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Piletskaya A.S., 

Abstract.  This article examines the pressing issue of leaf litter disposal, traditionally classified as municipal solid 
waste. The feasibility of processing it into a sorption material for removing pollutants from aquatic environments is 
substantiated. An analysis of literature data demonstrates that leaf litter has significant potential due to the presence of 
functional groups capable of ion exchange and sorption. Methods for material preparation, including grinding, chemical 
activation, and compaction, are discussed. Particular attention is paid to the experience of using similar plant materials as 
sorbents. Technological solutions for integrating leaf litter processing into enterprise wastewater treatment systems within 
the framework of the circular economy concept are proposed. 

Keywords : leaf litter, sorbent, ion exchange capacity, waste recycling, water purification, circular economy, humic 
substances. 

ȬəəɚɞɌɢɔɫ. Ȯ ɝɞɌɞɨɑ ɜɌɝɝɘɌɞɜɔɎɌɑɞɝɫ ɌɖɞɟɌɗɨəɌɫ ɛɜɚɍɗɑɘɌ ɟɞɔɗɔɓɌɢɔɔ ɗɔɝɞɚɎɚɏɚ ɚɛɌɐɌ, ɖɚɞɚɜɧɕ 
ɞɜɌɐɔɢɔɚəəɚ ɚɞəɚɝɔɞɝɫ ɖ ɞɎɬɜɐɧɘ ɖɚɘɘɟəɌɗɨəɧɘ ɚɞɡɚɐɌɘ. ȺɍɚɝəɚɎɌəɌ ɢɑɗɑɝɚɚɍɜɌɓəɚɝɞɨ ɑɏɚ ɛɑɜɑɜɌɍɚɞɖɔ Ɏ 
ɝɚɜɍɢɔɚəəɧɕ ɘɌɞɑɜɔɌɗ ɐɗɫ ɚɣɔɝɞɖɔ Ɏɚɐəɧɡ ɝɜɑɐ ɚɞ ɓɌɏɜɫɓəɫɪɥɔɡ ɎɑɥɑɝɞɎ. ȹɌ ɚɝəɚɎɑ ɌəɌɗɔɓɌ ɗɔɞɑɜɌɞɟɜəɧɡ 
ɐɌəəɧɡ ɛɚɖɌɓɌəɚ, ɣɞɚ ɗɔɝɞɚɎɚɕ ɚɛɌɐ ɚɍɗɌɐɌɑɞ ɓəɌɣɔɞɑɗɨəɧɘ ɛɚɞɑəɢɔɌɗɚɘ ɍɗɌɏɚɐɌɜɫ əɌɗɔɣɔɪ ɠɟəɖɢɔɚəɌɗɨəɧɡ 
ɏɜɟɛɛ, ɝɛɚɝɚɍəɧɡ ɖ ɔɚəəɚɘɟ ɚɍɘɑəɟ ɔ ɝɚɜɍɢɔɔ. ȼɌɝɝɘɚɞɜɑəɧ ɘɑɞɚɐɧ ɛɚɐɏɚɞɚɎɖɔ ɘɌɞɑɜɔɌɗɌ, ɎɖɗɪɣɌɫ ɔɓɘɑɗɨɣɑəɔɑ, 
ɡɔɘɔɣɑɝɖɟɪ ɌɖɞɔɎɌɢɔɪ ɔ ɖɚɘɛɌɖɞɔɜɚɎɌəɔɑ. Ⱥɝɚɍɚɑ ɎəɔɘɌəɔɑ ɟɐɑɗɑəɚ ɚɛɧɞɟ ɔɝɛɚɗɨɓɚɎɌəɔɫ ɌəɌɗɚɏɔɣəɧɡ 
ɜɌɝɞɔɞɑɗɨəɧɡ ɘɌɞɑɜɔɌɗɚɎ Ɏ ɖɌɣɑɝɞɎɑ ɝɚɜɍɑəɞɚɎ. Ȼɜɑɐɗɚɒɑəɧ ɞɑɡəɚɗɚɏɔɣɑɝɖɔɑ ɜɑɤɑəɔɫ ɛɚ ɔəɞɑɏɜɌɢɔɔ 
ɛɑɜɑɜɌɍɚɞɖɔ ɗɔɝɞɚɎɚɏɚ ɚɛɌɐɌ Ɏ ɝɔɝɞɑɘɧ ɚɣɔɝɞɖɔ ɝɞɚɣəɧɡ Ɏɚɐ ɛɜɑɐɛɜɔɫɞɔɕ Ɏ ɜɌɘɖɌɡ ɖɚəɢɑɛɢɔɔ ɢɔɜɖɟɗɫɜəɚɕ 
ɩɖɚəɚɘɔɖɔ. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɗɔɝɞɚɎɚɕ ɚɛɌɐ, ɝɚɜɍɑəɞ, ɔɚəɚɚɍɘɑəəɌɫ ɬɘɖɚɝɞɨ, ɛɑɜɑɜɌɍɚɞɖɌ ɚɞɡɚɐɚɎ, ɚɣɔɝɞɖɌ Ɏɚɐɧ, 
ɢɔɜɖɟɗɫɜəɌɫ ɩɖɚəɚɘɔɖɌ, ɏɟɘɔəɚɎɧɑ ɎɑɥɑɝɞɎɌ. 

