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FOYDALI QAZILMLARNI BOYITISH  

ʍʄʇʋɹʏʁʇʆʆʇɾ ʇɺʇɼɹʒɾʆʁɾ ʅɾɽʆʇ-ʀʇʄʇʋʇ-
ʅʇʄʁɺɽɾʆʇɻʇʂ ʉʌɽʔ ʅɾʊʋʇʉʇɿɽɾʆʁʘ çɫʑʄʁʃ-Iè   
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1 ʌʠʣʠʘʣ ʅʀʊʋ çʄʀʉʀʉè ʚ ʛʦʨʦʜʝ ɸʣʤʘʣʳʢ, ʈʝʩʧʫʙʣʠʢʘ ʋʟʙʝʢʠʩʪʘʥ 
2 ɸʣʤʘʣʳʢʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʈʝʩʧʫʙʣʠʢʘ ʋʟʙʝʢʠʩʪʘʥ 

3 ʉʇ ʆʆʆ"UZLITI ENGINEERING", ʈʝʩʧʫʙʣʠʢʘ ʋʟʙʝʢʠʩʪʘʥ   

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʥʦ-ʟʦʣʦʪʦ-ʤʦʣʠʙʜʝʥʦʚʦʡ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ    
çɪʰʣʠʢ-Iè ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 
ʈʘʟʨʘʙʦʪʘʥʘ ʨʘʮʠʦʥʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʢʦʣʣʝʢʪʠʚʥʦ-ʩʝʣʝʢʪʠʚʥʫʶ ʬʣʦʪʘʮʠʶ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʳʭ ʩʫʣʴʬʠʜʦʚ ʚ ʱʝʣʦʯʥʦʡ 

ʠʟʚʝʩʪʢʦʚʦʡ ʩʨʝʜʝ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʝʣʝʥʠʝʤ ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʩ ʜʝʧʨʝʩʩʠʝʡ ʤʝʜʠʥʠʩʪʳʤ ʥʘʪʨʠʝʤ, ʘ ʪʘʢʞʝ ʜʦʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ʠʟ ʭʚʦ-
ʩʪʦʚ ʬʣʦʪʘʮʠʠ ʤʝʪʦʜʦʤ ʩʦʨʙʮʠʦʥʥʦʛʦ ʮʠʘʥʠʨʦʚʘʥʠʷ ʧʦ ʪʝʭʥʦʣʦʛʠʠ CIL/CIP. ɼʘʥʥʳʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʫʜʳ ð ʤʝʜʠ, ʤʦʣʠʙʜʝʥʘ ʠ ʟʦʣʦʪʘ. 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʨʝʘʛʝʥʪʦʚ-ʩʦʙʠʨʘʪʝʣʝʡ ð ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʤʧʦʟʠʮʠʡ ʢʩʘʥʪʦʛʝʥʘʪʘ ʩ ʜʠʪʠʦʬʦʩ-

ʬʘʪʘʤʠ ʪʠʧʘ ʘʵʨʦʬʠʥʘ ʠ ʪʠʦʢʘʨʙʘʤʘʪʘʤʠ ð ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ 
ʩʠʩʪʝʤ ʩʥʠʟʠʣʦ ʧʝʨʝʭʦʜ ʧʠʨʠʪʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʨʠʤʝʨʥʦ ʚ 1,5 ʨʘʟʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʨʦʩʪ ʠʟʚʣʝʯʝʥʠʷ ʤʝʜʠ ʥʘ 6ï10 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ 
ʨʝʘʛʝʥʪʥʳʤ ʨʝʞʠʤʦʤ. ʀʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ʫʚʝʣʠʯʠʣʦʩʴ ʩ 60 ʜʦ 70 %, ʤʦʣʠʙʜʝʥʘ ð ʩ 50 ʜʦ 60 %, ʧʨʠ ʵʪʦʤ ʢʘʯʝʩʪʚʝ ʤʝʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʧʦʣʫʯʠʣʦʩʴ 
ʦʢʦʣʦ 20 % Cu, ʤʦʣʠʙʜʝʥʦʚʦʛʦ ð 45ï50 % Mo. 
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʢʦʣʦ 30ï40 % ʟʦʣʦʪʘ ʦʩʪʘʝʪʩʷ ʚʦ ʬʣʦʪʘʮʠʦʥʥʳʭ ʭʚʦʩʪʘʭ ʚ ʩʦʩʪʘʚʝ ʫʧʦʨʥʳʭ ʪʝʣʣʫʨʠʜʦʚ ʠ ʩʫʣʴʬʠʜʦʚ ʠ ʥʝ ʧʦʜʜʘʝʪʩʷ ʬʣʦʪʘʮʠʦʥ-

ʥʦʤʫ ʠʟʚʣʝʯʝʥʠʶ. ɺʢʣʶʯʝʥʠʝ ʩʪʘʜʠʠ ʮʠʘʥʠʨʦʚʘʥʠʷ ʭʚʦʩʪʦʚ ʧʦʚʳʰʘʝʪ ʦʙʱʝʝ ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ʜʦ 85ï90 %, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʝʢʪʥʳʤ ʧʦʢʘʟʘʪʝ-
ʣʷʤ ʬʘʙʨʠʢʠ ˉ3 ɸɻʄʂ. 
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ çʬʣʦʪʘʮʠʷ + ʮʠʘʥʠʨʦʚʘʥʠʝè ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʥʠʟʢʦʩʦʨʪ-

ʥʳʭ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʭ ʨʫʜ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤ ʜʦʙʘʚʣʝʥʠʝʤ ʟʦʣʦʪʘ ʠ ʤʦʣʠʙʜʝʥʘ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɪʰʣʠʢ-Iè.  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʣʦʪʘʮʠʷ, ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʨʫʜʘ, ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʤʝʜʴ, ʟʦʣʦʪʦ, ʤʦʣʠʙʜʝʥ, ʩʝʣʝʢʪʠʚʥʳʝ ʨʝʘʛʝʥʪʳ-

ʩʦʙʠʨʘʪʝʣʠ, ʜʝʧʨʝʩʩʦʨʳ, ʠʟʚʣʝʯʝʥʠʝ, ʢʦʥʮʝʥʪʨʘʪ, ʩʭʝʤʘ ʦʙʦʛʘʱʝʥʠʷ.  

òYOSHLIK-1ó KONIDA MIS-OLTIN-MOLIBDEN RUDALARINI          
FLOTATSION USULDA BOYITISH 

M.M.Yoqubov1, M.S.Maqsudxoôjayeva2, Z.B.Mamaisaqova1, S.A.Suyunova3  
 

1 NITU ñMISISò Olmaliq filiali, Oózbekiston Respublikasi  
2 Olmaliq Davlat texnika institute, Oózbekiston Respublikasi  

"UZLITI ENGINEERING" MCHJ QK, Oózbekiston Respublikasi   

Annotasiya. "Yoshlik-I" koni polimetall mis-oltin-molibden rudasini flotatsion boyitish boóyicha olib borilgan tadqiqotlar quyidagi xulosalarni shakllantirish imkonini 

beradi. 

Mis-molibden sulfidlarini ishqoriy ohakli muhitda kollektiv-selektiv flotatsiya qilish, soóngra molibden konsentratini misli natriy bilan depressiyalash orqali ajratib 

olish, shuningdek, CIL/CIP texnologiyasi boóyicha sorbsion sianlash usuli bilan flotatsiya chiqindilaridan oltinni qoóshimcha ajratib olishni oóz ichiga olgan ratsional 

texnologik sxema ishlab chiqilgan. Ushbu kombinatsiyalangan yondashuv rudaning barcha tarkibiy qismlari ð mis, molibden va oltindan kompleks foydalanishni naz-

arda tutadi. 

Aniqlanishicha, zamonaviy koóp komponentli yigóuvchi reagentlar, xususan, ksantogenatning aerofin tipidagi ditiofosfatlar va tiokarbamatlar bilan kompozitsiyalarini 

qoóllash jarayonning selektivligini oshirish imkonini beradi. Laboratoriya tadqiqotlarida bunday tizimlardan foydalanish piritning konsentratsiyaga oótishini taxminan 1,5 

baravarga va shuning uchun mis ajratib olishning oósishini bazaviy reagent rejimiga nisbatan 6-10% ga kamaytirdi. Oltinni ajratib olish 60 dan 70% gacha, molibdenni 

ajratib olish 50 dan 60% gacha koópaydi, bunda mis konsentrati sifatida taxminan 20% Cu, molibden uchun 45ï50% Mo olindi. 

Oltinning taxminan 30-40 foizi flotatsiya chiqindilarida chidamli telluridlar va sulfidlar tarkibida qolishi va flotatsion ajratib olishga berilmasligi koórsatilgan. Chi-

qindilarni sianlash bosqichining ishga tushirilishi oltinning umumiy ajratib olinishini 85-90% gacha oshiradi, bu esa OKMK 3-sonli fabrikasining loyihaviy koórsatkichlariga 

mos keladi. 

Olingan natijalar "Yoshlik-I" koniga xos boólgan past navli mis-porfir rudalarini sanoat usulida oltin va molibden qoóshimchasi bilan qayta ishlash uchun "flotatsiya + 

sianlash" kombinatsiyalangan texnologiyasining samaradorligini tasdiqlaydi. 
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MINERAL PROCESSING 

M.M.Yokubov1, M.S.Maksudkhujaeva2, Z.B.Mamaisakova1, S.A.Suyunova3  
 

1 Almalyk Branch of NITU MISIS, Republic of Uzbekistan  
2 Almalyk State Technical Institute, Republic of Uzbekistan  

3 JV LLC "UZLITI ENGINEERING"  

FLOTATION ENRICHMENT OF COPPER-GOLD-MOLYBDENUM ORE 
AT THE YOSHLIK-1 DEPOSIT  

Abstract. The conducted research on the flotation enrichment of polymetallic copper-gold-molybdenum ore from the "Yoshlik-I" deposit allows for the formulation 

of the following conclusions. 

A rational technological scheme has been developed, including collective-selective flotation of copper-molybdenum sulfides in an alkaline lime medium with 

subsequent separation of molybdenum concentrate with sodium copperite depression, as well as additional extraction of gold from flotation tailings using the sorption 

cyanidation method using CIL/CIP technology. This combined approach involves the integrated use of all ore componentsðcopper, molybdenum, and gold. 

It has been established that the use of modern multi-component collecting reagentsðspecifically, xanthogenate compositions with aerofin-type dithiophosphates 

and thiocarbamatesðallows for increased selectivity of the process. In laboratory studies, the use of such systems reduced the transition of pyrite to concentration by 

approximately 1.5 times, and consequently, the increase in copper extraction by 6ï10% compared to the base reagent regime. The extraction of gold increased from 

60 to 70%, molybdenum from 50 to 60%, while copper concentrate quality yielded about 20% Cu, and molybdenum 45ï50% Mo. 

It has been shown that approximately 30-40% of gold remains in flotation tailings as persistent tellurides and sulfides and is not subject to flotation extraction. The 

activation of the tailings cyanidation stage increases total gold recovery to 85-90%, which corresponds to the design indicators of AGMK Factory ˉ 3. 

The results obtained confirm the effectiveness of the combined "flotation + cyanidation" technology for processing low-grade copper-porphyry ores with industrial 

gold and molybdenum additives characteristic of the "Yoshlik-I" deposit.  

 Keywords: flotation, polymetallic ore, copper-porphyry deposit, copper, gold, molybdenum, selective reagent-collectors, depressants, extraction, concentrate, 

enrichment scheme.  

ɻʛʞʝʞʦʡʞ 
ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ, ʵʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, 
ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩʳ ʦʙʦʛʘʱʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʫʜ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʠ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ 
ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
ʢʘʯʝʩʪʚʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʦʩʪʴ 
ʠʟʤʝʣʴʯʝʥʠʷ ʨʫʜ [1,2]. 
ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʬʣʦʪʘʮʠʦʥʥʦʛʦ 

ʦʙʦʛʘʱʝʥʠʷ ʜʚʫʭ ʧʨʦʙ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʭ ʨʫʜ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʬʣʦʪʘʮʠʦʥʥʳʝ ʦʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʧʦ 
ʩʭʝʤʝ, ʚʢʣʶʯʘʶʱʝʡ: ʠʟʤʝʣʴʯʝʥʠʝ ʨʫʜʳ ʜʦ ʢʨʫʧʥʦʩʪʠ 70 % ʢʣʘʩʩʘ 
ï0,071 ʤʤ, ʦʩʥʦʚʥʫʶ ʠ ʢʦʥʪʨʦʣʴʥʫʶ ʬʣʦʪʘʮʠʠ, ʜʦʠʟʤʝʣʴʯʝʥʠʝ 
ʯʝʨʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʜʦ ʢʨʫʧʥʦʩʪʠ 92 % ʢʣʘʩʩʘ ï0,071 ʤʤ, ʜʚʝï
ʪʨʠ ʧʝʨʝʯʠʩʪʢʠ ʜʦʠʟʤʝʣʴʯʝʥʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ, ʜʦʬʣʦʪʘʮʠʶ ʭʚʦ-
ʩʪʦʚ ʧʝʨʚʦʡ ʧʝʨʝʯʠʩʪʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʦʚ-ʩʦʙʠʨʘʪʝʣʝʡ ʠʩ-
ʧʦʣʴʟʦʚʘʣʠ Aerophine 3418ɸ ʠ ʙʫʪʠʣʦʚʳʡ ʢʩʘʥʪʦʛʝʥʘʪ, ʜʝʧʨʝʩʩʦʨ 
ʧʦʨʦʜʳ ʤʠʥʝʨʘʣʦʚ - ʞʠʜʢʦʝ ʩʪʝʢʣʦ. ʌʣʦʪʘʮʠʶ ʠ ʧʝʨʝʯʠʩʪʢʫ ʧʨʦʚʦ-
ʜʠʣʠ ʚ ʚʳʩʦʢʦʱʝʣʦʯʥʦʡ ʩʨʝʜʝ (ʨʅ>10), ʩʦʟʜʘʚʘʝʤʦʡ ʠʟʚʝʩʪʴʶ. 
ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʦʙʠʨʘʪʝʣʝʤ ʤʝʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʜʣʷ 
ʨʫʜʳ ʧʨʦʙʳ 1 ʦʢʘʟʘʣʩʷ ʨʝʘʛʝʥʪ Aerophine 3418ɸ, ʧʨʦʙʳ 2 ï ʙʫʪʠ-
ʣʦʚʳʡ ʢʩʘʥʪʦʛʝʥʘʪ. ʀʟ ʧʨʦʙʳ 1 ʧʦʣʫʯʝʥ ʢʦʥʮʝʥʪʨʘʪ ʩ ʤʘʩʩʦʚʦʡ 
ʜʦʣʝʡ ʤʝʜʠ 21,1 % ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ 87,2 %, ʠʟ ʧʨʦʙʳ 2 ʩ ʧʨʠʤʝʥʝ-
ʥʠʝʤ ʙʫʪʠʣʦʚʦʛʦ ʢʩʘʥʪʦʛʝʥʘʪʘʢʦʥʮʝʥʪʨʘʪ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʤʝʜʠ 
21,5 % ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ 84,9 %. ʀʟ ʩʤʝʩʠ ʧʨʦʙ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʧʦ 
ʤʘʩʩʝ 1:1 ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʘʛʝʥʪʘ Aerophine 3418ɸ ʧʦʣʫʯʝʥ ʤʝʜ-
ʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʤʝʜʠ 20,6 % ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ 
85,9 % [3-6]. 
ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʨʫʜʥʳʭ ʠ 

ʧʦʨʦʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʟ-
ʤʝʣʴʯʝʥʠʷ ʨʫʜ, ʤʘʩʩʳ ʠ ʨʘʟʤʝʨʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟʤʝʣʴʯʘʶʱʝʡ ʩʨʝ-
ʜʳ, ɺ ʨʘʙʦʪʝ ʨʘʩʢʨʳʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʴ-
ʪʁʝʨʥrʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩʦ-
ʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʦʧʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʨʫʜʳ ʩʦʟʜʘʶʪ 
ʦʩʥʦʚʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦ-

ʮʝʩʩʦʤ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜʳ [7]. 
ʌʣʦʪʘʮʠʦʥʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʨʘʟʣʠʯʥʳʤ ʩʭʝ-

ʤʘʤ, ʚʢʣʶʯʘʶʱʘʷ ʦʧʝʨʘʮʠʠ ʧʦʣʫʯʝʥʠʷ Cu-Mo ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʠ 
ʧʠʨʠʪʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʚ. 

ʢʨʫʧʥʦʩʪʠ ʧʠʪʘ-
ʥʠʷ, ʩ 91,02 ʜʦ 92,45%. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʩʥʠʞʝʥʠʝ 
ʢʨʫʧʥʦʩʪʠ  

[ 8-
11]. 
ʇʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ çɪʰʣʠʢ-Iè ï ʢʨʫʧʥʦʝ 

ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʝ (ʦʩʥʦʚʥʳʝ ʩʧʫʪʥʠʢʠ ʟʦʣʦʪʦ, ʩʝʨʝʙʨʦ, 
ʤʦʣʠʙʜʝʥ), ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ɸʣʤʘʣʳʢʩʢʦʤ ʨʝʛʠʦʥʝ ʋʟʙʝʢʠʩʪʘʥʘ 
(ʨʠʩ. 1). ʆʥʦ ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʤʝʜʠ ʧʦ ʧʨʦʛʥʦʟʥʳʤ 
ʜʘʥʥʳʤ (45 ʤʣʥ ʪʦʥʥ) ʠ ʟʦʣʦʪʘ (5000 ʪ). ʈʫʜʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʉʡʪ. 1. ʌʛʞʤ. 200ʮ. ɻʣʩʙʨʤʞʦʦʙʸ ʩʬʝʙ                                       

ʥʞʪʫʧʩʧʟʝʞʦʡʸ çɫʱʤʡʣ 1è  

1-ʧʠʨʠʪ, 2-ʭʘʣʴʢʦʧʠʨʠʪ, 3-ʭʘʣʴʢʦʟʠʥ. 
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ʩʣʦʞʥʘʷ, ʫʧʦʨʥʘʷ ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ ʨʠʩ. 1, ʠ ʰʣʘʤ ʦʙʨʘʟʫʶʱʝʡʩʷ  
ʨʠʩ. 2 ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 
ʤʝʪʘʣʣʦʚ (ʧʦ ʦʮʝʥʢʘʤ: Cu ~0,3ï0,5 %, Au ~0,3ï0,4 ʛ/ʪ, Mo ~0,0067ï
0,01 %), ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʢʨʫʧʥʳʭ ʧʦʨʬʠʨʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
[8,12,13].  

ɿʦʣʦʪʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʘʤʦʨʦʜʥʦʡ ʬʦʨʤʝ 
ʨʠʩ. 3. ʠ ʨʠʩ 4 ʩ ʧʨʠʤʝʩʴʶ ʩʝʨʝʙʨʘ, ʘ ʪʘʢʞʝ ʚ ʚʠʜʝ ʪʝʣʣʫʨʠʜʦʚ 
(ʤʦʥʪʙʨʝʡʠʪ, ʢʘʣʘʚʝʨʠʪ, ʧʝʪʮʠʪ ʠ ʜʨ.). ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʪʘʢʠʭ 
ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʙʣʘʛʦʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʦʤʧʣʝʢʩʥʳʭ ʨʫʜʘʭ 
ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʬʣʦʪʘʮʠʦʥʥʦʝ ʦʙʦʛʘʱʝʥʠʝ, ʯʘʩʪʦ ʚ 
ʩʦʯʝʪʘʥʠʠ ʩ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ [14]. 

ʌʣʦʪʘʮʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʦʙʦʛʘʱʝʥʠʷ ʤʝʜʥʦ-
ʧʦʨʬʠʨʦʚʳʭ ʨʫʜ, ʧʦʟʚʦʣʷʶʱʠʤ ʚʳʜʝʣʠʪʴ ʤʝʜʥʦ-ʩʫʣʴʬʠʜʥʳʝ 
ʤʠʥʝʨʘʣʳ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʭʘʣʴʢʦʧʠʨʠʪ CuFeS2) ʠ ʤʦʣʠʙʜʝʥʠʪ 
(MoS2) ʚ ʢʦʥʮʝʥʪʨʘʪʳ. ʈʠʩ. 5. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠ 
ʧʝʨʝʨʘʙʦʪʢʝ ʵʪʠʭ ʨʫʜ ʷʚʣʷʝʪʩʷ ʩʝʣʝʢʪʠʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʦʣʝʟʥʳʭ 
ʤʠʥʝʨʘʣʦʚ ʦʪ ʧʠʨʠʪʘ ʠ ʜʨʫʛʠʭ ʩʫʣʴʬʠʜʦʚ ʞʝʣʝʟʘ. ɼʣʷ ʜʝʧʨʝʩʩʠʠ 
ʧʠʨʠʪʘ ʬʣʦʪʘʮʠʶ ʧʨʦʚʦʜʷʪ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ (pHå9ï11), 
ʩʦʟʜʘʚʘʝʤʦʡ ʠʟʚʝʩʪʴʶ. ʆʜʥʘʢʦ ʧʨʠ pH>10 ʦʜʥʦʚʨʝʤʝʥʥʦ 
ʥʘʙʣʶʜʘʝʪʩʷ ʯʘʩʪʠʯʥʘʷ ʜʝʧʨʝʩʩʠʷ ʤʦʣʠʙʜʝʥʠʪʘ, ʯʪʦ ʦʩʣʦʞʥʷʝʪ 

ʠʟʚʣʝʯʝʥʠʝ ʤʦʣʠʙʜʝʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʪʦʥʢʦʝ ʚʢʨʘʧʣʝʥʠʝ ʟʦʣʦʪʘ (ʢʘʢ 
ʚ ʚʠʜʝ ʩʘʤʦʨʦʜʥʦʛʦ, ʪʘʢ ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʩʫʣʴʬʠʜʘʤʠ ʠ 
ʪʝʣʣʫʨʠʜʘʤʠ) ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʝʛʦ 
ʫʣʘʚʣʠʚʘʥʠʷ [15]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʦʡ 
ʪʝʭʥʦʣʦʛʠʠ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜʳ çɪʰʣʠʢ-Iè ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʣʝʢʪʠʚʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 
ʚʳʩʦʢʦʝ ʠʟʚʣʝʯʝʥʠʝ ʤʝʜʠ, ʤʦʣʠʙʜʝʥʘ ʠ ʟʦʣʦʪʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 
ʢʦʥʜʠʮʠʦʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ 
ʬʣʦʪʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʝʘʛʝʥʪʥʦʛʦ ʨʝʞʠʤʘ, ʩʭʝʤʳ ʧʨʦʮʝʩʩʘ, 
ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʪʝʣʝʡ 
ʦʙʦʛʘʱʝʥʠʷ ʧʨʠ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʘʭ ʨʝʘʛʝʥʪʥʳʭ ʨʝʞʠʤʦʚ. 
ʇʚʳʞʣʫ ʡ ʥʞʫʧʝʡʣʙ ʡʪʪʤʞʝʧʛʙʦʡʸ  
ɼʣʷ ʦʙʦʛʘʱʝʥʠʷ ʤʝʜʥʦ-ʟʦʣʦʪʦ-ʤʦʣʠʙʜʝʥʦʚʳʭ ʨʫʜ 

ʧʨʠʤʝʥʷʝʪʩʷ ʩʭʝʤʘ ʢʦʣʣʝʢʪʠʚʥʦ-ʩʝʣʝʢʪʠʚʥʦʡ ʬʣʦʪʘʮʠʠ. ʅʘ 
ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʚʦʜʠʪʩʷ ʢʦʣʣʝʢʪʠʚʥʘʷ ʬʣʦʪʘʮʠʷ ʤʝʜʠ ʠ 
ʤʦʣʠʙʜʝʥʘ ï ʚ ʱʝʣʦʯʥʦʡ ʠʟʚʝʩʪʢʦʚʦʡ ʩʨʝʜʝ, ʧʨʠ ʢʦʪʦʨʦʡ 
ʧʦʜʘʚʣʷʶʪʩʷ ʩʫʣʴʬʠʜʳ ʞʝʣʝʟʘ. ʇʨʠ ʵʪʦʤ ʭʘʣʴʢʦʧʠʨʠʪ ʠ 
ʤʦʣʠʙʜʝʥʠʪ ʠʟʚʣʝʢʘʶʪʩʷ ʩʦʚʤʝʩʪʥʦ ʚ ʢʦʣʣʝʢʪʠʚʥʳʡ ʢʦʥʮʝʥʪʨʘʪ. 
ɼʘʣʝʝ ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʝʣʝʢʪʠʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ 

ʉʡʪ. 2. ʌʛʞʤ. 40ʮ ɼʤʡʦʡʪʫʙʸ, ʱʤʙʥʧʧʚʩʙʠʬʷʲʙʸ ʩʬʝʙ       
ʥʞʪʫʧʩʧʟʝʞʦʡʸ çɫʱʤʡʣ 1è  

1-ʙʠʦʪʠʪ; 2-ʢʚʘʨʮ; 3-ʧʦʣʝʚʦʡ ʰʧʘʪ; 4-ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ  

ʉʡʪ. 3. ɻʣʤʷʰʞʦʡʸ ʥʡʣʩʧʪʣʧʨʡʰʞʪʣʡʮ ʣʬʪʧʰʣʧʛ ʪʙʥʧʩʧʝʦʧʜʧ 
ʠʧʤʧʫʙ. ʌʛʞʤ. 1000ʮ.  

1-ʟʦʣʦʪʦ ʩʘʤʦʨʦʜʥʦʝ, 2-ʭʘʣʴʢʦʧʠʨʠʪ. 

ʉʡʪ. 4. ʃʬʪʧʰʞʣ ʪʙʥʧʩʧʝʦʧʜʧ ʠʧʤʧʫʙ ʛ ʪʩʧʪʫʣʞ                      
ʮʙʤʵʣʧʨʡʩʡʫʙ ʡ ʨʡʩʡʫʙ. ʌʛʞʤ. 1000ʮ.  

