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Dimitriev Dmitry Alekseevich 

Indeykina Olga Sergeevna 

Sushkov Igor Anatolyevich 

Abstract. Mental stress can impair cardiovascular function and increase the risk of cardiovascular disease. Despite 
this, mental stress does not produce a clear, quantifiable disruption of the autonomic balance. The aim of our study is to 
characterize the effect of internal mental stress on nonlinear heart rate dynamics. Twenty healthy young volunteers (students 
of the Chuvashia Pedagogical University named after I. Ya. Yakovlev, 5 males, average age 18.18 Ñ 0.13 years) performed 
mental arithmetic calculations with varying levels of difficulty (boredom, flow, overload). ECG recordings were made for 5 
minutes at rest and during mental arithmetic. All levels of mental load caused an increase in heart rate, with a peak observed 
at overload. Mental load caused an increase in the decrease in LLE, indicating a reduction in the chaotic dynamics of the heart 
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rate, as well as changes in the fractal features of heart rate variability. As the difficulty of the mental arithmetic tasks increased, 
the Hurst exponent decreased, meaning the RR interval time series became more random and less advantageous. Summarizing 
the obtained results, we can conclude that mental stress reduces the nonlinear dynamics of heart rate variability and, in 
particular, alters the fractal properties of RR interval time series. 

Keywords: mental stress, heart rate variability, nonlinear dynamics. 
