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

 
Øÿìýýôýô øìĔì÷÷ì: 

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

 
ÝÌÜØßÇÌÜÜÔÜ: 

Ùìýüôððôùóúðì éøúøì÷Ē 
ÝìõĀôððôù 

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

ÝìĀìüøìøìðóúðì 
ÝìĀìüøìøìð ØÿíúüìöĄú 

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

ØßÚÎÔÙÚÙÔ ÝÌÜØßÇÌÜÜÔÜ: 
Úýûìùúîì Ùìüôøì 
Öìòñùúîùì 

Ðúöþúüô ô÷øĕúô ïñú÷úïôċ îì øôùñüì÷úïôċ, ýìüāúðôøô ô÷øôô úóøúôĄïúĕô 
ûì÷ñúùþú÷úïôċ îì ýþüìþôïüìĀôċô Ôùýþôþÿþô ïñú÷úïôċ, ýúāþøúùô íì 
óìøôùĔÿùíĒ þúíúîìü îì ýñõýøú÷úïôċô Ìöìðñøôċô øô÷÷ôô ô÷øĕúô 
ÞúĔôöôýþúù 

Öúøô÷úî Úðôùì 
Öúøô÷úîôă 

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

ÇÌÕÌÞÔ ÞÌÇÜÔÜÔë: 

Îì÷ôñî äìüôĀ 
àìõóÿ÷÷úñîôă 

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

àìõóôñî Ìíðÿ÷ĕìė 
ÜìĔìíúîôă 

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

Ìíðÿüìĕôøúî Ýìðüôððôù 
ëøôùúîôă 

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

Öìüôøúî àìüĄñð 
Çô÷ú÷úîôă  

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

Øÿĕìííìþúî áú÷ùìóìü 
Øÿĕìííìþúîôă 

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

Ýìôðúî Øôüóú 
Ýôïíìþÿ÷÷úîôă 

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

Ôöüúøúî Ôýøúùėÿ÷ 
Ôýþìøúîôă  

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

Üÿóôñî Æÿüì 
Üìĕôøùìóìüúîôă 

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

Ýìøôāúî äúùìîüĘó 
Üìĕôøúîôă 

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

Ìùðìøúî ÜìĔìíì÷Ē 
äìøýúîôă 

Ùúøóìðô ô÷øĕúô ïñú÷úïôċ îì øôùñüì÷úïôċ, ðúþýñùþ, ðñöìùô Āìöÿ÷þñþô 
ïñú÷úïôċô ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù 

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

Àìõüìþúî Øì÷ôöðúð 
Þúûú÷ìùïúîôă 

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

ÙôČóúî Úøìðėÿ÷ 
Çìøüúėÿ÷úîôă 

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

ØìĔì÷÷ì íì àñĕüôýþô ùìĄüôċĕúô ô÷øôô þìėüôóĄìîìùðìô Öúøôýýôċô ú÷ôô ìþþñýþìþýôúùôô ùìóðô 
Ûüñóôðñùþô Æÿøĕÿüôô ÞúĔôöôýþúù ìó 28.02.2022, Ĝ73 îúüôð ïìüðôðììýþ. 

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

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

tnu@mail.ru 
Þñ÷.: (+992 37) 227-74-41 

Ô÷ø îì ôùùúîìþýôċ 
ÍìāĄô ô÷øĕúô ïñú÷úïĒ îì þñāùôöĒ 

ØìĔì÷÷ì ðìü Ôùðñöýô ôėþôíúýĕúô ô÷øôô Üÿýôċ 
(ÜÔÙâ) îúüôð öìüðì Ąÿðììýþ. ØìĔì÷÷ì íú 
óìíúùĕúô þúĔôöĒ îì üÿýĒ ùìĄü øñĄìîìð. 

 

mailto:vestnik-tnu@mail.ru
mailto:vestnik-tnu@mail.ru


3 

 

 

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, ʟʘʚ. ʢʘʬʝʜʨʦʡ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ ʠʥʞʝʥʝʨʥʦʡ 

ʛʝʦʣʦʛʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʅʠʸʟʦʚ ʆʤʘʜʢʫʣ 

ʍʘʤʨʦʢʫʣʦʚʠʯ 

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

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

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

ʊʘʜʞʠʢʠʩʪʘʥ ʦʪ 28.02.2022, ˉ73 

ɾʫʨʥʘʣ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪʩʷ ʢ ʠʟʜʘʥʠʶ ʚ ʀʟʜʘʪʝʣʴʩʢʦʤ 

ʮʝʥʪʨʝ ʊʅʋ. 

ɸʜʨʝʩ ʀʟʜʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ:734025, ʈʝʩʧʫʙʣʠʢʘ 

ʊʘʜʞʠʢʠʩʪʘʥ, ʛ.ɼʫʰʘʥʙʝ, ʧʨʦʩʧʝʢʪ ʈʫʜʘʢʠ, 17. 

E-mail: vestnik-tnu@mail.ru 

ʊʝʣ.: (+992 37) 227-74-41 

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 

ÞßÐ: 626/627:551.243+550.348.098.64(575.3) 
áßÝßÝÔëÞÇÚÔ ÝÚáÞÚÜÔ ÏÑÚ×ÚÏÔÔ ØÔÙÞÌÉÌÔ ÝÚáÞØÚÙÔ ÙÍÚ µÜÚÀßÙ½ 

ÎÌ ÍÑáÌÞÌÜÔÔ ÝÑÕÝØÔÖÔÔ ÚÙ 
 

Ìùðìøúî Ü.ä., ÙôČóúî Ì.Ý., äìüôĀóúðì ä.Ü. 
ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù  

 
Ýúāþøúùô ùñüÿïúĕô íìüėô úíôô µÜúĎÿù½, öô íÿóÿüïþìüôù ôùĄúúþô ïôðüúþñāùôöĒ ðìü 

ÚýôČô ØìüöìóĒ øìĕýÿí øñČíìð, ýú÷ô 1976 úĎúó Ąÿðì íÿð. Ôù ôùĄúúþô øÿĕôøøô ýþüìþñïôô 
ĔÿøĕÿüĒ ôėþôðúüô ÷úôĕìîôô 3600 ØÎþ ðúĄþì, 6 ìïüñïìþô úù ĕìü öìðúø 600 ØÎþ ùñüÿô 
íìüė þìî÷ôð øñöÿùìð, öô ýú÷úùì 13,1 øô÷÷ôìüð öÎþ/ýúìþüú þìĄöô÷ øñðôĕìð. 

ÙÍÚ µÜúĎÿù½ ðìü íìüúíìüô þìî÷ôðô íìüė, ôùăÿùôù, þìùóôøô ðúôøĒ îì ðìüúóøÿððìþô 
ĔìüìČùô ðìüČô ÎìāĄüú þìĆøôù øñùìøúċð, öô ôù íìüúô ùì þìùĕú öôĄîìüô øú, íì÷öô íìüúô 
ðìî÷ìþĕúô ĕìøýúċ ìĕìøøôċþô Āìîėÿ÷úððì øÿĕôø ðúüìð. 

Þôíėô ÷úôĕì ùñüÿïúĕô íìüėô úíôô µÜúĎÿù½, ċö ùñüÿïúĕô íìüėô úíôô ùìîĆô ýìüíìùðĒ 
íÿðì, ýìððô (ýìüíìùðô) úíìùíúüô úù 335 ø øñíúĄìð. Ýìüíìùð ìó ýìùïÿ ĄìĎì÷, öô øìĕìöô ìó 
ïô÷āúö þìüöôíČĀþìüú øñûĘĄúùìð, ýúāþì Ąÿðììýþ. Ðìü ýÿüìþô íì ìùĔúø üìýôðìùô ýúāþøúù, 
ýìüíìùð íì÷ìùðþìüôù ðìü Ĕìĕúù āúĕìð Ąÿð. 

ÆÿóĆĕúô ìýúýôô ôùĄúúþĕúô ÙÍÚ, öô íñĄþìü íì üìîìùðĕúô āìþìüùúöô ïñú÷úïĒ 
úýñíûìóôüìùð, ăÿùôùìùð: 

- ýìüíìùðô ýìùïÿ ĄìĎì÷ô íú ïô÷āúö, öô ûÿüüì ìó øìýú÷ñĕô øìĕì÷÷Ē ýúāþì øñĄìîìð; 
- ùìėíĕúô ýúāþøúùĒ îì ôýþôĀúðìíìüìùðì; 
- íôùúô óñüôóìøôùĒ, öô þú÷úüô øúĄôùĕú (íú ðìüúóôô 220 ø, íìüô 22 ø, íì÷ìùðôô 78 ø) 

îì ĕÿĔüìô þüìùýĀúüøìþúüĕúüú (íú ðìüúóôô 290 ø, íìüô 20 ø, íì÷ìùðôô 40 ø). 
ÔùĄúúþĕúô ùúøíìüĄÿðì ðìü ėôýøìþô øÿìõċùô ýúāþúüĕúô ïñú÷úïôô øìĕì÷÷ô ýúāþøúù 

Ĕúõïôü öìüðì øñĄìîìùð îì ìó ôù ýìíìí āÿýÿýôċþĕúô øìĔøììĕúô ïñú÷úïĒ íì öúüô øÿùþìóìøô 
þÿ÷úùĒ îì ÿýþÿîúüôô úùĕú þìĆýôüô íñîúýôþì øñüìýúùìð. 

Ýúāþô ïñú÷úïôô (ýþüìþôïüìĀôċô) øôùþìėìô ýúāþøúùô ÙÍÚ øÿüìööìí ùìíÿðì, úù 
ìýúýìù Ĕôùýĕúô öĘĕôô ðìîüìô øñóúóúõüú (ìó Ċüì þú íĘü) ðìü íìü øñïôüìð (üìýøô 1). 

Íìüúô íìĕúðôĕôô ÿýþÿîúüôô ôùĄúúþô ïôðüúþñāùôöĒ þìüöôíô Ĕôùýĕúô öĘĕĒ ùìėĄô 
øÿĕôø øñíúóìùð. Ìó ôù ýìíìí, þìîýôĀô öĘþúĕô Ĕôùýĕúô öĘĕôñ, öô ėôýøô ìýúýôô øìõðúùô 
øôùþìėìô ýúāþøúùüú ôĄĎú÷ øñöÿùìùð, þôíėô íÿüüôĄô ïñú÷úïĒ, úĎúó ìó Ĕôùýĕúô ėìðôøþìü 
ðìü óñü øñúüñø. Æôùýĕúô öĘĕôô ðìîüìô þú Ċüì ðìü Ąôøú÷ÿ Ąìüė, íñüÿù ìó øôùþìėìô 
ýúāþøúù ûìĕù Ąÿðììùð. Æôùýĕúô ðìîüìô Ĕìîúùþìü ìó óìøúùô øììýþüôāþ (íÿüô íú÷úĒ), ċĆùñ 
Ĕôùýĕúô óìøúùô ûì÷ñúïñù îì ùñúïñù ùôó íñüÿù ìó øìõðúùô ýúāþøúù, ðìü Ĕìùÿí āúíôðììùð. 

Æôùýĕúô ðìü íÿüüôĄô ïñú÷úïĒ ûúČùþìü, ìüïô÷÷ôþĕú, ùìøìö îì ïôûýĕúô ýîôþìô 
ïìÿüðìöô ðìîüìô Ċüì J3gr øñíúĄìùð, öô ĎìĀýôô úùĕú óôČðì ìó 400 øñíúĄìð. 

Ðìü íú÷úô úùĕú üñïýìùïĕú, ì÷ñîüú÷ôþĕú îì ìüïô÷÷ôþĕú ýÿüāÿ ðúüăôùô ýîôþìô Čîúùô 
ðìîüìô íÿü K1jv, öô íìĆóìù ÷ôùóìĕúô ôíúüìþ ìó ïôûý (ĎìĀýô ëĄúù þú 30 ýø) ðúüìùð, 
āúíôðììùð. ÀìĀýôô úùĕú āñ÷ú ùúÿýþÿîúü íÿðì, ðìü ĕÿðÿðô ìó 70 þú 380 ø þìĎõôü øñČíìð. 

Æôùýĕúô öĘĕôô ýîôþìô ėôóô÷þúĄ K 1kz (ĎìĀôýìĄúù 170-200 ø) ìó üñïýìùïĕúô 
øôČùìóìüüì, öô ėìíìþĕúô ì÷ñîüú÷ôþĕú îì ìüïô÷÷ôþĕú ðúüìùð, ôíúüìþ ìýþ. 

Ýîôþìô úíôïìüø K1ob 190-360 ø ĎìĀýĒ ðúĄþì, ìüïô÷÷ôþĕú, ì÷ñîüú÷ôþĕúô ðúüăôù, 
āúöôýþìüüìùï, íÿùìĀĄüìùïô íú ėìíìþăìĕúô ìĕČùô þú 30 ýø ĎìĀýôðúĄþìô ïôûýĕúüú ðìü íìü 
øñïôüìð. 

Ýîôþìô ėìüìöÿó K1kr (ĎìĀýôċĄ 85-175 ø) ìó üñïýìùïĕúô ýÿüāăìüìùïô ðúüăôù îì ìó 
ėìíìþăìĕúô ìüïô÷÷ôþĕúô āúöôýþìüüìùï ôíúüìþ ìýþ. 

Ðìü íú÷úô ýîôþìô ėìüìöÿó ýîôþìô øôùïíìþøìù K1mg āúíôðììýþ, öô ìó üñïýìùïĕúô 
ðúüăôù îì ýÿüāüìùïô ðúüăôùô ĎìĀýôìĄúù 130-375 ø þìüöôí ČĀþììýþ. 

Ýîôþìô ÷ìþþìíìùð K1lt ý÷ìùñþýĕúô ýìíóüìùïô āúöôýþìüüìùï, öô ėìíìþăìĕúô þÿùÿöô 
(0,3-0,5 ø) úĕìöýìùï, ðú÷úøôþ, øñüïñ÷ (35-110 ø), öô íú ėìíìþô 30-130-øñþüìô ėìíìþĕúô íì 
ĕìø úøñāþìô ïôûýĕúô ýìĀñð îì ïÿ÷úíĒ íú ìüïô÷÷ôþĕú, ì÷ñîüú÷ôþĕú, ėìíìþăìĕúô ìĕČùô 
úĕìöýìùïĕúô āúöôýþìüüìùï 
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Üìýøô 1. áìüôþìô ïñú÷úïôô øôùþìėìô ÙÍÚ-ô µÜúĎÿù½ îì ìþüúĀô úù (þôíėô [4]) 
Figure 1. Geological map of the Rogun HPP area and its surroundings (after [4]) 

 
Ýôùùÿ ýú÷ô ėìíìþĕú íì ôùðñöýĕú íñîúýôþì ðìü āìüôþì ùôĄúù ðúðì Ąÿðììýþ. ÝþüìþôïüìĀôċ îì 
þìüöôíô Ĕôùýĕúô öĘĕĒ ðìü øìþù úîìüðì Ąÿðììýþ. 

 
Æôùýĕúô öĘĕôô ċüÿýô ì÷íô íú÷úĒ K 1al 50-65 ø ėìíìþĕúô øÿþìýýô÷ þìöüúüĄìîìùðìô 

ìüïô÷÷ôþĕú, ïôûýĕúô ðúüăôùÿ ýÿüāüìùï íú üñïýìùïĕúô āúöôýþìüüìùï. 
ëüÿýô ýñùúøìùô ûúČùĒ K 2cm1 ĎìĀýôô ÿýþÿîúü (45-50 ø) ðúĄþì, ìó ėìíìþĕúô øÿþìýýô÷ 

þìöüúüĄìîìùðìô ìüïô÷÷ôþĕú, üñïýìùïĕú, úĕìöýìùïĕú îì ïôûýĕú þìüöôí ČĀþììýþ. 
ëüÿýô ýñùúøìùô íú÷úĒ K 2cm2 (35-60 ø) ėìíìþĕúô øÿþìýýô÷ þìöüúüĄìîìùðìô 

úĕìöýìùïĕúô ïô÷ðúüô āúöôýþìüüìùï, ý÷ìùñþýĕúô āúöôýþìüüìùï, üñïýìùïĕúô ý÷Ċðìðúü, 
ì÷ñîüú÷ôþĕú, ÷ôùóìĕúô āÿüðô ïôûý ðúüìð. 

Éìíìþĕúô þÿüúùô ûúČùĒ K 2t1 ĎìĀýôô íìüúíìü îì ÿýþÿîúü ðúĄþì (90 ø) ý÷ìùñþýĕúô 
ýìíóüìùï, āúöôýþìüüìùïô þúüôö îì ėìíìþăìĕúô ìĕČùô øñüïñ÷ĕúô āúöôýþìüüìùïüú ðìü íìü 
øñïôüìð. 

ëüÿýô þÿüúùô íú÷úĒ K 2t2 ĎìĀýôô 150-250 ø ðúĄþì, ėìíìþô ûúČùôô úù ìó úĕìöýìùïĕú (20 
ø) ôíúüìþ ìýþ, öô ðìü íú÷úô úù ý÷ìùñþýĕúô āúöôýþìüüìùïô þúüôö, úĕìöýìùïĕúô ïô÷ðúü îì 
øñüïñ÷ĕú āúíôðììùð, ìĕČù ïôûýĕú îúøñāĘüìùð. 

Þìüöôíô Āüÿýô öúùċö K 2cn (65-80 ø) ìó üñïýìùïĕúô ý÷Ċðìðúü, öô ėìíìþăìĕúô 
úĕìöýìùïĕúô āúöôýþìüüìùïô üñïðúü îì ïô÷ðúü ôíúüìþ ìýþ. 

Þìüöôíô ÷ôþú÷úïôô ċüÿýô ýìùþúù K2st (55-60 ø) ïôûýĕúô ėìíìþ-ėìíìþô ïÿùúïÿùüìùï 
(ýìíóô āúöôýþìüĒ, ïÿ÷úíĒ), ìüïô÷÷ôþĕú, ì÷ñîüú÷ôþĕú îì ĕìüüìùïì üñïýìùïĕúô ĕìüüìùïì 
(āúöôýþìüĒ, ýÿüā, ðúüăôù, ýìíó, íÿùìĀĄ) øñíúĄìð. 

ëüÿýô öìøûìù K2cp (50-55 ø) ì÷ñîüú÷ôþĕúô ýìíó îì ýìíóô āúöôýþìüĒ íú ėìíìþăìĕúô (þú 
0,5 ø) øñüïñ÷ĕú, úĕìöýìùïĕúô üñïú÷ÿðìô ýìíóô āúöôýþìüĒ îì üñïýìùïĕúô āúöôýþìüôüú ðìü 
íìü øñïôüìð. 

Þìüöôíô ċüÿýô øììýþüôāþ K2m ìó úĕìöýìùïĕúô āúöôýþìüüìùï îì ïÿ÷úíĒ (80-110 ø) íú 
ėìíìþăìĕúô (0,5-10 ø) ìĕČùô üñïýìùïĕú, úĕìöýìùïĕúô ïô÷ðúüô āúöôýþìüüìùïô ýìíó þìüöôí 
ČĀþììýþ. 

ÞìĆüôāô üÿĄðô ïñú÷úïôô øìĕì÷÷ô ýúāþøúù ðìîüìô úāôüô øñóúóúõ ¬ ìîîì÷ô 
öìõùúóúõüú ðìü íìü øñïôüìð. Ðìü ôù øìüĕô÷ì øìĔøììô ĕúóôüìô ïñú÷úïĒ þìĄìööÿ÷ ČĀþìùð. 
Ìó ìùĔúøô ðìîüìô ûì÷ñúïñù ¬ ùñúïñùô ìîîì÷ (øôúþýñù) Ąìö÷ô ôøüĘóìô ùñúþñöþúùôöôô 
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øôùþìėì þìüĕô āÿðüú øñČíìð. Ðìü ôù ðìîüì Ąôöìýþìĕúô öìþñïúüôċĕúô ïÿùúïÿùô ÎìāĄ, 
ÕúùìāĄ, Ïÿ÷ôóôùðúù, äôöìýþìô Ĝ35, äôöìýþìô Ĝ28 ĀìĆú÷ Ąÿðì, í÷úöĕúô ïÿùúïÿùüú íì 
ĕìüìöìþ øñðìüúüìùð (üìýøô 2).  

 
Üìýøô 2. Ýāñøìô øôùþìėìĕúô óô÷óô÷ìúĀìüô øôùþìėìô ÙÍÚ-ô µÜúĎÿù½ (þôíėô [7]) 
Figure 2. Scheme of seismogenetic zones of the Rogun HPP construction area (after [7]) 

 
1,2 ¬ Ąôöìýþìĕúô öìþñïúüôċĕúô ċöÿø îì ðÿĊø; 3 ¬ ýìüíìùðô ÙÍÚ-ô µÙúüìö½ îì µÜúĎÿù½; 4 ¬ I, II, 
III, IV, V, VI ¬ óñüøôùþìėìĕúô ýñõýøúïñùĒ. Íì āìþĕúô ïÿùúïÿù øôùþìėìĕúô óÿĕÿüúþô óìøôù÷ìüóìĕúô 
øìïùôþÿðìô ïÿùúïÿùðúĄþì ôĄúüì Ąÿðììùð.  
 

äôöìýþìĕúô þñöþúùôöôô ðìü üìýøô 2 ùôĄúùðúðìĄÿðì, ýúāþúüô ÿøÿøôô 
ùñúþñöþúùôöôô øôùþìėìô ýúāþøúùô ÙÍÚ-üú øÿìõċù øñöÿùìùð. ÆúõïôüĄìîôô úùĕú, ýìøþ îì 
ìøû÷ôþÿðìô ĕìüìöìþô í÷úöĕú ðìü ėôýøìþĕúô ïÿùúïÿùô ôù Ąôöìýþìĕú ðìü ÿøÿø íì 
íñāìþìüôô ùñüÿïúĕ, ĔÿóĆĕúô úù íñîúýôþì þìĆýôü øñüìýúùìð. 

Íñāìþìüôô ôùĄúúþĕúô ïôðüúþñāùôöĒ ìó ðÿüÿýþ, íú ùìóìüðúĄþô āÿýÿýôċþĕúô ïñú÷úïĒ 
îì ýñõýøúþñöþúùôöôô øìĕì÷ ĔúíìĔú öìüðìùô úùĕú (öúøûúùúîöì) îúíìýþì ìýþ. Ýāñøìô ăÿùôù 
ĔúíìĔúöÿùôô ïôüñĕô ïôðüúþñāùôöôô µÜúĎÿù½ ðìü üìýøô 3 úîìüðì Ąÿðììýþ. 

Þìîüñ ìó üìýøô 3 ðôðì øñĄìîìð, ùìėíĕúô (þÿùùñ÷ĕúô) ýúāþøúùĒ ìó ýúĕô÷ô ăìû íì üúýþ 
þÿ÷ øñöìĄìùð îì ðÿ þìíìėì (ċüÿý) ðúüìùð. áìüúĔúþô øìöýôøì÷ôô úí þìîìýýÿþô þÿùùñ÷ô 
þìíìėô I íì 2270 ø3/ý, þìîìýýÿþô þìíìėìô ðÿĊø 2520 ø3/ý øñíúĄìð. Þìùóôøô āìüúĔúþ úí 
þìîìýýÿþô ûñĄíìùðĕú (óìþîúüć), öô íì ĀôĄúüô þú 200 øñþüìô úí îì ýÿüĆìþô ĔúüôĄìîìôô 
55¬60 ø/ý þúėìþ øñöÿùìùð, ìøì÷Ē øñĄìîìð. 

Ðúôü íì ĕú÷ìþô ýñõýøôöôô ÙÍÚ µÜúĎÿù½ ĕìøôùüú íúċð ėìõð öìüð, öô ĕìùĘó ðìü 
øìüĕô÷ìô ÷úôĕìöìĄĒ óô÷óô÷ìùúöôô úù þìîìýýÿþô ĕÿĔĔìþĕúô øñĆČüĒ ([5], Éôýøô II, Íúíô 12 
îì íìùðô 10.5) ĕìøìĔúùôíì íìĕú ðúðì Ąÿðì íÿð. Íú þìĕėôėúþĕúô Ôùýþôþÿþô Āôóôöìô 
Óìøôùô Ìöìðñøôċô ô÷øĕúô ÔÆäÝ øôùþìėìô ýúāþøúù øì ùúĕôċô ýñõýøöôôô 9-íì÷÷ì îúüôð 
öìüðì Ąÿðì íÿð. Íúċð øìāýÿý ėìõð öìüð, öô ðìü ôù íìĕúïÿóúüĒ, ûñĄ ìó ĕìøì, āÿýÿýôċþĕúô 
ôùòñùñüĒ-ïñú÷úïôô øôùþìėì íì ĕôýúí ïôüôĀþì Ąÿðì, ðìü íìüúíìüô íìĕúðôĕôô ÿøÿøôô úù, 
ôùăÿùôù, óô÷óô÷ìùúöôô ĕìü ċö ĔÿóĆ îì ėôþĆìĕú ôù ïôüñĕô ìóôøô ïôðüúþñāùôöĒ øÿìõċù 
öìüðì Ąÿðì íÿð (Ĕìðîì÷ô 1). 
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Üìýøô 3. Ýāñøìô ĔúíìĔúïÿóúüôô (öúøûúùùúîöì) ĔÿóĆĕúô ìýúýôô ÙÍÚ µÜúĎÿù½ 
Figure 3. Scheme of the main structures of the µRogun½ HPP 

 
1, 2 ¬ ùìėíĕúô ýúāþøúùôô ėìíìþĕúô I îì II; 3 ¬ úíėìíÿ÷öÿùìùðìô ÙÍÚ; 4 ùìėíĕúô ôùþôėú÷ðôĕìùðì 
îì úíöìĄĕúô þÿüíôùìîĒ; 5 ¬ Ąìāþìô ûñĄíìùðô ýìðìøìîôô þìĆøôüĒ; 6 ¬ íôùúô ÙÍÚ; 7 ¬ ùìėíĕú 
þÿùùñ÷ĕúô ùìė÷ôñþĒ îì ôėþôðúüðôĕìùðì; 8 ¬ ùìėíĕúô úíûìüþúô ÙÍÚ; 9 ¬ úíûìüþúô 
ôýþôĀúðìíìüìùðìîĒ íú úíïôüìöô ÿøėĒ; 10, 11 ¬ Ąìāþìô ûñĄíìùðô þìĆøôüĒ îì íôùúô ûñĄíìùðĕúô 
(óìþîúü) ìýúýôô úíûìüþúĕú; 12 ¬ Ąìāþìô úíûìüþú; 13 ¬ ôùĄúúþô úíûìüþúô ùôĕúĒ; 14 ¬ þÿùùñ÷ô 
úííìü ðìü ýúõô Úíô äĘü; 15 ¬ þÿùùñ÷ô ĕôĀóöÿùìùðìô ùìøìö ìó ĄÿýþìĄìîĒ; 16 ¬ þÿùùñ÷ĕúô 
ýñøñùþíìü; 17 ¬ þñĎìô ýìüíìùð; 18 ¬ þÿùùñ÷ô Čüôüìýúù; 19 ¬ þÿùùñ÷ô ùìė÷ôñþôô ìîþúøúíô÷ïìüð; 20 ¬ 
þìĕĔôóúþô öÿĄúðô þìėýôøöÿùìùðì (ÞÖÞ) (Úþöüćþćñ üìýûüñðñ÷ôþñ÷Ĉùćñ ÿýþüúõýþîì (ÚÜß)) 

 

Æìðîì÷ô 1. Óô÷óô÷ìùúöôô ôùĄúúþĕúô ïôüñĕô ïôðüúþñāùôöôô µÜúĎÿù½ 
Table 1. Seismic resistance of the main structures of the Rogun hydroelectric complex 

ÔùĄúúþ Óô÷óô÷ìùúöôô ėôþĆìĕú, íì÷÷ 
ùúĕôċ íú ùìóìüðúĄþô 

ýúāþô ïñú÷úïĒ 
ìó üĘõô ĕôýúíô 
ùìóìüôċîĒ  

I. ÔùĄúúþĕúô ðúôøôô ìýúýĒ  
1. ÔùĄúúþô úíėìíÿ÷öÿùìùðì 

9 9 9 

Þÿùùñ÷ĕúô úíöìĄúùìùðì 9 9 9 
Öìøñüìĕúô ûñĄíìùðĕúô ýìðìøìîĒ-þìĆøôüĒ 9 9 9 
äìāþìĕúô ûñĄíìùðĕúô ýìðìøìîĒ-þìĆøôüĒ 9 9 9 

Úííìüĕúô þÿüíôùìîĒ 9 9 9 
Íôùúô ÙÍÚ 9 9 9 
Öú÷÷ñöþúüĕúô Ďÿ÷íìĕúô úíöìĄ 9 8 8 
Þÿùùñ÷ĕúô úííìüìùðì ðìü øôùþìėìô Ąôöìýþìĕúô 
ïñú÷úïĒ 

9 10 10 

Ûúüþì÷ĕúô íìüúøìðô þÿùùñ÷ĕú 9 9 9 

 
Ìó Ĕìðîì÷ô 1 ăÿùôù āÿ÷úýì íìüøñúċð, öô óô÷óô÷ìùúöôô ÿøÿøôô ïôüñĕô ïôðüúþñāùôöôô 

µÜúĎÿù½ 9 íì÷÷üú þìĄöô÷ ùìøÿðì, ĔÿóĆĕúô úù íìüúô óô÷óô÷ìĕúô 8¬10 íì÷÷ì íì ÷úôĕì 
ïôüôĀþì Ąÿðììùð. Ðìü íìüúíìüô ôù, íúċð íì ùìóìü ïôüôĀþ, öô ðìü üìîìùðô ýúāþøúù 
þúėìþĀìüýúôô (îúöÿùôĄô þìíôôô) ôùĄúúþ þúüìĀþ íì÷ìùð øñïìüðìð [3], öô ôù 
ĉĆþôøúðùúöôô ûñĄïÿõôô íìóô÷óô÷þúíúîìüôô ùñüÿïúĕüú íì÷ìùð øñíìüðúüìð. 

Ðìü üìýøô 4 íÿüüôĄô ôùòñùñüĒ-ïñú÷úïôô ýìüíìùðô ÙÍÚ þìýîôü ČĀþììýþ. 
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Üìýøô 4. ÍÿüüôĄô ôùòñùñüĒ-ïñú÷úïôô ýìüíìùðô ÙÍÚ µÜúĎÿù½ 
Figure 4. Engineering-geological section of the µRogun½ HPP dam 

 
 
Íìĕúðôĕôô āìþìüô ýñõýøôöôô ÙÍÚ µÜúĎÿù½-üú ìó ĕìøì íñĄþìü íú Ąôöìýþìĕúô ìóôøô 

Çôýúü îì ÎìāĄ, íìĆðìù Ąôöìýþìĕúô øôùþìėìîôô ÕúùìāĄ îì Ïÿ÷ôóôùðúù ì÷úėìøìùð 
øñðúùìùð [1; 2]. äôöìýþìô Çôýúü (Č Çôýúüô ÆìùÿíĒ) óôČðì ìó 600 öø þÿ÷úùôċþ ðúĄþì, 
øìĔøììô ïñú÷úïôô øñóúóúõ-öìõùúóúô ÞúĔôöôýþúùô Æìùÿíÿ Àìüíôüú ìó ýúāþúüô íÿóÿüïô 
(þñüüñõùô) Çôýúüÿ Ú÷úõ Ĕÿðú øñöÿùìð [8]. Ïìüăìùðñ ôù Ąôöìýþì íñüÿù (ðìü Ąôøú÷) ìó 
øôùþìėìô ýúāþøúù Ĕúõïôü Ąÿðì íúĄìð ĕìø, ìøøú ìó ùôïúĕô ïñúðôùìøôöĒ îìõ ðÿ ùúĕôċô 
íÿóÿüïô ïñú÷úïôô øìø÷ìöìþ ¬ ÞúĔôöôýþúùô Øìüöìóôüú ìó ÞúĔôöôýþúùô Æìùÿíÿ ÀìüíĒ ìó 
ĕìø Ĕÿðú öìüðì, ðìü þÿ÷ô ýìðĕú øô÷÷ôúù ýú÷ ĀìĆú÷ øñíúĄìð. 

äôöìýþìĕúô ÕúùìāĄ îì Ïÿ÷ôóôùðúù íôùúíìü ýìíìíô íñîúýôþì ðìü øìîóñô ýúāþøúù 
Ĕúõïôü íÿðìù îì ìó ĕìøì øÿĕôø ¬ þìĕöÿüýôô þìùìô ýìüíìùðüú íÿüôðìùìĄúù ìĕìøøôċþô 
Āìîėÿ÷úððì øÿĕôø ðúüìùð.  

Ðìü ĔìüìČùô ĉöýûñüþôóìô ÷úôĕìô ýúāþøúùô ÙÍÚ µÜúĎÿùï½ ìó Ĕúùôíô ïÿüĘĕô 
øÿþìāìýýôýúùô Íúùöô ÆìĕúùĒ ėìõð öìüðì Ąÿðì íÿð [3], öô ðìü þÿ÷ô óôČðì ìó ýìð ýú÷ô úāôü, 
îúíìýþì íú Ąôöìýþìĕúô ùúøíìüĄÿðì ĕìøìïĒ 5 óìøôù÷ìüóìô Ąìðôðþìüôù íì ėìõð ïôüôĀþì 
Ąÿðììùð (Ĕìðîì÷ô 2). 

 
Æìðîì÷ô 2. Óìøôù÷ìüóìĕúô Ąìðôðô (Ø>5,5) íú Ąôöìýþìĕúô øôùþìėìô ýúāþøúùô ÙÍÚ 

µÜúĎÿù½ îúíìýþì 
Table 2. Strong earthquakes (M>5.5) associated with faults at the construction site of the Rogun 

hydroelectric power station 
äôöìýþì Øìïùôþÿðì ßøė, 

öø 
ØìýúĀìô øôČùô ĉûôýñùþü 

îì ÙÍÚ, öø 
Ýìùìô óìøôù÷ìüóì 

Çôýúü 7,4 10 7¬8 21 úöþċíüô ý.1907 
10 ôĊ÷ô ý.1949 

ÎìāĄ 6,4 10  16 ýñùþċíüô ý.1924 
ÕúùìāĄ îì 
Ïÿ÷ôóôùðúù 

5,9 5 4¬5 22 ýñùþċíüô ý.1930 
22 ċùîìüô ý.1989 

 
Ðìü ÞúĔôöôýþúù ðúôü íì íñāìþìüôô ýñõýøôöĒ, öô íìüúô ėì÷ìøüìîô øìø÷ìöìþ 

ìĕìøøôċþô ĕìČþìù øÿĕôø ðúüìð, ýìùìðô øñĆČüôĊ ĕÿėÿėĒ ¬ Éúùÿùô Æÿøĕÿüôô ÞúĔôöôýþúù 
µÐìü íúüìô íñāìþìüôô ýñõýøôöĒ½ ėìíÿ÷ öìüðì Ąÿðììýþ [5], öô ĕìðìĀô úù µìýúýĕúô þìĄöô÷Ē, 
ĕÿėÿėĒ, ôėþôýúðĒ îì ôĔþôøúôô þìĆøôùô íñāìþìüôô ýñõýøôöĒ½ øñíúĄìð. Ðìü ėúùÿùô 
øìóöÿü íìüúô þìĆøôùô íñāìþìüôô ýñõýøôöĒ ðìü ėìþúüô øìĔøÿô ăúüìíôùôĕúô ĕÿėÿėĒ, 
ôĔþôøúĒ îì Ďìõüì ôùăÿùôù, þìĕėôėúþĕúô ô÷øĒ îì øÿĕìùðôýôĊ þñāùôöĒ ùôó íì ùìóìü 
ïôüôĀþì Ąÿðììùð. Îúíìýþì íì ôù ðìü ýìøþô þìĕėôėúþô íñāìþìüôô ýñõýøôöôô ùñüÿïúĕĕúô 
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úíĒ, öô óôČðì ìó 95%-ô ùñüÿô íìüėô øìø÷ìöìþüú þìî÷ôð øñöÿùìùð, ùôó öúüĕúô óôČðñ íÿüðì 
øñĄìîìùð. Ìó Ĕÿø÷ì, úøĘóôĄô óÿððôċþ îì Ąôððìþô óìøôù÷ìüóìĕúñ, öô ðìü øôùþìėìĕúô 
ĔúõïôüĄìîôô ùñüÿïúĕĕúô íìüėô úíĒ îì ėì÷ìøüìîô ìþüúĀô úùĕú, öô íìüúô ûñĄïĘôô 
ĉĕþôøú÷ôċþô óìøôù÷ìüóìĕú ðìü úċùðì ìĕìøøôċþô øÿĕôø ðúüìùð. Ðìü üìýøô 6 āìüôþìô 
óìøôù÷ìüóìĕúñ, öô ðìü ðìîüìô ýú÷ĕúô 1800-2023 ðìü øôùþìėìô ìþüúĀô ÙÍÚ µÜúĎÿù½ íì 
ėìõð ïôüôĀþì Ąÿðììùð, þìýîôü Ąÿðììýþ. 

 
Üìýøô 5. ÙìėĄìô ĔúõïôüĄìîôô ĔÿóĆĕúô ìýúýôô ÙÍÚ µÜúĎÿù½ ðìü ýúāþúüô ïñú÷úïôô øìîóñô 

ýúāþøúù (þôíėô [3], íú ô÷úîìô øÿì÷÷ôĀúù) 
Figure 5. Schematic of the main components of the Rogun HPS and the geological structure of the 

construction site (after [3], with additions by the authors) 

 
1 ¬ þÿùùñ÷ô úíėìíÿ÷öÿùìùðì, 2 ¬ Ąìāþì; 3 ¬ þÿùùñ÷ĕúô úííìüìùðì; 4 ¬ Ąôöìýþìĕúô ìýúýôô þñöþúùôöĒ 
îì øôùþìėìĕúô úùĕú (üìùïô ýìíó): Õ ¬ Ąôöìýþìô ÕúùìāĄ, 35 ¬ Ąôöìýþìô üìėìøô 35, 5 ¬ þìüĕô 
ýìüíìùð (þìùìô íú āìþĕúô øúô÷ô ýÿüā ôĄúüì Ąÿðììýþ). 

 

Ìó āìüôþìô üìýøô 6 ăÿùôù āÿ÷úýì øñúċð, öô óìøôù÷ìüóìĕúô óôČðì ìó ýìð ýú÷ô úāôü 
ìýúýìù ðìü øìóüìô Ąôøú÷ôô ùúĕôċô ïñú÷úïôô ÞúĔôöôýþúùô Æìùÿíÿ ÀìüíĒ üÿā ðúðììùð îì 
ĕÿðÿðô Ąôøú÷ôô ûìĕùúôô úùĕú íú āìþþô Ąôöìýþìô Çôýúü üúýþ øñúċð, öô ôù ėúùÿùôċþô 
øÿĕôøøô þìĄìööÿ÷ô ïñúðôùìøôöôô ôù ėôýøìþô øìø÷ìöìþüú íúüô ðôïìü þìýðôė øñùìøúċð 
[3; 8].  

Ìó Ĕúùôíô ðôïìü, øìïùôþÿðìô óìøôù÷ìüóìĕú ìó 3-4 óôČð ùìíÿðì, ÿøėô úùĕú ðìü ðÿ 
ĕÿðÿð: þú 33 öø îì ìó 33 þú 70 öø ėìüúü ðúüìð.  

Øìîúðô ðìü øìėú÷ì úîìüðìĄÿðì ýúíôþ øñùìøúċð, öô ùñüÿïúĕô íìüėô úíôô µÜúĎÿù½ 
ðìü øôùþìėìô ýúāþúüô øÿüìööìíô ïñú÷úïĒ, ĀìĆú÷ùúöôô Ąôöìýþìĕúô þñöþúùôöĒ îì óÿĕÿüúþô 
óìøôù÷ìüóìĕúô Ąìðôð Ĕúõïôü Ąÿðì íúĄìð ĕìø, ìøøú ÷úôĕìô úù íú ùìóìüðúĄþô ôù 
āÿýÿýôċþĕúô þìíôĒ-ïñú÷úïĒ þìĕôċ Ąÿðì, ýúāþøúùô úù íú üôúċô ėúôðìĕúô øÿúýôüô 
øÿĕìùðôýĒ ìøì÷Ē Ąÿðì ôýþúðììýþ. Ìó ôù ýìíìí, íñāìþìüôô øÿĕìùðôýĒ îì ýñõýøôöôô úù íì 
þì÷ìíúþĕúô øñĆČüĕúô îìþìùĒ îì íìõùì÷øô÷ì÷Ē ĔìîúíïĘõ øñíúĄìð. 
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Üìýøô 6. áìüôþìô óÿĕÿüô óìøôù÷ìüóìĕú ðìü øôùþìėìô ìþüúĀô ÙÍÚ µÜúĎÿù½ ðìü øÿððìþô 
ýú÷ĕúô 1800-2023 

Figure 6. Map of earthquake occurrence in the area around the "Rogun" NPS in the period 1800-
2023 

 
ÝìüăìĄøì: áìðìøúþô ïñúĀôóôöôô ÔØÌ (https://earthquake.usgs.gov/). 
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áßÝßÝÔëÞÇÚÔ ÝÚáÞÚÜÔ ÏÑÚ×ÚÏÔÔ ØÔÙÞÌÉÌÔ ÝÚáÞØÚÙÔ ÙÍÚ µÜÚÀßÙ½ ÎÌ 

ÍÑáÌÞÌÜÔÔ ÝÑÕÝØÔÖÔÔ ÚÙ 
Ðìü øìėú÷ì ðúôü íì ýúāþúüô ïñú÷úïôô øôùþìėìô ýúāþøúùô ùñüÿïúĕô íìüėô úíôô µÜúĎÿù½ îì 

íñāìþìüôô ýñõýøôöôô úù øìîúðô þìĕ÷ô÷Ē îì øÿėúôýìîĒ úîìüðì Ąÿðììýþ. Ðôėėìþô ìýúýĒ íì 
ûìõðìüĕìøôô (ýþüìþôïüìĀôċô) ėìíìþĕúô Ĕôùýĕúô ïÿùúïÿùþìüöôí îì ýôùùÿ ýú÷ô ìó ðìîüìô Ċüì þú 
ðìîüìô íĘüðúĄþì óúĕôü öìüðì Ąÿðììýþ. Ìó ùôïúĕô þìĆýôüô ÷ôþú÷úïĒ íìüúô ÿýþÿîúüôô ĔÿóĆĕúô 
ìýúýôô ùñüÿïúĕ îì ĕú÷ìþô íì óô÷óô÷ìþúíúîìüôô úùĕú Ĕôùýĕúô þìüöôíìĄúù ôíúüìþ ìó ùìøìöĕú, 
ïôûýĕú, ôùăÿùôù, úĀìüôðìĕúô üñóìĄÿðì îì øìĕôùóìüüìô ðìü ðúāô÷ô øôùþìėìĕúô Ąôöìýþìĕúíÿðì 
ùìėĄô øìùĀôüú øñíúóìùð.  

Óìøôù÷ìüóìĕúô ýìð ýú÷ô úāôü ðìü øôùþìėì øìïùôþÿðìô 3-4 ðúĄþì, ÿøėô úùĕú þú 70 öø 
øñíúĄìð. Øìîúðô ðìü øìėú÷ì úîìüðìĄÿðì ýúíôþ øñùìøúċð, öô ùñüÿïúĕô íìüėô úíôô µÜúĎÿù½ ðìü 

 



12 

 

øôùþìėìô ýúāþúüô øÿüìööìíô ïñú÷úïĒ, ĀìĆú÷ùúöôô Ąôöìýþìĕúô þñöþúùôöĒ îì óÿĕÿüúþô 
óìøôù÷ìüóìĕúô Ąìðôð Ĕúõïôü Ąÿðì íúĄìð ĕìø, ìøøú ÷úôĕìô úù íú ùìóìüðúĄþô ôù āÿýÿýôċþĕúô 
þìíôĒ-ïñú÷úïĒ þìĕôċ Ąÿðì, ýúāþøúùô úù íú üôúċô ėúôðìĕúô øÿúýôüô øÿĕìùðôýĒ ìøì÷Ē Ąÿðì 
ôýþúðììýþ. Íú ùìóìüðúĄþô ôù, íñāìþìüôô øÿĕìùðôýĒ îì ýñõýøôöôô ÙÍÚ µÜúĎÿù½ íì þì÷ìíúþĕúô 
øñĆČüĕúô îìþìùĒ îì íìõùì÷øô÷ì÷Ē ĔìîúíïĘõ øñíúĄìð. 

Öì÷ôðîúòìĕú: ÞúĔôöôýþúù, ÙÍÚ µÜúĎÿù½, ýúāþô ïñú÷úïĒ, Ĕôùýĕúô öĘĕĒ, ýþüìþôïüìĀôċ, 
þñöþúùôöì, Ąôöìýþìĕú, óô÷óô÷ìùúöĒ, ÿýþÿîúüôô ýñõýøôöĒ.  

 

ʆʉʆɹɽʅʅʆʉʊʀ ɻɽʆʃʆɻʀʏɽʉʂʆɻʆ ʉʊʈʆɽʅʀʗ ʀ ʉɽʁʉʄʀʏɽʉʂɸʗ ɹɽɿʆʇɸʉʅʆʉʊʔ 

ʈɸʁʆʅɸ ʉʊʈʆʀʊɽʃʔʉʊɺɸ ʈʆɻʋʅʉʂʆʁ ɻʕʉ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ 

ʨʘʡʦʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʈʦʛʫʥʩʢʦʡ ɻʕʉ ʠ ʝʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʩʪʨʘʪʠʛʨʘʬʠʠ) ʩʣʦʝʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʚʦʟʨʘʩʪʘ ʦʪ ʶʨʩʢʦʛʦ ʜʦ 

ʤʝʣʦʚʦʛʦ ʧʝʨʠʦʜʘ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʜʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ ʠʭ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʧʦʨʦʜʳ, ʩʣʦʞʝʥʥʳʝ 

ʩʦʣʷʤʠ, ʛʠʧʩʦʤ, ʘ ʪʘʢʞʝ ʩʠʣʴʥʦ ʨʘʟʜʨʦʙʣʝʥʥʳʤʠ ʠ ʪʦʥʢʦʦʙʣʦʤʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚ ʟʦʥʘʭ ʨʘʟʣʦʤʦʚ. 

ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʩʪʘ ʣʝʪ ʚ ʨʝʛʠʦʥʝ ʠʤʝʶʪ ʤʘʛʥʠʪʫʜʫ 3-4, ʘ ʠʭ ʛʣʫʙʠʥʘ ʜʦʩʪʠʛʘʝʪ ʜʦ 70 ʢʤ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʩʪʘʪʴʝ ʤʘʪʝʨʠʘʣ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʭʦʪʷ ʈʦʛʫʥʩʢʘʷ ɻʕʉ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʟʦʥʝ ʩʣʦʞʥʦʛʦ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʘʢʪʠʚʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ ʠ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʝʝ ʧʨʦʝʢʪ 

ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʩ ʫʯʝʪʦʤ ʵʪʠʭ ʧʨʠʨʦʜʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʘ ʝʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʜʝʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʪʝʨʙʦʚʘʥʠʷʤʠ. ɺ ʮʝʣʦʤ, ʠʥʞʝʥʝʨʥʘʷ ʠ ʩʝʡʩʤʠʯʝʩʢʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʈʦʛʫʥʩʢʦʛʦ ʛʠʜʨʦʫʟʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʩʪʘʥʜʘʨʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʘʜʞʠʢʠʩʪʘʥ, ʈʦʛʫʥʩʢʘʷ ɻʕʉ, ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʛʦʨʥʳʝ ʧʦʨʦʜʳ, 

ʩʪʨʘʪʠʛʨʘʬʠʷ, ʪʝʢʪʦʥʠʢʘ, ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ, ʩʝʡʩʤʠʯʥʦʩʪʴ, ʩʝʡʩʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

 

FEATURES OF GEOLOGICAL STRUCTURE AND SEISMIC SAFETY OF THE CONSTRUCTION 

AREA OF THE  HYDROPOWER PLANT CONSTRUCTION AREA  

The article presents analytical and comparative materials on the geological structure of the Rogun 

hydroelectric power station construction area and its seismic safety. The main attention is paid to the sequence 

(stratigraphy) of rock layers of different compositions and ages from the Jurassic to the Cretaceous period. From 

the point of view of lithological impact, rocks composed of salts, gypsum, as well as highly crushed and finely 

fragmented materials in fault zones play a negative role in the stability of the main components of the power 

plant and their seismic resistance. 

Earthquakes of the last hundred years in the region have a magnitude of 3-4, and their depth reaches up to 

70 km. The material presented in the article proves that although the Rogun hydroelectric power station is 

located in an area of complex geological structure, active tectonic faults and strong earthquakes, its design was 

developed taking into account these natural geological features, and its construction is in accordance with 

modern regulatory requirements. In general, the engineering and seismic safety of the Rogun hydroelectric 

complex meets the requirements of domestic and international standards. 

Keywords: Tajikistan, Rogun hydroelectric power station, geological structure, rocks, stratigraphy, 

tectonics, faults, seismicity, seismic stability. 
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ÞÐß: 55+502.211+502.51(575.3) 
ÚØÔ×ÇÚÔ ÌÝÚÝÔÔ ÉÚÙßÙÔëÞÔ ÛÌÕÐÚÔäÔ áÌÎàÇÚÔ ÞÌÍÔÔÔ ÍÚ×ÚÚÍÔ 

ÇÌÎÓÌÔ ÐÌÜ¾Ô ÎÌáä 
 

Îì÷ôñî ä.à., Öìüôøúî Ø.×. 
Ôùýþôþÿþô ïñú÷úïôċ, ýúāþøúùô íì óìøôùĔÿùíĒ þúíúîìü îì ýñõýøú÷úïôċô ÌØÔÞ,  

ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù 
 

äìö÷ĕúô üñ÷ñĀô þñāùúïñùĒ ðìü øÿĕôþô ïñú÷úïôô øôùþìėìô þìĕėôėúþĒ íì þìîüô îìýñĆ 
þìĄìööÿ÷ ČĀþììùð. Ðìü ùìþôĔìô üìîìùðĕúô þñāùúïñùñó (ĀìĆú÷ôċþô ôýþôāüúĔô øìĆðìù, 
ýúāþøúù îì ôýþôĀúðìíìüôô ôùĄúúþô öĘĕĒ-þñāùôöĒ îì Ďìõüì) ðìü øôùþìėìĕúô 
þìĄìööÿ÷Číôô ýìùúìþôô öôĄîìü Ąìö÷ĕúô øìāýÿý îì þñāùúïñùôô øìùóìüìĕú íì îÿĔÿð 
úøìðììùð [1]. 

Ðìü ùìþôĔìô ïÿóìüúùôðìùô þìĕėôėúþ ìČù ïìüðôð, öô āìüìöþñü îì Ąôððìþùúöôô 
þìĆýôüô ôùĄúúþô øÿĕìùðôýôîÿ āúĔìïĒ íì øÿĕôþô ïñú÷úïôô øôùþìėì, ûñĄ ìó ĕìøì, íì 
āÿýÿýôċþĕúô ĀìĆú÷ôċþô úùĕú îúíìýþì ìýþ. Ìó ýìíìíô úù öô þìĆýôüô úíĆñöþĕú ìöýìü îìėþ íì 
ĕìø øñûìõîìùðìùð îì øÿþþìĕôð øñĄìîìùð, ôù ðìü øÿìõċù öìüðìù îì ùìîĆíìùðôô þìĆýôüúþô 
ýÿùĆĒ ðÿĄîúüôĕúô øÿìõċùñüú íì îÿĔÿð øñúüìð [4; 5]. 

Íì Ąÿøÿ÷ô úøô÷ĕúô þìíôôñ, öô øôČùô úùĕú úøô÷ĕúô ïñúøúüĀú÷úïĒ, ïñú÷úïĒ îì 
ôė÷ôøôüú Ĕÿðú øñöÿùìùð, íì óÿĕÿüČíôô üìîìùðô ĉüúóôċ ýìíìí øñĄìîìùð [8]. Íúċð óôöü öìüð, 
öô ùôĄñíôô ýìþĕĒ ôù Ĕú ùìėĄô øìāýÿý øñíúóìð. 

Ðìü Ąìüúôþô ùôĄñíôô ýìþĕôô ìó 0,05 ø ûìýþþìü ĉüúóôċô ĔĘõíúü ðìü Ąìüúôþô þìíôĒ 
ìøì÷ìù ôùöôĄúĀ ùìøñČíìð îì ðìü ĕú÷ìþô ùôĄñíôĕúô 0,05 - 0,10 ø ĔĘõíúüĕúô öìøúí íì 
îÿĔÿð øñúċùð. Øôùþìėìĕúô øÿýúôðþìüôù íìüúô ĉüúóôċô ĔĘõĕú øôùþìėìĕúñ øìĕýÿí 
øñĄìîìùð, öô ùôĄñíôìĄúù ìó 0,10 ø óôČð ìýþ îì ĕìøì óìøôùĕúô ýìāþ āìüúíĄÿðì íì úùĕú 
øìĕðÿðìùð [4; 6]. 

ÙôĄñíôĕúô ýìþĕôóìøôùĒ ðìü ċöĔúċïĒ íú ðôïìü úøô÷ĕúô ùúøÿýúôð Ąôððìþô ĉüúóôċô 
úíČüôöÿùôüú ûìõïôüĒ øñöÿùìùð. Úøô÷ĕúô ôüüôïìþýôúùĒ ìöýìü îìėþ ôùöôĄúĀô üìîìùðĕúô 
ĉüúóôċüú ðìü ùúĕôċĕúô úíČüôĄìîìùðì ûñĄìöĒ øÿìõċù øñöÿùìùð [2]. Ýìíìíô ìýúýôô ĉüúóôċ 
ðìü ôù Ĕú ðÿ úøô÷ô ìýúýĒ øìĕýÿí øñĄìîìð: ĀìĆú÷ôċþô øìùĀôô ôėþôýúðôô ôùýúù, öô ìó 
üôúċ ùìöìüðìùô þñāùôöìô úíČüĒ îì þìĆøôùô øñĆČüĕúô öì÷úùô úíČüĒ îúíìýþì ìýþ îì íñìýúý 
Ĕúõïôü öìüðìùô ïôüñĕĕúô óìĕíÿüÿ öú÷÷ñöþúüĒ îì þú íì ðìüìĔìô íìóìô ĉüúóôċô øìĕì÷÷Ē 
ùìüìýúùôðìùô ûìüþúîĕúô úāôüôù (Ĕìðîì÷ô 1). 

 
Æìðîì÷ô 1. ÌüóČíôô āìîĀĕúô ïñú÷úïôô āÿýÿýôċþĕúô ĉöóúïñùôðúĄþìô øìĔüúô íú÷úúíô ĕìîóìô 

ðìüČô ÎìāĄ 
Table 1. Assessment of geological risks of exogenous features of the upper reaches of the Vakhsh 

River basin 

ÐìüìĔìô 
āìþìüùúöĒ 

ØñĆČüĕú 
Íì÷÷ 

Ùìøÿðĕúô üìîìùðĕú 
áÿýÿýôċþĕúô 
óÿĕÿüĄìîĒ 

Úėôíìþĕúô 
ùúøÿýúôð 

Ìøì÷ìù 
Ąôüöìþ 
ùìðúüìùð 

Çìøì üìîìùðĕú 
øÿĆþìðô÷ ïìüðúùôðì 

Ąÿðììùð 

Óìĕüú÷ÿðĄìîôô 
ĕÿðÿð Ò 5% 

Ìøì÷ìù øìîĔÿð ùñýþìùð 1 

Ûìýþ 

äÿýþìĄìîôô 
ĕìøîúüôïĒ, ĉüúóôċô 
āìþþĒ îì øìĔüúĒ 

(ðìüČĒ), óñüôúíøúùĒ, 
íúþ÷úėĄìîĒ, 
ìööÿøÿ÷ċþýôċô 
þìĕĄúùôĕú 

Þÿ÷ùúöôô ĕÿðÿð 
ìýúýìù 5-20%, 

üìîìùðĕúô ĀìĆú÷ô 
þñāùúïñùĒ øñïÿóìüìùð 

Øÿüìööìí ýúāþìùô 
Ąìüúôþô ýúāþøúù, 
öúĕôĄ ðúðìùô 

āÿýÿýôċþĕúô ėìíìþô 
āúöĒ îì Ąìüúôþô 
ôýþôĀúðìô óìøôùĕúô 

ĕúýô÷āñó 

3 

Óìĕüú÷ÿðĄì-îôô 
ĕÿðÿð 20-30%, 
ĀìĆú÷Ąìîôô 
þñāùúïñùôô 
üìîìùðĕú 

4 

Ýìāþ 
Öìüýþ, ýÿĀĀúóôċ, 
ìíüìóôċ îì Ď. 

ÎìõüúùĄìîôô 
íì÷ìùðô ĕÿðÿð (öìüýþ, 
ýÿĀĀúóôċ, ĀÿüĘüìîĒ 

ÐñĀúüøìþýôċô ôùĄúúþ 
îì íôùúĕú, ìó 

öúüùúĄúċø ïìüðôðìùô 
7 
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20-30%), ïúĕĕú íú 
úėôíìþĕúô 
Āì÷úöìþîúü 

óìøôùĕúô āúĔìïôô āì÷ė 

áñ÷ú ýìāþ 
Ýñ÷ĕú, ĀÿüĘüìîôĕú, 
öìùðìĄìîôĕúô 

ĕìĔøìĄúùÓ 1ø÷ù.ø3 

àúĔôìúîìüô íì÷ìùð, 
ýÿüĆìþô íì÷ìùð 

ÎìõüúùĄìîôô íôùúĕú 
îì ôùĄúúþ, Āìîþô 
úðìøúù îì øìĕýÿ÷úþô 
āúĔìïôô āì÷ė 
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Ðìü íú÷úúíô ĕìîóìô ðìüČô ÎìāĄ ùôĄñíôĕúô óìøúùìîĒ, þìĕĄúùôĕúô ðìîüìô 

ăìĕúüċöÿøôù îì û÷ôúýñù - ùôĄñíôĕúô ăìĕúüċöÿøôùô îúðôĕúô ìýúýĒ îì îúðôĕúô Ąúāúíĕúô 
öì÷úù øìĕýÿí øñĄìîìùð. 

Ðìü îúðôĕúô íÿóÿüï ùôĄñíôĕú öìøñ íì÷ìùðþìü (þú 2000 ø), îì÷ñ ùì úù ėìðìü 
üúýþāìøôðììùð. Ðìü úù ėôýøìþ, öô íÿüüôĄ íú íú÷úúíô Ąúāúíĕú íì ėÿ÷÷ìĕúô ėìðôøôô āÿð 
øñüìýìùð îì ýìþĕô ùñúïñùĒ íú øôùþìėìĕúô ĎìĀýô Ĕôùýĕúô úíĄÿýþì íìüúíìüìùð, ðìýþüìý 
øñïìüðìùð [3]. Øôùþìėìô ïìüðôĄô íìõùô ùôĄñíôĕúô ùñúïñùĒ îì ùñúïñùĒ-ăìĕúüċöÿøôùô 
ûúČùĒ, ìó ċö þìüìĀ, Ĕìîúùþìü, ìó þìüìĀô ðôïìü, úù øôùþìėìô øÿüìööìíô ðìü øôùþìėì 
ûìĕùĄÿðìô öúùýñùþüìþýôċô ùìîĆĕúô ïÿùúïÿùô ùôĄñíôüú ôĀúðì øñöÿùìð, öô ðìü úċùðì 
úùĕú íúċð øìāýÿý úøĘāþì Ąìîìùð. Ðìü āìüôþìĕúô ïñú÷úïôô øÿĕìùðôýĒ, ðìü ċöĔúċïĒ íú 
øôùþìėìĕúô íÿüüôĄô øôùþìėìîĒ, öô íú ûìõðúôĄô ċöāñ÷ìô ûìðôðìĕúô ùôĄñíôô úùĕú ùôó 
āúýìùð, ùôĄúù ðúðì Ąÿðììùð. 

äìüúôþô íì îÿĔÿð úøìðìùô ĕúðôýìĕúô ùôĄñíĒ ðìü ėìíìþĕúô ûúČùÿ øôČùìô üñ÷ñĀ ùì 
þìùĕú íú íì÷ìùðĒ, íì÷öô íú ùôĄñíôô üúýþāúíüìĀþì Āìüė øñöÿùìð. Çúðôýìĕúñ, öô ðìü 
ċüÿýô øôČùìô üñ÷ñĀ üÿĄðô öìüðììùð, ìó Ąìüúôþô ôė÷ôøĒ îúíìýþìïĒ ðúüìùð, öô ðìü ôù Ĕú 
ùôýíìþ íì ėìíìþô ûúČùĒ öúùþüìýþĒ îì ïÿùúïÿùüìùï øñíúĄìùð (ðôìûìóúùô îìýñĆô 
þìĎõôüČíôô ĕìüúüìþ, ùìøôô íì÷ìùð, üĘóĕúô āÿùÿöþìü, ôîìóĄìîôô ðÿĄîúüþìüô ðìîüìĕúô 
ïìüøÿ ýìüð îì Ďìõüì). Ðìü ùìþôĔì, ðìü ôù óôùìô üñ÷ñĀ ĕúðôýìĕúô ùôĄñíôĕú íñĄþìü ûìĕù 
Ąÿðììùð, îì÷ñ ċö ăôóô Ĕú÷ôí úù ìýþ, öô ĕìĔøô øÿîìėėìþôô úùĕú öìøþìü øñøúùìð (øìýì÷ìù, 
ĕìĔøô ċüă íì ðìĕĕú, ïúĕĕú íì ýìðĕú îì ĕìóúü øÿöììí øñþü øñüìýìð) [6]. 

Ðìü ċüÿýô ûúČùôô üñ÷ñĀ ùôĄñíôĕúô üúýþ Č íìüĔìýþì íìüþìüĒ ðúüìùð, ðìü øúíìõù 
ìöýìü îìėþ ùôĄñíôĕúô þúíāĘüðì íú ėôýøô íú÷úôô öìĔĄÿðì îúøñāĘüìùð, öô íì Ąìüúôþô 
þìĄìööÿ÷ô úùĕú øÿîúĀôėìþ øñöÿùìð. Éôýøìþô üúýþāúíôðìô ùôĄñíĒ ĕìøăÿù ìüýìô 
ûìõðúôĄô ĀÿüĘüìîôĕú, ċüăĕú îì þñûûìĕú āôóøìþ øñöÿùìð, ėôýøô íúėôøúùðìô ùôĄñíĒ 
øôùþìėìô ìööÿøÿ÷ċþýôċ øìĕýÿí øñĄìîìùð. Ðìü ôù ïÿùì ùôĄñíôĕú îìýñĆ ûìĕù Ąÿðìùô 
Ĕôùýĕúô öìùðìĄÿðì îì ìĀþôðì øìėþìĆô ÿøÿøôô ùôĄñíôĕúüú ûôùĕúù øñöÿùìð. 

Þìùĕú ðìü ðìîüìô ôíþôðúôô ûìõðúôĄô ìüþñüôċô ðìüČ, ýìøþ öúøô÷ìù íì þìĆýôüô 
úøô÷ĕúô ÷ôþú÷úïĒ ïôüôĀþúü Ąÿðì ùìøñþìîúùôýþ. Íú ýÿüĆìþô íì÷ìùðô íú÷úüìîôô íìĆðôùì 
øôùþìėìĕúô ýÿýþĄÿðì ĕìùïúøô þìĄìööÿ÷ô ùôĄñíôĕú ûĘĄôðì Ąÿðìùð, îì÷ñ ôĀúðìô ûÿüüìô 
øúüĀú÷úïôüú Āìüú ùìïôüôĀþìùð [8].  

Çìùïúøô íìĕúðôĕôô ÿýþÿîúüôô ùôĄñíôĕúô îúðôô Ĕìîúù îì ėìðôø ôù ðÿ ĕú÷ìþô ìýúýôô 
úóúð (íú ôýþô÷úĕô ÷ôþú÷úïĒ) îì ôĔíúüôô ùôĄñíôĕúüú íì ùìóìü ïôüôĀþìù ÷úóôø øñúċð. 

Íì ôù ėìðĄìîĒ, ûñĄ ìó ĕìøì, íì ùìøÿðô ìîîì÷, ėôýøìþô íñĄþìüô öìùðìĄìîôô 
ĀÿüĘüìîôĕúîÿ ċüăĕú îì öìùðìĄìîôô āìþìüùúöô øìýýìô Ĕôùýĕú Ąúøô÷ìùð. Ðìü ùìóðôöôĕúô 
ėìðĄìîĒ øôùþìėìĕúô öÿĕìùô öìùðìĄÿðìîÿ íúðāĘüðìĄÿðì îì ýìüíúüôô Ĕôùýĕú Ĕúõïôüìùð, 
öô íìĕüô ûìõðúĄìîôô üìîìùðĕúô ĀÿüĘüìîĒ îì ċüăĕú āôóøìþ øñöÿùìùð [6]. 

ÙôĄñíôĕúô üúýþ îì íì÷ìùðô ăìĕúüċöÿøôùô îúðôĕúô íÿóÿüï ðìü øôùþìėì, ðìü íìõùô 
ėôýøìþĕúô øôČùì îì íú÷úôô ùôĄñíôĕú îì íìõùô ėôýøĕúô ăìĕúüċöÿøôùô íú÷ú îì ïú÷úýôùô 
ùôĄñí ėìþĄìîôô ì÷úĕôðì ðúüìùð. Ìöýìüôċþô úþüċðĕúô üñóôĄô ýìùïüñóìĕú îì øìýýôîĕúô 
ýìùïĀìüĄĕúô āìîĀùúöô ċüă ðìü ôù āìøôĄĕú, ûñĄ ìó ĕìøì, ðìü ùìîíìþô ìîîì÷, øìĕðÿð 
øñĄìîìùð. Ðìü ĕìøôù øôùþìėìĕúô ėìðôøìô úíÿ ĕìîú îì Āìüúîìüðìùô Ĕôùýĕú íÿüôðì 
øñĄìîìùð, öô íìüúô íì îÿĔÿð úøìðìùô ĀÿüĘüìîĒ îì ċüă āôóøìþ øñöÿùìùð [3; 6]. 