1-ʟʦʣʦʪʦ ʩʘʤʦʨʦʜʥʦʝ, 2-ʭʘʣʴʢʦʧʠʨʠʪ, 3-ʧʠʨʠʪ. 

ʉʡʪ. 5. ʌʛʞʤ. 1000ʮ. ʊʛʧʚʧʝʦʧʞ ʠʞʩʦʧ ʥʧʤʡʚʝʞʦʡʫʙ 1                  
ʡ ʮʙʤʵʣʧʨʞʩʡʫʙ 2 
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ʤʦʣʠʙʜʝʥʘ ʠ ʤʝʜʠ: ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʨʝʞʠʤʝ ʬʣʦʪʘʮʠʠ ʤʦʣʠʙʜʝʥʠʪ 
ʚʳʜʝʣʷʝʪʩʷ ʚ ʤʦʣʠʙʜʝʥʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ, ʘ ʤʝʜʴ ʦʩʪʘʝʪʩʷ ʚ ʢʘʤʝʨ-
ʥʦʤ ʧʨʦʜʫʢʪʝ (ʤʝʜʥʦʤ ʢʦʥʮʝʥʪʨʘʪʝ). ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ 
ʩʝʣʝʢʪʠʚʥʳʝ ʜʝʧʨʝʩʩʦʨʳ ʤʝʜʠ ï ʦʙʳʯʥʦ ʩʝʨʥʠʩʪʳʡ ʥʘʪʨʠʡ Na2S 
ʠʣʠ ʛʠʜʨʦʩʫʣʴʬʠʜ ʥʘʪʨʠʷ NaHS, ʢʦʪʦʨʳʝ ʚʚʦʜʷʪʩʷ ʚ ʧʫʣʴʧʫ ʧʝʨʝʜ 
ʬʣʦʪʘʮʠʝʡ ʤʦʣʠʙʜʝʥʘ. ɿʘ ʩʯʸʪ ʜʝʩʦʨʙʮʠʠ ʨʘʥʝʝ 
ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʩʦʙʠʨʘʪʝʣʝʡ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʥʝʨʘʣʦʚ ʠ 
ʚʳʙʦʨʦʯʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʬʣʦʪʘʮʠʠ ʤʝʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʩʦʟʜʘʶʪʩʷ 
ʫʩʣʦʚʠʷ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʤʦʣʠʙʜʝʥʠʪʘ ʠʟ 
ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ. ɼʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʜʝʩʦʨʙʮʠʠ ʯʘʩʪʦ 
ʧʨʦʚʦʜʷʪ ʧʦʜʦʛʨʝʚ ʧʫʣʴʧʳ (ʜʦ ~40ï60Áʉ) ʦʩʪʨʳʤ ʧʘʨʦʤ ʚ 
ʧʨʠʩʫʪʩʪʚʠʠ Na2S. ʇʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʦʩʪʘʚʰʠʡʩʷ 
ʤʝʜʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ (ʧʣʘʚʢʫ), ʘ 
ʭʚʦʩʪʳ ʤʦʣʠʙʜʝʥʦʚʦʡ ʬʣʦʪʘʮʠʠ ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩ 
(ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ ʦʧʝʨʘʮʠʶ ʧʝʨʝʯʠʩʪʢʠ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 
ʬʣʦʪʘʮʠʠ ʤʝʣʢʠʭ ʠ ʢʨʫʧʥʳʭ ʢʣʘʩʩʦʚ ʧʦʩʣʝ ʧʝʨʝʪʠʨʢʠ). 
ʇʨʠʥʮʠʧʠʘʣʴʥʳʡ ʬʣʦʪʘʮʠʦʥʥʳʡ ʨʝʘʛʝʥʪʥʳʡ ʨʝʞʠʤ ʚʢʣʶʯʘʝʪ 

ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʨʝʘʛʝʥʪʦʚ: ʢʦʣʣʝʢʪʦʨʳ (ʩʦʙʠʨʘʪʝʣʠ), 
ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʠ ʠ ʜʝʧʨʝʩʩʦʨʳ. ɺ ʢʦʣʣʝʢʪʠʚʥʦʡ ʤʝʜʥʦ-
ʤʦʣʠʙʜʝʥʦʚʦʡ ʬʣʦʪʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʩʦʙʠʨʘʪʝʣʷ ʤʝʜʥʳʭ ʠ 
ʯʘʩʪʠʯʥʦ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʶʪ 
ʢʩʘʥʪʘʪʳ ï ʥʘʧʨʠʤʝʨ, ʙʫʪʠʣʦʚʳʡ ʢʩʘʥʪʦʛʝʥʘʪ ʢʘʣʠʷ. ʆʜʥʘʢʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʩʘʥʪʘʪʘ ʥʝ ʚʩʝʛʜʘ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ, 
ʦʩʦʙʝʥʥʦ ʧʨʠ ʬʣʦʪʘʮʠʠ ʟʦʣʦʪʘ ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʙʦʣʴʰʦʛʦ 
ʢʦʣʠʯʝʩʪʚʘ ʧʠʨʠʪʘ. ɿʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʤʝʩʝʚʳʭ ʠ ʥʦʚʳʭ ʨʝʘʛʝʥʪʦʚ-
ʩʦʙʠʨʘʪʝʣʝʡ ʚʟʘʤʝʥ ʠʣʠ ʩʦʚʤʝʩʪʥʦ ʩ ʢʩʘʥʪʘʪʘʤʠ. ʊʘʢ, ʧʦʤʠʤʦ 
ʢʩʘʥʪʦʛʝʥʘʪʦʚ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʠʦʬʦʩʬʘʪʳ (ʘʵʨʦʬʣʦʪ, 
ʘʵʨʦʬʠʥ), ʪʠʦʢʘʨʙʘʤʘʪʳ, ʜʠʪʠʦʬʦʩʬʠʥʘʪʳ ʠ ʜʨʫʛʠʝ ʩʝʣʝʢʪʠʚʥʳʝ 
ʩʦʙʠʨʘʪʝʣʠ. ʉʠʣʴʥʳʝ ʩʦʙʠʨʘʪʝʣʠ (ʢʩʘʥʪʦʛʝʥʘʪʳ) ʮʝʣʝʩʦʦʙʨʘʟʥʦ 
ʩʦʯʝʪʘʪʴ ʩ ʙʦʣʝʝ çʤʷʛʢʠʤʠè ʠ ʩʝʣʝʢʪʠʚʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʧʠʨʠʪʫ ʨʝʘʛʝʥʪʘʤʠ ï ʜʠʪʠʦʬʦʩʬʘʪʘʤʠ, ʘ ʪʘʢʞʝ ʩ ʥʝʠʦʥʦʛʝʥʥʳʤʠ 
ʢʦʣʣʝʢʪʦʨʘʤʠ (ʪʠʦʥʦʢʘʨʙʘʤʘʪʳ, ʪʠʦʵʬʠʨʳ ʠ ʧʨ.). ʇʨʠʤʝʥʝʥʠʝ 
ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʙʦʨʥʳʭ ʨʝʘʛʝʥʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ 
ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʬʣʦʪʘʮʠʠ, ʯʝʤ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. 
ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʟʚʝʩʪʥʳ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʝʨʠʠ ʩʝʣʝʢʪʠʚʥʳʭ 
ʩʦʙʠʨʘʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ ʨʝʘʛʝʥʪʳ ʩʝʨʠʠ S (ʉʐɸ) ʠ 
çɹʝʨʦʬʣʦʪè (ʈʦʩʩʠʷ/ʂʠʪʘʡ), ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ 
ʩʥʠʞʝʥʠʷ ʬʣʦʪʘʮʠʠ ʧʠʨʠʪʘ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʳʭ 
ʩʫʣʬʠʜʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, 
ʯʪʦ ʟʘʤʝʥʘ ʦʙʳʯʥʦʛʦ ʢʩʘʥʪʦʛʝʥʘʪʘ ʥʘ ʩʦʚʨʝʤʝʥʥʳʡ ʩʝʣʝʢʪʠʚʥʳʡ 
ʩʦʙʠʨʘʪʝʣʴ (ʥʘʧʨʠʤʝʨ, ʤʘʨʢʠ S-703) ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 
ʩʦʜʝʨʞʘʥʠʝ ʧʠʨʠʪʘ ʚ ʢʦʣʣʝʢʪʠʚʥʦʤ ʢʦʥʮʝʥʪʨʘʪʝ ʚ ~1,5 ʨʘʟʘ ʠ 
ʧʦʚʳʩʠʪʴ ʠʟʚʣʝʯʝʥʠʝ ʤʝʜʠ ʥʘ 6ï10 %. ʆʜʥʦʚʨʝʤʝʥʥʦ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʳʭʦʜ ʠ ʢʘʯʝʩʪʚʦ ʤʝʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ, ʫʣʫʯʰʘʝʪʩʷ 
ʠʟʚʣʝʯʝʥʠʝ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʩʫʣʴʬʠʜʥʦʛʦ ʟʦʣʦʪʘ [14,16]. 
ʄʦʣʠʙʜʝʥʠʪ (MoS2) ʦʙʣʘʜʘʝʪ ʝʩʪʝʩʪʚʝʥʥʦʡ ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ, 

ʧʦʵʪʦʤʫ ʜʣʷ ʝʛʦ ʬʣʦʪʘʮʠʠ ʯʘʩʪʦ ʜʦʩʪʘʪʦʯʥʦ ʚʚʝʜʝʥʠʷ ʥʝʙʦʣʴʰʦʛʦ 
ʢʦʣʠʯʝʩʪʚʘ ʘʧʦʣʷʨʥʦʛʦ ʩʦʙʠʨʘʪʝʣʷ ï ʪʝʭʥʠʯʝʩʢʦʛʦ ʤʘʩʣʘ 
(ʢʝʨʦʩʠʥʘ, ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʧʨ.). ɺ ʢʦʣʣʝʢʪʠʚʥʦʡ ʬʣʦʪʘʮʠʠ 
ʤʦʣʠʙʜʝʥʦʚʳʝ ʤʠʥʝʨʘʣʳ ʯʘʩʪʠʯʥʦ ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʢʩʘʥʪʘʪʘʤʠ, 
ʦʜʥʘʢʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ pH (ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʧʠʨʠʪʘ) ʠʭ 
ʚʩʧʣʳʚʘʝʤʦʩʪʴ ʫʭʫʜʰʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʚ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʶʪ 
ʢʦʤʙʠʥʘʮʠʶ: ʫʤʝʨʝʥʥʦ ʱʝʣʦʯʥʘʷ ʩʨʝʜʘ (pH ~8,5ï9,5) ʠ 
ʜʦʟʠʨʦʚʘʥʠʝ ʥʝʬʪʷʥʳʭ ʩʦʙʠʨʘʪʝʣʝʡ ʜʣʷ ʤʦʣʠʙʜʝʥʘ ʚʤʝʩʪʝ ʩ 
ʩʫʣʴʬʠʜʥʳʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ ʜʣʷ ʤʝʜʠ. ɺ ʧʨʦʮʝʩʩʝ ʩʝʣʝʢʪʠʚʥʦʡ 
ʤʦʣʠʙʜʝʥʦʚʦʡ ʬʣʦʪʘʮʠʠ (ʧʦʩʣʝ ʩʪʘʜʠʠ ʜʝʩʦʨʙʮʠʠ ʩʦʙʠʨʘʪʝʣʷ) 
ʯʘʩʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʷʪ ʩʚʝʞʫʶ ʧʦʨʮʠʶ ʩʦʙʠʨʘʪʝʣʷ ʜʣʷ 
ʤʦʣʠʙʜʝʥʠʪʘ ï ʣʠʙʦ ʘʧʦʣʷʨʥʦʛʦ ʤʘʩʣʘ, ʣʠʙʦ ʩʫʣʴʬʠʜʥʦʛʦ 
ʢʦʣʣʝʢʪʦʨʘ ʪʠʧʘ ʢʩʘʥʪʘʪʘ/ʘʵʨʦʬʣʦʪʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʮʝʥʪʨʘʪʘ. ʇʝʥʦʦʙʨʘʟʦʚʘʪʝʣʠ, 
ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʭʝʤʝ, ï ʢʘʢ ʧʨʘʚʠʣʦ, ʩʪʘʥʜʘʨʪʥʳʝ: ʚʩʧʝʥʠʚʘʪʝʣʠ 
ʪʠʧʘ ʄʀɹʂ (ʠʟʦʙʫʪʠʣʢʘʨʙʠʥʦʣ), ʊ-80 (ʩʠʥʪʝʪʠʯʝʩʢʠʡ) ʠʣʠ ʩʦʩʥʦʚʦʝ 

ʉʡʪ. 6. ʇʚʧʚʲʹʦʦʙʸ ʫʞʮʦʧʤʧʜʡʰʞʪʣʙʸ ʪʮʞʥʙ ʭʤʧʫʙʯʡʧʦʦʧʜʧ ʧʚʧʜʙʲʞʦʡʸ ʩʬʝʴ ʥʞʪʫʧʩʧʟʝʞʦʡʸ çɫʱʤʡʣ-Iè  
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ʤʘʩʣʦ. ʆʥʠ ʧʦʜʙʠʨʘʶʪʩʷ ʩ ʫʯʝʪʦʤ ʢʨʫʧʥʦʩʪʠ ʠ ʛʠʜʨʦʬʦʙʥʦʩʪʠ 
ʯʘʩʪʠʮ ʤʦʣʠʙʜʝʥʠʪʘ: ʫʩʪʘʥʦʚʣʝʥʦ, ʥʘʧʨʠʤʝʨ, ʯʪʦ ʚʳʙʦʨ 
ʚʩʧʝʥʠʚʘʪʝʣʷ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʬʣʦʪʘʮʠʠ ʤʦʣʠʙʜʝʥʘ. 
ɼʝʧʨʝʩʩʦʨʘʤʠ ʚ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʦʡ ʬʣʦʪʘʮʠʠ ʩʣʫʞʘʪ 
ʩʦʝʜʠʥʝʥʠʷ, ʧʦʜʘʚʣʷʶʱʠʝ ʧʫʩʪʫʶ ʧʦʨʦʜʫ ʠ ʧʠʨʠʪ ï ʛʣʘʚʥʳʤ 
ʦʙʨʘʟʦʤ ʠʟʚʝʩʪʴ (CaO) ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʚʳʰʝʥʥʦʛʦ pH, ʘ ʪʘʢʞʝ 
ʩʫʣʴʬʘʪ ʮʠʥʢʘ ʠ ʮʠʘʥʠʜʳ/ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ ʨʝʘʛʝʥʪʳ ʧʨʠ 
ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʙʠʨʘʪʝʣʴʥʦ ʧʦʜʘʚʠʪʴ ʮʠʥʢʦʚʳʝ ʠʣʠ ʞʝʣʝʟʠʩʪʳʝ 
ʤʠʥʝʨʘʣʳ. 
ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʟʦʣʦʪʘ ʚ ʨʫʜʝ çɪʰʣʠʢ

-Iè ʩʚʷʟʘʥʘ ʩ ʧʠʨʠʪʦʤ ʠ ʫʩʪʦʡʯʠʚʳʤʠ ʤʠʥʝʨʘʣʘʤʠ (ʪʝʣʣʫʨʠʜʘʤʠ). 
ʇʦʵʪʦʤʫ ʜʘʞʝ ʧʨʠʤʝʥʝʥʠʝ ʩʝʣʝʢʪʠʚʥʳʭ ʬʣʦʪʘʮʠʦʥʥʳʭ ʨʝʘʛʝʥʪʦʚ 
ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʯʴ ʚʩʝ ʟʦʣʦʪʦ ʚ ʩʫʣʴʬʠʜʥʳʝ ʢʦʥʮʝʥʪʨʘʪʳ ï 
ʯʘʩʪʴ ʦʩʪʘʝʪʩʷ ʚ ʭʚʦʩʪʘʭ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʘ ʥʦʚʦʡ 
ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʝ ɸɻʄʂ (ɸʣʤʘʣʳʢ) ʧʣʘʥʠʨʫʝʪʩʷ 
ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ: ʬʣʦʪʘʮʠʷ ʤʝʜʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 
ʩʦʨʙʮʠʦʥʥʳʤ ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ ʟʦʣʦʪʘ ʠʟ ʭʚʦʩʪʦʚ (ʮʠʘʥʠʨʦʚʘʥʠʝ). 
ʊʘʢʘʷ ʢʦʤʙʠʥʘʮʠʷ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʷ ʠ 
ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʦʙʱʝʝ ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ. 

 ʅʘ ʩʭʝʤʝ (ʨʠʩ. 2) ʧʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ: ʠʩʭʦʜʥʘʷ ʨʫʜʘ 
ʧʦʩʣʝ ʜʨʦʙʣʝʥʠʷ ʠ ʠʟʤʝʣʴʯʝʥʠʷ ʧʦʩʪʫʧʘʝʪ ʚ ʙʣʦʢ ʢʦʣʣʝʢʪʠʚʥʦʡ 
ʬʣʦʪʘʮʠʠ, ʛʜʝ ʩʫʣʴʬʠʜʳ ʤʝʜʠ ʠ ʤʦʣʠʙʜʝʥʘ ʠʟʚʣʝʢʘʶʪʩʷ 
ʩʦʚʤʝʩʪʥʦ ʚ ʢʦʣʣʝʢʪʠʚʥʳʡ ʢʦʥʮʝʥʪʨʘʪ [6]. ʂʦʣʣʝʢʪʠʚʥʳʡ 
ʢʦʥʮʝʥʪʨʘʪ ʧʦʩʣʝ ʩʛʫʱʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʨʝʘʛʝʥʪʘʤʠ ʥʘʧʨʘʚʣʷʝʪʩʷ 
ʚ ʙʣʦʢ ʩʝʣʝʢʪʠʚʥʦʡ ʤʦʣʠʙʜʝʥʦʚʦʡ ʬʣʦʪʘʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ 
ʧʦʣʫʯʘʶʪ ʤʦʣʠʙʜʝʥʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ (ʚ ʚʠʜʝ ʧʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ) ʠ 
ʤʝʜʥʳʡ ʢʦʥʮʝʥʪʨʘʪ (ʢʘʤʝʨʘʣʴʥʳʡ ʧʨʦʜʫʢʪ). ʄʝʜʥʳʡ ʢʦʥʮʝʥʪʨʘʪ 
ʩʦʜʝʨʞʠʪ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ ʟʦʣʦʪʘ (ʪʦʥʢʦʚʢʨʘʧʣʝʥʥʦʤ ʚʠʜʝ ʚ 
ʩʫʣʴʬʠʜʘʭ ʠ ʪʝʣʣʫʨʠʜʘʭ), ʪʦʛʜʘ ʢʘʢ ʤʦʣʠʙʜʝʥʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ 
ʦʙʦʛʘʱʸʥ ʤʦʣʠʙʜʝʥʠʪʦʤ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʜʝʨʞʠʪ ʣʠʰʴ ʩʣʝʜʳ Au 
ʠ Cu. ʍʚʦʩʪʳ ʢʦʣʣʝʢʪʠʚʥʦʡ ʬʣʦʪʘʮʠʠ, ʩʦʜʝʨʞʘʱʠʝ ʦʩʪʘʪʦʯʥʦʝ 
ʟʦʣʦʪʦ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʠʜʝ ʥʝʧʣʘʚʘʶʱʝʛʦ ʧʠʨʠʪʘ ʠ ʜʨʫʛʠʭ 
ʤʠʥʝʨʘʣʦʚ), ʥʘʧʨʘʚʣʷʶʪʩʷ ʥʘ ʩʦʨʙʮʠʦʥʥʦʝ ʮʠʘʥʠʨʦʚʘʥʠʝ ï 
ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ʠʟ ʧʫʣʴʧʳ ʩ ʧʦʤʦʱʴʶ ʮʠʘʥʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ 
ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʮʠʘʥʠʨʦʚʘʥʠʷ ʠʟ ʭʚʦʩʪʦʚ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʜʝʣʷʝʪʩʷ ʟʦʣʦʪʦ (ʩ ʧʦʣʫʯʝʥʠʝʤ ʪʦʚʘʨʥʦʛʦ 
ʘʜʩʦʨʙʘʪʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʜʘʣʝʝ ʧʦʣʫʯʘʶʪ ʩʣʠʪʦʢ Dore ʠʣʠ ʢʘʪʦʜʥʦʝ 
ʟʦʣʦʪʦ). ʆʢʦʥʯʘʪʝʣʴʥʳʝ ʭʚʦʩʪʳ ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ Au 
ʦʪʧʨʘʚʣʷʶʪʩʷ ʚ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʭʝʤʘ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʳʨʴʷ: ʬʣʦʪʘʮʠʷ ʜʘʝʪ 
ʤʝʜʥʳʡ ʠ ʤʦʣʠʙʜʝʥʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪʳ, ʘ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʷ ï 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʡ ʧʨʦʜʫʢʪ. 
ʈʧʤʬʰʞʦʦʴʞ ʩʞʠʬʤʵʫʙʫʴ ʡ ʡʮ ʧʚʪʬʟʝʞʦʡʞ  
ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ 

ʚʳʭʦʜʫ ʠ ʢʘʯʝʩʪʚʫ ʧʦʣʫʯʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʠ ʩʪʝʧʝʥʷʤ 
ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʦʚ. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʘ ʠʩʧʳʪʘʥʘ 
ʩʪʘʥʜʘʨʪʥʘʷ ʨʝʘʛʝʥʪʥʘʷ ʩʭʝʤʘ (ʙʘʟʦʚʳʡ ʚʘʨʠʘʥʪ: ʢʦʣʣʝʢʪʦʨ ï 
ʙʫʪʠʣʦʚʳʡ ʢʩʘʥʪʦʛʝʥʘʪ, pH 10ï11 ʠʟʚʝʩʪʴʶ, ʙʝʟ ʩʧʝʮʠʘʣʴʥʳʭ 
ʜʦʙʘʚʦʢ) ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ï ʫʣʫʯʰʝʥʥʘʷ ʩʭʝʤʘ ʩ ʩʝʣʝʢʪʠʚʥʳʤ 
ʩʦʙʠʨʘʪʝʣʝʤ (ʢʦʤʙʠʥʘʮʠʷ ʢʩʘʥʪʦʛʝʥʘʪʘ ʩ ʜʠʪʠʦʬʦʩʬʘʪʥʳʤ 
ʨʝʘʛʝʥʪʦʤ ʪʠʧʘ Aerophine ʠ ʪʠʦʢʘʨʙʘʤʘʪʦʤ, ʧʨʠ pH ~9ï9,5). ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 
ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʝʘʛʝʥʪʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʠʟʚʣʝʯʝʥʠʝ ʤʝʜʠ ʠ 
ʟʦʣʦʪʘ ʚ ʢʦʥʮʝʥʪʨʘʪ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʤʦʣʠʙʜʝʥʘ. ʊʘʢ, ʚ 
ʦʧʳʪʘʭ ʩ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤ ʩʦʙʠʨʘʪʝʣʝʤ ʩʫʤʤʘʨʥʦʝ ʠʟʚʣʝʯʝʥʠʝ 
ʤʝʜʠ ʜʦʩʪʠʛʣʦ ~90 %, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʦʜʥʦʤ ʢʩʘʥʪʦʛʝʥʘʪʝ ʥʝ 
ʧʨʝʚʳʰʘʣʦ ~82ï85 %. ʀʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ʚʦʟʨʦʩʣʦ ʩ ~60 % ʜʦ ~70 
%, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝʤ ʧʦʪʝʨʴ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʟʦʣʦʪʘ ʩ 
ʧʠʨʠʪʥʳʤʠ ʭʚʦʩʪʘʤʠ (ʙʣʘʛʦʜʘʨʷ ʜʝʧʨʝʩʩʠʠ ʧʠʨʠʪʘ ʩʝʣʝʢʪʠʚʥʳʤ 
ʨʝʘʛʝʥʪʦʤ). ɼʘʥʥʳʝ ʧʦ ʤʦʣʠʙʜʝʥʫ ʪʘʢʞʝ ʫʣʫʯʰʠʣʠʩʴ: ʠʟʚʣʝʯʝʥʠʝ 
ʤʦʣʠʙʜʝʥʘ ʚ ʤʦʣʠʙʜʝʥʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ ʫʚʝʣʠʯʠʣʦʩʴ ʩ ~50 % ʜʦ 
~60 %. ʇʦʚʳʰʝʥʠʝ ʠʟʚʣʝʯʝʥʠʷ ʤʝʜʠ ʠ ʤʦʣʠʙʜʝʥʘ ʧʨʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʩʦʙʠʨʘʪʝʣʷ ʦʪʤʝʯʘʝʪʩʷ ʠ ʚ 
ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ï ʥʘʧʨʠʤʝʨ, ʟʘʤʝʥʘ ʦʜʥʦʛʦ ʢʩʘʥʪʦʛʝʥʘʪʘ 

ʥʘ ʩʤʝʩʴ ʨʝʘʛʝʥʪʦʚ ʩʝʨʠʠ S ʜʘʣʘ ʧʨʠʨʦʩʪ ʠʟʚʣʝʯʝʥʠʷ ʤʝʜʠ ʥʘ 6ï
10 %, ʘ ʤʦʣʠʙʜʝʥʘ ï ʥʘ 3ï5 % [17,18]. 
ʇʦ ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙʣ. 1, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʠʤʠ-

ʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʫʜʳ ʥʘ 87,68% ʧʨʝʜʩʪʘʚʣʝʥ ʣʠʪʦʬʠʣʴʥʳʤʠ ʢʦʤʧʦ-
ʥʝʥʪʘʤʠ. ʆʩʥʦʚʥʳʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʦʢʩʠʜ ʢʨʝʤʥʠʷ, ʜʦʣʷ ʢʦʪʦʨʦʛʦ 
ʩʦʩʪʘʚʣʷʝʪ 51,6%. ʉʦʜʝʨʞʘʥʠʝ ʛʣʠʥʦʟʝʤʘ ʩʦʩʪʘʚʣʷʝʪ 15,29%. 
ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ 
ʩʦʩʪʘʚʣʷʝʪ 16,03%. ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 0,25 ʠ ʚʩʪʨʝ-
ʯʘʝʪʩʷ ʚʦ ʚʩʝʭ ʢʘʨʙʦʥʘʪʘʭ.  
ʇʦʣʫʯʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ. ʄʝʜʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʠʤʝʝʪ ʤʘʩʩʦʚʫʶ ʜʦʣʶ 
Cu ~18ï20 % ʠ ʩʦʜʝʨʞʠʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʟʦʣʦʪʘ (ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʳʪʦʚ ï ~10ï20 ʛ/ʪ Au). 
ʄʘʩʩʦʚʳʡ ʚʳʭʦʜ ʤʝʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʠʟ ʨʫʜʳ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 
1ï2 % ʦʪ ʤʘʩʩʳ ʨʫʜʳ, ʪʦ ʝʩʪʴ ʦʙʦʛʘʱʝʥʠʝ ʧʨʠʤʝʨʥʦ ʚ 50ï100 ʨʘʟ 
ʧʦ ʤʝʜʠ. ʀʟʚʣʝʯʝʥʠʝ ʤʝʜʠ ʚ ʵʪʦʪ ʢʦʥʮʝʥʪʨʘʪ ʜʦʩʪʠʛʘʝʪ ~85ï90 % 
(ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʬʣʦʪʘʮʠʠ). ɼʣʷ ʟʦʣʦʪʘ ʠʟʚʣʝʯʝʥʠʝ ʚ 
ʤʝʜʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʦʙʳʯʥʦ ʥʠʞʝ ï ʚ ʥʘʰʠʭ ʦʧʳʪʘʭ ~60ï70 %, 
ʧʦʩʢʦʣʴʢʫ ʯʘʩʪʴ ʟʦʣʦʪʘ ʦʩʪʘʝʪʩʷ ʚ ʭʚʦʩʪʘʭ ʚ ʩʦʩʪʘʚʝ ʫʧʦʨʥʳʭ 
ʤʠʥʝʨʘʣʦʚ. ʄʦʣʠʙʜʝʥʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʠʤ 
ʩʦʜʝʨʞʘʥʠʝʤ Mo ï ʧʦʨʷʜʢʘ 45ï50 % Mo (ʦʩʪʘʣʴʥʦʝ ï ʧʨʠʤʝʩʠ 
ʤʝʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ, ʧʠʨʠʪ ʠ ʧʨ.). ɺʳʭʦʜ ʤʦʣʠʙʜʝʥʦʚʦʛʦ 
ʢʦʥʮʝʥʪʨʘʪʘ ʦʯʝʥʴ ʤʘʣ (<0,1 % ʦʪ ʤʘʩʩʳ ʨʫʜʳ); ʥʘʧʨʠʤʝʨ, ʠʟ 1 
ʪʦʥʥʳ ʨʫʜʳ ʧʦʣʫʯʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʢʠʣʦʛʨʘʤʤʦʚ ʤʦʣʠʙʜʝʥʦʚʦʛʦ 
ʢʦʥʮʝʥʪʨʘʪʘ. ʇʨʠ ʵʪʦʤ ʠʟʚʣʝʯʝʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ ʢʦʥʮʝʥʪʨʘʪ 
ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 50ï70 % ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʪʝʩʪʘʭ, ʯʪʦ 
ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʧʦ ʜʝʡʩʪʚʫʶʱʠʤ ʧʨʦʠʟʚʦʜʩʪʚʘʤ (ʤʦʣʠʙʜʝʥ 
ʠʟʚʣʝʢʘʝʪʩʷ ʥʘ 40ï80 % ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 
ʨʫʜʳ ʠ ʪʦʥʢʦʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ). ʐʠʨʦʢʠʡ ʨʘʟʙʨʦʩ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ 
ʤʦʣʠʙʜʝʥʫ ʦʙʫʩʣʦʚʣʝʥ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʚʝʜʝʥʠʷ ʤʦʣʠʙʜʝʥʠʪʘ: 
ʯʘʩʪʴ ʝʛʦ ʤʦʞʝʪ ʪʝʨʷʪʴʩʷ ʚ ʤʝʣʢʠʭ ʢʣʘʩʩʘʭ ʠ ʪʨʫʜʥʦ ʧʦʜʜʘʚʘʪʴʩʷ 
ʬʣʦʪʘʮʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ ʢʦʥʮʝʥʪʨʘʪʝ 
ʦʙʳʯʥʦ ʚʳʩʦʢʦʝ (30ï55 % Mo), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ 
ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʝʨʝʜʝʣʘ [19]. 
ʉ ʫʯʝʪʦʤ ʧʨʠʩʫʪʩʪʚʠʷ ʫʧʦʨʥʦʛʦ ʟʦʣʦʪʘ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʠʟʚʣʝʯʝʥʠʷ Au ʠʟ ʭʚʦʩʪʦʚ ʬʣʦʪʘʮʠʠ. ɺ 
ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʧʳʪʘʭ ʮʠʘʥʠʨʦʚʘʥʠʝ ʭʚʦʩʪʦʚ (ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 
NaCN ~0,5 ʛ/ʣ, ʚʨʝʤʷ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 24 ʯʘʩʘ) ʧʦʟʚʦʣʠʣʦ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʚʣʝʯʴ ʜʦ 20ï30 % ʟʦʣʦʪʘ, ʧʦʚʳʰʘʷ ʩʦʚʦʢʫʧʥʦʝ 
ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ʧʦ ʩʭʝʤʝ ʜʦ ~85ï90 %. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʢʦʤʙʠʥʘʮʠʷ ʬʣʦʪʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 
ʜʦʚʳʱʝʣʘʯʠʚʘʥʠʷ ʟʦʣʦʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ ʦʙʱʝʝ 
ʠʟʚʣʝʯʝʥʠʝ ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ. ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʝʢʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘ ʬʘʙʨʠʢʝ ˉ3 
ɸɻʄʂ: ʧʦ ʧʨʦʝʢʪʥʳʤ ʜʘʥʥʳʤ, ʠʟʚʣʝʯʝʥʠʝ ʤʝʜʠ ʦʞʠʜʘʝʪʩʷ ʥʘ 
ʫʨʦʚʥʝ ~85 %, ʟʦʣʦʪʘ ï ʧʦʨʷʜʢʘ 80ï85 % (ʩʫʤʤʘʨʥʦ, ʚʢʣʶʯʘʷ 
ʬʣʦʪʘʮʠʶ ʠ ʮʠʘʥʠʨʦʚʘʥʠʝ). ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʦʪʤʝʯʝʥʳ ʩʣʫʯʘʠ, 

 ʋʙʚʤʡʯʙ 1 
ʎʡʥʡʰʞʪʣʡʢ ʪʧʪʫʙʛ ʩʬʝʴ ʥʞʪʫʧʩʧʟʝʞʦʡʸ çɫʱʤʡʣ-Iè 

ʖʤʞʥʞʦʫʴ, 
ʣʧʥʨʧʦʞʦʫʴ 

ʅʙʪʪʧʛʙʸ 
ʝʧʤʸ, % 

ʖʤʞʥʞʦʫʴ, 
ʣʧʥʨʧʦʞʦʫʴ 

ʅʙʪʪʧʛʙʸ 
ʝʧʤʸ, % 

SiO2 51.6 Feʩʫʣʴʬʘʪ 0.61 

Al2O3 15.29 Feoksid 3,15 

CaO 5.83 Sumum 2,06 

K2O 3.46 Ssulfat 0.66 

Na2O 1.96 Cu 0.432 

MgO 4.76 Zn 0.015 

P2O5 0.22 Pb 0.017 

TiO2 0.05 Ba 0.048 

Cʦʙʱ 0.25 Mo 0,0067 

Feʦʙʱ 3,76 Ni 0.019 
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MINERAL PROCESSING 

ʢʦʛʜʘ ʧʨʠʤʝʥʝʥʠʝ ʬʣʦʪʘʮʠʦʥʥʦ-ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʩʭʝʤ 
ʦʙʝʩʧʝʯʠʚʘʣʦ ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ~90 % ʠ ʚʳʰʝ. 

 ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʬʣʦʪʘʮʠʠ. ɺʠʜʥʦ, ʯʪʦ 
ʤʝʜʴ ʬʣʦʪʠʨʫʝʪʩʷ ʙʳʩʪʨʝʝ ʠ ʜʦʩʪʠʛʘʝʪ ~80 % ʠʟʚʣʝʯʝʥʠʷ ʟʘ 
ʧʝʨʚʳʝ 5 ʤʠʥʫʪ, ʜʘʣʝʝ ʧʦʩʪʝʧʝʥʥʦ ʧʦʚʳʰʘʷʩʴ ʜʦ ~87 %. ɿʦʣʦʪʦ 
ʠʟʚʣʝʢʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʤʝʜʣʝʥʥʝʝ: ʟʘ 5 ʤʠʥʫʪ ʦʢʦʣʦ 65 %, ʚʳʭʦʜ 
ʥʘ ʧʣʘʪʦ ~70 % ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʬʣʦʪʘʮʠʠ. ʈʘʟʥʠʮʘ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, 
ʯʪʦ ʯʘʩʪʴ ʟʦʣʦʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʪʨʫʜʥʦʚʩʧʝʥʠʚʘʝʤʦʡ ʬʦʨʤʝ 
(ʥʘʧʨʠʤʝʨ, ʚ ʧʠʨʠʪʝ), ʠ ʜʣʷ ʝʛʦ ʬʣʦʪʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝ 
ʚʨʝʤʝʥʠ ʠʣʠ ʩʧʝʮʠʘʣʴʥʳʝ ʫʩʣʦʚʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 
ʩʦʙʠʨʘʪʝʣʷ ʫʩʢʦʨʷʝʪ ʢʠʥʝʪʠʢʫ ʠʟʚʣʝʯʝʥʠʷ ʦʙʝʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 
ʂʨʠʚʳʝ ʥʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 3) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʠʧʠʯʥʳʡ ʭʘʨʘʢʪʝʨ 
ʬʣʦʪʘʮʠʦʥʥʦʡ ʢʠʥʝʪʠʢʠ: ʙʳʩʪʨʳʡ ʥʘʯʘʣʴʥʳʡ ʨʦʩʪ ʠʟʚʣʝʯʝʥʠʷ ʩ 
ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʭʦʜʦʤ ʥʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʜʣʷ ʨʫʜ ʪʠʧʘ çɪʰʣʠʢ-Iè 
ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʢʦʣʣʝʢʪʠʚʥʦ-
ʩʝʣʝʢʪʠʚʥʦʡ ʬʣʦʪʘʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘʛʝʥʪʦʚ. 
ʇʨʠʤʝʥʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʦʨʘ ʨʝʘʛʝʥʪʦʚ (ʢʩʘʥʪʦʛʝʥʘʪ + 
ʠʟʚʝʩʪʴ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʤʝʜʠ (~80
ï85 %), ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ʠ ʤʦʣʠʙʜʝʥʘ. 
ɺʢʣʶʯʝʥʠʝ ʩʝʣʝʢʪʠʚʥʳʭ ʩʦʙʠʨʘʪʝʣʝʡ (ʜʠʪʠʦʬʦʩʬʘʪʳ, ʘʵʨʦʬʠʥʳ 
ʠ ʠʭ ʩʤʝʩʠ) ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʬʣʦʪʘʮʠʶ ʧʠʨʠʪʘ ʠ 
ʧʦʪʝʨʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʥʠʤ. ʇʦʚʳʰʝʥʠʝ ʠʟʚʣʝʯʝʥʠʷ 
ʟʦʣʦʪʘ ʧʨʠ ʬʣʦʪʘʮʠʠ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʟʦʣʦʪʦ ʘʩʩʦʮʠʠʨʦʚʘʥʦ 
ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʩ ʤʝʜʥʳʤ ʢʦʥʮʝʥʪʨʘʪʦʤ (ʚ ʩʦʩʪʘʚʝ 
ʚʢʣʶʯʝʥʠʡ ʚ ʭʘʣʴʢʦʧʠʨʠʪʝ ʠ ʯʘʩʪʠʯʥʦ ʚ ʚʠʜʝ ʪʝʣʝʫʨʠʜʥʳʭ ʟʝʨʝʥ, 
ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʩʦʙʠʨʘʪʝʣʠ). ʉʝʣʝʢʪʠʚʥʳʝ ʨʝʘʛʝʥʪʳ 
ʫʣʫʯʰʘʶʪ ʫʩʣʦʚʠʷ ʟʘʭʚʘʪʘ ʪʘʢʠʭ ʯʘʩʪʠʮ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʘʚʣʷʷ 
ʧʫʩʪʫʶ ʧʦʨʦʜʫ. ʆʜʥʘʢʦ ʯʘʩʪʴ ʟʦʣʦʪʘ (ʦʩʦʙʝʥʥʦ ʚ ʩʦʩʪʘʚʝ 
ʫʩʪʦʡʯʠʚʳʭ ʪʝʣʣʫʨʠʜʦʚ ʪʠʧʘ ʢʘʣʘʚʝʨʠʪʘ AuTe2) ʚʩʝ ʨʘʚʥʦ 
ʦʩʪʘʝʪʩʷ ʚʦ ʬʣʦʪʘʮʠʦʥʥʳʭ ʭʚʦʩʪʘʭ. ɼʣʷ ʧʦʣʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ 
ʪʨʝʙʫʝʪʩʷ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʜʦʨʘʙʦʪʢʘ. ʉʦʨʙʮʠʦʥʥʦʝ 
ʮʠʘʥʠʨʦʚʘʥʠʝ ʭʚʦʩʪʦʚ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʦʧʳʪʳ, ʧʦʟʚʦʣʷʝʪ 
ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ, ʜʦʚʦʜʷ ʩʫʤʤʘʨʥʦʝ ʠʟʚʣʝʯʝʥʠʝ 
Au ʜʦ ʫʨʦʚʥʷ, ʩʨʘʚʥʠʤʦʛʦ ʩ ʠʟʚʣʝʯʝʥʠʝʤ ʤʝʜʠ (å85ï90 %). ʕʪʦ 
ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʙʦʛʘʪʳʭ ʟʦʣʦʪʦʤ 
ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʭ ʨʫʜ, ʧʦʩʢʦʣʴʢʫ ʟʦʣʦʪʦ ʩʦʩʪʘʚʣʷʝʪ 
ʩʫʱʝʩʪʚʝʥʥʫʶ ʜʦʣʶ ʮʝʥʥʦʩʪʠ ʩʳʨʴʷ [10]. 
ʏʪʦ ʢʘʩʘʝʪʩʷ ʤʦʣʠʙʜʝʥʘ, ʪʦ ʪʝʭʥʦʣʦʛʠʷ ʬʣʦʪʘʮʠʠ ʩ 

ʜʝʧʨʝʩʩʠʝʡ ʤʝʜʠ ʩ ʧʦʤʦʱʴʶ ʩʫʣʴʬʠʜʥʳʭ ʜʝʧʨʝʩʩʦʨʦʚ (NaHS, 
Na2S) ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʩʝʙʷ ʥʘ ʤʥʦʛʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ (ʥʘʧʨʠʤʝʨ, 
ʕʨʜʵʥʵʪ, ɹʠʥʛʝʤ, ʏʫʢʠʢʘʤʘʪʘ ʠ ʜʨ.). ʀʟʚʣʝʯʝʥʠʝ ʤʦʣʠʙʜʝʥʘ 
ʦʙʳʯʥʦ ʥʠʞʝ ʤʝʜʥʦʛʦ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʣʠʙʜʝʥʠʪʘ (ʭʨʫʧʢʦʩʪʴ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʥʢʠʭ ʯʘʩʪʠʮ ʧʨʠ ʧʝʨʝʤʦʣʝ ʠ ʪ.ʜ.). ʊʝʤ ʥʝ ʤʝʥʝʝ, 
ʧʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ï ʜʝʩʦʨʙʮʠʷ ʩʦʙʠʨʘʪʝʣʷ 
ʥʘʛʨʝʚʦʤ ʠ ʨʝʘʛʝʥʪʘʤʠ ʧʝʨʝʜ ʨʘʟʜʝʣʝʥʠʝʤ ï ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 
ʩʝʣʝʢʪʠʚʥʦʩʪʴ. ɺ ʧʘʪʝʥʪʥʳʭ ʨʝʰʝʥʠʷʭ ʧʨʝʜʣʘʛʘʶʪʩʷ ʪʘʢʞʝ 
ʚʘʨʠʘʥʪʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʬʣʦʪʘʮʠʠ ʤʦʣʠʙʜʝʥʘ ʜʦ ʚʚʝʜʝʥʠʷ 
ʩʦʙʠʨʘʪʝʣʝʡ (ʪ.ʥ. çʢʦʣʣʝʢʪʦʨʣʝʩʩè ʬʣʦʪʘʮʠʷ ʤʦʣʠʙʜʝʥʘ), ʣʠʙʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʪʠʧʦʚ ʜʝʧʨʝʩʩʦʨʦʚ (ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ, 
ʨʝʘʛʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʜʨ.) ʜʣʷ ʙʦʣʝʝ 
ʚʳʙʦʨʦʯʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʧʦʨʦʜʳ ʚʤʝʩʪʦ ʤʦʣʠʙʜʝʥʘ. ʕʪʠ 
ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʘʢʪʫʘʣʴʥʳ ʠ ʜʣʷ ʨʫʜʳ çɪʰʣʠʢ-Iè, 
ʫʯʠʪʳʚʘʷ ʧʨʠʩʫʪʩʪʚʠʝ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʦʢʠʩʣʝʥʥʳʭ ʬʦʨʤ, 
ʩʧʦʩʦʙʥʳʭ ʩʦʨʙʠʨʦʚʘʪʴ ʨʝʘʛʝʥʪʳ. 
ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʟʦʣʦʪʘ ʚ ʨʫʜʝ. ʅʘʣʠʯʠʝ ʪʝʣʣʫʨʠʜʦʚ ʟʦʣʦʪʘ ʫʩʣʦʞʥʷʝʪ 
ʢʘʢ ʬʣʦʪʘʮʠʶ, ʪʘʢ ʠ ʮʠʘʥʠʨʦʚʘʥʠʝ (ʪʝʣʣʫʨʠʜʳ ʧʣʦʭʦ 
ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʮʠʘʥʠʜʝ). ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ 
ʫʣʫʯʰʝʥʠʷ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʠʟ ʪʘʢʠʭ ʨʫʜ ʤʦʛʫʪ 
ʧʨʠʤʝʥʷʪʴ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 
ʦʙʨʘʙʦʪʢʠ ʢʦʥʮʝʥʪʨʘʪʦʚ ʠʣʠ ʭʚʦʩʪʦʚ ï ʥʘʧʨʠʤʝʨ, 
ʙʘʢʦʚʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʝ, ʘʚʪʦʢʣʘʚʥʦʝ ʦʢʠʩʣʝʥʠʝ ʠʣʠ 
ʙʠʦʦʢʠʩʣʝʥʠʝ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʪʝʣʣʫʨʠʜʥʳʭ ʠ 
ʩʫʣʴʬʠʜʥʳʭ ʤʘʪʨʠʮ. ɺ ʢʦʥʪʝʢʩʪʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
çɪʰʣʠʢ-Iè ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʦ 
ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʧʠʨʠʪʥʳʭ ʭʚʦʩʪʦʚ 
ʧʝʨʝʜ ʮʠʘʥʠʨʦʚʘʥʠʝʤ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʚʦʧʨʦʩʳ 
ʚʳʭʦʜʷʪ ʟʘ ʨʘʤʢʠ ʜʘʥʥʦʡ ʩʦʢʨʘʱʝʥʥʦʡ ʩʪʘʪʴʠ ʠ 
ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʩʫʞʜʘʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ 
ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʢʦʤʙʠʥʘʮʠʷ ʤʝʪʦʜʦʚ ï 
ʬʣʦʪʘʮʠʦʥʥʦʛʦ (ʜʣʷ ʩʫʣʴʬʠʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ Cu, 
Mo, ʯʘʩʪʠʯʥʦ Au) ʠ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ (ʜʣʷ 
ʦʩʪʘʪʦʯʥʦʛʦ Au) ï ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ 
ʢʦʤʧʣʝʢʩʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʨʝʘʛʝʥʪʳ-
ʩʦʙʠʨʘʪʝʣʠ, ʦʙʣʘʜʘʶʱʠʝ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴʶ ʢ 

ʮʝʥʥʳʤ ʩʫʣʴʬʠʜʘʤ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝ ʨʝʘʛʠʨʫʶʱʠʝ ʩ ʧʠʨʠʪʦʤ, 
ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʪʳ, 
ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʤʝʪʘʣʣʫʨʛʠʠ (ʩʦʜʝʨʞʘʥʠʝ Cu ʚ 
ʢʦʥʮʝʥʪʨʘʪʝ >18 %, Mo >45 %). ɺ ʪʦʞʝ ʚʨʝʤʷ, ʜʦʩʪʠʛʥʫʪʦʝ 
ʩʫʤʤʘʨʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ~85ï90 % ʧʨʠʙʣʠʞʘʝʪ ʪʝʭʥʦʣʦʛʠʶ 
ʦʙʦʛʘʱʝʥʠʷ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʭ ʨʫʜ ʢ ʧʦʢʘʟʘʪʝʣʷʤ ʠʟʚʣʝʯʝʥʠʷ 
ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʟʦʣʦʪʳʭ ʨʫʜ.  
ʕʪʦ ʦʩʦʙʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʠʧʘ çɪʰʣʠʢ-Iè, ʛʜʝ 

ʩʦʜʝʨʞʠʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʪʦʥʥ ʟʦʣʦʪʘ ʥʘʨʷʜʫ ʩ ʙʘʟʦʚʳʤʠ 
ʤʝʪʘʣʣʘʤʠ [21]. 
ʀʙʣʤʷʰʞʦʡʞ 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ: 
- ʈʘʟʨʘʙʦʪʘʥʘ ʵʬʬʝʢʪʠʚʥʘʷ ʬʣʦʪʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʜʣʷ 

ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʥʦ-ʟʦʣʦʪʦ-ʤʦʣʠʙʜʝʥʦʚʦʡ 
ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɪʰʣʠʢ-Iè. ʉʭʝʤʘ ʚʢʣʶʯʘʝʪ ʢʦʣʣʝʢʪʠʚʥʫʶ 
ʬʣʦʪʘʮʠʶ CuïMo ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ (ʜʝʧʨʝʩʩʠʷ ʧʠʨʠʪʘ ʠʟʚʝʩʪʴʶ) 
ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ, ʧʦʩʣʝʜʫʶʱʫʶ 
ʩʝʣʝʢʪʠʚʥʫʶ ʬʣʦʪʘʮʠʶ ʤʦʣʠʙʜʝʥʘ (ʩ ʜʝʧʨʝʩʩʠʝʡ ʤʝʜʠ ʩʝʨʥʠʩʪʳʤ 
ʥʘʪʨʠʝʤ) ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ʠʟ ʭʚʦʩʪʦʚ 
ʬʣʦʪʘʮʠʠ ʤʝʪʦʜʦʤ ʩʦʨʙʮʠʦʥʥʦʛʦ ʮʠʘʥʠʨʦʚʘʥʠʷ. 

- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʣʝʢʪʠʚʥʳʭ ʨʝʘʛʝʥʪʦʚ-ʩʦʙʠʨʘʪʝʣʝʡ (ʥʦʚʳʝ 
ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ xanthate-ʜʠʪʠʦʬʦʩʬʘʪʥʳʝ ʩʤʝʩʠ, ʘʵʨʦʬʠʥʳ ʠ 
ʪ.ʧ.) ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʧʦʢʘʟʘʪʝʣʠ ʦʙʦʛʘʱʝʥʠʷ. ɺ 
ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʟʘʤʝʥʘ ʦʙʳʯʥʦʛʦ ʢʩʘʥʪʦʛʝʥʘʪʘ ʥʘ 
ʩʝʣʝʢʪʠʚʥʳʡ ʩʦʙʠʨʘʪʝʣʴ ʩʥʠʟʠʣʘ ʩʦʜʝʨʞʘʥʠʝ ʧʠʨʠʪʘ ʚ 
ʢʦʥʮʝʥʪʨʘʪʝ ʚ ~1,5 ʨʘʟʘ ʠ ʧʦʚʳʩʠʣʘ ʠʟʚʣʝʯʝʥʠʝ ʤʝʜʠ ʥʘ 6ï10 %. 
ʆʜʥʦʚʨʝʤʝʥʥʦ ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ʚʦʟʨʦʩʣʦ (~70 % ʧʨʦʪʠʚ ~60 % ʚ 
ʙʘʟʦʚʦʤ ʨʝʞʠʤʝ), ʠʟʚʣʝʯʝʥʠʝ ʤʦʣʠʙʜʝʥʘ ï ʩ ~50 % ʜʦ ~60 %. 

ʉʡʪ. 7. ʃʡʦʞʫʡʣʙ ʭʤʧʫʙʯʡʡ ʥʞʝʡ ʡ ʠʧʤʧʫʙ 
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ʂʦʥʮʝʥʪʨʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ ʨʝʘʛʝʥʪʦʚ, 
ʩʦʜʝʨʞʘʪ ~20 % Cu ʠ ~45ï50 % Mo ʧʨʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ 
ʩʦʜʝʨʞʘʱʝʤ ʟʦʣʦʪʘ (ʜʦ 15ï20 ʛ/ʪ ʚ ʤʝʜʥʦʤ ʢʦʥʮʝʥʪʨʘʪʝ). 

 - ʂʦʤʧʣʝʢʩʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ 
ʚʘʞʥʳʤ ʜʣʷ ʤʝʜʥʦ-ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 
ʦʢʦʣʦ 30ï40 % ʟʦʣʦʪʘ ʨʫʜʳ çɪʰʣʠʢ-Iè ʥʝ ʠʟʚʣʝʢʘʝʪʩʷ ʬʣʦʪʘʮʠʝʡ 
(ʦʩʪʘʸʪʩʷ ʚ ʧʠʨʠʪʥʳʭ ʭʚʦʩʪʘʭ). ɺʢʣʶʯʝʥʠʝ ʩʪʘʜʠʠ ʮʠʘʥʠʨʦʚʘʥʠʷ 
ʭʚʦʩʪʦʚ ʧʦʚʳʰʘʝʪ ʦʙʱʝʝ ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ʜʦ ~85ï90 %, ʯʪʦ 
ʧʦʜʪʚʝʨʞʜʝʥʦ ʦʧʳʪʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʧʨʠʥʷʪʦ ʢ ʨʝʘʣʠʟʘʮʠʠ ʥʘ 
ʬʘʙʨʠʢʝ ɸɻʄʂ. ɼʘʥʥʳʡ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ (ʬʣʦʪʘʮʠʷ + 
ʚʳʱʝʣʘʯʠʚʘʥʠʝ) ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ 
ʧʨʝʜʧʨʠʷʪʠʷʭ, ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʩʭʦʜʥʳʝ ʧʦ ʤʠʥʝʨʘʣʦʛʠʠ 
ʫʧʦʨʥʳʝ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʝ ʨʫʜʳ. 

- ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 
ʧʨʝʜʣʦʞʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʠʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʚʣʝʯʴ ʚ 
ʧʝʨʝʨʘʙʦʪʢʫ ʚʩʝ ʮʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɪʰʣʠʢ-Iè ï 
ʤʝʜʴ, ʤʦʣʠʙʜʝʥ, ʟʦʣʦʪʦ ʠ ʧʦʧʫʪʥʳʝ ʤʝʪʘʣʣʳ. ʆʞʠʜʘʝʤʳʝ ʪʝʭʥʠʢʦ
-ɻ ʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ (ʧʦ ʧʨʦʝʢʪʥʳʤ ʜʘʥʥʳʤ ʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʦʮʝʥʢʘʤ) ï ʠʟʚʣʝʯʝʥʠʝ ʤʝʜʠ ~85ï90 %, 

ʤʦʣʠʙʜʝʥʘ ~50ï70 %, ʟʦʣʦʪʘ ~85 % (ʩ ʫʯʝʪʦʤ ʜʦʠʟʚʣʝʯʝʥʠʷ) ï 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʙʨʘʥʥʦʛʦ ʧʦʜʭʦʜʘ. 
ʇʦʣʫʯʝʥʥʳʝ ʢʦʥʜʠʮʠʦʥʥʳʝ ʢʦʥʮʝʥʪʨʘʪʳ ʠ ʟʦʣʦʪʦ ʙʫʜʫʪ 
ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʩʣʝʜʫʶʱʫʶ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʫʶ ʧʝʨʝʨʘʙʦʪʢʫ 
(ʤʝʜʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ï ʥʘ ʧʣʘʚʢʫ ʩ ʠʟʚʣʝʯʝʥʠʝʤ Au ʠ Ag ʚ 
ʯʝʨʥʦʚʫʶ ʤʝʜʴ; ʤʦʣʠʙʜʝʥʦʚʳʡ ï ʥʘ ʦʙʞʠʛ ʠ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʶ 
ʜʣʷ ʧʦʣʫʯʝʥʠʷ MoO3; ʟʦʣʦʪʦ ʠʟ ʫʛʣʷ ï ʥʘ ʵʣʝʢʪʨʦʣʠʟ ʠʣʠ ʧʨʷʤʦʝ 
ʧʣʘʚʣʝʥʠʝ ʚ ʩʣʠʪʢʠ). 

- ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: 
ʦʧʪʠʤʠʟʘʮʠʷ ʨʝʘʛʝʥʪʥʦʛʦ ʨʝʞʠʤʘ ʧʦʜ ʨʫʜʫ çɪʰʣʠʢ-Iè (ʫʯʝʪ 
ʚʣʠʷʥʠʷ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʨʫʜʝ ʩʝʣʝʥʘ, ʪʝʣʣʫʨʘ ʥʘ ʧʨʦʮʝʩʩ 
ʬʣʦʪʘʮʠʠ ʠ ʮʠʘʥʠʨʦʚʘʥʠʷ), ʠʩʧʳʪʘʥʠʷ ʥʦʚʳʭ ʜʝʧʨʝʩʩʦʨʦʚ ʧʠʨʠʪʘ 
(ʥʘʧʨʠʤʝʨ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ) ʜʣʷ ʧʦʚʳʰʝʥʠʷ 
ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʬʣʦʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʛʨʘʚʠʪʘʮʠʠ ʠʣʠ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʜʣʷ 
ʧʦʚʳʰʝʥʠʷ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ. ʈʝʘʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʥʦʡ 
ʪʝʭʥʦʣʦʛʠʠ ʦʙʦʛʘʱʝʥʠʷ, ʠʟʣʦʞʝʥʥʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʙʫʜʝʪ 
ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʧʦʣʥʦʡ ʠ ʨʝʥʪʘʙʝʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʝ 
ʫʥʠʢʘʣʴʥʦʛʦ ʧʦ ʟʘʧʘʩʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɪʰʣʠʢ-Iè ʚ ʋʟʙʝʢʠʩʪʘʥʝ. 
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ʬʣʦʪʘʮʠʠ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʕʨʜʵʥʵʪʠʡʠʥ- ʆʚʚʦʦ. ʄʘʪʝʨʠʘʣʳ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʇʨʦʙʣʝʤʳ 
ʢʦʤʧʣʝʢʩʥʦʡ ʠ ɻ ʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ʇʣʘʢʩʠʥʩʢʠʝ ʯʪʝʥʠʷ-2021. ʉ.304-
305. 
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ʘʣʬʚʧʛ ʅʙʮʥʬʝʟʧʦ ʅʙʮʙʥʙʝʟʙʦʧʛʡʰ ð ʇʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʄʝʪʘʣʣʫʨʛʠʷè ʌʠʣʠʘʣʘ ʅʀʊʋ çʄʀʉʀʉè ʚ ʛʦʨʦʜʝ 
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FOYDALI QAZILMLARNI BOYITISH  

ʈɾʉʊʈɾʃʋʁɻʔ ʈʉʁʅɾʆɾʆʁʘ ʈʆɾɻʅɹʋʁʐɾʊʃʁʎ                      
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ʋɼʂ 622.765.4.06  
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1 ɸʆ çʅʘʚʦʠʡʩʢʠʡ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè, ʈʝʩʧʫʙʣʠʢʘ ʋʟʙʝʢʠʩʪʘʥ 
2 Boston Consulting Group (BCG), ʈʝʩʧʫʙʣʠʢʘ ʋʟʙʝʢʠʩʪʘʥ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʙʦʩʥʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʨʠʤʝʥʝʥʠʷ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʬʣʦʪʦʤʘʰʠʥ ʪʠʧʘ Jameson 
Cell ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʦʙʲʝʜʠʥʸʥʥʳʭ ʦʪʚʘʣʴʥʳʭ ʭʚʦʩʪʦʚ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ çʂʦʢʧʘʪʘʩè ʠ çɼʘʫʛʳʟʪʘʫè. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣ-
ʩʷ ʚʳʙʦʨ ʩʭʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʣʫʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʪʘ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʠʟʚʣʝʯʝʥʠʠ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʛʨʘʥʠʯʝʥʥʳʭ 
ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ.  
ʇʦʣʫʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʬʣʦʪʘʮʠʷ ʥʘ Jameson Cell ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʚʣʝʯʝʥʠʝ 34,0% ʧʨʠ ʚʳʭʦʜʝ ʢʦʥʮʝʥʪʨʘʪʘ ʦʢʦʣʦ 

20%. ʆʜʥʘʢʦ ʧʦʣʫʯʘʝʤʳʡ ʧʨʦʜʫʢʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʪʨʝʙʫʝʪ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʜʛʦʪʦʚʢʠ ʢ ʧʝʨʝʯʠʩʪʢʝ. ʋʩʪʘʥʦʚʣʝʥʦ, 
ʯʪʦ ʧʨʷʤʘʷ ʧʝʨʝʯʠʩʪʢʘ ʢʦʥʮʝʥʪʨʘʪʘ ʦʩʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʥʝʵʬʬʝʢʪʠʚʥʘ: ʠʟʚʣʝʯʝʥʠʝ ʚ ʢʦʥʮʝʥʪʨʘʪ ʧʝʨʝʯʠʩʪʢʠ ʩʦ-
ʩʪʘʚʠʣʦ 14,9%, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʝʭʦʜʝ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʮʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʭʚʦʩʪʳ ʧʝʨʝʯʠʩʪʢʠ.   
ɺʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʤʝʪʦʜʦʚ ʧʦʜʛʦʪʦʚʢʠ ʢʦʥʮʝʥʪʨʘʪʘ ʦʩʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ ï ʦʪʪʠʨʢʠ ʠ ʜʦʠʟʤʝʣʴʯʝʥʠʷ. ʇʨʠ ʦʪʪʠʨʢʝ ʠʟʚʣʝʯʝʥʠʝ ʚ ʢʦʥʮʝʥ-

ʪʨʘʪ ʧʝʨʝʯʠʩʪʢʠ ʩʦʩʪʘʚʠʣʦ 23,3%, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʜʦʠʟʤʝʣʴʯʝʥʠʠ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʫʚʝʣʠʯʠʣʩʷ ʜʦ 40,7%. ʇʨʠʨʦʩʪ ʠʟʚʣʝʯʝʥʠʷ ʥʘ 17,4 ʧʨʦʮʝʥʪʥʳʭ 
ʧʫʥʢʪʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʨʘʩʢʨʳʪʠʷ ʤʠʥʝʨʘʣʦʚ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʯʘʩʪʠʮ.  
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʠʟʤʝʣʴʯʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʠʟʚʣʝʯʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʚʚʝʜʝʥʠʝ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʧʝʨʝʯʠʩʪʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʩʝʣʝʢ-

ʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠ ʩʥʠʞʝʥʠʝ ʚʳʭʦʜʘ ʢʦʥʝʯʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʜʦ ʫʨʦʚʥʷ ʤʝʥʝʝ 0,1% ʦʪ ʠʩʭʦʜʥʦʛʦ ʧʠʪʘʥʠʷ ʦʩʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʫʨʦʚʥʷ 
ʠʟʚʣʝʯʝʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʦʩʥʦʚʘʥʘ ʩʭʝʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʦʩʥʦʚʥʫʶ ʬʣʦʪʘʮʠʶ, ʜʦʠʟʤʝʣʴʯʝʥʠʝ ʠ ʜʚʝ ʩʪʘʜʠʠ ʧʝʨʝʯʠʩʪʢʠ ʩ 
ʚʦʟʚʨʘʪʦʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʥʘʯʘʣʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʘʜʠʡ ʧʨʦʮʝʩʩʘ. ɼʘʥʥʘʷ ʩʭʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ 
ʢʦʥʮʝʥʪʨʘʪʘ ʧʨʠ ʤʘʢʩʠʤʠʟʘʮʠʠ ʠʟʚʣʝʯʝʥʠʷ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ.   
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʣʦʪʘʮʠʷ, Jameson Cell, ʦʪʚʘʣʴʥʳʝ ʭʚʦʩʪʳ, ʜʦʠʟʤʝʣʴʯʝʥʠʝ, ʧʝʨʝʯʠʩʪʢʘ, ʠʟʚʣʝʯʝʥʠʝ, ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʝ ʟʦʣʦʪʦ, ʧʦʢʘʟʘʪʝʣʠ 

ʦʙʦʛʘʱʝʥʠʷ. 

òKOKPATASó VA òDOVGIZTOUó KONLARINING OLTIN TARKIBLI 
RUDALARI MAYDA DISPERSLI SULFID MINERALLARINI                 
BOYITISHDA JAMESON CELL TIPIDAGI PNEVMATIK FLOTATSIYA 
MASHINALARINI QOôLLASH ISTIQBOLLARI  

K.Sanakulov1, V.S.Yermakov2 
 

1 ñNavoiy kon-metallurgiya kombinatiò AJ, Oózbekiston Respublikasi  
2 Boston Consulting Group (BCG), Oózbekiston Respublikasi  

Annotasiya. Ushbu maqolada ñKokpatasò va ñDaugiztauò konlarining oltin tarkibli rudalarini qayta ishlashda birlashtirilgan chiqindi qoldiqlarni boyitish uchun Jame-

son Cell tipidagi pnevmatik flotomashinalardan foydalanish texnologik sxemasini asoslash natijalari keltirilgan. Tadqiqotning maqsadi ï kapital xarajatlar cheklangan 

sharoitda qimmatli komponentlarning maksimal ajratib olinishi va talab etilgan sifatdagi konsentrat olishni taôminlaydigan sxemani tanlashdan iborat edi. 

Yarim sanoat sinovlari shuni koórsatdiki, Jameson Cell qurilmasida asosiy flotatsiya jarayoni konsentrat chiqishi taxminan 20% boólgan holda 34,0% ajratib olish 

darajasini taôminlaydi. Biroq olingan mahsulot yetarli selektivlikka ega emas va qayta tozalash jarayonidan oldin tayyorlashni talab qiladi. Asosiy flotatsiya konsentratini 

oldindan tayyorlamasdan toógóridan-toógóri qayta tozalash samarasiz ekanligi aniqlandi: qayta tozalash konsentratiga ajratib olish darajasi 14,9% ni tashkil etdi, bu esa 

qimmatli komponentning asosiy qismi qayta tozalash chiqindilariga oótishini koórsatadi. 

Asosiy flotatsiya konsentratini tayyorlashning ikki usuli ï ishqalab yuvish (otmirkalash) va qayta maydalash usullari taqqoslandi. Ishqalab yuvish jarayonida qayta 

tozalash konsentratiga ajratib olish darajasi 23,3% ni tashkil etgan boólsa, qayta maydalashda ushbu koórsatkich 40,7% gacha oshdi. Ajratib olish darajasining 17,4 foiz 

punktga ortishi mayda dispersiyali sulfid zarrachalarini qayta ishlashda minerallarning ochilish darajasi hal qiluvchi ahamiyatga ega ekanligini tasdiqlaydi. 

Aniqlandiki, qayta maydalash ajratib olish darajasini oshiradi, ikkinchi bosqich qayta tozalashni joriy etish esa jarayon selektivligini oshiradi hamda yakuniy konsen-

trat chiqishini asosiy flotatsiya dastlabki xomashyosi miqdorining 0,1% dan kam boólgan darajagacha kamaytiradi, bunda ajratib olish darajasi saqlanib qoladi. Olingan 

natijalar asosida asosiy flotatsiya, qayta maydalash va ikki bosqichli qayta tozalash jarayonlarini oóz ichiga olgan, oraliq mahsulotlarni jarayonning tegishli bosqichlari 
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boshiga qaytarish bilan ishlaydigan texnologik sxema asoslandi. Mazkur sxema kapital xarajatlarni minimallashtirgan holda maksimal ajratib olish darajasiga erishish va 

talab etilgan sifatdagi konsentrat olish imkonini beradi. 

Kalit soôzlar: flotatsiya, Jameson Cell, tashlama chiqindilar, qayta maydalash, qayta tozalash, ajratib olish, mayin dispersli oltin, boyitish koórsatkichlari  

Abstract. The paper presents the results of the justification of a technological flowsheet for the application of Jameson Cell-type pneumatic flotation machines in 
the processing of combined tailings from gold-bearing ores of the Kokpatas and Daugyztau deposits. The aim of the study was to select a flowsheet that ensures the 
production of a concentrate of the required quality with maximum recovery of valuable components and limited capital costs. 

Pilot-scale tests showed that primary flotation in the Jameson Cell provides a recovery of 34.0% with a concentrate yield of approximately 20%. However, the 
obtained product is characterized by insufficient selectivity and requires subsequent preparation for cleaning. It was established that direct cleaning of the primary 
flotation concentrate without preliminary preparation is ineffective: the recovery into the cleaning concentrate was 14.9%, indicating that the major part of the valuable 
component passes into the cleaning tailings. 

A comparison was made between two methods of preparing the primary flotation concentrate ð attrition and regrinding. During attrition, the recovery into the 
cleaning concentrate was 23.3%, whereas during regrinding this value increased to 40.7%. The increase in recovery by 17.4 percentage points confirms the crucial role 
of mineral liberation in the processing of finely disseminated sulfide particles. 

It was demonstrated that regrinding improves recovery, while the introduction of a second cleaning stage increases process selectivity and reduces the final con-
centrate yield to a level below 0.1% of the initial feed to the primary flotation, while maintaining the recovery level. Based on the obtained results, a flowsheet including 
primary flotation, regrinding, and two stages of cleaning with the return of intermediate products to the beginning of the corresponding process stages was justified. This 
flowsheet ensures the achievement of the required concentrate quality while maximizing recovery and minimizing capital costs. 

Keywords: flotation, Jameson Cell, tailings, regrinding, cleaning flotation, recovery, finely disseminated gold, mineral processing indicators  

PROSPECTS FOR USING JAMESON CELL PNEUMATIC FLOTATION 
MACHINES IN THE BENEFICIATION OF FINE-DISSEMINATED         
SULFIDE MINERALS FROM GOLD-BEARING ORES OF THE            
KOKPATAS AND DAUGYZTAU DEPOSITS  

K.Sanakulov1, V.S.Ermakov2 
 

1 ñNavoi Mining and Metallurgical Companyò JSC, Republik of Uzbekistan  
2 Boston Consulting Group (BCG), Republik of Uzbekistan  

ɻʛʞʝʞʦʡʞ 
ɺ ʫʩʣʦʚʠʷʭ ʚʦʚʣʝʯʝʥʠʷ ʚ ʧʝʨʝʨʘʙʦʪʢʫ ʚʩʸ ʙʦʣʝʝ ʙʝʜʥʳʭ ʠ 

ʩʣʦʞʥʦʦʙʦʛʘʪʠʤʳʭ ʨʫʜ ʤʠʥʝʨʘʣʴʥʦʝ ʩʳʨʴʸ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʥʠ-
ʞʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʫʩʣʦʞʥʝʥʠʝʤ ʚʝʱʝ-
ʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʨʦʩʪʦʤ ʜʦʣʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʬʨʘʢʮʠʡ [1,2]. 
ɼʣʷ ʪʘʢʦʛʦ ʩʳʨʴʷ ʭʘʨʘʢʪʝʨʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝ-
ʩʪʚʘ ʩʨʦʩʪʢʦʚ, ʘ ʪʘʢʞʝ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʝʨʘʩ-
ʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʜʠʮʠʦʥ-
ʥʳʭ ʤʝʪʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ. ʇʨʠ ʬʣʦʪʘʮʠʠ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥ-
ʥʳʤ ʧʦʪʝʨʷʤ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʭʚʦʩʪʘʤʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ 
ʥʠʟʢʦʡ ʠʟʚʣʝʢʘʝʤʦʩʪʴʶ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ [2,3]. 
ʉ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʥʠʞʝʥʠʝ ʠʟʚʣʝʯʝʥʠʷ ʩʚʷʟʘʥʦ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʚʝʜʝʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʚ ʛʠʜʨʦʜʠʥʘ-
ʤʠʯʝʩʢʦʤ ʧʦʣʝ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ. ɼʣʷ ʪʘʢʠʭ ʯʘʩʪʠʮ ʭʘʨʘʢ-
ʪʝʨʥʘ ʥʠʟʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʫ-
ʟʳʨʴʢʘʤʠ ʛʘʟʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʤʘʣʦʡ ʤʘʩʩʦʡ ʠ ʠʥʝʨʮʠʝʡ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʫʤʝʥʴʰʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʘʛʨʝʛʘʪʦʚ 
çʯʘʩʪʠʮʘïʧʫʟʳʨʸʢè, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʠʟʚʣʝʯʝʥʠʷ ʠ ʫʚʝʣʠ-
ʯʝʥʠʶ ʧʦʪʝʨʴ ʩ ʭʚʦʩʪʘʤʠ [3,4]. 
ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘ-

ʩʪʠʮ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʥʪʝʥʩʠ-
ʬʠʢʘʮʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʚʸʨʜʦʡ ʠ ʛʘʟʦʚʦʡ ʬʘʟ [2]. ʂ ʯʠʩʣʫ ʪʘʢʠʭ 
ʨʝʰʝʥʠʡ ʦʪʥʦʩʷʪʩʷ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʬʣʦʪʦʤʘʰʠʥʳ ʪʠʧʘ Jameson 
Cell, ʚ ʢʦʪʦʨʳʭ ʟʘ ʩʯʸʪ ʠʥʪʝʥʩʠʚʥʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ 
ʬʦʨʤʠʨʫʝʪʩʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʘʷ ʛʘʟʦʞʠʜʢʦʩʪʥʘʷ ʩʠʩʪʝʤʘ ʩ ʨʘʟʚʠ-
ʪʦʡ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ [5,6]. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʯʠʩʣʘ ʢʦʥʪʘʢʪʦʚ ʯʘʩʪʠʮ ʩ ʧʫʟʳʨʴʢʘʤʠ ʛʘʟʘ ʠ ʧʦʚʳʰʝʥʠʶ ʚʝʨʦʷʪʥʦ-
ʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʘʛʨʝʛʘʪʦʚ çʯʘʩʪʠʮʘïʧʫʟʳʨʸʢè [5,7]. 
ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʘʤʦ ʧʦ ʩʝʙʝ ʧʨʠʤʝʥʝʥʠʝ ʬʣʦʪʦʤʘʰʠʥ ʪʠʧʘ 

Jameson Cell ʥʝ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ 
ʧʦʚʳʰʝʥʠʷ ʠʟʚʣʝʯʝʥʠʷ. ɺ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʦʧʨʝʜʝʣʷʶ-
ʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ, ʦʙʝʩʧʝʯʠ-
ʚʘʶʱʝʡ ʧʦʣʫʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʪʘ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʠ ʤʘʢʩʠ-
ʤʘʣʴʥʦʤ ʠʟʚʣʝʯʝʥʠʠ ʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ. ɺ 
ʯʘʩʪʥʦʩʪʠ, ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ 
ʯʠʩʣʦ ʩʪʘʜʠʡ ʬʣʦʪʘʮʠʠ, ʤʝʪʦʜʳ ʧʦʜʛʦʪʦʚʢʠ ʢʦʥʮʝʥʪʨʘʪʘ ʦʩʥʦʚʥʦʡ 
ʬʣʦʪʘʮʠʠ ʢ ʧʝʨʝʯʠʩʪʢʝ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ 
[8,9]. 
ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʥʘ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʣʦʪʘʮʠʠ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦ-
ʪʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʳʙʦʨʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ 
ʧʨʠʤʝʥʝʥʠʷ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʬʣʦʪʦʤʘʰʠʥ ʪʠʧʘ Jameson Cell ʧʨʠ 
ʧʝʨʝʨʘʙʦʪʢʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʯʘʩʪʠʮ ʢʘʢ ʢʣʶʯʝʚʦʤʫ 
ʬʘʢʪʦʨʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ [8].  
ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʡ ʩʭʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʦʙʲʝʜʠʥʝʥʥʳʭ ʦʪʚʘʣʴʥʳʭ ʭʚʦʩʪʦʚ ʨʫʜ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ çʂʦʢʧʘʪʘʩè ʠ çɼʘʫʛʳʟʪʘʫè, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʜʦ-
ʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʢʦʥʮʝʥʪʨʘʪʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ 
ʠʟʚʣʝʯʝʥʠʠ ʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ. 
ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ 
ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʲʝʜʠʥʸʥ-

ʥʳʝ ʦʪʚʘʣʴʥʳʝ ʭʚʦʩʪʳ ʬʣʦʪʘʮʠʠ (ʭʚʦʩʪʳ ʢʦʥʪʨʦʣʴʥʦʡ ʬʣʦʪʘʮʠʠ) 
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ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ çʂʦʢʧʘʪʘʩè ʠ çɼʘʫʛʳʟʪʘʫè, 
ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʥʘ ɻʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʟʘʚʦʜʝ ˉ 3 ɸʆ 
çʅɻʄʂè (ɻʄɿ-3). ʀʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥ-
ʥʦʡ ʜʦʣʝʡ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʯʘʩʪʠʮ ʠ ʥʘʣʠʯʠʝʤ ʟʥʘ-
ʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʨʘʩʢʨʳʪʳʭ ʩʨʦʩʪʢʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 
ʦʛʨʘʥʠʯʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʠʟʚʣʝʯʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʪʨʘʜʠʮʠ-
ʦʥʥʦʡ ʬʣʦʪʘʮʠʠ. 
ʇʦʣʫʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʫʶʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʧʣʦʱʘʜʢʝ ɻʄɿ-3 ʩ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝʤ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʬʣʦʪʦʤʘʰʠʥʳ Jameson Cell L500. 
ʀʩʧʳʪʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʦʪʢʨʳʪʦʤ ʮʠʢʣʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥ-
ʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʢ ʩʭʝʤʝ ʩ ʟʘʤʢʥʫʪʳʤ ʮʠʢʣʦʤ. 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʚʢʣʶʯʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝ-

ʩʢʦʣʴʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʮʝʥʘʨʠʝʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʤʝʪʦʜʦʤ 
ʧʦʜʛʦʪʦʚʢʠ ʢʦʥʮʝʥʪʨʘʪʘ ʦʩʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ ʠ ʢʦʥʬʠʛʫʨʘʮʠʝʡ 
ʧʝʨʝʯʠʩʪʥʳʭ ʦʧʝʨʘʮʠʡ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ 
ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʘ ʢ ʧʦʜʛʦʪʦʚʢʝ ʢʦʥʮʝʥʪʨʘʪʘ ʦʩ-
ʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ ʢ ʧʝʨʝʯʠʩʪʢʝ: ʦʪʪʠʨʢʘ ʠ ʜʦʠʟʤʝʣʴʯʝʥʠʝ. 
ɺ ʩʮʝʥʘʨʠʠ ʩ ʦʪʪʠʨʢʦʡ ʢʦʥʮʝʥʪʨʘʪ ʦʩʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ ʧʦʜʚʝʨ-

