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Öúøô÷úî Úðôùì 
Öúøô÷úîôă 
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Îì÷ôñîôă 
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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 Í. 
ÀìĀÿüúî  

Öìüôøúî àìüĄñð 
Çô÷ú÷úîôă  

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

ßýÿûìñî äñõĄñùì÷ć 
éĄøìùíñþúîôă 

Ðúöþúüô ô÷øĕúô ïñú÷úïôċ îì øôùñüì÷úïôċ, ûüúĀñýýúü, āúðôøô ûñĄíìüô ô÷øôô 
ÔÚØÞÓ Æÿøĕÿüôô ÉôüĎôóôýþúù 

Çìöôøúî àôüðìîý 
áú÷ôėúîôă 

Ðúöþúüô ô÷øĕúô ïñú÷úïôċ îì øôùñüì÷úïôċ, ûüúĀñýýúüô öìĀñðüìô ïñú÷úïôċ îì 
øñùñĔøñùþô øìĆðìùÿ þñāùôöìô 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÷ìîĒ îì þñāùú÷úïôċô öôøôČôô ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù 

Úýûìùúîì Ùìüôøì 
Öìòñùúîùì 

Ðúöþúüô ô÷øĕúô ïñú÷úïôċ îì øôùñüì÷úïôċ, ýìüāúðôøô ô÷øôô úóøúôĄïúĕô 
ûì÷ñúùþú÷úïôċ îì ýþüìþôïüĀôċô Ôùýþôþÿþô ïñú÷úïôċ, ýúāþøúùô íì óìøôùĔÿùíĒ 
þúíúîìü îì ýñõýøú÷úïôċô ÌÔ ÆÞ 

Ýìíôüúî Ìíðÿîúĕôð 
Ìíðÿĕìøôðúîôă 

Ùúøóìðô ô÷øĕúô ïñú÷úïôċ îì øôùñüì÷úïôċ, øÿðôüô úóøúôĄïúĕô ûì÷ñúùþú÷úïôċ îì 
ýþüìþôïüĀôċô Ôùýþôþÿþô ïñú÷úïôċ, ýúāþøúùô íì óìøôùĔÿùíĒ þúíúîìü îì 
ýñõýøú÷úïôċô ÌÔ ÆÞ 

ÙôČóúî Ìùýúü Ýúĕôíúîôă Ùúøóìðô ô÷øĕúô ïñú÷úïôċ îì øôùñüì÷úïôċ, ðúþýñùþ, øÿðôüô öìĀñðüìô ïñúðñóôċô 
øÿĕìùðôýĒ îì āìüôþìöìĄôô Āìöÿ÷þñþô ýúāþøúù îì øñĆøúüôô ÐúùôĄïúĕô 
þñāùôöôô ÞúĔôöôýþúù íì ùúøô Ø.Ý. ÚýôøĒ 

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 

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

øñïìüðìð. ÙôĄúùôô Øìüöìó: 734025, Æÿøĕÿüôô 
ÞúĔôöôýþúù, Ą.ÐÿĄìùíñ, āôČíúùô ÜĘðìöĒ, 17. 

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

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

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

ùìĄü øñĄìîìð. 
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ÙÌßÖÌ Ô ÔÙÙÚÎÌâÔë 
ÝÑÜÔë ÏÑÚ×ÚÏÔãÑÝÖÔá Ô ÞÑáÙÔãÑÝÖÔá ÙÌßÖ 

ßăüñðôþñ÷Ĉ òÿüùì÷ì: 
Þìðòôöýöôõ ùìĂôúùì÷Ĉùćõ ÿùôîñüýôþñþ 

Òÿüùì÷ úýùúîìù î 2014 ï. Îćāúðôþ 4 üìóì î ïúð. 
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Þìðòôöôýþìù, üñöþúü Þìðòôöýöúïú ùìĂôúùì÷Ĉùúïú ÿùôîñüýôþñþì  

ÛÑÜÎçÕ ÓÌØÑÝÞÔÞÑ×è Ï×ÌÎÙÚÏÚ ÜÑÐÌÖÞÚÜÌ:  

ÝìĀìüøìøìðúî 
ÝìĀìüøìøìð 
ØÿíúüìöĄúñîôă 

Ðúöþúü āôøôăñýöôā ùìÿö, ûüúĀñýýúü, ûüúüñöþúü ûú ùìÿöñ Þìðòôöýöúïú 

ùìĂôúùì÷Ĉùúïú ÿùôîñüýôþñþì  

ÓÌØÑÝÞÔÞÑ×Ô Ï×ÌÎÙÚÏÚ ÜÑÐÌÖÞÚÜÌ: 
Ì÷ôðúðúî ÍìāĄôðúð 
Ì÷ôðúðúîôă 
 
Öúøô÷úî Úðôùì 
Öúøô÷úîôă 

Öìùðôðìþ ïñú÷úïú-øôùñüì÷úïôăñýöôā ùìÿö, ðúĂñùþ öìĀñðüć øôùñüì÷úïôô ô 
ûñþüúïüìĀôô, óìøñýþôþñ÷Ĉ ðñöìùì ïñú÷úïôăñýöúïú Āìöÿ÷Ĉþñþì Þìðòôöýöúïú 
ùìĂôúùì÷Ĉùúïú ÿùôîñüýôþñþì 
Ðúöþúü þñāùôăñýöôā ùìÿö, ûüúĀñýýúü öìĀñðüć ïôðüúïñú÷úïôô ô ôùòñùñüùúõ 
ïñú÷úïôô ïñú÷úïôăñýöúïú Āìöÿ÷Ĉþñþì Þìðòôöýöúïú ùìĂôúùì÷Ĉùúïú ÿùôîñüýôþñþì 

 

ã×ÑÙç ÜÑÐÌÖâÔÚÙÙÚÕ ÖÚ××ÑÏÔÔ: 
Îì÷ôñî äìüôĀ 
àìõóÿ÷÷úñîôă 

Ðúöþúü ïñú÷úïú-øôùñüì÷úïôăñýöôā ùìÿö, ô.ú. ûüúĀñýýúüì, ðñöìù ïñú÷úïôăñýöúïú 
Āìöÿ÷Ĉþñþì Þìðòôöýöúïú ùìĂôúùì÷Ĉùúïú ÿùôîñüýôþñþì  

Öúíÿ÷ôñî Óìõùì÷úíÿððôù 
Îì÷ôñîôă 

Ðúöþúü þñāùôăñýöôā ùìÿö, ûüúĀñýýúü, ă÷ñù-öúüü. ÌÙ ÜÞ, ðôüñöþúü Ôùýþôþÿþì 
îúðùćā ûüúí÷ñø, ïôðüúĉùñüïñþôöô ô ĉöú÷úïôô ÌÙ ÜÞ 

Ìíðÿüìāôøúî Ýìðüôððôù 
ëøôùúîôă 

Ðúöþúü ïñú÷úïú-øôùñüì÷úïôăñýöôā ùìÿö, ûüúĀñýýúü öìĀñðüć Āôóôăñýöúõ 
ïñúïüìĀôô ïñúĉöú÷úïôăñýöúïú Āìöÿ÷Ĉþñþì áÿðòìùðýöúïú ïúýÿðìüýþîñùùúïú 
ÿùôîñüýôþñþì ôø. Í. ÏìĀÿüúîì 

Öìüôøúî àìüĄñð 
áô÷ú÷úîôă 

Ðúöþúü Āôóôöú-øìþñøìþôăñýöôā ùìÿö, ûüúĀñýýúü öìĀñðüć ïñú÷úïôô ô üìóîñðöô 
ØÛÔ ïñú÷úïôăñýöúïú Āìöÿ÷Ĉþñþì Þìðòôöýöúïú ùìĂôúùì÷Ĉùúïú ÿùôîñüýôþñþì   

ßýÿûìñî äñõĄñùì÷ć 
éĄøìùíñþúîôă 

Ðúöþúü ïñú÷úïú-øôùñüì÷úïôăñýöôā ùìÿö, ûüúĀñýýúü, îñðÿąôõ ùìÿăùćõ ýúþüÿðùôö 
âÌÔÔÓ Öćüïćóýöúõ Üñýûÿí÷ôöô 

áìöôøúî àôüðìîý 
áú÷ôöúîôă 

Ðúöþúü ïñú÷úïú-øôùñüì÷úïôăñýöôā ùìÿö, ûüúĀñýýúü öìĀñðüć ïñú÷úïôô ô 
ïúüùúþñāùôăñýöúïú øñùñðòøñùþì Þìðòôöýöúïú ùìĂôúùì÷Ĉùúïú ÿùôîñüýôþñþì 

Ôöüúøúî Ôýøúùöÿ÷ 
Ôýþìøúîôă 

Ðúöþúü þñāùôăñýöôā ùìÿö, ûüúĀñýýúü öìĀñðüć øñ÷ôúüìĂôô, üñöÿ÷ĈþôîìĂôô ô 
úāüìùć óñøñ÷Ĉ Þìðòôöýöúïú ìïüìüùúïú ÿùôîñüýôþñþì ôøñùô ä.äúāþñøÿüì 

Üÿóôñî Ðòÿüì 
Üìāôøùìóìüúîôă 

Ðúöþúü þñāùôăñýöôā ùìÿö, ûüúĀñýýúü öìĀñðüć ûüôö÷ìðùúõ āôøôô Þìðòôöýöúïú 
ùìĂôúùì÷Ĉùúïú ÿùôîñüýôþñþì 

Ýìøôāúî äúùìîüÿó 
Üìāôøúîôă 

Ðúöþúü þñāùôăñýöôā ùìÿö, ûüúĀñýýúü öìĀñðüć îćýúöúøú÷ñöÿ÷ċüùćā ýúñðôùñùôõ 
ô āôøôăñýöúõ þñāùú÷úïôô Þìðòôöýöúïú ùìĂôúùì÷Ĉùúïú ÿùôîñüýôþñþì 

Úýûìùúîì Ùìüôøì 
Öìòñùúîùì 

Ðúöþúü ïñú÷úïú-øôùñüì÷úïôăñýöôā ùìÿö, ï÷ìîùćõ ùìÿăùćõ ýúþüÿðùôö 
÷ìíúüìþúüôô ûì÷ñúùþú÷úïôô ô ýþüìþôïüìĀôô Ôùýþôþÿþì ïñú÷úïôô, 
ýñõýøúýþúõöúïú ýþüúôþñ÷Ĉýþîì ô ýñõýøú÷úïôô ÌÙ ÜÞ 

Ýìíôüúî Ìíðÿîúāôð 
Ìíðÿāìøôðúîôă 

Öìùðôðìþ ïñú÷úïú-øôùñüì÷úïôăñýöôā ùìÿö, óìîñðÿĊąôõ ÷ìíúüìþúüôñõ 
ûì÷ñúùþú÷úïôô ô ýþüìþôïüìĀôô Ôùýþôþÿþì ïñú÷úïôô, ýñõýøúýþúõöúïú 
ýþüúôþñ÷Ĉýþîì ô ýñõýøú÷úïôô ÌÙ ÜÞ 

ÙôČóúî Ìùýúü Ýúāôíúîôă Öìùðôðìþ ïñú÷úïú-øôùñüì÷úïôăñýöôā ùìÿö, ðúĂñùþ, óìîñðÿĊąôõ öìĀñðüúõ 
ôùòñùñüùúõ ïñúðñóôô ô öìüþúïüìĀôô Āìöÿ÷Ĉþñþì ýþüúôþñ÷Ĉýþîì ô 
ìüāôþñöþÿüć Þìðòôöýöúïú þñāùôăñýöúïú ÿùôîñüýôþñþì ôøñùô Ø. Ý. Úýôøô 

Ïìõüìþúî Øì÷ôöðúð 
Þúûú÷ìùïúîôă 

Öìùðôðìþ þñāùôăñýöôā ùìÿö, ðúĂñùþ, óìî. öìĀñðüúõ ïôðüúïñú÷úïôô ô ôùòñùñüùúõ 
ïñú÷úïôô ïñú÷úïôăñýöúïú Āìöÿ÷Ĉþñþì Þìðòôöýöúïú ùìĂôúùì÷Ĉùúïú ÿùôîñüýôþñþì 

Òÿüùì÷ ûúðïúþìî÷ôîìñþýċ ö ôóðìùôĊ î 
Ôóðìþñ÷Ĉýöúø Ăñùþüñ ÞÙß. 

Ìðüñý Ôóðìþñ÷Ĉýöúïú Ăñùþüì:734025, 
Üñýûÿí÷ôöì Þìðòôöôýþìù, ï.ÐÿĄìùíñ, ûüúýûñöþ 

Üÿðìöô, 17. 

E-mail: vestnik-tnu@mail.ru 
Þñ÷.: (+992 37) 227-74-41 
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ʋɼʂ 624.131.37 

ʈɽɿʋʃʔʊɸʊʓ ʃɸɹʆʈɸʊʆʈʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ ʅɸ ʋʏɸʉʊʂɽ 

ʂɸʉɸʄɼɸʈɸ ʌɸʁɿɸɹɸɼʉʂʆɻʆ ʈɸʁʆʅɸ 

 

ʂʦʤʠʣʦʚ ʆ.ʂ., ʐʦʥʘʟʘʨʦʚ ɹ.ɹ. 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ 

 

ʅʘ ʫʯʘʩʪʢʝ ʂʘʩʘʤʜʘʨʘ ʩʦ ʩʪʝʥ ʦʪʢʦʩʘ ʥʘ ʛʣʫʙʠʥʘʭ 3.5; 4; 5; 6.5; 8; 12; 15 

ʠ 20 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʣʦʥʘ ʙʳʣʠ ʚʟʷʪʳ ʤʦʥʦʣʠʪʳ ʛʨʫʥʪʘ ʩ ʨʘʟʤʝʨʘʤʠ 30 ʭ 

30 ʭ 30 ʩʤ ʚ ʢʦʣʠʯʝʩʪʚʝ 8 ʰʪʫʢ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʜʥʦ-

ʬʠʟʠʯʝʩʢʠʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʪʙʦʨʦʤ ʤʦʥʦʣʠʪʦʚ ʙʳʣʠ ʧʨʦʙʫʨʝʥʳ 3 ʩʢʚʘʞʠʥʳ ʫ 

ʧʦʜʥʦʞʠʷ ʦʪʢʦʩʘ ʥʘ ʫʨʦʚʥʝ ʧʦʚʝʨʭʥʦʩʪʠ ʘʚʪʦʜʦʨʦʛʠ ʗʢʢʘʙʝʜ ï ɿʫʣʴʬʠ ʚ 

ʢʠʰʣʘʢʝ ʂʘʩʘʤʜʘʨʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 30 ʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

 

ʈʠʩ. 1. ʂʘʨʪʘ ʌʘʡʟʘʙʘʜʩʢʦʛʦ ʨʘʡʦʥʘ 

Fig. 1. MapofFayzabaddistrict 

 
 

ɺ ʪʘʙʣ. 1 ʧʨʠʚʦʜʪ̫ʩʷ ʚʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ ʧʨʠʨʦʜʥʦʛʦ 

ʩʣʦʞʝʥʠʷ. 

 

ʊʘʙʣ. 1. ɺʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ ʥʝʥʘʨʫʰʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

Tab. 1. Water-physical properties of soil with intact structure 
ˉ

ˉ 

ʧ.ʧ 

ɻʣʫʙʠʥʘ 

ʦʪʙʦʨʘ, ʤ 

ʇʣʦʪʥʦʩʪʴ 

ʯʘʩʪʠʮ 

ʛʨʫʥʪʘ, 

ʛ/ʩʤ3 

ʇʣʦʪʥʦʩʪʴ 

ʛʨʫʥʪʘ, 

ʛ/ʩʤ3 

ʇʣʦʪʥʦʩʪʴ 

ʩʫʭʦʛʦ 

ʛʨʫʥʪʘ, 

ʛ/ʩʤ3 

ɽʩʪʝʩʪ

ʚʝʥʥʘʷ 

ʚʣʘʞʥʦ

ʩʪʴ, % 

ʇʦʨʠʩʪʦ

ʩʪʴ, % 

ʂʦʵʬʬʠ

ʮʠʝʥʪ 

ʧʦʨʠʩʪʦ-

ʩʪʠ 

1 3.5 2.69 1.50 1.27 18.2 52.8 1.118 

2 4.0 2.68 1.45 1.29 12.5 51.9 1.078 
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3 5.0 2.69 1.67 1.45 14.8 46.1 0.855 

4 6.5 2.69 1.62 1.38 17.2 48.7 0.949 

5 8.0 2.68 1.76 1.42 24.2 47.0 0.887 

6 12.0 2.69 1.83 1.52 20.3 43.5 0.770 

7 15.0 2.69 1.75 1.48 18.3 45.0 0.817 

8 20.0 2.68 1.94 1.65 17.2 38.4 0.624 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 1, ʪʦʣʴʢʦ ʚʝʨʭʥʠʝ ʩʣʦʠ ʜʦ ʛʣʫʙʠʥʳ 3.5 - 4.0 ʤ ʠʤʝʶʪ 

ʤʝʥʴʰʫʶ ʧʨʠʨʦʜʥʫʶ ʚʣʘʞʥʦʩʪʴ (12.5 - 18.2 %), ʤʝʥʴʰʫʶ ʧʣʦʪʥʦʩʪʴ ʩʫʭʦʛʦ 

ʛʨʫʥʪʘ (1.27 - 1.29 ʛ/ʩʤ3) ʠ ʚʳʩʦʢʫʶ ʧʦʨʠʩʪʦʩʪʴ (51.9 - 52.8 %). ʅʘ ʛʣʫʙʠʥʝ 8 

ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʦʩʘ ʧʨʠʨʦʜʥʘʷ ʚʣʘʞʥʦʩʪʴ ʜʦʭʦʜʠʪ ʜʦ 24.2 %, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʛʦʨʠʟʦʥʪʘʤ. ʉ ʛʣʫʙʠʥʦʡ 

ʧʦʨʠʩʪʦʩʪʴ ʛʨʫʥʪʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʥʘ ʛʣʫʙʠʥʝ 20 ʤ ʦʥʘ ʨʘʚʥʘ 38.4%, ʯʪʦ 

ʦʪʥʦʩʠʪʩʷ ʢ ʧʣʦʪʥʳʤ ʛʨʫʥʪʘʤ. 

ɺ ʪʘʙʣ. 2 ʧʨʠʚʦʜʷʪʩʷ ʧʦʢʘʟʘʪʝʣʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʥʘʠʤʝʥʦʚʘʥʠʷ ʛʨʫʥʪʦʚ 

ʠ ʩʪʝʧʝʥʴ ʠʭ ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʥʦʡ ʚʣʘʞʥʦʩʪʠ. 