ÙôĄñíôĕúô û÷ôúþýñù-ăìĕúüċöÿøôù íì þìîüô îìýñĆ ìó Ĕúùôíô øôùþìėìĕúô Ĕìîúù, 
üĘõĎñĔĕúô øôùþìėìîĒ, āÿýÿýìù îìėþñ öô úùĕú ðìü ėôýøìþô ûúČùĒ Č øúíìõùôô ùôĄñíôĕú 
Ĕúõïôü Ąÿðììùð (øìýì÷ìù, ðìü øôùþìėìô Çúôþ, öô ìó üñïýìùï - Ĕôùýĕúô ý÷ìùýĒ, āñ÷ñ 
úíÿþúíČĀþììùð) [3; 9]. 
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äìüúôþô íì îÿĔÿð úøìðìùô ċüă îì ĀÿüĘüìîôĕú ðìü îúðôĕúô ìüóôîÿ þÿ÷Ē āñ÷ñ Āìüė 
øñöÿùìð. Îúðôĕúô þÿ÷Ē íú ùôĄñíôĕúô øúô÷þìü îìýñĆþìüìùð îì ìó ôù üĘ, ðìü øìĔøÿĆ úùĕú 
ùìóìü íì ĀÿüĘüìîôĕú îì ċüă öìøþìü āìþìüùúöìùð [6]. Ìøøú ðìü øìîóñĆĕúô íú÷úüìîôô 
öÿùðì÷ìùïôô ùñúþñöþúùôöĒ îì ĕìùïúøô ðìü ùôĄñíôĕúô îúðôô ìýúýĒ íì îÿĔÿð úøìðìùô 
øôùþìėìĕúô íÿóÿüïô þìāþìĕúô íì÷ìùðöĘĕ ðìüìĔìô āìîĀô ċüăĄìîôô úù íú ðìüìĔìô āìîĀô 
ðìü îúðôĕúô öÿùðì÷ìùï øìîĔÿðíÿðìô úù íìüúíìü ìýþ [9]. 
 

Üìýøô 1. áìüôþìô øÿĕìùðôýĒ - ïñúĉöú÷úïôô āìîĀĕúô þìíôĒ 
Figure 1. Geo-engineering map of natural hazards 

 
ÐìüìĔìĕúô ïÿùúïÿùô ôùöôĄúĀô ĀÿüĘüìîôĕú îì ċüăĕú ðìü îúðôĕúô ìüóôîÿ þÿ÷Ē íú úù 

øÿìõċù öìüðì øñĄìîìùð, öô üìāĕúô Āìüėöÿùìùðìô Ĕôùýĕúô ìó Ĕôĕìþô ÷ôþú÷úïĒ ïÿùúïÿùüú 
ðìü ýìøþĕúô öÿùðì÷ìùïĒ øñíÿüìùð (üìýøô 1). Àìõü ìó ôù, îúðôĕúô íÿóÿüïô öÿùðì÷ìùï 
(ðìüČĕúô Ýÿüāúí, áôùïúî îì Ďìõüì): ĉĕþôøú÷ ìýþ, öô ìó øôùþìėìĕúô ìó Ĕôĕìþô ýñõýøôöĒ 
ĀìĆú÷ øñüúý øúùðììùð. Ôù ðìü íìüúíìüô ùôĄñíôô íñĄþìü ðúĄþìù íìüúô íì îÿĔÿð 
úøìðìùô ýìùïüñóìĕú îì ċüăĕú ðìü îúðôĕúô Ąìüúôþô íñĄþìüô øÿýúôðüú íì îÿĔÿð øñúîìüìð 
[8; 9]. 

Ðìü øôùþìėìô üĘõĎñĔ ðìü ìùíĘĕô úĕìöýìùïĕú ċüăĕú íì ìøì÷ øñúċùð îì ðìü óñüô úùĕú 
øôùþìėìĕúô öì÷úùô ïô÷āúö Ĕúõïôüìùð, öô üĘõĎñĔüú ðìü øìýúĀìô āñ÷ñ óôČð ĕìøüúĕĒ 
øñöÿùìùð. ÝìüĀô ùìóìü ìó ôù, ðìü úĄČùìô ûúČù, ðìü Ĕôùýĕúô ýÿüāô øñóú-öìõùúóúõ 
ĕúðôýìĕúô ùôĄñíôô āÿüð - ċüăĕúô ÷ìĎòôðì, ċüă - ýñ÷ĕú, ĔìüìČùĕúô ýñ÷Ē, ċüăĕúô āÿüð íì 
îÿĔÿð øñúċùð. Ðìü ôù Ĕú, ÷ìĎóôĄô óìøôù óÿð-óÿð íì ìøì÷ øñúċð, ìøøú ĕìĔøô Ĕúõôîìóöÿùôô 
ċöîìėþì ìó 100 ĕìóúü ø3 óôČð ùñýþ. 

Íúċð óôöü öìüð, öô øìĆ÷ÿøúþĕúô ðúðìĄÿðì úôð íì ùìîĆĕúô ùôĄñíôĕú Ąìüúôþô 
ïñú÷úïôô íì îÿĔÿð úøìðìùô ýìùïüñóìĕú îì ċüăĕú ðìü øôùþìėìô þìĕėôėĄìîìùðì ùôĄúù ðúðì 
ùìĄÿðììùð.  

Çúðôýìĕúô íÿóÿüïô ĀÿüĘüìîôîÿ ċüă ðìü øôùþìėìô þìĕėôėúþĒ ðìü Ĕôùýĕúô öĘĕôô 
ðìîüìô ûì÷ñúóúõ, ìó Ĕôĕìþô ĕìĔø āÿüðþìü, îì÷ñ íñĄþìü ðìü Ĕôùýĕúô øñóú-öìõùúóúõ îì ðìü 
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íôýČü øìîüôðĕú îì íì þìîüô āñ÷ñ ïÿùúïÿù, îì÷ñ ìó Ĕôĕìþô ĕúðôýìĕúô ùôĄñíĒ - ðìü 
þìĕĄúùôĕúô ðìîüìô ăìĕúüċöÿøôù íì îÿĔÿð øñúċùð [3]. 

Þìėýôøúþô ùìîĆĕúô ïñùñþôöôô þìĕĄúùôĕúô ðìîüìô ăìĕúüċöÿøôù, íìĕìøúôô 
ûìüìïñùñþôöĒ îì þìüöôíô úùĕú íú āÿýÿýôċþĕú îì ėúùÿùôċþô ýúāþúüô ïñú÷úïôô øôùþìėì 
ÿøÿøìù, ìó Ĕÿø÷ì, ùôĄñíôĕúô öĘĕĒ ì÷úėìøìùðôô øÿýþìėôø ðúüìùð [3]. Ìó ôù üĘ, ðìü 
þìĕėôėúþô øôùíìĆðì ôù îìóĆôċþüú úĄöúü öìüðìù îì íú ĕìøôù þìĕ÷ô÷ô øìĆøÿ÷ìù 
ìùĔúøðúðìô þìĆüôāô üÿĄðô îúðôĕúüú (øôùþìėìĕúô ĉüúóôċ îì ìööÿøÿ÷ċþýôċ) ûÿüüì öìüðìù 
÷úóôø ìýþ. Ðìü ôù ìýúý, íú ùìóìüðúĄþô øôùþìėìô íì÷ìùðôô ôė÷ôø þôûôöÿùúùôô ðìü íú÷ú 
óôöüĄÿðìô ùôĄñíôĕúüú ìùôė îì ùìîĆĕúô ùìîô ùôĄñíôĕúüú ðìėôė öìüðìù øÿøöôù ìýþ [8]. 

Þìîüñ óôöü ïìüðôð, ĕìîóìô ðìüČô ÎìāĄ ìýúýìù ìó Ĕôùýĕúô þñüüôïñùĒ îì öìüíúùìþôô 
ðìü ðìîüìô ûì÷ñúóúõ øñþìøúüĀôĄÿðì îì ýúāþúüô øÿüìööìíô ėìíìþĕúô üñïĒ-ïô÷ôô 
øñóúöìõùúóúõ ôíúüìþ ìýþ, öô ðìü úùĕú ðìü ėôýøìþĕúô ïÿùúïÿùô íÿüüôĄ þìíìėìĕúô ýìùïĒ 
(úĕìöýìùïĕú, öúùï÷úøñüìþĕú îì Ď.) îì Ĕôùýĕúô ĕì÷Ąìîìùðì (ïìăĕú) ĕÿóÿü ðúüìùð. 

Ôùăÿùôù, ðìü ùôĄñíôĕú ìööÿøÿ÷ċþýôċĕúô ĎÿùĄìîôô öì÷úùûúüìïôô ðìîüìô 
ăìĕúüċöÿøôù, ìýúýìù ìööÿøÿ÷ċþýôċĕúô Ĕôùýĕúô ĀÿüĘüìĀþì îì Ďì÷þôðì ùôó îìýñĆ ûìĕù 
Ąÿðììùð. Ðìü ĕìü ċöô ôù ăìĕúü öúøû÷ñöýô Ĕôùýĕú, ĕúðôýìĕúô ùôĄñíĒ íì þìîüô āúý 
ôùöôĄúĀ øñČíìùð [3; 9]. 

Þìėýôøúþ, ùìøÿðĕú îì øôėČýô óÿĕÿüúþô ùôĄñíôĕú ðìü îúðôĕúô þÿ÷úùĒ îì öÿùðì÷ìùïĒ 
íìüúô ċö øìĔøììĕúô öĘĕĒ, öô, ûñĄ ìó ĕìøì, íì ĔúõïôüĄìîôô ïñú÷úïĒ îì ýúāþúüô îúðôĕú, 
ĎìĀýôô ÿøÿøĒ îì āÿýÿýôċþô ĕìüìöìþĕúô ùñúþñöþúùôöĒ, øìõðúù îì ĕìüìöìþĕúô ì÷úĕôðìô 
ėìùúþĕúô Ĕìîúùô ýúāþúüôîÿ þñöþúùôöĒ îúíìýþì ìýþ, āñ÷ñ Āìüė øñöÿùìùð. Îì øìĕó ìó ôù 
úøô÷ĕú, ùôĄñíôĕúô üúýþìĀþôðì, āÿýÿýôċþ îì ĎìĀýôô øôùþìėìĕúô ùìóðôùôĄñíôô 
íúðāĘüðìĄÿðì îì Āìüúîìüðìùô Ĕôùýĕú, ċĆùñ øÿĕôþ, öô ðìü úù ċüă îì āìüúíĄìîĒ íì îÿĔÿð 
øñúċð, îúíìýþìïôô öì÷úù ðúüìð.   

äìüúôþĕúô øìāýÿý ðìü üìāô îúðôĕúô ĔĘõíúü íìüúô þìĄìööÿ÷ô óÿĕÿüúþô ùôĄñíôô 
øÿúýôü îÿĔÿð ðúüìð. 

Ûôüċāĕúô îìýñĆô öĘĕĒ-îúðôô ðìîüìĕúô øôČùì îì íú÷úĒ ðìü ùìþôĔìô ĉöýüìóôċô 
Ĕôùýĕúô øôùþìėìĕúô ùôĄñíôĕú ðìü îúðôĕúô íñĄþìü ùôïúĕðúĄþìĄÿðì, ìó Ĕÿø÷ì, öÿùðì÷ìùï 
îì íì ôù îìýô÷ì øìõðúùô ôùöôĄúĀô µĀÿüĘāþìĄÿðìô½ ûìðôðìĕúô ùôĄñíôô øÿúýôü, 
øìāýÿýìù öì÷úùüú ûñĄìöĒ øÿìõċù øñùìøúċð. 

Ôù øñþìîúùìð þìùĕú ðìü øôùþìėìô ýìüĕìðôô íìõùô Āüìöýôċô ûôüċāĒ îì ûñüôï÷ċýôì÷Ē 
íúĄìùð, öô ôù ûìðôðìĕú øñþìîúùìùð ðìü øÿùúýôíìþĕúô óôððôċþĒ íúĄìùð. Ìøøú ôù āÿ÷úýì 
íì øôùþìėìô ûôüċāĄìîôô øÿúýôü ðìā÷ ùìðúüìð, öô ðìü úù ĕúðôýìĕúô ùôĄñíôĕú ùôĕúċþ 
ĀìĆú÷ (ėôýøìþĕú, îì÷ñ ðìü Ąìö÷ĕúô āÿüð) îì ðìü úù Ĕúõĕúñ, öô ĔĘõĕú - îúðôĕú øñïÿóìüìùð, 
íì ìøì÷ øñúċùð [9]. 

äìüúôþô íì îÿĔÿð úøìðìùô ĀÿüĘüìîôĕú îì ċüă ðìü íôýČü øìîüôð ìó ýñõýøôùúöôô 
øôùþìėì îúíìýþì íÿð îì úù íúėĒ øñøúùìð.  

ØÿþììýýôĀúùì, ðìü ìðìíôČþĕú úôð íì øôùþìėìô þìĕėôėúþĒ ðìü íúüìô þìĆýôüô 
øìøùÿĆöÿùìùðìô óìøôùĔÿùíĒ íì þìĄìööÿ÷ô ĀÿüĘüìîôĕú îì ċüăĕú øìĆ÷ÿøúþô ĉĆþôøúðíìāĄ 
øìîĔÿð ùñýþ. ÙìþúôĔô þìĕėôėúþô þìĀþôĄúþ ôù îìóĆôċþüú þú ìùðúóìñ ðôïìü øñöÿùìð. 

Þìĕėôėúþô þìĀþôĄúþô ĕìîóìô ðìüČ ùôĄúù ðúð, öô ðìü ùúĕôċĕúô öĘĕĒ íôùúíìü 
íì÷ìùðĒ îì ùôĄñíôĕúô üúýþÿ öìĔ íôýČü ĕúðôýìĕúô ċüăöÿùôô úðĒ (ĉ÷ñøñùþìüĒ) íìĆðô íì 
îÿĔÿð úøìðìùô āÿð ĕìùïúøô ĕìüìöìþô øìîúð íì ĕúðôýìĕúô ċüăöÿùôô þôûô øÿüìööìí 
øÿíìððì÷ øñĄìîìùð. Ýìíìíô ôù, ôėþôðúüô íñĄþìüô ûúĄôðìùô Ĕôùýĕúô öĘĕĒ ĕìùïúøô 
ĕìüìöìþĕúô ìîîì÷ ðìü ùôĄñíôô üúýþ îì ôùþôāúíô íúýÿüĆìþ ðìü ėôýøô ûñĄô ìùíĘĕô 
ĔúíìĔúĄÿðì øñíúĄìð, öô ìöýìü îìėþ Āìüúøìðìùô þìøúøô ĕìĔøô Ĕôùýĕúô öĘĕôüú íì ûúċô 
ùôĄñíôĕú øñúüìð [6]. 

Úøô÷ îì ėúùÿùĕúô íúėôøúùðìô ôùöôĄúĀô ĕúðôýìĕúô ùôĄñíôĕú ìó ùìþôĔìĕúô 
þìĕėôėúþ ðìü ðôïìü øôùþìėìĕúô öĘĕôýþúù íì þìîüô öúĀĒ øìĆ÷ÿøìùð îì ìó ôù üĘ, úùĕú 
þìùĕú ĕìùïúøô þìîýôĀô Ąìüúôþô þìĄìööÿ÷ô üìîìùðĕú îì ĕúðôýìĕúô āúýýô ùôĄñíôĕú óôöü 
öìüðì øñĄìîìùð. 

Ðìü øôùþìėìô íì÷ìùðöĘĕ öúùÿýĕúô üñóôĄĕú ĎìĀýìùðÿ öìøñ ÿýþÿîúüþìü, öô ôù íú 
ùìøôô öÿùðì÷ìùï þú āÿĄö Ąÿðìùô úùĕú ì÷úėìøìùð ìýþ. Úùĕú ðìü ėôýøìþô íú÷úôô āÿð íì 
úýúùĒ ĉüúóôċ øñĄìîìùð. ÆìüìČùĕúô āÿüðô øÿîìėėìþĒ, öô ìó íúüúù Ďôóú øñïôüìùð, ðìü 
ìùíĘĕĕúô ýìùï÷úā ĔúüĒ øñĄìîìùð [7]. 
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Ðìü ôù ĕìùïúø, ðìü üìāùìĕú ýñ÷ íú øìýýìô øúñĆ íì îÿĔÿð øñúċð, öô íú ċö ýÿüĆìþ 
íì÷ìùð Ąÿðì, ìó øúððìĕú íúõ øñĄìîìð, öúùÿýô üñóôĄüú íÿüôðì øñïÿóìüìð îì íìĆð ðìü 
ýìþĕĕúô ïÿùúïÿù íú÷úô úù ûìĕù øñĄìîìð. Æÿðúöÿùôô ăÿùôù ĔìüìČùĕú îì íìĆóìù ìöýìüô 
úùĕú íì ûúċ ĕìþþú öúùÿýĕúô üñāþìĕú úîìüðì øñüìýúùìð. 

Ðìü íôýČü Ąúāúíĕúô ûìĕ÷ÿô øìĔüúô íú÷úúíô ðìüČô ÎìāĄ, öúùÿýĕúô üñāþìĕúñ, öô ðìü 
þìüìĀĕúô øÿėúíô÷ íì ĕìø ûñăôðì, ðìü þì÷îñïĕú îì ðìü óñüô úùĕú ĔúüĒ øñĄìîìùð, öô ðìüČĕú 
ìó úùĕú Ďôóú øñïôüìùð, þú ĔìüìČùĕú ìó ùìî ûìõðú Ąìîìð [8]. 

ÚøĘóôĄô üìîìùðĕúô ÷ìĎòôĄ-üñóôĄ îúíìýþì íì øÿìõċù öìüðìùô āÿýÿýôċþĕú îì øôėČýô 
úùĕú ðìü øôùþìėìĕúô ïÿùúïÿùô ôė÷ôøôô ĕúóôüìóìøúù, ôùăÿùôù, ìóùìîýúóôô ûì÷ñúôė÷ôøĒ 
þìîìĔĔÿĕô óôČð ðúüìð. Öúùÿýĕúô ĕìĔø îì þìüöôíìĄúù ïÿùúïÿù ðìü ýìþĕô þñüüìýýìô ýôùùÿ 
ýú÷ô ïÿùúïÿù Ĕúõïôüìùð îì ìó üĘô úùĕú Ąìüúôþô ûìõðúôĄô öúùÿýĕú, ùôĄñíôĕú îì 
ÿýþÿîúüôô úùĕúüú ðìü øìüĕô÷ìĕúô ïÿùúïÿùô ðìîüìô ăìĕúüċöÿøôù øÿìõċù öìüðìù øÿøöôù 
ìýþ [9]. 

Ðìü øìĔüúô íú÷úôô ĕìîóìô ðìüČ ÷ìĎòôĄô Ĕôùýĕúô ùúÿýþÿîúüô ýìþĕĒ ðìü Ąìö÷ô 
í÷úöĕúô ì÷úĕôðìô ÷ìĎòôĄĒ ìöýìü îìėþ ðìü Ĕôùýĕúô üñïýìùï-ý÷ìùñýĕúô ýô÷ÿüôô ûúČù, ðìü 
øìýýôîĕúñ, öô ðìü ýúāþúüô úùĕú ý÷ìùýĕúô ïô÷Ē ôĄþôüúö øñöÿùìùð, îúøñāĘüìùð. Þìîüñ ėìõð 
öìüðì Ąÿð, ðìü ôù ìùíĘĕĕú ĎìĀýôô øôùþìėìô íúðāĘüðìĄìîĒ îì ýìüíúüôĕú íì ăìùðôù ðìĕĕú 
øñþü øñüìýìð, öô íìüúô ûìõðúôĄô úùĕú ðìü ėôþĆìĕúô ïÿùúïÿùô ùôĄñíôĕúô íì÷ìùðÿ 
üúýþìĀþôðìô øÿĕôþ āôóøìþ øñöÿùìð [6]. 

×ìĎòôĄô Ĕôùýĕúô ùúÿýþÿîúüô ýìþĕĒ ðìü Ąìö÷ô í÷úöĕúô ì÷úĕôðìô ÷ìĎòôĄĒ íìĕüô 
øÿĕôþô Ĕôùýĕúô öúîúöô ûúüìïĒ, ûñĄ ìó ĕìøì, íìüúô üñïĕú āúýìùð îì úù ÷ìĕóìñ íì ìøì÷ 
øñúċùð, öô ùôĄñíôô þìíôĒ ùôýíìþ íì öÿùĔô ùôĄñíôô þìíôĒ, öô íì ĕú÷ìþô þìĎõôüČĀþìô 
øÿĕôþô óôýþ øÿîúĀôėìþ øñöÿùìð, öì÷úùþìü øñĄìîìð. Ðìü ėÿøĕú, úāôüôù ìó ýìíìíô 
þìĎõôüČíôô îìóùô ĕìĔøôô úùĕú ĕìùïúøô ùìøùúöĒ îì ýñüĎôóú ðìü ðôïìü øìîüôðĕú, ôù 
ûìðôðì ðìü ùìþôĔìô îìõüúù Ąÿðìùô üúíôþìĕúô íìõùô ûúüìĕú ðìü ùìþôĔìô þìĎõôüČíôô 
ėÿîîìô øìîúðô ûÿüöÿùìùðì ĕìùïúøô ùìøùúöĒ (øìýì÷ìù, ðìü ÷ìĎòôĄô ûúüìïôĕú Č 
ĔìøĆĄìîôô ċüăĕú) íì ìøì÷ øñúċð.  

Ìó ýìíìíô ýìāþ Ąôöìýþìù îì íúðāĘüðìĄìîôô üñïýìùïĕú îì ý÷ìùñýĕú ðìü øôùþìėìô 
íúðāĘüðìĄìîôô ýìþĕô óìøôùĒ íú ýúāþúüô Ā÷ôĄúôðôĊ üôþøôöôô øìýýìĕúô Ĕôùýĕú 
þìðüôĔìù āÿýÿýôċþĕúô øÿĕôþô ðúùìăìðúüüú ûìõðú øñöÿùìùð, öô ĕìùïúøô ðìü úùĕú ûìõðú 
Ąÿðìùô ÷ìĎòôĄô Ĕôùýĕúô ùúÿýþÿîúüô ýìþĕĒ ðìü Ąìö÷ô í÷úöĕúô ì÷úĕôðìô ÷ìĎòôĄĒ úĄöúü 
øñïìüðìð.  

Çúðôýìĕúô ċüăĒ. Ðìü íú÷úúíô ĕìîóìô ðìüČô ÎìāĄ ĕúðôýúþô ċüăĒ ðìü Ĕôùýĕúô 
ûì÷ñúóúõ, øñóú-öìõùúóúõ îì ăìĕúüċöÿøôù íì îÿĔÿð øñúċùð. Úùĕú óÿð-óÿð üÿā øñðôĕìùð, 
ìøøú ĕìĔøô øôČùìô úùĕú ùôýíìþ íì ĕúðôýìĕúô ċüăĒ îì ĀÿüĘüìîĒ āñ÷ñ öìøþìü ìýþ. Íú 
îÿĔÿðô ôù, ĕìĔøô ċüă íú üìėìøĕúô øÿėúôýìĄìîìùðì ĕôýúí öìüðì øñĄìîìð [6; 7].  

Óìøôù÷ìĎòôĄĕúô íÿóÿüï íñĄþìü ðìü Ĕôùýĕúô üñïýìùï-ý÷ìùýĕúô ėìíìþĕúô ýô÷ÿüôô 
ûúČù, ðñîúùô øôČùì îì öìüíúùô ûúČùĒ íì øÿĄúĕôðì ïôüôĀþì Ąÿðììùð. 

Øìîúðô ċüăĒ îì ĀÿüĘüìîĒ ðúôøú íì ĕìø úøñāþì Ąÿðì, ûúČùþìü ìó ùôĄñíôĕú ðìü 
Ąìö÷ô ĔìüìČùĕúô ċüăôô øÿüìööìí ĕìüìöìþ øñöÿùìùð. Ðìü Ąìüúôþô ÞúĔôöôýþúù, öô 
ðìîüìĕúô āÿĄöôė÷ôø íú ùìøôô ýìāþ ôîìó øñĄìîìùð, ôù ĔìüìČùĕú íì þìîüô íì āÿð āúý ìøì÷ 
øñöÿùìùð. Çìùïúøô ìó ĕìð óôČðĄìîôô ùìøôô øìîúðô ċüăĒ þìîìýýÿþô þìĕĄúùôĕúô 
ìþøúýĀñüĒ ĔìüìČùô øÿĆþìðô÷ øÿĄúĕôðì öìüðì øñĄìîìð. Ðìü øìîýôøô āÿĄö, ðìüČĕú ïĘČ ċā 
øñöÿùìùð. Çìùïúøô ùìøôô øÿĆþìðô÷ô ùìîíìþĒ, ĔìüìČùô ċāĄÿðì þìîìýýÿþô ÷ìĎòôĄô óìøôù 
íì øìüĕô÷ìĕú þìėýôø öìüðì øñĄìîìð [2]. 

Îúėñìù, ĕìø ðÿüÿýþ ìýþ, öô ċüăĕúô ėìðôø- ĔìüìČùô ôù ùìîĆ íì þìîüô ùìóìüüìý ìùðúóìô 
öì÷úù ðúüìùð, óñüú úùĕú ðìü Ąìüúôþô ðôïìüô ôė÷ôøĒ ĕúýô÷ Ąÿðììùð. 

ÆìüìČùĕúô ýñ÷Ē. Ðìü íú÷úúíô ĕìîóìô ðìüČô ÎìāĄ ĔìüìČùĕúô ýñ÷Ē ìýúýìù ðìü 
Ąúāúíĕúô ðìüČĕúô öì÷úù îì ðìü ùôĄñíôĕú íì ìøì÷ øñúċð. 

ØìĆ÷ÿø ìýþ, öô øìýúĕìþô ĕìîóìĕúô ýñ÷Ē íì þìĄìööÿ÷, āìüìöþñü îì øôėČýô ĔìüìČùĕúô 
ýñ÷Ē þìĆýôüô öì÷úù øñüìýúùìð. Íìüúô ðìüČĕúô öì÷úùô ðúüúô øìĔüúô ûÿüôėþôðúü Ąìüúôþô 
þìíôôô íì îÿĔÿð úøìðìùô ýñ÷, āÿýÿýôċþô øìùíìĆĕúô ûìõðúôĄ îì āÿðô ĔìüìČùĕú ùìóìü íì 
ĕìîóìĕúô āÿüð, ïìüăìùðñ, öô íìĆóñ āÿýÿýôċþĕú ċöāñ÷ì íúĄìùð ĕìø, Āìüė øñöÿùìùð [6]. 
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Úíāñóôĕúô íÿóÿüï Č úøìðìùô ýñ÷ ðìü ùìþôĔìô íì îúýôþìô öÿûüÿöĕúô øìîĔÿðìô ìó 
øìýú÷ñĕô øìîúðô öì÷úùô āìüýìùïĒ ýúāþìĄÿðì, ĕìùïúøô íì öĘ÷ĕú ĀÿüĘ üìĀþìùô øôėðúüô 
óôČðô ċüă, Āìüúøìðìùô úíô öĘ÷ĕú ôøöúùûìóôü øñïìüðìð. 

Ðìü íú÷úúíô øìĔüúô ĕìîóìô ðìüČ, öô ðìü úù Ĕú ĔĘõíúü øìĕýÿí øñĄìîìð, øìùíìô 
ìýúýôô øìüĕô÷ìô ýìāþô ýñ÷, ĔìøĆĄìîôô øúüñùìô ýìùïÿ āúö îì ýìùïíúü øñíúĄìùð. Ðìü 
íú÷úúíô Ąúāúíĕúô ûìĕ÷ÿĒ ûìĕù Ąÿðììùð, öô ĀìĆú÷úùì ĉüúóôċ Ąÿðì, ĔìüìČùĕúô 
ýú÷ôĀ÷ĊöýôúùĒ îì ÷ìĎòôĄüú íì øôČù øñúüìùð [8]. 

Ðìü ôù Ĕú ùìóìü íì ðôïìü ėôþĆìĕúô îúðôô ðìüČô ÎìāĄ íñĄþìü íúüúùÿ üìĆðÿ íìüė íì 
ìøì÷ øñúċð îì ðìü ôù üìîìùðĕú þìøúĊ÷ô íì îÿĔÿð úøìðìùô ýñ÷üú óôČð øñöÿùìùð. Çìùïúøô 
óìøôùĔÿùíĒ öìùðì Ąÿðìùô ûÿ÷ĕúô øúüñùìïôô öìùúüô öĘ÷ ôøöúùûìóôü ìýþ îì íì ôù ðì÷ñ÷, 
ûìõðúôĄô ýñ÷ĕú íì ìøì÷ øñúċð, öô ĕìùïúøô ĕìüìöìþ ðìü îúðôĕú íú Āìüúîúùôô øìîúðô 
öúîúöô ûúüìïĒ íú úù óÿð íúõ Ąÿðì, íì ĔìüìČùĕúô öì÷úùĕìĔø þìíðô÷ øñČíìùð. 
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ÚØÔ×ÇÚÔ ÌÝÚÝÔÔ ÉÚÙßÙÔëÞÔ ÛÌÕÐÚÔäÔ áÌÎàÇÚÔ ÞÌÍÔÔÔ ÍÚ×ÚÚÍÔ 

ÇÌÎÓÌÔ ÐÌÜ¾Ô ÎÌáä 
Úøô÷ĕúô þìíôôñ, öô øôČùô úùĕú úøô÷ĕúô ïñúøúüĀú÷úïĒ, ïñú÷úïĒ îì ôė÷ôøôüú Ĕÿðú øñöÿùìùð, 

íì óÿĕÿüČíôô ĉüúóôċ ýìíìí øñĄìîìùð. Øôùþìėìĕúô øÿýúôðþìüôù íìüúô ĉüúóôċô ĔĘõĕú øôùþìėìĕúñ 
øñíúĄìùð, öô ùôĄñíôìĄúù ìó 0,10 ø óôČð ìýþ îì ĕìøì óìøôùĕúô ýìāþ āìüúíĄÿðì íì úùĕú øìĕðÿðìùð. 

Ðìü íú÷úúíô ĕìîóìô ðìüČô ÎìāĄ ùôĄñíôĕúô ýìþĕôóìøôùĒ ðìü ċöĔúċïĒ íú ðôïìü úøô÷ĕúô 
ùúøÿýúôð Ąôððìþô ĉüúóôċô úíČüôöÿùôüú ûìõïôüĒ ùìøÿðì, ìöýìü îìėþ ôùöôĄúĀô üìîìùðĕúô 
ĉüúóôċüú ðìü ùúĕôċĕúô úíČüôĄìîìùðì ûñĄìöĒ øÿìõċù øñöÿùìùð. 

Ðìü øôùþìėìô þìĕėôėúþĒ, ĕúðôýúþô ċüăĒ ðìü Ĕôùýĕúô ûì÷ñúóúõ, øñóú-öìõùúóúõ îì 
ăìĕúüċöÿøôù íì îÿĔÿð øñúċùð, ìøøú ĕìĔøô øôČùìô úùĕú ùôýíìþ íì ĕúðôýìĕúô ċüăĒ îì ĀÿüĘüìîĒ 
āñ÷ñ öìøþìü ìýþ. 

Øìùíìô ìýúýôô øìüĕô÷ìô ýìāþô ýñ÷ ĔìøĆĄìîôô øúüñùìô ýìùïÿ āúö îì ýìùïíúü íì Ąÿøúü 
øñüìîìùð, öô ĀìĆú÷úùì ĉüúóôċ Ąÿðì, ĔìüìČùĕúô ýú÷ôĀ÷ĊöýôúùĒ îì ÷ìĎóôĄüú íì øôČù øñúüìùð. 

Öì÷ôðîúòìĕú: āìîĀĕúô ïñú÷úïĒ, āìüúíĄìîĒ, ĕúðôýúþô ċüăĒ, ĔìüìČùĕúô ýñ÷ô, ĀÿüĘüìîĒ, 
øìĔüúô íú÷úúí, ùôĄñíôĕú, øôùþìėìô þìĕėôėúþĒ, üìîìùðĕúô ïñú÷úïĒ, øúüñùìĕú, Ĕôùýĕúô ûì÷ñúóúõ, 
ðìîüìô ăìĕúüċöÿøôù. 

 

ʆʉʅʆɺʅʓɽ ʌɸʂʊʆʈʓ ʀ ɿɸʂʆʅʆʄɽʈʅʆʉʊʀ ɺʆɿʅʀʂʅʆɺɽʅʀʗ ʇʈʀʈʆɼʅʓʍ 

ɻɽʆʈʀʉʂʆɺ ɺ ɺɽʈʍʆɺʔɽ ɹɸʉʉɽʁʅɸ ʈɽʂʀ ɺɸʍʐ 

ʇʨʠʨʦʜʥʳʝ ʬʘʢʪʦʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ, ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ, ʚʳʟʳʚʘʶʪ 

ʵʨʦʟʠʶ, ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʜʣʷ ʨʝʯʥʦʡ ʵʨʦʟʠʠ ʷʚʣʷʶʪʩʷ ʪʝʨʨʠʪʦʨʠʠ ʩ ʫʢʣʦʥʦʤ ʙʦʣʝʝ 

0,10 ʤ ʠ ʢ ʥʠʤ ʧʨʠʫʨʦʯʝʥʳ ʚʩʝ ʩʠʣʴʥʦ ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʝ ʟʝʤʣʠ. 

ɺ ʚʝʨʭʦʚʴʷʭ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ɺʘʭʰ ʫʢʣʦʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʚʤʝʩʪʝ ʩ ʜʨʫʛʠʤʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ ʢʦʥʪʨʦʣʠʨʫʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʨʨʠʛʘʮʠʦʥʥʦʡ ʵʨʦʟʠʠ ʠ ʟʘʯʘʩʪʫʶ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʨʘʟʚʠʪʠʝ 

ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʨʦʰʘʝʤʳʭ ʧʣʦʱʘʜʷʭ. 
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ɺ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʦʣʟʥʝʚʳʝ ʷʚʣʝʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʘʣʝʦʟʦʡʩʢʠʭ, ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʠʭ ʠ 

ʯʝʪʚʝʨʪʠʯʥʳʭ ʧʦʨʦʜʘʭ, ʥʦ ʠʭ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʦʧʦʣʟʥʠ ʠ ʦʙʚʘʣʳ. 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʞʝʩʪʢʦʡ ʬʘʟʳ ʧʘʚʦʜʢʘ ʷʚʣʷʝʪʩʷ ʩʢʦʧʣʝʥʠʝ ʩʢʘʣʴʥʳʭ, ʛʨʫʥʪʦʚʳʭ ʠ 

ʢʘʤʝʥʠʩʪʳʭ ʤʦʨʝʥ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʨʘʟʤʳʚʘʶʪʩʷ, ʚʳʟʳʚʘʷ ʩʦʣʠʬʣʶʢʮʠʶ ʠ ʦʧʦʣʟʥʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʨʠʩʢʠ, ʵʨʦʟʠʷ, ʦʧʦʣʟʥʠ, ʧʘʚʦʜʢʦʚʳʝ ʧʦʪʦʢʠ, ʧʨʦʩʝʜʘʥʠʷ, ʚʦʩʭʦʜʷʱʠʡ ʩʪʦʢ, 

ʩʢʣʦʥʳ, ʨʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʤʦʨʝʥʳ, ʧʘʣʝʦʟʦʡʩʢʠʝ ʧʦʨʦʜʳ, ʯʝʪʚʝʨʪʠʯʥʳʡ 

ʧʝʨʠʦʜ. 

 

MAIN FACTORS OF THE REGULARITY OF NATURAL GEORISKS IN THE UPPER REACH OF 

THE VAHSH RIVER BASIN  

Natural factors, including geomorphological, geological and climatic factors, cause erosion; the most 

favorable areas for river erosion are areas with a slope of more than 0.10, and all heavily degraded lands are 

confined to them. 

In the upper reaches of the Vakhsh River basin, surface slopes, together with other unfavorable factors, 

control the intensity of irrigation erosion and often predetermine the development of erosion processes in 

irrigated areas. 

In the study area, landslides occur in Paleozoic, Meso-Cenozoic and Quaternary rocks, but their average 

size is significantly smaller than landslides and collapses. 

The main source of the hard phase of the flood is the accumulation of rock, soil and stony moraines, 

which are actively eroded, causing solifluction and landslides. 

Keywords: georisks, erosion, landslides, flood flows, subsidence, rising runoff, slopes, study area, 

geological processes, moraines, Paleozoic rocks, Quaternary period. 
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ÓÌáÔÜÌÇÚÔ ÚÍÄ ÇÌØãßÙ ÚØÔ×Ô ÍÑáÌÞÌÜÄ ÐÌÜ ÐÌÎ×ÌÞÇÚÔ ÚÝÔ¾Ô 

ØÌÜÖÌÓÄ 
 

Àìõüìþúî Ø.Þ., Úėô÷Ĕúùô Ý. 
ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù 

 
Ùúüìýúôô úíô þúóì ċöñ ìó øÿĄöô÷úþô Ĕôððôô ĉöú÷úïôô óìøúùô ôøüĘóì øñíúĄìð. Íú 

ìĀóúôĄô Ąÿøúüìô ìĕú÷Ē, øôėČýô ôýþñĆøú÷ô úí íì þìîüô ùìóìüüìý ìĀóúôĄ ČĀþ îì 
øÿþìùúýôíìù ùúüìýúôô úù íì ìøì÷ øñúċð, öô ýìíìíô íìð Ąÿðìùô Ąìüúôþô óôùðìïĒ 
øñïìüðìð îì üÿĄðô ýúĕìô ôėþôýúðôô öôĄîìüĕúñüú, öô ùúüìýúôô óìāôüìĕúô úĄúøôðìùĒ 
ðúüìùð, ýÿýþ øñöÿùìð. 

Ìó þìüìĀô ðôïìü, íÿĕüúùô Ĕìĕúùôñ, öô ðìü ùìþôĔìô þìĎõôüČíôô ôė÷ôø íì îÿĔÿð 
úøìðììýþ, íì úí îúíìýþìïôô ùúïÿýìýþìùĒ ðúüìð. ÞìĎõôüČíôô ôė÷ôø þìĎõôüČíôô ïìüðôĄô 
úíüú ìĀóúôĄ ðúðì, íì ôù îìýô÷ì íúôýô ĕúðôýìĕúô Ąìðôðô úíÿ ĕìîú, öúĕôĄ ðúðìùô 
ûñĄïĘôô óìāôüìĕúô úí, ûìýþ Ąÿðìùô ýôĀìþô úí îì íì üÿĄðô ÿýþÿîúü þìĆýôü øñüìýúùìð [6]. 

Úí, ûñĄ ìó ĕìøì, øìùíìô íìüėìüúüĄìîìùðì ìýþ, ìøøú ìó ýìíìíô ùúíìüúíìü þìėýôø 
Ąÿðìùô óìāôüìĕúô úí ðìü öÿüìô óìøôù îì ìĀóúôĄô ìĕú÷Ē ùúüìýúôô úí îÿĔÿð ðúüìð. 
Øôùþìėìĕúô ðúüúô ýìþĕô íì÷ìùðô úíþìĆøôùöÿùĒ îÿĔÿð ðúüìùð: ÞúĔôöôýþúù, ÉôüĎôóôýþúù, 
Öìùìðì îì äôøú÷ÿ Àìüíô ÔØÌ, ÚýôČô Æìùÿíÿ äìüėĒ, äôøú÷ô Íüìóô÷ôċ, Ýöìùðôùìîôċ, 
ÌĀüôėúô ØìüöìóĒ îì Ďìõüì îì øôùþìėìĕúô ðúüúô ýìþĕô ùúöôĀúċô óìāôüìĕúô úí: äìüėô 
Ùìóðôö, äôøú÷, ÌĀüôėú, Ìîüÿûúô ÆìùÿíĒ îì Ďìõüì. ÌĀóúôĄô ìĕú÷Ē ùúïÿóôü ċö ýô÷ýô÷ì 
µìøì÷ĕú îì úėôíìþĕúüú½ íì ĕìüìöìþ øñðìüúüìð, óñüú ìĀóúôĄô ìĕú÷Ē íúôýô öìø Ąÿðìùô 
ôýþñĆøú÷ô úí ðìü ýúĕìô öôĄúîìüóĒ, ýìùúìþ, ðìü ýúĕìô āôóøìþüìýúùĒ øñïìüðìð, ċĆùñ ðìü 
ĕìøì ýúĕìĕúô ĕìČþô ôùýúù. 

Çú÷ú óôČðì ìó 1 øô÷÷ôìüð ùìĀìü úðìøúù ùúüìýúôô Ąìðôðô úíüú ìó ýìü øñïÿóìüúùìùð, 
óôČðì ìó 2 øô÷÷ôìüð ùìĀìü. úíô ùÿĄúöôô öúüöìüðùìĄÿðìüú ôýþôĀúðì øñíìüìùð. 
ÞìĎõôüČíôô ï÷úíì÷ôô ôė÷ôø íì üìîìùðĕúñ, öô ðìü øÿĕôþô óôýþ íì ìøì÷ øñúċùð, þìĆýôü 
øñüìýúùìð; þìĎõôü ðúðìùô øñāìùôóøô øìîĔÿðìô öúüô þìøúøô ýôýþñøìô ĉöú÷úïĒ. ÚýôČô 
ØìüöìóĒ øôùþìėìñýþ, öô ðìü øìüöìóô ėôþĆìô ÌîüÿúýôČ Ĕúõïôü ìýþ, ĔúõïôüĄìîôô µìøôė½-ô 
øôùþìėì íì Ąìüúôþô øìîĔÿðìô þìíôôĊ ôė÷ôøôô ÚýôČô ØìüöìóĒ þìĆýôüô ùìóìüüìý 
øñüìýúùìð. Øìýúĕìþô íñĄþìü ìó 4 øô÷÷ôúù öô÷úøñþüô øÿüìííìĆüú ôĄĎú÷ øñöÿùìð, îì÷ñ 
ðìü ìõùô óìøúù íñĄþìü ìó 70%-ô þìøúøô ĕÿðÿðüú íôČíúùĕú, ùôøíôČíúùĕú îì ùúüìýúôô 
ùìøôô ĕÿðÿð, öô ôù ìó ùúöôĀúċ íÿðìùô ùìøôô øôùþìėì ïÿîúĕĒ øñðôĕìð. äìüúôþô ôė÷ôøôô 
øôùþìėì íì ôė÷ôøô öúùþôùñùþì÷Ē þìì÷÷ÿė ðúüìð, öô ôù ìó ùìøôô ùúöôĀúċô øôùþìėì 
Ąìĕúðìþ øñðôĕìð, íì ôýþôýùúô ùúĕôċĕúô öĘĕĒ, öô ðìü úùĕú øìýýìĕúô ĕìîúô íú÷úĒ āÿùÿö 
øñĄìîìùð [7]. 

ÝìüăìĄøìĕúô ìýúýôô óìāôüìĕúô úíô øôùþìėìô ÚýôČô ØìüöìóĒ ìó ýôýþñøìĕúô öĘĕĒ, öô 
ėôýøìù Č ûÿüüì ðìü ĕÿðÿðô öôĄîìüĕúô ÚýôČô ØìüöìóĒ îì øôùþìėìĕúô ĕìøýúċ Ĕúõïôüìùð, 
îúíìýþì ìýþ. Óìāôüìĕúô úíüú úíĕúô üĘôóìøôùĒ (ðìüČĕú, öĘ÷ĕú), úíĕúô óñüôóìøôùĒ îì 
ûôüċāĕú þìĄöô÷ øñðôĕìùð. Ýôýþñøìĕúô öĘĕôô ÞôČù-äúù, Ú÷þúõ, Ûúøôü, ìùôėþìüìĄ 
ûôüċāĕú ðìü þìĆøôùô øÿîúóôùìþô óìāôüìĕúô úíô ÚýôČô ØìüöìóĒ ùìėĄô íÿóÿüï ðúüìùð. 

Óìāôüìĕúô úíô ÚýôČô ØìüöìóĒ ùúíìüúíìü þìėýôø Ąÿðììùð; Éìóúėôýþúù, 
Þÿüöøìùôýþúù îì Êóíñöôýþúù ìó öôĄîìüĕúñ ĕìýþìùð, öô øìùúíñô ùúöôĀúċô úí ðúüìùð, 
Æÿøĕÿüôĕúô ÉôüĎôóôýþúù îì ÞúĔôöôýþúù ìó öôĄîìüĕúô ðúüúô óìāôüìô íìóÿüïô úíĒ 
ĕìýþìùð. 

áÿýÿýôċþô øÿĕôøøô ÚýôČô ØìüöìóĒ ðìü úù ìýþ, öô ðÿ øìø÷ìöìþô úù - ÞúĔôöôýþúù îì 
ÉôüĎôóôýþúù ðìü øôùþìėìô þìĄìööÿ÷ô ĔìüìČùô úí, Ĕÿøĕÿüôĕúô íúėôøúùðì íúĄìð, ðìü 
øôùþìėìô ûìüúöìùðìĄìîôô úíĕú Ĕúõïôüìùð. Ðìü ôýþôĀúðìô ìýúýôô úí ðìü øôùþìėì ùôó 
þìĀúîÿþô öì÷úù îÿĔÿð ðúüìð. Íìüúô ÞúĔôöôýþúù îì ÉôüĎôóôýþúù ôù ôýþôĀúðìô úí ìýúýìù 
íìüúô üÿĄðô ïôðüúĉùñüïñþôöì îì íìüúô Éìóúėôýþúù, Þÿüöøìùôýþúù îì Êóíñöôýþúù íìüúô 
ýúĕìô öôĄúîìüóĒ øñíúĄìð [6]. 

Çôýýìô ùñüÿô úíôô íìüėĒ ðìü ôýþñĕýú÷ô ĕôýýìô ÿøÿøôô íìāĄô ĉùñüïñþôöì ðìü 
øôùþìėì íì 27,3% øñüìýìð; ðìü ÞúĔôöôýþúù îì ÉôüĎôóôýþúù 75-90%-üú þìĄöô÷ øñðôĕìð, 
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îì÷ñ ðìü Éìóúėôýþúù, Êóíñöôýþúù îì Þÿüöøìùôýþúù ĕôýýìô ïôðüúĉùñüïñþôöì öìø íÿðì, ùì 
íñĄþìü ìó 10-15%-ô ĕìĔøô ÿøÿøôô ôýþñĕýú÷ô ėÿîîìô íìüėüú þìĄöô÷ øñðôĕìð. 

Óìāôüìĕúô úíôô Éìóúėôýþúù ìýúýìù ìó ĕôýúíô óìāôüìĕúô úíô íñüÿù ìó ĕÿðÿðô ðìî÷ìþ 
þìĄìööÿ÷ ČĀþììùð, öô ôù ìó ðìüìĔìô ìĕìøøôċþô ûüúí÷ñøìô óìāôüìĕúô úí íìüúô öôĄîìü 
Ąìĕúðìþ øñðôĕìð. ÓôČðì ìó 50%-ô ĔìüìČùô ÿøÿøôô óìāôüìĕúô úíôô Éìóúėôýþúù íñüÿù ìó 
āÿðÿðô ĔÿøĕÿüĒ, ìó Ĕÿø÷ì öì÷úùþìüôù ðìüČĕúô Éìóúėôýþúù: ÔüþôĄ, ÝôüðìüČ îì Ô÷ô ìó 
ĕÿðÿðô ðôïìü ðìî÷ìþĕú ĔúüĒ øñĄìîìùð. Óìāôüìĕúô úíôô ðìü ĕÿðÿðô Éìóúėôýþúù 
þìĄìööÿ÷ČĀþì ìýúýìù ðìüČĕúô āÿüð, öĘ÷ĕú îì ûôüċāĕú øñíúĄìùð. 

Ðìü Êóíñöôýþúù óôČðì ìó 17,7 ĕìóúü ĔìüìČùô þìíôôô úí øìîĔÿð ìýþ, öô ìöýìüô úùĕú 
ĔìüìČùô āÿüðô ðìüúóôìĄúù öìøþìü ìó 10 öø, ôùăÿùôù, þìėüôíìù 505 öĘ÷ øìîĔÿðìùð îì úùĕú 
ìýúýìù úíìùíúüĕúô āÿüðô øìýúĕìþìĄúù öìøþìü ìó 1 öø2 øñíúĄìùð. Çú÷ú ðìü ôù ĔÿøĕÿüĒ 
53 úíìùíúü ìýúýìù íìüúô úíČüĒ ýúāþì Ąÿðììýþ. Ðìü ÉôüĎôóôýþúù 1923 öĘ÷ øìîĔÿð ìýþ, öô 
øìýúĕìþô ÿøÿøôô ýìþĕĒ úù 6,84 ĕìóúü öø2 ìýþ. Öì÷úùþìüôù öĘ÷ĕú ÔýýôėöĘ÷, Ýúù-öĘ÷, 
ãìþôüöĘ÷ øñíúĄìùð. Óìāôüìô úíô þúóì ðìü öĘ÷ĕú 1745 öø3 ĕôýúí öìüðì øñĄìîìð. ÖĘ÷ĕúô 
öì÷úùþìüôù ðìü ÉôüĎôóôýþúù íñĄ ìó 55% øìýúĕìþô öĘ÷ĕúô ÚýôČô Øìüöìóôüú þìĄöô÷ 
øñðôĕìùð. Ðìü ÞúĔôöôýþúù ìó ĕìĔøô ÿøÿøôô ĕìîóìô íìĕüô Ìüì÷, öô 115 öø3 øñíúĄìð, 64 
öø3 ĔìüìČùô úíüú þìĄöô÷ øñðôĕìð. 

Íú ðìüùìóìüðúĄþô úù, öô ðìüČô Ýôü ìó ĕÿðÿðô Æÿøĕÿüôô Êóíñöôýþúù ĔúüĒ øñĄìîìð, 
ĔìüìČùô ìýúýôô úù ðìü ÉôüĎôóôýþúù íì îÿĔÿð øñúċð îì ĕìĔøô úíñ, öô Æÿøĕÿüôô 
ÞúĔôöôýþúù ìó úù ôýþôĀúðì øñíìüìð, 80 öø3-üú þìĄöô÷ øñðôĕìð. Þôíėô øìĆ÷ÿøúþô 
ĔìøĆúîìüðìô öúüĄôùúýúùô Íúùöô ĔìĕúùĒ, Îìóúüìþô ĉùñüïñþôöì îì óìāôüìĕúô úíô 
Æÿøĕÿüôô ÞúĔôöôýþúù íìüúô ýú÷ô 2000 ðìü ĕìĔøô ĔìüìČùô ĕìîóìô íìĕüô Ìüì÷, ĕôýýìô 
ĔìüìČùô ðìüČĕúô ðìî÷ìþĕúô ÚýôČô ØìüöìóĒ, ìó Ĕÿø÷ì ÌĀĎúùôýþúù, íì þìîüô óìõ÷ þìėýôø 
Ąÿðììùð: ÞúĔôöôýþúù 55,4%, ÉôüĎôóôýþúù 25,3%, Êóíñöôýþúù 7,6%, ÌĀĎúùôýþúù 5,4%, 
Éìóúėôýþúù 3,9%, Þÿüöøìùôýþúù 2,4% [1]. 

Ìó ĔìüìČùô ðìüČô Ýôü íì Êóíñöôýþúù 50,5%, Éìóúėôýþúù 42%, ÞúĔôöôýþúù 7% îì 
ÉôüĎôóôýþúù 0,5% úí üúýþ øñúċð. ÆìüìČùô ðìüČô Ìøÿ ăÿùôù þìėýôø Ąÿðììýþ: Êóíñöôýþúù 
42,2%, Þÿüöøìùôýþúù 42,3%, ÞúĔôöôýþúù 15,2%, ÉôüĎôóôýþúù 0,3% [1]. 

Çìøôù þìüôė, þôíėô øìĆ÷ÿøúþô ýìüăìĄøìĕú, ðìü ðìîúøô 100 ýú÷ô úāôü (1900-2002) 
ĕìüúüìþ ðìü öôĄîìüĕúô øôùþìėì íú÷ú üìĀþì, øôėðúüô íúüôĄúþ öìø Ąÿðììýþ, ðìü 
Éìóúėôýþúù ĕìüúüìþô øôČùìô ýú÷úùìô ÿøÿøĒ 1,4̧ Ý îì íúüôĄúþô ýú÷úùì 17 øø öìø Ąÿð; 
Ðìü ðôïìü ðìî÷ìþĕúô ÚýôČô ØìüöìóĒ þìėüôíìù ĕìøôù ïÿùì þìĎõôüČíôô ôė÷ôø øÿĄúĕôðì 
øñĄìîìð, ïìüăìùðñ ðìü ĕìøôù ðìîüì ðìü ÉôüĎôóôýþúù ĕìüúüìþ 1,6¸Ý íì÷ìùð Ąÿðì, øôėðúüô 
íúüôĄúþ 23 øô÷÷ôøñþü óôČð Ąÿð. Ìøøú ôù þìøúĊ÷ ìó þìĎõôüúþô ùôïìüúùöÿùìùðì ðìü 
Ąìüúôþô ôė÷ôø Ąìĕúðìþ øñðôĕìð, ìïìü ôù þìøúĊ÷ô ĔúüĒ ôðúøì Číìð, ûìý óìüÿü ìýþ, öô íìð 
Ąÿðìùô Ąìüúôþô ôė÷ôøôô øôùþìėìô ÚýôČô ØìüöìóĒ íì þìøúĊ÷ô āÿĄöĄìîôô íñĄþìüô 
ôė÷ôø úîìüðì øñüìýúùìð. 

Ôù þìøúĊ÷ íñĄþìü ðìü þìĎõôüČíôô ôė÷ôøô Éìóúėôýþúù, öô øÿĄöô÷úþô óìāôüìĕúô 
úíüú ùôĄúù øñðôĕìð, íìüĆì÷ú øÿĄúĕôðì øñĄìîìð. µÐìü þìøúøô ÚýôČô ØìüöìóĒ 
ïìüøĄìîôô Ąìðôðô ôė÷ôø øÿĄúĕôðì øñĄìîìð îì ìüóČíôô ðÿüùìøúô óìāôüìĕúô úíô 
øôùþìėì íú ðìüùìóìüðúĄþô þìĎõôüČíôô ôė÷ôø ùôĄúù øñðôĕìð, öô ĕñĔ ċöñ ìó ýñùìüôċĕúô 
íìüüìýôĄÿðìô ôė÷ôø, öô ïìüøĄìîôüú ôùĆôöúý øñöÿùìð, ìĀóúôĄô óìāôüìĕúô úíôüú 
ûñĄùôĕúð ùìøñöÿùìð. Çôýúíĕúô íìðìýþúøìðì ùôĄúù øñðôĕìùð, öô þú ýú÷ô 2050 ĕìĔøô 
ĔìüìČùô ðìüČĕú ðìü ĕìîóìô ÌøÿðìüČ 10-15% îì ðìüČô Ýôü 6-10% öìø øñĄìîìð½ [6]. 

ÏìüøĄìîĒ ðìü íì÷ìùðöĘĕĕúô Ûúøôü, ÞôČù-äúù, Ú÷þúõ, Çôýúüÿ Ú÷úõ îì ðôïìü 
ýôýþñøìĕúô öĘĕôô øôùþìėì þìøúĊ÷ô øìîĔÿðìô øôùþìėìîĒ îì Ĕìĕúùôüú ôùĆôöúý øñöÿùìð. 
Óìāôüìĕúô ûôüċāĕú, öô ðìü ùúĕôċĕúô öĘĕôô ÚýôČô ØìüöìóĒ øÿþìøìüöìó Ąÿðììùð, óìāôüìô 
ìýúýôô Ďôóúïôüôô ðìüČĕú îì øÿĕôøþìüôù øìùíìô úíô þúóìô Ąôüôù øñíúĄìùð. Ûôüċāĕúô 
ÞúĔôöôýþúù îì ÉôüĎôóôýþúù ðìü þìĄìööÿ÷ô ðìüČĕúô Ìøÿ îì Ýôü - öì÷úùþìüôù ìüþñüôċĕúô 
úíôô ÚýôČô ØìüöìóĒ îì ĕìîóìô íìĕüô Ìüì÷ ùìėĄô öì÷úù øñíúóìùð. Ðìü þìøúøô 
öôĄîìüĕúô øôùþìėì þìĆýôüô þìĎõôüČíôô ï÷úíì÷ôô ôė÷ôø íì ĕìĔøô ûôüċāĕú, øìùíìĆĕúô 
ĎôóúïôüĒ îì úíô ðìüČĕú îì ðìü ùôĕúċþ íì ðìýþüìýôô úí íìüúô øôùþìėìĕú îì ðìî÷ìþĕúô 
ûúČùúí íñîúýôþì þìĆýôü üìýúùôðì, ðìü íìüúíìüô ôù, íì ùôóúøô øÿùúýôíìþĕúô íìõùô 
öôĄîìüĕú þìĆýôü øñüìýúùìð. 
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ÍñāìþìüĒ øìĀĕÿøñýþ, öô øìĀĕÿøĕúô óôČðñüú ðìü íìü øñïôüìð: ôėþôýúðĒ, ĉöú÷úïĒ, 
úóÿėìîúüĒ, ôĔþôøúĒ îì Ďìõüì. Ìøùôċþ ðìü ýúāþúüô øìîĔÿðôċþô ĕìü ċö ðìî÷ìþ øìĀĕÿøô 
öì÷ôðĒ íÿðì, ôù øìĀĕÿø þìĆüôĀô îìóĆô ïñúûú÷ôþôöôô øôùþìėìüú ùôó ðìü íìü øñïôüìð. Úí 
úøô÷ô ìýúýôô ùñöÿìĕîú÷ôô öôĄîìüĕúô ÚýôČô ØìüöìóĒ øñíúĄìð. Óìāôüìĕúô øìĕðÿðô úí 
øÿĄöô÷úþô ðúĎô üĘó íÿðì, øìýĆì÷ìô þìĆøôùô ìøùôċþô ôù úøô÷ íìüúô øôùþìėìô ÚýôČô 
ØìüöìóĒ øÿĕôø ìýþ; þìĎõôüúþô øìùĀĒ ðìü øìîĔÿðôċþô óìāôüìĕúô úí øñþìîúùìð íúôýô 
ùôóúĆĕúô ôĔþôøúĒ îì ýôČýĒ ïìüðìð. 

Ìĕú÷ôô ÚýôČô ØìüöìóĒ íú ýÿüĆìþ øñìĀóúċð, øôėðúüô úí íìüúô ìĕú÷Ē îì úíČüôô 
óìøôùĕúô ùìî, öô íìüúô ôýþñĕýú÷ô úóÿėì ìĕìøøôċþô öì÷úù ðúüìð, ėìüôí íñþìĎõôü øñøúùìð. 
äìüúôþô óôùðìïôô øìüðÿø, üÿĄðô úċùðìô øôùþìėì íñĄþìü ìó øìîĔÿðôċþô úíô þúóìô 
úĄúøôðìùĒ îúíìýþì ìýþ. ÞìĎõôü ČĀþìùô þìîúóÿùô óìāôüìĕúô úí ðìü ùìþôĔìô ïìüøĄìîôô 
ôė÷ôøô ĔìĕúùĒ íúôýô öìø Ąÿðìùô óìāôüìĕúô úíô øôùþìėì øñïìüðìð, öô ôù íì øôùþìėìĕúô 
ýñüíúüôĄ þìì÷÷ÿė ùìðúüìð. Ôù þìøúĊ÷ íìüúô îìóĆô ïñúûú÷ôþôöôô ÚýôČô ØìüöìóĒ ìó ĕìøì 
āìþìüùúö ìýþ, óñüú íìð Ąÿðìùô ýôĀìþ îì öìø Ąÿðìùô øôėðúüô óìāôüìĕúô úí íì ôėþôðúüô 
ôėþôýúðôô øôùþìėì þìĕðôð øñöÿùìð; Úí ðìü þìøúøô ýúĕìĕúô ĀìĆú÷ôċþô āúĔìïôô ôùýúù 
ôýþôĀúðì øñĄìîìð. 

ÍìāĄô öôĄúîìüóĒ íÿóÿüïþìüôù ôýþñĆøú÷öÿùìùðìô úí ìýþ, öô ėôýøô óôČðô óìøôùĕúô 
öôĄúîìüóôô øôùþìėì íì úíČüĒ ùôČó ðúüìùð, íìāÿýÿý óôüúìþĕúô íì øôý÷ô ûìāþì îì Ąú÷Ē. 
ÖôĄúîìüóĒ íñĄ ìó ùôýĀô þìøúøô óìāôüìĕúô úíô ôýþôĀúðìĄìîìùðìüú ðìü øôùþìėì 
ôýþñĆøú÷ øñöÿùìð. Þì÷ìĀúþô úíô ôüüôïìþýôúùĒ ðìü ùìþôĔìô ûú÷úôĄ îì íÿāúüĄìîĒ āñ÷ñ 
öì÷úù ìýþ, îìõüúùĄìîôô ýôýþñøìĕúô úíČüĒ íì ðìüìĔìô ùôĕúċþ öì÷úù üìýôðììýþ. Öìùì÷ĕúô 
úíČüôöÿùìùðì íñþúùûÿĄ öìüðì ùìĄÿðììùð îì ìýúýìù îìõüúù Ąÿðììùð; þì÷ìĀô úí ðìü ôù 
ùôĄúùðôĕìùðìĕúô ýôýþñøìô úíČüĒ íì 50-70%-ô ĕìĔøô úí øñüìýìð. Ìĕú÷ôô íú ýÿüĆìþô þñó 
ìĀóÿðìôýþúðìô øôùþìėì, öô ýú÷ñ 2-3% øñìĀóúċð, ùôýíìþ íì ýìþĕô úóÿėì îì úíô úĄúøôðìùĒ 
þì÷ìíúþĕúô ùìî íì øôČù øñïÿóúüìð. ÌĀóúôĄô þì÷ìíúþ íì úíô úĄúøôðìùĒ ĕìü ýú÷ óôČð ðìü 
øôùþìėì øñïìüðìð; ðìü ôù ìýúý Ąôððìþô ôĔþôøúĒ íì þìøúøô ýôýþñøìô øÿùúýôíìþĕúô 
íìõùì÷øô÷ì÷ôô øôùþìėì þìĆýôüô øìùĀĒ øñüìýúùìð. 

ÙìėĄô ïôðüúĉùñüïñþôöì øôý÷ô ùìėĄô öôĄúîìüóĒ ðìü øìĔøÿĆ íìüúô þìøúøô øôùþìėì 
úù ėìðìü øÿĕôø ùñýþ, ìøøú íìüúô ÉôüĎôóôýþúù îì ÞúĔôöôýþúù ïôðüúĉùñüïñþôöì 
øÿĕôøþìüôù óìāôüìô üÿĄðô ôėþôýúðĒ îì ôĔþôøúôô öôĄîìü øñíúĄìð. ÖôĄîìüĕúô ðìü 
øôùþìėì ĔúõïôüĄÿðì þìîìýýÿþô ýôýþñøìĕúô úíĕúô ĀìüúøìüóĒ íì ċö ýôýþñøìô óìāôüìĕúô úí 
ûìõîìýþìùð. ÞìĎõôü ðúðìùô ôýþôĀúðìô úí ðìü ċö öôĄîìü ĕìþøìù íì øìùĀôìþĕúô 
öôĄîìüĕúô ðôïìü þìĆýôü øñüìýúùìð. ÞúĔôöôýþúù îì ÉôüĎôóôýþúù, öô ĔìüìČùô ìýúýôô 
ĕìîóìô íìĕüô Ìüì÷ ðìü úù Ĕÿøĕÿüôĕú þìĄìööÿ÷ øñČíìð (íñĄ ìó 80%) íì ôýþôĀúðìô 
óìāôüìĕúô úíôô øìîĔÿðì íìüúô þìî÷ôðô ùñüÿô íìüė îì öôĄîìüĕúô ûúČùúí ¬ Éìóúėôýþúù, 
Þÿüöøìùôýþúù îì Êóíñöôýþúù ùôċþ ðúüìùð, öô ôýþôĀúðìô óìāôüìĕúô ċöāñ÷ìô úíüú íìüúô 
úíČüĒ ôðúøì ðôĕìùð.  

Óìāôüìĕúô úí ðìü üÿĄðô ýìùúìþ ùìėĄô íÿóÿüï ðúüìùð, ýìùúìþ þú 29%-ô þìøúøô 
óìāôüìĕúô úíôüú ôýþôĀúðì øñíìüìð, ïìüăìùðñ ùôóúøô øìîĔÿðìô ôùĄúúþô ýìùúìþĒ ìó 
óìøúùô ýúíôė äÿüìîĒ íúėĒ øúùðììýþ, ìøøú íôùúíìü þìĄìööÿ÷ô ôėþôðúüô ùìîô ýìùúìþĒ Č 
ôý÷úĕþì÷ìíô öôĄîìüĕúô øôùþìėì, þì÷ìíúþ íì óìāôüìĕúô úí óôČð øñĄìîìð. 

Øìĕðÿð íÿðìùô óìāôüìĕúô úíôô øôùþìėì, íìāÿýÿý ìó ýìíìíô úù, öô ĕìîóìĕúô ðìüČĕúô 
ÚýôČô ØìüöìóĒ ðìü ĕÿðÿðô ċöăìùð ðìî÷ìþĕú Ĕúõïôüìùð, ðìü Ąìüúôþô üÿĄðô ôĔþôøúôĊ 
ôėþôýúðôô öôĄîìüĕú øìùíìô üìėúíìþ øñíúĄìùð. ØìùĀôìþĕúô øìîĔÿðìô øô÷÷ôô 
ðìî÷ìþĕúô ì÷úĕôðì ðìü ôù øôùþìėì ìó Ĕôĕìþô øìùĀôìþĕúô ïÿùúïÿùô ôėþôýúðĒ, ýôČýĒ îì 
ôĔþôøúĒ āñ÷ñ Āìüė øñöÿùìùð; ïìüăìùðñ öô ðìü ÚýôČô ØìüöìóĒ ðìü øìýĆì÷ìô þìėýôøúþô 
øôėðúüô úí íìõùô öôĄîìüĕú îì ôùăÿùôù, ýôĀìþô úíñ, öô öôĄîìüĕúô ðìü íú÷ú îì ûúČùô 
ĕìîóìĕúô ðìüČ îúėñĆïìüðôðì íì ðìýþ øñúüìùð, ôøöúùô ùôóúĆ îÿĔÿð ðúüìð, ăÿùôù ôøöúùüú 
üìð öìüðìù øÿøöôù ùñýþ. 