ȬəəɚɞɌɢɔɫ. ȸɑəɞɌɗɨəɌɫ əɌɏɜɟɓɖɌ ɘɚɒɑɞ əɌɜɟɤɌɞɨ ɠɟəɖɢɔɔ ɝɑɜɐɑɣəɚ-ɝɚɝɟɐɔɝɞɚɕ ɝɔɝɞɑɘɧ ɔ 

ɛɚɎɧɤɌɞɨ ɜɔɝɖ ɖɌɜɐɔɚɎɌɝɖɟɗɫɜəɧɡ ɓɌɍɚɗɑɎɌəɔɕ. ȹɑɝɘɚɞɜɫ əɌ ɩɞɚ, ɛɜɔ ɘɑəɞɌɗɨəɚɘ ɝɞɜɑɝɝɑ əɑ əɌɍɗɪɐɌɑɞɝɫ ɫɎəɚɏɚ 
əɌɜɟɤɑəɔɫ ɎɑɏɑɞɌɞɔɎəɚɏɚ ɍɌɗɌəɝɌ, ɖɚɞɚɜɚɑ ɘɚɒəɚ ɖɚɗɔɣɑɝɞɎɑəəɚ ɚɢɑəɔɞɨ. ɂɑɗɨɪ əɌɤɑɕ ɜɌɍɚɞɧ ɫɎɗɫɑɞɝɫ 
ɡɌɜɌɖɞɑɜɔɝɞɔɖɌ Ɏɗɔɫəɔɫ ɘɑəɞɌɗɨəɚɏɚ ɝɞɜɑɝɝɌ əɌ əɑɗɔəɑɕəɟɪ ɐɔəɌɘɔɖɟ ɝɑɜɐɑɣəɚɏɚ ɜɔɞɘɌ. ȰɎɌɐɢɌɞɨ ɓɐɚɜɚɎɧɡ 
ɘɚɗɚɐɧɡ ɐɚɍɜɚɎɚɗɨɢɑɎ (ɝɞɟɐɑəɞɧ ɃɟɎɌɤɝɖɚɏɚ ɛɑɐɌɏɚɏɔɣɑɝɖɚɏɚ ɟəɔɎɑɜɝɔɞɑɞɌ ɔɘɑəɔ ȴ. ɋ. ɋɖɚɎɗɑɎɌ, 5 ɘɟɒɣɔə, 
ɝɜɑɐəɔɕ ɎɚɓɜɌɝɞ 18,18 Ñ 0,13 ɗɑɞ) Ɏɧɛɚɗəɫɗɔ Ɍɜɔɠɘɑɞɔɣɑɝɖɔɑ Ɏɧɣɔɝɗɑəɔɫ ɝ ɜɌɓɗɔɣəɧɘ ɟɜɚɎəɑɘ ɝɗɚɒəɚɝɞɔ (ɝɖɟɖɌ, 
ɛɚɞɚɖ, ɛɑɜɑɏɜɟɓɖɌ) Ɏ ɟɘɑ. ȳɌɛɔɝɨ ɉȶȯ ɚɝɟɥɑɝɞɎɗɫɗɌɝɨ Ɏ ɞɑɣɑəɔɑ 5 ɘɔəɟɞ Ɏ ɝɚɝɞɚɫəɔɔ ɛɚɖɚɫ ɔ ɛɜɔ Ɏɧɣɔɝɗɑəɔɔ Ɏ 
ɟɘɑ. Ȯɝɑ ɟɜɚɎəɔ ɘɑəɞɌɗɨəɚɕ əɌɏɜɟɓɖɔ ɎɧɓɧɎɌɗɔ ɝɟɥɑɝɞɎɑəəɚɑ ɛɚɎɧɤɑəɔɑ ɃȽȽ, ɛɔɖ əɌɍɗɪɐɌɗɝɫ ɛɜɔ ɛɑɜɑɏɜɟɓɖɑ. 
ȸɑəɞɌɗɨəɌɫ əɌɏɜɟɓɖɌ ɎɧɓɎɌɗɌ ɝɟɥɑɝɞɎɑəəɚɑ ɝəɔɒɑəɔɑ LLE, ɣɞɚ ɟɖɌɓɧɎɌɑɞ əɌ ɝəɔɒɑəɔɑ ɡɌɚɞɔɣɑɝɖɚɕ ɐɔəɌɘɔɖɔ 
ɜɔɞɘɌ ɝɑɜɐɢɌ, Ɍ ɞɌɖɒɑ ɝɟɥɑɝɞɎɑəəɚɑ ɔɓɘɑəɑəɔɑ ɠɜɌɖɞɌɗɨəɧɡ ɝɎɚɕɝɞɎ ɎɌɜɔɌɍɑɗɨəɚɝɞɔ ɜɔɞɘɌ ɝɑɜɐɢɌ. Ȼɚ ɘɑɜɑ 
ɛɚɎɧɤɑəɔɫ ɟɜɚɎəɫ ɝɗɚɒəɚɝɞɔ ɓɌɐɌəɔɕ ɘɑəɞɌɗɨəɚɕ Ɍɜɔɠɘɑɞɔɖɔ ɛɜɚɔɝɡɚɐɔɗɚ ɝəɔɒɑəɔɑ ɛɚɖɌɓɌɞɑɗɫ ɁɬɜɝɞɌ, Ɍ 
ɓəɌɣɔɞ Ɏɜɑɘɑəəɧɑ ɝɑɜɔɔ ɖɌɜɐɔɚɔəɞɑɜɎɌɗɚɎ ɝɞɌəɚɎɔɗɔɝɨ ɍɚɗɑɑ ɝɗɟɣɌɕəɧɘɔ ɔ ɘɑəɑɑ ɛɜɑɐɝɖɌɓɟɑɘɧɘɔ. ȺɍɚɍɥɌɫ 
ɛɚɗɟɣɑəəɧɑ ɜɑɓɟɗɨɞɌɞɧ, ɘɚɒəɚ ɛɜɔɕɞɔ ɖ ɎɧɎɚɐɟ ɚ ɞɚɘ, ɣɞɚ ɘɑəɞɌɗɨəɌɫ əɌɏɜɟɓɖɌ ɝɟɥɑɝɞɎɑəəɚ ɝəɔɒɌɑɞ 
əɑɗɔəɑɕəɟɪ ɐɔəɌɘɔɖɟ ɎɌɜɔɌɍɑɗɨəɚɝɞɔ ɝɑɜɐɑɣəɚɏɚ ɜɔɞɘɌ ɔ ɚɝɚɍɑəəɚ ɘɑəɫɑɞ ɠɜɌɖɞɌɗɨəɧɑ ɝɎɚɕɝɞɎɌ Ɏɜɑɘɑəəɚɏɚ ɜɫɐɌ 
ɖɌɜɐɔɚɔəɞɑɜɎɌɗɚɎ. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɘɑəɞɌɗɨəɧɕ ɝɞɜɑɝɝ, ɎɌɜɔɌɍɑɗɨəɚɝɞɨ ɝɑɜɐɑɣəɚɏɚ ɜɔɞɘɌ, əɑɗɔəɑɕəɌɫ ɐɔəɌɘɔɖɌ. 
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Nashuk Dmitriy Sergeevich

