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Lake hydrological dynamics are intricately linked to the surrounding 

ecosystems. Fluctuations in lake levels play a pivotal role in comprehending  

how ecosystems react to climatic variability. This research is centered on Central 

Yakutia, where the extreme climatic conditions offer a distinctive backdrop  

for investigating the interactions between climate and the hydrological cycle. Tree - 

ring width (TRW), a well-established proxy in environmental change research,  

has been extensively applied in climate change studies. Nevertheless, within Central 

Yakutia, with its extreme climate, the body of research correlating TRW data with 

specific hydrological events remains scarce. In light of this, the objective of this study 

is to analyze the correlation between tree radial growth and lake levels in this region, 

elucidate the function of TRW changes in documenting and reflecting seasonal 

hydrological events, and furnish a foundation for forecasting future ecosystem 

responses to climate change. 

The lake - level monitoring site in this study is situated at T¿ng¿ly¿ Lake  

in Central Yakutia (62.188230ÁN, 130.722390ÁE). The tree - ring sampling sites  

are located in T¿ng¿ly¿ Village (62.200000ÁN, 130.633333ÁE) and Churapcha Village 

(62.000000ÁN, 132.500000ÁE) (as depicted in Figure 1). This region is characterized 

by an extreme continental climate, featuring long, frigid winters and short, warm 

summers. Annual precipitation is low and mainly concentrated in the summer months. 

 

Figure 1. Locations of the tree-ring sampling sites and the hydrological stations in the Central 

Yakutia region 

 

É Zhang Xiaohong, 2025 
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The lake-level data employed in this study were sourced from the official 

forecasts of FGBU ñYakutsk UGMSò and covered the period spanning from 1962 

 to 2020. In 2023, tree-ring samples of larch (Larix cajanderi Mayr) were collected 

from three plots in the vicinity of Churapcha Village, namely Churapcha-1 

(abbreviated as CHA-1), Churapcha-2 (abbreviated as CHA-2), and Churapcha-3 

(abbreviated as CHA-3). In 2024, samples were procured from three plots near 

T¿ng¿ly¿ Village: T¿ng¿ly¿-1 (abbreviated as TUK-1), T¿ng¿ly¿-2 (abbreviated as 

TUK-2), and T¿ng¿ly¿-3 (abbreviated as TUK-3). 

Subsequently, these samples underwent natural drying, fixation, and polishing 

procedures under laboratory conditions. They were scanned using a flat-bed scanner 

equipped with SilverFast (64-bit) scanning software at a resolution of 3200 DPI.  

The scanned digital images were then imported into CooRecorder (9.3.1), where ring 

boundaries were marked both manually and automatically [1]. The quality of cross - 

dating was verified by means of the COFECHA program [2]. 

The time-series data of Larix cajanderi Mayr were detrended through  

the application of a negative exponential smoothing method, and the standard deviation 

(STD) was computed. Ultimately, a Pearson correlation analysis was carried out 

between the tree-ring width data and lake levels. 

The time spans of tree rings in the two regions range from 1861ï2024 (TUK-2) 

and 1770ï2022 (CHA-1). Among statistical parameters, the first-order autocorrelation 

coefficient (ʘʩ1) varies from 0.466 to 0.729; the inter-series correlation coefficient 

(Rbar), from 0.553 to 0.719; the sensitivity coefficient (MS), from 0.328 to 0.430; the 

population-expressed signal (EPS), from 0.965 to 0.982; and the signal-to-noise ratio 

(SNR), from 27.187 to 53.679. Owing to the geographical location of Central Yakutia, 

all tree-ring chronologies display high mean sensitivity and standard deviation, typical 

of trees in arid and semi-arid regions. High inter-series correlation coefficients suggest 

that our tree-ring width chronologies reliably capture standard climatic signals. 

The average minimum temperature and absolute minimum temperature in July 

of the previous year were significantly negatively correlated with tree-ring growth.  

In the T¿ng¿ly¿ study area, Plots 2 and 3 had correlation coefficients of-0.47  

and-0.39, respectively. In the Churapcha study area, Plot 1 showed stronger negative 

correlations, with coefficients of-0.53 and-0.42, respectively. 

In the T¿ng¿ly¿ study area, Plot 1 was positively correlated with  

the accumulated precipitation in June of the current year (correlation coefficient: 0.42). 

All plots in both study areas were significantly positively correlated with  

the accumulated precipitation in August of the previous year. The correlation 

coefficients were 0.48, 0.53, and 0.52 for Plots 1, 2, and 3 in T¿ng¿ly¿, and 0.42, 0.58, 

and 0.46 for Plots 1, 2, and 3 in Churapcha, with Plot 2 in Churapcha having  

the strongest correlation. Differences in correlations were observed among different 

plots in both study areas. 

In the T¿ng¿ly¿ study area, the STD chronologies of Plots 2 and 3 were 

positively correlated with lake levels in December of the current year (correlation 

coefficients: 0.38 and 0.39, respectively; p < 0.01). Higher lake levels in December 
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presumably enhanced soil moisture conditions, supplying more water resources for tree 

growth, as manifested in tree-ring characteristics (see Figure 2). 

 

Figure 2. Correlation coefficients between the Tree - Ring STD Chronologies in the T¿ng¿ly¿  

and Churapcha Regions and the Water Level of T¿ng¿ly¿ Lake 

In the Churapcha study area, only Plot 3 exhibited a significant correlation with 

lake levels. It was significantly positively correlated with lake levels in both September 

and December (correlation coefficients: 0.42 and 0.48, respectively; p < 0.001).  

The complex and pronounced effects in Plot 3 imply that different plots in the study 

areas responded variably to lake-level changes, likely due to factors such  

as geographical location, soil properties, and surrounding ecosystems. 

Environmental factors, namely temperature, precipitation, and lake levels, 

significantly impact tree-ring growth in the T¿ng¿ly¿ and Churapcha study areas. Low 

temperatures in July of the previous year impede tree growth, whereas precipitation in 

August of the previous year facilitates it. Lake levels exert complex, area-specific 

influences on tree growth. The variable correlations among plots mirror differential 

responses to environmental changes, attributable to geographical and local factors. 

The authors express their sincere gratitude to the head of laboratory A. Arzac 

and postgraduate students K. V. Bogdanova and V. V. Agapova from the Laboratory 

for complex studies of forest dynamics of Eurasia at Siberian Federal University 

(Krasnoyarsk) for their assistance in scientific research and experimentation. They also 

thank Aleksey Nikolaevich and Evgeny Sergeyevich for their support in fieldwork. 
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The boreal forests of northern Russia, dominated by larch species 

(approximately 35.6%), play a crucial role in global carbon cycles and ecosystem 

resilience. Understanding their responses to climate is essential for predicting future 

environmental changes. 

To assess these responses, we selected six sites across two major biomes: 

the forest-tundra (Polar Urals (PUR) and Igarka (IGA), dominated by Larix sibirica 

Ledeb., and Chokurdakh (CHO), dominated by L. cajanderi Mayr) and the northern 

taiga (Northern Urals (PUR), dominated by L. sibirica, Tura (TUR), dominated 

by L. gmelinii (Rupr.) Rupr. and Suntar-Khayata (SKH), dominated by L. cajanderi). 

These sites span over 3000 km, from the Ural Mountains to the Sakha Republic.  

At each site, wood cores were collected using a 5-mm increment borer and analyzed 

for tree-ring width (TRW) and blue intensity (BI) parameters, including latewood blue 

intensity (LWBI) and delta blue intensity (DBI), the latter calculated as the difference 

between LWBI and EWBI [1]. The collected cores underwent standardized processing: 

resin extraction with 96% ethanol, removal of water-soluble substances in warm water, 

air-drying, and subsequent mounting and polishing. The polished core surfaces were 

then scanned at high resolution (3200 dpi) for measurement. A total of 185 cores were 

selected for TRW and BI measurements using CooRecorder v9.3.TRW series were 

visually cross-dated, and validated using COFECHA [2]. To isolate climate signals, 

the series were detrended using a cubic smoothing spline, and residual chronologies 

were further processed through autoregressive modeling to remove autocorrelation. 

Correlation analyses were conducted between the detrended residual chronologies  

and monthly temperature and precipitation data from 1961 to 2020. Additionally,  

we assessed the cumulative effect of climate parameters over consecutive months  

to determine the timing and strength of climate signals. All statistical analyses were 

performed in R [3] using specialized packages (dplR, TreeClim, Factoextra). 

Despite the geographical distances between sites, significant correlations were 

observed, particularly within L. sibirica chronologies between PUR and NUR (r = 0.32; 

P < 0.01) and between PUR and IGA (up to r = 0.44; P < 0.01). Furthermore, TUR 

exhibited strong correlations with PUR and IGA for LWBI (r = 0.42 and 0.72; P < 0.01, 

respectively). Pearsonôs correlations showed a positive influence of summer 
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temperatures on TRW, LWBI, and DBI at all sites, with variations in correlation 

strength (Figure). LWBI and DBI chronologies consistently showed stronger 

correlations than TRW chronologies, with the highest sensitivity occurring for June-

July mean temperatures. Notably, BI parameters captured the most robust and stable 

relationships with temperature over time, whereas TRW showed declining sensitivity 

in recent decades. Forest-tundra sites displayed more pronounced temperature signals 

than northern taiga sites. This difference likely reflects the stronger temperature 

limitation for tree growth above the polar circle, where even minor summer 

temperature variations critically influence growth. At these high-latitude sites, the 

optimal temperature window for growth responses was remarkably consistent, 

typically falling between June 10 and July 30 (DOY 160ï210). Despite working with 

three different larch species across a wide geographical area, we observed striking 

uniformity in temperature responses. All species showed peak sensitivity to June-July 

temperatures, suggesting common physiological mechanisms of temperature response. 

The similarity was particularly evident in DBI chronologies. As expected in these 

temperature-limited ecosystems, precipitation signals were generally weak. The few 

significant correlations were negative at Urals sites, possibly reflecting waterlogging 

effects in permafrost soils. 
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Figure. Pearson correlations between mean monthly temperature and total monthly precipitation 

with TRW, LWBI and DBI residual chronologies for the 1961ï2020 period. Asterisks indicate 

correlations with P < 0. 

These findings demonstrate that BI parameters, particularly DBI, provide 

superior and more stable temperature proxies than TRW in high-latitude larch forests 

independently of the species. This aligns with recent work on Larix sibirica in the Ural 

Mountains, where latewood blue intensity (LWBI) and delta blue intensity (DBI) 

similarly outperformed traditional dendrochronological parameters in capturing 

summer temperature signals [4]. The consistency across species and sites supports their 

use for large-scale climate reconstructions, while biome-specific patterns highlight the 

importance of ecological context in dendroclimatic studies. 

This work was supported by the Ministry of Science and Education  

of the Russian Federation [FSRZ-2020-0014]. 
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Arctic ecosystems are warming nearly four times faster than the global rate, 

impacting water balance, frozen soil thermal dynamics, and plant community structure. 

Northern latitudes face permafrost thawing, reduced snow cover, and shifts in carbon 
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and hydrological cycles [1]. The forest-tundra ecotone, a transition zone between 

tundra and boreal forests, is especially vulnerable, where small temperature increases 

alter woody vegetation distribution and growth. Understanding tree responses to these 

changes is vital for predicting ecosystem shifts and their role in global climate balance. 

This study investigates the influence of climatic factors, primarily temperature, 

on radial growth of coniferous species in the permafrost zone above the Arctic Circle. 

It aims to identify key climatic drivers, their spatial-temporal dynamics, and their role 

in tree adaptation to warming. Four species - Pinus sylvestris L., Larix sibirica Ledeb, 

Larix gmelinii (Rupr.) Kuzen, and Larix cajanderi Mayr.-were studied across five sites 

from 27ÁE to 166ÁE: Apatity (APA) for P. sylvestris; Polar Urals (PUR) for L. sibirica; 

Khatanga (KHA) for L. gmelinii; Chokurdakh (CHO) and Bilibino (BIL) for L. 

cajanderi. A total of 137 trees were sampled with a 5-mm increment borer. Tree-ring 

widths (TRW) were measured using CooRecorder, standardized in ARSTAN, and 

correlated with monthly temperature and precipitation data from nearby stations 

(Kandalaksha, Salekhard, Khatanga, Chokurdakh, Ostrovnoye) from September of the 

previous year to September of the current year. In addition, 25-year (one-year step) 

moving correlations, based on mean monthly temperatures, were used to assess the 

temporal stability of TRW climate signals. 

Results indicate summer temperature, particularly June and July, as the primary 

limiter of radial growth. At APA, P. sylvestris showed a strong correlation with July 

temperatures (r = 0.41, p < 0.01), linked to milder conditions and a deep active soil 

layer (1 - 2 m). Larix species at PUR, KHA, CHO, and BIL were more sensitive  

to June temperatures, with highest correlations at PUR (r = 0.54, p < 0.01) and KHA  

(r = 0.43, p < 0.01), and weaker but significant at CHO (r = 0.24, p < 0.05) and BIL  

(r = 0.41, p < 0.01), reflecting extreme continentality and short vegetation periods [2]. 

Precipitation had a minor role, with rare significant correlations, though positive 

signals at APA and BIL suggest sufficient snowmelt moisture. 

Moving correlations showed rising temperature influence in recent decades.  

At PUR and KHA, June-July correlations peaked until the 1990s (r = 0.60-0.65)  

but later declined (r = 0.40-0.45). At CHO, the signal weakened since the 1980s  

(r < 0.20), possibly due to warming, while at BIL it increased from r = 0.40 to r = 0.55 

over 30 years, possibly indicating a divergence. Species physiology influenced 

responses: evergreen P. sylvestris benefits from a longer photosynthetic season, relying 

on July temperatures, while Larix species depend on rapid June leaf unfolding in short-

summer permafrost zones. Precipitation played a secondary role, with correlations 

being mostly weak, but in rare cases significant negative or positive [3]. Rare positive 

signals (e.g., on APA and BIL). 

In conclusion, summer temperatures dominate conifer radial growth  

in the permafrost zone, with P. sylvestris tied to July and Larix species to June, 

reflecting regional adaptations. Rising temperature influence indicates ongoing 

adaptation to warming, with precipitation secondary. These findings inform forest-

tundra dynamics and carbon cycle predictions under climate change. 
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Climate change has long been a central topic of scientific discussion  

due to its impact on various aspects of natural ecosystem functioning and human 

activity. It has been observed that Arctic regions are experiencing significant 

temperature increases, far exceeding global averages. This warming is not uniformly 

distributed across the hemispheres, with Siberia being a striking example, characterized 

by particularly rapid warming rates. Consequently, northern Siberia has become a key 

region for studying the effects of environmental drivers and climate change on forest 

ecosystem growth. However, the influence of these factors on boreal forests remains 

insufficiently understood. 

Investigating the response of various ecosystem components in the region  

to these climatic changes is an urgent task requiring multidisciplinary expertise, 

including studies on tree growth dynamics in permafrost-affected areas [1].  

The primary factor controlling tree radial growth in northern latitudes is climate, 

particularly summer temperatures during the growing season. Due to the high climatic 

sensitivity of vegetation in the forest-tundra ecotone, these ecotones serve as key areas 

for monitoring early responses to climate change [2,3,4]. 

In this study, we analyze the variability of radial growth and its sensitivity  

to climatic changes in 313 larch trees (Larix spp.) from 13 habitats within the forest-

tundra ecotone across the Khatanga, Lena, Omoloy, and Indigirka river basins. These 
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regions are critically important for understanding the response of pristine northern 

forests to rising temperatures. 

The study area extends from the eastern edge of the Taymyr Peninsula  

in the west to the settlement of Chokurdakh in Allaikhovsky District, Republic  

of Sakha (Yakutia). The investigated transect spans 1750 km, located between  

68Á-72ÁN and 101Á-147ÁE (Figure). 

The methodological framework of this research is based on approaches from 

dendrochronological and dendroclimatic analysis [5]. 

Research materials were collected between 2013 and 2016 at 13 study sites.  

For dendroclimatic analysis, we used the period from 1960 to 2013. This time frame 

was selected based on the length of the obtained chronologies and the quality  

of climatic data available from the meteorological stations in Khatanga, Deputatsky, 

Kyusyur, Yubileyny, and Chokurdakh. 

 

Figure. Study area. Investigated sites are marked with red dots, meteorological stations with green 

dots. 

The analyzed chronologies exhibit high sensitivity to external factors. For each 

chronology group, generalized chronologies were developed according to their region 

of origin. These were subjected to comparative analysis and dendroclimatic analysis  

to determine whether this external signal is consistent across different regions. 

The dendroclimatic analysis results indicate a relatively late onset of tree-ring 

growth (June) and regional variations in climatic signals. These findings underscore 

the importance of high-precision ground measurements across Siberian regions  

for better understanding temperature impacts on boreal forest functioning  

and productivity. 
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Outbreaks of mass reproduction occur when favorable weather conditionsðsuch 

as optimal temperatures, low precipitation, and low humidityðallow pest populations 

to surge rapidly [1, 2]. Among conifer-defoliating pests, the Siberian silkworm 

(Dendrolimus superans Butler, 1877, syn. Sibiricus Tschetverikov, 1908) 

(Lepidoptera, Lasiocampidae) is one of the most ecologically important  

due to its extensive distribution and the severe damage. It is considered the most 

destructive pest in boreal forests [3]. While direct population data may be limited, past 

outbreaks can be reconstructed using dendrochronological methods [4]. This approach 

has enabled researchers to identify and date mass reproduction events of various leaf-

eating insects over extended periods, sometimes spanning more than a thousand years 

[5, 6, 7, 8]. 

The aim of this study was to identify reduced annual ring widths in coniferous 

trees during known insect outbreaks and to reconstruct historical outbreaks. 
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Five sites were included in the study: one in the Republic of Khakassia and four 

in Krasnoyarsk Krai. The Krasnoyarsk Krai sites were located near the Yenisei  

and Angara River confluence, while the Khakassian site was situated in the 

southeastern part of the republic near Lake Chernoye. Larix sibirica Ledeb. and Pinus 

sylvestris L. were selected as study species. 

Krasnoyarsk Krai has a sharply continental, with an average annual temperature 

of 1.8ï3.0 ÁC and growing-season temperatures (Ó10 ÁC) accumulating 1850ï2000 ÁC. 

Annual precipitation averages 450 mm. In Khakassia, winters are colder and summers 

cooler, with growing-season temperatures (Ó10 ÁC) totaling 1550ï1875 ÁC over 100ï

110 days. Annual precipitation does not exceed 450 mm [4, 9]. 

A total of five sites were examined in the study (IKSH, GAL, YEN, EPI  

and RNL). Tree cores were collected from only two sites in Krasnoyarsk Krai, IKSH 

and GAL, during the 2024 growing season using a 5 mm Haglºf increment borer.  

Two cores per tree were extracted at breast height (1.2ï1.5 m), yielding 46 samples  

in total. For safe transportation, cores were stored in plastic containers with slightly 

larger compartments. Tree-ring width (TRW) were measured from polished  

and scanned cores using CooRecorder 9.3.1. Chronologies were standardized with 

ARSTAN [10]. 

Insect outbreaks were identified using five detection methods [7]. Combining 

results from three affected sites (IKSH, GAL, RNL) revealed 46 potential outbreaks 

between 1938 and 2022, with 38 years showing no defoliation signals. Overlapping 

detections across multiple methods increased confidence in outbreak identification, 

suggesting higher defoliation intensity. 

 

Figure. Time series of reconstructed outbreaks of the Siberian silkworm over the period 1935ï2023. 

Five different colors represent five outbreak detection methods. 

The study reconstructed 16 defoliation events with annual precision, revealing 

increased insect activity in the late 20th and early 21st centuries. If current climate 

trends persist, outbreak frequency may rise further. 
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The mixed cedar-broadleaved forests of the Russian Far East include more than 

40 tree species, with the life span of some exceeding several hundred years. These key 

species are Larix gmelinii (Rupr.) Kuzen., Picea jezoensis (Siebold & Zucc.) Carri¯re, 

Abies nephrolepis (Trautv.) Maxim. dominated by Pinus koraiensis Siebold & Zucc. 

The Sikhote-Alin forests are globally significant for their endemic flora and fauna, but 

their dynamics remain understudied in the context of climatic and abiotic stressors. 

Wind, as a driver of mechanical stress and tree mortality, shapes stand structure and 

succession patterns. While temperature and precipitation dominate 

dendroclimatological research, windôs role in modulating tree growth is poorly 

understood, especially in mixed forests. This study addresses two questions: Does wind 

speed variability correlate with annual growth increments of key conifers? Are species 

differences in windthrow susceptibility linked to growth resilience? We hypothesize 

that wind impacts are secondary to climatic factors but amplify mortality risks in 

physiologically stressed trees. 

Core samples were collected from 80 dominant trees (20 per species)  

in undisturbed stands of the Middle Sikhote-Alin (45Áï47ÁN, 134Áï136ÁE). Sites were 

selected to minimize anthropogenic and topographic biases. Ring-width series were 

detrended using negative exponential curves in ñdplRò package to remove age-related 

growth trends [1]. Residual chronologies were built to emphasize climate-  

and disturbance-driven signals. Monthly and annual wind speed data (mean/maximum) 

from nearby meteorological stations (1966ï2020) were aligned with the çTreeclimè 

package to assess growth responses [2]. Exploratory analysis focused on wind speed 

trends (linear regression) and visual alignment of growth chronologies with wind 

anomalies. Correlation analysis employs bootstrapped response functions. 
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Figure. Wind speed changes on the eastern macroslope of Sikhote-Alin according to the 

Terney weather station (meteo.ru): A. Annual trend of the monthly average (blue) and maximum 

(red) wind speed. B. Change in the average (blue) and maximum (red) wind speed for 1966-2020 and 

1977-2020, respectively. The abscissa axis shows months (A) and years (B), the ordinate axis shows 

wind speed in m/s. Linear regression and the value of the determination coefficient R2 are shown for 

each data series (B) 

The mean monthly wind speed according to the meteorological station ñTerneyò 

experiences significant seasonal fluctuations during the year (figure). The highest wind 

speed is observed during 5.3 months (from October 15 to March 25) with a mean wind 

speed of more than 4.2 m/s. The windiest month of the year is January, with an average 

wind speed of 5.7 m/s. The trend in monthly wind load changes coincides for the mean 

and maximum wind speeds. The decrease in the mean annual wind load is most 

reflected in the average speed (R2 = 0.8736). It varied from 2.93 m/s to 4.95 m/s for 

1966-2020, which corresponds to the end and beginning of the meteorological 

observation period. The maximum wind speed decreases at a slower rate (R2 = 0.5632), 

but the trend remains stable. It ranged from 7.6 m/s (1998) to 10 m/s (1986). Overall, 

a significant decline in annual wind speeds was observed (ɓ = ī0.12 m/s per decade,  

p < 0.05). Annual trends for mean and maximum wind speeds showed parallel declines, 

suggesting regionally coherent atmospheric changes (e.g., reduced cyclonic activity).  

No coherent growth suppression coincided with high-wind years, supporting  

the hypothesis of limited direct wind impact. Wind can be a secondary growth 

modulator. The absence of direct wind-growth correlations aligns with global studies 

where wind acts as a stochastic disturbance rather than a chronic stressor [3]. Declining 

wind speeds may reduce background mechanical stress, potentially benefiting growth 

in vulnerable species. However, this trend could also signal shifting storm regimes 

(e.g., fewer but more intense events [4]), which dendrochronological methods may fail 

to capture at annual resolution. 

Historical windthrow records and tree morphology suggest spruce  

and fir are disproportionately affected during storms due to shallow root systems  

and higher canopy exposure in mixed stands. Cedar and larch exhibited lower 

windthrow rates, likely due to flexible wood anatomy and deeper rooting. Spruce  

and firôs susceptibility mirrors findings in European boreal forests, where windthrow 

opens regeneration niches but threatens stand stability. In contrast, cedar and larchôs 
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resilience may buffer ecosystem-level impacts, though their slower recruitment rates 

could hinder post-disturbance recovery.  

This study provides preliminary evidence that windôs influence on Sikhote-Alin 

forests operates indirectly through disturbance-mediated mortality rather than direct 

growth suppression. While declining wind speeds may alleviate chronic stress, 

heightened climatic variability could amplify episodic windthrow risks, particularly  

for spruce and fir. Forest management should prioritize structural diversification  

in vulnerable stands and monitor interactions between wind regimes and secondary 

stressors (e.g., bark beetles). 
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One of the most pressing challenges in modern science is understanding climate 

change, its historical patterns, and its impacts on forest ecosystems. Studying past 

climatic fluctuations provides critical analogues for future scenarios, while 

documenting how forests respond to changing conditions offers insights into 

ecosystems resilience. 

 
É Golubenko A. K., 2025 
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Although rising temperatures and elevated atmospheric CO2 concentrations 

could theoretically enhance tree growth [1], increasing evidence points to drought 

stress as a growing limitation, particularly in vulnerable region like southern Siberiaôs 

forest-steppe ecotone. This transitional zone, covering approximately 14% of the 

Russian territory [2], experiences sharp climate gradients, making it a critical area for 

investigating climate-forest interactions. 

Differential access to essential resourcesðlight, moisture, and nutrientsð

results in a vertical stratification of forest stands into distinct social groups, namely 

dominant and suppressed trees [3]. This stratification influences both the growth rates 

and the climatic sensitivity of individual trees. Yet, dendrochronological studies have 

predominantly focused on dominant trees, which are assumed to contribute more 

significantly to carbon cycling [4]. Recent research, however, highlights the ecological 

importance of suppressed trees in long-term carbon storage [5], underscoring the need 

to include them in climate-growth analyses. 

The objective of this study was to analyze the stand structure of Scots pine (Pinus 

sylvestris L.) and to assess the influence of major climatic factors on the secondary 

growth of trees across social classes (dominant vs suppressed individuals). We 

compared positive and negative growth responses between dominant and suppressed 

trees to elucidate their divergent roles in forest adaptation. 

The study was conducted at the permanent research station ñPogorelsky Borò 

(56Á22ǋN, 92Á57ǋE, 164 m a.s.l) in the forest-steppe zone of the Krasnoyarsk region, 

characterized by a sharply continental, moderately cool climate, with a mean annual 

temperature of 1.3ÁC and a mean annual precipitation of 537 mm for the period 1925ï

2023 (data available at https://meteo.ru). A circular sample plot with a radius of 35 

meters was established in the summer 2024.Wood cores form a total of 124 Pinus 

sylvestris L. trees were collected at breast height with a 5-mm increment borer. Tree 

height, diameter at breast height and bark thickness and position were recorded for 

each individual tree. All tree cores were air-dried, glued into wooden holders and 

polished using a belt sander with sandpaper ranging from 120 to 1000 grit. The samples 

were then scanned using an Epson Perfection V800 scanner (Epson, Japan). Tree-ring 

width (TRW) was measured on the polished samples using CooRecorder software 

(version 9.3). The accuracy of cross-dating was verified using COFECHA software, 

and raw series were standardized using ARSTAN. A total of 104 accurately cross-dated 

samples were included for analysis. 
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Figure. Correlations (Pearsonôs coefficient) between dominant trees and suppressed trees 

tree-ring width chronologies of Pinus sylvestris with total monthly precipitation, maximum, mean 

and minimum monthly temperature for the period 1925ï2023 at Pogorelsky bor. Correlations 

were calculated from July of the previous year (uppercase letters) to September of the current 

growth year (lowercase letters). Dashed lines indicate P < 0.05 and dotted lines indicate P < 0.01. 

Our results show that tree growth in Krasnoyarsk forest-steppe region is limited 

mostly by precipitation during May-July, with temperature playing a secondary role 

with a negative impact. The combination of both climate signals suggest drought 

limiting conditions. Our analysis reveals that suppressed trees show slightly higher 

sensitivity to precipitation on the early stages of growing season, whereas dominant 

trees show higher bound to maximum temperatures during all growing season. Earlier 

response to precipitation may be a strategy of suppressed trees to compete for soil 

moisture with dominant trees, which potentially have a more developed root system. 

The study period (1925ï2023) was divided into two intervals (1925ï1974 and 

1975ï2023). This division revealed a decrease in the climate signal in both dominant 

and suppressed groups. This observation may reflect improved conditions for growth 

associated with rising temperatures and precipitation during the latter period. 
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Through photosynthesis, trees assimilate atmospheric CO2 to produce sugars, 

which are subsequently allocated to various physiological processes and storage pools. 

Non-structural carbohydrates play diverse roles and stored in different tree organs (e.g., 

leaves, branches, stem wood, roots). When carbon demand exceeds supply, trees relay 

on stored NSC to sustain metabolism and growth [1]. Deciduous and evergreen trees 

exhibit contrasting phenological and physiological strategies. Deciduous species shed 

their leaves or needles in response to unfavorable conditions such as low temperatures, 

limited light or water deficit, thereby minimizing transpiration losses during dormancy 

[2]. In contrast, evergreen species retain their foliage year-round and typically show 

higher evapotranspiration rates [3]. These physiological differences also extend to NSC 

storage and utilization, with deciduous trees requiring substantial carbohydrate 

reserves to support leaf flush in spring. In this study, we evaluate tree-ring width 

(TRW) climate response over the 1966ï2021 period of two coexisting conifer species 

(Abies sibirica Ledeb. and Larix sibirica Ledeb.) and compare their NSC storage across 

their life span, as well as NSC dynamics during the 2021 growing season to address 

the following questions: i. How do the species differ in their response to climate? ii . 

How much do NSC pools vary across the vegetative season? iii . How does the NSC 

dynamics differ between evergreen and deciduous species?  

The study was carried out in the Stolby Nature Reserve in Krasnoyarsk (55Á53' 

N. 92Á46' E.). The reserve is characterized by a mountain taiga ecosystem with mixed 

species. Based on local meteorological data, during the 1960ï2023 period, the mean 

annual temperature is 0.3 ÜC, with June being the warmest (14.7 ÜC) and December the 

coldest (-15.6 ÜC) months. In May 2022, increment cores of 20 individuals of A. 

sibirica and L. sibirica were taken at breast height three times during the growing 

season: at the beginning (May), mid-season (July) and the end (October). In May, two 

cores per tree were taken, one 5-mm diameter for cross-dating and TRW 

measurements, and one 10-mm diameter for NSC analysis. In July, only 10-mm cores 

were collected. In October, an additional 10-mm core was taken for NSC analysis, 
 

ϭ Stepina T.A., 2025 
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along with a 5-mm core to quantify TRW of the year 2022. To stop enzymatic activity, 

10-mm cores were microwaved at 600 W for 90 seconds [4] and air-dried at 60 ÁC for 

over 72 hours. 5-mm cores were air-dried at room temperature and then resin was 

extracted with ethanol (96%) in a Soxhlet. TRW and tree ages were determined using 

5-mm increment cores. These cores were glued onto wooden supports and polished 

with increasing sandpaper grit (up to P800). The polished samples were scanned at a 

resolution of 3200 dpi with an Epson Perfection scanner V800 (Epson, Japan). TRW 

measurements were carried out using CDendro & CooRecorder version 9.3 (Cybis 

Elektronik & Data AB, Sweden). For NSC analysis, the 10-mm increment cores were 

split in 5-year segments starting from the bark for the outer 30 years, resulting in 7 

segments and an extra segment including the remaining years. The mean length of the 

5-year segments ranged from 4.23Ñ1.95 mm to 9.01Ñ2.86 mm in A. sibirica, and from 

1.25Ñ0.63 mm to 3.06Ñ1.45 mm in L. sibirica. NSC extraction followed the perchloric 

acid/anthrone method [5], allowing to assess the NSC content per dry weight wood 

(%NSC), distinguishing between the contribution of soluble sugars (SS) non-soluble 

sugars (NSS). %NSC was calculated for each tree and radial segment by adding soluble 

and insoluble carbohydrate contribution.  

A. sibirica showed the widest rings in the 1992ï1996 segment compared with L. 

sibirica. Based on TRW analysis L. sibirica was older than (129.0 Ñ 10.1 years) A. 

sibirica (53.0 Ñ 17.6 years). Pearson correlations were used to assess the dependence 

of the TRW on climatic factors (temperature and precipitation). Correlations were 

performed from September of the previous year to September of the current year. 

Autumn temperatures (October) have a positive effect and summer temperatures (June) 

has a negative effect on the growth of L. sibirica. Summer precipitation (June) had a 

positive impact on A. sibirica. and winter precipitation (November, December) had a 

negative impact on P. sibirica. 
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Figure 1. The content of soluble and insoluble sugars for the studied period (1991-2021). ABSI - A. 

sibirica, LASI - L. sibirica. 

The total content of NSC in the oldest segment was higher in L. sibirica 

compared with A. sibirica, and at the same time is showed a greater variety on storage 

pools during the studied period. (Fig. 1). Closer look at the last segment (2017-2021) 
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reveals a slight decrease in stored NSC in A. sibirica July followed by an increase in 

October, while L. sibirica didnôt express the same pattern (Fig. 2). 
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Figure 2. The content of soluble and insoluble sugars for the last segment. ABSI - A. sibirica, LASI 

- L. sibirica. 

Our results indicate that the amount of NSS dominate over SS across the studied 

period. The highest NSC content was found in the outmost segments, near the bark, 

likely reflecting their role in supporting active growth. Our findings are consisted with 

that of von Arx et al. (2017), who reported similar pattern. As hypothesized, L. sibirica, 

being deciduous, showed greater reliance on stored NSC for spring growth to support 

new needles formation (Fig. 1). Notably, L. sibirica retained higher levels of soluble 

sugars by the end of the growing season, which may serve as a stock for the following 

spring. Understanding the seasonal dynamics and allocation strategies of NSCs 

improves our knowledge of tree growth processes and offers insight into how trees 

might respond to future climate change. 
 

This work was carried out with the support of the Ministry of Science and Higher Education of the 
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Global climate change, particularly Arctic amplificationïa phenomenon 

characterized by unprecedented warming, with temperatures rising faster in the Arctic 

than the global average [1]ïis significantly impacting boreal forests in Arctic and 

Subarctic regions [2]. Boreal forests, which cover approximately 30% of the global 

forested area, represent one of Earth's most critical biomes. These northern ecosystems 

serve as the planet's largest reservoir of surface freshwater and act as a major carbon 

sink, sequestering substantial atmospheric CO2 and thereby playing a key role in global 

climate regulation [3]. 

As climate change progresses, accurate historical climate data becomes 

increasingly valuable. Dendroclimatological methods enable the reconstruction of 

detailed, annually resolved climate records from tree rings, providing insights for 

paleoenvironmental research. Such data can help forecast tree radial growth, stand 

productivity, and forest dynamics under changing climatic conditions.  

This study aims to analyze the age-structured composition of a Larix gmelinii 

(Rupr.) Rupr. forest stand and analyzes secondary growth (radial growth) responses to 

climatic factors across two different age groups near Tura, Central Siberia. The 

research site, located on the Central Siberian Plateau (middle course of Nizhnyaya 

Tunguska river), lies within continuous permafrost zone. The local climate is extremely 

continental, with an average annual temperature and annual precipitation of -8.7 ǓC and 

365 mm for the period from 1933 to 2023 (https://www.meteo.ru). The productivity of 

trees in permafrost areas is limited by low temperatures, the combination of anaerobic 

soil conditions and the spatial constraint of roots on the shallow active layer above 

permafrost [4].  

Wood cores were collected at breast height with a 5-mm increment borer from a 

total of 63 trees during the summer 2024. Tree height, diameter at breast height and 

position were recorded for each individual tree. Wood samples were air-dried and 

polished using a belt sanding machine with progressively finer sandpaper (up to 1000 

grit). Polished surfaces were scanned using an Epson Perfection V800 scanner (Epson, 

Japan) at a resolution up to 6000 dpi. Tree-ring width (TRW) was measured using 

CooRecorder software (version 9.3). Cross-dating accuracy was checked using 

 
É Lesnikova A.K., 2025 
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COFECHA software (Grissino-Mayer, 2001), and each raw series was standardized in 

ARSTAN (Cook and Holmes, 1996). 

Our sample depth features a number of 63 trees, which were divided into two 

distinct age classes: mature (<200 years) and overmature (Ó200 years). This age 

stratification was implemented to examine potential ontogenetic effects on climate-

growth relationships, specifically investigating how trees of different age groups 

respond to climatic signals. The produced TRW chronology spans from 1747 to 2023, 

including trees from 133 to 277 years old. However, reliable meteorological 

observations began in 1933. Therefore, TRW chronologies were correlated against 

monthly climate data over the period from 1933 to 2023. 

 
 

 

Figure. Correlations of Larix gmelinii (Rupr.) Rupr. secondary growth of different age groups 

with total monthly precipitation, minimum monthly temperature, mean monthly temperature and 

maximum monthly temperature for the 1933-2023 period at the site near Tura village. a ï mature 

trees, b ï overmature trees. Correlations were calculated from July of the previous year (uppercase 

letters) to September of the current growth year (lowercase letters). Dashed lines indicate P<0,05 and 

dotted lines indicate P<0,01 

Our results confirm the state that tree growth in the northern region is strongly 

temperature limited, particularly by June thermal conditions. Mature trees show 

slightly higher temperature sensitivity than overmature trees, possibly due to 

anatomical and  physiological aging factors [5]. We can suggest that expanding the age 

range of sampled trees, including both younger and oldest trees, would likely amplify 

these differences.  

The study period (1933ï2023) was divided into two intervals (1933ï1977 and 

1978ï2023). This division revealed a decrease in the climate signal in both mature and 

overmature age groups. This observation may reflect improved conditions for growth 

associated with rising temperatures during the latter period.  

This work was supported by the Russian Science Foundation and the 

Krasnoyarsk Science Foundation [25-14-20060]. 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʆ. ɻ. ʉʪʨʝʙʢʦʚʘ1  

ʅʘʫʯʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ ʃ. ɺ. ʉʪʝʧʘʥʦʚʘ2  

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 
 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʈʦʩʪ ʜʦʩʪʠʞʝʥʠʡ ʚ ʩʧʦʨʪʝ ʩʚʷʟʘʥ ʚ ʦʩʥʦʚʥʦʤ ʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ 

ʫʯʝʙʥʦ-ʪʨʝʥʠʨʦʚʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʘʜʘʧʪʘʮʠʦʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʦʨʛʘʥʠʟʤʘ 

ʢ ʪʨʝʥʠʨʦʚʦʯʥʳʤ ʥʘʛʨʫʟʢʘʤ. 

ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʧʦʨʪʩʤʝʥʘ 

ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʝʡ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʯʘʩʪʦʪʦʡ ʩʝʨʜʝʯʥʳʭ 

ʩʦʢʨʘʱʝʥʠʡ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʥʘʛʨʫʟʢʠ.   

ʇʫʣʝʚʘʷ ʩʪʨʝʣʴʙʘ ʥʝ ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤ ʚʠʜʦʤ ʩʧʦʨʪʘ, ʥʦ 

ʚʳʜʚʠʛʘʝʪ ʙʦʣʴʰʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʠ ʣʠʯʥʦʩʪʠ ʩʧʦʨʪʩʤʝʥʘ ʠ 

ʘʜʘʧʪʘʮʠʦʥʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʦʨʛʘʥʠʟʤʘ [1]. ʅʝʦʙʭʦʜʠʤʳ ʥʝʩʪʘʥʜʘʨʪʥʳʝ 

ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʩʧʦʨʪʩʤʝʥʘ.  

ʀʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʝ ʦʨʛʘʥʠʟʤʘ ʜʦ ʠ ʧʦʩʣʝ ʪʨʝʥʠʨʦʚʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʉʣʶʥʘ, ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʘʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʞʠʜʢʦʩʪʴ, ʤʦʞʝʪ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ 

ʥʘ ʠʟʤʝʥʝʥʠʝ ʚ ʩʦʩʪʦʷʥʠʠ ʦʨʛʘʥʠʟʤʘ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʣʶʥʳ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʙʠʦʪʝʩʪ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦ ʫʨʦʚʥʶ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʩʚʝʯʝʥʠʷ, ʠʩʧʫʩʢʘʝʤʦʡ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʨʝʘʢʮʠʝʡ ʚ ʦʪʚʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʩʣʶʥʳ, ʦʧʨʝʜʝʣʠʪʴ 

ʠʟʤʝʥʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ.  

ʇʦʢʘʟʘʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʣʶʥʳ ʜʣʷ ʦʮʝʥʢʠ 

ʪʦʢʩʠʢʦʟʘ ʠ ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ [2]. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʚʳʷʚʣʝʥʠʝ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʨʛʘʥʠʟʤʘ ʧʦ ʠʟʤʝʥʝʥʠʶ 

ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ ʩʣʶʥʳ ʚʦ ʚʨʝʤʷ ʪʨʝʥʠʨʦʚʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʀʥʪʝʛʨʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ 

ʩʧʦʨʪʠʚʥʦʡ ʤʝʜʠʮʠʥʝ ʜʣʷ ʦʮʝʥʢʠ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʢ 

ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʳʤ ʥʘʛʨʫʟʢʘʤ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʚʳʷʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʣʶʥʳ ʜʣʷ ʦʮʝʥʢʠ ʘʜʘʧʪʘʮʠʦʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʩʧʦʨʪʩʤʝʥʦʚ ʢ ʧʨʝʜʩʦʨʝʚʥʦʚʘʪʝʣʴʥʳʤ ʥʘʛʨʫʟʢʘʤ.  

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ:  

 

É ɻʝʨʘʩʠʤʦʚʘ ɸ. ʉ., 2025 
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1) ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʙʠʦʣʶʤʠʥʝʩʮʝʪʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ ʩʣʶʥʳ ʠ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʘʢʪʘʪʘ ʚ ʩʣʶʥʝ ʜʦ ʠ ʧʦʩʣʝ ʪʨʝʥʠʨʦʚʦʢ ʚ ʧʝʨʠʦʜ 

ʪʨʝʥʠʨʦʚʦʯʥʦʛʦ ʩʙʦʨʘ; 

2) ʦʮʝʥʠʪʴ ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʩʧʦʨʪʩʤʝʥʦʚ ʚʦ ʚʨʝʤʷ 
ʪʨʝʥʠʨʦʚʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʯʘʩʪʚʦʚʘʣʠ ʜʝʚʫʰʢʠ (n=2), ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ 

ʟʘʥʠʤʘʶʱʠʝʩʷ ʧʫʣʝʚʦʡ ʩʪʨʝʣʴʙʦʡ ʚ ʩʧʦʨʪʠʚʥʦʡ ʰʢʦʣʝ ʦʣʠʤʧʠʡʩʢʦʛʦ ʨʝʟʝʨʚʘ 

ɸʢʘʜʝʤʠʠ ʙʠʘʪʣʦʥʘ ʂʨʘʩʥʦʷʨʩʢʘ. ʉʧʦʨʪʩʤʝʥʳ-ʩʪʨʝʣʢʠ ʙʳʣʠ ʚ ʚʦʟʨʘʩʪʝ 14-15 

ʣʝʪ ʠ ʠʤʝʣʠ ʩʧʦʨʪʠʚʥʫʶ ʢʚʘʣʠʬʠʢʘʮʠʶ ʤʘʩʪʝʨ ʩʧʦʨʪʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚʦ ʚʨʝʤʷ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʩʙʦʨʦʚ (8-16 ʦʢʪʷʙʨʷ 

2024 ʛ.). ʊʨʝʥʠʨʦʚʦʯʥʳʝ ʟʘʥʷʪʠʷ ʧʨʦʭʦʜʠʣʠ ʚ ʪʠʨʝ. ɺʳʩʪʨʝʣʳ ʧʨʦʠʟʚʦʜʠʣʠ ʠʟ 

ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʦʨʫʞʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10 ʤʝʪʨʦʚ ʜʦ ʤʠʰʝʥʠ.  

ʊʨʝʥʠʨʦʚʦʯʥʳʡ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʣ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: 

1 ʜʝʥʴ - ʨʘʟʤʠʥʢʘ (ʩʪʨʝʣʴʙʘ 30 ʤʠʥ) + ʟʘʯʝʪʥʘʷ ʩʪʨʝʣʴʙʘ (60 ʤʠʥ); 2 ʜʝʥʴ - 

ʩʪʨʝʣʴʙʘ 40 ʤʠʥ; 3 ʜʝʥʴ - ʨʘʟʤʠʥʢʘ (ʩʪʨʝʣʴʙʘ 20 ʤʠʥ) + ʟʘʯʝʪʥʘʷ ʩʪʨʝʣʴʙʘ (60 

ʤʠʥ); 4 ʜʝʥʴ ï ʦʪʜʳʭ; 5 ʜʝʥʴ - ʨʘʟʤʠʥʢʘ (ʩʪʨʝʣʴʙʘ 30 ʤʠʥ) + ʟʘʯʝʪʥʘʷ ʩʪʨʝʣʴʙʘ 

(60 ʤʠʥ); 6 ʜʝʥʴ (ʬʦʨʤʘʪ ʩʦʨʝʚʥʦʚʘʥʠʷ) - ʨʘʟʤʠʥʢʘ (ʩʪʨʝʣʴʙʘ 30 ʤʠʥ) + 

ʢʦʥʪʨʦʣʴʥʘʷ ʩʪʨʝʣʴʙʘ (90 ʤʠʥ); 7 ʜʝʥʴ - ʨʘʟʤʠʥʢʘ (ʩʪʨʝʣʴʙʘ 30 ʤʠʥ) + ʟʘʯʝʪʥʘʷ 

ʩʪʨʝʣʴʙʘ (70 ʤʠʥ). 

ʄʘʪʝʨʠʘʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʘ ʩʣʶʥʘ ʩʧʦʨʪʩʤʝʥʦʚ, ʢʦʪʦʨʫʶ ʦʪʙʠʨʘʣʠ 

ʜʦ ʠ ʧʦʩʣʝ ʪʨʝʥʠʨʦʚʦʢ. ʉʦʙʨʘʥʥʘʷ ʩʣʶʥʘ ʭʨʘʥʠʣʘʩʴ ʟʘʤʦʨʦʞʝʥʥʦʡ ʚ 

ʤʦʨʦʟʠʣʴʥʦʡ ʢʘʤʝʨʝ (t= -200ʉ). ʇʝʨʝʜ ʪʝʩʪʠʨʦʚʘʥʠʝʤ ʩʣʶʥʫ ʨʘʟʤʦʨʘʞʠʚʘʣʠ ʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʧʨʠ 5000 ʦʙ/ʤʠʥ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʣʘʢʪʘʪʘ ʚ ʦʙʨʘʟʮʘʭ ʩʣʶʥʳ ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ UVï1800, Shimadzu, 

ʗʧʦʥʠʷ) ʧʨʠ ʢʦʣʦʨʠʤʝʪʨʠʨʦʚʘʥʠʠ ʩʣʶʥʳ ʩ ʭʣʦʨʠʜʦʤ ʞʝʣʝʟʘ III ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

440 ʥʤ. 

ɹʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʣʶʤʠʥʦʤʝʪʨʝ 

çʃʶʤʠʰʦʪè (ʇʨʠʢʣʘʜʥʳʝ ʙʠʦʩʠʩʪʝʤʳ, ʂʨʘʩʥʦʷʨʩʢ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʨʝʘʛʝʥʪʘ çʕʥʟʠʤʦʣʶʤè (ʇʨʠʢʣʘʜʥʳʝ 

ʙʠʦʩʠʩʪʝʤʳ, ʂʨʘʩʥʦʷʨʩʢ). ʈʝʘʛʝʥʪ ʩʦʜʝʨʞʘʣ ʢʦʤʧʣʝʢʪ ʩʫʙʩʪʨʘʪʦʚ ʠ 

ʣʠʦʬʠʣʠʟʦʚʘʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʚʳʩʦʢʦʦʯʠʱʝʥʥʳʭ ʬʝʨʤʝʥʪʦʚ (0,4 ʤʛ/ʤʣ 

ʣʶʮʠʬʝʨʘʟʳ ʠ 0,18 ʝʜ. ʘʢʪʠʚʥʦʩʪʠ ʅɸɼʅ:ʌʄʅ-ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʳ). ʉʫʙʩʪʨʘʪʦʤ, 

ʢʘʪʘʣʠʟʠʨʫʶʱʠʤ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʝ ʩʚʝʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʩʣʫʞʠʣ 

0,16 ʤʄ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʬʣʘʚʠʥʦʤʦʥʦʥʫʢʣʝʦʪʠʜʘ (ʌʄʅ) (Serva, ɻʝʨʤʘʥʠʷ). 

ʈʝʘʢʮʠʶ ʙʠʦʪʝʩʪʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʚʝʣʠʯʠʥʝ ʦʩʪʘʪʦʯʥʦʛʦ ʩʚʝʯʝʥʠʷ 

(ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ) ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʠʭ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʚʝʯʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ (I) ʢ ʢʦʥʪʨʦʣʶ (Io), 

ʫʤʥʦʞʝʥʥʦʤʫ ʥʘ 100 %. 

ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʨʦʛʨʘʤʤʝ Excel (Microsoft 

Office, ʉʐɸ) ʩ ʧʦʜʩʯʝʪʦʤ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʘʢʪʘʪʘ ʚ ʩʣʶʥʝ 

ʧʦʩʣʝ ʪʨʝʥʠʨʦʚʢʠ ʧʦʥʠʞʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʜʦ ʪʨʝʥʠʨʦʚʢʠ ʚ ʟʘʯʝʪʥʳʭ ʩʪʨʝʣʴʙʘʭ 

(1-5 ʜʥʠ) ʠ ʧʦʚʳʰʝʥʘ ï ʥʘ ʢʦʥʪʨʦʣʴʥʳʭ ʩʪʨʝʣʴʙʘʭ (6-7 ʜʝʥʴ). ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ 
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ʣʘʢʪʘʪʘ ʚʦ ʚʨʝʤʷ ʢʦʥʪʨʦʣʴʥʳʭ ʩʪʨʝʣʴʙ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʤʳʰʝʯʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠ ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʦʤ ʨʝʞʠʤʝ ʩʪʨʝʣʴʙʳ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʫ 

ʩʪʨʝʣʢʦʚ ʠʟ ʣʫʢʘ  ʩʙʦʨʥʦʡ ʈʦʩʩʠʠ ʩʠʪʫʘʮʠʷ ʜʨʫʛʘʷ: ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʘʢʪʘʪʘ 

ʧʦʚʳʰʘʝʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʩʪʘʥʜʘʨʪʥʫʶ ʥʘʛʨʫʟʢʫ ʠ ʧʦʥʠʞʘʝʪʩʷ ʧʨʠ ʩʢʦʨʦʩʪʥʦʤ 

ʨʝʞʠʤʝ ʩʪʨʝʣʴʙʳ [3].  

ɹʠʦʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʩʣʶʥʳ ʫ ʩʪʨʝʣʢʦʚ ʠʟ ʚʠʥʪʦʚʢʠ ʙʳʣ 

ʧʦʩʪʦʷʥʥʦ ʧʦʚʳʰʝʥ ʧʦʩʣʝ ʪʨʝʥʠʨʦʚʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʪʫʘʮʠʝʡ ʜʦ ʪʨʝʥʠʨʦʚʢʠ. 

ʆʜʥʘʢʦ ʠʟʤʝʥʝʥʠʝ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʜʦ ʠ ʧʦʩʣʝ ʪʨʝʥʠʨʦʚʢʠ 

ʜʦʩʪʦʚʝʨʥʦ ʥʝʨʘʟʣʠʯʠʤʦ, ʢʘʢ ʚʦ ʚʨʝʤʷ ʩʪʘʥʜʘʨʪʥʦʡ ʥʘʛʨʫʟʢʠ (ʟʘʯʝʪʥʘʷ ʩʪʨʝʣʴʙʘ 

2-5 ʜʝʥʴ), ʪʘʢ ʠ ʧʨʠ ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʦʤ ʨʝʞʠʤʝ ʩʪʨʝʣʴʙʳ (ʢʦʥʪʨʦʣʴʥʘʷ ʩʪʨʝʣʴʙʘ 

ʥʘ 6-ʦʡ ʜʝʥʴ). ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦʝ ʪʫʰʝʥʠʝ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʩʚʝʯʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚʦ ʚʨʝʤʷ ʟʘʯʝʪʥʦʡ ʩʪʨʝʣʴʙʳ (2-5 ʜʝʥʴ). ʆʜʠʥʘʢʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʩʚʝʯʝʥʠʷ ʚ 5-ʳʡ ʠ 6-ʦʡ ʜʥʠ ʤʦʛʣʠ ʫʢʘʟʳʚʘʪʴ ʥʘ 

ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ.  

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʪʫʰʝʥʠʝ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʩʚʝʯʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʘʥʦ ʩ 

ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʘʢʪʘʪʘ ʚ ʩʣʶʥʝ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʫ ʩʪʨʝʣʢʦʚ ʠʟ ʣʫʢʘ 

ʛʣʘʚʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʣʶʥʝ ʦʙʫʩʣʦʚʣʝʥʳ ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ 

ʢʦʨʪʠʟʦʣʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʛʣʶʢʦʟʳ, ʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʤʦʙʠʣʠʟʘʮʠʠ 

ʨʝʟʝʨʚʥʳʭ ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʤʘ ʩʧʦʨʪʩʤʝʥʘ [3]. 

ʇʦʣʘʛʘʝʤ, ʠʟʤʝʥʝʥʠʝ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʝ ʪʦʣʴʢʦ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʣʘʢʪʘʪʘ ʚ ʩʣʶʥʝ, ʥʦ ʠ ʜʨʫʛʠʤʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ ʩʦʩʪʦʷʥʠʝ ʦʨʛʘʥʠʟʤʘ.  

ʀʥʪʝʛʨʘʣʴʥʳʡ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʨʛʘʥʠʟʤʘ ʧʨʠ ʫʯʝʪʝ ʠʟʤʝʥʝʥʠʡ 

ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʣʶʥʳ. ʅʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥ ʠ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʠʥʪʝʛʨʘʣʴʥʳʡ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʩʣʶʥʳ. 
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ʋɼʂ 577.325 

ɺʃʀʗʅʀɽ ɹɽʃʂɸ LUXF  ʅɸ ɹʀʆʃʖʄʀʅʉʎɽʅʎʀʖ 

ʌɽʈʄɽʅʊɸʊʀɺʅʆʁ ʉʀʉʊɽʄʓ ɹɸʂʊɽʈʀʁ 

ɸ. ʄ. ʄʘʣʘʬʝʝʚʘ1, ɽ. ʉ. ʊʳʨʪʳʰʥʘʷ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɽ. ɺ. ʅʝʤʮʝʚʘ1,2 

ʂʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɹʝʣʦʢ LuxF ï ʧʨʦʜʫʢʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʝʥʘ lux-ʦʧʝʨʦʥʘ ʩʚʝʪʷʱʠʭʩʷ 

ʙʘʢʪʝʨʠʡ [1], ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ ʬʫʥʢʮʠʶ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʵʪʦʪ ʙʝʣʦʢ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʘʜʩʦʨʙʮʠʠ myrFMN ï ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʨʝʘʢʮʠʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʣʶʮʠʬʝʨʘʟʦʡ [2]. ʆʜʥʘʢʦ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ LuxF ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʭʘʥʠʟʤʦʚ ʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʦʩʪʘʶʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ.  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ LuxF ʥʘ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʶ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʙʘʢʪʝʨʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʛʣʫʙʠʪʴ ʧʦʥʠʤʘʥʠʝ ʝʛʦ 

ʬʫʥʢʮʠʠ ʚ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʮʝʧʷʭ.  

ɺ ʨʘʙʦʪʝ ʠʟʤʝʨʷʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʨʝʘʢʮʠʠ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʣʶʮʠʬʝʨʘʟʦʡ, ʩ ʧʦʤʦʱʴʶ ʣʶʤʠʥʦʤʝʪʨʘ GloMax 20/20n 

(Promega) ʠ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ NADH ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ Cary 5000 (Agilent Technologies). ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʣʶʮʠʬʝʨʘʟʘ Photobacterium leiognathi (LuxAB, ʅʇʆ 

çʇʨʠʢʣʘʜʥʳʝ ʙʠʦʩʠʩʪʝʤʳè), FMN (Serva), NADH (Gerbu), ʪʝʪʨʘʜʝʢʘʥʘʣʴ 

(Manchester Organics), ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ (pH 6,9, 0,05 ʄ). ɺ ʨʝʘʢʮʠʶ ʜʦʙʘʚʣʷʣʠ 

NADP(H):FMN-ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʫ Vibrio fischeri (Red, ʅʇʆ çʇʨʠʢʣʘʜʥʳʝ 

ʙʠʦʩʠʩʪʝʤʳè), LuxB ʠ LuxF  ʠʟ P. leiognathi (ʀɹʌ ʉʆ ʈɸʅ), ʘ ʪʘʢ ʞʝ BSA 

(ɼʠʘʵʤ).  

ʀʟʤʝʨʝʥʠʝ ʢʠʥʝʪʠʢʠ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʝ ʚ ʩʤʝʩʴ 

ʩʫʙʩʪʨʘʪʦʚ ʩ LuxAB, ʢʘʢ Red, ʪʘʢ ʠ LuxF, LuxB (ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,1 ʤʛ/ʤʣ). ɺ 

ʢʘʯʝʩʪʚʝ ʙʝʣʢʘ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ BSA, ʜʦʙʘʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʪʦʡ ʞʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝ ʫʚʝʣʠʯʠʚʘʣʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ. ʊʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʛʦʚʦʨʠʪ 

ʦ ʚʦʟʤʦʞʥʦʡ ʨʝʜʫʢʪʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʛʦʤʦʣʦʛʠʯʥʳʭ ʙʝʣʢʦʚ LuxF ʠ LuxB.   

ɼʦʙʘʚʣʝʥʠʝ ʪʨʝʪʴʝʛʦ ʙʝʣʢʘ ʚ ʙʠʬʝʨʤʝʥʪʥʫʶ ʩʠʩʪʝʤʫ LuxAB+Red 

ʧʨʠʚʦʜʠʣʦ ʢ ʨʘʟʣʠʯʥʳʤ ʵʬʬʝʢʪʘʤ: LuxB ʫʚʝʣʠʯʠʚʘʣ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʚʝʜʝʥʠʝ LuxF ʠ BSA ʧʨʠʚʦʜʠʣʦ ʢ 

ʩʥʠʞʝʥʠʶ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʜʦʙʘʚʣʝʥʠʝ LuxB ʠ LuxF ʢ LuxAB+Red ʧʨʠʚʦʜʠʣʦ 

ʢ ʢʦʤʧʝʥʩʘʮʠʠ ʵʬʬʝʢʪʘ ʦʪʜʝʣʴʥʳʭ ʙʝʣʢʦʚ. ʕʪʦ ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ, ʯʪʦ LuxF 

 

É ʄʘʣʘʬʝʝʚʘ ɸ. ʄ., ʊʳʨʪʳʰʥʘʷ ɽ. ʉ., 2025 
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ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʨʝʜʫʢʪʘʟʦʡ ʠʣʠ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʳ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʧʨʷʞʝʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʨʝʘʢʮʠʠ. 

ʉʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ NADH ʦʮʝʥʠʚʘʣʩʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ 340 ʥʤ ʜʣʷ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʩ ʦʜʥʠʤ, ʜʚʫʤʷ ʣʠʙʦ ʪʨʝʤʷ ʙʝʣʢʘʤʠ. ɹʳʣʦ 

ʧʦʣʫʯʝʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʚʪʦʨʦʛʦ ʙʝʣʢʘ ʚ ʨʝʘʢʮʠʶ Red ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʚ ʩʣʫʯʘʝ Red+LuxB ʠ ʫʤʝʥʴʰʝʥʠʶ ï ʚ ʩʣʫʯʘʝ Red+LuxF. 

ɸʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʣʩʷ ʜʣʷ ʩʠʩʪʝʤ ʩ ʪʨʝʤʷ ʙʝʣʢʘʤʠ: ʜʦʙʘʚʣʝʥʠʷ LuxB 

ʫʩʢʦʨʷʣʦ ʦʢʠʩʣʝʥʠʝ ʚ LuxAB+Red, ʘ ʜʦʙʘʚʣʝʥʠʝ LuxF ʟʘʤʝʜʣʷʣʦ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ LuxF ʦʢʘʟʳʚʘʝʪ 

ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʨʝʘʢʮʠʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʣʶʮʠʬʝʨʘʟʦʡ, ʥʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʠʬʝʨʤʝʥʪʥʦʡ 

ʩʠʩʪʝʤʳ, ʛʜʝ ʣʶʮʠʬʝʨʘʟʘ ʨʘʙʦʪʘʝʪ ʚ ʩʦʧʨʷʞʝʥʠʠ ʩ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʦʡ. ʊʘʢ ʞʝ 

ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ LuxF ʠʟʤʝʥʷʝʪ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ NADH, ʢʘʢ ʚ 

ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʦʤ ʧʨʦʮʝʩʩʝ, ʪʘʢ ʠ ʚ ʨʝʘʢʮʠʠ ʩ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʦʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ 

ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ˉ 25-24-00617. 
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 ʊɽʄʇɽʈɸʊʋʈʅʓɽ ɿɸɺʀʉʀʄʆʉʊʀ ʄɽɿʆ- ʀ ʇʉʀʍʈʆʌʀʃʔʅʓʍ 

ʐʊɸʄʄʆɺ ɹɸʂʊɽʈʀʁ P.PHOSPHOREUM  

ʖ. ɸ. ʐʝʰʠʥʘ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɸ. ɹ. ʉʘʨʘʥʛʦʚʘ1 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʢʦʨʦʩʪʴ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ. ɺ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʣʦʞʥʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʬʘʢʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ, 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʙʝʣʢʦʚ ʠ ʬʝʨʤʝʥʪʦʚ [1]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʳ 

ʦʙʠʪʘʥʠʷ ʚʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: ʧʩʠʭʨʦʬʠʣʴʥʳʝ, ʤʝʟʦʬʠʣʴʥʳʝ ʠ 

ʪʝʨʤʦʬʠʣʴʥʳʝ ʦʨʛʘʥʠʟʤʳ (ʨʠʩ.1) [2].  
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ʈʠʩʫʥʦʢ 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʦʨʛʘʥʠʟʤʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʦʩʪʘ 

ʄʝʟʦʬʠʣʴʥʳʝ ʦʨʛʘʥʠʟʤʳ ʩʯʠʪʘʶʪʩʷ ʩʘʤʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʛʨʫʧʧʦʡ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʦʜʥʘʢʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʤʦʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʈʦʩʩʠʠ 

ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʜʣʷ ʭʦʣʦʜʥʳʭ ʨʝʛʠʦʥʦʚ 

ʭʘʨʘʢʪʝʨʥʳ ʦʩʦʙʳʝ ʫʩʣʦʚʠʷ (ʥʘʧʨʠʤʝʨ, ʥʝʜʦʩʪʘʪʦʢ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, 

ʯʨʝʟʤʝʨʥʦʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʚʳʩʦʢʦʝ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ). 

ʅʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʧʣʘʩʪʠʯʥʦʩʪʴ ʤʝʤʙʨʘʥ, ʩʢʦʨʦʩʪʴ 

ʧʨʦʪʝʢʘʥʠʷ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʨʝʘʢʮʠʡ, ʜʠʬʬʫʟʠʠ ʠ ʜʨʫʛʠʝ ʬʫʥʢʮʠʠ [3, 4]. 

ʕʚʦʣʶʮʠʷ ʚʳʨʘʙʦʪʘʣʘ ʫ ʧʩʠʭʨʦʬʠʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʨʷʜ ʘʜʘʧʪʠʚʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʤ ʨʘʟʤʥʦʞʘʪʴʩʷ, ʚʳʞʠʚʘʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʟʘʱʠʪʥʳʝ ʩʪʨʘʪʝʛʠʠ ʧʨʠ ʥʠʟʢʠʭ ʠ ʜʘʞʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

[5]. ʇʦʵʪʦʤʫ ʷʚʣʝʥʠʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ ʠ ʪʨʝʙʫʶʪ ʠʟʫʯʝʥʠʷ. 

ɺʦʧʨʦʩ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ ʬʝʨʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʚ 

ʙʠʦʣʦʛʠʠ ʠ ʦʪʥʦʩʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢ ʙʠʦʭʠʤʠʠ ʬʝʨʤʝʥʪʦʚ, ʥʦ ʠ ʢ ʬʠʟʠʦʣʦʛʠʠ, 

ʵʚʦʣʶʮʠʠ ʦʨʛʘʥʠʟʤʦʚ ʠ ʵʢʦʣʦʛʠʠ. ɹʝʟʫʩʣʦʚʥʦ, ʨʘʟʣʠʯʠʷ ʚ ʤʝʭʘʥʠʟʤʘʭ ʨʘʙʦʪʳ 

ʤʝʟʦʬʠʣʴʥʳʭ ʠ ʧʩʠʭʨʦʬʠʣʴʥʳʭ ʬʝʨʤʝʥʪʘʭ ʦʛʨʦʤʥʳ. ɹʠʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ï 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʧʨʦʮʝʩʩ, ʦʥ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʵʪʦʤ 

ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ ʢʣʝʪʢʝ ʩʦʧʨʷʞʝʥʘ ʩ ʦʩʪʘʣʴʥʳʤʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʳʜʝʣʝʥʥʳʡ ʬʝʨʤʝʥʪʥʳʡ ʢʦʤʧʣʝʢʩ ʦʪ ʵʪʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʚʦʙʦʞʜʝʥ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʧʠʩʘʥʠʝ, ʘ ʟʘʪʝʤ ʠ 

ʩʨʘʚʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʫ 

ʤʝʟʦ- ʠ ʧʩʠʭʨʦʬʠʣʴʥʳʭ ʰʪʘʤʤʦʚ ʙʘʢʪʝʨʠʡ, ʘ ʪʘʢʞʝ ʫ ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʥʠʭ 

ʥʠʟʢʦʦʯʠʱʝʥʥʳʭ ʙʝʣʢʦʚʳʭ ʵʢʩʪʨʘʢʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʣʶʮʠʬʝʨʘʟʫ. ɸʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʠʪ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʧʦʥʠʤʘʥʠʶ ʤʝʭʘʥʠʟʤʦʚ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ ʠʟʫʯʘʝʤʳʭ ʩʚʝʪʷʱʠʭʩʷ ʙʘʢʪʝʨʠʡ, ʦʧʠʩʘʪʴ 

ʦʪʣʠʯʠʷ ʚ ʣʶʮʠʬʝʨʘʟʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʳ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʦʧʪʠʤʫʤʦʚ ʜʣʷ ʨʘʟʥʳʭ ʛʨʫʧʧ ʙʘʢʪʝʨʠʡ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: Photobacterium phosphoreum 1883 ï ʤʝʟʦʬʠʣʴʥʳʡ 

ʰʪʘʤʤ ʠʟ ʀʥʜʠʡʩʢʦʛʦ ʦʢʝʘʥʘ ʠʟ ʢʦʣʣʝʢʮʠʠ ʀɹʌ ʉʆ ʈɸʅ, Photobacterium 

phosphoreum 36 ï ʧʩʠʭʨʦʬʠʣʴʥʳʡ ʰʪʘʤʤ, ʚʳʜʝʣʝʥʥʳʡ ʠʟ ʙʳʯʢʘ ɹʝʣʦʛʦ ʤʦʨʷ, ʠʟ 

ʢʦʣʣʝʢʮʠʠ ʢʘʬʝʜʨʳ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʄɻʋ, ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʩʠʩʪʝʤʘ, 

ʥʘʭʦʜʷʱʘʷʩʷ ʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʤ ʙʝʣʢʦʚʦʤ ʵʢʩʪʨʘʢʪʝ ʜʘʥʥʳʭ ʰʪʘʤʤʦʚ 

ʙʘʢʪʝʨʠʡ.  

ɹʘʢʪʝʨʠʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠʩʴ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʣʷ ʢʘʞʜʦʛʦ ʰʪʘʤʤʘ 

ʪʚʝʨʜʳʭ ʩʨʝʜʘʭ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ: Photobacterium 

phosphoreum 1883 ï ʧʨʠ 24 ʦʉ, Photobacterium phosphoreum 36 ï ʧʨʠ 17 ʦʉ. ʅʘ 

ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʙʘʢʪʝʨʠʡ. 
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ʄʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘ P.phosphoreum 1883 ʩʤʝʱʝʥ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ, ʯʪʦ, 

ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʣʶʤʘʟʠʥʦʚʦʛʦ ʙʝʣʢʘ.  

 

ʈʠʩʫʥʦʢ 2. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʟʫʯʘʝʤʳʭ ʰʪʘʤʤʦʚ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ ʦʙʨʘʟʮʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 

ʤʠʥʫʪ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʕʢʩʧʝʨʠʤʝʥʪ (ʨʠʩ.3A) ʧʦʢʘʟʘʣ, ʯʪʦ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʧʪʠʤʫʤ ʧʩʠʭʨʦʬʠʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʦʞʠʜʘʝʤʦ ʥʠʞʝ, ʯʝʤ ʫ 

ʤʝʟʦʬʠʣʴʥʳʭ. ʄʘʢʩʠʤʫʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʣʷ ʦʙʦʠʭ 

ʰʪʘʤʤʦʚ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʫʩʣʦʚʠʷ ʠʭ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʵʢʩʪʨʘʢʪʘ ʦʥ ʙʳʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʜʝʣʝʥ ʠʟ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʙʠʦʤʘʩʩʳ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʠʢ. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ 

ʠʥʢʫʙʠʨʦʚʘʣʠʩʴ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ. ʇʦʢʘʟʘʥʦ (ʨʠʩ.3ɹ), ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʦʧʪʠʤʫʤʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʦʠʭ ʵʢʩʪʨʘʢʪʦʚ ʩʤʝʱʝʥʳ ʚ 

ʦʙʣʘʩʪʴ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ: ʤʝʟʦʬʠʣʴʥʦʛʦ ï ʥʘ 5 ʦʉ, ʘ ʧʩʠʭʨʦʬʠʣʴʥʦʛʦ ï 

ʥʘ 10 ʦʉ.  

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʚʘʣ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʤʘʢʩʠʤʫʤ ʧʩʠʭʨʦʬʠʣʴʥʳʭ 

ʙʘʢʪʝʨʠʡ, ʧʨʝʚʳʰʘʶʱʠʡ ʪʘʢʦʚʦʡ ʤʘʢʩʠʤʫʤ ʙʝʣʢʦʚʦʛʦ ʵʢʩʪʨʘʢʪʘ ʥʘ 10 ʦʉ, ʯʪʦ 

ʪʨʝʙʫʝʪ ʜʝʪʘʣʴʥʦʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʘʢʦʝ 

ʨʘʩʭʦʞʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʧʪʠʤʫʤʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʩʦʧʨʷʞʝʥʥʳʤʠ ʩ 

ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʜʨʫʛʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʩʠʥʪʝʟʦʤ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʚ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʧʨʠ ʪʘʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
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ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ Irel  ʤʝʟʦ- ʠ 

ʧʩʠʭʨʦʬʠʣʴʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ (A) ʠ ʚʳʜʝʣʝʥʥʳʭ ʵʢʩʪʨʘʢʪʦʚ (ɹ) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʥʢʫʙʠʨʦʚʘʥʠʷ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʦʧʪʠʤʫʤ ʤʝʟʦʬʠʣʴʥʦʛʦ ʰʪʘʤʤʘ ʢʘʢ ʙʘʢʪʝʨʠʡ, ʪʘʢ ʠ 

ʵʢʩʪʨʘʢʪʘ, ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʢʣʘʩʩʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʜʣʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ 

ʘʥʘʣʠʟʘ (30 ʦʉ ʠ 25 ʦʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  

2. ʆʙʥʘʨʫʞʝʥʦ ʩʤʝʱʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʧʪʠʤʫʤʘ ʚʳʜʝʣʝʥʥʦʛʦ 

ʙʝʣʢʦʚʦʛʦ ʵʢʩʪʨʘʢʪʘ ʧʩʠʭʨʦʬʠʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʳʤ ʫ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʢʫʣʴʪʫʨʳ ʚ ʦʙʣʘʩʪʴ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ʈʘʟʣʠʯʠʝ ʩʦʩʪʘʚʠʣʦ 10 ʦʉ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʣʝʞʘʪ ʚ ʦʙʣʘʩʪʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ 

ʠ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. 
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ʋɼʂ 535.37:577.325.3 

ʊɽʄʇɽʈɸʊʋʈʅɸʗ ɿɸɺʀʉʀʄʆʉʊʔ ʃʖʄʀʅɽʉʎɽʅʊʅʓʍ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɼɺʋʍ ɹɸʂʊɽʈʀɸʃʔʅʓʍ ʃʖʎʀʌɽʈɸɿ 

ʇ. ɸ. ɽʨʦʰʝʥʢʦ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɽ. ɺ. ʅʝʤʮʝʚʘ1,2 

ʂʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʂʦʥʬʦʨʤʘʮʠʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʙʝʣʢʦʚ (ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ 

ʩʫʙʩʪʨʫʢʪʫʨ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʤʘʩʰʪʘʙʘʭ ʚʨʝʤʝʥʠ ʦʪ ʧʠʢʦʩʝʢʫʥʜ ʜʦ ʩʝʢʫʥʜ) 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʭ ʧʨʘʚʠʣʴʥʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ, ʯʪʦ ʩʯʠʪʘʝʪʩʷ 

ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʜʣʷ ʬʝʨʤʝʥʪʦʚ. ʕʬʬʝʢʪʠʚʥʦʝ ʧʨʦʪʝʢʘʥʠʝ 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʨʝʘʢʮʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʞʝʩʪʢʦʩʪʠ ʠ ʛʠʙʢʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʣʶʮʠʬʝʨʘʟʳ V. harveyi ʠ 

P. leiognathi ʧʨʦʷʚʣʷʶʪ ʨʘʟʣʠʯʠʷ ʚ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʚʘʨʠʘʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ (5-45 Áʉ) [1]. P. leiognathi (çʙʳʩʪʨʘʷè ʣʶʮʠʬʝʨʘʟʘ) ʦʩʪʘʝʪʩʷ 

ʘʢʪʠʚʥʦʡ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʠʘʧʘʟʦʥ ʦʧʪʠʤʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʬʝʨʤʝʥʪʘ V. harveyi (çʤʝʜʣʝʥʥʦʡè ʣʶʮʠʬʝʨʘʟʳ) ʦʢʘʟʘʣʩʷ ʩʤʝʱʝʥ ʚ 

ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʊʘʢʞʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʣʶʮʠʬʝʨʘʟʘ V. 

harveyi ʧʨʦʷʚʣʷʝʪ ʙʦʣʴʰʫʶ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʣʶʮʠʬʝʨʘʟʳ ʜʘʥʥʳʭ ʧʦʜʩʝʤʝʡʩʪʚ 

ʦʙʣʘʜʘʶʪ ʨʘʟʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʦ 

ʩʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʣʢʦʚʳʭ ʛʣʦʙʫʣ ʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʣʶʮʠʬʝʨʘʟ V. harveyi ʠ P. leiognathi ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʪʨʠʧʪʦʬʘʥʦʚʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʙʝʣʢʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ ʚʥʫʪʨʝʥʥʠʭ ʪʨʠʧʪʦʬʘʥʦʚ ʣʶʮʠʬʝʨʘʟ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʪʨʠʧʪʦʬʘʥʦʚʦʡ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

(RTTP). ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ ʠ ʩʧʘʜʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ 

ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʙʝʣʢʦʚ ʧʨʠ 5-35Áʉ. ʇʨʠ 5 Áʉ ʦʙʝ ʣʶʮʠʬʝʨʘʟʳ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʦʜʠʥʘʢʦʚʫʶ ʤʘʢʩʠʤʘʣʴʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ. ʇʨʠ 10-35 Áʉ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʮʠʬʝʨʘʟʳ V. harveyi ʙʳʣʘ ʚʳʰʝ. ʀʟ ʩʧʘʜʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʘ 

ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ: 2,28-5,45 ʠ 0,16-0,4 ʤʩ ʜʣʷ ʙʝʣʢʘ V. harveyi, 0,9-

2,99 ʠ 0,07-0,43 ʤʩ ʜʣʷ ʙʝʣʢʘ  P. leiognathi. ɹʦʣʝʝ ʜʣʠʪʝʣʴʥʳʤ ʙʳʣʦ ʚʨʝʤʷ ʞʠʟʥʠ 

ʜʣʷ ʬʝʨʤʝʥʪʘ V. harveyi, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʢʦʤ ʙʦʣʝʝ ʞʝʩʪʢʦʛʦ ʦʢʨʫʞʝʥʠʷ 

ʚʥʫʪʨʝʥʥʠʭ ʪʨʠʧʪʦʬʘʥʦʚ. 

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʘʜʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʠ 315-400 ʥʤ ʧʦʩʣʝ ʠʤʧʫʣʴʩʥʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ (296 ʥʤ) ʠ ʧʦʩʪʨʦʝʥʳ ʚʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʳʝ ʩʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

(TRES) ʜʣʷ ʚʨʝʤʝʥ 0,1-20 ʥʩ ʧʦʩʣʝ ʚʦʟʙʫʞʜʝʥʠʷ (ʈʠʩ. 1, ɸ). ʀʟʤʝʥʝʥʠʝ ʮʝʥʪʨʘ 

 
É ɽʨʦʰʝʥʢʦ ʇ. ɸ., 2025 
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ʪʷʞʝʩʪʠ TRES ʙʝʣʢʘ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʪʝʤʧʝʨʘʪʫʨ ʙʳʣʦ ʦʧʠʩʘʥʦ ʜʚʫʤʷ ʚʨʝʤʝʥʘʤʠ 

ʨʝʣʘʢʩʘʮʠʠ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ: 5,15-7,42 ʠ 0,17-0,3 ʥʩ ʜʣʷ ʙʝʣʢʘ V. harveyi, 6,81-

8,44 ʠ 0,13-0,22 ʥʩ ʜʣʷ ʙʝʣʢʘ P. leiognathi, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩ. 1, ɹ). ʇʦʣʫʯʝʥʦ, 

ʯʪʦ ʬʝʨʤʝʥʪ V. harveyi ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʥʴʰʠʤ ʚʨʝʤʝʥʝʤ ʨʝʣʘʢʩʘʮʠʠ ʧʨʠ 3-10 

ʥʩ, ʯʝʤ ʙʝʣʦʢ P. leiognathi. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʞʝʩʪʢʦʡ ʢʦʥʬʦʨʤʘʮʠʠ 

ʣʶʮʠʬʝʨʘʟʳ V. harveyi. 

 

ɸ ɹ 

 
 

ʈʠʩʫʥʦʢ 1. (ɸ) ʅʦʨʤʠʨʦʚʘʥʥʳʝ TRES ʣʶʮʠʬʝʨʘʟʳ P. leiognathi ʜʣʷ 0,5-10 ʥʩ. (ɹ) ʀʟʤʝʥʝʥʠʝ 

ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ TRES ʣʶʮʠʬʝʨʘʟ P. leiognathi (ʢʨʘʩʥʳʤ) ʠ V. harveyi (ʯʝʨʥʳʤ) 

ʧʨʠ 5, 20 ʠ 35ÁC. ʉʠʥʠʤ ʠ ʬʠʦʣʝʪʦʚʳʤ ʚʳʜʝʣʝʥʳ ʜʠʘʧʘʟʦʥʳ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʣʠ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʨʝʤʸʥ ʨʝʣʘʢʩʘʮʠʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʣʶʮʠʬʝʨʘʟʘ V. harveyi 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʞʝʩʪʢʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ P. leiognathi ʩʪʨʫʢʪʫʨʦʡ. ʊʘʢʞʝ 

ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʢʦʥʩʪʘʥʪʳ ʩʧʘʜʘ ʩʚʝʯʝʥʠʷ ʚ 

ʨʝʘʢʮʠʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʣʶʮʠʬʝʨʘʟʘʤʠ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʩʦ ʚʨʝʤʝʥʝʤ 

ʞʠʟʥʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʣʶʮʠʬʝʨʘʟ. ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ 

ʧʘʨʘʤʝʪʨʳ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʣʫʯʰʝ ʦʪʨʘʞʘʶʪ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʜʠʥʘʤʠʢʫ 

ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʙʝʣʢʦʚ, ʯʝʤ ʧʘʨʘʤʝʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ [2]. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ɻʝʨʘʩʠʤʦʚʦʡ ʄ. ɸ. ʟʘ ʧʦʤʦʱʴ ʚ ʦʙʨʘʙʦʪʢʝ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ˉ 25-24-00617. 
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ʋɼʂ 577.325 

ʂʀʅɽʊʀʂɸ ʈɽɸʂʎʀʀ, ʂɸʊɸʃʀɿʀʈʋɽʄʆʁ ɹɸʂʊɽʈʀɸʃʔʅʆʁ 

ʃʖʎʀʌɽʈɸɿʆʁ, ɺ ʇʈʀʉʋʊʉʊɺʀʀ ɹɽʃʂɸ LUXF  

ɽ. ʉ. ʊʳʨʪʳʰʥʘʷ1, ɸ. ʄ. ʄʘʣʘʬʝʝʚʘ1, ɸ.  ɽ. ʃʠʩʠʮʘ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɽ .ɺ. ʅʝʤʮʝʚʘ1,2 

ʂʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɹʠʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʙʘʢʪʝʨʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʷʜʦʤ ʙʝʣʢʦʚ, 

ʟʘʢʦʜʠʨʦʚʘʥʥʳʭ ʚ lux-ʦʧʝʨʦʥʝ, ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʣʶʮʠʬʝʨʘʟʘ. ɼʘʥʥʳʡ ʬʝʨʤʝʥʪ ʢʘʪʘʣʠʟʠʨʫʝʪ ʨʝʘʢʮʠʶ 

ʦʢʠʩʣʝʥʠʷ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʦʛʦ ʘʣʴʜʝʛʠʜʘ ʧʨʠ ʫʯʘʩʪʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʬʣʘʚʠʥʤʦʥʦʥʫʢʣʝʦʪʠʜʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʠʩʧʫʩʢʘʥʠʝ ʢʚʘʥʪʘ ʩʚʝʪʘ. 

ʋ ʨʷʜʘ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʙʘʢʪʝʨʠʡ ʚ lux-ʦʧʝʨʦʥʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʛʝʥ luxF, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʥʘ 30% ʠʜʝʥʪʠʯʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ luxB, 

ʢʦʜʠʨʫʶʱʝʛʦ ʦʜʥʫ ʠʟ ʩʫʙʲʝʜʠʥʠʮ ʛʝʪʝʨʦʜʠʤʝʨʥʦʡ ʣʶʮʠʬʝʨʘʟʳ. ʇʨʦʜʫʢʪʦʤ 

ʛʝʥʘ luxF ̫ ʚʣʷʝʪʩʷ ʛʦʤʦʜʠʤʝʨʥʳʡ ʙʝʣʦʢ, ʬʫʥʢʮʠʷ ʢʦʪʦʨʦʛʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ LuxF ʩʧʦʩʦʙʝʥ ʩʚʷʟʳʚʘʪʴ FMN ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʦʝ myrFMN ʚ ʯʝʪʳʨʝʭ ʮʝʥʪʨʘʭ ʩʚʷʟʳʚʘʥʠʷ, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʙʣʘʩʪʠ ʤʝʞʩʫʙʲʝʜʠʥʠʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ [i].  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʚʣʠʷʥʠʷ ʙʝʣʢʘ LuxF 

ʙʘʢʪʝʨʠʡ P. leiognathi ʥʘ ʢʠʥʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʢʮʠʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ 

ʣʶʮʠʬʝʨʘʟʦʡ.  

ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʣʶʮʠʬʝʨʘʟʘ P. leiognathi (ʅʇʆ çʇʨʠʢʣʘʜʥʳʝ 

ʙʠʦʩʠʩʪʝʤʳè), FMN (Serva), ʪʝʪʨʘʜʝʢʘʥʘʣʴ (Manchester Organics), EDTA (Gerbu), 

LuxF ʠ LuxB ʠʟ P. leiognathi (ʀʌɹ ʉʆ ʈɸʅ), BSA (ɼʠʘʵʤ), ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ 

(pH 6.9, 0,05ʄ). 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ FMN ʧʨʦʚʦʜʠʣʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠ ʚ ʙʫʬʝʨʝ, 

ʧʨʦʙʘʨʙʦʪʠʨʦʚʘʥʥʦʤ ʘʨʛʦʥʦʤ. ʂʠʥʝʪʠʢʫ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʨʝʘʢʮʠʠ ʠ 

ʘʚʪʦʦʢʠʩʣʝʥʠʷ FMNʅ2 ʠʟʤʝʨʷʣʠ ʚ ʪʝʯʝʥʠʝ 15 ʩʝʢʫʥʜ ʧʨʠ 20Á ʉ ʤʝʪʦʜʦʤ 

ʦʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʪʦʢʘ, ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘʪʦʨʘ SX-20 (Applied Photophysics). 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʩʦʛʣʘʩʥʦ ʩʪʘʜʠʡʥʦʩʪʠ ʨʝʘʢʮʠʠ, ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Scilab [ii].  

ɹʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʙʝʣʢʦʚ LuxF, LuxB ʠ 

BSA ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,1 ʤʛ/ʤʣ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʜʣʝʥʠʶ ʢʠʥʝʪʠʢʠ 

ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʚʩʧʳʰʢʠ. ʅʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʚʳʭʦʜʘ ʥʘ 

ʤʘʢʩʠʤʫʤ, ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʩʧʘʜʘ ʩʚʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʨʝʘʢʮʠʠ.  

 
É ʊʳʨʪʳʰʥʘʷ ɽ. ʉ., ʄʘʣʘʬʝʝʚʘ ɸ. ʄ., ʃʠʩʠʮʘ ɸ .ɽ., 2025 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʨʝʘʢʮʠʠ ʘʚʪʦʦʢʠʩʣʝʥʠʷ FMNʅ2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʙʝʣʢʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ɺʘʨʠʘʮʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʣʴʜʝʛʠʜʘ ʚ ʨʝʘʢʮʠʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʣʶʮʠʬʝʨʘʟʦʡ, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ LuxF ʚʳʚʠʣʦ ʠʟʤʝʥʝʥʠʝ ʩʨʦʜʩʪʚʘ ʬʝʨʤʝʥʪʘ ʢ ʪʝʪʨʘʜʝʢʘʥʘʣʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʙʝʣʢʘ LuxF ʥʘ 

ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʫʶ ʨʝʘʢʮʠʶ ʙʘʢʪʝʨʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʸʤ ʠʟʤʝʥʝʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʶʮʠʬʝʨʘʟʳ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤ ʘʣʴʜʝʛʠʜʥʳʤ ʩʫʙʩʪʨʘʪʦʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ˉ 25-24-00617. 
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ʆʎɽʅʂɸ ʇʈʀʄɽʅʀʄʆʉʊʀ ʄɽʊʆɼɸ ʉʃʋʏɸʁʅʆɻʆ ʃɽʉɸ, ʂɸʂ 

ʄɽʊʆɼɸ ʄɸʐʀʅʅʆɻʆ ʆɹʋʏɽʅʀʗ ɼʃʗ ʀʅʊɽʈʇʈɽʊɸʎʀʀ 

ɹʀʆʄɽɼʀʎʀʅʉʂʀʍ ɼɸʅʅʓʍ 

ʇ. ɸ. ʄʘʨʪʳʱʫʢ 1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɻ. ɺ. ɾʫʢʦʚʘ1.  

ʤ.ʥ.ʩ. ʣʘʙʦʨʘʪʦʨʠʠ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʙʠʦʪʝʭʥʦʣʦʛʠʡ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʢʘʬʝʜʨʳ ʙʠʦʬʠʟʠʢʠ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɸ. ʅ. ʐʫʚʘʝʚ1 

ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʙʘʟʦʚʦʡ ʢʘʬʝʜʨʦʡ ʤʝʜʠʢʦ-

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʢʦʤʧʣʝʢʩʦʚ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʆʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ, ʠʩʧʦʣʴʟʫʷ 

ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ ʩʣʶʥʳ ʠ ʠʩʩʣʝʜʫʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʩʪʘʚʘ ʩʣʶʥʳ ʦʪ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʦʨʛʘʥʠʟʤʘ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʘʥʘʣʠʟ 

ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤ, ʨʝʘʛʠʨʫʝʪ ʥʘ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ [1,2]. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʦʙʥʦʡ 

 
É ʄʘʨʪʳʱʫʢ ʇ. ɸ., 2025 
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ʪʝʩʪ ʩʠʩʪʝʤʳ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʘʥʘʣʠʟ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ 

ʩʧʦʩʦʙʝʥ ʦʮʝʥʠʚʘʪʴ ʚʣʠʷʥʠʝ ʢʘʞʜʦʛʦ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ.  

ʎʝʣʴ ʨʘʙʦʪʳ: ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ 

ʩʣʫʯʘʡʥʦʛʦ ʣʝʩʘ ʜʣʷ ʘʥʘʣʠʟʘ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʜʘʥʥʳʭ ʩʣʶʥʳ ʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ. 

ʆʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʙʘʟʝ ʜʘʥʥʳʭ ʜʚʫʭ 

ʪʠʧʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʮʝʣʝʚʳʤʠ ʟʘʜʘʯʘʤʠ: ʛʨʫʧʧʳ ʜʠʩʧʝʪʯʝʨʦʚ ʂʨʘʩʥʦʷʨʩʢʦʛʦ 

ʬʠʣʠʘʣʘ ɸʆ çʈɾɼè, ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʫʨʦʚʥʷ ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʨʘʙʦʯʝʤ 

ʤʝʩʪʝ ʠ ʥʘ ʧʨʠʤʝʨʝ ʛʨʫʧʧʳ ʧʘʮʠʝʥʪʦʚ ʦʥʢʦʜʠʩʧʘʥʩʝʨʘ ʩ ʜʠʘʛʥʦʟʦʤ ʨʘʢ ʤʦʣʦʯʥʦʡ 

ʞʝʣʝʟʳ, ʩ ʮʝʣʴʶ ʧʨʦʛʥʦʟʘ ʩʪʘʜʠʠ ʟʘʙʦʣʝʚʘʥʠʷ. ɸʥʘʣʠʟ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʜʘʥʥʳʭ 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ʩʣʫʯʘʡʥʦʛʦ ʣʝʩʘ.  

ɺ ʦʙʝʠʭ ʛʨʫʧʧʘʭ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʣʶʥʘ. ɺ ʧʝʨʚʦʡ ʛʨʫʧʧʝ 

ʙʳʣʠ ʦʮʝʥʝʥʳ ʪʘʢʠʝ ʝʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ ʨʅ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʘʢʪʘʪʘ, ʦʩʪʘʪʦʯʥʦʝ 

ʩʚʝʯʝʥʠʝ ʙʠʬʝʨʤʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʩʚʝʪʷʱʠʭʩʷ ʙʘʢʪʝʨʠʡ: ʅɸɼ(ʌ)ʅ: 

ʌʄʅ-ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʘ + ʣʶʮʠʬʝʨʘʟʘ (ʃʀ %). ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʠʟ 

ʤʝʜʠʮʠʥʩʢʠʭ ʢʘʨʪ ʩʦʪʨʫʜʥʠʢʦʚ, ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʨʦʚʠ ʠ ʜʘʥʥʳʝ ʠʟ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʥʢʝʪ, ʚʢʣʶʯʘʶʱʝʝ ʩʫʙʲʝʢʪʠʚʥʫʶ ʦʮʝʥʢʫ ʩʪʨʝʩʩʘ ʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʦ ʠ ʧʦʩʣʝ ʩʤʝʥʳ, ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʞʠʤʝ ʜʥʷ, ʧʦʪʨʝʙʣʝʥʠʠ 

ʧʠʱʠ, ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʥʘʧʠʪʢʦʚ ʠ ʪʘʙʘʢʘ. ɼʣʷ ʚʪʦʨʦʡ 

ʛʨʫʧʧʳ ʪʘʢʞʝ ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʫʨʦʚʝʥʴ ʦʩʪʘʪʦʯʥʦʛʦ ʩʚʝʯʝʥʠʷ, ʜʠʘʛʥʦʟ ʠ 

ʜʘʥʥʳʝ ʘʥʘʤʥʝʟʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ 

ʩʣʫʯʘʡʥʦʛʦ ʣʝʩʘ.  

ʉ ʧʦʤʦʱʴʶ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʣʫʯʘʡʥʦʛʦ ʣʝʩʘ ʜʣʷ ʧʝʨʚʦʛʦ 

ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʙʳʣ ʧʨʝʜʩʢʘʟʘʥ ʫʨʦʚʝʥʴ ʩʪʨʝʩʩʘ ʠ ʧʦʣʫʯʝʥʦ ʨʘʥʞʠʨʦʚʘʥʠʝ 

ʬʘʢʪʦʨʦʚ ʧʦ ʫʨʦʚʥʶ ʚʣʠʷʥʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ 

ʧʘʨʘʤʝʪʨʳ: ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʢʫʨʝʥʠʝʤ ʠ ʟʘʙʦʨʦʤ ʧʨʦʙʳ, ʫʨʦʚʥʠ ʭʦʣʝʩʪʝʨʠʥʘ ʠ 

ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ (ʨʠʩ. 1). ʉʨʝʜʥʷʷ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ: 95% -96%. 

 

ʈʠʩʫʥʦʢ 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʦʨʦʚ ʧʦ ʫʨʦʚʥʶ ʚʣʠʷʥʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʫʨʦʚʥʷ ʩʪʨʝʩʩʘ. (ç Á  è - ʦʙʦʟʥʘʯʝʥʠʝ ʚʳʙʨʦʩʦʚ ʥʘ ʜʠʘʛʨʘʤʤʝ) 

ɼʣʷ ʚʪʦʨʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʨʝʰʘʣʘʩʴ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʘʷ ʟʘʜʘʯʘ ʧʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠʩʧʳʪʫʝʤʳʭ ʥʘ ʪʨʠ ʢʣʘʩʩʘ (ʟʜʦʨʦʚʳ ʠʣʠ ʠʤʝʶʪ 
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ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʦʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʝ, ʜʠʘʛʥʦʟ ʨʘʢ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ I-II  ʩʪʘʜʠʠ, 

ʜʠʘʛʥʦʟ ʨʘʢ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ III -IV  ʩʪʘʜʠʠ). ɼʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʜʘʥʥʳʝ ʘʥʘʤʥʝʟʘ ʠ ʫʨʦʚʝʥʴ ʦʩʪʘʪʦʯʥʦʛʦ ʩʚʝʯʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʦʨʦʚ ʧʦ ʫʨʦʚʥʶ ʚʣʠʷʥʠʷ ʥʘ ʮʝʣʝʚʦʝ ʟʥʘʯʝʥʠʠ ʧʨʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʦʣʴʥʳʭ ʨʘʢʦʤ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ 

ɹʳʣʦ ʦʮʝʥʝʥʦ ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, 

ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚʥʦʩʠʪ ʫʨʦʚʝʥʴ ʦʩʪʘʪʦʯʥʦʛʦ ʩʚʝʯʝʥʠʷ (ʨʠʩ. 2). ʉʨʝʜʥʷʷ 

ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ: 77 ï 76 %. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ 

ʩʣʫʯʘʡʥʦʛʦ ʣʝʩʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʠʩʧʳʪʫʝʤʳʭ ʩ 

ʧʦʤʦʱʴʶ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʣʶʥʳ. ɼʘʥʥʳʝ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʠʪʴ ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ 

ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ. 
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Bioluminescence Enzymatic Bioassay of Saliva for Occupational Monitoring of the 

Functional State of the Body in Rail Transportation Workers. BIOPHYSICS 69, 575ï583 

(2024). https://doi.org/10.1134/S0006350924700647  
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ʋɼʂ 574:581.9:579.2 

ɺʃʀʗʅʀɽ ʅɸʇʆʏɺɽʅʅʆɻʆ ʇʆʂʈʆɺɸ ʅɸ ʄʀʂʈʆɹʅʋʖ 

ʉʊʈʋʂʊʋʈʋ ʇʆʏɺ, ʇʆɼʉʊʀʃɸɽʄʓʍ ʄʅʆɻʆʃɽʊʅɽʄɽʈɿʃʓʄʀ 

ʇʆʈʆɼɸʄʀ 

ɼ. ʆ. ɸʥʫʝʚʘ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʉ. ʖ. ɽʚʛʨʘʬʦʚʘ1,2 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʝʨʚʠʯʥʦʡ 

ʙʠʦʤʘʩʩʳ ʠ ʢʨʫʛʦʚʦʨʦʪʝ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʪʝʨʨʠʪʦʨʠʡ, ʧʦʜʩʪʠʣʘʝʤʳʭ 

ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʤʠ ʧʦʨʦʜʘʤʠ (ʄʄʇ). ɿʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ, 

ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʤʦʱʥʦʩʪʴ ʩʝʟʦʥʥʦ-ʪʘʣʦʛʦ ʩʣʦʷ ʧʦʯʚʳ ʵʪʠʭ 

ʪʝʨʨʠʪʦʨʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʣʦʱʘʜʠ 

ʧʦʜʩʪʠʣʘʶʱʠʭ ʄʄʇ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʜʝʩʪʨʫʢʮʠʠ ʟʘʭʦʨʦʥʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʯʪʦ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʳʙʨʦʩʫ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ CO2 

ʠ CH4  [1]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʨʦʚʝʥʴ ʵʢʦʩʠʩʪʝʤʥʦʛʦ ʜʳʭʘʥʠʷ ʚ ʧʦʯʚʘʭ 

ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ, ʜʦʩʪʫʧʥʦʩʪʠ ʚʦʜʳ, ʥʘʣʠʯʠʷ ʩʥʝʛʘ ʠʣʠ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʘʨʢʪʠʯʝʩʢʠʭ ʵʢʦʩʠʩʪʝʤ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʢʦʣʠʯʝʩʪʚʦʤ 

ʛʝʪʝʨʦʪʨʦʬʥʳʭ ʙʘʢʪʝʨʠʡ [2]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʥʘʧʦʯʚʝʥʥʳʤ 

ʧʦʢʨʦʚʦʤ ʠ ʩʪʨʫʢʪʫʨʦʡ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ ʧʦʯʚ, ʧʦʜʩʪʠʣʘʝʤʳʭ ʄʄʇ.  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʠʣʠ ʢʘʨʙʦʣʠʪʦʟʝʤʳ ʣʝʩʦʪʫʥʜʨʦʚʦʡ ʟʦʥʳ 

ʉʨʝʜʥʝʡ ʉʠʙʠʨʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʊʘʡʤʳʨʩʢʦʤ ɼʦʣʛʘʥʦ-ʅʝʥʝʮʢʦʤ ʨʘʡʦʥʝ 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ. ʆʙʨʘʟʮʳ ʧʦʯʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʚ ʤʝʞʢʨʦʥʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʣʠʩʪʚʝʥʥʠʯʥʠʢʦʚ ʛʦʣʫʙʠʯʥʦ-ʜʨʠʘʜʦʚʦ-ʟʝʣʝʥʦʤʦʰʥʳʭ (ʧʦʯʚʝʥʥʳʡ ʧʨʦʬʠʣʴ 21-

3-1, ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ ʇʇ_21-3-1) ʠ ʢʦʧʝʝʯʥʠʢʦʚʦ-ʜʨʠʘʜʦʚʦ-ʟʝʣʝʥʦʤʦʰʥʳʭ 

(ʧʦʯʚʝʥʥʳʡ ʧʨʦʬʠʣʴ 21-3-2, ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ ʇʇ_21-3-2 ). 

ɺʳʜʝʣʝʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠʟ ʧʦʯʚʳ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʤʝʪʦʜʫ ʧʦʩʝʚʘ ʥʘ 

ʧʣʦʪʥʳʝ ʧʠʪʘʪʝʣʴʥʳʝ ʩʨʝʜʳ. ɻʨʫʧʧʘ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʚʳʜʝʣʷʣʘʩʴ ʥʘ ʤʷʩʦʧʝʧʪʦʥʥʦʤ ʘʛʘʨʝ (ʄʇɸ), ʛʨʫʧʧʘ ʦʣʠʛʦʪʨʦʬʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚʳʜʝʣʷʣʘʩʴ ʥʘ ʧʦʯʚʝʥʥʦʤ ʘʛʘʨʝ (ʇɸ). ʇʦʜʩʯʝʪ 

ʢʦʣʦʥʠʝʦʙʨʘʟʫʶʱʠʭ ʝʜʠʥʠʮ (ʂʆɽ) ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʨʦʚʦʜʠʣʩʷ ʧʫʪʝʤ ʫʯʝʪʘ 

ʯʠʩʣʘ ʢʦʣʦʥʠʡ, ʚʳʨʦʩʰʠʭ ʥʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʠ ʧʝʨʝʩʯʠʪʳʚʘʣʩʷ ʥʘ 1 ʛ ʩʫʭʦʡ 

ʧʦʯʚʳ [3]. 

 

É ɸʥʫʝʚʘ ɼ. ʆ., 2025 



˸͔͙͊ͭͪ͊͡· ··I ˸ ͔͚͗͒ͯͤ͊ͪͦ͒ͤͦ ͤ͊ͯ;͚ͤͦ ͦͤ͟ͺ͔͔ͪͤͼ͙͙ 

49 
 

ɹʘʟʘʣʴʥʦʝ ʜʳʭʘʥʠʝ (ɹɼ) ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ ʧʦʯʚʳ ʦʧʨʝʜʝʣʷʣʠ 

ʢʠʥʝʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʀʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʳʭʘʥʠʷ ʘʢʪʠʚʥʳʭ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʘʢʪʠʚʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʦʯʚʳ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʩʫʙʩʪʨʘʪ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʜʳʭʘʥʠʷ (ʉʀɼ), ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ 

ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʉʆ2 ʧʦʩʣʝ ʦʙʦʛʘʱʝʥʠʷ ʧʦʯʚʳ ʠʣʠ ʧʦʜʩʪʠʣʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʫʛʣʝʨʦʜʘ ʚ ʚʠʜʝ ʛʣʶʢʦʟʳ. ʈʘʩʯʸʪ ʫʛʣʝʨʦʜʘ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ  

ʉʤʠʢ (ʤʢʛ ʉ ʛï1 ʧʦʯʚʳ) ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʤʝʪʦʜʫ ɸʥʜʝʨʩʦʥʘ ʠ ɼʦʤʯʘ ʩʦʛʣʘʩʥʦ 

ʬʦʨʤʫʣʝ: ʉʤʠʢ = ʉʀɼ Ĭ 40,04 [4]. 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʪʝʨʦʪʨʦʬʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʢʘʨʙʦʣʠʪʦʟʝʤʦʚ ʥʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʪ ʤʦʟʘʠʯʥʦʩʪʠ 

ʵʢʦʩʠʩʪʝʤʳ ʠ ʤʝʞʫʯʘʩʪʢʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʠ ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʤʠʢʨʦʙʠʦʮʝʥʦʟʦʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚ, ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ, ʚʝʨʦʷʪʥʦ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ [5]  

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʦʤʧʦʟʠʮʠʠ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ (ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʠ ʦʣʠʛʦʪʨʦʬʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʠʝ) ʨʘʟʣʠʯʘʣʠʩʴ ʤʝʞʜʫ ʧʨʦʬʠʣʷʤʠ ʧʦʯʚ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ 

ʥʘʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ʛʦʣʫʙʠʯʥʠʢʘ ʠʣʠ ʢʦʧʝʝʯʥʠʢʘ (ʨʠʩʫʥʦʢ ɸ). ʇʨʠ ʵʪʦʤ, ʚ 

ʚʳʰʝʣʝʞʘʱʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ ʦʙʦʠʭ ʧʨʦʬʠʣʝʡ ʜʦʤʠʥʠʨʦʚʘʣʘ ʦʣʠʛʦʪʨʦʬʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʠʢʨʦʙʦʮʝʥʦʟʘ, ʘ ʚ ʥʠʞʝʣʝʞʘʱʠʭ ï ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ (ʨʠʩʫʥʦʢ ɹ).  

 

ɸ) 

 

ɹ) 

ʈʠʩʫʥʦʢ 1. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. ɻʣʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ - PC1 ʠ PC2; ʇɸ 

ï ʧʦʯʚʝʥʥʳʡ ʘʛʘʨ; ʄʇɸ ï ʤʷʩʦʧʝʧʪʦʥʥʳʡ ʘʛʘʨ; ʆʏʄ ï ʦʙʱʝʝ ʤʠʢʨʦʙʥʦʝ ʯʠʩʣʦ;  

ʮʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʧʦʯʚʝʥʥʳʝ ʛʦʨʠʟʦʥʪʳ (3 ʧʦʚʪʦʨʥʦʩʪʠ). ɸ) ɹʠʧʣʦʪ ʘʥʘʣʠʟʘ ʩʭʦʜʩʪʚʘ 

ʤʝʞʜʫ ʧʨʦʙʥʳʤʠ ʧʣʦʱʘʜʷʤʠ; ʇʇ_21-3-1 ï ʣʠʩʪʚʝʥʥʠʯʥʠʢ ʛʦʣʫʙʠʯʥʦ-ʜʨʠʘʜʦʚʦ-

ʟʝʣʝʥʦʤʦʰʥʳʡ; ʇʇ_21-3-2 ï ʣʠʩʪʚʝʥʥʠʯʥʠʢ ʢʦʧʝʝʯʥʠʢʦʚʦ-ʜʨʠʘʜʦʚʦ-ʟʝʣʝʥʦʤʦʰʥʳʡ. ɹ) 

ɹʠʧʣʦʪ ʘʥʘʣʠʟʘ ʩʭʦʜʩʪʚʘ ʤʝʞʜʫ ʧʦʯʚʝʥʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ.   

ɸʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʉ) ʠ ʘʟʦʪʘ (N) ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚʘʭ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʦʣʠʛʦʪʨʦʬʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʠʢʨʦʙʦʮʝʥʦʟʦʚ ʧʦʯʚ ʦʙʦʠʭ ʧʨʦʬʠʣʝʡ ʙʳʣʘ ʪʝʩʥʦ 

ʩʚʷʟʘʥʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʉ ʠ N, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ C ʠ N ʠ 
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ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʤʠʢʨʦʬʣʦʨʦʡ ʙʳʣʘ ʥʝʛʘʪʠʚʥʦʡ (ʪʘʙʣʠʮʘ). ɽʩʣʠ ʧʘʨʘʣʣʝʣʴʥʦ 

ʫʯʝʩʪʴ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʛʝʪʝʨʦʪʨʦʬʥʦʝ ʜʳʭʘʥʠʝ (ʉʀɼ) ʪʘʢʞʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʝʣʦ ʦʪ ʩʦʜʝʨʞʘʥʠʷ C ʠ N, ʘ ʩʚʷʟʴ ʙʘʟʘʣʴʥʦʛʦ ʜʳʭʘʥʠʷ ʩ ʵʪʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʙʳʣʘ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʠʣʠ ʩʣʘʙʦʡ, ʪʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʠʢʨʦʙʦʮʝʥʦʟʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚ ʥʘʭʦʜʠʣʘʩʴ 

ʚ ʧʦʢʦʷʱʝʤʩʷ (ʥʝʘʢʪʠʚʥʦʤ) ʩʦʩʪʦʷʥʠʠ, ʘ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ 

ʧʦʯʚʘʭ ʧʨʦʪʝʢʘʣʠ ʟʘ ʩʯʝʪ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʣʠʛʦʪʨʦʬʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ɺʳʩʦʢʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ C/N ʠ ɹɼ ʠ 

ʢʦʣʠʯʝʩʪʚʦʤ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʤʦʛʣʠ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʠʩʪʦʯʥʠʢʝ N ʚ ʧʦʯʚʘʭ ʣʠʩʪʚʝʥʥʠʯʥʠʢʦʚ ʢʦʧʝʝʯʥʠʢʦʚʦ-

ʜʨʠʘʜʦʚʦ-ʟʝʣʝʥʦʤʦʰʥʳʭ ʟʘ ʩʯʝʪ ʬʠʢʩʘʮʠʠ N ʙʘʢʪʝʨʠʷʤʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʩ 

ʢʦʧʝʝʯʥʠʢʦʤ ï ʨʘʩʪʝʥʠʝʤ ʩʝʤʝʡʩʪʚʘ ʙʦʙʦʚʳʭ.   
ʊʘʙʣʠʮʘ 1 

ɺʟʘʠʤʦʩʚʷʟʴ (ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ) ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚʘʭ (ʞʠʨʥʳʡ 

ʢʫʨʩʠʚ ï ʟʥʘʯʠʤʦ ʧʨʠ p <0.05) 

ʇʦʢʘʟʘʪʝʣʴ 

ʇʇ_2-3-1 (ʣʠʩʪʚʝʥʥʠʯʥʠʢ 

ʛʦʣʫʙʠʯʥʦ-ʜʨʠʘʜʦʚʦ-

ʟʝʣʝʥʦʤʦʰʥʳʡ) 

ʇʇ_2-3-2 (ʣʠʩʪʚʝʥʥʠʯʥʠʢ 

ʢʦʧʝʝʯʥʠʢʦʚʦ-ʜʨʠʘʜʦʚʦ-

ʟʝʣʝʥʦʤʦʰʥʳʡ) 

ʉʦʨʛ, % N, % C/N ʉʦʨʛ, % N, % C/N 

ʉʀɼ 0.61 0.64 -0.98 0.93 0.94 -0.75 

ɹɼ -0.38 0.50 -0.34 -0.83 -0.81 0.97 

ɻʠʜʨʦʣʠʪʠʢʠ ʥʘ ʄʇɸ -0.65 -0.62 -0.02 -0.59 -0.57 0.83 

ʆʣʠʛʦʪʨʦʬʳ ʥʘ ʇɸ 0.98 0.98 -0.61 0.88 0.89 -0.66 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʤʦʞʝʪ 

ʚʣʠʷʪʴ ʥʘ ʩʪʨʫʢʪʫʨʫ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ ʧʦʯʚ, ʧʦʜʩʪʠʣʘʝʤʳʭ ʄʄʇ, 

ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ ʧʨʠʚʥʝʩʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʠʦʜʦʩʪʫʧʥʦʛʦ 

ʘʟʦʪʘ ʙʘʢʪʝʨʠʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʙʦʙʦʚʳʤʠ ʨʘʩʪʝʥʠʷʤʠ.   
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ɸ. ɺ. ɹʝʨʝʟʦʚʩʢʘʷ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʅ. ʆ. ɾʠʣʘ1,2 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 
1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʐʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʩʦʟʜʘʝʪ ʛʣʦʙʘʣʴʥʫʶ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ: ʩʢʦʨʦʩʪʴ ʠʭ ʧʦʪʨʝʙʣʝʥʠʷ ʚʦ ʤʥʦʛʦ ʨʘʟ ʧʨʝʚʳʰʘʝʪ 

ʩʢʦʨʦʩʪʴ ʚʦʩʧʦʣʥʝʥʠʷ ʟʘʧʘʩʦʚ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʘ, ʚʳʟʳʚʘʷ 

ʥʝ ʪʦʣʴʢʦ ʩʝʨʴʝʟʥʳʡ ʜʠʩʙʘʣʘʥʩ ʚ ʫʛʣʝʨʦʜʥʦʤ ʮʠʢʣʝ, ʥʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʛʨʷʟʥʝʥʠʶ ʙʠʦʩʬʝʨʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʧʫʪʠ. ʇʝʨʚʳʡ ï ʤʦʜʠʬʠʢʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʠʜʘʥʠʷ ʠʤ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʨʘʟʣʦʞʝʥʠʶ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʜʥʘʢʦ ʵʪʦʪ ʧʫʪʴ ʪʨʝʙʫʝʪ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʵʪʘʧʦʚ ʚ ʧʨʦʮʝʩʩ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ. ɹʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ï 

ʙʠʦʧʦʣʠʤʝʨʦʚ [1]. ʉʨʝʜʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ çʟʝʣʝʥʳʭè ʧʣʘʩʪʠʢʦʚ ï 

ʧʦʣʠʛʠʜʨʦʢʠʩʘʣʢʘʥʦʘʪʳ (ʇɻɸ) ï ʨʘʟʨʫʰʘʝʤʳʝ ʧʦʣʠʤʝʨʳ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʢ ʝʩʪʝʩʪʚʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʧʨʠʨʦʜʥʦʡ ʤʠʢʨʦʬʣʦʨʦʡ 

ʜʦ ʉʆ2 ʠ ʅ2ʆ ʙʝʟ ʚʨʝʜʘ ʜʣʷ ʙʠʦʪʳ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʮʝʣʦʤ. ʅʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ, ʘʢʪʠʚʥʦ ʠʟʫʯʘʝʤʳʡ ʠ, ʯʪʦ ʚʘʞʥʦ, 

ʢʦʤʤʝʨʯʝʩʢʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʇɻɸ ï ʵʪʦ ʛʦʤʦʧʦʣʠʤʝʨ 3-

ʛʠʜʨʦʢʠʩʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ (ʇ(3ɻɹ)) [2]. ʆʜʥʘʢʦ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ (> 70%) ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ (ʙʦʣʝʝ 179 Áʉ), ʘ ʪʘʢʞʝ 

ʭʨʫʧʢʦʩʪʴ, ʚʳʟʚʘʥʥʘʷ ʧʨʦʮʝʩʩʘʤʠ ʚʪʦʨʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʠ ʞʝʩʪʢʦʩʪʴ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪ ʩʬʝʨʫ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ [3]. ʇʦʣʫʯʝʥʠʝ ʩʦʧʦʣʠʤʝʨʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʤʦʥʦʤʝʨʳ ʦʪʣʠʯʥʳʝ ʦʪ 3-ʛʠʜʨʦʢʩʠʙʫʪʠʨʘʪʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʜʦʣʝʪʴ 

ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʛʦʤʦʧʦʣʠʤʝʨʘ.  

ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ ʩʧʦʩʦʙʥʦʩʪʠ ʙʘʢʪʝʨʠʡ 

Cupriavidus necator B-10646 ʢ ʩʠʥʪʝʟʫ ʥʝʦʙʳʯʥʦʛʦ ʠ ʤʘʣʦʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʪʠʧʘ 

ʇɻɸ, ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʤʦʥʦʤʝʨʦʚ, ʧʦʤʠʤʦ 3-ʛʠʜʨʦʢʩʠʙʫʪʠʨʘʪʘ (3ɻɹ) ʠ 

3-ʛʠʜʨʦʢʩʠʚʘʣʝʨʘʪʘ (3ɻɺ), ʪʘʢʞʝ ʤʦʥʦʤʝʨʳ 4-ʛʠʜʨʦʢʩʠʚʘʣʝʨʘʪʘ (4ɻɺ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʙʩʪʨʘʪʘ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ - ʣʝʚʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʚ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ɺʘʨʴʠʨʫʷ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʢʦʣʠʯʝʩʪʚʦ ʜʦʟ ʩʫʙʩʪʨʘʪʘ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʘ 

ʪʘʢʞʝ ʦʩʥʦʚʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʫʩʣʦʚʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦʤʝʨʦʚ 3- ʠ 4-ʛʠʜʨʦʢʩʠʚʘʣʝʨʘʪʘ ʠ ʠʭ 

ʚʢʣʶʯʝʥʠʝ ʚ C-ʮʝʧʴ ʧʦʣʠ(3-ʛʠʜʨʦʢʩʠʙʫʪʠʨʘʪʘ) ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʦʭʨʘʥʝʥʠʠ 

ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʠʤʝʨʘ ʚ ʢʣʝʪʢʘʭ (ʜʦ 80% ). 

ʇʦʣʫʯʝʥ ʥʘʙʦʨ ʩʦʧʦʣʠʤʝʨʦʚ ʇ(3ɻɹ-ʩʦ-3ɻɺ-ʩʦ-4ɻɺ) ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʦʥʦʤʝʨʦʚ 3ɻɺ (30-70 ʤʦʣ.%) ʠ 4ɻɺ (1-6 ʤʦʣ.%) ʠ ʠʟʫʯʝʥʳ ʠʭ 

ʩʚʦʡʩʪʚʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʥʦʤʝʨʦʚ 3ɻɺ ʠ 4ɻɺ ʚ ʩʦʩʪʘʚʝ ʇɻɸ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʚʢʣʶʯʘʷ ʤʦʣʝʢʫʣʷʨʥʦ-

ʤʘʩʩʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ. 
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ɹʀʆʊɽʍʅʆʃʆɻʀʏɽʉʂʀʁ ʉʀʅʊɽɿ ʇʆʃʀɻʀɼʈʆʂʉʀɸʃʂɸʅʆɸʊʆɺ 

ʅɸ ʆʊʍʆɼɸʍ ʈʓɹʆʇɽʈɽʈɸɹʆʊʂʀ ɹɸʂʊɽʈʀʗʄʀ CUPRIAVIDUS  

NECATOR B-10646 

ɸ. ɺ. ɹʝʨʝʟʦʚʩʢʘʷ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʅ. ʆ. ɾʠʣʘ1,2 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 
1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʅʘʢʦʧʣʝʥʠʝ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ, ʟʘʛʨʷʟʥʷʶʱʠʭ ʧʨʠʨʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ, 

ʥʘʥʦʩʠʪ ʚʨʝʜ ʙʠʦʪʝ ʠ ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ. ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʧʣʘʩʪʠʢʦʚʳʭ 

ʦʪʭʦʜʦʚ, ʥʘʨʷʜʫ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠʭ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʩʚʷʟʘʥʦ ʩ 

ʧʦʩʪʝʧʝʥʥʳʤ ʧʝʨʝʭʦʜʦʤ ʥʘ ʨʘʟʣʘʛʘʝʤʳʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ [1]. ʉʨʝʜʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ çʟʝʣʝʥʳʭè ʧʣʘʩʪʠʢʦʚ ï 

ʧʦʣʠʛʠʜʨʦʢʩʠʘʣʢʘʥʦʘʪʳ (ʇɻɸ) ï ʨʘʟʨʫʰʘʝʤʳʝ ʧʦʣʠʤʝʨʳ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʢ ʝʩʪʝʩʪʚʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʧʨʠʨʦʜʥʦʡ ʤʠʢʨʦʬʣʦʨʦʡ 

ʜʦ ʉʆ2 ʠ ʅ2ʆ ʙʝʟ ʚʨʝʜʘ ʜʣʷ ʙʠʦʪʳ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʮʝʣʦʤ [3]. ʆʜʥʘʢʦ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʇɻɸ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʦʠʤʦʩʪʴʶ 
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ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʧʦʵʪʦʤʫ ʦʜʥʦ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʧʦʠʩʢʝ ʜʝʰʝʚʦʛʦ ʠ ʜʦʩʪʫʧʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ 

ʩʳʨʴʷ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʫʛʣʝʚʦʜʳ, 

ʩʧʠʨʪʳ, ʛʣʠʮʝʨʠʥ ʠ ʜʨ.), ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʘʟʣʠʯʥʳʝ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ 

ʧʨʦʠʟʚʦʜʩʪʚ. [2]. ɾʠʨʦʩʦʜʝʨʞʘʱʠʝ ʦʪʭʦʜʳ, ʧʦʣʫʯʘʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʝʨʝʨʘʙʦʪʢʠ ʨʳʙʳ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤ, ʥʦ ʤʘʣʦʠʟʫʯʝʥʥʳʤ ʩʫʙʩʪʨʘʪʦʤ. ʇʦʵʪʦʤʫ 

ʥʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʞʠʨʦʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʨʳʙʦʧʝʨʝʨʘʙʦʪʢʠ, ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ 

ʩʫʙʩʪʨʘʪʘ ʜʣʷ ʨʦʩʪʘ ʙʘʢʪʝʨʠʡ Cupriavidus necator B-10646 ʠ ʥʘʢʦʧʣʝʥʠʷ ʇɻɸ.  

ʀʩʩʣʝʜʦʚʘʥʳ ʜʚʘ ʠʩʪʦʯʥʠʢʘ ʞʠʨʘ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʦʪʭʦʜʦʚ 

ʨʳʙʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: ʛʦʣʦʚʳ ʢʦʧʯʝʥʦʡ ʙʘʣʪʠʡʩʢʦʡ ʢʠʣʴʢʠ 

ʠ ʩʚʝʞʠʝ ʛʦʣʦʚʳ ʙʘʣʪʠʡʩʢʦʡ ʢʠʣʴʢʠ.  

ʅʘʠʙʦʣʴʰʠʝ ʚʳʭʦʜʳ ʙʠʦʤʘʩʩʳ (ʜʦ 4,7 ʛ/ʣ) ʠ ʇɻɸ (ʜʦ 62%) ʙʳʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʜʣʷ ʞʠʨʘ ʠʟ ʛʦʣʦʚ ʢʦʧʯʝʥʦʡ ʙʘʣʪʠʡʩʢʦʡ ʢʠʣʴʢʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 

20 ʛ/ʣ (ʈʠʩʫʥʦʢ). ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʙʩʪʨʘʪʘ ʚʳʰʝ 25 ʛ/ʣ ʥʘʙʣʶʜʘʣʦʩʴ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʠ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʘ. ʇʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʤʘʩʣʝ, 

ʧʦʣʫʯʝʥʥʦʤ ʠʟ ʛʦʣʦʚ ʩʚʝʞʝʡ ʢʠʣʴʢʠ, ʙʘʢʪʝʨʠʠ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʛʦʤʦʧʦʣʠʤʝʨ 

ʇ(3ɻɹ), ʘ ʥʘ ʤʘʩʣʝ ʠʟ ʛʦʣʦʚ ʢʦʧʯʝʥʦʡ ʢʠʣʴʢʠ - ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʧʦʣʠʤʝʨ 

ʇ(3ɻɹ-ʩʦ-3ɻɺ-ʩʦ-3ɻɻ), ʚ ʢʦʪʦʨʦʤ ʧʨʝʦʙʣʘʜʘʣʠ ʤʦʥʦʤʝʨʳ 3-ʛʠʜʨʦʢʩʠʙʫʪʠʨʘʪʘ 

(3ɻɹ) ï 97,1ʤʦʣ.% ʠ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʤʦʥʦʤʝʨʳ 3-ʛʠʜʨʦʢʩʠʚʘʣʝʨʘʪʘ (3ɻɺ) ï 1,6 

ʤʦʣ.%, ʘ ʪʘʢʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ 3-ʛʠʜʨʦʢʩʠʛʝʢʩʘʥʦʘʪʘ (3ɻɻ) ï 0,3 

ʤʦʣ.%. ʉʨʝʜʥʝʚʝʩʦʚʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʠ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʴ ʧʦʣʠʤʝʨʘ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʙʘʢʪʝʨʠʷʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʞʠʨʘ ʠʟ ʛʦʣʦʚ ʢʦʧʯʝʥʦʡ ʠ 

ʩʚʝʞʝʡ ʢʠʣʴʢʠ, ʩʦʩʪʘʚʣʷʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 752 ʢɼʘ, 5.6 ʠ 711 ʢɼʘ, 3,4. 

 

ʈʠʩʫʥʦʢ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʙʠʦʤʘʩʩʳ Cupriavidus necator B-10646 ʠ ʩʦʜʝʨʞʘʥʠʝ ʇɻɸ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʛʜʝ ʦʩʥʦʚʥʳʤ ʫʛʣʝʨʦʜʥʳʤ ʩʫʙʩʪʨʘʪʦʤ ʙʳʣʦ ʤʘʩʣʦ ʠʟ ʘ) ʛʦʣʦʚʘ ʢʦʧʯʝʥʦʡ 

ʙʘʣʪʠʡʩʢʦʡ ʢʠʣʴʢʠ ʙ) ʛʦʣʦʚʘ ʩʚʝʞʝʡ ʙʘʣʪʠʡʩʢʦʡ ʢʠʣʴʢʠ. 

ʉʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʇ(3ɻɹ), ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʞʠʨʘ 

ʠʟ ʛʦʣʦʚ ʩʚʝʞʝʡ ʢʠʣʴʢʠ, ʩʦʩʪʘʚʣʷʣʘ 78%, ʪʦʛʜʘ ʢʘʢ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

ʩʦʧʦʣʠʤʝʨʘ ʇ(3ɻɹ-ʩʦ-3ɻɺ-ʩʦ-3ɻɻ), ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʞʠʨʘ ʠʟ 

ʛʦʣʦʚ ʢʦʧʯʝʥʦʡ ʢʠʣʴʢʠ, ʙʳʣʘ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ï 71%. ʂʨʦʤʝ ʪʦʛʦ, ʚʩʝ ʦʙʨʘʟʮʳ 

ʠʤʝʣʠ ʙʦʣʝʝ ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʠʤʝʨʘʤʠ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤʠ ʥʘ ʩʘʭʘʨʘʭ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʞʠʨʦʩʦʜʝʨʞʘʱʠʝ ʦʪʭʦʜʳ ʨʳʙʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ 
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BRET-ʇɸʈʓ: ʃʖʎʀʌɽʈɸɿʓ  

ʀ ʌʃʋʆʈɽʉʎɽʅʊʅʓʁ ɹɽʃʆʂ LSSmSCARLET 

ʇ. ɸ. ɹʦʯʘʨʦʚʘ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʉ. ɺ. ʄʘʨʢʦʚʘ1,2  

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʈʝʟʦʥʘʥʩʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (Bioluminescence 

resonance energy transfer (BRET)) ð ʵʪʦ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʘʷ ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ ʦʪ 

ʜʦʥʦʨʘ (ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʙʝʣʢʘ) ʢ ʘʢʮʝʧʪʦʨʫ. ɸʢʮʝʧʪʦʨʦʤ ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʙʝʣʦʢ (ʬʣʫʦʨʦʬʦʨ), ʢʦʪʦʨʳʡ ʧʦʛʣʦʱʘʝʪ ʩʚʝʪ ʩ ʟʘʜʘʥʥʦʡ ʜʣʠʥʦʡ 

ʚʦʣʥʳ ʠ ʧʦʚʪʦʨʥʦ ʠʟʣʫʯʘʝʪ ʩʚʝʪ ʩ ʙʦʣʴʰʝʡ ʜʣʠʥʦʡ ʚʦʣʥʳ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ in 

vivo ʥʝʦʙʭʦʜʠʤ ʩʚʝʪ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʚ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʙʦʣʴʰʠʥʩʪʚʦ ʣʶʮʠʬʝʨʘʟ ʠʟʣʫʯʘʝʪ ʩʚʝʪ ʚ ʛʦʣʫʙʦʡ ʦʙʣʘʩʪʠ. ʈʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ 

ʤʦʞʝʪ ʩʪʘʪʴ ʩʦʟʜʘʥʠʝ ʛʠʙʨʠʜʥʳʭ ʙʝʣʢʦʚ ʣʶʮʠʬʝʨʘʟ ʩ ʢʨʘʩʥʳʤʠ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʤʠ ʙʝʣʢʘʤʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ ʚʘʨʠʘʥʪʦʚ ʛʠʙʨʠʜʥʳʭ ʙʝʣʢʦʚ ʣʶʮʠʬʝʨʘʟ 

Metridia ʠ Renilla ʩ ʢʨʘʩʥʳʤ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʙʝʣʢʦʤ LSSmScarlet ʠ ʦʮʝʥʢʘ ʠʭ 

ʧʦʪʝʥʮʠʘʣ ʢʘʢ BRET-ʨʝʧʦʨʪʝʨʦʚ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʣʶʮʠʬʝʨʘʟʳ ʠʟ ʤʷʛʢʦʛʦ ʢʦʨʘʣʣʘ Renilla 

muelleri ʠ ʤʦʨʩʢʦʛʦ ʨʘʯʢʘ Metridia longa. ʆʙʘ ʬʝʨʤʝʥʪʘ ʷʚʣʷʶʪʩʷ ʮʝʣʝʥʪʝʨʘʟʠʥ-

ʟʘʚʠʩʠʤʳʤʠ ʠ ʛʝʥʝʨʠʨʫʶʪ ʩʚʝʯʝʥʠʝ ʧʫʪʝʤ ʦʢʠʩʣʝʥʠʷ ʩʫʙʩʪʨʘʪʦʚ, ʥʝ ʥʫʞʜʘʶʪʩʷ 
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ʚ ʢʦʬʘʢʪʦʨʘʭ ʠ ʠʤʝʶʪ ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ [1]. ɺ ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʨʘʩʥʳʡ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʙʝʣʦʢ LSSmScarlet, ʩʦʟʜʘʥʥʳʡ ʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ ʂʫʨʯʘʪʦʚʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ [2]. ʆʥ ʦʪʥʦʩʠʪʩʷ ʢ ʥʦʚʦʤʫ ʢʣʘʩʩʫ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʙʝʣʢʦʚ ʩ ʙʦʣʴʰʠʤ ʩʜʚʠʛʦʤ ʉʪʦʢʩʘ ʠ ʝʱʸ ʥʝ ʨʘʩʢʨʳʪʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʇʦʤʠʤʦ ʦʙʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʘʩʥʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʙʝʣʢʘ 

LSSmScarlet ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʶʮʠʬʝʨʘʟ Renilla ʠ Metridia ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ 

ʚʳʙʦʨ BRET-ʧʘʨ ʧʨʦʠʟʚʦʜʠʣʠ, ʫʯʠʪʳʚʘʷ ʩʪʝʧʝʥʴ ʧʝʨʝʢʨʳʚʘʥʠʷ ʩʧʝʢʪʨʘ 

ʧʦʛʣʦʱʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʙʝʣʢʘ ʩʦ ʩʧʝʢʪʨʦʤ ʵʤʠʩʩʠʠ ʣʶʮʠʬʝʨʘʟ (ʨʠʩ. 1). 

ɹʦʣʴʰʘʷ ʦʙʣʘʩʪʴ ʧʝʨʝʢʨʳʪʠʷ ʩʧʝʢʪʨʘ ʚʦʟʙʫʞʜʝʥʠʷ ʢʨʘʩʥʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ 

ʙʝʣʢʘ LSSmScarlet ʩ ʵʤʠʩʩʠʦʥʥʳʤʠ ʩʧʝʢʪʨʘʤʠ ʣʶʮʠʬʝʨʘʟ Metridia longa ʠ 

Renilla muelleri, ʦʪʨʘʞʝʥʥʘʷ ʥʘ ʛʨʘʬʠʢʘʭ, ʧʦʟʚʦʣʷʝʪ ʦʞʠʜʘʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʝʨʝʠʟʣʫʯʝʥʠʷ ʜʣʷ ʚʠʜʠʤʦʛʦ ʵʬʬʝʢʪʘ BRET [3]. 

  

ɸ.       ɹ. 

ʈʠʩʫʥʦʢ 1. ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ (ʧʫʥʢʪʠʨ) ʠ ʠʟʣʫʯʝʥʠʷ (ʩʧʣʦʰʥʘʷ) ʢʨʘʩʥʦʛʦ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʙʝʣʢʘ LSSmScarlet ʩʦ ʩʧʝʢʪʨʦʤ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ: (ɸ) ʣʶʮʠʬʝʨʘʟʳ ML 

(ʮʠʘʥʦʚʳʡ); (ɹ) ʣʶʮʠʬʝʨʘʟʳ RmL (ʩʠʥʠʡ). ʆʙʣʘʩʪʴ ʧʝʨʝʢʨʳʪʠʷ ʩʧʝʢʪʨʦʚ ʟʘʰʪʨʠʭʦʚʘʥʘ 

ʄʝʪʦʜʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʣʦʥʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʝʥʥʦ-

ʠʥʞʝʥʝʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʘʨ çʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʙʝʣʦʢ ï ʣʶʮʠʬʝʨʘʟʘ Metridiaè 

(ʜʘʣʝʝ LSSmScarlet-ML) ʠ çʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʙʝʣʦʢ ʠ ʣʶʮʠʬʝʨʘʟʘ Renillaè (ʜʘʣʝʝ 

LSSmScarlet-RmL). ɼʣʷ ʵʢʩʧʨʝʩʩʠʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ LSSmScarlet-ML ʠ 

LSSmScarlet-RmL ʠʩʧʦʣʴʟʦʚʘʣʠ ʰʪʘʤʤ E.coli XL1-Blue. ʉʠʥʪʝʟ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ ʠʥʜʫʮʠʨʦʚʘʣʠ ʜʦʙʘʚʣʝʥʠʝʤ ʀʇʊɻ. ʋʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ 

ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ ʦʮʝʥʠʚʘʣʠ ʧʦʣʫʥʘʪʠʚʥʳʤ ɼʉʅ-ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ. ɼʘʣʝʝ 

ʧʨʦʚʦʜʠʣʘʩʴ ʦʯʠʩʪʢʘ ʧʦʣʫʯʝʥʥʳʭ BRET-ʧʘʨ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʝʧʘʨʘʪ ʯʠʩʪʦʛʦ ʙʝʣʢʘ. ʉʧʝʢʪʨʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʘ CaryEclipse (Varian, ʉʐɸ).  

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʢʦʥʩʪʨʫʢʮʠʠ LSSmScarlet-ML 

ʷʚʥʦʛʦ ʚʪʦʨʦʛʦ ʧʠʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʘʢʩʠʤʫʤʫ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʙʝʣʢʘ 

LSSmScarlet ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ (ʨʠʩ.2).  
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ʈʠʩʫʥʦʢ 2. ʉʧʝʢʪʨʳ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ LSSmScarlet-ML (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ LSSmScarlet (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ), ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʣʶʮʠʬʝʨʘʟʳ 

(ʰʪʨʠʭʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ). ʉʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʦ ʧʝʨʝʠʟʣʫʯʝʥʠʝ 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʚʠʜʥʦ ʦʪʢʣʦʥʝʥʠʝ ʩʧʝʢʪʨʘ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʛʠʙʨʠʜʘ ʦʪ 

ʩʧʝʢʪʨʘ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʶʮʠʬʝʨʘʟʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ 

ʥʝʢʦʪʦʨʦʛʦ ʧʨʦʮʝʥʪʘ ʧʝʨʝʠʟʣʫʯʝʥʠʷ. 

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ LSSmScarlet-RmL ʥʘ 

ʧʨʝʧʘʨʘʪʝ ʦʯʠʱʝʥʥʦʛʦ ʙʝʣʢʘ (ʨʠʩ. 3) ʧʨʠʩʫʪʩʪʚʚʦʚʘʣ ʚʪʦʨʦʡ ʧʠʢ, ʤʘʢʩʠʤʫʤ 

ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʫʤʫ ʠʟʣʫʯʝʥʠʷ ʢʨʘʩʥʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʙʝʣʢʘ 

LSSmScarlet (598 ʥʤ). ʇʝʨʝʠʟʣʫʯʝʥʠʝ ʚ ʜʘʥʥʦʤ ʛʠʙʨʠʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 40% ʦʪ ʠʩʭʦʜʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ ʢʨʘʩʥʦʛʦ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʙʝʣʢʘ (ʣʠʥʠʷ ʰʪʨʠʭ-ʜʚʦʡʥʦʡ ʧʫʥʢʪʠʨ ʥʘ ʨʠʩʫʥʢʝ). 

 

ʈʠʩʫʥʦʢ 3. ʉʧʝʢʪʨʳ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ LSSmScarlet-RmL (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ LSSmScarlet (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ). ɹʠʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʣʶʮʠʬʝʨʘʟʳ 

(ʰʪʨʠʭʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ). ʃʠʥʠʝʡ ʰʪʨʠʭ-ʜʚʦʡʥʦʡ ʧʫʥʢʪʠʨ ʧʦʢʘʟʘʥ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʡ 

ʫʨʦʚʝʥʴ ʧʝʨʝʠʟʣʫʯʝʥʠʷ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʡ ʫʨʦʚʝʥʴ ʧʝʨʝʠʟʣʫʯʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 

LSSmScarlet-RmL ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40 %, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʞʠʜʘʪʴ ʫʩʧʝʰʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʢʘʯʝʩʪʚʝ BRET-ʨʝʧʦʨʪʝʨʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. 
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ʈʆʉʊʆɺʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʐʊɸʄʄɸ CUPRIAVIDUS  NECATOR 

B-10646 ʅɸ ʈɸɿʃʀʏʅʓʍ ʋɻʃɽʈʆɼʅʓʍ ʉʋɹʉʊʈɸʊɸʍ 

ʅ. ɼ. ʀʧʘʪʦʚʘ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʊ. ɻ. ɺʦʣʦʚʘ1,2 

ɼʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʫʚʝʣʠʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʩʦʟʥʘʥʥʦʩʪʠ ʠ 

ʩʪʨʝʤʣʝʥʠʝ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʩʪʘʣʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ. 

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʧʣʘʩʪʠʢʦʚʦʛʦ ʤʫʩʦʨʘ, ʥʘʨʷʜʫ ʩ ʪʝʭʥʦʣʦʛʠʡ ʝʛʦ ʧʦʚʪʦʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʩʚʷʟʳʚʘʶʪ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʧʝʨʝʭʦʜʦʤ ʥʘ ʨʘʟʨʫʰʘʝʤʳʝ 

ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ɿʥʘʯʠʤʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʨʘʟʨʫʰʘʝʤʳʭ 

ʙʠʦʧʣʘʩʪʠʢʦʚ ʧʨʠʥʘʜʣʝʞʠʪ ʧʦʣʠʤʝʨʘʤ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʧʦʣʠʛʠʜʨʦʢʩʠʘʣʢʘʥʦʘʪʘʤ (ʇɻɸ), ʢʦʪʦʨʳʝ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ [1]. ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʇɻɸ ʫʩʠʣʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʨʠʚʣʝʯʝʥʠʷ ʜʣʷ ʠʭ ʙʠʦʩʠʥʪʝʟʘ ʦʪʭʦʜʦʚ ʪʝʭʥʦʩʬʝʨʳ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

[2]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʦʪʭʦʜʦʚ ð ʵʪʦ ʥʝ ʪʦʣʴʢʦ 

ʧʫʪʴ ʩʥʠʞʝʥʠʷ ʦʙʲʝʤʦʚ ʠʭ ʥʘʢʦʧʣʝʥʠʷ ʚ ʙʠʦʩʬʝʨʝ, ʥʦ ʠ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʚ ʮʝʣʦʤ.  

ʆʪʤʝʯʘʝʪʩʷ ʨʘʩʪʫʱʘʷ ʪʝʥʜʝʥʮʠʷ ʚ ʧʦʠʩʢʝ ʜʝʰʸʚʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʩʳʨʴʷ, 

ʦʩʦʙʝʥʥʦ ʦʪʭʦʜʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʇɻɸ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʜʣʷ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇɻɸ ʷʚʣʷʝʪʩʷ ʛʣʠʮʝʨʠʥ. ɻʣʠʮʝʨʠʥ ʷʚʣʷʝʪʩʷ 

ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ, ʩʦʩʪʘʚʣʷʷ ʦʢʦʣʦ 10%, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʠʦʜʠʟʝʣʷ 

ʤʝʪʦʜʦʤ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʞʠʨʦʚ ʠ ʤʘʩʝʣ 

(ʨʘʧʩʦʚʦʛʦ, ʛʦʨʯʠʯʥʦʛʦ, ʩʦʝʚʦʛʦ, ʧʘʣʴʤʦʚʦʛʦ) [3]. 

ɾʠʨʦʩʦʜʝʨʞʘʱʠʝ ʦʪʭʦʜʳ ʨʳʙʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ð ʵʪʦ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʦʚʳʡ ʠʩʪʦʯʥʠʢ ʫʛʣʝʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʪʘʪʴ 

 

É ʀʧʘʪʦʚʘ ʅ. ɼ., 2025 
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ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʤ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, 

ʚʢʣʶʯʘʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʇɻɸ [4]. 

ʎʝʣʴ ʨʘʙʦʪʳ - ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʦʩʪʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʪʘʤʤʘ Cupriavidus 

necator B-10646 ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʩʫʙʩʪʨʘʪʘʭ. 

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʰʪʘʤʤʘ C. necator ɺ-10646 ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʠʥʝʨʘʣʴʥʦʡ ʩʦʣʝʚʦʡ ʩʨʝʜʳ ʐʣʝʛʝʣʷ ʚ ʬʝʨʤʝʥʪʸʨʝ. ɺ ʢʘʯʝʩʪʚʝ ʫʛʣʝʨʦʜʥʦʛʦ 

ʩʫʙʩʪʨʘʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ: ʛʣʶʢʦʟʫ, ʛʣʠʮʝʨʠʥ ʠ ʞʠʨʦʚʳʝ ʦʪʭʦʜʳ ʨʳʙʦʧʝʨʝʨʘʙʦʪʢʠ 

(ʢʦʧʯʝʥʳʝ ʛʦʣʦʚʳ ʙʘʣʪʠʡʩʢʦʡ ʢʠʣʴʢʠ (Sprattus balticus)). ʇʨʦʮʝʩʩ ʙʠʦʩʠʥʪʝʟʘ ʥʘ 

ʜʘʥʥʳʭ ʩʫʙʩʪʨʘʪʘʭ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʘʭ [5,6,7]. ʋʨʦʞʘʡ ʙʠʦʤʘʩʩʳ ʙʘʢʪʝʨʠʡ 

ʦʮʝʥʠʚʘʣʠ ʦʙʲʸʤʥʦ ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ. ɺʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʇɻɸ 

ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ Agilent Technologies 7890ɸ (ʉʐɸ).  

ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʩʫʙʩʪʨʘʪʳ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʠʝ ʨʦʩʪʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʜʫʮʝʥʪʘ ʠ ʥʘʢʦʧʣʝʥʠʝ ʇɻɸ ʚ ʢʣʝʪʢʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ 

ʜʦʩʪʠʛʥʫʪʳ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ 

ʨʠʩʫʥʢʝ. 

 

ʈʠʩʫʥʦʢ 1. ʇʨʦʜʫʢʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʫʣʴʪʫʨʳ C. necator B-10646 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʩʫʙʩʪʨʘʪʦʚ. 

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʰʪʘʤʤʘ ʙʘʢʪʝʨʠʡ C. necator B-10646, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ 

ʫʛʣʝʨʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʛʣʶʢʦʟʫ, ʩʦʩʪʘʚʠʣʘ ʧʦ ʙʠʦʤʘʩʩʝ ʢʣʝʪʦʢ ʠ ʧʦʣʠʤʝʨʘ 1,7 ʠ 

1,4 ʛ/ʣĀʯ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʦʢʘʟʘʪʝʣʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʰʪʘʤʤʘ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ 

ʫʛʣʝʨʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʛʣʠʮʝʨʠʥ, ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʥʘ ʛʣʶʢʦʟʝ ʠ ʩʦʩʪʘʚʠʣʠ ʧʦ ʙʠʦʤʘʩʩʝ 1,7 ʛ/ʣĿʯ, ʧʦ ʇɻɸ 1,3 ʛ/ʣĀʯ.  

ʇʦʢʘʟʘʪʝʣʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʰʪʘʤʤʘ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ 

ʫʛʣʝʨʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʞʠʨʦʚʳʝ ʦʪʭʦʜʳ ʨʳʙʦʧʝʨʝʨʘʙʦʪʢʠ, ʩʦʩʪʘʚʠʣʠ ʧʦ 

ʙʠʦʤʘʩʩʝ 2,7 ʛ/ʣĿʯ, ʧʦ ʇɻɸ 2,2 ʛ/ʣĀʯ.  

ɼʦʩʪʦʚʝʨʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʨʦʜʫʢʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʩʩʣʝʜʫʝʤʳʡ 

ʰʪʘʤʤ C. necator B-10646 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʫʛʣʝʨʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʦʪʭʦʜʳ ʨʳʙʦʧʝʨʝʨʘʙʦʪʢʠ.  
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ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ 

ʌʦʥʜʘ (ʇʨʦʝʢʪ ˉ 23-64-10007). 
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ʀɿʋʏɽʅʀɽ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʄʋʊɸʅʊʆɺ 

ʈɽʂʆʄɹʀʅɸʅʊʅʆɻʆ ʌʆʊʆʇʈʆʊɽʀʅɸ ʆɹɽʃʀʅɸ ʉ ɿɸʄɽʅʆʁ 

ʂʆʅʉɽʈɺɸʊʀɺʅʆɻʆ ɻʀʉʊʀɼʀʅɸ ʅɸ ɸʉʇɸʈɸɻʀʅ ʀ ʀɿʆʃɽʁʎʀʅ 

ʇ. ɸ. ʂʦʚʘʣʝʚʘ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɽ. ɺ. ɽʨʝʤʝʝʚʘ1,2 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʗʚʣʝʥʠʝ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ï ʩʚʝʯʝʥʠʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ï ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʚ ʧʨʠʨʦʜʝ. ʉʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʚʝʯʝʥʠʶ ʦʙʣʘʜʘʶʪ ʥʝʢʦʪʦʨʳʝ 

ʙʘʢʪʝʨʠʠ, ʛʨʠʙʳ, ʧʨʦʩʪʝʡʰʠʝ, ʤʦʣʣʶʩʢʠ, ʥʘʩʝʢʦʤʳʝ ʠ ʜʨʫʛʠʝ. [1] 
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ɹʠʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʨʝʘʢʮʠʠ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʧʦ ʣʶʮʠʬʝʨʘʟʥʦʤʫ ʠʣʠ 

ʬʦʪʦʧʨʦʪʝʠʥʦʚʦʤʫ ʪʠʧʫ. ʈʝʘʢʮʠʷ ʬʦʪʦʧʨʦʪʝʠʥʦʚʦʛʦ ʪʠʧʘ ʧʨʠʩʫʱʘ, ʥʘʧʨʠʤʝʨ, 

ʙʝʣʢʫ ʦʙʝʣʠʥʫ, ʚʳʜʝʣʝʥʥʦʤʫ ʠʟ ʛʠʜʨʦʠʜʥʦʡ ʤʝʜʫʟʳ Obelia longissima. ʆʙʝʣʠʥ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʩʫʙʩʪʨʘʪʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʚʳʩʪʫʧʘʝʪ ʮʝʣʝʥʪʝʨʘʟʠʥ, ʠ 

ʦʙʨʘʟʫʝʪ ʩ ʥʠʤ ʫʩʪʦʡʯʠʚʳʡ ʢʦʤʧʣʝʢʩ. ʆʙʝʣʠʥ ʷʚʣʷʝʪʩʷ CaĮ-ʨʝʛʫʣʠʨʫʝʤʳʤ 

ʬʦʪʦʧʨʦʪʝʠʥʦʤ, ʧʦʵʪʦʤʫ ʜʣʷ ʠʥʠʮʠʘʮʠʠ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʨʝʘʢʮʠʠ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʳ ʠʦʥʳ CaĮ . ʇʦʩʣʝ ʩʚʷʟʳʚʘʥʠʷ ʢʘʣʴʮʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʘ ʧʨʦʠʩʭʦʜʷʪ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ 2-

ʛʠʜʨʦʧʝʨʦʢʩʠʮʝʣʝʥʪʝʨʘʟʠʥ, ʧʨʝʜʦʢʠʩʣʝʥʥʘʷ ʬʦʨʤʘ ʩʫʙʩʪʨʘʪʘ, 

ʜʝʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʠ ʨʘʩʧʘʜʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʦʢʩʠʵʪʘʥʦʥʘ. ʕʪʦ 

ʩʦʝʜʠʥʝʥʠʝ ʢʨʘʡʥʝ ʥʝʩʪʘʙʠʣʴʥʦ, ʧʦʵʪʦʤʫ ʦʥʦ ʤʛʥʦʚʝʥʥʦ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʉʆ2 ʠ 

ʮʝʣʝʥʪʝʨʘʤʠʜ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʵʤʠʪʪʝʨʦʤ. ʇʨʠ 

ʧʝʨʝʭʦʜʝ ʵʤʠʪʪʝʨʘ ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʟʣʫʯʘʝʪʩʷ ʢʚʘʥʪ ʩʚʝʪʘ. [2] 

ʕʤʠʪʪʝʨ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʨʘʟʥʳʭ ʬʦʨʤʘʭ. ʌʝʥʦʣʷʪ-ʘʥʠʦʥ 

ʮʝʣʝʥʪʝʨʘʤʠʜʘ ï ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ ʵʤʠʪʪʝʨʘ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʦʙʝʣʠʥ 

ʠʟʣʫʯʘʝʪ ʛʦʣʫʙʦʡ ʩʚʝʪ. ʆʜʥʘʢʦ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʧʨʦʪʦʥʘ ʦʪ ʤʦʣʝʢʫʣʳ ʧʨʦʜʫʢʪʘ ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩʷ. ʊʘʢ, ʚ ʩʣʫʯʘʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʡʪʨʘʣʴʥʦʛʦ ʮʝʣʝʥʪʝʨʘʤʠʜʘ, 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ, ʠʟʣʫʯʘʝʪʩʷ ʬʠʦʣʝʪʦʚʳʡ ʩʚʝʪ. ʇʦ ʜʘʥʥʳʤ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʘʢʮʝʧʪʦʨʦʤ ʵʪʦʛʦ ʧʨʦʪʦʥʘ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ His-22. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʜʘʥʥʦʡ ʛʠʧʦʪʝʟʳ ʤʝʪʦʜʦʤ ʩʘʡʪ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʫʪʘʥʪʳ ʦʙʝʣʠʥʘ OL-H22N ʠ OL-H22I ʩ ʟʘʤʝʥʦʡ His22 ʥʘ 

ʘʩʧʘʨʘʛʠʥ ʠ ʠʟʦʣʝʡʮʠʥ. ʕʢʩʧʨʝʩʩʠʷ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʢʣʝʪʢʘʭ E. 

coli. ʇʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʦʙʝʣʠʥʘ ʜʠʢʦʛʦ ʪʠʧʘ ʠ ʝʛʦ ʤʫʪʘʥʪʦʚ ʙʳʣʠ 

ʠʟʤʝʨʝʥʳ ʩʧʝʢʪʨʳ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʘʥʥʳʭ ʙʝʣʢʦʚ ʠ ʧʘʨʘʤʝʪʨʳ ʠʭ 

ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ.   

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʤʫʪʘʥʪʳ 

ʘʢʪʠʚʠʨʫʶʪʩʷ ʛʦʨʘʟʜʦ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʦʙʝʣʠʥ ʜʠʢʦʛʦ ʪʠʧʘ, ʠ, ʢʨʦʤʝ ʪʦʛʦ, 

ʦʙʣʘʜʘʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʏʪʦ ʢʘʩʘʝʪʩʷ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʦ ʚ ʩʣʫʯʘʝ OL-H22N ʥʘʙʣʶʜʘʣʦʩʴ ʩʤʝʱʝʥʠʝ 

ʤʘʢʩʠʤʫʤʘ ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ. ʄʘʢʩʠʤʫʤ 

ʙʠʦʣʶʤʠʥʝʩʮʝʥʮʠʠ OL-H22I ʥʝ ʠʟʤʝʥʠʣʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʢʦʛʦ ʪʠʧʘ ʦʙʝʣʠʥʘ, 

ʦʜʥʘʢʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʦʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʣʝʯʦ ʚ ʦʙʣʘʩʪʠ 390 ʥʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ His22 ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʬʝʥʦʣʷʪ-ʘʥʠʦʥʘ ʮʝʣʝʥʪʝʨʘʤʠʜʘ, ʘʢʮʝʧʪʠʨʫʷ ʧʨʦʪʦʥ, ʘ ʪʘʢʞʝ ʚʣʠʷʝʪ 

ʥʘ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʘʢʪʠʚʥʦʛʦ ʬʦʪʦʧʨʦʪʝʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɿʘʤʝʥʘ His22 

ʥʘ ʜʨʫʛʠʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ʫʚʝʣʠʯʠʚʘʝʪ ʜʦʣʶ ʥʝʡʪʨʘʣʴʥʦʛʦ ʵʤʠʪʪʝʨʘ ʠ ʩʥʠʞʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʨʝʘʢʮʠʠ. 
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ʉʀʅʊɽɿ ʇʆʃʀɻʀɼʈʆʂʉʀɸʃʂɸʅʆɸʊʆɺ ɹɸʂʊɽʈʀʗʄʀ 

CUPRIAVIDUS  NECATOR B-10646, ʂʋʃʔʊʀɺʀʈʋɽʄʓʍ ʅɸ 

ʆʊʈɸɹʆʊɸʅʅʆʄ ʌʈʀʊʖʈʅʆʄ ʄɸʉʃɽ 

ɼ. ɸ. ʂʦʣʝʩʥʠʢ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʅ. ʆ. ɾʠʣʘ1,2 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʩʪʠ, ʟʘʪʨʘʛʠʚʘʶʱʝʡ ʢʘʢ 

ʯʝʣʦʚʝʯʝʩʪʚʦ, ʪʘʢ ʠ ʧʨʠʨʦʜʫ, ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ. ɼʣʷ ʝʸ 

ʫʣʫʯʰʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʘʢ ʘʣʴʝʨʥʘʪʠʚʫ ʧʣʘʩʪʤʘʩʩʘʤ. ʆʜʥʠʤʠ ʠʟ ʪʘʢʠʭ 

ʧʦʣʠʤʝʨʦʚ ʷʚʣʷʶʪʩʷ ʧʦʣʠʵʬʠʨʳ ʛʠʜʨʦʢʩʠʘʣʢʘʥʦʚʳʭ ʢʠʩʣʦʪ - 

ʧʦʣʠʛʠʜʨʦʢʩʠʘʣʢʘʥʦʘʪʳ (ʇɻɸ). ɼʣʷ ʣʝʛʢʦʜʦʩʪʫʧʥʦʩʪʠ ʠ ʜʘʣʴʥʝʡʰʝʡ 

ʤʘʩʰʪʘʙʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇɻɸ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʝʰʝʚʳʝ 

ʫʛʣʝʨʦʜʥʳʝ ʩʫʙʩʪʨʘʪʳ. ʂ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʪʭʦʜʳ ʨʳʙʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʦʪʭʦʜʳ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʘ ʪʘʢʞʝ ʦʪʨʘʙʦʪʘʥʥʦʝ ʬʨʠʪʶʨʥʦʝ ʤʘʩʣʦ (ʆʌʄ). 

ʉʨʝʜʥʝʛʦʜʦʚʦʡ ʦʙʲʝʤ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʤʘʩʣʘ ʚ ʈʌ ʜʝʨʞʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 771000 

ʪʦʥʥ. ɺ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʠ ʩʪʨʘʥʘʭ ɽʉ ʝʞʝʛʦʜʥʳʡ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʌʄ 

ʜʦʩʪʠʛʘʝʪ ʦʢʦʣʦ 200000 ʠ 700000-1000000 ʪʦʥʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [1-5]. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʨʦʜʥʦʛʦ ʰʪʘʤʤʘ 

Cupriavidus necator B-10646 ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʨʘʙʦʪʘʥʥʦʝ ʬʨʠʪʶʨʥʦʝ ʤʘʩʣʦ ʚ 

ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʜʣʷ ʨʦʩʪʘ ʠ ʩʠʥʪʝʟʘ ʇɻɸ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʨʠ ʦʙʨʘʟʮʘ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʬʨʠʪʶʨʥʦʛʦ ʤʘʩʣʘ, 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ ʛ. ʂʨʘʩʥʦʷʨʩʢʘ (2 

ʦʙʨʘʟʮʘ ʠʟ ʨʝʩʪʦʨʘʥʘ 0,75 please , ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ - 15 ʠʶʣʷ ʠ 15 

ʥʦʷʙʨʷ 2024, ʠ ʦʜʠʥ ʦʙʨʘʟʝʮ ʠʟ ʢʘʬʝ ʢʦʨʝʡʩʢʦʡ ʢʫʭʥʠ Kannam Chicken 

(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʘʣʝʝ ʦʙʨʘʟʮʳ ʤʘʩʣʘ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʢʘʢ ʤʘʩʣʦ 1, ʤʘʩʣʦ 2, 

ʤʘʩʣʦ 3). ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʙʘʢʪʝʨʠʡ ʧʨʦʚʦʜʠʣʠ ʥʘ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʦʤ ʰʝʡʢʝʨʝ-

ʠʥʢʫʙʘʪʦʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 30 ÁC ʚ ʢʦʣʙʘʭ ʦʙʲʝʤʦʤ 0,5 ʣ. 

ɺ ʠʩʩʣʝʜʫʝʤʳʭ ʦʪʨʘʙʦʪʘʥʥʳʭ ʬʨʠʪʶʨʥʳʭ ʤʘʩʣʘʭ ʣʠʧʠʜʳ ʙʳʣʠ 

ʜʦʤʠʥʠʨʫʶʱʝʡ ʬʨʘʢʮʠʝʡ, ʩʦʩʪʘʚʣʷʶʱʝʡ 85,38-88,92% (ʊʘʙʣʠʮʘ 1). ɼʦʣʷ 

ʫʛʣʝʚʦʜʦʚ ʠ ʙʝʣʢʘ ʩʦʩʪʘʚʣʷʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 3,35-5,71 ʠ 1,29-1,80%. 
 

ʊʘʙʣʠʮʘ 1 

 

É ʂʦʣʝʩʥʠʢ ɼ. ɸ., 2025 
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ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪʨʘʙʦʪʘʥʥʳʭ ʬʨʠʪʶʨʥʳʭ ʤʘʩʝʣ (% ʦʪ ʚʝʩʘ ʤʘʩʣʘ) 

ʄʘʩʣʦ ʃʠʧʠʜʳ ʋʛʣʝʚʦʜʳ ɹʝʣʦʢ 

ʄʘʩʣʦ 1 88,92 5,71 1,29 

ʄʘʩʣʦ 2 85,38 4,53 1,49 

ʄʘʩʣʦ 3 85,37 3,35 1,80 

 

ɾʠʨʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʤʘʩʝʣ ʧʨʠʚʝʜʝʥ ʚ ʊʘʙʣʠʮʝ 2. ʆʩʥʦʚʥʳʤʠ 

ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ (ɾʂ) ʚʦ ʚʩʝʭ ʤʘʩʣʘʭ ʙʳʣʠ ʥʘʩʳʱʝʥʥʘʷ ʧʘʣʴʤʠʪʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ, ʤʦʥʦʝʥʦʚʘʷ ʦʣʝʠʥʦʚʘʷ ʠ ʜʠʝʥʦʚʘʷ ʣʠʥʦʣʝʚʘʷ ʢʠʩʣʦʪʳ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʨʘʥʩ-ʢʠʩʣʦʪ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʩʣʘʭ 

ʩʦʩʪʘʚʣʷʣʦ 0,5-1,0 % ʦʪ ʩʫʤʤʳ ʚʩʝʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʤʘʩʣʘʭ ʦʪʨʘʟʠʣʦʩʴ ʥʘ ʩʦʦʪʥʦʰʝʥʠʠ ʩʫʤʤʳ 

ʥʘʩʳʱʝʥʥʳʭ ʢ ʥʝʥʘʩʳʱʝʥʥʳʤ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʣʦ 0,27-0,28 ʜʣʷ ʤʘʩʝʣ 1 ʠ 2. ɼʣʷ 

ʤʘʩʣʘ 3 ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 0,17, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘ ʩʯʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʣʠʥʦʣʝʚʦʡ ʢʠʩʣʦʪʳ ʚ ʦʙʨʘʟʮʝ.  
ʊʘʙʣʠʮʘ 2 

ɾʠʨʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʦʪʨʘʙʦʪʘʥʥʳʭ ʬʨʠʪʶʨʥʳʭ ʤʘʩʝʣ 
ɾʠʨʥʘʷ ʢʠʩʣʦʪʘ ʄʘʩʣʦ 1 ʄʘʩʣʦ 2 ʄʘʩʣʦ 3 

C14:0 0,36 0,41 0,19 

C16:0 20,02 18,59 12,79 

C18:1n-9 34,90 36,52 31,51 

C18:2n-6 42,18 40,51 51,92 

C20:1n-9 0,23 0,54 0,30 

C20:0 0,25 0,51 0,32 

C22:0 0,57 1,00 0,62 

C24:0 0,33 0,68 0,51 

ɼʨʫʛʠʝ 1,18 1,25 1,83 

Ɇʥʘʩʳʱʝʥʥʳʭ ɾʂ/ 

Ɇʥʝʥʘʩʳʱ. 

0,28 0,27 0,17 

 

ʀʩʩʣʝʜʦʚʘʥ ʨʦʩʪ ʧʨʠʨʦʜʥʦʛʦ ʰʪʘʤʤʘ Cupriavidus necator B-10646 ʠ 

ʥʘʢʦʧʣʝʥʠʝ ʧʦʣʠʤʝʨʘ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʙʘʢʪʝʨʠʡ ʥʘ ʦʪʨʘʙʦʪʘʥʥʦʤ ʬʨʠʪʶʨʥʦʤ 

ʤʘʩʣʝ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʚ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

(ʈʠʩʫʥʦʢ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʨʠʪʶʨʥʦʛʦ ʤʘʩʣʘ 1 ʠ 3 

ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʠʦʤʘʩʩʳ (3.3-3.7 ʛ/ʣ) ʠ ʧʦʣʠʤʝʨʘ (52.2-60.4% ʦʪ ʚʝʩʘ 

ʩʫʭʦʡ ʙʠʦʤʘʩʩʳ) ʧʦʣʫʯʝʥʳ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʩʣʘ 20 ʛ/ʣ. ʅʘ ʤʘʩʣʝ 2 ʫʨʦʞʘʡ 

ʙʠʦʤʘʩʩʳ ʙʳʣ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ï ʤʘʢʩʠʤʘʣʴʥʦ 1.9 ʛ/ʣ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʩʣʘ 

15 ʛ/ʣ. ʉʦʜʝʨʞʘʥʠʝ ʧʦʣʠʤʝʨʘ ʩʦʩʪʘʚʣʷʣʦ 50% (ʦʪ ʚʝʩʘ ʩʫʭʦʡ ʙʠʦʤʘʩʩʳ).  
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ʈʠʩʫʥʦʢ. ʋʨʦʞʘʡ ʙʠʦʤʘʩʩʳ ʠ ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʠʤʝʨʘ ʚ ʢʣʝʪʢʘʭ ʙʘʢʪʝʨʠʡ Cupriavidus necator 

B-10646 ʚ ʢʦʥʮʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ (48 ʯ) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʬʨʠʪʶʨʥʦʛʦ ʤʘʩʣʘ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʪʨʘʙʦʪʘʥʥʦʝ ʬʨʠʪʶʨʥʦʝ ʤʘʩʣʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʢʘʯʝʩʪʚʝ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʟʘʪʨʘʪʳ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, 

ʙʣʘʛʦʜʘʨʷ ʧʝʨʝʨʘʙʦʪʢʝ ʪʘʢʠʭ ʦʪʭʦʜʦʚ. 
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ʋɼʂ 577 

ɼʃʀʅɸ ʇʆʃʀʇɽʇʊʀɼʅʆʁ ʎɽʇʀ ʂɸʂ ʆɼʀʅ ʀɿ ʌɸʂʊʆʈʆɺ 

ɺ ʈɸʎʀʆʅɸʃʔʅʆʄ ɼʀɿɸʁʅɽ ʍʀʄɽʈʅʓʍ ʌʆʊʆʇʈʆʊɽʀʅʆɺ 

ʆ. ɺ. ʂʦʥʦʚʘʣʦʚʘ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʃ. ʇ. ɹʫʨʘʢʦʚʘ1,2 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʦʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɹʠʦʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠʟʣʫʯʘʪʴ ʩʚʝʪ ʚ 

ʚʠʜʠʤʦʤ ʩʧʝʢʪʨʝ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʧʨʠʨʦʜʝ, ʥʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʤʦʨʩʢʠʭ ʵʢʦʩʠʩʪʝʤʘʭ. ɿʘ ʩʚʝʯʝʥʠʝ ʛʠʜʨʦʤʝʜʫʟ ʦʪʚʝʯʘʶʪ 

ʮʝʣʝʥʪʝʨʘʟʠʥ-ʟʘʚʠʩʠʤʳʝ Ca2+-ʨʝʛʫʣʠʨʫʝʤʳʝ ʬʦʪʦʧʨʦʪʝʠʥʳ, ʦʙʨʘʟʫʶʱʠʝ 

ʫʩʪʦʡʯʠʚʳʡ ʬʝʨʤʝʥʪ-ʩʫʙʩʪʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ. 

 ʕʪʠ ʙʝʣʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʘʢʪʥʫʶ ʛʣʦʙʫʣʫ ʠʟ ʜʚʫʭ ʜʦʤʝʥʦʚ, ʚ 

ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ ʜʚʘ EF-hand ʤʦʪʠʚʘ. ʅʦ ʪʦʣʴʢʦ ʪʨʠ ʠʟ ʥʠʭ (I, III , 

IV) ʬʫʥʢʮʠʦʥʘʣʴʥʳ ʠ ʦʪʚʝʯʘʶʪ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ. 

ʉʚʷʟʳʚʘʥʠʝ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʥʬʦʨʤʘʮʠʠ ʙʝʣʢʘ ʠ 

ʦʢʠʩʣʝʥʠʶ ʩʫʙʩʪʨʘʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʥʪʝʨʘʤʠʜʘ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʇʨʠ ʝʛʦ ʧʝʨʝʭʦʜʝ ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʵʥʝʨʛʠʷ ʚ ʚʠʜʝ ʢʚʘʥʪʦʚ 

ʩʚʝʪʘ.  

 ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʢʣʦʥʠʨʦʚʘʥ ʠ ʧʦʣʫʯʝʥ ʚ ʨʝʢʦʤʙʠʥʘʥʪʥʦʤ ʚʠʜʝ ʨʷʜ 

ʬʦʪʦʧʨʦʪʝʠʥʦʚ ʛʠʜʨʦʤʝʜʫʟ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʢʚʦʨʠʥ ʠʟ Aequorea victoria ʠ 

ʤʠʪʨʦʢʦʤʠʥ ʠʟ Mitrocoma cellularia. ʀʜʝʥʪʠʯʥʦʩʪʴ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʘʢʚʦʨʠʥʘ ʠ ʤʠʪʨʦʢʦʤʠʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 68%. ʇʨʠ ʵʪʦʤ 

ʦʥʠ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ ʦʪʣʠʯʠʷ ʚ ʩʚʦʡʩʪʚʘʭ, ʪʘʢʠʝ, ʢʘʢ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʦʥʘʤ ʢʘʣʴʮʠʷ [1].  

ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʬʦʪʦʧʨʦʪʝʠʥʘʤ ʫʜʝʣʷʶʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʢʘʢ ʢ ʤʘʨʢʝʨʥʳʤ ʤʦʣʝʢʫʣʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʘʢ ʠʥʜʠʢʘʪʦʨʘʤ ʢʘʣʴʮʠʷ. ʆʥʠ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʨʝʧʦʨʪʝʨʥʳʭ ʙʝʣʢʦʚ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʜʠʥʘʤʠʢʠ 

ʢʘʣʴʮʠʷ in vivo ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʢʣʝʪʦʢ ʠ ʠʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ, ʘ ʪʘʢʞʝ, ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʠʥʬʝʢʮʠʦʥʥʳʭ ʘʛʝʥʪʦʚ. ʊʘʢ, ʥʘ ʧʨʠʤʝʨʝ ʙʝʣʢʘ "Photina", ʚ ʢʦʪʦʨʦʤ 

ʫʯʘʩʪʦʢ II EF-hand ʦʙʝʣʠʥʘ ʙʳʣ ʟʘʤʝʥʸʥ ʥʘ ʘʥʘʣʦʛʠʯʥʳʡ ʫʯʘʩʪʦʢ ʢʣʠʪʠʥʘ, ʙʳʣʘ 

ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʭʠʤʝʨʥʳʭ ʬʦʪʦʧʨʦʪʝʠʥʦʚ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʦʪ ʙʝʣʢʦʚ ʜʠʢʦʛʦ ʪʠʧʘ [2].  

ʉʫʱʝʩʪʚʫʶʪ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʨʘʮʠʦʥʘʣʴʥʦʤ ʜʠʟʘʡʥʝ 

ʬʦʪʦʧʨʦʪʝʠʥʦʚ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʣʜʠʥʛ ʠ ʬʫʥʢʮʠʠ ʙʝʣʢʘ ʦʢʘʟʳʚʘʝʪ ʜʣʠʥʘ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʮʝʧʠ. ʊʘʢ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥ N- ʠ C-ʢʦʥʮʝʚʳʭ ʫʯʘʩʪʢʦʚ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʥʘʨʫʰʝʥʠʶ ʟʘʤʳʢʘʥʠʷ ʩʫʙʩʪʨʘʪ-ʩʚʷʟʳʚʘʶʱʝʡ ʧʦʣʦʩʪʠ ʠ ʩʥʠʞʝʥʠʶ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʦʪʦʧʨʦʪʝʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ ʥʘ 
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ʘʢʚʦʨʠʥʝ ʠ ʦʙʝʣʠʥʝ [3, 4]. ʆʜʥʘʢʦ ʫʜʘʣʝʥʠʝ ʉ-ʢʦʥʮʝʚʦʛʦ ʦʩʪʘʪʢʘ Tyr ʚ 

ʤʠʪʨʦʢʦʤʠʥʝ ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ [5]. ʇʨʠ ʵʪʦʤ 

ʦʙʳʯʥʦ ʤʦʜʠʬʠʢʘʮʠʷ N-ʢʦʥʮʝʚʦʛʦ ʫʯʘʩʪʢʘ ʙʝʣʢʘ ʤʝʥʝʝ ʢʨʠʪʠʯʥʘ, ʯʝʤ C-

ʢʦʥʮʝʚʦʛʦ. ʅʘʧʨʠʤʝʨ, ʫʢʦʨʦʯʝʥʠʝ N-ʢʦʥʮʘ ʘʢʚʦʨʠʥʘ ʥʘ 6 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʦʩʪʘʪʢʦʚ ʥʠʢʘʢ ʥʝ ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ [6]. ʆʜʥʘʢʦ ʥʝ 

ʥʘʡʜʝʥʦ ʥʠ ʦʜʥʦʡ ʨʘʙʦʪʳ, ʦʧʠʩʳʚʘʶʱʝʡ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʮʝʧʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʝʝ ʯʘʩʪʠ ʥʘ ʬʫʥʢʮʠʶ ʬʦʪʦʧʨʦʪʝʠʥʦʚ. 

 ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʧʪʠʤʠʟʘʮʠʷ ʜʚʫʭ ʨʘʥʝʝ ʩʦʟʜʘʥʥʳʭ 

ʛʝʥʥʦʠʥʞʝʥʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʭʠʤʝʨʥʳʭ ʙʝʣʢʦʚ ʥʘ ʦʩʥʦʚʝ ʘʢʚʦʨʠʥʘ ʠ 

ʤʠʪʨʦʢʦʤʠʥʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʢʦʜʠʨʫʝʤʳʭ ʠʤʠ ʭʠʤʝʨʥʳʭ ʙʝʣʢʦʚ.  

 ɺ ʧʨʝʜʳʜʫʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ 

ʵʢʩʧʨʝʩʩʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʚʝʢʪʦʨʝ pET22b, ʩʦʜʝʨʞʘʱʠʭ ʛʝʥʳ ʘʢʚʦʨʠʥʘ ʩ 

ʟʘʤʝʥʦʡ II EF-hand ʥʘ ʪʘʢʦʚʦʡ ʤʠʪʨʦʢʦʤʠʥʘ (AVI-MCII -AVII -IV) ʠ ʩ ʦʙʨʘʪʥʦʡ 

ʟʘʤʝʥʦʡ (MCI-AVII -MCIII -IV), ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʳ ʰʪʘʤʤʳ-ʧʨʦʜʫʮʝʥʪʳ ʭʠʤʝʨʥʳʭ 

ʙʝʣʢʦʚ ʥʘ ʦʩʥʦʚʝ ʰʪʘʤʤʘ E. coli. ɸʥʘʣʠʟ ʩʚʦʡʩʪʚ ʵʪʠʭ ʙʝʣʢʦʚ ʧʦʢʘʟʘʣ ʥʠʟʢʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʬʦʪʦʧʨʦʪʝʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɼʣʠʥʘ ʧʦʣʠʧʝʧʪʠʜʥʳʭ 

ʮʝʧʝʡ ʵʪʠʭ ʙʝʣʢʦʚ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʪʘʢʦʚʳʭ ʬʦʪʦʧʨʦʪʝʠʥʦʚ ʜʠʢʦʛʦ ʪʠʧʘ, ʯʪʦ, ʧʦ 

ʥʘʰʝʤʫ ʧʨʝʜʧʦʣʦʞʝʥʠʶ, ʦʢʘʟʘʣʦʩʴ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʠʭ 

ʜʠʩʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ (ʨʠʩʫʥʦʢ). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʩʘʡʪ-

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʣʠʥ ʛʝʥʦʚ 

ʭʠʤʝʨʥʳʭ ʙʝʣʢʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʣʠʥʘʤʠ ʬʦʪʦʧʨʦʪʝʠʥʦʚ ʜʠʢʦʛʦ ʪʠʧʘ, 

ʧʦʣʫʯʝʥʳ ʚʳʩʦʢʦʦʯʠʱʝʥʥʳʝ ʬʦʪʦʧʨʦʪʝʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʙʝʣʢʦʚ. 

 

ʈʠʩʫʥʦʢ. ʉʨʘʚʥʝʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʫʪʠʨʦʚʘʥʥʳʭ, ʭʠʤʝʨʥʳʭ ʠ 

ʜʠʢʠʭ ʬʦʪʦʧʨʦʪʝʠʥʦʚ. ʃʦʢʘʣʠʟʘʮʠʷ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʮʝʧʠ ʧʦʢʘʟʘʥʘ ʛʦʣʫʙʳʤ. 

 ɼʣʠʥʘ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ MCI-AVII -MCIII -IV ʠʟʥʘʯʘʣʴʥʦ ʧʦʣʫʯʠʣʘʩʴ 

ʢʦʨʦʯʝ ʥʘ ʪʨʠ ʘʤʠʥʦʢʠʩʣʦʪʳ ʚ ʦʙʣʘʩʪʠ ʢʦʥʮʘ II  EF-hand, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʡ ʥʝʩʧʦʩʦʙʥʦʩʪʠ ʩʚʷʟʳʚʘʪʴ ʮʝʣʝʥʪʝʨʘʟʠʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʨʨʝʢʮʠʠ ʚʳʭʦʜ ʘʢʪʠʚʥʦʛʦ ʙʝʣʢʘ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʩ ʮʝʣʝʥʪʝʨʘʟʠʥʦʤ ʩʦʩʪʘʚʠʣ 

6,5%, ʘ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʙʳʣʘ ʚʩʝʛʦ ʦʢʦʣʦ 0,65% ʦʪ ʪʘʢʦʚʦʡ 

ʤʠʪʨʦʢʦʤʠʥʘ ʜʠʢʦʛʦ ʪʠʧʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʪʠʭ 

ʚʝʣʠʯʠʥ ʦʙʫʩʣʦʚʣʝʥʳ ʫʞʝ ʥʝ ʜʣʠʥʦʡ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ, ʘ ʠʟʤʝʥʝʥʠʷʤʠ, ʢ 

ʢʦʪʦʨʳʤ ʧʨʠʚʝʣʘ ʟʘʤʝʥʘ II  EF-hand ʚ ʤʠʪʨʦʢʦʤʠʥʝ, ʜʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʢʣʶʯʝʚʳʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ ʥʝ ʙʳʣʠ ʟʘʪʨʦʥʫʪʳ.   
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 ʂʦʨʨʝʢʮʠʷ ʞʝ ʜʣʠʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ AVI-MCII -AVII -IV, 

ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʝʝ ʫʢʦʨʦʯʝʥʠʠ ʥʘ 3 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘ, ʧʨʠʚʝʣʘ ʢ 

ʫʚʝʣʠʯʝʥʠʶ: ʚʳʭʦʜʘ ʘʢʪʠʚʥʦʛʦ ʙʝʣʢʘ ʩ 4% ʜʦ 100%, ʘ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ï ʩ 

1,6% ʜʦ 53% ʦʪ ʪʘʢʦʚʦʡ ʘʢʚʦʨʠʥʘ ʜʠʢʦʛʦ ʪʠʧʘ. ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʫʚʝʣʠʯʠʣʘʩʴ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʙʝʣʢʘ ʧʨʠ 37ʉ̄. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʟʘʤʝʜʣʝʥʠʝ ʢʠʥʝʪʠʢʠ ʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʨʝʘʢʮʠʠ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ 

ʠʤʝʥʥʦ ʩ ʧʝʨʝʩʪʘʥʦʚʢʦʡ II  EF-hand. ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʝ ʜʝʣʘʝʪ AVI-MCII-

AVII -IV ʪʘʢʞʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʝʝ ʯʘʩʪʠ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʥʳʤ ʜʣʷ ʬʦʣʜʠʥʛʘ, ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ 

ʬʫʥʢʮʠʠ ʬʦʪʦʧʨʦʪʝʠʥʦʚ.  
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ʆʊʍʆɼʓ ʈʓɹʆʇɽʈɽʈɸɹʆʊʂʀ ï ʇɽʉʇɽʂʊʀɺʅʓʁ ʋɻʃɽʈɼʆʅʓʁ 

ʉʋɹʉʊʈɸʊ ɼʃʗ ɹʀʆʉʀʅʊɽɿɸ  

ʇʆʃʀ(3-ɻʀɼʈʆʂʉʀɹʋʊʀʈɸʊ-ʉʆ-4-ɻʀɼʈʆʂʉʀɹʋʊʀʈɸʊɸ) 

ʂ. ʖ. ʉʘʧʦʞʥʠʢʦʚʘ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʅ. ʆ. ɾʠʣʘ1,2 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 
 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʇʦʣʠʛʠʜʨʦʢʩʠʘʣʢʘʥʦʘʪʳ (ʇɻɸ) ï ʵʪʦ ʥʝʪʦʢʩʠʯʥʳʝ, ʙʠʦʩʦʚʤʝʩʪʠʤʳʝ, 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʝ ʪʝʨʤʦʧʣʘʩʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʨʝʩʫʨʩʦʚ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʷʚʣʷʶʪʩʷ ʦʧʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʤʠ, ʠʟʦʪʘʢʪʠʯʝʩʢʠʤʠ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʤʠ ʚ ʚʦʜʝ ʙʠʦʧʦʣʠʤʝʨʘʤʠ [1]. 

ɹʣʘʛʦʜʘʨʷ ʧʦʣʥʦʩʪʴʶ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ ʩʠʥʪʝʟʘ ʠ ʦʛʨʦʤʥʦʤʫ 

ʩʧʝʢʪʨʫ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ï ʦʪ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦ 

ʤʝʜʠʮʠʥʩʢʦʡ ʩʬʝʨʳ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ 

ʙʠʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʘʭ ʚ ʨʘʤʢʘʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʙʠʦʧʨʦʮʝʩʩʦʚ ʵʪʠ 

ʤʘʪʝʨʠʘʣʳ ʩʪʘʣʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʤ 

ʧʣʘʩʪʠʢʘʤ [2]. ʐʠʨʦʢʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʤʦʥʦʤʝʨʥʦʛʦ ʩʦʩʪʘʚʘ ʇɻɸ ʦʪʢʨʳʚʘʝʪ 

ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ, ʧʦʩʢʦʣʴʢʫ, ʫʧʨʘʚʣʷʷ ʩʦʩʪʘʚʦʤ ʩʦʧʦʣʠʤʝʨʦʚ ʠ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʦʥʦʤʝʨʦʚ ʚ ʥʠʭ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ 

ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [1-3].  

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʠ ʧʦʣʫʯʘʝʤʳʤ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʷʚʣʷʝʪʩʷ 

ʛʦʤʦʧʦʣʠʤʝʨ ʧʦʣʠ(3-ʛʠʜʨʦʢʩʠʙʫʪʠʨʘʪ) (ʇ(3ɻɹ)), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ (ʧʦʨʷʜʢʘ 70 %), ʭʨʫʧʢʦʩʪʴʶ ʠ ʤʘʣʳʤ ʨʘʟʨʳʚʦʤ 

ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʠ ʜʝʛʨʘʜʘʮʠʠ (ʤʝʥʝʝ 100 Áʉ), ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʝʛʦ 

ʧʝʨʝʨʘʙʦʪʢʫ ʚ ʠʟʜʝʣʠʷ [4]. ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʦʧʦʣʠʤʝʨʦʚ, ʚʢʣʶʯʘʶʱʠʭ 

ʪʘʢʠʝ ʤʦʥʦʤʝʨʳ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, 4-ʛʠʜʨʦʢʩʠʙʫʪʠʨʘʪ (ʇ(3ɻɹ-ʩʦ-4ɻɹ)), ʫʣʫʯʰʘʝʪ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʇɻɸ ʠ ʨʘʩʰʠʨʷʝʪ ʩʬʝʨʳ ʠʭ ʧʨʠʤʝʥʝʥʠʷ [4-5]. 

ʉʜʝʨʞʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʥʘ ʧʫʪʠ ʫʩʧʝʰʥʦʡ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʇɻɸ 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʥʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʝʨʦʜʥʳʤ ʩʫʙʩʪʨʘʪʦʤ, ʟʘʪʨʘʪʳ ʥʘ ʢʦʪʦʨʳʡ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 

50 % ʦʪ ʦʙʱʠʭ ʨʘʩʭʦʜʦʚ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʘʭʘʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʛʣʶʢʦʟʳ 

[6]. ʂʣʶʯʝʚʦʡ ʤʦʤʝʥʪ ʜʣʷ ʥʘʨʘʱʠʚʘʥʠʷ ʦʙʲʝʤʦʚ ʚʳʧʫʩʢʘ ʠ ʨʘʩʰʠʨʝʥʠʷ ʩʬʝʨ 

ʧʨʠʤʝʥʝʥʠʷ ʇɻɸ ï ʵʪʦ ʩʥʠʞʝʥʠʝ ʠʭ ʩʪʦʠʤʦʩʪʠ ʟʘ ʩʯʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʜʦʩʪʫʧʥʦʛʦ 

ʫʛʣʝʨʦʜʥʦʛʦ ʩʳʨʴʷ [7]. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʨʦʜʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʇɻɸ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʝʰʝʚʳʝ ʞʠʨʦʚʳʝ ʦʪʭʦʜʳ 

ʨʳʙʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ. ʕʪʦ ʘʢʪʫʘʣʴʥʦ ʚ ʚʠʜʫ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʪʘʢʦʛʦ 

ʪʠʧʘ ʦʪʭʦʜʦʚ ʠ ʩʣʦʞʥʦʩʪʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʠʭ ʫʪʠʣʠʟʘʮʠʝʡ [8].  

 

É ʉʘʧʦʞʥʠʢʦʚʘ ʂ. ʖ., 2025 
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ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʮʝʥʢʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʚʣʝʯʝʥʠʷ 

ʞʠʨʦʚʳʭ ʦʪʭʦʜʦʚ ʨʳʙʦʧʝʨʝʨʘʙʦʪʢʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʜʣʷ ʩʠʥʪʝʟʘ 

ʩʦʧʦʣʠʤʝʨʦʚ ʇ(3ɻɹ-ʩʦ-4ɻɹ). 

ɺ ʢʫʣʴʪʫʨʝ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʰʪʘʤʤʘ Cupriavidus necator 

B-10646 ʠʩʩʣʝʜʦʚʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʠʥʪʝʟʘ ʩʦʧʦʣʠʤʝʨʥʳʭ ʇɻɸ, ʩʦʜʝʨʞʘʱʠʭ 

ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʤʦʥʦʤʝʨʳ 4-ʛʠʜʨʦʢʩʠʙʫʪʠʨʘʪʘ (4ɻɹ). ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʦʪʭʦʜ ʨʳʙʦʧʝʨʝʨʘʙʦʪʢʠ ï ʞʠʨ, ʧʦʣʫʯʝʥʥʳʡ 

ʠʟ ʛʦʣʦʚ ʢʦʧʯʝʥʦʡ ʙʘʣʪʠʡʩʢʦʡ ʢʠʣʴʢʠ (Sprattus sprattus), ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ 

ʤʦʥʦʤʝʨʦʚ 4ɻɹ ï ὑ-ʢʘʧʨʦʣʘʢʪʦʥ, ʚʥʦʩʠʤʳʡ ʜʨʦʙʥʦ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. 

ɺ ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʘʩʣʷʥʫʶ ʢʠʩʣʦʪʫ ʢʘʢ ʦʩʥʦʚʥʦʡ 

ʫʛʣʝʨʦʜʥʳʡ ʩʫʙʩʪʨʘʪ (ʈʠʩʫʥʦʢ). 

 

 

 

ʈʠʩʫʥʦʢ 1. ʂʦʥʮʝʥʪʨʘʮʠʷ ʙʠʦʤʘʩʩʳ ʙʘʢʪʝʨʠʡ C. necator B-10646, ʩʦʜʝʨʞʘʥʠʝ ʠ ʩʦʩʪʘʚ ʇɻɸ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʞʠʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʛʦʣʦʚ ʢʦʧʯʝʥʦʡ ʢʠʣʴʢʠ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʠ ʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ (ʩʪʨʝʣʢʘʤʠ ʫʢʘʟʘʥʦ ʚʨʝʤʷ 

ʧʦʜʘʯʠ ὑ-ʢʘʧʨʦʣʘʢʪʦʥʘ ʚ ʢʫʣʴʪʫʨʫ ʙʘʢʪʝʨʠʡ) 

ʉ ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʝʢʫʨʩʦʨʘ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʫʨʦʞʘʷ 

ʙʠʦʤʘʩʩʳ ʠ ʩʦʜʝʨʞʘʥʠʷ ʇɻɸ: ʩ 4,2 ʜʦ 2,1 ʛ/ʣ ʠ ʩ 62 ʜʦ 56 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʚ 

ʢʦʥʪʨʦʣʝ ʥʘ ʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʝ ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʙʳʣ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʤ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʞʠʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʛʦʣʦʚ ʢʦʧʯʝʥʦʡ ʢʠʣʴʢʠ, 

ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʝʢʫʨʩʦʨʘ ʚ ʩʨʝʜʝ ʜʦʣʷ 4ɻɹ ʚ ʩʦʩʪʘʚʝ 

ʩʦʧʦʣʠʤʝʨʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ 7,4 ʜʦ 11,6 ʤʦʣ.%. ʇʨʠ ʘʥʘʣʠʟʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʚʳʷʚʣʝʥʦ ʩʥʠʞʝʥʠʝ ʩʨʝʜʥʝʚʝʩʦʚʦʡ (ʄʚ) ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ (ʩ 593 ʜʦ 

330 ʢɼʘ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ (ʊʧʣʘʚ) (ʩ 167 ʜʦ 156 Áʉ) ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʧʦʣʠʤʝʨʦʚ.  ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣʘʩʴ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ: ʜʦ 48-57 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʇ(3ɻɹ), ʩʦʩʪʘʚʣʷʶʱʠʤ 74 %. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʠʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʛʦʣʦʚ ʢʦʧʯʝʥʦʡ ʢʠʣʴʢʠ (ʦʪʭʦʜ 

ʨʳʙʦʧʝʨʝʨʘʙʦʪʢʠ), ʜʣʷ ʩʠʥʪʝʟʘ ʩʦʧʦʣʠʤʝʨʦʚ ʇ(3ɻɹ-ʩʦ-4ɻɹ) ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʤʦʥʦʤʝʨʦʚ 4ɻɹ ʦʪ 7,4 ʜʦ 11,6 ʤʦʣ.%, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʩʥʠʞʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ (ʜʦ 48 %), ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʭ 

ʩʚʦʡʩʪʚʘ ʠ ʦʙʣʝʛʯʘʝʪ ʧʝʨʝʨʘʙʦʪʢʫ ʚ ʠʟʜʝʣʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ ʚ ʨʘʤʢʘʭ 

ʧʨʦʝʢʪʘ ˉ 23-64-10007.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Awasthi S. K. [et al.]. A comprehensive review on recent advancements in 

biodegradation and sustainable management of biopolymers // Environ. Pollut. 2022. 

Vol. 307. P. 119600. 

2. Chen G. Q. [et al.]. Polyhydroxyalkanoates (PHA) toward cost 

competitiveness and functionality // Adv. Ind. Eng. Polym. Res. 2020. Vol. 3. P. 1-7. 

3. Tan D. [et al.]. Grand Challenges for industrializing polyhydroxyalkanoates 

(PHAs) // Trends Biotechnol. 2021. Vol. 39. P. 953-963. 

4. Steinb¿chel A., Valentin H. E. Diversity of bacterial polyhydroxyalkanoic 
acids // FEMS Microbiol. Lett. 1995. Vol. 128. P. 219-228. 

5. Costa P. [et al.]. Copolymers as a turning point for large scale 

polyhydroxyalkanoates applications // Int. J. Biol. Macromol. 2024. Vol. 275. P. 

133575. 

6. Koller M. The handbook of polyhydroxyalkanoates, three volume set // CRC 

Press. 2020. P. 1194-1215. 

7. Sathya A. B. [et al.]. Production of polyhydroxyalkanoates from renewable 

sources using bacteria // J. Polym. Environ. 2018. Vol. 26. P. 3995-4012. 

8. Alfio V. G. [et al.]. From fish waste to value: an overview of the sustainable 

recovery of omega-3 for food supplements // Molecules. 2021. Vol. 26. P. 1002. 

  



˸͔͙͊ͭͪ͊͡· ··I ˸ ͔͚͗͒ͯͤ͊ͪͦ͒ͤͦ ͤ͊ͯ;͚ͤͦ ͦͤ͟ͺ͔͔ͪͤͼ͙͙ 

70 
 

 

ʋɼʂ 579.6 

ɺʓɼɽʃɽʅʀɽ ʅʆɺʓʍ ʐʊɸʄʄʆɺ ɹɸʂʊɽʈʀʁ, ʉʀʅʊɽɿʀʈʋʖʑʀʍ 

ʕʂɿʆʇʆʃʀʉɸʍɸʈʀɼ ʂʉɸʅʊɸʅ 

ɽ. ʇ. ʉʦʩʥʦʚʘ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʉ. ɺ. ʇʨʫʜʥʠʢʦʚʘ1  

ɼʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʕʢʟʦʧʦʣʠʩʘʭʘʨʠʜʳ (ʕʇʉ), ʩʠʥʪʝʟʠʨʫʝʤʳʝ ʙʘʢʪʝʨʠʷʤʠ, ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤʠ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʧʠʱʝʚʦʡ, ʪʝʢʩʪʠʣʴʥʦʡ, 

ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʤʝʜʠʮʠʥʳ, ʢʦʩʤʝʪʦʣʦʛʠʠ ʠ ʜʨ. [1]. 

ʂʩʘʥʪʘʥ, ʠʣʠ ʢʩʘʥʪʘʥʦʚʘʷ ʢʘʤʝʜʴ, ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʥʥʠʭ ʠʟʚʝʩʪʥʳʭ 

ʕʇʉ, ʦʪʢʨʳʪʳʭ ʝʱʝ ʚ 1950-ʭ ʛʦʜʘʭ [2]. ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʚʦʜʝ ʢʩʘʥʪʘʥ ʦʙʨʘʟʫʝʪ 

ʚʳʩʦʢʦʚʷʟʢʠʝ ʨʘʩʪʚʦʨʳ ʠ ʛʠʜʨʦʬʠʣʴʥʳʝ ʢʦʣʣʦʠʜʳ ʧʨʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

(0,06-0,2 %). ʈʘʩʪʚʦʨʳ ʢʩʘʥʪʘʥʘ ʥʝʪʦʢʩʠʯʥʳ, ʫʩʪʦʡʯʠʚʳ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʨʅ, ʩʦʣʝʥʦʩʪʠ; ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʟʘʛʫʩʪʠʪʝʣʝʡ, 

ʵʤʫʣʴʛʘʪʦʨʦʚ, ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʦʚ [3]. ɹʘʢʪʝʨʠʠ, 

ʧʨʦʜʫʮʠʨʫʶʱʠʝ ʢʩʘʥʪʘʥ ï ɻ ʪʦ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʘʣʦʯʢʠ ʠʟ ʨʦʜʘ Xanthomonas, 

ʢʦʪʦʨʳʝ ʧʦʚʩʝʤʝʩʪʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʙʦʣʝʟʥʠ ʨʘʩʪʝʥʠʡ, 

ʥʘʧʨʠʤʝʨ, ʢʘʧʫʩʪʳ, ʨʠʩʘ, ʟʝʤʣʷʥʠʢʠ ʠ ʪ.ʜ. ʇʦʤʠʤʦ ʢʩʘʥʪʘʥʘ ʙʘʢʪʝʨʠʠ ʪʘʢʞʝ 

ʧʨʦʜʫʮʠʨʫʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʠʛʤʝʥʪʳ ï ʢʩʘʥʪʦʤʦʥʘʜʠʥʳ, ʢʦʪʦʨʳʝ ʧʨʠʜʘʶʪ 

ʢʦʣʦʥʠʷʤ ʞʝʣʪʳʡ ʮʚʝʪ [1]. ʉʧʨʦʩ ʥʘ ʢʩʘʥʪʘʥ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ, ʧʦʵʪʦʤʫ ʧʦʠʩʢ 

ʥʦʚʳʭ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ, ʩʧʦʩʦʙʥʳʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʫʛʣʝʚʦʜʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʚʳʜʝʣʝʥʠʝ ʥʦʚʳʭ ʰʪʘʤʤʦʚ ʙʘʢʪʝʨʠʡ ʨʦʜʘ 

Xanthomonas ʠ ʦʮʝʥʢʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʩʘʥʪʘʥʘ ʥʘ ʩʨʝʜʝ ʩ 

ʨʘʟʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʫʛʣʝʨʦʜʘ ï ʛʣʶʢʦʟʝ ʠ ʩʘʭʘʨʦʟʝ. 

ɹʘʢʪʝʨʠʠ ʚʳʜʝʣʷʣʠ ʠʟ ʣʠʩʪʴʝʚ ʢʘʧʫʩʪʳ ʙʝʣʦʢʦʯʘʥʥʦʡ (Brassica oleracea) ʩ 

ʧʨʠʟʥʘʢʘʤʠ ʟʘʙʦʣʝʚʘʥʠʷ. ʌʨʘʛʤʝʥʪʳ ʣʠʩʪʴʝʚ ʨʘʩʪʠʨʘʣʠ ʘʩʝʧʪʠʯʝʩʢʠ ʠ 

ʧʦʣʫʯʝʥʥʫʶ ʤʘʩʩʫ ʚʥʦʩʠʣʠ ʚ ʧʨʦʙʠʨʢʠ ʩʦ ʩʪʝʨʠʣʴʥʦʡ ʚʦʜʦʡ. ʇʦʣʫʯʝʥʥʫʶ 

ʩʫʩʧʝʥʟʠʶ ʚʳʩʝʚʘʣʠ ʥʘ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ (ʛ/ʣ): ʩʘʭʘʨʦʟʘ ï 20, ʜʨʦʞʞʝʚʦʡ 

ʵʢʩʪʨʘʢʪ ï 5, ʧʝʧʪʦʥ ï 10, ʘʛʘʨ ï 20. ɺ ʪʝʯʝʥʠʝ 5-7 ʩʫʪʦʢ ʯʘʰʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 

30 Áʉ ʠ ʟʘʪʝʤ ʚʳʜʝʣʷʣʠ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʢʦʣʦʥʠʠ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ï 

ʩʣʠʟʠʩʪʳʝ ʚʳʧʫʢʣʳʝ ʢʦʣʦʥʠʠ, ʦʢʨʘʰʝʥʥʳʝ ʚ ʞʝʣʪʳʡ ʮʚʝʪ (ʨʠʩ. 1). ʇʦʣʫʯʝʥʥʳʝ 

ʠʟʦʣʷʪʳ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʢʦʣʙʘʭ ʚ 100 ʤʣ ʞʠʜʢʦʡ ʩʨʝʜʳ, ʩʦʜʝʨʞʘʱʝʡ ʩʘʭʘʨʦʟʫ 

ʠʣʠ ʛʣʶʢʦʟʫ, ʥʘ ʰʝʡʢʝʨʝ ʧʨʠ 30 Áʉ ʠ 200 ʦʙ./ʤʠʥ. ɺ ʪʝʯʝʥʠʝ 3-ʭ ʩʫʪʦʢ. ʂʩʘʥʪʘʥ 

ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ 

ʚʝʩʘ. 

 

É ʉʦʩʥʦʚʘ ɽ. ʇ., 2025 
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 ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʚʳʜʝʣʝʥʦ 9 ʠʟʦʣʷʪʦʚ ʙʘʢʪʝʨʠʡ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ 

ʵʢʟʦʧʦʣʠʩʘʭʘʨʠʜ ʢʩʘʥʪʘʥ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʥʘ 

ʧʨʦʜʫʢʮʠʶ ʢʩʘʥʪʘʥʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʕʇʉ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʥʘ ʩʨʝʜʝ ʩ 

ʛʣʶʢʦʟʦʡ ʠ ʩʘʭʘʨʦʟʦʡ ʦʪʣʠʯʘʣʦʩʴ ʫ ʨʘʟʥʳʭ ʠʟʦʣʷʪʦʚ (ʨʠʩ. 2). ʊʘʢ, ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʩʘʥʪʘʥʘ ʥʘ ʩʨʝʜʝ ʩ ʛʣʶʢʦʟʦʡ ʩʠʥʪʝʟʠʨʦʚʘʣ ʠʟʦʣʷʪ Xanthomonas sp. 

X-3 (12,3°0,7 ʤʛ/ʤʣ), ʘ ʥʘ ʩʨʝʜʝ ʩ ʩʘʭʘʨʦʟʦʡ ï ʠʟʦʣʷʪʳ Xanthomonas sp. X-8 ʠ X-

9 (14,5°1,5 ʠ 13,9°0,6 ʤʛ/ʤʣ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

  

ʈʠʩʫʥʦʢ 1. ʂʦʣʦʥʠʠ ʙʘʢʪʝʨʠʡ 

Xanthomonas sp. ʥʘ ʘʛʘʨʠʟʦʚʘʥʥʦʡ 

ʩʨʝʜʝ 

ʈʠʩʫʥʦʢ 2. ʉʠʥʪʝʟ ʢʩʘʥʪʘʥʘ ʙʘʢʪʝʨʠʷʤʠ Xanthomonas 

sp. ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʩʨʝʜʝ ʩ ʨʘʟʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʫʛʣʝʨʦʜʘ 

ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʠʟʦʣʷʪʦʚ Xanthomonas sp. X-1, X-2, X-3 ʠ X-

4 ʢʦʣʠʯʝʩʪʚʦ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʢʩʘʥʪʘʥʘ ʥʝ ʟʘʚʠʩʝʣʦ ʦʪ ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʠʟʦʣʷʪʦʚ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ 

ʩʠʥʪʝʟʘ ʙʳʣʘ ʩʘʭʘʨʦʟʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʠʟʦʣʷʪʳ ʦʙʣʘʜʘʶʪ ʨʘʟʥʦʡ ʙʠʦʩʠʥʪʝʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʠʥʪʝʟʘ ʢʩʘʥʪʘʥʘ ʥʘ ʩʨʝʜʘʭ ʩ 

ʨʘʟʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʫʛʣʝʨʦʜʘ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɹʀʆɼɽɻʈɸɼɸʎʀʀ ʉʆʈɹɽʅʊʆɺ ʃʀʅʀʀ 

ʋʅʀʉʆʈɹʀ ʆɹʑɽʁ ʏʀʉʃɽʅʅʆʉʊʀ ʇʆʏɺɽʅʅʓʍ ɹɸʂʊɽʈʀʁ ɺ 

ʋʉʃʆɺʀʗʍ ʅɸʊʋʈʅʆɻʆ ʕʂʉʇɽʈʀʄɽʅʊɸ 

ʂ. ɸ. ʊʫʨʢʠʥ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʉ. ɺ. ʇʨʫʜʥʠʢʦʚʘ 

ɼʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʮʝʩʩʘʤʠ ʙʠʦʨʝʤʝʜʠʘʮʠʠ 

ʥʝʬʪʝʟʘʛʨʷʟʥʸʥʥʳʭ ʧʦʯʚ, ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ɼʦʙʳʯʘ ʠ 

ʧʝʨʝʨʘʙʦʪʢʘ ʥʝʬʪʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʯʠʥʦʡ ʵʪʦʤʫ ʩʪʘʥʦʚʷʪʩʷ ʪʝʭʥʦʛʝʥʥʳʝ 

ʘʚʘʨʠʠ (ʫʪʝʯʢʠ, ʨʘʟʣʠʚʳ), ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʘʭ [1]. 

ʉʦʛʣʘʩʥʦ ʝʞʝʛʦʜʥʠʢʫ çɿʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʪʦʢʩʠʢʘʥʪʘʤʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ 2022 ʛʦʜʫè [1], ʤʘʩʩʦʚʳʝ ʜʦʣʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʧʦʯʚʘʭ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ ʥʘʭʦʜʷʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 100 ʜʦ 500 ʤʛ/ʢʛ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʦʚʥʷʤ ʬʦʥʘ ʠʣʠ ʧʦʚʳʰʝʥʥʦʛʦ 

ʬʦʥʘ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʞʜʦʤ ʨʝʛʠʦʥʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʪʝʨʨʠʪʦʨʠʠ ʩ ʫʤʝʨʝʥʥʳʤ 

ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ [2-3], ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʨʝʤʝʜʠʘʮʠʠ 

ʟʘʛʨʷʟʥʸʥʥʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʧʦʯʚ ʷʚʣʷʶʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʩʦʨʙʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʦʨʙʝʥʪʘʤʠ 

ʥʘ ʦʩʥʦʚʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʜʝʛʨʘʜʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʝʬʪʠ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʦʯʚ ʠʛʨʘʶʪ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ [4], ʧʦʵʪʦʤʫ ʧʨʠ ʦʮʝʥʢʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʦʨʙʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʩʪʘʚʦʤ ʚʘʞʥʦ ʢʦʤʧʣʝʢʩʥʦ ʠʟʫʯʠʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʤʠʢʨʦʙʥʳʝ ʵʢʦʩʠʩʪʝʤʳ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʨʘʙʦʪʝ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ï ʦʮʝʥʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʦʙʱʝʡ 

ʯʠʩʣʝʥʥʦʩʪʠ ʙʘʢʪʝʨʠʡ ʠ ʩʢʦʨʦʩʪʠ ʜʝʛʨʘʜʘʮʠʠ ʩʦʨʙʝʥʪʦʚ ʜʚʫʭ ʨʘʟʥʳʭ ʚʠʜʦʚ ï 

çʋʥʠʩʦʨʙè ʠ çʋʥʠʩʦʨʙ-ɹʠʦè ʚ ʥʝʬʪʝʟʘʛʨʷʟʥʸʥʥʳʭ ʧʦʯʚʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʦʯʚʘ, ʩʚʦʙʦʜʥʘʷ ʦʪ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ.  

ɼʣʷ ʦʮʝʥʢʠ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ 

ʚʳʩʝʚʘ ʨʘʟʚʝʜʝʥʠʡ ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʤʷʩʦʧʝʧʪʦʥʥʳʡ ʘʛʘʨ (Nutrient Agar, 

HiMedia). ʆʮʝʥʢʘ ʧʨʦʮʝʩʩʘ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʩʦʨʙʝʥʪʘ (ʚ %) ʧʨʦʚʦʜʠʣʘʩʴ ʧʫʪʸʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʙʳʣʠ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʚ ʜʠʥʘʤʠʢʝ. ʆʪʙʦʨ ʧʨʦʙ ʧʨʦʠʟʚʦʜʠʣʩʷ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ 22 ʥʝʜʝʣʴ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ 

ʨʘʟʚʠʪʠʷ çʇʨʠʦʨʠʪʝʪ-2030è. 

 

É ʊʫʨʢʠʥ ʂ. ɸ., 2025 
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ʏʝʨʝʟ 4 ʥʝʜʝʣʠ ʵʢʩʧʦʟʠʮʠʠ ʩʦʨʙʝʥʪʦʚ ʚ ʧʦʯʚʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ 

ʙʘʢʪʝʨʠʡ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʥʝʬʪʝʟʘʛʨʷʟʥʸʥʥʦʡ ʧʦʯʚʝ ʩ ʚʥʝʩʸʥʥʳʤ ʩʦʨʙʝʥʪʦʤ 

çʋʥʠʩʦʨʙè, ʩʦʩʪʘʚʠʚ ʙʦʣʝʝ 110 ʤʣʥ. ʂʆɽ/ʛ ʧʦʯʚʳ (ʨʠʩ. 1). 

 

ʈʠʩʫʥʦʢ 3. ʆʙʱʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʙʘʢʪʝʨʠʡ (10-6 ʂʆɽ) ʚ ʜʠʥʘʤʠʢʝ 

 

ʈʠʩʫʥʦʢ 4. ʋʙʳʣʴ ʤʘʩʩʳ ʩʦʨʙʝʥʪʦʚ (%) ʚ ʜʠʥʘʤʠʢʝ 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʦʙʨʘʟʮʝ 

ʥʝʬʪʝʟʘʛʨʷʟʥʸʥʥʦʡ ʧʦʯʚʳ ʩ ʚʥʝʩʝʥʠʝʤ ʩʦʨʙʝʥʪʘ çʋʥʠʩʦʨʙ-ɹʠʦè - ʤʝʥʝʝ 40 ʤʣʥ. 

ʂʆɽ/ʛ ʧʦʯʚʳ. ɺ ʦʙʨʘʟʮʘʭ ʧʦʯʚʳ ʙʝʟ ʚʥʝʩʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʚʘʨʠʘʥʪʘʭ ʩ 

ʦʙʦʠʤʠ ʩʦʨʙʝʥʪʘʤʠ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʯʠʩʣʝʥʥʦʩʪʠ ʥʝ ʚʳʷʚʣʝʥʦ. ʂ 7-ʦʡ 

ʥʝʜʝʣʝ ʟʘʤʝʪʥʦ ʩʥʠʞʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʙʘʢʪʝʨʠʡ ʚ ʦʙʨʘʟʮʝ ʩ ʚʥʝʩʝʥʠʝʤ ʥʝʬʪʠ ʠ 

ʩʦʨʙʝʥʪʘ çʋʥʠʩʦʨʙè. ʊʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚʥʝʩʝʥʠʝ 

ʥʝʬʪʠ ʦʢʘʟʳʚʘʝʪ ʪʦʢʩʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʯʚʝʥʥʫʶ ʤʠʢʨʦʬʣʦʨʫ. 

ʇʦʚʳʰʝʥʠʝ ʯʠʩʣʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʥʝʬʪʝʟʘʛʨʷʟʥʸʥʥʦʤ ʦʙʨʘʟʮʝ ʩ çʋʥʠʩʦʨʙ-

ɹʠʦè ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ, ʚʝʨʦʷʪʥʦ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʤʠʢʨʦʙʥʳʡ 

ʧʨʝʧʘʨʘʪ ʚ ʩʦʩʪʘʚʝ ʩʦʨʙʝʥʪʘ çʋʥʠʩʦʨʙ-ɹʠʦè ʦʢʘʟʳʚʘʝʪ ʧʨʦʪʝʢʪʦʨʥʦʝ ʜʝʡʩʪʚʠʝ ʠ 

ʦʢʘʟʳʚʘʝʪ ʩʪʠʤʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʧʦʧʘʜʘʥʠʷ ʟʘʛʨʷʟʥʠʪʝʣʷ, 

ʢʦʪʦʨʳʡ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʪʘʢ ʢʘʢ ʯʠʩʣʝʥʥʦʩʪʴ 

ʙʘʢʪʝʨʠʡ ʦʩʪʘʚʘʣʘʩʴ ʚʳʩʦʢʦʡ [2]. 

ɺʳʩʦʢʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʦʙʨʘʟʮʘʭ ʙʝʟ ʚʥʝʩʝʥʠʷ ʥʝʬʪʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʩʦʨʙʝʥʪʦʚ ʥʝ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʛʦ 

ʵʬʬʝʢʪʘ ʥʘ ʧʦʯʚʝʥʥʫʶ ʤʠʢʨʦʬʣʦʨʫ. ʈʘʟʣʠʯʠʷ ʚ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʩ ʨʘʟʥʳʤʠ 
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ʩʦʨʙʝʥʪʘʤʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʣʠʯʠʝʤ ʚ ʩʦʩʪʘʚʝ ʩʦʨʙʝʥʪʘ çʋʥʠʩʦʨʙ-ɹʠʦè 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʚ ʢʦʥʢʫʨʝʥʪʥʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʩ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʦʡ.  

ʂ ʢʦʥʮʫ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʯʠʩʣʝʥʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʚ ʥʝʬʪʝʟʘʛʨʷʟʥʸʥʥʳʭ ʦʙʨʘʟʮʘʭ ʟʘʤʝʪʥʦ ʚʳʰʝ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʚʢʣʶʯʝʥʠʠ ʚ ʧʨʦʮʝʩʩ ʨʝʤʝʜʠʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ-ʥʝʬʪʝʜʝʩʪʨʫʢʪʦʨʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʛʣʝʚʦʜʦʨʦʜʳ ʥʝʬʪʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʨʦʜʘ 

[4].  

ʀʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʩʦʨʙʝʥʪʦʚ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʟʘʢʦʥʦʤʝʨʥʫʶ 

ʜʠʥʘʤʠʢʫ (ʨʠʩ. 2). ʅʘʯʠʥʘʷ ʩ 7-ʦʡ ʥʝʜʝʣʠ, ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ 

ʩʦʨʙʝʥʪʦʚ, ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ ʚ ʚʘʨʠʘʥʪʘʭ ʙʝʟ ʚʥʝʩʝʥʠʷ ʥʝʬʪʠ. ʅʘ 10-ʦʡ ʥʝʜʝʣʝ 

ʧʦʪʝʨʠ ʤʘʩʩʳ ʜʦʩʪʠʛʘʣʠ ʜʦ 30% ʦʪ ʠʩʭʦʜʥʦʡ, ʘ ʢ 16-ʦʡ ʥʝʜʝʣʝ ʧʨʝʚʳʰʘʣʠ 50% ʚ 

ʦʙʨʘʟʮʘʭ ʩʚʦʙʦʜʥʳʭ ʦʪ ʥʝʬʪʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʢʪʠʚʥʦʤ ʧʨʦʪʝʢʘʥʠʠ 

ʧʨʦʮʝʩʩʦʚ ʙʠʦʜʝʛʨʘʜʘʮʠʠ. ʂ 22-ʦʡ ʥʝʜʝʣʝ ʤʘʩʩʘ ʩʦʨʙʝʥʪʦʚ ʚ ʯʠʩʪʳʭ ʦʙʨʘʟʮʘʭ 

ʩʥʠʟʠʣʘʩʴ ʜʦ ʟʥʘʯʝʥʠʡ ʤʝʥʝʝ 5% ʦʪ ʠʩʭʦʜʥʦʡ, ʘ ʚ ʥʝʬʪʝʟʘʛʨʷʟʥʸʥʥʳʭ ʥʝ 

ʧʨʝʚʳʰʘʣʘ 30%.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʯʠʩʣʝʥʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʩʢʦʨʝʥʠʝʤ ʜʝʛʨʘʜʘʮʠʠ 

ʩʦʨʙʝʥʪʘ, ʘ ʩʘʤ ʩʦʨʙʝʥʪ ʥʝ ʦʢʘʟʳʚʘʝʪ ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʱʫʶ 

ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʯʚʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ.  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʨʙʝʥʪʦʚ 

ʣʠʥʠʠ çʋʥʠʩʦʨʙè ʚ ʩʪʠʤʫʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʤʠʢʨʦʙʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʚ ʯʠʩʪʳʭ 

ʠ ʥʝʬʪʝʟʘʛʨʷʟʥʸʥʥʳʭ ʧʦʯʚʘʭ. ɺʥʝʩʝʥʠʝ ʩʦʨʙʝʥʪʘ ʚ ʥʝʬʪʝʟʘʛʨʷʟʥʸʥʥʳʝ ʧʦʯʚʳ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʘʢʪʠʚʥʦʛʦ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʫʩʢʦʨʷʷ 

ʧʨʦʮʝʩʩʳ ʜʝʩʪʨʫʢʮʠʠ ʢʘʢ ʥʝʬʪʠ, ʪʘʢ ʠ ʩʘʤʦʛʦ ʩʦʨʙʝʥʪʘ.  
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ʆʉʆɹɽʅʅʆʉʊʀ ʕʂʉʇʈɽʉʉʀʀ ʉD38 ʀ CD157 ɺ ʂʃɽʊʂɸʍ 

ɻʆʃʆɺʅʆɻʆ ʄʆɿɻɸ ʇʈʀ ʉʊʈɽʉʉɽ ʈɸʅʅɽɻʆ ʇɽʈʀʆɼɸ ɾʀɿʅʀ 

ɽ.ʉ. ɺʝʜʝʰʢʠʥʘ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʅ. ɸ. ʄʘʣʠʥʦʚʩʢʘʷ2 

ɼʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɼʝʧʨʝʩʩʠʷ, ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʩʠʭʠʯʝʩʢʠʭ ʨʘʩʩʪʨʦʡʩʪʚ, 

ʦʙʳʯʥʦ ʩʦʩʪʦʠʪ ʠʟ ʩʠʤʧʪʦʤʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʘʥʛʝʜʦʥʠʶ, ʧʝʩʩʠʤʠʟʤ, ʧʦʪʝʨʶ 

ʘʧʧʝʪʠʪʘ ʠ ʙʝʩʩʦʥʥʠʮʫ. ʕʪʠ ʩʠʤʧʪʦʤʳ ʩʝʨʴʝʟʥʦ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʵʪʠʭ 

ʣʶʜʝʡ ʠ ʩʥʠʞʘʶʪ ʝʛʦ. ɼʝʧʨʝʩʩʠʷ ï ʧʦʚʪʦʨʷʶʱʝʝʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʞʠʟʥʠ 

ʩʦʩʪʦʷʥʠʝ ʩʦ ʩʣʦʞʥʳʤ ʧʘʪʦʛʝʥʝʟʦʤ [1]. ʉʦʚʨʝʤʝʥʥʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʣʝʯʝʥʠʷ ʠʤʝʶʪ ʧʣʦʭʦʡ ʧʨʦʛʥʦʟ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. ʐʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ ʣʝʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʩʝʣʝʢʪʠʚʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʦʙʨʘʪʥʦʛʦ 

ʟʘʭʚʘʪʘ ʩʝʨʦʪʦʥʠʥʘ, ʪʨʠʮʠʢʣʠʯʝʩʢʠʝ ʘʥʪʠʜʝʧʨʝʩʩʘʥʪʳ, ʩʝʣʝʢʪʠʚʥʳʝ ʠʥʛʠʙʠʪʦʨʳ 

ʦʙʨʘʪʥʦʛʦ ʟʘʭʚʘʪʘ ʥʦʨʵʧʠʥʝʬʨʠʥʘ ʠ ʠʥʛʠʙʠʪʦʨʳ ʤʦʥʦʘʤʠʥʦʢʩʠʜʘʟʳ, ʥʝ 

ʠʜʝʘʣʴʥʳ, ʧʦʩʢʦʣʴʢʫ ʨʝʤʠʩʩʠʠ ʜʦʩʪʠʛʘʝʪ ʣʠʰʴ ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʘʮʠʝʥʪʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝ ʠʟʚʝʩʪʥʘ ʧʨʠʯʠʥʘ, ʧʦ ʢʦʪʦʨʦʡ ʥʝʢʦʪʦʨʳʝ ʣʶʜʠ ʨʝʘʛʠʨʫʶʪ ʥʘ 

ʧʨʝʧʘʨʘʪʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ï ʥʝʪ [2].  

ʅʝʡʨʦʛʝʥʝʟ ï ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʡ ʨʝʛʫʣʠʨʫʝʤʳʡ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ 

ʥʝʡʨʦʥʦʚ ʚ ʎʅʉ ʠʟ ʥʝʡʨʦʥʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ, ʚʢʣʶʯʘʶʱʠʡ 

ʧʨʦʣʠʬʝʨʘʮʠʶ ʵʥʜʦʛʝʥʥʳʭ ʢʣʝʪʦʢ, ʠʭ ʤʠʛʨʘʮʠʶ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʚ ʟʨʝʣʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʝʡʨʦʥʳ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʘʜʘʧʪʠʚʥʦʡ ʬʫʥʢʮʠʠ 

ʤʦʟʛʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʡʨʦʧʣʘʩʪʠʯʥʦʩʪʴ, ʚʳʨʘʞʘʶʱʫʶʩʷ ʚ ʩʪʨʫʢʪʫʨʥʦʡ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʆʜʥʘʢʦ ʥʝʡʨʦʛʝʥʝʟ ʥʝ 

ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʚ ʙʦʨʴʙʝ ʟʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʢʘʥʝʡ ʤʦʟʛʘ, ʚʘʞʥʘʷ ʨʦʣʴ ʪʘʢʞʝ ʧʨʠʥʘʜʣʝʞʠʪ ʘʥʛʠʦʛʝʥʝʟʫ [3]. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʨʝʮʝʧʪʦʨʦʚ ʠ ʬʝʨʤʝʥʪʦʚ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ ʚ ʧʝʨʚʳʡ ʤʝʩʷʮ 

ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ï CD38 ʠ ʝʛʦ ʦʨʪʦʣʦʛ CD157 [4]. ʋʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ 

CD38 ʥʘ ʢʣʝʪʢʘʭ ʥʝʡʨʦʥʘʣʴʥʦʡ ʠ ʛʣʠʘʣʴʥʦʡ ʧʨʠʨʦʜʳ ï ʤʘʨʢʝʨ ʧʦʚʨʝʞʜʝʥʠʷ 

ʤʦʟʛʘ ʠ ʜʠʟʨʝʛʫʣʷʮʠʠ ʥʝʡʨʦʥ-ʘʩʪʨʦʛʣʠʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʨʘʟʚʠʚʘʶʱʝʤʩʷ 

ʠ ʩʦʟʨʝʚʰʝʤ ʤʦʟʛʝ, ʚʘʞʥʳʡ ʫʯʘʩʪʥʠʢ ʨʝʛʫʣʷʮʠʠ ʩʦʮʠʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ [5]. 

ɼʝʬʠʮʠʪ CD157 ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʘʥʦʤʘʣʠʠ ʤʠʥʜʘʣʝʚʠʜʥʦʛʦ ʪʝʣʘ. ʌʫʥʢʮʠʠ 

ʤʠʥʜʘʣʠʥʳ ʩʚʷʟʘʥʳ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, 

ʜʚʠʛʘʪʝʣʴʥʳʤʠ, ʚʝʛʝʪʘʪʠʚʥʳʤʠ, ʵʤʦʮʠʦʥʘʣʴʥʳʤʠ ʨʝʘʢʮʠʷʤʠ, ʤʦʪʠʚʘʮʠʝʡ 

ʫʩʣʦʚʥʦ-ʨʝʬʣʝʢʪʦʨʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʝʧʨʝʩʩʠʚʥʳʤ 

ʧʦʚʝʜʝʥʠʝʤ ʧʨʠ ʥʦʢʘʫʪʝ CD157: ʵʪʦ ʚʳʟʳʚʘʝʪ ʦʩʣʘʙʣʝʥʠʝ ʚʳʩʚʦʙʦʞʜʝʥʠʷ 
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ʦʢʩʠʪʦʮʠʥʘ ʠʟ ʦʢʦʥʯʘʥʠʡ ʘʢʩʦʥʦʚ ʚ ʛʠʧʦʬʠʟʝ ʙʝʟ ʟʘʤʝʪʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʪʦʮʠʥʘ ʚ ʷʜʨʘʭ ʛʠʧʦʪʘʣʘʤʫʩʘ [6]. 

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʳʷʩʥʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʵʢʩʧʨʝʩʩʠʠ ʤʘʨʢʝʨʦʚ 

ʉD38 ʠ CD157 ʚ ʢʣʝʪʢʘʭ ʨʝʛʠʦʥʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʚʷʟʘʥʥʳʭ ʩ 

ʨʘʟʚʠʪʠʝʤ ʜʝʧʨʝʩʩʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʧʨʠ ʩʪʨʝʩʩʝ ʨʘʥʥʝʛʦ ʧʝʨʠʦʜʘ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʛʦʪʦʚʳʝ ʦʙʨʘʟʮʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʤʦʜʝʣʠ ʩʪʨʝʩʩʘ ʨʘʥʥʝʛʦ ʧʝʨʠʦʜʘ ʞʠʟʥʠ (ʉʈʇɾ) ʥʘ ʢʨʳʩʘʭ 

ʣʠʥʠʠ Wistar (n=13 ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ), ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʚ ʬʦʨʤʘʣʠʥʝ  

ʠ ʧʝʨʝʥʝʩʝʥʥʳʤʠ ʜʘʣʝʝ ʥʘ ʭʨʘʥʝʥʠʝ ʚ 30% ʨʘʩʪʚʦʨ ʩʘʭʘʨʦʟʳ. ʈʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʞʠʚʦʪʥʳʭ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ 

ʧʨʠʥʮʠʧʦʚ ʛʫʤʘʥʥʦʩʪʠ, ʠʟʣʦʞʝʥʥʳʭ ʚ ɼʠʨʝʢʪʠʚʝ ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ 

(2010/63/ɽʉ). ʉʨʝʟʳ ʙʳʣʠ ʦʢʨʘʰʝʥʳ ʧʫʪʝʤ ʥʝʧʨʷʤʦʡ ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʠ ʧʦ 

ʤʝʪʦʜʠʢʝ ʦʢʨʘʩʢʠ çʩʚʦʙʦʜʥʦ-ʧʣʘʚʘʶʱʠʭ ʩʨʝʟʦʚè ʠ ʧʨʦʩʤʘʪʨʠʚʘʣʠʩʴ ʥʘ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ZOE ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝʤ 

ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʬʦʪʦʛʨʘʬʠʠ c ʧʦʤʦʱʴʶ ʇʆ ImageJ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʫ  ʁʦʙʨʘʙʦʪʢʫ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʩʪʘʪʠʩʪʠʢʠ (ʢʨʠʪʝʨʠʡ ʄʘʥʥʘ-ʋʠʪʥʠ) ʩ ʧʦʤʦʱʴʶ ʇʆ StatPlus 2006. 

ʇʦʜʩʯʠʪʳʚʘʣʠ ʧʨʦʮʝʥʪ ʢʣʝʪʦʢ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʠʩʢʦʤʳʡ ʘʥʪʠʛʝʥ, ʦʪ ʦʙʱʝʛʦ 

ʯʠʩʣʘ ʢʣʝʪʦʢ (ʦʢʨʘʩʢʘ ʷʜʝʨ ʢʣʝʪʦʢ DAPI), ʚ ʵʥʪʦʨʠʥʘʣʴʥʦʡ ʢʦʨʝ, ʟʫʙʯʘʪʦʡ 

ʠʟʚʠʣʠʥʝ ʛʠʧʧʦʢʘʤʧʘ ʠ ʙʘʟʦʣʘʪʝʨʘʣʴʥʦʡ ʤʠʥʜʘʣʠʥʝ. 

ʇʦ ʧʨʦʮʝʥʪʫ CD38-ʠʤʤʫʥʦʧʦʟʠʪʠʚʥʳʭ ʢʣʝʪʦʢ ʚ ʠʟʫʯʝʥʥʳʭ ʨʝʛʠʦʥʘʭ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ, ʦʜʥʘʢʦ ʦʙʥʘʨʫʞʝʥʳ 

ʪʝʥʜʝʥʮʠʠ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʮʝʥʪʘ CD38-ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʢʣʝʪʦʢ  

ʚ ʙʘʟʦʣʘʪʝʨʘʣʴʥʦʡ ʤʠʥʜʘʣʠʥʝ ʫ ʞʠʚʦʪʥʳʭ ʩʦ ʩʪʨʝʩʩʦʤ ʨʘʥʥʝʛʦ ʧʝʨʠʦʜʘ ʞʠʟʥʠ 

(38,6Ñ2,8%), ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ (34,2Ñ2,7%). ʇʨʦʮʝʥʪ CD157-

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʢʣʝʪʦʢ ʙʳʣ ʟʥʘʯʠʤʦ (ʨ=0,025) ʩʥʠʞʝʥ ʚ ʵʥʪʦʨʠʥʘʣʴʥʦʡ ʢʦʨʝ 

ʞʠʚʦʪʥʳʭ ʩ ʤʦʜʝʣʴʶ ʩʪʨʝʩʩʘ ʨʘʥʥʝʛʦ ʧʝʨʠʦʜʘ ʞʠʟʥʠ (38,8Ñ2,9%) ʚ ʩʨʘʚʥʝʥʠʠ  

ʩ ʢʦʥʪʨʦʣʝʤ (50,1Ñ3,9%) ʠ ʦʙʥʘʨʫʞʝʥʳ ʪʝʥʜʝʥʮʠʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʮʝʥʪʘ 

CD157-ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʢʣʝʪʦʢ ʚ ʙʘʟʦʣʘʪʝʨʘʣʴʥʦʡ ʤʠʥʜʘʣʠʥʝ ʧʨʠ ʉʈʇɾ 

(39,3Ñ2,7%), ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ (38,2Ñ5,4%).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʠʣʠ ʟʥʘʯʠʤʦʝ ʩʥʠʞʝʥʠʝ 

ʧʨʦʮʝʥʪʘ CD157-ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʢʣʝʪʦʢ ʫ ʢʨʳʩ ʩ ʉʈʇɾ ʚ ʵʥʪʦʨʠʥʘʣʴʥʦʡ ʢʦʨʝ 

ʠ ʪʝʥʜʝʥʮʠʠ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʮʝʥʪʘ CD38- ʠ CD157-ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʢʣʝʪʦʢ 

ʙʘʟʦʣʘʪʝʨʘʣʴʥʦʡ ʤʠʥʜʘʣʠʥʳ (ʯʪʦ ʢʦʩʚʝʥʥʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʯʘʣʝ 

ʨʘʟʚʠʪʠʷ ʥʝʡʨʦʚʦʩʧʘʣʝʥʠʷ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ,  

ʪʘʢ ʢʘʢ ʵʪʠ ʤʦʣʝʢʫʣʳ ʰʠʨʦʢʦ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʥʘ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʤʠʢʨʦʛʣʠʠ  

ʠ ʘʩʪʨʦʮʠʪʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʚʠʪʠʝʤ ʥʝʡʨʦʚʦʩʧʘʣʝʥʠʷ), ʥʦ ʥʝ ʚ ʛʠʧʧʦʢʘʤʧʝ,  

ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. ɺ ʛʠʧʧʦʢʘʤʧʝ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʥʘʨʫʰʝʥʠʝ ʩʠʥʘʧʪʦʛʝʥʝʟʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʟʤʝʥʝʥʠʡ ʵʢʩʧʨʝʩʩʠʠ ʅɸɼ-

ʛʣʠʢʦʛʠʜʨʦʣʘʟ CD38 ʠ CD157. ʄʦʟʛ ʩʦ ʉʈʇɾ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʥʠʞʝʥʠʝʤ 

ʥʝʡʨʦʛʝʥʝʟʘ ʚ ʛʠʧʧʦʢʘʤʧʝ [7,8], ʦʜʥʘʢʦ ʚ ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʜʝʧʨʝʩʩʠʠ, ʧʦ 

ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ, ʠʤʝʥʥʦ ʛʠʧʧʦʢʘʤʧʘʣʴʥʳʡ CD38 ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ 

ʜʝʧʨʝʩʩʠʚʥʳʤ ʧʦʚʝʜʝʥʠʝʤ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʝʛʦ ʧʦʪʝʥʮʠʘʣ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʤʠʰʝʥʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʥʪʠʜʝʧʨʝʩʩʘʥʪʦʚ [9]. ʉʦʛʣʘʩʥʦ ʥʘʰʠʤ 
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ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʤʦʣʝʢʫʣʳ-ʤʘʨʢʝʨʘ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ CD38, ʥʦ ʠ ʦʨʪʦʣʦʛ ʜʘʥʥʦʡ ʤʦʣʝʢʫʣʳ CD157. 
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ʀʄʄʆɹʀʃʀɿɸʎʀʗ ɸʃʂʆɻʆʃʔɼɽɻʀɼʈʆɻɽʅɸɿʓ  

ɺ ɹʀʆʇʆʃʀʄɽʈʅʓɽ ʅʆʉʀʊɽʃʀ: ɺʃʀʗʅʀɽ ʅɸ ʉʊɸɹʀʃʔʅʆʉʊʔ  

ʀ ʏʋɺʉʊɺʀʊɽʃʔʅʆʉʊʔ 

ʇ.ɺ. ɻʫʢ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʀ.ɻ. ʊʦʨʛʘʰʠʥʘ1 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʦʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ 

ʩʧʦʩʦʙʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [1].  

ʇʨʠ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʦʚ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʦʩʠʪʝʣʷ ʠ ʤʝʪʦʜʘ ʠʤʤʦʙʠʣʠʟʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʘʣʘʥʩ 

ʤʝʞʜʫ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʩʫʙʩʪʨʘʪʘʤ ʠ ʠʥʛʠʙʠʪʦʨʘʤ.  

ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʘʣʢʦʛʦʣʴʜʝʛʠʜʨʦʛʝʥʘʟʳ (ADH) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ  

ʝʝ ʚ ʠʥʛʠʙʠʪʦʨʥʦʤ ʘʥʘʣʠʟʝ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʡ ʬʝʨʤʝʥʪ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ [2ï4] ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʨʷʜʫ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʡ  

ADH ð ʦʪ ʙʠʦʢʘʪʘʣʠʟʘ ʜʦ ʨʘʟʨʘʙʦʪʢʠ ʙʠʦʩʝʥʩʦʨʦʚ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʦʠʩʢʫ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʵʢʦʣʦʛʠʯʥʳʭ, ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʬʝʨʤʝʥʪʦʚ. ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʙʠʦʧʦʣʠʤʝʨʳ, ʪʘʢʠʝ ʢʘʢ ʢʨʘʭʤʘʣ, ʞʝʣʘʪʠʥ  

ʠ ʘʣʴʛʠʥʘʪ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʨʘʡʥʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʦʩʠʪʝʣʠ  

ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ADH, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʵʪʠʤ ʢʨʠʪʝʨʠʷʤ [1,5].  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʘʣʢʦʛʦʣʴʜʝʛʠʜʨʦʛʝʥʘʟʳ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ ʚ ʚʦʜʥʦ-ʙʠʧʦʣʠʤʝʨʥʳʝ ʩʤʝʩʠ  

ʥʘ ʦʩʥʦʚʝ ʢʨʘʭʤʘʣʘ (ADH-S); ʞʝʣʘʪʠʥʘ (ADH-G); ʘʣʴʛʠʥʘʪʘ (ADH-A)  

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʩʫʰʠʚʘʥʠʝʤ. 

ʀʤʤʦʙʠʣʠʟʦʚʘʥʥʳʡ ʧʨʝʧʘʨʘʪ ʘʣʢʦʛʦʣʴʜʝʛʠʜʨʦʛʝʥʘʟʳ ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʝʤ 

ʩʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʬʝʨʤʝʥʪʘ ʩ ʚʦʜʥʦ-ʢʨʘʭʤʘʣʴʥʦʡ; -ʞʝʣʘʪʠʥʦʚʦʡ  

ʠʣʠ -ʘʣʴʛʠʥʘʪʥʦʡ ʩʤʝʩʴʶ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 3%, 2% ʠ 1% ʧʦʣʠʤʝʨʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʘʪʝʤ ʜʦʟʠʨʦʚʘʥ ʥʘ ʧʦʜʣʦʞʢʫ ʚ ʚʠʜʝ ʢʘʧʝʣʴ ʦʙʲʝʤʦʤ ʧʦ 25 ʤʢʣ 

ʠ ʧʦʜʚʝʨʛʥʫʪ ʚʳʩʫʰʠʚʘʥʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʜʫʨʳ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʳ 

çʩʫʭʠʝ ʜʠʩʢʠè, ʚʢʣʶʯʘʶʱʠʝ ADH, ʛʜʝ ʦʜʠʥ ʜʠʩʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʜʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ (ʨʠʩ.1). 

ɸʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʠʟʤʝʨʷʣʘʩʴ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ  

ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʚʢʣʶʯʘʶʱʝʡ ʥʘʪʨʠʡ-ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ, ʜʠʩʢ  

ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ ʬʝʨʤʝʥʪʦʤ ʠ ʨʘʩʪʚʦʨʳ ʩʫʙʩʪʨʘʪʦʚ. ʊʝʨʤʠʯʝʩʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʩʪʚʦʨʠʤʦʛʦ ʠ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʫʪʝʤ 

 

É ɻʫʢ ʇ.ɺ., 2025 



˸͔͙͊ͭͪ͊͡· ··I ˸ ͔͚͗͒ͯͤ͊ͪͦ͒ͤͦ ͤ͊ͯ;͚ͤͦ ͦͤ͟ͺ͔͔ͪͤͼ͙͙ 

80 
 

ʠʥʢʫʙʘʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (40ï90 ÁC) ʚ ʪʝʯʝʥʠʝ 120 ʤʠʥʫʪ. ɼʣʷ 

ʦʮʝʥʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ADH ʚ ʢʘʯʝʩʪʚʝ 

ʤʦʜʝʣʴʥʦʛʦ ʪʦʢʩʠʢʘʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʤʤʝʨʯʝʩʢʠʡ ʧʨʝʧʘʨʘʪ ʧʝʩʪʠʮʠʜʦʚ 

çʃʠʢʚʠʜʘʪʦʨè ʩ ʜʝʡʩʪʚʫʶʱʠʤ ʚʝʱʝʩʪʚʦʤ ʛʣʠʬʦʩʘʪ. 

 

ʈʠʩʫʥʦʢ 1. ʀʤʤʦʙʠʣʠʟʦʚʘʥʥʘʷ ADH ʚ ʚʦʜʥʦ-ʙʠʧʦʣʠʤʝʨʥʳʭ ʩʤʝʩʷʭ ʥʘ ʦʩʥʦʚʝ ʢʨʘʭʤʘʣʘ 

(ADH-S), ʞʝʣʘʪʠʥʘ (ADH-G) ʠ ʘʣʴʛʠʥʘʪʘ (ADH-A) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʩʫʰʠʚʘʥʠʝʤ. 

ɸʢʪʠʚʥʦʩʪʴ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ADH ʚ ʬʦʨʤʝ 

ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʣʘ (39Ñ6) % ʜʣʷ ADH-S, (71Ñ7) % ʜʣʷ ADH-G ʠ (56Ñ9) %  

ʜʣʷ ADH-A. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʧʪʠʤʫʤʘ ʧʨʝʧʘʨʘʪʦʚ  

ADH ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ADH-S ʠ ADH-A ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ T = 30 ÁC,  

ʯʪʦ ʥʘ 5 ÁC ʚʳʰʝ, ʯʝʤ ʘʢʪʠʚʥʦʩʪʴ ADH ʚ ʬʦʨʤʝ ʨʘʩʪʚʦʨʘ. ɼʣʷ ʤʘʢʩʠʤʫʤʘ 

ʘʢʪʠʚʥʦʩʪʠ ADH-G ʥʘʙʣʶʜʘʣʩʷ ʩʜʚʠʛ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʧʪʠʤʫʤʘ ʥʘ 10 ÁC 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʳ ʬʝʨʤʝʥʪʘ ʠ ʩʦʩʪʘʚʠʣ 35 ÁC. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʛʦʚʦʨʷʪ ʦ ʩʤʝʱʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʧʪʠʤʫʤʘ ʚ ʩʪʦʨʦʥʫ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ ʬʦʨʤʳ ADH. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ADH ʚ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ ʬʦʨʤʝ ʠʩʩʣʝʜʦʚʘʣʠ ʘʢʪʠʚʥʦʩʪʴ 

ʬʝʨʤʝʥʪʘ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʜʝʡʩʪʚʠʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʦʣʫʯʝʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.  

 

ʈʠʩʫʥʦʢ 2. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ADH ʚ ʨʘʩʪʚʦʨʠʤʦʡ ʠ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ ʬʦʨʤʝ  ̱ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 ᴈ (ʥʦʨʤʠʨʦʚʘʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶʢ 

ʟʥʘʯʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʧʘʨʘʪʦʚ ADH ʠʥʢʫʙʠʨʦʚʘʥʥʳʭ ʧʨʠ 24 ᴈ ˍ0)). 
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ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʩʝʭ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʬʦʨʤ ADH ʧʦʩʣʝ ʯʘʩʘ 

ʠʥʢʫʙʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 ÁC ʧʨʝʚʳʰʘʣʘ 60 %, ʪʦʛʜʘ ʢʘʢ ʨʘʩʪʚʦʨʠʤʘʷ ʬʦʨʤʘ 

ʩʦʭʨʘʥʷʣʘ ʤʝʥʝʝ 8 % ʫʞʝ ʯʝʨʝʟ 5 ʤʠʥʫʪ ʠʥʢʫʙʘʮʠʠ. ʊʘʢʦʡ ʨʝʟʫʣʴʪʘʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʤ ʜʝʡʩʪʚʠʠ ʙʠʦʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʳ ʧʨʠ ʪʝʨʤʦʠʥʘʢʪʠʚʘʮʠʠ ʬʝʨʤʝʥʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ADH-S, ADH-G ʠ ADH-

A ʠʤʝʶʪ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʭʨʘʥʝʥʠʷ, ʯʝʤ ʨʘʩʪʚʦʨʠʤʘʷ ʬʦʨʤʘ: ʢ 120-ʤʫ 

ʜʥʶ ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ 17 %, 25 % ʠ 87 % ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʘʢʪʠʚʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦʛʜʘ ʢʘʢ ʨʘʩʪʚʦʨʠʤʘʷ ʬʦʨʤʘ ʧʦʣʥʦʩʪʴʶ ʫʪʨʘʯʠʚʘʣʘ 

ʘʢʪʠʚʥʦʩʪʴ ʢ 40-ʤʫ ʜʥʶ, ʯʪʦ ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ ʚ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ ʬʦʨʤʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʤʦʜʝʣʴʥʳʭ ʪʦʢʩʠʢʘʥʪʦʚ ʧʦʢʘʟʘʣʦ,  

ʯʪʦ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʘʷ ADH ʩʦʭʨʘʥʷʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʥʠʤ ʥʝʟʘʚʠʩʠʤʦ  

ʦʪ ʪʠʧʘ ʥʦʩʠʪʝʣʷ (ʢʨʘʭʤʘʣ, ʞʝʣʘʪʠʥ ʠʣʠ ʘʣʴʛʠʥʘʪ) ʠ ʩʦʧʦʩʪʘʚʠʤʘ  

ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʠʦʧʦʣʠʤʝʨʳ ʢʨʘʭʤʘʣ, ʞʝʣʘʪʠʥ ʠ ʘʣʴʛʠʥʘʪ, ʤʦʛʫʪ 

ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʘʣʢʦʛʦʣʴʜʝʛʠʜʨʦʛʝʥʘʟʳ, ʧʦʩʢʦʣʴʢʫ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʚʳʰʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʝʨʤʝʥʪʘ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʩʨʦʢʘ ʝʛʦ ʭʨʘʥʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʩʦʭʨʘʥʷʶʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʟʘʷʚʢʘ ʥʘ ʧʘʪʝʥʪ çʀʤʤʦʙʠʣʠʟʦʚʘʥʥʳʡ ʬʝʨʤʝʥʪʥʳʡ 

ʧʨʝʧʘʨʘʪ ʥʘ ʦʩʥʦʚʝ ʘʣʢʦʛʦʣʴʜʝʛʠʜʨʦʛʝʥʘʟʳ ʠ ʩʧʦʩʦʙ ʝʛʦ ʧʦʣʫʯʝʥʠʷè 

(ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ʥʦʤʝʨ 2024137148 ʦʪ 11.12.2024). 
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ʉɺʗɿʔ ʇʆʃʀʄʆʈʌʅʓʍ ɺɸʈʀɸʅʊʆɺ ɻɽʅʆɺ UCP2 ʀ GNB3 

ʉ ʀʅɼɽʂʉʆʄ ʄɸʉʉʓ ʊɽʃɸ ʋ ʇʆɼʈʆʉʊʂʆɺ 

ɼ. ɸ. ɼʝʡʤʫʥʜ1, ʈ. ɼ. ʇʦʣʫʷʥ1, ɼ. ʀ. ɼʠʢ1, ɸ. ʉ. ʊʘʰʢʠʥʦʚʘ1, ɸ. ʆ. 

ʂʣʶʯʘʥʮʝʚ1, ʄ. ɸ. ʂʣʝʡʥ1, ʅ. ɼ. ɼʘʚʳʜʦʚʘ1, ɽ. ʀ. ʍʦʤʘʡʢʦ1  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʄ. ɺ. ʉʤʦʣʴʥʠʢʦʚʘ1,3 

ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʂ. ɺ. ʄʠʨʦʥʦʚ1,3 

ʩʪʫʜʝʥʪ, ʣʘʙʦʨʘʥʪ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʅʀʀ ʄʇʉ 

 

ʇʦʜʨʦʩʪʢʦʚʳʡ ʚʦʟʨʘʩʪ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʧʝʨʠʦʜʦʤ ʨʘʟʚʠʪʠʷ 

ʯʝʣʦʚʝʢʘ, ʪʨʝʙʫʶʱʠʤ ʧʦʣʥʦʮʝʥʥʦʛʦ ʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʧʠʪʘʥʠʷ [1]. ʇʦʩʢʦʣʴʢʫ 

ʦʪʩʫʪʩʪʚʠʝ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʥʝʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʚ ʧʠʪʘʥʠʠ ʚ ʵʪʦʤ ʚʦʟʨʘʩʪʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʶʪ ʨʠʩʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʠ ʭʨʦʥʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʚʢʣʶʯʘʷ ʧʨʦʙʣʝʤ r ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʠʣʠ ʠʟʙʳʪʦʯʥʳʤ ʚʝʩʦʤ, 

ʚʝʜʫʱʠʝ ʵʢʩʧʝʨʪʳ ʧʦʜʯʝʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʢʨʝʪʥʳʭ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʨʘʥʥʝʡ ʢʦʨʨʝʢʮʠʠ ʧʠʪʘʥʠʷ [2].  
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʜʚʠʛʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʠʪʘʥʠʷ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʯʝʣʦʚʝʢʘ 

[3]. ʆʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ ʩʦʟʜʘʥʠʷ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʤʘʨʢʝʨʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʤʝʪʘʙʦʣʠʟʤʘ, ʚʢʣʶʯʘʷ ʧʦʣʠʤʦʨʬʥʳʝ ʚʘʨʠʘʥʪʳ ʛʝʥʘ 

ʨʘʟʦʙʱʘʶʱʝʛʦ ʙʝʣʢʘ 2 (UCP2) ʠ ʛʝʥʘ ɓ3-ʩʫʙʲʝʜʠʥʠʮʳ G-ʙʝʣʢʘ (GNB3) [4,5]. 

ɹʝʣʦʢ UCP2 ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʤʝʡʩʪʚʫ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʧʝʨʝʥʦʩʯʠʢʦʚ, ʫʯʘʩʪʚʫʝʪ 

ʚ ʟʘʱʠʪʝ ʢʣʝʪʦʢ ʦʪ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ [6]. UCP2 ʢʦʜʠʨʫʝʪʩʷ ʦʜʥʦʠʤʝʥʥʳʤ 

ʛʝʥʦʤ UCP2, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʦʞʝʥ ʥʘ 11 ʭʨʦʤʦʩʦʤʝ. ɽʛʦ ʧʦʣʠʤʦʨʬʠʟʤ rs660339 

(G>A) ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʥʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ʘʣʘʥʠʥ ʥʘ ʚʘʣʠʥ (Ala55Val), ʯʪʦ ʚ 

ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʦʞʠʨʝʥʠʝʤ ʫ ʞʝʥʱʠʥ. ɓ3-ʩʫʙʲʝʜʠʥʠʮʘ G-

ʙʝʣʢʘ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ ʯʝʨʝʟ ʤʝʪʘʙʦʣʠʯʝʩʢʠʡ ʧʫʪʴ 

ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʠʥʩʫʣʠʥʘ [4]. ɓ3-ʩʫʙʲʝʜʠʥʠʮʘ ʢʦʜʠʨʫʝʪʩʷ ʛʝʥʦʤ GNB3, 

ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʧʦʣʠʤʦʨʬʥʳʡ ʚʘʨʠʘʥʪ rs5443 GNB3 (C>T), ʚʣʠʷʶʱʠʡ ʥʘ 

ʩʧʦʩʦʙʥʦʩʪʴ ɓ3-ʩʫʙʲʝʜʠʥʠʮʳ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ G-

ʙʝʣʢʦʤ [7]. ɺ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʘʩʩʦʮʠʘʮʠʷ ʧʦʣʠʤʦʨʬʠʟʤʘ 

rs5443 GNB3 ʩ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ 2-ʛʦ ʪʠʧʘ [5]. 
ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʠʪʴ ʩʚʷʟʴ ʧʦʣʠʤʦʨʬʠʟʤʦʚ 

rs660339 ʛʝʥʘ UCP2 (C>G) ʠ rs5443 ʛʝʥʘ GNB3 (C>T) ʩ ʠʥʜʝʢʩʦʤ ʤʘʩʩʳ ʪʝʣʘ  

ʫ ʧʦʜʨʦʩʪʢʦʚ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 120 ʧʦʜʨʦʩʪʢʦʚ ʠʟ ʰʢʦʣ  

ʛ. ʂʨʘʩʥʦʷʨʩʢ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 12 ʜʦ18 ʣʝʪ (ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ 15,51 Ñ 0,95 ʣʝʪ). 

ʇʦʜʨʦʩʪʢʠ ʧʨʦʰʣʠ ʦʩʤʦʪʨ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʠʟʤʝʨʷʣʠʩʴ ʦʩʥʦʚʥʳʝ 

ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ (ʨʦʩʪ, ʚʝʩ) ʠ ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʘʚʘ ʪʝʣʘ  

 

É ɼʝʡʤʫʥʜ ɼ. ɸ., ʇʦʣʫʷʥ ʈ. ɼ., ɼʠʢ ɼ. ʀ., ʊʘʰʢʠʥʦʚʘ ɸ. ʉ., ʂʣʶʯʘʥʮʝʚ ɸ. ʆ., ʂʣʝʡʥ ʄ. ɸ., 

ɼʘʚʳʜʦʚʘ ʅ. ɼ., ʍʦʤʘʡʢʦ ɽ. ʀ., 2025 
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ʧʨʠ ʧʦʤʦʱʠ ʚʝʩʦʚ BC-731/732 (Tanita, ʗʧʦʥʠʷ). ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʠʥʜʝʢʩ ʤʘʩʩʳ ʪʝʣʘ (ʀʄʊ), ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʫʯʘʩʪʥʠʢʦʚ ʥʘ ʛʨʫʧʧʳ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʚʝʩʦʤ (ʀʄʊ <18,5 ʢʛ/ʤ2), ʥʦʨʤʘʣʴʥʳʤ 

ʚʝʩʦʤ (18,5 ï 25 ʢʛ/ʤ2), ʠʟʙʳʪʦʯʥʳʤ ʚʝʩʦʤ (25 ï 30 ʢʛ/ʤ2) ʠ ʦʞʠʨʝʥʠʝʤ I ʩʪʝʧʝʥʠ 

(ʀʄʊ >30 ʢʛ/ʤ2). ʆʪ ʫʯʘʩʪʥʠʢʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ 

ʙʫʢʢʘʣʴʥʦʛʦ ʵʧʠʪʝʣʠʷ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʳʜʝʣʷʣʠ ɼʅʂ. ɻʝʥʦʪʠʧʠʨʦʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʉʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʤʠ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʩʯʠʪʘʣʠ ʧʨʠ p <0,05. 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫ 25 % ʧʦʜʨʦʩʪʢʦʚ (30 ʯʝʣʦʚʝʢ) ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʚʳʙʦʨʢʝ ʙʳʣ ʜʝʬʠʮʠʪ ʤʘʩʩʳ ʪʝʣʘ, ʘ ʫ 10,8 % (13 ʯʝʣʦʚʝʢ) ï ʦʞʠʨʝʥʠʝ I ʩʪʝʧʝʥʠ. 

ʇʦʢʘʟʘʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʯʘʩʪʦʪʘʤʠ ʘʣʣʝʣʝʡ rs660339 

ʛʝʥʘ UCP2 ʚ ʛʨʫʧʧʘʭ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʠ ʠʟʙʳʪʦʯʥʳʤ ʚʝʩʦʤ. ɼʣʷ rs5443 GNB3 

ʦʙʥʘʨʫʞʝʥʳ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʯʘʩʪʦʪʘʤʠ ʘʣʣʝʣʝʡ ʚ ʛʨʫʧʧʘʭ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ 

ʚʝʩʦʤ ʠ ʦʞʠʨʝʥʠʝʤ I ʩʪʝʧʝʥʠ. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʜʦʤʠʥʘʥʪʥʦʡ ʤʦʜʝʣʠ ʥʘʩʣʝʜʦʚʘʥʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʧʦʜʨʦʩʪʢʦʚ 

ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʚʝʩʦʤ, ʩʦʧʦʩʪʘʚʣʝʥʥʳʭ ʩ ʧʦʜʨʦʩʪʢʘʤʠ ʩ ʥʦʨʤʘʣʴʥʳʤ ʠ 

ʠʟʙʳʪʦʯʥʳʤ ʚʝʩʦʤ ʜʣʷ rs660339 ʛʝʥʘ UCP2, ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʩ ʥʦʨʤʘʣʴʥʳʤ ʠ 

ʠʟʙʳʪʦʯʥʳʤ ʚʝʩʦʤ ʜʣʷ rs5443 ʛʝʥʘ GNB3.  

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚr ʷʚʣʝʥʘ ʪʝʥʜʝʥʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʯʘʩʪʦʪʳ 

ʤʠʥʦʨʥʳʭ ʘʣʣʝʣʝʡ ʚʩʪʨʝʯʘʣʠʩʴ ʨʝʞʝ ʚ ʛʨʫʧʧʘʭ ʩʨʘʚʥʝʥʠʷʭ ʧʨʠ ʙʦʣʴʰʠʭ 

ʟʥʘʯʝʥʠʷʭ ʀʄʊ ʜʣʷ rs660339 ʛʝʥʘ UCP2 (A) ʠ ʯʘʱʝ ʜʣʷ rs5443 ʛʝʥʘ GNB3 (T). 

ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʨʦʣʴ ʜʘʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʚ 

ʧʘʪʦʛʝʥʝʟʝ ʦʞʠʨʝʥʠʷ ʠ ʜʨʫʛʠʭ ʨʘʩʩʪʨʦʡʩʪʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʤʘʩʩʳ 

ʪʝʣʘ.  
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ʇʆʃʀʄʆʈʌʀɿʄʓ ɻɽʅʆɺ HTR1A, HTR2A ʀ SLC6A4 

ʉɽʈʆʊʆʅʀʅɽʈɻʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ ʋ ʇʆɼʈʆʉʊʂʆɺ 

ʉ ʀʅʊɽʈʅɽʊ-ɿɸɺʀʉʀʄʉʆʊʔʖ 

ʂ. ɺ. ʄʠʨʦʥʦʚ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʄ. ɺ. ʉʤʦʣʴʥʠʢʦʚʘ1 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ  

1ʂʨʘʩʥʦʷʨʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʫʢ 

ʏʨʝʟʤʝʨʥʦʝ ʫʚʣʝʯʝʥʠʝ ʀʥʪʝʨʥʝʪʦʤ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʩʨʝʜʠ ʧʦʜʨʦʩʪʢʦʚ, 

ʚʳʟʳʚʘʝʪ ʩʝʨʴʝʟʥʫʶ ʦʙʝʩʧʦʢʦʝʥʥʦʩʪʴ ʫ ʦʨʛʘʥʦʚ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʚʠʪʠʶ ʧʩʠʭʠʯʝʩʢʠʭ ʨʘʩʩʪʨʦʡʩʪʚʘ, ʚʢʣʶʯʘʷ 

ʀʥʪʝʨʥʝʪ-ʟʘʚʠʩʠʤʦʩʪʴ (ʀɿ) [1]. ɼʣʠʪʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʥʪʝʨʥʝʪʘ ʩʚʷʟʘʥʦ ʩ 

ʧʩʠʭʦʩʦʮʠʘʣʴʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʚʢʣʶʯʘʷ ʧʣʦʭʫ  ʁʫʩʧʝʚʘʝʤʦʩʪʴ, ʯʨʝʟʤʝʨʥʫʶ 

ʫʩʪʘʣʦʩʪʴ ʠ ʠʟʙʝʛʘʥʠʝ ʤʝʞʣʠʯʥʦʩʪʥʳʭ ʦʪʥʦʰʝʥʠʡ [2].  

ʆʜʥʦʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ ʨʘʟʚʠʪʠʷ ʀɿ ʩʯʠʪʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʙʦʪʝ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ ʠ ʠʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, 

ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʤʦʜʫʣʷʮʠʠ ʧʨʦʮʝʩʩʦʚ ʦʙʫʯʝʥʠʷ ʠ ʧʘʤʷʪʠ, ʘ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʜʦʬʘʤʠʥʦʤ ï ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ ʠ ʤʦʪʠʚʘʮʠʠ [3]. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʛʝʥʳ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʩʝʨʦʪʦʥʠʥʘ, ʧʦʣʠʤʦʨʬʥʳʝ ʚʘʨʠʘʥʪʳ 

ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʤʘʨʢʝʨʘʤʠ ʀɿ. ʊʘʢ, ʨʝʮʝʧʪʦʨʳ ʩʝʨʦʪʦʥʠʥʘ 

5-HT1A (HTR1A) ʠ 5-HT2A (HTR2A) ʦʧʦʩʨʝʜʫʶʪ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ, ʪʦʛʜʘ 

ʢʘʢ ʪʨʘʥʩʧʦʨʪʝʨ ʩʝʨʦʪʦʥʠʥʘ (SLC6A4) ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʩʠʣʫ 

ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ [4]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʠʤʦʨʬʠʟʤʳ rs6295 HTR1A, 

rs6311 HTR2A ʠ rs25532 SLC6A4 ʚʣʠʷʶʪ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ 

ʩʝʨʦʪʦʥʠʝʨʛʠʯʝʩʢʦʛʦ ʧʫʪʠ, ʚ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʭ ʩʚʷʟʳʚʘʶʪ ʩ ʨʠʩʢʦʤ ʨʘʟʚʠʪʠʷ 

ʧʩʠʭʠʯʝʩʢʠʭ ʨʘʩʩʪʨʦʡʩʪʚ [5,6]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʠʪʴ ʩʚʷʟʴ ʧʦʣʠʤʦʨʬʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʛʝʥʦʚ HTR1A, HTR2A ʠ SLC6A4 ʩ ʀɿ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʠ ʛʝʥʝʪʠʯʝʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ 482 ʧʦʜʨʦʩʪʢʦʚ ʚ ʚʦʟʨʘʩʪʝ  

ʦʪ 12 ʜʦ 18 ʣʝʪ. ʀɿ ʚʳʷʚʣʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʚʝʨʩʠʠ ʰʢʘʣʳ ʏʝʥ, 

ʛʜʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʜʨʦʩʪʢʦʚ ʜʝʣʠʣʠ ʥʘ ʛʨʫʧʧʳ ʢʦʥʪʨʦʣʷ  

(<65 ʙʘʣʣʦʚ) ʠ ʥʘʣʠʯʠʷ ʀɿ (>65 ʙʘʣʣʦʚ). ɼʅʂ ʚʳʜʝʣʷʣʠ ʠʟ ʩʣʶʥʳ  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʨʙʝʥʪʥʦʛʦ ʤʝʪʦʜʘ. ɻʝʥʦʪʠʧʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʠʩʪʝʤʝ 

TaqMan ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʦʥʜʦʚ ʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʭ ʧʨʘʡʤʝʨʦʚ (çɼʅʂ-

ʉʠʥʪʝʟè, ʈʦʩʩʠʷ). ʇʨʠ ʘʥʘʣʠʟʝ ʯʘʩʪʦʪ ʛʝʥʦʪʠʧʦʚ ʠ ʘʣʣʝʣʝʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʤʠ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʩʯʠʪʘʣʠ ʧʨʠ p <0,05. 
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ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʀʥʪʝʨʥʝʪ-ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚʳʙʦʨʢʝ 

ʩʦʩʪʘʚʠʣʘ 19,7 % (95 ʯʝʣʦʚʝʢ). ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪ ʘʣʣʝʣʝʡ ʠ ʛʝʥʦʪʠʧʦʚ 

ʜʣʷ ʧʦʣʠʤʦʨʬʥʳʭ ʚʘʨʠʘʥʪʦʚ ʛʝʥʦʚ HTR1A ʠ HTR2A ʥʝ ʚʳʷʚʠʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ. ʅʝ ʙʳʣʦ ʪʘʢʞʝ ʚʳʷʚʣʝʥʦ ʢʘʢʠʭ-ʣʠʙʦ 

ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʢʦʥʪʨʦʣʷ ʠ ʀɿ ʜʣʷ ʧʦʣʠʤʦʨʬʠʟʤʘ rs25532 

SLC6A4. ʆʜʥʘʢʦ, ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʨʝʮʝʩʩʠʚʥʦʡ ʤʦʜʝʣʠ ʥʘʩʣʝʜʦʚʘʥʠʷ, ʛʜʝ 

ʛʝʥʦʪʠʧʳ ʉʉ ʠ TC ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ, ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʘʩʩʦʮʠʘʮʠʷ ʘʣʣʝʣʷ C ʩ 

ʀɿ (p=0,034).  

ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʷʚʠʣʦ ʩʚʷʟʴ rs25532 SLC6A4 ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʨʠʩʢʦʤ ʨʘʟʚʠʪʠʷ ʀɿ ʚ ʨʝʮʝʩʩʠʚʥʦʡ ʤʦʜʝʣʠ ʥʘʩʣʝʜʦʚʘʥʠʷ, ʧʨʠ ʵʪʦʤ ʛʝʥʦʪʠʧ  

TT rs25532 SLC6A4, ʢʘʢ ʧʦʢʘʟʘʣ ʨʘʩʯʸʪ ʦʪʥʦʰʝʥʠʷ ʰʘʥʩʦʚ, ʤʦʞʝʪ ʠʛʨʘʪʴ 

ʧʨʦʪʝʢʪʠʚʥʫʶ ʨʦʣʴ, ʩʥʠʞʘʷ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʀɿ. ɺʳʷʚʣʝʥʥʳʡ ʵʬʬʝʢʪ ʩʦʛʣʘʩʫʝʪʩʷ 

ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ, ʧʦʢʘʟʘʚʰʠʤ ʩʚʷʟʴ ʛʝʥʦʪʠʧʘ CC rs25532 SLC6A4 ʩ ʨʠʩʢʦʤ 

ʨʘʟʚʠʪʠʷ ʧʩʠʭʠʯʝʩʢʠʭ ʨʘʩʩʪʨʦʡʩʪʚ ʫ ʤʫʞʯʠʥ [6]. ʕʪʠ ʜʘʥʥʳʝ ʧʦʜʯʝʨʢʠʚʘʶʪ 

ʚʣʠʷʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ ʀʥʪʝʨʥʝʪ-

ʟʘʚʠʩʠʤʦʩʪʠ.  
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ɺɿɸʀʄʆʉɺʗɿʔ ʋɼʆʗ ʂʆʈʆɺ ʉ ɹʀʆʍʀʄʀʏɽʉʂʀʄʀ 

ʇʆʂɸɿɸʊɽʃʗʄʀ ʉʓɺʆʈʆʊʂʀ ʂʈʆɺʀ ʀ ʉʃʖʅʓ 

ʄ. ʈ. ʂ. ʉʘʣʴʩʝʜʦ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʃ. ɺ. ʉʪʝʧʘʥʦʚʘ1 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʅʘʫʯʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ ʆ. ɸ. ʂʦʣʝʥʯʫʢʦʚʘ2 

ɼʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɺʚʝʜʝʥʠʝ. ʄʦʣʦʯʥʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʩʦʛʣʘʩʦʚʘʥʥʦʡ 

ʥʘʧʨʷʞʝʥʥʦʡ ʨʘʙʦʪʦʡ ʚʩʝʛʦ ʦʨʛʘʥʠʟʤʘ ʢʦʨʦʚʳ. ʋʪʚʝʨʞʜʘʝʪʩʷ,  

ʯʪʦ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 1 ʣ ʤʦʣʦʢʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʯʝʨʝʟ ʤʦʣʦʯʥʫʶ ʞʝʣʝʟʫ 

ʢʦʨʦʚʳ ʧʨʦʭʦʜʠʣʦ 400-500 ʣ ʢʨʦʚʠ. ɺʩʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʣʦʢʘ ʦʙʨʘʟʫʶʪʩʷ  

ʠʟ ʢʨʦʚʠ, ʢʦʪʦʨʘʷ ʧʦʩʪʫʧʘʝʪ ʚ ʤʦʣʦʯʥʫʶ ʞʝʣʝʟʫ. ʂ ʪʦʤʫ ʞʝ ʯʝʨʝʟ ʢʨʦʚʴ  

ʚ ʦʨʛʘʥʠʟʤʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʤʝʥ ʚʝʱʝʩʪʚ, ʧʦʵʪʦʤʫ ʧʦ ʙʠʦʭʠʤʠʯʝʩʢʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʢʨʦʚʠ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦʙ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ  

ʠ ʫʨʦʚʥʝ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ. 

ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʩʣʶʥʳ ʫ ʢʦʨʦʚʳ  

ʠ ʦʙʲʸʤʦʤ ʥʘʜʦʷ ʤʦʣʦʢʘ: ʯʝʤ ʙʦʣʴʰʝ ʩʣʶʥʳ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʚ ʦʨʛʘʥʠʟʤʝ 

ʞʠʚʦʪʥʦʛʦ, ʪʝʤ ʙʦʣʴʰʝ ʦʥʦ ʜʘʸʪ ʤʦʣʦʢʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ  

ʩ ʪʝʤ, ʯʪʦ ʩʣʶʥʘ ʦʙʣʝʛʯʘʝʪ ʫʩʚʦʝʥʠʝ ʙʝʣʢʘ ʠʟ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʨʤʦʚ.  

ʄʥʦʛʠʝ ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʘʙʦʣʠʪʳ ʢʨʦʚʠ ʠ ʩʦʩʪʘʚ 

ʩʣʶʥʳ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʩʪʦʚ ʚ ʩʝʣʝʢʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ  

ʥʘ ʧʦʚʳʰʝʥʠʝ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ, ʧʫʪʝʤ 

ʚʳʷʚʣʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʚʝʜʝʥʠʷ ʞʠʚʦʪʥʳʭ, ʤʝʪʘʙʦʣʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ 

ʢʦʪʦʨʳʭ ʩʚʦʡʩʪʚʝʥʝʥ ʢʦʨʦʚʘʤ ʩ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʤʦʣʦʯʥʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ [1, 2]. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʨʦʚʠ ʠ ʩʣʶʥʳ 

ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʠʤʝʶʪ ʥʘʫʯʥʫʶ ʥʦʚʠʟʥʫ. 

 ʇʦʟʥʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʝʞʜʫ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ  

ʠ ʦʩʥʦʚʥʳʤʠ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʨʦʚʠ ʠ ʩʣʶʥʳ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʩʝʣʝʢʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʣʝʤʨʝʧʨʦʜʫʢʪʦʨʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʦʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʚʳʷʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʪʘʙʦʣʠʪʦʚ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʠ ʩʣʶʥʳ ʦʪ ʚʝʣʠʯʠʥʳ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʢʦʨʦʚ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

 

É ʉʘʣʴʩʝʜʦ ʄ. ʈ. ʂ., 2025 
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1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʠʦʥʥʦʛʦ ʠ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʠ ʩʣʶʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʜʦʡʥʦʩʪʠ ʢʦʨʦʚ.  

2. ʆʧʨʝʜʝʣʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʪʘʙʦʣʠʪʦʚ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʠ ʩʣʶʥʳ  

ʦʪ ʚʝʣʠʯʠʥʳ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʦʨʦʚ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʦʨʦʚʘʭ (n=40), 

ʢʦʪʦʨʳʭ ʨʘʟʚʦʜʠʣʠ ʚ ʧʣʝʤʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʆʆʆ çʆʇʍ çʉʦʣʷʥʩʢʦʝè 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ ʚ ʦʢʪʷʙʨʝ 2024 ʛ. ʂʨʦʚʴ ʠ ʩʣʶʥʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʨʘʣʠ  

ʚ ʩʪʦʡʣʦʚʳʡ ʧʝʨʠʦʜ ʫ ʟʜʦʨʦʚʳʭ ʜʦʡʥʳʭ ʢʦʨʦʚ ʯʝʨʥʦ-ʧʝʩʪʨʦʡ ʧʦʨʦʜʳ, ʨʘʟʥʳʭ  

ʧʦ ʚʦʟʨʘʩʪʫ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʩʪʘʜʠʠ ʣʘʢʪʘʮʠʠ. ɿʘʙʦʨ ʢʨʦʚʠ ʧʨʦʚʦʜʠʣʠ  

ʠʟ ʷʨʸʤʥʦʡ ʚʝʥʳ ʦʙʱʝʧʨʠʥʷʪʳʤ ʩʧʦʩʦʙʦʤ ʚ ʦʜʥʦʨʘʟʦʚʳʝ ʧʨʦʙʠʨʢʠ ʩ 

ʢʦʘʛʫʣʷʥʪʦʤ ʧʦʩʣʝ ʚʝʯʝʨʥʝʛʦ ʜʦʝʥʠʷ. ʉʣʶʥʫ ʩʦʙʠʨʘʣʠ ʚ ʨʦʪʦʚʦʡ ʧʦʣʦʩʪʠ ʚ 

ʩʪʝʨʠʣʴʥʳʝ ʧʨʦʙʠʨʢʠ ʦʙʲʝʤʦʤ 2 ʤʣ. 

ʂʦʨʦʚʳ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʧʦ ʫʨʦʚʥʶ ʤʦʣʦʯʥʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ɺʝʣʠʯʠʥʫ ʩʫʪʦʯʥʦʛʦ ʫʜʦʷ ʢʦʨʦʚ ʥʘ ʤʦʤʝʥʪ ʟʘʙʦʨʘ ʢʨʦʚʠ 

ʧʨʠʥʠʤʘʣʠ ʨʘʚʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʟʘ ʢʦʥʪʨʦʣʴʥʦʝ ʜʦʝʥʠʝ ʪʝʢʫʱʝʛʦ ʤʝʩʷʮʘ. 

ɺ ʩʳʚʦʨʦʪʢʝ ʠ ʩʣʶʥʝ ʦʧʨʝʜʝʣʷʣʠ ʩʦʜʝʨʞʘʥʠʝ ʘʣʴʬʘ-ʘʤʠʣʘʟʳ, ʤʦʣʦʯʥʦʡ 

ʢʠʩʣʦʪʳ ʠ ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʳ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʥʘʪʨʠʷ, ʢʘʣʠʷ ʠ ʤʘʛʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʥʘʙʦʨʳ ʨʝʘʛʝʥʪʦʚ ʬʠʨʤʳ ʆʆʆ çʆʣʴʚʝʢʩ 

ʜʠʘʛʥʦʩʪʠʢʫʤè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ). 

ʀʩʧʦʣʴʟʦʚʘʥ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʩʪʚʦʨʦʚ ʦʢʨʘʰʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʈʝʛʠʩʪʨʠʨʦʚʘʣʠ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ  

ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ UVï1800 (Shimadzu, ʗʧʦʥʠʷ). 

ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʧʨʦʛʨʘʤʤʝ Statistica 10 

(StatSoft, ʉʐɸ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ ʧʨʠ ʫʨʦʚʥʝ 

ʟʥʘʯʠʤʦʩʪʠ ʨ<0,05. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʨʦʚʳ 

2-ʦʡ ʛʨʫʧʧʳ ʜʦʡʥʦʩʪʠ ʦʪ 1-ʦʡ ʜʦʩʪʦʚʝʨʥʦ ʦʪʣʠʯʘʣʠʩʴ ʧʦʚʳʰʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʜʦʡʥʳʭ ʜʥʝʡ (ʨ=0,00005) ʠ ʦʙʲʝʤʦʤ ʩʫʪʦʯʥʦʛʦ ʫʜʦʷ (ʨ=0,008), ʘ ʪʘʢʞʝ 

ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʣʴʬʘ-ʘʤʠʣʘʟʳ ʚ ʩʣʶʥʝ (ʨ=0,01), ʢʦʪʦʨʘʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʘ ʦʪ ʥʦʨʤʳ.  

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʣʴʬʘ-

ʘʤʠʣʘʟʳ ʚ ʩʣʶʥʝ ʢʦʨʦʚ 2-ʦʡ ʛʨʫʧʧʳ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʠʦʥʦʚ ʥʘʪʨʠʷ (r=-0,5, ʨ=0,05) ʠ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʳ 

ʚ ʢʨʦʚʠ (r=0,5, ʨ=0,05) ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤʳ [2].  

ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʦ ʥʘʣʠʯʠʠ ʧʝʨʠʦʜʘ ʣʘʢʪʘʮʠʠ ʢʦʨʦʚ 

ʠʣʠ çʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦè ʩʪʨʝʩʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʨʦʚ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ  

ʠʟ-ʟʘ ʯʘʩʪʦʛʦ ʤʘʰʠʥʥʦʛʦ ʜʦʝʥʠʷ [3]. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʨʦʚ ʧʦ ʩʫʪʦʯʥʦʡ ʜʦʡʥʦʩʪʠ ʚʳʷʚʠʣ ʪʘʢʞʝ ʜʚʝ ʛʨʫʧʧʳ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʫʪʦʯʥʳʤ ʫʜʦʝʤ (ʨ=0,02) ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʳ ʚ ʢʨʦʚʠ (ʨ=0,00005). ʇʨʠ ʵʪʦʤ ʚ ʛʨʫʧʧʝ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʩʫʪʦʯʥʳʤ ʫʜʦʝʤ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʳ ʚ 

ʢʨʦʚʠ.  

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʥʠʞʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʳ ʦʙʨʘʪʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʚʦʟʨʘʩʪʦʤ (r=-0,6, ʨ=0,05) ʠ 
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ʥʦʤʝʨʦʤ ʪʝʢʫʱʝʡ ʣʘʢʪʘʮʠʠ (r=-0,6, ʨ=0,05), ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʣʴʬʘ-ʘʤʠʜʘʟʳ ʚ ʢʨʦʚʠ (r=0,7, ʨ=0,05), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʢʘʟʘʪʝʣʝʤ ʩʪʨʝʩʩʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʢʦʨʦʚʳ. 

ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʦʚʳ ʩ ʙʦʣʴʰʠʤ ʦʙʲʸʤʦʤ ʜʦʡʥʦʩʪʠ ʠʤʝʣʠ 

ʧʦʚʳʰʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʘʣʴʬʘ-ʘʤʠʣʘʟʳ ʚ ʩʣʶʥʝ ʠʣʠ ʚ ʢʨʦʚʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʝʨʠʦʜʦʤ ʣʘʢʪʘʮʠʠ ʠʣʠ çʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦè ʩʪʨʝʩʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʢʦʨʦʚ ʠʟ-ʟʘ ʤʘʰʠʥʥʦʛʦ ʜʦʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ 

ʠ ʩʣʶʥʳ ʦʪ ʥʦʨʤʳ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʭʦʜʝ ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʣʘʥʘ-ʟʘʜʘʥʠʷ ʧʦ ʟʘʢʘʟʫ 

ʄʠʥʩʝʣʴʭʦʟʘ ʈʌ ʧʦ ʪʝʤʝ çʈʘʟʨʘʙʦʪʢʘ ʧʦʨʷʜʢʘ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ 

ʤʠʢʨʦʙʠʦʪʳ ʠ ʤʝʨ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʥʦʨʤʘʣʴʥʦʡ ʤʠʢʨʦʙʠʦʪʳ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭè.  
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ʋɼʂ 615.471 

ʋʉʊʈʆʁʉʊɺʆ ʂʆʅʊʈʆʃʗ ʆɹʒɽʄɸ ʇʆʊʈɽɹʃʗɽʄʆʁ ɾʀɼʂʆʉʊʀ 

ʈ. ɽ. ʉʪʘʥʮʝʣʴ1, ʄ. ɺ. ɹʦʨʦʚʠʢ1, ʄ. ɽ. ʇʨʦʟʦʨʦʚʘ2 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɼ.ʆ. ʇʘʭʤʫʨʠʥ1,2 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ 

ʯʠʩʪʦʡ ʧʠʪʴʝʚʦʡ ʚʦʜʳ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʋʥʠʚʝʨʩʠʪʝʪʘ ɸʙʝʨʜʠʥʘ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʦʛʦ ʚ 2022 ʛʦʜʫ ʚ ʞʫʨʥʘʣʝ Science. ʋʯʸʥʳʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʜʘʥʥʳʝ 5600 ʯʝʣʦʚʝʢ ʠʟ 23 ʩʪʨʘʥ ʠ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʚʟʨʦʩʣʳʭ ʞʠʪʝʣʝʡ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʥʦʨʤʘ ʚʦʜʳ ʩʦʩʪʘʚʣʷʝʪ 1,5ï1,8 ʣʠʪʨʘ ʚ ʜʝʥʴ 

[1]. ʇʨʠ ʵʪʦʤ ʤʠʥʠʤʘʣʴʥʦʝ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ 

ʙʣʘʛʦʧʦʣʫʯʠʷ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʚʳʧʠʚʘʝʤʦʝ ʯʝʣʦʚʝʢʦʤ ʟʘ ʜʝʥʴ, ʩʦʩʪʘʚʣʷʝʪ 2 

ʣʠʪʨʘ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʧʠʚʘʪʴ ʙʦʣʴʰʝ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʌɻɹʋ çʅʄʀʎ 
 

É ʉʪʘʥʮʝʣʴ ʈ. ɽ., ɹʦʨʦʚʠʢ ʄ. ɺ., ʇʨʦʟʦʨʦʚʘ ʄ. ɽ., 2025 
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ʊʇʄè ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ, ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʯʠʩʪʦʡ ʧʠʪʴʝʚʦʡ ʚʦʜʳ 

ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʨʘʟʚʠʪʠʝ ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ [2]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʟʨʘʙʦʪʘʪʴ 

ʫʩʪʨʦʡʩʪʚʦ ï çʫʤʥʫʶ ʢʨʫʞʢʫè, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʠʟʤʝʨʷʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʠʪʦʡ ʞʠʜʢʦʩʪʠ ʟʘ ʜʝʥʴ, ʘ ʪʘʢʞʝ ʥʘʧʦʤʠʥʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ  

ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʜʝʨʞʘʥʠʷ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ. 

ʊʘʢ ʢʘʢ ʨʘʩʯʸʪ ʦʙʲʸʤʘ ʚʦʜʳ ʯʝʨʝʟ ʝʸ ʤʘʩʩʫ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ, ʦʩʥʦʚʦʡ 

ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʩʣʫʞʠʪ ʪʝʥʟʦʜʘʪʯʠʢ, ʠʟʤʝʨʷʶʱʠʡ ʤʘʩʩʫ ʚʦʜʳ, ʥʘʣʠʪʦʡ ʚ 

ʢʨʫʞʢʫ. ɼʘʪʯʠʢ ʠʤʝʝʪ ʜʣʠʥʫ 8 ʩʘʥʪʠʤʝʪʨʦʚ ʠ ʜʦʩʪʘʪʦʯʥʦ ʪʦʥʢʠʡ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʝʛʦ ʤʦʞʥʦ ʙʫʜʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʜʥʦ ʢʨʫʞʢʠ. ʊʘʢʞʝ ʥʝʩʦʤʥʝʥʥʳʤ ʧʣʶʩʦʤ 

ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʦʪ ʜʣʠʥʳ ʧʣʝʯʘ 

ʚʝʩʦʚ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʵʪʦʪ ʜʘʪʯʠʢ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʳ 

ʚʦʜʳ. 

ɼʣʷ ʦʧʦʚʝʱʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʧʠʪʴ ʚʦʜʳ ʙʫʜʝʪ 

ʚʩʪʨʦʝʥ Wi-Fi-ʤʦʜʫʣʴ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʫʩʪʨʦʡʩʪʚʦ ʙʫʜʝʪ ʩʚʷʟʳʚʘʪʴʩʷ  

ʩʦ ʩʤʘʨʪʬʦʥʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʦ ʢʦʣʠʯʝʩʪʚʝ ʚʳʧʠʪʦʡ ʚʦʜʳ  

ʟʘ ʩʫʪʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʦʤʧʣʝʢʪ Arduino Nano. ʇʣʘʪʘ ʙʫʜʝʪ ʧʨʠʥʠʤʘʪʴ ʘʥʘʣʦʛʦʚʳʝ ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʘ, 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʠʭ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʘʪ ʩ ʧʦʤʦʱʴʶ ɸʎʇ HX711 ʠ ʧʝʨʝʜʘʚʘʪʴ 

ʨʝʟʫʣʴʪʘʪ ʥʘ ʤʦʜʫʣʴ ʩʚʷʟʠ. ɼʣʷ ʧʠʪʘʥʠʷ Arduino ʥʝʦʙʭʦʜʠʤʦ ʥʘʧʨʷʞʝʥʠʝ 7-12 ɺ. 

ɹʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠʪʴ ʧʠʪʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʩ ʧʦʤʦʱʴʶ ʪʨʸʭ ʙʘʪʘʨʝʝʢ 

CR2032, ʧʦʜʢʣʶʯʸʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʟʘʤʝʥʳ ʚʦ ʚʨʝʤʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʙʘʪʘʨʝʝʢ ʙʫʜʝʪ ʠʥʪʝʛʨʠʨʦʚʘʥʘ 

ʠʥʜʠʢʘʮʠʷ ʟʘʨʷʜʘ. 

ɺʦ ʠʟʙʝʞʘʥʠʝ ʧʦʤʝʭ ʚ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ ʩʯʠʪʳʚʘʥʠʝ ʤʘʩʩʳ ʚʦʜʳ ʙʫʜʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ ʥʘʞʘʪʠʶ ʢʥʦʧʢʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʦʩʣʝ ʥʘʧʦʣʥʝʥʠʷ ʢʨʫʞʢʠ. 

ʇʦʩʣʝ ʥʘʞʘʪʠʷ ʜʘʥʥʳʝ ʙʫʜʫʪ ʦʮʠʬʨʦʚʳʚʘʪʴʩʷ ʠ ʧʦʩʪʫʧʘʪʴ ʥʘ ʧʣʘʪʫ. ɼʘʣʝʝ ʙʫʜʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʨʘʩʯʸʪ ʦʙʲʸʤʘ V ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 

 ὠ ,  (1) 

ʛʜʝ: 

m ï ʠʟʤʝʨʝʥʥʘʷ ʤʘʩʩʘ, 

ɟ ï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ, 1 ʢʛ/ʣ. 

ʇʦʩʣʝ ʨʘʩʩʯʠʪʘʥʥʳʡ ʦʙʲʸʤ ʧʝʨʝʜʘʸʪʩʷ ʥʘ ʩʤʘʨʪʬʦʥ ʧʦʣʴʟʦʚʘʪʝʣʷ ʯʝʨʝʟ 

Wi-Fi ʤʦʜʫʣʴ ʠ ʩʫʤʤʠʨʫʝʪʩʷ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʩʫʪʦʯʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ. 

ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʠ ʩʚʷʟʠ ʩ çʫʤʥʦʡ ʢʨʫʞʢʦʡè  

ʜʣʷ Android ʠ iOS. 

ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʜʣʷ ʣʶʙʦʡ ʢʘʪʝʛʦʨʠʠ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʟʘ ʩʯʸʪ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ.  
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ʋɼʂ 615.471 

ʋʉʊʈʆʁʉʊɺʆ ʂʆʅʊʈʆʃʗ ɺʈɽʄɽʅʀ ʇʈʀɽʄɸ ʃɽʂɸʈʉʊɺɽʅʅʓʍ 

ʇʈɽʇɸʈɸʊʆɺ 

ɸ. ɸ. ʐʘʜʨʠʥ1, ɸ. ɸ ʇʦʧʧ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɼ. ʆ. ʇʘʭʤʫʨʠʥ1,2,3 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʈʝʛʫʣʷʨʥʳʡ ʧʨʠʝʤ ʥʘʟʥʘʯʝʥʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʦʙʦʩʪʨʝʥʠʡ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʩʥʠʞʝʥʠʶ ʥʘʛʨʫʟʢʠ ʥʘ ʤʝʜʠʮʠʥʩʢʠʝ 

ʫʯʨʝʞʜʝʥʠʷ. ʆʜʥʘʢʦ ʟʘʯʘʩʪʫʶ ʣʶʜʠ ʩ ʭʨʦʥʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʦʩʦʙʝʥʥʦ 

ʧʦʞʠʣʳʝ, ʧʨʦʧʫʩʢʘʶʪ ʥʝʦʙʭʦʜʠʤʦʝ ʚʨʝʤʷ ʠ ʨʝʛʫʣʷʨʥʦʩʪʴ ʣʝʯʝʥʠʷ ʪʝʨʷʝʪʩʷ, ʯʪʦ 

ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʦʩʪʦʷʥʠʠ ʧʘʮʠʝʥʪʘ [1]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʫʩʪʨʦʡʩʪʚʦ (ʪʘʙʣʝʪʥʠʮʫ), 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʤʝʜʠʮʠʥʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ  

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʛʫʣʷʨʥʦʩʪʠ ʧʨʠʝʤʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʪʚʝʨʜʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʥʘ ʧʨʝʜʩʪʦʷʱʠʝ ʩʫʪʢʠ. ʋʩʪʨʦʡʩʪʚʦ ʫʜʦʙʥʦ ʜʣʷ ʜʝʪʝʡ, 

ʧʦʞʠʣʳʭ ʠ ʟʘʥʷʪʳʭ ʣʶʜʝʡ, ʪʘʢ ʢʘʢ ʦʩʥʘʱʝʥʦ ʪʘʡʤʝʨʦʤ ʠ ʩʠʛʥʘʣʠʟʘʪʦʨʦʤ, 

ʧʦʤʦʛʘʷ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʠʝʤ ʤʝʜʠʢʘʤʝʥʪʦʚ ʠ ʠʩʢʣʶʯʘʷ ʨʠʩʢ ʧʨʦʧʫʩʢʘ ʚʨʝʤʝʥʠ 

ʣʝʯʝʥʠʷ. 

ʊʘʙʣʝʪʥʠʮʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʟʜʦʨʦʚʴʝ, ʧʦʤʦʛʘʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʧʨʠʥʠʤʘʪʴ 

ʣʝʢʘʨʩʪʚʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʭʨʦʥʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ. ʋʩʪʨʦʡʩʪʚʦ ʠʥʪʝʛʨʠʨʫʝʪ 

ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʘʢʪʫʘʣʴʥʳʤ  

ʚ ʫʩʣʦʚʠʷʭ ʠʥʥʦʚʘʮʠʡ. ʊʘʙʣʝʪʥʠʮʘ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʘ ʜʣʷ ʣʶʜʝʡ ʩ ʧʨʦʙʣʝʤʥʦʡ 

ʧʘʤʷʪʴʶ, ʪʘʢ ʢʘʢ ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʪʨʝʚʦʞʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʫʚʝʨʝʥʥʦʩʪʴ  

ʚ ʨʝʛʫʣʷʨʥʦʤ ʧʨʠʝʤʝ ʤʝʜʠʢʘʤʝʥʪʦʚ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʧʦʞʠʣʳʭ 

ʧʘʮʠʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʘ ʧʨʝʜʣʘʛʘʝʪ ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʥʳʝ ʥʘʧʦʤʠʥʘʥʠʷ  

ʠ ʫʯʠʪʳʚʘʝʪ ʜʦʟʠʨʦʚʢʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʅʘʣʠʯʠʝ 

ʩʪʘʮʠʦʥʘʨʥʦʡ, ʠ ʤʦʙʠʣʴʥʦʡ ʚʝʨʩʠʠ ʜʝʣʘʝʪ ʧʨʠʙʦʨ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ  

ʠ ʜʦʩʪʫʧʥʳʤ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʜʠʮʠʥʩʢʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ  

ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʪʚʝʨʜʳʭ 
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ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ (ʪʘʙʣʝʪʢʠ, ʢʘʧʩʫʣʳ) ʜʣʷ ʫʧʦʪʨʝʙʣʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʜʥʷ.  

ʆʥʦ ʨʘʟʨʘʙʦʪʘʥʦ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ, ʙʝʟʦʧʘʩʥʦʛʦ ʠ ʫʜʦʙʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʨʠʝʤʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʢʘʢ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ, 

ʪʘʢ ʠ ʚʥʝ ʠʭ. 

ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʜʝʪʝʡ, ʧʦʞʠʣʳʭ ʣʶʜʝʡ ʠ ʟʘʥʷʪʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʟʘʙʳʪʴ, ʧʨʠʥʠʤʘʣʠ ʣʠ ʦʥʠ ʧʨʝʧʘʨʘʪ ʚ ʥʫʞʥʦʝ 

ʚʨʝʤʷ. ʋʩʪʨʦʡʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʘʩʪʠʢʦʚʳʡ ʢʦʥʪʝʡʥʝʨ, ʦʩʥʘʱʝʥʥʳʡ 

ʪʘʡʤʝʨʦʤ ʠ ʩʠʛʥʘʣʠʟʘʪʦʨʦʤ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʦʨʛʘʥʠʟʘʮʠʶ ʧʨʠʝʤʘ ʣʝʢʘʨʩʪʚ. 

ʇʨʝʜʣʦʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʦʩʦʙʝʥʥʦ ʫʜʦʙʥʦ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʫʪʦʯʥʳʡ ʥʘʙʦʨ 

ʤʝʜʠʢʘʤʝʥʪʦʚ ʨʘʟʥʦʦʙʨʘʟʝʥ, ʘ ʧʨʠʝʤ ʧʨʝʧʘʨʘʪʦʚ ʪʨʝʙʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ  

ʨʘʟ ʚ ʪʝʯʝʥʠʝ ʜʥʷ, ʚʧʣʦʪʴ ʜʦ ʧʦʯʘʩʦʚʦʛʦ ʧʨʠʝʤʘ. ʆʥʦ ʫʩʪʨʘʥʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʟʘʧʦʤʠʥʘʪʴ ʚʨʝʤʷ ʧʨʠʝʤʘ ʠ ʢʦʥʢʨʝʪʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʥʷʪʴ. 

ɼʦʩʪʠʞʝʥʠʝ ʟʘʷʚʣʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʚʩʪʨʦʝʥʥʳʤ ʪʘʡʤʝʨʦʤ ʩ ʩʠʛʥʘʣʠʟʘʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʧʦ ʧʨʠʥʮʠʧʫ 

ʙʫʜʠʣʴʥʠʢʘ ʠ ʥʘʧʦʤʠʥʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʥʷʪʴ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʝʧʘʨʘʪ ʠʟ ʫʢʘʟʘʥʥʦʡ ʷʯʝʡʢʠ. 

ʊʘʙʣʝʪʥʠʮʘ ʦʙʦʨʫʜʦʚʘʥʘ ʚʩʪʨʦʝʥʥʳʤ ʪʘʡʤʝʨʦʤ ʩ ʜʠʥʘʤʠʢʦʤ, ʢʦʪʦʨʳʡ 

ʨʘʙʦʪʘʝʪ ʢʘʢ ʙʫʜʠʣʴʥʠʢ, ʘ ʪʘʢʞʝ ʠʥʜʠʢʘʪʦʨʘʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʟʚʫʢʦʚʳʝ ʠ 

ʩʚʝʪʦʚʳʝ ʩʠʛʥʘʣʳ ʜʣʷ ʦʧʦʚʝʱʝʥʠʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʝʤʘ ʤʝʜʠʢʘʤʝʥʪʦʚ ʠʟ 

ʢʦʥʢʨʝʪʥʦʡ ʷʯʝʡʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʨʝʤʷ ʩʫʪʦʢ [2]. ʋʩʪʨʦʡʩʪʚʦ ʪʘʢʞʝ ʠʤʝʝʪ 

ʧʘʥʝʣʴ ʩ ʢʥʦʧʢʘʤʠ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʘʢʪʫʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʝʤʦʚ ʚ 

ʜʝʥʴ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʪʘʙʣʝʪʥʠʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʥʘʣ, ʢʫʜʘ ʙʫʜʝʪ 

ʧʦʤʝʱʘʪʴʩʷ ʩʫʪʦʯʥʘʷ ʜʦʟʘ ʥʝʦʙʭʦʜʠʤʳʭ ʤʝʜʠʢʘʤʝʥʪʦʚ. ɺʥʫʪʨʠ ʥʘʭʦʜʠʪʩʷ 

ʧʦʣʦʩʪʴ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʢʦʥʪʝʡʥʝʨʘʤʠ, ʠʤʝʶʱʠʤʠ ʨʘʟʣʠʯʥʳʡ ʨʘʟʤʝʨ ʜʣʷ 

ʢʦʥʢʨʝʪʥʳʭ ʪʠʧʦʚ ʧʨʝʧʘʨʘʪʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ ʥʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. 
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ʈʠʩʫʥʦʢ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʘʙʣʝʪʥʠʮʳ 

ʇʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʪʝʡʥʝʨʦʚ ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʨʝʤʷ ʧʨʠʝʤʘ ʪʘʙʣʝʪʦʢ [3]. ʅʘ ʙʦʢʦʚʦʡ ʯʘʩʪʠ ʪʘʙʣʝʪʥʠʮʳ 

ʫʩʪʘʥʦʚʣʝʥʳ ʮʠʬʨʦʚʳʝ ʯʘʩʳ, ʪʨʠ ʢʥʦʧʢʠ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʪʘʡʤʝʨʦʚ  

(çOKè, ʩʪʨʝʣʢʠ ʚʥʠʟ/ʚʚʝʨʭ). ʇʦʩʣʝ ʥʘʞʘʪʠʷ ʥʘ ʢʥʦʧʢʫ çʆʂè ʥʘʯʥʝʪ ʤʠʛʘʪʴ 

ʯʝʪʳʨʸʭʨʘʟʨʷʜʥʳʡ ʩʝʤʠʩʝʛʤʝʥʪʥʳʡ ʠʥʜʠʢʘʪʦʨ, ʪʝʤ ʩʘʤʳʤ ʧʨʦʛʨʘʤʤʘ 

ʟʘʬʠʢʩʠʨʫʝʪ ʚʭʦʜ ʚ ʥʘʩʪʨʦʡʢʫ ʪʘʡʤʝʨʦʚ. ʉʥʘʯʘʣʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʠʥʠʤʘʝʤʦʛʦ ʧʨʝʧʘʨʘʪʘ ʚ ʜʝʥʴ. ʇʦʩʣʝ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ çʆʂè ʩʪʨʝʣʢʘʤʠ 

ʚʥʠʟ/ʚʚʝʨʭ ʫʚʝʣʠʯʠʚʘʝʤ ʠʣʠ ʫʤʝʥʴʰʘʝʤ ʚʨʝʤʷ ʪʘʡʤʝʨʘ (ʥʘʧʨʠʤʝʨ: ʢʘʞʜʳʝ  

6 ʯʘʩʦʚ ʠʣʠ ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʠʝʤʘ) ɺʳʙʨʘʚ ʥʫʞʥʦʝ 

ʚʨʝʤʷ ʥʘʞʠʤʘʝʤ çʆʂè, ʧʨʦʛʨʘʤʤʘ ʩʦʭʨʘʥʷʝʪ ʠʟʤʝʥʝʥʠʷ ʠ ʧʝʨʝʭʦʜʠʪ  

ʢ ʩʣʝʜʫʶʱʝʡ ʷʯʝʡʢʝ, ʠ ʪʘʢ ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʥʘʩʪʨʦʝʥʘ ʢʘʞʜʘʷ ʷʯʝʡʢʘ. 

ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʩʨʘʙʘʪʳʚʘʝʪ ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ 

ʯʝʨʝʟ ʜʠʥʘʤʠʢ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʯʠʥʘʝʪ ʤʠʛʘʪʴ ʠʥʜʠʢʘʪʦʨ ʪʦʡ ʷʯʝʡʢʠ,  

ʠʟ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ ʣʝʢʘʨʩʪʚʦ. ʇʦʩʣʝ ʦʪʢʨʳʪʠʷ ʜʚʝʨʮʳ ʧʨʦʛʨʘʤʤʘ 

ʧʦʩʯʠʪʘʝʪ ʯʪʦ ʣʝʢʘʨʩʪʚʦ ʙʳʣʦ ʧʨʠʥʷʪʦ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʩʚʷʟʴ ʫʩʪʨʦʡʩʪʚʘ ʢʦʥʪʨʦʣʷ ʧʨʠʝʤʘ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʩʦ ʩʤʘʨʪʬʦʥʦʤ ʠ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʙʦʣʝʝ ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʧʦʚʝʱʝʥʠʷ ʧʘʮʠʝʥʪʘ ʦ ʚʨʝʤʝʥʠ ʧʨʠʝʤʘ 

ʧʨʝʧʘʨʘʪʦʚ ʠ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ. 
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ʧʨʠʝʤʘ ʣʝʢʘʨʩʪʚ, 2014 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] URL: 

https://patents.google.com/patent/RU137732U1/ru.  

 

ʋɼʂ 57.084.1 

ɹʀʆʂʆʅɺɽʈʉʀʗ ɹʀʆʄɸʉʉʓ ʉʆʀ ʀ ʆɻʋʈʎɸ ɺ ɿɸʄʂʅʋʊʆʁ 

ʉʀʉʊɽʄɽ: ɺʃʀʗʅʀɽ ʅɸ ɻɸɿʆʆɹʄɽʅ ʀ ʇʈʆɼʋʂʊʀɺʅʆʉʊʔ 

ʈɸʉʊɽʅʀʁ 

ɺ. ʃ. ʐʘʭʦʚ1,2 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɺ. ɺ. ɺʝʣʠʯʢʦ1,2 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʟʘʤʢʥʫʪʳʭ ʙʠʦʣʦʛʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ (ɹʊʉɾʆ) ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʫʣʴʪʫʨ ʠ ʫʪʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ 

ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʣʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʩʲʝʜʦʙʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʡ 

ʙʠʦʤʘʩʩʳ, ʥʘʢʦʧʣʝʥʠʝ ʢʦʪʦʨʦʡ ʥʘʨʫʰʘʝʪ ʟʘʤʢʥʫʪʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʤʦʞʝʪ 

ʩʦʟʜʘʚʘʪʴ ʬʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʩʨʝʜʫ [1]. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʫʪʠʣʠʟʘʮʠʷ ʪʘʢʠʭ ʦʩʪʘʪʢʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʠʶ çʙʠʦʣʦʛʠʯʝʩʢʦʡè ʤʠʥʝʨʘʣʠʟʘʮʠʠ ð 

ʚʳʨʘʱʠʚʘʥʠʝ ʥʦʚʳʭ ʨʘʩʪʝʥʠʡ ʥʘ ʧʦʯʚʦʧʦʜʦʙʥʦʤ ʩʫʙʩʪʨʘʪʝ (ʇʇʉ), ʩʦʜʝʨʞʘʱʝʤ 

ʬʨʘʢʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʡ ʙʠʦʤʘʩʩʳ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʣʦʞʝʥʠʷ [2]. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʙʠʦʢʦʥʚʝʨʩʠʷ ʦʪʭʦʜʦʚ ʚ ʇʇʉ ʦʩʣʦʞʥʷʝʪʩʷ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ 

ʥʠʟʢʫʶ ʜʦʩʪʫʧʥʦʩʪʴ ʢʠʩʣʦʨʦʜʘ, ʥʘʢʦʧʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʥʝʧʦʣʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʠ 

ʨʘʟʣʠʯʠʷ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʩʘʤʠʭ ʦʩʪʘʪʢʦʚ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʢʫʣʴʪʫʨ, ʨʘʥʝʝ ʥʝ ʚʭʦʜʠʚʰʠʭ ʚ ʬʦʪʦʪʨʦʬʥʦʝ ʟʚʝʥʦ ɹʊʉɾʆ, ʪʘʢʠʭ ʢʘʢ ʩʦʷ ʠ 

ʦʛʫʨʝʮ. ɺ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʚ ʇʇʉ ʠʭ ʨʘʟʣʦʞʝʥʠʝ ʤʦʞʝʪ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʚʳʜʝʣʝʥʠʝʤ ʪʦʢʩʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ, ʫʛʥʝʪʘʶʱʠʭ ʨʦʩʪ 

ʨʘʩʪʝʥʠʡ. ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʪʘʢʞʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʚʨʘʪ 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʢʨʫʛʦʚʦʨʦʪ ɹʊʉɾʆ. ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʘʵʨʘʮʠʠ ʠ 

ʩʪʨʫʢʪʫʨʳ ʩʫʙʩʪʨʘʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʧʫʪʝʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʜʫʢʪʦʚ 

ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʟʘʤʢʥʫʪʦʡ ʵʢʦʩʠʩʪʝʤʳ [3]. 

ʆʜʥʦʡ ʠʟ ʟʥʘʯʠʤʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ  

ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʇʇʉ ʩ ʨʘʟʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʪʝʧʝʥʴʶ ʘʵʨʘʮʠʠ. ʆʩʦʙʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʝʨʝʨʘʙʦʪʢʘ 

ʥʝʩʲʝʜʦʙʥʦʡ ʙʠʦʤʘʩʩʳ ʩʦʠ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʦʜʝʨʞʘʱʝʡ ʠʥʛʠʙʠʪʦʨʳ ʨʦʩʪʘ,  

ʠ ʦʮʝʥʢʘ ʝʸ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ, ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʚ ʟʘʤʢʥʫʪʳʭ 

ʫʩʣʦʚʠʷʭ. 

ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʦʩʪʘʪʢʦʚ ʩʦʠ ʠ ʦʛʫʨʮʘ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʡ ʘʵʨʘʮʠʠ ʩʫʙʩʪʨʘʪʘ ʥʘ ʧʨʦʮʝʩʩʳ 
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ʛʘʟʦʦʙʤʝʥʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʨʝʜʠʩʘ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ  

ʥʘ ʧʦʯʚʦʧʦʜʦʙʥʦʤ ʩʫʙʩʪʨʘʪʝ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʣʠ ʥʝʩʲʝʜʦʙʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ 

ʩʦʠ ʠ ʦʛʫʨʮʘ, ʚʥʝʩʸʥʥʳʝ ʚ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʧʦʯʚʦʧʦʜʦʙʥʳʡ ʩʫʙʩʪʨʘʪ 

(ʇʇʉ) [2]. ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪ-ʢʫʣʴʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʜʠʩ, ʚʳʨʘʱʠʚʘʝʤʳʡ  

ʚ ʛʝʨʤʝʪʠʯʥʳʭ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʢʘʤʝʨʘʭ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʚʘʨʠʘʥʪʳ 

ʨʘʟʣʠʯʘʣʠʩʴ ʧʦ ʚʠʜʫ ʚʥʦʩʠʤʦʡ ʨʘʩʪʠʪʝʣʴʥʦʡ ʙʠʦʤʘʩʩʳ ʠ ʫʩʣʦʚʠʷʤ ʘʵʨʘʮʠʠ: 

ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʟʨʳʭʣʠʪʝʣʷ (ʩʪʝʢʣʷʥʥʳʝ ʰʘʨʠʢʠ), ʧʨʠʤʝʥʝʥʠʝʤ ʚʦʟʜʫʰʥʦʛʦ 

ʥʘʩʦʩʘ [3]. 

ʆʮʝʥʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʜʠʥʘʤʠʢʝ ʉʆ  ʚ ʘʪʤʦʩʬʝʨʝ ʢʘʤʝʨ  

ʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʨʝʜʠʩʘ. ɻʘʟʦʦʙʤʝʥ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʨʘʢʨʘʩʥʳʭ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʦʚ LI -COR 840A (ʉʐɸ). 

ɹʝʟ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʥʘʠʙʦʣʴʰʝʝ ʚʳʜʝʣʝʥʠʝ CO  ʠʟ ʩʫʙʩʪʨʘʪʘ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʧʝʨʚʳʝ 5ï7 ʩʫʪʦʢ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ, 

ʦʩʦʙʝʥʥʦ ʦʛʫʨʮʘ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʯʘʣʴʥʦʡ ʚʳʩʦʢʦʡ ʤʠʢʨʦʙʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ɺʘʨʠʘʥʪʳ ʩ ʩʦʝʡ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʦʣʝʝ ʩʣʘʙʦʝ ʠ ʜʣʠʪʝʣʴʥʦʝ 

ʨʘʟʣʦʞʝʥʠʝ ʦʨʛʘʥʠʢʠ, ʩʦʧʨʦʚʦʞʜʘʚʰʝʝʩʷ ʤʝʥʴʰʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ  

CO  ʨʘʩʪʝʥʠʷʤʠ ʚ ʜʘʣʴʥʝʡʰʝʤ (ʨʠʩʫʥʦʢ 1 ʠ 2). 

  

ʈʠʩʫʥʦʢ 1. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 ʚ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʢʘʤʝʨʘʭ  

ʙʝʟ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʨʝʜʠʩʘ ʥʘ ʩʫʙʩʪʨʘʪʘʭ ʩ ʚʥʝʩʝʥʥʳʤʠ ʥʝʩʲʝʜʦʙʥʳʤʠ ʦʩʪʘʪʢʘʤʠ 

ʨʘʩʪʝʥʠʡ ʩʦʠ (ʘ) ʠ ʦʛʫʨʮʘ (ʙ) ʧʨʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʘʵʨʘʮʠʠ ʩʫʙʩʪʨʘʪʘ 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʚʳʨʘʱʠʚʘʝʤʦʛʦ ʨʝʜʠʩʘ ʜʠʥʘʤʠʢʘ ʛʘʟʦʦʙʤʝʥʘ ʦʪʣʠʯʘʣʘʩʴ:  

ʚ ʚʘʨʠʘʥʪʘʭ ʩ ʦʩʪʘʪʢʘʤʠ ʦʛʫʨʮʘ ʫʞʝ ʥʘ 15ï17-ʡ ʜʝʥʴ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ CO  ʥʘʜ ʝʛʦ ʚʳʜʝʣʝʥʠʝʤ, ʪʦʛʜʘ ʢʘʢ ʩ ʩʦʝʡ ʪʘʢʦʡ 

ʵʬʬʝʢʪ ʬʠʢʩʠʨʦʚʘʣʩʷ ʧʦʟʜʥʝʝ ʠ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʳʭʣʠʪʝʣʷ 

(ʨʠʩʫʥʦʢ 2). 
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ʈʠʩʫʥʦʢ 2. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 ʚ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʢʘʤʝʨʘʭ  

ʩ ʚʳʨʘʱʠʚʘʥʠʝʤ ʨʘʩʪʝʥʠʡ ʨʝʜʠʩʘ ʥʘ ʩʫʙʩʪʨʘʪʘʭ ʩ ʚʥʝʩʝʥʥʳʤʠ ʥʝʩʲʝʜʦʙʥʳʤʠ ʦʩʪʘʪʢʘʤʠ 

ʨʘʩʪʝʥʠʡ ʩʦʠ (ʘ) ʠ ʦʛʫʨʮʘ (ʙ) ʧʨʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʘʵʨʘʮʠʠ ʩʫʙʩʪʨʘʪʘ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʝʜʠʩʘ ʜʦʩʪʠʛʘʣʘʩʴ ʧʨʠ ʚʥʝʩʝʥʠʠ ʦʩʪʘʪʢʦʚ 

ʦʛʫʨʮʘ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨ ʧʦ ʘʵʨʘʮʠʠ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ  

ʩʦʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʦʡ, ʦʩʦʙʝʥʥʦ ʚ ʚʘʨʠʘʥʪʝ ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ 

ʘʵʨʘʮʠʝʡ ʥʘʩʦʩʦʤ, ʢʦʪʦʨʘʷ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʥʘʨʫʰʘʣʘ ʫʩʣʦʚʠʷ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʡ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʢʦʥʚʝʨʩʠʠ ʩʣʦʞʥʦʡ ʦʨʛʘʥʠʢʠ. ɺʘʨʠʘʥʪ ʩ ʩʦʝʡ 

ʠ ʨʘʟʨʳʭʣʠʪʝʣʝʤ ʙʝʟ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʘʵʨʘʮʠʠ ʧʦʢʘʟʘʣ ʫʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (ʨʠʩʫʥʦʢ 3). 

  

ʈʠʩʫʥʦʢ 3. ɺʣʠʷʥʠʝ ʚʥʝʩʝʥʥʦʡ ʥʝʩʲʝʜʦʙʥʦʡ ʙʠʦʤʘʩʩʳ ʨʘʩʪʝʥʠʡ ʩʦʠ ʠ ʦʛʫʨʮʘ  

ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʨʝʜʠʩʘ (ʩʳʨʘʷ (ʘ) ʠ ʩʫʭʘʷ (ʙ) ʙʠʦʤʘʩʩʘ), ʚʳʨʘʱʝʥʥʳʭ ʧʨʠ 

ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʘʵʨʘʮʠʠ ʩʫʙʩʪʨʘʪʘ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ ʦʛʫʨʮʘ 

ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ  

ʩ ʦʩʪʘʪʢʘʤʠ ʩʦʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʝʝ ʚʦʚʣʝʢʘʪʴ ʠʭ ʚ ʢʨʫʛʦʚʦʨʦʪ ʚʝʱʝʩʪʚ 

ʚ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ. ɺʘʨʠʘʥʪʳ ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʘʵʨʘʮʠʝʡ ʜʦʩʪʦʚʝʨʥʦ ʥʝ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʫʩʢʦʨʝʥʠʶ ʙʠʦʢʦʥʚʝʨʩʠʠ ʠ ʧʦʚʳʰʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ: 

ʦʪʤʝʯʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʝʜʠʩʘ, ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʫʛʥʝʪʝʥʠʷ 

ʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʟʘʤʝʜʣʝʥʠʷ ʨʘʟʣʦʞʝʥʠʷ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ. 

ʋʣʫʯʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʫʙʩʪʨʘʪʘ ʟʘ ʩʯʸʪ ʜʦʙʘʚʣʝʥʠʷ ʨʘʟʨʳʭʣʠʪʝʣʷ ʯʘʩʪʠʯʥʦ 

ʢʦʤʧʝʥʩʠʨʦʚʘʣʦ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʩʦʠ, ʥʦ ʥʝ ʫʩʪʨʘʥʷʣʦ 

ʝʛʦ ʧʦʣʥʦʩʪʴʶ. 



˸͔͙͊ͭͪ͊͡· ··I ˸ ͔͚͗͒ͯͤ͊ͪͦ͒ͤͦ ͤ͊ͯ;͚ͤͦ ͦͤ͟ͺ͔͔ͪͤͼ͙͙ 

96 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Possible risks for the functioning of cyclic processes in the experimental 

model of a closed ecosystem / A. Tikhomirov, S. Ushakova, V. Velichko [et al.] // Life 

Sciences in Space Research. 2022. Vol. 33. P. 33ï40. 

2. Waste bioregeneration in life support CES: development of soil organic 

substrate / N. Manukovsky, N. Kovalev, V. Rygalov [et al.]  // Advances In Space 

Research. 1997. Vol. 20. P. 1827ï1832. 

3. ʇʦʚʳʰʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʚʦʟʜʫʭʦʦʙʤʝʥʘ 

ʧʦʯʚʦʧʦʜʦʙʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʩʣʦʚʠʷʤ ɹʉɾʆ / ɺ.ɺ. ɺʝʣʠʯʢʦ, ɸ. 

ɸ. ʊʠʭʦʤʠʨʦʚ, ʉ. ɸ. ʋʰʘʢʦʚʘ [ʠ ʜʨ.] // ɸʚʠʘʢʦʩʤʠʯʝʩʢʘʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʤʝʜʠʮʠʥʘ. 2023. ˉ 6. ʉ. 68ï76. 

 

ʋɼʂ 577.25 

RAGE ï ʆʇʆʉʈɽɼʆɺɸʅʅʆɽ ɺʃʀʗʅʀɽ ʌʆʈʄɸʃʔɼɽɻʀɼɸ ʅɸ 

ʊɽʏɽʅʀɽ ɹʆʃɽɿʅʀ ɸʃʔʎɻɽʁʄɽʈɸ 

ʀ. ɻ. ʄʠʭʘʡʣʦʚ1, 2 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɸ. ʅ. ʐʫʚʘʝʚ1, 2 

Ph.D., ʜ.ʤ.ʥ., ʨʫʢʦʚʦʜʠʪʝʣʴ ʅʀʀ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʝʜʠʮʠʥʳ ʠ ʧʘʪʦʙʠʦʭʠʤʠʠ 

ʉʦʨʫʢʦʚʦʜʠʪʝʣʴ ʆ. ʉ. ɹʝʣʦʟʦʨ2  

ʢ.ʙ.ʥ., ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʅʀʀ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʝʜʠʮʠʥʳ ʠ ʧʘʪʦʙʠʦʭʠʤʠʠ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʦʣʝʟʥʴ ɸʣʴʮʛʝʡʤʝʨʘ (ɹɸ) ʦʩʪʘʝʪʩʷ ʥʝʠʟʣʝʯʠʤʳʤ 

ʟʘʙʦʣʝʚʘʥʠʝʤ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʨʘʟʚʠʪʠʶ ɹɸ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ɺ ʨʷʜʝ 

ʨʦʩʩʠʡʩʢʠʭ ʛʦʨʦʜʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʚʳʰʝʥʠʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ (ʇɼʂ) ʬʦʨʤʘʣʴʜʝʛʠʜʘ (FA). ɺ 2023 ʛʦʜʫ ʩʨʝʜʥʝʛʦʜʦʚʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ FA ʧʨʝʚʳʰʘʣʘ 1 ʇɼʂ ʚ 146 ʛʦʨʦʜʘʭ. ʆʩʦʙʝʥʥʦ ʚʳʩʦʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʂʨʘʩʥʦʷʨʩʢʦʤ ʢʨʘʝ, ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʜʨʫʛʠʭ 

ʨʝʛʠʦʥʘʭ [1]. ʍʨʦʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ FA ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʘʤʠʣʦʠʜʥʳʭ 

ʙʣʷʰʝʢ ʠ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʛʠʧʝʨʛʣʠʢʝʤʠʶ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

[2]. ʆʜʥʘʢʦ ʥʝʷʩʥʦ, ʢʘʢ ʵʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʥʠʞʝʥʠʝʤ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʤʠʣʦʠʜʥʳʭ ʙʣʷʰʝʢ ʫ ʤʳʰʝʡ. ɿʘ ʧʨʦʮʝʩʩʠʥʛ ʙʝʣʢʘ-

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʘʤʠʣʦʠʜʘ (APP) ʦʪʚʝʯʘʶʪ Ŭ- ʠ ɓ-ʩʝʢʨʝʪʘʟʳ. ɹʝʪʘ-ʘʤʠʣʦʠʜ 

ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʠʥʛʘ APP ɓ-ʩʝʢʨʝʪʘʟʦʡ. ɺ ʥʦʨʤʘʣʴʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ Aɓ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʣʝʪʦʢ, ʥʦ ʚ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ Aɓ ʦʙʨʘʟʫʝʪ ʘʤʠʣʦʠʜʥʳʝ ʙʣʷʰʢʠ. ʇʦʵʪʦʤʫ ʚʘʞʝʥ ʙʘʣʘʥʩ ʤʝʞʜʫ 

ʫʨʦʚʥʝʤ Ŭ- ʠ ɓ-ʩʝʢʨʝʪʘʟ, ʟʘ ʵʢʩʧʨʝʩʩʠʶ ʢʦʪʦʨʳʭ ʦʪʚʝʯʘʶʪ ʛʝʥʳ ADAM10 ʠ 

BACE1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [3]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʠʥʪʨʘʥʘʟʘʣʴʥʦʝ ʚʚʝʜʝʥʠʝ ʨʘʩʪʚʦʨʘ FA 

ʤʳʰʘʤ ʚ ʪʝʯʝʥʠʝ 7 ʜʥʝʡ. ʂʦʥʮʝʥʪʨʘʮʠʷ FA ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʇɼʂ 
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ʚ ʂʨʘʩʥʦʷʨʩʢʝ ʚ 2023 ʛʦʜʫ (ʛʨʫʧʧʘ FA1x), ʘ ʜʣʷ ʙʦʣʝʝ ʷʚʥʦʛʦ ʵʬʬʝʢʪʘ ʙʳʣʘ 

ʫʚʝʣʠʯʝʥʘ ʚ 10 ʨʘʟ (ʛʨʫʧʧʘ FA10x). ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 

ʙʳʣʘ ʩʦʟʜʘʥʘ ʛʨʫʧʧʘ FA10x+ins, ʚ ʢʦʪʦʨʦʡ ʧʦʤʠʤʦ 10-ʢʨʘʪʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚʚʦʜʠʣʩʷ ʠʥʩʫʣʠʥ (0,25 ME/ʢʛ). ʂʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ ʩʣʫʞʠʣʘ 

ʛʨʫʧʧʘ, ʧʦʣʫʯʘʚʰʘʷ ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ (PBS). ɺ ʪʝʯʝʥʠʝ 7 ʜʥʝʡ ʠʥʪʨʘʥʘʟʘʣʴʥʦʛʦ 

ʚʚʝʜʝʥʠʷ FA ʠʟʤʝʨʷʣʠ ʫʨʦʚʝʥʴ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ. ʋʩʪʘʥʦʚʣʝʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ ʯʝʨʝʟ 15 ʤʠʥʫʪ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ FA ʫ ʛʨʫʧʧ 

FA1x (2-7 ʜʝʥʴ) ʠ FA10x (1-5 ʜʝʥʴ) (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 

 

ʋʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ ʚ ʦʪʚʝʪ ʥʘ ʠʥʪʨʘʥʘʟʘʣʴʥʦʝ ʚʚʝʜʝʥʠʝ FA. ɼʘʣʝʝ 

ʧʨʦʚʦʜʠʣʘʩʴ ʦʮʝʥʢʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʘʤʷʪʠ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʘ ʧʘʩʩʠʚʥʦʛʦ 

ʠʟʙʝʛʘʥʠʷ. ɺ ʧʝʨʚʳʡ ʜʝʥʴ ʧʨʦʚʦʜʠʣʦʩʴ ʦʙʫʯʝʥʠʝ: ʧʨʠ ʩʧʫʩʢʝ ʩ ʧʨʠʧʦʜʥʷʪʦʡ 

ʧʣʘʪʬʦʨʤʳ ʞʠʚʦʪʥʦʤʫ ʧʦʜʘʚʘʣʩʷ ʫʜʘʨ ʪʦʢʦʤ, ʯʪʦ ʧʦʤʦʛʘʣʦ ʘʩʩʦʮʠʠʨʦʚʘʪʴ ʩʧʫʩʢ 

ʩ ʥʝʛʘʪʠʚʥʳʤ ʩʪʠʤʫʣʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʢʦʛʥʠʪʠʚʥʳʝ ʥʘʨʫʰʝʥʠʷ: ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ FA ʚʨʝʤʷ ʜʦ ʧʝʨʚʦʛʦ ʩʧʫʩʢʘ ʩʦʢʨʘʱʘʣʦʩʴ, ʘ ʤʳʰʠ 

ʛʨʫʧʧʳ FA10x ʧʨʦʚʦʜʠʣʠ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʚʥʝ ʧʣʘʪʬʦʨʤʳ. ɺʚʝʜʝʥʠʝ ʠʥʩʫʣʠʥʘ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʯʘʩʪʠʯʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʧʦʤʠʥʘʥʠʷ: ʪʘʢʠʝ 

ʤʳʰʠ ʙʦʣʴʰʝ ʧʨʦʚʦʜʠʣʠ ʚʨʝʤʝʥʠ ʥʘ ʧʣʘʪʬʦʨʤʝ ʜʦ ʧʝʨʚʦʛʦ ʩʧʫʩʢʘ (% ʚʨʝʤʝʥʠ 

ʚʥʝ ʧʣʘʪʬʦʨʤʳ: PBS = 4,05Ñ2,12, FA1x = 3,8Ñ1,5, FA10x=22,1Ñ5,9, 

FA10x+ins=19,65Ñ6,1), (ʟʘʜʝʨʞʢʘ ʜʦ ʧʝʨʚʦʛʦ ʩʧʫʩʢʘ: PBS=202,11Ñ34,5, 

FA1x=126,11Ñ35,45, FA10x=50,24Ñ15,6, FA10x+ins=134,95Ñ29,14) (ʨʠʩ. 1). 

ʇʦʩʣʝ 7-ʤʠ ʜʥʝʡ ʚʚʝʜʝʥʠʷ FA ʧʨʦʚʦʜʠʣʦʩʴ ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʷ ʩʨʝʟʦʚ 

ʛʠʧʧʦʢʘʤʧʘ ʥʘ ʨʝʮʝʧʪʦʨ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʛʣʠʢʠʨʦʚʘʥʠʷ (RAGE). ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ FA ï ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʵʢʩʧʨʝʩʩʠʷ ʜʘʥʥʦʛʦ ʨʝʮʝʧʪʦʨʘ 

ʚʦ ʚʩʝʭ ʟʦʥʘʭ ʛʠʧʧʦʢʘʤʧʘ. ʆʜʥʘʢʦ ʚʚʝʜʝʥʠʝ ʠʥʩʫʣʠʥʘ ʚ ʛʨʫʧʧʝ FA10x ʧʦʟʚʦʣʠʣʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʵʢʩʧʨʝʩʩʠʶ ʵʪʦʛʦ ʨʝʮʝʧʪʦʨʘ (PBS=73,3Ñ4,9, 

FA1x=80,4Ñ8,6, FA10x=388Ñ29,2, FA10x+ins=24,5Ñ5,3) (ʪʘʣʙ. 2).  
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ʀʥʪʨʘʥʘʟʘʣʴʥʦʝ ʚʚʝʜʝʥʠʝ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʧʦʚʳʰʘʝʪ ʵʢʩʧʨʝʩʩʠʶ RAGE ʚ 

ʛʠʧʧʦʢʘʤʧʝ. ʇʦʚʳʰʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ RAGE ʫʩʠʣʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʣʠʛʘʥʜʦʤ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ BACE1. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʛʣʶʢʦʟʳ 

ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʪʦʤʫ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʤʈʅʂ ADAM10 ʠ BACE1 ʩ ʧʦʤʦʱʴʶ real-time PCR 

ʧʦʢʘʟʘʣʦ, ʯʪʦ FA ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʵʢʩʧʨʝʩʩʠʶ, ʥʦ ʧʨʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

(FA10x) ʦʥʘ ʩʥʠʞʘʝʪʩʷ. ɺʚʝʜʝʥʠʝ ʠʥʩʫʣʠʥʘ ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʩʥʦʚʘ ʧʦʚʳʰʘʝʪ 

ʵʢʩʧʨʝʩʩʠʶ ʵʪʠʭ ʛʝʥʦʚ (ʨʠʩ. 2). 

 

 

 

 

 

ʈʠʩʫʥʦʢ 

2. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ADAM10 ʠ BACE1. 

ʀʥʪʨʘʥʘʟʘʣʴʥʦʝ ʚʚʝʜʝʥʠʝ FA ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ʩʚʦʙʦʜʥʦʡ 

ʛʣʶʢʦʟʳ ʠ ʫʭʫʜʰʝʥʠʶ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ ʫ ʤʳʰʝʡ ʛʨʫʧʧ FA1x ʠ FA10x. 

ʀʥʩʫʣʠʥ ʯʘʩʪʠʯʥʦ ʫʣʫʯʰʠʣ ʩʦʩʪʦʷʥʠʝ ʤʳʰʝʡ ʛʨʫʧʧʳ FA10x. ʀɻʍ ʩʨʝʟʦʚ ʤʦʟʛʘ 

ʚʳʷʚʠʣʘ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ RAGE ʚ ʛʠʧʧʦʢʘʤʧʝ, ʟʘʚʠʩʠʤʦʝ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ FA, ʠ ʩʥʠʞʝʥʠʝ ʵʪʦʡ ʵʢʩʧʨʝʩʩʠʠ ʧʨʠ ʚʚʝʜʝʥʠʠ ʠʥʩʫʣʠʥʘ. 

ʋʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ADAM10 ʠ BACE1 ʚ ʛʨʫʧʧʝ FA1x ʩʚʷʟʘʥʦ ʩ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʛʣʶʢʦʟʳ, ʪʦʛʜʘ ʢʘʢ ʩʥʠʞʝʥʠʝ ʚ ʛʨʫʧʧʝ FA10x ʦʙʫʩʣʦʚʣʝʥʦ 

ʛʠʧʦʛʣʠʢʝʤʠʝʡ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ 

ʦʙʲʷʩʥʝʥʠʷ ʫʚʝʣʠʯʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ADAM10 ʠ BACE1 ʧʨʠ ʚʚʝʜʝʥʠʠ 

ʠʥʩʫʣʠʥʘ. 

ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ɻʨʘʥʪ ˉ24-75-00034). 
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ʋɼʂ 502.175 %582.26(282.256.3) 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɺʅɽʂʃɽʊʆʏʅʆɻʆ ɺɽʑɽʉʊɺɸ, 

ɸʉʉʆʎʀʀʈʆɺɸʅʅʆɻʆ ʉ ɺʆɼʅʓʄ ʄʍʆʄ, ɼʃʗ ʀɿʋʏɽʅʀʗ 

ʇɽʈɽʅʆʉɸ ʈɸɼʀʆʅʋʂʃʀɼʆɺ ɺ ʈ. ɽʅʀʉɽʁ 

ɺ. ɺ. ʉʫʭʦʨʫʢʦʚ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʊ. ɸ. ɿʦʪʠʥʘ1,2 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɺʦʜʥʳʡ ʤʦʭ Fontinalis antipyretica Hedw. ï ʚʝʯʥʦʟʝʣʝʥʳʡ ʤʘʢʨʦʬʠʪ 

ʢʦʪʦʨʳʡ, ʤʘʩʩʦʚʦ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘ ʧʨʦʪʦʯʥʳʭ ʫʯʘʩʪʢʘʭ ʨʝʢʠ ɽʥʠʩʝʡ, 

ʧʨʠʢʨʝʧʣʷʷʩʴ ʨʠʟʦʠʜʘʤʠ ʢ ʪʚʝʨʜʦʤʫ ʩʫʙʩʪʨʘʪʫ ʥʘ ʜʥʝ. ɺʦʜʥʳʡ ʤʦʭ ʩʧʦʩʦʙʝʥ 

ʫʣʘʚʣʠʚʘʪʴ ʯʘʩʪʠʮʳ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʝʨʝʥʦʩʠʤʦʛʦ ʪʝʯʝʥʠʝʤ ʨʝʢʠ ʠ 

ʜʝʧʦʥʠʨʦʚʘʪʴ ʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʙʝʛʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʥʝʢʣʝʪʦʯʥʦʝ 

ʚʝʱʝʩʪʚʦ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʝ ʩ ʙʠʦʤʘʩʩʦʡ ʚʦʜʥʦʛʦ ʤʭʘ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʧʝʨʝʥʦʩʘ ʢʩʝʥʦʙʠʦʪʠʢʦʚ ʪʝʯʝʥʠʝʤ ʨʝʢʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ 

ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʚʥʝʢʣʝʪʦʯʥʳʭ ʯʘʩʪʠʮ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʚʦʜʥʳʤ ʤʭʦʤ, ʠ 

ʦʮʝʥʢʘ ʠʭ ʨʦʣʠ ʚ ʧʝʨʝʥʦʩʝ ʪʝʭʥʦʛʝʥʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʨ. ɽʥʠʩʝʡ. 

 ʇʨʦʙʳ ʚʦʜʥʦʛʦ ʤʭʘ ʦʪʙʠʨʘʣʠ ʚ ʨ. ɽʥʠʩʝʡ ʚʙʣʠʟʠ ʤʝʩʪʘ ʧʦʩʪʫʧʣʝʥʠʷ ʚ 

ʨʝʢʫ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ (2019ï2023 ʛʛ.). ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʩʦ 

ʤʭʘ ʩʤʳʚʘʣʠ ʚʥʝʢʣʝʪʦʯʥʦʝ ʚʝʱʝʩʪʚʦ, ʢʘʢ ʦʧʠʩʘʥʦ ʨʘʥʝʝ (Zotina et al., 2024; 

ɿʦʪʠʥʘ ʠ ʜʨ., 2025). ʇʦʤʠʤʦ ʦʪʤʳʪʦʡ ʙʠʦʤʘʩʩʳ ʤʭʘ ʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʯʘʩʪʠʮ, ʚ 

ʨʘʙʦʪʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʪʘʢʞʝ ʧʨʦʙʳ ʠʩʭʦʜʥʦʛʦ (ʥʝʤʳʪʦʛʦ) ʤʭʘ ʠ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʨʦʙ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʨʘʟʤʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ 

ð ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ), ʨʘʜʠʦʥʫʢʣʠʜʥʳʡ 

ð ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (Zotina et al., 2024; ɿʦʪʠʥʘ ʠ ʜʨ., 2025). 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʢʣʶʯʘʣ ʧʨʦʚʝʜʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʉʧʠʨʤʝʥʘ ʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʧʦʣʥʦʡ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA-ʘʥʘʣʠʟʘ). 

ɼʦʣʷ ʚʥʝʢʣʝʪʦʯʥʳʭ ʯʘʩʪʠʮ ʚ ʧʨʦʙʘʭ ʙʠʦʤʘʩʩʳ ʚʦʜʥʦʛʦ ʤʭʘ ʨ. ɽʥʠʩʝʡ ʚ 

ʪʝʯʝʥʠʝ ʧʷʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʣʝʪ (2019-2023 ʛʛ.) ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

14 ʜʦ 43%. ɺʥʝʢʣʝʪʦʯʥʦʝ ʚʝʱʝʩʪʚʦ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʝ ʩ ʚʦʜʥʳʤ ʤʭʦʤ, ʚʢʣʶʯʘʣʦ 

ʤʠʥʝʨʘʣʴʥʳʝ ʯʘʩʪʠʮʳ, ʩʪʚʦʨʢʠ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʠ ʦʨʛʘʥʠʯʝʩʢʠʡ ʤʫʩʦʨ. 

ʈʘʟʤʝʨ ʚʥʝʢʣʝʪʦʯʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʚʘʨʴʠʨʦʚʘʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 5,7 ʜʦ 

232,2 ʤʢʤ. ɺʦ ʚʥʝʢʣʝʪʦʯʥʦʤ ʚʝʱʝʩʪʚʝ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʤ ʩ ʚʦʜʥʳʤ ʤʭʦʤ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ ʤʠʥʝʨʘʣʳ (ʢʚʘʨʮ, ʧʣʘʛʠʦʢʣʘʟ, ʂʇʐ, 

 
É ʉʫʭʦʨʫʢʦʚ ɺ.ɺ., 2025 
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ʩʣʶʜʘ, ʭʣʦʨʠʪ Fe), ʧʨʠʨʦʜʥʳʝ (7Be, 40K ʠ 226Ra) ʠ ʪʝʭʥʦʛʝʥʥʳʝ (60Co, 137Cs, 152Eu, 
154Eu ʠ 241Am) ʨʘʜʠʦʥʫʢʣʠʜʳ. ʉ ʧʦʤʦʱʴʶ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʥʝʢʣʝʪʦʯʥʳʝ ʯʘʩʪʠʮʳ ʚʦʜʥʦʛʦ ʤʭʘ ʙʣʠʟʢʠ ʧʦ ʩʚʦʝʤʫ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʢ 

ʧʨʦʙʘʤ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʦʜʥʘʢʦ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʧʨʦʙ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʪʝʭʥʦʛʝʥʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ. ɺʦ ʚʥʝʢʣʝʪʦʯʥʳʭ ʯʘʩʪʠʮʘʭ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʚʦʜʥʳʤ ʤʭʦʤ, ʦʙʥʘʨʫʞʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʪʝʭʥʦʛʝʥʥʳʭ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʚ ʧʨʦʙʘʭ ʚʦʜʥʦʛʦ ʤʭʘ ʨ. ɽʥʠʩʝʡ: 12-67 % 60Co, 

38-81 % 137Cs, 33-100 % 152Eu, 20-60 % 241Am. ʉ ʧʦʤʦʱʴʶ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʪʝʭʥʦʛʝʥʥʳʭ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ʚ ʧʨʦʙʘʭ ʚʦʜʥʦʛʦ ʤʭʘ, 

ʚʥʝʢʣʝʪʦʯʥʳʭ ʯʘʩʪʠʮ ʤʭʘ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ: 137Cs, 152Eu, 154Eu ʩ ʂʇʐ; 137Cs, 
152Eu, 241Am ʩ ʭʣʦʨʠʪʦʤ; 154Eu ʩ ʢʚʘʨʮʝʤ, ʧʣʘʛʠʦʢʣʘʟʦʤ ʠ ʩʤʝʢʪʠʪʦʤ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʠ ʤʠʥʝʨʘʣʳ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʝʨʝʥʦʩʝ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʨ. 

ɽʥʠʩʝʡ. ɸʥʘʣʠʟ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ ʙʠʦʤʘʩʩʳ ʚʦʜʥʦʛʦ ʤʭʘ ʠ ʜʦʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʤʠʥʝʨʘʣʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʬʦʨʤʠʨʫʶʪʩʷ 

ʟʘ ʩʯʝʪ ʯʘʩʪʠʮ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʩ ʙʠʦʤʘʩʩʦʡ ʚʦʜʥʦʛʦ 

ʤʭʘ. 

ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʩ ʚʦʜʥʳʤ 

ʤʭʦʤ, ʧʦʢʘʟʘʣ, ʯʪʦ ʚʦʜʥʳʡ ʤʦʭ ʩʣʫʞʠʪ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ ʜʣʷ 

ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʨʘʜʠʦʥʫʢʣʠʜʳ, ʢʦʪʦʨʦʝ ʧʝʨʝʥʦʩʠʪʩʷ 

ʚʦʜʥʳʤ ʧʦʪʦʢʦʤ ʚ ʨ. ɽʥʠʩʝʡ. ɺʥʝʢʣʝʪʦʯʥʳʝ ʯʘʩʪʠʮʳ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʟʚʝʥʘ ʚ ʠʟʙʠʨʘʪʝʣʴʥʦʤ ʧʝʨʝʥʦʩʝ ʪʝʭʥʦʛʝʥʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ 

ʢʦʤʧʣʝʢʩʝ ʩ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʤʝʞʜʫ ʤʭʦʤ ʠ ʜʦʥʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ ʚ ʵʢʦʩʠʩʪʝʤʝ ʨ. ɽʥʠʩʝʡ. 
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ʋɼʂ: 577.352.56 

ʇɸʈɸɼʆʂʉ ɹʈɸɽʉʉɸ ɺ ɼʀʅɸʄʀʂɽ NMDA ʂɸʅɸʃɸ 

ɺ. ʕ. ɹʫʜʠʣʦʚ 1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɸ. ʅ. ʐʫʚʘʝʚ1 

ʂʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʙʘʟʦʚʦʡ ʢʘʬʝʜʨʦʡ ʤʝʜʠʢʦ-

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʢʦʤʧʣʝʢʩʦʚ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ɺʘʞʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʘʪʦʬʠʟʠʦʣʦʛʠʠ ʨʷʜʘ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʵʢʩʘʡʪʦʪʦʢʩʠʯʥʦʩʪʴ ð ʧʦʚʨʝʞʜʝʥʠʝ ʠ ʛʠʙʝʣʴ ʥʝʡʨʦʥʦʚ, 

ʚʳʟʚʘʥʥʳʝ ʠʟʙʳʪʦʯʥʦʡ ʘʢʪʠʚʘʮʠʝʡ ʨʝʮʝʧʪʦʨʦʚ ʛʣʫʪʘʤʘʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ NMDA-

ʨʝʮʝʧʪʦʨʦʚ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʥʝʩʠʥʘʧʪʠʯʝʩʢʠʝ NMDA-

ʨʝʮʝʧʪʦʨʳ, ʪʦʢ ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʠʥʠʮʠʠʨʫʝʪ ʜʣʠʪʝʣʴʥʳʝ ʤʝʪʘʙʦʪʨʦʧʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʩʧʦʩʦʙʥʳʝ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʨʫʰʝʥʠʶ ʢʣʝʪʦʯʥʳʭ ʩʪʨʫʢʪʫʨ.  

ʎʝʣʴ ʨʘʙʦʪʳ: ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʨʘʙʦʪʳ NMDA-ʢʘʥʘʣʘ ʩ ʫʯʸʪʦʤ 

ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʨʝʮʝʧʪʦʨʘ ʠ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʪʦʢ ʯʝʨʝʟ ʢʘʥʘʣ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʪʦʢʦʚ NMDA-ʨʝʮʝʧʪʦʨʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ, ʩʦʩʪʦʷʱʘʷ 

ʠʟ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʩʭʝʤʳ 

ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʨʝʮʝʧʪʦʨʘ [2] ʠ ʤʦʜʝʣʠ 

ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʛʣʫʪʘʤʘʪʘ [3]. ʆʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʠʣʘʩʴ 

ʥʘ ʙʘʟʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʣʦʢʘʣʴʥʦʡ ʬʠʢʩʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ 

ʢʣʝʪʦʢ ʩ ʟʘʙʣʦʢʠʨʦʚʘʥʥʦʡ ʠ ʥʝʟʘʙʣʦʢʠʨʦʚʘʥʥʦʡ NR2B ʩʫʙʲʝʜʠʥʠʮʝʡ, ʢʦʪʦʨʘʷ 

ʙʳʣʘ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʂʨʘʩɻʄʋ. ʇʦʠʩʢ ʧʘʨʘʤʝʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʤʝʪʦʜʦʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʚʦʣʶʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʪʦʯʥʝʥʠʝʤ ʣʦʢʘʣʴʥʳʤ ʤʝʪʦʜʦʤ 

(L-BFGS-B).  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʙʣʦʢʘʪʦʨʘ NR2B ʩʫʙʲʝʜʠʥʠʮʳ Ro25-6981 ʩʠʣʘ ʪʦʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 

ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʠʥʪʫʠʪʠʚʥʦʤʫ ʦʞʠʜʘʥʠʶ ʩʥʠʞʝʥʠʷ ʪʦʢʘ ʧʨʠ ʙʣʦʢʠʨʦʚʢʝ. 

 

 
1É ɹʫʜʠʣʦʚ ɺ. ʕ., 2025 
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ʈʠʩʫʥʦʢ 1. ʉʨʘʚʥʝʥʠʝ ʪʦʢʦʚ ʯʝʨʝʟ NMDA-ʨʝʮʝʧʪʦʨ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ABF-ʢʨʠʚʳʭ: ʩʠʥʠʤ 

ʮʚʝʪʦʤ ð ʪʦʢ ʙʝʟ ʙʣʦʢʠʨʦʚʢʠ, ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ð ʪʦʢ ʧʨʠ ʙʣʦʢʠʨʦʚʢʝ NR2B-ʩʫʙʲʝʜʠʥʠʮʳ ʩ 

ʧʦʤʦʱʴʶ Ro25-6981. 

ʄʠʥʠʤʠʟʘʮʠʷ ʦʰʠʙʢʠ ʤʝʞʜʫ ʤʦʜʝʣʴʥʳʤʠ ʢʨʠʚʳʤʠ ʪʦʢʘ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ABF-ʬʘʡʣʘʤʠ ʧʦʟʚʦʣʠʣʘ ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨʳ 

ʤʦʜʝʣʠ ʨʝʮʝʧʪʦʨʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʏʘʩʪʴ 

ʥʘʡʜʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʜʩʪʘʚʣʝʥʥʳʭ ʚ ʤʦʜʝʣʴ, ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʢʦʥʪʨʠʥʪʫʠʪʠʚʥʫʶ ʜʠʥʘʤʠʢʫ ʥʘʙʣʶʜʘʝʤʫʶ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʇʦʜʦʙʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʧʦʪʦʢʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʝʨʦʷʪʥʦʩʪʴ ʦʢʘʟʘʪʴʩʷ ʚ ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʚʳʰʝ ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʜʥʦʛʦ ʠʟ ʧʦʪʦʢʦʚ, ʠʟʚʝʩʪʥʦ ʢʘʢ ʧʘʨʘʜʦʢʩ ɹʨʘʝʩʩʘ [1].  

ɹʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʘʣʠʯʠʝ ʜʘʥʥʦʛʦ ʧʘʨʘʜʦʢʩʘ ʥʘ ʫʧʨʦʱʝʥʥʦʡ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʩʭʝʤʝ, ʩʦʩʪʦʷʱʝʡ ʠ 4-ʭ ʩʦʩʪʦʷʥʠʡ ʩ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤʠ 

ʥʘʡʜʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʠʩʧʦʣʴʟʫʷ ʨʘʩʯʝʪʳ ʜʣʷ ʤʘʨʢʦʚʩʢʠʭ ʮʝʧʝʡ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʨʘʜʦʢʩ ɹʨʘʝʩʩʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ 

ʥʝʦʞʠʜʘʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʪʦʢʘ ʯʝʨʝʟ NMDA-ʨʝʮʝʧʪʦʨ ʧʨʠ ʙʣʦʢʠʨʦʚʢʝ NR2B-

ʩʫʙʲʝʜʠʥʠʮʳ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʢʘʥʘʣʘ, ʯʪʦ 

ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʵʢʩʘʡʪʦʪʦʢʩʠʯʥʦʩʪʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ, ʛʨʘʥʪ ˉ 25-15-20029. 
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ʋɼʂ 504.05*502.05*665.6/7 

ʆʎɽʅʂɸ ɿɸɻʈʗɿʅɽʅʀʗ ɸʃʃʖɺʀɸʃʔʅʓʍ ʇʆʏɺ 

ʅɽʌʊɽʇʈʆɼʋʂʊɸʄʀ ɺ ɿʆʅɽ ɺʆɿɼɽʁʉʊɺʀʗ ʉʊʆʂʆɺ 

ʉ ʊɽʈʈʀʊʆʈʀʀ ɹʓɺʐɽʁ ʅɽʌʊɽɹɸɿʓ  

ɸʆ çʂʈɸʉʅʆʗʈʉʂʅɽʌʊɽʇʈʆɼʋʂʊè. 

