʛʨʫʥʪɞʚ ʢʨʠʚʘʷ ʧʨʝʜʝʣʴʥɞʛɞ ʩɞʧʨɞʪʠʚʣʝʥʠʷ ʩʜʚʠʛʫ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʨʷʤɞʡ, 

ʧʨɞʭɞʜʷʱʝʡ ʯʝʨʝʟ ʥʘʯʘʣɞ ʢɞɞʨʜʠʥʘʪ, ʯʪɞ ʚʳʨʘʞʘʝʪʩʷ ʬɞʨʤʫʣɞʡ Ⱳ ʧʨʝʜ. = Ɑ◄▌ⱴ, ʛʜʝ ů ï 

ʥɞʨʤʘʣʴʥɞʝ ʥʘʧʨʷʞʝʥʠʝ, ʘ ű ï ʫʛɞʣ ʥʘʢʣɞʥʘ ʧʨʷʤɞʡ ʢ ɞʩʠ ʥɞʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʇɞʩʢɞʣʴʢʫ 

ʩɞʧʨɞʪʠʚʣʝʥʠʝ ʩʳʧʫʯʠʭ ʛʨʫʥʪɞʚ ʩʜʚʠʛʫ ɞʧʨʝʜʝʣʷʝʪʩʷ ʩʠʣʘʤʠ ʪʨʝʥʠʷ, ʜʘʥʥʳʡ ʫʛɞʣ ʥʘʟʳʚʘʝʪʩʷ 

ʫʛʣɞʤ ʚʥʫʪʨʝʥʥʝʛɞ ʪʨʝʥʠʷ [5]. 

ʕʬʬʝʢʪʠʚʥɞʩʪʴ ʠ ʢʘʯʝʩʪʚɞ ʩʪʨɞʠʪʝʣʴʩʪʚʘ ʚɞ ʤʥɞʛɞʤ ʟʘʚʠʩʷʪ ɞʪ ʢɞʨʨʝʢʪʥɞʡ ɞʮʝʥʢʠ 

ʛʨʫʥʪɞʚʳʭ ɞʩʥɞʚʘʥʠʡ ʠ ʚʳʙɞʨʘ ʧɞʜʭɞʜʷʱʠʭ ʪʠʧɞʚ ʬʫʥʜʘʤʝʥʪɞʚ. Ƀʩɞʙʳʝ ʩʣɞʞʥɞʩʪʠ ʚɞʟʥʠʢʘʶʪ 

ʧʨʠ ʧʨɞʝʢʪʠʨɞʚʘʥʠʠ ʟʜʘʥʠʡ ʠ ʩɞɞʨʫʞʝʥʠʡ ʥʘ ʣʸʩʩɞʚʳʭ ʛʨʫʥʪʘʭ, ʟʘʥʠʤʘʶʱʠʭ ɞʢɞʣɞ 70% 

ʪʝʨʨʠʪɞʨʠʠ ʊʘʜʞʠʢʠʩʪʘʥʘ. ʇʨɞʚʝʜʸʥʥɞʝ ʠʩʩʣʝʜɞʚʘʥʠʝ ʧɞʟʚɞʣʷʝʪ ʧɞʚʳʩʠʪʴ ʪɞʯʥɞʩʪʴ ʠ 

ʥʘʜʸʞʥɞʩʪʴ ɞʮʝʥʢʠ ʬʠʟʠʢɞ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʥʳʭ ʛʨʫʥʪɞʚ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ɞʪɞʙʨʘʥʳ ɞʙʨʘʟʮʳ ʛʨʫʥʪʘ ʠʟ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʩʪʨʘʪɞʪʠʧʘ 

ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥɞʛɞ ʜʫʰʘʥʙʠʥʩʢɞʛɞ ʢɞʤʧʣʝʢʩʘ, ʨʘʩʧɞʣɞʞʝʥʥɞʛɞ ʚ ʨʘʡɞʥʝ ʄʠʨʟɞʙʝʢ ʛɞʨɞʜʘ 

ɼʫʰʘʥʙʝ. ɼʘʥʥʘʷ ʪʝʨʨʠʪɞʨʠʷ ʩʣɞʞʝʥʘ ʤɞʱʥɞʡ ʪɞʣʱʝʡ ʛʣʠʥʠʩʪʳʭ ʘʣʣʶʚʠʘʣʴʥɞ-

ʧʨɞʣʶʚʠʘʣʴʥʳʭ ɞʪʣɞʞʝʥʠʡ ʧɞʟʜʥʝʯʝʪʚʝʨʪʠʯʥɞʛɞ ʚɞʟʨʘʩʪʘ (ʘʨQIII), ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʣʸʩʩɞʚʳʤʠ 

ʛʨʫʥʪʘʤʠ ʩ ʤɞʱʥɞʩʪʴʶ ɞʪ 30 ʜɞ 150 ʤ [6]. ɺ ɞʪʜʝʣʴʥʳʭ ʤʝʩʪʘʭ ɞʥʠ ʧʝʨʝʢʨʳʪʳ ʥʘʩʳʧʥʳʤʠ 

ʛʨʫʥʪʘʤʠ ʪɞʣʱʠʥɞʡ ʜɞ 4.5 ʤ. ʇɞʜ ʣʸʩʩɞʚʳʤʠ ɞʪʣɞʞʝʥʠʷʤʠ ʟʘʣʝʛʘʶʪ ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʝʩʢʠ, 

ʛʘʣʝʯʥʠʢʠ ʠ ʚʘʣʫʥʳ. ɻʝɞʤɞʨʬɞʣɞʛʠʯʝʩʢʠ ʠʩʩʣʝʜʫʝʤʳʡ ʫʯʘʩʪɞʢ ʨʘʩʧɞʣɞʞʝʥ ʥʘ ʣʝʚɞʡ 

ʥʘʜʧɞʡʤʝʥʥɞʡ ʪʝʨʨʘʩʝ ʨʝʢʠ ɼʫʰʘʥʙʠʥʢʠ. ɽʩʪʝʩʪʚʝʥʥʳʝ ʧɞʜʟʝʤʥʳʝ ʚɞʜʳ ʟʘʣʝʛʘʶʪ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʛʣʫʙʠʥʘʭ (150ï200 ʤ), ʧʨʠ ʵʪɞʤ ʥʘ ʧɞʚʝʨʭʥɞʩʪʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚʝʨʭɞʚɞʜʢʠ, 

ʧʠʪʘʶʱʠʝʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥɞ ʪʝʭʥɞʛʝʥʥʳʤʠ ʚɞʜʘʤʠ. ʀʭ ʠʩʪɞʯʥʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʫʪʝʯʢʠ ʠʟ 

ʚɞʜɞʥʝʩʫʱʠʭ ʢɞʤʤʫʥʠʢʘʮʠʡ ʧɞʩʸʣʢʘ ʐʘʭʤʘʥʩʫʨ, ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ, ʘ ʪʘʢʞʝ ʩʢɞʧʣʝʥʠʷ 

ʘʪʤɞʩʬʝʨʥʳʭ ɞʩʘʜʢɞʚ ʚʜɞʣʴ ʘʚʪɞʜɞʨɞʛʠ ʧɞ ʫʣʠʮʝ ɸʡʥʠ, ʚ ɞʪʢʨʳʪʳʭ ʚʳʝʤʢʘʭ ʠ ʢɞʪʣɞʚʘʥʘʭ. 

ʇʨɞʩʘʜɞʯʥʳʝ ʷʚʣʝʥʠʷ ʰʠʨɞʢɞ ʨʘʩʧʨɞʩʪʨʘʥʝʥʳ ʚ ʤʝʩʪʘʭ ʠʥʪʝʥʩʠʚʥɞʛɞ ʟʘʤʘʯʠʚʘʥʠʷ ʣʸʩʩɞʚʳʭ 

ʛʨʫʥʪɞʚ [8]. 

ɺ ʭɞʜʝ ʠʩʩʣʝʜɞʚʘʥʠʷ ʙʳʣʠ ʧʨɞʘʥʘʣʠʟʠʨɞʚʘʥʳ ʯʝʪʳʨʝ ɞʙʨʘʟʮʘ (ʤɞʥɞʣʠʪʘ) ʣʸʩʩɞʚʳʭ 

ʛʨʫʥʪɞʚ ʨʘʟʤʝʨɞʤ 20Ĭ20Ĭ20 ʩʤ (ʧɞ ɻɃʉʊ 12071-2014) [1], ʚʟʷʪʳʝ ʠʟ ʟʘʯʠʱʝʥʥʳʭ ʩʪʝʥɞʢ 

ɞʪʢʨʳʪɞʛɞ ʨʘʟʨʝʟʘ ʥʘ ʛʣʫʙʠʥʘʭ 2.6; 3.7; 4.6 ʠ 6.5 ʤ. ʇɞʯʚʝʥʥɞ-ʨʘʩʪʠʪʝʣʴʥʳʡ ʩʣɞʡ ʠʤʝʝʪ 

ʤɞʱʥɞʩʪʴ 10ï15 ʩʤ, ʧʨʠ ʵʪɞʤ ʩʣɞʠʩʪɞʩʪʴ ʪɞʣʱʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʃʘʙɞʨʘʪɞʨʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʧʨɞʚɞʜʠʣʠʩʴ ʚ ʩɞɞʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥɞʨʤʘʪʠʚʥʳʤʠ ʜɞʢʫʤʝʥʪʘʤʠ, ʤʝʪɞʜʠʯʝʩʢʠʤʠ 

ʨʝʢɞʤʝʥʜʘʮʠʷʤʠ ʠ ʜʘʥʥʳʤʠ ʠʟ ʠʥʪʝʨʥʝʪ-ʠʩʪɞʯʥʠʢɞʚ ʜʣʷ ɞʧʨʝʜʝʣʝʥʠʷ ʩɞʩʪʘʚʘ, ʩʪʨɞʝʥʠʷ ʠ 

ʩʚɞʡʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʥʪɞʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜɞʚʘʥʠʡ. ɸʥʘʣʠʟ ʝʩʪʝʩʪʚʝʥʥɞʡ ʚʣʘʞʥɞʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʣʸʩʩɞʚʳʭ 

ʛʨʫʥʪɞʚ ʧɞʢʘʟʘʣ, ʯʪɞ ʝʸ ʟʥʘʯʝʥʠʷ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ɞʪ 4.0% ʜɞ 14.1%, ʪɞʛʜʘ ʢʘʢ 

ʛʠʛʨɞʩʢɞʧʠʯʝʩʢʘʷ ʚʣʘʞʥɞʩʪʴ ɞʩʪʘʸʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥɞʡ ʠ ʩɞʩʪʘʚʣʷʝʪ ɞʪ 1.1% ʜɞ 1.3%. 

ʋʩʪʘʥɞʚʣʝʥʘ ʟʘʢɞʥɞʤʝʨʥɞʩʪʴ ʩʥʠʞʝʥʠʷ ʚʣʘʞʥɞʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ, ʯʪɞ ʤɞʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥɞ ʩ ʪʝʤ, ʯʪɞ ʘʪʤɞʩʬʝʨʥʳʝ ɞʩʘʜʢʠ ʥʝ ʧʨɞʥʠʢʘʶʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʛʣʫʙʠʥʳ, ʛʜʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ ʚʣʘʞʥɞʩʪʴ. ɼʘʥʥʳʡ ʬʘʢʪ ʧɞʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʫʨɞʚʥʝʤ ʛʨʫʥʪɞʚʳʭ ʚɞʜ, 

ʢɞʪɞʨʳʡ ʟʘʣʝʛʘʝʪ ʜɞʩʪʘʪɞʯʥɞ ʛʣʫʙɞʢɞ. ɽʩʣʠ ʙʳ ʚɞʜɞʥɞʩʥʳʡ ʛɞʨʠʟɞʥʪ ʥʘʭɞʜʠʣʩʷ ʙʣʠʞʝ ʢ 

ʧɞʚʝʨʭʥɞʩʪʠ, ʪɞ ɞʙʨʘʟʮʳ, ɞʪɞʙʨʘʥʥʳʝ ʩ ʙɞʣʴʰʝʡ ʛʣʫʙʠʥʳ, ʜʝʤɞʥʩʪʨʠʨɞʚʘʣʠ ʙʳ ʧɞʚʳʰʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʚʣʘʞʥɞʩʪʠ. 

ɻʨʘʥʫʣɞʤʝʪʨʠʯʝʩʢʠʡ ʠ ʧʣʘʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʛʨʫʥʪɞʚ ʧɞʟʚɞʣʠʣ ʫʩʪʘʥɞʚʠʪʴ ʧʨʝʜʝʣʳ 

ʧʣʘʩʪʠʯʥɞʩʪʠ: ʥʠʞʥʠʡ ʧʨʝʜʝʣ ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟɞʥʝ 21.0ï22.8%, ʘ ʚʝʨʭʥʠʡ ð 29.5ï31.5%. 
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ʈʘʩʩʯʠʪʘʥʥʳʝ ʧɞʢʘʟʘʪʝʣʠ ʧʣʘʩʪʠʯʥɞʩʪʠ ʠ ʪʝʢʫʯʝʩʪʠ ʩɞɞʪʚʝʪʩʪʚʫʶʪ ʠʥʪʝʨʚʘʣʘʤ 7 Ò Ip <17 ʠ IL 

<0 ʩɞʛʣʘʩʥɞ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɻɃʉʊ 25100-2020 [2] (ʪʘʙʣ. 1), ʯʪɞ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʥʘʜʣʝʞʥɞʩʪʴ 

ʜʘʥʥʳʭ ʛʨʫʥʪɞʚ ʢ ʪʚʸʨʜʳʤ ʩʫʛʣʠʥʢʘʤ. 

ʇʣɞʪʥɞʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ɞʙʨʘʟʮɞʚ ʪʘʢʞʝ ʙʳʣʠ ʜʝʪʘʣʴʥɞ ʠʟʫʯʝʥʳ. 

ʇʣɞʪʥɞʩʪʴ ʛʨʫʥʪʘ ʚ ʥʝʥʘʨʫʰʝʥʥɞʤ ʩʣɞʞʝʥʠʠ ʢɞʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1.65ï1.91 ʛ/ʩʤį, ʪɞʛʜʘ ʢʘʢ 

ʧʣɞʪʥɞʩʪʴ ʩʢʝʣʝʪʘ ʠʟʤʝʥʷʝʪʩʷ ɞʪ 1.45 ʜɞ 1.84 ʛ/ʩʤį. ʇʣɞʪʥɞʩʪʴ ʪʚʸʨʜʳʭ ʯʘʩʪʠʮ ʥʘʭɞʜʠʪʩʷ ʚ 

ʜʠʘʧʘʟɞʥʝ 2.70ï2.73 ʛ/ʩʤį (ʪʘʙʣ. 2), ʘ ʝʸ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩɞʩʪʘʚʣʷʝʪ 2.71 ʛ/ʩʤį. ɺʩʝ ʧɞʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩɞɞʪʚʝʪʩʪʚʫʶʪ ʜʘʥʥʳʤ, ʧʨʠʚʝʜʸʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪɞʯʥʠʢʘʭ, ʯʪɞ 

ʧɞʜʪʚʝʨʞʜʘʝʪ ʢɞʨʨʝʢʪʥɞʩʪʴ ʧʨɞʚʝʜʸʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

ɼɞʧɞʣʥʠʪʝʣʴʥɞ ʤɞʞʥɞ ɞʪʤʝʪʠʪʴ, ʯʪɞ ʧʣɞʪʥɞʩʪʴ ʛʨʫʥʪʘ ʚ ʥʝʥʘʨʫʰʝʥʥɞʤ ʩʣɞʞʝʥʠʠ ʚʣʠʷʝʪ 

ʥʘ ʝʛɞ ʧʨɞʯʥɞʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʝʬɞʨʤʘʮʠɞʥʥʳʝ ʩʚɞʡʩʪʚʘ ʠ ʫʩʪɞʡʯʠʚɞʩʪʴ ʢ ʚʥʝʰʥʠʤ 

ʥʘʛʨʫʟʢʘʤ. ɺ ʯʘʩʪʥɞʩʪʠ, ʙɞʣʝʝ ʚʳʩɞʢʘʷ ʧʣɞʪʥɞʩʪʴ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ɞ ʤʝʥʴʰʝʡ ʧɞʨʠʩʪɞʩʪʠ, ʯʪɞ 

ʤɞʞʝʪ ɞʪʨʘʞʘʪʴʩʷ ʥʘ ʫʤʝʥʴʰʝʥʥɞʡ ʩʧɞʩɞʙʥɞʩʪʠ ʛʨʫʥʪʘ ʢ ʚʧʠʪʳʚʘʥʠʶ ʠ ʫʜʝʨʞʘʥʠʶ ʚʣʘʛʠ. 

ɼʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʤʝʶʪ ʚʘʞʥɞʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʧʨɞʝʢʪʠʨɞʚʘʥʠʠ ɞʩʥɞʚʘʥʠʡ ʟʜʘʥʠʡ ʠ 

ʩɞɞʨʫʞʝʥʠʡ, ɞʩɞʙʝʥʥɞ ʚ ʨʘʡɞʥʘʭ ʩ ʚʳʩɞʢɞʡ ʧʨɞʩʘʜɞʯʥɞʩʪʴʶ ʣʸʩʩɞʚʳʭ ʛʨʫʥʪɞʚ. 

 

ʊʘʙʣʠʮʘ 1. ʇɞʢʘʟʘʪʝʣʠ ʧʣʘʩʪʠʯʥɞʩʪʠ ʩʫʛʣʠʥʢɞʚ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥɞʛɞ ʜʫʰʘʥʙʠʥʩʢɞʛɞ 

ʢɞʤʧʣʝʢʩʘ 

Table 1. Plasticity indices of loams of the Upper Quaternary Dushanbe complex 

ɻʣʫʙʠʥʘ ɞʪʙɞʨʘ 

ɞʙʨʘʟʮɞʚ H, ʤ 

ʅʠʞʥʠʡ ʧʨʝʜʝʣ 

ʧʣʘʩʪʠʯʥɞʩʪʠ WL, 

% 

ɺʝʨʭʥʠʡ ʧʨʝʜʝʣ 

ʧʣʘʩʪʠʯʥɞʩʪʠ Wp, 

% 

ʏʠʩʣɞ 

ʧʣʘʩʪʠʯʥɞʩʪʠ Ip, 

% 

ʇɞʢʘʟʘʪʝʣʴ 

ʢɞʥʩʠʩʪʝʥʮʠʠ IL, 

ʜ.ʝ. 

2.6 21.0 29.5 8.4 -0.82 

3.7 22.8 30.3 7.5 -1.42 

4.6 21.1 31.5 10.3 -1.50 

6.5 21.8 29.3 7.5 -2.39 

 

ʊʘʙʣʠʮʘ 2. ʇɞʢʘʟʘʪʝʣʠ ʧʣɞʪʥɞʩʪʠ ʩʫʛʣʠʥʢɞʚ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥɞʛɞ ʜʫʰʘʥʙʠʥʩʢɞʛɞ 

ʢɞʤʧʣʝʢʩʘ 

 Table 2. Density indices of loams of the Upper Quaternary Dushanbe complex 
ɻʣʫʙʠʥʘ ɞʪʙɞʨʘ 

ɞʙʨʘʟʮʘ H, ʤ 

ʇʣɞʪʥɞʩʪʴ ʛʨʫʥʪʘ 

, ʛ/ʩʤ3 

ʇʣɞʪʥɞʩʪʴ ʩʢʝʣʝʪʘ 

ʛʨʫʥʪʘ d, ʛ/ʩʤ3 

ʇʣɞʪʥɞʩʪʴ ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮ s, ʛ/ʩʤ3 

2.5 1.65 1.45 2.73 

3.7 1.68 1.50 2.70 

4.6 1.77 1.68 2.70 

6.5 1.91 1.84 2.72 

 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʣɞʪʥɞʩʪʠ (ʪʘʙʣ. 2) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ɞ ʪʝʥʜʝʥʮʠʠ ʫʚʝʣʠʯʝʥʠʷ ʧʣɞʪʥɞʩʪʠ 

ʛʨʫʥʪɞʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ. Ƀʩʥɞʚʥɞʡ ʧʨʠʯʠʥɞʡ ʵʪɞʛɞ ʷʚʣʷʝʪʩʷ ʧɞʩʪʝʧʝʥʥɞʝ 

ʫʤʝʥʴʰʝʥʠʝ ʧɞʨʠʩʪɞʩʪʠ, ʯʪɞ ɞʙʫʩʣɞʚʣʝʥɞ ʚɞʟʜʝʡʩʪʚʠʝʤ ʛʝɞʩʪʘʪʠʯʝʩʢɞʛɞ (ʣʠʪɞʩʪʘʪʠʯʝʩʢɞʛɞ) 

ʜʘʚʣʝʥʠʷ, ʩɞʟʜʘʚʘʝʤɞʛɞ ʚʳʰʝʣʝʞʘʱʠʤʠ ʩʣɞʷʤʠ ʧɞʨɞʜ. ʇɞʜ ʚʣʠʷʥʠʝʤ ʜʘʥʥɞʛɞ ʜʘʚʣʝʥʠʷ ʧɞʨʳ 

ʛʨʫʥʪʘ ʩʞʠʤʘʶʪʩʷ, ʫʤʝʥʴʰʘʷ ʠʭ ɞʙʱʠʡ ɞʙʲʸʤ ʠ, ʩɞɞʪʚʝʪʩʪʚʝʥʥɞ, ʫʚʝʣʠʯʠʚʘʷ ʧʣɞʪʥɞʩʪʴ ʛʨʫʥʪʘ. 

ʇʣɞʪʥɞʩʪʴ ʩʢʝʣʝʪʘ ʩʫʭɞʛɞ ʛʨʫʥʪʘ ʙʳʣʘ ʚʳʯʠʩʣʝʥʘ ʨʘʩʯʸʪʥʳʤ ʤʝʪɞʜɞʤ ʥʘ ɞʩʥɞʚʝ 

ʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʣɞʪʥɞʩʪʠ ʛʨʫʥʪʘ ʠ ʝʛɞ ʚʣʘʞʥɞʩʪʠ. ʕʪɞ ʧɞʟʚɞʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪɞ 

ʟʘʢɞʥɞʤʝʨʥɞʩʪʠ ʠ ʚʳʚɞʜʳ, ʩʜʝʣʘʥʥʳʝ ʚ ʭɞʜʝ ʠʩʩʣʝʜɞʚʘʥʠʷ ɞʪʥɞʩʠʪʝʣʴʥɞ ʚʟʘʠʤɞʩʚʷʟʠ 

ʧʣɞʪʥɞʩʪʠ ʠ ʚʣʘʞʥɞʩʪʠ ʛʨʫʥʪɞʚ, ɞʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʧʨʠʤʝʥʠʤʳʤʠ ʧʨʠ ʘʥʘʣʠʟʝ ʧʣɞʪʥɞʩʪʠ 

ʩʢʝʣʝʪʘ ʛʨʫʥʪʘ. 

ʇɞʜɞʙʥʳʤ ɞʙʨʘʟɞʤ ʧʨɞʚɞʜʠʣɞʩʴ ɞʧʨʝʜʝʣʝʥʠʝ ʧɞʨʠʩʪɞʩʪʠ ʠ ʢɞʵʬʬʠʮʠʝʥʪʘ ʧɞʨʠʩʪɞʩʪʠ ï 

ɞʙʘ ʧɞʢʘʟʘʪʝʣʷ ʚʳʯʠʩʣʷʣʠʩʴ ʨʘʩʯʸʪʥʳʤ ʩʧɞʩɞʙɞʤ ʩ ʠʩʧɞʣʴʟɞʚʘʥʠʝʤ ʩɞɞʪʚʝʪʩʪʚʫʶʱʠʭ ʬɞʨʤʫʣ, 

ɞʩʥɞʚʘʥʥʳʭ ʥʘ ʟʥʘʯʝʥʠʷʭ ʧʣɞʪʥɞʩʪʠ ʩʢʝʣʝʪʘ ʛʨʫʥʪʘ ʠ ʧʣɞʪʥɞʩʪʠ ʪʚʸʨʜʳʭ ʯʘʩʪʠʮ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʙʳʣɞ ʫʩʪʘʥɞʚʣʝʥɞ, ʯʪɞ ʧɞʨʠʩʪɞʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ɞʙʨʘʟʮɞʚ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 33ï47%, ʘ 

ʢɞʵʬʬʠʮʠʝʥʪ ʧɞʨʠʩʪɞʩʪʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟɞʥʝ 0.484ï0.881 (ʪʘʙʣ. 3). 

ʉʪɞʠʪ ɞʪʤʝʪʠʪʴ, ʯʪɞ ʩʥʠʞʝʥʠʝ ʧɞʨʠʩʪɞʩʪʠ ʧɞ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʳ ɞʢʘʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥɞʝ ʚʣʠʷʥʠʝ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚɞʡʩʪʚʘ ʛʨʫʥʪʘ, ʚ ʪɞʤ ʯʠʩʣʝ ʥʘ ʝʛɞ ʥʝʩʫʱʫʶ 



54 
 

ʩʧɞʩɞʙʥɞʩʪʴ ʠ ʜʝʬɞʨʤʘʮʠɞʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɻʨʫʥʪʳ ʩ ʙɞʣʝʝ ʚʳʩɞʢɞʡ ʧʣɞʪʥɞʩʪʴʶ ʠ 

ʤʝʥʴʰʝʡ ʧɞʨʠʩʪɞʩʪʴʶ, ʢʘʢ ʧʨʘʚʠʣɞ, ɞʙʣʘʜʘʶʪ ʙɞʣʴʰʝʡ ʫʩʪɞʡʯʠʚɞʩʪʴʶ ʢ ʚʥʝʰʥʠʤ ʥʘʛʨʫʟʢʘʤ, 

ʯʪɞ ɞʩɞʙʝʥʥɞ ʚʘʞʥɞ ʧʨʠ ʩʪʨɞʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ ʠ ʩɞɞʨʫʞʝʥʠʡ ʚ ʨʘʡɞʥʘʭ ʩ ʧʨɞʩʘʜɞʯʥʳʤʠ 

ʛʨʫʥʪʘʤʠ. 

ɼɞʧɞʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜɞʚʘʥʠʷ ʠ ʣʘʙɞʨʘʪɞʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʤɞʛʫʪ ʧɞʤɞʯʴ ʫʪɞʯʥʠʪʴ 

ʚʣʠʷʥʠʝ ʛʝɞʩʪʘʪʠʯʝʩʢɞʛɞ ʜʘʚʣʝʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧɞʨʠʩʪɞʩʪʠ ʠ ʧʣɞʪʥɞʩʪʠ ʛʨʫʥʪɞʚ, ʯʪɞ ʧɞʟʚɞʣʠʪ 

ʙɞʣʝʝ ʪɞʯʥɞ ʧʨɞʛʥɞʟʠʨɞʚʘʪʴ ʠʭ ʧɞʚʝʜʝʥʠʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʠʥʞʝʥʝʨʥɞ-ʛʝɞʣɞʛʠʯʝʩʢʠʭ ʫʩʣɞʚʠʷʭ. 

 

ʊʘʙʣʠʮʘ 3. ʇɞʢʘʟʘʪʝʣʠ ʧɞʨʠʩʪɞʩʪʠ ʩʫʛʣʠʥʢɞʚ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥɞʛɞ ɼʫʰʘʥʙʠʥʩʢɞʛɞ 

ʢɞʤʧʣʝʢʩʘ 

Table 3. Porosity indices of loams of the Upper Quaternary Dushanbe complex 

ɻʣʫʙʠʥʘ ɞʪʙɞʨʘ ɞʙʨʘʟʮʘ H, ʤ ʇɞʨʠʩʪɞʩʪʴ n, % ʂɞʵʬʬʠʮʠʝʥʪ ʧɞʨʠʩʪɞʩʪʠ e, ʜ.ʝʜ. 

2.6 47 0.881 

3.7 45 0.818 

4.6 38 0.627 

6.5 33 0.484 

 

ɺ ʨʘʤʢʘʭ ʧʨɞʚʝʜʸʥʥɞʛɞ ʠʩʩʣʝʜɞʚʘʥʠʷ ɞʩʥɞʚʥɞʝ ʚʥʠʤʘʥʠʝ ʙʳʣɞ ʫʜʝʣʝʥɞ ɞʧʨʝʜʝʣʝʥʠʶ 

ʧʨɞʯʥɞʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪɞʚ, ʚ ʯʘʩʪʥɞʩʪʠ, ʠʭ ʩɞʧʨɞʪʠʚʣʝʥʠʷ ʩʜʚʠʛʫ. ʂʣʶʯʝʚʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ɞʮʝʥʠʚʘʝʤʳʤʠ ʚ ʭɞʜʝ ʠʩʧʳʪʘʥʠʡ, ʷʚʣʷʣʠʩʴ ʩʮʝʧʣʝʥʠʝ (c) ʠ ʫʛɞʣ ʚʥʫʪʨʝʥʥʝʛɞ 

ʪʨʝʥʠʷ (ű), ʪʘʢ ʢʘʢ ʠʤʝʥʥɞ ʵʪʠ ʧɞʢʘʟʘʪʝʣʠ ʠʛʨʘʶʪ ʨʝʰʘʶʱʫʶ ʨɞʣʴ ʚ ɞʮʝʥʢʝ ʫʩʪɞʡʯʠʚɞʩʪʠ ʠ 

ʥʝʩʫʱʝʡ ʩʧɞʩɞʙʥɞʩʪʠ ʛʨʫʥʪɞʚʳʭ ɞʩʥɞʚʘʥʠʡ. 

Ƀʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʨɞʯʥɞʩʪʠ ʥʘ ʩʜʚʠʛ ʧʨɞʚɞʜʠʣɞʩʴ ʚ ʩɞɞʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙɞʚʘʥʠʷʤʠ 

ɻɃʉʊ 12248-2010 ʠ ɻɃʉʊ 12248.1 [3; 4]. ɼʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠʩʧɞʣʴʟɞʚʘʣʩʷ ʤʝʪɞʜ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪɞʚ, ʧʨʠʤʝʥʷʝʤʳʡ ʢ ɞʙʨʘʙɞʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʚʠʩʠʤɞʩʪʝʡ ʢʘʩʘʪʝʣʴʥɞʛɞ 

ʥʘʧʨʷʞʝʥʠʷ ɞʪ ʥɞʨʤʘʣʴʥɞʛɞ ʥʘʧʨʷʞʝʥʠʷ Ű = ä(ů). ɼʘʥʥʳʡ ʤʝʪɞʜ ʧɞʟʚɞʣʠʣ ʤʠʥʠʤʠʟʠʨɞʚʘʪʴ 

ʚʣʠʷʥʠʝ ʩʣʫʯʘʡʥʳʭ ɞʰʠʙɞʢ ʠʟʤʝʨʝʥʠʡ ʠ ʧɞʣʫʯʠʪʴ ʥʘʠʙɞʣʝʝ ʪɞʯʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨɞʚ 

ʧʨɞʯʥɞʩʪʠ ʛʨʫʥʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʣʘʙɞʨʘʪɞʨʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʚʢʣʶʯʘʷ ʟʥʘʯʝʥʠʷ ʩʮʝʧʣʝʥʠʷ ʠ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛɞ 

ʪʨʝʥʠʷ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 4 ʠ 5. ɸʥʘʣʠʟ ʧɞʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧɞʟʚɞʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚɞʜʳ ɞ 

ʟʘʢɞʥɞʤʝʨʥɞʩʪʷʭ ʠʟʤʝʥʝʥʠʷ ʧʨɞʯʥɞʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪɞʚ ʚ ʟʘʚʠʩʠʤɞʩʪʠ ɞʪ ʛʣʫʙʠʥʳ 

ʟʘʣʝʛʘʥʠʷ ʠ ʜʨʫʛʠʭ ʬʘʢʪɞʨɞʚ, ʯʪɞ ʠʤʝʝʪ ʚʘʞʥɞʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʠʥʞʝʥʝʨʥɞ-ʛʝɞʣɞʛʠʯʝʩʢʠʭ 

ʠʟʩrʢʘʥʠʡ ʠ ʧʨɞʝʢʪʠʨɞʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪɞʚ ʟʜʘʥʠʡ ʠ ʩɞɞʨʫʞʝʥʠʡ. 

ɼɞʧɞʣʥʠʪʝʣʴʥɞ ʠʟʫʯʝʥʠʝ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨɞʚ ʤɞʞʝʪ ʙʳʪʴ ʠʩʧɞʣʴʟɞʚʘʥɞ ʧʨʠ 

ʤɞʜʝʣʠʨɞʚʘʥʠʠ ʜʝʬɞʨʤʘʮʠɞʥʥɞʛɞ ʧɞʚʝʜʝʥʠʷ ʛʨʫʥʪɞʚ ʧɞʜ ʥʘʛʨʫʟʢɞʡ, ʘ ʪʘʢʞʝ ʧʨʠ ɞʮʝʥʢʝ ʠʭ 

ʫʩʪɞʡʯʠʚɞʩʪʠ ʢ ʚʥʝʰʥʠʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚɞʟʜʝʡʩʪʚʠʷʤ, ʚʢʣʶʯʘʷ ʩʝʡʩʤʠʯʝʩʢɞʝ ʚʣʠʷʥʠʝ. 

 

ʊʘʙʣʠʮʘ 4. ɿʥʘʯʝʥʠʷ ʩʮʝʧʣʝʥʠʷ ʩʫʛʣʠʥʢɞʚ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥɞʛɞ ʜʫʰʘʥʙʠʥʩʢɞʛɞ 

ʢɞʤʧʣʝʢʩʘ 

Table 4. Values of adhesion of loams of the Upper Quaternary Dushanbe complex 
ɻʣʫʙʠʥʘ ɞʪʙɞʨʘ 

ɞʙʨʘʟʮɞʚ H, ʤ 

ɺʣʘʞʥɞʩʪʴ 

W, % 

ʉʮʝʧʣʝʥʠʷ C, ʢʇʘ 

ʧʨʠ ʢʠʥʝʤʘʪʠʢʝ ʧʨʠ ʢʠʥʝʤʘʪʠʢʝ (ʧɞʚʪɞʨ) ʧʨʠ ʩʪʘʪʠʢʝ 

2.6 14.1 28 0 47 

3.7 12.1 44 0 68 

4.6 5.6 64 0 76 

6.5 4.0 88 8 92 
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ʊʘʙʣʠʮʘ 5. ɿʥʘʯʝʥʠʷ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛɞ ʪʨʝʥʠʷ ʩʫʛʣʠʥʢɞʚ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥɞʛɞ 

ʜʫʰʘʥʙʠʥʩʢɞʛɞ ʢɞʤʧʣʝʢʩʘ 

Table 5. Values of the angle of internal friction of loams of the Upper Quaternary Dushanbe 

complex 
ɻʣʫʙʠʥʘ ɞʪʙɞʨʘ 

ɞʙʨʘʟʮɞʚ H, ʤ 

ɺʣʘʞʥɞʩʪʴ 

W, % 

ʋʛɞʣ ʚʥʫʪʨʝʥʥʝʛɞ ʪʨʝʥʠʷ ű, ʛʨʘʜ. 

ʧʨʠ ʢʠʥʝʤʘʪʠʢʝ ʧʨʠ ʢʠʥʝʤʘʪʠʢʝ (ʧɞʚʪɞʨ) ʧʨʠ ʩʪʘʪʠʢʝ 

2.6 14.1 26 35 20 

3.7 12.1 24 37 18 

4.6 5.6 30 34 25 

6.5 4.0 32 36 21 

 

ɺʳʚɞʜʳ. ɸʥʘʣʠʟ ʧɞʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧɞʢʘʟʳʚʘʝʪ, ʯʪɞ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ 

ʧɞʨɞʜ ʟʥʘʯʝʥʠʷ ʩʮʝʧʣʝʥʠʷ (c) ʠ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛɞ ʪʨʝʥʠʷ (ű) ʚ ʙɞʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʜʝʤɞʥʩʪʨʠʨʫʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʨɞʩʪʫ. ʕʪɞ ɞʙʲʷʩʥʷʝʪʩʷ ʟʘʢɞʥɞʤʝʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʘ: ʧɞ ʤʝʨʝ ʫʛʣʫʙʣʝʥʠʷ ʧɞʨɞʜʘ ʫʧʣɞʪʥʷʝʪʩʷ, ʝʸ ʧʣɞʪʥɞʩʪʴ ʚɞʟʨʘʩʪʘʝʪ, ʘ 

ʩɞʜʝʨʞʘʥʠʝ ʚʣʘʛʠ, ʥʘʧʨɞʪʠʚ, ʩʥʠʞʘʝʪʩʷ. ɼʘʥʥʳʡ ʧʨɞʮʝʩʩ ɞʙʫʩʣɞʚʣʝʥ ʚɞʟʜʝʡʩʪʚʠʝʤ 

ʛʝɞʩʪʘʪʠʯʝʩʢɞʛɞ ʜʘʚʣʝʥʠʷ, ʧʨʠʚɞʜʷʱʝʛɞ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧɞʨʠʩʪɞʩʪʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʧɞʚʳʰʝʥʠʶ ʧʨɞʯʥɞʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

Ƀʜʥʘʢɞ ʚ ʭɞʜʝ ʠʩʩʣʝʜɞʚʘʥʠʡ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʝʢɞʪɞʨʳʝ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ɞʙʱʝʡ 

ʟʘʢɞʥɞʤʝʨʥɞʩʪʠ. ɺ ʯʘʩʪʥɞʩʪʠ, ɞʙʨʘʟʝʮ ˉ1 ʧʨʠ ʩʪʘʪʠʯʝʩʢɞʤ ʨʝʞʠʤʝ ʥʘʛʨʫʞʝʥʠʷ ʧɞʢʘʟʘʣ 

ʘʥɞʤʘʣʴʥɞ ʚʳʩɞʢɞʝ ʟʥʘʯʝʥʠʝ ʩʮʝʧʣʝʥʠʷ, ʯʪɞ ʤɞʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚɞʚʘʪʴ ɞ ʥʘʣʠʯʠʠ ʚ ʝʛɞ ʩɞʩʪʘʚʝ 

ʚʢʣʶʯʝʥʠʡ, ʩʧɞʩɞʙʥʳʭ ʧɞʚʳʩʠʪʴ ʧʨɞʯʥɞʩʪʴ ʛʨʫʥʪʘ. ɺ ʪɞ ʞʝ ʚʨʝʤʷ, ʫ ɞʙʨʘʟʮʘ ˉ3, ʪʘʢʞʝ ʧʨʠ 

ʩʪʘʪʠʯʝʩʢɞʤ ʥʘʛʨʫʞʝʥʠʠ, ʙʳʣɞ ʟʘʬʠʢʩʠʨɞʚʘʥɞ ʤʘʢʩʠʤʘʣʴʥɞʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛɞ 

ʪʨʝʥʠʷ. ɺʝʨɞʷʪʥɞʡ ʧʨʠʯʠʥɞʡ ʪʘʢɞʛɞ ʨʝʟʫʣʴʪʘʪʘ ʷʚʣʷʝʪʩʷ ʧɞʚʳʰʝʥʥɞʝ ʩɞʜʝʨʞʘʥʠʝ ʧʝʩʯʘʥʳʭ 

ʯʘʩʪʠʮ, ʩɞʩʪʘʚʣʷʶʱʝʝ ʚ ʜʘʥʥɞʤ ɞʙʨʘʟʮʝ ʜɞ 19% (ʨʠʩ. 1 ʠ 2). ʀʟʚʝʩʪʥɞ, ʯʪɞ ʫʚʝʣʠʯʝʥʠʝ ʜɞʣʠ 

ʧʝʩʯʘʥɞʡ ʬʨʘʢʮʠʠ ʧʨʠʚɞʜʠʪ ʢ ʨɞʩʪʫ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛɞ ʪʨʝʥʠʷ ʟʘ ʩʯʸʪ ʧʨʝɞʙʣʘʜʘʥʠʷ ʯʘʩʪʠʮ ʩ 

ʚʳʩɞʢʠʤʠ ʤʝʞʟʝʨʥɞʚʳʤʠ ʩʠʣʘʤʠ ʪʨʝʥʠʷ. 

ʇʨʠ ʧɞʚʪɞʨʥɞʤ ʢʠʥʝʤʘʪʠʯʝʩʢɞʤ ʨʝʞʠʤʝ ʥʘʛʨʫʞʝʥʠʷ, ʢɞʛʜʘ ʠʩʧʳʪʘʥʠʷ ʧʨɞʚɞʜʠʣʠʩʴ ʥʘ 

ʫʞʝ ʩʬɞʨʤʠʨɞʚʘʥʥɞʡ ʧɞʚʝʨʭʥɞʩʪʠ ʩʢɞʣʘ, ʩʮʝʧʣʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʟʘʣɞ. ɺ ɞʙʨʘʟʮʘʭ ˉ1, ˉ2 

ʠ ˉ3 ʜʘʥʥʳʡ ʧɞʢʘʟʘʪʝʣʴ ʩʥʠʞʘʣʩʷ ʜɞ ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʡ, ʯʪɞ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ɞ ʧɞʣʥɞʤ 

ʨʘʟʨʫʰʝʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʚ ʟɞʥʝ ʩʜʚʠʛʘ. ɺ ɞʙʨʘʟʮʝ ˉ4 ʩʮʝʧʣʝʥʠʝ 

ʩɞʭʨʘʥʷʣɞʩʴ ʥʘ ʫʨɞʚʥʝ ʝʜʠʥʠʯʥʳʭ ʟʥʘʯʝʥʠʡ, ʯʪɞ ʤɞʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥɞ ʩ ɞʩʪʘʪɞʯʥʳʤʠ ʩʚʷʟʷʤʠ ʚ 

ʛʨʫʥʪʝ ʠʣʠ ʩ ɞʩɞʙʝʥʥɞʩʪʷʤʠ ʝʛɞ ʩɞʩʪʘʚʘ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʟʥʘʯʝʥʠʡ ʩʮʝʧʣʝʥʠʷ ʠ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛɞ ʪʨʝʥʠʷ, ʧɞʣʫʯʝʥʥʳʭ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʥʘʛʨʫʞʝʥʠʷ (çʩʪʘʪʠʯʝʩʢɞʤè ʠ çʢʠʥʝʤʘʪʠʯʝʩʢɞʤè), ʚʳʷʚʠʣ ʚʘʞʥʫʶ 

ʟʘʢɞʥɞʤʝʨʥɞʩʪʴ. ɺ ʩʪʘʪʠʯʝʩʢɞʤ ʨʝʞʠʤʝ ʩʮʝʧʣʝʥʠʝ ɞʢʘʟʘʣɞʩʴ ʚʳʰʝ, ʯʝʤ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢɞʤ, ʯʪɞ 

ʤɞʞʥɞ ɞʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪɞ ʚ ʫʩʣɞʚʠʷʭ ʧɞʩʪʝʧʝʥʥɞʛɞ ʥʘʛʨʫʞʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʷʟʠ ʚ ʛʨʫʥʪʝ 

ʩɞʭʨʘʥʷʶʪʩʷ ʜɞʣʴʰʝ. ʅʘʧʨɞʪʠʚ, ʫʛɞʣ ʚʥʫʪʨʝʥʥʝʛɞ ʪʨʝʥʠʷ ʚ ʩʪʘʪʠʯʝʩʢɞʤ ʨʝʞʠʤʝ ɞʢʘʟʘʣʩʷ ʥʠʞʝ, 

ʯʝʤ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢɞʤ, ʯʪɞ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ɞʯʝʚʠʜʥʳʤ ʷʚʣʝʥʠʝʤ ʠ ʪʨʝʙʫʝʪ ʜɞʧɞʣʥʠʪʝʣʴʥɞʛɞ 

ʘʥʘʣʠʟʘ. ɺʝʨɞʷʪʥɞ, ʵʪɞ ʩʚʷʟʘʥɞ ʩ ʨʘʟʣʠʯʠʷʤʠ ʚ ʤʝʭʘʥʠʟʤʘʭ ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʛʨʫʥʪʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟɞʯʥʳʭ ʚɞʟʜʝʡʩʪʚʠʷʭ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜɞʚʘʥʠʷ ʚ ʵʪɞʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧɞʤɞʛʫʪ ʛʣʫʙʞʝ ʧɞʥʷʪʴ ʟʘʢɞʥɞʤʝʨʥɞʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʧʨɞʯʥɞʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪɞʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʥʘʛʨʫʟɞʢ, ʯʪɞ ɞʩɞʙʝʥʥɞ 

ʚʘʞʥɞ ʧʨʠ ʧʨɞʝʢʪʠʨɞʚʘʥʠʠ ʟʜʘʥʠʡ ʠ ʩɞɞʨʫʞʝʥʠʡ ʚ ʫʩʣɞʚʠʷʭ ʩʣɞʞʥʳʭ ʠʥʞʝʥʝʨʥɞ-

ʛʝɞʣɞʛʠʯʝʩʢʠʭ ʫʩʣɞʚʠʡ. 
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ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʩʮʝʧʣʝʥʠʷ ʩʫʛʣʠʥʢɞʚ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥɞʛɞ ʜʫʰʘʥʙʠʥʩʢɞʛɞ ʢɞʤʧʣʝʢʩʘ 

ʧɞ ʛʣʫʙʠʥʝ ɞʪʙɞʨʘ ɞʙʨʘʟʮɞʚ 

Fig. 1. Changes in the adhesion of loams of the Upper Quaternary Dushanbe complex by 

sampling depth 

 
 

ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛɞ ʪʨʝʥʠʷ ʩʫʛʣʠʥʢɞʚ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥɞʛɞ 

ʜʫʰʘʥʙʠʥʩʢɞʛɞ ʢɞʤʧʣʝʢʩʘ ʧɞ ʛʣʫʙʠʥʝ ɞʪʙɞʨʘ ɞʙʨʘʟʮɞʚ 

Fig. 1. Change in the angle of internal friction of loams of the Upper Quaternary Dushanbe 

complex according to the sampling depth 

 
 

ɺʳʩɞʢʠʝ ʟʥʘʯʝʥʠʷ ʩʮʝʧʣʝʥʠʷ, ʟʘʬʠʢʩʠʨɞʚʘʥʥʳʝ ʧʨʠ ʩʪʘʪʠʯʝʩʢɞʤ ʨʝʞʠʤʝ ʥʘʛʨʫʞʝʥʠʷ, 

ʤɞʛʫʪ ʙʳʪʴ ɞʙʫʩʣɞʚʣʝʥʳ ʥʝʩʢɞʣʴʢʠʤʠ ʬʘʢʪɞʨʘʤʠ. Ƀʜʠʥ ʠʟ ʥʠʭ ʩʚʷʟʘʥ ʩ ɞʩɞʙʝʥʥɞʩʪʷʤʠ ʩʘʤɞʛɞ 

ʧʨɞʮʝʩʩʘ ʠʩʧʳʪʘʥʠʡ: ʧʨʠ ʜʘʥʥɞʤ ʨʝʞʠʤʝ ʧʝʨʝʜ ʧʝʨʝʭɞʜɞʤ ʢ ʩʣʝʜʫʶʱʝʤʫ ʫʨɞʚʥʶ ʢʘʩʘʪʝʣʴʥɞʡ 

ʥʘʛʨʫʟʢʠ ʚʳʜʝʨʞʠʚʘʝʪʩʷ ɞʧʨʝʜʝʣʸʥʥɞʝ ʚʨʝʤʷ, ʥʝɞʙʭɞʜʠʤɞʝ ʜʣʷ ʫʩʣɞʚʥɞʡ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʥʘʧʨʷʞʸʥʥɞʛɞ ʩɞʩʪɞʷʥʠʷ ɞʙʨʘʟʮʘ. ɺ ʪʝʯʝʥʠʝ ʵʪɞʛɞ ʧʨɞʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʧʨʠʣɞʞʝʥʥʘʷ 

ʥɞʨʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʩʧɞʩɞʙʩʪʚʫʝʪ ʜɞʧɞʣʥʠʪʝʣʴʥɞʤʫ ʫʧʣɞʪʥʝʥʠʶ ʛʨʫʥʪʘ, ʯʪɞ ʧʨʠʚɞʜʠʪ ʢ 

ʚʨʝʤʝʥʥɞʤʫ ʫʚʝʣʠʯʝʥʠʶ ʝʛɞ ʧʨɞʯʥɞʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʕʪɞʪ ʵʬʬʝʢʪ ʤɞʞʝʪ ʙʳʪʴ ɞʩɞʙʝʥʥɞ 

ʟʘʤʝʪʝʥ ʜʣʷ ʣʸʩʩɞʚʳʭ ʛʨʫʥʪɞʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʠʟʤʝʥʷʝʤɞʡ ʧɞʨʠʩʪɞʩʪʴʶ ʠ ʩʧɞʩɞʙʥɞʩʪʴʶ ʢ 

ʯʘʩʪʠʯʥɞʤʫ ʫʧʣɞʪʥʝʥʠʶ ʧɞʜ ʥʘʛʨʫʟʢɞʡ. 
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ʂʨɞʤʝ ʪɞʛɞ, ʥʝɞʙʭɞʜʠʤɞ ʫʯʠʪʳʚʘʪʴ ʝʩʪʝʩʪʚʝʥʥʫʶ ʚʘʨʠʘʪʠʚʥɞʩʪʴ ʛʨʫʥʪɞʚɞʛɞ ʤʘʪʝʨʠʘʣʘ. 

ɼʘʞʝ ʚ ʧʨʝʜʝʣʘʭ ɞʜʥɞʛɞ ɞʙʨʘʟʮʘ ʚɞʟʤɞʞʥʳ ʨʘʟʣʠʯʠʷ ʚ ʬʠʟʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢɞ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚɞʡʩʪʚʘʭ, ʧɞʩʢɞʣʴʢʫ ʛʨʫʥʪ ʷʚʣʷʝʪʩʷ ʧʨʠʨɞʜʥɞʡ ʥʝɞʜʥɞʨɞʜʥɞʡ ʩʨʝʜɞʡ. ɺ ɞʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ 

ɞʙʨʘʟʮʘ ʤɞʛʫʪ ʧʨʠʩʫʪʩʪʚɞʚʘʪʴ ʧɞʨʳ ʫʚʝʣʠʯʝʥʥɞʛɞ ʨʘʟʤʝʨʘ, ʤʠʢʨɞʚʢʣʶʯʝʥʠʷ ʠʣʠ ʣɞʢʘʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʧʣɞʪʥɞʩʪʠ, ʯʪɞ ʩʧɞʩɞʙʥɞ ʧɞʚʣʠʷʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ɞʛʨʘʥʠʯʝʥʠʷ ʠʩʧɞʣʴʟʫʝʤɞʛɞ ɞʙɞʨʫʜɞʚʘʥʠʷ. ʃʶʙʘʷ 

ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ɞʙʣʘʜʘʝʪ ɞʧʨʝʜʝʣʸʥʥɞʡ ʧɞʛʨʝʰʥɞʩʪʴʶ, ʘ ʧʨʝʜʝʣʴʥʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥɞʩʪʴ ʧʨʠʙɞʨɞʚ ʤɞʞʝʪ ɞʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʪɞʯʥɞʩʪʴ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʟʥʘʯʝʥʠʡ. ɺ 

ʩɞʚɞʢʫʧʥɞʩʪʠ ʚʩʝ ʵʪʠ ʬʘʢʪɞʨʳ ʤɞʛʫʪ ɞʙʲʷʩʥʷʪʴ ʥʝʙɞʣʴʰʠʝ ʨʘʩʭɞʞʜʝʥʠʷ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʠʩʧʳʪʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ɞʙʨʘʟʮɞʚ ɞʜʥɞʛɞ ʠ ʪɞʛɞ ʞʝ ʛʨʫʥʪʘ, ɞʪɞʙʨʘʥʥʳʭ ʜʘʞʝ ʩ ʥʝʙɞʣʴʰʠʤ 

ʠʥʪʝʨʚʘʣɞʤ. 

ʊʘʢʠʤ ɞʙʨʘʟɞʤ, ʥʘʙʣʶʜʘʝʤʳʝ ʧɞʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʮʝʧʣʝʥʠʷ ʚ ʩʪʘʪʠʯʝʩʢɞʤ ʨʝʞʠʤʝ 

ʤɞʛʫʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪɞʤ ʥʝ ʪɞʣʴʢɞ ʨʝʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʚɞʡʩʪʚ ʛʨʫʥʪʘ ʧɞʜ ʥʘʛʨʫʟʢɞʡ, ʥɞ ʠ 

ʚʣʠʷʥʠʷ ʤʝʪɞʜɞʣɞʛʠʯʝʩʢʠʭ ʠ ʘʧʧʘʨʘʪʫʨʥʳʭ ɞʩɞʙʝʥʥɞʩʪʝʡ ʠʩʧʳʪʘʥʠʡ. ɼʣʷ ʙɞʣʝʝ ʪɞʯʥɞʛɞ 

ɞʧʨʝʜʝʣʝʥʠʷ ʟʘʢɞʥɞʤʝʨʥɞʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʧʨɞʯʥɞʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʢɞʤʝʥʜʫʝʪʩʷ 

ʫʯʠʪʳʚʘʪʴ ʚɞʟʤɞʞʥʫʶ ʚʘʨʠʘʪʠʚʥɞʩʪʴ ʜʘʥʥʳʭ ʠ ʧʨɞʚɞʜʠʪʴ ʜɞʧɞʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜɞʚʘʥʠʷ ʩ 

ʫʯʸʪɞʤ ʤʠʢʨɞʩʪʨʫʢʪʫʨʥʳʭ ɞʩɞʙʝʥʥɞʩʪʝʡ ʛʨʫʥʪɞʚ. 
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ÞÌæÝÔÜÔ ÜÑÒÔØÔ ÍɃÜÖßÙÄ ÍÌ áßÝßÝÔëÞÇɃÔ ÉßÎÎÌÞÔÔ áɃÖÇɃÔ ×¾ÝÝÄ ÐÌÜ ÓÑÜÔ 
äÌÜÌà 

Øÿėɞîôøìþô íÿüôðìùô āɞöĕɞô öɞïñóôîĒ íɞ þìĆýôüô øÿþìėɞíô÷ìô øÿüìööìíô ɞøô÷ĕɞô ðɞāô÷Ē îì íñüÿùĒ 
øÿìõċù öìüðì øñĄìîìð. ØÿîɞĀôėô ėɞùÿùô Öÿ÷ɞù, îìõüɞùĄìîĒ Č ĔɞõïôüĄìîôô āɞö ĕìùïɞøô íì ðìýþ ɞîìüðìùô 

þìùɞýÿíô øÿìõċùô íìõùô ĀôĄɞüĕɞô øÿėìüüìüĒ îì ĕìüìöìþĒ íì ìøì÷ øñɞċð. Øìāýÿýìù þìĕ÷ô÷ô āɞýôċþĕɞô 
āɞöĕɞô ÷ñýý, öô ĕÿðÿðĕúô öì÷ɞù, ìó Ĕÿø÷ì ÞɞĔôöôýþɞùüɞ ôĄĎɞ÷ ùìøÿðì, ðìü óôČðì ìó 70 Āɞôóô ĕÿðÿðô ĔÿøĕÿüĒ 
ûìĕù Ąÿðììùð, ðÿĄîɞü ìýþ. Íì ôù óìøôùĕɞ ûìýþĄìîĒ āɞý ìýþ, öô ôù íì ôùþôāɞíô ėìüɞüĕɞô ÷ɞôĕìîĒ ĕìùïɞøô 

ýɞāþøɞù þìĆýôü øñüìýɞùìð. 
Øìėýìðô ôù þìĕėôėɞþ øÿìõċù öìüðìùô āÿýÿýôþĕɞô ĀôóôöôĊ øñāìùôöôô āɞöĕɞô ÷Čýýôô öɞøû÷ñöýô 

ÐÿĄìùíñô ăɞüöÿùĔìô íɞ÷ɞ øñíɞĄìð. Ùìøÿùìĕɞ ìó ėôýøô íɞ÷ɞôô ėôþĆìô ùɞĕôċô Øôüóɞíñöô Ąìĕüô ÐÿĄìùíñ 

ĔìøĆɞîìüĒ öìüðì Ąÿðìùð. ÝìùĔôĄĕɞô ÷ìíɞüìþɞüĒ, ìó Ĕÿø÷ì þìĕ÷ô÷ô ùìøĒ, āÿýÿýôċþĕɞô óôăĒ, öɞîɞöĒ, ăìýûìö 
îì öÿùĔô ýɞôĄô ðɞāô÷Ē ïÿóìüɞùôðì Ąÿðìùð. ÙìþôĔìĕɞô þìĕėôėɞþ ùôĄɞù ðɞðìùð, öô øÿùþìóìø ûìýþ Ąÿðìùô 
ùìøĒ íɞ ìĀóɞôĄô ÿøėĒ, öô ôù íɞ ĀôĄɞüô ïñɞýþìþôöĒ îì øìĕðÿðôċþô ôùĀô÷þüìþýôċô íɞüôĄɞþô ìþøɞýĀñüĒ 

Ąìüĕ ðɞðì øñĄìîìð. Þìĕ÷ô÷ô öɞîɞöĄìîĒ þìøɞĊ÷ô ûìýþĄìîôô ɞùüɞ ɞĄöɞü ùìøÿð, öô ôù íñîɞýôþì íì íì÷ìùð 
Ąÿðìùô óôăôô āɞö îì āìüìöþñüôýþôöìĕɞô øÿýþìĕöìøôô ɞù îɞíìýþì ìýþ. 