Isakov Alexander Petrovich

Lipatov Maxim Sergeevich

Abstract. The article provides an overview of modern heat storage materials and systems (HSMS), discusses their 
principles of operation, key characteristics, design features, and applications, ranging from individual housing construction 
to industrial facilities. Special attention is given to the potential of HMSS in improving the flexibility and energy efficiency 
of heating systems, reducing peak loads, and integrating with electricity grids in the context of multi-tariff energy 
consumption. The article analyzes the barriers and opportunities for implementing these technologies in Russia and suggests 
areas for further development, including improving the regulatory framework, developing domestic production, and 
conducting scientific research. 

Keywords: heat-accumulating materials, heat energy accumulation, flexibility of heating systems, energy efficiency, 
heat-accumulating installations. 

ȬəəɚɞɌɢɔɫ. Ȯ ɝɞɌɞɨɑ ɛɜɑɐɝɞɌɎɗɑə ɚɍɓɚɜ ɝɚɎɜɑɘɑəəɧɡ ɞɑɛɗɚɌɖɖɟɘɟɗɔɜɟɪɥɔɡ ɘɌɞɑɜɔɌɗɚɎ ɔ ɝɔɝɞɑɘ 
(ȾȬȸȽ), ɜɌɝɝɘɚɞɜɑəɧ ɛɜɔəɢɔɛɧ ɔɡ ɜɌɍɚɞɧ, ɖɗɪɣɑɎɧɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ, ɖɚəɝɞɜɟɖɞɔɎəɧɑ ɚɝɚɍɑəəɚɝɞɔ ɔ ɚɍɗɌɝɞɔ 
ɛɜɔɘɑəɑəɔɫ ñ ɚɞ ɔəɐɔɎɔɐɟɌɗɨəɚɏɚ ɒɔɗɔɥəɚɏɚ ɝɞɜɚɔɞɑɗɨɝɞɎɌ ɐɚ ɛɜɚɘɧɤɗɑəəɧɡ ɚɍɦɑɖɞɚɎ. Ⱥɝɚɍɚɑ ɎəɔɘɌəɔɑ 
ɟɐɑɗɑəɚ ɛɚɞɑəɢɔɌɗɟ ȾȬȸȽ Ɏ ɛɚɎɧɤɑəɔɔ ɏɔɍɖɚɝɞɔ ɔ ɩəɑɜɏɚɩɠɠɑɖɞɔɎəɚɝɞɔ ɝɔɝɞɑɘ ɞɑɛɗɚɝəɌɍɒɑəɔɫ, ɝəɔɒɑəɔɔ 
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ɛɔɖɚɎɧɡ əɌɏɜɟɓɚɖ ɔ ɔəɞɑɏɜɌɢɔɔ ɝ ɩɗɑɖɞɜɚɝɑɞɫɘɔ Ɏ ɟɝɗɚɎɔɫɡ ɘəɚɏɚɞɌɜɔɠəɚɏɚ ɩəɑɜɏɚɛɚɞɜɑɍɗɑəɔɫ. 
ȻɜɚɌəɌɗɔɓɔɜɚɎɌəɧ ɍɌɜɨɑɜɧ ɔ Ɏɚɓɘɚɒəɚɝɞɔ Ɏəɑɐɜɑəɔɫ ɐɌəəɧɡ ɞɑɡəɚɗɚɏɔɕ Ɏ ȼɚɝɝɔɔ, Ɍ ɞɌɖɒɑ ɛɜɑɐɗɚɒɑəɧ 
əɌɛɜɌɎɗɑəɔɫ ɐɌɗɨəɑɕɤɑɏɚ ɜɌɓɎɔɞɔɫ, ɎɖɗɪɣɌɫ ɝɚɎɑɜɤɑəɝɞɎɚɎɌəɔɑ əɚɜɘɌɞɔɎəɚɕ ɍɌɓɧ, ɜɌɓɎɔɞɔɑ ɚɞɑɣɑɝɞɎɑəəɚɏɚ 
ɛɜɚɔɓɎɚɐɝɞɎɌ ɔ əɌɟɣəɧɡ ɔɝɝɗɑɐɚɎɌəɔɕ. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɞɑɛɗɚɌɖɖɟɘɟɗɔɜɟɪɥɔɑ ɘɌɞɑɜɔɌɗɧ, Ɍɖɖɟɘɟɗɫɢɔɫ ɞɑɛɗɚɎɚɕ ɩəɑɜɏɔɔ, ɏɔɍɖɚɝɞɨ ɝɔɝɞɑɘ 
ɞɑɛɗɚɝəɌɍɒɑəɔɫ, ɩəɑɜɏɚɩɠɠɑɖɞɔɎəɚɝɞɨ, ɞɑɛɗɚɌɖɖɟɘɟɗɔɜɟɪɥɔɑ ɟɝɞɌəɚɎɖɔ. 
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Abstract.  The article discusses methods of protection against noise and vibration hazards in mechanical engineering 
production. The analysis of regulatory requirements for these factors is carried out. Engineering and technical solutions are 
proposed to protect employees from noise and vibration. The effectiveness of the adopted engineering solutions is evaluated. 
The research results can be implemented to improve working conditions in industrial enterprises. 

Keywords:  Vibration, noise, collective safety measures. 
ȬəəɚɞɌɢɔɫ. Ȯ ɝɞɌɞɨɑ ɜɌɝɝɘɌɞɜɔɎɌɪɞɝɫ ɘɑɞɚɐɧ ɓɌɥɔɞɧ ɚɞ ɤɟɘɚɎɧɡ ɔ ɎɔɍɜɌɢɔɚəəɧɡ Ɏɜɑɐəɧɡ 

ɛɜɚɔɓɎɚɐɝɞɎɑəəɧɡ ɠɌɖɞɚɜɚɎ əɌ ɘɌɤɔəɚɝɞɜɚɔɞɑɗɨəɚɘ ɛɜɚɔɓɎɚɐɝɞɎɑ. ȻɜɚɎɑɐɑə ɌəɌɗɔɓ əɚɜɘɌɞɔɎəɧɡ ɞɜɑɍɚɎɌəɔɕ ɖ 
ɩɞɔɘ ɠɌɖɞɚɜɌɘ. Ȼɜɑɐɗɚɒɑəɧ ɔəɒɑəɑɜəɚ-ɞɑɡəɔɣɑɝɖɔɑ ɜɑɤɑəɔɫ ɐɗɫ ɓɌɥɔɞɧ ɜɌɍɚɞəɔɖɚɎ ɛɜɑɐɛɜɔɫɞɔɕ ɚɞ ɤɟɘɌ ɔ 
ɎɔɍɜɌɢɔɔ. ȺɢɑəɑəɌ ɩɠɠɑɖɞɔɎəɚɝɞɨ ɛɜɔəɫɞɧɡ ɔəɒɑəɑɜəɧɡ ɜɑɤɑəɔɕ. ȼɑɓɟɗɨɞɌɞɧ ɔɝɝɗɑɐɚɎɌəɔɫ ɘɚɏɟɞ ɍɧɞɨ 
Ɏəɑɐɜɑəɧ ɐɗɫ ɟɗɟɣɤɑəɔɫ ɟɝɗɚɎɔɕ ɞɜɟɐɌ əɌ ɛɜɚɘɧɤɗɑəəɧɡ ɛɜɑɐɛɜɔɫɞɔɫɡ. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ȮɔɍɜɌɢɔɫ, ɤɟɘ, ɝɜɑɐɝɞɎɌ ɖɚɗɗɑɖɞɔɎəɚɕ ɍɑɓɚɛɌɝəɚɝɞɔ.  
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Yablonskay  Elena  Karlenovna  