 

ʊʘʙʣ. 2. ʇʦʢʘʟʘʪʝʣʠ ʛʨʫʥʪʦʚ ʠ ʠʭ ʩʦʩʪʦʷʥʠʝ 

Tab. 2. Indicators of soils and their condition 
ˉˉ 

ʧ.ʧ 

ɻʣʫʙʠʥʘ 

ʦʪʙʦʨʘ, ʤ 

ɽʩʪʝʩʪʚʝʥʥ

ʘʷ 

ʚʣʘʞʥʦʩʪʴ, 

% 

ɻʨʘʥʠʯʥʳʝ 

ʚʣʘʞʥʦʩʪʠ, % 

ʏʠʩʣʦ 

ʧʣʘʩʪʠʯ-

ʥʦʩʪʠ,ὐ 

ʂʦʥʩʠ-

ʩʪʝʥʮʠʷ, 

ὐ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʛʨʫʥʪʘ ʠ ʝʛʦ 

ʧʨʠʨʦʜʥʦʝ 

ʩʦʩʪʦʷʥʠʝ 
ʊʝʢʫ-

ʯʝʩʪʴ, 

Wl 

ʈʘʩʢʘʪʳʚʘ-

ʥʠʝ, Wp 

1 3.5 18.2 35 23.1 11.9 0̓ ʉʫʛʣʠʥʦʢ 

ʪʚʝʨʜʳʡ 

2 4 12.5 34.5 23.2 11.3 0̓ ʉʫʛʣʠʥʦʢ 

ʪʚʝʨʜʳʡ 

3 5 14.8 33.1 20.3 12.8 0̓ ʉʫʛʣʠʥʦʢ 

ʪʚʝʨʜʳʡ 

4 6.5 17.2 33.8 20.4 13.4 0̓ ʉʫʛʣʠʥʦʢ 

ʪʚʝʨʜʳʡ 

5 8 24.2 34.1 22.4 11.7 0.15 ʉʫʛʣʠʥʦʢ 

ʧʦʣʫʪʚʝʨʜʳʡ 

6 12 20.3 34.1 22.0 12.1 0̓ ʉʫʛʣʠʥʦʢ 

ʪʚʝʨʜʳʡ 

7 15 18.3 33.2 22.2 11.0 0̓ ʉʫʛʣʠʥʦʢ 

ʪʚʝʨʜʳʡ 

8 20 17.2 31.2 21.6 9.6 0̓ ʉʫʛʣʠʥʦʢ 

ʪʚʝʨʜʳʡ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 2, ʛʨʫʥʪʳ ʧʦ ʯʠʩʣʫ ʧʣʘʩʪʠʯʥʦʩʪʠ ʷʚʣʷʶʪʩʷ 

ʩʫʛʣʠʥʠʩʪʳʤʠ ʧʘʣʝʚʦʛʦ-ʙʫʨʦʛʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʩ ʪʚʝʨʜʦʡ ʢʦʥʩʠʩʪʝʥʮʝʡ 

(ὐԇπ), ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʛʣʫʙʠʥʳ 8 ʤ, ʛʜʝ ʩʦʩʪʦʷʥʠʝ ʛʨʫʥʪʘ ʧʦʣʫʪʚʝʨʜʦʝ (ὐ
πȢρυ). 

ɺ ʪʘʙʣ. 3 ʧʨʠʚʦʜʷʪʩʷ ʧʨʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʛʨʫʥʪʦʚ ʧʨʠ 

ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʤ ʠ ʥʝʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʤ (ʙʳʩʪʨʦʤ) ʩʜʚʠʛʝ. 

ʂʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʡ ʩʜʚʠʛ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʚʦʜʥʦʤ ʨʝʞʠʤʝ, ʧʨʠ ʚʣʘʞʥʦʩʪʠ 
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ʥʘ ʛʨʘʥʠʮʝ ʨʘʩʢʘʪʳʚʘʥʠʷ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ 0.1; 0.2; 0.3 ʄʇʘ, ʘ 

ʥʝʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʡ (ʙʳʩʪʨʳʡ) ï ʧʨʠ ʧʦʣʥʦʤ ʚʦʜʦʥʘʩʳʱʝʥʠʠ ʛʨʫʥʪʦʚ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʫʧʣʦʪʥʝʥʠʷ ʦʙʨʘʟʮʘ ʛʨʫʥʪʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ ʧʨʠ 

ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʤ ʩʜʚʠʛʝ ʜʦʭʦʜʠʣʘ ʜʦ 12-16 ʯ, ʘ ʧʨʠ ʥʝʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʤ 

- 6-16 ʯ. 

 

ʊʘʙʣ. 3. ʇʨʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʛʨʫʥʪʦʚ (ʫʯʘʩʪʦʢ ʂʘʩʘʤʜʘʨʘ) 

Tab. 3. Strength indicators of soils (Kasamdara site) 
ˉ

ˉ 

ʧ.ʧ. 

ɻʣʫʙʠʥʘ 

ʦʪʙʦʨʘ, ʤ 

ʇʦʢʘʟʘʪʝʣʠ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʛʦ 

ʩʜʚʠʛʘ ʧʨʠ Wp 

ʇʦʢʘʟʘʪʝʣʠ 

ʥʝʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʛʦ (ʙʳʩʪʨʦʛʦ) 

ʩʜʚʠʛʘ ʩ ʥʘʩʳʱʝʥʥʳʤ ʛʨʫʥʪʦʤ 

ʋʛʦʣ 

ʚʥʫʪ-

ʨʝʥʥʝʛʦ 

ʪʨʝʥʠʷ, 

ʛʨʘʜ. 

ʉʮʝʧʣʝ-

ʥʠʝ, ʄʇʘ 

ʂʦʵʬʬʠ-

ʮʠʝʥʪ 

ʪʨʝʥʠʷ 

ʋʛʦʣ 

ʚʥʫʪʨʝʥʥʝ

ʛʦ ʪʨʝʥʠʷ, 

ʛʨʘʜ. 

ʉʮʝʧʣʝ-

ʥʠʝ, ʄʇʘ 

ʂʦʵʬʬʠ-

ʮʠʝʥʪ 

ʪʨʝʥʠʷ 

1 3.5 28 0.0200 0.537 22Á30 0.0175 0.413 

2 4.0 28 0.0125 0.537 26Á30 0.0112 0.500 

3 5.0 28 0.0202 0.537 27Á30 0.0137 0.525 

4 6.5 26 0.0325 0.488 25Á25 0.0287 0.475 

5 8.0 27 0.0175 0.513 27 0.0150 0.513 

6 12.0 27 0.0280 0.513 26Á50 0.0188 0.506 

7 15.0 26 0.0288 0.488 26Á 0.0200 0.488 

8 20.0 27 0.0375 0.513 27 0.0275 0.513 

 

ɼʘʥʥʳʝ ʪʘʙʣ. 3 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦʤ ʭʘʨʘʢʪʝʨʝ 

ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʨʫʥʪʦʚ ʧʨʠ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʤ ʠ 

ʥʝʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʤ ʩʜʚʠʛʘʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ, ʛʜʝ 

ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʧʨʝʪʝʨʧʝʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ. 

ɿʥʘʯʝʥʠʝ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʧʨʠ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʤ ʩʜʚʠʛʝ 

ʩʦʩʪʘʚʣʷʝʪ 26-28Á, ʘ ʩʮʝʧʣʝʥʠʝ ï 0.0125-0.0375 ʄʇʘ. ʇʨʠ 

ʥʝʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ï22-27Á ʠ 0.0112= 0.0287 ʄʇʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʜʚʠʛʘʶʱʠʭ ʫʩʠʣʠʡ ʧʨʠ 

ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʤ ʩʜʚʠʛʝ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʞʠʤʘʶʱʝʡ ʥʘʛʨʫʟʢʝ 0.1-0.3 

ʄʇʘ ʩʦʩʪʘʚʣʷʝʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 0.07-0.18 ʄʇʘ, ʘ ʫʛʦʣ ʩʜʚʠʛʘ ï 30-36Á, 

ʜʦʭʦʜʷ ʠʥʦʛʜʘ ʜʦ 42Á. ʕʪʠ ʞʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʠ ʥʝʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʤ ʩʜʚʠʛʝ ï 

0.06 ï 0.17 ʄʇʘ ʠ 25-35Á, ʜʦ 38Á. 

ɻʨʫʥʪʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ (ʫʯʘʩʪʦʢ ʂʘʩʘʤʜʘʨʘ) ï ʧʨʦʩʘʜʦʯʥʳʝ. 

ɺʝʣʠʯʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʘʜʦʯʥʦʩʪʠ ʧʨʠ ʧʨʠʨʦʜʥʦʤ ʜʘʚʣʝʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 

0.001-0.032, ʘ ʧʨʠ ʜʘʚʣʝʥʠʠ, ʧʨʝʚʳʰʘʶʱʝʤ ʧʨʠʨʦʜʥʦʝ ʥʘ 0.15 ʄʇʘ, ï 0.037-

0.068. 

ɺ ʪʘʙʣ. 4 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʘʜʦʯʥʦʩʪʠ ʣʝʩʩʦʚʳʭ 

ʛʨʫʥʪʦʚ ʧʦ ʛʣʫʙʠʥʝ ʧʨʠ ʧʨʠʨʦʜʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʧʨʝʚʳʰʘʶʱʝʤ ʧʨʠʨʦʜʥʦʝ ʥʘ 

0.05-0.15 ʄʇʘ. 
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ʊʘʙʣ. 4. ɿʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʘʜʦʯʥʦʩʪʠ ʣʝʩʩʦʚʳʭ ʛʨʫʥʪʦʚ 

(ʫʯʘʩʪʦʢ ʂʘʩʘʤʜʘʨʘ) 

Tab. 4. The values of the relative subsidence of loess soils (Kasamdara site) 
ʅʘʛʨʫʟʢʘ ʥʘ 

ʦʙʨʘʟʝʮ, 

ʄʇʘ 

ɻʣʫʙʠʥʘ ʚʟʷʪʠʷ ʦʙʨʘʟʮʘ, ʤ 

3.5 4 5 6.5 8 12 15 20 

„ʙ 0.013 0.012 0.01 0.011 0.005 0.001 0.0032 0.01 

„ʙ+0.05 0.026 0.019 0.015 0.013 0.011    

„ʙ+0.10 0.051 0.028 0.028 0.017     

„ʙ+0.15 0.068 0.037       

 

ʅʘ ʨʠʩ. 2 ʧʨʦʚʝʜʝʥʘ ʵʧʶʨʘ ʧʨʠʨʦʜʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʛʣʫʙʠʥʝ ʩʢʣʦʥʘ, ʘ ʥʘ 

ʨʠʩ. 3 ï ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʘʜʦʯʥʦʩʪʠ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʩʞʠʤʘʶʱʝʡ ʥʘʛʨʫʟʢʝ ʜʦ 0.3 ʄʇʘ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʪʙʦʨʦʤ ʤʦʥʦʣʠʪʦʚ ʙʳʣʠ ʧʨʦʙʫʨʝʥʳ ʪʨʠ ʩʢʚʘʞʠʥʳ ʫ 

ʧʦʜʥʦʞʠʷ ʩʢʣʦʥʘ ʚ ʢʠʰʣʘʢʝ ʂʘʩʘʤʜʘʨʘ ʥʘ ʫʨʦʚʥʝ ʧʦʚʝʨʭʥʦʩʪʠ ʘʚʪʦʜʦʨʦʛʠ 

ʗʢʢʘʙʝʜ ï ɿʫʣʴʬʠ. ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʨʦʜʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ (ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʭ ʚ ʧʣʘʥʝ ï ʥʘ ʨʠʩ. 2). ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ - ʟʘ ʧʣʦʪʥʦʩʪʠ ʛʨʫʥʪʦʚ ʧʨʦʙʫʨʠʪʴ ʩʢʚʘʞʠʥʳ ʤʦʪʦʙʫʨʦʤ 

ʛʣʫʙʞʝ 2.5ï4.5 ʤ ʥʝ ʫʜʘʣʦʩʴ. ʅʘ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʛʣʫʙʠʥʘʭ ʚ ʢʘʞʜʦʡ ʩʢʚʘʞʠʥʝ 

ʦʙʥʘʨʫʞʝʥʳ ʧʨʦʩʣʦʡʢʠ (ʠʣʠ ʪʦʣʱʘ) ʦʯʝʥʴ ʪʚʝʨʜʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʦʭʦʞʠʭ 

ʥʘ ʠʟʚʝʩʪʥʷʢʠ. 

 

ʈʠʩ. 2. ʕʧʶʨʘ ʧʨʠʨʦʜʥʦʛʦ ʜʘʚʣʝʥʠʷ 

Fig. 2. Naturalpressureplot 
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ʈʠʩ. 3. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʘʜʦʯʥʦʩʪʠ ʦʪ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ 

Fig. 3. Graphs of the relative subsidence versus vertical load 

 
 

ʈʠʩ. 4. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʨʦʜʥʦʡ ʚʣʘʞʥʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ. 1, 2, 3 ï 

ʥʦʤʝʨʘʩʢʚʘʞʠʥ 

Fig. 4. Graphs of the dependence of natural humidity on depth. 1, 2, 3 ï well 

numbers 

 
 

ɸʥʘʣʠʟ ʚʦʜʥʦ - ʬʠʟʠʯʝʩʢʠʭ, ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʨʫʥʪʦʚ ʫʯʘʩʪʢʘ ʂʘʩʘʤʜʘʨʘ, ʧʦʢʘʟʳʚʘʶʪ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʪʘʙʠʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʨʫʥʪʦʚ ʧʨʠʨʦʜʥʦʛʦ ʩʣʦʞʝʥʠʷ (ʫʛʦʣ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ 26 - 28Á, ʘ ʩʮʝʧʣʝʥʠʝ ï 0.01 - 0.03 ʄʇʘ), ʠ 
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ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʭ ʧʨʠ ʧʦʣʥʦʤ ʫʚʣʘʞʥʝʥʠʠ ʜʣʷ ʩʫʛʣʠʥʠʩʪʳʭ 

ʤʘʣʦʧʨʦʩʘʜʦʯʥʳʭ ʛʨʫʥʪʦʚ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʠʨʦʜʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ (15-

24%). 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʩʜʚʠʛʘ ʧʨʠ ʚʣʘʞʥʦʩʪʠ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʩʢʘʪʳʚʘʥʠʷ ʠ ʧʦʣʥʦʤ ʚʦʜʦʥʘʩʳʱʝʥʠʠ. ɽʩʣʠ ʩʯʠʪʘʪʴ ʟʘ ʫʛʦʣ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʢʦʩʘ ʫʛʦʣ ʩʜʚʠʛʘ, ʪʦ ʜʣʷ ʩʫʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʦʚ ʫʯʘʩʪʢʘ 

ʂʘʩʘʤʜʘʨʘ ʧʨʠ ʚʣʘʞʥʦʩʪʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʩʢʘʪʳʚʘʥʠʷ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ 

0.1-0.3 ʄʇʘ ʟʘʣʦʞʝʥʠʝ ʦʪʢʦʩʦʚ ʤʦʞʥʦ ʧʨʠʥʠʤʘʪʴ ʨʘʚʥʳʤ 1:1.6 - 1:1.3, ʘ ʧʨʠ 

ʧʦʣʥʦʤ ʚʦʜʦʥʘʩʳʱʝʥʠʠ ï 1:2 - 1:1.3. 
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ʈɽɿʋʃʔʊɸʊʓ ʃɸɹʆʈɸʊʆʈʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ ʅɸ ʋʏɸʉʊʂɽ 

ʂɸʉɸʄɼɸʈɸ ʌɸʁɿɸɹɸɼʉʂʆɻʆ ʈɸʁʆʅɸ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʨʝʜʝʣʝʥʠ ̫ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʢʣʦʥʦʚ ʠ ʦʪʢʦʩʦʚ ʧʨʠ ʨʘʟʚʠʪʠʠ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʦʙʳ 

(ʤʦʥʦʣʠʪʳ) ʚʟʷʪʳ ʠʟ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʫʯʘʩʪʢʘ ʂʘʩʘʤʜʘʨʘ 

ʌʘʡʟʘʙʘʜʩʢʦʛʦ ʨʘʡʦʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʘʩʘʤʜʘʨʘ, ʚʣʘʞʥʦʩʪʴ, ʧʦʨʠʩʪʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ, ʛʨʫʥʪ, 

ʧʨʦʩʘʜʦʯʥʦʩʪʴ, ʘʥʘʣʠʟ. 

 

LABORATORY RESEARCH RESULTS AT THE KASAMDARA SITE OF 

FAYZABAD DISTRICT  

This article presents the results of laboratory research, numerical analysis and 

determination of critical values of the stability characteristics of slopes during the 

development of landslide processes. Samples were taken from the object of 

research, the section of Kasamdara, Fayzabad district. 

Key words: Kasamdara, humidity, porosity, density, soil, subsidence, 

analysis. 
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ʋɼʂ: 550.4 (575.11) 

ʈɸʎʀʆʅɸʃʔʅʆɽ ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʇʈʀʈʆɼʅʓʍ ʈɽʉʋʈʉʆɺ 

(ʆʊʍʆɼʓ ɻʆʈʅʆ-ʄɽʊɸʃʃʋʈɻʀʏɽʉʂʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ 

ʋɿɹɽʂʀʉʊɸʅɸ ʀ ɼʈ. ʉʆʇʈɽɼɽʃʔʅʓʍ ʊɽʈʈʀʊʆʈʀʁ) 

ɺ ʉɺʗɿʀ ʉ ʆʍʈɸʅʆʁ ʆʂʈʋɾɸʖʑɽʁ ʉʈɽɼʓ 

 

ʐʫʢʫʨʦʚ ʅ.ʕ., ʊʫʨʝʩʝʙʝʢʦʚ ɸ.ʍ., ʐʫʢʫʨʦʚ ʐ.ʈ., ɿʫʥʫʥʦʚ ɸ.ʏ., ʂʦʜʠʨʦʚ 

ʆ.ʐ., ɾʫʨʘʝʚ ɸ.ʍ., ʋʤʘʨʦʚ ʐ.ɸ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʠʤ. ʍ.ʄ. ɸʙʜʫʣʣʘʝʚʘ, ɻʦʩʢʦʤʛʝʦʣʦʛʠ ̫

ʈʋʟ, 

ɻʦʩʢʦʤʛʝʦʣʦʛʠʷ ʈʋʟ, ʋʧʨʘʚʣʝʥʠʝ ʧʨʠʚʣʝʯʝʥʠʷ ʠʥʦʩʪʨʘʥʥʳʭ 

ʠʥʚʝʩʪʠʮʠʡ, 

ɸʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ çʀɻʀʈʅʀɻʄè, ɸʆ çʋʟʙʝʢʥʝʬʪʝʛʘʟè 

 

ɻʦʨʥʦʨʫʜʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʢʨʫʧʥʝʡʰʠʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʆʪʭʦʜʳ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚ ʟʘʥʠʤʘʶʪ 

ʦʛʨʦʤʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʠ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʠʩʢʘ ʠʟ-ʟʘ 

ʧʦʧʘʜʘʥʠʷ ʚʨʝʜʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʘʪʤʦʩʬʝʨʫ, ʧʦʯʚʫ ʠ ʚʦʜʫ.  

ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʦʙʣʝʤʳ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʠ 

ʙʝʟʦʧʘʩʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʛʦʨʥʦʨʫʜʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʧʨʠʦʙʨʝʣʠ ʤʥʦʛʦʛʨʘʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʦʪʭʦʜʦʚ ʛʦʨʥʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʮʚʝʪʥʦʡ 

ʤʝʪʘʣʣʫʨʛʠʠ. ʇʨʠ ʜʦʙʳʯʝ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʨʫʜ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 2% ʨʫʜʥʦʡ ʤʘʩʩʳ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʪʦʚʘʨʥʫʶ 

ʧʨʦʜʫʢʮʠʶ, ʦʩʪʘʣʴʥʳʝ 98% ʠʜʫʪ ʚ ʦʪʚʘʣʳ ʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ. ʇʨʠʯʝʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ 1 ʪ ʤʝʜʠ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ 100 ʪ ʪʦʚʘʨʥʦʡ ʨʫʜʳ; ʜʣʷ ʧʦʣʫʯʝʥʠʷ 1 

ʪ ʪʦʚʘʨʥʦʡ ʩʚʠʥʮʦʚʦʡ ʨʫʜʳ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʳʪʴ 3 ʪ ʨʫʜʥʦʛʦ ʩʳʨʴʷ.  

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʣʠʪʝʣʴʥʦʝ ʭʨʘʥʝʥʠʝ ʪʝʭʥʦʛʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ ʥʝʞʝʣʘʪʝʣʴʥʦ, ʪʘʢ ʢʘʢ ʚʝʱʝʩʪʚʦ, ʥʘʭʦʜʷʱʝʝʩʷ ʚ ʪʝʭʥʦʛʝʥʥʳʭ 

ʦʪʭʦʜʘʭ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʠʨʦʜʥʳʭ, ʭʠʤʠʯʝʩʢʠʭ, ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʳʚʝʪʨʠʚʘʝʪʩʷ ʠ ʦʢʠʩʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʦʚ, ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʠ ʨʝʘʛʝʥʪʦʚ ʩ ʚʳʥʦʩʦʤ ʠʭ ʟʘ ʧʨʝʜʝʣʳ ʠʭ ʭʨʘʥʝʥʠʷ, 

ʦʙʝʜʥʷʷ ʠ ʪʝʤ ʩʘʤʳʤ ʥʘʨʫʰʘʷ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʚ ʨʘʡʦʥʝ.  

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʫʪʠʣʠʟʘʮʠʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʥʘʧʨʘʚʣʝʥʦ ʥʘ 

ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚʳʩʦʢʦ-ʢʦʤʧʣʝʢʩʥʳʭ 

ʪʝʭʥʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠ ʥʘ ʚʳʷʚʣʝʥʠʝ ʫʯʘʩʪʢʦʚ ʘʥʦʤʘʣʴʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʡʦʥʘʭ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʪʝʭʥʦʛʝʥʥʳʤ 

ʦʪʭʦʜʘʤ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ɸʣʤʘʣʳʢʩʢʦʛʦ ɻʄʂ ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʟʘʧʘʩʘʭ ʛʨʫʧʧʳ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʭ ʠ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʊʘʰʢʝʥʪʩʢʦʡ ʠ ɼʞʠʟʘʢʩʢʦʡ ʦʙʣʘʩʪʝʡ 

ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ, ʘ ʪʘʢʞʝ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ (ʨʠʩ.1) [1, 2]. 
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ʈʠʩ.1. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ɸʣʤʘʣʳʢʩʢʦʛʦ ɻʄʂ 

Fig. 1. Deposits of Almalyk MMC 

 
ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ:  

1ï ʂʘʣʴʤʘʢʳʨ, 2 ï ʉʘʨʳʯʝʢʫ, 3 ï ɼʘʣʴʥʝʝ, 4 ï ɸʣʪʳʥ-ʊʦʧʢʘʥ, 5 ï ʉʘʫʢʙʫʣʘʢ  

 

ʄʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʣʴʤʘʢʳʨ ʠ ʉʘʨʳʯʝʢʫ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʳʨʴʝʤ ʤʝʜʥʫʶ ʚʝʪʚʴ ʢʦʤʙʠʥʘʪʘ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ ʨʫʜʳ 

ʂʘʣʴʤʘʢʳʨʘ ʥʘ ɸʣʤʘʣʳʢʩʢʦʡ ʤʝʜʥʦʡ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʝ (ʄʆʌ), ʨʫʜʳ 

ʉʘʨʳʯʝʢʫ ʥʘ ɸʣʤʘʣʳʢʩʢʦʡ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʡ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʝ 

(ʉʆʌ). 

ʉʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʨʘʪʠʬʦʨʤʥʳʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ ʋʯʢʫʣʘʯ ʠ ʩʢʘʨʥʦʚʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ɸʣʪʳʥ-ʊʦʧʢʘʥ ʠ 

ʇʘʡʙʫʣʘʢ. ʈʫʜʳ ʫʢʘʟʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ ʥʘ 

ɸʣʤʘʣʳʢʩʢʦʡ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʡ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʝ. 

ɺ ʮʝʣʦʤ ʜʣʷ ʨʘʡʦʥʘ ʦʪʤʝʯʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʘʷ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʨʫʜʝʥʝʥʠʷ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʪʦʣʱʘʤ. ɺ 

ʧʦʢʨʦʚʥʳʭ ʠ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʬʘʮʠʷʭ ʩʨʝʜʥʝ-ʚʝʨʭʥʝʢʘʨʙʦʥʦʚʳʭ 

ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʣʦʢʘʣʠʟʫʶʪʩʷ ʟʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʛʝʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʪʠʧʘʤ. ɺʝʜʫʱʠʤ ʷʚʣʷʝʪʩʷ, 

ʢʦʥʝʯʥʦ, ʟʦʣʦʪʦ-ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʳʡ ʪʠʧ. ɺ ʥʝʤ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʦʩʥʦʚʥʳʝ 

ʟʘʧʘʩʳ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʨʘʡʦʥʘ (ʂʘʣʴʤʘʢʳʨ, ɼʘʣʴʥʝʝ, ʉʘʨʳʯʝʢʫ, ʂʳʟʘʪʘ, 

ʅʠʞʥʝʢʘʫʣʴʜʠʥʩʢʦʝ). ɿʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʦʢʚʘʨʮʝʚʦʡ ʠ 

ʟʦʣʦʪʦʩʫʣʴʬʠʜʥʦʡ ʬʦʨʤʘʮʠʡ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʪʨʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʘ:  

1. ɿʦʣʦʪʦʤʳʰʴʷʢʦʚʳʝ ʤʘʣʦʩʫʣʴʬʠʜʥʳʝ (0.5-1%) ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʖʞʥʳʝ ʂʘʫʣʴʜʳ, ʂʫʣʴʯʫʣʘʢ, ʂʘʨʘʩʘʡ ʠ ʜʨ.  

2. ɿʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʂʘʫʣʴʜʳ, 

ɸʨʘʙʫʣʘʢ, ʊʘʥʛʠʣʴ ʠ ʜʨ.  
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3. ɿʦʣʦʪʦ-ʪʝʣʣʫʨʦʚʳʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʫʣʴʬʠʜʥʳʝ (10-80%) 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʢʪʫʨʧʘʢ, ɻʦʣʴʜʫʨʘʥ, ɹʘʣʳʢʪʳ, ʂʘʣʴʪʘʩʘʡ. ɺ ʦʪʥʦʰʝʥʠʠ 

ʤʝʣʢʠʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ ʨʘʡʦʥʘ, ʦʩʚʦʝʥʠʝ ʢʦʪʦʨʳʭ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʦʢʘʟʳʚʘʝʪʩʷ ʨʝʥʪʘʙʝʣʴʥʳʤ, ʯʝʪʢʦ ʚʳʨʘʙʦʪʘʣʘʩʴ ʢʦʥʮʝʧʮʠʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ 

ʧʝʨʝʦʮʝʥʢʫ ʠ ʚʦʚʣʝʯʝʥʠʝ ʠʭ ʜʦʙʳʯʠ ʚ ʢʘʯʝʩʪʚʝ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʛʦ 

ʬʣʶʩʦʚʦʛʦ ʩʳʨʴʷ ʜʣʷ ɸʣʤʘʣʳʢʩʢʦʛʦ ɻʄʂ. 

ʉʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʝ ʩʪʨʘʪʠʬʦʨʤʥʳʝ ʂʫʣʴʯʫʣʘʢ ʠ ʩʢʘʨʥʦʚʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʫʨʛʘʰʳʥʢʘʥ ʨʘʡʦʥʘ ʥʘʭʦʜʷʪʩʷ ʚ ʪʦʣʱʘʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ 

D2-C1 ʩ ʩʠʥʛʝʥʝʪʠʯʥʦʡ ʩʬʘʣʝʨʠʪ-ʛʘʣʝʥʠʪʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ʅʘ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ ʥʠʞʥʝʜʝʚʦʥʩʢʠʭ ʚʫʣʢʘʥʦ-ʪʝʨʨʠʛʝʥʥʳʭ ʪʦʣʱ 

ʩʨʝʜʥʝʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʨʘʩʧʦʣʦʞʝʥʳ ʧʨʦʤʳʰʣʝʥʥʳʝ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɸʣʤʘʣʳʢʩʢʠʡ ʨʘʡʦʥ ʩ ʜʨʝʚʥʠʭ ʚʨʝʤʝʥ ʷʚʣʷʣʩʷ ʦʙʲʝʢʪʦʤ ʛʦʨʥʦʨʫʜʥʦʛʦ 

ʧʨʦʤʳʩʣʘ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʳʨʘʙʦʪʢʠ ʠ ʩʣʝʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʨʝʚʥʠʭ 

ʨʫʜʦʢʦʧʦʚ, ʜʘʪʠʨʫʝʤʳʝ IX-XII ʚ. ʥ. .ɻ, ʦʪʤʝʯʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʚʩʝʤʝʩʪʥʦ ʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʠʥʪʝʥʩʠʚʥʦʡ ʜʦʙʳʯʝ ʟʜʝʩʴ ʚ ʜʨʝʚʥʦʩʪʠ ʤʝʜʠ, ʩʚʠʥʮʘ, 

ʮʠʥʢʘ, ʟʦʣʦʪʘ, ʩʝʨʝʙʨʘ, ʞʝʣʝʟʘ, ʘ ʪʘʢʞʝ ʘʤʝʪʠʩʪʘ, ʙʠʨʶʟʳ ʠ ʜʨ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʦʪʨʘʙʘʪʳʚʘʝʤʳʝ ɸʣʤʘʣʳʢʩʢʠʤ ɻʄʂ, ʙʳʣʠ ʚ ʩʚʦʝ ʚʨʝʤʷ ʦʪʢʨʳʪʳ ʧʦ ʩʣʝʜʘʤ 

ʜʨʝʚʥʠʭ ʨʘʟʨʘʙʦʪʦʢ. 

ɺ ɸʣʤʘʣʳʢʩʢʦʤ ʛʦʨʥʦʨʫʜʥʦʤ ʨʘʡʦʥʝ, ʢʨʦʤʝ ʟʘʧʘʩʦʚ, ʚʳʷʚʣʝʥʥʳʭ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ, ʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʠʤʝʶʪʩʷ 

ʪʘʢʞʝ ʠ ʥʝʪʨʘʜʠʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ ï ʦʪʭʦʜʳ ʦʙʦʛʘʱʝʥʠʷ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 

ʧʝʨʝʜʝʣʘ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʳʭ, ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʭ ʠ ʟʦʣʦʪʦʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʊʝʭʥʦʛʝʥʥʳʝ ʦʪʭʦʜʳ (ʤʝʩʪʦʨʦʞʜʝʥʠʷ) ʛʦʨʥʦʛʦ, 

ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʪʚʘʣʴʥʳʤʠ ʤʘʪʝʨʠʥʩʢʠʤʠ ʧʝʨʚʠʯʥʳʤʠ ʩʙʘʣʘʥʩʦʚʳʤʠ ʩʫʣʴʬʠʜʥʳʤʠ ʨʫʜʘʤʠ 

ʠ ʧʨʦʜʫʢʪʘʤʠ ʠʭ ʦʢʠʩʣʝʥʠʷ (ʙʘʣʘʥʩʦʚʳʝ, ʠ ʟʘʙʘʣʘʥʩʦʚʳʝ ʩʤʝʰʘʥʥʳʝ ʠ 

ʦʢʠʩʣʝʥʥʳʝ ʨʫʜʳ), ʭʚʦʩʪʘʤʠ ʦʙʦʛʘʱʝʥʠʷ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʳʭ ʠ ʩʚʠʥʮʦʚʳʭ 

ʨʫʜ: ʰʣʘʢʘʤʠ, ʢʦʢʘʤʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʜʨ., ʢʦʪʦʨʳʝ 

ʟʘʩʢʣʘʜʠʨʦʚʘʥʳ ʥʘ ʆɸʆ çɸɻʄʂè [3,4,5]. ʉʳʨʴʝʚʫʶ ʙʘʟʫ ʨʘʡʦʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʥʝ ʪʦʣʴʢʦ ʟʘʧʘʩʳ ʦʪʨʘʙʘʪʳʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʥʦ ʠ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ (ʨʠʩ. 2) [6,7,8,9,10]: 1. ï ʦʪʚʘʣʳ ʛʦʨʥʦʨʫʜʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ; 2. ï ʦʪʚʘʣʴʥʳʝ ʭʚʦʩʪʳ ʦʙʦʛʘʱʝʥʠʷ; 3. - ʦʪʭʦʜʳ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʧʘʩʳ ʨʫʜ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʚ ʪʝʭʥʦʛʝʥʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʦʣʴʢʦ ʥʘ ɸʣʤʘʣʳʢʩʢʦʤ ɻʄʂ, ʠʩʯʠʩʣʷʶʪʩʷ ʩʦʪʥʷʤʠ 

ʤʠʣʣʠʦʥʦʚ ʪ ʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʣʫʯʝʥʠʷ 

ʤʝʪʘʣʣʦʚ ʠ ʜʨʫʛʦʡ ʧʨʦʜʫʢʮʠʠ. 
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ʈʠʩ. 2. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʦʪʭʦʜʦʚ ɸɻʄʂ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɸʣʤʘʣʳʢʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ 

Fig. 2. Location of deposits and wastes of the AMMC in the territory of the 

Almalyk ore district  

 
 

ɿʘʙʘʣʘʥʩʦʚʳʝ ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʨʫʜʥʠʢʘ çʂʘʣʴʤʘʢʠʨè (ʦʪʚʘʣʳ ɸ-7 ʠ ɸ-8) 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ 2 - 4,5 ʢʤ ʦʪ ʤʝʜʥʦʡ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ ï 2 (ʄʆʌ-2). ʅʘ 

ʦʪʚʘʣʘʭ ɸ-7 ʠ ɸ-8 ʯʠʩʣʠʪʩʷ 74,5 ʤʣʥ. ʪ ʟʘʙʘʣʘʥʩʦʚʦʡ ʨʫʜʳ, ʚ ʥʝʡ ʤʝʜʠ 171 ʪʳʩ. ʪ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ 0,23%, ʟʦʣʦʪʘ 31,6 ʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 0,424 ʛ/ʪ ʠ ʩʝʨʝʙʨʘ 132,2 ʪ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ 1,77 ʛ/ʪ. ɻʣʘʚʥʳʤʠ ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʟʘʙʘʣʘʥʩʦʚʳʭ ʨʫʜ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʣʴʤʘʢʳʨ ʷʚʣʷʶʪʩʷ ʧʠʨʠʪ (3,6 ʘʙʩ.%), ʤʘʛʥʝʪʠʪ (2,1 ʘʙʩ.%), 

ʛʝʤʘʪʠʪ (0,3 ʘʙʩ.%), ʭʘʣʴʢʦʧʠʨʠʪ (0,4ʘʙʩ.%). ɺ ʚʠʜʝ ʝʜʠʥʠʯʥʳʭ ʟʝʨʝʥ ʚʩʪʨʝʯʝʥʳ 

ʩʬʘʣʝʨʠʪ, ʛʘʣʝʥʠʪ, ʤʦʣʠʙʜʝʥʠʪ, ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʙʣʝʢʣʳʭ ʨʫʜ. ɻʣʘʚʥʳʤʠ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʩʝʨʠʮʠʪ (ʤʫʩʢʦʚʠʪ) ï 41,2 ʘʙʩ. %, ʢʚʘʨʮ 

(30 ʘʙʩ. %), ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʢʘʨʙʦʥʘʪʦʚ (7,1 ʘʙʩ. %), ʭʣʦʨʠʪ (8,2 ʘʙʩ. %), 

ʧʣʘʛʠʦʢʣʘʟ (4 ʘʙʩ. %), ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʙʠʦʪʠʪ ʠ ʨʦʛʦʚʘʷ 

ʦʙʤʘʥʢʘ, ʩʦʩʪʘʚʣʷʶʱʠʝ 1,2 ʘʙʩ.% ʠ 0,5 ʘʙʩ.%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂ ʯʠʩʣʫ ʘʢʮʝʩʩʦʨʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʦʪʥʦʩʠʪʩʷ ʵʧʠʜʦʪ, ʢʦʪʦʨʳʡ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʝʜʠʥʠʯʥʳʭ ʟʝʨʝʥ. ɺ 

ʜʝʢʘʙʨʝ 2016 ʛ. ʨʝʘʣʠʟʦʚʘʥ ʧʨʦʝʢʪ çɺʦʚʣʝʯʝʥʠʝ ʚ ʦʪʨʘʙʦʪʢʫ ʟʘʙʘʣʘʥʩʦʚʳʭ 

ʦʪʚʘʣʴʥʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çʂʘʣʴʤʘʢʳʨèè ʩ ʧʝʨʝʨʘʙʦʪʢʦʡ 4 ʤʣʥ. ʪ ʨʫʜʳ ʚ ʛʦʜ. 

ʇʨʦʛʥʦʟʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʠʟʚʣʝʯʝʥʠʶ ʤʝʜʠ ʚ ʤʝʜʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ï 60%, ʟʦʣʦʪʘ ï 

60%, ʩʝʨʝʙʨʘ ï 40%. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʤʧʣʝʢʩ ʦʩʪʘʥʦʚʣʝʥ ʠʟ-ʟʘ ʥʝʜʦʩʪʠʞʝʥʠʷ 

ʧʨʦʛʥʦʟʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ɿʘʙʘʣʘʥʩʦʚʳʝ ʦʢʠʩʣʝʥʥʳʝ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çʂʘʣʴʤʘʢʠʨè (ʦʪʚʘʣʳ ˉˉ 

39, 9, 10, 8ʘ, ɸ-4) ʩ ʦʙʱʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʫʜʳ 63,8 ʤʣʥ. ʪ, ʚ ʥʝʡ ʤʝʜʠ 209,0 ʪʳʩ. ʪ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ 0,328%, ʟʦʣʦʪʘ 31,1 ʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 0,488 ʛ/ʪ ʠ ʩʝʨʝʙʨʘ 144,5 ʪ ʩ 



15 

 

ʩʦʜʝʨʞʘʥʠʝʤ 2,27 ʛ/ʪ. ʆʪʚʘʣʳ ʟʘʙʘʣʘʥʩʦʚʳʭ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜ ʨʘʟʙʨʦʩʘʥʳ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 2 ʜʦ 20 ʢʤ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʠʥʝʨʘʣʳ ʚ 

ʦʢʠʩʣʝʥʥʳʭ ʨʫʜʘʭ: ʤʘʣʘʭʠʪ, ʛʝʪʠʪ, ʛʠʜʨʦʛʝʪʠʪ, ʛʝʤʘʪʠʪ, ʭʨʠʟʦʢʦʣʣʘ ʠ ʭʘʣʴʢʦʟʠʥ. 

ʉʨʝʜʠ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜ ʚʳʜʝʣʷʶʪʩʷ ʨʫʜʳ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʦʙʦʛʘʱʘʶʪʩʷ ʧʨʷʤʦʡ 

ʬʣʦʪʘʮʠʝʡ. ʕʪʘ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʧʦʣʫʯʠʣʘ ʥʘʠʤʝʥʦʚʘʥʠʝ çʫʧʦʨʥʳʝè ʨʫʜʳ. ʅʘʣʠʯʠʝ 

ʪʘʢʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜʘʭ ʤʠʥʝʨʘʣʦʚ ï 

ʭʨʠʟʦʢʦʣʣʘ, ʙʠʨʶʟʳ, ʣʠʙʝʪʝʥʠʪʘ, ʵʜʠʪʘ, ʢʫʧʨʦʛʘʣʣʫʘʟʠʪʘ, ʤʝʜʝʩʦʜʝʨʞʘʱʠʭ 

ʩʝʨʠʮʠʪʘ, ʢʫʧʨʦʘʣʫʥʠʪʘ, ʤʝʜʝʩʦʜʝʨʞʘʱʠʡ ʢʘʦʣʠʥ ʠ ʣʘʤʧʘʜʠʪ. ʕʪʠ ʤʠʥʝʨʘʣʳ 

ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʫʯʘʩʪʢʘʭ ʠʥʪʝʥʩʠʚʥʦ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʳʭ 

ʧʦʨʦʜ ʠ ʚ ʤʝʩʪʘʭ ʛʣʫʙʦʢʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʤʝʜʠ ʧʨʠʦʙʨʝʪʘʝʪ ʤʘʣʦʧʦʜʚʠʞʥʫʶ ʬʦʨʤʫ (çʩʚʷʟʘʥʥʦʡè), ʪʨʫʜʥʦ 

ʠʟʚʣʝʢʘʝʤʫ ʁʧʨʠ ʦʙʦʛʘʱʝʥʠʠ ʠ ʭʠʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ. ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʚʳʱʝʣʦʯʝʥʥʳʭ ʨʫʜ ʘʥʘʣʦʛʠʯʝʥ ʦʢʠʩʣʝʥʥʳʤ ʩʦʩʪʦʷʥʠʷʤ. ʆʥʠ ʨʘʟʣʠʯʘʶʪʩʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺ 

ʚʳʱʝʣʦʯʝʥʥʳʭ ʧʦʨʦʜʘʭ ʧʨʝʦʙʣʘʜʘʶʪ ʛʠʜʨʦʦʢʠʩʣʳ ʞʝʣʝʟʘ ʠ ʛʝʤʘʪʠʪʘ. ʇʠʨʠʪ ʨʝʜʦʢ. 

ʄʝʜʥʳʝ ʤʠʥʝʨʘʣʳ ʚʩʪʨʝʯʘʶʪʩʷ ʩʧʦʨʘʜʠʯʝʩʢʠ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʥʝʨʘʣʘʤʠ ʞʝʣʝʟʘ. 

ʊʝʭʥʦʛʝʥʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʦʪʚʘʣʴʥʳʭ ʰʣʘʢʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʜʝʧʣʘʚʠʣʴʥʦʛʦ ʟʘʚʦʜʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3,7 ʢʤ ʦʪ ʛ. 

ɸʣʤʘʣʳʢ. ʐʣʘʢʦʦʪʚʘʣ ʜʝʡʩʪʚʫʶʱʠʡ. ʅʘʯʘʣʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ï 1964 ʛ. ɺ 

ʥʝʛʦ ʩʢʣʘʜʠʨʫʶʪʩʷ ʰʣʘʢʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʥʘ ʤʝʜʝʧʣʘʚʠʣʴʥʦʤ ʟʘʚʦʜʝ ʧʨʠ 

ʧʝʨʝʨʘʙʦʪʢʝ ʤʝʜʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ. ʄʠʥʝʨʘʣʴʥʦʡ ʦʩʥʦʚʦʡ ʤʝʜʝʧʣʘʚʠʣʴʥʳʭ ʰʣʘʢʦʚ 

ʷʚʣʷʶʪʩʷ ʬʘʷʣʠʪ 2FeO.SiC>2 ʠ ʩʪʝʢʣʦ, ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʮʠʥʢʩʦʜʝʨʞʘʱʠʤ ʤʘʛʥʝʪʠʪʦʤ, ʛʝʤʘʪʠʪʦʤ, ʩʫʣʴʬʠʜʘʤʠ (ʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ, ʪʨʦʠʣʠʪ, 

ʩʬʘʣʝʨʠʪ, ʛʘʣʝʥʠʪ), ʦʢʩʠʜʘʤʠ ʤʝʜʠ (ʢʫʧʨʠʪ ʠ ʪʝʥʦʨʠʪ), ʩʫʣʴʬʠʜʘʤʠ ʤʝʜʠ ʠ ʞʝʣʝʟʘ ʠ 

ʩʘʤʦʨʦʜʥʦʡ ʤʝʜʴʶ. 

ʍʘʨʘʢʪʝʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʜʘʥʥʦʛʦ ʚʠʜʘ ʩʳʨʴʷ ï ʝʛʦ ʣʝʛʢʦʜʦʩʪʫʧʥʦʩʪʴ, ʚʩʝ 

ʪʝʭʥʦʛʝʥʥʳʝ ʨʫʜʳ ʥʘʭʦʜʷʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʟʘʣʝʛʘʶʪ ʢʦʤʧʘʢʪʥʦ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʝ ʪʨʝʙʫʶʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʥʘ ʜʦʙʳʯʫ, ʪ.ʝ. ʦʪʧʘʜʘʝʪ ʩʘʤʳʡ 

ʪʨʫʜʦʝʤʢʠʡ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʧʨʦʮʝʩʩ ï ʜʝʟʠʥʪʝʛʨʘʮʠʷ ʠ ʠʟʚʣʝʯʝʥʠʝ ʧʦʨʦʜ, 

ʩʦʜʝʨʞʘʱʠʭ ʨʫʜʳ ʠʟ ʤʦʥʦʣʠʪʥʦʛʦ ʤʘʩʩʠʚʘ (ʧʨʦʭʦʜʢʘ ʙʫʨʦʚʟʨʳʚʥʳʭ ʩʢʚʘʞʠʥ, 

ʚʟʨʳʚʘʥʠʝ ʠ ʵʢʩʢʘʚʘʮʠʷ ʧʦʨʦʜ). ʅʘʣʠʯʠʝ ʚ ʥʠʭ ʚʳʩʦʢʠʭ ʦʩʪʘʪʦʯʥʳʭ ʩʦʜʝʨʞʘʥʠʡ 

ʤʝʪʘʣʣʦʚ ʠ ʙʣʠʟʦʩʪʴ ʨʘʟʚʠʪʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʦ ʜʦʙʳʯʝ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʨʫʜ ʚʝʩʴʤʘ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ. ʕʪʠ ʦʪʭʦʜʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʤʝʩʪʘʭ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʜ ʦʪʢʨʳʪʳʤ 

ʥʝʙʦʤ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʧʦʜʚʝʨʞʝʥʳ ʚʦʟʜʝʡʩʪʚʠʶ ʘʪʤʦʩʬʝʨʥʳʭ ʷʚʣʝʥʠʡ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʳʡ ʨʘʟʥʦʩ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʙʦʣʴʰʫʶ 

ʪʝʨʨʠʪʦʨʠʶ, ʘ ʪʘʢʞʝ ʠʭ ʤʠʛʨʘʮʠʷ ʚ ʧʦʯʚʫ ʠ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ. ʉʫʱʝʩʪʚʫʝʪ ʦʧʘʩʥʦʩʪʴ 

ʧʦʧʘʜʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʠʱʝʚʳʝ ʮʝʧʦʯʢʠ. ʇʦʵʪʦʤʫ ʚʦʚʣʝʯʝʥʠʝ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʨʝʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʙʦʣʝʝ 1 ʤʣʨʜ. ʪ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʠʥʝʨʘʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʧʦ ʧʨʦʬʠʣʷʤ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 

ʩʦʪʥʠ ʧʨʦʙ ʜʣʷ ʠʟʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʮʚʝʪʥʳʭ, 

ʙʣʘʛʦʨʦʜʥʳʭ, ʨʝʜʢʠʭ ʠ ʜʨ., ʘ ʪʘʢʞʝ ʪʦʢʩʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʬʦʨʤ ʠʭ ʥʘʭʦʞʜʝʥʠʷ. ɼʣʷ 

ʵʪʦʛʦ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʠʝ, ʣʦʢʘʣʴʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ 
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ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ: ICPMS ï ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ Elan 6000 (PerkinElmer, ʉʐɸ); 

ʨʝʥʪʛʝʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ED-2000 XRF (OxfordInst, ɸʥʛʣʠʷ); 

ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʳʡ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨ JXA-8800R çSuperprobeè; ʵʣʝʢʪʨʦʥʥʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʘʭ ʫʩʪʘʥʦʚʣʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʚʝʪʥʳʭ, 

ʙʣʘʛʦʨʦʜʥʳʭ, ʨʝʜʢʠʭ ʠ ʪʦʢʩʠʯʥʳʭ ʤʝʪʘʣʣʦʚ (ʪʘʙʣ.1). 

 

ʊʘʙʣ. 1. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʢʣʘʨʢʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ 

ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʘʭ ʤʝʜʥʦʛʦ ʠ ʮʠʥʢʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ɸɻʄʂ 

Tab. 1. The average content of elements and their clark concentrations in 

technogenic wastes of copper and zinc production AGMK 

ʕʣʝʤʝʥʪ, ʛ/ʪ 
ʂʝʢ ʮʠʥʢʦʚʦ- 

ʛʦ ʟʘʚʦʜʘ 
ʂʂ 

ʐʣʘʢ ʤʝʜʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʂʂ 

ʇʳʣʴ ʛʦʨʥʦ- 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʂʂ 

ʂʣʘʨʢ 

ʵʣʝʤʝʥ- 

ʪʘ, ʛ/ʪ 

Fe 550000 11,1 51000 10,9 120000 2,5 46500 

Cr 1000 12 389 4,7 155 2 83 

Mn 13600 13,6 1900 1,9 1500 1,5 1000 

Ti 30000 6,6 3678 0,8 6000 1,3 4500 

V 140 1,7 2560 28,4 120 1,3 90 

S 95800 204 21800 46 24000 51 470 

Cu 23600 500 20200 430 1200 26 47 

Mo 150 136 790 718 22 20 1,1 

Zn 23700 273 5284 63,6 700 8,4 83 

Pb 13300 831 4110 256 900 60 16 

Ni 180 3,1 1050 18 85 1,4 58 

Co 120 7,0 747 41 80 4,4 18 

As 7000 3813 777 498 900 530 1,7 

Sb 800 1600 763 1526 35 70 0,5 

Au 3,5 804 4,34 1009 3,1 721 0,0043 

Ag 588 841000 4,09 587 9,2 1300 0,007 

Ɇʕʇɻ 0,7 700 0,87 870 0,25 250 0,001 

Re 0,08 46 0,017 24 0,08 114 0,0017 

Se 80 1600 2,41 48 7,0 140 0,05 

Te 16 2100 1,29 185 2,5 355 0,007 

Cd 12 92 17,3 133 14 1080 0,013 

In 2 9 4,9 20 0,40 2 0,25 

Hg 17 204 0,59 7 5,0 60,2 0,083 

Tl - - 0,61 0,6 2,0 2 1,0 

Bi 30 4285 40 5714 4,3 477 0,007 

Ga 99 5,2 8,16 0,4 13,6 0,7 19 

Ge - - 1,98 1,4 2,0 1,5 1,4 

W 67 32 17 13 61 47 1,3 

Sn 180 72 37,3 15 28 11,2 2,5 

ɆTR 205 1,2 220 1,4 2,25 1,4 168 

ʂʦʣ-ʚʦ 

ʧʨʦʙ 
250  350  50   

ʇʨʠʤʝʯʘʥʠʝ. ʂʂ ï ʢʣʘʨʢ ʢʦʥʮʝʥʪʨʘʮʠʡ; ç-è ï ɻ ʣʝʤʝʥʪ ʥʝ ʦʙʥʘʨʫʞʝʥ; Ɇʕʇɻ ï ʩʫʤʤʘ 

ʵʣʝʤʝʥʪʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ; ɆTR ï ʩʫʤʤʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɸʥʘʣʠʟʳ 

ʚʳʧʦʣʥʝʥʳ ʚ ʀɻʠɻ ʠ ɻʦʭʨʘʥ ʈʋʟ. ɸʥʘʣʠʪʠʢ ɽ.ʅ. ʀʛʥʘʪʠʢʦʚ. 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʦʙʲʝʤʳ ʚʪʦʨʠʯʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ 

ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ɸɻʄʂ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ (ʪʘʙʣ. 2).  

ʊʝʭʥʦʛʝʥʥʳʝ ʦʪʭʦʜʳ ʷʚʣʷʶʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʩʩʝʷʥʠʝ ʦʜʥʠʭ ʤʝʪʘʣʣʦʚ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʨʫʛʠʭ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʚ ʠ ʩʚʦʡʩʪʚ ʩʘʤʦʡ ʩʠʩʪʝʤʳ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʪʝʭʥʦʛʝʥʥʳʝ ʦʪʭʦʜʳ ʷʚʣʷʶʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʫʨʦʚʥʷ ʩʨʝʜʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʣʘʨʢʦʤ. 

ʄʝʩʪʦ ʩʢʦʧʣʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ï  ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʢʦʥʮʝʥʪʨ (ɻʂ), 

ʧʨʦʜʫʢʪ ʤʝʭʘʥʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʣʝʤʝʥʪʦʚ, 

ʦʙʨʘʟʦʚʘʥʥʳʡ ʦʪʨʘʙʦʪʢʦʡ ʠ ʧʝʨʝʨʘʙʦʪʢʦʡ ʧʝʨʚʠʯʥʳʭ ʨʫʜ ʠ, ʚ ʜʘʣʴʥʝʡʰʝʤ, ʚ ʤʝʩʪʘʭ 

ʜʠʩʣʦʢʘʮʠʡ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤ ʧʨʦʮʝʩʩʘʤ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʦʢʠʩʣʝʥʠʷ, ʟʘ 

ʩʯʝʪ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ɿʘ ʦʩʥʦʚʫ ʚʳʜʝʣʝʥʠʷ 

ʙʝʨʝʪʩʷ ʨʘʩʯʝʪʥʳʡ ʂʣʘʨʢ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʂʂ). ʕʪʘ ʚʝʣʠʯʠʥʘ ʦʪʨʘʞʘʝʪ 

ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʧʦʥʷʪʠʝ ʠ ʥʦʩʠʪ ʦʙʲʝʢʪʠʚʥʦʝ ʥʘʫʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʝʭʥʦʛʝʥʥʳʭ 

ʦʪʭʦʜʘʭ. 