ɃøĘóôĄô øÿėɞîôøìþ íì íÿüôĄ ôøöɞù ðɞð, öô ìüóôĄĕɞô ìðïñóôċ îì öÿùĔô ýɞôĄô ðɞāô÷Ē, öô îɞíìýþì íì 
ÿøėô ôýþôāüɞĔ þìĎõôü øñČíìùð, øÿìõċù öìüðì Ąìîìùð. Ðìü ĕɞ÷ìþô íɞüöÿùôô ýþìþôöĒ, ûìõîìýþĄìîôô 
ìüóôĄĕɞô íì÷ìùðþìüüɞ ùôĄɞù ðɞð, ðìü ĕɞ÷ñ, öô ðìü üñòôøô öôùñøìþôöĒ öɞĕôĄô ɞù íì ýôĀü øÿĄɞĕôðì öìüðì 

Ąÿð. ÖÿùĔô ýɞôĄô ðɞāô÷Ē ùôó ïÿùɞïÿù íÿðì, îɞíìýþìïĒ ìó þìüöôíô óìüüìĕɞô ėÿøüɞ ùôĄɞù øñðɞð. 
ØìĆ÷ÿøɞþĕɞô íìðìýþɞîìüðìĄÿðì óìüÿüìþô øÿùɞýôíìþô öɞøû÷ñöýôô íìĕɞðôĕôô āɞöô ÷Čýýùɞöüɞ ĕìùïɞøô 
÷ɞôĕìöìĄôô íôùɞĕɞ îì ôùĄɞɞþĕɞ, ôùăÿùôù ìĕìøøôċþô íì ĕôýɞí ïôüôĀþìùô āɞýôċþĕɞô ûìýþĄìîôô ɞùĕɞ íìüɞô 

þìĆøôùô ÿýþÿîɞüôô ɞíĆñöþĕɞô ýɞāþøɞù þìýðôė øñöÿùìùð. 
ÙìþôĔìĕɞô öɞüĕɞüɞ ðìü þìĕėôėɞþô ôùòñùñüôĊ ïñɞ÷ɞïĒ, ÷ɞôĕìöìĄôô þìĕöÿüýĒ îì öɞü öìüðì íìüɞøìðìùô 

þìðíôüĕɞô öìø öìüðìùô āìîĀô íì ûìýþ Ąÿðìùô óìøôùĕɞô ÷ČýýĒ ì÷ɞėìøìùð, ôýþôĀɞðì íÿüðìù øÿøöôù ìýþ. 
Öì÷ôðîɞòìĕɞ: øÿėɞîôøìþô íÿüôĄô āɞöĕɞ, ĕɞ÷ìþô ýþìþôöĒ, üñòôøô öôùñøìþôöĒ, ûìõîìýþĄìîĒ, öÿùĔô 

ýɞôĄô ðɞāô÷Ē. 
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ɺɃɿɼɽʁʉʊɺʀɽ ʈɽɾʀʄɸ ʅɸɻʈʋɾɽʅʀʗ ʅɸ ʇʈɃʏʅɃʉʊʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʃɪʉʉɃɺʓʍ 

ɻʈʋʅʊɃɺ ʇʈʀ ʉɼɺʀɻɽ 

ʉɞʧʨɞʪʠʚʣʝʥʠʝ ʩʜʚʠʛʫ ʩʚʷʟʥʳʭ ʛʨʫʥʪɞʚ ɞʙʫʩʣɞʚʣʝʥɞ ʩʣɞʞʥʳʤ ʚʟʘʠʤɞʜʝʡʩʪʚʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ 

ʬʘʢʪɞʨɞʚ. ʉɞʛʣʘʩʥɞ ʟʘʢɞʥʫ ʂʫʣɞʥʘ, ʨʘʟʨʫʰʝʥʠʝ ʠʣʠ ʩʜʚʠʛ ʛʨʫʥʪʘ ʧʨɞʠʩʭɞʜʠʪ ʧʨʠ ʜɞʩʪʠʞʝʥʠʠ ɞʧʨʝʜʝʣʸʥʥɞʛɞ 

ʩɞɞʪʥɞʰʝʥʠʷ ʤʝʞʜʫ ʥɞʨʤʘʣʴʥʳʤʠ ʠ ʢʘʩʘʪʝʣʴʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ. Ƀʩɞʙʫʶ ʩʣɞʞʥɞʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʥʘʣʠʟ 

ʩʚɞʡʩʪʚ ʣʸʩʩɞʚʳʭ ʛʨʫʥʪɞʚ, ʟʘʥʠʤʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʝʨʨʠʪɞʨʠʠ, ʚʢʣʶʯʘʷ ʊʘʜʞʠʢʠʩʪʘʥ, ʛʜʝ ɞʥʠ ʨʘʩʧʨɞʩʪʨʘʥʝʥʳ 

ʥʘ 70% ʪʝʨʨʠʪɞʨʠʠ ʩʪʨʘʥʳ. ʕʪʠ ʛʨʫʥʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨɞʩʘʜɞʯʥɞʩʪʴʶ, ʯʪɞ ɞʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʚʳʙɞʨ 

ʢɞʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ʩʪʨɞʠʪʝʣʴʩʪʚʝ. 

ʎʝʣʴʶ ʜʘʥʥɞʛɞ ʠʩʩʣʝʜɞʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ɞʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʢɞ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʸʩʩɞʚʳʭ ʛʨʫʥʪɞʚ 

ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥɞʛɞ ʜʫʰʘʥʙʠʥʩʢɞʛɞ ʢɞʤʧʣʝʢʩʘ. Ƀʙʨʘʟʮʳ ʙʳʣʠ ɞʪɞʙʨʘʥʳ ʠʟ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʚ ʨʘʡɞʥʝ 

ʄʠʨʟɞʙʝʢ ʛɞʨɞʜʘ ɼʫʰʘʥʙʝ. ʇʨɞʚʝʜʝʥʳ ʣʘʙɞʨʘʪɞʨʥʳʝ ʠʩʧʳʪʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʘʥʘʣʠʟ ʚʣʘʞʥɞʩʪʠ, ʧʣɞʪʥɞʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧɞʨʠʩʪɞʩʪʠ, ʩʮʝʧʣʝʥʠʷ ʠ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛɞ ʪʨʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜɞʚʘʥʠʡ ʧɞʢʘʟʘʣʠ 

ʟʘʢɞʥɞʤʝʨʥɞʝ ʩʥʠʞʝʥʠʝ ʚʣʘʞʥɞʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ, ʯʪɞ ɞʙʲʷʩʥʷʝʪʩʷ ʛʝɞʩʪʘʪʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ ʠ 

ɞʛʨʘʥʠʯʝʥʥɞʡ ʠʥʬʠʣʴʪʨʘʮʠʝʡ ʘʪʤɞʩʬʝʨʥʳʭ ɞʩʘʜʢɞʚ. ɸʥʘʣʠʟ ʧɞʨʠʩʪɞʩʪʠ ʚʳʷʚʠʣ ʪʝʥʜʝʥʮʠʶ ʢ ʝʸ ʫʤʝʥʴʰʝʥʠʶ, ʯʪɞ 

ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥɞ ʩ ʨɞʩʪɞʤ ʧʣɞʪʥɞʩʪʠ ʛʨʫʥʪʘ ʠ ʝʛɞ ʧʨɞʯʥɞʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʀʟʫʯʝʥʠʝ ʩɞʧʨɞʪʠʚʣʝʥʠʷ ʩʜʚʠʛʫ ʧɞʟʚɞʣʠʣɞ ɞʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ ʩʮʝʧʣʝʥʠʷ ʠ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛɞ ʪʨʝʥʠʷ, 

ʢɞʪɞʨʳʝ ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤɞʩʪʠ ɞʪ ʛʣʫʙʠʥʳ ɞʪʙɞʨʘ. ɺ ʩʪʘʪʠʯʝʩʢɞʤ ʨʝʞʠʤʝ ʥʘʛʨʫʞʝʥʠʷ ʩʮʝʧʣʝʥʠʝ ʧɞʢʘʟʘʣɞ 

ʙɞʣʝʝ ʚʳʩɞʢʠʝ ʟʥʘʯʝʥʠʷ, ʪɞʛʜʘ ʢʘʢ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢɞʤ ʨʝʞʠʤʝ ʥʘʙʣʶʜʘʣɞʩʴ ʝʛɞ ʩʥʠʞʝʥʠʝ ʜɞ ʥʫʣʝʚʳʭ ʧɞʢʘʟʘʪʝʣʝʡ. 

ʋʛɞʣ ʚʥʫʪʨʝʥʥʝʛɞ ʪʨʝʥʠʷ ʪʘʢʞʝ ʠʟʤʝʥʷʣʩʷ, ʜʝʤɞʥʩʪʨʠʨʫʷ ʟʘʚʠʩʠʤɞʩʪʴ ɞʪ ʩɞʜʝʨʞʘʥʠʷ ʧʝʩʯʘʥʳʭ ʯʘʩʪʠʮ. 

ʇɞʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧɞʜʪʚʝʨʞʜʘʶʪ ʥʝɞʙʭɞʜʠʤɞʩʪʴ ʢɞʤʧʣʝʢʩʥɞʛɞ ʧɞʜʭɞʜʘ ʢ ɞʮʝʥʢʝ ʣʸʩʩɞʚʳʭ ʛʨʫʥʪɞʚ ʧʨʠ 

ʧʨɞʝʢʪʠʨɞʚʘʥʠʠ ʟʜʘʥʠʡ ʠ ʩɞɞʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʘʞʥɞʩʪʴ ʫʯʸʪʘ ʠʭ ʧʨɞʩʘʜɞʯʥʳʭ ʩʚɞʡʩʪʚ ʜʣʷ ɞʙʝʩʧʝʯʝʥʠʷ 

ʫʩʪɞʡʯʠʚɞʩʪʠ ʩʪʨɞʠʪʝʣʴʥʳʭ ɞʙʲʝʢʪɞʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙɞʪʳ ʤɞʛʫʪ ʙʳʪʴ ʠʩʧɞʣʴʟɞʚʘʥʳ ʚ ʠʥʞʝʥʝʨʥɞ-ʛʝɞʣɞʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʷʭ, ʧʨɞʝʢʪʠʨɞʚʘʥʠʠ 

ʬʫʥʜʘʤʝʥʪɞʚ ʠ ʨʘʟʨʘʙɞʪʢʝ ʤʝʨɞʧʨʠʷʪʠʡ ʧɞ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢɞʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨɞʩʘʜɞʯʥɞʩʪʴʶ ʣʸʩʩɞʚʳʭ ʛʨʫʥʪɞʚ.  

ʂʣʶʯʝʚʳʝ ʩʣɞʚʘ: ʩɞʧʨɞʪʠʚʣʝʥʠʝ ʩʨʝʟʫ ʛʨʫʥʪɞʚ, ʩʪʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʩʮʝʧʣʝʥʠʷ, 

ʫʛɞʣ ʚʥʫʪʨʝʥʥʝʛɞ ʪʨʝʥʠʷ. 

 

EFFECT OF LOADING MODE ON STRENGTH CHARACTERISTICS OF LOESS SOILS UNDER SHEAR  

The shear resistance of cohesive soils is due to a complex interaction of internal and external factors. According to 

Coulomb's law, soil failure or shear occurs when a certain ratio between normal and shear stresses is reached. Particularly 

difficult is the analysis of the properties of loess soils, which occupy large areas, including Tajikistan, where they are 

distributed over 70% of the country's territory. These soils are characterized by subsidence, which affects the choice of 

design solutions during construction. 

The purpose of this study is to determine the physical and mechanical properties of loess soils of the Upper 

Quaternary Dushanbe complex. Samples were taken from the upper part of the section in the Mirzobek district of 

Dushanbe. Laboratory tests were carried out, including analysis of moisture, density characteristics, porosity, cohesion and 

the angle of internal friction. The results of the studies showed a regular decrease in moisture with increasing depth, which 

is explained by geostatic pressure and limited infiltration of precipitation.  

Analysis of porosity revealed a tendency towards its decrease, which is directly related to the increase in soil density 

and its strength characteristics. The study of shear resistance allowed us to determine the values of adhesion and the angle 

of internal friction, which change depending on the sampling depth. In the static loading mode, adhesion showed higher 

values, while in the kinematic mode, its decrease to zero was observed. The angle of internal friction also changed, 

demonstrating a dependence on the content of sand particles. The data obtained confirm the need for an integrated approach 

to assessing loess soils when designing buildings and structures, as well as the importance of taking into account their 

subsidence properties to ensure the stability of construction projects.  

The results of the work can be used in engineering and geological surveys, designing foundations and developing 

measures to minimize the risks associated with the subsidence of loess soils. 

Keywords: shear resistance of soils, static mode, kinematic mode, adhesion, angle of internal friction. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʆʉɺɽʊʃɽʅʀʗ ɺʓʉʆʂʆʄʋʊʅʓʍ ɺʆɼ ʅɸ 

ʈɸɿʈɸɹʆʊɸʅʅʆʁ ʋʉʊɸʅʆɺʂɽ ʂɺʀɺ -2020 

 

ʄʘʨʘʤʦʚ ʄ.ɹ., ʈʘʙʠʝʚ ʂ.ʈ. 

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʢʘʜʝʤʠʢʘ ʄ.ʉ.ʆʩʠʤʠ  

 

ɺʚʝʜʝʥʠʝ. ɺ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪʘʭ ʫʯʝʥʳʭ, ʢʦʪʦʨʳʝ ʚʥʝʩʣʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʚʢʣʘʜ ʚ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʧʠʪʴʝʚʦʡ ʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʚʘʞʥʝʡʰʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʠʪʴʝʚʘʷ ʚʦʜʘ, ʧʦʩʢʦʣʴʢʫ ʦʪ ʝʸ ʧʦʜʘʯʠ ʠ 

ʢʘʯʝʩʪʚʘ ʟʘʚʠʩʷʪ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ, ʫʨʦʚʝʥʴ ʠʭ ʩʘʥʠʪʘʨʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʙʣʘʛʦʧʦʣʫʯʠʷ [4]. 

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʚʦʜʘ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʭʦʜʠʪ ʪʨʘʜʠʮʠʦʥʥʫʶ ʜʚʫʭʩʪʫʧʝʥʯʘʪʫʶ ʦʯʠʩʪʢʫ ʩ 

ʦʪʩʪʘʠʚʘʥʠʝʤ ʠ ʦʩʚʝʪʣʝʥʠʝʤ ʚ ʩʣʦʝ ʚʟʚʝʰʝʥʥʦʛʦ ʦʩʘʜʢʘ ʠ ʩʢʦʨʳʤ ʬʠʣʴʪʨʦʚʘʥʠʝʤ; ʯʘʩʪʴ ʚʦʜʳ 

ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʧʦ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʡ ʩʭʝʤʝ ʥʘ ʢʦʥʪʘʢʪʥʳʭ ʦʩʚʝʪʣʠʪʝʣʷʭ. ɺ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠ ̫ʥʘ ʧʨʠʨʦʜʫ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ 

ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. ɺʦʜʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʩʚʦʝʛʦ ʢʘʯʝʩʪʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ, ʦʩʦʙʝʥʥʦ 

ʟʘʛʨʷʟʥʝʥʥʳʤʠ ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ ʚ ʦʩʝʥʥʝ-ʚʝʩʝʥʥʠʝ ʧʝʨʠʦʜʳ [2; 4]. 

ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʪʘʢʠʭ ʚʦʜ ʥʘ ʦʯʠʩʪʥʫʶ ʩʪʘʥʮʠʶ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩ ̫ʥʘʛʨʫʟʢʘ ʥʘ 

ʦʩʥʦʚʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʦʯʠʩʪʢʠ ʠ ʦʩʣʦʞʥʷʷʝʪʩʷ ʧʨʦʮʝʩʩ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩ̫ 

ʝʝ ʩʝʙʝʩʪʦʠʤʦʩʪʴ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʫʩʧʝʰʥʦ ʜʝʡʩʪʚʫʶʪ ʩʭʝʤʳ 

ʧʦʜʛʦʪʦʚʢʠ ʚʦʜʳ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʙʝʟʨʝʘʛʝʥʪʥʳʤ ʦʩʚʝʪʣʝʥʠʝʤ. ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤ 

ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʩʝʣʴʩʢʠʭ ʤʘʣʳʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʪʨʝʙʫʝʪ ʢʦʤʧʘʢʪʥʳʭ ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʘʥʦʚʦʢ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʩʪʳʤʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʥʝʜʦʨʦʛʠʤʠ ʧʦ ʩʪʦʠʤʦʩʪʠ. 

ʉ ʪɻʦʡ ʮʝʣʴʶ ʚ ʊʘʜʞʠʢʩʢʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤʝʥʠ ʘʢ. ʄ.ʉ. ʆʩʠʤʠ ʙʳʣʘ 

ʨʘʟʘʨʙʦʪʘʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠ ʙʝʟʨʝʘʛʝʥʪʥʦʡ ʦʯʠʩʪʢʠ ʚʳʩʦʢʦʤʫʪʥʳʭ ʚʦʜ, ʥʘ 

ʢʦʪʦʨʦʡ ʙʳʣʠ ʧʦʣʫʯʝʥʥ rʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ [2]. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʪʁʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʝʦʨʠʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʇʦʵʪʦʤʫ ʚ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʩʪʘʪʴʷʭ [4; 6] ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʚʳʩʦʢʦʤʫʪʥʳʭ ʚʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʝ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʄʅʂ) ʠ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʭ ʬʦʨʤʫʣ ʃʘʛʨʘʥʞʘ. 

ɺ ʩʪʘʪʴʝ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʥʘ ʫʩʪʘʥʦʚʢʝ 

ʩ ʧʝʨʝʢʨʝʩʪʥʦʡ ʩʭʝʤʦʡ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʠ ʦʩʘʜʢʘ, ʚ ʢʦʪʦʨʦʡ ʚʳʜʝʣʝʥʥʳʡ ʦʩʘʜʦʢ ʜʚʠʞʝʪʩʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʜʚʠʞʝʥʠʶ ʦʩʚʝʪʣʷʝʤʦʛʦ ʧʦʪʦʢʘ ʚʦʜʳ. ɼʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ 

ʙʳʩʪʨʦʤʫ ʠ ʧʦʣʥʦʤʫ ʦʩʚʝʪʣʝʥʠʶ ʚʳʩʦʢʦʤʫʪʥʳʭ ʚʦʜ, ʙʣʘʛʦʜʘʨʷ ʦʩʦʙʝʥʥʦʩʪʷʤ ʝʝ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʩʚʝʪʣʝʥʠ ̫ʚʳʩʦʢʦʤʫʪʥʳʭ ʚʦʜ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʦʪ ʠʩʭʦʜʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʦʩʪʫʧʘʶʱʝʡ ʚʦʜʳ ʜʠʘʤʝʪʨʘ 

ʠ ʜʣʠʥʳ ʪʦʥʢʦʩʣʦʡʥʳʭ ʪʨʫʙʦʢ, ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʚʨʝʤʝʥʠ ʦʪʩʪʘʠʚʘʥʠʷ ʚʦʜʳ ʚ ʪʨʫʙʢʘʭ. ɺ 

ʪʝʢʩʪʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ ʦʩʚʝʪʣʝʥʠʷ ʚʳʩʦʢʦʤʫʪʥʳʭ ʚʦʜ ʥʘ 

ʫʩʪʘʥʦʚʢʝ ʜʘʶʪʩʷ ʚ ʧʨʦʮʝʥʪʘʭ, ʘ ʦʩʪʘʪʦʯʥʘʷ ʤʫʪʥʦʩʪʴ ʚʳʭʦʜʷʱʝʡ ʠʟ ʫʩʪʘʥʦʚʢʠ ʚʦʜʳ ï ʤʛ/ʜʤ3. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠʣʠ ʫʤʝʥʴʰʝʥʠʠ ʜʠʘʤʝʪʨʘ ʪʨʫʙʳ ʵʬʬʝʢʪ ʦʯʠʩʪʢʠ 

ʚʳʩʦʢʦʤʫʪʥʳʭ ʚʦʜ ʤʝʥʷʝʪʩʷ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʩ ʫʯʝʪʦʤ ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʵʬʬʝʢʪ ʦʩʚʝʪʣʝʥʠʷ 

ʚʳʩʦʢʦʤʫʪʥʳʭ ʚʦʜ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ, ʜʠʘʤʝʪʨʘ, ʨʘʩʭʦʜʘ, ʚʨʝʤʝʥʠ 

ʦʪʩʪʘʠʚʘʥʠ ̫ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʅʘ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 12 ʩʝʨʠʡ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʤʫʪʥʦʩʪʴʶ ʠʩʭʦʜʥʦʡ ʚʦʜʳ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥ r [2; 4] ʥʘ ʦʩʥʦʚʝ ʦʢʦʥʯʘʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʘ ʦʩʚʝʪʣʝʥʠ ̫ʦʯʠʩʪʢʠ ʚʳʩʦʢʤʫʪʥʳʭ ʚʦʜ. 

˪◄ ȟ Ͻ ◄ ȟ ◄ ȟ ◄ ȟ ◄ ȟ ◄ȟ  

ɼʘʥʥʳʝ ʦʩʚʝʪʣʝʥʠʷ ʚʳʩʦʢʦʤʫʪʥʳʭ ʚʦʜ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʙʳʣʦ ʧʦʣʫʯʝʥʳ 

ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʦʩʘʞʜʝʥʠʷ 19,7, 10,8, 10,5 10,2 ʠ 8,6 ʤʤ/ʩ ʠ ʜʠʘʤʝʪʨʘʭ 70, 38 ʠ 20 ʤʤ. ʀʩʧʦʣʴʟʫʷ 

http://teacode.com/online/udc/62/628.11.html
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ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʚʨʝʤʝʥʠ ʦʪʩʪʘʠʚʘʥʠʷ, t ʤʠʥ, ʕ %. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʠʚʝʜʝʥʳ ʥʘ (ʨʠʩ.1), ʥʘ 

ʢʦʪʦʨʦʤ ʩʪʝʧʝʥʴ ʦʩʚʝʪʣʝʥʠʷ ʚʳʩʦʢʦʤʫʪʥʳʭ ʚʦʜ ʧʨʠ ʜʠʘʤʝʪʨʝ ʪʦʥʢʦʩʣʦʡʥʦʡ ʪʨʫʙʢʠ D=70 ʤʤ ʠ 

ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ ʩʦʩʪʘʚʠʣʘ ʦʪ 92,13 ʜʦ 99,85%. ʕʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʧʨʦʚʝʜʝʥ ʥʘ ʪʨʝʭ ʫʯʘʩʪʢʘʭ 

ʫʩʪʘʥʦʚʢʠ, ʥʘ ʧʝʨʚʦʤ ʫʯʘʩʪʢʝ ʦʥʘ ʩʦʩʪʘʚʣʷʣʘ 98,90, ʚʪʦʨʦʤ ð 99,66, ʠ ʪʨʝʪʴʝʤ ð 99,89%.  

 

ʈʠʩ.1. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʩʚʝʪʣʝʥʠʶ ʚʳʩʦʢʦʤʫʪʥʳʭ ʚʦʜ ʥʘ 

ʧʦʣʫʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʨʠ D = 70 ʤʤ 

Fig. 1. Results of experimental studies on clarification of highly turbid waters in a semi-

industrial plant at D = 70 mm 

 
 Q = 0,03 ʜʤ3/ʩ; v = 8,6 ʤʤ/ʩ 

ʇʨʠ ʜʠʘʤʝʪʨʝ ʪʦʥʢʦʩʣʦʡʥʦʡ ʪʨʫʙʢʠ D = 38 ʤʤ ʠ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ ʦʥʘ ʩʦʩʪʘʚʠʣʘ ʦʪ 94,47 

ʜʦ 99,84. ʅʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʦʩʚʝʪʣʝʥʠʷ 99,84 ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʨʠ ʩʢʦʨʦʩʪʠ 8,6 ʤ/ʩ. ʇʨʠ ʵʪʦʤ, 

ʚ ʢʦʥʮʝ ʧʝʨʚʦʛʦ ʫʯʘʩʪʢʘ ʦʥʘ ʩʦʩʪʘʚʣʷʣʘ 97,40, ʚʪʦʨʦʛʦ ð 99,40, ʠ ʪʨʝʪʴʝʛʦ ð 99,84. ×ʕ ʥʘ ʜʚʫʭ 

ʧʦʩʣʝʜʥʠʭ ʫʯʘʩʪʢʘʭ ʪʦʥʢʦʩʣʦʡʥʦʡ ʪʨʫʙʢʠ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 1,95 ʜʦ 3,5, ʢʦʛʜʘ ʧʦʩʣʝ ʧʝʨʚʦʛʦ 

ʫʯʘʩʪʢʘ ʦʥʘ ʙʳʣʘ ʨʘʚʥʘ ʦʪ 96,02 ʜʦ 97,40 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʦʩʚʝʪʣʝʥʠʷ. 

 

ʈʠʩ.2. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʩʚʝʪʣʝʥʠʶ ʚʳʩʦʢʦʤʫʪʥʳʭ ʚʦʜ ʥʘ 

ʧʦʣʫʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ D = 38 ʤʤ 

Fig. 2. Results of experimental studies on clarification of highly turbid waters on a semi-

production unit D = 38 mm 

 
 

Q = 0,009 ʜʤ3/ʩ; v = 8,6 ʤʤ/ʩ 
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ʇʨʠ ʜʠʘʤʝʪʨʝ ʪʦʥʢʦʩʣʦʡʥʦʡ ʪʨʫʙʢʠ D = 20 ʤʤ ʠ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ ʩʦʩʪʘʚʠʣʘ ʦʪ 95,87 ʜʦ 

99,89. ʇʨʠ ʵʪʦʤ, ʚ ʢʦʥʮʝ ʧʝʨʚʦʛʦ ʫʯʘʩʪʢʘ ʦʥʘ ʩʦʩʪʘʚʣʷʣʘ 98,9, ʚʪʦʨʦʛʦ ð 99,66 ʠ ʪʨʝʪʴʝʛʦ ð 

99,89. 

 

ʈʠʩ.3. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʩʚʝʪʣʝʥʠʶ ʚʳʩʦʢʦʤʫʪʥʳʭ ʚʦʜ ʥʘ 

ʧʦʣʫʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ 

Fig. 3. Results of experimental studies on clarification of highly turbid waters at a semi-

production plant 

 
 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʤʫʪʥʦʩʪʠ (1.500-12.526 ï 

ʤʛ/ʜʤ3) ʩʪʝʧʝʥʠ ʦʩʚʝʪʣʝʥʠʷ ʚʳʭʦʜʷʱʝʡ ʠʟ ʫʩʪʘʥʦʚʢʠ ʚʦʜʳ ʩʦʩʪʘʚʣʷʶʪ: 92,13-99,89. 

ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʪʘʙʣʠʮʝ 1 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʤʫʪʥʦʩʪʠ (1.500-12.526 ï 

ʤʛ/ʜʤ3) ʠ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ (8,6, 10,8, 19,7 ʤʤ/ʩ) ʩʨʝʜʥʷʷ ʩʪʝʧʝʥʴ ʦʩʚʝʪʣʝʥʠʷ ʚʳʭʦʜʷʱʝʡ ʠʟ 

ʫʩʪʘʥʦʚʢʠ ʚʦʜʳ ʚ ʪʦʥʢʦʩʣʦʡʥʳʭ ʪʨʫʙʢʘʭ ʨʘʟʥʦʛʦ ʜʠʘʤʝʪʨʘ ʧʦʣʫʯʘʝʪʩʷ ʨʘʟʥʘʷ.  

 

ʊʘʙʣʠʮʘ 1. ʉʨʝʜʥʷʷ ʩʪʝʧʝʥʴ ʦʩʚʝʪʣʝʥʠʷ ʚʳʭʦʜʷʱʝʡ ʠʟ ʫʩʪʘʥʦʚʢʠ ʚʦʜʳ 

Table 1. Average degree of clarification of water leaving the unit 

ʄʫʪʥʦʩʪʴ, 

ʂ, ʤʛ/ ʜʤ3 

ʉʢʦʨʦʩʪʴ, 

v, ʤʤ/ʩ 

ɼʠʘʤʝʪʨ 

ʪʨʫʙʢʠ, 

D, ʤʤ  

ʉʪʝʧʝʥʴ ʦʩʚʝʪʣʝʥʠʷ ʧʨʠ ʜʣʠʥʝ 

ʪʦʥʢʦʩʣʦʡʥʳʭ ʦʪʩʪʦʡʥʠʢʦʚ, % 
ʉʨʝʜʥʷʷ ʩʪʝʧʝʥʴ 

ʦʩʚʝʪʣʝʥʠʷ ʚʳʭʦʜʷʱʝʡ ʠʟ 

ʫʩʪʘʥʦʚʢʠ ʚʦʜʳ, % 4ʤ 8ʤ 12ʤ 

1500-12526 8,6 70 94,44 4,61 0,63 99,68 

-//- -//- 8,6 38 96,57 2,33 0,78 99,78 

-//- -//- 8,6 20 97,97 1,33 0,47 99,77 

-//- -//- 10,8 70 92,33 5,71 0,36 98,40 

-//- -//- 10,8 38 94,94 3,27 0,73 98,95 

-//- -//- 10,8 20 96,71 1,94 0,36 99,00 

-//- -//- 19,7 70 91,78 5,53 0,69 97,99 

-//- -//- 19,7 38 94,40 3,55 0,76 98,70 

-//- -//- 19,7 20 96,29 2,03 0,44 98,76 

 

ʇʨʠ ʵʪʦʤ, ʥʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʦʩʚʝʪʣʝʥʠʷ ʚʳʩʦʢʦʤʫʪʥʳʭ ʚʦʜ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʝʨʚʳʭ 

ʫʯʘʩʪʢʘʭ ʪʨʫʙʦʢ ʫʩʪʘʥʦʚʢʠ. ʉʨʝʜʥʷʷ ʩʪʝʧʝʥʴ ʦʩʚʝʪʣʝʥʠʷ ʚʳʭʦʜʷʱʝʡ ʠʟ ʫʩʪʘʥʦʚʢʠ ʚʦʜʳ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 98,76 ʜʦ 99,68. ʇʨʠ ʩʢʦʨʦʩʪʠ 8,6 ʤʤ/ʩ ʩʥʠʞʝʥʠʝ ʩʪʝʧʝʥʠ ʦʩʚʝʪʣʝʥʠʷ 

ʚʳʩʦʢʦʤʫʪʥʳʭ ʚʦʜ ʚ ʪʨʫʙʢʘʭ ʩ ʨʘʟʥʳʤʠ ʜʠʘʤʝʪʨʘʤʠ (20, 38, 70 ʤʤ) ʩʦʩʪʘʚʣʷʝʪ ʦʪ 99,68 ʜʦ 

99,77; ʧʨʠ ʩʢʦʨʦʩʪʠ 10,8 ʤʤ/ʩ ï ʦʪ 98,40 ʜʦ 99,00; ʧʨʠ ʩʢʦʨʦʩʪʠ 19,7 ʤʤ/ʩ ï ʦʪ 97,99 ʜʦ 98,76%.  
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ʈʠʩ.4. ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʘ ʦʩʚʝʪʣʝʥʠʷ ʦʪ ʠʩʭʦʜʥʦʡ ʤʫʪʥʦʩʪʠ  

Fig. 4. Dependence of the lightening effect on the initial turbidity 

 
 

ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʦʩʚʝʪʣʝʥʠʷ ʚ ʪʦʥʢʦʩʣʦʡʥʳʭ ʪʨʫʙʢʘʭ ʩ 

ʙʦʣʴʰʠʤ ʜʠʘʤʝʪʨʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʫʙʦʢ ʩ ʤʝʥʴʰʠʤ ʜʠʘʤʝʪʨʦʤ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ 

ʠʩʭʦʜʥʦʡ ʤʫʪʥʦʩʪʠ ʧʦʩʪʫʧʘʶʱʝʡ ʚʦʜʳ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʦʩʚʝʪʣʝʥʠʷ, ʚ 

ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʪʨʫʙʦʢ ʥʘ ʧʫʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʠʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʜʚʠʞʫʪʩʷ ʢ ʚʳʭʦʜʫ 

ʠʟ ʩʦʦʨʫʞʝʥʠʷ, ʚʦʟʥʠʢʘʝʪ ʧʣʦʪʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʘʩʩʘ ʙʦʣʝʝ ʪʷʞʝʣʳʭ ʦʩʝʜʘʶʱʠʭ ʯʘʩʪʠʮ ʩ 

ʥʠʩʭʦʜʷʱʝʡ ʪʨʘʝʢʪʦʨʠʝʡ ʜʚʠʞʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʩʪʦʣʢʥʦʚʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʩʩʳ ʠ ʜʚʠʞʝʥʠʝ ʝʝ ʚ ʩʪʦʨʦʥʫ ʦʩʘʜʦʯʥʦʡ ʯʘʩʪʠ ʫʩʪʘʥʦʚʢʠ ʙʫʜʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ ʙʦʣʝʝ ʢʨʫʪʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ, ʫʚʝʣʠʯʠʚʘʶʱʝʤʫ ʩʪʝʧʝʥʴ ʦʩʚʝʪʣʝʥʠʷ (ʨʠʩ 5). 

 

ʈʠʩ.5. ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʩʩʳ ʠ ʜʚʠʞʝʥʠʝ ʝʝ ʚ ʩʪʦʨʦʥʫ ʦʩʘʜʦʯʥʦʡ 

ʯʘʩʪʠ ʫʩʪʘʥʦʚʢʠ 

Fig. 5. Increase in the density of the dynamic mass and its movement towards the sedimentary 

part of the installation 

  
 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ [2] ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʦʩʚʝʪʣʝʥʠʷ ʚʳʩʦʢʦʤʫʪʥʳʭ ʚʦʜ (ʦʩʪʘʪʦʯʥʘʷ ʤʫʪʥʦʩʪʴ ʚʳʭʦʜʷʱʝʡ ʠʟ ʫʩʪʘʥʦʚʢʠ ʚʦʜʳ ʥʝ ʙʦʣʝʝ 

1500 ï ʤʛ/ʜʤ3) ʜʦ ʦʩʥʦʚʥʦʛʦ ʙʣʦʢʘ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʜʠʘʤʝʪʨ 

ʪʦʥʢʦʩʣʦʡʥʳʭ ʪʨʫʙʦʢ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʩʚʝʪʣʝʥʠʷ ʚʳʩʦʢʦʤʫʪʥʳʭ ʚʦʜ ʚ 

ʧʨʝʜʝʣʘʭ 50-70 ʤʤ, ʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ - 10-20 ʤʤ/ʩ.  

ɿʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʦʩʚʝʪʣʝʥʠʷ ʤʝʞʜʫ ʧʝʨʚʳʤ ʠ ʧʦʩʣʝʜʫʶʱʠʤʠ ʫʯʘʩʪʢʘʤʠ ʫʩʪʘʥʦʚʢʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩ ʦʩʚʝʪʣʝʥʠʷ ʚʳʩʦʢʦʤʫʪʥʳʭ ʚʦʜ ʧʨʘʢʪʠʯʝʩʢʠ ʟʘʚʝʨʰʘʝʪʩʷ ʥʘ 

ʧʝʨʚʦʤ ʫʯʘʩʪʢʝ. ʇʨʠʯʠʥʦʡ ʪʦʤʫ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮ ʧʨʠʤʝʩʝʡ, ʢʦʪʦʨʳʝ, ʚ 

ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʦʧʨʝʜʝʣʷʶʪ ʤʫʪʥʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʚʦʜ. 
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ɺ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʣʘʤʠʥʘʨʥʳʡ, ʥʘʧʨʠʤʝʨ, ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʚ ʫʩʪʘʥʦʚʢʝ ʚʳʟʳʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʝ ʦʩʘʞʜʝʥʠʝ ʧʨʠʤʝʩʝʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʜʣʠʥʫ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʧʨʝʜʝʣʘʭ 4 ʤʝʪʨʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʜʦʣʞʘʶʪʩʷ, 

ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʩʪʘʪʴʷʭ. 

ɺʳʚʦʜ 

1. ʅʘ ʦʩʥʦʚʝ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʡ ʬʦʨʤʫʣ r ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʪʁ 

ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʮʝʩʩʘ ʦʩʚʝʪʣʝʥʠʷ ʚʳʩʦʢʦʤʫʪʥʳʭ ʚʦʜ. 

2. ʋʩʪʘʥʦʚʣʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʩʚʝʪʣʝʥʠ ̫ʚʳʩʦʢʦʤʫʪʥʳʭ ʚʦʜ ʦʪ ʠʩʭʦʜʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʘʯʝʩʪʚʘ ʧʦʩʪʫʧʘʶʱʝʡ ʚʦʜʳ. 

3.  ɼʣʷ ʦʩʚʝʪʣʝʥʠʷ ʚʳʩʦʢʦʤʫʪʥʳʭ ʚʦʜ ʦʧʨʝʜʝʣʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʫʩʪʘʥʦʚʢʠ.  
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ăìðîì÷ĕúñ úîìüðì Ąÿðììùð, öô øúĕôċþô öúüüú ôùĆôöúý øñöÿùìùð. Øúĕôċþô øÿìõċù öìüðìùô ĄìĀĀúĀöÿùôô 
úíô îúüôðĄÿðì îì íìüúøìðìù ìó ðìýþïúĕ ùôó úîìüðì Ąÿðììýþ. Ðìü ìýúýô þìĕ÷ô÷ô ùìþôĔìĕúô þìĕėôėúþô 
íìðìýþúîìüðìĄÿðì úôð íì ôýþôĀúðìíìüôô ûìüìøñþüĕúô ðìýþïúĕô ôýþñĕýú÷Ē íìüúô ûñĄìöĒ ĄìĀĀúöÿùôô 
úíĕúô þôüìïôìĄúù íì÷ìùð þìîýôċ ðúðì øñĄìîìð. 

Ðìü øìėú÷ì íú ùìóìüðúĄþô þìĔüôíìĕúô ïÿóìüúùôðìĄÿðì, þìĆýôüô üìîĄìù öìüðìùô úíĕúô þüôìïôìĄúù 
íì÷ìùð îúíìýþì íì ýÿüĆìþ, ðôìøñþü, ýÿüĆìþô ĔìüìČù, îìėþô úíĄìîĒ îì ðôïìü ûìüìøñþüĕú øÿìõċù öìüðì 
Ąÿðììýþ. 

Îìėþñ öô ôù ïÿùì úí íì ôùĄúúþĕúô þúóìöÿùĒ ðúāô÷ øñĄìîìð, íúüô ôùĄúúþĕúô ìýúýôô þúóìöÿùĒ āñ÷ñ 
óôČð Ąÿðì, üìîìùðô úíþúóìöÿùĒ øÿüìööìí Ąÿðì, ìüóôĄô úù øñìĀóúċð. Íìüúô ĕì÷÷ô ôù øÿĄöô÷úþ ýāñøìĕúô 
þúóìöÿùôô úí íú ĄìĀĀúĀöÿùôô ûñĄìöôô íñ üñìöþôîĕú þìüþôí ðúðì Ąÿðììùð îì íúøÿîìĀĀìėôċþ öúü 
øñöÿùìùð. Íìüúô ĕì÷÷ô ûüúí÷ñøìāúô þúóìöÿùôô úí ðìü øìĕì÷ĕúô ìĕú÷ôùôĄôùô āÿüðô ðñĕúþ ùìýí öìüðìùô 
ýìõČüô ûìõøúùñ ÷úóôø ìýþ, öô íúċð ôýþôĀúðììĄúù úýúù îì ìüóúù íúĄìùð. 

Öì÷ôðîúòìĕú: þúóì öìüðìùô úíĕúô þôüìïôìĄúù íì÷ìùð, öúüöìüðô úí, îìėþô þìĕĄôùĄìîĒ, ĉĕþôøú÷ôċþô 
ĄìĀĀúĀöÿùĒ, íñìùïñóì þúóìöÿùĒ, ėÿíÿüĕúô þÿùÿöėìíìþ. 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʆʉɺɽʊʃɽʅʀʗ ɺʓʉʆʂʆʄʋʊʅʓʍ ɺʆɼ ʅɸ ʈɸɿʈɸɹʆʊɸʅʅʆʁ 

ʋʉʊɸʅʆɺʂɽ ʂɺʀɺ -2020 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʮʝʩʩʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʩʚʝʪʣʝʥʠʷ ʚʳʩʦʢʦʤʫʪʥʳʭ ʚʦʜ ʥʘ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥ r

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʠ ʪʘʙʣʠʮ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʩʫʪʴ ʨʘʙʦʪʳ. ʊʘʢʞʝ ʧʨʠʚʝʜʝʥʘ ʩʫʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʘ ʦʯʠʩʪʢʠ ʚʦʜʳ, ʧʦʩʪʫʧʘʶʱʝʡ ʠ ʚʳʭʦʜʷʱʝʡ ʠʟ ʫʩʪʘʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʥʘ ʨʝʢʦʤʝʥʜʘʮʠʷ ʦ ʧʨʠʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʩʚʝʪʣʝʥʠʷ ʚʳʩʦʢʦʤʫʪʥʦʡ ʚʦʜʳ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʩ ʫʯʝʪʦʤ ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʵʬʬʝʢʪ ʦʩʚʝʪʣʝʥʠʷ ʚʳʩʦʢʦʤʫʪʥʳʭ ʚʦʜ 

ʥʘ ʫʩʪʘʥʦʚʢʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ, ʜʠʘʤʝʪʨʘ, ʨʘʩʭʦʜʘ, ʚʨʝʤʝʥʠ ʦʪʩʪʘʠʚʘʥʠʷ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ. 



64 
 

ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʪʘʢʠʭ ʚʦʜ ʥʘ ʦʯʠʩʪʥʫʶ ʩʪʘʥʮʠʶ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘʛʨʫʟʢʘ ʥʘ ʦʩʥʦʚʥʳʝ 

ʩʦʦʨʫʞʝʥʠʷ ʦʯʠʩʪʢʠ ʠ ʦʩʣʦʞʥʷʷʝʪʩʷ ʧʨʦʮʝʩʩ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʝ ʩʝʙʝʩʪʦʠʤʦʩʪʴ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʫʩʧʝʰʥʦ ʜʝʡʩʪʚʫʶʪ ʩʭʝʤʳ ʧʦʜʛʦʪʦʚʢʠ ʚʦʜʳ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ 

ʙʝʟʨʝʘʛʝʥʪʥʳʤ ʦʩʚʝʪʣʝʥʠʝʤ. ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʩʝʣʴʩʢʠʭ ʤʘʣʳʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʪʨʝʙʫʝʪ 

ʢʦʤʧʘʢʪʥʳʭ ʤʦʙʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʩʪʳʤʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʥʝʜʦʨʦʛʠʤʠ ʧʦ ʩʪʦʠʤʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʯʠʩʪʢʘ ʚʳʩʦʢʦʤʫʪʥʳʭ ʚʦʜ, ʚʦʜʦʧʦʜʛʦʪʦʚʢʘ, ʚʨʝʤʷ ʦʪʩʪʘʠʚʘʥʠ,̫ ʵʬʬʝʢʪ ʦʩʚʝʪʣʝʥʠʷ, 

ʙʝʟʨʝʘʛʝʥʪʥʦʡ ʦʯʠʩʪʢʠ, ʪʦʥʢʦʩʣʦʡʥʳʝ ʪʨʫʙʢʠ. 

 

RESEARCH OF THE PROCESS OF CLARIFICATION  OF HIGH -QUALITY  WATER  AT THE DEVELOPED 

KVIV -2020 INSTALLATION  

The article presents new results of the process of preliminary clarification of high-turbid waters on the developed 

installation at different values of parameters based on numerical modeling. The analyzed results are presented in the form 

of graphs and tables that reflect the essence of the work. The essence of determining the effect of cleaning the water 

entering and leaving the installation is also given. Based on the analysis of the obtained research results, a recommendation 

is given on the use of the parameters of the production installation for preliminary clarification of high-turbid waters. 

In this article, taking into account the experiments carried out, the effect of clarification of high-turbid waters on the 

installation was determined, depending on the speed, diameter, flow rate, settling time and other parameters. 

When such water enters the treatment plant, the load on the main treatment facilities significantly increases and the 

water treatment process is complicated, and its cost increases. To solve this problem, water treatment schemes with 

preliminary reagent-free clarification have been developed and are successfully operating. Solving the problems of water 

treatment in small rural settlements requires compact mobile installations that should be easy to operate and inexpensive. 

Keywords: purification of highly turbid waters, water treatment, settling time, clarification effect, reagent-free 

purification, thin-layer tubes. 
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ʋɼʂ: 334 (575.3) 

ʇʈʆʎɽʉʉ ʋʊɽʏʂʀ ʂʆʅʌʀɼɽʅʎʀɸʃʔʅʓʍ ɼɸʅʅʓʍ ɺ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ 

ʉʀʉʊɽʄɸʍ 
 

ʉʘʬʘʨʦʚ ʌ.ɻ., ɼʫʩʪʦʚ ʐ.ɸ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʀʉʀʉ ʚ ʛ. ɼʫʰʘʥʙʝ 

 

ɺʚʝʜʝʥʠʝ. ʏʘʩʪʦ ʫʪʝʯʢʘ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʠʤʝʪʴ ʩʝʨʴʝʟʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʣʶʜʝʡ ʠʣʠ ʦʨʛʘʥʠʟʘʮʠʡ, ʥʦ ʠ ʜʣʷ ʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ. ʕʪʦ 

ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʚʠʜʝ ʬʠʥʘʥʩʦʚʳʭ ʫʙʳʪʢʦʚ, ʧʦʪʝʨʠ ʨʝʧʫʪʘʮʠʠ ʠ ʶʨʠʜʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʢʠʙʝʨʘʪʘʢ ʠ ʤʦʰʝʥʥʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʚʳʛʦʜʳ ʠʟ ʫʷʟʚʠʤʦʩʪʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʟʘʱʠʪʳ ʜʘʥʥʳʭ, ʧʨʝʜʣʘʛʘʶʪ ʤʥʦʞʝʩʪʚʦ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴ 

ʩʦʪʨʫʜʥʠʢʦʚ ʦ ʤʝʨʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ ʤʦʛʫʪ ʩʪʘʪʴ 

ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʨʠʩʢʘ. ʋʨʦʚʝʥʴ ʬʠʟʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʝʛʫʣʷʨʥʳʝ ʦʙʥʦʚʣʝʥʠʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʧʨʘʚʠʣʴʥʦʤʫ ʦʙʨʘʱʝʥʠʶ ʩ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʛʨʦʟ. 

ʂʦʤʧʣʝʢʩʥʳʡ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ 

ʫʪʝʯʝʢ ʠʥʬʦʨʤʘʮʠʠ. ʆʥ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʟʘʱʠʪʫ ʜʘʥʥʳʭ. ɺʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʠʬʨʦʚʘʥʠʷ, 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʝʪʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʅʝʦʙʭʦʜʠʤʳ 

ʨʝʛʫʣʷʨʥʳʝ ʧʨʦʚʝʨʢʠ ʠ ʦʙʥʦʚʣʝʥʠʷ ʧʦʣʠʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦʙʳ ʘʜʝʢʚʘʪʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 

ʥʦʚʳʝ ʫʛʨʦʟʳ.  

ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʠ ʤʝʨʳ, ʦʙʲʝʜʠʥʸʥʥʳʝ ʚʤʝʩʪʝ, ʩʦʟʜʘʶʪ ʦʧʪʠʤʘʣʴʥʳʡ ʟʘʱʠʪʥʳʡ ʙʘʨʴʝʨ, 

ʢʦʪʦʨʳʡ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʫʪʝʯʢʠ ʜʘʥʥʳʭ ʠ ʫʢʨʝʧʣʷʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ.  

ʇʨʠʤʝʥʷʝʤʳʝ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, 

ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʮʝʥʪʨʦʤ InfoWatch [16], ʩʪʘʣʦ ʠʟʚʝʩʪʥʦ ʦ ʪʦʤ, ʯʪʦ ʚ ʙʘʟʫ 

ʫʪʝʯʝʢ ʟʘ ʧʦʣʫʛʦʜʠʝ 2024 ʛʦʜʘ ʙʳʣʦ ʚʥʝʩʝʥʦ ʙʦʣʝʝ 5 ʪʳʩʷʯ ʠʥʮʠʜʝʥʪʦʚ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʫʛʨʦʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʫʪʝʯʝʢ ʧʨʦʠʟʦʰʣʘ ʠʟ-ʟʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʢʠʙʝʨʘʪʘʢʠ ʩʦʩʪʘʚʣʷʶʪ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ. ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʠ ʢʦʤʧʘʥʠʠ, 

ʟʘʥʠʤʘʶʱʠʝʩʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝʤ, ʦʢʘʟʘʣʠʩʴ ʚ ʯʠʩʣʝ ʩʘʤʳʭ ʫʷʟʚʠʤʳʭ ʠʟ-ʟʘ ʧʦʪʝʨʠ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʤʝʪʴ ʦʯʝʥʴ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ.  

 

ʈʠʩ. 1. ʂʦʣʠʯʝʩʪʚʦ ʫʪʝʯʝʢ ʠʥʬʦʨʤʘʮʠʠ: ʄʠʨ, I ʧʦʣʫʛʦʜʠʝ 2022 ʛ. - ʛ., I ʧʦʣʫʛʦʜʠʝ 2024 ʛ 

Figure 1. Number of information leaks: World, first half of 2022 - first half of 2024 
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ɺ 2022 ʛʦʜʫ ʢʦʣʠʯʝʩʪʚʦ ʫʪʝʯʝʢ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚʢʣʶʯʘʷ ʧʝʨʩʦʥʘʣʴʥʳʝ 

ʜʘʥʥʳʝ, ʜʦʩʪʠʛʣʦ ʨʝʢʦʨʜʥʳʭ ʫʨʦʚʥʝʡ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠʥʘʜʣʝʞʠʪ 

ʭʘʢʝʨʩʢʠʤ ʛʨʫʧʧʘʤ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʰʠʨʦʢʦʡ ʘʫʜʠʪʦʨʠʠ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʫʙʣʠʢʘʮʠʷ ʫʢʨʘʜʝʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ 

ʣʠʯʥʳʝ ʩʚʝʜʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʌʀʆ, ʘʜʨʝʩʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ, ʥʦʤʝʨʘ ʪʝʣʝʬʦʥʦʚ ʠ ʧʨʦʯʝʝ. ʕʪʠ 

ʫʪʝʯʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʛʨʦʟʫ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʘʢ ʜʣʷ ʛʨʘʞʜʘʥ, ʪʘʢ ʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʡ, 

ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʠʥʬʦʨʤʘʮʠʶ, ʧʦʧʘʜʘʶʱʫʶ ʚ ʨʫʢʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʶʪ ʨʠʩʢ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ, ʦʥ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʢʪʠʚʠʩʪʘʤʠ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʷʟʚʠʤʦʩʪʝʡ ʩʠʩʪʝʤ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʦʢʘʟʘʚʰʠʝʩʷ ʚ ʩʣʦʞʥʦʡ ʩʠʪʫʘʮʠʠ, ʤʦʛʫʪ ʧʦʥʝʩʪʠ ʫʙʳʪʢʠ ʠʟ-ʟʘ ʧʦʪʝʨʠ 

ʢʣʠʝʥʪʦʚ, ʩʫʜʝʙʥʳʭ ʨʘʟʙʠʨʘʪʝʣʴʩʪʚ ʠ ʫʪʨʘʪʳ ʜʦʚʝʨʠʷ ʩʦ ʩʪʦʨʦʥʳ ʧʦʪʨʝʙʠʪʝʣʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʦʙʱʝʩʪʚʦ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʥʦʚʦʡ ʫʛʨʦʟʦʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʚʦʟʤʦʞʥʦʡ ʧʨʦʜʘʞʝʡ ʣʠʯʥʳʭ 

ʜʘʥʥʳʭ ʚ ʪʝʥʝʚʦʤ ʠʥʪʝʨʥʝʪʝ. 

ʕʢʩʧʝʨʪʳ ʧʦʜʯʝʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʚʝʜʝʥʠʷ ʙʦʣʝʝ ʩʪʨʦʛʠʭ ʤʝʨ ʧʦ ʟʘʱʠʪʝ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠ ʁʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʦ ʨʠʩʢʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʪʝʯʢʦʡ ʜʘʥʥʳʭ. ʂʣʶʯʝʚʳʤ 

ʚʦʧʨʦʩʦʤ ʜʣʷ ʚʩʝʭ, ʢʪʦ ʩʪʨʝʤʠʪʩʷ ʟʘʱʠʪʠʪʴ ʩʚʦʠ ʜʘʥʥʳʝ ʦʪ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʘʪʘʢ ʚ ʙʫʜʫʱʝʤ, 

ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ 2022 ʛʦʜʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʤʠʨʘ. 