ʛʘʣʩʷ ʦʙʨʘʙʦʪʢʝ ʚ ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʦʡ ʦʪʪʠʨʦʯʥʦʡ ʤʘʰʠʥʝ ʦʙʲʸ-
ʤʦʤ 100 ʣʠʪʨʦʚ. ʆʪʪʠʨʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʮʝʣʴʶ ʫʜʘʣʝʥʠʷ ʧʦʚʝʨʭ-
ʥʦʩʪʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʭ 
ʯʘʩʪʠʮ ʧʝʨʝʜ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʯʠʩʪʢʦʡ. 
ɺ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤ ʩʮʝʥʘʨʠʠ ʧʨʠʤʝʥʷʣʦʩʴ ʜʦʠʟʤʝʣʴʯʝʥʠʝ ʢʦʥ-

ʮʝʥʪʨʘʪʘ ʦʩʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ. ɼʦʠʟʤʝʣʴʯʝʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʚ 
ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʩ ʨʘʟʛʨʫʟʢʦʡ ʯʝʨʝʟ ʨʝʰʸʪʢʫ (ʄʐʈ) ʪʠʧʦʨʘʟʤʝ-
ʨʘ 0,8 Ĭ 1,8 ʤ. ʈʘʙʦʪʘ ʤʝʣʴʥʠʮʳ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʨʝʞʠʤʝ, ʦʙʝʩ-
ʧʝʯʠʚʘʶʱʝʤ ʩʥʠʞʝʥʠʝ ʢʨʫʧʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ 
ʨʘʩʢʨʳʪʠʷ ʤʠʥʝʨʘʣʦʚ ʙʝʟ ʠʟʙʳʪʦʯʥʦʛʦ ʧʝʨʝʠʟʤʝʣʴʯʝʥʠʷ. ʇʦʩʣʝ 
ʜʦʠʟʤʝʣʴʯʝʥʠʷ ʧʨʦʜʫʢʪ ʥʘʧʨʘʚʣʷʣʩʷ ʥʘ ʩʪʘʜʠʶ ʧʝʨʝʯʠʩʪʢʠ. 
ɺ ʦʙʦʠʭ ʩʮʝʥʘʨʠʷʭ ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʦʩʥʦʚʥʦʡ ʬʣʦ-

ʪʘʮʠʠ ʧʦʜʚʝʨʛʘʣʩʷ ʧʝʨʝʯʠʩʪʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʣʦʪʦʤʘʰʠʥʳ 
Jameson Cell L500. ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʭʝʤʳ ʩ ʦʜʥʦʡ ʠ ʜʚʫʤʷ 
ʩʪʘʜʠʷʤʠ ʧʝʨʝʯʠʩʪʢʠ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ, ʦʙʝʩʧʝ-
ʯʠʚʘʶʱʠʭ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʠʩʭʦʜʥʦʤʫ ʩʳʨʴʶ ʠ 
ʨʝʞʠʤʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. 
ʆʪʙʦʨ ʧʨʦʙ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʧʦʪʦʢʘ ʧʫʣʴʧʳ 

ʩ ʬʠʢʩʘʮʠʝʡ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ. ɼʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥ-
ʪʘ ʩʭʝʤʳ ʦʪʙʠʨʘʣʠʩʴ ʧʨʦʙʳ ʧʠʪʘʥʠʷ, ʢʦʥʮʝʥʪʨʘʪʦʚ ʠ ʭʚʦʩʪʦʚ ʦʩ-
ʥʦʚʥʦʡ ʠ ʧʝʨʝʯʠʩʪʥʳʭ ʩʪʘʜʠʡ. ɺʩʝʛʦ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ 
ʧʦʣʫʯʝʥʦ ʙʦʣʝʝ 100 ʧʨʦʙ. ʆʪʙʦʨ ʚʳʧʦʣʥʷʣʩʷ ʚ ʩʪʘʙʠʣʴʥʦʤ ʨʝʞʠ-
ʤʝ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʠ ʨʝʧʨʝ-
ʟʝʥʪʘʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 
ɺʩʝ ʦʪʦʙʨʘʥʥʳʝ ʧʨʦʙʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʩʫʰʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

80 ÁC, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʘʩʴ ʠʭ ʧʦʜʛʦʪʦʚʢʘ ʠ ʘʥʘʣʠʟ ʚ ʎʝʥʪʨʘʣʴ-
ʥʦʡ ʟʘʚʦʜʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɻʄɿ-3. ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʷʣ-
ʩʷ ʧʨʦʙʠʨʥʳʤ ʤʝʪʦʜʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʤʝʪʦʜʠʢʘ-
ʤʠ, ʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʣʘʟʝʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʢʨʫʧʥʦʩʪʠ. 
ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʭʝʤ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦʢʘʟʘʪʝʣʠ ʠʟʚʣʝʯʝʥʠʷ, ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʠ 
ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʩʪʘʜʠʷʤ ʧʨʦʮʝʩʩʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʘʥʘʣʠʟʠ-
ʨʦʚʘʣʘʩʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ ʩʭʝʤʳ ʠ ʚʣʠʷʥʠʝ ʚʦʟʚʨʘʪʘ ʧʨʦʤʝ-
ʞʫʪʦʯʥʳʭ ʧʦʪʦʢʦʚ ʚ ʥʘʯʘʣʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʘʜʠʡ ʧʨʦʮʝʩʩʘ ʧʨʠ 
ʧʝʨʝʭʦʜʝ ʢ ʟʘʤʢʥʫʪʦʤʫ ʮʠʢʣʫ. 
ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʮʝʥʘʨʠʝʚ ʠ ʚʳʙʦʨʘ 
ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʭʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ. 
ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʩʧʦʣʴ-

ʟʦʚʘʣʩʷ ʧʦʢʘʟʘʪʝʣʴ ʠʟʚʣʝʯʝʥʠʷ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫ-
ʶɦ ʝʡ ʬʦʨʤʫʣʝ:  

 
  Ů = (C Ā ɔ) / F    (1) 

ʛʜʝ Ů ï ʠʟʚʣʝʯʝʥʠʝ, %; 

C ï ʩʦʜʝʨʞʘʥʠʝ ʮʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʢʦʥʮʝʥʪʨʘʪʝ; 
ɔ ï ʚʳʭʦʜ ʢʦʥʮʝʥʪʨʘʪʘ, %; 
F ï ʩʦʜʝʨʞʘʥʠʝ ʮʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʠʪʘʥʠʠ. 
ʉʞʠʬʤʵʫʙʫʴ ʡ ʧʚʪʬʟʝʞʦʡʸ 
ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʦʩʥʦʚʥʘʷ 

ʬʣʦʪʘʮʠʷ ʦʙʲʝʜʠʥʸʥʥʳʭ ʦʪʚʘʣʴʥʳʭ ʭʚʦʩʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʬʣʦʪʦʤʘʰʠʥʳ Jameson Cell L500. ʋʩʪʘʥʦʚʣʝʥʦ, 
ʯʪʦ ʚʳʭʦʜ ʬʣʦʪʦʢʦʥʮʝʥʪʨʘʪʘ ʦʩʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ ʩʦʩʪʘʚʠʣ ʚ ʩʨʝʜ-
ʥʝʤ 20%, ʧʨʠ ʵʪʦʤ ʠʟʚʣʝʯʝʥʠʝ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʨʝʜʥʝʤ 
ʩʦʩʪʘʚʠʣʦ 34%. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 
ʦʩʥʦʚʥʘʷ ʬʣʦʪʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʚʣʝʯʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʠ 
ʤʝʪʘʣʣʘ, ʦʜʥʘʢʦ ʬʦʨʤʠʨʫʝʤʳʡ ʢʦʥʮʝʥʪʨʘʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟ-
ʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʩʦʜʝʨʞʠʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʩʪʦʡ 
ʧʦʨʦʜʳ.  
ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ ʧʝʨʝʯʠʩʪʢʘ ʢʦʥʮʝʥʪʨʘʪʘ ʦʩʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ ʙʝʟ ʧʨʝʜ-
ʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʜʘʥʥʳʭ ʫʩʣʦ-
ʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʦʪʝʨʷ ʠʟʚʣʝʢʘʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ: 
ʧʦʨʷʜʢʘ 85% ʧʝʨʝʭʦʜʠʪ ʚ ʭʚʦʩʪʳ ʧʝʨʝʯʠʩʪʢʠ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, 
ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʤʝʪʘʣʣʘ ʚ ʢʦʥʮʝʥʪʨʘʪʝ ʦʩʥʦʚʥʦʡ ʬʣʦʪʘ-
ʮʠʠ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʘʚʝ ʥʝʨʘʩʢʨʳʪʳʭ ʩʨʦʩʪʢʦʚ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 
ʵʬʬʝʢʪʠʚʥʦ ʠʟʚʣʝʯʝʥʘ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʘʪʝ-
ʨʠʘʣ [1,2].  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦ-

ʮʝʩʩʘ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʢʦʥʮʝʥʪʨʘʪʘ, ʥʘʧʨʘʚ-
ʣʝʥʥʦʡ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʨʘʩʢʨʳʪʠʷ ʤʠʥʝʨʘʣʦʚ. ʉ ʵʪʦʡ ʮʝ-
ʣʴʶ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʧʦʜʭʦʜʘ: ʦʪʪʠʨʢʘ ʠ ʜʦʠʟʤʝʣʴʯʝʥʠʝ.  
ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʦʢʘʟʳʚʘ-

ʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʟʚʣʝʯʝʥʠʝ. ʇʨʠ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʠ ʦʪʪʠʨʢʠ ʠʟʚʣʝʯʝʥʠʝ ʚ ʢʦʥʮʝʥʪʨʘʪ ʧʝʨʝʯʠʩʪʥʦʡ ʬʣʦʪʘʮʠʠ 
ʩʦʩʪʘʚʣʷʣʦ 23,3%, ʪʦʛʜʘ ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ ʜʦʠʟʤʝʣʴʯʝʥʠʷ ʦʙʝʩʧʝʯʠ-
ʚʘʣʦ ʫʚʝʣʠʯʝʥʠʝ ʠʟʚʣʝʯʝʥʠʷ ʜʦ ʫʨʦʚʥʷ 40,7%. ʇʨʠʨʦʩʪ ʠʟʚʣʝʯʝ-
ʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 17,4 ʧʨʦʮʝʥʪʥʳʭ ʧʫʥʢʪʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 
ʚʘʞʥʝʡʰʝʡ ʨʦʣʠ ʩʪʝʧʝʥʠ ʨʘʩʢʨʳʪʠʷ ʤʠʥʝʨʘʣʦʚ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝ-
ʤʦʤ ʧʨʦʮʝʩʩʝ. 

 ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝ-
ʨʘʙʦʪʢʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʯʘʩʪʠʮ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ 
ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʥʝ ʩʪʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʘʤʦʡ ʬʣʦʪʘʮʠʠ, 
ʩʢʦʣʴʢʦ ʜʦʩʪʫʧʥʦʩʪʴ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 
ʧʫʟʳʨʴʢʘʤʠ ʛʘʟʘ. ɼʦʠʟʤʝʣʴʯʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʨʫʰʝʥʠʝ ʩʨʦʩʪ-
ʢʦʚ ʠ ʧʝʨʝʚʦʜ ʯʘʩʪʠ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ ʥʝʨʘʩʢʨʳʪʦʛʦ ʩʦʩʪʦʷ-
ʥʠʷ ʚ ʠʟʚʣʝʢʘʝʤʫʶ ʬʦʨʤʫ, ʪʦʛʜʘ ʢʘʢ ʦʪʪʠʨʢʘ, ʚʦʟʜʝʡʩʪʚʫʷ ʧʨʝʠʤʫ-
ʱʝʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʯʘʩʪʠʮ, ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʦʧʦʩʪʘʚʠʤʦʤʫ 
ʵʬʬʝʢʪʫ [1,2,3].  
ʇʦʩʣʝ ʚʳʙʦʨʘ ʜʦʠʟʤʝʣʴʯʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʤʝʪʦʜʘ 

ʧʦʜʛʦʪʦʚʢʠ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩʭʝʤʘ ʩ ʦʜʥʦʡ ʩʪʘʜʠʝʡ ʧʝʨʝʯʠʩʪʢʠ. 
ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʠʟʚʣʝʯʝʥʠʝ ʚ ʢʦʥʮʝʥʪʨʘʪ ʧʝʨʝʯʠʩʪʥʦʡ ʬʣʦʪʘʮʠʠ 
ʩʦʩʪʘʚʠʣʦ 40,7% ʧʨʠ ʚʳʭʦʜʝ ʧʨʦʜʫʢʪʘ ʦʢʦʣʦ 5% ʦʪ ʧʠʪʘʥʠʷ ʦʧʝʨʘ-
ʮʠʠ ʧʝʨʝʯʠʩʪʢʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʢʦʣʦ 1% ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜ-
ʥʦʛʦ ʧʠʪʘʥʠʷ ʦʩʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 
ʠʟʚʣʝʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʣ ʪʨʝʙʦʚʘʥʠ-
ʷʤ ʧʦ ʢʘʯʝʩʪʚʫ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 
ʧʨʦʮʝʩʩʘ ʥʘ ʜʘʥʥʦʡ ʩʪʘʜʠʠ.  
ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩʭʝʤʘ ʩ 

ʜʚʫʤʷ ʩʪʘʜʠʷʤʠ ʧʝʨʝʯʠʩʪʢʠ. ɺʚʝʜʝʥʠʝ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʧʨʠʚʝʣʦ ʢ 
ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʢʦʥʝʯʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʜʦ ʫʨʦʚʥʷ ʤʝʥʝʝ 0,1% 
ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʠʟʚʣʝʯʝʥʠʷ ʥʘ ʩʦʧʦʩʪʘʚʠʤʦʤ ʫʨʦʚʥʝ ʟʘ ʩʯʸʪ ʦʨʛʘ-
ʥʠʟʘʮʠʠ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʪʘʜʠʷ 
ʧʝʨʝʯʠʩʪʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʢʦʥ-
ʮʝʥʪʨʘʮʠʠ ʧʨʦʜʫʢʪʘ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʝʨʴ ʤʝʪʘʣ-
ʣʘ. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ 
ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  
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ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʝʨʝʭʦʜ ʦʪ ʦʪʪʠʨʢʠ 
ʢ ʜʦʠʟʤʝʣʴʯʝʥʠʶ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʩʥʦʚʥʦʡ ʧʨʠʨʦʩʪ ʠʟʚʣʝʯʝʥʠʷ, 
ʪʦʛʜʘ ʢʘʢ ʚʚʝʜʝʥʠʝ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʧʝʨʝʯʠʩʪʢʠ ʦʧʨʝʜʝʣʷʝʪ ʩʥʠʞʝ-
ʥʠʝ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ ʠ ʜʦʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʢʦʥʮʝʥʪʨ-
ʘʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʣʠ̫ʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤrʭ ʬʘʢʪʦʨʦʚ ʥʦʩʠʪ 
ʨʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ: ʩʪʘʜʠʷ ʧʦʜʛʦʪʦʚʢʠ ʢʦʥʮʝʥʪʨʘʪʘ ʦʧʨʝʜʝʣʷʝʪ 
ʠʟʚʣʝʯʝʥʠʝ, ʘ ʯʠʩʣʦ ʩʪʘʜʠʡ ʧʝʨʝʯʠʩʪʢʠ ï ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ.  
ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʦʩʥʦʚʥʫʶ ʬʣʦʪʘʮʠʶ, ʜʦʠʟ-

ʤʝʣʴʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʩʪʘʜʠʠ ʧʝʨʝʯʠʩʪ-
ʢʠ. ʍʚʦʩʪʳ ʧʝʨʚʦʡ ʧʝʨʝʯʠʩʪʢʠ ʚʦʟʚʨʘʱʘʶʪʩʷ ʥʘ ʩʪʘʜʠʶ ʦʩʥʦʚʥʦʡ 
ʬʣʦʪʘʮʠʠ, ʘ ʭʚʦʩʪʳ ʚʪʦʨʦʡ ʧʝʨʝʯʠʩʪʢʠ ʥʘʧʨʘʚʣʷʶʪʩʷ ʥʘ ʜʦʠʟ-
ʤʝʣʴʯʝʥʠʝ, ʬʦʨʤʠʨʫʷ ʟʘʤʢʥʫʪʳʡ ʮʠʢʣ ʮʠʨʢʫʣʷʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 
ʧʨʦʜʫʢʪʦʚ.  
ʇʨʝʜʣʦʞʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥ-

ʢʝ 1 ʠ ʦʪʨʘʞʘʝʪ ʟʘʤʢʥʫʪʳʡ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 
ʤʠʥʠʤʠʟʘʮʠʶ ʧʦʪʝʨʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ.  

 
ʋʙʚʤʡʯʙ 1 

ʋʞʮʦʧʤʧʜʡʰʞʪʣʡʞ ʨʧʣʙʠʙʫʞʤʡ ʩʙʠʤʡʰʦʴʮ ʪʮʞʥ ʨʞʩʞʩʙʚʧʫʣʡ 

ʊʫʙʝʡʸ / ʪʮʞʥʙ 
ɻʴʮʧʝ ʨʩʧʝʬʣʫʙ, % (ʧʫʦʧʪʡʫʞʤʵʦʧ 
ʡʪʮʧʝʦʧʜʧ ʨʡʫʙʦʡʸ ʧʪʦʧʛʦʧʢ ʭʤʧʫʙ-

ʯʡʡ JC) 
ʁʠʛʤʞʰʞʦʡʞ, % 

ʆʩʥʦʚʥʘʷ ʬʣʦʪʘʮʠʷ 20 34,0 

ʇʝʨʝʯʠʩʪʢʘ ʢʦʥʮʝʥʪʨʘʪʘ ʦʩʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ ʙʝʟ ʦʪʪʠʨʢʠ 
ʠʣʠ ʜʦʠʟʤʝʣʴʯʝʥʠʷ 1 14,9 

ʇʝʨʝʯʠʩʪʢʘ ʢʦʥʮʝʥʪʨʘʪʘ ʦʩʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ ʩ ʦʪʪʠʨʢʦʡ 1 20,3 

ʇʝʨʝʯʠʩʪʢʘ ʢʦʥʮʝʥʪʨʘʪʘ ʦʩʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ ʩ ʜʦʠʟʤʝʣʴʯʝ-
ʥʠʝʤ 1 40,7 

ɼʦʠʟʤʝʣʴʯʝʥʠʝ ʠ ʜʚʝ ʩʪʘʜʠʠ ʧʝʨʝʯʠʩʪʢʠ ʢʦʥʮʝʥʪʨʘʪʘ ʦʩ-
ʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ <0,1 ~40 

ʉʡʪ. 1. ʋʞʮʦʧʤʧʜʡʰʞʪʣʙʸ ʪʮʞʥʙ ʨʞʩʞʩʙʚʧʫʣʡ ʧʫʛʙʤʵʦʴʮ ʮʛʧʪʫʧʛ ʪ ʡʪʨʧʤʵʠʧʛʙʦʡʞʥ ʫʩʹʮ ʭʤʧʫʧʥʙʱʡʦ Jameson Cell:  
ʦʩʥʦʚʥʘʷ ʬʣʦʪʘʮʠʷ, ʜʦʠʟʤʝʣʴʯʝʥʠʝ ʠ ʜʚʝ ʩʪʘʜʠʠ ʧʝʨʝʯʠʩʪʢʠ ʩ ʟʘʤʢʥʫʪʳʤ ʮʠʢʣʦʤ ʮʠʨʢʫʣʷʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ  
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʣʦʚʠʷʭ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʳʤ ʚʣʠʷʥʠʝʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 
ʠ ʩʪʝʧʝʥʠ ʨʘʩʢʨʳʪʠʷ ʤʠʥʝʨʘʣʦʚ, ʧʨʠ ʵʪʦʤ ʧʦʩʣʝʜʥʠʡ ʬʘʢʪʦʨ ʷʚʣʷ-
ʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʦʡ ʩʭʝʤʳ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ ʦʙʝʩʧʝ-
ʯʝʥʠʝ ʨʘʩʢʨʳʪʠʷ, ʘ ʥʝ ʪʦʣʴʢʦ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʬʣʦʪʘʮʠʦʥʥʳʭ 
ʩʪʘʜʠʡ [3,8].  
ʀʙʣʤʷʰʞʦʡʞ 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʳʭ ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʬʣʦʪʦʤʘʰʠʥ ʪʠʧʘ 
Jameson Cell ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʦʙʲʝʜʠʥʸʥʥʳʭ ʦʪʚʘʣʴʥʳʭ ʭʚʦʩʪʦʚ 
ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ çʂʦʢʧʘʪʘʩè ʠ çɼʘʫʛʳʟʪʘʫè ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢ-
ʪʠʚʥʦ ʚʦʚʣʝʢʘʪʴ ʚ ʧʝʨʝʨʘʙʦʪʢʫ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ ʩʫʣʴʬʠʜʥʳʝ 
ʯʘʩʪʠʮʳ, ʨʘʥʝʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʪʝʨʷʝʤʳʝ ʩ ʭʚʦʩʪʘʤʠ. 
ʆʩʥʦʚʥʘʷ ʬʣʦʪʘʮʠʷ ʥʘ Jameson Cell ʦʙʝʩʧʝʯʠʣʘ ʠʟʚʣʝʯʝʥʠʝ ʮʝʥ-
ʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʫʨʦʚʥʝ 34,0% ʧʨʠ ʚʳʭʦʜʝ ʢʦʥʮʝʥʪʨʘʪʘ ʦʢʦʣʦ 
20%, ʦʜʥʘʢʦ ʧʦʣʫʯʘʝʤʳʡ ʧʨʦʜʫʢʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʥʝʜʦʩʪʘʪʦʯ-
ʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʪʨʝʙʦʚʘʣ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʝʨʝ-
ʯʠʩʪʢʠ.  
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʷʤʘʷ ʧʝʨʝʯʠʩʪʢʘ ʢʦʥʮʝʥʪʨʘʪʘ ʦʩʥʦʚʥʦʡ ʬʣʦ-

ʪʘʮʠʠ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʷʚʣʷʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʦʡ: 
ʠʟʚʣʝʯʝʥʠʝ ʚ ʢʦʥʮʝʥʪʨʘʪ ʧʝʨʝʯʠʩʪʢʠ ʩʦʩʪʘʚʠʣʦ 14,9%, ʯʪʦ ʩʦʦʪ-
ʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʠʟʚʣʝʢʘʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ 
ʭʚʦʩʪʳ ʧʝʨʝʯʠʩʪʢʠ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ 
ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ 
ʩʪʝʧʝʥʴ ʨʘʩʢʨʳʪʠʷ ʤʠʥʝʨʘʣʦʚ ʚ ʢʦʥʮʝʥʪʨʘʪʝ ʦʩʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ.  
ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʧʦʜʛʦʪʦʚʢʠ ʢʦʥʮʝʥʪʨʘʪʘ ʧʦʢʘʟʘʣʦ ʧʨʝ-

ʠʤʫʱʝʩʪʚʦ ʜʦʠʟʤʝʣʴʯʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʪʠʨʢʦʡ. ʇʨʠ ʦʪʪʠʨʢʝ 
ʠʟʚʣʝʯʝʥʠʝ ʚ ʢʦʥʮʝʥʪʨʘʪ ʧʝʨʝʯʠʩʪʢʠ ʩʦʩʪʘʚʠʣʦ 23,3%, ʪʦʛʜʘ ʢʘʢ 

ʧʨʠ ʜʦʠʟʤʝʣʴʯʝʥʠʠ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʫʚʝʣʠʯʠʣʩʷ ʜʦ 40,7%. 
ʇʨʠʨʦʩʪ ʠʟʚʣʝʯʝʥʠʷ ʩʦʩʪʘʚʠʣ 17,4 ʧʨʦʮʝʥʪʥʳʭ ʧʫʥʢʪʘ, ʯʪʦ ʩʚʠʜʝ-
ʪʝʣʴʩʪʚʫʝʪ ʦ ʨʝʰʘʶʱʝʤ ʚʣʠʷʥʠʠ ʨʘʩʢʨʳʪʠʷ ʤʠʥʝʨʘʣʦʚ ʥʘ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʡ ʬʣʦʪʘʮʠʠ.  
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʠʟʤʝʣʴʯʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ 

ʠʟʚʣʝʯʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʚʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʧʝʨʝʯʠʩʪ-
ʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. ɺʚʝʜʝʥʠʝ 
ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʧʝʨʝʯʠʩʪʢʠ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʚʳʭʦʜ ʢʦʥʝʯʥʦʛʦ 
ʢʦʥʮʝʥʪʨʘʪʘ ʜʦ ʫʨʦʚʥʷ ʤʝʥʝʝ 0,1% ʦʪ ʠʩʭʦʜʥʦʛʦ ʧʠʪʘʥʠʷ ʦʩʥʦʚʥʦʡ 
ʬʣʦʪʘʮʠʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʠʟʚʣʝʯʝʥʠʷ ʥʘ ʩʦʧʦʩʪʘʚʠʤʦʤ ʫʨʦʚʥʝ ʠ 
ʜʦʩʪʠʞʝʥʠʠ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʢʦʥʮʝʥʪʨʘʪʘ.  
ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʦʩʥʦʚʘʥʘ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʦʩʥʦʚʥʫʶ ʬʣʦʪʘʮʠʶ, ʜʦʠʟʤʝʣʴʯʝʥʠʝ 
ʢʦʥʮʝʥʪʨʘʪʘ ʦʩʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ ʠ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʩʪʘʜʠʠ 
ʧʝʨʝʯʠʩʪʢʠ ʩ ʚʦʟʚʨʘʪʦʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʥʘʯʘʣʦ ʩʦʦʪ-
ʚʝʪʩʪʚʫʶʱʠʭ ʩʪʘʜʠʡ ʧʨʦʮʝʩʩʘ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʫʝʪ 
ʟʘʤʢʥʫʪʳʡ ʮʠʢʣ ʮʠʨʢʫʣʷʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʤʠʥʠʤʠʟʘʮʠʶ ʧʦ-
ʪʝʨʴ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʚʳʰʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠ-
ʚʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ.  
ʅʘʫʯʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ 

ʨʘʟʣʠʯʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʦʣʠ ʩʪʘʜʠʡ ʩʭʝʤʳ: ʜʦʠʟʤʝʣʴʯʝʥʠʝ 
ʦʧʨʝʜʝʣʷʝʪ ʧʨʠʨʦʩʪ ʠʟʚʣʝʯʝʥʠʷ ʟʘ ʩʯʸʪ ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʨʘʩ-
ʢʨʳʪʠʷ ʤʠʥʝʨʘʣʦʚ, ʪʦʛʜʘ ʢʘʢ ʧʝʨʝʯʠʩʪʥʳʝ ʦʧʝʨʘʮʠʠ ʧʨʝʠʤʫʱʝ-
ʩʪʚʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʢʦʥʮʝʥʪʨ-
ʘʪʘ ʟʘ ʩʯyʪ ʧʦʚr ʝhʥʠ̫ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠ̫. ʇʨʘʢʪʠʯʝʩʢʘ̫ 
ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʩʪʦʠʪ ʚ ʦʙʦʩʥʦʚʘʥʠʠ ʩʭʝʤʳ ʩ ʪʨʝʤʷ 
ʬʣʦʪʦʤʘʰʠʥʘʤʠ Jameson Cell, ʧʦʟʚʦʣʷʶʱʝʡ ʜʦʩʪʠʛʘʪʴ ʪʨʝʙʫʝʤʳʭ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘ-
ʪʨʘʪ.  
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ʋʉɹʆʊʈʇʉʋʁʉʇɻʃʁ ɻʊʃʉʔʑʆʔʎ ʈʇʉʇɽ ɹɻʋʇʅʇɺʁʄʕʆʔʅ 
ʋʉɹʆʊʈʇʉʋʇʅ 

ʋɼʂ 622.235:622.831  

ʎʙʣʡʥʧʛ ʑ.ʁ., ɾʩʥʞʣʚʧʞʛ ʌ.ɺ., ʍʙʢʠʬʤʤʙʞʛ ʎ.ʀ.  
 

ʅʘʚʦʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʝʩʧʫʙʣʠʢʘ ʋʟʙʝʢʠʩʪʘʥ  

ɸʥʥʦʪʘʮʠʷ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘʫʯʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘʷ ʧʨʦʙʣʝʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʨʴʝʨ-
ʥʳʭ ʧʦʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʧʦʣʦʛʦʧʘʜʘʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪ ʪʘʢʠʭ ʙʘʟʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʘʢ 
ʜʣʠʥʘ ʠ ʰʠʨʠʥʘ ʢʘʨʴʝʨʘ, ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʙʲʝʤʳ ʧʨʦʭʦʜʢʠ ʢʘʧʠʪʘʣʴʥʳʭ ʠ ʨʘʟʨʝʟʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʥʦ ʠ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 
ʚʥʫʪʨʠʢʘʨʴʝʨʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ ʠ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ. ʕʪʠ ʬʘʢʪʦʨʳ ʦʢʘʟʳʚʘʶʪ ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʝʙʝ-
ʩʪʦʠʤʦʩʪʠ ʠ ʦʙʱʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʝʜʧʨʠʷʪʠʷ. ʆʩʥʦʚʥʦʡ ʠʜʝʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʤʘʢʩʠʤʠʟʘʮʠʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʨʘʟʤʝʨ ʢʘʨʴʝʨʘ ʜʦʣʞʝʥ ʙʳʪʴ ʩʪʨʦʛʦ ʤʠʥʠʤʠʟʠʨʦʚʘʥ ʜʦ ʧʨʝʜʝʣʦʚ, ʜʠʢʪʫʝʤʳʭ ʧʘʨʘʤʝʪʨʘʤʠ 
ʧʨʠʥʷʪʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
ɺ ʨʘʙʦʪʝ ʧʦʜʨʦʙʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʧʨʦʮʝʩʩ ʚʳʙʦʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ, ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ ʜʝʪʘʣʴʥʦʤ 

ʩʨʘʚʥʝʥʠʠ ʜʠʥʘʤʠʢʠ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ ʚʘʨʠ-
ʘʥʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʫʩʣʦʚʠʷʤ ʧʣʘʩʪʦʚʳʭ ʟʘʣʝʞʝʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʂʣʶʯʝʚʳʤ ʦʪʣʠʯʠʝʤ ʧʨʝʜ-
ʣʦʞʝʥʥʳʭ ʤʝʪʦʜʠʢ ʷʚʣʷʝʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʚʟʘʠʤʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʬʨʦʥʪʘ ʜʦʙʳʯʥʳʭ ʠ ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 
ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʮʝʧʦʯʢʠ ʚʥʫʪʨʠ ʢʘʨʴʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 
ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʥʦʛʦʬʘʢʪʦʨʥʳʝ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʩʚʷʟʳʚʘʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʠ 

ʨʘʟʤʝʨʳ ʢʘʨʴʝʨʘ, ʩ ʝʛʦ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʨʘʩʯʝʪʫ ʜʣʠʥʳ ʬʨʦʥʪʘ ʨʘʙʦʪ ʚ ʟʘʚʠʩʠʤʦ-
ʩʪʠ ʦʪ ʰʠʨʠʥʳ ʟʘʭʦʜʢʠ ʠ ʚʳʩʦʪʳ ʫʩʪʫʧʦʚ ʧʨʠ ʵʢʩʢʘʚʘʪʦʨʥʦ-ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʩʭʝʤʝ. ʈʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣ ʧʘʢʝʪ ʛʨʘʬʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 
ʠ ʥʦʤʦʛʨʘʤʤ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʠ ʟʘʜʘʥʥʦʡ ʩʫʤʤʘʨʥʦʡ ʚʳʩʦʪʝ ʫʩʪʫʧʦʚ ʦʧʝʨʘʪʠʚʥʦ ʦʧʨʝʜʝʣʷʪʴ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʝ 
ʨʘʟʤʝʨʳ ʢʘʨʴʝʨʥʳʭ ʧʦʣʝʡ. ɼʘʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʫʯʥʫʶ ʙʘʟʫ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚ.  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚʩʢʨʳʰʥʳʝ ʨʘʙʦʪʳ, ʧʦʣʦʛʦʧʘʜʘʶʱʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʬʨʦʥʪʳ ʨʘʙʦʪ, ʧʣʘʩʪ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʩʭʝʤʘ, ʫʢʣʘʜʢʘ, ʙʘʣʘʥʩʦʚʳʝ ʟʘʧʘʩʳ, ʨʫʜʘ, ʧʦʪʝʨʠ, ʨʘʟʫʙʦʞʠʚʘʥʠʝ  

QOPLOVCHI TOGô JINSLARINI AVTOMOBIL TRANSPORTI ORQALI 
TASHISH TEXNOLOGIK SXEMASINING SAMARADORLIGINI           
ASOSLASH  

Sh.I. Xakimov,  U.B. Yermekboyev, X.Z. Fayzullayev  
 

Navoiy davlat konchilik va texnologiyalar universiteti, Oôzbekiston respublikasi  

Annotasiya. Ushbu ilmiy maqolada gorizontal va qiya yotuvchi konlarni ochiq usulda qazib olish sharoitida karyer maydonlarining geometrik parametrlarini optimal-
lashtirishning oóta muhim muammosi koórib chiqilgan. Karyerning uzunligi va kengligi kabi koórsatkichlarga nafaqat kapital va qirquvchi kon qazilmalarining hajmi, balki 
qoplovchi kon  jinslari va foydali qazilmalarni karyer ichida tashishning oórtacha masofasiga ham bevosita bogóliqligi aniqlangan. Mazkur omillar korxonaning butun 
hayotiylik davri davomida zaxiralarni oózlashtirishning tannarx tuzilmasi va umumiy iqtisodiy samaradorligiga salbiy taôsir koórsatadi. Tadqiqotning asosiy góoyasi shundan 
iboratki, rentabellikni maksimallashtirish uchun karyer oólchami qabul qilingan texnologik sxemalar parametrlari va sanoat xavfsizligi talablari asosida qatôiy ravishda 
minimallashtirilishi lozim. 

Ishda uskunalarning turli texnik parametrlarida solishtirma xarajatlar dinamikasining batafsil tahliliga asoslangan, kam quvvatli konlar uchun texnologik sxemalarni 
tanlash jarayoni atroflicha tahlil qilingan. Avtotransportdan foydalangan holda qatlamli konlar sharoitiga moslashtirilgan texnologik sxemalarning ilmiy asoslangan vari-
antlari ishlab chiqilgan va taqdim etilgan. Taklif etilayotgan texnologik sxtmalarning asosiy farqi kon ishlari frontining oózaro joylashuviga innovatsion yondashuvdir, bu 
esa karyer ichidagi logistik zanjirlarni optimallashtirish imkonini beradi. 

Tadqiqot doirasida transport parametrlarini kon-geologik sharoitlar va texnika unumdorligi bilan bogólovchi koóp omilli iqtisodiy-matematik modellar sintez qilingan. 
Ekskavator-avtotransport sxemasida ish frontining uzunligini blok kengligi va pogóona balandligiga bogóliq holda hisoblashga alohida eôtibor qaratilgan. Tadqiqot na-
tijasida muhandislik hisob-kitoblari uchun grafik bogóliqliklar va nomogrammalar toóplami ishlab chiqildi, ular berilgan umumiy pogóona balandligida karyer maydonlarining 
minimal zaruriy oólchamlarini tezkor aniqlash imkonini beradi. Ushbu ishlanmalar yuqori samaradorlikka ega togó-kon ishlab chiqarishini loyihalash uchun ilmiy asos 
boólib xizmat qiladi.  

Kalit soózlar: gorizontal konlar, qazish ishlari, qiya qatlamli konlar, ishchi front, qatlam, texnologik sxema, yotqizish, balans zaxiralari, maôdan, yo'qotilish  
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SUBSTANTIATION OF THE EFFECTIVENESS OF THE                  
TECHNOLOGICAL SCHEME FOR TRANSPORTING ROADS BY         
AUTOMOBILE TRANSPORT 

Sh.I. Khakimov,  U.B. Yermekboev, X.Z. Fayzullaev  
 

Navoi State University of Mining and Technologies, Republic of Uzbekistan  

Abstract. This scientific article addresses the critical issue of optimizing the geometric parameters of quarry fields in the context of open-pit mining of horizontal and 
gently dipping deposits. It has been established that basic indicators, such as the length and width of the quarry, directly determine not only the volumes of capital and 
opening-up mine workings but also the weighted average distance of in-pit transportation for overburden and minerals. These factors exert a decisive influence on the 
cost structure and the overall economic efficiency of reserve extraction throughout the entire life cycle of the enterprise. The core idea of the research is that to maximize 
profitability, the size of the quarry must be strictly minimized to the limits dictated by the parameters of the adopted technological schemes and industrial safety require-
ments. 

The paper provides a detailed analysis of the selection process for technological schemes for low-capacity deposits, based on a granular comparison of unit cost 
dynamics across various technical equipment parameters. Scientifically grounded variants of technological schemes, adapted to the conditions of seam deposits using 
road transport, are developed and presented. The key distinction of the proposed methodologies is an innovative approach to the relative positioning of the mining and 
stripping fronts, which enables the optimization of logistics chains within the quarry space. 

Within the framework of the study, multi-factor economic-mathematical models were synthesized, linking transport parameters with mining-geological conditions and 
equipment productivity. Special attention is paid to calculating the length of the working front depending on the width of the cut and the height of the benches in an exca-
vator-truck scheme. The research resulted in a package of graphical dependencies and nomograms for engineering calculations, allowing for the rapid determination of 
the minimum necessary dimensions of quarry fields for a given total bench height. These developments provide a scientific basis for designing high-efficiency mining 
operations.  

Keywords: horizontal deposits, overburden operations, gently dipping deposits, working fronts, seam, technological scheme, placement, balance reserves, ore, 

losses  

ɻʛʞʝʞʦʡʞ 
ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʟʤʝʨʳ 

ʢʘʨʴʝʨʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʵʢʦʥʦʤʠʢʫ ʦʪʨʘʙʦʪʢʠ ʚʩʝʛʦ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʷ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʟʘʪʨʘʪ ʧʨʠ ʵʪʦʤ ʙʫʜʫʪ ʩʚʷʟʘʥʘ ʩ ʧʨʦʭʦʜ-
ʢʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʘʧʠʪʘʣʴʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʚʥʫʪʨʠʢʘʨʴ-
ʝʨʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʦʨʥʦʡ ʤʘʩʩʳ. 
ʉʚʠʪʢʦʚʦʝ ʟʘʣʝʛʘʥʠʝ ʧʣʘʩʪʦʚ, ʥʝʧʨʘʚʠʣʴʥʘʷ ʠʭ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʧʦ ʧʣʦʱʘʜʠ, ʥʝʚʳʜʝʨʞʘʥʥʦʩʪʴ ʤʦʱʥʦʩʪʝʡ ʨʫʜʥʳʭ ʧʣʘʩʪʦʚ ʠ 
ʚʩʢʨʳʰʥʳʭ ʩʣʦʝʚ ʠ. ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ ʫʩʣʦʞʥʷʶʪ ʪʝʭʥʦʣʦʛʠʶ ʛʦʨʥʦ-
ʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ 
ʩʥʠʞʘʝʪʩʷ ʦʪ ʥʦʨʤʘʪʠʚʥʦʛʦ ʚ ʩʚʷʟʠ ʩ ʚʳʥʫʞʜʝʥʥʳʤʠ ʧʨʦʩʪʦʷʤʠ, ʠʟ
-ʟʘ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʪʝʤʧʦʚ ʨʘʟʚʠʪʠʷ ʚʩʢʨʳʰʥʦʛʦ ʠ ʜʦʙʳʯʥʦʛʦ 
ʫʩʪʫʧʦʚ ʠʟʤʝʥʯʠʚʦʡ ʤʦʱʥʦʩʪʴʶ. ʀʟʣʦʞʝʥʥʘʷ ʩʠʪʫʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ 
ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʪʝʭʥʠʢʘïɻ ʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 
ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʰʠʙʦʯʥʦʤʫ ʨʝʰʝʥʠʶ ʚ ʚʳʙʦʨʝ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 
ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 
ʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʨʘʟʨʘʙʦʪʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʧʦʣʦʛʦʧʘʜʘʶ-

ʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘʣʦʞʝʥʳ ʚ ʪʨʫʜʘʭ ʤʥʦʛʠʭ ʚʳʜʘʶʱʠʭ ʫʯʝʥʳʭ 
ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ.  
ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʥʘʤʝʯʝʥʳ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠ-

ʪʠʷ, ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ 
ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʧʦʣʦʛʦʧʘʜʘʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 
ʠʩʢʦʧʘʝʤʳʭ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʮʝʣʳʡ ʨʷʜ ʚʦʧʨʦ-
ʩʦʚ, ʝʱʝ ʥʝ ʥʘʰʝʣ ʩʚʦʝʛʦ ʨʝʰʝʥʠʷ ʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝ-
ʜʦʚʘʥʠʡ. ʊʘʢ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʣʠʩʴ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʪʘʢʠʭ ʤʝ-
ʩʪʦʨʦʞʜʝʥʠʷʭ, ʥʝʪ ʢʦʤʧʣʝʢʩʥʘʷ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦ-
ʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ. ʄʘʣʦ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʳ, ʚʦʧʨʦʩʘʤ ʦʧʪʠʤʠʟʘ-
ʮʠʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʥʠʭ ʨʘʙʦʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʦʨʥʦ-
ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʩʦʯʝʪʘʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 
ʨʘʟʨʘʙʦʪʢʠ. ʕʪʠ ʚʦʧʨʦʩʳ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʚʦ ʤʥʦ-
ʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ.  

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ ʡʪʪʤʞʝʧʛʙʦʡʸ 
ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʟʤʝʨʳ 

ʢʘʨʴʝʨʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʵʢʦʥʦʤʠʢʫ ʦʪʨʘʙʦʪʢʠ ʚʩʝʛʦ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʷ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʟʘʪʨʘʪ ʧʨʠ ʵʪʦʤ ʙʫʜʫʪ ʩʚʷʟʘʥʘ ʩ ʧʨʦʭʦʜ-
ʢʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʘʧʠʪʘʣʴʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʚʥʫʪʨʠʢʘʨʴ-
ʝʨʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʦʨʥʦʡ ʤʘʩʩʳ. 
ʉʚʠʪʢʦʚʦʝ ʟʘʣʝʛʘʥʠʝ ʧʣʘʩʪʦʚ, ʥʝʧʨʘʚʠʣʴʥʘʷ ʠʭ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʧʦ ʧʣʦʱʘʜʠ, ʥʝʚʳʜʝʨʞʘʥʥʦʩʪʴ ʤʦʱʥʦʩʪʝʡ ʨʫʜʥʳʭ ʧʣʘʩʪʦʚ ʠ 
ʚʩʢʨʳʰʥʳʭ ʩʣʦʝʚ ʠ. ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ ʫʩʣʦʞʥʷʶʪ ʪʝʭʥʦʣʦʛʠʶ ʛʦʨʥʦ-
ʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ 
ʩʥʠʞʘʝʪʩʷ ʦʪ ʥʦʨʤʘʪʠʚʥʦʛʦ ʚ ʩʚʷʟʠ ʩ ʚʳʥʫʞʜʝʥʥʳʤʠ ʧʨʦʩʪʦʷʤʠ, ʠʟ
-ʟʘ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʪʝʤʧʦʚ ʨʘʟʚʠʪʠʷ ʚʩʢʨʳʰʥʦʛʦ ʠ ʜʦʙʳʯʥʦʛʦ 
ʫʩʪʫʧʦʚ ʠʟʤʝʥʯʠʚʦʡ ʤʦʱʥʦʩʪʴʶ. ʀʟʣʦʞʝʥʥʘʷ ʩʠʪʫʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ 
ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʪʝʭʥʠʢʘïɻ ʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 
ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʰʠʙʦʯʥʦʤʫ ʨʝʰʝʥʠʶ ʚ ʚʳʙʦʨʝ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 
ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 
ʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʨʘʟʨʘʙʦʪʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʧʦʣʦʛʦʧʘʜʘʶ-

ʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘʣʦʞʝʥʳ ʚ ʪʨʫʜʘʭ ʤʥʦʛʠʭ ʚʳʜʘʶʱʠʭ ʫʯʝʥʳʭ 
ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ.  
ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʥʘʤʝʯʝʥʳ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠ-

ʪʠʷ, ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ 
ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʧʦʣʦʛʦʧʘʜʘʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 
ʠʩʢʦʧʘʝʤʳʭ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʮʝʣʳʡ ʨʷʜ ʚʦʧʨʦ-
ʩʦʚ, ʝʱʝ ʥʝ ʥʘʰʝʣ ʩʚʦʝʛʦ ʨʝʰʝʥʠʷ ʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝ-
ʜʦʚʘʥʠʡ. ʊʘʢ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʣʠʩʴ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʪʘʢʠʭ ʤʝ-
ʩʪʦʨʦʞʜʝʥʠʷʭ, ʥʝʪ ʢʦʤʧʣʝʢʩʥʘʷ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦ-
ʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ. ʄʘʣʦ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʳ, ʚʦʧʨʦʩʘʤ ʦʧʪʠʤʠʟʘ-
ʮʠʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʥʠʭ ʨʘʙʦʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʦʨʥʦ-
ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʩʦʯʝʪʘʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 
ʨʘʟʨʘʙʦʪʢʠ. ʕʪʠ ʚʦʧʨʦʩʳ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʚʦ ʤʥʦ-
ʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ.  
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ʉʡʪ.1. ʋʞʮʦʧʤʧʜʡʰʞʪʣʙʸ ʪʮʞʥʙ ʩʙʠʩʙʚʧʫʣʡ ʨʩʡ ʨʧʪʤʞʝʧʛʙʫʞʤʵʦʧʥ ʩʙʪʨʧʤʧʟʞʦʡʡ ʭʩʧʦʫʧʛ ʛʪʣʩʴʱʦʴʮ ʡ ʝʧʚʴʰʦʴʮ ʩʙʚʧʫ  

ʉʡʪ. 2. ʋʞʮʦʧʤʧʜʡʰʞʪʣʙʸ ʪʮʞʥʙ ʩʙʠʩʙʚʧʫʣʡ ʨʩʡ ʨʙʩʙʤʤʞʤʵʦʧʥ ʩʙʪʨʧʤʧʟʞʦʡʡ ʭʩʧʦʫʧʛ ʛʪʣʩʴʱʦʴʮ ʡ ʝʧʚʴʰʦʴʮ ʩʙʚʧʫ  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʩʭʝʤ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʬʨʦʥ-
ʪʦʚ ʨʘʙʦʪ ʨʘʟʨʘʙʦʪʘʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʝʪʦʜʠʢʘ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ 
ʤʝʪʦʜʠʢʝ ʜʣʠʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ ʧʨʠ ʧʘʨʘʣ-
ʣʝʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʬʨʦʥʪʦʚ ʨʘʙʦʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 
ʦʙʨʘʟʦʤ. 
ʐʠʨʠʥʘ ʟʘʭʦʜʢʠ (ʧʘʥʝʣʠ) ʚʩʢʨʳʰʥʳʭ ʫʩʪʫʧʦʚ (ʚʝʨʭʥʝʛʦ -  

ʐʧ.ʚʝʨʭ  ʠ ʥʠʞʥʝʛʦ - ʐʧ), ʧʦʣʦʩʳ ʟʘʯʠʩʪʢʠ ʢʨʦʚʣʠ (ʧʝʨʚʦʛʦ - ʐIɿ.ʂ. ʠ 
ʚʪʦʨʦʛʦ - ʐIIɿ.ʂ.) ʠ ʦʯʠʩʪʥʳʭ ʙʣʦʢʦʚ (ʧʝʨʚʦʛʦ - ʐIʆ.ʏ ʠ ʚʪʦʨʦʛʦ - 
ʐIIʆ.ʏ), ʰʠʨʠʥʳ ʦʪʩʳʧʢʠ ʦʪʚʘʣʴʥʳʭ ʷʨʫʩʦʚ ʠ ʙʣʦʢʘ ɹɺʈ (ʐIIɹɺʈ ï 
ʥʠʞʥʝʛʦ) ʤʝʞʜʫ ʩʦʙʦʡ ʢʨʘʪʥʳ ʠʣʠ ʨʘʚʥʳ ʠ ʠʭ ʦʙʱʫʶ ʜʣʠʥʫ ʤʦʞʥʦ 
ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ:  

 
    (1) ,* NʐL ʇʇ =
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ʛʜʝ Lʧ ï ʜʣʠʥʘ ʧʝʨʝʤʝʥʥʦʡ ʯʘʩʪʠ ʜʦʨʦʛ; N ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʦ-
ʩʳ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. 
ɹʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ, ʧʨʦʚʦʜʠʤʳʝ ʤʝʞʜʫ ʦʯʠʩʪʥʳʤ ʙʣʦʢʦʤ 

ʧʝʨʚʦʛʦ ʧʣʘʩʪʘ ʠ ʙʣʦʢʦʤ ʥʠʞʥʝʛʦ ʚʩʢʨʳʰʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʜʦʣʞʥʳ 
ʙʳʪʴ ʠʟʦʣʠʨʦʚʘʥʳ ʦʪ ʢʨʘʡʥʝʛʦ ʟʘʨʷʜʘ ʩʢʚʘʞʠʥ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʥʝ 
ʤʝʥʝʝ 150 ʤ ʠʟ ʦʙʝʠʭ ʩʪʦʨʦʥ ʚʟʨʳʚʘʝʤʦʛʦ ʙʣʦʢʘ (ʐɹɺ). 
ɼʣʷ ʧʝʨʝʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʦ ʛʦʨʠʟʦʥʪʘʤ (I ʠ II 

ʚʩʢʨʳʰʥʳʤʠ) ʠ ʦʪʚʘʣʴʥʳʤ ʷʨʫʩʘʤ ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʦʣʦʩʳ (ʐʊ.ʇ.) 
ʜʦʣʞʥʳ ʙʳʪʴ ʰʠʨʠʥʦʡ 25-30 ʤ.  
ɺ ʩʚʷʟʠ ʩ ʟʘʧʨʝʱʝʥʠʝʤ ʨʘʙʦʪ ʤʝʭʘʥʠʟʤʦʚ ʚʙʣʠʟʠ ʟʦʥʳ ʨʘʟ-

ʛʨʫʟʢʠ ʪʨʘʥʩʧʦʨʪʘ ʧʦʣʦʩʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ          
ʐɹ.ʇ.=(1,1õ1,2) ʅʗ.  
ʉʞʠʬʤʵʫʙʫʴ ʡʪʪʤʞʝʧʛʙʦʡʸ. 
ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʣʦʞʝʥʥʳʤ, ʜʣʠʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʦ ʚʝʨʭ-

ʥʝʤʫ ʠ ʥʠʞʥʝʤʫ ʚʩʢʨʳʰʥʳʤ ʫʩʪʫʧʘʤ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʨʘʩʧʦʣʦ-
ʞʝʥʠʠ ʬʨʦʥʪʦʚ ʨʘʙʦʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

 
(2) 

 
 

(3) 
 

ʇʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʬʨʦʥʪʦʚ ʛʦʨʥʳʭ ʨʘʙʦʪ 
ʜʣʠʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ  

 
(4) 

 
ʆʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʫʪʝʤ ʧʦʠʩʢʘ ʤʠʥʠʤʘʣʴʥʳʭ ʩʫʤʤʘʨʥʳʭ ʟʘʪʨʘʪ ʥʘ ʨʘʟʨʘʙʦʪʢʫ           
1 ʤ3 ʛʦʨʥʦʡ ʤʘʩʩʳ  

 
(5) 

 
ʛʜʝ  ɿʉï ʟʘʪʨʘʪʳ ʥʘ ʩʦʦʨʫʞʝʥʠʝ ʩʲʝʟʜʦʚ, ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ 1 

ʤ3 ʧʝʨʝʚʦʟʠʤʦʡ ʯʝʨʝʟ ʩʲʝʟʜ ʛʦʨʥʦʡ ʤʘʩʩʳ, ʫ.ʝ./ʤ3;  
ɿʊ.ɺ.ï ʩʪʦʠʤʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚʩʢʨʳʰʠ, ʫ.ʝ./ʤ3;  
ɿʊ.ʈ.ï ʟʘʪʨʘʪʳ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʨʫʜʳ, ʫ.ʝ./ʤ3; 
ɿʆï ʟʘʪʨʘʪʳ ʥʘ ʫʢʣʘʜʢʫ ʚʩʢʨʳʰʠ ʚ ʦʪʚʘʣ, ʫ.ʝ./ʤ3.  
ɿʘʪʨʘʪʳ ʧʦ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʚʠʜʘʤ ʨʘʙʦʪ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ 

ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ:  
1.ɿʘʪʨʘʪʳ ʥʘ ʩʦʦʨʫʞʝʥʠʝ ʩʲʝʟʜʘ,  
 

    ʫ.ʝ. ʤ3               (6) 
 

 
ʛʜʝ ʉʧʝʨ ï ʟʘʪʨʘʪʳ ʥʘ ʫʩʪʨʦʡʩʪʚʦ 1 ʤ3 ʩʲʝʟʜʘ, ʫ.ʝ./ʤ3, ipï ʟʥʘʯʝ-

ʥʠʝ ʨʫʢʦʚʦʜʷʱʝʛʦ ʫʢʣʦʥʘ, ʜʦʣ. ʝʜ.,   ɺ ï ʰʠʨʠʥʘ ʩʲʝʟʜʘ ʧʦ ʚʝʨʭʫ, 
ʤ,  Iʙʣ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʲʝʟʜʘʤʠ, ʤ, ʐʧï ʰʘʛ ʧʝʨʝʜʚʠʞʢʠ ʛʦʨ-
ʥʳʭ ʨʘʙʦʪ (ʰʠʨʠʥʘ ʧʘʥʝʣʠ), ʤ, hʫ ï ʚʳʩʦʪʘ ʫʩʪʫʧʘ, ʤ. 
2. ɿʘʪʨʘʪʳ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ 
 

(7)  
 
 

ʛʜʝ  ʉʪʢʤï ʟʘʪʨʘʪʳ ʥʘ ʧʝʨʝʚʦʟʢʫ ʛʦʨʥʦʡ ʤʘʩʩʳ ʘʚʪʦʩʘʤʦʩʚʘ-
ʣʘʤʠ, ʫ.ʝ./ʪ.ʢʤ;  
ɔ- ʧʣʦʪʥʦʩʪʴ ʧʦʨʦʜʳ, ʪ/ʤ3. 
 3. ɿʘʪʨʘʪʳ ʥʘ ʦʪʚʘʣʦʦʙʨʘʟʦʚʘʥʠʝ  
 

(8) 
 
 

ʛʜʝ  ʈ ï ʦʙʲʸʤ ʛʦʨʥʦʡ ʤʘʩʩʳ ʫʢʣʘʜʳʚʘʝʤʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 
ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʲʝʟʜʘ.  