 

ʊʘʙʣ. 2. ɸʚʪʦʨʩʢʠʡ ʧʦʜʩʯʝʪ ʟʘʧʘʩʦʚ ʮʚʝʪʥʳʭ, ʙʣʘʛʦʨʦʜʥʳʭ ʠ ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ 

ʥʘ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɸɻʄʂ 

Tab. 2. Author's calculation of stocks of non-ferrous, noble and rare metals 

at unconventional man-made deposits of the AGMK 

ʇʦʢʘʟʘʪʝʣʴ 
ɺ ʦʪʚʘʣʘʭ, 

ʪ 

Cu Mo Pb Zn S Au Ag ʕʇɻ 

% ʪ ʛ/ʪ ʪ % ʪ % ʪ % ʪ ʛ/ʪ ʪ ʛ/ʪ ʪ ʛ/ʪ ʪ 

ʆʪʭʦʜʳ 

ʟʘʙʘʣʘʥʩʦʚʳʭ 

ʧʝʨʚʠʯʥʳʭ, 

ʦʢʠʩʣʝʥʥʳʭ, 

ʩʤʝʰʘʥʥʳʭ ʨʫʜ 1
7
7
4
1
8
0
0
0 

0
,4

 

7
0
9
6
7
2 

4
0 

7
0
9
0 

0
,0

3
5 

6
2
2
9
6 

0
,0

4 

7
0
9
6
7 

1
,5

 

2
6
6
1
2
7
0 

0
,7

 

1
2
4 

3
,0

 

5
3
1 

0
,1

2 

2
1 

ʆʪʚʘʣʴʥʳʝ ʭʚʦʩʪʳ 

ʦʙʦʛʘʱʝʥʠʷ ʄʆʌ 

(ʭʚʦʩʪʦʭʨʘʥʠʣʠ-

ʱʘ ˉ 1, 2) 9
0
0
0
0
0
0
0
0 

0
,2

4 

2
1
6
0
0
0
0 

3
5 

2
2
5
0
0 

0
,0

3 

2
7
0
0
0
0 

0
,0

3
6 

3
6
0
0
0
0 

2
,4

8 

2
2
5
0
0
0
0
0 

0
,3

 

2
7
0 

2
,7

 

2
7
0
0 

0
,0

6 

3
6 

ʆʪʚʘʣʴʥʳʝ ʭʚʦʩʪʳ 

ʦʙʦʛʘʱʝʥʠʷ ʉʆʌ 

5
0
2
4
0
0
0
0
0 

0
,1

1 

5
5
2
0
0
0 

5 2
5
0
0 

0
,3

0 

1
2
0
7
2
0
0 

0
,3

0 

1
2
0
7
2
0
0 

0
,9

6 

5
0
2
4
0
0
0 

0
,2

 

1
0
0
,4
 

1
,0

5 

5
2
9
2 

0
,0

3 

1
5 

ʐʣʘʢʠ 

ʤʝʜʝʧʣʘʚʠʣʴʥʦ 

ʛʦ ʟʘʚʦʜʘ 

1
2
3
8
0
0
0
0 

2
,0

 

2
4
7
6
0
0 

7
9
0 

9
9
0
4 

0
,4

1 

4
9
5
2 

0
,5

3 

6
5
6
1
4 

2
,1

8 

2
9
4
3
6
0 

1
,8

 

2
6 

7
3 

9
0
3
7 

0
,1

8 

2 

ʄʝʜʥʳʡ ʢʣʠʥʢʝʨ 

ʮʠʥʢʦʚʦʛʦ ʟʘʚʦʜʘ 

1
1
0
0
0
0 

1
,9

 

4
2
0
0
0 

1
5
0 

1
6
5 

1
,2

 

1
3
2
0
0 

2
,2

 

2
4
2
0
0 

9
,6

 

1
1
0
0
0
0 

3
,5

 

3
8 

2
5
0 

2
7
0
0 

0
,8

 

1
,1

 

ʆʪʚʘʣʴʥʳʝ 

ʢʣʠʥʢʝʨʳ 

ʮʠʥʢʦʚʦʛʦ ʟʘʚʦʜʘ 

3
9
5
3
3
0
0
0 

0
,2

6 

1
1
2
9
8
5 

5 1
6
7 

0
,4

 

1
3
3
1
3
2 

1
,2

6 

4
3
5
9
3
0 

4
,0

 

1
5
7
1
3
2
0 

0
,4

 

1
5 

2
6 

1
0
2
7 

- - 
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ʆʪʚʘʣʳ 

ʟʘʙʘʣʘʥʩʦʚʳʭ ʠ 

ʙʘʣʘʥʩʦʚʳʭ 

ʦʢʠʩʣʝʥʥʳʭ ʠ 

ʧʝʨʚʠʯʥʳʭ 

ʩʚʠʥʮʦʚʦ-

ʮʠʥʢʦʚʳʭ ʨʫʜ 4
9
1
4
6
0
0
0 

- - - - 0
,8

8 

1
8
2
0
0
0 

0
,8

2 

1
7
8
0
0
0 

8
,0

 

3
9
3
1
6
8
0 

- - - - - - 

ʀʪʦʛʦ 

2
7
7
9
8
1
7
0
0
0 

 3
7
2
4
2
5
7 

 4
2
3
2
6 

 1
6
9
0
6
5
0 

 2
3
4
1
9
1
0 

 3
6
0
9
2
6
3
0 

 5
7
3 

 2
1
4
8
7 

 7
5 

ʇʦʢʘʟʘʪʝʣʴ 

ɺ
 
ʦ
ʪ
ʚ
ʘ
ʣ
ʘ
ʭ
,
 
ʪ

 

R
e 

S
e 

T
e 

C
d 

B
i 

A
s 

S
b 

T
l 

  

ʛ
/
ʪ

 

ʪ ʛ
/
ʪ

 

ʪ ʛ
/
ʪ

 

ʪ ʛ
/
ʪ

 

ʪ ʛ
/
ʪ

 

ʪ ʛ
/
ʪ

 

ʪ ʛ
/
ʪ

 

ʪ ʛ
/
ʪ

 

ʪ 

ʆʪʭʦʜʳ 

ʟʘʙʘʣʘʥʩʦʚʳʭ 

ʧʝʨʚʠʯʥʳʭ, 

ʦʢʠʩʣʝʥʥʳʭ, 

ʩʤʝʰʘʥʥʳʭ ʨʫʜ 1
7
7
4
1
8
0
0
0 

0
,3

 

5
3 

3
,0

 

5
3
1 

1
,5

 

2
6
6 

2
2
,0
 

2
0
8
7 

4
,0

 

7
0
9 

3
0
0 

5
3
1
2
5 

1
2
,0
 

1
4
0
3 

1
,5

 

2
6
6 

ʆʪʚʘʣʴʥʳʝ ʭʚʦʩʪʳ 

ʦʙʦʛʘʱʝʥʠʷ ʄʆʌ 

(ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ     

ˉ 1, 2) 9
0
0
0
0
0
0
0
0 

1
,6

 

1
2
6
0 

4
,0

 

3
6
0
0 

2
,0

 

7
0
4 

6
,2

 

5
4
0
0 

3
,0

 

2
7
0
0 

4
0 

3
6
0
0
0 

1
1
,0
 

9
9
0
0 

2
,5

 

2
2
5
0 

ʆʪʚʘʣʴʥʳʝ ʭʚʦʩʪʳ 

ʦʙʦʛʘʱʝʥʠʷ ʉʆʌ 

5
0
2
4
0
0
0
0
0 

0
,1

 

5
0 

3
,5

 

1
7
5
8 

4
,0

 

2
0
0
9 

2
5
,0
 

1
2
5
6 

4
,0

 

2
0
0
9 

4
0 

2
0
0
9
6 

5
,0

 

2
5
1
2 

1
,0

 

5
0 

ʐʣʘʢʠ 

ʤʝʜʝʧʣʘʚʠʣʴʥʦ 

ʛʦ ʟʘʚʦʜʘ 

1
2
3
8
0
0
0
0 

0
,0

1
2 

1
,4

 

2
,5

 

2
9 

1
,3

 

1
6 

1
7
,5
 

2
0
6 

3
,0

 

3
7 

8
0
0 

9
9
0
4 

8
0
0 

9
9
0
4 

1
,0

 

1
2 

ʄʝʜʥʳʡ ʢʣʠʥʢʝʨ 

ʮʠʥʢʦʚʦʛʦ ʟʘʚʦʜʘ 

1
1
0
0
0
0 

- - 8
0 

8
8 

1
6
,0
 

1
7 

3
0
,0
 

3
3 

4
6 

5
0 

6
5
0
0 

7
7
0
0 

8
0
0 

8
8
0 

1
,5

 

1 

ʀʪʦʛʦ 

1
6
9
3
2
9
8
0
0
0 

 1
5
4
4 

 6
0
0
6 

 3
0
1
2 

 9
8
0
2 

 5
5
0
5 

 1
2
5
8
2
5 

 2
4
6
0
0 

 2
5
8
0 

 

ɸʥʘʣʠʟ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ (ʂʂ) ʜʣʷ ʚʩʝʭ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʦʥʠ ʷʚʣʷʶʪʩʷ (ɻʂ), ʢʦʪʦʨʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦ-

ʢʦʤʧʣʝʢʩʥʳʤʠ, ʛʜʝ, ʢʨʦʤʝ ʦʩʥʦʚʥʳʭ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʙʣʘʛʦʨʦʜʥʳʝ, ʨʝʜʢʠʝ ʠ ʪʦʢʩʠʯʥʳʝ ʤʝʪʘʣʣʳ. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʫʢʘʟʳʚʘʝʪ, ʢʘʢʠʝ 

ʤʝʪʘʣʣʳ ʥʘʠʙʦʣʝʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʚ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʤ (ɻʂ) ʠ ʢʘʢʠʝ ʷʚʣʷʶʪʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʠʟʚʣʝʯʝʥʠʷ. 
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ɺ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʘʭ (ʦʪʚʘʣʘʭ) ʩʦʜʝʨʞʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʙʘʣʘʥʩʦʚʳʭ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʳʭ ʨʫʜ. ʉʨʝʜʠ ʥʠʭ ʚʳʜʝʣʷʶʪʩʷ ʧʝʨʚʠʯʥʳʝ 

ʩʫʣʴʬʠʜʥʳʝ (50-60%) ʠ ʩʤʝʰʘʥʥʳʝ ʠ ʦʢʠʩʣʝʥʥʳʝ ʨʫʜʳ (ʦʢʦʣʦ 40%). 

ɺ ʪʘʙʣ. 2 ʧʨʠʚʦʜʷʪʩʷ ʤʘʪʝʨʠʘʣʳ ʘʚʪʦʨʩʢʦʛʦ ʧʦʜʩʯʝʪʘ ʟʘʧʘʩʦʚ, ʣʠʜʠʨʫʶʱʠʭ 

ʧʨʦʤʳʰʣʝʥʥʦ ʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ Cu, Mo, Pb, Zn, S, Au, Ag, Ɇʕʇɻ, Re, Se, Te, Cd, Bi, 

As, Sb, Tl. 

ɺ ʧʝʨʚʠʯʥʳʭ ʟʘʙʘʣʘʥʩʦʚʳʭ ʨʫʜʘʭ ʚ ʩʨʝʜʥʝʤ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ (0,16%), ʟʦʣʦʪʘ 

(0,21 ʛ/ʪ), ʩʝʨʝʙʨʘ (2,24 ʛ/ʪ), ʩʫʤʤʘ ʧʣʘʪʠʥʦʠʜʦʚ Ɇʕʇɻ (0,3 ʛ/ʪ), ʨʝʥʠʷ (0,3 ʛ/ʪ), 

ʤʦʣʠʙʜʝʥʘ (30 ʛ/ʪ), ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ Te, Se (ʪʘʙʣ. 2). 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʦʢʠʩʣʝʥʥʳʭ ʙʘʣʘʥʩʦʚʳʭ ʠ ʟʘʙʘʣʘʥʩʦʚʳʭ ʨʫʜʘʭ 

ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (0,8% ʠ 0,4%), ʤʦʣʠʙʜʝʥʘ (20, 30 ʛ/ʪ), ʟʦʣʦʪʘ (1,2, 0,5 ʛ/ʪ), 

ʩʝʨʝʙʨʘ (4,1, 1,9 ʛ/ʪ), ʨʝʥʠʷ (4, 4,5 ʛ/ʪ), Ɇʕʇɻ (0,12, 0,14 ʛ/ʪ), ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʚ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ Se, Te, Cd (ʪʘʙʣ. 2). 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʭʚʦʩʪʘʭ ʦʙʦʛʘʱʝʥʠʷ ʤʝʜʥʦʡ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ 

ʬʘʙʨʠʢʠ ʩʦʩʪʘʚʣʷʝʪ (0,21%), ʤʦʣʠʙʜʝʥʘ (20 ʛ/ʪ), ʟʦʣʦʪʘ (0,5 ʛ/ʪ), ʩʝʨʝʙʨʘ (1,6 ʛ/ʪ), 

Ɇʕʇɻ (0,18 ʛ/ʪ), ʨʝʥʠʷ (0,1 ʛ/ʪ), ʚ ʟʘʚʳʰʝʥʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ Se, Te, Cd, 

Bi, Jn (ʪʘʙʣ. 2). 

ɹʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʤʝʪʘʣʣʦʚ ʦʪʭʦʜʳ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʩʦʙʝʥʥʦ ʢʣʠʥʢʝʨʳ (ʢʝʢʠ) ʮʠʥʢʦʚʦʛʦ ʟʘʚʦʜʘ ʠ ʰʣʘʢʠ ʤʝʜʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʢʣʠʥʢʝʨʘʭ ʦʪʤʝʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ ʚ 

ʩʨʝʜʥʝʤ (2,3%), ʤʦʣʠʙʜʝʥʘ (150ʛ/ʪ), ʮʠʥʢʘ (2,4%), ʩʚʠʥʮʘ (1,3%), ʟʦʣʦʪʘ (3,5 ʛ/ʪ), 

ʩʝʨʝʙʨʘ (588 ʛ/ʪ), Ɇʕʇɻ (0,7 ʛ/ʪ), ʩʝʣʝʥʘ (80 ʛ/ʪ), ʪʝʣʣʫʨʘ (16 ʛ/ʪ), ʢʘʜʤʠʷ (12 ʛ/ʪ), Bi 

(30 ʛ/ʪ) (ʪʘʙʣ. 2). 

ʂʨʦʤʝ ʵʪʠʭ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʤʝʜʥʳʭ ʢʣʠʥʢʝʨʘʭ ʫʩʪʘʥʦʚʣʝʥʳ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ, ʚ ʩʨʝʜʥʝʤ (55%). ʌʦʨʤʘ ʥʘʭʦʞʜʝʥʠʷ ïʣʝʛʢʦ 

ʠʟʚʣʝʢʘʝʤʳʝ ʤʠʥʝʨʘʣʳ (ʤʘʛʥʝʪʠʪ, ʛʝʤʘʪʠʪ) (ʪʘʙʣ. 2). 

ɺ ʰʣʘʢʘʭ ʤʝʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʩʪʘʥʦʚʣʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʶʪ: ʤʝʜʠ (2,0%), ʤʦʣʠʙʜʝʥʘ (790 ʛ/ʪ), Fe 

(51%), ʮʠʥʢʘ (0,52%), ʩʚʠʥʮʘ (0,4%), Ni (0,10%), ʟʦʣʦʪʘ (4,3 ʛ/ʪ), ʩʝʨʝʙʨʘ (4,1 ʛ/ʪ), 

Ɇʕʇɻ (0,87 ʛ/ʪ), ʢʘʜʤʠʡ (17,3 ʛ/ʪ), In (4,9 ʛ/ʪ), Bi (40 ʛ/ʪ) (ʪʘʙʣ. 2). 

ɺ ʧʳʣʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʞʝʣʝʟʦ (12%), ʩʝʨʘ (2,4%), ʤʝʜʴ (0,12%), ʟʦʣʦʪʦ (3,1 ʛ/ʪ), ʩʝʨʝʙʨʦ (9,2 

ʛ/ʪ), Ɇʕʇɻ (0,25 ʛ/ʪ), Se (7 ʛ/ʪ), Cd (14 ʛ/ʪ), Bi (4,5 ʛ/ʪ) (ʪʘʙʣ. 1, 2). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʚ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʧʦʯʚʝʥʥʳʭ 

ʧʨʦʙ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ ʮʠʥʢʦʚʦʛʦ ʠ ʤʝʜʥʦʛʦ ʟʘʚʦʜʘ ʧʦʜ ʤʠʢʨʦʟʦʥʜʦʤ 

JeolSuperprobe (ʗʧʦʥʠʷ) ʜʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʠʪʴ, ʚ ʢʘʢʦʡ ʬʦʨʤʝ ʪʷʞʝʣʳʝ 

ʤʝʪʘʣʣʳ-ʪʦʢʩʠʢʘʥʪʳ ʩʦʜʝʨʞʘʪʩʷ ʚ ʚʳʙʨʦʩʘʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʟʘʚʦʜʦʚ. ʀʟʫʯʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʰʘʨʠʢʦʚ ʜʘʣʦ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʉʪʨʫʢʪʫʨʘ ʵʪʠʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʚʝʩʴʤʘ ʠʥʪʝʨʝʩʥʘ ʠ ʨʘʟʥʦʦʙʨʘʟʥʘ. ɺ ʧʨʦʙʘʭ ʤʝʜʥʦʛʦ ʟʘʚʦʜʘ 

ʚʩʪʨʝʯʘʶʪʩʷ ʰʘʨʠʢʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʯʠʩʪʦʡ ʤʝʜʠ (99,47%), ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ 

ʩʦʩʪʦʠʪ ʠʟ ʩʤʝʩʠ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʦʢʠʩʣʦʚ. ɺ ʦʜʥʦʤ ʟʝʨʥʳʰʢʝ ʤʝʜʥʦʛʦ ʟʘʚʦʜʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʣʦʤʦʢ ʭʘʣʴʢʦʧʠʨʠʪʘ. ɺ ʵʪʠʭ ʰʘʨʠʢʘʭ ʤʝʪʘʣʣʦʚ ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʴʰʝ, 

ʯʝʤ ʦʩʪʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. ɺ ʥʝʢʦʪʦʨʳʭ ʟʝʨʥʘʭ ʧʨʦʙ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʮʠʥʢʦʚʦʛʦ ʟʘʚʦʜʘ, ʥʘʙʣʶʜʘʶʪʩʷ ʷʚʥʳʝ ʩʬʝʨʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 

ʪʝʭʥʦʛʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ. ɺ ʧʝʨʠʬʝʨʠʡʥʳʭ ʩʣʦʷʭ ʙʦʣʴʰʠʥʩʪʚʘ ʵʪʠʭ ʰʘʨʠʢʦʚ 
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ʩʦʜʝʨʞʘʪʩʷ ʧʦʩʣʦʡʥʦ Pb ï ʜʦ 61,03%, Zn ï ʜʦ 73,49%, ʉu ï ʜʦ 55,72%, S ï ʜʦ 26,73% 

ʠ ʜʨ. ɺ ʷʜʨʘʭ ʵʪʠʭ ʰʘʨʠʢʦʚ ʦʙʥʘʨʫʞʝʥʳ ʜʝʥʜʨʠʪʳ, ʩʨʘʩʪʘʶʱʠʝʩʷ ʚ ʩʠʣʠʢʘʪʥʦʡ 

ʤʘʩʩʝ, ʦʥʠ ʩʦʜʝʨʞʘʪ 58,03% ʞʝʣʝʟʘ. ɺ ʜʨʫʛʠʭ ʟʝʨʥʘʭ ʥʘʙʣʶʜʘʣʦʩʴ ʩʨʘʩʪʘʥʠʝ ʞʝʣʝʟʘ 

ʩ ʤʝʜʴʶ (ʨʠʩ. 3). 