Çìùïúøô ôýþôĀúðìô øÿĄþìüìöô óìāôüìĕúô úí, øÿüìööìíôô ôðúüìöÿùôô ĕìîóìô ðìüČĕú 
íúôýô ùôóúĆĕú ðìü ýìþĕĕúô ïÿùúïÿùô ôñüìüāôċ ¬ ðúāô÷ôðìî÷ìþĒ, íìõùôðìî÷ìþĒ îì 
íìõùôøôùþìėìîĒ øñïìüðìð. Ðìü íìüúíìüô ôù, íúċð ðìü ùìóìü ðúĄþ, öô þìöøô÷ô 
þñāùú÷úïôċô ôýþñĆøú÷Ē îì ùúüìýúôô ìĀóúċùðìô óìāôüìĕúô úí ĉĕþôøú÷ôċþô øÿùúėôĄìĕúô 
ðúāô÷ôðìî÷ìþĒ îì íìõùôðìî÷ìþôüú āñ÷ñ óôČð øñöÿùìð. Øñāìùôóøô øìîĔÿðìô Ąÿüìîôô 
þìėýôøô óìāôüìĕúô úí ðìü íìõùô öôĄîìüĕúô ÚýôČô ØìüöìóĒ öĘĕùì Ąÿðììýþ îì íì 
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øìùĀôìþĕúô øÿúýôüô ðìî÷ìþĕúô øôùþìėì øÿîúĀôėìþ ùìøñöÿùìð. ÜÿĄðô ĕìøöúüôĕúô 
ýÿðøìùð úôð íì ĕìøöúüôĕú ðìü ýúĕô÷ô ðìüČĕúô ÚýôČô ØìüöìóĒ íú Āìüėôċþô ìùĆìùìĕúô 
ôýþôĀúðìô úí, ýúāþúüĕúô ôðúüìöÿùĒ îì øìùĀôìþĕúô øô÷÷ôô öôĄîìüĕú ðìü ìýúýô ûüôùýôûô 
ôýþôĀúðìô úí øúùñĆ øñĄìîìð. 

Øúĕôċþô øìýĆì÷ìô þìėýôøô óìāôüìĕúô úíô øôùþìėì ċöñ ìó øÿĄöô÷úþô ÿøðìñýþ, öô 
øñþìîúùìð ðìü úċùðì íì ìøùôċþô øô÷÷Ē îì øôùþìėìîôô öôĄîìüĕúô ÚýôČô ØìüöìóĒ āìþìüô 
îúėñĒ ĉĔúð öÿùìð. Çú÷ú ùÿöþìĕúô ðìüðùúöô ìýúýôô ûüúí÷ñøìô ôýþôĀúðìô óìāôüìĕúô úí 
ðìü ýúĕìô ôýþôĀúðìíìüôô ċöĔúċô óìāôüìĕúô úíô øôùþìėì ìó ôùĕú íì øôČù øñúċùð: 

- ûüôùýôûĕúô þìėýôøô óìāôüìĕúô úí ðìü íìõùô öôĄîìüĕúô øôùþìėì; 
- ĕìĔøô úíô íìüúô ôýþñĕýú÷ô ėÿîîìô íìüėô ýìüĀĄÿðì îì íì úíČüĒ ôýþôĀúðìĄÿðì; 
- øìîýôøôô ôýþôĀúðìô óìāôüìĕúô úí, ċĆùñ Ĕìðîì÷ô îìėþô þìĆøôùô úí; 
- ûüôùýôûĕúô ùôïúĕÿíôùô ÙÚÍ îì ðôïìü ôùĄúúþĕúô úíôĊ ĉùñüïñþôöĒ, öô ĕú÷ìþô úùĕú 

ýú÷ þú ýú÷ íìð øñĄìîìð. 
ÔýþôĀúðìô øÿĄþìüìöô óìāôüìĕúô úí íú ôùþôāúíô ðìėôėô ìĀóì÷ôċþĕú îì ùôČóĕúô ĕìü 

ċö ðìî÷ìþ, ôùăÿùôù, üúĕĕúô Ĕÿíüúùô þì÷ìĀúþô ĉĕþôøú÷ôô ĕìü öìðúøô úùĕú ì÷úėìøìùð ìýþ. 
ØìýĆì÷ìĕúô ôðúüìöÿùôô óìāôüìĕúô úíô øôùþìėì ĕú÷ú íú ċö ėìþúü ĕÿĔĔìþĕúô ðìîüìô 

ĄÿüìîĒ îì íìĆðôĄÿüìîĒ þìùóôø öìüðì øñĄìîìùð. Øÿĕôøþìüôùô úùĕú éĆ÷úøôċô Ùÿöÿý úôð 
íì øìýĆì÷ìĕúô üÿĄðô ÿýþÿîúüô ĕìîóìô íìĕüô Ìüì÷ (1995) îì ÝúóôĄùúøìô Ì÷øììþú úôð íì 
ĕìøöúüĒ ðìü ýúĕìô ôðúüìöÿùôô øÿĄþìüìöô ôýþôĀúðì îì ĕôĀóô óìāôüìĕúô úí (1992) 
øñíúĄìùð. Íìüúô ôðúüìöÿùôô óìāôüìĕúô úí ýú÷ô 1992 ðìü Ąìĕüô ÞúĄöìùð Öúøôýýôċô 
Íìõùì÷øô÷ì÷ôô Çìøúĕìùïýúóô Úí íú ĕìøüúĕôô Ìýýúþýôìþýôċĕúô úíĕúô ĕìîóìô µÌøÿðìüČ½ 
îì µÝôüðìüČ½ þìĆýôý ðúðì Ąÿð. Îìõ íì ÞúĔôöôýþúù 28%-ô ĔìüìČùô ðìüČô āÿðüú øÿėìüüìü 
ùìøÿð, öô ĔÿøĕÿüĒ ĕú÷ú ĕìøìïĒ 11,9%-ô úùüú ôýþôĀúðì íÿüðì øñþìîúùìð. 

Þôíėô øìîúðô Öúøôýýôċô ðìü íú÷ú óôöüĄÿðì, ĕìùïúøô ìó ùìî ĕôýúí öìüðìùô ĕìĔøô 
úí íì ċö ùìĀìü ðìü ċö ýú÷, íú ùôĄúùðôĕìùðìô øôČùì íìüúô ĕìîóìô íìĕüô Ìüì÷ 2524 ø3, 
íìüúô öôĄîìüĕúô øôùþìėì ăÿùôù ûñĄùôĕúð Ąÿðììýþ: Êóíñöôýþúù - 2596 ø3 /úðìø/ðìü ċö ýú÷, 
Þÿüöøìùôýþúù ¬ 4044 ø3/úðìø/ ýú÷, ÞúĔôöôýþúù ¬ 1843 ø3 /úðìø/ýú÷, ÉôüĎôóôýþúù ¬ 1371 
ø3/úðìø/ýú÷, Éìóúėôýþúù ¬ 1943 ø3 /úðìø/ ðìü ċö ýú÷ [4,ý.278]. 

ØÿĄöô÷úþô óìāôüìĕúô úí ĀìĆú÷úùì úøĘāþì Ąÿðì, íôýČü þìĄöô÷úþĕúô íìõùì÷øô÷ì÷Ē: 
ôùýþôþÿþĕúô ÝØØ, ýúóøúùĕúô Ďìõüôðìî÷ìþôô ïÿùúïÿù, öôĄîìüĕúô ðúùúüô øôùþìėì (ÔØÌ, 
Ú÷øúù, Íüôþìùôċô Öìíôü) íú øÿĄöô÷úþô óìāôüìĕúô úí øìĄĎÿ÷ìùð. ëöñ ìó úāôüôù 
ăúüìíôùôĕúñ, öô ðìü úù øÿĄöô÷úþô öÿùÿùôô óìāôüìĕúô úí øìîüôðô úøĘóôĄ ėìüúü ïôüôĀþ, 
öúùĀüúùýô íìõùì÷øô÷ì÷ôô ©ÞìĆýôýô ýúóøúùĕúô íìõùôðìî÷ìþôô ĕìîóìô úíþìĆøôùöÿùĒ 
íìõùô Éìóúėôýþúù îì ðìî÷ìþĕúô ĕìøýúċ ðìü ýúĕìô ôðúüìöÿùôô øÿĄþìüìö îì ĕôĀóô 
óìāôüìĕúô úíĕúô ĀìüúøìüóĒª íÿð, öô 23-Ċøô ðñöìíüô ýú÷ô 2009 ðìü Ì÷øììþú íìüïÿóúü 
Ąÿð, öô ðìü öúüô öúùĀüúùý ùìøúċùðìïúùô ÝØØ, ÔØÌ îì ðôïìü ùìøúċðìïúùô øôùþìėìô 
ÚýôČô ØìüöìóĒ ôĄþôüúö öìüðììùð. 

ÇìðìĀô ìýúýôô ôù öúùĀüúùýô íìõùì÷øô÷ì÷Ē: µÙìėĄìô ýþüìþñïôô Ąìüôöôô ï÷úíì÷ôô 
úí íìüúô ýú÷ĕúô 2009-2013½ îì Ĕì÷ìýìô ÿøÿøôô Ąìüôöúùô Ąìíìöìô Ąìüôöôô úíô 
Éìóúėôýþúù øÿýúôðìþ îì ðìýþïôüôô öôĄîìüĕú ðìü þìþíôėô ûüôùýôûĕúô ôðúüìöÿùôô 
ĕìøïôüúĄÿðìô óìāôüìĕúô úí, øÿîúĀôėô éĆ÷úøôċô Õúāìùùñýíÿüï (2002), ÇìðìĀô ùôĕúôô 
äìíìöìô ĄìüôöĒ ðìü ÚýôČô ØìüöìóĒ îì ÉìĀėúóô ÆìùÿíĒ þìþíôėô ĕìðìĀĕúô ðìü Ýìøøôþô 
ÿøÿøôĔìĕúùôô üÿĄðô ÿýþÿîúü îì ÇìðìĀĕúô ÜÿĄðô Çìóúüýú÷ì øñíúĄìð. 

ØìýĆì÷ìô þìėýôøô óìāôüìĕúô úí ðìü ÚýôČô ØìüöìóĒ íñĄ ìó 19 ýú÷ íúó íìüüìýĒ 
øñĄìîìð. ÇìùĘó ðìü ýú÷ô 1993 ôāþô÷úĀúþô íìõùô öôĄîìüĕúô øôùþìėì ðìü ôù øìýĆì÷ì íúċð 
þìîìýýÿþô ÝúóôĄùúøì ðìü íúüìô ĕìøöúüĒ ðìü ýúĕìô ôðúüìöÿùôô øÿĄþìüìö, ôýþôĀúðì îì 
ĕôĀóô óìāôüìĕúô úíô øìùíìĆĕúô íìõùôðìî÷ìþĒ íìüþìüìĀ öìüðì øñĄÿð. Ìøøú ôù ĕÿĔĔìþ íì 
ėìðüô öúĀĒ øÿìýýôü ùìíÿð. ÍôýČüñ ìó öúüĄôùúýúù øñïĘċùð, öô ôù ĕÿĔĔìþ ì÷÷ìöìõ öĘĕùì 
Ąÿðììýþ. ÍìĆð íúó ċöăìùð ĕÿĔĔìþ ėìíÿ÷ öìüðì Ąÿð. Ìøøú úùĕú øÿĄöô÷úþô þìėýôøúþô 
óìāôüìô úíüú ĕìø ĕì÷ öìüðì ùìþìîúùôýþìùð.  

Ûüúí÷ñøìô óìāôüìĕúô úíô ÚýôČô ØìüöìóĒ øìĔøÿô øÿĄöô÷úþô íì ĕìø ì÷úėìøìùð: 
ôĔþôøúĒ, ýôČýĒ, ôėþôýúðĒ øñíúĄìð. Ùìíÿðìùô ôðúüìöÿùôô ýìøìüìùúöô óìāôüìĕúô úí ðìü 
ôýþôĀúðìô óìāôüìĕúô úí îì ĕôĀóô úùĕú ìó ôĀ÷úýĄìîĒ ùìėĄô íúóðúüìùðì øñíúóìð. 
Éúùÿùïÿóúüôô øô÷÷ôô öôĄîìüĕúô øôùþìėì ðìü íúüìô óìāôüìĕúô úí āñ÷ñ µċöþìüìĀì½ íÿðì, 
þìùĕú øìùĀôìþĕúô ðìî÷ìþô øô÷÷ôüú íì ùìóìü øñïôüìð. Ùìāúýþìùô ĉ÷ôþìô ýôČýĒ íì ýúóôĄ 
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øúùñìô ìý÷Ē ðìü üúĕô ĕì÷÷ô øìýĆì÷ì îì ĕìþþú ĕìøöúüôô øÿìýýôü ðìü ýúĕìô óìāôüìĕúô úí 
ìýþ. 

Ôù øìýĆì÷ì íñîúýôþì íì þìøúøô öôĄîìüĕúô ÚýôČô ØìüöìóĒ ðìā÷ ðúüìð, ĕìøöúüôô 
øÿþìėúíô÷ì ðìü ôù øìýĆì÷ì íìüúô üÿĄðô ôĔþôøúôĊ ôėþôýúðôô þìøúøô ðìî÷ìþĕúô ÚýôČô 
ØìüöìóĒ ùôĕúċþ øÿĕôø ìýþ. Ìøì÷ôČþô ċöĔúċô ĕìøìô ðìî÷ìþĕúô øôùþìėì íú ùìóìüðúĄþô 
øìùĀôìþĕúô ĕìøìô ôĄþôüúööÿùìùðìïúù üúĕô ĕì÷÷ô ûüúí÷ñøìô óìāôüìĕúô úíüú ôĀúðì 
øñöÿùìð. 

Ðìü āÿ÷úýì íúċð ėìõð ùìøÿð, öô úíô úĄúøôðìùĒ ċöñ ìó ýìüîìþĕúô ûÿüìüóôĄþìüôù ðìü 
üĘô óìøôù íÿðì, ÿýþÿîúüôô ĉöúýôýþñøìĕú, öôĄîìüĕú, ïÿùúïÿùôô íôú÷úïĒ îì ÿøÿøìù 
Ĕúøñìüú þìĆøôù øñöÿùìð. Íÿĕüúùô Ĕìĕúùôô ôė÷ôø ċïúùì þìĕðôðñ ùñýþ, öô íì óìāôüìĕúô 
úíôô úĄúøôðìùĒ þìĕðôð ùìøúċð. Ìøøú, íÿĕüúù Ąìüúôþô øìîĔÿðìüú íúó ĕìø îìóùôùþìü 
ùìøÿðì, ôðúüìöÿùôô øôùíìĆðìô óìāôüìĕúô úíĒ îì ûñĄïĘôĕúô øÿîúĀôėô øôėðúü îì ýôĀìþô 
úùĕúüú ðÿĄîúü øñïìüðúùìð, ìó ôù üĘ ðìü öôĄîìüĕúô ýúĕô÷Ē ýþüìþñïôċĕúô ùìîô øô÷÷Ē îì 
Āìüúøô÷÷ôô ôðúüìöÿùôô ôù óìāôüìĕúô öìøČĀþ îì ìüóôĄøìùð óìüÿü ìýþ. Çìøôù þìüôė, úí 
íì ôùýúùôċþ ðìü öúĕôĄ ðúðìù îì øÿþúíôė Ąÿðìù íì þìĎõôüČíôô ôė÷ôø ĕìø öÿøìö øñöÿùìð 
îì ĕìø íìüúô úù øúùñì ĉĔúð øñùìøúċð [8]. 

ÜìîôĄĕúô ôðúüìöÿùôô āìþìü îì ĉöúýôýþñøì, öô ôĄþôüúöô úðìøúùô óìüìüðôðìüú 
þìĆøôù øñöÿùìùð, ĕì÷÷ô íÿüð Č öìøíÿüðüú þìĆøôù øñöÿùìùð, öô íú øÿüÿüô óìøúù íú 
þìĎõôüČíôô ùôĄúùðôĕìùðìĕúô ìýúýĒ øÿþúíôė öìüðì øñĄìîìùð. Ðìü ìõùô ĕú÷ íì÷ìùð 
íìüðúĄþìùô ÿýþÿîúüôô ĉöúýôýþñøìĕúô óìāôüìĕúô úíô úĄúøôðìùĒ íìüúô øÿþúíôėĄìîĒ 
øÿĕôø ìýþ; ĕì÷÷ô ôù øÿĄöô÷úþ ôĔüúô îìóôĀìĕúô ìā÷úėôüú ðìü ùìóðô ùìý÷ĕúô úċùðì íì 
øôČù øñúüìð, óñüú úùĕú íúċð íú íÿĕüúùô ôė÷ôøĒ üĘ íì üĘ Ąìîìùð, öô úùĕú íì îÿĔÿð 
ùìúîìüðììùð [8]. 

ÔøüĘó ôøöúùôċþô íñĕìøþú íìüúô þìĎõôü ðúðìùô ýôýþñøìĕúô øìîĔÿðìô ôðúüìöÿùĒ îì 
íì÷ìùð íìüðúĄþìùô ĕìøúĕìùïôô ăìĕúüăĘíìĕúô ï÷úíì÷Ē îÿĔÿð ðúüìð, öô Ĕúøñì íìüúô 
úċùðìô üÿĄðô ÿýþÿîúü ĕìøì Ąìüúôþüú øÿĕìČ öìüðììýþ [8]. 
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ÓÌáÔÜÌÇÚÔ ÚÍÄ ÇÌØãßÙ ÚØÔ×Ô ÍÑáÌÞÌÜÄ ÐÌÜ ÐÌÎ×ÌÞÇÚÔ ÚÝÔ¾Ô ØÌÜÖÌÓÄ 
Ðìü øìėú÷ìô øìóöÿü ðúôü íì óìāôüìĕúô úíôô ðìî÷ìþĕúô ÚýôČô ØìüöìóĒ ýÿāìù øñüìîìð. 
Íúċð ėìõð ùìøÿð, öô þìĄìííÿýĕúô üúĕíìüôċþô Æÿøĕÿüôô ÞúĔôöôýþúù ðìü ýúĕìô úí, öô ìó 

Ĕúùôíô ÝØØ ðìýþïôüĒ ČĀþììùð, ìó ýìþĕô úøĘóôĄ íì þìþíôėô ìøì÷ôô Ĕúøñìô ĔìĕúùĒ ïÿóìĄþìùð. 
ëöĔúċ ôù þìĄìííÿýĕú íì ĉĔúðô ýþüìþñïôċô ùìîô íìĄìüôċþ îì þìĆøôùô óôùðìïôô Ąúôýþì íìüúô 
ýúöôùúùô ýìõČüì ùôïìüúùôðì Ąÿðììùð: 

- Ýú÷ô íìõùì÷øô÷ì÷ôô úíô þúóì, ýú÷ô 2003; 
- Ðìĕýú÷ìô íìõùì÷øô÷ì÷ôô ìøì÷ µÚí íìüúô ĕìČþ½, ýú÷ĕúô 2005-2015; 
- Ýú÷ô íìõùì÷øô÷ì÷ôô ĕìøöúüĒ ðìü ýúĕìô úí, ýú÷ô 2013.  
Íú þìĄìííÿýô ÞúĔôöôýþúù ĉĆ÷úù Ąÿðìùô ýú÷ô 2013 Ýú÷ô íìõùì÷øô÷ì÷ôô ĕìøöúüĒ ðìü ýúĕìô 

úí, øìĀĕÿøô ðôû÷úøìþôċô úí íì ýìþĕô øÿìýýôüþìü íìüðúĄþì Ąÿð, öô íú øìóøÿùô îúėñĒ ûÿü 
Ąÿðììýþ: øìĆùúô ðôû÷úøìþôċô úí ìó ĀìĕøôĄô ìùĆìùìîĒ Č ö÷ìýýôöôô úù, þìþíôėô ăÿùôù 
ïÿĀþÿĄÿùôðĕú Āúüøìþô ùìîüú þìėúóú øñöÿùìð, öô úùĕú þìîúùìùð ðìü ìùĔúøô íúøÿîìĀĀìėôċþô 
ôāþô÷úĀô ùìóìüĕú ðìü øìîüôðô ôðúüìöÿùĒ îì ôýþôĀúðìô óìāôüìĕúô úíô ðìüČĕúô Āìüúøô÷÷Ē ýìĕø 
ïÿóúüìùð. 

ØìýĆì÷ìô þìėýôøô óìāôüìĕúô úí ðìü ÚýôČô ØìüöìóĒ íñĄ ìó 19 ýú÷ íúó íìüüìýĒ øñĄìîìð. 
ÇìùĘó ðìü ýú÷ô 1993 ôāþô÷úĀúþô íìõùô öôĄîìüĕúô øôùþìėì ðìü ôù øìýĆì÷ì íúċð þìîìýýÿþô 
ÝúóôĄùúøì ðìü íúüìô ĕìøöúüĒ ðìü ýúĕìô ôðúüìöÿùôô øÿĄþìüìö, ôýþôĀúðì îì ĕôĀóô óìāôüìĕúô 
úíô øìùíìĆĕúô íìõùôðìî÷ìþĒ íìüþìüìĀ öìüðì øñĄÿð. Ìøøú ôù ĕÿĔĔìþ íì ėìðüô öúĀĒ øÿìýýôü 
ùìíÿð. ÍôýČüñ ìó öúüĄôùúýúù øñïĘċùð, öô ôù ĕÿĔĔìþ ì÷÷ìöìõ öĘĕùì Ąÿðììýþ. ÍìĆð íúó ċöăìùð 
ĕÿĔĔìþ ėìíÿ÷ öìüðì Ąÿð. Ìøøú úùĕú øÿĄöô÷úþô þìėýôøúþô óìāôüìô úíüú ĕìø ĕì÷ öìüðì 
ùìþìîúùôýþìùð.  

Ûüúí÷ñøìô óìāôüìĕúô úíô ÚýôČô ØìüöìóĒ øìĔøÿô øÿĄöô÷úþô íì ĕìø ì÷úėìøìùð: ôĔþôøúĒ, 
ýôČýĒ, ôėþôýúðĒ øñíúĄìð. Ùìíÿðìùô ôðúüìöÿùôô ýìøìüìùúöô óìāôüìĕúô úí ðìü ôýþôĀúðìô 
óìāôüìĕúô úí îì ĕôĀóô úùĕú ìó ôĀ÷úýĄìîĒ ùìėĄô íúóðúüìùðì øñíúóìð. Éúùÿùïÿóúüôô øô÷÷ôô 
öôĄîìüĕúô øôùþìėì ðìü íúüìô óìāôüìĕúô úí āñ÷ñ µċöþìüìĀì½ íÿðì, þìùĕú øìùĀôìþĕúô ðìî÷ìþô 
øô÷÷ôüú íì ùìóìü øñïôüìð. Ùìāúýþìùô ĉ÷ôþìô ýôČýĒ íì ýúóôĄ øúùñìô ìý÷Ē ðìü üúĕô ĕì÷÷ô øìýĆì÷ì 
îì ĕìþþú ĕìøöúüôô øÿìýýôü ðìü ýúĕìô óìāôüìĕúô úí ìýþ. 

Ôù øìýĆì÷ì íñîúýôþì íì þìøúøô öôĄîìüĕúô ÚýôČô ØìüöìóĒ ðìā÷ ðúüìð, ĕìøöúüôô 
øÿþìėúíô÷ì ðìü ôù øìýĆì÷ì íìüúô üÿĄðô ôĔþôøúôĊ ôėþôýúðôô þìøúøô ðìî÷ìþĕúô ÚýôČô ØìüöìóĒ 
ùôĕúċþ øÿĕôø ìýþ. Ìøì÷ôČþô ċöăúċô ĕìøìô ðìî÷ìþĕúô øôùþìėì íú ùìóìüðúĄþô øìùĀôìþĕúô ĕìøìô 
ôĄþôüúööÿùìùðìïúù üúĕô ĕì÷÷ô ûüúí÷ñøìô óìāôüìĕúô úíüú ôĀúðì øñöÿùìð. 

Öì÷ôðîúòìĕú: ïôðüúĉùñüïñþôöì, ÞúĔôöôýþúù, ÚýôČô ØìüöìóĒ, óìāôüìĕúô úíĒ, ùñüÿïúĕĕúô 
úíô-íìüėĒ, ðìüČĕú, ðôû÷úøìþôċô úí, üÿĄðô ÿýþÿîúü, Ðìĕýú÷ìô íìõùì÷øô÷ì÷ôô ìøì÷, øÿĄöô÷úþô 
ùúüìýúôô úí. 

 

ɺʆɼʅʓɽ ʈɽʉʋʈʉʓ ʂɸʂ ʌɸʂʊʆʈ ɹɽɿʆʇɸʉʅʆʉʊʀ ɻʆʉʋɼɸʈʉʊɺ ʎɽʅʊʈɸʃʔʅʆʁ ɸɿʀʀ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʩʪʨʘʥ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʥʠʮʠʘʪʠʚʳ ʨʫʢʦʚʦʜʩʪʚʘ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʚ ʚʦʜʥʦʡ ʩʬʝʨʝ ʙʳʣʠ 

ʧʦʜʜʝʨʞʘʥʳ ʆʆʅ, ʠʟ ʫʨʦʚʥʷ ʠʟʫʯʝʥʠʷ ʧʝʨʝʰʣʠ ʚ ʧʨʘʢʪʠʯʝʩʢʫʶ ʨʝʘʣʠʟʘʮʠʶ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ. ʊʘʢʞʝ ʵʪʠ ʠʥʠʮʠʘʪʠʚʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʥʦʚʦʡ ʩʪʨʘʪʝʛʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʠ 

ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʦʡʥʦʡ ʞʠʟʥʠ ʞʠʪʝʣʝʡ ʧʣʘʥʝʪʳ: 

- ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʛʦʜ ʯʠʩʪʦʡ ʚʦʜʳ, 2003 ʛ.; 

- ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʜʝʩʷʪʠʣʝʪʠʝ ʜʝʡʩʪʚʠʡ çɺʦʜʘ ʜʣʷ ʞʠʟʥʠè, 2005-2015 ʛʛ.; 

- ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʛʦʜ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, 2013 ʛ. 

ɹʣʘʛʦʜʘʨʷ ʠʥʠʮʠʘʪʠʚʝ ʊʘʜʞʠʢʠʩʪʘʥʘ 2013 ʛʦʜ ʙʳʣ ʦʙʲʷʚʣʝʥʴ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʛʦʜʦʤ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ ʚʦʜʥʦʡ ʩʬʝʨʝ. ʇʦʥʷʪʠʝ ʚʦʜʥʦʡ ʜʠʧʣʦʤʘʪʠʠ ʙʳʣʦ ʧʦʜʥʷʪʦ ʥʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ 

ʫʨʦʚʝʥʴ, ʥʘʧʦʣʥʝʥʦ ʨʝʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ: ʩʤʳʩʣ ʚʦʜʥʦʡ ʜʠʧʣʦʤʘʪʠʠ ʚ ʝʝ ʪʨʘʜʠʮʠʦʥʥʦʤ ʠʣʠ 

ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʦʥʠʤʘʥʠʠ, ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʪʘʢʠʭ ʧʝʨʝʛʦʚʦʨʦʚ ʪʨʝʙʫʝʪ ʥʦʚʳʭ ʬʦʨʤʘʪʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ 

ʫʩʧʝʰʥʦʤʫ ʨʝʰʝʥʠʶ ʨʘʟʥʦʛʣʘʩʠʡ ʧʦ ʧʦʚʦʜʫ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʪʨʘʥʩʥʘʮʠʦʥʘʣʴʥʳʭ ʨʝʢ. 
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ɺʦʧʨʦʩ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʦʙʩʫʞʜʘʝʪʩʷ ʫʞʝ ʙʦʣʝʝ 19 ʣʝʪ. ɽʱʝ ʚ 

1993 ʛʦʜʫ ʨʘʟʥʦʛʣʘʩʠʷ ʤʝʞʜʫ ʩʪʨʘʥʘʤʠ ʨʝʛʠʦʥʘ ʧʦ ʵʪʦʤʫ ʚʦʧʨʦʩʫ ʜʦʣʞʥʳ ʙʳʣʠ ʙʳʪʴ ʫʨʝʛʫʣʠʨʦʚʘʥʳ 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʛʣʘʰʝʥʠʷ ʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʚ ʦʙʣʘʩʪʠ ʩʦʚʤʝʩʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʥʦ ʵʪʦʪ ʜʦʢʫʤʝʥʪ ʦʢʘʟʘʣʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʵʬʬʝʢʪʠʚʥʳʤ. ʄʥʦʛʠʝ ʵʢʩʧʝʨʪʳ ʛʦʚʦʨʷʪ, ʯʪʦ ʵʪʦʪ ʜʦʢʫʤʝʥʪ ʫʞʝ ʫʩʪʘʨʝʣ. ɿʘʪʝʤ ʙʳʣʦ ʧʨʠʥʷʪʦ ʝʱʝ 

ʥʝʩʢʦʣʴʢʦ ʜʦʢʫʤʝʥʪʦʚ. ʅʦ ʦʥʠ ʥʝ ʤʦʛʣʠ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʇʨʦʙʣʝʤʘ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʙʣʝʤ: 

ʩʦʮʠʘʣʴʥʳʭ, ʧʦʣʠʪʠʯʝʩʢʠʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ. ʆʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ 

ʠʛʨʘʝʪ ʩʜʝʨʞʠʚʘʶʱʫʶ ʨʦʣʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʠʭ ʦʭʨʘʥʝ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʅʘʮʠʦʥʘʣʴʥʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʩʪʨʘʥ ʨʝʛʠʦʥʘ ʦ ʚʦʜʥʳʭ ʨʝʩʫʨʩʘʭ ʫʯʠʪʳʚʘʝʪ ʪʦʣʴʢʦ ʠʥʪʝʨʝʩʳ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ. ʅʝʞʝʣʘʥʠʝ ʧʦʣʠʪʠʯʝʩʢʦʡ ʵʣʠʪʳ ʠʜʪʠ ʥʘ ʢʦʤʧʨʦʤʠʩʩ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ 

ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʠ ʜʘʞʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ ʩʬʝʨʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʕʪʦʪ ʚʦʧʨʦʩ ʥʘʧʨʷʤʫʶ ʢʘʩʘʝʪʩʷ ʚʩʝʭ ʩʪʨʘʥ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʚʟʘʠʤʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʚ ʵʪʦʤ ʚʦʧʨʦʩʝ 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ ʜʣʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʚʩʝʭ ʩʪʨʘʥ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʉʦʚʤʝʩʪʥʳʝ 

ʜʝʡʩʪʚʠʷ ʚʩʝʭ ʛʦʩʫʜʘʨʩʪʚ ʨʝʛʠʦʥʘ ʩ ʫʯʝʪʦʤ ʠʥʪʝʨʝʩʦʚ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʰʝʥʠʝ 

ʧʨʦʙʣʝʤʳ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ, ʊʘʜʞʠʢʠʩʪʘʥ, ʎʝʥʪʨʘʣʴʥʘʷ ɸʟʠʷ, ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ, 

ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʨʝʢʠ, ʚʦʜʥʘʷ ʜʠʧʣʦʤʘʪʠʷ, ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ, ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʜʝʩʷʪʠʣʝʪʠʝ 

ʜʝʡʩʪʚʠʡ, ʧʨʦʙʣʝʤʘ ʥʝʭʚʘʪʢʠ ʚʦʜʳ. 

 

WATER RESOURCES AS A SECURITY FACTOR IN THE CENTRAL ASIA STATES  

This article examines water resources. This article is about the water resources of the countries of Central 

Asia. 

It should be noted that the initiatives of the leadership of the Republic of Tajikistan in the water sector 

were supported by the UN and moved from the level of study to practical implementation by the international 

community. Together, these initiatives are aimed at creating a new strategy for humanity and ensuring a decent 

life for the inhabitants of the planet: 

- International Year of Clean Water, 2003; 

- International Decade for Action ñWater for Lifeò, 2005-2015; 

- International Year of Water Cooperation, 2013 

Thanks to the initiative of Tajikistan to declare 2013 the year in the water sector. The concept of water 

diplomacy has been raised to a more effective level, filled with real content: the meaning of water diplomacy in 

its traditional or classical understanding, the implementation of such negotiations requires new formats that can 

contribute to the successful resolution of disagreements over the management and use of water resources of 

transnational rivers. 

The issue of water resource distribution in Central Asia has been discussed for more than 19 years. Back 

in 1993, disagreements between the countries of the region on this issue should have been resolved through an 

agreement on cooperation in the field of joint management, use and protection of water resources from interstate 

sources, but this document turned out to be insufficiently effective. Many experts say that this document is 

already outdated. Then several more documents were adopted. But they could not solve the problem of water 

resource distribution. The problem of water resources in Central Asia is a complex of interrelated problems: 

social, political, economic. The lack of effective water resource management plays a limiting role in the use of 

water resources and their protection from pollution. National legislation of the countries of the region on water 

resources takes into account only the interests of the national state. The reluctance of the political elite to 

compromise is the main obstacle to solving the problem and even effective cooperation in the field of water 

resources. This issue directly concerns all countries of Central Asia; mutual cooperation on this issue is 

extremely important for the socio-economic development of all countries of Central Asia. Joint actions of all 

states in the region, taking into account the interests of all participants, represent a solution to the problem of 

water resources. 

Keywords: hydropower, Tajikistan, Central Asia, water resources, hydroelectric power stations, rivers, 

water diplomacy, sustainable development, International Decade for Action, water shortage problem. 
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ÞÐß: 55+502.211+502.51(575.3) 
ÍÌæÓÑ ãÚÜÌÇÚÔ ÏÑÚéÖÚ×ÚÏÄ ÚÔÐ ÍÌ ÍÌÜÉÌÜÚÜÝÚÓÔÔ ÓÌØÔÙÇÚÔ 

ÞÌáÜÔÍäßÐÌÔ ÝÌÙÚÌÞÔ ÖÊÇÔÔ ØÌÕÐÚÙÇÚÔ ØÌæÐÌÙÄ 
 

ÙñöüĘóô ÀÿĀüúù, ÝìĀìüô Ùÿýüìþÿ÷÷ú, Ùìóìüúî Æ.Ú. 

ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù,  
Ôùýþôþÿþô ïñú÷úïôċ, ýúāþøúùô íì óìøôùĔÿùíĒ þúíúîìü îì ýñõýøú÷úïôċô ÌØÔÞ 

 
äìüúôþô îìýñĆþìüô óìøôùìô ìøì÷ôýúóôô öúüöìüð îì ìó ôù ÷ôĕúó, íì îÿĔÿð úøìðìùô 

øìùóìüìĕúô þìāüôíĄÿðìô íì úù ì÷úėìøìùðüú Ąìüúôþô øñþì÷÷úïñùĒ îì ïñú÷úïôĊ ýúāþúüĒ 
øÿìõċù øñöÿùìùð. Øìĕó úùĕú Ąìö÷ĕúô ìýúýôô ėúùÿùôċþô þìėýôøúþô öúùĕúô öìùðìùôĕúô 
Āúôðìùúöüú ðìü øôùþìėì îì ċöĔúċöÿùôô úùĕúüú, öô íú ĔìüìČùô ċïúùìô þñāùú÷úïôô 
öúüöìüð îì ôýþôāüúĔüú Āìüú ïôüôĀþììùð, ûñĄìöĒ øÿìõċù øñöÿùìùð [5]. 

Øìýì÷ìù, ûìõîìýþìùô öúùĕúô ìùïôĄþô öúöýĄìîìùðìô àúù-ëĎùúí íú öúùĕúô øìĆðìùĒ 
ìýúýìù øìùóìüìĕúô þñāùúïñùôô öúùô øìĆðìùô ãúüñüú øÿìõċù ùìøÿð, öô úùĕú ìó 
øìùóìüìĕúô þñāùúïñùôô Íìĕüô þúĔôö, öô ðìü úù Ĕú ùìĀþÿ ïìó ôýþôāüúĔ öìüðì øñĄìîìùð, íì 
öÿ÷÷Ē Āìüė øñöÿùìùð [7]. 

Éìð-ėìðô îúðôĕúô ðìüČĕúô āÿüðÿ öì÷úù, ðìü ėìþúüöĘĕĕúô ÓìüìĀĄúù, Éìüúþñïôù îì 
ÛČþüô I ìóāÿðöÿùôô öúùĕúô þô÷÷ú íì þìîüô îìýñĆ íì üúĕ øúùðì Ąÿðììùð. Ðìü ôù øìùúþôė 
øìùóìüìĕúô ùìîô þñāùúïñùĒ íì îÿĔÿð úøìðììùð, öô øìýúĕìþô úùĕú þúüìĀþ óôČð øñĄìîìùð. 
Ðìü íúüìô íìüėìüúü ùìøÿðìùô ú÷ìøô ùìíúþúþ îì Ā÷úüì ðìü óìøôùĕúñ, öô ìó ýìùúìþô 
ôýþôāüúĔô öúùĕúô þô÷÷ú úýñí ðôðììùð, ìøì÷ìù øìĆ÷ÿøúþ ûìõðú ùìøÿðìù ðÿĄîúü ìýþ [9]. 

Ðìü øìõðúùĕúô þìāüôíĄÿðìô öúùĕúô øìĆðìùôô ÞúĔôöôýþúùô ØìüöìóĒ îì ÆìùÿíĒ 
(ØôČùìðÿ, àúù-ëĎùúí, Ðÿúíìô äìüėĒ îì öúùĕúô ûúĄāĘüðìô Ðìüîúóô ÀìüíĒ) ĔìüìČùĕúô 
āìüúíôúîìüô øÿĕìùðôýĒ-ïñú÷úïĒ ôùöôĄúĀ ČĀþì, øìùóìüìĕúô ùìîô þñāùúïñùĒ íì îÿĔÿð 
øñúċùð. 

áúöĕúô øìùóìüìĕúô þñāùúïñùĒ íì þìýùôĀô øÿúýôüô āúöĕú ðúāô÷ öìüðì Ąÿðììùð. 
ÌùðñĄìĕúô ÿøÿøôô ùìóìüôċîĒ ðìü íúüìô þìýùôĀúþô āúöĕúô þñāùúïñùĒ ðìü ĕú÷ô þìĕìîîÿ÷ 
îì íìĕýíìüìùïñó íúėĒ øúùðììùð. Ìėôðìĕú ðìü íúüìô ĕúýô÷āñóôô āúöĕúô þñāùúïñùĒ ĕìùĘó ìó 
øÿĕúöôøìô øÿýþìėôø íñüÿù ùñýþìùð. 

ØìĆ÷ÿø ìýþ, öô øìõðúùĕúô Āôóôöôô Óìøôù ėôýøô þìüöôíôô ýôýþñøìô øìõðúùĕúô 
öìõĕúùôô ùìóðô Óìøôù øñíúĄìùð. Úùĕú íì ĕìøðôïìü ì÷úėìøìùð îì îúíìýþììùð. ÞìĆýôüô 
øÿþìėúíô÷ìô úùĕú ėÿîîìô ìýúýôô ĕìüìöìþðôĕìùðìô þìĄìööÿ÷ îì üÿĄðô ÿøÿøôô Óìøôù, 
øìùóìüìĕúô þìíôĒ îì ýÿùĆĒ, ôùăÿùôù, þìøúøô ĔÿóĆĕúô úùĕú øìĕýÿí øñĄìîìùð [8]. 

ÞìĎõôüúþô ï÷úíì÷Ē îì øìĕì÷÷ôô ĉöú÷úïĒ îì ïñúöôøôČîôô íôúýĀñüì, öô íú ðìîüìô 
ôíþôðúôô þìĄìööÿ÷ô ùúúýĀñüì ì÷úėìøìùð ìýþ îì ĕú÷ú ìó ýìü ïÿóìüúùôðì øñĄìîìð, íì 
üìîìùðô øÿĕúĔôüìþô þìíôôô ėìí÷ìù øìîĔÿðì ôý÷úĕĕúþ îúüôð ùìøÿðìùð. Çìøôù þìüôė, 
øÿĕúĔôüìþô ĉ÷ñøñùþĕúô öôøôČîĒ ðìü íôúýĀñüì (îì ðìü øìùóìüìĕúô íôúïñùĒ îì þñāùúïñùôô 
úù) ðìü óñüô þìĆýôüô úøô÷ĕúô þìíôĒ îì ìùþüúûúïñùĒ ýÿüìþ øñïôüìð [1]. 

ÍìĆðìù, íìĕúðôĕôô þìĆýôüô þñāùúïñùĒ íì øÿĕôþô ïñú÷úïĒ øÿîúĀôėô þìîýôċĕúô 
ìüóČíôô þìĆýôüô ĉöú÷úïĒ (ÌÞé) ïÿóìüúùôðì øñĄìîìð [1]. Çìùïúøô íìĕúðôĕôô þìĆýôüô 
öúüāúùìĕúô ýìùúìþĒ, öôĄúîìüóĒ îì ðôïìü öúüāúùìĕú íì ĕÿðÿðô þìĕėôėúþĒ îì øôùþìėìĕúô 
ĀìĆú÷ôċþô ĉöúýôýþñøìĕúô þìíôĒ ĕÿðÿðñ, öô ðìü úù øÿĕôþô þìíôĒ øñþìîúùìð íì þìùìóóÿ÷ Č 
ôĀ÷úýĄìîĒ ðÿăúü Ąìîìð (ýìüĕìðô øìùóìüìĕúô þñāùúïñùĒ); øìõðúùô ĕÿðÿðĕúñ, öô íì óôČð 
ôĀ÷úýĄìîôô ĕìîúô ìþøúýĀñüì, úíĕúô óñüôóìøôùĒ îì üĘôóìøôùĒ îì āúö ðÿăúü øñĄìîìùð; 
ìùðúóìĕúô ðìĕìùìô ðñûüñýýôúùĒ îì øôùþìėìĕúô þìĎõôüČíôô Ĕôùýĕú îì Ďìõüì), ùìþôĔìĕúô 
þìĆýôü îì ðôùìøôöìô þìĎõôüČíôô ĕú÷ìþô øÿĕôþô ìþüúĀ þìĕ÷ô÷ öìüðì øñĄìîìùð (üìýøô 1). 

Þìĕþô øìĀĕÿøô øìùóìüìĕúô þìíôôĊ þñāùúïñùĒ øìĔøÿìô þìíôôô ĕÿðÿðĒ íú þìĎõôüČíôô 
þñāùúïñùôô öúøû÷ñöýĕúô þìíôĒ îì Āúüøìþýôċĕúô ùìîô þñāùúïñùĒ, öô ðìü ĔìüìČùô 
ôýþñĕýú÷úþ øìùóìüìĕúô þìíôôüú öúøô÷ìù āìüúí îì þìĎõôü ðúðììùð, Āìĕøôðì øñĄìîìùð. 

Íìüúô øÿìõċù öìüðìùô øôùþìėìĕúñ, öô ýìüíúüôô íñĄþìüô þñāùúïñùĒ ðúüìùð, ûñĄ ìó 
ĕìøì, ùúøïĘô øìùíìĆĕúô ĉĕþôøú÷ôô ôĀ÷úýĄìîôô ĕÿðÿð øÿėìüüìü öìüðì øñĄìîìð. 
Øúððìĕúô öôøôČîôô ôĀ÷úýöÿùìùðì íìüúô ĕìü ċö öúüāúùìô öĘĕĒ îì āìþìüô úùĕú øÿþúíôė 
íì ÏÚÝÞ 17.4.1.02-83 ©ÇôĀóô þìíôìþ. ÞìýùôĀô øúððìĕúô öôøôČîĒ íìüúô øÿíúüôóì íú 
ôĀ÷úýĄìîĒª øÿìõċù öìüðì øñĄìîìùð. 
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Üìýøô 1. Ðôùìøôöìô þìĎõôüČíôô ĕú÷ìþô øÿĕôþô þìíôĒ 
Figure 1. Dynamics of changes in the state of the natural environment 

 
 
ÙìþôĔìô ùôĕúôô øìüĕô÷ìô ûñĄìöôô öúü, øÿìõċù öìüðìùô øôùþìėìĕúñ øñíúĄìð, öô 

ôĀ÷úýĄìîôô óìøôù íñĄþìü ùúøÿýúôð îì úýñíûìóôüìùð, ìüóČíôô þìāøôùôô øìýúĕìþ îì 
Ąôððìþùúöôô ôĀ÷úýĄìîĒ ðìü ôù øôùþìėìĕú îì ðìü øôùþìėìĕúô ĕÿðÿðô ðúüúô þì÷ìíúþô 
óôČð íì ýìþĕô ôĀ÷úýĄìîôô úùĕú øÿìõċù öìüðì Ąÿðì, ýþüìþñïôċô ôùþôāúí îì þìĕ÷ô÷ô āúö 
øÿìõċù öìüðì øñĄìîìð 

Ìó ĕìĔøô íÿóÿüïô ìĄČô āúøô øìĆðìùôñ, öô ðìü Ĕìĕúù ôýþôāüúĔ öìüðì øñĄìîìð îì úù 
íì ðìĕĕú øô÷÷ôìüð þúùùì øñüìýìð, þìùĕú 5-10 Āôýìðô úù øìîüôðô ôýþôĀúðì ėìüúü ðúðì 
øñĄìîìð. Éôýøô íúėôøúùðì ìýúýìù ûìüþúîĕúô ýìùúìþô öĘĕôô ôýþôāüúĔĒ îì öúüöìüðĄÿðì 
øñíúĄìð [9]. 

Ðìü øìüĕô÷ìô ôýþôāüúĔô øìĆðìù, ûìüþúîĕúô ýìāþ ðìü Ąìö÷ô Ĕôùýĕúô öĘĕôô ìó 
øìĆðìù āú÷Ē îì úøñāþì îì ĕìĔøô óôČðô Ĕúõĕúô ôýþôāüúĔĄÿðì ðìü öìüñüĕú îì öúùĕú íì 
îÿĔÿð øñúċùð. Ðìü øìüĕô÷ìô Ďìùôýúóôô ìĄČô āúøô ôýþôāüúĔĄÿðì íúĄìð, ûìüþúîĕúô 
Ā÷úþìþýôċ, ïüìîôþìþýôċ, ûìüþúîïúĕĕúô ĄÿýþÿĄĘõĒ ûìõðú øñĄìîìùð [6]. Çìùïúøô öúüöìüðô 
ìĄČô āúøô ĎìùôĄÿðì íì øìĕýÿ÷úþô þôĔúüìþĒ ðìü öúüāúùìĕúô øñþì÷÷ÿüïĒ Ą÷ìöĕú, Ą÷ìøĕú, 
ăìùïĕú íì îÿĔÿð øñúċùð.  

Ïÿùúïÿùôô þìüöôí îì āúýôċþĕúô óìāôüìĕúô þñāùúïñùôô ðìü ûìüþúîïúĕĕú ĔìøĆĄÿðì, 
ðúôüìô îìýñô ýìøþĕúô ôøöúùûìóôüô ôýþôĀúðìô úùĕúüú øÿìõċù øñöÿùìð. Íìüúô ôýþñĕýú÷ô 
øìýú÷ñĕô ïÿùúïÿùô ýúāþøúùĒ þú 30% Ĕôùýĕúô öĘĕôô ìó øìĆðìù āú÷Ē îì úøñāþì, öô ìó 
öúîôĄĕúô öúù ôýþôāüúĔ öìüðì øñĄìîìùð, ôýþôĀúðì íÿüðìù øÿøöôù ìýþ [3; 7]. 

Ìøøú ôýþôĀúðìô ìý÷ôô úùĕú ìó 4 Āôýìð óôČð ùñýþ. Ðìü íìüúíìüô ôù, ôýþôĀúðìô 
ûÿüüìô ûìüþúîĕúô ýìùúìþô öĘĕĒ Ďìõüôôøöúù îì ìó Ĕôĕìþô ôėþôýúðĒ ùúøÿîúĀôė ìýþ, óñüú 
øôėČýô ûìüþúîĕúô úùĕú, ăÿù ėúôðì, ìó ýìíìíô ûìýþ íÿðìùô ĔìüìČùô ôùþôėú÷ðôĕĒ, íú 
þì÷ìíúþô ýìùúìþô øìĕì÷÷Ē øÿìõċù öìüðì øñĄìîìð [4].  

Æôùýĕúô āìüýìùïôô ìó øìĆðìù āú÷Ē ûìý ìó øìõðì öìüðìù îì þìýùôĀúþöÿùĒ, ðìü 
ýúāþøúùô ôùĄúúþô āúĔìïôô āì÷ė, ðìü ýúāþøúùô üúĕĕú, ðìü ýúāþøúùô ýìüíìùðĕú, íìùðô úí, 
øìõðúùăìĕúô ýúāþøúùĒ îì Ĕúõĕúô ôýþôüúĕìþĒ (ûúõïúĕĕúô ÷ôòìüúùĒ) ĕìøăÿù ýìùïüñóì 
ôýþôĀúðì øñĄìîìùð. Ôùăÿùôù, Ĕôùýĕúô ûìüþúîĕúô ýìùï÷úāĒ íìüúô ôýþñĕýú÷ô ĄìĎì÷ýìùïĕú 
îì üñïô íôùú îìýñĆ øìîüôðô ôýþôĀúðì ėìüúü øñïôüìùð [4]. 

Ýìøþô ùì öìøþìü ýìøìüìíìāĄô ûìüþúîĕúô ýìùúìþô öĘĕĒ þìĄìööÿ÷ ðúðìùô íì ôýþô÷úĕ 
µûú÷ôïúùĕú-ìùíĘĕô āúöþÿðìĕú½ ðìü óìøôùìô āúöþÿðìĕúô Ĕôùýĕúô öĘĕôô ìó øìĆðìù āú÷Ē Č 
ýúāþøúùô íñîúýôþìô úù øñíúĄìð, öô íìüúô øÿþìøìüöìó ĔìøĆúîìüĒ, íñóìüìüïìüðúùĒ îì ùñýþ 
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öìüðìùô ûìüþúîĕúô óìĕüú÷ÿð ìó öúüāúùìĕúô ýìùúìþĒ îì øìüöìóĕúô ô÷øĒ ûñĄíôùĒ Ąÿðììýþ 
[5]. 

Ôøöúùûìóôüôô øìîüôðô ôýþôĀúðìíìüĒ ėìüúü ðúðìùô Ĕôùýĕúô µāú÷Ē½, öô ìó úùĕú 
öúùĕúô þñāùúïñùôô ìĄČô āúøô øôùñüì÷Ē íú ùôïúĕðúüôô ì÷úĕôðìïĒ úùĕú íì ðìýþ øñúċùð, 
íúċð ĕôýúíôðì Ąìîìð. Íì øìėýìð øÿîúĀôė íÿðìùô ìóāÿðöÿùôô ýìùúìþôô óìāôüìĕúô 
þñāùúïñùĒ íú öìøĄìîôô öúùĕúô þìíôôô ìóāÿðĄÿðì îúíìýþì ìýþ. Æôùýĕúô öĘĕôô ìó øìĆðìù 
āú÷Ē ĕìøăÿù øìîúð íìüúô öúüĕúô íìüėìüúüýúóĒ ðìü óìøôùĕúô ðìü ĔìüìČùô ôýþôāüúĔô 
øìĆðìù îìõüúùĄÿðì íì þìîüô îìýñĆ ûìĕù Ąÿðììùð [2]. 

 
Üìýøô 2. ÙìėĄìô íìüėìüúüýúóôô óìøôùĕúô îìõüúùĄÿðìô øìõðúùô øìĆðìùôô ãúüñ 

Figure 2. Plan for restoration of damaged lands of Chore mine field 

 
1 - ïô÷āúöûÿĄúùĒ, 2 - āúöþñûûìĕúô ýìùïĒ 

 

Þú íì óìøúùô ôøüĘó ðìü Ĕìĕúù þìøúĊ÷ô íìüėìüúü öìüðìùô óìøôùĕúô ìó ôýþôāüúĔô 
øìĆðìù îìõüúùĄÿðì íì ėìõð ïôüôĀþì Ąÿðììùð. Çìøôù þìüôė, Āìóúô ôýþôāüúĔĄÿðìô 
öìüñüĕú Č íú Ĕôùýĕúô öĘĕôô ìó øìĆðìù āú÷Ē Āìüú ïôüôĀþì øñĄìîìð, ċĆùñ āúöþÿðìĕúô 
ðúāô÷Ē ìùĔúø ðúðì øñĄìîìð Č óìøôùĕúô ýìùúìþĒ ðìü ðÿ ýìøþô ìýúýĒ - íôú÷úïĒ îì 
üñöüñìþýôúùĒ íì öúü ìùðúāþì øñĄìîìùð [2]. 

Çìùïúøô ôùþôāúíô ýìøþô íìüėìüúüýúóĒ ðìü ìøì÷ôċô ÷úôĕìöìĄĒ ðÿ ýìøþ îì Č āÿð 
üìîôĄ: ðìü ĕú÷ìþô ìîîì÷ óìøôùĕúô îìõüúùĄÿðì ìýúýìù íìüúô óìøôùĕúô öôĄúîìüóĒ 
íìüėìüúü öìüðì øñĄìîìùð, ðìü ĕú÷ìþô ðÿĊø ìó üĘô ùìøÿðĕúô ôýþôĀúðìô óìøôù, öô þú 
îìõüúù Ąÿðìù ĕìùïúøô öúüĕúô öĘĕĒ îÿĔÿð ðúĄþìùð, îÿĔÿð ðúüìùð [2]. 

ÔýþôĀúðìô Āìóúô ôýþôāüúĔĄÿðìô öìüñüĕú ĕìùïúøô ôýþôĀúðìô úùĕú ĕìøăÿù óìüĀ 
íìüúô Ĕúõïôüöÿùôô ûìüþúîĕúô ýìùúìþĒ ùôó ôøöúùûìóôü ìýþ. Ôù þñāùú÷úïôċ ýìøþô 
úċùðìðúüÿ íúíìüúüüú ðìü üÿĄðô ôýþôāüúĔô øìĆðìù îì øÿùúýôíìþô öúøû÷ñöýĒ íì üÿĄðô 
ėôþĆìĕúô óìøôù üìîúùì öìüðì øñĄìîìùð [3]. 

Ðìü íôýČü ĕú÷ìþĕú öúîôĄĕúô öìüñüôô óñüôúíøúùðì ðìü Ąìö÷ô úíìùíúüĕúô ýÿùĆĒ 
øìîüôðô ôýþôĀúðì ėìüúü ðúðì øñĄìîìùð, öô ýúöôùúùô øìĕì÷ĕú íú øìėýìðô ôýþôüúĕìþ 
ôýþôĀúðì øñíìüìùð (üìýøô 3). 

Ìøøú ìöýìüôċþô ôù øìîóñĆĕúô ôýþôüúĕìþĒ ùì ðìü ùìþôĔìô ĀìĆú÷ôċþô øìėýìðùúöô 
öúüāúùìĕúô öĘĕĒ, íì÷öô ðìü ùìþôĔìô úíāñóôĕúô þìíôĒ ûìõðú Ąÿðì, āÿð ìó āÿð íì 
øìõðúùĕúô ôýþôüúĕìþĒ þìíðô÷ ČĀþìùð. 

Ûìüþúîĕúô ĎìùôïìüðúùôðìĄÿðì ðìü üìîìùðĕúô ĕìøùúø íì îÿĔÿð øñúċùð, öô úðìþìù 
íìõùô þñāùú÷úïôċĕúô ôýþôāüúĔô øìĆðìù îì öúüöìüðô ÿøėô ĀôóôöĒ îì öôøôČôô úùĕú 
øúíìõùĒ øñíúĄìùð. Éôýøô óôČðô úùĕú, þìėüôíìù 80 Āôýìð íì ïÿóúĄþìùô Āìóúô 
öúüöìüðĄÿðìô öúùĕú îì öìüñüĕú ðìü ðúôüìô þìþíôėô þñāùú÷úïôċĕúô ýìùúìþôô ôýþôāüúĔô 
øìĆðìù üìîúùì öìüðì Ąÿðììýþ [5]. Éôýøô íúėôøúùðìô úùĕú, ôùăÿùôù, ùìóìüüìý, ðìü 
ûìüþúîĕúô öúüāúùìĕúô ĎìùôýúóĒ ĔìøĆ øñĄìîìùð. 
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Üìýøô 3. Ìóāÿðöÿùôô ėôþĆìĕúô óìøôùĕúô øìõðúùô øìĆðìùĒ íìĆðô öúüĕúô íìüėìüúüýúóĒ 
Figure 3. Land development of the mineral field after restoration works 

 
 
Ýìøþô øÿĕôø îì ìýúýôô ûìüþúîĕúô ĎìùôïìüðúùôðìĄÿðì, ôýþôĀúðì íÿüðìùô úùĕú 

ĕìøăÿù ìĄČô āúøô ðÿĊøðìüìĔì íìüúô ôýþñĕýú÷ô øìýú÷ñĕô ýúāþøúùĒ øñíúĄìð. Ìó ýìíìíô 
ùúøÿöìøøì÷ íÿðìùô þñāùú÷úïôċ îì îìõüúù ïìüðôðìùô üñĔìô öúüôô öúøíôùìþĕúô Ďìùôýúóôô 
øñþì÷÷ĕúô ûÿüėôøìþ ĕìùïúøô Ā÷úþìþýôċ îì ýñ÷ñöýôċô øìĔøÿô øìĆðìùĕúô øÿüìööìí, 
öúüöìüðô øìĆðìùĕúô ðÿĄîúü ĎìùôĄìîìùðì íú ûìüþúîĕú ùúíÿð øñĄìîìùð. Íôùúíìü ôù, ìó 
úùĕú öúùĕúô þñāùúïñùĒ þìĄöô÷ öìüðìù íì øìėýìð øÿîúĀôė ìýþ, öô ðìü úċùðìô ùìóðôö íú 
þñāùú÷úïôċô øÿöìøøì÷þìü ìóāÿð öìüðì øñĄìîìùð [5]. 

Éôýøô ìýúýôô ûìüþúîĕú ôù øìĔøÿô Ĕôùýĕúô ìó ėìíìþ öÿĄúðìĄÿðì îì úøñāþìô 
ôýþôāüúĔô øìĆðìù, ûìüþúîĕúô Ďìùôýúóôô úùĕú øñíúĄìùð. 

Ðìü øìø÷ìöìþô øú ÿýÿ÷ô øìĆøÿ÷þìüôùô ôýþôāüúĔô øìĆðìù, ôù íú üúĕô öÿĄúðì - íú 
üúĕô ýúāþìùô öìüñüĕú øñíúĄìð. 

Ðìü íìüúíìüô öúüöìüðô øìĆðìùĕúô úĕìùðúü, îìóùô ìóôøô Ĕôùýĕúô öĘĕôô ìó øìĆðìù 
āú÷Ē îì úøñāþì ôýþôāüúĔ îì ìùíúüöÿùúùôðì øñĄìîìùð, öô āìĔøô úùĕú 30-70 Āôýìðô îìóùô 
øìĆðìùô ôýþôāüúĔĄÿðìüú þìĄöô÷ øñðôĕìð. Øôėðúüô óôČðô ôýþôāüúĔô Ĕôùýĕúô ýìüôüúĕĒ, 
îìüìėýìùïĕúô öüôýþì÷Ē, öîìüýôþĕú, üúïúîôöĕú îì ðôïìü Ĕôùýĕúô íì úùĕú ùìóðôö øñíúĄìùð 
[10]. Ðìü íìõùô Ĕôùýĕúô öĘĕôô ìó øìĆðìù āú÷Ē, Ĕôùýĕúô öüôýþì÷÷Ē, ìýúýìù ïô÷āúöĕúô 
þìĕĄúùĒ, üñïĕú, óìüðāúöĕú, úĕìöýìùïĕú îì Ď. íì ùìóìü øñüìýìùð. 

Æôùýĕúô āìüýìùïĒ, öô ėìí÷ìù íú ÿýÿ÷ô þìüöôĄĒ þìāüôí Ąÿðì íÿðìùð, þìîìýýÿþô 
ĉöýöìîìþúüĕú öúüöìüð öìüðì Ąÿðì, íì āúöþÿðìĕú íìüúîìüðì øñĄìîìùð. ØÿîúĀôėô þìüöôíô 
ïüìùÿ÷úøñþüĒ, Ĕôùýĕúô āìüýìùïĒ øìîúðô ïñþñüúïñùĒ ìó Āüìöýôċĕúô ăìùïú÷ÿð îì üñïýìùïĒ 
þú Ĕôùýĕúô ìùðúóìô 1 ø. ôíúüìþìùð. 

Ýìøþô ìýúýôô ôýþôĀúðìíìüôô Ĕôùýĕúô öĘĕôô ìó øìĆðìù āú÷ôô āìüýìùïĒ îì 
ĎìõüôāìüýìùïĒ ôýþôĀúðìô úùĕú íìüúô íÿùČðô ýìüíìùðĕú, þìĕöÿüýôô üúĕĕú, íìüúô öúüĕúô 
íìùìėĄìïôüĒ, ôùăÿùôù, íìüúô ôýþñĕýú÷ô øìýú÷ñĕô ýúāþøúùĒ øìĕýÿí øñíúĄìð [10]. 

Æôùýĕúô āìüýìùïĒ íìüúô ôýþñĕýú÷ô ýìùïüñóì, öô ĕìøăÿù ìïüñïìþô ðìĎì÷ ðìü íñþúùô 
îìóùôù îì ôóúĀì øìîüôðô ôýþôĀúðì ėìüúü ðúðì øñĄìîìð, îìýñĆ ôýþôĀúðì øñíìüìùð. Ðìü 
íôýČü öúøíôùìþĕúô øìĆðìùþúóìöÿùĒ ôýþñĕýú÷ô øìĔøÿô ýìùïüñóì íì üúĕ øúùðì Ąÿðììýþ. 
ÇìĔøô þìî÷ôðô ôù ûìüþúîĕú ìó øôėČýô öúüöìüðô ôøöúùûìóôü óôČð íÿðì, ýìøþô ìýúýôô 
ôýþôĀúðìô úùĕú íúóûÿüöÿùĒ îì íìüėìüúüýúóôô öìüñüĕú øñíúĄìð. 

Íìüúô úĄöúü öìüðìù îì ôýþôāüúĔô øôùíìĆðìô øìĆðìùĕúô øôùñüì÷Ē, ýÿĀþì öìüðì 
øñĄìîìð. Ùúóÿöôô ýÿĀþìöÿùĒ íì þñāùú÷úïôċô ĎìùôýúóĒ, āÿýÿýôċþ îì ðìüìĔìô 
øôùñüì÷ôóìþýôċô ìĄČô āúø îúíìýþì ìýþ. ÇìĔøô ûìüþúîĕú 40-60%, ĕìĔøô ÿøÿøôô øìîúðô 
ĎìùôĄÿðìüú þìĄöô÷ øñðôĕìð [10]. 

Ìý÷ìù ûìüþúîïúĕĕú öúùĕúô þñāùúïñùôô öìùðìùôĕúô Āúôðìùúö øñíúĄìùð, öô íú 
ôýþôĀúðì ìó þñāùú÷úïôċĕúô ûñĄüìĀþìô ĎìùôýúóĒ ôýþñĕýú÷ öìüðì øñĄìîìùð. Ûìüþúîïúĕĕú 
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øìõðúùĕúô íÿóÿüïüú ôĄĎú÷ ùìøÿðì, øìĕì÷ĕúô ĕìøĄìĀìėüú óñüô úí øúùðìîÿ úíĕúô 
óñüôóìøôùôüú ôĀ÷úý øñöÿùìùð.  

Ýìøþô ìýúýôô ôýþôĀúðìô ûìüþúîĕú ĕìøăÿù ìĄČô ðÿĊøðìüìĔì íìüúô ôýþñĕýú÷ô 
øìýú÷ñĕô ýúāþøúùĒ ôýþôĀúðì íÿüðìùô úùĕú øñíúĄìð [10]. Üñïô ìó ûìüþúîĕúô ĎìùôýúóĒ 
ĕúýô÷Ąÿðì øñþìîúùìð ðìü øìýú÷ñĕô ýìùïĒ îì ïìăĒ, íìüúô þìõČü öìüðìùô íñþúù, ôýþñĕýú÷ô 
āôĄþô ýô÷ôöìþĒ, íìüúô íÿùČðô þìĕöÿüýôô ýÿùĆôô üúĕĕú, íôùúĕú, ôùĄúúþĕú ôýþôĀúðì 
ïìüðìùð. 
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ʚʝʜʸʪʩʷ ʚʥʫʪʨʝʥʥʝʝ ʦʪʚʘʣʦʦʙʨʘʟʦʚʘʥʠʝ, ʣʠʙʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʝʢʫʣʴʪʠʚʘʮʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʝʤʝʣʴ ʚ ʜʚʫʭ 

ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ï ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʠ ʨʝʢʨʝʘʮʠʦʥʥʦʤ.  
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ʤʘʪʝʨʠʘʣʳ, ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ. 

 

SOME GEOECOLOGICAL MEASURES FOR RESTORATION ON MINING AND INDUSTRIAL 

DISTURBED LANDS OF ORE FIELDS 

The diversity of the composition and properties of technogenic resources concentrated in dumps 

determines a wide range of possible directions for their utilization. 

The full use of mining waste is impossible and economically impractical, since the scale of their disposal, 

as a rule, due to low transportability, is determined by the needs of local industry. 

Overburden rocks are widely distributed as a material for performing reclamation work on lands disturbed 

during the mining process. 

The quarry area worked out in this way is either filled up with overburden rocks, i.e. internal dumping is 

being carried out, or industrial lands are being recultivated in two main directions - biological and recreational. 

Keywords: technogenic reserves, mining waste, dumps, enrichment, reclamation, goaf, overburden, host 

rocks, building materials, ore minerals. 
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ÞßÐ: 551.3: 626/627(575.3) 
ÜÌÎÌÙÐÇÚÔ éÖÓÚÏÑÚÐÔÙÌØÔÖÄ ÎÌ ÞÌæÝÔÜÔ éÇÞÔØÚ×ÔÔ ÚÙÇÚ ÍÌ 

ßÝÞßÎÚÜÔÔ ØÔÙÞÌÉÌÔ ÝÚáÞØÚÙÔ ÙÍÚ µÜÚÀßÙ½ 
 

ÙôČóúî Ì.Ý., Ìùðìøúî Ü.ä., äìüôĀóúðì ä.Ü. 
ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù  

 
Ùñüÿïúĕô íìüėô úíôô µÜúĎÿù½ ðìü øìĔüúô ðìüČô ÎìāĄ îúėñĆ íÿðì, ðìü 

ýô÷ýô÷ìùñüÿïúĕĕúô ĕìîóìô ðìüČ ìóôøþìüôù ìýþ. Çìü ċö ìó ĄìĄ ìïüñïìþô úù ôėþôðúüô 
600 øÎþ ðúĄþì, ĕìøìýú÷ì óôČðì ìó 17 øô÷÷ôìüð öô÷úîìþþ/ýúìþ ùñüÿô íìüė þìî÷ôð 
øñùìøúċùð. Íú ôėþôðúüô ôýþñĕýú÷ô 3600 øñïìîìþþ ôù ùñüÿïúĕ öì÷úùþìüôù ùñüÿïúĕô íìüėô 
úíĒ ðìü øôùþìėìô ÚýôČô ØìüöìóĒ íì ĕôýúí øñüìîìð. 