https://creativecommons.org/licenses/by/4.0/deed.ru|


Professional science applies the Creative Commons Attribution (CC BY 4.0) license to the materials published- 

https://creativecommons.org/licenses/by/4.0/deed.ru| 

International journal of Professional Science  
7 

 

Ϝ

https://creativecommons.org/licenses/by/4.0/deed.ru|


Professional science applies the Creative Commons Attribution (CC BY 4.0) license to the materials published- 

https://creativecommons.org/licenses/by/4.0/deed.ru| 

International journal of Professional Science  
8 

 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


Professional science applies the Creative Commons Attribution (CC BY 4.0) license to the materials published- 

https://creativecommons.org/licenses/by/4.0/deed.ru| 

International journal of Professional Science  
9 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


Professional science applies the Creative Commons Attribution (CC BY 4.0) license to the materials published- 

https://creativecommons.org/licenses/by/4.0/deed.ru| 

International journal of Professional Science  
10 

 

Ϝ Ϟ

https://creativecommons.org/licenses/by/4.0/deed.ru|


Professional science applies the Creative Commons Attribution (CC BY 4.0) license to the materials published- 

https://creativecommons.org/licenses/by/4.0/deed.ru| 

International journal of Professional Science  
11 

 

ϖ

чя чя чя чя

https://creativecommons.org/licenses/by/4.0/deed.ru|


Professional science applies the Creative Commons Attribution (CC BY 4.0) license to the materials published- 

https://creativecommons.org/licenses/by/4.0/deed.ru| 

International journal of Professional Science  
12 

 

¶ 

¶ 

https://creativecommons.org/licenses/by/4.0/deed.ru|


Professional science applies the Creative Commons Attribution (CC BY 4.0) license to the materials published- 

https://creativecommons.org/licenses/by/4.0/deed.ru| 

International journal of Professional Science  
13 

 

 

 

 

 

 

https://creativecommons.org/licenses/by/4.0/deed.ru|


Professional science applies the Creative Commons Attribution (CC BY 4.0) license to the materials published- 

https://creativecommons.org/licenses/by/4.0/deed.ru| 

International journal of Professional Science  
14 

 

Arno  Veronika  Vladimirovna  

Kolesnichenko  Eva  Pavlovna  

Garifulina  Irina  Yurievna,  

Dolbin Ivan Dmitrievich

Abstract. This article addresses the integration of modern remote sensing methods (RS)ñGNSS, LiDAR, and 
unmanned aerial vehicles (UAVs)ñinto mine surveying operations for open-pit mining. Using the Natalkinskoe gold deposit 
(Magadan, Russia) and coal mines in Kuzbass as case studies, we demonstrate the effectiveness of RS methods for real-time 
monitoring of excavation volumes, bench and pit slope deformations, particularly under permafrost conditions. Analysis of 
error theory, physical modeling, and practical applications shows that RS reduces labor costs by 67%, collapse risks by 40ð
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45%, and achieves payback within 3ð6 months. We present formulas for volume calculation using digital elevation models 
(DEM), criteria for selecting positioning correction methods (RTK/PPK), and methodology for geomechanical monitoring 
using point cloud processing software. 

Keywords:  remote sensing, GNSS, LiDAR, UAV, mine surveying, deformation monitoring, permafrost, open-pit 
mining, digital elevation model, pit slope stability. 