 
(9) 

 
 

ʇʨʠ ʈ > 1,  ɿʦʪʚ =  0. 
ɿʦʪʚ ï ʟʘʪʨʘʪʳ ʥʘ ʫʢʣʘʜʢʫ 1 ʤ3 ʚʩʢʨʳʰʠ ʚ ʦʪʚʘʣ ʙʫʣʴʜʦʟʝʨʦʤ, 

V ï ʦʙʲʝʤ ʧʦʨʦʜʳ, ʧʦʜʣʝʞʘʱʠʡ ʧʣʘʥʠʨʦʚʢʝ ʙʫʣʴʜʦʟʝʨʦʤ             
(V = 40õ70%) . 
ʉʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʟʘʪʨʘʪʳ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʚʩʢʨʳʰʠ ʠʟ 

ʜʚʫʭ ʛʦʨʠʟʦʥʪʦʚ  
 

(10) 
 
 

ɿʘʪʨʘʪʳ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʨʫʜʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ 1 ʤ3 ʛʦʨ-
ʥʦʡ ʤʘʩʩʳ  

 
(11) 

 
 
ɼʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʠʟʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʦʡ ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠ 
ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʨʠʩ. 3-4.  
ʇʚʪʬʟʝʞʦʡʞ ʩʞʠʬʤʵʫʙʫʧʛ. 
ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 3 ʛʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʚʝʣʠʯʝ-

ʥʠʝ ʩʫʤʤʘʨʥʦʡ ʚʳʩʦʪʳ ʫʩʪʫʧʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤʫ 
ʫʚʝʣʠʯʝʥʠʶ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʚʥʫʪʨʠʢʘʨʴʝʨʥʳʭ 
ʚʳʝʟʜʥʳʭ ʩʲʝʟʜʦʚ. [4,5].  
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ʉʡʪ. 3. ɼʩʙʭʡʣʡ ʡʠʥʞʦʞʦʡʸ ʬʝʞʤʵʦʴʮ ʠʙʫʩʙʫ ʛ ʠʙʛʡʪʡʥʧʪʫʡ ʧʫ ʨʙʩʙʥʞʫʩʧʛ ʫʩʙʦʪʨʧʩʫʦʧʢ ʪʡʪʫʞʥʴ ʩʙʠʩʙʚʧʫʣʡ ʪ                    
ʨʙʩʙʤʤʞʤʵʦʴʥ ʩʙʪʨʧʤʧʟʞʦʡʞʥ ʭʩʧʦʫʧʛ ʛʪʣʩʴʱʦʴʮ ʡ ʝʧʚʴʰʦʴʮ ʩʙʚʧʫ  
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ʇʨʠ ʟʘʜʘʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʚʳʩʦʪʳ ʫʩʪʫʧʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 
ʰʠʨʠʥʳ ʧʘʥʝʣʠ ʠ ʜʣʠʥʳ ʬʨʦʥʪʘ ʨʘʙʦʪ ʦʙʱʠʝ ʟʘʪʨʘʪʳ ʩʥʘʯʘʣʘ 
ʧʘʜʘʶʪ ʠ ʟʘʪʝʤ ʧʦʩʪʝʧʝʥʥʦ ʥʘʨʘʩʪʘʶʪ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 
ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʩʲʝʟʜʦʚ ʙʦʣʴʰʝ, 
ʯʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʦʩʪʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʘʩʭʦʜʦʚ.  

ʀʟ ʛʨʘʬʠʢʦʚ, ʥʘ ʨʠʩ. 4 ʩʣʝʜʫʝʪ, ʯʪʦ ʦʙʱʠʝ ʟʘʪʨʘʪʳ ʧʨʠ ʧʦʩʣʝ-
ʜʦʚʘʪʝʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʚʩʢʨʳʰʥʳʭ ʠ ʜʦʙʳʯʥʳʭ ʬʨʦʥʪʦʚ ʨʘ-
ʙʦʪ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʠʨʠʥʳ ʧʘʥʝʣʠ ʠ ʚʳʩʦʪʳ 
ʫʩʪʫʧʦʚ.  

 

ʉʡʪ. 4. ɼʩʙʭʡʣʡ ʡʠʥʞʦʞʦʡʸ ʬʝʞʤʵʦʴʮ ʠʙʫʩʙʫ ʛ ʠʙʛʡʪʡʥʧʪʫʡ ʧʫ ʡʠʥʞʦʞʦʡʸ ʱʡʩʡʦʴ ʨʙʦʞʤʡ ʡ ʛʴʪʧʫʴ ʬʪʫʬʨʧʛ ʨʩʡ                 
ʨʧʪʤʞʝʧʛʙʫʞʤʵʦʧʥ ʩʙʪʨʧʤʧʟʞʦʡʡ ʭʩʧʦʫʧʛ ʛʪʣʩʴʱʦʴʮ ʡ ʝʧʚʴʰʦʴʮ ʩʙʚʧʫ 

ʇʨʠ ʟʘʜʘʥʥʦʡ ʚʳʩʦʪʝ ʥʠʞʥʝʛʦ ʫʩʪʫʧʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ 
ʚʝʨʭʥʝʛʦ ʫʩʪʫʧʘ ʠ ʰʠʨʠʥʳ ʟʘʭʦʜʢʠ ʟʘʪʨʘʪʳ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠ-
ʚʘʶʪʩʷ. ʇʨʠ ʟʘʜʘʥʥʦʡ ʚʳʩʦʪʝ ʚʝʨʭʥʝʛʦ ʫʩʪʫʧʘ ʟʘʪʨʘʪʳ ʫʚʝʣʠʯʠʚʘ-
ʶʪʩʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʰʠʨʠʥʳ ʧʘʥʝʣʠ ʠ ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʠ ʫʚʝ-
ʣʠʯʝʥʠʠ ʚʳʩʦʪʳ ʥʠʞʥʝʛʦ ʚʩʢʨʳʰʥʦʛʦ ʫʩʪʫʧʘ. 
ʀʟ ʛʨʘʬʠʢʦʚ, ʩʣʝʜʫʝʪ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚʩʢʨʳʰʥʳʭ ʠ ʜʦʙʳʯʥʳʭ ʬʨʦʥʪʦʚ ʨʘ-
ʙʦʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʫʜʝʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʠ 
ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʰʠʨʠʥʦʡ ʦʪʨʘʙʘʪʳʚʘʝʤʦʡ ʧʘʥʝʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʦʡ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʬʨʦʥ-
ʪʦʚ ʨʘʙʦʪ. 

 
 

ʀʙʣʤʷʰʞʦʡʞ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʳ ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʢ ʫʩʣʦʚʠʷʤ 

ʧʣʘʩʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʘʨʠʘʥʪʳ ʪʨʘʥʩʧʦʨʪʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʠʭ ʩʭʝʤ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʨʘʩʧʦʣʦʞʝʥʠʶ ʬʨʦʥʪʦʚ 
ʛʦʨʥʳʭ ʨʘʙʦʪ (ʚʩʢʨʳʰʥʳʭ, ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ, ʜʦʙʳʯʥʳʭ ʠ. ʪ. ʜ.). 
ʇʦ ʵʪʦʤʫ ʧʨʠʟʥʘʢʫ ʬʨʦʥʪ ʛʦʨʥʳʭ ʨʘʙʦʪ ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ 
ʧʘʨʘʣʣʝʣʴʥʦ ʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘ ʨʘʟʥʳʭ ʫʩʪʫʧʘʭ, ʥʦ ʥʝʢʦʪʦ-
ʨʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʠʤʝʝʪ ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ. 
ʋʩʪʘʥʦʚʣʝʥʳ ʚʟʘʠʤʦʩʚʷʟʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʩ 

ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, 
ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝ-
ʪʦʚ ʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ 
ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ.  
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SKVAJINALARNI BURGôILASH DAVOMIDA YUVUVCHI               
SUYUQLIKINING HALOKATLI YUTILISHINI BARTARAF QILISH   

UOóK 622. 241.8 

R.U.Djurayev, D.N.Xatamova, A.T.Asanov, Q.H.Normayev  

 

Navoiy davlat konchilik va texnologiyalar universiteti, Oôzbekiston Respublikasi 
 

ʄʁʃɻʁɽɹʏʁʘ ʃɹʋɹʊʋʉʇʍʁʐɾʊʃʇɼʇ ʈʇɼʄʇʒɾʆʁʘ                
ʈʉʇʅʔɻʇʐʆʇʂ ɿʁɽʃʇʊʋʁ ʈʉʁ ɺʌʉɾʆʁʁ ʊʃɻɹɿʁʆ 

Annotasiya. Skvajinalarni burgóilash jarayonida yuvuvchi suyuqlikning yutilib ketishi eng jiddiy geologik asoratlardan biri boólib, uni bartaraf etish samaradorligi bir 
qator omillarga bogóliq. Yuvuvchi suyuqlikning yutilib ketishini oldindan bashorat qilish qiyin, yuzaga kelgan holatlarda esa uni har doim ham tezkor bartaraf etish imkoni 
mavjud emas. Bundan tashqari, mazkur asoratni bartaraf etish katta moliyaviy xarajatlarni talab etadi. 
Mazkur maqolada skvajinalarni burgóilash jarayonida burgóilash eritmasining yutilib ketishining asosiy sabablari va mexanizmlarining kompleks tahlili, geologik 

hamda texnologik omillarni hisobga olgan holda bayon etilgan. Alohida eôtibor Qizilqum mintaqasi sharoitlariga qaratilgan boólib, bu hududda togó jinslarining yuqori 
darajadagi yoriqliligi, góovakligi va oótkazuvchanligi mazkur muammoni yanada dolzarb qiladi. 
Mualliflar tomonidan togó jinslari massivining parametrlarini, jumladan góovaklar hajmi, yoriqlar geometriyasi hamda ularning burgóilash eritmasi yoóqotilish tezligiga 

taôsirini dastlabki baholash imkonini beruvchi matematik model ishlab chiqilgan. Model yoriqlarning yoónalishini, togó jinslarining mexanik xususiyatlarini, tizimdagi bos-
imni hamda filtratsiya parametrlarini hisobga oladi. 
Skvajina diametrini oôzgartirmagan holda yutuvchi qatlamni qoplash imkonini beruvchi yangi burgóilash snaryadi konstruksiyasi taklif etilgan. Kengayuvchi mus-

taxkamlash quvurining ishlash prinsipi hamda uning quduq devorlariga ishonchli mahkamlanish mexanizmi bayon etilgan. Oótkazilgan eksperimental sinovlar natijalari 
keltirilib, ular taklif etilgan konstruksiyaning burgóilash eritmasining halokatli yoóqotilishlarini bartaraf etishdagi samaradorligini tasdiqlaydi. 
Eksperimental maôlumotlar asosida kengayuvchi quvur devorining optimal qalinligi bilan quduq diametri oórtasidagi bogóliqlik aniqlangan. Ushbu bogóliqlik turli ge-

ologik sharoitlarda quvur konstruksiyasining ishonchliligini va ekspluatatsion samaradorligini oshirish imkonini beradi.  
Kalit soózlar: burgԐilash, skvajina, katostrofik yutilish, mustaxkamlovchi quvur, skvajina devorining darzdorligi, burgԐilash snaryadi, kengaytirgich, burgԐilash kolon-

nasi, skvajina stvoli.  

ɸʥʥʦʪʘʮʠʷ. ʇʦʛʣʦʱʝʥʠʝ ʧʨʦʤʳʚʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʩʝʨʴʝʟʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʦʩʣʦʞʥʝʥʠʝʤ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ. ʇʦʛʣʦʱʝʥʠʝ ʧʨʦʤʳʚʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʪʨʫʜʥʦ ʧʨʝʜʫʛʘʜʘʪʴ, ʘ ʧʨʠ ʚʦʟʥʠʢʥʦ-
ʚʝʥʠʠ ʧʦʛʣʦʱʝʥʠʷ ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ ʦʧʝʨʘʪʠʚʥʦ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʝʛʦ, ʢʨʦʤʝ ʪʦʛʦ ʣʠʢʚʠʜʘʮʠʷ ʜʘʥʥʦʛʦ ʦʩʣʦʞʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʝʡ. 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʠ ʤʝʭʘʥʠʟʤʘ ʧʦʛʣʦʱʝʥʠʷ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ, ʩ ʫʯʸʪʦʤ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʫʩʣʦʚʠʷʤ ʂʳʟʳʣʢʫʤʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʛʜʝ ʚʳʩʦʢʘʷ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ, ʧʦʨʠʩʪʦʩʪʴ ʠ 
ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʛʦʨʥʳʭ ʧʦʨʦʜ ʜʝʣʘʶʪ ʧʨʦʙʣʝʤʫ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ. 
ɸʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʮʝʥʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʦʛʣʦʱʘʶʱʝʛʦ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ, ʚʢʣʶʯʘʷ 

ʦʙʲʸʤ ʧʦʨ, ʛʝʦʤʝʪʨʠʶ ʪʨʝʱʠʥ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʝʨʴ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. ʄʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʪʨʝʱʠʥ, ʤʝʭʘʥʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʠ ʧʘʨʘʤʝʪʨʳ ʬʠʣʴʪʨʘʮʠʠ. 
ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʙʫʨʦʚʦʛʦ ʩʥʘʨʷʜʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʢʨʳʪʠʝ ʟʦʥʳ ʧʦʛʣʦʱʝʥʠʷ ʦʙʩʘʜʥʦʡ ʪʨʫʙʦʡ ʙʝʟ ʫʤʝʥʴʰʝʥʠʷ ʜʠʘ-

ʤʝʪʨʘ ʩʢʚʘʞʠʥʳ. ʆʧʠʩʘʥ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʪʨʫʙʳ ʠ ʤʝʭʘʥʠʟʤ ʝʸ ʥʘʜʸʞʥʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʥʘ ʩʪʝʥʢʘʭ ʩʢʚʘʞʠʥʳ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘ-
ʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʣʠʢʚʠʜʘʮʠʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʙʫʨʦʚʦʛʦ 
ʨʘʩʪʚʦʨʘ. 
ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʦʙʩʘʜʦʯʥʦʡ ʪʨʫʙʳ ʦʪ ʜʠʘʤʝʪʨʘ 

ʩʢʚʘʞʠʥʳ. ɼʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʢʨʝʧʣʝʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʫʨʝʥʠʝ, ʩʢʚʘʞʠʥʘ, ʙʫʨʦʚʦʡ ʨʘʩʪʚʦʨ, ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʝ ʧʦʛʣʦʱʝʥʠʝ, ʦʙʩʘʜʥʘʷ ʪʨʫʙʘ, ʪʨʝʱʠʥʘ ʩʪʝʥʢʠ ʩʢʚʘʞʠʥʳ, ʙʫʨʦʚʦʡ ʩʥʘ-

ʨʷʜ, ʨʘʩʰʠʨʠʪʝʣʴ, ʙʫʨʠʣʴʥʘʷ ʢʦʣʦʥʥʘ, ʩʪʚʦʣ ʩʢʚʘʞʠʥʳ. 
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PREVENTION OF CATASTROPHIC DRILLING FLUID LOSS DURING 
WELL DRILLING  

R.U.Djuraev, D.N.Xatamova, A.T.Asanov, Q.H.Normaev  
 

Navoi State University of Mining and Technologies, Republic of Uzbekistan 

Abstract. The absorption of drilling mud during well drilling is a very serious geological complication, the effectiveness of which depends on a number of factors. 

The absorption of drilling fluid during well drilling is difficult to predict, and when absorption occurs, it is not always possible to quickly eliminate it; moreover, eliminat-

ing this complication is expensive. 

This article presents a comprehensive analysis of the main causes and mechanisms of mud loss during well drilling, taking into account geological and techno-

logical factors. Particular attention is paid to the conditions of the Kyzylkum region, where high fracturing, porosity, and permeability of the rocks make this problem 

particularly pressing. 

The authors developed a mathematical model that allows for a preliminary assessment of the parameters of a rock mass, including pore volume, fracture geome-

try, and their impact on drilling fluid loss rates. The model takes into account fracture orientation, rock mechanical properties, system pressure, and filtration parame-

ters. 

A new drilling tool design is proposed that allows for casing to cover the thief zone without reducing the borehole diameter. The operating principle of the expand-

ing casing and the mechanism for its secure attachment to the borehole walls are described. The results of experimental tests are presented, confirming the effective-

ness of the proposed design for eliminating catastrophic losses of drilling mud. 

Based on experimental data, a relationship was established between the optimal wall thickness of an expanding casing pipe and the borehole diameter. This 

relationship allows for improved casing reliability and operational efficiency under various geological conditions.  

Keywords: drilling, well, drilling mud, catastrophic loss, casing, wellbore crack, drilling tool, reamer, drill string, wellbore.  

Kirish: 
Koóplab foydali qazilma konlarining qulay geologik sharoitlarda 

joylashgan zaxiralari kamayib borayotganligi, yangi foydali qazilma 
konlarini qidirishni jadallashtirishni talab qiladi. Biroq, koópchilik konlar 
katta chuqurliklarda va noqulay geologik sharoitlarda joylashgan boólib, 
bu ularni razvedka qilish jarayonini murakkablashtiradi. Noqulay ge-
ologik sharoitlarda chuqur skvajinalarni burgóilash qator geologik va 
texnologik muammolarning yuzaga kelishi sababli qiyinchiliklar 
tugódiradi, bu esa skvajinalardan foydalanish muddatini va burgóilash 
qiymatini oshiradi, burgóilash ishlarining energiya va resurs samara-
dorligini pasaytiradi, shuningdek foydali qazilma konlarini qidirish va 
razvedka qilish ishlari sifatini yomonlashtiradi [1]. 

Geologik-razvedka va geotexnologik skvajinalarni burgóilashda 
burgóilash eritmasining yutilishini oldini olish usuli va texnologiyasini 
ishlab chiqishning dolzarbligi burgóilash ishlarining yuqori tannarxi bilan 
asoslanadi, bu esa ishlarni olib borish usullari va texnik 
vositalarni ishlab chiqarish samaradorligi va iqtisodiy samara-
dorlikka boólgan yuqori talablarni hisobga olgan holda moderni-
zatsiya qilishni talab etadi [2]. 

Qizilqum hududining murakkab geologik va gidrogeologik 
sharoitlariga ega boólgan uchastkalarida geologik-razvedka va 
geotexnologik skvajinalarni burgóilash jarayonida togó jinslarning 
darzdorligi sababli yuvuvchi suyuqlikning intensiv yutilishi kuza-
tiladi. 
Burgóilash suyuqligi yutilishi natijasida skvajina stvolida 

yuvuvchi suyuqlik sathining keskin pasayishi va skvajina de-
vorlarining qulashi sababli burgóilash quvurlarining qisilib qolishi 
yuzaga keladi [3]. Yoriqlar va kavernalar katta boólgan hollarda 
yutilishni oldini olishning maôlum usullari, masalan, skvajinani 
tamponaj qilish, sement eritmalarini, yuqori qovushqoq tizimlar-
ni quyish va h.k., ijobiy natija bermaydi [4]. 

Bugungi kunda yutilishlarni oldini olish uchun skvajinalarni 
kengaytirish ishlari hamda skvajinada ochilgan oópqonni yopish 
uchun suyuq shisha, uniflok, K-4 va gil bilan tamponaj ishlari 
amalga oshirilmoqda ammo kutilgan natijaga erishishning im-
koni boólmayapti. Natijada quduq bir necha bor qayta 
burgóilanadi, bu esa burgóilash xarajatlarining ortishiga olib 
keladi. Shu sababli burgóilash eritmasining katastrofik yutilishini 
samarali oldini olish muammosi hanuz dolzarb boólib qolmoqda 
[5]. 

Metodlar 
Skvajinalarni burgóilash jarayonida burgóilash suyuqlikning yutilishi 

bu burgóilash suyuqligining maôlum bir hajmining yoki toólaligicha skva-
jina ichida qatlamga oqib ketishi natijasida yoóqotilishidir. Burgóilash 
suyuqligining skvajina ichida yutilishiga olib keluvchi asosiy sabablar 
ikki turga boólinadi [6], birinchisi geologik sabablar, bunda, 
burgóilanayotgan hududda yuqori oótkazuvchan qatlamlarning mavjudli-
gi, oóyiqlar, yoriqlar va góovakliklarning mavjudligi hamda qatlam bosim-
ining pastligi natijasida burgóilash suyuqligining yutilishi yuzaga keladi. 
[7]. Ikkinchisi esa texnologik sabablar, bunda, burgóilash suyuqligining 
sifati va miqdori, burgóilash usuli, burgóilash kolonnasini koótarib tu-
shirish tezligi va texnik qurollanganlik holatlarini yomonligi sababli 
burgóilash suyuqligining yutilishi yuzaga keladi [8]. 

Burgóilash eritmasi yutilishining namoyon boólish 
belgilari turlicha boólib, ular koóp jihatdan geologik sharoitlar va 

1-rasm. Burgôilash suyuqligini qisman yoôqotilishi  
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burgóilash parametrlariga bogóliq. Boshlanayotgan yutilishning asosiy 
belgilari sifatida suyuqlik sathi va bosimining oózgarishi, shuningdek 
qaytib kelayotgan yuvish eritmasida havo pufakchalarining paydo 
boólishi xizmat qiladi [9]. Keyinchalik va yanada intensiv yutilish jarayon-
ida bosim keskin pasayadi va aylanish (sirkulyatsiya) toóliq toóxtaydi. 
Yutilishni bartaraf etish boóyicha oóz vaqtida chora koórilmasligi skvajina 
devorlarining qulashiga olib keluvchi halokatli yutilishning yuzaga 

kelishiga sabab boóladi [10]. 
Quyida 1-rasmda yuvuvchi suyuqlikning skvajina ichida 

qisman yutilishining koórinishi keltirilgan.  
Qizilqum geologik hudidida uchraydigan burgóilash 

suyuqligini asosiy geologik sabablari tahlil qilinganda, 
ushbu hududda yuqori oótkazuvchan qatlamlarning 
mavjudligi, qatlamlarning yuqori darzdorligi va katta 
hajmdagi góovakliklarning uchrashi natijasida yuvuvchi 
suyuqliklarning yutilishi yuzaga keladi. Bunday holatlarda 
yuvuvchi suyuqlikning yutilishini bartaraf etish anchagina 
mushkul hisoblanadi [11].  