Ùñüÿïúĕô íìüėô úíôô µÜúĎÿù½ íì ýô÷ýô÷ìô ôùĄúúþô ĉùñüïñþôöôô ÎìāĄ Ąúøô÷ íÿðì, 
ýìüíìùðô úù 335 øñþü íì÷ìùðôô øÿþ÷ìė ðúüìð, öô ôù ýìððô íì÷ìùðþìüôùô ĄìĎì÷ôĊ ïô÷Ē 
ðìü Ĕìĕúù øìĕýÿí øñČíìð. 

ÙÍÚ µÜúĎÿù½ ùì þìùĕú ìĕìøøôċþô ĔÿøĕÿüôċîĒ, íì÷öô ìĕìøøôċþô øôùþìėìîĒ ðúüìð: 
úíìùíúüô úù îìóôĀìô þìùóôøĒ ðúĄþì, íìüúô ýìøìüìùúö îì úėô÷úùì ôýþôĀúðì íÿüðìùô 
óìāôüìô úíô ðìüČô ÎìāĄ ùìėĄô ìýúýĒ øñíúóìð. Ìó ôù ýìíìí þìîìĔĔÿĕô Ĕúøñìô ô÷øôĊ 
øÿĕìùðôýôô ĔìĕúùĒ íì ôù ùñüÿïúĕ óôČð ìýþ. Ýú÷ô 2010-2012 Ĕôĕìþô ïÿóìüúùôðìùô 
ĉöýûñüþôóìô íìõùì÷øô÷ì÷Ē Íúùöô ĔìĕúùĒ íìüúô þìĄāôýô ôėþôýúðôîÿ ôĔþôøúĒ îì ĉöú÷úïôô 
÷úôĕìô µÜúĎÿù½ øÿþìāìýýôýúùô ýìþĕô Ĕìĕúùôüú Ĕì÷í ùìøÿðì íÿð. éöýûñüþôóì ĕìøìô 
ûìĕ÷ÿĕúô ô÷øĒ-þñāùôöôô ùñüÿïúĕüú þìĄāôý ùìøÿðì, íì āÿ÷úýì úøìð, öô ùñüÿïúĕ ìó Ĕôĕìþô 
ýñõýøôöĒ îì üìîìùðĕúô āìþìüìĀóúô ïñú÷úïĒ ÿýþÿîúü øñíúĄìð [8].  

Íúôýô ôĀþôāúü ìýþ, öô Ìýúýïÿóúüô ýÿ÷ĕÿ îìĕðìþô øô÷÷Ē - ÛñĄîúô øô÷÷ìþ, 
Ûüñóôðñùþô Æÿøĕÿüôô ÞúĔôöôýþúù øÿĕþìüìø éøúøì÷Ē Üìĕøúù ûúċïÿóúüô ýúāþøúùô 
ùñüÿïúĕô µÜúĎÿù½ íÿðì, ðìü øìüúýôøô úĎúóô öúüĕúô ýúāþøúùĒ íñîúýôþì ôĄþôüúö ùìøÿðì, 
þìóìööÿü ðúðìùð, öô µÝúāþøúù îì íì ôýþôĀúðì ðúðìùô ôù ôùĄúúþô ìóôøô ýþüìþñïĒ ĔìĕôĄô 
íÿóÿüïñ ðìü üúĕô þìĆøôùô ôýþôė÷ú÷ôċþô ĉùñüïñþôöôô ÞúĔôöôýþúù øñíúĄìð½ [17]. 

Ùñüÿïúĕô µÜúĎÿù½ ôùĄúúþô íñùìóôüô ïôðüúĉùñüïñþôöĒ íÿðì, úù ðìü üìýôðìù íì 
ĕìðìĀô ăúüÿøô ýþüìþñïĒ - ýìùúìþôöÿùúùôô íúýÿüĆìþô øìø÷ìöìþ ùìėĄô öì÷ôðĒ øñíúóìð. Úù 
ôùăÿùôù íì üÿĄðô ÿýþÿîúüô ôėþôýúðôČþ, ûñĄ ìó ĕìøì, Ĕôĕìþô ìøì÷ôĄìîôô ÷úôĕìô CASA-
1000, ìĀóúôĄô ýúðôüúþô ùñüÿô íìüė íì āúüôĔô öôĄîìü øÿýúôðìþ øñùìøúċð [12].  

ÍìĆðô ìùĔúøô ýúāþøúù, ÙÍÚ µÜúĎÿù½ íúċð ðìĕĕú ýú÷ĕú îì óôČðì ìó úù øìîüôðô 
ôýþôĀúðì ėìüúü ïôüôĀþì, ðìü þìĆøôùô ýúĕìĕúô āúĔìïôô āì÷ė, ìĕú÷Ē íú íìüė îì ôùþôėú÷ô 
úù íì öôĄîìüĕúô ĕìøýúċ, ôùăÿùôù, üÿĄðô ôėþôýúðôô öôĄîìü íñîúýôþì ýìĕø ïôüìð. 

àìĆú÷ôċþô ÿýþÿîúüô íñøúùñì îì øÿùþìóìøÿ íñāìþìüô ÙÍÚ µÜúĎÿù½ ìó úøô÷ĕúô 
ïÿùúïÿù îúíìýþìïĒ ðúüìð. ëöñ ìó ôù úøô÷ĕú üìîìùðĕúô ïñú÷úïôô ĉöóúïñúðôùìøôöĒ 
øñíúĄìùð. 

Üìîìùðĕúô ĉöóúïñúðôùìøôöĒ ăÿùôù üìîìùðĕúñ øñíúĄìùð, öô ðìü ýìþĕô Óìøôù íì ìøì÷ 
øñúċùð îì ýìíìíïúüô þìĎõôüúþô üñ÷ñĀô úù øñïìüðìùð. Úùĕú ðìü ùìþôĔìô þìĆýôüô 
ìþøúýĀñüì, ïôðüúýĀñüì îì íôúýĀñüì íì ėôĄüô Óìøôù íì îÿĔÿð øñúċùð. Ôù üìîìùðĕú ėôýøô 
øÿĕôøøô øÿĕôþô ïñú÷úïĒ íÿðì, ðìü þìĄìööÿ÷ îì þìĎõôü ČĀþìùô ÷ìùðĄìĀþĕú ùìėĄô ìýúýĒ 
øñíúóìùð. 

Íì üìîìùðĕúô ĉöóúïñúðôùìøôöĒ ăÿùôù óÿĕÿüúþĕú: ĉüúóôċ, üìîìùðĕúô þìĕĄôùĒ, 
ĉüúóôċô Ąìøú÷, üìîìùðĕúô ïôðüú÷úïĒ, ĉüúóôċô íìĕüĒ, üìîìùðĕúô ïüìîôþìþýôúùĒ îì 
ĀìĆú÷ôċþô îÿ÷ėúùĕú ðúāô÷ øñĄìîìùð. Çìü ċöñ ìó ôù üìîìùðĕú āÿýÿýôċþĕúô āÿðüú ðúüìùð 
îì íì üñ÷ñĀ îì øÿĕôþô óôýþ íú üúĕĕúô ïÿùúïÿù þìĆýôü øñüìýúùìùð. 

Üìîìùðĕúô ĉöóúïñúðôùìøôöĒ íúôýô ûìõðú Ąÿðìùô Ąìö÷ĕúô ùìîô üñ÷ñĀ, ìó ėìíô÷ô 
îúðôĕú, ėìþúüöĘĕĕú, ðìüìĕú, ôùăÿùôù ýìíìíïúüô îìõüúùĄìîĒ îì þìĎõôü ČĀþìùô Ąìö÷ĕúô 
øìîĔÿðìô üñ÷ñĀ Ąÿðì øñþìîúùìùð. Úùĕú ėúðôüìùð íì ĀìĆú÷ôċþô ôùýúù, ì÷ì÷āÿýÿý ðìü 
ýúĕìô öôĄúîìüóĒ, ýúāþøúù îì ôùĀüìýúāþúü þìĆýôü üìýúùìùð. Úėôíìþĕúô þìĆýôüô úùĕú 
íìĆóìù øñþìîúùìùð ðìĕĄìþùúö íúĄìùð. 

ÚøĘóôĄô üìîìùðĕúô ĉöóúïñúðôùìøôöĒ ôøöúù øñðôĕìð, öô øñāìùôóøĕúô óÿĕÿüúþô 
úùĕúüú Āìĕøôðì, úėôíìþĕúô úùüú ûñĄïĘõĒ îì þìðíôüĕúĊ ăúüìíôùôĕúô øÿĄìāāìý ðúôü íì 
ôðúüìöÿùĒ îì ĕôĀóô øÿĕôþô óôýþüú þìĕôċ öÿùñø. 
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Üìîìùðĕúô ĉöóúïñúðôùìøôöĒ Ąìö÷ÿ ùìøÿðĕúô óôČðñ ðúüìùð. Úùĕúüú íú ôýþôĀúðì ìó 
ìðìíôČþô ýúĕìîĒ [2; 4; 7; 9; 10; 16] îì þìĕ÷ô÷ÿ öúüöìüðô ùìþôĔìĕúô øÿĄúĕôðìĕúô ýìĕüúĒ ìó 
üÿõô āÿýÿýċôþĕúô ìýúýĒ îì þìíôìþô þìĆýôüô úùĕú íì øÿĕôþ ăÿùôù ïÿüĘĕíìùðĒ öìüðìù 
øÿøöôù ìýþ (Ĕìðîì÷ô 1). 

 
Æìðîì÷ô 1. Ùìøÿðĕúô üìîìùðĕúô ĉöóúïñúðôùìøôöĒ îì þìîýôĀô øÿāþìýìüô úùĕú 

Table 1. Types of exogenous geodynamic processes and their brief characteristics 
Üìîìùð ÞìîýôĀô üìîìùð Øôýú÷ĕú 

éüúóôċ ÙúíÿðĄìîôô ĀôóôöìîĒ îì 
Ĕúõðôïìüöÿùôô ýìùïĕú îì āúöĕú 
þìîìýýÿþô úí, Ąìøú÷ Č ċā 

éüúóôċô ðìüČ, ĉüúóôċô íúðĒ, ĉüúóôċô 
ûôüċā, 
îìõüúùĄìîôô ÿýþÿîúüôô 
þìĕöÿüýôĕúô íôùúĊ ôùĄúúþĕú, 
ùúíÿðĄìîôô ėìíìþô āúö 

Üìîìùðĕúô þìĕĄôùĒ ÆìøĆĄìîĒ îì þìĕĄôùô øìîúðñ, öô 
þìîìýýÿþô úí, Ąìøú÷ Č ċā ôùþôėú÷ 
ðúðì øñĄìîìùð 

ÞìĕĄôùĕúô ðìüČĒ (ì÷÷Ċîôì÷Ē), 
þìĕĄôùĕúô íúðĒ, þìĕĄôùĕúô íìĕüĒ 

Üìîìùðĕúô 
ïôðüú÷úïĒ 

Çìüìöìþ îì þìėýôøúþô úí ðìü 
ýìþĕô Óìøôù 

ØìĔüúô ðìüČ, øìĔüúô üĘôóìøôùĒ, 
íÿāúüĄìîĒ, öúùðñùýìþýôċ 

éüúóôċô íìĕüĒ ÎìõüúùĄìîĒ îì ĕìüìöìþô øìîúð 
ðìü øôùþìėìĕúô ùìóðôýúĕô÷Ē ðìü 
óñüô þìĆýôüô øìîĔĕú îì ĔìüìČùĕúô 
íìĕüĒ 

ÛìõðúĄìîôô íÿāþìĕú (þú÷úíô āÿüðñ, 
öô ìó íìĕü, öĘ÷ Č úíìùíúü íú ċïúù 
ýìðð øìĕðÿð Ąÿðììýþ), Ąÿýþìùô 
ýúĕô÷ĕúô üñïóúü 

Üìîìùðĕúô ĔúóôíìîĒ 
(ïüìîôþìþýôúùĒ) 

Çìüìöìþô Ĕôùýĕúô öĘĕĒ îì āúöĕú 
ðìü óñüô þìĆýôüô ėÿîîìô Ĕúóôíì 

ÛìõðúôĄ îì óôČðĄìîôô ĕúðôýìĕúô 
ċüăĀìüúĒ, îìõüúùĄìîôô ýúĕô÷ĕúô 
ðìüČ, öìùì÷ĕú, úíìùíúüĕú 

àìĆú÷ôċþô îÿ÷öìùĒ Íì ýìþĕô Óìøôù íìüúøìðìùô 
øìïøìô ïÿðúāþì (ðìü Ąìö÷ô ÷ìîì) 
íú ûúüìýìùïĕú, āúöôýþìü, ïìóĕú, 
øìĕ÷ÿ÷ĕúô ïÿùúïÿù 

Þìüöôíô îÿ÷ėúù, ĔìüìČùĕúô ÷ìîì, 
üñāþìùô āúöôýþìü 

äĘüĄìîĒ (ĄĘüóìðì 
Ąÿðìù) 

Ðìü þìüöôíô āúö Ďÿù Ąÿðìùô 
ùìøìöĕúô óìĕüúîìü 

áúöĕúô ĄĘüóìðì, ûìýþĄìîĒ îì 
ùñýþĄìîôô ĕúýô÷āñóôô āúöĕú 

ÝÿĀĀÿóôċ, 
ûüúþýñýýĕúô 
ýÿĀĀÿóôċ 

Óìüìü íì üúĕĕú, øìõðúùĕú  ÌîĔïôüôô Ĕúõĕúô ĀÿüĘüìĀþì 

ÍñúíĄìîĒ, ûìýþ 
Ąÿðìùô ýìþĕô úíĕúô 
óñüôóìøôùĒ 

ÖìøĄìîôô úíðúüĒ, 
ĉîþüúĀôöìþýôċô (ìó úíýìíóìĕú 
Āìüúîúù Ąÿðìùô) ĕìîóÿ öìùì÷ĕú 

Ìó öúü øúùðìùô ýôýþñøìô 
úíþìĆøôùöÿùĒ 

ÓìĕöìĄĒ îì 
íúþ÷úėĄìîĒ 
(Ûúðþúû÷ñùôñ ô 
óìíú÷ìăôîìùôñ 

ÐñĀúüøìþýôċô ûúċĕú îì þìĕöÿüýôô 
ôùĄúúþ, îìõüúù Ąÿðìùô ýôýþñøìô 
öúøøÿùôöìþýôċĕúô üĘôóìøôùĒ îì 
óñüôóìøôùĒ 

Íìð Ąÿðìùô ĕú÷ìþô ýìùôþìüôô 
íôùúĕú îì ôùĄúúþĕú 

Üìîìùðĕúô íúðĒ 
(ĉú÷Ē) 

ÔĀ÷úýĄìĀôô ĕìîú íú ăìùïÿ Ďÿíúü áôüìĄìîôô ĕìîúô øìîóñĕúô 
ôýþôėúøìþĒ 

 

Üìîìùðĕúô ĉöóúïñúðôùìøôöĒ ðìü ýìþĕô Óìøôù þìĕþô þìĆýôüô ìþøúýĀñüì, ïôðüúýĀñüì 
îì íôúýĀñüì íì ìøì÷ øñúċùð îì íì úùĕú ùìîĆĕúô ïÿùúïÿùô üìîìùðĕúñ ðúāô÷ øñĄìîìùð, öô 
Ąìö÷ îì ýúāþô ýìþĕô óìøôùüú þìĎõôü ðúðì øñþìîúùìùð. 

Üìîìùðĕúô ĉöóúïñúðôùìøôöôüú ìó üĘõô þìíôìþô ûìõðúôĄ íì 3 ýôùĀ þìėýôø öìüðìù 
øÿîúĀôėô øìėýìð ìýþ (Ĕìðîì÷ô 2). 

 

Æìðîì÷ô 2. ÞìýùôĀô üìîìùðĕúô ĉöóúïñúðôùìøôöĒ 
Table 2. Classification of exogenous geodynamic processes 

ÝôùĀ áÿýÿýôċþĕú 
ÞìíôĒ  Üìîìùðĕúô þìíôôñ, öô ðìü ùìþôĔìô üìîìùðĕúô þìíôôô ĉöóúïñùĒ îì ĉùðúïñùĒ 

(íìîúýôþì), öô ðìü ĔìüìČùô þìíôôô üÿĄðô Óìøôù íì ìøì÷ øñúċùð 

ÞñāùúïñùĒ Üìîìùðĕúô þñāùúïñùĒ, öô íñîúýôþì íú ĀìĆú÷ôċþô ôùýúù íì îÿĔÿð øñúċùð 
ÞìíôôĊ þñāùúïñùĒ Üìîìùðĕúô þìíôôô þìíôôĊ þñāùúïñùĒ, öô íú ĀìĆú÷ôċþô ôùýúù ìó Ĕôĕìþô 

øôėðúüĒ îì ýôĀìþĒ þìíðô÷ øñČíìùð 
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Üìîìùðĕúô ĉöóúïñúðôùìøôöĒ øñþìîúùìùð íì ĀìĆú÷ôċþô ôùýúù þìĆýôüô ùìóìüüìý 
üìýúùìùð. Úùĕú øñþìîúùìùð íì þìĎõôüČíôô ÷ìùðĄìĀþ, āìüúíĄìîôô ôùĀüìýúāþúü îì þìĕðôð 
íì ĕìČþ îì ýì÷úøìþôô úðìøúù úîìüðì üìýúùìùð, íúôýô āìüúí Ąÿðìùô íôùúĕú îì 
ôùĀüìýúāþúüĕú, íìð Ąÿðìùô ýôĀìþô āúö îì úí îì þìĕðôð íì ĕìČþ îì ýì÷úøìþôô úðìøúù 
ïìüðìùð. Ìó ôù üĘ, úøĘāþìù îì Āìĕøôðìùô ôù üìîìùðĕú íìüúô þìĕôċô ăúüìĕúô ôðúüìöÿùôô 
øÿĕôþô óôýþ îì ĕôĀóô øÿĕôþô óôýþ øÿĕôø ìýþ. 

éüúóôċ üìîìùðô āìüúíĄìîĒ îì ĕìüìöìþô āúö, āúö îì ýìùïĕú ðìü óñüô þìĆýôüô úí, 
Ąìøú÷, ċā Č îìóùôùĒ øñíúĄìð. éüúóôċ ðìü üìîìùðĕúô ĉöóúïñúðôùìøôöĒ ùìėĄô øÿĕôø 
øñíúóìð, óñüú úù øñþìîúùìð ÷ìùðĄìĀþüú þìĎõôü ðúðì, üñ÷ñĀüú Ąìö÷ ðôĕìð. Ðìü ûìõðúôĄ, 
ûìĕùĄìîĒ îì øôėČýô Ąôððìþùúöôô üìîìùðĕúô ĉöóúïñúðôùìøôöĒ úøô÷ô ìýúýĒ Ąôöìýþìĕúô 
þñöþúùôöôô øìĕì÷ øñíúĄìùð (üìýøô 1). 

 
Üìýøô 1. Ýāñøìô ĔúõïôüĄìîôô Ąôöìýþìĕúô ìýúýôô øôùþìėìô ýúāþøúùô ùñüÿïúĕô íìüėô úíôô 

©ÜúĎÿùª (þôíėô [10], íú ô÷úîìĕúô øÿì÷÷ôĀúù) 
Figura 1. Diagram of faults in the construction area of the Rogun hydroelectric power station (by 

[10] with changes by the authors) 

 
Ùìøÿðô Ąôöìýþìĕú: 1 - Ąôöìýþìĕúô üĘõíìüúøìðìĕúô Ąìðôð, 2 - Ąôöìýþìô üĘõíìüúøìðì íú 
Ąôöìýþìô ÷ìĎòôĄĒ; Öìþñïúüôċô Ąôöìýþìĕú: 3- öìùúüĒ, 4 -øìĕðÿðöÿùìùðìô í÷úöĕú, 5 -
øÿüìöìíöÿùìùðìô í÷úöĕú; Ìøû÷ôþÿðìĕúô ĔúõðôïìüöÿùĒ: 6 - óôČðì ìó 1000 ø, 7 - ýìðĕú øñþü, 8 - 
ðìĕĕú øñþü Č öìøþìü ìó úù; 9 - ýìüíìùðô ÏéÝ-ô Üúïÿù. äôöìýþìĕú: ÇÆ - Çôýúüô ÆìùÿíĒ, Î - ÎìāĄ, 
Õ - ÔúùìāĄ, Ïó - Ïÿ÷ôóôùðìù, ë - ëĀă. Ôùðñöýĕú ýôùùÿ ýú÷ô ĀìĆú÷ôċþô Ąôöìýþìĕúüú ùôĄúù 
øñðôĕìùð. 

 

Üìîìùðĕúô ĉöóúïñúðôùìøôöĒ úøô÷ô øÿĕôøñ øñíúĄìùð, öô íì ĕìČþô úðìøúù, ĕú÷ìþô 
øÿĕôþô óôýþ îì ÿøÿøìù øÿĕôþô ïñú÷úïĒ þìĆýôü øñüìýúùìùð. Ûüúïüñýýô þñāùôöĒ íúôýô 
øÿüìööìíĄìîôô øÿùþìóìøô ýôýþñøìĕúô þñāùôöĒ, óôČð Ąÿðìùô ĉùñüïôċĊ þìîúùúôô úùĕú îì 
øÿþìùúýôíìù óôČð Ąÿðìùô óìüìüô ĉĕþôøú÷ôô ĕúðôýìĕúô āìþìüùúöô ïñú÷úïĒ øñïìüðìð [1; 2; 
9]. Ðìü ÷ìùðĄìĀþĕúô ÿüíìùôóìþýôċĄÿðì, ċĆùñ þñāùôöĒ (îì ýÿùĆĒ) üìîìùðĕúô 
ĉöóúïñúðôùìøôöĒ ĕìøăÿù úøô÷ñ, öô íì îìóĆô ïñúĉöú÷úïĒ þìĆýôü øñüìýúùìùð, ùìėĄô øÿĕôø 
ðúüìùð. Üìîìùðĕúô ĉöóúïñúðôùìøôöôô ĀìĆú÷úùì íì ìøì÷ úøìðì øñþìîúùìùð, öô íúôýô 
îìõüúù Ąÿðìùô íôùúĕúĊ ôùĄúúþĕú, ì÷úėì, üúĕĕú, öìùì÷ĕú îì ðôïìü ôùĀüìýúāþúü ïìüðìùð, 
íì ĕìüìöìþô øúððìĕúô ôĀ÷úýöÿùìùðì ðìü ýìþĕô óìøôù þìĆýôü üìýúùìùð, āìîĀô ìó öúü 
íìüúøìðìùô ýôýþñøìĕúô þñāùôöĒ îì Ďìõüìüú óôČð öÿùìùð.  
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áÿĄíìāþúùì, ìöýìüôċþô öÿ÷÷ô üìîìùðĕúô ĉöóúïñúðôùìøôöĒ íì öìþñïúüôċô µþìíôĒ½ 
øìùýÿíìùð, ċĆùñ íì ĕìČþ îì ýì÷úøìþôô ìĕú÷Ē íñîúýôþì þìĕðôð ùìøñöÿùìùð, ïìüăìùðñ öúüô 
ïñúýôýþñøìĕúô þìíôôĊ þñāùôöôüú þú ìùðúóìñ ðÿĄîúü øñïìüðúùìð. 

Ìïìü üìîìùðĕúô ĉöóúïñúðôùìøôöôô þìíôôĊ þñāùúïñùĒ üìîìùðĕúô þìíôôñ íúĄìùð, öô 
íú ĀìĆú÷ôċþô ôùýúù ìó Ĕôĕìþô øôėðúüĒ îì ýôĀìþĒ þìíðô÷ øñČíìùð, üìîìùðĕúô þñāùúïñùĒ 
íñîúýôþì ìó ĀìĆú÷ôċþô ôùýúù ýìüăìĄøì øñïôüìùð.  

Ðìü øôùþìėìĕúô ýúāþøúùĕúô ìóôø, íì øúùìùðô ïôüñĕô ïôðüúþñāùôöôô ©ÜúĎÿùª 
üìîìùðĕúô ĉöóúïñúðôùìøôöôô þñāùúïñùĒ āñ÷ú îìýñĆ ûìĕù Ąÿðììùð.  

Ìó ċö þìüìĀ, üìîìùðĕúô ĉöóúïñúðôùìøôöôô þìíôôĊ þñāùúïñùĒ îì þñāùúïñùĒ 
ìöýÿ÷ìøì÷ô øÿĕôþô ïñú÷úïĒ íì þìĆýôüô þñāùúïñùĒ íúĄìð, ìó þìüìĀô ðôïìü úùĕú úøô÷ô 
øÿĕôøñ øñíúĄìùð, öô íì íôùúĕú îì ôùĄúúþĕú, öúøøÿùôöìþýôċĕúô ùìė÷ôČþĒ, ĕú÷ìþô 
ýìùôþìüôô íôùúĕú îì Ďìõüì, ċĆùñ íì ýôĀìþô øÿĕôþô ôùýúù þìĆýôüô ïÿùúïÿù øñüìýúùìùð [2; 
4; 5]. 

 

Üìýøô 2. ëüăô ÛìýôøÿüĎú ðìü ûúČùúíô (íõñĀô ûúČùôô) ÙÍÚ µÜúĎÿù½ 
Figura 2. Pasimurga landslip in the the lower reaches of the dam of the "Rogun"  

 
Öìùúüìĕúô ċüă íú āìþþô ýÿüāô öìùðì-öìùðì ôĄúüì Ąÿðììùð. 
ØìùíìĆ: Google Earth Pro, 2023 ï. 

 

Ðìü ûúČùúíô (íõñĀô ûúČùôô) ùñüÿïúĕô íìüėô úíôô µÜúĎÿù½ ċüă íú ĕìĔøô 0,9 
öô÷úøñþüô øÿöììí (ċüăô ÛìýôøÿüĎú) āìþìüô ĉĕþôøú÷ôô øÿìõċùñüú íì îÿĔÿð øñúüìð. Íì 
ìùðñĄìô ìöýìüô ÷úôĕìöìĄúù ôù ċüă íñāìþìü íÿðì, Āìüúøìðìùô ċüăĕúô āÿüð-āÿüð ðìü 
ĕìĔøô þú ýìðĕú ĕìóúü øñþüô øÿöììí, öô āìþìüô ĔôððĒ ùìðúüìùð, ôøöúùûìóôü ìýþ [9, 10].  

Éôýøô þìĄāôýïìüúù ðìü ăÿùôù ìėôðììùð, öô ÷ìĎòôĄô ċüă üĘõ-üĘõô ùôĄñíĒ ì÷÷ìöìõ 
āúþôøì ČĀþì, ėôýøô íú÷úôô ċüăĕúô ėìðôø íì ðìüČô ÎìāĄ üìýôðì, Ąÿýþì Ąÿðììýþ îì ėôýøô 
øôČùì ðìü øìĎóô (ċðüúô) ýôùö÷ôùì÷ô ÉôüíôăôČü øìîėñô ÿýþÿîúüüú ôĄĎú÷ öìüðì, íúċð 
ðôïìü ìîĔ ùìïôüìð. Ìøøú þìîüñ, öô ìó þì÷ìíúþĕúô øñĆČüĒ [13; 14; 15] øìĆ÷ÿø ìýþ, 
ùôĄñíôĕúô ùìóðô ýìüíìùð íúċð øÿĀìýýì÷ úøĘāþì Ąÿðì, ÿýþÿîúüôô úùĕúüú ðìü óñüô 
þìĆýôüô ýñõýøôöôô Ąôððìþùúöôô ïÿùúïÿù íìĕú ðúðìù ÷úóôø ìýþ. Ðúôü íì ùìėĄô üìîìùðĕúô 
ýñõýøôöĒ ðìü ÿýþÿîúüôô ïñúðôùìøôöôô øôùþìėì ĕìùĘó ýú÷ôĕúô 60-ÿø þìĕėôėúþĕúô 
øÿĀìýýì÷ ìùĔúø ðúðì Ąÿðì íÿðìùð [3; 6; 11], öô þú ĕú÷ ìĕìøøôċþô āÿðüú ïÿø ùìöìüðììùð. 

Ðìü ìõùô óìøúù, ðìýþüìýĒ íì ýôýþñøìô ùìėíĕú îì ôùĄúúþô ìýúýôô óñüôóìøôùôô ÙÍÚ 
þìîìýýÿþô ùìėíô (þÿùùñ÷ô) ùìė÷ôñþôô Þ-3 ìøì÷Ē öìüðì øñĄìîìð. Íúċð íì ùìóìü ïôüôĀþ, öô 
îìėþñ öô úíìùíúü ûÿü øñĄìîìð, ùìėíô Þ-3 íìýþì Ąÿðì, ĕìüìöìþô ùìė÷ôñþ íìüúô ôùþôėú÷ô 
øìîúðĕú, þñāùôöì îì öìĄúùôðìùô öúüïìüúù íì øìîóñõô ýìüíìùð þìîìýýÿþô üúĕô øìāýÿý ìó 
Ĕúùôíô íõñĀô íú÷úĒ ðìü ýúõô ÛìýýôøÿüĎú ìøì÷Ē öìüðì øñĄìîìð. Ôù üúĕ þìîìýýÿþô 
ðúøìùìô ùôĄñíôô ċüăðúü øñïÿóìüìð. Çìùïúøô íì÷ìùð Ąÿðìùô ýìþĕô úí ðìü úíìùíúü, 
üìîìùðĕúô ĉöóúïñúðôùìøôöĒ, ì÷ì÷āÿýÿý ċüăĀìüúĒ, ĀìĆú÷ øñĄìîìùð. Ôù ĕúðôýì øñþìîúùìð 
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üúĕĕúüú îìõüúù ùìøÿðì, íì ôùĀüìýúāþúüô íõñĀô ûúČùĒ āìþìü ĉĔúð öÿùìð. Þú öÿùÿù ðúôü 
íì úøĘóôĄ îì íìĕúðôĕôô ÿýþÿîúüôô ùôĄñíôĕúô ċüăô ÛìýýôøÿüĎú þìĕėôėúþô Ĕôððôô 
øÿùþìóìøñ ïÿóìüúùôðì ùìĄÿðììýþ. 

Ìó ôù ýìíìí øú ăÿùôù øñĄÿøúüñø, öô ùôĄñíôĕúô ėôýøìþô íõñĀô ûúČùôô ÙÍÚ íú 
þìĕėôėúþô øÿĀìýýì÷ô øÿĕìùðôýôô ïñú÷úïĒ îì ïñúĀôóôöìîĒ Āìüú ïôüôĀþì Ąìîìùð. 

Þìîüñ ìó þìĕ÷ô÷ô øìîúðô øìîĔÿðì íìüøñúċð, üìîìùðĕúô ĉöóúïñúðôùìøôöĒ íì 
ÿýþÿîúüôô øôùþìėìô ýúāþøúùô ÙÍÚ µÜúĎÿù½ þìĆýôüô øÿìõċùñ øñüìýúùìùð. ÇìðìĀô 
þìĕėôėúþĕúô ïñú÷úïĒ, øÿĕìùðôýĒ ùì þìùĕú ðìü úøĘóôĄô ôù üìîìùðĕú øñíúĄìð, íì÷öô úù 
þìĕôċô ăúüìíôùôĕúô øÿĄìāāìýüú ðúôü íì ûñĄïôüôô úėôíìþĕúô ùúøìþ÷ÿíô ôù üìîìùðĕú îì 
ĕìðì÷ôøöúù öìø öìüðìùô þìĆýôüô úùĕú íì ĔÿóĆĕúô øÿĕìùðôýôô ôùĄúúþô ïôðüúþñāùôöĒ 
øñíúĄìð. Øôýú÷, íú þìîýôċô ïñú÷úïĕú öìùúüìĕúô ýìüíìùð, ìó ðÿ Ĕúùôí ¬ ýúĕô÷ô ăìû îì 
üúýþ, íú þñāùú÷úïôċô øìāýÿý öúüöìüð øñĄìîìð: ýìþĕô üñ÷õñĀô ùôĄñíôĕúüú íú þñāùôöì íì 
þìîüô ýÿùĆĒ þìĎõôü øñðôĕìùð, ċĆùñ ýìùïÿ ĄìĎì÷, üìýþìùôĊ üñóìýìùïĕúüú ìó ôù ýìþĕ ðÿü 
øñöÿùìùð, þú ĕìøïôüúôô öìùúüìĕúô þìùìô ýìüíìùð ăìýûú îì ÿýþÿîúüþìü íúĄìùð (üìýøô 3). 

Çìøôù þìüôė, ùìþôĔìĕúô þìĕėôėúþ ùôĄúù øñðôĕìùð, öô þìĎõôüúþô ùìóìüüìýô 
þñāùúïñùĒ, üìîìùðĕú îì ĕúðôýìĕúô ĉöóúðôùìøôöĒ øÿĄúĕôðì øñĄìîìùð. Ðìü íìüúíìüô óôČð 
Ąÿðìùô þìíðô÷ô þñāùúïñùôô øÿĕôþ, ïÿùúïÿùôô üìîìùðĕúô ïñú÷úïôô ĉöóúïñùĒ íñĄþìü 
øÿĄúĕôðì øñĄìîìð. 

àìĆú÷Ąìîôô üìîìùðĕúô ĉöóúïñúðôùìøôöĒ íúôýô āì÷ì÷ðúü Ąÿðìùô öúüô ýôýþñøìĕúô 
þñāùôöĒ (óìüìü íì üúĕĕú, ðñĀúüøìþýôċô þìĕöÿüýôô íôùúĕú îì Ď.), íìð Ąÿðìùô îìóĆô 
ĉöú÷úïôô øìĕì÷ (ìĀóúôĄô Ďÿíúü ðìü ĕìîú, öĘăôĄô ýìþĕô óìøôù îì Ď.) øñïìüðìð. 

 
Üìýøô 3. ÞìĎõôüðôĕôô ýÿùĆôô üñ÷ñĀô ùôĄñíôô ýúĕô÷ô ăìûô ðìüČô ÎìāĄ (ðìü ÍõñĀô ûúČùĒ) 

íìüúô þìĆøôùô ÿýþÿîúüôô ýìüíìùð 
Figure 3. Artificial change in the relief of the slope of the left bank of the Vakhsh River (the lower 

reaches of the dam)  

 
ʄʘʥʙʘʲ: Google Earth Pro, 2018 ʛ. 
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ʉʯʠʪʘʶʪʩʷ ʮʝʣʝʩʦʙʨʘʟʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʧʨʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʡʦʥʘ ʥʠʞʥʝʛʦ ʙʴʝʬʘ ɻʕʉ, ʛʜʝ ʰʠʨʦʢʦ 

ʨʘʟʚʠʪʳ ʦʧʦʣʟʥʝʚʳʝ ʷʚʣʝʥʠʷ. ʆʪ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʧʦʣʟʥʝʚʳʭ ʩʢʣʦʥʦʚ 

ʟʘʚʠʩʠʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʦʨʫʞʝʥʠʡ ʥʠʞʥʝʛʦ ʙʴʝʬʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʘʜʞʠʢʠʩʪʘʥ, ʈʦʛʫʥʩʢʘʷ ɻʕʉ, ʯʝʪʚʝʨʪʠʯʥʘʷ ʛʝʦʣʦʛʠʷ, ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ, 

ʵʢʟʦʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʫʩʪʦʡʯʠʚʦʩʪʴ. 

 

 EXOGENOUS GEODYNAMIC PROCESSES AND THEIR PROBABLE INFLUENCE ON THE 

STABILITY OF THE ñROGUNò HYDROPOWER PLANT CONSTRUCTION AREA 

The article describes in detail and analyzes modern exogeodynamic processes in the area of construction 

of the Rogun HPP. It is shown that exogeodynamic processes are widespread in the region and have a certain 

effect on the stability of various components of this largest hydraulic engineering structure in the region. Among 

the exogeodynamic processes, erosion, slope and gravity processes are the most widely developed. Some of the 

exogeodynamic processes are man-made in nature: they are caused by human engineering and economic activity. 

The greatest danger is landslides, which are widespread in the construction area.  

It is considered advisable to organize and conduct systematic large-scale engineering, geological and 

geophysical studies of the area of the lower reaches of the hydroelectric power plant, where landslide 

phenomena are widely developed. The stability of downstream structures depends on the engineering and 

geological assessment of the stability of landslide slopes. 

Keywords: Tajikistan, "Rogun" HPS, Quaternary geology, discontinuous faults, exogenous geodynamic 

processes, stability. 
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äÌÜÚÔÞÔ Øß׳ÌÙÐÔÝÄ ¬ ÏÑÚ×ÚÏÔÔ פÔÞæÌ׳ÚÔ ÔÙäÚÚÞÔ ÌÝÚÝÔÔ 

ÙÑÜßÏÚ׳Ô ÍÌÜפÔê ÚÍÔÔ äÊÜÚÍ 
 

Îì÷ôñî ä.à., Ìýúøÿðôùúî ß.ß. 

Ôùýþôþÿþô ïñú÷úïôċ, ýúāþøúùô íì óìøôùֹוÿùí þúíúîìü îì ýñõýøú÷úïôċ ÌØÔÞ, 

ÐúùôĄïú״ô øô÷÷ôô Þúֹוôöôýþúù 
 

Þôíץô ùìץĄìô ôýþôĀúðìô óìāôüì״úô úí îì öúùýñùþüìþýôċô ĀôĄúü״úô ÙÍÚ úðìþìù íì 
øìֹוüú, ùìóðôýìüíìùð, ðñüôîìþýôúù íú ðñüôîìþýôúùôô ĀôĄúü îì íñþìĆýôü, úøñāþì, 
úí-ìööÿøÿ÷ċþôî îì üñóôĄ þìץýôø öìüðì øñĄìîìùð. Ðìü ùñüÿïú״ô íìüץô úí îì 
ùìóðôýìüíìùð ĀôĄúüô úí ìó ýìüíìùðñ íì îÿֹוÿð øñúċð, öô øìֹוüúüú øñíìùðìð îì ýìþ״ô úíüú 
ðìü íñĀô íú÷ú íì÷ìùð øñöÿùìð. Ðìü ôù ״ú÷ìþ, óñüôúíøúùôô îúðôô ðìüČ ùúïÿóôü ìýþ [8]. 

Ðìü ðìüČ״úô ״ìøîúü, øìõðúùô ìó ֹוô״ìþô ôץþôýúð íì÷ìùðþìüô óñüôúíøúù íì÷ìùðôô 
ýìüíìùðüú øì״ðÿð øñöÿùìð [1]. Ùñüÿïú״ô íìüץô úíôô øìֹוüú îì ùìóðôýìüíìùð ðìü ðìüČ״úô 
 .úô þìùïô ĀôĄÿüðì ýúāþì øñĄìîìùð [4]״îì ðìü îúðô ״ú ö״ìøîúüô ýñüúí, ðìü ðìüČ״

Ùìøÿðô ðôïìüô þìüöôíô ùñüÿïú״ô íìüץô úíôô ùìóðôýìüíìùð, öô íì Ąìüúôþô ö״ 

øÿîúĀôץìþ øñöÿùìùð, íú āìüúֹוúþô ùôýíìþìù öìøô ðìüČ, íìüúô ùñüÿïú״ô íìüץô úíôô Ùúüìö 
ðìü ðìüČô ÎìāĄ āúý ìýþ, öô ôץþôðúüô ÷úô״ìîôô úù 2700 Øîþ øñíúĄìð [1]. Íôùúô ÙÚÍ-ô 
ùìîĆô öÿĄúðì ðìü óñüô ýìüíìùð ֹוúõïôü ìýþ, úíô óñüô íì þÿüíôùì״ú þìîìýýÿþô ċö Č ċöăìùð 
ùìץí״úô ĀôĄúü ֹוúü øñïìüðìð.  

ÍìĆóìù íôùúô ÙÍÚ ðìü ùìóðôöôô íñĀô íú÷ú ðìü óñüôóìøôù ֹוúõïôü öìüðì øñĄìîìð. 
ãÿùôù ֹוúõïôüöÿùúù ״ìùïúøô øìîֹוÿðôċþô þì״öÿüýôô āìüýìùï, āÿýÿýìù ״ìùïúøô 
ýìüíìùð״úô ïüÿùþ Č ùìץĄìî, öô ûì״ùúôô ùìóìüüìý ðúüìùð, øìץýìðùúö ìýþ. ÛìüþúĀþìùô 
āìüúֹוúþô úí״úô óôČðìþô þìîìýýÿþô ùìץí״úô úíûìüþú Č þìîìýýÿþô úíûìüþúî״úô öÿĄúðô 
ýú״ô÷ íì ìøì÷ øñúċð [7]. 

Ýìüíìùðô ùñüÿïú״״úô íìüץôĊ úí ýúāþúüô øÿüìööìí ìýþ. Íì úù ýìüíìùð״úô ôýþïú״ 
ðúāô÷ øñĄìîìùð, öô þìîìýýÿþô úù״ú úí ìó úíìùíúü íì öìøñüì״úô ïìüðôĄôô ïñùñüìþúü״úô 
íìüץ îúüôð øñĄìîìð [1]. 

äìíìöìô úíûìüþú ċöñ ìó ÿùýÿü״úô ìýúýôô ïôüñ״ô úí øñíúĄìð (üìý. 1). 
  

Üìýøô 1. ÙìץĄìô ïôüñ״ô úíôô ÙÍÚ Ùúüìö ðìü ðìüČô ÎìāĄ 
Figure 1. Plan of the water node of the Norak NPO on the Vakhsh River 

 
1-ýìüíìùð; 2- úíץìíÿ÷öÿùìöô ÙÍÚ; 3-ùìץí״úô úíþìĆøôùöÿùôô ĀôĄúü; 4-úíìùíúü״úô íìüúíìüöÿùìùðì; 5-
÷÷ì״úô úíþìĆøôùöÿùôô ìïüñïìþ; 6-íôùúô ÙÍÚ; 7-ðìýþïú״ô öÿĄúðìô þìץýôøöÿùìùðì; 8-úíûìüþúô öÿĄúð íú 
öìùì÷ô ֹוÿðúöÿùìùðì; 9- ùìץí״úô ýúāþøúù; 10-íú÷úúí îì ðñîúüìô úíùúïÿóìüô ûúČù.  



43 

 

Ýìþ״ô úí ðìü ðìüČô ýìüíìùð îúíìýþì íì Āìý÷ô ýú÷ îì úøô÷״úô ôץ÷ôø, íì øúùìùðô 
úíĄìîôô íìüĀ îì ċā ðìü ֹוìüìČùô íú÷ú Č íúüúù״úô Ąìððôð øñþìîúùìð íì þìîüô ùìóìüüìý 
þìסõôü Číìð. ÛìüþúĀþìùô íñùìóúüìþô úí ìó íñĀô íú÷ú øñþìîúùìð íì îìõüúùĄìîôô þìøúøô 
ýúāþúü úîìüðì üìýúùìð [7]. 

Ðìü íúüìô øÿĄöô÷úþô ðôïìüô ûìõðúôĄô úíìùíúü״ú ùôó ĀìüúøĄ ùìíúċð öìüð. Ðìü 
óñüô ĀôĄúüô ״ìֹוøô ìóôø ùìø íì āúö״úô ìþüúĀ ֹוìíôĄ āÿüðì, ýìþ״ô úí״úô óñüôóìøôùôüú 
íì÷ìùð øñíìüðúüìð, öô íúôýô íúþ÷úץĄìîôô øôùþìץì״úô îìýñĆ îì ðôïìü úץôíìþ״úô ùúāÿĄ 
úîìüðì øñüìýúùìð.  

Ôùăÿùôù, þìĆýôýô úíìùíúü״ú øñþìîúùìùð íì óñüôúíøúùôô ôùĄúúþô ״ìČþìù øÿ״ôøøô 
āúֹוìïôô āì÷ץ ðìü ״ÿðÿð״úô ״ìøֹוìîúü úîìüðì üìýúùìð [2].  

Ì÷íìþþì, ״ìùïúøô þìü״üñóôô ïôðüúÿóñ÷״ú ăÿùôù þìĆýôüô øìùĀ íì ״ôýúí ïôüôĀþì 
øñĄìîìð, ìøøú þìĆýôüô ú÷ìøô úí ùìøñþìîúùìð 100% ûñĄïĒ Ąìîìð. ÔùĄúúþô íÿóÿüïô úí 
ċö āÿýÿýôċþô íñùìóôü ðúüìð. ÍìüĆìöýô ðôïìü úíĆñöþ״ú, úù״ú ùìøñþìîúùìùð ûìüþúĀþì 
Ąìîìùð, íì ôāþôČüô ץÿîîì״úô þìíôô ðúðì Ąìîìùð. Íìüúô ûñĄïôü öìüðìùô úץôíìþ״úô 
Āì÷úöìþíúüô āìüúíĄìîôô þìíô, ýìüíìùðüú íúċð ״ìøñĄì ðìü ״ú÷ìþô öúü ùôïú״ ðúĄþ. 

Ìó ċö þìüìĀ, øÿ״÷ìþ þÿ÷úùôýþ, ìøøú ìó þìüìĀô ðôïìü, íìĆóñ ùñüÿïú״״úô íìüץô úíôô 
øìֹוüúô ״ìîóìô ðìüČô ÎìāĄ, ì÷÷ìöìõ þìץüôíìù ùôýĀô øÿ״÷ìþ Č ״ìþþú íñĄþìü ìó úù ôýþôĀúðì 

ïìüðôðììùð. ׳ìøôù þìüôץ, øìýĆì÷ìô íú ôùĄúúþô úíôô öúüöìüðìĄÿðì ăôïÿùì ăúüìĔĘĒ 
öìüðìù ÷úóôø ìýþ îì ýìüøúċïÿóúüôô ìýúýôô úù״ú ăô ץìðìü ìüóôĄ ðúüìð, ì÷÷ìöìõ ðìü ùìóðô 
ùìý÷״úô úċùðì ץìüúü øñïôüìð. 

Ôðúüì ùìøÿðìùô øôץðúüô óôČðô úí, ôù öúüô øÿĄöô÷ ìýþ, ״ì÷÷ô íúýì÷ú״ôċþô 
øÿ״ìùðôý îì øìýĆÿ÷ôċþüú þì÷ìí øñöÿùìð. 

ÖúüĄôùúýô ýú״ì Ö.Úöñóúù þìĆýôüô ýúāþúüô ïñú÷úïôüú íì øìýĆì÷ì״úô ÿýþÿîúüôô 
þì״öÿüý íìüüìý øñöÿùìð. ØìýĆì÷ìô þì÷ìíúþ íì óìøôùìô ýìüíìùð״úô ïüÿùþôô íì÷ìùð ìó 
 :úċùð״ìþô ïñú÷úï ôù״ôוֹ

ì) þì״öÿüýôô ýìüíìùð íúċð ôøöúùôċþ ðúĄþì íúĄìð, öô ýìüíìùðñ, öô íì úù ֹוìüìČùô úí 
ôùþôץú÷ ðúðì øñĄìîìð, íôðÿùô ðñĀúüøìþýôċô āìþìüùúö ֹוìííôðì Ąìîìð. 

í) ֹוôùý״úô ö  ìðüô öúĀ úíùúïÿóìü íúĄìð, þú öô ðìü óñüôץ öÿüý íúċð íì״ôô þì״
ôùĄúúþ ûú÷úôĄô āìþìüùúö íì ìøì÷ ùìúċð îì úùüú ÿíÿü ùìöÿùìð. 

î) ýôĀìþô ֹוôùý״úô þì״öÿüý ùìíúċð ðìü ùìþôֹוìô þìĆýôüô ðìüúóøÿððìþ íú úí ðìü óñüô 
ĀôĄúüô íì÷ìùð ûìýþ Ąìîìð. 

Ìó ôù øìîץñĆ״ú, øÿì÷÷ôĀúù þìĆýôüô ýúāþúüô ïñú÷úïôüú íì øìýĆì÷ì״úô ÿýþÿîúüôô 
þì״öÿüý ôĀúðì øñöÿùìùð (üìý. 2). 

Ðìü ֹוúõ״úñ, öô ýìüíìùð ìó øôùþìץì״úô þñöþúùôö øñïÿóìüìð, íúċð þìðíôü״ú ìùðñĄôðì 
Ąìîìùð, öô ôùþôץú÷ô ýìüíúüô״úô ìøÿð îì ÿĀÿץ íì ֹוôùý״úô øÿýþì״öìø þìĆøôù öìüðì 
Ąìîìð. 

 ú ìóוֹ ôùý ðìü ôùוֹ ôôץúõôîìóöÿùôô ÿĀÿוֹ ôýúíô öìø Ąÿðìùô״ ôýøô ûúČùôô ýìüíìùð ìóפ
 .öÿüý øñúüìð [7; 4]״ôýúíô ýìüíúüôô ìøÿð íñĄþìü íì þì״

àôĄúü״úô øÿץìüüìüôô ÿĀÿץ ðìü ûúõïú״ô óñüô ץôýøô ýìüíìùð ìó íÿóÿüïô״úñ, öô íú 
ÿýÿ÷״úô ùìóìüôċô ăìùðôü ״ôýúí öìüðì Ąÿðììùð, óôČðþìüìùð [10]. 

Ú÷ôøúùô ýú״ì ăÿùôù øñĄÿøúüìùð, öô íú ôýþôĀúðì ìó þìֹוüôíì״úô þìîýôĀĄÿðì, 
ìüóôĄ״úô îúץñôô úøô÷״úô íñāìþìü íìüúô ÿýþÿîúüôô ýìüíìùð״ú ôøöúùûìóôü ìýþ.  

Ðìü øôùþìץìô þìĕėôėĄÿðì ðìü ץôþĆìô ֹוúõïôüúùôô ùñüÿïú״ô íìüץô úíôô äüúí, öô 
ùìîíÿùČð ìýþ, ðìüČô ÎìāĄ íì ðìüìČñ ֹוúü øñĄìîìð, öô ùôĄñíô״úô úîñóúù îì íìĆóìù ìøÿð 

ðúĄþì, ìó üĘô ùìץĄì öúùþÿüô ûñăôðìô S-Ąìö÷ ðúüìð. Íìüô ðìüČ ðìü ץôþĆìô øìîüôðô ùìóìü 
80-100 øñþü íÿðì, íì ðìüČ íôýČü Ąúāúí״úô āÿüð ֹוúü øñĄìîìùð [4; 5]. 

Íú øôùþìץìô þìüץôĄôô ÎìāĄ îúðôô íúýþúùôô ÎìāĄ üúýþ øñúċð, öô ýôùùÿ ýú÷ô úùüú 
 ìøăÿù ðìîüìô ăúüċöÿøôùô íú÷ú Ąÿøÿüðìù øÿøöôù ìýþ. ÛúČùô ôù îúð 100-150 øñþü״
ûúČùþìü ìó ðìüČ״úô ״úóôüì îúץñĆ íÿðì, ìó ÷úõ, ïô÷āúö îì ýìùïüñóì״ú ûÿü Ąÿðììýþ.  
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Üìýøô 2. ÍÿüüôĄô ïñú÷úïôô øìîץñ ֹוúõïôüúùôô ôùĄúúþô ÙÍÚ äüúí (íú āìþþô I-I)  
Fig. 2. Geographical cross-section of the location of Shurob NPO facilities (with line I-I)  

 

 
Ðìü þìüìĀô ăìûô îúðôô íúýþúù ċüă״úô ֹוôùý״úô øñóúóúõ îìýñĆ íì ìøì÷ úøìðììùð. 

ÞìĄìööÿ÷ô ċüă ìó ýìíìíô ðìü ûúċô ôù þìüìĀ øìîֹוÿð íÿðìùô þì״Ąúùô״úô ùìøìöô Ċüìô 
íú÷ú îì þìĆýôüô ăìùðôùöìüìþìô óô÷óô÷ì״úô ýñõýøôöôô ץÿîîì״úô ïÿùúïÿù íì ìøì÷ øñúċð [2; 
3] (üìý. 3). 

Ðìü úù ץôþĆì״úñ, öô îúðô״úô ðìüČ״úô ĕúóôüì íú ÎìāĄô íúýþúù (ðìüČ״úô Úíôāôùïúí 
îì ÎìāĄ ðìü ùú״ôċô ýìøþíìùð îì ûúČùþìü) øÿîúĀôץ ùñýþìùð, þì״Ąúùô״úô ðìîüìô 
ăúüċöÿøôù ðìü ėìĆüô úùĕú ìó 10-15 øñþü óôČð ùñýþìùð [3]. 

Íì ״ìõìþô ìýúýôô ץìíÿ÷Ąÿðìô ÙÍÚ-ô äüúí ôù״ú ðúāô÷ øñĄìîìùð: ýìüíìùðô ïüÿùþ, 
ðñîúüìô úíùúïÿóìüô íú÷úúí, öô íì ûüúĀô÷ô ýìüíìùð ðúāô÷ øñĄìîìð, ðñîúüìô úíùúïÿóìüô 
ûúČùúí; ïôüñ״ô ĀôĄúü-ùñüÿïú״; úíûìüþúî״úô ýúāþøúù îì ôýþôĀúðìíìü [4]. 

Ýìüíìùðô ïüÿùþôô þìü״üñóôĄÿðì íì÷ìùðôô 83ø îì ðìüúóôô ץìð-ץìðô ץìþúüö246 ״ø, 
íì÷ìùðôô íú÷úô ýìüíìùð 983ø øñíúĄìð. Úù ðìü ðìüìñ îúץñĆ ìýþ, öô ûì״÷ÿ״úô úùüú 983-
987ø ֹוôùý״úô ìý÷ þìĄöô÷ øñðô״ìùð, ċĆùñ þú íì÷ìùðôô ûÿĄþìô ýìüíìùð Č ċöăìùð øñþü 
íì÷ìùðþìü [9]. 

Ðìü ûúċô ìý÷ ûìõðúôĄ״úô ì÷÷Ċîôì÷ îì ûüú÷Ċîôì÷ôô ăúüċöÿøôùô íú÷ú (aQIII , pQIII ) 
 .úõïôüìùðוֹ
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Üìýøô 3. äìö÷ô ÿøÿøôô Ąìāô ċüăôô øôùþìץìô þìץ״ôץúþ ðìü øìֹוüúô ðìüČô ÎìāĄ 
Figure 3. The general shape of the landslide in the research area in the course of the Vakhsh River 

 
Ìó Google Earth. 

 

Øìֹוüúô ðìüČ ìó ì÷Ċîôô øÿúýôü ýúāþì Ąÿðììýþ, ìó ôù ü þìîýôċ ðúðì øñĄìîìð, öô ìó 
ûúċô ĉ÷ñøñùþô óôððôûú÷úôĄôô ýìüíìùð āúüôֹו öìüðì Ąìîìð. 

Ýìüíìùð ðìü ֹוôùý״úô óñüץìíìþô þÿüúùôô íú÷ú (Ö2þ2) ֹוúõïôü ìýþ, öô íú ìüïñ÷ôþ״ú îì 
ú״ìöýìùï״ú ôĀúðì ČĀþì, סìĀýôô ץìíìþô ċöāñ÷ìüú þìĄöô÷ øñðô״ìùð [3; 5]. 

Ðìü óñüô ċðüúô ýìüíìùð ֹוôùý״úô ûÿüĄôððìþô íúð÷ñýĄÿðì øìîֹוÿðìùð, öô úù״úüú ùôó 
íìüþìüìĀ öìüðìù ÷úóôø ìýþ, íôùúíìü ôù, ìýúýô ċðüúô ýìüíìùð ïüÿùþ״úô øôùþìץìô II 
ôùòñùñüôĊ ïñú÷úïôô - øôùþìץì״úô סìõüôýìüíúü āúāìð íÿð, öô øúðÿ÷ô ðñĀúüøìþýôċô 
EðñĀ=35000öï/ýø2 îì öúĉĀĀôþýôñùþô ûú÷úôĄôô Kû=0,3 ø/Ą.üó ðúüìùð [6]. 

Íìüúô øôùþìėìô I ôùòñùñüôĊ ïñú÷úïĒ - øôùþìץìô ûÿüĄôððìþô íúð÷ñýĄìî, öô סìĀýôô 
úù ðìü ûúċô ýìüíìùð ìó 6 þú 10ø ðìü ýìþ״ô ûÿĄþì, øúðÿ÷ô ðñĀúüøìþýôċô Eð=12000 öï/ýø2, 
öúĉĀĀôþýôñùþô ûú÷úôĄ Kû=2,0 ø/Ą.üó. øÿîúĀôץ ìýþ. 

Øìֹוüúô ðìüČ ìó ֹוôùý״úô øÿúýôüô ì÷÷Ċîôì÷ôô ýìùïüñóì íú āìüýìùï״ú (aQIV) íú 
ôץþôðúüô 10-12ø ýúāþì Ąÿðììýþ. Øúðÿ÷ô ðñĀúüøìþýôċô ì÷÷Ċîôì÷ EðñĀ=500 öï/ýø2, 
ĀôĄúüô Ąìüþôô þìü״üñó 5-6 öï/ýø2, öúĉĀĀôþýôñùþô ûú÷úôĄ Kû=60 ø/Ą.üó.-üú þìĄöô÷ 
øñðô״ìùð [6; 9]. 

Ðìü ״ÿðÿðô ăìûô þñüüìýìô ăúüċöÿøôùô íú÷úô ăÿץÿüôô îúðôô ץìðôøüú ðôðìù øÿøöôù 
ìýþ, öô ûúČùô úù 970 ø øñíúĄìð. Ðìü ôù îúð, öô ìó ýìùïüñóì (aQIII) ýúāþì Ąÿðììýþ, 
ûú÷úôĄô ðìîüóìùìùðì ôøöúùûìóôü ìýþ. 

Ðñîúüìô úíùúïÿóìüô íú÷úúíô ýúāþøúù íì÷ìùðôô ûÿĄþìô 940ø íÿðì, íì ûüúĀô÷ô 
ýìüíìùð ðúāô÷ øñĄìîìð. Ìýúýô ðñîúüìô úíùúïÿóìüüú þì״Ąúù״úô þÿüúùô íú÷ú, öô ðìü óñüô 
ýìüíìùð îì íú÷úþìü ìó ץìð-ץìðô ðìüČô ÎìāĄ ֹוúõïôüìùð, ֹוôùý״úô þÿüúùô ûúČù (Ö2t1), 
þìĄöô÷ øñðô״ìùð, öô íú ìüïô÷÷ôþ״úô āúöôýþìüôô þôüì ôĀúðì ČĀþììùð [3; 5]. 

Ôù þì״Ąúùô״ú ðìü øôùþìץìô Ąìðôðô íúð÷ñýĄìî ðúüúô øúðÿ÷ô ðñĀúüøìþýôċô 
EðñĀ=10000 öï/ýø2, öúĉĀĀôþýôñùþô ûú÷úôĄôô Kû=0,5 ø/Ą.üó øñíúĄìùð.  

Ðìü øôùþìėìô סìõüô ýìüíúü ìüïô÷÷ôþ״ú (Ö2,t1) íú øúðÿ÷ô ðñĀúüøìþýôċô EðñĀ=25000 

öï/ýø2 îì öúĉĀĀôþýôñùþô ûú÷úôĄôô Kû=0,01-0,05 ø/Ą.üó þìîýôĀ öìüðì øñĄìîìùð. 
Ôù þì״Ąúùô״ú ðìü øôùþìץìô Ąìððôðô íúð÷ñýĄìî ðúüúô øúðÿ÷ô ðñĀúüøìþýôċô 

EðñĀ=10000 öï/ýø2, öúĉĀĀôþýôñùþô ûú÷úôĄôô Kû=0,5 ø/Ą.üó øñíúĄìùð.  
Ðìü øôùþìėìô סìõüô ýìüíúü ìüïô÷÷ôþ״ú (Ö2,t1) íú øúðÿ÷ô ðñĀúüøìþýôċô EðñĀ=25000 

öï/ýø2 îì öúĉĀĀôýôñùþô ûú÷úôĄôô Kû=0,01 - 0,05 ø/Ą.üó þìîýôĀ öìüðì øñĄìîìùð [9; 10]. 
Ðñîúüìô úíùúïÿóìüô ûúČùúí ýúāþøúùô ðìü óñüô ăú״íÿùô íôùúô ùñüÿïú״ô íìüץôĊ úí 

 ôĄôץúõïôü íÿðì, ùôĄúùìô íú÷úôô úù 918 ø-üú þìĄöô÷ ðúðì, ðìü ùìóðôöôô þìüוֹ
Ïÿ÷ôóôùðúù, ðìü ֹוôùý״úô ץìíìþô ýìùþúù (K2St) ֹוúõïôü Ąÿðììýþ, öô íú ïô÷״úô 
÷ôþôĀúĀìĄÿðì íú ץìíìþ״úô ïìֹו íú סìĀý 0,2-0,4 ø øÿìüüôĀ Ąÿðììùð. 
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Þì״Ąúùô״ú āúíôĄ״úô ýÿíîñüþôöì÷ ăô íì íú÷ú îì ăô íì ýìøþô ûúČùô ðìüČ öÿùֹוô 
ìĀþôĄôô 75-850 ðúüìùð. 

Øìֹוüúô ðìüČ ìó ì÷÷Ċîôô øÿúýôü (aQIV) ôĀúðì ïìüðôðììýþ, öô íú ýìùïüñóì íú 
āìüýìùï״ú îì ûÿüöÿùìùðìô üñïýìùï øÿìüüôĀ Ąÿðììýþ. Ðìü ùôĄñíô״ú, ðìü íìĆóñ ֹוúõ״ú 
 úô þìýúðÿĀĒ ûĘĄúùôðì Ąÿðììùð, öô״úô ðñ÷Ċîôì÷ îì ċüă״Ąúùô״úô ìý÷ íú þì״ôùýוֹ
  .ìĀýôìĄúù ăìùðúù ùñýþ [6]ס

Ðñ÷Ċîôõ (aQIV) íú øìîúðô Ąìסì÷Ąìö÷, ìó ֹוÿø÷ì í÷úö״ú, ûÿüöÿùìùðì - ïô÷āúö íú 
üñóìô (20-25%) ôĀúðì ČĀþììýþ. Öú÷÷Ċî (cQIV ) ìó Ąìסì÷, ýìùï íú ðúāô÷ öìüðìùô üñïô 
ðÿüÿĄþ îì āìüýìùï ôíúüìþ ìýþ. 

úô ìý÷ (K״ôùýתּ 2St) ðìü øôùþìץìô ýìþ״ íú ôץþôðúüô 5-7ø ðúüúô øúðÿ÷ô 
ðñĀúüøìþýôċô EðñĀ=1000 öï/ýø2 îì öúĉĀĀôþýôñùþô ûú÷úôĄ Kû=0,5-1,0 ø/Ą.üó øñíúĄìùð. 

Ì÷÷Ċîôô øìֹוüúô (aQIV) ðúüúô øúðÿ÷ô ðñĀúüøìþýôċô EðñĀ=500 öï/ýø2, ĀôĄúüô 
þìāøôùôô Ąìüþ 5-6 öï/ýø2, öúĉĀĀôþýôñùþô ûú÷úôĄ Kû=60 ø/Ą.üó øñíúĄìð. 

Þì״Ąúùô״úô ðñ÷Ċîôì÷ (dQIV) ðúüúô øúðÿ÷ô ðñĀúüøìþýôċô EðñĀ=700 öï/ýø2 îì 
öúĉĀĀôþýôñùþô ûú÷úôĄ Kû=5 ø/Ą.üó øñíúĄìùð [6; 9]. àôĄúüô þìāøôùôô Ąìüþ 3-4 
öï/ýø2. 

Ïôüñ״ô ùñüÿïú״ô ĀôĄúüðúü ðìü ýú״ô÷ô ăìûô ðìüČô ÎìāĄ îúץñĆ íÿðì, ìó ôùĄúúþô 
óñüôù ôíúüìþ ìýþ: úíïôüìùðìô ÙÍÚ; 4 āìþþô þÿùùñ÷״úô úíþìĆøôùöÿùìùðìô ÙÍÚ; ôùĄúúþô 
ùñüÿïú״ô íìüúô 4 ìïüñïìþ; öìùì÷ô íìüúøìð. 

Úíïôüìùðìô ÙÍÚ ðìü ץôþĆìñ îúöñĆ ìýþ, öô íì÷ìùðôô úù 945 øñþü íÿðì, ðìü ùôĄñíôô 
Ąìāô ýúĕô÷ô ăìû, Āìîüìù ðìü ûúČùô ÷ìíô ðìüČô Þìïúíôðñïìõ íÿüôðì Ąÿðììýþ. Ìýúýô 
úíïôüìùðì ֹוôùý״úô ץôýøô ûúČùôô óñüýúāþúüô ýîôþìô þÿüúùô íú÷ú (K2t2) øñíúĄìð, öô íú 
ú״ìöýìùï״úô ìóôø îì ץìíìþ״úô ìüïô÷÷ôþ״ú ôĀúðì ČĀþììýþ [5]. 

Ùìץí״úô Čüôüìýúùô ùñüÿïú״ô íìüץôĊ úí ìó þì״Ąúùô״úô ðÿ ץìíìþ øñïÿóìüìùð: 
ìüïô÷÷ôþ״úô þÿüúùôô íú÷ú (K2t2), ú״ìöýìùï״ú îì ֹוôùý״úô ץìíìþô öúùċö (K2ýû), öô íú 
ïô÷״úô ÷ôþôĀôöìþýôċô āúöôýþìüôô þôüì, ïô÷״úô ìüïô÷÷ôþĒ îì ú״ìöýìùï״úô íìõùôץìíìþ 
ôĀúðì ČĀþììùð. 

Íôùúô ùñüÿïú״ ðìü ðúāô÷ô ċö íìýþì, ðìü þì״Ąúùô״úô øìü״ô÷ìô öúùċö (Ö2ýû), íú 
ïô÷״úô ÷ôþôĀôöìþýôċĄÿðì, ïô÷״úô ìüïô÷÷ôþ íú ú״ìöýìùï״úô ץìíìþ-ץìíìþ ֹוúõïôü ìýþ [3; 5]. 

 ìô íúð÷ñýĄìî ðúüúô øúðÿ÷ô ðñĀúüøìþýôċô EðñĀ=10000ץúô íñüÿù ìó øôùþì״ôùýתּ
öï/ýø2 îì öúĉĀĀôþýôñùþô ûú÷úôĄ Kû=0,05 ø/Ą.üó øñíúĄìùð. ãú״íÿùô íôùúô ùñüÿïú״ íì 
ùôĄñíôô Ąìāô ýúĕô÷ô ăìû íÿüôðì øñĄìîìð îì íì÷ìùðôô ùôĄñíôô ûúČùì íì 120 ø øñüìýìð 
 .(ìðîì÷ô 1וֹ)
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ýúāþøúùôô ÙÍÚ äüúí 
Table 1. Table of physical and technical indicators of the engineering-geological zone of the Shurob 

NPO construction site 
Ôùðñöýô ïñú÷úï Ĝ 
øôùþìץìô øÿ״ìùðôý-
ïñú÷úï.  