Kajgorodova  Elena  Alekseevna  

Kosyanok  Nina  Evgenievna  

Kiriyanova  Valentina  Ivanovna  

ȬəəɚɞɌɢɔɫ. ȻɜɚɔɓɎɚɐəɧɑ ɛɔɜɔɐɔəɚɎ ɚɍɗɌɐɌɪɞ ɤɔɜɚɖɚɕ ɍɔɚɗɚɏɔɣɑɝɖɚɕ ɌɖɞɔɎəɚɝɞɨ ɔ ɔɝɛɚɗɨɓɟɪɞɝɫ ɐɗɫ ɝɔəɞɑɓɌ 
ɗɑɖɌɜɝɞɎɑəəɧɡ ɛɜɑɛɌɜɌɞɚɎ ɔ ɝɜɑɐɝɞɎ ɓɌɥɔɞɧ ɜɌɝɞɑəɔɕ . ȻɑɜɝɛɑɖɞɔɎɑə ɝɔəɞɑɓ ɔ ɔɝɝɗɑɐɚɎɌəɔɫ Ɏɗɔɫəɔɫ əɚɎɧɡ ɛɜɚɔɓɎɚɐəɧɡ 
ɛɔɜɔɐɔəɌɢɑɞɌɘɔɐɚɎ əɌ ɚɓɔɘɚɕ ɛɤɑəɔɢɧ. ȻɜɚɎɑɐɑəəɧɑ ɔɝɝɗɑɐɚɎɌəɔɫ ɛɚɖɌɓɌɗɔ Ɏɧɝɚɖɔɑ ɜɑɓɟɗɨɞɌɞɧ ɛɚ ɍɔɚɗɚɏɔɣɑɝɖɚɕ ɌɖɞɔɎəɚɝɞɔ. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɍɔɚɗɚɏɔɣɑɝɖɌɫ ɌɖɞɔɎəɚɝɞɨ, ɛɜɚɔɓɎɚɐəɧɑ ɛɔɜɔɐɔəɧ, ɜɑɏɟɗɫɞɚɜɧ ɜɚɝɞɌ. 
Abstract. Pyridine derivatives exhibit broad biological activity and are used to synthesize pharmaceuticals and plant 

protection products. The synthesis and study of the effects of new pyridineacetamide derivatives on winter wheat is promising. 
Studies have demonstrated high biological activity. 

Keywords: biological activity, pyridineacetamides, growth regulators. 
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Arno Veronika Vladimirovna 

Kolesnichenko Eva Pavlovna 

Garifulina Irina Yurievna, 

Guzenko Alexey Dmitrievich

Abstract. In the article, modern methods for ensuring the stability of berms during blasting operations at quarries 
under various geological conditions are considered. Special attention is given to contour blasting, slot cutting technology, 
and staged bench blasting as effective means to reduce seismic loads and prevent berm collapses. The study is based on the 
application of the finite element method to model the stress-strain state of rock masses, including both hard granite-gneisses 
and loose rocks. Engineering calculations related to blasting parameters are presented, taking into account the mechanical 
properties of the rocks, effective charge initiation schemes, as well as structural solutions for shielding layers. Comparative 
calculation examples for different rock types are provided, with recommendations implemented for optimizing contour 
blasting parameters, slot width and depth, and staged blasting to increase the durability and safety of berms. The results of 
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the work have a high practical significance for the mining industry, contributing to reducing accident risks and improving 
quarry operational conditions. 

Keywords:  berm stability, drilling and blasting operations, contour blasting, slot cutting, quarry (or open-pit mine), 
stress-strain state, granite-gneisses, loose rocks. 