2-rasmlda yuvuvchi suyuqlikni katta hajmdagi 
góovakliklarga yutilishining koórinishlari keltirilgan.  
Skvajinalarni burgóilash jarayonida yuzaga keladigan 

burgóilash suyuqligini kam yoki qisman yutilishini burgóilash 
suyuqligining tarkibiga toóldirgichlar va tamponaj material-
larini qoóshish, burgóilash rejimi koórsatkichlarini oózgartirish 
orqali bartaraf etib burgóilash ishlari davom ettirilaveradi 
[12, 13].  
Biroq, oórta yoki toóliq yutilish yuzaga kelganda, har 

doim ham yuqorida keltirilgan usullar samara beraver-
maydi, bunday holatlarda skvajina devorlarini syementi-
zatsiya qilish, skvajina stvolining alohida qismlariga mus-
tahkamlovchi quvurlarni oórnatish kabi  usullardan foydala-
niladi. Bular esa oóz navbatida skvajina oótish jarayonini 
qiyinlashtiradi [14]. 
Skvajinada burgôilash suyuqligini katostrofik yuti-

lishini bartaraf etishning zamonaviy usullarini tahlili. 
Bugungi kunda skvajinalarni burgóilash jarayonida 

yuvuvchi suyuqliklarning katostrofik yutilishini bartaraf etishda izoly-
atsiyalash texnologiyasi keng qoóllanaliadi, bunda skvajina tubidagi 
katta hajmli boóshliqlarni tez qotuvchan beton aralashma bilan toóldiriladi 
va ushbu hudud qayta burgóilanib oótiladi, texnologik usul sxemasi 3-
rasmda keltirilgan [21].  
Yuqori oótkazuvchan qatlamlarda yuvuvchi suyuqlikni yutilishini 

bartaraf etish uchun skvajina devorlarini bir paytni oózida mustaxkam-

1-burgóilash kolonnasi, 2-skvajinani halqasimon boôshligôi, 3-dolota, 4-góovaklik 

1-agregat, avtobeton aralashtirgich, 3-qabul qiluvchi bunker, 4-avtobetonanasos, 5-beton uzatgich, 6-yuvuvchi kallak, 7-sementlovchi agregat,           
8-burgóilash asbobi, 9-ochiq boóshliq, 10-skvajina, 11-yutuvchi hudud 

3-rasm. Avtobetonokompleks asosida katastrofik yutilishlarni bartaraf etishning texnologik sxemasi  
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lovchi quvur bilan mustaxkamlab burgóilash mustaxkamlab burgóilash 
usuli ham qoóllaniladi. 4-rasmda skvajina devorlarini bir paytni oózida 
mustaxkamlab burgóilash usuli va burgóilash snaryadi keltirilgan [21].  
Ushbu burgóilash snaryadi, yuvuvchi suyuqliklarni katastrofik yuti-

lishini bartaraf etish imkonini beradi, ammo, burgóilash ishlarining 
tannarxi oshib ketadi. Bundan tashqari, burgóilashga sarflanadigan vaqt 
sarfi oshib ketadi, avariya holatlarini sodir boólish xolatlari yuqori boóladi. 
Ushbu taklif etilgan burgóilash snaryadini qoóllash ham iqtisodiy jihatdan, 

ham texnologik jihatdan samarasiz hisoblanadi.  
Burgóilash suyuqligini yutilishini bartaraf etishning eng koóp tarqal-

gan usuli bu skvajina devorlarini yuvuvchi hududini tamponaj qilish 
hisoblanadi. Skvajina devorlarining darzdorliklari va yoriqlarini kol-
matantlarni qoóllab yopish usuli 5-rasmda keltirilgan.  
Ushbu turdagi kolmatantlarni qoóllash burgóilash suyuqligini oórta va 

qisman yutilishlarida yuqori samaradorlikka ega, biroq uning narxining 
qimmatligi sababli, har doim ham ushbu turdagi kolmatantlarni qoóllash 
imkoniyati boólmaydi. Bundan tashqari, burgóilash suyuqligining ka-
tastrofik yutilishlari yuzaga kelganda uning samaradorligi deyarli sezil-
maydi, yaôni yer ostida oqim mavjudligida yoki katta hajmli góovakliklar 
uchraganda ushbu kolmatantlar samara bermaydi.  
Burgóilash suyuqligini katastrofik yutilishlari, skvajina tubida katta 

góovakliklar va boóshliqlarning mavjudligi sababli yuzaga kelganda, 

yutilishni bartaraf etish uchun oldindan oózaro bogólangan polimer gelni 
qoóllash texnologiyasi qoôllaniladi, ushbu usulning qoóllanilish mexanizmi 
6-rasmda keltirilgan. 

Yuqorida keltrilgan usulning mohiyati shundan iboratki, 
skvajinaga aralashma suyuq holatda burgóilash kolonnasi 
orqali yuboriladi, aralashma sement va oózaro bogólangan 
polimerdan tashkil topgan, aralashma kolonnadan chiqi-
shida qotishni boshlaydi va boóshliqda joylashuvi davomida 
toóliq qota boshlaydi.  

Skvajina devoridagi darzdorlik va gôovakliklarni 
hisoblash imkonini beruvchi matematik model. 

Yuvuvchi suyuqliklarning yutilishi yuzaga kelganda 
suyuqlikning yutilish jadalligi, yutilishni bartaraf etish uchun 
samarali usulni tanlash skvajina devorlarida mavjud boólgan 
darzdorliklar, góovakliklar va boóshliqlarni hajmiga bogóliq 
boóladi, ushbu boóshliqlar hajmini avvaldan hisoblash va 
aniqlash uchun matematik model tuzildi.  

Yoriq paydo boólish vaqtida uning asosan hajmi, va 
undagi bosim holati skvajinadagi bosim farqi bilan asosiy 
yutish xolatini keltirib chiqaradi. Yoriqning gorizontal ho-
latda yoki gorizont bilan tashkil qilgan burchagi ushbu 
holatlarni hisoblashda muhim faktor xisoblanadi. Bunda, 
suyuqlik yutiladigan yuza quyidagi funksiya orqali bogóliqlik 
oórnatadi, bu yerda yoriq uzunligini koordinatalariga 
bogóliqligi                               , 

1-dolota, 2-kengayuvchi kengaytirgich, 3-oótkazgich, 4-chegaralovchi 
halqa, 5-podshipnik, 6-mustahkamlovchi quvur 

4-rasm. Skvajina devorlarini bir vaqtning oôzida jihozlab 
burgôilash uchun burgôilash snaryadi  

5-rasm. Kolmatant bilan skvajina devorini mustahkamlash  

1-bogóliqlik yoóq, 2- bogólanishni boshlanishi, 3-bogólanishning tugashi 
6-rasm. Oôzaro bogôlangan tamponaj izolyasiya materialini 

boôshliqni toôldirish mexanizmi  

( , )f x yw=
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(1) 

 
bu yerda  Ŭ-yoriqning ʭ oóqiga nisbatan tashkil qilgan burchagi, 

grad. 
Quyida 7-rasmda skvajina tubidagi boóshliqning koordinatalar 

boóyicha joylashuvining koórinishi keltirilgan. 

Agar  

мΦ  

нΦ  

оΦ                            bu mavjud boólmagan shart,  

пΦ                           Τ                    boólsa: 

   
 
 
 
 
 
 
 
 
 

(2) 
 
 

bu yerda      ï yoriqning ichki bosimi, Pa; Eï yoriq devorining defor-

matsiya moduli;      yoriqning ñyò oóqi boóyicha kengligi, m; ʍ- yoriq uz-

unligining ñʭò oóqi boóyicha kengligi, m;  ñXò ï yoriq uzunligining ñyò oóqi 

boóyicha kengligi, m; v ï Puasson koeffitsiyenti.  

Skvajinada hosil boóluvchi yoriqning uzunligi va joylashish oórni bu 
yoriqning yutish qobiliyatini toóliqligicha aniqlab bera olmaydi, shuning 
uchun yoriqning skvajinada hosil boóladigan dastlabki yuzasini aniqlash 
muhim, buning uchun yoriq chizadigan chiziq egri ekanligidan umumiy 
tenglama orqali kiritamiz: 

 
(3) 

 

Agar                 boólsa, aylana; 

Agar                       vʘ                 boólsa, ellips;  

Agar                       boólsa,  giperbola; 

Agar                     ,                            boólsa,  parabola.  

Yuqoridagi shartlarga asosan yoriq yuzasi aylana yoki ellips 
shakllariga yaqinroq boólishi uchun 1- va 2- shartlarga asosan tenglama 
kiritiladi:  

 
(4) 

 
 

(5) 
 
 

;                                                                              (6) 
 
 

(Aylana)         (7) 
 
 

paraboloid tenglama,           (8) 
 

bu yerda 2z bu yoriq uzunligi hisoblanadi. Yuqoridagi tenglamalardan 

foydalanib quyidagi ifodani hosil qilamiz:  

 

(9) 

 

Yuqoridagidan kelib chiqib, yoriq hajmi quyidagicha:  

 

 

 

(10) 

 

Ifodani nolga teng boólmasligi uchun quyidagi shartlarni oórinli deb 
qaraymiz: 

 
                               ,                ,                    ,               ;  
 
                                  ,                      ,                            . 
 

Skvajina diametridan yoriq kiruvchi yuzasi matematik jihatdan 

katta boólmaslik sharti bilan yuqoridagi formulani tahliliga toóxtasak        

l            ,                 boólishi zarur: 

Bogóliq holda  

       ; 

       

              . 

 

Yoriq hajmini 3 ta koordinata uzunliklari bilan ifodalaymiz:  
 

 

{ cos

sin
x

y

l l

l l

a

a

= Ö

= Ö

l- yoriqning uzunligi, lʭ- yoriqning x koordinata boóyicha uzunligi, lʫ- yori-
qning y koordinata boóyicha uzunligi 

7-rasm. Skvajina tubidagi yoriqlik kordinatalar boôyicha joylashuvin-
ing illyustratsiyasi  

cos 0a=

cos 45a=

cos 90a=

cos 45a= x yl l- =

2 2
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(11) 
 
 

Ifodani umumlashtirgan xolda, yoriqning hajmini aniqlash imkonini 

beruvchi ifoda quyidagi holatga keladi: 

 

 

 

 

(12) 

 

 

bu yerda, z - yoriqning balandligini oózgarish koordinatasi; Sh - 
yoriqda hosil boóladigan bosim, Pa; t - vaqt, s; T - yoriqning suyuqlik 
bilan toólish vaqti, s; -yoriqqa kiruvchi suyuqlikning yopishqoqlik koef-
fitsenti; k -togó jinsining oótkazuvchanligi;  ʌ ï góovaklilik darajasi; ʈ0 ï
skvajina tubidagi bosim, Pa; Pw - yoriq bosim, Pa; Pp - yoriq ichidagi 
bosim, Pa. 

Yutuvchi hudud hajmini aniqlashda uch nomaôlumli matematik 
model vujudga keldi. Bu nomaôlum koordinata oóqlariga oraliq qiymatlar 
berish orqali yutuvchi hududni haqiqiy holatiga yaqin shaklni va hajmni 
aniqlash imkonini beradi.  

Natijalar va muhokama 
Burgóilash suyuqligini yutuvchi skvajinaning alohida qismlarini 

mustahkamlovchi quvur bilan yopish imkonini beruvchi burgóilash snar-
yadini konstruksiyasini yaratish. 
Burgóilash amaliyoti shuni koórsatadiki, skvajina stvolida katta 

oólchamli yoriqliklar va boóshliqlar mavjud boólganida, yuvuvchi 
suyuqlikning yutilishini bartaraf etish uchun har doim ham skvajinani 
tamponajlash, sement aralashmalarini va maxsus tez qotuvchi 
toóldirgichlarni quyish kabi usullar ijobiy natija beravermaydi. Skvajina 
stvolida katta hajmli yoriqliklar va boóshliqlar uchraganda tamponaj va 
toóldiruvchi materiallarning ushbu boóshliqlarga oqib ketishi kuzatiladi. 
Devorlari mustahkam boólmagan va qulab tushish ehtimoli yuqori 

boólgan togó jinslarida skvajinalarni burgóilaganda yuvuvchi suyuqlikning 
yutilishi yuzaga kelgan, tezkorlik bilan yuvuvchi suyuqlikni yutilishini 
bartaraf etilmasa, skvajina devorlarining qulashi yuzaga keladi va 
oótilgan skvajinani qayta burgóilash yoki ushbu skvajinani tashlab 
boshqa skvajinani yangidan oótishga toógóri keladi. 
Skvajinalarni burgóilash jarayonida yuvuvchi suyuqliklarning ka-

tastrofik yutilishi kuzatilganda, bu yutilish katta hajmli góovakliklar va 
darzdorliklar natijasida yuzaga kelgan boólsa, bunday holatlarda skva-
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I-vtulka; II-shtanga; III-kengaytirgich; IV-jins parchalovchi asbob; 
1-perexodnik; 2-kengayuvchi quvur; 3-kallak; 4-ulanish qismi; 5-obechayka; 6-quloqchalar 

8-rasm. Skvajinaning alohida qismlarini mustahkamlovchi quvur bilan yopish imkonini beruvchi burgôilash snaryadini konstruksiyasi  
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jinada suyuqlikni yutuvchi hudud alohida mustahkamlovchi quvur bilan 
mahkamlanadi. Biroq, bunday holda oórnatilgan mustahkamlovchi 
quvurning devorlarining qalinligi miqdorida skvajinaning diametri qis-
qaradi, bu esa oóz navbatida bir qator texnologik qiyinchiliklarga olib 
keladi.  
Skvajinalarni burgóilash davomida yuvuvchi suyuqliklarni toóliq, 

yaôni katastrofik yutilishi yuzaga kelganda, skvajinaning boshlangóich 
diametrini saqlab qolgan holda, yutuvchi hududini mustahkamlovchi 
quvur bilan yopish imkonini beruvchi burgóilash snaryadining kon-
struksiyasi ishlab chiqildi. Ushbu konstruksiya quyida 8-rasmda keltiril-
gan. 

Skvajinaning alohida qismlarini mustahkamlovchi quvur bilan 
yopish imkonini beruvchi burgóilash snaryadini konstruksiyasi 4 ta alo-
hida qismlardan tashkil topgan boólib, bitta umumiy vazifani bajaruvchi 
konstruksiyani tashkil etadi. Burgóilash snaryadining vtulka qismi jins 
parchalovchi asbob va kengaytirgich orasida oótkazgich vazifasini baja-
radi, vtulka qismi tana qismi, pales, halqa va shardan tashkil topgan, 
umumiy koórinishi 9-rasmda keltirilgan. Vtulkaning uzunligini oózgartirish 
orqali skvajina zaboyi va yuvuvchi suyuqlikni yutuvchi hudud orasida 
masofa taôminlanadi.  

 

1-vtulkaning tana qismi, 2-palets, 3-halqa, 4-shar. 
9-rasm.  Burgõilash snaryadining vtulka qismi 1 va 2-vtulkalar, 3-kengaytiruvchi nasadka, 4-truba. 

Burgóilash snaryadining shtanga qismi, kengaytirgichni ochish 
vazifasini bajaradi, u kengaytiruvchi nasadka, vtulkalar va trubudan 
tashkil topgan. Shtanganing umumiy koórinishi 10-rasmda keltirilgan. 

Burgóilash snaryadining kengaytirgich qismi skvajina devorini 
belgilangan chuqurlikda maôlum kattalikgacha kengaytirish imkonini 
beradi, kengaytirgich truba, ichki vtulka, kengaytiruvchi kesgich va 

prujinadan tashkil topgan. Burgóilash snaryadini skvajinaga tushirish 
davrida prujina kengaytirgichning kesgichlari yopiq holda turadi, yaôni 
prujina ularni ushlab turadi. Burgóilash snaryadining jins parchalovchi 
asbobi skvajina zaboyiga yetganda, shtanganing kengaytiruvchi nasad-
kasi kengaytiruvchi kesgichlarni ochadi. Kengaytirgichning umumiy 
koórinishi 11-rasmda keltirilgan. 

1 va 2-vtulkalar, 3-kengaytiruvchi nasadka, 4-truba. 
10-rasm. Shtanga. 
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Skvajinaning alohida qismlarini mustahkamlovchi quvur bilan 
yopish imkonini beruvchi burgóilash snaryadini konstruksiyasi 
quyidagicha ishlaydi.  
Skvajinani burgóilash jarayonida burgóilash suyuqligining yutilishi 

yuzaga kelganda, ishlab turgan kolonna koótarib olinadi 8-rasmda 
keltirilgan va taklif etilayotgan burgóilash snaryadi skvajinaga tushiriladi. 
Ushbu snaryadni skvajinaga tushurishdan avval, burgóilash quvuri usti-
ga (2) kengayuvchi quvur (5) oórnatiladi. Kengayuvchi quvur (5) profil 
materialdan yasalgan boólib bir tomoni kesilgan, tana qismida 
quloqchalar (6) kiruvchi ochiq kesilgan joylari mavjud. Kengayuvchi 
quvurning kesilgan ikki tomoni bir-biriga kiydiriladi va burgóilash quvuri 
ustidagi quloqchalar yordamida mahkamlanadi. Kengayuvchi quvurning 
yopiq holatdagi diametri 90 mm, kengaygandan soónggi diametri esa 
122 mm ni tashkil etadi. 

Skvajinaning alohida qismlarini mustahkamlovchi quvur bilan 
yopish imkonini beruvchi burgóilash snaryadi skvajina zaboyiga tushiril-
gandan soóng, jins parchalovchi asbob (IV) zaboyga qadaladi va soóng 
esa oóqiy bosim kuchi ostida shtanganing (II) kengayuvchi nasadkasi 
(3) kengaytirgichning (III) keskichlarini ochadi. Bunda, kengaytirgich-
ning keskichlari 73 mm dan 122 mm gacha kengayadi. Kengaytich 
skvajinaning yutuvchi hududi devorlarini, kengayuvchi quvur uzunligiga 
teng chuqurlikkacha kengaytiradi, soóng esa burgóilash kolonnasi aylan-
tirishdan toóxtatiladi va kolonna bir oz koótariladi, bu payt kengaytirgich 
keskichlari yopiladi, soóng esa kolonna 4-5 oborot teskari aylantiriladi, 
bu payt kengayuvchi quvur 5 quloqchalardan ajraladi va skvajina de-
voriga mustahkamlanadi. Kengayuvchi quvurning (5) tana qismiga 
teskari aylanganda koótariladigan uchli tilchalar oórnatilgan, ular kenga-
yuvchi quvurni skvajina devorlariga yaxshi mustahkamlashishini taômin-
laydi. 

Kengayuvchi quvur yutuvchi hudud devoriga mustahkamlangandan 
soóng, kolonna toóliq koótarib olinadi, bunda skvajinani boshlangóich 
diametri saqlanib qoladi. Yutuvchi hudud devorlari mustahkamlangan-
dan soóng, burgóilash ishlari oddiy burgóilash snaryadi bilan davom 
ettiriladi.  

Skvajinaning alohida qismlarini mustahkamlovchi quvur bilan 
yopish imkonini beruvchi burgóilash snaryadini konstruksiyasi tajriba-
sinovlaridan oótkazildi. Bunda, chuqurligi 160 metr, diametri 112 mm, 
togᾶ jinsining qattiqlik koeffitsiyenti f=8 ga teng boᾶlgan skvajinaning 107
- metr chuqurligida uchragan katta hajmli darzliklar uzunligi 2 metrga 

teng boólgan kengayuvchi obsadka quvuri bilan mustahkamlandi. Taklif 
etilayotgan kengayish qobiliyatiga ega boólgan kengaytirgich skvajinan-
ing 107-108-metr chuqurligida, skvajina diametrini   112 mm dan  122 
mm gacha kengaytirish imkonini berdi va shundan soóng boshlangóich 
diametri 104 mm boólgan kengayish xususiyatiga ega obsadka quvuri 
ushbu uchastkada diametri 122 mm gacha kengaytirilib skvajina devori 
mustahkamlandi.      

Oᾶtkazilgan tajriba-sinov ishlari natijasida ishlab chiqilgan kengayish 
va siqilish qobiliyatiga ega boólgan burgóilash kengaytirgichining yangi 
konstruksiyasi hamda skvajinaning chuqurligi boóyicha alohida uchast-
kalarning darzlik va góovakliklarini yopish imkonini beruvchi, kenga-
yuvchi obsadka quvurli burgóilash snaryadini qoóllash skvajinada 
yuvuvchi suyuqlikning yutilishini bartaraf etish imkonini berishi aniqlan-
di. 

Skvajinaning alohida qismlarini mustahkamlovchi quvur bilan 
yopish imkonini beruvchi burgóilash snaryadini konstruksiyasini 
qoóllaganda kengayuvchi quvurni suyuqlikni yutuvchi hududga joy-
lashtirish va joylashtirilgandan soóng uning ishonchli qotirilishi juda 
mushkul jarayon hisoblanadi. Bunda, kengayuvchi quvurning qisilishga 
koórsatiladigan qarshilik kuchi muhim koórsatkich hisoblanadi. Kenga-
yuvchi quvur osenkovkalangan profil listdan tayyorlangani sababli uning 
qisilishga koórsatadigan qarshilik kuchi listning qalinligiga bogóliq boóladi. 
Diametri kichik boólgan skvajinalarda yuvuvchi suyuqlikning yutilishi 

kuzatilganda qalinligi katta boólgan profil listidan kengayuvchi quvur 
sifatida foydalanish juda murakkab hisoblanadi. Aslida esa qalinligi 
yuqori boólgan listdan kengayuvchi quvur sifatida foydalanish juda afzal 
hisoblanadi, chunki uning qisilishga koórsatadigan qarshilik kuchi yuqori 
boólganligi sababli, skvajina devoriga mustahkam oórnashadi va 
ishonchliligi yuqori boóladi. Biroq, bunday quvurni, skvajina tubiga tu-
shirish va joylashtirish juda qiyin, bunday quvurni tushirish, burgóilash 
va kengaytirish jarayonida ochilib ketishi xavfi yuqori boóladi, shuning 
uchun qalinligi 0,3-0,45 mm oraligóidagi profil listlarini kengayuvchi 
quvur sifatida ishlatish maqsadga muvofiq boóladi.  
Diametri katta boólgan skvajinalarda esa, yuqoridagi mulohazaning 

aksi kuzatiladi, yaôni qalinligi kichik boólgan profil listdan kengayuvchi 
quvur yasalganda, uning diametri ortganligi sababli siqilishga qarshi 
kuchi quvurni ochish uchun yetarlicha boólmaydi, bundan tashqari skva-
jina devoriga mustahkam oórnashmaydi. 

1-truba, 2-ichki vtulka, 3-suxarik, 4-palets, 5-kengaytiruvchi kesgich, 6-prujina 
11-rasm. Kengaytirgich  
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Kengayuvchi mustahkamlash quvur devorining qalinligini skvajina 
diametriga nisbatan optimal tanlash boóyicha oótkazilgan tajriba sinovlari 
natijalarini qayta ishlash natijasida kengayuvchi profil quvurining devo-
rini qalinligini skvajina diametrining kattaligiga bogóliqligi oórnatildi, ush-
bu bogóliqlik 12-rasmda grafik koórinishida keltirilgan.  

Bajarilgan tajriba-sinovlari natijalarini va yuqorida 3-rasmdagi 
grafikda keltirilgan qiymatlarni analitik, korrelyatsion va statistik tahlil 
qilinib skvajinalarni burgóilash jarayonida yuvuvchi suyuqliklarni yutilishi 
kuzatilganda, skvajinalarning turli diametrlari uchun skvajina devorlarini 
samarali va ishonchli mustahkamlash imkonini beruvchi skvajinaning 
alohida qismlarini mustahkamlovchi quvur bilan yopuvchi burgóilash 
snaryadining kengayuvchi quvurini devorini optimal qalinligini aniqlash 
imkonini beruvchi quyidagi ifoda hosil qilindi: 

(13) 
 

bu yerda ůquv - kengayuvchi quvur devorining qalinligi, mm; Dskv - 
skvajina diametri, mm;  b - toógórilovchi koeffisiyent (Dskv = 76õ151 mm 
gacha boólganda  b = 0,1997; Dskv = 179õ320 mm gacha boólganda  b =  
0,21).   
Olingan natijalarda f(x) oózgaruvchan qiymatni kengayuvchi quvur 

devorining qalinligi, ůquv x argumentni Dskv skvajina diametri hamda k va 
b xaqiqiy sonlarni 0,002 va 0,1997 ga teng qilib funksiya tuzildi.   

Shunday qilib, oótkazilgan tadqiqotlar va bajarilgan tajriba-sinov 
ishlari natijasida burgóilash suyuqligini yutuvchi skvajinaning alohida 
qismlarini mustahkamlovchi quvur bilan yopish imkonini beruvchi 
burgóilash snaryadining konstruksiyasi yaratildi va undagi skvajina 
stvolini mustahkamlash vazifasini bajaruvchi kengayuvchi profil quvurini 
devorini optimal qalinligini skvajina diametriga nisbatan tanlash im-
konini beruvchi bogóliqlik yaratildi.                                                

Xulosa  
Oótkazilgan tadqiqotlar natijalari asosida quyidagi nazariy va ama-

liy ahamiyatga ega boólgan xulosalarga erishildi: 
Skvajina devorlaridagi darzdorliklar va góovakliklarni geometrik 

oólchamlarini hisobga olgan holda skvajina stvolidagi darzdorliklarni 
yotish burchagi va koordinata nuqtalariga asosan yoriq hajmini 
hisoblash imkonini beruvchi matematik model ishlab chiqildi; 

Skvajinalarni burgóilash davomida yuvuvchi suyuqliklarni toóliq, 
yaôni katastrofik yutilishi yuzaga kelganda, skvajinaning boshlangóich 
diametrini saqlab qolgan holda, yutuvchi hududini mustahkamlovchi 
quvur bilan yopish imkonini beruvchi burgóilash snaryadining kon-
struksiyasi ishlab chiqildi; 

Burgóilash suyuqligini toóliq yutilishini bartaraf etuvchi burgóilash 
snaryadini samarali qoóllanilishi skvajina diametridan kelib chiqqan 
holda kengayuvchi mustahkamlash quvuri devorining qalinligiga 
bogóliqligi aniqlangan va kengayuvchi quvur devorini qalinligini optimal 
kattaligini skvajina diametriga nisbatan tuzilgan chiziqli funksiya orqali 
aniqlash imkonini beruvchi ifoda yaratildi. 

12-rasm. Skvajinaning alohida qismlarini mustahkamlovchi quvur 
bilan yopish imkonini beruvchi burgôilash snaryadining kenga-
yuvchi quvurining devorini qalinligini (ŰÑÕÖ) skvajina diametriga 

(D ) bogôliqligi. 

quv skvk D bs = Ö +
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