Øúðÿ÷ô 
ðñĀúüøìþýôċ, 

ÑÖ10-3, öï/ýø2 

ÖúĉĀĀ. āúýýô 
Čóìùðìô øÿץúîôøìþ, 
Ö0, öï/ýø3 

ÖúĉĀĀ. 
ýìāþôô 
 .ôý״ôýúí, f״

ÖúĉĀĀ. 
ûú÷úôĄ, Öû, 
ø/Ą.üó 

K 2t2, II  øôùþìץìô ø.ï. 35 280 4-5 0,3 

K 2ýû, II  øôùþìץìô ø.ï 10 75 4 0,05 

K 2ýû,II  øôùþìץìô ø.ï 15 120 4-5 0,01 

 
Ðìü ֹוôùý״úô ìý÷ôô ÿýþÿîúü ֹוúõïôüĄÿðìô ùôĄñíô״ú íú úüôñùþìþýôċô ðúðìĄÿðìô úù 

ýôýþñøìô þìüץôĄ״úüú øÿìõċù øñöÿùìð, öô íì ýô ðìüČ (ìóôøÿþô ìĀþôĄ 220-260¸) íú öÿùֹוô 
30-50¸ øñìĀþìð [4; 5].  

 ñôץô ÿýþÿîúüô ùôĄñíôô 51¸ (øìîוìùð, öô öÿùֹ״úøðúðìĄÿðì ôøöúù øñðôוúô ìùֹ״ôýúí׳
1:0,8) þìîýôċ ïìüðìð. 

ÙôĄñíô״úô þìîýôċĄìîìùðì ðìü þì״Ąúùô״úô ăúüċöÿøôù: ðìü ýìùïüñóì״ú (aQIV ) -1:1, 
ðìü øìîúðô ûüú÷Ċîôì÷ôô Ąìסì÷- ïô÷āúö (üQIV ) - 1:0,8 . 
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Íìüúô ûñĄïôüôô ìĀþôðìùô ֹוôùý״ú îì ýÿýþ öìüðìùô üìîìùðô íúð÷ñýĄìî þìîýôċ ðúðì 
øñĄìîìð, öô ùôĄñíôô üñĄìô íú÷úô ăú״íÿùüú íú þúüăìô ýôøôùô āÿüðñ, öô íú ìùöñü״ú 
øÿýþì״öìø öìüðì Ąÿðììýþ, ûĄúùñø [8]. 

Öìùì÷ô üìîúùìöÿùìùðìô (úþîúðċĄôõ) ÙÍÚ ðìü øìֹוüúô ðìüČ îúöñĆ íÿðì, ýìþ״ô 
ûúČùôìĄ 892ø øñíúĄìð. Öìùì÷ ûÿüüì þì״Ąúùô״úô øìֹוüúôüú þú ֹוôùý״úô ìý÷ íìüþìüìĀ 
øñöÿùìð, öô úù״úüú ֹוôùý״úô ðìü íú÷ú þìîýôĀĄÿðìô øìü״ô÷ìô öúùċö (Ö2ýû) ôĀúðì 
øñöÿùìùð, öô ðìü øôùþìץìô ûÿüĄôððìþô íúð÷ñýĄìî ôėþôðúüô úù þìėüôíìù 5ø øñíúĄìð.  

 úô ðúüúô øúðÿ÷ô ðñĀúüøìþýôċô EðñĀ=2000 öï/ýø2, öúĉĀĀôþýôñùþô ûú÷úôĄ״ôùýתּ
Kû=1-2 ø/Ą.üó øñíúĄìùð [6; 9].  

Ì÷÷Ċîôô øÿúýôüô øìֹוüú (aQIV), öô ûì״÷ÿ״úô öìùì÷üú þìĄöô÷ øñðô״ìð, íú ýìùïüñóì 
îì āìüýìùï״ú ôĀúðì öìüðì øñĄìîìð, øôץðúüô úù״ú íì 20-30% øñüìýìð, ìó ֹוÿø÷ì āìüýìùï״úô 
ìó 1ø öì÷úùþìü 5-7%, ûÿüöÿùìùðì üñïô øìõðì-ðúùì íÿðì, Ąìסì÷ 20% øñíúĄìð [6; 10]. 
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äÌÜÚÔÞÔ Øß׳ÌÙÐÔÝÄ-ÏÑÚ×ÚÏÔÔ פÔÞæÌ׳ÚÔ ÔÙäÚÚÞÔ ÌÝÚÝÔÔ ÙÑÜßÏÚ׳Ô 

ÍÌÜפÔê ÚÍÔÔ äÊÜÚÍ 
Ðìü øôùþìץìô þìץ״ôץĄÿðì, ץôþĆìô ֹוúõïôüúùôô ùñüÿïú״ô íìüץʠ úíôô äüúí, öô ùìîíÿùČð ìýþ, 

ðìüČô ÎìāĄ íì ðìüìČñ ֹוúü øñĄìîìð, öô ùôĄñíô״úô úîñóúù, íìĆóìù ìøÿð ðúĄþì ìó üĘô ùìץĄì 
öúùþÿüô ûñăôðìô S-Ąìö÷ ðúüìð.  

Ðñîúüìô úíùúïÿóìüô ûúČùúí ýúāþøúùô ðìü óñüô ăú״íÿùô íôùúô ùñüÿïú״ô íìüץô úí ֹוúõïôü 
íÿðì, ùôĄúùìô íú÷úôô úù 918 ø-üú þìĄöô÷ ðúðì, ðìü ùìóðôöôô þìüץôĄô Ïÿ÷ôóôùðúù, ðìü ֹוôùý״úô 
 ìĀýס úô ïìă îì íú״ìíìþץ úô ÷ôþôĀúĀìĄÿðì, íú״÷úõïôü Ąÿðììýþ, öô íú ïôוֹ ìíìþô ýìùþúù (K2St)ץ
0,2-0,4 ø øÿìüüôĀ Ąÿðììùð. 

Úíïôüìùðìô ÙÍÚ ðìü ץôþĆìñ îúöñĆ ìýþ, öô íì÷ìùðôô úù 945 øñþü íÿðì, ðìü ùôĄñíôô Ąìāô 
ýúĕô÷ô ăìû, Āìîüìù ðìü ûúČùô ÷ìíô ðìüČô Þìïúíôðñïìõ íÿüôðì Ąÿðììýþ. Ìýúýô úíïôüìùðì ֹוôùý״úô 
 úô״ìíìþץ úô ìóôø îì״ìöýìùï״ôýøô ûúČùôô óñüýúāþúüô ýîôþìô þÿüúùô íú÷ú (K2t2) øñíúĄìð, öô íú úץ
ìüïô÷÷ôþ״ú ôĀúðì ČĀþììýþ. 

Ùìץí״úô Čüôüìýúùô ùñüÿïú״ô íìüץô úí ìó þì״Ąúùô״úô ðÿ ץìíìþ øñïÿóìüìùð: ìüïô÷÷ôþ״úô 
þÿüúùôô íú÷ú (K2t2), ú״ìöýìùï״ú îì ֹוôùý״úô ץìíìþô öúùċö (K2ýû), öô íú ïô÷״úô ÷ôþôĀôöìþýôċô 
āúöôýþìüôô þôüì, ïô÷״úô ìüïô÷÷ôþĒ îì ú״ìöýìùï״úô íìõùôץìíìþ ôĀúðì ČĀþììùð. 

Öì÷ôðîúòì״ú: ùñüÿïú״ô íìüץʠ úí, ôùĄúúþ, ăú״íÿù, ýìāüì, ðñîúüìô úíùúïÿóìü, úíïôüìùðì, 
ùìץíô Čüôüìýúù, öìùì÷ô üìîúùìöÿùìùðì, øìֹוüúô ðìüČ, þìüץôĄ. 
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ʀʅɾɽʅɽʈʅʆ-ɻɽʆʃʆɻʀʏɽʉʂʀɽ ʋʉʃʆɺʀʗ ʋʏɸʉʊʂʆɺ ʆʉʅʆɺʅʓʍ ʉʆʆʈʋɾɽʅʀʁ 

ʐʋʈɸɹʉʂʆʁ ɻʀɼʈʆ-ʕʃɽʂʊʈʀʏɽʉʂʆʁ ʉʊɸʅʎʀʀ 

ɺ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʫʯʘʩʪʦʢ ʨʘʟʤʝʱʝʥʠʷ ʚʥʦʚʴ ʩʦʟʜʘʥʥʦʡ ʛʠʜʨʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʐʫʨʘʙ 

ʚʧʘʜʘʝʪ ʚ ʫʱʝʣʴʝ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʩʚʠʩʘʶʱʠʝ, ʠʥʦʛʜʘ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʢʣʦʥʳ ʩ ʠʟʚʠʣʠʩʪʳʤ S-ʦʙʨʘʟʥʳʤ 

ʢʦʥʪʫʨʦʤ ʧʦ ʪʝʯʝʥʠʶ.  

ʉʪʨʦʠʪʝʣʴʥʘʷ ʧʝʨʝʤʳʯʢʘ ʥʠʞʥʝʛʦ ʪʝʯʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʧʦʜ ʢʦʪʣʦʚʘʥʦʤ ʟʜʘʥʠʷ 

ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʝʝ ʚʝʨʭʥʷʷ ʦʪʤʝʪʢʘ ʩʦʩʪʘʚʣʷʝʪ 918 ʤ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʨʷʜʦʤ ʩ ʨʘʟʣʦʤʦʤ 

ɻʫʣʠʟʠʥʜʘʥʘ, ʚ ʩʣʦʠʩʪʳʭ ʧʦʨʦʜʘʭ ʩʘʥʪʦʥ (K2St), ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʪʠʬʦʬʠʟʠʨʦʚʘʥʥʳʤʠ ʛʣʠʥʘʤʠ 

ʩʦ ʩʣʦʷʤʠ ʛʠʧʩʘ ʪʦʣʱʠʥʦʡ 0,2-0,4 ʤ. 

ɺʦʜʦʧʨʠʝʤʥʠʢ ɻʕʉ-ʘ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʫʯʘʩʪʢʝ ʩ ʚʳʩʦʪʦʡ ʦʪʤʝʪʢʠ 945 ʤʝʪʨʦʚ ʠ ʚʳʨʝʟʘʥ ʥʘ ʩʢʣʦʥʝ 

ʣʝʚʦʛʦ ʙʝʨʝʛʘ, ʩʨʘʟʫ ʫ ʧʦʜʥʦʞʠʷ ʨʝʢʠ ʊʘʛʦʙʠʜʝʛʘʡ. 

ʆʩʥʦʚʘʥʠʝʤ ʚʦʜʦʧʨʠʝʤʥʠʢʘ ʷʚʣʷʶʪʩʷ ʧʦʨʦʜʳ ʥʠʞʥʝʡ ʧʦʜʩʚʠʪʳ ʚʝʨʭʥʝʛʦ ʪʫʨʦʥʥʦʛʦ (K2t2), 

ʚʳʨʘʞʝʥʥʳʝ ʤʘʩʩʠʚʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʠ ʩʣʦʷʤʠ ʘʨʛʠʣʣʠʪʦʚ.  

ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʪʫʥʥʝʣʠ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʜʚʫʭʩʣʦʡʥʳʝ ʦʪʣʦʞʝʥʠʷ: ʚʝʨʭʥʠʡ 

ʪʫʨʦʥʥʳʡ ʘʨʛʠʣʣʠʪ (K2t2), ʠʟʚʝʩʪʥʷʢ ʠ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʩʚʠʪʳ ʢʦʥʴʷʢ (K2sp), ʚʳʨʘʞʝʥʥʳʝ ʚ ʪʝʤʥʦ-ʩʝʨʳʭ 

ʣʠʪʠʝʚʳʭ ʛʣʠʥʘʭ, ʘʨʛʠʣʣʠʪʦʚʳʭ ʛʣʠʥʘʭ ʠ ʤʝʞʧʣʘʩʪʦʚʳʭ ʠʟʚʝʩʪʥʷʢʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʜʨʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ, ʩʦʦʨʫʞʝʥʠʷ, ʢʦʪʣʦʚʘʥ, ʩʢʘʣʘ, ʧʝʨʝʤʳʯʢʘ, 

ʚʦʜʦʧʨʠʸʤʥʠʢ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʪʫʥʥʝʣʴ, ʦʪʚʦʜʷʱʠʡ ʢʘʥʘʣ, ʨʫʩʣʦ ʨʝʢʠ, ʨʘʟʣʦʤ.  

 

ENGINEERING AND GEOLOGICAL CONDITIONS OF THE SITES OF THE MAIN STRUCTURES 

OF THE SHURABSKAYA HYDROELECTRIC POWER STATION  

In the studied area, the site of the newly created Shurab hydroelectric power station flows into a gorge, 

which has overhanging, sometimes vertical slopes with a winding S-shaped contour downstream.  

The construction bridge of the lower course, located under the excavation of the hydroelectric power 

plant building, its upper mark is 918 m, located next to the Gulizindan fault, in the layered rocks of Santon 

(K2St), which are represented by lithophysized clays with layers of gypsum 0.2 - 0.4 m thick.  

The HPP-a water intake is located on a site with an altitude of 945 meters and is carved on the slope of 

the left bank, immediately at the foot of the Tagobidegai River.  

The base of the water intake is the rocks of the lower sub-formation of the upper Turonian (K2t2), 

expressed by massive limestones and layers of mudstones. The auxiliary tunnels of the hydroelectric power 

station pass through two-layered deposits: upper Turonian mudstones (K2t2), limestone and rocks of the Cognac 

formation (K2sp), expressed in dark gray lithium clays, mudstone clays and interplastic limestones. 

Keywords: hydroelectric power station, structures, excavation, rock, bridge, water intake, auxiliary 

tunnel, drainage channel, riverbed, faul. 
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ʊ ɽ ʍ ʅ ʀ ʂ ɸ 

ʋɼʂ: 551.243 

ɺʓɹʆʈ ʂʆʅʉʊʈʋʂʎʀʀ ʆɹɼɽʃʂʀ ʉʊ-3 ʈʆɻʋʅʉʂʆʁ ɻʕʉ ɺ ɿʆʅɽ ʇɽʈɽʉɽʏɽʅʀʗ 

ʀʆʅɸʍʐʉʂʆɻʆ ʈɸɿʃʆʄɸ 

 

ʍʘʩʘʥʦʚ ʅ.ʄ., ʄʝʭʨʫʙʦʥʦʚ ʄ.ʍ., ɼʞʫʨʘʢʫʣʦʚ ʄ.ʈ. 

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

ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ, ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʵʢʦʣʦʛʠʠ ʅɸʅ ʊʘʜʞʠʢʠʩʪʘʥʘ  
 

ɺʚʝʜʝʥʠʝ. ʈʘʟʣʦʤʳ - ʵʪʦ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʝʨʝʤʝʱʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʟʝʤʥʘʷ ʢʦʨʘ ʩʦʩʪʦʠʪ ʠʟ ʙʦʣʴʰʠʭ ʠ ʤʘʣʳʭ ʧʣʠʪ, 

ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ ʣʠʪʦʩʬʝʨʥʳʤʠ ʧʣʠʪʘʤʠ. ʂʦʛʜʘ ʵʪʠ ʧʣʠʪʳ ʜʚʠʛʘʶʪʩʷ, ʦʥʠ ʤʦʛʫʪ 

ʩʪʘʣʢʠʚʘʪʴʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʨʘʟʜʝʣʷʪʴʩʷ ʠʣʠ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʠʭ ʜʚʠʞʝʥʠʡ ʬʦʨʤʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʚʢʣʶʯʘʷ 

ʨʘʟʣʦʤʳ. 

ʈʘʟʣʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʥʠʶ ʨʘʟʣʦʤʘ ʠʣʠ ʪʨʝʱʠʥʳ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʤʝʱʝʥʠʝ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ. ʈʘʟʣʦʤʳ ʙʳʚʘʶʪ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ 

ʜʣʠʥʫ: ʢʦʨʦʪʢʠʝ ʠʣʠ ʜʣʠʥʥʳʝ, ʧʨʷʤʦʣʠʥʝʡʥʳʝ ʠʣʠ ʠʟʚʠʣʠʩʪʳʝ. ʆʥʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʢʘʢ ʥʘ 

ʩʫʰʝ, ʪʘʢ ʠ ʧʦʜ ʚʦʜʦʡ. 

ʈʘʟʣʦʤʳ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʠ ʜʝʬʦʨʤʘʮʠʝʡ ʟʝʤʥʦʡ ʢʦʨʳ. ʂʦʛʜʘ 

ʧʣʠʪʳ ʜʚʠʛʘʶʪʩʷ ʚʜʦʣʴ ʨʘʟʣʦʤʘ, ʚʦʟʥʠʢʘʝʪ ʩʪʨʝʩʩ, ʢʦʪʦʨʳʡ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʠ ʚʳʟʳʚʘʝʪ 

ʜʝʬʦʨʤʘʮʠʶ ʩʢʘʣ ʠ ʧʦʯʚʳ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʜʦʣʛʠʝ ʚʨʝʤʝʥʥʳʝ ʧʝʨʠʦʜʳ ʠ 

ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʷʚʣʝʥʠʶ ʛʦʨʥʳʭ ʭʨʝʙʪʦʚ, ʚʧʘʜʠʥ ʠʣʠ ʜʨʫʛʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʬʦʨʤʘʮʠʡ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʣʦʤʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʦʤ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʪ.ʢ. 

ʧʝʨʝʤʝʱʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʜʦʣʴ ʨʘʟʣʦʤʦʚ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʈʘʟʣʦʤʳ, ʥʘ 

ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʷʪ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʥʘʟʳʚʘʶʪ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʨʘʟʣʦʤʘʤʠ.  

ʉʤʝʱʝʥʠʝ ʟʝʤʥʦʡ ʢʦʨʳ - ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʣʦʤʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʤʝʱʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʝʨʝʤʝʱʝʥʠʝ ʨʘʟʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʣʦʝʚ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʛʣʫʙʦʢʠʭ ʷʤ, ʧʦʜʥʷʪʠʝ ʛʦʨʥʳʭ ʤʘʩʩʠʚʦʚ ʠ ʪ.ʜ. ʈʘʟʣʦʤʳ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʦʨʠʝʥʪʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʨʘʟʣʦʤʳ ʥʘʟʳʚʘʶʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ 

ʠʣʠ ʧʣʦʩʢʠʤʠ, ʘ ʚʝʨʪʠʢʘʣʴʥʳʝ ʨʘʟʣʦʤʳ ʥʘʟʳʚʘʶʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʠʣʠ ʩʪʫʧʝʥʯʘʪʳʤʠ. 

ʇʦ ʨʘʟʤʝʨʘʤ ʨʘʟʣʦʤʳ ʤʦʛʫʪ ʙʳʪʴ ʦʪ ʥʝʙʦʣʴʰʠʭ ʪʨʝʱʠʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ 

ʤʝʞʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʨʘʟʣʦʤʦʚ, ʧʨʦʩʪʠʨʘʶʱʠʭʩʷ ʥʘ ʩʦʪʥʠ ʠ ʪʳʩʷʯʠ ʢʠʣʦʤʝʪʨʦʚ. 

ʇʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʣʦʤʦʚ ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʘʢʦʧʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. ʂʦʛʜʘ 

ʵʪʠ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʤʠ, ʟʝʤʣʷ ʥʘʯʠʥʘʝʪ ʪʨʝʩʢʘʪʴʩʷ ʠ ʦʙʨʘʟʫʶʪʩʷ 

ʪʨʝʱʠʥʳ. ʇʦ ʤʝʨʝ ʧʨʦʜʦʣʞʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ, ʪʨʝʱʠʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʛʣʫʙʞʝ 

ʠ ʩʪʘʥʦʚʷʪʩʷ ʜʣʠʥʥʝʝ, ʦʙʨʘʟʫʷ ʨʘʟʣʦʤʳ. 

ʈʘʟʣʦʤʳ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʢʘʢ ʧʦ ʛʨʘʥʠʮʘʤ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʠʪ, ʪʘʢ ʠ ʚʥʫʪʨʠ ʧʣʠʪ. ʇʨʠ 

ʛʨʘʥʠʮʝ ʧʣʠʪ ʨʘʟʣʦʤʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʚʠʞʝʥʠʷ ʨʘʟʥʳʭ ʩʪʦʨʦʥ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʩʠʣʳ 

ʩʜʚʠʛʘ ʠ ʨʘʩʪʷʞʝʥʠʷ. ɺʥʫʪʨʠ ʧʣʠʪ ʨʘʟʣʦʤʳ ʦʙʨʘʟʫʶʪʩʷ ʠʟ-ʟʘ ʤʝʩʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ 

ʥʘʧʨʠʤʝʨ, ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʘʥ-ɸʥʜʨʝʘʩ, ʉʐɸ: 

ʆʜʠʥ ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʨʘʟʣʦʤʦʚ ʚ ʤʠʨʝ, ʧʨʦʩʪʠʨʘʶʱʠʡʩʷ ʥʘ ʜʣʠʥʫ ʦʢʦʣʦ 1300 ʢʤ, - 

ʨʘʟʣʦʤ ʉʘʥ-ɸʥʜʨʝʘʩ. ʆʥ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʂʘʣʠʬʦʨʥʠʶ ʠ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʊʠʭʠʤ 

ʠ ʉʝʚʝʨʥʳʤ ɸʤʝʨʠʢʘʥʩʢʠʤ ʧʣʠʪʘʤʠ. ʈʘʟʣʦʤ ʉʘʥ-ɸʥʜʨʝʘʩ ʷʚʣʷʝʪʩʷ ʜʚʠʞʫʱʝʡʩʷ ʛʨʘʥʠʮʝʡ ʧʣʠʪ 

ʠ ʚʳʟʳʚʘʝʪ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʙʣʝʛʯʘʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʧʣʠʪ. 

ʈʘʟʣʦʤ ɺʠʢʪʦʨʠʷ, ɸʬʨʠʢʘ: ʈʘʟʣʦʤ ɺʠʢʪʦʨʠʷ - ʵʪʦ ʨʘʟʣʦʤʥʳʡ ʧʦʷʩ, ʢʦʪʦʨʳʡ ʧʨʦʩʪʠʨʘʝʪʩʷ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʦʢʦʣʦ 600 ʢʤ ʯʝʨʝʟ ɺʦʩʪʦʯʥʫʶ ɸʬʨʠʢʫ. ʆʥ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʩʪʨʘʥ, 

ʚʢʣʶʯʘʷ ʊʘʥʟʘʥʠʶ, ʂʝʥʠʶ ʠ ʋʛʘʥʜʫ. ʈʘʟʣʦʤ ɺʠʢʪʦʨʠʷ - ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʡ ʨʘʟʣʦʤ ʥʘ 

ɸʬʨʠʢʘʥʩʢʦʡ ʚʦʩʪʦʯʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʟʦʥʝ ʠ ʚʳʟʳʚʘʝʪ ʤʦʱʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. 

ʈʠʬʪ-ʚʝʣʠʢʘʥ, ɸʬʨʠʢʘ: ʈʠʬʪ-ʚʝʣʠʢʘʥ - ʵʪʦ ʨʘʟʣʦʤʥʘʷ ʟʦʥʘ ʥʘ ɺʦʩʪʦʯʥʦʡ ɸʬʨʠʢʘʥʩʢʦʡ 

ʚʧʘʜʠʥʝ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 3200 ʢʤ. ʕʪʦʪ ʨʘʟʣʦʤ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʥʝʦʜʥʦʨʦʜʥʦʛʦ 
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ʨʘʩʪʷʞʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʨʠʶ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʨʘʟʣʦʤʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ ʦʟʝʨ ʠ ʚʫʣʢʘʥʦʚ. 

ɻʠʤʘʣʘʠ, ɸʟʠʷ: ɻʠʤʘʣʘʠ - ʵʪʦ ʛʦʨʥʳʡ ʭʨʝʙʝʪ, ʢʦʪʦʨʳʡ ʩʤʝʱʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʦʤʘ 

ʤʝʞʜʫ ʀʥʜʠʡʩʢʦʡ ʧʣʠʪʦʡ ʠ ɽʚʨʘʟʠʡʩʢʦʡ ʧʣʠʪʦʡ. ʈʘʟʣʦʤʳ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʳʟʳʚʘʶʪ ʤʦʱʥʳʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʠʭ ʛʦʨ ʠ ʧʠʢʦʚ, ʚʢʣʶʯʘʷ ʩʘʤʫʶ 

ʚʳʩʦʢʫʶ ʪʦʯʢʫ ɿʝʤʣʠ - ʕʚʝʨʝʩʪ. 

ʇʨʦʠʟʚʝʜʝʤ ʦʮʝʥʢʫ ʚʘʨʠʘʥʪʘ ʚʳʙʦʨʘ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʩʪʦʷʥʥʦʡ ʦʙʜʝʣʢʠ ʥʘ ʧʨʠʤʝʨʝ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʪʦʥʥʝʣʷ ʉʊ-3 ʈʦʛʫʥʩʢʦʡ ɻʕʉ. 

ʉʪʨʦʠʪʝʣʴʥʳʡ ʪʦʥʥʝʣʴ ˉ3, ʛʣʫʙʠʥʥʳʡ ʠ ʰʘʭʪʥʳʡ ʚʦʜʦʩʙʨʦʩʳ, ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 

ʙʦʣʝʝ 2600 ʤ, ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʨʘʚʦʤ ʢʦʨʝʥʥʦʤ ʙʦʨʪʫ ʜʦʣʠʥʳ ʨ. ɺʘʭʰ ʥʘ ʦʪʤʝʪʢʘʭ 1035-1195ʤ. 

3-ʡ ʉʪʨʦʠʪʝʣʴʥʳʡ ʪʦʥʥʝʣʴ ʧʝʨʝʩʝʢʘʝʪ ʦʧʝʨʷʶʱʫʶ ʟʦʥʫ ʜʨʦʙʣʝʥʠʷ (ʪʝʢʪʦʥʠʯʝʩʢʫʶ ʣʠʥʟʫ) 

ʠ ʧʣʦʩʢʦʩʪʴ ʩʤʝʩʪʠʪʝʣʷ ʀʦʥʘʭʰʩʢʦʛʦ ʨʘʟʣʦʤʘ. ʋʢʘʟʘʥʥʳʝ ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ 

ʨʘʟʛʨʘʥʠʯʠʚʘʶʪ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʙʣʦʢʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ 

ʩʪʨʦʝʥʠʶ. 

ʊʝʢʪʦʥʠʯʝʩʢʠʡ ʙʣʦʢ, ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥʘ ʤʝʞʜʫ ʚʭʦʜʥʳʤ ʧʦʨʪʘʣʦʤ ʠ 

ʀʦʥʘʭʰʩʢʠʤ ʨʘʟʣʦʤʦʤ, ʧʨʝʜʩʪʘʚʣʝʥ ʪʝʨʨʠʛʝʥʥʳʤʠ ʩ ʧʨʠʤʝʩʴʶ ʛʠʧʩʘ ʠ ʢʘʨʙʦʥʘʪʥʳʤʠ 

ʤʝʣʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʩʣʘʛʘʶʱʠʤʠ ʂʠʨʙʠʯʩʢʫʶ ʩʠʥʢʣʠʥʘʣʴʥʫʶ ʩʢʣʘʜʢʫ. 

ʅʘ ʇʂ 5+80^7+10 ʙʫʜʝʪ ʧʝʨʝʩʝʯʝʥʘ çʪʝʢʪʦʥʠʯʝʩʢʘʷ ʣʠʥʟʘè. ɺ ʧʨʦʮʝʩʩʝ ʠʟʳʩʢʘʥʠʡ 

çʪʝʢʪʦʥʠʯʝʩʢʘʷ ʣʠʥʟʘè ʠʤʝʣʘ ʤʦʱʥʦʩʪʴ ʙʦʣʝʝ 40 ʤ. ʇʦʨʦʜʳ ʚ ʧʨʝʜʝʣʘʭ ʣʠʥʟʳ ʙʫʜʠʥʠʨʦʚʘʥʳ; 

ʙʫʜʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʣʢʠʝ ʣʠʥʟʦʦʙʨʘʟʥʳʝ ʪʝʣʘ ʤʦʱʥʦʩʪʴʶ 5-15ʩʤ, ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʪʨʝʱʠʥʘʤʠ ʰʠʨʠʥʦʡ ʧʝʨʚʳʝ ʤʤ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʝʥʳ ʛʣʠʥʢʦʡ ʪʨʝʥʠʷ. ʇʨʦʯʥʦʩʪʴ ʧʦʨʦʜʳ ʚ 

ʙʫʜʠʥʘʭ ʩʥʠʞʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʞʘʪʠʷ. ʉʦʙʩʪʚʝʥʥʦ çʪʝʢʪʦʥʠʯʝʩʢʘʷ ʣʠʥʟʘè, ʢʘʢ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʤʘʩʩʠʚʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʥʠʞʝʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ 

ʙʦʣʴʰʝʡ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴʶ, ʯʝʤ ʚʤʝʱʘʶʱʠʡ ʤʘʩʩʠʚ. ʅʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʩʣʝʜʫʝʪ ʦʧʘʩʘʪʴʩʷ 

ʧʨʦʷʚʣʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʥʦʢ ʠ ʩʚʦʜʘ ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʳʤ ʦʙʨʫʰʝʥʠʝʤ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʫʩʪʦʡʯʠʚʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʠ ʢʣʠʥʴʝʚ. 

ʅʘ ʇʂ 7+10 ʙʫʜʝʪ ʧʨʦʡʜʝʥʘ ʟʦʥʘ ʩʤʝʩʪʠʪʝʣʷ ʀʦʥʘʭʰʩʢʦʛʦ ʨʘʟʣʦʤʘ (ʱʝʙʝʥʴ ʠ ʦʙʣʦʤʢʠ 

ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʫʧʝʩʴ ʠ ʩʫʛʣʠʥʠʩʪʦʛʦ 

ʤʘʪʝʨʠʘʣʘ), ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 1-3 ʤ. ʄʦʱʥʦʩʪʴ ʦʧʝʨʷʶʱʝʡ ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ 

ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʩʦʩʪʘʚʣʷʝʪ 5-7 ʤ. ɸʟʠʤʫʪ ʧʘʜʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʩʤʝʩʪʠʪʝʣʷ 130Á, ʫʛʦʣ ʧʘʜʝʥʠʷ 

85Á. 

ɺ ʧʨʝʜʝʣʘʭ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʙʣʦʢʘ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʀʦʥʘʭʰʩʢʠʤ ʠ 35-ʤ ʨʘʟʣʦʤʘʤʠ, ʙʫʜʝʪ 

ʨʘʩʧʦʣʦʞʝʥ 3-ʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʪʦʥʥʝʣʴ, ʛʣʫʙʠʥʥʳʡ ʠ ʰʘʭʪʥʳʡ ʚʦʜʦʩʙʨʦʩʳ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʵʪʦʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʚ ʮʝʣʦʤ ʠʜʝʥʪʠʯʥʳ ʫʯʘʩʪʢʫ 

ʣʝʚʦʙʝʨʝʞʥʳʭ ʦʩʥʦʚʥʳʭ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʝʞʜʫ ʀʦʥʘʭʰʩʢʠʤ ʠ 35 

ʨʘʟʣʦʤʘʤʠ. ɺʤʝʱʘʶʱʝʡ ʩʨʝʜʦʡ ʫʢʘʟʘʥʥʳʭ ʚʳʨʘʙʦʪʦʢ ʙʫʜʫʪ ʢʨʫʪʦʧʘʜʘʶʱʠʝ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ 

ʛʘʫʨʜʘʢʩʢʠʝ, ʷʚʘʥʩʢʠʝ, ʢʳʟʳʣʪʘʰʩʢʠʝ ʠ ʦʙʠʛʘʨʤʩʢʠʝ ʦʪʣʦʞʝʥʠʷ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʢʘʤʝʨ ʟʘʪʚʦʨʦʚ, ʙʳʣʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʨʘʩʧʦʣʦʞʠʪʴ ʠʭ ʚ 

ʧʨʝʜʝʣʘʭ ʢʳʟʳʣʪʘʭʰʩʢʦʡ ʧʘʯʢʠ (Klkz), ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʧʝʩʯʘʥʠʢʘʤʠ (83,3%) ʩ ʧʨʦʩʣʦʷʤʠ 

ʘʣʝʚʨʦʣʠʪʦʚ (6,6%) ʠ ʘʨʛʠʣʣʠʪʦʚ (10,1%). 

ʂʦʥʮʝʚʳʝ ʫʯʘʩʪʢʠ 3-ʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʪʦʥʥʝʣʷ, ʛʣʫʙʠʥʥʦʛʦ ʠ ʰʘʭʪʥʦʛʦ ʚʦʜʦʩʙʨʦʩʘ 

ʤʘʢʩʠʤʘʣʴʥʦ ʫʜʘʣʝʥʳ ʦʪ ʦʧʦʣʟʥʝʚʦʛʦ ʩʢʣʦʥʘ ʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʤʦʥʦʢʣʠʥʘʣʴʥʦʡ ʪʦʣʱʝ 

ʤʠʥʛʙʘʪʤʘʥʩʢʠʭ ʠ ʣʷʪʦʙʘʥʩʢʠʭ ʧʦʨʦʜ ʥʠʞʥʝʛʦ ʤʝʣʘ (Kimq, Kilt ). 

ʇʦ ʜʘʥʥʳʤ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʚʝʨʭʥʠʭ ʦʪʤʝʪʢʘʭ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʪʣʦʚʘʥʘʤ ʫʯʘʩʪʢʦʚ ʢʦʥʮʝʚʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʚʳʷʚʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʥʠʞʝʥʠʝ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ɿʘʣʝʛʘʥʠʝ ʧʦʨʦʜ ʟʜʝʩʴ ʦʩʣʦʞʥʝʥʦ 

ʛʨʘʚʠʪʘʮʦʥʥʦ-ʦʧʦʣʟʥʝʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʋʯʠʪʳʚʘʷ ʨʘʟʜʨʦʙʣʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʥʠʟʢʠʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ, ʢʦʥʩʪʨʫʢʮʠʶ ʚʳʭʦʜʥʳʭ ʧʦʨʪʘʣʦʚ ʩʣʝʜʫʝʪ ʟʘʱʠʪʠʪʴ ʦʪ 

ʦʙʨʫʰʠʚʘʶʱʠʭʩʷ ʤʘʩʩ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. ʇʦ ʧʨʦʝʢʪʫ ʩʪʨʦʠʪʝʣʴʥʳʡ ʪʦʥʥʝʣʴ ˉ3 ʚ ʨʘʡʦʥʝ ʧʠʢʝʪʘ 8+28 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʯʝʨʝʟ 400 ʤ ʧʦʩʣʝ ʨʝʤʦʥʪʥʳʭ ʟʘʪʚʦʨʦʚ ʧʝʨʝʩʝʢʘʝʪ ʀʦʥʘʭʰʩʢʠʡ ʨʘʟʣʦʤ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʛʨʘʥʠʮʝ ʤʘʩʩʠʚʦʚ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʘʨʛʠʣʣʠʪʦʚ. ʇʦ ʨʘʟʣʦʤʫ ʬʠʢʩʠʨʫʶʪʩʷ 

ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ, ʧʦʵʪʦʤʫ ʥʘ ʫʯʘʩʪʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 
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ʨʘʟʣʦʤʘ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʜʝʣʢʠ. ʄʦʱʥʦʩʪʴ ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ ʨʘʟʣʦʤʘ 

(ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʣʠʥʟʳ), ʧʦ ʫʪʦʯʥʸʥʥʳʤ ʜʘʥʥʳʤ, ʩʦʢʨʘʱʝʥʘ ʩ 35 ʜʦ 10 ʤ, ʤʦʱʥʦʩʪʴ ʛʣʠʥʢʠ 

ʪʨʝʥʠʷ ʜʦ 1 ʤ. ʇʦ ʨʘʟʣʦʤʫ ʬʠʢʩʠʨʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ. ʉʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ ʩʤʝʱʝʥʠʷ ʧʦ ʨʘʟʣʦʤʫ ʜʦ 5 ʤʤ ʚ ʛʦʜ. ʅʘʧʨʘʚʣʝʥʠʝ ʩʤʝʱʝʥʠʷ: ʣʝʞʘʯʝʝ ʢʨʳʣʦ ï ʚʥʠʟ, 

ʚʠʩʷʯʝʝ ʢʨʳʣʦ ï ʚʚʝʨʭ ʧʦ ʧʣʦʩʢʦʩʪʠ ʨʘʟʣʦʤʘ. 

ɺ ʟʦʥʝ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʪʨʘʥʩʧʦʨʪʥʳʤ ʪʫʥʥʝʣʝʤ ʫʛʦʣ ʧʘʜʝʥʠʷ ʨʘʟʣʦʤʘ 85Ü, ʫʛʦʣ ʧʨʦʩʪʠʨʘʥʠʷ 

45Ü (ʦʪʩʯʝʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʩʝʚʝʨ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ). ʋʛʦʣ ʧʨʦʩʪʠʨʘʥʠʷ ʪʦʥʥʝʣʷ ʉʊ-3 ʚ 

ʤʝʩʪʝ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʨʘʟʣʦʤʦʤ 155Ü. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʛʦʣ ʤʝʞʜʫ ʪʦʥʥʝʣʝʤ ʉʊ-3 ʠ 

ʧʨʦʩʪʠʨʘʥʠʝʤ ʨʘʟʣʦʤʘ ʩʦʩʪʘʚʣʷʝʪ 70Ü, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩʫʥʦʢ 1. ʇʣʘʥ ʧʝʨʝʩʝʯʝʥʠʷ ʪʦʥʥʝʣʷ ʉʊ-3 ʈʦʛʫʥʩʢʦʡ ɻʕʉ ʩ ʀʦʥʘʭʰʩʢʠʤ ʨʘʟʣʦʤʦʤ 

Figure 1. Plan of intersection of the ST-3 tunnel of the Rogun hydroelectric station with the 

Ionakhsh fault 

1 ï ʫʛʦʣ ʧʨʦʩʪʠʨʘʥʠʷ ʀʦʥʘʭʰʩʢʦʛʦ ʨʘʟʣʦʤʘ (45Ü, ʦʪʩʯʝʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʩʝʚʝʨ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ); 2, 

3 ï ʫʛʣʳ ʤʝʞʜʫ ʪʫʥʥʝʣʝʤ ʠ ʧʨʦʩʪʠʨʘʥʠʝʤ ʨʘʟʣʦʤʘ (110Ü ʠ 70Ü); 4 ï ʥʘʧʨʘʚʣʝʥʠʝ ʧʘʜʝʥʠʷ ʨʘʟʣʦʤʘ 

 

ɺʘʨʠʘʥʪ ˉ1 (ʉʨʝʜʘʟʛʠʜʨʦʧʨʦʝʢʪ). ɺ ʩʦʩʪʘʚʝ ʧʨʦʝʢʪʘ ʉʨʝʜʘʟʛʠʜʨʦʧʨʦʝʢʪʘ ʨʘʟʨʘʙʦʪʘʥ 

ʚʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʜʝʣʢʠ ʪʫʥʥʝʣʷ ʚ ʟʦʥʝ ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʟʣʦʤʘ ˉ35 [4], ʠʤʝʶʱʝʛʦ 

ʤʦʱʥʦʩʪʴ, ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʫʶ, ʯʝʤ ʀʦʥʘʭʰʩʢʠʡ ʨʘʟʣʦʤ. ʇʦʵʪʦʤʫ ʚʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʮʠʠ 

ʦʙʜʝʣʢʠ ʪʦʥʥʝʣʷ ʙʳʣ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʩʣʦʚʠʷʤ ʀʦʥʘʭʰʩʢʦʛʦ ʨʘʟʣʦʤʘ, 

ʠʤʝʶʱʝʛʦ ʤʦʱʥʦʩʪʴ ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ 10 ʤ ʠ ʤʦʱʥʦʩʪʴ ʛʣʠʥʢʠ ʪʨʝʥʠʷ ï 1 ʤ. ʇʨʠ ʵʪʦʤ ʙʳʣʠ 

ʧʨʠʥʷʪʳ ʚʦ ʚʥʠʤʘʥʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʦʙʜʝʣʢʠ ʚʘʨʠʘʥʪʦʚ ʪʫʥʥʝʣʷ ˉ2 ʠ 

ˉ3 ʚ ʟʦʥʝ ʀʦʥʘʭʰʩʢʦʛʦ ʨʘʟʣʦʤʘ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʪʦʣʱʝʥʠʠ ʪʠʧʦʚʦʡ ʤʦʥʦʣʠʪʥʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ 

ʦʙʜʝʣʢʠ ʥʘ ʫʯʘʩʪʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʨʘʟʣʦʤʦʤ ʜʦ 1,8 ʤ ʩ ʨʘʟʨʝʟʢʦʡ ʦʙʜʝʣʢʠ ʥʘ 7 ʩʝʢʮʠʡ ʜʣʠʥʦʡ ʧʦ 

3,0 ʤ. ɺ ʤʝʩʪʘʭ ʩʦʧʨʷʞʝʥʠʷ ʫʪʦʣʱʝʥʥʦʡ ʦʙʜʝʣʢʠ ʩ ʪʠʧʦʚʦʡ ʦʙʜʝʣʢʦʡ ʫʩʪʨʘʠʚʘʶʪʩʷ ʝʱʝ 2 

ʩʦʧʨʷʛʘʶʱʠʝ ʩʝʢʮʠʠ ʜʣʠʥʥʦʡ ʧʦ 1,5 ʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʫʯʘʩʪʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʨʘʟʣʦʤʦʤ 

ʩʦʟʜʘʝʪʩʷ 8 ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ ʰʠʨʠʥʦʡ ʧʦ 30 ʤʤ ʩ ʘʨʤʘʪʫʨʥʳʤʠ ʩʚʷʟʷʤʠ. ʆʙʱʘʷ ʜʣʠʥʘ 

ʢʦʥʩʪʨʫʢʮʠʠ (ʚʢʣʶʯʘʷ ʩʦʧʨʷʛʘʶʱʠʝ ʩʝʢʮʠʠ) ʩʦʩʪʘʚʣʷʝʪ 24,0 ʤ. 
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ʈʠʩʫʥʦʢ 2. ɺʘʨʠʘʥʪ ˉ1 (ʉʨʝʜʘʟʛʠʜʨʦʧʨʦʝʢʪ). ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʩʠʩʪʝʤʳ çʩʪʨʦʠʪʝʣʴʥʳʡ ʪʫʥʥʝʣʴ ˉ3 ï ʚʤʝʱʘʶʱʠʡ ʩʢʘʣʴʥʳʡ ʤʘʩʩʠʚè ʥʘ 

ʫʯʘʩʪʢʝ ʀʦʥʘʭʰʩʢʦʛʦ ʨʘʟʣʦʤʘ 

Figure 2. Option No. 1 (Sredazgidroproekt). Spatial finite element approximation of the 

ñconstruction tunnel No. 3 ï enclosing rock massò system on the Ionakhsh fault section 

 
1 ï ʧʝʩʯʘʥʠʢ; 2 ï ʟʦʥʘ ʜʨʦʙʣʝʥʠʷ; 3 ï ʛʣʠʥʢʘ ʪʨʝʥʠʷ; 4 ï ʘʨʛʠʣʣʠʪʳ; 5 ï ʪʠʧʦʚʘʷ ʦʙʜʝʣʢʘ ʪʫʥʥʝʣʷ; 6 ï 

ʦʙʜʝʣʢʘ ʥʘ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʤ ʫʯʘʩʪʢʝ 

 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʪʦʥʥʝʣʷ ʩ ʦʙʜʝʣʢʦʡ ʧʦ ʚʘʨʠʘʥʪʫ ˉ1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. ʈʘʟʤʝʨʳ ʙʣʦʢʘ 

ʩʢʘʣʴʥʦʛʦ ʤʘʩʩʠʚʘ, ʚʤʝʱʘʶʱʝʛʦ ʪʦʥʥʝʣʴ, ʩʦʩʪʘʚʣʷʶʪ 90 ʤ ʧʦ ʜʣʠʥʝ ʪʦʥʥʝʣʷ, 55 ʤ ʧʦ ʚʳʩʦʪʝ ʠ 

80 ʤ ʧʦ ʰʠʨʠʥʝ. ʄʦʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʠʟ 123 256 ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʂʕ), ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ 

ʦʙʲʝʤʥʳʭ ʂʕ ʪʠʧʘ SOLID ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʢʘʣʴʥʦʛʦ ʤʘʩʩʠʚʘ (90 272 ʂʕ) ʠ ʫʪʦʣʱʝʥʥʳʭ 

ʩʝʢʮʠʡ ʦʙʜʝʣʢʠ (12 090 ʂʕ), ʦʙʦʣʦʯʝʯʥʳʭ ʂʕ ʪʠʧʘ SHELL ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʠʧʦʚʦʡ ʦʙʜʝʣʢʠ 

ʪʦʥʥʝʣʷ (4 092 ʂʕ), ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ CONTA/TARGE ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩʝʢʮʠʡ (4 960 ʂʕ) ʠ ʦʙʜʝʣʢʠ ʩʦ ʩʢʘʣʴʥʳʤ 

ʤʘʩʩʠʚʦʤ (11 842 ʂʕ). 

 

ʈʠʩʫʥʦʢ 3. ɺʘʨʠʘʥʪ ˉ 1. ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ (1) 

ʠ ʫʪʦʣʱʝʥʥʳʭ ʩʝʢʮʠʡ ʦʙʜʝʣʢʠ (2) 

Figure 3. Option No. 1. Finite element approximation of expansion joints (1) and thickened 

lining sections (2) 
1) 2) 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʩʤʝʱʝʥʠʷʭ ʧʦ 

ʨʘʟʣʦʤʫ 10, 50 ʠ 100 ʤʤ. ɸʥʘʣʠʟ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʩʤʝʱʝʥʠʠ ʧʦ ʨʘʟʣʦʤʫ ʥʘ 10 

ʤʤ ʧʨʦʠʟʦʰʣʠ ʟʘʤʝʪʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʜʚʫʤ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʰʚʘʤ; ʧʨʠ ʩʤʝʱʝʥʠʠ ʨʘʟʣʦʤʘ 

ʥʘ 50 ʠ 100 ʤʤ ï ʧʦ ʯʝʪʳʨʝʤ ʰʚʘʤ. 
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ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʫʨʦʯʝʥʳ ʢ ʚʠʩʷʯʝʤʫ ʢʨʳʣʫ 

ʨʘʟʣʦʤʘ ʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʜʚʫʭ ʢʦʣʴʮʘʭ, ʯʝʪʳʨʝ ʢʦʣʴʮʘ ʫ ʣʝʞʘʯʝʛʦ ʢʨʳʣʘ ʨʘʟʣʦʤʘ çʥʝ 

ʨʘʙʦʪʘʶʪè. ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʠʣʠʡ ʤʝʞʜʫ ʢʦʣʴʮʘʤʠ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʢʨʳʪʠʝ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʦʞʥʷʶʱʠʝ ʨʘʙʦʪʫ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ 

ʦʨʠʝʥʪʘʮʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ ʧʣʦʭʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʤʝʱʝʥʠʷ ʨʘʟʣʦʤʘ. 

ɺʘʨʠʘʥʪ ˉ2 (ʊʆʅʆ ʕʅɽʈɼɾʀ ɹɸʁʅɸʃʄʀʃɸʃ, ʀʨʘʥ). ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʪʘʢʞʝ ʚ ʫʪʦʣʱʝʥʠʠ ʪʠʧʦʚʦʡ ʤʦʥʦʣʠʪʥʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʦʙʜʝʣʢʠ ʥʘ ʫʯʘʩʪʢʝ 

ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʨʘʟʣʦʤʦʤ. ʇʦ ʚʘʨʠʘʥʪʫ ˉ 2 ʪʦʣʱʠʥʘ ʦʙʜʝʣʢʠ ʧʨʠʥʷʪʘ 2,5 ʤ ʩ ʨʘʟʨʝʟʢʦʡ ʧʦ ʜʣʠʥʝ 

ʪʦʥʥʝʣʷ ʥʘ 8 ʩʝʢʮʠʡ ʜʣʠʥʦʡ ʧʦ 3. ɺ ʤʝʩʪʘʭ ʩʦʧʨʷʞʝʥʠʷ ʫʪʦʣʱʝʥʥʦʡ ʦʙʜʝʣʢʠ ʩ ʪʠʧʦʚʦʡ 

ʦʙʜʝʣʢʦʡ ʫʩʪʨʘʠʚʘʶʪʩʷ ʝʱʝ 2 ʩʦʧʨʷʛʘʶʱʠʝ ʩʝʢʮʠʠ ʜʣʠʥʦʡ ʧʦ 4,0 ʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʫʯʘʩʪʢʝ 

ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʨʘʟʣʦʤʦʤ ʩʦʟʜʘʝʪʩʷ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 9 ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ ʰʠʨʠʥʦʡ ʧʦ 30 

ʤʤ ʩʦ ʰʪʨʘʙʘʤʠ ʠ ʘʨʤʘʪʫʨʥʳʤʠ ʩʚʷʟʷʤʠ. ʆʙʱʘʷ ʜʣʠʥʘ ʢʦʥʩʪʨʫʢʮʠʠ (ʚʢʣʶʯʘʷ ʩʦʧʨʷʛʘʶʱʠʝ 

ʩʝʢʮʠʠ) ʩʦʩʪʘʚʣʷʝʪ 32,0 ʤ. 

 

ʈʠʩʫʥʦʢ 4. ɺʘʨʠʘʥʪ ˉ 2 (ʊʆʅʆ ʕʅɽʈɼɾʀ ɹɸʁʅɸʃʄʀʃɸʃ). ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʩʠʩʪʝʤʳ çʩʪʨʦʠʪʝʣʴʥʳʡ ʪʫʥʥʝʣʴ ˉ3 ï ʚʤʝʱʘʶʱʠʡ 

ʤʘʩʩʠʚè ʥʘ ʫʯʘʩʪʢʝ ʀʦʥʘʭʰʩʢʦʛʦ ʨʘʟʣʦʤʘ 

Figure 4. Option No. 2 (TONO ENERGY BAINALMILAL). Spatial finite element 

approximation of the ñconstruction tunnel No. 3 ï enclosing massifò system on the Ionakhsh 

fault section 
1 ï ʧʝʩʯʘʥʠʢ; 2 ï ʟʦʥʘ ʜʨʦʙʣʝʥʠʷ; 3 ï ʛʣʠʥʢʘ ʪʨʝʥʠʷ; 4 ï ʘʨʛʠʣʣʠʪʳ; 5 ï ʪʠʧʦʚʘʷ ʦʙʜʝʣʢʘ ʪʫʥʥʝʣʷ; 6 ï 

ʫʪʦʣʱʝʥʥʘʷ ʦʙʜʝʣʢʘ ʩʦ ʰʪʨʘʙʥʳʤʠ ʰʚʘʤʠ 

 

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʯʝʨʪʝʞʘʭ (ʧʨʠʣʦʞʝʥʠʝ ˉ2) ʧʦʢʘʟʘʥʳ ʪʦʣʴʢʦ 6 

ʫʪʦʣʱʝʥʥʳʭ ʩʝʢʮʠʡ ʦʙʜʝʣʢʠ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʣʥʦʩʪʴʶ ʦʭʚʘʪʳʚʘʣʠ ʟʦʥʫ ʧʝʨʝʩʝʯʝʥʠʷ ʪʦʥʥʝʣʷ ʩ 

ʟʦʥʦʡ ʜʨʦʙʣʝʥʠʷ ʨʘʟʣʦʤʘ ʠ ʛʣʠʥʢʦʡ ʪʨʝʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʨʘʩʯʝʪʘʭ ʢʦʣʠʯʝʩʪʚʦ ʫʪʦʣʱʝʥʥʳʭ 

ʩʝʢʮʠʡ ʫʚʝʣʠʯʝʥʦ ʜʦ 8. 

ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʚʘʨʠʘʥʪʘ ˉ2 ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʚʘʨʠʘʥʪʘ ˉ1 ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʤ ʨʝʰʝʥʠʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ: 

¶ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʰʚʳ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʳ ʰʪʘʙʥʳʤʠ; 

¶ ʘʨʤʘʪʫʨʥʳʝ ʩʚʷʟʠ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʳ ʚ ʜʚʘ ʨʷʜʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʢʦʥʝʯʥʦ- ʣɻʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʪʫʥʥʝʣʷ ʩ ʦʙʜʝʣʢʦʡ ʧʦ ʚʘʨʠʘʥʪʫ ˉ2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. ʈʘʟʤʝʨʳ 

ʫʯʠʪʳʚʘʝʤʦʛʦ ʙʣʦʢʘ ʤʘʩʩʠʚʘ, ʚʤʝʱʘʶʱʝʛʦ ʪʫʥʥʝʣʴ, ʪʘʢʠʝ ʞʝ, ʢʘʢ ʚʦ ʚʘʨʠʘʥʪʝ ˉ 1. ʄʦʜʝʣʴ 

ʧʦʩʪʨʦʝʥʘ ʠʟ 112 905 ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʂʕ), ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ ʦʙʲʝʤʥʳʭ ʂʕ ʪʠʧʘ SOLID ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʢʘʣʴʥʦʛʦ ʤʘʩʩʠʚʘ (54 240 ʂʕ) ʠ ʫʪʦʣʱʝʥʥʳʭ ʩʝʢʮʠʡ ʦʙʜʝʣʢʠ ʩʦ ʰʪʨʘʙʥʳʤʠ 

ʰʚʘʤʠ (33 600 ʂʕ), ʦʙʦʣʦʯʝʯʥʳʭ ʂʕ ʪʠʧʘ SHELL ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʠʧʦʚʦʡ ʦʙʜʝʣʢʠ ʪʫʥʥʝʣʷ 

(1 800 ʂʕ), ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ CONTA/TARGE (ʨʠʩʫʥʢʝ 5) ʜʣʷ 
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ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (13 860 ʂʕ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʰʪʨʘʙʥʳʝ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʰʚʳ ʩ ʥʘʯʘʣʴʥʳʤ ʨʘʩʢʨʳʪʠʝʤ 30 ʤʤ; 9 345 ʂʕ ï ʥʘ ʢʦʥʪʘʢʪʝ çʙʝʪʦʥ ï 

ʚʤʝʱʘʶʱʠʡ ʤʘʩʩʠʚè). 

 

ʈʠʩʫʥʦʢ 5. ɺʘʨʠʘʥʪ ˉ2. ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʰʪʨʘʙʥʳʭ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ 

ʰʚʦʚ 

Figure 5. Option No. 2. Finite element approximation of groove expansion joints 

(1) ʠ ʫʪʦʣʱʝʥʥʳʭ ʩʝʢʮʠʡ ʦʙʜʝʣʢʠ (2) 

 

ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʫʨʦʯʝʥʳ ʢ ʚʠʩʷʯʝʤʫ ʢʨʳʣʫ 

ʨʘʟʣʦʤʘ ʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʯʝʪʳʨʝʭ ʫʪʦʣʱʝʥʥʳʭ ʢʦʣʴʮʘʭ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʝʪʳʨʝ 

ʫʪʦʣʱʝʥʥʳʭ ʢʦʣʴʮʘ ʠ ʧʝʨʝʭʦʜʥʦʝ ʢʦʣʴʮʦ ʫ ʣʝʞʘʯʝʛʦ ʢʨʳʣʘ ʨʘʟʣʦʤʘ ʧʨʘʢʪʠʯʝʩʢʠ çʥʝ ʨʘʙʦʪʘʶʪè 

ʧʨʠ ʩʤʝʱʝʥʠʠ ʧʦ ʨʘʟʣʦʤʫ. ɿʘ ʩʯʝʪ ʰʪʨʘʙ ʢʦʥʩʪʨʫʢʮʠʷ ʩʪʘʣʘ ʙʦʣʝʝ ʞʝʩʪʢʦʡ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʝʜʳʜʫʱʠʤ ʚʘʨʠʘʥʪʦʤ ˉ1) ʠ ʚ ʨʘʙʦʪʫ ʚʦʚʣʝʯʝʥʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʝʮ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚʦʟʨʦʩʣʠ. 

ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʚʘʨʠʘʥʪʝ ˉ1, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʠʣʠʡ ʤʝʞʜʫ ʢʦʣʴʮʘʤʠ ʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʢʨʳʪʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʦʞʥʷʶʱʠʝ ʨʘʙʦʪʫ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʦʨʠʝʥʪʘʮʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʤʝʱʝʥʠʷ ʨʘʟʣʦʤʘ. 

ɺʘʨʠʘʥʪ ˉ3 (ELECTROCONSULT, ʀʪʘʣʠʷ) 

ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʪʨʦʡʩʪʚʝ ʪʨʸʭʩʣʦʡʥʦʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 

ʦʙʜʝʣʢʠ. ʅʘʨʫʞʥʘʷ ʞʝʣʝʟʦʙʝʪʦʥʥʘʷ ʦʙʜʝʣʢʘ ʪʦʣʱʠʥʦʡ 3,5 ʤ ʨʘʟʨʝʟʘʥʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʰʚʘʤʠ ʯʝʨʝʟ 5,0 ʤ. ʉʨʝʜʥʠʡ ʩʣʦʡ ʪʦʣʱʠʥʦʡ 1,5 ʤ ʚʳʧʦʣʥʷʝʪ, ʧʦ ʟʘʤʳʩʣʫ ʘʚʪʦʨʦʚ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʜʝʤʧʬʠʨʫʶʱʫʶ ʨʦʣʴ ʠ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥ ʠʟ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ. ɺʥʫʪʨʝʥʥʠʡ ʞʝʣʝʟʦʙʝʪʦʥʥʘʷ 

ʦʙʜʝʣʢʘ ʪʦʣʱʠʥʦʡ 0,5 ʤ ï ʥʝʨʘʟʨʝʟʥʘʷ ʥʘ ʚʩʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʫʯʘʩʪʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʟʣʦʤʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʘʷ ʪʦʣʱʠʥʘ ʪʨʝʭʩʣʦʡʥʦʡ ʦʙʜʝʣʢʠ ʩʦʩʪʘʚʣʷʝʪ 5,5 ʤ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 6, ʧʨʝʜʣʦʞʝʥʦ ʧʷʪʴ ʨʷʜʦʚʳʭ ʩʝʢʮʠʡ ʜʣʠʥʦʡ ʧʦ 5ʤ ʠ ʯʝʪʳʨʝ 

ʧʝʨʝʭʦʜʥʳʭ ʩʝʢʮʠʠ (ʧʦ ʜʚʝ ʩ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ) ʜʣʠʥʦʡ ʪʘʢʞʝ ʧʦ 5ʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʫʯʘʩʪʢʝ 

ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʨʘʟʣʦʤʦʤ ʩʦʟʜʘʶʪʩʷ 6 ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ ʚ ʟʦʥʝ ʨʷʜʦʚʳʭ ʩʝʢʮʠʡ (ʧʦ 

ʫʪʦʣʱʝʥʥʦʡ ʪʨʝʭʩʣʦʡʥʦʡ ʦʙʜʝʣʢʝ) ʠ 2 ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʘ ʚ ʟʦʥʝ ʧʝʨʝʭʦʜʥʳʭ ʩʝʢʮʠʡ (ʧʦ 

ʫʪʦʣʱʝʥʥʦʡ ʦʜʥʦʩʣʦʡʥʦʡ ʦʙʜʝʣʢʝ). ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʧʦʣʫʯʘʝʪʩʷ 8 ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ. 

ʆʙʱʘʷ ʜʣʠʥʘ ʢʦʥʩʪʨʫʢʮʠʠ (ʚʢʣʶʯʘʷ ʩʦʧʨʷʛʘʶʱʠʝ ʩʝʢʮʠʠ) ʩʦʩʪʘʚʣʷʝʪ 45 ʤ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 6, ʧʨʝʜʣʦʞʝʥʦ ʧʷʪʴ ʨʷʜʦʚʳʭ ʩʝʢʮʠʡ ʜʣʠʥʦʡ ʧʦ 5ʤ ʠ ʯʝʪʳʨʝ 

ʧʝʨʝʭʦʜʥʳʭ ʩʝʢʮʠʠ (ʧʦ ʜʚʝ ʩ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ) ʜʣʠʥʦʡ ʪʘʢʞʝ ʧʦ 5ʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʫʯʘʩʪʢʝ 

ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʨʘʟʣʦʤʦʤ ʩʦʟʜʘʶʪʩʷ 6 ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ ʚ ʟʦʥʝ ʨʷʜʦʚʳʭ ʩʝʢʮʠʡ (ʧʦ 

ʫʪʦʣʱʝʥʥʦʡ ʪʨʝʭʩʣʦʡʥʦʡ ʦʙʜʝʣʢʝ) ʠ 2 ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʘ ʚ ʟʦʥʝ ʧʝʨʝʭʦʜʥʳʭ ʩʝʢʮʠʡ (ʧʦ 

ʫʪʦʣʱʝʥʥʦʡ ʦʜʥʦʩʣʦʡʥʦʡ ʦʙʜʝʣʢʝ). ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʧʦʣʫʯʘʝʪʩʷ 8 ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ. 

ʆʙʱʘʷ ʜʣʠʥʘ ʢʦʥʩʪʨʫʢʮʠʠ (ʚʢʣʶʯʘʷ ʩʦʧʨʷʛʘʶʱʠʝ ʩʝʢʮʠʠ) ʩʦʩʪʘʚʣʷʝʪ 45 ʤ. 
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ʈʠʩʫʥʦʢ 6. ɺʘʨʠʘʥʪ ˉ3 (ELECTROCONSULT, ʀʪʘʣʠʷ). ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʦʥʝʯʥʦ- 

ʵʣʝʤʝʥʪʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʩʠʩʪʝʤʳ çʩʪʨʦʠʪʝʣʴʥʳʡ ʪʫʥʥʝʣʴ ˉ3 ï ʚʤʝʱʘʶʱʠʡ ʤʘʩʩʠʚè 

ʥʘ ʫʯʘʩʪʢʝ ʀʦʥʘʭʰʩʢʦʛʦ ʨʘʟʣʦʤʘ 

Figure 6. Option No. 3 (ELECTROCONSULT, Italy). Spatial finite element approximation of 

the ñconstruction tunnel No. 3 ï enclosing massifò system on the Ionakhsh fault section 

1ïʧʝʩʯʘʥʠʢ; 2 ï ʟʦʥʘ ʜʨʦʙʣʝʥʠʷ; 3 ï ʛʣʠʥʢʘ ʪʨʝʥʠʷ; 4 ï ʘʨʛʠʣʣʠʪʳ; 5 ï ʪʠʧʦʚʘʷ ʦʙʜʝʣʢʘ ʪʫʥʥʝʣʷ; 6 ï 

ʥʘʨʫʞʥʘʷ ʨʘʟʨʝʟʥʘʷ ʞʝʣʝʟʦʙʝʪʦʥʥʘʷ ʦʙʜʝʣʢʘ; 7 ï ʜʝʤʧʬʠʨʫʶʱʠʡ ʩʣʦʡ ʠʟ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ; 8 ï 

ʚʥʫʪʨʝʥʥʷʷ ʥʝʨʘʟʨʝʟʥʘʷ ʞʝʣʝʟʦʙʝʪʦʥʥʘʷ ʦʙʜʝʣʢʘ. 

 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʪʫʥʥʝʣʷ ʩ ʦʙʜʝʣʢʦʡ ʧʦ ʚʘʨʠʘʥʪʫ ˉ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6. ʈʘʟʤʝʨʳ 

ʫʯʠʪʳʚʘʝʤʦʛʦ ʙʣʦʢʘ ʩʢʘʣʴʥʦʛʦ ʤʘʩʩʠʚʘ, ʚʤʝʱʘʶʱʝʛʦ ʪʫʥʥʝʣʴ, ʪʘʢʠʝ ʞʝ, ʢʘʢ ʚʦ ʚʘʨʠʘʥʪʝ ˉ1. 

ʄʦʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʠʟ 94 364 ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʂʕ), ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ ʦʙʲʝʤʥʳʭ ʂʕ ʪʠʧʘ 

SOLID ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʤʝʱʘʶʱʝʛʦ ʤʘʩʩʠʚʘ (48 112 ʂʕ), ʫʪʦʣʱʝʥʥʳʭ ʩʝʢʮʠʡ ʥʘʨʫʞʥʦʡ 

ʦʙʜʝʣʢʠ (14 260 ʂʕ), ʜʝʤʧʬʠʨʫʶʱʝʛʦ ʩʣʦʷ ʠʟ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ (6 386 ʂʕ), ʦʙʦʣʦʯʝʯʥʳʭ ʂʕ 

ʪʠʧʘ SHELL ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʠʧʦʚʦʡ ʦʙʜʝʣʠ ʪʫʥʥʝʣʷ ʠ ʚʥʫʪʨʝʥʥʝʡ ʦʙʜʝʣʢʠ (4 526 ʂʕ), ʠ 

ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ CONTA/TARGE ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʪʘʢʪʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (4 960 ʂʕ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʰʚʳ ʚ ʥʘʨʫʞʥʦʡ ʦʙʜʝʣʢʝ ʩ 

ʥʘʯʘʣʴʥʳʤ ʨʘʩʢʨʳʪʠʝʤ 30 ʤʤ; 10 292 ʂʕ ï ʥʘ ʢʦʥʪʘʢʪʝ çʙʝʪʦʥ ï ʚʤʝʱʘʶʱʠʡ ʤʘʩʩʠʚè, 5 828 ʂʕ 

ï ʥʘ ʢʦʥʪʘʢʪʝ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ ʠ ʞʝʣʝʟʦʙʝʪʦʥʘ). 

ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʫʨʦʯʝʥʳ ʢ ʚʠʩʷʯʝʤʫ ʢʨʳʣʫ 

ʨʘʟʣʦʤʘ ʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʫʪʦʣʱʝʥʥʦʤ ʢʦʣʴʮʝ; ʯʝʪʳʨʝ ʫʪʦʣʱʝʥʥʳʭ ʢʦʣʴʮʘ ʠ 

ʧʝʨʝʭʦʜʥʳʝ ʢʦʣʴʮʘ ʫ ʣʝʞʘʯʝʛʦ ʢʨʳʣʘ ʨʘʟʣʦʤʘ ʧʨʘʢʪʠʯʝʩʢʠ çʥʝ ʨʘʙʦʪʘʶʪè ʧʨʠ ʩʤʝʱʝʥʠʠ ʧʦ 

ʨʘʟʣʦʤʫ. 