ȬəəɚɞɌɢɔɫ. Ȯ ɝɞɌɞɨɑ ɜɌɝɝɘɌɞɜɔɎɌɪɞɝɫ ɝɚɎɜɑɘɑəəɧɑ ɘɑɞɚɐɧ ɚɍɑɝɛɑɣɑəɔɫ ɟɝɞɚɕɣɔɎɚɝɞɔ ɍɚɜɞɚɎ ɛɜɔ 
ɛɜɚɎɑɐɑəɔɔ ɍɟɜɚɎɓɜɧɎəɧɡ ɜɌɍɚɞ əɌ ɖɌɜɨɑɜɌɡ ɜɌɓɗɔɣəɧɡ ɏɚɜəɚ-ɏɑɚɗɚɏɔɣɑɝɖɔɡ ɟɝɗɚɎɔɕ. ȺɝəɚɎəɚɑ ɎəɔɘɌəɔɑ ɟɐɑɗɑəɚ 
ɖɚəɞɟɜəɚɘɟ ɎɓɜɧɎɌəɔɪ, ɞɑɡəɚɗɚɏɔɔ ɥɑɗɑɚɍɜɌɓɚɎɌəɔɫ ɔ ɛɚɩɞɌɛəɚɘɟ ɎɓɜɧɎɌəɔɪ ɟɝɞɟɛɚɎ ɖɌɖ ɩɠɠɑɖɞɔɎəɧɘ 
ɝɜɑɐɝɞɎɌɘ ɝəɔɒɑəɔɫ ɝɑɕɝɘɔɣɑɝɖɔɡ əɌɏɜɟɓɚɖ ɔ ɛɜɑɐɚɞɎɜɌɥɑəɔɫ ɚɍɜɟɤɑəɔɕ ɍɚɜɞɚɎ. ȴɝɝɗɑɐɚɎɌəɔɑ ɚɝəɚɎɌəɚ əɌ 
ɛɜɔɘɑəɑəɔɔ ɘɑɞɚɐɌ ɖɚəɑɣəɧɡ ɩɗɑɘɑəɞɚɎ ɐɗɫ ɘɚɐɑɗɔɜɚɎɌəɔɫ əɌɛɜɫɒɑəəɚ-ɐɑɠɚɜɘɔɜɚɎɌəəɚɏɚ ɝɚɝɞɚɫəɔɫ ɘɌɝɝɔɎɚɎ 
ɛɚɜɚɐ, ɎɖɗɪɣɌɫ ɖɌɖ ɞɎɑɜɐɧɑ ɏɜɌəɔɞɚɏəɑɕɝɧ, ɞɌɖ ɔ ɜɧɡɗɧɑ ɛɚɜɚɐɧ. ȻɜɑɐɝɞɌɎɗɑəɧ ɔəɒɑəɑɜəɧɑ ɜɌɝɣɑɞɧ ɛɚ 
ɛɌɜɌɘɑɞɜɌɘ ɎɓɜɧɎəɧɡ ɜɌɍɚɞ ɝ ɟɣɑɞɚɘ ɘɑɡɌəɔɣɑɝɖɔɡ ɝɎɚɕɝɞɎ ɛɚɜɚɐ, ɩɠɠɑɖɞɔɎəɧɑ ɝɡɑɘɧ ɔəɔɢɔɔɜɚɎɌəɔɫ ɓɌɜɫɐɚɎ, 
Ɍ ɞɌɖɒɑ ɖɚəɝɞɜɟɖɞɔɎəɧɑ ɜɑɤɑəɔɫ ɐɗɫ ɩɖɜɌəɔɜɟɪɥɔɡ ɝɗɚɑɎ. ȻɜɔɎɑɐɑəɧ ɝɜɌɎəɔɞɑɗɨəɧɑ ɛɜɔɘɑɜɧ ɜɌɝɣɑɞɚɎ ɐɗɫ 
ɜɌɓɗɔɣəɧɡ ɛɚɜɚɐ, ɜɑɌɗɔɓɚɎɌəɧ ɜɑɖɚɘɑəɐɌɢɔɔ ɛɚ ɚɛɞɔɘɔɓɌɢɔɔ ɛɌɜɌɘɑɞɜɚɎ ɖɚəɞɟɜəɚɏɚ ɎɓɜɧɎɌəɔɫ, ɤɔɜɔəɧ ɔ 
ɏɗɟɍɔəɧ ɥɑɗɑɚɍɜɌɓɚɎɌəɔɫ, Ɍ ɞɌɖɒɑ ɛɚɩɞɌɛəɚɏɚ ɎɓɜɧɎɌəɔɫ ɐɗɫ ɛɚɎɧɤɑəɔɫ ɐɚɗɏɚɎɑɣəɚɝɞɔ ɔ ɍɑɓɚɛɌɝəɚɝɞɔ ɍɚɜɞɚɎ. 
ȴɞɚɏɔ ɜɌɍɚɞɧ ɔɘɑɪɞ Ɏɧɝɚɖɟɪ ɛɜɌɖɞɔɣɑɝɖɟɪ ɓəɌɣɔɘɚɝɞɨ ɐɗɫ ɏɚɜəɚɕ ɛɜɚɘɧɤɗɑəəɚɝɞɔ, ɝɛɚɝɚɍɝɞɎɟɫ ɝəɔɒɑəɔɪ 
ɜɔɝɖɚɎ ɌɎɌɜɔɕ ɔ ɟɗɟɣɤɑəɔɪ ɟɝɗɚɎɔɕ ɩɖɝɛɗɟɌɞɌɢɔɔ ɖɌɜɨɑɜɚɎ. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɟɝɞɚɕɣɔɎɚɝɞɨ ɍɚɜɞɚɎ, ɍɟɜɚɎɓɜɧɎəɧɑ ɜɌɍɚɞɧ, ɖɚəɞɟɜəɚɑ ɎɓɜɧɎɌəɔɑ, ɥɑɗɑɚɍɜɌɓɚɎɌəɔɑ, 
ɖɌɜɨɑɜ, əɌɛɜɫɒɑəəɚ-ɐɑɠɚɜɘɔɜɚɎɌəəɚɑ ɝɚɝɞɚɫəɔɑ, ɏɜɌəɔɞɚɏəɑɕɝɧ, ɜɧɡɗɧɑ ɛɚɜɚɐɧ 
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Kolesnichenko Eva Pavlovna  

Garifulina Irina Yu rievna

Sharov Pavel Egorovich

Abstract.  The article examines modern methodological approaches to assessing the economic efficiency of 
investments in the development of mining enterprises. Special attention is paid to the application of comprehensive audits, 
including geological-technical, technological, and financial analysis, along with managerial process evaluation. An analysis 
of key technical and economic indicators and discounted cash flow calculations confirming investment feasibility is presented. 
The results demonstrate the importance of systematic control and optimization to enhance productivity and reduce risks. 
These findings contribute to the development of effective investment strategies in the mining industry. 