ɽ. ʀ. ɺʳʨʫʧʘʝʚʘ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʈ. ɸ. ʐʘʨʘʬʫʪʜʠʥʦʚ1 

ʂʘʥʜʠʜʘʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʠʨʝʢʪʦʨ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

ʧʦʚʩʝʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ. ɺ ʤʝʩʪʘʭ ʭʨʘʥʝʥʠʷ, ʧʝʨʝʨʘʙʦʪʢʠ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʦʰʠʙʢʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 

ʘʚʘʨʠʡʥʳʤ ʩʠʪʫʘʮʠʷʤ ʠ ʢʨʫʧʥʳʤ ʥʝʬʪʝʨʘʟʣʠʚʘʤ, ʚʝʜʫʱʠʤ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺ ʛʨʘʥʠʮʘʭ ʛʦʨʦʜʦʚ ʧʦʩʣʝʜʩʪʚʠʷ ʧʦʜʦʙʥʳʭ ʘʚʘʨʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʤʦʛʫʪ 

ʙʳʪʴ ʦʩʣʦʞʥʝʥʳ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʂʨʘʩʥʦʷʨʩʢʘ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʤʘʩʰʪʘʙʥʳʭ ʦʙʲʝʢʪʦʚ 

ʥʘʢʦʧʣʝʥʥʦʛʦ ʚʨʝʜʘ ʷʚʣʷʝʪʩʷ ʪʝʨʨʠʪʦʨʠʷ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʥʝʝ ʨʘʟʤʝʱʘʣʘʩʴ 

ʥʝʬʪʝʙʘʟʘ ɸʆ çʂʨʘʩʥʦʷʨʩʢʥʝʬʪʝʧʨʦʜʫʢʪè. 

ʅʘ ʜʘʥʥʦʡ ʧʣʦʱʘʜʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʭʨʘʥʝʥʠʝ ʠ ʧʝʨʝʢʘʯʢʘ ʪʦʧʣʠʚʘ.  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʦʱʘʜʢʘ ʙʳʣʘ ʟʘʢʨʳʪʘ, ʧʨʦʠʟʚʝʜʝʥ ʜʝʤʦʥʪʘʞ ʨʝʟʝʨʚʫʘʨʦʚ  

ʠ ʜʨʫʛʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɿʘ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʬʪʝʙʘʟʳ, ʛʨʫʥʪʳ  

ʥʘ ʝʝ ʪʝʨʨʠʪʦʨʠʠ ʙʳʣʠ ʟʘʛʨʷʟʥʝʥʳ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʬʨʘʢʮʠʦʥʥʦʛʦ 

ʩʦʩʪʘʚʘ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʛʣʫʙʠʥʫ, ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʧʦʩʣʝʜʥʠʭ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 

2,6 ʪʳʩʷʯʠ ʪʦʥʥ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʠʥʟʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦʜ 

ʟʜʘʥʠʝʤ ʪʦʨʛʦʚʦʛʦ ʮʝʥʪʨʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʠʭ ʧʨʷʤʘʷ ʣʠʢʚʠʜʘʮʠʷ ʷʚʣʷʝʪʩʷ 

ʥʝʚʦʟʤʦʞʥʦʡ. ʅʘʢʦʧʣʝʥʥʘʷ ʩʤʝʩʴ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʦʩʪʝʧʝʥʥʦ ʯʝʨʝʟ ʧʦʣʦʩʪʠ ʚ 

ʛʨʫʥʪʘʭ ʩʪʝʢʘʝʪ ʧʦʜ ʫʢʣʦʥ ʚ ʨʘʡʦʥ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʨʝʢʠ ɽʥʠʩʝʡ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʜʘʚʣʠʚʘʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ ʚʳʭʦʜʠʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʯʘʩʪʠʯʥʦ 

ʧʦʧʘʜʘʷ ʚ ʚʦʜʥʳʡ ʦʙʲʝʢʪ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʧʨʠʯʠʥ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʦʨʘʙʦʪʢʠ ʠʥʳʭ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʣʠʢʚʠʜʘʮʠʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩ ʫʯʝʪʦʤ 

ʜʘʥʥʳʭ ʦʩʣʦʞʥʝʥʥʳʭ ʫʩʣʦʚʠʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʙʳ ʨʝʥʪʘʙʝʣʴʥʳ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ 

ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʦʚ ʫʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ. 

ʋʨʦʚʝʥʴ ʠ ʛʨʘʥʠʮʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ 

ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ ʦʪ ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʡ ʥʝʬʪʝʙʘʟʳ ʨʘʥʝʝ ʥʝ ʦʮʝʥʠʚʘʣʠʩʴ.  

ʅʝ ʚʳʧʦʣʥʷʣʩʷ ʘʥʘʣʠʟ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʘʭ, ʙʝʟ ʯʝʛʦ ʥʝʚʦʟʤʦʞʥʦ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʮʝʥʠʪʴ ʠʭ 

ʪʦʢʩʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʯʚʝʥʥʫʶ ʙʠʦʪʫ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʛʦʨʦʜʘ 
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ʂʨʘʩʥʦʷʨʩʢʘ ʦʪʩʫʪʩʪʚʫʶʪ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʦ ʬʦʥʦʚʳʭ ʩʦʜʝʨʞʘʥʠʷʭ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚʘʭ, ʯʪʦ, ʚ ʦʪʩʫʪʩʪʚʠʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʇɼʂ, 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʝ ʥʘʥʝʩʝʥʥʦʛʦ ʫʱʝʨʙʘ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʚʳʧʦʣʥʝʥ ʦʪʙʦʨ ʧʦʯʚʝʥʥʳʭ ʧʨʦʙ  

ʚ 20 ʪʦʯʢʘʭ ʧʦ ɻʆʉʊ 17.4.4.02-2017 [1], ʯʝʨʝʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʳʝ ʦʪʨʝʟʢʠ 

ʚʧʣʦʪʴ ʜʦ ʫʜʘʣʝʥʠʷ 1,2 ʢʤ ʦʪ ʤʝʩʪʘ ʘʢʪʠʚʥʦʛʦ ʧʨʦʩʘʯʠʚʘʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ  

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʠʟʢʦʡ ʧʦʡʤʳ ʩ ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʡ ʥʝʬʪʝʙʘʟʳ. ʆʪʙʦʨ ʚʳʧʦʣʥʝʥ 

ʧʦʩʣʦʡʥʦ ʚ ʠʥʪʝʨʚʘʣʝ 0-5 ʠ 5-20 ʩʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʠʟʚʝʜʝʥ ʦʪʙʦʨ ʬʦʥʦʚʳʭ 

ʧʨʦʙ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʚ 10 ʪʦʯʢʘʭ ʚʳʰʝ ʧʦ ʪʝʯʝʥʠʶ ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʟʘʛʨʷʟʥʝʥʠʷ, ʚ ʧʨʝʜʝʣʘʭ ʥʠʟʢʦʡ ʧʦʡʤʳ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʨ. ɽʥʠʩʝʡ. ʌʨʘʢʮʠʦʥʥʳʡ 

ʩʦʩʪʘʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʝʩʪʝ ʠʭ ʚʳʭʦʜʘ ʠ ʩʦʩʪʘʚ ʚʳʜʝʣʝʥʥʳʭ 

ʠʟ ʧʦʯʚʝʥʥʳʭ ʨʘʟʥʦʩʪʝʡ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʘ ʫʜʘʣʝʥʠʠ  

1,2 ʢʤ ʦʧʨʝʜʝʣʷʣʩʷ ʥʘ ʧʨʠʙʦʨʝ ɸʈʅ-ʃɸɹ-02. ʉʦʜʝʨʞʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ  

ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ ɻʆʉʊ 2177-99 [2]. ʉʪʘʥʜʘʨʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʘ ʧʨʠʙʦʨʝ  

ɸʈʅ-ʃɸɹ-02 ʧʫʪʝʤ ʧʝʨʝʛʦʥʢʠ ʚ ʩʦʩʪʘʚʝ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʝʚʘʣʠʨʫʝʪ ʜʠʟʝʣʴʥʘʷ ʠʣʠ ʪʷʞʝʣʘʷ (ʉ15-ʉ20) ʠ ʢʝʨʦʩʠʥʦʚʘʷ ʠʣʠ ʩʨʝʜʥʷʷ  

(ʉ10-ʉ16) ʠ ʬʨʘʢʮʠʠ [2, 3]. ʄʝʞʜʫ ʪʝʤ, ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, 

ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 1 ʢʤ ʥʠʞʝ  

ʧʦ ʪʝʯʝʥʠʶ ʨ. ɽʥʠʩʝʡ, ʠʤʝʝʪ ʦʪʣʠʯʠʷ ʦʪ ʩʦʩʪʘʚʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʦʪʦʙʨʘʥʥʳʭ  

ʚ ʪʦʯʢʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠʟʣʠʷʥʠʷ ʫ ʫʨʝʟʘ ʨʝʢʠ ɽʥʠʩʝʡ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ  

ʥʘ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʧʦʡʤʝʥʥʳʝ 

ʧʦʯʚʳ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʨ. ɽʥʠʩʝʡ. 

ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ  

ʦ ʢʦʣʠʯʝʩʪʚʝ ʠ ʩʦʩʪʘʚʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʧʦʯʚʝ, ʙʳʣʦ ʧʨʠʤʝʥʝʥʦ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʧʦʯʚʘʭ ʙʳʣ ʚʳʙʨʘʥ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦ ʇʅɼ ʌ 16.1.41-04 çʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʧʦʯʚ. ʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʧʨʦʙʘʭ ʧʦʯʚ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤè [4], ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ. 

ɺʳʜʝʣʝʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʵʢʩʪʨʘʢʮʠʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʟʚʣʝʯʝʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʠʟ 

ʦʙʨʘʟʮʦʚ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʡ ʧʦʯʚʳ ʧʫʪʸʤ ʠʭ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʛʝʢʩʘʥʝ. ʅʘʠʙʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚʘʨʴʠʨʫʶʪ ʦʪ 854,406 ʜʦ 7618,243 ʤʛ ʥʘ ʢʛ 

ʧʨʦʙʳ. ʅʝʬʪʝʧʨʦʜʫʢʪʳ ʠʟ ʝʩʪʝʩʪʚʝʥʥʦ-ʚʣʘʞʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘʠʙʦʣʝʝ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʦʯʝʢ ʙʳʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʵʢʩʪʨʘʛʠʨʦʚʘʥʳ ʨʘʩʪʚʦʨʦʤ ʘʮʝʪʦʥʘ ʠ 

ʛʝʢʩʘʥʘ ʚ ʧʨʦʧʦʨʮʠʠ 2:1, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʪʘʢʞʝ ʚʳʜʝʣʠʪʴ ʣʝʛʢʠʝ ʬʨʘʢʮʠʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʪʨʝʭ ʠʟ ʰʝʩʪʠ ʧʨʦʙ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ 

ʪʷʞʝʣʳʭ ʬʨʘʢʮʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʜʘʥʥʳʭ ʦʙʨʘʟʮʘʭ. 
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ɿʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʬʦʥʦʚʳʭ ʧʨʦʙʘʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʫʪʝʤ ʵʢʩʪʨʘʢʮʠʠ ʛʝʢʩʘʥʦʤ. ʉʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʬʦʥʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩʦʩʪʘʚʠʣ 348 ʤʛ ʥʘ ʢʛ. 
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ʋɼʂ 550.42  

ʌʆʅʆɺʓɽ ʂʆʅʎɽʅʊʈɸʎʀʀ ʕʃɽʄɽʅʊʆɺ ɺ ʇʆʏɺɸʍ ʅʀɾʅɽɻʆ 

ʇʈʀɸʅɻɸʈʔʗ  

ʂ. ɸ. ɺʳʩʦʪʩʢʠʡ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʀ. ɺ. ɹʦʨʠʩʦʚʘ1 

ʂʘʥʜʠʜʘʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌʦʥʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʤʝʶʪ ʚʘʞʥʦʝ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʦʙʣʘʩʪʠ 

ʦʮʝʥʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚ ʜʣʷ ʟʜʦʨʦʚʴʷ ʠ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ.  

ʈʷʜ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʢʘʩʘʶʱʠʭʩʷ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʛʦ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʠʢʣʘʜʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʟʥʘʯʝʥʠʡ 

ʬʦʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ [1, 2]. ʇʦʤʠʤʦ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʯʚ ʠ ʛʨʫʥʪʦʚ, ʟʥʘʯʝʥʠʷ ʬʦʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʥʠʤʘʶʪ ʚʘʞʥʦʝ 

ʤʝʩʪʦ ʚ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʶʪ 

ʦʮʝʥʠʪʴ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʬʦʥ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʦʮʝʥʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ 

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʠ ʪ.ʜ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ 

ʩʪʝʧʝʥʴ ʚʘʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʷʭ, ʥʝ ʜʣʷ ʚʩʝʭ ʨʝʛʠʦʥʦʚ ʠ ʪʝʨʨʠʪʦʨʠʡ ʫʩʪʘʥʦʚʣʝʥʳ 

ʬʦʥʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʦʙʲʝʢʪʠʚʥʦ ʠ ʜʦʩʪʦʚʝʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʧʨʠ ʦʧʠʩʘʥʠʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʦʮʝʥʢʠ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ.  

ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʛʘʟʦʢʦʥʜʝʥʩʘʥʪʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʦʛʫʯʘʥʩʢʦʛʦ 

ʨʘʡʦʥʘ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ (ɸʙʘʢʘʥʩʢʠʡ, ʀʣʴʙʦʢʯʠʥʩʢʠʡ, ʊʨʦʠʮʢʠʡ, 

ʂʘʨʘʙʫʣʴʩʢʠʡ, ʀʤʙʠʥʩʢʠʡ ʣʠʮʝʥʟʠʦʥʥʳʝ ʫʯʘʩʪʢʠ).  

 

É ɺʳʩʦʪʩʢʠʡ ʂ. ɸ., 2025 
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ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʫʯʘʩʪʢʦʚ. ʇʦʯʚʳ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʤ, ʜʝʨʥʦʚʦ-ʢʘʨʙʦʥʘʪʥʳʤ, ʪʘʝʞʥʦ-

ʤʝʨʟʣʦʪʥʳʤ ʠ ʘʣʣʶʚʠʘʣʴʥʳʤ ʜʝʨʥʦʚʳʤ ʠ ʘʣʣʶʚʠʘʣʴʥʳʤ ʣʫʛʦʚʳʤ ʧʦʯʚʘʤ [5]. 

ɻʝʦʣʦʛʠʯʝʩʢʠ ʨʘʡʦʥ ʩʣʦʞʝʥ ʧʘʣʝʦʟʦʡʩʢʠʤʠ (ʢʘʨʙʦʥʘʪʥʳʝ ʠ ʢʘʨʙʦʥʘʪʥʦ-

ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ), ʤʝʟʦʟʦʡʩʢʠʤʠ (ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ) ʠ 

ʢʘʡʥʦʟʦʡʩʢʠʤʠ (ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʝʯʥʳʭ ʜʦʣʠʥʘʭ) ʦʙʨʘʟʦʚʘʥʠʷʤʠ 

[6].  

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ, 

ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʝ ʘʩʧʝʢʪʳ ʜʚʫʭ ʦʩʥʦʚʥʳʭ 

ʤʝʪʦʜʦʚ ʜʣʷ ʦʮʝʥʢʠ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʬʦʥʘ: ʧʨʷʤʦʛʦ (ʵʤʧʠʨʠʯʝʩʢʦʛʦ)  

ʠ ʥʝʧʨʷʤʦʛʦ (ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ) [3]. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʦʪʦʙʨʘʥʥʳʝ ʚ 

ʧʨʦʮʝʩʩʝ ʤʦʥʠʪʦʨʠʥʛʘ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʬʦʥʘ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ (ʧʨʷʤʦʡ 

ʤʝʪʦʜ), ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʧʦ ʦʩʥʦʚʥʳʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ (ʥʝʧʨʷʤʦʡ 

ʤʝʪʦʜ). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʫʯʝʪʦʤ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ, ʣʘʥʜʰʘʬʪʥʳʭ, ʧʦʯʚʝʥʥʳʭ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʅʠʞʥʝʛʦ 

ʇʨʠʘʥʛʘʨʴʷ. ʇʨʦʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʩ ʢʣʘʨʢʘʤʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ. ʆʮʝʥʢʘ ʬʦʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʜʣʷ ʩʣʝʜʫʶʱʠʭ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ: Cd, Co, Mn, Cu, Ni, Pb, Zn, Cr ʠ V. ɼʣʷ ʙʦʣʴʰʝʡ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʪʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʬʦʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʫʯʝʪʦʤ ʧʨʘʚʠʣʘ ʪʨʝʭ ʩʠʛʤ (ʩʨʝʜʥʝʝ + 3ů) 

[4].  
ʊʘʙʣʠʮʘ 

ʌʦʥʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ ɹʦʛʫʯʘʥʩʢʦʛʦ ʨʘʡʦʥʘ  
ʕʣʝʤʝʥ

ʪ 

ɺʝʨʭʥʷʷ ʯʘʩʪʴ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦ

ʡ ʟʝʤʥʦʡ ʢʦʨʳ, 

ʤʛ/ʢʛ ʧʦ ɸ.ʇ. 

ɺʠʥʦʛʨʘʜʦʚʫ 

(ʅ.ʉ. ʂʘʩʠʤʦʚʫ) 

[7]  

ʌʦʥʦʚʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠ

ʠ ʚ ʧʦʯʚʘʭ 

ɹʦʛʫʯʘʥʩʢʦʛʦ 

ʨʘʡʦʥʘ, ʤʛ/ʢʛ 

ʌʦʥʦʚʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠ

ʠ ʚ ʧʦʯʚʘʭ 

ʉʨʝʜʥʝʡ 

ʉʠʙʠʨʠ, 

ʤʛ/ʢʛ [8] 

ʌʦʥʦʚʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠ

ʠ ʚ ʧʦʯʚʘʭ 

ɿʘʧʘʜʥʦʡ 

ʉʠʙʠʨʠ, 

ʤʛ/ʢʛ [9] 

ʌʦʥʦʚʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠ

ʠ ʚ ʧʦʯʚʘʭ 

ɺʦʩʪʦʯʥʦʡ 

ʉʠʙʠʨʠ, 

ʤʛ/ʢʛ [10] 

Cd 0,13 (0,09) <0,05 0,11 - 0,13 

Co 18 (15) 64 9,4 13 4,73 

Cr 83 (92) 51,8 21,8 84 25,9 

Cu 47 (27) 120,6 18,2 31 30,7 

Mn 1000 (770) 1387,4 602,6 797 310,87 

Ni 58 (50) 99,9 25,6 13 15,9 

Pb 16 (17) <0,5 16,0 18 13,4 

V 90 (106) 65,6 - 87 6,8 

Zn 83 (75) 82,3 54,3 73 30,9 

- ʧʦʣʫʞʠʨʥʳʤ ʚʳʜʝʣʝʥʳ ʪʝ ʵʣʝʤʝʥʪʳ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʶʪ ʟʥʘʯʝʥʠʷ ʢʣʘʨʢʦʚ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʧʨʠ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʝʚʳʰʝʥʠʝ ʬʦʥʦʚʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʫ Co, Cu, Mn, Ni, Zn ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʨʢʘʤʠ ʣʠʪʦʩʬʝʨʳ (ʪʘʙʣ.). 
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ʅʠʞʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʝ Cd ʠ Pb. ʌʦʥʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʵʣʝʤʝʥʪʦʚ Co, Cu, Mn, Ni ʠ Zn ʧʨʝʚʳʰʘʶʪ ʪʘʢʦʚʳʝ ʜʣʷ ʧʦʯʚ ʉʨʝʜʥʝʡ, ɿʘʧʘʜʥʦʡ 

ʠ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ. ʇʦ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʩʠʜʝʨʦʬʠʣʴʥʳʤ (Co, Ni, Mn) ʠ ʭʘʣʴʢʦʬʠʣʴʥʳʤ (Mn, Zn, Cu). ɼʣʷ Zn, Cu, Ni 

ʭʘʨʘʢʪʝʨʥʘ ʥʠʟʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʚ ʱʝʣʦʯʥʳʭ ʠ ʥʝʡʪʨʘʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʘ ʜʣʷ Mn 

ʠ Co ʩʣʘʙʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʛʣʝʝʚʦʡ ʩʨʝʜʝ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ 

Co, Cu ʠ Mn ʭʘʨʘʢʪʝʨʥʦ ʥʘʢʦʧʣʝʥʠʝ ʚ ʠʣʣʶʚʠʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʧʦʜʟʦʣʠʚʘʥʠʷ.  

ɺʳʩʦʢʠʝ ʬʦʥʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ  

ʩ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʢʘʨʙʦʥʘʪʥʳʭ, ʪʝʨʨʠʛʝʥʥʳʭ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʩʣʘʛʘʶʱʠʭ ʠʩʩʣʝʜʫʝʤʫʶ ʪʝʨʨʠʪʦʨʠʶ. ɼʣʷ ʢʘʨʙʦʥʘʪʥʳʭ  

ʠ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ ʭʘʨʘʢʪʝʨʥʘ ʧʨʠʨʦʜʥʘʷ ʦʙʦʛʘʱʝʥʥʦʩʪʴ Zn, Ni, Cu, Co ʠ Mn. 

ɺ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʚ ʚʠʜʝ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʠʣʠ ʧʦʙʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʳʷʚʠʣʠ ʨʘʟʣʠʯʠʷ ʚ ʬʦʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ ʅʠʞʥʝʛʦ ʇʨʠʘʥʛʘʨʴʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʩʝʜʥʠʤʠ 

ʨʝʛʠʦʥʘʤʠ ɿʘʧʘʜʥʦʡ ʠ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʨʘʡʦʥʘ, ʘ ʪʘʢʞʝ ʚʝʜʫʱʠʤʠ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʣʝʝʚʳʭ (ʉ) ʠ ʩʦʨʙʮʠʦʥʥʳʭ 

(G) ʙʘʨʴʝʨʦʚ ʚ ʨʘʜʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʣʘʥʜʰʘʬʪʦʚ.  
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ʋɼʂ 338.4 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɻɽʆɻʈɸʌʀʏɽʉʂʀʍ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ 

ʉʀʉʊɽʄ (ɻʀʉ) ɺ ʋʇʈɸɺʃɽʅʀʀ ɺʓɺʆɿʆʄ ʄʋʉʆʈɸ 

ɼ. ɸ. ɿʘʡʮʝʚ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʅ. ɺ. ɿʚʦʥʢʦʚʘ1 

ʉʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

1ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʕʀè 

ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ɻʀʉ) ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʚʦʟʢʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʦʪʭʦʜʦʚ. ɻʀʉ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʙʣʘʛʦʜʘʨʷ ʪʦʯʥʦʤʫ ʧʣʘʥʠʨʦʚʘʥʠʶ ʤʘʨʰʨʫʪʦʚ, ʤʦʥʠʪʦʨʠʥʛʫ ʩʦʩʪʦʷʥʠʷ 

ʢʦʥʪʝʡʥʝʨʦʚ ʠ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ ʦʙ ʦʪʭʦʜʘʭ [1].  

ɺʦʟʤʦʞʥʦʩʪʠ ɻʀʉ ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʤʘʨʰʨʫʪʳ ʤʫʩʦʨʦʚʦʟʦʚ, 

ʤʦʜʝʣʠʨʫʷ ʠʭ ʩ ʫʯʝʪʦʤ ʧʣʦʪʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʪʝʡʥʝʨʦʚ,  

ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʚʨʝʤʝʥʠ ʟʘʧʦʣʥʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʚʠʚʘʪʴ ʣʦʛʠʩʪʠʢʫ, 

ʫʤʝʥʴʰʘʷ ʚʨʝʤʷ ʧʦʝʟʜʦʢ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢʦʣʠʯʝʩʪʚʦ ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ 

ʪʦʧʣʠʚʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʱʫʪʠʤʦʤʫ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʵʬʬʝʢʪʫ [2].  

ɿʥʘʯʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʨʘʩʪʘʶʱʝʡ ʨʦʣʴʶ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɻʀʉ) ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʘʥʘ ʩ ʢʦʥʢʨʝʪʥʳʤ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ, ʘ ʟʥʘʯʠʪ, ʪʨʝʙʫʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʝʸ ʦʙʨʘʙʦʪʢʝ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʱʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʵʬʬʝʢʪʠʚʥʦ ʩʦʙʠʨʘʪʴ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʟʘʜʘʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ. ʕʪʠ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʦʙʰʠʨʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʥʝʟʘʤʝʥʠʤʳʤʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʦʙʦʩʥʦʚʘʥʥʳʭ 
 

É ɿʘʡʮʝʚ ɼ. ɸ., 2025 
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ʨʝʰʝʥʠʡ ʚ ʩʬʝʨʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʪʨʝʭʤʝʨʥʳʝ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ 

ʜʨʫʛʠʝ ʬʦʨʤʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʨʝʟʫʣʴʪʘʪʳ 

ʘʵʨʦʬʦʪʦʩʲʸʤʢʠ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ (ʚ ʪʦʤ 

ʯʠʩʣʝ ʚ ʚʠʜʠʤʦʤ ʠ ʠʥʬʨʘʢʨʘʩʥʦʤ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ, ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʤʫʩʦʨʥʳʭ 

ʧʦʣʠʛʦʥʦʚ, ʬʠʢʩʘʮʠʠ ʥʝʟʘʢʦʥʥʳʭ ʩʚʘʣʦʢ ʠ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʪʚʸʨʜʳʭ ʦʪʭʦʜʦʚ 

[3]. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʥʪʝʛʨʘʮʠʷ ɻʀʉ ʚ ʫʧʨʘʚʣʝʥʠʝ ʚʳʚʦʟʦʤ ʦʪʭʦʜʦʚ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʦʟʜʘʥʠʶ ʯʠʩʪʳʭ ʛʦʨʦʜʦʚ, ʟʘ ʩʯʸʪ ʢʘʢ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʫʜʘʣʝʥʠʷ ʟʘʧʦʣʥʝʥʥʳʭ 

ʢʦʥʪʝʡʥʝʨʦʚ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʦʪ ʤʫʩʦʨʦʚʦʟʦʚ 

ʧʨʠ ʩʦʢʨʘʱʝʥʠʠ ʠʭ ʧʨʦʙʝʛʘ [4]. 

ɺ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚʳʚʦʟʦʤ 

ʦʪʭʦʜʦʚ ʚ ʛ. ʈʝʫʪʦʚ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʚʝʨʰʝʥʠʠ 

ʨʝʡʩʦʚ ʥʝʜʦʛʨʫʞʝʥʥʳʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ, ʦʪʩʫʪʩʪʚʠʠ ʫʯʸʪʘ ʨʝʘʣʴʥʦʡ ʜʦʨʦʞʥʦʡ 

ʦʙʩʪʘʥʦʚʢʠ, ʚʳʙʦʨʝ ʥʝʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ.  

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʧʝʨʝʯʝʥʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʚʝʜʝʥʠʡ  

ʜʣʷ ʢʘʞʜʦʛʦ ʚʦʟʤʦʞʥʦʛʦ ʤʘʨʰʨʫʪʘ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʦʩʪʫʧʥʳʝ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʩʝʨʚʠʩʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ɻʀʉ-ʧʨʦʝʢʪʘ ʧʦ ʨʝʰʝʥʠʶ ʧʦʩʪʘʚʣʝʥʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʠ ʚʳʙʨʘʥ 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʡ ʩʝʨʚʠʩ, ʨʘʩʩʯʠʪʘʥ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ 

ɻʀʉ-ʩʠʩʪʝʤʳ ʚ ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʝʚʦʟʢʘʤʠ ʠ ʦʧʨʝʜʝʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʧʨʠ ʩʦʢʨʘʱʝʥʠʠ ʧʨʦʙʝʛʘ ʛʨʫʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ.  
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ʋɼʂ 631.427:579.6 

ʉʆʆɹʑɽʉʊɺɸ ʅɸʇʆʏɺɽʅʅʓʍ ʄɸʂʈʆʄʀʎɽʊʆɺ ɺ ʃɽʉʅʓʍ 

ʂʋʃʔʊʋʈɸʍ ʉʀɹʀʈʀ 

ʀ. ʄ. ʂʦʩʣʠʚʮʝʚ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʆ. ɽ. ʂʨʶʯʢʦʚʘ1 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʇʨʠʩʫʪʩʪʚʠʝ ʛʨʠʙʘ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʵʢʦʩʠʩʪʝʤʝ ʦʧʨʝʜʝʣʷʝʪʩʷ  

ʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʦʩʚʦʝʥʠʶ 

ʩʫʙʩʪʨʘʪʦʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ɺ ʟʘʚʠʩʠʤʦʩʪʠ  

ʦʪ ʥʝʝ ʚʳʜʝʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʵʢʦʣʦʛʦ-ʪʨʦʬʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʛʨʠʙʦʚ. ʋʩʣʦʚʥʦ 

ʤʠʢʦʙʠʦʪʫ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʝ ʠ ʥʘʧʦʯʚʝʥʥʳʝ ʛʨʠʙʳ.  

ɺ ʛʨʫʧʧʫ ʥʘʧʦʯʚʝʥʥʳʭ ʤʘʢʨʦʤʠʮʝʪʦʚ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚʠʜʳ, ʥʘʩʝʣʷʶʱʠʝ ʧʦʯʚʫ  

ʠ ʨʘʟʣʠʯʥʳʝ ʬʨʘʢʮʠʠ ʦʧʘʜʘ ʠ ʧʦʜʩʪʠʣʢʠ. ɺʳʷʚʠʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ 

ʥʘʧʦʯʚʝʥʥʦʛʦ ʤʘʢʨʦʤʠʮʝʪʘ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʨʦʬʠʯʝʩʢʦʡ ʛʨʫʧʧʝ ʚ ʣʝʩʥʳʭ ʮʝʥʦʟʘʭ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʪʨʫʜʥʦ, ʪʘʢ ʢʘʢ ʣʝʩʘ ʯʘʩʪʦ ʦʙʨʘʟʦʚʘʥʳ 

ʩʤʝʰʘʥʥʳʤʠ ʜʨʝʚʦʩʪʦʷʤʠ. ʆʧʪʠʤʘʣʴʥʦ ʧʨʦʚʦʜʠʪʴ ʧʦʜʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʚ ʤʦʥʦʜʦʤʠʥʘʥʪʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ ʣʝʩʥʳʭ ʢʫʣʴʪʫʨ. 

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 

ʩʘʧʨʦʪʨʦʬʥʳʭ ʥʘʧʦʯʚʝʥʥʳʭ ʤʘʢʨʦʤʠʮʝʪʦʚ, ʩʣʦʞʠʚʰʝʛʦʩʷ ʚ ʢʫʣʴʪʫʨʘʭ 

ʦʩʥʦʚʥʳʭ ʣʝʩʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ ʉʠʙʠʨʠ.  

ʆʧʳʪ ʩ ʦʩʥʦʚʥʳʤʠ ʣʝʩʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʉʠʙʠʨʠ ʙʳʣ ʟʘʣʦʞʝʥ ʚ ʢʦʥʮʝ  

60-ʭ ï ʥʘʯʘʣʝ 70-ʭ ʛʦʜʦʚ ʍʍ ʚʝʢʘ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʧʦʩ. ʠʤ. ʇʘʤʷʪʠ 13 ɹʦʨʮʦʚ 

ɽʤʝʣʴʷʥʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ (ʵʢʩʧʝʨʠʤʝʥʪ ʀʥʩʪʠʪʫʪʘ ʣʝʩʘ  

ʉʆ ʈɸʅ). ʋʥʠʢʘʣʴʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʠʭ ʜʨʝʚʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʩʦʩʪʦʠʪ  

ʚ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʨʘʟʚʠʪʠʠ ʰʝʩʪʠ ʣʝʩʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ: ʝʣʠ (Picea obovata 

Ledeb.), ʙʝʨʝʟʳ (Betula sp.), ʩʦʩʥʳ (Pinus sylvestris L.), ʣʠʩʪʚʝʥʥʠʮʳ (Larix sibirica 

Ledeb.), ʢʝʜʨʘ (Pinus sibirica Du Tour), ʦʩʠʥʳ (Populus tremula L.), ʚʳʩʘʞʝʥʥʳʭ ʥʘ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʧʦ ʵʜʘʬʠʯʝʩʢʠʤ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʥʘ 

ʛʨʘʥʠʯʘʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʫʯʘʩʪʢʘʭ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʨʝʚʦʩʪʦʷ ʠ ʧʦʯʚʝʥʥʦʛʦ 

ʧʦʢʨʦʚʘ [1] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʣʠʩʪʚʝʥʥʳʝ ʧʦʨʦʜʳ (ʙʝʨʝʟʘ, ʦʩʠʥʘ) ʧʨʠʥʘʜʣʝʞʘʪ ʢ 

ʩʨʝʜʥʝʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʭʚʦʡʥʳʝ (ʢʝʜʨ, ʩʦʩʥʘ,  

ʝʣʴ, ʣʠʩʪʚʝʥʥʠʮʘ) ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʤʦʣʦʜʥʷʢʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʤʦʥʦʜʦʤʠʥʘʥʪʥʳʤʠ ʜʨʝʚʦʩʪʦʷʤʠ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ ʪʦʣʴʢʦ ʢʝʜʨʦʚʥʠʢ ʠ ʝʣʴʥʠʢ. 

ʆʩʠʥʥʠʢ, ʣʠʩʪʚʝʥʥʠʯʥʠʢ ʠ, ʚ ʥʘʠʙʦʣʴʰʝʡ ʤʝʨʝ, ʙʝʨʝʟʥʷʢ ʠʤʝʶʪ ʪʫ ʠʣʠ ʠʥʫʶ 

ʧʨʠʤʝʩʴ ʜʨʫʛʠʭ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ. ʆʩʦʙʝʥʥʦ ʚʳʩʦʢʘ ʜʦʣʷ ʧʦʜʦʙʥʦʡ ʧʨʠʤʝʩʠ  

ʚ ʙʝʨʝʟʥʷʢʝ, ʚ ʢʦʪʦʨʦʤ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʛʫʩʪʦʡ ʧʦʜʨʦʩʪ ʩʦʩʥʳ  

ʠ ʝʣʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʝʨʝʚʴʷ ʙʝʨʝʟʳ ʚʳʧʘʜʘʶʪ ʠʟ ʜʨʝʚʦʩʪʦʷ. 
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ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʤʘʪʝʨʠʘʣʳ, ʩʦʙʨʘʥʥʳʝ ʚ ʢʦʥʮʝ ʣʝʪʘ ʠ ʥʘʯʘʣʝ ʦʩʝʥʠ ʚ ʧʝʨʠʦʜ 

2022ï2024 ʛʦʜʘ. ʉʙʦʨ, ʛʝʨʙʘʨʠʟʘʮʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʣʦʜʦʚʳʭ ʪʝʣ ʛʨʠʙʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ.   

ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʙʱʝʧʨʠʥʷʪʘ ʰʢʘʣʘ ʪʨʦʬʠʯʝʩʢʠʭ ʛʨʫʧʧ 

ʛʨʠʙʦʚ, ʧʨʝʜʣʦʞʝʥʥʘʷ ɸ.ɽ. ʂʦʚʘʣʝʥʢʦ [1980], ʢʦʪʦʨʫʶ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʯʘʩʪʦ 

ʩʦʢʨʘʱʘʶʪ ʠʣʠ ʜʦʧʦʣʥʷʶʪ. ʉʦʛʣʘʩʥʦ ʧʨʠʤʝʥʷʝʤʦʡ ʰʢʘʣʝ ʩʘʧʨʦʪʨʦʬʥʳʝ ʛʨʠʙʳ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʛʨʫʧʧʳ ʩʘʧʨʦʪʨʦʬʦʚ ʥʘ ʜʨʝʚʝʩʠʥʝ ï Le; ʥʘ ʢʦʨʝ - Co; ʥʘ ʦʧʘʜʝ 

ï Fd; ʥʘ ʧʦʜʩʪʠʣʢʝ ï St; ʥʘ ʧʦʯʚʝ ï Hu; ʥʘ ʦʩʪʘʪʢʘʭ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ï ʅʝ, 

ʥʘ ʤʭʘʭ - M; ʥʘ ʧʣʦʜʦʚʳʭ ʪʝʣʘʭ ʛʨʠʙʦʚ-ʤʘʢʨʦʤʠʮʝʪʦʚ - Mm, ʥʘ ʵʢʩʢʨʝʤʝʥʪʘʭ ï 

ɽʭ, ʥʘ ʦʙʫʛʣʝʥʥʦʤ ʩʫʙʩʪʨʘʪʝ ï ʉ [2].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʤʥʦʛʦʣʝʪʥʝʛʦ 

ʦʧʳʪʘ ʚʳʷʚʣʝʥʦ 27 ʚʠʜʦʚ ʩʘʧʨʦʪʨʦʬʥʳʭ ʥʘʧʦʯʚʝʥʥʳʭ ʤʘʢʨʦʤʠʮʝʪʦʚ,  

ʚʩʝ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʦʪʜʝʣʘ Basidiomycota. ɹʦʣʴʰʠʥʩʪʚʦ 

ʚʳʷʚʣʝʥʥʳʭ ʚʠʜʦʚ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʧʦʨʷʜʢʫ Agaricales, ʜʦʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʜʨʫʛʠʭ ʜʚʫʭ ʧʦʨʷʜʢʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. ɹʳʣʠ ʚʳʷʚʣʝʥʳ ʛʨʠʙʳ 12 ʩʝʤʝʡʩʪʚ  

ʠ 17 ʨʦʜʦʚ. ʉʘʤʳʤʠ ʙʦʛʘʪʳʤʠ ʧʦ ʯʠʩʣʫ ʚʠʜʦʚ ʦʢʘʟʘʣʩʷ ʨʦʜ Mycena (4 ʚʠʜʘ), 

Marasmius (3 ʚʠʜʘ), ʧʨʦʯʠʝ ʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 1-2 ʚʠʜʘʤʠ [3]. 

ɹʠʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ 23 ʚʠʜʘ ʷʚʣʷʣʠʩʴ 

ʘʛʘʨʠʢʦʠʜʥʳʤʠ ʛʨʠʙʘʤʠ, ʪʨʠ ʚʠʜʘ ʦʪʥʦʩʠʣʠʩʴ ʢ ʨʦʛʘʪʠʢʦʚʳʤ ʛʨʠʙʘʤ ʠ ʣʠʰʴ 

ʦʜʠʥ ʙʳʣ ʛʘʩʪʝʨʦʤʠʮʝʪʦʤ. 

ʕʢʦʣʦʛʦ-ʪʨʦʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʛʨʠʙʦʚ ʧʷʪʠ ʵʢʦʣʦʛʦ-

ʪʨʦʬʠʯʝʩʢʠʭ ʛʨʫʧʧ (ʪʘʙʣʠʮʘ). ɹʦʣʴʰʠʥʩʪʚʦ ʛʨʠʙʦʚ (16 ʚʠʜʦʚ) ʦʢʘʟʘʣʦʩʴ 

ʧʨʠʫʨʦʯʝʥʦ ʢ ʧʦʜʩʪʠʣʢʝ, 4 ʚʠʜʘ ʨʦʩʣʠ ʥʘ ʦʧʘʜʝ, ʠ ʪʦʣʴʢʦ 5 - ʥʘ ʧʦʯʚʝ. ʇʦ ʦʜʥʦʤʫ 

ʚʠʜʫ ʧʨʠʭʦʜʠʣʦʩʴ ʥʘ ʛʨʠʙʳ, ʧʨʝʜʧʦʯʠʪʘʶʱʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ  

ʤʭʠ ʠ ʦʪʤʝʨʰʠʝ ʧʣʦʜʦʙʚʳʝ ʪʝʣʘ ʩʳʨʦʝʞʢʦʚʳʭ ʛʨʠʙʦʚ. ʅʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʚʠʜʳ, ʦʙʳʯʥʦ ʨʘʩʪʫʱʠʝ ʥʘ ʵʢʩʢʨʝʤʝʥʪʘʭ ʠ ʥʘ ʦʙʫʛʣʝʥʥʳʭ ʩʫʙʩʪʨʘʪʘʭ,  

ʪʘʢ ʢʘʢ ʜʘʥʥʳʝ ʢʘʪʝʛʦʨʠʠ ʩʫʙʩʪʨʘʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʮʝʥʦʟʘʭ ʦʪʩʫʪʩʪʚʦʚʘʣʠ.  

ʊʘʢ ʞʝ ʥʝ ʚʳʷʚʣʷʣʠʩʴ ʛʨʠʙʳ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʦʩʪʘʪʢʘʤ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ 

(ʢʘʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʣʫʛʦʚʳʭ ʠ ʦʩʪʝʧʝʥʸʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ). 
ʊʘʙʣʠʮʘ 

ʉʘʧʨʦʪʨʦʬʥʳʝ ʥʘʧʦʯʚʝʥʥʳʝ ʤʘʢʨʦʤʠʮʝʪʳ ʤʥʦʛʦʣʝʪʥʠʭ ʣʝʩʥʳʭ ʢʫʣʴʪʫʨ 
ʊʨʦʬʠʯʝʩʢʘ

ʷ ʛʨʫʧʧʘ 

ʏʠʩʣʦ ʚʠʜʦʚ 

ʜʘʥʥʦʡ 

ʛʨʫʧʧʳ, 

ʚʩʝʛʦ 

ʀʩʩʣʝʜʫʝʤʳʝ ʮʝʥʦʟʳ (ʩʦʦʙʱʝʩʪʚʘ ʣʝʩʥʳʭ ʢʫʣʴʪʫʨ) 

ʂʝʜʨʦʚʥʠ

ʢ 

ʆʩʠʥʥʠʢ ʉʦʩʥʷʢ ʃʠʩʪʚʝʥʥ

ʠʯʥʠʢ  

ɹʝʨʝʟʥʷʢ ɽʣʴʥʠʢ 

ʏʠʩʣʦ ʚʠʜʦʚ ʥʘ ʜʘʥʥʦʤ ʩʫʙʩʪʨʘʪʝ 

Fd 4 1/1 1/1 0 1/1 1/1 0 

St 16 4/2 2/2 3/0 4/1 2/0 6/5 

Hu 5 1/0 1/0 3/1 2/0 2/1 2/0 

M 1 0 1/1 0 1/1 0 0 

Mm 1 0 0 0 0 1/1 0 

ɺʩʝʛʦ ʚʠʜʦʚ  27 6 7 6 7 6 8 

ʇʨʠʤʝʯʘʥʠʝ*: ʚ ʯʠʩʣʠʪʝʣʝ - ʯʠʩʣʦ ʚʠʜʦʚ ʜʘʥʥʦʡ ʪʨʦʬʠʯʝʩʢʦʡ ʛʨʫʧʧʳ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 

ʮʝʥʦʟʝ, ʚ ʟʥʘʤʝʥʘʪʝʣʝ - ʯʠʩʣʦ ʚʠʜʦʚ, ʫʥʠʢʘʣʴʥʳʭ ʜʣʷ ʜʘʥʥʦʛʦ ʮʝʥʦʟʘ, ʥʝ ʚʩʪʨʝʯʘʶʱʠʭʩʷ  

ʚ ʜʨʫʛʠʭ. 

 



˸͔͙͊ͭͪ͊͡· ··I ˸ ͔͚͗͒ͯͤ͊ͪͦ͒ͤͦ ͤ͊ͯ;͚ͤͦ ͦͤ͟ͺ͔͔ͪͤͼ͙͙ 

114 
 

ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʚʠʜʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʠʙʦʚ ʙʳʣʦ ʚʩʪʨʝʯʝʥʦ ʚ ʝʣʴʥʠʢʝ  

(8 ʚʠʜʦʚ), ʜʘʣʝʝ ʠʜʫʪ ʦʩʠʥʥʠʢ, ʣʠʩʪʚʝʥʥʠʯʥʠʢ (ʧʦ 7 ʚʠʜʦʚ), ʢʝʜʨʦʚʥʠʢ, ʩʦʩʥʷʢ  

ʠ ʙʝʨʝʟʥʷʢ (ʧʦ 6 ʚʠʜʦʚ). ʇʨʠʤʝʯʘʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʝ ʯʠʩʣʦ ʚʠʜʦʚ ʥʘʧʦʯʚʝʥʥʳʭ 

ʤʘʢʨʦʤʠʮʝʪʦʚ, ʚʳʷʚʣʝʥʥʳʭ ʚ ʙʝʨʝʟʥʷʢʝ. ʕʪʦʪ ʮʝʥʦʟ ʫʞʝ ʜʘʚʥʦ ʧʝʨʝʩʪʘʣ ʙʳʪʴ 

ʤʦʥʦʜʦʤʠʥʘʥʪʥʳʤ ʠ ʠʟ-ʟʘ ʦʙʠʣʴʥʦʛʦ ʧʦʜʨʦʩʪʘ ʜʨʫʛʠʭ ʧʦʨʦʜ ʦʙʣʘʜʘʝʪ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʜʩʪʠʣʢʠ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʯʪʦ ʜʘʚʘʣʦ ʦʩʥʦʚʘʥʠʷ 

ʧʨʝʜʧʦʣʘʛʘʪʴ ʙʦʣʴʰʝʝ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʥʠʤ ʚʠʜʦʚ ʛʨʠʙʦʚ.  

ʅʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚʠʜʦʚ, ʧʨʠʩʫʱʠʭ ʚʩʝʤ ʰʝʩʪʠ ʠʩʩʣʝʜʫʝʤʳʤ ʮʝʥʦʟʘʤ. 

ɺʩʪʨʝʯʘʶʪʩʷ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʮʝʥʦʟʦʚ, ʧʦ ʫʙʳʚʘʥʠʶ: Lycoperdon 

perlatum Pers. (5 ʮʝʥʦʟʦʚ), Hemimycena lactea (Pers.) Singer, Inocybe geophylla (Fr.) 

Kumm., Mycena leptocephala (Pers.) Gillet (ʧʦ 3 ʮʝʥʦʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʂ ʜʚʫʤ 

ʮʝʥʦʟʘʤ ʙʳʣʦ ʧʨʠʫʨʦʯʝʥʦ ʪʦʣʴʢʦ 2 ʚʠʜʘ, ʠ 19 ʚʠʜʦʚ ʙʳʣʠ ʧʨʠʫʨʦʯʝʥʳ ʪʦʣʴʢʦ ʢ 

ʢʘʢʦʤʫ-ʣʠʙʦ ʦʜʥʦʤʫ ʮʝʥʦʟʫ ʠ ʥʝ ʚʩʪʨʝʯʘʣʠʩʴ ʚ ʜʨʫʛʠʭ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʩʘʧʨʦʪʨʦʬʥʳʭ ʥʘʧʦʯʚʝʥʥʳʭ ʤʘʢʨʦʤʠʮʝʪʦʚ 

ʩʠʥʭʨʦʥʥʳʭ ʣʝʩʥʳʭ ʢʫʣʴʪʫʨ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʠʜʝʥʪʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ 

ʵʜʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ 27 ʚʠʜʦʚ ʛʨʠʙʦʚ, ʦʢʘʟʘʣʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʩʧʝʮʠʬʠʯʥʳʤ ʜʣʷ ʢʘʞʜʦʛʦ ʮʝʥʦʟʘ, ʠ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʦʜʩʪʠʣʦʯʥʳʤʠ ʩʘʧʨʦʪʨʦʬʘʤʠ.  
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ʋɼʂ 582.284 

ʉʀʅɸʅʊʈʆʇʅʓʁ ʂʆʄʇʃɽʂʉ ʇʈʀʋʈʆʏɽʅʅʓʍ ʂ POPULUS SPP. 

ʀ BETULA  SPP. ʂʉʀʃʆʊʈʆʌʅʓʍ ʄɸʂʈʆʄʀʎɽʊʆɺ ɺ ɿɽʃɽʅʓʍ 

ʅɸʉɸɾɼɽʅʀʗʍ ɻ. ʂʈɸʉʅʆʗʈʉʂ 

ʂ. ɺ. ʂʫʮʝʣʴ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʆ. ɽ. ʂʨʶʯʢʦʚʘ1 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʩʠʣʦʪʨʦʬʥʳʝ ʤʘʢʨʦʤʠʮʝʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʨʘʟʚʠʚʘʪʴʩʷ ʥʘ ʞʠʚʳʭ ʜʝʨʝʚʴʷʭ ʠ ʜʨʝʚʝʩʥʳʭ ʦʩʪʘʪʢʘʭ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ  

ʠʭ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʢʦʩʠʩʪʝʤʘʭ, ʛʜʝ ʦʥʠ ʫʯʘʩʪʚʫʶʪ ʚ ʢʨʫʛʦʚʦʨʦʪʝ ʚʝʱʝʩʪʚ, 

ʨʘʟʣʘʛʘʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ. ʉʠʥʘʥʪʨʦʧʥʳʡ ʢʦʤʧʣʝʢʩ ʛʨʠʙʦʚ ʦʙʨʘʟʫʝʪʩʷ  

ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʛʘʥʠʟʤʦʚ ʩʦ ʩʨʝʜʦʡ, ʠʟʤʝʥʝʥʥʦʡ ʯʝʣʦʚʝʢʦʤ.  

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ð ʵʪʦ ʤʘʢʨʦʤʠʮʝʪʳ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʜʝʨʝʚʴʷʤʠ, ʢʦʪʦʨʳʝ 

ʯʘʩʪʦ ʧʨʦʠʟʨʘʩʪʘʶʪ ʚ ʛʦʨʦʜʩʢʠʭ ʠ ʧʨʠʛʦʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʘʭ. ʈʝʛʠʦʥʘʣʴʥʳʡ 

ʩʠʥʘʥʪʨʦʧʥʳʡ ʢʦʤʧʣʝʢʩ ʢʩʠʣʦʪʨʦʬʥʳʭ ʤʘʢʨʦʤʠʮʝʪʦʚ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʨʦʜʘʤ 

Betula ʠ Populus ʦʭʚʘʪʳʚʘʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʛʨʠʙʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʵʪʠʤʠ 

ʜʨʝʚʝʩʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ, ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʥʪʨʦʧʦʛʝʥʥʦ-

ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ, ʚ ʤʘʩʰʪʘʙʘʭ ʢʨʫʧʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʛʦʨʦʜʘ [1]. ʀʟʫʯʝʥʠʝ 

ʢʩʠʣʦʪʨʦʬʥʳʭ ʤʘʢʨʦʤʠʮʝʪʦʚ ʚ ʩʠʥʘʥʪʨʦʧʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʤʦʞʝʪ ʠʤʝʪʴ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʤʠʢʦʠʥʜʠʢʘʮʠʠ ʩʦʩʪʦʷʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʩʠʥʘʥʪʨʦʧʥʳʭ 

ʢʩʠʣʦʪʨʦʬʥʳʭ ʤʘʢʨʦʤʠʮʝʪʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʜʨʝʚʝʩʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ 

ʨʦʜʦʚ Populus ʠ Betula ʚ ʛʦʨʦʜʝ ʂʨʘʩʥʦʷʨʩʢ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʠʣʠ ʢʩʠʣʦʪʨʦʬʥʳʝ ʤʘʢʨʦʤʠʮʝʪʳ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʪʦʧʦʣʝʤ ʩʠʙʠʨʩʢʠʤ (PopulusĬ sibirica G.V. Krylov et G.V. 

Grig. ex A. K. Skvortsov) [2], ʦʩʠʥʦʡ ʦʙʳʢʥʦʚʝʥʥʦʡ (Populus tremula L., ʜʘʣʝʝ  

ʧʦ ʪʝʢʩʪʫ - ʦʩʠʥʘ), ʪʦʧʦʣʝʤ ʙʝʣʳʤ (Populus alba L.) ʠ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʚʠʜʦʚ ʨʦʜʘ 

Betula (ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ ï ʙʝʨʝʟʘ) ʧʨʦʠʟʨʘʩʪʘʶʱʠʤʠ ʚ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ 

ʛʦʨʦʜʘ, ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʷʭ ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ çʂʨʘʩʥʦʷʨʩʢʠʝ 

ʉʪʦʣʙʳè. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʟʘʣʦʞʝʥʦ 13 ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʝʡ, ʥʘ ʢʦʪʦʨʳʭ 

ʫʯʠʪʳʚʘʣʘʩʴ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʧʣʦʜʦʚʳʭ ʪʝʣ ʢʩʠʣʦʪʨʦʬʦʚ ʥʝ ʤʝʥʝʝ  

ʯʝʤ ʥʘ 100 ʜʝʨʝʚʴʷʭ ʠʟʫʯʘʝʤʳʭ ʧʦʨʦʜ. ʇʨʦʙʥʳʝ ʧʣʦʱʘʜʠ ʙʳʣʠ ʫʩʣʦʚʥʦ 

ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: çʉʪʦʣʙʳè (ʪʝʨʨʠʪʦʨʠʷ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ 

çʂʨʘʩʥʦʷʨʩʢʠʝ ʉʪʦʣʙʳè, ʢʦʥʪʨʦʣʴʥʳʡ ʫʯʘʩʪʦʢ), çɻʦʨʦʜʩʢʠʝ ʣʝʩʘè  

(ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʧʨʦʙʥʳʝ ʧʣʦʱʘʜʠ ʤʢʨʥ. ɸʢʘʜʝʤʛʦʨʦʜʦʢ, ʵʢʦʧʘʨʢ çɻʨʝʤʷʯʘʷ 
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ɻʨʠʚʘè, ʠ ʟʝʣʝʥʳʝ ʥʘʩʘʞʜʝʥʠʷ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ. ʀʟʫʯʝʥʠʝ ʤʠʢʦʙʠʦʪʳ 

ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʠʢʘʤ [3]. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʩʭʦʜʩʪʚʘ ʚʠʜʦʚʳʭ ʩʦʩʪʘʚʦʚ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ ʩʨʘʚʥʠʚʘʝʤʳʭ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ  

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʵʬʬʠʮʠʝʥʪ ɾʘʢʢʘʨʘ. 

ʀʟʫʯʝʥʠʝ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʢʩʠʣʦʪʨʦʬʥʳʭ ʤʘʢʨʦʤʠʮʝʪʦʚ 

ʂʨʘʩʥʦʷʨʩʢʘ ʠ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʝʡ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʜʝʨʝʚʴʷʤ ʚʳʰʝʥʘʟʚʘʥʥʳʭ 

ʧʦʨʦʜ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʟ 157 ʚʠʜʦʚ ʤʘʢʨʦʤʠʮʝʪʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʠʟʫʯʘʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ, ʩʠʥʘʥʪʨʦʧʥʳʤʠ ʷʚʣʷʣʠʩʴ 53 ʚʠʜʘ ʛʨʠʙʦʚ. ʀʟ ʥʠʭ 119 ʚʠʜʦʚ 

ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʙʝʨʝʟʦʡ, 71 ʚʠʜ ï ʩ ʦʩʠʥʦʡ, 37 ï ʩ ʪʦʧʦʣʝʤ ʩʠʙʠʨʩʢʠʤ,  

8 ï ʩ ʪʦʧʦʣʝʤ ʙʝʣʳʤ. ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʛʦʨʦʜʘ 

ʚʠʜʘʤʠ ʛʨʠʙʦʚ ʩʪʘʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚʘ Polyporaceae (22 ʚʠʜʘ), ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʯʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʣʠʩʴ Fomes fomentarius (L.) Fr., Ganoderma 

applanatum (Pers.) Pat., Trametes gibbosa (Pers.) Fr., Trametes trogii Berk., Trametes 

versicolor (L.) Lloyd). ʆʩʦʙʦ ʚʳʩʦʢʠʤ ʯʠʩʣʦʤ ʩʠʥʘʥʪʨʦʧʥʳʭ ʚʠʜʦʚ ʛʨʠʙʦʚ 

ʦʪʣʠʯʠʣʩʷ ʨʦʜ Trametes. 

ɸʥʘʣʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʩʠʥʘʥʪʨʦʧʥʳʭ ʢʩʠʣʦʪʨʦʬʦʚ  

ʚ ʨʘʟʣʠʯʥʳʭ ʧʦ ʫʨʦʚʥʶ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʨʘʡʦʥʘʭ ʧʦʢʘʟʘʣ (ʪʘʙʣʠʮʘ),  

ʯʪʦ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʫʯʘʩʪʢʝ (çʉʪʦʣʙʳè) ʧʨʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʤ ʯʠʩʣʝ 

ʢʩʠʣʦʪʨʦʬʦʚ ʚ ʮʝʣʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʤʝʥʴʰʘʷ ʠʭ ʜʦʣʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʨʘʡʦʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ (31,7%). 
ʊʘʙʣʠʮʘ 

ʉʦʦʪʥʦʰʝʥʠʝ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʢʩʠʣʦʪʨʦʬʥʳʭ ʩʠʥʘʥʪʨʦʧʥʳʭ ʤʘʢʨʦʤʠʮʝʪʦʚ, 

ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ Populus spp. ʠ Betula spp. ʚ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ ʛ. ʂʨʘʩʥʦʷʨʩʢ 

ʏʠʩʣʦ ʚʠʜʦʚ ʂʩʠʣʦʪʨʦʬʥʳʭ 

ʤʘʢʨʦʤʠʮʝʪʦʚ ʥʘ 

ʠʟʫʯʘʝʤʳʭ ʣʠʩʪʚʝʥʥʳʭ 

ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜʘʭ 

ʂʩʠʣʦʪʨʦʬ

ʥʳʝ 

ʤʘʢʨʦʤʠʮʝ

ʪʳ, ʚʩʝʛʦ 

ʉʠʥʘʪʨʦʧʥʳʝ 

ʢʩʠʣʦʪʨʦʬʥʳ

ʝ 

ʤʘʢʨʦʤʠʮʝʪʳ 

ʂʩʠʣʦʪʨʦʬʥʳ

ʝ 

ʤʘʢʨʦʤʠʮʝʪʳ 

ʬʦʥʦʚʳʭ 

ʤʝʩʪʦʦʙʠʪʘʥʠ

ʡ 

ɼʦʣʷ 

ʩʠʥʘʥʪʨʦʧʥʳʭ 

ʤʘʢʨʦʤʠʮʝʪʦʚ 

ʦʪ ʦʙʱʝʛʦ 

ʯʠʩʣʘ ʚʠʜʦʚ, 

% 

ɺʩʝʛʦ ʚ ʅʇ çʂʨʘʩʥʦʷʨʩʢʠʝ 

ʉʪʦʣʙʳè ʥʘ ʣʠʩʪʚʝʥʥʳʭ 

ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜʘʭ 

123 39 84 31,7 

ɺʩʝʛʦ ʥʘ ʙʝʨʝʟʝ ʚ ʅʇ 

çʂʨʘʩʥʦʷʨʩʢʠʝ ʉʪʦʣʙʳè 
100 36 64 36 

ɺʩʝʛʦ ʥʘ ʙʝʨʝʟʝ ʚ ʛʦʨʦʜʩʢʠʭ 

ʣʝʩʘʭ (ʙʝʨʝʟʥʷʢʠ ʤʢʨʥ. 

ɸʢʘʜʝʤʛʦʨʦʜʦʢ, 

ʉʪʫʜʛʦʨʦʜʦʢ, ʉʌʋ) 

96 40 56 41,7 

ɺʩʝʛʦ ʥʘ ʙʝʨʝʟʝ ʚ ʟʝʣʝʥʳʭ 

ʥʘʩʘʞʜʝʥʠʷʭ ʛʦʨʦʜʘ 
3 3 0 100 
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ɺʩʝʛʦ ʥʘ ʦʩʠʥʝ 

çʂʨʘʩʥʦʷʨʩʢʠʝ ʉʪʦʣʙʳè 
59 20 39 33,9 

ɺʩʝʛʦ ʥʘ ʪʦʧʦʣʝ ʩʠʙʠʨʩʢʦʤ 

ʚ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ 

ʛʦʨʦʜʘ 

36 20 16 55,6 

ɺʩʝʛʦ ʥʘ ʪʦʧʦʣʝ ʙʝʣʦʤ ʚ 

ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ 

ʛʦʨʦʜʘ 

8 5 3 62,5 

 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʦʤʧʣʝʢʩʘ ʢʩʠʣʦʪʨʦʬʦʚ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʦʪʜʝʣʴʥʳʤ 

ʜʨʝʚʝʩʥʳʤ ʧʦʨʦʜʘʤ, ʚʳʷʩʥʷʝʪʩʷ, ʯʪʦ ʩʠʥʘʥʪʨʦʧʥʳʝ ʤʘʢʨʦʤʠʮʝʪʳ  

ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʚ ʘʥʪʨʦʧʦʛʝʥʥʦ-ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ,  

ʠ ʚ ʬʦʥʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʅʘ ʙʝʨʝʟʝ, ʢʦʪʦʨʳʡ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʩʫʱ ʙʦʛʘʪʳʡ ʩʧʝʢʪʨ 

ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʛʨʠʙʦʚ, ʚ ʬʦʥʦʚʳʭ ʫʩʣʦʚʠʷʭ ʩʠʥʘʥʪʨʦʧʳ  

ʪʘʢ ʞʝ ʚʩʪʨʝʯʘʶʪʩʷ, ʥʦ ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ (36 %), ʯʝʤ ʛʦʨʦʜʩʢʠʭ ʣʝʩʘʭ  

(41,7 %) ʠ ʚ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ ʛʦʨʦʜʘ (100 %). ʄʝʥʴʰʠʤ ʯʠʩʣʦʤ ʚʠʜʦʚ 

ʩʠʥʘʥʪʨʦʧʥʳʭ ʢʩʠʣʦʪʨʦʬʦʚ ʚ ʅʇ ʦʪʣʠʯʘʝʪʩʷ ʦʩʠʥʘ (33,9 %). ʇʨʠ ʵʪʦʤ ʚ ʟʝʣʝʥʳʭ 

ʥʘʩʘʞʜʝʥʠʷʭ ʛʦʨʦʜʘ ʜʚʝ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʪʦʤʫ ʞʝ ʨʦʜʫ, ʠ, 

ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʦʙʣʘʜʘʶʱʠʝ ʩʭʦʞʠʤ ʩʧʝʢʪʨʦʤ 

ʜʝʨʝʚʦʨʘʟʨʫʰʠʪʝʣʝʡ, ʟʘʩʝʣʷʶʪʩʷ ʥʘʤʥʦʛʦ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʩʠʥʘʥʪʨʦʧʥʳʭ 

ʢʩʠʣʦʪʨʦʬʦʚ. ʂ ʪʦʧʦʣʶ ʩʠʙʠʨʩʢʦʤʫ ʧʨʠʫʨʦʯʝʥʦ 55,6 % ʵʪʦʡ ʛʨʫʧʧʳ ʛʨʠʙʦʚ.  

ʉ ʪʦʧʦʣʝʤ ʙʝʣʳʤ ʘʩʩʦʮʠʠʨʦʚʘʥʦ ʚʩʝʛʦ 8 ʚʠʜʦʚ ʛʨʠʙʦʚ, ʠ 62,5 % ʠʟ ʥʠʭ ï 

ʩʠʥʘʥʪʨʦʧʳ.  

ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʢʩʠʣʦʪʨʦʬʥʳʭ ʩʠʥʘʥʪʨʦʧʦʚ, 

ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʜʚʫʤ ʠʟʫʯʘʝʤʳʤ ʨʦʜʘʤ ʜʝʨʝʚʴʝʚ, ʜʦʩʪʘʪʦʯʥʦ ʚʠʜʦʩʧʝʮʠʬʠʯʥʳ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʫʶ ʪʨʦʬʠʯʝʩʢʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ ʛʨʠʙʦʚ. 

ʉʭʦʜʩʪʚʦ ʚʠʜʦʚ ʢʩʠʣʦʪʨʦʬʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʣʠʢʦ ʣʠʰʴ ʤʝʞʜʫ ʜʚʫʤʷ ʜʝʨʝʚʴʷʤʠ 

ʨʦʜʘ ʪʦʧʦʣʴ (ʩʠʙʠʨʩʢʠʡ ʠ ʙʝʣʳʡ, ʂJ = 25 %), ʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʙʠʦʪʦʡ ʩʠʥʘʥʪʨʦʧʥʳʭ ʤʘʢʨʦʤʠʮʝʪʦʚ ʪʦʧʦʣʝʡ ʠ ʙʝʨʝʟʳ (ʂJ = 13 % ʜʣʷ ʪʦʧʦʣʷ 

ʩʠʙʠʨʩʢʦʛʦ ʠ ʙʝʣʦʛʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʥʘʥʪʨʦʧʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ Populus spp. ʠ 

Betula spp. ʢʩʠʣʦʪʨʦʬʥʳʭ ʤʘʢʨʦʤʠʮʝʪʦʚ ʚ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ ʛ. ʂʨʘʩʥʦʷʨʩʢ 

ʧʨʝʜʩʪʘʚʣʝʥ 53 ʚʠʜʘʤʠ ʛʨʠʙʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʝʤʝʡʩʪʚʘ Polyporaceae, ʠ ʚ 

ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ ʠʭ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʜʨʝʚʝʩʥʳʤ ʧʦʨʦʜʘʤ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʘ 

ʚʠʜʦʚʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ. ɼʦʣʷ ʩʠʥʘʥʪʨʦʧʦʚ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʩʪʝʧʝʥʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʟʝʣʝʥʳʝ ʥʘʩʘʞʜʝʥʠʷ, ʧʨʠʯʝʤ ʥʘʠʙʦʣʴʰʠʤ ʯʠʩʣʦʤ 

ʟʘʩʝʣʷʶʱʠʭ ʜʨʝʚʝʩʠʥʫ ʚʠʜʦʚ ʛʨʠʙʦʚ ʚ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ ʛʦʨʦʜʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʦʜ Populus. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʋɼʂ 556.04 

ʆʎɽʅʂɸ ɻɽʆʍʀʄʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ ʉʅɽɾʅʆɻʆ ʇʆʂʈʆɺɸ 

ɻʆʈʆɼɸ ʂʈɸʉʅʆʗʈʉʂɸ 

ɸ.ʀ. ʄʘʢʘʨʦʚʘ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʈ. ɸ. ʐʘʨʘʬʫʪʜʠʥʦʚ1 

ʂʘʥʜʠʜʘʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʠʨʝʢʪʦʨ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɿʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʚ ʛʦʨʦʜʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ. ʆʥʘ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ 

ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʳʤ ʨʘʟʤʝʱʝʥʠʝʤ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ, ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʪʫʘʮʠʝʡ, ʨʝʣʴʝʬʦʤ ʤʝʩʪʥʦʩʪʠ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʟʘʩʪʨʦʡʢʠ, ʷʚʣʷʶʱʝʡʩʷ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ ʥʘ ʧʫʪʠ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʠ ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʝʭʥʦʛʝʥʥʳʭ ʘʥʦʤʘʣʠʡ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʤʥʦʛʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 

ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʠ ʠʭ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʩʥʝʛʝ, ʜʦʩʪʫʧʥʦʤ ʜʣʷ ʧʣʦʱʘʜʥʦʛʦ 

ʦʧʨʦʙʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʢʦʤʧʦʥʝʥʪ ʣʘʥʜʰʘʬʪʘ  

ʜʣʷ ʵʢʩʧʨʝʩʩʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʠʥʜʠʢʘʮʠʠ ʟʘʛʨʷʟʥʝʥʠʷ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ [1]. 

ʎʝʣɹʁ  ʨʘʙʦʪʳ ʷʚʣʷʣʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟʘ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʛ. ʂʨʘʩʥʦʷʨʩʢʘ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ, ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ ʧʳʣʝʚʦʡ ʥʘʛʨʫʟʢʠ. 

ʋʯʘʩʪʢʠ ʦʧʨʦʙʦʚʘʥʠʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 
ʊʘʙʣʠʮʘ 1 

ʊʦʯʢʠ ʦʪʙʦʨʘ ʧʨʦʙ ʩʥʝʛʘ ʚ ʛ. ʂʨʘʩʥʦʷʨʩʢ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʦʯʢʠ ʈʘʡʦʥ ʛ. ʂʨʘʩʥʦʷʨʩʢʘ ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ 

ʉʢʚʝʨ ʊʕʎ-1 ʃʝʥʠʥʩʢʠʡ 56o02ô12ò ʩ.ʰ. 93ʦ24ô84ò ʚ.ʜ. 

ɹʝʨʝʛ ɹʘʟʘʠʭʠ ʉʚʝʨʜʣʦʚʩʢʠʡ 55ʦ95ô14ò ʩ.ʰ. 92ʦ83ô33ò ʚ.ʜ. 

ʇʘʨʢ ʉʠʙʩʪʘʣʴ ʂʠʨʦʚʩʢʠʡ 55ʦ98ô05ò ʩ.ʰ. 92ʦ72ô31ò ʚ.ʜ. 

ʇʘʨʢ ɻʦʨʴʢʦʛʦ ʎʝʥʪʨʘʣʴʥʳʡ 56ʦ08ô30ò ʩ.ʰ. 92ʦ45ô49ò ʚ.ʜ. 

ʇʦʢʨʦʚʢʘ ʉʦʚʝʪʩʢʠʡ 56Á01ô45ò ʩ.ʰ. 92Á52ô11ò ʚ.ʜ. 

ʆ. ʄʦʣʦʢʦʚʘ ʎʝʥʪʨʘʣʴʥʳʡ 56Á00ô17ò ʩ.ʰ. 92Á53ô38ò ʚ.ʜ. 

ʈʦʱʘ ʉʌʋ ʆʢʪʷʙʨʴʩʢʠʡ  56ʦ00ô05ò ʩ.ʰ. 92ʦ68ô92ò ʚ.ʜ. 

 
 

É ʄʘʢʘʨʦʚʘ ɸ. ʀ., 2025 
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ʇʦ ʜʘʥʥʳʤ ʩʥʝʛʦʚʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ (ʜʘʪʘ ʦʪʙʦʨʘ ʧʨʦʙ ʠ ʥʘʯʘʣʦ ʩʥʝʛʦʩʪʘʚʘ, 

ʚʝʩ ʪʚʝʨʜʦʛʦ ʦʩʘʜʢʘ ʩʥʝʛʘ, ʧʘʨʘʤʝʪʨʳ ʧʣʦʱʘʜʠ ʰʫʨʬʘ), ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʸʪ 

ʧʳʣʝʚʦʡ ʥʘʛʨʫʟʢʠ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʦʪʙʦʨʘ ʧʦ ʬʦʨʤʫʣʝ [2]: 

 

ὖὲ  , 

 

ʛʜʝ: 

ʈo ï ʚʝʩ ʪʚʝʨʜʦʛʦ ʦʩʘʜʢʘ ʩʥʝʛʘ, ʤʛ;  

S ï ʧʣʦʱʘʜʴ ʩʥʝʛʦʚʦʛʦ ʰʫʨʬʘ, ʤ2; 

t ï ʢʦʣʠʯʝʩʪʚʦ ʩʫʪʦʢ ʦʪ ʥʘʯʘʣʘ ʩʥʝʛʦʩʪʘʚʘ ʜʦ ʜʥʷ ʦʪʙʦʨʘ ʧʨʦʙ.  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʧʳʣʝʚʦʡ ʥʘʛʨʫʟʢʠ ʛ. ʂʨʘʩʥʦʷʨʩʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 2. 
ʊʘʙʣʠʮʘ 2 

ʇʳʣʝʚʘʷ ʥʘʛʨʫʟʢʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʦʯʢʠ ʈʘʡʦʥ ʛ. ʂʨʘʩʥʦʷʨʩʢʘ ʇʳʣʝʚʘʷ ʥʘʛʨʫʟʢʘ, ʤʛ/ʤ2*ʩʫʪ 

ʉʢʚʝʨ ʊʕʎ-1 ʃʝʥʠʥʩʢʠʡ 31,59 

ɹʝʨʝʛ ɹʘʟʘʠʭʠ ʉʚʝʨʜʣʦʚʩʢʠʡ 2,87 

ʇʘʨʢ ʉʠʙʩʪʘʣʴ ʂʠʨʦʚʩʢʠʡ 44,96 

ʇʘʨʢ ɻʦʨʴʢʦʛʦ ʎʝʥʪʨʘʣʴʥʳʡ 57,32 

 

ɻʨʘʜʘʮʠʷ ʧʦ ʧʳʣʝʚʦʡ ʥʘʛʨʫʟʢʝ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʪʝʨʨʠʪʦʨʠʠ ʠ ʫʨʦʚʥʝ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 3 [2]. 

 
ʊʘʙʣʠʮʘ 3 

ɻʨʘʜʘʮʠʷ ʧʦ ʧʳʣʝʚʦʡ ʥʘʛʨʫʟʢʝ [2] 
ɿʥʘʯʝʥʠʝ, ʤʛ/ʤ2 *ʩʫʪ ʉʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ / ʫʨʦʚʝʥʴ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ 

< 250 ʥʠʟʢʘʷ, ʥʝʦʧʘʩʥʳʡ 

ʦʪ 251 ʜʦ 450 ʩʨʝʜʥʷʷ, ʫʤʝʨʝʥʥʦ ʦʧʘʩʥʳʡ 

ʦʪ 451 ʜʦ 850 ʚʳʩʦʢʘʷ, ʦʧʘʩʥʳʡ 

> 851 ʦʯʝʥʴ ʚʳʩʦʢʘ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ, ʯʨʝʟʚʳʯʘʡʥʦ ʦʧʘʩʥʳʡ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦ ʛʨʘʜʘʮʠʠ ʧʳʣʝʚʦʡ ʥʘʛʨʫʟʢʠ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʪʦʯʝʢ 

ʭʘʨʘʢʪʝʨʥʘ ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ. ɸ ʥʘʠʙʦʣʴʰʘʷ ʧʳʣʝʚʘʷ ʥʘʛʨʫʟʢʘ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʎʝʥʪʨʘʣʴʥʦʛʦ ʨʘʡʦʥʘ, ʪʦʯʢʠ ʧʘʨʢ ɻʦʨʴʢʦʛʦ. ʆʙʱʘʷ ʬʦʥʦʚʘʷ 

ʧʳʣʝʚʘʷ ʥʘʛʨʫʟʢʘ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ 35,6 ʢʛ/ʢʤ2 ʚ ʩʫʪʢʠ ʠ ʧʦ ʖ. ɽ. ʉʘʝʪʫ (1990) 

ʦʪʚʝʯʘʝʪ ʫʩʣʦʚʠʷʤ ʚʟʷʪʠʷ ʧʨʦʙ ʩʥʝʛʘ ʥʘ ʫʜʘʣʝʥʠʠ 90ï100 ʢʤ ʦʪ 

ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʟʦʥ [2].  

ɺʘʞʥʦʡ ʯʘʩʪʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʮʘ ʚ ʧʨʦʙʘʭ. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ Pb ʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʟʦʥʝ ʊʕʎ-1, ʪʦ ʚ ʧʝʨʠʦʜ 2022-2023 

ʛʦʜʘ ʝʛʦ ʟʥʘʯʝʥʠʝ ʚ ʪʘʣʦʡ ʩʥʝʛʦʚʦʡ ʚʦʜʝ ʙʳʣʦ 0,00197 ʤʛ/ʜʤ3, ʚ 2023-2024 ʛʦʜʫ 

ʵʪʦ ʟʥʘʯʝʥʠʝ ʙʳʣʦ ʫʞʝ ʤʝʥʝʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʠʙʦʨʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ  

ʟʘ ʜʚʘ ʛʦʜʘ ʟʥʘʯʝʥʠʝ ʩʦʢʨʘʪʠʣʦʩʴ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʟʥʘʯʝʥʠʷ  
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ʩ ʜʘʥʥʳʤʠ 2010 ʛʦʜʘ. ɺ ʨʘʙʦʪʝ 2010 ʛʦʜʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ  

Pb ʚ ʧʨʦʙʘʭ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʊʕʎ-1  

ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʦʪʙʦʨʘ ʧʨʦʙ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʘʝʪʩʷ 69,79 ʤʢʛ/ʣ. ɺ 2022ï

2024 ʛʦʜʘʭ ʟʥʘʯʝʥʠʝ ʩʚʠʥʮʘ ʩʦʩʪʘʚʠʣʦ 0,00197 ʤʛ/ʜʤ3 ʠʣʠ ʞʝ 1,97 ʤʢʛ/ʣ. ɹʦʣʝʝ 

ʯʝʤ ʟʘ 10 ʣʝʪ ʧʨʦʠʟʦʰʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ Pb, ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʣʩʷ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ. ʊʘʢʦʝ ʩʦʢʨʘʱʝʥʠʝ ʩʚʷʟʘʥʦ ʩ 

ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ çʆ ʟʘʧʨʝʪʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʙʦʨʦʪʘ ʵʪʠʣʠʨʦʚʘʥʥʦʛʦ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʙʝʥʟʠʥʘ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʦʪ 22.03.2003 ˉ 34-ʌɿ. 

ʕʪʠʣʠʨʦʚʘʥʥʳʡ ʙʝʥʟʠʥ ʧʨʠʤʝʥʷʣʩʷ ʚ ʦʩʥʦʚʥʦʤ ʢʘʢ ʘʥʪʠʜʝʪʦʥʠʨʫʶʱʘʷ ʧʨʠʩʘʜʢʘ 

ʢ ʤʦʪʦʨʥʦʤʫ ʪʦʧʣʠʚʫ, ʧʦʚʳʰʘʶʱʘʷ ʝʛʦ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ 2010 

ʛʦʜʫ Pb ʥʘʭʦʜʷʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʠʜʝ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʧʦʩʪʫʧʘʣ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. ɸ ʚʚʝʜʝʥʠʝ ʟʘʢʦʥʘ ʠ ʢʦʥʪʨʦʣʴ ʟʘ ʦʙʦʨʦʪʦʤ ʙʝʥʟʠʥʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʩʚʠʥʝʮ, ʧʦʟʚʦʣʠʣʦ ʜʦʙʠʪʴʩʷ ʪʘʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʯʸʪ ʧʳʣʝʚʦʡ ʥʘʛʨʫʟʢʠ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ,  

ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʳʣʝʚʦʡ ʥʘʛʨʫʟʢʠ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʎʝʥʪʨʘʣʴʥʦʛʦ 

ʨʘʡʦʥʘ, ʥʦ ʜʘʞʝ ʚ ʝʛʦ ʧʨʝʜʝʣʘʭ ʟʥʘʯʝʥʠʷ ʧʦ ʛʨʘʜʘʮʠʠ ʧʳʣʝʚʦʡ ʥʘʛʨʫʟʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʪʦʛʦ,  

ʯʪʦ ʭʘʨʘʢʪʝʨʥʘ ʥʘʠʙʦʣʴʰʘʷ ʧʳʣʝʚʘʷ ʥʘʛʨʫʟʢʘ ʩʨʝʜʠ ʚʩʝʭ ʨʘʡʦʥʦʚ ʛʦʨʦʜʘ 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ. ɸ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ  

ʧʦ Pb, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʟʘ 13 ʣʝʪ ʩʦʢʨʘʪʠʣʦʩʴ ʧʨʠʤʝʨʥʦ ʚ 35 ʨʘʟ, ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʝʢʨʘʱʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʠʣʠʨʦʚʘʥʥʦʛʦ 

ʙʝʥʟʠʥʘ ʙʣʘʛʦʧʨʠʷʪʥʦ ʧʦʚʣʠʷʣʦ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ. 
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ʋɼʂ 614.841.2 

ɺʃʀʗʅʀɽ ʄɽʊɽʆʋʉʃʆɺʀʁ ʅɸ ʄʆʑʅʆʉʊʔ ʊɽʇʃʆʀɿʃʋʏɽʅʀʗ 

ʆʊ ʇʆɾɸʈʆɺ ɸʈʂʊʀʏɽʉʂʆʁ ɿʆʅʓ ʉʀɹʀʈʀ  

ɸ. ɺ. ʄʘʣʴʢʘʥʦʚʘ1,2, ʇ. ɼ. ʊʨʝʪʴʷʢʦʚ1,2 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɽ.ʀ. ʇʦʥʦʤʘʨʝʚ2 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʊʝʤʘ ʛʦʨʠʤʦʩʪʠ ʣʝʩʦʚ ʠ ʟʥʘʯʠʤʦʩʪʠ ʧʦʩʣʝʧʦʞʘʨʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʉʠʙʠʨʠ  

ʥʝ ʪʝʨʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʠ ʥʘ ʬʦʥʝ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ. ʇʨʘʢʪʠʢʘ 

ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʦʚʪʦʨʝʥʠʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʧʦʞʘʨʥʳʭ ʩʝʟʦʥʦʚ ʠ ʤʘʩʩʦʚʳʭ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʚ ʉʠʙʠʨʠ ʚʳʟʳʚʘʶʪ ʰʠʨʦʢʠʡ 

ʠʥʪʝʨʝʩ ʥʝ ʪʦʣʴʢʦ ʚ ʥʘʫʯʥʦʤ ʧʣʘʥʝ ʠʣʠ ʚ ʦʙʣʘʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʥʦ ʠ 

ʧʨʠʦʙʨʝʪʘʝʪ ʦʙʱʝʩʪʚʝʥʥʳʡ ʨʝʟʦʥʘʥʩ. ʆʜʥʘ ʠʟ ʘʢʪʠʚʥʦ ʦʙʩʫʞʜʘʝʤʳʭ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʝʤ ï ʩʤʝʱʝʥʠʝ ʧʦʞʘʨʦʚ ʚ ʩʝʚʝʨʥʳʝ ʰʠʨʦʪʳ, ʛʦʨʠʤʦʩʪʴ 

ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʦʚ ʠ ʪʫʥʜʨʳ ʉʠʙʠʨʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʷʨʢʦ 

ʧʨʦʷʚʠʣʦʩʴ ʚ ʧʦʞʘʨʦʦʧʘʩʥʳʝ ʩʝʟʦʥ r2020ï2023 ʛʛ. [1ï2]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʘʥʘʣʠʟ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʱʥʦʩʪʠ 

ʪʝʧʣʦʠʟʣʫʯʝʥʠʷ ʦʪ ʧʦʞʘʨʦʚ (FRP) ʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʉʠʙʠʨʠ  

ʦʪ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ (ɻʊʂ) ʠ ʧʦʢʘʟʘʪʝʣʷ ʚʣʘʞʥʦʩʪʠ ʇɺï1  

ʟʘ 2001ï2023 ʛʛ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ: ʚʘʨʠʘʪʠʚʥʦʩʪʴ 

ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʭ ʟʥʘʯʝʥʠʡ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʠ ʪʝʧʣʦʠʟʣʫʯʝʥʠʷ ʦʪ ʧʦʞʘʨʘ 

(FRPʩʫʤ) ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʩʧʫʪʥʠʢʦʚʦʡ ʩʲʸʤʢʠ; ʟʘʚʠʩʠʤʦʩʪ ɹFRPʩʫʤ ʦʪ ʧʦʢʘʟʘʪʝʣʷ 

ʇɺ-1 ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ɻʊʂ; ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʜʠʥʘʤʠʢʠ 

ʤʦʱʥʦʩʪʠ ʪʝʧʣʦʠʟʣʫʯʝʥʠʷ ʦʪ ʧʦʞʘʨʦʚ (FRP) ʚ ʨʝʛʠʦʥʝ ʟʘ 23-ʣʝʪʥʠʡ ʧʝʨʠʦʜ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ.  

ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʛʦʨʠʤʦʩʪʠ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʉʠʙʠʨʠ (64ï74Á 

ʩ.ʰ. 60ï165Á ʚ.ʜ.). ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʳ ʯʝʪʳʨʝ ʩʝʢʪʦʨʘ, 

ʛʨʘʥʠʮʳ ʢʦʪʦʨʳʭ ʧʦ ʜʦʣʛʦʪʝ ʬʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʩ ʛʨʘʥʠʮʘʤʠ ʙʘʩʩʝʡʥʦʚ 

ʢʨʫʧʥʳʭ ʨʝʢ ʉʠʙʠʨʠ: ʆʙʠ (ʩʝʢʪʦʨ I), ɽʥʠʩʝʷ (ʩ ʍʘʪʘʥʛʦʡ) (ʩʝʢʪʦʨ II), ʃʝʥʳ 

(ʩʝʢʪʦʨ III), ʗʥʳ/ʀʥʜʠʛʠʨʢʠ/ʂʦʣʳʤʳ (ʩʝʢʪʦʨ IV). 

ʄʥʦʛʦʣʝʪʥʠʝ ʨʷʜʳ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʳʣʠ ʦʙʦʙʱʝʥʳ  

ʧʦ ʜʘʥʥʳʤ ʦʪʢʨʳʪʦʛʦ ʢʘʪʘʣʦʛʘ çʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʘʩʩʠʚʳ  

ʜʣʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡè [3]. ɺʩʝʛʦ ʦʙʨʘʙʦʪʘʥʳ ʤʘʪʝʨʠʘʣʳ  

ʧʦ 21 ʤʝʪʝʦʩʪʘʥʮʠʠ, ʚʢʣʶʯʘʷ 3 ʤʝʪʝʦʩʪʘʥʮʠʠ ʚ ʩʝʢʪʦʨʝ I, 6 ʤʝʪʝʦʩʪʘʥʮʠʡ  

ʚ ʩʝʢʪʦʨʝ II, 5 ʤʝʪʝʦʩʪʘʥʮʠʡ ʚ ʩʝʢʪʦʨʝ III ʠ 7 ʤʝʪʝʦʩʪʘʥʮʠʡ ʚ ʩʝʢʪʦʨʝ IV. 

ʀʩʧʦʣʴʟʫʷ ʤʥʦʛʦʣʝʪʥʠʝ ʨʷʜʳ ʜʘʥʥʳʭ, ʤʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚʘʨʠʘʮʠʠ 

ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉʝʣʷʥʠʥʦʚʘ (ɻʊʂ), ʚ ʩʨʘʚʥʝʥʠʠ  

ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʪʝʧʣʦ- ʠ ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ [4]. 

 

É ʄʘʣʴʢʘʥʦʚʘ ɸ. ɺ., ʊʨʝʪʴʷʢʦʚ ʇ. ɼ., 2025 
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ʆʙʨʘʙʘʪʳʚʘʣʠʩʴ ʜʘʥʥʳʝ ʜʣʷ ʧʦʞʘʨʦʦʧʘʩʥʦʛʦ ʧʝʨʠʦʜʘ ʤʘʡïʩʝʥʪʷʙʨʴ ʥʘ ʦʩʥʦʚʝ 

ʩʦʦʪʥʦʰʝʥʠʷ:  

 

ː˟˗ÁϽ
Ὑ

ὸ
 

 

ʛʜʝ: 

Ὑ ï ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ (ʤʤ) ʧʨʠ t > +10Áʉ ʜʣʷ i-ʛʦ ʜʥʷ ʩʝʟʦʥʘ; 

ὸ ï ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ÁC; 

Á = 10 ï ʥʦʨʤʠʨʦʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ.  

 

ɼʣʷ ʢʘʞʜʦʛʦ ʩʝʢʪʦʨʘ ʥʘ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 2001ï2023 ʛʛ. ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʬʘʢʪʠʯʝʩʢʫʶ ʛʦʨʠʤʦʩʪʴ ʧʦ ʰʢʘʣʝ ʄʦʢʝʝʚʘ ɻ.ɸ. [5]. 

ʊʘʢʞʝ ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʦʮʝʥʢʠ ʤʦʱʥʦʩʪʠ ʪʝʧʣʦʠʟʣʫʯʝʥʠʷ ʧʦʞʘʨʘ (FRP). 

ɼʘʥʥʳʝ ʦ FRP ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʰʝʡʧ-ʬʘʡʣʘ ʩ ʪʦʯʢʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʘʥʥʦʤ ʧʘʨʘʤʝʪʨʝ. ɺ ʨʘʙʦʪʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʦ ʩʝʟʦʥʥʳʭ 

ʩʫʤʤʘʭ FRPʩʫʤ. 
ʊʘʙʣʠʮʘ  

ʉʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʝ ʟʥʘʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘ ʧʝʨʠʦʜ 2001ï

2023 ʛʛ. 
ʉʫʙʨʝʛʠʦʥ ɻʊʂʩʨ, ʝʜ. ʇɺ-1ʩʨ, ʝʜ. FRPʩʫʤ, Ā10

5 ʄɺʪ ɔ (ʛʦʨʠʤʦʩʪʴ), % 

I  1,07Ñ0,14 471Ñ81 1,8Ñ 0,7 0,29Ñ0,17 

II 1,2Ñ0,19 755Ñ160 2,7 Ñ 1,7 0,22Ñ0,13 

III  0,81Ñ0,14 777Ñ125 10,7 Ñ 7,5 0,67Ñ0,44 

IV 0,63Ñ0,09 1070Ñ139 6,8 Ñ 4,9 0,62Ñ0,64 

 

ʉʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʦʙʱʝʥʳ ʚ ʛʨʘʥʠʮʘʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʫʙʨʝʛʠʦʥʦʚ (ʪʘʙʣ. 1). ɼʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ FRP, ʛʦʨʠʤʦʩʪʴ  

ʇɺï1 ʚ ʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ʉʠʙʠʨʠ ʚʦʟʨʘʩʪʘʶʪ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ, ʧʨʠ ʵʪʦʤ 

ʧʘʨʘʤʝʪʨ ɻʊʂ ʫʙʳʚʘʝʪ ʚ ʵʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ. ʄʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ 

ʩʫʙʨʝʛʠʦʥ III ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʣʠʩʪʚʝʥʥʠʯʥʳʭ ʣʝʩʦʚ ʠ ʥʘʠʙʦʣʴʰʝʡ ʣʝʩʠʩʪʦʩʪʠ 

ʦʪʣʠʯʘʝʪʩʷ ʥʘʠʚʳʩʰʠʤ ʫʨʦʚʥʝʤ ʛʦʨʠʤʦʩʪʠ ʠ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʦʱʥʦʩʪʠ 

ʪʝʧʣʦʠʟʣʫʯʝʥʠʷ ʦʪ ʧʦʞʘʨʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʧʦʞʘʨʦʚ ʩʫʙʨʝʛʠʦʥʘ  

IV ʭʘʨʘʢʪʝʨʥʳ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʧʦ ʫʩʣʦʚʠʷʤ ʧʦʛʦʜʳ 

(ʧʦ ʤʝʪʦʜʠʢʝ ʇɺ-1). ɺʘʨʠʘʪʠʚʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ɻʊʂ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʨʝʛʠʦʥʝ ʠ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʟʘʩʫʰʣʠʚʦʩʪʠ ʩ ʟʘʧʘʜʘ 

ʥʘ ʚʦʩʪʦʢ. 

ɿʘʬʠʢʩʠʨʦʚʘʥ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ɻʊʂʩʨ ʠ ʧʦʢʘʟʘʪʝʣʝʤ 

FRPʩʫʤ ʥʘ ʫʨʦʚʥʝ r = ï0,5 (p < 0,05). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʠʞʝʥʠʝ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ ʦʧʨʝʜʝʣʷʝʪ ʧʦʚʳʰʝʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʤʦʱʥʦʩʪʠ ʧʦʞʘʨʦʚ. ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʇɺ-1 ʠ ʧʦʢʘʟʘʪʝʣʝʤ 



˸͔͙͊ͭͪ͊͡· ··I ˸ ͔͚͗͒ͯͤ͊ͪͦ͒ͤͦ ͤ͊ͯ;͚ͤͦ ͦͤ͟ͺ͔͔ͪͤͼ͙͙ 

123 
 

FRPʩʫʤ (r = 0,7 ʧʨʠ p < 0,05) ʦʪʨʘʞʘʝʪ ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʧʦʛʦʜʳ ʥʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʞʘʨʦʚ.  

 

ʈʠʩʫʥʦʢ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʜʠʥʘʤʠʢʘ FRPʩʫʤ ʚ 2012ï2023 ʛʛ. ʦʪʥʦʩʠʪʝʣʴʥʦ 2001ï2011 ʛʛ.  

ɺ ʧʝʨʠʦʜ 2012ï2023 ʛʛ. ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2001ï2011 ʛʛ. ʨʦʩʪ ʟʥʘʯʝʥʠʡ FRPʩʫʤ 

ʟʘʬʠʢʩʠʨʦʚʘʥ ʥʘ 21ï42% ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʅʘʠʙʦʣʴʰʠʡ ʧʨʠʨʦʩʪ 

ʦʪʤʝʯʝʥ ʚ III ʩʫʙʨʝʛʠʦʥʝ, ʛʜʝ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ~56% 

ʧʣʦʱʘʜʠ. ʋʤʝʥʴʰʝʥʠʝ FRPʩʫʤ ʭʘʨʘʢʪʝʨʥʦ ʣʠʰʴ ʜʣʷ 23% ʪʝʨʨʠʪʦʨʠʠ 

ʩʫʙʨʝʛʠʦʥʦʚ. ʅʘ ~50% ʪʝʨʨʠʪʦʨʠʡ ʚʳʰʝ 70Á ʩ.ʰ. ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ FRPʩʫʤ ʥʝ 

ʚʳʷʚʣʝʥʦ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʦʩʦʙʳʤ 

ʨʝʞʠʤʦʤ ʫʚʣʘʞʥʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ï ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʞʘʨʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʨʠʩʫʥʦʢ, ʙʝʣʳʡ ʮʚʝʪ). ʊʝʨʨʠʪʦʨʠʠ ʩ ʨʝʛʫʣʷʨʥʳʤʠ 

ʧʨʠʨʦʜʥʳʤʠ ʧʦʞʘʨʘʤʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʣʦʞʠʪʝʣʴʥʫʶ 

ʜʠʥʘʤʠʢʫ FRPʩʫʤ (ʨʠʩʫʥʦʢ, ʢʨʘʩʥʳʡ ʮʚʝʪ). 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʛʦʨʠʤʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʤʝʪʝʦʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʦʨʠʤʦʩʪʠ ʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ 

ʉʠʙʠʨʠ. ʇʦʵʪʦʤʫ, ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʘʥʘʣʠʟʦʤ ʩʧʫʪʥʠʢʦʚʳʭ ʜʳʥʥʳʭ, ʤʦʞʝʪ 

ʷʚʣʷʪʴʩʷ ʦʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ. 
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ʆʎɽʅʂɸ ɺʆɿʄʆɾʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ʇʈɽɼʇʀʉɸʅʅʓʍ 

ʇʈʆʌʀʃɸʂʊʀʏɽʉʂʀʍ ɺʓɾʀɻɸʅʀʁ ɺ ʃɽʉʅʆʄ ʍʆɿʗʁʉʊɺɽ 

ʉ ʋʏɪʊʆʄ ʈɽɻʀʆʅɸʃʔʅʆʁ ʉʇɽʎʀʌʀʂʀ ʈɸʉʇʈɽɼɽʃɽʅʀʗ 

ʂɸʊɽɻʆʈʀʁ ʃɽʉʅʓʍ ɿɽʄɽʃʔ 

ɼ. ʕ. ʄʘʨʢʦʚ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɸ. ɺ. ɹʨʶʭʘʥʦʚ1,2 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʇʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʚʳʞʠʛʘʥʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ  

ʠʟ ʢʣʶʯʝʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʴʶ ʚ ʣʝʩʥʦʤ 

ʭʦʟʷʡʩʪʚʝ. ʆʜʥʘʢʦ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʦ ʤʥʦʛʦʤ 

ʟʘʚʠʩʷʪ ʦʪ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʪʝʛʦʨʠʡ ʣʝʩʥʳʭ ʟʝʤʝʣʴ, 

ʚʢʣʶʯʘʷ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ, ʪʠʧ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʨʠʨʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʪʘʥʦʚʠʪʩʷ ʦʮʝʥʢʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʧʠʩʘʥʥʳʭ ʚʳʞʠʛʘʥʠʡ ʩ ʫʯʸʪʦʤ ʨʝʛʠʦʥʘʣʴʥʦʡ 

ʩʧʝʮʠʬʠʢʠ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʦʞʘʨʦʚ 

ʠ ʩʦʭʨʘʥʝʥʠʷ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ.  

ʗʜʨʦʤ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʦʩʚʦʝʥʠʷ ʣʝʩʦʚ, ʛʜʝ ʚʢʣʶʯʝʥʳ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʭʨʘʥʝ, ʟʘʱʠʪʝ  

ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʫ ʣʝʩʦʚ ʠ ʥʘʟʳʚʘʶʪ ʮʝʣʝʚʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʣʝʩʦʚ [1]. 

ʀʩʭʦʜʷ ʠʟ ʉʪʘʪʴʠ 10 ʃʂ ʈʌ çʇʦʜʨʘʟʜʝʣʝʥʠʝ ʣʝʩʦʚ ʧʦ ʮʝʣʝʚʦʤʫ 

ʥʘʟʥʘʯʝʥʠʶè ʛʣʘʩʠʪ, ʯʪʦ ʣʝʩʘ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʟʝʤʣʷʭ ʣʝʩʥʦʛʦ ʬʦʥʜʘ, 

ʧʦ ʮʝʣʝʚʦʤʫ ʥʘʟʥʘʯʝʥʠʶ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʟʘʱʠʪʥʳʝ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ  

ʠ ʨʝʟʝʨʚʥʳʝ ʣʝʩʘ [2]. 

ʊʘʢʞʝ ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʩʪʘʪʴʶ 6.1 ʃʂ ʈʌ çɿʝʤʣʠ ʣʝʩʥʦʛʦ ʬʦʥʜʘè,  

ʚ ʢʦʪʦʨʦʡ ʛʦʚʦʨʠʪʴʩʷ, ʯʪʦ ʢ ʟʝʤʣʷʤ ʣʝʩʥʦʛʦ ʬʦʥʜʘ ʦʪʥʦʩʷʪʩʷ ʣʝʩʥʳʝ ʠ ʥʝʣʝʩʥʳʝ 

ʟʝʤʣʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ʢ ʣʝʩʥʳʤ ʦʪʥʦʩʷʪ ʟʝʤʣʠ ʣʝʩʥʦʛʦ ʬʦʥʜʘ, ʥʘ 

ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʣʝʩʘ ʠ ʟʝʤʣʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ  

ʜʣʷ ʣʝʩʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʂ ʥʝʣʝʩʥʳʤ ʦʪʥʦʩʷʪ ʪʝ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ  

ʜʣʷ ʦʩʚʦʝʥʠʷ ʣʝʩʦʚ, ʘ ʪʘʢʞʝ ʥʝʫʜʦʙʥʳʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [2]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʦʮʝʥʢʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ 

ʧʨʝʜʧʠʩʘʥʥʳʭ ʚʳʞʠʛʘʥʠʡ ʩ ʫʯʝʪʦʤ ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʧʝʮʠʬʠʢʠ ʢʘʪʝʛʦʨʠʡ ʣʝʩʥʳʭ 

ʟʝʤʝʣʴ.  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʜʘʥʥʳʝ ʣʝʩʥʳʭ ʨʘʡʦʥʦʚ ʩʫʙʲʝʢʪʦʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ 
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ʛʨʘʬʠʢʠ, ʢʘʢ ʚ ʮʝʣʦʤ ʜʣʷ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʦʪʜʝʣʴʥʦʛʦ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʬʝʜʝʨʘʣʴʥʳʭ 

ʦʢʨʫʛʦʚ (ʌʆ). ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʠʟʫʯʘʣʦʩʴ ʥʝ ʪʦʣʴʢʦ ʬʝʜʝʨʘʣʴʥʦʝ,  

ʥʦ ʠ ʨʝʛʠʦʥʘʣʴʥʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ. ʀʪʦʛʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʮʝʣʝʚʦʤʫ 

ʥʘʟʥʘʯʝʥʠʶ ʣʝʩʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʨʘʟʨʝʟʝ ʜʘʥʥʳʭ ʦʢʨʫʛʦʚ ʧʨʠʚʝʜʝʥʦ 

ʥʘ ʨʠʩʫʥʢʝ.  

 

ʈʠʩʫʥʦʢ. ʉʫʤʤʘ ʧʣʦʱʘʜʝʡ ʣʝʩʦʚ ʧʦ ʮʝʣʝʚʦʤʫ ʥʘʟʥʘʯʝʥʠʶ ʜʣʷ ʬʝʜʝʨʘʣʴʥʳʭ ʦʢʨʫʛʦʚ 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʛʨʘʬʠʢ (ʈʠʩ.), ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʙʦʣʴʰʝ ʚʩʝʛʦ 

ʧʣʦʱʘʜʝʡ ʚʩʝʭ ʪʨʝʭ ʪʠʧʦʚ ʣʝʩʦʚ ʧʦ ʮʝʣʝʚʦʤʫ ʥʘʟʥʘʯʝʥʠʶ ʧʨʠʭʦʜʠʪʩʷ  

ʥʘ ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʌʆ. ʊʘʢ ʧʣʦʱʘʜʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʣʝʩʦʚ ʩʦʩʪʘʚʠʣʘ 

254423,6 ʪʳʩ. ʛʘ., ʟʘʱʠʪʥʳʭ 112216,7 ʪʳʩ. ʛʘ., ʨʝʟʝʨʚʥʳʭ 197297,6 ʪʳʩ. ʛʘ. ɽʩʣʠ 

ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʜʘʥʥʳʡ ʛʨʘʬʠʢ, ʪʦ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʶʞʥʳʝ 

ʬʝʜʝʨʘʣʴʥʳʝ ʦʢʨʫʛʘ, ʪʘʢʠʝ ʢʘʢ ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ (ʉʂʌʆ) ʠ ʖʞʥʳʡ (ʖʌʆ)  

ʥʝ ʠʤʝʶʪ ʥʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ, ʥʠ ʨʝʟʝʨʚʥʳʭ ʣʝʩʦʚ, ʚ ʜʘʥʥʳʭ ʬʝʜʝʨʘʣʴʥʳʭ 

ʦʢʨʫʛʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʣʝʩʘ ʟʘʱʠʪʥʦʡ ʢʘʪʝʛʦʨʠʝʡ. ʊʘʢ ʜʣʷ ʖʌʆ 

ʧʣʦʱʘʜʴ ʟʘʱʠʪʥʳʭ ʟʝʤʝʣʴ ʩʦʩʪʘʚʣʷʝʪ 3360,0 ʪʳʩ. ʛʘ., ʘ ʜʣʷ ʉʂʌʆ 2131,7 ʪʳʩ. ʛʘ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʤʘʣʦʡ ʧʣʦʱʘʜʴʶ ʧʦ ʈʦʩʩʠʠ ʩʨʝʜʠ ʚʩʝʭ ʬʝʜʝʨʘʣʴʥʳʭ ʦʢʨʫʛʦʚ. 

 
ʊʘʙʣʠʮʘ 

ʉʦʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʝʡ ʣʝʩʦʚ ʧʦ ʮʝʣʝʚʦʤʫ ʥʘʟʥʘʯʝʥʠʶ ʜʣʷ ʬʝʜʝʨʘʣʴʥʳʭ 

ʦʢʨʫʛʦʚ, ʚ ʪʳʩ. ʛʘ ʠ ʚ ʧʨʦʮʝʥʪʘʭ 

ʌʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ Sʦʙ.ɦ Sɻ ʢʩʧ. / % Sʨʝʟʝʨʚ, / % Sʟʘ.ɦ / % 

ʎʝʥʪʨʘʣʴʥʳʡ  24815,8/100 13106,1 / 53,7 0 / 0 11293,7 / 46,3 

ʇʨʠʚʦʣʞʩʢʠʡ  42 831,3/100 27898,4 / 67,2 0 / 0 13587,6 / 32,8 

ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʡ  103 839,5/100 65220,8 / 61,7 0 / 0 40403,8 / 38,3 

ʋʨʘʣʴʩʢʠʡ 114 110,7/100 88828,2 / 77,1 0 / 0 26386,1 / 22,9 

ʉʠʙʠʨʩʢʠʡ 307 358,7/100 82538,6 / 45,4 139483,6 / 26,9 85336,5 / 27,7 
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ʖʞʥʳʡ 3 154,8/100 0 / 0 0 / 0 3360,0 / 100 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ 563 937,9/100 254423,6 / 45,1 197297,6 / 35 112216,7 / 19,9 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ 2 134,7/100 0 / 0 0 / 0 2131,7 / 100 

 

ɽʩʣʠ ʧʨʦʚʦʜʠʪʴ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʬʝʜʝʨʘʣʴʥʳʭ ʦʢʨʫʛʦʚ, ʪʘʢʠʭ  

ʢʘʢ ʉʠʙʠʨʩʢʠʡ (ʉʌʆ) ʠ ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ (ɼʌʆ), ʚ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʴʰʘʷ ʜʦʣʷ 

ʚʩʝʭ ʪʠʧʦʚ ʣʝʩʦʚ, ʣʠʜʝʨʦʤ ʚʩʸ ʪʘʢʞʝ ʦʩʪʘʝʪʩʷ ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ 

ʦʢʨʫʛ. ʕʪʦ ʩʚʷʟʘʥʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʥ ʙʦʣʴʰʝ ʉʠʙʠʨʩʢʦʛʦ ʌʆ ʧʦ ʧʣʦʱʘʜʠ, ʥʦ ʝʩʣʠ 

ʩʤʦʪʨʝʪʴ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʧʣʦʱʘʜʝʡ ʚʥʫʪʨʠ ʬʝʜʝʨʘʣʴʥʳʭ ʦʢʨʫʛʦʚ,  

ʪʦ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʨʘʟʥʠʮʘ ʫ ʥʠʭ ʥʝ ʪʦ ʯʪʦʙʳ ʙʳʣʘ ʙʦʣʴʰʦʡ. ʊʘʢ ʧʣʦʱʘʜʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʣʝʩʦʚ ʚ ʉʌʆ ʟʘʥʠʤʘʶʪ 45,4 % ʦʪ ʚʩʝʡ ʧʣʦʱʘʜʠ ʣʝʩʥʳʭ 

ʟʝʤʝʣʴ ʦʢʨʫʛʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ɼʌʆ ï 45,1 %, ʯʪʦ ʭʦʪʴ ʠ ʥʝʥʘʤʥʦʛʦ, ʥʦ ʤʝʥʴʰʝ, 

ʯʝʤ ʫ ʉʠʙʠʨʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ. ʊʘʢ ʞʝ ʉʌʆ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʜʦʣʶ ʚ 

ʟʘʱʠʪʥʳʭ ʣʝʩʘʭ, ʯʪʦ ʩʦʩʪʘʚʠʣʦ 27,7 %, ʢʦʛʜʘ ʫ ɼʌʆ ï 19,9 %.  

ɺ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʤ ʦʢʨʫʛʝ ʨʝʟʝʨʚʥʳʝ ʣʝʩʘ ʟʘʥʠʤʘʶʪ 25 %, ʢʦʛʜʘ ʚ ʉʠʙʠʨʩʢʦʤ ï 

26,9 %.  

ɺ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʦʧʨʦʩʘ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʜʧʠʩʘʥʥʳʭ ʚʳʞʠʛʘʥʠʡ ʩʪʦʠʪ 

ʩʜʝʣʘʪʴ ʫʧʦʨ ʥʘ ʠʭ ʧʨʦʚʝʜʝʥʠʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʣʝʩʘʭ, ʪʘʢ ʢʘʢ ʚ ʨʝʟʝʨʚʥʳʭ 

ʠʭ ʧʨʦʚʦʜʠʪʴ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ (ʚ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʥʠʭ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʚ ʪʝʢʫʱʝʝ ʚʨʝʤʷ, ʥʦ ʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ 15-

20 ʣʝʪ). ɺ ʟʘʱʠʪʥʳʭ ʣʝʩʘʭ ʧʨʦʚʝʜʝʥʠʝ ʚʳʞʠʛʘʥʠʡ ʚʦʟʤʦʞʥʦ, ʥʦ ʚ ʦʯʝʥʴ 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. ʉʚʷʟʘʥʥʦ ʵʪʦ ʩ ʪʝʤ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʠʭ ʧʨʦʚʝʜʝʥʠʷ ʚ 

ʟʘʱʠʪʥʳʭ ʣʝʩʘʭ ʜʦʚʦʣʴʥʦ ʟʘʪʨʫʜʥʠʪʝʣʴʥʘ, ʠʟ-ʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ (ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʦʪ ʚʦʟʤʦʞʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʞʘʨʥʳʭ 

ʵʤʠʩʩʠʡ), ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʩʪʨʦʛʠʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ. ʆʜʥʘʢʦ, ʧʨʠ 

ʛʨʘʤʦʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʤʝʨʦʧʨʠʷʪʠʡ, ʧʨʦʚʝʜʝʥʠʝ ʚʳʞʠʛʘʥʠʡ ʚ 

ʟʘʱʠʪʥʳʭ ʣʝʩʘʭ ʚʦʟʤʦʞʥʦ ʜʘʞʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʆʆʇʊ (ʯʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʧʳʪ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ʧʨʠʨʦʜʥʳʭ ʧʘʨʢʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ).  

ʇʦʜʚʦʜʷ ʠʪʦʛ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʥʘʠʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʚʳʞʠʛʘʥʠʡ ʚ ʉʠʙʠʨʩʢʦʤ  

ʠ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʤ ʬʝʜʝʨʘʣʴʥʳʭ ʦʢʨʫʛʘʭ, ʪʘʢ ʢʘʢ ʜʦʣʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʣʝʩʦʚ 

ʚ ʥʠʭ ʤʘʢʩʠʤʘʣʴʥʘʷ, ʠ ʥʘ ʠʭ ʧʣʦʱʘʜʠ ʚʝʜʝʪʩʷ ʘʢʪʠʚʥʘʷ ʣʝʩʦʟʘʛʦʪʦʚʠʪʝʣʴʥʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ. ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʧʨʦʚʝʜʝʥʠʝ ʚʳʞʠʛʘʥʠʡ ʚ ʤʝʩʪʘʭ ʣʝʩʦʩʝʯʥʳʭ 

ʨʘʙʦʪ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʟʘʧʘʩʳ ʥʘʧʦʯʚʝʥʥʳʭ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ 

ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʤʦʞʥʳʭ 

ʧʦʞʘʨʦʚ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʫʱʝʨʙ ʦʪ ʥʠʭ. ʂʨʦʤʝ ʪʦʛʦ, ʫʜʘʣʝʥʠʝ 

ʟʘʭʣʘʤʣʝʥʥʦʩʪʠ ʧʦʩʣʝ ʨʫʙʦʢ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ, ʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʛʨʠʙʢʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʵʥʪʦʤʦʚʨʝʜʠʪʝʣʝʡ. ʊʨʝʪʴʝʡ 

ʟʥʘʯʠʤʦʡ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʟʘʭʣʘʤʣʝʥʥʦʩʪʠ ʦʛʥʝʚʳʤ ʩʧʦʩʦʙʦʤ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʨʦʚʦʜʠʪʴ ʧʦʩʝʚ ʩʝʤʷʥ  

ʠ ʩʘʞʝʥʮʝʚ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʦʟʦʙʥʦʚʣʝʥʠʷ  

ʦʪ ʙʣʠʞʘʡʰʝʡ ʩʪʝʥʳ ʣʝʩʘ.  
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ʋɼʂ 574.64 

ʆʇɽʈɸʊʀɺʅɸʗ ʆʎɽʅʂɸ ʊʆʂʉʀʏɽʉʂʆɻʆ ɼɽʁʉʊɺʀʗ ʀʆʅʆɺ 

ʄɽɼʀ ʅɸ ʈʗʉʂʋ ʄɸʃʋʖ (LEMNA  MINOR  L.) ʄɽʊʆɼʆʄ 

ɿɸʄɽɼʃɽʅʅʆʁ ʌʃʋʆʈɽʉʎɽʅʎʀʀ 

ʗ. ɸ. ʄʝʣʴʥʠʢ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʖ. ʉ. ɻʨʠʛʦʨʴʝʚ1 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʦʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʇʨʠ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʠ ʚʦʜ ʥʘ ʪʦʢʩʠʯʥʦʩʪʴ ʧʨʠʤʝʥʷʶʪ ʪʝʩʪʦʚʳʝ ʦʨʛʘʥʠʟʤʳ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʨʘʟʥʳʝ ʫʨʦʚʥʠ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʉʨʝʜʠ ʧʨʦʜʫʮʝʥʪʦʚ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪ ʦʜʥʦʢʣʝʪʦʯʥʳʝ ʚʦʜʦʨʦʩʣʠ, ʪʘʢʠʝ ʢʘʢ ʟʝʣʸʥʳʝ 

ʚʦʜʦʨʦʩʣʠ Scenedesmus quadricauda [1] ʠ Chlorella vulgaris [2]. ʈʷʩʢʘ ʤʘʣʘʷ ʪʘʢʞʝ 

ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʧʨʦʜʫʮʝʥʪʘ, ʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʦʜʦʨʦʩʣʝʡ, ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʚ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʠ  

ʦʥʘ ʩʧʦʩʦʙʥʘ ʦʪʨʘʞʘʪʴ ʚʣʠʷʥʠʝ ʧʦʣʣʶʪʘʥʪʦʚ ʥʘ ʚʳʩʰʠʝ ʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʘʢʢʫʤʫʣʠʨʫʶʪ ʪʦʢʩʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʚ ʩʚʦʝʡ ʙʠʦʤʘʩʩʝ [3]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʷʩʢʠ ʚ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʦʛʦ ʦʨʛʘʥʠʟʤʘ ʦʙʫʩʣʦʚʣʝʥʦ 

ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʝʸ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ, ʦʮʝʥʢʫ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʧʨʦʚʦʜʠʪʴ ʚʠʟʫʘʣʴʥʦ ʧʦ ʩʪʝʧʝʥʠ ʧʦʞʝʣʪʝʥʠʷ, ʫʚʷʜʘʥʠʷ ʣʠʩʪʴʝʚ, ʥʘʣʠʯʠʶ 

ʭʣʦʨʦʟʦʚ, ʥʝʢʨʦʟʦʚ ʠ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʥʳʭ ʨʝʘʢʮʠʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʦ ʪʦʢʩʠʯʥʦʩʪʠ ʚʦʜʳ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ [4]. ʆʜʥʘʢʦ ʫʯʸʪ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʥʦʩʠʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʯʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ  

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʉʦʛʣʘʩʥʦ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʩʪʘʥʜʘʨʪʫ ISO/DIS 

20079, ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ ʪʦʢʩʠʢʘʥʪʦʚ ʥʘ ʨʦʩʪ ʧʦʧʫʣʷʮʠʠ 

ʨʷʩʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 7 ʩʫʪʦʢ [5]. ʇʨʠ ʵʪʦʤ ʧʦʜʜʝʨʞʘʥʠʝ ʩʪʝʨʠʣʴʥʦʩʪʠ 

ʪʝʩʪʦʚʦʡ ʢʫʣʴʪʫʨʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪ 

ʧʨʦʮʝʩʩ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʊʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʥʝʩʢʦʣʴʢʦ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʪʦʢʩʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʷʩʢʫ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʨʝʛʠʩʪʨʘʮʠʷ ʵʬʬʝʢʪʘ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʬʦʪʦʪʘʢʩʠʩʘ ʭʣʦʨʦʧʣʘʩʪʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʦʢʩʠʢʘʥʪʦʚ ʠ ʠʟʤʝʨʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʭʣʦʨʦʬʠʣʣʘ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʤʝʪʦʜʘʭ, 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘʙʣʶʜʘʪʴ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʨʘʩʪʝʥʠʷ, ʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 
 

É ʄʝʣʴʥʠʢ ʗ. ɸ., 2025 
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ʦʮʝʥʠʚʘʪʴ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ. ʆʧʝʨʘʪʠʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʙʦʪʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʛʠʩʪʨʘʮʠʠ 

ʟʘʤʝʜʣʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ɿʌ) ʭʣʦʨʦʬʠʣʣʘ. ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʝʪʦʜʠʢʘ ʵʢʩʧʨʝʩʩ-ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʚʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ 

ʭʣʦʨʝʣʣʳ [6]. 

ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʜʝʡʩʪʚʠʷ ʠʦʥʦʚ ʤʝʜʠ  

ʥʘ ʨʷʩʢʫ ʤʘʣʫʶ ʤʝʪʦʜʦʤ ʟʘʤʝʜʣʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʠ ʥʘʣʠʯʠʠ ʠʩʪʦʯʥʠʢʘ 

ʩʚʝʪʘ ʠ ʙʝʟ ʥʝʛʦ ʥʘ ʧʨʦʷʚʣʝʥʠʝ ʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪ-ʦʙʲʝʢʪʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʫʣʴʪʫʨʘ ʨ̫ ʩʢʠ 

ʤʘʣʦʡ, ʢʦʪʦʨʘʷ ʚʳʨʘʱʠʚʘʣʘʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʢʣʠʤʘʪʦʩʪʘʪʝ  

ɺ4 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 24 C ʠ ʦʩʚʝʱʝʥʠʝʤ ʩʚʝʪʦʜʠʦʜʥʳʤʠ ʣʘʤʧʘʤʠ.  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʪʦʢʩʠʢʘʥʪʘʤʠ ʚ ʩʨʝʜʫ ʜʦʙʘʚʣʷʣʠ ʨʘʟʣʠʯʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʪʷʞʝʣʦʛʦ ʤʝʪʘʣʣʘ. ʈʘʩʪʝʥʠʷ ʧʦʜʚʝʨʛʘʣʠʩʴ ʚʦʟʜʝʡʩʪʚʠʶ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʚʦʨʘʭ 

ʩʫʣʴʬʘʪʦʚ ʤʝʜʠ (CuSO4Å5H2O) ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʝʜʠ ʙʨʘʣʘʩʴ ʠʟ ʨʘʩʯʝʪʘ  

ʥʘ ʠʦʥ ʤʝʪʘʣʣʘ. ɺ ʢʘʞʜʫʶ ʪʝʩʪʠʨʫʝʤʫʶ ʧʨʦʙʫ ʚʥʦʩʠʣʦʩʴ ʦʜʥʦ ʨʘʩʪʝʥʠʝ ʨʷʩʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʩʦʩʪʦʷʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʨʷʩʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʟʘʤʝʜʣʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʆʇɿʌ) ï 

ʦʪʥʦʰʝʥʠʝ ʫʨʦʚʥʝʡ ʟʘʤʝʜʣʝʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʭʣʦʨʦʬʠʣʣʘ  

ʚ ʠʭ ʠʥʜʫʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʘʭ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʩʚʝʪʦʤ ʚʳʩʦʢʦʡ (ɿʌʚ)  

ʠ ʥʠʟʢʦʡ (ɿʌʥ) ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʆʇɿʌ=ɿʌʚ/ɿʌʥ).  

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʆʇɿʌ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʠʟʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ  

ʥʘ ʝʛʦ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʦʢʩʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠʦʥʦʚ 

ʤʝʜʠ ʥʘ ʨʷʩʢʫ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʵʢʩʧʦʟʠʮʠʠ ʩ ʪʦʢʩʠʢʘʥʪʦʤ 

(ʨʠʩʫʥʦʢ). ʇʨʠ ʵʪʦʤ ʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʫʩʣʦʚʠʷʭ ʦʩʚʝʱʝʥʠʷ ʟʘʤʝʪʥʦ ʚʳʰʝ, 

ʯʝʤ ʚ ʪʝʤʥʦʪʝ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʩʚʝʱʝʥʠʷ, 

ʧʨʦʮʝʩʩ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʷ ʟʘʤʝʜʣʷʝʪʩʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʨʷʩʢʫ ʤʝʜʣʝʥʥʝʝ ʧʦʩʪʫʧʘʶʪ ʠ ʠʦʥʳ ʤʝʜʠ. ʕʬʬʝʢʪ ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʪʤʝʯʘʣʩʷ ʫʞʝ ʧʦʩʣʝ ʜʚʫʭ ʯʘʩʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʩʣʝ 24 ʯʘʩʦʚ ʵʢʩʧʦʟʠʮʠʠ.  
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ʈʠʩʫʥʦʢ. ɼʝʡʩʪʚʠʝ ʠʦʥʦʚ ʤʝʜʠ ʥʘ ʆʇɿʌ ʨʷʩʢʠ ʤʘʣʦʡ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʩʚʝʪʦʚʦʤ ʦʙʣʫʯʝʥʠʠ 

ʪʝʩʪ-ʦʙʲʝʢʪʘ ʧʨʠ 1-ʯʘʩʦʚʦʡ (ɸ), 2-ʯʘʩʦʚʦʡ (ɹ), 4-ʯʘʩʦʚʦʡ (ɺ) ʠ 24-ʯʘʩʦʚʦʡ (ɻ) ʵʢʩʧʦʟʠʮʠʠ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘʤʝʜʣʝʥʥʘʷ 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ, ʚ ʚʠʜʝ ʝʸ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ 

ʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠʦʥʦʚ ʤʝʜʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʷʩʢʝ ʤʘʣʦʡ ʫʞʝ ʯʝʨʝʟ 

ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʠʭ ʚ ʩʨʝʜʫ, ʥʦ ʧʨʠ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ  

ʯʝʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʭʣʦʨʝʣʣʦʡ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʨʷʩʢʘ  

ʚ ʦʪʣʠʯʠʝ ʦʪ ʭʣʦʨʝʣʣʳ ʤʥʦʛʦʢʣʝʪʦʯʥʳʡ ʦʨʛʘʥʠʟʤ ʩʦ ʩʣʦʞʥʳʤ ʩʪʨʦʝʥʠʝʤ  

ʠʟ-ʟʘ ʯʝʛʦ ʠʦʥʘʤ ʪʨʫʜʥʝʝ ʧʦʧʘʜʘʪʴ ʚ ʢʣʝʪʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʨʷʩʢʠ ʤʘʣʦʡ. 
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ʋɼʂ 56.074.6 

ʇɸʃɽʆʕʂʆʃʆɻʀʏɽʉʂʀɽ ʋʉʃʆɺʀʗ ʈɸɿɺʀʊʀʗ ʃɸʅɼʐɸʌʊʆɺ 

ʅɸ ʉɽɺɽʈʅʆʄ ʄɸʂʈʆʉʂʃʆʅɽ ɿɸʇɸɼʅʆɻʆ ʉɸʗʅɸ ɺ ʇʆɿɼʅɽʄ 

ɻʆʃʆʎɽʅɽ 

ʂ. ɸ. ʇʝʥʠʥʘ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɸ. ɺ. ɻʨʝʥʘʜʝʨʦʚʘ1 

ʂʘʥʜʠʜʘʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʣʠʤʘʪ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʜʠʥʘʤʠʢʝ ʧʨʠʨʦʜʥʳʭ 

ʵʢʦʩʠʩʪʝʤ. ʆʩʦʙʝʥʥʦ ʷʨʢʦ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʛʦʨʥʳʭ ʨʝʛʠʦʥʘʭ, ʪʘʢʠʭ  

ʢʘʢ ɿʘʧʘʜʥʳʡ ʉʘʷʥ, ʛʜʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʦʚ 

ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ. ʀʟʫʯʝʥʠʝ ʧʘʣʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ ʣʘʥʜʰʘʬʪʦʚ, ʥʦ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʭ ʠʟʤʝʥʝʥʠʷ ʚ ʙʫʜʫʱʝʤ.  

ʊʦʨʬʷʥʳʝ ʦʪʣʦʞʝʥʠʷ ð ʮʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʜʘʥʥʳʭ ʦ ʧʨʦʰʣʦʤ. ɹʣʘʛʦʜʘʨʷ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʦʨʛʘʥʠʢʠ ʠ ʤʝʜʣʝʥʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ, ʪʦʨʬ 

ʩʦʭʨʘʥʷʝʪ ʦʩʪʘʪʢʠ ʨʘʩʪʝʥʠʡ (ʣʠʩʪʴʷ, ʜʨʝʚʝʩʠʥʫ, ʧʳʣʴʮʫ, ʩʧʦʨʳ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʠʩʪʦʨʠʶ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. ɹʦʪʘʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʦʨʬʘ 

ʧʦʤʦʛʘʝʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʣʦʢʘʣʴʥʫʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʘ ʩʧʦʨʦ-ʧʳʣʴʮʝʚʦʡ ʘʥʘʣʠʟ ï 

ʨʝʛʠʦʥʘʣʴʥʫʶ [1]. 

ʇʦʩʣʝ ʜʝʛʣʷʮʠʘʮʠʠ (ʦʢʦʣʦ 12 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ) ʥʘ ʩʝʚʝʨʥʦʤ ʤʘʢʨʦʩʢʣʦʥʝ 

ɿʘʧʘʜʥʦʛʦ ʉʘʷʥʘ ʥʘʯʘʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. ɺ ʨʘʥʥʝʤ 

ʛʦʣʦʮʝʥʝ (ʘʪʣʘʥʪʠʯʝʩʢʠʡ ʧʝʨʠʦʜ, 8ï5 ʪʳʩ. ʣ.ʥ.) ʧʨʝʦʙʣʘʜʘʣʠ ʤʝʟʦʬʠʣʴʥʳʝ 

ʢʝʜʨʦʚʦ-ʧʠʭʪʦʚʳʝ ʣʝʩʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʣʘʞʥʳʡ ʠ ʪʝʧʣʳʡ ʢʣʠʤʘʪ.  

ɺ ʩʫʙʙʦʨʝʘʣʴʥʳʡ ʧʝʨʠʦʜ (5ï2,7 ʪʳʩ. ʣ.ʥ.) ʘʨʠʜʠʟʘʮʠʷ ʧʨʠʚʝʣʘ ʢ ʨʘʩʰʠʨʝʥʠʶ 

ʩʦʩʥʦʚʳʭ ʠ ʙʝʨʝʟʦʚʳʭ ʣʝʩʦʚ ʚ ʧʨʝʜʛʦʨʴʷʭ. ʉʫʙʘʪʣʘʥʪʠʯʝʩʢʠʡ ʧʝʨʠʦʜ (ʧʦʩʣʝʜʥʠʝ 

2,7 ʪʳʩ. ʣʝʪ) ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʫʚʣʘʞʥʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʪʝʤʥʦʭʚʦʡʥʳʭ ʬʦʨʤʘʮʠʡ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʝʥʠʝ ʦʪʢʣʠʢʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ 

ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ ʛʦʣʦʮʝʥʝ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʄʘʣʘʷ ɹʫʡʙʘ 

(ɿʘʧʘʜʥʳʡ ʉʘʷʥ). 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʪʦʨʬʷʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʧʦʡʤʝ ʧʨʘʚʦʛʦ 

ʙʝʟʳʤʷʥʥʦʛʦ ʧʨʠʪʦʢʘ ʨʝʢʠ ʄʘʣʘʷ ɹʫʡʙʘ, ʚ 100 ʤʝʪʨʘʭ ʦʪ ʤʦʨʝʥʳ, ʥʘ ʚʳʩʦʪʝ 
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ʦʢʦʣʦ 1340 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ɺʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʤ ʜʘʪʠʨʦʚʘʥʠʝʤ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 4000 ʣʝʪ. ʈʘʩʪʠʪʝʣʴʥʳʡ 

ʧʦʢʨʦʚ ʙʦʣʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʝʚʪʨʦʬʥʦ-ʤʝʟʦʪʨʦʬʥʳʤ ʨʘʟʥʦʪʨʘʚʥʦ-ʦʩʦʢʦʚʦ-

ʩʬʘʛʥʦʚʳʤ ʩʦʦʙʱʝʩʪʚʦʤ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʛʦ ʦʪʤʝʯʝʥʳ: ʟʝʣʝʥʳʡ ʠ ʩʬʘʛʥʦʚʳʡ 

ʤʦʭ. ʊʨʘʚʷʥʠʩʪʳʡ ʷʨʫʩ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʩʦʢʦʡ ʘʣʪʘʡʩʢʦʡ (Carex altaica)  

ʠ ʦʩʦʢʦʡ ʜʝʨʥʠʩʪʦʡ (Carex cespitosa), ʧʫʭʦʥʦʩʦʤ (Trichophorum cespitosum), 

ʯʝʨʝʤʠʮʘ ʃʦʙʝʣʷ (Veratrum lobelianum), ʜʨʝʚʝʩʥʳʡ ʷʨʫʩ ï ʝʜʠʥʠʯʥʳʤʠ ʢʫʩʪʘʤʠ 

ʠʚ (Salix) ʠ ʢʘʨʣʠʢʦʚʦʡ ʙʝʨʝʟʳ (Betula nana). ɹʦʣʦʪʦ ʜʨʝʥʠʨʫʝʪʩʷ ʨʝʢʦʡ, ʚʜʦʣʴ 

ʢʦʪʦʨʦʡ ʧʨʦʠʟʨʘʩʪʘʝʪ ʦʩʦʢʦʚʦ-ʨʘʟʥʦʪʨʘʚʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʳʝ ʩʦʦʙʱʝʩʪʚʘ.  

ʅʘ ʩʢʣʦʥʘʭ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʙʦʣʦʪʫ ʨʘʟʚʠʪ ʧʠʭʪʦʚʦ-ʢʝʜʨʦʚʳʡ ʯʝʨʥʠʯʥʦ-

ʟʝʣʝʥʦʤʦʰʥʳʡ ʣʝʩ. 

ɻʦʨʥʳʝ ʙʦʣʦʪʘ, ʪʘʢʠʝ ʢʘʢ çʄʘʣʘʷ ɹʫʡʙʘè, ʩʣʫʞʘʪ ʠʥʜʠʢʘʪʦʨʘʤʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ʀʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʯʘʣʦʩʴ ʚ ʢʦʥʮʝ ʘʪʣʘʥʪʠʯʝʩʢʦʛʦ 

ï ʥʘʯʘʣʝ ʩʫʙʙʦʨʝʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʯʝʨʝʟ ʟʘʙʦʣʘʯʠʚʘʥʠʝ ʦʟʝʨʥʳʭ ʢʦʪʣʦʚʠʥ ʠ 

ʩʫʭʦʜʦʣʦʚ.  

ʊʦʨʬʷʥʘʷ ʟʘʣʝʞʴ ʥʠʟʠʥʥʦʛʦ ʪʠʧʘ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 

- ʅʘʯʘʣʴʥʘʷ ʬʘʟʘ (4000 ʣʝʪ ʥʘʟʘʜ): ʧʨʝʦʙʣʘʜʘʥʠʝ ʦʩʦʢʦʚʳʭ ʩʦʦʙʱʝʩʪʚ 

(Carex limosa, C. rostrata) ʩ ʫʯʘʩʪʠʝʤ ʩʬʘʛʥʦʚʳʭ ʤʭʦʚ (Sphagnum warnstorfii). 

- ʉʨʝʜʥʝʩʫʙʙʦʨʝʘʣʴʥʳʡ ʧʝʨʠʦʜ (3400 ʣʝʪ ʥʘʟʘʜ): ʧʝʨʝʭʦʜ ʢ ʦʩʦʢʦʚʦ-

ʩʬʘʛʥʦʚʳʤ ʘʩʩʦʮʠʘʮʠʷʤ, ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʢʘʨʣʠʢʦʚʦʡ ʙʝʨʝʟʳ. 

- ʉʦʚʨʝʤʝʥʥʘʷ ʬʘʟʘ: ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʩʬʘʛʥʦʚʳʭ ʤʭʦʚ (ʜʦ 90%) ʠ ʩʥʠʞʝʥʠʝ 

ʫʚʣʘʞʥʝʥʥʦʩʪʠ (ʩʳʨʦ-ʣʫʛʦʚʳʝ ʫʩʣʦʚʠʷ ʧʦ ʰʢʘʣʝ ʈʘʤʝʥʩʢʦʛʦ). 

ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʤʠʢʨʦʫʛʦʣʴʢʦʚ (2400ï2700 ʣ.ʥ.) ʫʢʘʟʳʚʘʝʪ ʥʘ ʯʘʩʪʳʝ 

ʧʨʠʨʦʜʥʳʝ ʧʦʞʘʨʳ ʚ ʧʝʨʠʦʜʳ ʘʨʠʜʠʟʘʮʠʠ.  

ɸʥʘʣʠʟ ʪʦʨʬʷʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʳʷʚʠʣ ʩʤʝʥʫ ʵʚʪʨʦʬʥʳʭ ʦʩʦʢʦʚʳʭ 

ʩʦʦʙʱʝʩʪʚ ʥʘ ʤʝʟʦʪʨʦʬʥʳʝ ʩʬʘʛʥʦʚʳʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʫʨʦʚʥʷ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ. 

ɼʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ  

ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʡ ʘʥʘʣʠʟ. ʈʘʩʪʝʥʠʷ ʧʨʦʜʫʮʠʨʫʶʪ 

ʢʦʣʦʩʩʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʳʣʴʮʳ ʠ ʩʧʦʨ, ʠʭ ʦʙʦʣʦʯʢʘ ʦʙʣʘʜʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ 

ʩʪʦʡʢʦʩʪʴʶ ʢ ʨʘʟʣʠʯʥʳʤ ʨʘʟʨʫʰʘʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ 

ʬʦʩʩʠʣʠʟʘʮʠʠ ʪʳʩʷʯʝʣʝʪʠʷʤʠ [2]. 

ʅʘ ʦʩʥʦʚʝ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʛʦ ʘʥʘʣʠʟʘ ʚʳʜʝʣʝʥʦ 5 ʧʳʣʴʮʝʚʳʭ  

ʟʦʥ, ʦʪʨʘʞʘʶʱʠʭ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ: 

ʇʦʟʜʥʠʡ ʩʫʙʙʦʨʝʘʣʴʥʳʡ ʧʝʨʠʦʜ (4000ï3400 ʣ.ʥ.): ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʩʦʩʥʳ 

ʩʠʙʠʨʩʢʦʡ (Pinus sibirica) ʠ ʢʘʨʣʠʢʦʚʦʡ ʙʝʨʝʟʳ (Betula nana), ʯʪʦ ʫʢʘʟʳʚʘʝʪ  

ʥʘ ʭʦʣʦʜʥʳʝ ʠ ʚʣʘʞʥʳʝ ʫʩʣʦʚʠʷ. 

ʂʦʥʝʮ ʩʫʙʙʦʨʝʘʣʴʥʦʛʦ ʠ ʥʘʯʘʣʦ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ (3400ï2400 

ʣ.ʥ.): ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ (Pinus sylvestris) ʠ ʩʦʢʨʘʱʝʥʠʝ 

ʪʝʤʥʦʭʚʦʡʥʳʭ ʧʦʨʦʜ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʘʨʠʜʠʟʘʮʠʝʡ ʢʣʠʤʘʪʘ. 

ʈʘʥʥʠʡ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʠʡ ʧʝʨʠʦʜ (2400ï1800 ʣ.ʥ.): ʤʘʢʩʠʤʫʤ 

ʢʩʝʨʦʬʠʪʥʳʭ ʨʘʩʪʝʥʠʡ (Artemisia, Chenopodiaceae) ʠ ʤʠʢʨʦʫʛʦʣʴʢʦʚ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦ ʯʘʩʪʳʭ ʧʦʞʘʨʘʭ ʠ ʟʘʩʫʰʣʠʚʳʭ ʫʩʣʦʚʠʷʭ. 
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ʉʨʝʜʥʠʡ ʠ ʧʦʟʜʥʠʡ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʠʡ ʧʝʨʠʦʜʳ (1800 ʣ.ʥ. ï 

ʩʦʚʨʝʤʝʥʥʦʩʪʴ): ɺʦʟʨʘʩʪʘʥʠʝ ʨʦʣʠ ʧʠʭʪʳ (Abies sibirica) ʠ ʩʦʩʥʳ ʩʠʙʠʨʩʢʦʡ,  

ʯʪʦ ʦʪʨʘʞʘʝʪ ʚʦʟʚʨʘʪ ʢ ʙʦʣʝʝ ʚʣʘʞʥʦʤʫ ʢʣʠʤʘʪʫ. 

ʂʦʨʨʝʣʷʮʠʷ ʜʘʥʥʳʭ ʩ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʤʠ ʜʠʘʛʨʘʤʤʘʤʠ ʩʦʩʝʜʥʠʭ ʙʦʣʦʪ 

(çʆʡʩʢʦʝè, çʃʫʛʦʚʦʝè) ʚʳʷʚʠʣʘ ʩʠʥʭʨʦʥʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʪʨʝʥʜʳ [3,4]: 

ʇʦʭʦʣʦʜʘʥʠʷ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʧʦʜʲʝʤʦʤ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʣʝʩʘ,  

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝʤ ʪʝʤʥʦʭʚʦʡʥʳʭ ʧʦʨʦʜ ʚ ʩʨʝʜʥʝʩʫʙʙʦʨʝʘʣʝ. 

ʇʦʪʝʧʣʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʚ ʨʘʥʥʝʤ ʩʫʙʘʪʣʘʥʪʠʢʝ) ʧʨʠʚʦʜʠʣʠ ʢ ʦʧʫʩʢʘʥʠʶ 

ʣʝʩʥʳʭ ʧʦʷʩʦʚ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʢʩʝʨʦʬʠʪʦʚ. 

ɸʥʘʣʠʟ ʪʦʨʬʷʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʤʝʥʘ ʵʚʪʨʦʬʥʳʭ ʦʩʦʢʦʚʳʭ 

ʩʦʦʙʱʝʩʪʚ ʥʘ ʤʝʟʦʪʨʦʬʥʳʝ ʩʬʘʛʥʦʚʳʝ ʩʚʷʟʘʥʘ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʛʠʦʥʘʣʴʥʳʤʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ, ʛʜʝ ʩʫʙʙʦʨʝʘʣʴʥʳʡ ʧʝʨʠʦʜ ʘʩʩʦʮʠʠʨʫʝʪʩʷ  

ʩ ʘʨʠʜʠʟʘʮʠʝʡ, ʘ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʠʡ ï ʩ ʮʠʢʣʠʯʝʩʢʠʤ ʫʚʣʘʞʥʝʥʠʝʤ. 
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ʋɼʂ 574 

ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʈɽɼʂʀʍ ɺʀɼʆɺ ʇʊʀʎ ɺʆɼʅʆ-

ɹʆʃʆʊʅʓʍ ʋɻʆɼʀʁ ʉʊɽʇɽʁ ʉɽɺɽʈʅʆʁ ʏɸʉʊʀ ʍɸʂɸʉʀʀ 

ɽ. ʀ. ʇʨʦʩʠʢ1 ʉ. ʌ. ʌʘʨʭʫʪʜʠʥʦʚʘ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɺ. ʀ. ɽʤʝʣʴʷʥʦʚ1 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɺʦʜʥʦ-ʙʦʣʦʪʥʳʝ ʫʛʦʜʴʷ ʩʪʝʧʝʡ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʍʘʢʘʩʠʠ ʚʭʦʜʷʪ ʚ ʯʠʩʣʦ 

ʢʣʶʯʝʚʳʭ ʦʨʥʠʪʦʣʦʛʠʯʝʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʎʝʥʪʨʘʣʴʥʦʡ ʉʠʙʠʨʠ, ʯʘʩʪʴ  

ʠʟ ʥʠʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ (ʧʦ ʢʨʠʪʝʨʠʷʤ ʈʘʤʩʘʨʩʢʦʡ ʢʦʥʚʝʥʮʠʠ) ʫʨʦʚʥʶ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʇʨʝʜʳʜʫʱʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ,  

ʵʪʠ ʧʝʨʝʫʚʣʘʞʥʸʥʥʳʝ ʤʝʩʪʦʦʙʠʪʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʝʩʪʘʤʠ ʛʥʝʟʜʦʚʘʥʠʷ, ʦʩʪʘʥʦʚʦʢ 

ʠ ʢʦʨʤʝʞʢʠ ʨʝʜʢʠʭ ʠ ʫʷʟʚʠʤʳʭ ʚʠʜʦʚ ʧʪʠʮ, ʚʢʣʶʯʘʷ ʪʘʢʩʦʥʳ, ʟʘʥʝʩʸʥʥʳʝ ʚ 

ʂʨʘʩʥʳʝ ʢʥʠʛʠ ʈʦʩʩʠʠ ʠ ʈʝʩʧʫʙʣʠʢʠ ʍʘʢʘʩʠʷ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʱʝʝ ʩʦʢʨʘʱʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ 

ʤʥʦʛʠʭ ʨʝʜʢʠʭ ʚʠʜʦʚ ʚʦʜʦʧʣʘʚʘʶʱʠʭ ʠ ʦʢʦʣʦʚʦʜʥʳʭ ʧʪʠʮ ʚʚʠʜʫ ʠʟʤʝʥʝʥʠʷ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʦʩʫʰʝʥʠʷ ʙʦʣʦʪ, ʧʦʞʘʨʦʚ, ʚʣʠʷʥʠʡ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʬʘʢʪʦʨʦʚ ʙʝʩʧʦʢʦʡʩʪʚʘ, ʚʢʣʶʯʘʶʱʠʭ ʯʨʝʟʤʝʨʥʫʶ ʨʝʢʨʝʘʮʠʦʥʥʫʶ ʥʘʛʨʫʟʢʫ  

ʠ ʙʨʘʢʦʥʴʝʨʩʪʚʦ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʷ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ. 

ʂʘʨʴʝʨʳ ʠ ʨʘʟʨʝʟʳ ʢʘʢ ʧʨʘʚʠʣʦ ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʮʝʥʥʳʭ ʚʦʜʥʦ-

ʙʦʣʦʪʥʳʭ ʫʛʦʜʠʡ. ɹʝʟ ʘʢʪʫʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʩʦʩʪʦʷʥʠʠ ʨʝʜʢʠʭ ʛʥʝʟʜʷʱʠʭʩʷ  

ʠ ʧʨʦʣʸʪʥʳʭ ʚʠʜʦʚ ʠ ʦʪʜʝʣʴʥʳʭ ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʩʣʦʞʥʦ ʧʨʠʥʷʪʴ 

ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʨʳ ʧʦ ʠʭ ʦʭʨʘʥʝ. ʈʝʛʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʮʝʥʢʠ 

ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʧʫʣʷʮʠʡ ʠ ʚʳʨʘʙʦʪʢʠ ʤʝʨ ʩʦʭʨʘʥʝʥʠʷ [2].  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʠʪʴ ʩʚʝʜʝʥʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʚʠʜʦʚ ʠ ʣʦʢʘʣʴʥʳʭ 

ʧʦʧʫʣʷʮʠʡ ʨʝʜʢʠʭ ʠ ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʫʛʨʦʟʦʡ ʠʩʯʝʟʥʦʚʝʥʠʷ ʧʪʠʮ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʚʦʜʥʦ-ʙʦʣʦʪʥʳʭ ʫʛʦʜʠʡ ʩʪʝʧʥʦʡ ʯʘʩʪʠ ʩʝʚʝʨʘ ʍʘʢʘʩʠʠ, ʘ ʪʘʢʞʝ ʚʠʜʘʭ, 

ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʦʩʦʙʦʤ ʢʦʥʪʨʦʣʝ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʠʭ ʯʠʩʣʝʥʥʦʩʪʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʜʘʣʝʝ ï 

ʠʩʩʣʝʜʫʝʤʳʝ ʚʠʜʳ). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚʦ ʚʨʝʤʷ ʚʝʩʝʥʥʝʡ ʠ ʦʩʝʥʥʝʡ ʤʠʛʨʘʮʠʡ, ʘ ʪʘʢʞʝ 

ʚ ʛʥʝʟʜʦʚʦʡ ʧʝʨʠʦʜ ʥʘ ʢʣʶʯʝʚʳʭ ʚʦʜʦʝʤʘʭ ʠ ʚʦʜʥʦ-ʙʦʣʦʪʥʳʭ ʫʛʦʜʠʡ 

ʐʠʨʠʥʩʢʦʛʦ, ɹʦʛʨʘʜʩʢʦʛʦ ʠ ʆʨʜʞʦʥʠʢʠʜʟʝʚʩʢʦʛʦ ʨʘʡʦʥʦʚ ʈʝʩʧʫʙʣʠʢʠ ʍʘʢʘʩʠʷ 

ʥʘ ʚʦʜʦʸʤʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʐʠʨʠʥʩʢʦʡ ʠ ɼʞʠʨʠʤʩʢʦʡ ʩʪʝʧʝʡ ʠ 

ʀʶʩʩʢʦʡ ʣʝʩʦʩʪʝʧʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʙʩʣʝʜʦʚʘʥʠʝʤ ʥʝʢʦʪʦʨʳʭ ʫʛʦʜʠʡ, 

ʫʯʠʪʳʚʘʶʱʠʭ ʩʧʝʮʠʬʠʢʫ 2024 ʛʦʜʘ (ʨʠʩʫʥʦʢ). ʈʘʙʦʪʳ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʠʢ (ʫʯʝʪʳ ʧʪʠʮ ʥʘ ʣʠʥʝʡʥʳʭ ʪʨʘʥʩʝʢʪʘʭ, 

 

É ʇʨʦʩʠʢ ɽ. ʀ., ʌʘʨʭʫʪʜʠʥʦʚʘ ʉ. ʌ., 2025 
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ʫʯʸʪ ʧʪʠʮ ʚ ʤʝʩʪʘʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʪʦʯʝʯʥʳʭ ʫʯʝʪʦʚ, ʚʠʟʫʘʣʴʥʳʝ ʫʯʝʪʳ 

ʧʝʨʝʤʝʱʝʥʠʡ ʧʪʠʮ ʩ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʴʥʦʛʦ ʧʫʥʢʪʘ) [1, 3]. ʆʙʱʘʷ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʥʘʟʝʤʥʳʭ ʤʘʨʰʨʫʪʦʚ ʩʦʩʪʘʚʠʣʘ ʙʦʣʝʝ 3,6 ʪʳʩ. ʢʤ. 

 

ʈʠʩʫʥʦʢ. ʆʩʥʦʚʥʳʝ (ʢʣʶʯʝʚʳʝ) ʫʛʦʜʴʷ ʚ ʩʪʝʧʷʭ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʍʘʢʘʩʠʷ ʚ 2024 ʛ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʚ ʩʪʝʧʥʦʡ ʯʘʩʪʠ ʍʘʢʘʩʠʠ ʚ 2024 ʛ. 

ʠʩʩʣʝʜʦʚʘʥʦ ʩʦʩʪʦʷʥʠʝ 19 ʚʠʜʦʚ ʨʝʜʢʠʭ ʠ ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʫʛʨʦʟʦʡ 

ʠʩʯʝʟʥʦʚʝʥʠʷ ʧʪʠʮ, ʘ ʪʘʢʞʝ 8 ʚʠʜʦʚ, ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʦʩʦʙʦʤ ʢʦʥʪʨʦʣʝ (ʪʘʙʣʠʮʘ). 

 
ʊʘʙʣʠʮʘ 

ʇʝʨʝʯʝʥʴ ʚʠʜʦʚ ʨʝʜʢʠʭ ʠ ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʫʛʨʦʟʦʡ ʠʩʯʝʟʥʦʚʝʥʠʷ ʧʪʠʮ, 

ʘ ʪʘʢʞʝ ʚʠʜʦʚ, ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʦʩʦʙʦʤ ʢʦʥʪʨʦʣʝ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʚ ʩʪʝʧʥʦʡ ʯʘʩʪʠ ʉʝʚʝʨʥʦʡ ʍʘʢʘʩʠʠ ʚ 2024 ʛ. 

 ̄

ʧ/ʧ 

ɺʠʜ, ʧʦʜʚʠʜ, ʩʫʙʧʦʧʫʣʷʮʠʷ ʈʘʡʦʥʳ ʩʝʚʝʨʥʦʡ 

ʯʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ 

ʍʘʢʘʩʠʷ 
ɹ
ʦ
ʛ
ʨ
ʘ
ʜ
ʩ
ʢ
ʠ
ʡ

 

ʐ
ʠ
ʨ
ʠ
ʥ
ʩ
ʢ
ʠ
ʡ

 

ʆ
ʨ
ʜ
ʞ
ʦ
ʥ
ʠ
ʢ
ʠ
ʜ
ʟ
ʝ
ʚ
ʩ
ʢ
ʠ
ʡ

 

ʈʝʜʢʠʝ ʠ ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʜ ʫʛʨʦʟʦʡ ʠʩʯʝʟʥʦʚʝʥʠʷ ʧʪʠʮʳ ʟʘʥʝʩʸʥʥʳʝ ʚ ʂʨʘʩʥʳʝ ʢʥʠʛʠ ʈʌ ʠ 

ʈʝʩʧʫʙʣʠʢʠ ʍʘʢʘʩʠʷ 

1 ʏʝʨʥʦʰʝʡʥʘʷ ʧʦʛʘʥʢʘ - Podiceps nigricollis + + + 

2 ʂʨʘʩʥʦʰʝʡʥʘʷ ʧʦʛʘʥʢʘ - Podiceps auritus  + + + 

3 ɹʦʣʴʰʘʷ ʚʳʧʴ - Botaurus stellaris + + + 

4 ɻʫʤʝʥʥʠʢ - Anser fabalis 

ʟʘʧʘʜʥʳʡ ʣʝʩʥʦʡ ʛʫʤʝʥʥʠʢ - Anser fabalis fabalis (ʝʥʠʩʝʡʩʢʦ-

ʦʙʩʢʦ-ʚʦʩʪʦʯʥʦ-ʪʫʨʢʝʩʪʘʥʩʢʘʷ ʧʦʧʫʣʷʮʠʷ) 

- + - 

ʟʘʧʘʜʥʳʡ ʪʫʥʜʨʦʚʳʡ ʛʫʤʝʥʥʠʢ - Anser fabalis rossicus (ʪʫʚʠʥʦ-

ʤʠʥʫʩʠʥʩʢʘʷ ʩʫʙʧʦʧʫʣʷʮʠʷ) 

+ + + 
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ʉʠʙʠʨʩʢʠʡ ʪʘʸʞʥʳʡ ʛʫʤʝʥʥʠʢ - Anser fabalis middendorffii 

(ʩʘʷʥʩʢʘʷ ʩʫʙʧʦʧʫʣʷʮʠʷ) 

- - + 

5 ʃʝʙʝʜʴ-ʢʣʠʢʫʥ - Cygnus cygnus (ʩʘʷʥʦ-ʤʠʥʫʩʠʥʩʢʘʷ 

ʩʫʙʧʦʧʫʣʷʮʠʷ) 

- + + 

6 ʄʘʣʳʡ ʣʝʙʝʜʴ - Cygnus bewickii (ʛʳʜʘʥʩʢʘʷ ʩʫʙʧʦʧʫʣʷʮʠʷ) + + + 

7 ʇʝʛʘʥʢʘ - Tadorna tadorna  + + + 

8 ʂʘʩʘʪʢʘ - Anas falcata  - + - 

9 ɻʦʨʙʦʥʦʩʳʡ ʪʫʨʧʘʥ - Melanitta deglandi (ʩʪʝʧʥʘʷ ʧʦʧʫʣʷʮʠʷ) - + - 

10 ʆʨʣʘʥ-ʙʝʣʦʭʚʦʩʪ - Haliaeetus albicilla + + + 

11 ʉʝʨʳʡ ʞʫʨʘʚʣʴ - Grus grus  + + + 

12 ʏʸʨʥʳʡ ʞʫʨʘʚʣʴ - Grus monacha  - + - 

13 ɾʫʨʘʚʣʴ-ʢʨʘʩʘʚʢʘ - Anthropoides virgo + + + 

14 ʐʠʣʦʢʣʶʚʢʘ - Recurvirostra avosetta  + + + 

15 ʂʨʘʩʥʦʟʦʙʠʢ - Calidris ferruginea (ʧʦʧʫʣʷʮʠʠ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ 

(ʗʢʫʪʠʷ) ʠ ʏʫʢʦʪʩʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘ) 

- + - 

16 ɹʦʣʴʰʦʡ ʢʨʦʥʰʥʝʧ - Numenius arquata  + + + 

17 ɹʦʣʴʰʦʡ ʚʝʨʝʪʝʥʥʠʢ - Limosa limosa  - + + 

18 ʏʝʨʥʦʛʦʣʦʚʳʡ ʭʦʭʦʪʫʥ - Larus ichthyaetus  + + - 

19 ʄʘʣʘʷ ʯʘʡʢʘ - Larus minutus  + + + 

 

ʊʘʢ, ʠʟ ʨʝʜʢʠʭ ʚʠʜʦʚ ʧʪʠʮ ʧʨʝʦʙʣʘʜʘʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʦʪʨʷʜʦʚ 

ʨʞʘʥʢʦʦʙʨʘʟʥʳʝ Charadriiformes ʠ ʛʫʩʝʦʙʨʘʟʥʳʝ Anseriformes. ʀʟ ʦʙʱʝʛʦ ʯʠʩʣʘ 

ʦʪʤʝʯʝʥʥʳʭ ʨʝʜʢʠʭ ʧʪʠʮ, 10 ʪʘʢʩʦʥʦʚ ʟʘʥʝʩʝʥʳ ʚ ʂʨʘʩʥʫʶ ʢʥʠʛʫ ʈʌ. ɺʩʪʨʝʯʝʥʳ 

ʚʠʜʳ, ʭʘʨʘʢʪʝʨ ʧʨʝʙʳʚʘʥʠʷ ʢʦʪʦʨʳʭ (ʫʪʢʘ-ʢʘʩʘʪʢʘ ʠ ʯʝʨʥʳʡ ʞʫʨʘʚʣʴ) ʪʦʯʥʦ ʥʝ 

ʫʩʪʘʥʦʚʣʝʥ. ʉʦʩʪʦʷʥʠʝ ʧʦʧʫʣʷʮʠʡ ʰʠʣʦʢʣʶʚʢʠ ʠ ʯʝʨʥʦʛʦʣʦʚʦʛʦ ʭʦʭʦʪʫʥʘ ʚ 

2024 ʛ. ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ ʩʦʢʨʘʱʝʥʠʝʤ. ʇʨʦʣʝʪʥʳʝ ʧʫʪʠ ʤʘʣʦʛʦ 

ʣʝʙʝʜʷ, ʩʦʭʨʘʥʷʶʪʩʷ, ʚ ʤʝʩʪʘʭ ʠʭ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʪʦʷʥʦʢ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ ʠʭ ʯʠʩʣʝʥʥʦʩʪʠ (ʚ ʨʘʡʦʥʝ ʦʟ. ɼʞʠʨʠʤ ʚ ʧʝʨʠʦʜ ʚʝʩʝʥʥʝʛʦ 

ʧʨʦʣʸʪʘ ʫʯʪʝʥʦ ʙʦʣʝʝ 600 ʵʪʠʭ ʣʝʙʝʜʝʡ). ɺ ʩʚʷʟʠ ʩ ʫʣʫʯʰʝʥʠʝʤ ʦʭʨʘʥʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʍʘʢʘʩʠʠ ʚʥʦʚʴ ʩʪʘʣʠ ʥʘʙʣʶʜʘʪʴʩʷ ʦʩʪʘʥʦʚʢʠ ʧʨʦʣʝʪʥʳʭ ʛʫʩʝʡ 

ʛʫʤʝʥʥʠʢʦʚ ʪʫʚʠʥʦ-ʤʠʥʫʩʠʥʩʢʦʡ ʩʫʙʧʦʧʫʣʷʮʠʠ. ʈʝʛʫʣʷʨʥʳʤʠ ʩʪʘʣʠ ʚʩʪʨʝʯʠ ʚ 

ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʦʪʜʝʣʴʥʳʭ ʧʘʨ ʠ ʥʝʙʦʣʴʰʠʭ ʛʨʫʧʧ ʣʝʙʝʜʷ-ʢʣʠʢʫʥʘ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʞʫʨʘʚʣʴ-ʢʨʘʩʘʚʢʠ ʩʚʷʟʘʥʦ ʩʦ ʩʪʝʧʥʦʡ ʯʘʩʪʴʶ ʍʘʢʘʩʠʠ ʠ ʥʝ 

ʧʨʝʪʝʨʧʝʣʦ ʟʘʤʝʪʥʳʭ ʠʟʤʝʥʝʥʠʡ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʫʯʝʪʦʚ ʚʠʜʦʚ, ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʦʩʦʙʦʤ ʚʥʠʤʘʥʠʠ ʢ ʠʭ 

ʩʦʩʪʦʷʥʠʶ ʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ (ʦʛʘʨʴ, ʩʝʨʘʷ ʫʪʢʘ, ʢʨʘʩʥʦʥʦʩʳʡ ʥʳʨʦʢ, 

ʛʘʣʩʪʫʯʥʠʢ, ʯʠʙʠʩ, ʪʨʘʚʥʠʢ, ʱʝʛʦʣʴ), ʠʭ ʩʦʩʪʦʷʥʠʝ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʘʷ 

ʬʣʫʢʪʫʘʮʠʷ. 
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ʂɸʈʊʀʈʆɺɸʅʀɽ ʆʃʀɻʆʊʈʆʌʅʆɻʆ ɹʆʃʆʊɸ 

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɹʇʃɸ ʀ ʆʎɽʅʂɸ ʕʄʀʉʉʀʆʅʅʓʍ 

ʇʆʊʆʂʆɺ ʉʆ2 ɹʆʃʆʊʅʓʍ ʉʀʅʋɿʀʁ 

ʈ. ʊ. ʉʘʜʳʢʦʚ1, ʇ. ɼ. ʊʨʝʪʴʷʢʦʚ1,2,  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɸ. ɺ. ʇʘʥʦʚ1 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʠ  

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʘʵʨʦʬʦʪʦʩʲʸʤʢʘ ʩ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ), ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʩʰʠʨʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤ. 

ɺʳʩʦʢʦʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʥʠʤʢʠ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʬʠʢʩʠʨʦʚʘʪʴ ʪʝʢʫʱʝʝ 

ʩʦʩʪʦʷʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʥʦ ʠ ʧʨʦʚʦʜʠʪʴ ʪʦʯʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ 

ʣʘʥʜʰʘʬʪʦʚ, ʦʪʩʣʝʞʠʚʘʪʴ ʜʠʥʘʤʠʢʫ ʵʢʦʩʠʩʪʝʤ. ʆʩʦʙʫʶ ʮʝʥʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʝ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʣʷʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʢʪʦʚ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ ʩ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʦʮʝʥʠʚʘʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ [1]. 

ʆʣʠʛʦʪʨʦʬʥʳʝ ʙʦʣʦʪʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, ʠʛʨʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ  

ʚ ʫʛʣʝʨʦʜʥʦʤ ʮʠʢʣʝ, ʚʳʩʪʫʧʘʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʜʝʧʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ [2]. ʆʜʥʘʢʦ ʠʭ ʛʝʪʝʨʦʛʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʥʘʟʝʤʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʝʪʘʣʠʟʘʮʠʠ,  

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʤʙʠʥʘʮʠʷ ʜʘʥʥʳʭ ɹʇʃɸ ʠ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʡ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪɹ 

ʚʳʷʚʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʩʠʥʫʟʠʷʤʠ ʠ ʧʦʪʦʢʘʤʠ ʉʆ . 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʪʦʯʥʦʡ ʪʠʧʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ 

ʦʣʠʛʦʪʨʦʬʥʦʛʦ ʙʦʣʦʪʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʘʵʨʦʬʦʪʦʩʲʸʤʢʠ ʠ ʘʥʘʣʠʟ ʵʤʠʩʩʠʦʥʥʳʭ 

ʧʦʪʦʢʦʚ ʉʆ2 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʙʦʣʦʪʥʳʭ ʩʠʥʫʟʠʡ ʚ ʟʦʥʝ ʦʭʚʘʪʘ 

ʵʢʦʣʦʛʦ-ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʚ ʨʘʡʦʥʝ ʩ. ɿʦʪʠʥʦ. 

ʇʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʭʦʜʠʣʠ ʚ ʧʝʨʠʦʜ ʩ ʠʶʥʷ ʧʦ ʩʝʥʪʷʙʨʴ 2024 ʛʦʜʘ 

ʥʘ ʙʦʣʦʪʥʦʤ ʤʘʩʩʠʚʝ ʦʙʱʝʡ ʧʣʦʱʘʜʴ 3 ʢʤ2, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ʤʝʞʜʫʨʝʯʴʷ ʉʳʤ-ɼʫʙʯʝʩʘ, ʚ ʩʨʝʜʥʝʪʘʸʞʥʦʡ ʧʦʜʟʦʥʳ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ 

ʨʘʚʥʠʥʳ. ɹʦʣʦʪʦ ʧʦʢʨʳʪʦ ʩʦʩʥʦʚʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʩʬʘʛʥʦʚʳʤ ʬʠʪʦʮʝʥʦʟʦʤ, 

 

É ʉʘʜʳʢʦʚ ʈ. ʊ., ʊʨʝʪʴʷʢʦʚ ʇ. ɼ., 2025 
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ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʩʨʝʜʥʠʡ ʨʷʤ. ʄʦʱʥʦʩʪʴ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ 

ʚʘʨʴʠʨʫʝʪ ʦʪ 1,6 ʜʦ 5,1 ʤ. ʊʠʧ ʧʦʯʚʳ ï ʪʦʨʬʷʥʘʷ ʦʣʠʛʦʪʨʦʬʥʘʷ ʪʠʧʠʯʥʘʷ [3]. 

ʄʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʘʷ ʩʲʸʤʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɹʇʃɸ DJI 

Phantom 4 Multispectral. ʉʥʠʤʢʠ ʙʳʣʠ ʩʜʝʣʘʥʳ ʥʘ ʚʳʩʦʪʝ 20 ʤʝʪʨʦʚ,  

ʚ ʦʜʠʥʘʢʦʚʦʝ ʧʦ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʧʦʛʦʜʥʳʤ ʫʩʣʦʚʠʷʤ ʚʨʝʤʷ. ɺʳʙʨʘʥʥʳʡ ʫʯʘʩʪʦʢ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʠʛʦʥ ʨʘʟʤʝʨʘʤʠ 210Ĭ210 ʤ.  

ʀʟʤʝʨʝʥʠʝ ʵʤʠʩʩʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʉʆ2 ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʧʨʦʚʦʜʠʣʦʩʴ  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʂɻɸ-ʤʦʜʝʣʠ LI 8100A (LI-COR Inc., ʉʐɸ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʘʤʝʨʳ 8100-103 Survey Chamber (LI-COR Inc., ʉʐɸ) ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ, ʚ ʧʝʨʠʦʜ 

ʩ 11:00 ʜʦ 16:00 [4].  

 

 

ʈʠʩʫʥʦʢ. ʘ ï ʦʨʪʦʬʦʪʦʧʣʘʥ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 1 ʩʤ/ʧʠʢʩʝʣʴ; ʙ ï ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʙʦʣʦʪʥʳʭ 

ʩʠʥʫʟʠʡ 

ʘ 

ʙ 
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ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʦʨʪʦʬʦʪʦʧʣʘʥʘ ʚʳʜʝʣʝʥʦ ʧʷʪʴ ʢʣʘʩʩʦʚ ʙʦʣʦʪʥʳʭ 

ʩʠʥʫʟʠʡ (ʨʠʩʫʥʦʢ), ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʨʝʜʥʝʪʘʝʞʥʦʡ ʧʦʜʟʦʥʳ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ: 

ʧʫʰʠʮʝʚʳʝ ʢʦʯʢʠ, ʜʨʝʚʦʩʪʦʡ, ʤʦʯʘʞʠʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʩʬʘʛʥʦʚʳʝ ʛʨʷʜʳ ʠ 

ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʩʬʘʛʥʦʚʳʝ ʛʨʷʜʳ. ʅʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʦʡ ʢʘʨʪʳ 

ʦʧʨʝʜʝʣʝʥʘ ʧʣʦʱʘʜʴ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ. ʅʘʠʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʟʘʥʠʤʘʶʪ 

ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʩʬʘʛʥʦʚʳʝ ʛʨʷʜʳ (34%, 14364 ʤĮ), ʜʘʣʝʝ ʩʣʝʜʫʶʪ ʩʬʘʛʥʦʚʳʝ 

ʛʨʷʜʳ (27%, 11398 ʤĮ), ʜʨʝʚʦʩʪʦʡ (17%, 7456 ʤĮ), ʧʫʰʠʮʝʚʳʝ ʢʦʯʢʠ (14%, 5835 

ʤĮ), ʘ ʥʘʠʤʝʥʴʰʫʶ ʧʣʦʱʘʜʴ ʩʨʝʜʠ ʢʣʘʩʩʦʚ ʟʘʥʠʤʘʶʪ ʤʦʯʘʞʠʥʳ (8%, 3513 ʤĮ). 

ɺ ʭʦʜʝ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʟʫʯʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʙʳʣʘ 

ʦʧʨʝʜʝʣʝʥʘ ʧʦʯʚʝʥʥʘʷ ʵʤʠʩʩʠʷ ʉʆ2 ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʙʦʣʦʪʥʳʭ ʩʠʥʫʟʠʡ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʠʝ ʧʦʪʦʢʠ ʉʆ2 ʟʘ ʩʝʟʦʥ ʥʘ ʛʨʷʜʦʚʳʭ ʩʠʥʫʟʠʷʭ ʩʦʩʪʘʚʣʷʝʪ 

2,43 Ñ 1,5 ʤʢʤʦʣʴ/(ʤ2 Å ʩ), ʜʦʩʪʠʛʘʷ ʥʘʠʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʚ ʠʶʣʝ 4,09 Ñ 2,6 

ʤʢʤʦʣʴ/(ʤ2 Å ʩ). ɼʣʷ ʤʦʯʘʞʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʵʤʠʩʩʠʠ ʙʳʣʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ 0,74 Ñ 0,35 ʤʢʤʦʣʴ ʉʆ2 /(ʤ
2 Å ʩ), ʩ ʧʠʢʦʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚ 

ʠʶʣʝ 1,33 Ñ 0,42 ʤʢʤʦʣʴ/(ʤ2 Å ʩ). 

ɺʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥʦ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʝ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʙʦʣʦʪʥʦʛʦ 

ʤʘʩʩʠʚʘ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 1 ʩʤ/ʧʠʢʩʝʣʴ. ʇʦʣʫʯʝʥʥʳʝ 

ʘʵʨʦʬʦʪʦʩʥʠʤʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɹʇʃɸ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʚʠʘ- ʠ ʩʧʫʪʥʠʢʦʚʳʭ 

ʩʥʠʤʢʦʚ) ʧʦʟʚʦʣʠʣʠ ʩʦʟʜʘʪʴ ʜʝʪʘʣʴʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʠʥʫʟʠʡ ʠ 

ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʧʣʦʱʘʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʫʯʘʩʪʢʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ɹʇʃɸ-ʩʲʝʤʢʠ ʠ ʥʘʟʝʤʥʳʭ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʫʛʣʝʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ 

ʙʦʣʦʪʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʜʝʪʘʣʴʥʦ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʥʦ ʠ ʙʦʣʝʝ ʪʦʯʥʦ ʦʮʝʥʠʚʘʪʴ 

ʚʢʣʘʜ ʨʘʟʣʠʯʥʳʭ ʤʠʢʨʦʣʘʥʜʰʘʬʪʦʚ ʚ ʦʙʱʫʶ ʵʤʠʩʩʠʶ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʯʪʦ 

ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʩʝʚʝʨʥʳʭ ʰʠʨʦʪʘʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ 
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ʋɼʂ 574:630*114:595.2 

ʇʆʏɺɽʅʅʓɽ ʄʀʂʈʆɸʈʊʈʆʇʆɼʓ ʇʀʍʊɸʈʅʀʂʆɺ, 

ʇʆɺʈɽɾɼɽʅʅʓʍ ʇʆʃʀɻʈɸʌʆʄ ʋʉʉʋʈʀʁʉʂʀʄ, 

ʅɸʎʀʆʅɸʃʔʅʆɻʆ ʇɸʈʂɸ çʂʈɸʉʅʆʗʈʉʂʀɽ ʉʊʆʃɹʓè 

ɸ. ɺ. ʊʦʣʩʪʠʭʠʥʘ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʀ. ʅ. ɹʝʟʢʦʨʦʚʘʡʥʘʷ1 

ɼʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʃʝʩʘ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʠ ʟʥʘʯʠʤʳʤʠ ʜʣʷ ʙʠʦʩʬʝʨʳ 

ʵʢʦʩʠʩʪʝʤʘʤʠ, ʘ ʠʭ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ï ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʛʝʦʩʬʝʨʥʳʭ ʠ 

ʙʠʦʩʬʝʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ɿʝʤʣʠ. ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʥʝʦʙʭʦʜʠʤʘ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʚʩʝʭ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ [1].  