ʅʘʧʨʷʞʝʥʠʷ ʚ ʪʨʝʭʩʣʦʡʥʦʡ ʦʙʜʝʣʢʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʝʨʘʚʥʦʤʝʨʥʦ. ɺʦ ʚʥʝʰʥʝʡ ʦʙʜʝʣʢʝ 

ʥʘʠʙʦʣʴʰʠʝ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦʣʫʯʝʥʳ ʚ ʢʦʣʴʮʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʜʦʩʪʠʛʘʶʪ +26,0 

ʄʇʘ. ɺʦ ʚʥʫʪʨʝʥʥʝʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʦʙʜʝʣʢʝ ʥʘʠʙʦʣʴʰʠʝ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ 

ʜʦʩʪʠʛʘʶʪ +24,6 ʄʇʘ. ɺ ʜʝʤʧʬʠʨʫʶʱʝʤ ʩʣʦʝ ʠʟ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ ʜʠʘʧʘʟʦʥ ʥʘʧʨʷʞʝʥʠʡ ʦʪ -

3,25 ʜʦ +1,75 ʄʇʘ. 

ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʚʘʨʠʘʥʪʘʭ, ʫʢʘʟʘʥʥʳʝ ʩʣʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʩʚʷʟʘʥʳ ʩ ʪʝʤ, 

ʯʪʦ ʦʨʠʝʥʪʘʮʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʤʝʱʝʥʠʷ ʨʘʟʣʦʤʘ. 

ɺʳʚʦʜʳ: 

1. ʅʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʘ ʨʘʙʦʪʳ ʦʙʜʝʣʢʠ ʧʨʠ ʩʤʝʱʝʥʠʠ ʧʦ 

ʫʢʘʟʘʥʥʳʤ ʨʘʟʣʦʤʘʤ ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʩʪʦʷʥʥʦʡ ʦʙʜʝʣʢʠ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʪʦʥʥʝʣʷ ˉ3 ʚ ʟʦʥʝ ʧʝʨʝʩʝʯʝʥʠʷ ʀʦʥʘʭʰʩʢʦʛʦ ʨʘʟʣʦʤʘ  
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ˉ1, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʧʨʦʝʢʪʝ ʉʨʝʜʘʟʛʠʜʨʦʧʨʦʝʢʪʘ; 

ˉ2, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʬʠʨʤʝ ʊʆʅʆ ʕʅɽʈɼɾʀ ɹɸʁʅɸʃʄʀʃɸʃ (ʀʨʘʥ); 

ˉ3, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʙʶʨʦ ELECTROCONSULT (ʀʪʘʣʠʷ). 

2. ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʜʝʣʢʠ ʚ ʟʦʥʝ ʧʝʨʝʩʝʯʝʥʠʷ 

ʀʦʥʘʭʰʩʢʦʛʦ ʨʘʟʣʦʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʨʠʝʥʪʘʮʠʷ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ 

ʰʚʦʚ ʦʙʨʘʟʫʝʪ ʙʦʣʴʰʦʡ ʫʛʦʣ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʤʝʱʝʥʠʷ ʨʘʟʣʦʤʘ. ʉ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ, ʦʨʠʝʥʪʘʮʠʷ ʰʚʦʚ ʥʝʫʜʘʯʥʘ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ 

ʰʚʦʚ, ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʝʢʮʠʷʭ ʠ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʧʦʜʟʝʤʥʳʭ 

ʨʘʙʦʪ. 

3. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʩʝ ʚʘʨʠʘʥʪʳ ʦʙʜʝʣʢʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʡʦʥʝ ʀʦʥʘʭʰʩʢʦʛʦ ʨʘʟʣʦʤʘ ʩ ʨʘʩʯʝʪʥʳʤ 

ʩʤʝʱʝʥʠʝʤ ʥʘ ʫʨʦʚʥʝ 50ï100 ʤʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ. 

3.1. ɺʘʨʠʘʥʪ ʉʨʝʜʘʟʛʠʜʨʦʧʨʦʝʢʪʘ - ʩʘʤʳʡ ʵʢʦʥʦʤʥʳʡ ʧʦ ʨʘʩʭʦʜʫ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝʜʦʩʪʘʪʦʯʥʘʷ (ʩʤʝʱʝʥʠʝ ʧʦ ʨʘʟʣʦʤʫ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʥʘ 4-ʝ ʠʟ 8-ʠ 

ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ), ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʢʦʣʴʮʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʜʦ +39,0 ʄʇʘ) ʧʦʪʨʝʙʫʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʘʨʤʠʨʦʚʘʥʠʷ ʩʝʢʮʠʡ. 

3.2. ʂʦʥʩʪʨʫʢʮʠʷ ʪʦʥʥʝʣʷ ʚ ʚʘʨʠʘʥʪʝ ʊʆʅʆ ʕʅɽʈɼɾʀ ɹɸʁʅɸʃʄʀʃɸʃ (ʀʨʘʥ) ï ʩʘʤʘʷ 

ʞʝʩʪʢʘʷ ʟʘ ʩʯʝʪ ʰʪʨʘʙʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ, ʧʦʵʪʦʤʫ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʥʝʡ 

ʥʘʠʙʦʣʴʰʠʝ (+44,3ʄʇʘ ʚ ʢʦʣʴʮʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ +23,8ʄʇʘ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ), ʯʪʦ 

ʧʦʪʨʝʙʫʝʪ ʥʘʠʙʦʣʴʰʝʛʦ ʘʨʤʠʨʦʚʘʥʠʷ. 

3.3. ɺʘʨʠʘʥʪ ʙʶʨʦ ELECTROCONSULT (ʀʪʘʣʠʷ) ï ʩʘʤʳʡ ʤʘʪʝʨʠʘʣʦʝʤʢʠʡ. ɼʣʷ ʝʛʦ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʚʳʝʤʢʫ ʜʣʠʥʦʡ 45 ʤ ʠ ʜʠʘʤʝʪʨʦʤ 25 ʤ ʜʣʷ ʧʝʨʝʩʝʯʝʥʠʷ 

ʀʦʥʘʭʰʩʢʦʛʦ ʨʘʟʣʦʤʘ ʤʦʱʥʦʩʪʴʶ 11ʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ (ʚ 

ʥʘʨʫʞʥʦʡ ʦʙʜʝʣʢʝ ʜʦ +26,0ʄʇʘ ʧʨʠ ʪʦʣʱʠʥʝ 3,5 ʤ, ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʦʙʜʝʣʢʝ ʜʦ 24,6ʄʇʘ ʧʨʠ 

ʪʦʣʱʠʥʝ 0,5 ʤ) ʜʦʣʞʥʳ ʚʦʟʨʘʩʪʠ ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ ʜʝʤʧʬʠʨʫʶʱʝʛʦ ʩʣʦʷ. 

4.ɺʳʙʦʨ ʦʩʥʦʚʥʦʛʦ ʚʘʨʠʘʥʪʘ ʜʦʣʞʝʥ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʩʦʧʦʩʪʘʚʣʝʥʠʠ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʦʙʲʝʤʘʤ ʩʢʘʣʴʥʦʡ ʚʳʝʤʢʠ, ʨʘʩʭʦʜʫ ʙʝʪʦʥʘ ʠ 

ʘʨʤʘʪʫʨʳ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʫ ʨʘʙʦʪ. 

5.ɼʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʜʝʣʢʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʪʦʯʥʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʨʘʩʯʝʪʥʦʝ ʩʤʝʱʝʥʠʝ ʧʦ ʨʘʟʣʦʤʫ ʩ ʫʯʝʪʦʤ ʨʘʩʯʝʪʥʦʛʦ ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʫʥʥʝʣʷ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʫʧʣʦʪʥʝʥʠʶ ʩʪʨʦʠʪʝʣʴʥʳʭ ʰʚʦʚ. 

6. ʉʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʦʚ ʩʢʘʣʴʥʦʡ ʚʳʝʤʢʠ ʠ ʙʝʪʦʥʘ ʠ ʨʘʩʭʦʜʘ ʘʨʤʘʪʫʨʳ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʜʝʣʢʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʪʫʥʥʝʣʷ ˉ3 ʚ ʟʦʥʝ ʧʝʨʝʩʝʯʝʥʠʷ 

ʀʦʥʘʭʰʩʢʦʛʦ ʨʘʟʣʦʤʘ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ. 
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ÔÙÞÔáÚÍ ÙÌØßÐÌÙÔ ÖÚÙÝÞÜßÖÝÔëÔ ÜßÛäÖßÙÔÔ ÙÌÉÍÔ ÝÚáÞØÚÙÔÔ ÙÍÚ 
ÜÚÀßÙ ÐÌÜ ØÔÙÞÌÉÌÔ äÔÖÌÝÞÌÔ ÔÚÙÌáäÔ 

Ðìü øìėú÷ì ùìþôĔìĕúô ĕôýúí îì íìĕúðôĕĒ íì îìüôìùþô öúùýþüÿöýôċĕúô ðúôøôô üÿûĘĄöÿùôô 
ùìėíô ýúāþøúùôô Ĝ3-ô ÙÍÚ ÜúĎÿù ðìü øôùþìėìô íÿüüôĄĕúô Ąôöìýþìô ÔúùìāĄ ïÿóìüúùôðìĄÿðì 
úîìüðì Ąÿðììýþ. Ýñ îìüôìùþô þìüĕüñóôô üÿûĘĄöÿùôô ùìėí íìüüìýĒ Ąÿð. Øÿėúôýìô îìüôìùþĕúô 
öúùýþüÿöýôċô üĘûĘĄöÿùĒ ìó ùÿėþìô ùìóìüô ėìíÿ÷ ùìøÿðìùô ėúíô÷ôċþô ĕìüìöìþĕú ðìü øôùþìėìô 
Ąôöìýþìô ÔúùìāĄ, öô ðìü úù ĕìüìöìþĕúô ĕúóôüìóìøúùô þñöþúùôöĒ ėìõð öìüðì Ąÿðììùð, 
ïÿóìüúùôðì Ąÿð. 

ÚøĘóôĄô āÿýÿýôċþô öúüô üÿûĘĄöÿùĒ ĕìùïúøô ĕìüìöìþ ðìü Ąôöìýþìô Ĕôùýĕúô öĘĕĒ íú 
ôýþôĀúðì ìó ÿýÿ÷ô ÿùýÿüĕúô ùôĕúĒ ðìü Āúüøÿ÷ìô ýñăñùìöì íú ùìóìüðúĄþô ðñĀúüøìþýôċĕúô 
Ďìõüôāìþþôô ėìðöìĄôô öúùþìöþĒ îì öÿĄúðìùô íìýþìĄìîĒ ðìü ėìð-ėìðô ûìõîìùðĕúô îìýñĆöÿùôô 
ûĘĄôĄ ïÿóìüúùôðì Ąÿð. 

Öì÷ôðîìòìĕú: íìĕúðôĕĒ, öúùýþüÿöýôċ, üÿûĘĄöÿùôô ðúôøĒ, ùìėí, Ąôöìýþì, ĕìüìöìþô 
þñöþúùôöĒ, ĔúõôîìóöÿùĒ, ðñĀúüøìþýôċ, Ĕôùýĕúô öĘĕĒ. 

 

ɺʓɹʆʈ ʂʆʅʉʊʈʋʂʎʀʀ ʆɹɼɽʃʂʀ ʉʊ-3 ʈʆɻʋʅʉʂʆʁ ɻʕʉ ɺ ɿʆʅɽ ʇɽʈɽʉɽʏɽʅʀʗ 

ʀʆʅɸʍʐʉʂʆɻʆ ʈɸɿʃʆʄɸ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦ ʦʮʝʥʢʝ ʚʳʙʦʨʘ ʚʘʨʠʘʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʦʩʪʦʷʥʥʦʡ ʦʙʜʝʣʢʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʪʦʥʥʝʣʷ ˉ3 ʈʦʛʫʥʩʢʦʡ ɻʕʉ ʚ ʟʦʥʝ ʧʝʨʝʩʝʯʝʥʠʷ ʀʦʥʘʭʰʩʢʦʛʦ 

ʨʘʟʣʦʤʘ. ʈʘʩʩʤʦʪʨʝʥʳ 3 ʚʘʨʠʘʥʪʘ ʢʦʥʩʪʨʫʢʮʠʡ ʦʙʜʝʣʢʠ ʪʦʥʥʝʣʷ. ʉʨʘʚʥʝʥʠʝ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʨʝʰʝʥʠʡ ʦʙʜʝʣʢʠ ʚʳʧʦʣʥʝʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʜʝʣʦʢ ʚʦʩʧʨʠʥʠʤʘʪʴ ʧʦʜʚʠʞʢʠ ʚ ʟʦʥʝ 

ʀʦʥʘʭʰʩʢʦʛʦ ʨʘʟʣʦʤʘ, ʚ ʢʦʪʦʨʦʡ ʬʠʢʩʠʨʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʘ ʨʘʙʦʪʳ ʦʙʜʝʣʢʠ ʧʨʠ ʧʦʜʚʠʞʢʘʭ ʧʦ ʨʘʟʣʦʤʫ ʚʳʧʦʣʥʝʥʦ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʪʨʝʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ ʫʯʝʪʦʤ ʥʝʣʠʥʝʡʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʩʜʚʠʛʘ ʠ ʨʘʩʢʨʳʪʠʷ-

ʟʘʢʨʳʪʠʷ ʧʦ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʰʚʘʤ ʦʙʜʝʣʢʠ, ʘ ʪʘʢʞʝ ʥʘ ʢʦʥʪʘʢʪʝ ʪʦʥʥʝʣʷ ʩ ʚʤʝʱʘʶʱʠʤ ʤʘʩʩʠʚʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʮʝʥʢʘ, ʢʦʥʩʪʨʫʢʮʠʷ, ʧʦʩʪʦʷʥʥʘʷ ʦʙʜʝʣʢʘ, ʪʦʥʥʝʣʴ, ʨʘʟʣʦʤ, ʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʜʚʠʞʝʥʠʷ, ʩʜʚʠʛ, ʜʝʬʦʨʤʘʮʠʷ, ʤʘʩʩʠʚ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

 

SELECTION OF ST-3 LINING DESIGN FOR ROGUNSKAYA HYDROPOWER PLANT IN THE 

ZONE OF INTERSECTION OF T HE JONAKHSH FAULT  

The article presents the results of calculations performed to evaluate the choice of the permanent lining 

design of the construction tunnel No. 3 of the Rogun HPP in the crossing zone of the Jonakhsh fault. 3 variants 

of tunnel lining structures are considered. The comparison of the variants of lining design solutions is made 

from the point of view of the possibility of lining to accept movements in the zone of the Jonakhsh fault, in 

which modern tectonic movements are fixed.  

The study of the nature of the lining operation during fault movements was carried out by the finite 

element method in a three-dimensional formulation, taking into account nonlinear contact shear and opening-

closing deformations along the deformation joints of the lining, as well as at the contact between the tunnel and 

the host massif. 

Keywords: evaluation, design, permanent lining, tunnel, fault, tectonic movements, shear, deformation, 

rock massif. 
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ʋɼʂ: 536.12.33 

ʊɽʍʅʀʂʆ-ʕʂʆʅʆʄʀʏɽʉʂʆɽ ʆɹʆʉʅʆɺɸʅʀɽ ʃʀʅʀʁ ʕʃɽʂʊʈʆʇɽʈɽɼɸʏʀ 

ʇʆʉʊʆʗʅʅʆɻʆ ʀ ʇɽʈɽʄɽʅʅʆɻʆ ʊʆʂɸ 

 

ɼʞʘʭʦʥʛʠʨʠ ɸ. 

ʀʥʩʪʠʪʫʪ ʵʥʝʨʛʝʪʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥʘ 

 

ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ ʚʘʨʠʘʥʪʦʚ ʚʳʧʦʣʥʝʥʠʷ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʠ ʚʳʙʦʨ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʛʦ ɺʃ ʚ ʇʘʢʠʩʪʘʥ. 

ʊʝʭʥʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʳʝ ʚʘʨʠʘʥʪʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʠʭ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ. ɺ ʪʘʢʦʤ 

ʩʣʫʯʘʝ ʧʨʠʥʷʪʦ ʩʦʧʦʩʪʘʚʣʷʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʪʣʠʯʘʶʱʠʝʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʤʝʨʦʧʨʠʷʪʠʷ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʘʭ, ʘ ʟʘʪʨʘʪʳ ʥʘ ʚʦʩʧʦʣʥʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʰʫʥʪʠʨʫʶʱʠʭ ʨʝʘʢʪʦʨʘʭ, ʚ ʩʠʣʫ ʠʭ ʥʝʟʥʘʯʠʪʝʣʴʥʦʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʪʝʨʴ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʣʠʥʠʷʭ, ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ [1; 4; 9; 2; 5; 7]. 

ʕʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʪʦʪ ʚʘʨʠʘʥʪ, ʚ ʢʦʪʦʨʦʤ 

ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʝ ʟʘʪʨʘʪʳ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 5% ʦʪ ʟʘʪʨʘʪ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʜʨʫʛʠʭ 

ʚʘʨʠʘʥʪʦʚ. ɽʩʣʠ ʪʘʢʦʚʦʡ ʨʘʟʥʠʮʳ ʥʝʪ, ʪʦ ʧʨʝʜʣʦʞʝʥʥʳʝ ʚʘʨʠʘʥʪʳ ʩʯʠʪʘʶʪʩʷ ʨʘʚʥʦ 

ʵʢʦʥʦʤʠʯʥʳʤʠ ʠ ʚʳʙʦʨ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʥʘʜʝʞʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʩʠʩʪʝʤʳ, ʧʦʚʳʰʝʥʥʦʛʦ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʪ.ʧ. [17; 

8]. 

ɼʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩʫʤʤʘʨʥʳʝ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʝ ʟʘʪʨʘʪʳ ʟʘ ʧʝʨʠʦʜ 

ʨʘʚʥʳʡ 15 ʛʦʜʘʤ: 

'

0 0

( ) (1 )
ʨʘʩʯ ʨʘʩʯʊ ʊ

t

ʜʠʩʢ t t tocʪ

t t

ɿ ʂ ʀ K ɽ-

= =

= + - Ö +ä ä  (1.1.) 

ʛʜʝ ʛʦʜʦʚʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʧʦ ʦʙʲʝʢʪʫ ʙʝʟ ʫʯʝʪʘ ʟʘʪʨʘʪ ʥʘ ʘʤʦʨʪʠʟʘʮʠʶ;  

ɽ πȟρ ɽʞʝʛʦʜʥʘʷ ʥʦʨʤʘ ʦʪʯʠʩʣʝʥʠʡ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʬʣʷʪʦʨ ʢ 2000 ʛʦʜʫ: ʂʜʝʬ τȟςυ 

ʅʘ ʚʩʝʭ ʈʋ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʵʣʝʛʘʟʦʚʳʝ ʚʳʢʣʶʯʘʪʝʣʠ. 

ɿʦʥʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ: ʂʟʦʥρȟπυ - ʜʣʷ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ, -ʂʟʦʥρȟρ ʜʣʷ ʧʦʜʩʪʘʥʮʠʡ 
[10; 11; 12]. 

ɺʘʨʠʘʥʪ 1. ʂʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʃʕʇ 500ʢɺ (1 ʫʯʘʩʪʢʘ): 

ʂʚʣ ςϽʂʚʣȢʙʘʟϽʂʟʦʥϽʂʫʩʣϽʂʜʝʬϽὒʣʵʧςϽσωωπϽρȟπυϽτȟςυϽτψπρχπωσρφπ ʪʳʩȢʨʫʙȢ 

(1.2) 

ɺʪʦʨʦʡ ʫʯʘʩʪʦʢ ʜʣʷ ʦʙʦʠʭ ʚʘʨʠʘʥʪʦʚ ʦʜʠʥʘʢʦʚ, ʧʦʵʪʦʤʫ ʠʩʢʣʶʯʘʝʤ ʝʛʦ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ. 

ʂʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʚ ʈʋ: 

ʅʘ ʩʪʘʥʮʠʠ: 

ʂʨʫ ʂʚʳʢʣȢʙʘʟϽʂʟʦʥϽʂʜʝʬϽὲ̫ ʯ ςστππϽρȟρϽτȟςυϽρτ ρυσρυσπ ʪʳʩȢʨʫʙȢ (1.3) 

 

ʂʨʫ ʂʚʳʢʣȢʙʘʟϽʂʟʦʥϽʂʜʝʬϽὲ̫ ʯ ρυπππϽρȟρϽτȟςυϽυ συπφςυ ʪʳʩȢʨʫʙȢ (1.4) 

 

ʅʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʦʜʩʪʘʥʮʠʠ: 

ʂʨʫ ʂʚʳʢʣȢʙʘʟϽʂʟʦʥϽʂʜʝʬϽὲ̫ ʯ ςστππϽρȟρϽτȟςυϽρς ρσρςχτπ ʪʳʩȢʨʫʙȢ (1.5) 

ʂʨʫ Ɇ σςφυπςπ ʪʳʩȢʨʫʙȢ 

ʂʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʚ ʊʈ: 

ʅʘ ʩʪʘʥʮʠʠ: 

ʂʪʨ ʂʪʨȢʙʘʟϽʂʟʦʥϽʂʜʝʬϽὲʪʨ φτψππϽρȟρϽτȟςυϽτ ρςρρχφπ ʪʳʩȢʨʫʙȢ (1.6) 

 

ʂɸʊ ʂʪʨȢʙʘʟϽʂʟʦʥϽʂʜʝʬϽὲʪʨ ττπππϽρȟρϽτȟςυϽς τρρτππ ʪʳʩȢʨʫʙȢ (1.7) 

ʅʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʦʜʩʪʘʥʮʠʠ: 
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ʂɸʊʇʉ ʂʪʨȢʙʘʟϽʂʟʦʥϽʂʜʝʬϽὲʪʨ υφυππϽρȟρϽτȟςυϽσ χωςτρςȟυ ʪʳʩȢʨʫʙȢ (1.8) 

ʂʪʨɆ ςτρυυυφȟυ ʪʳʩȢʨʫʙȢ 

ʂʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: 

ʂh ʨʕʉ ʂh ʨʙʘʟϽʂʜʝʬϽʂʟʦʥϽὲh ʨ τσχππϽτȟςυϽρȟρϽς τπψυωυ ʪʳʩȢʨʫʙȢ (1.9) 

ʅʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʇʉ ʥʘ ʥʘʧʨʷʞʝʥʠʝ 330ʢɺ ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʀʈʄ-330/90/180 ʠ 

ʜʦʩʪʘʚʣʷʝʤ ɹʉʂ, ʢʦʪʦʨʳʝ ʧʦʜʢʣʶʯʘʝʤ ʢ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʡ ʦʙʤʦʪʢʝ 10ʢɺ. ʄʦʱʥʦʩʪʴ ʢʘʞʜʦʡ 

ɹʉʂ 12ʄʚʘʨ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ 44 ʰʪʫʢʠ. 

ʊʘʢ ʢʘʢ ʚ ʵʪʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʩʨʘʚʥʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʯʘʩʪʠ ʚʘʨʠʘʥʪʦʚ, ʪʦ 

ʦʧʨʝʜʝʣʠʤ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʪʦʣʴʢʦ ʚ ʥʠʭ ʂʙʢ
ʇʉ

ʂɹʂʙʘʟϽʂʟʦʥϽʂʜʝʬϽὲɹʂ συππϽτȟςυϽρȟρϽ

σψ φςρχχυ ʪʳʩȢʨʫʙȢρȢρπ 
ὗʋʇʂ σϽὍʥʙϽ ɢʫʧʢ Ͻὲʮ Ͻρπ σϽρπχψȟυφϽσπȟυϽσϽρπ σρωȟτςʄɺ (1.11) 

ʂʋʇʂ ψςχȟχϽρȟρϽτȟςυϽσρωȟτς ρςσυωωτȟψωρ ʪʳʩȢʨʫʙȢ (1.12) 

ʅʘ ʧʨʠʝʤʥʦʤ ʢʦʥʮʝ ʩʠʩʪʝʤʳ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʤ ʀʈʄ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʙʘʪʘʨʝʷʤʠ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ. ʂʦʣʠʯʝʩʪʚʦ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʀʈʄ ʚ ʦʙʦʠʭ ʚʘʨʠʘʥʪʘʭ ʩʦʚʧʘʜʘʝʪ, ʧʦʵʪʦʤʫ ʫʯʪʝʤ 

ʪʦʣʴʢʦ ʩʪʦʠʤʦʩʪʴ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ɹʉʂ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʨʘʟʣʠʯʘʝʪʩʷ. ɺʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ 4 ʰʪ. ʙʦʣʴʰʝ, ʧʦʵʪʦʤʫ ʠʭ ʩʪʦʠʤʦʩʪʴ ʫʯʪʝʤ, ʢʦʛʜʘ ʙʫʜʝʤ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʚʦ ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ [13; 16; 17]. 

  ʂɼʆʇВ ςςφφσφτȟψωρ ʪʳʩȢʨʫʙȢ 

ʇʦʩʪʦʷʥʥʘʷ ʯʘʩʪʴ ʟʘʪʨʘʪ: 

ʅʘ ʩʪʘʥʮʠʠ: 

ʂʇʆʉʊ ʂʇʆʉʊȢʙʘʟϽʂʟʦʥϽʂɼɽʌ ρψππππϽρȟρϽτȟςυ ψτρυππ ʪʳʩȢʨʫʙȢ (1.13) 

ʂʇʆʉʊ ʂʇʆʉʊȢʙʘʟϽʂʟʦʥϽʂɼɽʌ ςρπππϽρȟρϽτȟςυ ωψρχυ ʪʳʩȢʨʫʙȢρȢρτ 
ʅʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʦʜʩʪʘʥʮʠʠ: 

ʂʇʆʉʊ ʂʇʆʉʊȢʙʘʟϽʂʟʦʥϽʂɼɽʌ ρψππππϽρȟρϽτȟςυ  ψτρυππ ʪʳʩȢʨʫʙȢ (1.15) 

ʂʇʆʉʊВ ρχψρρχυ ʪʳʩȢʨʫʙȢ 

ʉʫʤʤʘʨʥʳʝ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ 

ʂɆ
ʩʭ ςυςςωψφχȟσωρ ʪʳʩȢʨʫʙȢ 

ɻʦʜʦʚʳʝ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ: 

ȹɅ ʈʥ ʈʢ 1230 ςχπωȟτςσωπȟυχχ ʄɺʪ (1.16) 

ȹɅ ʈʥ ʈʢ ςςψτȟτςσςςτρȟσσ τσȟπωσʄɺʪ (1.17) 

† ʊʥʙ Ͻ
ʊʥʙ ϽφσφχϽ χψςυȟςτωʯȾʛʦʜ (1.18) 

 † ʊʥʙ Ͻ
ʊʥʙ Ͻφςττȟυτσ Ͻ

ȟ
υπτωȟρρψ ʯȾʛʦʜ (1.19) 

ȹʕ ЎʈϽ† ȹɅ Ͻ† ωπȟυχχϽχψςυȟςτωτσȟπωσϽυπτωȟρρψωςφσφωȟςςρ
ʪʳʩȢʢɺʪϽʯ

ʛʦʜ
 

(1.20) 

ʀʧʦʪ ȹʕϽʎɻ ʵ
ωςφσφωȟςςρϽρȟω ρχφπρπρȟυρω ʪʳʩȢʨʫʙȢ (1.21) 

ʀʟʜʝʨʞʢʠ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ. 

ʀʦʙʩʣȢʨʝʤ ʀʦʙʩʣȢʨʝʤ
ʃʕʇ ʀʦʙʩʣȢʨʝʤ

ʇʉ ‌ʦʙʩʣȢʨʝʤ
ʃʕʇ ʂʃʕʇ ‌ʦʙʩʣȢʨʝʤ

ʇʉ ʂʇʉ πȟππψϽςυφσωχτππȟπτω Ͻ

σςφυπςπςτρυυυφȟυ ςςφφσφτȟψωρρχψρρχυφψρχωφȟτπχ ʪʳʩȢʨʫʙȢ (1.22) 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʟʘ ʢʘʞʜʳʡ ʛʦʜ: 

ʀ ʀʦʙʩʣȢʨʝʤʀʧʦʪ φψρχωφȟτπχρχφπρπρȟυρωςττρψωχȟωςφ ʪʳʩȢʨʫʙȢ (1.23) 

ʈʘʩʯʝʪ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʭ ʟʘʪʨʘʪ. 

ɿɆ
ʩʭ φτυρωχπςȟπυ ʪʳʩȢʨʫʙȢ 

ɺʘʨʠʘʥʪ 2. ʂʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʃʕʇ 750ʢɺ (1 ʫʯʘʩʪʢʘ). 

ʂʚʣ ςϽʂʚʣȢʙʘʟϽʂʟʦʥϽʂʫʩʣϽʂʜʝʬϽὒʣʵʧςϽφρςπϽρȟπυϽτȟςυϽτψπςφςρψπψπ ʪʳʩȢʨʫʙȢ 

(1.23) 

ɺʪʦʨʦʡ ʫʯʘʩʪʦʢ ʜʣʷ ʦʙʦʠʭ ʚʘʨʠʘʥʪʦʚ ʦʜʠʥʘʢʦʚ, ʧʦʵʪʦʤʫ ʠʩʢʣʶʯʘʝʤ ʝʛʦ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ. 

ʂʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʚ ʈʋ. 

ʅʘ ʩʪʘʥʮʠʠ: 
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ʊʘʙʣʠʮʘ 1. ɼʠʩʢʦʥʪʠʨʦʚʘʥʥʳʝ ʟʘʪʨʘʪʳ 

Table 1. Discounted costs 
t, ʛʦʜ 

    

0 25229867,391 0 1,0000 25229867,391 

1 25229867,391 0 0,9091 22936456,2 

2 0 2441897,926 0,8264 2018097,46 

3 0 2441897,926 0,7513 1834634,054 

4 0 2441897,926 0,6830 1667849,14 

5 0 2441897,926 0,6209 1516226,491 

6 0 2441897,926 0,5645 1378387,719 

7 0 2441897,926 0,5132 1253079,745 

8 0 2441897,926 0,4665 1139163,404 

9 0 2441897,926 0,4241 1035603,095 

10 0 2441897,926 0,3855 941457,3588 

11 0 2441897,926 0,3505 855870,3262 

12 0 2441897,926 0,3186 778063,9329 

13 0 2441897,926 0,2897 707330,8481 

14 0 2441897,926 0,2633 643028,0437 

15 0 2441897,926 0,2394 584570,9489 

 

ʂʨʫ ʂʚʳʢʣȢʙʘʟϽʂʟʦʥϽʂʜʝʬϽὲ̫ ʯ τσπππϽρȟρϽτȟςυϽρς ςτρςσππ ʪʳʩȢʨʫʙȢ (1.24) 

ʂʨʫ ʂʚʳʢʣȢʙʘʟϽʂʟʦʥϽʂʜʝʬϽὲ̫ ʯ ςππππϽρȟρϽτȟςυϽφ υφρπππ ʪʳʩȢʨʫʙȢ (1.25) 

ʅʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʦʜʩʪʘʥʮʠʠ: 

ʂʨʫ ʂʚʳʢʣȢʙʘʟϽʂʟʦʥϽʂʜʝʬϽὲ̫ ʯ ςστππϽρȟρϽτȟςυϽψ ψχυρφπ ʪʳʩȢʨʫʙȢ (1.26) 

ʈʋ 330ʢɺ ʠ 10ʢɺ ʠ ʈʋ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ ʩʦʚʧʘʜʘʶʪ, ʧʦʵʪʦʤʫ ʠʩʢʣʶʯʘʝʤ ʠʭ ʠʟ 

ʨʘʩʩʤʦʪʨʝʥʠʷ. 

ʂʨʫ Ɇ φπυωχσυ ʪʳʩȢʨʫʙȢ 

ʂʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʚ ʊʈ. 

ʅʘ ʩʪʘʥʮʠʠ: 

ʂʪʨ ʂʪʨȢʙʘʟϽʂʟʦʥϽʂʜʝʬϽὲʪʨ ρσφψππϽρȟρϽτȟςυϽτ ςυυψρφπ ʪʳʩȢʨʫʙȢρȢςχ 

ʂɸʊ ʂʪʨȢʙʘʟϽʂʟʦʥϽʂʜʝʬϽὲʪʨ ρτφτππϽρȟρϽτȟςυϽς ρσφψψτπ ʪʳʩȢʨʫʙȢ (1.28) 

ʅʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʦʜʩʪʘʥʮʠʠ: 

ʂɸʊʉ ʂʪʨȢʙʘʟϽʂʟʦʥϽʂʜʝʬϽὲʪʨ ρυυπππϽρȟρϽτȟςυϽσ  ςρχσψχυ ʪʳʩȢʨʫʙȢρȢςω  

ʂɸʊʇʉ ʂʪʨȢʙʘʟϽʂʟʦʥϽʂʜʝʬϽὲʪʨ ρτφτππϽρȟρϽτȟςυϽς ρσφψψτπ ʪʳʩȢʨʫʙȢ (1.30) 

ʂʪʨɆ 7469715 ʪʳʩ.ʨʫʙ. 

ʂʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ʂh ʨʕʉ ʂh ʨʙʘʟϽʂʜʝʬϽʂʟʦʥϽὲh ʨ ψπςππϽτȟςυϽρȟρϽσ ρρςτψπυ ʪʳʩȢʨʫʙȢ (1.31) 

ʅʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʇʉ ʥʘ ʥʘʧʨʷʞʝʥʠʝ 220 ʢɺ ʫʩʪʘʥʘʚʣʠʚʘʝʤ 3ʭʀʈʄ220/90/180 ʠ 

ʜʦʩʪʘʚʣʷʝʤ ɹʉʂ, ʢʦʪʦʨʳʝ ʧʦʜʢʣʶʯʘʝʤ ʢ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʡ ʦʙʤʦʪʢʝ 10 ʢɺ. ʄʦʱʥʦʩʪʴ ʢʘʞʜʦʡ 

ɹʉʂ 12 ʄʚʘʨ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ 6 ʰʪʫʢ (ʪ.ʢ. ʚ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 

ʙʦʣʴʰʝ ʰʪʫʢ, ʪʦ ʠʭ ʩʪʦʠʤʦʩʪʴ ʫʯʪʝʥʘ ʚ 1 ʚʘʨʠʘʥʪʝ) [12; 8; 14; 7]. 

ʊʘʢ ʢʘʢ ʚ ʵʪʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʩʨʘʚʥʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʯʘʩʪʠ ʚʘʨʠʘʥʪʦʚ, ʪʦ 

ʦʧʨʝʜʝʣʠʤ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʪʦʣʴʢʦ ʚ ʥʠʭ. 

ʂʀʈʄ
ʇʉ

ʂʀʈʄʙʘʟϽʂʟʦʥϽʂʜʝʬϽὲh ʨ υτφσπϽτȟςυϽρȟρϽς υρπχωπȟυ ʪʳʩȢʨʫʙȢ (1.32) 

ʅʘ ʧʨʠʝʤʥʦʤ ʢʦʥʮʝ ʩʠʩʪʝʤʳ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʤ ʀʈʄ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʙʘʪʘʨʝʷʤʠ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ. ʂʦʣʠʯʝʩʪʚʦ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʀʈʄ ʚ ʦʙʦʠʭ ʚʘʨʠʘʥʪʘʭ ʩʦʚʧʘʜʘʝʪ, ʧʦʵʪʦʤʫ ʫʯʪʝʤ 

ʪʦʣʴʢʦ ʩʪʦʠʤʦʩʪʴ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ɹʉʂ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʨʘʟʣʠʯʘʝʪʩʷ. ɺʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ 4 ʰʪ. ʙʦʣʴʰʝ. 

ʂʙʢ
ʩʠʩʪ

ʂɹʂʙʘʟϽʂʜʝʬϽʂʟʦʥϽὲɹʂ συππϽτȟςυϽρȟρϽτ φυτυπ ʪʳʩȢʨʫʙȢ (1.33) 

ʂɼʆʇВ 1701045,5 ʪʳʩ.ʨʫʙ. 

ʇʦʩʪʦʷʥʥʘʷ ʯʘʩʪʴ ʟʘʪʨʘʪ. 

ʅʘ ʩʪʘʥʮʠʠ: 
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ʂʇʆʉʊ ʂʇʆʉʊȢʙʘʟϽʂʟʦʥϽʂɼɽʌ σπφπππϽρȟρϽτȟςυ ρτσπυυπ ʪʳʩȢʨʫʙȢρȢστ 

ʂʇʆʉʊ ʂʇʆʉʊȢʙʘʟϽʂʟʦʥϽʂɼɽʌ ωυπππϽρȟρϽτȟςυ τττρςυ ʪʳʩȢʨʫʙȢ (1.35) 

ʅʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʦʜʩʪʘʥʮʠʠ 

ʂʇʆʉʊ ʂʇʆʉʊȢʙʘʟϽʂʟʦʥϽʂɼɽʌ σπφπππϽρȟρϽτȟςυ ρτσπυυπ ʪʳʩȢʨʫʙȢ (1.36) 

 

ʂʇʆʉʊ ʂʇʆʉʊȢʙʘʟϽʂʟʦʥϽʂɼɽʌ ρψππππϽρȟρϽτȟςυ ψτρυππ ʪʳʩȢʨʫʙȢ (1.37) 

ʉʫʤʤʘʨʥʳʝ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ. 

ʂɆ
ʩʭ τυυωυσππȟυ ʪʳʩȢʨʫʙȢ 

ɻʦʜʦʚʳʝ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ȹɅ ʈʥ ʈʢ 1230 ςχυυȟφςωττȟσχρ ʄɺʪ (1.38) 

ȹɅ ʈʥ ʈʢ ςσσπȟφςωςςψυȟχσ ττȟψωω ʄɺʪ (1.39) 

† ʊʥʙ Ͻ
ʊʥʙ Ͻφσφχ Ͻ χψςυȟςτω ʯȾʛʦʜ (1.40) 

† ʊʥʙ Ͻ
ʊʥʙ Ͻφςττȟυτσ  Ͻ

ȟ
υπτωȟρρψ ʯȾʛʦʜ (1.41) 

ȹʕ ЎʈϽ† ȹɅ Ͻ† ττȟσχρϽχψςυȟςτωττȟψωωϽυπτωȟρρψ υχστωρȟωπω
ʪʳʩȢʢɺʪϽʯ

ʛʦʜ
 

(1.42) 

ʀʧʦʪ ȹʕϽʎɻ ʵ
υχστωρȟωπωϽρȟω ρπψωφστȟφςχ ʪʳʩȢʨʫʙȢρȢτσ 

ʀʟʜʝʨʞʢʠ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ. 

ʀʦʙʩʣȢʨʝʤ0,008ϽςφςρψπψππȟπτωϽφπυωχσυχτφωχρυρχπρπτυȟυ τρτφυφυ

ρρυωςςψȟττυʪʳʩȢʨʫʙȢ (1.44) 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʟʘ ʢʘʞʜʳʡ ʛʦʜ. 

ʀ ʀʦʙʩʣȢʨʝʤʀʧʦʪ ρρυωςςψȟττυρπψωφστȟφςχςςτψψφσȟπυφ ʪʳʩȢʨʫʙȢ (1.45) 

ʈʘʩʯʝʪ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʭ ʟʘʪʨʘʪ. 

 

ʊʘʙʣʠʮʘ 2. ɼʠʩʢʦʥʪʠʨʦʚʘʥʥʳʝ ʟʘʪʨʘʪʳ 

Table 2. Discounted costs 
t, ʛʦʜ 

    

0 45595300,5 0 1,0000 45595300,5 

1 45595300,5 0 0,9091 41450687,68 

2 0 2248863,056 0,8264 1858564,522 

3 0 2248863,056 0,7513 1689604,111 

4 0 2248863,056 0,6830 1536003,737 

5 0 2248863,056 0,6209 1396367,034 

6 0 2248863,056 0,5645 1269424,576 

7 0 2248863,056 0,5132 1154022,342 

8 0 2248863,056 0,4665 1049111,22 

9 0 2248863,056 0,4241 953737,4569 

10 0 2248863,056 0,3855 867034,0663 

11 0 2248863,056 0,3505 788212,7875 

12 0 2248863,056 0,3186 716557,0795 

13 0 2248863,056 0,2897 651415,5269 

14 0 2248863,056 0,2633 592195,9335 

15 0 2248863,056 0,2394 538359,9396 

 

ɿɆ
ʩʭ ρπςρπφυωψȟυσ ʪʳʩȢʨʫʙȢ 

ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʭ ʟʘʪʨʘʪ. 

ɿʜ‏
ɿɆ
ʩʭ
ɿɆ
ʩʭ

ɿɆ
ʩʭ ϽρππϷ

ȟ Ȣ

ȟ
 =  

σχυψφψωφȟτψ

ρπςρπφυωψȟυσ
ʭρππσφȟψ Ϸ ρȢτφ 
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ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚʦʟʜʫʰʥʘʷ ʣʠʥʠʷ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 2ʭ500 ʢɺ 

ʵʬʬʝʢʪʠʚʥʝʝ ʚ 36,8% ʦʜʥʦʡ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʥʘʧʨʷʞʝʥʠʝʤ 750 ʢɺ [3; 

15; 6; 2; 5; 7]. 

ɺʳʚʦʜʳ  

1. ɺʧʝʨʚʳʝ ʚ ʈʝʩʧʫʙʣʠʢʘʭ ʊʘʜʞʠʢʠʩʪʘʥ ʠ ʂʳʨʛʳʟʩʪʘʥ ʨʝʰʠʣʠ ʧʝʨʝʜʘʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʵʥʝʨʛʠʶ ʟʘ ʧʨʝʜʝʣʳ ʛʦʩʫʜʘʨʩʪʚʘ ʩʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʧʦʜʩʪʘʥʮʠʠ Ñ500 ʢɺ ʚ ʍʘʪʣʦʥʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʇʨʠʚʝʜʝʥʘ ʢʘʨʪʘ ʪʨʘʩʩʳ ɺʃ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʜʦ ɸʬʛʘʥʠʩʪʘʥʘ ʠ ʇʘʢʠʩʪʘʥʘ ʥʘʧʨʷʞʝʥʠʝʤ Ñ500 

ʢɺ. 

2. ʈʘʩʯʸʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

ʥʘʧʨʷʞʝʥʠʝʤ Ñ500 ʢɺ ʧʦʢʘʟʘʣ ʝʸ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʥʠʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

ʥʘʧʨʷʞʝʥʠʝʤ 750ʢɺ. 
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ØßÉÚÔÝÌÝÚÓÔÔ ÞÑáÙÔÖÔê ÔÉÞÔÝÚÐÔÔ áÌÞÞÔ ÔÙÞÔÉÚ×Ô ÍÌÜÉÄ ÆÌÜÌ¾ÙÔ 

ÐÚÔØÄ ÎÌ ÞÌÀÕÔÜ¾ÍÌÙÐÌ  
Ðìü øìėú÷ì øÿėúôýìýúóôô þñāùôöôĊ ôėþôýúðôô îìüôìùþĕúô ĕôýúí îì ôĔüúôĄô ôùþôėú÷ô 

ĉùñüïôċ îì ôùþôāúíô øìėýìðùúöô áÇ ðìü ÞúĔôöôýþúù ðôðì íìüúøìðì Ąÿðììýþ. Íìüúô ĕìü ċö 
îìüôìùþ ĔìøĆô Āìóìĕúô āìüúĔúþ ðìü ðìîüìô íìüúíìü íì 15 ýú÷ ĕôýúí öìüðì Ąÿðììýþ, āìüúĔúþô 
ýú÷úùìô ôýþôĀúðìíìüĒ ðúôü íì úíĆñöþ íñ ùìóìüðúĄþô āìüúĔúþ íìüúô ìøúüþôóìþýôċ, øñĆČüô ýú÷úùì 
Ĕÿðú Ąÿðììýþ. ÖúĉĀĀôþýôñùþô ĕôýúíô øôùþìėìîĒ íìüúô āìþĕúô ĕìîúĒ, íìüúô óñüôýþïúĕĕú, 

øÿėúôýìóúôô øìĀĕÿøĕúô āìüúĔúþĕúô ðôýöúùþĒ. Íìüúô ĕôýúíô þìĔĕôóúþĕú ðìü óñüôýþïúĕĕú îì 
āìþĕúô ôùþôėú÷ô íìüė ðôðì íìüúøìðì Ąÿðììýþ, íìü óìøøô ôù, íú øÿėúôýìô þñāùôöôĊ ôėþôýúðĒ 

íìõùô ðÿ āìþ, ċĆùñ āìþþô ôùþôėú÷ô íìüėĒ υππ öÎ îì 750 öÎ íì ûÿüìïĒ øÿėúôýìô úù ðìü Ĕìðîì÷ĕú 
ùôĄúù ðúðì Ąÿðììýþ. Ôù øìĆùúô úùüú ðúüìð, öô āìþĕúô ĕìîúôô ôùþôėú÷ô íìüėô ĔìüìČùô ðúôøĒ 

υππ öÎ ìó ċö āìþþô ôùþôėú÷ô íìüėô ĔìüìČùô þìĎõôüČíìùðì íú Ąôððìþô 750 öÎ þú 36,8% 
ýìøìüìùúöþìü øñíúĄìð. Ôùþôėú÷ô íìüė ìó Æÿøĕÿüôô ÞúĔôöôýþúù íì āúüôĔô öôĄîìü ðìü ĕìĔøô 

1300 ØÎþ íú Čüôô āìþþô ôùþôėú÷ô íìüėô ĕìîúôô ĄôððìþìĄ υππ öÎ úĎúó ïìüðôðììýþ. Ðìü ÷úôĕìô 
øìóöÿü Æÿøĕÿüôô ÉôüĎôóôýþúù íú ôùþôėú÷ô íìüė ðìü ĕìĔøô 300 øÎþ íì Æÿøĕÿüôô ÞúĔôöôýþúù îì 
íú øìėýìðô øôùíìĆð ôùþôėú÷ô úù íì ÌĀĎúùôýþúù îì Ûúöôýþúù ôĄþôüúö øñöÿùìð. 
ÔýþôĀúðìíìüìùðìïúùô ôù ĉùñüïôċ ðìü āúüôĔ ÌĀĎúùôýþúù ðìü ĕìĔøô 300 ØÎþ îì Ûúöôýþúù ðìü 
ĕìĔøô 1000 ØÎþ øñíúĄìð. Ùìāÿýþôù íúü ðìü Æÿøĕÿüôô ÞúĔôöôýþúù îì ÉôüĎôóôýþúù ðìü íúüìô 

ĀÿüĘĄô ĉùñüïôċô ĉ÷ñöþüôöĒ íú íìüûú ùìøÿðìùô óñüôýþïúĕĕúô íú Ąôððìþô υππ öÎ ðìü îô÷úċþô 
áìþ÷úù ėìüúü ėìíÿ÷ öìüðì Ąÿð, öô ôù ùì þìùĕú íì øìùĀôìþô Ĕÿøĕÿüôô øú, íì÷öô íìüúô ÚýôČô 
ØìüöìóĒ îì ÆìùÿíĒ øìùĀôìþùúö āúĕìð íÿð. áìüôþìô Ąúĕüúĕô āìþþô ôùþôėú÷ô ĕìîúôô ĔìüìČùô 

ðúôøĒ þú ÌĀĎúùôýþúù îì Ûúöôýþúù íú Ąôððìþô υππ öÎ ûñĄùôĕúð Ąÿðììýþ.  
Öì÷ôðîúòìĕú: āìþþô ĕìîúĒ, ĔìüìČùô ðúôøĒ, óñüôýþïúĕ, ôùþôėú÷ô íìüė, ĔìüìČùô þìĎôõüČíìùðì, 

÷úôĕì, ĀÿüĘĄô ĉùñüïôċ, āìüúĔúþô ðôýöúùþ, øÿėúôýìýúóĒ.  
 

ʊɽʍʅʀʂʆ-ʕʂʆʅʆʄʀʏɽʉʂʆɽ ʉʈɸɺʅɽʅʀɽ ʃʀʅʀʁ ʇɽʈɽɼɸʏʀ ʇʆʉʊʆʗʅʅʆɻʆ ʀ 

ʇɽʈɽʄɽʅʅʆɻʆ ʊʆʂɸ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ ʚʘʨʠʘʥʪʦʚ ʨʘʩʯʸʪʘ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʝʜʘʯʠ 

ʵʥʝʨʛʠʠ ʠ ʮʝʣʝʚʦʡ ʚʳʙʦʨ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ. ɼʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʨʘʩʩʯʠʪʘʥʘ ʩʫʤʤʘ 

ʟʘʪʨʘʪ ʧʦ ʵʪʘʧʘʤ ʟʘ ʧʝʨʠʦʜ, ʨʘʚʥʳʡ 15 ʛʦʜʘʤ, ʛʦʜʦʚʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʦʙʲʝʢʪʘ ʙʝʟ ʫʯʸʪʘ 

ʟʘʪʨʘʪ ʥʘ ʘʤʦʨʪʠʟʘʮʠʶ ï ʚʳʜʝʣʝʥʥʘʷ ʛʦʜʦʚʘʷ ʩʪʘʚʢʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʩʯʸʪʘ ʜʣʷ 

ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ, ʜʣʷ ʧʦʜʩʪʘʥʮʠʡ, ʩʨʘʚʥʝʥʠʝ ʢʦʥʮʝʧʮʠʡ ʫʯʸʪʥʳʭ ʟʘʪʨʘʪ. ɼʣʷ ʨʘʩʯʸʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 

ʧʦʜʩʪʘʥʮʠʷʭ ʠ ʣʠʥʠʷʭ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʧʦʤʠʤʦ ʵʪʦʛʦ ʚ ʪʘʙʣʠʮʘʭ ʧʨʠʚʝʜʝʥʦ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ 

ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʣʠʥʠʡ, ʪ.ʝ. ʃʕʇ Ñ500 ʢɺ ʠ 750 ʢɺ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʦʟʜʫʰʥʘʷ ʣʠʥʠʷ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ Ñ500 ʢɺ ʜʦ 36,8% ʵʬʬʝʢʪʠʚʥʝʝ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

ʥʘʧʨʷʞʝʥʠʝʤ 750 ʢɺ. ʅʘʯʘʪʘ ʧʝʨʝʜʘʯʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʟʘ ʛʨʘʥʠʮʫ ʚ ʦʙʲʸʤʝ 

1300 ʄɺʪ ʩ ʧʦʤʦʱʴʶ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʥʘʧʨʷʞʝʥʠʝʤ Ñ500 ʢɺ. ʂʳʨʛʳʟʩʢʘʷ 

ʈʝʩʧʫʙʣʠʢʘ ʫʯʘʩʪʚʫʝʪ ʚ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ, ʧʝʨʝʜʘʚʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʚ ʦʙʲʸʤʝ 300 ʄɺʪ ʚ ʈʝʩʧʫʙʣʠʢʫ 

ʊʘʜʞʠʢʠʩʪʘʥ, ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʜʘʯʠ ʝʝ ʚ ɸʬʛʘʥʠʩʪʘʥ ʠ ʇʘʢʠʩʪʘʥ. ʇʦʪʨʝʙʠʪʝʣʷʤʠ ʵʪʦʡ ʵʥʝʨʛʠʠ 

ʟʘ ʨʫʙʝʞʦʤ ʷʚʣʷʶʪʩʷ ɸʬʛʘʥʠʩʪʘʥ ʚ ʦʙʲʸʤʝ 300 ʄɺʪ ʠ ʇʘʢʠʩʪʘʥ ʚ ʦʙʲʸʤʝ 1000 ʄɺʪ. ɺʧʝʨʚʳʝ ʚ 

ʈʝʩʧʫʙʣʠʢʘʭ ʊʘʜʞʠʢʠʩʪʘʥ ʠ ʂʳʨʛʳʟʩʪʘʥ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʨʝʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩ 

ʩʦʟʜʘʥʠʝʤ ʧʦʜʩʪʘʥʮʠʡ ʥʘʧʨʷʞʝʥʠʝʤ Ñ500 ʢɺ ʚ ʍʘʪʣʦʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʙʫʜʝʪ ʚʳʛʦʜʥʦ ʥʝ ʪʦʣʴʢʦ ʥʘʰʝʡ 

ʨʝʩʧʫʙʣʠʢʝ, ʥʦ ʠ ʎʝʥʪʨʘʣʴʥʦʤʫ ʨʝʛʠʦʥʫ ʠ ʖʞʥʦʡ ɸʟʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ɸʬʛʘʥʠʩʪʘʥ ʠ ʇʘʢʠʩʪʘʥ ʥʘʧʨʷʞʝʥʠʝʤ Ñ500 ʢɺ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺʃ, ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ, ʧʦʜʩʪʘʥʮʠʷ, ʧʝʨʝʜʘʯʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ, 

ʧʨʦʝʢʪ, ʵʥʝʨʛʦʩʙʳʪ, ʫʯʸʪʥʳʝ ʟʘʪʨʘʪʳ, ʢʦʤʧʘʨʘʪʦʨ. 

 

FEASIBILITY STUDY FOR AC AND DC POWER LINES  

The article provides a technical and economic comparison of the options for calculating and 

implementing the transmission of electricity and the target selection of power plants in Tajikistan. For each 

option, the sum of costs by phases for a period of 15 years, the annual operating costs of the facility, excluding 
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depreciation costs, was calculated. - set annual rate. District calculation coefficient for overhead lines, for 

substations, comparison of discount cost concepts. For the calculation of equipment at substations and power 

lines, in addition, the tables provide a technical and economic comparison of the two lines, i.e. Power lines Ñ500 

kV and 750 kV. This means that a Ñ500 kV DC overhead transmission line is up to 36.8% more efficient than a 

750 kV AC transmission line. Transmission of electricity from the Republic of Tajikistan abroad in the amount 

of 1300 MW via an overhead power line with a voltage of Ñ500 kV has begun. The Kyrgyz Republic 

participates in this project by transmitting electricity in the amount of 300 MW to the Republic of Tajikistan, 

with a view to further transmission to Afghanistan and Pakistan. The consumers of this energy abroad are 

Afghanistan in the amount of 300 MW and Pakistan in the amount of 1000 MW. For the first time in the 

Republic of Tajikistan and Kyrgyzstan, a decision was made to sell electricity with the creation of substations 

with a voltage of Ñ 500 kV in the Khatlon region, which will be beneficial not only for our republic, but also for 

Central and South Asia. A map of DC overhead lines to Afghanistan and Pakistan with a voltage of Ñ500 kV is 

presented. 

Keywords: overhead line, direct current, substation, power transmission, alternating current, project, 

power supply, discount costs, comparator. 
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ʋɼʂ: 621 

ɺʃʀʗʅʀɽ ʈɽɾʀʄʆɺ ʈɽɿɸʅʀʗ ʅɸ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʔ ʇʈʆʎɽʉʉɸ 

ʎɽʅʊʈʆɹɽɾʅʆʁ ɸɹʈɸɿʀɺʅʆʁ ʆɹʈɸɹʆʊʂʀ ʐɸʈʀʂʆɺ ʅɸ ʉʊɸʅʂɽ ʉ 

ʅɸʇʈɸɺʃʗʖʑʀʄʀ ʇʃɸʉʊʀʅɸʄʀ 

 

ʍʦʣʦʚ ʌ.ɹ., ʄʠʨʟʦʘʣʠʝʚ ʀ.ʄ., ʀʤʦʤʦʚ ʅ.ɹ., ɻʫʣʦʚ ʉ.ʉ. 

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ʉ. ʆʩʠʤʠ 

 

ɺʚʝʜʝʥʠʝ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʠʟʜʝʣʠʡ ʠʟ ʩʘʤʦʮʚʝʪʥʳʭ ʢʘʤʥʝʡ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤʠ 

ʪʨʫʜʦʟʘʪʨʘʪʘʤʠ ʠ ʤʘʣʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʟʜʝʣʠʡ ʠʟ ʢʘʤʥʷ ʜʦʣʷ 

ʦʧʝʨʘʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʚʨʫʯʥʫʶ ʠʣʠ ʩʨʝʜʩʪʚʘʤʠ ʤʘʣʦʡ ʤʝʭʘʥʠʟʘʮʠʠ, ʦʩʪʘʝʪʩʷ ʚʩʝ ʝʱʝ 

ʚʝʩʦʤʦʡ. ʇʦʵʪʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ʠʟ ʩʘʤʦʮʚʝʪʥʳʭ ʢʘʤʥʝʡ [9; 

11; 14]. ʐʘʨʦʚʠʜʥʳʝ ʠʟʜʝʣʠʷ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʜʝʣʠʡ ʠʟ ʩʘʤʦʮʚʝʪʥʳʭ ʢʘʤʥʝʡ.  

ʊʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʠ ʢʫʙʠʯʝʩʢʠʭ ʟʘʛʦʪʦʚʦʢ ʤʝʪʦʜʳ 

ʛʘʣʪʦʚʢʠ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ ʙʘʨʘʙʘʥʘʭ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʤʘʣʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳ 

[4; 7]. ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ ʥʘʠʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʤʝʪʦʜ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʰʘʨʠʢʦʚ ʠʟ ʩʘʤʦʮʚʝʪʥʳʭ ʢʘʤʥʝʡ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʙʨʘʙʦʪʢʫ [1].  

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ɺʣʠʷʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʥʘ ʚʝʣʠʯʠʥʫ ʩʲʝʤʘ. ʇʨʦʚʝʜʝʥʳ ʨʷʜ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʳʷʚʣʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʩʲʝʤʘ ʦʪ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ. ʇʨʦʠʟʚʦʜʠʣʘʩʴ ʦʙʨʘʙʦʪʢʘ ʦʬʠʦʢʘʣʴʮʠʪʘ ʠ ʣʘʟʫʨʠʪʘ ʚ ʩʫʭʦʡ ʠ ʚ 

ʞʠʜʢʦʡ ʩʨʝʜʝ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʨʝʟʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʩʫʭʦʡ ʠ ʞʠʜʢʦʩʪʥʦʡ 

ʦʙʨʘʙʦʪʢʝ ʦʬʠʦʢʘʣʴʮʠʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʧʨʷʤʦ-ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ: 

Q1ʩ= (t)=2,5+0,24t ,- ʧʨʠ V=5ʤ/ʩʝʢ;   (1) 

Q2ʩ= -2,1+0,367t,- ʧʨʠ V=10ʤ/ʩʝʢ;     (2) 

Q3ʩ= 0,8+0,318t ,- ʧʨʠ V=15ʤ/ʩʝʢ;     (3) 

Q1ʞ= (t)=0,9+0,32t ,- ʧʨʠ V=5ʤ/ʩʝʢ;    (4) 

Q2ʞ= 7,+0,32t,- ʧʨʠ V=10ʤ/ʩʝʢ;     (5) 

Q2ʞ= 11,6+0,386t ,- ʧʨʠ V=15ʤ/ʩʝʢ;     (6) 

ɺ ʬʦʨʤʫʣʘʭ 1-6 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʝʣʠʯʠʥʳ ʩʲʸʤʘ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʩʫʭʦʡ ʦʙʨʘʙʦʪʢʝ ʦʬʠʦʢʘʣʴʮʠʪʘ (1-3) ʠ ʚ 

ʞʠʜʢʦʡ ʩʨʝʜʝ (4-6), ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʨʝʟʘʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ 

ʣʘʟʫʨʠʪʘ ʚ ʩʫʭʦʡ (7-9) ʠ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ (10-12), ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʠʘʧʘʟʦʥʘʭ ʚʳʨʘʞʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ (7-12): 

Q1ʩ= (t)=1,1+0,2t ,- ʧʨʠ V=5ʤ/ʩʝʢ;      (7) 

Q2ʩ= -0,5+0,273t ,- ʧʨʠ V=10ʤ/ʩʝʢ;      (8) 

Q3ʩ= -3,4+0,372t ,- ʧʨʠ V=15ʤ/ʩʝʢ;      (9) 

Q1ʞ= (t)=0,2+0,28t ,- ʧʨʠ V=5ʤ/ʩʝʢ;    (10) 

Q2ʞ= 6,2+0,3t ,- ʧʨʠ V=10ʤ/ʩʝʢ;      (11) 

Q3ʞ= 5,9+0,338t ,- ʧʨʠ V=15ʤ/ʩʝʢ;     (12) 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʫʨʘʚʥʝʥʠʡ (1-12), ʚʝʣʠʯʠʥʘ ʩʲʝʤʘ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʧʨʷʤʦ-

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʚ ʞʠʜʢʦʡ 

ʩʨʝʜʝ (ʫʨʘʚʥʝʥʠʷ 4-6 ʠ 10-12) ʚʳʰʝ, ʯʝʤ ʩʫʭʦʡ (ʫʨʘʚʥʝʥʠʷ 1-3 ʠ 7-9). ɺ ʜʘʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ 

ʦʙʨʘʙʦʪʢʠ ʚ ʩʨʝʜʥʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ ʥʘ 24% ʚʳʰʝ, ʯʝʤ ʧʨʠ ʩʫʭʦʡ 

ʦʙʨʘʙʦʪʢʝ.  
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ɺʣʠʷʥʠʝ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. 

ʀʥʩʪʨʫʤʝʥʪ ʚ ʚʠʜʝ ʘʙʨʘʟʠʚʥʦʛʦ ʢʨʫʛʘ ʚʨʘʱʘʝʪʩʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʟʘʛʦʪʦʚʢʘʤʠ. ʆʙʨʘʙʦʪʢʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʦʢ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʘʩʩʦʚʦʛʦ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʚʨʝʟʘʥʠʷ 

ʘʙʨʘʟʠʚʥʳʭ ʟʝʨʝʥ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ. ʇʨʠ ʵʪʦʤ ʦʪʜʝʣʴʥʳʤʠ ʟʝʨʥʘʤʠ ʩʥʠʤʘʶʪʩʷ 

ʤʝʣʴʯʘʡʰʠʝ ʩʪʨʫʞʢʠ. ʇʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʥʠʤʘʝʪʩʷ ʩʪʨʫʞʢʘ, ʧʨʠʤʝʨʥʦ 

ʩʦʩʪʘʚʣʷʝʪ 10
-4

 10
-5 
ʩʝʢ. ʊʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ ʟʝʨʝʥ ʤʥʦʛʦ, 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʫʞʝʢ, ʩʥʠʤʘʝʤʳʭ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʚʝʣʠʢʦ [13; 15; 5]. 

ʅʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʣʠʷʶʪ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, 

ʢʘʢ: ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʟʝʨʥʠʩʪʦʩʪʴ ʘʙʨʘʟʠʚʘ ʠ ʬʦʨʤʳ 

ʘʙʨʘʟʠʚʥʳʭ ʟʝʨʝʥ, ʩʢʦʨʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʙʨʘʟʠʚʥʳʭ ʟʝʨʝʥ ʩ ʟʘʛʦʪʦʚʢʘʤʠ, ʩʠʣʘ ʧʨʠʞʠʤʘ ʚ 

ʟʦʥʝ ʢʦʥʪʘʢʪʘ, ʟʘʛʦʪʦʚʢʘ, ʠʥʩʪʨʫʤʝʥʪ, ʤʘʪʝʨʠʘʣ ʘʙʨʘʟʠʚʘ, ʩʚʷʟʢʘ ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʳ ʠʥʩʪʨʫʤʝʥʪʘ, ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʘʷ ʞʠʜʢʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʠ ʞʝʩʪʢʦʩʪʴ 

ʩʪʘʥʢʘ, ʢʘʯʝʩʪʚʦ ʧʨʘʚʢʠ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʨʝʞʠʤ ʦʙʨʘʙʦʪʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʩ 5ʤ/ʩʝʢ ʜʦ 15 ʤ/ʩʝʢ ʚʝʣʠʯʠʥʘ ʩʲʝʤʘ ʚʦʟʨʘʩʪʘʝʪ 

ʧʨʠʤʝʨʥʦ ʥʘ 10% ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʬʠʦʢʘʣʴʮʠʪʘ ʠ ʥʘ 6% ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʣʘʟʫʨʠʪʘ. 

 

ʈʠʩ.1. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʦʬʠʦʢʘʣʴʮʠʪʘ 

Fig.1. Graph of productivity versus linear tool speed when processing ophiocalcite 

  
1.ʇʨʠ ʩʫʭʦʡ ʦʙʨʘʙʦʪʢʝ. 2. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ. 

 

ɺʣʠʷʥʠʝ ʟʝʨʥʠʩʪʦʩʪʠ ʘʙʨʘʟʠʚʘ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. ɸʙʨʘʟʠʚʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʦʪʣʠʯʘʶʪʩʷ ʨʘʟʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ïʟʝʨʥʠʩʪʦʩʪʴ ʘʙʨʘʟʠʚʥʦʛʦ 

ʠʣʠ ʘʣʤʘʟʥʦʛʦ ʢʨʫʛʘ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. 

ʇʦʜ ʟʝʨʥʠʩʪʦʩʪʴʶ ʧʦʥʠʤʘʶʪ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʘ ʘʙʨʘʟʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʤʠʢʨʦʥʘʭ. ɺ 

ʢʘʯʝʩʪʚʝ ʘʙʨʘʟʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʵʣʝʢʪʨʦʢʦʨʫʥʜ, ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ, ʘʣʤʘʟ ʠ 

ʜʨʫʛʠʝ ʤʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ. ʄʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʵʪʠʭ ʯʘʩʪʠʮ 

ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʜʘʣʷʪʴ 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ [2; 8]. 

ʐʣʠʬʦʚʘʣʴʥʳʡ ʢʨʫʛ - ʵʪʦ ʨʝʞʫʱʠʡ ʘʙʨʘʟʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ. ʆʥ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʣʷ ʨʫʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʞʝ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʩʪʘʥʢʘʭ ʠʣʠ ʩʧʝʮʠʘʣʴʥʳʭ 

ʰʣʠʬʦʚʘʣʴʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʭ. ʐʣʠʬʦʚʘʣʴʥʳʝ ʢʨʫʛʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʧʦ ʤʥʦʛʠʤ 

ʧʘʨʘʤʝʪʨʘʤ. ʆʙʷʟʘʪʝʣʴʥʳʤ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʩʚʷʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

ɿʝʨʥʘ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʠʟ: 
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¶ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ; 

¶ ʘʣʤʘʟʘ (ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʣʠ ʧʨʠʨʦʜʥʦʛʦ); 

¶ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ; 

¶ ʵʣʴʙʦʨʘ. 

