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INTEGRATION MECHANISMS FOR STRENGTHENING 

UKRAINEôS ENVIRONMENTAL SECURITY UNDER WARTIME 

 

Contemporary processes of military escalation, accelerated digitalization, 

and global climate shifts have intensified the need to establish a comprehensive 

environmental security system capable of counteracting multidimensional 

ecological threats and ensuring sustainable development. Ukraine is currently 

experiencing unprecedented environmental pressure resulting from large-scale 

ecological crimes, deliberate destruction of infrastructure, increasing 

contamination of territories, and disruption of hydrological and geochemical 

balances. These factors generate long-term systemic risks and necessitate a 

rethinking of the national model of environmental governance. 

The wartime context introduces a range of new challenges that 

significantly reshape regional and national environmental priorities. As 

demonstrated in the works [1-2], international businesses and institutions are 

increasingly integrating environmental and social standards into their activities, 

creating new opportunities to attract eco-oriented investments to Ukraine. At 

the same time, the destruction of industrial facilities, the explosion of the 

Kakhovka Hydropower Plant, intensive hostilities, and the contamination of 

soil and water with toxic substances generate substantial recovery costs that 

require financial support from international institutions. 

Recent studies [5] emphasize that wartime environmental pressure not 

only increases risks to the population but also decreases the investment 

attractiveness of regions where environmental consequences of war have 

reached a critical level. Strengthening institutional resilience and integrating 

mechanisms of international environmental policy are therefore essential. In 

this regard, the recommendations [3] highlight the importance of implementing 

European ecological directives and reforms, particularly in waste management, 

industrial emissions regulation, air and water quality monitoring, and the 

development of renewable energy. 

To identify strategic directions for strengthening environmental security, 

a baseline assessment of the dynamics of core environmental indicators and 
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corresponding investment needs was conducted (table). The assessment covers 

contaminated land areas, industrial emissions, the development of 

environmental monitoring systems, waste treatment capacity, and the 

expansion of renewable energy infrastructure. 

 

Table ï Assessment of environmental indicators  

and investment needs 

Indicator  
Baseline 

(2024) 

Target 

(2028) 

Absolute 

change 

Relative 

change 

(%) 

Estimated 

cost (mln. 

USD) 

Cost per 

unit 

(USD) 

Primary 

funding 

source 

Notes 

Contaminated 

area (ha) 
15000 9000 -6000 -40,00 450,0 75000,0 

EIB / EBRD 

grants & loans 

Reclamation, 

soil 

remediation, 

UXO clearance 

CO  emissions 

from industrial 

sources (kt/year) 

4200 3600 -600 -14,29 120,0 200000,0 
National + IFI 

loans 

Industrial 

decarbonization 

measures 

Operational 

monitoring 

stations (units) 

85 180 95 111,76 25,0 138888,89 
State budget + 

donors 

Sensors, 

telemetry, data 

platforms 

Waste treated 

(tons/year) 
320000 520000 200000 62,50 75,0 144,23 

Public-private 

partnerships 

Waste sorting, 

treatment, 

hazardous 

waste cleanup 

Renewable 

energy capacity 

(MW) 

480 1200 720 150,00 300,0 416666,67 
Green bonds + 

IFI 

Solar, wind, 

biomass scale-

up 

Investment 

needed (mln 

USD) 

- - - - 970,0 - SUM of above 

Aggregated 

estimated 

funding need 

Source: compiled by the author based on [1-6] 

 

The calculations demonstrate that achieving even a baseline level of 

environmental recovery and modernization requires nearly 1 billion USD in 

investments over the next four years. This aligns with the growing dynamics of 

investment and credit activity by international institutions. The most resource-

intensive areas include [4]:  

- energy modernization (USD 416,000 per 1 MW of new capacity),  

- CO  emission reduction (USD 200,000 per 1 kt of reduced emissions), 

- environmental monitoring (~USD 139,000 per new monitoring 

station). 

Significant progress is possible in the remediation of contaminated land (a 

40% reduction), which is critically important for restoring territories affected 

by military aggression. 

Modernizing waste management systems could increase treated waste 

volumes by 62,5% [6], consistent with the requirements of EU Directive 

2008/98/EC and contributing to the expansion of Ukraineôs circular economy. 

Ukraine is undergoing profound environmental transformations driven by 

war, global climate change, and the urgent need to integrate into the EU 

environmental governance system. 



 5 

The calculated indicators highlight the high economic cost of wartime 

ecological damage and the need for systematic attraction of investment and 

credit resources from international financial organizations. The key vectors for 

strengthening environmental security should include: accelerated 

decarbonization, expansion of renewable energy, digitalization of monitoring, 

scaling of land remediation programs, and implementation of circular 

technologies. EU-integration reforms in the environmental sector, as 

emphasized in recent studies, represent a system-forming factor that determines 

Ukraineôs adaptive capacity in the face of global climate challenges and 

regional ecological risks. The obtained calculations may serve as a basis for 

developing targeted state programs, regional recovery strategies, and 

international investment projects. 
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ʂɸʈʊʆɻʈɸʌʋɺɸʅʅʗ ʗʂ ɺɯɿʋɸʃɯɿɸʎɯʗ 

ʃɯʍɽʅʆʃʆɻɯʏʅʆɰ ʆʎɯʅʂʀ ʉʊɸʅʋ ɸʊʄʆʉʌɽʈʅʆɻʆ 

ʇʆɺɯʊʈʗ ʇʆʃʊɸɺʀ 

 

ɸʨʢʘʥʦʚʘ ɸ. ɸ., ʫʯʠʪʝʣʴ I ʢʘʪʝʛʦʨʽʾ ʟ ʬʽʟʠʯʥʦʾ ʢʫʣʴʪʫʨʠ 

ɺôʷʟʦʚʩʴʢʘ ʂ. ʄ., ʟʜʦʙʫʚʘʯ ʩʝʨʝʜʥʴʦ ʾʦʩʚʽʪʠ, ʯʣʝʥʢʠʥʷ ʄɸʅ 

 

ʃʽʮʝʡ ˉ26 çʐʝʚʯʝʥʢʽʚʩʴʢʠʡè ʇʦʣʪʘʚʩʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠ, 

ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 

 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʪʝʭʥʦʛʝʥʥʠʡ ʚʧʣʠʚ ʣʶʜʠʥʠ ʽʩʪʦʪʥʦ ʟʤʽʥʶʻ 

ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʟʫʤʦʚʣʶʶʯʠ ʚʠʥʠʢʥʝʥʥʷ ʯʠʩʣʝʥʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ 

ʟʘʛʨʦʟ. ʆʜʥʽʻʶ ʟ ʥʘʡʩʝʨʡʦʟʥʽʰʠʭ ʧʨʦʙʣʝʤ ʻ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ, ʦʩʦʙʣʠʚʦ ʚ ʤʽʩʪʘʭ, ʜʝ ʛʦʣʦʚʥʠʤʠ ʡʦʛʦ ʜʞʝʨʝʣʘʤʠ ʚʠʩʪʫʧʘʶʪʴ 

ʧʨʦʤʠʩʣʦʚʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ. ɽʬʝʢʪʠʚʥʝ ʚʠʨʽʰʝʥʥʷ 

ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʧʦʪʨʝʙʫʻ ʜʝʪʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʧʦʚʽʪʨʷ. ʉʝʨʝʜ 

ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʝʢʦʣʦʛʽʯʥʦʾ ʦʮʽʥʢʠ ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ 

ʙʽʦʽʥʜʠʢʘʮʽʷ. ʋ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʣʽʭʝʥʦʽʥʜʠʢʘʮʽʾ, ʱʦ 

ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ ʷʢʽʩʪʴ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ʦʢʨʝʤʠʭ ʨʘʡʦʥʘʭ 

ʇʦʣʪʘʚʠ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʝʧʽʬʽʪʥʠʭ ʣʠʰʘʡʥʠʢʽʚ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʣiʭʝʥʦʣʦʛiʯʥʦʾ cʠʪʫʘʮiʾ ʚ ʤʽʩʪʽ ʇʦʣʪʘʚʽ ʦʙpʘʥʦ ʧôʷʪʴ 

ʢʣʶʯʦʚʠʭ ʤʘʡʜʘʥʯʠʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥiʪʦpʠʥʛʫ pʝʢpʝʘʮiʡʥʠʭ ʪʝpʠʪʦpiʡ 

ʤicʪʘ, ʘ cʘʤʝ: ʚ ʇʦʣʪʘʚcʴʢʦʤʫ ʤicʴʢʦʤʫ ʧʘpʢʫ (ɼʝʥʜpʦʧʘpʢʫ) (ʂʄɽʄ 

ˉ2), ʂʦpʧʫcʥʦʤʫ ʧʘpʢʫ (ʂʄɽʄ ˉ1),, ʧʘʨʢʫ ʇʝʨʝʤʦʛʠ (ʂʄɽʄ ˉ5), 

ʧʘʨʢʫ ʤʝʥʽ ɯ. ʇ. ʂʦʪʣʷʨʝʚʩʴʢʦʛʦ (ʂʄɽʄ ˉ4),  ʪʘ ʧʘpʢʫ ʚʦʾʥiʚ-

iʥʪʝpʥʘʮiʦʥʘʣicʪiʚ (ʂʄɽʄ ˉ3).  ʗʢ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʷʭ 1-5 ʥʘ ʢʦʞʥiʡ 

ʪʝpʠʪʦpiʾ ʤʠ ʜʦcʣiʜʞʫʚʘʣʠ ʧʦ ʪʨʠ ʚʠʜʠ ʜʝpʝʚ, ʘ cʘʤʝ: Quercus robur L., 

Populus pyramidalis L. ʪʘ Acer platanoides L. ʅʘ ʢʦʞʥʦʤʫ ʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʜʝʨʝʚ ʧʝʨʝʚʘʞʥʦ ʟʫʩʪʨʽʯʘʣʠʩʷ ʪʨʠ-ʯʦʪʠʨʠ ʚʠʜʠ ʝʧʽʬʽʪʥʠʭ ʣʠʰʘʡʥʠʢʽʚ, ʘ 

ʩʘʤʝ:  Parmelia olivacea, Parmelia sulcata, Xanthoria parietina ʪʘ Evernia 

prunastri [1]. 

ʇpʦʘʥʘʣiʟʫʚʘʚʰʠ ʦʪpʠʤʘʥi ʜʘʥi ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʝʥʦ, ʱʦ 

ʥʘʡʙiʣʴʰ ʟʘʙpʫʜʥʝʥʠʤ ʻ ʂʦpʧʫcʥʠʡ ʧʘpʢ, ʪʘ ʧʘʨʢ ʽʤʝʥʽ 

ɯ. ʇ. ʂʦʪʣʷʨʝʚʩʴʢʦʛʦ ʯʝpʝʟ ʟʥʘʯʥʝ ʥʘʛpʦʤʘʜʞʝʥʥʷ ʘʚʪʦʤʦʙiʣʴʥʦʛʦ 

ʪpʘʥcʧʦpʪʫ. ʊʝpʠʪʦpiʷ ʧʘpʢʫ ʚʦʾʥiʚ-iʥʪʝpʥʘʮiʦʥʘʣicʪiʚ ʤʘʻ cʝpʝʜʥʻ 

ʟʘʙpʫʜʥʝʥʥʷ, ʯʝpʝʟ pʦʟʪʘʰʫʚʘʥʥʷ ʧʘpʢʫ ʚ cʧʘʣʴʥʦʤʫ pʘʡʦʥi, ʧpʦʪʝ 

ʧʦʙʣʠʟʫ ʧʝpʝʭpʝcʪʷ ʟ iʥʪʝʥcʠʚʥʠʤ pʫʭʦʤ ʪpʘʥcʧʦpʪʫ. ʇʘʢ ʇʝʨʝʤʦʛʠ ʤʘʻ 

ʪʝʞ ʚʽʜʥʦʩʥʝ ʟʘʙʨʫʞʥʝʥʥʷ, ʥʘʙʣʠʞʝʥʝ ʜʦ ʙʽʣʴʰ ʯʠʩʪʦʛʦ, ʧʨʦʪʝ 

ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʫ ʧʦʙʣʠʟʫ ʧʘʨʫ ʟʛʫʙʥʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʘʥ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʮʽʻʾ ʜʽʣʷʥʢʠ. ʇʦʣʪʘʚcʴʢʠʡ ʤicʴʢʠʡ ʧʘpʢ ʤʘʻ 

ʥʘʡʤʝʥʰʝ ʟʘʙpʫʜʥʝʥʥʷ, ʧpʦʪʝ ʥʘ ʜʦpʦʟi, ʱʦ ʟôʻʜʥʫʻ  ʤʽʩʪʦ ʇʦʣʪʘʚʫ ʪʘ cʝʣʦ 
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ʗʢiʚʮi, ʷʢʘ ʧpʦʭʦʜʠʪʴ ʯʝpʝʟ ɼʝʥʜpʦʧʘpʢ, ʟʙiʣʴʰʫʻʪʴcʷ iʥʪʝʥcʠʚʥicʪʴ 

pʫʭʫ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ cʪʘʥ ʘʪʤʦcʬʝpʥʦʛʦ ʧʦʚiʪpʷ ʧʘpʢʫ. 

ʊʦʤʫ ʚʘʞʣʠʚʠʤ ʪʘ ʥʝʦʙʭʽʜʥʠʤ ʩʪʘʣʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʠʪʘʥʥʷ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʷʢ ʛʦʣʦʚʥʦʛʦ ʯʠʥʥʠʢʘ ʟʘʙpʫʜʥʝʥʥʷ 

ʘʪʤʦcʬʝpʥʦʛʦ ʧʦʚiʪpʷ ʤicʪʘ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʘ ʤʝʪʦʜʠʢʘ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʧʽʜʨʘʭʫʥʦʢ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʨʠʯʽ ʥʘ ʜʝʥʴ ʧʦ 20 ʭʚʠʣʠʥ ʜʣʷ ʢʦʞʥʦʛʦ ʧʝʨʽʦʜʫ 

ʚʠʤʽʨʶʚʘʥʥʷ (ʦ 8-ʡ, 13-ʡ ʪʘ 18-ʡ ʛʦʜʠʥʽ) [2]. 

ɿʛʽʜʥʦ ʟ ʮʽʻʶ ʤʝʪʦʜʠʢʦʶ, ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʚʫʣʠʮʴ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ 

ʢʣʘʩʠʬʽʢʫʶʪʴ ʟʘ ʪʘʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ: 

ï ʥʠʟʴʢʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ: 2,7-3,6 ʪʠʩʷʯ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʜʦʙʫ; 

ï ʩʝʨʝʜʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ: 6-17 ʪʠʩʷʯ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʜʦʙʫ; 

ï ʚʠʩʦʢʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ: 18-27 ʪʠʩʷʯ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʜʦʙʫ [3]. 

ʊʘʙʣʠʮʷ 1 

ʇʦpiʚʥʷʣʴʥʘ ʭʘpʘʢʪʝpʠcʪʠʢʘ iʥʪʝʥcʠʚʥʦcʪi pʫʭʫ  

ʢʣʶʯʦʚʠʭ ʤʘʡʜʘʥʯʠʢiʚ 
                                

ʂʄɽʄ         

ɺʠʜʠ 

ʪpʘʥcʧʦpʪʫ 

ʂʄɽʄ 

ˉ 1 

ʂʄɽʄ 

ˉ 2 

ʂʄɽʄ 

ˉ 3 

ʂʄɽʄ 

ˉ 4 

ʂʄɽʄ 

ˉ 5 

ʃʝʛʢʦʚi 

ʘʚʪʦʤʦʙiʣi 

7059 

(87,11%) 

755 

(66,40%) 

5565 

(82,06 %) 

7238 

(86,97%) 

2565 

(81,02%) 

ɸʚʪʦʙʫcʠ 
447 

(5,52%) 
13 (1,14 %) 388 (5,72%) 

467 (5,61%) 14 

(0,44%) 

ɺʘʥʪʘʞʥi 

ʘʚʪʦʤʦʙiʣi 

132 

(1,63 %) 

13 

(1,14 %) 
180 (2,54%) 

141 

(1,69 %) 

8 

(0,25%) 

ʄiʢpʦ-

ʘʚʪʦʙʫcʠ 

466 

(5,75%) 

358 

(31,49 %) 

649 

(9,57 %) 

476 (5,72%) 579 

(118,22%) 

ɺcʴʦʛʦ 

8104 1137 6782 8322 3166 

27511 

29,46% 4,13% 24,65% 30,25% 11,51% 

 

ʗʢ ʩʚʽʜʯʘʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘ ʢʣʶʯʦʚʦʤʫ ʤʘʡʜʘʥʯʠʢʫ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ (ʂʄɽʄ) ˉ1 ʟʘʬʽʢʩʦʚʘʥʦ ʙʣʠʟʴʢʦ 8104 

ʘʚʪʦʤʦʙʽʣʽʚ. ʅʘ ʂʄɽʄ ˉ2 ï 1137 ʘʚʪʦʤʦʙʽʣʽʚ, ʥʘ ʂʄɽʄ ˉ3 ï 6782 

ʘʚʪʦʤʦʙʽʣʽʚ, ʥʘ ʂʄɽʄ ˉ4 ï 8322, ʘ ʥʘ ʂʄɽʄ ˉ5 ï 3166 ʘʚʪʦʤʦʙʽʣʽʚ. 

ɿʘʛʘʣʦʤ ʥʘ ʧôʷʪʠ ʦʩʥʦʚʥʠʭ ʤʘʡʜʘʥʯʠʢʘʭ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʝʨʽʦʜʫ 

ʟʘʬʽʢʩʦʚʘʥʦ ʧʨʠʙʣʠʟʥʦ 27511 ʘʚʪʦʤʦʙʽʣʽʚ.  

ʅʘʡʚʠʱʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ ʙʫʣʦ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʥʘ ʂʄɽʄ ˉ4 

(30,25%) ʪʘ ˉ1 (29,46%), ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʤʽʩʪʘ. 

ɼʽʣʷʥʢʠ, ʱʦ ʟʥʘʭʦʜʷʪʴ ʫ ʩʧʘʣʴʥʦʤʫ ʨʘʡʦʥʽ ʪʘ ʚʽʜʜʘʣʝʥʦʤʫ ʚʽʜ ʚʝʣʠʢʠʭ 

ʧʝʨʝʭʨʝʩʪʴ ʤʘʶʪʴ ʩʝʨʝʜʥʶ ʽʥʪʝʥʩʠʚʥʽʩʪʴ: ʂʄɽʄ ˉ3 (24,65%) ʪʘ ˉ5 
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(11,51%). ʅʘʡʥʠʞʯʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘʬʽʢʩʦʚʘʥʦ ʥʘ ʂʄɽʄ ˉ2 (4,13%), 

ʨʦʟʪʘʰʦʚʘʥʦʤʫ ʥʘ ʦʢʦʣʠʮʽ ʤʽʩʪʘ.  

ɿʘʛʘʣʦʤ ʨʽʚʝʥʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ ʚ ʤʽʩʪʽ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʷʢ ʚʠʩʦʢʠʡ.  

ʇʽʩʣʷ ʣʽʭʝʥʦʣʦʛʽʯʥʦʾ ʦʮʽʥʢʠ ʤʽʩʪʘ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ 

ʧʨʦʚʝʜʝʥʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʣʽʭʝʥʦʣʦʛʽʯʥʠʭ ʟʦʥ (ʨʠʩ.1).  

 ʆʮʽʥʶʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʰʣʷʭʦʤ ʦʙʣʽʢʫ ʚʠʜʦʚʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘ 

ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʠʪʪʷ ʝʧʽʬʽʪʥʠʭ ʣʠʰʘʡʥʠʢʽʚ ʥʘ ʩʪʦʚʙʫʨʘʭ ʜʝʨʝʚ. ʅʘ 

ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʝʨʠʪʦʨʽʷ ʤʽʩʪʘ ʙʫʣʘ ʧʦʜʽʣʝʥʘ ʥʘ ʪʨʠ ʟʦʥʠ 

ʯʠʩʪʦʪʠ ʧʦʚʽʪʨʷ: ʯʝʨʚʦʥʫ (ʟʦʥʫ ʩʠʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ), ʞʦʚʪʫ (ʧʝʨʝʭʽʜʥʫ 

ʚʽʜʥʦʩʥʦʛʦ ʯʠ ʩʝʨʝʜʥʴʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ), ʟʝʣʝʥʫ (ʟʦʥʫ ʯʠʩʪʦʛʦ ʘʙʦ 

ʚʽʜʥʦʩʥʦ ʯʠʩʪʦʛʦ ʧʦʚʽʪʨʷ). 

 
ʈʠʩʫʥʦʢ 1 ï  ʂʘʨʪʘ ʢʣʶʯʦʚʠʭ ʤʘʡʜʘʥʯʠʢʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʣʽʭʝʥʦʣʦʛʽʯʥʠʭ ʟʦʥ 

 

ʏʝʨʚʦʥʽ ʟʦʥʠ (ʂʄɽʄ ˉ 1 ʪʘ 4: ʪʝʨʠʪʦʨʽʷ ʂʦʨʧʫʩʥʦʛʦ ʧʘʨʢʫ ʪʘ ʧʘʨʢʫ 

ʤʝʥʽ ɯ.ʇ. ʂʦʪʣʷʨʝʚʩʴʢʦʛʦ): ʥʠʟʴʢʝ ʚʠʜʦʚʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʣʠʰʘʡʥʠʢʽʚ; 

ʜʦʤʽʥʫʚʘʥʥʷ ʪʦʣʝʨʘʥʪʥʠʭ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʠʜʽʚ ʘʙʦ ʧʦʚʥʘ ʚʽʜʩʫʪʥʽʩʪʴ 

ʯʫʪʣʠʚʠʭ ʬʦʨʤ;  ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʽʥʪʝʥʩʠʚʥʠʭ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʙʣʠʟʫ 

(ʟʦʢʨʝʤʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪ); 

ʍʦʯʘ ʮʽ ʜʽʣʷʥʢʠ ʻ ʧʘʨʢʦʚʠʤʠ ʟʦʥʘʤʠ, ʾʭʥʽʡ ʩʪʘʥ ʤʦʞʝ ʙʫʪʠ ʟʥʠʞʝʥʠʡ 

ʯʝʨʝʟ ʚʠʩʦʢʝ ʨʝʢʨʝʘʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʥʘʚʢʦʣʦ. 

ɾʦʚʪʘ ʟʦʥʘ (ʂʄɽʄ ˉ 3: ʪʝʨʠʪʦʨʽʷ ʧʘʨʢʫ ʚʦʾʥʽʚ-ʽʥʪʝʨʥʘʮʽʦʥʘʣʽʩʪʽʚ). 

ʆʜʥʘ ʜʽʣʷʥʢʘ ʚʠʟʥʘʯʝʥʘ ʷʢ ʞʦʚʪʘ ʟʦʥʘ. ɼʣʷ ʥʝʾ ʭʘʨʘʢʪʝʨʥʽ: ʧʦʤʽʨʥʝ ʚʠʜʦʚe 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʣʠʰʘʡʥʠʢʽʚ;  ʥʘʷʚʥʽʩʪʴ ʷʢ ʩʪʽʡʢʠʭ, ʪʘʢ ʽ ʯʫʪʣʠʚʠʭ ʚʠʜʽʚ; 

ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʣʽʭʝʥʦʽʥʜʠʢʘʮʽʡʥʦʛʦ ʙʘʣʫ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʝʨʝʜʥʽʡ ʘʙʦ 

ʚʽʜʥʦʩʥʠʡ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ. 

ɿʝʣʝʥʽ ʟʦʥʠ (ʂʄɽʄ ˉ 2 ʪʘ ˉ5: ʪʝʨʠʪʦʨʽʷ ʧʘʨʢʫ ʇʝʨʝʤʦʛʠ ʪʘ 

ʇʦʣʪʘʚʩʴʢʦʛʦ ʤʽʩʴʢʦʛʦ ʧʘʨʢʫ (ɼʝʥʜʨʦʧʘʨʢʫ). ɼʚʽ ʜʽʣʷʥʢʠ ʚʽʜʥʝʩʝʥʽ ʜʦ 



 9 

ʟʝʣʝʥʦʾ ʟʦʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʥʦ ʯʠʩʪʦʤʫ ʘʙʦ ʤʘʣʦ ʟʘʙʨʫʜʥʝʥʦʤʫ 

ʧʦʚʽʪʨʶ. ʊʫʪ ʚʽʜʤʽʯʝʥʦ: ʚʠʩʦʢʝ ʚʠʜʦʚʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʝʧʽʬʽʪʥʠʭ 

ʣʠʰʘʡʥʠʢʽʚ;  ʥʘʷʚʥʽʩʪʴ ʯʫʪʣʠʚʠʭ ʪʘ ʚʠʙʘʛʣʠʚʠʭ (ʥʘʧʨʠʢʣʘʜ, Evernia 

prunastri) ʚʠʜʽʚ;  ʥʝʟʥʘʯʥʘ ʥʘʷʚʥʽʩʪʴ ʧʦʙʣʠʟʫ ʽʥʪʝʥʩʠʚʥʠʭ ʜʞʝʨʝʣ ʚʠʢʠʜʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʠʭ ʣʽʭʝʥʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʦʪʨʠʤʘʥʦ ʨʝʟʫʣʴʘʪʪʠ, ʱʦ ʜʘʣʠ ʟʤʦʛʫ ʨʦʟʨʦʙʠʪʠ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʟʦʥʠ 

ʯʠʩʪʦʪʠ ʧʦʚʽʪʨʷ ʜʣʷ ʚʽʟʫʘʣʴʥʦʛʦ ʨʦʟʫʤʽʥʥʷ. ʆʪʞʝ, ʫ ʤʽʩʪʽ ʇʦʣʪʘʚʽ 

ʚʠʜʽʣʝʥʦ ʟʝʣʝʥʽ, ʞʦʚʪʽ ʪʘ ʯʝʨʚʦʥʽ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ, ʱʦ ʚʢʘʟʫʻ ʥʘ 

ʚʘʞʣʠʚʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʩʠʪʫʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ 

ʇʦʣʪʘʚʠ.  

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ 

1. ɸʨʢʘʥʦʚʘ ɸ. ɸ., ɺôʷʟʦʚʩʴʢʘ ʂ. ʄ. ʃʽʭʝʥʦʽʥʜʠʢʘʮʽʡʥʘ ʦʮʽʥʢʘ ʷʢʦʩʪʽ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʽʪʨʷ ʤʽʩʪʘ ʚ ʢʦʥʪʝʢʩʪʽ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ : 

ɽʢʦʣʦʛʽʷ. ɼʦʚʢʽʣʣʷ. ɽʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ : ʤ-ʣʠ V ʄʽʞʥ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ., 

ʤ. ʇʦʣʪʘʚʘ 9 ʛʨʫʜʥʷ 2025 ʨʦʢʫ, ʅʋ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ 

ʂʦʥʜʨʘʪʶʢʘè, ʇʦʣʪʘʚʘ, 2024. ʉ. 66-ï70.  

2. ɸʨʢʘʥʦʚʘ ɸ. ɸ. ʋʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʟʘʙʨʫʜʥʝʥʥʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʤ. ʇʦʣʪʘʚʘ ʚʠʢʠʜʘʤʠ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʜʝʨʞʘʚʠ: ʤ-ʣʠ ɺʩʝʫʢʨ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ. ʤʦʣʦʜʠʭ 

ʫʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ. ʂʠʾʚ, 2014. ʉ. 123ï124. 

3. ʆʮʽʥʶʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʚʥʘʩʣʽʜʦʢ 

ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʚʫʣʠʮʴ  ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ [ʝʣʝʢʪpʦʥʥʠʡ pʝcʫpc] // pʝʞʠʤ 

ʜʦcʪʫʧʫ: https://nv.nltu.edu.ua/Archive/2016/26_8/36.pdf 

 

  

https://nv.nltu.edu.ua/Archive/2016/26_8/36.pdf
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ʋɼʂ 628.4:004.9:621.391:004.77  

 
1ɹʨʝʜʫʥ ɺ. ɯ., ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ,  

2ɹʨʝʜʫʥ ɸ. ɺ., ʟʜʦʙʫʚʘʯ ʩʝʨʝʜʥʴʦʾ ʦʩʚʽʪʠ  

 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ 

 ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè 
2ʂʨʝʤʝʥʯʫʮʴʢʠʡ ʣʽʮʝʡ ˉ10 çʃʽʥʛʚʽʩʪè 

 

ʂʈʀʊɽʈɯʆʃʆɻɯʏʅɯ ɸʉʇɽʂʊʀ ʎʀʌʈʆɺɯɿɸʎɯɰ 

ʄʋʅɯʎʀʇɸʃʔʅʀʍ ʉʀʉʊɽʄ ʋʇʈɸɺʃɯʅʅʗ ɺɯɼʍʆɼɸʄʀ 

 

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ ʚ ʋʢʨʘʾʥʽ ʚʠʤʘʛʘʻ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʝʬʦʨʤʫʚʘʥʥʷ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʤʽʥʽ ʧʽʜʭʦʜʽʚ ʚʽʜ ʧʨʦʩʪʦʛʦ 

ʟʘʭʦʨʦʥʝʥʥʷ ʜʦ ʟʘʧʦʙʽʛʘʥʥʷ ʫʪʚʦʨʝʥʥʶ ʪʘ ʨʝʮʠʢʣʽʥʛʫ. ʈʝʛʽʦʥʘʣʴʥʽ 

ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʩʪʘʚʣʷʪʴ ʘʤʙʽʪʥʫ ʤʝʪʫ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʴʦʚʦʛʦ ʧʦʢʘʟʥʠʢʘ 

ʟʤʝʥʰʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʚʽʜʭʦʜʽʚ ʜʦ 70% ʜʦ 2030 ʨʦʢʫ ʚʽʜʥʦʩʥʦ ʙʘʟʦʚʦʛʦ 

ʨʽʚʥʷ [1].  

ʆʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʧʠʪʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ 

ʚʽʜʭʦʜʘʤʠ ʚ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ, ʷʢʘ ʢʘʨʜʠʥʘʣʴʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʤʽʩʪ 

ʥʠʟʴʢʦʶ ʱʽʣʴʥʽʩʪʶ ʥʘʩʝʣʝʥʥʷ ʪʘ ʚʝʣʠʢʠʤʠ ʚʽʜʩʪʘʥʷʤʠ ʤʽʞ ʥʘʩʝʣʝʥʠʤʠ 

ʧʫʥʢʪʘʤʠ, ʥʠʟʴʢʦʶ ʷʢʽʩʪʶ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ. ɺ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʠʭ 

ʨʝʩʫʨʩʽʚ ʛʨʦʤʘʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ 

ʽʥʩʪʨʫʤʝʥʪ ʩʫʪʪʻʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʣʦʛʽʩʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʤʫʥʽʮʠʧʘʣʴʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ.  

ɸʥʘʣʽʟ ʩʚʽʪʦʚʦʛʦ ʜʦʩʚʽʜʫ ʟʜʽʡʩʥʝʥʠʡ ʚ ʧʦʧʝʨʝʜʥʽʭ ʨʦʙʦʪʘʭ [2, 3] 

ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʢʘʪʝʛʦʨʽʾ ʮʠʬʨʦʚʠʭ ʨʽʰʝʥʴ, ʱʦ ʤʦʞʫʪʴ 

ʙʫʪʠ ʽʥʪʝʛʨʦʚʘʥʽ ʚ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʩʽʣʴʩʴʢʠʭ ʪʘ ʩʝʣʠʱʥʠʭ 

ʛʨʦʤʘʜ ʋʢʨʘʾʥʠ ʽ, ʟʦʢʨʝʤʘ, ʇʦʣʪʘʚʩʴʢʦʾ ʦʙʣʘʩʪʽ: 

1. ʃʦʢʘʣʴʥʽ ʨʽʰʝʥʥʷ ʥʘ ʙʘʟʽ IoT: ʩʠʩʪʝʤʠ, ʱʦ ʚʽʜʩʪʝʞʫʶʪʴ ʨʽʚʝʥʴ 
ʟʘʧʦʚʥʝʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʽʚ. 

2. ʉʠʩʪʝʤʠ ʚʽʟʫʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ: ʨʽʰʝʥʥʷ ʥʘ ʙʘʟʽ ʰʪʫʯʥʦʛʦ 
ʽʥʪʝʣʝʢʪʫ (ʥʘʧʨʠʢʣʘʜ, ʧʣʘʪʬʦʨʤʘ çAl City Visionè), ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

360-ʛʨʘʜʫʩʥʽ ʢʘʤʝʨʠ ʜʣʷ ʦʮʽʥʢʠ ʟʘʭʘʨʘʱʝʥʥʷ ʤʘʡʜʘʥʯʠʢʽʚ ʪʘ ʩʪʘʥʫ 

ʢʦʥʪʝʡʥʝʨʽʚ. 

3. ɯʥʪʝʛʨʦʚʘʥʽ ʧʣʘʪʬʦʨʤʠ: ʢʦʤʧʣʝʢʩʥʽ ʩʠʩʪʝʤʠ (ʥʘ ʢʰʪʘʣʪ 

ʽʪʘʣʽʡʩʴʢʦʾ SISTRI), ʱʦ ʦʙôʻʜʥʫʶʪʴ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ ʨʠʥʢʫ ʚ ʻʜʠʥʫ ʤʝʨʝʞʫ 

ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʩʢʨʽʟʥʠʡ ʢʦʥʪʨʦʣʴ ʚʽʜ ʟʙʠʨʘʥʥʷ ʜʦ ʫʪʠʣʽʟʘʮʽʾ. 

4. ʇʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ ʜʣʷ ʥʘʩʝʣʝʥʥʷ: ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ ʜʣʷ 

ʟʘʣʫʯʝʥʥʷ ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʜʦ ʚʠʷʚʣʝʥʥʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ ʟʚʘʣʠʱ. 

ɼʣʷ ʩʽʣʴʩʴʢʠʭ ʪʝʨʠʪʦʨʽʡ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ RFID ʜʣʷ ʪʦʯʥʦʛʦ ʦʙʣʽʢʫ ʪʘ ʧʨʦʪʦʢʦʣʫ LoRaWAN ʜʣʷ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ. LoRaWAN ʬʫʥʢʮʽʦʥʫʻ ʥʘ ʚʽʜʩʪʘʥʽ ʜʦ 5-10 ʢʤ, ʧʨʘʮʶʻ ʚ 
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ʥʝʣʽʮʝʥʟʦʚʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʘ ʻ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ 

ʚʽʜʜʘʣʝʥʠʭ ʨʘʡʦʥʽʚ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʠʪʨʘʪʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ Wi-Fi ʤʝʨʝʞ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʥʝ ʟʘʚʞʜʠ ʻ ʝʢʦʥʦʤʽʯʥʦ 

ʚʠʧʨʘʚʜʘʥʠʤ ʜʣʷ ʤʘʣʠʭ ʛʨʦʤʘʜ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʥʦʩʪʽ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʥʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥ̔ʜʝʢʩ ʮʠʬʨʦʚʦʾ 

ʜʦʮʽʣʴʥʦʩʪʽ (ɯʎɼ), ̫ ʢʠʡ ʽʥʪʝʛʨʫʻ ʦʨʛʘʥʽʟʘʮʽʡʥʽ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʣʦʛʽʩʪʠʯʥʽ 

ʘʩʧʝʢʪʠ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʨʠʪʝʨʽʾʚ ʜʦʮʽʣʴʥʦʩʪʽ ʪʘ 

ʤʦʞʣʠʚʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʚ ʤʫʥʽʮʠʧʘʣʴʥʽ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʩʽʣʴʩʴʢʠʭ ʪʘ ʩʝʣʠʱʥʠʭ ʛʨʦʤʘʜ, ʟʫʤʦʚʣʝʥʘ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʦʜʦʣʘʥʥʷ ʜʠʩʧʨʦʧʦʨʮʽʾ ʤʽʞ ʥʘʷʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʨʽʰʝʥʥʷʤʠ ʪʘ ʩʧʝʮʠʬʽʯʥʠʤʠ ʫʤʦʚʘʤʠ ʾʭ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʚ ʩʽʣʴʩʴʢʠʭ 

ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ. 

ʅʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʩʧʝʮʠʬʽʮʽ ʩʽʣʴʩʴʢʠʭ 

ʪʝʨʠʪʦʨʽʡ. ɯʩʥʫʶʯʽ ʮʠʬʨʦʚʽ ʨʽʰʝʥʥʷ (IoT-ʜʘʪʯʠʢʠ, smart-ʩʠʩʪʝʤʠ) ʯʘʩʪʦ 

ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʱʽʣʴʥʫ ʤʽʩʴʢʫ ʟʘʙʫʜʦʚʫ. ʉʽʣʴʩʴʢʘ ʤʽʩʮʝʚʽʩʪʴ ʢʘʨʜʠʥʘʣʴʥʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʠʟʴʢʦʶ ʱʽʣʴʥʽʩʪʶ ʥʘʩʝʣʝʥʥʷ, ʟʥʘʯʥʠʤʠ ʚʽʜʩʪʘʥʷʤʠ ʤʽʞ 

ʥʘʩʝʣʝʥʠʤʠ ʧʫʥʢʪʘʤʠ ʪʘ ʩʣʘʙʢʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ. ʇʨʷʤʘ 

ʽʤʧʣʝʤʝʥʪʘʮʽʷ ʤʽʩʴʢʠʭ ʤʦʜʝʣʝʡ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ ʦʮʽʥʢʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ 

ʜʦ ʥʠʟʴʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʪʦʤʫ ʨʦʟʨʦʙʢʘ ʘʜʘʧʪʦʚʘʥʠʭ ʢʨʠʪʝʨʽʾʚ, ʪʘʢʠʭ ʷʢ 

ʱʽʣʴʥʽʩʪʴ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʧʘʨʢʫ (ʑʂʇ), ʻ ʢʨʠʪʠʯʥʦ ʥʝʦʙʭʽʜʥʦʶ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ. 

ʂʨʠʪʠʯʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʣʦʛʽʩʪʠʯʥʠʭ ʚʠʪʨʘʪ. ʋ ʩʪʨʫʢʪʫʨʽ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʦʩʣʫʛ ʟ̔ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʚʠʪʨʘʪʠ ʥʘ ʟʙʽʨ ʪʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟʘ ʜʘʥʠʤʠ ʘʥʘʣʽʟʫ ʤʘʪʝʨʽʘʣʽʚ ʛʨʦʤʘʜ ʇʦʣʪʘʚʩʴʢʦʾ 

ʦʙʣʘʩʪʽ ʤʦʞʫʪʴ ʩʪʘʥʦʚʠʪʠ ʜʦ 60-80%. ɺ ʫʤʦʚʘʭ ʩʽʣʴʩʴʢʠʭ ʛʨʦʤʘʜ ʯʘʩʪʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʷʚʠʱʝ ʚʠʩʦʢʦʾ ʣʦʛʽʩʪʠʯʥʦʾ ʥʝʝʬʝʢʪʠʚʥʦʩʪʽ, ʜʝ ʜʣʷ ʟʙʦʨʫ 

ʦʜʥʽʻʾ ʪʦʥʠ ʚʽʜʭʦʜʽʚ (ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʮʝ ʚʪʦʨʩʠʨʦʚʠʥʘ ʥʠʟʴʢʦʾ ʱʽʣʴʥʦʩʪʽ) 

ʩʤʽʪʪʻʚʦʟ ʤʦʞʝ ʜʦʣʘʪʠ ʚʽʜʩʪʘʥʴ 50-60 ʢʤ (ʷʢ ʫ ʚʠʧʘʜʢʫ ɼʠʢʘʥʴʩʴʢʦʾ 

ʛʨʦʤʘʜʠ). ʈʦʟʨʦʙʢʘ ʢʦʝʬʽʮʽʻʥʪʘ ʣʦʛʽʩʪʠʯʥʦʾ ʥʝʝʬʝʢʪʠʚʥʦʩʪʽ (ʂʃʅ) 

ʜʦʟʚʦʣʷʻ ʯʽʪʢʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʛʨʦʤʘʜʠ, ʜʝ ʮʠʬʨʦʚʽʟʘʮʽʷ ʟʘʙʝʟʧʝʯʠʪʴ 

ʦʢʫʧʥʽʩʪʴ ʧʨʦʪʷʛʦʤ 4-18 ʤʽʩʷʮʽʚ, ʪʘ ʫʥʠʢʥʫʪʠ ʚʠʪʨʘʪ ʪʘʤ, ʜʝ ʝʢʦʥʦʤʽʯʥʠʡ 

ʝʬʝʢʪ ʙʫʜʝ ʥʝʟʥʘʯʥʠʤ (ʤʝʥʰʝ 5-8%). 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʣʘʩʪʝʨʥʠʭ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʽʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʤʽʞʤʫʥʽʮʠʧʘʣʴʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ. ʈʝʛʽʦʥʘʣʴʥʘ ʩʪʨʘʪʝʛʽʷ 

ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʭʽʜ ʜʦ ʢʣʘʩʪʝʨʥʦʾ ʤʦʜʝʣʽ, ʱʦ 

ʚʢʣʶʯʘʻ ʩʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʪʝʭʥʽʢʠ ʢʽʣʴʢʦʤʘ 

ʛʨʦʤʘʜʘʤʠ. ɺ ʫʤʦʚʘʭ ʤʽʞʤʫʥʽʮʠʧʘʣʴʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʚʽʜʩʫʪʥʽʩʪʴ 

ʻʜʠʥʠʭ ʮʠʬʨʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫʥʝʤʦʞʣʠʚʣʶʻ ʧʨʦʟʦʨʠʡ ʦʙʣʽʢ ʪʘ 

ʨʦʟʧʦʜʽʣ ʚʠʪʨʘʪ. ɺʚʝʜʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʢʨʠʪʝʨʽʾʚ, ʪʘʢʠʭ ʷʢ ʢʦʝʬʽʮʽʻʥʪ 

ʤʽʞʤʫʥʽʮʠʧʘʣʴʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ (ʂʄʉ), ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʝʪʘʧ, ʥʘ 

ʷʢʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʷ ʻʜʠʥʦʾ ʮʠʬʨʦʚʦʾ ʫʧʨʘʚʣʽʥʩʴʢʦʾ ʧʣʘʪʬʦʨʤʠ ʩʪʘʻ 
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ʦʙʦʚôʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦ-ʣʦʛʽʩʪʠʯʥʦʛʦ 

ʢʣʘʩʪʝʨʘ. 

ʆʙôʻʢʪʠʚʽʟʘʮʽʷ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. ʆʙʤʝʞʝʥʘ 

ʧʣʘʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʛʨʦʤʘʜ ʚʠʤʘʛʘʻ ʯʽʪʢʦʛʦ ʨʘʥʞʫʚʘʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ 

ʬʽʥʘʥʩʫʚʘʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥ̔ʪʝʛʨʘʣʴʥʠʡ ʽʥʜʝʢʩ ʮʠʬʨʦʚʦʾ ʜʦʮʽʣʴʥʦʩʪʽ 

(ɯʎɼ) ʜʦʟʚʦʣʷʻ ʤʘʪʝʤʘʪʠʯʥʦ ʦʙˇʨʫʥʪʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ. ʎʝ ʧʝʨʝʪʚʦʨʶʻ 

ʧʨʦʮʝʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟ ʽʥʪʫʾʪʠʚʥʦʛʦ ʥʘ ʜʦʢʘʟʦʚʠʡ, ʜʦʟʚʦʣʷʶʯʠ 

ʚʠʜʽʣʷʪʠ ʢʨʠʪʠʯʥʽ ʟʦʥʠ, ʜʝ ʮʠʬʨʦʚʽʟʘʮʽʷ ʻ ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʠʤ ʚʘʨʽʘʥʪʦʤ 

ʽʩʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. 

ʇʨʘʢʪʠʯʥʘ ʘʧʨʦʙʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʽʜʭʦʜʽʚ ʨʦʟʛʣʷʜʘʣʘʩʷ ʥʘʤʠ 

ʥʘ ʧʨʠʢʣʘʜʽ ʛʨʦʤʘʜ ʇʦʣʪʘʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. 

ʊʘʢ, ʜʣʷ ʂʦʪʝʣʝʚʩʴʢʦ ʾ ʛʨʦʤʘʜʠ ʧʦʢʘʟʥʠʢ ʂʃʅ ʧʦ ʦʢʨʝʤʠʤ 

ʤʘʨʰʨʫʪʘʤ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 5 ʢʤ/ʪ ʜʣʷ ʟʤʽʰʘʥʠʭ ʬʨʘʢʮʽʡ ʪʘ ʩʢʣʘ ʜʦ 50 ʢʤ/ʪ 

ʜʣʷ ʧʣʘʩʪʠʢʘ ʪʘ ʧʘʧʝʨʫ, ʰʦ ʻ ʢʨʠʪʠʯʥʦ ʚʠʩʦʢʠʤ ʧʦʢʘʟʥʠʢʦʤ.  

ʎʽʢʘʚʠʤ ʻ ʧʨʠʢʣʘʜ ʩʝʣʠʱʘ ʃʦʭʚʠʮʷ, ʜʝ ʛʨʦʤʘʜʘ ʧʽʰʣʘ ʧʦ ʰʣʷʭʫ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʧʦ ʚʩʽʤ ʧʨʠʚʘʪʥʠʤ ʦʩʝʣʷʤ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ 

ʧʝʨʝʚʘʞʥʫ ʯʘʩʪʠʥʫ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ ʩʪʘʥʦʚʠʪʴ ʩʘʤʝ ʧʨʠʚʘʪʥʠʡ ʩʝʢʪʦʨ. 

ɺʠʩʦʢʠʡ ʧʦʢʘʟʥʠʢ ʱʽʣʴʥʦʩʪʽ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʧʘʨʢʫ ʦʙˇʨʫʥʪʦʚʫʻ ʫʤʦʚʠ 

ʚʠʩʦʢʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʮʠʬʨʦʚʽʟʘʮʽʾ ʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʩʠʩʪʝʤʠ ʦʧʣʘʪʠ ʟʘ 

ʬʘʢʪʦʤ ʫʪʚʦʨʝʥʥʷ ʚʽʜʭʦʜʽʚ (PAYT) [4, 5]. ɺʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʦʾ ʮʠʬʨʦʚʦʾ 

ʧʣʘʪʬʦʨʤʠ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ ʫʩʢʣʘʜʥʶʻ ʩʧʽʚʧʨʘʮʶ ʪʘ ʚʟʘʻʤʦʨʦʟʨʘʭʫʥʢʠ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʣʦʛʽʩʪʠʢʠ ʯʝʨʝʟ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʛʘʜʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʘ 20-30% ʪʘ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ. ʎʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʧʨʽʦʨʠʪʝʪʘʤʠ 

ʨʝʛʽʦʥʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʟʘʣʫʯʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡ ʪʘ ʨʦʟʚʠʪʦʢ 

ʤʽʞʤʫʥʽʮʠʧʘʣʴʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʯʝʨʝʟ ʜʦʛʦʚʦʨʠ ʧʨʦ ʩʧʽʣʴʥʫ 

ʜʽʷʣʴʥʽʩʪʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ ʥʘ 

ʨʽʚʥʽ ʨʝʛʽʦʥʽʚ ʚʠʤʘʛʘʻ ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʠʩʪʝʤʠ ʨʦʟʦʩʝʨʝʜʞʝʥʠʭ ʩʫʙôʻʢʪʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʜʦ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʢʣʘʩʪʝʨʥʠʭ ʤʦʜʝʣʝʡ. ʎʠʬʨʦʚʽʟʘʮʽʷ ʻ 

ʥʝʚʽʜ'ʻʤʥʠʤ ʝʣʝʤʝʥʪʦʤ ʮʴʦʛʦ ʧʨʦʮʝʩʫ, ʧʨʦʪʝ ʾʾ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʘʻ ʙʫʪʠ 

ʝʢʦʣʦʛʽʯʥʦ, ʪʝʭʥʦʣʦʛʽʯʥʦ ʽ ʝʢʦʥʦʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥ̔ʜʝʢʩ ʮʠʬʨʦʚʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʤʦʞʝ ʩʪʘʪʠ ʪʠʤ 

ʥʘʫʢʦʚʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʘʨʽʻʤ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʨʘʥʞʫʚʘʪʠ 

ʛʨʦʤʘʜʠ ʪʘ ʢʣʘʩʪʝʨʠ ʟʘ ʧʨʽʦʨʠʪʝʪʥʽʩʪʶ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ 

ʤʦʥʽʪʦʨʠʥʛʫ ʊʇɺ ̔ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ ʩʽʣʴʩʴʢʠʭ ʪʝʨʠʪʦʨʽʡ: ʥʠʟʴʢʦ ʾ

ʱʽʣʴʥʦʩʪ̔ ʥʘʩʝʣʝʥʥʷ ʪʘ ʣʦʛʽʩʪʠʯʥʦ ʾʥʝʝʬʝʢʪʠʚʥʦʩʪ̔. 

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ 

1. ʇʦʣʪʘʚʩʴʢʘ ʦʙʣʘʩʥʘ ʘʜʤʽʥʽʩʪʨʘʮʽʷ. (2021). ʈʝʛʽʦʥʘʣʴʥʠʡ ʧʣʘʥ 
ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʫ ʇʦʣʪʘʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʜʦ 2030 ʨʦʢʫ: ʧʨʦʻʢʪ. 
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https://www.adm-pl.gov.ua/advert/oprilyudnennya-dlya-obgovorennya-

proektu-regionalniy-plan-upravlinnya-vidhodami-u-poltavskiy  

2. ɹʨʝʜʫʥ ɺ. ɯ., ɹʨʝʜʫʥ ɸ. ɺ., ʇʨʦʙʣʝʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ 

ʮʠʬʨʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʚ ʩʽʣʴʩʴʢʠʭ ʪʘ 

ʩʝʣʠʱʥʠʭ ʛʨʦʤʘʜʘʭ ʇʦʣʪʘʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ɽʢʦʣʦʛʽʯʥʘ  ʙʝʟʧʝʢʘ  ʪʘ 

ʨʘʮʽʦʥʘʣʴʥʝ  ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ : ʊʝʟʠ  ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ  ʥʘʫʢʦʚʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ  ʟʜʦʙʫʚʘʯʽʚ  ʚʠʱʦʾ  ʦʩʚʽʪʠ  ʪʘ  ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, 14 ʣʠʩʪʦʧʘʜʘ 

2024 ʨʦʢʫ. ɾʠʪʦʤʠʨ : ɾʠʪʦʤʠʨʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ, 2024. ʉ.127ï128. 

3. ɹʨʝʜʫʥ, ɺ., & ɹʨʝʜʫʥ, ɸ. (2025). ɸʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʮʠʬʨʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʫ ʤʫʥʽʮʠʧʘʣʴʥʽ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʚʝʨʜʠʤʠ ʧʦʙʫʪʦʚʠʤʠ ʚʽʜʭʦʜʘʤʠ ʛʨʦʤʘʜ ʇʦʣʪʘʚʩʴʢʦʾ 

ʦʙʣʘʩʪʽ. Herald of Khmelnytskyi National University. Technical Sciences, 

351(3.1), 75-80. https://doi.org/10.31891/2307-5732-2025-351-8  

4. ʋʧʨʘʚʣʽʥʥʷ ʪʚʝʨʜʠʤʠ ʧʦʙʫʪʦʚʠʤʠ ʚʽʜʭʦʜʘʤʠ ʚ ʫʤʦʚʘʭ 

ʨʝʬʦʨʤʫʚʘʥʥʷ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ 

ʤʽʞʤʫʥʽʮʠʧʘʣʴʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ : ʅʘʚʯʘʣʴʥʦ-ʧʨʘʢʪʠʯʥʠʡ ʧʦʩʽʙʥʠʢ ; 

ʟʘ ʟʘʛ. ʨʝʜ. ʊʦʣʢʦʚʘʥʦʚʘ ɺ. ɺ., ɯʣʣʷʰ ʆ. ɽ., ɾʫʨʘʚʣʷ ʊ. ɺ., ɻʦʣʽʢʘ ʖ. ʉ.  

ʂʠʾʚ, 2018. 393 ʩ. 

5. ʇʨʘʢʪʠʯʥʽ ʘʩʧʝʢʪʠ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʚ ʋʢʨʘʾʥʽ : ʇʦʩʽʙʥʠʢ / 

ɹʘʨʽʥʦʚ ʄ. ʆ., ʆʣʝʢʩʽʻʚʝʮʴ ɯ. ʃ., ʈʦʜʥʘʷ ɼ. ɺ., ɾʫʨʘʚʝʣʴ ʊ. ɺ., 

ʂʦʣʦʤʽʻʮʴ ʉ. ɺ., ʂʦʟʣʦʚʘ ɯ. ɸ., ʇʘʨʭʦʤʝʥʢʦ ɻ. ʇ. ʂ. : çʇʦʣʽʛʨʘʬ ʧʣʶʩè, 

2021.118 ʩ. 

  

https://doi.org/10.31891/2307-5732-2025-351-8
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ʋɼʂ 378.4.096:91](477-25)ʂʅʋ:001.891 
 

ɻʫʨʘ ʂ., ʜʦʢʪʦʨ ʬʽʣʦʩʦʬʽʾ, ʜʠʨʝʢʪʦʨ ʮʝʥʪʨʫ ʩʪʘʣʠʭ ʨʽʰʝʥʴ 

çGreenLabsKNUè ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ 

 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ,  

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ʗʂ ʅɸʋʂɸ ʇʈɸʎʖɭ ɼʃʗ ɺɯɼʅʆɺʃɽʅʅʗ: ɼʆʉɺɯɼ 

ʇʈʆɭʂʊʅʆɰ ɼɯʗʃʔʅʆʉʊɯ ʎɽʅʊʈʋ ʉʊɸʃʀʍ ʈɯʐɽʅʔ 

çGreenLabsKNUè ɻɽʆɻʈɸʌɯʏʅʆɻʆ ʌɸʂʋʃʔʊɽʊʋ 

ʂʀɰɺʉʔʂʆɻʆ ʅɸʎɯʆʅɸʃʔʅʆɻʆ ʋʅɯɺɽʈʉʀʊɽʊʋ  

ɯʄɽʅɯ ʊɸʈɸʉɸ ʐɽɺʏɽʅʂɸ 

 

 

ɺʽʡʥʘ ʚ ʋʢʨʘʾʥʽ ʧʨʠʟʚʝʣʘ ʜʦ ʤʘʩʰʪʘʙʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ, 

ʟʦʢʨʝʤʘ ʜʝʛʨʘʜʘʮʽʾ ʘʛʨʦʣʘʥʜʰʘʬʪʽʚ, ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʽ ʧʦʨʫʰʝʥʥʷ 

ʝʢʦʩʠʩʪʝʤ. ɿʘ ʜʘʥʠʤʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ, ʚʥʘʩʣʽʜʦʢ ʨʦʩʽʡʩʴʢʦʾ ʘʛʨʝʩʽʾ ʧʨʦʪʠ ʋʢʨʘʾʥʠ ʙʫʣʦ ʩʢʦʻʥʦ 

ʧʦʥʘʜ 8000 ʝʢʦʣʦʛʽʯʥʠʭ ʟʣʦʯʠʥʽʚ, ʘ ʟʙʠʪʢʠ ʩʷʛʥʫʣʠ 85 ʤʽʣʴʷʨʜʽʚ ɭʚʨʦ. [1] 

ʎʽ ʟʣʦʯʠʥʠ ʟʘʚʜʘʣʠ ʟʥʘʯʥʦʾ ʰʢʦʜʠ ʜʦʚʢʽʣʣʶ. ɺ ʫʤʦʚʘʭ ʧʽʩʣʷʚʦʻʥʥʦʾ 

ʚʽʜʙʫʜʦʚʠ ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʦʻʜʥʘʥʥʷ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ, 

ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʽ ʧʨʘʢʪʠʯʥʠʭ ʜʽʡ ʥʘ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʘ 

ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʷʭ. 

ɯʟ ʮʽʻʶ ʤʝʪʦʶ ʫ 2023 ʨʦʮʽ ʥʘ ʛʝʦʛʨʘʬʽʯʥʦʤʫ ʬʘʢʫʣʴʪʝʪʽ ʂʠʾʚʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, ʟʘ ʽʥʽʮʽʘʪʠʚʠ ʢʘʬʝʜʨʠ 

ʬʽʟʠʯʥʦʾ ʛʝʦʛʨʘʬʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ, ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʎʝʥʪʨ ʩʪʘʣʠʭ ʨʽʰʝʥʴ 

çGreenLabsKNUè, ʷʢʠʡ ʬʫʥʢʮʽʦʥʫʻ ʷʢ ʧʣʘʪʬʦʨʤʘ ʽʥʪʝʛʨʘʮʽʾ ʥʘʫʢʠ, ʦʩʚʽʪʠ 

ʪʘ ʧʨʦʻʢʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫ ʩʬʝʨʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʟʝʣʝʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ. 

ɼʽʷʣʴʥʽʩʪʴ ʎʝʥʪʨʫ çGreenLabsKNUè ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʯʦʪʠʨʴʦʭ 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʚʝʢʪʦʨʘʭ: ʧʨʦʻʢʪʥʘ ʜʽʷʣʴʥʽʩʪʴ, ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʨʦʟʚʠʪʦʢ ʧʘʨʪʥʝʨʩʪʚ ʽ ʧʦʧʫʣʷʨʠʟʘʮʽʷ ʥʘʫʢʠ. 

ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʧʨʦʻʢʪʽʚ ʻ RECOVER 

(çʂʣʽʤʘʪʠʯʥʦ ʨʦʟʫʤʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʥʘ 

ʨʦʟʤʽʥʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ʋʢʨʘʾʥʠè), ʷʢʠʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʩʧʽʣʴʥʦ ʟ Chalmers 

University of Technology (ʐʚʝʮʽʷ) ʪʘ WWF-ʋʢʨʘʾʥʘ. ʋ ʤʝʞʘʭ ʧʨʦʻʢʪʫ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʥʘʣʽʟ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʘʮʽʦʥʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʤʽʞʥʘʨʦʜʥʠʤ 

(ISO, ʨʝʛʣʘʤʝʥʪʠ ɭʉ), ʧʦʣʴʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʽʚ ʫ 

ʨʝʛʽʦʥʘʭ, ʧʦʩʪʨʘʞʜʘʣʠʭ ʚʽʜ ʙʦʡʦʚʠʭ ʜʽʡ, ʟʦʢʨʝʤʘ ʚ ʄʠʢʦʣʘʾʚʩʴʢʽʡ ʦʙʣʘʩʪʽ, 

ʘ ʪʘʢʦʞ ʥʘʧʨʘʮʶʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʠʨʦʜʦʦʨʽʻʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ (NbS) ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʘʛʨʦʣʘʥʜʰʘʬʪʽʚ. 
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ʋ ʨʘʤʢʘʭ ʧʨʦʻʢʪʫ ʙʫʣʦ ʟʘʙʝʟʧʝʯʝʥʦ ʧʨʦʮʝʩ ʚʽʜʙʦʨʫ ˇʨʫʥʪʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʦʜʝʟʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽ ʤʘʨʢʫʚʘʥʥʷ ʢʦʥʪʨʦʣʴʥʠʭ 

ʪʦʯʦʢ. ɺʽʜʙʽʨ ʟʜʽʡʩʥʶʚʘʣʠ ʤʝʪʦʜʦʤ ʢʦʥʚʝʨʪʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽʩʪʴ ʧʨʦʙ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ. ʇʽʩʣʷ 

ʚʽʜʙʦʨʫ ˇʨʫʥʪʽʚ ʾʭ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʘʥʘʣʽʟʫ ʥʘ ʙʘʟʽ LandscapeLabKNU. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʪʴ ʨʦʟʨʦʙʠʪʠ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ 

ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ˇʨʫʥʪʽʚ, ʱʦ ʩʧʨʷʪʠʤʝ ʚʽʜʥʦʚʣʝʥʥʶ ʩʽʣʴʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʥʘ ʪʝʨʠʪʦʨʽʷʭ, ʜʝ ʙʫʣʠ ʙʦʡʦʚʽ ʜʽʾ. 

ʂʨʽʤ ʮʴʦʛʦ, ʎʝʥʪʨ ʨʝʘʣʽʟʫʻ ʣʦʢʘʣʴʥʽ ʧʨʠʢʣʘʜʥʽ ʽʥʽʮʽʘʪʠʚʠ. ɿʦʢʨʝʤʘ, 

ʫ 2025 ʨʦʮʽ ʟʘ ʧʽʜʪʨʠʤʢʠ ɼʝʧʘʨʪʘʤʝʥʪʫ ʩʫʩʧʽʣʴʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʂʄɼɸ 

ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʧʨʦʻʢʪ çɽʥʝʨʛʽʷ ʤʦʣʦʜʽ ʜʣʷ ʟʝʣʝʥʦʛʦ ʤʽʩʪʘ: ʬʦʨʤʫʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʩʪʘʚʣʝʥʥʷ ʜʦ ʧʨʠʨʦʜʠ ʯʝʨʝʟ ʝʢʦʧʨʦʩʚʽʪʥʠʮʪʚʦè. ʇʨʦʻʢʪ 

ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʨʦʟʚʠʪʦʢ ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ ʰʢʦʣʷʨʽʚ ʽ ʩʪʫʜʝʥʪʩʴʢʦʾ 

ʤʦʣʦʜʽ ʤʽʩʪʘ ʂʠʻʚʘ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʉʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʤʽʩʪʘ ʂʠʻʚʘ ʜʦ 2027 

ʨʦʢʫ (ʥʘʧʨʷʤʠ çɽʢʦʧʦʣʽʪʠʢʘ ʪʘ ʦʭʦʨʦʥʘ ʜʦʚʢʽʣʣʷè ʪʘ çʆʩʚʽʪʘè). 

ɺʠʩʥʦʚʢʠ. ɼʦʩʚʽʜ GreenLabsKNU ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʧʦʻʜʥʘʥʥʷ  

ʘʢʘʜʝʤʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ, ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ 

ʧʨʘʢʪʠʯʥʽ ʤʦʜʝʣʽ ʟʝʣʝʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʝʢʦʣʦʛʽʯʥʽ, 

ʩʦʮʽʘʣʴʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʘʩʧʝʢʪʠ. ɺʘʞʣʠʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʻ ʟʘʣʫʯʝʥʥʷ 

ʤʦʣʦʜʠʭ ʬʘʭʽʚʮʽʚ ʜʦ ʨʝʘʣʴʥʦʾ ʨʦʙʦʪʠ ʥʘʜ ʝʢʦʣʦʛʽʯʥʦʶ ʚʽʜʙʫʜʦʚʦʶ ʢʨʘʾʥʠ. 

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ: 

1. ʄʽʥʽʩʪʝʨʩʪʚʦ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ. 

ɽʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ ʚʽʡʥʠ: ʧʦʥʘʜ 8000 ʟʣʦʯʠʥʽʚ, ʟʙʠʪʢʠ ï 85 ʤʣʨʜ ʻʚʨʦ. 

ʆʬʽʮʽʡʥʠʡ ʟʚʽʪ ʄʽʥʜʦʚʢʽʣʣʷ ʋʢʨʘʾʥʠ, 2025. URL: https://mepr.gov.ua (ʜʘʪʘ 

ʟʚʝʨʥʝʥʥʷ: 20.10.2025). 
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ɿʠʤʘ ʆ. ɭ., ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ  ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ  

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 

 

ɽʂʆʃʆɻɯʏʅɯ ɸʉʇɽʂʊʀ ʆʍʆʈʆʅʀ ʇʈɸʎɯ: ʉʀʅɽʈɻɯʗ 

ɹɽɿʇɽʂʀ ʊɸ ʉʊɸʃʆɻʆ ʈʆɿɺʀʊʂʋ ʇɯɼʇʈʀɭʄʉʊɺ 

 

ʅʦʚʘ ʧʘʨʘʜʠʛʤʘ ʚʠʨʦʙʥʠʯʦʾ ʙʝʟʧʝʢʠ. ɺ ʫʤʦʚʘʭ ʛʣʦʙʘʣʴʥʠʭ 

ʚʠʢʣʠʢʽʚ ï ʢʣʽʤʘʪʠʯʥʦʾ ʢʨʠʟʠ, ʜʝʬʽʮʠʪʫ ʨʝʩʫʨʩʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ï ʪʨʘʜʠʮʽʡʥʠʡ ʨʦʟʧʦʜʽʣ ʥʘ çʦʭʦʨʦʥʫ ʧʨʘʮʽè (HSE ï Health 

& Safety) ʪʘ çʝʢʦʣʦʛʽʶè (Environment) ʩʪʘʻ ʥʝʘʢʪʫʘʣʴʥʠʤ. ʉʫʯʘʩʥʘ 

ʢʦʥʮʝʧʮʽʷ EHS (Environment, Health, and Safety) ʨʦʟʛʣʷʜʘʻ ʧʽʜʧʨʠʻʤʩʪʚʦ 

ʷʢ ʻʜʠʥʫ ʝʢʦʩʠʩʪʝʤʫ, ʜʝ ʙʝʟʧʝʢʘ ʧʨʘʮʽʚʥʠʢʘ ʥʝʨʦʟʨʠʚʥʦ ʧʦʚ'ʷʟʘʥʘ ʟʽ 

ʩʪʘʥʦʤ ʜʦʚʢʽʣʣʷ. 

ɻʣʦʙʘʣʴʥʽ ʚʠʢʣʠʢʠ ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʠ ʟʤʽʥ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʝʨʝʙʫʚʘʻ ʧʽʜ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʚʧʣʠʚʦʤ ʛʣʦʙʘʣʴʥʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʽʡ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʧʝʨʝʛʣʷʜʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʟʘʩʘʜ 

ʙʝʟʧʝʢʠ. ʂʣʽʤʘʪʠʯʥʘ ʢʨʠʟʘ ʚʠʩʪʫʧʘʻ ʦʜʥʠʤ ʽʟ ʥʘʡʧʦʪʫʞʥʽʰʠʭ 

ʜʝʪʝʨʤʽʥʘʥʪʽʚ ʟʤʽʥʠ ʫʤʦʚ ʧʨʘʮʽ. ɽʢʩʪʨʝʤʘʣʴʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʢʦʣʠʚʘʥʥʷ, 

ʟʦʢʨʝʤʘ ʘʥʦʤʘʣʴʥʘ ʩʧʝʢʘ, ʩʪʘʶʪʴ ʧʨʠʯʠʥʦʶ ʟʨʦʩʪʘʥʥʷ ʨʠʟʠʢʽʚ ʪʝʧʣʦʚʦʛʦ 

ʩʪʨʝʩʫ ʜʣʷ ʧʝʨʩʦʥʘʣʫ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʚʽʜʢʨʠʪʠʭ ʤʘʡʜʘʥʯʠʢʘʭ ʘʙʦ ʫ 

ʧʨʠʤʽʱʝʥʥʷʭ ʙʝʟ ʥʘʣʝʞʥʦʾ ʪʝʨʤʦʨʝʛʫʣʷʮʽʾ. ʆʢʨʽʤ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ, ʟʤʽʥʘ ʢʣʽʤʘʪʫ ʩʪʚʦʨʶʻ ʧʨʷʤʽ ʟʘʛʨʦʟʠ ʮʽʣʽʩʥʦʩʪʽ 

ʚʠʨʦʙʥʠʯʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʩʪʠʭʽʡʥʠʭ ʣʠʭ, 

ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʤʘʩʰʪʘʙʥʠʭ ʪʝʭʥʦʛʝʥʥʠʭ ʘʚʘʨʽʡ ʟ ʝʢʦʣʦʛʽʯʥʠʤʠ 

ʥʘʩʣʽʜʢʘʤʠ. 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʧʝʨʝʭʽʜ ʜʦ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʭʦʯʘ ʽ ʻ 

ʝʢʦʣʦʛʽʯʥʦ ʚʠʧʨʘʚʜʘʥʠʤ, ʬʦʨʤʫʻ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʽ ʚʝʢʪʦʨʠ ʧʨʦʬʝʩʽʡʥʠʭ 

ʨʠʟʠʢʽʚ. ʈʦʙʦʪʘ ʟ ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʚʦʜʥʶ ʚʠʤʘʛʘʻ ʩʧʝʮʠʬʽʯʥʠʭ 

ʧʨʦʪʦʢʦʣʽʚ ʚʠʙʫʭʦʟʘʭʠʩʪʫ, ʘ ʤʘʩʦʚʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʣʽʪʽʻʚʠʭ 

ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʩʠʩʪʝʤ ʩʪʚʦʨʶʻ ʥʝʙʝʟʧʝʢʫ ʭʽʤʽʯʥʠʭ ʦʧʽʢʽʚ ʪʘ 

ʩʧʝʮʠʬʽʯʥʦʛʦ ʦʪʨʫʻʥʥʷ ʧʨʦʜʫʢʪʘʤʠ ʛʦʨʽʥʥʷ ʧʨʠ ʾʭ ʨʦʟʛʝʨʤʝʪʠʟʘʮʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, çʟʝʣʝʥʽè ʪʝʭʥʦʣʦʛʽʾ ʧʦʪʨʝʙʫʶʪʴ ʧʘʨʘʣʝʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʩʪʘʥʜʘʨʪʽʚ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʥʦʚʠʤ ʚʠʜʘʤ ʚʠʨʦʙʥʠʯʦʛʦ 

ʪʨʘʚʤʘʪʠʟʤʫ. 

ʇʘʨʘʣʝʣʴʥʦ ʟ ʮʠʤ, ʨʝʩʫʨʩʥʘ ʦʙʤʝʞʝʥʽʩʪʴ ʟʤʫʰʫʻ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʤʦʜʝʣʽ ʮʠʢʣʽʯʥʦʾ ʝʢʦʥʦʤʽʢʠ (circular economy). ʎʝʡ 

ʧʝʨʝʭʽʜ ʢʘʨʜʠʥʘʣʴʥʦ ʟʤʽʥʶʻ ʣʦʛʽʢʫ ʧʦʚʦʜʞʝʥʥʷ ʟ ʧʨʦʤʠʩʣʦʚʠʤʠ 

ʚʽʜʭʦʜʘʤʠ: ʪʝ, ʱʦ ʨʘʥʽʰʝ ʧʽʜʣʷʛʘʣʦ ʫʪʠʣʽʟʘʮʽʾ, ʪʝʧʝʨ ʩʪʘʻ ʚʪʦʨʠʥʥʦʶ 

ʩʠʨʦʚʠʥʦʶ. ʎʝ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʧʝʨʩʦʥʘʣʫ ʟ ʧʦʪʝʥʮʽʡʥʦ 
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ʥʝʙʝʟʧʝʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʧʽʜ ʯʘʩ ʾʭ ʩʦʨʪʫʚʘʥʥʷ, ʧʝʨʝʨʦʙʢʠ ʪʘ 

ʧʦʚʪʦʨʥʦʛʦ ʚʚʝʜʝʥʥʷ ʫ ʚʠʨʦʙʥʠʯʠʡ ʮʠʢʣ. 

ʉʠʥʝʨʛʽʷ ʝʢʦʣʦʛʽʾ ʪʘ ʦʭʦʨʦʥʠ ʧʨʘʮʽ: ʊʦʯʢʠ ʧʝʨʝʪʠʥʫ. 

ʉʠʥʝʨʛʝʪʠʯʥʠʡ ʝʬʝʢʪ ʫ ʩʫʯʘʩʥʽʡ ʉʋʆʇ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʽʥʪʝʛʨʘʮʽʾ 

ʟʘʭʦʜʽʚ, ʷʢʽ ʤʘʶʪʴ ʧʦʜʚʽʡʥʫ ʩʧʨʷʤʦʚʘʥʽʩʪʴ: ʟʘʭʠʩʪ ʣʶʜʠʥʠ ʪʘ ʟʙʝʨʝʞʝʥʥʷ 

ʙʽʦʩʬʝʨʠ. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ ʻ ʩʪʨʘʪʝʛʽʷ ʤʽʥʽʤʽʟʘʮʽʾ ʭʽʤʽʯʥʦʛʦ 

ʚʧʣʠʚʫ. ɿʘʤʽʥʘ ʚʠʩʦʢʦʪʦʢʩʠʯʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʨʦʟʯʠʥʥʠʢʽʚ ʘʙʦ ʨʝʘʛʝʥʪʽʚ 

ʥʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʽ ʘʥʘʣʦʛʠ (ʥʘʧʨʠʢʣʘʜ, ʧʝʨʝʭʽʜ ʥʘ ʚʦʜʥʫ ʦʩʥʦʚʫ) 

ʘʚʪʦʤʘʪʠʯʥʦ ʟʥʠʞʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʛʦʩʪʨʠʭ ʪʘ ʭʨʦʥʽʯʥʠʭ 

ʧʨʦʬʝʩʽʡʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʫ ʧʨʘʮʽʚʥʠʢʽʚ ʽ ʦʜʥʦʯʘʩʥʦ ʚʠʢʣʶʯʘʻ 

ʧʦʪʨʘʧʣʷʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʩʧʦʣʫʢ ʫ ʩʪʽʯʥʽ ʚʦʜʠ ʪʘ ʘʪʤʦʩʬʝʨʫ. 

ʊʝʭʥʽʯʥʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʪʘ ʘʩʧʽʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘʢʦʞ 

ʜʝʤʦʥʩʪʨʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʠʥʝʨʛʽʾ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ 

ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʜʞʝʨʝʣʘʭ ʚʠʢʠʜʽʚ ʥʝ ʣʠʰʝ ʦʯʠʱʫʻ ʨʦʙʦʯʫ 

ʟʦʥʫ ʚʽʜ ʘʝʨʦʟʦʣʽʚ ʪʘ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʛʦ ʧʠʣʫ, ʟʘʭʠʱʘʶʯʠ ʦʨʛʘʥʠ 

ʜʠʭʘʥʥʷ ʧʝʨʩʦʥʘʣʫ, ʘʣʝ ʡ ʟʘʙʝʟʧʝʯʫʻ ʜʦʪʨʠʤʘʥʥʷ ʥʦʨʤʘʪʠʚʽʚ ɻɼʂ 

(ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ) ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʂʦʥʮʝʧʮʽʷ Vision Zero ʪʘ ʝʢʦʣʦʛʽʯʥʘ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ. 

ʄʽʞʥʘʨʦʜʥʘ ʩʪʨʘʪʝʛʽʷ Vision Zero (çʅʫʣʴʦʚʠʡ ʪʨʘʚʤʘʪʠʟʤè) ʝʚʦʣʶʮʽʦʥʫʻ 

ʚ ʙʽʢ ʽʥʢʣʶʟʠʚʥʦʩʪʽ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʥʠʢʘ. ʉʫʯʘʩʥʝ ʩʪʘʣʝ ʧʽʜʧʨʠʻʤʩʪʚʦ 

ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ ʣʠʰʝ ʙʝʟʧʝʢʦʶ ʧʨʘʮʽ; ʚʦʥʦ ʜʝʢʣʘʨʫʻ ʧʨʘʛʥʝʥʥʷ ʜʦ çʥʫʣʷè 

ʷʢ ʫ ʢʦʥʪʝʢʩʪʽ ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ, ʪʘʢ ʽ ʚ ʢʦʥʪʝʢʩʪʽ ʝʢʦʣʦʛʽʯʥʠʭ 

ʽʥʮʠʜʝʥʪʽʚ (ʚʠʪʦʢʽʚ, ʨʦʟʣʠʚʽʚ, ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ ʚʠʢʠʜʽʚ). 

ʌʫʥʜʘʤʝʥʪʦʤ ʪʘʢʦʾ ʩʪʨʘʪʝʛʽʾ ʻ ʽʥʪʝʛʨʘʮʽʷ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

ʇʦʻʜʥʘʥʥʷ ISO 45001 (ʤʝʥʝʜʞʤʝʥʪ ʦʭʦʨʦʥʠ ʧʨʘʮʽ) ʪʘ ISO 14001 

(ʝʢʦʣʦʛʽʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ) ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʻʜʠʥʠʡ ʢʦʥʪʫʨ ʤʦʥʽʪʦʨʠʥʛʫ 

ʨʠʟʠʢʽʚ. ʋ ʨʘʤʢʘʭ ʨʠʟʠʢ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʘʥʘʣʽʟʫʻʪʴʩʷ 

ʚʟʘʻʤʦʟʚôʷʟʦʢ: ʙʫʜʴ-ʷʢʘ ʚʠʨʦʙʥʠʯʘ ʘʚʘʨʽʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʧʦʜʚʽʡʥʘ 

ʟʘʛʨʦʟʘ ð ʜʣʷ ʧʝʨʩʦʥʘʣʫ (ʪʨʘʚʤʫʚʘʥʥʷ) ʪʘ ʜʣʷ ʤʽʩʮʝʚʦʾ ʛʨʦʤʘʜʠ 

(ʟʘʙʨʫʜʥʝʥʥʷ ʪʝʨʠʪʦʨʽʡ). ʊʘʢʘ ʢʦʥʚʝʨʛʝʥʮʽʷ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʨʝʩʫʨʩʠ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʘʫʜʠʪʽʚ ʪʘ ʨʦʟʨʦʙʢʫ ʧʨʝʚʝʥʪʠʚʥʠʭ ʟʘʭʦʜʽʚ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʽʥʥʦʚʘʮʽʾ (Industry 4.0) ʫ ʩʣʫʞʙʽ ʙʝʟʧʝʢʠ. 

ʎʠʬʨʦʚʽʟʘʮʽʷ ʩʪʘʻ ʛʦʣʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʦʩʷʛʥʝʥʥʷ ʩʠʥʝʨʛʽʾ ʙʝʟʧʝʢʠ ʪʘ 

ʝʢʦʣʦʛʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞ IoT-ʩʝʥʩʦʨʽʚ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ 

ʧʨʝʮʠʟʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʩʝʨʝʜʦʚʠʱʘ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ɼʘʪʯʠʢʠ 

ʦʜʥʦʯʘʩʥʦ ʬʽʢʩʫʶʪʴ ʢʦʥʮʝʥʪʨʘʮʽʶ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ ʷʢ ʫ ʙʝʟʧʦʩʝʨʝʜʥʽʡ 

ʟʦʥʽ ʜʠʭʘʥʥʷ ʧʨʘʮʽʚʥʠʢʘ (ʯʝʨʝʟ ʥʦʩʠʤʽ ʧʨʠʩʪʨʦʾ), ʪʘʢ ʽ ʥʘ ʤʝʞʽ ʩʘʥʽʪʘʨʥʦ-

ʟʘʭʠʩʥʦʾ ʟʦʥʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʠʡ ʢʦʥʪʨʦʣʴ ʚʧʣʠʚʫ 

ʥʘ ʟʜʦʨʦʚ'ʷ ʪʘ ʧʨʠʨʦʜʫ. 

ʊʝʭʥʦʣʦʛʽʷ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ (Digital Twins) ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʨʦʛʥʦʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʉʪʚʦʨʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ 

ʤʦʜʝʣʽ ʥʝʙʝʟʧʝʯʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʦʙôʻʢʪʘ ʜʦʟʚʦʣʷʻ ʩʠʤʫʣʶʚʘʪʠ ʨʽʟʥʽ 

ʩʮʝʥʘʨʽʾ ʪʝʭʥʦʛʝʥʥʠʭ ʚʽʜʤʦʚ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʥʝ ʣʠʰʝ ʨʦʟʨʦʙʠʪʠ 
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ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʽ ʧʣʘʥʠ ʝʚʘʢʫʘʮʽʾ ʧʝʨʩʦʥʘʣʫ, ʘ ʡ ʨʦʟʨʘʭʫʚʘʪʠ 

ʪʨʘʻʢʪʦʨʽʾ ʧʦʰʠʨʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʜʣʷ ʾʭ ʰʚʠʜʢʦʾ ʣʦʢʘʣʽʟʘʮʽʾ. 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (AI) ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʘʥʘʣʽʪʠʢʦʶ ʚʝʣʠʢʠʭ ʜʘʥʠʭ 

ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʭʽʜ ʚʽʜ ʨʝʘʛʫʶʯʦʾ ʜʦ ʧʨʦʘʢʪʠʚʥʦʾ ʙʝʟʧʝʢʠ. ɸʣʛʦʨʠʪʤʠ AI 

ʟʜʘʪʥʽ ʧʨʦʛʥʦʟʫʚʘʪʠ ʢʨʠʪʠʯʥʠʡ ʟʥʦʩ ʦʙʣʘʜʥʘʥʥʷ ʜʦ ʤʦʤʝʥʪʫ ʡʦʛʦ 

ʬʽʟʠʯʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. ʎʝ ʟʘʧʦʙʽʛʘʻ ʷʢ ʤʝʭʘʥʽʯʥʦʤʫ ʪʨʘʚʤʫʚʘʥʥʶ 

ʧʨʘʮʽʚʥʠʢʽʚ, ʪʘʢ ʽ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʚʠʢʠʜʘʤ ʘʛʨʝʩʠʚʥʠʭ ʭʽʤʽʯʥʠʭ 

ʩʝʨʝʜʦʚʠʱ, ʱʦ ʯʘʩʪʦ ʪʨʘʧʣʷʶʪʴʩʷ ʧʨʠ ʘʚʘʨʽʡʥʦʤʫ ʨʦʟʨʠʚʽ ʪʨʫʙʦʧʨʦʚʦʜʽʚ 

ʘʙʦ ʨʝʟʝʨʚʫʘʨʽʚ. 

ʃʶʜʩʴʢʠʡ ʢʘʧʽʪʘʣ ʪʘ ʢʫʣʴʪʫʨʘ ʙʝʟʧʝʢʠ. ʈʝʘʣʽʟʘʮʽʷ ʧʨʠʥʮʠʧʽʚ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʥʝʤʦʞʣʠʚʘ ʙʝʟ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʩʚʽʜʦʤʦʩʪʽ ʧʝʨʩʦʥʘʣʫ. 

ɽʢʦʣʦʛʽʯʥʘ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʤʘʻ ʩʪʘʪʠ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʟʘʛʘʣʴʥʦʾ 

ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʢʫʣʴʪʫʨʠ ʙʝʟʧʝʢʠ. ʅʘʚʯʘʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʧʦʚʠʥʥʦ 

ʚʠʭʦʜʠʪʠ ʟʘ ʤʝʞʽ ʩʫʭʦʛʦ ʽʥʩʪʨʫʢʪʘʞʫ ʟ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ. ʊʨʝʥʽʥʛʠ ʱʦʜʦ 

ʧʦʚʦʜʞʝʥʥʷ ʟ ʭʽʤʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʤʘʶʪʴ ʦʙʦʚ'ʷʟʢʦʚʦ ʚʢʣʶʯʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʾʭʥʽʡ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʚʧʣʠʚ ʥʘ ʝʢʦʩʠʩʪʝʤʠ. ʂʦʣʠ 

ʧʨʘʮʽʚʥʠʢ ʨʦʟʫʤʽʻ, ʱʦ ʥʝʧʨʘʚʠʣʴʥʘ ʫʪʠʣʽʟʘʮʽʷ ʚʽʜʭʦʜʽʚ ʰʢʦʜʠʪʴ ʥʝ ʣʠʰʝ 

çʘʙʩʪʨʘʢʪʥʽʡ ʧʨʠʨʦʜʽè, ʘ ʡ ʟʜʦʨʦʚ'ʶ ʡʦʛʦ ʨʦʜʠʥʠ ʯʝʨʝʟ ʟʘʙʨʫʜʥʝʥʥʷ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʨʽʚʝʥʴ ʜʦʪʨʠʤʘʥʥʷ ʧʨʘʚʠʣ ʙʝʟʧʝʢʠ ʟʨʦʩʪʘʻ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ. 

ɼʦ ʪʦʛʦ ʞ, ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʚʘʞʣʠʚʽʩʪʴ 

ʧʩʠʭʦʩʦʮʽʘʣʴʥʠʭ ʘʩʧʝʢʪʽʚ: ʨʦʙʦʪʘ ʚ ʝʢʦʣʦʛʽʯʥʦ ʚʽʜʧʦʚʽʜʘʣʴʥʽʡ ʪʘ 

ʙʝʟʧʝʯʥʽʡ ʢʦʤʧʘʥʽʾ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʣʦʷʣʴʥʽʩʪʴ ʢʘʜʨʽʚ ʪʘ ʟʥʠʞʫʻ ʨʽʚʝʥʴ 

ʧʨʦʬʝʩʽʡʥʦʛʦ ʩʪʨʝʩʫ. ʇʨʘʮʽʚʥʠʢʠ ʚʽʜʯʫʚʘʶʪʴ ʛʦʨʜʽʩʪʴ ʟʘ ʧʨʠʥʘʣʝʞʥʽʩʪʴ 

ʜʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʝ ʜʙʘʻ ʧʨʦ ʤʘʡʙʫʪʥʻ, ʱʦ ʧʦʟʠʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ 

ʟʘʛʘʣʴʥʽʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʟʥʠʞʫʻ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʯʝʨʝʟ çʣʶʜʩʴʢʠʡ 

ʬʘʢʪʦʨè. 

ʆʪʞʝ, ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʫʤʦʚʘʭ ʛʣʦʙʘʣʴʥʠʭ ʚʠʢʣʠʢʽʚ 

ʤʦʞʣʠʚʠʡ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʚʽʜʤʦʚʠ ʚʽʜ ʽʟʦʣʴʦʚʘʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ. 

ʊʽʣʴʢʠ ʯʝʨʝʟ ʧʦʻʜʥʘʥʥʷ ʪʫʨʙʦʪʠ ʧʨʦ ʣʶʜʠʥʫ ʪʘ ʪʫʨʙʦʪʠ ʧʨʦ ʧʣʘʥʝʪʫ 

ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʩʧʨʘʚʞʥʴʦʾ ʚʠʨʦʙʥʠʯʦʾ ʩʪʽʡʢʦʩʪʽ. 

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ 
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ɯʣʣʷʰ ʆ. ɽ., ʢʘʥʜʠʜʘʪ ʪʝʭʥʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ,  

ɸʥʜʨʝʥʢʦ ɸ. ʆ., ʟʜʦʙʫʚʘʯ ʜʨʫʛʦʛʦ (ʤʘʛʽʩʪʝʨʩʴʢʦʛʦ) ʨʽʚʥʷ  

ʚʠʱʦʾ ʦʩʚʽʪʠ 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ  

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 

 

ɺʀɿʅɸʏɽʅʅʗ ʂʆʄʇʃɽʂʉʋ ʄɸʈʂɽʈɯɺ ɼʃʗ ɿɼɯʁʉʅɽʅʅʗ 

ʇɯʉʃʗʇʈʆɭʂʊʅʆɻʆ ʄʆʅɯʊʆʈʀʅɻʋ ʉʊɸʅʋ ɼʆɺʂɯʃʃʗ ɺ 

ʈɸʁʆʅɸʍ ɺʀɼʆɹʋɺɸʅʅʗ ʅɸʌʊʀ ɯ ɻɸɿʋ 

 

ʉʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʻ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚ ʛʘʣʫʟʽ 

ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʘ ʧʝʨʰʦʯʝʨʛʦʚʦ 

ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʩʪʘʥʦʤ ʜʦʚʢʽʣʣʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʟʜʽʡʩʥʝʥʥʷ ʩʫʙôʻʢʪʘʤʠ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʜʽʷʣʴʥʦʩʪʽ 

[1, 2]. 

ɺʠʤʦʛʠ ʟʘʢʦʥʦʜʘʚʩʪʚʘ [3] ʱʦʜʦ ʧʨʦʚʝʜʝʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʩʪʘʥʦʤ 

ʜʦʚʢʽʣʣʷ ʧʽʜ ʯʘʩ ʟʜʽʡʩʥʝʥʥʷ (ʧʨʦʚʘʜʞʝʥʥʷ) ʜʽʷʣʴʥʦʩʪʽ ʚ ʭʦʜʽ 

ʧʽʩʣʷʧʨʦʝʢʪʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ (ʇʇʄ) ʧʝʨʝʜʙʘʯʘʶʪʴ: ʤʦʥʽʪʦʨʠʥʛ 

ʬʘʢʪʠʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʝʚʥʽ ʬʘʢʪʦʨʠ ʜʦʚʢʽʣʣʷ, ʪʘʢʽ, ʷʢ ʷʢʽʩʪʴ ʧʦʚʽʪʨʷ, 

ʢʣʽʤʘʪ, ʟʤʽʥʫ ʢʣʽʤʘʪʫ ʪʘ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʧʽʜʟʝʤʥʽ ʚʦʜʠ, 

ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ, ˇʨʫʥʪʠ ʽ ʩʪʘʥ ʟʝʤʝʣʴ, ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ, ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ 

ʪʝʨʠʪʦʨʽʾ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʪʝʨʠʪʦʨʽʾ ʪʘ ʦʙôʻʢʪʠ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ 

ʯʠ ʾʭ ʦʭʦʨʦʥʥʽ ʟʦʥʠ, ʣʘʥʜʰʘʬʪʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʝʪʘʧʦʤ ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʩʪʘʥʦʤ ʜʦʚʢʽʣʣʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʤʘʨʢʝʨʽʚ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠ ʢʽʣʴʢʽʩʥʦ-ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ 

ʜʠʥʘʤʽʢʠ ʪʠʭ ʟʤʽʥ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʜʦʚʢʽʣʣʽ ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʜʽʷʣʴʥʦʩʪʽ. 

ʄʘʨʢʝʨʠ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ï ʮʝ ʽʥʜʠʢʘʪʦʨʠ, ʜʦ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʚʽʜʥʝʩʪʠ:  

ï ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʩʪʘʥʫ ʧʝʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʜʦʚʢʽʣʣʷ, ʟʦʢʨʝʤʘ, 

ʬʘʢʪʠʯʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʯʦʚʠʥ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʜʦʚʢʽʣʣʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʾʭ ʧʝʨʝʣʽʢ ʧʦʚʠʥʝʥ ʚʽʜʦʙʨʘʞʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʫ 

ʩʧʝʮʠʬʽʢʫ ʜʽʷʣʴʥʦʩʪʽ ʧʝʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ; 

ï ʫʤʦʚʠ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʽ ʧʨʠ ʷʢʠʭ ʟʜʽʡʩʥʶʶʪʴʩʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʡ 

ʚʠʤʽʨʠ ʩʪʘʥʫ (ʷʢʦʩʪʽ ʘʙʦ ʟʘʙʨʫʜʥʝʥʥʷ) ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʚʢʽʣʣʷ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʤʦʛʠ ʟʘʢʦʥʦʜʘʚʩʪʚʘ [2] ʧʝʨʝʣʽʢ ʤʘʨʢʝʨʽʚ ʩʪʘʥʫ 

ʜʦʚʢʽʣʣʷ ʥʝʦʙʭʽʜʥʦ ʧʦʜʽʣʠʪʠ ʥʘ ʪʘʢʽ ʛʨʫʧʠ: ʷʢʽʩʪʴ ʧʦʚʽʪʨʷ; ʟʤʽʥʠ ʢʣʽʤʘʪʫ, 

ʧʝʨʝʜʫʩʽʤ ʧʦʚôʷʟʘʥʽ ʽʟ ʧʘʨʥʠʢʦʚʠʤʠ ʝʬʝʢʪʘʤʠ (ʚʠʢʠʜʘʤ ʧʘʨʥʠʢʦʚʠʭ 

ʛʘʟʽʚ); ʧʽʜʟʝʤʥʽ ʚʦʜʠ; ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ; ˇʨʫʥʪʠ ʽ ʩʪʘʥ ʟʝʤʝʣʴ; 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ; ʣʘʥʜʰʘʬʪʠ ʡ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʪʝʨʠʪʦʨʽʾ. 
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 ʋ ʤʝʞʘʭ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʚ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʡ ʜʦʩʚʽʜ 

ʂʦʤʧʣʝʢʩʥʦʾ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʦʾ ʣʘʙʦʨʘʪʦʨʽʾ ʅɺʎ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ 

ʂʦʥʜʨʘʪʶʢʘè ʱʦʜʦ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʚʢʽʣʣʷ, ʘ ʩʘʤʝ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ˇʨʫʥʪʽʚ, ʰʫʤʦʚʦʛʦ 

ʪʘ ʚʽʙʨʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʨʘʡʦʥʘʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ 

ʥʘʬʪʦʛʘʟʦʚʠʜʦʙʫʚʘʥʥʷ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʣʠʩʴ ʚʠʤʦʛʠ ʱʦʜʦ 

ʦʭʦʨʦʥʠ ʜʦʚʢʽʣʣʷ ʧʨʠ ʩʧʦʨʫʜʞʝʥʥʽ ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʥʘʬʪʫ ʽ ʛʘʟ ʥʘ ʩʫʰʽ [4]. 

 ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 

ʢʦʤʧʣʝʢʩʫ ʤʘʨʢʝʨʽʚ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ. 

ʄʘʨʢʝʨʠ ʩʪʘʥʫ ʧʦʚʽʪʨʷ: 

ʧʦʢʘʟʥʠʢʠ ʩʪʘʥʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ: ʬʘʢʪʠʯʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʝʯʦʚʠʥ (ʤʛ/ʤ3) ʪʘ/ʘʙʦ ʧʦʢʘʟʥʠʢʠ ʧʝʨʝʚʠʱʝʥʥʷ ɻɼʂ ʟʘ ʢʦʞʥʠʤ 

ʧʦʢʘʟʥʠʢʦʤ 

ʫʤʦʚʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʽ ʧʨʠ ʷʢʠʭ ʟʜʽʡʩʥʶʶʪʴʩʷ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ: 

ï ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʽʚ ʟ̔ ʧʽʜʚʽʪʨʷʥʦʾ ʩʪʦʨʦʥʠ ʚ ʤʝʞʘʭ ʞʠʪʣʦʚʦʾ 

ʟʘʙʫʜʦʚʠ, ʚ ʩʪʦʨʦʥʫ ʷʢʦʾ ʚ ʤʦʤʝʥʪ ʚʠʤʽʨʽʚ ʜʤʝ ʚʽʪʝʨ (ʘ ʥʝ ʧʨʦʩʪʦ 

ʦʙʠʨʘʻʪʴʩʷ ʥʘʡʙʣʠʞʯʘ ʟʘʙʫʜʦʚʘ ʜʦ ʦʙôʻʢʪʫ ʤʦʥʽʪʦʨʠʥʛʫ); 

ï ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʽʚ ʫ ʩʪʘʥʜʘʨʪʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ (ʧʨʠ 

ʦʨʽʻʥʪʦʚʥʦ ʭʘʨʘʢʪʝʨʥʽʡ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʽʡ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, ʚʦʣʦʛʦʩʪʽ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʽʪʨʷ); 

ï ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʽʚ ʧʨʠ ʥʝʙʝʟʧʝʯʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ (ʧʨʠ 

ʰʪʠʣʷʭ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽʥʚʝʨʩʽʷʭ, ʪʫʤʘʥʘʭ); 

ï ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʩʢʣʘʜʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ ʚʠʙʽʨ ʤʽʩʮʷ 

ʟʘʤʽʨʽʚ ʥʝʦʙʭʽʜʥʦ ʦʙʠʨʘʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʘʢʪʦʨʫ ʟʥʠʞʝʥʥʷ ʨʝʣʴʻʬʫ. 

ʄʘʨʢʝʨʠ ʩʪʘʥʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ: 

ʧʦʢʘʟʥʠʢʠ ʩʪʘʥʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ: ʬʘʢʪʠʯʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʯʦʚʠʥ 

(ʤʛ/ʤ3) ʪʘ/ʘʙʦ ʧʦʢʘʟʥʠʢʠ ʧʝʨʝʚʠʱʝʥʥʷ ɻɼʂ, ʷʢʽ ʻ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ 

ʩʧʝʮʠʬʽʢʠ ʦʙôʻʢʪʫ ʤʦʥʽʪʦʨʠʥʛʫ (ʥʘʧʨʠʢʣʘʜ, ʥʘʬʪʦʧʨʦʜʫʢʪʠ); 

ʫʤʦʚʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʽ ʧʨʠ ʷʢʠʭ ʟʜʽʡʩʥʶʶʪʴʩʷ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ: 

ï ʚʠʙʽʨ ʤʽʩʮʷ ʟʘʙʦʨʫ ʧʨʦʙʠ ʚʦʜʠ ʧʦʚʠʥʝʥ ʚʠʟʥʘʯʘʪʠʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʦʾ ʤʽʩʮʝʚʦʩʪʽ, ʪʦʙʪʦ ʚʨʘʭʦʚʫʚʘʪʠʩʷ 

ʥʘʧʨʷʤ ʧʽʜʟʝʤʥʠʭ ʚʦʜʦʧʦʪʦʢʽʚ ʚʽʜ ʥʘʬʪʦʛʘʟʦʚʦʛʦ ʦʙôʻʢʪʫ ʜʦ ʪʦʯʢʠ ʟʘʙʦʨʫ 

ʧʨʦʙʠ (ʘ ʥʝ ʥʘʚʧʘʢʠ, ʢʦʣʠ ʧʨʽʦʨʠʪʝʪʥʦ ʦʙʠʨʘʻʪʴʩʷ ʥʘʡʙʣʠʞʯʠʡ ʢʦʣʦʜʷʟʴ 

ʘʙʦ ʩʚʝʨʜʣʦʚʠʥʘ ʟʘ ʛʝʦʛʨʘʬʽʯʥʦʶ ʦʟʥʘʢʦʶ); 

ï ʨʽʚʝʥʴ ʟʘʣʷʛʘʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʜʠʥʘʤʽʢʘ ʟʤʽʥʠ ʨʽʚʥʽʚ ʫʧʨʦʜʦʚʞ 

ʨʦʢʫ ʽ ʙʽʣʴʰʝ; 

ï ʙʘʞʘʥʦ ʚʠʢʣʶʯʘʪʠ ʧʨʠ ʚʽʜʙʦʨʽ ʧʨʦʙ ʜʞʝʨʝʣʘ ʛʨʫʥʪʦʚʠʭ ʚʦʜ, ʱʦ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʫ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʫʛʽʜʴ. 
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ʄʘʨʢʝʨʠ ʩʪʘʥʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ: 

ʧʦʢʘʟʥʠʢʠ ʩʪʘʥʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ: ʬʘʢʪʠʯʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʯʦʚʠʥ 

(ʤʛ/ʤ3) ʪʘ/ʘʙʦ ʧʦʢʘʟʥʠʢʠ ʧʝʨʝʚʠʱʝʥʥʷ ɻɼʂ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʩʪʘʥʫ ʚʦʜʦʡʤʠ;  

ʫʤʦʚʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʽ ʧʨʠ ʷʢʠʭ ʟʜʽʡʩʥʶʶʪʴʩʷ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ: 

ï ʚʠʙʽʨ ʤʽʩʮʷ ʟʘʙʦʨʫ ʧʨʦʙʠ ʚʦʜʠ ʧʦʚʠʥʝʥ ʚʠʟʥʘʯʘʪʠʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʫʭʠʣʫ ʨʝʣʴʻʬʫ  ʤʽʩʮʝʚʦʩʪʽ ʚʽʜ ʥʘʬʪʦʛʘʟʦʚʦʛʦ ʦʙôʻʢʪʫ ʜʦ ʚʦʜʦʡʤʠ (ʘ ʥʝ 

ʦʙʠʨʘʪʠ ʟʘ ʧʨʠʥʮʠʧʦʤ ʥʘʡʙʣʠʞʯʦʾ ʚʦʜʦʡʤʠ ʟʘ ʛʝʦʛʨʘʬʽʯʥʦʶ ʦʟʥʘʢʦʶ);  

ï ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚ ʧʦʪʝʥʮʽʡʥʽʡ ʟʦʥʽ ʚʧʣʠʚʫ ʥʘʬʪʦʛʘʟʦʚʠʭ ʦʙôʻʢʪʽʚ 

ʚʦʜʦʡʤ ʨʽʟʥʦʛʦ ʤʘʩʰʪʘʙʫ ʡ ʢʘʪʝʛʦʨʽʾ ʥʘʜʘʚʘʪʠ ʧʝʨʝʚʘʛʫ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʤʘʣʠʤ ʚʦʜʦʡʤʘʤ (ʩʪʘʚʢʘʤ, ʩʪʨʫʤʢʘʤ, ʧʨʠʪʦʢʘʤ ʨʽʯʦʢ) ʷʢ ʥʘʡʙʽʣʴʰ 

ʫʨʘʟʣʠʚʠʤ ʚʦʜʥʠʤ ʦʙôʻʢʪʘʤ ʚʽʜ ʚʧʣʠʚʫ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ; 

ï ʚʠʢʣʶʯʘʪʠ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʦʡʤʠ ʷʢ ʦʙôʻʢʪ ʤʦʥʽʪʦʨʠʥʛʫ, ʷʢʱʦ: ʤʽʞ 

ʥʘʬʪʦʛʘʟʦʚʠʤ ʦʙôʻʢʪʦʤ ʪʘ ʚʦʜʦʡʤʦʶ ʟʥʘʯʥʘ ʚʽʜʩʪʘʥʴ (ʧʦʥʘʜ 500-1000ʤ ʡ 

ʙʽʣʴʰʝ); ʤʽʞ ʥʘʬʪʦʛʘʟʦʚʠʤ ʦʙôʻʢʪʦʤ ʪʘ ʚʦʜʦʡʤʦʶ ʨʦʟʤʽʱʝʥʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʫʛʽʜʜʷ, ʪʝʨʠʪʦʨʽʾ ʽʟ ʩʢʣʘʜʥʠʤ ʨʝʣʴʻʬʦʤ, ʣʽʩʦʚʠʤʠ 

ʤʘʩʠʚʘʤʠ, ʞʠʪʣʦʚʠʤʠ ʪʘ ʫʨʙʘʥʽʟʦʚʘʥʠʤʠ ʪʝʨʠʪʦʨʽʷʤʠ. 

ʄʘʨʢʝʨʠ ʩʪʘʥʫ ʛʨʫʥʪʽʚ ʪʘ ʟʝʤʝʣʴ: 

ʧʦʢʘʟʥʠʢʠ ʩʪʘʥʫ ʛʨʫʥʪʽʚ: ʬʘʢʪʠʯʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʯʦʚʠʥ (ʤʛ/ʤ3) 

ʪʘ/ʘʙʦ ʧʦʢʘʟʥʠʢʠ ʧʝʨʝʚʠʱʝʥʥʷ ɻɼʂ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʪʘ ʬʽʟʠʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʩʪʘʥʫ ʛʨʫʥʪʽʚ (ʾʭ ʧʝʨʝʣʽʢ ʧʦʚʠʥʝʥ ʚʽʜʦʙʨʘʞʘʪʠ ʩʧʝʮʠʬʽʢʫ ʧʝʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ).  

ʫʤʦʚʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʽ ʧʨʠ ʷʢʠʭ ʟʜʽʡʩʥʶʶʪʴʩʷ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ: 

ï ʤʽʩʮʷ ʟʘʙʦʨʫ ʧʨʦʙ ʛʨʫʥʪʫ ʤʦʞʫʪʴ ʦʙʠʨʘʪʠʩʷ: ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʽʣʷ 

ʤʘʡʜʘʥʯʠʢʘ  ʦʙôʻʢʪʽʚ ʥʘʬʪʦʛʘʟʦʚʠʜʦʙʫʪʢʫ, ʘʣʝ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʭʠʣʫ 

ʨʝʣʴʻʬʫ  ʤʽʩʮʝʚʦʩʪʽ ʚʽʜ ʥʘʬʪʦʛʘʟʦʚʦʛʦ ʦʙôʻʢʪʫ ʘʙʦ ʚ ʤʽʩʮʷʭ ʟʥʠʞʝʥʥʷ 

ʨʝʣʴʻʬʫ; ʙʽʣʷ ʤʽʩʮʴ ʟʙʝʨʽʛʘʥʥʷ/ʟʘʭʦʨʦʥʝʥʥʷ ʚʽʜʭʦʜʽʚ ʙʫʨʽʥʥʷ (ʰʣʘʤʽʚ, 

ʩʪʽʯʥʠʭ ʚʦʜ, ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ); 

ï ʤʽʩʮʷ ʟʘʙʦʨʫ ʧʨʦʙ ʛʨʫʥʪʫ ʥʝ ʧʦʚʠʥʥʽ ʦʙʠʨʘʪʠʩʷ: ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʜʷʭ, ʙʽʣʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ. 

ʄʘʨʢʝʨʠ ʚʧʣʠʚʫ ʥʘ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ. 

ʋʩʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʚʢʽʣʣʷ, ʻ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʘʙʦ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʚʧʣʠʚʦʚʠʤʠ ʡ ʥʘ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ. 

ʆʜʥʘʢ ʜʦʜʘʪʢʦʚʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʤʦʞʫʪʴ ʧʦʛʽʨʰʠʪʠ ʫʤʦʚʠ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʝʡ ʥʘ ʧʨʠʣʝʛʣʠʭ ʜʦ ʥʘʬʪʦʛʘʟʦʚʠʭ ʦʙôʻʢʪʽʚ 

ʪʝʨʠʪʦʨʽʷʭ ï ʮʝ ʰʫʤʦʚʠʡ ʪʘ ʚʽʙʨʘʮʽʡʥʠʡ. ɯʟ ̔ ʥʰʦʛʦ ʙʦʢʫ ʮʽ ʬʘʢʪʦʨʠ ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʬʘʢʪʦʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʦʚʽʪʨʷʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʷʢʽ ʟʜʘʪʥʽ 

ʩʫʪʪʻʚʦ ʧʦʛʽʨʰʫʚʘʪʠ ʩʪʘʥ ʧʦʚʽʪʨʷ. 

ʇʦʢʘʟʥʠʢʠ: ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʪʠʩʢʫ, 

ʜɹA, ʚʽʙʨʦʰʚʠʜʢʽʩʪʴ, ʜɹ, ʪʘ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ, ʜɹ, ʱʦ ʚʠʤʽʨʶʶʪʴʩʷ ʚ 

ʧʦʚʽʪʨʷʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ  
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ʋʤʦʚʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʽ ʧʨʠ ʷʢʠʭ ʟʜʽʡʩʥʶʶʪʴʩʷ ʟʘʤʽʨʠ 

ʰʫʤʫ ʡ ʚʽʙʨʘʮʽʾ: 

ï ʤʽʩʮʷ ʜʣʷ ʟʘʤʽʨʽʚ ʧʦʚʠʥʥʽ ʦʙʠʨʘʪʠʩʷ: ʥʘ ʤʝʞʽ ʥʘʡʙʣʠʞʯʦʾ ʞʠʪʣʦʚʦʾ 

ʟʘʙʫʜʦʚʠ; ʥʘ ʩʧʝʮʽʘʣʴʥʦ ʦʙʣʘʰʪʦʚʘʥʠʭ ʧʽʜôʾʟʥʠʭ ʜʦʨʦʛʘʭ ʜʦ ʥʘʬʪʦʛʘʟʦʚʠʭ 

ʦʙôʻʢʪʽʚ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʘʙʦ ʙʣʠʟʴʢʦ ʞʠʪʣʦʚʦʾ ʟʘʙʫʜʦʚʠ; 

ï ʟʘʤʽʨʠ ʧʦʚʠʥʥʽ ʧʨʦʚʦʜʠʪʠʩʷ ʥʘ ʚʽʜʢʨʠʪʠʭ ʧʨʦʩʪʦʨʘʭ, ʜʝ ʚʽʜʩʫʪʥʽ 

ʧʝʨʝʰʢʦʜʠ (ʣʽʩʦʧʦʩʘʜʢʠ, ʩʧʦʨʫʜʠ, ʧʦʢʨʠʚ ʟ ʛʫʩʪʦʶ ʪʨʘʚôʷʥʦʶ ʯʠ 

ʯʘʛʘʨʥʠʢʦʚʦʶ ʨʦʩʣʠʥʥʽʩʪʶ ʪʦʱʦ). 

ʆʪʞʝ, ʫ ʧʨʦʚʝʜʝʥʦʤʫ ʜʦʩʣʽʜʞʝʥʽ ʘʢʮʝʥʪʫʻʪʴʩʷ ʫʚʘʛʘ ʥʘ ʪʝ, ʱʦ 

ʜʽʻʚʽʩʪʴ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʩʪʘʥʦʤ ʜʦʚʢʽʣʣʷ ʟʥʘʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʜʚʦʭ ʩʢʣʘʜʦʚʠʭ: 1) ʚʽʜ ʦʙôʻʢʪʠʚʥʦʩʪʽ ʚʠʙʦʨʫ ʢʦʤʧʣʝʢʩʫ ʤʘʨʢʝʨʽʚ ʩʪʘʥʫ 

ʜʦʚʢʽʣʣʷ; 2) ʚʽʜ ʬʘʭʦʚʦʩʪʽ ʚʠʙʦʨʫ ʪʘ ʤʝʪʦʜʦʣʦʛʽʾ ʧʨʦʚʝʜʝʥʥʷ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ: 

1. ʇʦʩʪʘʥʦʚʘ ʂʄʋ ʚʽʜ 13 ʯʝʨʚʥʷ 2024 ʨ. ˉ 684 çɼʝʷʢʽ ʧʠʪʘʥʥʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʝʨʞʘʚʥʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ ʪʘ ʾʾ 

ʧʽʜʩʠʩʪʝʤè. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://zakon.rada.gov.ua/laws/show/684-2024-

%D0%BF#Text  

2. ʅʘʢʘʟ ʄʽʥʽʩʪʝʨʩʪʚʘ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ 

ʋʢʨʘʾʥʠ 15.03.2024  ̄  291 çʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʄʝʪʦʜʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʱʦʜʦ ʟʜʽʡʩʥʝʥʥʷ ʧʽʩʣʷʧʨʦʝʢʪʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫè. ɼʞʝʨʝʣʦ 

ʦʧʨʠʣʶʜʥʝʥʥʷ: https://mepr.gov.ua/nakaz-mindovkillya-291-vid-15-03-

2024/ 

3. ɻʉʊʋ 41-00032626-00-007-97. ʆʭʦʨʦʥʘ ʜʦʚʢʽʣʣʷ. ʉʧʦʨʫʜʞʝʥʥʷ 

ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʥʘʬʪʫ ʽ ʛʘʟ ʥʘ ʩʫʰʽ. 