ʇʦʷʚʣʝʥʠʝ ʚ ʣʦʢʘʣʴʥʳʭ ʬʘʫʥʘʭ ʥʦʚʳʭ ʠʥʚʘʟʠʚʥʳʭ ʚʠʜʦʚ, ʥʝ ʠʤʝʶʱʠʭ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʨʘʛʦʚ ʠ ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʩʢʣʦʥʥʳʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʩʧʳʰʝʢ ʤʘʩʩʦʚʦʛʦ 

ʨʘʟʤʥʦʞʝʥʠʷ, ʤʦʞʝʪ ʧʨʠʯʠʥʷʪʴ ʩʝʨʴʝʟʥʳʡ ʫʱʝʨʙ. ʋʩʩʫʨʠʡʩʢʠʡ ʧʦʣʠʛʨʘʬ 

(Polygraphus proximus B.) ï ʯʨʝʟʚʳʯʘʡʥʦ ʘʛʨʝʩʩʠʚʥʳʡ ʩʪʚʦʣʦʚʦʡ ʚʨʝʜʠʪʝʣʴ 

ʧʠʭʪʳ ʩʠʙʠʨʩʢʦʡ (Abies sibirica L.) [2]. ɺ 2018-2019 ʛ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ çʂʨʘʩʥʦʷʨʩʢʠʝ ʉʪʦʣʙʳè ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʤʘʩʩʦʚʘʷ 

ʛʠʙʝʣʴ ʧʠʭʪʘʨʥʠʢʦʚ ʚ ʩʚʷʟʠ ʩʦ ʚʩʧʳʰʢʘʤʠ ʤʘʩʩʦʚʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʧʦʣʠʛʨʘʬʘ 

ʫʩʩʫʨʠʡʩʢʦʛʦ. ɸʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʝ ʟʘ 

ʪʝʨʨʠʪʦʨʠʷʤʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʨʘʞʝʥʳ ʚʩʧʳʰʢʘʤʠ.  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʮʝʥʢʘ ʩʪʨʫʢʪʫʨʳ ʩʦʦʙʱʝʩʪʚ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʘʨʪʨʦʧʦʜ 

ʧʠʭʪʘʨʥʠʢʦʚ ʧʦʩʣʝ ʚʩʧʳʰʝʢ ʤʘʩʩʦʚʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ 

çʂʨʘʩʥʦʷʨʩʢʠʝ ʉʪʦʣʙʳè. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʚʫʭ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʷʭ 

(ʜʘʣʝʝ ï ʇʇ), ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʠʭʪʘʨʥʠʢʠ ʩʦ 100% ʛʠʙʝʣʴʶ 

ʜʨʝʚʦʩʪʦʷ, ʚʳʟʚʘʥʥʦʡ ʚʩʧʳʰʢʘʤʠ ʤʘʩʩʦʚʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʧʦʣʠʛʨʘʬʘ 

ʫʩʩʫʨʠʡʩʢʦʛʦ, ʨʘʟʚʠʪʳʤ ʧʦʜʣʝʩʢʦʤ ʠ ʧʨʠʟʥʘʢʘʤʠ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʧʠʭʪʳ. ʅʘ ʇʇ 

çʇʝʨʴʷè ʧʨʦʚʦʜʠʣʘʩʴ ʚʳʨʫʙʢʘ ʧʦʨʘʞʝʥʥʳʭ ʚʨʝʜʠʪʝʣʝʤ ʠ ʧʦʛʠʙʰʠʭ ʜʝʨʝʚʴʝʚ, 

ʇʇ çʂʘʣʪʘʪè ʚʳʨʫʙʢʝ ʥʝ ʧʦʜʚʝʨʛʘʣʘʩʴ (ʨʠʩʫʥʦʢ 1). 

  

ʈʠʩʫʥʦʢ 1. ʇʨʦʙʥʳʝ ʧʣʦʱʘʜʠ çʇʝʨʴʷè ʠ çʂʘʣʪʘʪè ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ 

çʂʨʘʩʥʦʷʨʩʢʠʝ ʩʪʦʣʙʳè 

 

É ʊʦʣʩʪʠʭʠʥʘ ɸ. ɺ., 2025 
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ʆʪʙʦʨ ʧʦʯʚʝʥʥʳʭ ʧʨʦʙ ʧʨʦʚʦʜʠʣʩʷ 9 ʠ 10 ʠʶʣʷ 2024 ʛʦʜʘ, ʚʜʦʣʴ ʪʨʘʥʩʝʢʪʘ 

ʚ 10-ʪʠ ʧʦʚʪʦʨʥʦʩʪʷʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1-2 ʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʇʨʦʙʳ ʙʳʣʠ ʚʟʷʪʳ ʩ 

ʪʨʝʭ ʛʣʫʙʠʥ (ʧʦʜʩʪʠʣʢʘ, 0-5 ʠ 5-10 ʩʤ) ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ 

ʚʳʩʦʪʦʡ 5 ʩʤ ʠ ʜʠʘʤʝʪʨʦʤ 3,5 ʩʤ. ʆʪʦʙʨʘʥʥʳʝ ʧʨʦʙʳ ʧʦʜʚʝʨʛʣʠʩʴ ʦʙʨʘʙʦʪʢʝ 

ʧʫʪʝʤ ʵʢʩʪʨʘʢʮʠʠ ʤʠʢʨʦʘʨʪʨʦʧʦʜ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ɿʘʪʝʤ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʧʦʜʩʯʝʪ ʠʟʚʣʝʯʝʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʚʳʜʝʣʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ ʠʟʚʣʝʯʝʥʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ. 

ɺ ʩʚʷʟʠ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʇʇ çʂʘʣʪʘʪè ʚʙʣʠʟʠ ʧʦʡʤʳ ʨʝʢʠ ʂʘʣʪʘʪ, 

ʪʝʨʨʠʪʦʨʠʷ ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʴʶ. ʊʘʢʞʝ ʥʘ ʵʪʦʡ ʇʇ ʤʦʱʥʦʩʪʴ 

ʧʦʜʩʪʠʣʢʠ ʩʦʩʪʘʚʣʷʝʪ 2-3 ʩʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʇʇ çʇʝʨʴʷè ï 5-6 ʩʤ ʠ ʜʦ 10 ʩʤ. 

ʆʪʤʝʯʝʥʘ ʨʘʟʥʠʮʘ ʚ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʩʨʘʚʥʠʚʘʝʤʳʭ ʇʇ ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʩʪʠʣʢʠ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʩʣʦʝʚ ʥʘ ʛʣʫʙʠʥʝ ʜʦ 10-20 ʩʤ ʥʘ ʇʇ 

çʇʝʨʴʷè ʚ ʩʨʝʜʥʝʤ ʥʘ 2,5 ʛʨʘʜʫʩʘ ʚʳʰʝ, ʯʝʤ ʥʘ ʇʇ çʂʘʣʪʘʪè. ʉ ʚʦʟʨʘʩʪʘʥʠʝʤ 

ʛʣʫʙʠʥʳ ʵʪʘ ʨʘʟʥʠʮʘ ʩʥʠʞʘʝʪʩʷ. 

ʇʨʦʚʦʜʠʣʩʷ ʫʯʝʪ ʤʠʢʨʦʘʨʪʨʦʧʦʜ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʢʣʝʱʠ (Acari) ʠ 

ʢʦʣʣʝʤʙʦʣʳ (Collembola). ʉʨʝʜʠ ʢʣʝʱʝʡ ʚʳʜʝʣʝʥʦ ʜʚʘ ʦʪʨʷʜʘ ï ʤʝʟʦʩʪʠʛʤʘʪʦʚʳʝ 

(Mesostigmata) ʠ ʧʘʥʮʠʨʥʳʝ ʢʣʝʱʠ (Oribatida).  

ʅʘ ʇʇ çʇʝʨʴʷè ʦʙʱʘʷ ʧʣʦʪʥʦʩʪʴ ʤʠʢʨʦʘʨʪʨʦʧʦʜ ï 21,25 ʪʳʩ ʵʢʟ/ʤ2. ʅʘ ʇʇ 

çʂʘʣʪʘʪè ʧʣʦʪʥʦʩʪʴ ʚʳʰʝ ï 25 ʪʳʩ ʵʢʟ/ʤ2. ʅʘ ʦʙʝʠʭ ʇʇ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʜʩʪʠʣʢʝ (ʨʠʩʫʥʦʢ 2). 

 

ʈʠʩʫʥʦʢ 2. ʇʣʦʪʥʦʩʪʴ ʤʠʢʨʦʘʨʪʨʦʧʦʜ ʇʇ çʇʝʨʴʷè ʠ çʂʘʣʪʘʪè, ʵʢʟ/ʤ2 

ʇʣʦʪʥʦʩʪʴ ʢʣʝʱʝʡ ʦʙʦʠʭ ʪʘʢʩʦʥʦʚ ʥʘ ʇʇ çʇʝʨʴʷè ʠ çʂʘʣʪʘʪè ʚ ʧʦʜʩʪʠʣʢʝ 

ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʩʣʦʷʭ ʩʠʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʥʝ ʠʤʝʝʪ. ʇʣʦʪʥʦʩʪʴ ʢʦʣʣʝʤʙʦʣ ʚ 

ʧʦʜʩʪʠʣʢʝ ʠʩʩʣʝʜʫʝʤʳʭ ʇʇ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʘʟʥʠʮʫ, 1,14 ʪʳʩ ʵʢʟ/ʤ2 ʥʘ ʇʇ, 

ʛʜʝ ʚʳʨʫʙʢʘ ʧʨʦʚʦʜʠʣʘʩʴ (çʇʝʨʴʷè) ʠ ʚ 3,5-4 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʇʇ, ʛʜʝ 

ʚʳʨʫʙʢʠ ʥʝ ʙʳʣʦ (çʂʘʣʪʘʪè). ɺ ʤʠʥʝʨʘʣʴʥʳʭ ʩʣʦʷʭ ʧʦʯʚʳ ʇʇ çʇʝʨʴʷè 

ʧʣʦʪʥʦʩʪʴ ʢʦʣʣʝʤʙʦʣ ʚ ʪʨʠ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʥʘ ʇʇ çʂʘʣʪʘʪè (ʨʠʩʫʥʦʢ 2). 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʤʠʛʨʘʮʠʝʡ ʢʦʣʣʝʤʙʦʣ ʚ ʛʣʫʙʠʥʥʳʝ ʩʣʦʠ ʧʦʯʚʳ 

ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʫʩʣʦʚʠʡ ʧʦʜʩʪʠʣʢʠ. 
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ɼʣʷ ʇʇ çʇʝʨʴʷè ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ (CV) ʦʙʱʝʡ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʘʚʠʣ 

47%, ʜʣʷ ʇʇ çʂʘʣʪʘʪè ï 76%. ɺʝʣʠʯʠʥʳ CV, ʧʨʝʚʳʰʘʶʱʠʝ ʟʥʘʯʝʥʠʝ 20%, 

ʦʙʦʟʥʘʯʘʶʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʠʢʨʦʘʨʪʨʦʧʦʜ ʚ ʧʦʜʩʪʠʣʢʝ ʠ ʤʠʥʝʨʘʣʴʥʦʤ ʩʣʦʝ. 

ʅʘ ʦʙʝʠʭ ʇʇ ʧʘʥʮʠʨʥʳʝ ʢʣʝʱʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʘʛʨʝʛʠʨʦʚʘʥʥʦ  

ʠ ʚ ʧʦʜʩʪʠʣʢʝ, ʠ ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʩʣʦʝ, ʧʘʨʘʟʠʪʠʯʝʩʢʠʝ ʢʣʝʱʠ ï ʘʛʨʝʛʠʨʦʚʘʥʥʦ  

ʚ ʧʦʜʩʪʠʣʢʝ ʠ ʨʘʚʥʦʤʝʨʥʦ ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʩʣʦʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʨʫʙʢʘ  

ʥʝ ʦʢʘʟʘʣʘ ʚʣʠʷʥʠʷ ʥʘ ʧʣʦʪʥʦʩʪʴ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʣʝʱʝʡ. ʂʦʣʣʝʤʙʦʣʳ  

ʚ ʧʦʜʩʪʠʣʢʝ ʠʩʩʣʝʜʫʝʤʳʭ ʇʇ ʨʘʩʧʨʝʜʝʣʝʥʳ ʘʛʨʝʛʠʨʦʚʘʥʥʦ, ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʩʣʦʝ 

ʥʘ ʇʇ çʇʝʨʴʷè ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʣʫʯʘʡʥʦʝ, ʥʘ ʇʇ çʂʘʣʪʘʪè ï ʨʘʚʥʦʤʝʨʥʦʝ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʳʨʫʙʢʘ ʫʚʝʣʠʯʠʚʘʝʪ ʜʦʩʪʫʧ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ  

ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʧʦʯʚʳ. ʋʚʝʣʠʯʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʦʷʚʣʝʥʠʝʤ ʛʠʜʨʦʨʝʟʠʩʪʝʥʪʥʳʭ ʚʠʜʦʚ ʚ ʩʦʩʪʘʚʝ ʥʘʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ,  

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʨʘʩʪʘʝʪ ʧʦʪʨʝʙʣʝʥʠʝ ʚʣʘʛʠ ʠ ʧʦʩʪʝʧʝʥʥʦ ʧʦʥʠʞʘʝʪʩʷ 

ʚʣʘʞʥʦʩʪʴ ʧʦʯʚ [3]. ʂʨʦʤʝ ʠʟʤʝʥʝʥʠʡ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʦʜʥʠʤ  

ʠʟ ʧʦʩʣʝʜʩʪʚʠʡ ʚʳʨʫʙʢʠ ʷʚʣʷʝʪʩʷ ʫʧʣʦʪʥʝʥʠʝ ʣʝʩʥʦʡ ʧʦʜʩʪʠʣʢʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʪʝʧʝʥʠ ʘʵʨʘʮʠʠ 

ʧʦʯʚ [4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʠʭʪʘʨʥʠʢʦʚ, ʧʦʜʚʝʨʛʥʫʚʰʠʭʩʷ ʚʩʧʳʰʢʘʤ 

ʤʘʩʩʦʚʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʚʳʨʫʙʢʠ ʧʣʦʪʥʦʩʪʴ 

ʧʦʯʚʝʥʥʳʭ ʢʣʝʱʝʡ ʥʝ ʠʟʤʝʥʠʣʘʩʴ, ʦʜʥʘʢʦ ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʢʦʣʣʝʤʙʦʣ. ʇʨʦʚʝʜʝʥʠʝ ʚʳʨʫʙʢʠ ʦʪʨʘʟʠʣʦʩʴ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʠʢʨʦʘʨʪʨʦʧʦʜ 

ʧʦ ʩʣʦʷʤ: ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʢʦʣʣʝʤʙʦʣ ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʩʣʦʝ 

ʙʦʣʝʝ ʯʝʤ ʚ 3 ʨʘʟʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʃʝʩʥʘʷ ʵʥʪʦʤʦʣʦʛʠʷ: ʫʯʝʙʥʠʢ ʜʣʷ ʩʪʫʜ. ʚʳʩʰ. ʫʯʝʙ. ʟʘʚʝʜʝʥʠʡ / ɽ. ɻ. 

ʄʦʟʦʣʝʚʩʢʘʷ, ɸ. ɺ. ʉʝʣʠʭʦʚʢʠʥ, ʉ. ʉ. ʀʞʝʚʩʢʠʡ [ʠ ʜʨ.] // ʄ .: ʀʟʜʘʪʝʣʴʩʢʠʡ 

ʮʝʥʪʨ çɸʢʘʜʝʤʠʷè. 2010. ʉ. 416. 

2. ʐʘʙʘʣʠʥʘ ʆ. ʄ. ʀʟʤʝʥʝʥʠʝ ʥʠʞʥʠʭ ʷʨʫʩʦʚ ʬʠʪʦʮʝʥʦʟʦʚ ʧʠʭʪʦʚʳʭ 

ʣʝʩʦʚ ʚ ʦʯʘʛʘʭ ʤʘʩʩʦʚʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʫʩʩʫʨʠʡʩʢʦʛʦ ʧʦʣʠʛʨʘʬʘ (ʈolygraphus 

proximus Blandf.) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ // ʐʘʙʘʣʠʥʘ ʆ. ʄ., 

ɹʝʟʢʦʨʦʚʘʡʥʘʷ ʀ. ʅ., ɹʘʨʘʥʯʠʢʦʚ ʖ. ʅ. // ʃʝʩʥ. ʞʫʨʥ. 2017. ˉ 2. ʉ. 67ï84. 

3. ɹʦʛʦʨʦʜʩʢʘʷ ɸ. ɺ. ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ ʚʳʨʫʙʦʢ 

ʪʝʤʥʦʭʚʦʡʥʳʭ ʣʝʩʦʚ ʥʘ ʶʛʝ ɽʥʠʩʝʡʩʢʦʛʦ ʢʨʷʞʘ / ɸ.ɺ. ɹʦʛʦʨʦʜʩʢʘʷ, ɸ.ʉ. 

ʐʠʰʠʢʠʥ // ʃʝʩʦʚʝʜʝʥʠʝ. 2014. ˉ 4. ʉ. 67-75. 

4. ʀʣʴʠʥʮʝʚ ɸ. ʉ. ɼʠʥʘʤʠʢʘ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʜʟʦʣʠʩʪʦʡ ʧʦʯʚʳ ʥʘ 

ʚʳʨʫʙʢʘʭ ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʦʤ ʟʘʨʘʩʪʘʥʠʠ // ɸ.ʉ. ʀʣʴʠʥʮʝʚ, ɸ.ʇ. ɹʦʛʜʘʥʦʚ, ʖ.ʉ. 

ɹʳʢʦʚ // ʃʝʩʥʦʡ ʞʫʨʥʘʣ. 2019. ˉ 5 (371). ʉ. 70-82. 



˸͔͙͊ͭͪ͊͡· ··I ˸ ͔͚͗͒ͯͤ͊ͪͦ͒ͤͦ ͤ͊ͯ;͚ͤͦ ͦͤ͟ͺ͔͔ͪͤͼ͙͙ 

142 
 

ʋɼʂ 614.841.2 

ʆʎɽʅʂɸ ʇʆʉʃɽʇʆɾɸʈʅʆɻʆ ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ 

ʉʇɽʂʊʈɸʃʔʅʓʍ ʀʅɼɽʂʉʆɺ ʅɸ ʇʈʀʄɽʈɽ ʃʀʉʊɺɽʅʅʀʏʅʀʂɸ 

ʇʆ ʅɸʊʋʈʅʓʄ ʀ ʉʇʋʊʅʀʂʆɺʓʄ ɼɸʅʅʓʄ 

ʇ. ɼ. ʊʨʝʪʴʷʢʦʚ1,2, ʅ. ɼ. ʗʢʠʤʦʚ1,2 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɽ.ʀ. ʇʦʥʦʤʘʨʝʚ1,2 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʃʝʩʥʳʝ ʧʦʞʘʨʳ ʚ ʉʠʙʠʨʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ XXI  ʚʚ. [1, 2]. ɽʞʝʛʦʜʥʦ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʧʣʦʱʘʜʴ ʣʝʩʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ, ʯʪʦ ʜʝʩʪʨʫʢʪʠʚʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ [2]. ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʢʣʠʤʘʪʘ ʯʘʩʪʦʪʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʞʘʨʦʚ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʯʪʦ ʜʝʣʘʝʪ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʞʘʨʦʚ ʠ ʤʦʥʠʪʦʨʠʥʛ ʧʦʩʣʝʧʦʞʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʩʦʙʝʥʥʦ 

ʘʢʪʫʘʣʴʥʳʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʨʝʜʩʪʚ ɼɿɿ [3].  

ɺʦʟʜʝʡʩʪʚʠʝ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʥʘ ʵʢʦʩʠʩʪʝʤʳ ʚʳʨʘʞʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ  

ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʧʦʚʨʝʞʜʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ [3], ʥʦ ʠ ʦʪʨʘʞʘʝʪʩʷ  

ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʧʦʯʚʳ [4]. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʵʢʦʩʠʩʪʝʤ ʧʦʩʣʝ ʧʦʞʘʨʦʚ 

 ð ʵʪʦ ʜʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʪʨʝʙʫʶʱʠʡ ʥʘʙʣʶʜʝʥʠʷ ʠ ʘʥʘʣʠʟʘ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ (ɼɿɿ) ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʫʥʠʢʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʣʝʩʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʘ 

ʩʧʫʪʥʠʢʦʚʳʝ ʠʥʜʝʢʩʳ, ʪʘʢʠʝ ʢʘʢ NDVI (Normalized Difference Vegetation Index), 

GNDVI (GREɽN Difference Moisture Index), NDMI (Normalized Difference 

Moisture Index) ʠ ʧʨʦʜʫʢʪʳ (LST (Land Surface Temperature)) ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ 

ʢʦʩʚʝʥʥʳʝ ʦʮʝʥʢʠ ʜʠʥʘʤʠʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʯʝʨʝʟ 

ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʫʨʦʚʥʷ ʚʣʘʞʥʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʩʣʝʧʦʞʘʨʥʳʭ ʫʯʘʩʪʢʘʭ. ʊʘʢʠʝ ʜʘʥʥʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʥʘʪʫʨʥʳʤʠ ʩʚʝʜʝʥʠʷʤʠ ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʫʢʮʝʩʩʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʮʝʥʢʘ ʜʠʥʘʤʠʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʯʘʩʪʢʘ ʣʠʩʪʚʝʥʥʠʯʥʦʛʦ 

ʣʝʩʘ ʚ ʉʨʝʜʥʝʡ ʉʠʙʠʨʠ ʧʦʩʣʝ ʧʦʞʘʨʘ 2015 ʛʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʠʥʜʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʭʨʦʥʦʨʷʜʦʚ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ ʠ ʥʘʟʝʤʥʳʭ ʜʘʥʥʳʭ ʦ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʯʚ.  

ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ: NDVI, 

GNDVI (ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ), LST (ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʝʨʭʥʦʩʪʠ), NDMI (ʧʦʢʘʟʘʪʝʣʴ ʩʦʜʝʨʞʘʥʠʷ ʚʣʘʛʠ ʚ ʧʦʯʚʝ ʠ ʣʠʩʪʴʷʭ ʨʘʩʪʝʥʠʡ) 

ʥʘ ʫʯʘʩʪʢʝ ʛʘʨʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʬʦʥʦʚʳʤ ʫʯʘʩʪʢʦʤ ʟʘ ʧʝʨʠʦʜ 2014ï2024 ʛʛ.; ʜʘʥʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʧʦʩʣʝʧʦʞʘʨʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʧʦʯʚ ʠ 

 

É ʊʨʝʪʴʷʢʦʚ ʇ. ɼ., ʗʢʠʤʦʚ ʅ. ɼ., 2025 
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ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ LST ʠ ʥʘʟʝʤʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʧʫʪʥʠʢʦʚʳʝ ʩʥʠʤʢʠ ʩʨʝʜʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ (15ï100 ʤ) Landsat-8 OLI/TIRS Collection 2 Level 2 ʠʟ ʦʪʢʨʳʪʦʛʦ 

ʢʘʪʘʣʦʛʘ ʩʧʫʪʥʠʢʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʪʦʯʢʘ ʜʦʩʪʫʧʘ: 

https://earthexplorer.usgs.gov/), ʠʤʝʶʱʠʝ ʘʪʤʦʩʬʝʨʥʫʶ ʢʦʨʨʝʢʮʠʶ. ʉʥʠʤʢʠ 

ʧʦʜʦʙʨʘʥʳ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʩʝʟʦʥ (ʠʶʥʴïʩʝʥʪʷʙʨʴ), ʢʦʣʠʯʝʩʪʚʦ ʩʮʝʥ ʩʦʩʪʘʚʠʣʦ 

60 ʰʪ., ʚ ʩʨʝʜʥʝʤ 6 ʩʮʝʥ ʟʘ ʩʝʟʦʥ. ʉʫʪʦʯʥʘʷ ʜʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ ʥʘ 

ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ ʧʦʣʫʯʝʥʘ ʚ ʭʦʜʝ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʧʦʤʦʱʴʶ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʨʝʛʠʩʪʨʘʪʦʨʦʚ ʚ ʠʶʣʝ 2024 ʛʦʜʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʟʦʥʝ ʩʧʣʦʰʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʝʨʟʣʦʪʳ ʚ 

ʣʠʩʪʚʝʥʥʠʯʥʦʤ ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʟʝʣʝʥʦʤʦʰʥʦʤ ʣʝʩʫ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʧ. ʊʫʨʘ ʧʦʩʣʝ 

ʫʩʪʦʡʯʠʚʦʛʦ ʥʠʟʦʚʦʛʦ ʧʦʞʘʨʘ 2015 ʛ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʦʛʦ ʤʝʩʷʮʘ ʧʦʩʣʝ 

ʧʦʞʘʨʘ ʟʥʘʯʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ ʩʥʠʟʠʣʠʩʴ ʥʘ 153% ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʬʦʥʦʚʦʛʦ ʫʯʘʩʪʢʘ: NDVI ʩʥʠʟʠʣʩʷ ʥʘ 72%, NDMI ð ʥʘ 153%, ʘ GNDVI ʠ NDWI 

ð ʥʘ 67% (ʨʠʩʫʥʦʢ, ʘ, ʙ, ʛ). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʟʙʳʪʦʯʥʘʷ ʠʥʩʦʣʷʮʠʷ, 

ʚʩʣʝʜʩʪʚʠʝ ʜʝʩʪʨʫʢʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʠʟʤʝʥʝʥʠʠ ʘʣʴʙʝʜʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʩʣʝʧʦʞʘʨʥʦʛʦ ʫʯʘʩʪʢʘ, ʚʳʟʚʘʣʠ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ (LST) ʥʘ 26% (ʨʠʩʫʥʦʢ, ʚ).  

 

ʈʠʩʫʥʦʢ. ɼʠʥʘʤʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʠʥʜʝʢʩʦʚ ʫʯʘʩʪʢʘ ʛʘʨʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʬʦʥʦʤ 

(ʘ ï NDVI, ʙ ï GNDVI, ʚ ï LST, ʛ ïNDMI). 

ʂ 2024 ʛʦʜʫ ʫʯʘʩʪʦʢ ʛʘʨʠ ʚ ʪʝʨʤʠʥʘʭ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ NDVI, 

GNDVI ʚʦʩʩʪʘʥʦʚʠʣʩʷ ʥʘ ~82Ñ1% I ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʧʦʞʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ,  

ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʚʣʘʞʥʦʩʪʠ (NDMI), ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ (~59%), ʘ ʥʘʠʤʝʥʴʰʘʷ ʜʠʥʘʤʠʢʘ ʦʪʤʝʯʝʥʘ ʜʣʷ LST (~38%).  

ʆʜʥʠʤ ʠʟ ʧʦʩʣʝʜʩʪʚʠʡ ʧʦʞʘʨʘ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʯʚ, ʯʪʦ ʧʨʦʷʚʠʣʦʩʴ ʜʦ ʛʣʫʙʠʥʳ 25 ʩʤ, ʟʘ ʩʯʝʪ ʧʦʚʨʝʞʜʝʥʠʷ 

ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʝʛʦ ʩʣʦʷ ʧʦʜʩʪʠʣʢʠ [1ï4]. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʯʚ  
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ʠ LST ʫʢʘʟʳʚʘʶʪ ʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʥʘ ʛʘʨʷʭ 

ʦʪ ʛʣʫʙʠʥʳ ʧʦʯʚʝʥʥʦʛʦ ʩʣʦʷ ʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʚʳʤʠ ʫʯʘʩʪʢʘʤʠ (ʪʘʙʣʠʮʘ).  

 
ʊʘʙʣʠʮʘ 

ʉʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʝ ʪʝʨʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʨʠ ʠ ʬʦʥʦʚʳʭ 

ʫʯʘʩʪʢʦʚ 

 Tʩʨ, ÁC Tmax, ÁC ȹT, % 

ɻʘʨʴ ʌʦʥ ɻʘʨʴ ʌʦʥ Tʩʨ Tmax 

ʇʦʚʝʨʭʥʦʩʪʴ LST  22,9 19,8 29,4 22,4 15 31 

ɻʣʫʙʠʥʘ 

10 ʩʤ 17,6 13,9 21,5 19,3 25 11 

15 ʩʤ 16,6 12,1 20,3 15,7 37 29 

20 ʩʤ 14,9 9,7 17,3 11,7 53 47 

25 ʩʤ 14,1 7,1 15,6 8,5 98 82 

 

ɿʘʬʠʢʩʠʨʦʚʘʥʥʳʡ ʛʨʘʜʠʝʥʪ ʫʚʝʣʠʯʝʥʠʷ ȹT ʩ ʛʣʫʙʠʥʦʡ (ʦʪ 15% ʜʦ 98%) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʞʘʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʪʨʘʞʘʝʪʩʷ,  

ʢʘʢ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ ʧʦʚʝʨʭʥʦʩʪʥʦʩʪʠ, ʪʘʢ ʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ, 

ʬʦʨʤʠʨʫʷ ʜʦʣʛʦʩʨʦʯʥʳʝ (ʜʦ 10+ ʣʝʪ) ʪʝʨʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ. ʈʝʟʢʠʡ ʨʦʩʪ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʚ ʛʣʫʙʦʢʠʭ ʩʣʦʷʭ (20ï25 ʩʤ) ʩʚʷʟʘʥ ʩ ʜʝʛʨʘʜʘʮʠʝʡ 

ʤʦʭʦʚʦ-ʣʠʰʘʡʥʠʢʦʚʦʛʦ ʷʨʫʩʘ, ʢʦʪʦʨʳʡ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʧʦʣʥʷʝʪ 

ʬʫʥʢʮʠʶ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʝʛʦ ʩʣʦʷ ʢʨʠʦʛʝʥʥʳʭ ʧʦʯʚ. 

ɺ ʪʝʯʝʥʠʝ 10 ʣʝʪ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʧʦʩʣʝʧʦʞʘʨʥʦʤ ʫʯʘʩʪʢʝ, ʦʧʠʩʘʥʥʦʝ ʣʠʥʝʡʥʳʤʠ ʪʨʝʥʜʘʤʠ. 

ʅʘʠʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʚ ʨʷʜʫ GNDVI  

(83%, R2=0,61), NDVI  (81%, R2=0,57), NDMI (59%, R2=0,08), LST (38%, 

R2=0,0001).  

ʉʧʫʪʥʠʢʦʚʳʝ ʜʘʥʥʳʝ ʬʠʢʩʠʨʫʶʪ ʣʠʰʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʪʦʛʜʘ ʢʘʢ ʧʦʞʘʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʯʚʝ ʥʘ ʛʣʫʙʠʥʝ 

ʜʦ 25 ʩʤ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʜʝʛʨʘʜʘʮʠʝʡ ʤʦʭʦʚʦ-ʣʠʰʘʡʥʠʢʦʚʦʛʦ ʧʦʢʨʦʚʘ. 

ʇʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʥʘʟʝʤʥʳʝ 

ʠ ʩʧʫʪʥʠʢʦʚʳʝ ʜʘʥʥʳʝ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʩʣʝʧʦʞʘʨʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ  

ʠ ʦʮʝʥʢʠ ʧʦʩʪʧʠʨʦʛʝʥʥʳʭ ʵʬʬʝʢʪʦʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Impact of forest fire on soil properties (review) / A. A. Dymov, E. V. 

Abakumov, I. N. Bezkorovaynaya [et al.] // Theoretical and Applied Ecology. 2018. 

No. 4. P. 13-23. DOI 10.25750/1995-4301-2018-4-013-023. 

2. ʇʦʞʘʨʳ ʢʘʢ ʬʘʢʪʦʨ ʫʪʨʘʪʳ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʬʫʥʢʮʠʡ ʣʝʩʥʳʭ 

ʵʢʦʩʠʩʪʝʤ / ɸ. ʇ. ɻʝʨʘʩʴʢʠʥʘ, ɼ. ʅ. ʊʝʙʝʥʴʢʦʚʘ, ɼ. ɺ. ɽʨʰʦʚ [ʠ ʜʨ.] // ɺʦʧʨʦʩʳ 



˸͔͙͊ͭͪ͊͡· ··I ˸ ͔͚͗͒ͯͤ͊ͪͦ͒ͤͦ ͤ͊ͯ;͚ͤͦ ͦͤ͟ͺ͔͔ͪͤͼ͙͙ 

145 
 

ʣʝʩʥʦʡ ʥʘʫʢʠ. 2021. ʊ. 4, ˉ 2.  DOI 10.31509/2658-607x-202142-11. 

3. ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʩʣʝʧʦʞʘʨʥʦʡ ʜʠʥʘʤʠʢʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ 

ʫʯʘʩʪʢʦʚ ʣʠʩʪʚʝʥʥʠʯʥʳʭ ʜʨʝʚʦʩʪʦʝʚ ʤʝʨʟʣʦʪʥʦʡ ʟʦʥʳ ʉʠʙʠʨʠ / ʅ. ɼ. ʗʢʠʤʦʚ,  

ɽ. ʀ. ʇʦʥʦʤʘʨʝʚ, ɸ. ʅ. ɿʘʙʨʦʜʠʥ [ʠ ʜʨ.] // ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʠʟ ʢʦʩʤʦʩʘ. 2025. ʊ. 22. ˉ 1. ʉ. 106-115. 

4. ɹʝʟʢʦʨʦʚʘʡʥʘʷ ʀ. ʅ., ɹʦʨʠʩʦʚʘ ʀ. ɺ., ʀʣʴʠʥ ɸ. ɸ. ʄʠʥʝʨʘʣʠʟʘʮʠʷ 

ʧʦʯʚʝʥʥʦʛʦ ʘʟʦʪʘ ʚ ʧʦʩʣʝʧʦʞʘʨʥʳʭ ʣʠʩʪʚʝʥʥʠʯʥʠʢʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ʕʚʝʥʢʠʠ // 

ʈʦʩʩʠʡʩʢʠʡ ʞʫʨʥʘʣ ʧʨʠʢʣʘʜʥʦʡ ʵʢʦʣʦʛʠʠ. 2019. ˉ. 1 (17). ʉ. 3-6. 

 

ʋɼʂ631.46 

ʆʉʆɹɽʅʅʆʉʊʀ ʌʆʈʄʀʈʆɺɸʅʀʗ ʀʅʀʎʀɸʃʔʅʓʍ ʇʆʏɺ ʅɸ 

ʆʊɺɸʃɸʍ ɺʉʂʈʓʐʅʓʍ ʇʆʈʆɼ ɺ ʈɸʁʆʅɽ ʆʊʂʈʓʊʆʁ ɼʆɹʓʏʀ 

ɿʆʃʆʊɸ  

ʄ. ɺ. ʊʶʧʠʥ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʊ. ɺ. ʇʦʥʦʤʘʨʸʚʘ1 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʘʨʴʝʨʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʡ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʠ ʤʦʱʥʦʡ↑ ʪʝʭʥʠʢʠ ʬʦʨʤʠʨʫʶʪʩʷ ʦʙʰʠʨʥʳʝ 

ʧʣʦʱʘʜʠ ʩ ʪʝʭʥʦʛʝʥʥʳʤ ʨʝʣʴʝʬʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʜʠʢʘʣʴʥʦʝ ʥʝʦʙʨʘʪʠʤʦʝ 

ʠʟʤʝʥʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʣʘʥʜʰʘʬʪʘ, ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ  

ʨʝʢ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʧʨʦʷʚʣʝʥʠʷ [1]. ʇʨʠ ʦʪʢʨʳʪʦʤ ʩʧʦʩʦʙʝ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʨʝʣʴʝʬʘ 

ʤʝʩʪʥʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʛʝʦʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʪʘʢʞʝ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ, 

ʢʦʪʦʨʦʝ ʚʳʟʳʚʘʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʟʨʳʚʥʳʤʠ ʨʘʙʦʪʘʤʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʛʘʟʦʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʧʳʣʝʧʝʨʝʥʦʩʦʤ ʩ ʦʪʚʘʣʦʚ [2, 3]. ʅʘ ʦʪʚʘʣʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤ ʬʦʨʤʠʨʫʶʪʩʷ ʠʥʠʮʠʘʣʴʥʳʝ ʧʦʯʚʳ, ʢʦʪʦʨʳʝ 

ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʦʪ ʬʦʥʦʚʳʭ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʨʝʜʥʝʪʘʸʞʥʦʡ ʟʦʥʝ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ. 

ʊʝʨʨʠʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ. ʆʙʲʝʢʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʠ ʠʥʠʮʠʘʣʴʥʳʝ ʧʦʯʚʳ ʥʘ ʦʪʚʘʣʝ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ ʢʘʨʴʝʨʘ, 

ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʠʟʚʦʜʠʣʠ ʜʦʙʳʯʫ ʟʦʣʦʪʘ. ʆʪʚʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʥʦʛʦʷʨʫʩʥʫʶ ʪʝʭʥʦʛʝʥʥʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʬʦʨʤʫ ʨʝʣʴʝʬʘ. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ 

ʧʝʨʠʦʜ ʦʪʚʘʣʘ ʟʘʢʦʥʯʝʥ ʚ 2013 ʛ., ʥʘ ʦʪʚʘʣʝ ʧʨʦʠʟʚʝʜʝʥʦ ʚʳʨʘʚʥʠʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʪʷʞʝʣʦʡ ʪʝʭʥʠʢʠ, ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʥʝ 

ʧʨʦʚʦʜʠʣʦʩʴ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘʙʣʶʜʘʝʪʩʷ ʩʘʤʦʟʘʨʘʩʪʘʥʠʝ ʦʪʚʘʣʘ. 

ʌʠʪʦʮʝʥʦʟ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʟʨʝʞʝʥʥʳʤ 6-8 ʣʝʪʥʠʤ ʙʝʨʝʟʥʷʢʦʤ. ɺ ʥʘʧʦʯʚʝʥʥʦʤ 

ʧʦʢʨʦʚʝ ʤʘʣʦʤʦʱʥʳʡ ʤʦʭʦʚʦ-ʣʠʰʘʡʥʠʢʦʚʳʡ ʷʨʫʩ. ʆʪʚʘʣʳ ʩʣʦʞʝʥʳ 

 

É ʊʶʧʠʥ ʄ. ɺ., 2025 
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ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʣʘʥʮʘʤʠ 

ʢʚʘʨʮ-ʩʝʨʠʮʠʪ-ʙʠʦʪʠʪ-ʭʣʦʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ.  

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʯʚ ʧʨʦʠʟʚʝʜʝʥʘ ʩʦʛʣʘʩʥʦ ʨʘʙʦʪʘʤ ɺ. ɸ. ɸʥʜʨʦʭʘʥʦʚʘ [4]. 

ɸʥʘʣʠʟ ʩʚʦʡʩʪʚ ʧʦʯʚ ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ. ʆʙʨʘʟʮʳ 

ʵʤʙʨʠʦʟʸʤʦʚ ʠʥʠʮʠʘʣʴʥʳʭ ʦʪʦʙʨʘʥʳ ʩ ʨʘʟʣʠʯʥʳʭ ʬʘʮʠʡ ʦʪʚʘʣʘ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʮʠʡ ʧʦʯʚ 

ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʦ ʵʣʝʤʝʥʪʘʤ ʨʝʣʴʝʬʘ, ʪʘʢ ʥʘ ʩʢʣʦʥʘʭ, ʛʜʝ ʪʦʥʢʠʝ 

ʬʨʘʢʮʠʠ ʥʝ ʟʘʜʝʨʞʠʚʘʶʪʩʷ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʘʢ 

ʬʦʥʦʚʳʭ ʧʦʯʚ, ʪʘʢ ʠ ʵʤʙʨʠʦʟʸʤʦʚ ʠʥʠʮʠʘʣʴʥʳʭ ʩʢʣʦʥʦʚ ʦʪʚʘʣʘ ʙʣʠʟʢʠʡ: 

ʧʝʩʯʘʥʳʡ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʠ ʩʫʧʝʩʯʘʥʳʡ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ. ʋʥʠʢʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʩʦʟʜʘʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪʚʘʣʘ ʥʘ ʪʝʨʨʘʩʘʭ, 

ʚʳʨʦʚʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ, ʢʦʪʦʨʳʝ ʥʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 

ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʥʘ ʚʳʨʦʚʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʙʦʣʝʝ 

ʪʷʞʸʣʳʡ (ʩʫʧʝʩʯʘʥʳʡ), ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ.  

 
ʊʘʙʣʠʮʘ 1 

ʇʦʢʘʟʘʪʝʣʠ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ ʦʪʚʘʣʦʚ  

ɻʣʫʙʠ

ʥʘ, ʩʤ 

ɻʨʘʥʫʣʦʤʝʪʨʠ

ʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʌʠʟʠʯʝʩ

ʢʘʷ 

ʛʣʠʥʘ (᾽ 

0,01 

ʤʤ), % 

ɺʣʘʞʥʦʩʪʴ, 

% 

ɻʫʤʫʩ, 

% 

ʨʅ 

ʚʦʜʥʳʡ 

ʋʜʝʣʴ

ʥʳʡ 

ʚʝʩ, 

ʛ/ʩʤ 

ʂʘʨʙʦʥ

ʘʪʳ, % 

ʕʤʙʨʠʦʟʸʤ ʠʥʠʮʠʘʣʴʥʳʡ(ʪʨʘʥʩ-ʵʣʶʚʠʘʣʴʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʘʷ ʬʘʮʠʷ). ʈʘʟʨʝʟ ˉ1 

0-5 ʩʫʧʝʩʯʘʥʳʡ 16 21,32 5,57 6,8 2,73 4,77 

5-10 
ʩʫʛʣʠʥʦʢ 

ʣʝʛʢʠʡ 
22 21,83 5,38 5,9 2,66 2,39 

10-20 ʩʫʧʝʩʯʘʥʳʡ 19 23,56 4,56 6,5 2,91 1,60 

ʕʤʙʨʠʦʟʸʤ ʠʥʠʮʠʘʣʴʥʳʡ (ʊʨʘʥʩ-ʵʣʶʚʠʘʣʴʥʘʷ ʬʘʮʠʷ). ʈʘʟʨʝʟ ˉ2 

0-5 ʧʝʩʦʢ ʩʚʷʟʥʳʡ 9 26,26 0,00 4,7 2,67 0,80 

5-15 ʩʫʧʝʩʯʘʥʳʡ 11 27,43 0,41 4 2,56 2,39 

15-20 ʩʫʧʝʩʯʘʥʳʡ 11 23,24 0,31 4 2,82 1,59 

ʕʤʙʨʠʦʟʸʤ ʠʥʠʮʠʘʣʴʥʳʡ (ʵʣʶʚʠʘʣʴʥʘʷ ʬʘʮʠʷ). ʈʘʟʨʝʟ ˉ3 

0-5 ʩʫʧʝʩʯʘʥʳʡ 16 20,98 4,28 4,2 2,82 3,58 

5-10 ʩʫʧʝʩʯʘʥʳʡ 14 17,15 6,61 3,8 2,81 1,99 

ʕʤʙʨʠʦʟʸʤ ʠʥʠʮʠʘʣʴʥʳʡ (ʊʨʘʥʩ-ʵʣʶʚʠʘʣʴʥʘʷ ʬʘʮʠʷ). ʈʘʟʨʝʟ ˉ4 

0-5 ʧʝʩʦʢ ʩʚʷʟʥʳʡ 9 34,95 0,38 4,7 2,69 0,00 
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5-10 ʩʫʧʝʩʯʘʥʳʡ 12 27,74 0,62 4,5 2,70 0,20 

10-15 ʩʫʧʝʩʯʘʥʳʡ 12 27,56 0,62 4,7 2,65 0,60 

 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʵʤʙʨʠʦʟʸʤʦʚ ʠʥʠʮʠʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʝʪ 

2,7 ʛ/ʩʤ, ʬʦʥʦʚʳʭ ʧʦʯʚ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ - 2,6 ʛ/ʩʤ. ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʦʪʤʝʯʝʥʳ ʚʥʠʟʫ ʧʨʦʬʠʣʷ ʵʤʙʨʠʦʟʸʤʦʚ ʥʠʞʥʝʡ ʪʝʨʨʘʩʳ,  

ʥʘ ʛʨʘʥʠʮʝ ʩ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʦʡ, ʠ ʚʦ ʚʩʝʤ ʧʨʦʬʠʣʝ ʚʝʨʭʥʝʡ ʪʝʨʨʘʩʳ 

(ʵʣʶʚʠʘʣʴʥʘʷ ʬʘʮʠʷ). 

ʇʨʦʚʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʦʪʚʘʣʦʚ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ  

ʠʟ ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘ ʪʝʨʨʘʩʘʭ ʦʪʚʘʣʘ ʩʨʝʜʥʷʷ ʚʣʘʞʥʦʩʪʴ 

ʩʦʩʪʘʚʣʷʝʪ 21%, ʥʘ ʩʢʣʦʥʘʭ ð 27,9%, ʯʪʦ ʚʳʰʝ ʠʟ-ʟʘ ʵʢʩʧʦʟʠʮʠʠ ʩʢʣʦʥʘ.  

ɺ ʬʦʥʦʚʳʭ ʧʦʯʚʘʭ ʚʣʘʞʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ, ʚ ʩʨʝʜʥʝʤ ʜʦʩʪʠʛʘʷ 46% 

ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʦʨʛʘʥʠʢʠ, ʥʘʧʦʯʚʝʥʥʦʤʫ ʧʦʢʨʦʚʫ  

ʠ ʩʦʤʢʥʫʪʦʤʫ ʜʨʝʚʦʩʪʦʶ. 

ɺʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʧʣʦʩʢʦʩʪʥʦʛʦ ʩʤʳʚʘ ʥʘ ʚʳʨʦʚʥʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ  

ʥʘ ʦʪʚʘʣʝ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʛʫʤʫʩʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʪʝʨʨʘʩʘʭ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ ʥʘ ʪʝʨʨʘʩʘʭ (5,3%) 

ʚʳʰʝ, ʯʝʤ ʚ ʤʠʥʝʨʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʬʦʥʦʚʳʭ ʧʦʯʚ (4%). ʇʦʯʚʳ ʦʪʚʘʣʦʚ 

ʩʠʣʴʥʦʢʠʩʣʳʝ, ʙʝʩʢʘʨʙʦʥʘʪʥʳʝ, ʥʦ ʥʘ ʪʝʨʨʘʩʘʭ ʠ ʚ ʨʞʘʚʦʟʸʤʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ  

ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʦʪʚʘʣʫ, ʢʘʨʙʦʥʘʪʳ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ. ɺʩʢʨʳʰʥʳʝ ʧʦʨʦʜʳ ʙʝʩʢʘʨʙʦʥʘʪʥʳ, ʘ 

ʥʘʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʩʣʘʙʦʨʘʟʚʠʪ ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʯʚʫ ʢʘʨʙʦʥʘʪʘʤʠ. ʀʭ 

ʥʝʪʠʧʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʘʵʨʦʪʝʭʥʦʛʝʥʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʧʳʣʠ ʦʪ 

ʢʘʨʴʝʨʦʚ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ (4,77%) ʦʪʤʝʯʝʥʦ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʛʦʨʠʟʦʥʪʝ ʥʠʞʥʝʡ ʪʝʨʨʘʩʳ, ʛʜʝ ʨʝʘʢʮʠʷ ʩʣʘʙʦʢʠʩʣʘʷ ʠʣʠ ʥʝʡʪʨʘʣʴʥʘʷ. 
ʊʘʙʣʠʮʘ 2 

ʇʦʢʘʟʘʪʝʣʠ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʬʦʥʦʚʳʭ ʧʦʯʚ  

ɻʣʫʙʠʥ

ʘ, ʩʤ 
ɻʨʘʥʫʣʦʤʝʪʨʠʯ

ʝʩʢʠʡ ʩʦʩʪʘʚ 

ʌʠʟʠʯʝʩʢʘʷ 

ʛʣʠʥʘ (᾽ 

0,01 ʤʤ), % 

ɺʣʘʞʥʦʩ

ʪʴ, % 
ɻʫʤʫʩ, 

% 
ʨʅ 

ʚʦʜʥʳʡ 

ʋʜʝʣʴʥ

ʳʡ ʚʝʩ, 

ʛ/ʩʤ 

ʂʘʨʙʦʥʘʪ

ʳ, % 

ʈʞʘʚʦʟʸʤ ʛʨʫʙʦʛʫʤʫʩʦʚʳʡ. ʈʘʟʨʝʟ ˉ5 

5-10 ʧʝʩʦʢ ʩʚʷʟʥʳʡ 6 60,82 7,44 3,7 2,65 2,75 

10-15 ʧʝʩʦʢ ʩʚʷʟʥʳʡ 7 50,64 3,92 4,4 2,68 1,97 

15-20 ʩʫʧʝʩʯʘʥʳʡ 11 44,80 2,04 4,6 2,63 0,79 

20-30 ʩʫʧʝʩʯʘʥʳʡ 11 42,65 1,80 4,5 2,39 0,79 

ʇʦʜʟʦʣʠʩʪʘʷ. ʈʘʟʨʝʟ ˉ6 

15-20 ʧʝʩʦʢ ʩʚʷʟʥʳʡ 8 48,35 8,11 4,3 2,54 0,39 

20-30 ʩʫʧʝʩʯʘʥʳʡ 15 43,28 3,71 4,1 2,82 1,58 
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40-50 ʧʝʩʦʢ ʩʚʷʟʥʳʡ 8 31,26 1,24 4,3 2,63 0,79 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʪʚʘʣʝ ʩʦʟʜʘʶʪʩʷ ʫʥʠʢʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ. ʅʘ ʪʝʨʨʘʩʘʭ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʛʫʤʫʩʘ,  

ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʘʢʢʫʤʫʣʷʮʠʷ ʤʝʣʢʦʟʝʤʘ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʛʨʫʥʪʘ ʦʪʚʘʣʘ,  

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʪʷʞʝʣʝʥʠʶ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʧʦʚʳʰʝʥʠʶ  

ʝʛʦ ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʋʯʠʪʳʚʘʷ ʥʝʪʠʧʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʘʨʙʦʥʘʪʦʚ ʧʦ ʧʨʦʬʠʣʶ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ ʧʦʩʪʫʧʣʝʥʠʷ ʠʭ ʚ ʧʦʯʚʫ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʢʘʨʙʦʥʘʪʳ ʧʦʩʪʫʧʘʶʪ ʚ ʧʦʯʚʫ ʘʵʨʦʪʝʭʥʦʛʝʥʥʳʤ ʧʫʪʸʤ ʚʤʝʩʪʝ 

ʩ ʧʳʣʴʶ ʦʪ ʤʝʩʪ ʨʘʟʨʘʙʦʪʢʠ ʢʘʨʴʝʨʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ çʄʦʥʠʪʦʨʠʥʛ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ  

ʚ ʨʘʡʦʥʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʦʢ ɸʆ çʇʦʣʶʩ ʂʨʘʩʥʦʷʨʩʢèè  

(ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʝʡ ʢʦʤʧʘʥʠʠ çʇʦʣʶʩ ʂʨʘʩʥʦʷʨʩʢè 

ʚ ʨʘʤʢʘʭ ɼʦʛʦʚʦʨʘ ˉ ʇʂ 812-23 ʦʪ 18.07.2023 ʛ.). 
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ʋɼʂ 630.430 

ɻʆʈʀʄʆʉʊʔ ʃɽʉʆɺ ʂʈɸʉʅʆʗʈʉʂʆɻʆ ʂʈɸʗ 

ɸ. ʉ. ʋʩʦʚ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɽ. ʀ. ʇʦʥʦʤʘʨʝʚ1 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʩʫʙʲʝʢʪʦʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʝʛʦ ʣʝʩʠʩʪʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 45,12% ʦʙʱʝʡ ʧʣʦʱʘʜʠ [1], 

ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʣʝʩ ʚʳʧʦʣʥʷʝʪ ʚʘʞʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

 

É ʋʩʦʚ ɸ. ʉ., 2025 
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ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʵʢʦʩʠʩʪʝʤ ʢʨʘʷ ʠ ʟʘʥʠʤʘʝʪ ʦʯʝʥʴ ʚʘʞʥʫʶ ʨʦʣʴ  

ʚ ʵʢʦʥʦʤʠʢʝ ʩʪʨʘʥʳ ʚ ʮʝʣʦʤ. ʃʝʩʥʳʝ ʧʦʞʘʨʳ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʶʪʩʷ 

ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ ʩʦʢʨʘʱʝʥʠʷ ʣʝʩʥʦʛʦ ʧʦʢʨʦʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʝʛʠʦʥʘ [1]. 

ɺʚʠʜʫ ʩʚʦʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʨʝʛʠʦʥ ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʝ ʣʝʩʦʨʘʩʪʠʪʝʣʴʥʳʝ 

ʫʩʣʦʚʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʨʘʟʣʠʯʠʷʤʠ ʧʦʞʘʨʥʳʭ ʨʝʞʠʤʦʚ. ɺʩʝʛʦ ʚ ʨʝʛʠʦʥʝ 

ʚʳʜʝʣʷʝʪʩʷ 7 ʣʝʩʥʳʭ ʨʘʡʦʥʦʚ (ʨʷʜʦʤ ʩ ʥʘʟʚʘʥʠʝʤ ʧʠʰʝʪʩʷ ʥʦʤʝʨ, ʧʦʜ ʢʦʪʦʨʳʤ 

ʨʘʡʦʥ ʦʙʦʟʥʘʯʘʝʪʩʷ ʚ ʪʘʙʣʠʮʝ 1): ʉʨʝʜʥʝʩʠʙʠʨʩʢʠʡ ʨʘʡʦʥ ʧʨʠʪʫʥʜʨʦʚʳʭ ʣʝʩʦʚ  

ʠ ʨʝʜʢʦʩʪʦʡʥʦʡ ʪʘʡʛʠ ï I, ʉʨʝʜʥʝʩʠʙʠʨʩʢʠʡ ʧʣʦʩʢʦʛʦʨʥʳʡ ʪʘʝʞʥʳʡ ï II , 

ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʠʡ ʶʞʥʦ-ʪʘʝʞʥʳʡ ʨʘʚʥʠʥʥʳʡ ï III , ʅʠʞʥʝʘʥʛʘʨʩʢʠʡ ʪʘʝʞʥʳʡ 

ï IV, ʉʨʝʜʥʝʩʠʙʠʨʩʢʠʡ ʧʦʜʪʘʝʞʥʦ-ʣʝʩʦʩʪʝʧʥʦʡ ï V, ɸʣʪʘʝ-ʉʘʷʥʩʢʠʡ ʛʦʨʥʦ-

ʪʘʝʞʥʳʡ ï VI, ɸʣʪʘʝ-ʉʘʷʥʩʢʠʡ ʛʦʨʥʦ-ʣʝʩʦʩʪʝʧʥʦʡ ï VII  [1]. 

ʇʦ ʜʘʥʥʳʤ ʟʘ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʘ (2006ï2015) ʥʘʠʙʦʣʴʰʫʶ ʛʦʨʠʤʦʩʪʴ 

ʠʤʝʣʠ ʅʠʞʥʝʘʥʛʘʨʩʢʠʡ ʪʘʝʞʥʳʡ, ɸʣʪʘʝ-ʉʘʷʥʩʢʠʡ ʛʦʨʥʦ-ʣʝʩʦʩʪʝʧʥʦʡ, ɿʘʧʘʜʥʦ-

ʉʠʙʠʨʩʢʠʡ ʶʞʥʦ-ʪʘʝʞʥʳʡ ʨʘʚʥʠʥʥʳʡ ʣʝʩʥʳʝ ʨʘʡʦʥʳ, ʘ ʥʘʠʤʝʥʴʰʘʷ ʙʳʣʘ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʛʦ ʨʘʡʦʥʘ ʧʨʠʪʫʥʜʨʦʚʳʭ ʣʝʩʦʚ ʠ ʨʝʜʢʦʩʪʦʡʥʦʡ 

ʪʘʡʛʠ ʠ ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʛʦ ʧʣʦʩʢʦʛʦʨʥʦʛʦ ʪʘʝʞʥʦʛʦ ʨʘʡʦʥʘ [2]. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʦʮʝʥʠʪʴ ʛʦʨʠʤʦʩʪʴ ʣʝʩʦʚ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ  

ʩ ʧʨʠʚʷʟʢʦʡ ʢ ʣʝʩʥʳʤ ʨʘʡʦʥʘʤ ʚ ʧʝʨʠʦʜ ʟʘ 2013ï2023 ʛʦʜʘ. 

ʆʮʝʥʢʘ ʩʪʝʧʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʛʦʨʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʰʢʘʣʝ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠʥʩʪʠʪʫʪʦʤ çʈʦʩʛʠʧʨʦʣʝʩè. 
ʊʘʙʣʠʮʘ 

ɻʦʨʠʤʦʩʪʴ ʣʝʩʦʚ ʣʝʩʥʳʭ ʨʘʡʦʥʦʚ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ 

ʇʦʢʘʟʘʪʝʣʴ 

ʃʝʩʥʦʡ ʨʘʡʦʥ 

I II III IV V VI VII 

ʇʣʦʱʘʜʴ 

ʨʘʡʦʥʘ, ʪʳʩ. ʛʘ 
22702 103625 8525 12923 3853 8842 295 

ʏʠʩʣʦ ʧʦʞʘʨʦʚ 

ʥʘ 1 ʤʣʥ ʛʘ, ʰʪ. 
0,31 5,25 8,55 31,01 114,56 33,49 177,29 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʛʦʨʠʤʦʩʪʴ ʧʦ 

ʧʣʦʱʘʜʠ 

ʧʦʞʘʨʦʚ ʥʘ 1 

ʪʳʩ. ʛʘ, ʛʘ 

0,06 4,6 0,8 8,25 5,6 1,74 4,27 

ʆʮʝʥʢʘ 

ʛʦʨʠʤʦʩʪʠ ʧʦ 

ʯʠʩʣʫ ʧʦʞʘʨʦʚ 

ʅʠʟʢʘʷ 
ʅʠʞʝ 

ʩʨʝʜʥʝʡ 

ʅʠʞʝ 

ʩʨʝʜʥʝʡ 
ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ 

ʉʨʝʜʥʷ

 ̫

ɺʳʩʦʢʘ

 ̫
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ʆʮʝʥʢʘ 

ʛʦʨʠʤʦʩʪʠ ʧʦ 

ʧʣʦʱʘʜʠ  

ʅʠʟʢʘʷ 
ʏʨʝʟʚʳʯ

ʘʡʥʘʷ 
ʉʨʝʜʥʷʷ 

ʏʨʝʟʚʳʯ

ʘʡʥʘʷ 

ʏʨʝʟʚʳʯ

ʘʡʥʘʷ 

ɺʳʩʦʢʘ

 ̫

ʏʨʝʟʚʳ

ʯʘʡʥʘʷ 

 

ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʦʮʝʥʢʠ ʛʦʨʠʤʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʙʦʣʝʝ ʶʞʥʳʭ ʣʝʩʥʳʭ 

ʨʘʡʦʥʦʚ ʢʨʘʷ: ʅʠʞʥʝʘʥʛʘʨʩʢʦʛʦ ʪʘʝʞʥʦʛʦ, ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʛʦ ʧʦʜʪʘʝʞʥʦ-

ʣʝʩʦʩʪʝʧʥʦʛʦ, ɸʣʪʘʝ-ʉʘʷʥʩʢʦʛʦ ʛʦʨʥʦ-ʪʘʝʞʥʦʛʦ ʠ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʛʦ ʛʦʨʥʦ-

ʣʝʩʦʩʪʝʧʥʦʛʦ, ʯʪʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʚʷʟʘʥʥʦ ʩ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʬʘʢʪʦʨʦʤ  

ʠ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʚ ʜʘʥʥʳʭ ʨʘʡʦʥʘʭ 

ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʪʠʧʳ ʣʝʩʘ ï ʨʘʟʥʦʪʨʘʚʥʳʝ [1], ʧʦʵʪʦʤʫ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʣʝʩʥʳʭ 

ʧʦʞʘʨʦʚ ʚʦʟʥʠʢʘʶʪ ʚʝʩʥʦʡ, ʧʦʩʣʝ ʧʨʦʩʳʭʘʥʠʷ ʧʨʦʰʣʦʛʦʜʥʝʛʦ ʪʨʘʚʷʥʦʛʦ 

ʧʦʢʨʦʚʘ [10].  

ɺʳʩʦʢʘʷ ʦʮʝʥʢʘ ʛʦʨʠʤʦʩʪʠ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʫ ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʛʦ 

ʧʣʦʩʢʦʛʦʨʥʦʛʦ ʪʘʝʞʥʦʛʦ ʨʘʡʦʥʘ, ʚʦ ʤʥʦʛʦʤ ʵʪʦ ʩʚʷʟʘʥʥʦ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʘʥʦʤʘʣʠʷʤʠ ï ʚʳʩʦʢʠʤʠ ʣʝʪʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʠ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ 

ʚ 2018 ʠ 2019 ʛʦʜʘʭ [6]. ɺ ʵʪʠ ʛʦʜʘ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʝʚʳʰʝʥʠʝ ʩʨʝʜʥʠʭ 

ʟʥʘʯʝʥʠʡ ʧʦ ʧʣʦʱʘʜʠ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʚ 2,5 ʠ ʚ 4 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂ ʪʦʤʫ ʞʝ, 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʝʣʦʚʦ-ʩʦʩʥʦʚʳʝ ʠ ʩʦʩʥʦʚʦ-

ʣʠʩʪʚʝʥʥʠʯʥʳʝ ʣʝʩʘ, ʧʦ ʫʚʘʣʘʤ ʠ ʛʨʠʚʘʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʣʠʰʘʡʥʠʢʦʚʦ-

ʢʫʩʪʘʨʥʠʢʦʚʳʝ ʩʦʩʥʦʚʳʝ ʙʦʨʳ, ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ ʯʘʩʪʦ 

ʚʦʟʥʠʢʘʶʪ ʙʝʛʣʳʝ ʥʠʟʦʚʳʝ ʧʦʞʘʨʳ ʚʝʩʥʦʡ [9, 10]. 

ʉʘʤʦʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ʧʦʞʘʨʦʚ ʥʘ 1 ʤʣʥ ʛʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ɸʣʪʘʝ-

ʉʘʷʥʩʢʦʛʦ ʛʦʨʥʦ-ʣʝʩʦʩʪʝʧʥʦʛʦ ʣʝʩʥʦʛʦ ʨʘʡʦʥʘ, ʯʪʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʘʢʞʝ ʩʚʷʟʘʥʥʦ 

ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʚʝʜʴ 

ʜʘʥʥʳʡ ʨʘʡʦʥ ʠʤʝʝʪ ʥʠʟʢʦʝ ʩʨʝʜʥʝʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ [3].  

ʊʘʢʞʝ ʜʣʷ ʥʝʛʦ ʭʘʨʘʢʪʝʨʥʘ ʩʠʣʴʥʦ ʠʟʨʝʟʘʥʥʘʷ ʛʦʨʥʳʤʠ ʭʨʝʙʪʘʤʠ 

ʪʝʨʨʠʪʦʨʠ,̫ ʯʪʦ ʥʝ ʜʘʝʪ ʣʝʩʥʳʤ ʧʦʞʘʨʘʤ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʘ ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ, 

ʥʦ ʠ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʪʫʰʝʥʠʝ. ʉʭʦʞʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʤʝʝʪ ʠ ɸʣʪʘʝ-ʉʘʷʥʩʢʠʡ 

ʛʦʨʥʦ-ʪʘʝʞʥʳʡ ʨʘʡʦʥ. 

ɺʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʤʝʝʪ ʅʠʞʥʝʘʥʛʘʨʩʢʠʡ ʪʘʝʞʥʳʡ ʣʝʩʥʦʡ ʨʘʡʦʥ, 

ʢʦʪʦʨʳʡ ʠʩʪʦʨʠʯʝʩʢʠ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʛʦʨʠʤʦʩʪʴ, ʩʚʷʟʘʥʦ ʵʪʦ ʩ ʩʠʣʴʥʦʡ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʘ ʪʘʢʞʝ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʦʩʥʦʚʦʡ ʬʦʨʤʘʮʠʠ [1]. ɼʣʷ 

ʩʦʩʥʦʚʳʭ ʣʝʩʦʚ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʭʘʨʘʢʪʝʨʥʳ ʯʘʩʪʳʝ ʥʠʟʦʚʳʝ ʧʦʞʘʨʳ ʚ ʚʝʩʝʥʥʠʡ 

ʧʝʨʠʦʜ [4, 10]. 

ʉʘʤʳʝ ʥʠʟʢʠʝ ʦʮʝʥʢʠ ʛʦʨʠʤʦʩʪʠ ʢʘʢ ʧʦ ʯʠʩʣʫ, ʪʘʢ ʠ ʧʣʦʱʘʜʠ, ʧʨʦʡʜʝʥʥʦʡ 

ʣʝʩʥʳʤʠ ʧʦʞʘʨʘʤʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʛʦ ʨʘʡʦʥʘ ʧʨʠʪʫʥʜʨʦʚʳʭ 

ʣʝʩʦʚ ʠ ʨʝʜʢʦʩʪʦʡʥʦʡ ʪʘʡʛʠ. ʕʪʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʚʷʟʘʥʥʦ ʥʝ ʩʧʣʦʰʥʳʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʣʝʩʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʦʙʨʘʟʫʶʪ ʙʦʣʴʰʠʭ ʧʦ ʧʣʦʱʘʜʠ ʪʝʨʨʠʪʦʨʠʡ, 

ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʣʝʩʥʳʤʠ ʨʘʡʦʥʘʤʠ [1]. ʊʘʢʞʝ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʥʠʟʢʠʤ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʜʘʥʥʫʶ ʪʝʨʨʠʪʦʨʠʶ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʧʦʞʘʨʦʦʧʘʩʥʳʤ ʩʝʟʦʥʦʤ, ʢʦʪʦʨʳʡ, ʢ 

ʧʨʠʤʝʨʫ, ʚ 2023 ʛʦʜʫ ʜʣʠʣʩʷ ʩ 26 ʤʘʷ ʧʦ 15 ʩʝʥʪʷʙʨʷ [7, 8]. 
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ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʠʡ ʶʞʥʦ-ʪʘʝʞʥʳʡ ʨʘʚʥʠʥʥʳʡ ʨʘʡʦʥ ʠʤʝʝʪ ʩʨʝʜʥʶʶ 

ʦʮʝʥʢʫ ʛʦʨʠʤʦʩʪʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʚʷʟʘʥʥʦʛʦ ʩ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʥʘʛʨʫʟʢʦʡ, ʯʝʤ ʫ ʶʞʥʳʡ ʨʘʡʦʥʦʚ. ʋ ʜʘʥʥʦʛʦ ʣʝʩʥʦʛʦ ʨʘʡʦʥʦʚ ʦʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ï ʵʪʦ ʛʨʦʟʳ [5]. 

ʉʨʝʜʥʝʩʠʙʠʨʩʢʠʡ ʧʦʜʪʘʝʞʥʦ-ʣʝʩʦʩʪʝʧʥʦʡ ʨʘʡʦʥ ʚʳʩʦʢʠʝ ʦʮʝʥʢʠ 

ʛʦʨʠʤʦʩʪʠ, ʯʪʦ ʩʚʷʟʘʥʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʩʠʣʴʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ [2]. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ 2006ï2015 ʛʦʜʦʚ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʛʦʨʠʤʦʩʪʴ 

ʧʦ ʧʣʦʱʘʜʠ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʠ ʠʭ ʯʠʩʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʠʩʴ, ʦʩʦʙʝʥʥʦ  

ʵʪʦ ʟʘʤʝʪʥʦ ʚ ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʤ ʧʣʦʩʢʦʛʦʨʥʦʤ ʪʘʝʞʥʦʤ ʨʘʡʦʥʝ, ʛʜʝ ʦʮʝʥʢʘ 

ʛʦʨʠʤʦʩʪʠ ʧʦ ʧʣʦʱʘʜʠ ʧʦʞʘʨʦʚ ʩ çʥʠʟʢʦʡè ʠʟʤʝʥʠʣʘʩʴ ʥʘ çʯʨʝʟʚʳʯʘʡʥʫʶè. 

ʀʩʢʣʶʯʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʠʡ ʶʞʥʦ-ʪʘʝʞʥʳʡ ʨʘʚʥʠʥʥʳʡ  

ʠ ɸʣʪʘʝ-ʉʘʷʥʩʢʠʡ ʛʦʨʥʦ-ʣʝʩʦʩʪʝʧʥʦʡ ʨʘʡʦʥʳ, ʛʜʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʪʝʨʧʝʣʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʣʝʩʥʳʤʠ 

ʨʘʡʦʥʘʤʠ. 
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ʅʆʈʄɸʃʀɿʆɺɸʅʅʓʁ ʆʊʅʆʉʀʊɽʃʔʅʓʁ ʀʅɼɽʂʉ 

ʈɸʉʊʀʊɽʃʔʅʆʉʊʀ (NDVI) ʀ ɽɻʆ ʇʈʀʄɽʅɽʅʀɽ ɺ ʕʂʆʃʆɻʀʀ 

ʅ. ɸ. ʌʝʜʦʨʝʝʚ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɸ. ʉ. ʇʨʦʢʫʰʢʠʥ1,2 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʦʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʝʝ ʩʪʘ ʨʘʟʣʠʯʥʳʭ ʚʝʛʝʪʘʮʠʦʥʥʳʭ 

ʠʥʜʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʫʪʸʤ ʥʘ ʦʩʥʦʚʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʪʝʥʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʦʧʫʣʷʨʥʳʭ 

ʠʥʜʝʢʩʦʚ ʠʩʧʦʣʴʟʫʶʪ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʢʨʘʩʥʦʛʦ ʠ ʙʣʠʞʥʝʛʦ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʢʘʥʘʣʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʭʣʦʨʦʬʠʣʣ ʚ ʣʠʩʪʴʷʭ ʧʦʛʣʦʱʘʝʪ 

ʢʨʘʩʥʳʡ ʩʚʝʪ (ʜʣʠʥʘ ʚʦʣʥʳ 0,62ï0,75 ʤʢʤ), ʘ ʢʣʝʪʦʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʪʨʘʞʘʝʪ 

ʙʣʠʞʥʠʡ ʠʥʬʨʘʢʨʘʩʥʳʡ ʩʚʝʪ (0,75ï1,3 ʤʢʤ). ʆʪʥʦʰʝʥʠʝ ʵʪʠʭ ʟʥʘʯʝʥʠʡ 

ʧʦʟʚʦʣʷʝʪ ʦʪʣʠʯʠʪʴ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʦʪ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ. ɻʫʩʪʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

ʦʪʨʘʞʘʝʪ ʤʝʥʴʰʝ ʢʨʘʩʥʦʛʦ ʩʚʝʪʘ ʠ ʙʦʣʴʰʝ ʠʥʬʨʘʢʨʘʩʥʦʛʦ. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʠʥʜʝʢʩʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ RVI, NDVI, IPVI, WDVI ʠ SAVI.  

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʠ ʥʘʜʸʞʥʳʤ ʠʥʜʝʢʩʦʤ ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʠʥʜʝʢʩ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ï NDVI (Normalized Difference Vegetation 

Index). NDVI - ʵʪʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʪʴ 

ʧʣʦʪʥʦʩʪʴ ʠ ʩʦʩʪʦʷʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ, ʦʥ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ: ʣy ʛʢʦʩʪʴ ʧʦʣʫʯʝʥʠʷ, 

ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʠʥʜʝʢʩʘ ʥʝ ʪʨʝʙʫʝʪʩʷ ʥʠʢʘʢʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʠ 

ʤʝʪʦʜʠʢ, ʢʨʦʤʝ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʸʤʢʠ ʠ ʟʥʘʥʠʷ ʝʸ ʧʘʨʘʤʝʪʨʦʚ; ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʪʩʣʝʞʠʚʘʪʴ ʜʠʥʘʤʠʢʫ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ; ʙʦʣʴʰʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 

ʦʭʚʘʪ; ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʙʦʣʴʰʠʝ ʪʝʨʨʠʪʦʨʠʠ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʨʦʪʢʦʝ 

ʚʨʝʤʷ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʠʥʜʝʢʩ ʦʧʠʨʘʝʪʩʷ ʥʘ ʜʚʘ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʭ ʫʯʘʩʪʢʘ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʢʨʠʚʦʡ ʦʪʨʘʞʝʥʠʷ ʩʦʩʫʜʠʩʪʳʭ ʨʘʩʪʝʥʠʡ. ɺ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ (0,6ï0,7 ʤʢʤ) ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ 

ʭʣʦʨʦʬʠʣʣʦʤ ʚʳʩʰʠʭ ʩʦʩʫʜʠʩʪʳʭ ʨʘʩʪʝʥʠʡ, ʘ ʚ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ (0,7ï1,0 

ʤʢʤ) ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʦʙʣʘʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʢʣʝʪʦʯʥʳʭ ʩʪʨʫʢʪʫʨ 

ʣʠʩʪʘ. ɸ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚʳʩʦʢʘʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ 

ʤʝʥʴʰʝʤʫ ʦʪʨʘʞʝʥʠʶ ʚ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʠ ʙʦʣʴʰʝʤʫ ʚ ʠʥʬʨʘʢʨʘʩʥʦʡ. ʀ 

ʩ ʦʪʥʦʰʝʥʠʝʤ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʨʫʛ ʢ ʜʨʫʛʫ ʤʦʞʥʦ ʯʝʪʢʦ ʚʳʜʝʣʷʪʴ 

ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʪ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ [1]. 

ʈʘʩʯʸʪ ʠʥʜʝʢʩʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 
 

É ʌʝʜʦʨʝʝʚ ʅ. ɸ., 2025 
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ὔὈὠὍ  ὔὍὙ  ὙὉὈ Ⱦ ὔὍὙ  ὙὉὈ, 

ʛʜʝ:  

NIR ð ʦʪʨʘʞʝʥʠʝ ʚ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ,  

RED ð ʦʪʨʘʞʝʥʠʝ ʚ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ.  

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ NDVI ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʘʷ ʰʢʘʣʘ  

(ʦʪ -1 ʜʦ 1, 0 ʜʦ 255 ʠʣʠ 0 ʜʦ 200). ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʚʦʜʳ, ʩʥʝʛʘ ʠ ʣʴʜʘ. ʆʙʣʘʢʘ ʙʣʠʟʢʠ ʢ ʥʫʣʶ, ʧʦʯʚʝʥʥʳʡ 

ʧʦʢʨʦʚ ʠʤʝʝʪ ʥʝʙʦʣʴʰʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʈʝʜʢʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʜʘʸʪ 

ʟʥʘʯʝʥʠʷ ʦʢʦʣʦ 0,5, ʛʫʩʪʘʷ ð ʦʢʦʣʦ 0,7.  

  

ʈʠʩʫʥʦʢ. ɺʠʟʫʘʣʠʟʘʮʠʷ ʠʥʜʝʢʩʘ NDVI ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ʆʙʣʘʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʠʥʜʝʢʩʘ ʚ ʵʢʦʣʦʛʠʠ 

ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʳ. ʅʘʧʨʠʤʝʨ, ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ʚ ʀʩʧʘʥʠʠ, 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʙʫʨʳʝ ʤʝʜʚʝʜʠ (Ursus arctos) ʚʳʙʠʨʘʶʪ ʤʝʩʪʘ ʦʙʠʪʘʥʠʷ  

ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʝʟʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ NDVI, ʦʪʨʘʞʘʶʱʠʤʠ 

ʜʦʩʪʫʧʥʦʩʪʴ ʢʦʨʤʦʚʳʭ ʨʝʩʫʨʩʦʚ [2]. ʊʘʢ ʞʝ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʦʪʥʦʩʠʪʝʣʴʥʳʡ 

ʠʥʜʝʢʩ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʡ  

ʟʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʪʘʢʠʭ ʢʘʢ ʥʘʯʘʣʦ ʩʝʟʦʥʘ ʨʦʩʪʘ,  

ʧʠʢ ʩʝʟʦʥʘ ʠ ʢʦʥʝʮ ʩʝʟʦʥʘ. ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ ʜʘʥʥʳʭ ʚʦʟʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ 

ʤʥʦʛʦʣʝʪʥʶʶ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ ʚ ʨʘʟʣʠʯʥʳʭ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʝʛʠʦʥʘʭ ʢʨʘʡʥʝʛʦ ʩʝʚʝʨʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʵʪʠʭ ʨʝʛʠʦʥʘʭ.  

ɹʝʟʫʩʣʦʚʥʦ ʪʘʢʠʝ ʠʟʤʝʨʝʥʠʷ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʥʝ ʜʘʶʪ ʪʘʢʫʶ  

ʞʝ ʪʦʯʥʫʶ ʠ ʧʦʣʥʦʮʝʥʥʫʶ ʢʘʨʪʠʥʫ, ʢʘʢ ʚʳʝʟʜ ʩ ʵʢʩʧʝʜʠʮʠʝʡ ʥʘ ʤʝʩʪʦ, ʥʦ ʟʘ ʩʯʝʪ 

ʩʚʦʝʡ ʜʦʩʪʫʧʥʦʩʪʠ, ʙʦʣʴʰʦʛʦ ʦʭʚʘʪʘ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ çʟʘʛʣʷʥʫʪʴè ʪʫʜʘ, 

ʢʫʜʘ ʬʠʟʠʯʝʩʢʠ ʜʦʙʨʘʪʴʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠʣʠ ʞʝ ʚʦʚʩʝ ʥʝʚʦʟʤʦʞʥʦ, ʠʥʜʝʢʩ 

NDVI ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʩʪʳʤ ʠ ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ  

ʚ ʵʢʦʣʦʛʠʠ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʦʙʲʝʤʥʳʝ, ʦʙʲʝʢʪʠʚʥʳʝ ʠ ʣʝʛʢʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ ʠ ʜʠʥʘʤʠʢʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʘ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ 

ʦʭʚʘʪʳʚʘʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʜʘʯ, ʦʪ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʵʢʦʩʠʩʪʝʤ  
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ʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʤʝʩʪʦʦʙʠʪʘʥʠʡ ʞʠʚʦʪʥʳʭ ʜʦ ʘʥʘʣʠʟʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʈʀʉʂɸ ɺʆɿʅʀʂʅʆɺɽʅʀʗ ʇʈʀʈʆɼʅʓʍ 

ʇʆɾɸʈʆɺ ɺ ɸɼʄʀʅʀʉʊʈɸʊʀɺʅʓʍ ʈɸʁʆʅɸʍ  

ʂʈɸʉʅʆʗʈʉʂʆɻʆ ʂʈɸʗ 

ʅ. ʈ. ʌʨʘʥʰʪʫʪ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɸ. ɺ. ɹʨʶʭʘʥʦʚ1,2 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʅʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ ʝʞʝʛʦʜʥʦ ʚʦʟʥʠʢʘʝʪ ʜʦ 400 ʪʳʩʷʯ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʚʨʝʞʜʘʶʪ ʦʢʦʣʦ 0,5% ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʣʝʩʦʚ ʠ ʚʳʙʨʘʩʳʚʘʶʪ  

ʚ ʘʪʤʦʩʬʝʨʫ ʤʠʣʣʠʦʥʳ ʪʦʥʥ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ [1]. ɺ ʦʪʜʝʣʴʥʳʝ ʧʦʞʘʨʦʦʧʘʩʥʳʝ 

ʩʝʟʦʥʳ ʧʣʦʱʘʜʴ, ʧʨʦʡʜʝʥʥʘʷ ʧʦʞʘʨʘʤʠ, ʪʦʣʴʢʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʠʙʠʨʠ ʠ 

ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʦʥʦʚ ʛʝʢʪʘʨʦʚ [2; 3]. 

ʇʦʞʘʨʳ ʙʳʣʠ ʠ ʦʩʪʘʶʪʩʷ ʩʪʨʘʰʥʳʤ ʙʝʜʩʪʚʠʝʤ, ʥʘʥʦʩʷʱʠʤ ʦʛʨʦʤʥʳʡ ʫʱʝʨʙ 

ʵʢʦʥʦʤʠʢʝ ʠ ʩʦʟʜʘʶʱʠʤ ʨʝʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʟʜʦʨʦʚʴʷ ʠ ʞʠʟʥʠ ʣʶʜʝʡ [4].  

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ ʤʦʥʠʪʦʨʠʥʛ ʧʦʞʘʨʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʝ, ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ ʜʣʷ ʣʶʙʦʛʦ ʠʟ ʨʦʩʩʠʡʩʢʠʭ ʨʝʛʠʦʥʦʚ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʨʘʤʢʘʭ ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʦʪ 21.12.1994 ˉ 69-ʌɿ  

çʆ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè ʠ ʇʦʩʪʘʥʦʚʣʝʥʠʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 16.09.2020 

ˉ 1479 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʇʨʘʚʠʣ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʛʦ ʨʝʞʠʤʘ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠè ʫʩʪʘʥʦʚʣʝʥʳ ʢʨʠʪʝʨʠʠ ʠ ʚ ʢʘʞʜʦʤ ʠʟ ʩʫʙʲʝʢʪʦʚ ʈʦʩʩʠʠ ʝʞʝʛʦʜʥʦ 

ʦʙʥʦʚʣʷʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʠ ʪʝʨʨʠʪʦʨʠʷʭ, ʧʦʜʚʝʨʞʝʥʥʳʭ 

ʫʛʨʦʟʝ ʣʝʩʥʳʭ ʠ ʜʨʫʛʠʭ ʣʘʥʜʰʘʬʪʥʳʭ (ʧʨʠʨʦʜʥʳʭ) ʧʦʞʘʨʦʚ (ʜʘʣʝʝ çʧʨʠʨʦʜʥʳʝ 

ʧʦʞʘʨʳè).  

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʠʣʠ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ, 

ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚ ʧʨʝʜʝʣʘʭ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ ʠ ʧʦʜʚʝʨʞʝʥʥʳʝ ʫʛʨʦʟʝ 

ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ. ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʧʨʦʪʷʞʝʥʥʳʤ 

ʨʝʛʠʦʥʦʤ ʥʘʰʝʡ ʩʪʨʘʥʳ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ (ʦʢʦʣʦ 3000 ʢʤ), ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 
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ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠ ʨʘʟʣʠʯʠʝ ʩʣʘʛʘʶʱʠʭ ʝʛʦ ʧʨʠʨʦʜʥʳʭ ʟʦʥ ʠ ʣʘʥʜʰʘʬʪʦʚ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʣʠʯʥʫʶ ʧʦʞʘʨʥʫʶ ʦʧʘʩʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʫʥʢʪʦʤ 76 ʇʨʘʚʠʣ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʛʦ ʨʝʞʠʤʘ [5], 

ʤʝʩʪʥʳʝ ʚʣʘʩʪʠ ʧʦʩʝʣʝʥʠʡ ʠ ʛʦʨʦʜʩʢʠʭ ʦʢʨʫʛʦʚ ʜʦʣʞʥʳ ʝʞʝʛʦʜʥʦ ʜʦ ʥʘʯʘʣʘ 

ʧʦʞʘʨʦʦʧʘʩʥʦʛʦ ʩʝʟʦʥʘ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʫʪʚʝʨʞʜʘʪʴ ʧʘʩʧʦʨʪʘ ʥʘʩʝʣʸʥʥʳʭ 

ʧʫʥʢʪʦʚ, ʢʦʪʦʨʳʝ ʦʮʝʥʠʚʘʶʪ ʫʛʨʦʟʫ ʦʪ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ. ɽʞʝʛʦʜʥʦ ʧʝʨʝʯʝʥʴ 

ʪʘʢʠʭ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ ʫʪʚʝʨʞʜʘʝʪʩʷ ʥʦʨʤʘʪʠʚʥʳʤ ʧʨʘʚʦʚʳʤ ʘʢʪʦʤ ʩʫʙʲʝʢʪʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʦʚ ʚ 

ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʘʭ, ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʝ ʘʢʪʳ [6], 

ʚʳʧʫʱʝʥʥʳʝ ʚ 2024 ʛ. ʠ ʩʦʜʝʨʞʘʱʠʝ ʩʧʠʩʢʠ ʪʘʢʠʭ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʵʪʦʪ ʧʝʨʝʯʝʥʴ ʙʳʣ ʦʙʨʘʙʦʪʘʥ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʘʢʝʪʘ MS Office, ʧʨʠ ʵʪʦʤ ʚʩʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʨʘʡʦʥʳ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ 

ʙʳʣʠ ʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ.  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ (ʨʠʩʫʥʦʢ) ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʨʘʡʦʥʦʚ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ ʢʦʣʠʯʝʩʪʚʦ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʦʚ, ʢʦʪʦʨʳʤ ʫʛʨʦʞʘʶʪ ʧʨʠʨʦʜʥʳʝ ʧʦʞʘʨʳ ʩʠʣʴʥʦ ʧʨʝʚʘʣʠʨʫʶʪ ʚ ʠʭ ʦʙʱʝʤ 

ʢʦʣʠʯʝʩʪʚʝ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʡʦʥʘʭ ʠʭ ʜʦʣʷ ʜʦʩʪʠʛʘʝʪ 100% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ. 