ʀʤʝʥʥʦ ʟʝʨʥʠʩʪʦʩʪʴ ʰʣʠʬʦʚʘʣʴʥʳʭ ʢʨʫʛʦʚ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʦʩʥʦʚʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʥʘʟʥʘʯʝʥʠʝ. ɸʙʨʘʟʠʚʥʳʡ ʤʘʪʝʨʠʘʣ ʩʨʝʟʘʝʪ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʫʶ ʩʪʨʫʞʢʫ ʩ ʜʝʪʘʣʝʡ ʠʣʠ 

ʤʘʪʝʨʠʘʣʘ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʚʷʟʢʠ, ʪʦ ʦʥʘ ʤʦʞʝʪ ʠʤʝʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʠʣʠ ʧʨʠʨʦʜʥʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʅʘʟʥʘʯʝʥʠʝ ʩʚʷʟʢʠ - ʧʨʦʯʥʦ ʩʢʨʝʧʣʷʪʴ ʟʝʨʥʘ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʈʘʟʤʝʨ ʟʝʨʥʘ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʦʝ ʩʥʠʤʘʝʪʩʷ 

ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʠ ʦʙʱʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʦʜʠʪʩʷ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʦʪ 

ʟʝʨʥʠʩʪʦʩʪʠ ʘʙʨʘʟʠʚʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʘʤʦʮʚʝʪʥʳʭ ʢʘʤʥʝʡ ʦʬʠʦʢʘʣʴʮʠʪʘ ʠ ʣʘʟʫʨʠʪʘ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠʤʝʝʪ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ 

ʤʝʣʢʦʡ ʟʝʨʥʠʩʪʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʝʚʳʩʦʢʘʷ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʦʬʠʪʘ, ʢʦʛʜʘ ʟʝʨʥʠʩʪʦʩʪʴ ʚ 

ʧʨʝʜʝʣʘʭ 800-1200 ʤʢʤ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘʠʙʦʣʴʰʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʇʨʠ ʟʝʨʥʠʩʪʦʩʪʠ ʘʙʨʘʟʠʚʘ 

ʙʦʣʴʰʝ 1200 ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʣʘʟʫʨʠʪʘ 

ʥʘʠʙʦʣʴʰʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʟʝʨʥʠʩʪʦʩʪʷʭ 660- 900ʤʢʤ. ɼʘʣʴʥʝʡʰʝʝ 

ʧʦʚʳʰʝʥʠʝ ʟʝʨʥʠʩʪʦʩʪʠ ʩʥʠʞʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. ɿʝʨʥʠʩʪʦʩʪʴ ʰʣʠʬʟʝʨʥʘ ʠ 

ʰʣʠʬʧʦʨʦʰʢʘ ʫʢʘʟʳʚʘʝʪʩʷ ʮʠʬʨʘʤʠ, ʥʘʧʨʠʤʝʨ, ʰʣʠʬʟʝʨʥʦ 200. ʎʠʬʨʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʦʟʥʘʯʘʝʪ ʨʘʟʤʝʨ ʟʝʨʥʘ ʘʙʨʘʟʠʚʘ ʚ ʤʢʤ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʰʣʠʬʟʝʨʥʘ ʠ ʰʣʠʬʧʦʨʦʰʢʘ ʚ ʦʙʦʟʥʘʯʝʥʠʠ ʟʝʨʥʠʩʪʦʩʪʠ ʤʠʢʨʦʧʦʨʦʰʢʦʚ 

ʜʦʙʘʚʣʷʶʪ ʙʫʢʚʫ ʄ. ʅʦʤʝʨ ʧʦʨʦʰʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʙʦʣʴʰʝʤʫ ʨʘʟʤʝʨʫ (ʤʢʤ) ʟʝʨʝʥ ʦʩʥʦʚʥʦʡ 

ʬʨʘʢʮʠʠ. ʅʘʧʨʠʤʝʨ, ʤʠʢʨʦʧʦʨʦʰʦʢ ʨʘʟʤʝʨʦʤ ʦʩʥʦʚʥʦʡ ʬʨʘʢʮʠʠ 28-20ʤʢʤ ʦʙʦʟʥʘʯʘʶʪ ʄ28 

[12; 6]. 

 

ʈʠʩ. 2. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪ ʟʝʨʥʠʩʪʦʩʪʠ ʘʙʨʘʟʠʚʘ 

Rice. 2. Graph of productivity depending on abrasive grain size 

 
1. ʇʨʠ ʦʙʨʘʙʦʪʢʠ ʦʬʠʢʘʣʴʮʠʪʘ; 2. ʇʨʠ ʦʙʨʘʙʦʪʢʠ ʣʘʟʫʨʠʪʘ  

 

ɺʣʠʷʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʥʘʧʨʘʚʣʷʶʱʝʡ ʧʣʘʩʪʠʥʳ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʟʘʛʦʪʦʚʦʢ. ʋʛʦʣ 

ʥʘʢʣʦʥʘ ʥʘʧʨʘʚʣʷʶʱʝʡ ʧʣʘʩʪʠʥʳ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ 

ʧʝʨʝʤʝʱʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ʧʨʠ ʦʙʨʘʙʦʪʢʝ.  

ʇʣʘʩʪʠʥʘ ʧʝʨʝʤʝʱʘʶʱʠʡ ʟʘʛʦʪʦʚʦʢ ʢ ʮʝʥʪʨʫ ʦʪ ʧʝʨʠʬʝʨʠʠ ʨʘʩʧʦʣʦʞʝʥ ʧʦʜ ʫʛʣʦʤ Ŭ ʢ 

ʨʘʜʠʫʩʫ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ. ʉʠʣʫ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʧʣʘʩʪʠʥʫ ʩʦ ʩʪʦʨʦʥʳ ʰʘʨʠʢʘ F1, ʤʦʞʥʦ 

ʨʘʟʣʦʞʠʪʴ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ F1ʭ ʠ F1ʫ (ʨʠʩ. 3). ʉʠʣʘ F1ʭ
 
ʪʦʣʢʘʝʪ ʰʘʨʠʢ ʦʪ ʧʝʨʠʬʝʨʠʠ ʢ ʮʝʥʪʨʫ. 

ɺʝʣʠʯʠʥʘ ʵʪʦʡ ʩʠʣʳ ʟʘʚʠʩʠʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʰʘʨʠʢʘ ʧʦ ʘʙʨʘʟʠʚʥʦʤʫ ʢʨʫʛʫ ʠ ʚʝʣʠʯʠʥʳ 
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ʫʛʣʘ Ŭ. ɽʩʣʠ Ŭ=0 ʩʠʣʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʘʩʪʠʥʝ ʠ ʰʘʨʠʢ ʥʝ ʧʝʨʝʜʚʠʛʘʝʪʩʷ ʧʦ ʧʣʘʩʪʠʥʝ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ F1= Fʪʨ.ʰ. ʠ ʥʘʧʨʘʚʣʝʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʝʤʫ.  

 

ʈʠʩʫʥʦʢ 3. ɺʣʠʷʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʥʘʧʨʘʚʣʷʶʱʝʡ ʧʣʘʩʪʠʥʳ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝ 

ʟʘʛʦʪʦʚʦʢ 

Figure 3. The influence of the angle of inclination of the guide plate on the direction of movement 

of the workpieces 

 
 

ɺʣʠʷʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʥʘʧʨʘʚʣʷʶʱʝʡ ʧʣʘʩʪʠʥʳ ʥʘ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʟʘʛʦʪʦʚʦʢ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʠ ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʘ. ʋʛʦʣ ʥʘʢʣʦʥʘ ʥʘʧʨʘʚʣʷʶʱʝʡ ʧʣʘʩʪʠʥʳ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ 

ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʟʘʛʦʪʦʚʦʢ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ.  

ʇʣʘʩʪʠʥʘ, ʧʝʨʝʤʝʱʘʶʱʘʷ ʟʘʛʦʪʦʚʦʢ ʢ ʮʝʥʪʨʫ ʦʪ ʧʝʨʠʬʝʨʠʠ ʨʘʩʧʦʣʦʞʝʥʘ ʧʦʜ ʫʛʣʦʤ Ŭ ʢ 

ʨʘʜʠʫʩʫ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ. ʉʠʣʫ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʧʣʘʩʪʠʥʫ ʩʦ ʩʪʦʨʦʥʳ ʰʘʨʠʢʘ F1, ʤʦʞʥʦ 

ʨʘʟʣʦʞʠʪʴ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ F1ʭ ʠ F1ʫ (ʨʠʩ.). ʉʠʣʘ F1ʭ
 
ʪʦʣʢʘʝʪ ʰʘʨʠʢ ʦʪ ʧʝʨʠʬʝʨʠʠ ʢ ʮʝʥʪʨʫ. 

ɺʝʣʠʯʠʥʘ ʵʪʦʡ ʩʠʣʳ ʟʘʚʠʩʠʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʰʘʨʠʢʘ ʧʦ ʘʙʨʘʟʠʚʥʦʤʫ ʢʨʫʛʫ ʠ ʚʝʣʠʯʠʥʳ 

ʫʛʣʘ Ŭ. ɽʩʣʠ Ŭ=0 ʩʠʣʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʣʘʩʪʠʥʝ ʠ ʰʘʨʠʢ ʥʝ ʧʝʨʝʜʚʠʛʘʝʪʩʷ ʧʦ ʧʣʘʩʪʠʥʝ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ F1= Fʪʨ.ʰ. ʠ ʥʘʧʨʘʚʣʝʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʝʤʫ.  

 

ʈʠʩʫʥʦʢ 4. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ 

ʦʜʥʦʛʦ ʢʨʫʛʘ ʟʘʛʦʪʦʚʢʠ ʦʪ ʫʛʣʘ ʥʘʢʣʦʥʘ 

ʧʣʘʩʪʠʥʳ, ʥʘʧʨʘʚʣʷʶʱʝʡ ʠʭ ʢ 

ʧʝʨʠʬʝʨʠʠ 

Figure 4. Graph of the time of one circle of 

the workpiece versus the angle of inclination 

of the plate directing them to the periphery 

 

ʈʠʩʫʥʦʢ 5. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ 

ʦʜʥʦʛʦ ʢʨʫʛʘ ʟʘʛʦʪʦʚʢʠ ʦʪ ʫʛʣʘ ʥʘʢʣʦʥʘ 

ʧʣʘʩʪʠʥʳ, ʥʘʧʨʘʚʣʷʶʱʝʡ ʠʭ ʢ ʮʝʥʪʨʫ 

Figure 5. Graph of the time of one circle of 

the workpiece versus the angle of inclination 

of the plate directing them to the center 
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ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʵʪʠʭ ʩʠʣ ʧʨʦʠʩʭʦʜʠʪ ʚʨʘʱʝʥʠʝ ʰʘʨʠʢʘ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ (ʨʠʩ.3). ʉʠʣʘ 

ʪʨʝʥʠʷ ʰʘʨʠʢʘ ʧʦ ʧʣʘʩʪʠʥʝ Fʪʨ.ʧʣ. ʧʨʝʧʷʪʩʪʚʫʝʪ ʚʨʘʱʝʥʠʶ ʰʘʨʠʢʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʩʢʦʣʴʞʝʥʠʝ ʰʘʨʠʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʫʛʘ. ɺʝʣʠʯʠʥʘ ʩʠʣʳ ʪʨʝʥʠʷ Fʪʨ.ʰ. ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʠʥʳ. ʏʝʤ ʙʦʣʴʰʝ ʩʠʣʘ ʪʨʝʥʠʷ Fʪʨ.ʧʣ., ʪʝʤ ʙʦʣʴʰʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ 

ʧʨʠʢʣʝʠʚʘʝʤ ʨʝʟʠʥʫ.  

!ʪʨ &ʪʨØ ɤʢʨØ Ô Øʢ     (1) 
ɸʪʨ

ɸʪʨ
     (2) 

 

ʈʠʩ.6. ʀʟʥʘʰʠʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʝʣʢʠʭ ʟʘʛʦʪʦʚʦʢ ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʧʣʘʩʪʠʥ  

Fig.6. Tool wear when machining small workpieces and missing guide plates 

 
 

ʈʠʩ.7. ʀʟʥʘʰʠʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʨʫʧʥʳʭ ʟʘʛʦʪʦʚʦʢ (ʰʘʨʦʚ) ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʧʣʘʩʪʠʥ  

Fig.7. Tool wear when processing large workpieces (balls) and lack of guide plates 

 
 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʢʦʣʴʞʝʥʠʝ ʰʘʨʠʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʫʛʘ. ɺʝʣʠʯʠʥʘ ʩʠʣʳ 

ʪʨʝʥʠʷ Fʪʨ.ʰ. ʟʘʚʠʩʠʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʠʥʳ. ʏʝʤ ʙʦʣʴʰʝ ʩʠʣʘ ʪʨʝʥʠʷ 

Fʪʨ.ʧʣ., ʪʝʤ ʙʦʣʴʰʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ ʧʨʠʢʣʝʠʚʘʝʤ ʨʝʟʠʥʫ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʣʘʩʪʠʥʳ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ.  

 

ʈʠʩ.7. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪ ʫʛʣʘ ʥʘʢʣʦʥʘ ʥʘʧʨʘʚʣʷʶʱʝʡ 

ʧʣʘʩʪʠʥʳ 

Fig.7. Graph of performance versus guide plate angle 

 
1.ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ; 2. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ 
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ʇʨʦʚʝʜʝʥʠʝ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʮʝʥʪʨʦʙʝʞʥʦʡ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʪʘʥʢʝ ʩ ʥʘʧʨʘʚʣʷʶʱʠʤʠ 

ʧʣʘʩʪʠʥʘʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʠʩʧʨʘʚʣʝʥʠʝ ʬʦʨʤʳ). ʄʦʞʥʦ ʨʝʰʘʪʴ ʠ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ - ʧʨʠ ʪʨʝʙʫʝʤʦʤ 

ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʥʘʟʥʘʯʠʪʴ ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʙʝʩʧʝʯʠʪʴ ʵʪʠ ʧʘʨʘʤʝʪʨʳ. 

ʕʪʠ ʤʦʜʝʣʠ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʷʟʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʬʘʢʪʦʨʦʚ ʧʨʦʮʝʩʩʘ 

ʛʘʣʪʦʚʢʠ, ʪʘʢʞʝ ʚʘʞʥʳ ʧʨʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤʠ ʧʨʦʮʝʩʩʘʤʠ [16; 10]. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʰʘʨʦʚʠʜʥʳʭ ʠʟʜʝʣʠʡ ʜʣʷ ʜʚʫʭ ʬʘʢʪʦʨʦʚ: 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠ ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ [3]. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʘʛʦʪʦʚʢʠ ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ ʠʟ ʦʬʠʦʢʘʣʴʮʠʪʘ, ʨʘʟʤʝʨʳ 

ʛʨʘʥʝʡ 12 · 18 ʤʤ. 

ʀʥʪʝʨʚʘʣʳ ʚʘʨʴʠʨʦʚʘʥʠʷ ʬʘʢʪʦʨʦʚ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʩʣʝʜʫʶʱʠʝ: 

- ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ t=20 · 120ʤʠʥ. 

- ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ - V = 5 · 15ʤ/ʩʝʢ;  

ʅʘʤʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ: 

- Q = (ȹm/m)ʭ100%,ʛʜʝ m-ʤʘʩʩʘ ʟʘʛʦʪʦʚʢʠ ʜʦ ʦʙʨʘʙʦʪʢʠ; ȹm-ʧʦʪʝʨʷ ʤʘʩʩʳ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ. 

ɿʥʘʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ Q ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦʮʝʥʪ ʧʦʪʝʨʠ ʠʩʭʦʜʥʦʡ ʤʘʩʩʳ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1 ʠ 2. 

ɿʥʘʯʝʥʠʷ Q ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʟ ʪʨʝʭ ʠʟʤʝʨʝʥʠʡ. 

ʋʨʘʚʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʤʝʝʪ ʚʠʜ: - ʋʦ=ʚʦ+ʚ1ʭ1+ʚ2ʭ2+ ʚ1,2ʭ1ʭ2, ʛʜʝ ʭ1- 

ʢʦʜʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ; ʭ2- ʢʦʜʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ 

ʠʥʩʪʨʫʤʝʥʪʘ. ʉʚʷʟʴ ʤʝʞʜʫ ʢʦʜʠʨʦʚʘʥʥʳʤ ʠ ʥʘʪʫʨʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʬʘʢʪʦʨʦʚ ʩʣʝʜʫʶʱʘʷ: 

ʭ1= 
ʭɀ 

, ʭ2= 
ʭ

  

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʦʬʠʦʢʘʣʴʮʠʪʘ ʚ ʩʫʭʫʶ 

 

ʊʘʙʣʠʮʘ 1.; Table 1. 
 ̄ ʍʦ ʍ1 ʍ2 ʍ1ʍ2 Q 

1 + - - + 6 

2 + + - - 32 

3 + _ + - 7 

4 + + + + 44 

 

ʊʘʙʣʠʮʘ 2. ʆʙʨʘʙʦʪʢʘ ʦʬʠʦʢʘʣʴʮʠʪʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ 

Table 2. Processing of ophiocalcite in an aqueous environment 
 ̄ ʍʦ ʍ1 ʍ2 ʍ1ʍ2 Q 

1 + - - + 7 

2 + + - - 41 

3 + _ + - 16 

4 + + + + 52 

 

ʊʘʙʣʠʮʘ 3. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʣʘʟʫʨʠʪʘ ʚ ʩʫʭʫʶ 

Table 3. When processing lapis lazuli dry 
 ̄ ʍʦ ʍ1 ʍ2 ʍ1ʍ2 Q 

1 + - - + 4 

2 + + - - 25 

3 + _ + - 5,5 

4 + + + + 42 

 

ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʠʠ ʜʣʷ ʜʚʫʭ ʬʘʢʪʦʨʦʚ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ:  

ʋʦ=ʚʦ+ʚ1ʭ1+ʚ2ʭ2+ʚ1,2ʭ1ʭ2  
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ʊʘʙʣʠʮʘ 4. ʆʙʨʘʙʦʪʢʘ ʣʘʟʫʨʠʪʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ 

Table 4. Processing of lapis lazuli in an aqueous environment 
 ̄ ʍʦ ʍ1 ʍ2 ʍ1ʍ2 Q 

1 + - - + 6 

2 + + - - 36 

3 + _ + - 10 

4 + + + + 46 

 

ʆʧʨʝʜʝʣʷʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʦʪ ʠʩʩʣʝʜʫʝʤʳʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʣʘʟʫʨʠʪʘ ʚ ʩʫʭʫʶ: 

ɺʦ =  =  = 22,25; 

ɺ1 =  =  = 15,75; 

ɺ2 =  =  = 3,25; 

ɺ1,2=  =  = 2,75; 

ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ, ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪ ʬʘʢʪʦʨʦʚ ʚ ʥʘʪʫʨʘʣʴʥʳʭ ʝʜʠʥʠʮʘʭ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʦʬʠʦʢʘʣʴʮʠʪʘ ʚ ʩʫʭʫʶ, ʫʨʘʚʥʝʥʠʝ 1; 

Q=22,25 + 15,75(
 

 ) + 3,25 ( ) +2,75 
 
       (1) 

ʘʥʘʣʦʛʠʯʥʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʦʬʠʦʢʘʣʴʮʠʪʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʫʨʘʚʥʝʥʠʝ 2;  

Q=29 + 17,5(
 

 ) + 5 ( ) +0,5 
 
        (2) 

ʣʘʟʫʨʠʪʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚ ʩʫʭʫʶ, ʫʨʘʚʥʝʥʠʝ 3; 

Q=19,125 + 14,375(
 

 ) + 4,625 ( ) +3,875 
 
      (3)  

ʠ ʣʘʟʫʨʠʪʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʫʨʘʚʥʝʥʠʝ 4. 

Q=24,5 + 16,5(
 

 ) + 3,5 ( ) +1,5 
 
      (4)  

ɿʘʢʣʶʯʝʥʠʝ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʸʤʢʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʰʘʨʠʢʦʚ ʠ ʫʤʝʥʴʰʝʥʠʷ ʨʫʯʥʦʛʦ 

ʪʨʫʜʘ ʧʨʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩʪʘʥʢʘ ʜʣʷ ʮʝʥʪʨʦʙʝʞʥʦʡ 

ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʘʤʦʮʚʝʪʥʳʭ ʢʘʤʥʝʡ.  

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʩʪʘʥʢʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ 

ʨʘʚʥʦʠʟʥʦʩʥʦʩʪʠ ʠʥʥʩʪʨʫʤʝʥʪʘ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʨʝʩʫʨʩ ʝʛʦ ʨʘʙʦʪʳ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ 

ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʮʝʥʪʨʦʙʝʞʥʦʡ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ 

ʩʪʘʥʢʝ ʩ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ. ɺ ʪʦʤ ʯʠʩʣʝ ʠʩʩʣʝʜʦʚʘʥʳ: ʚʣʠʷʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʥʘ ʚʝʣʠʯʠʥʫ ʩʲʝʤʘ; ʚʣʠʷʥʠʝ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ; ʚʣʠʷʥʠʝ ʟʝʨʥʠʩʪʦʩʪʠ ʘʙʨʘʟʠʚʘ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ; ʚʣʠʷʥʠʝ ʫʛʣʘ 

ʥʘʢʣʦʥʘ ʥʘʧʨʘʚʣʷʶʱʝʡ ʧʣʘʩʪʠʥʳ ʥʘ ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ; 

ʚʣʠʷʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʥʘʧʨʘʚʣʷʶʱʝʡ ʧʣʘʩʪʠʥʳ ʥʘ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪ ʬʘʢʪʦʨʦʚ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. 

ʇʨʦʚʝʜʝʥʠʝʤ ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʬʘʢʪʦʨʦʚ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ. 
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INFLUENCE OF CUTTING MODES ON THE PERFORMANCE OF THE PROCESS OF 

CENTRIFUGAL ABRASIVE MACHINING OF BALLS ON A MACHINE WITH GUIDE PLATES  

This article presents the results of a study of the influence of the main factors on the productivity of the 

process of centrifugal abrasive processing of balls of semi-precious stones on a machine with guide plates. In 

particular, the following were studied: the influence of processing duration on the amount of removal; influence 

of tool linear speed on processing performance; the influence of abrasive grain size on processing performance; 
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the influence of the guide plate inclination angle on tool wear and machining performance; influence of the 

angle of inclination of the guide plate on the uniformity of tool wear during processing. 

Keywords: processing performance, semi-precious stones, guide plates, linear speed, shaping. 
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ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʠʤ. ʘʢʘʜ. ʄ.ʉ.ʆʩʠʤʠ,
 

ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ, ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʵʢʦʣʦʛʠʠ ʅɸʅ ʊʘʜʞʠʢʠʩʪʘʥʘ
 

 

ɺʚʝʜʝʥʠʝ. ʈʦʛʫʥʩʢʘʷ ɻʕʉ ʷʚʣʷʝʪʩʷ ʩʫʜʴʙʦʥʦʩʥʳʤ ʦʙʲʝʢʪʦʤ, ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʞʠʟʥʝʥʥʳʭ ʙʣʘʛ ʜʣʷ ʥʘʨʦʜʘ ʊʘʜʞʠʢʠʩʪʘʥʘ. ʅʘʯʘʣʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʝʡʰʠʤ ʩʦʙʳʪʠʝʤ ʚ ʠʩʪʦʨʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʩʪʠ, ʠ ʦʥʦ ʟʦʣʦʪʳʤʠ ʙʫʢʚʘʤʠ ʙʫʜʝʪ ʚʧʠʩʘʥʦ ʚ 

ʠʩʪʦʨʠʯʝʩʢʫʶ ʣʝʪʦʧʠʩʴ. ʀʙʦ ʧʨʦʠʟʚʦʜʠʤʦʝ ʟʜʝʩʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʝ ʵʣʝʢʪʨʠʯʝʩʪʚʦ 

ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʠʪ ʟʘʧʨʦʩʳ ʊʘʜʞʠʢʠʩʪʘʥʘ ʠ ʜʘʩʪ ʩʝʨʴʝʟʥʳʡ ʪʦʣʯʦʢ ʨʘʟʚʠʪʠʶ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ. 

ʉ ʚʚʦʜʦʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʈʦʛʫʥʩʢʦʡ ɻʕʉ ʥʘ ʧʦʣʥʫʶ ʤʦʱʥʦʩʪʴ ʙʫʜʝʪ ʨʝʰʝʥ ʨʷʜ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʚʦʧʨʦʩʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʫʜʝʪ ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʪ ʜʝʬʠʮʠʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 

ʟʠʤʥʝʝ ʚʨʝʤʷ ʠ ʫʚʝʣʠʯʘʪʩʷ ʵʢʩʧʦʨʪʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʘ 

ʪʘʢʞʝ ʙʫʜʝʪ ʧʨʦʜʣʸʥ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʩʝʭ ʛʠʜʨʦʫʟʣʦʚ ʢʘʩʢʘʜʘ ʨʝʢʠ ɺʘʭʰ, ʯʪʦ ʜʘʩʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ ʢʘʩʢʘʜʥʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʫʚʝʣʠʯʠʪʴ ʚʳʨʘʙʦʪʢʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʥʠʞʝʣʝʞʘʱʠʭ 

ʩʪʘʥʮʠʷʭ. 

ʉʦʩʪʘʚ ʩʦʦʨʫʞʝʥʠʡ ɻʕʉ ʚʢʣʶʯʘʝʪ: 

-ʢʘʤʝʥʥʦ-ʥʘʙʨʦʩʥʫʶ ʧʣʦʪʠʥʫ ʩ ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʳʤ ʷʜʨʦʤ ʠʟ ʩʫʛʣʠʥʢʘ ʚʳʩʦʪʦʡ 335 

ʤ ʠ ʦʙʲʝʤʦʤ 73,6 ʤʣʥ ʤį; 

-7ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʚʦʜʦʩʙʨʦʩʥʳʭ ʪʦʥʥʝʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʩ ʨʘʙʦʯʠʤʠ 

ʥʘʧʦʨʘʤʠ ʥʘ ʟʘʪʚʦʨʘʭ ʦʪ 150 ʜʦ 200 ʤ ʠ ʜʠʘʤʝʪʨʘʤʠ ʪʦʥʥʝʣʝʡ ʦʪ 10 ʜʦ 15 ʤ, ʦʙʱʝʡ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ 8220 ʤį/ʩʝʢ; 

-ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ 5-ʷʨʫʩʥʳʡ ʛʣʫʙʠʥʥʳʡ ʚʦʜʦʧʨʠʝʤʥʠʢ ʩ ʧʨʦʝʢʪʥʳʤ ʥʘʧʦʨʦʤ ʥʘ 

ʘʚʘʨʠʡʥʦ-ʨʝʤʦʥʪʥʳʭ ʟʘʪʚʦʨʘʭ ʚ 140 ʤ; 

-6 ʧʦʜʚʦʜʷʱʠʭ ʪʫʨʙʠʥʥʳʭ ʚʦʜʦʚʦʜʦʚ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʙʣʠʮʦʚʢʦʡ ʜʠʘʤʝʪʨʦʤ 7,5-7,0 ʤ ʩ 

ʥʘʧʦʨʥʦʡ ʰʘʭʪʦʡ ʚʳʩʦʪʦʡ 212 ʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʫʯʘʩʪʢʦʤ 356 ʤ; 

-ʧʦʜʟʝʤʥʦʝ ʟʜʘʥʠʝ ɻʕʉ; 

-ʧʦʜʟʝʤʥʦʝ ʧʦʤʝʱʝʥʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ; 

-ʩʝʣʝʟʘʱʠʪʥʳʡ ʢʦʤʧʣʝʢʩ ʚ ʦʩʥʦʚʘʥʠʠ ʧʣʦʪʠʥʳ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʙʣʠʮʦʚʢʦʡ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ; 

-ʪʨʘʥʩʧʦʨʪʥʳʝ ʪʦʥʥʝʣʠ ʠ ʧʦʜʭʦʜʥʳʝ ʰʪʦʣʴʥʠ ʦʙʱʝʡ ʜʣʠʥʦʡ ʦʢʦʣʦ 75 ʢʤ. 

ɻʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʪʦʥʥʝʣʠ ʠ ʜʨʫʛʠʝ ʧʦʜʟʝʤʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʥʘ ʛʠʜʨʦʫʟʣʘʭ ʧʨʠʤʝʥʷʶʪ ʥʝ 

ʪʦʣʴʢʦ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʘʢʢʫʤʫʣʠʨʫʶʱʠʭ ʩʪʘʥʮʠʷʭ, ʥʦ ʠ ʠʩʧʦʣʴʟʫʶʪ ʠʭ ʚ ʩʠʩʪʝʤʘʭ 

ʤʝʣʠʦʨʘʮʠʠ ʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʜʣʷ ʧʝʨʝʙʨʦʩʢʠ ʩʪʦʢʘ ʨʝʢ, ʩʦʝʜʠʥʝʥʠʷ ʚʦʜʦʝʤʦʚ, ʧʨʠʤʝʥʷʶʪ ʚ 

ʛʦʨʦʜʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʚ ʢʘʯʝʩʪʚʝ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʠ ʚʦʜʦʧʨʦʚʦʜʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ, ʦʥʠ ʩʣʫʞʘʪ 

ʪʘʢʞʝ ʜʣʷ ʩʙʨʦʩʘ ʧʘʚʦʜʢʦʚʦʡ ʚʦʜʳ ʠʟ ʚʦʜʦʭʨʘʥʠʣʠʱ, ʦʪʚʦʜʘ ʩʝʣʝʡ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ 

ʨʝʢ. 

ʇʦʜʟʝʤʥʳʝ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʛʠʜʨʦʫʟʣʦʚ. ɻʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʪʦʥʥʝʣʠ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʰʘʭʪʥʳʝ ʪʫʨʙʠʥʥʳʝ ʚʦʜʦʚʦʜʳ, 

ʫʨʘʚʥʠʪʝʣʴʥʳʝ ʰʘʭʪʳ ʠ ʨʝʟʝʨʚʫʘʨʳ, ʧʦʜʟʝʤʥʳʝ ʤʘʰʠʥʥʳʝ ʟʘʣʳ, ʢʘʤʝʨʳ ʟʘʪʚʦʨʦʚ ʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʝ ʧʦʤʝʱʝʥʠʷ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʤʥʦʛʠʭ ʧʦʩʪʨʦʝʥʥʳʭ ʠ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ɻʕʉ. 

ʂʨʫʧʥʝʡʰʠʝ ʧʦʜʟʝʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʅʫʨʝʢʩʢʦʡ ʠ ʈʦʛʫʥʩʢʦʡ ɻʕʉ ʠ ʜʨʫʛʠʭ ʷʚʣʷʶʪʩʷ 

ʫʥʠʢʘʣʴʥʳʤʠ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ [5]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɻʝʦʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʦʥʠʪʦʨʠʥʛ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʪʦʥʥʝʣʷ ʉʊ-4 ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʩʪʚʦʨʘ ʧʣʦʪʠʥʳ ʈʦʛʫʥʩʢʦʡ ɻʕʉ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ 

ʥʘʧʦʨʥʦʡ ʯʘʩʪʠ ʪʦʥʥʝʣʷ, ʢʘʤʝʨʳ ʟʘʪʚʦʨʦʚ ʠ ʙʝʟʥʘʧʦʨʥʳʭ ʪʦʥʥʝʣʝʡ. ɸʥʘʣʠʟ ʧʦʨʷʜʢʘ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠʙʦʨʦʚ ʧʨʠʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʪʦʡ ʯʘʩʪʠ ʉʊ-4, ʢʦʪʦʨʘʷ ʚʭʦʜʠʪ ʚ ʦʙʲʝʤ ʨʘʙʦʪ, 
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ʪ.ʝ. ʤʝʞʜʫ ʧʠʢʝʪʘʤʠ 06+00 ʤ ʠ 17+16 ʤ. ɺ ʦʩʥʦʚʥʦʤ, ʛʝʦʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʉʊ-4 

ʚʢʣʶʯʘʝʪ ʤʥʦʛʦʪʦʯʝʯʥʳʝ ʵʢʩʪʝʥʟʦʤʝʪʨʳ ʠ ʚʠʙʨʘʮʠʦʥʥʳʝ ʩʪʨʫʥʥʳʝ (ɺʉ) ʧʴʝʟʦʤʝʪʨʳ. 

ʉʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʙʣʶʜʝʥʠʡ ʩʦʩʪʘʚʣʝʥʘ ʩ ʫʯʝʪʦʤ ʢʦʥʢʨʝʪʥʳʭ ʜʘʪʯʠʢʦʚ ʚʳʙʨʘʥʥʳʭ 

ʪʠʧʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʦʯʠʝ 

ʘʥʘʣʦʛʠʯʥʳʝ ʪʠʧʳ ʜʘʪʯʠʢʦʚ ʦʪ ʜʨʫʛʠʭ ʧʦʩʪʘʚʱʠʢʦʚ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ, ʝʩʣʠ ʦʥʠ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, ʪ.ʝ. ʦʪʚʝʯʘʶʪ ʙʘʟʦʚʳʤ 

ʩʧʝʮʠʬʠʢʘʮʠʷʤ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʪ ʞʝ ʜʠʘʧʘʟʦʥ ʪʦʯʥʦʩʪʠ ʠ ʪ.ʧ. 

ʂʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʥʝʢʦʪʦʨʳʭ 

ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʧʨʠʤʝʨ, ʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʠ ʩʤʝʱʝʥʠʡ ʚʦʢʨʫʛ ʪʦʥʥʝʣʷ 

ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 1.  

 

ʊʘʙʣʠʮʘ 1. ɻʝʦʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʉʊ-4 ï ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʩʪʚʦʨʦʚ ʚ ʪʦʥʥʝʣʝ ʩ ʫʢʘʟʘʥʠʝʤ ʪʠʧʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʙʦʨʦʚ 

Table 1. Geotechnical equipment in ST-4 - Location of measuring points in the tunnel, indicating 

the type and number of devices 
 ̄

ʩʪʚʦʨʘ 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʇʨʠʙʦʨ ʉʙʦʨ 

ʜʘʥʥʳʭ ʊʠʧ ʂʦʣ-ʚʦ 

 

ʉʪʚʦʨ 1 

ʇʢ. 06+70 ʤ 

(ʀʟʛʠʙ ʪʦʥʥʝʣʷ) 

ʇʴʝʟʦʤʝʪʨ ɺʉ (L=5 ʤ)  

2 

ʇʫʣʴʪ 

ʫʧʨʘʚʣʝʥʠʷ ʚ 

MTT-1 ʥʘ ʇʢ. 

03+50 ʤ 
 

ʉʪʚʦʨ 2 

ʇʢ. 08+40 ʤ 

(ʀʦʥʘʭʰʩʢʠʡ ʨʘʟʣʦʤ) 

ʇʴʝʟʦʤʝʪʨ ɺʉ (L=5 ʤ) 5 

ʤʥʦʛʦʪʦʯʝʯʥʳʡ ʵʢʩʪʝʥʟʦʤʝʪʨ 

(4 ʤ, 8 ʤ, 15 ʤ ʠ 30 ʤ) 

 

3 

ʉʪʚʦʨ 3 ʇʢ. 12+60 ʤ 

(ʫʯʘʩʪʦʢ ʨʘʟʚʝʪʚʣʝʥʠʷ) 

ʇʴʝʟʦʤʝʪʨ ɺʉ (L=5 ʤ) 3  

 

 

 

 

 

 

 

ʇʫʣʴʪ 

ʫʧʨʘʚʣʝʥʠʷ ʚ 

ʢʘʤʝʨʝ ʟʘʪʚʦʨʦʚ 

ʉʊ4 

ʤʥʦʛʦʪʦʯʝʯʥʳʡ ʵʢʩʪʝʥʟʦʤʝʪʨ 

(4 ʤ, 8 ʤ, 15 ʤ ʠ 30 ʤ) 

 

3 

ʉʪʚʦʨ 4 ʇʢ. 13+40 ʤ (ʜʦ 

ʨʘʟʚʝʪʚʣʝʥʠʷ, ʚ ʦʙʝʠʭ 

ʚʝʪʚʷʭ ʪʦʥʥʝʣʷ) 

ʇʴʝʟʦʤʝʪʨ ɺʉ (L=5 ʤ) 10 

ʄʥʦʛʦʪʦʯʝʯʥʳʡ ʵʢʩʪʝʥʟʦʤʝʪʨ 

(3 ʤ, 6 ʤ, 9 ʤ ʠ 18 ʤ) 

6 

ʉʪʚʦʨ 5 ʇʢ. 13+65 ʤ (ʜʦ ʟʘʪʚʦʨʦʚ, 

ʚ ʦʙʝʠʭ ʚʝʪʚʷʭ ʪʦʥʥʝʣʷ) 

ʅʠʚʝʣʠʨʦʚʦʯʥʳʝ ʨʝʡʢʠ 4 

ʉʪʚʦʨ 6 ʇʢ. 13+80 ʤ (ʜʦ ʟʘʪʚʦʨʦʚ, 

ʚ ʦʙʝʠʭ ʚʝʪʚʷʭ ʪʦʥʥʝʣʷ) 

ɺʠʜʝʦʢʘʤʝʨʘ 4 

ʉʪʚʦʨ 7 ʇʢ. 14+20 ʤ 

(ʨʘʟʣʦʤ 35 ʚ ʉT4-A) 

ʤʥʦʛʦʪʦʯʝʯʥʳʡ ʵʢʩʪʝʥʟʦʤʝʪʨ 

(3 ʤ, 6 ʤ, 9 ʤ ʠ 18 ʤ) 

3 

ʉʪʚʦʨ 8 ʇʢ. 14+35 ʤ 

(ʨʘʟʣʦʤ 35 ʚ ʉT4-ɹ) 

ʇʴʝʟʦʤʝʪʨ ɺʉs (L=5 ʤ) 5 

ʤʥʦʛʦʪʦʯʝʯʥʳʡ ʵʢʩʪʝʥʟʦʤʝʪʨ 

(3 ʤ, 6 ʤ, 9 ʤ ʠ 18 ʤ) 

3 

ʉʪʚʦʨ 9 ʇʢ. 17+00 m 

(Near the tunnel outlet, in 

both bran ʇʢes of the 

tunnel) 

ʇʴʝʟʦʤʝʪʨ ɺʉs (L=5 m) 10  

ʤʥʦʛʦʪʦʯʝʯʥʳʡ ʵʢʩʪʝʥʟʦʤʝʪʨ 

(3 m, 6m, 9 m, 18 m) 

6 

 

ʉʪʨʦʠʪʝʣʴʥʳʡ ʪʦʥʥʝʣʴ ʉʊ-4 ʈʦʛʫʥʩʢʦʡ ɻʕʉ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʠ ʠʤʝʝʪ ʜʣʠʥʫ 

1716 ʤ. ɺ ʦʙʲʝʤ ʨʘʙʦʪ ʧʦ ʢʦʥʪʨʘʢʪʫ ʃʆʊ-3 ʚʭʦʜʠʪ ʯʘʩʪʴ ʪʦʥʥʝʣʷ ʤʝʞʜʫ ʧʠʢʝʪʘʤʠ 06+00 ʠ 

17+16.  

ɻʝʦʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʪʦʥʥʝʣʷ ʉʊ-4 ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʜʝʚʷʪʠ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʪʚʦʨʘʭ. ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʧʣʘʥ ʠ ʧʨʦʜʦʣʴʥʳʡ ʧʨʦʬʠʣʴ ʉʊ4 ʤʝʞʜʫ ʧʠʢʝʪʘʤʠ 

06+00 ʤ ʠ 17+16 ʤ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2, ʚ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʝʚʷʪʠ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʪʚʦʨʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʧʣʘʥ ʉʊ4 ʩ ʤʘʨʰʨʫʪʦʤ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʢʘʙʝʣʷ, 

ʚʝʜʫʱʝʛʦ ʢ ʜʚʫʤ ʧʫʣʴʪʘʤ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʩʪʚʦʨʘʤ 1 ʠ 2, ʘ ʥʘ ʨʠʩʫʥʢʝ 4 ï ʧʦ ʩʪʚʦʨʘʤ ʩ 3 ʧʦ 9. 

ʕʪʦ ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʧʴʝʟʦʤʝʪʨʦʚ ʠ ʵʢʩʪʝʥʟʦʤʝʪʨʦʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 

file:///E:/Рабочий%20стол/Новая%20папка/P3-ROG-B-IN-DT4-00-DT-MN-0001-A1_RL2-3-8_DT4%20Geo%20Instrumentation%20Memo_rev%20A1_230817_rus.docx%23_bookmark13
file:///E:/Рабочий%20стол/Новая%20папка/P3-ROG-B-IN-DT4-00-DT-MN-0001-A1_RL2-3-8_DT4%20Geo%20Instrumentation%20Memo_rev%20A1_230817_rus.docx%23_bookmark14
file:///E:/Рабочий%20стол/Новая%20папка/P3-ROG-B-IN-DT4-00-DT-MN-0001-A1_RL2-3-8_DT4%20Geo%20Instrumentation%20Memo_rev%20A1_230817_rus.docx%23_bookmark16
file:///E:/Рабочий%20стол/Новая%20папка/P3-ROG-B-IN-DT4-00-DT-MN-0001-A1_RL2-3-8_DT4%20Geo%20Instrumentation%20Memo_rev%20A1_230817_rus.docx%23_bookmark17
file:///E:/Рабочий%20стол/Новая%20папка/P3-ROG-B-IN-DT4-00-DT-MN-0001-A1_RL2-3-8_DT4%20Geo%20Instrumentation%20Memo_rev%20A1_230817_rus.docx%23_bookmark18


77 

 

ʈʠʩʫʥʦʢ 1. ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʜʦʣʴʥʳʡ ʧʨʦʬʠʣʴ ʉʊ-4 ʤʝʞʜʫ ʧʠʢʝʪʘʤʠ 06+00ʤ ʠ 17+16 ʩ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ 9 ʩʪʚʦʨʦʚ 

Figure 1. Geological longitudinal profile ST-4 between pickets 06+00m and 17+16 with the 

location of 9 sections 

 
 

ʈʠʩʫʥʦʢ 2. ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʜʦʣʴʥʳʡ ʧʨʦʬʠʣʴ ʉʊ-4 ʤʝʞʜʫ ʧʠʢʝʪʘʤʠ 06+00 ʤ ʠ 17+16 ʤ ʩ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ 9 ʩʪʚʦʨʦʚ 

Figure 2. Geological longitudinal profile ST-4 between pickets 06+00 m and 17+16 m with the 

location of 9 sections 
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ʈʠʩʫʥʦʢ 3. ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʪʚʦʨʦʚ 1 ʠ 2, ʘ ʪʘʢʞʝ ʤʘʨʰʨʫʪʦʚ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʢʘʙʝʣʝʡ, 

ʚʝʜʫʱʠʭ ʢ ʧʫʣʴʪʫ ʫʧʨʘʚʣʝʥʠʷ ʚ ʪʫʥʥʝʣʝ MTT-1 

Figure 3. Location of sections 1 and 2, as well as routes of connecting cables leading to the 

control panel in the MTT-1 tunnel 

 
 

ʈʠʩʫʥʦʢ 4. ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʪʚʦʨʦʚ 3 ï 9, ʘ ʪʘʢʞʝ ʤʘʨʰʨʫʪʦʚ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʢʘʙʝʣʝʡ, 

ʚʝʜʫʱʠʭ ʢ ʧʫʣʴʪʫ ʫʧʨʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʝ ʟʘʪʚʦʨʦʚ ʉʊ4 

Figure 4. Location of gates 3 ï 9, as well as routes of connecting cables leading to the control 

panel in the ST4 gate chamber 
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ʈʠʩʫʥʦʢ 5. ʊʠʧʦʚʘʷ ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʧʴʝʟʦʤʝʪʨʦʚ ʠ ʵʢʩʪʝʥʟʦʤʝʪʨʦʚ ʚ ʩʪʚʦʨʘʭ 7 ʠ 8 

Figure 5. Typical arrangement of piezometers and extensometers in sections 7 and 8 

 
 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʉʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʪʦʥʥʝʣʷ ʉʊ-4 ʈʦʛʫʥʩʢʦʡ 

ɻʕʉ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 9 ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʪʚʦʨʦʚ - ʫʯʘʩʪʢʠ ʩ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʘʧʧʘʨʘʪʫʨʦʡ (ʨʠʩʫʥʦʢ 1). 

ʂ ʦʩʥʦʚʥʳʤ ʛʝʦʪʝʭʥʠʯʝʩʢʠʤ ʜʘʪʯʠʢʘʤ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʤ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʚ ʉʊ4 ʤʝʞʜʫ 

ʧʠʢʝʪʘʤʠ 06+00 ʤ ʠ 17+16 ʤ, ʦʪʥʦʩʷʪʩʷ ʚʠʙʨʘʮʠʦʥʥʳʝ ʩʪʨʫʥʥʳʝ (ɺʉ) ʧʴʝʟʦʤʝʪʨʳ ʠ 

ʵʢʩʪʝʥʟʦʤʝʪʨʳ. 

ɺʠʙʨʘʮʠʦʥʥʳʝ ʩʪʨʫʥʥʳʝ ʧʴʝʟʦʤʝʪʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʦʨʦʚʳʤ 

ʜʘʚʣʝʥʠʝʤ ʚʦʜʳ ʟʘ ʙʝʪʦʥʥʦʡ ʦʙʜʝʣʢʦʡ ʉʊ4. ʊʘʢʠʝ ʧʴʝʟʦʤʝʪʨʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʛʝʨʤʝʪʠʯʥʦ 

ʟʘʜʝʣʳʚʘʶʪʩʷ ʚ ʰʧʫʨʘʭ, ʥʦ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʧʦʜʚʝʰʝʥʳ ʚ ʩʢʚʘʞʠʥʝ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 6 ɺʉ ʧʴʝʟʦʤʝʪʨʳ ʩʪʘʥʜʘʨʪʥʳʭ ʚʠʜʦʚ. 

 

ʈʠʩʫʥʦʢ 6. ʇʴʝʟʦʤʝʪʨʳ ɺʉ ʩʪʘʥʜʘʨʪʥʳʭ ʪʠʧʦʚ 

Figure 6. BC piezometers of standard types 

 
ɺ ʧʴʝʟʦʤʝʪʨʝ ɺʉ ʠʤʝʝʪʩʷ ʩʪʘʣʴʥʘʷ ʧʨʦʚʦʣʦʢʘ, ʫʜʝʨʞʠʚʘʝʤʘʷ ʚ ʥʘʪʷʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ 

ʤʝʞʜʫ ʛʠʙʢʦʡ ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʦʡ ʠ ʞʝʩʪʢʦʡ ʚʥʫʪʨʝʥʥʝʡ ʧʝʨʝʛʦʨʦʜʢʦʡ. ɼʘʪʯʠʢ ʫʩʪʨʦʝʥ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʚʦʜʳ, ʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʤʝʤʙʨʘʥʫ, ʠʟʤʝʥʷʝʪ ʥʘʪʷʞʝʥʠʝ ʧʨʦʚʦʣʦʢʠ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʥʘʪʷʞʝʥʠʝ ʧʨʦʚʦʣʦʢʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʥʘʦʙʦʨʦʪ. ʅʘʪʷʞʝʥʠʝ ʧʨʦʚʦʣʦʢʠ 

ʠʟʤʝʨʷʝʪʩʷ ʧʫʪʝʤ ʧʨʠʚʝʜʝʥʠʷ ʝʝ ʚ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ ʧʦʤʦʱʴʶ ʩʝʨʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʦʪ ʢʘʪʫʰʢʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʚʦʣʦʢʘ ʚʠʙʨʠʨʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ 
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ʩʚʦʝʡ ʩʦʙʩʪʚʝʥʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʦʚʦʣʦʢʘ ʧʨʦʜʦʣʞʘʝʪ 

ʚʠʙʨʠʨʦʚʘʪʴ, ʠ ʚ ʢʘʪʫʰʢʝ ʠʥʜʫʮʠʨʫʝʪʩʷ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ ʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ, 

ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʙʣʦʢ ʩʯʠʪʳʚʘʥʠʷ. ɺʩʪʨʦʝʥʥʘʷ ʜʚʫʭʧʦʣʶʩʥʘʷ ʛʘʟʦʨʘʟʨʷʜʥʘʷ ʪʨʫʙʢʘ 

ʟʘʱʠʱʘʝʪ ʜʘʪʯʠʢ ʦʪ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘʧʨʷʞʝʥʠʷ. ɺʩʪʨʦʝʥʥʳʡ ʪʝʨʤʠʩʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʪʘʢʞʝ ʜʣʷ ʪʝʧʣʦʚʦʡ ʢʦʨʨʝʢʮʠʠ. 

ʇʴʝʟʦʤʝʪʨʳ ɺʉ ʠʤʝʶʪ ʬʠʣʴʪʨʫʶʱʠʡ ʥʘʢʦʥʝʯʥʠʢ, ʢʦʪʦʨʳʡ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʧʘʜʘʥʠʝ ʤʝʣʢʠʭ 

ʯʘʩʪʠʮ ʛʨʫʥʪʘ ʚ ʢʘʤʝʨʫ ʧʝʨʝʜ ʤʝʤʙʨʘʥʦʡ. ʇʦʨʳ ʚ ʬʠʣʴʪʨʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʥʠʢʘʪʴ ʚʦʜʝ, ʥʦ ʥʝ 

ʯʘʩʪʠʮʘʤ ʛʨʫʥʪʘ. ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʴʝʟʦʤʝʪʨʘ ɺʉ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 7. 
 

ʈʠʩʫʥʦʢ 7. ʉʭʝʤʘ ʩʦʩʪʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʴʝʟʦʤʝʪʨʘ ɺʉ 

Figure 7. Diagram of the components of the piezometer BC 

 
 

ʉʢʚʘʞʠʥʥʳʝ ʵʢʩʪʝʥʟʦʤʝʪʨʳ ʩʪʝʨʞʥʝʚʦʛʦ ʪʠʧʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʤʝʱʝʥʠʡ ʠʣʠ 

ʜʝʬʦʨʤʘʮʠʡ ʚ ʛʨʫʥʪʝ, ʩʢʘʣʴʥʳʭ ʧʦʨʦʜʘʭ ʠ ʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ. ʆʙʳʯʥʦ ʦʥʠ ʧʨʠʤʝʥʷʶʪʩʷ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʛʨʫʥʪʘ ʚʦʢʨʫʛ ʪʦʥʥʝʣʝʡ. ʅʘ ʨʠʩʫʥʢʝ 8 ʧʦʢʘʟʘʥ ʵʢʩʪʝʥʟʦʤʝʪʨ ʩ 

ʤʥʦʛʦʪʦʯʝʯʥʳʤʠ ʩʪʝʨʞʥʷʤʠ. 
 

ʈʠʩʫʥʦʢ 8. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʵʢʩʪʝʥʟʦʤʝʪʨʘ ʩ ʤʥʦʛʦʪʦʯʝʯʥʳʤʠ ʩʪʝʨʞʥʷʤʠ 

Figure 8. Schematic representation of an extensometer with multipoint rods 

 
ʕʢʩʪʝʥʟʦʤʝʪʨ ʠʟʤʝʨʷʝʪ ʩʤʝʱʝʥʠʝ, ʧʨʦʠʩʭʦʜʷʱʝʝ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʚ ʩʢʚʘʞʠʥʝ ʚ 

ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʘʥʢʝʨʦʚ ʠ ʦʜʥʦʡ ʢʦʥʪʨʦʣʴʥʦʡ 

ʪʦʯʢʠ. ɼʚʠʞʝʥʠʝ ʩʪʝʨʞʥʝʡ, ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ ʘʥʢʝʨʘʭ, ʠʟʤʝʨʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʣʦʚʢʠ 

ʵʢʩʪʝʥʟʦʤʝʪʨʘ, ʟʘʢʨʝʧʣʝʥʥʦʡ ʥʘ ʫʩʪʴʝ ʩʢʚʘʞʠʥʳ, ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʜʝʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʘʥʢʝʨʘʤʠ. 

ʄʥʦʛʦʪʦʯʝʯʥʳʡ ʵʢʩʪʝʥʟʦʤʝʪʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠʟʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʩʢʚʘʞʠʥʥʳʤʠ ʘʥʢʝʨʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʟʘʜʘʥʥʦʡ ʛʣʫʙʠʥʝ ʚ ʩʢʚʘʞʠʥʝ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʛʦʣʦʚʢʦʡ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʣʫʙʠʥʥʦʛʦ 

ʤʠʢʨʦʤʝʪʨʘ ʠʣʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʝʨʝʤʝʱʝʥʠʡ. 

ɻʦʣʦʚʢʠ ʵʢʩʪʝʥʟʦʤʝʪʨʦʚ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ ʜʦ 100 ʠʣʠ 200 ʤʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʘʥʢʝʨʦʚ ʠ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʪʝʨʞʥʝʡ. ɺ 
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ʢʦʤʧʣʝʢʪ ʧʦʩʪʘʚʢʠ ʛʦʣʦʚʢʠ ʚʭʦʜʷʪ ʮʝʤʝʥʪʠʨʫʝʤʳʝ ʘʥʢʝʨʳ. ʇʘʢʝʨʥʳʝ ʘʥʢʝʨʳ ʧʦʩʪʘʚʣʷʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʦʧʮʠʠ. ʉʪʝʨʞʥʠ ʵʢʩʪʝʥʟʦʤʝʪʨʦʚ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʩʪʝʢʣʦʚʦʣʦʢʥʘ ʠʣʠ ʥʝʨʞʘʚʝʶʱʝʡ 

ʩʪʘʣʠ. ʆʙʘ ʪʠʧʘ ʠʤʝʶʪ ʥʝʡʣʦʥʦʚʫʶ ʪʨʫʙʢʫ, ʢʦʪʦʨʘʷ ʫʤʝʥʴʰʘʝʪ ʪʨʝʥʠʝ ʤʝʞʜʫ ʩʪʝʨʞʥʷʤʠ ʠ 

ʦʢʨʫʞʘʶʱʠʤ ʛʨʫʥʪʦʤ ʠʣʠ ʮʝʤʝʥʪʥʳʤ ʨʘʩʪʚʦʨʦʤ.  

ɺʳʚʦʜʳ. ʇʝʨʝʜʘʯʘ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ, ʢʘʢ ʦʪ ʧʴʝʟʦʤʝʪʨʦʚ ɺʉ, ʪʘʢ ʠ ʦʪ ʤʥʦʛʦʪʦʯʝʯʥʳʭ 

ʵʢʩʪʝʥʟʦʤʝʪʨʦʚ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʘʙʝʣʝʡ. ɺʩʷ ʩʠʩʪʝʤʘ ʢʘʙʝʣʴʥʦʡ ʪʨʘʩʩʳ ʜʦʣʞʥʘ 

ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʣʠʙʦ ʚʥʫʪʨʠ ʙʝʪʦʥʥʦʡ ʦʙʜʝʣʢʠ, ʣʠʙʦ ʤʝʞʜʫ ʦʙʜʝʣʢʦʡ ʠ ʩʢʘʣʴʥʦʡ ʢʨʝʧʴʶ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʱʠʪʳ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʚʩʝ ʢʘʙʝʣʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʤʝʱʝʥʳ ʚ 

ʟʘʱʠʪʥʳʝ ʢʦʞʫʭʠ. ʂʘʙʝʣʠ ʧʨʠʙʦʨʦʚ ʩʣʝʜʫʝʪ ʧʨʦʢʣʘʜʳʚʘʪʴ ʚ ʪʨʫʙʘʭ ʜʠʘʤʝʪʨʦʤ ʦʪ 76 ʜʦ 100 ʤʤ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ 10704-91 [8]. 

ʇʨʠ ʤʦʥʪʘʞʝ ʧʨʠʙʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʩʦʭʨʘʥʥʦʩʪʴ ʢʘʙʝʣʝʡ ʩʚʷʟʠ. ʉʧʦʩʦʙʳ 

ʧʨʦʢʣʘʜʢʠ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʘʙʝʣʴʥʦʡ ʪʨʘʩʩʳ ʧʨʠʙʦʨʘ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʩʝʤ 

ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ (ʩʤ. [4] ʠ [9]) ʠ ʠʩʢʣʶʯʘʪʴ ʧʦʧʘʜʘʥʠʝ ʚʦʜʳ ʚʜʦʣʴ ʢʘʙʝʣʷ ʚ ʩʢʚʘʞʠʥʫ 

ʠʣʠ ʩʦʝʜʠʥʠʪʝʣʴʥʫʶ ʪʨʫʙʫ. ɺ ʩʣʫʯʘʝ ʧʦʚʨʝʞʜʝʥʠʷ ʧʨʠʙʦʨʥʦʛʦ ʢʘʙʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʝʤʦʥʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʢʘʙʝʣʴʥʳʭ ʩʦʝʜʠʥʠʪʝʣʝʡ. 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʢʘʙʝʣʴʥʳʭ ʪʨʘʩʩ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥʳ ʩ ʇʦʜʨʷʜʯʠʢʦʤ 

ʧʦ ʃʦʪʫ 3 ʩ ɿʘʢʘʟʯʠʢʦʤ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ. ʋʩʪʘʥʦʚʢʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʢʦʨʦʙʢʠ 

ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʧʣʘʥʠʨʦʚʘʥʘ ʚ ʫʢʘʟʘʥʥʦʤ ʤʝʩʪʝ ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʤʦʥʪʘʞʥʳʭ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʨʘʙʦʪ. ʉʦʝʜʠʥʝʥʠʝ ʢʘʙʝʣʝʡ ʜʦʣʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʪʘ ʜʣʷ ʩʨʘʱʠʚʘʥʠʷ, 

ʥʘʧʨʠʤʝʨ, GEOKON ʤʦʜʝʣʠ 4500-12 ʠ 4500-14, ʠʣʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʚʘʨʠʘʥʪʘ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʩʧʝʮʠʘʣʴʥʦʝ ʧʦʤʝʱʝʥʠʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʤʝʩʪʝ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʢʣʝʤʤʥʳʭ ʢʦʨʦʙʦʢ ʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʂʘʞʜʘʷ 

ʢʣʝʤʤʥʘʷ ʢʦʨʦʙʢʘ ʙʫʜʝʪ ʦʩʥʘʱʝʥʘ ʩʧʝʮʠʘʣʴʥʳʤ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʤ ʠ ʨʝʛʠʩʪʨʘʪʦʨʦʤ ʜʘʥʥʳʭ. 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʚʳʜʝʣʝʥʳ ʜʚʘ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ: ʦʜʠʥ ʚ 

ʪʦʥʥʝʣʝ ʄʊʊ-1, ʜʨʫʛʦʡ - ʚ ʢʘʤʝʨʝ ʟʘʪʚʦʨʦʚ ʉʊ4. 
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ʨʝʩʫʨʩ]. URL: https://www.geokon.com/A-3. 

 
ÆÚÕÏÔÜÖßÙÚÙÔÔ ÞÌÆÇÔÓÚÞÇÚÔ ãÑÙÖßÙÌÙÐÌ-ÙÌÓÚÜÌÞÖßÙÌÙÐÌ ÎÌ ÝÔÝÞÑØÌÔ 

ØÚÙÔÞÚÜÔÙÏ ÐÌÜ ÙÌÉÍÔ ÝÚáÞØÚÙÔÔ ÝÞ-4 ÙÍÚ ÜÚÀßÙ 
Ðìü øìėú÷ì ùìþôĔìĕúô øúùôþúüôùïô ïñúþñāùôöĒ íú ôýþôĀúðì ìó þìĔĕôóúþô ùìóúüìþĒ-ăñùöÿùĒ 

(ÖÔÌ) îì þìüþôíô ĔúõïôüĄìîôô úùĕú ðìü ùìėíô ýúāþøúùôô ÝÞ-4 ÙÍÚ ÜúĎÿù úîìüðì Ąÿðììýþ. 
Ýôýþñøìô øúùôþúüôùïô ùìėíô ýúāþøúùôô ÝÞ-4-ô ÙÍÚ ÜúĎÿù 9 ėôþĆìô - øôùþìėìĕúô ðúüúô 

þìĔĕôóúþô ùìóúüìþôĊ ăñùöÿùôüú ðìü íìü øñïôüìð. Ðìþăôöĕúô ìýúýôô ïñúþñāùôöĒ, öô íìüúô ùìýí 
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ðìü ÝÞ-4 íìõùô ûôöñþĕúô 06+00 ø îì 17+16 ø ûñĄíôùĒ Ąÿðììùð, ûñóúøñþüĕúô üñýøúùô ÷ìüóôĄ (VS) 
îì ĉöýþñùýúøñþüĕúüú ðìü íìü øñïôüìùð. 

Öì÷ôðîúòìĕú: ùìėí, ăúüìĕúô ùìóúüìþĒ, þìĔĕôóúþô ùìóúüìþĒ îì ăñùöÿùĒ (ÖÔÌ), øúùôþúüôùï, 
ėÿíÿüĕúô ðìýþïôüĒ, ăúĕĕú, ĉöýþñùýúøñþü. 
 

ʈɸʉʇʆʃʆɾɽʅʀɽ ɻɽʆʊɽʍʅʀʏɽʉʂʀʍ ʂʆʅʊʈʆʃʔʅʆ-ʀɿʄɽʈʀʊɽʃʔʅʓʍ ʇʈʀɹʆʈʆɺ ʀ 

ʉʀʉʊɽʄʓ ʄʆʅʀʊʆʈʀʅɻɸ ɺ ʉʊ-4 ʈʆɻʋʅʉʂʆʁ ɻʕʉ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʘʧʧʘʨʘʪʫʨʦʡ (ʂʀɸ) ʠ ʧʦʨʷʜʦʢ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʥʦʤ ʪʦʥʥʝʣʝ ʉʊ-4 ʈʦʛʫʥʩʢʦʡ ɻʕʉ. 

ʉʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʪʦʥʥʝʣʷ ʉʊ-4 ʈʦʛʫʥʩʢʦʡ ɻʕʉ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 9 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʪʚʦʨʦʚ - ʫʯʘʩʪʢʠ ʩ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ. ʂ ʦʩʥʦʚʥʳʤ 

ʛʝʦʪʝʭʥʠʯʝʩʢʠʤ ʜʘʪʯʠʢʘʤ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʤ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʚ ʉʊ-4 ʤʝʞʜʫ ʧʠʢʝʪʘʤʠ 06+00 ʤ ʠ 17+16 ʤ, 

ʦʪʥʦʩʷʪʩʷ ʚʠʙʨʘʮʠʦʥʥʳʝ ʩʪʨʫʥʥʳʝ (ɺʉ) ʧʴʝʟʦʤʝʪʨʳ ʠ ʵʢʩʪʝʥʟʦʤʝʪʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʥʥʝʣʴ, ʤʝʨʳ ʢʦʥʪʨʦʣʷ, ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʘʧʧʘʨʘʪʫʨʘ (ʂʀɸ), 

ʤʦʥʠʪʦʨʠʥʛ, ʦʧʦʨʥʘʷ ʪʨʫʙʘ, ʩʢʚʘʞʠʥʳ, ʵʢʩʪʝʥʟʦʤʝʪʨ. 

 

LOCATION OF GEOTECHNICAL CONTROL AND MEASURING DEVICES AND MONITORING 

SYSTEM IN ST-4 OF ROGUNSKAYA HPP 

The article presents the results of geotechnical monitoring of control and measuring equipment (CMA) 

and the order of their location in the construction tunnel ST-4 of Rogun HPP. 

The monitoring system for the construction tunnel ST-4 of the Rogun HPP includes 9 measuring sections 

- areas with control and measuring equipment. The main geotechnical sensors intended for installation in ST-4 

between pickets 06+00 m and 17+16 m include vibrating string (VS) piezometers and extensometers. 

Keywords: tunnel, control measures, instrumentation, monitoring, support pipe, boreholes, extensometer. 
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ʋɼʂ: 536.12.33 

ʉʈɸɺʅɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇɽʈɽɼɸʏʀ ʕʃɽʂʊʈʆʕʅɽʈɻʀʀ ʅɸ ʇʈʀʄɽʈɽ 

ʃʕʇ ʇʆʉʊʆʗʅʅʆɻʆ ʀ ʇɽʈɽʄɽʅʅʆɻʆ ʊʆʂɸ 

 

ɼʞʘʭʦʥʛʠʨʠ ɸ. 

ʀʥʩʪʠʪʫʪ ʵʥʝʨʛʝʪʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥʘ 

 

ʉ XIX ʚʝʢʘ ʤʥʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʨʘʩʭʦʜʷʪʩʷ ʧʦ ʧʦʚʦʜʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʤʝʥʥʦʛʦ ʚ ʣʠʥʠʷʭ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩ 

ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʤʦʱʥʦʩʪʴʶ. 

ʈʘʟʚʠʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʣʶʙʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ, ʘ ʪʘʢʞʝ ʠ ʝʛʦ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʝʛʦʜʥʷ 

ʫʞʝ ʪʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʚʳʩʪʫʧʘʝʪ ʥʘ 

ʧʝʨʚʳʡ ʧʣʘʥ, ʪ.ʝ. ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʚʩʝʭ 

ʧʨʦʤʧʨʝʜʧʨʠʷʪʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʫʜʘʣʝʥʥʳʭ ʤʝʩʪʥʦʩʪʷʭ, ʘ ʪʘʢʞʝ ʠ ʟʘ ʨʫʙʝʞʦʤ, ʥʘʧʨʠʤʝʨ, 

ʧʝʨʝʜʘʯʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʊʘʜʞʠʢʠʩʪʘʥʘ ʠ ʂʳʨʛʳʟʩʪʘʥʘ ʚ ʪʘʢʠʝ ʩʦʩʝʜʥʠʝ ʛʦʩʫʜʘʨʩʪʚʘ, ʢʘʢ 

ɸʬʛʘʥʠʩʪʘʥ, ʇʘʢʠʩʪʘʥ. 

ʉʝʛʦʜʥʷ ʥʘʫʯʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʪʝʭʥʠʢʝ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦʚʳʰʝʥʥʦʡ ʤʦʱʥʦʩʪʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʵʪʦ, ʚʦʧʨʦʩ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʤʝʥʥʦʛʦ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʠ ʧʦ ʩʝʡ ʜʝʥʴ.  