ɼʞʝʨʝʣʦ ʦʧʨʠʣʶʜʥʝʥʥʷ: https://www.geo.gov.ua/wp-

content/uploads/2021/05/gstu-sporudjennia-sverdlovin.pdf 

4. ɻʉʊʋ 41-00032626-00-007-97. ʆʭʦʨʦʥʘ ʜʦʚʢʽʣʣʷ. ʉʧʦʨʫʜʞʝʥʥʷ 

ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʥʘʬʪʫ ʽ ʛʘʟ ʥʘ ʩʫʰʽ. 

ɼʞʝʨʝʣʦ ʦʧʨʠʣʶʜʥʝʥʥʷ: https://www.geo.gov.ua/wp-

content/uploads/2021/05/gstu-sporudjennia-sverdlovin.pdf 
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ʋɼʂ 504.453:556.51(477.46)  
 

1ɯʱʫʢ ʃ. ʇ., ʜʦʢʪʦʨ ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, 

 2ɯʱʫʢ ɻ. ʇ., ʢʘʥʜʠʜʘʪ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʜʝʥʜʨʦʣʦʛʽʯʥʠʡ ʧʘʨʢ çʉʦʬʽʾʚʢʘè ʅɸʅ ʋʢʨʘʾʥʠ 

2ʋʤʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʋʤʘʥʴ, ʋʢʨʘʾʥʘ 

 

ʇʈʆɹʃɽʄɸ ɺʀʉʀʍɸʅʅʗ ʉʊɸɺʂɯɺ ɯ ʄɸʃʀʍ ʈɯʏʆʂ  

ʅɸ ʇʈɸɺʆɹɽʈɽɾɾɯ ʏɽʈʂɸʑʀʅʀ: ɽʂʆʃʆɻɯʏʅɯ ɺʀʂʃʀʂʀ  

ʊɸ ʐʃʗʍʀ ɺɯɼʅʆɺʃɽʅʅʗ 

 

ɺʦʜʥʽ ʨʝʩʫʨʩʠ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʨʠʨʦʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʱʦ ʬʦʨʤʫʶʪʴ ʫʤʦʚʠ ʞʠʪʪʷ ʥʘʩʝʣʝʥʥʷ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤ. 

ʆʩʦʙʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʤʘʣʽ ʨʽʯʢʠ ʡ ʩʪʘʚʢʠ, ʘʜʞʝ ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʣʦʢʘʣʴʥʽ ʧʦʪʨʝʙʠ ʚ ʧʨʽʩʥʽʡ ʚʦʜʽ, ʻ ʩʝʨʝʜʦʚʠʱʝʤ ʧʨʦʞʠʚʘʥʥʷ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ, ʨʝʛʫʣʶʶʪʴ ʤʽʢʨʦʢʣʽʤʘʪ ʪʘ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ 

ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ [3, 4]. ʅʘ ʇʨʘʚʦʙʝʨʝʞʞʽ ʏʝʨʢʘʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʜʝ 

ʧʝʨʝʚʘʞʘʻ ʣʽʩʦʩʪʝʧʦʚʠʡ ʣʘʥʜʰʘʬʪ ʽ ʘʛʨʘʨʥʝ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ, ʮʽ ʚʦʜʥʽ 

ʦʙôʻʢʪʠ ʚʽʜʽʛʨʘʶʪʴ ʢʨʠʪʠʯʥʫ ʨʦʣʴ ʫ ʧʽʜʪʨʠʤʘʥʥʽ ʝʢʦʣʦʛʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ. 

ʇʨʦʪʝ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʟʢʠʤ ʧʦʛʽʨʰʝʥʥʷʤ 

ʩʪʘʥʫ ʤʘʣʠʭ ʨʽʯʦʢ ʪʘ ʩʪʘʚʢʽʚ. ʋ ʙʘʛʘʪʴʦʭ ʛʨʦʤʘʜʘʭ ʬʽʢʩʫʶʪʴ ʾʭʥʻ ʯʘʩʪʢʦʚʝ 

ʘʙʦ ʧʦʚʥʝ ʧʝʨʝʩʠʭʘʥʥʷ, ʟʘʤʫʣʝʥʥʷ ʨʫʩʝʣ, ʟʤʝʥʰʝʥʥʷ ʜʝʙʽʪʫ ʜʞʝʨʝʣ [5]. ʎʽ 

ʧʨʦʮʝʩʠ ʩʪʘʣʠ ʥʘʩʣʽʜʢʦʤ ʩʫʢʫʧʥʦʩʪʽ ʧʨʠʨʦʜʥʠʭ ʽ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʯʠʥʥʠʢʽʚ 

ʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʛʣʠʙʦʢʫ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ ʨʝʛʽʦʥʫ. 

ʇʨʘʚʦʙʝʨʝʞʥʘ ʯʘʩʪʠʥʘ ʦʙʣʘʩʪʽ ʦʭʦʧʣʶʻ ʪʝʨʠʪʦʨʽʶ ʜʦʣʠʥ ʊʷʩʤʠʥʫ, 

ʗʪʨʘʥʽ, ɻʽʨʩʴʢʦʛʦ ʊʽʢʠʯʫ, ɻʥʠʣʦʛʦ ʊʽʢʠʯʫ ʪʘ ʾʭʥʽʭ ʧʨʠʪʦʢ. ɼʣʷ ʮʽʻʾ 

ʤʽʩʮʝʚʦʩʪʽ ʭʘʨʘʢʪʝʨʥʽ ʯʠʩʣʝʥʥʽ ʩʪʘʚʢʠ ï ʷʢ ʧʨʠʨʦʜʥʦʛʦ, ʪʘʢ ʽ ʰʪʫʯʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ, ʩʪʚʦʨʝʥʽ ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʟʨʦʰʝʥʥʷ, ʨʠʙʦʨʦʟʚʝʜʝʥʥʷ ʘʙʦ 

ʧʨʦʪʠʧʦʞʝʞʥʠʭ ʧʦʪʨʝʙ. ʇʨʦʪʝ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ: 

ï ʟʤʝʥʰʝʥʥʷ ʧʣʦʱʽ ʜʟʝʨʢʘʣʘ ʩʪʘʚʢʽʚ, ʽʥʢʦʣʠ ʜʦ 50-70% 

ʫʣʽʪʥʽʡ ʧʝʨʽʦʜ; 

ï ʚʠʩʠʭʘʥʥʷ ʚʝʨʭʽʚ'ʾʚ ʨʽʯʦʢ, ʜʝ ʨʫʩʣʘ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʪʠʤʯʘʩʦʚʽ 

ʙʘʣʢʠ; 

ï ʟʘʤʫʣʝʥʥʷ ʩʪʘʚʢʽʚ, ʱʦ ʟʥʠʞʫʻ ʾʭ ʛʣʠʙʠʥʫ ʡ ʧʨʠʩʢʦʨʶʻ ʟʘʨʦʩʪʘʥʥʷ; 

ï ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʽʚ ʚʝʩʥʷʥʦʛʦ ʚʦʜʦʧʽʣʣʷ, ʷʢʝ ʪʨʘʜʠʮʽʡʥʦ 

ʧʦʧʦʚʥʶʚʘʣʦ ʚʦʜʦʩʭʦʚʠʱʘ ʪʘ ˇʨʫʥʪʦʚʽ ʚʦʜʠ. 

ʊʘʢʽ ʪʝʥʜʝʥʮʽʾ ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʫ ɿʚʝʥʠʛʦʨʦʜʩʴʢʦʤʫ, ʋʤʘʥʩʴʢʦʤʫ, 

ʏʝʨʢʘʩʴʢʦʤʫ ʨʘʡʦʥʘʭ, ʜʝ ʽʥʢʦʣʠ ʚʠʩʠʭʘʶʪʴ ʥʘʚʽʪʴ ʪʽ ʚʦʜʥʽ ʦʙôʻʢʪʠ, ʱʦ 

ʨʘʥʽʰʝ ʚʚʘʞʘʣʠʩʷ ʩʪʘʣʠʤʠ ʡ ʚʦʜʦʥʘʧʦʚʥʝʥʠʤʠ ʧʨʦʪʷʛʦʤ ʨʦʢʫ. 

ʆʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʜʝʛʨʘʜʘʮʽʾ ʤʘʣʠʭ ʨʽʯʦʢ ʽ ʩʪʘʚʢʽʚ ʻ ʢʣʽʤʘʪʠʯʥʽ 

ʟʤʽʥʠ, ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʤʝʣʽʦʨʘʪʠʚʥʽ ʪʘ ʛʽʜʨʦʪʝʭʥʽʯʥʽ 
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ʧʝʨʝʪʚʦʨʝʥʥʷ, ʥʝʨʘʮʽʦʥʘʣʴʥʝ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʥʝʥʘʣʝʞʥʘ 

ʝʢʩʧʣʫʘʪʘʮʽʷ ʩʪʘʚʢʽʚ [11, 13, 14]. 

ʆʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʩʝʨʝʜʥʴʦʨʽʯʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʦʩʫʰʣʠʚʠʭ ʧʝʨʽʦʜʽʚ. ɿʠʤʦʚʽ 

ʩʝʟʦʥʠ ʩʪʘʶʪʴ ʤʘʣʦʩʥʽʞʥʠʤʠ, ʘ ʚʝʩʥʷʥʝ ʚʦʜʦʧʽʣʣʷ ï ʤʘʣʦʽʥʪʝʥʩʠʚʥʠʤ. ʎʝ 

ʟʤʝʥʰʫʻ ʧʨʠʨʦʜʥʝ ʧʦʧʦʚʥʝʥʥʷ ʷʢ ʧʦʚʝʨʭʥʝʚʠʭ, ʪʘʢ ʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʂʨʽʤ 

ʪʦʛʦ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʦʧʘʜʽʚ: ʟʘʤʽʩʪʴ ʜʦʚʛʦʪʨʠʚʘʣʠʭ 

ʜʦʱʽʚ ʧʝʨʝʚʘʞʘʶʪʴ ʢʦʨʦʪʢʦʯʘʩʥʽ ʟʣʠʚʠ, ʷʢʽ ʥʝ ʟʜʘʪʥʽ ʞʠʚʠʪʠ ʨʽʯʢʠ, 

ʥʘʪʦʤʽʩʪʴ ʩʧʨʠʯʠʥʷʶʪʴ ʝʨʦʟʽʶ [12-14]. 

ʇʽʜʟʝʤʥʽ ʛʦʨʠʟʦʥʪʠ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʽʜʪʨʠʤʘʥʥʽ 

ʧʦʩʪʽʡʥʦʛʦ ʚʦʜʦʪʦʢʫ ʤʘʣʠʭ ʨʽʯʦʢ. ʏʝʨʝʟ ʥʘʜʤʽʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʜʣʷ ʧʨʠʚʘʪʥʠʭ ʛʦʩʧʦʜʘʨʩʪʚ, ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʫ ʡ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʦʪʨʝʙ ʨʽʚʝʥʴ ʚʦʜʦʥʦʩʥʠʭ ʰʘʨʽʚ ʧʦʩʪʫʧʦʚʦ ʟʥʠʞʫʻʪʴʩʷ. 

ɺʽʜʪʘʢ ʨʽʯʢʠ, ʱʦ ʞʠʚʣʷʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʜʞʝʨʝʣʘʤʠ, ʚʪʨʘʯʘʶʪʴ ʧʨʠʪʦʢʠ ʽ 

ʧʝʨʝʩʠʭʘʶʪʴ. 

ʋ ʜʨʫʛʽʡ ʧʦʣʦʚʠʥʽ ʍʍ ʩʪʦʣʽʪʪʷ ʥʘ ʏʝʨʢʘʱʠʥʽ ʘʢʪʠʚʥʦ ʧʨʦʚʦʜʠʣʠ 

ʤʝʣʽʦʨʘʮʽʶ: ʩʪʚʦʨʶʚʘʣʠ ʢʘʥʘʣʠ, ʦʩʫʰʫʚʘʣʠ ʟʘʙʦʣʦʯʝʥʽ ʤʽʩʮʝʚʦʩʪʽ, 

ʩʧʨʷʤʣʷʣʠ ʨʫʩʣʘ ʨʽʯʦʢ [5, 8]. ʎʽ ʟʘʭʦʜʠ ʙʫʣʠ ʝʬʝʢʪʠʚʥʠʤʠ ʣʠʰʝ ʚ 

ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ. ʋ ʜʦʚʛʦʩʪʨʦʢʦʚʦʤʫ ʞ ʧʨʠʟʚʝʣʠ ʜʦ: 

ï ʚʪʨʘʪʠ ʧʨʠʨʦʜʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ; 

ï ʧʨʠʩʢʦʨʝʥʥʷ ʩʪʦʢʫ ʚʦʜʠ ʟ ʚʦʜʦʟʙʦʨʽʚ; 

ï ʟʥʠʞʝʥʥʷ ʟʜʘʪʥʦʩʪʽ ʣʘʥʜʰʘʬʪʽʚ ʫʪʨʠʤʫʚʘʪʠ ʚʦʣʦʛʫ. 

ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʢʨʠʪʠʯʥʠʭ ʧʨʦʙʣʝʤ ʻ ʨʦʟʦʨʶʚʘʥʥʷ ʧʨʠʙʝʨʝʞʥʠʭ 

ʟʘʭʠʩʥʠʭ ʩʤʫʛ, ʱʦ ʧʦʨʫʰʫʻ ʧʨʠʨʦʜʥʽ ʤʝʭʘʥʽʟʤʠ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʟʘʪʨʠʤʘʥʥʷ 

ʚʦʜʠ. ʏʝʨʝʟ ʮʝ ʟʨʦʩʪʘʻ ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʽʢ, ʷʢʠʡ ʧʝʨʝʥʦʩʠʪʴ ˇʨʫʥʪ ʫ 

ʚʦʜʦʡʤʠ, ʧʨʠʰʚʠʜʰʫʶʯʠ ʟʘʤʫʣʝʥʥʷ. ʄʦʥʦʢʫʣʴʪʫʨʥʝ ʟʝʤʣʝʨʦʙʩʪʚʦ, 

ʚʠʨʫʙʫʚʘʥʥʷ ʣʽʩʦʩʤʫʛ ʪʘ ʽʥʪʝʥʩʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʙʨʠʚ ʪʘʢʦʞ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʦʜʥʽ ʝʢʦʩʠʩʪʝʤʠ [1, 2, 6]. 

ʉʪʘʚʢʠ, ʷʢʠʤ 30-60 ʨʦʢʽʚ, ʧʦʪʨʝʙʫʶʪʴ ʨʦʟʯʠʩʪʢʠ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ, 

ʘʣʝ ʯʘʩʪʦ ʟʘʣʠʰʘʶʪʴʩʷ ʙʝʟ ʜʦʛʣʷʜʫ. ɿʘʤʫʣʝʥʥʷ, ʨʫʡʥʫʚʘʥʥʷ ʛʨʝʙʝʣʴ ʪʘ 

ʟʘʨʦʩʪʘʥʥʷ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʨʠʩʢʦʨʝʥʦʛʦ ʦʙʤʽʣʽʥʥʷ ʡ ʟʤʝʥʰʝʥʥʷ 

ʚʦʜʦʫʪʨʠʤʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. 

ɺʩʽ ʮʽ ʧʨʠʯʠʥʠ ʜʝʛʨʘʜʘʮʽʾ ʩʪʘʚʢʽʚ ʽ ʤʘʣʠʭ ʚʦʜʦʡʤ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʝʢʦʣʦʛʽʯʥʠʭ, ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ. ɼʣʷ 

ʇʨʘʚʦʙʝʨʝʞʞʷ ʏʝʨʢʘʱʠʥʠ ʭʘʨʘʢʪʝʨʥʝ ʧʦʩʪʫʧʦʚʝ ʟʥʠʢʥʝʥʥʷ ʚʠʜʽʚ, 

ʧʦʚôʷʟʘʥʠʭ ʽʟ ʚʦʜʥʠʤʠ ʝʢʦʩʠʩʪʝʤʘʤʠ. ɺʪʨʘʪʘ ʤʽʩʮʴ ʥʝʨʝʩʪʫ ʨʠʙ, 

ʩʢʦʨʦʯʝʥʥʷ ʧʣʦʱʽ ʤʽʩʮʴ ʽʩʥʫʚʘʥʥʷ ʚʦʜʦʧʣʘʚʥʠʭ ʧʪʘʭʽʚ, ʜʝʛʨʘʜʘʮʽʷ 

ʘʤʬʽʙʽʡʥʠʭ ʧʦʧʫʣʷʮʽʡ ï ʫʩʝ ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʫʡʥʫʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ 

ʨʽʚʥʦʚʘʛʠ. ɿʥʠʢʥʝʥʥʷ ʚʦʜʥʠʭ ʨʦʩʣʠʥ ʽ ʟʘʙʦʣʦʯʝʥʠʭ ʜʽʣʷʥʦʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʤʽʢʨʦʢʣʽʤʘʪʫ [5, 

6, 7, 8]. 

ɾʠʪʝʣʽ ʩʽʣʴʩʴʢʠʭ ʛʨʦʤʘʜ ʜʝʜʘʣʽ ʯʘʩʪʽʰʝ ʩʪʠʢʘʶʪʴʩʷ ʟ ʧʨʦʙʣʝʤʘʤʠ 

ʚʦʜʦʟʘʙʝʟʧʝʯʝʥʥʷ. ʋ ʜʝʷʢʠʭ ʩʝʣʘʭ ʢʦʣʦʜʷʟʽ ʤʽʣʽʶʪʴ, ʘ ʩʚʝʨʜʣʦʚʠʥʠ 
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ʧʦʪʨʝʙʫʶʪʴ ʧʦʛʣʠʙʣʝʥʥʷ. ʇʦʛʽʨʰʫʻʪʴʩʷ ʨʝʢʨʝʘʮʽʡʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʪʝʨʠʪʦʨʽʡ, ʩʪʨʘʞʜʘʻ ʨʠʙʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ. ʉʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ʟʘʟʥʘʻ 

ʟʙʠʪʢʽʚ ʯʝʨʝʟ ʥʝʩʪʘʯʫ ʚʦʜʠ ʜʣʷ ʟʨʦʰʝʥʥʷ ʪʘ ʧʦʛʽʨʰʝʥʥʷ ˇʨʫʥʪʦʚʦʾ 

ʨʦʜʶʯʦʩʪʽ. 

ʄʘʣʽ ʨʽʯʢʠ ʻ ʚʘʞʣʠʚʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʨʽʯʢʦʚʠʭ ʙʘʩʝʡʥʽʚ. ɰʭʥʻ 

ʟʥʝʚʦʜʥʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʦʜʥʦʩʪʽ ʙʽʣʴʰʠʭ ʨʽʯʦʢ ʽ 

ʚʦʜʦʩʭʦʚʠʱ. ʎʝ ʧʦʛʣʠʙʣʶʻ ʧʨʦʙʣʝʤʫ ʧʦʩʫʭ, ʟʙʽʣʴʰʫʻ ʨʠʟʠʢʠ ʜʝʛʨʘʜʘʮʽʾ 

ˇʨʫʥʪʽʚ ʽ ʩʧʨʠʷʻ ʦʧʫʩʪʝʣʶʚʘʥʥʶ ʦʢʨʝʤʠʭ ʪʝʨʠʪʦʨʽʡ [10, 11]. 

ʅʘʡʙʽʣʴʰʽ ʧʨʦʷʚʠ ʜʝʛʨʘʜʘʮʽʾ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʬʽʢʩʫʶʪʴ ʫ: 

ï ɿʚʝʥʠʛʦʨʦʜʩʴʢʦʤʫ ʨʘʡʦʥʽ ï ʧʝʨʝʩʠʭʘʥʥʷ ʧʨʠʪʦʢ ɻʥʠʣʦʛʦ ʊʽʢʠʯʫ, 

ʦʤʽʣʽʥʥʷ ʩʪʘʚʢʽʚ ʫ ʛʨʦʤʘʜʘʭ ʉʪʝʮʽʚʢʘ, ʂʦʟʘʮʴʢʝ; 

ï ʏʝʨʢʘʩʴʢʦʤʫ ʨʘʡʦʥʽ ï ʟʥʠʞʝʥʥʷ ʚʦʜʥʦʩʪʽ ʤʘʣʠʭ ʧʨʠʪʦʢ ʊʷʩʤʠʥʫ; 

ï ʋʤʘʥʩʴʢʦʤʫ ʨʘʡʦʥʽ ï ʟʘʤʫʣʝʥʥʷ ʩʪʘʚʢʽʚ ʽ ʟʥʠʢʥʝʥʥʷ ʜʞʝʨʝʣ ʫ ʩʝʣʘʭ 

ʥʘʚʢʦʣʦ ʤʽʩʪʘ ʋʤʘʥʽ ʪʘ ʫ ʍʨʠʩʪʠʥʽʚʩʴʢʽʡ, ɾʘʰʢʽʚʩʴʢʽʡ, 

ʄʦʥʘʩʪʠʨʠʱʝʥʩʴʢʽʡ ʛʨʦʤʘʜʘʭ. 

ʗʢ ʧʨʠʢʣʘʜ, ʧʦʚʥʽʩʪʶ ʚʠʩʦʭʣʠʡ ʩʪʘʚʦʢ ʫ ʩʝʣʽ ʄʝʜʦʚʘʪʘ ɾʘʰʢʽʚʩʴʢʦʾ 

ʛʨʦʤʘʜʠ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʣʽʚʽʡ ʙʝʟʽʤʝʥʥʽʡ ʧʨʠʪʦʮʽ ʨʽʯʢʠ ʂʦʥʝʣʢʘ ʫ 

ʙʘʩʝʡʥʽ ʨʽʯʢʠ ɻʽʨʩʴʢʠʡ ʊʽʢʠʯ (ʨʠʩ. 1). ɺʢʨʘʡ ʦʙʤʽʣʽʣʠʡ ʩʪʘʚʦʢ ʫ ʚʝʨʭʽʚôʾ 

ʙʝʟ̔ʤʝʥʥʦ ʾ ʧʨʠʪʦʢʠ ʨʽʯʢʠ ʂʦʥʝʣʢʘ ʥʘ ʦʢʦʣʠʮ ̔ ʩʝʣʘ ʂʦʧʽʶʚʘʪʘ 

ʄʦʥʘʩʪʠʨʠʱʝʥʩʴʢʦʾ ʛʨʦʤʘʜʠ (ʨʠʩ. 2). 

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʠʩʦʭʣʠʡ ʩʪʘʚʦʢ ʫ ʩʝʣʽ ʄʝʜʦʚʘʪʘ  
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ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʰʣʷʭʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ. ʇʝʨʰ 

ʟʘ ʚʩʝ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʧʦʯʘʪʠ ʝʢʦʣʦʛʽʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʨʽʯʦʢ ʽ ʩʪʘʚʢʽʚ 

ʰʣʷʭʦʤ ʨʦʟʯʠʱʝʥʥʷ ʨʫʩʝʣ ʽʟ ʜʦʪʨʠʤʘʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʬʦʨʤ ʨʝʣʴʻʬʫ, 

ʧʦʛʣʠʙʣʝʥʥʷ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʩʪʘʚʢʽʚ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʜʞʝʨʝʣ ʽ ʚʝʨʭʽʚôʾʚ 

ʨʽʯʦʢ. ʂʣʶʯʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʣʘʥʜʰʘʬʪʽʚ, 

ʟʦʢʨʝʤʘ, ʩʪʚʦʨʝʥʥʷ ʧʨʠʙʝʨʝʞʥʠʭ ʟʘʭʠʩʥʠʭ ʩʤʫʛ ʽ ʚʚʝʜʝʥʥʷ ʟʘʙʦʨʦʥʠ ʥʘ ʾʭ 

ʨʦʟʦʨʶʚʘʥʥʷ, ʚʠʩʘʜʞʫʚʘʥʥʷ ʜʝʨʝʚʥʠʭ ʨʦʩʣʠʥ (Salix alba L., S. fragilis L., 

Alnus glutinosa (L.) Gaerth., A. incana (L.) Moench.) ʟ ʧʦʚʝʨʭʥʝʚʦ 

ʢʦʨʝʥʝʚʦʶ ʩʠʩʪʝʤʦʶ, ʱʦ ʫʪʨʠʤʫʶʪʴ ʚʦʣʦʛʫ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʨʝʢʫʣʴʪʠʚʘʮʽʾ 
ʟʘʙʦʣʦʯʝʥʠʭ ʜʽʣʷʥʦʢ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʨʘʮʽʦʥʘʣʴʥʝ 

ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʰʣʷʭʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʦʙʣʽʢʫ ʚʦʜʦʟʘʙʦʨʫ ʪʘ ʩʪʚʦʨʝʥʥʷ ʤʽʩʮʝʚʠʭ ʧʨʦʛʨʘʤ 

ʚʦʜʦʟʙʝʨʝʞʝʥʥʷ. 

 
ʈʠʩʫʥʦʢ 2 ï ʆʙʤʽʣʽʣʠʡ ʩʪʘʚʦʢ ʫ ʩʝʣʽ ʂʦʧʽʶʚʘʪʘ 

ʄʦʥʘʩʪʠʨʠʱʝʥʩʴʢʦʾ ʛʨʦʤʘʜʠ 

 

ʉʠʩʪʝʤʘʪʠʯʥʦ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʽ ʚʩʪʘʥʦʚʠʪʠ 

ʧʦʩʪʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʨʽʚʥʷʤʠ ʚʦʜʠ. ɿʘʧʨʦʚʘʜʞʝʥʥʷ ʦʩʚʽʪʥʽʭ ʪʘ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʟʘʭʦʜʽʚ ʩʧʨʠʷʪʠʤʝ ʧʽʜʚʠʱʝʥʥʷ ʦʙʽʟʥʘʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ 

ʱʦʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʭʦʨʦʥʠ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʘʣʫʯʝʥʥʷ ʛʨʦʤʘʜ ʪʘ 

https://uk.wikipedia.org/wiki/%D0%9A%D0%B0%D1%80%D0%BB_%D0%9B%D1%96%D0%BD%D0%BD%D0%B5%D0%B9
https://uk.wikipedia.org/w/index.php?title=Gaerth.&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%9A%D0%B0%D1%80%D0%BB_%D0%9B%D1%96%D0%BD%D0%BD%D0%B5%D0%B9
https://uk.wikipedia.org/wiki/Moench
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ʛʨʦʤʘʜʩʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʜʦ ʢʦʥʪʨʦʣʶ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, 

ʷʢʽ ʧʝʨʝʜʙʘʯʝʥʽ ʫ ʉʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʏʝʨʢʘʩʴʢʦʾ ʦʙʣʘʩʪʽ ʥʘ ʧʝʨʽʦʜ 2021-

2027 ʨʦʢʠ [9]. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʘ ʨʦʟʨʦʙʢʘ ʡ ʬʽʥʘʥʩʫʚʘʥʥʷ ʨʝʛʽʦʥʘʣʴʥʠʭ 

ʧʨʦʛʨʘʤ ʚʽʜʥʦʚʣʝʥʥʷ ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʙʣʝʤʘ ʚʠʩʠʭʘʥʥʷ ʤʘʣʠʭ ʨʽʯʦʢ ʽ ʩʪʘʚʢʽʚ ʥʘ 

ʇʨʘʚʦʙʝʨʝʞʞʽ ʏʝʨʢʘʱʠʥʠ ʻ ʢʦʤʧʣʝʢʩʥʦʶ ʽ ʧʦʚôʷʟʘʥʘ ʟ ʢʣʽʤʘʪʠʯʥʠʤʠ 

ʟʤʽʥʘʤʠ, ʜʝʛʨʘʜʘʮʽʻʶ ʧʨʠʨʦʜʥʠʭ ʣʘʥʜʰʘʬʪʽʚ ʪʘ ʥʝʨʘʮʽʦʥʘʣʴʥʠʤ 

ʛʦʩʧʦʜʘʨʶʚʘʥʥʷʤ. ɰʾ ʨʦʟʚôʷʟʘʥʥʷ ʚʠʤʘʛʘʻ ʦʜʥʦʯʘʩʥʦʾ ʜʽʾ ʥʘ ʢʽʣʴʢʦʭ 

ʨʽʚʥʷʭ: ʚʽʜ ʣʦʢʘʣʴʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʽʥʽʮʽʘʪʠʚ ʜʦ ʨʝʛʽʦʥʘʣʴʥʠʭ ʩʪʨʘʪʝʛʽʯʥʠʭ 

ʧʨʦʛʨʘʤ. 

ɺʽʜʥʦʚʣʝʥʥʷ ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ʨʝʛʽʦʥʫ ʻ ʥʝ ʣʠʰʝ ʝʢʦʣʦʛʽʯʥʦʶ 

ʧʦʪʨʝʙʦʶ, ʘ ʡ ʚʘʞʣʠʚʦʶ ʧʝʨʝʜʫʤʦʚʦʶ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʡ, 

ʧʨʦʜʦʚʦʣʴʯʦʾ ʙʝʟʧʝʢʠ, ʢʦʤʬʦʨʪʥʦʛʦ ʞʠʪʪʷ ʥʘʩʝʣʝʥʥʷ ʪʘ ʟʙʝʨʝʞʝʥʥʷ 

ʧʨʠʨʦʜʥʦʾ ʩʧʘʜʱʠʥʠ. ʃʠʰʝ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʽ ʚʽʜʧʦʚʽʜʘʣʴʥʝ 

ʩʪʘʚʣʝʥʥʷ ʜʦ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʜʘʜʫʪʴ ʟʤʦʛʫ ʟʫʧʠʥʠʪʠ ʜʝʛʨʘʜʘʮʽʶ ʪʘ 

ʧʦʚʝʨʥʫʪʠ ʤʘʣʠʤ ʨʽʯʢʘʤ ʾʭʥʶ ʞʠʪʪʻʚʫ ʩʠʣʫ. 
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ʂʣʦʢ ʉ. ɺ., ʢʘʥʜʠʜʘʪ ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʫʢ, ʫʯʠʪʝʣʴ ʛʝʦʛʨʘʬʽʾ, 

ʌʝʜʦʨʯʝʥʢʦ ɯ. ʄ., ʢʘʥʜʠʜʘʪ ʬ̔ ʣʦʩʦʬʩʴʢʠʭ ʥʘʫʢ, ʟʘʩʪʫʥʠʢ ʜʠʨʝʢʪʦʨʘ, 

ʄʘʟʫʨʘ ɺ. ɯ., ʜʠʨʝʢʪʦʨ, ʚʯʠʪʝʣʴ-ʤʝʪʦʜʠʩʪ, 

ʉʣʻʧʮʦʚʘ ɺ. ʆ., ʟʘʩʪʫʧʥʠʢ ʜʠʨʝʢʪʦʨʘ, ʩʪʘʨʰʠʡ ʚʯʠʪʝʣʴ 

 

ɹʦʨʠʩʧʽʣʴʩʴʢʠʡ ʣʽʮʝʡ çʃʽʜʝʨè, ʤ. ɹʦʨʠʩʧʽʣʴ, ʋʢʨʘʾʥʘ 

 

ʉʋʏɸʉʅɯ ɿʄɯʅʀ ʂʃɯʄɸʊʋ ʇʆ ɼɸʅʀʄ ʉʇʆʉʊɽʈɽɾɽʅʔ 

ʄɽʊɽʆʈʆʃʆɻɯʏʅʆɰ ʉʊɸʅʎɯɰ ɹʆʈʀʉʇɯʃʔ 

 

ʋ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʜʘʥʠʭ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʦ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽʡ ʩʪʘʥʮʽʾ ɹʦʨʠʩʧʽʣʴ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʧʝʨʽʦʜ 

1976-2019 ʨʦʢʠ (ʪʨʠʚʘʣʽʩʪʴ ʩʦʥʷʯʥʦʛʦ ʩʷʡʚʘ, ʩʝʨʝʜʥʷ, ʤʘʢʩʠʤʘʣʴʥʘ ʪʘ 

ʤʽʥʽʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʡ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ, ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ, ʘ 

ʪʘʢʦʞ ʘʪʤʦʩʬʝʨʥʽ ʦʧʘʜʠ).  

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʟʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʜʦʩʣʽʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ 

ʟʤʽʥ ʢʣʽʤʘʪʫ ʪʘ ʾʭ ʚʧʣʠʚʫ ʥʘ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʣʶʜʠʥʠ. ɸʜʘʧʪʘʮʽʷ ʜʦ 

ʛʣʦʙʘʣʴʥʦʾ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʻ ʧʨʦʮʝʩʦʤ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʫ ʧʨʠʨʦʜʥʠʭ ʯʠ 

ʣʶʜʩʴʢʠʭ ʩʠʩʪʝʤʘʭ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʬʘʢʪʠʯʥʽ ʘʙʦ ʦʯʽʢʫʚʘʥʽ ʢʣʽʤʘʪʠʯʥʽ 

ʚʧʣʠʚʠ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʥʠʟʠʪʠ ʾʭ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ ʪʘ ʩʢʦʨʠʩʪʘʪʠʩʷ 

ʩʧʨʠʷʪʣʠʚʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ. ɺʽʜʧʦʚʽʜʥʦ, ʥʘ ʩʴʦʛʦʜʥʽ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ï ʚʽʜ 

ʰʢʽʣ ʽ ʰʠʨʦʢʦʾ ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʜʦ ʢʝʨʽʚʥʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʫʨʷʜʦʚʮʽʚ - 

ʥʝʦʙʭʽʜʥʘ ʦʩʚʽʪʘ ʽ ʧʨʦʩʚʽʪʘ ʱʦʜʦ ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʾʾ ʥʘʩʣʽʜʢʽʚ ʽ ʧʦʪʝʥʮʽʡʥʠʭ 

ʟʘʭʦʜʽʚ ʨʝʘʛʫʚʘʥʥʷ [2-5, 9]. 

ʊʝʥʜʝʥʮʽʾ ʛʣʦʙʘʣʴʥʦʾ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʤʦʨʷ, 

ʚʤʽʩʪ ʪʝʧʣʘ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʦʢʝʘʥʫ, ʪʘʥʝʥʥʷ ʥʘʟʝʤʥʦʛʦ ʣʴʦʜʫ, 

ʘʨʢʪʠʯʥʠʡ ʤʦʨʩʴʢʠʡ ʣʽʜ, ʛʣʠʙʠʥʘ ʩʝʟʦʥʥʦʛʦ ʚʽʜʪʘʚʘʥʥʷ ʚʽʯʥʦʾ ʤʝʨʟʣʦʪʠ 

ʪʘ ʽʥʰʽ ʢʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ ʚʢʘʟʫʶʪʴ ʥʘ ʥʝʩʧʨʦʩʪʦʚʘʥʽ ʜʦʢʘʟʠ ʧʦʪʝʧʣʽʥʥʷ 

ʧʣʘʥʝʪʠ. ʅʘʚʽʪʴ ʷʢʱʦ ʣʶʜʩʪʚʫ ʧʦʱʘʩʪʠʪʴ ʦʙʤʝʞʠʪʠ ʨʽʩʪ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 

ʨʽʚʥʽ 1,5 Áʉ, ʧʦʛʦʜʘ ʣʠʰʠʪʴʩʷ ʝʢʩʪʨʝʤʘʣʴʥʦʶ [7, 12]. 

ʉʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʝʣʝʤʝʥʪʦʤ ʢʣʽʤʘʪʫ: ʚʦʥʘ ʥʘʛʨʽʚʘʻ 

ʧʦʚʝʨʭʥʶ ɿʝʤʣʽ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʠʟʥʘʯʘʻ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ 

ʘʪʤʦʩʬʝʨʠ. ʅʘʜʭʦʜʞʝʥʥʷ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʽʪʨʷ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʱʦ 

ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʚʠʪʦʢ ʭʤʘʨ ʽ ʚʠʧʘʜʽʥʥʷ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ. 

ʅʝʨʽʚʥʦʤʽʨʥʠʡ ʥʘʛʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʩʪʚʦʨʶʻ ʛʨʘʜʽʻʥʪʠ ʪʠʩʢʫ, ʷʢʽ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʽʪʨʫ. ʄʘʡʞʝ ʚʩʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʽʤʘʪʫ ʟʘʣʝʞʘʪʴ ʜʦ 

ʥʘʜʭʦʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ. ʊʨʠʚʘʣʽʩʪʴ ʩʦʥʷʯʥʦʛʦ ʩʷʡʚʘ ï ʮʝ ʚʽʜʨʽʟʦʢ 

ʯʘʩʫ ʚʧʨʦʜʦʚʞ ʜʦʙʠ, ʤʽʩʷʮʷ ʘʙʦ ʨʦʢʫ, ʢʦʣʠ ʉʦʥʮʝ ʚ ʜʘʥʽʡ ʤʽʩʮʝʚʦʩʪʽ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘʜ ʛʦʨʠʟʦʥʪʦʤ ʽ ʥʝ ʟʘʢʨʠʪʦ ʭʤʘʨʘʤʠ, ʪʫʤʘʥʦʤ, ʽʤʣʦʶ, ʽʥ. [1-

6].  
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ʋ ʨʘʡʦʥʽ ʩʪʘʥʮʽʾ ɹʦʨʠʩʧʽʣʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʟʠʪʠʚʥʠʡ ʪʨʝʥʜ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʛʦʜʠ ʥʘ ʚʩʴʦʤʫ ʯʘʩʦʚʦʤʫ ʧʨʦʤʽʞʢʫ, ʧʨʠʯʦʤʫ, 

ʧʦʯʠʥʘʶʯʠ ʟ 2000-ʭ ʨʦʢʽʚ ʤʘʡʞʝ ʚ ʫʩʽ ʨʦʢʠ ʚʦʥʘ ʚʠʱʘ ʟʘ ʙʘʛʘʪʦʨʽʯʥʫ 

ʥʦʨʤʫ (ʙʣʠʟʴʢʦ 2000 ʛʦʜʠʥ ʥʘ ʨʽʢ), ʱʦ ʜʝʤʦʥʩʪʨʫʻ ʨʠʩ.1ʘ. ʈʽʯʥʠʡ ʨʦʟʧʦʜʽʣ 

ʪʨʠʚʘʣʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʩʷʡʚʘ ʟʘ ʨʽʟʥʽ ʧʝʨʽʦʜʠ ʩʧʦʩʪʝʨʝʞʝʥʴ 1977-1998 ʪʘ 

1999-2019 ʨʦʢʽʚ ʨʘʟʦʤ ʟ ʘʣʴʙʝʜʦ ʧʽʜʩʪʠʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ 

ʨʠʩ.1ʙ. ʄʘʻʤʦ ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʩʷʡʚʘ, ʦʩʦʙʣʠʚʦ ʮʝ 

ʩʪʦʩʫʻʪʴʩʷ ʣʽʪʥʴʦʛʦ ʧʝʨʽʦʜʫ. 

ʘ) 
   

ʙ) 

ʈʠʩʫʥʦʢ 1ï ʅʦʨʤʦʚʘʥʠʡ ʘ) ʪʘ ʨʽʯʥʠʡ ʨʦʟʧʦʜʽʣ ʪʨʠʚʘʣʦʩʪʽ 

ʩʦʥʷʯʥʦʛʦ ʩʷʡʚʘ ʽ ʘʣʴʙʝʜʦ ʧʦʚʝʨʭʥʽ ʙ) ʟʘ ʜʘʥʠʤʠ ʩʪʘʥʮʽʾ ɹʦʨʠʩʧʽʣʴ  

ʟʘ ʧʝʨʽʦʜ 1977-2019 ʨʦʢʠ 

 

ɺʽʜʦʤʦ, ʱʦ ʪʝʨʤʽʯʥʠʡ ʨʝʞʠʤ ʘʪʤʦʩʬʝʨʠ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ʬʦʨʤʫʚʘʥʥʷ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʪʘ ʢʣʽʤʘʪʠʯʥʦʛʦ ʨʝʞʠʤʫ ʦʢʨʝʤʠʭ 

ʪʝʨʠʪʦʨʽʡ. ʂʨʠʚʘ ʨʦʟʧʦʜʽʣʫ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʧʦ ʄʉ 

ɹʦʨʠʩʧʽʣʴ, ʱʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.2 ʘ. ʅʘ ʛʨʘʬʽʢʫ ʙʘʯʠʤʦ ʧʝʚʥʫ 

ʩʪʘʙʽʣʽʟʘʮʽʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʛʦʜʠ ʚ ʦʩʪʘʥʥʽ ʜʚʘ ʜʝʩʷʪʠʣʽʪʪʷ, ʱʦ ʤʦʞʝ 

ʙʫʪʠ ʧʦʚôʷʟʘʥʘ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʾʾ ʘʤʧʣʽʪʫʜʠ. 

 

ʘ) ʙ) 

 

ʈʠʩʫʥʦʢ 2 ï ʉʝʨʝʜʥʽʡ ʙʘʛʘʪʦʨʽʯʥʠʡ ʘ) ʪʘ ʨʽʯʥʠʡ ʭʽʜ ʘ) 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʟʘ ʜʘʥʠʤʠ ʄʉ ɹʦʨʠʩʧʽʣʴ ʟʘ 1976-2019 ʨʦʢʠ 

 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʙʘʛʘʪʦʨʽʯʥʦʾ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʽʪʨʷ ʟʘ ʨʽʟʥʽ ʧʝʨʽʦʜʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʦ ʩʪʘʥʮʽʾ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ 

ʥʘʩʪʫʧʥʦʤʫ ʨʠʩ.2 ʙ. ɺʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʨʠʚʠʭ ʨʦʟʧʦʜʽʣʫ ʧʦʢʘʟʫʻ, ʱʦ 

ʽʥʪʝʥʩʠʚʥʽʰʝ ʟʨʦʩʪʘʥʥʷ ʪʝʨʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʚʝʩʥʷʥʦ-

ʣʽʪʥʽʡ ʧʝʨʽʦʜ.  
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ʉʝʨʝʜʥʷ ʨʽʯʥʘ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ ʚ ʋʢʨʘʾʥʽ ʟʘ ʙʘʟʦʚʠʡ ʧʝʨʽʦʜ (1961-

1990 ʨʦʢʠ) ʩʢʣʘʜʘʣʘ 576 ʤʤ, ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚʦʥʘ ʟʤʽʥʠʣʘʩʷ ʥʝʟʥʘʯʥʦ ʽ ʟʘ 

ʧʝʨʽʦʜ 1991-2013 ʨʦʢʠʩʢʣʘʣʘ 595 ʤʤ. ʆʜʥʘʢ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʽʩʪʦʪʥʽ 

ʟʤʽʥʠ ʨʦʟʧʦʜʽʣʫ ʦʧʘʜʽʚ ʫʩʝʨʝʜʠʥʽ ʨʦʢʫ [1, 4-6, 8]. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʟʘ ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʴ 1976-2019 ʨʦʢʠ ʧʦ 

ʩʪʘʥʮʽʾ.ɹʦʨʠʩʧʽʣʴ ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʽ 1.  

 

ʊʘʙʣʠʮʷ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʧʦ ʄʉ 

ɹʦʨʠʩʧʽʣʴ ʟʘ ʧʝʨʽʦʜ 1976-2019 ʨʦʢʠ 

 
 

ʉʝʨʝʜʥʷ ʙʘʛʘʪʦʨʽʯʥʘ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ -ï576,9 ʤʤ, ʱʦ ʙʣʠʟʴʢʘ ʜʦ 

ʩʝʨʝʜʥʽʭ ʙʘʟʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʦ ʋʢʨʘʾʥʽ [1]. ʄʽʩʷʯʥʘ ʾʭ ʥʦʨʤʘ ʩʢʣʘʜʘʻ 48,1 

ʤʤ, ʘ ʩʝʨʝʜʥʴʦʨʽʯʥʘ ʢʽʣʴʢʽʩʪʴ ʜʥʽʚ ʟ ʦʧʘʜʘʤʠ ʩʪʘʥʦʚʠʪʴ 161 ʜʝʥʴ. ʎʽʢʘʚʦ 

ʚʽʜʤʽʪʠʪʠ, ʤʘʢʩʠʤʫʤʠ (ʜʦʙʦʚʽ, ʤʽʩʷʯʥʽ ʪʘ ʨʽʯʥʽ) ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʜʦʩʠʪʴ 

ʜʘʚʥʦ ï ʪʦʙʪʦ, ʝʢʩʪʨʝʤʘʣʴʥʽʩʪʴ ʦʧʘʜʽʚ ʫʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʩʫʪʪʻʚʦ 

ʥʝ ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ʈʽʯʥʽ ʩʫʤʠ ʦʧʘʜʽʚ ʫʧʨʦʜʦʚʞ ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʷʢʠʡ 

ʘʥʘʣʽʟʫʻʪʴʩʷ, ʨʦʟʧʦʜʽʣʝʥʽ ʜʦʩʠʪʴ ʩʪʘʙʽʣʴʥʦ ï ʪʝʥʜʝʥʮʽʡʥʽ ʟʤʽʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʛʦʜʠ ʚʽʜʩʫʪʥʽ, ʱʦ ʜʝʤʦʥʩʪʨʫʻ ʨʠʩ.3. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʈʦʟʧʦʜʽʣ ʩʫʤʘʨʥʠʭ ʨʽʯʥʠʭ ʦʧʘʜʽʚ ʟʘ ʜʘʥʠʤʠ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʄʉ ɹʦʨʠʩʧʽʣʴ ʟʘ ʧʝʨʽʦʜ 1976-2019 ʨʦʢʠ 

 

ʎʽʢʘʚʠʤ ʚ ʧʨʦʛʥʦʩʪʠʯʥʦʤʫ ʧʣʘʥʽ ʤʦʞʝ ʙʫʪʠ ʥʦʨʤʦʚʘʥʘ ʨʽʯʥʘ 

ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ, ʨʦʟʧʦʜʽʣ ʷʢʦʾ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ ʨʠʩ.4 ʘ. ɺ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʧʽʜ ʥʦʨʤʦʶ, ʷʢ ʮʝ ʧʨʠʡʥʷʪʦ ʚ ʩʪʘʪʠʩʪʠʮʽ, ʨʦʟʫʤʽʻʪʴʩʷ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ. ɺ ʦʢʨʝʤʽ ʨʦʢʠ ʨʽʯʥʘ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ ʻ ʩʫʪʪʻʚʦ ʤʝʥʰʦʶ ʟʘ 

ʙʘʛʘʪʦʨʽʯʥʫ ʥʦʨʤʫ ï ʪʘʢʘ ʪʝʥʜʝʥʮʽʷ ʟʙʝʨʽʛʘʻʪʴʩʷ ʽ ʚʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ 

ʨʦʢʽʚ. ɺʽʜôʻʤʥʘ ʘʤʧʣʽʪʫʜʘ ʦʧʘʜʽʚ ʜʦʤʽʥʫʻ ʥʘʜ ʧʦʟʠʪʠʚʥʦʶ. ɺ ʦʢʨʝʤʽ ʨʦʢʠ 
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ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʢʨʘʡ ʤʘʣʦ, ʘʙʦ ʞ ʥʘʚʧʘʢʠ ï ʙʘʛʘʪʦ, 

ʨʽʯʥʘ ʾʭ ʘʤʧʣʽʪʫʜʘ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 800 ʤʤ ï ʨʠʩ.4ʘ.  

ʈʠʩ.4 ʙ ʜʝʤʦʥʩʪʨʫʻ ʨʦʟʧʦʜʽʣ ʤʦʜʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʽʩʷʯʥʠʭ ʩʫʤ 

ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ. ʉʣʽʜ ʫʪʦʯʥʠʪʠ, ʚ ʩʪʘʪʠʩʪʠʮʽ ʤʦʜʦʶ ʘʙʩʦʣʶʪʥʦ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘʟʠʚʘʶʪʴ ʙʫʜʴ-ʷʢʫ ʪʦʯʢʫ ʣʦʢʘʣʴʥʦʛʦ 

ʤʘʢʩʠʤʫʤʫ ʱʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ. 

 

ʘ) 
ʙ) 

ʈʠʩʫʥʦʢ 4 ï ʅʦʨʤʦʚʘʥʠʡ ʨʦʟʧʦʜʽʣ ʘ) ʪʘ ʤʦʜʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʙ) 

ʩʫʤʘʨʥʠʭ ʤʽʩʷʯʥʠʭ ʦʧʘʜʽʚ ʟʘ ʜʘʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʄʉ ɹʦʨʠʩʧʽʣʴ 

ʟʘ 1976-2019 ʨʦʢʠ 

 

ɼʦ 2000 ʨʦʢʫ ʤʦʜʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʦʧʘʜʽʚ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʚʠʢʣʶʯʥʦ ʫ 

ʪʝʧʣʫ ʧʦʨʫ ʨʦʢʫ, ʪʦ ʥʘ ʩʴʦʛʦʜʥʽ ʤʘʻʤʦ ʾʾ ʟʤʽʱʝʥʥʷ ʥʘ ʟʠʤʦʚʽ ʤʽʩʷʮʽ. 

ɺʨʘʭʦʚʫʶʯʠ ʤʽʥʣʠʚʠʡ ʭʘʨʘʢʪʝʨ ʩʫʯʘʩʥʠʭ ʟʠʤ ʟ̔ ʯʘʩʪʠʤʠ ʚʽʜʣʠʛʘʤʠ, ʱʦ 

ʚʦʯʝʚʠʜʴ ʥʝ ʩʧʨʠʷʻ ʧʨʦʮʝʩʫ ʩʪʘʣʦʛʦ ʩʥʽʛʦʥʘʢʦʧʠʯʝʥʥʷ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ ʧʨʦ ʧʝʚʥʝ ʟʤʝʥʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʧʘʜʽʚ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʽʜʪʚʝʨʜʞʫʻ ʥʘʷʚʥʽʩʪʴ ʢʣʽʤʘʪʠʯʥʠʭ 

ʟʤʽʥ ʚ ʨʘʡʦʥʽ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʾ ʩʪʘʥʮʽʾ ɹʦʨʠʩʧʽʣʴ ʫ ʨʦʟʨʽʟʽ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ 

ʢʣʽʤʘʪʫ: 

1. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʽʡʢʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ 

ʩʦʥʷʯʥʦʛʦ ʩʷʡʚʘ ʚʧʨʦʜʦʚʞ ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ ʩʧʦʩʪʝʨʝʞʝʥʴ. 

2. ʇ̔ ʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʷʢ ʟʘ ʨʘʭʫʥʦʢ 

ʬʦʥʦʚʦʾ ʩʢʣʘʜʦʚʦʾ, ʪʘʢ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʙʽʣʴʰʝʥʥʷ ʝʢʩʪʨʝʤʫʤʽʚ, ʭʦʯʘ ʚ 

ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʤʘʢʩʠʤʘʣʴʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʽʜôʻʤʥʠʡ 

ʪʨʝʥʜ. 

3. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʽʟʥʠʭ ʧʝʨʽʦʜʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʦʢʘʟʘʚ 

ʝʬʝʢʪʠʚʥʽʰʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʚʝʩʥʷʥʦ-ʣʽʪʥʽʡ ʧʝʨʽʦʜ. 

4. ʈ̔ ʯʥʘ ʩʫʤʘ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʜʦʩʠʪʴ ʩʪʘʣʦʶ, 

ʧʨʦʪʝ ʤʘʻ ʤʽʩʮʝ ʾʭ ʧʝʨʝʨʦʟʧʦʜʽʣ ʫʧʨʦʜʦʚʞ ʨʦʢʫ ï ʮʝʥʪʨ ʚʘʛʠ ʟʤʽʩʪʠʚʩʷ ʚ 

ʭʦʣʦʜʥʽ ʤʽʩʷʮʽ, ʱʦ ʟʥʠʞʫʻ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚ ʮʽʣʦʤʫ. 

5. ɿʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʥʽʚ ʟ ʦʧʘʜʘʤʠ ʥʘ ʬʦʥʽ ʩʪʽʡʢʦʾ ʾʭ 

ʢʽʣʴʢʦʩʪʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʝʢʩʪʨʝʤʘʣʴʥʦʩʪʽ. 

6. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ 

ʧʦʚʽʪʨʷ. 
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7. ʋʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʣʽʪʴ ʬʽʢʩʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ 

ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, ʭʦʯʘ ʝʢʩʪʨʝʤʘʣʴʥʽʩʪʴ ʾʾ ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʩʦʢʦʶ. 

ɸʜʘʧʪʘʮʽʷ ʜʦ ʛʣʦʙʘʣʴʥʦʾ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʻ ʧʨʦʮʝʩʦʤ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʫ 

ʧʨʠʨʦʜʥʠʭ ʯʠ ʣʶʜʩʴʢʠʭ ʩʠʩʪʝʤʘʭ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʬʘʢʪʠʯʥʽ ʘʙʦ ʦʯʽʢʫʚʘʥʽ 

ʢʣʽʤʘʪʠʯʥʽ ʚʧʣʠʚʠ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʥʠʟʠʪʠ ʾʭ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ. 
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 ʂʦʥʦʚʘʣʦʚ ɸ. ʆ., ʟʜʦʙʫʚʘʯ PhD,  

ʊʠʭʝʥʢʦ ʆ. ʄ., ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ  

 

ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʂʠʾʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè,  

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɽʃɽʂʊʈʀʌɯʂɸʎɯʗ ʊʈɸʅʉʇʆʈʊʋ ʗʂ ʂʃʖʏʆɺɸ 

ʉʊʈɸʊɽɻɯʗ ʉʊɸʃʆɻʆ ʈʆɿɺʀʊʂʋ ʄɯʉʔʂʀʍ ʊɽʈʀʊʆʈɯʁ 

 

ʅʘ ʩʴʦʛʦʜʥʽ ʝʣʝʢʪʨʠʬʽʢʘʮʽʷ ʪʨʘʥʩʧʦʨʪʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʷʢ ʧʨʦʚʽʜʥʘ ʪʘ 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʘ ʩʪʨʘʪʝʛʽʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ. 

ɽʣʝʢʪʨʦʤʦʙʽʣʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʠʪʪʻʚʝ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ ʪʘ ʟʤʝʥʰʝʥʥʷ ʰʫʤʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʙʫʜʫʯʠ ʥʝʚʽʜ'ʻʤʥʦʶ 

ʯʘʩʪʠʥʦʶ ʢʦʥʮʝʧʮʽʾ ʩʪʘʣʦʛʦ ʤʽʩʴʢʦʛʦ ʨʦʟʚʠʪʢʫ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙ'ʻʢʪʠʚʥʦʾ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʠʭ ʧʝʨʝʚʘʛ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʦʩʥʘʱʝʥʠʤʠ 

ʜʚʠʛʫʥʘʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʚʠʟʥʘʯʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʤʘʻ 

ʤʝʪʦʜʦʣʦʛʽʷ ʦʮʽʥʶʚʘʥʥʷ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ (Life Cycle Assessment, LCA). 

LCA ʻ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʧʨʠʟʥʘʯʝʥʠʤ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ 

ʦʮʽʥʢʠ ʚʩʽʭ ʝʢʦʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚ ʦʙ'ʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ (ʧʨʦʜʫʢʪʫ, ʧʨʦʮʝʩʫ 

ʯʠ ʩʠʩʪʝʤʠ) ʧʨʦʪʷʛʦʤ ʡʦʛʦ ʧʦʚʥʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ʋʩʽ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʧʦʚôʷʟaʥʽ ʟ ʦʮʽʥʶʚaʥʥʷʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʪa ʽʥʚʝʥʪaʨʠʟaʮʽʡʥʠʤʠ 

ʜʦʩʣʽʜʞʝʥʷʤʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʥʝʟaʣʝʞʥʦ ʚʽʜ ʩʝʢʪʦʨʫ ʝʢʦʥʦʤʽʢʠ 

ʚʠʢʦʥʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ISO 14040 [1]. 

ʆʮʽʥʢʘ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟʛʽʜʥʦ ʟʽ 

ʩʪʘʥʜʘʨʪʘʤʠ ISO 14040/14044 ʽ ʦʭʦʧʣʶʻ ʚʩʽ ʧôʷʪʴ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʝʣʝʢʪʨʦʤʦʙʽʣʷ [1-2]: 

1. Cradle-to-Gate  ʚʠʜʦʙʫʪʦʢ ʽ ʧʝʨʝʨʦʙʢʘ ʩʠʨʦʚʠʥʠ, ʚʠʨʦʙʥʠʮʪʚʦ 

ʢʦʤʧʦʥʝʥʪʽʚ (ʦʩʦʙʣʠʚʦ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ, ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʢʫʟʦʚʘ); 

2. Gate-to-Gate  ʟʙʠʨʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ; 

3. ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʦʪʦʚʦʛʦ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʜʦ ʜʠʣʝʨʘ/ʩʧʦʞʠʚʘʯʘ; 

4. Use Phase  ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʷ, ʚʢʣʶʯʘʶʯʠ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (ʟʘʨʷʜʞʘʥʥʷ) ʪʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

5. End-of-Life, EoL  ʫʪʠʣʽʟʘʮʽʷ, ʧʝʨʝʨʦʙʢʘ ʢʦʤʧʦʥʝʥʪʽʚ (ʦʩʦʙʣʠʚʦ 

ʣʽʪʽʡ-ʽʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ) ʪʘ ʟʘʭʦʨʦʥʝʥʥʷ ʚʽʜʭʦʜʽʚ. 

ɼʣʷ ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʦʜʠʥʠʮʷ ʤʦʞʝ 

ʧʨʠʡʤʘʪʠʩʷ çʦʜʠʥ ʘʚʪʦʤʦʙʽʣʴ, ʱʦ ʧʨʦʾʭʘʚ 100 000 (ʘʙʦ 150000) 

ʢʽʣʦʤʝʪʨʽʚè (ʘʙʦ ʽʥʰʘ ʚʠʟʥʘʯʝʥʘ ʚʽʜʩʪʘʥʴ) ʟʘ ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʠʭ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ʅʘ ʝʪʘʧʽ ʽʥʚʝʥʪʘʨʠʟʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʟʙʠʨʘʶʪʴʩʷ ʢʽʣʴʢʽʩʥʽ ʜʘʥʽ ʧʨʦ 

ʚʩʽ ʚʭʽʜʥʽ ʧʦʪʦʢʠ (ʩʠʨʦʚʠʥʘ, ʝʥʝʨʛʽʷ) ʪʘ ʚʠʭʽʜʥʽ ʧʦʪʦʢʠ (ʚʠʢʠʜʠ ʚ ʧʦʚʽʪʨʷ, 

ʚʦʜʫ ʪʘ ˇʨʫʥʪ, ʚʽʜʭʦʜʠ) ʜʣʷ ʢʦʞʥʦʛʦ ʝʪʘʧʫ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. 

ʅʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ ʥʘ ʝʪʘʧʽ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʤʦʙʽʣʷ 

ʧʨʠʧʘʜʘʻ ʥʘ ʘʢʫʤʫʣʷʪʦʨʥʫ ʙʘʪʘʨʝʶ (ʜʦ 40-50 % ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ 

ʚʠʨʦʙʥʠʯʦʛʦ ʩʣʽʜʫ). ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʦʪʨʽʙʥʦ ʧʨʠʜʽʣʠʪʠ ʚʠʜʦʙʫʪʢʫ 

ʩʠʨʦʚʠʥʠ ʜʣʷ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ (ʣʽʪʽʡ, ʢʦʙʘʣʴʪ, ʥʽʢʝʣʴ, ʤʘʨʛʘʥʝʮʴ, 

ʛʨʘʬʽʪ) ʪʘ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ. ʂʽʣʴʢʽʩʪʴ ʪʘ ʪʠʧ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 

ʚʠʢʦʨʠʩʪʘʥʦʾ ʥʘ ʟʘʚʦʜʘʭ ʟ̔ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʤʝʥʪʽʚ ʪʘ ʟʙʠʨʘʥʥʷ 

ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ. ɻʝʦʛʨʘʬʽʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʘʚʦʜʫ ʻ ʢʣʶʯʦʚʠʤ 

ʧʘʨʘʤʝʪʨʦʤ. 

ɺʧʣʠʚ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʤʫ ʝʪʘʧʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʨʷʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʤʦʙʽʣʷ. ʎʝ ʤʦʞʝ ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟ 

ʚʫʛʽʣʣʷ ʯʠ ʛʘʟʫ. ɺʽʜʧʦʚʽʜʥʦ ʝʢʦʣʦʛʽʯʥʠʡ ʩʣʽʜ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʟʥʘʯʥʦ 

ʟʨʦʩʪʘʻ. ɸʙʦ ʢʦʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ 

(ʚʽʪʨʦʚʘ, ʩʦʥʷʯʥʘ, ʛʽʜʨʦʝʥʝʨʛʽʷ). ɿʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ, ʚʧʣʠʚ ʬʘʟʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʬʘʢʪʠʯʥʦ ʤʽʥʽʤʽʟʫʻʪʴʩʷ. 

Tesla Model 3 ʻ ʦʜʥʠʤ ʽʟ ʣʽʜʝʨʽʚ ʩʝʨʝʜ ʚʞʠʚʘʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, ʷʢʽ 

ʽʤʧʦʨʪʫʶʪʴʩʷ ʚ ʋʢʨʘʾʥʫ. ɿʘ ʜʘʥʠʤʠ ʘʩʦʮʽʘʮʽʡ ʘʚʪʦʚʠʨʦʙʥʠʢʽʚ ʟʘ ʣʠʩʪʦʧʘʜ 

2025 ʨʦʢʫ, Tesla Model 3 ʧʦʩʽʜʘʻ ʜʨʫʛʝ ʤʽʩʮʝ ʩʝʨʝʜ ʫʩʽʭ ʽʤʧʦʨʪʦʚʘʥʠʭ 

ʚʞʠʚʘʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. ʂʽʣʴʢʽʩʪʴ ʨʝʻʩʪʨʘʮʽʡ Tesla Model 3 ʩʪʘʥʦʚʠʣʘ 

ʙʣʠʟʴʢʦ 850-862 ʦʜʠʥʠʮʽ. ɺʦʥʘ ʧʦʩʪʫʧʘʻʪʴʩʷ ʣʠʰʝ Tesla Model Y [3].  

Tesla Model 3 ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʷʢ ʧʨʝʤʽʘʣʴʥʠʡ, ʘʣʝ ʜʦʩʪʫʧʥʠʡ 

ʝʣʝʢʪʨʦʤʦʙʽʣʴ, ʷʢʠʡ ʤʘʚ ʟʨʦʙʠʪʠ ʝʣʝʢʪʨʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʤʘʩʦʚʠʤ. ɰʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʟʘʚʜʷʢʠ ʛʣʠʙʦʢʽʡ 

ʽʥʪʝʛʨʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ Tesla. Tesla Model 

3 

ʻ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʶ ʤʦʜʝʣʣʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. 

LCA Tesla Model 3 ʩʣʫʛʫʻ ʢʣʘʩʠʯʥʠʤ ʧʨʠʢʣʘʜʦʤ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʧʝʨʝʚʘʛ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. ʋʩʽ ʨʦʟʨʘʭʫʥʢʠ LCA ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ 

ʜʘʥʠʭ ʮʽʻʾ ʤʦʜʝʣʽ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʷ 1 ïɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʦʮʽʥʢʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ʝʣʝʢʪʨʦʤʦʙʽʣʷ Tesla Model 3 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

ɭʤʥʽʩʪʴ ʙʘʪʘʨʝʾ 75 ʢɺʪẗʛʦʜ 

ɾʠʪʪʻʚʠʡ ʮʠʢʣ 150000 ʢʤ 

ʉʝʨʝʜʥʻ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 18,5 ʢɺʪẗʛʦʜ/100 ʢʤ 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʝʥʝʨʛʦʤʽʢʩʫ  300 ʛ CO2eq/ʢɺʪẗʛʦʜ 

 

ʋ ʪʘʙʣʠʮʽ 2 ʥʘʚʝʜʝʥʽ ʢʽʣʴʢʽʩʥʽ ʜʘʥʽ ʱʦʜʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʣʽʜʫ (GWP) 

ʝʣʝʢʪʨʦʤʦʙʽʣʷ Tesla Model 3 ʟʘ ʝʪʘʧʘʤʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. 
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ʊʘʙʣʠʮʷ 2 ï ɽʢʦʣʦʛʽʯʥʠʡ ʩʣʽʜ ʝʣʝʢʪʨʦʤʦʙʽʣʷ Tesla Model 3 ʟʘ 

ʝʪʘʧʘʤʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ɽʪʘʧ GWP (ʪ CO2eq) ʏʘʩʪʢʘ (%) 

ɺʠʨʦʙʥʠʮʪʚʦ 16,75 66,5  

ɽʢʩʧʣʫʘʪʘʮʽʷ 8,33 33,0  

ʂʽʥʝʮʴ ʮʠʢʣʫ 0,1 0,5  

 

ʆʪʞʝ, Tesla Model 3, ʧʦʧʨʠ ʟʥʘʯʥʠʡ ʧʦʯʘʪʢʦʚʠʡ çʚʫʛʣʝʮʝʚʠʡ ʙʦʨʛè 

ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ, ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʫʧʨʦʜʦʚʞ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ʂʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ ʻ ʝʥʝʨʛʽʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʧʽʜʢʨʝʩʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʘʨʘʣʝʣʴʥʦʾ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʚʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʧʝʨʝʚʘʛ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. 

ʆʩʢʽʣʴʢʠ BMW 3 ʉʝʨʽʾ (G20) ʻ ʧʨʷʤʠʤ ʢʦʥʢʫʨʝʥʪʦʤ Tesla Model 3, 

ʨʦʟʨʘʭʫʥʦʢ ʾʭʥʴʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʣʽʜʫ ʜʘʻ ʥʘʡʙʽʣʴʰ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʫ 

ʢʘʨʪʠʥʫ ʧʝʨʝʚʘʛ ʝʣʝʢʪʨʠʬʽʢʘʮʽʾ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ LCA, ʷʢ ʪʠʧʦʚʠʡ 

ʙʝʥʟʠʥʦʚʠʡ ʘʥʘʣʦʛ, ʚʠʢʦʨʠʩʪʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʽ BMW 330i 

Steptronic (G20). 

ʋ ʪʘʙʣʠʮʽ 3 ʥʘʚʝʜʝʥʽ ʢʽʣʴʢʽʩʥʽ ʜʘʥʽ ʱʦʜʦ ʚʫʛʣʝʮʝʚʦʛʦ ʩʣʽʜʫ 

ʝʣʝʢʪʨʦʤʦʙʽʣʷ Tesla Model 3 ʪʘ ʘʚʪʦʤʦʙʽʣʷ ʟ ʜʚʠʛʫʥʦʤ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʷʥʥʷ BMW 330i.  

 

ʊʘʙʣʠʮʷ 3 ï ɽʢʦʣʦʛʽʯʥʠʡ ʩʣʽʜ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʪʘ ʘʚʪʦʤʦʙʽʣʷ ʟ 

ʜʚʠʛʫʥʦʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ 

ɽʪʘʧ ʞʠʪʪʻʚʦʛʦ 

ʮʠʢʣʫ 

Tesla Model 3 

(ɽɺ) (ʪ CO2eq) 

BMW 330i (ɼɺɿ) 

(ʪ CO2eq) 
ʂʣʶʯʦʚʠʡ ʚʥʝʩʦʢ (%) 

ʚʠʨʦʙʥʠʮʪʚʦ 16,75   Ḑ7,0 
ɽɺ ʚʠʱʠʡ ʯʝʨʝʟ 

ʙʘʪʘʨʝʶ 

ʝʢʩʧʣʫʘʪʘʮʽʷ 8,33  25,31 

ɼɺɿ ʚʠʱʠʡ (ʫ Ḑ3,2 

ʨʘʟʠ) ʯʝʨʝʟ ʩʧʘʣʶʚʘʥʥʷ 

ʧʘʣʠʚʘ 

ʢʽʥʝʮʴ ʮʠʢʣʫ 

(ʫʪʠʣʽʟʘʮʽʷ) 
0,1 Ḑ0,1 ʨʽʚʥʦʟʥʘʯʥʽ 

ɺʩʴʦʛʦ (LCA) 25,18 Ḑ32,41 
ɽɺ ʤʘʻ ʤʝʥʰʠʡ 

ʟʘʛʘʣʴʥʠʡ ʩʣʽʜ 

 

ʆʪʞʝ, ʟʘ ʫʤʦʚʠ ʦʜʥʘʢʦʚʦʛʦ ʧʨʦʙʽʛʫ (150 000 ʢʤ), ʟʘʛʘʣʴʥʠʡ 

ʚʫʛʣʝʮʝʚʠʡ ʩʣʽʜ  ʝʣʝʢʪʨʦʤʦʙʽʣʷ Tesla Model 3 (25,18 ʪ CO2eq) ʙʫʜʝ 

ʧʨʠʙʣʠʟʥʦ ʥʘ 44 % ʤʝʥʰʠʡ, ʥʽʞ ʫ ʘʥʘʣʦʛʽʯʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʟ ɼɺɿ  BMW 

330i (Ḑ32,41 ʪ CO2eq). ɼʣʷ BMW 330i ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ GWP ʤʘʻ ʝʪʘʧ 

ʚʠʨʦʙʥʠʮʪʚʘ (16,75 ʪ CO2eq) ʯʝʨʝʟ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ. 

ɼʣʷ BMW 330i ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʩʣʽʜʫ ʧʨʠʧʘʜʘʻ ʥʘ ʝʪʘʧ ʝʢʩʧʣʫʘʪʘʮʽʾ 
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(Ḑ25,31 ʪ CO2eq) ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ. ʗʢʱʦ Tesla 

Model 3 ʟʘʨʷʜʞʘʪʠʤʝʪʴʩʷ ʚʠʢʣʶʯʥʦ ʚʽʜʥʦʚʣʶʚʘʥʦʶ ʝʥʝʨʛʽʻʶ, ʡʦʛʦ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʩʣʽʜ ʥʘʙʣʠʟʠʪʴʩʷ ʜʦ ʥʫʣʷ, ʘ ʟʘʛʘʣʴʥʠʡ GWP ʚʧʘʜʝ ʜʦ 

ʤʽʥʽʤʫʤʫ (ʙʣʠʟʴʢʦ 10,3 ʪ CO2eq). ʎʝ ʧʦʩʠʣʶʻ ʝʢʦʣʦʛʽʯʥʫ ʧʝʨʝʚʘʛʫ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. 

ɿʘʛʘʣʦʤ ʤʘʩʦʚʘ ʝʣʝʢʪʨʠʬʽʢʘʮʽʷ ʪʨʘʥʩʧʦʨʪʫ ʻ ʥʝʦʙʭʽʜʥʦʶ 

ʧʝʨʝʜʫʤʦʚʦʶ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ [4-5], ʦʩʢʽʣʴʢʠ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʚʠʩʪʫʧʘʶʪʴ ʢʣʶʯʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʟʠʪʠʚʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʝʢʦʣʦʛʽʯʥʫ ʩʢʣʘʜʦʚʫ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʪʘ ʛʣʦʙʘʣʴʥʫ 

ʢʣʽʤʘʪʠʯʥʫ ʩʪʽʡʢʽʩʪʴ. 

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ 
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3. ʆʬʽʮʽʡʥʠʡ ʩʘʡʪ ɸʩʦʮʽʘʮʽʾ ʘʚʪʦʚʠʨʦʙʥʠʢʽʚ ʋʢʨʘʾʥʠ 

çʋʢʨʘʚʪʦʧʨʦʤè [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. URL: https://ukrautoprom.com.ua 

4. ʎʽʣʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʋʢʨʘʾʥʽ. United Nations. Ukraine. URL: 
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5. ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ ʚʽʜ 30 ʚʝʨʝʩʥʷ 2019 ʨʦʢʫ ˉ 722/2019 

çʇʨʦ ʎʽʣʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫè. URL: 

https://zakon.rada.gov.ua/laws/show/722/2019#Text 
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ʃʠʪʚʠʥʝʥʢʦ ʆ. ʆ., ʘʩʧʽʨʘʥʪ,  

ʂʫʪʥʠʡ ɹ. ɸ., ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ 

 ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 

 

ɽʂʆʃʆɻɯʏʅɸ ɹɽɿʇɽʂɸ ʊʈʋɹʆʇʈʆɺɯɼʅʆɻʆ ʊʈɸʅʉʇʆʈʊʋ 

ɻɸɿʋ: ɸʅɸʃɯɿ ʈʀɿʀʂɯɺ ʊʈɸɼʀʎɯʁʅʀʍ ʄɽʊʆɼɯɺ ɹʆʈʆʊʔɹʀ 

ɿ ɻɯɼʈɸʊɸʄʀ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʀʍ 

ʊɽʍʅʆʃʆɻɯʁ 

 

ɺ ʫʤʦʚʘʭ ʟʨʦʩʪʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʋʢʨʘʾʥʠ, ʧʠʪʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ (ɻʊʉ) ʥʘʙʫʚʘʻ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʂʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʤʘʛʽʩʪʨʘʣʴʥʠʭ 

ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʛʘʟʦʧʨʦʚʦʜʽʚ, ʻ ʫʪʚʦʨʝʥʥʷ ʛʘʟʦʚʠʭ ʛʽʜʨʘʪʽʚ. ʎʽ ʢʣʘʪʨʘʪʥʽ 

ʩʧʦʣʫʢʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʦʣʝʢʫʣ ʛʘʟʫ (ʧʝʨʝʚʘʞʥʦ ʤʝʪʘʥʫ) ʪʘ ʚʦʜʠ, 

ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʧʨʠ ʚʠʩʦʢʠʭ ʪʠʩʢʘʭ ʪʘ ʧʦʤʽʨʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʩʪʚʦʨʶʶʯʠ ʤʘʩʠʚʥʽ ʧʨʦʙʢʠ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʨʦʭʽʜʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʪʨʫʙ, ʟʨʦʩʪʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ, ʘ ʚ ʢʨʠʪʠʯʥʠʭ ʚʠʧʘʜʢʘʭ ï 

ʜʦ ʧʦʚʥʦʛʦ ʟʫʧʠʥʝʥʥʷ ʧʝʨʝʢʘʯʫʚʘʥʥʷ ʪʘ ʘʚʘʨʽʡʥʠʭ ʨʦʟʨʠʚʽʚ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ. ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʙʦʨʦʪʴʙʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʭʽʤʽʯʥʦʤʫ 

ʽʥʛʽʙʫʚʘʥʥʽ, ʻ ʝʬʝʢʪʠʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦ, ʧʨʦʪʝ ʚʢʨʘʡ ʥʝʙʝʟʧʝʯʥʠʤʠ 

ʝʢʦʣʦʛʽʯʥʦ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʝʢʦʣʦʛʽʯʥʠʭ 

ʨʠʟʠʢʽʚ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ɸʥʘʣʽʟ ʝʢʦʣʦʛʽʯʥʠʭ ʥʝʜʦʣʽʢʽʚ ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ 

ʜʝʥʴ ʦʩʥʦʚʥʠʤ ʩʧʦʩʦʙʦʤ ʧʦʧʝʨʝʜʞʝʥʥʷ ʛʽʜʨʘʪʦʫʪʚʦʨʝʥʥʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʽʥʛʽʙʽʪʦʨʽʚ. ʇʨʠʥʮʠʧ ʾʭ ʜʽʾ ʧʦʣʷʛʘʻ ʫ ʟʤʽʱʝʥʥʽ 

ʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚ ʫʪʚʦʨʝʥʥʷ ʛʽʜʨʘʪʽʚ ʚ ʦʙʣʘʩʪʴ ʥʠʞʯʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʻ ʤʝʪʘʥʦʣ (CH3OH) ʪʘ ʛʣʽʢʦʣʽ 

(ʝʪʠʣʝʥʛʣʽʢʦʣʴ, ʜʽʝʪʠʣʝʥʛʣʽʢʦʣʴ). ʇʦʧʨʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʮʽ 

ʨʝʯʦʚʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʪʦʢʩʠʯʥʽʩʪʶ ʪʘ ʟʜʘʪʥʽʩʪʶ ʜʦ 

ʤʽʛʨʘʮʽʾ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʆʩʦʙʣʠʚʝ ʟʘʥʝʧʦʢʦʻʥʥʷ ʚʠʢʣʠʢʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʥʦʣʫ. ʎʝ 

ʥʝʨʚʦʚʦ-ʩʫʜʠʥʥʘ ʦʪʨʫʪʘ ʟ ʚʠʨʘʞʝʥʠʤ ʢʫʤʫʣʷʪʠʚʥʠʤ ʝʬʝʢʪʦʤ. ʇʨʠ 

ʧʦʪʨʘʧʣʷʥʥʽ ʫ ʚʦʜʦʡʤʠ ʤʝʪʘʥʦʣ ʚʠʢʣʠʢʘʻ ʟʘʛʠʙʝʣʴ ʛʽʜʨʦʙʽʦʥʪʽʚ ʥʘʚʽʪʴ ʫ 

ʥʝʟʥʘʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ. ʇʨʦʙʣʝʤʦʶ ʻ ʪʘʢʦʞ ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʩʠʩʪʝʤ 

ʨʝʛʝʥʝʨʘʮʽʾ: ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʽʥʛʽʙʽʪʦʨʘ ʚʪʨʘʯʘʻʪʴʩʷ ʙʝʟʧʦʚʦʨʦʪʥʦ. 
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ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʧʣʠʚʫ ʽʥʛʽʙʽʪʦʨʽʚ ʥʘ ʜʦʚʢʽʣʣʷ ʥʘʚʝʜʝʥʘ ʚ 

ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1 ï ɽʢʦʣʦʛʦ-ʪʦʢʩʠʢʦʣʦʛʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʽʥʛʽʙʽʪʦʨʽʚ 
ʊʠʧ ʽʥʛʽʙʽʪʦʨʘ ʂʣʘʩ ʥʝʙʝʟʧʝʢʠ ɽʢʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ  

ʪʘ ʥʘʩʣʽʜʢʠ 

ʄʝʪʘʥʦʣ (CH3OH) 3 (ʣʝʛʢʦʟʘʡʤʠʩʪʽ ʨʽʜʠʥʠ) 

6.1 (ʪʦʢʩʠʯʥʽ ʨʝʯʦʚʠʥʠ) 

ʐʚʠʜʢʝ ʧʨʦʥʠʢʥʝʥʥʷ ʫ 

ˇʨʫʥʪʦʚʽ ʚʦʜʠ, ʚʠʩʦʢʘ 

ʣʝʪʢʽʩʪʴ, ʦʪʨʫʻʥʥʷ 

ʘʪʤʦʩʬʝʨʠ ʧʨʠ 

ʩʪʨʘʚʣʶʚʘʥʥʽ ʛʘʟʫ. 

ɽʪʠʣʝʥʛʣʽʢʦʣʴ (C H O ) 3 (ʧʦʤʽʨʥʦ ʥʝʙʝʟʧʝʯʥʽ 

ʨʝʯʦʚʠʥʠ) 

ɿʤʽʥʶʻ ʙʽʦʭʽʤʽʯʥʝ 

ʩʧʦʞʠʚʘʥʥʷ ʢʠʩʥʶ ʫ 

ʚʦʜʦʡʤʘʭ, ʚʘʞʢʦ 

ʧʽʜʜʘʻʪʴʩʷ ʙʽʦʜʝʛʨʘʜʘʮʽʾ. 

ʍʣʦʨʠʜ ʢʘʣʴʮʽʶ (CaCl2) 3 (ʧʦʤʽʨʥʦ ʥʝʙʝʟʧʝʯʥʽ 

ʨʝʯʦʚʠʥʠ) 

ʉʧʨʠʯʠʥʷʻ ʢʦʨʦʟʽʶ 

ʦʙʣʘʜʥʘʥʥʷ (ʩʚʠʱʽ), ʱʦ 

ʚʝʜʝ ʜʦ ʚʪʦʨʠʥʥʠʭ 

ʚʠʪʦʢʽʚ ʛʘʟʫ, ʟʘʩʦʣʝʥʥʷ 

ˇʨʫʥʪʽʚ. 

 

ʂʨʽʤ ʧʨʷʤʠʭ ʚʠʪʦʢʽʚ, ʩʝʨʡʦʟʥʫ ʟʘʛʨʦʟʫ ʩʪʘʥʦʚʠʪʴ ʧʨʦʮʝʩ ʫʪʠʣʽʟʘʮʽʾ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʽʥʛʽʙʽʪʦʨʘ. ɺʦʜʦʤʝʪʘʥʦʣʴʥʠʡ ʨʦʟʯʠʥ, ʱʦ ʚʠʚʦʜʠʪʴʩʷ ʟ 

ʩʠʩʪʝʤʠ, ʤʽʩʪʠʪʴ ʨʦʟʯʠʥʝʥʽ ʚʘʞʢʽ ʚʫʛʣʝʚʦʜʥʽ, ʤʝʭʘʥʽʯʥʽ ʜʦʤʽʰʢʠ ʪʘ 

ʧʨʦʜʫʢʪʠ ʢʦʨʦʟʽʾ. ɿʘʢʘʯʫʚʘʥʥʷ ʪʘʢʠʭ ʚʽʜʭʦʜʽʚ ʫ ʧʦʛʣʠʥʘʶʯʽ ʛʦʨʠʟʦʥʪʠ 

ʩʪʚʦʨʶʻ ʨʠʟʠʢ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʫ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ. 

ʆʙ̌ʨʫʥʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʝʪʦʜʫ ʚʧʣʠʚʫ. ɸʣʴʪʝʨʥʘʪʠʚʦʶ 

ʭʽʤʽʯʥʠʤ ʤʝʪʦʜʘʤ ʻ ʬʽʟʠʯʥʠʡ ʚʧʣʠʚ ʥʘ ʧʦʪʽʢ ʛʘʟʫ, ʟʦʢʨʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ (ɽʄʇ) ʥʘʜʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʪʝʨʤʽʯʥʦʛʦ ʤʝʪʦʜʫ (ʧʽʜʽʛʨʽʚʫ ʪʨʫʙ), ʷʢʠʡ ʻ ʝʥʝʨʛʦʻʤʥʠʤ ʯʝʨʝʟ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʛʨʽʚʘʪʠ ʤʝʪʘʣ ʪʘ ʚʝʩʴ ʦʙ'ʻʤ ʛʘʟʫ, ɽʄ-ʚʧʣʠʚ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʩʝʣʝʢʪʠʚʥʦʤʫ ʜʽʝʣʝʢʪʨʠʯʥʦʤʫ ʥʘʛʨʽʚʽ. 

ʄʦʣʝʢʫʣʠ ʚʦʜʠ ʻ ʜʠʧʦʣʷʤʠ, ʷʢʽ ʧʽʜ ʜʽʻʶ ʟʤʽʥʥʦʛʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʦʯʠʥʘʶʪʴ ʽʥʪʝʥʩʠʚʥʦ ʦʙʝʨʪʘʪʠʩʷ, ʜʦʣʘʶʯʠ ʩʠʣʠ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʝʨʪʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʩʝʨʝʜʠʥʽ ʚʦʜʥʦʾ ʬʘʟʠ ʘʙʦ ʢʨʠʩʪʘʣʘ ʛʽʜʨʘʪʫ. ʇʦʪʫʞʥʽʩʪʴ 

ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

ὖ ς“ὪὉ‐‐ 

ʜʝ P ï ʧʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ (ɺʪ/ʤį); f ï ʯʘʩʪʦʪʘ ʧʦʣʷ (ɻʮ);  

E ï ʥʘʧʨʫʞʝʥʽʩʪʴ ʧʦʣʷ (ɺ/ʤ); ʀ0  ï ʝʣʝʢʪʨʠʯʥʘ ʩʪʘʣʘ; ʀͻͻ ï ʢʦʝʬʽʮʽʻʥʪ 

ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʪʨʘʪ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ ʦʙʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ Ů'' ʜʣʷ ʚʦʜʠ ʫ 

ʜʽʘʧʘʟʦʥʽ ʉɺʏ (2450 ʄɻʮ) ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 10-12, ʪʦʜʽ ʷʢ ʜʣʷ ʤʝʪʘʥʫ ʪʘ 

ʩʪʘʣʽ ʚʽʥ ʧʨʷʤʫʻ ʜʦ ʥʫʣʷ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʢʦʚʠʡ ʥʘʛʨʽʚ ʩʘʤʝ ʪʠʭ ʟʦʥ, ʜʝ 
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ʽʩʥʫʻ ʨʠʟʠʢ ʫʪʚʦʨʝʥʥʷ ʧʨʦʙʦʢ, ʥʝ ʚʠʪʨʘʯʘʶʯʠ ʝʥʝʨʛʽʶ ʥʘ ʥʘʛʨʽʚ çʩʫʭʦʛʦè 

ʛʘʟʫ. 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʨʝʟʦʥʘʥʩʥʦʛʦ ʤʘʛʥʝʪʨʦʥʫ 

 

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʪʘʢʦʞ ʨʫʡʥʫʚʘʥʥʷ ʪʘʢ ʟʚʘʥʦʾ çʩʪʨʫʢʪʫʨʥʦʾ 

ʧʘʤ'ʷʪʽè ʚʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʽʩʣʷ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ 

ʛʽʜʨʘʪʽʚ ʫ ʚʦʜʽ ʟʘʣʠʰʘʶʪʴʩʷ ʢʣʘʩʪʝʨʠ, ʷʢʽ ʩʪʘʶʪʴ ʮʝʥʪʨʘʤʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʧʨʠ ʧʦʚʪʦʨʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ. ɺʧʣʠʚ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʧʦʣʷ ʛʽʧʦʪʝʪʠʯʥʦ 

ʤʦʞʝ ʨʫʡʥʫʚʘʪʠ ʚʦʜʥʝʚʽ ʟʚ'ʷʟʢʠ, ʧʝʨʝʰʢʦʜʞʘʶʯʠ ʰʚʠʜʢʦʤʫ ʧʦʚʪʦʨʥʦʤʫ 

ʫʪʚʦʨʝʥʥʶ ʧʨʦʙʦʢ. ɸʣʝ  ʜʘʥʘ ʛʽʧʦʪʝʟʘ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ ʪʝʦʨʝʪʠʯʥʠʭ 

ʪʘ  ʝʤʧʽʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

ʊʘʙʣʠʮʷ 2 ï ʇʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ 
ʂʨʠʪʝʨʽʡ ʧʦʨʽʚʥʷʥʥʷ ʍʽʤʽʯʥʠʡ ʽʥʛʽʙʽʪʦʨ ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʤʝʪʦʜ 

ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʅʠʟʴʢʘ (ʨʠʟʠʢ ʨʦʟʣʠʚʽʚ, 

ʪʦʢʩʠʯʥʽ ʚʽʜʭʦʜʠ) 

ɺʠʩʦʢʘ (ʚʽʜʩʫʪʥʽʩʪʴ 

ʨʝʘʛʝʥʪʽʚ, ʯʠʩʪʘ 

ʪʝʭʥʦʣʦʛʽʷ) 

ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʉʝʨʝʜʥʷ (ʚʠʪʨʘʪʠ ʥʘ 

ʨʝʛʝʥʝʨʘʮʽʶ, ʚʘʞʣʠʚʦ 

ʦʮʽʥʶʚʘʪʠ ʚʽʜʩʫʪʥʽʩʪʴ 

ʧʦʰʠʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʨʝʛʝʥʝʨʘʮʽʾ ʥʘ 

ʫʢʨʘʾʥʩʴʢʦʤʫ ʨʠʥʢʫ) 

ɺʠʩʦʢʘ (ʩʝʣʝʢʪʠʚʥʠʡ 

ʥʘʛʨʽʚ ʣʠʰʝ ʚʦʜʠ) 

ɽʢʦʥʦʤʽʯʥʽ ʬʘʢʪʦʨʠ ɺʠʩʦʢʽ ʦʧʝʨʘʮʽʡʥʽ 

(OpEx) 

ɺʠʩʦʢʽ (ʟʘʢʫʧʽʚʣʷ 

ʦʙʣʘʜʥʘʥʥʷ), ʘʣʝ 

ʤʽʥʽʤʘʣʴʥʽ OpEx 
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ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ɼʣʷ ʦʮʽʥʢʠ 

ʜʦʮʽʣʴʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ 

ʦʧʝʨʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʪʘ ʨʠʟʠʢʽʚ (ʪʘʙʣʠʮʷ 2). ɺʽʜʤʦʚʘ ʚʽʜ ʨʝʘʛʝʥʪʽʚ ʜʦʟʚʦʣʷʻ 

ʥʝ ʣʠʰʝ ʟʥʠʟʠʪʠ ʝʢʦʣʦʛʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʣʝ ʡ ʟʤʝʥʰʠʪʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʥʘ ʣʦʛʽʩʪʠʢʫ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʭʽʤʽʢʘʪʽʚ. 

ɺʠʩʥʦʚʢʠ. 

1. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʦʚʽʚ, ʱʦ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʙʦʨʦʪʴʙʠ ʟ 

ʛʽʜʨʘʪʘʤʠ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʥʦʣʫ ʩʪʚʦʨʶʻ ʧʦʩʪʽʡʥʫ ʟʘʛʨʦʟʫ ʟʘʙʨʫʜʥʝʥʥʷ 

ʛʽʜʨʦʩʬʝʨʠ ʪʘ ˇʨʫʥʪʽʚ. 

2. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʧʣʠʚʫ ʜʦʟʚʦʣʷʻ 

ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʛʽʜʨʘʪʦʫʪʚʦʨʝʥʥʷ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʢʩʠʯʥʠʭ 

ʨʝʯʦʚʠʥ. ʉʝʣʝʢʪʠʚʥʽʩʪʴ ʥʘʛʨʽʚʫ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʫ. 

3. ɺʧʨʦʚʘʜʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʨʠʷʪʠʤʝ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ, ʟʥʠʞʝʥʥʶ ʚʫʛʣʝʮʝʚʦʛʦ 

ʩʣʽʜʫ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʪʝʭʥʦʛʝʥʥʠʭ ʨʠʟʠʢʽʚ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ 

ʚʫʛʣʝʚʦʜʥʽʚ. 

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ 

1. ʃʘʧʽʛʘ ɯ. ɺ. ɽʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ ʫ 
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ʄʘʛʘʩʴ ʅ. ɯ., ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ,  

ʉʚʠʥʘʨʯʫʢ ʂ. ʆ., ʤʘʛʽʩʪʨ 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ,  

ʤ. ʄʠʢʦʣʘʾʚ, ʋʢʨʘʾʥʘ 

 

ɸʅɸʃɯɿ ɿʄɯʅ ʉʊɸʅʋ ʂɸʍʆɺʉʔʂʆɻʆ ɺʆɼʆʉʍʆɺʀʑɸ ɿɸ 

ɼɸʅʀʄʀ ɼʀʉʊɸʅʎɯʁʅʆɻʆ ɿʆʅɼʋɺɸʅʅʗ ɿɽʄʃɯ 

 

ʂʘʭʦʚʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ ʚʧʨʦʜʦʚʞ ʜʝʩʷʪʠʣʽʪʴ ʙʫʣʦ ʢʣʶʯʦʚʠʤ 

ʝʣʝʤʝʥʪʦʤ ʚʦʜʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʧʽʚʜʥʷ ʋʢʨʘʾʥʠ: 

ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʨʦʙʦʪʫ ʛʽʜʨʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʧʠʪʥʝ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʟʨʦʰʝʥʥʷ ʪʘ ʨʽʯʢʦʚʠʡ ʪʨʘʥʩʧʦʨʪ, ʘ ʪʘʢʦʞ ʚʽʜʽʛʨʘʚʘʣʦ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʧʽʜʪʨʠʤʘʥʥʽ ʝʢʦʣʦʛʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʜʦʣʠʥʠ ɼʥʽʧʨʘ [1, 2, 5]. 

ɿʘ ʜʘʥʠʤʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʧʝʨʝʜ ʢʘʪʘʩʪʨʦʬʦʶ ʧʣʦʱʘ ʚʦʜʥʦʛʦ 

ʜʟʝʨʢʘʣʘ ʩʪʘʥʦʚʠʣʘ ʙʣʠʟʴʢʦ 2157 ʢʤĮ, ʪʦʙʪʦ ʧʨʘʢʪʠʯʥʦ ʚʩʷ ʯʘʰʘ 

ʚʦʜʦʩʭʦʚʠʱʘ ʙʫʣʘ ʟʘʧʦʚʥʝʥʘ ʚʦʜʦʶ. 

6 ʯʝʨʚʥʷ 2023 ʨʦʢʫ ʫʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʥʷ ʛʨʝʙʣʽ ʂʘʭʦʚʩʴʢʦʾ ɻɽʉ 

ʚʽʜʙʫʣʦʩʷ ʩʪʨʽʤʢʝ ʦʩʫʰʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ. ʈʽʚʝʥʴ ʚʦʜʠ ʥʝʟʘʜʦʚʛʦ ʜʦ ʘʚʘʨʽʾ 

ʙʫʚ ʧʽʜʚʠʱʝʥʠʤ (16,79 ʤ ɹʉ, ʱʦ ʥʘ 0,79 ʤ ʚʠʱʝ ʅʇʈ), ʟʘ ʦʢʨʝʤʠʤʠ 

ʦʮʽʥʢʘʤʠ ï ʜʦ å17,5 ʤ ʥʘʜ ʨʽʚʥʝʤ ʤʦʨʷ. ʎʝ ʚʠʟʥʘʯʠʣʦ ʤʘʩʰʪʘʙʠ 

ʧʦʜʘʣʴʰʦʛʦ ʦʩʫʰʝʥʥʷ ʯʘʰʽ, ʷʢʝ ʤʘʣʦ ʜʨʘʤʘʪʠʯʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ 

ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ, ʚʦʜʥʠʭ ʪʘ ʥʘʟʝʤʥʠʭ ʝʢʦʩʠʩʪʝʤ, ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ 

ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʘ [1-3, 5]. ʆʩʦʙʣʠʚʝ ʟʘʥʝʧʦʢʦʻʥʥʷ ʚʠʢʣʠʢʘʣʘ ʜʦʣʷ 

ʦʛʦʣʝʥʦʛʦ ʜʥʘ, ʜʝ ʚʧʨʦʜʦʚʞ ʧʦʥʘʜ ʰʝʩʪʠ ʜʝʩʷʪʠʣʽʪʴ ʥʘʢʦʧʠʯʫʚʘʣʠʩʷ 

ʤʫʣʦʚʽ ʚʽʜʢʣʘʜʠ, ʦʨʛʘʥʽʯʥʘ ʨʝʯʦʚʠʥʘ ʪʘ ʩʦʣʽ, ʱʦ ʧʦʨʦʜʠʣʦ ʧʨʠʧʫʱʝʥʥʷ 

ʧʨʦ ʬʦʨʤʫʚʘʥʥʷ ʙʝʟʧʣʽʜʥʦʾ ʘʙʦ ʪʦʢʩʠʯʥʦʾ ʪʝʨʠʪʦʨʽʾ [3, 4, 5]. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʢʦʤʧʣʝʢʩʥʘ ʦʮʽʥʢʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ 

ʩʪʫʧʝʥʷ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʝʨʠʪʦʨʽʾ ʢʦʣʠʰʥʴʦʛʦ ʂʘʭʦʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ 

ʧʽʩʣʷ ʪʝʭʥʦʛʝʥʥʦʾ ʢʘʪʘʩʪʨʦʬʠ 2023 ʨʦʢʫ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, ʘ ʪʘʢʦʞ ʚʠʷʚʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʪʝʥʜʝʥʮʽʡ ʧʨʠʨʦʜʥʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʟʙʝʨʝʞʝʥʠʭ ʟʦʥ ʝʢʦʣʦʛʽʯʥʦʾ ʚʨʘʟʣʠʚʦʩʪʽ. 

ʊʝʨʠʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʭʦʧʣʶʻ ʯʘʰʫ ʢʦʣʠʰʥʴʦʛʦ ʂʘʭʦʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ ʚ ʤʝʞʘʭ ʍʝʨʩʦʥʩʴʢʦʾ ʪʘ ɿʘʧʦʨʽʟʴʢʦʾ ʦʙʣʘʩʪʝʡ, ʚʢʣʶʯʥʦ ʟ 

ʫʩʽʻʶ ʧʣʦʱʝʶ ʜʦʚʦʻʥʥʦʛʦ ʚʦʜʥʦʛʦ ʜʟʝʨʢʘʣʘ (å2157 ʢʤĮ). ɸʥʘʣʽʟ ʦʭʦʧʣʶʻ 

ʧʝʨʽʦʜ ʚʽʜ ʣʽʪʘ 2023 ʜʦ ʦʩʝʥʽ 2025 ʨʦʢʫ ʽʟ ʚʠʜʽʣʝʥʥʷʤ ʪʨʴʦʭ ʩʝʟʦʥʽʚ 

ʱʦʨʦʢʫ (ʚʝʩʥʘ, ʣʽʪʦ, ʦʩʽʥʴ), ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʮʽʥʠʪʠ ʷʢ ʤʽʞʨʽʯʥʽ, ʪʘʢ ʽ 

ʩʝʟʦʥʥʽ ʟʤʽʥʠ. 

ʆʩʥʦʚʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʘʟʠ ʩʪʘʥʦʚʠʣʠ ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ Sentinel-2 

ʜʣʷ ʘʥʘʣʽʟʫ ʨʦʩʣʠʥʥʦʩʪʽ, ʚʦʣʦʛʦʩʪʽ, ʟʘʩʦʣʝʥʥʷ ʪʘ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ, ʘ ʪʘʢʦʞ 

ʪʝʨʤʘʣʴʥʽ ʜʘʥʽ Landsat 8/9 ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ. 
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ʆʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʧʣʘʪʬʦʨʤʽ Google Earth Engine ʟ 

ʬʦʨʤʫʚʘʥʥʷʤ ʩʝʟʦʥʥʠʭ ʤʝʜʽʘʥʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟ̔ ʙʝʟʭʤʘʨʥʠʭ ʧʽʢʩʝʣʽʚ. 

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʽʥʪʝʛʨʘʣʴʥʠʡ ʽʥʜʝʢʩ 

ʜʝʛʨʘʜʘʮʽʾ Iʜ, ʱʦ ʧʦʻʜʥʫʻ ʟʘʩʦʣʝʥʥʷ, ʜʝʬʽʮʠʪ ʚʦʣʦʛʠ, ʥʦʨʤʘʣʽʟʦʚʘʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʽ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʨʦʩʣʠʥʥʦʩʪʽ. ʋʩʽ ʢʦʤʧʦʥʝʥʪʠ 

ʥʦʨʤʘʣʽʟʦʚʘʥʦ ʜʦ ʜʽʘʧʘʟʦʥʫ (0; 1), ʘ ʟʥʘʯʝʥʥʷ Iʜ > 0,5 ʪʨʘʢʪʫʚʘʣʠ ʷʢ 

ʢʨʠʪʠʯʥʠʡ ʩʪʘʥ. 

ɼʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʧʦʚʝʨʭʥʽ ʥʘ 

ʚʽʩʽʤ ʪʠʧʽʚ: ʚʦʜʘ, ʟʘʪʦʧʣʝʥʽ ʪʝʨʠʪʦʨʽʾ, ʟʜʦʨʦʚʘ ʨʦʩʣʠʥʥʽʩʪʴ, ʨʽʜʢʘ 

ʨʦʩʣʠʥʥʽʩʪʴ, ʨʦʩʣʠʥʥʽʩʪʴ ʧʽʜ ʚʦʜʥʠʤ ʩʪʨʝʩʦʤ, ʦʛʦʣʝʥʠʡ ˇʨʫʥʪ, ʩʫʭʘ 

ʧʦʚʝʨʭʥʷ ʪʘ ʩʦʣʦʥʯʘʢʠ. ʆʢʨʝʤʦ ʘʥʘʣʽʟʫʚʘʣʠʩʷ ʜʽʣʷʥʢʠ ʟ ʨʦʩʣʠʥʥʽʩʪʶ ʧʽʜ 

ʚʦʜʥʠʤ ʩʪʨʝʩʦʤ ʷʢ ʽʥʜʠʢʘʪʦʨ ʝʢʦʣʦʛʽʯʥʦʾ ʚʨʘʟʣʠʚʦʩʪʽ. 

ɼʦ ʨʫʡʥʫʚʘʥʥʷ ʛʨʝʙʣʽ ʚʦʜʥʘ ʧʦʚʝʨʭʥʷ ʟʘʡʤʘʣʘ ʤʘʡʞʝ ʚʩʶ ʧʣʦʱʫ 

ʯʘʰʽ (å2157 ʢʤĮ). ɺʞʝ ʚʣʽʪʢʫ 2023 ʨʦʢʫ, ʯʝʨʝʟ ʢʽʣʴʢʘ ʪʠʞʥʽʚ ʧʽʩʣʷ 

ʢʘʪʘʩʪʨʦʬʠ, ʧʣʦʱʘ ʚʦʜʠ ʩʢʦʨʦʪʠʣʘʩʷ ʜʦ å292 ʢʤĮ, ʪʦʙʪʦ ʙʫʣʦ ʚʪʨʘʯʝʥʦ 

ʙʣʠʟʴʢʦ 86 % ʧʦʯʘʪʢʦʚʦʛʦ ʚʦʜʥʦʛʦ ʜʟʝʨʢʘʣʘ. ʆʩʫʰʝʥʥʷ ʚʽʜʙʫʚʘʣʦʩʷ 

ʥʝʨʽʚʥʦʤʽʨʥʦ: ʥʘʡʰʚʠʜʰʝ ï ʥʘ ʤʽʣʢʦʚʦʜʜʷʭ ʧʽʚʥʽʯʥʦʾ ʪʘ ʢʨʘʡʦʚʠʭ ʯʘʩʪʠʥ, 

ʪʦʜʽ ʷʢ ʛʣʠʙʰʽ ʜʽʣʷʥʢʠ ʧʦʙʣʠʟʫ ʛʨʝʙʣʽ ʪʘ ʚ ʨʫʩʣʦʚʽʡ ʟʦʥʽ ʫʪʨʠʤʫʚʘʣʠ ʚʦʜʫ 

ʜʦʚʰʝ. 

ʋ 2024-2025 ʨʦʢʘʭ ʩʢʦʨʦʯʝʥʥʷ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ ʪʨʠʚʘʣʦ ʙʽʣʴʰ 

ʧʦʚʽʣʴʥʦ, ʽ ʜʦ ʦʩʝʥʽ 2025 ʨʦʢʫ ʧʣʦʱʘ ʟʙʝʨʝʞʝʥʦʾ ʚʦʜʠ ʩʪʘʙʽʣʽʟʫʚʘʣʘʩʷ ʥʘ 

ʨʽʚʥʽ å128 ʢʤĮ (å6 % ʚʽʜ ʜʦʚʦʻʥʥʦʾ). ɿʘʣʠʰʢʦʚʘ ʚʦʜʘ ʟʦʩʝʨʝʜʞʝʥʘ ʫ 

ʚʽʜʥʦʚʣʝʥʦʤʫ ʨʫʩʣʽ ɼʥʽʧʨʘ, ʦʢʨʝʤʠʭ ʦʟʝʨʘʭ ʫ ʟʥʠʞʝʥʠʭ ʬʦʨʤʘʭ ʨʝʣʴʻʬʫ 

ʪʘ ʚ ʟʦʥʘʭ ʙʣʠʟʴʢʦʛʦ ʜʦ ʧʦʚʝʨʭʥʽ ʟʘʣʷʛʘʥʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚʦʜʦʩʭʦʚʠʱʝ ʬʘʢʪʠʯʥʦ ʪʨʘʥʩʬʦʨʤʫʚʘʣʦʩʷ ʫ ʧʦʻʜʥʘʥʥʷ ʨʽʯʢʦʚʦʾ ʩʠʩʪʝʤʠ 

ʪʘ ʢʦʤʧʣʝʢʩʫ ʜʨʽʙʥʽʰʠʭ ʚʦʜʦʡʤ, ʘ ʧʦʥʘʜ 1900 ʢʤĮ ʧʝʨʝʪʚʦʨʠʣʠʩʷ ʥʘ ʥʦʚʽ 

ʥʘʟʝʤʥʽ ʝʢʦʩʠʩʪʝʤʠ. 

ʆʮʽʥʢʘ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʽʥʜʝʢʩʫ ʚʝʛʝʪʘʮʽʾ ʚʠʷʚʠʣʘ ʪʨʠ ʬʘʟʠ ʨʦʟʚʠʪʢʫ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ. ʋ ʯʝʨʚʥʽïʣʠʧʥʽ 2023 ʨʦʢʫ (ʬʘʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʨʦʩʣʠʥʥʦʩʪʽ) ʽʥʜʝʢʩ ʥʘ ʦʛʦʣʝʥʦʤʫ ʜʥʽ ʚʦʜʦʩʭʦʚʠʱʘ ʙʫʚ ʙʣʠʟʴʢʠʤ ʜʦ ʥʫʣʷ 

(ɯʚʝʛ å 0,00ï0,05), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʚʽʞʦ ʦʩʫʰʝʥʠʤ ʤʫʣʦʚʠʤ ʧʦʚʝʨʭʥʷʤ. ʋ 

ʩʝʨʧʥʽïʞʦʚʪʥʽ 2023 ʨʦʢʫ (ʬʘʟʘ ʧʝʨʚʠʥʥʦʾ ʩʫʢʮʝʩʽʾ) ɯʚʝʛ ʟʨʽʩ ʜʦ 0,15ï0,40, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʨʽʜʞʝʥʦʛʦ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʟ ʫʯʘʩʪʶ 

ʨʫʜʝʨʘʣʴʥʠʭ ʚʠʜʽʚ ʽ ʛʘʣʦʬʽʪʽʚ. 

ʋ 2024-2025 ʨʦʢʘʭ (ʬʘʟʘ ʘʢʪʠʚʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ) ʚʽʜʙʫʣʦʩʷ 

ʽʥʪʝʥʩʠʚʥʝ ʥʘʨʦʱʫʚʘʥʥʷ ʨʦʩʣʠʥʥʦʾ ʙʽʦʤʘʩʠ. ʋʣʽʪʢʫ 2024 ʨʦʢʫ ʩʝʨʝʜʥʽʡ 

ɯʚʝʛ ʜʦʩʷʛ å0,5ï0,55, ʘ ʚʣʽʪʢʫ 2025 ʨʦʢʫ ï å0,57ï0,58, ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʜʦ 0,9-0,93, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʛʫʩʪʠʭ ʪʨʘʚôʷʥʠʩʪʠʭ ʮʝʥʦʟʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʜʚʘ ʨʦʢʠ ʽʥʜʝʢʩ ʚʝʛʝʪʘʮʽʾ ʟʨʽʩ ʚʽʜ ʤʘʡʞʝ ʥʫʣʴʦʚʠʭ ʟʥʘʯʝʥʴ 

ʜʦ ʨʽʚʥʽʚ, ʪʠʧʦʚʠʭ ʜʣʷ ʟʜʦʨʦʚʦʾ ʪʨʘʚôʷʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ, ʱʦ ʩʫʪʪʻʚʦ 

ʧʝʨʝʚʠʱʫʻ ʦʯʽʢʫʚʘʥʽ ʪʝʤʧʠ ʩʫʢʮʝʩʽʾ ʥʘ ʪʝʭʥʦʛʝʥʥʦ ʟʤʽʥʝʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ʽ 

ʩʧʨʦʩʪʦʚʫʻ ʧʨʦʛʥʦʟʠ ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ çʧʫʩʪʝʣʴʥʦʛʦè ʣʘʥʜʰʘʬʪʫ. 

ɺʦʣʦʛʽʩʥʠʡ ʨʝʞʠʤ ʧʦʚʝʨʭʥʽ ʨʘʜʠʢʘʣʴʥʦ ʟʤʽʥʠʚʩʷ ʧʽʩʣʷ ʦʩʫʰʝʥʥʷ. 
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ʋʣʽʪʢʫ 2023 ʨʦʢʫ ʥʘ ʩʚʽʞʦ ʦʛʦʣʝʥʠʭ ʤʫʣʠʩʪʠʭ ʚʽʜʢʣʘʜʘʭ ʟʘʬʽʢʩʦʚʘʥʦ ʨʽʟʢʦ 

ʚʠʨʘʞʝʥʠʡ ʜʝʬʽʮʠʪ ʚʦʣʦʛʠ (ʚʽʜôʻʤʥʽ ʟʥʘʯʝʥʥʷ Iʚʦʣ, ʜʦ -0,4), ʱʦ 

ʚʽʜʦʙʨʘʞʘʻ ʰʚʠʜʢʝ ʧʝʨʝʩʠʭʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʧʽʜ ʜʽʻʶ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ. ʋʣʽʪʢʫ 2024 ʨʦʢʫ ʽʥʜʝʢʩ ʚʦʣʦʛʦʩʪʽ ʟʨʽʩ ʜʦ 

ʨʽʚʥʷ, ʙʣʠʟʴʢʦʛʦ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʣʷ ʨʦʩʣʠʥʥʦʩʪʽ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʬʘʟʦʶ ʘʢʪʠʚʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʪʨʘʚʦʩʪʦʶ. ɺʝʩʥʷʥʘ ʧʦʩʫʭʘ 2025 ʨʦʢʫ 

ʩʧʨʠʯʠʥʠʣʘ ʪʠʤʯʘʩʦʚʝ ʟʥʠʞʝʥʥʷ Iʚʦʣ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʧʣʦʱ ʽʟ ʦʟʥʘʢʘʤʠ 

ʚʦʜʥʦʛʦ ʩʪʨʝʩʫ, ʘ ʚʣʽʪʢʫ 2025 ʨʦʢʫ ʧʦʢʘʟʥʠʢʠ ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʟʥʦʚʫ 

ʩʪʘʙʽʣʽʟʫʚʘʣʠʩʷ ʟʘʚʜʷʢʠ ʣʽʪʥʽʤ ʦʧʘʜʘʤ. ʇʦʟʠʪʠʚʥʘ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ɯʚʝʛ ʪʘ 

Iʚʦʣ (r å +0,67) ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʟʘʻʤʥʝ ʧʽʜʩʠʣʝʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ 

ʪʘ ʧʦʣʽʧʰʝʥʥʷ ʚʦʣʦʛʽʩʥʦʛʦ ʨʝʞʠʤʫ. 

ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ ʟʥʠʢʥʝʥʥʷ ʚʦʜʠ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʟʥʘʯʥʠʤ ʧʝʨʝʛʨʽʚʦʤ. ʋʣʽʪʢʫ 2023 ʨʦʢʫ ʧʦʚʝʨʭʥʝʚʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʛʦʣʝʥʦʛʦ ʜʥʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʙʫʣʘ ʥʘ 7-12 ÁC ʚʠʱʦʶ, ʥʽʞ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʜʦ ʢʘʪʘʩʪʨʦʬʠ, ʘ ʣʦʢʘʣʴʥʽ ʤʘʢʩʠʤʫʤʠ ʥʘ ʩʫʭʠʭ 

ʤʫʣʠʩʪʠʭ ʦʩʘʜʘʭ ʜʦʩʷʛʘʣʠ 52-59 ÁC. ʋ 2024-2025 ʨʦʢʘʭ ʩʬʦʨʤʫʚʘʚʩʷ 

ʚʠʨʘʞʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʥʪʨʘʩʪ: ʜʽʣʷʥʢʠ ʟ ʘʢʪʠʚʥʠʤ ʨʦʩʣʠʥʥʠʤ 

ʧʦʢʨʠʚʦʤ ʤʘʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ 6-10 ÁC ʥʠʞʯʫ, ʥʽʞ ʦʛʦʣʝʥʽ ʧʦʚʝʨʭʥʽ, ʜʝ Tʧ 

ʫʩʝ ʱʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 50 ÁC. ʎʝ ʚʽʜʦʙʨʘʞʘʻ ʨʦʟʚʠʪʦʢ ʤʽʢʨʦʢʣʽʤʘʪʠʯʥʦʾ 

ʤʦʟʘʾʢʠ ʪʘ ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʡ ʝʬʝʢʪ ʨʦʩʣʠʥʥʦʩʪʽ. ɺʠʩʦʢʘ ʢʦʨʝʣʷʮʽʷ ʤʽʞ Tʧ 

ʪʘ Iʜ (r å +0,72) ʚʢʘʟʫʻ, ʱʦ ʧʝʨʝʛʨʽʚ ʻ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʡʦʛʦ ʧʦʩʣʘʙʣʝʥʥʷ ï ʢʣʶʯʦʚʦʶ ʫʤʦʚʦʶ 

ʚʽʜʥʦʚʣʝʥʥʷ. 

ʆʩʫʰʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ ʩʫʧʨʦʚʦʜʞʫʚʘʣʦʩʷ ʘʢʪʠʚʽʟʘʮʽʻʶ ʧʨʦʮʝʩʽʚ 

ʟʘʩʦʣʝʥʥʷ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʽʚ. ʋʞʝ ʥʘ ʟʥʽʤʢʘʭ Sentinel-2 ʚʽʜ 25.06.2023 

ʚʠʜʥʦ ʚʝʣʠʢʽ ʩʚʽʪʣʽ ʧʣʷʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʦʥʘʤ ʧʝʨʝʩʠʭʘʥʥʷ ʟ 

ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʩʦʣʝʡ. ʋʣʽʪʢʫ 2023 ʨʦʢʫ ʩʝʨʝʜʥʽʡ ʽʥʜʝʢʩ ʟʘʩʦʣʝʥʥʷ ɯʩʦʣ ʥʘ 

ʦʛʦʣʝʥʠʭ ʜʽʣʷʥʢʘʭ ʩʪʘʥʦʚʠʚ å0,13, ʘ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʜʦʩʷʛʘʣʠ 

å0,32, ʱʦ ʻ ʪʠʧʦʚʠʤ ʜʣʷ ʧʦʚʝʨʭʦʥʴ ʟ ʚʠʨʘʞʝʥʠʤʠ 

ʤʽʥʝʨʘʣʴʥʠʤʠ/ʩʦʣʷʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ. 

ɼʦ ʦʩʝʥʽ 2025 ʨʦʢʫ ʩʝʨʝʜʥʽʡ ɯʩʦʣ ʟʤʝʥʰʠʚʩʷ ʜʦ å0,09, ʘ ʯʘʩʪʢʘ ʧʣʦʱ 

ʽʟ ʢʨʠʪʠʯʥʠʤ ʟʘʩʦʣʝʥʥʷʤ (ɯʩʦʣ > 0,25) ʩʢʦʨʦʪʠʣʘʩʷ ʦʨʽʻʥʪʦʚʥʦ ʟ 15 ʜʦ 

3,1 %. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʽʩʪʦʪʥʝ ʧʨʠʨʦʜʥʝ ʧʦʩʣʘʙʣʝʥʥʷ ʩʦʣʴʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʻʜʥʘʥʥʷʤ ʬʽʪʦʨʝʤʝʜʽʘʮʽʾ (ʘʢʫʤʫʣʷʮʽʷ 

ʩʦʣʝʡ ʨʦʩʣʠʥʘʤʠ, ʥʘʩʘʤʧʝʨʝʜ ʛʘʣʦʬʽʪʘʤʠ) ʪʘ ʧʨʦʤʠʚʘʥʥʷ ʩʦʣʝʡ 

ʘʪʤʦʩʬʝʨʥʠʤʠ ʦʧʘʜʘʤʠ. ʅʘʡʩʠʣʴʥʽʰʠʡ ʥʝʛʘʪʠʚʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ɯʚʝʛ ʪʘ 

ɯʩʦʣ (r å ī0,79) ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʨʦʟʚʠʪʦʢ ʨʦʩʣʠʥʥʦʩʪʽ ʻ ʢʣʶʯʦʚʠʤ 

ʬʘʢʪʦʨʦʤ ʟʤʝʥʰʝʥʥʷ ʟʘʩʦʣʝʥʥʷ. 

ɯʥʪʝʛʨʘʣʴʥʠʡ ʽʥʜʝʢʩ ʜʝʛʨʘʜʘʮʽʾ Iʜ ʫʟʘʛʘʣʴʥʶʻ ʥʘʩʣʽʜʢʠ ʜʝʬʽʮʠʪʫ 

ʚʦʣʦʛʠ, ʧʝʨʝʛʨʽʚʫ, ʟʘʩʦʣʝʥʥʷ ʪʘ ʥʠʟʴʢʦʾ ʨʦʩʣʠʥʥʦʩʪʽ. ʋʣʽʪʢʫ 2023 ʨʦʢʫ 

ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ Iʜ ʚʽʜʧʦʚʽʜʘʣʠ ʤʘʡʞʝ ʢʨʠʪʠʯʥʦʤʫ ʩʪʘʥʫ, ʘ ʥʘ ʥʘʡʙʽʣʴʰ 

ʜʝʛʨʘʜʦʚʘʥʠʭ ʜʽʣʷʥʢʘʭ ʧʝʨʝʚʠʱʫʚʘʣʠ 0,8. ʋʧʨʦʜʦʚʞ ʥʘʩʪʫʧʥʠʭ ʜʚʦʭ ʨʦʢʽʚ 

ʽʥʜʝʢʩ ʜʝʤʦʥʩʪʨʫʚʘʚ ʧʦʩʣʽʜʦʚʥʝ ʟʥʠʞʝʥʥʷ: ʫʞʝ ʚʣʽʪʢʫ 2024 ʨʦʢʫ ʚʽʥ 
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ʚʜ̔ʧʦʚʽʜʘʚ çʟʘʜʦʚʽʣʴʥʦʤʫè ʩʪʘʥʫ, ʘ ʜʦ ʦʩʝʥʽ 2025 ʨʦʢʫ ï çʜʦʙʨʦʤʫè, ʱʦ 

ʦʟʥʘʯʘʻ ʧʨʠʙʣʠʟʥʦ 60-ʚʽʜʩʦʪʢʦʚʝ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʾ ʜʝʛʨʘʜʘʮʽʾ 

ʧʦʨʽʚʥʷʥʦ ʟ ʢʨʠʟʦʚʠʤ ʣʽʪʦʤ 2023 ʨʦʢʫ.  

ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʦʢʨʠʚʫ ʧʦʢʘʟʘʣʘ ʢʘʨʜʠʥʘʣʴʥʫ ʟʤʽʥʫ ʩʪʨʫʢʪʫʨʠ 

ʧʦʚʝʨʭʥʽ. ʗʢʱʦ ʫ 2023 ʨʦʮʽ ʜʦʤʽʥʫʚʘʣʠ ʦʛʦʣʝʥʠʡ ˇʨʫʥʪ, ʩʫʭʽ ʧʦʚʝʨʭʥʽ ʪʘ 

ʩʦʣʦʥʯʘʢʠ (ʧʦʥʘʜ 70 % ʧʣʦʱʽ), ʪʦ ʜʦ ʦʩʝʥʽ 2025 ʨʦʢʫ ʟʜʦʨʦʚʘ ʨʦʩʣʠʥʥʽʩʪʴ 

ʟʘʡʤʘʣʘ ʙʣʠʟʴʢʦ 892 ʢʤĮ (å41-42 % ʪʝʨʠʪʦʨʽʾ), ʨʽʜʢʘ ʨʦʩʣʠʥʥʽʩʪʴ ï 524 ʢʤĮ 

(å24 %), ʘ ʟʘʛʘʣʴʥʘ ʯʘʩʪʢʘ ʪʝʨʠʪʦʨʽʡ ʟ ʨʦʩʣʠʥʥʠʤ ʧʦʢʨʠʚʦʤ ʨʽʟʥʦʛʦ 

ʩʪʫʧʝʥʷ ʨʦʟʚʠʪʢʫ ʜʦʩʷʛʣʘ å66 %. ʇʣʦʱʘ ʩʦʣʦʥʯʘʢʽʚ ʽ ʩʫʭʠʭ ʧʦʚʝʨʭʦʥʴ 

ʩʢʦʨʦʪʠʣʘʩʷ ʜʦ ʤʝʥʰ ʥʽʞ 8 %. ɼʽʣʷʥʢʠ ʟ ʨʦʩʣʠʥʥʽʩʪʶ ʧʽʜ ʚʦʜʥʠʤ ʩʪʨʝʩʦʤ 

ʟʘʡʤʘʣʠ 12-13 % ʪʝʨʠʪʦʨʽʾ, ʱʦ ʥʝ ʻ ʢʨʠʪʠʯʥʠʤ, ʘʣʝ ʚʢʘʟʫʻ ʥʘ ʩʝʟʦʥʥʫ 

ʚʨʘʟʣʠʚʽʩʪʴ ʜʦ ʧʦʩʫʭ ʽ ʧʦʪʨʝʙʫ ʚ ʧʦʜʘʣʴʰʦʤʫ ʤʦʥʽʪʦʨʠʥʛʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʚʦʨʽʯʥʦʛʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʬʦʨʤʫʶʪʴ ʮʽʣʽʩʥʫ 

ʢʘʨʪʠʥʫ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʯʘʰʽ ʢʦʣʠʰʥʴʦʛʦ ʂʘʭʦʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ ʚ ʧʝʨʰʽ 2-2,5 ʨʦʢʠ ʧʽʩʣʷ ʨʫʡʥʫʚʘʥʥʷ ʛʨʝʙʣʽ. ʅʘʡʚʘʞʣʠʚʽʰʠʡ 

ʚʠʩʥʦʚʦʢ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʪʝʨʠʪʦʨʽʷ ʥʝ ʥʘʙʫʣʘ ʨʠʩ ʥʝʟʚʦʨʦʪʥʦ 

ʜʝʛʨʘʜʦʚʘʥʦʛʦ ʩʦʣʦʥʯʘʢʦʚʦʛʦ ʯʠ çʧʫʩʪʝʣʴʥʦʛʦè ʣʘʥʜʰʘʬʪʫ, ʘ ʥʘʚʧʘʢʠ 

ʜʝʤʦʥʩʪʨʫʻ ʜʫʞʝ ʚʠʩʦʢʠʡ ʧʦʪʝʥʮʽʘʣ ʧʨʠʨʦʜʥʦʛʦ ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ. 

ʂʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʩʚʽʜʯʘʪʴ ʧʨʦ: 

ï ʧʝʨʝʭʽʜ ʚʽʜ ʧʦʚʥʦʾ ʚʽʜʩʫʪʥʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʜʦ ʩʬʦʨʤʦʚʘʥʦʛʦ 

ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ å66 % ʧʣʦʱʽ ʢʦʣʠʰʥʴʦʛʦ ʜʥʘ; 

ï ʩʫʪʪʻʚʝ ʟʤʝʥʰʝʥʥʷ ʟʘʩʦʣʝʥʥʷ (ʩʢʦʨʦʯʝʥʥʷ ʧʣʦʱ ʢʨʠʪʠʯʥʦ 

ʟʘʩʦʣʝʥʠʭ ʜʽʣʷʥʦʢ ʟ å15 ʜʦ 3,1 %); 

ï ʧʦʤôʷʢʰʝʥʥʷ ʧʝʨʝʛʨʽʚʫ ʧʦʚʝʨʭʥʽ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʶ ʚʦʣʦʛʽʩʥʦʛʦ 

ʨʝʞʠʤʫ; 

ï ʟʥʠʞʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ ʜʝʛʨʘʜʘʮʽʾ Iʜ ʚʽʜ ʤʘʡʞʝ 

ʢʨʠʪʠʯʥʦʛʦ ʜʦ ʜʦʙʨʦʛʦ ʩʪʘʥʫ. 

ʂʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ ʧʽʜʪʚʝʨʜʞʫʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʨʦʩʣʠʥʥʦʩʪʽ ï ʾ ʾ 

ʨʦʟʚʠʪʦʢ ʦʜʥʦʯʘʩʥʦ ʟʥʠʞʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʽ, ʧʦʢʨʘʱʫʻ ʚʦʣʦʛʽʩʪʴ ʽ 

ʧʦʩʣʘʙʣʶʻ ʟʘʩʦʣʝʥʥʷ, ʟʘʧʫʩʢʘʶʯʠ ʢʘʩʢʘʜ ʧʦʟʠʪʠʚʥʠʭ ʟʚʦʨʦʪʥʠʭ ʟʚôʷʟʢʽʚ 

ʚʽʜʥʦʚʣʝʥʥʷ. 

ɯʟ ʧʦʟʠʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʪʝʨʠʪʦʨʽʻʶ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʨʽʰʝʥʥʷ ʧʨʦ ʚʽʜʥʦʚʣʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ, ʙʘʟʦʚʠʤ ʧʽʜʭʦʜʦʤ ʤʘʻ ʙʫʪʠ 

ʧʽʜʪʨʠʤʢʘ ʡ ʩʧʨʷʤʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ, ʘ ʥʝ ʡʦʛʦ ʟʘʤʽʱʝʥʥʷ 

ʤʘʩʰʪʘʙʥʠʤʠ ʰʪʫʯʥʠʤʠ ʚʪʨʫʯʘʥʥʷʤʠ. ɸʢʪʠʚʥʽ ʟʘʭʦʜʠ ʜʦʮʽʣʴʥʦ 

ʢʦʥʮʝʥʪʨʫʚʘʪʠ ʥʘ ʩʦʣʦʥʯʘʢʘʭ (ʬʽʪʦʨʝʤʝʜʽʘʮʽʷ ʛʘʣʦʬʽʪʘʤʠ) ʪʘ ʜʽʣʷʥʢʘʭ ʽʟ 

ʨʦʩʣʠʥʥʽʩʪʶ ʧʽʜ ʚʦʜʥʠʤ ʩʪʨʝʩʦʤ (ʧʦʩʠʣʝʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʘʜʘʧʪʘʮʽʡʥʽ 

ʟʘʭʦʜʠ ʫ ʧʦʩʫʰʣʠʚʽ ʨʦʢʠ). ɺ ʫʤʦʚʘʭ ʚʽʡʥʠ ʧʨʽʦʨʠʪʝʪʦʤ ʻ ʜʠʩʪʘʥʮʽʡʥʠʡ 

ʩʫʧʫʪʥʠʢʦʚʠʡ ʢʦʥʪʨʦʣʴ, ʟʦʢʨʝʤʘ ʟʘ ʧʦʞʝʞʘʤʠ ʪʘ ʝʢʩʪʨʝʤʘʣʴʥʠʤʠ 

ʧʦʜʽʷʤʠ; ʧʽʩʣʷ ʜʝʦʢʫʧʘʮʽʾ ï ʧʦʝʪʘʧʥʘ ʨʝʢʫʣʴʪʠʚʘʮʽʷ, ʩʧʨʷʤʦʚʘʥʘ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʽʡʢʠʭ ʧʨʠʨʦʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽ ʧʦʪʝʥʮʽʡʥʠʭ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʪʝʨʠʪʦʨʽʡ. 
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ʆʪʞʝ, ʪʝʨʠʪʦʨʽʷ ʢʦʣʠʰʥʴʦʛʦ ʂʘʭʦʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʥʝ 

ʧʝʨʝʪʚʦʨʠʣʘʩʷ ʥʘ ʧʫʩʪʝʣʶ, ʘ ʜʝʤʦʥʩʪʨʫʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʫ ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʧʨʠʨʦʜʥʦʛʦ ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ. ɿʘ ʫʤʦʚʠ ʧʨʠʧʠʥʝʥʥʷ ʚʦʻʥʥʠʭ ʜʽʡ, 

ʟʙʝʨʝʞʝʥʥʷ ʩʧʨʠʷʪʣʠʚʦʛʦ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʦʯʢʦʚʠʭ, ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʟʘʭʦʜʽʚ ʧʽʜʪʨʠʤʢʠ, ʮʝʡ 

ʫʥʽʢʘʣʴʥʠʡ ʧʦʩʪʢʘʪʘʩʪʨʦʬʽʯʥʠʡ ʣʘʥʜʰʘʬʪ ʤʘʻ ʧʝʨʩʧʝʢʪʠʚʫ ʩʪʘʪʠ 

ʫʥʽʢʘʣʴʥʠʤ ʧʦʣʽʛʦʥʦʤ ʜʣʷ ʚʠʚʯʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʘʯʥʠʭ 

ʧʣʦʱ ʘʥʪʨʦʧʦʛʝʥʥʦ ʟʤʽʥʝʥʠʭ ʣʘʥʜʰʘʬʪʽʚ. 
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ɽʂʆʃʆɻɯʏʅɯ ɺʀʂʃʀʂʀ ʃɯʉʆɺʀʄ ɽʂʆʉʀʉʊɽʄɸʄ  

ʊɸ ɼɽʗʂɯ ʅɸʇʈʗʄʀ ɰʍ ʉʊɸʃʆɻʆ ʋʇʈɸɺʃɯʅʅʗ 

 

 ʉʫʯʘʩʥʽ ʝʢʦʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ ʣʽʩʦʚʽ, ʬʫʥʢʮʽʦʥʫʶʪʴ ʫ ʫʤʦʚʘʭ 

ʧʦʛʽʨʰʝʥʥʷ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ, ʷʢʝ ʱʝ ʫ ʍʍ ʩʪʦʣʽʪʪʽ ʧʝʨʝʨʦʩʣʦ ʚ ʛʣʦʙʘʣʴʥʫ 

ʝʢʦʣʦʛʽʯʥʫ ʢʨʠʟʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʧʝʨʝʜʥʽʭ ʧʨʠʨʦʜʥʠʭ ʢʨʠʟ, ʮʷ ʤʘʻ ʽʥʰʫ 

ʧʨʠʨʦʜʫ, ʘʜʞʝ ʚʠʥʠʢʣʘ ʥʝ ʯʝʨʝʟ ʧʨʠʨʦʜʥʽ ʧʨʦʮʝʩʠ, ʘ ʚʥʘʩʣʽʜʦʢ 

ʜʝʤʦʛʨʘʬʽʯʥʠʭ ʟʤʽʥ  ʽ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ, ʽ ʦʭʦʧʣʶʻ ʚʩʶ 

ʧʣʘʥʝʪʫ. ʐʚʠʜʢʽʩʪʴ ʟʤʽʥ ʫ ʙʽʦʩʬʝʨʽ, ʩʧʨʠʯʠʥʝʥʠʭ ʮʽʻʶ ʢʨʠʟʦʶ, ʚʠʷʚʠʣʘʩʷ 

ʫ ʩʦʪʥʽ ʡ ʪʠʩʷʯʽ ʨʘʟʽʚ ʚʠʱʦʶ ʟʘ ʪʝʤʧʠ ʧʨʠʨʦʜʥʦʾ ʝʚʦʣʶʮʽʾ. 

ʂʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ, ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʢʣʠʢʘʥʽ ʩʧʘʣʶʚʘʥʥʷʤ ʚʠʢʦʧʥʠʭ 

ʨʝʩʫʨʩʽʚ ʽ ʟʥʠʱʝʥʥʷʤ ʧʨʠʨʦʜʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ, ʩʪʘʥʦʚʣʷʪʴ ʦʜʠʥ ʽʟ 

ʥʘʡʩʠʣʴʥʽʰʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʚʩʽ ʧʨʠʨʦʜʥʽ ʩʠʩʪʝʤʠ ɿʝʤʣʽ. ɼʦ 

ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ ʢʣʽʤʘʪʠʯʥʠʤʠ, ʥʘʣʝʞʘʪʴ ʪʘʢʦʞ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʦʟʦʥʫ ʚ ʘʪʤʦʩʬʝʨʽ, ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʥʘʢʦʧʠʯʝʥʥʷ ʩʧʦʣʫʢ ʘʟʦʪʫ, 

ʧʦʩʠʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʝʚʪʨʦʬʽʢʘʮʽʾ, ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʢʩʪʨʝʤʘʣʴʥʠʭ 

ʧʨʠʨʦʜʥʠʭ ʷʚʠʱ ʪʘ ʟʤʽʥʠ ʫ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʽ [3]. 

ʅʘ ʪʣʽ ʧʦʪʝʧʣʽʥʥʷ ʢʣʽʤʘʪʫ ʚʠʜʠ ʨʦʩʣʠʥ ʤʦʞʫʪʴ ʚʪʨʘʪʠʪʠ  

çʢʣʽʤʘʪʠʯʥʫ ʦʙʣʦʥʢʫè, ʪʦʙʪʦ ʧʨʦʩʪʽʨ, ʫ ʷʢʦʤʫ ʚʦʥʠ ʚʠʞʠʚʘʶʪʴ ʪʘ 

ʨʦʟʤʥʦʞʫʶʪʴʩʷ ʚ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ. ʇʨʠ ʮʴʦʤʫ ʷʢʱʦ ʚʠʜ ʻ ʝʢʦʣʦʛʽʯʥʦ 

ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʝʣʠʢʦʾ ʝʢʦʩʠʩʪʝʤʠ, ʤʦʞʣʠʚʦ ʦʯʽʢʫʚʘʪʠ 

ʧʦʪʝʥʮʽʡʥʫ ʚʪʨʘʪʫ ʮʽʣʽʩʥʦʩʪʽ ʮʽʻʾ ʝʢʦʩʠʩʪʝʤʠ [6]. ɼʣʷ ʣʽʩʽʚ ʩʪʘʶʪʴ ʮʽʣʢʦʤ 

ʤʦʞʣʠʚʠʤʠ ʟʤʽʥʠ ʚ ʛʝʦʛʨʘʬʽʾ, ʨʽʚʥʽ ʩʪʽʡʢʦʩʪʽ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʾʭ 

ʚʠʜʦʚʦʤʫ ʩʢʣʘʜʽ. ɿʦʢʨʝʤʘ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʚ 

ʣʽʩʘʭ ʧʽʚʥʽʯʥʦʾ ɭʚʨʦʧʠ, ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘ ʪʣʽ ʧʦʪʝʧʣʽʥʥʷ ʢʣʽʤʘʪʫ ʣʽʩʠ ʽʟ 

ʧʝʨʝʚʘʞʘʥʥʷʤ Picea, ʜʝʤʦʥʩʪʨʫʶʪʴ ʰʚʠʜʰʠʡ ʧʝʨʝʭʽʜ ʜʦ ʜʦʤʽʥʫʚʘʥʥʷ 

ʙʫʢʘ (Fagus) ʪʘ ʽʥʰʠʭ ʣʠʩʪʷʥʠʭ ʧʦʨʽʜ ʧʦʤʽʨʥʦʛʦ ʧʦʷʩʫ [5]. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʢʣʽʤʘʪʫ ʪʘ ʧʦʚôʷʟʘʥʠʭ ʽʟ ʮʠʤ ʧʨʦʮʝʩʽʚ, 

ʦʯʽʢʫʻʪʴʩʷ ʧʽʜʩʠʣʝʥʥʷ ʬʨʘʛʤʝʥʪʘʮʽʾ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ, ʘ ʪʘʢʦʞ ʟʤʽʥʠ ʚ 

ʨʽʚʥʽ ʛʝʥʝʪʠʯʥʦʾ ʤʽʥʣʠʚʦʩʪʽ, ʧʦʰʠʨʝʥʥʽ ʚʠʜʽʚ, ʬʝʥʦʣʦʛʽʾ, ʚ ʩʠʩʪʝʤʽ 

ʚʟʘʻʤʦʜʽʡ ʟ ʪʚʘʨʠʥʘʤʠ, ʽ, ʟʘʛʘʣʦʤ, ʚ ʨʽʚʥʽ  ʩʪʽʡʢʦʩʪʽ ʝʢʦʩʠʩʪʝʤ [2, 6]. ʅʘ 

ʪʣʽ ʟʙʽʣʴʰʝʥʥʷ ʬʨʘʛʤʝʥʪʦʚʘʥʦʩʪʽ ʟʨʦʩʪʘʻ ʚʽʨʦʛʽʜʥʽʩʪʴ ʽʥʚʘʟʽʾ ʚ ʣʽʩʦʚʽ 

ʬʽʪʦʮʝʥʦʟʠ ʚʠʜʽʚ, ʥʝ ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʧʨʠʨʦʜʥʠʭ ʥʝʧʦʨʫʰʝʥʠʭ 

ʬʽʪʦʮʝʥʦʟʽʚ, ʪʘ ʚʽʜʧʦʚʽʜʥʦ, ʟʤʽʥ ʫ ʩʪʘʥʽ ʧʦʧʫʣʷʮʽʡ ʚʠʜʽʚ ʤʽʩʮʝʚʦʾ ʬʣʦʨʠ. 



 48 

ʎʝ ʻ ʦʩʦʙʣʠʚʦ ʥʝʙʝʟʧʝʯʥʠʤ ʫ ʟʚôʷʟʢʫ ʟ ʥʘʷʚʥʽʩʪʶ ʚ ʣʽʩʘʭ ʨʘʨʠʪʝʪʥʦʛʦ 

ʬʽʪʦʨʽʟʥʦʤʘʥʽʪʪʷ: ʨʽʜʢʽʩʥʠʭ ʚʠʜʽʚ ʨʦʩʣʠʥ ʪʘ ʨʦʩʣʠʥʥʠʭ ʫʛʨʫʧʦʚʘʥʴ. 

ɿʘʟʥʘʯʝʥʽ ʪʝʥʜʝʥʮʽʾ ʤʦʞʫʪʴ ʤʘʪʠ ʥʘʩʣʽʜʢʦʤ ʧʝʨʝʭʽʜ ʥʠʟʢʠ ʧʦʧʫʣʷʮʽʡ 

ʨʦʩʣʠʥ ʫ ʢʨʠʪʠʯʥʠʡ ʩʪʘʥ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʘʛʦʩʪʨʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʟʙʝʨʝʞʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʟʘʛʘʣʦʤ ʪʘ ʨʽʜʢʽʩʥʠʭ ʚʠʜʽʚ ʟʦʢʨʝʤʘ. 

ɿʘ ʜʝʷʢʠʤʠ ʦʮʽʥʢʘʤʠ, ʧʦʪʝʧʣʽʥʥʷ ʢʣʽʤʘʪʫ ʤʦʞʝ ʩʧʨʠʷʪʠ ʨʦʟʰʠʨʝʥʥʶ 

ʧʣʦʱ ʣʽʩʽʚ ʫ ʙʦʨʝʘʣʴʥʽʡ ʟʦʥʽ. ʇʨʦʪʝ, ʟʘʛʘʣʦʤ ʟʤʽʥʠ ʜʦʚʢʽʣʣʷ 

ʧʨʦʛʥʦʟʫʶʪʴʩʷ ʷʢ ʥʝʩʧʨʠʷʪʣʠʚʽ ʜʣʷ ʣʽʩʦʚʦʾ ʨʦʩʣʠʥʥʦʩʪʽ, ʘʜʞʝ ʦʯʽʢʫʻʪʴʩʷ 

ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 2-3%, 

ʩʢʦʨʦʯʝʥʥʷ ʟʘʧʘʩʽʚ ʚʦʣʦʛʠ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʟʥʠʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʣʽʩʽʚ. 

ʆʜʥʦʯʘʩʥʦ ʟ ʮʠʤ ʟʤʝʥʰʠʪʴʩʷ ʩʪʽʡʢʽʩʪʴ ʨʦʩʣʠʥ ʜʦ ʭʚʦʨʦʙ, ʟʨʦʩʪʝ ʨʠʟʠʢ 

ʣʽʩʦʚʠʭ ʧʦʞʝʞ.  

ʋʩʽ ʟʘʟʥʘʯʝʥʽ ʟʤʽʥʠ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʤʘʶʪʴ 

ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʠʩʪʝʤʠ ʣʽʩʦʫʧʨʘʚʣʽʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʠʥʘʤʽʢʠ 

ʣʽʩʦʚʠʭ ʝʢʦʩʠʩʪʝʤ ʪʘ ʟʜʽʡʩʥʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ [4].  ʅʘ 

ʩʴʦʛʦʜʥʽ ʦʩʥʦʚʥʠʤʠ ʚʠʜʘʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʚʚʘʞʘʶʪʴ ʝʢʦʣʦʛʽʯʥʠʡ ʽ 

ʙʽʦʣʦʛʽʯʥʠʡ. ʄʝʪʦʶ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʻ ʢʦʤʧʣʝʢʩʥʝ ʦʮʽʥʶʚʘʥʥʷ 

ʩʪʘʥʫ ʙʽʦʩʬʝʨʠ, ʚʢʣʶʯʥʦ ʟ ʧʨʠʨʦʜʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʨʝʩʫʨʩʘʤʠ ʪʘ 

ʞʠʚʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ. ɺʽʥ ʦʭʦʧʣʶʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʝʪʦʜʽʚ. ɹʽʦʣʦʛʽʯʥʠʡ 

ʤʦʥʽʪʦʨʠʥʛ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʝʢʦʣʦʛʽʯʥʦʛʦ, ʟʦʩʝʨʝʜʞʝʥʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʟʘ ʦʨʛʘʥʽʟʤʘʤʠ. ʅʘ ʧʽʜʩʪʘʚʽ ʾʭʥʴʦʛʦ ʩʪʘʥʫ ʤʦʞʥʘ 

ʦʮʽʥʶʚʘʪʠ ʙʽʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ ʟʤʽʥ ʜʦʚʢʽʣʣʷ, ʘʣʝ ʱʦʜʦ ʝʢʦʣʦʛʽʯʥʠʭ 

ʯʠʥʥʠʢʽʚ, ʷʢʽ ʮʽ ʟʤʽʥʠ ʩʧʨʠʯʠʥʷʶʪʴ, ʚʠʩʥʦʚʢʠ ʟʜʝʙʽʣʴʰʦʛʦ ʤʘʶʪʴ 

ʭʘʨʘʢʪʝʨ ʧʨʠʧʫʱʝʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʙʠʜʚʘ ʚʠʜʠ ʤʦʥʽʪʦʨʠʥʛʫ ʻ 

ʚʟʘʻʤʦʜʦʧʦʚʥʶʚʘʣʴʥʠʤʠ. 

ʄʦʥʽʪʦʨʠʥʛʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʧʦʪʨʽʙʥʦʾ ʜʣʷ ʫʭʚʘʣʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʨʽʰʝʥʴ, ʧʦʚôʷʟʘʥʠʭ ʽʟ 

ʟʙʝʨʝʞʝʥʥʷʤ ʣʽʩʦʚʠʭ ʬʽʪʦʮʝʥʦʟʽʚ. ʅʝʦʙʭʽʜʥʦ ʩʪʚʦʨʶʚʘʪʠ ʧʨʦʛʨʘʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ, ʥʝʟʘʣʝʞʥʽ ʚʽʜ ʚʽʜʦʤʯʠʭ ʽʥʪʝʨʝʩʽʚ. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʝ 

ʟʥʘʯʝʥʥʷ ʤʘʻ ʜʦʪʨʠʤʘʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʘʣʛʦʨʠʪʤʫ: 

1. ɺʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ. 

2. ɺʠʙʽʨ ʝʪʘʣʦʥʥʠʭ ʪʝʨʠʪʦʨʽʡ.  

3. ɺʠʟʥʘʯʝʥʥʷ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʟʙʦʨʫ ʜʘʥʠʭ. 

4. ʉʪʚʦʨʝʥʥʷ ʙʘʟ ʜʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ. 

5. ʈʦʟʨʦʙʣʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʩʧʨʠʷʥʥʷ ʩʪʽʡʢʦʤʫ 

ʽʩʥʫʚʘʥʥʶ ʧʦʧʫʣʷʮʽʡ ʪʘ ʬʽʪʦʮʝʥʦʟʽʚ. 

6. ʇʝʨʝʜʘʯʘ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʟʨʦʙʣʝʥʠʭ ʥʘ ʾʭ 

ʧʽʜʩʪʘʚʽ, ʣʽʩʦʢʦʨʠʩʪʫʚʘʯʘʤ ʪʘ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʤ ʦʨʛʘʥʽʟʘʮʽʷʤ. 

7. ʋʭʚʘʣʝʥʥʷ ʨʽʰʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʩʧʨʠʷʥʥʷ ʩʪʽʡʢʦʤʫ ʽʩʥʫʚʘʥʥʶ 

ʧʦʧʫʣʷʮʽʡ ʮʝʥʦʟʦʫʪʚʦʨʶʶʯʠʭ ʚʠʜʽʚ ʪʘ ʣʽʩʦʚʠʭ ʝʢʦʩʠʩʪʝʤ ʟʘʛʘʣʦʤ, ʪʘ ʾʭʥʻ 

ʧʨʘʢʪʠʯʥʝ ʚʪʽʣʝʥʥʷ. 

ʈʽʟʥʦʚʠʜʦʤ ʙʽʦʤʦʥʽʪʦʨʠʥʛʫ ʻ ʧʦʧʫʣʷʮʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ. ɺʽʥ ʻ 

ʩʠʩʪʝʤʦʶ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʩʪʘʥʦʤ ʧʦʧʫʣʷʮʽʡ ʨʦʩʣʠʥ ʪʘ ʪʚʘʨʠʥ. 
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ʇʦʧʫʣʷʮʽʡʥʠʡ ʬʽʪʦʤʦʥʽʪʦʨʠʥʛ ï ʮʝ ʡʦʛʦ ʯʘʩʪʠʥʘ, ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ 

ʧʦʧʫʣʷʮʽʾ ʨʦʩʣʠʥ.  

ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʥʘ ʪʝʨʝʥʘʭ ʉʫʤʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʧʦʢʘʟʘʣʠ, ʱʦ 

ʧʦʧʫʣʷʮʽʾ ʣʽʩʦʫʪʚʦʨʶʚʘʣʴʥʠʭ ʚʠʜʽʚ ʯʫʪʣʠʚʦ ʨʝʘʛʫʶʪʴ ʥʘ ʝʢʦʣʦʛʦ-

ʮʝʥʦʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʽʩʮʝʟʨʦʩʪʘʥʴ ʽ ʟʘ ʩʚʦʾʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʜʦʟʚʦʣʷʶʪʴ 

ʦʮʽʥʶʚʘʪʠ ʩʪʫʧʽʥʴ ʩʧʨʠʷʪʣʠʚʦʩʪʽ ʫʤʦʚ ʱʦʜʦ ʾʭʥʴʦʛʦ ʩʪʘʣʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʫʩʧʽʰʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʷʢ 

ʤʝʭʘʥʽʟʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʽʩʦʚʠʭ ʬʽʪʦʮʝʥʦʟʽʚ. ʎʝ 

ʦʙôʻʢʪʠʚʥʦ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʧʦʧʫʣʷʮʽʡʥʦʛʦ 

ʬʽʪʦʤʦʥʽʪʦʨʠʥʛʫ ʜʦ ʟʘʛʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʩʪʘʥʦʤ ʣʽʩʽʚ.  

ɺʚʘʞʘʻʤʦ, ʱʦ ʧʦʧʫʣʷʮʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʜʣʷ ʣʽʩʦʫʪʚʦʨʶʚʘʣʴʥʠʭ 

ʚʠʜʽʚ ʪʘ ʾʭ ʧʨʠʨʦʜʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʚʠʥʝʥ ʚʢʣʶʯʘʪʠ:  

1. ɺʩʪʘʥʦʚʣʝʥʥʷ ʜʣʷ ʣʽʩʦʚʠʭ ʬʽʪʦʮʝʥʦʟʽʚ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ 

ʧʨʠʨʦʜʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ.  

2. ʆʮʽʥʢʫ ʧʦʢʘʟʥʠʢʽʚ ʨʝʧʨʦʜʫʢʮʽʾ ʫ ʛʝʥʝʨʘʪʠʚʥʠʭ ʦʩʦʙʠʥ 

ʣʽʩʦʫʪʚʦʨʶʚʘʣʴʥʠʭ ʚʠʜʽʚ. 

3. ɺʩʪʘʥʦʚʣʝʥʥʷ ʜʣʷ ʧʣʦʱ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʧʫʣʷʮʽʡʥʦʾ ʱʽʣʴʥʦʩʪʽ 

ʦʩʦʙʠʥ ʢʦʞʥʦʾ ʢʦʛʦʨʪʠ ʪʘ ʩʫʤʘʨʥʦʾ ʱʽʣʴʥʦʩʪʽ ʚʩʽʭ ʦʩʦʙʠʥ ʤʦʣʦʜʦʛʦ 

ʧʦʢʦʣʽʥʥʷ. 

4. ɺʠʟʥʘʯʝʥʥʷ ʦʥʪʦʛʝʥʝʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʧʫʣʷʮʽʡ 

ʣʽʩʦʫʪʚʦʨʶʚʘʣʴʥʠʭ ʚʠʜʽʚ.  

5. ɺʠʟʥʘʯʝʥʥʷ ʚʽʢʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʢʦʛʦʨʪ ʣʽʩʦʫʪʚʦʨʶʚʘʣʴʥʠʭ ʚʠʜʽʚ. 

6. ʆʮʽʥʢʫ ʨʦʟʤʽʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʦʙʠʥ ʨʽʟʥʠʭ ʢʦʛʦʨʪ 

ʣʽʩʦʫʪʚʦʨʶʚʘʣʴʥʠʭ ʚʠʜʽʚ ʪʘ ʨʦʟʤʽʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʦʛʦʨʪ.  

7. ɺʠʷʚʣʝʥʥʷ ʚʽʪʘʣʽʪʝʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʦʛʦʨʪ ʣʽʩʦʫʪʚʦʨʶʚʘʣʴʥʠʭ ʚʠʜʽʚ 

ʪʘ ʭʘʨʘʢʪʝʨʫ ʜʠʥʘʤʽʢʠ ʚʽʪʘʣʽʪʝʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʝʪʘʧʘʤʠ ʧʨʠʨʦʜʥʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ. 

8. ɺʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʨʦʩʣʠʥ 

ʨʽʟʥʠʭ ʢʦʛʦʨʪ ʥʘ ʜʽʣʷʥʢʘʭ ʚʽʜʥʦʚʣʝʥʥʷ. 

9. ɺʠ̫ʚʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʩʪʨʝʩ-ʬʘʢʪʦʨʽʚ, ʥʝʙʝʟʧʝʯʥʠʭ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ 

ʢʦʛʦʨʪ ʣʽʩʦʫʪʚʦʨʶʚʘʣʴʥʠʭ ʚʠʜʽʚ ʪʘ ʾʭʥʽʭ ʧʦʧʫʣʷʮʽʡ ʟʘʛʘʣʦʤ. 

10. ɺʩʪʘʥʦʚʣʝʥʥʷ ʜʣʷ ʧʦʧʫʣʷʮʽʡ ʣʽʩʦʫʪʚʦʨʶʚʘʣʴʥʠʭ ʚʠʜʽʚ ʪʘ ʾʭʥʽʭ 

ʢʦʛʦʨʪ ʧʘʨʘʤʝʪʨʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ, ʮʝʥʦʪʠʯʥʦʛʦ ʪʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʝʢʦʣʦʛʦ-

ʮʝʥʦʪʠʯʥʦʛʦ ʦʧʪʠʤʫʤʽʚ. 

 11. ʅʘʜʘʥʥʷ ʧʨʦʛʥʦʟʫ ʧʦʜʘʣʴʰʦʛʦ ʩʪʘʥʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʬʽʪʦʮʝʥʦʟʽʚ. 

 ɺʠʟʥʘʯʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ 

ʪʽʣʴʢʠ ʤʝʪʦʜʠʢ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʧʫʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ʘ ʡ ʛʝʦʙʦʪʘʥʽʯʥʠʭ 

ʤʝʪʦʜʽʚ ʽ, ʢʨʽʤ ʪʦʛʦ, ʩʧʝʮʽʘʣʴʥʠʭ ʤʝʪʦʜʠʢ ʦʮʽʥʢʠ ʩʪʘʥʫ ʣʽʩʦʚʠʭ 

ʬʽʪʦʮʝʥʦʟʽʚ. ɹʘʞʘʥʦ ʜʦʧʦʚʥʶʚʘʪʠ ʪʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʡ çʧʨʠʣʘʜʦʚʦʶè, 

ʦʮʽʥʢʦʶ ʩʪʘʥʫ ʘʙʽʦʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʦʚʢʽʣʣʷ ʘʙʦ ʞ ʬʦʨʤʫʚʘʪʠ ʪʘʢʫ 

ʽʥʬʦʨʤʘʮʽʶ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʬʽʪʦʽʥʜʠʢʘʮʽʾ.   
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ʉʝʨʝʜ ʟʘʭʦʜʽʚ, ʱʦ ʤʦʞʫʪʴ ʟʤʽʮʥʠʪʠ ʩʪʽʡʢʽʩʪʴ ʣʽʩʦʚʠʭ ʝʢʦʩʠʩʪʝʤ ʥʘ 

ʛʣʦʙʘʣʴʥʦʤʫ ʪʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʷʭ ʽ ʧʨʦʪʠʜʽʷʪʠ ʧʨʦʮʝʩʘʤ, ʷʢʽ 

ʫʩʢʣʘʜʥʶʶʪʴ ʾʭʥʻ ʧʨʠʨʦʜʥʝ ʩʘʤʦʧʽʜʪʨʠʤʘʥʥʷ ʪʘ ʩʪʘʣʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, 

ʦʩʦʙʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʧʝʨʝʭʽʜ ʨʽʟʥʠʭ ʩʬʝʨ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʜʦ 

ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʫ ʰʠʨʦʢʦʤʫ 

ʨʦʟʫʤʽʥʥʽ ʮʝ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʟʜʽʡʩʥʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʢʦʥʚʝʨʩʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ [1]. 

ʆʪʞʝ, ʣʽʩʦʚʽ ʝʢʦʩʠʩʪʝʤʠ ʻ ʧʨʠʨʦʜʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ, ʩʪʘʥ ʷʢʠʭ 

ʚʽʜʦʙʨʘʞʘʻ ʚʧʣʠʚ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʠʨʦʜʥʠʭ ʽ 

ʩʦʮʽʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʨʽʟʥʦʛʦ ʨʽʚʥʷ. ɼʦ ʯʠʩʣʘ ʧʦʪʫʞʥʠʭ ʯʠʥʥʠʢʽʚ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʣʽʩʦʚʠʭ ʝʢʦʩʠʩʪʝʤ ʥʘʣʝʞʘʪʴ ʟʤʽʥʠ ʢʣʽʤʘʪʫ. ɼʦʩʷʛʥʝʥʥʷ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʣʽʩʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʥʘ ʪʣʽ ʩʫʯʘʩʥʠʭ ʨʽʟʥʦʧʣʘʥʦʚʠʭ 

ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʢʣʠʢʽʚ ʧʦʪʨʝʙʫʻ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ, ʜʝ 

ʚʘʞʣʠʚʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʘʶʪʴ ʙʫʪʠ ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʟʜʽʡʩʥʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʢʦʥʚʝʨʩʽʾ ʚʠʨʦʙʥʠʮʪʚʘ.   
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ʉʤʦʣʷʨ ʅ. ʆ., ʢʘʥʜʠʜʘʪ ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ,  

ɹʫʨʜʘ ɸ. ʖ., ʟʜʦʙʫʚʘʯ ʜʨʫʛʦʛʦ (ʤʘʛʽʩʪʝʨʩʴʢʦʛʦ) ʨʽʚʥʷ ʚʠʱʦʾ ʦʩʚʽʪʠ  

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ 

 ̔ ʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 

 

ʄʆʅɯʊʆʈʀʅɻ ɼɽʗʂʀʍ ʌɯɿʀʂʆ-ʍɯʄɯʏʅʀʍ ʇʆʂɸɿʅʀʂɯɺ 

ʂʆʃʆɼʗɿʔʅʆɰ ʇʀʊʅʆɰ ɺʆɼʀ ʅɸ ʊɽʈʀʊʆʈɯɰ 

ɸɼʄɯʅɯʉʊʈɸʊʀɺʅʆ-ʅɸʋʂʆɺʆɻʆ ʎɽʅʊʈʋ ʈɽɻɯʆʅɸʃʔʅʆɻʆ 

ʃɸʅɼʐɸʌʊʅʆɻʆ ʇɸʈʂʋ çʅʀɾʅʔʆɺʆʈʉʂʃʗʅʉʔʂʀʁè 

 
ʈʝʛʽʦʥʘʣʴʥʠʡ ʣʘʥʜʰʘʬʪʥʠʡ ʧʘʨʢ çʅʠʞʥʴʦʚʦʨʩʢʣʷʥʩʴʢʠʡè (ʜʘʣʽ ï 

ʧʘʨʢ, ʈʃʇ çʅʠʞʥʴʦʚʦʨʩʢʣʷʥʩʴʢʠʡè) ʩʪʚʦʨʝʥʠʡ ʜʣʷ ʦʭʦʨʦʥʠ ʪʘ 

ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʜʦʣʠʥʠ ʨʽʯʢʠ ɺʦʨʩʢʣʠ ʚ ʾʾ ʧʦʥʠʟʟʽ. 

ʊʝʨʠʪʦʨʽʷ ʧʘʨʢʫ ʦʭʦʧʣʶʻ ʟʘʧʣʘʚʫ ʪʘ ʪʝʨʘʩʠ ɺʦʨʩʢʣʠ, ʘ ʪʘʢʦʞ ʨʷʜʫ 

ʦʩʪʨʦʚʽʚ ʪʘ ʯʘʩʪʠʥʫ ʘʢʚʘʪʦʨʽʾ ʂʘʤ'ʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ. ʅʘ ʪʝʨʠʪʦʨʽʾ 

ʧʘʨʢʫ ʥʘʡʙʽʣʴʰʘ ʧʣʦʱʘ ʧʨʠʧʘʜʘʻ ʥʘ ʚʦʜʥʽ ʝʢʦʩʠʩʪʝʤʠ (16889,7 ʛʘ), ʣʽʩʠ 

ʟʘʡʤʘʶʪʴ 4608,0 ʛʘ, ʘ ʙʦʣʦʪʘ ï 183,9 ʛʘ. ʋ ʧʘʨʢʫ ʪʠʧʦʚʠʤʠ ʻ ʙʘʡʨʘʯʥʽ ʪʘ 

ʟʘʧʣʘʚʥʽ ʜʽʙʨʦʚʠ, ʩʪʝʧʦʚʽ ʜʽʣʷʥʢʠ, ʦʩʦʢʦʚʽ ʙʦʣʦʪʘ ʪʘ ʧʩʘʤʦʬʽʪʥʽ (ʧʽʱʘʥʽ) ʽ 

ʩʧʨʘʚʞʥʽ, ʟʘʙʦʣʦʯʝʥʽ ʪʘ ʛʘʣʦʬʽʪʥʽ (ʥʘ ʩʦʣʦʥʠʭ ʧʽʜʩʪʘʚʘʭ) ʣʫʢʠ, ʚʦʜʥʦ-

ʙʦʣʦʪʥʽ ʫʛʽʜʜʷ ʪʘ ʨʽʟʥʦʚʽʢʦʚʽ ʩʦʩʥʦʚʦʣʽʩʦʚʽ ʥʘʩʘʜʞʝʥʥʷ. 

ʇʦʥʠʟʟʷ ɺʦʨʩʢʣʠ ï ʧʨʠʨʦʜʥʠʡ ʨʝʛʽʦʥ ʧʽʚʜʥʷ ʧʦʣʪʘʚʩʴʢʦʛʦ ʢʨʘʶ, ʱʦ 

ʜʦʥʠʥʽ ʟʙʝʨʽʛʩʷ ʚ ʥʘʡʤʝʥʰʦʤʫ ʧʦʰʢʦʜʞʝʥʦʤʫ ʩʪʘʥʽ, ʭʦʯʘ ʡʦʛʦ ʩʫʯʘʩʥʽ 

ʣʘʥʜʰʘʬʪʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʨʦʩʣʠʥʥʠʡ ʧʦʢʨʠʚ ʦʙʫʤʦʚʣʝʥʽ ʩʪʚʦʨʝʥʥʷʤ 

ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢʦʛʦ (ʥʠʥʽ ï ʂʘʤôʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ) ʡ ʩʫʧʫʪʥʽʤʠ 

ʧʨʦʮʝʩʘʤʠ ʧʽʜʪʦʧʣʝʥʥʷ. ɯʩʪʦʨʠʯʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʩʧʨʠʷʣʠ ʬʦʨʤʫʚʘʥʥʶ 

ʡʦʛʦ ʩʫʯʘʩʥʠʭ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ, ʛʽʜʨʦʣʦʛʽʯʥʠʭ, ʣʘʥʜʰʘʬʪʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ, ʦʙʫʤʦʚʠʣʠ ʟʥʘʯʥʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʙʽʦʛʝʦʮʝʥʦʟʽʚ ʽʟ 

ʙʘʛʘʪʠʤʠ ʨʦʩʣʠʥʥʠʤʠ ʽ ʪʚʘʨʠʥʥʠʤʠ ʩʚʽʪʘʤʠ. ʊʦʤʫ ʩʪʚʦʨʝʥʥʷ ʪʫʪ 

ʟʥʘʯʥʦʛʦ ʟʘ ʧʣʦʱʝʶ ʟʘʧʦʚʽʜʥʦʛʦ ʦʙôʻʢʪʘ ï ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʣʘʥʜʰʘʬʪʥʦʛʦ 

ʧʘʨʢʫ çʅʠʞʥʴʦʚʦʨʩʢʣʷʥʩʴʢʠʡè ï ʟʘʙʝʟʧʝʯʫʻ, ʥʘʩʘʤʧʝʨʝʜ, ʟʙʝʨʝʞʝʥʥʷ 

ʮʽʣʽʩʥʦʩʪʽ ʧʨʠʨʦʜʥʠʭ ʪʘ ʘʪʨʦʧʦʛʝʥʥʦ-ʧʨʠʨʦʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʨʝʛʽʦʥʫ. 

ɽʢʦʣʦʛʽʯʥʘ ʮʽʥʥʽʩʪʴ ʈʃʇ çʅʠʞʥʴʦʚʦʨʩʢʣʷʥʩʴʢʠʡè ʚʠʷʚʣʷʻʪʴʩʷ, 

ʥʘʩʘʤʧʝʨʝʜ, ʫ ʡʦʛʦ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʘʩʧʝʢʪʘʭ. ʅʘʷʚʥʽʩʪʴ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʘʨʢʫ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʙʝʨʝʞʝʥʠʭ ʝʢʦʩʠʩʪʝʤ ʪʘ ʟʥʘʯʥʦʾ ʧʣʦʱʽ ʛʽʜʨʦʬʽʣʴʥʠʭ 

ʝʢʦʪʦʧʽʚ ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʘʥʥʷ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤ ʦʙôʻʢʪʦʤ ʙʘʛʘʪʴʦʤ 

ʢʦʨʠʩʥʠʤ ʬʫʥʢʮʽʷʤ ï ʧʨʠʫʨʦʯʝʥʽʩʪʴ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʢʨʝʤʠʭ ʨʦʩʣʠʥ ʽ 

ʪʚʘʨʠʥ, ʟʘʧʘʩʠ ʜʝʨʝʚʠʥʠ, ʷʛʽʜ, ʛʨʠʙʽʚ, ʬʦʨʤʫʚʘʥʥʷ ʮʽʥʥʠʭ ʽ ʧʨʦʜʫʢʪʠʚʥʠʭ 

ʥʘʡʢʨʘʱʠʭ ʫʛʽʜʴ. ɺʽʥ ʻ ʝʪʘʣʦʥʥʦʶ ʧʨʠʨʦʜʥʦʶ ʜʽʣʷʥʢʦʶ ʧʦʥʠʟʟʷ ɺʦʨʩʢʣʠ, 

ʘ ʪʘʢʦʞ ʽʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʠʭ ʮʽʥʥʦʩʪʝʡ ʇʦʣʪʘʚʱʠʥʠ [1]. 
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ɻʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ ʛʨʫʥʪʦʚʠʭ ʚʦʜ ʚ ʜʦʣʠʥʽ ʨʽʯʢʠ ɺʦʨʩʢʣʠ 

ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʟʥʘʯʥʠʭ ʤʝʞʘʭ: ʥʘ ʟʘʧʣʘʚʽ ï ʜʦ 2,5-3 ʤ, ʥʘ ʙʦʨʦʚʽʡ ʪʝʨʘʩʽ ï 

ʚʽʜ 3,5 ʜʦ 12 ʤ, ʥʘ ʣʝʩʦʚʽʡ ʪʝʨʘʩʽ ʚʽʜ 4 ʜʦ 10 ʤ, ʥʘ ʧʣʘʪʦ ï ʚʽʜ 22 ʜʦ 24 ʤ, ʘ 

ʚ ʙʘʣʢʘʭ, ʱʦ ʧʝʨʝʨʽʟʘʶʪʴ ʧʣʘʪʦ ï 6-7 ʤ [2]. 

ʆʙô̒ ʢʪʦʤ ʟʘʙʦʨʫ ʛʨʫʥʪʦʚʠʭ ʚʦʜ  ʥʘ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʟʘʧʣʘʚʠ 

ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʨʽʯʢʠ ɺʦʨʩʢʣʠ ʚ ʾʾ ʧʦʥʠʟʟʽ ʻ ʩʪʚʦʨʝʥʠʡ ʢʦʣʦʜʷʟʴ, ʚʦʜʘ 

ʷʢʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʜʣʷ ʧʦʪʨʝʙ ʨʝʢʨʝʘʥʪʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʥʘʫʢʦʚʦʛʦ ʮʝʥʪʨʫ ʧʘʨʢʫ ï ʢʦʣʠʰʥʴʦʛʦ ʙʽʦʩʪʘʮʽʦʥʘʨʫ 

çʃʫʯʢʠè ʇʦʣʪʘʚʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʧʝʜʘʛʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ 

ɺ.ɻ. ʂʦʨʦʣʝʥʢʘ. 

ʅʘʤʠ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʜʝʷʢʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʪʘ 

ʩʘʥʽʪʘʨʥʦʪʦʢʩʠʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʙʝʟʧʝʯʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ 

(ʪʘʙʣ.1) ʚ ʮʴʦʤʫ ʢʦʣʦʜʷʟʽ, ʛʣʠʙʠʥʘ ʷʢʦʛʦ ï 4 ʤʝʪʨʠ. ʇʝʨʽʦʜ ʚʽʜʙʦʨʫ ʧʨʦʙʠ 

ï ʞʦʚʪʝʥʴ 2023 ʨʦʢʫ ʪʘ ʣʠʩʪʦʧʘʜ 2025 ʨʦʢʫ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʷʚʣʝʥʝ ʧʝʨʝʚʠʱʝʥʥʷ 

ʥʦʨʤʘʪʠʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʦʜʥʝʚʦʛʦ ʧʦʢʘʟʥʠʢʘ ʪʘ ʚʤʽʩʪʫ ʩʫʣʴʬʘʪ-ʽʦʥʽʚ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ɼʉʘʥʇʽʅ 2.2.4-171-10 ʥʦʨʤʘ ʨʅ ʜʣʷ ʧʠʪʥʠʭ ʚʦʜ ʤʘʻ 

ʙʫʪʠ ʚ ʤʝʞʘʭ 6,5ï8,5. ɿʛʽʜʥʦ ʟ ʻʚʨʦʧʝʡʩʴʢʠʤ ʩʪʘʥʜʘʨʪʦʤ ʷʢʦʩʪʽ, ʧʦʢʘʟʥʠʢ 

ʢʠʩʣʦʪʥʦ-ʣʫʞʥʦʛʦ ʙʘʣʘʥʩʫ ʧʠʪʥʦʾ ʚʦʜʠ ʚ ɭʉ ʪʝʞ ʩʪʘʥʦʚʠʪʴ 6,5-9,5, ʦʜʥʘʢ 

ʻ ʧʨʠʤʽʪʢʘ, ʱʦ ʜʣʷ ʚʦʜ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʧʣʷʰʢʘʭ ʪʘ ʢʦʥʪʝʡʥʝʨʘʭ, ʡʦʛʦ 

ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʩʢʦʨʦʯʝʥʝ ʜʦ 4,5 ʦʜʠʥʠʮʴ pH. ɯʩʥʫʻ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʘ ʜʫʤʢʘ ʧʨʦ ʪʝ, ʱʦ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ pH ʧʠʪʥʦʾ ʚʦʜʠ 

ʧʦʚʠʥʥʦ ʙʫʪʠ ʙʣʠʟʴʢʦ 7. ʅʝʡʪʨʘʣʴʥʘ ʚʦʜʘ, ʟʙʘʣʘʥʩʦʚʘʥʘ ʟʘ pH, ʚʚʘʞʘʻʪʴʩʷ 

ʥʘʡʙʝʟʧʝʯʥʽʰʦʶ ʜʣʷ ʩʧʦʞʠʚʘʥʥʷ. ʆʜʥʘʢ, ʜʦ 2019 ʨʦʢʫ ʙʫʚ ʯʠʥʥʠʤ ɻʆʉʊ 

2874-82, ʚ ʷʢʦʤʫ ʜʦʧʫʩʪʠʤʠʤ ʽ ʙʝʟʧʝʯʥʠʤ ʜʣʷ ʩʧʦʞʠʚʘʥʥʷ ʙʫʚ ʚʢʘʟʘʥʠʡ 

ʨʽʚʝʥʴ ʨʅ 6,0-9,0. ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚʧʣʠʚ pH ʧʠʪʥʦʾ ʚʦʜʠ ʥʘ ʦʨʛʘʥʽʟʤ 

ʣʶʜʠʥʠ ʥʝ ʻ ʪʘʢʠʤ ʢʨʠʪʠʯʥʠʤ, ʷʢ ʽʥʰʽ ʬʘʢʪʦʨʠ, ʥʘʧʨʠʢʣʘʜ, ʫʤʽʩʪ 

ʤʽʥʝʨʘʣʽʚ ʘʙʦ ʟʘʙʨʫʜʥʝʥʴ ʫ ʚʦʜʽ [3]. 

ʉʫʣʴʬʘʪʠ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʧʨʠʨʦʜʥʠʭ ʚʦʜʘʭ. ʇʦʪʨʘʧʣʷʶʪʴ 

ʚʦʥʠ ʫ ʚʦʜʫ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʧʨʠ ʨʦʟʯʠʥʝʥʥʽ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ, ʜʦ ʩʢʣʘʜʫ 

ʷʢʠʭ ʚʭʦʜʠʪʴ ʛʽʧʩ, ʘ ʪʘʢʦʞ ʫ ʨʝʟʫʣʴʪʘʪʽ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʦʤʠʩʣʦʚʠʤʠ ʽ 

ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʦʙʫʪʦʚʠʤʠ ʩʪʽʯʥʠʤʠ ʚʦʜʘʤʠ. ɺʦʜʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʩʫʣʴʬʘʪʽʚ, ʨʫʡʥʫʶʪʴ ʙʝʪʦʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ [4].  

ʏʝʨʝʟ ʝʧʽʟʦʜʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʚʽʜʚʽʜʫʚʘʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-

ʥʘʫʢʦʚʦʛʦ ʮʝʥʪʨʫ ʈʃʇ çʅʠʞʥʴʦʚʦʨʩʢʣʷʥʩʴʢʠʡè ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʫ ʥʴʦʤʫ 

ʫʤʦʚ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ʧʨʦʞʠʚʘʥʥʷ, ʧʦʪʝʥʮʽʡʥʠʡ ʥʝʩʧʨʠʷʪʣʠʚʠʡ ʚʧʣʠʚ 

ʧʽʜʚʠʱʝʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʣʴʬʘʪʽʚ ʫ ʤʽʩʮʝʚʠʭ ˇʨʫʥʪʦʚʠʭ ʚʦʜʘʭ ʥʘ 

ʟʜʦʨʦʚ'ʷ ʨʝʢʨʝʘʥʪʽʚ ʻ ʚʢʨʘʡ ʥʠʟʴʢʠʤ. 
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ʊʘʙʣʠʮʷ 1 ï ʉʘʥʽʪʘʨʥʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʙʝʟʧʝʯʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ 

ʢʦʣʦʜʷʟʥʦʾ ʧʠʪʥʦʾ ʚʦʜʠ ʈʃʇ çʅʠʞʥʴʦʚʦʨʩʢʣʷʥʩʴʢʠʡè 

ˉ  

ʟ/

ʧ 

ʅʘʡʤʝʥʫ-

ʚʘʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ 

ʆʜʠ-

ʥʠʮʽ 

ʚʠʤʽʨʫ 

ʅʦʨʤʘʪʠʚʠ 

ʧʠʪʥʦʾ ʚʦʜʠ 

ʟ ʢʦʣʦʜʷʟʽʚ  

ʈʝʟʫʣʴ-

ʪʘʪ 

ʜʦʩʣʽʜ-

ʞʝʥʥʷ ʟʘ 

ʞʦʚʪʝʥʴ 

2023 ʨ. 

ʇʨʠʤʽʪʢʘ ʈʝʟʫʣʴʪʘʪ 

ʜʦʩʣʽʜ-

ʞʝʥʥʷ ʟʘ 

ʣʠʩʪʦʧʘʜ 

2025 ʨ. 

ʇʨʠʤʽʪʢʘ 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

1 ɺʦʜʥʝʚʠʡ 

ʧʦʢʘʟʥʠʢ 

ʆʜʠʥʠ

ʮʽ ʨʅ 

6,5-8,5 7,84 ʚ ʤʝʞʘʭ 

ʥʦʨʤʠ 

8,6 ʧʝʨʝʚʠʱʝ

ʥʥʷ 

ʥʦʨʤʠ 

2 ɿʘʛʘʣʴʥʘ 

ʞʦʨʩʪʢʽʩʪʴ 

ʤʤʦʣʴ

/ʣ 
Ò 10 3,1 ʚ ʤʝʞʘʭ 

ʥʦʨʤʠ 

6,0 ʚ ʤʝʞʘʭ 

ʥʦʨʤʠ 

3 ɿʘʛʘʣʴʥʘ 

ʣʫʞʥʽʩʪʴ 

ʤʤʦʣʴ

/ʣ 
ʥʝ 

ʚʠʟʥʘʯʘʻʪʴ-

ʩ ̫

5,1 ʜʠʚ. ʪʘʙʣ. 

2 

4,0 ʜʠʚ. ʪʘʙʣ. 

2 

4 ʂʘʣʴʮʽʡ ʤʛ/ʣ ʥʝ 

ʚʠʟʥʘʯʘʻʪʴ-

ʩ ̫

50,1 ʜʠʚ. ʪʘʙʣ. 

2 

43,4 ʜʠʚ. ʪʘʙʣ. 

2 

5 ʄʘʛʥʽʡ ʤʛ/ʣ ʥʝ 

ʚʠʟʥʘʯʘʻʪʴ-

ʩ ̫

44,98 ʜʠʚ. ʪʘʙʣ. 

2 

46,0 ʜʠʚ. ʪʘʙʣ. 

2 

6 ʉʫʣʴʬʘʪʠ ʤʛ/ʣ Ò 500 624,39 ʧʝʨʝʚʠʱʝ

ʥʥʷ 

ʥʦʨʤʠ 

575,0 ʧʝʨʝʚʠʱʝ

ʥʥʷ 

ʥʦʨʤʠ 

7 ʍʣʦʨʠʜʠ ʤʛ/ʣ Ò 350 6,27 ʚ ʤʝʞʘʭ 

ʥʦʨʤʠ 

41,1 ʚ ʤʝʞʘʭ 

ʥʦʨʤʠ 

ʉʘʥʽʪʘʨʥʦ-ʪʦʢʩʠʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

8 ɸʤʦʥʽʡ ʤʛ/ʣ Ò 2,6 ʥʯʤ* ʚ ʤʝʞʘʭ 

ʥʦʨʤʠ 

0,49 ʚ ʤʝʞʘʭ 

ʥʦʨʤʠ 

9 ʅʽʪʨʘʪʠ (ʟʘ 

NO3) 

ʤʛ/ʣ Ò 50 ʥʯʤ* ʚ ʤʝʞʘʭ 

ʥʦʨʤʠ 

5,04 ʚ ʤʝʞʘʭ 

ʥʦʨʤʠ 

*ʥʯʤ ï ʥʠʞʯʝ ʯʫʪʣʠʚʦʩʪʽ ʤʝʪʦʜʠʢʠ (ʤʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʢʘʟʥʠʢʘ) 

 

ɺʨʘʭʦʚʫʶʯʠ ʚʽʜʩʫʪʥʽʩʪʴ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʜʦ ʚʤʽʩʪʫ ʢʘʣʴʮʽʶ, 

ʤʘʛʥʽʶ ʪʘ ʧʦʢʘʟʥʠʢʘ ʣʫʞʥʦʩʪʽ ʫ ʧʠʪʥʽʡ ʚʦʜʽ ʢʦʣʦʜʷʟʽʚ, ʚʠʟʥʘʯʝʥʠʭ 

ɼʦʜʘʪʢʦʤ ˉ1 [5], ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʜʘʪʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʛʽʜʥʦ ʟ 

ɼʦʜʘʪʢʦʤ ˉ2. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʩʚʽʜʯʠʣʠ, ʱʦ ʜʘʥʽ ʧʦʢʘʟʥʠʢʠ 

ʬʽʟʽʦʣʦʛʽʯʥʦʾ ʧʦʚʥʦʮʽʥʥʦʩʪʽ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʧʠʪʥʦʾ ʚʦʜʠ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʦʨʤʘʪʠʚʘʤ (ʪʘʙʣ.2). 
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ʊʘʙʣʠʮʷ 2 ï ʇʦʢʘʟʥʠʢʠ ʬʽʟʽʦʣʦʛʽʯʥʦʾ ʧʦʚʥʦʮʽʥʥʦʩʪʽ ʤʽʥʝʨʘʣʴʥʦʛʦ 

ʩʢʣʘʜʫ ʢʦʣʦʜʷʟʴʥʦʾ ʧʠʪʥʦʾ ʚʦʜʠ ʈʃʇ çʅʠʞʥʴʦʚʦʨʩʢʣʷʥʩʴʢʠʡè 
ˉ  

ʧ/

ʧ 

ʅʘʡʤʝʥʫʚʘ

ʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ 

ʆʜʠʥʠʮʽ 

ʚʠʤʽʨʫ 

ʅʦʨʤʘʪʠ

ʚʠ 

ʧʠʪʥʦʾ 

ʚʦʜʠ   

ʈʝʟʫʣʴʪʘʪ 

ʜʦʩʣʽʜʞʝʥ

ʥʷ ʟʘ 

ʞʦʚʪʝʥʴ 

2023 ʨ. 

ʇʨʠʤʽʪ

ʢʘ 

ʈʝʟʫʣʴʪʘʪ 

ʜʦʩʣʽʜʞʝʥ

ʥʷ ʟʘ 

ʣʠʩʪʦʧʘʜ 

2025 ʨ. 

ʇʨʠʤʽʪ

ʢʘ 

1 ɿʘʛʘʣʴʥʘ 

ʞʦʨʩʪʢʽʩʪʴ 

ʤʤʦʣʴ/ʜ

ʤ3 

1,5- 7,0 3,1 ʚ 

ʤʝʞʘʭ 

ʥʦʨʤʠ 

6,0 ʚ 

ʤʝʞʘʭ 

ʥʦʨʤʠ 

2 ɿʘʛʘʣʴʥʘ 

ʣʫʞʥʽʩʪʴ 

ʤʤʦʣʴ/ʜ

ʤ3 

0,5- 6,5 5,1 ʚ 

ʤʝʞʘʭ 

ʥʦʨʤʠ 

4,0 ʚ 

ʤʝʞʘʭ 

ʥʦʨʤʠ 

3 ʂʘʣʴʮʽʡ ʤʛ/ʜʤ3 25-75 50,1 ʚ 

ʤʝʞʘʭ 

ʥʦʨʤʠ 

43,4 ʚ 

ʤʝʞʘʭ 

ʥʦʨʤʠ 

4 ʄʘʛʥʽʡ ʤʛ/ʜʤ3 10-50  44,98 ʚ 

ʤʝʞʘʭ 

ʥʦʨʤʠ 

46,0 ʚ 

ʤʝʞʘʭ 

ʥʦʨʤʠ 
 

ʆʪʞʝ, ʢʦʣʦʜʷʟʥʘ ʚʦʜʘ ʈʃʇ çʅʠʞʥʴʦʚʦʨʩʢʣʷʥʩʴʢʠʡè ʟʘ ʙʽʣʴʰʽʩʪʶ 

ʧʦʢʘʟʥʠʢʽʚ ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʪʠʚʘʤ ʪʘ ʤʘʻ ʬʽʟʽʦʣʦʛʽʯʥʦ ʧʦʚʥʦʮʽʥʥʠʡ 

ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ. ʆʩʥʦʚʥʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ ʻ ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ 

ʩʫʣʴʬʘʪʽʚ ʫ 2023 ʪʘ 2025 ʨʦʢʘʭ ʽ ʥʝʟʥʘʯʥʝ ʧʝʨʝʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʘ pH ʫ 

2025 ʨʦʮʽ. ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʨʦʜʦʚʞʫʚʘʪʠ ʨʝʛʫʣʷʨʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʮʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʦʮʽʥʶʚʘʪʠ ʤʦʞʣʠʚʽ ʜʞʝʨʝʣʘ ʧʽʜʚʠʱʝʥʥʷ ʩʫʣʴʬʘʪʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ 

1. ɼʝʨʞʘʚʥʘ ʝʢʦʣʦʛʽʯʥʘ ʽʥʩʧʝʢʮʽʷ ʎʝʥʪʨʘʣʴʥʦʛʦ ʦʢʨʫʛʫ/ ʈʃʇ 

çʅʠʞʥʴʦʚʦʨʩʢʣʷʥʩʴʢʠʡè. URL: https://centrreg.dei.gov.ua/post/217  

2. ɹʽʣʦʩʽʣʴʩʴʢʘ ɻ. ɸ. ʇʽʚʜʝʥʥʘ ʃʽʩʦʩʪʝʧʦʚʘ ʦʙʣʘʩʪʴ ʇʦʣʪʘʚʩʴʢʦʾ 

ʨʽʚʥʠʥʠ. ʋ ʢʥ. : ʌʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʝ ʨʘʡʦʥʫʚʘʥʥʷ ʋʢʨʘʾʥʩʴʢʦʾ ʈʉʈ. ʂ., 

1968. ʉ.330ï339.  

3. ʊʝʣʝʛʫʟ ʆ., ʄʝʜʚʽʜʴ ɻ., ɻʘʨʘʩʠʤʯʫʢ ɺ., ʉʘʭʥʶʢ ɯ., 

ʄʘʡʢʫʪ ʆ., ʂʘʣʴʤʫʢ ʉ.,  ɼʘʮʶʢ ʆ. ɽʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʚ ʤʝʞʘʭ ʜʦʣʠʥʩʴʢʦʛʦ ʽ ʙʠʪʢʽʚʩʴʢʦʛʦ 

ʥʘʬʪʦʛʘʟʦʧʨʦʤʠʩʣʦʚʠʭ ʨʘʡʦʥʽʚ. ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʛʝʦʛʨʘʬʽʷ ʽ ʢʘʨʪʦʛʨʘʬʽʷ: 

ʩʪʘʥ, ʧʨʦʙʣʝʤʠ, ʧʝʨʩʧʝʢʪʠʚʠ : ʤʘʪʝʨʽʘʣʠ, 2025. ʉ. 280. 

4. ʍʽʣʴʯʝʚʩʴʢʠʡ ɺ. ʂ., ɿʘʙʦʢʨʠʮʴʢʘ ʄ. ʈ., ʉʪʝʣʴʤʘʭ ɺ. ʖ. 

ɻʽʜʨʦʝʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ : ʥʘʚʯ. 

ʧʦʩʽʙʥʠʢ. ʂ. : ɼɯɸ, 2023. ʉ. 102.  

5. ɼʝʨʞʘʚʥʽ ʩʘʥʽʪʘʨʥʽ ʥʦʨʤʠ ʪʘ ʧʨʘʚʠʣʘ çɻʽʛʽʻʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʚʦʜʠ 

ʧʠʪʥʦʾ, ʧʨʠʟʥʘʯʝʥʦʾ ʜʦ ʩʧʦʞʠʚʘʥʥʷ ʣʶʜʠʥʦʶè (ɼʉʘʥʇʽʅ 2.2.4ï 171 ï 10). 

ɿʘʪʚʝʨʜʞʝʥʽ ʥʘʢʘʟʦʤ ʄʆɿ ʋʢʨʘʾʥʠ ʚʽʜ 12.05.2010 No 400, ʟʘʨʝʻʩʪʨʦʚʘʥʦ 

ʄʽʥôʶʩʪʦʤ ʋʢʨʘʾʥʠ ʥʘʢʘʟʦʤ ʚʽʜ 01.07.2010 ʟʘ No 452/17747. 

https://centrreg.dei.gov.ua/post/217


 55 

ʋɼʂ 502.175:581.52(477.53-751.4) 

 

ʉʤʦʣʷʨ ʅ. ʆ., ʢʘʥʜʠʜʘʪ  ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ,  

ʃʝʚʠʮʴʢʘ ɸ. ʉ., ʟʜʦʙʫʚʘʯ ʧʝʨʰʦʛʦ (ʙʘʢʘʣʘʚʨʩʴʢʦʛʦ) ʨʽʚʥʷ ʚʠʱʦʾ ʦʩʚʽʪʠ  

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ 

 ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 

 
ʅʆɺɯ ʄɯʉʎɽɿʅɸʍʆɼɾɽʅʅʗ ASTRAGALUS DASYANTHUS PALL. 

ʅɸ ʇʆʃʊɸɺʑʀʅɯ (ʋʂʈɸɰʅɸ) 

 
Astragalus dasyanthus Pall. ï ʮʝ ʥʘʫʢʦʚʦ ʮʽʥʥʠʡ ʙʘʣʢʘʥʩʴʢʦ-

ʧʦʥʪʠʯʥʠʡ ʜʠʟôʶʥʢʪʠʚʥʦ-ʘʨʝʘʣʴʥʠʡ ʚʠʜ, ʱʦ ʚʢʣʶʯʝʥʠʡ ʜʦ ʏʝʨʚʦʥʦʾ 

ʢʥʠʛʠ ʋʢʨʘʾʥʠ ʟ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʤ ʩʪʘʪʫʩʦʤ ʚʠʜʫ çʚʨʘʟʣʠʚʠʡè [5] ʪʘ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʏʝʨʚʦʥʦʛʦ ʩʧʠʩʢʫ. 

ɼʘʥʠʡ ʚʠʜ ʧʦʰʠʨʝʥʠʡ ʫ ʉʭʽʜʥʽʡ ʪʘ ʇʽʚʜʝʥʥʽʡ ɭʚʨʦʧʽ. ʅʘ ʪʝʨʠʪʦʨʽʾ 

ʋʢʨʘʾʥʠ A. dasyanthus ʟʨʦʩʪʘʻ ʫ ʃʽʩʦʩʪʝʧʫ ʪʘ ʉʪʝʧʫ. ɺʽʜʦʤʠʡ ʫ 14 

ʦʙʣʘʩʪʷʭ (ʂʠʾʚʩʴʢʽʡ, ʉʫʤʩʴʢʽʡ, ʏʝʨʢʘʩʴʢʽʡ, ʂʽʨʦʚʦʛʨʘʜʩʴʢʽʡ, 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʽʡ, ʍʝʨʩʦʥʩʴʢʽʡ, ɼʦʥʝʮʴʢʽʡ, ʃʫʛʘʥʩʴʢʽʡ, ʆʜʝʩʴʢʽʡ, 

ʄʠʢʦʣʘʾʚʩʴʢʽʡ, ʍʘʨʢʽʚʩʴʢʽʡ, ɿʘʧʦʨʽʟʴʢʽʡ ʪʘ ʽʥʰʠʭ). ʅʘ ʪʝʨʠʪʦʨʽʾ 

ʇʦʣʪʘʚʱʠʥʠ ʚʠʜ ʪʘʢʦʞ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʥʘ ʩʪʝʧʦʚʠʭ ʩʭʠʣʘʭ, ʧʝʨʝʚʘʞʥʦ 

ʙʘʣʢʦʚʠʭ ʩʠʩʪʝʤ ʪʘ ʜʦʣʠʥ ʨʽʯʦʢ ʇʩʣʘ, ʍʦʨʦʣʫ, ɺʦʨʩʢʣʠ, ʉʫʣʠ [1].  

ʂʦʞʥʝ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ A. dasyanthus ʧʦʪʨʝʙʫʻ ʜʝʪʘʣʴʥʦʛʦ 

ʚʠʚʯʝʥʥʷ ʪʘ ʦʭʦʨʦʥʠ, ʘʜʞʝ ʯʝʨʝʟ ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʚʧʣʠʚ (ʨʦʟʦʨʶʚʘʥʥʷ, 

ʧʝʨʝʚʠʧʘʩʘʥʥʷ ʭʫʜʦʙʠ, ʚʠʧʘʣʶʚʘʥʥʷ) ʟʥʠʢʘʻ. 

A. dasyanthus ï ʮʝ ʧʨʝʜʩʪʘʚʥʠʢ ʨʦʜʠʥʠ ʙʦʙʦʚʠʭ Fabaceae, ʻ 

ʙʘʛʘʪʦʨʽʯʥʦʶ ʦʧʫʰʝʥʦʶ ʨʦʩʣʠʥʦʶ. ɺʠʩʦʪʘ ʦʩʦʙʠʥ ʚʠʜʫ ʩʷʛʘʻ 10-30 ʩʤ. 

ʉʪʝʙʣʦ ʛʘʣʫʟʠʩʪʝ ʟ ʥʝʧʘʨʥʦʧʝʨʠʩʪʠʤʠ ʜʦʚʛʠʤʠ ʣʠʩʪʢʘʤʠ, ʛʫʩʪʦ ʦʧʫʰʝʥʝ 

ʤôʷʢʠʤʠ ʚʦʣʦʩʢʘʤʠ. ʂʚʽʪʢʠ ʟʽʙʨʘʥʽ ʫ ʱʽʣʴʥʽ ʛʦʣʦʚʯʘʩʪʽ ʚʦʣʦʩʠʩʪʽ ʩʫʮʚʽʪʪʷ 

ʷʩʢʨʘʚʦ-ʞʦʚʪʦʛʦ ʢʦʣʴʦʨʫ. ʇʣʽʜ ï ʙʽʙ, ʜʦ 1 ʩʤ ʟʘʚʜʦʚʞʢʠ, ʚʦʣʦʭʘʪʠʡ, 

ʷʡʮʝʧʦʜʽʙʥʠʡ. ʎʚʽʪʽʥʥʷ ʨʦʩʣʠʥ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʯʝʨʚʥʽ-ʩʝʨʧʥʽ, ʘ 

ʧʣʦʜʦʥʦʰʝʥʥʷ ï ʫ ʣʠʧʥʽ-ʩʝʨʧʥʽ. A. dasyanthus ʻ ʛʝʤʽʢʨʠʧʪʦʬʽʪʦʤ, ʫ ʷʢʦʛʦ 

ʥʘ ʯʘʩ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʙʨʫʥʴʢʠ ʚʽʜʥʦʚʣʝʥʥʷ ʧʝʨʝʙʫʚʘʶʪʴ ʙʣʠʟʴʢʦ ʜʦ 

ʧʦʚʝʨʭʥʽ ʛʨʫʥʪʫ, ʡ ʪʦʤʫ ʻ ʟʘʭʠʱʝʥʠʤʠ [1].  
ʅʘ ʇʦʣʪʘʚʱʠʥʽ ʜʘʥʠʡ ʚʠʜ ʦʭʦʨʦʥʷʻʪʴʩʷ ʚ 11 ʦʙôʻʢʪʘʭ ʧʨʠʨʦʜʥʦ-

ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ (ʫ ʟʘʢʘʟʥʠʢʘʭ çɹʘʣʢʘ ɼʦʣʠʥʘè, çɻʣʠʙʦʯʘʥʩʴʢʠʡè, 

çʄʘʥʞʝʣʽʾʚʩʴʢʠʡè, çʅʦʚʦʜʠʢʘʥʩʴʢʠʡè, çʈʦʞʘʾʚʩʴʢʠʡè, çʃʫʯʢʽʚʩʴʢʠʡè, 

çʆʣʝʛʦʚʘ ʙʘʣʢʘè, çɺʝʩʝʣʦ-ʄʠʨʩʴʢʝè, ʧʘʤôʷʪʢʘʭ ʧʨʠʨʦʜʠ çɿʘʾʯʝʥʩʴʢʽ 

ʩʭʠʣʠè, ʟʘʧʦʚʽʜʥʠʭ ʫʨʦʯʠʱʘʭ çʂʝʣʝʙʝʨʜʷʥʩʴʢʝè, çʄʫʞʝʚʘ ʜʦʣʠʥʘè) [1]. 

ʅʘʚʝʩʥʽ ʪʘ ʚʣʽʪʢʫ 2025 ʨʦʢʫ ʥʘʤʠ ʧʽʜ ʯʘʩ ʬʽʪʦʩʦʟʦʣʦʛʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʪʝʨʠʪʦʨʽʾ ʂʨʝʤʝʥʯʫʮʴʢʦʛʦ ʨʘʡʦʥʫ ʇʦʣʪʘʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʤʽʞ 

ʩʝʣʦʤ ʇʽʜʛʽʨʥʝ ʪʘ ʣʘʥʜʰʘʬʪʥʠʤ ʟʘʢʘʟʥʠʢʦʤ ʤʽʩʮʝʚʦʛʦ ʟʥʘʯʝʥʥʷ çɹʘʣʢʘ 

ʐʠʨʦʢʘè ʚʠʷʚʣʝʥʦ ʪʨʠ ʥʦʚʠʭ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ A. dasyanthus. ɺʩʽ ʚʦʥʠ 
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ʚʠʷʚʣʝʥʽ ʥʘ ʩʪʝʧʦʚʠʭ ʩʭʠʣʘʭ, ʱʦ ʟʘʡʥʷʪʽ ʣʫʯʥʦ-ʩʪʝʧʦʚʦʶ ʨʦʩʣʠʥʥʽʩʪʶ. 

ʇʝʨʰʠʡ ʣʦʢʘʣʽʪʝʪ ï ʮʝ ʪʝʨʠʪʦʨʽʷ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʫ ʟʘʭʽʜʥʦʤʫ ʥʘʧʨʷʤʽ 

ʚʽʜ ʟʘʢʘʟʥʠʢʘ ʥʘ ʚʽʜʩʪʘʥʽ 200 ʤ (ʧʣʦʱʘ ʮʝʥʦʧʦʧʫʣʷʮʽʾ ï 1,0 ʛʘ). ɼʨʫʛʠʡ 

ʣʦʢʘʣʽʪʝʪ ï ʪʝʨʠʪʦʨʽʷ ʫ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʤʫ ʥʘʧʨʷʤʽ ʚʽʜ ʟʘʢʘʟʥʠʢʘ ʥʘ 

ʚʽʜʩʪʘʥʽ 800 ʤ (ʧʣʦʱʘ ʮʝʥʦʧʦʧʫʣʷʮʽʾ ï 0,5 ʛʘ). ʅʘ ʮʠʭ ʜʽʣʷʥʢʘʭ ʥʘʤʠ 

ʚʠʷʚʣʝʥʦ A. dasyanthus ʥʘʚʝʩʥʽ 2025 ʨʦʢʫ. ʊʦʜʽ ʦʩʦʙʠʥʠ ʙʫʣʠ ʫ 

ʧʽʜʩʦʭʣʦʤʫ ʩʪʘʥʽ (ʨʠʩ.1). ʅʘ ʤʦʤʝʥʪ ʜʦʩʣʽʜʞʝʥʥʷ ʤʠ ʚʠʷʚʠʣʠ ʧʦ ʜʚʽ 

ʨʦʩʣʠʥʠ ʥʘ ʢʦʞʥʽʡ ʽʟ ʮʠʭ ʜʽʣʷʥʦʢ. 

ʈʠʩʫʥʦʢ 1 ï Astragalus dasyanthus Pall. ʥʘʚʝʩʥʽ 2025 ʨʦʢʫ 

 

ʊʨʝʪʽʡ ʣʦʢʘʣʽʪʝʪ ï ʪʝʨʠʪʦʨʽʷ ʤʽʞ ʩʝʣʦʤ ʪʘ ʟʘʢʘʟʥʠʢʦʤ (ʙʣʠʞʯʝ ʜʦ ʩʝʣʘ) ʫ 

ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʤʫ ʥʘʧʨʷʤʽ ʚʽʜ ʟʘʢʘʟʥʠʢʘ (ʧʣʦʱʘ ʮʝʥʦʧʦʧʫʣʷʮʽʾ ï10,0 ʛʘ). 

ʅʘ ʮʽʡ ʜʽʣʷʥʮʽ ʤʠ ʚʠʷʚʠʣʠ A. dasyanthus ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ 

ʬʽʪʦʨʽʟʥʦʤʘʥʽʪʪʷ ʚʣʽʪʢʫ 2025 ʨʦʢʫ (ʨʠʩ.2). ʑʽʣʴʥʽʩʪʴ ʮʝʥʦʧʦʧʫʣʷʮʽʡ 

ʩʢʣʘʜʘʣʘ ʟʘ ʧʽʜʨʘʭʫʥʢʘʤʠ ʙʣʠʟʴʢʦ ʜʚʦʭ ʦʩʦʙʠʥ ʥʘ 1 ʤ2, ʪʦʜʽ ʦʩʦʙʠʥʠ 

ʧʣʦʜʦʥʦʩʠʣʠ, ʙʫʣʠ ʫ ʜʦʙʨʦʤʫ ʩʪʘʥʽ ʪʘ ʥʝ ʧʦʰʢʦʜʞʝʥʽ. 

ʈʠʩʫʥʦʢ 2 ï Astragalus dasyanthus Pall. ʚʣʽʪʢʫ 2025 ʨʦʢʫ 
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ʆʩʥʦʚʥʝ ʬʣʦʨʠʩʪʠʯʥʝ ʷʜʨʦ ʬʽʪʦʮʝʥʦʟʽʚ ʩʪʝʧʦʚʠʭ ʜʽʣʷʥʦʢ ʽʟ 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷʤʠ A. dasyanthus ʬʦʨʤʫʶʪʴ: Poa angustifolia L., 

Elytrigia intermedia (Host.) Nevski, Festuca valesiaca Schleich. ex Gaudin, 

Bromus inermis Leyss., Trifolium pratense L., Salvia nemorosa L., Centaurea 

adpressa L., Plantago lanceolatʘ L., P. media L.,  P. stepposa L., Achillea 

submillefolium Klokov & Krytzka, Nonea pulla (L.), DC., Medicago romanica 

Prodan, Verbascum phoeniceum L., Fragaria viridis Duch., Ranunculus 

polyanthemos L., Thymus marschallianus Willd., Verbascum phoeniceum L., 

Falcaria vulgaris L., Oryganum vulgare L, Euphorbia stepposa Zoz ex Prokh. 

ʪʘ ʽʥ. ʅʝʧʦʜʘʣʽʢ ʜʘʥʦʛʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʫ 2024-2025 ʨʦʢʘʭ ʪʘʢʦʞ ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ ʡ ʨʷʜ ʽʥʰʠʭ ʩʦʟʦʬʽʪʽʚ: Muscari neglectum Guss. ʝx Ten., Iris 

pumila L., Pulsatilla pratensis (L.) Mill.s.l  [2], Crocus reticulatus Steven ex 

Adam. [3], Stipa pulcherrima K.Koch, Scilla sibʝria Haw., S. bifolia L., 

Hyacinthella leucophaea (K.Koch) Schur [4]. ɼʘʥ̔ ʪʝʨʠʪʦʨʽ ʾʧʨʝʜʩʪʘʚʣʝʥ ̔

ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʧʽʚʜʝʥʥʦʛʦ ʃʽʚʦʙʝʨʝʞʥʦʛʦ ʃʽʩʦʩʪʝʧʫ ʙʽʦʪʦʧʘʤʠ 

ʣʫʯʥʦʛʦ ʩʪʝʧʫ, ʫ ʷʢʠʭ ʟʙʝʨʝʛʣʦʩʷ ʧʨʠʪʘʤʘʥʥʝ ʩʪʝʧʘʤ ʬʣʦʨʠʩʪʠʯʥʝ ʷʜʨʦ. 

ɺʦʥʠ ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʚʘʞʣʠʚʦʛʦ ʙʽʦʮʝʥʪʨʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʙʝʨʝʞʝʥʥʷ ʷʢ 

ʨʽʜʢʽʩʥʦʛʦ, ʪʘʢ ʽ ʪʠʧʦʚʦʛʦ ʣʫʯʥʦ-ʩʪʝʧʦʚʦʛʦ ʨʦʩʣʠʥʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ. ʂʨʽʤ 

ʪʦʛʦ, ʮʽ ʪʨʠ ʜʽʣʷʥʢʠ ʻ ʟʥʘʯʫʱʠʤ ʦʩʝʨʝʜʢʦʤ ʦʭʦʨʦʥʠ ʛʝʥʦʬʦʥʜʫ ʨʽʜʢʽʩʥʠʭ 

ʚʠʜʽʚ ʬʣʦʨʠ, ʩʝʨʝʜ ʷʢʠʭ ʽ A. dasyanthus. ʏʝʨʝʟ ʨʽʜʢʽʩʥʽʩʪʴ ʪʘ ʥʘʫʢʦʚʫ ʡ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʫ ʮʽʥʥʽʩʪʴ ʜʘʥʦʛʦ ʚʠʜʫ ʪʘ ʚʨʘʭʦʚʫʶʯʠ ʥʝʟʘʭʠʱʝʥʽʩʪʴ 

ʚʠʷʚʣʝʥʠʭ ʡʦʛʦ ʥʦʚʠʭ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʴ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʙʣʠʟʫ 

ʽʩʥʫʶʯʦʛʦ ʣʘʥʜʰʘʬʪʥʦʛʦ ʟʘʢʘʟʥʠʢʘ ʤʽʩʮʝʚʦʛʦ ʟʥʘʯʝʥʥʷ çɹʘʣʢʘ ʐʠʨʦʢʘè, 

ʨʦʟʛʣʷʜʘʻʤʦ ʤʦʞʣʠʚʦʩʪʽ ʧʨʠʻʜʥʘʥʥʷ ʮʠʭ ʪʨʴʦʭ ʜʽʣʷʥʦʢ ʜʦ ʥʴʦʛʦ ʟ ʤʝʪʦʶ 

ʾʭ ʟʙʝʨʝʞʝʥʥʷ ʡ ʦʭʦʨʦʥʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʡʦʛʦ ʬʣʦʨʠʩʪʠʯʥʦʾ 

ʫʥʽʢʘʣʴʥʦʩʪʽ. 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ 

1. ɹʘʡʨʘʢ ʆ. ʄ., ʉʪʝʮʶʢ ʅ. ʆ. ɸʪʣʘʩ ʨʽʜʢʽʩʥʠʭ ʽ ʟʥʠʢʘʶʯʠʭ ʨʦʩʣʠʥ 

ʇʦʣʪʘʚʱʠʥʠ. ʅʘʫʢʦʚʝ ʚʠʜʘʥʥʷ. ʇʦʣʪʘʚʘ : ɺʝʨʩʪʢʘ, 2005. ʉ. 90. 

2.ʉʤʦʣʷʨ ʅ. ʆ., ʃʝʚʠʮʴʢʘ ɸ. ʉ. ʂʦʥʮʝʧʮʽʷ ʨʦʟʚʠʪʢʫ ʣʘʥʜʰʘʬʪʥʦʛʦ 

ʟʘʢʘʟʥʠʢʘ çɹʘʣʢʘ ʐʠʨʦʢʘè (ʂʨʝʤʝʥʯʫʮʴʢʠʡ ʨʘʡʦʥ, ʇʦʣʪʘʚʩʴʢʘ ʦʙʣʘʩʪʴ, 

ʋʢʨʘʾʥʘ). ɺʽʜʥʦʚʣʝʥʥʷ ʝʢʦʩʠʩʪʝʤ, ʷʢʽ ʧʦʩʪʨʘʞʜʘʣʠ ʚʥʘʩʣʽʜʦʢ ʚʦʻʥʥʠʭ ʜʽʡ: 

ʋʢʨʘʾʥʩʴʢʽ ʪʘ ʻʚʨʦʧʝʡʩʴʢʽ ʚʠʢʣʠʢʠ : ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ ʤʽʞʥʘʨʦʜ. ʥʘʫʢ.-ʪʝʦʨ. 

ʪʘ ʧʨʠʢʣ. ʢʦʥʬ., 06 ʣʠʩʪʦʧʘʜʘ 2024 ʨ., ʤ. ʂʠʾʚ. ʂ. : ʅɸʋ, 2024. ʉ. 97.  

3.ʉʤʦʣʷʨ ʅ. ʆ., ʃʝʚʠʮʴʢʘ ɸ. ʉ. ʅʦʚʽ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʉrocus 

reticulatus ʥʘ ʇʦʣʪʘʚʱʠʥʽ (ʋʢʨʘʾʥʘ). ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʜʝʨʞʘʚʠ : ʪʝʟʠ 

ʜʦʧʦʚʽʜʝʡ ʍɯʍ ʚʩʝʫʢʨ. ʥʘʫʢ.-ʧʨ. ʢʦʥʬ. ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ, 17 

ʢʚʽʪʥʷ 2025 ʨ.,  ʤ. ʂʠʾʚ. ʂ. : ʅɸʋ, 2025. ʉ. 65.  

4. ʉʤʦʣʷʨ ʅ. ʆ., ʃʝʚʠʮʴʢʘ ɸ. ʉ. ʌʣʦʨʦʩʦʟʦʣʦʛʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʣʘʥʜʰʘʬʪʥʦʛʦ ʟʘʢʘʟʥʠʢʘ çɹʘʣʢʘ ʐʠʨʦʢʘè (ʇʦʣʪʘʚʩʴʢʘ ʦʙʣʘʩʪʴ) ʪʘ 

ʧʨʠʣʝʛʣʠʭ ʜʦ ʥʴʦʛʦ ʪʝʨʠʪʦʨʽʡ ʟʘ ʜʘʥʠʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. 

ʇʨʦʙʣʝʤʠ ʝʢʦʣʦʛʽʾ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ : ʤʘʪʝʨʽʘʣʠ XVI  ʤʽʞʥʘʨʦʜ. ʥʘʫʢ.-

ʪʝʦʨ. ʢʦʥʬ., 23-24 ʞʦʚʪʥʷ 2025 ʨ., ʤ. ʄʠʢʦʣʘʾʚ : ʅʋʂ, 2025. ʉ. 179.   
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ʉʪʝʧʦʚʘ ʆ. ɺ., ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ,  

ʉʪʝʧʦʚʠʡ ɭ. ɹ., ʘʩʧʽʨʘʥʪ 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ  

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 

 

ɯʅʊɽɻʈɸʊʀɺʅʀʁ ʇɯɼʍɯɼ ɼʆ ʆʎɯʅʖɺɸʅʅʗ 

ɽʂʆʃʆɻɯʏʅʀʍ ʈʀɿʀʂɯɺ ʋ ʅɸʌʊʆɺʆʄʋ ʉɽʂʊʆʈɯ 

 

ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʥʘʬʪʦʧʨʦʚʦʜʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʾʭ ʙʝʟʘʚʘʨʽʡʥʦʤʫ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʙʝʟ ʥʘʥʝʩʝʥʥʷ ʰʢʦʜʠ ʜʦʚʢʽʣʣʶ. ɺʦʥʘ ʪʽʩʥʦ 

ʧʝʨʝʧʣʽʪʘʻʪʴʩʷ ʟ ʧʦʥʷʪʪʷʤ ʝʢʦʣʦʛʽʯʥʦʛʦ ʨʠʟʠʢʫ ï ʷʢ ʡʤʦʚʽʨʥʦʩʪʽ 

ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ. ʉʘʤʝ ʝʢʦʣʦʛʽʯʥʠʡ ʨʠʟʠʢ ʚʽʜʦʙʨʘʞʘʻ ʨʝʘʣʴʥʫ 

ʥʝʙʝʟʧʝʢʫ ï ʤʦʞʣʠʚʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʘʞʘʥʠʭ ʧʦʜʽʡ [1-3]. 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʝʢʦʣʦʛʽʯʥʦʛʦ ʨʠʟʠʢʫ ʧʦʣʷʛʘʻ ʚ ʡʦʛʦ 

ʟʜʘʪʥʦʩʪʽ ʧʨʦʷʚʣʷʪʠʩʷ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʬʪʦʧʨʦʚʦʜʫ ï ʚʽʜ 

ʚʚʝʜʝʥʥʷ ʚ ʜʽʶ ʜʦ ʚʠʚʝʜʝʥʥʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʽʥ ʚʨʘʭʦʚʫʻ ʡʤʦʚʽʨʥʽʩʪʴ 

ʧʦʨʫʰʝʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʯʝʨʝʟ ʟʦʚʥʽʰʥʽ ʘʙʦ ʚʥʫʪʨʽʰʥʽ 

ʯʠʥʥʠʢʠ. ʉʪʫʧʽʥʴ ʨʠʟʠʢʫ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʝ ʣʠʰʝ ʡʤʦʚʽʨʥʽʩʪʴ, ʘʣʝ ʡ 

ʤʘʩʰʪʘʙʠ ʧʦʪʝʥʮʽʡʥʦʾ ʰʢʦʜʠ ï ʜʣʷ ʧʨʠʨʦʜʠ ʪʘ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ, ʘ 

ʪʘʢʦʞ ʨʝʩʫʨʩʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʝʢʦʩʠʩʪʝʤʠ. ɼʦ ʢʨʠʪʝʨʽʾʚ 

ʥʘʣʝʞʘʪʴ ʷʢ ʤʘʪʝʨʽʘʣʴʥʽ, ʪʘʢ ʽ ʣʶʜʩʴʢʽ ʘʩʧʝʢʪʠ [3]. 

ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʠʟʠʢʽʚ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʙôʻʢʪʠʚʥʽ 

ʬʘʢʪʦʨʠ: ʚʠʪʨʘʪʘ ʥʘʬʪʠ, ʦʙʩʷʛ ʚʠʪʽʢʘʥʥʷ, ʧʣʦʱʘ ʟʘʙʨʫʜʥʝʥʥʷ. ʆʙʩʷʛ 

ʨʦʟʣʠʚʫ ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ ʜʦʙʫʪʦʢ ʚʠʪʨʘʪʠ (ʤį/ʛʦʜ) ʥʘ ʪʨʠʚʘʣʽʩʪʴ 

ʚʠʪʽʢʘʥʥʷ [4]. ɺʠʪʨʘʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʘʢʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢ ʢʦʝʬʽʮʽʻʥʪ 

ʚʠʪʨʘʪʠ, ʧʣʦʱʘ ʦʪʚʦʨʫ ʡ ʪʠʩʢ ʫ ʪʦʯʮʽ ʚʠʪʽʢʘʥʥʷ. ʎʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʤʝʪʦʜʘʤʠ, ʟʘʪʚʝʨʜʞʝʥʠʤʠ ʥʦʨʤʘʪʠʚʥʠʤʠ ʦʨʛʘʥʘʤʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʯʘʩ 

ʚʠʷʚʣʝʥʥʷ, ʯʘʩ ʚʽʜʢʣʶʯʝʥʥʷ, ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ, ʩʠʣʫ ʪʝʨʪʷ ʪʘ ʽʥʰʽ 

ʯʠʥʥʠʢʠ [5, 6]. 

ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ ʚʢʣʶʯʘʶʪʴ: ʢʽʣʴʢʽʩʥʽ ʩʠʩʪʝʤʠ 

ʦʮʽʥʶʚʘʥʥʷ (ʥʘ ʦʩʥʦʚʽ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʘʙʦ ʪʝʦʨʽʾ ʥʘʙʦʨʫ ʧʘʨ), ʱʦ ʜʘʶʪʴ 

ʯʽʪʢʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʦʤ; ʤʦʜʝʣʽ OSRA (Oil Spill Risk Analysis), ʷʢʽ ʦʮʽʥʶʶʪʴ 

ʡʤʦʚʽʨʥʽʩʪʴ ʢʘʪʘʩʪʨʦʬʽʯʥʦʛʦ ʨʦʟʣʠʚʫ (ʧʦʥʘʜ 1 ʤʣʥ ʙʘʨʝʣʽʚ) ʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʝʢʩʪʨʝʤʘʣʴʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʜʣʷ ʪʦʯʥʽʰʦʛʦ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ; ʢʦʤʙʽʥʦʚʘʥʽ ʧʽʜʭʦʜʠ (event tree, bow-tie, Bayesian 

networks), ʱʦ ʙʫʜʫʶʪʴ ʣʦʛʽʢʫ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʚôʷʟʢʽʚ ʪʘ 

ʽʥʪʝʛʨʫʶʪʴ ʾʭ ʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ; ʚʠʢʦʨʠʩʪʘʥʥʷ GIS ʽ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʝʨʝʜʙʘʯʫʚʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʨʠʟʠʢʽʚ. 
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ʈʝʘʣʴʥʽ ʧʨʠʢʣʘʜʠ ʘʚʘʨʽʡ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʟʥʘʯʫʱʽʩʪʴ ʧʨʝʚʝʥʪʠʚʥʠʭ 

ʟʘʭʦʜʽʚ. ʊʘʢ, ʫ 2023 ʨʦʮʽ ʘʚʘʨʽʷ ʥʘ ʧʽʜʚʦʜʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʽ ʩʧʨʠʯʠʥʠʣʘ 

ʟʙʠʪʢʠ ʧʦʥʘʜ $30 ʤʣʥ. ʯʝʨʝʟ ʟʘʪʨʠʤʢʫ ʨʝʘʢʮʽʾ ʥʘ ʩʠʛʥʘʣʠ ʪʨʠʚʦʛʠ. ɺʠʪʽʢ 

ʙʽʪʫʤʫ ʚ ʨʽʯʢʫ ʂʘʣʘʤʘʟʫ (ʉʐɸ, 2010 ʨʽʢ) ʧʝʨʝʚʠʱʠʚ 1 ʤʣʥ. ʛʘʣʦʥʽʚ, ʘ 

ʦʯʠʱʝʥʥʷ ʪʨʠʚʘʣʦ ʢʽʣʴʢʘ ʨʦʢʽʚ, ʚʘʨʪʽʩʪʴ ï ʧʦʥʘʜ $1 ʤʣʨʜ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʽʥʬʦʛʨʘʬʽʢʘ (ʨʠʩ. 1) ʚʽʜʦʙʨʘʞʘʻ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʝʥʴ ʝʢʦʣʦʛʽʯʥʦʛʦ ʨʠʟʠʢʫ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʥʘʬʪʦʧʨʦʚʦʜʽʚ. 

ʅʘʡʙʽʣʴʰ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʤʘʶʪʴ ʪʝʭʥʽʯʥʽ ʥʝʩʧʨʘʚʥʦʩʪʽ ʪʘ ʢʦʨʦʟʽʷ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʤʘʩʰʪʘʙʥʠʭ ʨʦʟʣʠʚʽʚ ʥʘʬʪʠ ʪʘ 

ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʽ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ. ʄʝʭʘʥʽʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʪʘ 

ʟʥʦʰʝʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʪʘʢʦʞ ʩʪʚʦʨʶʶʪʴ ʩʝʨʡʦʟʥʽ ʟʘʛʨʦʟʠ, ʦʩʦʙʣʠʚʦ ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʥʘʣʝʞʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʇʦʤʠʣʢʠ ʧʝʨʩʦʥʘʣʫ, 

ʧʨʠʨʦʜʥʽ ʷʚʠʱʘ (ʟʩʫʚʠ, ʟʝʤʣʝʪʨʫʩʠ) ʪʘ ʮʽʣʝʩʧʨʷʤʦʚʘʥʽ ʜʠʚʝʨʩʽʡʥʽ ʜʽʾ ʭʦʯʘ 

ʡ ʤʘʶʪʴ ʥʠʞʯʠʡ ʚʽʜʥʦʩʥʠʡ ʨʽʚʝʥʴ ʚʧʣʠʚʫ, ʘʣʝ ʫ ʨʘʟʽ ʾʭ ʚʠʥʠʢʥʝʥʥʷ 

ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʤʘʩʰʪʘʙʥʽ ʘʚʘʨʽʾ. ʆʮʽʥʢʘ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʧʨʽʦʨʠʪʝʪʥʽ ʥʘʧʨʷʤʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʘ ʟʘʭʦʜʠ ʟ ʧʽʜʚʠʱʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʥʘʬʪʦʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʌʘʢʪʦʨʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʨʠʟʠʢʫ ʤʘʛʽʩʪʨʘʣʴʥʠʭ 

ʥʘʬʪʦʧʨʦʚʦʜʽʚ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʢʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʥʘʬʪʦʧʨʦʚʦʜʽʚ ʻ ʢʣʶʯʦʚʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʟʤʝʥʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʮʽʻʾ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɽʢʦʣʦʛʽʯʥʠʡ ʨʠʟʠʢ ʚʠʩʪʫʧʘʻ ʢʣʶʯʦʚʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ 

ʩʦʙʦʶ ʛʣʠʙʠʥʥʫ ʧʨʠʨʦʜʫ ʝʢʦʣʦʛʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ ï ʪʦʙʪʦ ʡʤʦʚʽʨʥʽʩʪʴ 

ʥʘʩʪʘʥʥʷ ʥʝʙʘʞʘʥʠʭ ʧʦʜʽʡ [5, 6]. ʁʦʛʦ ʦʩʦʙʣʠʚʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʟʜʘʪʥʦʩʪʽ 

ʧʨʦʷʚʣʷʪʠʩʷ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʮʠʢʣʫ ʩʠʩʪʝʤʠ ï ʚʽʜ 

ʟʘʧʫʩʢʫ ʜʦ ʟʘʚʝʨʰʝʥʥʷ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʋ ʩʪʘʪʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜʦʣʦʛʽʷ 
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ʜʝʢʦʤʧʦʟʠʮʽʾ ʪʘ ʥʘʩʪʫʧʥʦʛʦ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤʠ çʥʘʬʪʦʚʘ ʛʘʣʫʟʴè ʜʣʷ 

ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ. ɼʣʷ ʮʴʦʛʦ ʚʘʞʣʠʚʦ ʘʥʘʣʽʟʫʚʘʪʠ 

ʚʩʽ ʦʧʝʨʘʮʽʡʥʽ ʥʘʧʨʷʤʠ ï ʛʝʦʣʦʛʦʨʦʟʚʽʜʢʘ, ʙʫʨʽʥʥʷ, ʚʠʜʦʙʫʪʦʢ, 

ʧʽʜʛʦʪʦʚʢʘ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʡ ʧʝʨʝʨʦʙʢʘ ï ̔  ʚʨʘʭʦʚʫʚʘʪʠ ʾʭʥʶ 

ʚʟʘʻʤʦʜʽʶ ʟ ʜʦʚʢʽʣʣʷʤ. ʊʘʢʽ ʟʘʚʜʘʥʥʷ ʜʦʮʽʣʴʥʦ ʚʠʨʽʰʫʚʘʪʠ ʯʝʨʝʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴ ʥʘʬʪʦʛʘʣʫʟʴ ʷʢ 

ʩʫʢʫʧʥʽʩʪʴ ʧʽʜʩʠʩʪʝʤ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʻ ʩʘʤʦʩʪʽʡʥʦ ʩʢʣʘʜʥʦʶ ʩʠʩʪʝʤʦʶ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʜʝʪʘʣʴʥʦ ʜʝʢʦʤʧʦʟʫʚʘʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʪʘ ʩʠʥʪʝʟʫʚʘʪʠ 

ʟʘʛʘʣʴʥʫ ʤʦʜʝʣʴ, ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʝʢʦʪʦʢʩʠʯʥʽ ʚʧʣʠʚʠ ʥʘ ʦʢʨʝʤʽ ʣʘʥʢʠ 

ʚʠʨʦʙʥʠʯʦʛʦ ʣʘʥʮʶʛʘ, ʘ ʪʘʢʦʞ ʦʮʽʥʠʪʠ ʾʭʥʽʡ ʚʧʣʠʚ ʥʘ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ 

ʡ ʩʪʘʥ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʑʝ ʦʜʠʥ ʚʘʞʣʠʚʠʡ ʥʘʧʨʷʤ ï ʘʥʘʣʽʟ ʟʚʦʨʦʪʥʦʛʦ ʚʧʣʠʚʫ ʜʦʚʢʽʣʣʷ, ʢʦʣʠ 

ʟʦʚʥʽʰʥʽ ʧʨʠʨʦʜʥʽ ʬʘʢʪʦʨʠ (ʥʘʧʨʠʢʣʘʜ, ʢʣʽʤʘʪʠʯʥʽ ʪʘ ʛʝʦʬʽʟʠʯʥʽ ʫʤʦʚʠ) 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚʠʜʦʙʫʪʢʫ, ʪʨʘʥʩʧʦʨʪʫ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ 

ʧʝʨʝʨʦʙʢʠ ʥʘʬʪʠ. ʂʨʽʤ ʪʦʛʦ, ʥʘʬʪʦʛʘʣʫʟʴ ʤʦʞʝ ʙʫʪʠ ʬʦʨʤʘʣʽʟʦʚʘʥʘ ʷʢ 

ʤʝʨʝʞʝʚʘ ʩʪʨʫʢʪʫʨʘ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʘ: ʚʫʟʣʘʤʠ ʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʙôʻʢʪʠ ʽ 

ʧʨʦʤʠʩʣʦʚʽ ʪʦʯʢʠ, ʘ ʨʝʙʨʘʤʠ ï ʪʨʫʙʦʧʨʦʚʦʜʠ (ʽʩʥʫʶʯʽ ʡ ʧʝʨʩʧʝʢʪʠʚʥʽ), 

ʱʦ ʩʪʚʦʨʶʻ ʟʨʫʯʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʪʦʢʽʚ ʪʘ ʨʠʟʠʢʽʚ. 