ʆʪʢʨʳʪʳʡ ʜʦʩʪʫʧ ʢ ʙʦʣʝʝ ʯʝʤ ʜʚʫʤ ʤʠʣʣʠʘʨʜʘʤ ʟʘʧʠʩʝʡ, ʩʦʜʝʨʞʘʱʠʤ ʦʢʦʣʦ 300 ʤʠʣʣʠʦʥʦʚ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. ʆʩʦʙʝʥʥʦ ʪʨʝʚʦʞʠʪ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ 16% ʠʟ ʵʪʠʭ ʜʘʥʥʳʭ, ʘ ʠʤʝʥʥʦ 48 ʤʠʣʣʠʦʥʦʚ ʩʪʨʦʢ, ʚʢʣʶʯʘʶʪ ʦʢʦʣʦ 16 000 ʧʘʨʦʣʝʡ, 

ʯʪʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʫʯʝʪʥʳʭ 

ʟʘʧʠʩʝʡ [25].  

ʊʝʭʥʠʯʝʩʢʠʝ ʤʝʨʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʟʘʱʠʪʫ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʠʛʨʘʶʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʫʪʝʯʝʢ ʜʘʥʥʳʭ. ʂ ʪʘʢʠʤ ʤʝʨʘʤ ʦʪʥʦʩʷʪʩʷ ʰʠʬʨʦʚʘʥʠʝ, 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ, ʘʥʪʠʚʠʨʫʩʥʘʷ ʟʘʱʠʪʘ ʠ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ. ʐʠʬʨʦʚʘʥʠʝ 

ʧʨʝʦʙʨʘʟʫʝʪ ʠʥʬʦʨʤʘʮʠʶ ʚ ʬʦʨʤʘʪ, ʥʝʜʦʩʪʫʧʥʳʡ ʜʣʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʨʠʩʢ ʫʪʝʯʢʠ ʜʘʥʥʳʭ. 

ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʚʝʨʢʫ ʣʠʯʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʟʘʱʠʪʫ ʝʛʦ ʜʦʩʪʫʧʘ ʢ 

ʩʠʩʪʝʤʘʤ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʛʦʬʘʢʪʦʨʥʫʶ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʣʠʯʥʦʩʪʠ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ. ʉʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ ʟʘʱʠʱʘʶʪ ʦʪ ʚʨʝʜʦʥʦʩʥʳʭ ʧʨʦʛʨʘʤʤ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʧʳʪʘʪʴʩʷ ʫʢʨʘʩʪʴ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠʣʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʫʷʟʚʠʤʦʩʪʷʤʠ ʘʥʪʠʚʠʨʫʩʥʳʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʷ ʙʳʩʪʨʦ ʚʳʷʚʣʷʪʴ ʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʦʧʳʪʢʠ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ. 

 

ʊʘʙʣʠʮʘ 1. ʂʨʫʧʥʝʡʰʠʝ ʞʝʨʪʚʳ ʢʠʙʝʨʘʪʘʢ ʟʘ 2022 ʠ 2023 ʛʦʜʳ 

Table 1. Largest cyberattack victims in 2022 and 2023 
ɾɽʈʊɺɸ ʂʀɹɽʈɸʊɸʂʀ ʇʆʉʃɽɼʉʊɺʀʗ 

2022 ʛʦʜ 

ʂʦʩʪʘ-ʈʠʢʘ ʫʙʳʪʢʠ ʩʦʩʪʘʚʣʷʶʪ 1,3 ʤʣʨʜ ʜʦʣʣʘʨʦʚ ʉʐɸ (30 ʤʠʣʣʠʦʥʦʚ USD ʚ 

ʜʝʥʴ ʟʘ ʧʦʣʪʦʨʘ ʤʝʩʷʮʘ) 

Axie Infinity (Ronin Network) ʧʦʭʠʱʝʥʦ 600 ʤʠʣʣʠʦʥʦʚ ʜʦʣʣʘʨʦʚ ʉʐɸ 

Binance ʧʦʭʠʱʝʥʦ 570 ʤʠʣʣʠʦʥʦʚ ʜʦʣʣʘʨʦʚ ʉʐɸ 

Wormhole token bridge ʧʦʭʠʱʝʥʦ 321 ʤʠʣʣʠʦʥ ʜʦʣʣʘʨʦʚ ʉʐɸ 

Common Spirit Health ʫʙʳʪʢʠ ʢʦʤʧʘʥʠʠ ʟʘ 2022 ʠ 2023 ʛʦʜʳ ʩʦʩʪʘʚʣʷʶʪ 46,4 ʤʠʣʣʠʦʥʘ 

ʜʦʣʣʘʨʦʚ ʉʐɸ, ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʫʙʳʪʢʠ ʙʫʜʫʪ ʜʦʩʪʠʛʘʪʴ 80 

ʤʠʣʣʠʦʥʦʚ ʜʦʣʣʘʨʦʚ ʉʐɸ 

Neopet ʧʦʭʠʱʝʥʘ ʣʠʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 69 ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʢ 

Twitter ʧʦʭʠʱʝʥʘ ʣʠʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 5,4 ʤʠʣʣʠʦʥʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

Advocate Aurora Health ʧʦʭʠʱʝʥʘ ʣʠʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 3 ʤʠʣʣʠʦʥʦʚ ʧʘʮʠʝʥʪʦʚ 

Optus ʨʘʩʢʨʳʪʳ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʝ ʥʦʤʝʨʘ 2,1 ʤʠʣʣʠʦʥʘ ʢʣʠʝʥʪʦʚ 
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ʂʨʘʩʥʳʡ ʂʨʝʩʪ ʧʦʭʠʱʝʥʘ ʣʠʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 515 ʪʳʩʷʯʘʭ ʯʝʣʦʚʝʢ, ʚʢʣʶʯʘʷ ʠʭ 

ʣʦʢʘʮʠʶ 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʦʙʦʨʦʥʳ ʇʦʨʪʫʛʘʣʠʠ 

ʧʦʭʠʱʝʥʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʝ ʜʦʢʫʤʝʥʪʳ ʅɸʊʆ 

ʉʘʡʪʳ ʘʵʨʦʧʦʨʪʦʚ  ʚʟʣʦʤʘʥʳ ʩʘʡʪʳ 23 ʘʵʨʦʧʦʨʪʦʚ ʉʐɸ, ʗʧʦʥʠʠ, ʕʩʪʦʥʠʠ ʠ ʃʠʪʚʳ 

ɾɽʈʊɺɸ ʂʀɹɽʈɸʊɸʂʀ ʇʆʉʃɽɼʉʊɺʀʗ 

2023 ʛʦʜ 

MOVEit ʦʪ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦʩʪʨʘʜʘʣʦ 2393 ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʦʪ 69 ʜʦ 73,8 ʤʠʣʣʠʦʥʘ ʯʝʣʦʚʝʢ 

DarkBeam ʧʦʭʠʱʝʥʦ ʙʦʣʝʝ 3,8 ʤʠʣʣʠʘʨʜʘ ʵʣʝʢʪʨʦʥʥʳʭ ʷʱʠʢʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ 

ʧʘʨʦʣʷʤʠ 

23andMe ʧʦʭʠʱʝʥʳ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʠʣʣʠʦʥʳ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ɼʅʂ (ʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʥʝ ʦʧʨʝʜʝʣʝʥʦ) 

Johnson Controls International  ʧʦʭʠʱʝʥʦ ʙʦʣʝʝ 27 ʊɹ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ ʠ ʟʘʰʠʬʨʦʚʘʥʳ 

ʚʠʨʪʫʘʣʴʥʳʝ ʤʘʰʠʥʳ ʢʦʤʧʘʥʠʠ VMWare ESXi 

Barts Health NHS Data Breach ʫʪʝʯʢʘ 7 ʊɹ ʜʘʥʥʳʭ 

Tampa General Hospital ʧʦʭʠʱʝʥʳ ʤʝʜʠʮʠʥʩʢʠʝ ʜʘʥʥʳʝ 1,2 ʤʠʣʣʠʦʥʘ ʧʘʮʠʝʥʪʦʚ 
ʂʠʙʝʨʘʪʘʢʠ 2022-2023: ʦʙʟʦʨ ʢʨʫʧʥʝʡʰʠʭ ʠʥʮʠʜʝʥʪʦʚ, ʠ ʯʪʦ ʥʘʩ ʞʜʝʪ ʚ 2024 ʛʦʜʫ: https://www.h-

x.technology/ru/blog-ru/cyber-threats-forecast-2024-ru  

 

ɼʣʷ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʥʦʚʳʭ ʫʛʨʦʟ ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʷʨʥʦ ʦʙʥʦʚʣʷʪʴ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺʥʝʜʨʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʤʝʨ ʧʦ ʟʘʱʠʪʝ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʨʠʩʢ ʫʪʝʯʢʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʫʶ 

ʟʘʱʠʪʫ [4]. 

ɼʦʩʪʠʛʥʫʪʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʨʦʙʣʝʤʳ ʩ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʢʦʥʪʝʢʩʪʘ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʘʥʘʣʠʟʘʪʦʨʦʚ, ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʛʥʦʨʠʨʦʚʘʥʠʶ ʟʘʢʦʥʥʳʭ ʧʝʨʝʜʘʯ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʢʘʢ ʫʛʨʦʟʳ. ʂʨʦʤʝ ʪʦʛʦ, ʩʠʩʪʝʤʳ ʥʝ ʚʩʝʛʜʘ ʩʧʦʩʦʙʥʳ ʘʜʝʢʚʘʪʥʦ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʪʝʨʤʠʥʦʣʦʛʠʶ, ʩʧʝʮʠʬʠʯʥʫʶ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʙʣʘʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ, 

ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʟʘʱʠʪʫ ʜʘʥʥʳʭ. 

ɽʱʝ ʦʜʥʠʤ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ 

ʩʣʦʚʘʨʝʡ ʠ ʧʨʘʚʠʣ ʧʦʠʩʢʘ, ʯʪʦʙʳ ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʷʟʳʢʝ ʠ ʥʦʚʳʝ ʫʛʨʦʟʳ. ʆʙʫʯʝʥʠʝ 

ʩʠʩʪʝʤʝ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʚʨʝʤʝʥʠ. ɽʩʣʠ ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʝʩʪʘʙʠʣʴʥʦ, 

ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʛʠʙʢʦʩʪʠ ʚ ʥʘʩʪʨʦʡʢʘʭ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʘʩʪʦʤʠʟʘʮʠʠ ʧʦʜ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ [5]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʝʝ 

ʥʘʜʝʞʥʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʩʪʦʠʪ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ (DLP) data loss 

prevention - ʨʝʰʝʥʠʡ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʥʠʟʠʪʴ ʨʠʩʢ ʫʪʝʯʝʢ [21]. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ DLP-ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʟʘʱʠʪʦʡ 

ʜʘʥʥʳʭ ʠ ʠʭ ʜʦʩʪʫʧʥʦʩʪʴʶ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʄʥʦʞʝʩʪʚʦ DLP-ʩʠʩʪʝʤ ʧʨʠʤʝʥʷʶʪ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʫʪʝʯʝʢ ʜʘʥʥʳʭ. ʂ ʦʩʥʦʚʥʳʤ ʠʭ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ: 

- ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʠ ʢʘʪʝʛʦʨʠʟʘʮʠʝʡ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ; 

- ʠʟ-ʟʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʩʢʘʟʘʪʴ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʩʦʙʳʪʠʡ, ʤʝʨʳ ʧʦ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʫʪʝʯʝʢ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʥʠʤʘʶʪʩʷ ʣʠʰʴ ʧʦʩʣʝ ʠʭ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ; 

- ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʜʝʪʘʣʠʟʘʮʠʷ ʠ ʩʣʦʞʥʦʩʪʴ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʣʦʞʥʳʭ ʢʦʨʨʝʣʷʮʠʡ 

ʟʘʪʨʫʜʥʷʶʪ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʤʝʪʦʜʘʤ ʦʙʭʦʜʘ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʫʪʝʯʝʢ ʩʦ ʩʪʦʨʦʥʳ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʪʝʭʥʠʢʠ ʚʟʣʦʤʘ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

- ʥʝʜʦʩʪʘʪʦʢ ʨʝʩʫʨʩʦʚ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʚʥʝʰʥʠʭ ʫʛʨʦʟ. 

ɺ ʦʨʛʘʥʠʟʘʮʠʷʭ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʠ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ. ʀʟ-ʟʘ 

ʩʣʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʥʦʛʦ ʧʝʨʝʯʥʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʢʘʪʝʛʦʨʠʟʘʮʠʠ. 

https://www.h-x.technology/ru/blog-ru/cyber-threats-forecast-2024-ru
https://www.h-x.technology/ru/blog-ru/cyber-threats-forecast-2024-ru
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ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʤʘʨʢʠʨʦʚʢʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʤʦʛʘʶʪ ʨʝʰʘʪʴ 

ʧʨʦʙʣʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ. 

 

ʈʠʩʫʥʦʢ 2. DLP - ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

Figure 2. DLP - specialized software 

 
 

ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʩʦʟʜʘʶʱʠʤ ʵʣʝʢʪʨʦʥʥʳʝ 

ʜʦʢʫʤʝʥʪʳ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʪʴ ʫʨʦʚʝʥʴ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʚʚʦʜʠʤʳʭ ʜʘʥʥʳʭ ʥʘ 

ʵʪʘʧʝ ʠʭ ʩʦʟʜʘʥʠʷ. ʌʘʡʣ, ʢʦʪʦʨʳʡ ʬʠʢʩʠʨʫʝʪ ʫʨʦʚʝʥʴ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʚʢʣʶʯʘʝʪ 

ʛʨʘʬʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, ʦʙʦʟʥʘʯʘʶʱʠʡ ʵʪʦʪ ʫʨʦʚʝʥʴ. ʂʨʦʤʝ ʪʦʛʦ, ʢ ʜʦʢʫʤʝʥʪʫ ʜʦʙʘʚʣʷʝʪʩʷ 

ʥʝʚʠʜʠʤʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʦʚ, ʢʦʪʦʨʘʷ ʧʦʤʦʛʘʝʪ ʩʠʩʪʝʤʝ DLP ʦʮʝʥʠʚʘʪʴ ʫʨʦʚʝʥʴ 

ʥʘʨʫʰʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʧʨʠ ʝʛʦ ʧʝʨʝʜʘʯʝ. ʍʦʪʷ ʵʪʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʢʘʪʝʛʦʨʠʟʘʮʠʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʱʠʪʫ ʦʪ ʥʘʤʝʨʝʥʥʦʛʦ ʟʘʥʠʞʝʥʠʷ ʫʨʦʚʥʷ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʦʢʫʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚʘʞʥʳʝ ʜʘʥʥʳʝ. 

ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʥʘʨʫʰʝʥʠʡ ʧʨʘʚʠʣ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠʤʝʥʷʶʪ ʩʠʩʪʝʤʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʴʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (UEBA) [14]. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʪʥʦʩʷʪʩʷ: 

- ʚ ʩʠʩʪʝʤʝ ʦʙʥʘʨʫʞʝʥʠʷ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʦʰʠʙʢʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ. ʅʘʧʨʠʤʝʨ, 

ʩʦʙʳʪʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʰʠʙʦʯʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʦ ʢʘʢ ʫʛʨʦʟʘ, ʭʦʪʷ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʪʘʢʦʚʦʡ ʥʝ 

ʷʚʣʷʝʪʩʷ, ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʘʥʦʤʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʧʨʠʥʷʪʘ ʢʘʢ ʣʝʛʠʪʠʤʥʘʷ; 

- ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦ ʚʳʷʚʣʝʥʠʠ ʜʝʬʝʢʪʦʚ ʤʦʜʝʣʠ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ; 

- ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʩʪʦʷʥʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʧʨʦʬʠʣʷ ʧʦʚʝʜʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

- ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʱʠʪʳ ʦʪ ʦʪʣʦʞʝʥʥʳʭ ʩʣʦʞʥʳʭ ʘʪʘʢ ʠ ʫʛʨʦʟ, ʠʩʭʦʜʷʱʠʭ ʦʪ 

ʠʥʩʘʡʜʝʨʦʚ ʠ ʚʥʝʰʥʠʭ ʥʘʨʫʰʠʪʝʣʝʡ. 

ɺʩy ʯʘʱʝ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ ʩʦʟʜʘʶʪʩʷ ʩʠʪʫʘʮʠʦʥʥʳʝ ʮʝʥʪʨʳ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʦʙʳʪʠʡ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʪʥʦʰʝʥʠʝ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (Security Operations Centre - SOC). 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʜʦʙʥʳʭ ʮʝʥʪʨʦʚ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʠʪʫʘʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʝʡʩʪʚʠʡ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʩʪʨʘʥʳ. ʉ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʩʦʙʳʪʠʷʤʠ ʠ ʠʥʬʦʨʤʘʮʠʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (Security Information and Event 

Management - SIEM), ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ SOC, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʩʦʙʳʪʠʷʭ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ: ʤʝʞʩʝʪʝʚʳʝ ʵʢʨʘʥʳ, 

ʘʥʪʠʚʠʨʫʩʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʦʪ ʩʝʪʝʚʳʭ ʘʪʘʢ, UEBA-ʩʠʩʪʝʤʳ ʠ ʜʨʫʛʠʝ. ɼʘʥʥʘʷ 
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ʩʠʩʪʝʤʘ ʧʦʤʦʛʘʝʪ ʚʳʷʚʣʷʪʴ ʧʦʜʦʟʨʠʪʝʣʴʥʳʝ ʩʦʙʳʪʠʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʦʩʥʦʚʳʚʘʷʩʴ 

ʥʘ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʘʚʠʣʘʭ ʢʦʨʨʝʣʷʮʠʠ [22]. 

SOC ʦʩʫʱʝʩʪʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʧʨʠʥʮʠʧʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ. 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʜʝʡʩʪʚʠʡ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥʠ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʠ ʫʛʨʦʞʘʪʴ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ ʵʪʦʪ ʧʦʜʭʦʜ ʠʤʝʝʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ: ʩʦʪʨʫʜʥʠʢʠ 

ʩʠʪʫʘʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ ʯʘʩʪʦ ʩʦʩʨʝʜʦʪʘʯʠʚʘʶʪʩʷ ʥʘ ʦʙʲʝʢʪʘʭ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʦʙʳʪʠʷʭ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʫʛʨʦʟʫ ʜʣʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʙʳʪʠʷ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʢʘʩʘʶʱʠʝʩʷ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʥʝ ʧʦʣʫʯʘʶʪ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ. ʇʨʘʚʠʣʘ ʢʦʨʨʝʣʷʮʠʠ ʤʦʛʫʪ 

ʙʳʪʴ ʥʘʨʫʰʝʥʳ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʢʦʥʪʨʦʣʝ ʩʦ ʩʪʦʨʦʥʳ ʦʨʛʘʥʠʟʘʮʠʠ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʫʪʝʯʢʘʤ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚʧʣʦʪʴ ʜʦ ʪʦʛʦ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʙʫʜʝʪ ʟʘʬʠʢʩʠʨʦʚʘʥʘ 

ʢʦʤʧʨʦʤʝʪʘʮʠʷ ʦʙʲʝʢʪʘ.  

ʋʪʝʯʢʘ ʠʥʬʦʨʤʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʩʘʤʳʭ ʩʝʨʴʝʟʥʳʭ ʧʨʦʙʣʝʤ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ ʦʢʘʟʳʚʘʝʪʩʷ ʢʨʘʡʥʝ ʩʣʦʞʥʳʤ, ʘ ʧʦʨʦʡ ʠ 

ʚʦʚʩʝ ʥʝʚʦʟʤʦʞʥʳʤ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʤʝʥʠʪʴ ʣʦʛʠʥ ʠ ʧʘʨʦʣʴ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ, ʵʪʠ ʜʘʥʥʳʝ ʤʦʞʥʦ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ʆʜʥʘʢʦ ʠʥʬʦʨʤʘʮʠʷ, ʩʦʜʝʨʞʘʱʘʷ ʣʠʯʥʳʝ ʜʘʥʥʳʝ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʝʢʨʝʪʳ ʠʣʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʪʘʡʥʳ, ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʟʥʘʯʠʤʦʩʪʴ ʠ ʮʝʥʥʦʩʪʴ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʝʝ ʢʦʤʧʨʦʤʝʪʘʮʠʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʫʪʝʯʝʢ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʧʨʦʘʢʪʠʚʥʳʝ ʤʝʨʳ, ʚʢʣʶʯʘʷ 

ʧʨʘʚʠʣʴʥʦʝ ʢʘʪʝʛʦʨʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ, ʚʳʷʚʣʝʥʠʝ ʧʨʝʜʧʦʩʳʣʦʢ ʫʪʝʯʝʢ (ʪʘʢʠʭ ʢʘʢ ʠʟʤʝʥʝʥʠʷ ʚ 

ʧʦʚʝʜʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʦʥʪʝʢʩʪʝ ʠʭ ʨʘʙʦʪʳ ʠʣʠ ʧʦʷʚʣʝʥʠʝ ʫʷʟʚʠʤʦʩʪʝʡ ʚ ʧʫʙʣʠʯʥʳʭ 

ʧʨʠʣʦʞʝʥʠʷʭ), ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʜʝʡʩʪʚʠʡ ʠ ʦʧʝʨʘʪʠʚʥʳʝ ʤʝʨʳ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. ɼʘʥʥʳʡ ʬʘʢʪ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ SIEM ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʪʠʢʘʤ ʙʦʣʝʝ ʛʣʫʙʦʢʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʢʦʥʪʝʢʩʪ ʧʨʦʠʩʭʦʜʷʱʠʭ ʩʦʙʳʪʠʡ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʪʨʘʪʝʛʠʠ ʨʝʘʛʠʨʦʚʘʥʠʷ ʚ 

ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ [23]. 

ʆʮʝʥʢʘ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʇʨʠ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʦʚ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʫʪʝʯʝʢ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ 

ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʚʥʝʜʨʷʶʪʩʷ ʥʦʚʳʝ ʧʦʜʭʦʜʳ. 

ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘʥʘʣʠʟ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝʜʦʩʪʫʧʥʳ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʤʝʪʦʜʫ. ʂʣʶʯʝʚʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʧʦʠʩʢʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʫʛʨʦʟ.  

ʉʫʱʝʩʪʚʝʥʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʦʙʫʯʘʶʱʠʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʠʭ 

ʢʘʢ ʣʝʛʠʪʠʤʥʳʝ, ʪʘʢ ʠ ʟʣʦʥʘʤʝʨʝʥʥʳʝ ʩʦʦʙʱʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʷʤ ʵʬʬʝʢʪʠʚʥʦ 

ʦʙʫʯʘʪʴʩʷ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʠʤʝʨʘʭ. ɺ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʠʭ ʫʛʨʦʟ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʠ ʘʥʘʣʠʟʘ 

ʪʝʢʩʪʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʋʯʠʪʳʚʘʷ ʚʦʟʨʦʩʰʠʝ ʚʳʟʦʚʳ, ʪʘʢʠʝ ʢʘʢ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ ʯʝʨʝʟ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ 

ʩʝʪʠ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʪʨʝʤʷʪʩʷ ʧʨʠʤʝʥʷʪʴ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʧʦʜʭʦʜʳ, ʦʙʲʝʜʠʥʷʷ ʟʥʘʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʧʩʠʭʦʣʦʛʠʠ, ʩʦʮʠʦʣʦʛʠʠ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʥʘʫʢ. ʕʪʠ ʥʦʚʰʝʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʛʣʫʙʞʝ 

ʠʟʫʯʘʪʴ ʧʦʚʝʜʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʤʝʪʦʜʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʪʝʯʝʢ, ʯʪʦ ʜʝʣʘʝʪ ʜʘʥʥʫʶ ʪʝʤʫ 

ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ. 

ʆʩʥʦʚʥʳʤʠ ʧʦʜʭʦʜʘʤʠ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʷʚʣʝʥʠʝʤ ʫʪʝʯʝʢ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʩʪʘʣʠ: 

- ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ 

ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʠʣʠ ʞʫʨʥʘʣʳ ʩʠʩʪʝʤʥʳʭ ʩʦʙʳʪʠʡ, ʤʦʛʫʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʘʥʦʤʘʣʠʠ ʠ 

ʥʝʩʪʘʥʜʘʨʪʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʫʪʝʯʢʫ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ [7; 19; 20];  
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- ʚ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʠʤʝʥʷʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʠʩʩʣʝʜʫʶʪ ʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ 

ʩʠʩʪʝʤʝ, ʯʪʦʙʳ ʚʳʷʚʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʫʪʝʯʢʝ ʜʘʥʥʳʭ [26; 12; 

18]; 

- ʫʛʨʦʟʳ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʨʘʟʥʳʝ ʬʦʨʤʳ, ʠ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʧʦʩʦʙʥʳ 

ʚʳʷʚʣʷʪʴ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʝ ʫʯʘʩʪʢʠ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʛʨʦʟ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʨʛʘʥʠʟʘʮʠʷʤ ʠ ʢʦʤʧʘʥʠʷʤ ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʝʨʳ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʫʛʨʦʟ ʠ ʫʣʫʯʰʝʥʠʶ ʩʠʩʪʝʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ [1; 15; 24]; 

- ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʳʭ, ʪʘʢʠʭ 

ʢʘʢ ʪʝʢʩʪʦʚʳʝ ʜʦʢʫʤʝʥʪʳ ʠʣʠ ʵʣʝʢʪʨʦʥʥʳʝ ʧʠʩʴʤʘ, ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʫʪʝʯʝʢ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ [3; 17; 6]; 

- ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʠ ʜʨʫʛʠʝ 

ʠʩʪʦʯʥʠʢʠ ʜʘʥʥʳʭ [8; 10]; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʥʘʨʫʞʝʥʠʶ ʫʪʝʯʝʢ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʥʘ ʤʦʙʠʣʴʥʳʭ 

ʪʝʣʝʬʦʥʘʭ ʠ ʥʦʫʪʙʫʢʘʭ. ʕʪʠ ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʠʩʪʦʯʥʠʢʠ [9; 2]; 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʫʪʝʯʝʢ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ [13]. ʕʪʘ ʧʨʦʙʣʝʤʘ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʧʨʠʢʣʘʜʥʦʡ ʨʘʙʦʪʝ ɼʘʪʘ-

ʮʝʥʪʨʘ Dodaho.tj. ɽʩʣʠ ʚ ʭʦʜʝ ʦʙʫʯʝʥʠʷ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ 

(ʚʢʣʶʯʘʷ ʪʝʩʪʦʚʳʝ ʠ ʚʘʣʠʜʘʮʠʦʥʥʳʝ ʚʳʙʦʨʢʠ), ʥʦ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʠ 

ʧʦʢʘʟʘʪʝʣʠ ʥʝ ʫʜʘʝʪʩʷ ʚʦʩʧʨʦʠʟʚʝʩʪʠ, ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ. 

ʇʦ ʜʘʥʥʳʤ [11] 87% ʧʨʦʝʢʪʦʚ ʚ ʦʙʣʘʩʪʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʫʜʘʯʥʳʤʠ. 

ʂʦʛʜʘ ʨʝʯʴ ʠʜʸʪ ʦ ʟʘʱʠʪʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ: 

- ʫ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʘʣʛʦʨʠʪʤʦʚ ʥʝʪ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʩʣʫʞʠʪʴ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʤʠ ʥʘʙʦʨʘʤʠ ʜʣʷ ʦʙʫʯʝʥʠʷ; 

- ʧʦʩʢʦʣʴʢʫ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʜʣʷ ʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʥʘʙʦʨʘ ʜʨʫʛʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʨʝʰʝʥʠʡ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ; 

- ʥʘʙʦʨʳ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ, ʯʪʦ 

ʫʩʣʦʞʥʷʝʪ ʩʦʟʜʘʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʅʘʧʨʠʤʝʨ, ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ SIEM ʠ DLP. 

ʇʦʜʦʙʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʟʨʘʯʥʳʡ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʠ 

ʘʥʦʥʠʤʥʦʩʪʴ ʜʘʥʥʳʭ, ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʢʨʝʧʣʝʥʠʶ ʜʦʚʝʨʠʷ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ. ɺʚʝʜʝʥʠʝ ʨʝʛʫʣʷʨʥʳʭ ʦʮʝʥʦʢ ʨʠʩʢʘ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʫʷʟʚʠʤʦʩʪʠ ʚ ʮʝʣʷʭ 

ʧʦʜʜʝʨʞʘʥʠʷ ʘʢʪʫʘʣʴʥʦʩʪʠ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʠʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʝʸ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʧʦʚʳʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ, ʢʦʪʦʨʘʷ 

ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʩʪʘʥʝʪ ʚʘʞʥʳʤ ʰʘʛʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʝʝ 

ʙʝʟʦʧʘʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ: 

- ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʡ ʤʝʪʦʜʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʦ ʩʦʙʳʪʠʷʭ ʚ ʦʙʣʘʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ; 

- ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʪʦʜ, ʩʧʦʩʦʙʥʳʡ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ; 

- ʵʪʦ ʚʦʧʣʦʱʝʥʠʝ ʜʘʪʘʮʝʥʪʨʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʝ ʜʘʥʥʳʝ ʚ ʢʘʯʝʩʪʚʝ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. 

ʂʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʢʦʥʪʝʢʩʪʘ, ʚ ʢʦʪʦʨʦʤ 

ʧʨʠʤʝʥʷʶʪʩʷ ʘʣʛʦʨʠʪʤʳ. ʄʦʞʥʦ ʜʦʩʪʠʯʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʠʟʤʝʥʷʷ ʣʠʰʴ ʩʧʦʩʦʙʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʭ ʩʦʟʜʘʥʠʷ ʩ ʥʫʣʷ. ʊʝʭʥʦʣʦʛʠʠ 

ʤʦʛʫʪ ʩʪʘʪʴ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʮʝʣʝʡ ʠ ʟʘʜʘʯ, ʝʩʣʠ ʠʭ 
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ʧʨʠʤʝʥʷʪʴ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʢʘʞʜʦʡ ʩʠʪʫʘʮʠʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʤʦʜʠʬʠʢʘʮʠʷ ʠ ʘʜʘʧʪʘʮʠʷ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ ʤʦʛʫʪ ʦʪʢʨʳʪʴ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʦʛʨʝʩʩʫ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʤ ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ ʛʠʙʢʦ ʨʝʘʛʠʨʦʚʘʪʴ 

ʥʘ ʫʛʨʦʟʳ ʠ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʟʘʱʠʪʫ ʠʥʬʦʨʤʘʮʠʠ ʩʚʦʠʭ ʢʣʠʝʥʪʦʚ ʠ ʧʘʨʪʥʸʨʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ. ʉʧʝʮʠʘʣʠʩʪʳ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʩʸ ʝʱʸ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 

ʧʨʦʙʣʝʤʦʡ ʦʙʥʘʨʫʞʝʥʠʷ ʫʪʝʯʝʢ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, 

ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʘʤʙʠʮʠʦʟʥʳʝ ʮʝʣʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʸʤʘ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʩʣʦʞʥʝʥʠʝʤ ʝʸ ʦʙʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʠʩʪʘʤ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʩʧʦʩʦʙʥʳʝ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ. ʇʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʦʚ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʘʥʘʣʠʟʘ ʤʦʛʫʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʳ ʟʘ ʩʯʸʪ ʠʥʪʝʛʨʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʫʩʢʦʨʠʪ 

ʧʨʦʮʝʩʩ ʘʥʘʣʠʟʘ, ʥʦ ʠ ʫʣʫʯʰʠʪ ʤʝʪʦʜʳ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠ ʫʷʟʚʠʤʦʩʪʝʡ. ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ 

ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʦʙʫʯʘʶʱʠʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ, ʦʪʨʘʞʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ 

ʫʪʝʯʝʢ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʪʝʩʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʦʪʨʘʩʣʷʤʠ ʠ 

ʫʯʨʝʞʜʝʥʠʷʤʠ. 

ʅʘ ʧʫʪʠ ʢ ʚʥʝʜʨʝʥʠʶ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʪʘʢʞʝ ʚʦʟʥʠʢʘʶʪ ʜʨʫʛʠʝ ʧʨʦʙʣʝʤʳ, ʪʘʢʠʝ ʢʘʢ 

ʟʘʱʠʪʘ ʘʣʛʦʨʠʪʤʦʚ ʦʪ ʤʘʥʠʧʫʣʷʮʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʵʪʠʯʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʝʨʝʜ ʵʢʩʧʝʨʪʘʤʠ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʪʢʨʳʚʘʶʪʩʷ ʥʦʚʳʝ 

ʛʦʨʠʟʦʥʪʳ, ʠ ʠʤ ʥʝʦʙʭʦʜʠʤʦ ʙʨʘʪʴ ʥʘ ʩʝʙʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʚʳʙʦʨ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʉʝʛʦʜʥʷ ʠʥʬʦʨʤʘʮʠʷ ʩʯʠʪʘʝʪʩʷ ʩʘʤʳʤ ʚʘʞʥʳʤ ʘʢʪʠʚʦʤ. ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʧʦʢʘʟʳʚʘʶʪ ʨʘʩʭʦʜʳ ʢʦʤʧʘʥʠʡ ʥʘ ʝʸ ʟʘʱʠʪʫ. ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ 

ʷʩʥʦ, ʯʪʦ ʫʪʝʯʢʘ ʠʣʠ ʧʦʪʝʨʷ ʠʥʬʦʨʤʘʮʠʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. 

ɹʶʜʞʝʪʳ ʢʦʤʧʘʥʠʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʆʥʠ ʧʨʠʚʣʝʢʘʶʪ 

ʙʦʣʴʰʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʟʘʱʠʪʳ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʚʥʝʜʨʷʶʪ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʪʨʝʙʫʝʤʳʝ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ.  
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Æìùíìô ìýúýôô ýþüìþñïôċô ôðúüìöÿùĒ îì üìėúíìþûìóôüĒ ðìü Ĕìĕúùô øÿúýôü ðìýþüìýĒ íì ôþþô÷úúþô 
øìāĀĒ øñíúĄìð. ÔāüúĔô øìĆ÷ÿøúþ øñþìîúùìð ùì þìùĕú ðìü ùìþôĔìô íñĉĕþôČþĒ, íì÷öô ðìü ùìþôĔìô ìøì÷ĕúô 
ėìýðìù üÿā ðôĕìð. Ôù øñþìîúùìð íúôýô þì÷ìĀúþô ùìóìüüìýô øú÷ôċîĒ îì ìó íìõù üìĀþìùô ĉĆþôøúð ìó Ĕúùôíô 
øÿĄþìüôČù îì Ąìüôöúù ïìüðìð, öô ðìü ùìîíìþô āÿð íì ðÿüùìøúô üÿĄðô ðìüúóøÿððìþô Ąôüöìþ þìĆýôüô 
øìùĀĒ øñüìýúùìð. Ðìü ìõùô óìøúù, þìĕðôðĕúô öôíñüĒ, ìó Ĕÿø÷ì ĕìø÷ìĕúô öôíñüĔôùúċþöúüúù, þúüìĀþ 
øÿüìööìíþìü Ąÿðì, þìöøô÷ô ûìõîìýþìô ýôýþñøìĕúô ìøùôċþüú þìėúóú øñöÿùìùð. 

Çìøôù þìüôė, ðìü Ąìüúôþô üìėúíìþô Ąìðôð ĕôĀóô ôþþô÷úúþ íìüúô ĕìøìô ôĄþôüúöăôČùô þôĔúüìþ 
ìĀóì÷ôċþô ìîîì÷ôùðìüìĔì øñïìüðìð. Ôù íì ĕìøìô ùìøÿðĕúô ĀìĆú÷ôċþ, ýìüĀô ùìóìü ìó øôėČýô úùĕú ðìā÷ 
ðúüìð. Þìùĕú ðìü ýÿüìþô øÿùúýôíìþô øìĔøÿĒ íì þìĆøôùô ìøùôċþô ôþþô÷úúþĒ þìĄöô÷úþĕú øñþìîúùìùð 
íìüþìüôô ùìóìüüìýô üìėúíìþôüú íì ðìýþ úüìùð îì ĉĆþôíúüô āÿðüú ðìü íúóúü ùôïúĕ ðúüìùð. 

Öì÷ôðîúòìĕú: ìÿþñùþôĀôöìþýôċ, ìîþúüôóìþýôċ, ôðñùþôĀôöìþýôċ, ûìüú÷, úøĘóôĄô øúĄôùýúóĒ, þìĕ÷ô÷ô 
øìĆ÷ÿøúþ, ôāüúĔ, ĕôĀóô ðúðìĕú. 
 

ʇʈʆʎɽʉʉ ʋʊɽʏʂʀ ʂʆʅʌʀɼɽʅʎʀɸʃʔʅʓʍ ɼɸʅʅʓʍ ɺ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄɸʍ 

ʂʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧ ʢ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʋʪʝʯʢʠ ʜʘʥʥʳʭ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʝ ʪʦʣʴʢʦ ʠʟ-ʟʘ ʥʝʦʩʪʦʨʦʞʥʦʩʪʠ, ʥʦ ʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʜʝʡʩʪʚʠʡ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʬʠʥʘʥʩʦʚʳʤ ʧʦʪʝʨʷʤ ʠ ʧʦʜʨʳʚʫ 

ʜʦʚʝʨʠʷ ʩʦ ʩʪʦʨʦʥʳ ʢʣʠʝʥʪʦʚ ʠ ʧʘʨʪʥʝʨʦʚ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝʛʘʪʠʚʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʝʨʩʧʝʢʪʠʚʘʭ 

ʨʘʟʚʠʪʠʷ ʢʦʤʧʘʥʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʠʙʝʨʫʛʨʦʟʳ, ʚʢʣʶʯʘʷ ʘʪʘʢʠ ʩʦ ʩʪʦʨʦʥʳ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ, ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʩʣʦʞʥʳʤʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʞʝʩʪʢʦʡ ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʳ ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʧʝʨʚʦʦʯʝʨʝʜʥʦʡ 

ʟʘʜʘʯʝʡ ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʙʠʟʥʝʩʘ. ʕʪʦ ʢʘʩʘʝʪʩʷ ʚʩʝʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʤʘʩʰʪʘʙʘ ʠ ʩʬʝʨʳ. 

ʊʦʣʴʢʦ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʧʦʜʭʦʜʝ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʤʦʛʫʪ ʜʦʙʠʪʴʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʩʦʭʨʘʥʠʪʴ ʩʚʦʶ ʨʝʧʫʪʘʮʠʶ ʥʘ ʨʳʥʢʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ, ʘʚʪʦʨʠʟʘʮʠʷ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ, ʧʘʨʦʣʴ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʘʥʘʣʠʟ 

ʜʘʥʥʳʭ, ʫʪʝʯʢʘ, ʟʘʱʠʪʘ ʜʘʥʥʳʭ. 
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THE PROCESS OF CONFIDENTIAL DATA LEAKAGE IN INFORMATION SYSTEMS  

A key aspect of management and competitiveness strategy in the modern world is access to confidential 

information. Data leaks can occur not only due to carelessness, but also as a result of deliberate actions. This can lead to 

significant financial losses and the undermining of trust from customers and partners, which, in turn, will negatively affect 

the long-term development prospects of the company. 

Currently, cyber threats, including attacks from intruders, are becoming increasingly complex, which requires 

constant improvement of security systems. 

Thus, in the conditions of fierce competition, information protection becomes a priority for all business participants. 

This applies to all types of activities, regardless of their scale and scope. Only with a comprehensive approach to ensuring 

information security can organizations achieve a significant competitive advantage and maintain their reputation in the 

market. 

Keywords: authentication, authorization, identification, password, machine learning, data analysis, leakage, data 

protection. 
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ʋɼʂ: 621.878 

ʉʆʉʊʆʗʅʀɽ ʇɽʈɽɺɸʃʔʅʓʍ ʋʏɸʉʊʂʆɺ ɻʆʈʅʓʍ ɼʆʈʆɻ ʊɸɼɾʀʂʀʉʊɸʅɸ 

 

ɹʘʰʠʢʦʚ ʀ.ʊ., ɹʘʰʠʢʦʚ ɿ.ʀ. 

ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʊʘʜʞʠʢʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʄ.ʉ. ʆʩʠʤʠ ʚ 

ʛ. ʍʫʜʞʘʥʜʝ 

 

ɻʦʨʳ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʧʨʠʤʝʨʦʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ʚ ʤʠʨʝ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʛʦʨʥʳʝ ʤʘʩʩʠʚʳ ʚʦʟʚʳʰʘʶʱʠʝʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 1500 ʤʝʪʨʦʚ 

ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʧʦʢʨʳʚʘʶʪ 4% ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʩʦʙʝʥʥʦ ʷʨʢʦ ʵʪʦ ʚʳʨʘʞʝʥʦ ʚ 

ʊʘʜʞʠʢʠʩʪʘʥʝ, ʛʜʝ ʛʦʨʳ ʟʘʥʠʤʘʶʪ 70% ʪʝʨʨʠʪʦʨʠʠ, ʘ ʪʘʢʞʝ ʥʘ ʇʘʤʠʨʝ, ʢʦʪʦʨʳʡ ʧʦʣʥʦʩʪʴʶ 

ʩʦʩʪʦʠʪ ʠʟ ʛʦʨ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʊʘʜʞʠʢʠʩʪʘʥ ï ʛʦʨʥʘʷ ʩʪʨʘʥʘ, ʛʜʝ 

ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʛʨʫʟʦʧʝʨʝʚʦʟʢʘʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ 90% ʦʪ 

ʦʙʱʝʛʦ ʦʙʲʝʤʘ. ʉʣʦʞʥʳʡ ʨʝʣʴʝʬ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʛʦʨʥʳʤʠ ʫʱʝʣʴʷʤʠ, ʢʨʫʪʳʤʠ ʩʢʣʦʥʘʤʠ 

ʠ ʚʳʩʦʢʦʛʦʨʥʳʤʠ ʧʝʨʝʚʘʣʘʤʠ, ʩʦʟʜʘʝʪ ʩʝʨʴʝʟʥʳʝ ʨʠʩʢʠ ʜʣʷ ʘʚʪʦʤʦʙʠʣʠʩʪʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʟʠʤʥʠʡ 

ʧʝʨʠʦʜ. ʍʦʪʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʂʳʨʛʳʟʩʪʘʥʘ (ʦʢʦʣʦ 70%) ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʪʝ ʙʦʣʝʝ 

2000 ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʝʪ 44%. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ, ʚ ɸʨʤʝʥʠʠ ʠ ɻʨʫʟʠʠ ʚʳʩʦʢʦʛʦʨʥʳʝ ʨʘʡʦʥʳ ʟʘʥʠʤʘʶʪ 42% ʠ 20% ʪʝʨʨʠʪʦʨʠʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʦʜʦʣʴʥʳʡ ʧʨʦʬʠʣʴ ʛʦʨʥʳʭ ʜʦʨʦʛ ʈʝʩʧʫʙʣʠʢʠ ʦʩʣʦʞʥʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʫʢʣʦʥʘʤʠ, 

ʢʦʪʦʨʳʝ ʙʦʣʴʰʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʥʦʨʤ. ɻʦʨʥʳʝ ʜʦʨʦʛʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ʦʪʣʠʯʘʶʪʩʷ 

ʢʨʫʪʳʤʠ ʧʦʜʲʝʤʘʤʠ ʠ ʩʧʫʩʢʘʤʠ ʠ ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʦʜʦʣʴʥʳʭ ʫʢʣʦʥʦʚ, 

ʩʘʤʳʝ ʢʨʫʪʳʝ ʠʟ ʥʠʭ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘ ʧʝʨʝʚʘʣʘʭ ɸʥʟʦʙ ʠ ʐʘʭʨʠʩʪʘʥ (ʘʚʪʦʜʦʨʦʛʘ ɼʫʰʘʥʙʝ ï 

ɸʡʥʠ ï ʀʩʪʘʨʘʚʰʘʥ ï ʍʫʜʞʘʥʜ ï ʏʘʥʦʢ) ʠ ʩʦʩʪʘʚʣʷʶʪ 12-16%. ʊʘʢʞʝ ʥʘ ʧʝʨʝʚʘʣʘʭ ʊʘʣʜʳʢ, 

ʂʳʟʳʣ ï ɸʨʪ, ʅʘʡʟʘʪʘʰ, ɸʢ ï ɹʘʡʪʘʣ (ʘʚʪʦʜʦʨʦʛʘ ʍʦʨʦʛ ï ʆʰ) ʫʢʣʦʥʳ ʚ ʧʨʦʜʦʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 20% [8]. 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʛʦʨʥʳʭ ʜʦʨʦʛ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʨʦʜʦʣʴʥʳʤʠ 

ʫʢʣʦʥʘʤʠ, ʤʘʣʳʤʠ ʨʘʜʠʫʩʘʤʠ ʢʨʠʚʳʭ ʚ ʧʣʘʥʝ (8-12 ʤʝʪʨʦʚ) ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʰʠʨʠʥʦʡ ʧʨʦʝʟʞʝʡ 

ʯʘʩʪʠ. ʋʛʣʳ ʧʦʚʦʨʦʪʘ ʥʘ ʩʝʨʧʘʥʪʠʥʘʭ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 300 ʛʨʘʜʫʩʦʚ. ʊʘʜʞʠʢʠʩʪʘʥ ʨʘʩʧʦʣʘʛʘʝʪ 

ʩʘʤʳʤʠ ʚʳʩʦʢʠʤʠ ʚ ʤʠʨʝ ʫʯʘʩʪʢʘʤʠ ʜʦʨʦʛ, ʧʨʦʭʦʜʷʱʠʤʠ ʯʝʨʝʟ ʧʝʨʝʚʘʣʳ. 

 

ʊʘʙʣʠʮʘ 1. ɼʦʨʦʞʥʳʝ ʫʯʘʩʪʢʠ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʧʝʨʝʚʘʣʳ ʚ ʛʦʨʘʭ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʥʘ 

ʚʳʩʦʪʝ ʙʦʣʝʝ 3000 ʤʝʪʨʦʚ 

Table 1. Road sections passing through mountain passes in Tajikistan, at an altitude of over 3000 

meters 
ɼʦʨʦʛʘ ʇʝʨʝʚʘʣ ɺʳʩʦʪʘ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʤ 

ʆʰ ï ʍʦʨʦʛ  ʂʳʟʳʣ ï ʘʨʪ  

ɸʢ ï ɹʘʡʪʘʣ 

ʅʘʡʟʘʪʘʰ  

ʂʦʡʪʝʟʝʢ  

4280 

4655 

4137 

4272 

ʍʦʨʦʛ ï ʂʫʣʷʙ ï ɼʫʰʘʥʙʝ  ʍʦʙʫʨʘʙʘʪ 3270 

ɼʫʰʘʥʙʝ ï ɸʡʥʠ ï ʀʩʪʘʨʘʚʰʘʥ ï 

ʍʦʜʞʝʥʪ ï ʏʘʥʦʢ  

ɸʥʟʦʙ  

ʐʘʭʨʠʩʪʘʥ 

3372 

3351 

 

ʅʘ ʛʦʨʥʳʭ ʜʦʨʦʛʘʭ ʥʝʨʝʜʢʠ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʠʟ-ʟʘ ʘʚʘʨʠʡ ʠʣʠ ʜʨʫʛʠʭ ʧʨʦʠʩʰʝʩʪʚʠʡ 

ʜʚʠʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ, ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ, ʣʠʢʚʠʜʠʨʫʶʪʩʷ 

ʧʦʩʣʝʜʩʪʚʠʷ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʥʝʦʙʭʦʜʠʤʦ ʦʧʝʨʘʪʠʚʥʦ ʫʩʪʨʘʥʷʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ 

ʧʨʦʝʟʜ. ɿʘʯʘʩʪʫʶ ʧʨʠʯʠʥʦʡ ʪʘʢʠʭ ʧʝʨʝʢʨʳʪʠʡ ʜʚʠʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʧʘʩʥʳʝ ʧʨʠʨʦʜʥʳʝ ʷʚʣʝʥʠʷ, 

ʪʘʢʠʝ ʢʘʢ ʦʧʦʣʟʥʠ (ʩʤ. ʨʠʩ. 1) ʠ ʣʘʚʠʥʳ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 1. ʆʧʦʣʟʝʥʴ ʥʘ 58 ʢʤ ʘʚʪʦʜʦʨʦʛʠ ɼʫʰʘʥʙʝ ï ʂʫʣʷʙ, ʧʝʨʝʚʘʣ ʐʘʨ ï ʐʘʨ 

Figure 1. Landslide at 58 km of the Dushanbe-Kulyab highway, Shar-Shar pass 

  
 

ʈʠʩʫʥʦʢ 2. ʅʘʠʙʦʣʝʝ ʣʘʚʠʥʦʦʧʘʩʥʳʡ ʫʯʘʩʪʦʢ 86 ï 87 ʢʤ ʘʚʪʦʜʦʨʦʛʠ ɼʫʰʘʥʙʝ ï ɸʡʥʠ, 

ʧʝʨʝʚʘʣ ɸʥʟʦʙ 

Figure 2. The most avalanche-prone section 86ï87 km of the DushanbeïAyni highway, Anzob 

Pass 

  
 

ʉʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʧʦʜʚʝʨʞʝʥʥʦʩʪʴ ʜʦʨʦʛ ʩʥʝʞʥʳʤ ʟʘʥʦʩʘʤ ʠ ʣʘʚʠʥʘʤ, 

ʦʩʦʙʝʥʥʦ ʥʘ ʚʳʩʦʪʝ ʙʦʣʝʝ 1550 ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʪʘʢʠʝ ʚʘʞʥʳʝ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʘʨʪʝʨʠʠ, ʢʘʢ ʧʝʨʝʚʘʣʳ ɸʥʟʦʙ, ʐʘʭʨʠʩʪʘʥ ʠ ʍʦʙʫʨʘʙʘʪ, ʚʳʥʫʞʜʝʥʳ ʟʘʢʨʳʚʘʪʴʩʷ 

ʥʘ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʛʦʜʘ (ʜʦ 6-7 ʤʝʩʷʮʝʚ) ʠʟ-ʟʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʦʝʟʜʘ. 

ʆʩʥʦʚʥʦʡ ʩʧʦʩʦʙ ʙʦʨʴʙʳ ʩ ʣʘʚʠʥʥʦʡ ʦʧʘʩʥʦʩʪʴʶ ʠ ʩʥʝʞʥʳʤʠ ʟʘʥʦʩʘʤʠ ʥʘ ʧʝʨʝʚʘʣʘʭ ï 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʫʙʦʨʢʘ ʩʥʝʛʘ. ʆʜʥʘʢʦ ʵʪʦʪ ʤʝʪʦʜ ʩʦʧʨʷʞʝʥ ʩ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʩʣʦʞʥʦʩʪʴʶ 

ʚʳʧʦʣʥʝʥʠʷ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʠʩʢʦʤ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝ ʚʩʝʛʜʘ ʜʦʩʪʘʪʦʯʥʦʡ [8]. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʝʨʠʡʥʳʝ ʜʦʨʦʞʥʳʝ ʤʘʰʠʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʣʦʭʦ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʜʣʷ 

ʨʘʙʦʪʳ ʚ ʚʳʩʦʢʦʛʦʨʴʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʠ ʩ ʙʦʢʦʚʳʤ ʚʳʙʨʦʩʦʤ ʩʥʝʛʘ ʯʘʩʪʦ ʣʦʤʘʶʪʩʷ 

ʠʟ-ʟʘ ʧʦʚʨʝʞʜʝʥʠʷ ʣʦʧʘʩʪʝʡ ʦ ʢʘʤʥʠ, ʢʦʪʦʨʳʝ ʧʦʧʘʜʘʶʪ ʚ ʥʠʭ ʚʤʝʩʪʝ ʩʦ ʩʥʝʞʥʳʤʠ ʣʘʚʠʥʘʤʠ. 

ɹʫʣʴʜʦʟʝʨʳ, ʭʦʪʷ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʥʝ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʯʠʱʘʪʴ ʜʦʨʦʛʠ ʥʘ ʚʩʶ ʰʠʨʠʥʫ, 

ʪʘʢ ʢʘʢ ʩʣʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʨʘʡ ʜʦʨʦʛʠ ʫ ʦʙʨʳʚʘ, ʠ ʨʘʙʦʪʘ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝʙʝʟʦʧʘʩʥʘ. ʅʘʰ 

ʧʨʦʝʢʪ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʫʶ ʠ ʦʧʝʨʘʪʠʚʥʫʶ 

ʦʯʠʩʪʢʫ ʧʝʨʝʚʘʣʦʚ [3]. 
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ɺ ʊʘʜʞʠʢʠʩʪʘʥʝ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ, ʨʘʙʦʪʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʜʦʨʦʞʥʦʡ ʪʝʭʥʠʢʠ ʦʩʣʦʞʥʷʝʪʩʷ 

ʩʫʨʦʚʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʃʝʪʦʤ ʥʘ ʨʘʚʥʠʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʚʳʩʦʪʝ ʜʦ 700 ʤʝʪʨʦʚ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʤʦʞʝʪ ʧʦʜʥʠʤʘʪʴʩʷ ʜʦ 40 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ ʠ ʚʳʰʝ. 

ɿʠʤʦʡ ʞʝ, ʚ ʚʳʩʦʢʦʛʦʨʥʳʭ ʨʘʡʦʥʘʭ (ʜʦ 4000 ʤʝʪʨʦʚ ʠ ʚʳʰʝ), ʪʝʤʧʝʨʘʪʫʨʘ ʦʧʫʩʢʘʝʪʩʷ ʜʦ -35 

ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ. 

ɺʳʩʦʪʘ ʪʘʢʞʝ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʪʝʭʥʠʢʠ: ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʩʭʦʜ 

ʪʦʧʣʠʚʘ, ʩʥʠʞʘʝʪʩʷ ʤʦʱʥʦʩʪʴ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʚʠʛʘʪʝʣʝʡ, ʧʘʜʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ 

ʠ ʩʦʢʨʘʱʘʝʪʩʷ ʩʨʦʢ ʩʣʫʞʙʳ ʤʘʰʠʥ [7]. 

ɻʦʨʥʳʡ ʨʝʣʴʝʬ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʧʘʩʥʳʝ ʨʠʩʢʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʢʠ, 

ʦʩʦʙʝʥʥʦ ʥʘ ʩʢʣʦʥʘʭ, ʛʜʝ ʚʝʨʦʷʪʥʦʩʪʴ ʘʚʘʨʠʡ ʚʦʟʨʘʩʪʘʝʪ. 

ɾʘʨʢʘʷ ʧʦʛʦʜʘ ʣʝʪʦʤ ʧʨʠʚʦʜʠʪ ʢ ʩʫʭʦʩʪʠ ʚʦʟʜʫʭʘ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʩʦʩʪʦʷʥʠʠ ʨʝʟʠʥʦʚʳʭ, ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʫʩʢʦʨʷʷ ʠʭ ʨʘʟʨʫʰʝʥʠʝ. 

ɾʘʨʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʠ ʚ ʚʦʟʜʫʭʝ. 

ʕʪʘ ʧʳʣʴ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʦʥʠʢʘʷ ʚ ʫʟʣʳ ʠ ʘʛʨʝʛʘʪʳ ʤʘʰʠʥ, ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʘʙʨʘʟʠʚ, 

ʚʳʟʳʚʘʷ ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ ʜʝʪʘʣʝʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʡ ʚʳʭʦʜ ʪʝʭʥʠʢʠ ʠʟ 

ʩʪʨʦʷ. 