Keywords.  investments, mining industry, economic efficiency, audit, technical and economic indicators, discounted 
cash flow, profitability, control, optimization. 

ȬəəɚɞɌɢɔɫ. Ȯ ɝɞɌɞɨɑ ɜɌɝɝɘɌɞɜɔɎɌɪɞɝɫ ɝɚɎɜɑɘɑəəɧɑ ɘɑɞɚɐɚɗɚɏɔɣɑɝɖɔɑ ɛɚɐɡɚɐɧ ɖ ɚɢɑəɖɑ ɩɖɚəɚɘɔɣɑɝɖɚɕ 
ɩɠɠɑɖɞɔɎəɚɝɞɔ ɔəɎɑɝɞɔɢɔɕ Ɏ ɜɌɓɎɔɞɔɑ ɏɚɜəɚɐɚɍɧɎɌɪɥɔɡ ɛɜɑɐɛɜɔɫɞɔɕ. Ⱥɝɚɍɚɑ ɎəɔɘɌəɔɑ ɟɐɑɗɫɑɞɝɫ ɛɜɔɘɑəɑəɔɪ 
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ɖɚɘɛɗɑɖɝəɚɏɚ ɌɟɐɔɞɌ, ɖɚɞɚɜɧɕ ɎɖɗɪɣɌɑɞ ɏɑɚɗɚɏɚ-ɞɑɡəɔɣɑɝɖɔɕ, ɞɑɡəɚɗɚɏɔɣɑɝɖɔɕ ɔ ɠɔəɌəɝɚɎɧɕ ɌəɌɗɔɓ, Ɍ ɞɌɖɒɑ 
ɚɢɑəɖɟ ɟɛɜɌɎɗɑəɣɑɝɖɔɡ ɛɜɚɢɑɝɝɚɎ. ȻɜɑɐɝɞɌɎɗɑə ɌəɌɗɔɓ ɖɗɪɣɑɎɧɡ ɞɑɡəɔɖɚ-ɩɖɚəɚɘɔɣɑɝɖɔɡ ɛɚɖɌɓɌɞɑɗɑɕ ɔ ɜɌɝɣɑɞ 
ɐɔɝɖɚəɞɔɜɚɎɌəəɧɡ ɐɑəɑɒəɧɡ ɛɚɞɚɖɚɎ, ɛɚɐɞɎɑɜɒɐɌɪɥɔɡ ɩɖɚəɚɘɔɣɑɝɖɟɪ ɢɑɗɑɝɚɚɍɜɌɓəɚɝɞɨ ɔəɎɑɝɞɔɢɔɕ. 
ȼɑɓɟɗɨɞɌɞɧ ɔɝɝɗɑɐɚɎɌəɔɫ ɛɚɖɌɓɧɎɌɪɞ ɎɌɒəɚɝɞɨ ɝɔɝɞɑɘəɚɏɚ ɖɚəɞɜɚɗɫ ɔ ɚɛɞɔɘɔɓɌɢɔɔ ɐɗɫ ɛɚɎɧɤɑəɔɫ 
ɛɜɚɔɓɎɚɐɔɞɑɗɨəɚɝɞɔ ɔ ɝəɔɒɑəɔɫ ɜɔɝɖɚɎ. ȰɌəəɧɑ ɎɧɎɚɐɧ ɝɛɚɝɚɍɝɞɎɟɪɞ ɜɌɓɜɌɍɚɞɖɑ ɩɠɠɑɖɞɔɎəɧɡ ɔəɎɑɝɞɔɢɔɚəəɧɡ 
ɝɞɜɌɞɑɏɔɕ Ɏ ɏɚɜəɚɐɚɍɧɎɌɪɥɑɕ ɚɞɜɌɝɗɔ. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɔəɎɑɝɞɔɢɔɔ, ɏɚɜəɚɐɚɍɧɎɌɪɥɌɫ ɛɜɚɘɧɤɗɑəəɚɝɞɨ, ɩɖɚəɚɘɔɣɑɝɖɌɫ ɩɠɠɑɖɞɔɎəɚɝɞɨ, 
Ɍɟɐɔɞ, ɞɑɡəɔɖɚ-ɩɖɚəɚɘɔɣɑɝɖɔɑ ɛɚɖɌɓɌɞɑɗɔ, ɐɔɝɖɚəɞɔɜɚɎɌəəɧɑ ɐɑəɑɒəɧɑ ɛɚɞɚɖɔ, ɜɑəɞɌɍɑɗɨəɚɝɞɨ, ɖɚəɞɜɚɗɨ, 
ɚɛɞɔɘɔɓɌɢɔɫ. 
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Arno Veronika Vladimirovna  

Kolesnichenko Eva Pavlovna  

Semykin Evgeny Serg eevich

Dolbin Ivan Dmitrievich

Abstract.  The article examines contemporary aspects of corporate social responsibility (CSR) and auditing in the 
mining sector, focusing on regulatory frameworks and practical models. A detailed analysis of Russian and international 
documents governing CSR and its auditing, including standards ISO 26000, GRI, and SASB, is conducted. Examples of 
auditing models implementation at major Russian and international mining companies using digital technologies and ESG 
metrics are presented. Key challenges in reporting standardization and integration of CSR into business processes, as well as 
the impact of innovations on transparency and sector sustainability, are discussed. The results have practical significance for 
improving management effectiveness in social responsibility and developing sustainable business models. 