 ʆʩʥʦʚʦʶ ʛʨʘʬʘ ʻ ʥʘʬʪʦʪʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ ʋʢʨʘʾʥʠ. ɺ ʨʘʤʢʘʭ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʫ 

ʩʭʝʤʫ, ʱʦ ʦʭʦʧʣʶʻ 30 ʜʫʛ ʪʘ 29 ʚʫʟʣʽʚ. ʊʘʢʘ ʩʪʨʫʢʪʫʨʘ ʜʦʟʚʦʣʷʻ 

ʢʦʤʧʣʝʢʩʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʦʙôʻʢʪʘʤʠ ʪʘ ʚʠʷʚʣʷʪʠ 

ʧʦʪʝʥʮʽʡʥʽ ʨʠʟʠʢʠ ʚ ʩʠʩʪʝʤʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʧʝʨʝʨʦʙʢʠ ʥʘʬʪʠ. 

ɯʟ ʪʦʯʢʠ ʟʦʨʫ ʦʮʽʥʢʠ ʚʟʘʻʤʦʜʽʾ ʚ ʩʠʩʪʝʤʽ çʥʘʬʪʦʚʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ï 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝè ʚ ʤʘʩʰʪʘʙʽ ʚʩʽʻʾ ʢʨʘʾʥʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ 

ʚʧʣʠʚ ʫʩʽʭ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʧʽʜʩʠʩʪʝʤ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʽ ʾʾ 

ʟʚʦʨʦʪʥʠʡ ʚʧʣʠʚ. ʆʜʥʘʢ ʜʝʷʢʽ ʟ ʮʠʭ ʧʽʜʩʠʩʪʝʤ ʥʝ ʥʘʣʝʞʘʪʴ ʜʦ ʦʙ'ʻʢʪʽʚ 

ʥʘʬʪʦʚʦʾ ʛʘʣʫʟʽ. ɺ ʨʘʤʢʘʭ ʜʘʥʦʾ ʨʦʙʦʪʠ ʜʦʩʣʽʜʞʝʥʦ ʪʘʢʽ ʧʽʜʩʠʩʪʝʤʠ: 

ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʥʥʷ ʟʘʧʘʩʽʚ ʥʘʬʪʠ, ʥʘʬʪʦʚʠʜʦʙʫʚʘʥʥʷ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ.  

ʉʝʨʝʜ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʨʠʟʠʢʠ: ʨʠʟʠʢʠ, 

ʦʙʫʤʦʚʣʝʥʽ ʽʥʞʝʥʝʨʥʦ-ʝʢʦʣʦʛʽʯʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ 

(ʧʦʨʫʰʝʥʥʷ ʛʨʫʥʪʽʚ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʜʦʨʽʛ, ʩʫʧʨʦʚʦʜʞʫʚʘʥʝ ʧʨʦʮʝʩʘʤʠ 

ʝʨʦʟʽʾ, ʪʝʨʤʦʢʘʨʩʪʘ ʽ ʽʥ.) ʪʘ ʨʠʟʠʢʠ, ʦʙʫʤʦʚʣʝʥʽ ʧʨʦʚʝʜʝʥʥʷʤ ʩʘʤʠʭ 

ʙʫʨʦʚʠʭ ʨʦʙʽʪ (ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ, ʧʨʦʢʘʯʫʚʘʥʥʷ 

ʩʚʝʨʜʣʦʚʠʥ, ʟʙʽʨ ʛʘʟʦʢʦʥʜʝʥʩʘʪʫ ʽ ʥʘʬʪʠ ʚ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʦʨʘʭ ʪʘ ʽʥ.). 

ʅʘ ʮʴʦʤʫ ʞ ʝʪʘʧʽ ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ ʽ ʛʝʦʝʢʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ ʩʘʤʠʭ 

ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ, ʷʢʽ, ʭʦʯʘ ʽ ʙʫʜʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ, ʘʣʝ ʤʘʶʪʴ ʽ ʨʷʜ ʩʧʽʣʴʥʠʭ ʨʠʩ. ʆʢʨʽʤ ʮʴʦʛʦ, ʧʨʦʚʝʜʝʥʥʷ 

ʪʘʢʠʭ ʨʦʙʽʪ ʧʦʚʠʥʥʦ ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʙʝʟʚʽʜʭʦʜʥʠʤ. ʎʝ ʤʘʻ ʥʘ ʫʚʘʟʽ ʧʦʚʥʝ 

ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚ ʪʘ ʾʭ ʫʪʠʣʽʟʘʮʽʶ ʚ ʩʧʝʮʽʘʣʴʥʦ ʦʙʣʘʜʥʘʥʠʭ ʤʽʩʮʷʭ. 

ɽʣʝʤʝʥʪʠ ʧʽʜʩʠʩʪʝʤʠ, ʱʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʙʫʨʽʥʥʷʤ ʽ ʩʧʦʨʫʜʞʝʥʥʷʤ 

ʩʚʝʨʜʣʦʚʠʥ, ʧʨʦʤʠʩʣʦʚʠʤʠ ʡ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʦʙʫʪʦʚʠʤʠ ʦʙ'ʻʢʪʘʤʠ 
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ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʦʯʢʦʚʦʶ ʚʟʘʻʤʦʜʽʻʶ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʘ 

ʧʨʦʤʠʩʣʦʚʽ ʽ ʤʽʞʧʨʦʤʠʩʣʦʚʽ ʪʨʫʙʦʧʨʦʚʦʜʠ, ʧʽʜ'ʾʟʥʽ ʜʦʨʦʛʠ ï ʚʽʜʧʦʚʽʜʥʦ, 

ʣʽʥʽʡʥʠʤ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʚʟʘʻʤʦʜʽʷ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʥʘ ʨʽʚʥʽ 

ʚʩʴʦʛʦ ʨʦʜʦʚʠʱʘ ʻ ʨʦʟʦʩʝʨʝʜʞʝʥʠʤ ʽ ʜʣʷ ʦʮʽʥʢʠ ʡʦʛʦ ʢʽʣʴʢʽʩʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʝʪʘʧʽ ʩʠʥʪʝʟʫ ʧʽʜʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʤʦʜʝʣʽ ʽʥʪʝʨʬʝʨʝʥʮʽʾ. 

ʇʦʜʘʯʘ ʥʘʬʪʠ ʩʧʦʞʠʚʘʯʘʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʷʢ ʧʨʘʚʠʣʦ ʪʨʫʙʦʧʨʦʚʽʜʥʠʤ, 

ʚʦʜʥʠʤ ʘʙʦ ʟʘʣʽʟʥʦʜʦʨʦʞʥʽʤ ʪʨʘʥʩʧʦʨʪʦʤ. ɹʽʣʴʰ ʯʘʩʪʠʥʘ ʥʘʬʪʠ 

ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ ʥʘʬʪʦʧʨʦʚʦʜʘʤʠ. 

ɸʥʘʣʽʟ ʤʦʞʣʠʚʠʭ ʪʝʭʥʦʛʝʥʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ ʜʦʮʽʣʴʥʦ 

ʨʦʟʛʣʷʜʘʪʠ ʦʢʨʝʤʦ ʥʘ ʝʪʘʧʘʭ ʩʧʦʨʫʜʞʝʥʥʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʪʘ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɽʣʝʤʝʥʪʠ ʧʽʜʩʠʩʪʝʤʠ, ʧʦʟʥʘʯʝʥʽ ʷʢ ʥʘʬʪʦʧʝʨʝʢʘʯʫʚʘʣʴʥʽ ʩʪʘʥʮʽʾ, 

ʧʨʦʤʠʩʣʦʚʽ ʪʘ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʦʙʫʪʦʚʽ ʦʙ'ʻʢʪʠ ʚʠʟʥʘʯʘʶʪʴ ʪʦʯʢʦʚʠʡ ʚʧʣʠʚ 

ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʘ ʣʽʥʽʡʥʘ ʯʘʩʪʠʥʘ ʥʘʬʪʦʧʨʦʚʦʜʽʚ ʽ ʧʽʜ'ʾʟʥʽ 

ʜʦʨʦʛʠ ï ʚʽʜʧʦʚʽʜʥʦ, ʣʽʥʽʡʥʝ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ ʦʙ'ʻʢʪʽʚ ʪʨʘʥʩʧʦʨʪʫ ʥʘʬʪʠ ʥʘ ʩʪʘʥ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʷʪʠ ʾʭ ʥʘ ʝʪʘʧʽ ʩʧʦʨʫʜʞʝʥʥʷ 

ʥʘʬʪʦʧʨʦʚʦʜʽʚ ʪʘ ʥʘ ʝʪʘʧʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʬʪʦʧʨʦʚʦʜʽʚ. 

ɼʘʣʽ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ʽ ʟʚʦʨʦʪʥʠʡ ʚʧʣʠʚ ʛʝʦʝʢʦʣʦʛʽʯʥʠʭ 

ʬʘʢʪʦʨʽʚ ʥʘ ʩʪʘʥ ʅʊʉ ʟ̔ ʪʠʤ, ʱʦʙ ʚʨʘʭʦʚʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʝʢʦʣʦʛʽʯʥʽ 

ʨʠʟʠʢʠ. ʉʝʨʝʜ ʮʠʭ ʨʠʟʠʢʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʟʚʘʥʽ ʪʘʢʽ: 

ï ʨʦʟʛʝʨʤʝʪʠʟʘʮʽʷ ʥʘʬʪʦʧʨʦʚʦʜʽʚ ʯʝʨʝʟ ʢʦʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ ʟʘ ʨʘʭʫʥʦʢ 

ʘʛʨʝʩʠʚʥʦʛʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ ʽ ʙʽʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

ï ʨʦʟʨʠʚʠ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʧʨʠ ʜʝʬʦʨʤʘʮʽʷʭ ˇʨʫʥʪʽʚ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ 

(ʟʩʫʚʠ, ʪʝʨʤʦʢʘʨʩʪ, ʧʨʦʩʽʜʘʥʥʷ, ʧʦʚʝʨʭʥʝʚʘ ʝʨʦʟʽʷ, ʚʦʜʥʽ ʨʦʟʤʠʚʠ ʪʘ ʽʥ.). 

ʋ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʨʦʙʦʪʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʽʚ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ ʫ 

ʥʘʬʪʦʚʽʡ ʛʘʣʫʟʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʥʮʠʧʫ ʜʝʢʦʤʧʦʟʠʮʽʾ ʜʦʟʚʦʣʠʣʦ 

ʚʠʦʢʨʝʤʠʪʠ ʚʽʜʧʦʚʽʜʥʽ ʧʽʜʩʠʩʪʝʤʠ ʪʘ ʟʜʽʡʩʥʠʪʠ ʢʦʤʧʣʝʢʩʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʥʘʬʪʦʚʦʶ ʧʨʦʤʠʩʣʦʚʽʩʪʶ ʪʘ ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʝʪʘʧʫ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤʠ, ʷʢʠʡ 

ʦʭʦʧʣʶʻ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʩʫʢʫʧʥʦʩʪʽ ʚʠʨʦʙʥʠʯʠʭ ʯʠʥʥʠʢʽʚ ʥʘ ʜʦʚʢʽʣʣʷ, ʘ 

ʪʘʢʦʞ ʟʚʦʨʦʪʥʦʛʦ ʚʧʣʠʚʫ ʝʢʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚ 

ʛʘʣʫʟʽ. ɼʣʷ ʦʜʥʽʻʾ ʟ ʧʽʜʩʠʩʪʝʤ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ 

ʪʝʭʥʦʛʝʥʥʦ-ʝʢʦʣʦʛʽʯʥʦʛʦ ʨʠʟʠʢʫ, ʟʫʤʦʚʣʝʥʦʛʦ ʨʦʟʚʠʪʢʦʤ ʢʦʨʦʟʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ ʥʘ ʩʪʘʣʝʚʠʭ ʥʘʬʪʦʧʨʦʚʦʜʘʭ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʨʠʟʠʢʫ ʩʪʘʥʦʚʠʪʴ ʦʜʥʫ ʘʚʘʨʽʡʥʫ 

ʩʠʪʫʘʮʽʶ ʢʦʞʥʽ 10 ʤʽʩʷʮʽʚ. 
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ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʦʟʨʦʙʣʝʥʽ ʪʘ ʚʧʨʦʚʘʜʞʝʥʽ ʥʘʮʽʦʥʘʣʴʥʽ ʩʪʘʥʜʘʨʪʠ, ʥʦʨʤʠ 

ʚ ʋʢʨʘʾʥʽ ʪʘ ʚ ɭʉ. ɺ ʧʝʨʰʦʤʫ ʙʽʦʽʥʜʠʢʘʮʽʥʦʤʫ ʩʧʦʩʦʙʽ ʚʠʢʦʨʠʩʪʘʥʥʽ  

ʽʥʪʝʛʨʘʣʴʥʽ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʩʘʧʨʦʙʥʦʩʪʽ ʟʦʦʙʝʥʪʦʩʫ 

ʨʽʯʢʠ ɺʦʨʩʢʣʘ, ʫ ʜʨʫʛʦʤʫ ï ʘʣʴʛʦʽʥʜʠʢʘʮʽʷ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʚʽʜ ʩʢʠʜʫ 

ʩʪʽʯʥʠʭ ʚʦʜ ʚ ʨʽʯʢʫ ɺʦʨʩʢʣʘ ʚ ʤʝʞʘʭ ʤʽʩʪʘ ʇʦʣʪʘʚʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʟʥʽ 

ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʟ ʙʽʦʽʥʜʠʢʘʮʽʾ. 

ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʋʢʨʘʾʥʽ ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʴ ʥʦʚʠʭ 

ʤʝʪʦʜʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʦʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ, ʱʦ ʧʝʨʝʜʙʘʯʝʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʡʥʷʪʦʾ ɭʚʨʦʧʝʡʩʴʢʠʤ 

ʉʦʶʟʦʤ ʈʘʤʢʦʚʦʾ ʚʦʜʥʦʾ ʜʠʨʝʢʪʠʚʠ 2000/60/ɭʉ. ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʰʦʾ 

ʢʨʘʾʥʠ ʩʪʘʪʫʩʫ ʘʬʽʣʽʡʦʚʘʥʦʛʦ ʯʣʝʥʘ CEN-CENELEC,  ʱʦ ʜʽʻ ʟ 1 ʩʽʯʥʷ 2023 

ʨʦʢʫ, ʷʢʽʡ ʥʘʜʘʻʪʴʩʷ ʚʩʽʤ ʥʘʮʽʦʥʘʣʴʥʠʤ ʦʨʛʘʥʽʟʘʮʽʷʤ ʟʽ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʪʘ 

ʚʠʟʥʘʯʝʥʦ ʦʬʽʮʽʡʥʠʤ ʢʘʥʜʠʜʘʪʦʤ ʘʙʦ ʧʦʪʝʥʮʽʡʥʠʤ ʢʘʥʜʠʜʘʪʦʤ ʥʘ 

ʯʣʝʥʩʪʚʦ ʚ ɭʉ, ʪʦʤʫ ʧʦʪʨʝʙʫʻ  ʚʠʧʨʘʚʣʝʥʥʷ ʫ ʚʩʽʭ ʨʦʟʙʽʞʥʦʩʪʷʭ ʤʽʞ 

ʥʘʮʽʦʥʘʣʴʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʋʢʨʘʾʥʠ ʪʘ ʩʪʘʥʜʘʨʪʘʤʠ ɭʉ (EN ISO) [1-4]. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚ ʋʢʨʘʾʥʽ ʚʽʜʙʫʚʩʷ ʨʦʟʚʠʪʦʢ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʚ ʤʽʩʪʘʭ ʪʘ ʚ ʦʙʣʘʩʪʷʭ, 

ʪʦʤʫ ʥʘʜʭʦʜʠʪʴ ʚʝʣʠʢʠʡ ʦʙôʻʤ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʦʯʠʱʝʥʠʭ ʛʦʩʧʦʜʘʨʩʴʢʦ-

ʧʦʙʫʪʦʚʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ɯʩʥʫʶʯʘ ʚ ʩʠʩʪʝʤʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʦʜʥʠʭ ʜʞʝʨʝʣ ʫ ʚʠʛʣʷʜʽ ʨʽʯʦʢ, 

ʚʦʜʦʩʭʦʚʠʱ ʪʘ ʧʽʜʟʝʤʥʠʭ ʟʘʧʘʩʽʚ ʧʨʽʩʥʦʾ ʚʦʜʠ ʤʘʻ ʨʷʜ ʽʩʪʦʪʥʠʭ ʥʝʜʦʣʽʢʽʚ, 

ʱʦ ʚʽʜʙʠʚʘʶʪʴʩʷ ʥʘ ʷʢʦʩʪʽ ʦʩʦʙʣʠʚʦ ʧʠʪʥʦʾ ʚʦʜʠ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʟʜʦʨʦʚ'ʷ 

ʣʶʜʝʡ, ʦʩʦʙʣʠʚʦ ʤʘʣʦʟʘʙʝʟʧʝʯʝʥʠʭ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʝ ʤʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ 

ʜʦʚʦʜʠʪʠ ʚ ʜʦʤʘʰʥʽʭ ʫʤʦʚʘʭ ʷʢʽʩʪʴ ʚʦʜʠ ʜʦ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʜʣʷ 

ʟʜʦʨʦʚʦʛʦ ʭʘʨʯʫʚʘʥʥʷ. 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʟʨʦʙʣʝʥʠʡ 

ʛʽʜʨʦʙʽʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʨʽʢʠ ɺʦʨʩʢʣʠ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʜʦʩʣʽʜʞʝʥʥʷ 
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ʟʦʦʙʝʥʪʦʩʫ ʚʦʜʦʡʤʠ [7-12]. ɺʽʜʙʽʨ ʧʨʦʙ ʧʨʦʚʦʜʠʣʠ  ʚ ʣʠʧʥʽ 2023 ʨʦʢʫ, ʚ 

ʩʘʤʦʤʫ ʢʽʥʮʽ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ, ʥʘ ʜʽʣʷʥʢʘʭ ʚ ʚʝʨʭʽʚʮʽ, ʩʝʨʝʜʥʽʡ ʪʘ 

ʧʨʠʙʝʨʝʞʥʽʡ ʯʘʩʪʠʥʽ ʨʽʢʠ ʟ ʛʣʠʙʠʥʠ ʜʦ 0,5 ʤʝʪʨʘ.  

ɺʩʦɹʛʦ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʯʦʪʠʨʠ ʧʨʦʙʠ ʟʦʦʙʝʥʪʦʩʫ: 

ʧʝʨʰʘ ʧʨʦʙʘ ʟ ʚʝʨʭʥʴʦʾ ʜʽʣʷʥʢʠ, ʜʨʫʛʘ ʟ ʩʝʨʝʜʥʴʦʾ ʘ ʜʚʽ ʽʥʰʽ ï ʚ 

ʧʨʠʙʝʨʝʞʥʽʡ ʯʘʩʪʠʥʽ ʨʽʯʢʠ ɺʦʨʩʢʣʠ.  

ɼʦʩʣʽʜʞʫʶʯʠ ʟʘ ʙʽʦʽʥʜʠʢʘʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʣʦʚʝʨʪʦʢ ʟʘ 6 ï ʩʪʫʧʽʥʯʘʩʪʦʶ ʰʢʘʣʦʶ ʯʘʩʪʦʪʠ ʚʽʜʥʦʩʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʫ 

(ʪʘʙʣ. 1) ʟʘ ʬʦʨʤʫʣʦʶ Pantle-Buck (1) ʚʠʟʥʘʯʝʥʦ, ʱʦ ʚʽʜʩʦʪʦʢ ʚʠʜʽʚ 

ʢʦʣʦʚʝʨʪʦʢ ʚʠʩʦʢʠʡ ʚ ʨʽʯʮʽ ɺʦʨʩʢʣʘ, ʪʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ɓ-ʤʝʟʦʩʘʧʨʦʙʥʠʭ 

ʦʨʛʘʥʽʟʤʽʚ [7, 8].  

                                                         (1) 

ʜʝ:  ï ʥʘʭʦʜʠʪʴʩʷ ʧʦ 6- ʩʪʫʧʽʥʯʘʩʪʽʡ ʰʢʘʣʽ ʪʘ ʚʠʟʥʘʯʘʻ ʚʽʜʥʦʩʥʫ 

ʢʽʣʴʢʽʩʪʴ ʚʠʜʫ (ʪʘʙʣ. 1.) 

ʊʘʙʣʠʮʷ 1 ï 6-ʩʪʫʧʽʥʯʘʩʪʘ ʰʢʘʣʘ ʯʘʩʪʦʪʠ  

ʚʽʜʥʦʩʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʫ 
ʏʘʩʪʦʪʘ ʧʦʰʠʨʝʥʥʷ 

ʚʠʜʫ 

ʂʽʣʴʢʽʩʪʴ ʦʜʥʦʛʦ ʚʠʜʫ 

ʟʘʣʝʞʥʦ, ʚʽʜ ʚʽʜʩʦʪʢʽʚ 

ʟʘʛʘʣʴʥʦʛʦ ʚʠʜʫ 

 

ɼʫʞʝ ʨʽʜʢʦ <1 1 

ʈʽʜʢʦ 2-10 2 

ɼʦʩʠʪʴ ʯʘʩʪʦ 10-40 3 

ʏʘʩʪʦ 40-60 5 

ɼʫʞʝ ʯʘʩʪʦ 60-80 7 

ʄʘʢʩʠʤʘʣʴʥʦ 80-100 9 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʽʥʜʝʢʩʦʤ ʩʘʧʨʦʙʥʦʩʪʽ 

ʨʽʯʢʘ ɺʦʨʩʢʣʘ ʥʘʣʝʞʠʪʴ ʜʦ ɓ ï ʤʝʟʦʩʘʧʨʦʙʥʦʾ, ʜʝ S 1,51 ï 2,50 (ʚʦʜʘ 

ʧʦʤʽʨʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ). 

ɼʦʩʣʽʜʞʫʶʯʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʴʛʦʽʥʜʠʢʘʮʽʾ ʨʽʯʢʫ ɺʦʨʩʢʣʘ ʚʠʟʥʘʯʝʥʦ, 

ʱʦ ʚʠʱʘ ʚʦʜʥʘ ʨʦʩʣʠʥʥʽʩʪʴ ʟʜʘʪʥʘ ʧʦʛʣʠʥʘʪʠ ʪʘ ʥʘʢʦʧʠʯʫʚʘʪʠ ʤʽʥʝʨʘʣʴʥʽ 

ʝʣʝʤʝʥʪʠ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʫ ʚʦʜʦʪʦʢ ʟʽ ʩʪʦʢʦʤ ʟ̔ ʦʯʠʩʥʠʭ ʩʪʘʥʮʽʡ ʪʘ 

ʧʨʠʨʦʜʥʠʤ hʣʷʭʦʤ, ʡ ʟ ʽʥʰʠʭ ʧʣʦʱ ʚʦʜʦʟʙʦʨʫ.  

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʠʜʠ ʚʦʜʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʨʽʯʢʠ ɺʦʨʩʢʣʘ ʚ ʤʝʞʘʭ 

ʤʽʩʪʘ ʇʦʣʪʘʚʘ. ɼʦʩʣʽʜʞʝʥʦ, ʱʦ ʮʠʤ ʨʦʩʣʠʥʘʤ ʚʣʘʩʪʠʚʘ ʚʠʙʽʨʢʦʚʘ 

ʟʜʘʪʥʽʩʪʴ ʫ ʧʦʛʣʠʥʘʥʥʽ N, P, K ʪʘ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ. ʅʘʡʙʽʣʴʰʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʤʘʢʨʦʬʽʪʘʤʠ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʧʝʨʽʦʜ ʨʦʟʚʠʪʢʫ ʪʘ ʧʦʩʠʣʝʥʦʛʦ ʟʨʦʩʪʘʥʥʷ. ʅʘʡʙʽʣʴʰ 

ʘʢʪʠʚʥʦ ʧʦʛʣʠʥʘʶʪʴʩʷ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʦʩʣʠʥʘʤʠ N, P, K , Fe, Cl ʪʘ 

Mn.  

N ̔  P ʘʢʫʤʫʣʶʶʪʴʩʷ ʤʘʡʞʝ ʚʩʽʤʘ ʨʦʩʣʠʥʘʤʠ ʚ ʦʜʥʘʢʦʚʽʡ ʢʽʣʴʢʦʩʪʽ 

(ʪʘʙʣ. 2). ɯʥʰʽ ʙʽʦʛʝʥʠ ʧʦʛʣʠʥʘʶʪʴʩʷ ʽ ʘʢʫʤʫʣʶʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʢʽʣʴʢʦʩʪʷʭ 

[5-12]. 
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ʊʘʙʣʠʮʷ 2 ï ʅʘʢʦʧʠʯʝʥʥʷ ʜʝʷʢʠʭ ʙʽʦʛʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʱʠʤʠ 

ʚʦʜʥʠʤʠ ʨʦʩʣʠʥʘʤʠ, % ʥʘ ʩʫʭʫ ʨʝʯʦʚʠʥʫ 
ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ɽʣʝʤʝʥʪʠ 

N P 

ʈʦʛʽʟ ʚʫʟʴʢʦʣʠʩʪʠʡ 2,52 0,41 

ʆʯʝʨʝʪ ʟʚʠʯʘʡʥʠʡ 2,34 0,39 

ʉʫʩʘʢ ʟʦʥʪʠʯʥʠʡ 2,66 0,40 

ʈʜʝʩʪ ʧʨʦʥʠʟʚʥʦʣʠʩʪʠʡ 2,02 0,53 

 

ʅʘʧʨʠʢʣʘʜ, ʦʯʝʨʝʪ ʟʚʠʯʘʡʥʠʡ, ʧʨʠ ʚʨʦʞʘʾ 44 ʪ/ʛʘ ʧʦ ʩʫʭʽʡ ʨʝʯʦʚʠʥʽ 

ʤʦʞʝ ʚʠʣʫʯʠʪʠ ʟ ʚʦʜʠ N ï 667 ʢʛ/ʛʘ, P ï 276 ʢʛ/ʛʘ, K ï 419 ʢʛ/ʛʘ, Cl ï 408 

ʢʛ/ʛʘ ʪʘ  Ca ï 198 ʢʛ/ʛʘ. ʈʦʛʽʟ ʚʫʟʴʢʦʣʠʩʪʠʡ ʚʠʣʫʯʘʻ ʤʝʥʰʝ N, P ʪʘ Cl, ʘʣʝ 

Ca ̔ ʦʩʦʙʣʠʚʦ ʥʘʪʨʽʶ ʚʽʥ ʚʠʣʫʯʘʻ ʚ 2-3 ʨʘʟʠ ʙʽʣʴʰʝ, ʥʽʞ ʦʯʝʨʝʪ [5-12].  

ʈʦʛʦʟʠ ʻ ʙʽʦʬʽʣʴʪʨʘʤʠ ʜʣʷ ʦʯʠʱʝʥʥʷ ʧʦʙʫʪʦʚʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ 

ʩʪʦʢʽʚ. ʂʨʽʤ ʟʘʜʦʚʽʣʴʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʩʫʩʧʝʥʟʽʡ ʟʽ ʩʪʽʯʥʠʭ ʚʦʜ, 

ʨʦʛʽʟ ʰʠʨʦʢʦʣʠʩʪʠʡ ʧʝʨʝʚʘʞʥʦ ʘʢʫʤʫʣʶʻ ʟ ʥʠʭ N ʪʘ Na [5-12].  

ɺʝʣʠʢʽ ʤʘʢʨʦʬʽʪʠ ʟʜʘʪʥʽ ʚʠʪʷʛʫʚʘʪʠ ʟ ʚʦʜʠ ʫ ʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʷʭ 

ʙʽʦʛʝʥʥʽ ʝʣʝʤʝʥʪʠ ʽ ʮʠʤ ʟʘʧʦʙʽʛʘʪʠ ʪʘ ʟʥʠʞʫʚʘʪʠ ʩʪʫʧʽʥʴ ʝʚʪʨʦʬʫʚʘʥʥʷ 

ʚʦʜʦʡʤʠ.  

ɺʠʱʽ ʚʦʜʥʽ ʨʦʩʣʠʥʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʨʦʛʦʟʠ, ʩʧʦʞʠʚʘʶʯʠ ʨʦʟʯʠʥʝʥʽ 

ʤʽʥʝʨʘʣʴʥʽ ʨʝʯʦʚʠʥʠ, ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ ʜʝʤʽʥʝʨʘʣʽʟʘʮʽʾ. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʤʘʩʦʚʠʡ ʨʦʟʚʠʪʦʢ ʚ ʨʽʯʮʽ ɺʦʨʩʢʣʘ ʚ ʤʝʞʘʭ ʤʽʩʪʘ ʇʦʣʪʘʚʠ ʛʝʦʬʽʪʽʚ ï 

ʦʯʝʨʝʪʫ ʟʚʠʯʘʡʥʦʛʦ (Phragmites australis); ʨʦʛʦʟʫ ʰʠʨʦʢʦʣʠʩʪʦʛʦ (Typha 

latifolia), ʨʦʛʦʟʫ ʚʫʟʴʢʦʣʠʩʪʦʛʦ (Typha angustifolia); ʩʫʩʘʢʫ ʟʦʥʪʠʯʥʦʛʦ 

(Butomus umbelatus) ʤʦʞʝ ʙʫʪʠ ʧʨʠʯʠʥʦʶ ʥʘʜʣʠʰʢʦʤ ʥʘʜʭʦʜʞʝʥʥʷ 

ʙʽʦʛʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʘ ʢʨʽʤ ʪʦʛʦ, ʩʪʘʶʯʠ ʧʨʠʯʠʥʦʶ ʚʪʦʨʠʥʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʦʡʤʠ. ʈʦʟʢʣʘʜʘʥʥʷ ʚʽʜʤʝʨʣʠʭ ʚʦʜʥʠʭ ʨʦʩʣʠʥʥʠʭ 

ʟʘʣʠʰʢʽʚ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦʛʦ ʨʦʟʯʠʥʥʦʛʦ ʢʠʩʥʶ ʚ ʚʦʜʽ, ʪʘ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ 

ʟʘʤʦʨ ʙʽʦʪʠ ʟ ʯʘʩʦʤ.  

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʟʙʽʣʴʰʠʪʠ ʧʦʩʘʜʢʫ ʚ ɺʦʨʩʢʣʽ ʛʽʜʨʦʬʽʪʽʚ, ʛʽʛʨʦʬʽʪʽʚ, 

ʥʘʧʨʠʢʣʘʜ: ʚʦʜʷʥʮʷ ʞʦʚʪʦʛʦ, ʝʣʦʜʝʾ, ʚʘʣʽʩʥʝʨʽʾ, ʚʦʜʦʧʝʨʠʮʽ, ʨʷʩʢʠ, 

ʚʦʜʷʥʦʾ ʣʽʣʽʾ. ɿʤʽʮʥʝʥʥʷ ʙʝʨʝʛʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʢʨʦʬʽʪʽʚ ʻ ʥʘʡʙʽʣʴʰ 

ʧʨʦʩʪʠʤ ʪʘ ʝʢʦʥʦʤʽʯʥʠʤ ʩʧʦʩʦʙʦʤ ʦʯʠʩʪʢʠ ʚʽʜ ʙʽʦʛʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘʣʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʜʠ ʨʦʩʣʠʥʘʤʠ ʨʦʛʦʟʫ ʚʫʟʴʢʦʣʠʩʪʦʛʦ. 

ʊʘʢʦʞ ʥʝʛʘʪʠʚʥʦʶ ʟʜʘʪʥʽʩʪʶ ʻ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʫʣʫ, ʱʦ ʟʘ ʧʝʚʥʠʭ 

ʫʤʦʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʛʥʠʚʘʥʥʷ ʨʦʛʦʟʦʚʦʛʦ ʦʧʘʜʫ ʥʘ ʙʽʦʪʦʧʘʭ, ʷʢʽ 

ʟʘʙʦʣʦʯʫʶʪʴʩʷ. 

 

ɺʠʢʦʨʠʩʪʘʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ 

1. ɺʦʜʥʘ ʈʘʤʢʦʚʘ ɼʠʨʝʢʪʠʚʘ 2000/60/ɭʉ. ʆʩʥʦʚʥʽ ʪʝʨʤʽʥʠ ʪʘ ʾʭ 

ʚʠʟʥʘʯʝʥʥʷ. ʂʠʾʚ, 2006. 8 ʩ.  



 66 

2. ɼʉʊʋ 7525 : 2014 ɺʦʜʘ ʧʠʪʥʘ. ɺʠʤʦʛʠ ʪʘ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶʚʘʥʥʷ 

ʷʢʦʩʪʽ. ʅʘʢʘʟ ʚʽʜ 23.10.2014 ˉ 1257. ʈʦʟʨʦʙʥʠʢ: ɯʥʩʪʠʪʫʪ ʢʦʣʦʾʜʥʦʾ ʭʽʤʽʾ 

ʪʘ ʭʽʤʽʾ ʚʦʜʠ ʽʤ. ɸ. ɺ. ɼʫʤʘʥʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ (ɯʂʍʍɺ ʅɸʅ ʋʢʨʘʾʥʠ). 

3. EN ISO 5667-3 : 2022 ʗʢʽʩʪʴ ʚʦʜʠ. ɺʽʜʙʠʨʘʥʥʷ ʧʨʦʙ. ʏʘʩʪʠʥʘ 3. 

ɿʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʨʦʙʣʝʥʥʷ ʧʨʦʙ ʚʦʜʠ (EN ISO 5667 ï 3 : 2018, IDT; ISO 

5667 ï 3 : 2018, IDT)  

4. EN ISO 10870 : 2012 ʗʢʽʩʪʴ ʚʦʜʠ. ʈʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʙʦʨʫ 

ʤʝʪʦʜʽʚ ʽ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʚʽʜʙʦʨʫ ʧʨʦʙ ʙʝʥʪʦʩʥʠʭ ʤʘʢʨʦʙʝʟʭʨʝʙʝʪʥʠʭ ʫ 

ʧʨʽʩʥʠʭ ʚʦʜʘʭ. ISO 10870 : 2012.  

5. ɼʽʜʫʭ ʗ. ʇ. ʆʩʥʦʚʠ ʙʽʦʽʥʜʠʢʘʮʽʾ : ʄʦʥʦʛʨʘʬʽʷ. ʂʠʾʚ : ʅʘʫʢʦʚʘ 

ʜʫʤʢʘ, 2012. 344 ʩ.   

6. ɼʫʜʥʠʢ ʉ. ɺ., ɭʚʪʫʰʝʥʢʦ ʄ. ʖ. ɺʦʜʥʘ ʪʦʢʩʠʢʦʣʦʛʽʷ: ʆʩʥʦʚʥʽ 

ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʾʭʥʻ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ :  ʄʦʥʦʛʨʘʬʽʷ. ʂ. : 

ɺʠʜ-ʚʦ ʋʢʨʘʾʥʩʴʢʦʛʦ ʬʽʪʦʩʦʮʽʦʣʦʛʽʯʥʦʛʦ ʮʝʥʪʨʫ, 2013. 297 ʩ. ISBN 978-

966-306-176-3  

7. ʉʪʝʧʦʚʘ ʆ. ɺ., ʊʷʛʥʽʡ ʃ. ʄ. ʂʦʤʧʣʝʢʩʥʘ ʦʮʽʥʢʘ ʙʽʦʝʢʦʣʦʛʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʨʽʯʢʠ ɺʦʨʩʢʣʘ ʥʘ ʦʩʥʦʚʽ ʜʽʘʛʥʦʩʪʠʢʠ ʙʽʦʽʥʜʠʢʘʪʦʨʽʚ. ʊʝʟʠ 76-ʾ  

ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʧʨʦʬʝʩʦʨʽʚ, ʚʠʢʣʘʜʘʯʽʚ, ʥʘʫʢʦʚʠʭ ʧʨʘʮʽʚʥʠʢʽʚ, 

ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ ʫʥʽʚʝʨʩʠʪʝʪʫ (ʇʦʣʪʘʚʘ, 14 ʪʨʘʚʥʷ ï 23 ʪʨʘʚʥʷ 

2024 ʨ.). ʇʦʣʪʘʚʘ : ʅʘʮ. ʫʥ-ʪ ʽʤ. ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ, 2024. ʊ. 1. C. 332ï333.  

8. ʉʪʝʧʦʚʘ ʆ. ɺ., ʊʷʛʥʽʡ ʃ. ʄ. ʆʮʽʥʢʘ ʘʣʴʛʦʽʥʜʠʢʘʮʽʡʥʠʤ ʤʝʪʦʜʦʤ 

ʚʧʣʠʚʫ ʙʽʦʛʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʨʽʯʮʽ ɺʦʨʩʢʣʘ. ɾʫʨʥʘʣ ɽʢʦʣʦʛʽʯʥʽ ʥʘʫʢʠ. 

 ̄61. 2025. ʉ. 162ï167. 

9. ʂʣʦʯʝʥʢʦ ʇ. ɼ., ʄʠʪʢʽʚʩʴʢʘ ʊ. ɯ. ʌʽʪʦʧʣʘʥʢʪʦʥ ʧʨʠʪʦʢ ʚʝʨʭʥʴʦʛʦ 

ɼʥʽʧʨʘ. ʋʢʨ. ʙʦʪʘʥ. ʞʫʨʥʘʣ. ˉ 50, 1993. C. 69ï79.  

 10. Lumbsch, T.H. and Huhndorf, S.M. Outline of Ascomycota ï 2007. 

Myconet, The Field Museum, Department of Botany. Chicago. 2007. P. 1ï58. 

 11. Kºrting W. Abwasserschªden am Fisch. M¿nch. Beitr. Abwasser 

Fisch und Flussbiol. 1972. P. 82ï87.  

12. Chu S. P. The influence of the mineral composition of the medium on 

the growth of planktonic algae. Part I. Methods and culture media J. Ecol. 

1942. Vol. 30, P. 284ï325.  

 

 

 

  



 67 

ʋɼʂ 502.171:556(282.247.32) 

  

ʐʘʨʠʡ ɻ. ɯ., ʜʦʢʪʦʨ ʝʢʦʥʦʤʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ,  

ʐʘʨʘ ʉ. ʖ., ʘʩʧʽʨʘʥʪʢʘ  

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ  

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 

 

ʉʊɸʃʀʁ ʈʆɿɺʀʊʆʂ ï ɻɽʆʇʆʃɯʊʀʏʅɯ ʇɽʈʉʇɽʂʊʀɺʀ 

ʋʂʈɸɰʅʀ 

    

 ɽʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʥʘ ʟʝʤʣʽ ʥʘʙʫʚʘʶʪʴ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʘʩʰʪʘʙʫ, 

ʧʦʩʠʣʝʥʽ ʜʽʷʤʠ ʢʨʘʾʥ, ʚʽʡʩʴʢʦʚʘ ʘʛʨʝʩʽʷ ʷʢʠʭ ʧʝʨʝʨʦʩʪʘʻ ʚ ʝʢʦʮʠʜ 

ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʘʩʰʪʘʙʫ, ʘ ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʚʧʣʠʚ (ʩʣʽʜ ʣʶʜʠʥʠ) ʧʝʨʝʚʠʱʫʻ 

ʥʝʩʫʯʫ ʽ ʚʽʜʥʦʚʣʶʚʘʥʫ ʟʜʘʪʥʽʩʪʴ ʝʢʦʩʠʩʪʝʤ ʧʣʘʥʝʪʠ, ʷʢ ʩʧʨʦʤʦʞʥʽʩʪʴ 

ʩʪʘʣʦ ʥʘʜʘʚʘʪʠ ʝʢʦʣʦʛʽʯʥʽ ʧʦʩʣʫʛʠ.  

 ɸʥʪʨʦʧʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʝʢʦʩʠʩʪʝʤʫ ʧʣʘʥʝʪʠ ʧʝʨʝʚʠʱʫʻ ʚ 

ʜʚʘ ʨʘʟʠ ʥʝʩʫʯʫ ʚʽʜʥʦʚʣʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʣʦʢʘʣʴʥʠʭ ʝʢʦʩʠʩʪʝʤ ʪʘ 

ʧʦʛʣʠʙʣʶʻ ʥʝʛʘʪʠʚʥʽ ʢʨʠʟʦʚʽ ʝʢʦʣʦʛʽʯʥʽ ʷʚʠʱʘ.   

 ʉʴʦʛʦʜʥʽ ʧʨʦʭʦʜʠʪʴ ʰʦʩʪʝ ʚʠʤʠʨʘʥʥʷ ʛʦʣʦʮʝʥʫ, ʱʦ ʨʦʟʧʦʯʘʣʦʩʷ 

12,5 ʪʠʩ. ʨʦʢʽʚ ʪʦʤʫ ʟ ʧʦʯʘʪʢʦʤ ʟʘʚʝʨʰʝʥʥʷ ʣʴʦʜʦʚʠʢʦʚʦʛʦ ʧʝʨʽʦʜʫ, ʢʦʣʠ 

ʟʘ ʦʩʪʘʥʥʽ 500 ʨʦʢʽʚ ʚʠʤʝʨʣʦ 90 ʚʠʜʽʚ ʪʚʘʨʠʥ.  

 ɹʽʦʩʬʝʨʘ  ʧʣʘʥʝʪʠ ʟʘ ʧʦʣʦʚʠʥʥʠʡ ʯʘʩ ʽʩʥʫʚʘʥʥʷ ɿʝʤʣʽ ʟʽʛʨʽʣʘ 

ʫʥʽʢʘʣʴʥʦ ʚʠʟʥʘʯʥʫ ʨʦʣʴ ʫ ʨʦʟʚʠʪʢʫ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʟʘ ʦʩʪʘʥʥʽ 500 

ʪʠʩ. ʨʦʢʽʚ ʝʚʦʣʶʮʽʾ ʣʶʜʩʪʚʘ, ʥʘ ʧʣʘʥʝʪʽ ʩʬʦʨʤʫʚʘʣʘʩʴ ʫʥʽʢʘʣʴʥʘ 

ʥʦʦʩʬʝʨʘ, ʟ ʷʢʽʩʥʦ ʽʥʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʦʟʚʠʪʢʫ.  

 ɺʯʝʥʽ ʩʚʽʪʫ ʦʧʠʨʘʶʯʠʩʴ ʥʘ ʝʢʦ-ʬʽʣʦʩʦʬʩʴʢʝ ʩʚʽʪʦʩʧʨʠʡʥʷʪʪʷ ʪʘ 

ʚʯʝʥʥʷ ɺʦʣʦʜʠʤʠʨʘ ɺʝʨʥʘʜʩʴʢʦʛʦ ʚ ʧʦʰʫʢʫ ʝʢʦʣʦʛʽʯʥʠʭ ʽ ʝʢʦʥʦʤʽʯʥʠʭ 

ʪʝʦʨʽʡ, ʷʢʽ ʙ ʫʢʘʟʘʣʠ ʮʠʚʽʣʽʟʘʮʽʡʥʽ ʪʨʝʥʜʠ ʽ ʤʦʜʝʣʽ ʧʦʚʝʜʽʥʢʠ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ ʽ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ, ʜʦʚʝʣʠ, ʱʦ ʥʘʤ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʙʦʨʦʪʠ ʤʽʬʠ 

ʙʽʦʥʽʯʥʦʛʦ ʩʚʽʪʫ, ʱʦ ʫʪʚʝʨʜʞʫʶʪʴ , ʱʦ ʣʶʜʩʪʚʦ ʚʩʝ ʚʣʘʜʥʘʻ ʽ ʚʠʨʽʰʠʪʴ 

ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ. ʎʽʢʘʚʘ ʪʝʦʨʽʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʣʽʜʫ, ɺʽʣʴʷʤʘ ʈʽʩʘ 

(ʂʘʥʘʜʘ), ʜʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʝʤʣʷ, ʷʢ ʦʜʠʥʠʮʷ ʚʠʤʽʨʫ, ʘ ʚʩʽ ʚʠʜʠ 

ʩʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ï ʝʢʦʣʦʛʽʯʥʠʡ ʩʣʽʜ ʥʘʩʝʣʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʩʣʽʜ 

ʞʠʪʝʣʽʚ ʉʐɸ ʥʘ ʧʣʘʥʝʪʽ 5,1 ʛʘ ʥʘ 1 ʞʠʪʝʣʷ, ʚʢʘʟʫʻ, ʱʦ ʣʶʜʩʪʚʫ ʧʦʪʨʽʙʥʦ, 

ʱʝ ʜʚʽ ʧʣʘʥʝʪʠ. 

ʅʽʤʝʮʴʢʘ ʩʪʨʘʪʝʛʽʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʚʠʟʥʘʯʘʻ ʎʉʈ, ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʧʝʨʝʭʽʜ, ʢʣʽʤʘʪʠʯʥʫ ʥʝʡʪʨʘʣʴʥʽʩʪʴ (ʜʦ 2045 ʨʦʢʫ ï 100 %), ʨʘʮʽʦʥʘʣʴʥʝ 

ʩʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʮʠʨʢʫʣʷʨʥʫ ʝʢʦʥʦʤʽʢʫ, ʩʧʨʠʷʥʥʷ ʩʪʘʣʦʤʫ 

ʩʧʦʞʠʚʘʥʥʶ, ʟʝʣʝʥʠʡ ʧʘʢʪ ɭʉ  (ʜʦ 2050 ʨʦʢʫ), ʚʽʜʧʦʚʽʜʘʣʴʥʫ ʝʥʝʨʛʝʪʠʢʫ, 

ʩʪʘʣʫ ʤʦʙʽʣʴʥʽʩʪʴ ʪʘ ʛʦʣʦʚʥʝ ʩʦʮʽʘʣʴʥʫ ʨʽʚʥʽʩʪʴ.     

ʋʧʨʘʚʣʽʥʩʴʢʽ ʧʨʘʚʠʣʘ ʜʝʨʞʘʚʥʠʭ ʩʣʫʞʙ ʅʽʤʝʯʯʠʥʠ ʦʧʠʨʘʶʪʴʩʷ ʥʘ 

ʧʨʠʥʮʠʧʠ: ʨʽʚʥʦʧʨʘʚʥʽʩʪʴ ʧʦʢʦʣʽʥʴ; ʚʠʩʦʢʘ ʷʢʽʩʪʴ ʞʠʪʪʷ; ʩʦʮʽʘʣʴʥʘ 
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ʨʽʚʥʽʩʪʴ ʽ ʻʜʥʽʩʪʴ; ʤʽʞʥʘʨʦʜʥʘ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ. ʋʨʷʜ ʢʨʘʾʥʠ ʪʘʢʦʞ 

ʧʨʦʧʘʛʫʻ ʽ ʧʽʜʪʨʠʤʫʻ  ʬʽʩʢʘʣʴʥʫ ʩʪʘʣʽʩʪʴ, ʩʪʘʣʫ ʛʦʩʧʦʜʘʨʩʴʢʫ ʜʽʷʣʴʥʽʩʪʴ, 

ʥʠʟʴʢʫ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʝʢʦʥʦʤʽʢʠ (ʜʦʚʽʚʰʠ ʜʦ 0,105 ʢʛ ʥʘʬʪʦʚʦʛʦ 

ʝʢʚʽʚʘʣʝʥʪʘ ʥʘ 1 ʪʠʩ. $ɺɺʇ (ʋʢʨʘʾʥʘ 0,367). ɿʘʢʦʨʜʦʥʥʠʡ ʜʦʩʚʽʜ ʫʢʘʟʫʻ ʥʘ 

ʨʦʟʚʠʪʦʢ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʠʭ ʪʝʨʠʪʦʨʽʡ ɭʚʨʦʧʠ, ʷʢʠʤʠ, ʥʘʧʨʠʢʣʘʜ ʫ 

ʇʦʣʴʱʽ, ʦʭʦʧʣʝʥʦ 55% ʪʝʨʠʪʦʨʽʾ ʢʨʘʾʥʠ (ʚ ʋʢʨʘʾʥʽ 6,8%). 

ʅʘʡʙʽʣʴʰʠʡ ʣʽʩ ʫ ʌʨʘʥʮʽʾ ʚ ʨʝʛʽʦʥʽ ɸʢʚʽʪʘʥʽʷ,  ʟʘʡʤʘʻ ʧʣʦʱʽ ʙʽʣʷ 1 

ʤʣʥ. ʛʘ, ʘ ʚ  ʋʢʨʘʾʥʽ ï ʏʝʨʢʘʩʴʢʠʡ ʙʽʨ ï 28,5 ʪʠʩ. ʛʘ, ʆʣʝʰʢʽʚʩʴʢʠʡ ʣʽʩ 

(ʍʝʨʩʦʥ) 100 ʪʠʩ.ʛʘ, ʘʣʝ ʚ ʋʢʨʘʾʥʽ  ʧʨʠʚʘʪʥʠʭ ʣʽʩʽʚ  ʣʠʰʝ 0,1% ʜʦ ʟʘʛʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ. 

ɽʢʦʥʦʤʽʢʘ ʩʚʽʪʫ ʚʠʟʥʘʯʘʻ ʦʜʥʠʤ ʽʟ ʪʨʝʥʜʽʚ ï ʝʢʦʣʦʛʽʟʘʮʽʶ ʧʦʩʝʣʝʥʴ: 

ʫ ʗʧʦʥʽʾ ʧʦʙʫʜʦʚʘʥʦ ï ʝʢʦʤʽʩʪʦ ʌʫʜʟʽʩʽʚʘ, ʙʫʜʫʻʪʴʩʷ ʝʢʦʤʽʩʪʦ ʧʽʜ 

ʇʘʨʠʞʝʤ, ʂʠʪʘʡ ʙʫʜʫʻ 285 ʝʢʦʤʽʩʪ. ʉʘʤʦʩʚʽʜʦʤʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʚ ʗʧʦʥʽʾ 

ʜʦʟʚʦʣʷʻ, ʩʪʘʚʣʷʯʠ ʥʘʡʚʠʱʝ ʽʥʪʝʨʝʩ ʥʘʮʽʾ ʽ ʜʦʪʨʠʤʫʶʯʠʩʴ ʬʽʣʦʩʦʬʽʾ 

çʤʦʪʪʘʡʥʘʡè ʤʘʪʠ ʥʫʣʴʦʚʽ ʧʦʙʫʪʦʚʽ ʚʽʜʭʦʜʠ ʽ ʜʦʚʦʜʠʪʠ ʧʦʜʽʣ ʧʦʙʫʪʦʚʠʭ 

ʚʽʜʭʦʜʽʚ ʫ ʨʦʜʠʥʽ ʥʘ 34 ʢʘʪʝʛʦʨʽʾ ʩʤʽʪʪʷ. 

ɯʥʩʪʠʪʫʮʽʦʥʘʣʴʥʦ, ʮʽʣʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʧʦʚʥʽʩʪʶ ʩʧʦʚʽʜʫʶʪʴ ʽ 

ʽʥʩʪʠʪʫʮʽʡʥʦ ʦʬʦʨʤʠʣʠ 10 ʢʨʘʾʥ ɭʚʨʦʧʠ, ʷʢʽ  ʩʬʦʨʤʫʚʘʣʠ ʽʥʩʪʠʪʫʮʽʡʥʝ 

ʧʦʣʝ (ʧʨʘʚʦʚʝ), ʪʘ ʽʥʚʘʡʨʦ-ʤʝʥʪʘʣʴʥʫ ʝʢʦʥʦʤʽʯʥʫ ʩʠʩʪʝʤʫ ï  ʮʝ ʌʽʥʣʷʥʜʽʷ, 

ʐʚʝʮʽʷ, ɼʘʥʽʷ, ʅʦʨʚʝʛʽʷ, ʘ ʪʘʢʦʞ ʅʽʤʝʯʯʠʥʘ, ɸʚʩʪʨʽʷ, ʏʝʭʽʷ, ʌʨʘʥʮʽʷ, 

ʇʦʣʴʱʘ ʽ ɽʩʪʦʥʽʷ. ʇʨʠʢʣʘʜʘʤʠ, ʻ ʱʦʨʽʯʥʘ ʅʽʤʝʮʴʢʘ ʦʮʽʥʢʘ ʩʪʘʣʦʩʪʽ, 

ʟʘʢʦʥʠ ʜʦʪʨʠʤʘʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʐʚʝʮʽʾ, ʘʫʜʠʪ ʟʘʢʦʥʽʚ ʜʦ ʎʉʈ ʫ 

ʅʽʜʝʨʣʘʥʜʘʭ. 

ʌʽʥʘʥʩʦʚʘ ʩʪʘʣʽʩʪʴ ʋʢʨʘʾʥʠ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʴ ʩʧʨʘʚʝʜʣʠʚʦʶ 

ʨʝʥʪʦʶ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʩʧʦʞʠʚʘʥʥʷ ʧʨʠʨʦʜʥʴʦʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʟ 

ʙʦʢʫ ʶʨʠʜʠʯʥʠʭ ʽ ʬʽʟʠʯʥʠʭ ʦʩʽʙ ʥʘ ʢʦʨʠʩʪʴ ʚʣʘʩʥʠʢʘ ʥʘʨʦʜʫ ʋʢʨʘʾʥʠ ʫ 

ʚʠʛʣʷʜʽ ʧʦʜʘʪʢʽʚ, ʨʝʥʪʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʧʣʘʪʝʞʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʬʦʨʤʫʚʘʥʥʷ ʽʥʚʘʡʨʦ-ʤʝʥʪʘʣʴʥʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʩʠʩʪʝʤʠ. 

ʋ ʢʨʘʾʥʘʭ ɭʉ ʧʦʜʘʪʢʠ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʥʠʭ ʟʝʤʝʣʴ, ʱʦ 

ʩʪʠʤʫʣʶʶʪʴ ʬʝʨʤʝʨʽʚ, ʥʘʡʥʠʞʯʽ ʚ ʅʽʤʝʯʯʠʥʽ ʜʦ 20,0 ʻʚʨʦ ʚ ʨʽʢ ʟʘ 1 ʛʘ. ɺ 

ʋʢʨʘʾʥʽ ʥʘ ʦʨʥʠʭ ʧʣʦʱʘʭ, ʧʦʜʘʪʢʠ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜ 400 ʜʦ 1200 ʛʨʥ. ʟʘ 1 ʛʘ 

ʫ ʨʽʢ, ʽ ʮʝ ʧʨʠ ʪʦʤʫ, ʱʦ ʅɻʆ, ʷʢ ʙʘʟʠʩ ʦʧʦʜʘʪʢʫʚʘʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ ʩʢʣʘʜʘʻ ʚʽʜ 30 ʜʦ 60 ʪʠʩ. ʛʨʥ. ʟʘ 1 ʛʝʢʪʘʨ, ʽ 

ʟʥʠʞʝʥʘ ʧʦ ʨʝʘʣʴʥʽʡ ʨʠʥʢʦʚʽʡ ʢʘʧʽʪʘʣʽʟʘʮʽʾ ʫ 3-4 ʨʘʟʠ. ɺ ʋʢʨʘʾʥʽ  

ʬʦʨʤʫʶʪʴʩʷ ʟʘʥʠʞʝʥʽ ʨʝʥʪʥʽ ʧʣʘʪʝʞʽ ʟʘ ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, 1,6 ʛʨʥ. ʟʘ 1 

ʤ3, ʱʦ ʪʘʢʦʞ ʫ ʥʘʙʘʛʘʪʦ ʥʠʞʯʝ  ʚʦʜʥʦʾ ʨʝʥʪʠ ʫ ɭʚʨʦʧʽ, ʷʢʘ ʩʢʣʘʜʘʻ ʜʦ 0,5 

ʻʚʨʦ ʟʘ 1 ʤ3. ʋ 2-3 ʨʘʟʠ ʥʠʞʯʝ ʧʨʦʪʠ ʢʨʘʾʥ ɭʉ ʽ ʧʣʘʪʘ ʚ ʋʢʨʘʾʥʽ ʟʘ 

ʩʧʝʮʽʘʣʴʥʝ ʣʽʩʦʢʦʨʠʩʪʫʚʘʥʥʷ. ʅʘʚʽʪʴ ʧʦʜʘʪʦʢ çʥʘ ʜʦʱè ʫ ʅʽʤʝʯʯʠʥʽ 

ʩʢʣʘʜʘʻ ʜʦ 2,5 ʻʚʨʦ ʟʘ 1 ʤ2 ʧʣʦʱʽ ʚʦʜʦʟʙʦʨʫ (ʟʘ ʦʯʠʩʪʢʫ ʩʪʽʯʥʠʭ ʚʦʜ). 

ɺ ʋʢʨʘʾʥʽ ʧʦʜʘʪʢʠ ʚʽʜ ʟʝʤʣʽ, ʥʝ ʧʦʚʝʨʪʘʶʪʴʩʷ ʜʦ ʟʝʤʣʽ, ʥʘ ʥʝʚʽʜʜʽʣʴʥʽ 

ʧʦʣʽʧʰʝʥʥʷ ʽ ʤʝʣʽʦʨʘʮʽʶ, ʚʽʜ ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʥʝ ʧʦʚʝʨʪʘʶʪʴʩʷ ʜʦ ʚʦʜʠ, 

ʥʘ ʨʝʚʽʪʘʣʽʟʘʮʽʶ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ, ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʽ ʚʦʜʦʛʦʥʽʚ, ʚʽʜ ʚʠʨʫʙʢʠ 
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ʣʽʩʽʚ ʥʝ ʥʘʜʭʦʜʠʪʴ ʫ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʥʘ ʮʽʣʽ ʣʽʩʦʚʽʜʥʦʚʣʝʥʥʷ ʽ 

ʣʽʩʦʤʝʣʽʦʨʘʮʽʾ. 

ʋʢʘʟʘʥʝ ʚʠʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʤʽʥʠ ʢʫʨʩʫ ʚʥʫʪʨʽʰʥʴʦʾ ʝʢʦʥʦʤʽʯʥʦʾ 

ʧʦʣʽʪʠʢʠ ʋʢʨʘʾʥʠ, ʦʩʦʙʣʠʚʦ, ʱʦʜʦ ʧʨʠʢʦʨʜʦʥʥʠʭ ʽ ʧʨʠʬʨʦʥʪʦʚʠʭ ʛʨʦʤʘʜ. 

ʉʧʨʘʚʝʜʣʠʚʝ ʨʝʥʪʥʝ ʦʧʦʜʘʪʢʫʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ 

ʪʘ ʾʭ ʮʽʣʴʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʙʝʟʧʝʯʠʪʴ ʝʢʦʣʦʛʽʯʥʫ ʨʽʚʥʦʚʘʛʫ ʽ ʬʽʥʘʥʩʦʚʫ 

ʩʪʘʣʽʩʪʴ, ʨʦʟʚʠʪʢʫ ʥʘʨʦʜʥʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ, 

ʩʧʨʠʷʪʠʤʝ ʥʘʨʦʱʫʚʘʥʥʶ ʽ ʨʝʚʽʪʘʣʽʟʘʮʽʾ ʧʨʠʨʦʜʥʴʦ-ʣʘʥʜʰʘʬʪʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʪʝʨʠʪʦʨʽʡ, ʦʩʦʙʣʠʚʦ ʧʨʠʢʦʨʜʦʥʥʠʭ ʽ ʧʨʠʬʨʦʥʪʦʚʠʭ. 
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ʖʪʽʰ ʆ. ɺ., ʘʩʧʽʨʘʥʪ, ʄʘʛʘʩʴ ʅ. ɯ., ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ,  

ʤ. ʄʠʢʦʣʘʾʚ, ʋʢʨʘʾʥʘ 

 

ʈɽɸʃɯɿɸʎɯʗ ʇʈʀʅʎʀʇʋ çɿɸɹʈʋɼʅʖɺɸʏ ʇʃɸʊʀʊʔè ʏɽʈɽɿ 

ʄɽʍɸʅɯɿʄʀ ɽʂʆʃʆɻɯʏʅʆɻʆ ʉʊʈɸʍʋɺɸʅʅʗ 

 

ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʧʨʠʥʮʠʧʽʚ ʩʫʯʘʩʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʧʦʣʽʪʠʢʠ ʻ 

ʧʨʠʥʮʠʧ çʟʘʙʨʫʜʥʶʚʘʯ ʧʣʘʪʠʪʴè, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʚʠʪʨʘʪʠ ʥʘ 

ʟʘʧʦʙʽʛʘʥʥʷ, ʫʩʫʥʝʥʥʷ ʪʘ ʢʦʤʧʝʥʩʘʮʽʶ ʰʢʦʜʠ ʜʦʚʢʽʣʣʶ ʤʘʶʪʴ 

ʧʦʢʣʘʜʘʪʠʩʷ ʥʘ ʩʫʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ, ʜʽʷʣʴʥʽʩʪʴ ʷʢʠʭ ʩʧʨʠʯʠʥʷʻ ʘʙʦ 

ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʧʨʠʥʮʠʧʫ ʟʨʦʩʪʘʻ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʛʦ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʦʜʥʽ ʪʘ ˇʨʫʥʪʦʚʽ ʨʝʩʫʨʩʠ, ʘ ʪʘʢʦʞ ʟ ʦʛʣʷʜʫ 

ʥʘ ʦʙʤʝʞʝʥʽ ʬʽʥʘʥʩʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʝʨʞʘʚʥʠʭ ʙʶʜʞʝʪʽʚ ʱʦʜʦ ʣʽʢʚʽʜʘʮʽʾ 

ʥʘʩʣʽʜʢʽʚ ʝʢʦʣʦʛʽʯʥʠʭ ʘʚʘʨʽʡ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʬʽʥʘʥʩʦʚʠʭ ʛʘʨʘʥʪʽʡ 

ʝʢʦʣʦʛʽʯʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʽʩʥʫʻ ʨʠʟʠʢ ʥʝʧʣʘʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 

ʟʘʙʨʫʜʥʶʚʘʯʘ, ʱʦ ʫʥʝʤʦʞʣʠʚʣʶʻ ʧʦʚʥʝ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʟʘʚʜʘʥʦʾ ʰʢʦʜʠ ʪʘ 

ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʢʦʣʦʛʽʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʦʣʽ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʨʘʭʫʚʘʥʥʷ 

ʷʢ ʽʥʩʪʨʫʤʝʥʪʫ ʨʝʘʣʽʟʘʮʽʾ ʧʨʠʥʮʠʧʫ çʟʘʙʨʫʜʥʶʚʘʯ ʧʣʘʪʠʪʴè ʫ ʩʠʩʪʝʤʽ 

ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʪʘ ˇʨʫʥʪʦʚʠʭ ʨʝʩʫʨʩʽʚ ʟ̔ 

ʫʨʘʭʫʚʘʥʥʷʤ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʜʦʩʚʽʜʫ ʪʘ ʥʘʮʽʦʥʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ. 

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʽ ʘʢʪʠ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʪʘ ʋʢʨʘʾʥʠ, ʟʦʢʨʝʤʘ ɼʠʨʝʢʪʠʚʫ 2004/35/ɭʉ ʧʨʦ 

ʝʢʦʣʦʛʽʯʥʫ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ, ʤʽʞʥʘʨʦʜʥʽ ʜʦʢʫʤʝʥʪʠ ʆɽʉʈ ʽ ʆʆʅ [1ï3], ʘ 

ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʮʽʦʥʘʣʴʥʠʭ ʤʦʜʝʣʝʡ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʨʘʭʫʚʘʥʥʷ ʚ ʦʢʨʝʤʠʭ ʢʨʘʾʥʘʭ ɭʉ (ɯʩʧʘʥʽʷ, ʇʦʣʴʱʘ, 

ʋʛʦʨʱʠʥʘ). ʄʝʪʦʜʦʣʦʛʽʯʥʫ ʦʩʥʦʚʫ ʩʪʘʥʦʚʠʣʠ ʘʥʘʣʽʟ ʽ ʩʠʥʪʝʟ, 

ʧʦʨʽʚʥʷʣʴʥʦ-ʧʨʘʚʦʚʠʡ ʪʘ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʦʜʠ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ, ʱʦ ʝʢʦʣʦʛʽʯʥʝ 

ʩʪʨʘʭʫʚʘʥʥʷ ʻ ʝʬʝʢʪʠʚʥʠʤ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʠʤ ʤʝʭʘʥʽʟʤʦʤ 

ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʨʠʥʮʠʧʫ çʟʘʙʨʫʜʥʶʚʘʯ ʧʣʘʪʠʪʴè, ɦ ʦ ʟʘʙʝʟʧʝʯʫʻ 

ʧʝʨʝʨʦʟʧʦʜʽʣ ʨʠʟʠʢʽʚ ʤʽʞ ʩʫʙôʻʢʪʘʤʠ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʪʘ ʩʪʨʘʭʦʚʠʤʠ 

ʦʨʛʘʥʽʟʘʮʽʷʤʠ. ʇʽʜʧʨʠʻʤʩʪʚʘ, ʜʽʷʣʴʥʽʩʪʴ ʷʢʠʭ ʧʦʚôʷʟʘʥʘ ʟ ʨʠʟʠʢʦʤ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜ ʽ ˇʨʫʥʪʽʚ, ʩʧʣʘʯʫʶʪʴ ʩʪʨʘʭʦʚʽ ʚʥʝʩʢʠ, ʬʦʨʤʫʶʯʠ ʨʝʟʝʨʚʠ 

ʜʣʷ ʧʦʢʨʠʪʪʷ ʟʙʠʪʢʽʚ, ʱʦ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʫ ʨʝʟʫʣʴʪʘʪʽ ʘʚʘʨʽʡ, ʚʠʪʦʢʽʚ 

ʘʙʦ ʧʦʨʫʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɭʚʨʦʧʝʡʩʴʢʘ ʤʦʜʝʣʴ ʝʢʦʣʦʛʽʯʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʧʦʻʜʥʘʥʥʽ ʧʨʘʚʦʚʠʭ ʟʦʙʦʚôʷʟʘʥʴ ʦʧʝʨʘʪʦʨʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʽʥʘʥʩʦʚʠʭ 
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ʛʘʨʘʥʪʽʡ, ʷʢʽ ʚ ʦʢʨʝʤʠʭ ʜʝʨʞʘʚʘʭ-ʯʣʝʥʘʭ ʥʘʙʫʚʘʶʪʴ ʦʙʦʚôʷʟʢʦʚʦʛʦ 

ʭʘʨʘʢʪʝʨʫ, ʘ ʚ ʽʥʰʠʭ ï ʩʪʠʤʫʣʶʶʪʴʩʷ ʜʝʨʞʘʚʦʶ ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʫ ʧʦʣʽʪʠʢʫ 

ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ. ʅʦʨʤʘʪʠʚʥʠʤ ʧʽʜˇʨʫʥʪʷʤ ʪʘʢʦʾ ʤʦʜʝʣʽ ʻ ɼʠʨʝʢʪʠʚʘ 

2004/35/ɭʉ çʇʨʦ ʝʢʦʣʦʛʽʯʥʫ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʟʘʧʦʙʽʛʘʥʥʷ ʪʘ ʫʩʫʥʝʥʥʷ 

ʰʢʦʜʠ ʜʦʚʢʽʣʣʶè, ʷʢʘ ʚʩʪʘʥʦʚʣʶʻ ʧʨʘʚʦʚʽ ʦʩʥʦʚʠ ʧʨʠʪʷʛʥʝʥʥʷ ʦʧʝʨʘʪʦʨʽʚ 

ʜʦ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʟʘ ʟʘʚʜʘʥʫ ʰʢʦʜʫ ʚʦʜʥʠʤ ʦʙôʻʢʪʘʤ, ˇʨʫʥʪʘʤ ʽ 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʶ. ʗʢʱʦ ʧʽʩʣʷ ʝʢʦʣʦʛʽʯʥʦʾ ʘʚʘʨʽʾ ʟʘʙʨʫʜʥʶʚʘʯ ʥʝ ʤʘʪʠʤʝ 

ʘʢʪʠʚʽʚ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʟʘʚʜʘʥʦʾ ʰʢʦʜʠ, ʚʩʷ ʩʠʩʪʝʤʘ ʝʢʦʣʦʛʽʯʥʦʾ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʟʘʟʥʘʻ ʢʨʘʭʫ, ʽ ʟʘʛʘʣʴʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʙʫʜʝ ʜʦʜʘʪʢʦʚʘ 

ʪʨʘʪʘ ʨʝʩʫʨʩʽʚ, ʚʢʣʘʜʝʥʠʭ ʫ ʩʫʜʦʚʽ ʧʨʦʮʝʩʠ [4]. 

ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ɼʠʨʝʢʪʠʚʠ ʻ ʤʝʭʘʥʽʟʤ ʬʽʥʘʥʩʦʚʦʾ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʘʥʥʷ ʧʨʠʥʮʠʧʫ çʟʘʙʨʫʜʥʶʚʘʯ 

ʧʣʘʪʠʪʴè. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʝʘʤʙʫʣʠ (ʨʝʮʠʪʘʣʫ 27) ʪʘ ʩʪʘʪʪʽ 14 ɼʠʨʝʢʪʠʚʠ 

2004/35/ɭʉ ʜʝʨʞʘʚʠ-ʯʣʝʥʠ ʟʘʦʭʦʯʫʶʪʴʩʷ ʜʦ ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʪʦʨʘʤʠ ʬʽʥʘʥʩʦʚʠʭ ʛʘʨʘʥʪʽʡ (ʩʪʨʘʭʫʚʘʥʥʷ, ʙʘʥʢʽʚʩʴʢʽ 

ʛʘʨʘʥʪʽʾ, ʛʘʨʘʥʪʽʡʥʽ ʬʦʥʜʠ ʪʦʱʦ), ʱʦ ʧʦʢʨʠʚʘʶʪʴ ʚʠʪʨʘʪʠ ʥʘ ʟʘʧʦʙʽʛʘʥʥʷ 

ʪʘ ʫʩʫʥʝʥʥʷ ʰʢʦʜʠ ʜʦʚʢʽʣʣʶ. ʍʦʯʘ ʚʠʤʦʛʘ ʱʦʜʦ ʦʙʦʚôʷʟʢʦʚʦʩʪʽ ʪʘʢʠʭ 

ʛʘʨʘʥʪʽʡ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ, ʙʽʣʴʰʽʩʪʴ ʢʨʘʾʥ ɭʉ 

ʧʦʩʪʫʧʦʚʦ ʚʧʨʦʚʘʜʠʣʠ ʩʪʨʘʭʦʚʽ ʧʨʦʜʫʢʪʠ, ʘʜʘʧʪʦʚʘʥʽ ʧʽʜ ʪʠʧ ʨʠʟʠʢʽʚ ʫ 

ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ (ʝʥʝʨʛʝʪʠʢʘ, ʭʽʤʽʯʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʘʛʨʦʩʝʢʪʦʨ). ʎʝ 

ʜʦʟʚʦʣʠʣʦ ʩʬʦʨʤʫʚʘʪʠ ʨʠʥʦʢ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʨʘʭʫʚʘʥʥʷ, ʷʢʠʡ ʧʦʻʜʥʫʻ 

ʶʨʠʜʠʯʥʫ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʽʟ ʪʝʭʥʽʯʥʦʶ ʦʮʽʥʢʦʶ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʤʽʨ ʩʪʨʘʭʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʩʠʩʪʝʤ ʦʯʠʱʝʥʥʷ, ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʝʚʝʥʪʠʚʥʠʭ 

ʝʢʦʣʦʛʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʨʘʭʦʚʽ ʤʝʭʘʥʽʟʤʠ ʚʠʢʦʥʫʶʪʴ ʥʝ 

ʣʠʰʝ ʢʦʤʧʝʥʩʘʮʽʡʥʫ, ʘ ʡ ʧʨʝʚʝʥʪʠʚʥʫ ʬʫʥʢʮʽʶ, ʩʪʠʤʫʣʶʶʯʠ ʩʫʙôʻʢʪʽʚ 

ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʋ ʤʝʞʘʭ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʋʢʨʘʾʥʠ ʧʨʠʥʮʠʧ 

çʟʘʙʨʫʜʥʶʚʘʯ ʧʣʘʪʠʪʴè ʽʤʧʣʽʮʠʪʥʦ ʚʽʜʦʙʨʘʞʝʥʠʡ ʫ ʩʪʘʪʪʽ 3 ɿʘʢʦʥʫ 

ʋʢʨʘʾʥʠ çʇʨʦ ʦʭʦʨʦʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘè [5] ʯʝʨʝʟ 

ʚʠʤʦʛʠ ʱʦʜʦ ʧʣʘʪʥʦʩʪʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, 

ʦʙʦʚôʷʟʢʫ ʧʦʚʥʦʛʦ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʰʢʦʜʠ, ʟʘʧʦʜʽʷʥʦʾ ʧʦʨʫʰʝʥʥʷʤ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ, ʪʘ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʦʧʦʜʘʪʢʫʚʘʥʥʷ. ɺʦʜʥʦʯʘʩ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʪʝʨʤʽʥ çʝʢʦʣʦʛʽʯʥʝ 

ʩʪʨʘʭʫʚʘʥʥʷè ʟʛʘʜʫʻʪʴʩʷ ʫ ʩʪʘʪʪʽ 49 ʮʴʦʛʦ ɿʘʢʦʥʫ, ʫ ʯʠʥʥʦʤʫ ʧʨʘʚʦʚʦʤʫ 

ʧʦʣʽ ʚʽʜʩʫʪʥʽ ʯʽʪʢʝ ʥʦʨʤʘʪʠʚʥʝ ʚʠʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʦʥʷʪʪʷ, ʻʜʠʥʽ ʢʨʠʪʝʨʽʾ 

ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ ʪʘ ʨʦʟʛʦʨʥʫʪʽ ʚʠʤʦʛʠ ʜʦ ʩʪʨʘʭʦʚʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ. ʎʝ ʩʪʨʠʤʫʻ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʚʥʦʮʽʥʥʦʛʦ ʨʠʥʢʫ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʨʘʭʫʚʘʥʥʷ ʪʘ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʦʩʪʽ 

ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʛʦ ʧʨʠʥʮʠʧʫ. 

ʋ ʯʠʥʥʦʤʫ ʟʘʢʦʥʦʜʘʚʩʪʚʽ ʋʢʨʘʾʥʠ ʦʙʦʚôʷʟʢʦʚʽ ʚʠʤʦʛʠ ʱʦʜʦ 

ʩʪʨʘʭʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʬʨʘʛʤʝʥʪʘʨʥʦ 
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ï ʯʝʨʝʟ ʦʢʨʝʤʽ ʩʧʝʮʽʘʣʴʥʽ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʽ ʘʢʪʠ, ʘ ʥʝ ʫ ʚʠʛʣʷʜʽ ʻʜʠʥʦʛʦ 

ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦʛʦ ʧʝʨʝʣʽʢʫ ʦʙʦʚôʷʟʢʦʚʠʭ ʚʠʜʽʚ ʩʪʨʘʭʫʚʘʥʥʷ [6]. 

ʌʘʢʪʠʯʥʦ ʤʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ ʣʠʰʝ ʦʢʨʝʤʽ ʚʠʜʠ ʦʙʦʚôʷʟʢʦʚʦʛʦ 

ʩʪʨʘʭʫʚʘʥʥʷ, ʫ ʤʝʞʘʭ ʷʢʠʭ ʧʝʨʝʜʙʘʯʝʥʘ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʟʘʧʦʜʽʷʥʥʷ 

ʰʢʦʜʠ ʜʦʚʢʽʣʣʶ, ʟʦʢʨʝʤʘ, ʘʣʝ ʥʝ ʚʠʢʣʶʯʥʦ: 

ï ʩʪʨʘʭʫʚʘʥʥʷ ʮʠʚʽʣʴʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʩʫʙ'ʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ 

ʟʘ ʰʢʦʜʫ, ʷʢʫ ʤʦʞʝ ʙʫʪʠ ʟʘʧʦʜʽʷʥʦ ʧʦʞʝʞʘʤʠ ʪʘ ʘʚʘʨʽʷʤʠ ʥʘ ʦʙ'ʻʢʪʘʭ 

ʧʽʜʚʠʱʝʥʦʾ ʥʝʙʝʟʧʝʢʠ, ʚʢʣʶʯʘʶʯʠ ʧʦʞʝʞʦʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʽ ʦʙ'ʻʢʪʠ ʪʘ 

ʦʙ'ʻʢʪʠ, ʛʦʩʧʦʜʘʨʩʴʢʘ ʜʽʷʣʴʥʽʩʪʴ ʥʘ ʷʢʠʭ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʘʚʘʨʽʡ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʪʘ ʩʘʥʽʪʘʨʥʦ-ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ; 

ï ʩʪʨʘʭʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʩʫʙ'ʻʢʪʽʚ ʧʝʨʝʚʝʟʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ 

ʚʘʥʪʘʞʽʚ ʥʘ ʚʠʧʘʜʦʢ ʥʘʩʪʘʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ 

ʥʝʙʝʟʧʝʯʥʠʭ ʚʘʥʪʘʞʽʚ. 

ɹʽʣʴʰʽʩʪʴ ʪʘʢʠʭ ʧʦʣʦʞʝʥʴ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʱʝ ʫ 1990-2000-ʭ ʨʦʢʘʭ ʽ 

ʩʴʦʛʦʜʥʽ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʝʢʦʥʦʤʽʯʥʠʤ ʪʘ ʝʢʦʣʦʛʽʯʥʠʤ ʨʝʘʣʽʷʤ. 

ʈʦʟʤʽʨʠ ʩʪʨʘʭʦʚʠʭ ʩʫʤ, ʱʦ ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʷ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ, ʻ ʟʥʘʯʥʦ 

ʥʠʞʯʠʤʠ ʟʘ ʬʘʢʪʠʯʥʽ ʤʘʩʰʪʘʙʠ ʧʦʪʝʥʮʽʡʥʠʭ ʟʙʠʪʢʽʚ, ʘ ʦʪʞʝ, ʤʝʭʘʥʽʟʤ 

ʢʦʤʧʝʥʩʘʮʽʾ ʚʪʨʘʪʠʚ ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʘʭ, 

ʢʦʣʠ ʥʘʩʪʘʻ ʝʢʦʣʦʛʽʯʥʘ ʰʢʦʜʘ, ʩʪʨʘʭʦʚʽ ʚʠʧʣʘʪʠ ʥʝ ʟʜʘʪʥʽ ʧʦʢʨʠʪʠ ʚʠʪʨʘʪʠ 

ʥʘ ʨʝʘʣʴʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʜʦʚʢʽʣʣʷ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʨʘʭʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ 

ʜʦʮʽʣʴʥʝ ʥʘ ʟʘʩʘʜʘʭ ʧʦʝʪʘʧʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʩʪʠʪʫʮʽʡʥʠʭ ʽ 

ʬʽʥʘʥʩʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʜʝʨʞʘʚʠ. ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʝʢʦʣʦʛʽʯʥʝ 

ʩʪʨʘʭʫʚʘʥʥʷ ʤʦʞʝ ʟʘʧʨʦʚʘʜʞʫʚʘʪʠʩʷ ʫ ʜʦʟʚʽʣʴʥʠʭ ʧʨʦʮʝʜʫʨʘʭ ʷʢ 

ʬʽʥʘʥʩʦʚʘ ʛʘʨʘʥʪʽʷ ʟʜʽʡʩʥʝʥʥʷ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, 

ʟʦʢʨʝʤʘ ʫ ʩʬʝʨʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʧʦʚʦʜʞʝʥʥʷ ʟ 

ʥʝʙʝʟʧʝʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙôʻʢʪʽʚ ʧʽʜʚʠʱʝʥʦʾ 

ʝʢʦʣʦʛʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʽʥʪʝʛʨʫʚʘʪʠ ʧʨʠʥʮʠʧ 

çʟʘʙʨʫʜʥʶʚʘʯ ʧʣʘʪʠʪʴè ʙʝʟ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʥʝʛʘʡʥʠʭ ʦʙʦʚôʷʟʢʦʚʠʭ 

ʩʪʨʘʭʦʚʠʭ ʚʠʤʦʛ. ʋ ʧʦʜʘʣʴʰʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʽʟ ʨʦʟʚʠʪʢʦʤ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʨʠʥʢʫ ʩʪʨʘʭʦʚʠʭ ʧʦʩʣʫʛ ʝʢʦʣʦʛʽʯʥʝ 

ʩʪʨʘʭʫʚʘʥʥʷ ʤʦʞʝ ʥʘʙʫʪʠ ʩʪʘʪʫʩʫ ʦʙʦʚôʷʟʢʦʚʦʛʦ ʜʣʷ ʦʢʨʝʤʠʭ ʚʠʜʽʚ 

ʜʽʷʣʴʥʦʩʪʽ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʧʦʚʥʦʮʽʥʥʫ ʨʝʘʣʽʟʘʮʽʶ ʧʨʠʥʮʠʧʫ ʝʢʦʣʦʛʽʯʥʦʾ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

ʋʟʘʛʘʣʴʥʶʶʯʠ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʽʥʪʝʛʨʘʮʽʷ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʩʪʨʘʭʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʽ 

ˇʨʫʥʪʦʚʠʭ ʨʝʩʫʨʩʽʚ ʩʪʚʦʨʶʻ ʬʽʥʘʥʩʦʚʫ ʦʩʥʦʚʫ ʜʣʷ ʚʽʜʰʢʦʜʫʚʘʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ ʰʢʦʜʠ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʝʨʞʘʚʥʠʡ ʙʶʜʞʝʪ. 

ɺʦʜʥʦʯʘʩ ʝʢʦʣʦʛʽʯʥʝ ʩʪʨʘʭʫʚʘʥʥʷ ʚʠʢʦʥʫʻ ʨʝʛʫʣʷʪʦʨʥʫ ʪʘ ʧʨʝʚʝʥʪʠʚʥʫ 

ʬʫʥʢʮʽʾ, ʩʧʨʠʷʶʯʠ ʧʽʜʚʠʱʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʩʫʙôʻʢʪʽʚ 

ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʪʘ ʩʪʠʤʫʣʶʶʯʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. ʈʝʘʣʽʟʘʮʽʷ ʪʘʢʠʭ ʤʝʭʘʥʽʟʤʽʚ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʙʘʣʘʥʩ ʤʽʞ 

ʝʢʦʥʦʤʽʯʥʠʤʠ ʽʥʪʝʨʝʩʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʩʫʩʧʽʣʴʥʦʶ ʧʦʪʨʝʙʦʶ ʫ 
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ʟʙʝʨʝʞʝʥʥʽ ʪʘ ʚʽʜʥʦʚʣʝʥʥʽ ʜʦʚʢʽʣʣʷ. 

ɺʠʩʥʦʚʢʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʶʪʴ ʫ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʨʤʘʪʠʚʥʠʭ ʟʘʩʘʜ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʨʘʭʫʚʘʥʥʷ ʚ 

ʋʢʨʘʾʥʽ, ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ ʽ ʘʜʘʧʪʘʮʽʾ 

ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʜʦʩʚʽʜʫ ʬʽʥʘʥʩʦʚʠʭ ʛʘʨʘʥʪʽʡ ʝʢʦʣʦʛʽʯʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ 

ʜʦ ʥʘʮʽʦʥʘʣʴʥʠʭ ʫʤʦʚ. 
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ɹʻʜʫʥʢʦʚʘ ʆ. ʆ., ʜʦʢʪʦʨ ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ,  

ɹʦʨʱʝʚʩʴʢʘ ɯ. ʄ., ʢʘʥʜʠʜʘʪ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ,  

ʊʫʨʯʠʥ ʗ. ʇ., ʘʩʧʽʨʘʥʪ  

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ  

ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʤ. ʈʽʚʥʝ, ʋʢʨʘʾʥʘ 

 

ʇʈʆʉʊʆʈʆɺɸ ɼʀʌɽʈɽʅʎɯɸʎɯʗ ʈɯɺʅɯɺ ʐʋʄʆɺʆɻʆ 

ɿɸɹʈʋɼʅɽʅʅʗ ʅɸ ʇʈʀʂʃɸɼɯ ʄɯʂʈʆʈɸʁʆʅʋ ʄɯʉʊɸ ʈɯɺʅɽ 

 

ʋ 2002 ʨʦʮʽ ʚ ɭʚʨʦʧʝʡʩʴʢʦʤʫ ʉʦʶʟʽ ʥʘʙʨʘʣʘ ʯʠʥʥʦʩʪʽ ɼʠʨʝʢʪʠʚʘ 

2002/49/ɭʉ [1], ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʰʫʤʫ ʚ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɼʦʢʫʤʝʥʪ ʟʘʧʨʦʚʘʜʠʚ ʫʟʛʦʜʞʝʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʤʦʥʽʪʦʨʠʥʛʫ, ʢʦʥʪʨʦʣʶ ʪʘ ʟʥʠʞʝʥʥʷ ʨʽʚʥʽʚ ʰʫʤʫ, ʱʦʙ ʟʤʝʥʰʫʚʘʪʠ ʡʦʛʦ 

ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʽ ʟʘʧʦʙʽʛʘʪʠ ʥʝʛʘʪʠʚʥʠʤ ʥʘʩʣʽʜʢʘʤ ʜʣʷ ʥʘʩʝʣʝʥʥʷ. 

ɺʦʜʥʦʯʘʩ, ʧʦʧʨʠ ʥʘʷʚʥʽʩʪʴ ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʟʘ ʦʮʽʥʢʘʤʠ ɺʆʆɿ 

ʰʫʤʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʩʪ ʡ ʥʘʜʘʣʽ ʚʭʦʜʠʪʴ ʜʦ ʧʨʦʚʽʜʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ 

ʨʠʟʠʢʽʚ ʜʣʷ ʟʜʦʨʦʚôʷ ʪʘ ʧʦʩʪʫʧʘʻʪʴʩʷ ʣʠʰʝ ʟʘʙʨʫʜʥʝʥʥʶ ʧʦʚʽʪʨʷ. 

ʄʝʪʦʶ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʮʽʥʠʪʠ ʧʨʦʩʪʦʨʦʚʫ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ 

ʰʫʤʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʤʝʞʘʭ ʤʽʢʨʦʨʘʡʦʥʫ ʇʽʚʥʽʯʥʠʡ ʤʽʩʪʘ ʈʽʚʥʝ ʪʘ 

ʚʠʟʥʘʯʠʪʠ ʜʽʣʷʥʢʠ ʧʽʜʚʠʱʝʥʦʛʦ ʘʢʫʩʪʠʯʥʦʛʦ ʚʧʣʠʚʫ, ʧʦʚôʷʟʘʥʽ ʟ 

ʪʨʘʥʩʧʦʨʪʥʦʶ ʡ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʝʨʠʪʦʨʽʾ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʘʢʫʩʪʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʤʽʢʨʦʨʘʡʦʥʫ ʇʽʚʥʽʯʥʠʡ, 

ʧʨʝʜʤʝʪ ï ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʨʽʚʥʷ ʟʚʫʢʫ. ɼʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʚʠʢʦʥʘʥʦ: 1) ʚʠʙʽʨ ʤʝʨʝʞʽ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ ʫ ʤʝʞʘʭ 

ʞʠʪʣʦʚʠʭ ʢʚʘʨʪʘʣʽʚ ʽ ʚʟʜʦʚʞ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʚʫʣʠʮʴ; 2) ʧʦʣʴʦʚʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʽʚ ʰʫʤʫ ʚ ʪʠʧʦʚʽ ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ ʜʦʙʠ; 3) ʧʨʦʩʪʦʨʦʚʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʡ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʰʫʤʫ ʚ ɻɯʉ; 4) ʟʽʩʪʘʚʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʟʥʘʯʝʥʴ ʽʟ ʯʠʥʥʠʤʠ ʩʘʥʽʪʘʨʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʣʷ ʞʠʪʣʦʚʠʭ ʪʝʨʠʪʦʨʽʡ. 

ʄʝʞʽ ʤʽʢʨʦʨʘʡʦʥʫ ʙʫʣʠ ʦʢʨʝʩʣʝʥʽ ʟʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʤ ʧʦʜʽʣʦʤ 

ʤ̔ ʩʪʘ, ʟ ʥʘʩʪʫʧʥʠʤ ʨʦʟʙʠʪʪʷʤ ʪʝʨʠʪʦʨʽʾ ʥʘ ʢʚʘʜʨʘʪʠ ʟ ʢʨʦʢʦʤ ʫ 250 ʤ. 

ʇʝʨʝʪʠʥ ʥʘʢʣʘʜʝʥʠʭ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ ʣʽʥʽʡ ʧʨʠʡʤʘʚʩʷ ʟʘ ʤʘʨʰʨʫʪʥʫ ʪʦʯʢʫ 

ʩʧʦʩʪʝʨʝʞʝʥʴ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʷʚʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʩʧʦʨʫʜ ʪʘ 

ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ. ɺʩʴʦʛʦ ʙʫʣʦ ʚʠʙʨʘʥʦ 47 ʪʦʯʦʢ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʚʠʤʽʨʶʚʘʥʴ. 

ʋ ʢʦʞʥʽʡ ʽʟ ʚʠʟʥʘʯʝʥʠʭ ʪʦʯʦʢ ʧʨʦʚʦʜʠʣʠ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʰʫʤʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʰʫʤʦʤʽʨʫ Flus MT-911A, ʫ ʪʨʠʢʨʘʪʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʽ 
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ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʤʽʥʽʤʘʣʴʥʠʭ, ʤʘʢʩʠʤʘʣʴʥʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʴ ʧʽʜʜʘʚʘʣʠ ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʦʙʨʦʙʽʪʢʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ [2]. 

ɿʘʩʦʙʠ ʽ ʤʝʪʦʜʠ ɻɯʉ ʜʦʟʚʦʣʷʶʪʴ ʙʫʜʫʚʘʪʠ ʛʨʘʬʽʯʥʽ ʩʭʝʤʠ ʽ ʢʘʨʪʠ ʥʘ 

ʙʘʟʽ ʚʚʝʜʝʥʠʭ ʫ ʥʝʾ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʘʥʠʭ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʽʚ ʧʦʰʠʨʝʥʥʷ ʰʫʤʫ ʥʘʤʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʧʨʦʛʨʘʤʠ ArcMap ʪʘ ArcGIS Pro. ɿʽʙʨʘʥʠʡ ʫ ʭʦʜʽ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʤʘʩʠʚ ʜʘʥʠʭ (ʨʠʩ. 1) ʚʥʦʩʠʣʠ ʚ ʩʧʝʮʽʘʣʴʥʦ ʩʪʚʦʨʝʥʠʡ ʫ ʧʨʦʛʨʘʤʽ ArcMap 

ʰʝʡʧ-ʬʘʡʣ (ʰʝʡʧ-ʬʘʡʣ ï ʬʘʡʣ ʩʧʝʮʽʘʣʴʥʦʛʦ ʬʦʨʤʘʪʫ ʜʣʷ ʟʘʧʠʩʫ ɻɯʉ-

ʽʥʬʦʨʤʘʮʽʾ). 

 

 

ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʤʘʩʠʚʫ ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ ʽʟ 

ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʽʚ ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ  

ʤʽʢʨʦʨʘʡʦʥʫ ʇʽʚʥʽʯʥʠʡ, ʜɹ 

 

ʊʘʢ, ʩʝʨʝʜ ʤʽʥʽʤʘʣʴʥʦ ʟʘʬʽʢʩʦʚʘʥʠʭ ʰʫʤʦʤʽʨʦʤ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʠ 

ʢʦʣʠʚʘʣʠʩʴ ʫ ʤʝʞʘʭ 36 ʜɹ ʜʦ 61,9 ʜɹ. ʉʝʨʝʜ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʬʽʢʩʦʚʘʥʠʭ 

ʰʫʤʦʤʽʨʦʤ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʠ ʢʦʣʠʚʘʣʠʩʴ ʫ ʤʝʞʘʭ ʚʽʜ 52,1 ʜɹ ʜʦ 88,1 ʜɹ. 

ʉʝʨʝʜ ʩʝʨʝʜʥʽʭ ʟʘʬʽʢʩʦʚʘʥʠʭ ʰʫʤʦʤʽʨʦʤ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʠ ʢʦʣʠʚʘʣʠʩʴ 

ʫ ʤʝʞʘʭ ʚʽʜ 38,9 ʜɹ ʜʣ 68,2 ʜɹ.  

ʂʘʨʪʘ ʰʫʤʫ ï ʮʝ ʬʨʘʛʤʝʥʪ ʛʝʥʝʨʘʣʴʥʦʛʦ ʧʣʘʥʫ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʻ 

ʪʦʧʦʛʨʘʬʽʯʥʦʶ ʧʽʜʦʩʥʦʚʦʶ ʽʟ ʥʘʥʝʩʝʥʠʤʠ ʥʘ ʥʝʾ ʟʦʥʘʤʠ ʘʢʫʩʪʠʯʥʦʛʦ 

ʢʦʤʬʦʨʪʫ ʽ ʘʢʫʩʪʠʯʥʦʛʦ ʜʠʩʢʦʤʬʦʨʪʫ. ɻʨʘʬʽʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʦʯʦʢ ʽʟ 

ʦʜʥʘʢʦʚʠʤʠ ʘʢʫʩʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʟôʻʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ 

ʽʟʦʣʽʥʽʷʤʠ, ʜʦʟʚʦʣʷʻ ʥʘʦʯʥʦ ʚʽʜʦʙʨʘʟʠʪʠ ʨʽʚʝʥʴ ʰʫʤʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʪʝʨʠʪʦʨʽʾ. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʘʨʪʠ ʰʫʤʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʣʽʨʥʽʡ 

ʰʢʘʣʽ ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʦʢ ʜʣʷ ʨʽʚʥʷ ʰʫʤʫ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʠʧʘʭ ʾʭ 

ʟʦʥʫʚʘʥʥʷ ʟʘ ʬʘʢʪʦʨʦʤ ʧʝʨʝʙʽʣʴʰʝʥʥʷ ʥʦʨʤʘʪʠʚʥʠʭ ʟʥʘʯʝʥʴ, ʘ ʨʦʟʤʽʨʠ 

ʪʦʯʢʦʚʠʭ ʟʥʘʯʢʽʚ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ ʥʘ ʤʽʩʮʝʚʦʩʪʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚôʷʟʘʥʽ ʟ ʾʭ ʨʽʚʥʷʤʠ ʟʚʫʢʫ [3]. ʂʦʥʢʨʝʪʥʠʭ ʚʠʤʦʛ ʜʦ 

ʦʬʦʨʤʣʝʥʥʷ ʢʘʨʪ ʰʫʤʫ (ʟʘ ʚʠʥʷʪʢʦʤ ʛʦʣʦʚʥʦʾ ʚʠʤʦʛʠ ʟôʻʜʥʫʚʘʪʠ ʚʩʽ 

 Min./dc
 Middle/dc
 Max./dc

35 40 45 50 55 60 65 70 75

Middle/dc

30

40

50

60

70

80

90

100
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ʢʨʘʧʢʠ ʟ ʦʜʥʘʢʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʽʟʦʣʽʥʽʷʤʠ), ʥʘ ʞʘʣʴ, ʥʝ ʽʩʥʫʻ. ʅʘʤʠ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠʢʫ ʚʽʜʦʙʨʘʞʝʥʥʷ ʮʠʭ ʟʦʥ ʫ ʾʭ ʢʦʣʽʨʥʦʤʫ ʦʬʦʨʤʣʝʥʥʽ 

ʧʦ çʧʨʠʥʮʠʧʫ ʩʚʽʪʣʦʬʦʨʘè (ʨʠʩ. 2): 

1) ʟʦʥʠ ʘʢʫʩʪʠʯʥʦʛʦ ʢʦʤʬʦʨʪʫ ʟ ʨʽʚʥʷʤʠ, ʷʢʽ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 

ʥʦʨʤʘʪʠʚʥʽ, ʚʠʜʽʣʷʶʪʴʩʷ ʟʝʣʝʥʠʤ ʢʦʣʴʦʨʦʤ: (ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʩʠʭʦʣʦʛʽʯʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʣʶʜʠʥʠ, ʜʝ çʟʝʣʝʥʠʡ ʢʦʣʽʨ ï 

ʥʦʨʤʘʣʴʥʦ, ʮʽʣʢʦʤ ʜʦʧʫʩʪʠʤʦè; 

2) ʟʦʥʠ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ (ʟʥʘʯʝʥʥʷ ʟʘ ʥʦʨʤʦʶ ʯʠʩʝʣʴʥʦ ʟʙʽʛʘʶʪʴʩʷ 

ʟ ʚʠʤʽʨʷʥʠʤʠ ʘʙʦ ʦʙʯʠʩʣʝʥʠʤʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʟʥʘʯʝʥʥʷʤʠ) ʚʠʜʽʣʷʶʪʴʩʷ 

ʞʦʚʪʠʤ ʢʦʣʴʦʨʦʤ: (çʞʦʚʪʠʡ ʢʦʣʽʨ ï ʫʚʘʛʘè); 

3) ʟʦʥʠ ʘʢʫʩʪʠʯʥʦʛʦ ʜʠʩʢʦʤʬʦʨʪʫ ʟ ʨʽʚʥʷʤʠ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ 

ʥʦʨʤʘʪʠʚʥʽ, ʚʠʜʽʣʷʶʪʴʩʷ ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ: (çʯʝʨʚʦʥʠʡ ʢʦʣʽʨ ï ʩʠʤʚʦʣ 

ʟʘʙʦʨʦʥʠ, ʥʝʙʝʟʧʝʢʘ, ʥʝʧʨʠʧʫʩʪʠʤʦè). 

 

 

ʈʠʩʫʥʦʢ  2 ï ʂʘʨʪʘ ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʜʣʷ ʤʽʢʨʦʨʘʡʦʥʫ 

ʇʽʚʥʽʯʥʠʡ ʤ. ʈʽʚʥʝ 

 

ʆʪʞʝ, ʨʽʚʥʽ ʰʫʤʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤʽʢʨʦʨʘʡʦʥʫ ʇʽʚʥʽʯʥʠʡ ʨʽʟʥʷʪʴʩʷ ʚʽʜ 

36 ʜɹ ʜʦ 88,1 ʜɹ. ɹʽʣʴʰʘ ʪʝʨʠʪʦʨʽʷ ʤʽʢʨʦʨʘʡʦʥʫ (ʞʦʚʪʘ ʪʘ ʯʝʨʚʦʥʘ ʟʦʥʠ)  

ʟʘʟʥʘʻ ʧʝʨʝʚʠʱʝʥʥʷ ʟʥʘʯʝʥʴ ʰʫʤʫ ʚ 50 ʜɹ ʫ ʜʝʥʥʫ ʯʘʩʪʠʥʫ ʜʦʙʠ. 

ʉʝʨʝʜ ʟʘʭʦʜʽʚ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʚʽʜʥʦʩʥʦ ʟʥʠʞʝʥʥʷ ʰʫʤʦʚʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ,  ʫ ʤʝʞʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʽʢʨʦʨʘʡʦʥʫ ʤʽʩʪʘ ʈʽʚʥʝ ʤʦʞʫʪʴ 

ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʽ: ʩʪʚʦʨʝʥʥʷ ʟʦʥ, ʚʽʣʴʥʠʭ ʚʽʜ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ, ʨʦʟʚʠʪʦʢ ʚʝʣʦʩʠʧʝʜʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʝʥʥʷ 

ʟʝʣʝʥʠʭ ʝʢʨʘʥʽʚ ʫ ʤʝʞʘʭ ʞʠʪʣʦʚʦʾ ʟʘʙʫʜʦʚʠ. 
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ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ 

1. ɼʠʨʝʢʪʠʚʘ 2002/49/ɭʉ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʇʘʨʣʘʤʝʥʪʫ ʪʘ ʈʘʜʠ ʚʽʜ 25 
ʯʝʨʚʥʷ 2002 ʨʦʢʫ ʱʦʜʦ ʦʮʽʥʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʰʫʤʦʤ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. URL: https://eur-lex.europa.eu/legal-

content/EN/TXT/HTML/?uri=CELEX:32002L0049 (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 

10.11.2025 ʨ.). 

2. ʇʘʷʥʦʢ ʊ. ʄ., ɿʘʜʦʨʦʞʥʷ ʊ. ʄ. ʉʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ : 

ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ. ɯʨʧʽʥʴ : ʋɼʌʉ ʋʢʨʘʾʥʠ, 2020. 312 ʩ. 

3. ɸʜʘʤʝʥʢʦ ʆ. ʄ., ʈʫʜʴʢʦ ɻ. ɯ., ʂʦʥʩʝʚʠʯ ʃ. ʄ. ɽʢʦʣʦʛʽʯʥʝ 

ʢʘʨʪʫʚʘʥʥʷ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ : ʇʦʣʫʤôʷ, 2003. 580 ʩ. 

  

https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32002L0049
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32002L0049
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ʋɼʂ 502.75 

 

ɹʝʨʜʽʥ ɯ. ɺ., ʘʩʧʽʨʘʥʪ  

 

ʉʫʤʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʉʫʤʠ, ʋʢʨʘʾʥʘ 

 

ʌʃʆʈɸ ʇʈʀɹɽʈɽɾʅʆɰ ʉʄʋɻʀ ʈɯʏʂʀ ɺʆʈʉʂʃʀ ʋ ɰɰ ɺɽʈʍʅɯʁ 

ʊɽʏɯɰ (ʋ ʄɽɾɸʍ ʉʋʄʉʔʂʆɰ ʆɹʃɸʉʊɯ) 

 

ʈʽʯʢʘ ɺʦʨʩʢʣʘ ʻ ʛʦʣʦʚʥʦʶ ʚʦʜʥʦʶ ʘʨʪʝʨʽʻʶ ʧʽʚʜʥʷ ʉʫʤʱʠʥʠ. ɰʾ 

ʙʘʩʝʡʥ ʤʘʻ ʜʫʞʝ ʙʘʛʘʪʝ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ, ʦʭʦʨʦʥʘ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʷʢʦʛʦ 

ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʽʦʨʠʪʝʪʥʦʶ ʤʝʪʦʶ ʩʴʦʛʦʜʝʥʥʷ. ʂʣʶʯʦʚʠʤ ʢʨʦʢʦʤ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʦ ʩʪʚʦʨʝʥʥʷ ʫ 2009 ʨʦʮʽ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ çɻʝʪʴʤʘʥʩʴʢʠʡè ʧʣʦʱʝʶ 23360,1 ʛʘ ʚʟʜʦʚʞ ʯʘʩʪʠʥʠ 

ʜʦʣʠʥʠ ʨʽʯʢʠ ʧʨʦʪʷʞʥʽʩʪʶ 122 ʢʤ ʥʘ ʪʝʨʠʪʦʨʽʾ ʩʫʯʘʩʥʦʛʦ ʆʭʪʠʨʩʴʢʦʛʦ 

ʨʘʡʦʥʫ ʉʫʤʩʴʢʦʾ ʦʙʣʘʩʪʽ [3]. ʎʷ ʧʦʜʽʷ ʦʟʥʘʤʝʥʫʚʘʣʘ ʘʢʪʠʚʽʟʘʮʽʶ 

ʛʝʦʙʦʪʘʥʽʯʥʠʭ, ʬʽʪʦʩʦʟʦʣʦʛʽʯʥʠʭ ʪʘ ʧʦʧʫʣʷʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʮʽʡ 

ʪʝʨʠʪʦʨʽʾ [1, 4-8]. 

ʅʘ ʤʦʤʝʥʪ ʩʪʚʦʨʝʥʥʷ ʧʘʨʢʫ ʬʣʦʨʘ ʚʠʱʠʭ ʩʫʜʠʥʥʠʭ ʨʦʩʣʠʥ 

ʥʘʣʽʯʫʚʘʣʘ ʱʦʥʘʡʤʝʥʰʝ 650 ʚʠʜʽʚ, ʟ̔ ʷʢʠʭ 34 ʚʠʜʠ ʥʘʣʝʞʘʪʴ ʜʦ 

ʨʘʨʠʪʝʪʥʦʾ ʬʨʘʢʮʽʾ [3]. ʊʘ ʨʘʟʦʤ ʟ̔ ʙʘʛʘʪʩʪʚʦʤ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʬʣʦʨʠ, 

ʨʫʩʣʦʚʠʤ ʧʨʠʨʦʜʥʠʤ ʢʦʤʧʣʝʢʩʘʤ ʨʽʯʢʠ ɺʦʨʩʢʣʠ ʚʣʘʩʪʠʚʝ ʡ ʽʩʪʦʪʥʝ 

ʘʥʪʨʦʧʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ [6]. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʧʨʦʷʚʽʚ ʘʥʪʨʦʧʦʧʨʝʩʽʾ 

ʟʘʣʠʰʘʶʪʴʩʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʝ ʦʩʚʦʻʥʥʷ ʟʘʧʣʘʚʠ ʨʽʯʢʠ ʪʘ 

ʟʘʨʝʛʫʣʴʦʚʘʥʽʩʪʴ ʨʫʩʝʣ ʧʨʠʪʦʢ ʨʽʯʢʠ. ʉʠʪʫʘʮʽʷ ʣʠʰʝ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʯʝʨʝʟ 

ʟʙʨʦʡʥʫ ʘʛʨʝʩʽʶ ʨʬ ʧʨʦʪʠ ʋʢʨʘʾʥʠ. 

ɺʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʙʝʨʝʞʝʥʥʽ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʜʦʣʠʥ ʨʽʯʦʢ ʚʽʜʽʛʨʘʻ 

ʧʨʠʙʝʨʝʞʥʘ ʩʤʫʛʘ, ʷʢʘ, ʟʥʘʭʦʜʷʯʠʩʴ ʥʘ ʧʝʨʝʪʠʥʽ ʚʦʜʥʠʭ ʽ ʥʘʟʝʤʥʠʭ 

ʝʢʦʩʠʩʪʝʤ, ʥʽʚʝʣʶʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʥʘʜʘʻ 

ʧʨʠʭʠʩʪʦʢ ʜʣʷ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʪʚʘʨʠʥ, ʧʦ ʙʝʨʝʛʘʭ ʨʽʯʦʢ ʟʨʦʩʪʘʶʪʴ ʯʠʤʘʣʦ 

ʢʦʨʠʩʥʠʭ ʚʠʜʽʚ ʨʦʩʣʠʥ. ʅʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠʙʝʨʝʞʥʠʭ 

ʝʢʦʩʠʩʪʝʤ ʨʽʯʦʢ ʫ ʨʘʤʢʘʭ ʩʪʨʘʪʝʛʽʾ ʟʙʝʨʝʞʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ 

ʥʘʛʦʣʦʰʫʻ ʢʦʣʝʢʪʠʚ ʥʘʫʢʦʚʮʽʚ ʟ ʧʨʦʚʽʜʥʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʭ ʫʩʪʘʥʦʚ [9]. ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʽʯʢʦʚʠʭ ʪʘ ʧʨʠʙʝʨʝʞʥʠʭ 

ʝʢʦʩʠʩʪʝʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʦʜʥʦʾ ʪʘ ʙʝʨʝʛʦʚʦʾ ʨʦʩʣʠʥʥʦʩʪʽ, 

ʷʢʘ ʥʘʜʘʻ ʨʷʜ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʭ ʝʢʦʩʠʩʪʝʤʥʠʭ ʧʦʩʣʫʛ ï ʝʬʝʢʪʠʚʥʠʡ 

ʟʘʭʠʩʪ ʙʝʨʝʛʽʚ ʚʽʜ ʝʨʦʟʽʾ, ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʫ, ʩʧʦʚʽʣʴʥʝʥʥʷ ʪʝʯʽʾ, 

ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʾ ʜʽʾ ʧʦʚʝʥʝʡ ʪʘ ʧʦʛʣʠʥʘʥʥʷ ʧʦʣʶʪʘʥʪʽʚ ʟ̔ ˇʨʫʥʪʫ ʪʘ 

ʚʦʜʠ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʧʫʙʣʽʢʘʮʽʾ ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ 

ʧʨʠʙʝʨʝʞʥʠʭ ʝʢʦʩʠʩʪʝʤ ʚʝʨʭʥʴʦʾ ʪʝʯʽʾ ʨʽʯʢʠ ɺʦʨʩʢʣʠ (ʫ ʤʝʞʘʭ ʉʫʤʩʴʢʦʾ 

ʦʙʣʘʩʪʽ) ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʬʣʦʨʠʩʪʠʯʥʦʛʦ ʩʢʣʘʜʫ ʧʨʠʙʝʨʝʞʥʠʭ ʨʦʩʣʠʥʥʠʭ 

ʫʛʨʫʧʦʚʘʥʴ, ʚʠʷʚʣʝʥʥʷ ʛʦʣʦʚʥʠʭ ʧʨʠʯʠʥ ʩʢʦʨʦʯʝʥʥʷ ʬʽʪʦʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘ 
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ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʛʨʦʟ ʽʩʥʫʚʘʥʥʶ ʘʙʦʨʠʛʝʥʥʠʭ ʚʠʜʽʚ ʨʦʩʣʠʥ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʚ ʯʝʨʚʥʽ-ʚʝʨʝʩʥʽ 2025 ʨʦʢʫ ʥʘ ʜʽʣʷʥʮʽ ʨʽʯʢʠ ɺʦʨʩʢʣʠ ʧʦʙʣʠʟʫ 

ʩʝʣʘ ɼʦʙʨʷʥʩʴʢʝ ʆʭʪʠʨʩʴʢʦʛʦ ʨʘʡʦʥʫ ʉʫʤʩʴʢʦʾ ʦʙʣʘʩʪʽ ʚ ʤʝʞʘʭ ʟʦʥʠ 

ʨʝʛʫʣʴʦʚʘʥʦʾ ʨʝʢʨʝʘʮʽʾ ɻʝʪʴʤʘʥʩʴʢʦʛʦ ʅʇʇ. ɿʘʩʪʦʩʦʚʫʚʘʣʠ ʛʝʦʙʦʪʘʥʽʯʥʽ, 

ʧʦʨʽʚʥʷʣʴʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʽ ʪʘ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʮʽʡ ʪʝʨʠʪʦʨʽʾ ʬʣʦʨʘ ʚʠʱʠʭ ʩʫʜʠʥʥʠʭ ʨʦʩʣʠʥ ʫ 

ʧʨʠʙʝʨʝʞʥʠʭ ʝʢʦʩʠʩʪʝʤʘʭ ʨʽʯʢʠ ʩʢʣʘʜʘʻ ʧʦʥʘʜ 60 ʚʠʜʽʚ ʟ̔ 24 ʨʦʜʠʥ. 

ɺʠʜʦʚʠʡ ʩʧʝʢʪʨ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʬʦʨʤʫʶʪʴ ʚʠʜʠ ʟ ʨʦʜʠʥ Asteraceae ï 12 

ʚʠʜʽʚ, Poaceae ï 7 ʚʠʜʽʚ, Cyperaceaeï 5 ʚʠʜʽʚ, Lamiaceae ï 5 ʚʠʜʽʚ ʪʘ 

Polygoneacae ï 3 ʚʠʜʠ, ʨʝʰʪʘ ʨʦʜʠʥ (43%) ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʜʥʠʤ ʘʙʦ ʜʚʦʤʘ 

ʚʠʜʘʤʠ (ʨʠʩ. 1). 

ʈʠʩʫʥʦʢ 1 ï ʉʧʝʢʪʨ ʛʦʣʦʚʥʠʭ ʙʦʪʘʥʽʯʥʠʭ ʨʦʜʠʥ ʬʣʦʨʠ ʧʨʠʙʝʨʝʞʥʦʾ 

ʨʦʩʣʠʥʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ 

 

ʅʘʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʘ ʬʣʦʨʠ ʧʨʠʙʝʨʝʞʥʠʭ ʝʢʦʩʠʩʪʝʤ ʚʝʨʭʥʴʦʾ ʪʝʯʽʾ 

ʨʽʯʢʠ ɺʦʨʩʢʣʠ ʚʽʜʦʙʨʘʞʘʻ ʧʨʦʮʝʩ ʾʾ ʩʠʥʘʥʪʨʦʧʽʟʘʮʽʾ, ʥʘ ʱʦ ʚʢʘʟʫʻ 

ʧʨʦʚʽʜʥʘ ʧʦʟʠʮʽʷ ʚʠʜʽʚ Asteraceae, ʱʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʚʝʜʝʥʠʭ ʫ ʩʝʨʝʜʥʽʡ ʪʝʯʽʾ ʨʽʯʢʠ [2]. ɼʘʥʫ ʨʦʜʠʥʫ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʟʜʝʙʽʣʴʰʦʛʦ ʚʠʩʦʢʦʽʥʚʘʟʠʚʥʽ ʨʫʜʝʨʘʣʴʥʽ ʪʘ ʩʠʥʘʥʪʨʦʧʥʽ 

ʚʠʜʠ ʪʘʢʽ ʷʢ Ambrosia artimisifolia L., Xantium strumarium L., Cyclohaena 

xantiifolia (Nutt.) Fresen, Bidens frondosa L. ʪʘ ʽʥ.  ʉʝʨʝʜ ʪʠʧʦʚʠʭ ʜʣʷ 

ʧʝʨʝʟʚʦʣʦʞʝʥʠʭ ʤʽʩʮʝʟʨʦʩʪʘʥʴ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʘʙʦʨʠʛʝʥʥʫ Bidens 

tripartita L. ʪʘ Eupatorium cannabinum L.. ʉʝʨʡʦʟʥʫ ʟʘʛʨʦʟʫ ʧʦʰʠʨʝʥʥʷ 

ʯʫʞʦʨʽʜʥʠʭ ʚʠʜʽʚ ʩʪʚʦʨʶʻ ʙʣʠʟʴʢʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʛʨʦʮʝʥʦʟʽʚ ʜʦ ʙʝʨʝʛʽʚ 

ʨʽʯʢʠ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʩʠʪʴ ʢʨʫʪʦʛʦ ʢʫʪʘ ʥʘʭʠʣʫ ʙʝʨʝʛʽʚ ʟʨʦʩʪʘʻ ʽ ʨʠʟʠʢ 

ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʨʽʯʢʠ. 

ɼʫʞʝ ʧʦʰʠʨʝʥʠʤʠ ʫ ʧʨʠʙʝʨʝʞʥʠʭ ʝʢʦʩʠʩʪʝʤʘʭ ʻ ʦʯʝʨʝʪʷʥʽ ʪʘ 

ʦʯʝʨʝʪʷʥʦ-ʦʩʦʢʦʚʽ ʫʛʨʫʧʦʚʘʥʥʷ. ɼʦʤʽʥʘʥʪʦʤ ʚ ʥʠʭ ʚʠʩʪʫʧʘʻ Phragmites 

australis (Cav.) Trin. ʝx. Steud., ʧʨʦʝʢʪʠʚʥʝ ʧʦʢʨʠʪʪʷ ʷʢʦʛʦ ʤʦʞʝ 

ʩʪʘʥʦʚʠʪʠ ʚʽʜ 80 ʜʦ 100%. ɼʝʱʦ ʨʽʜʰʝ ʪʨʘʧʣʷʶʪʴʩʷ ʟʘʨʦʩʪʽ Typha 

angustifolia L. ɿʘ ʫʤʦʚ ʦʙʤʽʣʽʥʥʷ ʨʽʯʢʠ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ 



 80 

ʚʠʢʦʩʫ, ʮʝʥʦʟʠ P. australis ʦʭʦʧʣʶʶʪʴ ʜʦʩʠʪʴ ʚʝʣʠʢʫ ʧʣʦʱʫ. ʆʩʦʢʦʚʽ 

ʮʝʥʦʟʠ ʩʬʦʨʤʦʚʘʥʽ ʟʘ ʫʯʘʩʪʽ ʪʘʢʠʭ ʚʠʜʽʚ ʷʢ Carex acuta L. ʪʘ C. acutiformis 

L. ʉʝʨʝʜ ʥʠʟʴʢʦʪʨʘʚʥʠʭ ʛʝʣʦʬʽʪʽʚ ʟ ʥʠʟʴʢʠʤ ʧʨʦʝʢʪʠʚʥʠʤ ʧʦʢʨʠʪʪʷʤ ʥʘ 

ʤʽʣʢʦʚʦʜʜʽ ʪʘ ʚ ʥʘʚʢʦʣʦʚʦʜʥʽʡ ʟʦʥʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ Alisma plantago-

aquatica L., Butomus umbellatus L. ʪʘ Veronica anagallis-aquatica L. 

ʈʦʩʣʠʥʠ ʫʨʽʟʫ ʚʦʜʠ ʥʘ ʨʷʜʫ ʟ ʚʦʜʥʠʤʠ ʚʠʜʘʤʠ ʻ ʽʥʜʠʢʘʪʦʨʘʤʠ ʷʢʦʩʪʽ 

ʨʽʯʢʦʚʦʾ ʚʦʜʠ, ʾʭ ʬʽʪʦʽʥʜʠʢʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʧʨʠ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʧʣʠʚʫ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʚʦʜʥʝ 

ʩʝʨʝʜʦʚʠʱʝ. 

ʉʪʘʙʽʣʴʥʽ ʪʘ ʜʦʩʠʪʴ ʱʽʣʴʥʽ ʧʦʧʫʣʷʮʽʾ ʚ ʧʨʠʙʝʨʝʞʥʠʭ ʝʢʦʪʦʧʘʭ 

ʫʪʚʦʨʶʶʪʴ ʨʦʩʣʠʥʠ-ʛʽʛʨʦʬʽʪʠ, ʦʩʦʙʣʠʚʦ ʚʝʛʝʪʘʪʠʚʥʦ-ʨʫʭʦʤʽ ʚʠʜʠ. 

ɿʜʝʙʽʣʴʰʦʛʦ ʚʦʥʠ ʚʠʩʪʫʧʘʶʪʴ ʜʦʤʽʰʢʘʤʠ ʚ ʦʯʝʨʝʪʷʥʠʭ ʪʘ ʦʩʦʢʦʚʠʭ 

ʫʛʨʫʧʫʚʘʥʥʷʭ, ʾʭ ʧʨʦʝʢʪʠʚʥʝ ʧʦʢʨʠʪʪʷ, ʷʢ ʧʨʘʚʠʣʦ, ʩʪʘʥʦʚʠʪʴ 1-5%. 

ʇʦʰʠʨʝʥʠʤʠ ʫ ʧʨʠʙʝʨʝʞʥʽʡ ʟʦʥʽ ɺʦʨʩʢʣʠ ʻ Lythrum salicaria L., Rumex 

hydrolapatum L., Mentha aquatica L., Lycopus europaeus L. ʪʘ ʽʥ. ʇʝʨʝʚʘʞʥʘ 

ʙʽʣʴʰʽʩʪʴ ʚʠʷʚʣʝʥʠʭ ʚʠʜʽʚ-ʛʽʛʨʦʬʽʪʽʚ ʥʘʣʝʞʘʪʴ ʜʦ ʨʦʜʠʥ Lamiaceae ʪʘ 

Polygoneacae. ɻʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʮʠʭ ʪʘʢʩʦʥʽʚ, ʷʢʘ ʷʢʽʩʥʦ ʚʠʜʽʣʷʻ ʾʭ 

ʟ-ʧʦʤʽʞ ʚʩʴʦʛʦ ʛʽʛʨʦʬʽʣʴʥʦʛʦ ʨʽʟʥʦʪʨʘʚ'ʷ, ʻ ʪʝ ʱʦ ʜʦ ʥʠʭ ʥʘʣʝʞʠʴ 

ʥʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʤʝʜʦʥʦʩʥʠʭ ʪʘ ʣʽʢʘʨʩʴʢʠʭ ʚʠʜʽʚ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʽʜʪʚʝʨʜʠʚ ʪʦʡ ʬʘʢʪ, ʱʦ ʦʩʥʦʚʥʠʤʠ 

ʢʘʪʘʣʽʟʘʪʦʨʘʤʠ ʜʝʛʨʘʜʘʮʽʾ ʧʨʠʙʝʨʝʞʥʠʭ ʝʢʦʩʠʩʪʝʤ ʚʠʩʪʫʧʘʶʪʴ 

ʘʥʪʨʦʧʦʛʝʥʥʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʪʘ ʩʝʟʦʥʥʽ ʢʦʣʠʚʘʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʚ ʨʽʯʮʽ, ʱʦ 

ʩʧʨʠʯʠʥʠʣʦ ʩʫʪʪʻʚʠʡ ʜʠʩʙʘʣʘʥʩ ʫ ʚʠʜʦʚʦʤʫ ʩʧʝʢʪʨʽ ʧʨʠʙʝʨʝʞʥʦʾ 

ʨʦʩʣʠʥʥʦʩʪʽ. ɿʘʛʘʣʦʤ ʧʨʠʙʝʨʝʞʥʽ ʝʢʦʩʠʩʪʝʤʠ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʷʢ 

ʯʫʪʣʠʚʽ ʥʘʚʽʪʴ ʜʦ ʥʝʟʥʘʯʥʠʭ ʟʤʽʥ ʫ ʜʦʚʢʽʣʣʽ, ʱʦ ʥʝʤʠʥʫʯʝ ʧʦʟʥʘʯʘʻʪʴʩʷ 

ʥʘ ʩʪʨʫʢʪʫʨʽ ʧʨʠʙʝʨʝʞʥʠʭ ʨʦʩʣʠʥʥʠʭ ʫʛʨʫʧʦʚʘʥʴ, ʩʪʨʫʢʪʫʨʽ ʧʦʧʫʣʷʮʽʡ 

ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʪʘ ʦʩʦʙʣʠʚʦʩʪʷʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʟʥʘʢ ʨʦʩʣʠʥ. 

ʋ ʮʠʭ ʫʤʦʚʘʭ ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʶʪʴ ʘʜʘʧʪʘʮʽʡʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʪʠʧʦʚʠʭ ʜʣʷ ʧʝʨʝʟʚʦʣʦʞʝʥʠʭ ʤʽʩʮʝʟʨʦʩʪʘʥʴ ʚʠʜʽʚ ʨʦʩʣʠʥ, ʷʢʽ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʝʘʣʽʟʘʮʽʶ ʤʝʭʘʥʽʟʤʽʚ ʟʙʝʨʝʞʝʥʥʷ ʬʽʪʦʨʽʟʥʦʤʘʥʽʪʪʷ, 

ʚʽʜʧʦʚʽʜʥʦ ʽ ʡʦʛʦ ʝʢʦʩʠʩʪʝʤʥʠʭ ʧʦʩʣʫʛ. ʆʙʦʚ'ʷʟʢʦʚʦʶ ʩʢʣʘʜʦʚʦʶ 

ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʝʢʦʩʠʩʪʝʤ ʜʦʣʠʥʠ ʨʽʯʢʠ ʤʘʻ ʩʪʘʪʠ ʢʦʤʧʣʝʢʩʥʠʡ 

ʧʦʧʫʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ, ʤʝʪʦʜʠ ʷʢʦʛʦ ʻ ʜʫʞʝ ʝʬʝʢʪʠʚʥʠʤʠ ʪʘ 

ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ. ʆʪʨʠʤʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʜʘʩʪʴ ʟʤʦʛʫ ʦʙ'ʻʢʪʠʚʥʦ ʦʮʽʥʠʪʠ 

ʚʧʣʠʚ ʯʠʥʥʠʢʽʚ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʥʘ ʨʦʟʚʠʪʦʢ ʷʢ ʦʢʨʝʤʠʭ ʨʦʩʣʠʥ ʪʘʢ ʽ 

ʧʦʧʫʣʷʮʽʡ ʟʘʛʘʣʦʤ ʪʘ ʨʦʟʨʦʙʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʨʠʙʝʨʝʞʥʽ ʙʽʦʪʦʧʠ. ɹʝʨʝʛʦʚʽ ʪʘ ʧʨʠʙʝʨʝʞʥʦ-ʚʦʜʥʽ 

ʚʠʜʠ ʨʦʩʣʠʥ ʫ ɻʝʪʴʤʘʥʩʴʢʦʤʫ ʅʇʇ ʪʘ ʥʘ ʧʨʠʣʝʛʣʠʭ ʜʦ ʥʴʦʛʦ ʪʝʨʠʪʦʨʽʷʭ 

ʨʘʥʽʰʝ ʥʝ ʙʫʣʠ ʦʭʦʧʣʝʥʽ ʬʽʪʦʧʦʧʫʣʷʮʽʡʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ. ʉʘʤʝ ʪʦʤʫ 

ʫ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʘʤʠ ʙʫʜʝ ʥʘʜʘʥʘ ʝʢʦʣʦʛʦ-ʮʝʥʦʪʠʯʥʘ ʪʘ 

ʧʦʧʫʣʷʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʮʝʥʦʟʦʫʪʚʦʨʶʶʯʠʭ ʚʠʜʽʚ ʨʦʩʣʠʥ ʫ 

ʧʨʠʙʝʨʝʞʥʽʡ ʩʤʫʟʽ ʨʽʯʢʠ ɺʦʨʩʢʣʠ ʫ ʾʾ ʚʝʨʭʥʽʡ ʪʝʯʽʾ. 
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ʋɼʂ 581.9.502.75(477.46.65) 
1ɺʘʩʴʢʦ ʆ. ɸ., ʟʜʦʙʫʚʘʯ ʜʨʫʛʦʛʦ (ʤʘʛʽʩʪʝʨʩʴʢʦʛʦ) ʨʽʚʥʷ ʚʠʱʦʾ 

ʦʩʚʽʪʠ, 1,2ɻʣʫʱʝʥʢʦ ʃ. ɸ.,  ʢʘʥʜʠʜʘʪ  ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ, 

ʩʪʘʨʰʠʡ  ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ 
 

1ɼɿ çʃʫʛʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ 

ʐʝʚʯʝʥʢʘè, ʤ. ʄʠʨʛʦʨʦʜ, ʋʢʨʘʾʥʘ 
2ɼʦʩʣʽʜʥʘ ʩʪʘʥʮʽʷ ʣʽʢʘʨʩʴʢʠʭ ʨʦʩʣʠʥ ɯɸʇ ʅɸɸʅ, ʩ. ɹʝʨʝʟʦʪʦʯʘ, 

ʃʫʙʝʥʩʴʢʠʡ ʨʘʡʦʥ, ʇʦʣʪʘʚʩʴʢʘ ʦʙʣʘʩʪʴ, ʋʢʨʘʾʥʘ 

 

ɽʂʆʃʆɻʆ-ɽʂʆʅʆʄɯʏʅɸ  ʆʎɯʅʂɸ ʃɯʂɸʈʉʔʂʆɰ ʌʃʆʈʀ 

ʃʋʏʅʀʍ ʊɸ ɺʆɼʅʆ-ɹʆʃʆʊʅʀʍ ʋɻʈʋʇʆɺɸʅʔ 

 

ɺ ʋʢʨʘʾʥʽ ʩʬʦʨʤʦʚʘʥʘ ʢʦʥʮʝʧʮʽʷ ʩʪʘʣʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʮʽʦʥʘʣʴʥʠʭ 

ʬʽʪʦʨʝʩʫʨʩʽʚ ʪʘ ʾʭʥʴʦʾ ʚʘʞʣʠʚʦʾ ʩʢʣʘʜʦʚʦʾ ï ʨʝʩʫʨʩʽʚ ʣʽʢʘʨʩʴʢʠʭ ʨʦʩʣʠʥ, ʷʢʘ 

ʟʥʘʡʰʣʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʤʫ ʟʘʢʦʥʦʜʘʚʩʪʚʽ. ɺʦʥʘ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʙʘʛʘʪʦʨʽʯʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʥʫ ʽ ʜʠʥʘʤʽʢʠ 

ʬʽʪʦʨʽʟʥʦʤʘʥʽʪʪʷ. ɺ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʥʘʫʢʦʚʽ ʨʦʟʨʦʙʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʪʦʨʝʩʫʨʩʽʚ ʷʢ 

ʚʘʞʣʠʚʦʾ ʩʢʣʘʜʦʚʦʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ. ɺʦʥʠ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ 

ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʤʝʭʘʥʽʟʤʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʟʙʝʨʝʞʝʥʥʷ ʪʘ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʢʦʨʠʩʥʠʭ ʨʦʩʣʠʥ [1]. 

ɿʙʘʣʘʥʩʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʨʦʚʠʥʠ ʜʠʢʦʨʦʩʣʠʭ ʨʦʩʣʠʥ, ʰʣʷʭʦʤ ʾʾ 

ʚʠʣʫʯʝʥʥʷ ʟ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʣʠʰʝ ʥʘ ʦʩʥʦʚʽ 

ʚʩʝʙʽʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ 

ʮʠʭ ʨʦʩʣʠʥ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʥʘ ʥʠʭ ʣʽʤʽʪʫʶʯʠʭ ʯʠʥʥʠʢʽʚ. 

ɯʟ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʨʝʩʫʨʩʽʚ ʜʠʢʦʨʦʩʣʠʭ ʣʽʢʘʨʩʴʢʠʭ 

ʚʠʜʽʚ ʣʫʯʥʠʭ ʪʘ ʧʨʠʙʝʨʝʞʥʦ-ʙʦʣʦʪʥʠʭ ʽ ʚʦʜʥʠʭ ʝʢʦʪʦʧʽʚ ʧʨʦʚʝʜʝʥʦ ʾʭ 

ʤʦʥʽʪʦʨʠʥʛ ʚ ʤʝʞʘʭ ʃʫʙʝʥʩʴʢʦʛʦ ʪʘ ʏʦʨʥʫʭʠʥʩʴʢʦʛʦ ʨʘʡʦʥʽʚ ʇʦʣʪʘʚʩʴʢʦʾ 

ʦʙʣʘʩʪʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦ ʾʭ ʩʢʣʘʜʫ  ʚ ʤʝʞʘʭ ʋʢʨʘʾʥʠ ʚʭʦʜʷʪʴ 252 ʚʠʜʠ 

ʣʽʢʘʨʩʴʢʠʭ ʨʦʩʣʠʥ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʦʬʽʮʽʡʥʽʡ, ʚʝʪʝʨʠʥʘʨʥʽʡ, 

ʥʘʨʦʜʥʽʡ ʪʘ ʛʦʤʝʦʧʘʪʠʯʥʽʡ ʤʝʜʠʮʠʥʽ. ɼʦ ʩʢʣʘʜʫ ʟʘʟʥʘʯʝʥʠʭ ʫʛʨʫʧʦʚʘʥʴ 

ʃʽʚʦʙʝʨʝʞʥʦʛʦ ʇʨʠʜʥʽʧʨʦʚôʷ ʥʘʣʝʞʘʪʴ ʙʣʠʟʴʢʦ 100 ʚʠʜʽʚ, ʟ ʥʠʭ 

ʚʢʣʶʯʝʥʠʭ ʜʦ ɭʚʨʦʧʝʡʩʴʢʦʾ ʬʘʨʤʘʢʦʧʝʾ (ɭʌ) ï 18 ʚʠʜʽʚ, ɼʝʨʞʘʚʥʦʾ 

ʬʘʨʤʘʢʦʧʝʾ ʋʢʨʘʾʥʠ (ɼʌʋ) ï 8, ʥʘʨʦʜʥʦʶ ʤʝʜʠʮʠʥʦʶ ʪʘ ʛʦʤʝʦʧʘʪʽʻʶ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʥʘʜ 65 ʚʠʜʽʚ ʩʫʜʠʥʥʠʭ ʨʦʩʣʠʥ. 

ɸʚʪʦʨʘʤʠ ʚʠʢʦʥʘʥʦ 11 ʛʝʦʙʦʪʘʥʽʯʥʠʭ ʦʧʠʩʽʚ, ʟ ̔ʷʢʠʭ ʚʠʜʽʣʝʥʽ ʪʽ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʣʫʯʥʽ ʪʘ ʧʨʠʙʝʨʝʞʥʦ-ʚʦʜʥʽ ʨʦʩʣʠʥʥʽ ʫʛʨʫʧʦʚʘʥʥʷ. 

ʆʮʽʥʢʫ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʣʽʢʘʨʩʴʢʠʭ ʚʠʜʽʚ ʮʠʭ ʫʛʨʫʧʦʚʘʥʴ ʧʨʦʚʝʣʠ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʙʽʨʢʦʚʦʛʦ ʧʽʜʭʦʜʫ, ʧʨʠ ʷʢʦʤʫ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʙʫʣʠ 

ʚʠʜʽʣʝʥʽ ʧʦʪʝʥʮʽʡʥʦ ʧʨʦʜʫʢʪʠʚʥʽ ʜʽʣʷʥʢʠ, ʟʛʽʜʥʦ ʧʨʠʫʨʦʯʝʥʦʩʪʽ ʚʠʜʫ. 

ʆʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʦʙʨʘʥʽ ʣʽʢʘʨʩʴʢʽ ʚʠʜʠ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ɭʌ, ʷʢ 

ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʬʘʨʤʘʮʝʚʪʠʯʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ 
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ʋʢʨʘʾʥʠ, ʚ ʪʘʢʦʞ ʪʽ ʷʢʽ ʚʭʦʜʷʪʴ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʝʨʝʣʽʢʫ  ɼʌʋ ʪʘ 

ʪʨʘʜʠʮʽʡʥʽ ʚʠʜʠ, ʱʦ ʟʜʘʚʥʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʥʘʨʦʜʥʽʡ ʤʝʜʠʮʠʥʽ. 

ʅʘ ʦʩʥʦʚʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʧʦʣʴʦʚʠʭ ʜʘʥʠʭ ʚʠʜʽʣʝʥʽ 4 ʤʦʥʽʪʦʨʠʥʛʦʚʽ 

ʜʽʣʷʥʢʠ, ʷʢʽ ʨʝʧʨʝʟʝʥʪʫʶʪʴ ʪʠʧʦʚʽ ʣʫʯʥʽ ʪʘ ʙʦʣʦʪʥʽ ʫʛʨʫʧʦʚʘʥʥʷ ʨʝʛʽʦʥʫ 

ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʫʯʘʩʪʶ ʮʽʥʥʠʭ ʫ ʣʽʢʘʨʩʴʢʦʤʫ ʟʥʘʯʝʥʥʽ ʚʠʜʽʚ ʭʘʨʘʢʪʝʨʥʠʭ 

ʜʣʷ ʜʘʥʠʭ ʝʢʦʪʦʧʽʚ, ʟʦʢʨʝʤʘ: Acorus calamus L., Althea officinalis L., 

Angelica archangelica L., Bidens tripartitʘ L., Conium maculatum L., 

Eupatorium cannabinum L., Filipendula ulmaria (L.) Maxim., Gratiola 

officinalis L., Inula helenium L., Iris pseudoacorus L., Mentha aquaticʘ L., 

Nuphar luteum (L.) Smith., Symphytum officinalis L., Valeriana officinalis L. 

ʪʘ ʽʥʰʽ, ʘ ʪʘʢʦʞ ʚʠʜʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʦʭʦʨʦʥʦʶ: Nymphaea alba L., 

Orchis palustris Jacq., Salvinia natans (L.) ʪʦʱʦ. ʏʘʩʪʢʘ ʨʝʩʫʨʩʦʟʥʘʯʠʤʠʭ 

ʚʠʜʽʚ ʚ ʦʧʠʩʘʥʠʭ ʬʽʪʦʮʝʥʦʟʘʭ ʩʢʣʘʜʘʻ 30-34%. 

ɿʘ ʩʫʯʘʩʥʠʤʠ ʤʝʪʦʜʠʯʥʠʤʠ ʨʦʟʨʦʙʢʘʤʠ ʟ ʨʝʩʫʨʩʦʟʥʘʚʩʪʚʘ ʥʘʤʠ ʙʫʣʠ 

ʚʠʜʽʣʝʥʽ ʚʠʜʠ ʧôʷʪʠ ʢʘʪʝʛʦʨʽʡ ʟʘ ʩʪʘʥʦʤ ʨʝʩʫʨʩʽʚ ʣʽʢʘʨʩʴʢʠʭ ʨʦʩʣʠʥ [2-4]: 

1) ʧʨʦʛʨʝʩʫʶʯʠʡ ï ʨʝʩʫʨʩʠ ʚʝʣʠʢʽ, ʟʜʘʪʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʨʝʩʫʨʩʥʦʾ 

ʩʧʨʦʤʦʞʥʦʩʪʽ ʧʦʧʫʣʷʮʽʡ ʚʠʜʽʚ ʮʽʻʾ ʛʨʫʧʠ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥʷ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʧʦʨʫʰʝʥʴ; 2) ʨʽʚʥʦʚʘʞʥʠʡ ï ʨʝʩʫʨʩʠ ʚʝʣʠʢʽ, ʜʦʩʪʘʪʥʽ ʜʣʷ 

ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʨʝʘʣʽʟʘʮʽʷ ʨʝʩʫʨʩʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ 

ʧʦʧʫʣʷʮʽʡ ʮʠʭ ʚʠʜʽʚ ʩʧʽʚʚʽʜʥʦʩʠʪʴʩʷ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʘʥʪʨʦʧʦʛʝʥʥʠʭ 

ʧʦʨʫʰʝʥʴ ʾʭʥʽʭ ʤʽʩʮʝʟʨʦʩʪʘʥʴ; 3) ʢʨʠʟʦʚʠʡ ï ʨʝʩʫʨʩʠ ʚʠʜʽʚ ʨʦʩʣʠʥ ʮʽʻʾ 

ʛʨʫʧʠ ʦʙʤʝʞʝʥʽ ʽ ʤʘʶʪʴ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʤʝʥʰʝʥʥʷ ʫ ʟʚôʷʟʢʫ ʟ ʧʦʨʫʰʝʥʥʷʤ 

ʾʭʥʴʦʛʦ ʞʠʪʪʻʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 4) ʢʨʠʪʠʯʥʠʡ ï ʨʝʩʫʨʩʠ ʮʽʻʾ ʛʨʫʧʠ ʨʦʩʣʠʥ 

ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʤʝʞʽ ʚʠʩʥʘʞʝʥʥʷ, ʘʥʪʨʦʧʦʛʝʥʥʦ ʟʫʤʦʚʣʝʥʽ ʜʠʛʨʝʩʠʚʥʽ 

ʷʚʠʱʘ ʧʝʨʝʚʠʱʫʶʪʴ ʤʝʞʫ ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ ʧʦʧʫʣʷʮʽʡ; 5) 

ʢʘʪʘʩʪʨʦʬʽʯʥʠʡ ï ʨʝʩʫʨʩʠ ʚʠʩʥʘʞʝʥʽ, ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ ʧʦʧʫʣʷʮʽʡ 

ʤʽʥʽʤʘʣʴʥʝ, ʘ ʚʪʨʘʪʘ ʙʽʦʣʦʛʽʯʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʝʟʚʦʨʦʪʥʘ. 

ʇʨʦʚʝʜʝʥʠʡ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʘʥʘʣʽʟ ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʣʽʢʘʨʩʴʢʠʭ 

ʨʦʩʣʠʥ ʣʫʯʥʠʭ ʪʘ ʚʦʜʥʦ-ʙʦʣʦʪʥʠʭ ʝʢʦʪʦʧʽʚ, ʷʢʠʡ ʩʚʽʜʯʠʪʴ, ʱʦ ʩʝʨʝʜ 

ʣʽʢʘʨʩʴʢʠʭ ʚʠʜʽʚ ʨʝʩʫʨʩʦʟʥʘʯʫʱʠʤʠ ʻ: Tussilago farfara L, Plantago major 

L., Agrimonia eupatoria L., Lythrum salicaria L., Urtica dioica L., (ʚʽʜ 10,1 

ʜʦ 50,0 ʪ), Bidens tripartita L. (ʜʦ 90 ʪ). ʆʙʩʷʛʠ ʟʘʛʦʪʽʚʣʽ ʩʠʨʦʚʠʥʠ  Acorus 

calamus, Sanguisorba officinalis L., Menyanthes trifoliata L., Nuphar lutea 

ʧʽʜʣʷʛʘʶʪʴ ʩʫʚʦʨʦʤʫ ʣʽʤʽʪʫʚʘʥʥʶ ʚ ʢʦʞʥʦʤʫ ʨʘʡʦʥʽ ʾʭ ʟʨʦʩʪʘʥʥʷ.  

ʅʝʧʨʠʧʫʩʪʠʤʠʤ ʻ ʟʙʠʨʘʥʥʷ ʫ ʧʨʠʨʦʜʥʠʭ ʤʽʩʮʝʟʨʦʩʪʘʥʥʷʭ Nymphaea alba 

L, ʫʛʨʫʧʦʚʘʥʥʷ ʷʢʦʛʦ ʟʘʥʝʩʝʥʽ ʜʦ ɿʝʣʝʥʦʾ ʢʥʠʛʠ ʋʢʨʘʾʥʠ. ʇʦʪʨʝʙʘ ʫ 

ʩʠʨʦʚʠʥʽ ʪʘʢʠʭ ʚʠʜʽʚ, ʷʢ Althea officinalis, Inula helenium, Valeriana 

officinalis, Ononis arvensis L, Plantago major, Bidens tripartita 

ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʢʫʣʴʪʠʚʫʚʘʥʥʷ ʮʠʭ ʚʠʜʽʚ. 

ʋ ʩʫʯʘʩʥʠʭ ʤʽʥʣʠʚʠʭ ʫʤʦʚʘʭ ʟʨʦʩʪʘʥʥʷ, ʢʦʞʥʦʤʫ ʟ ʜʦʩʣʽʜʞʝʥʠʭ 

ʚʠʜʽʚ ʣʽʢʘʨʩʴʢʠʭ ʨʦʩʣʠʥ ʣʫʯʥʠʭ ʪʘ ʚʦʜʥʦ-ʙʦʣʦʪʥʠʭ ʝʢʦʪʦʧʽʚ ʧʨʠʪʘʤʘʥʥʠʡ 

ʚʠʜʦʩʧʝʮʠʬʽʯʥʠʡ ʧʝʨʝʣʽʢ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ ʨʝʩʫʨʩʥʫ 
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ʟʥʘʯʫʱʽʩʪʴ ʯʠ ʩʧʨʠʷʶʪʴ ʾʾ ʨʝʘʣʽʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʘʶʪʴ ʢʽʣʴʢʽʩʥʽ 

ʧʦʢʘʟʥʠʢʠ ʨʝʩʫʨʩʽʚ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʉʝʨʝʜ 22 ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʣʽʢʘʨʩʴʢʠʭ ʚʠʜʽʚ ʣʫʯʥʠʭ ʪʘ ʚʦʜʥʦ-ʙʦʣʦʪʥʠʭ 

ʝʢʦʪʦʧʽʚ ʥʘʡʯʠʩʝʣʴʥʽʰʦʶ ʻ ʛʨʫʧʘ ʟ ʨʽʚʥʦʚʘʞʥʠʤ ʩʪʘʥʦʤ ʨʝʩʫʨʩʽʚ, ʷʢʘ 

ʥʘʨʘʭʦʚʫʻ 9 ʚʠʜʽʚ, ʽʟ ʢʨʠʟʦʚʠʤ ï 3, ʢʨʠʪʠʯʥʠʤ ï 8 ʪʘ ʽʟ ʢʘʪʘʩʪʨʦʬʽʯʥʠʤ ï 

2. ɸʥʘʣʽʟ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʥ  ʣʽʢʘʨʩʴʢʠʭ ʨʦʩʣʠʥ ʮʠʭ ʝʢʦʪʦʧʽʚ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʩʠʨʦʚʠʥʥʫ ʟʥʘʯʫʱʽʩʪʴ ʧʦʧʫʣʷʮʽʾ ʚʪʨʘʯʘʶʪʴ ʯʝʨʝʟ 

ʥʝʟʚʦʨʦʪʥʽ ʟʤʽʥʠ ʩʝʨʝʜʦʚʠʱʘ ʾʭʥʴʦʛʦ ʽʩʥʫʚʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʩʫʨʩʽʚ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʮʽʻʾ ʛʨʫʧʠ ʦʙʤʝʞʝʥʝ ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ 

ʚʽʜʪʚʦʨʝʥʥʷ ʾʭʥʽʭ ʙʽʦʪʦʧʽʚ, ʪʦʤʫ ʩʪʘʥ ʨʝʩʫʨʩʽʚ ʻ ʢʘʪʘʩʪʨʦʬʽʯʥʠʤ, 

ʥʘʩʘʤʧʝʨʝʜ ʜʣʷ Acorus calamus, Menyanthes trifoliata, Nymphaea alba ʪʘ 

ʽʥʰʠʭ. ʉʝʨʝʜ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʾʭʥʽ ʨʝʩʫʨʩʠ, ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʻ 

ʩʣʘʙʢʫ ʢʦʥʢʫʨʝʥʪʥʫ ʟʜʘʪʥʽʩʪʴ ʧʦʧʫʣʷʮʽʡ, ʚʠʙʘʛʣʠʚʽʩʪʴ ʜʦ ʫʤʦʚ 

ʟʚʦʣʦʞʝʥʥʷ,  ʙʘʛʘʪʩʪʚʘ ʽ ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ, ʪʦʱʦ.  

ʉʝʨʝʜ ʧʦʨʫʰʝʥʴ ʥʘʡʚʧʣʠʚʦʚʽʰʠʤʠ ʻ ʟʤʽʥʘ ʛʽʜʨʦʨʝʞʠʤʫ, ʧʽʨʦʛʝʥʥʘ 

ʜʝʛʨʘʜʘʮʽʷ, ʧʘʩʦʚʠʱʥʘ ʜʠʛʨʝʩʽʷ ʙʽʦʪʦʧʽʚ, ʘ ʪʘʢʦʞ ʥʠʟʴʢʘ ʢʦʥʢʫʨʝʥʮʽʷ 

ʚʠʜʽʚ ʫ ʬʽʪʦʮʝʥʦʟʘʭ. ʉʝʨʡʦʟʥʫ ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʣʽʢʘʨʩʴʢʠʭ ʨʦʩʣʠʥ ʣʫʯʥʠʭ ʽ 

ʙʦʣʦʪʥʠʭ ʫʛʨʫʧʦʚʘʥʴ ʩʪʘʥʦʚʠʪʴ ʟʙʽʨ ʩʠʨʦʚʠʥʠ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʥʦʨʤ ʽ 

ʧʨʘʚʠʣ ʟʘʛʦʪʽʚʣʽ, ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʚʠʜʽʚ, ʩʠʨʦʚʠʥʦʶ ʷʢʠʭ ʻ ʧʽʜʟʝʤʥʽ ʦʨʛʘʥʠ: 

Acorus calamus, Althea officinalis, Filipendula ulmaria, Inula helenium, Iris 

pseudoacorus, Nuphar luteum, Symphytum officinalis, Valeriana officinalis. 

ɺʠʚʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʨʽʚʥʦʚʘʞʥʠʭ ʧʦʧʫʣʷʮʽʡ ʮʽʥʥʠʭ 

ʣʽʢʘʨʩʴʢʠʭ ʚʠʜʽʚ ʩʚʽʜʯʠʪʴ, ʱʦ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʚʠʜʽʚ ʣʫʯʥʠʭ ʪʘ ʙʦʣʦʪʥʠʭ 

ʫʛʨʫʧʦʚʘʥʴ ʚʽʜʪʚʦʨʝʥʥʷ ʨʝʩʫʨʩʽʚ ʤʦʞʣʠʚʝ ʣʠʰʝ ʯʝʨʝʟ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʫʤʦʚ 

ʟʨʦʩʪʘʥʥʷ ʪʘ ʧʦʩʣʘʙʣʝʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʝʩʠʥʛʫ. ʉʬʦʨʤʫʚʘʪʠ ʰʪʫʯʥʦ 

ʫʤʦʚʠ, ʥʘʙʣʠʞʝʥʽ ʜʦ ʦʧʪʠʤʘʣʴʥʠʭ, ʥʠʥʽ ʤʦʞʣʠʚʦ ʣʠʰʝ ʜʣʷ ʥʝʟʥʘʯʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ, ʷʢʽ ʚʽʜʥʝʩʝʥʽ ʜʦ ʛʨʫʧʠ ʽʟ ʨʽʚʥʦʚʘʞʥʠʤ ʪʘ ʢʨʠʪʠʯʥʠʤ 

ʩʪʘʥʦʤ: Bidens tripartita, Conium maculatum, Filipendula ulmaria, Inula 

helenium, Valeriana officinalis ʪʘ ʜʝʷʢʠʭ ʽʥʰʠʭ. 

ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ 

ʟʘʭʦʜʽʚ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʟʘʧʘʩʽʚ 

ʩʠʨʦʚʠʥʠ ʣʽʢʘʨʩʴʢʠʭ ʨʦʩʣʠʥ ʨʝʛʽʦʥʫ. 
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1ʍʘʨʯʝʥʢʦ ʄ. ʆ., ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ,  
1ɻʘʣʽʥʩʴʢʘ ʊ. ɸ., ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ,  

2ɻʘʜʞʽʻʚ ʄ., ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

  
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ 

 ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 
2ɸʟʝʨʙʘʡʜʞʘʥʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʙʫʜʽʚʥʠʮʪʚʘ,  

ʤ. ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ 

 

ɼʆʉɺɯɼ ʋʊʀʃɯɿɸʎɯɰ ʈʆɿʂʈʀɺʅʀʍ ʇʆʈɯɼ 

 

ʊʚʝʨʜʽ ʧʨʦʤʠʩʣʦʚʽ ʚʽʜʭʦʜʠ, ʟʦʢʨʝʤʘ ʡ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘʣʠʰʢʠ ʛʽʨʥʠʯʦ-

ʟʙʘʛʘʯʫʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ [1], ʚ ʪʦʤʫ ʯʠʩʣʽ ʨʦʟʢʨʠʚʥʽ ʤʘʣʦʟʚôʷʟʥʽ 

ʧʦʨʦʜʠ ʢʘʨôʻʨʽʚ [2], ʟʘʚʜʘʶʪʴ ʙʝʟʧʝʨʝʯʥʦʾ ʰʢʦʜʠ ʝʢʦʣʦʛʽʯʥʦʤʫ ʜʦʚʢʽʣʣʶ 

ʪʘ ʟʜʦʨʦʚ'ʶ ʣʶʜʝʡ, ʘ ʦʪʞʝ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʾʭ ʫʪʠʣʽʟʘʮʽʾ 

ʻ ʘʢʪʫʘʣʴʥʠʤ ʱʦʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʷʢ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ, ʪʘʢ ʽ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʠʭ ʟʘʜʘʯ ʩʫʩʧʽʣʴʩʪʚʘ [3]. 

ɺʽʜʟʥʘʯʠʤʦ, ʟʦʢʨʝʤʘ, ʜʝʷʢʽ, ʚʞʝ ʘʧʨʦʙʦʚʘʥʽ, ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟ, 

ʪʘʢ ʟʚʘʥʦʾ, çʛʝʦʪʝʭʥʽʯʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾè ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ ʛʽʨʥʠʯʦ-

ʟʙʘʛʘʯʫʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢ-ʪʦ: 

ï  ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʽ ʛʝʦʧʦʣʽʤʝʨʽʚ ʟ̔ çʭʚʦʩʪʽʚ ʰʘʭʪè ʰʣʷʭʦʤ 

ʜʦʜʘʚʘʥʥʷ ʜʦ ʥʠʭ ʣʫʞʥʦ-ʘʢʪʠʚʦʚʘʥʠʭ ʟʚôʷʟʫʶʯʠʭ ʨʝʯʦʚʠʥ, 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʪʝʞ ʽʟ ʧʨʦʤʠʩʣʦʚʠʭ ʽ ʘʛʨʦʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ [4]; 

ï  ʫʣʘʰʪʫʚʘʥʥʷ ʰʪʫʯʥʠʭ ʦʩʥʦʚ ʧʽʜ ʩʧʦʨʫʜʠ ʟ ʚʽʜʭʦʜʽʚ ʧʽʱʘʥʠʭ ʧʦʨʽʜ 

ʪʘ ʾʭ ʩʫʤʽʰʝʡ, ʷʢʽ ʫʪʚʦʨʠʣʠʩʷ ʧʨʠ ʚʠʜʦʙʫʪʢʫ ʨʫʜʥʠʭ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ [5]. 

ʇʨʠ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ [4, 5] ʟʦʩʝʨʝʜʞʝʥʽ ʧʝʨʝʚʘʞʥʦ ʥʘ ʦʮʽʥʶʚʘʥʥʽ 

ʤʝʭʘʥʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʰʪʫʯʥʠʭ ʤʘʩʠʚʽʚ ʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʾʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɸʚʪʦʨʘʤʠ ʘʧʨʦʙʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʶ ʫʪʠʣʽʟʘʮʽʾ ʨʦʟʢʨʠʚʥʠʭ 

ʤʘʣʦʟʚôʷʟʥʠʭ ʧʦʨʽʜ (ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʧʽʩʢʽʚ ʜʨʽʙʥʠʭ ʽ ʧʠʣʫʚʘʪʠʭ, 

ʦʜʥʦʨʽʜʥʠʭ, ʘ ʪʘʢʦʞ ʾʭ ʩʫʤʽʰʝʡ ʽʟ ʩʫʧʽʩʢʘʤʠ ʧʠʣʫʚʘʪʠʤʠ, ʧʣʘʩʪʠʯʥʠʤʠ) 2 

ʢʘʨôʻʨʽʚ ʨʦʜʦʚʠʱʘ ʟʘʣʽʟʥʠʭ ʢʚʘʨʮʠʪʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʾʭ ʷʢ ʤʘʪʝʨʽʘʣ 

ʰʪʫʯʥʠʭ ʦʩʥʦʚ ʩʧʦʨʫʜ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʟʘʚʦʜʫ ʫ ʤʽʩʪʽ ɻʦʨʽʰʥʽ ʇʣʘʚʥʽ ʥʘ 

ʇʦʣʪʘʚʱʠʥʽ. ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʩʪʚʦʨʝʥʦʛʦ ʰʪʫʯʥʦʛʦ ʤʘʩʠʚʫ (ʧʦʰʘʨʦʚʦ 

ʫʱʽʣʴʥʝʥʦʾ ʧʽʱʘʥʦʾ ʧʦʜʫʰʢʠ) ʩʢʣʘʣʘ ʙʣʠʟʴʢʦ 1,9 ʤʣʥ. ʤ2, ʘ ʡʦʛʦ 

ʧʦʪʫʞʥʽʩʪʴ ʢʦʣʠʚʘʣʘʩʴ ʚʽʜ 4 ʤ ʜʦ 6 ʤ. ʊʝʨʠʪʦʨʽʶ ʙʫʣʦ ʧʦʜʽʣʝʥʦ ʥʘ 58 

ʟʘʭʚʘʪʦʢ. 

ɼʦ ʧʦʯʘʪʢʫ ʨʦʙʽʪ ʙʫʜʽʚʝʣʴʥʠʡ ʤʘʡʜʘʥʯʠʢ ʙʫʣʦ ʧʽʜʪʦʧʣʝʥʦ, ʘ ʤʽʩʮʷʤʠ 

ʟʘʙʦʣʦʯʝʥʦ. ɿ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʟʘʣʷʛʘʣʠ ʘʣʶʚʽʘʣʴʥʽ ʧʽʩʢʠ, ʩʫʧʽʩʢʠ ʡ 
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ʩʫʛʣʠʥʢʠ. ʇʨʠ ʮʴʦʤʫ ʧʦʪʫʞʥʽʩʪʴ ʩʣʘʙʢʠʭ ʧʦʨʽʜ ʩʷʛʘʣʘ ʜʦ 2,5 ʤ. ʇʨʦʮʝʩ 

ʫʣʘʰʪʫʚʘʥʥʷ ʧʽʱʘʥʦʾ ʧʦʜʫʰʢʠ ʟ ʨʦʟʢʨʠʚʥʠʭ ʤʘʣʦʟʚôʷʟʥʠʭ ʧʦʨʽʜ ʤʽʩʪʠʚ 

ʪʘʢ̔ ʝʪʘʧʠ: 

ï  ʧʽʜʪʦʧʣʝʥʫ ʽ ʟʘʙʦʣʦʯʝʥʫ ʪʝʨʠʪʦʨʽʶ ʧʽʜ ʥʘʩʠʧ ʧʨʦʨʽʟʘʣʠ 

ʜʨʝʥʘʞʥʠʤʠ ʪʨʘʥʰʝʷʤʠ ʧʝʨʝʨʽʟʦʤ 1,0ʭ1,5 ʤ ʟ ʢʨʦʢʦʤ 3,0 ʤ, ʷʢʽ 

ʟʘʧʦʚʥʶʚʘʣʠ ʱʝʙʥʝʤ; 

ï  ʨʦʟʢʨʠʚʥʽ ʤʘʣʦʟʚôʷʟʥʽ ʧʦʨʦʜʠ ʟ ʢʘʨôʻʨʽʚ ʥʘ ʤʘʡʜʘʥʯʠʢ ʜʦʩʪʘʚʣʷʣʠ 

ʘʚʪʦʩʘʤʦʩʢʠʜʘʤʠ; 

ï  ʮʽ ʧʦʨʦʜʠ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʨʽʚʥʶʚʘʣʠ ʙʫʣʴʜʦʟʝʨʘʤʠ ʡ ʛʨʝʡʜʝʨʘʤʠ, ʘ 

ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʜʦʚʦʜʠʣʠ ʜʦ ʦʧʪʠʤʘʣʴʥʦʾ ʚʦʣʦʛʦʩʪʽ ʰʣʷʭʦʤ ʟʚʦʣʦʞʝʥʥʷ 

ʟ ʧʦʣʠʚʘʣʴʥʠʭ ʤʘʰʠʥ; ʥʘ ʦʢʨʝʤʠʭ ʟʘʭʚʘʪʢʘʭ ʧʦʜʫʰʢʫ ʫʣʘʰʪʦʚʫʚʘʣʠ ʽʟ 

ʩʫʤʽʰʽ ʨʦʟʢʨʠʚʥʠʭ ʧʦʨʽʜ (70-85 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ) ʽ ʩʫʧʽʩʢʫ 

ʧʠʣʫʚʘʪʦʛʦ, ʧʣʘʩʪʠʯʥʦʛʦ, ʱʦ ʟʘʣʠʰʠʚʩʷ ʚʽʜ ʧʨʦʨʽʟʘʥʥʷ ʜʨʝʥʘʞʥʠʭ 

ʪʨʘʥʰʝʡ; 

ï  ʧʦʪʽʤ ʧʽʩʢʠ ʪʘ ʾʭ ʩʫʤʽʰʽ ʫʢʦʯʫʚʘʣʠ ʢʦʪʢʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʧʝʨʰʠʡ 

(ʥʘʡʥʠʞʯʠʡ) ʰʘʨ ʧʽʱʘʥʦʾ ʧʦʜʫʰʢʠ ʪʦʚʱʠʥʦʶ 0,4-0,8 ʤ ʫʱʽʣʴʥʶʚʘʣʠ 

ʢʦʪʢʘʤʠ ʧʥʝʚʤʘʪʠʯʥʠʤʠ, ʘ ʾʾ ʥʘʩʪʫʧʥʽ ʰʘʨʠ ʪʦʚʱʠʥʦʶ 0,3-0,6 ʤ 

ʫʢʦʯʫʚʘʣʠ ʧʝʨʝʚʘʞʥʦ ʩʘʤʦʭʽʜʥʠʤʠ ʢʦʪʢʘʤʠ ʫ ʚʽʙʨʘʮʽʡʥʦʤʫ ʨʝʞʠʤʽ 

ʨʦʙʦʪʠ, ʦʜʥʘʢ ʥʘ ʦʢʨʝʤʠʭ ʟʘʭʚʘʪʢʘʭ ï ʾʭ ʫʱʽʣʴʥʶʚʘʣʠ ʫ ʩʪʘʪʠʯʥʦʤʫ 

ʨʝʞʠʤʽ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʪʫʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʟʦʢʨʝʤʘ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʧʨʠ ʫʢʦʯʫʚʘʥʥʽ ʫ ʚʽʙʨʘʮʽʡʥʦʤʫ ʨʝʞʠʤʽ ʤʘʣʦʟʚôʷʟʥʽ ʧʦʨʦʜʠ ʰʚʠʜʰʝ 

ʜʦʩʷʛʘʶʪʴ ʧʨʦʻʢʪʥʦʾ ʱʽʣʴʥʦʩʪʽ ʟʘ ʥʘʩʪʫʧʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʨʦʙʽʪ: 

ï  ʧʽʩʣʷ ʜʦʩʪʘʚʢʠ ʡ ʨʦʟʨʽʚʥʶʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʢʦʞʥʦʛʦ ʰʘʨʫ 

ʨʦʟʢʨʠʚʥʦʾ ʤʘʣʦʟʚôʷʟʥʦʾ ʧʦʨʦʜʠ ʜʚʘ ʧʝʨʰʽ ʧʨʦʭʦʜʠ ʢʦʪʢʦʤ ʚʠʢʦʥʫʶʪʴ ʟ 

ʤʽʥʽʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ ʡʦʛʦ ʨʫʭʫ (ʦʨʽʻʥʪʦʚʥʦ 2-3 ʢʤ/ʛʦʜ) ʫ ʚʽʙʨʘʮʽʡʥʦʤʫ 

ʨʝʞʠʤʽ ʧʨʠ ʤʘʣʽʡ ʯʘʩʪʦʪʽ ʪʘ ʘʤʧʣʽʪʫʜʽ ʢʦʣʠʚʘʥʴ (ʟʘʚʜʷʢʠ ʮʴʦʤʫ ʩʪʨʫʢʪʫʨʘ 

ʰʪʫʯʥʦʛʦ ʤʘʩʠʚʫ ʩʪʘʻ ʙʽʣʴʰ ʢʦʤʧʘʢʪʥʦʶ); 

ï  ʥʘʩʪʫʧʥʽ 2-3 ʧʨʦʭʦʜʠ ʢʦʪʢʘ ʟʘ ʦʜʥʠʤ ʩʣʽʜʦʤ ʟʜʽʡʩʥʶʶʪʴ ʫ 

ʚʽʙʨʘʮʽʡʥʦʤʫ ʨʝʞʠʤʽ ʟ ʙʽʣʴʰʦʶ ʯʘʩʪʦʪʦʶ ʡ ʘʤʧʣʽʪʫʜʦʶ (ʰʪʫʯʥʠʡ ʤʘʩʠʚ 

ʚʞʝ ʜʦʩʪʘʪʥʴʦ ʱʽʣʴʥʠʡ ʜʣʷ ʨʫʭʫ ʧʦ ʥʴʦʤʫ ʪʝʭʥʽʢʠ); 

ï  ʜʦʜʘʪʢʦʚʦ ʟʚʦʣʦʞʫʶʪʴ ʧʦʨʦʜʫ ʜʦ ʾʾ ʦʧʪʠʤʘʣʴʥʦʾ ʚʦʣʦʛʦʩʪʽ; 

ï  ʚʠʪʨʠʤʫʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʫ ʧʝʨʝʨʚʫ (ʟ ʜʦʩʚʽʜʫ ï 2-3 ʛʦʜ.), ʧʨʦʪʷʛʦʤ 

ʷʢʦʾ ʚʦʣʦʛʘ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʚ ʤʝʞʘʭ ʰʘʨʫ ʧʦʜʫʰʢʠ; 

ï  ʥʘʜʘʣʽ ʧʦʨʦʜʫ ʫʱʽʣʴʥʶʶʪʴ ʷʢ ʫ ʚʽʙʨʘʮʽʡʥʦʤʫ, ʪʘʢ ʽ ʫ ʩʪʘʪʠʯʥʦʤʫ 
ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʢʦʪʢʘ, ʪʦʱʦ. 

ɼʦʜʘʤʦ ʪʘʢʦʞ, ʱʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʠʢʦʥʘʥʥʷ 

ʥʘʪʫʨʥʦʛʦ ʪʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʜʦʩʣʽʜʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ, ʪʘʢ ʟʚʘʥʽ, 

ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʫʱʽʣʴʥʝʥʥʷ ʧʦʨʽʜ ʢʦʨʝʢʪʥʦ ʚʠʟʥʘʯʘʪʠ ʟʘ 

ʽʤʧʫʣʴʩʘʤʠ, ʙʣʠʟʴʢʠʤʠ ʜʦ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʝʭʘʥʽʟʤʽʚ ʯʠ 

ʫʢʦʯʫʚʘʥʥʷʤ ʟʘ ʥʘʪʫʨʥʠʭ ʫʤʦʚ, ʙ ʩʢʽʣʴʢʠ ʩʪʘʥʜʘʨʪʥʠʡ (ʣʘʙʦʨʘʪʦʨʥʠʡ) 

ʪʝʩʪ ʇʨʦʢʪʦʨʘ [2] ʥʝ ʜʘʻ ʟʤʦʛʠ ʜʦʩʷʛʪʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʩʢʝʣʝʪʫ 
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ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʦʞʣʠʚʦʩʪʷʤ ʩʫʯʘʩʥʠʭ ʫʱʽʣʴʥʶʚʘʯʽʚ 

ʦʩʦʙʣʠʚʦ ʫ ʚʽʙʨʦʨʝʞʠʤʽ. 

ɿʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʱʽʣʴʥʝʥʦʾ ʩʫʤʽʰʽ 

ʨʦʟʢʨʠʚʥʠʭ ʧʽʩʢʽʚ ʽ ʩʫʧʽʩʢʫ ʧʠʣʫʚʘʪʦʛʦ, ʧʣʘʩʪʠʯʥʦʛʦ ʚʠʷʚʠʣʠʩʷ ʥʝ 

ʛʽʨʰʠʤʠ ʟʘ ʮʽ ʞ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʦʜʥʦʨʽʜʥʠʭ ʫʱʽʣʴʥʝʥʠʭ ʧʽʩʢʽʚ, ʭʦʯʘ 

ʟʘʬʽʢʩʦʚʘʥʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʢʠʜʫ ʾʭ ʚʝʣʠʯʠʥ. ɿʤʽʰʫʚʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʽ ʚʽʙʨʦʨʝʞʠʤ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʧʠʪʦʤʦʛʦ 

ʟʯʝʧʣʝʥʥʷ ʫʱʽʣʴʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʽʱʘʥʠʭ ʧʦʜʫʰʦʢ ʽ ʤʘʣʦ ï ʥʘ ʟʥʘʯʝʥʥʷ 

ʡʦʛʦ ʢʫʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ; ʚʝʣʠʯʠʥʘ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʽʾ ʫʱʽʣʴʥʝʥʠʭ 

ʧʦʨʽʜ ʟʘʣʝʞʠʪʴ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʩʢʝʣʝʪʘ ʧʦʨʦʜʠ. 

ʐʣʷʭʦʤ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʦʩʣʽʜʥʠʭ ʜʘʥʠʭ ʚʠʟʥʘʯʝʥʦ 

ʝʤʧʽʨʠʯʥʝ ʨʽʚʥʷʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʽʮʥʦʩʪʽ ʨʽʟʥʦʚʠʜʽʚ ʫʱʽʣʴʥʝʥʠʭ ʨʦʟʢʨʠʚʥʠʭ ʧʽʩʢʽʚ (ʤʽʣʢʠʡ, ʦʜʥʦʨʽʜʥʠʡ; 

ʡʦʛʦ ʩʫʤʽʰ ʽʟ ʩʫʧʽʩʢʦʤ; ʩʝʨʝʜʥʴʦʾ ʢʨʫʧʥʦʩʪʽ, ʦʜʥʦʨʽʜʥʠʡ) ʟ ʾʭ ʬʽʟʠʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ (ʧʠʪʦʤʠʡ ʦʙôʻʤ ʩʢʝʣʝʪʘ ʧʦʨʦʜʠ). ʋ ʥʘʧʽʚʣʦʛʘʨʠʬʤʽʯʥʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʽʾ, ʢʫʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʪʝʨʪʷ ʪʘ ʧʠʪʦʤʦʛʦ ʟʯʝʧʣʝʥʥʷ ʚʩʽʭ ʚʠʜʽʚ ʧʽʩʢʽʚ ʚʽʜ ʧʠʪʦʤʦʛʦ ʦʙôʻʤʫ ʩʢʝʣʝʪʘ 

ʧʦʨʦʜʠ ʻ ʣʽʥʽʡʥʠʤʠ. ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʧʠʪʦʤʦʛʦ ʦʙôʻʤʫ ʩʢʝʣʝʪʘ ʧʦʨʦʜʠ 

ʚʝʣʠʯʠʥʠ ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʫ ʧʽʱʘʥʠʭ ʧʦʜʫʰʦʢ ʟʨʦʩʪʘʶʪʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʪʠʣʽʟʘʮʽʾ ʨʦʟʢʨʠʚʥʠʭ 

ʤʘʣʦʟʚôʷʟʥʠʭ ʧʦʨʽʜ ʢʘʨôʻʨʽʚ ʜʣʷ ʟʚʝʜʝʥʥʷ ʰʪʫʯʥʠʭ ʦʩʥʦʚ ʚʠʨʦʙʥʠʯʠʭ 

ʩʧʦʨʫʜ. ɼʦʚʝʜʝʥʦ, ʱʦ ʧʨʠ ʫʢʦʯʫʚʘʥʥʽ ʫ ʚʽʙʨʘʮʽʡʥʦʤʫ ʨʝʞʠʤʽ ʤʘʣʦʟʚôʷʟʥʽ 

ʨʦʟʢʨʠʚʥʽ ʧʦʨʦʜʠ ʰʚʠʜʰʝ ʜʦʩʷʛʘʶʪʴ ʧʨʦʻʢʪʥʦʾ ʱʽʣʴʥʦʩʪʽ. ɿʥʘʯʝʥʥʷ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫʱʽʣʴʥʝʥʦʾ ʩʫʤʽʰʽ ʚʠʷʚʠʣʠʩʷ ʥʝ ʛʽʨʰʠʤʠ 

ʟʘ ʮʽ ʞ ʧʘʨʘʤʝʪʨʠ ʦʜʥʦʨʽʜʥʠʭ ʫʱʽʣʴʥʝʥʠʭ ˇʨʫʥʪʽʚ. ʅʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ 

ʟʤʽʥʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʧʦʜʫʰʢʠ ʤʘʻ ʚʠʜ ʧʦʨʦʜʠ ʡ ʚʤʽʩʪ ʫ ʥʽʡ ʜʦʤʽʰʦʢ, 

ʤʝʥʰʠʡ ï ʢʽʣʴʢʽʩʪʴ ʧʨʦʭʦʜʽʚ ʢʦʪʢʘ ʟʘ ʩʣʽʜʦʤ ʽ ʨʝʞʠʤ ʨʦʙʦʪʠ, ʘ 

ʥʘʡʤʝʥʰʠʡ ï ʪʦʚʱʠʥʘ ʰʘʨʫ ʧʦʨʦʜʠ ʜʦ ʫʢʦʯʫʚʘʥʥʷ. 
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ʋɼʂ 502.3;504.5;631.234 

 

ɻʦʣʽʢ ʖ. ʉ., ʢʘʥʜʠʜʘʪ  ʪʝʭʥʽʯʥʠʭ  ʥʘʫʢ, ʧʨʦʬʝʩʦʨ ʫʥʽʚʝʨʩʠʪʝʪʫ, 

ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʪʝʧʣʦʛʘʟʦʧʦʩʪʘʯʘʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ  

ʪʘ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ  

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʄɯʂʈʆʂʃɯʄɸʊʋ ɺ ʇɸʃɸʊɯ ʃɯʂɸʈʅɯ 

 

ʅʘ ʬʦʨʤʫʚʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʛʨʦʤʘʜʩʴʢʠʭ 

ʙʫʜʽʚʝʣʴ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʚʽʜʽʛʨʘʶʪʴ ʝʥʝʨʛʝʪʠʯʥʽ ʪʘ ʬʽʥʘʥʩʦʚʽ ʚʠʪʨʘʪʠ, 

ʦʩʦʙʣʠʚʦ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ɭʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʱʦ ʚʥʦʩʠʪʴ 

ʩʫʪʪʻʚʽ ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʚʽʪʯʠʟʥʷʥʠʭ ʥʦʨʤ, ʮʝ ʩʪʦʩʫʻʪʴʩʷ ɼʉʊʋ ɹ EN 

15251:2011, ɼʉʊʋ EN 13779:2013 ʪʘ ɼʉʊʋ EN ISO 7730 : 2005. ʅʦʚʠʡ 

ɭʚʨʦʧʝʡʩʴʢʠʡ ʩʪʘʥʜʘʨʪ ʚʝʥʪʠʣʷʮʽʾ EN 13779:2005 ʟʚʝʨʪʘʻ ʫʚʘʛʫ, ʱʦ 

ʩʪʚʦʨʝʥʥʷ ʟʜʦʨʦʚʦʛʦ ʪʘ ʢʦʤʬʦʨʪʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʚ ʣʶʙʠʡ ʯʘʩ ʨʦʢʫ 

ʤʦʞʝ ʙʫʪʠ ʟʘ ʨʦʟʫʤʥʦʶ ʮʽʥʦʶ ʡ ʬʽʥʘʥʩʦʚʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʟʘʤʦʚʥʠʢʘ.  

ɼʝʨʞʘʚʥʽ ʙʫʜʽʚʝʣʴʥʽ ʥʦʨʤʠ ɼɹʅ ɺ 2.5-67: 2013 çʆʧʘʣʝʥʥʷ, 

ʚʝʥʪʠʣʷʮʽʷ ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷè ʪʘ ɼʝʨʞʘʚʥʽ ʩʘʥʽʪʘʨʥʽ ʥʦʨʤʠ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʴ ɼʉʅ 3.3.6.042-99 ʚʠʟʥʘʯʘʶʪʴ 

ʚʽʪʯʠʟʥʷʥʽ ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʢʣʽʤʘʪʫ: ʪʝʤʧʝʨʘʪʫʨʫ, ʚʽʜʥʦʩʥʫ ʚʦʣʦʛʽʩʪʴ, 

ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʦʛʦʨʦʜʞʫʶʯʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  

ɿʘ ɭʚʨʦʧʝʡʩʴʢʠʤʠ ʥʦʨʤʘʤʠ EN ISO 7730: 2005 çɽʨʛʦʥʦʤʽʢʘ 

ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ ʩʝʨʝʜʦʚʠʱʘ. ɸʥʘʣʽʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʪʘ 

ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʥʠʢʽʚ PMV 

ʪʘ PPD ʽ ʢʨʠʪʝʨʽʾʚ ʣʦʢʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫè ʜʦʜʘʪʢʦʚʦ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʦʮʽʥʢʘ ʜʦʧʫʩʪʠʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ 

ʧʘʨʘʣʝʣʴʥʦ ʟ ʘʤʝʨʠʢʘʥʩʴʢʠʤ ʩʪʘʥʜʘʨʪʦʤ 55 (ASHRAE). ʎʝʡ ʜʦʢʫʤʝʥʪ 

ʚʩʪʘʥʦʚʣʶʻ ʤʝʪʦʜʠ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʽʜʯʫʪʪʷ ʽ 

ʩʪʫʧʝʥʷ ʜʠʩʢʦʤʬʦʨʪʫ (ʪʝʧʣʦʚʘ ʥʝʟʘʜʦʚʦʣʝʥʽʩʪʴ) ʣʶʜʝʡ, ʱʦ ʧʽʜʜʘʶʪʴʩʷ 

ʜʽʾ ʧʦʤʽʨʥʠʭ ʪʝʨʤʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ. ʊʘʢʝ ʥʦʨʤʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ 

ʘʥʘʣʽʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʘʭʫʥʢʽʚ PMV (ʧʨʦʛʥʦʟʦʚʘʥʘ ʩʝʨʝʜʥʷ ʦʮʽʥʢʘ ʷʢʦʩʪʽ 

ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ) ʽ PPD (ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʚʽʜʩʦʪʦʢ ʥʝʟʘʜʦʚʦʣʝʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʩʝʨʝʜʦʚʠʱʘ), ʘ ʪʘʢʦʞ ʢʨʠʪʝʨʽʾʚ ʤʽʩʮʝʚʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʢʦʤʬʦʨʪʫ ʡ ʜʦʧʦʤʘʛʘʻ ʦʮʽʥʠʪʠ ʧʨʠʡʥʷʪʥʽʩʪʴ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ ʣʶʜʠʥʠ. ʇʨʠ 

ʦʮʽʥʶʚʘʥʥʽ ʘʙʦ ʚʠʤʽʨʶʚʘʥʥʽ ʮʠʭ ʬʘʢʪʦʨʽʚ ʤʦʞʣʠʚʦ ʧʝʨʝʜʙʘʯʠʪʠ ʪʝʧʣʦʚʝ 

ʚʽʜʯʫʪʪʷ ʜʣʷ ʦʨʛʘʥʽʟʤʫ ʚ ʮʽʣʦʤʫ ʰʣʷʭʦʤ ʜʦʜʘʪʢʦʚʦʛʦ ʚʨʘʭʫʚʘʥʥʷ 
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ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʧʠʣʦʚʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʚ 

ʚʥʫʪʨʽʰʥʴʦʤʫ  ʪʘ ʟʦʚʥʽʰʥʴʦʤʫ ʧʦʚʽʪʨʽ.  

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ɼʉʊʋ ɹ EN 15251:2011 çʈʦʟʨʘʭʫʥʢʦʚ ̔ʧʘʨʘʤʝʪʨʠ  

ʤʽʢʨʦʢʣʽʤʘʪʫ ʧʨʠʤʽʱʝʥʴ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ ʫ ʚʽʜʥʦʰʝʥʥʽ ʜʦ ̫ʢʦʩʪʽ ʧʦʚʽʪʨʷ, ʪʝʧʣʦʚʦʛʦ 

ʢʦʤʬʦʨʪʫ, ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʘʢʫʩʪʠʢʠè, ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʟʥʘʯʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʨʠʪʝʨʽʾʚ ʤʽʢʨʦʢʣʽʤʘʪʫ ʧʨʠʤʽʱʝʥʴ ʪʘ ʙʫʜʽʚʝʣʴ, ʚʢʣʶʯʘʶʯʠ 

ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʧʨʦʝʢ̒ʪʫʚʘʥʥʽ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʅʝʱʦʜʘʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʘʨʪʽʩʪʴ ʚʧʣʠʚʫ 

ʥʝʟʘʜʦʚʽʣʴʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʧʨʠʤʽʱʝʥʥʷ ʥʘ ʧʨʘʮʽʚʥʠʢʽʚ, ʚʣʘʩʥʠʢʘ 

ʙʫʜʽʚʣʽ ʪʘ ʩʫʩʧʽʣʴʩʪʚʦ ʯʘʩʪʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʚʘʨʪʽʩʪʴ ʝʥʝʨʛʽʾ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʘ ʮʠʤ ʞʝ ʙʫʜʠʥʢʦʤ. ʊʘʢʦʞ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʠʩʦʢʘ ʷʢʽʩʪʴ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʧʨʠʤʽʱʝʥʥʷ ʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʟʜʘʪʥʽʩʪʴ 

ʜʦ ʥʘʚʯʘʥʥʷ ʪʘ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʨʦʛʫʣʽʚ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʢʦʤʬʦʨʪʫ 

ʣʶʜʠ ʩʭʠʣʴʥʽ ʜʦ ʚʞʠʪʪʷ ʟʘʭʦʜʽʚ ʦɦʜʦ ʡʦʛʦ ʧʽʜʚʠʱʝʥʥʷ, ʱʦ ʤʦʞʝ ʤʘʪʠ 

ʚʧʣʠʚ ʥʘ ʚʠʪʨʘʪʫ ʝʥʝʨʛʽʾ. ɻʦʣʦʚʥʝ, ʜʝʢʣʘʨʘʮʽʷ ʝʥʝʨʛʽʾ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʽʜʪʨʠʤʘʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʫ ʧʨʠʤʽʱʝʥʴ ʥʝ ʤʘʻ 

ʩʝʥʩʫ.  

ʅʠʥʽ, ʢʦʣʠ ʋʢʨʘʾʥʘ ʢʨʦʢʫʻ ʜʦ ɭʚʨʦʧʝʡʩʴʢʦʾ ʩʧʽʣʴʥʦʪʠ, ʚʽʜ ʋʢʨʘʾʥʠ 

ʚʠʤʘʛʘʶʪʴ ʚʨʘʭʫʚʘʥʥʷ ɭʚʨʦʧʝʡʩʴʢʠʭ ʥʦʨʤ ʡ ʪʦʤʫ ʚʦʥʘ ʧʦʚʠʥʥʘ 

ʥʘʙʣʠʞʘʪʠ ʩʚʦʻ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʝ ʡ ʙʫʜʽʚʝʣʴʥʝ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʜʦ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʡ ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʟʘʩʣʫʛʦʚʫʻ ʦʮʽʥʢʘ ʢʦʥʮʝʥʪʨʘʮʽʾ CO2 ʪʘ 

ʜʨʽʙʥʠʭ ʧʠʣʦʚʠʭ ʯʘʩʪʠʥʦʢ ʽʟ ʜʠʩʧʝʨʩʥʠʤ ʨʦʟʤʽʨʦʤ ʈʄ2.5 ʪʘ ʈʄ10. 

ɼʝʨʞʘʚʥʽ ʙʫʜʽʚʝʣʴʥʽ ʥʦʨʤʠ ʋʢʨʘʾʥʠ, ʨʝʢʦʤʝʥʜʫʶʪʴ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. 

ʋʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʧôʷʪʠ ʨʦʢʽʚ ʬʘʭʽʚʮʷʤʠ ʢʘʬʝʜʨʠ 

ʪʝʧʣʦʛʘʟʦʧʦʩʪʘʯʘʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè 

ʧʨʦʚʦʜʠʣʠʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʰʢʽʣʴʥʠʭ ʢʣʘʩʘʭ 

ʦʢʨʝʤʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ʤʽʩʪʘ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚʧʨʦʜʦʚʞ 

ʥʘʚʯʘʣʴʥʦʛʦ ʜʥʷ ʫʯʥʽʚ ʦʜʥʦʛʦ ʢʣʘʩʫ. ɼʣʷ ʮʴʦʛʦ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʢʦʞʥʦʛʦ 

ʫʨʦʢʫ ʪʘ ʚ ʢʽʥʮʽ ʧʨʦʚʦʜʠʣʠ: ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʚʽʜʥʦʩʥʦʾ 

ʚʦʣʦʛʦʩʪʽ, ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʚʽʪʨʷ, ʢʦʥʮʝʥʪʨʘʮʽʾ CO2 ʪʘ ʜʨʽʙʥʠʭ ʧʠʣʦʚʠʭ 

ʯʘʩʪʠʥʦʢ. ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʘʥʦ, ʱʦ ʫ ʧʨʠʤʽʱʝʥʥʽ ʢʣʘʩʽʚ ʬʘʢʪʠʯʥʦ 

ʧʨʠʨʦʜʥʘ ʚʝʥʪʠʣʷʮʽʷ ʚʽʜʩʫʪʥʷ, ʽ ʪʦʤʫ ʢʘʙʽʥʝʪʠ ʧʨʦʚʽʪʨʶʚʘʣʠʩʷ ʥʘ 

ʧʝʨʝʨʚʘʭ, ʘ ʨʝʢʨʝʘʮʽʾ ï ʧʽʜ ʯʘʩ ʫʨʦʢʽʚ.  

ʌʨʘʛʤʝʥʪ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ. ʅʘ ʥʴʦʤʫ ʚʠʜʥʦ 

ʭʘʨʘʢʪʝʨʥʝ ʧʦʩʪʫʧʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚ ʢʣʘʩʽ, ʷʢʝ ʜʦʭʦʜʠʪʴ 

ʜʦ 4300 ppm, ʱʦ ʧʝʨʝʚʠʱʫʻ ʥʦʨʤʫ ʚ ʙʽʣʴʰʝ,  ʥʽʞ ʫ 4 ʨʘʟʠ. ʂʦʥʮʝʥʪʨʘʮʽʷ 

ʧʠʣʦʚʠʭ ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ PM10 ʟʤʝʥʰʫʚʘʣʘʩʷ ʟ 12 ʜʦ 9 ppm ʚʧʨʦʜʦʚʞ 

ʫʨʦʢʽʚ, ʦʩʢʽʣʴʢʠ ʯʘʩʪʠʥʢʠ ʦʩʽʜʘʣʠ ʧʽʜ ʜʽʻʶ ʛʨʘʚʽʪʘʮʽʾ. ʂʦʥʮʝʥʪʨʘʮʽʷ 
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ʧʠʣʦʚʠʭ ʯʘʩʪʠʥʦʢ PM2.5 ʪʘʢʦʞ ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʽʜ ʯʘʩ 

ʫʨʦʢʽʚ, ʘ ʾʾ ʪʠʤʯʘʩʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʤʦʞʣʠʚʦ ʧʦʷʩʥʠʪʠ ʧʽʜʚʠʱʝʥʦʶ 

ʘʢʪʠʚʥʽʩʪʶ ʜʽʪʝʡ ʥʘ ʧʝʨʝʨʚʽ. ʑʦ ʬʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʥʫʣʦ ʥʘ ʚʘʞʢʽ ʯʘʩʪʠʥʢʠ 

PM10. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʢʦʣʠ ʚ ʧʨʠʤʽʱʝʥʥʽ ʢʣʘʩʫ ʚʽʢʥʘ (ʽʟ ʤʝʪʦʶ ʝʢʩʧʝʨʠʤʝʥʪʫ) ʙʫʣʠ ʟʘʯʠʥʝʥʽ ʡ 

ʬʘʢʪʠʯ-ʥʠʡ ʚʧʣʠʚ ʚʝʥʪʠʣʶʚʘʥʥʷ ʧʨʠʤʽʱʝʥʥʷ ʚʽʜʩʫʪʥʽʡ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ  

çʧʨʦʚʽʪ-ʨʶʚʘʥʥʷè ʚ ʧʨʠʤʽʱʝʥʥʽ ʧʦʢʘʟʥʠʢʠ ʤʽʢʨʦʢʣʽʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʥʫʪ-ʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʰʢʽʣʴʥʦʛʦ ʢʣʘʩʫ ʬʘʢʪʠʯʥʦ ʚʢʣʘʜʘʣʠʩʴ ʫ 

ʥʦʨʤʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ. 

 
ʈʠʩʫʥʦʢ 1 ï ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʠʣʦʚʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʜʽʦʢʩʠʜʫ 

ʚʫʛʣʝʮʶ ʚʧʨʦʜʦʚʞ ʥʘʚʯʘʣʴʥʦʛʦ ʜʥʷ ʫ ʰʢʽʣʴʥʦʤʫ ʢʣʘʩʽ  

(ʚʽʢʥʘ ʟʘʯʠʥʝʥʽ) 

 

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʤʽʨʫ ʧʠʣʦʚʠʭ 

ʯʘʩʪʠʥʦʢ ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʶʚʘʪʠ ʡ ʙʽʣʴʰ ʜʨʽʙʥʽ ʯʘʩʪʠʥʢʠ ʨʦʟʤʽʨʦʤ 0.3 ʤʢʤ, 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʷʢʠʭ ʟʘ ʧʝʨʚʠʥʥʦʶ ʦʮʽʥʢʦʶ ʟʥʘʭʦʜʠʣʘʩʴ ʫ ʤʝʞʘʭ 150-200 

ʪʠʩʷʯ ppm ʽ ʟʤʽʥʶʚʘʣʘʩʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʱʦ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʠʣʦ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʡ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʦʛʦ ʙʽʣʴʰ ʧʣʽʜʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʣʽʜ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʩʫʯʘʩʥʽ ʩʪʘʥʜʘʨʪʠ ʪʘ ʙʫʜʽʚʝʣʴʥʽ ʥʦʨʤʠ ʥʝ ʤʽʩʪʷʪʴ 

ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʥʦʨʤʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʪʘʢʠʭ ʯʘʩʪʠʥʦʢ. 

ʅʘʤʠ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʦʛʦ ʝʪʘʧʫ 

ʨʦʟʰʠʨʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʚʠʚʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ, ʥʘʧʨʠʢʣʘʜ, 

ʚʽʨʫʩʥʠʭ ʘʝʨʦʟʦʣʴʥʠʭ ʧʘʪʦʛʝʥʥʠʭ ʯʘʩʪʠʥʦʢ ʫ ʧʨʠʤʽʱʝʥʥʽ ʰʣʷʭʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʯʠʱʝʥʥʷ ʪʘ ʧʦʚʽʪʨʷʥʠʭ ʬʽʣʴʪʨʽʚ 

HEPA ʡ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʠʣʦʚʠʭ ʯʘʩʪʠʥʦʢ ʟʘ ʯʘʩʦʤ. ʁ 

ʪʘʢʘ ʤʦʞʣʠʚʽʩʪʴ ʟôʷʚʠʣʘʩʴ, ʢʦʣʠ ʦʜʠʥ ʽʟ ʯʣʝʥʽʚ ʙʨʠʛʘʜʠ ʜʦʩʣʽʜʥʠʢʽʚ 

ʟʘʭʚʦʨʽʚ ʥʘ ʟʘʧʘʣʝʥʥʷ ʣʝʛʝʥʽʚ ʡ ʧʦʪʨʘʧʠʚ ʷʢ ʭʚʦʨʠʡ ʚ ʦʜʥʫ ʟ ʣʽʢʘʨʝʥʴ 

ʤʽʩʪʘ.  
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ʊʦʜʽ ʡ ʙʫʣʘ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʚ ʦʜʥʽʡ ʟ ʣʽʢʘʨʥʷʥʠʭ ʧʘʣʘʪ, ʜʝ ʟʥʘʭʦʜʷʪʴʩʷ ʭʚʦʨʽ. ɼʣʷ ʮʴʦʛʦ 

ʚ  ʧʘʣʘʪʫ ʥʘ ʪʨʴʦʭ ʭʚʦʨʠʭ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʣʽʢʫʚʘʥʥʷ, ʟ ʜʦʟʚʦʣʫ ʣʽʢʘʨʽʚ, 

ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʢʣʽʤʘʪʫ  

ʚʧʨʦʜʦʚʞ ʧʨʦʮʝʩʫ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʣʽʢʘʨʥʽ ʜʦ ʤʦʤʝʥʪʫ ʦʜʫʞʘʥʥʷ. ɺ ʧʘʣʘʪʽ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ, ʟʤʽʥʠ 

ʬʨʘʢʮʽʡʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʠʣʦʚʠʭ ʯʘʩʪʠʥʦʢ ʚʧʨʦʜʦʚʞ ʨʦʙʦʯʦʛʦ ʜʥʷ 

ʣʽʢʘʨʥʽ ʽʟ 8ʯʘʩʽʚ ʨʘʥʢʫ ʜʦ 22 ʛʦʜʠʥ ʚʝʯʦʨʘ, ʷʢʝ ʙʫʣʦ ʦʙʫʤʦʚʣʝʥʦ 

ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʫ ʧʨʠʤʽʱʝʥʥʽ ʧʦʚʽʪʨʷʥʦʛʦ ʬʽʣʴʪʨʫ ʽʟ ʪʨʠʩʪʫʧʝʥʝʚʦʾ 

ʧʦʩʣʽʜʦʚʥʦʶ ʩʠʩʪʝʤʦʶ ʦʯʠʱʝʥʥʷ: ʧʝʨʝʜ ʬʽʣʴʪʨ ʛʨʫʙʦʛʦ ʦʯʠʱʝʥʥʷ, 

ʚʫʛʽʣʴʥʠʡ ʬʽʣʴʪʨ- ʪʘ ʬʽʣʴʪʨ HEPA. 

 
ʈʠʩʫʥʦʢ 2 ï ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʧʨʦʜʦʚʞ  ʣʽʨʥʷʥʦʛʦ ʜʥʷ 
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ʈʠʩʫʥʦʢ 3 ï ɿʤʽʥʘ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʚʧʨʦʜʦʚʞ  ʣʽʨʥʷʥʦʛʦ ʜʥʷ 

 
ʈʠʩʫʥʦʢ 4 ï ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚʧʨʦʜʦʚʞ  ʣʽʨʥʷʥʦʛʦ ʜʥ ̫
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ʈʠʩʫʥʦʢ 5 ï ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʠʣʦʚʠʭ ʯʘʩʪʠʥʦʢ ʫ ʧʨʠʤʽʱʝʥʥʽ 

ʪʘ ʟʦʚʥʽʰʥʴʦʤʫ ʧʦʚʽʪʨʽ 

 

 
ʈʠʩʫʥʦʢ 6 ï ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʠʣʦʚʠʭ ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ 2.5 

ʨʨm ʚʧʨʦʜʦʚʞ ʣʽʨʥʷʥʦʛʦ ʜʥʷ ʧʨʠ ʦʯʠʱʝʥʥʽ  

ʚ ʪʨʠʩʪʫʧʝʥʝʚʽʡ ʩʠʩʪʝʤʽ 
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ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ɼɹʅ ɺ .2.2-10:2022 çɿʘʢʣʘʜʠ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷè 

ʜʣʷ ʧʨʠʤʽʱʝʥʴ ʢʣʘʩʫ ʉ, ʧʨʠʤʽʱʝʥʥʷ, ʷʢʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʩʧʝʮʽʘʣʴʥʠʭ 

ʟʘʭʦʜʽʚ ʟʘʭʠʩʪʫ ʜʣʷ ʧʘʮʽʻʥʪʽʚ ʪʘ ʧʝʨʩʦʥʘʣʫ, ʘ ʪʘʢʦʞ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ɼʉʊʋ ɽN 1822-1 çʂʣʘʩ ʬʽʣʴʪʨʽʚ ʪʘ ʢʽʣʴʢʽʩʪʴ ʩʪʫʧʝʥʽʚ ʦʯʠʱʝʥʥʷè 

ʧʦʪʨʽʙʥʦ ʷʢ ʨʘʟ ʧʦʩʣʽʜʦʚʥʝ  ʪʨʠʩʪʫʧʝʥʝʚʝ ʦʯʠʱʝʥʥʷ (G4 +F7 +F9), ʱʦ 

ʙʣʠʟʴʢʦ ʜʦ ʫʤʦʚ ʩʪʚʦʨʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ ʧʘʣʘʪʠ ʣʽʢʘʨʥʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʪʘ 3 ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʚʧʨʦʜʦʚʞ ʣʽʢʘʨʥʷʥʦʛʦ ʜʥʷ ʟʘʣʠʰʘʶʪʴʩʷ  

ʙʣʠʟʴʢʠʤʠ ʜʦ ʥʦʨʤʘʪʠʚʥʠʭ ʟʥʘʯʝʥʴ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʜʽʦʢʩʠʜʽʚ ʚʫʛʣʝʮʶ ʉʆ2  

(ʨʠʩ. 4) ʚʧʨʦʜʦʚʞ ʜʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ ʫʤʦʚʥʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʟʥʘʯʝʥʥʷ 

1000 ppm  ʡ ʜʦʭʦʜʠʪʴ ʜʦ 3500-4000 ppm. ʇʦʨʽʚʥʷʣʴʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ 

ʚʤʽʩʪʦʤ ʧʠʣʦʚʠʭ ʯʘʩʪʠʥʦʢ, ʥʘʧʨʠʢʣʘʜ, ʨʦʟʤʽʨʦʤ 2.5 ʈʄ, ʱʦ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 5, ʧʦʢʘʟʘʣʦ ʟʘʣʝʞʥʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʢʽʣʴʢʦʩʪʽ) ʧʠʣʦʚʠʭ ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ 

2,5ʈʄ ʫ ʧʘʣʘʪʽ ʧʨʠ ʧʨʘʮʶʶʯʠʡ ʩʠʩʪʝʤʽ ʦʯʠʱʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʤʝʥʰʝʥʥʷ ʧʠʣʦʚʠʭ ʯʘʩʪʠʥʦʢ, ʘ ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʚ 

ʤʝʞʘʭ ʦʜʥʽʻʾ ʬʨʘʢʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʈʄ2.5 ʩʢʣʘʜʘʻ 85-90%. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʦʚʝʜʝʥʠʭ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʝʥʦ ʟʥʠʞʝʥʥʷ ʜʨʽʙʥʠʭ 

ʧʠʣʦʚʠʭ ʯʘʩʪʠʥʦʢ (ʙʘʢʪʝʨʽʡ ʦʢʨʝʤʦʛʦ ʚʽʨʫʩʫ) ʪʘ ʙʽʣʴʰ ʰʚʠʜʢʝ  

ʚʠʣʽʢʫʚʘʥʥʷ ʭʚʦʨʠʭ ʧʨʠ ʤʝʥʰʠʭ ʚʠʪʨʘʪʘʭ ʥʘ ʧʨʦʮʝʩ ʪʨʠʤʘʥʥʷ ʚ ʣʽʢʘʨʥʽ 

ʪʘ ʚʠʪʨʘʪʠ ʥʘ ʣʽʢʠ. ʊʦʙʪʦ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʫ ʚ ʧʘʣʘʪʽ ʣʽʢʘʨʥʽ 

ʤʘʻ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ ʽ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʦʛʦ ʙʽʣʴʰ 

ʛʣʠʙʦʢʦʛʦ ʪʘ ʷʢʽʩʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ.  

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ 
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ʨʦʢʫ (ʩʭʚʘʣʝʥʦ ʨʦʟʧʦʨʷʜʞʝʥʥʷʤ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 8 
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4. ɼʉʊʋ EN 45501:2017 ʄʝʪʨʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʥʝʘʚʪʦʤʘʪʠʯʥʠʭ 
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ʋɼʂ 623.746.4-519 : 665.947 : 504.06 

 

ɿʘʢʨʝʚʩʴʢʠʡ ɸ. ɸ., ʛʝʥʝʨʘʣʴʥʠʡ ʜʠʨʝʢʪʦʨ ʊʆɺ çʅʔʖʌʆʃʂ ʅʂʎè, 

ʘʩʧʽʨʘʥʪ 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ  

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 

 

 

ʇɽʈʉʇɽʂʊʀɺʀ ɺʀʂʆʈʀʉʊɸʅʅʗ ʉʂʀʇɯɼɸʈʋ ʊɸ ʂɸʅɯʌʆʃɯ 

ɼʃʗ ɺʀʈʆɹʅʀʎʊɺɸ ɹʆʁʆɺʀʍ çɽʂʆʃʆɻɯʏʅʆ ʏʀʉʊʀʍè 

ɼʈʆʅɯɺ 

 

ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ 

(ɹʇʃɸ) ʜʝʤʦʥʩʪʨʫʻ ʧʝʨʝʭʽʜ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʾ ʤʦʜʝʣʽ çʧʣʘʪʬʦʨʤʘ + 

ʢʦʨʠʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷè ʜʦ ʢʦʥʮʝʧʮʽʾ, ʫ ʷʢʽʡ ʩʘʤʘ ʩʪʨʫʢʪʫʨʘ ʜʨʦʥʘ ʤʦʞʝ 

ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʾ ʙʦʡʦʚʦʾ ʯʘʩʪʠʥʠ ʘʙʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʥʦʩʽʷ. ʎʝʡ 

ʧʽʜʭʽʜ, ʚʽʜʦʤʠʡ ʷʢ Structural Energetic Materials (SEM), ʘʢʪʠʚʥʦ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʧʨʦʚʽʜʥʠʤʠ ʚʽʡʩʴʢʦʚʦ-ʥʘʫʢʦʚʠʤʠ ʮʝʥʪʨʘʤʠ ʉʐɸ, 

ɯʟʨʘʾʣʶ, ʌʽʥʣʷʥʜʽʾ ʪʘ ʂʠʪʘʡʩʴʢʦʾ ʅʘʨʦʜʥʦʾ ʈʝʩʧʫʙʣʽʢʠ [1]. 

ʇʘʨʘʣʝʣʴʥʦ ʩʚʽʪʦʚʘ ʭʽʤʽʯʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʧʨʦʭʦʜʠʪʴ ʝʪʘʧ 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʥʘ ʙʽʦʨʝʩʫʨʩʠ, ʱʦ ʩʪʚʦʨʶʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʣʽʩʦʚʦʾ ʭʽʤʽʾ. ɿʦʢʨʝʤʘ ʢʘʥʽʬʦʣʽ ʪʘ ʩʢʠʧʽʜʘʨʫ ʷʢ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʪʘ ʧʘʣʠʚʥʠʭ 

ʩʠʩʪʝʤʘʭ. ʋ ʮʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʦʪʝʥʮʽʘʣ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʘʥʽʬʦʣʴʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʽ ʧʦʭʽʜʥʠʭ ʩʢʠʧʽʜʘʨʫ ʚ ʩʪʚʦʨʝʥʥʽ çʝʢʦʣʦʛʽʯʥʦ 

ʯʠʩʪʠʭè ʜʨʦʥʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʟ ʦʩʦʙʣʠʚʦʶ ʫʚʘʛʦʶ ʜʦ ʤʦʥʦʪʠʧʥʠʭ 

ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʧʣʘʪʬʦʨʤ (çʤʦʥʦʢʦʧʪʝʨʽʚè) ʪʘ ʙʽʦʨʦʟʢʣʘʜʥʠʭ 

ʩʪʨʫʢʪʫʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ʂʘʥʽʬʦʣʴ (ʩʤʦʣʘ ʭʚʦʡʥʠʭ ʧʦʨʽʜ), ʷʢ ʽ ʩʢʠʧʽʜʘʨ (ʚ ʦʩʥʦʚʥʦʤʫ Ŭ-

ʧʽʥʝʥ), ʻ ʤʘʩʦʚʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʝʨʝʨʦʙʢʠ ʜʝʨʝʚʠʥʠ. ɺ ɭʚʨʦʧʝʡʩʴʢʦʤʫ 

ʉʦʶʟʽ ʟʥʘʯʥʽ ʦʙʩʷʛʠ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʨʦʙʣʷʻ ʌʽʥʣʷʥʜʽʷ, ʟʘʚʜʷʢʠ 

ʨʦʟʚʠʥʫʪʽʡ ʮʝʣʶʣʦʟʥʽʡ ʽʥʜʫʩʪʨʽʾ. Tall Oil Rosin ʪʘ ʩʦʧʫʪʥʽ ʬʨʘʢʮʽʾ 

ʩʪʘʥʦʚʣʷʪʴ ʜʦ 40 % ʦʨʛʘʥʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦ ʧʨʠʜʘʪʥʠʭ ʜʣʷ 

ʧʦʣʽʤʝʨʠʟʘʮʽʾ, ʤʦʜʠʬʽʢʘʮʽʾ ʯʠ ʝʪʝʨʠʬʽʢʘʮʽʾ [2]. ʏʠʩʪʘ ʢʘʥʽʬʦʣʴ ʢʨʠʭʢʘ, 

ʘʣʝ ʾʾ ʤʦʜʠʬʽʢʦʚʘʥʽ ʬʦʨʤʠ (ʛʣʽʮʝʨʠʥʦʚʽ, ʧʝʥʪʘʝʨʠʪʨʠʪʦʣʴʥʽ ʪʘ ʽʥʰʽ 

ʝʩʪʝʨʠ) ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʷʢ ʚʠʩʦʢʦʤʽʮʥʽ ʧʦʣʽʤʝʨʥʽ 

ʤʘʪʨʠʮʽ. ɼʦʜʘʚʘʥʥʷ ʥʝʚʝʣʠʢʠʭ ʯʘʩʪʦʢ ʧʦʣʽʫʨʝʪʘʥʫ, ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ ʯʠ 

ʥʘʥʦʮʝʣʶʣʦʟʠ ʧʽʜʚʠʱʫʻ ʝʣʘʩʪʠʯʥʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʜʦ ʜʝʬʦʨʤʘʮʽʡ. ʊʘʢʽ 

ʢʦʤʧʦʟʠʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ: ʥʝʩʫʯʽ ʝʣʝʤʝʥʪʠ ʢʦʨʧʫʩʽʚ ɹʇʃɸ; 

ʩʪʨʫʢʪʫʨʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʤʝʭʘʥʽʯʥʫ ʪʘ ʭʽʤʽʯʥʫ 

ʬʫʥʢʮʽʾ;  ʙʽʦʨʦʟʢʣʘʜʥʽ ʤʦʜʫʣʽ, ʙʝʟʧʝʯʥʽ ʜʣʷ ʜʦʚʢʽʣʣʷ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʩʪʨʦʢʫ ʩʣʫʞʙʠ. 
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Ŭ-ʇʽʥʝʥ ï ʦʜʠʥ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʫʙʩʪʨʘʪʽʚ, ʱʦ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʨʽʜʢʽ ʥʦʩʽʾ ʚʦʜʥʶ (LOHC). ʁʦʛʦ ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʢʘʪʘʣʽʟʦʚʘʥʦʾ ʜʝʛʽʜʨʦʛʝʥʽʟʘʮʽʾ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʤʽʢʨʦ-

ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʤʘʣʦʬʦʨʤʘʪʥʠʭ ʙʝʟʧʽʣʦʪʥʠʭ ʩʠʩʪʝʤ. ɯʟ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʩʢʠʧʽʜʘʨ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ: ʨʦʣʴ ʧʘʣʴʥʦʛʦ ʜʣʷ 

ʤʽʢʨʦʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ; ʨʽʜʢʝ ʝʥʝʨʛʝʪʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ 

ʤʽʥʽʘʪʶʨʥʠʭ SOFC-ʝʣʝʤʝʥʪʽʚ; ʢʦʤʧʦʥʝʥʪ ʩʘʤʦʟʘʡʤʠʩʪʠʭ ʩʫʤʽʰʝʡ ʫ ʨʘʟʽ 

ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ [3]. 

ʂʦʥʮʝʧʮʽʷ çɼʨʦʥʫ-ʅʘʩʽʥʠʥʠè: ʧʦʻʜʥʘʥʥʷ ʙʽʦʤʽʤʝʪʠʢʠ ʪʘ SEM-

ʢʦʤʧʦʟʠʪʽʚ. ɸʝʨʦʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʢʣʝʥʦʚʦʾ ʢʨʠʣʘʪʢʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʘʚʪʦʨʦʪʘʮʽʾ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ. ɺ ʧʨʠʨʦʜʽ ʮʷ ʬʦʨʤʘ 

ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʘʣʴʥʽ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʟʘʚʠʩʘʥʥʽ ʪʘ 

ʨʦʟʩʽʶʚʘʥʥʽ ʥʘʩʽʥʥʷ. 

ɸʜʘʧʪʘʮʽʷ ʪʘʢʦʾ ʬʦʨʤʠ ʫ ɹʇʃɸ ʜʦʟʚʦʣʷʻ: ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʤʝʭʘʥʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʝʨʫʚʘʥʥʷ; ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʧʦʣʽʪ ʟʘ ʨʘʭʫʥʦʢ 

ʦʙʝʨʪʘʥʥʷ; ʟʥʠʟʠʪʠ ʚʠʤʦʛʠ ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ. ʂʨʠʣʦʚʘ 

ʯʘʩʪʠʥʘ ʜʨʦʥʘ, ʚʠʢʦʥʘʥʘ ʥʘ ʦʩʥʦʚʽ ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʘʥʽʬʦʣʴʥʦʛʦ 

ʢʦʤʧʦʟʠʪʫ, ʧʦʻʜʥʫʻ ʪʘʢʽ ʨʦʣʽ: ʥʝʩʫʯʘ ʢʦʥʩʪʨʫʢʮʽʷ; ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʨʝʟʝʨʚʫʘʨ ʫ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ; ʙʽʦʨʦʟʢʣʘʜʥʠʡ ʝʣʝʤʝʥʪ; ʧʣʘʪʬʦʨʤʘ ʜʣʷ 

ʜʨʫʢʦʚʘʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ (ʽʤʽʪʘʮʽʡʥʘ ʩʪʨʫʢʪʫʨʘ çʞʠʣʦʢè). 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ FDM ʘʙʦ Direct Ink Writing ʜʦʟʚʦʣʷʻ 

ʥʘʥʦʩʠʪʠ ʥʘ ʧʽʜʛʦʪʦʚʣʝʥʫ ʢʘʥʽʬʦʣʴʥʫ ʤʘʪʨʠʮʶ ʧʨʦʚʽʜʥʽ ʯʦʨʥʠʣʘ, 

ʬʦʨʤʫʶʯʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʜʘʪʯʠʢʽʚ, ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʣʽʥʽʡ ʯʠ ʘʥʪʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʋ ʧʦʪʦʚʱʝʥʽʡ ʯʘʩʪʠʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʞʝ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ: 

ʨʝʟʝʨʚʫʘʨ ʟʽ ʩʢʠʧʠʜʘʨʦʤ ʘʙʦ ʽʥʰʠʤ LOHC-ʩʝʨʝʜʦʚʠʱʝʤ; ʤʽʥʽʘʪʶʨʥʠʡ 

ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ (ʧʘʣʠʚʥʠʡ ʝʣʝʤʝʥʪ); ʙʣʦʢ ʥʘʚʽʛʘʮʽʾ ʪʘ ʟʚôʷʟʢʫ; ʜʘʪʯʠʢʠ 

ʪʘ ʤʦʜʫʣʽ ʢʝʨʫʚʘʥʥʷ ʘʚʪʦʨʦʪʘʮʽʻʶ. ʆʧʪʠʯʥʘ ʩʠʩʪʝʤʘ ʟ ʢʨʫʛʦʚʠʤ (360Á) 

ʦʛʣʷʜʦʤ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ, ʘʥʘʣʦʛʽʯʥʽ ʪʠʤ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʤʦʥʦʢʦʧʪʝʨʘʭ ʪʠʧʫ Lockheed Martin Samarai, 

ʘʜʘʧʪʦʚʘʥʠʭ ʜʣʷ ʦʙʝʨʪʦʚʦʾ ʦʧʪʠʢʠ [4]. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʝʧʦʢʩʠʜʥʦ-ʩʢʣʦʚʦʣʦʢʦʥʥʠʭ ʘʙʦ ʢʘʨʙʦʥʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʢʘʥʽʬʦʣʴʥʽ ʢʦʤʧʦʟʠʪʠ ʥʝ ʩʪʚʦʨʶʶʪʴ ʪʨʠʚʘʣʠʭ 

ʤʽʢʨʦʧʣʘʩʪʠʢʦʚʠʭ ʟʘʙʨʫʜʥʝʥʴ, ʧʨʠʨʦʜʥʠʤ ʯʠʥʦʤ ʜʝʛʨʘʜʫʶʪʴ ʧʽʜ ʜʽʻʶ 

ʘʪʤʦʩʬʝʨʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʩʧʝʮʽʘʣʴʥʠʭ ʫʪʠʣʽʟʘʮʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ. 

ɼʣʷ ʢʨʘʾʥ, ʱʦ ʤʘʶʪʴ ʟʥʘʯʥʽ ʣʽʩʦʚʽ ʨʝʩʫʨʩʠ (ʌʽʥʣʷʥʜʽʷ, ʂʘʥʘʜʘ, 

ʋʢʨʘʾʥʘ), ʮʝ ʩʪʚʦʨʶʻ ʮʠʢʣ çʣʽʩ Ÿ ʤʘʪʝʨʽʘʣ Ÿ ʧʨʦʜʫʢʪ Ÿ ʧʨʠʨʦʜʥʝ 

ʨʦʟʢʣʘʜʘʥʥʷè. ʄʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʟʥʘʯʥʠʭ ʦʙʩʷʛʽʚ ʢʘʥʽʬʦʣʽ ʪʘ 

ʩʢʠʧʽʜʘʨʫ ʫ ʤʝʞʘʭ ʦʜʥʽʻʾ ʜʝʨʞʘʚʠ ʧʽʜʚʠʱʫʻ ʾʾ ʪʝʭʥʦʣʦʛʽʯʥʫ 

ʥʝʟʘʣʝʞʥʽʩʪʴ. ɼʣʷ ʋʢʨʘʾʥʠ ʮʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʫ ʢʦʥʪʝʢʩʪʽ ʨʦʟʚʠʪʢʫ 

ʚʣʘʩʥʦʾ ʦʙʦʨʦʥʥʦʾ, ʥʘʫʢʦʚʦʾ ʪʘ ʭʽʤʽʯʥʦʾ ʽʥʜʫʩʪʨʽʾ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʤʽʞʥʘʨʦʜʥʦʾ ʢʦʦʧʝʨʘʮʽʾ. ʌʽʥʣʷʥʜʽʷ ʚʠʩʪʫʧʘʻ 

ʧʦʪʝʥʮʽʡʥʠʤ ʮʝʥʪʨʦʤ ʩʧʽʚʧʨʘʮʽ ʟʘʚʜʷʢʠ ʤʘʩʰʪʘʙʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʫ 
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ʪʘʣʦʚʦʾ ʦʣʽʾ, ʥʘʫʢʦʚʠʤ ʫʩʪʘʥʦʚʘʤ, ʱʦ ʧʨʘʮʶʶʪʴ ʽʟ LOHC-ʪʝʭʥʦʣʦʛʽʷʤʠ 

(VTT), ʧʨʦʤʠʩʣʦʚʠʤ ʢʦʤʧʘʥʽʷʤ, ʱʦ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʙʽʦʧʦʣʽʤʝʨʘʭ 

(UPM Biofuels, Metsª Group) ʪʘ ʜʦʩʣʽʜʞʝʥʥʷʤ ʫ ʩʬʝʨʽ ʜʨʦʥʽʚ ʪʘ 

ʘʝʨʦʜʠʥʘʤʽʢʠ (Aalto University) [5]. 

ʋʢʨʘʾʥʘ, ʟʽ ʩʚʦʛʦ ʙʦʢʫ, ʤʘʻ ʧʝʨʩʧʝʢʪʠʚʫ ʩʪʘʪʠ ʤʘʡʜʘʥʯʠʢʦʤ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʘʜʘʧʪʘʮʽʾ ʧʦʜʽʙʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʫ 

ʨʘʤʢʘʭ ʧʦʜʚʽʡʥʦʛʦ (ʮʠʚʽʣʴʥʦ-ʚʽʡʩʴʢʦʚʦʛʦ) ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ. 

ʂʘʥʽʬʦʣʴ ʪʘ ʩʢʠʧʽʜʘʨ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʧʨʠʨʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʱʦ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʧʦʢʦʣʽʥʴ ʝʢʦʣʦʛʽʯʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʽ ʧʘʣʠʚʥʠʭ ʩʠʩʪʝʤ. 

ʂʦʥʮʝʧʮʽʷ ʩʪʨʫʢʪʫʨʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʦ 

ʽʥʪʝʛʨʘʮʽʾ ʤʝʭʘʥʽʯʥʠʭ ʽ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʻʜʠʥʫ ʢʦʥʩʪʨʫʢʮʽʡʥʫ 

ʧʣʘʪʬʦʨʤʫ ɹʇʃɸ. 

ɹʽʦʤʽʤʝʪʠʯʥʽ ʜʨʦʥʠ ʤʦʥʦʢʦʧʪʝʨʥʦʛʦ ʪʠʧʫ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ 

ʢʘʥʽʬʦʣʴʥʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʧʦʻʜʥʫʶʪʴ ʧʨʦʩʪʦʪʫ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʘʝʨʦʜʠʥʘʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʝʢʦʣʦʛʽʯʥʽʩʪʴ. 

ʌʽʥʩʴʢʦ-ʫʢʨʘʾʥʩʴʢʘ ʢʦʦʧʝʨʘʮʽʷ ʚ ʩʬʝʨʽ ʙʽʦʭʽʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʘʻ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʢʣʘʩʫ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʙʝʟʧʽʣʦʪʥʠʭ ʧʣʘʪʬʦʨʤ. 

ʈʦʟʚʠʪʦʢ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʦʞʝ ʩʪʘʪʠ ʧʨʠʢʣʘʜʦʤ ʽʥʪʝʛʨʘʮʽʾ çʟʝʣʝʥʦʾè 

ʭʽʤʽʾ, ʙʽʦʤʘʪʝʨʽʘʣʽʚ ʽ ʦʙʦʨʦʥʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʛʣʦʙʘʣʴʥʦʤʫ 

ʪʨʝʥʜʫ ʥʘ ʟʤʝʥʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ. 
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ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 

 

ɹɯʐʆʌɯʊ ʗʂ ɸʃʔʊɽʈʅɸʊʀɺɸ ʊʈɸɼʀʎɯʁʅʀʄ 

ʎɽʄɽʅʊʅʀʄ ɺôʗɾʋʏʀʄ 

 

ʋ ʨʦʙʦʪʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʰʦʬʽʪʫ (MgClĿ6H O) ʷʢ 

ʘʣʴʪʝʨʥʘʪʠʚʠ ʮʝʤʝʥʪʥʠʤ ʚôʷʞʫʯʠʤ ʧʨʠ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʧʦʣʽʛʦʥʽʚ ʪʚʝʨʜʠʭ 

ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ (ʜʘʣʽ ï ʊʇɺ). ʈʦʟʛʣʷʥʫʪʦ ʟʜʘʪʥʽʩʪʴ ʙʽʰʦʬʽʪʫ ʜʦ 

ʟʥʠʞʝʥʥʷ ʣʫʞʥʦʩʪʽ ʟʦʣʦʰʣʘʢʦʚʠʭ ʩʠʩʪʝʤ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʢʩʘʮʽʾ ʚʘʞʢʠʭ 

ʤʝʪʘʣʽʚ ʫ ʤʘʣʦʨʦʟʯʠʥʥʽ ʩʧʦʣʫʢʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʡ ʚʦʜʦʩʪʽʡʢʦʩʪʽ 

ʪʝʭʥʽʯʥʠʭ ʰʘʨʽʚ ʟʘʚʜʷʢʠ ʫʪʚʦʨʝʥʥʶ ʦʢʩʠʭʣʦʨʠʜʽʚ ʤʘʛʥʽʶ. ɺʨʘʭʦʚʘʥʦ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʩʦʣʽʚ ʇʦʣʪʘʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʪʘ ʚʠʟʥʘʯʝʥʦ 

ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʫ. ɹʽʰʦʬʽʪ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ 

ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʣʦʢʘʣʴʥʠʡ ʨʝʘʛʝʥʪ ʜʣʷ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʘ 

ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʧʦʣʽʛʦʥʽʚ. 