 

ʈʠʩ. 3. ʈʘʩʪʨʦʚʳʝ ʩʥʠʤʢʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ Si, S, K, Ca, Fe, Cu, 

Zn, Pb ʚ ʦʪʜʝʣʴʥʦʤ ʟʝʨʥʝ ʪʝʭʥʦʛʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʠʟ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ 

ʧʦʯʚʳ ʮʠʥʢʦʚʦʛʦ ʟʘʚʦʜʘ ʠ ʝʛʦ ʩʣʦʞʥʫʶ ʩʬʝʨʠʯʝʩʢʫʶ ʠ ʜʝʥʜʨʠʪʦʚʠʜʥʫʶ 

ʩʪʨʫʢʪʫʨʫ. ʋʚʝʣʠʯʝʥʦʚ 1200 ʨʘʟ 

Fig. 3. Raster images showing the distribution of Si, S, K, Ca, Fe, Cu, Zn, Pb in a 

single grain of technogenic neoplasms from the heavy fraction of the soil of the zinc 

plant and its complex spherical and dendritic structure. Increased 1200 times 

 
ɼʣʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʘʣʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʘʭ 

ɸɻʄʂ, ʚʳʯʠʩʣʝʥʳ (ʂʂ), ʢʦʪʦʨʳʝ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʝʪʘʣʣʳ ʚ ʜʘʥʥʳʭ ʦʪʭʦʜʘʭ 

ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʩʦʪʥʠ ʠ ʪʳʩʷʯʠ ʨʘʟ (ʪʘʙʣ. 2). 

ɼʣʷ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ɸɻʄʂ ʫʩʪʘʥʦʚʣʝʥʳ 

ʬʦʨʤʳ ʠʭ ʥʘʭʦʞʜʝʥʠʷ: ʜʣʷ ʤʝʜʠ ï ʭʘʣʴʢʦʧʠʨʠʪ, ʙʦʨʥʠʪ, ʭʘʣʴʢʦʟʠʥ, ʢʦʚʝʣʠʥ, 

ʢʫʧʨʠʪ, ʘʟʫʨʠʪ ʠ ʜʨ.; ʜʣʷ ʤʦʣʠʙʜʝʥʘ ï ʤʦʣʠʙʜʝʥʠʪ, ʤʦʣʠʙʜʠʪ, ʧʦʚʝʣʠʪ ʠ ʜʨ.; ʜʣʷ 

ʟʦʣʦʪʘ ï ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ, ʪʝʣʣʫʨʠʜʳ ʠ ʩʝʣʝʥʠʜʳ ʟʦʣʦʪʘ ʠ ʜʨ.; ʜʣʷ ʩʝʨʝʙʨʘ ï 

ʩʘʤʦʨʦʜʥʦʝ ʩʝʨʝʙʨʦ, ʘʨʛʝʥʪʠʪ, ʩʝʣʝʥʠʜʳ, ʪʝʣʣʫʨʠʜʳ ʠ ʩʫʣʴʬʘʩʦʣʠ ʩʝʨʝʙʨʘ; ʜʣʷ 

ʧʣʘʪʠʥʦʠʜʦʚ ï ʤʝʨʝʥʩʢʠʪ; ʜʣʷ ʨʝʥʠʷ ï ReS2, ʜʞʝʟʢʘʟʛʘʥʠʪ, Re-MoS2; ʜʣʷ ʩʚʠʥʮʘ ï 

ʛʘʣʝʥʠʪ, ʮʝʨʫʩʠʪ ʠ ʜʨ.; ʜʣʷ ʮʠʥʢʘ ï ʩʬʘʣʝʨʠʪ, ʩʣʝʡʪʩʦʥʠʪ ʠ ʜʨ.; ʜʣʷ ʢʘʜʤʠʷ ï 

ʛʨʠʢʦʥʠʪ; ʜʣʷ ʚʠʩʤʫʪʘ ï ʚʠʩʤʫʪʠʥ, ʪʝʣʣʫʨʠʜʳ ʠ ʩʝʣʝʥʠʜʳ ʚʠʩʤʫʪʘ. 

ɺ ʪʘʙʣ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ, ʠʟʚʣʝʢʘʝʤʳʝ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ 

ʠʟʚʣʝʯʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ, ʥʦ ʥʝ ʠʟʚʣʝʢʘʝʤʳʝ ʘʩʩʦʮʠʘʮʠʠ ʮʝʥʥʳʭ ʮʚʝʪʥʳʭ, 

ʙʣʘʛʦʨʦʜʥʳʭ, ʨʝʜʢʠʭ, ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʪʝʭʥʦʛʝʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɸɻʄʂ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʪʝʭʥʦʛʝʥʥʳʝ 

ʦʪʭʦʜʳ ɸɻʄʂ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦ-ʢʦʤʧʣʝʢʩʥʳʤʠ ʨʫʜʘʤʠ ʠ ʠʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʘʢ ʠʩʪʦʯʥʠʢ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʘʣʣʦʚ ʥʘ ɸɻʄʂ.  
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ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʥʳʥʝ ʜʝʡʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ 

ʠʟʚʣʝʯʝʥʠʝ ʦʜʥʦʛʦ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʫʭʦʜʷʪ ʚ ʦʪʭʦʜʳ. ʅʘʧʨʠʤʝʨ, ʥʘ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʦʪʚʘʣʘʭ 

ʥʘʢʦʧʣʝʥʳ ʩʝʡʯʘʩ ʦʩʪʨʦʜʝʬʠʮʠʪʥʳʝ ʧʦʣʝʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʮʝʥʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʩʦʩʪʘʚʣʷʝʪ 25-50 % ʦʪ ʩʫʤʤʘʨʥʦʡ ʮʝʥʥʦʩʪʠ ʜʦʙʳʪʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʳʨʴʷ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʚ ʦʪʚʘʣʘʭ ʚʨʝʜʥʳʭ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ, ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʠ 

ʜʨʫʛʠʭ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ.  

 

ʊʘʙʣ. 3. ʀʟʚʣʝʢʘʝʤʳʝ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ, ʥʦ ʥʝ 

ʠʟʚʣʝʢʘʝʤʳʝ ʘʩʩʦʮʠʘʮʠʠ ʮʚʝʪʥʳʭ, ʙʣʘʛʦʨʦʜʥʳʭ, ʨʝʜʢʠʭ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠʟ ʪʝʭʥʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸɻʄʂ 

Tab. 3. Recoverable, prospective for extraction, established, but not recoverable 

associations of non-ferrous, noble, rare and radioactive elements from technogenic 

deposits of AMMC 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ 

ʈʫʜʥʳʡ ʢʦʤʧʦʥʝʥʪ 

ʠʟʚʣʝʢʘʝʤʳʡ 
ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʜʣʷ 

ʠʟʚʣʝʯʝʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ, ʥʦ ʥʝ 

ʠʟʚʣʝʢʘʝʤʳʡ 

ʆʪʚʘʣʳ ʙʘʣʘʥʩʦʚʳʭ ʠ 

ʟʘʙʘʣʘʥʩʦʚʳʭ ʦʢʠʩʣʝʥʥʳʭ ʠ 

ʧʝʨʚʠʯʥʳʭ ʨʫʜ 

- 
Cu, Au, Ag, Pt, Pd, Rh, Ru, 

Os-187, Mo, S, As, Sb, Bi 

Ni, Co, Th, U, TR, Tl, Ge, 

Ga, In, Hg, P, Zn, Fe 

ʍʚʦʩʪʳ ʦʙʦʛʘʱʝʥʠʷ ʉʆʌ ʠ 

ʄʆʌ 
- 

Ag, Cu, Bi, As, Sb, Au, Se, 

Te 
Ni, Co, Tl, Ga, In, TR, Fe 

ʂʝʢʠ ʮʠʥʢʦʚʦʛʦ ʟʘʚʦʜʘ - 
Cu, Au, Ag, Mo, Re, Cd, 

Se, Te, Zn, Pb, Fe 

In, Ni, Co, Th, U, Ga, Ge, 

TR, Tl, In, Hg, Bi, Ɇʕʇɻ, 

ɆTR 

ʐʣʘʢʠ ʤʝʜʥʦʛʦ ʟʘʚʦʜʘ ʯʘʩʪʠʯʥʦ Cu, Ag, Au 

Fe, Mo, Zn, Pb, Se, Pt, Pd, 

Ru, Rh, As, Sb, Re, Cd, Te, 

Bi 

TR, Tl, In, Ba, U, Th, Co, 

Ni 

ʇʳʣʴ ʛʦʨʥʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

- 
Au, Pd, Pt, Rh, Ru, Cu, Hg, 

Bi, Se, Te 

Zn, Pb, As, Sb, Re, Mo, 

Co, Ni, Ga, Ge, Cd, U, Th, 

TR 

ʇʨʠʤʝʯʘʥʠʝ. ʇʦʜʯʝʨʢʠʚʘʥʠʝʤ ʚʳʜʝʣʝʥʳ ʪʦʢʩʠʯʥʳʝ ʵʣʝʤʝʥʪʳ. 

ʅʘ ʧʨʠʤʝʨʝ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʢʦʪʦʨʘʷ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʦʪʨʘʩʣʝʡ ʩ 

ʥʘʠʙʦʣʴʰʠʤ ʚʳʭʦʜʦʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʥʘ ʝʜʠʥʠʮʫ ʧʨʦʜʫʢʮʠʠ, ʥʘʠʙʦʣʝʝ 

ʯʝʪʢʦ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ, ʢʘʢ ʫʩʪʘʨʝʚʰʠʝ ʵʥʝʨʛʦʸʤʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʟʘʛʨʷʟʥʷʶʪ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʥʘʯʘʣʴʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʥʳʥʝ ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʮʚʝʪʥʦʡ 

ʤʝʪʘʣʣʫʨʛʠʠ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ ʪʨʝʙʦʚʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ 

ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʩʨʝʜʫ 

ʦʙʠʪʘʥʠʷ.  

ɺ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʳʥʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʚʦʧʨʦʩʘʤ ʵʢʦʣʦʛʠʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʫʜʝʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʥʠʤʘʥʠʷ. 

ɺʦʚʣʝʯʝʥʠʝ ʚ ʧʝʨʝʨʘʙʦʪʢʫ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʩʣʦʞʥʦʛʦ ʧʦ ʩʦʩʪʘʚʫ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʳʨʴʷ ʧʨʠʚʝʣʦ ʢ ʨʦʩʪʫ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʤʧʨʦʜʫʢʪʦʚ, 

ʦʙʦʨʦʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ. ʊʝʭʥʦʣʦʛʠʠ, ʩʦʟʜʘʥʥʳʝ 30-40 ʣʝʪ ʪʦʤʫ 
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ʥʘʟʘʜ, ʦʢʘʟʘʣʠʩʴ ʥʝʘʜʘʧʪʠʨʦʚʘʥʥʳʤʠ ʢ ʧʝʨʝʨʘʙʦʪʢʝ ʪʘʢʦʛʦ ʚʠʜʘ ʩʳʨʴʷ. 

ʆʙʨʘʟʦʚʘʥʥʳʝ ʧʨʦʤʧʨʦʜʫʢʪʳ ʠ ʜʨʫʛʠʝ ʦʪʭʦʜʳ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʨʘʮʠʦʥʘʣʴʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʥʘʯʘʣʠ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʜʘʞʝ 

ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʥʠʞʝʥʠʠ ʦʙʲʸʤʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʫʱʝʨʙ, ʥʘʥʦʩʠʤʳʡ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʟʘ ʩʯʝʪ ʥʘʢʦʧʣʝʥʠʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʫʢʘʟʘʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʦʱʫʪʠʤʦ ʚʦʟʨʘʩʪʘʝʪ. 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚ ʜʦʣʞʥʘ ʩʪʘʪʴ ʤʠʥʠʤʠʟʘʮʠʷ ʧʦʩʪʫʧʣʝʥʠʷ ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ 

ʚ ʦʪʚʘʣʳ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʤʝʪʘʣʣʦʚ ʥʘ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʠʢʣʘʭ: ʦʪ 

ʜʦʙʳʯʠ ʠ ʦʙʦʛʘʱʝʥʠʷ ʜʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʝʨʝʜʝʣʘ. 
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ÊÓÍÑÖÔÝÞÚÙ ÎÌ ÐÔÏÌÜ ØÔÙÞÌפÌ׳ÚÔ ׳ÌØÇßÐßÐ) ÐÌÜ ÜÚÍÔÞÌ 

ÍÚ ׳ÔàÓÔ Øß׳ÔÞÔ ÓÔÝÞ 

Ðìü ùú״ôċô öúùô Ì÷øì÷ćö-ÌùïüĒ, íì סìõü ìó ùìøÿð״úô ïñú÷úïĒ îì 
ýìùúìþôô öúù״ú, ûìõðúôĄô øìĆðìù״ú îì ïì÷ì״úô ïñúāôøôċîôô öúùýñùþüìþýôċô 
øìĆðìù״ú îì ÿùýÿü״ú, øôץðúü îì øôץðúüô óôČðô ìùþüúûúïñùĒ ìó Ĕô״ìþô øôץČý 
îì ״ìĔø ״ìùïúøô öúüöìüð îì öúüöìüðô úù״ú ðìü øìĆðìù״ú, öúù״ú, óìîúð״úô 
öúùýñùþüìþýôúùĒ îì ôýþñ״ýú÷úþô øñþì÷÷ÿüïĒ øìîĔÿðìùð. Ûìüþúî״úô 
þñāùú÷úïôô ôýþôāüúĔô øìĆðìù, öúùýñùþüìþýôċ îì øñþì÷÷ÿüïôċ íú øìĆðìùô 
ûìüþúî״úô øìĆðìùô ôíþôðúôô ýÿ÷ĀôðĒ îì øì״ýÿ÷úþô úöýôðô úù״ú (øìĆðìù״úô 
øìĆðìùĒ îì íì÷ìùýôô סìõüôþìîúóÿùĒ), ûìüþúî״ú ìó øìĆðìùô øôý-øú÷ôíðñù îì 
øìĆðìùô ýÿüí: Ą÷ìö ìó öìöìúô ôýþñ״ýú÷úþô øñþì÷÷ÿüïĒ îì סìõüì״ú ùôïú״ ðúĄþì 
øñĄìîìùð. ÆÝäÖ AGMK. 

Öìøíÿðô ìýúýôô þñāùú÷úïôċ״úô øÿúýôü ôýþôāüúĔô ċö ĔÿóĆô øÿĀôð íú 
øôץðúüô óôČðô ĔÿóĆ״úô øÿĀôðô øìüíÿþ íì ùúíÿðĒ øñíúĄìð. Ðìü Ąìüúôþô 
þìĄìööÿ÷Číôô øÿùúýôíìþ״úô íúóìüïúùĒ, öúüāúùì״ú íì ĉöú÷úïôċô ôýþñ״ýú÷úþô 
ýìùúìþĒ ðôץץìþô öìø øñðô״ìùð. ÔĄþôüúö ðìü öúüöìüðô öúüāúùì״úô þìüöôíô 
øÿüìööìíô ìĄČô ûú÷ôøñþì÷÷Ē íúôýô óôČð ïìüðôðìùô øì״ýÿ÷úþô ýìùúìþĒ, 
øìîúð״úô öúüöìüðô ìĄČ îì ûìüþúî״úô ðìüìāþ״ú ïìüðôð. Ðìü úċùðì îìóôĀìô 
ìýúýôô ýìùúìþô ôýþôāüúĔ îì öúüöìüð îì øñþì÷÷ÿüïôċ íúċð íì ״ìððô ìץì÷ 
üìýúùôðìùô ûìüþúî״úô ðúüúô øñþì÷ ðìü ûìüþúî״ú þìîìýýÿþô öìø öìüðìùô 
þì÷ìĀúþô øñþì÷÷Ē ðìü ״ìøì ðìîüì״úô þñāùú÷úïĒ ìó ôýþôāüúĔ îì öúüöìüð þú 
öúüöìüðô øñþì÷÷ÿüïĒ ôíúüìþ íúĄìð. 

Öì÷ôðîúòìĕú: öúüāúùì״úô ôýþôāüúĔô øìĆðìù, ûìüþúî״ú, øìĆðìù, øñþì÷÷, 
ôýþôāüúĔ îì öúüöìüð, ôýþôāüúĔ, ״ìĔø, ûìüþúî״ú. 
 