ʇʦʜʦʙʥʦʛʦ ʨʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʘ, ʥʦ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʩʦʩʪʘʚʣʷʣʘ ʚʩʝʛʦ ʣʠʰʴ 10 ʢʤ, ʧʨʠ ʵʪʦʤ 

ʦʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʥʠʟʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʥʘʧʨʷʞʝʥʠʷ [8; 14; 19; 7; 20]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʧʨʦʩ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʙʦʣʴʰʠʭ ʦʙʲʝʢʪʦʚ ʣʠʙʦ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʘ ʥʘ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʧʝʨʝʜʘʯʠ 

ʵʥʝʨʛʠʠ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. ɿʜʝʩʴ ʞʝ ʩʣʝʜʦʚʘʣʦ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʦʜʳ 

ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ ʚ ʦʩʥʦʚʥʦʤ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʢ ʧʨʠʤʝʥʝʥʠʶ ʥʘ 

ʜʘʣʴʥʠʝ ʨʘʩʩʪʦʷʥʠʷ. 

ɻʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʵʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʜʣʷ ʦʙʲʝʢʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʫʜʘʣʝʥʠʠ ʠ ʥʝ 

ʧʠʪʘʶʱʠʭʩʷ ʦʪ ʦʙʱʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʝʪʠ, ʥʦ ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʝʝ ʘʚʪʦʥʦʤʥʦʩʪʠ. ʇʨʠ 

ʦʙʲʝʜʠʥʝʥʠʠ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʦʙʱʫʶ ʃʕʇ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʤʠʢʨʦʩʝʪʠ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʦʙʝʩʧʝʯʠʪʴ ʘʚʪʦʥʦʤʥʦʩʪʴ ʵʣʝʢʪʨʦʩʝʪʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʥʘʙʞʘʶʱʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ 

ʦʪʜʝʣʴʥʳʝ ʧʦʜʩʪʘʥʮʠʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, 

ʚʦʧʨʦʩʳ ʢʘʩʘʶʱʠʝʩʷ ʝʝ ʟʘʱʠʪʳ ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʪʝʤ, ʯʪʦ ʢʨʠʚʘʷ 

ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʧʝʨʝʩʝʢʘʝʪ ʥʫʣʝʚʫʶ ʪʦʯʢʫ, ʧʦʵʪʦʤʫ, ʢʦʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʟʤʳʢʘʥʠʝ ʢʦʥʪʘʢʪʦʚ, 

ʚʦʟʥʠʢʘʝʪ ʧʝʨʝʥʘʧʨʷʞʝʥʠʝ. ʋʩʪʨʦʡʩʪʚʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʱʠʪʳ ʣʠʥʠʡ 

ʧʝʨʝʜʘʯʠ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʷʚʣʷʶʪʩʷ ʢʘʢ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ, ʪʘʢ ʠ 

ʚʳʩʦʢʦʛʘʙʘʨʠʪʥʳʤʠ. ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʥʝ ʠʤʝʶʪ ʦʩʦʙʦʡ 

ʧʦʧʫʣʷʨʥʦʩʪʠ, ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦʙ ʠʭ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ. ɺ ʊʘʜʞʠʢʠʩʪʘʥʝ ʩʝʪʠ ʠ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʠʭ 

ʚʩʪʘʚʦʢ ʤʝʞʜʫ ʙʦʣʴʰʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʝʪʝʡ. 

ɺʘʞʥʳʤ ʢʘʯʝʩʪʚʦʤ, ʢʦʪʦʨʳʤ ʦʙʣʘʜʘʶʪ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, 

ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ.  

ʇʨʦʩʪʝʡʰʘʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ 

ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1 [10; 17; 13; 3; 4; 5; 12; 6; 9; 11]. 

ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʭʝʤʝ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʣʠʥʠʷ ʧʝʨʝʜʘʯʠ ʧʝʨʝʤʝʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʩ ʥʝʚʳʩʦʢʠʤ ʥʘʧʨʷʞʝʥʠʝʤ. ʇʦʜʦʙʥʳʡ ʪʠʧ ʩʭʝʤʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʪʝʨʠ 

ʤʦʱʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʠʤʧʝʜʘʥʩʘ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʘʢʪʠʚʥʳʝ ʠ ʨʝʘʢʪʠʚʥʳʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʠʥʜʫʢʪʠʚʥʳʝ, ʝʤʢʦʩʪʥʳʝ). ʀʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 
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ʜʠʘʤʝʪʨʘ ʠ ʨʘʩʩʪʦʷʥʠʷ ʧʨʦʚʦʜʦʚ, ʪ.ʝ. ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʤ ʤʝʥʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʜʠʘʤʝʪʨ ʧʨʦʚʦʜʦʚ, 

ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʤʝʥʴʰʝ, ʠ ʥʘʦʙʦʨʦʪ [8; 1; 2]. 

 

ʈʠʩʫʥʦʢ 1. ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ 

ʥʘʧʨʷʞʝʥʠʝʤ 500 ʢɺ 

Figure 1. Equivalent circuit diagram of a 500 kV AC transmission line 

 
 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʚʘʨʠʘʥʪʝ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʠʤʧʝʜʘʥʩʘ. ɼʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʘʧʨʷʞʝʥʠʝ ʥʝ ʙʦʣʝʝ 110 ʢɺ, ʪʦ ʝʤʢʦʩʪʴ ʤʦʞʥʦ ʠ ʥʝ ʧʨʠʥʠʤʘʪʴ 

ʚʦ ʚʥʠʤʘʥʠʝ 110 ʢɺ [8; 18]. 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʝʨʠ ʚ ʣʠʥʠʷʭ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʤʳ ʨʝʰʠʣʠ ʦʩʫʱʝʩʪʚʠʪʴ 

ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʚʦʟʜʫʰʥʳʭ ʃʕʇ, ʤʦʱʥʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʷ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 8 ʄɺɸ 

cosű=0,9. ɺʝʣʠʯʠʥʘ ʧʦʛʦʥʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʠ ʠʥʜʫʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʦʣʱʠʥʦʡ ʧʨʦʚʦʜʘ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʳʙʠʨʘʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʚʝʣʠʯʠʥʳ 

ʧʨʦʧʫʩʢʘʝʤʦʛʦ ʯʝʨʝʟ ʥʝʛʦ ʪʦʢʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʩʧʨʘʚʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ, ʜʣʷ ʪʦʢʘ ʚʝʣʠʯʠʥʦʡ 118ɸ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʚʦʜ ʜʠʘʤʝʪʨʦʤ 35 ʤʤ
2
 ʩ ʧʦʛʦʥʥʳʤʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ Rn=0.54 ʆʤ/ʢʤ, ʍʧ=0.308 ʆʤ/ʢʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʠʥʜʫʢʪʠʚʥʦʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ [15; 16; 18]: 

 ὼ πȢρττὰὫ
ʩʨ ȟ

 ȟ
ʆʤ

ʢʤ
 ρȢρ 

 ὢ ὼϽὰ ȟʆʤ ρȢς 

ʛʜʝ D cp - ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʩʨʝʜʠ ʦʩʝʡ ʧʨʦʚʦʜʦʚ;  

ʛ - ʨʘʜʠʫʩ ʧʨʦʚʦʜʘ;  

m - ʯʠʩʣʦ ʧʨʦʚʦʜʦʚ ʚ ʬʘʟʝ. 

ɹʳʣʦ ʧʨʠʥʷʪʦ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʣʥʦʚʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʤʘʣʝʥʴʢʠʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʛʦʥʥʦʛʦ. ɻʨʘʬʠʯʝʩʢʠ ʩʥʠʞʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʣʠʥʠʠ 

ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.  

 

ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʣʠʥʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

ʥʘʧʨʷʞʝʥʠʝʤ 35 ʢɺ ʦʪ ʝʸ ʧʨʦʪʷʞʸʥʥʦʩʪʠ  

Figure 2. Dependence of the voltage drop on DC and AC lines with a voltage of 35 kV on its 

length 

 
 

ʇʦ ʠʟʦʙʨʘʞʝʥʠʶ ʥʘ ʨʠʩʫʥʢʝ ʚʠʜʥʦ, ʯʪʦ ʛʨʘʬʠʢ ʥʦʩʠʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ. ɺ 

ʪʦʯʢʝ 1500ʢʤ ʥʘ ʣʠʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʧʦʪʝʨʠ ʩʦʩʪʘʚʣʷʶʪ 27%, ʘ 
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ʧʝʨʝʤʝʥʥʦʛʦ 35%. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʜʨʫʛʠʝ ʧʦʪʝʨʠ ʥʝ ʙʳʣʠ ʫʯʪʝʥʳ, ʧʦʵʪʦʤʫ ʩʥʠʞʝʥʠʝ 

ʤʦʱʥʦʩʪʠ ʙʫʜʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʥʠʞʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ. ʃʕʇ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʨʠʩʫʱʠ 

ʤʝʥʴʰʠʝ ʧʦʪʝʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʤʝʥʥʦʛʦ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʥʘ ʥʠʭ ʠʥʜʫʢʪʠʚʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ.  

ʅʘ ʚʦʟʜʫʰʥʳʭ ʃʕʇ ʥʘʧʨʷʞʝʥʠʝʤ ʙʦʣʝʝ 35 ʢɺ ʪʨʝʙʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʝʱʝ ʠ ʝʤʢʦʩʪʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʦʟʥʠʢʘʝʪ ʤʝʞʜʫ ʟʝʤʣʝʡ ʠ ʝʝ ʬʘʟʘʤʠ. ʏʪʦʙʳ ʫʯʝʩʪʴ ʚʩʝ ʧʦʪʝʨʠ, ʩʣʝʜʫʝʪ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʇ-ʦʙʨʘʟʥʦʡ ʩʭʝʤʦʡ ʟʘʤʝʱʝʥʠʷ [8; 17; 1].  

 

ʈʠʩʫʥʦʢ 3. ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʣʠʥʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʥʘʧʨʷʞʝʥʠʝʤ ʚʳʰʝ 110 ʢɺ 

Figure 3. Equivalent circuit of an AC line with voltages above 110 kV 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʭʝʤʘ ʫʯʠʪʳʚʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʪʝʨʴ. ʉʭʝʤʘ ʥʘ 

ʨʠʩʫʥʢʝ 3 ʫʯʠʪʳʚʘʝʪ ʠ ʘʢʪʠʚʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʢʦʪʦʨʘʷ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʪʝʨʷʤʠ ʧʨʠ ʢʦʨʝʥʥʦʤ 

ʠʟʣʫʯʝʥʠʠ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʷʚʣʷʶʪʩʷ ʟʘʚʠʩʠʤʳʤʠ ʦʪ ʩʝʯʝʥʠʷ ʧʨʦʚʦʜʥʠʢʘ ʠ ʨʘʩʩʪʦʷʥʠʷ 

ʩʨʝʜʠ ʦʩʝʡ ʧʨʦʚʦʜʦʚ (B ʠ G-ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʨʝʘʢʪʠʚʥʘʷ ʠ ʘʢʪʠʚʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʃʕʇ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʝʩʣʠ ʥʘʧʨʷʞʝʥʠʝ ʧʦ ʟʥʘʯʝʥʠʶ 

ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 220 ʢɺ, ʪʦ ʘʢʪʠʚʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʧʨʝʥʝʙʨʝʛʘʶʪ, ʘ ʝʤʢʦʩʪʥʫʶ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ çɺè ʨʘʩʩʯʠʪʳʚʘʶʪ ʢʘʢ [2; 16; 18]:  
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 ὄ ὦϽὰ ʆʤȟρȢτ  
ʛʜʝ, ɺ - ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʨʝʘʢʪʠʚʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʃʕʇ. ɺʝʣʠʯʠʥʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʘʷ 

ʩʦʛʣʘʩʥʦ (3), ʧʨʠʤʝʥʠʤʘ ʪʦʣʴʢʦ ʩʠʤʤʝʪʨʠʯʥʦʡ ʣʠʥʠʠ. ɽʤʢʦʩʪʴ ʧʨʦʚʦʜʘ ʩʦʩʪʦʠʪ ʠʟ ʝʤʢʦʩʪʠ, 

ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʟʘʨʷʜʘ ʧʨʦʚʦʜʘ ʢ ʝʛʦ ʧʦʪʝʥʮʠʘʣʫ. ɽʤʢʦʩʪʥʳʝ ʪʦʢʠ 

ʪʘʢʞʝ ʚʭʦʜʷʪ ʚ ʦʙʱʫʶ ʝʤʢʦʩʪʴ, ʝʩʣʠ ʥʘʧʨʷʞʝʥʠʝ ʩʝʪʠ ʥʘʯʠʥʘʝʪʩʷ ʦʪ 110 ʢɺ. ʏʪʦʙʳ ʨʘʩʯʝʪ 

ʩʜʝʣʘʪʴ ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʫʜʦʙʥʳʤ, ʝʤʢʦʩʪʴ ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʳ. 

ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʤʦʱʥʦʩʪʴ 1 ʢʤ ʧʦʜʟʝʤʥʦʡ ʣʠʥʠʠ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [17; 

3; 12; 11]: 

ὗ Ὗ Ͻὦ 
ʄɺɸʨ

ʢʤ
 ρȢυ  

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʤʳ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʚʦʜʘʤʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʠʟ ʘʣʶʤʠʥʠʷ. ʕʪʦʪ ʪʠʧ 

ʧʨʦʚʦʜʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʦʟʜʫʰʥʳʭ ʪʠʧʦʚ ʃʕʇ ʠ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ ʧʦʪʨʝʙʠʪʝʣʷ 90 

ʄɺɸ Cosű=0,9 (ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʢʫ 240 ɸ). ʉʦʛʣʘʩʥʦ ʩʧʨʘʚʦʯʥʠʢʘʤ, ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʧʨʦʚʦʜʘ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 95 ʤʤ
2
, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʛʦʥʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʣʝʜʫʶʱʠʤ ʧʦʢʘʟʘʪʝʣʷʤ: Rn=0.34 ʆʤ/ʢʤ. ʍʧ=0.303 ʆʤ/ʢʤ. ʀʟ ɺ=12.1Ā10
6
 1/ʆʤ.ʢʤ. ɺ ʃʕʇ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʦʪʝʨʷ ʤʦʱʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʘʢʪʠʚʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ, ʘ ʥʘ ʃʕʇ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʟʘ ʩʯʝʪ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʪʝʨʴ ʧʨʠ 

ʧʦʥʠʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʘʢʪʠʚʥʦʤ ʠ ʨʝʘʢʪʠʚʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷʭ. ʀʩʧʦʣʴʟʫʷ ʧʦʪʝʨʠ ʦʪ 

ʝʤʢʦʩʪʥʳʭ ʪʦʢʦʚ, ʥʘʤʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʛʨʘʬʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 4.  

ʉʦʛʣʘʩʥʦ ʠʟʦʙʨʘʞʝʥʠʶ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʥʘ ʃʕʇ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

ʷʚʣʷʶʪʩʷ ʨʘʚʥʳʤʠ 48% ʠ 35,5%, ʪ.ʝ. ʨʘʟʥʠʮʘ ʩʨʝʜʠ ʥʠʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 12,5%. ʅʘ ʃʕʇ 
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ʥʦʤʠʥʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʦʢʦʣʦ 500 ʢɺ ʬʠʢʩʠʨʫʝʪʩʷ ʨʘʩʩʣʦʝʥʠʝ ʬʘʟʦʚʳʭ ʧʨʦʚʦʜʦʚ, ʯʪʦ 

ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʯʠʥʦʡ ʫʚʝʣʠʯʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʨʘʜʠʫʩʘ ʧʨʦʚʦʜʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʦʚʳʰʘʝʪʩʷ 

ʠʥʜʫʢʪʠʚʥʦʩʪʴ, ʥʘʧʨʷʞʝʥʠʝ ʧʘʜʘʝʪ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʃʕʇ. 

 

ʈʠʩʫʥʦʢ 4. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʚ ʣʠʥʠʠ ʥʘʧʨʷʞʝʥʠʷ 500 ʢɺ ʧʦʩʪʦʷʥʥʦʛʦ ʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʦʪ ʝʸ ʧʨʦʪʷʞʸʥʥʦʩʪʠ 

Figure 4. Dependence of power loss in a 500 kV DC and AC line on its length 

 
 

ʇʨʠ ʚʳʩʦʢʠʭ ʥʘʧʨʷʞʝʥʠʷʭ ʦʱʫʪʠʤʳʡ ʚʢʣʘʜ ʚ ʧʦʪʝʨʠ ʚʥʦʩʠʪ ʠ ʢʦʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ. 

ʇʨʠʯʠʥʦʡ ʪʦʤʫ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʚʳʰʝʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʙʣʠʟʠ ʧʨʦʚʦʜʥʠʢʘ ï ʙʦʣʝʝ 

ʯʝʤ 17-19 ʢɺ/ʩʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʦʜʥʠʢ ʟʘʪʨʘʯʠʚʘʝʪ ʩʚʦʶ ʵʥʝʨʛʠʶ ʜʣʷ ʠʦʥʠʟʘʮʠʠ ʚʦʟʜʫʭʘ 

ʚʦʢʨʫʛ ʥʝʛʦ. ɸʢʪʠʚʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ G ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ [3,5]: 
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ʛʜʝ G-ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʘʢʪʠʚʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʦʚʦʜʥʠʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʝʥʘ 

ʣʠʥʠʷ ʥʘʧʨʷʞʝʥʠʝʤ 750 ʢɺ. ʇʝʨʝʜʘʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ï 1200 ʄɺɸ, Cosű=0,9, ʥʦʤʠʥʘʣʴʥʳʡ ʪʦʢ 

850 ɸ. ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʚ ʦʜʥʦʡ ʠʟ ʬʘʟ ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʚʦʜʥʠʢʦʚ. ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʚʳʙʠʨʘʝʤʦʡ ʩʝʪʠ, ʩʦʛʣʘʩʥʦ 

ʩʧʨʘʚʦʯʥʠʢʘʤ, ʨʘʚʥʘ 8 ʭ 400ʤʤ2 [5], ʢʦʪʦʨʘʷ ʩʦʙʩʪʚʝʥʥʦ ʠ ʚʣʠʷʝʪ ʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʦʙʱʠʝ ʧʦʪʝʨʠ ʥʘ ʣʠʥʠʷʭ ʩ Rn=0.106 ʆʤ, ʍʧ=0.298 ʆʤ [17; 3].  

ʅʘ ʨʠʩʫʥʢʝ 5 ʠʟʦʙʨʘʞʝʥʳ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʃʕʇ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʪʝʨʠ ʜʣʷ ʧʝʨʝʤʝʥʥʦʛʦ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʪʦʢʘ ʨʘʚʥʳ 53,5% ʠ 40%. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʨʘʚʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʃʕʇ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʧʘʜʝʥʠʷ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ, ʠʟ-ʟʘ ʪʦʛʦ ʯʪʦ ʂʇɼ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʦʯʪʠ ʨʘʚʝʥ 99%. ʅʦ ʥʘ ʃʕʇ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʘʷ ʪʝʭʥʠʢʘ, ʫ ʢʦʪʦʨʦʡ ʂʇɼ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʥʠʮʳ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ. ɺ 

ʜʦʧʦʣʥʝʥʠʠ ʢʦ ʚʩʝʤʫ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʃʕʇ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩʪʘʥʦʚʠʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʩʥʠʞʝʥʠʷ ʩʧʨʦʩʘ ʥʘ ʃʕʇ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʈʘʟʥʠʮʘ ʚ ʧʦʪʝʨʷʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʩʧʦʩʦʙʦʚ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 12% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʣʠʥʠʠ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ (ʙʦʣʝʝ 1500ʢʤ), ʯʪʦ, 

ʙʝʟʫʩʣʦʚʥʦ, ʚʣʠʷʝʪ ʥʘ ʩʨʦʢʠ ʦʢʫʧʘʝʤʦʩʪʠ ʜʘʥʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, 

ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʨʘʟʥʠʮʘ ʚ ʧʦʪʝʨʷʭ ʥʘ ʃʕʇ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʜʦʭʦʜʠʪ ʜʦ 5,3%. 

ɼʘʞʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʂʇɼ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʜʦʭʦʜʠʪ ʜʦ 97%, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ ʠ ʦʙʨʘʪʥʦ, ʦʙʱʠʝ ʧʦʪʝʨʠ ʚ ʩʫʤʤʝ ʜʦʩʪʠʛʘʶʪ ʥʝ ʙʦʣʝʝ 8-10%. 
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ʈʠʩʫʥʦʢ 5. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʚ ʣʠʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʦʪ ʝʸ 

ʧʨʦʪʷʞʸʥʥʦʩʪʠ  

Figure 5. Dependence of power losses in a direct and alternating current line on its length 

 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʠʪʳʚʘʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʪʝʭʥʠʢʫ ʩ ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʦʞʝ ʨʘʩʪʝʪ, ʧʦʩʢʦʣʴʢʫ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʠ ʵʢʩʪʨʘʚʳʩʦʢʠʭ ʥʘʧʨʷʞʝʥʠʡ 

ʢʘʞʜʳʡ ʧʨʦʮʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʠʟʤʝʨʠʤ ʩ ʩʦʪʥʷʤʠ ʢʠʣʦʚʘʪʪ ʤʦʱʥʦʩʪʠ, ʯʪʦ ʚʥʦʩʠʪ 

ʦʱʫʪʠʤʳʡ ʚʢʣʘʜ ʚ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʠʧʘ ʃʕʇ. ʕʪʦ 

ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʙʥʦʡ 

ʃʕʇ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ. 

ɼʘʣʴʥʝʡʰʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʜʣʠʥʥʳʭ ʃʕʇ ʤʠʢʨʦʩʝʪʝʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʦʪʷʞʝʥʥʳʭ ʣʠʥʠʷʭ 

ʧʝʨʝʜʘʯʠ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʘ ʪʘʢʞʝ ʠʭ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʫʯʝʪʦʤ 

ʩʨʦʢʘ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ [13; 3; 4; 5; 12; 6; 9]. 
 

ʃʀʊɽʈɸʊʋʈɸ 

1. ɸʙʜʫʚʘʣʠʝʚʘ, ʅ.ɸ. ʇʝʨʩʧʝʢʪʠʚʳ ʠ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ ʎʝʥʪʨʘʣʴʥʦ-

ʘʟʠʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ: ʜʠʩé ʢʦʥ. ʪʝʭ. ʥʘʫʢ / ʅ.ɸ. ɸʙʜʫʚʘʣʠʝʚʘ. ïɼʫʰʘʥʙʝ, 2020. -165 ʩ. 

2. ɸʣʝʢʩʘʥʜʨʦʚ, ɻ.ʅ. ʇʘʨʘʤʝʪʨʳ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʢʦʤʧʘʢʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ / ɻ.ʅ. 
ɸʣʝʢʩʘʥʜʨʦʚ, ɻ.ɸ. ɽʚʜʦʢʫʥʠʥ, ɻ.ɺ. ʇʦʜʧʦʨʢʠʥ // ʕʣʝʢʪʨʠʯʝʩʪʚʦ. - 1982. -ˉ4. -ʉ.10-17. 

3. ɹʝʨʤʘʥ, ɸ.ʇ. ʈʘʩʯʝʪ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʨʝʞʠʤʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʘʟʥʳʭ 

ʢʦʦʨʜʠʥʘʪ / ɸ.ʇ. ɹʝʨʤʘʥ // ʕʣʝʢʪʨʠʯʝʩʪʚʦ. ï 1985. -ˉ12. -ʉ.6-12. 

4. ɻʝʨʰʝʥʛʦʨʥ, ɸ.ʀ. ʈʘʩʯʝʪ ʥʝʩʠʤʤʝʪʨʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʫʚʝʣʠʯʝʥʥʦʡ ʜʣʠʥʝ ʮʠʢʣʘ 
ʪʨʘʥʩʧʦʟʠʮʠʠ ʥʘ ʜʣʠʥʥʳʭ ʣʠʥʠʷʭ / ɸ.ʀ. ɻʝʨʰʝʥʛʦʨʥ, ʅ.ɸ. ʄʝʣʴʥʠʢʦʚ // ʊʨʫʜʳ ɺɿʕʀ. ï 1954. -ɺʳʧ.3. 

-ʉ.179-193. 

5. ɻʫʩʝʡʥʦʚ, ɸ.ʄ. ʈʘʩʯʝʪ ʚ ʬʘʟʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʦʚ ʚ ʩʣʦʞʥʳʭ 
ʩʠʩʪʝʤʘʭ / ɸ.ʄ. ɻʫʩʝʡʥʦʚ // ʕʣʝʢʪʨʠʯʝʩʪʚʦ. - 1989. -ˉ3. -ʉ.1-8. 

6. Ðòìāúùïôüô Ì. CASA-1000 úøô÷ô ùúô÷ Ąÿðìù íì ĕìðìĀĕúô ĉùñüïñþôöĒ / ɼʞʘʭʦʥʛʠʨʠ ɸ., ɸ.ʗ. 

ɸʙʜʫʨʘʭʤʦʥʦʚ, ʈ.ɸ. ʂʘʭʦʨʦʚ // ʄʘʪʝʨʠʘʣʳ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ñʅʘʫʯʥʳʝ ʪʨʫʜʳ ʠʥʞʝʥʝʨʥʦʡ ʘʢʘʜʝʤʠʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥò. ïɼʫʰʘʥʙʝ: ʊʊʋ ʠʤ ʄ.ʉ ʆʩʠʤʠ, 

2019. -ʉ.38-40. 

7. ɼʞʘʭʦʥʛʠʨʠ ɸ. CASA-1000 ʇʨʦʝʢʪ ʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʟʦʥ / ɸ.ʗ. ɸʙʜʫʨʘʭʤʦʥʦʚ, ɼʞʘʭʦʥʛʠʨʠ ɸ., ʈ.ɸ. 

ʂʘʭʦʨʦʚ // ɺʝʩʪʥʠʢ ɹʦʭʪʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʅ. ʍʫʩʨʘʚʘ. ïɹʦʭʪʘʨ, 2019. -

ˉ2/4(69). -ʉ.156-159. 

8. ɼʞʘʭʦʥʛʠʨʠ ɸ. ɹʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 

ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʥʘ ʧʨʠʤʝʨʝ CASA-1000): ʜʠʩʩé ʢʦʥʜ. ʪʝʭ. ʥʘʫʢʠ. ïɼʫʰʘʥʙʝ, 2021. -138 ʩ. 

9. ɼʞʘʭʦʥʛʠʨʠ ɸ. ʇʝʨʝʜʘʯʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ɸʬʛʘʥʠʩʪʘʥ ʠ ʇʘʢʠʩʪʘʥ / ɼʞʘʭʦʥʛʠʨʠ ɸ., ɸ.ʗ. 

ɸʙʜʫʨʘʭʤʦʥʦʚ, ɸ. ɸʢʨʘʤʦʚ // ʄʘʪʝʨʠʘʣʳ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. 

çʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʚʦʜʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʥʩʦʨʮʠʫʤʘ ʉʨʝʜʥʝʡ ɸʟʠʠ - ʛʣʘʚʥʳʡ ʧʫʪʴ 

ʜʦʩʪʠʞʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʨʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥè. -ɹʦʭʪʘʨ, 2018. -ʉ.279-282. 
10. Ðòìāúùïôüô Ì. Ýúāþúü íìüúô āôóøìþüìýúùôô āìþĕúô ôùþôėú÷ô íìüėôô íì÷ìùðĄôðìþ / Ì. 
Ðòìāúùïôüô, Ì.ë. Ìíðÿüìāøúùúî, Ùìóìüóúðì á.á. // Ùìāÿýþûìþñùþ. ÆÿøĕÿüôôÞúĔôöôýþúù. -2020. 
-ĜTJ 1062. 

11. ɼʞʘʭʦʥʛʠʨʠ ɸ. ʊʘʨˁʠ CASA-1000 / ɼʞʘʭʦʥʛʠʨʠ ɸ. // ʄʘʪʝʨʠʘʣʳ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʝʟʘʚʠʩʠʤʦʩʪʴ-ʦʩʥʦʚʘ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ ʩʪʨʘʥʳè. ïɹʦʭʪʘʨ: ʕʀʊ, 

2017. -ʉ.442-446. 



88 

 

12. ɾʜʘʥʦʚ, ʇ.ʉ. ɺʦʧʨʦʩʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ / ʇ.ʉ. ɾʜʘʥʦʚ; ʧʦʜ ʨʝʜ. ʃ.ɸ. ɾʫʢʦʚʘ. ïʄ.: 

ʕʥʝʨʛʠʷ, 1979. -456 ʩ. 

13. ɿʠʣʴʙʝʨʤʘʥ, ʉ.ʄ. ʉʠʤʤʝʪʨʠʨʦʚʘʥʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʚ ʪʨʸʭʬʘʟʥʳʭ ɺʃ ʩʚʝʨʭʚʳʩʦʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ / ʉ.ʄ. ɿʠʣʴʙʝʨʤʘʥ, ʊ.ɻ. ʂʨʘʩʠʣʴʥʠʢʦʚʘ, ɻ.ʀ. ʉʘʤʦʨʦʜʦʚ // ʅʘʫʯʥʳʝ ʧʨʦʙʣʝʤʳ 

ʪʨʘʥʩʧʦʨʪʘ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ. ï 2010. -ˉ1. -ʉ.235-237. 

14. ʀʟʦʣʠʨʫʶʱʘʷ ʨʘʩʧʦʨʢʘ ʥʘ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʷʭ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ / ɸ.ʗ. ɸʙʜʫʨʘʭʤʘʥʦʚ, ɼʞʘʭʦʥʛʠʨʠ ɸ., 
ʈ.ɸ. ʂʘʭʦʨʦʚ, ʆʙʠʜʜʞʦʥʠ ʐ.ʂ. // ʅʘʫʢʘ ʠ ʠʥʥʦʚʘʮʠʷ. ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. -

ɼʫʰʘʥʙʝ, 2019. -ˉ3. ïʉ.116-122. 

15. ʅʘʟʘʨʝʥʢʦ, ɺ.ʄ. ʊʨʘʥʩʧʦʨʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚʥʝʰʥʝʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ / ɺ.ʄ. ʅʘʟʘʨʝʥʢʦ, 
ʅʘʟʘʨʝʥʢʦ ʂ.ʉ. -ʄ.: ʀʟʜ-ʚʦ çʎʝʥʪʨ ʵʢʦʥʦʤʠʢʠ ʠ ʤʘʨʢʝʪʠʥʛʘè, 2000. 

16. ʇʝʨʝʣʴʤʘʥ, ʃ.ʉ. ʂ ʚʳʙʦʨʫ ʦʩʥʦʚʥʳʭ ʛʘʙʘʨʠʪʦʚ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʩʚʝʨʭʚʳʩʦʢʦʛʦ 
ʥʘʧʨʷʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ / ʃ.ʉ. ʇʝʨʝʣʴʤʘʥ, ʇ.ɿ. ʈʦʭʘʥʩʦʥ, ʅ.ʅ. 

ʊʠʭʦʜʝʝʚ // ʊʨʫʜʳ ʅʀʀʇʊ. ï 1976. -ʚʳʧ. 23. ïʉ.149-158. 

17. ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʦʬʠʮʘʣʴʥʦʡ ʵʢʩʧʝʨʪʠʟʳ ʤʘʣʦʛʦ ʧʦʪʝʥʪʘ. ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ: Þìüóô 
øúùþìòô þìöôċïúĕĕúô āìþþĕúô ĕìîúĒ / ɼʞʘʭʦʥʛʠʨʠ ɸ., ɸ.ʗ. ɸʙʜʫʨʘʭʤʦʥʦʚ. - ˉ2101564 (ʘʟ 

03.06.2021). 

18. ʇʨʘʚʠʣʘ ʫʩʪʨʦʡʩʪʚʘ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ (ʇʋʕ) / -6-ʝ ʠʟʜ. ʧʝʨʝʨʘʙ. -ʄ.: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1985. -639 ʩ. 

19. ʊʨʝʭʬʘʟʥʘʷ ʚʦʟʜʫʰʥʘʷ ʣʠʥʠʷ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʧʨʦʭʦʜʷʱʘʷ ʧʦ ʫʱʝʣʴʶ / ɸ.ʗ. 
ɸʙʜʫʨʘʭʤʦʥʦʚ, ɼʞʘʭʦʥʛʠʨʠ ɸ., ʈ.ʌ. ɼʞʫʨʘʝʚ, ʉ.ʂ. ʐʘʨʠʬʦʚ. // ʅʘʫʢʘ ʠ ʠʥʥʦʚʘʮʠʷ. ʊʘʜʞʠʢʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. -ɼʫʰʘʥʙʝ, 2019. -ˉ4. -ʉ.110-115. 

20. áìþþô ĕìîúôô ýñĀìóìô ôùþôėú÷ô íìüėô ĔìüìČùô þìĎõôüČíìùðìô ìó íú÷úô ðìüìïÿóìüìùðì / 
Ðòìāúùïôüô Ì., Ì.ë. Ìíðÿüìāøúùúî, à.ä. Íúíúāúùúî, Ü.à. Ðòÿüìñî, Ù.á. Úðôùìñî, Ø.Í. 
áú÷ùìóìüúî, Öÿîîìþóúðì Ú.ä. // Ùìāÿýþûìþñùþ. ÆÿøĕÿüôôÞúĔôöôýþúù. ¬ 2019. -ĜTJ 1027. 

 
ØßÉÚÔÝÌÔ ÝÌØÌÜÌÙÚÖÔÔ ÔÙÞÔÉÚ×Ô ÍÌÜÉ ÍÚ ÔÝÞÔàÚÐÌ ÌÓ ØÔÝÚ×Ô áÌÞÇÚÔ 

ÍÌÜÉ, ÆÌÜÌ¾ÙÔ ÐÚÔØÄ ÎÌ ÞÌÀÕÔÜ¾ÍÌÙÐÌ 
Ðìü øìėú÷ì Āìüėôċþĕú úôð íì ýìøìüìùúöôô ôýþôĀúðìô ĔìüìČùô øÿýþìėôø ùôýíìþ íì ĔìüìČùô 

þìĎõôüČíìùðì ðìü āìþĕúô ôùþôėú÷ô ùñüÿô íìüė, öô ôėþôðúüìĄ ìó ĕìøðôïìü Āìüė øñöÿùìùð, íìüüìýĒ 
øñĄìîìð. ÔøüĘó üÿĄðô ôùĀüìýþüÿöþÿüìô ĕìü ċö ðìî÷ìþ, ôùăÿùôù, ýìùúìþô úùüú íñ ĉùñüïôċô 
ĉ÷ñöþüôöĒ þìýìîîÿü öìüðìù ðÿĄîúü ìýþ. Çìøôù þìüôė, ôù øÿĄöô÷úþ íì øôČù øñúċð. ëöñ ìó 
îìóôĀìĕúô ìýúýĒ íú ĉùñüïôċô ĉ÷ñöþüôöĒ, þìĆøôù ùìøÿðìùô ĕìøìô öúüāúùìĕúô ýìùúìþĒ, āÿýÿýìù 
öúüāúùìĕúô ðìü ùúĕôċĕúô ðÿüðìýþ îúėñĆïìüðôðì, ôùăÿùôù, ðìü āúüôĔì, øìýì÷ìù, ìó ÞúĔôöôýþúù îì 
ÉôüĎôóôýþúù íì ðìî÷ìþĕúô ĕìøýúċ, íì øúùìùðô ÌĀĎúùôýþúùÿ Ûúöôýþúù, øñíúĄìð. ÔøüĘó 
ûüúïüñýýô ô÷øôô þñāùôöì îì þñāùú÷úïôċ ôøöúù øñðôĕìð, öô ĉùñüïôċô ĉ÷ñöþüôöôô ėÿîîìô óôČð 
þìíðô÷ ðúðì Ąìîìð, öô ôù ðìü ùìîíìþô āÿð íì ôýþôĀúðìô ĔìüìČùô øÿýþìėôø ðìü ýôýþñøìô ôùþôėú÷ô 
íìüė øÿýúôðìþ øñöÿùìð. Ìøøú, ýìüĀô ùìóìü ìó ôù, øìýĆì÷ìô ýìøìüìùúöôô ôýþôĀúðìô ĔìüìČùô 
øÿýþìėôøô ôùþôėú÷ô ùñüÿô íìüė ùôýíìþ íì ĔìüìČùô þìĎõôüČíìùðì þú ôøüĘó öÿĄúðì íúėĒ øñøúùìð. 
ãÿùôù þìĕėôėúþĕú ðìü ÐúùôĄïúĕô þñāùú÷úïôô Ýìùöþ-Ûñþñüíÿüï ïÿóìüúùôðì Ąÿðì íÿðìùð, ìøøú 
ðìüúóôô āìþþô ôùþôėú÷ô íìüė ĕìøìïĒ 10 öô÷úøñþü íÿð îì þìĔüôíìĕú ðìü Ąôððìþô ûìýþ ïÿóìüúùôðì 
Ąÿðìùð.  

Çìøôù þìüôė, øìýĆì÷ìô þìĆøôùô ùñüÿô íìüė íì úíĆñöþĕúô öì÷úù Č ôùþôėú÷ô ėÿîîìô íìüė íì 
øìýúĀìĕúô ðÿü ðìü ýìþĕô íì÷ìùð Ąôððìþô ðìü ýôýþñøìô ôùþôėú÷ô ĉùñüïôċô ĔìüìČùô ðúôøĒ øÿĕôø 
íúėĒ øñøúùìð. Ôùăÿùôù, ðìü ôù Ĕú íúċð öìõð öìüð, öô ÿýÿ÷ĕúô íú ĔìüìČùô ðúôøĒ ðúðìùô ėÿîîìô 
ĉ÷ñöþüôöôüú ìýúýìù íìüúô ôýþôĀúðì íÿüðìùô øìýúĀìĕúô ðÿü þìîýôċ öìüðì øñĄìîìùð. Ôù ìýúýìù 
íìüúô úíĆñöþĕúñ, öô ðìü øìýúĀìô ðÿü îúėñĆ ïìüðôðììùð îì ìó Ąìíìöìô ÿøÿøôô ĉùñüïñþôöĒ þìĆøôù 
ùñýþìùð, îì÷ñ íì úù ĉĕþôČĔ ðúüìùð, øÿĕôø ìýþ. Îìėþñ ôù ïÿùì úíĆñöþĕú íì āìþþô ÿøÿøôô ĉ÷ñöþüôöĒ 
øÿþþìĕôð öìüðì øñĄìîìùð, íì þìĄöô÷ô Ąìíìöìô øÿýúôðìþ øñöÿùìð, öô íì Ąìíìöìô øÿýþìėô÷ô 
ĉùñüïôċô ĉ÷ñöþüôöĒ ôøöúùôċþ øñðôĕìð îì ðìü ùìîíìþô āÿð ôýþïúĕĕúô ì÷úĕôðìüú íú ĉùñüïôċô 
ĉ÷ñöþüôöĒ þìĆøôù øñöÿùìð. 

Öì÷ôðîúòìĕú: āìþĕúô íìüė, āìþĕúô ĕìîúĒ, ĔìüìČùô ðúôøĒ, óñüýþìùýôċ, ôùþôėú÷ô ùñüÿô íìüė, 
ýìøìüìùúöĒ, ĔìüìČùô þìĎõôüČíìùðì, ÷úôĕì, ĀÿüĘĄô ĉùñüïôċ, āìüúĔúþô ĕôýúíðúüĒ, øÿėúôýìöÿùìùðì, 
ėÿîîì. 

 

ʉʈɸɺʅɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇɽʈɽɼɸʏʀ ʕʃɽʂʊʈʆʕʅɽʈɻʀʀ ʅɸ ʇʈʀʄɽʈɽ ʃʕʇ 

ʇʆʉʊʆʗʅʅʆɻʆ ʀ ʇɽʈɽʄɽʅʅʆɻʆ ʊʆʂɸ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʥʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʧʦʚʦʜʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʤʝʥʥʦʛʦ ʚ ʣʠʥʠʷʭ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩ ʦʪʣʠʯʠʪʝʣʴʥʦʡ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʤʦʱʥʦʩʪʴʶ. ʈʘʟʚʠʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʣʶʙʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ, ʘ ʪʘʢʞʝ ʠ ʝʛʦ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʝʛʦʜʥʷ ʫʞʝ ʪʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ 
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ʧʨʦʙʣʝʤʘ ʚʳʩʪʫʧʘʝʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ, ʪ.ʝ. ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʝʡ ʚʩʝʭ ʧʨʦʤʧʨʝʜʧʨʠʷʪʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʫʜʘʣʝʥʥʳʭ ʤʝʩʪʥʦʩʪʷʭ, ʘ ʪʘʢʞʝ ʠ ʟʘ ʨʫʙʝʞʦʤ, 

ʥʘʧʨʠʤʝʨ, ʠʟ ʊʘʜʞʠʢʠʩʪʘʥʘ ʠ ʂʳʨʛʳʟʩʪʘʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʠʜʝʪ ʚ ʪʘʢʠʝ ʩʦʩʝʜʥʠʝ ʛʦʩʫʜʘʨʩʪʚʘ, ʢʘʢ 

ɸʬʛʘʥʠʩʪʘʥ, ʇʘʢʠʩʪʘʥ. ʉʝʛʦʜʥʷ ʥʘʫʯʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʪʝʭʥʠʢʝ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦʚʳʰʝʥʥʦʡ ʤʦʱʥʦʩʪʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʚʦʧʨʦʩ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʝʨʝʤʝʥʥʦʛʦ, ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʠ ʧʦ ʩʝʡ ʜʝʥʴ. ʇʦʜʦʙʥʦʛʦ ʨʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʥʦ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʩʦʩʪʘʚʣʷʣʘ 

ʚʩʝʛʦ ʣʠʰʴ 10 ʢʤ, ʧʨʠ ʵʪʦʤ ʦʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʥʠʟʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʥʘʧʨʷʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʦʧʨʦʩ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʙʦʣʴʰʠʭ ʦʙʲʝʢʪʦʚ ʣʠʙʦ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʘ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ ʦʩʪʘʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ. ɿʜʝʩʴ ʞʝ ʩʣʝʜʦʚʘʣʦ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʦʜʳ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ ʚ 

ʦʩʥʦʚʥʦʤ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʢ ʧʨʠʤʝʥʝʥʠʶ ʥʘ ʜʘʣʴʥʠʝ ʨʘʩʩʪʦʷʥʠʷ. ɻʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʵʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʜʣʷ ʦʙʲʝʢʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʫʜʘʣʝʥʠʠ, ʢʦʪʦʨʳʝ ʥʝ ʧʠʪʘʶʪʩʷ ʦʪ ʦʙʱʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʝʪʠ, ʥʦ 

ʥʫʞʜʘʶʪʩʷ ʚ ʝʝ ʘʚʪʦʥʦʤʥʦʩʪʠ. ʇʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʦʙʱʫʶ ʃʕʇ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ 

ʤʠʢʨʦʩʝʪʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʙʝʩʧʝʯʠʪʴ ʘʚʪʦʥʦʤʥʦʩʪʴ ʵʣʝʢʪʨʦʩʝʪʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʥʘʙʞʘʶʱʝʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʦʪʜʝʣʴʥʳʝ ʧʦʜʩʪʘʥʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʃʕʇ, ɺʃ, ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ, ʧʦʜʩʪʘʥʮʠʷ, ʧʝʨʝʜʘʯʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ, ʧʨʦʝʢʪ, ʵʥʝʨʛʦʩʙʳʪ, ʫʯʸʪʥʳʝ ʟʘʪʨʘʪʳ, ʢʦʤʧʘʨʘʪʦʨ, ʤʦʱʥʦʩʪʴ. 

 

COMPARISON OF POWER TRANSMISSION EFFICIENCY USING THE EXAMPLE OF POWER 

LINES, DIRECT AND ALTERNATING CURRENT  

The article discusses differences regarding the efficiency of using direct current relative to alternating 

current in electric energy transmission lines with different power from each other. Today it is difficult to 

imagine the development of the infrastructure of any state, as well as its industry, without electrification. Thus, 

this problem comes to the fore, i.e. One of the main tasks is to provide electrical energy to all industrial 

enterprises, especially those located in remote areas, as well as abroad, for example, from Tajikistan and 

Kyrgyzstan to neighboring states such as Afghanistan and Pakistan.Today, scientific progress in engineering 

and technology makes it possible to convert electrical energy of increased power, which in turn promotes the 

use of direct current in the power transmission system. However, despite this, the question of the efficiency of 

using direct current electrical energy transmission relative to alternating current remains open to this day. 

Similar studies were carried out at the Technological University of St. Petersburg, but the length of the power 

transmission line was only 10 km and the experiments were carried out at low voltages. Thus, the issue of power 

supply to large objects, or power transmission over long distances at increased voltage levels in the direct 

current energy transmission system remains relevant. It should also be noted here that methods of transmitting 

electricity with direct current are mainly recommended for use over long distances. Mainly, this is important for 

objects that are located at a distance and are not powered by the general energy network, but need its autonomy. 

When such objects are combined into a common power line, which contributes to the creation of a microgrid 

that allows for the autonomy of the electrical network, which in turn supplies individual substations with 

electrical energy. 

Keywords: power lines, overhead lines, direct current, substation, electricity transmission, efficiency, 

alternating current, project, energy sales, accounting costs, comparator, power. 
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ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʝ: ɼʞʘʭʦʥʛʠʨʠ ɸʜʫʣʚʦʭʠʜ - ʀʥʩʪʠʪʫʪ ʵʥʝʨʛʝʪʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʢʘʥʜʠʜʘʪ 
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áÿĔìñî Û.Ý., Ôýøìþÿ÷÷úóúðì Æ.Ô., ÌíðÿĎìùôñî Ì.Ø., Ýôþìøúî Ø.Ý. 
ÐúùôĄïĕúô þñāùôöôô ÞúĔôöôýþúù íì ùúøô ìöìðñøôö Ø.Ý. ÚýôøĒ 

 
Øÿėìððôøì: Óìāôüìô ìýúýôô ĉùñüïôċ öìø öìüðìùô ýìüĀô ĉùñüïôċ ðìü íôùú îì 

ôùĄúúþñ øñíúĄìð, öô úù 80% ôýþôĀúðìíìüôô ôùðÿýþüì÷ôô ÿøÿøôô ôøüĘóì Ąÿðì 
øñþìîúùìð. Íì ýìþĕô øÿúýôü üìýúùðìùô āúýôċþĕúô ïìüøôøÿĕúĀôóôô íôùú îì ôùĄúúþ ðìü 
ýúāþøúùô ôøüĘóì, ðìü íìüúíìüô ýìüĀìô óìāôüìĕúô ĉùñüïñþôöĒ, øìýĆì÷ìô þìĆøôùô þìùóôøô 
ýìþĕô íìüúĕìþô øÿĕôþô óôýþ, öô ùìíÿðìùô úù íìüúô ýúöôùúùô íôùúĕúô ôýþôėúøìþôô 
íôýČüėìíìþì îì öúüøìùðúùô øÿìýýôýìĕúô ĕôĀóô ôĔþôøúĒ øÿĄöô÷úþô ĔôððĒ ïìüðôðììýþ, 
ôøöúù øñðôĕìð. 

Þìĕ÷ô÷ô þìĕėôėúþô ûñĄìöĒ. Þìĕ÷ô÷ô øìýú÷ñĕô þìĕėôėúþĒ îì ùìĄüô [2; 7] 
ûüúí÷ñøìĕúô ôýþôĀúðìô øìýú÷ñĕô ïìüøôøÿĕúĀôó ïÿóìüúùôðì Ąÿðììýþ. Ìïìü øú ðìü íúüìô 
āúýôċþĕúô øìùĀôô ûú÷ôýþôüú÷ô îìýñĆ ýÿāìù üúùñø, ûìý úù ùúÿýþÿîúü, þñó úþìĄïôüìùðì îì 
íì øÿĕôþô óôýþ āìþìüùúö øñíúĄìð. ãÿùúù öô þìĔüôíìĕúô ú÷ôøúùô ýúĕì ùôĄúù øñðôĕìð, 
ûú÷ôýþôüú÷ô îìýñĆĄÿðì, öô ðìü ðñîúüĕú ĕìøăÿù øìýú÷ñĕô ïìüøôøÿĕúĀôó ùìýí Ąÿðììýþ, 
øÿĕ÷ìþô āôóøìþô þú 10-15 ýú÷ ðúüìð. 

Øìĕýÿ÷úþô ùìāô øôùñüì÷Ē ùôó ĕìøôù þìîü ìýþ. Ì÷÷ìöìõ ûìý ìó 7-9 ýú÷ íì āúĄúö 
þìíðô÷ Ąÿðì, ìó Ĕôĕìþô ĉöú÷úïĒ āìîĀùúö ìýþ. Ìó ôù üĘ, ðìü ýúāþøúù ôýþôĀúðì íÿüðìùô 
ûñùúû÷ìýþôöì îì øìýùÿúþô ùìāô øôùñüì÷Ē (ûìĄø) íì úù úîìüðì øñüìýúùìð, öô ðìü ðìîúøô 
7-10 ýú÷ öúùýþüÿöýôċĕúô øìĕöìøöÿùìùðì þì÷ìíúþô øÿėúîôøìþô ïìüøôô óìüÿüôüú þìĆøôù 
öìüðì ùìøñþìîúùìùð. ÌĀóì÷ôċþô íñþúùô ĕÿĔìõüìîĒ ùôýíìþ íì ðôïìü øìýú÷ñĕô ïìüøôðôĕĒ 
öìøíÿðôĕúô öì÷úù ðúüìùð. ÆìííôĄô íì÷ìùðô úí íì ùìøĒ îì øÿėúîôøìþ íì Ąìíùìø úîìüðì 
øñüìýúùìð. Çìùïúøô ôýþôĀúðìô øìýú÷ñĕô ïìüøôøÿĕúĀôó íìüúô íì ìùðúîìô ėìíìþĕúô 
ôĕúþìîĒ øÿĄöô÷úþô ăìýûìöôüú íì îÿĔÿð øñúüìð. Éÿîîìô ûìýþ ðìü ċöĔúċïĒ íú óôăôô íì÷ìùð 
îì āúýôċþĕúô ïìüøôðôĕôô ùúöôĀúċ ðúôüìô þìþíôėô úùĕúüú þìùï øñöÿùìð [6]. 

Øìėýìðô öúü. Ðìü øìėú÷ìô øìóöÿü øìýú÷ñĕô ïìüøôøÿĕúĀôóô øÿúýôüüú ðìü íúóúüĕúô 
ýúāþøúùôô Æÿøĕÿüôô ÞúĔôöôýþúù íìüüìýĒ ùìøÿðì, Ĕôĕìþô ýìøìüìùúöôô ôýþôĀúðìô úùĕú 
ìüóČíĒ îì ûñĄùôĕúð Ąÿðììùð. ÛñĄùôĕúðô øìîúðô ìýúýĒ íú ùìóìüðúĄþô ïÿùúïÿùôô 
øìýú÷ñĕô ïìüøôøÿĕúĀôó øìýĆì÷ìô øÿĕôø íÿðì, íì ùôóúø ðìüúîìüðìùô úùĕú øÿîúĀôėô 
øñĆČüĕúô ĔúõðúĄþì ĕìþøĒ øñíúĄìð. Íì ĄìüúĀìþô þìĕėôėúþô ïÿóìüúùôðìĄÿðì, 
ýìøìüìíìāĄôô þìĆøôùô øìýú÷ñĕô ïìüøôøÿĕúĀôóôô íôùú îì ôùĄúúþ ðôðì íìüúøìðì 
Ąÿðììýþ. Ïÿóìüúùôðìùô þìĕ÷ô÷ô øÿėúôýìîôô øìýú÷ñĕô ïìüøôøÿĕúĀôó, öúøûìýôċþýôċĕúô 
ùìîô ôýþñĕýú÷ôô úùĕú, íì÷ìùð íìüðúĄþìùô ýìøìüìùúöĒ îì üÿĄðô ôù ïÿùì øìýú÷ñĕüú 
ôùþôāúí ùìøÿðìù ÷úóôø ìýþ. 

ØìĆ÷ÿø ìýþ, öô þì÷ìíúþô ìýúýĒ íìüúô øìýú÷ñĕô ïìüøôøÿĕúĀôóô ïìüøôïÿóìüúùôô ûìýþ 
îì íìüúô ïìüøôðôĕôô öúùýþüÿöýôċĕúô íôùú, ôùĄúúþ, íôùúĕúô ýìùúìþĒ, íôùúĕúô āúĔìïôô 
ėôĄ÷úė, ýìþĕô þìĔĕôóúþô ôýþñĕýú÷Ē îì ìïüñïìþĕúô ïìüøôĕúýô÷öÿùĒ øÿîúĀôė øñíúĄìùð 
(ðñïāúùìĕúô ýìùúìþĒ, þÿüíôùìĕú, ėÿíÿüĕú, öìøñüìô ċāðúùĕú îì Ďìõüì). Ôù øìîúð íúċð 
óôăôô øôČùìüú ùì íñĄþìü ìó 600 öï/ø3, öô þìîìýýÿþô íì÷ìùð íìüðúĄþìùô öúîúöôô úùĕú íì 
ðìýþ úîìüðì Ąÿðììýþ, ðúĄþì íúĄìùð [11; 4]. 

Ðìü ýúāþøúùô íôùúĕúô ôýþôėúøìþĒ, ýìùúìþĒ îì ùìė÷ôČþ ïìüøôøÿĕúĀôóĒ ðìü 
öúùýþüÿöýôċĕúô ôĕúþìîĒ (ðñîúüĕú, ýìėĀ), íìüúô öìø öìüðìùô ýìüĀô ïìüøöÿùĒ, ìüóúù 
öìüðìùô ìüóôĄô øìýú÷ñĕô ìýúýôô ýúāþøúù (āôĄþ, íñþúù, ăĘí), ýìíÿö öìüðìùô 
öúùýþüÿöýôċĕú îì ìüóúù öìüðìùô ìüóôĄô ìý÷ôô úùĕú, öìø öìüðìùô āìüúĔúþô ýĘóôĄîúüĒ ðìü 
ðìîüìô ìøì÷ôČþĒ öÿøìö øñöÿùìð. 

Ðìü þìĔĕôóúþô þñāùú÷úïĒ îì ĉùñüïñþôöĒ øìýú÷ñĕô ïìüøôøÿĕúĀôóĒ öìø öìüðìùô 
þì÷ìĀúþô ïìüøĒ, Ąìüúôþô þìĆøôùô ĕìüúüìþô óìüÿüĒ, āìüúĔúþô āúýýô ýĘóôĄîúüĒ, øìĕýÿ÷úþ 
îì íñĕþìü ùìøÿðìùô Ąìüúôþô øñĕùìþüú ðìü ĕìü ċö ĕôýúí þìĆøôù øñùìøúċð. Íìüúô íì ðìýþ 
úîìüðìùô ýìøìüìô öúĀĒ ìó ôýþôĀúðìô øìýú÷ñĕô ïìüøôøÿĕúĀôóĒ ðìü ÷úôĕìĕúô øÿĕìùðôýĒ, 
āôýúíĕúô ðìā÷ðúüô ïìüøĒ, ðìüöô ùìîĆĕúô āúýýô øìýú÷ñĕô ïìüøôðôĕìùðì ėìíÿ÷ öìüðì Ąÿðì, 
āìüìöþñüôýþôöìĕúô þñüøúĀôóôöôô úùĕú íì ùìóìü ïôüôĀþì Ąÿðì, ïÿóìüúùôðì øñĄìîìùð [10; 
6; 7]. 
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Ýú÷ĕúô úāôü ðìü íúóúüô ýúāþøúùô Æÿøĕÿüôô ÞúĔôöôýþúù ðìĕĕú øìîúðô ùìîô 
ïìüøôðôĕĒ ûìõðú Ąÿðììùð, öô íì ĄìüúĀìþô úùĕú ðìü ýúĕìô ýúāþøúù ýìüĀìô ĉùñüïôċ íì 
ûñĄüìîôô ùìóìüüìý ùúô÷ ïìüðôðììýþ. 

Íú üÿĄðô þñāùú÷úïôċô ùìî ôýþôĀúðì íÿüðìùô øìýú÷ñĕô ïìüøôøÿĕúĀôóô óìøúùìîĒ ìó 
Ĕôĕìþô þì÷ìíúþô ýìøìüìùúöĒ, ĉöú÷úïĒ îì þì÷ìíúþô þñāùú÷úïĒ îì þñāùôöôô ôù ùìøÿð 
øìýú÷ñĕüú ðìü ýúāþøúù, ýúāþìùô íôùúĕúô íì÷ìùðúĄČùì, öìø öìüðìùô ĎìĀýôô 
öúùýþüÿöýôċĕúô ôĕúþìîĒ, öìø öìüðìùô øìýýìô íôùúĕú, āìüúĔúþô øìýú÷ñĕô íôùúöúüĒ îì 
ýìüĀì ùìøÿðìùô óìāôüìĕúô ýĘóôĄîúüôĊ ĉùñüïñþôöĒ ĕìùïúøô ùôïúĕ ðúĄþìùô øôöüúôė÷ôøô 
øÿėìüüìüĒ ðìü íôùúĕúüú ôøöúù øñðôĕìð. 

Íìüúô ïÿóìüúùôðìùô þìýùôĀúþô ýôĀìþô øìýú÷ñĕô ïìüøôøÿĕúĀôó āÿýÿýôċþĕúô 
ôýþñĕýú÷ôô úùĕúüú úøĘāþìù ÷úóôø ìýþ. 

Øìýú÷ñĕô ïìüøôøÿĕúĀôóô úüïìùôöĒ ìó ìĄČô āúøô þìíôĒ ¬ öúüöìüðô ăĘí îì 
ûìüþúîĕúô öôĄúîìüóĒ, þúüĀ, ôùăÿùôù, û÷ìýþøìýýìĕúô ïÿùúïÿù, ýñøñùþ þìõČü öìüðì 
øñĄìîìð. Ôù ċö ïÿüĘĕô āñ÷ñ öì÷úùô øìýú÷ñĕ ìýþ, öô ðìü ðúôüìô îìýñĆ ðìü íúóúü ûñĄùôĕúð 
øñĄìîìð. Éìüôí ĕìøìô øìýú÷ñĕô ïìüøôøÿĕúĀôóô úüïìùôöĒ íú úþìĄ îì úí ÿýþÿîúüôô 
íôú÷úïôô ûìýþ ðúüìùð. Úðìþìù øìýú÷ñĕô ïìüøôøÿĕúĀôóô úüïìùôöĒ ðìü Ĕúõĕúñ ôýþôĀúðì 
øñĄìîìð, öô ĕìüúüìþô ýìþĕ îì øÿĕôþô ìþüúĀ ìó 1500Ý ðìüìĔì íì÷ìùð ùìíúĄìð, ôùăÿùôù, 
ĕìøăÿù ėìíìþô ïìüøôøÿĕúĀôóĒ ðìü öúùýþüÿöýôċĕúô íôýČüėìíìþìô ðñîúüĕú, ðìü ûìùñ÷ĕúô 
ýñïúùì îì Āìýìðĕúô ïìĔĒ ôýþôĀúðì íÿüðì øñĄìîìùð. 

Íì ùìøĒ, ýĘāþúü îì íôúìïñùþĕú øìýú÷ñĕô ìó û÷ìýþøìýýìô ïìó ûÿüĄÿðì (ûú÷ôýþôüú÷ô 
îìýñĆ, ûñùúû÷ìýþ, û÷ìýþôöìô ìý÷Ē îì Ďìõüì) íñĄþìü þúíúîìü ìýþ. ÔøüĘó ðìü íúóúüô 
øìýú÷ñĕô ïìüøôøÿĕúĀôóĒ øúíô÷Ē íÿðìùô û÷ìýþøìýýì ĕôýýìô öì÷úùüú ôĄĎú÷ øñöÿùìð. Ðìü 
ìýúýô úùĕú øìýú÷ñĕô ïìüøôøÿĕúĀôóĒ íì þÿĀìõ÷ô āúýôċþĕúô ĀôóôöĒ, ìüóôĄô ûìýþ, úýúùôô 
öúüöìüð îì ÿýþÿîúüĒ ôýþôĀúðì øñĄìîìùð. 

Þìüöôíô øìĕýÿ÷úþô íñþúùôô ăĘíÿ þìāþì (ìüíú÷ôþ) ìó ýñøñùþô ûúüþ÷ìùð, ĔÿóĆĕúô ùìāô 
øìĕôù (øìõðìăĘí, öúĕô üñóìĄÿðì îì ėìøôĄ, ăôûĕú, üôĄþìĕú) îì ĕìøăÿù øôùñüì÷ôóìþúü 
ô÷úîìĕúô öôøôČîĒ, ĄôĄìô ĕì÷Ąìîìùðì, ýÿ÷Āìþô ïô÷āúö, ā÷úüôðô öì÷ýôõ ôíúüìþ ìýþ [1; 12]. 

Ðìü ýúāþøúùô øÿúýôüô ðìî÷ìþĕúô üÿĄðöìüðì øìĆøÿ÷þìüôù íñþúùô ăĘíĒ (ìüíì÷ôþ), öô 
óôăôô 500 ... 700 öï/ø3, ïìüøôïÿóìüúùôô 0,08 ... 0,12 Îþ/(mK), ėÿîîìô ĀôĄúüô 0,5 ... 3,5 ØÛì; 
ėÿîîìþ íìü ðìüúó öìüðìù (ČóôĄ), ðìü îìėþô āìø öìüðìù (ėìþ öìüðìù) ¬ 0,4 ... 1,0 ØÛì-üú 
ôýþôĀúðì øñíìüìùð. 

ÖìĀöô ûú÷ôîôùô÷ā÷úüôðĒ íú üúĕô öúîúö (ÖÛá) öìüðìùô ėìþüúùĕúô ā÷úüôðô 
ûú÷ôîôùô÷Ē ýúāþì øñĄìîìð. Óôăôô øôČùìô øìýú÷ñĕ 60¢200 öï/ø3 øñíúĄìð. àìüėô íìõùô 
ûú÷ôîôùô÷ā÷úüôðô ýìāþ îì ùìüø ôøöúù øñðôĕìð, öô úù ĕìøăÿù øìýú÷ñĕô ïìüøôøÿĕúĀôó 
íìüúô ùìøúô íôùú, ðñîúüĕú, ĀìüĄÿ íúøĕú, ôùăÿùôù, ðìüĕú ôýþôĀúðì Ąìîìð. 

Þìāþìĕú ìó óìüüìĕúô ăĘí (ÞÓã) ìó ĔÿóĆĕúô ùìāô úüïìùôöĒ üôĄþìĕúô ăĘí (ăÿù ėúôðì, 
íì þìîüô øìāýÿý óìüüìĕúô þìāþì) ¬ 90%; ėìþüúù ðìü ìýúýô øìîúðô ýôùþñþôöĒ ¬ 7...9%; 
øúððìĕúô úíöìĄĒ, ìùþôýñûþôöĕúô óôððô úþìĄ úøúðì öìüðì øñĄìîìùð. Óôăôô úù 500¢1000 
öï/ø3; ėÿîîìô ûñăôĄ ¬ ĕìððô ìėì÷ 10 ... 25 ØÛì; ùìøĒ ¬ 5¢12%; îìüìøöÿùĒ ðìü úí ¬ 5 ... 
30%-üú ðìüíìü øñïôüìð. 

Þìāþìĕúô ïìüøôøÿĕúĀôó ìó ùìāô ăĘí (ÞÏã), ìó ăĘíô ûìüþúî ¬ ûìüþúîĕúô ăĘíÿ 
þìāþìöúüöÿùĒ, öúĎìóûìüþúîĕú, ûúċô Ĕÿîúüôøìööì, öúĕ, ĕìøăÿù ûìõîìùðöÿùìùðì ¬ ĕìøì 
ùìîĆĕúô ûìõîìýþöÿùìùðì ¬ ėìþüúùĕúô ýôùþñþôöĒ îì öôøôČîĒ, ô÷úîìïôĕú (úíûñăöÿùìöĕú, 
óôððô úþìĄ, ìùþôýñûþôöĕú), óôăĒ ¬ þú 250 öï/ø3, ėÿîîìô ûñăôĄ ¬ þú 12 ØÛì, ïìüøĒ ¬ þú 0,07 
Îþ/(øÖ) þìõČü öìüðì øñĄìîìùð. 

Ìó öìĀöĕúô ûú÷ôÿüñþìùĒ ðìü ùìþôĔìô üñìöýôċô öôøôČîĒ (ÖÛá) ûú÷ôĉýþñü, úí, 
ðôýúþýôìùôð, ĉøÿ÷ïìþúüĕú îì öìþì÷ôóìþúüĕúô óôăôô 40...80 öï/ø3 ÖÛá) íú óôăôô óôČðì ìó 
50 öï/ø3, ôùăÿùôù, āúýôċþĕúô ïôðüúôóú÷ċþýôúùĒ ûñĄùôĕúð öìüðì øñĄìîìð. ÖìĀöô 
ûú÷ôÿüñþìùĒ ïìüøôô ûìýþþìü ìó 0,019¢0,028 Îþ/øÖ-üú ðìü íìü ïôüôĀþì, íì ðìýþ úîìüðì 
øñĄìîìùð. 

Ô÷úîì íì āúýôċþĕúô ïìüøĒ îì ïìüøôøÿĕúĀôóĒ öìĀöĕúô ûú÷ôÿüñþìùĒ ðúüúô āúýôċþĕúô 
íì÷ìùðô ėúíô÷ôċþô ôóú÷ċþýôċô ìöÿýþôöĒ, øÿėúîôøìþô íì÷ìùðô öôøôČîôüú ðúüú øñíúĄìð. 
Íìüúô þìøúøô ĕú÷ìþĕú ïìüøôøÿĕúĀôóôô Ĕúõĕúô øÿüìööìí ėúíô÷ôċþô āÿí ðúüìð. 

ÖÛá (ÛÛÝ) ¬ öìĀöô ûú÷ôýþôüú÷ ìó 98% ĕìîú îì 2% ûú÷ôýþôüú÷ô îìýñĆĄÿðì ìó öìĀöô 
üìîĎìù þìîìýýÿþô üìîìùðô ûìõôĕìøĒ ôýþñĕýú÷ øñĄìîìð. Ôùăÿùôù, ðìü þìüöôíô ûú÷ôýþôüú÷ 