Keywords.  corporate social responsibility, audit, mining industry, sustainable development, regulatory framework, 
ESG metrics, digital technologies, reporting standardization 

ȬəəɚɞɌɢɔɫ. Ȯ ɝɞɌɞɨɑ ɜɌɝɝɘɌɞɜɔɎɌɪɞɝɫ ɝɚɎɜɑɘɑəəɧɑ Ɍɝɛɑɖɞɧ ɖɚɜɛɚɜɌɞɔɎəɚɕ ɝɚɢɔɌɗɨəɚɕ 
ɚɞɎɑɞɝɞɎɑəəɚɝɞɔ (ȶȽȺ) ɔ ɌɟɐɔɞɌ Ɏ ɏɚɜəɚɐɚɍɧɎɌɪɥɑɘ ɝɑɖɞɚɜɑ ɝ Ɍɖɢɑəɞɚɘ əɌ əɚɜɘɌɞɔɎəɚɑ ɜɑɏɟɗɔɜɚɎɌəɔɑ ɔ 
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ɛɜɌɖɞɔɣɑɝɖɔɑ ɘɚɐɑɗɔ. ȻɜɚɎɑɐɑə ɐɑɞɌɗɨəɧɕ ɌəɌɗɔɓ ɜɚɝɝɔɕɝɖɔɡ ɔ ɘɑɒɐɟəɌɜɚɐəɧɡ ɐɚɖɟɘɑəɞɚɎ, ɜɑɏɟɗɔɜɟɪɥɔɡ ȶȽȺ ɔ 
ɛɚɜɫɐɚɖ ɑɑ ɌɟɐɔɞɌ, ɎɖɗɪɣɌɫ ɝɞɌəɐɌɜɞɧ ȯȺȽȾ ȼ ȴȽȺ 26000, GRI ɔ SASB. ȻɜɑɐɝɞɌɎɗɑəɧ ɛɜɔɘɑɜɧ ɜɑɌɗɔɓɌɢɔɔ 
Ɍɟɐɔɞɚɜɝɖɔɡ ɘɚɐɑɗɑɕ əɌ ɖɜɟɛəɧɡ ɜɚɝɝɔɕɝɖɔɡ ɔ ɓɌɜɟɍɑɒəɧɡ ɏɚɜəɚɐɚɍɧɎɌɪɥɔɡ ɛɜɑɐɛɜɔɫɞɔɫɡ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ 
ɢɔɠɜɚɎɧɡ ɞɑɡəɚɗɚɏɔɕ ɔ ESG-ɘɑɞɜɔɖ. ȼɌɝɝɘɚɞɜɑəɧ ɖɗɪɣɑɎɧɑ ɎɧɓɚɎɧ ɝɞɌəɐɌɜɞɔɓɌɢɔɔ ɚɞɣɑɞəɚɝɞɔ ɔ ɔəɞɑɏɜɌɢɔɔ 
ȶȽȺ Ɏ ɍɔɓəɑɝ-ɛɜɚɢɑɝɝɧ, Ɍ ɞɌɖɒɑ Ɏɗɔɫəɔɑ ɔəəɚɎɌɢɔɕ əɌ ɛɚɎɧɤɑəɔɑ ɛɜɚɓɜɌɣəɚɝɞɔ ɔ ɟɝɞɚɕɣɔɎɚɝɞɔ ɚɞɜɌɝɗɔ. 
Ȼɚɗɟɣɑəəɧɑ ɜɑɓɟɗɨɞɌɞɧ ɔɘɑɪɞ ɛɜɌɖɞɔɣɑɝɖɟɪ ɓəɌɣɔɘɚɝɞɨ ɐɗɫ ɛɚɎɧɤɑəɔɫ ɩɠɠɑɖɞɔɎəɚɝɞɔ ɟɛɜɌɎɗɑəɔɫ 
ɝɚɢɔɌɗɨəɚɕ ɚɞɎɑɞɝɞɎɑəəɚɝɞɨɪ ɔ ɜɌɓɎɔɞɔɫ ɟɝɞɚɕɣɔɎɧɡ ɍɔɓəɑɝ-ɘɚɐɑɗɑɕ. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ. ȶɚɜɛɚɜɌɞɔɎəɌɫ ɝɚɢɔɌɗɨəɌɫ ɚɞɎɑɞɝɞɎɑəəɚɝɞɨ, Ɍɟɐɔɞ, ɏɚɜəɚɐɚɍɧɎɌɪɥɌɫ ɚɞɜɌɝɗɨ, 
ɟɝɞɚɕɣɔɎɚɑ ɜɌɓɎɔɞɔɑ, əɚɜɘɌɞɔɎəɚɑ ɜɑɏɟɗɔɜɚɎɌəɔɑ, ESG-ɘɑɞɜɔɖɔ, ɢɔɠɜɚɎɧɑ ɞɑɡəɚɗɚɏɔɔ, ɝɞɌəɐɌɜɞɔɓɌɢɔɫ 
ɚɞɣɑɞəɚɝɞɔ. 
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Boshchenko  D.A.,  