 

ʈʠʩʫʥʦʢ. ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʚ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʨʘʡʦʥʘʭ 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ, ʢʦʪʦʨʳʤ ʫʛʨʦʞʘʶʪ ʠ ʥʝ ʫʛʨʦʞʘʶʪ ʧʨʠʨʦʜʥʳʝ ʧʦʞʘʨʳ 

ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ ʚ ʂʨʘʩʥʦʷʨʩʢʦʤ ʢʨʘʝ ʦʪʤʝʯʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ 

ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʧʦʜʚʝʨʞʝʥʥʳʤ ʨʠʩʢʫ ʩʦ ʩʪʦʨʦʥʳ 

ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ, ʯʪʦ ʚ ʥʝʤʘʣʦʡ ʩʪʝʧʝʥʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʨʦʜʥʦʡ 

ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʴʶ ʪʝʨʨʠʪʦʨʠʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠ ʧʦʛʦʜʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʫʢʪʫʨʳ ʠ ʟʘʧʘʩʦʚ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʫʨʦʚʥʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʊʘʢ, ʚ ʨʘʡʦʥʘʭ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʟʦʥʘʤ 

ʪʫʥʜʨʳ ʠ ʨʝʜʢʦʩʪʦʡʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʪʘʡʛʠ, ʧʨʝʧʷʪʩʪʚʠʝ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʢʨʫʧʥʳʭ ʠ ʯʘʩʪʳʭ ʧʦʞʘʨʦʚ, ʫʛʨʦʞʘʶʱʠʤ ʥʘʩʝʣʝʥʥʳʤ ʧʫʥʢʪʘʤ, ʦʙʫʩʣʦʚʣʝʥʦ 
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ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʨʘʡʦʥʳ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ

ʂʦʣʠʯʝʩʪʚʦ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʢʦʪʦʨʳʤ ʥʝ ʫʛʨʦʞʘʶʪ ʧʨʠʨʦʜʥʳʝ ʧʦʞʘʨʳ

ʂʦʣʠʯʝʩʪʚʦ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʢʦʪʦʨʳʤ ʫʛʨʦʞʘʶʪ ʧʨʠʨʦʜʥʳʝ ʧʦʞʘʨʳ

ʃʠʥʠʷ ʪʨʝʥʜʘ
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ʩʣʘʙʦʡ ʠʥʩʦʣʷʮʠʝʡ, ʩʠʣʴʥʦʡ ʟʘʙʦʣʦʯʝʥʥʦʩʪʴʶ ʪʝʨʨʠʪʦʨʠʠ, ʦʪʩʫʪʩʪʚʠʝʤ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʚʦʜʥʠʢʦʚ ʛʦʨʝʥʠʷ, ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ ʠ 

ʦʙʲʝʢʪʦʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʩʨʝʜʥʝʡ ʠ ʶʞʥʦʡ ʪʘʡʛʠ 

ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʡ ʚʦʟʨʘʩʪʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ, ʘ ʪʘʢʞʝ 

ʯʘʩʪʳʭ ʛʨʦʟʦʚʳʭ ʨʘʟʨʷʜʦʚ [7]. ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʨʘʡʦʥʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʧʦʜʪʘʝʞʥʦʡ, ʣʝʩʦʩʪʝʧʥʦʡ ʠ ʩʪʝʧʥʦʡ ʟʦʥʘʤ, ʧʦʜʚʝʨʞʝʥʳ ʙʦʣʴʰʝʡ ʫʛʨʦʟʝ ʩʦ 

ʩʪʦʨʦʥʳ ʧʦʞʘʨʦʚ ʚʩʣʝʜʩʪʚʠʝ ʠʤʝʶʱʝʛʦʩʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʘ ʪʘʢʞʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ, ʢʦʪʦʨʦʝ 

ʷʚʣʷʝʪʩʷ ʚ ʵʪʦʡ ʟʦʥʝ ʜʦʤʠʥʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩ ʩʝʚʝʨʘ 

ʥʘ ʶʛ ʢʨʘʷ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʪʨʝʥʜ ʚ ʯʘʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʥʘʩʝʣʸʥʥʳʭ 

ʧʫʥʢʪʦʚ, ʢʦʪʦʨʳʤ ʫʛʨʦʞʘʶʪ ʧʨʠʨʦʜʥʳʝ ʧʦʞʘʨʳ (ʧʦʜʦʙʥʘʷ ʪʝʥʜʝʥʮʠʷ 

ʥʘʙʣʶʜʘʣʘʩʴ ʠ ʚ XX ʚʝʢʝ). ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʝʪ ʮʝʣʳʡ ʩʧʝʢʪʨ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʡ 

ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʚʝʣʠʨʫʝʪ ʨʘʟʣʠʯʠʷ ʚ ʫʛʨʦʟʝ ʦʪ ʦʛʥʷ ʤʝʞʜʫ 

ʩʝʚʝʨʥʳʤʠ ʠ ʶʞʥʳʤʠ ʨʘʡʦʥʘʤʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩ ʥʘʯʘʣʘ XXI  ʚʝʢʘ ʚʳʨʦʩʣʘ 

ʥʘʛʨʫʟʢʘ ʥʘ ʩʝʚʝʨʥʳʝ ʨʘʡʦʥʳ ʢʨʘʷ, ʩʚʷʟʘʥʥʘʷ ʢʘʢ ʩ ʨʦʩʪʦʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʛʦʨʘʥʠʡ, ʪʘʢ ʠ ʩ ʪʨʘʥʩʬʦʨʤʘʮʠʷʤʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ, ʫʚʝʣʠʯʠʚʘʶʱʠʭ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʚʦʜʥʠʢʦʚ ʛʦʨʝʥʠʷ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʪ 

ʣʝʩʦʟʘʛʦʪʦʚʦʢ, ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʜʠʮʠʦʥʥʦʡ ʠ ʠʟʳʩʢʘʪʝʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʩʚʷʟʠ ʩ ʠʩʪʦʱʝʥʠʝʤ ʣʝʩʦʩʳʨʴʝʚʳʭ ʙʘʟ ʥʘ ʶʛʝ 

ʨʝʛʠʦʥʘ, ʦʙʲʝʤʳ ʣʝʩʦʟʘʛʦʪʦʚʦʢ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʣʠʩʴ ʠ ʵʪʦ ʚ ʮʝʣʦʤ ʧʨʠʚʝʣʦ 

ʢ ʧʦʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʚ ʣʝʩʘʭ ɺʦʩʪʦʯʥʦʛʦ ʠ 

ɿʘʧʘʜʥʦʛʦ ʉʘʷʥʘ. ɼʣʷ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ʢʨʘʷ, ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʦʪʢʨʳʪʳʭ ʧʨʦʩʪʨʘʥʩʪʚ (ʂʘʥʩʢʦ-ɸʯʠʥʩʢʘʷ ʣʝʩʦʩʪʝʧʴ ʠ ʨʘʡʦʥʳ, ʧʨʠʤʳʢʘʶʱʠʝ ʢ 

ʈʝʩʧʫʙʣʠʢʝ ʍʘʢʘʩʠʷ), ʠʤʝʶʱʠʭ ʥʠʟʢʫʶ ʣʝʩʠʩʪʦʩʪʴ, ʚʩʸ ʙʦʣʴʰʫʶ ʫʛʨʦʟʫ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʪʝʧʥʳʝ ʧʦʞʘʨʳ, ʦʩʦʙʝʥʥʦ ʚ ʪʝʭ ʨʘʡʦʥʘʭ, ʛʜʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʟʘʙʨʦʰʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ ʠʣʠ ʜʦ ʩʠʭ 

ʧʦʨ ʠʩʧʦʣʴʟʫʶʪ ʚʝʩʝʥʥʠʝ ʩʝʣʴʭʦʟʧʘʣʳ.  
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ʇʆʈʀʉʊʆʉʊʔ ɼʈɽɺɽʉʀʅʓ: ʋʅʀɺɽʈʉɸʃʔʅʓʁ ʇɸʈɸʄɽʊʈ ɼʃʗ 

ɼɽʅɼʈʆʂʃʀʄɸʊʀʏɽʉʂʆɻʆ ɸʅɸʃʀɿɸ 

ʊ. ɸ. ʍʫʜʳʭ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɽ. ɸ. ɺʘʛʘʥʦʚ1,2 

ɼʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʘʢʘʜʝʤʠʢ ʈɸʅ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɸʥʘʪʦʤʠʷ ʛʦʜʠʯʥʳʭ ʢʦʣʝʮ ʭʚʦʡʥʳʭ ʜʝʨʝʚʴʝʚ, ʯʸʪʢʦ ʨʘʟʜʝʣʸʥʥʳʭ  

ʥʘ ʨʘʥʥʶʶ ʠ ʧʦʟʜʥʶʶ ʜʨʝʚʝʩʠʥʫ, ʜʘʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʠʥʜʠʢʘʪʦʨ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ [1]. ʋ ʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʩ ʢʦʣʴʮʝ- ʠ ʦʩʦʙʝʥʥʦ  

ʩ ʨʘʩʩʝʷʥʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʜʨʝʚʝʩʠʥʦʡ ʪʘʢʦʡ ʧʦʜʭʦʜ ʟʘʪʨʫʜʥʸʥ. ɺ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ PiC-ʜʝʥʩʠʪʦʤʝʪʨʠʠ, ʩʭʦʞʠʡ ʧʦ ʘʣʛʦʨʠʪʤʫ ʩ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʝʥʩʠʪʦʤʝʪʨʠʝʡ [2, 3]. ʆʥ ʘʥʘʣʠʟʠʨʫʝʪ ʠʟʦʙʨʘʞʝʥʠʷ ʢʣʝʪʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʨʘʟʣʠʯʘʷ ʩʪʝʥʢʠ ʠ ʧʨʦʩʚʝʪʳ ʢʣʝʪʦʢ, ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʝʪʘʣʴʥʳʝ ʧʨʦʬʠʣʠ 

ʧʦʨʠʩʪʦʩʪʠ ʧʦ ʢʦʣʴʮʫ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʥʘ ʩʦʩʥʝ ʠ ʦʩʠʥʝ (Pinus sylvestris L. ʠ Populus 

tremula L.), ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʩʫʭʠʭ ʠ ʫʤʝʨʝʥʥʦ-ʩʫʭʠʭ ʩʢʣʦʥʘʭ ʄʠʥʫʩʠʥʩʢʦʛʦ 

ʨʘʡʦʥʘ (53Á45ô N, 91Á56ô E). ʆʪʦʙʨʘʥʦ 15 ʢʝʨʥʦʚ ʩʦʩʥʳ ʠ 14 ʦʩʠʥʳ ʦʪ ʚʟʨʦʩʣʳʭ 

ʜʝʨʝʚʴʝʚ, ʧʦ ʜʚʘ ʢʝʨʥʘ ʥʘ ʫʨʦʚʥʝ ʛʨʫʜʠ (~1.3 ʤ) [4]. ʐʠʨʠʥʫ ʢʦʣʝʮ (TRW) 

ʠʟʤʝʨʷʣʠ ʥʘ ʩʠʩʪʝʤʝ LINTAB 5 ʩ ʇʆ TSAP Win. ɼʣʷ ʘʥʘʪʦʤʠʠ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʦ 

9 ʢʝʨʥʦʚ ʢʘʞʜʦʛʦ ʚʠʜʘ. ʆʙʨʘʟʮʳ ʨʘʟʤʷʛʯʘʣʠ ʢʠʧʷʯʝʥʠʝʤ, ʜʝʣʘʣʠ ʧʦʧʝʨʝʯʥʳʝ 

ʩʨʝʟʳ (20 ʤʢʤ) ʥʘ ʤʠʢʨʦʪʦʤʝ MICROM HM430, ʦʢʨʘʰʠʚʘʣʠ ʩʘʬʨʘʥʠʥʦʤ, 

ʬʠʢʩʠʨʦʚʘʣʠ ʚ ʛʣʠʮʝʨʠʥʝ. ʉʲʸʤʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ 400Ĭ ʫʚʝʣʠʯʝʥʠʠ ʥʘ 

ʤʠʢʨʦʩʢʦʧʝ BX43 ʩ ʢʘʤʝʨʦʡ ProgRes Gryphax Subra. ʇʨʦʬʠʣʠ ʧʦʨʠʩʪʦʩʪʠ 

ʩʪʨʦʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ OpenPiCDens [https://github.com/Timofey00/OpenPiCDens; 

ʜʦʩʪʫʧ ʥʘ 16.04.2025]. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʡ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʨʘʟʥʳʝ 

ʵʪʘʧʳ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʧʨʦʬʠʣʠ ʧʦʨʠʩʪʦʩʪʠ ʢʘʞʜʦʛʦ ʛʦʜʠʯʥʦʛʦ ʢʦʣʴʮʘ 
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ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 10 ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʩʝʢʪʦʨʦʚ ʦʜʥʦʛʦ ʨʘʟʤʝʨʘ [5]. ɼʣʷ ʢʘʞʜʦʡ 

ʠʟ ʯʘʩʪʝʡ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʩʨʝʜʥʷʷ ʧʦʨʠʩʪʦʩʪʴ (SECPx, ʛʜʝ x ï ʥʦʤʝʨ ʩʝʢʪʦʨʘ). 

ɿʘʪʝʤ ʧʦ ʩʝʢʪʦʨʘʤ ʨʘʟʥʳʭ ʜʝʨʝʚʴʝʚ ʙʳʣʠ ʫʩʨʝʜʥʝʥʳ ʟʥʘʯʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʠ ʪʝʤ 

ʩʘʤʳʤ ʩʦʩʪʘʚʣʝʥʳ ʣʦʢʘʣʴʥʳʝ ʜʣʠʪʝʣʴʥʳʝ ʭʨʦʥʦʣʦʛʠʠ ʜʣʠʥʦʡ 50 ʣʝʪ ʜʣʷ ʢʘʞʜʦʡ 

ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʨʦʜ ʜʝʨʝʚʴʝʚ (çʩʝʢʪʦʨʥʳʝ ʭʨʦʥʦʣʦʛʠʠè). ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʦʬʠʣʝʡ ʧʦʨʠʩʪʦʩʪʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʪʘʢʞʝ ʩʨʝʜʥʷʷ ʧʦʨʠʩʪʦʩʪʴ ʢʦʣʴʮʘ (MEANP) 

(ʨʠʩ. 1).  

 

ʈʠʩʫʥʦʢ 1. ʍʨʦʥʦʣʦʛʠʠ ʧʦʨʠʩʪʦʩʪʠ SECP2, SECP9 ʠ MEANP ʜʣʷ Pinus sylvestris (ʯʝʨʥʘʷ 

ʣʠʥʠʷ) ʠ Populus tremula (ʩʝʨʘʷ ʣʠʥʠʷ) (A) ʠ ʜʝʤʦʥʩʪʨʘʮʠʷ ʜʝʣʝʥʠʷ ʥʘ ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ 

ʩʝʢʪʦʨʳ ʥʘ ʧʨʠʤʝʨʝ Pinus sylvestris (ɹ) 

ʐʠʨʠʥʘ ʢʦʣʝʮ ʫ ʩʦʩʥʳ ʚ ʩʨʝʜʥʝʤ ʚʳʰʝ, ʯʝʤ ʫ ʦʩʠʥʳ. ʆʜʥʘʢʦ ʚʥʫʪʨʝʥʥʷʷ 

ʜʠʥʘʤʠʢʘ ʧʦʨʠʩʪʦʩʪʠ ʨʘʟʣʠʯʘʝʪʩʷ: ʫ ʩʦʩʥʳ ʦʥʘ ʩʥʠʞʘʝʪʩʷ ʦʪ 0.65 ʚ ʨʘʥʥʝʡ 

ʜʨʝʚʝʩʠʥʝ ʜʦ 0.20 ʚ ʧʦʟʜʥʝʡ, ʪ.ʝ. ʧʨʠʤʝʨʥʦ ʥʘ 70%. ʋ ʦʩʠʥʳ ʧʦʨʠʩʪʦʩʪʴ ʚʳʰʝ  

ʚ ʥʘʯʘʣʝ ʢʦʣʴʮʘ (0.53ï0.57) ʠ ʩʥʠʞʘʝʪʩʷ ʣʠʰʴ ʜʦ 0.43ï0.46 ð ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 

20%. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʣʠʯʠʷ ʚ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʠ: ʦʩʠʥʘ ʩʦʭʨʘʥʷʝʪ ʚʳʩʦʢʫʶ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʜʦ ʢʦʥʮʘ ʩʝʟʦʥʘ, ʪʦʛʜʘ ʢʘʢ ʩʦʩʥʘ ʝʸ ʩʥʠʞʘʝʪ, ʧʦʜʛʦʪʘʚʣʠʚʘʷʩʴ  

ʢ ʟʘʚʝʨʰʝʥʠʶ ʚʝʛʝʪʘʮʠʠ. çʉʝʢʪʦʨʥʳʝ ʭʨʦʥʦʣʦʛʠʠè ʦʪʜʝʣʴʥʳʭ ʜʝʨʝʚʴʝʚ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʫʩʨʝʜʥʸʥʥʦʡ ʧʦ ʚʳʙʦʨʢʝ (ʩʨʝʜʥʷʷ ʢʦʨʨʝʣʷʮʠʷ r = 0.56, p < 0.01), 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʘʥʘʣʠʟʝ ʩʚʷʟʠ ʩ ʢʣʠʤʘʪʦʤ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʣʩʷ 

ʤʝʪʦʜ çʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘè (21 ʜʝʥʴ, ʰʘʛ 1 ʩʫʪʢʠ) [5]. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʦʪʢʣʠʢʠ 

ʩʦʩʥʳ ʠ ʦʩʠʥʳ ʨʘʟʣʠʯʘʶʪʩʷ. ʋ ʩʦʩʥʳ ʨʘʜʠʘʣʴʥʳʡ ʧʨʠʨʦʩʪ (TRW) ʟʘʚʠʩʠʪ ʦʪ 

ʚʣʘʛʠ ʚ ʤʘʝïʥʘʯʘʣʝ ʠʶʥʷ, ʫ ʦʩʠʥʳ ð ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʦʪ ʞʝ ʧʝʨʠʦʜ. ʊʘʢʞʝ ʧʦ-
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ʨʘʟʥʦʤʫ ʨʝʘʛʠʨʫʝʪ ʧʦʨʠʩʪʦʩʪʴ: ʫ ʩʦʩʥʳ ʦʥʘ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʝʩʥʦʡ, ʫ ʦʩʠʥʳ ð ʧʨʠ ʞʘʨʝ ʚ ʤʘʝïʠʶʥʝ.  

ʆʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʳ ʨʝʘʢʮʠʠ ʚʥʫʪʨʠ ʛʦʜʠʯʥʳʭ ʢʦʣʝʮ (ʨʠʩ. 2). ʋ ʩʦʩʥʳ 

ʨʦʩʪ ʢʨʫʧʥʳʭ ʢʣʝʪʦʢ ʨʘʥʥʝʡ ʜʨʝʚʝʩʠʥʳ ʩʪʠʤʫʣʠʨʫʝʪʩʷ ʦʩʘʜʢʘʤʠ ʤʘʷïʥʘʯʘʣʘ 

ʠʶʥʷ, ʥʦ ʚ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ ʦʥʠ ʫʞʝ ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʠ ʠʟʙʳʪʢʝ ʚʣʘʛʠ. ʇʦʟʜʥʷʷ 

ʜʨʝʚʝʩʠʥʘ ʨʝʘʛʠʨʫʝʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠʶʣʷïʘʚʛʫʩʪʘ. ʋ ʦʩʠʥʳ ʚʳʩʦʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠʶʥʷ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʧʦʨʠʩʪʦʩʪʴ ʚʩʝʡ ʜʨʝʚʝʩʠʥʳ ʢʦʣʴʮʘ. 

 

ʈʠʩʫʥʦʢ 2. ʂʣʠʤʘʪʠʯʝʩʢʠʡ ʦʪʢʣʠʢ TRW, MEANP, SECP Pinus sylvestris ʠ Populus tremula: 

ʢʦʨʨʝʣʷʮʠʷ ʩ 21-ʜʥʝʚʥʳʤʠ ʩʢʦʣʴʟʷʱʠʤʠ ʨʷʜʘʤʠ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ (TEMP; ʩʧʣʦʰʥʘʷ 

ʯʝʨʥʘʷ ʣʠʥʠʷ), ʩʫʤʤʳ ʦʩʘʜʢʦʚ (PREC; ʟʘʰʪʨʠʭʦʚʘʥʥʳʝ ʫʯʘʩʪʢʠ). ʐʪʨʠʭʦʚʳʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʣʠʥʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʤʦʩʪʴ p<0.05 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ PiC-ʜʝʥʩʠʪʦʤʝʪʨʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ 

ʩʧʝʢʪʨ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʤʥʦʛʦʣʝʪʥʠʭ ʢʫʩʪʘʨʥʠʢʦʚ, ʠʤʝʶʱʠʭ ʢʦʣʴʮʝ- ʠ 

ʨʘʩʩʝʷʥʥʦ-ʩʦʩʫʜʠʩʪʫʶ ʜʨʝʚʝʩʠʥʫ, ʢʘʢ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʨʝʰʝʥʠʷ 2-ʭ 

ʟʘʜʘʯ: 1) ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʥʘ ʨʦʩʪ ʠ 

ʩʪʨʫʢʪʫʨʫ ʜʝʨʝʚʴʝʚ; 2) ʚʳʷʚʣʝʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʩʪʨʫʢʪʫʨʳ ʛʦʜʠʯʥʳʭ ʢʦʣʝʮ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Fritts H. C. Tree rings and climate. New York: Academic Press, 2012.  

2. A new approach to measuring tree-ring density parameters / P. P. Silkin,  

A. V. Kirdyanov, P. J. Krusic [et al.] // Journal of Siberian Federal University. Biology. 

2022. Vol. 15. ˉ 4. P. 441-455. 
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3. New methods in digital wood anatomy: the use of pixel-contrast densitometry 

with example of angiosperm shrubs in Southern Siberia / T. A. Khudykh, L. V. 

Belokopytova, B.Yang [et al.] // Biology. 2024. Vol. 13. ˉ 4. P. 223.  

4. Cook E. R., Kairiukstis L. A. Methods of dendrochronology: applications in 

the environmental sciences. Boston: Kluwer Academic, 2013 

5. Retrospective analysis of wood anatomical traits reveals a recent extension in 

tree cambial activity in two high-elevation conifers / M. Carrer, D. Castagneri, A. L. 

Prendin [et al.] // Frontiers in Plant Science. 2017. Vol. 8. P. 737. 

 

ʋɼʂ 574.34 

ʂ ɺʆʇʈʆʉʋ ʆ ɺʃʀʗʅʀʀ ʃʀʄʀʊʀʈʋʖʑʀʍ ʌɸʂʊʆʈʆɺ 

ʅɸ ʉʆʉʊʆʗʅʀɽ ʏʀʉʃɽʅʅʆʉʊʀ ɼʀʂʆɻʆ ʉɽɺɽʈʅʆɻʆ ʆʃɽʅʗ 

ʊɸʁʄʓʈʆ-ʕɺɽʅʂʀʁʉʂʆʁ ʇʆʇʋʃʗʎʀʀ 

ɸ. ʀ. ʏʝʨʥʠʛʦʚʩʢʘʷ ɺ. ɼ.1, ʂʘʨʛʘʧʦʣʦʚʘ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʇ.ɸ. ʉʘʚʯʝʥʢʦ1 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ  

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɼʠʢʠʡ ʩʝʚʝʨʥʳʡ ʦʣʝʥʴ (ɼʉʆ) ï ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʫʥʠʢʘʣʴʥʦʝ ʞʠʚʦʪʥʦʝ, 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʝ ʢ ʩʫʨʦʚʳʤ ʫʩʣʦʚʠʷʤ ɸʨʢʪʠʢʠ, ʥʦ ʠ ʚʠʜ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʫʢʣʘʜʘ ʞʠʟʥʠ ʢʦʨʝʥʥʳʭ 

ʤʘʣʦʯʠʩʣʝʥʥʳʭ ʥʘʨʦʜʦʚ ʉʝʚʝʨʘ (ʂʄʅʉ). ʈʝʟʢʦʝ ʩʦʢʨʘʱʝʥʠʝ ʝʛʦ ʯʠʩʣʝʥʥʦʩʪʠ  

ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʵʢʦʩʠʩʪʝʤʳ 

ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ ʊʘʡʤʳʨ ʦʪʤʝʯʘʝʪʩʷ ʘʢʪʠʚʥʦʝ 

ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʠ ʧʨʦʤʳʰʣʝʥʥʦʝ ʦʩʚʦʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʬʦʥʝ 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʣʠʩʴ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʵʢʦʩʠʩʪʝʤʳ ʘʨʢʪʠʯʝʩʢʠʭ ʠ ʩʫʙʘʨʢʪʠʯʝʩʢʠʭ ʪʫʥʜʨ, ʚʢʣʶʯʘʷ ʧʦʧʫʣʷʮʠʠ 

ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ [1].  

ʀʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ. ɻʣʦʙʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʦʢʘʟʳʚʘʶʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ ʜʠʢʦʛʦ ʩʝʚʝʨʥʦʛʦ ʦʣʝʥʷ, 

ʜʠʥʘʤʠʢʫ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʫʪʝʡ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʧʫʣʷʮʠʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʟʘʪʨʘʛʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʥʦ ʠ ʪʨʘʜʠʮʠʦʥʥʳʡ ʙʳʪ 

ʤʝʩʪʥʳʭ ʦʙʱʠʥ. ʇʦʪʝʧʣʝʥʠʝ ʚ ʘʨʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ 

ʧʣʦʱʘʜʠ ʪʫʥʜʨʳ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʠʟʤʝʥʝʥʠʶ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ɼʘʥʥʳʡ ʥʝʛʘʪʠʚʥʳʡ ʬʘʢʪʦʨ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ 

ʢʦʨʤʦʚʦʛʦ ʨʝʩʫʨʩʘ, ʠʟʤʝʥʝʥʠʶ ʤʘʨʰʨʫʪʦʚ ʤʠʛʨʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʩʤʝʱʝʥʠʝʤ ʧʦʧʫʣʷʮʠʠ ʚ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʩʨʝʜʫ. ʇʦ ʜʘʥʥʳʤ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʍʘʪʘʥʛʘ (ʨʠʩʫʥʦʢ), ʚ ʧʝʨʠʦʜ ʩ 1984 ʧʦ 2000 ʛʛ. 

 

É ʏʝʨʥʠʛʦʚʩʢʘʷ ɸ. ʀ., ʂʘʨʛʘʧʦʣʦʚʘ ɺ. ɼ., 2025 
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ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʦʛʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠʚʝʜʫʪ ʢ ʨʦʩʪʫ 

ʧʨʠʟʝʤʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘ 2,4 , ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʚʣʠʷʝʪ ʥʘ ʩʨʦʢʠ 

ʚʝʩʝʥʥʝʡ ʠ ʦʩʝʥʥʝʡ ʤʠʛʨʘʮʠʡ ʦʣʝʥʝʡ. ʄʥʦʛʦʣʝʪʥʠʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʩʦʢʨʘʪʠʣʦʩʴ [2].  

 

ʈʠʩʫʥʦʢ. ʉʨʝʜʥʝʤʥʦʛʦʣʝʪʥʷʷ ʩʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘ ʊʘʡʤʳʨʝ  

1 ï ʩʨʝʜʥʷʷ ʟʘ 1984-2000 ʛʛ. ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʥʘʙʣʶʜʝʥʠʡ; 

2 ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʧʦ ʧʨʦʛʥʦʟʫ ʢ 2050 ʛ.; I ï XII  - ʤʝʩʷʮʳ 

ʍʠʱʥʠʢʠ. ɺʦʣʢ, ʙʫʨʳʡ ʤʝʜʚʝʜʴ, ʨʦʩʦʤʘʭʘ, ʨʳʩʴ ʠ ʜʨʫʛʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

ʜʘʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʦʢʘʟʳʚʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʯʠʩʣʝʥʥʦʩʪʴ 

ʧʦʧʫʣʷʮʠʠ. ʅʘ ʩʝʚʝʨʝ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ ʚʦʣʢ ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 60-70 

ʪʳʩ. ʦʩʦʙʝʡ. ɺʦ ʚʨʝʤʷ ʤʠʛʨʘʮʠʠ ʦʣʝʥʝʡ ʠʟ ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ ʧʣʘʪʦ ʇʫʪʦʨʘʥʘ 

ʭʠʱʥʠʢʠ, ʥʫʞʜʘʶʱʠʝʩʷ ʚ ʧʠʱʝ, ʜʦʙʳʚʘʶʪ ʦʩʣʘʙʣʝʥʥʳʭ ʦʩʦʙʝʡ. 

ɺ 60-ʝ ʛʦʜʳ ʧʦʧʫʣʷʮʠʷ ʚʦʣʢʘ ʧʨʝʪʝʨʧʝʣʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʦʢʨʘʱʝʥʠʝ 

ʯʠʩʣʝʥʥʦʩʪʠ, ʪʝʤ ʩʘʤʳʤ, ʚʦʟʨʦʩʣʘ ʯʠʩʣʝʥʥʦʩʪʴ ʩʝʚʝʨʥʦʛʦ ʦʣʝʥʷ ʩ 110 ʪʳʩ. 

ʦʩʦʙʝʡ (1959 ʛ.) ʜʦ 386 ʪʳʩ. (1972 ʛ.) [3]. ʇʦʟʜʥʝʝ, ʚ ʧʝʨʠʦʜ 80-ʭ ʛʦʜʦʚ 

ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʭʠʱʥʠʢʘ ʟʘʤʝʪʥʦ ʚʳʨʦʩʣʘ, ʪʝʤ ʩʘʤʳʤ ʫʩʠʣʠʷ ʧʨʝʩʩ ʥʘ 

ʦʣʝʥʝʡ. 

ɸʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʆʭʦʪʥʠʯʠʡ ʧʨʦʤʳʩʝʣ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʩʦʩʪʦʷʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʜʠʢʦʛʦ ʩʝʚʝʨʥʦʛʦ ʦʣʝʥʷ. 

ʅʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʝ ʠʟʲʷʪʠʝ ʠ ʙʨʘʢʦʥʴʝʨʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ 

ʜʣʷ ʜʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ. ʉ 1930 ʛʦʜʘ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʣʦ ʦʩʚʦʝʥʠʝ ʥʦʚʳʭ 

ʪʝʨʨʠʪʦʨʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ, ʜʦʙʳʯʘ ʜʘʥʥʦʛʦ ʚʠʜʘ ʚʳʨʦʩʣʘ  

ʩ 10 ʪʳʩ. ʜʦ 18 ʪʳʩ. ʛʦʣʦʚ ʚ ʛʦʜ. ɺʩʝʛʦ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʫʯʝʪʦʚ ʠ ʜʦ 1984 ʛʦʜʘ ʙʳʣʦ 

ʠʟʲʷʪʦ ʦʢʦʣʦ 825 ʪʳʩ. ʦʩʦʙʝʡ. ɼʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʧʫʣʷʮʠʶ ʠʤʝʝʪ 

ʥʝʩʢʦʣʴʢʦ ʩʪʦʨʦʥ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʪʩʪʨʝʣ ʠ ʜʦʙʳʯʘ ʩʥʠʟʠʣʘ ʝʩʪʝʩʪʚʝʥʥʫʶ 

ʩʤʝʨʪʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʦ ʜʦʣʶ ʚʟʨʦʩʣʳʭ ʩʘʤʮʦʚ ʠ ʩʘʤʦʢ,  

ʠ ʫʤʝʥʴʰʠʣʦ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʨʳʭ ʠ ʦʩʣʘʙʣʝʥʥʳʭ ʦʩʦʙʝʡ, ʯʪʦ ʚ ʧʦʩʣʝʜʩʪʚʠʝ 

ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʣʦ ʨʘʟʤʥʦʞʝʥʠʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʦʭʦʪʝ, ʯʪʦ ʚ ʧʦʩʣʝʜʩʪʚʠʝ ʧʨʠʚʝʣʦ  

ʢ ʩʤʝʱʝʥʠʶ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʧʦʣʦʚ ʤʝʞʜʫ ʩʘʤʮʘʤʠ ʠ ʩʘʤʢʘʤʠ, ʠʟʤʝʥʝʥʠʶ 

ʧʦʣʦʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʧʫʣʷʮʠʠ [4].  
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ʇʦ ʜʘʥʥʳʤ ʘʚʠʘʫʯʝʪʘ ʟʘ 2021 ʛʦʜ, ʧʨʦʤʳʩʣʦʚʘʷ ʢʚʦʪʘ ʩʦʩʪʘʚʠʣʘ 2,5%  

ʦʪ ʯʠʩʣʝʥʥʦʩʪʠ ʩʝʚʝʨʥʦʛʦ ʦʣʝʥʷ ʠ ʧʨʠʙʣʠʟʠʣʘʩʴ ʢ 5,5 ʪʳʩ. ʦʩʦʙʝʡ [5]. ʕʪʦʪ 

ʧʨʦʤʳʩʝʣ ʙʳʣ ʦʛʨʘʥʠʯʝʥ, ʯʪʦ ʥʝ ʧʦʚʣʠʷʣʦ ʥʘ ʜʦʙʳʯʫ ɼʉʆ ʢʦʨʝʥʥʳʤʠ 

ʤʘʣʦʯʠʩʣʝʥʥʳʤʠ ʥʘʨʦʜʘʤʠ ʉʝʚʝʨʘ.  

ɸʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʜʦʨʦʛ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʠʤʝʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʤʠʛʨʘʮʠʦʥʥʳʝ ʤʘʨʰʨʫʪʳ ʩʝʚʝʨʥʦʛʦ ʦʣʝʥʷ, ʘ ʪʘʢʞʝ ʥʘ ʢʘʯʝʩʪʚʦ  

ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʢʦʨʤʦʚʦʡ ʙʘʟʳ. ɸʢʪʠʚʥʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʚ ʚʠʜʝ ʟʘʛʨʷʟʥʝʥʠʷ  

ʚʦʜ, ʚʦʟʜʫʭʘ ʠ ʧʦʯʚ ʪʫʥʜʨʦʚʳʭ ʵʢʦʩʠʩʪʝʤ ʚʝʜʝʪ ʢ ʥʝʦʙʨʘʪʠʤʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ  

ʚ ʦʪʥʦʰʝʥʠʠ ʥʝ ʪʦʣʴʢʦ ʜʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʥʦ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ ʠ ʩʨʝʜʳ 

ʠʭ ʦʙʠʪʘʥʠʷ [6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʩʦʩʪʦʷʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʪʘʡʤʳʨʦ-ʵʚʝʥʢʠʡʩʢʦʡ 

ʧʦʧʫʣʷʮʠʠ ʜʠʢʦʛʦ ʩʝʚʝʨʥʦʛʦ ʦʣʝʥʷ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʛʣʦʙʘʣʴʥʳʝ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʨʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ ʭʠʱʥʳʭ ʞʠʚʦʪʥʳʭ, ʦʭʦʪʥʠʯʠʡ 

ʧʨʦʤʳʩʝʣ ʠ ʙʨʘʢʦʥʴʝʨʩʪʚʦ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʚʢʣʶʯʘʶʱʠʝ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʅʦʨʠʣʴʩʢʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʣʠʥʝʡʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 
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ʋɼʂ 502.171:346.1:622.323 

ʄʅʆɻʆʃɽʊʅʗʗ ɼʀʅɸʄʀʂɸ ʕʂʆʃʆɻʀʏɽʉʂʀʍ 

ʇʈɸɺʆʅɸʈʋʐɽʅʀʁ ʉʆ ʉʊʆʈʆʅʓ ʅɽʌʊɽɻɸɿʆɺʆɻʆ ʉɽʂʊʆʈɸ 

ʄ. ʉ. ʐʘʙʣʦʚʩʢʘʷ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʈ. ɸ. ʐʘʨʘʬʫʪʜʠʥʦʚ1 

ʂʘʥʜʠʜʘʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʫʢ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʧʨʝʩʪʫʧʣʝʥʠʝ ð ʵʪʦ ʧʨʝʜʫʩʤʦʪʨʝʥʥʦʝ ʫʛʦʣʦʚʥʳʤ ʟʘʢʦʥʦʤ 

ʦʙʱʝʩʪʚʝʥʥʦ ʦʧʘʩʥʦʝ ʚʠʥʦʚʥʦʝ ʜʝʷʥʠʝ, ʧʦʩʷʛʘʶʱʝʝ ʥʘ ʦʙʱʝʩʪʚʝʥʥʳʝ 

ʦʪʥʦʰʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʦʭʨʘʥʝʥʠʝ ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʯʝʣʦʚʝʢʘ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ  

ʝʸ ʨʝʩʫʨʩʦʚ ʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ.  

ʅʝʢʦʪʦʨʳʝ ʚʠʜʳ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʩʪʫʧʣʝʥʠʡ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ: 

- ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʙʦʪ 

(ʩʪʘʪʴʷ 246 ʋʛʦʣʦʚʥʦʛʦ ʢʦʜʝʢʩʘ ʈʌ);  

- ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʦʙʨʘʱʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ ʠ ʦʪʭʦʜʦʚ 

(ʩʪʘʪʴʷ 247 ʋʂ ʈʌ);  

- ʥʘʨʫʰʝʥʠʝ ʚʝʪʝʨʠʥʘʨʥʳʭ ʧʨʘʚʠʣ ʠ ʧʨʘʚʠʣ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʣʷ ʙʦʨʴʙʳ  

ʩ ʙʦʣʝʟʥʷʤʠ ʠ ʚʨʝʜʠʪʝʣʷʤʠ ʨʘʩʪʝʥʠʡ (ʩʪʘʪʴʷ 249 ʋʂ ʈʌ);  

- ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜ (ʩʪʘʪʴʷ 250 ʋʂ ʈʌ);  

- ʧʦʨʯʘ ʟʝʤʣʠ (ʩʪʘʪʴʷ 254 ʋʂ ʈʌ) [1]. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʥʝʣʴʟʷ ʟʘʙʳʚʘʪʴ, ʯʪʦ ʜʦʙʳʯʘ ʥʝʬʪʠ ʠ ʛʘʟʘ 

ʠʟʥʘʯʘʣʴʥʦ ʠʤʝʝʪ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʵʢʦʣʦʛʠʠ. ʊʘʢ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʦʪ ʥʝʬʪʠ ʠ ʛʘʟʘ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʠʭ ʩʞʠʛʘʥʠʠ  

ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧʣʘ ʠʣʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʘʨʥʠʢʦʚʳʝ ʛʘʟʳ ʪʘʢʞʝ ʚʳʜʝʣʷʶʪʩʷ ʧʨʠ ʜʦʙʳʯʝ ʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʥʝʬʪʠ ʠ ʛʘʟʘ. ʅʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ (<200 ʤʣʥ ʪʦʥʥ CO2-ʵʢʚ.) ʚʳʙʨʘʩʳʚʘʝʪʩʷ 

ʧʨʠ ʩʞʠʛʘʥʠʠ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʙʶʜʞʝʪʘ, ʩʦʚʦʢʫʧʥʳʝ ʚʳʙʨʦʩʳ 

ʫʛʣʝʨʦʜʘ ʚ ʧʝʨʠʦʜ ʩ 2011 ʧʦ 2050 ʛʦʜ ʜʦʣʞʥʳ ʩʦʩʪʘʚʣʷʪʴ ʤʝʥʝʝ 1100 ɻʪCO2  

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʧʦ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 2 C. ɺʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ, ʚʢʣʶʯʝʥʥʳʝ ʚ ʪʝʢʫʱʠʝ ʦʮʝʥʢʠ ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ, 

ʧʨʠʤʝʨʥʦ ʚ ʪʨʠ ʨʘʟʘ ʧʨʝʚʳʰʘʶʪ ʵʪʫ ʮʠʬʨʫ. ʊʨʝʪʴ ʟʘʧʘʩʦʚ ʥʝʬʪʠ, ʧʦʣʦʚʠʥʘ 

ʟʘʧʘʩʦʚ ʛʘʟʘ ʠ ʙʦʣʝʝ 80% ʪʝʢʫʱʠʭ ʟʘʧʘʩʦʚ ʫʛʣʷ ʜʦʣʞʥʳ ʦʩʪʘʪʴʩʷ 

ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʳʤʠ ʩ 2010 ʧʦ 2050 ʛʦʜ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʮʝʣʠ ʧʦ ʩʥʠʞʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 2 C [5]. 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʠ ʥʝʪʨʘʜʠʮʠʦʥʥʘʷ ʜʦʙʳʯʘ ʥʝʬʪʠ ʠ ʛʘʟʘ ʧʨʠʚʦʜʠʪ  

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʩʪʦʯʥʳʭ ʚʦʜ. ʆʙʳʯʥʦ ʦʥʠ ʟʘʛʨʷʟʥʝʥʳ 

ʪʦʢʩʠʯʥʳʤʠ ʭʠʤʠʢʘʪʘʤʠ ʠ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ. ʀʭ ʯʘʩʪʦ ʚʳʙʨʘʩʳʚʘʶʪ ʚ ʷʤʳ 
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ʜʣʷ ʭʨʘʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʥʘʭ ʧʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʣʠʮʦʚʳʚʘʪʴ. ʕʪʠ ʷʤʳ ʤʦʛʫʪ ʟʘʛʨʷʟʥʷʪʴ ʚʦʟʜʫʭ, ʚʢʣʶʯʘʷ ʙʝʥʟʦʣ (ʢʘʥʮʝʨʦʛʝʥ), 

ʩʝʨʦʚʦʜʦʨʦʜ ʠ ʣʝʪʫʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʚʨʝʜʥʳʝ ʜʣʷ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʠ ʤʝʩʪʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʉʪʦʯʥʳʝ ʚʦʜʳ ʪʘʢʞʝ ʫʜʘʣʷʶʪʩʷ ʚ 

ʥʘʛʥʝʪʘʪʝʣʴʥʳʝ ʩʢʚʘʞʠʥʳ, ʧʨʦʙʫʨʝʥʥʳʝ ʚ ʧʦʨʠʩʪʦʡ ʧʦʨʦʜʝ (ʥʘʧʨʠʤʝʨ, 

ʧʝʩʯʘʥʠʢʝ ʠʣʠ ʠʟʚʝʩʪʥʷʢʝ), ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʦʣʠʨʦʚʘʥʳ ʦʪ ʠʩʪʦʯʥʠʢʦʚ 

ʧʠʪʴʝʚʦʡ ʚʦʜʳ. ɺ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʘʭ ʩʪʦʯʥʳʝ ʚʦʜʳ ʧʦʜʘʶʪʩʷ ʥʘ ʧʦʣʷ, 

ʨʘʟʙʨʘʩʳʚʘʶʪʩʷ ʧʦ ʜʦʨʦʛʘʤ ʠʣʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʫʨʦʚʳʤʠ ʢʦʤʧʘʥʠʷʤʠ [3]. 

ʆʩʦʙʥʷʢʦʤ ʚ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʩʪʦʷʪ ʘʚʘʨʠʠ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʢʦʪʦʨʳʝ ʧʦ ʩʚʦʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʜʣʷ ʵʢʦʣʦʛʠʠ ʧʨʝʚʦʩʭʦʜʷʪ 

ʦʩʪʘʣʴʥʳʝ ʚʠʜʳ ʟʘʛʨʷʟʥʝʥʠʡ. 

ɺ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʧʨʠʟʥʘʥ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʧʨʠʯʠʥʦʡ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʘʚʘʨʠʡ. ʅʘʧʨʠʤʝʨ, ʢʘʪʘʩʪʨʦʬʘ 

Piper Alpha ʚ 1988 ʛʦʜʫ ʧʨʠʚʝʣʘ ʢ ʛʠʙʝʣʠ 167 ʯʝʣʦʚʝʢ ʠ ʧʦʣʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ 

ʤʦʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ɸʚʘʨʠʷ ʥʘ ʧʣʘʪʬʦʨʤʝ BP Deepwater Horizon ʚ 2010 ʛʦʜʫ ï 

ʦʜʥʘ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʢʦʛʜʘ-ʣʠʙʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ï ʧʨʠʚʝʣʘ 

ʢ ʛʠʙʝʣʠ 11 ʯʝʣʦʚʝʢ ʠ ʨʘʟʣʠʚʫ ʙʦʣʝʝ 4,5 ʤʠʣʣʠʦʥʦʚ ʙʘʨʨʝʣʝʡ ʩʳʨʦʡ ʥʝʬʪʠ ʚ 

ʄʝʢʩʠʢʘʥʩʢʦʤ ʟʘʣʠʚʝ ʉʐɸ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʞʘʨʘ ʥʘ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʤ 

ʟʘʚʦʜʝ BP ʚ ʊʝʭʘʩʝ ʚ 2005 ʛʦʜʫ 15 ʯʝʣʦʚʝʢ ʧʦʛʠʙʣʠ ʠ 180 ʧʦʣʫʯʠʣʠ ʨʘʥʝʥʠʷ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʧʨʠʯʠʥʥʳʝ ʬʘʢʪʦʨʳ, ʚʳʷʚʣʝʥʥʳʝ ʚ 

ʢʘʞʜʦʤ ʠʟ ʵʪʠʭ ʠʥʮʠʜʝʥʪʦʚ, ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʯʝʣʦʚʝʯʝʩʢʠʤ ʠ ʦʧʝʨʘʪʠʚʥʳʤ 

ʦʰʠʙʢʘʤ. 

ʆʙʨʘʪʠʤʩʷ ʢ ʘʥʘʣʠʟʫ ʘʚʘʨʠʡʥʦʩʪʠ ʟʘ ʧʝʨʠʦʜ 2018ï2023 ʛʦʜ, ʚ ʢʦʪʦʨʦʤ 

ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʧʨʠʯʠʥʳ ʪʘʢʠʭ ʘʚʘʨʠʡ. 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʟʘ ʦʪʚʝʜʝʥʥʳʡ ʧʝʨʠʦʜ ʧʨʦʠʟʦʰʣʦ ʧʦʨʷʜʢʘ 

260 ʘʚʘʨʠʡ. ʆʙʱʘʷ ʩʪʘʪʠʩʪʠʢʘ ʘʚʘʨʠʡ ʥʘ ʦʙʲʝʢʪʘʭ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʟʘ 2018 

ï 2023 ʛʦʜ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ. 

 

ʈʠʩʫʥʦʢ. ʉʪʘʪʠʩʪʠʢʘ ʘʚʘʨʠʡ ʥʘ ʦʙʲʝʢʪʘʭ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʟʘ 2018ï2023 ʛʦʜ [4] 

ɹʦʣʴʰʝ ʚʩʝʛʦ ʘʚʘʨʠʡ ʩ 2018 ʧʦ 2023 ʛ. ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʯʝʨʥʠʝ ʢʦʤʧʘʥʠʠ 

ʈʦʩʥʝʬʪʠ (16 ʘʚʘʨʠʡ) ʠ ʃʋʂʆʁʃʘ (12 ʘʚʘʨʠʡ). 

ʊʘʢ, ʠʟ ʧʦʩʣʝʜʥʠʭ ʘʚʘʨʠʡ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 15 ʜʝʢʘʙʨʷ 2024 ʛʦʜʘ  

ʚ ʂʝʨʯʝʥʩʢʦʤ ʧʨʦʣʠʚʝ ʧʨʦʠʟʦʰʣʘ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʢʘʪʘʩʪʨʦʬʘ, ʚʳʟʚʘʥʥʘʷ 

ʨʘʟʣʠʚʦʤ ʤʘʟʫʪʘ ʩ ʜʚʫʭ ʪʘʥʢʝʨʦʚ ð çɺʦʣʛʦʥʝʬʪʴ-212è ʠ çɺʦʣʛʦʥʝʬʪʴ-239è. 

ʇʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʘʢʪʠʚʥʦ ʬʦʨʤʠʨʫʝʪʩʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʧʨʘʚʦ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ ʠ ʜʘʞʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ 

31%

17%36%

17%

ɺʳʙʨʦʩ ʛʦʨʶʯʠʭ ʚʝʱʝʩʪʚ, ʧʦʞʘʨ

ʈʘʟʨʫʰʝʥʠʝ ʩʦʦʨʫʞʝʥʠʡ

ʇʦʚʨʝʞʜʝʥʠʝ, ʨʘʟʨʫʰʝʥʠʝ ʊʋ

ʅʝʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʚʟʨʳʚ
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ʦʙʨʘʟʦʚʘʥʠʝ. ɿʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʦʩʪʦʷʥʥʦ ʧʨʝʪʝʨʧʝʚʘʝʪ 

ʠʟʤʝʥʝʥʠʷ, ʠ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ, 

ʧʦʣʠʪʠʯʝʩʢʠʭ, ʤʝʞʜʫʥʘʨʦʜʥʳʭ, ʦʙʱʝʩʪʚʝʥʥʳʭ ʨʝʘʣʠʡ. 

ʆʩʥʦʚʘ ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʩʬʝʨʝ ʵʢʦʣʦʛʠʠ ʙʳʣʘ ʟʘʣʦʞʝʥʘ 

ʇʨʝʟʠʜʝʥʪʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩ ʧʨʠʥʷʪʠʝʤ ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʦʪ 

10.01.2002 ʛ. N 7-ʌɿ çʆʙ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè [2]. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʘʚʦʥʘʨʫʰʝʥʠʷ, ʩʦʚʝʨʰʘʝʤʳʝ ʥʝʬʪʝʛʘʟʦʚʳʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʥʘʥʝʩʝʥʠʠ ʚʨʝʜʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ, ʧʦʞʘʨʦʚ, 

ʚʟʨʳʚʦʚ ʠ ʪ.ʜ. ʇʨʠ ʵʪʦʤ ʧʨʠʯʠʥʘʤʠ ʧʦʜʦʙʥʳʭ ʘʚʘʨʠʡ ʷʚʣʷʶʪʩʷ ʤʥʦʞʝʩʪʚʦ 

ʬʘʢʪʦʨʦʚ ʦʪ ʯʝʣʦʚʝʯʝʩʢʠʭ ʦʰʠʙʦʢ ʜʦ ʩʣʘʙʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ. 
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ʋɼʂ 582.475-145:581.132.1 (470.1- 924.82) 

ʄʆʈʌʆʄɽʊʈʀʗ ʀ ʌʀʊʆʄɸʉʉɸ ʇʈɽɼʉʊɸɺʀʊɽʃɽʁ 

ʂʋʉʊɸʈʅʀʂʆɺʆɻʆ ʀ ʂʋʉʊɸʈʅʀʏʂʆɺʆɻʆ ʗʈʋʉʆɺ 

ʇʃʆʉʂʆɹʋɻʈʀʉʊʆɻʆ ʊʆʈʌʗʅʀʂɸ ɺ ʈɸʁʆʅɽ ɻ. ʀɻɸʈʂɸ  

ɼ. ɺ. ʐʘʧʦʚʘʣʦʚʘ1,2, ɼ. ɸ. ʇʦʣʦʩʫʭʠʥʘ1,2 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɸ. ʉ. ʇʨʦʢʫʰʢʠʥ1,2 

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɹʦʨʝʘʣʴʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʚʳʧʦʣʥʷʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 

ʢʣʠʤʘʪʘ, ʧʦʛʣʦʱʝʥʠʠ ʫʛʣʝʨʦʜʘ, ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʝʩʥʦʡ ʚʦʜʦʡ ʠ ʩʦʭʨʘʥʝʥʠʠ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ. ɼʦʣʷ ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʦʚ ʩʦʩʪʘʚʣʷʝʪ 30% ʧʣʦʱʘʜʠ ʣʝʩʦʚ ʤʠʨʘ 

(Baltzer et al., 2021), ʥʘ ʥʠʭ ʧʨʠʭʦʜʠʪʩʷ 11% ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʰʠ ɿʝʤʣʠ (Nilsson & 

Wardle, 2005). ʂʫʩʪʘʨʥʠʢʦʚʳʡ ʠ ʢʫʩʪʘʨʥʠʯʢʦʚʳʡ ʷʨʫʩʳ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʣʝʩʦʚ ʠ ʙʦʣʦʪ ʢʨʠʦʣʠʪʦʟʦʥʳ, ʩʦʩʪʘʚʣʷ ̫ʜʦ 

45% ʬʠʪʦʤʘʩʩʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ (ʃʷʥʛʫʟʦʚʘ, ʇʨʠʤʘʢ, 2019), ʘ ʠʭ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʧʦ ʥʝʢʦʪʦʨʳʤ ʦʮʝʥʢʘʤ (Wardle and Zackrisson, 2005), ʜʦʩʪʠʛʘʝʪ 

62% ʦʪ ʝʝ ʩʫʤʤʘʨʥʦʡ ʚʝʣʠʯʠʥʳ ʚ ʬʠʪʦʮʝʥʦʟʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʫʩʪʘʨʥʠʢʠ ʠ 

ʢʫʩʪʘʨʥʠʯʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʢʦʤʧʦʥʝʥʪ ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ 

ʙʠʦʛʝʦʮʝʥʦʟʦʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪ, ʚʳʧʦʣʥʷʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʣʝʩʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ 

ʬʫʥʢʮʠʶ ʧʦʩʣʝ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʨʫʙʢʠ, ʣʝʩʥʳʝ ʧʦʞʘʨʳ, 

ʧʦʜʪʦʧʣʝʥʠʷ, ʨʝʢʨʝʘʮʠʦʥʥʘʷ ʥʘʛʨʫʟʢʘ.1 

ʆʮʝʥʢʘ ʚʟʘʠʤʦʩʚʷʟʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʚʳʩʦʪʘ ʠ ʜʠʘʤʝʪʨ) 

ʢʫʩʪʘʨʥʠʯʢʦʚ ʩ ʬʨʘʢʮʠʦʥʥʳʤ ʩʦʩʪʘʚʦʤ ʠʭ ʬʠʪʦʤʘʩʩʳ ʥʝʦʙʭʦʜʠʤʘ ʢʘʢ ʜʣʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʠ ʜʣʷ ʫʯʝʪʘ ʜʝʧʦʥʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜʘ  

ʚ ʣʝʩʥʳʭ ʠ ʙʦʣʦʪʥʳʭ ʬʠʪʦʮʝʥʦʟʘʭ (ʋʩʦʣʴʮʝʚ ʠ ʜʨ., 2023). ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʧʘʩʦʚ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ ʜʨʝʚʝʩʥʳʭ ʞʠʟʥʝʥʥʳʭ ʬʦʨʤ 

ʬʠʪʦʮʝʥʦʟʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʘʣʣʦʤʝʪʨʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʷʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ  

ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʫʨʦʚʥʝ (Conti et al., 2019). ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʣʘ  

ʚ ʚʳʷʚʣʝʥʠʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʝʞʜʫ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʫʩʪʘʨʥʠʢʦʚʦʛʦ ʠ ʢʫʩʪʘʨʥʠʯʢʦʚʦʛʦ ʷʨʫʩʦʚ ʠ ʬʨʘʢʮʠʦʥʥʳʤ 

ʩʦʩʪʘʚʦʤ ʠʭ ʬʠʪʦʤʘʩʩʳ. 

ʉʙʦʨ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʜʠʣʩʷ ʚ ʣʝʪʥʠʡ ʠ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜʳ 2024 ʛ. ʥʘ ʩʝʚʝʨʝ 

ɺʝʨʭʥʝʪʘʟʦʚʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʚ ʧʝʨʝʭʦʜʥʦʡ ʧʦʣʦʩʝ  

ʦʪ ʣʠʩʪʚʝʥʥʠʯʥʳʭ ʩʝʚʝʨʦʪʘʸʞʥʳʭ ʨʝʜʢʦʩʪʦʡʥʳʭ ʣʝʩʦʚ ʢ ʧʨʝʜʪʫʥʜʨʦʚʳʤ 

ʨʝʜʢʦʣʝʩʴʷʤ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʠʣ ʧʣʦʩʢʦʙʫʛʨʠʩʪʳʡ ʪʦʨʬʷʥʠʢ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ 10 ʢʤ ʢ ʩʝʚʝʨʫ ʦʪ ʛ. ʀʛʘʨʢʘ ʊʫʨʫʭʘʥʩʢʦʛʦ ʨʘʡʦʥʘ 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ. ɺ ʧʨʝʜʝʣʘʭ ʵʪʦʛʦ ʙʦʣʦʪʥʦʛʦ ʤʘʩʩʠʚʘ ʙʳʣʠ ʟʘʣʦʞʝʥʳ  

 

É ʐʘʧʦʚʘʣʦʚʘ ɼ. ɺ., ʇʦʣʦʩʫʭʠʥʘ ɼ. ɸ., 2025 
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ʪʨʠ ʢʨʫʛʦʚʳʝ ʧʨʦʙʥʳʝ ʧʣʦʱʘʜʠ (r = 15 ʤ), ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʙʫʛʨʘʭ ʧʫʯʝʥʠʷ.  

ʅʘ ʢʘʞʜʦʡ ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʠ ʟʘʢʣʘʜʳʚʘʣʦʩʴ 5 ï 6 ʫʯʝʪʥʳʭ ʧʣʦʱʘʜʦʢ, ʥʘ ʢʦʪʦʨʳʭ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦʣʥʳʡ ʧʝʨʝʯʝʪ ʠ ʦʪʙʦʨ ʨʘʩʪʝʥʠʡ ʢʫʩʪʘʨʥʠʢʦʚʦʛʦ (1 ʤ ³ 1 ʤ) ʠ 

ʢʫʩʪʘʨʥʠʯʢʦʚʦʛʦ (0,5 ʤ ³ 0,5 ʤ) ʷʨʫʩʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʚʳʙʨʘʥʳ Betula nana L., Ledum palustre L., Vaccinium myrtillus L., Vaccinium 

uliginosum L., Vaccinium vitis-idaea L., Chamaedaphne calyculata (L.) Moenc. 

ʀʟʤʝʨʝʥʠʝ ʠʭ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʚʳʩʦʪʘ ʧʦʙʝʛʘ, ʜʠʘʤʝʪʨ ʩʪʚʦʣʠʢʘ 

ʫ ʢʦʨʥʝʚʦʡ ʰʝʡʢʠ) ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʪʦʤʘʩʩʳ ʬʨʘʢʮʠʡ ʢʘʞʜʦʛʦ ʠʟ ʤʦʜʝʣʴʥʳʭ 

ʨʘʩʪʝʥʠʡ (ʣʠʩʪʴʷ, ʚʝʪʚʠ ʠ ʩʪʝʙʣʠ) ʧʨʦʠʟʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʥʘʤʠ 

ʨʘʥʝʝ (ʇʦʣʦʩʫʭʠʥʘ ʠ ʜʨ., 2024). ɼʘʣʝʝ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʢʫʩʪʘʨʥʠʢʦʚʦʛʦ ʠ 

ʢʫʩʪʘʨʥʠʯʢʦʚʦʛʦ ʷʨʫʩʘ ʧʨʦʚʦʜʠʣʩʷ ʨʘʩʯʝʪ ʘʣʣʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ: 

 
M = a X b, 

 

ʛʜʝ:  

ʄ ï ʤʘʩʩʘ ʬʨʘʢʮʠʠ (ʣʠʩʪʴʷ, ʚʝʪʢʠ ʠ ʩʪʚʦʣʠʢ),  

X ï ʚʳʩʦʪʘ ʠʣʠ ʜʠʘʤʝʪʨ ʩʪʝʙʣʝʡ ʫ ʢʦʨʥʝʚʦʡ ʰʝʡʢʠ ʚ ʩʤ,  

a ʠ b ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʣʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʬʨʘʢʮʠʡ 

ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʘʣʣʦʤʝʪʨʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʘ ʠʤʝʥʥʦ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʪʝʨʤʠʥʘʮʠʠ (R2). ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ  

ʚ MS Excel. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʦʣʥʦʛʦ ʧʝʨʝʯʝʪʘ ʠ ʧʦʣʫʯʝʥʥʳʭ ʘʣʣʦʤʝʪʨʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʚʠʜʦʚʦʡ ʟʘʧʘʩ ʢʫʩʪʘʨʥʠʢʦʚʦʛʦ ʠ ʢʫʩʪʘʨʥʠʯʢʦʚʦʛʦ 

ʷʨʫʩʦʚ (ʛ/ʤ2). 

ɽʜʠʥʩʪʚʝʥʥʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʢʫʩʪʘʨʥʠʢʦʚʦʛʦ ʷʨʫʩʘ (B. nana)  

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʣʦʩʢʦʙʫʛʨʠʩʪʦʛʦ ʪʦʨʬʷʥʠʢʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʚʘʨʴʠʨʦʚʘʥʠʝʤ 

ʟʥʘʯʝʥʠʡ ʚʳʩʦʪʳ ʦʪ 58 ʜʦ 128 ʩʤ (79 Ñ 23 ʩʤ). ɼʠʘʤʝʪʨ ʫ ʢʦʨʥʝʚʦʡ ʰʝʡʢʠ 

ʚʘʨʴʠʨʦʚʘʣ ʦʪ 5,3 ʜʦ 15,0 ʤʤ (9,2 Ñ 2,7 ʤʤ). ʉʨʝʜʠ ʜʦʤʠʥʘʥʪʦʚ ʢʫʩʪʘʨʥʠʯʢʦʚʦʛʦ 

ʷʨʫʩʘ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʚʳʩʦʪʳ ʠ ʜʠʘʤʝʪʨʘ ʧʦʣʫʯʝʥʳ ʜʣʷ ʙʘʛʫʣʴʥʠʢʘ, 

ʢʦʪʦʨʳʝ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 12 ʜʦ 82 ʩʤ (32 Ñ 17 ʩʤ) ʠ ʦʪ 1 ʜʦ 9 ʤʤ (3,8 Ñ 2,0 ʤʤ), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʠʤʝʥʴʰʠʝ ʚʝʣʠʯʠʥʳ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʳʷʚʣʝʥʳ ʫ V. vitis-idaea ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʚʳʩʦʪʳ 8 ï 17 ʩʤ (13,1 Ñ 2,5 ʩʤ) ʠ 

ʜʠʘʤʝʪʨʘ ʫ ʢʦʨʥʝʚʦʡ ʰʝʡʢʠ 0,4 ï 1,4 ʤʤ (0,9 Ñ 0,3 ʤʤ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʟʘʚʠʩʠʤʦʩʪʠ ʬʠʪʦʤʘʩʩʳ (ʧʦ ʬʨʘʢʮʠʷʤ) ʚ ʘʙʩʦʣʶʪʥʦ 

ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ ʦʪ ʚʳʩʦʪʳ ʠ ʜʠʘʤʝʪʨʘ ʦʪʦʙʨʘʥʥʳʭ ʨʘʩʪʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʣʣʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʜʣʷ 

ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ C. calyculata ʥʘʠʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ (R2), ʪ.ʝ. ʣʫʯʰʠʤ ʧʨʝʜʠʢʪʦʨʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʟʘʚʠʩʠʤʦʩʪʴ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʘʤʝʪʨʘ ʨʘʩʪʝʥʠʡ ʫ ʢʦʨʥʝʚʦʡ 

ʰʝʡʢʠ. ɼʣʷ ʤʠʨʪʘ ʙʦʣʦʪʥʦʛʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʝʪʝʨʤʠʥʘʮʠʠ ʦʪʤʝʯʘʝʪʩʷ ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʡ ʦʪ ʚʳʩʦʪʳ ʨʘʩʪʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʚʠʜʦʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʨʘʞʘʶʪ ʨʦʣʴ ʩʪʝʧʝʥʠ ʚʝʪʚʣʝʥʠʷ 

(ʇʦʣʦʩʫʭʠʥʘ ʠ ʜʨ., 2024). 
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ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʟʘʧʘʩʦʚ ʩʪʚʦʣʦʚʦʡ ʬʠʪʦʤʘʩʩʳ ʧʨʝʜʩʪʘʚʠʪʝʣʷ 

ʢʫʩʪʘʨʥʠʢʦʚʦʛʦ ʷʨʫʩʘ (B. nana) ʩʦʩʪʘʚʠʣʦ 761 Ñ 583 ʛ/ʤ2. ʅʘʠʙʦʣʴʰʠʝ ʟʘʧʘʩʳ 

ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ ʚ ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ ʷʨʫʩʝ ʭʘʨʘʢʪʝʨʥʳ L. palustre,  

ʘ ʥʘʠʤʝʥʴʰʠʝ ï V. vitis-idaea. 

ʅʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ ʩʦʦʪʥʦʰʝʥʠʷ ʟʘʧʘʩʘ ʣʠʩʪʦʚʦʡ ʬʨʘʢʮʠʠ ʢ ʩʪʚʦʣʦʚʦʡ 

ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʧʝʨʚʦʡ ʚ ʦʙʱʝʡ ʬʠʪʦʤʘʩʩʝ ʫ ʙʨʫʩʥʠʢʠ (~1.4)  

ʠ ʰʠʢʰʠ (~1.3), ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʠʜʦʚ ʭʘʨʘʢʪʝʨʥʳ 

ʟʥʘʯʝʥʠʷ ʥʠʞʝ ʝʜʠʥʠʮʳ ʠ ʫʙʳʚʘʥʠʷ ʚ ʧʦʨʷʜʢʝ: ʙʘʛʫʣʴʥʠʢ ð ʛʦʣʫʙʠʢʘ ð ʙʝʨʝʟʘ 

ʢʘʨʣʠʢʦʚʘʷ ð ʤʠʨʪ (ʦʪ 0,63 ʜʦ 0,21). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʣʦʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ  

ʜʣʷ ʦʮʝʥʦʢ ʟʘʧʘʩʦʚ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ ʢʫʩʪʘʨʥʠʢʦʚʦʛʦ ʠ ʢʫʩʪʘʨʥʠʯʢʦʚʦʛʦ 

ʷʨʫʩʘ ʵʢʦʩʠʩʪʝʤ ʵʪʦʛʦ ʨʘʡʦʥʘ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʥʘʧʦʯʚʝʥʥʦʛʦ/ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʦʢʨʦʚʘ.  
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ɼʀʅɸʄʀʂɸ ʈɸʉʊʀʊɽʃʔʅʆʉʊʀ ɻʆʃʆʎɽʅɸ ʅɸ ʊɽʈʈʀʊʆʈʀʀ 

ʂɸʅʉʂʆʁ ʃɽʉʆʉʊɽʇʀ ɿɸ ʇʆʉʃɽɼʅʀɽ 1600 ʃɽʊ ʇʆ ɼɸʅʅʓʄ 

ʀɿʋʏɽʅʀʗ ɹʆʃʆʊɸ ʈʓɹʅʆɽ 

 

ʄ. ʆ. ʐʘʧʦʨʦʚʘ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɸ. ɹ. ʄʠʭʘʡʣʦʚʘ 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

 

ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

 

ʂʘʥʩʢʘʷ ʣʝʩʦʩʪʝʧʴ, ʢʘʢ ʧʝʨʝʭʦʜʥʚʘʷ ʟʦʥʘ, ʦʩʦʙʝʥʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʘʣʝʦʘʨʭʠʚʦʚ ʙʦʣʦʪ ʧʦʟʚʦʣʷʶʪ 

ʦʮʝʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʙʳʩʪʨʦ ʠ ʩʠʣʴʥʦ ʠʟʤʝʥʷʣʘʩʴ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʚ ʧʨʦʰʣʦʤ ʚ 

ʦʪʚʝʪ ʥʘ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ. ʕʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʫʷʟʚʠʤʦʩʪʴ ʨʝʛʠʦʥʘ 

ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʢʣʠʤʘʪʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ 

ʜʣʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ. 

ʉʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʡ ʘʥʘʣʠʟ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʢʣʠʤʘʪʘ ʧʨʦʰʣʳʭ ʵʧʦʭ. ʆʙʲʝʢʪʘʤʠ ʩʧʦʨʦʚʦ-

ʧʳʣʴʮʝʚʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʶʪʩʷ ʤʠʢʨʦʬʦʩʩʠʣʠʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʧʳʣʴʮʘ ʠ 

ʩʧʦʨʳ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʧʦʨʳ ʛʨʠʙʦʚ, ʨʘʩʪʠʪʝʣʴʥʳʝ ʫʩʪʴʠʮʘ, 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ ʢʣʝʪʦʢ ʚʦʜʦʨʦʩʣʝʡ, ʞʠʚʦʪʥʳʭ ʠ ʪ. ʜ. [1].  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ 

ʤʠʢʨʦʬʦʩʩʠʣʠʡ ʦʪʣʦʞʝʥʠʡ ʙʦʣʦʪʘ ʈʳʙʥʦʝ ʟʘ ʧʦʩʣʝʜʥʠʝ 1600 ʣʝʪ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʙʦʣʦʪʦ ʈʳʙʥʦʝ ʚ ʜʦʣʠʥʝ ʨ. ʈʳʙʥʘʷ ʚ ʦʢʨʝʩʥʦʩʪʷʭ ʜ. 

ʆʣʴʛʠʥʦ (ʋʷʨʩʢʠʡ ʨʘʡʦʥ). ʇʦ ʜʘʥʥʳʤ ʦʪʯʝʪʘ ʛʝʦʣʦʛʦʚ ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʙʦʣʦʪʥʦʛʦ 

ʤʘʩʩʠʚʘ ʈʳʙʥʦʝ ï 2,22 ʢʤ2 [2]. ʄʦʱʥʦʩʪʴ ʟʘʣʦʞʝʥʥʦʡ ʢʦʣʦʥʢʠ ʩʦʩʪʘʚʣʷʝʪ 3,5 ʤ, 

ʠʟ ʥʠʭ: ʪʦʨʬ ï 3,35 ʤ, ʩʫʛʣʠʥʦʢ ï 0,15 ʤ [3]. 

ʇʦʜʩʯʝʪ ʧʳʣʴʮʳ ʠ ʩʧʦʨ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʩʚʝʪʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

çʄʠʢʨʦʤʝʜ-2è ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚ 400 ʨʘʟ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʤʠʢʨʦʬʦʩʩʠʣʠʡ ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʠʪʝʣʷʤʠ [4,5,6], ʥʝʧʳʣʴʮʝʚʳʝ ʧʘʣʠʥʦʤʦʨʬʳ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʠʪʝʣʷʤʠ [7]. 

ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʪʦʨʬʷʥʦʡ ʢʦʣʦʥʢʠ ʤʦʱʥʦʩʪʴʶ 90 ʩʤ ʦʭʚʘʪʳʚʘʝʪ ʚʨʝʤʝʥʥʦʡ 

ʦʪʨʝʟʦʢ ʚ 1600 ʢʘʣʝʥʜʘʨʥʳʭ ʣʝʪ ʥʘʟʘʜ (ʜʘʣʝʝ ï ʢʘʣ.ʣ.ʥ.). ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʥʝʥʠʡ 

ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʛʦ ʩʧʝʢʪʨʘ ʚʳʜʝʣʝʥʳ 6 ʣʦʢʘʣʴʥʳʝʭ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʭ ʟʦʥ 

(ʜʘʣʝʝ ï ʃʇɿ).  

ɺ ʩʦʩʪʘʚʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʤʝʞʜʫ 1600ï1350  ʢʘʣ.ʣ.ʥ. (ʃʇɿ 1) ʦʪʤʝʯʘʣʦʩʴ 

ʚʦʟʨʘʩʪʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʳʣʴʮʳ ʪʨʘʚʷʥʠʩʪʳʭ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʩʝʤʝʡʩʪʚ 

Cichoriaceae ʠ Liliaceae. ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʪʝʤʥʦʭʚʦʡʥʳʭ ʧʦʨʦʜ ï ʚ ʯʘʩʪʥʦʩʪʠ, ʉʦʩʥʳ ʩʠʙʠʨʩʢʦʡ (Pinus sibirica L.). ɺʩʝ ʵʪʠ 

 

É ʐʘʧʦʨʦʚʘ ʄ. ʆ., 2025 
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ʧʨʠʟʥʘʢʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʧʝʨʠʦʜ ʧʦʚʳʰʝʥʠʷ ʫʚʣʘʞʥʝʥʠʷ. 

[10] 

ɺʦ ʚʨʝʤʝʥʥʦʡ ʧʨʦʤʝʞʫʪʦʢ 1350ï1100 ʢʘʣ.ʣ.ʥ. (ʃʇɿ 2) ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ɽʣʠ (Picea obovata Ledeb.), ʥʝʙʦʣʴʰʦʝ 

ʩʥʠʞʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʉʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ (Pinus sylvestries L.). ʉʨʝʜʠ 

ʪʨʘʚʷʥʠʩʪʳʭ ʟʘʤʝʪʥʳ ʨʝʟʢʠʝ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ Liliaceae ʠ Cyperaceae. 

ʆʪʤʝʯʘʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʧʦʨ Sphagnum, Bryales ʠ Polypodiaceae. 

ɼʘʥʥʳʡ ʵʪʘʧ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʄʘʣʳʡ ʂʣʠʤʘʪʠʯʝʩʢʠʡ ʦʧʪʠʤʫʤ [9]. 

ɺ ʠʥʪʝʨʚʘʣʝ 1100ï850 ʢʘʣ.ʣ.ʥ. (ʃʇɿ 3) ʦʪʤʝʯʘʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʪʝʤʥʦʭʚʦʡʥʳʭ ʧʦʨʦʜ ʥʘʜ ʩʚʝʪʣʦʭʚʦʡʥʳʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ Picea ʠ Pinus Sibirica. 

ʉʨʝʜʠ ʪʨʘʚʷʥʠʩʪʳʭ ʨʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʫ Cyperaceae ʠ Poaceae. 

ɿʥʘʯʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʝ ʧʳʣʴʮʳ ɹʝʨʝʟʳ ʢʘʨʣʠʢʦʚʦʡ (Betula sect. 

Nanae). ɺʝʨʦʷʪʥʦ, ʵʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʢʦʪʦʨʦʝ ʩʥʠʞʝʥʠʝ 

ʫʚʣʘʞʥʝʥʠʷ [11]. 

ɺ ʮʝʣʦʤ ʥʘ ʛʣʫʙʠʥʝ 80ï50 ʩʤ (1350-850 ʢʘʣ.ʣ.ʥ.) ʦʪʤʝʯʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʤʥʦʭʚʦʡʥʳʭ ʧʦʨʦʜ (ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʦʪʨʝʟʢʝ ʜʦ 90 ʩʤ).  

ɺ ʃʇɿ 4 (850ï590  ʢʘʣ.ʣ.ʥ.) ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ 

ʪʝʤʥʦʭʚʦʡʥʳʭ ʧʦʨʦʜ. ʉʨʝʜʠ ʪʨʘʚʷʥʠʩʪʳʭ ʧʨʝʦʙʣʘʜʘʶʪ Chenopodiaceae, 

Ericaceae. ʕʪʠ ʬʘʢʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʧʦʞʘʨʥʳʤʠ ʵʧʠʟʦʜʘʤʠ ʚ ʵʪʦʤ 

ʦʪʨʝʟʢʝ ʚʨʝʤʝʥʠ. ʊʘʢʞʝ ʚ ʵʪʦʡ ʟʦʥʝ ʥʝ ʥʘʙʣʶʜʘʣʠʩʴ ʩʧʦʨʳ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʧʦʩʣʝ 

ʧʦʞʘʨʦʚ ʤʦʛʣʠ ʧʦʣʫʯʠʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʝʤʝʡʩʪʚʘ Chenopodiaceae, Ericaceae. 

[12]  

ʅʘ ʛʣʫʙʠʥʝ 35ï10  ʩʤ (590-170 ʢʘʣ.ʣ.ʥ.) ʦʪʤʝʯʘʝʪʩʷ ʩʧʘʜ, ʘ ʟʘʪʝʤ 

ʚʦʟʨʘʩʪʘʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʉʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ ʠ ʤʠʥʠʤʫʤ ʪʝʤʥʦʭʚʦʡʥʳʭ ʧʦʨʦʜ 

(ʥʘ ʠʟʫʯʘʝʤʦʤ ʦʪʨʝʟʢʝ ʜʦ 90 ʩʤ). ʅʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ 

ʃʠʩʪʚʝʥʥʠʮʳ (Larix). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʣʠʩʪʚʝʥʥʠʮʘ ʧʨʦʠʟʨʘʩʪʘʣʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʙʦʣʦʪʝ. ʀʟ ʪʨʘʚʷʥʠʩʪʳʭ ʥʘʠʙʦʣʝʝ ʚʳʜʝʣʷʶʪʩʷ: 

Chenopodiaceae, Cyperaceae, Fabaceae ʠ Rosaceae. ʊʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ 

ʚʦʟʨʘʩʪʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʧʦʨ Polypodiaceae ʠ Sphagnum. ʕʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ 

ʪʦ, ʯʪʦ ʢʣʠʤʘʪ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ. [13] 

ʅʘ ʩʘʤʦʤ ʚʝʨʭʥʝʤ ʦʪʨʝʟʢʝ ʚ ʧʨʝʜʝʣʘʭ ʠʥʪʝʨʚʘʣʘ 170 ʢʘʣ.ʣ.ʥ. ï ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ (ʃʇɿ 6) ʦʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ Pinus sibirica ʠ 

ɹʝʨʝʟʳ (Betula sect. Albae). ʉʨʝʜʠ ʪʨʘʚʷʥʠʩʪʳʭ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʆʩʦʢʦʚʳʭ. ʇʨʠʩʫʪʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʦʨ ɿʝʣʝʥʳʭ ʤʭʦʚ 

ʠ ʍʚʦʱʝʡ (Equisetum). ʕʪʠ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʢʦʤʧʣʝʢʩʥʦʤ ʠʟʤʝʥʝʥʠʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʚʣʘʞʥʦʩʪʠ ʠ 

ʧʦʪʝʧʣʝʥʠʝʤ ʢʣʠʤʘʪʘ. ʍʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʦʣʦʪ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʧʝʨʝʭʦʜʥʦʡ 

ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ. [10] 

ʇʦ ʜʘʥʥʳʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʜʘʣʦʩʴ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʚ ʨʘʡʦʥʝ ʂʘʥʩʢʦʡ ʣʝʩʦʩʪʝʧʠ, ʙʦʣʦʪʘ ʈʳʙʥʦʝ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʨʘʙʦʪʘʤʠ ʧʦ ʙʦʣʦʪʫ ɹʦʣʴʰʦʝ (ʨʘʩʧʦʣʦʞʝʥʦ ʶʛʦ-

ʚʦʩʪʦʯʥʝʝ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 80 ʢʤ ʦʪ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ) ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʩʭʦʜʩʪʚʘ ʚ ʪʦʤ, ʯʪʦ ʩʥʘʯʘʣʘ ʧʦʷʚʠʣʠʩʴ ʧʨʠʟʥʘʢʠ ʧʦʚʳʰʝʥʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ, 

ʧʦʩʣʝ ʯʝʛʦ ʥʘʩʪʫʧʠʣ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʦʟʨʘʩʪʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ 
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ʩʚʝʪʣʦʭʚʦʡʥʳʭ ʧʦʨʦʜ (ʉ 350 ʢʘʣ.ʣ.ʥ.), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʮʝʩʩ ʫʩʠʣʝʥʠʷ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʠ ʢʣʠʤʘʪʘ. [14] 
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ʉʆʉʊɸɺ ʀ ʉʊʈʋʂʊʋʈɸ ʈɸʉʊʀʊɽʃʔʅʆʉʊʀ ʄʆʅʀʊʆʈʀʅɻʆɺʓʍ 

ʇʃʆʑɸɼʆʂ ʂɸʈɹʆʅʆɺʆɻʆ ʇʆʃʀɻʆʅɸ ʉʌʋ 

ʖ. ʇ. ʐʘʧʦʚʘʣʦʚʘ1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʆ. ʄ. ʐʘʙʘʣʠʥʘ,  

ʂʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʄʝʞʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ ʵʢʩʧʝʨʪʦʚ ʆʆʅ ʧʦ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ (ʄɻʕʀʂ, ʠʣʠ IPCC), ʩʜʝʣʘʣʘ 

ʚʳʚʦʜ, ʯʪʦ ʚ 2025 ʛʦʜʫ ʛʣʦʙʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ɿʝʤʣʠ ʧʨʦʪʝʢʘʝʪ ʚʝʩʴʤʘ 

ʠʥʪʝʥʩʠʚʥʦ. ʕʪʦ ʩʚʷʟʘʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ 

[4]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʟʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʘʪʤʦʩʬʝʨʫ 

ʧʦʩʪʫʧʠʣʠ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ (CO2), ʤʝʪʘʥ (CH4), ʟʘʢʠʩʴ ʘʟʦʪʘ (N2O), ʘ ʪʘʢʞʝ 

ʭʣʦʨʬʪʦʨʫʛʣʝʨʦʜʳ (ʍʌʋ). ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɺʩʝʤʠʨʥʦʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ (ɺʄʆ) ʩ 1990 ʧʦ 2022 ʛʦʜ ʠʭ ʨʦʣʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʪʝʧʣʝʥʠʠ 

ʢʣʠʤʘʪʘ ʚʦʟʨʦʩʣʘ ʥʘ 49%, ʧʨʠ ʵʪʦʤ ʧʨʠʤʝʨʥʦ 78% ʜʘʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʠʭʦʜʠʪʩʷ ʠʤʝʥʥʦ ʥʘ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ (CO2) [5].  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦʛʣʦʱʘʪʴ ʫʛʣʝʨʦʜ ʠʟ 

ʘʪʤʦʩʬʝʨʳ ʙʳʣʠ ʩʦʟʜʘʥʳ ʢʘʨʙʦʥʦʚʳʝ ʧʦʣʠʛʦʥʳ. ʂʘʨʙʦʥʦʚʳʡ ʧʦʣʠʛʦʥ ï ʵʪʦ 

çʠʩʧʳʪʘʪʝʣʴʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʧʣʦʱʘʜʢʘ, ʥʘ ʢʦʪʦʨʦʡ ʠʟʤʝʨʷʶʪ ʧʨʠʨʦʜʥʫʶ 

ʵʤʠʩʩʠʶ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʠʟ ʵʢʦʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʦʙʲʸʤʳ, ʚ ʢʦʪʦʨʳʭ ʵʪʠ ʞʝ 

ʵʢʦʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ ʧʦʛʣʦʱʘʪʴ ʚʳʙʨʦʩʳ ʠʟ ʘʪʤʦʩʬʝʨʳè [3]. ʅʦ ʧʨʝʞʜʝ, ʯʝʤ 

ʧʨʠʩʪʫʧʠʪʴ ʢ ʥʘʙʣʶʜʝʥʠʶ ʟʘ ʫʛʣʝʨʦʜʥʳʤʠ ʧʦʪʦʢʘʤʠ ʪʝʨʨʠʪʦʨʠʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʩʣʘʛʘʶʱʠʭ ʝʸ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʧʨʝʜʝʣʝʥʠʝ ʚʠʜʦʚʦʡ ʠ ʵʢʦʣʦʛʦ-ʮʝʥʦʪʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩʦʦʙʱʝʩʪʚ ʙʝʨʝʟʥʷʢʦʚ ʠ ʩʦʩʥʷʢʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʘʨʙʦʥʦʚʦʛʦ 

ʧʦʣʠʛʦʥʘ ʉʌʋ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʝʰʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʆʧʨʝʜʝʣʠʪʴ ʚʠʜʦʚʫʶ ʥʘʩʳʱʝʥʥʦʩʪʴ ʠ ʵʢʦʣʦʛʦ-ʮʝʥʦʪʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʦʙʱʝʩʪʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ ʉʌʋ 

2. ʇʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʬʠʪʦʮʝʥʦʟʦʚ ʠ 

ʬʦʥʦʚʳʭ ʩʦʦʙʱʝʩʪʚ ʧʦʜʪʘʡʛʠ, ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ. 
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