ʈɸʎʀʆʅɸʃʔʅʆɽ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʇʈʀʈʆɼʅʓʍ ʈɽʉʋʈʉʆɺ 

(ʆʊʍʆɼʓ ɻʆʈʅʆ-ʄɽʊɸʃʃʋʈɻʀʏɽʉʂʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ 

ʋɿɹɽʂʀʉʊɸʅɸ ʀ ɼʈ. ʉʆʇʈɽɼɽʃʔʅʓʍ ʊɽʈʈʀʊʆʈʀʁ) ɺ ʉɺʗɿʀ ʉ 

ʆʍʈɸʅʆʁ ʆʂʈʋɾɸʖʑɽʁ ʉʈɽɼʓ 

ɺ ɸʣʤʘʣʳʢ-ɸʥʛʨʝʥʩʢʦʤ ʨʫʜʥʦʤ ʨʘʡʦʥʝ, ʢʨʦʤʝ ʛʝʦʣʦʛʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʠʧʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʨʝʦʣʦʚ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʤʠʥʝʨʘʣʦʚ ʠ ʵʣʝʤʝʥʪʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦ ʤʘʩʰʪʘʙʘʤ ʠ ʦʙʲʝʤʘʤ 

ʪʝʭʥʦʛʝʥʥʳʝ ʦʪʭʦʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʭ ʦʪʨʘʙʦʪʢʝ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʥʘ ʨʫʜʥʠʢʘʭ, 

ʢʘʨʴʝʨʘʭ, ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢʘʭ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʊʝʭʥʦʛʝʥʥʳʝ ʦʪʭʦʜʳ ʛʦʨʥʦʛʦ, ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 
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ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʚʘʣʴʥʳʤʠ ʤʘʪʝʨʠʥʩʢʠʤʠ ʧʝʨʚʠʯʥʳʤʠ ʟʘʙʘʣʘʥʩʦʚʳʤʠ 

ʩʫʣʴʬʠʜʥʳʤʠ ʨʫʜʘʤʠ ʠ ʧʨʦʜʫʢʪʘʤʠ ʠʭ ʦʢʠʩʣʝʥʠʷ (ʙʘʣʘʥʩʦʚʳʝ, ʠ ʟʘʙʘʣʘʥʩʦʚʳʝ 

ʩʤʝʰʘʥʥʳʝ ʠ ʦʢʠʩʣʝʥʥʳʝ ʨʫʜʳ), ʭʚʦʩʪʘʤʠ ʦʙʦʛʘʱʝʥʠʷ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʳʭ ʠ 

ʩʚʠʥʮʦʚʳʭ ʨʫʜ: ʰʣʘʢʘʤʠ ʢʦʢʘʤʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʜʨ., ʢʦʪʦʨʳʝ 

ʟʘʩʢʣʘʜʠʨʦʚʘʥʳ ʥʘ ʆɸʆ ɸɻʄʂ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʥʳʥʝ ʜʝʡʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ 

ʠʟʚʣʝʯʝʥʠʝ ʦʜʥʦʛʦ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʫʭʦʜʷʪ ʚ ʦʪʭʦʜʳ. ɺ ʫʩʣʦʚʠʷʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʳʥʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʚʦʧʨʦʩʘʤ ʵʢʦʣʦʛʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʫʜʝʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ. ɺʦʚʣʝʯʝʥʠʝ ʚ 

ʧʝʨʝʨʘʙʦʪʢʫ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʩʣʦʞʥʦʛʦ ʧʦ ʩʦʩʪʘʚʫ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʳʨʴʷ 

ʧʨʠʚʝʣʦ ʢ ʨʦʩʪʫ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʤʧʨʦʜʫʢʪʦʚ, ʦʙʦʨʦʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʰʣʘʢʦʚʳʭ 

ʦʪʭʦʜʦʚ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚ ʜʦʣʞʥʘ ʩʪʘʪʴ ʤʠʥʠʤʠʟʘʮʠʷ ʧʦʩʪʫʧʣʝʥʠʷ ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ 

ʚ ʦʪʚʘʣʳ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʤʝʪʘʣʣʦʚ ʥʘ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʠʢʣʘʭ: ʦʪ 

ʜʦʙʳʯʠ ʠ ʦʙʦʛʘʱʝʥʠʷ ʜʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʝʨʝʜʝʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʥʦʨʫʜʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʪʭʦʜʳ, ʨʫʜʘ, ʤʝʪʘʣʣ, ʛʦʨʥʦ-

ʦʙʦʛʘʱʝʥʠʝ, ʜʦʙʳʯʘ, ʦʙʲʝʤ, ʦʪʚʘʣʳ,  

 

RATIONAL USE OF NATURAL RESOURCES (WASTE FROM THE MINING 

AND SMELTING INDUSTRY OF UZBEKISTAN AND OTHER ADJACENT 

TERRITORIES) IN CONN ECTION WITH ENVIRONMENTAL PROTECTION  

In the Almalyk mining region, in addition to the reserves identified for industrial 

development and exploited deposits, there are also unconventional resources - waste of 

enrichment and metallurgical redistribution of copper-molybdenum, lead-zinc and gold ore 

deposits. Man-made waste from mining, mineral processing and metallurgical production 

is represented by waste maternal primary off-balance sulfide ores and their oxidation 

products (balance and off-balance mixed and oxidized ores), tailings of the enrichment of 

copper-molybdenum and lead ores: slags; metallurgical production, etc., which are stored 

at AGMK. The principal disadvantage of the current technologies is the extraction of one 

useful component with a high content of associated useful components that go to waste. In 

the conditions of formation of market relations, the issues of industrial ecology by 

enterprises are given insufficient attention. The involvement of complex polymetallic raw 

materials in the processing by enterprises led to an increase in the resulting middling 

products, recyclable materials and slag waste. Technologies created 30-40 years ago, were 

not adapted to the processing of this type of raw materials. Formed industrial products and 

other wastes due to the lack of rational technology began to accumulate in the territory of 

enterprises. As a result, even with a significant decrease in the volume of output, the 

damage caused by environmental enterprises due to the accumulation of large volumes of 

these products increases significantly every year. In the future, the main task of mining and 

metallurgical production should be to minimize the receipt of metal-containing waste into 

dumps by reducing the loss of metals in all production cycles: from mining and enrichment 

to metallurgical processing. 

Key words: mining enterprises, waste, ore, metal, mining and processing, mining, 

volume, dumps, 
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ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʘʭ: ʐʫʢʫʨʦʚ ʅʦʩʠʨ ʕʛʘʤʦʚʠʯ ï ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ 

ʛʝʦʬʠʟʠʢʠ ʠʤ. ʍ.ʄ. ɸʙʜʫʣʣʘʝʚʘ ɻʦʩʢʦʤʛʝʦʣʦʛʠʠ ʈʋʟ., ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʣʘʙʦʨʘʪʦʨʠʠ çɻʝʦʪʝʭʥʦʣʦʛʠʷè. ɸʜʨʝʩ: 100041, ʈʝʩʧʫʙʣʠʢʘ ʋʟʙʝʢʠʩʪʘʥ, ʛ. ʊʘʰʢʝʥʪ, 

ʫʣ. ʆʣʠʤʣʘʨ, 49. ʊʝʣʝʬʦʥ: (+99890) 354-03-73 

ʊʫʨʝʩʝʙʝʢʦʚ ɸʨʧʘʡ ʍʘʣʠʣʦʚʠʯ ï ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʠʤ. ʍ.ʄ. 

ɸʙʜʫʣʣʘʝʚʘ ɻʦʩʢʦʤʛʝʦʣʦʛʠʠ ʈʋʟ., ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ çɻʝʦʪʝʭʥʦʣʦʛʠʷè. 
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ʅɸʍʆɼʂɸ ʉɸʄʆʈʆɼʅʆɻʆ ɿʆʃʆʊɸ ɺ ʇɽɻʄɸʊʀʊʆɺʆʁ ɾʀʃɽ 

ɸʄʀɻʆ (ɺʆʉʊʆʏʅʓʁ ʇɸʄʀʈ) 

 

ʀʩʢʘʥʜʘʨʦʚ ʌ.ʐ., ʉʘʣʠʭʦʚ ʌ.ʉ., ʄʠʨʘʢʦʚ ʄ.ɸ. 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʌʠʣʠʘʣ ʄɻʋ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ ʚ ʛ. ɼʫʰʘʥʙʝ, 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ, ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʩʝʡʩʤʦʣʦʛʠʠ ɸʅʈʊ 

 

ʇʝʛʤʘʪʠʪʳ ʊʘʜʞʠʢʠʩʪʘʥʘ ʚ ʮʝʣʦʤ ʠ ʇʘʤʠʨʘ ʚ ʯʘʩʪʥʦʩʪʠ ʠʟʫʯʝʥʳ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ. ʀʤ ʧʦʩʚʷʱʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʙʦʪʳ ʪʘʢʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʢʘʢ ɹʘʨʘʪʦʚ ʈ.ɹ., ɹʫʜʘʥʦʚ ɺ.ʀ., ɼʤʠʪʨʠʝʚ ʕ.ɸ., ɼʫʩʤʘʪʦʚ 

ɺ.ɼ., ɿʦʣʦʪʘʨʝʚ ɸ.ɸ., ɿʠʣʴʙʝʨʬʘʨʙ ʃ.ʉ., ʀʩʢʘʥʜʘʨʦʚ ʌ.ʐ., ʂʠʩʝʣʝʚ ɺ.ʀ. 

ʂʦʥʦʚʘʣʝʥʢʦ ʉ.ʀ., ʄʠʨʘʢʦʚ ʄ.ɸ., ʄʦʨʦʟʦʚ ʉ.ɸ., ʇʘʫʪʦʚ ʃ.ɸ., ʈʦʩʩʦʚʩʢʠʡ 

ʃ.ʅ., ʉʢʨʠʛʠʪʝʣʴ ɸ.ʄ., ʌʘʡʟʠʝʚ ɸ.ʈ. [1-9]. ɺ ʨʷʜʫ ʠʟʚʝʩʪʥʳʭ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʭʨʫʩʪʘʣʝʥʦʩʥʳʭ ʧʝʛʤʘʪʠʪʦʚ ʖʞʥʦʛʦ ʇʘʤʠʨʘ, 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʧʝʛʤʘʪʠʪʦʚ ʖʛʦ-ɿʘʧʘʜʥʦʛʦ ʇʘʤʠʨʘ ʠ ʤʠʘʨʦʣʦʚʳʭ 

ʧʝʛʤʘʪʠʪʦʚ ɺʦʩʪʦʯʥʦʛʦ ʇʘʤʠʨʘ ʥʝʩʢʦʣʴʢʦ ʦʩʦʙʥʷʢʦʤ ʩʪʦʠʪ ʧʨʦʷʚʣʝʥʠʝ 

ɸʤʠʛʦ. 

ʕʪʦ ʧʨʦʷʚʣʝʥʠʝ ʙʳʣʦ ʦʪʢʨʳʪʦ ɼʞʫʨʘʝʚʳʤ ɿ.ʊ. ʚ 1988 ʛ. ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʥʘ ʢʘʤʥʝʩʘʤʦʮʚʝʪʥʦʝ ʩʳʨʴʝ ʤʘʩʰʪʘʙʘ 1:50000. ɺʚʠʜʫ ʩʚʦʝʡ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʩʪʠ ʦʥʦ ʦʩʪʘʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʘʩʧʝʢʪʘʭ ʤʘʣʦʠʟʫʯʝʥʥʳʤ ʠ ʜʦ 

ʩʠʭ ʧʦʨ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʠʥʪʝʨʝʩʥʦʛʦ ʠ ʥʝʦʜʥʦʟʥʘʯʥʦʛʦ ʛʝʥʝʟʠʩʘ. 

ʇʨʦʷʚʣʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʧʨʠʚʦʜʦʨʘʟʜʝʣʴʥʦʡ, ʮʠʨʢʦʚʦʡ ʯʘʩʪʠ ʩʘʷ ɼʞʘʣʘʥ, 

ʥʘ ʚʳʩʦʪʝ 4900 ʤ. ʕʪʦʪ ʨʘʡʦʥ ʩʣʦʞʝʥ ʤʨʘʤʦʨʘʤʠ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ 

ʩʣʘʥʮʘʤʠ ʠ ʛʥʝʡʩʘʤʠ ʩʘʨʳʜʞʠʣʛʠʥʩʢʦʡ ʩʚʠʪʳ ʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ 

(PR3?sr), ʤʝʩʪʘʤʠ ʧʨʦʨʚʘʥʥʳʤʠ ʪʝʣʘʤʠ ʘʤʬʠʙʦʣʠʪʦʚ, ʛʨʘʥʠʪʦʚ ʠ ʛʨʘʥʠʪ-

ʧʝʛʤʘʪʠʪʦʚ (ʬʦʪʦ 1). 
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ʌʦʪʦ 1. ʆʙʱʠʡ ʚʠʜ ʧʨʦʷʚʣʝʥʠʷ ɸʤʠʛʦ. ʉʚʝʪʣʦʝ ï ʘʥʛʠʜʨʠʪʦʚʳʝ ʪʦʣʱʠ, 
ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥ ʧʝʛʤʘʪʠʪ ɸʤʠʛʦ. ʌʦʪʦ: ʇʘʫʪʦʚʃ.ɸ. 

Photo 1. General view of the manifestation of Amigo. Light - anhydrite strata, 
among which Amigo pegmatite is located. Photo: L. Pautov 

 
 
ʇʨʦʷʚʣʝʥʠʝ ɸʤʠʛʦ ʧʨʠʫʨʦʯʝʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʟʦʥʝ ʩʠʣʴʥʦ 

ʠʟʤʝʥʝʥʥʳʭ, ʜʨʦʙʣʝʥʥʳʭ ʧʦʨʦʜ ʩʘʨʳʜʞʠʣʛʠʥʩʢʦʡ ʩʚʠʪʳ, ʦʙʨʘʟʦʚʘʥʥʦʡ 
ʩʝʨʠʝʡ ʨʘʟʨʳʚʦʚ, ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 200 ʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʦʯʪʠ 
ʩʧʣʦʰʥʳʤ ʘʥʛʠʜʨʠʪʦʤ, ʚʪʦʨʠʯʥʳʤ ʛʠʧʩʦʤ ʠ ʣʠʤʦʥʠʪʦʤ (ʬʦʪʦ 2). ʇʦ 
ʦʪʥʦʰʝʥʠʶ ʢ ʚʤʝʱʘʶʱʠʤ ʧʦʨʦʜʘʤ ʧʝʛʤʘʪʠʪʦʚʘʷ ʞʠʣʘ ɸʤʠʛʦ ʦʪʥʦʩʠʪʩʷ ʢ 
ʧʝʛʤʘʪʠʪʘʤ ʣʠʥʠʠ ʩʢʨʝʱʝʥʠʷ, ʥʝ ʬʠʢʩʠʨʫʶʱʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ 
ʩ ʠʥʪʨʫʟʠʷʤʠ.  

 
ʌʦʪʦ 2. ʆʪʙʦʨ ʧʣʘʩʪʠʥ ʧʨʦʟʨʘʯʥʦʛʦ ʛʠʧʩʘ, ʟʘʧʦʣʥʷʶʱʝʛʦ ʧʫʩʪʦʪʳ 
ʧʝʛʤʘʪʠʪʘ ʠ ʢʦʥʩʝʨʚʠʨʫʶʱʝʛʦ ʧʦʣʦʩʪʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʚ ʦʩʳʧʠ 
ʧʝʛʤʘʪʠʪʘ, ʄ. ɸ. ʄʠʨʘʢʦʚʳʤ. ʉʙʦʢʫ ʚʠʜʥʳ ʦʛʠʧʩʦʚʘʥʥʳʝ ʚʤʝʱʘʶʱʠʝ 

ʧʦʨʦʜʳ. ʌʦʪʦ: ʂʘʨʧʝʥʢʦ ɺ.ʖ. 
Photo 2. Selection of plates of transparent gypsum that fills the voids of 

pegmatite and preserves cavity mineralization in pegmatite talus by M. A. 
Mirakov. On the side are visible gypsum enclosed rocks. Photo: Karpenko 

V.Yu. 
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ɺʤʝʱʘʶʱʠʝ ʤʨʘʤʦʨʳ-ʩʚʝʪʣʦ-ʩʝʨʳʝ, ʩʨʝʜʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ, ʚʠʜʠʤʦʡ 

ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 4 ʤ, ʘʟ. ʧʘʜ. 130-1350, ʫʛʦʣ ʧʘʜ. 400. ʅʘ ʢʦʥʪʘʢʪʘʭ 

ʤʨʘʤʦʨʦʚ ʩ ʧʝʛʤʘʪʠʪʦʚʦʡ ʞʠʣʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʥʦʣʠʪ-ʜʠʦʧʩʠʜʦʚʘʷ 

ʦʪʦʨʦʯʢʘ ʤʦʱʥʦʩʪʴʶ ʜʦ 10 ʩʤ. ʉʘʤʦ ʧʝʛʤʘʪʠʪʦʚʦʝ ʪʝʣʦ ï ʣʠʥʟʦʚʠʜʥʦʝ, 

ʤʦʱʥʦʩʪʴʶ ʜʦ 2 ʤ, ʚ ʨʘʟʜʫʚʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʜʦ 5 ʤ, ʦʙʱʘʷ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʧʦ ʘʟʠʤʫʪʫ ʖɿ 2300 ʜʦ 40 ʤ. ʆʪʤʝʯʘʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʘʷ 

ʩʠʣʴʥʘʷ ʦʛʠʧʩʦʚʘʥʥʦʩʪʴ ʠ ʘʣʴʙʠʪʠʟʘʮʠʷ (ʦʩʦʙʝʥʥʦ ʚ ʝʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ). 

ʉʪʨʦʝʥʠʝ ʞʠʣʳ ʩʣʘʙʦ-ʟʦʥʘʣʴʥʦʝ. ɺʳʜʝʣʷʶʪʩʷ ʩʨʝʜʥʝ- ʠ ʢʨʫʧʥʦʙʣʦʢʦʚʳʝ 

ʟʦʥʳ. ʅʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʘʷ ʯʘʩʪʴ ʮʝʥʪʨʘʣʴʥʦʡ ʞʠʣʳ (ʢʨʫʧʥʦʙʣʦʢʦʚʘʷ), 

ʠʤʝʝʪ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʦʢʦʣʦ 7 ʤ. ɿʜʝʩʴ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʪʠʧʘ ʧʦʣʦʩʪʝʡ, 

ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ: 

1. ʂʚʘʨʮ-ʪʫʨʤʘʣʠʥ-ʙʝʨʠʣʣʦʚʳʝ. ʕʪʦ ʱʝʣʝʚʠʜʥʳʝ ʧʦʣʦʩʪʠ, ʟʘʧʦʣʥʝʥʥʳʝ 

ʚʪʦʨʠʯʥʳʤ ʛʠʧʩʦʤ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʤʠʥʝʨʘʣʦʚ ʙʦʣʝʝ ʨʘʥʥʠʭ ʩʪʘʜʠʡ ï 

ʰʝʨʣ, ʢʚʘʨʮ, ʙʝʨʠʣʣ. ʈʘʟʤʝʨʳ ʵʪʠʭ ʱʝʣʝʡ ʜʦ 0,5ʭ0,6 ʤ, ʦʥʠ ʪʷʛʦʪʝʶʪ ʢ ʖɿ 

ʯʘʩʪʠ ʢʨʫʧʥʦʙʣʦʢʦʚʳʭ ʟʦʥ. 

2. ʂʚʘʨʮ-ʪʦʧʘʟ-ʬʣʶʦʨʠʪʦʚʳʝ. ʇʦ ʤʦʨʬʦʣʦʛʠʠ ʦʥʠ ʘʥʘʣʦʛʠʯʥʳ ʧʝʨʚʳʤ. 

ʆʧʷʪʴ ʞʝ ʦʪʤʝʯʘʶʪʩʷ ʚ ʛʠʧʩʝ ʪʦʧʘʟ, ʢʚʘʨʮ, ʬʣʶʦʨʠʪ. ʈʘʟʤʝʨʳ ʵʪʠʭ 

ʧʦʣʦʩʪʝʡ 0,2ʭ0,2 ʤ. ʆʥʠ ʪʷʛʦʪʝʶʪ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʫʧʥʦʙʣʦʢʦʚʦʡ 

ʟʦʥʳ (ʨʘʟʜʫʚʘ).  

ʆʙʱʠʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʝʛʤʘʪʠʪʘ (ʤʘʢʨʦʦʧʠʩʘʥʠʝ): ʂʇʐ, 

ʢʚʘʨʮ, ʛʠʧʩ, ʰʝʨʣ, ʬʣʶʦʨʠʪ, ʪʦʧʘʟ, ʙʠʦʪʠʪ, ʙʝʨʠʣʣ, ʧʠʨʠʪ.ʂʇʐ ʧʨʝʜʩʪʘʚʣʝʥ 

ʤʠʢʨʦʢʣʠʥʦʤ, ʯʘʩʪʦ ʩ ʟʝʣʝʥʦʚʘʪʳʤ ʦʪʪʝʥʢʦʤ, ʠʥʦʛʜʘ 

ʚʩʪʨʝʯʘʶʪʩʷʥʝʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʦʤ 4ʭ3ʭ3 ʩʤ. 

ɸʣʴʙʠʪ ʩʦʩʪʦʠʪ ʠʟ ʤʝʣʢʦ- ʠ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʭ ʚʳʜʝʣʝʥʠʡ ʢʣʝʚʝʣʘʥʜʠʪʘ, 

ʨʘʟʚʠʪʦʛʦ ʧʦ ʂʇʐ, ʮʚʝʪ ʛʦʣʫʙʦʚʘʪʳʡ. ʀʥʦʛʜʘ ʦʙʨʘʟʫʝʪ ʥʝʙʦʣʴʰʠʝ ʜʨʫʟʳ 

(ʌʦʪʦ). 

ʂʚʘʨʮ ï ʢʘʢ ʩʣʠʚʥʦʡ, ʪʘʢ ʠ ʚ ʢʨʠʩʪʘʣʣʘʭ ʚ ʱʝʣʝʚʠʜʥʳʭ ʧʦʣʦʩʪʷʭ. ʎʚʝʪ 

ʦʪ ʩʣʘʙʦ-ʜʳʤʯʘʪʦʛʦ ʜʦ ʙʝʩʮʚʝʪʥʦʛʦ. ʂʨʠʩʪʘʣʣʳ ʦʙʳʯʥʦ ʥʘʨʘʩʪʘʶʪ ʥʘ ʩʪʝʥʢʠ 

ʧʦʣʦʩʪʝʡ ʠ ʚʢʣʶʯʝʥʳ ʚ ʛʠʧʩʝ.  

ɻʠʧʩ ï ʧʣʘʩʪʠʥʯʘʪʳʡ, ʣʠʩʪʦʚʘʪʳʡ, ʙʝʣʳʡ ʧʦʣʫʧʨʦʟʨʘʯʥʳʡ ʜʦ 

ʧʨʦʟʨʘʯʥʦʛʦ ʚ ʦʪʜʝʣʴʥʳʭ ʧʣʘʩʪʠʥʘʭ ʜʦ 1,5 ʩʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ. ɺ ʦʩʥʦʚʥʦʤ 

ʨʘʟʚʠʪ ʚ ʪʨʝʱʠʥʘʭ ʠ ʧʦʣʦʩʪʷʭ ʞʠʣʳ. 

ʐʝʨʣ ï ʚʩʪʨʝʯʘʝʪʩʷ ʚʦ ʚʩʝʤ ʧʝʛʤʘʪʠʪʝ, ʥʦ ʥʘʠʙʦʣʝʝ ʭʦʨʦʰʦ 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʚʳʷʚʣʝʥʳ ʚ ʧʫʩʪʦʪʘʭ, ʦʙʳʯʥʦ ʙʝʟ ʭʦʨʦʰʦ 

ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʧʠʨʘʤʠʜ. ʎʚʝʪ ʩʤʦʣʷʥʦ-ʯʝʨʥʳʡ. ɻʨʘʥʠ ʧʨʠʟʤ ʙʣʝʩʪʷʱʠʝ ʩ 

ʧʨʦʜʦʣʴʥʦʡ ʰʪʨʠʭʦʚʢʦʡ, ʩʝʯʝʥʠʝ ʜʠʪʨʠʛʦʥʘʣʴʥʦʝ. ʈʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʦʚ ʜʦ 

6ʭ3ʭ4 ʩʤ. ʂʨʠʩʪʘʣʣʳ ʥʘ ʛʨʘʥʷʭ ʯʘʩʪʦ ʧʦʢʨʳʪʳ ʩʘʭʘʨʦʚʠʜʥʳʤ ʛʠʧʩʦʤ. 
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ʌʦʪʦ 3. ʂʨʠʩʪʘʣʣʳ ʪʫʨʤʘʣʠʥʘ (ʰʝʨʣ) ʚ ʧʣʘʩʪʠʥʯʘʪʦʤ ʛʠʧʩʝ. ʌʦʪʦ: 

ʉʘʣʠʭʦʚ ʌ.ʉ. 

Photo 3. Tourmaline crystals (sherl) in plate gypsum. Photo: Salikhov F.S. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʌʣʶʦʨʠʪ ï ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʙʣʦʢʦʚʦʡ ʟʦʥʝ ʚ ʚʠʜʝ ʟʝʨʝʥ, ʨʝʞʝ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʤʝʞʜʫ ʧʘʢʝʪʘʤʠ ʂʇʐ ʠ ʢʚʘʨʮʘ. ʎʚʝʪ ʦʪ ʟʝʣʝʥʦʛʦ 

ʜʦ ʷʨʢʦ-ʟʝʣʝʥʦʛʦ. ʈʘʟʤʝʨʳ ʚʳʜʝʣʝʥʠʡ 2ʭ1ʭ1 ʩʤ. ʄʠʥʝʨʘʣ ʦʪʥʦʩʠʪʩʷ ʢ 

ʭʣʦʨʦʬʘʥʫ, ʫ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʟʝʣʝʥʘʷ ʬʣʶʦʨʝʩʮʝʥʮʠʷ. 

ʊʦʧʘʟ  ʚʩʪʨʝʯʘʝʪʩʷ ʜʚʫʭ ʚʠʜʦʚ: 

- ʞʠʣʴʥʳʡ ʥʝʧʨʦʟʨʘʯʥʳʡ, ʚ ʩʘʤʦʡ ʤʘʩʩʝ ʧʝʛʤʘʪʠʪʘ; 

- ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ, ʚ ʱʝʣʷʭ ʩ ʬʣʶʦʨʠʪʦʤ. ʎʚʝʪ ʝʛʦ ʯʘʡʥʳʡ, ʠʜʝʘʣʴʥʦʡ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ɺʝʩ ʥʘʡʜʝʥʥʦʛʦ ʩʘʤʦʛʦ ʢʨʫʧʥʦʛʦ ʩ 

ʤʦʥʦʦʙʣʘʩʪʷʤʠ ʢʨʠʩʪʘʣʣʘ ï 132 ʛ [11]. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʘʟʥʦʩʪʠ ʪʦʧʘʟʘ 

ʙʦʣʝʝ ʨʝʜʢʠ, ʯʝʤ ʞʠʣʴʥʳʝ. 

ɹʝʨʠʣʣ  ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʜʢʦ ʚ ʱʝʣʷʭ, ʟʘʧʦʣʥʝʥʥʳʭ ʧʣʘʩʪʠʥʯʘʪʳʤ ʛʠʧʩʦʤ. 

ʎʚʝʪ ʝʛʦ ʩʝʨʦʚʘʪʦ-ʛʦʣʫʙʦʡ, ʦʥ ʥʝʧʨʦʟʨʘʯʝʥ. ʌʦʨʤʘ ʢʨʠʩʪʘʣʣʦʚ ʪʘʙʣʠʪʯʘʪʘʷ, 

ʨʘʟʤʝʨʳ ʜʦ 1 ʩʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ ʠ ʜʦ 0,5 ʩʤ ʧʦ ʧʨʠʟʤʝ. 

ʇʠʨʠʪ ʩ ʤʝʣʢʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʙʝʩʮʚʝʪʥʦʛʦ ʢʚʘʨʮʘ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʟʦʥʘʭ 

ʜʨʦʙʣʝʥʠʷ ʚ ʧʝʛʤʘʪʠʪʝ. ʉ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʠʩʣʝʥ. ʂʨʠʩʪʘʣʣʳ ʚ ʚʠʜʝ ʦʢʪʘʵʜʨʦʚ, 

ʨʘʟʤʝʨʦʤ ʜʦ ʧʦʣʫʪʦʨʘ ʩʤ ʚ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʚʳʜʝʣʝʥʠʷʭ. 

ɹʠʦʪʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʜʢʦ, ʠʤʝʝʪ ʪʝʤʥʦ-ʟʝʣʝʥʳʡ ʮʚʝʪ, ʢʨʠʩʪʘʣʣʠʢʠ ʚ 

ʧʦʧʝʨʝʯʥʠʢʝ ʜʦʩʪʠʛʘʶʪ ʜʦ 0,8 ʩʤ [11]. 

ʅʘ ʧʝʛʤʘʪʠʪʦʚʦʡ ʞʠʣʝ ɸʤʠʛʦ ʧʨʝʜʳʜʫʱʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʭʦʜʝ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʥʘ ʢʘʤʥʝʩʘʤʦʮʚʝʪʥʦʝ ʩʳʨʴʸ, 

ʧʨʠʟʥʘʢʦʚ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ [11]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʝʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʦʚ ʩʝʟʦʥʘ 2019 ʛ. ʰʣʠʭʦʤʝʨʥʦʡ ʩʲʝʤʢʦʡ ʠ ʧʦʩʣʝʜʫʶʱʠʤʠ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʵʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʝʛʤʘʪʠʪʦʚʦʡ ʞʠʣʳ, ʪʘʢ ʠ ʨʳʭʣʳʡ ʧʦʢʨʦʚ 

ʧʨʠʣʝʛʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʘʣʣʶʚʠʠ ʙʣʠʞʘʡʰʝʛʦ ʩʘʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ 100 

ʤ ʥʠʞʝ ʞʠʣʳ ɸʤʠʛʦ, ʨʘʚʥʦ ʢʘʢ ʠ ʚ ʦʢʨʫʞʘʶʱʠʭ ʜʝʣʶʚʠʘʣʴʥʳʭ, 

ʧʨʦʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʧʨʠʨʘʟʣʦʤʥʦʡ ʟʦʥʳ, ʚ ʘʥʛʠʜʨʠʪʦʚʳʭ, ʛʠʧʩʦʚʳʭ 

ʠ ʦʙʦʭʨʝʥʥʳʭ ʟʦʥʘʭ ʜʨʦʙʣʝʥʠʷ, ʧʨʠʟʥʘʢʠ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʦʪʩʫʪʩʪʚʫʶʪ. ɺ 
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ʧʨʦʙʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʵʣʶʚʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʞʠʣʳ, ʚ 

ʉɺ, ʖɿ ʦʢʦʥʯʘʥʠʷʭ ʦʙʥʘʨʫʞʝʥʳ ʧʨʠʟʥʘʢʠ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ (ʨʠʩ.1). 

 

ʈʠʩ.1. ʕʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʩʧʝʢʪʨ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ 

Fig. 1. Energy dispersive spectrum of native gold 

 
 

ɺ ʥʘʚʝʩʢʝ ʦʢʦʣʦ 25 ʢʛ  ʦʪʤʝʯʝʥʳ 106 ʟʥʘʢʦʚ ʟʦʣʦʪʘ. ɿʦʣʦʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ 

ʚʠʜʝ ʥʝʦʢʘʪʘʥʥʳʭ ʣʠʩʪʦʚʘʪʳʭ, ʠʟʦʤʝʪʨʠʯʥʳʭ, ʫʜʣʠʥʝʥʳʭ ʠ ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʬʦʨʤʳ ʟʝʨʝʥ ʠ ʯʝʰʫʝʢ. ɺʩʝ ʟʦʣʦʪʠʥʢʠ ʩʚʦʙʦʜʥʳ ʦʪ ʩʠʥʛʝʥʝʪʠʯʥʳʭ 

ʤʠʥʝʨʘʣʦʚ (ʚʦʟʤʦʞʥʦ-ʢʚʘʨʮ, ʩʫʣʴʬʠʜʳ). ɻʫʙʯʘʪʳʭ, ʷʯʝʠʩʪʳʭ ʠ 

ʘʤʝʙʦʦʙʨʘʟʥʳʭ ʟʝʨʝʥ, ʘ ʪʘʢʞʝ ʟʝʨʝʥ ʩʣʦʞʥʦʡ ʮʝʤʝʥʪʘʮʠʦʥʥʦʡ ʬʦʨʤʳ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. ʈʘʟʤʝʨʳ ʟʦʣʦʪʠʥ 0,05 ï 0,15 ʤʤ, ʚ ʝʜʠʥʠʯʥʦʤ ʩʣʫʯʘʝ ʜʦ 1,5 ʤʤ 

(ʬʦʪʦ 4). 

ʌʦʪʦ 4. ɿʦʣʦʪʠʥʳ. ʐʠʨʠʥʘ ʧʦʣʷ ʟʨʝʥʠʷ ï 3,2 ʤʤ. ʌʦʪʦ: ʄʠʨʘʢʦʚʄ.ɸ. 

Photo 4. Zolotin . The field of view is 3.2 mm wide. Photo: Mirakov  M.A. 

 

 

 

 

 

 

 

 

 

 

 

ɿʦʣʦʪʦ ï ʚʳʩʦʢʦʧʨʦʙʥʦʝ, ʷʨʢʠʭ ʦʪʪʝʥʢʦʚ ʞʝʣʪʦʛʦ ʮʚʝʪʘ. ʉʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʧʦ 10 ʘʥʘʣʠʟʘʤ ï 95,66%, ʤʝʜʠ ï 2,42%, ʞʝʣʝʟʘ ï 2,68%. 

ɸʥʘʣʠʟʳ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ JSM-

35CFJEOL ʩ Si(Li ) ï ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʠ ʩʠʩʪʝʤʦʡ 
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ʘʥʘʣʠʟʘ ISISLinkOxford  ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 20 ʢɺ ʠ ʪʦʢʝ ʟʦʥʜʘ 1 

ʥɸ (ʪʘʙʣ.1). 

 

ʊʘʙʣ. 1. ʍʠʤʠʯʝʩʢʠʡʩʦʩʪʘʚʟʥʘʢʦʚʟʦʣʦʪʘ 

Tab. 1. The chemical composition of the signs of gold 
1 2 3 

ElmtSpect. Element  Atomic  

           Type     %       %     

Fe K     ED     1.31     4.26   

Cu K     ED     2.58     7.34   

Au M     ED    96.11    88.39   

Total         100.00   100.00   

ElmtSpect. Element  Atomic  

   Type     %       %     

Fe K     ED     1.05    3.50  

Cu K     ED     1.44    4.24 

Au M     ED    97.14    92.25   

Total          99.62   100.00  

ElmtSpect. Element  Atomic  

   Type     %       %     

Fe K     ED     1.01     3.33   

Cu K     ED     2.05     5.93   

Au M     ED    97.34    90.73   

Total         100.41   100.00 

4 5 6 

ElmtSpect. Element  

Atomic  

Type     %       %     

Fe K     ED     1.03     3.38   

Cu K     ED     2.05     5.91   

Au M     ED    97.36    

90.71   

Total         100.44   100.00 

ElmtSpect. Element  Atomic  

  Type     %       %     

Cu K     ED     2.31     6.88   

Au M     ED    96.85    93.12   

Total          99.16   100.00 

ElmtSpect. Element  Atomic  

            Type     %       %     

Cu K     ED     2.16     6.45   

Au M     ED    97.17    93.55   

Total          99.33   100.00 

7 8 9 

ElmtSpect. Element  Atomic  

      Type     %       %     

Cu K     ED     2.18     6.50   

Au M     ED    97.09    93.50   

Total          99.27   100.00 

ElmtSpect. Element  Atomic  

 Type     %       %     

Fe K     ED     3.82    11.68   

Cu K     ED     3.17     8.51   

Au M     ED    92.04    79.81   

Total          99.03   100.00 

ElmtSpect. Element  Atomic  

  Type     %       %     

Fe K     ED     5.51    17.01   

Au M     ED    94.84    82.99   

Total         100.35   100.00 

10   

ElmtSpect. Element  Atomic  

        Type     %       %     

Fe K     ED     5.02    14.70   

Cu K     ED     3.87    9.96  

Au M     ED    90.66    75.34   

Total    99.54   100.00 

  

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ: Fe -  2,68%, Cu -  2,42%, Au -  95,66% 

 

ʉʦʩʪʘʚ ʤʠʥʝʨʘʣʦʚ ʚ ʰʣʠʭʝ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʝʥ ʠ ʠʤʝʝʪ ʦʪʣʠʯʠʷ ʚ 

ʧʝʛʤʘʪʠʪʝ ʠ ʨʳʭʣʳʭ ʦʢʨʫʞʘʶʱʠʭ ʦʪʣʦʞʝʥʠʷʭ (ʪʘʙʣ. 2).  

 

ʊʘʙʣ. 2. ʉʦʩʪʘʚʤʠʥʝʨʘʣʦʚʚʰʣʠʭʝʵʣʶʚʠʷʧʝʛʤʘʪʠʪʘʠʘʣʣʶʚʠʷ 

Tab. 2. The composition of the minerals in the concentrate of eluvium 

pegmatite and alluvium 
ʅʘʟʚʘʥʠʝ ʌʦʨʤʫʣʘ ʂʦʣʠʯʝʩʪʚʦ 

ʉʠʣʴʥʦʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʬʨʘʢʮʠʷ (ʧʝʛʤʘʪʠʪ) 

ɻʨʘʥʘʪ (Fe,Cr)Al2(SiO4)3ʠʣʠCa3(Mg,Fe,Mn)2(SiO4)3 ʚʝʩʦʚʳʝ 

ʩʦʜʝʨʞʘʥʠʷ 

ɻʝʤʘʪʠʪ Fe2O3 ʯʘʩʪʳʝ ʟʥʘʢʠ 

ʊʘʥʪʘʣʠʪ (Fe, Mn) (ʊʘ, Nb)2O6 ʝʜʠʥʠʯʥʳʝ ʟʥʘʢʠ 

ʆʨʪʠʪ (Ca,Ce,La,Y)2(Al,Fe)3(SiO4)3(OH) ʝʜʠʥʠʯʥʳʝ ʟʥʘʢʠ 

https://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D0%B8%D0%B4_%D0%B6%D0%B5%D0%BB%D0%B5%D0%B7%D0%B0(III)