ʈʝʢʫʣʴʪʠʚʘʮʽʷ ʧʦʣʽʛʦʥʽʚ ʪʘ ʟʚʘʣʠʱ ʊʇɺ ʧʦʪʨʝʙʫʻ ʩʪʚʦʨʝʥʥʷ 

ʽʥʞʝʥʝʨʥʠʭ ʰʘʨʽʚ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʾ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʽʟʦʣʷʮʽʾ ʪʘ 

ʪʝʭʥʽʯʥʦʛʦ ʟʘʭʠʩʪʫ, ʤʽʥʽʤʽʟʫʶʯʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʥʘ 

ʜʦʚʢʽʣʣʷ. ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘʢʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʛʥʽʻʚʠʭ ʩʦʣʝʡ, ʧʝʨʝʜʫʩʽʤ ʙʽʰʦʬʽʪʫ 

(MgCl Ŀ6H O), ʱʦ ʧʦʻʜʥʫʻ ʭʽʤʽʯʥʽ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʪʘ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʚʘʣʴʥʽ ʝʬʝʢʪʠ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʰʦʬʽʪʫ ʚ ʨʝʢʫʣʴʪʠʚʘʮʽʡʥʠʭ ʧʨʦʮʝʩʘʭ 

ʧʦʷʩʥʶʻʪʴʩʷ ʨʷʜʦʤ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʦʢʨʝʤʘ ʡʦʛʦ ʟʜʘʪʥʽʩʪʶ: 

1) ʟʤʝʥʰʫʚʘʪʠ ʣʫʞʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʨʘʭʫʥʦʢ ʨʝʘʢʮʽʾ MgĮ  ʟ 

ʛʽʜʨʦʢʩʠʜʘʤʠ ʢʘʣʴʮʽʶ ʪʘ ʥʘʪʨʽʶ, ʱʦ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʟʦʣʦʰʣʘʢʦʚʠʭ ʩʠʩʪʝʤ; 

2) ʟʚôʷʟʫʚʘʪʠ ʽʦʥʠ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ (PbĮ , ZnĮ , CdĮ, CuĮ ) ʫ 

ʤʘʣʦʨʦʟʯʠʥʥʽ ʭʣʦʨʠʜʥʽ ʪʘ ʦʢʩʠʭʣʦʨʠʜʥʽ ʩʧʦʣʫʢʠ; 

3) ʧʽʜʚʠʱʫʚʘʪʠ ʤʽʮʥʽʩʪʴ ʽ ʚʦʜʦʩʪʽʡʢʽʩʪʴ ʨʝʢʫʣʴʪʠʚʘʮʽʡʥʠʭ ʰʘʨʽʚ 

ʟʘʚʜʷʢʠ ʫʪʚʦʨʝʥʥʶ ʦʢʩʠʭʣʦʨʠʜʽʚ ʤʘʛʥʽʶ (3Mg(OH) ĿMgCl Ŀ8H O), ʷʢʽ 

ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʧʨʠʨʦʜʥʦʛʦ ʮʝʤʝʥʪʫʚʘʣʴʥʦʛʦ ʘʛʝʥʪʘ [1]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʽʰʦʬʽʪ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʘ 

ʪʨʘʜʠʮʽʡʥʠʤ ʮʝʤʝʥʪʥʠʤ ʚôʷʞʫʯʠʤ, ʷʢʽ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʚʫʛʣʝʮʝʚʠʡ ʩʣʽʜ ʽ 

ʤʝʥʰ ʝʬʝʢʪʠʚʥʦ ʬʽʢʩʫʶʪʴ ʪʦʢʩʠʯʥʽ ʤʝʪʘʣʠ ʫ ʟʦʣʴʥʠʭ ʟʘʣʠʰʢʘʭ. 

ʆʩʥʦʚʥʘ ʬʦʨʤʫʣʘ ʙʽʰʦʬʽʪʫ ï MgCl Ŀ6HO, ʤʦʣʷʨʥʘ ʤʘʩʘ ï 203,30 

ʛ/ʤʦʣʴ. ʂʘʪʽʦʥʠ ʤʘʛʥʽʶ ʫ ʩʪʨʫʢʪʫʨʽ ʢʦʦʨʜʠʥʫʶʪʴʩʷ ʰʽʩʪʴʤʘ ʤʦʣʝʢʫʣʘʤʠ 
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ʚʦʜʠ, ʫʪʚʦʨʶʶʯʠ ʢʦʤʧʣʝʢʩʠ [Mg(H O) ]Į , ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʛʽʛʨʦʩʢʦʧʽʯʥʽʩʪʴ ʽ ʜʦʙʨʫ ʨʦʟʯʠʥʥʽʩʪʴ ʫ ʚʦʜʽ (ʜʦ 54 ʛ/100 ʤʣ ʧʨʠ 20 ÁC) [2]. 

ʇʨʠʨʦʜʥʽ ʨʦʟʩʦʣʠ ʤʽʩʪʷʪʴ ʜʦʤʽʰʢʠ NaCl, KCl, CaCl , MgSO , Br , I , 

B, Sr, Fe, Si, ɦʦ ʚʽʜʦʙʨʘʞʘʻ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽʩʪʴ ʛʝʦʭʽʤʽʯʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ɿʘ ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʴ ʇʦʣʪʘʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ, ʟʘʛʘʣʴʥʘ 

ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʩʪʘʥʦʚʠʪʴ 350-450 ʛ/ʣ, ʚʤʽʩʪ ʤʘʛʥʽʶ ï ʜʦ 95 ʛ/ʣ MgĮ , ʘ 

ʯʠʩʪʦʪʘ ʤʽʥʝʨʘʣʫ ʩʷʛʘʻ 93-96 % [3-4]. 

ɹʽʰʦʬʽʪ ʤʘʻ ʤʦʥʦʢʣʽʥʥʫ ʢʨʠʩʪʘʣʽʯʥʫ ʩʠʩʪʝʤʫ, ʙʝʟʙʘʨʚʥʠʡ ʘʙʦ ʙʽʣʠʡ 

ʢʦʣʽʨ ʽ ʩʢʣʦʧʦʜʽʙʥʠʡ ʙʣʠʩʢ. ʁʦʛʦ ʛʫʩʪʠʥʘ ʩʪʘʥʦʚʠʪʴ 1,56-1,60 ʛ/ʩʤį, 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ï ʙʣʠʟʴʢʦ 117 ÁC [1]. ʋ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ MgCl  

ʧʨʦʷʚʣʷʻ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʣʴʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ, pH ʟʘʟʚʠʯʘʡ ʫ ʤʝʞʘʭ 6,5-7,5. 

ɺʠʩʦʢʘ ʛʽʛʨʦʩʢʦʧʽʯʥʽʩʪʴ ʨʦʙʠʪʴ ʙʽʰʦʬʽʪ ʝʬʝʢʪʠʚʥʠʤ ʫ ʪʝʭʥʦʣʦʛʽʷʭ 

ʧʠʣʦʧʦʜʘʚʣʝʥʥʷ, ʩʪʘʙʽʣʽʟʘʮʽʾ ˇʨʫʥʪʽʚ ʽ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʧʦʢʨʠʪʪʽʚ 

ʧʦʣʽʛʦʥʽʚ [5-6]. 

ɹʽʰʦʬʽʪ ʬʦʨʤʫʻʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

ʤʦʨʩʴʢʠʭ ʚʦʜ ʫ ʩʦʣʝʥʦʩʥʠʭ ʙʘʩʝʡʥʘʭ. ʅʘʡʚʽʜʦʤʽʰʽ ʧʨʦʤʠʩʣʦʚʽ ʧʦʢʣʘʜʠ 

ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʅʽʤʝʯʯʠʥʽ, ʇʦʣʴʱʽ, ʂʠʪʘʾ, ʋʢʨʘʾʥʽ ʪʘ ʽʥ. [7, 8]. 

ɼʞʝʨʝʣʘ ʦʥʣʘʡʥ ʜʘʥʠʭ ʩʚʽʜʯʘʪʴ, ʱʦ ʨʦʟʯʠʥ ʧʦʣʪʘʚʩʴʢʦʛʦ ʙʽʰʦʬʽʪʫ 

(ʈʇɹ) ʻ ʧʦʣʽʤʽʥʝʨʘʣʴʥʠʤ ʭʣʦʨʤʘʛʥʽʻʚʠʤ ʨʦʟʩʦʣʦʤ (ʦʩʥʦʚʘ ï MgCl Ŀ6H O) 

ʽʟ ʚʘʨʽʘʪʠʚʥʠʤ ʚʤʽʩʪʦʤ ʜʦʤʽʰʦʢ (K, Na, Ca, Br, I, B ʪʦʱʦ). ʂʣʶʯʦʚʽ 

ʧʘʨʘʤʝʪʨʠ, ʟʘʬʽʢʩʦʚʘʥʽ ʫ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣʘʭ: ʛʫʩʪʠʥʘ çʩʠʨʦʛʦè ʨʦʟʩʦʣʫ 

ʥʘ ʛʠʨʣʽ ʩʚʝʨʜʣʦʚʠʥʠ: å 1270-1290 ʢʛ/ʤį ï ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʇʦʣʪʘʚʩʴʢʦʾ 

ʆɼɸ (ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʦʧʠʩ ʚʠʜʦʙʫʚʘʥʥʷ ʥʘ ɿʘʪʫʨʠʥʩʴʢʦʤʫ ʨʦʜʦʚʠʱʽ) [9]. 

ɿʘʛʘʣʴʥʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʟʘʩʪʦʩʦʚʫʚʘʥʦʛʦ ʈʇɹ: å 350ï450 ʛ/ʣ ï ʟʘ ʬʘʭʦʚʠʤ 

ʦʛʣʷʜʦʤ (ʍʘʨʢʽʚ) ʧʨʦ çʨʦʟʯʠʥ ʧʦʣʪʘʚʩʴʢʦʛʦ ʙʽʰʦʬʽʪʫè, ʜʝ ʪʘʢʦʞ ʚʢʘʟʘʥʦ 

ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ ʤʽʞ ʩʚʝʨʜʣʦʚʠʥʘʤʠ [3]. ʄʘʛʥʽʡ ʫ ʈʇɹ (ʦʨʽʻʥʪʦʚʥʦ): ʜʦ å95 

ʛ/ʣ Mg. 

ɼʣʷ ʢʦʥʢʨʝʪʥʦʾ ʧʘʨʪʽʾ ʈʇɹ ʟʥʘʯʝʥʥʷ ʤʘʻ ʧʽʜʪʚʝʨʜʞʫʚʘʪʠʩʴ 

ʧʘʩʧʦʨʪʦʤ ʷʢʦʩʪʽ [10]. ʅʦʤʝʥʢʣʘʪʫʨʘ ʤʽʢʨʦʜʦʤʽʰʦʢ: K , Na , CaĮ , Br , I , 

B, Fe, Si ʪʦʱʦ ï ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʤʘʪʝʨʽʘʣʘʤʠ ʚʠʨʦʙʥʠʢʘ (ʊʆɺ çʌʽʨʤʘ 

çʄʽʥʝʨʘʣè) ʽ ʦʛʣʷʜʦʚʠʤʠ ʜʞʝʨʝʣʘʤʠ [4]. 

ɺ ʋʢʨʘʾʥʽ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʧʨʠʨʦʜʥʦʛʦ ʙʽʰʦʬʽʪʫ ʻ ʧʦʢʣʘʜʠ 

ʇʦʣʪʘʚʩʴʢʦʛʦ ʨʝʛʽʦʥʫ, ʜʝ ʨʦʟʯʠʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ 

ʜʦʨʦʞʥʴʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ. ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʯʠʥʽʚ (ʛʫʩʪʠʥʘ, 

ʤʽʥʝʨʘʣʽʟʘʮʽʷ) ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʶ ʷʢ ʨʝʘʛʝʥʪʽʚ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʢʦʥʪʨʦʣʶ ʜʦʤʽʰʦʢ. ɼʣʷ ʽʥʪʝʛʨʘʮʽʾ ʫ ʧʦʣʽʛʦʥʥʽ ʧʨʦʻʢʪʠ ʥʝʦʙʭʽʜʥʽ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʧʘʩʧʦʨʪʠ ʷʢʦʩʪʽ ʪʘ ʨʝʛʣʘʤʝʥʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʰʦʬʽʪʫ:  ʭʽʤʽʯʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ï 

ʷʢ ʩʠʨʦʚʠʥʘ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʤʘʛʥʽʻʚʠʭ ʩʧʦʣʫʢ, ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʽ ʤʝʪʘʣʝʚʦʛʦ 

ʤʘʛʥʽʶ; ʙʫʜʽʚʝʣʴʥʘ ʛʘʣʫʟʴ ï ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʤʘʛʥʽʻʚʠʭ ʦʢʩʠʭʣʦʨʠʜʥʠʭ 

ʮʝʤʝʥʪʽʚ (MOC) ʪʘ ʤʘʛʥʽʻʚʦ-ʬʦʩʬʘʪʥʠʭ ʮʝʤʝʥʪʽʚ (MKPC), ʱʦ ʤʘʶʪʴ 

ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʽ ʟʜʘʪʥʽʩʪʴ ʬʽʢʩʫʚʘʪʠ ʚʘʞʢʽ ʤʝʪʘʣʠ [11, 12, 13]; ʝʢʦʣʦʛʽʯʥʽ 

ʪʝʭʥʦʣʦʛʽʾï ̫ ʢ ʨʝʘʛʝʥʪ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʟʦʣʠ ʧʽʩʣʷ ʩʧʘʣʶʚʘʥʥʷ ʊʇɺ, ʜʝ 
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MgĮ  ʟʥʠʞʫʻ ʣʫʞʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ʽ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʥʝʨʦʟʯʠʥʥʠʭ 

ʩʧʦʣʫʢ Pb, Zn, Cd [14, 15]; ʽʥʞʝʥʝʨʥʘ ʛʝʦʣʦʛʽʷ ï ʜʣʷ ʧʠʣʦʧʦʜʘʚʣʝʥʥʷ, 

ʟʤʽʮʥʝʥʥʷ ʜʦʨʦʞʥʽʭ ʰʘʨʽʚ, ʘ ʪʘʢʦʞ ʷʢ ʢʦʤʧʦʥʝʥʪ ʪʝʭʥʽʯʥʠʭ ʰʘʨʽʚ 

ʨʝʢʫʣʴʪʠʚʘʮʽʾ [16, 17]; ʤʝʜʠʢʦ-ʙʘʣʴʥʝʦʣʦʛʽʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ï ʫ ʚʠʛʣʷʜʽ 

ʨʦʟʩʦʣʽʚ ʧʨʠ ʣʽʢʫʚʘʥʥʽ ʦʧʦʨʥʦ-ʨʫʭʦʚʠʭ ʟʘʭʚʦʨʶʚʘʥʴ [10]. 

ɹʽʰʦʬʽʪ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʦʜʠʬʽʢʘʪʦʨʦʤ ʽ ʩʪʘʙʽʣʽʟʘʪʦʨʦʤ ʫ 

ʩʠʩʪʝʤʘʭ ʫʪʠʣʽʟʘʮʽʾ ʪʘ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ. ʁʦʛʦ ʽʦʥʠ MgĮ  

ʚʠ̫ʚʣʷʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝʡʪʨʘʣʽʟʘʪʦʨʘ ʣʫʞʥʦʩʪʽ, ʘ ʚ ʧʦʻʜʥʘʥʥʽ ʟ Cl  

ʬʦʨʤʫʶʪʴ ʤʘʣʦʨʦʟʯʠʥʥʽ ʦʢʩʠʭʣʦʨʠʜʥʽ ʬʘʟʠ, ʷʢʽ ʬʽʢʩʫʶʪʴ ʚʘʞʢʽ ʤʝʪʘʣʠ 

[13]. ɿʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʧʦʢʣʘʜʽʚ ʫ ʇʦʣʪʘʚʩʴʢʽʡ ʦʙʣʘʩʪʽ, 

ʙʽʰʦʬʽʪ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʣʦʢʘʣʴʥʠʡ ʧʨʠʨʦʜʥʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ 

ʪʝʭʥʦʣʦʛʽʡ ʩʪʘʙʽʣʽʟʘʮʽʾ ʟʦʣʠ, ʰʣʘʢʽʚ ʽ ʬʦʨʤʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʰʘʨʽʚ 

ʧʦʣʽʛʦʥʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʠʥʮʠʧʘʤ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ. 
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ɯʣʶʭʘ ʆ. ɺ., ʢʘʥʜʠʜʘʪ ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ,  

ɻʘʚʨʠʣʶʢ ʄ. ʅ., ʢʘʥʜʠʜʘʪ ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

 

ʏʝʨʢʘʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɹ. ʍʤʝʣʴʥʠʮʴʢʦʛʦ,  

ʤ. ʏʝʨʢʘʩʠ 

 

ɿɽʄʅʆɺʆɼʅɯ ʅʇʇ çʍʆʃʆɼʅʀʁ ʗʈè: ʉʋʏɸʉʅʀʁ ʉʊɸʅ 

ɺʀɺʏɽʅʅʗ ʊɸ ɿɸɻʈʆɿʀ ɼʃʗ ʇʆʇʋʃʗʎɯʁ 

 

ɿʝʤʥʦʚʦʜʥʽ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʚʨʘʟʣʠʚʠʭ ʛʨʫʧ ʭʨʝʙʝʪʥʠʭ, ʱʦ 

ʧʦʚôʷʟʘʥʦ ʥʘʩʘʤʧʝʨʝʜ ʽʟ ʚʪʨʘʪʦʶ ʩʝʨʝʜʦʚʠʱ ʽʩʥʫʚʘʥʥʷ, ʜʝʛʨʘʜʘʮʽʻʶ 

ʚʦʜʥʦ-ʙʦʣʦʪʥʠʭ ʫʛʽʜʴ ʽ ʛʣʦʙʘʣʴʥʠʤʠ ʢʣʽʤʘʪʠʯʥʠʤʠ ʟʤʽʥʘʤʠ [11]. ɼʣʷ 

ʋʢʨʘʾʥʠ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʙʘʪʨʘʭʦʬʘʫʥʠ, ʾʾ ʙʽʦʛʝʦʛʨʘʬʽʷ ʪʘ ʦʭʦʨʦʥʥʠʡ ʩʪʘʪʫʩ 

ʜʦʙʨʝ ʫʟʘʛʘʣʴʥʝʥʽ ʫ ʚʠʟʥʘʯʥʠʢʫ ɭ. ʄ. ʇʠʩʘʥʮʷ çɿʝʤʥʦʚʦʜʥʽ ʋʢʨʘʾʥʠè [10] 

ʪʘ ʫ ʚʠʜʘʥʥʽ ʏʝʨʚʦʥʦʾ ʢʥʠʛʠ ʋʢʨʘʾʥʠ [12], ʘ ʪʘʢʦʞ ʫ ʥʦʚʽʰʠʭ ʨʦʙʦʪʘʭ, ʱʦ 

ʘʢʫʤʫʣʶʶʪʴ ʧʨʦʩʪʦʨʦʚʽ ʜʘʥʽ ʱʦʜʦ ʧʦʰʠʨʝʥʥʷ ʟʚʠʯʘʡʥʠʭ ʚʠʜʽʚ [11]. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʧʨʠʨʦʜʥʠʡ ʧʘʨʢ çʍʦʣʦʜʥʠʡ ʗʨè (ʏʝʨʢʘʩʴʢʘ ʦʙʣʘʩʪʴ) 

(ʜʘʣ ̔ï ʅʇʇ) ̒ ʧʝʨʩʧʝʢʪʠʚʥʦʶ, ʘʣʝ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʦʶ ʪʝʨʠʪʦʨʽʻʶ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʟʙʝʨʝʞʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʧʦʧʫʣʷʮʽʡ ʘʤʬʽʙʽʡ ʣʽʩʦʩʪʝʧʫ. 

ʅʇʇ çʍʦʣʦʜʥʠʡ ʗʨè ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʋʢʨʘʾʥʠ, 

ʚ ʤʝʞʘʭ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʚʠʩʦʯʠʥʠ, ʽ ʦʭʦʧʣʶʻ ʤʦʟʘʾʢʫ ʰʠʨʦʢʦʣʠʩʪʷʥʠʭ 

ʣʽʩʽʚ, ʷʨʢʦʚʦ-ʙʘʣʢʦʚʠʭ ʩʠʩʪʝʤ, ʟʘʧʣʘʚʥʠʭ ʜʽʣʷʥʦʢ ʤʘʣʠʭ ʨʽʯʦʢ ʪʘ ʩʪʨʫʤʢʽʚ, 

ʘ ʪʘʢʦʞ ʤʝʨʝʞʫ ʩʪʘʚʢʽʚ ʽ ʜʨʽʙʥʠʭ ʰʪʫʯʥʠʭ ʚʦʜʦʡʤ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʊʝʨʠʪʦʨʽʷ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʟʦʥʽ ʣʽʩʦʩʪʝʧʫ ʟ ʧʦʤʽʨʥʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʤ 

ʢʣʽʤʘʪʦʤ, ʜʝ ʟʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ, ʟʘ ʜʘʥʠʤʠ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʟʘʬʽʢʩʦʚʘʥʦ ʩʪʽʡʢʝ ʧʽʜʚʠʱʝʥʥʷ ʩʝʨʝʜʥʴʦʨʽʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʽʪʨʷ ʪʘ ʟʤʽʥʠ ʨʝʞʠʤʫ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ [5, 6, 9]. ʊʘʢʝ ʧʦʪʝʧʣʽʥʥʷ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʽʥʦʶ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ, ʩʢʦʨʦʯʝʥʥʷʤ ʚʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʪʘ ʧʦʩʠʣʝʥʥʷʤ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʷʚʠʱ, ʟʦʢʨʝʤʘ 

ʣʽʪʥʽʭ ʧʦʩʫʭ ʽ ʧʝʨʽʦʜʽʚ ʽʟ ʚʢʨʘʡ ʥʠʟʴʢʦʶ ʚʦʜʥʽʩʪʶ ʚʦʜʦʡʤ [6, 7, 13]. ɼʣʷ 

ʟʝʤʥʦʚʦʜʥʠʭ, ʯʫʪʣʠʚʠʭ ʜʦ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʫ ʪʘ ʛʽʜʨʦʣʦʛʽʾ ʜʨʽʙʥʠʭ ʚʦʜʦʡʤ, 

ʪʘʢʽ ʟʤʽʥʠ ʻ ʢʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ ʨʠʟʠʢʫ. 

ʌʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʅʇʇ çʍʦʣʦʜʥʠʡ ʗʨè ʬʦʨʤʫʻ 

ʨʽʟʥʦʤʘʥʽʪʥʠʡ ʥʘʙʽʨ ʧʦʪʝʥʮʽʡʥʠʭ ʙʽʦʪʦʧʽʚ ʜʣʷ ʟʝʤʥʦʚʦʜʥʠʭ. ʗʨʫʞʥʦ-

ʙʘʣʢʦʚʠʡ ʨʝʣʴʻʬ ʟ ʛʣʠʙʦʢʠʤʠ ʫʣʦʛʦʚʠʥʘʤʠ, ʜʞʝʨʝʣʘʤʠ ʪʘ ʥʝʚʝʣʠʢʠʤʠ 

ʩʪʨʫʤʢʘʤʠ ʟʘʙʝʟʧʝʯʫʻ ʥʘʷʚʥʽʩʪʴ ʟʚʦʣʦʞʝʥʠʭ ʜʽʣʷʥʦʢ ʥʘʚʽʪʴ ʟʘ ʟʘʛʘʣʴʥʦʾ 

ʪʝʥʜʝʥʮʽʾ ʜʦ ʧʦʩʫʰʣʠʚʦʩʪʽ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʟʥʘʯʥʫ ʯʘʩʪʢʫ ʚʦʜʥʦʛʦ ʬʦʥʜʫ 

ʨʘʡʦʥʫ ʧʘʨʢʫ ʩʪʘʥʦʚʣʷʪʴ ʰʪʫʯʥʽ ʩʪʘʚʢʠ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ï ʢʦʣʠʰʥʽ 

ʨʠʙʦʛʦʩʧʦʜʘʨʩʴʢʽ, ʨʝʢʨʝʘʮʽʡʥʽ, ʚʦʜʦʥʘʧʽʨʥʽ ʯʠ ʧʨʦʪʠʧʦʞʝʞʥʽ ʚʦʜʦʡʤʠ, ʘ 

ʪʘʢʦʞ ʥʝʚʝʣʠʢʽ ʢʦʧʘʥʢʠ ʙʽʣʷ ʩʘʜʠʙ ʪʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ. 

ʉʪʫʧʽʥʴ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʮʽ ʚʦʜʦʡʤʠ ʩʫʪʪʻʚʦ 
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ʚʽʜʨʽʟʥʷʻʪʴʩʷ: ʚʽʜ ʥʘʧʽʚʧʨʠʨʦʜʥʠʭ ʣʽʩʦʚʠʭ ʩʪʘʚʢʽʚ, ʜʝ ʚʽʜʩʫʪʥʽʡ 

ʽʥʪʝʥʩʠʚʥʠʡ ʨʝʢʨʝʘʮʽʡʥʠʡ ʘʙʦ ʨʠʙʦʛʦʩʧʦʜʘʨʩʴʢʠʡ ʚʧʣʠʚ, ʜʦ ʚʦʜʦʡʤ ʫ 

ʤʝʞʘʭ ʯʠ ʧʦʙʣʠʟʫ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʷʢʽ ʟʘʟʥʘʶʪʴ ʝʚʪʨʦʬʽʢʘʮʽʾ, 

ʟʘʩʤʽʯʝʥʥʷ, ʙʝʨʝʛʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʡ ʟʘʨʠʙʣʝʥʥʷ ʚʩʝʾʜʥʠʤʠ ʚʠʜʘʤʠ ʨʠʙ. 

ʊʘʢʘ ʛʨʘʜʽʻʥʪʥʘ ʩʠʩʪʝʤʘ ʩʪʘʚʢʽʚ ʻ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʟʘʛʨʦʟʦʶ (ʯʝʨʝʟ ʣʦʢʘʣʴʥʫ 

ʜʝʛʨʘʜʘʮʽʶ ʩʝʨʝʜʦʚʠʱ), ʘ ʟ ʽʥʰʦʛʦ ï ʧʦʪʝʥʮʽʡʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʥʝʨʝʩʪʦʚʠʤʠ ʙʽʦʪʦʧʘʤʠ ʘʤʬʽʙʽʡ ʟʘ ʫʤʦʚʠ 

ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ [9, 14]. 

ʇʦʣʴʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʝʤʥʦʚʦʜʥʠʭ ʫ ʅʇʇ çʍʦʣʦʜʥʠʡ ʗʨè 

ʧʨʦʚʦʜʠʣʠʩʷ ʫ 2023-2025 ʨʦʢʘʭ ʥʘ ʦʩʥʦʚʽ ʤʘʨʰʨʫʪʥʠʭ ʚʽʟʫʘʣʴʥʦ-

ʘʢʫʩʪʠʯʥʠʭ ʦʙʣʽʢʽʚ ʫ ʧʝʨʽʦʜ ʚʝʩʥʷʥʦ-ʣʽʪʥʴʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʽʟ ʟʘʣʫʯʝʥʥʷʤ 

ʩʪʘʥʜʘʨʪʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʢʽʣʴʢʽʩʥʠʭ ʦʙʣʽʢʽʚ ʘʤʬʽʙʽʡ ʫ ʟʘʧʦʚʽʜʥʠʭ 

ʪʝʨʠʪʦʨʽʷʭ [14]. ʆʙʩʪʝʞʝʥʥʷ ʦʭʦʧʣʶʚʘʣʠ ʣʽʩʦʚʽ ʪʘ ʧʨʠʙʝʨʝʞʥʦ-ʚʦʜʥʽ 

ʙʽʦʪʦʧʠ, ʟ ʘʢʮʝʥʪʦʤ ʥʘ ʜʨʽʙʥʽ ʩʪʦʷʯʽ ʚʦʜʦʡʤʠ ʪʘ ʩʣʘʙʦʧʨʦʪʦʯʥʽ ʚʽʜʨʽʟʢʠ 

ʩʪʨʫʤʢʽʚ, ʷʢʽ ʻ ʧʦʪʝʥʮʽʡʥʠʤʠ ʤʽʩʮʷʤʠ ʥʝʨʝʩʪʫ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʚʠʜʦʚʦʛʦ 

ʩʢʣʘʜʫ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʦʩʥʦʚʽ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʦʟʥʘʢ ʪʘ ʛʦʣʦʩʦʚʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʩʘʤʮʽʚ; ʜʣʷ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʢʦʤʧʣʝʢʩʫ çʟʝʣʝʥʠʭè ʞʘʙ ʨʦʜʫ 

Pelophylax, ʟ ʦʛʣʷʜʫ ʥʘ ʩʫʯʘʩʥʽ ʜʘʥʽ ʧʨʦ ʚʠʩʦʢʫ ʤʦʨʬʦʣʦʛʽʯʥʫ ʧʦʜʽʙʥʽʩʪʴ ʽ 

ʩʢʣʘʜʥʫ ʛʽʙʨʠʜʦʛʝʥʥʫ ʧʨʠʨʦʜʫ ʛʨʫʧʠ, ʚʠʟʥʘʯʝʥʥʷ ʦʙʤʝʞʫʚʘʣʠ ʨʽʚʥʝʤ 

Pelophylax sp. ʙʝʟ ʩʧʨʦʙʠ ʨʦʟʨʽʟʥʠʪʠ ʦʢʨʝʤʽ ʪʘʢʩʦʥʠ [1]. ʗʢ ʜʦʜʘʪʢʦʚʝ 

ʜʞʝʨʝʣʦ ʽʥʬʦʨʤʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʽʥʰʠʭ ʜʦʩʣʽʜʥʠʢʽʚ, 

ʷʢʽ ʤʘʣʠ ʬʦʪʦʧʽʜʪʚʝʨʜʞʝʥʥʷ. 

ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʴ ʫ ʤʝʞʘʭ ʅʇʇ çʍʦʣʦʜʥʠʡ ʗʨè ʜʦʩʪʦʚʽʨʥʦ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʧʨʠʩʫʪʥʽʩʪʴ ʰʝʩʪʠ ʚʠʜʽʚ ʟʝʤʥʦʚʦʜʥʠʭ: ʨʦʧʫʭʠ ʟʚʠʯʘʡʥʦʾ 

(Bufo bufo), ʞʘʙʠ ʛʦʩʪʨʦʤʦʨʜʦʾ (Rana arvalis), ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʢʦʤʧʣʝʢʩʫ 

ʟʝʣʝʥʠʭ ʞʘʙ (Pelophylax sp.), ʟʝʤʣʷʥʢʠ ʟʚʠʯʘʡʥʦʾ (Pelobates fuscus), ʨʘʡʢʠ 

ʩʭʽʜʥʦʾ (Hyla orientalis) ʪʨʠʪʦʥʘ ʟʚʠʯʘʡʥʦʛʦ (Lissotriton vulgaris). ʋʩʽ 

ʚʢʘʟʘʥʽ ʚʠʜʠ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʽ ʚ ʣʽʩʦʩʪʝʧʦʚʽʡ ʯʘʩʪʠʥʽ ʋʢʨʘʾʥʠ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʨʝʛʽʦʥʘʣʴʥʠʤʠ ʦʛʣʷʜʘʤʠ ʪʘ ʙʘʟʘʤʠ ʜʘʥʠʭ [2; 3]. ʇʦʨʷʜ ʽʟ 

ʮʠʤ, ʩʪʘʥʦʚʠʪʴ ʽʥʪʝʨʝʩ ʚʠʷʚʣʝʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʅʇʇ çʍʦʣʦʜʥʠʡ ʗʨè 

ʩʪʘʙʽʣʴʥʠʭ ʫʛʨʫʧʦʚʘʥʴ Rana arvalis ʟ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʯʠʩʝʣʴʥʽʩʪʶ. 

Pelobates fuscus ʪʘ Hyla orientalis, ʧʦʧʨʠ ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ, ʻ 

ʙʽʣʴʰ ʚʠʙʘʛʣʠʚʠʤʠ ʜʦ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʜʨʽʙʥʠʭ ʚʦʜʦʡʤ ʽ 

ʩʪʨʫʢʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʙʝʨʝʞʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ, ʪʦʤʫ ʾʭ 

ʧʨʠʩʫʪʥʽʩʪʴ ʫ ʧʘʨʢʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʜʘʪʥʠʭ ʙʽʦʪʦʧʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʪʝʨʠʪʦʨʽʾ ʅʇʇ çʍʦʣʦʜʥʠʡ ʗʨè ʦʩʥʦʚʥʠʤʠ ʤʽʩʮʷʤʠ 

ʥʝʨʝʩʪʫ ʟʝʤʥʦʚʦʜʥʠʭ ʻ: ɻʘʡʜʘʤʘʮʴʢʠʡ, ʄʦʥʘʩʪʠʨʩʴʢʠʡ ʪʘ ʂʘʨʧʽʚʩʴʢʠʡ 

ʩʪʘʚʠ, ʩʪʘʚʠ ʚ ɸʪʘʤʘʥʩʴʢʦʤʫ ʧʘʨʢʫ ʪʘ ʫʨʦʯʠʱʽ çʄʘʣʷʨʝʚʝè, ʘ ʪʘʢʦʞ ʦʟʝʨʦ 

ɿʫʙʢʦʚʝ. ɺ ʥʘʡʙʣʠʞʯʠʭ ʦʢʦʣʠʮʷʭ ʥʘʧʘʨʢʫ ʟʝʤʥʦʚʦʜʥʽ ʪʘʢʦʞ ʥʝʨʝʩʪʷʪʴʩʷ 

ʥʘ ʩʪʘʚʢʘʭ ʫʨʦʯʠʱʘ çʇôʷʪʠʭʘʪʢʠè ʚ  ʩʝʣʽ ʄʝʣʴʥʠʢʠ, ʩʪʘʚʢʘʭ ʥʘ ʦʢʦʣʠʮʽ 

ʩʝʣʘ ɾʘʙʦʪʠʥ ʪʘ ʽʥʰʠʭ ʚʦʜʦʡʤʘʭ. 

ʂʣʶʯʦʚʠʤ ʯʠʥʥʠʢʦʤ ʨʠʟʠʢʫ ʜʣʷ ʮʠʭ ʧʦʧʫʣʷʮʽʡ ʚʠʩʪʫʧʘʶʪʴ 

ʢʣʽʤʘʪʠʯʥʦ ʟʫʤʦʚʣʝʥʽ ʟʤʽʥʠ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʜʨʽʙʥʠʭ ʚʦʜʦʡʤ. 
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ɿʦʢʨʝʤʘ, ʚ 2025 ʨʦʮʽ ʚʽʜʤʽʯʝʥʦ ʧʦʚʥʝ ʚʠʩʠʭʘʥʥʷ ʦʟʝʨʘ ɿʫʙʢʦʚʝ, ʱʦ 

ʧʨʠʟʚʝʣʦ ʜʦ ʧʨʠʧʠʥʝʥʥʷ ʨʦʟʤʥʦʞʝʥʥʷ ʫ ʥʴʦʤʫ ʟʝʤʥʦʚʦʜʥʠʭ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ ʟʘ ʩʮʝʥʘʨʽʷʤʠ 

ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ RCP4.5 ʪʘ RCP8.5 ʧʦʢʘʟʘʣʦ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʩʪʦʢʫ ʪʘ ʟʨʦʩʪʘʥʥʷ ʜʝʬʽʮʠʪʫ ʚʦʜʠ ʚ ʙʘʛʘʪʴʦʭ ʨʝʛʽʦʥʘʭ, ʚʢʣʶʯʥʦ ʟ 

ʣʽʩʦʩʪʝʧʦʚʦʶ ʟʦʥʦʶ [9]. ɸʥʘʣʽʟ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʷʚʠʱ ʚ 

ʋʢʨʘʾʥʽ ʪʘʢʦʞ ʚʢʘʟʫʻ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ ʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʩʫʰʣʠʚʠʭ 

ʧʝʨʽʦʜʽʚ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʚʦʜʥʽʩʪʴ ʤʘʣʠʭ ʨʽʯʦʢ ʽ ʩʪʘʚʢʽʚ [7]. 

ʇʦʜʽʙʥʽ ʪʝʥʜʝʥʮʽʾ ʟʽ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʘ ʨʝʞʠʤʫ ʪʘ ʚʦʣʦʛʦʩʪʽ, 

ʧʦʚôʷʟʘʥʽ ʟʽ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʤ ʧʦʪʝʧʣʽʥʥʷʤ, ʬʽʢʩʫʶʪʴʩʷ ʚ ʥʠʟʮʽ ʧʨʘʮʴ, 

ʧʨʠʩʚʷʯʝʥʠʭ ʨʝʛʽʦʥʘʣʴʥʠʤ ʢʣʽʤʘʪʠʯʥʠʤ ʦʩʦʙʣʠʚʦʩʪʷʤ.  

ʅʘ ʪʝʨʠʪʦʨʽʾ ʅʇʇ çʍʦʣʦʜʥʠʡ ʗʨè ʦʩʥʦʚʥʦʶ ʟʘʛʨʦʟʦʶ ʜʣʷ 

ʟʝʤʥʦʚʦʜʥʠʭ ʫʞʝ ʟʘʨʘʟ ʚʠʩʪʫʧʘʻ ʧʝʨʝʩʠʭʘʥʥʷ ʜʨʽʙʥʠʭ ʧʨʠʨʦʜʥʠʭ ʚʦʜʦʡʤ 

ʽ ʜʝʛʨʘʜʘʮʽʷ ʰʪʫʯʥʠʭ ʩʪʘʚʢʽʚ ʫʥʘʩʣʽʜʦʢ ʧʦʻʜʥʘʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʪʘ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʋ ʥʠʟʮʽ ʩʪʘʚʢʽʚ, ʱʦ ʤʘʶʪʴ ʨʝʢʨʝʘʮʽʡʥʝ ʘʙʦ 

ʨʠʙʦʛʦʩʧʦʜʘʨʩʴʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʢʦʣʠʚʘʥʥʷ ʨʽʚʥʷ ʚʦʜʠ, 

ʽʥʪʝʥʩʠʚʥʝ ʟʘʤʫʣʝʥʥʷ ʙʝʨʝʛʦʚʦʾ ʟʦʥʠ, ʚʠʪʦʧʪʫʚʘʥʥʷ ʧʨʠʙʝʨʝʞʥʦʾ 

ʨʦʩʣʠʥʥʦʩʪʽ ʡ ʟʘʨʠʙʣʝʥʥʷ ʚʠʜʘʤʠ ʨʠʙ, ʷʢʽ ʩʧʦʞʠʚʘʶʪʴ ʽʢʨʫ ʪʘ ʧʫʛʦʣʦʚʢʽʚ.  

ɻʣʦʙʘʣʴʥʽ ʦʮʽʥʢʠ ʩʪʘʥʫ ʟʝʤʥʦʚʦʜʥʠʭ ʧʽʜʢʨʝʩʣʶʶʪʴ, ʱʦ ʟʙʝʨʝʞʝʥʥʷ 

ʚʠʜʫ ʤʦʞʣʠʚʝ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʦʜʥʦʯʘʩʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʚʦʜʥʠʭ ʪʘ 

ʥʘʚʢʦʣʠʰʥʽʭ ʥʘʟʝʤʥʠʭ ʙʽʦʪʦʧʽʚ, ʚʨʘʭʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ 

ʧʦʧʫʣʷʮʽʡ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʟʚôʷʟʘʥʦʩʪʽ ʣʦʢʘʣʴʥʠʭ ʫʛʨʫʧʦʚʘʥʴ 

[5, 8]. ɼʣʷ ʅʇʇ çʍʦʣʦʜʥʠʡ ʗʨè ʮʝ ʦʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʣʘʥʫʚʘʥʥʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʡ ʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ ʥʘ ʨʽʚʥʽ ʚʩʽʻʾ ʤʝʨʝʞʽ ʩʪʘʚʢʽʚ ʪʘ 

ʧʦʚôʷʟʘʥʠʭ ʽʟ ʥʠʤʠ ʣʽʩʦʚʠʭ ʽ ʣʫʯʥʠʭ ʜʽʣʷʥʦʢ, ʘ ʥʝ ʦʢʨʝʤʠʭ ʚʦʜʦʡʤ. 

ɺ ʫʢʨʘʾʥʩʴʢʽʡ ʧʨʘʢʪʠʮʽ ʤʦʥʽʪʦʨʠʥʛʫ ʟʝʤʥʦʚʦʜʥʠʭ ʥʘ ʟʘʧʦʚʽʜʥʠʭ 

ʪʝʨʠʪʦʨʽʷʭ ʪʨʠʚʘʣʠʡ ʯʘʩ ʜʦʤʽʥʫʚʘʣʠ ʢʣʘʩʠʯʥʽ ʤʝʪʦʜʠ, ʦʧʠʩʘʥʽ, ʟʦʢʨʝʤʘ, ʚ 

ʨʝʢʦʤʝʥʜʘʮʽʷʭ ʄ. ʄ. ʑʝʨʙʘʢʘ [14]. ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʟôʷʚʣʷʶʪʴʩʷ 

ʨʦʙʦʪʠ, ʱʦ ʘʥʘʣʽʟʫʶʪʴ ʚʧʣʠʚ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʥʘ ʯʠʩʝʣʴʥʽʩʪʴ ʘʤʬʽʙʽʡ ʪʘ 

ʧʣʘʟʫʥʽʚ, ʧʽʜʢʨʝʩʣʶʶʯʠ ʚʘʞʣʠʚʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʪʨʝʥʜʽʚ ʧʨʠ 

ʧʣʘʥʫʚʘʥʥʽ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ [4].  

ɯʟ ʦʛʣʷʜʫ ʥʘ ʥʘʚʝʜʝʥʽ ʜʘʥʽ, ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʟʝʤʥʦʚʦʜʥʠʭ ʫ ʅʇʇ 

çʍʦʣʦʜʥʠʡ ʗʨè ʜʦʮʽʣʴʥʦ ʙʫʜʫʚʘʪʠ ʷʢ ʧʦʻʜʥʘʥʥʷ: ʨʝʛʫʣʷʨʥʠʭ ʚʽʟʫʘʣʴʥʦ-

ʘʢʫʩʪʠʯʥʠʭ ʦʙʣʽʢʽʚ ʥʘ ʬʽʢʩʦʚʘʥʠʭ ʤʘʨʰʨʫʪʥʠʭ ʜʽʣʷʥʢʘʭ; ʜʝʪʘʣʴʥʦʛʦ 

ʢʘʨʪʫʚʘʥʥʷ ʤʝʨʝʞʽ ʩʪʘʚʢʽʚ ʽʟ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʟʘ ʩʪʫʧʝʥʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʚʧʣʠʚʫ; ʧʝʨʽʦʜʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ eDNA ʜʣʷ ʩʢʣʘʜʥʠʭ ʪʘʢʩʦʥʦʤʽʯʥʠʭ 

ʛʨʫʧ (Pelophylax) ʪʘ ʤʘʣʦʯʠʩʝʣʴʥʠʭ ʚʠʜʽʚ; ʟʘʣʫʯʝʥʥʷ ʛʨʦʤʘʜʷʥʩʴʢʦʾ ʥʘʫʢʠ 

ʜʣʷ ʟʙʦʨʫ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʨʦ ʬʝʥʦʣʦʛʽʶ ʪʘ ʚʠʧʘʜʢʠ ʤʘʩʦʚʦʾ ʟʘʛʠʙʝʣʽ 

ʘʤʬʽʙʽʡ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʧʨʠʥʮʠʧʘʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʧʦʧʫʣʷʮʽʷʤʠ ʚʦʜʥʦ-ʨʦʟʤʥʦʞʫʚʘʥʠʭ ʟʝʤʥʦʚʦʜʥʠʭ, ʩʬʦʨʤʫʣʴʦʚʘʥʠʤʠ ʈ. 

ʉʝʤʣʽʯʝʤ [7], ʽ ʜʦʟʚʦʣʷʻ ʦʜʥʦʯʘʩʥʦ ʚʽʜʩʪʝʞʫʚʘʪʠ ʩʪʘʥ ʧʦʧʫʣʷʮʽʡ ʽ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʥʢʨʝʪʥʠʭ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ. 
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ʇʨʽʦʨʠʪʝʪʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʟʙʝʨʝʞʝʥʥʷ ʟʝʤʥʦʚʦʜʥʠʭ ʫ ʅʇʇ 

çʍʦʣʦʜʥʠʡ ʗʨè ʚ ʫʤʦʚʘʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʩʣʽʜ ʚʚʘʞʘʪʠ: ʧʽʜʪʨʠʤʘʥʥʷ ʪʘ 

ʚʽʜʥʦʚʣʝʥʥʷ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʥʝʨʝʩʪʦʚʠʭ ʚʦʜʦʡʤ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʟʘ 

ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʜʨʽʙʥʠʭ ʪʠʤʯʘʩʦʚʠʭ ʚʦʜʦʡʤ ʫ ʣʽʩʦʚʠʭ ʤʘʩʠʚʘʭ 

ʽ ʙʘʣʢʘʭ), ʦʙʤʝʞʝʥʥʷ ʨʝʢʨʝʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʣʶʯʦʚʽ ʥʝʨʝʩʪʦʚʽ 

ʙʽʦʪʦʧʠ, ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʙʝʨʝʞʥʦ-ʚʦʜʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʙʫʬʝʨʥʠʭ ʟʦʥ ʥʘʚʢʦʣʦ ʥʘʡʙʽʣʴʰ ʮʽʥʥʠʭ ʚʦʜʦʡʤ. ɺʘʞʣʠʚʠʤ ʙʫʜʝ ʪʘʢʦʞ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʘʥʠʭ ʦʙʣʽʢʫ ʯʠʩʝʣʴʥʦʩʪʽ ʟʝʤʥʦʚʦʜʥʠʭ ʅʇʇ çʍʦʣʦʜʥʠʡ ʗʨè 

ʫ ʟʘʛʘʣʴʥʦʥʘʮʽʦʥʘʣʴʥʽ ʪʘ ʤʽʞʥʘʨʦʜʥʽ ʧʨʦʛʨʘʤʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʱʦ ʜʘʩʪʴ 

ʟʤʦʛʫ ʚʨʘʭʦʚʫʚʘʪʠ ʣʦʢʘʣʴʥʽ ʧʦʧʫʣʷʮʽʾ ʫ ʙʽʣʴʰ ʰʠʨʦʢʠʭ ʤʦʜʝʣʷʭ 
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ʂʨʝʤʥʴʦʚ ɺ. ʆ., ɹʻʣʷʻʚ ɻ. ɺ., ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ,  

ɹʻʣʷʻʚʘ ɯ. ʇ., ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ,,  

ɾʫʢʦʚ ʂ. ʃ., ʂʦʨʙʫʪ ʅ. ʉ., ʉʪʝʮʶʢ ɺ. ɻ.,  

ʊʠʤʦʱʝʥʢʦ ɸ. ɺ., ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

 

ɯʥʩʪʠʪʫʪ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɯʅʊɽʅʉʀʌɯʂɸʎɯʗ ʊɽʇʃʆ- ʊɸ ɹɯʆʊɽʍʅʆʃʆɻɯʁ ʋʊʀʃɯɿɸʎɯɰ 

ɺɯɼʍʆɼɯɺ ɹɯʆʃʆɻɯʏʅʆɻʆ ʇʆʍʆɼɾɽʅʅʗ ɼʃʗ 

ɺʀʈʆɹʅʀʎʊɺɸ ʇɸʃʀɺɸ ɯ ɼʆɹʈʀɺ 

 

ʈʦʙʦʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʠʩʪʝʤʥʦʤʫ ʧʽʜʭʦʜʽ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘʢʦʾ 

ʧʝʨʝʨʦʙʢʠ ʚ ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ; ʥʘ ʩʴʦʛʦʜʥʽ ʫ ʧʨʦʤʠʩʣʦʚʠʡ ʦʙʽʛ ʟʘʣʫʯʝʥʘ 

ʣʠʰʝ ʤʘʣʘ ʯʘʩʪʠʥʘ ʚʪʦʨʠʥʥʠʭ ʨʝʩʫʨʩʽʚ ʙʽʦʤʘʩʠ. ʈʘʟʦʤ ʟ̔ ʪʠʤ, ʚʽʜʭʦʜʠ 

ʙʽʦʤʘʩʠ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʮʽʥʥʦʶ ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʧʘʣʠʚʘ, 

ʙʽʦʜʦʙʨʠʚ ʪʘ ʢʦʨʤʽʚ. 

ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʤʘʣʠʭ ʦʙʩʷʛʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʭʦʜʽʚ ʙʽʦʤʘʩʠ ʫ 

ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ ʻ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʚ ʥʠʭ ʚʦʣʦʛʠ. ʅʘ 1 ʪ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ 

ʫ ʾʭ ʩʢʣʘʜʽ ʧʨʠʧʘʜʘʻ ʜʝʢʽʣʴʢʘ ʪʦʥʥ ʚʦʜʠ, ʷʢʘ ʫ ʜʘʥʽʡ ʩʠʪʫʘʮʽʾ ʻ ʙʘʣʘʩʪʦʤ, 

ʘ ʪʘʢʦʞ ʩʪʚʦʨʶʻ ʩʧʨʠʷʪʣʠʚʝ ʚʦʣʦʛʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʜʝʛʨʘʜʘʮʽʾ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ. ʊʘʢʘ ʜʝʛʨʘʜʘʮʽʷ ʜʦʢʦʨʽʥʥʦ ʟʥʝʮʽʥʶʻ 

ʩʠʨʦʚʠʥʫ. ɹʝʟ ʟʥʝʚʦʜʥʝʥʥʷ ʽ ʛʨʘʥʫʣʶʚʘʥʥʷ ʧʝʨʝʚʝʟʝʥʥʷ ʪʘʢʦʾ ʩʠʨʦʚʠʥʠ ʥʘ 

ʚʽʜʩʪʘʥʴ ʙʽʣʴʰʝ 5 ʢʤ ʥʝ ʨʝʥʪʘʙʝʣʴʥʦ, ʘ ʪʨʠʚʘʣʝ ʟʙʝʨʽʛʘʥʥʷ ʥʝʤʦʞʣʠʚʝ. 

ʊʦʙʪʦ, ʟʥʝʚʦʜʥʝʥʥʷ ʩʠʨʦʚʠʥʠ ʚʠʨʽʰʫʻ ʜʚʽ ʟʘʜʘʯʽ: ʫʩʫʚʘʻ ʙʘʣʘʩʪ ʧʨʠ 

ʧʝʨʝʚʝʟʝʥʥʽ ʪʘ ʩʪʘʙʽʣʽʟʫʻ ʙʽʦʣʦʛʽʯʥʠʡ ʩʪʘʥ. 

ʇʨʦʙʣʝʤʠ ʥʝʜʦʚʥʝʩʝʥʥʷ ʙʽʦʜʦʙʨʠʚ ʫ ʨʦʩʣʠʥʥʠʮʪʚʽ. 

ʋʢʨʘʾʥʘ ʧʦʩʽʜʘʻ ʯʠ ʥʝ ʦʩʪʘʥʥʻ ʤʽʩʮʝ ʫ ɭʚʨʦʧʽ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʨʦʩʣʠʥʥʠʮʪʚʽ ʙʽʦʜʦʙʨʠʚ. ʎʝ ʪʠʤ ʙʽʣʴʰ ʧʨʠʢʨʦ, ʷʢʱʦ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ 

ʟʘʣʝʞʥʽʩʪʴ ʢʨʘʾʥʠ ʚʽʜ ʽʤʧʦʨʪʫ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʩʠʥʪʝʪʠʯʥʠʭ ʜʦʙʨʠʚ ʫ ʜʚʦʭ ʥʘʧʨʷʤʘʭ ̫ ʢ ʝʥʝʨʛʦʥʦʩʽʡ ʽ ʷʢ 

ʩʠʨʦʚʠʥʘ ʜʣʷ ʩʠʥʪʝʟʫ ʘʤʽʘʢʫ. ʆʪʞʝ, ʚʠʨʦʙʥʠʮʪʚʦ ʩʠʥʪʝʪʠʯʥʠʭ ʜʦʙʨʠʚ 

ʩʫʪʪʻʚʦ ʟʘʛʦʩʪʨʶʻ ʧʨʦʙʣʝʤʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʤʧʦʨʪʫ ʛʘʟʫ. 

ʉʢʣʘʣʘʩʷ ʩʠʪʫʘʮʽʷ ʜʣʷ ʷʢʦʾ ʭʘʨʘʢʪʝʨʥʦ ʚʦʜʥʦʯʘʩ: 

ï ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʩʫʨʩʦʮʽʥʥʠʭ ʚʽʜʭʦʜʽʚ ï 

ʩʠʨʦʚʠʥʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ ʯʝʨʝʟ ʟʘʥʝʧʘʜ 

ʪʚʘʨʠʥʥʠʮʪʚʘ; 

ï ʟʥʘʯʥʘ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘ ʧʦʦʜʠʥʦʢʠʭ ʧʦʪʫʞʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʪʚʘʨʠʥʥʠʮʪʚʘ, ʱʦ ʫʥʝʤʦʞʣʠʚʣʶʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ 

ʝʢʩʪʝʥʩʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʽʜʛʦʪʦʚʢʠ ʽʟ ʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ. 

ɸʚʪʦʨʠ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʧʝʨʝʨʦʙʢʠ ʚʪʦʨʠʥʥʠʭ 

ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʦʧʦʥʫʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ 
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ʩʫʧʨʦʚʽʜ ʦʨʛʘʥʽʟʘʮʽʾ ʩʪʘʣʦʾ ʩʠʩʪʝʤʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʦʙôʻʜʥʘʥʠʭ 

ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ. ʅʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʦʢ ʟʘʧʨʦʧʦʥʦʚʘʥʽ 

ʦʩʥʦʚʥʽ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ ʱʦʜʦ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʽʟ ʚʽʜʭʦʜʽʚ ʙʽʦʜʦʙʨʠʚ ʽ ʙʽʦʧʘʣʠʚʘ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʨʦʙʦʪʽ. 

ʆʩʥʦʚʥʘ ʤʝʪʘ ʥʘʰʠʭ ʨʦʙʽʪ ï ʩʧʨʠʷʥʥʷ ʧʝʨʝʚʝʜʝʥʥʶ ʷʢʦʤʦʛʘ ʙʽʣʴʰʦʾ 

ʢʽʣʴʢʦʩʪʽ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʱʦʨʽʯʥʠʭ ʚʽʜʭʦʜʽʚ ʷʢʽ ʥʘ ʩʴʦʛʦʜʥʽ ʧʽʜʣʷʛʘʶʪʴ 

ʟʥʠʱʝʥʥʶ ʫ ʢʘʪʝʛʦʨʽʶ ʨʝʩʫʨʩʦʮʽʥʥʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ ʨʝʥʪʘʙʝʣʴʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʚʘʨʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʠʟʥʘʯʝʥʥʶ ʭʘʨʘʢʪʝʨʥʠʭ ʚʽʜʭʦʜʽʚ ʪʘ ʨʦʟʛʣʷʜʫ 

ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ ʩʪʚʦʨʝʥʥʷ ʩʪʘʣʦʾ ʩʠʩʪʝʤʠ ʾʭ ʧʝʨʝʨʦʙʢʠ, ʘ ʪʘʢʦʞ ʧʨʦʛʥʦʟʫ 

ʝʢʦʣʦʛʽʯʥʠʭ, ʩʦʮʽʘʣʴʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʥʘ ʨʦʟʚʠʪʦʢ ʪʝʨʠʪʦʨʽʡ. 

ʇʨʠ ʮʴʦʤʫ ʟʦʢʨʝʤʘ ʚʠʩʚʽʪʣʝʥʽ ʪʘʢʽ ʧʠʪʘʥʥʷ:  

ï ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʽ ʤʽʩʮʝʚʽ ʨʝʩʫʨʩʦʮʽʥʥʽ ʚʽʜʭʦʜʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʆʊɻ ʽ 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʤʝʪʦʜʠ ʾʭ ʧʝʨʝʨʦʙʣʝʥʥʷ; 

ï ʦʯʽʢʫʚʘʥʠʡ ʚʧʣʠʚ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʩʮʝʚʦʛʦ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʦʩʥʦʚʽ ʥʝʣʽʢʚʽʜʥʠʭ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʚʽʜʭʦʜʽʚ 

ʣʽʩʽʚʥʠʮʪʚʘ ʥʘ ʨʦʟʚʠʪʦʢ ʦʙôʻʜʥʘʥʠʭ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ; 

ï ʫʪʠʣʽʟʘʮʽʷ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʷʢ 

ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʧʦʣʽʛʦʥʽʚ (ʟʚʘʣʠʱ); 

ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ 

ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʙʽʦʜʦʙʨʠʚ, ʷʢ 

ʬʘʢʪʦʨ ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʣʦʛʽʾ ʽ ʩʦʮʽʘʣʴʥʦʛʦ ʩʪʘʥʦʚʠʱʘ; 

ï ʢʦʦʨʜʠʥʘʮʽʷ ʫʪʠʣʽʟʘʮʽʾ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʽʩʮʝʚʠʭ ʚʽʜʭʦʜʽʚ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʷʢ ʫʤʦʚʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʦʙôʻʜʥʘʥʠʭ 

ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ; 

ï ʟʘʭʦʜʠ ʽ ʨʠʟʠʢʠ ʧʨʠ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ʆʙʛʨʫʥʪʫʚʘʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʽ ʫʪʠʣʽʟʘʮʽʾ ʢʦʞʥʦʛʦ ʚʠʜʫ ʚʽʜʭʦʜʽʚ 

ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʩʫʢʫʧʥʦʩʪʽ ʪʝʭʥʽʯʥʠʭ 

ʨʽʰʝʥʴ, ʦʨʛʘʥʽʟʘʮʽʡʥʦ ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ ʪʘ ʙʽʟʥʝʩ-ʧʣʘʥʽʚ, ʷʢʽ ʻ 

ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʟʘʣʫʯʝʥʥʷ ʧʨʠʚʘʪʥʦʛʦ ʢʘʧʽʪʘʣʫ ʜʦ ʜʝʨʞʘʚʥʦ-

ʧʨʠʚʘʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤʠ ʫʪʠʣʽʟʘʮʽʾ ʰʠʨʦʢʦ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʚʽʜʭʦʜʽʚ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ʅʘ ʥʘʰ ʧʦʛʣʷʜ, ʪʘʢʝ ʧʘʨʪʥʝʨʩʪʚʦ ʤʦʞʣʠʚʝ ʫ ʬʦʨʤʽ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ 

ʮʽʣʴʦʚʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʦʛʨʘʤ ʟ ʟʘʣʫʯʝʥʥʷʤ ʤʽʩʮʝʚʠʭ ʛʨʦʤʘʜ, 

ʥʘʫʢʦʚʠʭ ʫʩʪʘʥʦʚ ʪʘ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʙʽʟʥʝʩʫ. 

ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʧʦʣʴʦʚʠʭ ʪʝʧʣʦ- ʪʘ ʙʽʦʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ 

ʙʽʦʧʘʣʠʚʘ ʽ ʙʽʦʜʦʙʨʠʚ ʥʘ ʦʩʥʦʚʽ ʣʽʩʽʚʥʠʮʪʚʘ, ʧʪʘʭʽʚʥʠʮʪʚʘ, ʩʦʮʽʘʣʴʥʦʾ 

ʩʬʝʨʠ. 

ʆʯʽʢʫʚʘʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʙʽʪ ʻ ʩʧʨʠʷʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʶ ʜʝʰʝʚʠʤ ʪʘ 

ʝʢʦʣʦʛʽʯʥʠʤ ʜʝʨʝʚʥʠʤ ʧʘʣʠʚʦʤ ʽ ʙʽʦʜʦʙʨʠʚʘʤʠ, ʷʢʽ ʥʘ ʩʴʦʛʦʜʥʽ ʤʘʡʞʝ 

ʚʽʜʩʫʪʥʽ, ʚʠʨʽʰʝʥʥʶ ʥʘʛʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ ʧʝʨʝʧʦʚʥʝʥʥʷ ʤʫʣʦʚʠʭ ʢʘʨʪ 

ʢʦʤʫʥʘʣʴʥʠʭ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ, ʟʤʝʥʰʝʥʥʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 
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ʜʦʚʢʽʣʣʷ ʟ ʙʦʢʫ ʧʦʣʽʛʦʥʽʚ (ʟʚʘʣʠʱ) ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ, ʩʧʨʠʷʥʥʷ ʨʦʟʚʠʪʢʫ 

ʣʽʩʽʚʥʠʮʪʚʘ ʟʘʚʜʷʢʠ ʜʦʜʘʪʢʦʚʠʤ ʧʦʟʘʙʶʜʞʝʪʥʠʤ ʥʘʜʭʦʜʞʝʥʥʷʤ ʚʽʜ 

ʫʪʠʣʽʟʘʮʽʾ ʣʽʩʦʩʽʯʥʠʭ ʚʽʜʭʦʜʽʚ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʧʦʚôʷʟʘʥʠʭ ʟ ʜʦʩʷʛʥʝʥʥʷʤ ʟʘʟʥʘʯʝʥʦʾ ʤʝʪʠ ʙʫʚ 

ʩʪʚʦʨʝʥʠʡ ʥʘʩʪʫʧʥʠʡ ʢʦʤʧʣʝʢʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʪʝʥʜʽʚ ʽ ʜʦʩʣʽʜʥʦ-

ʧʨʦʤʠʩʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ: ʩʪʝʥʜ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʦʨʛʘʥʽʟʦʚʘʥʦʛʦ ʩʫʰʽʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʚʽʜʭʦʜʽʚ ʜʝʨʝʚʠʥʠ ʧʽʜ ʚʧʣʠʚʦʤ 

ʬʘʢʪʦʨʽʚ ʜʦʚʢʽʣʣʷ ʫ ʤʘʩʰʪʘʙʽ, ʥʘʙʣʠʞʝʥʦʤʫ ʜʦ ʧʨʦʤʠʩʣʦʚʦʛʦ; 

ʩʘʤʦʭʽʜʥʠʡ ʚʦʨʫʰʠʪʝʣʴ ʢʦʤʧʦʩʪʫ ʥʘ ʛʫʩʝʥʠʯʥʽʡ ʭʦʜʽ; ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ 

ʩʪʨʽʯʢʦʚʠʡ ʟʤʽʰʫʚʘʯ ʽ ʛʽʜʨʘʚʣʽʯʥʠʡ ʰʪʘʙʝʣʝʨ; ʜʨʦʙʘʨʢʘ ʜʣʷ 

ʚʠʩʦʢʦʚʦʣʦʛʠʭ ʤʘʪʝʨʽʘʣʽʚ; ʤʘʰʠʥʘ ʜʣʷ ʟʥʝʚʦʜʥʝʥʥʷ ʚʽʜʭʦʜʽʚ ʙʽʦʤʘʩʠ; 

ʣʘʙʦʨʘʪʦʨʥʠʡ ʩʪʝʥʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʫʤʽʩʥʠʭ ʧʨʦʮʝʩʽʚ ʩʫʰʽʥʥʷ ʪʘ 

ʧʦʜʨʽʙʥʝʥʥʷ; ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʩʫʰʽʥʥʷ 

ʪʚʝʨʜʠʭ ʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ̔ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʽʾ ʩʦʥʮʷ ʪʘ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʪʠ. 

ɹʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʚʽʜʢʨʠʪʽ ʤʘʡʜʘʥʯʠʢʠ ʟ ʪʚʝʨʜʠʤ ʧʦʢʨʠʪʪʷʤ ʜʣʷ 

ʢʦʤʧʦʩʪʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ 900 ʤ2. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ: 

ï ʩʧʦʩʽʙ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʚʦʣʦʛʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʧʘʣʠʚʘ ʪʘ ʙʽʦʜʦʙʨʠʚ ʷʢʠʡ ʫʥʝʤʦʞʣʠʚʣʶʻ ʩʘʤʦʟʘʡʤʘʥʥʷ 

(ʜʝʨʝʚʠʥʠ) ʪʘ ʚʪʨʘʪʫ ʘʟʦʪʥʠʭ ʩʧʦʣʫʢ (ʙʽʦʜʦʙʨʠʚʘ); 

ï ʩʧʦʩʽʙ ʦʜʝʨʞʘʥʥʷ ʧʘʣʠʚʥʦʾ ʪʨʽʩʢʠ ʟ ʥʝʣʽʢʚʽʜʥʠʭ ʚʽʜʭʦʜʽʚ ʜʝʨʝʚʠʥʠ. 

ï ʧʨʦʻʢʪ ʨʝʘʣʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʧʘʣʠʚʥʦʾ ʪʨʽʩʢʠ ʫ 

ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ;  

ï ʦɦʨʽʯʥʠʡ ʮʠʢʣ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʦʚʽʪʨʷʥʦ-ʩʫʭʦʾ ʧʘʣʠʚʥʦʾ ʪʨʽʩʢʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʝʨʞʘʚʥʦʛʦ 

ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ (ɼʃɻ) ʧʽʜʧʨʠʻʤʩʪʚʘ [1, 2]. 

ʉʫʤʽʩʥʦ ʟ ʂʠʾʚʟʝʣʝʥʙʫʜʦʤ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʝ ʦʩʚʦʻʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʠʩʪʦʚʦʛʦ ʦʧʘʜʫ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʙʽʦʜʦʙʨʠʚ ʪʘ ʙʽʦʧʘʣʠʚʘ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʫ ʨʦʙʦʪʽ ʩʪʚʦʨʶʶʪʴ 

ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʧʘʣʠʚʘ 

ʪʘ ʙʽʦʜʦʙʨʠʚ ʫ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ. 

ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʙʽʦʣʦʛʽʯʥʦʾ ʢʦʥʚʝʨʩʽʾ (ʢʦʤʧʦʩʪʫʚʘʥʥʷ), 

ʟʥʝʚʦʜʥʝʥʥʷ ʢʦʤʧʦʩʪʽʚ, ʙʽʦʧʘʣʠʚʘ ʪʘ ʽʥʰʠʭ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʘʢʨʠʪʠʭ ʩʧʦʨʫʜʘʭ. 

ʈʦʙʦʪʠ, ʩʧʨ̫ʤʦʚʘʥʽ ʥʘ ʩʪʚʦʨʝʥʥʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʦʩʥʦʚ 

ʝʢʦʥʦʤʽʯʥʦ-ʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʫʩʪʘʪʢʫʚʘʥʥʷ ʧʦʜʚʽʡʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ,  ʥʘ ʷʢʦʤʫ ʤʦʞʣʠʚʦ ʧʨʦʚʦʜʠʪʠ ʷʢ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ʙʽʦʣʦʛʽʯʥʦʾ ʢʦʥʚʝʨʩʽʾ ʰʣʷʭʦʤ ʤʽʢʨʦʙʽʘʣʴʥʦʾ ʩʫʢʮʝʩʽʾ (ʢʦʤʧʦʩʪʫʚʘʥʥʷ) ʧʽʜ 

ʚʧʣʠʚʦʤ ʘʝʨʦʙʥʦʾ ʤʽʢʨʦʬʣʦʨʠ ʪʘʢ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʟʥʝʚʦʜʥʝʥʥʷ 

ʟʨʽʣʠʭ ʢʦʤʧʦʩʪʽʚ ʙʽʦʧʘʣʠʚʘ ʪʘ ʽʥʰʠʭ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʤʝʪʠ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʥʘʩʪʫʧʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʽ ʨʦʟʨʦʙʢʠ:  ʦʜʥʦʯʘʩʥʝ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʩʦʥʷʯʥʦʶ ʨʘʜʽʘʮʽʻʶ ʜʦ 
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ʚʝʨʭʥʴʦʾ ʧʦʚʝʨʭʥʽ ʥʝʨʫʭʦʤʦʛʦ ʰʘʨʫ ʢʨʽʟʴ ʩʚʽʪʣʦʧʨʦʥʠʢʣʠʚʝ ʧʦʢʨʠʪʪʷ ʪʘ 

ʝʥʝʨʛʽʾ ʢʦʥʜʫʢʮʽʻʶ ʽ ʢʦʥʚʝʢʮʽʻʶ ʜʦ ʥʠʞʥʴʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠ ʧʝʨʽʦʜʠʯʥʦʤʫ 

ʤʝʭʘʥʽʯʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ; ʧʨʠʥʮʠʧʦʚʦ-ʘʧʘʨʘʪʥʘ ʩʭʝʤʘ ʩʭʦʚʠʱʘ-

ʩʫʰʘʨʢʠ ʟ ʦʜʥʦʯʘʩʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʽʾ ʩʦʥʮʷ ʡ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʘʣʴʥʦʾ ʪʝʧʣʦʪʠ; ʪʝʧʣʦʤʘʩʦʦʙʤʽʥ ʧʨʠ ʩʫʰʽʥʥʽ ʂʂʇʄ ʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʱʽʣʴʥʦʤʫ ʰʘʨʽ ʟ ʡʦʛʦ ʧʝʨʽʦʜʠʯʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʚ 

ʫʤʦʚʘʭ ʢʦʥʚʝʢʪʠʚʥʦ-ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʜʦ ʥʠʞʥʴʦʾ 

ʧʦʚʝʨʭʥʽ ʰʘʨʫ. 

ʂʦʤʧʦʩʪʫʚʘʥʥʷ ʽ ʩʫʰʽʥʥʷ ʚ ʟʘʢʨʠʪʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʭʦʚʠʱʘʭ-

ʩʫʰʘʨʢʘʭ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʚʦʜʠʪʠ ʚ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʽʡ ɯʊʊʌ 

ʽʥʥʦʚʘʮʽʡʥʽʡ ʩʦʥʷʯʥʽʡ ʩʫʰʘʨʮʽ ʟ ʧʝʨʝʩʫʚʥʠʤ ʧʝʨʝʤʽʰʫʶʯʠʤ ʧʨʠʩʪʨʦʻʤ ʟ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʂʅʈ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʾʾ ʤʦʜʝʨʥʽʟʘʮʽʷ, ʷʢʘ 

ʧʦʣʷʛʘʻ ʫ ʧʽʜʚʝʜʝʥʥʽ ʜʦʜʘʪʢʦʚʦʾ ʪʝʧʣʦʪʠ ʜʦ ʥʠʞʥʴʦʾ ʧʦʚʝʨʭʥʽ ʰʘʨʫ 

ʤʘʪʝʨʽʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʪʠʧʫ çʪʝʧʣʘ ʧʽʜʣʦʛʘè, 

ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʧʽʜ ʰʘʨʦʤ ʤʘʪʝʨʽʘʣʫ. ʊʘʢʝ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 

ʢʨʘʪʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʫʰʘʨʢʠ ʟʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ 

ʮʽʣʦʜʦʙʦʚʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ çʩʚʽʪʣʦʚʦʛʦè ʜʥʷ. ʂʨʽʤ ʪʦʛʦ, 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʚʩʽʡ ʪʦʚʱʠʥʽ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ ʽ ʦʜʥʦʯʘʩʥʦ 

ʦʥʦʚʣʶʻ ʷʢ ʚʝʨʭʥʶ, ʪʘʢ ʽ ʥʠʞʥʶ ʧʦʚʝʨʭʥʶ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ. ʊʝʧʣʦʚʘ 

ʝʥʝʨʛʽʷ ʧʽʜʚʦʜʠʪʴʩʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʢʦʥʜʫʢʪʠʚʥʽʩʪʶ ʪʘ ʢʦʥʚʝʢʮʽʻʶ. 

ʊʝʧʣʦʥʦʩʽʻʤ ʚʠʩʪʫʧʘʻ ʦʙʦʨʦʪʥʘ ʪʝʧʣʦʬʽʢʘʮʽʡʥʘ ʚʦʜʘ, ʘ ʜʞʝʨʝʣʦʤ 

ʝʥʝʨʛʽʾ ï ʚʠʢʦʧʥʝ ʯʠ ʙʽʦʧʘʣʠʚʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʦʜʦʛʨʽʡʥʦʛʦ ʢʦʪʣʘ. 

ʆʪʞʝ, ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʩʧʦʨʫʜʘ ʧʦʜʚʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʻ 

ʽʥʥʦʚʘʮʽʡʥʦʶ ʨʦʟʨʦʙʢʦʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʷʜʫ ʥʦʫ-ʭʘʫ ʷʢ ʟʘ 

ʢʦʥʩʪʨʫʢʮʽʻʶ ʪʘʢ ʽ ʟʘ ʩʧʦʩʦʙʦʤ ʨʦʙʦʪʠ. ɺʦʥʘ ʨʦʟʨʦʙʣʝʥʘ ʟʘ ʤʦʜʫʣʴʥʠʤ 

ʧʨʠʥʮʠʧʦʤ ʽ ʜʦʟʚʦʣʷʻ ʩʧʦʨʫʜʞʫʚʘʪʠ ʩʭʦʚʠʱʘ-ʩʫʰʘʨʢʠ ʜʦʚʞʠʥʦʶ 

ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʚʽʜ 50 ʜʦ 200 ʤ. ʉʧʦʨʫʜʘ ʜʦʟʚʦʣʷʻ ʦʙʨʦʙʣʷʪʠ ʨʝʯʦʚʠʥʠ ʟ 

ʥʝʧʨʠʻʤʥʠʤ ʟʘʧʘʭʦʤ ʽ ʧʨʠʩʪʦʩʦʚʘʥʘ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʡʦʛʦ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, ʱʦ ʤʘʻ ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʢʦʤʧʦʩʪʫʚʘʥʥʽ ʪʘʢʠʭ 

ʨʝʯʦʚʠʥ. 
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ʆʣʽʡʥʠʢ ʆ. ɺ., ʟʜʦʙʫʚʘʯʢʘ ʩʝʨʝʜʥʴʦʾ ʦʩʚʽʪʠ,  

ʄʦʚʯʘʥ ɺ. ɺ., ʚʯʠʪʝʣʴ ʛʝʦʛʨʘʬʽʾ 

 

ʈʫʯʢʽʚʩʴʢʘ ʬʽʣʽʷ ʇʝʪʨʽʚʩʴʢʦ-ʈʦʤʝʥʩʴʢʦʛʦ ʣʽʮʝʶ ʇʝʪʨʽʚʩʴʢʦ-ʈʦʤʝʥʩʴʢʦʾ 

ʩʽʣʴʩʴʢʦʾ ʨʘʜʠ, ʄʠʨʛʦʨʦʜʩʴʢʠʡ ʨʘʡʦʥ, ʇʦʣʪʘʚʩʴʢʘ ʦʙʣʘʩʪʴ, ʋʢʨʘʾʥʘ 

 

ʉʋʏɸʉʅʀʁ ʉʊɸʅ ʈɯɼʂɯʉʅʆɰ ʌʃʆʈʀ ʅɸ ɿɸʇʃɸɺɯ ʈɯʏʂʀ 

ʍʆʈʆʃ ʅɸ ʇɯɺʅʆʏɯ ʇʆʃʊɸɺʉʔʂʆɰ ʆɹʃɸʉʊɯ 

 

 ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʨʽʯʢʦʚʽ ʟʘʧʣʘʚʠ ʧʦʪʝʨʧʘʶʪʴ ʚʽʜ ʟʥʘʯʥʦʛʦ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʪʠʭ ʯʘʩʪʠʥ 

ʟʘʧʣʘʚ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʧʽʜ ʘʛʨʦʮʝʥʦʟʘʤʠ. ʗʢ ʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʥʘʚʝʩʪʠ 

ʩʝʣʦ ʈʫʯʢʠ ʇʝʪʨʽʚʩʴʢʦ-ʈʦʤʝʥʩʴʢʦʾ ʛʨʦʤʘʜʠ. ʊʘ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʪʫʪ ʱʝ 

ʟʥʘʭʦʜʷʪʴʩʷ ʮʽʥʥʽ ʜʽʣʷʥʢʠ ʟ ʨʽʜʢʽʩʥʠʤʠ ʚʠʜʘʤʠ ʨʦʩʣʠʥ. ʊʦ ʞ ʧʦʩʪʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʝʚʽʜʢʣʘʜʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʮʠʭ ʦʙôʻʢʪʽʚ.  

ʆʢʨʝʤʽ ʦʙʩʪʝʞʝʥʥʷ ʟʘʧʣʘʚʥʠʭ ʧʨʠʨʦʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʪʝʧʝʨʽʰʥʴʦʾ ʇʝʪʨʽʚʩʴʢʦ-ʈʦʤʝʥʩʴʢʦʾ ʩʽʣʴʩʴʢʦʾ ʨʘʜʠ ʟʜʽʡʩʥʠʚ ʥʘ ʧʦʯʘʪʢʫ 

ʍʍɯ. ʂʦʨʥʫʩ ɸ. ʆ. [2]. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʤʽʩʮʝʚʠʤʠ 

ʢʨʘʻʟʥʘʚʮʷʤʠ ʢʣʶʯʦʚʦʾ ʜʽʣʷʥʢʠ ʨʽʯʢʦʚʦʾ ʟʘʧʣʘʚʠ ʚ ʤʽʞ ʩʝʣʘʤʠ ʈʫʯʢʠ ʪʘ 

ʇʝʪʨʽʚʢʘ-ʈʦʤʝʥʩʴʢʘ ʚʜʘʣʦʩʷ ʦʪʨʠʤʘʪʠ ʥʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʩʪʦʩʦʚʥʦ 

ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʣʫʯʥʠʭ ʛʝʦʩʠʩʪʝʤ [1]. ʇʨʦʪʝ, ʜʝʪʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʟʦʣʦʛʽʯʥʦʾ ʮʽʥʥʦʩʪʽ ʟʘʧʣʘʚʥʠʭ ʧʨʠʨʦʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʈʫʢʠ ʜʦ ʮʴʦʛʦ 

ʯʘʩʫ ʥʝ ʙʫʣʦ. 

 ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʤʠ ʙʫʣʦ ʦʙʨʘʥʦ ʪʨʠ ʣʦʢʘʮʽʾ, ʷʢʽ ʤʽʩʮʝʚʝ 

ʥʘʩʝʣʝʥʥʷ ʥʘʟʠʚʘʻ: ɺʝʨʙʠ, ɿʘʭʦʨʦʣʣʷ ʪʘ ɿʘ ʐʚʝˇʨʠʥʠʤ ʤʽʩʪʢʦʤ (ʨʠʩ. 1).  

ʊʝʨʠʪʦʨʽʷ ʣʦʢʘʮʽʾ ɿʘ ʐʚʝˇʨʠʥʠʤ ʤʽʩʪʢʦʤ ʧʝʨʝʙʫʚʘʻ ʥʘʡʙʣʠʞʯʝ ʜʦ 

ʮʝʥʪʨʫ ʩʝʣʘ. ʏʝʨʝʟ ʮʝ ʜʦʩʠʪʴ ʯʘʩʪʦ ʯʝʨʝʟ ʣʫʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʫʭ ʥʝ ʣʠʰʝ 

ʧʽʰʦʭʦʜʽʚ, ʘ ʡ ʤʦʪʦ- ʪʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ. ʇʣʦʱʘ, ʥʘ ʷʢʽʡ ʧʨʦʚʦʜʠʣʠʩʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ ʰʝʩʪʠ ʛʝʢʪʘʨʽʚ. ʊʫʪ ʥʘʤ ʚʜʘʣʦʩʷ 

ʚʩʪʘʥʦʚʠʪʠ ʤʽʩʮʷ ʟʨʦʩʪʘʥʥʷ Anacamptis palustris, ʟʘʥʝʩʝʥʦʛʦ ʜʦ ʩʧʠʩʢʫ 

ʏʝʨʚʦʥʦʾ ʢʥʠʛʠ ʋʢʨʘʾʥʠ. ʁʦʛʦ ʧʦʧʫʣʷʮʽʷ ʥʘ ʜʘʥʽʡ ʜʽʣʷʥʮʽ ʭʦʯʘ ʡ 

ʨʦʟʨʽʜʞʝʥʘ, ʧʨʦʪʝ ʟʘʡʤʘʻ ʤʘʡʞʝ ʚʩʶ ʪʝʨʠʪʦʨʽʶ ʜʦʩʣʽʜʞʝʥʥʷ ʽ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʷʢ ʧʦʦʜʠʥʦʢʽ ʨʦʩʣʠʥʠ, ʪʘʢ ʽ ʥʝʚʝʣʠʢʠʤʠ ʛʨʫʧʢʘʤʠ. ʊʘʢʦʞ 

ʪʫʪ ʟʨʦʩʪʘʶʪʴ ʜʚʘ ʚʠʜʠ ʨʦʜʫ Dactylorhiza ï Dactylorhiza incarnata ʪʘ 

Dactylorhiza majalis (ʨʠʩ. 2).   
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ʈʠʩʫʥʦʢ 1 ï ʊʝʨʠʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʴ ʚ ʨʘʡʦʥʽ ʩʝʣʘ ʈʫʯʢʠ 

 

 
ʈʠʩʫʥʦʢ 2 ï ɽʢʟʝʤʧʣʷʨʠ Dactylorhiza majalis ʪʘ ʢʘʨʪʘ-ʩʭʝʤʘ  

ʾʭ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʴ 
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ʆʙʠʜʚʘ ʚʠʜʠ ʪʝʞ ʤʘʶʪʴ ʪʘʢʠʡ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʡ ʩʪʘʪʫʩ ʷʢ ʽ 

ʟʦʟʫʣʠʥʮʽ. ʂʽʣʴʢʽʩʪʴ ʾʭ ʪʫʪ ʥʝʟʥʘʯʥʘ ʅʘ ʚʩʽʡ ʜʽʣʷʥʮʽ ʚʜʘʣʦʩʷ ʚʠʷʚʠʪʠ ʣʠʰʝ 

ʧôʷʪʴ ʦʩʦʙʠʥ Dactylorhiza incarnata ʪʘ ʪʨʠ ʦʩʦʙʠʥʠ Dactylorhiza majalis. 

ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚ ʤʠʥʫʣʦʤʫ ʨʦʮʽ ʥʘ ʦʜʥʽʡ ʽʟ ʜʽʣʷʥʦʢ    ʙʫʣʦ ʚʠʷʚʣʝʥʦ 

ʩ̔ ʤ ʦʩʦʙʠʥ ʮʠʭ ʨʦʩʣʠʥ, ʘ ʚ ʮʴʦʤʫ ʨʦʮʽ ʤʠ ʾʭ ʥʝ ʟʥʘʡʰʣʠ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʪʘʤ 

ʜʝ ʚ ʮʴʦʤʫ ʨʦʮʽ ʟʨʦʩʪʘʻ ʚʽʩʽʤ ʦʩʦʙʠʥ Dactylorhiza, ʚ ʤʠʥʫʣʦʤʫ ʨʦʮʽ  ʙʫʣʦ 

ʣʠʰʝ ʪʨʠ. ɹʽʣʴʰ ʟʘ ʚʩʝ, ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʚʝʩʥʷʥʠʤ ʚʠʧʘʣʶʚʘʥʥʷʤ ʦʢʨʝʤʠʭ 

ʜʽʣʷʥʦʢ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʛʘʣʴʤʦʚʫʻ ʨʽʩʪ ʮʽʥʥʠʭ ʚʠʜʽʚ ʨʦʩʣʠʥ. ɼʦ ʨʝʯʽ, 

ʟʘ ʜʘʥʠʤʠ ʽʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʫ ʏʝʨʚʦʥʦʾ ʢʥʠʛʠ ʋʢʨʘʾʥʠ ʚ ʇʦʣʪʘʚʩʴʢʽʡ 

ʦʙʣʘʩʪʽ ʟʘʬʽʢʩʦʚʘʥʦ ʣʠʰʝ ʦʜʥʝ ʤʽʩʮʝ ʟʨʦʩʪʘʥʥʷ ʧʘʣʴʯʘʪʦʢʦʨʽʥʥʠʢʘ 

ʪʨʘʚʥʝʚʦʛʦ. ʊʦ ʞ ʥʦʚʽ ʟʥʘʭʽʜʢʠ ʮʴʦʛʦ ʚʠʜʫ ʻ ʜʦʩʠʪʴ ʮʽʥʥʠʤʠ ʜʣʷ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʾ ʩʧʨʘʚʠ.  

ʅʘ ʦʜʥʽʡ ʽʟ ʜʽʣʷʥʦʢ ʜʘʥʦʾ ʣʦʢʘʮʽʾ ʚʠʷʚʣʝʥʦ ʜʚʽ ʥʝʜʘʣʝʢʦ ʚʽʜʜʘʣʝʥʠʭ 

ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʛʨʫʧʠ ʱʝ ʦʜʥʦʛʦ ʚʠʜʫ ʟʽ ʩʧʠʩʢʫ ʏʝʨʚʦʥʦʾ ʢʥʠʛʠ ʋʢʨʘʾʥʠ. 

ʎʝ ʢʦʩʘʨʠʢʠ ʪʦʥʢʽ. ʂʦʞʥʘ ʛʨʫʧʘ ʟʘʡʤʘʻ ʧʣʦʱʫ ʧʨʠʙʣʠʟʥʦ ʧʦ ʧ'ʷʪʥʘʜʮʷʪʴ 

ʢʚʘʜʨʘʪʥʠʭ ʤʝʪʨʽʚ, ʘ ʥʘ ʢʦʞʥʦʤʫ ʢʚʘʜʨʘʪʽ ʟʨʦʩʪʘʻ ʦʨʽʻʥʪʦʚʥʦ ʚʽʜ 

ʪʨʠʜʮʷʪʠ ʜʦ ʩʦʨʦʢʘ ʦʩʦʙʠʥ. ʊʦ ʞ, ʷʢ ʙʘʯʠʤʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʘʥʪʨʦʧʦʛʝʥʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʘʥʘ ʣʦʢʘʮʽʷ ʻ ʜʦʩʠʪʴ ʮʽʥʥʦʶ ʩʦʟʦʣʦʛʽʯʥʦʶ ʜʽʣʷʥʢʦʶ. 

ʃʦʢʘʮʽʷ ɿʘʭʦʨʦʣʣʷ ʻ ʥʘʡʙʽʣʴʰʦʶ ʩʝʨʝʜ ʪʨʴʦʭ ʣʦʢʘʮʽʡ. ʇʣʦʱʘ, ʥʘ ʷʢʽʡ 

ʧʨʦʚʦʜʠʣʠʩʷ ʦʙʩʪʝʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ ʜʝʩʷʪʠ ʛʝʢʪʘʨʽʚ. ʉʧʦʯʘʪʢʫ 

ʥʘʤʠ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʥʝʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʦʦʜʠʥʦʢʠʭ ʦʩʦʙʠʥʠ Anacamptis 

palustris, ʷʢʽ ʟʨʦʩʪʘʶʪʴ ʚ ʟʥʠʞʝʥʽʡ ʜʽʣʷʥʮʽ ʟʘʧʣʘʚʠ. ʄʦʞʣʠʚʦ ʾʭ ʙʫʣʦ ʙ ʪʫʪ 

ʽ ʙʽʣʴʰʝ, ʘʣʝ ʯʘʩʪʠʥʘ ʤʽʩʮʷ ʟʨʦʩʪʘʥʥʷ ʜʘʥʦʛʦ ʚʠʜʫ ʟʘʩʤʽʯʝʥʘ ʟʘʣʠʰʢʘʤʠ 

ʩʢʦʰʝʥʦʾ ʪʨʘʚʠ. ʊʘʢʦʞ ʧʦʨʷʜ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʥʝʚʝʣʠʢʽ ʛʨʫʧʢʠ Gladiolus 

tenuis. ʇʨʦʪʝ ʥʘʡʙʽʣʴʰ ʚʨʘʞʘʶʯʦʶ ʚʠʷʚʠʣʘʩʷ ʩʭʽʜʥʘ ʯʘʩʪʠʥʘ ʜʘʥʦʾ 

ʣʦʢʘʮʽʾ. ʉʘʤʝ ʪʫʪ ʤʠ ʚʠʷʚʠʣʠ ʟʥʘʯʥʫ ʧʦʧʫʣʷʮʽʶ Gladiolus tenuis (ʨʠʩ. 3). 

ʆʨʽʻʥʪʦʚʥʘ ʧʣʦʱʘ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ ʧôʷʪʠʩʦʪ ʤʝʪʨʽʚ ʢʚʘʜʨʘʪʥʠʭ.  ʗʢʱʦ 

ʚʨʘʭʫʚʘʪʠ, ʱʦ ʥʘ ʦʜʥʦʤʫ ʢʚʘʜʨʘʪʽ ʨʦʩʪʝ ʚʽʜ ʧôʷʪʥʘʜʮʷʪʠ ʜʦ ʜʚʘʜʮʷʪʠ 

ʦʩʦʙʠʥ, ʪʦ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʙʣʠʟʴʢʦ ʜʝʩʷʪʠ ʪʠʩʷʯ. 

ʄʦʞʣʠʚʦ ʜʘʥʠʡ ʚʠʜ ʤʘʚ ʙʠ ʱʝ ʙʽʣʴʰʫ ʧʦʧʫʣʷʮʽʶ, ʘʣʝ ʧʦʨʷʜ ʙʫʣʘ 

ʚʞʝ ʩʢʦʰʝʥʘ ʜʽʣʷʥʢʘ.  ʂʦʣʠ ʤʠ ʧʨʠʡʰʣʠ ʩʶʜʠ ʥʘʩʪʫʧʥʦʛʦ ʤʽʩʷʮʷ, ʪʦ 

ʧʦʙʘʯʠʣʠ ʩʢʦʰʝʥʦʶ ʚʩʶ ʧʣʦʱʫ, ʥʘ ʷʢʽʡ ʟʨʦʩʪʘʣʠ ʢʦʩʘʨʠʢʠ. ɿʘʣʠʰʘʻʪʴʩʷ 

ʥʘʜʽʷ, ʱʦ ʜʦ ʪʦʛʦ ʯʘʩʫ ʨʦʩʣʠʥʠ ʚʩʪʠʛʣʠ ʫʪʚʦʨʠʪʠ ʥʘʩʽʥʥʷ, ʘ 

ʙʫʣɹʙʦʮʠʙʫʣʠʥʠ ʟʘʧʘʩʣʠʩʷ ʧʦʞʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. ʊʦ ʞ ʥʘʩʪʫʧʥʦʛʦ 

ʨʦʢʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʤʦʥʽʪʦʨʠʥʛ, ʱʦʙ ʚʩʪʘʥʦʚʠʪʠ ʚʧʣʠʚ ʩʽʥʦʢʦʩʽʥʥʷ 

ʥʘ ʨʦʟʚʠʪʦʢ ʧʦʧʫʣʷʮʽʾ Gladiolus tenuis.  

ʆʩʪʘʥʥʶ ʣʦʢʘʮʽʶ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʩʮʝʚʝ ʥʘʩʝʣʝʥʥʷ ʥʘʟʠʚʘʻ ɺʝʨʙʠ. 

ɿʥʘʭʦʜʠʪʴʩʷ ʚʦʥʘ ʙʽʣʷ ʮʝʥʪʨʘʣʴʥʦʾ ʜʦʨʦʛʠ, ʷʢʘ  ʧʨʦʭʦʜʠʪʴ ʚʽʜ ʚôʾʟʜʫ ʜʦ 

ʮʝʥʪʨʫ ʩʝʣʘ. ʇʣʦʱʘ ʾʾ ʟʦʚʩʽʤ ʥʝʟʥʘʯʥʘ ï ʤʝʥʰʝ ʥʽʞ 0,5 ʛʘ, ʧʨʦʪʝ ʩʘʤʝ ʪʫʪ 

ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʥʘʡʙʽʣʴʰʫ ʽ ʥʘʡʱʽʣʴʥʽʰʫ  ʧʦʧʫʣʷʮʽʶ Anacamptis 

palustris. ʁʦʛʦ ʢʽʣʴʢʽʩʪʴ, ʟʘ ʥʘʰʠʤʠ ʧʽʜʨʘʭʫʥʢʘʤʠ, ʩʷʛʘʻ ï 134 ʦʩʦʙʠʥʠ 

(ʨʠʩ.4). ɼʦ ʪʦʛʦ ʞ, ʻ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʦʢʨʝʤʽ ʨʦʩʣʠʥʠ ʤʘʶʪʴ ʟʦʚʩʽʤ ʽʥʰʫ 
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ʚʠʜʦʚʫ ʧʨʠʥʘʣʝʞʥʽʩʪʴ, ʘ ʩʘʤʝ ï Anacamptis laxiflora. ʊʘʢʦʞ ʪʫʪ ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ ʜʚʽ ʦʩʦʙʠʥʠ Dactylorhiza majalis. ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʜʦ 

ʩʝʨʝʜʠʥ 80-ʭ ʨʦʢʽʚ ʤʘʡʞʝ ʚʩʷ ʪʝʨʠʪʦʨʽʷ ʜʘʥʦʾ ʣʦʢʘʮʽʾ ʧʝʨʝʙʫʚʘʣʘ ʧʽʜ 

ʩʪʘʨʠʯʥʠʤ ʦʟʝʨʦʤ, ʘ ʧʽʩʣʷ ʤʝʣʽʦʨʘʮʽʾ ʚʽʜʙʫʣʦʩʷ ʟʘʨʦʩʪʘʥʥʷ ʧʨʠʨʦʜʥʦʶ 

ʨʦʩʣʠʥʥʽʩʪʶ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ɽʢʟʝʤʣʷʨʠ Gladiolus tenuis ʪʘ ʢʘʨʪʘ-ʩʭʝʤʘ ʾʭ 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʴ 
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ʈʠʩʫʥʦʢ 4 ï ɽʢʟʝʤʧʣʷʨʠ Anacamptis palustris ʪʘ ʢʘʨʪʘ-ʩʭʝʤʘ ʾʭ 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʴ 

 

ɺʠʩʥʦʚʦʢ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʢʘʟʫʶʪʴ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʭʦʨʦʥʠ 

ʨʽʯʢʦʚʦʾ ʟʘʧʣʘʚʠ. ʅʘʡʦʧʪʠʤʘʣʴʥʽʰʠʤ ʚʘʨʽʘʥʪʦʤ ʜʣʷ ʮʴʦʛʦ ʩʪʘʣʦ ʙ 

ʩʪʚʦʨʝʥʥʷ ʚ ʜʦʣʠʥʽ ʨʽʯʢʠ ʍʦʨʦʣ ʬʽʣʽʾ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʘʨʢʫ 

çɻʘʜʷʮʴʢʠʡè. ʊʘʢʦʾ ʞ ʜʫʤʢʠ ʜʦʪʨʠʤʫʶʪʴʩʷ ʷʢ ʤʽʩʮʝʚʽ ʢʨʘʻʟʥʘʚʮʽ, ʪʘʢ ʽ 

ʧʦʣʪʘʚʩʴʢʽ ʥʘʫʢʦʚʮʽ [1, 3]. 

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ: 

1. ɻʘʤʟʘ ɼ. ɸ., ʄʦʚʯʘʥ ɺ. ɺ. ʃʘʥʜʰʘʬʪʥʘ ʩʪʨʫʢʪʫʨʘ ʢʣʶʯʦʚʦʾ 

ʜʽʣʷʥʢʠ  ʚ ʩʝʨʝʜʥʽʡ ʪʝʯʽʾ ʨʽʯʢʠ ʍʦʨʦʣ. ʉʴʦʤʽ ʉʫʤʩʴʢʽ ʥʘʫʢʦʚʽ ʛʝʦʛʨʘʬʽʯʥʽ 

ʯʠʪʘʥʥʷ: ʟʙ̔ʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ  ɺʩʝʫʢʨ. ʥʘʫʢ. ʢʦʥʬ. (ʉʫʤʠ, 14-16 ʞʦʚʪʥʷ 

2022 ʨ.) [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / ʉʫʤɼʇʋ ʽʤʝʥʽ ɸ. ʉ. ʄʘʢʘʨʝʥʢʘ, 

ʉʫʤʩʴʢʠʡ ʚʽʜʜʽʣ ʋʢʨʘʾʥʩʴʢʦʛʦ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʪʦʚʘʨʠʩʪʚʘ; [ʫʧʦʨʷʜʥʠʢ 

ʂʦʨʥʫʩ ɸ. ʆ.]. ʉʫʤʠ. 2022. ʉ. 89ï94. 

2. ʂʦʨʥʫʩ ɸ. ʆ. ʆʩʦʙʣʠʚʦʩʪʽ ʣʘʥʜʰʘʬʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʣʶʯʦʚʦʾ 

ʜʽʣʷʥʢʠ ʚ ʙʘʩʝʡʥʽ ʉʝʨʝʜʥʴʦʛʦ ʍʦʨʦʣʫ. ʌʽʟʠʯʥʘ ʛʝʦʛʨʘʬʽʷ ʪʘ 

ʛʝʦʤʦʨʬʦʣʦʛʽʷ. 2005. ɺʠʧ. 49. ʉ. 151ï157. 

3. Cʤʦʣʷʨ ʅ.ʆ., ʍʘʥʥʘʥʦʚʘ ʆ.ʈ. ʂʦʥʮʝʧʮʽʷ ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʘʨʢʫ çɻʘʜʷʮʴʢʠʡè (ʋʢʨʘʾʥʘ). 

ɹʽʦʣʦʛʽʷ ʪʘ ʝʢʦʣʦʛʽʷ. 2016. ʊ.2, ˉ1.  ʉ. 38ï46. 
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ʋɼʂ 502.3:504]-042.3:581.48-048.53  
ʈʘʜʦʤʩʴʢʘ ʄ. ʄ., ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʅʝʚʛʘʜ ɭ. ɺ. 

 

ɼʋ çʂʠʾʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʇʃʀɺ ɸʊʄʆʉʌɽʈʅʆɻʆ ɿɸɹʈʋɼʅɽʅʅʗ ʅɸ 

ʈʆɿʉɯʖɺɸʅʅʗ ʅɸʉɯʅʅʗ 

 

ɿʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʩʝʨʡʦʟʥʽʰʠʭ ʧʨʦʙʣʝʤ, ʟ ʷʢʠʤʠ 

ʩʪʠʢʘʻʪʴʩʷ ʩʚʽʪ ʩʴʦʛʦʜʥʽ. ʁʦʛʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʚʽʜʭʠʣʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʟʘ ʙʫʜʴ-ʷʢʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʽʜ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʽʩʥʫʚʘʣʦ ʙ ʙʝʟ 

ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. ɺ ʤʽʩʪʘʭ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʻ 

ʪʨʘʥʩʧʦʨʪ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ, ʷʢʽ ʟʙʽʣʴʰʫʶʪʴ ʚʤʽʩʪ ʧʨʦʜʫʢʪʽʚ 

ʛʦʨʽʥʥʷ, ʧʠʣʦʚʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ.  

ʇʦʧʨʠ ʰʠʨʦʢʠʡ ʽʥʪʝʨʝʩ ʥʘʫʢʦʚʮʽʚ ʪʘ ʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʫ ʤʽʩʪʘʭ ʟʘʟʚʠʯʘʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʘʡʞʝ ʚʠʢʣʶʯʥʦ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʨʠʟʠʢʽʚ ʜʣʷ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ. ʊʠʤ ʥʝ ʤʝʥʰʝ, ʤʽʩʪʘ ʻ 

ʯʘʩʪʠʥʦʶ ʘʨʝʘʣʽʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʦʩʣʠʥ, ʥʘ ʷʢʽ ʧʦʢʣʘʜʘʶʪʴʩʷ ʯʠʩʣʝʥʥʽ 

ʬʫʥʢʮʽʾ ʧʦ ʟʙʝʨʝʞʝʥʥʶ ʷʢʦʩʪʽ ʜʦʚʢʽʣʣʷ ʥʘ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʷʭ. 

ɿʜʘʪʥʽʩʪʴ ʟʝʣʝʥʠʭ ʥʘʩʘʜʜʞʝʥʴ ʚʠʢʦʥʫʚʘʪʠ ʩʚʦʾ ʝʢʦʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ 

ʦʯʝʚʠʜʥʦ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻʪʴʩʷ ʧʽʜ ʪʠʩʢʦʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. 

ʊʘʢʦʞ ʥʘʷʚʥʽ ʧʫʙʣʽʢʘʮʽʾ, ʱʦ ʘʥʘʣʽʟʫʶʪʴ ʚʧʣʠʚ ʧʦʣʶʪʘʥʪʽʚ ʥʘ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʢʫʣʴʪʫʨʠ ʪʘ ʚʨʦʞʘʡʥʽʩʪʴ. ɼʦʩʣʽʜʥʠʢʘʤʠ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʮʽ ʚʧʣʠʚʠ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʫʪʪʻʚʠʭ ʟʘʛʨʦʟ ʜʣʷ 

ʧʨʦʜʦʚʦʣʴʯʦʾ ʙʝʟʧʝʢʠ ʪʘ ʩʪʚʦʨʶʶʪʴ ʧʝʨʝʰʢʦʜʠ ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʧʨʠʤʽʩʴʢʦʛʦ ʨʦʩʣʠʥʥʠʮʪʚʘ. ʈʘʟʦʤ ʟ ʮʠʤ, ʜʝʢʦʨʘʪʠʚʥʽ ʪʘ ʜʠʢʦʨʦʩʣʽ 

ʨʦʩʣʠʥʠ ʤʽʩʪ ʟʘʟʥʘʶʪʴ ʥʝ ʤʝʥʰʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ, ʷʢʠʡ ʚʠʢʣʠʢʘʻ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʥʝʛʘʪʠʚʥʠʭ ʟʤʽʥ ʫ ʩʪʘʥʽ ʟʜʦʨʦʚôʷ ʫʨʙʦʬʽʪʦʮʝʥʦʟʽʚ.  

ʅʘʡʷʩʢʨʘʚʽʰʽ ʧʨʦʷʚʠ ʚʧʣʠʚʫ ʟʘʙʨʫʜʥʝʥʥʷ ï ʮʝ ʧʨʷʤʽ ʧʦʰʢʦʜʞʝʥʥʷ 

ʣʠʩʪʷ: ʥʝʢʨʦʟ (ʚʽʜʤʠʨʘʥʥʷ ʪʢʘʥʠʥ), ʭʣʦʨʦʟ (ʧʦʞʦʚʪʽʥʥʷ), ʧʣʷʤʠʩʪʽʩʪʴ, 

ʙʨʦʥʟʫʚʘʥʥʷ ʪʘ ʧʝʨʝʜʯʘʩʥʝ ʦʧʘʜʘʥʥʷ ʣʠʩʪʷ (ʩʪʘʨʽʥʥʷ). ʊʘʢʦʞ 

ʟʘʙʨʫʜʥʶʚʘʯʽ ʧʨʦʥʠʢʘʶʪʴ ʚʩʝʨʝʜʠʥʫ ʣʠʩʪʦʚʠʭ ʧʣʘʩʪʠʥ ʪʘ ʧʦʰʢʦʜʞʫʶʪʴ 

ʭʣʦʨʦʧʣʘʩʪʠ, ʟʤʝʥʰʫʶʪʴ ʚʤʽʩʪ ʭʣʦʨʦʬʽʣʫ ʪʘ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʝʨʤʝʥʪʠ, 

ʟʘʜʽʷʥʽ ʚ ʧʨʦʮʝʩʽ ʬʦʪʦʩʠʥʪʝʟʫ ʽ ʜʠʭʘʥʥʷ ʨʦʩʣʠʥ, ʟʤʝʥʰʫʶʯʠ ʚʠʨʦʙʥʠʮʪʚʦ 

ʝʥʝʨʛʽʾ. ʆʜʥʦʯʘʩʥʦ ʟ ʮʠʤ ʚʦʥʠ ʤʦʞʫʪʴ ʙʣʦʢʫʚʘʪʠ ʘʙʦ ʧʦʰʢʦʜʞʫʚʘʪʠ 

ʧʨʦʜʠʭʠ, ʚʧʣʠʚʘʶʯʠ ʥʘ ʛʘʟʦʦʙʤʽʥ ʪʘ ʧʨʠʟʚʦʜʷʯʠ ʜʦ ʧʦʰʢʦʜʞʝʥʥʷ ʢʣʽʪʠʥ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʮʴʦʛʦ ʩʪʘʻ ʟʘʪʨʠʤʢʘ ʨʦʩʪʫ, ʟʤʝʥʰʝʥʥʷ ʧʣʦʱʽ ʣʠʩʪʦʚʠʭ 

ʧʣʘʩʪʠʥ, ʨʦʟʤʽʨʫ ʢʚʽʪʽʚ, ʢʽʣʴʢʦʩʪʽ ʧʣʦʜʽʚ ʪʘ ʥʘʩʽʥʥʷ, ʘ ʪʘʢʦʞ ʟʘʛʘʣʴʥʦʾ 

ʙʽʦʤʘʩʠ. ɹʽʣʴʰʝ ʪʦʛʦ, ʚʣʘʩʥʝ ʨʝʧʨʦʜʫʢʪʠʚʥʽ ʧʨʦʮʝʩʠ ʟʤʽʥʶʶʪʴʩʷ ʚ 

ʛʽʨʰʠʡ ʙʽʢ: ʟʥʠʞʫʻʪʴʩʷ ʚʠʨʦʙʥʠʮʪʚʦ ʧʠʣʢʫ, ʫʧʦʚʽʣʴʥʶʻʪʴʩʷ ʧʨʦʨʦʩʪʘʥʥʷ 

ʥʘʩʽʥʥʷ ʪʘ ʟʘʚ'ʷʟʫʚʘʥʥʷ ʧʣʦʜʽʚ.  

ʂʦʣʠ ʨʦʩʣʠʥʠ ʥʘʤʘʛʘʶʪʴʩʷ ʚʧʦʨʘʪʠʩʷ ʟ ʮʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʤʽʥʠ ʚ ʩʪʨʫʢʪʫʨʽ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʙʽʣʢʽʚ, ʘʢʪʠʚʥʦʩʪʽ 
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ʬʝʨʤʝʥʪʽʚ ʪʘ ʨʽʚʥʽ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ, ʱʦ ʩʪʘʻ ʧʨʠʯʠʥʦʶ ʟʘʛʘʣʴʥʦʛʦ 

ʦʩʣʘʙʣʝʥʥʷ ʨʦʩʣʠʥ: ʚʦʥʠ ʩʪʘʶʪʴ ʙʽʣʴʰ ʚʨʘʟʣʠʚʠʤʠ ʜʦ ʰʢʽʜʥʠʢʽʚ, ʭʚʦʨʦʙ, 

ʧʦʩʫʭʠ ʪʘ ʭʦʣʦʜʦʚʦʛʦ ʩʪʨʝʩʫ. 

ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʟʘʙʨʫʜʥʠʢʽʚ ʧʦʚʽʪʨʷ ʦʩʦʙʣʠʚʝ ʟʘʥʝʧʦʢʦʻʥʥʷ 

ʚʠʢʣʠʢʘʶʪʴ ʦʟʦʥ, ʦʢʩʠʜ ʩʽʨʢʠ ʪʘ ʥʽʪʨʦʛʝʥ. ʆʟʦʥ ʩʧʨʠʯʠʥʷʻ ʟʥʝʙʘʨʚʣʝʥʥʷ 

ʣʠʩʪʷ, ʟʘʢʫʧʦʨʢʫ ʧʨʦʜʠʭʽʚ, ʟʥʠʞʝʥʥʷ ʜʠʭʘʥʥʷ ʪʘ ʟʘʪʨʠʤʢʫ ʨʦʩʪʫ. ɼʽʦʢʩʠʜ 

ʩʽʨʢʠ, ʧʦʧʨʠ ʚʘʞʣʠʚʽʩʪʴ ʩʽʨʢʠ ʜʣʷ ʨʦʩʪʫ ʨʦʩʣʠʥ ʧʨʠ ʥʘʜʤʽʨʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʭʣʦʨʦʬʽʣʫ, ʥʝʢʨʦʟʫ, ʚ'ʷʥʝʥʥʷ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʙʽʦʤʘʩʠ. ɼʽʦʢʩʠʜ ʘʟʦʪʫ ʧʦʰʢʦʜʞʫʻ ʤʝʤʙʨʘʥʠ, ʚʧʣʠʚʘʻ ʥʘ 

ʧʽʛʤʝʥʪʠ ʪʘ ʟʤʝʥʰʫʻ ʪʨʘʥʩʧʽʨʘʮʽʶ. ʅʘ ʦʢʨʝʤʫ ʫʚʘʛʫ ʟʘʩʣʫʛʦʚʫʶʪʴ ʧʠʣʦʚʽ 

ʯʘʩʪʠʥʢʠ. ɰʭ ʦʩʥʦʚʥʠʡ ʚʧʣʠʚ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʥʘʢʦʧʠʯʝʥʥʽ ʥʘ ʧʦʚʝʨʭʥʽ 

ʣʠʩʪʦʚʠʭ ʧʣʘʩʪʠʥ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʥʦʨʤʘʣʴʥʦʤʫ ʛʘʟʦʦʙʤʽʥʫ, ʙʣʦʢʫʻ 

ʜʦʩʪʫʧ ʩʚʽʪʣʘ, ʘ ʦʪʞʝ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩʠ ʬʦʪʦʩʠʥʪʝʟʫ. ʊʘʢʦʞ 

ʧʠʣ ʤʦʞʝ ʥʘʢʦʧʠʯʫʚʘʪʠ ʪʝʧʣʦ ʪʘ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʪʝʧʣʦʚʦʛʦ ʩʪʨʝʩʫ, ʷʢʠʡ 

ʧʨʠʛʥʽʯʫʻ ʬʽʟʽʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʬʝʨʤʝʥʪʥʦʾ 

ʩʠʩʪʝʤʠ. ɺ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟ ʚʠʥʦʛʨʘʜʦʤ ʪʘ ʽʥʞʠʨʦʤ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʧʠʣ ʟʜʘʪʝʥ ʚʠʢʣʠʢʘʪʠ ʚʠʜʠʤʽ ʧʦʰʢʦʜʞʝʥʥʷ ʪʘ ʩʧʨʠʯʠʥʷʪʠ ʟʤʽʥʫ ʢʦʣʴʦʨʫ 

ʣʠʩʪʷ. ʇʠʣ ʤʦʞʝ ʤʽʩʪʠʪʠ ʢʠʩʣʽ ʩʫʣʴʬʘʪʠ, ʥʽʪʨʘʪʠ, ʚʘʞʢʽ ʤʝʪʘʣʠ (ʪʘʢʽ ʷʢ 

ʩʚʠʥʝʮʴ, ʮʠʥʢ), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʷʤʦʛʦ ʪʦʢʩʠʯʥʦʛʦ ʝʬʝʢʪʫ ʪʘ 

ʢʣʽʪʠʥʥʦʛʦ ʩʪʨʝʩʫ. 