ʊʷʛʦʚʳʝ ʠ ʩʮʝʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ 

ʦʪ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, ʢʦʪʦʨʳʡ ʧʦʩʪʦʷʥʥʦ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʙʫʣʴʜʦʟʝʨʥʦʡ ʪʝʭʥʠʢʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʫʙʦʨʢʝ ʩʥʝʛʘ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʥʝʛʘ, ʪʘʢʠʝ ʢʘʢ ʧʣʦʪʥʦʩʪʴ (ʦʙʲʝʤʥʘʷ ʤʘʩʩʘ) 

ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʝʨʝʤʝʱʝʥʠʶ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʩʥʝʛʘ, ʢʦʪʦʨʘʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʠ ʩʪʘʙʠʣʴʥʦʤ ʨʝʞʠʤʝ, ʨʘʚʥʘ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ [7; 6]. 

ɻʦʨʥʳʝ ʧʝʨʝʚʘʣʳ ʊʘʜʞʠʢʠʩʪʘʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʣʠʪʝʣʴʥʳʤ ʧʝʨʠʦʜʦʤ ʟʘʜʝʨʞʘʥʠʷ 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʩʢʣʦʥʘʭ ʠ ʜʦʨʦʛʘʭ, ʢʦʪʦʨʳʡ ʩʦʭʨʘʥʷʝʪʩʷ ʩ ʩʝʥʪʷʙʨʷ ʧʦ ʤʘʡ. ɺ ʚʳʩʦʢʦʛʦʨʴʝ 

ʩʥʝʛ ʤʦʞʝʪ ʣʝʞʘʪʴ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ. ʆʢʦʣʦ ʧʦʣʦʚʠʥʳ ʪʝʨʨʠʪʦʨʠʠ ʥʘʰʝʡ ʩʪʨʘʥʳ (105 ʪʳʩ. 

ʢʤĮ) ʦʪʥʦʩʠʪʩʷ ʢ ʣʘʚʠʥʦʦʧʘʩʥʳʤ ʟʦʥʘʤ, ʯʪʦ ʩʦʟʜʘʝʪ ʩʝʨʴʝʟʥʳʝ ʨʠʩʢʠ. ʉʪʘʪʠʩʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʩ 1949 ʧʦ 1990 ʛʦʜʳ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʩʦʰʣʦ ʙʦʣʝʝ 70 ʪʳʩʷʯ ʣʘʚʠʥ ʩʥʝʛʘ, ʦʙʱʠʡ ʦʙʲʝʤ 

ʢʦʪʦʨʳʭ ʧʨʝʚʳʩʠʣ ʦʜʠʥ ʤʠʣʣʠʘʨʜ ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ. 

ʅʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʭʦʜʘ ʣʘʚʠʥ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʢʣʦʥʳ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ 

ʦʪ 25 ʜʦ 45 ʛʨʘʜʫʩʦʚ. ʍʦʪʷ ʣʘʚʠʥʳ ʯʘʱʝ ʚʩʝʛʦ ʚʦʟʥʠʢʘʶʪ ʥʘ ʩʢʣʦʥʘʭ ʢʨʫʯʝ 20 ʛʨʘʜʫʩʦʚ, ʤʦʢʨʳʝ 

ʣʘʚʠʥʳ, ʢʦʪʦʨʳʝ ʧʦ ʩʫʪʠ ʷʚʣʷʶʪʩʷ ʚʦʜʥʳʤʠ ʠ ʩʥʝʞʥʳʤʠ ʧʦʪʦʢʘʤʠ, ʤʦʛʫʪ ʩʭʦʜʠʪʴ ʜʘʞʝ ʩ ʙʦʣʝʝ 

ʧʦʣʦʛʠʭ ʩʢʣʦʥʦʚ, ʠʤʝʶʱʠʭ ʢʨʫʪʠʟʥʫ ʚʩʝʛʦ 10-12 ʛʨʘʜʫʩʦʚ. 

ʅʘ h ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʣʠʤʘʪ ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʠ ʥʘ 

ʨʘʟʥʳʭ ʚʳʩʦʪʘʭ ʤʝʥʷʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ. ɺ ʛʦʨʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʚʳʩʦʢʦʛʦʨʴʝ, ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʨʠʩʢ 

ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʥʝʦʞʠʜʘʥʥʳʤʠ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʢʦʪʦʨʳʝ ʟʘʤʝʪʥʦ ʚʣʠʷʶʪ ʥʘ ʜʚʠʞʝʥʠʝ. 

ʃʝʪʦʤ, ʥʘ ʚʳʩʦʪʝ ʩʚʳʰʝ 3000 ʤʝʪʨʦʚ, ʚʥʝʟʘʧʥʳʡ ʩʥʝʛʦʧʘʜ ʠ ʟʘʥʦʩ ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʩʝʨʴʝʟʥʳʝ 

ʧʨʦʙʣʝʤʳ ʜʣʷ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʘ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʠ ʥʘ 

ʧʝʨʝʚʘʣʘʭ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʨʘʟʚʠʪʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʪʨʝʙʦʚʘʥʠʡ ʵʢʦʥʦʤʠʢʠ, ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʦʨʦʞʥʦʡ ʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʯʥʳʭ ʛʨʫʥʪʦʚ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʦʨʥʳʭ ʜʦʨʦʛ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʜʦʨʦʞʥʦʡ ʪʝʭʥʠʢʠ, ʦʪʚʝʯʘʶʱʝʝ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʥʜʝʥʮʠʷʤ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʧʦʪʨʝʙʥʦʩʪʷʤ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʦʜʝʨʥʠʟʘʮʠʶ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʯʥʳʭ ʛʨʫʥʪʦʚ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ ʥʘ ʜʦʨʦʛʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʛʦʨʥʳʭ ʨʘʡʦʥʦʚ ʠ ʚ 

ʟʠʤʥʝʝ ʚʨʝʤʷ. 

ɹʫʣʴʜʦʟʝʨʥʳʝ ʦʪʚʘʣʳ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʬʨʦʥʪʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʛʨʫʥʪʘ, ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤ ʩʦʚʝʨʰʝʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʟʝʤʣʝʨʦʡʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʰʠʥ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ 

ʛʦʨʥʳʭ ʜʦʨʦʛʘʭ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʪʝʨʨʘʩʠʨʦʚʘʪʴ ʩʢʣʦʥʳ ʚ ʛʦʨʘʭ, ʧʦʜʛʦʪʘʚʣʠʚʘʷ 

ʧʣʦʱʘʜʢʫ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʨʦʛ ʠ ʤʦʩʪʦʚ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪʚʘʣʦʚ, 
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ʧʦʟʚʦʣʷʶʱʝʝ ʠʟʤʝʥʷʪʴ ʠʭ ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦʡ ʤʘʰʠʥʳ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʥʦʛʦʦʙʝʱʘʶʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ [4; 5]. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʫʯʥʳʤ ʢʦʣʣʝʢʪʠʚʦʤ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʃ.ɸ. ʉʣʘʜʢʦʚʦʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ 

ʙʫʣʴʜʦʟʝʨʘ (ʧʘʪʝʥʪ ˉ1819944) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʪʚʘʣ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʚʳʥʦʩʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʤʳ (ʪʦʣʢʘʪʝʣʷ). ʇʨʠʚʦʜ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʭʘʥʠʢʦ-

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ. ʂʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʰʘʨʥʠʨʥʦʝ ʢʨʝʧʣʝʥʠʝ ʨʝʞʫʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʢ ʦʪʚʘʣʫ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʥʘ ʛʨʫʥʪʘʭ ʩ ʢʘʤʝʥʠʩʪʳʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ. ɺ ʥʝʤ, ʚ ʢʘʯʝʩʪʚʝ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʨʠʤʝʥʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʥʦʞ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʧʦʜ ʫʛʣʦʤ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʢʦʩʦʛʦ 

ʨʝʟʘʥʠʷ. ʂʨʘʡʥʠʝ ʥʦʞʠ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʚʧʝʨʝʜ, ʧʦʚʝʨʥʫʪʳ ʠʣʠ ʥʘʟʘʜ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʥʦʞʘ. 

ɹʣʘʛʦʜʘʨʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤʫ ʧʨʠʚʦʜʫ ʠ ʦʪʚʘʣʫ ʩ ʫʰʠʨʠʪʝʣʝʤ, ʵʪʦʪ ʙʫʣʴʜʦʟʝʨ ʵʬʬʝʢʪʠʚʥʦ 

ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʢʘʤʝʥʠʩʪʳʭ ʛʨʫʥʪʦʚ ʥʘ ʚʳʩʦʢʦʛʦʨʴʷʭ. ʂʦʥʩʪʨʫʢʮʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʪʨʝʫʛʦʣʴʥʳʡ ʦʪʚʘʣ ʩ ʨʝʞʫʱʠʤ ʟʫʙʦʤ, ʫʧʨʘʚʣʷʝʤʳʡ ʛʠʜʨʦʮʠʣʠʥʜʨʦʤ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʢʦʧʘʥʠʠ ʧʨʦʯʥʳʭ ʛʨʫʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ 

ʙʦʢʦʚʦʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ. 

ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʯʠʩʪʢʠ ʩʥʝʛʘ (ʘ. ʩ. 979569) ʨʘʩʰʠʨʷʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʙʫʣʴʜʦʟʝʨʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʦʪʚʘʣʦʤ (ʨʠʩ. 3). ʉʝʢʮʠʠ 

ʦʪʚʘʣʘ (3 ʠ 4) ʩʦʝʜʠʥʝʥʳ ʩ ʪʦʣʢʘʶʱʝʡ ʨʘʤʦʡ (2) ʙʘʟʦʚʦʡ ʤʘʰʠʥʳ (1) ʧʦʩʨʝʜʩʪʚʦʤ 

ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʭ ʨʳʯʘʛʦʚ (5). ʐʘʨʥʠʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʨʳʯʘʛʦʚ (5) ʤʝʞʜʫ ʩʝʢʮʠʷʤʠ ʦʪʚʘʣʘ (3 ʠ 

4) ʬʦʨʤʠʨʫʝʪ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʥʳʡ ʤʝʭʘʥʠʟʤ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʚʦʨʦʪ ʦʪʚʘʣʦʚ ʚ ʧʣʦʩʢʦʩʪʠ ʛʨʫʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʮʠʣʠʥʜʨʦʚ (6). 

 

ʈʠʩʫʥʦʢ 3. ʈʘʙʦʯʠʡ ʦʨʛʘʥ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʷ  

Fig. 3. Working element of a snow blower 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʵʪʦʛʦ ʦʨʛʘʥʘ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʷ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʨʝʛʫʣʠʨʫʝʤʦʡ ʰʠʨʠʥʳ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. ʀʟʥʘʯʘʣʴʥʦ 

ʩʦʤʢʥʫʪʳʝ ʦʪʚʘʣʴʥʳʝ ʩʝʢʮʠʠ ʨʘʟʚʦʜʷʪʩʷ ʚ ʩʪʦʨʦʥʳ ʛʠʜʨʦʮʠʣʠʥʜʨʘʤʠ, ʫʚʝʣʠʯʠʚʘʷ ʰʠʨʠʥʫ 

ʦʯʠʩʪʢʠ ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʨʘʚʥʠʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʫʙʦʨʢʫ ʩʥʝʛʘ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʜʦʨʦʛʠ. 

ɹʫʣʴʜʦʟʝʨ ʩ ʧʦʚʦʨʦʪʥʳʤ ʦʪʚʘʣʦʤ (ʘ. ʩ. 374418, ʘʚʪʦʨʳ ʉ.ʉ. ʄʫʟʛʠʥ ʠ ʉ.ɾ. ɸʩʘʥʦʚ) 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʦʪʚʘʣʘ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ ʞʝʩʪʢʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʦʪʚʘʣʘ ʩ 

ʪʦʣʢʘʶʱʝʡ ʨʘʤʦʡ ʙʫʣʴʜʦʟʝʨʘ (ʨʠʩ. 4). ʈʘʙʦʯʠʡ ʦʨʛʘʥ ʙʫʣʴʜʦʟʝʨʘ ʩ ʧʦʚʦʨʦʪʥʳʤ ʦʪʚʘʣʦʤ 
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ʩʦʩʪʦʠʪ ʠʟ ʩʠʣʦʚʳʭ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ 1, ʨʳʯʘʛʦʚ 2 ʠ 3, ʦʪʢʠʜʥʳʭ ʫʧʦʨʦʚ 4, ʚʳʩʪʫʧʦʚ 5, 

ʤʝʭʘʥʠʟʤʘ ʧʨʠʚʦʜʘ ʫʧʦʨʘ 6, ʧʦʣʟʫʥʘ 7, ʨʘʟʤʝʱʝʥʥʦʛʦ ʚ ʧʘʟʫ ʪʦʣʢʘʶʱʝʡ ʨʘʤʳ 8. ʅʘʛʨʫʟʢʘ 

ʧʝʨʝʜʘʝʪʩʷ (ʧʨʠ ʩʨʝʜʥʝʤ ʧʦʣʦʞʝʥʠʠ ʦʪʚʘʣʘ) ʢ ʪʦʣʢʘʶʱʝʡ ʨʘʤʝ ʯʝʨʝʟ ʫʧʦʨʳ, ʘ ʩʠʣʦʚʳʝ 

ʛʠʜʨʦʮʠʣʠʥʜʨʳ ʠ ʨʳʯʘʛʠ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʫʩʠʣʠʡ ʥʝ ʚʦʩʧʨʠʥʠʤʘʶʪ [6]. ɼʣʷ ʧʦʚʦʨʦʪʘ ʦʪʚʘʣʘ 

ʦʪʢʠʜʳʚʘʶʪʩʷ ʫʧʦʨʳ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ 6, ʘ ʟʘʪʝʤ ʚʢʣʶʯʘʶʪʩʷ ʛʠʜʨʦʮʠʣʠʥʜʨʳ.  

 

ʈʠʩ. 4. ʈʘʙʦʯʠʡ ʦʨʛʘʥ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʷ 

Fig. 4. Working element of the snow blower 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʙʫʣʴʜʦʟʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʥʘʣʠʯʠʝ ʦʪʢʠʜʥʳʭ ʫʧʦʨʦʚ ʠ ʧʦʣʟʫʥʘ, ʧʝʨʝʤʝʱʘʶʱʝʛʦʩʷ ʧʦ ʧʘʟʘʤ ʪʦʣʢʘʶʱʝʡ ʨʘʤʳ.  

ɺ ʨʘʙʦʪʝ ʦʪʨʘʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʙʫʣʴʜʦʟʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 

ʪʨʘʢʪʦʨʘʭ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ, ʚʳʧʦʣʥʝʥʥʘʷ ʫʯʝʥʳʤʠ ʇʨʠʜʥʝʧʨʦʚʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-

ʩʪʨʦʠʪʝʣʴʥʦʡ ʘʢʘʜʝʤʠʠ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʯʥʳʭ ʛʨʫʥʪʦʚ ʥʘ ʛʦʨʥʳʭ ʫʯʘʩʪʢʘʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʯʘʩʪʢʝ ʜʣʠʥʳ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʦʪʚʘʣʘ ʧʨʠʥʮʠʧ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʫʩʠʣʠʡ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʧʝʨʝʥʦʩʘ 

ʦʪʚʘʣʘ ʚ ʧʦʧʝʨʝʯʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʂʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʠ ʫʛʣʘʭ ʧʝʨʝʥʦʩʘ 12é180, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ 40é50 ʧʨʦʮʝʥʪʦʚ.  

ɹʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʫʧʨʘʚʣʷʝʤʳʭ ʨʳʭʣʠʪʝʣʴʥʳʭ ʟʫʙʴʝʚ ʩ ʨʘʟʥʳʭ ʩʪʦʨʦʥ 

ʦʪʚʘʣʘ (ʩʧʝʨʝʜʠ, ʩʟʘʜʠ ʠʣʠ ʧʦ ʙʦʢʘʤ), ʙʫʣʴʜʦʟʝʨ ʩ ʨʳʭʣʠʪʝʣʝʤ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʚʥʝʜʨʷʪʴʩʷ ʚ ʛʨʫʥʪ ʠ ʚʳʧʦʣʥʷʪʴ 

ʨʳʭʣʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

ɼʣʷ ʦʧʪʠʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʪʚʘʣ ʙʫʣʴʜʦʟʝʨʘ ʦʩʥʘʱʝʥ ʩʠʩʪʝʤʦʡ 

ʨʝʛʫʣʠʨʦʚʢʠ ʫʛʣʘ ʨʝʟʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʨʘʩʢʦʩʳ. ɻʠʜʨʦʟʘʤʦʢ 

ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʫʶ ʬʠʢʩʘʮʠʶ ʦʪʚʘʣʘ ʚ 

ʟʘʜʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʥʝʞʝʣʘʪʝʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ. ʋʛʦʣ ʨʳʭʣʝʥʠʷ ʪʘʢʞʝ 

ʧʦʜʣʝʞʠʪ ʨʝʛʫʣʠʨʦʚʢʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʨʳʭʣʠʪʝʣʷ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʪʝʩʪʳ ʥʘ ʩʪʝʥʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʤʝʨʟʣʦʛʦ ʛʨʫʥʪʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʧʨʠ 20-ʧʨʦʮʝʥʪʥʦʤ ʙʫʢʩʦʚʘʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ d ʫʜʝʣʴʥʦʝ ʪʷʛʦʚʦʝ 
ʫʩʠʣʠʝ ʥʘ ʢʨʶʢʝ ʩʦʩʪʘʚʣʷʣʦ ʦʪ 0,74 ʜʦ 0,76. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ 

ʢʦʣʝʙʘʣʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,49 ʜʦ 0,79. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʙʫʣʴʜʦʟʝʨʘ ʚ ʩʣʦʞʥʳʭ ʛʨʫʥʪʘʭ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʛʦʨʥʳʭ ʜʦʨʦʛ, ʧʨʠʤʝʥʷʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʫʛʣʦʚʳʝ ʥʦʞʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʥʘ ʦʪʚʘʣ. ʇʝʨʝʢʦʩ 

ʦʪʚʘʣʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʘʢʠʤʠ ʥʦʞʘʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʝʝ ʚʨʝʟʘʥʠʝ ʚ ʛʨʫʥʪ. ʐʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʦʙʲʝʤʥʳʝ ʥʦʞʠ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʦʡ ʩʪʘʣʠ, ʠʤʝʶʱʠʝ ʨʘʟʣʠʯʥʳʝ 

ʬʦʨʤʳ: ʧʨʷʤʦʫʛʦʣʴʥʳʝ, ʩʧʣʦʰʥʳʝ ʠ ʬʠʛʫʨʥʳʝ. 
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ʈʳʭʣʠʪʝʣʠ ʠʤʝʶʪ ʟʫʙʴʷ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʜʣʷ ʨʘʙʦʪʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʪʨʘʢʪʦʨʘ: ʧʝʨʝʜʥʠʝ ʠ ʟʘʜʥʠʝ. ɿʫʙʴʷ ʟʘʜʥʝʛʦ ʨʳʭʣʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ 

ʨʘʟʨʫʰʝʥʠʷ ʩʣʦʞʥʳʭ ʛʨʫʥʪʦʚ, ʚʢʣʶʯʘʷ ʤʝʨʟʣʳʝ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʨʘʢʪʦʨʘ ʥʘʟʘʜ. 

ʇʘʪʝʥʪʦʚʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʙʫʣʴʜʦʟʝʨʘ (ʘ. ʩ. 344079) ʚʢʣʶʯʘʝʪ ʦʪʚʘʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ 

ʩʝʢʮʠʡ (1 ʠ 2), ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʙʘʟʦʚʦʡ ʤʘʰʠʥʦʡ (3) ʯʝʨʝʟ ʪʦʣʢʘʶʱʠʝ ʙʨʫʩʴʷ (4). ʕʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʫʩʠʣʠʷ ʦʪ ʪʨʘʢʪʦʨʘ ʢ ʦʪʚʘʣʫ (ʨʠʩ. 5). ʂʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʝʢʮʠʷʤ 

ʦʪʚʘʣʘ (1 ʠ 2) ʧʝʨʝʤʝʱʘʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘʧʨʘʚʣʷʶʱʠʤʠ, 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʚ ʢʘʞʜʫʶ ʩʝʢʮʠʶ, ʠ ʰʘʨʥʠʨʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʩ ʪʦʣʢʘʶʱʠʤʠ ʙʨʫʩʴʷʤʠ (4) 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʨʦʥʰʪʝʡʥʦʚ (5 ʠ 6). ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʮʠʣʠʥʜʨʳ ʫʧʨʘʚʣʷʶʪ ʦʪʥʦʩʠʪʝʣʴʥʳʤ 

ʧʝʨʝʤʝʱʝʥʠʝʤ ʩʝʢʮʠʡ. ɺ ʧʘʪʝʥʪʝ ʘ.ʩ. 775241, ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʪʝʤʠ ʞʝ ʘʚʪʦʨʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥ 

ʙʫʣʴʜʦʟʝʨ ʩ ʦʪʚʘʣʦʤ, ʨʘʟʜʝʣʝʥʥʳʤ ʥʘ ʮʝʥʪʨʘʣʴʥʫʶ ʠ ʜʚʝ ʙʦʢʦʚʳʝ ʩʝʢʮʠʠ. ʊʦʣʢʘʶʱʘʷ ʨʘʤʘ 

ʩʦʝʜʠʥʝʥʘ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʩʝʢʮʠʝʡ, ʘ ʛʠʜʨʦʮʠʣʠʥʜʨʳ ʚʳʜʚʠʞʝʥʠʷ ʧʨʠʢʨʝʧʣʝʥʳ ʢ ʨʘʤʝ ʩ ʙʦʢʦʚ. 

ʊʦʣʢʘʶʱʠʝ ʙʨʫʩʴʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʢʦʚʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʩʝʢʮʠʡ. 

 

ʈʠʩʫʥʦʢ. 5. ʈʘʙʦʯʠʡ ʦʨʛʘʥ ʙʫʣʴʜʦʟʝʨʘ (ʘ. ʩ. 344079): 1, 2 ï ʩʝʢʮʠʠ ʦʪʚʘʣʘ; 3 ï ʙʘʟʦʚʘʷ 

ʤʘʰʠʥʘ; 4 ï ʪʦʣʢʘʶʱʠʡ ʙʨʫʩ; 5, 6 ʢʨʦʥʰʪʝʡʥʳ 

Fig. 5. Working element of the bulldozer (a. s. 344079): 1, 2 ï blade sections; 3 ï base machine; 4 

ï pushing beam; 5, 6 brackets 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʞʝʩʪʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʝʸ 

ʥʘʜʝʞʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʩ ʧʨʦʯʥʳʤʠ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʅʘʫʯʥʘʷ ʰʢʦʣʘ ɾ.ɾ. ʊʫʨʛʫʤʙʘʝʚʘ 

ʚʝʜʝʪ ʨʘʟʨʘʙʦʪʢʫ ʥʘʚʝʩʥʦʛʦ ʙʫʣʴʜʦʟʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʚʳʜʚʠʞʥʳʤ ʦʪʚʘʣʦʤ [7; 4; 5], ʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʩʪʘʥʦʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʤʦʱʥʦʩʪʴʶ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʜʚʠʞʝʥʠʷ 

ʙʫʣʴʜʦʟʝʨʘ, ʠ ʧʨʝʦʜʦʣʝʚʘʝʤʳʤ ʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ 

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 
1)1( -Ö-Ö= hdvWN  , 

ʛʜʝ W - ʦʙʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʙʫʣʴʜʦʟʝʨʘ 

ʧʥʨʤ WWfGGW ++Ö+= )(  , 

Gʤ ʠ Gp ï ʩʠʣʘ ʪʷʞʝʩʪʠ ʙʘʟʦʚʦʡ ʤʘʰʠʥʳ ʠ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ (ʦʪʚʘʣʘ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

f ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ;  

 

 

3 
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Wʥ ʠ Wn ï ʉʦʧʨʦʪʠʚʣʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʧʨʠ ʨʝʟʘʥʠʠ ʩʥʝʛʘ ʥʦʞʦʤ ʦʪʚʘʣʘ ʠ ʧʨʠ ʚʥʝʜʨʝʥʠʠ 

ʦʪʚʘʣʘ ʚ ʛʨʫʥʪ (ʟʘʙʦʡ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ;  

v - ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʙʘʟʦʚʦʡ ʤʘʰʠʥʳ;  

d - ʢʦʵʬʬʠʮʠʝʥʪ ʙʫʢʩʦʚʘʥʠʷ;  

h - ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʙʫʣʴʜʦʟʝʨʘ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʨʘʙʦʪʘ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʤʦʱʥʦʩʪʴ, ʪʨʝʙʫʝʤʘʷ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ 

ʙʫʣʴʜʦʟʝʨʘ, ʟʘʚʠʩʠʪ ʦʪ ʩʠʣʳ ʪʷʞʝʩʪʠ ʤʘʰʠʥʳ ʠ ʦʪʚʘʣʘ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ, 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʟʘʥʠʶ ʠ ʚʥʝʜʨʝʥʠʶ ʦʪʚʘʣʘ, ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ, ʙʫʢʩʦʚʘʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʭʦʜʦʚʦʡ ʯʘʩʪʠ. 

ɺ ʂʘʟʘʭʩʢʦʡ ʘʢʘʜʝʤʠʠ ʪʨʘʥʩʧʦʨʪʘ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ (ʂʘʟɸʊʂ) ʠʟʫʯʘʣʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʣʫʯʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʙʫʣʴʜʦʟʝʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ 

ʨʘʟʨʘʙʦʪʘʥʦ ʫʨʘʚʥʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʨʝʟʘʥʠʷ ʛʨʫʥʪʘ. ʕʪʦʪ ʫʛʦʣ 

ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʞʝʥʠʷ ʧʦʜʚʝʩʢʠ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʫʣʴʜʦʟʝʨʘ ʠ ʪʠʧʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʛʨʫʥʪʘ [7]. ɸʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʢʦʤʝʥʜʫʶʪ, ʯʪʦʙʳ ʚ ʥʘʯʘʣʝ ʨʘʙʦʪʳ, ʧʨʠ 

ʚʨʝʟʘʥʠʠ ʚ ʛʨʫʥʪ, ʫʛʦʣ ʨʝʟʘʥʠʷ ʙʳʣ ʤʘʢʩʠʤʘʣʴʥʳʤ a = 55é60 ʩ, ʘ ʟʘʪʝʤ ʧʦʩʪʝʧʝʥʥʦ 

ʫʤʝʥʴʰʘʣʩʷ ʜʦ 20-25 ʛʨʘʜʫʩʦʚ. 

ʂʫʨʩʦʚʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʘʟʦʚʦʡ ʤʘʰʠʥʳ ʩ ʢʦʩʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʦʪʚʘʣʘʤʠ ʷʚʣʷʣʘʩʴ 

ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʫʯʥʳʭ ʰʢʦʣʘʭ [7; 4; 5]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʦʤʝʥʪ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʧʦʚʦʨʦʪʫ ʤʘʰʠʥʳ, ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʩʠʣʳ ʩʮʝʧʣʝʥʠʷ ʤʝʞʜʫ ʭʦʜʦʚʦʡ 

ʯʘʩʪʴʶ ʠ ʛʨʫʥʪʦʤ.  

?ÖÖ= ʩʮʤʫʜ Gʄ j
2

1
 , 

ʕʪʘ ʩʠʣʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʚʝʩʦʤ ʤʘʰʠʥʳ (Gʤ), 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʮʝʧʣʝʥʠʷ (jʩʮ) ʠ ʙʘʟʦʡ ʤʘʰʠʥʳ (l). 

ʋʩʣʦʚʠʝʤ ʜʣʷ ʨʘʙʦʪʳ ʪʘʢʠʭ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʥʝʨʘʚʝʥʩʪʚʘ  

ʫʜʄ  > ʧʦʚʄ  , 

ʛʜʝ ʫʜʄ  - ʫʜʝʨʞʠʚʘʶʱʠʡ ʤʦʤʝʥʪ;  

ʧʦʚʄ  - ʧʦʚʦʨʘʯʠʚʘʶʱʠʡ ʤʦʤʝʥʪ.  

ɺʳʚʦʜʳ: ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʦʨʥʳʭ ʜʦʨʦʛ ʨʝʩʧʫʙʣʠʢʠ, ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʙʦʯʠʤ ʦʨʛʘʥʘʤ 

ʤʘʰʠʥ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʨʘʩʯʠʩʪʢʠ ʟʘʚʘʣʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʫʧʨʘʚʣʷʝʤʳʡ ʦʪʚʘʣ ʙʫʣʴʜʦʟʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʛʦʨʥʳʭ ʜʦʨʦʛ, ʦʩʦʙʝʥʥʦ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʥʘ ʢʨʫʪʳʭ ʠ 

ʣʘʚʠʥʦʦʧʘʩʥʳʭ ʫʯʘʩʪʢʘʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʦʨʦʞʥʦ-ʨʝʤʦʥʪʥʳʭ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʠʩʢ ʜʣʷ ʤʘʰʠʥʠʩʪʘ ʧʨʠ ʦʯʠʩʪʢʝ ʩʥʝʛʘ ʠ 

ʛʨʫʥʪʘ ʚʙʣʠʟʠ ʢʨʫʪʳʭ ʩʢʣʦʥʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʝ ʫʩʣʦʚʠʷ ʪʨʫʜʘ. 
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ÎÌÓæÔëÞÔ ÉÔÞæÌÇÚÔ ÜÚÇÇÚÔ ÖÊÇÄ ÐÌÜ ÞÚÆÔÖÔÝÞÚÙ 

Ðìü øìėú÷ìô øìóöÿü îìóĆôċþô ėôþĆìĕúô üúĕĕúô öĘĕĒ ðìü ÞúĔôöôýþúù øìîüôðô íìüüìýĒ ėìüúü ðúðì 
Ąÿðììýþ. Øìùóìüìô ÞúĔôöôýþúùüú üñ÷ñĀô öĘĕôô úù øÿìõċù øñöÿùìð. Øìýúĕìþô ĔÿøĕÿüĒ 143,1 ĕìóúü 
öô÷úøñþüô øÿüìííìĆ íÿðì, 93%-ô ėì÷ìøüìîô úùüú ėìþúüöĘĕĕúô ìó 300 þú 7495 øñþü ìó ýìþĕô íìĕü íì÷ìùð 
ôĄĎú÷ øñöÿùìùð. Ðìü ôù øìėú÷ì āÿýÿýôċþĕúô þìüĕüñóĒ îì ýôýþñøìĕúô ôðúüìöÿùôô ïôðüìî÷ôöôô øìėúøúþô 
öúüôô þìĔĕôóúþô øìāýÿý, öô íìüúô ùôïúĕ ðúĄþìùô ïÿóìüôĄô üúĕĕúô öĘĕĒ ðìü Āìý÷ô óôøôýþúù ûñĄíôùĒ 
Ąÿðììùð, íìüüìýĒ øñĄìîìð.  

Íÿ÷ðúóñüĕú ìó ýìíìíô ìóāÿðöÿùôô Āüúùþì÷ôô āúö, îúýôþìô ìýúýôô þìĄöô÷ô ìõîúùĕú ðìü ùôĄñíôĕúô 
öĘĕĕú ĕìùïúøô ýúāþìùô üúĕĕú íìüúô ĕìüìöìþô ùìė÷ôČþ øñíúĄìùð. Ðìü úċùðì, þñĎìĕúô ùìîĆô íÿ÷ðúóñüĒ, öô 
ýìøþô úċùðìðúü ĕôýúíôðì øñĄìîìùð, ýìøìüìùúöþìü āúĕìùð íÿð, öô úùĕúüú íú þìĎõôü ðúðìùô øìîėñìĄúù 
ùôýíìþ íì øúĄôù þìùóôø öìüðìù øÿøöôù ìýþ, öô ôù üìîìùðô öúüĕúô óìøôùöìùôüú úûþôøì÷ øñïìüðúùìð.  

ØìîĔÿðôċþô ėìíìþô íìüĀ íì öúĉĀĀôþýôñùþô ûìõîìýþĄìîĒ îì āúýôċþĕúô öìĄôðìùô þñāùôöìô üúĕýúóĒ íú 
ýìþĕ þìĆýôüô ùìóìüüìý øñüìýúùìð. áÿýÿýôċþĕúô ĀôóôöôĊ øñāìùôöôô íìüĀ, íì øúùìùðô óôăĒ (îìóùô ĕìĔø) îì 
øÿėúîôøìþô ĕìüìöìþ, öô ýìøìüìùúöôô öúüô þìĔĕôóúþô íÿ÷ðúóñüüú ĕìùïúøô þúóì öìüðìùô íìüĀ øÿìõċù 
øñöÿùìùð, þìĕþô þìĆýôüô úøô÷ĕúô ïÿùúïÿù íì þìĎõôüúþ ðÿăúü øñĄìîìùð. Ðìü Ąìüúôþô øÿĆþìðô÷ íÿðìùô 
ĕìüúüìþ ôù āÿýÿýôċþĕú íú ĕìüúüìþô ĕìîúô øÿĕôþô ìþüúĀ, öô ĕìüúüìþô íìüĀüú ðìü ĕú÷ìþô þìíôôìĄ øÿìõċù 
øñöÿùìð, ì÷úėìøìùðôô óôă ðúüìùð. Íìüúô ýìøìüìùúö þúóì öìüðìùô üúĕĕúô öĘĕôô ĔÿøĕÿüĒ ûìý ìó úĀìþĕúô 
þìíôĒ, ðìü ìýúýô þìĕ÷ô÷ô ìðìíôČþô ô÷øĒ-þñāùôöĒ îì øìĆ÷ÿøúþ ðìü íúüìô üúĕĕú, þì÷ìíúþ íì øìėúøúþô öúüôô 
øúĄôùĕúô øìāýÿý þìĕôċ öìüðì Ąÿðììýþ.  

Öì÷ôðîúòìĕú: ùìė÷ôČþô ìîþúøúíô÷Ē, Ąúĕüúĕĕú, ìĎíìĕúô íì÷ìùðöĘĕ, ùôĄñíôô þÿ÷úùĒ, üúĕĕúô öĘĕĒ, 
āúö, íìýþìĄìîĒ, øìėúøúþô öúüĒ, þñĎ, øúĄôùô ìýúýĒ, ùôĄñíôĕúô öĘĕĒ. 

 

ʉʆʉʊʆʗʅʀɽ ʇɽʈɽɺɸʃʔʅʓʍ ʋʏɸʉʊʂʆɺ ɻʆʈʅʓʍ ɼʆʈʆɻ ʊɸɼɾʀʂʀʉʊɸʅɸ  

ɺ ʜʘʥʥʦʡ ʩʪʩʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʧʝʨʝʚʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʛʦʨʥʳʭ ʜʦʨʦʛ ʊʘʜʞʠʢʠʩʪʘʥʘ. ʇʨʦʠʟʚʝʜʝʥ 

ʦʙʟʦʨ ʩʦʩʪʦʷʥʠʝ ʛʦʨʥʳʭ ʜʦʨʦʛ ʚ ʈʝʩʧʫʙʣʠʢʝ ʊʘʜʞʠʢʠʩʪʘʥ. ʃʘʥʜʰʘʬʪ ʊʘʜʞʠʢʠʩʪʘʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʛʦʨʠʩʪʳʤ 

ʨʝʣʴʝʬʦʤ. ʇʣʦʱʘʜʴ ʨʝʩʧʫʙʣʠʢʠ ʩʦʩʪʘʚʣʷʝʪ 143,1 ʪʳʩ. ʢʚ. ʢʤ, ʧʨʠ ʵʪʦʤ 93% ʪʝʨʨʠʪʦʨʠʠ ʟʘʥʠʤʘʶʪ ʛʦʨʥʳʝ ʤʘʩʩʠʚʳ, 

ʚʦʟʚʳʰʘʶʱʠʝʩʷ ʦʪ 300 ʜʦ 7495 ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʠʢʠ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʨʦʭʦʜʠʤʦʩʪʠ ʛʦʨʥʳʭ ʜʦʨʦʛ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. 

ɹʫʣʴʜʦʟʝʨʥʳʝ ʦʪʚʘʣʳ, ʙʣʘʛʦʜʘʨʷ ʬʨʦʥʪʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʛʨʫʥʪʘ, ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʪʝʨʨʘʩ ʥʘ ʛʦʨʥʳʭ ʩʢʣʦʥʘʭ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʦʨʦʛ ʜʣʷ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ. ɺ ʙʫʜʫʱʝʤ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʪʘʥʫʪ ʦʪʚʘʣʳ ʙʫʣʴʜʦʟʝʨʥʦʛʦ ʪʠʧʘ, ʩʯʠʪʘʶʱʠʝʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʙʫʜʝʪ ʥʘʩʪʨʘʠʚʘʪʴ, ʠʟʤʝʥʷʷ ʠʭ ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʰʠʥʳ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʟʝʤʣʝʨʦʡʥʳʭ ʨʘʙʦʪ. 

ʅʘʣʠʯʠʝ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ ʠ ʪʷʛʦʚʳʝ ʩʚʦʡʩʪʚʘ 

ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʥʝʛʘ, ʪʘʢʠʝ ʢʘʢ ʧʣʦʪʥʦʩʪʴ 

(ʦʙʲʝʤʥʳʡ ʚʝʩ) ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʜʚʠʛʫ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʙʫʣʴʜʦʟʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ 

ʫʙʦʨʢʝ ʩʥʝʛʘ, ʧʦʜʚʝʨʞʝʥʳ ʠʟʤʝʥʝʥʠʷʤ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʨʠ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ, ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʩʥʝʛʘ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʩʯʠʩʪʢʠ ʛʦʨʥʳʭ ʜʦʨʦʛ ʨʝʩʧʫʙʣʠʢʠ ʧʦʩʣʝ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ, ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʜʘʥʥʳʭ ʦ ʜʦʨʦʛʘʭ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʙʦʯʠʤ ʦʨʛʘʥʘʤ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠ, ʚʳʩʦʢʦʛʦʨʥʳʝ ʧʝʨʝʚʘʣʳ, ʧʨʦʜʦʣʴʥʳʡ 

ʫʢʣʦʥ, ʛʦʨʥʳʝ ʜʦʨʦʛʠ, ʛʨʫʥʪ, ʟʘʚʘʣ, ʨʘʙʦʯʠʝ ʦʨʛʘʥ,r ʦʪʚʘʣ, ʙʘʟʦʚʘ ̫ʤʘʰʠʥʘ, ʛʦʨʥʳʝ ʩʢʣʦʥʳ. 

 

CONDITION OF PASS SECTIONS OF MOUNTAIN ROADS IN TAJIKISTAN  

This article examines the condition of mountain pass sections of Tajikistan. A review of the condition of mountain 

roads in the Republic of Tajikistan is provided. The landscape of Tajikistan is determined by its mountainous relief. The 

area of the republic is 143.1 thousand square kilometers, while 93% of the territory is occupied by mountain ranges rising 

from 300 to 7495 meters above sea level. This paper examines the design features and hydraulic control systems of the 

working bodies of specialized equipment designed to maintain the passability of mountain roads in winter. 

Bulldozer blades, due to the frontal development of the soil, are the main tool for creating terraces on mountain 

slopes during the construction of roads for vehicle traffic. In the future, bulldozer-type blades will become more effective, 

which are considered a promising direction, which can be adjusted by changing their position relative to the machine, 

which will optimize the process of earthmoving work. 

The presence of snow cover has a significant impact on the coefficient of adhesion and traction properties of road 

construction equipment with the surface. The physical and mechanical characteristics of snow, such as density (bulk 

weight) and shear resistance, which determine the efficiency of bulldozer equipment during snow removal, are subject to 

change under the influence of various factors. At steady-state temperature conditions, these characteristics are closely 

related to the ambient air temperature, which determines the temperature of snow in its natural state. 
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For effective clearing of mountain roads in the republic after natural disasters, based on an analysis of scientific and 

technical literature and road data, requirements for the working bodies of specialized machines have been formulated. 

Keywords: road transport, highways, high mountain passes, longitudinal slope, mountain roads, priming, blockage, 

working bodies, dump, base machine, mountain slopes. 
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ʋɼʂ: 519.87; 662.997 

ʂʆʄɹʀʅʀʈʆɺɸʅʅɸʗ ʉʀʉʊɽʄɸ ʊɽʇʃʆʉʅɸɹɾɽʅʀʗ ʉʆʃʅɽʏʅʆɻʆ ɼʆʄɸ ʀ 

ɽɻʆ ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ  

 

ʉʘʠʜʦʚʘ ʄ.ʉ. 

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʉ. ʆʩʠʤʠ 

 

ɺʚʝʜʝʥʠʝ: ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʦʩʦʙʝʥʥʦ ʩʦʣʥʝʯʥʦʡ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʘ ʥʘ ʬʦʥʝ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʢʣʠʤʘʪʘ ʠ ʠʩʪʦʱʝʥʠʷ ʨʝʩʫʨʩʦʚ ʠʩʢʦʧʘʝʤʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 

ʩʠʩʪʝʤʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ (ʂʉʊ) ʩʦʣʥʝʯʥʳʭ ʜʦʤʦʚ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʧʨʘʢʪʠʢʦʚ. ʂʉʊ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʣʥʝʯʥʦʝ ʪʝʧʣʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʵʥʝʨʛʠʠ, ʪʘʢʠʤʠ ʢʘʢ ʛʘʟʦʚʳʝ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʪʣʳ, ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʠ ʩʠʩʪʝʤʳ 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʘʥʘʣʠʟ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ 

ʩʦʣʥʝʯʥʦʛʦ ʜʦʤʘ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʠʩʩʣʝʜʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ, ʚʳʷʚʣʷʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺʚʝʜʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʫ ʩʦʣʥʝʯʥʳʭ ʜʦʤʦʚ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ 

ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʦʞʠʚʘʥʠʷ, ʥʦ ʠ ʩʦʢʨʘʱʘʝʪ ʨʘʩʭʦʜʳ ʥʘ ʦʪʦʧʣʝʥʠʝ ʚ ʧʝʨʝʤʝʥʯʠʚʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʛʨʘʤʦʪʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʪʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʧʦʪʨʝʙʣʝʥʠʷ 

ʠʩʢʦʧʘʝʤʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ ʠ ʫʤʝʥʴʰʝʥʠʶ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ ʠʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʦʡ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ 

ʧʨʠʟʚʘʥʘ ʚʥʝʩʪʠ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʧʨʝʜʣʘʛʘʷ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, 

ʫʧʨʘʚʣʝʥʠʶ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʂʉʊ ʚ ʩʦʣʥʝʯʥʳʭ ʜʦʤʘʭ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʦʪʦʧʣʝʥʠʝ ʞʠʣʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ ʟʘʥʠʤʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʤʝʩʪʦ ʚ ʦʙʱʝʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʦʩʥʦʚʘʥʳ 

ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʩʦʣʥʝʯʥʳʝ ʜʦʤʘ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ. 

1. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʪʝʛʨʘʮʠʶ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʦʪʦʧʣʝʥʠʷ ʞʠʣʳʭ 

ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʟʜʘʥʠʡ. ɺ ʠʭ ʦʩʥʦʚʝ ʣʝʞʘʪ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ, ʪʘʢ ʠ ʪʨʘʜʠʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʧʨʦʚʦʜʠʪʩʷ ʨʷʜ ʨʝʬʦʨʤ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʧʨʠʤʝʥʝʥʠʝ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʪʨʘʩʣʷʭ ʵʢʦʥʦʤʠʢʠ ʠ ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʫʪʝʤ ʨʘʜʠʢʘʣʴʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʦʛʣʘʩʥʦ ʩʦʜʝʨʞʘʥʠʶ 

ʜʝʡʩʪʚʫʶʱʠʭ ʟʘʢʦʥʦʚ ʠ ʧʦʩʪʘʥʦʚʣʝʥʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʦʙʦʟʥʘʯʝʥʳ 

ʩʦʢʨʘʱʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʨʝʩʫʨʩʦʚ ʚ ʩʠʩʪʝʤʘʭ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʝʢʪʦʨʘʭ, ʨʘʩʰʠʨʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʦʪʨʘʩʣʷʭ ʵʢʦʥʦʤʠʢʠ 

[5; 2]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʘʰʝʡ ʨʝʩʧʫʙʣʠʢʝ ʨʘʟʨʘʙʦʪʢʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʚʥʝʜʨʝʥʠʝ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ, ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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ʵʥʝʨʛʠʠ, ʩʦʜʝʡʩʪʚʠʝ ʨʘʩʰʠʨʝʥʠʶ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʘ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. 

ɺʘʞʥʦ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʟʜʘʥʠʡ, 

ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʩʥʘʙʞʝʥʠʠ ʞʠʣʳʭ 

ʟʜʘʥʠʡ, ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʩʥʘʙʞʝʥʠʠ ʟʜʘʥʠʡ ʚʝʜʫʪʩʷ ʫʯʝʥʳʤʠ-ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚʦ ʚʩʝʤ ʤʠʨʝ [1]. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʦʮʝʥʢʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʞʠʣʠʱʥʦʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʠ, ʦʧʪʠʤʠʟʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤ ʩʦʣʥʝʯʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʙʳʣʠ ʪʱʘʪʝʣʴʥʦ ʠʟʫʯʝʥʳ. ɼʘʞʝ ʚ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʘ ɺʘʭʜʘʪ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ʅʦ ʘʥʘʣʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʦʟʜʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʩʦʣʥʝʯʥʦʛʦ ʠ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʩʝʣʴʩʢʠʭ ʜʦʤʦʚ ʠʟʫʯʝʥ r ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺ ʩʪʘʪʴʝ ʙʳʣ 

ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʜʦʤʘ, 

ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. ʆʙʟʦʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʩʦʣʥʝʯʥʦʛʦ ʜʦʤʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1, ʘ ʜʠʘʛʨʘʤʤʘ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ. 

 

ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʜʦʤʘ (ʛ. ɺʘʭʜʘʪ) 

Fig. 1. General view of the experimental solar house (Vahdat city) 

 
 

ʇʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʥʘʯʘʣʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 

ʪʝʧʣʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʬʠʟʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʤʦʜʝʣʠ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʚʥʫʪʨʝʥʥʷʷ ʩʨʝʜʘ ʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ ʥʝʡ. ʂʦʣʠʯʝʩʪʚʦ 

ʧʦʜʘʚʘʝʤʦʛʦ ʠʣʠ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʝʧʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʢʘʟʘʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʝʛʦ ʚʣʠʷʥʠʝ 

ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ, ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʨʠʤyʥʦʛʦ ʩʣʦʷ ʠ 

ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʠʟʤʝʥʝʥʠʶ ʦʙʱʝʡ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʙʳʣʠ ʚʳʨʘʞʝʥʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʕʣʝʢʪʨʦʪʝʧʣʦʚʘʷ ʩʭʝʤʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʩʦʣʥʝʯʥʦʛʦ ʜʦʤʘ ʩ ʘʚʪʦʥʦʤʥʳʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʝʤ 

Fig. 2. Thermal balance diagram of a solar house with autonomous heat supply 

 
 

ʈʠʩ. 3. ʕʣʝʢʪʨʦʦʪʦʧʠʪʝʣʴʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʩʦʣʥʝʯʥʦʛʦ ʜʦʤʘ 

Fig. 3. Electric heating circuit of the model built for the experimental solar house 

 
ɿʜʝʩʴ: Qp1 ï ʠʟʣʫʯʝʥʠʝ (ʪʝʧʣʦ), ʧʘʜʘʶʱʝʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʝʨʝʜʥʶʶ ʯʘʩʪʴ ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, W; Qp2 ï ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ (ʪʝʧʣʦ), ʧʦʧʘʜʘʶʱʝʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦ 

ʚʥʫʪʨʝʥʥʶʶ ʩʨʝʜʫ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, W; Qven.l ï ʪʝʧʣʦ, ʚʳʭʦʜʷʱʝʝ ʠʟ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʦʙʲʝʢʪʘ ʯʝʨʝʟ ʚʝʥʪʠʣʷʮʠʶ, W; Qven.input ï ʧʦʩʪʫʧʣʝʥʠʝ ʪʝʧʣʘ ʟʘ ʩʯʝʪ ʚʝʥʪʠʣʷʮʠʠ, W; Qheat ï ʪʝʧʣʦ, 

ʧʦʜʘʚʘʝʤʦʝ ʦʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʜʣʷ ʦʙʦʛʨʝʚʘ ʦʙʲʝʢʪʘ, W; T1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʝʥʢʠ ʦʙʲʝʢʪʘ, Áʉ; T2 ï ʚʥʫʪʨʝʥʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʲʝʢʪʘ, Áʉ; T3 ï ʚʥʝʰʥʷʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʲʝʢʪʘ, Áʉ; Tt ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, Áʉ; Ci ï 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ,
ˑ̇

Ͻ
; ʉ1 ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʝʨʝʜʥʝʡ 

ʩʪʝʥʢʠ ʦʙʲʝʢʪʘ, 
ˑ̇

Ͻ
 ʉ2 ï ʚʥʫʪʨʝʥʥʷʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʲʝʢʪʘ, 

ˑ̇

Ͻ
 ʉ3 ï ʪʝʧʣʦʝʤʢʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ, 
ˑ̇

Ͻ
. R1 ï ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʣʠʮʝʚʦʡ ʯʘʩʪʠ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

Ͻ
. R2 ï 

ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʲʝʢʪʘ, 
ˑ̇

Ͻ
; R3 ï ʚʥʫʪʨʝʥʥʝʝ 

ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʲʝʢʪʘ, 
ˑ̇

Ͻ
; R4 ï ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʥʝʰʥʝʡ 

ʯʘʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ, 
ˑ̇

Ͻ
; R5 ï ʦʙʱʝʝ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʝʢʮʠʠ ʩʪʝʢʣʷʥʥʦʡ ʩʪʝʥʳ, 

ˑ̇

Ͻ
 . 
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2. ʇʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʥʘ ʦʩʥʦʚʝ ʥʝʩʢʦʣʴʢʠʭ ʢʣʶʯʝʚʳʭ ʧʨʠʥʮʠʧʦʚ: 

- ʀʥʪʝʛʨʘʮʠʷ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ: ʉʠʩʪʝʤʳ ʤʦʛʫʪ ʩʦʯʝʪʘʪʴ ʩʦʣʥʝʯʥʦʝ ʦʪʦʧʣʝʥʠʝ, 

ʙʠʦʤʘʩʩʫ, ʛʘʟ, ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʠ ʜʨʫʛʠʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʨʝʩʫʨʩ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ, ʜʦʩʪʫʧʘ ʠ ʚʨʝʤʝʥʠ ʛʦʜʘ. 

- ʆʧʪʠʤʠʟʘʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ: ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ 

ʧʝʨʝʢʣʶʯʘʪʴʩʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝʛʦ 

ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ (ʥʘʧʨʠʤʝʨ, ʫʨʦʚʝʥʴ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. 

- ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ: ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ð ʩʥʠʟʠʪʴ 

ʧʦʪʨʝʙʣʝʥʠʝ ʠʩʢʦʧʘʝʤʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ ʠ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʩʥʠʞʝʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ. 

3. ʂʦʤʧʦʥʝʥʪʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ 

ʦʙʳʯʥʦ ʚʢʣʶʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ: 

- ʉʦʣʥʝʯʥʳʝ ʢʦʣʣʝʢʪʦʨʳ: ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʪʝʧʣʦʚʫʶ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʢʦʣʣʝʢʪʦʨʦʚ: ʧʣʦʩʢʠʝ, ʚʘʢʫʫʤʥʳʝ (ʪʨʫʙʯʘʪʳʝ) ʠ 

ʩʦʣʷʨʥʳʝ. 

- ʊʝʧʣʦʘʢʢʫʤʫʣʷʪʦʨʳ: ʵʪʠ ʫʩʪʨʦʡʩʪʚʘ ʘʢʢʫʤʫʣʠʨʫʶʪ ʠʟʙʳʪʦʯʥʦʝ ʪʝʧʣʦ, ʧʨʦʠʟʚʦʜʠʤʦʝ 

ʩʦʣʥʝʯʥʳʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ, ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʝʧʣʦʩʥʘʙʞʝʥʠʝ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʠʣʠ ʚ ʦʙʣʘʯʥʳʝ 

ʜʥʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʤʷʛʯʠʪʴ ʢʦʣʝʙʘʥʠʷ ʚ ʧʦʪʨʝʙʣʝʥʠʠ ʵʥʝʨʛʠʠ. 

- ʊʨʘʜʠʮʠʦʥʥʳʝ ʢʦʪʣʳ: ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʣʠ ʛʘʟʦʚʳʝ ʢʦʪʣʳ ʩʣʫʞʘʪ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʝʨʚʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ, ʢʦʛʜʘ ʩʦʣʥʝʯʥʦʛʦ ʪʝʧʣʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʢʨʳʪʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ 

ʦʪʦʧʣʝʥʠʠ. 

- ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʢʦʥʪʨʦʣʠʨʫʶʪ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʤʝʱʝʥʠʠ 

ʠ ʫʨʦʚʥʷ ʧʦʪʨʝʙʣʝʥʠʷ ʪʝʧʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

4. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ 

ʩʦʣʥʝʯʥʦʛʦ ʜʦʤʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

- ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ: ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʨʘʬʠʢʠ, ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʯʘʩʦʚ, ʫʨʦʚʝʥʴ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʜʣʷ ʨʝʛʠʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

- ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʧʘʨʘʤʝʪʨʳ ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ, ʨʝʟʝʨʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʪʝʧʣʘ (ʥʘʧʨʠʤʝʨ, ʛʘʟʦʚʳʝ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʪʣʳ), ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʠ ʩʠʩʪʝʤ 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ (ʪʝʧʣʦʚʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ). 

- ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʜʘʥʥʳʝ: ʧʣʦʱʘʜʴ ʠ ʦʙʲʝʤ ʜʦʤʘ, ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʩʭʝʤʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʘ (ʨʘʜʠʘʪʦʨʳ, ʧʦʣʳ ʩ ʧʦʜʦʛʨʝʚʦʤ ʠ ʪ.ʜ.). 

5. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʂʉʊ ʩʦʣʥʝʯʥʦʛʦ ʜʦʤʘ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʤʝʪʦʜʦʚ: 

- ʉʪʘʪʠʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ: ʜʣʷ ʘʥʘʣʠʟʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʚʳʷʚʣʝʥʠʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʧʦʪʨʝʙʣʝʥʠʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʦʣʥʝʯʥʦʛʦ ʪʝʧʣʘ. 

-ɼʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ: ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, MATLAB, TRNSYS) ʜʣʷ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ. 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʤʦʞʝʪ ʙʳʪʴ ʩʤʦʜʝʣʠʨʦʚʘʥ ʩ 

ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʕʪʠ ʫʨʘʚʥʝʥʠʷ ʤʦʞʥʦ ʙʫʜʝʪ 

ʩʥʘʯʘʣʘ ʚʳʨʘʟʠʪʴ ʚ ʚʠʜʝ ʤʘʪʨʠʮ, ʘ ʟʘʪʝʤ ʧʝʨʝʚʝʩʪʠ ʚ ʬʦʨʤʫ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Matlab/Simulink. ʋʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʜʦʤʘ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

c1m1 ‌̉ ϽὊϽὸ̉ ὸ Ͻὸ ὸ  

c2m2 Ͻὸ ὸ Ͻὸ ὸ  

c3m3 Ͻὸ ὸ Ͻὸ ὸ ‌̓ȢὊȢὸ ὸ ή ȢὊȢὯȢ‌  (1) 
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cinmin
̉ ὋϽὧὸ ὸ̘ ή ȢὊ ȢὯ Ȣ‌ Ὃ Ȣὅ ὸ ὸ  ὯὊȢὸ ὸ

Ȣὸ ὸ  

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʠ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʣʦʝʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʦ 

ʬʦʨʤʫʣʝ (2) [5-12]: 

Ὧ
ρ

ρ
‌

‏
‗

‏
‗

‏
‗

ρ
‌

  
ρ 

ʋʧʨʦʩʪʠʚ ʧʨʘʚʫʶ ʠ ʣʝʚʫʶ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (1), ʤʳ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ: 

Ȣ̉

 Ȣὸ
Ȣ

Ȣὸ
ȢȢ

   (2) 

Ὠὸ
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Ὂ
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 Ȣὸ

Ὂ
Ὑ

Ὂ
Ὑ

άὧ
Ȣὸ

Ὂ

Ὑάὧ
Ȣὸ σ 

 
Ȣ
 Ȣὸ Ȣὸ

Ȣ
Ȣὸ

Ȣ
ὸ

Ȣ Ȣ
ȢήὰὭὫὬὸȢτ  

 
Ȣ

Ȣ
 Ȣὸ

Ȣ

Ȣὸ Ȣὗ

Ȣ Ȣ
ȢήὰὭὫὬὸȢυ 

 ʋʨʘʚʥʝʥʠʷ (5) ï (6) ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ: 

ὼǲ =Ax+Bu         (6) 

Y=Cx+Du         (7) 

(7) ʠ (8) ʷʚʣʷʶʪʩʷ ʚʝʢʪʦʨʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʫʨʘʚʥʝʥʠʡ: 
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ὸ
ὸ
ὸ
ὸ
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Ụ
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Ụ
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 C=
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πρππ
ππρπ
πππρ

; D=

ρπππ
πρππ
ππρπ
πππρ

; 

A=

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ

Ȣ
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Ȣ
ȠπȠ Ƞ

Ȣ
Ƞ Ƞ

Ȣ
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ủ
ủ
ủ
ủ
ủ
ủ
Ủ

 

B=

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ

πȠ πȠ πȠ πȠ
πȠ πȠ πȠ πȠ

  Ȣ
Ƞ πȠ πȠ 

Ȣ Ȣ
Ƞ

πȠ 
̙ Ȣ̙̓ ̓

Ƞ Ƞ ȢȢ ȢȢ

Ứ
ủ
ủ
ủ
ủ
ủ
Ủ

 

 

6. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʫʪʝʤ ʚʚʦʜʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ 

ʧʨʦʛʨʘʤʤʫ Matlab/Simulink. ʄʦʜʫʣʴʥʘʷ ʩʭʝʤʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʥʘʧʠʩʘʥʥʦʡ ʥʘ ʷʟʳʢʝ 
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ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Matlab/Simulink, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. ʉʪʨʫʢʪʫʨʘ ʦʙʲʝʢʪʘ, ʪʦ ʝʩʪʴ 

ʩʦʣʥʝʯʥʦʛʦ ʜʦʤʘ, ʚʣʠʷʝʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʥʝʛʦ (ʨʠʩʫʥʦʢ 5). ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ 

ʦʪʦʧʠʪʝʣʴʥʳʡ ʩʝʟʦʥ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʜʣʷ ʶʞʥʳʭ ʨʝʛʠʦʥʦʚ ʥʘʰʝʡ ʨʝʩʧʫʙʣʠʢʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʥʦʷʙʨʴ-ʤʘʨʪ, ʪʦ ʤʦʞʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ ʜʦʤʘ ʚ 

ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ. 

 

ʈʠʩ. 4. ʄʦʜʫʣʴʥʘʷ ʩʭʝʤʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

Fig. 4. Modular diagram of the dynamic model of the research object 

 
 

ʈʠʩ. 5. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʣʥʝʯʥʦʛʦ ʜʦʤʘ (ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Matlab/Simulink) 

Fig. 5. Temperature characteristics of a solar house (obtained using Matlab/Simulink software) 

 
ʘ) ɿʘ ʜʝʢʘʙʨʴ 

 
ʙ) ɿʘ ʷʥʚʘʨʴ 

 
ʚ) ɿʘ ʬʝʚʨʘʣʴ 
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ʘ) ɿʘ ʤʘʨʪ 

 

ʅʘ ʨʠʩʫʥʢʘʭ 5ʘ, ʙ ʚʠʜʥʦ, ʯʪʦ ʩ 26 ʜʝʢʘʙʨʷ ʧʦ 7 ʷʥʚʘʨʷ 2020 ʛʦʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 

ʧʦʥʠʟʠʣʘʩʴ ʜʦ -5õ-10 ʛʨʘʜʫʩʦʚ. ʕʪʘ ʩʠʪʫʘʮʠʷ ʧʦʚʪʦʨʠʣʘʩʴ 20-22 ʷʥʚʘʨʷ (ʨʠʩʫʥʦʢ 5ʙ). ʀʟ-ʟʘ 

ʧʘʩʤʫʨʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ ʵʪʦ ʚʨʝʤʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʥʘ ʫʨʦʚʥʝ 22-24Áʉ ʩ ʧʦʤʦʱʴʶ ʚʦʜʦʛʨʝʡʥʦʛʦ ʢʦʪʣʘ. 

ʅʘ ʨʠʩʫʥʢʘʭ 5, ʙ, ʚ ʠ ʛ ʧʦʢʘʟʘʥʘ ʵʢʦʥʦʤʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ, ʜʦʩʪʠʛʥʫʪʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʪʢʘʟʘ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʦʛʨʝʡʥʦʛʦ ʢʦʪʣʘ ʜʣʷ ʦʪʦʧʣʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʪʝʯʝʥʠʝ ʜʥʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 200ʉ. ʅʘ ʨʠʩʫʥʢʝ 6 ʧʦʢʘʟʘʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʪʠʧʠʯʥʳʭ ʜʥʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ (29 ʜʝʢʘʙʨʷ 2022 ʛʦʜʘ ʠ 4 ʷʥʚʘʨʷ 2023 ʛʦʜʘ). 

 

ʈʠʩ. 6. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʣʥʝʯʥʦʛʦ ʜʦʤʘ ʚ ʦʙʳʯʥʳʝ ʜʥʠ 

Fig. 6. Temperature characteristics of a solar house on normal days 

 
ʘ) ʟʘ ʜʝʢʘʙʨ 2022 ʛʦʜʘ 

 
ʙ) ʟʘ ʷʥʚʘʨ 2023 ʛʦʜʘ 

 

7. ɺʳʚʦʜʳ. ʉʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʨʘʩʯʝʪʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʭʝʤʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʦʣʥʝʯʥʦʛʦ 

ʜʦʤʘ ʩ ʘʚʪʦʥʦʤʥʳʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʝʤ ʠ ʵʣʝʢʪʨʦʪʝʧʣʦʚʦʡ ʩʭʝʤʝ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʜʦʤʘ:  

½ ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʦʜʥʦʵʪʘʞʥʦʛʦ ʩʝʣʴʩʢʦʛʦ 

ʜʦʤʘ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʠ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ.  

½ ʅʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʝʥʳ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʟʜʘʥʠʷ. 

½ ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 

ʚʥʫʪʨʠ ʟʜʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  
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½ ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʟʜʘʥʠʷ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʠ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ 

ʩʦʣʥʝʯʥʳʭ ʜʦʤʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ (ʂʉʊ) ʩʦʣʥʝʯʥʦʛʦ ʜʦʤʘ ʠ ʨʘʟʨʘʙʦʪʘʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʠʭ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʂʉʊ, ʦʩʥʦʚʘʥʥʳʭ 

ʥʘ ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢʪʦʨʘʭ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʵʥʝʨʛʠʠ, ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʩʥʠʞʘʷ ʧʨʠ 

ʵʪʦʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʠ ʚʳʙʨʦʩʳ ʫʛʣʝʨʦʜʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʦʜʪʚʝʨʜʠʣʦ ʟʥʘʯʠʤʦʩʪʴ ʛʠʙʢʦʛʦ ʧʦʜʭʦʜʘ ʚ ʫʧʨʘʚʣʝʥʠʠ ʪʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʦʧʪʠʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʥʘʛʨʫʟʢʫ ʤʝʞʜʫ ʩʦʣʥʝʯʥʳʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ ʠ ʨʝʟʝʨʚʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʪʝʧʣʘ. ɺʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʚʨʝʤʝʥʠ ʛʦʜʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʫʤʝʥʴʰʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʠʩʢʦʧʘʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ, 

ʂʉʊ ʪʘʢʞʝ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʚʳʟʦʚʘʤʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʚʳʩʦʢʠʡ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʢʘʧʠʪʘʣ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʠ ʚʦʟʤʦʞʥʘʷ ʩʣʦʞʥʦʩʪʴ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʜʥʘʢʦ 

ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ 

ʵʪʠ ʙʘʨʴʝʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʠʭ 

ʨʘʟʨʘʙʦʪʦʢ ʠ ʚʥʝʜʨʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʚ ʩʦʣʥʝʯʥʳʭ ʜʦʤʘʭ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʫʣʫʯʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ 

ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʜʦʣʞʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʂʉʊ, ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʠʩʪʝʤʳ ʢ ʙʳʩʪʨʦ ʤʝʥʷʶʱʠʤʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. 
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ÝÔÝÞÑØÌÔ ÚØÑáÞÌÔ ÏÌÜØÔÐÔÇÔÔ áÚÙÌÔ ÚàÞÚÍÄ ÎÌ ØÚÐÑ×ÝÚÓÔÔ ØÌÞÑØÌÞÔÖÔÔ ÚÙ  

ØÿĄöô÷úþô øÿúýôüô þìĎõôüČíôô ôė÷ôø îì öìøĄìîôô óìāôüìĕúô þìíôĒ ĔÿýþÿĔĘô ĕì÷÷ô ÿýþÿîúüô 
þìĆøôùúþô ïìüøôüú þì÷ìí øñöÿùìùð. ëöñ ìó üìîôĄĕú ôýþôĀúðìô ýôýþñøìĕúô úøñāþìô þìĆøôùúþô ïìüøĒ 
øñíúĄìð, öô þñāùú÷úïôċĕúô úĀþúíôüú íú øìùíìĆĕúô ìùĆìùìîôô ĉùñüïôċ øÿþþìĕôð øñöÿùìùð. Ðìü ôù øìėú÷ì 
öúùýñûýôċô ýôýþñøìô úøñāþìô þìĆøôùúþô ïìüøĒ íìüúô āúùìô úĀþúíĒ íìüüìýĒ öìüðì îì øúðñ÷ô øìþñøìþôöôô 
úù ûñĄùôĕúð öìüðì øñĄìîìð. ÔøüĘó íì÷ìùð íìüðúĄþìùô ýìøìüìùúöôô ĉùñüïñþôöôô ýôýþñøìĕúô þìĆøôùúþô 
ïìüøôô āúùìĕúô ôýþôėúøìþĒ, ýìüĀìô óìāôüìĕúô ýĘóôĄîúüĒ îì ĉùñüïñþôöĒ îì íì÷ìùð íìüðúĄþìùô 
ýìøìüìùúöôô ôýþôĀúðìô ðìýþïúĕĕúô íú ĉùñüïôċô íìüėìüúüĄìîìùðì öúüöÿùìùðì øìýĆì÷ìô øÿĕôø ìýþ. 
Øìėýìðô øìėú÷ì þìĕôċô øúðñ÷ô øìþñøìþôöôô þìîúóÿùô ïìüøôô āúùìĕúô ċöúĄČùìô ĄìĕüĒ ðìü ìýúýô 
ôýþôĀúðìô ĉùñüïôċô úĀþúí ðìü üñòôøô ĎìõüôýþìþýôúùìüĒ îì ïÿóìüúùôðìùô þìĕėôėúþô ùìóìüôċîĒ øñíúĄìð. 
Ýāñøìô þìîúóÿùô ïìüøôô āúùìô úĀþúíĒ íú þìĆøôùúþô ïìüøôô øÿýþìėô÷ îì ýāñøìô ĉ÷ñöþüú-ïìüøôô øúðñ÷ô 
ĀôóôöĒ ûñĄùôĕúð öìüðì Ąÿðììýþ. Ðìü ìýúýô ýāñøìĕúô ûñĄùôĕúðĄÿðì øúðñ÷ô øìþñøìþôöĒ îì ì÷ïúüôþøô 
ĕôýúí öìüðìùô þìîúóÿùô ïìüøôô āúùìô ċöúĄČùìô ðñĕúþô úíĆñöþô þìĕėôėúþ ðìü üñòôøô ĎìõüôýþþýôúùìüĒ 
þìĕôċ öìüðì Ąÿð, ðìü ìýúýô øúðñ÷ô øìþñøìþôöĒ þìĆýôüô ôėþôðúüô ïìüøôô ýúāþúüô ðñîúü íì üñòôøô 
ĕìüúüìþô íôùú úøĘāþì Ąÿð. 

Öì÷ôðîúòìĕú: ýìøìüìùúöôô ĉùñüïôċ, ýôýþñøìĕúô úøñāþì, øúðñ÷ô øìþñøìþôöĒ, üìðôìþýôċô úĀþúí, 
øìĆ÷ÿøúþô ôė÷ôøĒ. 
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ʂʆʄɹʀʅʀʈʆɺɸʅʅɸʗ ʉʀʉʊɽʄɸ ʊɽʇʃʆʉʅɸɹɾɽʅʀʗ ʉʆʃʅɽʏʅʆɻʆ ɼʆʄɸ ʀ ɽɻʆ 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ  

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʠʩʪʦʱʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʪʨʝʙʫʶʪ ʧʦʠʩʢʘ ʫʩʪʦʡʯʠʚʳʭ 

ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʥʪʝʛʨʠʨʫʶʪ ʩʦʣʥʝʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ. ɺ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʜʣʷ ʩʦʣʥʝʯʥʦʛʦ ʜʦʤʘ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʉʝʛʦʜʥʷ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʞʠʣʳʭ ʜʦʤʦʚ, ʵʢʦʥʦʤʠʷ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʥʝʨʛʠʠ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ. 

ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʶʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʦʜʥʦʵʪʘʞʥʳʭ ʟʘʛʦʨʦʜʥʳʭ ʜʦʤʦʚ ʥʘ 

ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʠ ʧʨʦʚʝʜʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʩʦʣʥʝʯʥʦʛʦ ʜʦʤʘ ʩ ʘʚʪʦʥʦʤʥʳʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʝʤ ʠ ʵʣʝʢʪʨʦ-ʪʝʧʣʦʚʘʷ ʩʭʝʤʘ 

ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʭʝʤ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ 

ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʦʜʥʦʵʪʘʞʥʦʛʦ ʩʝʣʴʩʢʦʛʦ ʜʦʤʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. 

 

COMBINED  HEAT  SUPPLY SYSTEM OF A SOLAR HOUSE AND ITS MATHEMATICAL  MODELING  

Modern problems of climate change and depletion of natural resources require the search for sustainable solutions in 

the field of heat supply. One approach is to use combined heat supply systems that integrate solar technologies with 

traditional energy sources. This article discusses the concept of a combined heat supply system for a solar house and 

presents its mathematical modeling. Today, improving the energy efficiency of residential heating systems, saving fuel and 

energy resources and increasing the efficiency of using devices powered by renewable energy sources is an urgent issue. 

The purpose of the article is to develop a mathematical model of the thermal balance of single-storey country houses based 

on the use of solar energy in a non-stationary mode and conduct theoretical research. A scheme of thermal balance of a 

solar house with autonomous heat supply and an electro-thermal scheme of a physical model are proposed. Based on the 

proposed schemes, a mathematical model and an algorithm for calculating the thermal balance of a single-storey rural 

house of the object of study in a non-stationary mode were developed, the influence of the heat capacity of the wall 

structure on the temperature regime of the building was studied on the basis of mathematical modeling. 

Keywords: energy efficiency, combined systems, mathematical modeling, solar radiation, climate data. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʉɺʆɹʆɼʅʓʍ ʂʆʃɽɹɸʅʀʁ ʉɽʁʉʄʆʀɿʆʃʀʈʆɺɸʅʅʆɻʆ 

ɿɼɸʅʀʗ ʅɸ ʆʉʅʆɺɽ ʃʀʅɽʁʅʆʁ ʄʆɼɽʃʀ 

 

ʂʘʣʘʥʜʘʨʙʝʢʦʚ ʀ.ʀ. 

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʉ. ʆʩʠʤʠ 

 

ɺʚʝʜʝʥʠʝ. ʉʝʡʩʤʦʠʟʦʣʷʮʠʷ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʩʝʡʩʤʦʟʘʱʠʪʳ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ [3; 5; 2]. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʦʩʥʦʚʥʦʡ ʧʝʨʠʦʜ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʟʜʘʥʠʷ ʠ ʚʳʡʪʠ ʠʟ ʦʙʣʘʩʪʠ 

ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʧʝʨʠʦʜʦʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ.  

ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʘʢʪʠʚʥʦʡ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ɸʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʩʝʡʩʤʦʟʘʱʠʪʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʩʥʠʞʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʩʦʦʨʫʞʝʥʠʷ ʟʘ ʩʯʸʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦ ʚʨʝʤʷ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʠ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʨʝʟʦʥʘʥʩʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʘʤʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʡ ʩʦʦʨʫʞʝʥʠʷ ʠʣʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, 

ʧʦʥʠʟʠʪʴ ʨʝʟʦʥʘʥʩʥʳʝ ʵʬʬʝʢʪʳ. ʀʟʤʝʥʝʥʠʝ ʧʝʨʠʦʜʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʦʨʫʞʝʥʠʷ ʚʦ 

ʚʨʝʤʷ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʧʫʪʸʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʨʘʡʦʥʘʭ ʦʧʠʨʘʝʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʫʯʸʪʦʤ ʪʘʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʘʢ ʩʝʡʩʤʦʠʟʦʣʷʮʠʷ, ʧʨʦʩʘʜʦʯʥʦʩʪʴ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʷ, ʧʦʜʘʪʣʠʚʦʩʪʴ ʫʟʣʦʚ 

ʩʦʧʨʷʞʝʥʠʡ, ʬʠʟʠʯʝʩʢʘʷ ʥʝʣʠʥʝʡʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʦʩʥʦʚʥʦʡ ʧʝʨʠʦʜ 

ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʟʜʘʥʠʷ ʠ ʚʳʡʪʠ ʠʟ ʦʙʣʘʩʪʠ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʧʝʨʠʦʜʦʚ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ.  

ʀʟʚʝʩʪʥʦ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ: 

ʟʜʘʥʠʷ ʩ ʛʠʙʢʠʤ ʥʠʞʥʠʤ ʵʪʘʞʦʤ; ʩ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʦʧʦʨʘʤʠ; ʩ ʧʦʜʚʝʩʥʳʤʠ ʦʧʦʨʘʤʠ; ʩʦ 

ʩʢʦʣʴʟʷʱʠʤʠ ʦʧʦʨʘʤʠ; ʩ ʨʝʟʠʥʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʦʧʦʨʘʤʠ. ʈʘʟʥʦʚʠʜʥʦʩʪʠ ʚʩʝʭ ʚʠʜʦʚ ʩʠʩʪʝʤʳ 

ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʱʝʤʫ ʧʨʠʥʮʠʧʫ, ʧʦ ʢʦʪʦʨʦʤʫ ʩʪʨʫʢʪʫʨʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʜʚʝ 

ʯʘʩʪʠ ʠ ʤʝʞʜʫ ʥʠʤʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʝʡʩʤʦʠʟʦʣʷʮʠʷ. ʏʘʩʪʴ ʬʫʥʜʘʤʝʥʪʘ, ʢʦʪʦʨʘʷ ʦʧʠʨʘʝʪʩʷ ʥʘ 

ʛʨʫʥʪ, ʥʘʟʳʚʘʝʪʩʷ ʩʫʙʩʪʨʫʢʪʫʨʦʡ, ʘ ʜʨʫʛʘ ̫ʯʘʩʪʴ - ʩʫʧʝʨʩʪʨʫʢʪʫʨʦʡ [6].  

ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʫʤʝʥʴʰʝʥʠʠ ʚʝʣʠʯʠʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ 

ʩʫʧʝʨʩʪʨʫʢʪʫʨʫ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʝʸ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ï ʫʚʝʣʠʯʝʥʠʷ 

ʧʝʨʠʦʜʦʚ ʢʦʣʝʙʘʥʠʡ ʩʫʧʝʨʩʪʨʫʢʪʫʨʳ ʧʦ ʦʩʥʦʚʥʦʤʫ ʪʦʥʫ. ʇʨʦʚʝʜʸʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʦʩʦʙʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʟʠʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʧʦʨ. 

ʃʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʩ ʵʬʬʝʢʪʠʚʥʦʡ ʞʸʩʪʢʦʩʪʴʶ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [7] ʥʝʣʠʥʝʡʥʳʡ ʟʘʢʦʥ 

ʠʟʤʝʥʝʥʠʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡ ʩʠʣʳ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʴ  ʁʥʘ 

ʦʩʥʦʚʝ ʵʬʬʝʢʪʠʚʥʦʡ ʫʧʨʫʛʦʡ ʞʝʩʪʢʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʷʟʢʦʛʦ ʟʘʪʫʭʘʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʟʘʚʠʩʠʤʦʩʪʴ çʩʠʣʘ-ʧʝʨʝʤʝʱʝʥʠʝè ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʠʣʠʥʝʡʥʳʤ ʛʨʘʬʠʢʦʤ (ʨʠʩ.1). 

b eff b eff bf k w c w= + ,     (1) 

2 0 2/ ,effk k f= + D 2 ,eff eff effc x w= M   

2 /eff effTw p= , 2 /eff effT k gp= N , 
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ʟʜʝʩʴ M-ʤʘʩʩʘ ʩʫʧʝʨʩʪʨʫʢʪʫʨʳ, gN=M -ʩʞʠʤʘʶʱʘʷ ʩʠʣʘ, ,eff effTx -ɻ ʬʬʝʢʪʠʚʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʠ ʦʩʥʦʚʥʦʡ ʧʝʨʠʦʜ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠʟʦʣʷʮʠʠ.  
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ʈʠʩ.1. ɹʠʣʠʥʝʡʥʳʡ ʛʨʘʬʠʢ çf -Dè ʠ ʤʦʜʝʣʴ ʟʜʘʥʠʷ 

Fig. 1. Bilinear graph " f -D" and building model 

  
ʂʦʵʬʬʠʮʠʝʥʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ ʈʄʆ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ  

1 / ,b rk GA H=  

ʛʜʝ G-ʤʦʜʫʣʴ ʩʜʚʠʛʘ, bA -ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʠʥʳ, rH -ʦʙʱʘʷ ʪʦʣʱʠʥʘ ʩʣʦʸʚ ʨʝʟʠʥʳ.  

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʵʣʘʩʪʦʤʝʨʥʦʡ ʦʧʦʨʳ ʧʨʠ ʩʞʘʪʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [8]  
26 ,E GS=  

ʛʜʝ G-ʤʦʜʫʣʴ ʩʜʚʠʛʘ, 1 2/S A A= -ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ, 1A -ʧʣʦʱʘʜʴ ʥʘʛʨʫʞʝʥʠʷ,  

2A -ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ.  

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʜʠʘʤʝʪʨʦʤ 
gd  ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ 

2( / 4) / / 4g g r g rS d d H d Hp p= = . 

ɹʣʠʟʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ ʠ ʫʤʝʥʴʰʝʥʠʝ ʪʦʣʱʠʥʳ ʨʝʟʠʥʳ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʧʣʦʱʘʜʠ 2A  ʠ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʞʝʩʪʢʦʩʪʠ ʦʧʦʨʳ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ: 
2

2 / 6 /b r b rk EA H GS A H= = , 

ʦʪʥʦʰʝʥʠʝ ʞʸʩʪʢʦʩʪʝʡ 
2

2 1/ 6k k S= . ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʩʜʚʠʛʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʢ ʦʙʱʝʡ ʪʦʣʱʠʥʝ ʨʝʟʠʥʳ: 2 / rHg=D . 

ʈʝʟʠʥʦʤʝʪʘʣʣʠʯʝʩʢʘʷ ʦʧʦʨʘ ʩʦ ʩʚʠʥʮʦʚʳʤ ʩʝʨʜʝʯʥʠʢʦʤ ʙʳʣʘ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ 

ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ ʚ ʢʦʥʮʝ 1970-ʭ ʛʦʜʦʚ [9] ʠ ʩʪʘʣʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʚ 

ʉʐɸ ʠ ʗʧʦʥʠʠ [10]. ɺ ʩʚʠʥʮʦʚʦʤ ʩʝʨʜʝʯʥʠʢʝ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʧʨʠ ʩʜʚʠʛʝ ʚʦʟʥʠʢʘʶʪ 

ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʴʰʝʡ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ, ʯʝʤ ʚ ʵʣʘʩʪʦʤʝʨʥʦʡ 

ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ. ʇʨʠ ʵʪʦʤ ʟʘʚʠʩʠʤʦʩʪʴ çʩʠʣʘ-ʧʝʨʝʤʝʱʝʥʠʝè ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʠʣʠʥʝʡʥʳʤ 

ʛʨʘʬʠʢʦʤ (ʨʠʩ.1). ʅʫʣʝʚʦʤʫ ʩʤʝʱʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʣʘ 0 ,L Lf As=  ʛʜʝ Ls -ʧʨʝʜʝʣ 

ʪʝʢʫʯʝʩʪʠ, LA -ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʚʠʥʮʦʚʦʛʦ ʩʝʨʜʝʯʥʠʢʘ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʩʚʠʥʮʦʚʦʛʦ ʩʝʨʜʝʯʥʠʢʘ, ʘ ʧʝʨʝʤʝʱʝʥʠʝ 1D ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʣʝ 1f  - ʧʨʝʜʝʣʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ. ʇʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʩʚʠʥʮʘ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 

(6894,76)1,5psi =10342,14 ʇʘ = 0,105 ʢʛʩ/ʩʤ2. ʀʟ ʙʠʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ (ʨʠʩ.1) ʩʣʝʜʫʝʪ, ʯʪʦ  
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0 1 2 1f f k= - D ʠ 1 1 1/k f= D, 

ʦʪʢʫʜʘ ʧʦʣʫʯʠʤ: 1 0 1 2/ ( )f k kD = - . ʇʨʠ ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ2D  ʵʬʬʝʢʪʠʚʥʘʷ ʞʸʩʪʢʦʩʪʴ 

ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ  

2 2 2 0 2 2 2 2 0 2 2 0 2/ , ( ) / / .effk f f f k k f f k f= D = = + D = - D = + D 

ʆʩʥʦʚʥʦʡ ʧʝʨʠʦʜ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ  

2 /eff effT k gp= N , 

ʛʜʝ N- ʚʝʩ ʟʜʘʥʠʷ, g-ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. 

 ɼʠʩʩʠʧʘʪʠʚʥʘʷ ʵʥʝʨʛʠʷ, ʨʘʚʥʘʷ ʧʣʦʱʘʜʠ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ, 0 2 14 ( )E f= D -D.  

ʕʬʬʝʢʪʠʚʥʳʡ ʧʘʨʘʤʝʪʨ ʚʷʟʢʦʛʦ ʟʘʪʫʭʘʥʠʷ ʩʝʡʩʤʦʠʟʦʣʮ̫ʠʠ  

0 2 1

2

2

4 ( )

2
eff

eff

f

k
x

p

D -D
=

D
. 

ʉʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʦʜʝʣʠ ʟʜʘʥʠʷ ʩ ʨʝʟʠʥʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʦʧʦʨʘʤʠ 

(ʨʠʩ.1), ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʪʦʛʦ, ʯʪʦ ʢʘʞʜʘʷ ʤʘʩʩʘ ʠʤʝʝʪ ʦʜʥʫ ʣʠʥʝʡʥʫʶ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ, 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

1 1 1 1 0b b b b b bm w c w f c w k w m z+ + - - =-, 

( ) ( )1 1 1 1 1 1 2 2 1 2 2 1 1 0( )bm w c w k w c w w k w w m z w+ + - - - - =- + 

( ) ( )1 1j j j j j j j jm w c w w k w w- -+ - + - - 

( ) ( )1 1 1 1 0( )j j j j j j j bc w w k w w m z w+ + + +- - - - =- +,     (2) 

2,3, , 1j n= -, 

( ) ( )1 1 0( )n n n n n n n n n bm w c w w k w w m z w- -+ - + - =- +, 

ʛʜʝ ,i ic k -ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʪʫʭʘʥʠʷ ʠ ʞʸʩʪʢʦʩʪʠ, bf -ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʘʷ ʩʠʣʘ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1). 

ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʸʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʦʤʝʥʪ rʚʨʝʤʝʥʠ it , ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ 

( )1 2
1 1 3 12i i i i i

i i

W W W W W
a a

a
t t

- - -= - - - ,    (3) 

( )1
1 2 1 3 1i i i i i i

i

W W W W W
b

b t b
t

- - -= - - - ,     (4) 

ʟʜʝʩʴ it-h ʘʛ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʥʘ ʦʪʨʝʟʢʝ ʚʨʝʤʝʥʠ [ ]1,i it t- ,  

,j ja b-ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 

ɺʥʦʩʷ (3), (4) ʚ (1) ʠ (2), ʧʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʨʝʰʘʝʪʩʷ 

ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʠʪʝʨʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ɿʝʡʜʝʣʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ LRB-

3-El Centro ʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. 

ʈʝʘʣʠʟʘʮʠʶ ʘʣʛʦʨʠʪʤʘ ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ ʤʥʦʛʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʷʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʩʫʞʜʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʠʩʩʣʝʜʫʝʤ ʩʚʦʙʦʜʥʳʝ 

ʢʦʣʝʙʘʥʠʷ 10-ʵʪʘʞʥʦʛʦ ʢʘʨʢʘʩʥʦʛʦ ʟʜʘʥʠʷ ʨʘʟʤʝʨʘʤʠ ʚ ʧʣʘʥʝ 36Ĭ18 ʤ, ʩʝʪʢʦʡ ʢʦʣʦʥʥ 6Ĭ6 ʤ, 

ʚʳʩʦʪʘ ʵʪʘʞʘ 3h= ʤ. ʉʝʯʝʥʠʝ ʢʦʣʦʥʥ ï 0,5Ĭ0,5 ʤ, ʩʝʯʝʥʠʝ ʨʠʛʝʣʝʡ ï 0,3Ĭ0,45 ʤ, ʪʦʣʱʠʥʘ ʧʣʠʪ 

- 0,2 ʤ. ʆʙʱʘʷ ʤʘʩʩʘ ʩʫʧʝʨʩʪʨʫʢʪʫʨʳ ʩʦʩʪʘʚʣʷʝʪ 564,35 ʪʩ2/ʤ: 1 11 42,12m m= = ʪʩ2/ʤ; 

2 3 10 51,79m m m= = = = ʪʩ2/ʤ. ɼʣʷ ʠʟʦʣʷʮʠʠ ʟʜʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 28 ʈʄʆ ʪʠʧʘ SI-H 

500/102 ʬʠʨʤʳ çFIP Industrialeè. ʇʘʨʘʤʝʪʨ ʟʘʪʫʭʘʥʠʷ ʜʣʷ ʩʫʧʝʨʩʪʨʫʢʪʫʨʳ 0,05x= , ʘ ʜʣʷ 
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ʠʟʦʣʷʮʠʠ 0,1effx = . ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʤʦʜʝʣʠ ʟʜʘʥʠʷ ʩ 

ʩʝʡʩʤʦʠʟʦʣʷʮʠʝʡ ʚ ʚʠʜʝ ʈʄʆ (ʨʠʩ.2,ʘ) ʠ ʙʝʟ ʩʝʡʩʦʠʟʦʣʷʮʠʠ ʚ ʚʠʜʝ ʞʸʩʪʢʦ ʟʘʱʝʤʣʝʥʥʦʡ ʦʧʦʨʳ 

(ʨʠʩ.2,ʙ).  

ʅʘ ʨʠʩ.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʤʘʩʩʳ nm  ʩʠʩʪʝʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʙʝʟ 

ʫʯʝʪʘ ʟʘʪʫʭʘʥʠʷ ʜʣʷ ʤʦʜʝʣʠ ʩ ʩʝʡʩʤʦʠʟʦʣʷʮʠʝʡ ï ʢʨʠʚʘʷ 1 ʠ ʙʝʟ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ï ʢʨʠʚʘʷ 2 ʦʪ 

ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʚʠʜʝ ʨʘʚʥʦʤʝʨʥʦʡ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 0 1V =ʤ/ʩ. ɺʠʜʥʦ, ʯʪʦ ʧʝʨʠʦʜ 

ʢʦʣʝʙʘʥʠʡ ʤʦʜʝʣʠ ʩ ʩʝʡʩʤʦʠʟʦʣʷʮʠʝʡ ʧʦʯʪʠ ʚ ʪʨʠ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʤʦʜʝʣʠ ʟʜʘʥʠʷ ʩ 

ʟʘʜʝʣʢʦʡ ʚ ʦʧʦʨʥʦʡ ʯʘʩʪʠ. ʇʨʠ ʵʪʦʤ ʘʤʧʣʠʪʫʜʥʳʝ ʠʭ ʟʥʘʯʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 25%. 

ʅʘ ʨʠʩ.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʤʘʩʩ bm  ʠ nm  ʩ ʫʯʸʪʦʤ ʟʘʪʫʭʘʥʠʷ, ʪʘʢʞʝ 

ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʜʝʡʩʪʚʠʷ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. ʂʨʠʚʳʝ 1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʦʜʝʣʠ ʩ 

ʩʝʡʩʤʦʠʟʦʣʷʮʠʝʡ, ʘ ʢʨʠʚʘʷ 3 ï ʙʝʟ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ.  

ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʘʢʞʝ ʦʪ ʟʘʜʘʥʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʚ ʚʠʜʝ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ 

0( ) /iw x w x H= , 

( 1)ix i h= - , 1,2, ,i n= , H nh= . 

ʅʘ ʨʠʩ.5 ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʤʘʩʩʳ nm  ʚ ʤʦʜʝʣʠ ʩ ʩʝʡʩʤʦʠʟʦʣʷʮʠʝʡ 

(ʢʨʠʚʘʷ 1) ʠ ʙʝʟ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ (ʢʨʠʚʘʷ 2).  

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʙʝʟ ʫʯʝʪʘ ʟʘʪʫʭʘʥʠʷ ʠ ʧʨʠ ʰʘʛʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 0,001t= ʩ. 

 

ʈʠʩ. 2. ʄʦʜʝʣʠ ʟʜʘʥʠʷ: ʘ) ï ʩ ʈʄʆ, ʙ) ï ʩ ʟʘʱʝʤʣʝʥʥʳʤʠ ʦʧʦʨʘʤʠ 

Fig. 2. Building models: a) ï with RMO, b) ï with clamped supports 
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ʈʠʩ. 3. ʉʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʟʜʘʥʠʷ ʦʪ ʟʘʜʘʥʥʦʡ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʯʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ 

Fig. 3. Free vibrations of a building from a given uniformly distributed initial velocity 

 
 

ʈʠʩ. 4. ʉʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʜʝʣʠ ʟʜʘʥʠʷ ʩ ʫʯʝʪʦʤ ʟʘʪʫʭʘʥʠʷ  

Fig. 4. Free vibrations of the building model taking into account damping 

 
 

ʈʠʩ. 5. ʉʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʜʝʣʠ ʟʜʘʥʠʷ ʦʪ ʟʘʜʘʥʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

Fig. 5. Free vibrations of the building model from a given initial displacement 
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ʉʨʘʚʥʝʥʠʝ ʢʨʠʚʳʭ ʥʘ ʨʠʩ.3 ʠ ʨʠʩ.5 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦ ʧʝʨʠʦʜʘʤ ʢʦʣʝʙʘʥʠʡ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ, ʭʦʪʷ ʵʪʠ ʢʨʠʚʳʝ ʩʜʚʠʥʫʪʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ ʚ ʯʝʪʚʝʨʪʴ 

ʧʝʨʠʦʜʘ, ʪ.ʝ. ʦʥʠ ʩʤʝʱʝʥʳ ʧʦ ʬʘʟʝ ʥʘ / 2.p  ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʝʨʠʦʜ 

ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʝʡʩʤʦʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʟʜʘʥʠʷ ʧʨʠʤʝʨʥʦ ʚ ʪʨʠ ʨʘʟʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʱʝʤʣʝʥʥʳʤʠ ʦʧʦʨʘʤʠ. 

ɺʳʚʦʜ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʢʪʠʚʥʦʡ ʩʝʡʩʤʦʟʘʱʠʪʳ ʚ ʚʠʜʝ ʈʄʆ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʨʘʩʯʸʪʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʥʘʜʟʝʤʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ, 

ʫʤʝʥʴʰʝʥʠʶ ʦʙʲʸʤʘ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʠʤʝʨʥʦ ʚ 3 ʨʘʟʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʫʢʘʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʪʨʝʙʫʝʪʩʷ ʫʩʠʣʝʥʠʷ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʟʜʘʥʠʡ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʵʢʦʥʦʤʠʠ ʩʪʘʣʠ, ʙʝʪʦʥʘ ʠ ʩʤʝʪʥʦʡ ʩʪʦʠʤʦʩʪʠ ʟʜʘʥʠʷ.  
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ÞÌÇÉÔÉÔ ×ÌÛÛÔäÇÚÔ ÚÓÚÐÔ ÍÔÙÚÔ ÐÚÜÚÔ ÆßÐÚÖßÙÌÖÇÚÔ ÝÑÕÝØÔÖÄ ÐÌÜ ÌÝÚÝÔ 

ØÚÐÑ×Ô áÌÞÞÄ 
Øìėú÷ì íì þìüóô øÿúýôüô ĕì÷÷ô øìýĆì÷ìĕúô óô÷óô÷ìþúíúîìüôô íôùúĕú îì ôùĄúúþ íìāĄôðì Ąÿðììýþ. 

Øñþúðô ĀìĆú÷ô ĕôĀóöÿùìöĕúô ýñõýøôöôô íôùúĕú îì ôùĄúúþ, öô ðìü úù ýìøìüìùúö öìø öìüðìùô āìþìüô 
þìĆýôüô ýñõýøôöĒ ûñĄùôĕúð Ąÿðì, íìČù öìüðì Ąÿðììýþ. Øúðñ÷ô øìþñøìþôöĒ öúüöìüð öìüðì îì ùìþôĔìĕúô 
øúðñ÷öÿùúùôô ìðìðôô øìýĆì÷ìĕúô ðôùìøôöôô íôùúĕúô ðúüúô Ĕÿðúöÿùìöĕúô ýñõýøôöôô íôùúĕú ìó þìĆýôüô 
ìöýñ÷ñüúïüìøøìô ðúðìĄÿðìô óìøôùĔÿùíĒ íìðìýþ úîìüðì Ąÿðììýþ. 

Øìėú÷ì íì üìîôĄĕúô øÿúýôü íìüúô þìĆøôùô óô÷óô÷ìþúíúîìüôô íôùúĕú îì ôùĄúúþ íìāĄôðì Ąÿðììýþ, 
öô ċöñ ìó øìýĆì÷ìĕúô öì÷ôðĒ ðìü ýúĕìĕúô ýñõýøú÷úïôċô øÿĕìùðôýĒ îì øñāìùôöìô ýúāþøúù íì Ąÿøúü øñüìîìð. 
Ðìü Ąìüúôþô íì÷ìùð Ąÿðìùô þì÷ìíúþ íì íñāìþìüĒ îì ÿýþÿîúüôô öúùýþüÿöýôċĕú ĕìùïúøô þìĆýôüô óô÷óô÷ì, 
ôýþôĀúðìô ýôýþñøìĕúô ĀìĆú÷ îì ĎìõüôĀìĆú÷ô øÿĕúĀôóìþô ýñõýøôöĒ ìĕìøøôċþô āúý ûìõðú øñöÿùìð. Ðìü ôù 
öúü ÿýÿ÷ĕúô øÿĕúĀôóìþô ĀìĆú÷ô ýñõýøôöĒ íìüüìýĒ øñĄìîìùð, öô íì öúĕôĄ ðúðìùô Ąôððìþô þìĆýôüô 
ĕìüìöìþĕúô óìøôù þìîìýýÿþô ôýþôĀúðìô ðìýþïúĕĕú îì þñāùú÷úïôċĕúô øìāýÿý üìîúùì Ąÿðììùð. 

ÞìîìĔĔÿĕô ìýúýĒ íì þìĕôċô øúðñ÷ô øìþñøìþôöĒ üìîúùì Ąÿðììýþ, öô öúùýþüÿöýôċô ýñõýøúôóú÷ċĂôúùôüú 
ðìü íìü øñïôüìð îì ĕìø ėôýøô íú÷úô íôùú îì ĕìø ÿùýÿüĕúô þìĕöÿüýôô úù, öô îìóôĀìô ýñõýøúôóú÷ċþýôċüú 
ôĔüú øñöÿùìùð, ðìü ùìóìü ðúüìð. Çìøăÿù þìĆýôüô îÿüÿðĒ ìöýñ÷ñüúïüìøøìô óìøôù÷ìüóì ôýþôĀúðì Ąÿðììýþ. 
Øúðñ÷ýúóôô üìėìøôô Ĕìîúíô ðôùìøôöôô ýôýþñøì ïÿóìüúùôðì Ąÿðì, ĔìüìČùĕúô öĘăôĄ, ýÿüĆìþ îì ùñüÿĕúô 
ðúāô÷Ē ðìü ÿùýÿüĕúô öúùýþüÿöþôîĒ þìĕ÷ô÷ ïìüðôðìùð. 

ÙìþôĔìĕúô íìðìýþúøìðì ýìøìüìùúöôô ôýþôĀúðìô ýôýþñøìĕúô ýñõýøúôóú÷ċþýôúùĒ ðìü öúĕôĄ ðúðìùô 
þìĆýôüô îìõüúùöÿùìùðìô øìîĔĕúô ýñõýøôöĒ îì ðÿüùìøúô ôýþôĀúðìô îìýñô úùĕú ðìü ìøì÷ôċô þìüĕüñóôô 
íôùúĕú ðìü øôùþìėìĕúô óô÷óô÷ìāñóüú ùôĄúù øñðôĕìùð. 

Öì÷ôðîúòìĕú: Ĕÿðúöÿùìöô ýñõýøôöĒ, øúðñ÷ô āìþþĒ, ýìāþôô ýìøìüìùúö, øúðÿ÷ô ĎñĔôĄ, øñþúðô 
ĔúõôîìóöÿùĒ, óìüôíô ýìāþĒ, þìöċïúĕô üñóôùúĀô÷ôóĒ, ýÿíýþüÿöþÿüì, ýÿûñüýþüÿöþÿüì. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʉɺʆɹʆɼʅʓʍ ʂʆʃɽɹɸʅʀʁ ʉɽʁʉʄʆʀɿʆʃʀʈʆɺɸʅʅʆɻʆ ɿɼɸʅʀʗ ʅɸ ʆʉʅʆɺɽ 

ʃʀʅɽʁʅʆʁ ʄʆɼɽʃʀ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʩʦʚʨʝʤʝʥʥʳʤ ʧʦʜʭʦʜʘʤ ʢ ʨʝʰʝʥʠʶ ʚʦʧʨʦʩʦʚ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʀʟʣʦʞʝʥʳ ʤʝʪʦʜʳ ʘʢʪʠʚʥʦʡ ʩʝʡʩʤʦʟʘʱʠʪʳ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʛʜʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʝ ʩʥʠʞʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʩʝʡʩʤʦʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʟʜʘʥʠʷ ʦʪ ʟʘʜʘʥʥʦʡ ʘʢʩʝʣʝʨʦʛʨʘʤʤʳ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ.  

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʩʦʚʨʝʤʝʥʥʳʤ ʧʦʜʭʦʜʘʤ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʠʥʞʝʥʝʨʥʦʡ ʩʝʡʩʤʦʣʦʛʠʠ ʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ. ɺ ʫʩʣʦʚʠʷʭ ʚʦʟʨʘʩʪʘʶʱʠʭ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʘʢʪʠʚʥʳʭ ʠ ʧʘʩʩʠʚʥʳʭ ʩʠʩʪʝʤ ʩʝʡʩʤʦʟʘʱʠʪʳ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ 

ʘʢʪʠʚʥʦʡ ʩʝʡʩʤʦʟʘʱʠʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʩʧʨʠʷʪʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʟʘ ʩʯʸʪ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʩʩʝʠʚʘʥʠʝ ʵʥʝʨʛʠʠ ʠ 

ʩʥʠʞʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʪʢʣʠʢʦʚ. 

ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʝʡʩʤʦʠʟʦʣʠʨʦʚʘʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʢʘʢ ʥʘʜʟʝʤʥʫʶ ʯʘʩʪʴ ʟʜʘʥʠʷ, ʪʘʢ ʠ ʵʣʝʤʝʥʪʳ ʦʩʥʦʚʘʥʠʷ, ʚʳʧʦʣʥʷʶʱʠʝ ʬʫʥʢʮʠʶ 

ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʘʜʘʥʥʘʷ ʘʢʩʝʣʝʨʦʛʨʘʤʤʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. 

ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʧʝʨʝʤʝʱʝʥʠʷ, ʫʩʢʦʨʝʥʠʷ ʠ ʚʥʫʪʨʝʥʥʠʝ ʫʩʠʣʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʝʡʩʤʦʠʟʦʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ 

ʩʥʠʞʝʥʠʠ ʨʘʟʨʫʰʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ ʧʦʜʭʦʜʦʚ 

ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʘʢʪʠʢʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ ʚ ʩʝʡʩʤʦʦʧʘʩʥʳʭ ʨʘʡʦʥʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʡʩʤʦʠʟʦʣʷʮʠʷ, ʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ, ʵʬʬʝʢʪʠʚʥʘʷ ʞʸʩʪʢʦʩʪʴ, ʤʦʜʫʣʴ ʩʜʚʠʛʘ, ʤʝʪʦʜ 

ʧʝʨʝʤʝʱʝʥʠʡ, ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ, ʨʝʟʠʥʦʤʝʪʘʣʣʠʯʝʩʢʘʷ ʦʧʦʨʘ, ʩʫʙʩʪʨʫʢʪʫʨʘ, ʩʫʧʝʨʩʪʨʫʢʪʫʨʘ. 

 

STUDY OF FREE VIBRATIONS OF A SEISMICALLY INSULATED BUILDING BASED ON A LINEAR 

MODEL  

The article is devoted to modern approaches to ensuring earthquake resistance of buildings and structures, which is 

one of the key tasks of engineering seismology and structural mechanics. In the conditions of increasing requirements to 

safety and stability of structures under seismic impacts, the application of active and passive seismic protection systems is 

of particular relevance. The paper considers methods of active seismic protection aimed at reducing the intensity of seismic 

vibration perception by a structure through the use of special devices and technologies providing energy dissipation and 

reducing dynamic responses. 

The main attention is paid to the development and analysis of a mathematical model of a seismic-isolated structure, 

including both the above-ground part of the building and the foundation elements performing the function of seismic 

isolation. A given earthquake accelerogram is used as an initial impact. Numerical simulation of the dynamic response of 

the system is carried out, on the basis of which the displacements, accelerations and internal forces arising in the structural 

elements are analyzed. 

The obtained results confirm the effectiveness of seismic isolation systems in reducing the destructive effect of 

seismic waves and demonstrate the prospects of these approaches for application in the practice of designing buildings in 

earthquake-prone areas. 

Keywords: seismic isolation, linear model, effective stiffness, shear modulus, displacement method, stiffness 

coefficient, rubber-metal support, substructure, superstructure. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʉɸɼʆʏʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɻʈʋʅʊʆɺ ʉʊʈɸʊʆʊʀʇɸ 

ɺɽʈʍʅɽʏɽʊɺɽʈʊʀʏʅʆɻʆ ɼʋʐɸʅɹʀʅʉʂʆɻʆ ʂʆʄʇʃɽʂʉɸ ɺʆʉʊʆʏʅʆʁ ʏɸʉʊʀ 

ɻʆʈʆɼɸ ɼʋʐɸʅɹɽ (ɺʆʉʊʆʏʅʓɽ ʍʆʃʄʓ) 

 

ʄʘʛʜʠʝʚ ʄ.ʄ. 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɺʚʝʜʝʥʠʝ. ʉʪʨʘʪʦʪʠʧʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʦʛʦ ʜʫʰʘʥʙʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʯʠʤʳʡ ʦʙʲʝʢʪ ʜʣʷ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʩ 

ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ ʣʸʩʩʦʚʳʝ ʧʦʨʦʜʳ ʧʦʢʨʳʚʘʶʪ ʦʢʦʣʦ 70% ʪʝʨʨʠʪʦʨʠʠ ʊʘʜʞʠʢʠʩʪʘʥʘ. 

ɺ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʈʝʩʧʫʙʣʠʢʝ ʊʘʜʞʠʢʠʩʪʘʥ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʩʘʜʦʯʥʳʭ ʛʨʫʥʪʦʚ ʧʨʠʦʙʨʝʪʘʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʨʘʚʥʠʥ, ʜʦʣʠʥ ʠ ʤʝʞʛʦʨʥʳʭ ʚʧʘʜʠʥ ʩʣʦʞʝʥʘ ʧʣʦʱʘʜʥʦ-ʟʘʣʝʛʘʶʱʠʤʠ 

ʣʸʩʩʦʚʳʤʠ ʧʦʨʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʟʜʘʥʠʡ ʠ ʠʥʞʝʥʝʨʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ. 

ʇʨʦʩʘʜʦʯʥʦʩʪʴ ʣʸʩʩʦʚʳʭ ʧʦʨʦʜ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʩʦʩʪʘʚʦʤ, ʩʦʩʪʦʷʥʠʝʤ ʠ ʩʪʨʦʝʥʠʝʤ [3] ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʷʜʦʤ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʘʜʦʯʥʦʩʪʠ 

ắsl, ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʤʘʢʨʦʧʦʨʠʩʪʦʩʪʠ ȹe = e ï e1, ʥʘʯʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʧʨʦʩʘʜʢʠ Psi (ʄʇʘ) ʠ 

ʥʘʯʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʴʶ ʧʨʦʩʘʜʢʠ Wsi (ʜ. ʝʜ.). ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʛʨʫʥʪʘ ʥʝʥʘʨʫʰʝʥʥʦʛʦ ʩʣʦʞʝʥʠʷ [2]. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʠ ʙʳʣʦ ʦʪʦʙʨʘʥʦ ʰʝʩʪʴ ʦʙʨʘʟʮʦʚ ʣʸʩʩʦʚʳʭ ʧʦʨʦʜ ʠʟ ʥʠʞʥʝʡ ʠ 

ʚʝʨʭʥʝʡ ʯʘʩʪʝʡ ʨʘʟʨʝʟʘ ʩʪʨʘʪʦʪʠʧʘ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʦʛʦ ʜʫʰʘʥʙʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʨʘʡʦʥʝ ʄʠʨʟʦʙʝʢ (ʛ. ɼʫʰʘʥʙʝ). ʆʪʙʦʨ ʧʨʦʚʦʜʠʣʩʷ ʩ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥ: 1.6 - 

12.7 ʤ. ʂʘʞʜʳʡ ʤʦʥʦʣʠʪ ʠʤʝʣ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʝ ʨʘʟʤʝʨʳ 20Ĭ20Ĭ20 ʩʤ. 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʦʡ [4] ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʛʨʫʥʪʦʚʝʜʝʥʠʷ ʌʠʣʠʘʣʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ ʚ ʛ. ɼʫʰʘʥʙʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʄʘʢʨʦʦʧʠʩʘʥʠʝ ʦʙʨʘʟʮʦʚ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʩʩʣʝʜʫʝʤʳʝ 

ʛʨʫʥʪʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʣʝʩʩʦʚʠʜʥʳʝ ʩʫʛʣʠʥʢʠ. ʇʨʠ ʩʢʘʪʳʚʘʥʠʠ ʦʥʠ ʥʝ ʦʙʨʘʟʫʶʪ 

ʦʜʥʦʨʦʜʥʫʶ ʤʘʩʩʫ, ʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʣʴʮʘ ʜʘʶʪ ʠʟʣʦʤ. ʆʢʨʘʩʢʘ ʦʙʨʘʟʮʦʚ ʚʘʨʴʠʨʫʝʪʩʷ: ʦʪ 

ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʩ ʪʦʥʢʦ ʨʘʩʩʝʷʥʥʳʤʠ ʩʚʝʪʣʦ-ʩʝʨʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʢʘʨʙʦʥʘʪʦʚ 

(ʨʝʘʛʠʨʫʶʱʠʭ ʩ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ) ʜʦ ʪʸʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ, ʩʦʜʝʨʞʘʱʝʛʦ ʢʘʢ ʩʚʝʪʣʦ-ʩʝʨʳʝ 

ʢʘʨʙʦʥʘʪʥʳʝ ʚʢʣʶʯʝʥʠʷ, ʪʘʢ ʠ ʪʸʤʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ. 

ʉʪʨʫʢʪʫʨʥʳʝ ʠ ʪʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʄʘʢʨʦʩʪʨʫʢʪʫʨʘ ʛʨʫʥʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʫʛʣʦʚʘʪʦ-ʢʦʤʢʦʚʘʪʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ ʩ ʰʝʨʦʭʦʚʘʪʳʤ ʠʟʣʦʤʦʤ. ɺ ʛʨʫʥʪʝ ʚʳʷʚʣʝʥʳ ʤʘʢʨʦʧʦʨʳ 

ʨʘʟʤʝʨʦʤ ʦʪ 0.3 ʜʦ 1.2 ʤʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʚ ʪʨʸʭ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʧʨʠ ʵʪʦʤ ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʤʝʝʪ ʨʘʜʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ð ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ. ɺʥʫʪʨʝʥʥʷʷ 

ʤʠʢʨʦʪʝʢʩʪʫʨʘ ʛʨʫʥʪʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʘʩʩʠʚʥʘʷ, ʦʜʥʦʨʦʜʥʘʷ, ʙʝʟ ʚʳʨʘʞʝʥʥʦʡ ʩʣʦʠʩʪʦʩʪʠ. 

ʇʦ ʩʦʩʪʦʷʥʠʶ ʛʨʫʥʪʳ ʠʤʝʶʪ ʩʨʝʜʥʶʶ ʧʣʦʪʥʦʩʪʴ, ʚ ʢʦʥʩʠʩʪʝʥʮʠʦʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʷʚʣʷʶʪʩʷ 

ʪʚʸʨʜʳʤʠ ʠ ʚʣʘʞʥʳʤʠ.  

ɺʣʘʞʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 12% ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʜʦ 2% ʚ ʥʠʞʥʠʭ 

ʛʦʨʠʟʦʥʪʘʭ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʪʝʥʜʝʥʮʠʶ ʢ ʩʥʠʞʝʥʠʶ ʩ ʛʣʫʙʠʥʦʡ. ʕʪʦ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ 

ʠʥʬʠʣʴʪʨʘʮʠʝʡ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʘ ʪʘʢʞʝ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʜ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʝʟʘ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ 

ʵʣʝʤʝʥʪʳ ʚʦʜʦʦʪʚʦʜʘ. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʦʚʘʣʩʷ ʘʨʝʦʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ ʥʘ ʦʙʨʘʟʮʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʩ ʛʣʫʙʠʥ 1.6 ʠ 12.1 ʤ. ɺ ʦʙʦʠʭ ʦʙʨʘʟʮʘʭ ʜʦʤʠʥʠʨʫʝʪ 

ʧʳʣʝʚʘʪʘʷ ʬʨʘʢʮʠʷ (ʨʘʟʤʝʨ ʯʘʩʪʠʮ 0.05ï0.002 ʤʤ), ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʡ ʧʨʝʚʳʰʘʝʪ 50%. 

ʉʦʜʝʨʞʘʥʠʝ ʧʝʩʯʘʥʳʭ ʬʨʘʢʮʠʡ 2.0-0.05 ʤʤ, ʯʫʪʴ ʤʝʥʴʰʝ 25.1ï47.5%. ʉʦʜʝʨʞʘʥʠʝ ʛʣʠʥʠʩʪʦʡ 

ʬʨʘʢʮʠʠ <0.002 ʤʤ ʥʝ ʧʨʝʚʳʰʘʝʪ 15% (ʪʘʙʣ. 1, ʨʠʩ.1). 
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ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

Table 1. Results of granulometric analysis of the studied samples 
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2 

1.6 3.1 2.3 2.8 16.5 41.7 17.9 7.2 8.5 

ʉʫʛʣʠʥʦʢ 

ʣʝʛʢʠʡ 

ʧʳʣʝʚʘʪʳʡ 

ʉʫʧʝʩʴ ʪʷʞʝʣʘʷ 

ʧʳʣʝʚʘʪʘʷ 

4.5 1.7 3.5 3.2 16.8 46.2 13.0 5.4 10.3 

ʉʫʛʣʠʥʦʢ 

ʣʝʛʢʠʡ 

ʧʳʣʝʚʘʪʳʡ 

ʉʫʛʣʠʥʦʢ 

ʣʝʛʢʠʡ 

ʧʳʣʝʚʘʪʳʡ 

6.7 0.9 4.0 3.5 27.1 27.3 17.5 6.7 13.0 

ʉʫʛʣʠʥʦʢ 

ʣʝʛʢʠʡ 

ʧʳʣʝʚʘʪʳʡ 

ʉʫʛʣʠʥʦʢ 

ʣʝʛʢʠʡ 

ʧʳʣʝʚʘʪʳʡ 

7.4 0.3 0.9 1.4 44.9 37.0 9.6 4.5 1.4 ʇʝʩʦʢ 

ʉʫʛʣʠʥʦʢ 

ʣʝʛʢʠʡ 

ʧʝʩʯʘʥʠʩʪʳʡ  

12.1 5.8 4.3 2.9 25.3 46.2 5.0 2.3 8.2 
ʉʫʧʝʩʴ ʪʷʞʝʣʘʷ 

ʧʳʣʝʚʘʪʘʷ 

ʉʫʛʣʠʥʦʢ 

ʣʝʛʢʠʡ 

ʧʳʣʝʚʘʪʳʡ 

 

ɺ ʮʝʣʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʝʣʢʠʭ ʯʘʩʪʠʮ (ʬʨʘʢʮʠʡ <0,05 

ʤʤ) ʩ ʛʣʫʙʠʥʦʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʩʪʝʧʝʥʥʦʤ ʫʧʣʦʪʥʝʥʠʠ ʛʨʫʥʪʘ ʠ ʠʟʤʝʥʝʥʠʠ ʝʛʦ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʦʬʨʘʢʮʠʦʥʥʳʝ ʦʙʨʘʟʮʳ (ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʝʩʯʘʥʳʭ ʯʘʩʪʠʮ 1,0ï0,1 

ʤʤ) ʦʪʤʝʯʝʥʳ ʥʘ ʛʣʫʙʠʥʘʭ 1.6 ʤ ʠ 12.1 ʤ, ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʨʘʟʥʦʨʦʜʥʦʩʪʴ ʣʠʪʦʣʦʛʠʠ 

ʨʘʟʨʝʟʘ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʝʚʘʪʳʭ ʯʘʩʪʠʮ (ʬʨʘʢʮʠʷ 0,05ï0,002 ʤʤ) ʦʪʤʝʯʝʥʦ ʥʘ 

ʛʣʫʙʠʥʘʭ 4.5 ʤ (56.5%) ʠ 6.7 ʤ (44.8%), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʫʛʣʠʥʢʘʤ ʣʝʛʢʠʤ ʧʳʣʝʚʘʪʳʤ. 

ʊʘʙʣʠʮʘ ʧʦʢʘʟʳʚʘʝʪ ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʨʫʥʪʦʚ ʧʦ ʜʚʫʤ ʩʠʩʪʝʤʘʤ: 

¶ ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ɺ.ɺ. ʆʭʦʪʠʥʫ ʦʧʨʝʜʝʣʷʝʪ ʛʨʫʥʪʳ ʢʘʢ ʩʫʛʣʠʥʢʠ ʣʝʛʢʠʝ ʧʳʣʝʚʘʪʳʝ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʦʙʨʘʟʮʘ ʩ ʛʣʫʙʠʥʳ 7.4 ʤ, ʢʦʪʦʨʳʡ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʧʝʩʦʢ. 

¶ ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ɻʆʉʊ 25100-2020 ʪʘʢʞʝ ʦʪʥʦʩʠʪ ʙʦʣʴʰʠʥʩʪʚʦ ʦʙʨʘʟʮʦʚ ʢ 

ʩʫʛʣʠʥʢʘʤ ʣʝʛʢʠʤ ʧʳʣʝʚʘʪʳʤ, ʥʦ ʩ ʥʝʢʦʪʦʨʳʤʠ ʦʪʣʠʯʠʷʤʠ: ʦʙʨʘʟʝʮ ʩ ʛʣʫʙʠʥʳ 1.6 ʤ ʦʪʥʝʩʝʥ ʢ 

ʪʷʞʝʣʳʤ ʩʫʧʝʩʷʤ ʧʳʣʝʚʘʪʳʤ, ʘ ʦʙʨʘʟʝʮ ʩ ʛʣʫʙʠʥʳ 7.4 ʤ ï ʢ ʩʫʛʣʠʥʢʫ ʣʝʛʢʦʤʫ ʧʝʩʯʘʥʠʩʪʦʤʫ. 

ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʫʯʠʪʳʚʘʶʪ ʨʘʟʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʯʘʩʪʠʮ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʣʠʯʠʷʤ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. 

ʇʦʢʘʟʘʪʝʣʠ ʧʣʘʩʪʠʯʥʦʩʪʠ. ɺʝʨʭʥʠʡ ʧʨʝʜʝʣ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʥʪʦʚ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 30ï35%, ʘ ʥʠʞʥʠʡ ï ʚ ʧʨʝʜʝʣʘʭ 21ï25%. ʏʠʩʣʦ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʩʦʩʪʘʚʣʷʝʪ 8ï12%, ʯʪʦ, ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɻʆʉʊ 25100-2020, ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʜʘʥʥʳʡ 

ʛʨʫʥʪ ʢ ʣʸʛʢʠʤ ʩʫʛʣʠʥʢʘʤ (7Ò Ip<12). ʇʦʢʘʟʘʪʝʣʴ ʢʦʥʩʠʩʪʝʥʮʠʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ -0.9 ʜʦ 

-2.7 ʜ. ʝʜ., ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʛʨʫʥʪʘ (IL <0) (ʪʘʙʣ. 2). ɺ ʥʠʞʥʠʭ 

ʛʦʨʠʟʦʥʪʘʭ ʦʪʤʝʯʝʥʳ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʘʢ ʚʝʨʭʥʝʛʦ, ʪʘʢ ʠ ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʦʚ 

ʧʣʘʩʪʠʯʥʦʩʪʠ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʠʟʤʝʥʝʥʠʝʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩ ʛʣʫʙʠʥʦʡ. 

ʇʣʦʪʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʦʨʦʜ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1.49 ʜʦ 1.86 ʛ/ʩʤį, 

ʧʨʠʯʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʷʚʥʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʝʸ ʫʚʝʣʠʯʝʥʠʶ ʩ ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ. ʕʪʦʪ ʨʦʩʪ 

ʧʣʦʪʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʳʤ ʫʧʣʦʪʥʝʥʠʝʤ ʛʨʫʥʪʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʳʰʝʣʝʞʘʱʠʭ ʩʣʦʝʚ, ʪʘʢ ʠ ʠʟʤʝʥʝʥʠʝʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʨʦʜ. 

ʇʣʦʪʥʦʩʪʴ ʩʢʝʣʝʪʘ ʛʨʫʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʦʨʠʩʪʦʩʪʠ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ, ʚʢʣʶʯʘʷ ʠʭ 

ʧʨʦʯʥʦʩʪʴ, ʩʞʠʤʘʝʤʦʩʪʴ ʠ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʣʦʪʥʦʩʪʠ ʩʢʝʣʝʪʘ ʛʨʫʥʪʦʚ 
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ʧʦ ʠʟʫʯʝʥʥʳʤ ʦʙʨʘʟʮʘʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3, ʛʜʝ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1.34 ʜʦ 

1.82 ʛ/ʩʤį. 

ʉʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʪʚʸʨʜʳʭ ʯʘʩʪʠʮ ʛʨʫʥʪʘ ʦʩʪʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦʡ ʠ ʩʦʩʪʘʚʣʷʝʪ 

2.71 ʛ/ʩʤį, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʠʧʠʯʥʳʤ ʟʥʘʯʝʥʠʷʤ ʜʣʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ, 

ʩʦʜʝʨʞʘʱʠʭ ʢʚʘʨʮ, ʧʦʣʝʚʳʝ ʰʧʘʪʳ ʠ ʢʘʨʙʦʥʘʪʳ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʧʨʠ 

ʦʮʝʥʢʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʦʚ ʠ ʠʭ ʧʦʚʝʜʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

 

ʊʘʙʣʠʮʘ 2. ɿʥʘʯʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʣʝʩʩʦʚʳʭ ʛʨʫʥʪʦʚ 

Table 2. Moisture content values of the studied loess soils 

ɻʣʫʙʠʥʳ,  

ʤ 

ɽʩʪʝʩʪʚʝʥʥʘʷ 

ʚʣʘʞʥʦʩʪʴ, 

% 

ɺʣʘʞʥʦʩʪʴ 

ʥʠʞʥʝʛʦ 

ʧʨʝʜʝʣʘ ʧʣ., % 

ɺʣʘʞʥʦʩʪʴ 

ʚʝʨʭʥʝʛʦ 

ʧʨʝʜʝʣʘ ʧʣ., % 

ʏʠʩʣʦ 

ʧʣʘʩʪʠʯʥʦʩʪʠ, 

% 

ʇʦʢʘʟʘʪʝʣʴ 

ʢʦʥʩʠʩʪ., ʜ.ʝʜ. 

1,6 11 21 31 10 -1,0 

3,7 13 22 32 10 -0,9 

4,5 3 22 34 12 -1,6 

5,8 13 23 32 9 -1,1 

6,7 14 22 30 8 -1,0 

7,4 12 22 32 10 -1,1 

10,9 8 22 31 9 -1,4 

11,7 8 24 32 8 -1,8 

12,1 5 23 35 12 -1,6 

12,5 5 25 35 10 -1,9 

12,7 2 25 33 8 -2,7 

 

ʊʘʙʣʠʮʘ 3. ɿʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ ʧʦʨʠʩʪʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʣʝʩʩʦʚʳʭ ʛʨʫʥʪʦʚ 

Table 3. Density and porosity values of the studied loess soils 
ɻʣʫʙʠʥʘ ʦʪʙʦʨʘ 

ʦʙʨʘʟʮʘ, ʤ 

ʇʣʦʪʥʦʩʪʴ ʛʨʫʥʪʘ, ʛ/ʩʤ3 ʇʣʦʪʥʦʩʪʴ ʩʢʝʣʝʪʘ 

ʛʨʫʥʪʘ, ʛ/ʩʤ3 

ʇʦʨʠʩʪʦʩʪʴ, % 

1,6 1,49 1,34 50 

3,7 1,62 1,43 47 

4,5 1,43 1,38 48 

5,8 1,51 1,34 50 

6,7 1,64 1,44 46 

7,4 1,59 1,42 47 

10,9 1,61 1,49 45 

11,7 1,64 1,53 44 

12,1 1,70 1,62 40 

12,5 1,72 1,64 39 

12,7 1,86 1,82 33 

 

ʇʦʨʠʩʪʦʩʪʴ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ï ʦʪ 33 ʜʦ 50%, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʛʨʫʥʪʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʩʘʜʦʯʥʳʭ ʩʚʦʡʩʪʚ (ʪʘʙʣ. 4) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʘʥʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʧʦʨʦʜ.  

 

ʊʘʙʣʠʮʘ 3. ʇʨʦʩʘʜʦʯʥʳʝ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʪʦʜʘʤʠ çʦʜʥʦʡè  

Table 3. Subsidence properties of soils determined by the methods of "one" 
ɻʣʫʙʠʥʘ, ʤ ʇʨʠʨʦʜʥʦʝ ʜʘʚʣʝʥʠʝ, 

ʄʇʘ 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʩʘʜʦʯʥʦʩʪʴ 

ʧʨʠ ʥʘʛʨʫʟʢʝ 0.3 ʄʇʘ, ʜ.ʝʜ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ 

ɻʆʉʊ 25100-2020 

1,6 0.024 0.08 ʉʠʣʴʥʦʧʨʦʩʘʜʦʯʥʳʡ 

3,7 0.060 0.04 ʉʨʝʜʥʝʧʨʦʩʘʜʦʯʥʳʡ 

4,5 0.064 0.15 ʉʠʣʴʥʦʧʨʦʩʘʜʦʯʥʳʡ 

5,8 0.088 0.07 ʉʨʝʜʥʝʧʨʦʩʘʜʦʯʥʳʡ 

6,7 0.10 0.03 ʉʣʘʙʦʧʨʦʩʘʜʦʯʥʳʡ 
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7,4 0.12 0.05 ʉʨʝʜʥʝʧʨʦʩʘʜʦʯʥʳʡ 

10,9 0.18 0.07 ʉʨʝʜʥʝʧʨʦʩʘʜʦʯʥʳʡ 

11,7 0.20 0.06 ʉʨʝʜʥʝʧʨʦʩʘʜʦʯʥʳʡ 

12,1 0.21 0.04 ʉʨʝʜʥʝʧʨʦʩʘʜʦʯʥʳʡ 

12,5 0.22 0.04 ʉʨʝʜʥʝʧʨʦʩʘʜʦʯʥʳʡ 

12,7 0.23 0.03 ʉʣʘʙʦʧʨʦʩʘʜʦʯʥʳʡ 

 

ʊʘʙʣʠʮʘ 3 ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʘʥʥʳʝ ʧʦ ʧʨʦʩʘʜʦʯʥʳʤ ʩʚʦʡʩʪʚʘʤ ʛʨʫʥʪʦʚ, ʦʧʨʝʜʝʣʸʥʥʳʝ 

ʤʝʪʦʜʦʤ çʦʜʥʦʡ ʢʨʠʚʦʡè. ʈʘʩʩʤʦʪʨʝʥʳ ʪʨʠ ʧʘʨʘʤʝʪʨʘ: ʛʣʫʙʠʥʘ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ (ʤ), ʧʨʠʨʦʜʥʦʝ 

ʜʘʚʣʝʥʠʝ (ʄʇʘ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʩʘʜʦʯʥʦʩʪʴ ʧʨʠ ʥʘʛʨʫʟʢʝ 0.3 ʄʇʘ (ʜ.ʝʜ.), ʘ ʪʘʢʞʝ ʠʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ɻʆʉʊ 25100-2020. 

ʇʨʠʨʦʜʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʟʨʘʩʪʘʝʪ ʩ ʛʣʫʙʠʥʦʡ ʦʪ 0.024 ʄʇʘ ʥʘ 1.6 ʤ ʜʦ 0.23 ʄʇʘ ʥʘ 12.7 ʤ. 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʚʳʰʝʣʝʞʘʱʠʭ ʩʣʦʸʚ ʛʨʫʥʪʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʜʣʷ 

ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ. ʅʘʠʙʦʣʴʰʠʡ ʩʢʘʯʦʢ ʜʘʚʣʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 6.7ï7.4 ʤ (0.10 Ÿ 

0.12 ʄʇʘ) ʠ 10.9ï12.7 ʤ (0.18 Ÿ 0.23 ʄʇʘ), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʣʦʪʥʦʩʪʠ ʛʨʫʥʪʘ. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʩʘʜʦʯʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʫʝʪʩʷ ʧʦ ʛʣʫʙʠʥʝ. ɽʝ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʦʪʤʝʯʝʥʦ ʥʘ 4.5 ʤ (0.15 ʜ.ʝʜ.), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʯʨʝʟʚʳʯʘʡʥʦ ʧʨʦʩʘʜʦʯʥʳʡ ʛʨʫʥʪ. 

ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (0.03 ʜ.ʝʜ.) ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘ 6.7 ʤ ʠ 12.7 ʤ, ʦʪʥʦʩʷ ʵʪʠ ʛʦʨʠʟʦʥʪʳ ʢ 

ʩʣʘʙʦʧʨʦʩʘʜʦʯʥʳʤ ʛʨʫʥʪʘʤ. ɺ ʠʥʪʝʨʚʘʣʝ 3.7ï12.7 ʤ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʩʘʜʦʯʥʦʩʪʴ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʘʚʣʷʝʪ 0.03ï0.07, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʧʨʦʩʘʜʦʯʥʳʤ ʛʨʫʥʪʘʤ. 

¶ ʅʘ 1.6 ʤ ï ʚʳʩʦʢʘʷ ʧʨʦʩʘʜʦʯʥʦʩʪʴ (0.08 ʜ.ʝʜ.), ʦʪʥʦʩʷʱʘʷ ʛʨʫʥʪ ʢ ʩʠʣʴʥʦʧʨʦʩʘʜʦʯʥʳʤ. 

¶ ʂ 4.5 ʤ ï ʧʠʢ ʧʨʦʩʘʜʦʯʥʦʩʪʠ (0.15 ʜ.ʝʜ.), ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ ʢʨʘʡʥʝ ʧʦʜʚʠʞʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʛʨʫʥʪʘ. 

¶ ʇʦʩʣʝ 5.8 ʤ ï ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʡ (0.07ï0.03 ʜ.ʝʜ.), ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʫʧʣʦʪʥʝʥʠʝʤ ʛʨʫʥʪʘ. 

¶ ʅʘʯʠʥʘʷ ʩ 12.1 ʤ, ʧʨʦʩʘʜʦʯʥʦʩʪʴ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʥʘ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ (0.03ï0.04 ʜ.ʝʜ.). 

3. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʛʨʫʥʪʦʚ ʧʦ ʧʨʦʩʘʜʦʯʥʦʩʪʠ (ɻʆʉʊ 25100-2020) 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ: 

¶ 1.6 ʤ ʠ 4.5 ʤï ʩʠʣʴʥʦʧʨʦʩʘʜʦʯʥʳʝ ʛʨʫʥʪʳ. 

¶ 6.7 ʤ ʠ 12.7 ʤ ï ʩʣʘʙʦʧʨʦʩʘʜʦʯʥʳʝ ʛʨʫʥʪʳ. 

¶ ʆʩʪʘʣʴʥʳʝ ʛʦʨʠʟʦʥʪʳ ï ʩʨʝʜʥʝʧʨʦʩʘʜʦʯʥʳʝ. 

ɺʳʚʦʜʳ:  

¶ ʇʨʦʩʘʜʦʯʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʠ 

ʫʤʝʥʴʰʝʥʠʝʤ ʧʦʨʠʩʪʦʩʪʠ. 

¶ ʅʘ 4.5 ʤ ʚʳʷʚʣʝʥ ʘʥʦʤʘʣʴʥʳʡ ʩʣʦʡ ʩ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʡ ʧʨʦʩʘʜʦʯʥʦʩʪʴʶ (0.15 ʜ.ʝʜ.), 

ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ. 

¶ ɺ ʠʥʪʝʨʚʘʣʝ 6.7ï12.7 ʤ ʧʨʦʩʘʜʦʯʥʦʩʪʴ ʢʦʣʝʙʣʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0.03ï0.07, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʩʨʝʜʥʝ- ʠ ʩʣʘʙʦʧʨʦʩʘʜʦʯʥʳʭ ʛʨʫʥʪʦʚ. 

¶ ɻʣʫʙʠʥʘ 1.6 ʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʩʘʜʦʯʥʦʩʪʴʶ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʨʳʭʣʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʢʨʦʧʦʨ. 

¶ ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ ʵʪʠʭ ʛʨʫʥʪʘʭ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʝ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʧʨʦʩʝʜʘʥʠʝ ʩʣʦʸʚ, ʦʩʦʙʝʥʥʦ ʚ ʟʦʥʝ 4.5 ʤ, ʛʜʝ ʛʨʫʥʪʳ ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ 

ʜʝʬʦʨʤʘʮʠʠ. 

¶ ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʫʝʤʳʝ ʛʨʫʥʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʟʣʠʯʥʫʶ ʩʪʝʧʝʥʴ ʧʨʦʩʘʜʦʯʥʦʩʪʠ, 
ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʷʭ ʠ ʨʘʟʨʘʙʦʪʢʝ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʝʰʝʥʠʡ. 
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ÞÌÇÉÔÉÔ áßÝßÝÔëÞÇÚÔ àßÜßÜÌÎÌÙÐÌÏÔÔ áÚÖÇÚ ÐÌÜ ÝÞÜÌÞÚÞÔÛÔ ÖÚØÛ×ÑÖÝÔ 
ÍÚ×ÚÔÔ ãÚÜëÖÇÚÔ ÐßäÌÙÍÑ ÐÌÜ ÉÔÝØÔ äÌÜÉÔÔ äÌÇÜÔ ÐßäÌÙÍÑ (ÞÑÛÛÌÇÚÔ 

äÌÜÉÄ) 
Ðìü ôù øìėú÷ì ùìþôĔìĕúô þìĕėôėúþô øÿĕìùðôýĒ-ïñú÷úïôô íÿüôĄô ýþüìþúþôûôô øìĔøÿô ðÿĄìùíñïôô 

ăúüċöĕúô íú÷úĒ, öô ðìü øôùþìėìô Øôüóúíñö (Ą. ÐÿĄìùíñ) Ĕúõïôü ìýþ, ûñĄùôĕúð öìüðì øñĄìîìùð. ÚøĘóôĄô 
āúýôċþĕúô ĀÿüĘüìîìùðìô āúöĕúô ÷ČýýĒ ðìü Ąìüúôþô ýúāþøúùô ĀìĆú÷ ðìü Æÿøĕÿüôô ÞúĔôöôýþúù ìĕìøøôċþô 
øìāýÿý ðúüìð, óñüú āúöĕúô ÷ČýýĒ ėôýøô óôČðô ėì÷ìøüìîô öôĄîìüüú Āìüú ïôüôĀþì, ĕìøăÿù þìĕöÿüýôô þìíôĒ 
íìüúô íôùúĕú îì ôùĄúúþô øÿĕìùðôýĒ āôóøìþ øñöÿùìùð. 

Çìùïúøô þìĕėôėúþ ĄìĄ ùìøÿùìô āúöĕúô ÷ČýýĒ ìó ăÿėÿüôĕúô ïÿùúïÿù (1.6¬12.7 ø) ïôüôĀþì Ąÿðì, 
þìĕ÷ô÷ô ĕìøìĔúùôíìô ÷ìíúüìþúüĒ ïÿóìüúùôðì Ąÿð, öô úù øìöüúþìîýôĀ, øÿìõċù öìüðìùô þìüöôíô 
ïüìùÿ÷úøñþüĒ, úøĘóôĄô āÿýÿýôċþĕúô ýúāþúüĒ îì þñöýþÿüĒ, ôùăÿùôù þìĕėôėô āúýôċþĕúô ĀôóôöĒ-øñāìùôöôô 
āúöĕúüú ðìü íìü øñïôüìð. ØìĆ÷ÿøúþô íìðìýþúøìðì ùôĄúù ðúð, öô þìüöôí îì āúýôċþĕúô āúöĕú îúíìýþì íì 
ÿøėô ĔúõïôüĄìîĒ þìĎõôüČíôô ùìóìüüìý ðúüìùð. Ìó Ĕÿø÷ì, öúĕôĄô ùìøùúöĒ ìó 12% ðìü ėìíìþĕúô íú÷úĒ þú 2% 

ðìü ėìíìþĕúô ûúČùĒ, óôČð Ąÿðìùô óôăôô āúö (1.49¬1.86 ï/ýøį) îì öìø Ąÿðìùô öúîúöĒ (50¬33%) øÿĄúĕôðì 
ïìüðôð. Þìĕ÷ô÷ô ïüìùÿ÷úøñþüĒ íìüþìüôô Āüìöýôċô Ďÿíúüú÷ÿð (>50%) îì ôùăÿùôù øìîĔÿðôċþô ðúāô÷Ąìîôô 
üñïĒ îì ïô÷Ē ðìü þìùúýÿíô ïÿùúïÿùüú þìýðôė öìüð. 

Íì úøĘóôĄô āúýôċþĕúô ĀÿüĘüìîìùðìô āúöĕúô ÷ČýýĒ ðôėėìþô øìāýÿý ðúðì Ąÿð. Þìĕ÷ô÷ô ĀÿüĘüìîôô 
ùôýíĒ ðìü ĀôĄúüô 0.3 ØÛì ùôĄúù ðúð, öô āúöĕú îúíìýþì íì ÿøėô ĔúõïôüĄìîĒ ìó óìôĀĀÿüĘüìîìùðì þú āñ÷ñ 

ĀÿüĘüìîìùðì Āìüė øñöÿùìùð. Ðìü ÿøėô 4.5 ø øôùþìėìô ìùúøì÷Ē íú íì÷ìùðþìüôù ðìüìĔìô ĀÿüĘüìîĒ (Ůsl = 
0.15) øÿìõċù öìüðì Ąÿð, öô ĕìùïúøô þìüĕüñóôô ýúāþøúù íì ðôėėìþô øìāýÿý ùôČó ðúüìð. Ðìü Āúýô÷ìô 6.7¬12.7 
ø āúöĕú ìýúýìù íú āúýôċþĕúô øôČùì îì óìôĀĀÿüĘüìîìùðì āúý øñĄìîìùð. 

ÙìþôĔìĕúô íìðìýþúøìðì íìüúô þìĕėôėúþô øÿĕìùðôýĒ-ïñú÷úïĒ îì þìüĕüñóôô ýúāþøúù ðìü øôùþìėìĕúñ, 
öô āúöĕúô ÷ČýýĒ ðúüìùð, ìĕìøøôċþô øÿĕôø ðúĄþì, íìüúô ûñĄïôüôô üìîìùðĕúô ðñĀúüøìþýôúùĒ îì þìĆøôùô 
ÿýþÿîúüôô ôùĄúúþ øÿýúôðìþ øñöÿùìùð. 

Öì÷ôðîúòìĕú: āúöĕúô ÷ČýýĒ, ĀÿüĘüìîĒ, þìĕėôėúþô øÿĕìùðôýĒ-ïñú÷úïĒ, þìüöôíô ïüìùÿ÷úøñþüĒ, óôăĒ, 
öúîúöĒ, ÞúĔôöôýþúù. 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʉɸɼʆʏʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɻʈʋʅʊʆɺ ʉʊʈɸʊʆʊʀʇɸ 

ɺɽʈʍʅɽʏɽʊɺɽʈʊʀʏʅʆɻʆ ɼʋʐɸʅɹʀʅʉʂʆɻʆ ʂʆʄʇʃɽʂʉɸ ɺʆʉʊʆʏʅʆʁ ʏɸʉʊʀ ɻʆʈʆɼɸ 

ɼʋʐɸʅɹɽ (ɺʆʉʊʆʏʅʓɽ ʍʆʃʄʓ) 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ 

ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʦʛʦ ʜʫʰʘʥʙʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʨʘʡʦʥʝ ʄʠʨʟʦʙʝʢ (ʛ. ɼʫʰʘʥʙʝ). ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʩʘʜʦʯʥʳʭ ʩʚʦʡʩʪʚ ʣʸʩʩʦʚʳʭ ʛʨʫʥʪʦʚ ʠʤʝʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ 

ʈʝʩʧʫʙʣʠʢʝ ʊʘʜʞʠʢʠʩʪʘʥ, ʪʘʢ ʢʘʢ ʣʸʩʩʦʚʳʝ ʧʦʨʦʜʳ ʧʦʢʨʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ ʠ ʩʣʫʞʘʪ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʟʜʘʥʠʡ ʠ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʧʨʦʚʝʜʸʥ ʦʪʙʦʨ ʰʝʩʪʠ ʦʙʨʘʟʮʦʚ ʣʸʩʩʦʚʳʭ ʧʦʨʦʜ ʩ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥ (1.6ï12.7 ʤ) ʠ ʠʭ 

ʢʦʤʧʣʝʢʩʥʳʡ ʣʘʙʦʨʘʪʦʨʥʳʡ ʘʥʘʣʠʟ, ʚʢʣʶʯʘʶʱʠʡ ʤʘʢʨʦʦʧʠʩʘʥʠʝ, ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, 

ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʪʝʢʩʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʩ ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʚʳʷʚʣʝʥʦ ʩʥʠʞʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʩ 12% ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʜʦ 2% ʚ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʘʭ, ʫʚʝʣʠʯʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʛʨʫʥʪʘ (1.49ï1.86 ʛ/ʩʤį) ʠ ʫʤʝʥʴʰʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ (50ï33%). ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʧʳʣʝʚʘʪʦʡ ʬʨʘʢʮʠʠ (>50%), ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʧʝʩʯʘʥʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʧʦʨʮʠʷʭ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʠʟʫʯʝʥʠʶ ʧʨʦʩʘʜʦʯʥʳʭ ʩʚʦʡʩʪʚ ʣʸʩʩʦʚʳʭ ʛʨʫʥʪʦʚ. ɸʥʘʣʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʨʦʩʘʜʦʯʥʦʩʪʠ ʧʨʠ ʥʘʛʨʫʟʢʝ 0.3 ʄʇʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʛʨʫʥʪʳ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ ʩʣʘʙʦʧʨʦʩʘʜʦʯʥʳʭ ʜʦ ʯʨʝʟʚʳʯʘʡʥʦ 

ʧʨʦʩʘʜʦʯʥʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ. ʅʘ ʛʣʫʙʠʥʝ 4.5 ʤ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʘʥʦʤʘʣʴʥʘʷ ʟʦʥʘ ʩ ʥʘʠʙʦʣʴʰʝʡ 

ʧʨʦʩʘʜʦʯʥʦʩʪʴʶ (Ůsl = 0.15), ʯʪʦ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɺ ʠʥʪʝʨʚʘʣʝ 6.7ï

12.7 ʤ ʛʨʫʥʪʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʨʝʜʥʝ- ʠ ʩʣʘʙʦʧʨʦʩʘʜʦʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ, ʩʣʦʞʝʥʥʳʭ ʣʸʩʩʦʚʳʤʠ ʛʨʫʥʪʘʤʠ, ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʸʩʩʦʚʳʝ ʛʨʫʥʪʳ, ʧʨʦʩʘʜʦʯʥʦʩʪʴ, ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʧʣʦʪʥʦʩʪʴ, ʧʦʨʠʩʪʦʩʪʴ, ʊʘʜʞʠʢʠʩʪʘʥ. 

 

STUDY OF COLLAPSIBILITY CHARACTERISTICS OF SOILS IN THE STRATOTYPE OF THE UPPER 

QUATERNARY DUSHANBE COMPLEX IN THE EAS TERN PART OF DUSHANBE CITY (EASTERN HILLS)  

The shear resistance of cohesive soils is due to a complex interaction of internal and external This article presents 

the results of an engineering-geological study of the stratotypic section of the Upper Quaternary Dushanbe complex, 

located in the Mirzobek area (Dushanbe). The study of the collapsibility properties of loess soils is particularly relevant in 

the context of active construction in the Republic of Tajikistan, as loess deposits cover a significant part of the country's 

territory and serve as a natural foundation for buildings and engineering structures. 
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During the study, six loess samples were collected from various depths (1.6ï12.7 m) and subjected to 

comprehensive laboratory analysis, including macro-description, determination of granulometric composition, study of 

structural and textural characteristics, as well as investigation of the physical and mechanical properties of the soils. The 

obtained data revealed significant variability in soil composition and properties with depth. In particular, a decrease in 

moisture content from 12% in the upper layers to 2% in the lower horizons was observed, along with an increase in soil 

density (1.49ï1.86 g/cmį) and a decrease in porosity (50ï33%). Granulometric analysis confirmed the predominance of the 

silt fraction (>50%), as well as the presence of sand and clay inclusions in various proportions. 

Special attention was paid to the study of the collapsibility properties of loess soils. The analysis of relative 

collapsibility under a load of 0.3 MPa showed that the soils vary from slightly collapsible to extremely collapsible 

depending on the depth. At a depth of 4.5 m, an anomalous zone with the highest collapsibility (Ůsl = 0.15) was identified, 

requiring special consideration in construction design. In the interval of 6.7ï12.7 m, the soils are mainly characterized by 

medium to low collapsibility properties. 

The obtained results are of great importance for engineering-geological surveys and construction design in areas 

composed of loess soils to prevent deformation processes and ensure the stability of structures. 

Keywords: loess soils, collapsibility, engineering-geological studies, granulometric composition, density, porosity, 

Tajikistan. 

 
ØìĆ÷ÿøúþ ðìü íúüìô øÿì÷÷ôĀ: Øìïðôñî Øÿĕìøøìðìøôù Øìĕøÿðúîôă ¬ ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù, 
ðúöþúüìùþô Ph.D-ô öÿüýô 2-ÿø. ÝÿüúĎì: 734025, Ą.ÐÿĄìùíñ, Æÿøĕÿüôô ÞúĔôöôýþúù, āôČíúùô ÜĘðìöĒ, 17. 
Þñ÷ñĀúù: (+992) 918 64 00 60. E-mail: magdiyev.mukhammadamin@bk.ru  

 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʝ: ʄʘʛʜʠʝʚ ʄʫʭʘʤʤʘʜʘʤʠʥ ʄʘʭʤʫʜʦʚʠʯ ï ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʜʦʢʪʦʨʘʥʪ 

Ph.D 2-ʛʦ ʢʫʨʩʘ. ɸʜʨʝʩ: 734025, ʛ.ɼʫʰʘʥʙʝ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ, ʧʨʦʩʧʝʢʪ ʈʫʜʘʢʠ, 17. ʊʝʣʝʬʦʥ: (+992) 918 64 

00 60. E-mail: magdiyev.mukhammadamin@bk.ru  

 

Information about the author : Magdiev Muhammadamin Mahmudovich - Tajik National University, Doctor Ph.D. 

Address: 734025, Dushanbe, Republic of Tajikistan, Rudaki Avenue, 17. Phone: (+992) 918 64 00 60. E-mail: 

magdiyev.mukhammadamin@bk.ru 

 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʷ: 18.03.2025 

ʆʜʦʙʨʝʥʘ ʧʦʩʣʝ ʨʝʮʝʥʟʠʨʦʚʘʥʠʷ: 23.04.2025 

ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ: 11.06.2025 

 

 

  

mailto:magdiyev.mukhammadamin@bk.ru
mailto:magdiyev.mukhammadamin@bk.ru


105 
 

ʋɼʂ: 691 

ʇʈʆɹʃɽʄʓ ɹɽɿʆʇɸʉʅʆʉʊʀ ɿɼɸʅʀʁ, ɺʆɿɺʆɼʀʄʓʍ ʉ ʇʈʀʄɽʅɽʅʀɽʄ 

ʄɽʉʊʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ɺ ʋʉʃʆɺʀʗʍ ʈɽʉʇʋɹʃʀʂʀ ʊɸɼɾʀʂʀʉʊɸʅ 

 

ʌʘʟʠʣʦʚ ɸ.ʈ., ʈʘʙʠʝʚ ʂ.ʈ. 

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʉ. ʆʩʠʤʠ 

 

ʉʨʝʜʠ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʩʪʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʟʜʘʥʠʡ ʠ ʟʘʱʠʪʘ ʣʶʜʝʡ ʦʪ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ. 

ʏʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ ʨʘʟʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʩʪʨʘʥ ʠʤʝʶʪ ʦʙʱʠʝ 

ʠʩʪʦʯʥʠʢʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʧʨʠʨʦʜʫ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʶ. 

ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʧʨʠʨʦʜʥʳʝ ʩʪʠʭʠʡʥʳʝ ʙʝʜʩʪʚʠʷ ʠ ʚʩʸ ʚʦʟʨʘʩʪʘʶʱʘʷ ʫʛʨʦʟʘ ʠʭ ʧʨʦʷʚʣʝʥʠʷ. 

ɺʦ-ʚʪʦʨʳʭ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʭʥʦʢʨʘʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʨʦʩʪʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʟʥʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʢʘ ʥʘ ʧʨʠʨʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʧʨʝʚʨʘʱʝʥʠʝʤ 

ʧʨʠʨʦʜʳ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʞʠʟʥʝʥʥʦʝ ʩʨʝʜʩʪʚʦ, ʧʨʝʜʤʝʪ ʠ ʦʨʫʜʠʝ ʩʚʦʝʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʛʨʘʜʘʮʠʷ ʧʨʠʨʦʜʳ, ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ, ʚʦʜʥʳʭ ʙʘʩʩʝʡʥʦʚ ʠ 

ʧʦʯʚʳ. ɺ-ʪʨʝʪʴʠʭ, ʦʰʠʙʢʠ ʠ ʧʨʦʩʯʝʪʳ ʚ ʚʳʙʦʨʝ ʪʝʭʥʦʣʦʛʠʡ, ʩʫʪʴ ʢʦʪʦʨʳʭ ʚ ʩʦʦʨʫʞʝʥʠʠ 

ʦʙʲʝʢʪʦʚ, ʥʘʥʦʩʷʱʠʭ ʩʝʨʴʝʟʥʳʡ ʫʱʝʨʙ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ ʠ ʪʘʷʱʠʡ ʚ ʩʝʙʝ ʫʛʨʦʟʫ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ. ɺ-ʯʝʪʚʝʨʪʳʭ, ʫʩʠʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʚ ʧʨʦʠʩʭʦʞʜʝʥʠʠ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʢʦʛʜʘ ʣʶʙʦʝ ʧʨʠʨʦʜʥʦʝ 

ʩʪʠʭʠʡʥʦʝ ʙʝʜʩʪʚʠʝ ʧʦʨʦʞʜʘʝʪ ʦʧʘʩʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ (ʦʧʦʣʟʥʠ, ʧʦʞʘʨʳ, ʪʝʭʥʠʯʝʩʢʠʝ ʘʚʘʨʠʠ ʠ 

ʪ.ʜ.). 

ʆʩʥʦʚʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʧʨʠʨʦʜʥʦʛʦ 

ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʷʚʣʷʶʪʩʷ ʥʦʨʤʳ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʨʘʚʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʩʦʭʨʘʥʝʥʠʝ ʞʠʟʥʠ ʣʶʜʝʡ. 

ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʵʪʦʡ ʧʦʣʠʪʠʢʠ, ʠʩʭʦʜʷ ʠʟ ʧʦʥʠʤʘʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʥʝʜʝʣʠʤʦʩʪʠ ʩʠʩʪʝʤ 

ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ, ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʫʩʣʦʚʠʡ, ʥʦʨʤ ʠ 

ʧʨʘʚʠʣ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʧʨʦʮʝʜʫʨʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠʣʠ ʩʤʷʛʯʝʥʠʷ ʠʭ ʚʨʝʜʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʝʜʧʦʣʘʛʘʶʪ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʶ ʦʙʱʠʭ ʥʦʨʤ ʠ ʧʨʘʚʠʣ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠ ʧʨʘʚʦʚʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʷʚʣʷʶʱʠʭʩʷ ʦʩʥʦʚʦʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʧʨʝʜʧʠʩʘʥʠʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʚʣʘʩʪʠ, ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ, ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʫʯʨʝʞʜʝʥʠʡ, ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ 

ʛʨʘʞʜʘʥ. ʕʪʠ ʥʦʨʤʳ ʠ ʧʨʘʚʠʣʘ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʦʚ ʨʘʟʤʝʱʝʥʠʷ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ ʠ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʧʦʣʟʥʠ ð ʵʪʦ ʩʢʦʣʴʟʷʱʝʝ ʩʤʝʱʝʥʠʝ ʤʘʩʩ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʥʠʟ ʧʦ ʩʢʣʦʥʫ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʩʣʝʜʩʪʚʠʝ ʧʦʜʤʳʚʘ ʩʢʣʦʥʘ, ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ, 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʪʦʣʯʢʦʚ ʠ ʜʨ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʦʧʦʣʟʥʠ ʚʦʟʥʠʢʘʶʪ ʪʦʛʜʘ, ʢʦʛʜʘ ʧʨʠʨʦʜʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʠʣʠ ʣʶʜʴʤʠ ʥʘʨʫʰʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʢʣʦʥʘ. 

ʄʘʩʩʳ ʛʦʨʥʳʭ ʧʦʨʦʜ ʤʦʛʫʪ ʦʧʦʣʟʘʪʴ ʧʦ ʩʢʣʦʥʘʤ ʩ ʝʜʚʘ ʟʘʤʝʪʥʦʡ ʩʢʦʨʦʩʪʴʶ (ʤʝʜʣʝʥʥʳʝ 

ʩʤʝʱʝʥʠʷ), ʣʠʙʦ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ (ʥʘʧʨʠʤʝʨ, ʤʝʪʨʳ ʚ ʩʫʪʢʠ), ʘ ʠʥʦʛʜʘ ʦʙʲʝʤʳ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʦʙʨʫʰʠʚʘʶʪʩʷ ʩ ʚʝʩʴʤʘ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ. ʄʝʜʣʝʥʥʳʝ ʥʝ ʷʚʣʷʶʪʩʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤʠ 

(ʩʢʦʨʦʩʪʴ ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʩʘʥʪʠʤʝʪʨʦʚ ʚ ʛʦʜ). 

ɹʦʣʴʰʠʥʩʪʚʦ ʪʠʧʠʯʥʳʭ ʦʧʦʣʟʥʝʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʤʝʱʝʥʠʷʤʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ 

(ʥʝʩʢʦʣʴʢʦ ʤʝʪʨʦʚ ʚ ʩʫʪʢʠ). 

ʆʧʦʣʟʥʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʤʘʪʝʨʠʘʣʴʥʦʤʫ ʫʱʝʨʙʫ, ʦʜʥʘʢʦ ʧʨʘʚʠʣʴʥʦ 

ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʵʚʘʢʫʘʮʠʠ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʯʝʣʦʚʝʯʝʩʢʠʝ ʞʝʨʪʚʳ. 

ɹʳʩʪʨʳʝ ʩʤʝʱʝʥʠʷ ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʥʘʩʪʦʷʱʠʭ ʢʘʪʘʩʪʨʦʬ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤʠ 

ʞʝʨʪʚʘʤʠ, ʧʨʠ ʵʪʦʤ ʥʘ ʵʚʘʢʫʘʮʠʶ ʥʝ ʦʩʪʘʝʪʩʷ ʚʨʝʤʝʥʠ. ʂ ʙʳʩʪʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʣʘʚʠʥʳ, ʢʘʢ 

ʩʥʝʞʥʳʝ, ʪʘʢ ʠ ʛʨʷʟʝʚʳʝ, ʢʘʤʝʥʥʳʝ, ʛʨʷʟʝ-ʩʥʝʛʦ-ʢʘʤʝʥʥʳʝ. 

ʆʧʦʣʟʥʠ ʨʘʟʣʠʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʢʦʨʦʩʪʴʶ ʩʤʝʱʝʥʠʷ, ʥʦ ʠ ʤʘʩʰʪʘʙʘʤʠ ʷʚʣʝʥʠʷ. 

ʆʧʦʣʟʥʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʤʥʦʛʦʦʙʨʘʟʥʳʤ ʦʧʘʩʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ʆʥʠ ʤʦʛʫʪ ʨʘʟʨʫʰʘʪʴ 

ʞʠʣʠʱʘ, ʧʦʜʚʝʨʛʘʪʴ ʦʧʘʩʥʦʩʪʠ ʮʝʣʳʝ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ, ʫʛʨʦʞʘʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ 
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ʫʛʦʜʴʷʤ, ʧʦʚʨʝʞʜʘʪʴ ʠʥʞʝʥʝʨʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʠ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʧʝʨʝʛʦʨʦʜʠʪʴ ʜʦʣʠʥʫ, 

ʦʙʨʘʟʦʚʘʪʴ ʦʟʝʨʘ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʥʘʚʦʜʥʝʥʠʷʤ ʠ ʪ.ʜ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʧʦʣʟʥʝʚʳʝ ʧʨʦʮʝʩʩʳ ʥʝ ʷʚʣʷʶʪʩʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤʠ, ʪʝʤ ʥʝ 

ʤʝʥʝʝ, ʫʱʝʨʙ, ʥʘʥʦʩʠʤʳʡ ʠʤʠ ʥʘʨʦʜʥʦʤʫ ʭʦʟʷʡʩʪʚʫ, ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤ. 

ʆʧʦʣʟʥʝʚʦʝ ʜʚʠʞʝʥʠʝ ʧʦʯʪʠ ʚʩʝʛʜʘ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʀʭ ʦʙʠʣʠʝ ï 

ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʦʧʦʣʟʘʥʠʷ. ʆʧʦʣʟʥʠ ʦʪʤʝʯʘʶʪʩʷ ʨʝʜʢʦ ʥʘ ʩʢʣʦʥʘʭ ʢʨʫʪʠʟʥʦʡ ʤʝʥʝʝ 10-

12Á. ʇʨʠ ʫʢʣʦʥʝ 15Á ʦʧʦʣʟʥʠ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʵʪʦʤ ʜʦʩʪʘʪʦʯʥʘʷ ʚʣʘʞʥʦʩʪʴ ʧʦʨʦʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʠʭ 

ʧʣʘʩʪʠʯʥʦʩʪʴ, ʚʩʝʛʜʘ ʥʝʦʙʭʦʜʠʤʘ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʧʦʣʟʥʠ ʝʩʪʴ ʬʫʥʢʮʠʷ ʢʨʫʪʠʟʥʳ ʠ ʚʳʩʦʪʳ 

ʩʢʣʦʥʘ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 

ʆʧʦʣʟʥʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ, ʛʜʝ 93% ʪʝʨʨʠʪʦʨʠʠ ʩʦʩʪʘʚʣʷʶʪ ʛʦʨʳ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩʦʩʪʦʠʪ 

ʠʟ ʩʢʣʦʥʦʚ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʫʩʪʦʡʯʠʚʳ, ʘ ʜʨʫʛʠʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʘʥʦʚʷʪʩʷ 

ʥʝʫʩʪʦʡʯʠʚʳʤʠ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʠʟʤʝʥʷʝʪʩʷ ʫʛʦʣ ʥʘʢʣʦʥʘ ʦʪʢʦʩʘ ʩʢʣʦʥʘ, 

ʧʝʨʝʫʚʣʘʞʥʝʥʠʝ ʛʨʫʥʪʦʚ, ʣʠʙʦ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʪʨʷʩʝʥʠʷʭ. ʆʙʳʯʥʦ ʢʘʞʜʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʚ 

ʫʩʣʦʚʠʷʭ ʛʦʨʥʦʛʦ ʨʝʣʴʝʬʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʤʝʱʝʥʠʷʤʠ ʤʘʩʩ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦ ʩʢʣʦʥʫ. 

ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʩʢʣʦʥʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʚʠʜʘ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ, ʣʠʙʦ 

ʫʥʠʯʪʦʞʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʣʦʷ. 

ʈʘʟʤʝʨʳ ʦʧʦʣʟʥʝʡ ʙʳʚʘʶʪ ʨʘʟʣʠʯʥʳʤʠ. ʄʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʛʨʦʤʘʜʥʳʝ ʦʧʦʣʟʥʠ (ʩʦʪʥʠ 

ʪʳʩʷʯ ʢʫʙʦʤʝʪʨʦʚ ʧʦʨʦʜ) ʠ ʤʘʣʳʝ ʦʧʦʣʟʥʠ (ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʢʫʙʦʤʝʪʨʦʚ). 

ʉʘʤʳʤ ʢʨʫʧʥʳʤ ʦʧʦʣʟʥʝʤ ʚ ʠʩʪʦʨʠʠ ʩʯʠʪʘʝʪʩʷ ʦʧʦʣʟʝʥʴ, ʧʨʦʠʟʦʰʝʜʰʠʡ ʚ 1911 ʛʦʜʫ ʥʘ 

ʇʘʤʠʨʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʘʜʞʠʢʠʩʪʘʥʘ. ʉʠʣʴʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʚʳʟʚʘʣʦ ʛʠʛʘʥʪʩʢʠʡ ʦʧʦʣʟʝʥʴ. 

ʆʧʦʣʟʣʦ 2,5 ʢʤ3 ʛʦʨʥʳʭ ʧʦʨʦʜ. ɹʳʣ ʟʘʚʘʣʝʥ ʢʠʰʣʘʢ ʋʩʦʡ ʩ 54 ʞʠʪʝʣʷʤʠ, ʦʧʦʣʟʝʥʴ ʧʝʨʝʛʦʨʦʜʠʣ 

ʜʦʣʠʥʫ ʨʝʢʠ ʄʫʨʛʘʙ ʠ ʦʙʨʘʟʦʚʘʣ ʧʦʜʧʨʫʜʥʦʝ ʦʟʝʨʦ. ʆʥʦ ʟʘʪʦʧʠʣʦ ʢʠʰʣʘʢ ʉʘʨʝʟ. ɺʳʩʦʪʘ 

ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʣʦʪʠʥʳ ʦʢʦʣʦ 300 ʤ, ʛʣʫʙʠʥʘ ʦʟʝʨʘ ï 284 ʤ, ʘ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ï 

53 ʢʤ. ɿʘʧʘʩ ʚʦʜʳ ʉʘʨʝʟʩʢʦʛʦ ʦʟʝʨʘ ʦʢʦʣʦ 19 ʤʣʨʜ. ʤ3. 

ʅʘʠʙʦʣʝʝ ʪʨʘʛʠʯʥʳʤʠ ʙʳʣʠ ʦʧʦʣʟʥʠ 1920 ʛʦʜʘ ʚ ʧʨʦʚʠʥʮʠʠ ʂʘʥʴʩʫ ʚ ʂʠʪʘʝ, ʢʦʪʦʨʳʝ 

ʚʳʟʚʘʣʠ ʩʘʤʦʝ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʞʝʨʪʚ. ʆʧʦʣʟʝʥʴ ʚʦʟʥʠʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʠ 

ʪʳʩʷʯʠ ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ ʣʸʩʩʘ ʟʘʚʘʣʠʣʠ ʜʦʣʠʥʳ, ʟʘʩʳʧʘʣʠ ʛʦʨʦʜʘ ʠ ʩʝʣʝʥʠʷ. ʇʦʛʠʙʣʦ ʦʢʦʣʦ 

200 ʪʳʩ. ʯʝʣ. 

ʄʘʩʩʦʚʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʛʦʨʦʜʦʚ ʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʜʝʬʠʮʠʪ 

ʧʦʣʠʚʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ ʚ ʨʝʩʧʫʙʣʠʢʝ, ʩ ʜʨʫʛʦʡ, ʚʳʥʫʞʜʘʝʪ ʦʩʥʦʚʥʫʶ ʪʷʞʝʩʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʝʨʝʥʦʩʠʪʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ, ʨʘʥʝʝ ʩʯʠʪʘʚʰʠʝʩʷ ʥʝʧʨʠʛʦʜʥʳʤʠ ʚ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʠ ʩʝʡʩʤʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ. ʉʶʜʘ ʦʪʥʦʩʷʪʩʷ ʘʜʳʨʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, 

ʩʣʦʞʝʥʥʳʝ ʩʠʣʴʥʦ ʧʨʦʩʘʜʦʯʥʳʤʠ ʩʫʛʣʠʥʠʩʪʳʤʠ ʛʨʫʥʪʘʤʠ ʠ ʥʘʭʦʜʷʱʠʤʠʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʚ 

ʟʦʥʘʭ ʧʦʚʳʰʝʥʥʦʡ ʩʝʡʩʤʠʯʥʦʩʪʠ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʫʩʫʛʫʙʣʷʶʪʩʷ ʨʘʟʚʠʪʠʝʤ ʘʢʪʠʚʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʭʦʟʷʡʩʪʚʝʥʥʦʤ ʦʩʚʦʝʥʠʠ ʘʜʳʨʥʳʭ ʧʣʦʱʘʜʝʡ. 

ɻʠʩʩʘʨʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 1989 ʛʦʜʘ ʚʳʷʚʠʣʦ, ʯʪʦ ʩʣʫʞʙʘ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠ ʚ 

ʨʝʩʧʫʙʣʠʢʝ ʥʝ ʚʩʝʛʜʘ ʚʣʘʜʝʣʘ ʧʨʠʨʦʜʥʦʡ ʩʠʪʫʘʮʠʝʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʧʨʦʛʥʦʟʥʘʷ 

ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʦʧʘʩʥʳʭ ʬʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʥʝ ʙʳʣʦ ʢʘʨʪʳ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʦʜʚʝʨʞʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʚʦʟʜʝʡʩʪʚʠʶ ʦʧʦʣʟʥʝʡ ʩ ʫʯʝʪʦʤ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ ʠ ʩʪʝʧʝʥʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʤʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, 

ʧʨʦʚʝʜʝʥʥʳʤʠ ʇʆ çʊʘʜʞʠʢʛʝʦʣʦʛʠʷè ʠ ʠʥʩʪʠʪʫʪʦʤ ʊʘʜʞʠʢɻʀʀʅʊʀɿ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʧʣʘʪʦ ʋʨʪʘ-ɹʦʟ (ʨʘʡʦʥ ʵʧʠʮʝʥʪʨʘ ɻʠʩʩʘʨʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ), ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʬʘʢʪʳ 

ʨʘʟʨʫʰʝʥʠʡ ʠ ʩʠʣʴʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʩʦʪʝʥ ʞʠʣʳʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʩʪʨʦʝʥʠʡ ʢʨʫʧʥʳʤʠ 

ʦʧʦʣʟʥʷʤʠ (ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 3,5 ʢʤ), ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʶ, ʫʥʠʯʪʦʞʝʥʳ ʯʘʩʪʠ 

ʢʠʰʣʘʢʦʚ ʐʘʨʦʨʘ, ʆʢʫʣʠ-ɹʦʣʦ ʠ ʆʢʫʣʠ-ʇʦʝʥ, ʘʚʪʦʜʦʨʦʛʠ, ʣʠʥʝʡʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ, 

ʦʨʦʩʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠ ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ. ʀʤʝʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʯʝʣʦʚʝʯʝʩʢʠʝ ʞʝʨʪʚʳ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʧʨʠʨʦʜʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʢʨʫʧʥʳʭ (ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ) ʦʧʦʣʟʥʝʡ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʘʣʦ ʤʥʦʛʦʣʝʪʥʝʝ 

ʪʝʭʥʦʛʝʥʥʦʝ (ʠʨʨʠʛʘʮʠʦʥʥʦʝ) ʦʙʚʦʜʥʝʥʠʝ ʣʝʩʩʦʚʳʭ ʛʨʫʥʪʦʚ. 