ȬəəɚɞɌɢɔɫ. ȽɞɌɞɨɫ ɛɚɝɎɫɥɑəɌ ɔəɞɑɏɜɌɢɔɔ ɝɚɎɜɑɘɑəəɧɡ ɐɔɝɞɌəɢɔɚəəɧɡ ɘɑɞɚɐɚɎ ɓɚəɐɔɜɚɎɌəɔɫ ȳɑɘɗɔ 
(Ȱȳȳ) ñ GNSS, LiDAR ɔ ɍɑɝɛɔɗɚɞəɧɡ ɗɑɞɌɞɑɗɨəɧɡ ɌɛɛɌɜɌɞɚɎ (ȭȻȷȬ) ñ Ɏ ɘɌɜɖɤɑɕɐɑɜɝɖɚɑ ɚɍɑɝɛɑɣɑəɔɑ 
ɚɞɖɜɧɞɧɡ ɏɚɜəɧɡ ɜɌɍɚɞ. ȹɌ ɛɜɔɘɑɜɑ ȹɌɞɌɗɖɔəɝɖɚɏɚ ȯȺȶɌ (ȸɌɏɌɐɌə) ɔ ɘɑɝɞɚɜɚɒɐɑəɔɕ ȶɟɓɍɌɝɝɌ 
ɛɜɚɐɑɘɚəɝɞɜɔɜɚɎɌəɌ ɩɠɠɑɖɞɔɎəɚɝɞɨ ɘɑɞɚɐɚɎ ɐɗɫ ɚɛɑɜɌɞɔɎəɚɏɚ ɘɚəɔɞɚɜɔəɏɌ ɚɍɦɑɘɚɎ Ɏɧɑɘɖɔ, ɐɑɠɚɜɘɌɢɔɕ 
ɟɝɞɟɛɚɎ ɔ ɍɚɜɞɚɎ, ɚɝɚɍɑəəɚ Ɏ ɟɝɗɚɎɔɫɡ ɘəɚɏɚɗɑɞəɑɕ ɘɑɜɓɗɚɞɧ. ȬəɌɗɔɓ ɞɑɚɜɔɔ ɛɚɏɜɑɤəɚɝɞɑɕ, ɠɔɓɔɣɑɝɖɚɏɚ 
ɘɚɐɑɗɔɜɚɎɌəɔɫ ɔ ɛɜɌɖɞɔɣɑɝɖɔɡ ɖɑɕɝɚɎ ɛɚɖɌɓɧɎɌɑɞ, ɣɞɚ Ȱȳȳ ɝəɔɒɌɑɞ ɞɜɟɐɚɓɌɞɜɌɞɧ əɌ 67%, ɜɔɝɖɔ ɚɍɜɟɤɑəɔɕ əɌ 
40ð45% ɔ ɚɖɟɛɌɑɞɝɫ ɓɌ 3ð6 ɘɑɝɫɢɑɎ. ȻɜɑɐɝɞɌɎɗɑəɧ ɠɚɜɘɟɗɧ ɜɌɝɣɑɞɌ ɚɍɦɑɘɚɎ ɛɚ ɢɔɠɜɚɎɧɘ ɘɚɐɑɗɫɘ ɜɑɗɨɑɠɌ (ɂȸȼ), 
ɖɜɔɞɑɜɔɔ ɎɧɍɚɜɌ ɘɑɞɚɐɚɎ ɖɚɜɜɑɖɢɔɔ ɛɚɓɔɢɔɚəɔɜɚɎɌəɔɫ (RTK/PPK), ɔ ɘɑɞɚɐɔɖɌ ɏɑɚɘɑɡɌəɔɣɑɝɖɚɏɚ ɘɚəɔɞɚɜɔəɏɌ ɝ 
ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɛɜɚɏɜɌɘɘ ɚɍɜɌɍɚɞɖɔ ɚɍɗɌɖɚɎ ɞɚɣɑɖ. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɐɔɝɞɌəɢɔɚəəɚɑ ɓɚəɐɔɜɚɎɌəɔɑ, GNSS, LiDAR, ȭȻȷȬ, ɘɌɜɖɤɑɕɐɑɜɝɖɚɑ ɚɍɑɝɛɑɣɑəɔɑ, 
ɘɚəɔɞɚɜɔəɏ ɐɑɠɚɜɘɌɢɔɕ, ɘɑɜɓɗɚɞɌ, ɚɞɖɜɧɞɧɑ ɏɚɜəɧɑ ɜɌɍɚɞɧ, ɢɔɠɜɚɎɌɫ ɘɚɐɑɗɨ ɜɑɗɨɑɠɌ, ɟɝɞɚɕɣɔɎɚɝɞɨ ɍɚɜɞɚɎ 
ɖɌɜɨɑɜɚɎ. 
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