ʄʝʥʰ ʚʠʚʯʝʥʠʤʠ ʻ ʧʠʪʘʥʥʷ ʚʧʣʠʚʫ ʧʠʣʫ ʥʘ ʨʝʧʨʦʜʫʢʪʠʚʥʽ ʧʨʦʮʝʩʠ 

ʫ ʨʦʩʣʠʥ. ʋ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʧʣʠʚ ʧʠʣʦʚʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʧʦʰʠʨʝʥʥʷ ʧʣʦʜʽʚ ʪʘ ʥʘʩʽʥʥʷ. 

ɿʘʛʘʣʦʤ ʦʯʝʚʠʜʥʦ, ʱʦ ʥʘʢʦʧʠʯʝʥʥʷ ʧʠʣʫ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʦʜʽʚ ʪʘ 

ʥʘʩʽʥʥʷ ʫ ʨʦʩʣʠʥ, ʷʢʽ ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ ʚʽʪʝʨ ʫ ʧʠʪʘʥʥʽ ʾʭ ʧʦʰʠʨʝʥʥʷ, 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʘʛʠ ʮʠʭ ʫʪʚʦʨʝʥʴ, ʘ ʦʪʞʝ ʽ ʜʦ ʤʝʥʰʦʛʦ ʧʨʦʙʽʛʫ 

ʫ ʧʦʚʽʪʨʽ. ɹʣʠʟʴʢʝ ʜʦ ʤʘʪʝʨʠʥʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ 

ʬʦʨʤʫʻ ʨʷʜ ʩʝʨʡʦʟʥʠʭ ʧʨʦʙʣʝʤ: 

1. ɿʘʪʽʥʝʥʥʷ ʤʘʪʝʨʠʥʩʴʢʠʤ ʦʨʛʘʥʽʟʤʦʤ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ ʪʘ 

ʩʚʽʪʣʘ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʩʪʫ ʪʘ ʬʦʪʦʩʠʥʪʝʟʫ ʤʦʣʦʜʠʭ ʨʦʩʣʠʥ. 

2. ʄʘʪʝʨʠʥʩʴʢʠʡ ʦʨʛʘʥʽʟʤ ʤʘʶʯʠ ʙʽʣʴʰʫ ʢʦʨʝʥʝʚʫ ʩʠʩʪʝʤʫ ʦʙʤʝʞʫʻ 

ʢʽʣʴʢʽʩʪʴ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʤʦʣʦʜʽ. 

3. ʋ ʢʦʥʢʫʨʝʥʮʽʾ ʟʘ ʞʠʪʪʻʚʠʡ ʧʨʦʩʪʽʨ ʙʫʜʝ ʚʠʛʨʘʚʘʪʠ ʙʽʣʴʰ 

ʨʦʟʚʠʥʫʪʠʡ ʤʘʪʝʨʠʥʩʴʢʠʡ ʦʨʛʘʥʽʟʤ. 

4. ʇʦʙʣʠʟʫ ʚʽʜ ʤʘʪʝʨʠʥʩʴʢʦʾ ʨʦʩʣʠʥʠ ʢʽʣʴʢʽʩʪʴ ʥʘʩʽʥʥʷ ʤʘʢʩʠʤʘʣʴʥʘ, 

ʘ ʦʪʞʝ ʰʘʥʩʠ ʥʘ ʧʨʦʨʦʩʪʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʠʡ ʨʽʩʪ ʪʘ ʨʦʟʚʠʪʦʢ ʤʽʥʽʤʘʣʴʥʽ. 

5. ʋʚʘʛʫ ʟʘʧʠʣʶʚʘʯʽʚ ʙʫʜʝ ʧʨʠʚʝʨʪʘʪʠ ʚʠʱʘ ʽ ʩʪʘʨʰʘ ʨʦʩʣʠʥʘ. 

ʇʦʧʨʠ ʦʯʝʚʠʜʥʽʩʪʴ ʜʘʥʠʭ ʧʨʦʙʣʝʤ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ, ʘ ʥʘʩʢʽʣʴʢʠ 

ʚʠʨʘʞʝʥʠʤ ʻ ʮʝʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ. ɼʣʷ ʡʦʛʦ ʦʮʽʥʢʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʣʦʜʽʚ ʨʦʩʣʠʥ, ʱʦ ʪʨʘʜʠʮʽʡʥʦ ʘʩʦʮʽʶʶʪʴʩʷ 

ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ ʚʽʪʨʦʤ ʪʘ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʽ ʫ ʩʢʣʘʜʽ ʤʽʩʴʢʠʭ ʥʘʩʘʜʞʝʥʴ: 

ʢʣʝʥ ʛʦʩʪʨʦʣʠʩʪʠʡ (Acer platanoides L.), ʢʣʝʥ ʷʩʝʥʝʣʠʩʪʠʡ (Acer negundo 

L.) ʪʘ ʣʠʧʘ ʩʝʨʮʝʣʠʩʪʘ (Tilia cordata Mill .).  
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Acer platanoides ʫʪʚʦʨʶʻ ʢʨʠʣʘʪʢʠ, ʩʘʤʘ ʥʘʩʽʥʠʥʘ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ, 

ʢʨʠʣʴʮʝ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʝ ʝʣʽʧʩʦʧʦʜʽʙʥʦʾ ʬʦʨʤʠ ʟ ʟʘʛʦʩʪʨʝʥʥʷʤ ʜʦ 

ʥʘʩʽʥʠʥʠ. ʂʣʝʥ ʷʩʝʥʝʣʠʩʪʠʡ ʪʘʢʦʞ ʤʘʻ ʧʣʽʜ-ʢʨʠʣʘʪʢʫ, ʘʣʝ ʥʘʩʽʥʠʥʘ 

ʜʦʚʛʘʩʪʘ, ʽʟ ʟʘʦʢʨʫʛʣʝʥʥʷʤ ʥʘ ʦʜʠʥ ʙʽʢ. ʂʨʠʣʴʮʝ ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ 

ʚʽʜʥʦʩʥʦ ʢʣʝʥʘ ʛʦʩʪʨʦʣʠʩʪʦʛʦ ʪʘ ʟʘʛʘʣʦʤ ʛʦʩʪʨʽʰʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. ʃʠʧʘ 

ʩʝʨʮʝʣʠʩʪʘ ʜʣʷ ʨʦʟʩʽʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʥʰʠʭ ʧʨʠʥʮʠʧ: ʥʘʩʽʥʥʷ 

ʦʙôʻʜʥʘʥʝ ʚ ʛʨʦʥʘ ʥʘ ʜʦʚʛʽʡ ʥʽʞʮʽ, ʷʢʘ ʥʝʩʝ ʣʠʩʪʦʢ, ʱʦ ʩʣʫʛʫʻ ʢʨʠʣʴʮʝʤ-

ʧʘʨʘʰʫʪʦʤ. 

ʅʘʩʽʥʥʻʚʠʡ ʤʘʪʝʨʽʘʣ ʙʫʣʦ ʟʽʙʨʘʥʦ ʚ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʙʽʣʷ 

ʦʜʥʦʛʦ ʟ ʧʨʦʩʧʝʢʪʽʚ ʚ ʂʠʻʚʽ. ʗʢʱʦ ʧʦʨʽʚʥʶʚʘʪʠ ʡʦʛʦ ʟʘ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ 

ʦʟʥʘʢʘʤʠ, ʪʦ ʤʦʞʥʘ ʚʽʜʨʘʟʫ ʩʢʘʟʘʪʠ, ʱʦ ʟʨʘʟʢʠ ʟ ʩʽʣʴʩʴʢʦʾ ʤʽʩʮʝʚʦʩʪʽ 

ʙʽʣʴʰʽ ʟʘ ʨʦʟʤʽʨʦʤ ʪʘ ʤʘʶʪʴ ʙʽʣʴʰʽ ʟʘ ʧʣʦʱʝʶ ʢʨʠʣʴʮʷ. ʆʢʨʝʤʦ ʤʦʞʥʘ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʣʦʜʠ ʣʠʧʠ ʥʘʡʙʽʣʴʰʝ ʚʽʜʨʽʟʥʷʶʪʴ: ʫ ʟʨʘʟʢʫ, ʟʽʙʨʘʥʦʤʫ 

ʙʽʣʷ ʧʨʦʩʧʝʢʪʫ, ʧʦʤʽʪʥʦ ʪʦʥʰʘ ʪʘ ʢʦʨʦʪʰʘ ʥʽʞʢʘ, ʩʘʤʽ ʥʘʩʽʥʠʥʠ ʥʘʙʘʛʘʪʦ 

ʤʝʥʰʦʛʦ ʜʽʘʤʝʪʨʫ ʪʘ ʛʨʦʥʘ ʤʘʶʪʴ ʷʢ ʧʨʘʚʠʣʦ 3-4 ʥʘʩʽʥʠʥʠ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʟʨʘʟʢʘ ʽʟ ʩʝʣʘ, ʷʢʽ ʤʽʩʪʷʪʴ 2, ʨʽʜʰʝ 3 ʥʘʩʽʥʠʥʠ ʙʽʣʴʰʦʛʦ ʜʽʘʤʝʪʨʫ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʨʽʚʥʶʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʙʠʨʘʣʠʩʴ ʧʨʠʙʣʠʟʥʦ 

ʦʜʥʘʢʦʚʽ ʟʘ ʨʦʟʤʽʨʦʤ ʟʨʘʟʢʠ ʪʘʢ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʢʦʥʪʘʢʪ ʟ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʱʦ ʤʽʛ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʧʠʣʫ ʥʘʢʦʧʠʯʝʥʦʛʦ ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ. ʅʘʩʽʥʥʷ ʟʘʧʫʩʢʘʣʠ ʟ ʚʠʩʦʪʠ 3,5 ʤʝʪʨʠ, 

ʱʦ ʻ ʪʠʧʦʚʦʶ ʜʣʷ ʢʨʦʥ ʜʘʥʠʭ ʜʝʨʝʚ ʟʘ ʚʽʜʥʦʩʥʦ ʩʪʘʙʽʣʴʥʦʛʦ ʪʘ ʥʝʩʠʣʴʥʦʛʦ 

ʨʫʭʫ ʧʦʚʽʪʨʷ. ɿʘʧʫʩʢʘʣʠ 10 ʛʨʫʧ ʧʦ 5 ʢʨʠʣʘʪʦʢ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʠʤʦʾ ʚʠʙʽʨʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ (ʨʠʩ. 1 ʪʘ ʨʠʩ. 2) ʧʦʢʘʟʘʣʠ, ʱʦ ʧʣʦʜʠ Acer 

platanoides ʟ̔ ʯʠʩʪʦʾ ʤʽʩʮʝʚʦʩʪʽ ʫ ʙʽʣʴʰ ʥʽʞ 60% ʚʠʧʘʜʢʽʚ ʧʨʦʣʽʪʘʣʠ 5 

ʤʝʪʨʽʚ, ʪʦʜʽ ʷʢ ʟʘʙʨʫʜʥʝʥʥʽ ʟʨʘʟʢʠ ʜʦʩʷʛʣʠ ʪʘʢʦʾ ʚʽʜʤʽʪʢʠ ʣʠʰʝ ʫ 40% 

ʚʠʧʘʜʢʽʚ. ʉʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ ʧʦʣʴʦʪʫ ʟʨʘʟʢʘ ʟ ʩʝʣʘ 4,53 ʤ,  ʟ̔ ʧʨʦʩʧʝʢʪʫ 4,1 

ʤ, ʱʦ ʥʘʦʯʥʦ ʧʦʢʘʟʫʻ ʷʢʽʩʪʴ ʪʘ ʩʪʘʥ ʥʘʩʽʥʥʻʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʦʙʦʭ ʛʨʫʧ. 

 

 
 

ʈʠʩʫʥʦʢ 1ï ʅʘʩʽʥʥʻʚʠʡ ʤʘʪʝʨʽʘʣ ʟ̔ ʫʤʦʚʥʦ ʯʠʩʪʦʾ ʪʝʨʠʪʦʨʽʾ 
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 ʈʠʩʫʥʦʢ 2 ï ʅʘʩʽʥʥʻʚʠʡ ʤʘʪʝʨʽʘʣ ʽʟ ʧʨʠʜʦʨʦʞʥʦʾ ʜʽʣʷʥʢʠ 

 

 Acer negundo ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʜʦʩʷʛʥʝʥʥʷ 5-

ʤʝʪʨʦʚʦʾ ʚʽʜʤʽʪʢʠ ʫ 50% ʚʠʧʘʜʢʽʚ, ʪʦʜʽ ʷʢ ʣʠʰʝ 50% ʤʽʩʴʢʠʭ ʟʨʘʟʢʽʚ 

ʧʨʦʣʝʪʽʣʠ ʣʠʰʝ 3 ʤ. ʉʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ ʧʦʣʴʦʪʫ ʟʨʘʟʢʘ ʟ ʫʤʦʚʥʦ ʯʠʩʪʦʾ 

ʜʽʣʷʥʢʠ ï 4,68 ʤ, ʟ̔ ʧʨʦʩʧʝʢʪʫ ï 2,74 ʤ. 

ʋ ʚʠʧʘʜʢʫ ʟ ʣʠʧʦʶ ʩʠʪʫʘʮʽʷ ʧʨʦʪʠʣʝʞʥʘ: ʤʽʩʴʢʽ ʟʨʘʟʢʠ ʤʘʡʞʝ ʫʜʚʽʯʽ 

ʧʝʨʝʚʠʱʠʣʠ ʜʘʣʴʥʽʩʪʴ ʧʦʣʴʦʪʫ ʧʣʦʜʽʚ ʟ ʯʠʩʪʦʾ ʜʽʣʷʥʢʠ. ʎʝ ʟʫʤʦʚʣʝʥʦ 

ʤʝʥʰʠʤ ʨʦʟʤʽʨʦʤ ʧʣʦʜʽʚ ʽ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʫʩʧʽʰʥʽʩʪʴ ʦʙʨʘʥʦʾ ʩʪʨʘʪʝʛʽʾ 

ʘʜʘʧʪʘʮʽʾ ʜʦ ʤʽʩʴʢʠʭ ʫʤʦʚ, ʦʙʨʘʥʦʾ ʣʠʧʦʶ. ɸʣʝ ʧʦʨʠ ʮʝ ʟʘʣʠʰʘʻʪʴʩʷ 

ʚʽʜʢʨʠʪʠʤ ʧʠʪʘʥʥʷ, ʥʘʩʢʽʣʴʢʠ ʫʩʧʽʰʥʦ ʧʨʦʨʦʩʪʘʪʠʤʝ ʪʘʢʝ ʟʤʝʥʰʝʥʝ 

ʥʘʩʽʥʥʷ. 
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ʉʘʬʨʘʥʦʚ ʊ. ɸ., ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, 

ʇʦʣʫʰʢʽʥ ʊ. ɯ., ʘʩʧʽʨʘʥʪ  

 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯ.ɯ. ʄʝʯʥʠʢʦʚʘ  

ʤ. ʆʜʝʩʘ, ʋʢʨʘʾʥʘ 

 

ɺɯɼʍʆɼʀ ʇʃɸʉʊʀʂʆɺʀʍ ʄɸʊɽʈɯɸʃɯɺ ɺ ʇʆʊʆʎɯ ʊɺɽʈɼʀʍ 

ʇʆɹʋʊʆɺʀʍ ɺɯɼʍʆɼɯɺ ʆɼɽʉʔʂʆɰ ʆɹʃɸʉʊɯ ʗʂ ɼɾɽʈɽʃʆ 

ɺʊʆʈʀʅʅʀʍ ʄɸʊɽʈɯɸʃʔʅʀʍ ʈɽʉʋʈʉɯɺ   

 

ɿʨʦʩʪʘʶʯʽ ʦʙʩʷʛʠ ʫʪʚʦʨʝʥʥʷ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ 

ʚʽʜʭʦʜʽʚ (ʊʇɺ) ʥʘ ʪʝʨʠʪʦʨʽʾ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʻ ʦʜʥʽʻʶ ʽʟ  ʩʢʣʘʜʦʚʠʭ 

ʧʨʦʛʨʝʩʫʶʯʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʩʪʚʦʨʶʻ ʟʘʛʨʦʟʫ 

ʝʢʦʣʦʛʽʯʥʽʡ ʙʝʟʧʝʮʽ ʪʘ ʟʜʦʨʦʚ'ʶ ʥʘʩʝʣʝʥʥʷ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝʥʜʝʥʮʽʶ 

ʩʢʦʨʦʯʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʚʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ 20 ʨʦʢʽʚ, ʦʙʩʷʛʠ ʊʇɺ 

ʧʨʦʜʦʚʞʫʶʪʴ ʟʨʦʩʪʘʪʠ. ɼʦʤʽʥʫʶʯʘ  ʯʘʩʪʠʥʘ ʊʇɺ  ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘ 

ʧʦʣʽʛʦʥʘʭ ʽ ʯʠʩʝʣʴʥʠʭ ʩʤʽʪʪʻʟʚʘʣʠʱʘʭ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʠʨʦʜʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʜʦʚʢʽʣʣʷ, ʟʦʢʨʝʤʘ ʥʘ ʛʝʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ, ˇʨʫʥʪʦʚʠʡ 

ʧʦʢʨʠʚ, ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʥʽ ʦʙôʻʢʪʠ, ʧʦʚʽʪʨʷʥʠʡ ʙʘʩʝʡʥ ʪʘ ʙʽʦʪʫ. ɿ ʽʥʰʦʛʦ 

ʙʦʢʫ, ʯʘʩʪʠʥʘ ʊʇɺ, ʟʦʢʨʝʤʘ ʚʽʜʭʦʜʠ ʧʣʘʩʪʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ (ɺʇʄ), 

ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʷʢ ʜʞʝʨʝʣʦ ʚʪʦʨʠʥʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɯʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʧʨʦʙʣʝʤʘ ʚʠʦʢʨʝʤʣʝʥʥʷ ʨʝʩʫʨʩʦʮʽʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽʟ 

ʟʘʛʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʊʇɺ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʽ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʦʶ, 

ʦʩʢʽʣʴʢʠ ʦʙʩʷʛʠ ʊʇɺ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʪʴ, ʘ ʨʽʚʝʥʴ ʾʭ ʫʪʠʣʽʟʘʮʽʾ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʘ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʦʚʦʜʞʝʥʥʷ ʟ ʨʝʩʫʨʩʦʮʽʥʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʊʇɺ ʻ ʢʣʶʯʦʚʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ 

ʙʝʟʧʝʢʠ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ. ʅʘ ʧʨʠʢʣʘʜʽ ʆʜʝʩʴʢʦʾ 

ʦʙʣʘʩʪʽ ʮʝ ʧʦʢʘʟʘʥʦ ʚ ʨʦʙʦʪʘʭ [1, 2].  

ʄʦʨʬʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʊʇɺ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʩʧʝʮʠʬʽʢʘ 

ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʟʫʤʦʚʣʶʻ  ʚʠʤʦʛʠ ʜʦ ʾʭ ʟʙʠʨʘʥʥʷ ʪʘ ʫʪʠʣʽʟʘʮʽʾ. 

ɿʥʘʯʝʥʥʷ ʮʴʦʛʦ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʫʪʪʻʚʦ ʟʨʦʩʪʘʻ ʧʨʠ ʚʠʙʦʨʽ 

ʤʦʜʝʣʝʡ ʧʝʨʝʨʦʙʢʠ ʊʇɺ. ʆʜʥʘʢ, ʚ ʋʢʨʘʾʥʽ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʥʝ ʧʨʦʚʦʜʠʣʠʩʷ 

ʩʠʩʪʝʤʘʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʫ ʊʇɺ. ɭʜʠʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʻ ʦʢʨʝʤʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʦʧʝʨʘʪʦʨʘʤʠ ʊʇɺ 

ʪʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʩʦʮʽʘʮʽʷʤʠ ʚ ʨʽʟʥʠʡ ʯʘʩ ʪʘ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ. ʈʝʟʫʣʴʪʘʪʠ 

ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ʅʘʧʨʠʢʣʘʜ, ʟʛʽʜʥʦ ʟ ʐʦʩʪʠʤ 

ʥʘʮʽʦʥʘʣʴʥʠʤ ʧʦʚʽʜʦʤʣʝʥʥʷʤ ʋʢʨʘʾʥʠ ʟ ʧʠʪʘʥʴ ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʜʦ ʩʢʣʘʜʫ 

ʊʇɺ ʚʭʦʜʷʪʴ 9-13% ʚʽʜʭʦʜʽʚ ʧʣʘʩʪʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ɺʇʄ [3], ʪʦʜʽ ʷʢ 
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ʽʥʰʽ ʜʘʥʽ [4] ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʤʽʩʪ ɺʇʄ ʫ ʤʝʞʘʭ 8,7-16,6% (ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ï 12,9%) ʧʦ ʧôʷʪʠ ʤʽʩʪʘʭ ʋʢʨʘʾʥʠ.  

ɿʘ ʜʘʥʠʤʠ [5, 6] ʚ ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ ʦʩʥʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ɺʇʄ ʻ 

ʧʦʣʽʝʪʠʣʝʥ (Pɽ), ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ (PETE), ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜ (V), 

ʧʦʣʽʧʨʦʧʽʣʝʥ (PP) ʪʘ ʧʦʣʽʩʪʠʨʦʣ (PS), ʘ ʨʽʚʝʥʴ ʧʝʨʝʨʦʙʢʠ ɺʇʄ  ʩʢʣʘʜʘʻ 

35%. ɺ ʋʢʨʘʾʥʽ ʜʽʻ ʧʨʠʙʣʠʟʥʦ 100 ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʟʘʡʤʘʶʪʴʩʷ 

ʫʪʠʣʽʟʘʮʽʻʶ ɺʇʄ. ʏʘʩʪʠʥʘ ʟ ʥʠʭ ï ʮʝ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʪʨʠʚʘʣʠʤ ʜʦʩʚʽʜʦʤ 

ʨʦʙʦʪʠ, ʷʢʽ ʧʘʨʘʣʝʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʪʦʨʠʥʥʫ ʩʠʨʦʚʠʥʫ, ʽʥʰʽ ï 

ʥʦʚʦʩʪʚʦʨʝʥʽ ʢʦʤʧʘʥʽʾ, ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʚʠʥʷʪʢʦʚʦ ʥʘ ʾʾ ʧʝʨʝʨʦʙʮʽ. 

ʊʝʨʠʪʦʨʽʷ ʆʜʝʩʴʢʦʾ ʦʙʣʘʩʪ,̔ ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʥʷʤ ʟʥʘʯʥʠʭ 

ʦʙʩʷʛʽʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ɺʇʄ, ʜʞʝʨʝʣʘʤʠ ʛʝʥʝʨʘʮʽʾ ʷʢʠʭ ʻ ʞʠʪʣʦʚʦ-

ʢʦʤʫʥʘʣʴʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ, ʧʨʦʤʠʩʣʦʚʽ ʪʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʙʫʜʽʚʝʣʴʥʽ ʦʙôʻʢʪʠ, ʘ ʪʘʢʦʞ ʨʽʟʥʽ ʚʠʜʠ  ʧʘʢʫʚʘʥʥʷ [7].  

ʑʦʨʦʢʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʆʜʝʩʴʢʦʾ ʦʙʣʘʩʪʽ ʣʠʰʝ ʫ ʩʢʣʘʜʽ ʧʦʪʦʢʫ ʊʇɺ 

ʥʘʢʦʧʠʯʫʻʪʴʩʷ 83291,93 ʪ ɺʇʄ, ʫ ʪ. ʯ. 28211,27 ʪ ʚʽʜʭʦʜʠ 

ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʫ (ʪʘʨʘ ʜʣʷ ʥʘʧʦʾʚ), ʧʦʣʽʝʪʠʣʝʥ ʥʠʟʴʢʦʾ  ʱʽʣʴʥʦʩʪʽ 

(ʧʣʽʚʢʘ, ʧʘʢʝʪʠ), 24911,87 ʪ ̔ʥʰʽ ʚʠʜʠ ɺʇʄ [8]. ʆʩʥʦʚʥʘ ʯʘʩʪʢʘ ʫʪʚʦʨʝʥʥʷ 

ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʊʇɺ, ʘ ʚʽʜʧʦʚʽʜʥʦ  ʽ  ɺʇʄ  ʚ ʾʭ ʩʢʣʘʜʽ ʧʨʠʧʘʜʘʻ ʥʘ 

ʪʝʨʠʪʦʨʽʶ ʆʜʝʩʴʢʦʾ ʧʨʦʤʠʩʣʦʚʦ-ʤʽʩʴʢʦʾ ʘʛʣʦʤʝʨʘʮʽʾ ʪʘ ʧʨʠʣʝʛʣʽ ʨʘʡʦʥʠ, 

ʜʝ ʟʦʩʝʨʝʜʞʝʥʘ ʦʩʥʦʚʥʘ ʯʘʩʪʢʘ ʥʘʩʝʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʨʦʟʪʘʰʦʚʘʥʽ ʦʩʥʦʚʥʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ ʫʪʠʣʽʟʘʮʽʶ ʨʝʩʫʨʩʦʮʽʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʊʇɺ, ʟʦʢʨʝʤʘ ɺʇʄ [8].  

ɯʟ ʫʨʘʭʫʚʘʥʥʷ ʣʽʢʚʽʜʥʦʩʪʽ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ɺʇʄ, ʱʦʨʦʢʫ ʟ 

ʟʘʛʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʊʇɺ ʆʜʝʩʴʢʦʾ ʦʙʣʘʩʪʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʪʦʨʠʥʥʫ 

ʩʠʨʦʚʠʥʫ ʥʘ ʩʫʤʫ ʧʨʠʙʣʠʟʥʦ 0,8 ʤʣʥ ʛʨʠʚʝʥʴ, ʘʣʝ ʜʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ 

ʩʪʚʦʨʠʪʠ ʝʬʝʢʪʠʚʥʫ ʩʠʩʪʝʤʫ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʾʭ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʊʇɺ 

[2, 7].  

ʆʜʥʠʤ ʽʟ ʜʦʤʽʥʫʶʯʠʭ ʩʝʨʝʜ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ɺʇʄ ʻ ʚʽʜʭʦʜʠ 

ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ  (ʇɽʊʌ), ʷʢʽ ʟʘʡʤʘʶʪʴ ʜʨʫʛʝ ʤʽʩʮʝ ʧʽʩʣʷ ʚʽʜʭʦʜʽʚ 

ʧʦʣʽʝʪʠʣʝʥʦʚʠʭ ʚʚʽʜʭʦʜʽʚ. ɺʣʘʩʪʠʚʦʩʪʽ ʇɽʊʌ ʟʫʤʦʚʣʶʶʪʴ ʡʦʛʦ ʽʩʪʦʪʥʫ 

ʨʦʣʴ ʷʢ ʫ ʩʢʣʘʜʽ ʧʣʘʩʪʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʾʭ ʚʽʜʭʦʜʘʭ. ʋ ʩʪʨʫʢʪʫʨʽ ɺʇʄ 

ʥʘ ʥʠʭ ʧʨʠʧʘʜʘʻ 20,4-25 % ʚʽʜ ʾʭ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʨʝʩʫʨʩʥʫ ʮʽʥʥʽʩʪʴ ʚʽʜʭʦʜʽʚ ʇɽʊʌ, ʚʦʥʠ ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʯʠʩʣʝʥʥʽ ʟʚʘʣʠʱʘ 

ʽ ʧʦʣʽʛʦʥʠ ʊʇɺ, ʘ ʪʦʤʫ ʧʨʦʙʣʝʤʘ ʾʭ ʇɽʊʌ. ɼʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʧʦʚʦʜʞʝʥʥʷ ʟ ʇɽʊʌ, ʧʨʦʧʦʥʫʻʪʴʩʷ: 1) ʨʦʟʪʘʰʫʚʘʪʠ ʩʧʝʮʽʘʣʴʥʽ ʇɽʊʌ-

ʢʦʥʪʝʡʥʝʨʠ ʙʽʣʷ ʩʫʧʝʨʤʘʨʢʝʪʽʚ, ʫʩʪʘʥʦʚ ʦʩʚʽʪʠ, ʊʈʎ ʪʦʱʦ; 2) ʧʨʘʮʶʚʘʪʠ 

ʟ ʦʙôʻʜʥʘʥʥʷʤʠ ʩʧʽʚʚʣʘʩʥʠʢʽʚ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ ʙʫʜʠʥʢʽʚ ʽ ʩʪʚʦʨʠʪʠ 

ʣʦʢʘʣʴʥʽ ʧʫʥʢʪʠ ʟʙʦʨʫ ɺʇʄ, ʟʦʢʨʝʤʘ ʚʽʜʭʦʜʘʤʠ ʇɽʊʌ. ʫ ʜʚʦʨʘʭ; 3) 

ʦʛʦʣʦʰʫʚʘʪʠ ʜʘʥʽ ʱʦʜʦ ʟʙʦʨʫ ɺʇʄ, ʫ ʪ. ʯ. ʇɽʊʌ, ʱʦʙ ʤʝʰʢʘʥʮʽ ʮʠʭ 

ʙʫʜʠʥʢʽʚ ʤʦʛʣʠ ʙʘʯʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʩʚʦʾʭ ʟʫʩʠʣʴ ʪʘ ʨʦʟʫʤʽʪʠ ʢʦʨʠʩʪʴ ʚʽʜ 

ʩʦʨʪʫʚʘʥʥʷ ʽ ʨʦʟʜʽʣʴʥʦʛʦ ʟʙʦʨʫ. ʈʝʘʣʴʥʠʤ ʧʦʰʪʦʚʭʦʤ ʜʣʷ ʧʽʜʥʷʪʪʷ ʨʽʚʥʷ 

ʩʦʨʪʫʚʘʥʥʷ ʽ ʨʦʟʜʽʣʴʥʦʛʦ ʟʙʦʨʫ ɺʇʄ, ʟʦʢʨʝʤʘ ʇɽʊʌ-ʧʣʷʰʦʢ, ʤʘʻ ʙʫʪʠ 
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ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ ʟʘʟʨʘʟʢʦʤ ʫ ʢʨʘʾʥʘʭ ɭʉ, ʜʝʧʦʟʠʪʘʨʥʦʾ 

ʩʠʩʪʝʤʠ ʟʙʦʨʫ ʇɽʊʌ-ʧʣʷʰʦʢ, ʷʢ ʯʘʩʪʠʥʠ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʚʠʨʦʙʥʠʢʘ 

ʪʘʨʠ [9, 10]. 

ɯʥʰʠʤ ʜʦʤʽʥʫʶʯʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ɺʇʄ ʻ ʧʦʣʽʝʪʠʣʝʥ. ɼʞʝʨʝʣʘʤʠ 

ʧʦʣʽʝʪʠʣʝʥʦʚʠʭ ʚʽʜʭʦʜʽʚ ̒ : 1) ИĳВįЕĩįВ!( ʧʦʣʽʝʪʠʣʝʥʦʚʽ  ʧʘʢʝʪʠ, ʧʣʷʰʢʠ, 
ʪʘ ʧʣʽʚʢʘ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʽ ʧʦʙʫʪʦʚʠʭ ʪʦʚʘʨʽʚ); 2) ʙʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ï 
(ĴЖИĨĮ! īİĿ! ĩЕīЕĳЕЗĴВķВĲĲĿ! ĴВ! ĩЕīЕĩНīĩГīГĲĲĿ ĴЕĹЕ*<! 4*!
ʧʨʦʤʠʩʣʦʚʽ ĩНīЙЕīĮ!(ЕĨЖНĭįĮ! ĳİНĩЕį-! ĩĮЖЕĨĲĮķН! ĨЖВįЕĩВĲН!
ıВĴГЖНВİĮ! ĴВ! НĲĸН!ʧʦʣʽʝʪʠʣʝʥʦʚʽ ʚʽʜʭʦʜʠ);4) ʧʦʙʫʪʦʚʽ ʧʨʝʜʤʝʪʠ 

(ʽʛʨʘʰʢʠ, ʤʝʙʣʽ ʪʘ ʽʥʰʽ ʚʠʨʦʙʠ ʽʟ ʧʦʣʽʝʪʠʣʝʥʫ). ʂʦʥʢʨʝʪʥʽ ʮʠʬʨʠ ɦ ʦʜʦ 

ʦʙʩʷʛʫ ʚʽʜʭʦʜʽʚ ʧʦʣʽʝʪʠʣʝʥʫ ʚ ʋʢʨʘʾʥʽ ʚʽʜʩʫʪʥʽ, ʘʣʝ ʚʽʜʦʤʦ, ʱʦ ʚ ʢʨʘʾʥʽ 

ʜʽʶʪʴ ʙʣʠʟʴʢʦ 100 ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ ʧʝʨʝʨʦʙʢʦʶ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ɺʇʄ, ʚʢʣʶʯʘʶʯʠ ʧʦʣʽʝʪʠʣʝʥʦʚʽ ʚʽʜʭʦʜʠ. ʆʙʩʷʛ ʚʽʜʭʦʜʽʚ ʪʘ ʨʽʚʝʥʴ ʾʭ 

ʧʝʨʝʨʦʙʢʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʦʙʩʷʛ ʩʧʦʞʠʚʘʥʥʷ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʚ ʮʽʣʦʤʫ. ɻʦʣʦʚʥʠʡ ʤʽʥʫʩ 

ʮʴʦʛʦ ʧʦʣʽʤʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʪʦʤʫ, ʱʦ ʨʦʟʢʣʘʜʘʥʥʷ ʧʦʣʽʝʪʠʣʝʥʫ ʪʨʠʚʘʻ 

ʜʦ 1000 ʨʦʢʽʚ. ʇʦʣʽʝʪʠʣʝʥʦʚʽʡ  ʚʽʜʭʦʜʠ ʟ ʣʝʛʢʽʩʪʶ ʨʦʟʥʦʩʠʪʴʩʷ ʟʽ ʟʚʘʣʠʱ 

ʚʽʪʨʦʤ, ʧʦʪʨʘʧʣʷʻ ʫ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʥʽ ʦʙôʻʢʪ. ɺʦʥʠ ʤʦʞʫʪʴ ʟʘʩʤʽʯʫʚʘʪʠ 

ʚʦʜʦʩʪʽʯʥʽ ʢʘʥʘʣʽʟʘʮʽʾ, ʚʠʢʣʠʢʘʪʠ ʟʘʛʘʣʴʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʫʨʙʘʥʽʟʦʚʘʥʠʭ  ʪʘ 

ʥʝʟʘʩʝʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʤʘʡʞʝ 

ʯʚʝʨʪʴ ʧʦʚʝʨʭʥʽ ʩʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ ʟʘʡʤʘʻ ʧʦʣʽʝʪʠʣʝʥʦʚʽ ʚʽʜʭʦʜʠ. ʂʨʽʤ 

ʪʦʛʦ, ʥʘ ʡʦʛʦ ʚʠʨʦʙʥʠʮʪʚʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʧʦʥʘʜ 4% ʫʩʽʻʾ ʥʘʬʪʠ, ʱʦ 

ʚʠʜʦʙʫʚʘʻʪʴʩʷ ʫ ʩʚʽʪʽ. ʊʦʤʫ ʚʽʜʭʦʜʠ ʧʦʣʽʝʪʠʣʝʥʫ ʫ ʧʦʪʦʮʽ ʊʇɺ 

ʧʦʪʨʝʙʫʶʪʴ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʫʪʠʣʽʟʘʮʽʾ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʥʘʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʽ 

ʦʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ: 

1) ʩʠʩʪʝʤʘ ʧʦʚʦʜʞʝʥʥʷ ʟ ʊʇɺ ʚ ʆʜʝʩʴʢʽʡ ʦʙʣʘʩʪʽ ʪʘ ʽʥʰʠʭ ʨʝʛʽʦʥʘʭ 

ʋʢʨʘʾʥʠ ʧʦʚʠʥʥʘ ˇʨʫʥʪʫʚʘʪʠʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ ʪʘ 

ɼʠʨʝʢʪʠʚʽ ɭʉ 2008/98 çʇʨʦ ʚʽʜʭʦʜʠè, ʱʦ ʟʘʜʝʢʣʘʨʦʚʘʥʘ ʫ çʅʘʮʽʦʥʘʣʴʥʽʡ 

ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʚ ʋʢʨʘʾʥʽ ʜʦ 2030 ʨʦʢʫè; 2) ʱʦʨʦʢʫ ʟ 

ʟʘʛʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʊʇɺ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʪʦʨʠʥʥʫ ʩʠʨʦʚʠʥʫ (ʥʘ ʩʫʤʫ 

ʤʘʡʞʝ 0,8 ʤʣʥ. ʛʨʠʚʝʥʴ; ʧʨʠ ʮʴʦʤʫ ʥʝ ʫʨʘʭʫʚʘʣʠʩʷ ɺʇʄ, ʜʞʝʨʝʣʘʤʠ ʷʢʠʭ 

ʻ ʧʨʦʤʠʩʣʦʚʽ, ʘʛʘʨʥʽ ʪʘ ʙʫʜʽʚʝʣʴʥʽ ʧʜ̔ʧʨʠʻʤʩʪʚʘ ʆʜʝʩʴʢʦʾ ʦʙʣʘʩʪʽ; 

3) ʚ̔ ʜʦʢʨʝʤʣʝʥʥʷ ʽ ʥʘʩʪʫʧʥʘ ʫʪʠʣʽʟʘʮʽʷ ʦʩʥʦʚʥʠʭ ʨʝʩʫʨʩʦʮʽʥʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʊʇɺ, ʟʦʢʨʝʤʘ ʚʽʜʭʦʜʽʚ ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʫ ʽ ʧʦʣʽʝʪʠʣʝʥʫ, 

ʟ ʟʘʛʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʊʇɺ ʆʜʝʩʴʢʦʾ ʦʙʣʘʩʪʽ ʩʧʨʠʷʪʠʤʝ ʟʤʝʥʰʝʥʥʶ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʠʨʦʜʥʽ ʩʢʣʘʜʦʚʽ ʜʦʚʢʽʣʣʷ ʽ ʧʦʣʽʧʰʝʥʥʶ 

ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ;  4) ʫ ʨʘʟʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʦʾ ʩʠʩʪʝʤʠ ʟʙʠʨʘʥʥʷ 

ʪʘ ʧʝʨʝʨʦʙʢʠ ʨʝʩʫʨʩʦʮʽʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ɺʄʇ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʆʜʝʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʽʩʪʦʪʥʘ ʾʭ ʯʘʩʪʢʘ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʨʦʙʣʝʥʘ ʥʘ 

ʽʩʥʫʶʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʆʜʝʩʴʢʦʾ ʧʨʦʤʠʩʣʦʚʦ-ʤʽʩʴʢʦʾ ʘʛʣʦʤʝʨʘʮʽʾ;  5) 

ʤʦʞʣʠʚʦʩʪʽ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʦʮʽʥʥʠʭ ʩʢʣʘʜʦʚʠʭ ɺʇʄ 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32008L0098
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ʦʙʤʝʞʫʻʪʴʩʷ ʥʠʟʢʦʶ ʧʨʠʯʠʥ, ʫ ʨʘʟʽ ʫʩʫʥʝʥʥʷ ʷʢʠʭ ʤʦʞʥʘ ʫʜʦʩʢʦʥʘʣʠʪʠ 

ʽʩʥʫʶʯʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʦʚʦʜʞʝʥʥʷ ʟ ʥʠʤʠ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʠʨʦʜʥʽ ʩʢʣʘʜʦʚʽ 

ʜʦʚʢʽʣʣʷ ʽ ʦʪʨʠʤʘʪʠ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʫ ʚʠʛʦʜʫ; 6) ʫ ʨʘʟʽ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʦʾ ʩʠʩʪʝʤʠ ʟʙʠʨʘʥʥʷ ʪʘ ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ 

ʧʣʘʩʪʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʆʜʝʩʴʢʦʾ ʦʙʣʘʩʪʽ, 

ʽʩʪʦʪʥʘ ʾʭ ʯʘʩʪʢʘ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʨʦʙʣʝʥʘ ʥʘ ʽʩʥʫʶʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʆʜʝʩʴʢʦʾ ʧʨʦʤʠʩʣʦʚʦ-ʤʽʩʴʢʦʾ ʘʛʣʦʤʝʨʘʮʽʾ .  
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ  

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 

 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ɺʆʃʆɻʆʉʊɯ 

ʊɸ ɿʆʃʔʅʆʉʊɯ ʇʆɹʋʊʆɺʀʍ ɺɯɼʍʆɼɯɺ ɯ ʊʆʈʌʋ 

 

ɺʦʣʦʛʽʩʪʴ ʪʘ ʟʦʣʴʥʽʩʪʴ ʻ ʦʜʥʠʤʠ ʟ ʢʣʶʯʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʚʝʨʜʠʭ 

ʛʦʨʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʧʣʦʪʫ ʟʛʦʨʘʥʥʷ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʧʘʣʶʚʘʥʥʷ, ʫʪʚʦʨʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʽ ʚʠʙʽʨ 

ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʛʦ ʧʝʨʝʨʦʙʣʝʥʥʷ. ɼʣʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʧʘʣʠʚ ʥʘ ʦʩʥʦʚʽ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʽ ʪʦʨʬʫ ʚʠʟʥʘʯʝʥʥʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʻ 

ʥʝʦʙʭʽʜʥʠʤ ʝʪʘʧʦʤ ʧʨʠ ʾʭ ʧʽʜʛʦʪʦʚʮʽ ʜʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʋ ʨʦʙʦʪʽ ʟʜʽʡʩʥʝʥʦ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʽ 

ʪʦʨʬʫ ʨʦʜʦʚʠʱ ʇʦʣʪʘʚʱʠʥʠ ʪʝʨʤʦʩʪʘʪʠʯʥʠʤ ʤʝʪʦʜʦʤ, ʷʢʠʡ ʟʘʩʥʦʚʘʥʠʡ 

ʥʘ ʚʠʩʫʰʫʚʘʥʥʽ ʥʘʚʘʞʢʠ ʧʘʣʠʚʘ ʚ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 105 Ñ 

5 Áʉ ʜʦ ʧʦʩʪʽʡʥʦʾ ʚʘʛʠ [1]. ʇʦʧʝʨʝʜʥʻ ʧʽʜʛʦʪʦʚʣʝʥʥʷ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʽ 

ʪʦʨʬʫ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʣʶʯʘʣʦ ʩʦʨʪʫʚʘʥʥʷ, 

ʥʦʨʤʘʣʽʟʘʮʽ ʁʟʨʘʟʢʽʚ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʪʘ ʧʦʜʨʽʙʥʝʥʥʷ.  

ɺʘʛʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʜʦ ʪʘ ʧʽʩʣʷ ʚʠʩʫʰʫʚʘʥʥʷ ʟʚʘʞʝʥʦ ʥʘ 

ʘʥʘʣʽʪʠʯʥʠʭ ʚʘʛʘʭ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 0,0001 ʛ (ʨʠʩ. 1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ɸʥʘʣʽʪʠʯʥʽ ʚʘʛʠ ɸNG220C [2] 
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ Microsoft Excel, 

ʨʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʣʝʥʠʭ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1 ï ʋʩʝʨʝʜʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ  

ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʽ ʪʦʨʬʫ 

ʇʦʢʘʟʥʠʢ 

ɺʠʜ ʧʘʣʠʚʘ 
1ʇʘʧʽʨ 

ʽ ʢʘʨʪʦʥ 
2ʇʣʘʩʪʠʢ 3ʊʝʢʩʪʠʣʴ 4ɼʝʨʝʚʠʥʘ 5ʊʦʨʬ 

ɺʦʣʦʛʽʩʪʴ, % 5,87 2,62 8,41 11,74 4,02 

ʇʨʠʤʽʪʢʘ: 

ï 1ʧʘʧʽʨ ʪʘ ʢʘʨʪʦʥ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ ʪʘ ʨʽʟʥʦʾ ʱʽʣʴʥʦʩʪʽ ʥʝʧʨʠʜʘʪʥʠʡ ʜʣʷ ʩʦʨʪʫʚʘʥʥʷ ʷʢ 

ʩʠʨʦʚʠʥʘ ʯʝʨʝʟ ʟʘʙʨʫʜʥʝʥʽʩʪʴ; 

ï 2ʧʦʣʽʧʨʦʧʽʣʝʥ (ʈʈ);  

ï 3ʰʤʘʪʢʠ ʱʽʣʴʥʦʾ ʪʢʘʥʠʥʠ (ʜʞʠʥʩ); 

ï 4ʜʝʨʝʚô̫ ʥʽ ʚʠʨʦʙʠ; 

ï 5ʙʨʠʢʝʪʦʚʘʥʠʡ ʥʠʟʠʥʥʠʡ ʪʦʨʬ. 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʪʘʢʽ ʢʦʤʧʦʥʝʥʪʠ ʷʢ 

ʜʝʨʝʚʠʥʘ (11,74%), ʪʝʢʩʪʠʣʴ (8,41%) ʪʘ ʧʘʧʽʨ ʽ ʢʘʨʪʦʥ (5,87%) ʤʘʶʪʴ 

ʥʘʡʚʠʱʝ ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ ʧʣʘʩʪʠʢʦʤ (2,62%). ʎʝ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʩʚʦʻʨʽʜʥʫ ʩʪʨʫʢʪʫʨʫ ʟʨʘʟʢʽʚ, ʱʦ ʤʘʻ ʟʜʘʪʥʽʩʪʴ ʧʦʛʣʠʥʘʪʠ ʚʦʣʦʛʫ. 

ʊʦʤʫ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʠʩʫʰʫʚʘʪʠ ʚʠʱʝʥʘʚʝʜʝʥʽ ʢʦʤʧʦʥʝʥʪʠ ʧʝʨʝʜ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʾʭ ʷʢ ʧʘʣʠʚʘ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʪʚʦʨʥʦʾ 

ʟʜʘʪʥʦʩʪʽ. ʅʠʟʴʢʠʡ ʚʤʽʩʪ ʚʦʣʦʛʠ ʪʦʨʬʫ (4,02%) ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʪʘʥʥʽʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʫ ʩʧʨʝʩʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ. 

ʊʘʢʦʞ ʫ ʨʦʙʦʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʜʦʩʣʽʜʞʝʥʦ ʟʦʣʴʥʽʩʪʴ 

ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʽ ʪʦʨʬʫ. ɿʦʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʚʠʟʥʘʯʝʥʦ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʧʦʚʽʣʴʥʦʛʦ ʦʟʦʣʝʥʥʷ ʫ ʤʫʬʝʣʴʥʽʡ ʧʝʯʽ [3]. 

ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʟʦʣʴʥʦʩʪʽ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʤʽʨʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʝʦʨʛʘʥʽʯʥʦʛʦ (ʤʽʥʝʨʘʣʴʥʦʛʦ) ʟʘʣʠʰʢʫ ʧʽʩʣʷ 

ʧʦʚʥʦʛʦ ʟʛʦʨʷʥʥʷ ʟʨʘʟʢʘ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ. ɿʦʣʴʥʽʩʪʴ ʻ ʚʘʞʣʠʚʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʧʨʠ ʦʮʽʥʮʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚʽʜʭʦʜʽʚ, ʦʩʢʽʣʴʢʠ ʟʦʣʘ 

ʥʝ ʟʛʦʨʘʻ ʽ ʥʝ ʜʘʻ ʝʥʝʨʛʽʾ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʪʘ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ Microsoft Excel. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 2. 

ʊʘʙʣʠʮʷ 2 ï ʋʩʝʨʝʜʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʟʦʣʴʥʦʩʪʽ  

ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʽ ʪʦʨʬʫ 

ʇʦʢʘʟʥʠʢ 

ɺʠʜ ʧʘʣʠʚʘ 
1ʇʘʧʽʨ 

ʽ ʢʘʨʪʦʥ 
2ʇʣʘʩʪʠʢ 3ʊʝʢʩʪʠʣʴ 4ɼʝʨʝʚʠʥʘ 5ʊʦʨʬ 

ɿʦʣʴʥʽʩʪʴ, 

% 
5,01 0,85 1,36 1,23 17,07 

ʇʨʠʤʽʪʢʘ: 
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ï 1ʧʘʧʽʨ ʪʘ ʢʘʨʪʦʥ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ ʪʘ ʨʽʟʥʦʾ ʱʽʣʴʥʦʩʪʽ ʥʝʧʨʠʜʘʪʥʠʡ ʜʣʷ ʩʦʨʪʫʚʘʥʥʷ ʷʢ 

ʩʠʨʦʚʠʥʘ ʯʝʨʝʟ ʟʘʙʨʫʜʥʝʥʽʩʪʴ; 

ï 2ʧʦʣʽʧʨʦʧʽʣʝʥ (ʈʈ); 

ï 3ʰʤʘʪʢʠ ʱʽʣʴʥʦʾ ʪʢʘʥʠʥʠ (ʜʞʠʥʩ); 

 ï 4ʜʝʨʝʚôʷʥʽ ʚʠʨʦʙʠ; 

ï5 ʙʨʠʢʝʪʦʚʘʥʠʡ ʥʠʟʠʥʥʠʡ ʪʦʨʬ. 

 

ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʽ ʪʘʙʣʠʮʽ 2, ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘʡʚʠʱʝ 

ʟʥʘʯʝʥʥʷ ʟʦʣʴʥʦʩʪʽ ʤʘʻ ʪʦʨʬ, ʷʢʠʡ ʩʪʘʥʦʚʠʪʴ 17,07%. ʎʝ ʚʢʘʟʫʻ ʥʘ 

ʟʥʘʯʥʠʡ ʚʤʽʩʪ ʥʝʦʨʛʘʥʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʪʦʨʬʽ. ʅʘʩʪʫʧʥʠʤ ʟʘ 

ʚʝʣʠʯʠʥʦʶ ʧʦʢʘʟʥʠʢʫ ʻ ʧʘʧʽʨ ʽ ʢʘʨʪʦʥ (5,01%), ʷʢʠʡ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʦʞʝ 

ʤʽʩʪʠʪʠ ʥʝʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʥʝʛʦʨʶʯʠʭ ʨʝʯʦʚʠʥ (ʨʠʩ. 2). 

 

     
ʘ)                                                ʙ) 

 

ʈʠʩʫʥʦʢ 2 ï ɺʤʽʩʪ ʟʦʣʠ ʧʽʩʣʷ ʧʨʦʞʘʨʶʚʘʥʥʷ:  

ʪʦʨʬʫ (ʘ) ʪʘ ʧʘʧʝʨʫ ʡ ʢʘʨʪʦʥʫ (ʙ) 

 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʜʘʶʪʴ ʟʤʦʛʫ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʦʨʶʯʠʭ ʬʨʘʢʮʽʡ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʽ ʪʦʨʬʫ ʷʢ ʧʘʣʠʚʘ 

ʜʦʮʽʣʴʥʦ ʧʨʠ ʾʭ ʚʠʩʫʰʫʚʘʥʥʽ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʪʚʽʨʥʦʾ 

ʟʜʘʪʥʦʩʪʽ. 

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ 

1. ɼʉʊʋ CEN/TS 15414-1:2021 ʊʚʝʨʜʝ ʚʽʜʥʦʚʣʶʚʘʣʴʥʝ ʧʘʣʠʚʦ. 

ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʚʦʣʦʛʠ ʚʠʩʫʰʫʚʘʥʥʷʤ. ʏʘʩʪʠʥʘ 1. ɿʘʛʘʣʴʥʘ ʚʦʣʦʛʘ.  

2. ɺʘʛʠ ʘʥʘʣʽʪʠʯʥʽ Axis ANG 220C ʜʦ 220 ʛ, ʜʠʩʢʨʝʪʥʽʩʪʴ 0,0001 ʛ. 

URL: https://enmarket.com.ua/uk/vesy-analiticheskie-axis-ang-220c-do-220-

g-diskretnost-00001-

g?gclid=Cj0KCQiA6sjKBhCSARIsAJvYcpMCxpCvC4kJBrV7YejbfpF5L-

VVYwaTWd-

EKnVpPKTEHNAzMOIFjdAaAvyBEALw_wcB&gad_source=1  

3. ɼʉʊʋ EN ISO 21656:2021 ʊʚʝʨʜʝ ʚʽʜʥʦʚʣʶʚʘʣʴʥʝ ʧʘʣʠʚʦ. 

ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʟʦʣʠ (ʟʦʣʴʥʦʩʪʽ). 

 

  

https://enmarket.com.ua/uk/vesy-analiticheskie-axis-ang-220c-do-220-g-diskretnost-00001-g?gclid=Cj0KCQiA6sjKBhCSARIsAJvYcpMCxpCvC4kJBrV7YejbfpF5L-VVYwaTWd-EKnVpPKTEHNAzMOIFjdAaAvyBEALw_wcB&gad_source=1
https://enmarket.com.ua/uk/vesy-analiticheskie-axis-ang-220c-do-220-g-diskretnost-00001-g?gclid=Cj0KCQiA6sjKBhCSARIsAJvYcpMCxpCvC4kJBrV7YejbfpF5L-VVYwaTWd-EKnVpPKTEHNAzMOIFjdAaAvyBEALw_wcB&gad_source=1
https://enmarket.com.ua/uk/vesy-analiticheskie-axis-ang-220c-do-220-g-diskretnost-00001-g?gclid=Cj0KCQiA6sjKBhCSARIsAJvYcpMCxpCvC4kJBrV7YejbfpF5L-VVYwaTWd-EKnVpPKTEHNAzMOIFjdAaAvyBEALw_wcB&gad_source=1
https://enmarket.com.ua/uk/vesy-analiticheskie-axis-ang-220c-do-220-g-diskretnost-00001-g?gclid=Cj0KCQiA6sjKBhCSARIsAJvYcpMCxpCvC4kJBrV7YejbfpF5L-VVYwaTWd-EKnVpPKTEHNAzMOIFjdAaAvyBEALw_wcB&gad_source=1
https://enmarket.com.ua/uk/vesy-analiticheskie-axis-ang-220c-do-220-g-diskretnost-00001-g?gclid=Cj0KCQiA6sjKBhCSARIsAJvYcpMCxpCvC4kJBrV7YejbfpF5L-VVYwaTWd-EKnVpPKTEHNAzMOIFjdAaAvyBEALw_wcB&gad_source=1
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ʋɼʂ 338.485-021.3:[502.11:574 
ʉʤʦʣʷʨ ʅ. ʆ., ʢʘʥʜʠʜʘʪ ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ,  

ɻʣʻʙʦʚʘ ɸ. ʆ., ʢʘʥʜʠʜʘʪ ʝʢʦʥʦʤʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ 

ʂʦʥʜʨʘʪʶʢʘè, ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 

 

ɺɯʈʊʋɸʃʔʅɯ ʊʋʈʀ ʗʂ ɯʅʉʊʈʋʄɽʅʊ ʇɯɼɺʀʑɽʅʅʗ 

ɽʂʆʃʆɻɯʏʅʆɰ ʂʋʃʔʊʋʈʀ ʊɸ ɿɹɽʈɽɾɽʅʅʗ 

ɹɯʆʈɯɿʅʆʄɸʅɯʊʊʗ  

ʉʫʯʘʩʥʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʘʛʦʩʪʨʝʥʥʷʤ 

ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ (ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʢʠʩʣʦʪʥʽ ʦʧʘʜʠ, 

ʨʫʡʥʫʚʘʥʥʷ ʦʟʦʥʦʚʦʛʦ ʰʘʨʫ, ʦʧʫʩʪʝʣʶʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ ʪʦʱʦ), ʚʪʨʘʪʦʶ  

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ, ʜʝʛʨʘʜʘʮʽʻʶ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ʪʘ ʟʨʦʩʪʘʥʥʷʤ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʚʢʽʣʣʷ. ʇʦʨʷʜ ʟ̔ ʮʠʤ ʩʪʨʽʤʢʦ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʮʠʬʨʦʚʽʟʘʮʽʷ, ʷʢʘ ʩʪʨʽʤʢʦ ʪʨʘʥʩʬʦʨʤʫʻ ʪʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ 

ʜʦ ʢʦʤʫʥʽʢʘʮʽʡ, ʙʽʟʥʝʩʫ, ʦʩʚʽʪʠ, ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ,  ʥʘʜʘʥʥʷ ʜʝʨʞʘʚʥʠʭ 

ʧʦʩʣʫʛ ʪʦʱʦ. ɺʦʜʥʦʯʘʩ, ʩʘʤʝ ʮʠʬʨʦʚʽʟʘʮʽʷ ʥʝ ʪʽʣʴʢʠ ʘʢʪʫʘʣʽʟʫʻ ʦʢʨʝʤʽ 

ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʫ ʢʦʥʪʝʢʩʪʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʘʣʝ ʡ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʨʦʩʚʽʪʥʠʮʪʚʘ, ʝʢʦʣʦʛʽʯʥʦʾ ʢʫʣʴʪʫʨʠ ʪʘ ʟʙʝʨʝʞʝʥʥʷ 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ.  

ʆʜʥʠʤ ʽʟ ʽʥʥʦʚʘʮʽʡʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʮʠʬʨʦʚʽʟʘʮʽʾ ʻ ʚʽʨʪʫʘʣʽʟʘʮʽʷ, ʷʢʘ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʫʯʘʩʥʠʤʠ ʥʘʫʢʦʚʮʷʤʠ ʷʢ ʥʘʡʩʫʪʪʻʚʽʰʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʫʯʘʩʥʦʾ ʩʦʮʽʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ, ʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʩʪʘʪʥʴʦ 

ʝʬʝʢʪʠʚʥʦ ʤʦʞʫʪʴ ʟʘʤʽʥʠʪʠ ʣʶʜʠʥʽ ʧʨʷʤʝ ʩʧʽʣʢʫʚʘʥʥʷ ʟ ʧʨʠʨʦʜʥʠʤʠ, 

ʽʩʪʦʨʠʯʥʠʤʠ, ʘʨʭʽʪʝʢʪʫʨʥʠʤʠ ʡ ʽʥʰʠʤʠ ʜʫʭʦʚʥʠʤʠ ʽ ʨʝʘʣʴʥʠʤʠ 

ʦʙôʻʢʪʘʤʠ ʜʽʡʩʥʦʩʪʽ [1]. ɺʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʦʢʨʝʤʘ ʚ ʦʩʚʽʪʽ, ʢʫʣʴʪʫʨʽ, 

ʪʫʨʠʟʤʽ, ʜʝʨʞʘʚʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ, ʙʽʟʥʝʩʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʥʦʚʽ ʬʦʨʤʘʪʠ ʚʟʘʻʤʦʜʽʾ ʣʶʜʠʥʠ ʟ ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ. ʋ ʢʦʥʪʝʢʩʪʽ ʝʢʦʣʦʛʽʯʥʦʾ ʧʨʦʙʣʝʤʘʪʠʢʠ ʚʽʨʪʫʘʣʽʟʘʮʽʷ 

ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʾ ʟʥʘʯʫʱʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʧʦʻʜʥʘʪʠ ʽʥʥʦʚʘʮʽʡʥʽ 

ʮʠʬʨʦʚʽ ʨʽʰʝʥʥʷ ʟ ʮʽʣʷʤʠ ʝʢʦʣʦʛʽʯʥʦʾ ʧʨʦʩʚʽʪʠ, ʬʦʨʤʫʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʩʪʘʚʣʝʥʥʷ ʜʦ ʧʨʠʨʦʜʠ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ. 

ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʛʦ, ʘʣʝ ʝʤʦʮʽʡʥʦ 

ʥʘʩʠʯʝʥʦʛʦ ʢʦʥʪʘʢʪʫ ʣʶʜʠʥʠ ʟ ʧʨʠʨʦʜʥʠʤʠ ʦʙôʻʢʪʘʤʠ, ʝʢʦʩʠʩʪʝʤʘʤʠ ʪʘ 

ʟʘʧʦʚʽʜʥʠʤʠ ʪʝʨʠʪʦʨʽʷʤʠ. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚʽʨʪʫʘʣʴʥʠʭ ʪʫʨʽʚ, 3D-

ʤʦʜʝʣʶʚʘʥʥʷ, VR- ʪʘ AR-ʪʝʭʥʦʣʦʛʽʡ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʦʟʥʘʡʦʤʣʝʥʥʷ 

ʰʠʨʦʢʠʭ ʚʝʨʩʪʚ ʥʘʩʝʣʝʥʥʷ ʟ ʫʥʽʢʘʣʴʥʠʤʠ ʧʨʠʨʦʜʥʠʤʠ ʣʘʥʜʰʘʬʪʘʤʠ ʙʝʟ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʬʽʟʠʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʚ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ 

ʩʧʨʠʷʪʠʤʝ ʟʙʝʨʝʞʝʥʥʶ ʧʨʠʨʦʜʥʦʛʦ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ. ʊʘʢ ʷʢ, ʟʘʟʚʠʯʘʡ, 

ʛʘʨʥʽ ʢʨʘʻʚʠʜʠ ʘʙʦ ʧʝʚʥʽ ʽʩʪʦʨʠʯʥʽ ʧʘʤôʷʪʢʠ ʟʥʘʭʦʜʷʪʴʩʷ  ʙʽʣʷ ʘʙʦ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʧʨʠʨʦʜʥʠʭ ʧʘʨʢʽʚ, ʟʘʧʦʚʽʜʥʠʢʽʚ, ʟʘʢʘʟʥʠʢʽʚ, ʷʢʽ ʤʘʶʪʴ 

ʫʥʽʢʘʣʴʥʫ ʧʨʠʨʦʜʫ, ʾʭ ʯʘʩʪʝ ʚʽʜʚʽʜʫʚʘʥʥʷ ʤʦʞʝ ʥʝ ʪʽʣʴʢʠ ʰʢʦʜʠʪʠ, ʘʣʝ ʡ 
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ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʥʠʱʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ. ʊʦʜʽ ʷʢ ʚʽʨʪʫʘʣʴʥʽ 

ʪʫʨʠ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʠhʪʠ ʘʥʪʨʦʧʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʨʘʟʣʠʚʽ 

ʝʢʦʩʠʩʪʝʤʠ, ʱʦ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʥʘʮʽʦʥʘʣʴʥʠʭ ʧʨʠʨʦʜʥʠʭ ʧʘʨʢʽʚ, 

ʙʽʦʩʬʝʨʥʠʭ ʨʝʟʝʨʚʘʪʽʚ ʪʘ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʪʘ  

ʦʜʥʦʯʘʩʥʦ ʦʟʥʘʡʦʤʠʪʠ ʥʝ ʪʽʣʴʢʠ ʟ ʧʨʘʚʠʣʘʤʠ ʧʦʚʝʜʽʥʢʠ ʪʘ  

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷʤ, ʘʣʝ ʡ ʬʦʨʤʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʫ ʧʦʚʝʜʽʥʢʫ ʛʨʦʤʘʜʷʥ ʪʘ  

ʩʚʽʜʦʤʽʩʪʴ ʯʝʨʝʟ ʚʽʟʫʘʣʽʟʘʮʽʶ ʥʘʩʣʽʜʢʽʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ, ʟʤʽʥ 

ʢʣʽʤʘʪʫ ʪʘ ʜʝʛʨʘʜʘʮʽʾ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʚ ʋʢʨʘʾʥʽ ʚʞʝ ʽʩʥʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʚʽʨʪʫʘʣʴʥʽ ʪʫʨʠ, 

ʽʥʬʦʨʤʘʮʽʷ ʧʦ ʷʢʽ ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʽ. 

ʊʘʙʣʠʮʷ ï ʆʛʣʷʜ ʚʽʨʪʫʘʣʴʥʠʭ ʪʫʨʽʚ ʥʘʮʽʦʥʘʣʴʥʠʤʠ 

ʧʨʠʨʦʜʥʠʤʠ ʧʘʨʢʘʤʠ ʋʢʨʘʾʥʠ (ʩʢʣʘʜʝʥʦ ʘʚʪʦʨʘʤʠ) 
ʅʘʟʚʘ 

ʚʽʨʪʫʘʣʴʥʦʛʦ 

ʪʫʨʫ 

ʂʦʨʦʪʢʠʡ ʦʧʠʩ ʇʦʩʠʣʘʥʥʷ 

ɺʽʨʪʫʘʣʴʥʽ ʪʫʨʠ 

ʥʘʮʽʦʥʘʣʴʥʠʤʠ 

ʧʨʠʨʦʜʥʠʤʠ 

ʧʘʨʢʘʤʠ ʋʢʨʘʾʥʠ 

(Google) 

ʉʝʨʽʷ ʧʘʥʦʨʘʤʥʠʭ 360Á-ʪʫʨʽʚ ʥʘʮʽʦʥʘʣʴʥʠʤʠ 

ʧʨʠʨʦʜʥʠʤʠ ʧʘʨʢʘʤʠ ʋʢʨʘʾʥʠ, ʱʦ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʣʘʥʜʰʘʬʪʠ, ʝʢʦʩʠʩʪʝʤʠ ʪʘ 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʙʝʟ ʬʽʟʠʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʫ 

ʧʨʠʨʦʜʫ 

https://artsandculture.googl

e.com/project/national-

parks-of-ukraine 

ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʧʠʦʜʥʠʡ ʧʘʨʢ 

çɺʠʞʥʠʮʴʢʠʡè ï 

ʚʽʨʪʫʘʣʴʥʠʡ ʪʫʨ 

ʆʥʣʘʡʥ-ʝʢʩʢʫʨʩʽʷ ʪʝʨʠʪʦʨʽʻʶ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ ʟ ʘʢʮʝʥʪʦʤ ʥʘ ʛʽʨʩʴʢʽ 

ʣʘʥʜʰʘʬʪʠ, ʣʽʩʠ ʪʘ ʨʝʢʨʝʘʮʽʡʥʽ ʤʘʨʰʨʫʪʠ 

https://vyzhnytskyi-

park.in.ua/route/https-

vyzhnytskyi-national-park-

prostir360-com/ 

ʅʇʇ çʉʢʦʣʽʚʩʴʢʽ 

ɹʝʩʢʠʜʠè ï 3D-

ʪʫʨʠ 

ɺʽʨʪʫʘʣʴʥʽ ʧʦʜʦʨʦʞʽ ʝʢʦʩʪʝʞʢʘʤʠ ʪʘ 

ʣʽʩʥʠʮʪʚʘʤʠ ʧʘʨʢʫ ʟ ʦʟʥʘʡʦʤʣʝʥʥʷʤ ʽʟ 

ʧʨʠʨʦʜʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʂʘʨʧʘʪ 

https://skolebeskydy-

park.in.ua/mandruyte/ekots

entramy/ 

Ukrainian-German 

Digital Teaching 

Network 

 

ɺʽʨʪʫʘʣʴʥʽ ʪʫʨʠ:  

ʏʦʨʥʦʙʠʣʴʩʴʢʦʛʦ ʨʘʜʽʘʮʽʡʥʦ-ʝʢʦʣʦʛʽʯʥʦʛʦ  

ʙʽʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ, ʈʝʛʽʦʥʘʣʴʥʦʛʦ 

ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʘʨʢʫ çɿʥʝʩʽʥʥʷè, 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ 

çɹʽʣʦʙʝʨʝʞʞʷ ʉʚʷʪʦʩʣʘʚʘè, ɼʝʥʜʨʦʣʦʛʽʯʥʦʛʦ 

ʧʘʨʢʫ ɹʦʪʘʥʽʯʥʦʛʦ ʩʘʜʫ ʧʨʠ ʋʢʨʘʾʥʩʴʢʦʤʫ 

ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʣʽʩʦʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ, 

ʇʨʠʨʦʜʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ çʈʦʟʪʦʯʯʷè, 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ 

çɻʦʣʦʩʽʾʚʩʴʢʠʡè 

https://ukrdigital.hnee.de/co

urse/index.php?categoryid=

22 

ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʧʨʠʨʦʜʥʠʡ ʧʘʨʢ 

çʉʠʥʝʚʽʨè 

(ɿʘʢʘʨʧʘʪʪʷ) 

ʆʛʣʷʜ ʥʘʡʙʽʣʴʰʦʛʦ ʦʟʝʨʘ ʂʘʨʧʘʪ, ʦʢʦʣʠʮʴ ʪʘ 

ʢʨʘʻʚʠʜʽʚ. 

https://synevyr-

park.in.ua/3d-tur/ 

ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʧʨʠʨʦʜʥʠʡ ʧʘʨʢ 

çʇʦʜʽʣʴʩʴʢʽ 
ʊʦʚʪʨʠè 

(ʍʤʝʣʴʥʠʯʯʠʥʘ) 

ɺʽʨʪʫʘʣʴʥʠʡ ʦʛʣʷʜ ʥʘʡʙʽʣʴʰʦʛʦ ʚ ʋʢʨʘʾʥʽ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ çʇʦʜʽʣʴʩʴʢʽ 

ʊʦʚʪʨʠè, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʝʤʠ ʧʨʠʨʦʜʥʠʭ 

ʯʫʜʝʩ. 

https://wownature.in.ua/parky-

i-zapovidnyky/natsionalnyy-

pryrodnyy-park-podilski-

tovtry/ 

A Virtual 

Ukrainian Road 

Trip Through 

Forests 

ʎʠʬʨʦʚʘ ʧʦʜʦʨʦʞ ʫʢʨʘʾʥʩʴʢʠʤʠ ʣʽʩʘʤʠ ʟ 

ʦʧʠʩʦʤ ʝʢʦʩʠʩʪʝʤ, ʧʨʠʨʦʜʥʠʭ ʟʦʥ ʽ ʟʥʘʯʝʥʥʷ 

ʣʽʩʽʚ ʜʣʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ 

https://artsandculture.google.c

om/story/a-virtual-ukrainian-

road-trip-through-forests-

ministry-of-culture-and-

https://artsandculture.google.com/project/national-parks-of-ukraine
https://artsandculture.google.com/project/national-parks-of-ukraine
https://artsandculture.google.com/project/national-parks-of-ukraine
https://vyzhnytskyi-park.in.ua/route/https-vyzhnytskyi-national-park-prostir360-com/
https://vyzhnytskyi-park.in.ua/route/https-vyzhnytskyi-national-park-prostir360-com/
https://vyzhnytskyi-park.in.ua/route/https-vyzhnytskyi-national-park-prostir360-com/
https://vyzhnytskyi-park.in.ua/route/https-vyzhnytskyi-national-park-prostir360-com/
https://skolebeskydy-park.in.ua/mandruyte/ekotsentramy/
https://skolebeskydy-park.in.ua/mandruyte/ekotsentramy/
https://skolebeskydy-park.in.ua/mandruyte/ekotsentramy/
https://ukrdigital.hnee.de/course/index.php?categoryid=22
https://ukrdigital.hnee.de/course/index.php?categoryid=22
https://ukrdigital.hnee.de/course/index.php?categoryid=22
https://wownature.in.ua/parky-i-zapovidnyky/natsionalnyy-pryrodnyy-park-podilski-tovtry/
https://wownature.in.ua/parky-i-zapovidnyky/natsionalnyy-pryrodnyy-park-podilski-tovtry/
https://wownature.in.ua/parky-i-zapovidnyky/natsionalnyy-pryrodnyy-park-podilski-tovtry/
https://artsandculture.google.com/story/a-virtual-ukrainian-road-trip-through-forests-ministry-of-culture-and-information-policy-of-ukraine/WwUhNMF-ATce0Q
https://artsandculture.google.com/story/a-virtual-ukrainian-road-trip-through-forests-ministry-of-culture-and-information-policy-of-ukraine/WwUhNMF-ATce0Q
https://artsandculture.google.com/story/a-virtual-ukrainian-road-trip-through-forests-ministry-of-culture-and-information-policy-of-ukraine/WwUhNMF-ATce0Q
https://artsandculture.google.com/story/a-virtual-ukrainian-road-trip-through-forests-ministry-of-culture-and-information-policy-of-ukraine/WwUhNMF-ATce0Q
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information-policy-of-

ukraine/WwUhNMF-ATce0Q 

Virtual Ukraine 

Travel (ʧʨʠʨʦʜʥʽ 

ʣʦʢʘʮʽʾ) 

ʇʣʘʪʬʦʨʤʘ ʟ ʽʥʪʝʨʘʢʪʠʚʥʠʤʠ ʪʫʨʘʤʠ 

ʋʢʨʘʾʥʦʶ, ʱʦ ʚʢʣʶʯʘʻ ʧʨʠʨʦʜʥʽ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦ ʮʽʥʥʽ ʦʙôʻʢʪʠ 

https://virtualukraine.travel/ 

Discover.ua ï 

ʚʽʨʪʫʘʣʴʥʽ ʪʫʨʠ 

ʋʢʨʘʾʥʦʶ 

ɿʙʽʨʢʘ 3D-ʪʫʨʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʧʨʠʨʦʜʥʽ ʡ ʣʘʥʜʰʘʬʪʥʽ ʦʙôʻʢʪʠ, ʜʦʩʪʫʧʥʽ ʜʣʷ 

ʦʥʣʘʡʥ-ʧʝʨʝʛʣʷʜʫ 

https://discover.ua/virtual-

tours 

ɸʥʘʣʽʟ ʥʘʷʚʥʠʭ ʚ ʋʢʨʘʾʥʽ ʝʢʦʣʦʛʽʯʥʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʪʫʨʽʚ ʧʦʢʘʟʫʻ, ʱʦ 

ʧʦʧʨʠ ʥʘʷʚʥʽʩʪʴ ʦʢʨʝʤʠʭ ʫʩʧʽʰʥʠʭ ʽʥʽʮʽʘʪʠʚ, ʾʭ ʢʽʣʴʢʽʩʪʴ ʪʘ ʦʭʦʧʣʝʥʥʷ 

ʧʦʢʠ ʱʦ ʻ ʦʙʤʝʞʝʥʠʤʠ. ɿʘ ʥʘʷʚʥʦʩʪʽ 53 (ʨʠʩ.) ʥʘʮʽʦʥʘʣʴʥʠʭ ʧʨʠʨʦʜʥʠʭ 

ʧʘʨʢʽʚ ʣʠʰʝ ʥʝʟʥʘʯʥʘ ʾʭ ʯʘʩʪʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʬʦʨʤʘʪʽ ʧʦʚʥʦʮʽʥʥʠʭ 

ʚʽʨʪʫʘʣʴʥʠʭ ʪʫʨʽʚ ʫ ʚʽʜʢʨʠʪʦʤʫ ʜʦʩʪʫʧʽ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʠʡ 

ʥʝʨʝʘʣʽʟʦʚʘʥʠʡ ʧʦʪʝʥʮʽʘʣ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʷʢ ʽʥʩʪʨʫʤʝʥʪʫ ʝʢʦʣʦʛʽʯʥʦʾ 

ʧʦʣʽʪʠʢʠ, ʧʨʦʩʚʽʪʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʧʦʧʫʣʷʨʠʟʘʮʽʾ ʧʨʠʨʦʜʥʦ-

ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʋʢʨʘʾʥʠ. 

 
ʈʠʩʫʥʦʢ ï ʇʘʨʢʠ ʽ ʟʘʧʦʚʽʜʥʠʢʠ ʋʢʨʘʾʥʠ [2] 

ʆʪʞʝ, ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʝʢʦʣʦʛʽʯʥʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʪʫʨʽʚ ʚ ʋʢʨʘʾʥʽ 

ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʪʨʘʪʝʛʽʯʥʠʡ ʥʘʧʨʷʤ, ʱʦ ʧʦʻʜʥʫʻ ʮʠʬʨʦʚʽ 

ʽʥʥʦʚʘʮʽʾ ʟ ʮʽʣʷʤʠ ʟʙʝʨʝʞʝʥʥʷ ʜʦʚʢʽʣʣʷ. ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘʢʠʭ ʧʨʘʢʪʠʢ, 

ʽʥʪʝʛʨʘʮʽʷ ʾʭ ʫ ʩʠʩʪʝʤʫ ʦʩʚʽʪʠ, ʪʫʨʠʟʤʫ ʪʘ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʜʘʪʥʽ 

ʩʧʨʠʷʪʠ ʬʦʨʤʫʚʘʥʥʶ ʝʢʦʣʦʛʽʯʥʦ ʚʽʜʧʦʚʽʜʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ ʛʨʦʤʘʜʷʥ, 

ʟʤʝʥʰʝʥʥʶ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʠʨʦʜʥʽ ʝʢʦʩʠʩʪʝʤʠ ʪʘ 

ʧʽʜʚʠʱʝʥʥʶ ʨʽʚʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʢʫʣʴʪʫʨʠ ʩʫʩʧʽʣʴʩʪʚʘ ʟʘʛʘʣʦʤ. 

ɺʠʢʦʨʠʩʪʘʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ 

1. ʂʘʟʘʢʦʚʘ ʅ. ʌ. ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʦʢ ʚ 
ʦʙʣʘʩʪʽ ʧʦʙʫʜʦʚʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʩʚʽʪʥʽʭ ʩʝʨʝʜʦʚʠʱ. ʉʫʯʘʩʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʧʦʚʩʷʢʜʝʥʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʧʽʜʛʦʪʦʚʮʽ 

ʶʨʠʩʪʽʚ : I ʤʦʣʦʜ. ʥʘʫʢ. ʢʦʥʬ., 25 ʙʝʨʝʟʥʷ 2005 ʨ. : ʤʘʪʝʨ. ʂʦʥʬ,. ʆʜʝʩʘ : 

ʆʅʖɸ. ʉ. 80ï84. 

2. ʆʬʽʮʽʡʥʠʡ ʩʘʡʪ ʄʽʥʽʩʪʝʨʩʪʚʘ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠʨʦʜʥʠʭ 
ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ. URL: https://wownature.in.ua/oberihaymo/pryrodno-

zapovidnyy-fond/?utm_source=chatgpt.com 

https://artsandculture.google.com/story/a-virtual-ukrainian-road-trip-through-forests-ministry-of-culture-and-information-policy-of-ukraine/WwUhNMF-ATce0Q
https://artsandculture.google.com/story/a-virtual-ukrainian-road-trip-through-forests-ministry-of-culture-and-information-policy-of-ukraine/WwUhNMF-ATce0Q
https://virtualukraine.travel/
https://discover.ua/virtual-tours
https://discover.ua/virtual-tours
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ʉʦʢʦʣʦʚ ɸ. ɺ., ʘʩʧʽʨʘʥʪ, ʋʣʠʮʴʢʠʡ ʆ. ɸ., ʜʦʢʪʦʨ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʦʨ,ʌʨʦʣʦʚ ɺ. ʌ., ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

 

ɼʝʨʞʘʚʥʘ ʥʘʫʢʦʚʘ ʫʩʪʘʥʦʚʘ çɯʥʩʪʠʪʫʪ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ 

ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠè, ʤ ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺɸʂʋʋʄʅɸ ɼʀʉʊʀʃʗʎɯʗ ʗʂ ɺʀʉʆʂʆɽʌɽʂʊʀɺʅʀʁ  

ʄɽʊʆɼ ʇɽʈɽʈʆɹʂʀ ʅɸʌʊʆɺʄɯʉʅʀʍ ʐʃɸʄɯɺ ʊɸ 

ɺɯɼʇʈɸʎʔʆɺɸʅʀʍ ʄɸʉʊʀʃ 

 

ʆʩʥʦʚʥʠʤ ʟʘʢʦʥʦʤ ɭʉ ʫ ʩʬʝʨʽ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʻ çʈʘʤʢʦʚʘ 

ʜʠʨʝʢʪʠʚʘ ɭʉ ʧʨʦ ʚʽʜʭʦʜʠè, ʷʢʘ ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʚʩʽ ʚʠʜʠ ʚʽʜʭʦʜʽʚ ʪʘ 

ʚʩʪʘʥʦʚʣʶʻ ʪʘʢ ʟʚʘʥʫ ʽʻʨʘʨʭʽʶ ʚʽʜʭʦʜʽʚ, ʧʨʘʚʠʣʘ ʫʧʨʘʚʣʽʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ, 

ʾʭ ʢʚʘʣʽʬʽʢʦʚʘʥʝ ʟʙʠʨʘʥʥʷ, ʫʪʠʣʽʟʘʮʽʶ ʪʘ ʧʝʨʝʨʦʙʢʫ [1]. 

ʉʤʽʪʪʻʩʧʘʣʶʚʘʣʴʥʽ ʟʘʚʦʜʠ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʨʘʾʥʘʭ ʟ 

ʚʠʩʦʢʦʶ ʛʫʩʪʦʪʦʶ ʥʘʩʝʣʝʥʥʷ (ʌʈʅ, ʗʧʦʥʽʷ, ʐʚʝʡʮʘʨʽʷ, ɹʝʣʴʛʽʷ ʪʘ ʽʥ.), ʚ 

ʙʽʣʴʰʦʩʪʽ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ ʧʝʨʝʚʘʞʘʻ ʪʝʨʤʽʯʥʠʡ ʩʧʦʩʽʙ ʟʥʝʰʢʦʜʞʝʥʥʷ 

ʊʇɺ (ʪʘʢ, ʚ ʗʧʦʥʽʾ ʩʧʘʣʶʻʪʴʩʷ 82% ʩʤʽʪʪʷ, ʚ ʉʐɸ ï 81%, ʚ ɼʘʥʽʾ ï 78%) 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʚʪʦʨʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʟ ʦʙʨʦʙʣʝʥʥʷ, 

ʧʝʨʝʨʦʙʢʠ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʙʣʦʢʽʚ (ʨʠʩ. 1):  

ï ʙʣʦʢʫ ʚʘʢʫʫʤʥʦʾ ʜʠʩʪʠʣʷʮʽʾ ʚʽʜʭʦʜʽʚ; 

ï ʙʣʦʢʫ ʦʪʨʠʤʘʥʥʷ ʙʽʪʫʤʽʚ ʟʘʜʘʥʦʾ ʤʘʨʢʠ.  

ɼʣʷ ʥʘʛʨʽʚʘʥʥʷ ʩʠʨʦʚʠʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʝʯʽ, 

ʪʝʧʣʦʦʙʤʽʥʥʘ ʘʧʘʨʘʪʫʨʘ.  

ɹʣʦʢ ʚʘʢʫʫʤʥʦʾ ʜʠʩʪʠʣʷʮʽʾ ʚʽʜʭʦʜʽʚ. 

ɺʽʜʭʦʜʠ ʟ ʻʤʥʦʩʪʝʡ ɽ-41, ɽ-44, ɽ-45 ʥʘʩʦʩʦʤ ʅ-3 (ʅ-3ʘ)  ʽ ʧʦ ʣʽʥʽʾ 

ʧʦʟ.16 ʥʘʜʭʦʜʠʪʴ ʚ ʪʨʫʙʯʘʩʪʫ ʧʽʯ ʇ-3, ʜʝ ʥʘʛʨʽʚʘʶʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 

ʙʣʠʟʴʢʦ 420 Üʉ ʪʘ ʧʦ ʣʽʥʽʾ ʧʦʟ. 17 ʥʘʜʭʦʜʠʪʴ ʫ ʢʦʣʦʥʫ ʂ-2/1. ʋ ʚʘʢʫʫʤʥʽʡ 

ʥʘʩʘʜʦʯʥʽʡ ʢʦʣʦʥʽ ʂ-2/1 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ  400 Üʉ ʽ ʛʣʠʙʦʢʦʤʫ ʚʘʢʫʫʤʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʽʣ ʩʠʨʦʚʠʥʠ ʥʘ ʚʘʢʫʫʤʥʠʡ ʛʘʟʦʡʣʴ ʪʘ ʟʘʣʠʰʢʦʚʠʡ ʙʽʪʫʤ 

ʘʙʦ ʛʫʜʨʦʥ (ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʠʨʦʚʠʥʠ ʽ ʮʽʣʴʦʚʦʛʦ ʟʘʚʜʘʥʥʷ ʦʪʨʠʤʘʥʥʷ 

ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ). 

ɺʘʢʫʫʤʥʠʡ ʛʘʟʦʡʣʴ ʟʚʝʨʭʫ ʚʘʢʫʫʤʥʦʾ ʢʦʣʦʥʠ ʂ-2/1 ʧʦ ʣʽʥʽʾ ʧʦʟ.18  

ʥʘʜʭʦʜʠʪʴ ʧʦʩʣʽʜʦʚʥʦ ʚ ʪʨʫʙʥʠʡ ʧʨʦʩʪʽʨ ʤʘʩʣʷʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ ʊ-4/1 ʽ 

ʧʦ ʣʽʥʽʾ ʧʦʟ.19 ʫ ʪʨʫʙʯʘʩʪʠʡ ʧʨʦʩʪʽʨ ʤʘʩʣʷʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ ʊ-5/1. ʋ 

ʤʽʞʪʨʫʙʥʠʡ ʧʨʦʩʪʽʨ ʭʦʣʦʜʠʣʴʥʠʢʽʚ ʊ-4/1 ʽ ʊ-5/1 ʥʘʜʭʦʜʠʪʴ ʤʘʩʣʦ-

ʭʣʘʜʦʘʛʝʥʪ ʟ̔ ʻʤʥʦʩʪʽ ɽ-64. ɿ ʭʦʣʦʜʠʣʴʥʠʢʘ ʊ-5/1 ʧʦ ʣʽʥʽʾ ʧʦʟ. 20 

ʚʘʢʫʫʤʥʠʡ ʛʘʟʦʡʣʴ ʥʘʜʭʦʜʠʪʴ ʫ ʚʦʜʷʥʠʡ ʭʦʣʦʜʠʣʴʥʠʢ ʊ-6/1, ʜʝ 

ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʟʚʦʨʦʪʥʦʶ ʚʦʜʦʶ. ɯʟ ʭʦʣʦʜʠʣʴʥʠʢʘ ʊ-6/1 ʧʦ ʣʽʥʽʾ ʧʦʟ.21 

ʚʘʢʫʫʤʥʠʡ ʛʘʟʦʡʣʴ ʥʘʜʭʦʜʠʪʴ ʫ ʚʘʢʫʫʤʥʠʡ ʩʝʧʘʨʘʪʦʨ ʉ-2/1, ʜʝ 
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ʩʪʚʦʨʶʻʪʴʩʷ ʚʘʢʫʫʤ ʚʦʜʦʢʽʣʴʮʝʚʠʤ ʚʘʢʫʫʤʥʠʤ ʥʘʩʦʩʦʤ ɺʅ-1. ɿʥʠʟʫ 

ʩʝʧʘʨʘʪʦʨʘ ʉ-2/1 ʧʦ ʣʽʥʽʾ ʧʦʟ.22 ʚʘʢʫʫʤʥʠʡ ʛʘʟʦʡʣʴ ʥʘʜʭʦʜʠʪʴ ʥʘ ʧʨʠʡʦʤ 

ʥʘʩʦʩʫ ʅ-4 ʪʘ ʧʦ ʣʽʥʽʾ ʧʦʟ.23 ʚʽʜʢʘʯʫʻʪʴʩʷ ʚ ʧʨʦʤʽʞʥʽ ʻʤʢʦʩʪʽ  ɽ -18,65,66. 

 

ʈʠʩʫʥʦʢ 1 ï ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʙʣʦʢʫ ʚʘʢʫʫʤʥʦʾ ʜʠʩʪʠʣʷʮʽʾ 

 

ɯʟ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʚʘʢʫʫʤʥʦʾ ʢʦʣʦʥʠ ʂ-2/1 ʛʫʜʨʦʥ ʧʦ ʣʽʥʽʾ ʧʦʟ.24 

ʧʦʩʣʽʜʦʚʥʦ ʥʘʜʭʦʜʷʪʴ  ʚ ʪʨʫʙʥʠʡ ʧʨʦʩʪʽʨ ʤʘʩʣʷʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ ʊ-7/1, 

ʜʘʣʽ ʧʦ ʣʽʥʽʾ ʧʦʟ.25 ʫ ʪʨʫʙʥʠʡ ʧʨʦʩʪʽʨ ʤʘʩʣʷʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ ʊ-7/2, ʜʘʣʽ 

ʧʦ ʣʽʥʽʾ ʧʦʟ. 26 ʫ  ʪʨʫʙʥʠʡ ʧʨʦʩʪʽʨ ʤʘʩʣʷʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ  ʊ-7/3.  

ɯʟ ʭʦʣʦʜʠʣʴʥʠʢʘ  ʊ-7/3 ʛʫʜʨʦʥ ʧʦ ʣʽʥʽʾ ʧʦʟ.27 ʥʘʜʭʦʜʠʪʴ ʥʘ ʧʨʠʡʦʤ 

ʥʘʩʦʩʫ ʅ-8 ʪʘ ʧʦ ʣʽʥʽʾ ʧʦʟ.28 ʚʽʜʢʘʯʫʻʪʴʩʷ ʚ ʧʽʜʟʝʤʥʫ ʻʤʢʽʩʪʴ ɽ-46 ʘʙʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʨʝʘʢʪʦʨʠ ʈ-1(ʈ-2), ʈ-3 ʙʣʦʢʫ ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʚʘʨʥʠʭ 

ʙʽʪʫʤʽʚ. 

ʋ ʤʽʞʪʨʫʙʥʠʡ ʧʨʦʩʪʽʨ ʤʘʩʣʷʥʠʭ ʭʦʣʦʜʠʣʴʥʠʢʽʚ  ʊ-7/1, ʊ-7/2, ʊ-7/3 

ʧʦʩʣʽʜʦʚʥʦ ʥʘʜʭʦʜʠʪʴ ʤʘʩʣʦ-ʭʣʘʜʦʘʛʝʥʪ. ʅʘʛʨʽʪʝ ʤʘʩʣʦ ʽʟ ʤʽʞʪʨʫʙʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʭʦʣʦʜʠʣʴʥʠʢʽʚ ʚʠʚʦʜʠʪʴʩʷ ʫ ʚʦʜʷʥʠʡ ʭʦʣʦʜʠʣʴʥʠʢ ʊ-8, ʜʝ 

ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʚʦʜʦʶ ʟ ʩʠʩʪʝʤʠ ʦʙʦʨʦʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʽ ʥʘʜʭʦʜʠʪʴ 

ʚ ̒ʤʥʽʩʪʴ ɽ-64. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ ʥʘ ʙʣʦʢʫ ʚʘʢʫʫʤʥʦʾ ʜʠʩʪʠʣʷʮʽʾ 

ʦʪʨʠʤʫʶʪʴʩʷ: ʛʫʜʨʦʥ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʽʪʫʤʫ; 

ʤʘʟʫʪ, ʬʨʘʢʮʽʾ ʦʣʠʚʥʽ ʰʠʨʦʢʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʩʫʤʽʰʽ ʧʘʣʠʚʥʦʾ ʩʫʤʽʰʝʚʦʾ ʟ ʜʦʜʘʚʘʥʥʷʤ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʟʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ).  

ɹʣʦʢ ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʚʘʨʥʠʭ ʙʽʪʫʤʽʚ. 
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ɻʫʜʨʦʥ ʟ̔ ʙʣʦʢʫ ʚʘʢʫʫʤʥʦʾ ʜʠʩʪʠʣʷʮʽʾ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʙʣʠʟʴʢʦ 200Üʉ 

ʥʘʜʭʦʜʠʪʴ ʚ ʨʝʘʢʪʦʨʠ-ʦʢʠʩʣʶʚʘʯʽ ʈ-1, ʈ-2 ʘʙʦ ʈ-3 ʦʙʣʘʜʥʘʥʦʛʦ 

ʤʝʭʘʥʽʯʥʦʶ ʤʽʰʘʣʢʦʶ. ʇʽʩʣʷ ʥʘʧʦʚʥʝʥʥʷ ʨʝʘʢʪʦʨʘ ʈ-1, ʈ-2 

ʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʮʠʨʢʫʣʷʮʽʷ ʛʫʜʨʦʥʫ ʥʘʩʦʩʦʤ ʅ-11 ʟ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ 

ʨʝʘʢʪʦʨʘ ʫ ʚʝʨʭʥʶ. ʋ ʥʠʞʥʶ ʯʘʩʪʠʥʫ ʨʝʘʢʪʦʨʘ ʈ-1 ʧʦʜʘʻʪʴʩʷ ʩʪʠʩʥʝʥʝ 

ʧʦʚʽʪʨʷ ʚʽʜ ʢʦʤʧʨʝʩʦʨʘ ɺʂ-1. ʋ ʨʘʟʽ ʨʦʙʦʪʠ ʨʝʘʢʪʦʨʘ ʈ-3 ʧʦ ʡʦʛʦ 

ʥʘʧʦʚʥʝʥʥʶ ʚʢʣʶʯʘʻʪʴʩʷ ʚ ʨʦʙʦʪʫ ʤʝʭʘʥʽʯʥʘ ʤʽʰʘʣʢʘ, ʚ ʥʠʟ ʨʝʘʢʪʦʨʘ 

ʧʦʜʘʻʪʴʩʷ ʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ ʚʽʜ ʢʦʤʧʨʝʩʦʨʘ ɺʂ-1. ʇʨʦʮʝʩ ʦʢʠʩʣʝʥʥʷ 

ʛʫʜʨʦʥʫ ʻ ʝʢʟʦʪʝʨʤʽʯʥʠʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʨʝʘʢʪʦʨʘʭ ʨʝʛʫʣʶʻʪʴʩʷ ʧʦʜʘʯʝʶ 

ʧʦʚʽʪʨʷ. ʇʘʨʠ ʽ ʛʘʟʠ ʟ ʚʝʨʭʫ ʨʝʘʢʪʦʨʽʚ ʈ-1, ʈ-2, ʈ-3 ʥʘʜʭʦʜʷʪʴ ʫ ʚʦʜʷʥʠʡ 

ʭʦʣʦʜʠʣʴʥʠʢ ʊ-11, ʜʝ ʢʦʥʜʝʥʩʫʶʪʴʩʷ ʽ ʥʘʜʭʦʜʷʪʴ ʚ ʩʝʧʘʨʘʪʦʨ ʉ-4. ɿ ʥʠʟʫ 

ʩʝʧʘʨʘʪʦʨʘ ʉ-4 çʯʦʨʥʠʡ ʩʦʣʷʨè ʥʘʩʦʩʦʤ ʅ-12 (ʅ-12ʘ) ʚʽʜʢʘʯʫʻʪʴʩʷ ʚ 

ʻʤʥʽʩʪʴ ɽ-20 ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʚ ʷʢʦʩʪʽ ʧʘʣʠʚʘ ʜʣʷ ʧʝʯʽ ʇ-3.  

 

 

 

 

 

 

 

 

 

 

 

 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʘʢʫʫʤʥʦʾ 

ʜʠʩʪʠʣʷʮʽʾ ʟ ʽʥʪʝʛʨʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ ʨʝʢʫʧʝʨʘʮʽʾ ʪʝʧʣʘ ʜʣʷ 

ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʤʘʩʪʠʣ (ʥʘʧʨʠʢʣʘʜ, ʤʦʪʦʨʥʠʭ). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʮʝʩʫ ʚʘʢʫʫʤʥʦʾ ʜʠʩʪʠʣʷʮʽʾ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʪʨʠ ʦʩʥ 

 

ʆʩʥʦʚʥʽ ʬʨʘʢʮʽʾ: 

1. ʃʝʛʢʽ ʚʫʛʣʝʚʦʜʥʽ (ʜʠʩʪʠʣʷʪ): ɺʠʭʽʜ å80ī85% ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ 

ʦʙʩʷʛʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʩʦʢʦʷʢʽʩʥʦʤʫ ʙʘʟʦʚʦʤʫ ʤʘʩʣʫ, ʧʨʠʜʘʪʥʦʤʫ ʜʣʷ 

ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

2. ɺʦʜʘ ʪʘ ʣʝʪʢʽ ʢʦʤʧʦʥʝʥʪʠ: ɺʠʜʘʣʝʥʽ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ. 

3. ɺʘʞʢʠʡ ʟʘʣʠʰʦʢ (ʛʫʜʨʦʥ): ɺʠʭʽʜ å10ī15%, ʷʢʠʡ ʻ 

ʢʦʥʮʝʥʪʨʦʚʘʥʦʶ ʩʫʤʽʰʰʶ ʜʦʤʽʰʦʢ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ 

ʜʦʨʦʞʥʻ ʧʦʢʨʠʪʪʷ ʘʙʦ ʧʘʣʠʚʦ. 

ɺʠʩʥʦʚʢʠ. ɺʘʢʫʫʤʥʘ ʜʠʩʪʠʣʷʮʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʦʥʢʦʧʣʽʚʢʦʚʦʛʦ 

ʚʠʧʘʨʥʠʢʘ ʪʘ ʨʝʢʫʧʝʨʘʮʽʻʶ ʪʝʧʣʘ ʻ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʤ ʪʘ ʝʢʦʣʦʛʽʯʥʦ 

ʚʠʧʨʘʚʜʘʥʠʤ ʤʝʪʦʜʦʤ ʧʝʨʝʨʦʙʢʠ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʤʘʩʪʠʣ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ 

ʦʧʪʠʤʽʟʘʮʽʷ ʧʽʜʚʠʱʫʻ ʝʢʦʥʦʤʽʯʥʫ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ, 

ʧʝʨʝʪʚʦʨʶʶʯʠ ʚʽʜʭʽʜ ʥʘ ʮʽʥʥʠʡ ʚʪʦʨʠʥʥʠʡ ʨʝʩʫʨʩ, ʱʦ ʧʦʚʥʽʩʪʶ 
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ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʥʮʠʧʘʤ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ. ɺʠʱʝ ʟʘʟʥʘʯʝʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʧʝʨʝʜʙʘʯʫʻ ʥʝ ʧʨʷʤʝ ʩʧʘʣʶʚʘʥʥʷ ʩʤʽʪʪʷ, ʘ ʫʪʚʦʨʝʥʥʷ ʽʟ 

ʚʽʜʭʦʜʽʚ ʧʘʣʠʚʥʦʾ ʩʠʨʦʚʠʥʠ, ʷʢʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʘ 

ʟʚʠʯʘʡʥʽʡ ʧʘʣʠʚʥʽʡ ʩʠʨʦʚʠʥʽ (ʥʘʬʪʦʧʨʦʜʫʢʪʘʤ, ʙʫʨʦʤʫ ʚʫʛʽʣʣʶ ʪʦʱʦ).  

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ 

1 ɼʠʨʝʢʪʠʚʘ 2008/98/ɭʉ ʧʨʦ ʚʽʜʭʦʜʠ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://zakon.rada.gov.ua/laws/show/994_942#Text ISSN 2415ï3184 

ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʟʙʘʣʘʥʩʦʚʘʥʝ ʨʝʩʫʨʩʦʢʦʨʠʩʪʫʚʘʥʥʷ. 

2 ʇʨʦʙʣʝʤʘ ʩʤʽʪʪʷ: ʚʽʜ ɭʚʨʦʧʠ ʜʦ ʋʢʨʘʾʥʠ ʈʝʞʠʤ ʜʦʩʪʫʧʫ 

https://www.csi.org.ua/news/problema-smittya-vid-yevropy-do-ukrayiny/  

3 ɼʠʨʝʢʪʠʚʘ 1999/98/ɭʉ ʧʨʦ ʟʘʭʦʨʦʥʝʥʥʷ ʚʽʜʭʦʜʽʚ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://zakon.rada.gov.ua/laws/show/994_942#Text  

4 ɼʠʨʝʢʪʠʚʘ 2000/76/ ɭʉ ʧʨʦ ʩʧʘʣʶʚʘʥʥʷ ʚʽʜʭʦʜʽʚ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://zakon.rada.gov.ua/laws/show/994_942#Text  

5 ʂʦʟʽʡ ʆ. ɯ., ʇʝʪʨʫʢ ʄ. ʇ., ɺʘʭʫʣʘ ʆ. ʄ. ʊʝʨʤʽʯʥʝ ʟʥʝʰʢʦʜʞʝʥʥʷ 

ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ: ʻʚʨʦʧʝʡʩʴʢʠʡ ʜʦʩʚʽʜ [ʊʝʢʩʪ]. ʂʦʤʫʥʘʣʴʥʝ 

ʛʦʩʧʦʜʘʨʩʪʚʦ ʤʽʩʪ. ʍʘʨʢʽʚ, 2015.  120 (1).  ʉ. 122ï125. 

 

  

https://www.csi.org.ua/news/problema-smittya-vid-yevropy-do-ukrayiny/
https://zakon.rada.gov.ua/laws/show/994_942#Text
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ʊʠʭʝʥʢʦ ʆ. ʄ., ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ,  

ʇʦʣʽʱʫʢ ɸ. ʆ., ʟʜʦʙʫʚʘʯ ʚʠʱʦʾ ʦʩʚʽʪʠ 

 

ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʂʠʾʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè,  

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ʆɹˆʈʋʅʊʋɺɸʅʅʗ ɯʅʅʆɺɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʁ 

ʇɽʈɽʈʆɹʃɽʅʅʗ ɺʊʆʈʀʅʅʆɰ ʉʀʈʆɺʀʅʀ 

 

ʉʫʯʘʩʥʠʡ ʛʣʦʙʘʣʴʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʧʨʦʩʪʽʨ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʧʦʜʚʽʡʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʚʠʢʣʠʢʫ: ʚʠʯʝʨʧʘʥʥʷ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʪʘ ʢʨʠʪʠʯʥʝ ʪʝʭʥʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʚʢʽʣʣʷ, ʽʥʜʫʢʦʚʘʥʝ 

ʢʫʤʫʣʷʪʠʚʥʠʤ ʥʘʢʦʧʠʯʝʥʥʷʤ ʚʽʜʭʦʜʽʚ, ʟʦʢʨʝʤʘ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʟʘʤʽʩʪʠʪʠ ʧʝʨʚʠʥʥʫ ʩʠʨʦʚʠʥʫ ʚʠʩʦʢʦʷʢʽʩʥʠʤ ʨʝʮʠʢʣʘʪʦʤ, ʻ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʦʙʤʝʞʝʥʠʭ ʧʨʠʨʦʜʥʠʭ ʟʘʧʘʩʽʚ ʪʘ 

ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʝʨʝʨʦʙʣʝʥʥʷ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ 

ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻ ʚʠʢʠʜʠ ʉʆ2 ʪʘ ʽʥʰʠʭ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʧʦʨʽʚʥʷʥʦ ʟ 

ʚʠʨʦʙʥʠʮʪʚʦʤ ʤʘʪʝʨʽʘʣʽʚ çʟ ʥʫʣʷè (ʥʘʧʨʠʢʣʘʜ, ʘʣʶʤʽʥʽʶ ʯʠ ʧʘʧʝʨʫ), ʱʦ 

ʧʨʷʤʦ ʩʧʨʠʷʻ ʜʦʩʷʛʥʝʥʥʶ ʮʽʣʝʡ ʇʘʨʠʟʴʢʦʾ ʫʛʦʜʠ ʪʘ ɭʚʨʦʧʝʡʩʴʢʦʾ 

ʧʨʦʛʨʘʤʠ Green Deal. 

ɯʩʥʫʶʯʽ ʚ ʋʢʨʘʾʥʽ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʧʝʨʝʨʦʙʣʝʥʥʷ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ 

ʟʜʝʙʽʣʴʰʦʛʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʝʭʘʥʽʯʥʦʤʫ ʨʝʩʘʡʢʣʽʥʛʫ, ʷʢʠʡ ʻ ʝʬʝʢʪʠʚʥʠʤ 

ʣʠʰʝ ʜʣʷ ʯʠʩʪʠʭ ʪʘ ʧʨʦʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʥʘʧʨʠʢʣʘʜ, ʜʝʷʢʠʭ ʪʠʧʽʚ ʧʘʧʝʨʫ, 

ʩʢʣʘ, ʯʠʩʪʠʭ ʧʦʣʽʝʪʠʣʝʥʦʚʠʭ ʧʣʽʚʦʢ). ʇʨʠ ʮʴʦʤʫ, ʚʽʥ ʚʠʷʚʣʷʻʪʴʩʷ 

ʥʝʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʩʢʣʘʜʥʠʭ, ʟʤʽʰʘʥʠʭ, ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʪʘ ʩʠʣʴʥʦ 

ʟʘʙʨʫʜʥʝʥʠʭ ʚʽʜʭʦʜʽʚ (ʥʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʦʥʥʠʡ ʙʨʫʭʪ, ʟʤʽʰʘʥʽ ʧʣʘʩʪʠʢʠ, 

PVC), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʭʥʴʦʛʦ ʟʘʭʦʨʦʥʝʥʥʷ ʥʘ ʧʦʣʽʛʦʥʘʭ. ʋʭʚʘʣʝʥʥʷ 

ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠè (ʫ ʨʝʜʘʢʮʽʾ 2025 ʨʦʢʫ) ʪʘ 

ʽʤʧʣʝʤʝʥʪʘʮʽʷ ʚʠʤʦʛ ɭʉ, ʟʦʢʨʝʤʘ ʧʨʠʥʮʠʧʽʚ ʨʦʟʰʠʨʝʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ 

ʚʠʨʦʙʥʠʢʘ ʪʘ ʽʻʨʘʨʭʽʾ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ, ʚʠʤʘʛʘʻ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʴʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʝʩʘʡʢʣʽʥʛʫ. ʉʘʤʝ 

ʽʥʥʦʚʘʮʽʡʥʽ ʭʽʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʻ ʪʠʤ ʢʨʠʪʠʯʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʣʘʥʮʶʛʦʤ, 

ʷʢʠʡ ʟʜʘʪʥʠʡ ʟʘʤʢʥʫʪʠ ʮʠʢʣ, ʧʝʨʝʪʚʦʨʠʚʰʠ çʩʢʣʘʜʥʽè ʚʽʜʭʦʜʠ ʥʘ 

ʧʝʨʚʠʥʥʫ ʭʽʤʽʯʥʫ ʩʠʨʦʚʠʥʫ, ʱʦ ʤʘʻ ʚʠʩʦʢʫ ʝʢʦʥʦʤʽʯʥʫ ʮʽʥʥʽʩʪʴ [1-5].  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʝʭʘʥʽʯʥʠʡ 

ʨʝʩʘʡʢʣʽʥʛ ʻ ʝʢʦʥʦʤʽʯʥʦ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʚʠʛʽʜʥʠʤ ʽ ʜʦʮʽʣʴʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ 

ʧʝʨʝʨʦʙʣʝʥʥʷ ʚʽʜʥʦʩʥʦ ʯʠʩʪʠʭ ʪʘ ʚʽʜʩʦʨʪʦʚʘʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʚʽʜʭʦʜʽʚ, 

ʟʦʢʨʝʤʘ ʧʦʣʽʝʪʠʣʝʥʦʚʦʾ ʧʣʽʚʢʠ (LDPE ʪʘ HDPE) [6]. ʊʝʭʥʦʣʦʛʽʯʥʠʡ 

ʧʨʦʮʝʩ ʨʝʩʘʡʢʣʽʥʛʫ ʻ ʙʘʛʘʪʦʩʪʫʧʝʥʝʚʠʤ (ʩʦʨʪʫʚʘʥʥʷ, ʤʠʪʪʷ, ʜʨʦʙʣʝʥʥʷ, 
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ʝʢʩʪʨʫʟʽʷ, ʛʨʘʥʫʣʷʮʽʷ), ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʦʾ ʚʪʦʨʠʥʥʦʾ 

ʩʠʨʦʚʠʥʠ ï ʨʝʛʨʘʥʫʣʷʪʫ. 