Abstract . This article provides a comparative analysis of caching algorithms used in modern computing systems. 
Key approaches to cache management are discussed, including classical methods focused on recent and frequent data access, 
as well as more modern adaptive and predictive algorithms. The operating principles of these algorithms, their advantages 
and disadvantages, and their effectiveness under various workloads are analyzed. Particular attention is paid to the practical 
application of these algorithms in operating systems, databases, and distributed web systems. Modern development trends are 
explored, including the use of machine learning and adaptive models to improve caching accuracy and performance. 

Keywords: Caching, caching algorithms, LRU, LFU, FIFO, ARC, adaptive algorithms, efficiency, data locality, 
query prediction, system performance. 

ȬəəɚɞɌɢɔɫ. Ȯ ɝɞɌɞɨɑ ɛɜɚɎɚɐɔɞɝɫ ɝɜɌɎəɔɞɑɗɨəɧɕ ɌəɌɗɔɓ ɌɗɏɚɜɔɞɘɚɎ ɖɩɤɔɜɚɎɌəɔɫ, ɔɝɛɚɗɨɓɟɑɘɧɡ Ɏ 
ɝɚɎɜɑɘɑəəɧɡ Ɏɧɣɔɝɗɔɞɑɗɨəɧɡ ɝɔɝɞɑɘɌɡ. ȼɌɝɝɘɌɞɜɔɎɌɪɞɝɫ ɖɗɪɣɑɎɧɑ ɛɚɐɡɚɐɧ ɖ ɟɛɜɌɎɗɑəɔɪ ɖɩɤɑɘ ð ɖɗɌɝɝɔɣɑɝɖɔɑ 
ɘɑɞɚɐɧ, ɚɜɔɑəɞɔɜɚɎɌəəɧɑ əɌ əɑɐɌɎəɑɑ ɔ ɣɌɝɞɚɑ ɔɝɛɚɗɨɓɚɎɌəɔɑ ɐɌəəɧɡ, Ɍ ɞɌɖɒɑ ɍɚɗɑɑ ɝɚɎɜɑɘɑəəɧɑ ɌɐɌɛɞɔɎəɧɑ ɔ 
ɛɜɚɏəɚɓɔɜɟɪɥɔɑ Ɍɗɏɚɜɔɞɘɧ. ȬəɌɗɔɓɔɜɟɪɞɝɫ ɛɜɔəɢɔɛɧ ɜɌɍɚɞɧ ɌɗɏɚɜɔɞɘɚɎ, ɔɡ ɛɜɑɔɘɟɥɑɝɞɎɌ ɔ əɑɐɚɝɞɌɞɖɔ, 
ɩɠɠɑɖɞɔɎəɚɝɞɨ ɛɜɔ ɜɌɓɗɔɣəɧɡ ɞɔɛɌɡ əɌɏɜɟɓɚɖ. Ⱥɝɚɍɚɑ ɎəɔɘɌəɔɑ ɟɐɑɗɫɑɞɝɫ ɛɜɌɖɞɔɣɑɝɖɚɘɟ ɛɜɔɘɑəɑəɔɪ 
ɌɗɏɚɜɔɞɘɚɎ Ɏ ɚɛɑɜɌɢɔɚəəɧɡ ɝɔɝɞɑɘɌɡ, ɍɌɓɌɡ ɐɌəəɧɡ ɔ ɜɌɝɛɜɑɐɑɗɬəəɧɡ Ɏɑɍ-ɝɔɝɞɑɘɌɡ. ȼɌɝɝɘɌɞɜɔɎɌɪɞɝɫ 
ɝɚɎɜɑɘɑəəɧɑ ɞɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ ð ɔɝɛɚɗɨɓɚɎɌəɔɑ ɘɌɤɔəəɚɏɚ ɚɍɟɣɑəɔɫ ɔ ɌɐɌɛɞɔɎəɧɡ ɘɚɐɑɗɑɕ ɐɗɫ ɛɚɎɧɤɑəɔɫ 
ɞɚɣəɚɝɞɔ ɔ ɛɜɚɔɓɎɚɐɔɞɑɗɨəɚɝɞɔ ɖɩɤɔɜɚɎɌəɔɫ. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɖɩɤɔɜɚɎɌəɔɑ, Ɍɗɏɚɜɔɞɘɧ ɖɩɤɔɜɚɎɌəɔɫ, LRU, LFU, FIFO, ARC, ɌɐɌɛɞɔɎəɧɑ Ɍɗɏɚɜɔɞɘɧ, 
ɩɠɠɑɖɞɔɎəɚɝɞɨ, ɗɚɖɌɗɨəɚɝɞɨ ɐɌəəɧɡ, ɛɜɚɏəɚɓɔɜɚɎɌəɔɑ ɓɌɛɜɚɝɚɎ, ɛɜɚɔɓɎɚɐɔɞɑɗɨəɚɝɞɨ ɝɔɝɞɑɘ. 
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