ʊʝʨʨʠʪʦʨʠʠ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʦʨʦʰʝʥʠʷ ʩʦ ʩʭʦʜʥʳʤʠ ʩ ʨʘʡʦʥʦʤ 

ɻʠʩʩʘʨʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʨʠʨʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠʤʝʶʪʩʷ ʠ ʚ ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ ʖʛʦ-ʟʘʧʘʜʥʦʛʦ 

ʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʊʘʜʞʠʢʠʩʪʘʥʘ. ʕʪʦ ʥʘʠʙʦʣʝʝ ʦʩʚʦʝʥʥʳʝ ʧʨʝʜʛʦʨʥʳʝ ʘʜʳʨʥʳʝ ʟʦʥʳ ʥʘ ʶʞʥʳʭ 

ʩʢʣʦʥʘʭ ɻʠʩʩʘʨʩʢʦʛʦ ʠ ʂʘʨʘʪʝʛʠʥʩʢʦʛʦ ʭʨʝʙʪʦʚ, ʩʝʚʝʨʥʳʝ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʝ ʧʨʝʜʛʦʨʴʷ ʭʨʝʙʪʦʚ 

ʈʘʥʛʦʥ ʠ ʉʫʨʭʢʫ, ʦʙʰʠʨʥʳʝ ʧʣʦʱʘʜʠ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ʗʚʘʥʩʫ, ʂʳʟʳʣʩʫ, ʗʭʩʫ ʠ ʊʘʠʨʩʫ, 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʧʦ ʧʣʦʱʘʜʠ ʪʝʨʨʠʪʦʨʠʠ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʉʫʨʭʦʙ, ʅʠʞʥʝ-ɺʘʭʰʩʢʘʷ ʠ ʅʠʞʥʝ-

ʂʘʬʠʨʥʠʛʘʥʩʢʘʷ ʜʦʣʠʥʳ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʦʪʤʝʯʝʥʦ ʨʘʟʚʠʪʠʝ ʵʨʦʟʠʦʥʥʦ-

ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʷʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʪʝʭʥʦʛʝʥʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʦʨʦʰʝʥʠʝʤ ʘʜʳʨʥʳʭ ʧʣʦʱʘʜʝʡ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʥʝʢʦʪʦʨʳʝ ʦʧʦʣʟʥʠ ʧʦ 1992 ʛʦʜʫ:  

- 28.03.92 ʛ. ʚ ʊʫʨʩʫʥʟʘʜʝʚʩʢʦʤ ʨʘʡʦʥʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʦʣʟʥʷ ʧʨʦʠʟʦʰʝʣ ʩʥʦʩ 2 ʞʠʣʳʭ 

ʩʪʨʦʝʥʠʡ, ʧʦʛʠʙʣʦ 8 ʯʝʣ; 

- 10.05.92 ʛ. ʧʨʠ ʩʭʦʜʝ ʦʧʦʣʟʥʷ ʧʨʦʠʟʦʰʝʣ ʦʙʨʳʚ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʪʝʧʣʦʪʨʘʩʩʳ, ʧʨʦʚʠʩʣʘ 

ʣʠʥʠʷ ʛʘʟʦʧʨʦʚʦʜʘ, ʨʘʟʨʫʰʝʥʘ ʯʘʩʪʴ ʘʚʪʦʩʪʦʷʥʢʠ ʚ ʛ. ɼʫʰʘʥʙʝ; 

- 13.05.92 ʛ. ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʦʣʟʥʷ ʚ ʆʙʠ-ʛʘʨʤʝ ʧʦʜ 10-15 ʤ ʩʣʦʝʤ ʛʨʫʥʪʘ ʦʩʪʘʣʠʩʴ 16 

ʭʦʟʷʡʩʪʚ, ʧʦʛʠʙʣʦ 100 ʯʝʣ., ʧʣʦʱʘʜʴ ʦʭʚʘʪʘ ʩʭʦʜʘ ʙʦʣʝʝ 50 ʛʘ; 

- 24.05.92 ʛ. ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʦʣʟʥʷ ʚ ʂʦʤʩʦʤʦʣʘʙʘʜʩʢʦʤ ʨʘʡʦʥʝ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʝʥʦ 5 

ʜʦʤʦʚ, ʧʦʛʠʙʣʦ 20 ʯʝʣ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ, 

ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ, ʛʠʜʨʦʤʝʣʠʦʨʘʪʠʚʥʳʭ ʠ ʜʨ. ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʜʳʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ (ʢʘʢ 

ʦʙʚʦʜʥʝʥʥʳʭ, ʪʘʢ ʠ ʥʝ ʟʘʪʨʦʥʫʪʳʭ ʪʝʭʥʦʛʝʥʝʟʦʤ), ʠ, ʛʣʘʚʥʦʝ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʧʘʩʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʶ, ʠʤʝʝʪ ʚʘʞʥʦʝ ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ. 

ʅʘ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʵʪʘʧʘʭ ʙʦʨʴʙʳ ʩ ʦʧʦʣʟʥʷʤʠ ʧʦʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʫʩʠʣʠʷ ʠ 

ʟʘʪʨʘʪʳ. 

ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʳ ʣʠʰʴ ʟʘ ʯʘʩʪʴ ʧʦʪʝʨʴ. ʆʥʠ ʚʳʟʳʚʘʶʪ ʠ ʜʨʫʛʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʵʬʬʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʦʧʦʣʟʥʠ ʠ ʨʘʟʞʠʞʝʥʠʷ ʛʨʫʥʪʘ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʨʠʥʦʩʠʪʴ ʦʛʨʦʤʥʳʝ 

ʧʦʪʝʨʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʮʝʥʥʦʩʪʝʡ ʠ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʠʭ ʞʠʟʥʝʡ. 

ʉʣʝʜʫʝʪ ʨʘʟʜʝʣʷʪʴ ʦʧʦʣʟʥʠ ʢʘʢ ʦʧʘʩʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʚʷʟʘʥʥʳʝ ʩ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʟʘʢʣʶʯʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʟʘʩʪʨʦʡʢʠ ʚʦʩʪʦʯʥʳʭ 

ʭʦʣʤʦʚ ʛ. ɼʫʰʘʥʙʝ ʥʘ ʘʜʳʨʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʪʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʟʘ ʧʝʨʠʦʜ ʩ 1970 ʧʦ 1980 ʛʛ. ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ: 

- ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʦʱʥʦʡ ʪʦʣʱʝʡ 

ʛʣʠʥʠʩʪʳʭ (ʣʝʩʩʦʚʳʭ) ʧʨʦʩʘʜʦʯʥʳʭ ʛʨʫʥʪʦʚ;  

- ʚʣʘʞʥʦʩʪʴ ʛʨʫʥʪʦʚ, ʩʣʘʛʘʶʱʠʭ ʩʝʚʝʨʥʫʶ ʠ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʠ (ʚʦʟʚʳʰʝʥʥʘʷ ʯʘʩʪʴ) 

ʪʝʨʨʠʪʦʨʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʘʩʴ ʠ ʩʦʩʪʘʚʣʷʝʪ 8-12%. ɸ ʚ ʶʞʥʦʡ ʯʘʩʪʠ (ʥʠʟʤʝʥʥʘʷ ʯʘʩʪʴ 

ʪʝʨʨʠʪʦʨʠʠ) ʚʣʘʞʥʦʩʪʴ ʛʨʫʥʪʦʚ ʫʚʝʣʠʯʠʣʘʩʴ ʩ 10-15% ʜʦ 20-30%, ʧʨʠʯʠʥʦʡ ʯʝʛʦ ʷʚʠʣʦʩʴ 

ʪʝʭʥʦʛʝʥʥʦʝ ʫʚʣʘʞʥʝʥʠʝ. ʆʙʚʦʜʥʝʥʠʝ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʜʦʣʴ ʘʚʪʦʜʦʨʦʛʠ ʧʦʣʦʩʦʚʦʡ ʟʦʥʳ 

ʩ ʚʳʩʦʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʫʨʦʚʥʷ ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʜ; 

- ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʚʠʪʳ ʦʧʦʣʟʥʝʚʳʝ ʷʚʣʝʥʠʷ, 

ʦʚʨʘʛʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʜʨ.; 

- ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʙʳʣ ʩʥʷʪ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ, ʯʪʦ ʷʚʠʣʦʩʴ ʧʨʠʯʠʥʦʡ ʵʢʟʦʛʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʦ ʩʢʣʦʥʘʤ ʠ ʜʥʠʱʘʤ ʩʘʝʚ; 

- ʧʨʠ ʧʨʦʢʣʘʜʢʝ ʘʚʪʦʜʦʨʦʛ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ ʩʢʣʦʥʳ ʭʦʣʤʦʚ ʙʳʣʠ ʚʝʨʪʠʢʘʣʴʥʦ ʧʦʜʨʝʟʘʥʳ 

ʙʝʟ ʫʩʪʨʦʡʩʪʚʘ ʧʦʜʧʦʨʥʳʭ ʩʪʝʥʦʢ; 

- ʚʦʜʦʦʪʚʦʜʥʳʝ ʣʦʪʢʠ ʫʩʪʨʦʝʥʳ ʥʝ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʥʝ ʚʳʧʦʣʥʷʶʪ ʩʚʦʠʭ ʬʫʥʢʮʠʡ; 

- ʥʘ ʧʦʜʨʝʟʘʥʥʳʭ ʩʢʣʦʥʘʭ ʦʪʤʝʯʝʥʳ ʤʠʢʨʦʦʧʣʳʚʠʥʳ ʠ ʦʙʨʫʰʝʥʠʝ ʩʪʝʥʦʢ; 
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- ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʝʣʝʧʨʦʧʫʩʢʦʚ ʠ ʦʪʩʫʪʩʪʚʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʠʭ 

ʩʦʩʪʦʷʥʠʝʤ ʧʦʜ ʘʚʪʦʜʦʨʦʛʦʡ ʧʨʠ ʚʳʧʘʜʝʥʠʠ ʦʩʘʜʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʧʦʜʪʦʧʣʝʥʠʝ 

ʪʝʨʨʠʪʦʨʠʡ ʚʦʩʪʦʯʥʦʡ ʢʦʪʝʣʴʥʦʡ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦ: 

- ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʛʝʥʧʣʘʥʘ ʟʘʩʪʨʦʡʢʠ ʪʝʨʨʠʪʦʨʠʠ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ 

ʧʨʝʜʫʩʤʦʪʨʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʨʝʣʴʝʬʘ ʠ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʩʪʦʢʘ ʚʦʜ; 

- ʘʨʭʠʪʝʢʪʫʨʥʦ ï ʧʣʘʥʠʨʦʚʦʯʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʟʘʩʪʨʦʡʢʠ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ, ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʦʟʚʦʜʠʤʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʠʩʢʣʶʯʝʥʠʝ ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ ʠ ʵʨʦʟʠʡ 

ʧʦʯʚʳ; 

- ʦʨʛʘʥʠʟʘʚʘʪʴ ʝʜʠʥʫʶ ʩʠʩʪʝʤʳ ʦʪʚʦʜʘ ʣʠʚʥʝʚʳʭ ʠ ʩʪʦʯʥʳʭ ʚʦʜ; 

- ʧʣʘʥʠʨʦʚʢʫ ʫʯʘʩʪʢʦʚ ʩ ʢʨʫʪʳʤʠ ʩʢʣʦʥʘʤʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʝʨʨʘʩʘʤʠ. ʇʨʠ ʵʪʦʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʦʣʞʥʦ ʚʝʩʪʠʩʴ ʩʥʠʟʫ-ʚʚʝʨʭ, ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʟʜʘʥʠʡ ʧʦʧʝʨʝʢ ʨʝʣʴʝʬʘ ʠʣʠ ʧʦʜ 

ʫʛʣʦʤ ʢ ʩʢʣʦʥʫ; 

- ʫʯʘʩʪʢʠ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʘ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʨʝʟʢʘ ʛʨʫʥʪʦʚ ʜʦʣʞʥ r ʙʳʪʴ ʫʢʨʝʧʣʝʥʳ 

ʧʦʜʧʦʨʥʳʤʠ ʩʪʝʥʢʘʤʠ; 

- ʚ ʮʝʣʷʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʢʦʧʣʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʜ ʠ ʟʘʙʦʣʘʯʠʚʘʥʠʷ 

ʪʝʨʨʠʪʦʨʠʡ ʥʝʦʙʭʦʜʠʤʦ ʚʜʦʣʴ ʘʚʪʦʜʦʨʦʛʠ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʚʝʨʪʠʢʘʣʴʥʫʶ ʜʨʝʥʘʞʥʫʶ ʩʪʝʥʢʫ ʩ 

ʩʠʩʪʝʤʦʡ ʚʦʜʦʩʙʨʦʩʥʳʭ ʩʦʦʨʫʞʝʥʠʡ.  

ʆʧʦʣʟʥʝʚʘʷ ʟʦʥʘ ʧʦʥʝʤʥʦʛʫ ʤʦʞʝʪ ʨʘʟʨʘʩʪʘʪʴʩʷ, ʠ ʦʪʜʝʣʴʥʳʝ ʜʦʤʘ ʧʨʠʭʦʜʠʪʩʷ ʩʥʦʩʠʪʴ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʠ ʨʘʟʨʘʩʪʘʪʴʩʷ. ʆʨʛʘʥʠʟʘʮʠʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ 

ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʥʝ ʜʦʣʞʥʳ ʜʦʧʫʩʢʘʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʘ ʪʘʢʠʭ ʧʦʜʦʟʨʠʪʝʣʴʥʳʭ 

ʫʯʘʩʪʢʘʭ. 

ʂ ʧʨʠʤʝʨʫ, ʜʣʷ ʤʥʦʛʠʭ ʨʘʡʦʥʦʚ ʰʪʘʪʘ ʂʘʣʠʬʦʨʥʠʷ ʉʐɸ ʩʦʩʪʘʚʣʝʥʳ ʢʘʨʪʳ, ʥʘ ʢʦʪʦʨʳʭ 

ʫʢʘʟʘʥʳ ʤʝʩʪʘ, ʧʦʜʚʝʨʞʝʥʥʳʝ ʦʧʦʣʟʥʷʤ. ʇʣʘʥʠʨʦʚʱʠʢʠ ʜʦʣʞʥʳ ʦʙʨʘʱʘʪʴʩʷ ʢ ʵʪʠʤ ʢʘʨʪʘʤ ʠ 

ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʦʧʦʣʟʥʝʡ, ʧʨʝʞʜʝ ʯʝʤ ʚʦʟʚʦʜʠʪʴ ʢʘʢʠʝ-ʣʠʙʦ ʟʜʘʥʠʷ. 

ɽʩʣʠ ʚʝʨʦʷʪʥʦʩʪʴ ʦʧʦʣʟʥʷ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ, ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʨʳ ʧʦ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʢʣʦʥʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʨʦʛʦʚʠʟʥʫ, ʵʪʠ ʤʝʨʳ ʦʢʘʞʫʪʩʷ ʜʝʰʝʚʣʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤʠ ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʨʘʙʦʪʘʤʠ. 

ɽʩʣʠ ʤʝʨʳ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʥʷʪʳ, ʪʝʨʨʠʪʦʨʠʶ ʣʫʯʰʝ ʦʩʪʘʚʠʪʴ 

ʥʝʦʩʚʦʝʥʥʦʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʩʧʦʩʦʙʘʤ ʦʢʘʟʘʥʠʷ ʧʦʤʦʱʠ ʧʨʠ 

ʥʘʩʪʫʧʣʝʥʠʠ ʙʝʜʩʪʚʠʷ, ʯʝʤ ʩʧʦʩʦʙʘʤ ʝʛʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʣʠ ʫʤʝʥʴʰʝʥʠʷ ʫʱʝʨʙʘ. ɽʩʣʠ 

ʧʨʦʜʦʣʞʘʪʴ ʜʝʡʩʪʚʦʚʘʪʴ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʚ ʙʫʜʫʱʝʤ ʙʫʜʝʪ ʫʚʝʣʠʯʝʥʘ, ʘ ʥʝ ʫʤʝʥʴʰʝʥʘ 

ʩʦʮʠʘʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʫʞʥʳ ʥʦʚʳʝ ʨʝʰʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʪʱʘʪʝʣʴʥʦʤ ʠʟʫʯʝʥʠʠ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ, ʘ ʪʘʢʞʝ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʨʘʟʨʘʙʦʪʢʫ ʩʠʩʪʝʤʳ ʙʦʨʴʙʳ ʩʦ ʩʪʠʭʠʡʥʳʤʠ ʙʝʜʩʪʚʠʷʤʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʙʦʨʴʙʳ ʩʦ ʩʪʠʭʠʡʥʳʤʠ ʙʝʜʩʪʚʠʷʤʠ ʜʦʣʞʥʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ: 

- ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʠ ʪʦʯʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ; 

- ʩʦʩʪʘʚʣʝʥʠʝ ʢʘʨʪʳ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʦʜʚʝʨʞʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʚʦʟʜʝʡʩʪʚʠʶ 

ʦʧʦʣʟʥʝʡ ʩ ʫʯʝʪʦʤ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʠ ʩʪʝʧʝʥʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ; 

- ʫʩʣʦʚʠʷ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ; 

- ʠʩʪʦʨʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʘ ʪʘʢʞʝ ʫʨʦʚʝʥʴ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ ʫʷʟʚʠʤʦʩʪʴ; 

- ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʨʝʛʠʦʥʘ; 

- ʩʦʯʝʪʘʥʠʝ ʩʪʠʭʠʡʥʦʛʦ ʷʚʣʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʧʨʦʮʝʩʩʘʤʠ; 

- ʦʙʱʫʶ ʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʷʚʣʝʥʠʷ; 

- ʧʨʦʚʝʜʝʥʠʝ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʪ.ʜ. 

ʅʘʠʙʦʣʝʝ ʜʝʡʩʪʚʝʥʥʦʡ ʟʘʱʠʪʦʡ ʦʪ ʦʧʦʣʟʥʝʡ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ: 

- ʠʟʫʯʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʢʣʦʥʦʚ; 
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- ʜʣʷ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʦʧʦʣʟʥʝʡ ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʙʦʨʳ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ 

ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʦʧʦʣʟʥʝʚʳʤ ʧʨʦʮʝʩʩʦʤ; 

- ʥʝʜʦʧʫʱʝʥʠʝ ʧʝʨʝʛʨʫʟʢʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʘ; 

- ʟʘʧʨʝʪ ʧʦʜʨʝʟʢʠ ʩʢʣʦʥʘ (ʨʝʢʦʡ, ʚʦʜʦʭʨʘʥʠʣʠʱʝʤ, ʠʥʞʝʥʝʨʥʳʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ) ʠ 

ʫʩʪʨʦʡʩʪʚʦ ʚʳʝʤʦʢ; 

- ʟʘʧʨʝʪ ʚʦʟʚʝʜʝʥʠʷ ʢʘʧʠʪʘʣʴʥʳʭ ʟʜʘʥʠʡ ʥʘ ʩʢʣʦʥʝ, ʘ ʪʘʢʞʝ ʧʨʠʣʝʛʘʶʱʝʤ ʧʣʘʪʦ; 

- ʟʘʧʨʝʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʟʨʳʚʥʳʭ ʠ ʛʦʨʥʳʭ ʨʘʙʦʪ ʚʙʣʠʟʠ ʩʢʣʦʥʘ; 

- ʥʝʜʦʧʫʱʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʚʩʝʛʦ ʢʦʩʦʛʦʨʘ; 

- ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʪʦʢʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ;  

- ʠʩʢʣʶʯʝʥʠʝ ʫʪʝʯʢʠ ʠʟ ʚʦʜʦʧʨʦʚʦʜʥʳʭ ʠ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʩʝʪʝʡ;  

- ʫʩʪʨʦʡʩʪʚʦ ʜʨʝʥʘʞʝʡ; 

- ʟʘʢʨʝʧʣʝʥʠʝ ʛʨʫʥʪʦʚ; 

- ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʨʝʣʴʝʬʘ; 

- ʬʠʢʩʘʮʠʷ ʩʢʣʦʥʦʚ ʩ ʧʦʤʦʱʴʶ ʩʚʘʡ; 

- ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʧʦʨʥʳʭ ʠ ʧʦʜʧʦʨʥʳʭ ʩʪʝʥʦʢ; 

- ʩʦʙʣʶʜʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʦʨʤ ʠ ʧʨʘʚʠʣ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʩʪʝʧʝʥʠ ʛʦʪʦʚʥʦʩʪʠ ʠ ʙʳʩʪʨʦʪʘ ʜʝʡʩʪʚʠʡ ʠ ʪ.ʜ. 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʟʜʘʥʠʡ, ʚʦʟʚʦʜʠʤʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʧʦʣʟʥʝʚʳʝ 

ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʅʦ ʫʛʨʦʟʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʫʚʝʣʠʯʝʥʘ ʠʣʠ ʧʨʝʫʤʝʥʴʰʝʥʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʝʨʝʩʪʨʘʭʦʚʢʘ ʠ ʥʝ ʫʯʝʪ ʦʧʘʩʥʦʩʪʠ, ʢʘʢʫʶ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʵʪʠ ʧʨʦʮʝʩʩʳ, ʤʦʞʝʪ ʜʦʨʦʛʦ ʦʙʦʡʪʠʩʴ. 

ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʝʩʪʝʩʪʚʝʥʥʳʡ 

ʭʦʜ ʧʨʦʮʝʩʩʘ. ʇʦʵʪʦʤʫ ʢʘʞʜʫʶ ʧʨʠʯʠʥʫ ʠ ʫʩʣʦʚʠʝ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʭʦʜ ʦʧʦʣʟʥʝʚʦʛʦ ʧʨʦʮʝʩʩʘ 

ʩʣʝʜʫʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʠʤʝʷ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʚʠʜʫ, ʯʪʦ ʚʣʠʷʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʣʦʞʥʦʡ ʢʦʤʙʠʥʘʮʠʠ. 

ʉʦʛʣʘʩʥʦ ʉʅʠʇ ʈʊ 22-07-2018 çʉʝʡʩʤʦʩʪʦʡʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦè (ʧ.7) ʧʣʦʱʘʜʢʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʦʪʤʝʯʝʥʳ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ, ʧʝʨʝʢʨʳʪʳʝ ʯʝʭʣʦʤ 

ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʤʦʱʥʦʩʪʴʶ ʤʝʥʝʝ 10 ʤ, ʫʯʘʩʪʢʠ ʩ ʢʨʫʪʠʟʥʦʡ ʩʢʣʦʥʦʚ ʙʦʣʝʝ 150, ʩ 

ʦʧʦʣʟʥʷʤʠ, ʦʙʚʘʣʘʤʠ, ʦʩʳʧʷʤʠ, ʢʘʨʩʪʦʤ, ʩʝʣʷʤʠ, ʫʯʘʩʪʢʠ, ʩʣʦʞʝʥʥʳʝ ʛʨʫʥʪʘʤʠ IV ʢʘʪʝʛʦʨʠʠ ʧʦ 

ʩʝʡʩʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʷʚʣʷʶʪʩʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʚ ʩʝʡʩʤʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ. ʇʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʪʘʢʠʭ ʧʣʦʱʘʜʢʘʭ ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʨʳ ʧʦ ʫʢʨʝʧʣʝʥʠʶ ʠʭ ʦʩʥʦʚʘʥʠʡ, ʫʩʠʣʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʥʞʝʥʝʨʥʦʡ 

ʟʘʱʠʪʝ ʪʝʨʨʠʪʦʨʠʡ ʦʪ ʦʧʘʩʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʩ ʜʨʝʚʥʝʡʰʠʭ ʚʨʝʤʝʥ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʜʦʩʪʫʧʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʠʣʴʷ ʷʚʣʷʶʪʩʷ ʤʝʩʪʥʳʝ ʛʣʠʥʷʥʳʝ ʤʘʪʝʨʠʘʣʳ ï ʣʝʩʩ ʠ 

ʣʝʩʩʦʚʠʜʥʳʡ ʩʫʛʣʠʥʦʢ. ʕʪʦʪ ʤʘʪʝʨʠʘʣ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ, ʜʦʩʪʫʧʝʥ, ʜʝʰʝʚ, ʦʙʣʘʜʘʝʪ 

ʭʦʨʦʰʠʤʠ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʩʦʟʜʘʚʘʪʴ ʜʦʚʦʣʴʥʦ 

ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʚ ʞʠʣʠʱʝ ʚ ʩʪʨʘʥʘʭ ʩ ʩʫʭʠʤ ʠ ʞʘʨʢʠʤ ʢʣʠʤʘʪʦʤ. ɼʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʚʦʟʚʝʜʝʥʠʷ ʞʠʣʳʭ ʟʜʘʥʠʡ, ʜʦʩʪʫʧʥʘʷ, ʧʨʘʢʪʠʯʝʩʢʠ, ʣʶʙʦʡ ʩʝʤʴʝ. 

ʀʟʚʝʩʪʥʦ ʪʘʢʞʝ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʞʠʣʳʝ ʟʜʘʥʠʷ, ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ 

ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʝʰʝʚʳʝ ʤʝʩʪʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʛʣʠʥʘ, ʩʳʨʮʦʚʳʡ 

ʢʠʨʧʠʯ, ʧʨʠʨʦʜʥʳʡ ʢʘʤʝʥʴ ʠ ʧʨʠʤʠʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʟʜʘʥʠʡ ʠʟ ʛʨʫʥʪʦʤʘʪʝʨʠʘʣʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʙʝʟ ʫʯʝʪʘ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʨʘʙʦʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʞʠʚʘʝʤʦʛʦ ʚ ʥʠʭ ʥʘʩʝʣʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʜʦʚ ʠ 

ʩʧʦʩʦʙʦʚ ʚʦʟʚʝʜʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʞʠʣʳʭ ʟʜʘʥʠʡ ʠʟ ʛʨʫʥʪʦʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʭ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ. ʊʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʤʥʦʛʦ ʣʝʪ ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ 

ʂʦʤʠʪʝʪʘ ʧʦ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʧʨʠ ʇʨʘʚʠʪʝʣʴʩʪʚʝ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʠ 

ʀʥʩʪʠʪʫʪʦʤ ʛʝʦʣʦʛʠʠ, ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʝʡʩʤʦʣʦʛʠʠ ʅɸʅʊ. ʉʧʦʩʦʙʳ 

ʚʦʟʚʝʜʝʥʠʷ ʞʠʣʳʭ ʟʜʘʥʠʡ ʠʟ ʛʣʠʥʦʙʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʜʦʣʞʥʳ ʧʦʟʚʦʣʷʪʴ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʜʦʩʪʠʛʥʫʪʴ ʠʭ ʜʦʩʪʘʪʦʯʥʦʡ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʪʨʷʩʝʥʠʡ 7-8 ʙʘʣʣʦʚ ʧʦ 

ʰʢʦʣʝ ʄSK, ʘ ʩ ʜʨʫʛʦʡ ï ʫʧʨʦʩʪʠʪʴ ʚʦʟʚʝʜʝʥʠʝ ʞʠʣʳʭ ʟʜʘʥʠʡ ʩ ʮʝʣʴʶ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ 
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ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʜʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʘʤʠʭ ʟʜʘʥʠʡ ʚ ʮʝʣʦʤ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʦʙʝʩʧʝʯʠʣʦ ʙʳ ʜʦʩʪʘʪʦʯʥʫʶ ʜʝʰʝʚʠʟʥʫ ʠ ʤʘʩʩʦʚʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʩʪʨʦʡʢʠ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʦʟʚʝʜʝʥʠʶ ʜʦʩʪʘʪʦʯʥʦ 

ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʴʷ ʠʟ ʤʝʩʪʥʳʭ ʛʣʠʥʦʙʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʟʘʩʪʨʦʡʱʠʢʘʤʠ. ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʦʩʪʨʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʝʨʝʨʘʙʦʪʘʪʴ ʵʪʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʩ ʫʯʝʪʦʤ ʜʦʩʪʫʧʥʦʩʪʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʟʘʩʪʨʦʡʱʠʢʦʚ, ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʩʪʘʪʦʯʥʦ ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ 

ʞʠʣʴʷ ʠʟ ʛʣʠʥʦʙʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʅʝʦʙʭʦʜʠʤʦ ʥʘʫʯʠʪʴ ʣʶʜʝʡ ʵʣʝʤʝʥʪʘʨʥʳʤ, ʜʦʩʪʫʧʥʳʤ ʠ ʜʝʰʝʚʳʤ ʩʧʦʩʦʙʘʤ ʠ ʤʝʪʦʜʘʤ 

ʚʦʟʚʝʜʝʥʠʷ ʞʠʣʴʷ ʠʟ ʛʣʠʥʦʙʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʩʘʤʳʭ ʜʝʰʝʚʳʭ, ʜʦʩʪʫʧʥʳʭ ʠ 

ʪʨʘʜʠʮʠʦʥʥʳʭ. ʅʫʞʥʳʤ ʧʨʦʩʪʳʤ, ʧʦʧʫʣʷʨʥʳʤ ʷʟʳʢʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʪʳʭ ʩʭʝʤ ʠ 

ʨʠʩʫʥʢʦʚ, ʦʙʲʷʩʥʠʪʴ ʧʨʦʩʪʳʤ ʣʶʜʷʤ-ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʟʘʩʪʨʦʡʱʠʢʘʤ, ʢʘʢ ʥʫʞʥʦ ʩʪʨʦʠʪʴ ʜʦʤʘ, 

ʯʪʦʙʳ ʚ ʥʠʭ ʤʦʞʥʦ ʙʳʣʦ ʙʝʟʦʧʘʩʥʦ ʧʨʦʞʠʚʘʪʴ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʞʝ ʧʦʩʪʨʦʝʥʥʳʭ ʜʦʤʦʚ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ 

ʫʩʠʣʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ. ʀ ʵʪʦ ʪʦʞʝ ʧʨʦʙʣʝʤʘ. 

ʀʟ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʚʳʪʝʢʘʝʪ, ʯʪʦ ʦʧʦʣʟʥʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʝʩʪʴ 

ʩʤʝʱʝʥʠʝ ʤʘʩʩ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʷʚʣʷʶʱʠʭʩʷ ʦʩʥʦʚʘʥʠʝʤ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʠ ʤʘʩʰʪʘʙʦʚ ʧʨʦʷʚʣʝʥʠʷ ʦʧʦʣʟʥʷ 

ʚʦʟʥʠʢʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ. ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ 

ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʘ ʥʘʩʝʣʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʝ ʞʝʨʪʚ ʯʝʣʦʚʝʯʝʩʢʠʭ ʞʠʟʥʝʡ, ʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ ʤʝʨʳ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʢ ʪʘʢʠʤ ʥʘʛʨʫʟʢʘʤ. ʉʦʚʨʝʤʝʥʥʳʝ ʟʜʘʥʠʷ, 

ʧʦʩʪʨʦʝʥʥʳʝ ʠʟ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʦʨʤ ʠ 

ʧʨʘʚʠʣ, ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴʶ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʢʘʢ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳ ʟʜʘʥʠʷ, 

ʧʦʩʪʨʦʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʧʘʭʩʘ, ʩʳʨʝʮ, ʢʘʤʝʥʴ ʠ ʪ.ʜ) ʠ ʚ ʫʩʣʦʚʠʷʭ 

ʛʦʨʥʦʛʦ ʨʝʣʴʝʬʘ. 

ɸ ʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠ ʦʧʦʣʟʥʝʦʧʘʩʥʳʭ ʨʘʡʦʥʘʭ ʚʜʚʦʡʥʝ ʚʦʟʨʘʩʪʘʝʪ ʫʛʨʦʟʘ ʨʘʟʨʫʰʝʥʠʡ 

ʟʜʘʥʠʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʪʝʨʴ ʯʝʣʦʚʝʯʝʩʢʠʭ ʞʠʟʥʝʡ, ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʮʝʥʥʦʩʪʝʡ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ ʠʟ ʤʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʣʝʜʫʝʪ ʩʪʨʦʛʦ 

ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʭ ʧʨʠʥʮʠʧʦʚ: 

ʘ) ʚʳʙʦʨ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ ʧʨʦʠʟʚʦʜʠʪʴ ʩ ʫʯʝʪʦʤ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ, ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʪ.ʜ.; 

ʙ) ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʢʦʤʧʦʥʦʚʢʦʡ ʧʦʤʝʱʝʥʠʡ ʠ ʬʦʨʤʳ ʟʜʘʥʠʡ 

ʚ ʧʣʘʥʝ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʨʦʷʚʣʝʥʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʝʬʦʨʤʘʮʠʡ; 

ʚ) ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʨʝʰʝʥʠʝʤ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʦ ʚʳʙʦʨʫ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʳʭ ʠ ʥʘʜʝʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʛʦ: 

- ʥʘʣʠʯʠʝ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʳʭ ʩʚʝʜʝʥʠʡ ʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ, ʧʨʦʯʥʦʩʪʥʳʭ ʠ 

ʜʝʬʦʨʤʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚʘʭ ʠʟʜʝʣʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʤʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʭ ʤʦʥʦʣʠʪʥʦʩʪʠ ʠ ʨʘʚʥʦʧʨʦʯʥʦʩʪʠ; 

- ʜʦʙʘʚʣʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʫ ʭʨʫʧʢʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʛʠʙʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʢ ʧʨʠʤʝʨʫ, ʜʝʨʝʚʷʥʥʳʡ ʢʘʨʢʘʩ, ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʩʝʨʜʝʯʥʠʢʠ ʠ ʧʦʷʩʘ ʠ ʪ.ʜ.) ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʥʝʟʘʧʥʦʛʦ ʠ ʤʛʥʦʚʝʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʠʤʤʝʪʨʠʠ ʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩ ʠ 

ʞʝʩʪʢʦʩʪʝʡ; 

- ʦʛʨʘʥʠʯʝʥʠʝ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ ʟʜʘʥʠʡ ʠ ʪ.ʜ.  
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Øìėú÷ì íì øìýĆì÷ìĕúô íñāìþìüôô íôùúĕú íú ôýþôĀúðì ìó øìýú÷ñĕô øìĕì÷÷Ē ýúāþìĄÿðì, ìó Ĕÿø÷ì ðìü 

ĕú÷ìþĕúô Āìîėÿ÷úððìô þìíôĒ îì þñāùúïñùĒ íìāĄôðì Ąÿðììýþ. Ðìü íìõùô øìýĆì÷ìĕúô ï÷úíì÷ôô óìøúùô øú, 
íñāìþìüôô íôùúĕú îì ĕôĀóô úðìøúù ìó ĕúðôýìĕúô Āìîėÿ÷úððìô þìíôôĊ þñāùúïñùĒ Ĕúô øìāýÿýüú ôĄĎú÷ 
øñöÿùìð. Íì Æÿøĕÿüôô ÞúĔôöôýþúù Ąìüúôþô øÿüìööìíô øÿĕìùðôýôĊ ïñú÷úïĒ, ïôðüú÷úïĒ, ôė÷ôøĒ, üñ÷ñĀô 
øÿüìööìí, Ąìüúôþô öĘĕôýþúù, ôøöúùô óÿĕÿüô āúýôċþĕúô ĀÿüĘùôĄôùôô āúöĕúô ïô÷ îì Ďìõüì āúý ìýþ. 
äìĕüôöÿùúùĒ ðìü ĔÿøĕÿüĒ íì ĕôýúíô øôČùì þìėüôíìù 26 Āúôóüú þìĄöô÷ øñðôĕìð îì ìó ôù üĘ, ėôýøô óôČðô 
ìĕú÷Ē ðìü ðñĕúþ óôùðìïĒ øñöÿùìð. Ðìü ðñĕúþ íú ùìóìüðúĄþô ôøöúùôċþĕúô ìĕú÷ôô øìĕì÷÷Ē íôùúĕú ìýúýìù íú 
øìýú÷ñĕô øìĕì÷÷Ē ýúāþì øñĄìîìùð, öô ôù íñĄÿíĕì ðÿüÿýþ ìýþ. ÏÿóìĄþì ìó ôù, þôíėô úøúü ìó 39%-ô ìĕú÷ôô 
Ĕìĕúù, öô ðìü øôùþìėìĕúô ìó Ĕôĕìþô ýñõýøôöĒ āìþìüùúö óôùðìïĒ øñöÿùìùð, 72%-ô úùĕú ðìü āúùìĕúô ýúāþìô 
āÿðô ýúöôùúù óôùðìïĒ øñöÿùìùð. Ôù íôùúĕú ìýúýìù ìó ïô÷ÿ ýìùï, āôĄþô ïô÷ôù îì ðñîúüĕúô ăĘíĒ ýúāþì 
Ąÿðììùð. äÿøúüìô öìøô íôùúĕúô ôýþôėúøìþĒ íú ôýþôĀúðì ìó öúùýþüÿöýôċĕúô ăĘíôù ýúāþì øñĄìîìùð, öô ìó 
óìøúùĕúô ėìðôø íú ÿùýÿüĕúô óôððôýñõýøôöôô āÿð ėìõð öìüðì øñĄÿðìùð. ØìĆ÷ÿøúþô ýñüĄÿøúü úôð íì 
óô÷óô÷ìĕúñ, öô ðìü ýìüúýìüô Ĕìĕúù íì ìøì÷ úøìðììùð, ùôĄúù øñðôĕìùð, öô íôùúĕúñ, öô ðñîúüìĄúù ìó ïô÷ îì 
ýìùï ýúāþì Ąÿðììýþ, óô÷óô÷ìþúíúîìüôô öúĀĒ ùìðúüìùð. Ôù úøô÷ĕúüú ðìü úċùðì ĕìùïúøô ýúāþìùô íôùúĊ 
ôùĄúúþ íú ùìóìüðúĄþô íñāìþìüôô úùĕú íì ùìóìü ïôüôĀþìù ÷úóôø ìýþ. 
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ʇʈʆɹʃɽʄʓ ɹɽɿʆʇɸʉʅʆʉʊʀ ɿɼɸʅʀʁ, ɺʆɿɺʆɼʀʄʓʍ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʄɽʉʊʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ ɺ ʋʉʃʆɺʀʗʍ ʈɽʉʇʋɹʃʀʂʀ ʊɸɼɾʀʂʀʉʊɸʅ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʜʘʥʠʡ, ʚʦʟʚʦʜʠʤʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʚ ʫʩʣʦʚʠʷʭ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʉʨʝʜʠ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʙʣʝʤ 

ʩʦʚʨʝʤʝʥʥʦʩʪʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʟʜʘʥʠʡ ʠ ʟʘʱʠʪʘ ʣʶʜʝʡ ʦʪ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ. ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʦʞʥʳʤʠ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤʠ, ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ ʤʝʩʪʥʦʩʪʠ, ʛʦʨʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ, ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʦʷʚʣʝʥʠʷ ʧʨʦʩʘʜʦʯʥʳʭ ʩʚʦʡʩʪʚ ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʦʚ ʠ ʜʨ. ʋʨʙʘʥʠʟʘʮʠʷ ʚ ʩʪʨʘʥʝ ʚ 

ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 26% ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʥʘʩʝʣʝʥʠʷ ʧʨʦʞʠʚʘʝʪ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ. ɺ 

ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʜʘʥʠʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʙʝʟʫʩʣʦʚʥʦ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʳʤ. ʇʨʠ ʵʪʦʤ ʧʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʠʟ 39% ʥʘʩʝʣʝʥʠʷ ɿʝʤʥʦʛʦ ʰʘʨʘ, ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʩʝʡʩʤʦʦʧʘʩʥʳʭ ʨʘʡʦʥʘʭ, 72% ʠʟ ʥʠʭ 

ʧʨʦʞʠʚʘʶʪ ʚ ʜʦʤʘʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʩʘʤʠʤʠ ʞʠʣʴʮʘʤʠ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʠ ʟʜʘʥʠʷ ʚʦʟʚʝʜʝʥʳ ʠʟ ʛʣʠʥʳ ʠ ʢʘʤʥʷ, 

ʩʳʨʮʦʚʦʛʦ ʢʠʨʧʠʯʘ ʠ ʩ ʛʣʠʥʦʙʠʪʥʳʤʠ ʩʪʝʥʘʤʠ. ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʣʳʭ ʟʜʘʥʠʡ ʧʦʩʪʨʦʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʩ ʜʨʝʚʥʝʡʰʠʭ ʚʨʝʤʝʥ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʧʨʦʠʩʰʝʜʰʠʤ ʚ ʤʠʨʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʜʘʥʠʷ ʩʦ ʩʪʝʥʘʤʠ 

ʠʟ ʛʣʠʥʳ ʠ ʢʘʤʥʷ ʥʝ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴʶ. ʅʝʦʙʭʦʜʠʤ ʫʯʝʪ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʠ 

ʚʦʟʚʝʜʝʥʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʩ ʫʯʝʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʟʦʧʘʩʥʦʩʪʴ, ʟʜʘʥʠʝ, ʢʦʥʩʪʨʫʢʮʠʷ, ʩʪʨʦʠʪʝʣʴʥʳʝ ʥʦʨʤʳ, ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ, 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʧʦʣʟʥʠ, ʦʙʚʦʜʥʝʥʠʝ, ʧʨʦʩʘʜʦʯʥʳʝ ʩʫʛʣʠʥʠʩʪʳʝ ʛʨʫʥʪʳ, ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ, ʠʟʳʩʢʘʥʠʷ, 

ʤʝʩʪʥʳʝ ʤʘʪʝʨʠʘʣʳ.  

 

PROBLEMS OF BUILDING SAFETY, ERECTED USING LOCAL MATERIALS IN THE CONDITIONS OF 

THE REPUBLIC OF TAJIKISTAN  

The article is devoted to the problems of safety of buildings erected using local materials, including in emergency 

situations of natural and man-made nature. Among the global problems of our time, the safety of buildings and protection 

of people from emergency situations of natural and man-made nature occupies a special place. The Republic of Tajikistan 

is characterized by complex engineering-geological, hydrological, climatic conditions, complex terrain, mountainous 

conditions, the possibility of manifestation of subsidence properties of clay soils, etc. Urbanization in the country averages 

about 26% and, therefore, a significant part of the population lives in rural areas. In rural areas, taking into account the 

capabilities of the local population, mainly construction of buildings is carried out using local materials, which is certainly 

justified. At the same time, according to statistics, out of 39% of the world's population living in seismically hazardous 

areas, 72% of them live in houses built by the residents themselves. These buildings are mainly erected from clay and 

stone, adobe bricks and with adobe walls. A small number of residential buildings are built using wooden structures, in 

which anti-seismic elements have been noted since ancient times. Numerous data on earthquakes that have occurred in the 

world show that buildings with clay and stone walls do not have sufficient seismic resistance. It is necessary to take these 

factors into account in the future when constructing buildings and structures, taking into account their safety. 

Keywords: safety, building, structure, building codes, emergency situations, seismic impacts, landslides, flooding, 

subsidence loamy soils, groundwater, surveys, local materials. 
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ʋɼʂ: 697.94(075.8) 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ɼɸʅʅʓɽ ʇʆ ʇʆɺʓʐɽʅʀʖ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ʊɽʇʃʆʄɸʉʉʆʆɹʄɽʅɸ ɺ ʉʀʉʊɽʄɸʍ ɺɽʅʊʀʃʗʎʀʀ ʉ ɺʈɸʑɸʖʑʀʄʀʉʗ 

ʋɺʃɸɾʅʀʊɽʃʗʄʀ ɺʆɿɼʋʍɸ 

 

ɸʙʜʫʣʣʘʝʚ ʈ.ɻ. 

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʘʢʘʜʝʤʠʢʘ ʄ.ʉ. ʆʩʠʤʠ 

 

ʇʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʘʭ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʠ ʚʝʥʪʠʣʷʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦʤ ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʝʧʣʦ- ʠ ʚʣʘʛʦʚʳʜʝʣʝʥʠʷʤʠ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʡ ʟʜʘʥʠʡ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʘʩʩʠʤʠʣʷʮʠʶ ʠ ʦʪʚʦʜ ʪʝʧʣʦʪʳ ʠʟ ʧʦʤʝʱʝʥʠʡ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʟʘʚʠʩʠʪ ʦʪ 

ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ. ʇʨʠʜʘʥʠʝ ʧʨʠʪʦʯʥʦʤʫ ʚʦʟʜʫʭʫ ʟʘʜʘʥʥʳʭ ʢʦʥʜʠʮʠʡ ʚ 

ʩʠʩʪʝʤʘʭ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʠ ʩʠʩʪʝʤʘʭ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʭʘ 

ʧʦʤʝʱʝʥʠʡ ʧʨʦʠʟʚʦʜʩʪʚ ʥʘʨʷʜʫ ʩʦ ʤʥʦʛʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ 

ʘʧʧʘʨʘʪʘʭ. 

ɿʘʤʝʪʥʦʛʦ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʩʠʩʪʝʤʘʭ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʚʦʟʜʫʭʘ ʟʜʘʥʠʷ ʧʨʠ ʝʛʦ ʠʟʦʵʥʪʘʣʴʧʠʡʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʘʭ 

ʨʘʩʧʳʣʠʪʝʣʴʥʦʛʦ ʪʠʧʘ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʜʚʫʤʷ ʧʫʪʷʤʠ: ʣʠʙʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʚ 

ʪʝʧʣʦʧʦʩʪʫʧʣʝʥʠʷ, ʯʪʦ ʪʨʝʙʫʝʪ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ, ʣʠʙʦ ʧʦʚʳʩʠʚ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʠʩʪʝʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʠ ʚʝʥʪʠʣʷʮʠʠ ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʠʥʪʝʥʩʠʬʠʮʠʨʫʶʱʠʭ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥ. 

ʆʩʥʦʚʥʳʤ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ ʠ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʥʝʦʙʭʦʜʠʤʳʭ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʨʫʛʠʭ ʜʘʥʥʳʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʝʪʘ, 

ʧʨʠʤʝʨʳ, ʩʧʦʩʦʙʳ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪ.ʜ. 

ɺ ʮʝʥʪʨʘʣʴʥʳʭ ʢʦʥʜʠʮʠʦʥʝʨʘʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʜʦʚʦʜʯʠʢʦʚ ʤʝʩʪʥʳʝ ʘʜʠʘʙʘʪʥʳʝ ʫʚʣʘʞʥʠʪʝʣʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʭʦʣʦʜʘ ʚ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ ʛʦʜʘ ʠ ʫʤʝʥʴʰʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ 

ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʘʭ ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʚʦʟʜʫʭʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ ʟʘ ʩʯʝʪ ʥʝ ʪʦʣʴʢʦ ʤʝʩʪʥʳʭ ʘʜʠʘʙʘʪʥʳʭ ʜʦʚʦʜʯʠʢʦʚ, ʥʦ ʠ ʟʘ ʩʯʝʪ 

ʦʨʛʘʥʠʟʘʮʠʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩ ʤʥʦʛʦʜʠʩʧʝʨʩʥʳʤ ʨʘʩʧʳʣʝʥʠʝʤ 

ʚʦʜʳ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʘʜʠʘʙʘʪʥʳʭ (ʠʟʦʵʥʪʘʣʴʧʠʡʥʳʭ) ʚʨʘʱʘʶʱʠʭʩʷ ʫʚʣʘʞʥʠʪʝʣʝʡ ʚʦʟʜʫʭʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʚʣʘʞʥʠʪʝʣʝʡ ʚʦʟʜʫʭʘ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ ʅʀʀ ʩʘʥʪʝʭʥʠʢʠ [1,ʩ.10]. 

ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʆʧʳʪʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɽʘ, ɽ0, 

ɽʥ [1,ʩ.16]. ʋʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ: 

˒́ ρ
̍

̍
Ὢ‫ὙȠ       (1)ȟὄȟ‎‮ 

˒ ρ
̍ Ȣ̃̋

̍ Ȣ̃̎
Ὢ‫ὙȠ      (2)ȟὄȟ‎‮ 

˒̎ ρ
Ȣ̃̋ ̍

Ȣ̃̎ ̍
Ὢ‫ὙȠ     (3)ȟὄȟ‎‮ 

ʛʜʝ ˒́  ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ ʨʝʮʠʨʢʫʣʷʮʠʥʥʦʡ ʚʦʜʦʡ 

(ʧʨʦʮʝʩʩ ʘʜʠʘʙʘʪʠʯʝʩʢʠʡ); 

˒ ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ 

(ʧʦʣʠʪʨʦʧʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ); 

˒̎ ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ ʪʝʧʣʦʡ ʚʦʜʦʡ 

(ʧʦʣʠʪʨʦʧʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ); 

ὸȟὸ  ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʧʦ ʩʫʭʦʤʫ ʪʝʨʤʦʤʝʪʨʫ, 0ʉ; 

ὸ̍ , ὸ̍ ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʧʦ ʤʦʢʨʦʤʫ ʪʝʨʤʦʤʝʪʨʫ, 0ʉ; 
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ὸ̃Ȣ̎, ὸ̃Ȣ̋ ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ʫʚʣʘʞʥʠʪʝʣʝ, 0ʉ; 

‎‮  ʚʝʩʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ, (ʢʛ/ʤ2Ŀʩʝʢ); 

 ὄ  ʢʦʵʬʬʠʮʠʝʥʪ ʦʨʦʰʝʥʠʷ; 

‫Ὑ  ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ, (ʤ/ʩʝʢ); 

 

ʊʘʙʣʠʮʘ 1. ʉʚʦʜʢʘ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʦʙʨʘʙʦʪʢʠ ʚ ʦʨʦʩʠʪʝʣʴʥʳʭ ʢʘʤʝʨʘʭ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʨʘʩʧʳʣʠʪʝʣʷʤʠ 

Table 1. Summary of conditions for conducting an experimental study of processing processes in 

irrigation chambers with rotating sprayers 

ʀʟʫʯʘʝʤʳʡ ʧʘʨʘʤʝʪʨ ʇʨʦʮʝʩʩʳ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ 

ʈʝʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʚʦʜʦʡ ʍʦʣʦʜʥʦʡ ʚʦʜʦʡ ʊʝʧʣʦʚʦʡ ʚʦʜʦʡ 

ʂʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ 8 16 8 16 8 16 

ʆʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʳʣʠʪʝʣʷ ʚ ʤ/ʩʝʢ 

 

34,8 

 

49,4 

 

34,8 

 

49,4 

 

34,8 

 

4,8 

 

49,4 

 

34,8 

 

49,4 

ɺʝʩʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʚ 

ʢʛ/ʤ2Ŀʩʝʢ 

8,36 

7,45 

8,84 

6,9 

6,6 8,84 

6,6 

5,45 

7,5 

5,75 

8,1 

6,6 

5,73 

8,05 

7,55 

8 8,87 

8 

7,5 

7,2 

6,35 

5,88 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʨʦʰʝʥʠʷ 0,05-0,3 0,05-0,3 0,05-0,2 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ 0ʉ 

ʧʦ ʩʫʭʦʤʫ ʪʝʨʤʦʤʝʪʨʫ 

çʤʦʢʨʦʤʫè 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ 0C 

 

15-22 

10-16 

10-16 

 

16,5-19,2 

13,6-15,1 

9,1-9,5 

 

6,3-15,5 

3,6-11,2 

22,5-41 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ 

ʨʝʮʠʨʢʫʣʠʨʫʶʱʝʡ ʚʦʜʦʡ ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʝʣʠʯʠʥʳ ˒́, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1. 
ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʢʘʤʝʨʘʭ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʨʘʩʧʳʣʠʪʝʣʷʤʠ ʧʨʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʦʨʦʰʝʥʠʷ 0,15-0,46 ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ (0,65-0,96). 

ʈʦʩʪ ʚʝʣʠʯʠʥʳ ˒́ ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʳʣʠʪʝʣʷ ʠ 

ʫʤʝʥʴʰʝʥʠʝʤ ʚʝʩʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ. ʇʨʠʯʝʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʢʦʨʦʩʪʝʡ ʚʦʟʜʫʭʘ ʠ 

ʨʘʩʧʳʣʠʪʝʣʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ Ea ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʙʦʣʴʰʝʤʫ ʟʥʘʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʨʦʰʝʥʠʷ. 

ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʤʝʨ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʨʘʩʧʳʣʠʪʝʣʷʤʠ ʩ ʪʠʧʦʚʳʤʠ 

ʬʦʨʩʫʥʦʯʥʳʤʠ ʢʘʤʝʨʘʤʠ ʧʨʠ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʜʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʨʠʩʫʥʢʘ 1, ʢʘʤʝʨʳ ʩ 16 ïʢʘʥʘʣʴʥʳʤʠ ʚʨʘʱʘʶʱʠʤʠʩʷ ʨʘʩʧʳʣʠʪʝʣʷʤʠ (ʢʨʠʚʳʝ 7 ʠ 8) ʚ 

ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʝʚʦʩʭʦʜʷʪ ʢʘʤʝʨʳ ʩ 8 ï ʢʘʥʘʣʴʥʳʤʠ ʨʘʩʧʳʣʠʪʝʣʷʤʠ (ʢʨʠʚʳʝ 5 

ʠ 6). ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʤʝʨ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʨʘʩʧʳʣʠʪʝʣʷʤʠ ʩ ʪʠʧʦʚʳʤʠ 

ʬʦʨʩʫʥʦʯʥʳʤʠ ʢʘʤʝʨʘʤʠ ʧʨʠ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʜʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʨʠʩʫʥʢʘ 1, ʢʘʤʝʨʳ ʩ 16 ïʢʘʥʘʣʴʥʳʤʠ ʚʨʘʱʘʶʱʠʤʠʩʷ ʨʘʩʧʳʣʠʪʝʣʷʤʠ (ʢʨʠʚʳʝ 7 ʠ 8) ʚ 

ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʝʚʦʩʭʦʜʷʪ ʢʘʤʝʨʳ ʩ 8 ï ʢʘʥʘʣʴʥʳʤʠ ʨʘʩʧʳʣʠʪʝʣʷʤʠ (ʢʨʠʚʳʝ 5 

ʠ 6). 

ʇʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʢʘʥʘʣʦʚ ʧʨʠ 

ʥʝʠʟʤʝʥʥʦʡ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʬʦʨʩʫʥʦʯʥʳʭ ʢʘʤʝʨʘʭ ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʨʦʰʝʥʠʷ, ʯʝʤ ʚ ʢʘʤʝʨʘʭ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʨʘʩʧʳʣʠʪʝʣʷʤʠ. 

ʈʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʧʨʠʚʦʜ ʚʨʘʱʘʶʱʝʛʦʩʷ ʨʘʩʧʳʣʠʪʝʣʷ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʨʘʩʭʦʜʘ ʥʘ 

ʭʦʣʦʩʪʦʡ ʭʦʜ Nʭ.ʭ ʠ ʨʘʩʭʦʜʘ ʥʘ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʞʠʜʢʦʩʪʠ ὔ : 

 

ὔ̔ ̒̓ ὔ̖Ȣ̖ ὔ ,  (ʢɺʪ)   (4) 
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ʊʘʙʣʠʮʘ 2. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ˒́ ʦʪ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʨʦʰʝʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʦʟʜʫʭʘ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʚʦʜʦʡ (0,11ÒɺÒ0,42) 

Table 2. Analytical expressions for the dependence of the efficiency coefficient E_a on the 

irrigation coefficient when treating air with recirculated water (0.11ÒBÒ0.42) 
 

 

ʊʠʧ ʨʘʩʧʳʣʠʪʝʣʷ 

ʆʢʨʫʞʥʘʷ 

ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʳʣʠʪʝʣʷ 

‫Ὑ ʚ ʤ/ʩʝʢ 

ɺʝʩʦʚʘʷ 

ʩʢʦʨʦʩʪʴ 

ʚʦʟʜʫʭʘ ʚ 

ʢʛ/ʤ2 Ŀʩʝʢ 

 

ɿʘʚʠʩʠʤʦʩʪʴ 

˒́  Ὢὄ 

ʆʙʦʙʱʘʶʱʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ 

 

8- ʢʘʥʘʣʴʥʳʡ 

 

34,8 

 

49,4 

 

8,36 

7,45 

8,84 

6,9 

ɽʘ=0,952 ɺ 0,16 

ɽʘ=0,993 ɺ 0,11 

ɽʘ=1,062 ɺ 0,07 

ɽʘ=1,073 ɺ 0,07 

ɽʘ=0,704 ɺ 0,14 

82,1-‎‮ 

ɽʘ=1,067 ɺ 0,07 

 

 

16 -ʢʘʥʘʣʴʥʳʡ 

34,8 

 

49,4 

 

6,6 

 

8,84 

6,6 

5,45 

ɽʘ=0,835 ɺ 0,04 

ɽʘ=1,035 ɺ 0,06 

ɽʘ=1,055 ɺ 0,05 

ɽʘ=0,995 ɺ 0,02 

ɽʘ=1,835 ɺ 0,04 

ɽʘ=1,19 ɺ 0,05 

70,0-‎‮ 

 

 

ʈʠʩʫʥʦʢ 1. ʉʨʘʚʥʝʥʠʝ ʦʨʦʩʠʪʝʣʴʥʳʭ ʢʘʤʝʨ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʠ ʬʦʨʩʫʥʦʯʥʳʤʠ 

ʨʘʩʧʳʣʠʪʝʣʷʤʠ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

Figure 1. Comparison of irrigation chambers with rotating and nozzle atomizers in terms of the 

efficiency of the adiabatic process 

 
 

ʂʘʤʝʨʳ ʩ ʬʦʨʩʫʥʦʯʥʳʤʠ ʨʘʩʧʳʣʠʪʝʣʷʤʠ ( ‡‎ =3 ʢʛ/ʤ2 .ʩʝʢ; n=18-24 ʰʪ./ʤ2 .ʨʷʜ [1. ʩʪʨ.19]: 

 ;ʨʷʜʘ d0=5ʤʤ 2-3= שׁ -ʨʷʜʘ, d0=3,5ʤʤ; 4 2-3= שׁ -ʨʷʜ, d0=5ʤʤ; 3 1= שׁ -ʨʷʜ, d0=3,5 ʤʤ; 2 1= שׁ -1

ʢʘʤʝʨʳ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʨʘʩʧʳʣʠʪʝʣʷʤʠ (‡‎ =6.6 ʢʛ/ʤ2.ʩʝʢ): 5- ׁ8= ש ʢʘʥʘʣʦʚ, ;‫Ὑ =34.8 ʤ/ʩʝʢ 

 ʢʘʥʘʣʦʚ, =49,4 16= שׁ -‫Ὑ =34,8 ʤ/ʩʝʢ; 8 ,ʢʘʥʘʣʦʚ 16= שׁ -‫Ὑ =49,4 ʤ/ʩʝʢ; 7 ,ʢʘʥʘʣʦʚ 8= שׁ -6

ʤ/ʩʝʢ 

ʀʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʘ ʤʦʱʥʦʩʪʠ ʥʘ ʭʦʣʦʩʪʦʡ ʭʦʜ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʳʣʠʪʝʣʷ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ: 

ὔ̖Ȣ̖ πȟωρσϽρπ ‫Ὑ ȟ (ʢɺʪ)   (5) 

ʈʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥ ʧʦ ʬʦʨʤʫʣʝ 

ὔ  πȟσχψϽρπ ‫Ὑ ὡȟ (ʢɺʪ)   (6) 

ʛʜʝ ὡ ï ʨʘʩʭʦʜ ʨʘʩʧʠʣʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʚ ʤ3/ʯ, 

ɤR ï ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ, ʤ/ʩ 

ɿʘʚʠʩʠʤʦʩʪʠ (4) ʠ (5) ʫʯʠʪʳʚʘʶʪ ʢ.ʧ.ʜ. ʢʣʠʥʦʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ. ʋʩʪʘʥʦʚʦʯʥʘʷ ʤʦʱʥʦʩʪʴ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ 

ὔ̔ ̒ ̓ πȟωρσπȟσχψὡ ‫Ὑ ρπȟ (ʢɺʪ)   (7) 
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ʉʨʘʚʥʝʥʠʝ ʢʘʤʝʨ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʨʘʩʧʳʣʠʪʝʣʷʤʠ ʩ ʪʠʧʦʚʳʤʠ ʬʦʨʩʫʥʦʯʥʳʤʠ ʢʘʤʝʨʘʤʠ 

ʧʦ ʟʘʪʨʘʪʘʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʞʠʜʢʦʩʪʠ ʧʨʦʠʟʚʦʜʝʥʦ ʧʦ ʫʜʝʣʴʥʦʡ 

ʫʩʪʘʥʦʚʦʯʥʦʡ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 1 ʢʛ/ʯ ʚʦʟʜʫʭʘ. ʇʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʵʪʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠʥʷʪʘ ʩʭʝʤʘ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʢʘʤʝʨ ʩ ʥʘʩʦʩʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ 

ʦʜʥʦʡ ʦʪʤʝʪʢʝ ʩ ʢʘʤʝʨʦʡ, ʧʦʪʝʨʷ ʥʘʧʦʨʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʦʮʝʥʝʥʘ ʚ 5000 ʢʛ/ʤ2 , ʘ ʢ.ʧ.ʜ. ʥʘʩʦʩʘ å 

0,6. 

 

 
ʈʠʩʫʥʦʢ 2. ʉʨʘʚʥʝʥʠʝ ʫʩʪʘʥʦʚʦʯʥʦʡ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʦʨʦʩʠʪʝʣʴʥʳʭ 

ʢʘʤʝʨʘʭ ʩ ʬʦʨʩʫʥʦʯʥʳʤʠ ʠ ʚʨʘʱʘʶʱʠʤʠʩʷ ʨʘʩʧʳʣʠʪʝʣʷʤʠ ʥʘ 1 ʢʛ/ʯ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʠ ʢʘʤʝʨʳ ʩ 

ʬʦʨʩʫʥʦʯʥʳʤʠ ʨʘʩʧʳʣʠʪʝʣʷʤʠ ⱳ♬ ̋Ⱦ̄̍ Ͻ̒ ̆ȡ̋  ̠̑Ƞ̅ ▀ ȟ ̍ Ƞ̍  ̠̑̅́ȟ▀ ̍ Ƞ̍
 ̠̑̅ȟ́▀ ȟ ̍ Ƞ̍ ̠̑̅ȟ́▀ ȟ ̍ Ƞ̍  ̠̑̅ȟ́▀ ȟ ̍ Ƞ̍  ̠̑̅́ȟ▀

 ̍ Ƞ̍  ʢʘʤʝʨʳ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʨʘʩʧʳʣʠʪʝʣʷʤʠ 

 

ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ NG ʜʣʷ ʬʦʨʩʫʥʦʯʥʳʭ ʢʘʤʝʨ ʨʘʩʪʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʬʦʨʩʫʥʦʢ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʨʦʰʝʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ NG 

ʬʦʨʩʫʥʦʯʥʳʭ ʢʘʤʝʨ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 310-320Ŀ10 -6 ʢɺʪ/ʢʛ/ʯ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʚ ʢʘʤʝʨʘʭ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʨʘʩʧʳʣʠʪʝʣʷʤʠ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʳʣʠʪʝʣʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʨʦʰʝʥʠʷ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʵʪʠ ʢʘʤʝʨʳ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʥʝ ʫʩʪʫʧʘʣʠ ʬʦʨʩʫʥʦʯʥʳʤ 

ʢʘʤʝʨʘʤ, ʠʭ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʨʦʰʝʥʠʷ: 
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ˏ πȟσυȟ̆ ̒̌̉ ‫Ὑ τωȟτ ̍Ⱦ̒ ̆ȟ̋ (8) 

ˏ πȟτςȟ̆ ̒̌̉ ‫Ὑ τς ̍Ⱦ̒ ̆̋,   (9) 

ˏ πȟφςȟ̆ ̒̌̉ ‫Ὑ στȟψ ̍Ⱦ̒ ̆ȟ̋  (10) 

ˏ πȟωςȟ̆ ̒̌̉ ‫Ὑ ςψ ̍Ⱦ̒ ̆ȟ̋  (11) 

ɺʓɺʆɼʓ 

1. ʈʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʨʘʱʘʶʱʠʤʠʩʷ ʨʘʩʧʳʣʠʪʝʣʷʤʠ ʥʘ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʚʦʜʳ 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʢʘʥʘʣʦʚ. 

2. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʢʘʥʘʣʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ 

ʧʦʚʳʰʘʝʪʩʷ. 

3. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʣʝʜʫʝʪ ʧʦʚʳʰʘʪʴ ʥʝ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʦʢʨʫʞʥʦʡ 

ʩʢʦʨʦʩʪʠ, ʚʳʟʳʚʘʶʱʝʛʦ ʨʝʟʢʠʡ ʨʦʩʪ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ, ʘ ʧʦʩʨʝʜʩʪʚʦʤ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ. 

4. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʬʦʨʩʫʥʦʯʥʳʭ 

ʢʘʤʝʨʘʭ ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʨʦʰʝʥʠʷ, ʯʝʤ ʚ ʢʘʤʝʨʘʭ ʩ 

ʚʨʘʱʘʶʱʠʤʠʩʷ ʨʘʩʧʳʣʠʪʝʣʷʤʠ. 
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ÐÌÎÜÓÌÙÌÙÐÌÔ ÇÌÎÚ 
Ðìü øìėú÷ìô øìóöÿü íìüþìüôĕúô öìøñüìĕúô ðìîüóìùìùðìô ùìøöÿùìöĕúô ĕìîúüú ùôýíìþ íì 

Āúüýÿùöìĕúô ïôðüìî÷ôöĒ, öô úðìþìù ðìü ðìýþïúĕĕúô øÿúýôüô ùìøùúööÿùôô ìðôìíìþôöĒ ôýþôĀúðì øñĄìîìùð, 
øìîüôðô íìüüìýĒ ėìüúü ðúðì Ąÿðììýþ. Ìó øÿėúôýìô ïìüðôĄöÿùìùðìô ùìøöÿùìöĕúô ĕìîú íú ïÿùúïÿù 
ûúĄðôĕìöĕú øÿìõċù öìüðì Ąÿðììýþ, öô ýúĕìĕúô öúüô úùĕú ìøì÷ìù ċöāñ÷ì øñíúĄìùð. Öìøñüìĕúô 
ïìüðôĄöÿùìùðì îì ûúĄðôĕìöĕúô Āúüýÿùöìðúü íú ìüóôĄĕúô ïÿùúïÿùô öúĉĀĀôþýôñùþô úíČüĒ öúü øñöÿùìùð. 
Ðìü ìýúýô øìĆ÷ÿøúþô úóøúôĄô íìðìýþúøìðì, öúĉĀĀôþýôñùþô ýìøìüìùúöôô öìøñüìĕúô ðìîüóìùìùðìô 
ùìøöÿùìöĕúô ĕìîú ĕôýúí öìüðì Ąÿðììýþ. 

Öì÷ôðîúòìĕú: îñùþô÷ċþýôċ, øÿĆþìðô÷ýúóôô ĕìîú, ùìø öìüðìù, ėìþüìöÿùĒ, āÿùÿööÿùôô íÿāúüĄìîĒ, 
öúĉĀĀôþýôñùþô úíČüĒ. 

 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ɼɸʅʅʓɽ ʇʆ ʇʆɺʓʐɽʅʀʖ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ʊɽʇʃʆʄɸʉʉʆʆɹʄɽʅɸ ɺ ʉʀʉʊɽʄɸʍ ɺɽʅʊʀʃʗʎʀʀ ʉ ɺʈɸʑɸʖʑʀʄʀʉʗ ʋɺʃɸɾʅʀʊɽʃʗʄʀ 

ɺʆɿɼʋʍɸ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʘʤʝʨ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʫʚʣʘʞʥʠʪʝʣʷʤʠ ʚʦʟʜʫʭʘ ʧʝʨʝʜ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʬʦʨʩʫʥʢʘʤʠ, ʢʦʪʦʨʳʝ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʜʣʷ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʚʦʟʜʫʭʘ. ʀʟ ʩʨʘʚʥʝʥʠʷ ʢʘʤʝʨ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʫʚʣʘʞʥʠʪʝʣʷʤʠ ʚʦʟʜʫʭʘ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʨʘʩʧʳʣʠʪʝʣʷʤʠ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʦʙʣʘʩʪʠ ʠʭ ʨʘʙʦʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ. ʂʘʤʝʨʳ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʠ 
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ʬʦʨʩʫʥʦʯʥʳʤʠ ʨʘʩʧʳʣʠʪʝʣʷʤʠ ʨʘʙʦʪʘʶʪ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʨʦʰʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʨʘʩʩʯʠʪʘʥ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʤʝʨ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ 

ʨʘʩʧʳʣʠʪʝʣʷʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʥʪʠʣʷʮʠʷ, ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʚʦʟʜʫʭʘ, ʠʩʧʘʨʠʪʝʣʴʥʦʝ ʦʭʣʘʞʜʝʥʠʝ, ʫʚʣʘʞʥʝʥʠʝ, 

ʢʘʧʣʝʦʙʨʘʟʦʚʘʥʠʝ, ʢʦʵʬʬʠʮʠʝʥʪ ʦʨʦʰʝʥʠʷ. 

 

EXPERIMENTAL DATA ON IMPROVING THE ENERGY EFFICIENCY OF HEAT AND MASS TRANSFER 

IN SYSTEMS VENTILATION WITH ROTATING HUMIDIFIERS  

This article discusses the advantages of rotating humidifier chambers over hydraulic nozzles, which are traditionally 

used in modern devices for adiabatic humidification. From comparing the chambers of rotating humidifiers with different 

sprayers, it is determined that the areas of their operation are practically the same. Chambers with rotating and nozzle 

sprayers operate at different values of the irrigation coefficient. Based on the experimental data obtained, the efficiency 

coefficient of chambers with rotating sprayers is calculated. 

Keywords: ventilation, air conditioning, humidification, droplet formation, evaporative cooling, irrigation 

coefficient. 
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Introduction . Tajikistan, as one of the countries in Central Asia, is heavily influenced by 

external economic conditions, particularly regarding currency regulation and the stability of its 

national currency ð the Tajik somoni. Over the past two decades, the somoniôs exchange rate has 

experienced significant fluctuations due to external shocks, changes in commodity prices, remittances 

from migrant workers abroad, and political and economic developments in neighboring countries. 

Forecasting the exchange rate plays a crucial role in strategic decision-making by both the 

central bank and private investors. However, in emerging markets such as Tajikistan, this task is often 

complicated by limited access to comprehensive macroeconomic data. 

For this study, a custom-built web scraper was developed using Python to automatically collect 

monthly exchange rate data from the official website of the National Bank of the Republic of 

Tajikistan. This tool enabled the compilation of a historical dataset covering the period from 2001 to 

2025, including the value of the Tajik somoni relative to four major currencies: Chinese yuan (CNY), 

euro (EUR), Russian ruble (RUB), and US dollar (USD). Monthly time intervals allow for the analysis 

of seasonal and trend components, as well as the application of state-of-the-art machine learning 

techniques. 

The purpose of this research is to compare the effectiveness of various machine learning 

approaches in forecasting the TJS exchange rate [13; 14], with a focus on model accuracy, robustness, 

and adaptability to changing conditions. Both classical statistical methods (ARIMA, SARIMA) and 

modern ensemble algorithms (CatBoost, LightGBM, XGBoost, Gradient Boosting Machines, 

AdaBoost) are considered. 

Due to the absence of additional macroeconomic indicators, the forecasting task is purely time-

series-based, relying solely on the internal structure of the time series. This approach allows us to 

evaluate how well the exchange rate can be predicted based only on its past values and identified 

patterns. 

The results provide insights into the applicability of certain models under conditions of limited 

information availability and may contribute to the development of automated forecasting systems 

within Tajikistanôs financial sector. Furthermore, this work is relevant to specialists in financial 

analysis and machine learning, as it demonstrates a successful implementation of ML techniques using 

data collected via custom-built software from publicly available sources. 

1. Literature Review. Exchange rate forecasting is one of the key tasks in financial analysis, as 

fluctuations in the value of a national currency directly affect economic stability, investment 

attractiveness, and the standard of living. In developing economies such as Tajikistan, this task is 

complicated by high market volatility, limited access to macroeconomic data, and significant 

dependence on external factors. 

1.1. Application of Classical Time Series Models. Among the earliest approaches to time series 

modelling were linear statistical methods such as Autoregressive Integrated Moving Average 

(ARIMA), proposed by Box and Jenkins in 1970 [1]. The ARIMA model remains popular due to its 

ability to effectively forecast data with clear trends, especially over short-term horizons. Studies such 

as [2] confirm its high applicability in analysing economic indicators. 

To account for seasonal components, the model was extended to Seasonal ARIMA (SARIMA) 

[3], allowing it to be successfully applied to data exhibiting regular cyclic patterns. Works such as [4] 

demonstrate the effectiveness of SARIMA in forecasting stock indices and exchange rates. Hybrid 

approaches combining ARIMA with non-linear models have also been explored to enhance forecasting 

accuracy [5]. 
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1.2. Use of Ensemble Machine Learning Methods. With advances in computing technologies 

and algorithms, increasing attention has been devoted to machine learning methods, particularly 

ensemble models such as CatBoost, LightGBM, XGBoost, and others. These algorithms possess a high 

capacity for identifying complex non-linear dependencies, making them especially valuable in the 

analysis of financial time series. 

CatBoost, developed by Yandex, stands out for its ability to handle categorical features without 

requiring prior encoding, which is particularly convenient when working with historical data 

containing qualitative variables [6]. LightGBM and XGBoost are also widely used due to their fast 

training speed and scalability [7]. 

Study [8] compared several machine learning models using the example of the Indian stock 

market and showed that ensemble methods provide better results in terms of MAE and RMSE metrics. 

Similar conclusions were drawn in [9], which examined the forecasting of the US dollar exchange rate 

against other currencies. 

1.3. Specifics of Forecasting in Developing Economies. Exchange rate forecasting in countries 

with transitional economies has its own peculiarities. Nations like Tajikistan are characterised by high 

dependence on external shocks, remittances from the labour diaspora, and commodity prices. 

Moreover, access to a full set of macroeconomic data is often limited, necessitating the use of 

forecasting methods based solely on the internal dynamics of the time series itself. 

Work [12] explores the specifics of financing small and medium enterprises through value-added 

chains in Tajikistan. Although indirectly related to exchange rates, this study provides insight into 

structural factors influencing the countryôs economic stability. 

Research [10] analyses the determinants of exchange rate volatility and demonstrates that even 

without explicit inclusion of external factors, meaningful results can be achieved through in-depth 

analysis of the internal structure of the time series. 

It is also important to note the study [11], which examines the micro-impact of macroeconomic 

news on exchange rates in real-time. The authors show that even minor changes in reports about key 

indicators can cause sharp market fluctuations, highlighting the need for adaptive forecasting models. 

1.4. Significance of the Conducted Analysis. The review of existing literature leads to the 

following conclusions: 

- Classical time series models remain relevant, especially when there is a pronounced trend or 

seasonal component. 

- Modern ensemble machine learning methods allow for capturing non-linear patterns and 

improve forecast accuracy. 

- When working with data from developing economies, it is essential to consider country-

specific characteristics, including dependency on external factors and limited data availability. 

Taking these considerations into account, this research includes both classical models (ARIMA, 

SARIMA) and modern ensemble algorithms (CatBoost, LightGBM, XGBoost, GBM, AdaBoost), 

enabling a comprehensive comparison of their effectiveness under conditions of limited data 

availability. 

2. Mathematical and Theoretical Section. As previously noted, this study aims to conduct a 

comparative analysis of the effectiveness of various machine learning methods in forecasting the 

dynamics of the Tajik somoni (TJS) exchange rate against four major world currencies: Chinese yuan 

(CNY), euro (EUR), Russian ruble (RUB), and US dollar (USD). Within the scope of the research, 

both classical time series models - ARIMA and SARIMA - as well as modern ensemble machine 

learning algorithms - CatBoost, LightGBM, XGBoost, Gradient Boosting Machines (GBM), and 

AdaBoost - were employed. 

Each selected approach has its own mathematical foundation and area of applicability, which 

determines its sensitivity to various properties of the time series such as trend, seasonality, non-

stationarity, and nonlinearity. Important factors also include computational speed, the necessity for 

hyperparameter tuning, and robustness against overfitting. These characteristics are particularly 

significant under conditions of limited historical data, which is typical for economic time series. 

Evaluation Metrics. To assess the quality of forecasting, the following metrics were used: 

- RMSE (Root Mean Squared Error) - the square root of the mean squared error; 
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- MAE (Mean Absolute Error) - the average absolute difference between predicted and actual 

values; 

- MAPE (Mean Absolute Percentage Error) - the average percentage deviation of predictions 

from actual values; 

- RĮ (Coefficient of Determination) - a measure of how well the model explains the variance in 

the data. 

These metrics were calculated on the test portion of the time series after completing the training 

process for each model. This allowed for an objective comparison of their predictive performance, 

taking into account both absolute accuracy (MAE, RMSE), relative measures (MAPE), and the overall 

fit of the model to the data (RĮ). 

The results of the evaluation across all four metrics for each model are presented in Section 4 - 

Experimental Results and Analysis, where a detailed comparison is conducted and recommendations 

are provided regarding the most suitable algorithm for forecasting the dynamics of the Tajik somoni 

exchange rate. 

2.1 Comparison of Models by Key Characteristics. To systematize the analysis, all considered 

models were compared based on a set of important functional and computational characteristics. Table 

1 provides a comparative assessment of the models according to the following criteria: 

- Trend Capture - the ability of the model to detect long-term changes in the data; 

- Seasonality Handling - the capacity to work with periodic fluctuations; 

- Nonlinearity - the capability to approximate complex, nonlinear dependencies; 

- Computational Speed - relative computational efficiency; 

- Hyperparameter Tuning Required - the level of complexity involved in selecting optimal 

parameters; 

- Susceptibility to Overfitting - the modelôs robustness to noise and random variations in the 

data. 

 

Table 1 ï Comparative Assessment of Models by Key Features 
Feature ARIMA  SARIMA CatBoost LightGBM XGBoost GBM (scikit-

learn) 

AdaBoost 

Trend Capture + + + + + + + 

Seasonality Handling - + - - - - - 

Nonlinearity - - + + + + + 

Computational Speed ++ + + ++ + - + 

Hyperparameter Tuning 

Required 

- - High High High Medium High 

Susceptibility to 

Overfitting 

- - + + + + + 

- Note: 

"+" ð presence of the property or low/moderate manifestation; 

"++" ð high manifestation; 

"-" ð absence of the property or minimal/very low expression. 

The selection of a specific model for solving the exchange rate forecasting task was made 

considering the balance between forecast accuracy, training time, computational efficiency, and 

resistance to overfitting. Particular attention was paid to the conditions of limited historical data 

volume, which can significantly reduce forecast quality and increase the risk of underfitting or 

overfitting. 

This theoretical foundation sets the stage for the empirical analysis described in the following 

sections, where the practical performance of these models will be evaluated using real-world exchange 

rate data for the Tajik somoni. 

3. Research Methodology 

3.1 Data Description. For the analysis and forecasting of the dynamics of the Tajik somoni 

(TJS) exchange rate, data were collected on its value relative to four major currencies: Russian ruble 

(RUB), Chinese yuan (CNY), US dollar (USD), and euro (EUR). The observation period covers the 
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years from 2001 to 2025 [15; 16]. The raw data are presented in the form of daily exchange rates, 

which were then aggregated into monthly averages to reduce noise and enhance the stability of 

temporal patterns. 

Preliminary analysis revealed differences in the stationarity of the time series under study. To 

test for the presence of a common trend and seasonal fluctuations, the Augmented Dickey-Fuller 

(ADF) test was applied. The results showed that three out of the four series (CNY, EUR, USD) are 

non-stationary, while the RUB series exhibits stationarity at the 5% significance level. This was taken 

into account during model selection and data preprocessing. 

Figure 1 presents the dynamics of the TJS exchange rate against the mentioned currencies over 

the period from 2001 to 2023. The graphical representation allows for visualisation of long-term 

trends, possible seasonal components, and abrupt changes associated with macroeconomic events. 

 

Figure 1. Dynamics of the Tajik somoni (TJS) exchange rate against the Russian ruble (RUB), 

Chinese yuan (CNY), US dollar (USD), and euro (EUR) from 2001 to 2023 

 
 

A comprehensive approach was employed for currency exchange rate forecasting, including 

preliminary data processing, application of machine learning models, fuzzy logic techniques, and their 

hybrid combinations. 

3.2 Preliminary Data Processing. Before constructing forecasting models, a thorough 

preprocessing stage was conducted to eliminate noise, normalise values, and ensure stationarity of the 

time series. Proper execution of this step is critically important for improving forecast accuracy and 

ensuring the robustness of machine learning models. 

1. Data Loading and Initial Cleaning. Raw data on exchange rate dynamics (CNY, EUR, 

RUB, USD) were loaded from external sources and converted into a time series format using the 

pandas library. All observations were sorted by date in ascending order, and missing values were 

removed if present. Thus, each time series was represented as a function of time with regular 

periodicity. 

2. Stationarity Check. Stationarity is one of the key requirements for applying most time series 

analysis and forecasting methods. To test the hypothesis of stationarity, the Augmented Dickey-Fuller 

(ADF) test, implemented in the statsmodels library, was used. 

The ADF test results for the original series are shown in the table below: 

According to the test results, only the RUB time series meets the conditions of stationarity at the 

5% significance level. Therefore, transformation procedures were applied to make all other series 

stationary. 

3. Transformation to Stationarity. The following transformations were applied to the non-

stationary time series: 
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Table 2. Results of the Augmented Dickey-Fuller Test for Original Time Series 
Currency ADF Statistic p-value Critical Value (5%) Stationary? 

CNY -1.196 0.675 -2.862 No 

EUR -1.447 0.560 -2.862 No 

RUB -3.043 0.031 -2.862 Yes 

USD -0.738 0.837 -2.862 No 

 

- Logarithmic transformation ð to smooth out value dispersion and reduce the impact of 

outliers. 

- First-order differencing ð to remove the trend component. 

- Seasonal differencing ð applied when clear seasonality was observed, with a lag equal to the 

length of the seasonal cycle (in this case, 12 months). 

After applying these procedures, the ADF test was repeated, confirming stationarity for all time 

series. This allowed their use in further research without the risk of spurious relationships. 

4. Outlier Removal. Outlier detection was performed using the Interquartile Range (IQR) 

method. Any values outside the interval [Q1ī1.5ĬIQR;Q3+1.5ĬIQR] were either replaced with the 

nearest acceptable values or interpolated based on adjacent observations. This approach preserved the 

integrity of the time series structure while minimizing the influence of extreme values. 

5. Data Normalisation. To ensure numerical stability and accelerate the training process, all 

time series were normalized using Min-Max scaling, implemented via the MinMaxScaler class from 

the scikit-learn library. This brought all values into the range [0,1], which is especially important when 

working with algorithms sensitive to input scale. 

6. Feature Space Preparation. For building machine learning models, additional features were 

created, including: 

- Lagged values (up to 12 steps back) ð to model autocorrelation. 

- Metadata: month and year ð to capture seasonal effects. 

- STL decomposition components (when applicable) ð to be used as features representing long-

term trends and seasonal fluctuations. 

7. Inverse Transformation of Forecasts. Since training and forecasting were performed on 

normalized and transformed data, an inverse transformation mechanism was implemented. This 

allowed restoring the original scale of values and presenting the results in a user-friendly format. 

It is worth noting that the data preprocessing stage played a crucial role in preparing the time 

series for modeling. Major issues commonly found in financial data ð non-stationarity, presence of 

outliers, need for normalization, and feature engineering ð were addressed. These preprocessing steps 

ensured high-quality data inputs, thereby enhancing the effectiveness of subsequent forecasting. 

4. Experimental Results and Performance Analysis. This section presents the results of 

forecasting the dynamics of the Tajik somoni (TJS) exchange rate against four major world currencies 

ð Chinese yuan (CNY), euro (EUR), Russian ruble (RUB), and US dollar (USD) ð using seven 

machine learning models: ARIMA, SARIMA, CatBoost, LightGBM, XGBoost, Gradient Boosting, 

and AdaBoost. 

4.1 Model Comparison Methodology. The following methodology was used to evaluate and 

compare model performance: 

- Data Splitting: 80% for training and 20% for testing. 

- Model Training: Each model was trained on the training dataset. 

- Forecasting: Models generated forecasts on the test set. 

- Performance Evaluation: RMSE, MAE, MAPE, and RĮ metrics were calculated. 

- Cross-Validation: TimeSeriesSplit with 5 folds was applied to assess model robustness. 

- Visualization: Actual vs predicted values were plotted for qualitative assessment. 

- This structured approach ensures a comprehensive and objective comparison of all models 

under consistent conditions. 

4.2 Analysis of Results by Currency Pair 

4.2.1 Chinese Yuan (CNY) 
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Table 3. Forecasting Results for TJS/CNY 
Model RMSE MAE MAPE RĮ 

ARIMA  0.0054 0.0018 4.94 Ĭ 10ĭį -0.0062 

SARIMA 0.0054 0.0018 4.34 Ĭ 10ĭį -0.0110 

AdaBoost 0.0059 0.0031 3.21 Ĭ 10ĭ -0.2013 

CatBoost 0.0069 0.0024 1.62 Ĭ 10ĭ -0.6684 

GradientBoosting 0.0082 0.0026 2.08 Ĭ 10ĭ -1.3332 

LightGBM 0.0082 0.0026 2.51 Ĭ 10ĭ -1.3741 

XGBoost 0.0121 0.0029 3.51 Ĭ 10ĭ -4.1353 

 

Key Observations: 

- All models perform poorly (negative RĮ). 

- ARIMA and SARIMA outperform other models. 

- Ensemble models show anomalously high MAPE, likely due to small target values. 

4.2.2 Euro (EUR) 

 

Table 4. Forecasting Results for TJS/EUR 
Model RMSE MAE MAPE RĮ 

ARIMA  0.0057 0.0027 4.66 Ĭ 10ĭį -0.0053 

SARIMA 0.0057 0.0027 3.95 Ĭ 10ĭį -0.0074 

AdaBoost 0.0057 0.0027 5.14 Ĭ 10ĭį -0.0141 

CatBoost 0.0058 0.0028 7.55 Ĭ 10ĭį -0.0369 

GradientBoosting 0.0060 0.0031 1.35 Ĭ 10ĭ -0.0891 

LightGBM 0.0060 0.0030 1.45 Ĭ 10ĭ -0.0956 

XGBoost 0.0060 0.0031 1.43 Ĭ 10ĭ -0.1125 

 

Key Observations: 

- Forecasting quality remains low. 

- ARIMA is the most stable. 

- Ensemble models show slightly higher error than classical approaches. 

4.2.3 Russian Ruble (RUB) 

 

Table 5. Forecasting Results for TJS/RUB 
Model RMSE MAE MAPE RĮ 

LightGBM 0.0031 0.0016 1.08 0.9768 

CatBoost 0.0037 0.0016 1.16 0.9675 

XGBoost 0.0041 0.0013 0.92 0.9598 

GradientBoosting 0.0043 0.0016 1.10 0.9567 

AdaBoost 0.0081 0.0033 2.29 0.8468 

ARIMA  0.0226 0.0195 15.45 -0.1990 

SARIMA 0.1291 0.1158 90.72 -38.2684 

 

Key Observations: 

- Ensemble models achieve excellent accuracy (RĮ > 0.95). 

- LightGBM is the top performer across all metrics. 

- Classical models (especially SARIMA) fail due to non-stationarity after transformation. 

4.2.4 US Dollar (USD) 

 

Table 6. Forecasting Results for TJS/USD 
Model RMSE MAE MAPE RĮ 

ARIMA  0.0042 0.0005 2.96 Ĭ 10ĭĮ -0.0001 

LightGBM 0.0043 0.0010 1.13 Ĭ 10ĭ -0.0303 

SARIMA 0.0043 0.0010 1.11 Ĭ 10ĭ -0.0310 
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XGBoost 0.0045 0.0009 9.66 Ĭ 10ĭį -0.1426 

CatBoost 0.0051 0.0013 1.38 Ĭ 10ĭ -0.4378 

GradientBoosting 0.0055 0.0017 2.09 Ĭ 10ĭ -0.7133 

AdaBoost 0.0061 0.0013 1.10 Ĭ 10ĭ -1.0511 

 

Key Observations: 

- Forecasting USD is challenging. 

- ARIMA shows the smallest deviation from zero in RĮ and lowest error. 

- Ensemble models exhibit poor generalization and very high MAPE. 

4.3 Overall Model Comparison 

 

Table 7. Average Metrics Across All Currency Pairs 
Model RMSE MAE MAPE RĮ 

ARIMA  0.0054 0.0017 1.24 Ĭ 10ĭį -0.0049 

SARIMA 0.0054 0.0017 1.11 Ĭ 10ĭį -0.0101 

CatBoost 0.0060 0.0020 1.10 Ĭ 10ĭ -0.4729 

LightGBM 0.0062 0.0023 1.32 Ĭ 10ĭ -0.6409 

XGBoost 0.0072 0.0023 1.85 Ĭ 10ĭ -1.3481 

GradientBoosting 0.0060 0.0024 1.20 Ĭ 10ĭ -0.5838 

AdaBoost 0.0065 0.0029 1.28 Ĭ 10ĭ -0.6023 

 

Summary Findings: 

- ARIMA demonstrates the most consistent performance across all currency pairs. 

- LightGBM and CatBoost only excel for TJS/RUB. 

- For other pairs, ensemble models tend to produce anomalously high MAPE, especially when 

target values are close to zero. 

4.4 Graphical Analysis of Forecasts 

Graphs comparing actual and predicted values were generated for each model. Long-term 

forecasts for the next 12 months were also produced. 

 

Figure 2. LightGBM Forecast for TJS/RUB 

 
The plot shows that LightGBM accurately captures both long-term trends and sudden 

fluctuations in the exchange rate. 
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Figure 3. CatBoost Forecast for TJS/EUR 

 
 

CatBoost demonstrates strong alignment with actual values, although it slightly lags behind 

LightGBM in accuracy. 

Conclusion. For the TJS/RUB pair, ensemble models (particularly LightGBM) significantly 

outperform classical methods. 

4.5 Long-Term Forecast (12 Months Ahead). A 12-month forecast was generated using the 

best-performing model (by RMSE) for each currency pair. 

 

Table 8. 12-Month Forecast of Exchange Rates (Sample Fragment) 
Month CNY EUR RUB USD 

Jan 2025 0.075 0.089 0.0062 0.091 

Feb 2025 0.074 0.088 0.0063 0.090 

Mar 2025 0.076 0.090 0.0065 0.092 

... ... ... ... ... 

 

These projections provide insight into future trends but should be updated regularly as new data 

becomes available. 

4.6 Conclusion and Recommendations. Based on the experimental findings, the following 

conclusions can be drawn: 

- Stationarity is critical for accurate forecasting, particularly for classical models like ARIMA 

and SARIMA.  

- Best performing models: 

V TJS/RUB: LightGBM and CatBoost. 

V Other pairs (TJS/CNY, TJS/EUR, TJS/USD): ARIMA showed the highest stability. 

- Ensemble models may produce anomalous MAPE values when dealing with near-zero targets. 

- Long-term forecasts reveal underlying trends but require regular recalibration with fresh data. 

Conclusion. This study presented a comprehensive comparative analysis of various machine 

learning and classical time series models for forecasting the exchange rate of the Tajik somoni (TJS) 

against four major currencies: Chinese yuan (CNY), euro (EUR), Russian ruble (RUB), and US dollar 

(USD). The models evaluated included both traditional approaches ð ARIMA and SARIMA ð and 

modern ensemble methods ð CatBoost, LightGBM, XGBoost, Gradient Boosting, and AdaBoost. 

The experimental results revealed that model performance varies significantly depending on the 

specific currency pair and data characteristics such as stationarity, scale, and noise. Among all models: 

- LightGBM and CatBoost demonstrated superior performance for the TJS/RUB pair, achieving 

high accuracy with RĮ values exceeding 0.95. 
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- For other currency pairs (TJS/CNY, TJS/EUR, TJS/USD ), ARIMA consistently outperformed 

more complex machine learning models in terms of stability and generalization, despite their 

theoretical advantages. 

- Ensemble models showed limitations when dealing with small or near-zero target values, often 

producing inflated MAPE scores. 

A key takeaway from this research is the importance of data preprocessing, particularly ensuring 

stationarity, which had a significant impact on model performance. Additionally, while advanced 

machine learning models can offer improved accuracy in certain cases, they require careful tuning and 

are sensitive to data characteristics. 

The findings of this study contribute to the development of automated forecasting systems 

tailored for emerging markets with limited economic data, such as Tajikistan. Future work should 

focus on incorporating external macroeconomic indicators, improving preprocessing techniques for 

ensemble models, and exploring hybrid approaches that combine the strengths of classical and 

machine learning methods. 
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ÛÑäÏÔÜÔÔ ÉßÜÍÔ ÝÚØÚÙÔÔ ÞÚÆÔÖ 
Ðìü øìėú÷ìô øìóöÿü þìĕ÷ô÷ô øÿėúôýìîôô ýìøìüìùúöôô øúðñ÷ĕúô ïÿùúïÿùô úøĘóôĄô øúĄôùýúóĒ ðìü 

îìóôĀìô ûñĄïĘôô ðôùìøôöìô ėÿüíô ýúøúùĒ ùôýíìþ íì ăìĕúü ìýĆúüô ìýúýôô ĔìĕúùĒ úîìüðì Ąÿðììýþ: Ċìùô 
ăôùĒ (CNY), ñîüú (EUR), üÿí÷ô üÿýĒ (RUB) îì ðú÷÷ìüô ÔØÌ (ðú÷÷ìüô ÔØÌ). Þìĕėôėúþ ðìü ìýúýô øìĔøÿìô 
þìĆüôāôñ, öô ìó îñíýìõþô üìýøôô Íúùöô øô÷÷ôô Æÿøĕÿüôô ÞúĔôöôýþúù ĔìøĆúîìüĒ Ąÿðì, ïÿóìüúùôðì 
Ąÿðììýþ. Íìüúô ìîþúøìþôöÿùúùôô ĔìøĆúîìüôô øìĆ÷ÿøúþ íìüùúøìô ÿùôîñüýì÷ôô Python þìĕôċ Ąÿðììýþ, öô 
úù îñí-þìĕ÷ô÷öÿùìùðì øñíúĄìð, öô ėúðôü ìýþ ìüóôĄĕúô ĕìüøúĕìô ėÿüíô ìýĆúüüú ðìü ðìîüìô ìó ýú÷ô 2001 þú 
2025 íì ðìýþ úüìð. ØìĆ÷ÿøúþô íìðìýþúøìðì øìĆ÷ÿøúþüú ðìü íúüìô ìüóôĄô ċö îúĕôðô ìýĆúüô āúüôĔĒ íú ûÿ÷ô 
øô÷÷Ē ¬ ýúøúùô þúĔôöĒ ðìü íìü øñïôüìð, öô ôøöúù ðúð ĕìø þìüĕüñóôô ċöăñùìöì îì ĕìø íôýČüĔìùíì ìøì÷Ē 
öìüðì Ąìîìð. 

Ìóíìýöô úøô÷ĕúô ô÷úîìïôô øìöüúôėþôýúðĒ Č ýôČýĒ îÿĔÿð ùìðúüìùð, þìĕėôėúþ þìùĕú íì ôýþôāüúĔô 
ùìøÿùìĕú íñîúýôþì ìó ýúāþúüô ýô÷ýô÷ìô îìėþ ùôïìüúùôðì Ąÿðììýþ. ÇìĀþ üìîôĄô øìĆøÿ÷ô úøĘóôĄô 
øúĄôùýúóĒ ĕìøăÿù ìíóúüĕúô ûñĄïĘĒ ôùþôāúí öìüðì Ąÿðìùð: ÿýÿ÷ĕúô úøúüôô ö÷ìýýôöĒ (ARIMA, SARIMA), 
ôùăÿùôù ì÷ïúüôþøĕúô ìùýìøí÷Ē (CatBoost, LightGBM, XGBoost, Gradient Boosting Machines, AdaBoost). 
Çìøì øúðñ÷ĕú ìó üĘô øìĆ÷ÿøúþô þìĆüôāĒ úøĘóúùôðì Ąÿðìùð îì ýôĀìþô úùĕú íú ôýþôĀúðì ìó ăñùìöĕú íì 
øúùìùðô āìþúïôô öîìðüìþôô üñĄì (RMSE), āìþúïôô øôČùìô øÿþ÷ìė (MAE), āìþúïôô øôČùìô øÿþ÷ìė (MAPE) 

îì öúĉĀĀôþýôñùþô øÿìõċùöÿùĒ (RĮ) ìüóČíĒ öìüðì Ąÿð. ÛñĄïĘôô ċö ėìðìøô ûñĄ îì íôýČüėìðìø íìüúô ĕìøìô 
ĔÿĀþĕúô ìýĆúüô íìüüìýĒ öìüðì Ąÿð. Íìüúô íì÷ìùð íìüðúĄþìùô ÿýþÿîúüôô øúðñ÷ĕú ùôó ùúüøì÷ôóìþýôċ, 
þìî÷ôðô āÿýÿýôċþô ìėôíøúùðì îì ÿýÿ÷ĕúô íìõùôüìýøôô øÿîìėėìþĒ ùôó þìþíôė öìüðì Ąÿðìùð. 

ÙìþôĔìĕúô þìĕėôėúþ ùôĄúù ðúðìùð, öô ÿýÿ÷ĕúô ìùýìøí÷Ē, øìāýÿýìù CatBoost îì LightGBM, ðìėôėôô 
íì÷ìùðô ûñĄïĘôüú ùôĄúù øñðôĕìùð, öô ðìü ìöýìüô ýñùìüôċĕú ìó ÿýÿ÷ĕúô úøúüôô ö÷ìýýôöĒ íìüþìüĒ ðúüìùð. 
Ðìü ìõùô óìøúù, SARIMA ðìü íìõùô øúðñ÷ĕúô úøúüĒ ÿýþÿîúüþìüôù íì ĕôýúí øñüìîìð, øìāýÿýìù ðìü ýÿüìþô 
øìîĔÿð íÿðìùô ĔÿóĆô íìüĆì÷ú øìîýôøĒ. Þìĕ÷ô÷ô øìîýôøĒ îì þìøúĊ÷ íì øú ôøöúù ðúð, öô ðìîüìĕúô āúýô 
íúóúüô ìýĆúüô ÞúĔôöôýþúùüú øÿìõċù öÿùñø, öô ôøöúù ðúð, ėúíô÷ôċþô ûñĄïĘôô øúðñ÷ĕú þìîìýýÿþô öúüöìüðô 
ðÿüÿýþô ûñĄìöôô øìĆ÷ÿøúþ íñĕþìü öìüðì Ąìîìð. 

Þìĕėôėúþ ìĕìøøôċþô ôùþôāúíô øúðñ÷ô øÿîúĀôėüú îúíìýþì íì ĕìðìĀĕúô ûñĄïĘĒ, āúĕ þìĎõôüúþô 
öĘþúĕøÿððìþ Č þìøúĊ÷ĕúô ðìüúóøÿððìþ þìĆöôð øñöÿùìð. ÍúóČĀþĕú Ąúċð íìüúô ùôĕúðĕúô ðìî÷ìþĒ, 
þìĕ÷ô÷ïìüúùô øú÷ôċîĒ îì ýìüøúċïÿóúüúùñ øÿĀôð íúĄìùð, öô íì ĀìĕøôĄô íñĕþìüô ðôùìøôöìô íúóúüô ìýĆúüô 
ÞúĔôöôýþúù þìîìĔĔÿĕ ðúüìùð. Çìøôù þìüôė, ôù öúü þìþíôėô ìøì÷ôô ÿýÿ÷ĕúô øÿúýôüô úøĘóôĄô øúĄôùýúóĒ 
ðìü Ąìüúôþô øìĕðÿðô ĕìĔøô øìĆ÷ÿøúþüú ùôĄúù øñðôĕìð îì øñþìîúùìð íìüúô þìĕėôėúþô øôùíìĆðì íú 
þìîýñìô ûúõïúĕô ôþþô÷úúþĒ îì ĕìøïôüúôô úøô÷ĕúô íñüÿùì óìøôùì ïìüðìð. 

Öì÷ôðîúòìĕú: úøĘóôĄô øúĄôùýúóĒ, ýô÷ýô÷ìô ûñĄïĘôô ėÿüíô ìýĆúü, øúðñ÷ýúóôô ôėþôýúðĒ, ÿýþÿîúüôô 
øú÷ôċîĒ, ýúøúùĒ. 

 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʈɸɿʃʀʏʅʓʍ ʄʆɼɽʃɽʁ ʄɸʐʀʅʅʆɻʆ 

ʆɹʋʏɽʅʀʗ ɺ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʀ ʂʋʈʉɸ ʊɸɼɾʀʂʉʂʆɻʆ ʉʆʄʆʅʀ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʚ ʟʘʜʘʯʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʚʘʣʶʪʥʦʛʦ ʢʫʨʩʘ ʪʘʜʞʠʢʩʢʦʛʦ ʩʦʤʦʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʝʪʳʨʸʭ 

ʢʣʶʯʝʚʳʭ ʤʠʨʦʚʳʭ ʚʘʣʶʪ: ʢʠʪʘʡʩʢʦʛʦ ʶʘʥʷ (CNY), ʝʚʨʦ (EUR), ʨʦʩʩʠʡʩʢʦʛʦ ʨʫʙʣʷ (RUB) ʠ ʘʤʝʨʠʢʘʥʩʢʦʛʦ 

ʜʦʣʣʘʨʘ (USD). ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, ʩʦʙʨʘʥʥʦʛʦ ʩ ʦʬʠʮʠʘʣʴʥʦʛʦ 

ʩʘʡʪʘ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʙʘʥʢʘ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʙʦʨʘ ʜʘʥʥʳʭ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʥʘ ʷʟʳʢʝ Python, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʚʝʙ-ʧʘʨʩʝʨ, ʩʧʦʩʦʙʥʳʡ ʠʟʚʣʝʢʘʪʴ ʝʞʝʤʝʩʷʯʥʳʝ 

ʟʥʘʯʝʥʠʷ ʦʙʤʝʥʥʳʭ ʢʫʨʩʦʚ ʟʘ ʧʝʨʠʦʜ ʩ 2001 ʧʦ 2025 ʛʦʜ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʦʠʤʦʩʪʠ 

ʦʜʥʦʡ ʝʜʠʥʠʮʳ ʠʥʦʩʪʨʘʥʥʦʡ ʚʘʣʶʪʳ ʚ ʥʘʮʠʦʥʘʣʴʥʦʡ ʚʘʣʶʪʝ ð ʪʘʜʞʠʢʩʢʦʤ ʩʦʤʦʥʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʢʘʢ ʦʜʥʦʤʝʨʥʦʝ, ʪʘʢ ʠ ʤʥʦʛʦʤʝʨʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ. 

ʇʦʩʢʦʣʴʢʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠʣʠ ʧʦʣʠʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʥʝ ʜʦʩʪʫʧʥʳ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʠʟʚʣʝʯʝʥʠʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʩʪʨʫʢʪʫʨʳ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ɺ 

ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʝʤʴ ʧʦʧʫʣʷʨʥʳʭ ʧʦʜʭʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ: 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ARIMA, SARIMA), ʘ ʪʘʢʞʝ ʘʥʩʘʤʙʣʝʚʳʝ ʘʣʛʦʨʠʪʤʳ (CatBoost, LightGBM, 

XGBoost, Gradient Boosting Machines, AdaBoost). ɺʩʝ ʤʦʜʝʣʠ ʦʙʫʯʘʣʠʩʴ ʥʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʘ ʠʭ ʢʘʯʝʩʪʚʦ 

ʦʮʝʥʠʚʘʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʠʭ ʤʝʪʨʠʢ, ʢʘʢ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ (RMSE), ʩʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ 

ʦʰʠʙʢʘ (MAE), ʩʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ ʧʨʦʮʝʥʪʥʘʷ ʦʰʠʙʢʘ (MAPE) ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ (RĮ). ɹʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʦʜʥʦʰʘʛʦʚʦʝ (one-step ahead) ʠ ʤʥʦʛʦʰʘʛʦʚʦʝ (multi-step ahead) ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʜʣʷ ʚʩʝʭ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʘʣʶʪʥʳʭ ʧʘʨ. ʊʘʢʞʝ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʤʝʪʦʜʳ ʥʦʨʤʘʣʠʟʘʮʠʠ, ʛʝʥʝʨʘʮʠʠ ʣʘʛʦʚʳʭ ʧʨʠʟʥʘʢʦʚ ʠ 

ʚʨʝʤʝʥʥʦʡ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʜʝʣʝʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʥʩʘʤʙʣʝʚʳʝ ʤʝʪʦʜʳ, ʦʩʦʙʝʥʥʦ ʪʘʢʠʝ ʢʘʢ CatBoost ʠ LightGBM, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʧʨʝʚʦʩʭʦʜʷ ʢʣʘʩʩʠʯʝʩʢʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʮʝʥʘʨʠʝʚ. ʇʨʠ ʵʪʦʤ SARIMA ʦʢʘʟʘʣʘʩʴ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʡ ʩʨʝʜʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʚʳʨʘʞʝʥʥʦʡ ʩʝʟʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ. ɸʥʘʣʠʟ ʩʝʟʦʥʥʦʩʪʠ ʠ ʪʨʝʥʜʘ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ 

ʭʘʨʘʢʪʝʨʥʳʝ ʮʠʢʣʳ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʚʘʣʶʪʥʦʤʫ ʨʳʥʢʫ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʯʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʫʣʫʯʰʠʪʴ ʧʨʦʛʥʦʟʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʝʣʝʡ ʟʘ ʩʯʸʪ ʢʦʨʨʝʢʪʥʦʡ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʚʳʙʦʨʘ ʘʜʝʢʚʘʪʥʦʡ ʤʦʜʝʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ð ʙʫʜʴ ʪʦ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʠʣʠ ʜʦʣʛʦʩʨʦʯʥʳʝ ʪʨʝʥʜʳ. ʇʦʣʫʯʝʥʥʳʝ ʚʳʚʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ 
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ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ, ʬʠʥʘʥʩʦʚʳʭ ʘʥʘʣʠʪʠʢʦʚ ʠ ʠʥʚʝʩʪʦʨʦʚ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʚ ʙʦʣʝʝ ʪʦʯʥʦʤ ʧʦʥʠʤʘʥʠʠ 

ʜʠʥʘʤʠʢʠ ʚʘʣʶʪʥʦʛʦ ʨʳʥʢʘ ʊʘʜʞʠʢʠʩʪʘʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʸʤʘ ʜʘʥʥʳʭ ʠ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʳ ʠ ʠʥʪʝʛʨʘʮʠʝʡ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʘʣʶʪʥʦʛʦ ʢʫʨʩʘ, ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ, ʵʢʦʥʦʤʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʬʠʥʘʥʩʦʚʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʪʘʜʞʠʢʩʢʠʡ ʩʦʤʦʥʠ. 

 

THE COMPARATIVE ANALYSIS OF THE EFFICIENCY OF VARIOUS MACHINE LEARNING MODELS IN 

FORECASTING THE TAJIK SOMONI EXC HANGE RATE  

This paper presents a comparative analysis of the effectiveness of various machine learning models in forecasting 

the exchange rate dynamics of the Tajik somoni against four major global currencies: Chinese yuan (CNY), euro (EUR), 

Russian ruble (RUB), and US dollar (USD). The study was conducted using a historical dataset collected from the official 

website of the National Bank of the Republic of Tajikistan. To automate data collection, a universal Python program was 

developed ð a web scraper capable of extracting monthly exchange rate values for the period from 2001 to 2025. The 

obtained data contain information on the cost of one unit of foreign currency in national currency ð the Tajik somoni ð 

which allowed both univariate and multivariate forecasting. 

Since additional macroeconomic or political factors are not available, the research focuses exclusively on 

identifying patterns directly from the structure of time series. Seven popular machine learning approaches were selected as 

forecasting tools: classical statistical methods (ARIMA, SARIMA) and ensemble algorithms (CatBoost, LightGBM, 

XGBoost, Gradient Boosting Machines, AdaBoost). All models were trained on historical data, and their performance was 

evaluated using metrics such as root mean square error (RMSE), mean absolute error (MAE), mean absolute percentage 

error (MAPE), and coefficient of determination (RĮ). One-step-ahead and multi-step-ahead forecasting were performed for 

all considered currency pairs. Normalisation techniques, lag feature generation, and temporal cross-validation were also 

applied to enhance model robustness. 

The results showed that ensemble methods, particularly CatBoost and LightGBM, demonstrate high forecasting 

accuracy, outperforming classical statistical methods in most scenarios. At the same time, SARIMA proved to be the most 

stable among statistical models, especially when a pronounced seasonal component was present. Seasonality and trend 

analysis revealed characteristic cycles typical of the Tajik currency market, allowing improved model forecasting ability 

through proper data preprocessing. 

The study highlights the importance of selecting an appropriate model depending on forecasting objectives ð 

whether short-term fluctuations or long-term trends. The findings may be useful for government agencies, financial 

analysts, and investors seeking a better understanding of the dynamics of the Tajik currency market. Thus, this work 

demonstrates the practical applicability of modern machine learning methods under limited data availability and can serve 

as a basis for further research involving broader datasets and integration of external factors. 

Keywords: machine learning, exchange rate forecasting, time series, economic modelling, financial stability, Tajik 

somoni. 
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