ʄʝʭʘʥʽʯʥʠʡ ʨʝʩʘʡʢʣʽʥʛ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʟʥʘʯʥʦʾ ʝʢʦʥʦʤʽʾ ʨʝʩʫʨʩʽʚ: 

ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ 60-75 % ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʩʣʽʜʫ 

ʧʨʠʙʣʠʟʥʦ ʥʘ 66 % ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʨʦʙʥʠʮʪʚʦʤ ʧʝʨʚʠʥʥʦʛʦ ʧʣʘʩʪʠʢʫ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʝʨʝʚʘʛʠ, ʧʨʦʮʝʩ ʛʝʥʝʨʫʻ ʚʪʦʨʠʥʥʽ ʚʽʜʭʦʜʠ (ʰʣʘʤ) ʫ 

ʨʦʟʤʽʨʽ 15-30 % ʚʽʜ ʚʭʽʜʥʦʾ ʤʘʩʠ, ʷʢʽ ʯʘʩʪʦ ʡʜʫʪʴ ʥʘ ʧʦʣʽʛʦʥʠ. ʊʘʢʦʞ ʚʽʥ 

ʚʠʤʘʛʘʻ ʟʥʘʯʥʦʛʦ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʜʣʷ ʤʠʪʪʷ, ʱʦ ʧʦʪʨʝʙʫʻ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʠʭ ʟʘʤʢʥʫʪʠʭ ʮʠʢʣʽʚ ʨʝʮʠʨʢʫʣʷʮʽʾ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʯʠʩʪʦʛʦ 

ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ [7]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʽʣʝʡ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ ʪʘ 

ʨʦʙʦʪʠ ʟʽ ʩʢʣʘʜʥʠʤʠ, ʟʤʽʰʘʥʠʤʠ ʪʘ ʩʠʣʴʥʦ ʟʘʙʨʫʜʥʝʥʠʤʠ ʚʽʜʭʦʜʘʤʠ, ʷʢʽ 

ʥʝ ʧʽʜʣʷʛʘʶʪʴ ʤʝʭʘʥʽʯʥʽʡ ʧʝʨʝʨʦʙʮʽ, ʢʨʠʪʠʯʥʦ ʥʝʦʙʭʽʜʥʠʤ ʻ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ. ʍʽʤʽʯʥʠʡ ʨʝʩʘʡʢʣʽʥʛ 

(ʜʝʧʦʣʽʤʝʨʠʟʘʮʽʷ, ʧʽʨʦʣʽʟ, ʛʘʟʠʬʽʢʘʮʽʷ, ʛʽʜʨʦʪʝʨʤʘʣʴʥʘ ʦʙʨʦʙʢʘ) ʻ ʻʜʠʥʠʤ 

ʩʧʦʩʦʙʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʠʭ ʧʦʣʽʤʝʨʽʚ (ʥʘʧʨʠʢʣʘʜ, ʟʤʽʰʘʥʠʭ 

ʧʦʣʽʦʣʝʬʽʥʽʚ, ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʫʧʘʢʦʚʢʠ) ʥʘ ʮʽʥʥʫ ʧʝʨʚʠʥʥʫ ʭʽʤʽʯʥʫ 

ʩʠʨʦʚʠʥʫ (ʤʦʥʦʤʝʨʠ, ʧʽʨʦʣʽʟʥʝ ʤʘʩʣʦ), ʟʘʙʝʟʧʝʯʫʶʯʠ ʘʧʩʘʡʢʣʽʥʛ.   

ɿʘʛʘʣʦʤ ʪʝʭʥʦʣʦʛʽʾ ʭʽʤʽʯʥʦʛʦ ʨʝʮʠʢʣʽʥʛʫ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʽ ʦʩʥʦʚʥʽ 

ʛʨʫʧʠ: ʜʝʧʦʣʽʤʝʨʠʟʘʮʽʷ (ʜʣʷ ʧʦʣʽʤʝʨʽʚ ʽʟ ʯʽʪʢʠʤ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ, ʪʘʢʠʭ 

ʷʢ ʇɽʊ (ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ), ʇɸ (ʧʦʣʽʘʤʽʜ) ʪʘ ʢʦʥʚʝʨʩʽʷ (ʜʣʷ 

ʟʤʽʰʘʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʪʘʢʠʭ ʷʢ ʇɽ (ʧʦʣʽʝʪʠʣʝʥ), ʇʇ (ʧʦʣʽʧʨʦʧʽʣʝʥ), ʇʉ 

(ʧʦʣʽʩʪʠʨʦʣ). [8-9]. ʊʝʭʥʦʣʦʛʽʾ ʜʝʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʨʦʟʱʝʧʣʝʥʥʷ ʧʦʣʽʤʝʨʽʚ ʥʘ ʤʦʥʦʤʝʨʠ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʷ 1 ï ʊʝʭʥʦʣʦʛʽʾ ʜʝʧʦʣʽʤʝʨʠʟʘʮʽʾ 

ʊʝʭʥʦʣʦʛʽʷ 
ɺʠʜ 

 ʧʣʘʩʪʠʢʫ 
ʇʨʠʥʮʠʧ ʪʘ ʧʨʦʜʫʢʪ ɯʥʥʦʚʘʮʽʡʥʽʩʪʴ 

ɻʣʽʢʦʣʽʟ ʇɽʊ 

(PET) 

ʈʝʘʢʮʽʷ ʟ ʛʣʽʢʦʣʝʤ 

(ʥʘʧʨʠʢʣʘʜ, 

ʝʪʠʣʝʥʛʣʽʢʦʣʝʤ) ʟʘ ʚʠʩʦʢʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʠʩʢʫ.  

ɼʦʟʚʦʣʷʻ ʧʝʨʝʨʦʙʣʷʪʠ 

ʢʦʣʴʦʨʦʚʠʡ, 

ʥʝʧʨʦʟʦʨʠʡ ʘʙʦ 

ʟʤʽʰʘʥʠʡ ʇɽʊ, 

ʚʽʜʥʦʚʣʶʶʯʠ 100% 

ʷʢʦʩʪʽ. 

ʄʝʪʘʥʦʣʽʟ ʇɽʊ 

(PET) 

ʈʦʟʱʝʧʣʝʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʘʥʦʣʫ ʟʘ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽ 

ʪʠʩʢʫ.  

ɿʘʙʝʟʧʝʯʫʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʫ 

ʯʠʩʪʦʪʫ ʦʪʨʠʤʘʥʠʭ 

ʤʦʥʦʤʝʨʽʚ. 

ɻʽʜʨʦʣʽʟ ʇɽʊ, ʇɸ 

(ʧʦʣʽʘʤʽʜʠ) 

ʈʦʟʱʝʧʣʝʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʦʜʠ (ʧʘʨʠ) 

ʘʙʦ ʚʦʜʥʦ-

ʢʠʩʣʦʪʥʠʭ/ʣʫʞʥʠʭ 

ʨʦʟʯʠʥʽʚ ʟʘ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʪʠʩʢʫ. 

ɽʬʝʢʪʠʚʥʠʡ ʜʣʷ 

ʧʦʣʽʤʝʨʽʚ, ʱʦ ʯʫʪʣʠʚʽ 

ʜʦ ʛʽʜʨʦʣʽʪʠʯʥʦʛʦ 

ʨʦʟʱʝʧʣʝʥʥʷ. 
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ɽʥʟʠʤʘʪʠʯʥʘ 

ʜʝʛʨʘʜʘʮʽʷ 

ʇɽʊ, ʇʋʈ 

(ʧʦʣʽ-

ʫʨʝʪʘʥʠ) 

ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʬʝʨʤʝʥʪʽʚ 

(ʙʽʦʣʦʛʽʯʥʠʭ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ), ʷʢʽ 

çʟôʾʜʘʶʪʴè ʧʦʣʽʤʝʨʥʽ 

ʟʚôʷʟʢʠ ʧʨʠ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɽʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʡ, 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʧʨʦʮʝʩ, ʟʙʝʨʽʛʘʻ 

ʜʦʚʞʠʥʫ ʪʘ ʤʽʮʥʽʩʪʴ 

ʚʦʣʦʢʦʥ. 

 

ʋ ʪʘʙʣʠʮʽ 2 ʥʘʚʝʜʝʥʽ ʦʨʽʻʥʪʦʚʥʽ ʜʘʥʽ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʦʨʽʚʥʷʥʥʽ 

ʪʠʧʦʚʦʛʦ ʧʽʨʦʣʽʟʫ (ʷʢ ʦʜʥʦʛʦ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʤʝʪʦʜʽʚ ʨʝʩʘʡʢʣʽʥʛʫ 

ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ) ʟʽ ʩʧʘʣʶʚʘʥʥʷʤ ʪʘ ʧʝʨʚʠʥʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ. 

ɽʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʫ ʭʽʤʽʯʥʦʤʫ ʨʝʩʘʡʢʣʽʥʛʫ ʟʘʟʚʠʯʘʡ ʚʠʱʝ, ʥʽʞ ʫ 

ʤʝʭʘʥʽʯʥʦʤʫ, ʦʩʢʽʣʴʢʠ ʧʦʪʨʽʙʝʥ ʟʥʘʯʥʠʡ ʥʘʛʨʽʚ (ʜʦ 400-600 Üʉ) ʜʣʷ 

ʨʦʟʱʝʧʣʝʥʥʷ ʧʦʣʽʤʝʨʽʚ.  

 

ʊʘʙʣʠʮʷ 2 ï ɽʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʚʫʛʣʝʮʝʚʠʡ ʩʣʽʜ 

ʭʽʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʨʝʩʘʡʢʣʽʥʛʫ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ 

 

ʇʦʢʘʟʥʠʢ 

ʇʝʨʚʠʥʥʝ 

ʚʠʨʦʙʥʠʮʪʚʦ 

(ʥʘʬʪʘ) 

ʍʽʤʽʯʥʠʡ 

ʨʝʩʘʡʢʣʽʥʛ 

(ʧʽʨʦʣʽʟ) 

ʉʧʘʣʶʚʘʥʥʷ 

(ʝʥʝʨʛʝʪʠʯʥʘ 

ʫʪʠʣʽʟʘʮʽʷ) 

ɽʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ (ʥʘ 

1 ʢʛ ʩʠʨʦʚʠʥʠ) 

å70-80 ʄɼʞ/ʢʛ å25-45 ʄɼʞ/ʢʛ å0 ʄɼʞ/ʢʛ 

ɺʫʛʣʝʮʝʚʠʡ ʩʣʽʜ (CO2 

ʝʢʚ. ʥʘ 1 ʢʛ) 

å6 ʢʛ CO2 å1,5-3,5 ʢʛ CO2 å3-5 ʢʛ CO2 

 

ɺʫʛʣʝʮʝʚʠʡ ʩʣʽʜ ʧʽʨʦʣʽʟʫ ʚʢʣʶʯʘʻ ʝʥʝʨʛʽʶ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʧʨʦʮʝʩʫ, 

ʘʣʝ ʥʝ ʚʢʣʶʯʘʻ ʉʆ2, ʷʢʠʡ ʙʫʜʝ ʚʠʜʽʣʝʥʠʡ ʧʨʠ ʢʽʥʮʝʚʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʦʪʨʠʤʘʥʦʛʦ ʧʽʨʦʣʽʟʥʦʛʦ ʤʘʩʣʘ. ʎʝ ʦʮʽʥʢʘ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʟʘʤʽʱʝʥʥʽ 

ʧʝʨʚʠʥʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʍʽʤʽʯʥʠʡ ʨʝʩʘʡʢʣʽʥʛ ʤʘʻ ʚʠʱʠʡ ʢʦʨʠʩʥʠʡ ʚʠʭʽʜ (650 ʪ 

ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ) ʧʦʨʽʚʥʷʥʦ ʟ ʩʝʨʝʜʥʽʤ ʤʝʭʘʥʽʯʥʠʤ (ʜʝ 15-30% ʡʜʝ ʫ 

ʚʽʜʭʦʜʠ). ʆʜʥʘʢ, ʦʪʨʠʤʘʥʠʡ ʪʚʝʨʜʠʡ ʟʘʣʠʰʦʢ ʪʘʢʦʞ ʚʠʤʘʛʘʻ ʧʦʜʘʣʴʰʦʾ 

ʙʝʟʧʝʯʥʦʾ ʫʪʠʣʽʟʘʮʽʾ. ʍʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʚʠʤʘʛʘʶʪʴ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʤʠʪʪʷ, ʷʢ ʤʝʭʘʥʽʯʥʠʡ ʨʝʩʘʡʢʣʽʥʛ, ʪʦʤʫ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʻ 

ʟʥʘʯʥʦ ʥʠʞʯʠʤ. ɺʦʜʘ ʚ ʦʩʥʦʚʥʦʤʫ ʧʦʪʨʽʙʥʘ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ 

ʢʦʥʜʝʥʩʘʪʦʨʽʚ. ɺʠʪʨʘʪʠ ʟʥʘʯʥʦ ʤʝʥʰʽ, ʥʽʞ ʧʨʠ ʤʠʪʪʽ. 

ɻʦʣʦʚʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʚʠʢʣʠʢ ʭʽʤʽʯʥʦʛʦ ʨʝʩʘʡʢʣʽʥʛʫ ʧʣʘʩʪʠʢʦʚʠʭ 

ʚʽʜʭʦʜʽʚ  ï ʮʝ ʷʢʽʩʪʴ ʚʪʦʨʠʥʥʠʭ ʚʽʜʭʦʜʽʚ, ʘ ʥʝ ʾʭʥʷ ʢʽʣʴʢʽʩʪʴ. ʇʨʠ ʧʽʨʦʣʽʟʽ 

ʇɺʍ (ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜ), ʱʦ ʯʘʩʪʦ ʪʨʘʧʣʷʻʪʴʩʷ ʫ ʟʤʽʰʘʥʦʤʫ ʧʣʘʩʪʠʢʫ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ (HCl). ʆʨʽʻʥʪʦʚʥʦ, ʫ 1000 ʪ 

ʟʤʽʰʘʥʦʛʦ ʧʣʘʩʪʠʢʫ ʤʦʞʝ ʤʽʩʪʠʪʠʩʷ ʜʦ 2 % ʇɺʍ. ʇɺʍ ʤʽʩʪʠʪʴ ʙʣʠʟʴʢʦ 

56% ʭʣʦʨʫ ʟʘ ʤʘʩʦʶ. ʇʦʪʝʥʮʽʡʥʠʡ ʦʙʩʷʛ ʭʣʦʨʫ, ʱʦ ʤʦʞʝ ʚʠʜʽʣʠʪʠʩʷ ʧʨʠ 

ʭʽʤʽʯʥʦʤʫ ʨʝʩʘʡʢʣʽʥʛʫ 1000 ʪ ʟʤʽʰʘʥʦʛʦ ʧʣʘʩʪʠʢʫ ï 11,2 ʪ. ʎʽ 11,2 ʪ ʭʣʦʨʫ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʝʡʪʨʘʣʽʟʦʚʘʥʽ ʪʘ ʦʯʠʱʝʥʽ ʥʘ ʤʽʩʮʽ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʢʦʨʦʟʽʾ 
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ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʠʢʠʜʘʤ HCl ʚ ʘʪʤʦʩʬʝʨʫ. ʎʝ ʚʠʤʘʛʘʻ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ 

ʦʯʠʱʝʥʥʷ ʪʘ ʫʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ ʥʝʙʝʟʧʝʯʥʽ ʩʦʣʴʦʚʽ ʚʽʜʭʦʜʠ, ʷʢʽ ʧʦʪʨʽʙʥʦ 

ʙʝʟʧʝʯʥʦ ʫʪʠʣʽʟʫʚʘʪʠ. 

ʆʪʞʝ, ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʝʩʘʡʢʣʽʥʛʫ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ ʚ 

ʋʢʨʘʾʥʽ ʤʘʻ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʽʥʪʝʛʨʘʮʽʾ ʟʨʽʣʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʨʝʩʘʡʢʣʽʥʛʫ ʜʣʷ 

ʯʠʩʪʠʭ ʬʨʘʢʮʽʡ (ʥʘʧʨʠʢʣʘʜ, ʧʣʽʚʢʠ LDPE/HDPE) ʪʘ ʽʥʥʦʚʘʮʽʡʥʦʛʦ 

ʭʽʤʽʯʥʦʛʦ ʨʝʩʘʡʢʣʽʥʛʫ ʜʣʷ ʟʤʽʰʘʥʠʭ, ʟʘʙʨʫʜʥʝʥʠʭ ʪʘ 

ʚʘʞʢʦʧʝʨʝʨʦʙʣʶʚʘʥʠʭ ʧʦʣʽʤʝʨʽʚ. ʎʝ ʟʘʙʝʟʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ 

ʚʽʜʩʦʪʦʢ ʧʦʚʝʨʥʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʫ ʚʠʨʦʙʥʠʯʠʡ ʮʠʢʣ. 

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ 

1. ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠè ʚʽʜ 31.10.2025. URL: 

https://zakon.rada.gov.ua/laws/show/2320-20#Text 

2. ʆʬʽʮʽʡʥʘ ʩʪʦʨʽʥʢʘ PlasticsEurope. URL: https://plasticseurope.org/ 

3. M. Aizudin, R. Goei, A.J. Ong, Y.Z. Tan, S.K. Lua, R.P. Pottammel, 

H. Geng, X.L. Wu, A.L.Y. Tok, E.H. Ang. Sustainable development of 

graphitic carbon nanosheets from plastic wastes with efficient photothermal 

energy conversion for enhanced solar evaporation. J. Mater. Chem. A, 10 

(2022). PP. 19612ï19617. 

4. Plastic pollution. In EncyclopÞdia Britannica online. Retrieved from 

https://www.britannica.com/science/plasticpollution. 

5. All in plastic. Eastern European Association of the Green. 

URL: https://eea-greens.eu/2019/05/16/all-inplastic/ 

6. ʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʇʦʨʷʜʢʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʽʜʭʦʜʽʚ ʪʘ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʧʝʨʝʣʽʢʫ ʚʽʜʭʦʜʽʚ. ʇʦʩʪʘʥʦʚʘ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ 

ʚʽʜ 20 ʞʦʚʪʥʷ 2023 ʨ. ˉ 1102. URL: 

https://zakon.rada.gov.ua/laws/show/1102-2023-%D0%BF#Text 

7. ʇʦʚʦʜʞʝʥʥʷ ʟ ʧʦʣʽʤʝʨ-, ʩʢʣʦ- ʽ ʤʝʪʘʣʦʚʤʽʩʥʠʤʠ ʧʦʙʫʪʦʚʠʤʠ 

ʚʽʜʭʦʜʘʤʠ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : ʤʦʥʦʛʨʘʬʽʷ / ɯ. ʆ. ʄʽʢʫʣʴʦʥʦʢ. ʂʠʾʚ : 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2022. C. 86ï110. URL: https://ela.kpi.ua/server-

/api/core/bitstreams/2d166dd6-8293-4ca9-b574-c08ffc06de64/content 

8. ɼʨʦʟʜ ʆ. ɺ. ɽʢʩʧʝʨʪʠʟʘ ʚʽʜʭʦʜʽʚ ʨʫʡʥʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʦʟʥʘʢ 

ʩʪʨʫʢʪʫʨʥʦʾ ʜʝʛʨʘʜʘʮʽʾ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʝʮʠʢʣʽʥʛʫ. ɺʯʝʥʽ 

ʟʘʧʠʩʢʠ ʊʅʋ ʽʤʝʥʽ ɺ.ɯ. ɺʝʨʥʘʜʩʴʢʦʛʦ. ʉʝʨʽʷ: ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ. 2023, ʊʦʤ 34 

(73) ˉ 4. C. 176ï181. DOI: https://doi.org/10.32782/2663-5941/2023.4/28 

9. Hatti-Kaul R., Nilsson L. J., Zhang B., Rehnberg N., Lundmark S. 

Designing Biobased Recyclable Polymers for Plastics. Trends Biotechnol. 

2020, 38. PP. 50ï67. 

 

  

https://zakon.rada.gov.ua/laws/show/2320-20#Text
https://plasticseurope.org/
https://www.britannica.com/science/plasticpollution
https://eea-greens.eu/2019/05/16/all-inplastic/
https://zakon.rada.gov.ua/laws/show/1102-2023-%D0%BF#Text
https://ela.kpi.ua/server-/api/core/bitstreams/2d166dd6-8293-4ca9-b574-c08ffc06de64/content
https://ela.kpi.ua/server-/api/core/bitstreams/2d166dd6-8293-4ca9-b574-c08ffc06de64/content
https://doi.org/10.32782/2663-5941/2023.4/28


 140 

ʋɼʂ 620.92 : 621.311.243 : 697.1/.8 : 504.06 

 

ʊʠʭʝʥʢʦ ʆ. ʄ., ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ,  ʧʨʦʬʝʩʦʨ,  

ʈʦʛʘ ɺ. ɺ., ʟʜʦʙʫʚʘʯ ʚʠʱʦʾ ʦʩʚʽʪʠ 

 

ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʂʠʾʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè,  

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ʆɹˆʈʋʅʊʋɺɸʅʅʗ ɯʅʊɽɻʈɸʎɯɰ ʌʆʊʆɽʃɽʂʊʈʀʏʅʀʍ ʉʀʉʊɽʄ 

ɼʃʗ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻɽʊʀʏʅʆɰ ɽʌɽʂʊʀɺʅʆʉʊɯ 

ɹʋɼɯɺɽʃʔ ʊɸ ʉʊɸʃʆɻʆ ʈʆɿɺʀʊʂʋ 

 

ɽʥʝʨʛʝʪʠʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ 

ʩʢʣʘʜʦʚʠʤʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ 

ʧʦʛʣʠʙʣʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʢʨʠʟʠ ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʥʘʩʘʤʧʝʨʝʜ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʘʪʤʦʩʬʝʨʫ ʰʣʷʭʦʤ 

ʧʝʨʝʭʦʜʫ ʜʦ ʩʪʘʣʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. 

ʉʢʣʘʜʦʚʠʤʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʛʦ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ, ʟʥʠʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʦʚʥʽʰʥʽʭ 

ʜʞʝʨʝʣ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʌʦʪʦʝʣʝʢʪʨʠʯʥʽ ʩʠʩʪʝʤʠ, 

ʽʥʪʝʛʨʦʚʘʥʽ ʚ ʢʦʥʩʪʨʫʢʮʽʶ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ, ʧʦʩʪʘʶʪʴ ʥʝ ʧʨʦʩʪʦ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ, ʘ ʩʪʨʘʪʝʛʽʯʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʫʯʘʩʥʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʩʠʩʪʝʤʠ ʜʣʷ ʞʠʪʣʦʚʦʛʦ 

ʩʝʢʪʦʨʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʟʥʠʞʝʥʦʶ ʚʘʨʪʽʩʪʶ ʪʘ 

ʰʚʠʜʢʦʶ ʦʢʫʧʥʽʩʪʶ. ʄʦʥʦʢʨʠʩʪʘʣʽʯʥʽ ʧʘʥʝʣʽ ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʽ ʜʣʷ 

ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ ʪʘ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ, ʱʦ ʩʢʣʘʜʘʻ 

ʜʦ 22-24 % (ʪʦʙʪʦ, ʤʘʶʪʴ ʥʘʡʢʨʘʱʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ/ʧʣʦʱʘ). ɺ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʢʨʠʟʠ ʚ 

ʋʢʨʘʾʥʽ, ʤʘʩʦʚʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʤʦʞʝ ʩʪʘʪʠ 

ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʢʨʘʾʥʠ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ [1ï2]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʧʨʦʚʘʜʞʝʥʠʡ ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ çʇʨʦ 

ʚʽʜʥʦʚʣʶʚʘʥʫ ʝʥʝʨʛʝʪʠʢʫè ʤʝʭʘʥʽʟʤ çʟʝʣʝʥʦʛʦè ʪʘʨʠʬʫ ʻ ʢʣʶʯʦʚʠʤ 

ʩʪʠʤʫʣʶʶʯʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʨʦʟʚʠʪʢʫ ʤʘʣʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʪʘ 

ʨʦʟʚʠʪʢʫ ʨʦʟʚʠʪʢʫ ʤʘʣʠʭ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. ʆʜʥʘʢ ʽʩʥʫʶʪʴ ʧʝʚʥʽ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʙʘʨô̒ ʨʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʧʽʜʢʣʶʯʝʥʥʷʤ ʜʦ ʝʥʝʨʛʦʤʝʨʝʞʽ, ʷʢʽ 

ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʨʝʛʫʣʷʪʦʨʥʦʾ ʙʘʟʠ. 

ɸʥʘʣʽʟ ʩʚʽʪʦʚʦʛʦ ʜʦʩʚʽʜʫ ʧʦʢʘʟʫʻ ʩʪʨʽʤʢʝ ʟʨʦʩʪʘʥʥʷ ʧʦʧʫʣʷʨʥʦʩʪʽ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʩʝʨʝʜ ʧʨʠʚʘʪʥʠʭ ʜʦʤʦʚʣʘʩʥʠʢʽʚ. ʋ 2023 ʨʦʮʽ 

ʟʘʛʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʘʭʦʚʠʭ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʫ ʩʚʽʪʽ ʧʝʨʝʚʠʱʠʣʘ 

400 ɻɺʪ, ʧʨʠʯʦʤʫ ʥʘ ɭʚʨʦʧʫ ʧʨʠʧʘʜʘʻ ʧʦʥʘʜ 40 % ʚʽʜ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ. 
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ʆʩʦʙʣʠʚʦ ʚʨʘʞʘʶʯʽ ʪʝʤʧʠ ʟʨʦʩʪʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʅʽʤʝʯʯʠʥʽ, ʜʝ ʟʘ 

ʧʽʜʪʨʠʤʢʠ ʜʝʨʞʘʚʥʠʭ ʧʨʦʛʨʘʤ, ʧʦʥʘʜ 1,7 ʤʽʣʴʡʦʥʘ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ 

ʦʙʣʘʜʥʘʥʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ (ʪʘʙʣ. 1). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʘʡʙʽʣʴʰ ʫʩʧʽʰʥʠʤʠ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʚ 

ʨʝʛʽʦʥʘʭ, ʜʝ ʧʦʻʜʥʫʶʪʴʩʷ ʜʝʨʞʘʚʥʘ ʧʽʜʪʨʠʤʢʘ, ʨʦʟʚʠʥʝʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʪʘ ʚʠʩʦʢʘ ʦʙʽʟʥʘʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ [3]. ʋ ʩʢʘʥʜʠʥʘʚʩʴʢʠʭ ʢʨʘʾʥʘʭ, 

ʥʘʧʨʠʢʣʘʜ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʥʠʞʯʽ ʧʦʢʘʟʥʠʢʠ ʽʥʩʦʣʷʮʽʾ, ʨʽʚʝʥʴ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʦʥʷʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʩʦʢʠʤ ʟʘʚʜʷʢʠ 

ʝʬʝʢʪʠʚʥʠʤ ʤʝʭʘʥʽʟʤʘʤ ʜʝʨʞʘʚʥʦʾ ʧʽʜʪʨʠʤʢʠ. 

 

ʊʘʙʣʠʮʷ 1 ï ɺʧʨʦʚʘʜʞʝʥʥʷ ʜʘʭʦʚʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʫ 

ɭʚʨʦʧʽ (2023 ʨʽʢ) 

ʂʨʘʾʥʘ  
ɿʘʛʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ, 

ɻɺʪ 

ʂʽʣʴʢʽʩʪʴ ʫʩʪʘʥʦʚʦʢ, 

ʪʠʩ. 

ʈʽʯʥʝ ʟʨʦʩʪʘʥʥʷ, 

% 

ʅʽʤʝʯʯʠʥʘ 78,5 1700 12 

ɯʪʘʣʽʷ 45,2 1100 15 

ʇʦʣʴʱʘ 38,7 600 25 

ʌʨʘʥʮʽʷ 35,8 850 18 

 

ʉʭʝʤʘ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʪʠʧʦʚʦʾ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ 

ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʪʠʧʦʚʦʾ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʜʣʷ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ [4] 
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ɽʢʦʣʦʛʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʻ ʧʨʝʜʤʝʪʦʤ 

ʯʠʩʣʝʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʠʜʠ CO  ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ 

ʮʠʢʣʫ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʩʪʘʥʦʚʣʷʪʴ ʣʠʰʝ 40ï50 ʛ/ʢɺʪĿʛʦʜ ʧʦʨʽʚʥʷʥʦ ʟ 

800-1000 ʛ/ʢɺʪĿʛʦʜ ʜʣʷ ʚʫʛʽʣʴʥʦʾ ʛʝʥʝʨʘʮʽʾ [5]. ɼʣʷ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʧʦʪʫʞʥʽʩʪʶ 5 ʢɺʪ ʚ ʫʤʦʚʘʭ ʥʝʚʝʣʠʢʦʛʦ ʤʽʩʪʘ ʮʝ ʦʟʥʘʯʘʻ 

ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ CO  ʥʘ 4-5 ʪʦʥʥ ʥʘ ʨʽʢ. 

ʊʘʢʦʞ ʙʫʚ ʚʠʟʥʘʯʝʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʾ ʪʝʩʪʦʚʦʾ ʩʠʩʪʝʤʠ ʧʦʪʫʞʥʽʩʪʶ 2 ʢɺʪ, ʱʦ ʩʢʣʘʜʘʣʘʩʷ ʟ 

ʯʦʪʠʨʴʦʭ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʧʘʥʝʣʝʡ ʧʦ 500 ɺʪ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣʠʮʽ 2. 

ʊʘʙʣʠʮʷ 2 ï ɽʢʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ 
ɿʘʙʨʫʜʥʶʶʯʘ ʨʝʯʦʚʠʥʘ ɿʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ, ʢʛ/ʨʽʢ 

CO 4025 

SO 12,8 

NOx 9,3 

ʇʠʣ 3,2 

ɺʘʞʢʽ ʤʝʪʘʣʠ 0,8 

 

ʆʪʞʝ, ʤʘʩʦʚʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʫ ʞʠʪʣʦʚʦʤʫ 

ʩʝʢʪʦʨʽ, ʧʽʜʢʨʽʧʣʝʥʝ ʝʬʝʢʪʠʚʥʠʤʠ ʜʝʨʞʘʚʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʪʘ ʫʩʫʥʝʥʥʷʤ 

ʨʝʛʫʣʷʪʦʨʥʠʭ ʧʝʨʝʰʢʦʜ, ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʪʘ ʩʧʨʠʷʻ ʜʦʩʷʛʥʝʥʥʶ ʮʽʣʝʡ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʰʣʷʭʦʤ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. 
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ʩʧʽʚʨʦʙʽʪʥʠʢ 

 

 1ɼɿ çʃʫʛʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘè, 

 ʤ. ʄʠʨʛʦʨʦʜ, ʋʢʨʘʾʥʘ 
2ɼʦʩʣʽʜʥʘ ʩʪʘʥʮʽʷ ʣʽʢʘʨʩʴʢʠʭ ʨʦʩʣʠʥ ɯɸʇ ʅɸɸʅ, ʩ. ɹʝʨʝʟʦʪʦʯʘ, 

ʃʫʙʝʥʩʴʢʠʡ ʨʘʡʦʥ, ʇʦʣʪʘʚʩʴʢʘ ʦʙʣʘʩʪʴ, ʋʢʨʘʾʥʘ 

 

ɸʅɸʃɯɿ ʆʉʅʆɺʅʀʍ ʏʀʅʅʀʂɯɺ ɺʇʃʀɺʋ ʅɸ 

ʈɽʉʋʈʉʅʀʁ ʇʆʊɽʅʎɯɸʃ ʃɯʂɸʈʉʔʂʀʍ ʈʆʉʃʀʅ ɺʆɼʅʆ-

ɹʆʃʆʊʅʀʍ ʋɻʈʋʇʆɺɸʅʔ ʄɸʃʀʍ ʈɯʏʆʂ ɹɸʉɽʁʅʋ ʈɯʏʂʀ ʉʋʃɸ 

 

ʇʨʦʮʝʩ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʚ ʮʽʣʦʤʫ ʽ ʚ ʫʤʦʚʘʭ ʚʦʜʥʦ-

ʙʦʣʦʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ  ʟʦʢʨʝʤʘ ï ʮʝ ʙʝʟʫʧʠʥʥʽ ʟʤʽʥʠ ʨʦʩʣʠʥʥʠʭ 

ʫʛʨʫʧʦʚʘʥʴ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʝ ʣʠʰʝ ʟʤʽʥʦʶ ʚʠʜʦʚʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ, ʘ ʡ 

ʙʽʦʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʧʦʧʫʣʷʮʽʡ. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʷʚʠʱʘ ʻ ʝʢʦʣʦʛʦ-

ʮʝʥʦʪʠʯʥʽ ʚʧʣʠʚʠ, ʢʽʣʴʢʽʩʥʽ ʽ ʷʢʽʩʥʽ, ʩʫʧʝʨʝʯʣʠʚʽ ʽ ʚʟʘʻʤʦʦʙʫʤʦʚʣʝʥʽ 

ʟʤʽʥʠ ʘʙʽʦʪʠʯʥʠʭ ʽ ʙʽʦʪʠʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ʜʦʚʢʽʣʣʷ. ʉʝʨʝʜ ʟʤʽʥ ʨʽʟʥʦʛʦ 

ʨʘʥʛʫ ʽ ʧʦʭʦʜʞʝʥʥʷ ʚʠʜʽʣʷʶʪʴ ʦʩʥʦʚʥʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʨʦʟʚʠʪʦʢ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʽ ʡʦʛʦ ʞʠʪʪʻʚʽʩʪʴ, ʪʘʢ ʽ ʟʜʘʪʥʽʩʪʴ ʬʦʨʤʫʚʘʪʠ ʙʽʦʤʘʩʫ, 

ʟʦʢʨʝʤʘ ʚʠʟʥʘʯʘʻ ʩʠʨʦʚʠʥʥʫ ʟʥʘʯʫʱʽʩʪʴ ʮʝʥʦʧʦʧʫʣʷʮʽʡ. ʉʝʨʝʜ 

ʥʘʡʚʘʛʦʤʽʰʠʭ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʥ ʮʝʥʦʧʦʧʫʣʷʮʽʡ ʣʽʢʘʨʩʴʢʠʭ 

ʨʦʩʣʠʥ ʟʘ ʧʦʭʦʜʞʝʥʥʷʤ ʽ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʪʽʢʘʥʥʷ ʚʠʜʽʣʷʶʪʴ: ʧʨʠʨʦʜʥʽ, 

ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʽ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʽ. 

ʇʨʠʨʦʜʥʽ ʟʤʽʥʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʜʝʙʽʣʴʰʦʛʦ ʧʽʜ ʚʧʣʠʚʦʤ ʧʨʠʨʦʜʥʠʭ 

ʯʠʥʥʠʢʽʚ. ɿʤʽʥʠ ʧʨʠʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʷʢ ʚ ʤʠʥʫʣʦʤʫ ʪʘʢ ʽ ʥʠʥʽ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʠ ʟʘʨʦʩʪʘʥʥʽ ʟʘʧʣʘʚʥʠʭ ʽ ʧʨʠʨʫʩʣʦʚʠʭ ʦʟʝʨ, ʩʪʘʨʠʮʴ, 

ʟʥʠʞʝʥʴ, ʪʦʱʦ. ɯʥʪʝʥʩʠʚʥʽ ʧʨʦʮʝʩʠ ʟʘʨʦʩʪʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ 

ʦʙʤʽʣʽʣʠʭ ʜʽʣʷʥʢʘʭ ʟ ʫʧʦʚʽʣʴʥʝʥʠʤ ʩʪʦʢʦʤ ʽ ʧʝʨʽʦʜʠʯʥʠʤ ʣʽʪʥʽʤ 

ʧʝʨʝʩʠʭʘʥʥʷʤ. ʗʢʱʦ ʧʨʦʮʝʩʠ ʟʘʨʦʩʪʘʥʥʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʤʝʞʘʭ 

ʧʦʨʫʰʝʥʠʭ ʝʢʦʪʦʧʽʚ, ʪʦ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʾʭ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʚʽʜʙʫʜʦʚʥʽ ʩʫʢʮʝʩʽʾ, ʟʦʢʨʝʤʘ ʟʘʨʦʩʪʘʥʥʷ ʩʪʘʚʢʽʚ ʽ ʤʝʣʽʦʨʘʪʠʚʥʠʭ ʢʘʥʘʣʽʚ. 

ɼʦʩʣʽʜʥʠʢʠ, ʷʢʽ ʚʠʚʯʘʶʪʴ ʟʤʽʥʠ ʧʨʠʨʦʜʥʠʭ ʫʛʨʫʧʦʚʘʥʴ 

ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʚʩʽ ʟʤʽʥʠ ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʫʛʨʫʧʦʚʘʥʥʽ ʧʨʠ ʚʟʘʻʤʦʜʽʾ 

ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʮʝʥʦʟʫ ʽ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʥʝ ʚʽʣʴʥʽ ʚʽʜ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ [1]. ʊʽ ʧʨʠʨʦʜʥʽ ʟʤʽʥʠ ʚ ʨʦʩʣʠʥʥʠʭ ʫʛʨʫʧʦʚʘʥʥʷʭ, 

ʷʢʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʟʘʧʣʘʚʘʭ ʤʘʣʠʭ ʨʽʯʦʢ ʙʘʩʝʡʥʫ ʨʽʯʢʠ ʉʫʣʠ, ʤʘʶʪʴ 

ʦʙʤʝʞʝʥʝ ʧʦʰʠʨʝʥʥʷ ʡ ʫʩʝ ʙʽʣʴʰʝ ʧʽʜʣʷʛʘʶʪʴ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ ʚʧʣʠʚʫ, 

ʪʨʘʥʩʬʦʨʤʫʶʯʠʩʴ ʫ ʧʦʯʘʪʢʦʚʽ ʝʪʘʧʠ ʟʤʽʥ ʝʢʦʪʦʧʽʚ, ʪʦʙʪʦ ʟʤʽʥ, ʷʢʽ, ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ, ʟʤʽʥʶʶʪʴ ʫʤʦʚʠ ʤʽʩʮʝʟʨʦʩʪʘʥʥʷ ʽ ʦʙʫʤʦʚʣʶʶʪʴ ʟʘʤʽʥʫ 
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ʦʜʥʠʭ ʮʝʥʦʟʽʚ ʥʘ ʽʥʰʽ. ɼʦ ʪʘʢʠʭ ʟʤʽʥ ʚʘʨʪʦ ʚʽʜʥʝʩʪʠ ʪʽ, ʷʢʽ ʩʧʨʠʯʠʥʷʶʪʴ 

ʘʨʠʜʠʟʘʮʽʶ: ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ, ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ, ʪʦʱʦ. 

ʇʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʽ ʟʤʽʥʠ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʚʧʣʠʚʦʤ ʩʧʽʣʴʥʦʾ ʽ 

ʦʜʥʦʯʘʩʥʦʾ ʜʽʾ ʧʨʠʨʦʜʥʠʭ ʽ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʯʠʥʥʠʢʽʚ. ɺʦʥʠ ʚʠʷʚʣʝʥʽ 

ʜʦʩʣʽʜʥʠʢʘʤʠ ʘʣʝ ʟʘʣʠʰʘʶʪʴʩʷ ʥʘʡʤʝʥʰ ʚʠʚʯʝʥʠʤʠ ɼʦ ʮʽʻʾ ʛʨʫʧʠ ʟʤʽʥ 

ʚʽʜʥʦʩʷʪʴ, ʚʽʜʥʦʚʥʽ ʟʤʽʥʠ, ʷʢʽ ʧʦʚʥʦʶ ʤʽʨʦʶ ʧʨʦʷʚʣʷʶʪʴʩʷ ʣʠʰʝ ʧʽʩʣʷ 

ʟʥʷʪʪʷ ʜʽʾ ʯʠʥʥʠʢʘ, ʷʢʠʡ ʩʧʨʠʯʠʥʷʻ ʜʝʛʨʘʜʘʮʽʶ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʠʨʦʜʥʦ-

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʟʤʽʥ ʥʠʞʯʘ ʽ ʤôʷʢʰʘ, ʥʽʞ ʧʨʠʨʦʜʥʠʭ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ 

ʧʦʩʣʘʙʣʶʻʪʴʩʷ ʘʙʦ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʘʥʪʨʦʧʦʛʝʥʥʠʤ ʚʧʣʠʚʦʤ. ʅʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤʠ ʚ ʟʘʧʣʘʚʘʭ ʻ ʧʦʩʪʧʽʨʦʛʝʥʥʽ ʪʘ ʧʦʩʪʤʝʣʽʦʨʘʪʠʚʥʽ ʟʤʽʥʠ [1, 2].  

ɸʥʪʨʦʧʦʛʝʥʥʽ ʟʤʽʥʠ, ʚʠʢʣʠʢʘʥʽ ʜʽʷʣʴʥʽʩʪʶ ʣʶʜʠʥʠ, ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʽ ʚ ʤʝʞʘʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ. ɿ ʩʚʦʻʶ ʩʫʪʪʶ ʚʩʽ ʚʦʥʠ ʻ 

ʜʝʛʨʘʪʦʛʝʥʥʠʤʠ. ɸʥʪʨʦʧʦʛʝʥʥʠʡ ʚʧʣʠʚ ʥʘ ʨʦʩʣʠʥʥʽ ʫʛʨʫʧʦʚʘʥʥʷ ʨʝʛʽʦʥʫ 

ʨʦʟʧʦʯʘʚʩʷ ʟ ʦʩʚʦʻʥʥʷ ʪʝʨʠʪʦʨʽʾ ʱʝ ʟʘ ʜʘʚʥʽʭ ʯʘʩʽʚ ʽ ʜʦʩʷʛ ʟʥʘʯʥʠʭ 

ʤʘʩʰʪʘʙʽʚ ʪʘ ʚʠʩʦʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʠʥʽ. ʇʨʦʪʝ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ 

ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠʨʦʜʠ ʚ ʨʝʛʽʦʥʽ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʧʨʠʟʚʝʣʠ ʜʦ ʟʤʽʥ ʧʨʠʨʫʩʣʦʚʦʾ ʨʦʩʣʠʥʥʦʩʪʽ, ʧʨʽʦʨʠʪʝʪʥʘ ʧʝʨʝʪʚʦʨʶʶʯʘ 

ʨʦʣʴ ʥʘʣʝʞʠʪʴ ʧʨʠʨʦʜʥʦ-ʽʩʪʦʨʠʯʥʦʤʫ ʯʠʥʥʠʢʫ. ɺʩʽ ʘʥʪʨʦʧʦʛʝʥʥʽ ʟʤʽʥʠ 

ʤʘʶʪʴ ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨ. ɿʘ ʧʨʦʩʪʦʨʦʚʦ-ʛʝʦʛʨʘʬʽʯʥʠʤ ʧʦʜʽʣʦʤ 

ʪʝʨʠʪʦʨʽʾ ʚʠʜʽʣʷʶʪʴʩʷ ʣʦʢʘʣʴʥʽ ʽ ʨʝʛʽʦʥʘʣʴʥʽ ʩʫʢʮʝʩʽʾ ʪʘ ʟʤʽʥʠ [2-4]. 

ʃʦʢʘʣʴʥʠʡ ʚʠʷʚ ʤʘʶʪʴ ʦʙʦʨʦʪʥʽ ʯʠ ʧʦʚʪʦʨʥʽ ʪʘ ʟʚʦʨʦʪʥʽ ʟʤʽʥʠ, 

ʚʠʢʣʠʢʘʥʽ, ʥʘʧʨʠʢʣʘʜ, ʙʝʟʜʽʷʣʴʥʽʩʪʶ ʦʩʫʰʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʣʠʰʥʴʦʾ ʯʠ ʧʦʜʽʙʥʦʾ ʜʦ ʥʝʾ ʨʦʩʣʠʥʥʦʩʪʽ. 

ʏʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʨʝʛʽʦʥʘʣʴʥʽ ʽ ʣʦʢʘʣʴʥʽ ʥʝʦʙʦʨʦʪʥʽ ʘʙʦ ʥʝʟʚʦʨʦʪʥʽ 

ʟʤʽʥʠ ʧʦʚôʷʟʘʥʽ ʟ ʦʩʚʦʻʥʥʷʤ ʪʝʨʠʪʦʨʽʾ, ʘ ʩʘʤʝ: ʧʦʨʫʰʝʥʥʷʤ ˇʨʫʥʪʦʚʦʛʦ 

ʧʦʢʨʠʚʫ, ʙʫʜʽʚʥʠʮʪʚʦʤ ʰʪʫʯʥʠʭ ʚʦʜʦʡʤ, ʜʦʨʽʛ, ʟʘʙʫʜʦʚʦʶ ʟʘʧʣʘʚ.  

ɿʘ ʩʧʦʩʦʙʦʤ ʧʨʦʪʽʢʘʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʽ ʩʫʢʮʝʩʽʾ ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʨʘʧʪʦʚʽ 

ʽ ʤʘʣʦʧʦʤʽʪʥʽ, ʢʦʣʠ ʷʢʽʩʥʽ ʽ ʢʽʣʴʢʽʩʥʽ ʬʣʦʨʠʩʪʠʯʥʽ ʽ ʮʝʥʦʪʠʯʥʽ ʟʤʽʥʠ 

ʦʙʫʤʦʚʣʶʶʪʴ ʟʘʤʽʥʫ ʦʜʥʠʭ ʮʝʥʦʟʽʚ ʥʘ ʽʥʰʽ. ʐʚʠʜʢʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʟʤʽʥ 

ʧʦʚôʷʟʘʥʦ ʟ ʙʽʦʪʦʧʦʤ, ʽʟ ʟʤʽʥʘʤʠ ʫʤʦʚ ʟʨʦʩʪʘʥʥʷ ʨʦʩʣʠʥ. ɿʘ ʪʨʠʚʘʣʽʩʪʶ 

ʧʨʦʪʽʢʘʥʥʷ ʚʠʜʽʣʷʶʪʴ ʟʤʽʥʠ ʢʦʨʦʪʢʦʯʘʩʥʽ, ʟ ʪʝʨʤʽʥʦʤ ʪʨʠʚʘʣʦʩʪʽ 1-10 

ʨʦʢʽʚ, ʩʝʨʝʜʥʴʦ ʪʨʠʚʘʣʽ ï 15-20 ʨʦʢʽʚ, ʽ ʜʦʚʛʦʪʨʠʚʘʣʽ ï 35 ʨʦʢʽʚ ʽ ʙʽʣʴʰʝ. 

ɿʘ ʩʠʣʦʶ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʨʦʟʨʽʟʥʷʶʪʴ ï ʽʥʪʝʥʩʠʚʥʽ ʽ ʝʢʩʪʝʥʩʠʚʥʽ 

ʟʤʽʥʠ. 

ʅʠʥʽ ʚʘʞʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʧʨʦʙʣʝʤʘ ʧʨʦʛʥʦʟʫ ʨʦʟʚʠʪʢʫ 

ʨʦʩʣʠʥʥʦʩʪʽ, ʷʢ ʥʘ ʥʘʡʙʣʠʞʯʠʡ ʯʘʩ, ʪʘʢ ʽ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ, ʱʦ ʥʘʜʘʻ ʟʤʦʛʫ 

ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʨʦʟʚʠʪʢʫ ʮʝʥʦʧʦʧʫʣʷʮʽʡ ʪʘ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʨʦʚʠʥʥʠʭ ʨʝʩʫʨʩʽʚ ʚʧʨʦʜʦʚʞ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ. ɺʠʭʦʜʷʯʠ ʽʟ ʮʴʦʛʦ, 

ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʥʠʢʽʚ ʚʠʜʽʣʷʻ ʩʧʝʮʠʬʽʯʥʫ ʢʘʪʝʛʦʨʽʶ ʧʨʦʛʥʦʟʥʠʭ ʟʤʽʥ. 

ʊʘʢʽ ʟʤʽʥʠ ʚʠʥʠʢʘʶʪʴ ʫ ʤʝʞʘʭ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʥʘʤʽʯʝʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʯʝʨʝʟ ʨʝʛʫʣʶʚʘʥʥʷ ʚʧʣʠʚʫ ʧʨʠʨʦʜʥʠʭ ʯʠʥʥʠʢʽʚ ʽ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ 

ʜʽʡ ʥʘ ʨʦʟʚʠʪʦʢ ʨʦʩʣʠʥʥʠʭ ʫʛʨʫʧʦʚʘʥʴ. ʇʨʠʢʣʘʜʦʤ ʩʣʫʛʫʻ ʨʝʛʣʘʤʝʥʪʘʮʽʷ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʨʦʩʪʝʡ Typha L., Scirpus L., Carex L., ʩʽʥʦʢʽʩʥʠʭ ʫʛʽʜʴ ʥʘ 

ʟʘʧʣʘʚʘʭ ʤʘʣʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʨʽʯʦʢ.  

ʇʨʦʛʥʦʟʥʽ ʟʤʽʥʠ ï ʮʝ ʟʤʽʥʠ ʤʘʡʙʫʪʥʴʦʾ ʧʨʦʛʨʘʤʦʚʘʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ 

ʧʝʚʥʦʾ ʪʝʨʠʪʦʨʽʾ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴ ʬʣʦʨʠʩʪʠʯʥʽ ʽ ʮʝʥʦʪʠʯʥʽ ʟʤʽʥʠ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ, ʨʝʢʨʝʘʮʽʡʥʠʭ ʦʙôʻʢʪʽʚ, ʘ ʪʘʢʦʞ ʟʤʽʥʠ ʚʠʚʽʣʴʥʝʥʠʭ 

ʘʥʪʨʦʧʦʛʝʥʥʦ-ʧʦʨʫʰʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʽʟ ʤʝʪʦʶ ʾʭ ʦʧʪʠʤʽʟʘʮʽʾ. 

ɿʤʽʥʠ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘʧʣʘʚ ʤʘʣʠʭ ʨʽʯʦʢ ʙʘʩʝʡʥʫ ʨʽʯʢʠ ʉʫʣʠ 

ʩʧʨʠʯʠʥʝʥʽ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʯʠʥʥʠʢʘʤʠ ʽ ʾʭ ʧʦʻʜʥʘʥʥʷʤʠ. ʅʠʥʽ ʚʩʝ 

ʯʘʩʪʽʰʝ ʚʽʜʙʫʚʘʶʪʴʩʷ ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʟʤʽʥʠ. ʊʘʢʠʡ ʚʧʣʠʚ ʥʘ ʟʘʧʣʘʚʥʫ 

ʨʦʩʣʠʥʥʽʩʪʴ ʤʘʶʪʴ ʩʫʮʽʣʴʥʽ ʚʠʨʫʙʢʠ, ʨʦʟʦʨʶʚʘʥʥʷ ʪʘ ʟʘʙʫʜʦʚʘ 

ʧʨʠʨʫʩʣʦʚʠʭ ʩʭʠʣʽʚ. ʎʽ ʟʤʽʥʠ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʫʤʦʚʠ ʝʢʦʪʦʧʫ: 

ʩʧʨʦʱʫʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʫʛʨʫʧʦʚʘʥʴ, ʟʤʽʥʶʻʪʴʩʷ ʚʠʜʦʚʠʡ ʩʢʣʘʜ (ʛʽʜʨʦʬʽʪʠ 

ʽ ʛʽʛʨʦʬʽʪʠ ʧʦʧʝʨʝʜʥʽʭ ʫʛʨʫʧʦʚʘʥʴ ʩʠʣʴʥʦ ʧʨʠʛʥʽʯʫʶʪʴʩʷ ʘʙʦ ʡ ʟʦʚʩʽʤ 

ʚʠʧʘʜʘʶʪʴ ʟ̔ ʪʨʘʚʦʩʪʦʶ).   

ʈʝʢʨʝʘʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʯʫʪʥʝ ʫ ʚʩʴʦʤʫ ʙʘʩʝʡʥʽ ʨʽʯʢʠ ʉʫʣʘ, 

ʦʩʦʙʣʠʚʦ ʧʦʤʽʪʥʽ ʡʦʛʦ ʨʫʡʥʽʚʥʽ ʥʘʩʣʽʜʢʠ ʧʦʙʣʠʟʫ ʤʽʩʴʢʠʭ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʽʚ (ʨʘʡʦʥʥʠʭ ʮʝʥʪʨʽʚ ʉʫʤʩʴʢʦʾ ʽ ʇʦʣʪʘʚʩʴʢʦʾ ʦʙʣʘʩʪʝʡ ï ʤʽʩʪʘ 

ʈʦʤʥʠ, ʃʫʙʥʠ, ʆʨʞʠʮʷ) ʫ ʨʘʡʦʥʘʭ ʪʫʨʠʟʤʫ (ʤʽʩʮʷ ʚʽʜʧʦʯʠʥʢʫ, 

ʨʠʙʘʣʴʩʪʚʘ, ʩʪʦʷʥʦʢ ʙʘʡʜʘʨʦʯʥʠʢʽʚ), ʩʪʘʮʽʦʥʘʨʥʠʭ ʟʦʥʘʭ ʚʽʜʧʦʯʠʥʢʫ 

(ʩʘʥʘʪʦʨʽʾ, ʙʘʟʠ ʚʽʜʧʦʯʠʥʢʫ, ʜʠʪʷʯʽ ʪʘʙʦʨʠ, ʪʫʨʠʩʪʠʯʥʽ ʙʘʟʠ), ʤʽʩʮʷʭ ʟʙʦʨʫ 

ʷʛʽʜ (Rubus fruticosus, Rubus idaeus, Rʽbes nʽgrum, Viburnum opulus), 

ʣʽʢʘʨʩʴʢʦʾ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ (ʟʘʛʦʪʽʚʣʷ ʢʦʨʝʥʝʚʠʱ ʪʘ ʢʦʨʝʥʽʚ ʨʦʩʣʠʥ), 

ʪʝʭʥʽʯʥʦʾ ʩʠʨʦʚʠʥʠ (ʟʘʛʦʪʽʚʣʷ Typha, Scirpus, Carex) ʪʘ ʢʦʨʤʽʚ (ʩʽʥʘ, 

ʛʽʣʣʷʯʢʦʚʦʛʦ ʢʦʨʤʫ). ʈʝʢʨʝʘʮʽʡʥʽ ʟʤʽʥʠ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʚʧʣʠʚʫ ʥʘʣʝʞʘʪʴ ʜʦ 

ʜʝʛʨʘʜʘʮʽʡʥʠʭ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʢʽʣʴʢʽʩʥʽ ʽ ʷʢʽʩʥʽ ʨʝʛʨʝʩʠʚʥʽ ʟʤʽʥʠ ʟʘʧʣʘʚ, 

ʷʢʽ ʚʠʚʯʝʥʽ ʣʦʢʘʣʴʥʦ ʽ ʟʘ ʜʽʻʶ ʻ ʢʦʨʦʪʢʦ ï ʽ ʜʦʚʛʦʩʪʨʦʢʦʚʠʤʠ. ɼʣʷ  

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʭʘʨʘʢʪʝʨʥʦʶ ʨʠʩʦʶ ʻ ʧʦʪʫʞʥʠʡ ʧʘʩʢʚʘʣʴʥʠʡ 

ʧʨʝʩʠʥʛ ʷʢ ʥʘ ʫʛʨʫʧʦʚʘʥʥʷ ʧʨʠʨʫʩʣʦʚʠʭ ʪʝʨʘʩ, ʪʘʢ ʽ ʥʘ ʚʦʜʥʫ-ʽ ʚʦʜʥʦ-

ʙʦʣʦʪʥʫ ʨʦʩʣʠʥʥʽʩʪʴ. ʊʨʘʜʠʮʽʡʥʦ ʟʘʟʥʘʯʝʥʽ ʟʝʤʣʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʷʢ 

ʛʨʦʤʘʜʩʴʢʽ ʧʘʩʦʚʠʱʘ ʪʘ ʩʽʥʦʢʽʩʥʽ ʫʛʽʜʜʷ. ʂʦʣʝʢʪʠʚʥʘ ʚʣʘʩʥʽʩʪʴ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʩʦʙʣʠʚʦ ʚ ʤʝʞʘʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʧʨʠʟʚʝʣʦ ʜʦ 

ʥʝʟʚʦʨʦʪʥʠʭ ʟʤʽʥ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ï ʧʘʩʦʚʠʱʥʦʛʦ ʟʙʦʶ, ʟʘʨʦʩʪʘʥʥʷ 

ʧʘʩʦʚʠʱ ʨʫʜʝʨʘʣʴʥʠʤʠ ʪʘ ʘʜʚʝʥʪʠʚʥʠʤʠ ʚʠʜʘʤʠ ʨʦʩʣʠʥ, ʪʘʢʠʤʠ ʷʢ: 

Carduus crispus L., Cirsium vulgare (Savi) Jen, Cirsinum palustre (L.) 

Scop.,Cyclachaena xanthiifolia (Nutt.) Fresen, Xanthium spinosum L. ʪʦʱʦ. 

ʃʦʢʘʣʴʥʦ ʧʦʰʠʨʝʥʠʤ ʷʚʠʱʝʤ ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʣʴʥʝ ʫʪʨʠʤʘʥʥʷ ʪʘ 

ʚʠʧʘʩʘʥʥʷ ʚʦʜʦʧʣʘʚʥʦʾ ʧʪʠʮʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʥʝ ʣʠʰʝ ʜʦ ʟʥʠʱʝʥʥʷ 

ʥʘʟʝʤʥʦʾ ʪʨʘʚôʷʥʠʩʪʦʾ ʨʦʩʣʠʥʥʦʩʪʽ,  ʘ ʡ ʜʦ ʧʦʨʫʰʝʥʥʷ ʪʘ ʟʥʠʱʝʥʥʷ ʚʦʜʥʦʾ 

ʪʘ ʧʨʠʙʝʨʝʞʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʣʠʭ 

ʨʽʯʦʢ ʽ ʚʽʜʢʨʠʪʠʭ ʚʦʜʦʡʤ ʟʘʧʣʘʚ ʜʣʷ ʚʦʜʦʧʦʶ ʚʝʣʠʢʦʾ ʽ ʜʨʽʙʥʦʾ ʨʦʛʘʪʦʾ 

ʭʫʜʦʙʠ, ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ, ʘ ʧʦʜʝʢʫʜʠ ʽ 

ʙʝʨʝʛʽʚ ʫ ʤʽʩʮʷʭ ʧʽʜʭʦʜʫ ʪʚʘʨʠʥ ʜʦ ʚʦʜʠ. ɺʽʜʥʦʚʣʝʥʥʷ ʨʦʩʣʠʥʥʠʭ 
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ʫʛʨʫʧʦʚʘʥʴ ʧʨʠ ʧʦʤôʷʢʰʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʢʨʘʡ ʧʦʚʽʣʴʥʦ, 

ʚ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ï ʙʝʟ ʚʪʨʫʯʘʥʥʷ ʣʶʜʠʥʠ ʚʟʘʛʘʣʽ ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ. 

ʅʘ ʟʘʧʣʘʚʘʭ ʤʘʣʠʭ ʨʽʯʦʢ ʜʝʜʘʣʽ ʧʦʤʽʪʥʽʰʠʤʠ ʩʪʘʶʪʴ ʟʦʦʛʝʥʥʽ ʟʤʽʥʠ, 

ʟʦʢʨʝʤʘ ʧʦʤʽʪʥʠʤ ʩʪʘʚ ʚʧʣʠʚ Castor biber ʪʘ Ondatra zibethicus, ʷʢʽ ʥʝ 

ʣʠʰʝ ʧʨʷʤʦ, ʘ ʡ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʯʝʨʝʟ ʟʤʽʥʠ ʝʢʦʪʦʧʽʚ ʚʧʣʠʚʘʶʪʴ ʪʘ 

ʬʽʪʦʮʝʥʦʟʠ. ʇʦʤʽʪʥʽ ʟʤʽʥʠ ʚʥʦʩʷʪʴ ʩʚʦʻʶ ʢʦʨʤʦʚʦʶ ʘʢʪʠʚʥʽʩʪʶ ʽ Sus 

scrofa. 

ʆʪʞʝ, ʧʨʠʨʦʜʥʽ, ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʽ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʽ  ʯʠʥʥʠʢʠ ʻ 

ʦʩʥʦʚʥʠʤʠ ʯʠʥʥʠʢʘʤʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʥ ʮʝʥʦʧʦʧʫʣʷʮʽʡ ʣʽʢʘʨʩʴʢʠʭ 

ʨʦʩʣʠʥ ʷʢ ʟʘ ʧʦʭʦʜʞʝʥʥʷʤ, ʪʘʢ ʽ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʪʽʢʘʥʥʷ. 

ʊʦʙʪʦ, ʨʝʩʫʨʩʥʠʡ ʧʦʪʝʥʮʽʘʣ ʚʠʜʽʣʝʥʠʭ 87 ʚʠʜʽʚ ʣʽʢʘʨʩʴʢʠʭ ʨʦʩʣʠʥ 

ʤʝʟʦʛʝʤʝʨʦʙʥʠʭ ʝʢʦʪʦʧʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʨʠʨʦʜʥʠʤʠ ʫʤʦʚʘʤʠ, ʪʘʢ ʽ 

ʜʽʻʶ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ, ʟʦʢʨʝʤʘ ʰʣʷʭʦʤ ʜʽʻʶ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ 

ʚʠʜʦʚʝ ʙʘʛʘʪʩʪʚʦ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘʧʣʘʚʥʠʭ ʜʽʣʷʥʦʢ ʤʘʣʠʭ ʨʽʯʦʢ 

ʙʘʩʝʡʥʫ ʨʽʯʢʠ ʉʫʣʠ [5]. ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʯʠʥʥʠʢʠ ʚʧʣʠʚʫ ʥʘ ʩʠʨʦʚʠʥʥʽ 

ʨʝʩʫʨʩʠ ʙʽʣʴʰʦʩʪʽ ʣʽʢʘʨʩʴʢʠʭ ʨʦʩʣʠʥ, ʩʝʨʝʜ ʷʢʠʭ: ʧʦʨʫʰʝʥʥʷ 

ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ, ʨʦʟʦʨʶʚʘʥʥʷ ʽ ʧʝʨʝʚʠʧʘʩ, ʨʝʢʨʝʘʮʽʡʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʉʠʣʘ ʾʭ ʜʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʠʪʦʨʽʾ, ʥʘʩʣʽʜʢʦʤ ʯʦʛʦ ʻ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʽ ʜʝʛʨʘʜʘʮʽʷ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ï ʬʨʘʛʤʝʥʪʘʨʥʽʩʪʴ, ʩʪʨʦʢʘʪʽʩʪʴ, ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ ʪʘ 

ʟʤʽʥʘ ʬʽʪʦʮʝʥʦʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʫʪʚʦʨʝʥʥʷ ʚʪʦʨʠʥʥʠʭ ʘʥʪʨʦʧʦʛʝʥʥʦ-

ʧʦʨʫʰʝʥʠʭ ʝʢʦʪʦʧʽʚ ʽʟ ʭʘʨʘʢʪʝʨʥʦʶ ʨʦʩʣʠʥʥʽʩʪʶ, ʘ ʧʦʜʝʢʫʜʠ ʽ ʾʭ ʧʦʚʥʝ 

ʟʥʠʱʝʥʥʷ, ʟʦʢʨʝʤʘ ʫ ʨʘʟʽ ʟʘʙʫʜʦʚʠ ʙʝʨʝʛʦʚʦʾ ʟʦʥʠ. ʆʩʥʦʚʥʠʤ ʧʨʽʦʨʠʪʝʪʦʤ 

ʫ ʚʽʜʥʦʚʣʝʥʥʽ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʨʽʯʢʦʚʦʾ ʤʝʨʝʞʽ ʤʘʻ ʚʠʩʪʫʧʘʪʠ ʟʙʝʨʝʞʝʥʥʷ 

ʪʘ ʚʽʜʪʚʦʨʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ, ʪʦʙʪʦ, ʚʩʝʙʽʯʥʝ ʚʠʚʯʝʥʥʷ ʫ 

ʢʦʞʥʦʤʫ ʨʝʛʽʦʥʽ ʜʠʢʦʨʦʩʣʠʭ ʨʦʩʣʠʥ, ʾʭ ʚʠʜʦʚʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ, ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʠʭ ʫʛʨʫʧʦʚʘʥʴ ʽ ʧʦʧʫʣʷʮʽʡ ʦʢʨʝʤʠʭ ʚʠʜʽʚ, ʧʝʨʝʜʫʩʽʤ ʮʽʥʥʠʭ ʫ 

ʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʚʽʜʥʦʰʝʥʥʽ, ʷʢʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʶʜʠʥʦʶ, 

ʚʠʷʚʣʝʥʥʷ ʨʽʜʢʽʩʥʠʭ ʪʘ ʟʥʠʢʘʶʯʠʭ ʚʠʜʽʚ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʧʝʨʰʦʯʝʨʛʦʚʦʾ 

ʦʭʦʨʦʥʠ. ʇʨʦʪʝ, ʮʝ ʥʝʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ ʦʮʽʥʢʠ ʩʫʯʘʩʥʦʛʦ 

ʩʪʘʥʫ, ʟʤʽʥ ʪʘ ʧʨʦʛʥʦʟʽʚ ʥʘ ʬʣʦʨʠʩʪʠʯʥʦʤʫ, ʬʽʪʦʮʝʥʦʪʠʯʥʦʤʫ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦʤʫ ʨʽʚʥʷʭ. 

ʇʨʦʙʣʝʤʘ ʦʭʦʨʦʥʠ ʚʦʜʥʦ-ʙʦʣʦʪʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ 

ʥʘʣʝʞʠʪʴ ʜʦ ʦʜʥʽʻʾ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʽ ʥʝʚʽʜʢʣʘʜʥʠʭ. ʉʘʤʝ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʨʠʨʦʜʥʦʛʦ ʩʪʘʥʫ ʜʦʣʠʥ ʤʘʣʠʭ ʨʽʯʦʢ ʽ ʧʽʜʪʨʠʤʘʥʥʷ ʡʦʛʦ, ʩʧʨʠʷʪʠʤʝ 

ʧʦʢʨʘʱʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʚ ʨʝʛʽʦʥʽ, ʘ ʪʘʢʦʞ ʟʙʝʨʝʞʝʥʥʶ 

ʧʨʠʨʦʜʥʦʾ ʪʘ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ ʨʝʛʽʦʥʫ. 
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ʌʨʦʣʦʚ ɺ. ʌ., ʜʦʢʪʦʨ ʪʝʭʥʯ̔ ʥʠʭ ʥʘʫʢ, ʗʢʦʚʣʻʚ ɯ. ʆ., ʘʩʧʽʨʘʥʪ 

 

ɼʝʨʞʘʚʥʘ ʥʘʫʢʦʚʘ ʫʩʪʘʥʦʚʘ çɯʥʩʪʠʪʫʪ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ 

ʪʘ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠè, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɿʅɽɿɸʈɸɾɽʅʅʗ ɺʆɼʀ ʆɿʆʅʆʄ: 

 ʉʊɸʈɯ ʇʈʆɹʃɽʄʀ ɯ ʅʆɺɸ ɻɯʇʆʊɽɿɸ 

 

ɿʘʛʘʣʴʥʦʚʽʜʦʤʦ, ʱʦ ʷʢʽʩʪʴ ʚʦʜʠ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʣʘʛʦʧʦʣʫʯʯʷ ʣʶʜʠʥʠ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʏʠʩʪʘ 

ʚʦʜʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʞʠʪʪʷ, ʟʜʦʨʦʚ'ʷ ʪʘ ʜʦʙʨʦʙʫʪʫ ʣʶʜʝʡ. ʆʜʥʘʢ 

ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʯʘʩʪʦ ʥʝ ʟʜʘʪʥʽ ʧʦʚʥʽʩʪʶ ʚʠʜʘʣʠʪʠ ʚʩʽ 

ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ ʪʘ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʩʫʪʥʽʤʠ ʫ 

ʚʦʜʽ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʽʩʥʫʻ ʚʝʣʠʢʘ ʧʦʪʨʝʙʘ ʫ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʝʬʝʢʪʠʚʥʠʭ 

ʤʝʪʦʜʽʚ ʦʯʠʱʝʥʥʷ ʚʦʜʠ. ʆʜʥʠʤ ʟ̔ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʻ ʦʟʦʥʫʚʘʥʥʷ ʚʦʜʠ ʜʣʷ 

ʟʥʠʱʝʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʽʥʰʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ.  

ʊʨʘʜʠʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʟʦʥʫʚʘʥʥʷ, ʘ ʩʘʤʝ ʙʦʨʙʨʪʫʚʘʥʥʷ ʚʦʜʠ 

ʩʪʠʢʘʶʪʴʩʷ ʟ ʨʷʜʦʤ ʧʨʦʙʣʝʤ, ʪʘʢʠʤʠ ʷʢ ʥʠʟʴʢʘ ʨʦʟʯʠʥʥʽʩʪʴ ʦʟʦʥʫ ʫ ʚʦʜʽ, 

ʫʪʚʦʨʝʥʥʷ ʪʦʢʩʠʯʥʠʭ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʚʠʩʦʢʽ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʥʷʭ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʚʪʦʨʦʤ ʥʦʚʠʡ ʤʝʪʦʜ ʦʟʦʥʫʚʘʥʥʷ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʧʨʠʥʮʠʧʽ çʚʦʜʘ ʚ ʦʟʦʥ, ʘ ʥʝ ʦʟʦʥ ʫ ʚʦʜʫè, ʤʘʻ ʧʦʪʝʥʮʽʘʣ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʥʝʟʘʨʘʞʝʥʥʷ, ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʝʥʝʨʛʽʶ ʪʘ ʟʥʠʟʠʪʠ 

ʨʠʟʠʢ ʫʪʚʦʨʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʚʽʜʭʦʜʽʚ ʦʟʦʥʫʚʘʥʥʷ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʥʦʚʠʡ ʤʝʪʦʜ ʟ̔ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʦʟʦʥʦʚʦʛʦ ʨʝʘʢʪʦʨʫ ʟʚʦʨʦʪʥʦ-ʟʫʩʪʨʽʯʥʦʾ ʜʽʾ (ʆʈɿɿɼ), ʟʘʙʝʟʧʝʯʫʻ ʛʣʠʙʦʢʝ 

ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ ʟʘʙʨʫʜʥʝʥʴ ʪʘ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʟʥʝʟʘʨʘʞʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʩʚʽʜʯʘʪʴ ʧʨʦ ʡʦʛʦ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ 

ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʾʾ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ 

ʤʫʥʽʮʠʧʘʣʴʥʽ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʩʪʽʯʥʠʭ ʚʦʜ, 

ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ ʜʣʷ ʛʽʛʽʻʥʠʯʥʠʭ ʪʘ ʦʟʜʦʨʦʚʯʠʭ ʧʨʦʮʝʜʫʨ, ʱʦ ʤʘʻ 

ʟʥʘʯʥʠʡ ʩʦʮʽʘʣʴʥʠʡ ʪʘ ʝʢʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ. ʅʦʚʠʡ ʤʝʪʦʜ ʦʟʦʥʫʚʘʥʥʷ ʤʦʞʝ 

ʜʦʧʦʤʦʛʪʠ ʝʬʝʢʪʠʚʥʦ ʦʯʠʩʪʠʪʠ ʩʪʽʯʥʽ ʪʘ ʦʙʦʨʦʪʥʽ ʚʦʜʠ, ʟʤʝʥʰʠʪʠ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ ʪʘ ʧʦʢʨʘʱʠʪʠ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʚʪʦʨʦʤ ʥʦʚʠʡ ʤʝʪʦʜ ʦʟʦʥʫʚʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʚʠʨʽʰʝʥʥʷʤ ʚʘʞʣʠʚʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʧʨʦʙʣʝʤʠ ʫ ʛʘʣʫʟʽ 

ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ï ʧʽʜʚʠʱʝʥʥʷ ʾʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʄʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʧʨʠʥʮʠʧʽ çʚʦʜʘ ʚ ʦʟʦʥ, ʘ ʥʝ ʦʟʦʥ ʫ ʚʦʜʫè ʻ ʽʥʥʦʚʘʮʽʡʥʠʤ ʜʣʷ ʧʨʦʮʝʩʫ 

ʦʙʨʦʙʢʠ ʚʦʜʠ ʦʟʦʥʦʤ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʫ ʧʽʜʚʠʱʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ, ʟʤʝʥʰʫʻ ʚʠʪʨʘʪʠ, ʧʨʠ ʪʠʭ ʞʝ ʦʙ'ʻʤʘʭ 
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ʟʥʝʟʘʨʘʞʝʥʦʾ ʪʘ ʦʯʠʱʝʥʦʾ ʚʦʜʠ, ʪʘ ʟʥʠʞʫʻ ʨʠʟʠʢ ʫʪʚʦʨʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ 

ʚʽʜʭʦʜʽʚ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʫ ʦʟʦʥʫʚʘʥʥʷ ʚʦʜʠ ʥʘ ʧʨʘʢʪʠʮʽ, 

ʩʪʘʥʝ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʚʧʝʨʝʜ ʫ ʨʦʟʚʠʪʢʫ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʨʘ ʥʝ ʪʽʣʴʢʠ ʚʽʜʧʦʚʽʜʘʻ ʥʘ ʽʩʥʫʶʯʽ 

ʚʠʢʣʠʢʠ ʫ ʛʘʣʫʟʽ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ, ʘʣʝ ʡ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʱʦ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʩʦʮʽʘʣʴʥʠʡ, 

ʝʢʦʥʦʤʽʯʥʠʡ ʪʘ ʝʢʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ. 

ʇʨʦʚʝʜʝʥʥʽ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʦʪʨʠʤʘʥʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʟʚʦʣʷʶʪʴ ʘʚʪʦʨʫ ʚʠʩʫʥʫʪʠ ʨʦʙʦʯʫ ʛʽʧʦʪʝʟʫ: ʥʦʚʠʡ ʤʝʪʦʜ ʦʟʦʥʫʚʘʥʥʷ, ʘ 

ʩʘʤʝ ʧʨʦʭʦʜʞʝʥʥʷ ʜʠʩʧʝʨʛʦʚʘʥʥʦʾ ʚʦʜʠ ʯʝʨʝʟ ʧʦʚʽʪʨʷʥʥʦ-ʦʟʦʥʦʚʫ ʩʫʤʽʰ 

ʫ ʻʤʥʦʩʪʽ ʨʝʘʢʪʦʨʘ, ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʟʥʝʟʘʨʘʞʝʥʥʷ 

ʚʦʜʠ ʽ ʫʩʫʥʫʪʠ ʧʨʦʙʣʝʤʠ (ʧʨʠʥʮʠʧʦʚʽ ʪʨʫʜʥʦʱʽ) [3] ʪʨʘʜʠʮʽʡʥʦʛʦ ʤʝʪʦʜʫ 

ʙʘʨʙʦʪʫʚʘʥʥʷ ʚʦʜʠ ʦʟʦʥʦʤ. 

ʅʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʦʚʦʛʦ 

ʤʝʪʦʜʫ ʦʟʦʥʫʚʘʥʥʷ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʢʨʘʱʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʙʘʨʙʦʪʫʚʘʥʥʷ. 

ʅʦʚʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʫʩʫʥʫʪʠ ʦʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ 

ʟʘʙʝʟʧʝʯʫʻ ʛʘʨʘʥʪʦʚʘʥʠʡ ʘʥʪʠʤʽʢʨʦʙʥʠʡ ʙʘʨ'ʻʨ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ 

ʦʟʦʥʫʚʘʥʥʷ ʤʘʻ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʩʠʩʪʝʤʘʭ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʩʪʽʯʥʠʭ ʪʘ ʦʙʦʨʦʪʥʠʭ ʚʦʜ. ʇʦʜʘʣʴʰʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʨʦʟʰʠʨʝʥʥʷ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʚʦʜʠ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʊɽʍʅʆʃʆɻɯʁ ɼɿɿ ɼʃʗ ʌɯʂʉɸʎɯɰ ʆɿʅɸʂ 

ɽʂʆʎʀɼʋ ʊɸ ʆʎɯʅʂʀ ɿɹʀʊʂɯɺ ɿɸ ʅɸʎɯʆʅɸʃʔʅʀʄʀ 

ʄɽʊʆɼʀʂɸʄʀ 

 

ʉʫʯʘʩʥʠʡ ʝʪʘʧ ʟʙʨʦʡʥʦʾ ʘʛʨʝʩʽʾ ʧʨʦʪʠ ʋʢʨʘʾʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʙʝʟʧʨʝʮʝʜʝʥʪʥʠʤ ʟʘ ʤʘʩʰʪʘʙʘʤʠ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʥʝʛʘʪʠʚʥʠʤ ʚʧʣʠʚʦʤ 

ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʘʢʪʫʘʣʽʟʫʻ ʧʠʪʘʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ 

ʮʠʭ ʜʽʡ ʷʢ ʝʢʦʮʠʜʫ ʪʘ ʨʦʟʨʦʙʢʠ ʜʽʻʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʦʮʽʥʢʠ ʟʘʚʜʘʥʠʭ 

ʟʙʠʪʢʽʚ. ɿʘ ʜʘʥʠʤʠ ʆʬʽʩʫ ɻʝʥʝʨʘʣʴʥʦʛʦ ʧʨʦʢʫʨʦʨʘ, ʦʟʚʫʯʝʥʠʤʠ ʧʽʜ ʯʘʩ 

ʨʦʙʦʪʠ ʄʽʞʥʘʨʦʜʥʦʾ ʨʦʙʦʯʦʾ ʛʨʫʧʠ ʱʦʜʦ ʝʢʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʚʽʡʥʠ, 

ʙʣʠʟʴʢʦ 30% ʪʝʨʠʪʦʨʽʾ ʜʝʨʞʘʚʠ, ʱʦ ʩʪʘʥʦʚʠʪʴ 174 ʪʠʩ. ʢʤĮ, ʻ ʧʦʪʝʥʮʽʡʥʦ 

ʟʘʙʨʫʜʥʝʥʠʤʠ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʤʠ ʧʨʝʜʤʝʪʘʤʠ, ʘ ʧʦʥʘʜ 2,4 ʤʣʥ ʛʘ 

ʣʽʩʦʚʠʭ ʥʘʩʘʜʞʝʥʴ ʟʘʟʥʘʣʠ ʧʦʰʢʦʜʞʝʥʴ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʪʷʞʢʦʩʪʽ [1]. ɺ 

ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʟʘʢʦʥʦʜʘʚʩʪʚʽ, ʟʛʽʜʥʦ ʟʽ ʩʪʘʪʪʝʶ 441 ʂʨʠʤʽʥʘʣʴʥʦʛʦ 

ʢʦʜʝʢʩʫ ʋʢʨʘʾʥʠ, ʝʢʦʮʠʜ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʤʘʩʦʚʝ ʟʥʠʱʝʥʥʷ ʨʦʩʣʠʥʥʦʛʦ 

ʘʙʦ ʪʚʘʨʠʥʥʦʛʦ ʩʚʽʪʫ, ʦʪʨʫʻʥʥʷ ʘʪʤʦʩʬʝʨʠ ʘʙʦ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ 

ʚʯʠʥʝʥʥʷ ʽʥʰʠʭ ʜʽʡ, ʱʦ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʝʢʦʣʦʛʽʯʥʫ ʢʘʪʘʩʪʨʦʬʫ. ʎʝ 

ʚʠʟʥʘʯʝʥʥʷ ʦʭʦʧʣʶʻ ʩʫʪʥʽʩʪʴ ʜʽʡ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ 

ʥʘʩʣʽʜʢʽʚ, ʧʨʦʪʝ ʥʘ ʧʨʘʢʪʠʮʽ ʚʠʥʠʢʘʶʪʴ ʟʥʘʯʥʽ ʩʢʣʘʜʥʦʱʽ ʟ ʜʦʢʘʟʦʚʦʶ 

ʙʘʟʦʶ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʦʮʽʥʦʯʥʠʭ ʩʫʜʞʝʥʴ ʫ ʩʢʣʘʜʽ ʟʣʦʯʠʥʫ. ʊʘʢʽ ʢʨʠʪʝʨʽʾ, 

ʷʢ çʤʘʩʦʚʝ ʟʥʠʱʝʥʥʷè, çʝʢʦʣʦʛʽʯʥʘ ʢʘʪʘʩʪʨʦʬʘè ʯʠ çʜʦʚʛʦʪʨʠʚʘʣʽʩʪʴ 

ʟʤʽʥè, ʥʝ ʤʘʶʪʴ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʠʭ ʢʽʣʴʢʽʩʥʠʭ ʤʝʞ ʫ ʢʨʠʤʽʥʘʣʴʥʦʤʫ ʧʨʘʚʽ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʦʨʦʥʽ ʟʘʭʠʩʪʫ ʘʙʦ ʜʝʨʞʘʚʽ-ʘʛʨʝʩʦʨʫ ʟʘʧʝʨʝʯʫʚʘʪʠ ʥʘʩʣʽʜʢʠ 

ʩʚʦʾʭ ʜʽʡ . 

ʂʣʶʯʦʚʦʶ ʧʨʦʙʣʝʤʦʶ ʧʨʘʚʦʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʦʮʽʥʢʠ 

ʥʘʩʣʽʜʢʽʚ ʚʽʡʥʠ ʻ ʩʢʣʘʜʥʽʩʪʴ ʬʽʟʠʯʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʫʨʘʞʝʥʠʭ ʪʝʨʠʪʦʨʽʡ 

ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦ-ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɽʢʦʣʦʛʽʯʥʠʡ 

ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʨʠʟʠʢʠ ʚʘʞʢʦ ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʘʜʠʮʽʡʥʦʾ 

ʢʘʣʴʢʫʣʷʮʽʾ, ʦʩʢʽʣʴʢʠ ʙʘʛʘʪʦ ʥʘʩʣʽʜʢʽʚ ʤʘʶʪʴ ʚʽʜʢʣʘʜʝʥʠʡ ʫ ʯʘʩʽ ʭʘʨʘʢʪʝʨ.  

ʆʩʥʦʚʥʠʤ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʤ ʘʢʪʦʤ, ʱʦ ʨʝʛʫʣʶʻ ʧʠʪʘʥʥʷ ʦʮʽʥʢʠ 

ʟʙʠʪʢʽʚ ʟʝʤʝʣʴʥʠʤ ʨʝʩʫʨʩʘʤ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ, ʻ çʄʝʪʦʜʠʢʘ 

ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ ʰʢʦʜʠ, ʟʘʚʜʘʥʦʾ ʟʝʤʣʽ, ˇʨʫʥʪʘʤ ʚʥʘʩʣʽʜʦʢ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ/ʘʙʦ ʟʙʨʦʡʥʦʾ ʘʛʨʝʩʽʾ ʪʘ ʙʦʡʦʚʠʭ ʜʽʡè, 

ʟʘʪʚʝʨʜʞʝʥʘ ʅʘʢʘʟʦʤ ʄʽʥʜʦʚʢʽʣʣʷ ʚʽʜ 04.04.2022 ˉ 167 [2].  
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ʎʷ ʤʝʪʦʜʠʢʘ ʚʠʩʪʫʧʘʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʶʨʠʜʠʯʥʦ-ʝʢʦʥʦʤʽʯʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ ˇʨʫʥʪ ʷʢ ʘʢʪʠʚ, ʚʘʨʪʽʩʪʴ ʷʢʦʛʦ 

ʟʥʠʟʠʣʘʩʷ ʯʝʨʝʟ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ. ɸʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʰʢʦʜʠ ʚʽʜ 

ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʦʨʤʫʣʽ, ʜʝ ʢʣʶʯʦʚʠʤ ʧʨʦʩʪʦʨʦʚʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʻ ʧʣʦʱʘ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ, ˇʨʫʥʪʠ ʷʢʦʾ ʟʘʟʥʘʣʠ ʟʘʙʨʫʜʥʝʥʥʷ. 

ɸʥʘʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ, ʜʝ ʧʣʦʱʘ ʚʠʩʪʫʧʘʻ ʙʘʟʦʚʠʤ ʤʥʦʞʥʠʢʦʤ, 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʦʮʽʥʮʽ ʰʢʦʜʠ ʚʽʜ ʟʘʩʤʽʯʝʥʥʷ ʟʝʤʝʣʴ ʪʘ ʨʦʟʨʘʭʫʥʢʫ 

ʚʘʨʪʦʩʪʽ ʨʝʢʫʣʴʪʠʚʘʮʽʾ.  

ʉʘʤʝ ʧʘʨʘʤʝʪʨ ʧʣʦʱʽ ʫʨʘʞʝʥʥʷ ʻ ʪʽʻʶ ʟʤʽʥʥʦʶ, ʷʢʘ ʚʠʟʥʘʯʘʻ 

ʤʘʩʰʪʘʙ ʬʽʥʘʥʩʦʚʠʭ ʧʨʝʪʝʥʟʽʡ, ʽ ʜʣʷ ʡʦʛʦ ʦʙôʻʢʪʠʚʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʩʪʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ). ʄʝʪʦʜʠʢʘ ˉ 167 ʧʨʷʤʦ ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʘʢʪʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʟʘʩʤʽʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʾʭ ʤʘʩʰʪʘʙʽʚ 

ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ɼɿɿ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʝʨʠʬʽʢʦʚʘʥʠʭ ʜʘʥʠʭ ʧʨʦ ʩʪʘʥ ʧʽʜʩʪʠʣʘʶʯʦʾ ʧʦʚʝʨʭʥʽ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ Sentinel-2 ʟ ʨʽʚʥʝʤ 

ʦʙʨʦʙʢʠ L2A (Bottom-of-Atmosphere), ʷʢʽ ʥʘʜʘʶʪʴ ʜʘʥʽ ʧʨʦ ʚʽʜʙʠʚʥʫ 

ʟʜʘʪʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ʟ ʢʦʨʝʢʮʽʻʶ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʧʣʠʚʫ. ɺʠʩʦʢʘ ʧʨʦʩʪʦʨʦʚʘ 

ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʪʘ ʥʘʷʚʥʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʫ ʚʠʜʠʤʦʤʫ (Red) 

ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ (NIR, SWIR) ʜʽʘʧʘʟʦʥʘʭ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʘʭʦʚʫʚʘʪʠ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʽʥʜʝʢʩʠ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʦʟʥʘʢ ʝʢʦʮʠʜʫ [3]. ɼʣʷ ʚʠʷʚʣʝʥʥʷ 

ʧʨʠʭʦʚʘʥʦʾ ʜʝʛʨʘʜʘʮʽʾ ʪʘ ʭʽʤʽʯʥʦʛʦ ʦʪʨʫʻʥʥʷ ˇʨʫʥʪʽʚ (çʦʪʨʫʻʥʥʷ 

ʨʝʩʫʨʩʽʚè) ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʅʦʨʤʦʚʘʥʠʡ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʚʝʛʝʪʘʮʽʡʥʠʡ 

ʽʥʜʝʢʩ (NDVI), ʘ ʜʣʷ ʬʽʢʩʘʮʽʾ ʬʽʟʠʯʥʦʛʦ ʟʥʠʱʝʥʥʷ ʣʘʥʜʰʘʬʪʽʚ (ʧʦʞʝʞʽ, 

ʚʠʨʚʠ) ï ʅʦʨʤʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʛʦʨʘʥʥʷ (NBR). ʇʨʘʢʪʠʯʥʘ ʘʧʨʦʙʘʮʽʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʙʫʣʘ ʟʜʽʡʩʥʝʥʘ ʥʘ ʧʨʠʢʣʘʜʽ ʜʽʣʷʥʢʠ ʣʽʩʦʚʦʛʦ 

ʬʦʥʜʫ ʧʣʦʱʝʶ 379,9 ʛʘ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʧʽʚʥʽʯʥʽʰʝ ʩ. ʉʝʨʝʙʨʷʥʢʘ 

ʃʫʛʘʥʩʴʢʦʾ ʦʙʣʘʩʪʽ. ɸʥʘʣʽʟ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʟʘ ʧʝʨʽʦʜ 2020-2025 ʨʦʢʽʚ 

ʜʦʟʚʦʣʠʚ ʚʠʷʚʠʪʠ ʢʨʠʪʠʯʥʽ ʟʤʽʥʠ ʫ ʩʪʘʥʽ ʝʢʦʩʠʩʪʝʤʠ. ʈʝʟʫʣʴʪʘʪʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʽʥʜʝʢʩʽʚ NDVI ʪʘ NBR ʥʘ ʦʩʥʦʚʽ ʟʥʽʤʢʽʚ 

Sentinel-2 L2A ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ.  

ɸʥʘʣʽʟ ʜʘʥʠʭ ʪʘʙʣʠʮʽ 1 ʜʝʤʦʥʩʪʨʫʻ ʯʽʪʢʫ ʢʦʨʝʣʷʮʽʶ ʤʽʞ ʟʥʠʞʝʥʥʷʤ 

ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʬʽʟʠʯʥʠʤ ʨʫʡʥʫʚʘʥʥʷʤ ʣʘʥʜʰʘʬʪʫ. ʋ 

ʜʦʚʦʻʥʥʠʡ ʧʝʨʽʦʜ (2020-2021 ʨʨ.) ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ NDVI ʩʪʘʥʦʚʠʣʠ 0,62-

0,67, ʘ NBR ï 0,45-0,48, ʱʦ ʩʚʽʜʯʠʣʦ ʧʨʦ ʩʪʘʙʽʣʴʥʠʡ ʛʦʤʝʦʩʪʘʟ ʣʽʩʦʚʦʾ 

ʝʢʦʩʠʩʪʝʤʠ. ʇʦʯʠʥʘʶʯʠ ʟ 2022 ʨʦʢʫ, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʦʟʥʘʢʠ ʩʪʨʝʩʫ, ʷʢʽ 

ʧʝʨʝʨʦʩʣʠ ʫ ʢʘʪʘʩʪʨʦʬʽʯʥʝ ʧʘʜʽʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʫ 2024-2025 ʨʦʢʘʭ. ʗʢ 

ʚʠʜʥʦ ʟ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʝʛʝʪʘʮʽʾ ʥʘ ʨʠʩʫʥʢʫ 1, ʽʥʜʝʢʩ 

NDVI ʚʧʘʚ ʜʦ ʨʽʚʥʷ 0,30, ʱʦ ʚʢʘʟʫʻ ʥʘ ʙʽʦʣʦʛʽʯʥʫ ʩʤʝʨʪʴ ʟʥʘʯʥʦʾ ʯʘʩʪʠʥʠ 

ʣʽʩʦʚʦʛʦ ʤʘʩʠʚʫ. 

ʎʝ ʧʘʜʽʥʥʷ ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʝ ʢʣʽʤʘʪʠʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʦʩʢʽʣʴʢʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʝʨʝʭʦʜʦʤ ʽʥʜʝʢʩʫ NBR ʫ ʚʽʜôʻʤʥʽ ʟʥʘʯʝʥʥʷ 

(ʚʽʜ -0,05 ʜʦ 0,02). 
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ʊʘʙʣʠʮʷ ï ʂʦʤʧʣʝʢʩʥʘ ʜʠʥʘʤʽʢʘ ʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ NDVI 

ʪʘ NBR (2020-2025) 

 

ʈʽʢ 
ɼʘʪʘ 

ʟʡʦʤʢʠ 

NDVI 

(ʩʝʨʝʜʥʽʡ) 

NBR 

(ʩʝʨʝʜʥʽʡ) 
ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ 

2020 12.07 0,62 0,45 

ɼʦʙʨʝ ʨʦʟʚʠʥʝʥʘ ʣʽʩʦʚʘ ʨʦʩʣʠʥʥʽʩʪʴ, 

ʚʠʩʦʢʘ ʬʦʪʦʩʠʥʪʝʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ. 

ʆʟʥʘʢʠ ʧʦʞʝʞ ʚʽʜʩʫʪʥʽ. 

2021 12.07 0,67 0,48 

ʃʝʛʢʘ ʧʨʠʨʦʜʥʘ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ, 

ʤʘʢʩʠʤʘʣʴʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʚʦʣʦʛʠ ʚ 

ʙʽʦʤʘʩʽ. 

2022 27.06 0,61 0,41 

ʇʦʯʘʪʢʦʚʽ ʦʟʥʘʢʠ ʩʪʨʝʩʫ, ʥʝʟʥʘʯʥʝ 

ʟʥʠʞʝʥʥʷ ʚʦʣʦʛʦʩʪʽ, ʤʦʞʣʠʚʠʡ 

ʣʦʢʘʣʴʥʠʡ ʚʧʣʠʚ. 

2023 07.07 0,57 0,25 

ʇʦʯʘʪʦʢ ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɿʥʘʯʥʝ ʧʘʜʽʥʥʷ NBR ʚʢʘʟʫʻ ʥʘ 

ʧʦʰʢʦʜʞʝʥʥʷ ʢʨʦʥ ʘʙʦ ʚʩʠʭʘʥʥʷ. 

2024 06.07 0,31 -0,05 

ʂʨʠʪʠʯʥʝ ʟʥʠʞʝʥʥʷ ʦʙʦʭ ʽʥʜʝʢʩʽʚ. 

ɺʽʜ'ʻʤʥʠʡ NBR ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʟʥʠʱʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ 

ʚʦʛʥʝʤ/ʚʠʙʫʭʘʤʠ. 

2025 11.07 0,30 -0,02 

ʉʪʘʥ ʟʘʣʠʰʘʻʪʴʩʷ ʢʨʠʪʠʯʥʠʤ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ, ʥʘʷʚʥʽʩʪʴ 

ʟʛʘʨʠʱ ʪʘ ʤʝʨʪʚʦʾ ʜʝʨʝʚʠʥʠ, 

ʚʪʦʨʠʥʥʘ ʩʫʢʮʝʩʽʷ (ʟʘʨʦʩʪʘʥʥʷ 

ʪʨʘʚʦʶ) ʱʝ ʥʝ ʧʦʯʘʣʘʩʷ. 

 

ʂʘʨʪʦʩʭʝʤʘ ʧʦʰʢʦʜʞʝʥʴ, ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʽʥʜʝʢʩʫ NBR (ʨʠʩ. 2), 

ʧʽʜʪʚʝʨʜʞʫʻ ʬʽʟʠʯʥʠʡ ʤʝʭʘʥʽʟʤ ʟʥʠʱʝʥʥʷ: ʚʽʜôʻʤʥʽ ʟʥʘʯʝʥʥʷ ʻ ʤʘʨʢʝʨʦʤ 

ʥʘ̫ʚʥʦʩʪʽ ʚʽʜʢʨʠʪʦʛʦ ˇʨʫʥʪʫ, ʧʦʧʝʣʫ ʪʘ ʟʛʘʨʠʱ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʚʥʘʩʣʽʜʦʢ 

ʽʥʪʝʥʩʠʚʥʠʭ ʙʦʡʦʚʠʭ ʜʽʡ. ʉʠʥʭʨʦʥʥʝ ʧʘʜʽʥʥʷ ʦʙʦʭ ʽʥʜʝʢʩʽʚ ʜʦʚʦʜʠʪʴ, ʱʦ 

ʜʝʛʨʘʜʘʮʽʷ ʚʠʢʣʠʢʘʥʘ ʥʝ ʩʝʟʦʥʥʦʶ ʧʦʩʫʭʦʶ, ʘ ʢʦʤʙʽʥʘʮʽʻʶ ʤʝʭʘʥʽʯʥʦʛʦ 

ʟʥʠʱʝʥʥʷ (ʚʠʙʫʭʠ, ʧʦʞʝʞʽ) ʪʘ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʝ ʙʣʦʢʫʻ ʧʨʦʮʝʩʠ 

ʨʝʛʝʥʝʨʘʮʽʾ. ɺʽʜʩʫʪʥʽʩʪʴ ʧʦʟʠʪʠʚʥʦʾ ʜʠʥʘʤʽʢʠ ʚʽʜʥʦʚʣʝʥʥʷ ʫ 2025 ʨʦʮʽ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʭʘʨʘʢʪʝʨ ʟʘʚʜʘʥʦʾ ʰʢʦʜʠ ʪʘ ʩʪʘʥ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʰʦʢʫ ʪʝʨʠʪʦʨʽʾ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʪʝʭʥʦʣʦʛʽʾ 

ɼɿɿ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ Sentinel-2 L2A ʻ ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʙôʻʢʪʠʚʥʦʾ ʬʽʢʩʘʮʽʾ ʝʢʦʣʦʛʽʯʥʠʭ ʟʣʦʯʠʥʽʚ. 
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ʂʦʤʧʣʝʢʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʜʝʢʩʽʚ NDVI ʪʘ NBR ʜʦʟʚʦʣʷʻ 

ʩʬʦʨʤʫʚʘʪʠ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʫ ʜʦʢʘʟʦʚʫ ʙʘʟʫ, ʷʢʘ ʧʽʜʪʚʝʨʜʞʫʻ 

ʥʘʷʚʥʽʩʪʴ ʦʟʥʘʢ ʝʢʦʮʠʜʫ: ʤʘʩʦʚʽʩʪʴ ʟʥʠʱʝʥʥʷ (ʯʝʨʝʟ ʨʦʟʨʘʭʫʥʦʢ ʧʣʦʱ 

ʫʨʘʞʝʥʥʷ), ʷʢʽʩʥʫ ʜʝʛʨʘʜʘʮʽʶ (ʯʝʨʝʟ ʧʘʜʽʥʥʷ ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ) ʪʘ ʜʦʚʛʦʪʨʠʚʘʣʽʩʪʴ ʥʘʩʣʽʜʢʽʚ. ʆʪʨʠʤʘʥʽ ʧʨʦʩʪʦʨʦʚʽ ʜʘʥʽ ʧʨʦ 

ʧʣʦʱʽ ʧʦʰʢʦʜʞʝʥʠʭ ʜʽʣʷʥʦʢ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʦʨʤʫʣ ʄʝʪʦʜʠʢʠ ˉ 167, ʱʦ ʜʦʟʚʦʣʷʻ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʽ ʟʙʠʪʢʠ 

ʫ ʬʽʥʘʥʩʦʚʠʡ ʝʢʚʽʚʘʣʝʥʪ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʩʪʷʛʥʝʥʥʷ ʨʝʧʘʨʘʮʽʡ. 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ 
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ʈʠʩʫʥʦʢ 2 ï ʇʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʘ 

ʜʠʥʘʤʽʢʘ ʜʝʛʨʘʜʘʮʽʾ ʨʦʩʣʠʥʥʦʛʦ 

ʧʦʢʨʠʚʫ (ʽʥʜʝʢʩ NDVI) ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʉʝʨʝʙʨʷʥʩʴʢʦʛʦ ʣʽʩʥʠʮʪʚʘ ʟʘ ʜʘʥʠʤʠ 

ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ Sentinel-2 

L2A (2020-2025 ʨʨ.) 
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ɽʅɽʈɻʆɿɹɽʈɽɾɽʅʅʗ ʊɸ ʅɽʊʈɸɼʀʎɯʁʅɯ ʁ 

ɺɯɼʅʆɺʃʖɺɸʃʔʅɯ ɼɾɽʈɽʃɸ ɽʅɽʈɻɯɰ 

ʋɼʂ  661.175-027.45:502.2]:621.311.243 

 

ɭʚʪʫʰʝʥʢʦ ɽ. ʆ., ʘʩʧʽʨʘʥʪ, 

 ʂʫʪʥʠʡ ɹ. ɸ., ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ,  

ʏʝʨʥʝʮʴʢʘ ɯ. ɺ., ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ  

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 

 

ʆʎɯʅʂɸ ʄʆɾʃʀɺʆʉʊɯ ɿɸʉʊʆʉʋɺɸʅʅʗ ɽʂʆʃʆɻɯʏʅʆ 

ɹɽɿʇɽʏʅʀʍ ʉʇʀʈʊʆɺʀʍ ʈʆɿʏʀʅɯɺ ʗʂ ɸʃʔʊɽʈʅɸʊʀɺʅʀʍ 

ʊɽʇʃʆʅʆʉɯɰɺ ɼʃʗ ɻɽʃɯʆʉʀʉʊɽʄ ɿɸ ʈɽɿʋʃʔʊɸʊɸʄʀ 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼʆʉʃɯɼɾɽʅʔ 

 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʝʣʽʦʩʠʩʪʝʤ ʽ ʟʤʝʥʰʝʥʥʷ ʾʭ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʚʧʣʠʚʫ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʟʘʚʜʘʥʴ ʩʫʯʘʩʥʦʾ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. 

ɿʥʘʯʥʦʶ ʤʽʨʦʶ ʮʝ ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʙʦʨʦʤ ʪʝʧʣʦʥʦʩʽʷ, ʷʢʠʡ ʤʘʻ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ, 

ʟʦʢʨʝʤʘ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ 

ʤʦʞʣʠʚʠʭ ʨʝʞʠʤʽʚ ʩʪʘʛʥʘʮʽʾ. ʗʢ ʧʦʢʘʟʘʥʦ ʚ ʨʦʙʦʪʘʭ [1, 5], ʪʨʘʜʠʮʽʡʥʽ 

ʚʦʜʥʦ-ʛʣʽʢʦʣʝʚʽ ʪʝʧʣʦʥʦʩʽʾ ʤʘʶʪʴ ʥʠʟʢʫ ʥʝʜʦʣʽʢʽʚ, ʧʦʚôʷʟʘʥʠʭ ʽʟ 

ʪʝʨʤʽʯʥʦʶ ʜʝʛʨʘʜʘʮʽʻʶ, ʪʦʢʩʠʯʥʽʩʪʶ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʚʽʜ ʧʝʨʝʛʨʽʚʫ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʝʣʽʦʩʠʩʪʝʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʥʦʩʽʾʚ ʽʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʢʠʧʽʥʥʷ ʥʠʞʯʝ 95 Áʉ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʧʽʜ ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ ʛʨʘʥʠʯʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʥʪʨʦʣʴʦʚʘʥʝ ʟʘʢʠʧʘʥʥʷ ʪʝʧʣʦʥʦʩʽʷ, ʡʦʛʦ 

ʯʘʩʪʢʦʚʝ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʘ ʚʠʪʽʩʥʝʥʥʷ ʨʽʜʢʦʾ ʬʘʟʠ ʚ ʨʦʟʰʠʨʶʚʘʣʴʥʠʡ ʙʘʢ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʠʤʯʘʩʦʚʦʛʦ ʧʨʠʧʠʥʝʥʥʷ ʮʠʨʢʫʣʷʮʽʾ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʦʨʦʛʦʾ ʘʚʪʦʤʘʪʠʢʠ ʟʘʭʠʩʪʫ ʚʽʜ ʩʪʘʛʥʘʮʽʾ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ 

ʧʨʠʥʮʠʧʦʚʦ ʟʤʽʥʠʪʠ ʭʘʨʘʢʪʝʨ ʨʦʙʦʪʠ ʛʝʣʽʦʩʠʩʪʝʤ ʫ ʨʝʞʠʤʘʭ ʚʠʩʦʢʠʭ 

ʪʝʧʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʩʪʘʛʥʘʮʽʾ ʪʘ ʟʥʠʟʠʪʠ ʚʠʤʦʛʠ ʜʦ ʤʘʪʝʨʽʘʣʽʚ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʱʦ ʩʧʨʠʷʻʪʠʤʝ ʟʤʝʥʰʝʥʥʶ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ ʪʘ 

ʤʘʪʝʨʽʘʣʦʻʤʥʦʩʪʽ ʛʝʣʽʦʩʠʩʪʝʤ [1]. 

ɯʟ ʧʦʟʠʮʽʡ ʝʢʦʣʦʛʽʾ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʩʪʘʥʦʚʣʷʪʴ 

ʪʝʧʣʦʥʦʩʽʾ, ʷʢʽ ʻ ʤʝʥʰ ʪʦʢʩʠʯʥʠʤʠ ʜʣʷ ʜʦʚʢʽʣʣʷ ʪʘ ʣʶʜʠʥʠ ʧʦʨʽʚʥʷʥʦ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʠʥʪʝʪʠʯʥʠʤʠ ʚʦʜʥʦ-ʛʣʽʢʦʣʝʚʠʤʠ ʩʫʤʽʰʘʤʠ. ʋ ʮʴʦʤʫ 

ʢʦʥʪʝʢʩʪʽ ʩʧʠʨʪʦʚʽ ʨʦʟʯʠʥʠ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʧʦʪʝʥʮʽʡʥʦ 

ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʽ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʪʝʧʣʦʥʦʩʽʾ, ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ ʤʦʞʫʪʴ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʟʤʽʥʶʚʘʪʠʩʷ ʰʣʷʭʦʤ ʧʽʜʙʦʨʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʚʚʝʜʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʠʩʘʜʦʢ [3]. ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ 
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ʩʢʣʘʜʫ ʨʦʟʯʠʥʫ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʽʥʥʷ ʪʘ ʬʘʟʦʚʫ ʧʦʚʝʜʽʥʢʫ ʦʨʛʘʥʽʯʥʠʭ 

ʩʠʩʪʝʤ ʜʦʩʪʘʪʥʴʦ ʜʦʙʨʝ ʦʧʠʩʘʥʽ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʧʨʘʮʷʭ [2, 6], ʱʦ 

ʩʪʚʦʨʶʻ ʥʘʜʽʡʥʫ ʪʝʦʨʝʪʠʯʥʫ ʦʩʥʦʚʫ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʆʢʨʝʤʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʦʙʦʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʤʦʜʠʬʽʢʘʮʽʾ ʪʝʨʤʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʠʨʪʦʚʠʭ ʪʝʧʣʦʥʦʩʽʾʚ ʟʘ 

ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʧʨʠʩʘʜʦʢ, ʟʦʢʨʝʤʘ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʢʠʧʽʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʪʝʧʣʦʧʝʨʝʥʦʩʫ [4]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʨʦʙʦʯʠʭ ʨʽʜʠʥ ʫ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʚʠʭ ʩʠʩʪʝʤʘʭ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʝʬʝʢʪʠʚʥʠʡ ʰʣʷʭ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʪʝʧʣʦʚʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ[5]. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʩʧʠʨʪʦʚʠʭ ʨʦʟʯʠʥʽʚ ʨʽʟʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʘ ʪʘʢʦʞ ʩʧʠʨʪʦʚʠʭ 

ʨʦʟʯʠʥʽʚ ʽʟ ʧʨʠʩʘʜʢʘʤʠ, ʽʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʾʭ ʢʠʧʽʥʥʷ ʪʘ 

ʦʮ̔ʥʢʠ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʪʝʧʣʦʥʦʩʽʾʚ ʜʣʷ 

ʛʝʣʽʦʩʠʩʪʝʤ.  

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ ʩʢʣʘʜʫ ʩʧʠʨʪʦʚʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʾʭ 

ʢʠʧʽʥʥʷ ʫ ʣʘʙʦʨʘʪʦʨʽʾ çɿʝʣʝʥʦʾ ʝʥʝʨʛʝʪʠʢʠè ʢʘʬʝʜʨʠ 

ʪʝʧʣʦʛʘʟʦʧʦʩʪʘʯʘʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ ʘʚʪʦʨʘʤʠ ʙʫʣʦ 

ʩʪʚʦʨʝʥʦ ʜʦʩʣʽʜʥʫ ʫʩʪʘʥʦʚʢʫ [7]. ʂʦʥʩʪʨʫʢʮʽʷ ʙʫʣʘ ʚʜʦʩʢʦʥʘʣʝʥʘ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ ʦʧʝʨʘʪʠʚʥʦ ʟʘʤʽʥʶʚʘʪʠ ʪʝʧʣʦʥʦʩʽʾ, ʘ ʾʭ 

ʥʘʛʨʽʚʘʥʥʷ ʟʘʤʽʩʪʴ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʦʙʽʛʨʽʚʘʯʘ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʩʧʽʨʘʣʣʶ, 

ʧʽʜʢʣʶʯʝʥʦʶ ʜʦ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ ʯʝʨʝʟ ʣʘʙʦʨʘʪʦʨʥʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ 

ʜʣʷ ʧʣʘʚʥʦʾ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʧʽʜʚʝʜʝʥʦʾ ʪʝʧʣʦʪʠ. ʇʨʦʚʝʜʝʥʦ ʩʝʨʽʶ ʜʦʩʣʽʜʽʚ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʠ ʷʢʽʡ ʧʦʯʠʥʘʻʪʴʩʷ ʢʠʧʽʥʥʷ 

ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʽʟ ʨʽʟʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʩʧʠʨʪʫ ʚ ʜʽʘʧʘʟʦʥʽ ʪʠʩʢʽʚ ʚʽʜ 0 

ʜʦ 2 ʢʛ/ʩʤ2. ʋʟʘʛʘʣʴʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʠʟʢʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʩʧʠʨʪʦʚʠʭ ʨʦʟʯʠʥʽʚ ʨʽʟʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʝʟ ʜʦʤʽʰʦʢ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʩʫʥʢʫ 1. 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʢʠʧʽʥʥʷ ʩʧʠʨʪʦʚʠʭ 

ʨʦʟʯʠʥʽʚ ʨʽʟʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʜ ʪʠʩʢʫ ʥʘ ʦʩʥʦʚʽ  

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 



 157 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʘ, ʟʦʙʨʘʞʝʥʦʛʦ ʥʘ ʨʠʩʫʥʢʫ 1, ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʽʥʥʷ 

ʨʦʟʯʠʥʫ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʧʠʨʪʫ ʪʘ ʟʥʠʞʝʥʥʽ 

ʪʠʩʢʫ ʚ ʩʠʩʪʝʤʽ, ʱʦ ʻ ʟʘʢʦʥʦʤʽʨʥʠʤ ʡ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ 

ʜʘʥʠʤʠ [2, 6]. ʆʪʞʝ, ʟʘ ʜʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʟ 

ʨʦʟʛʣʷʥʫʪʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʪʝʧʣʦʥʦʩʽʾʚ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ 

ʟʘʜʘʯʽ ʚʠʙʦʨʫ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʛʦ ʨʦʟʯʠʥʫ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʢʠʧʽʥʥʷ 

ʤʝʥʰʝ 95 Áʉ ʫ ʨʦʙʦʯʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʠʩʢʽʚ 0,1-0,5 ʘʪʤ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ 

ʣʠʰʝ ʚʦʜʥʽ ʨʦʟʯʠʥʠ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʩʧʠʨʪʫ 40%. 

ʅʘ ʦʩʥʦʚʽ ʚʠʚʯʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ 

ʙʝʟʧʝʯʥʦʩʪʽ ʨʝʯʦʚʠʥ, ʧʦʪʝʥʮʽʡʥʦ ʧʨʠʜʘʪʥʠʭ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʷʢʦʩʪʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʜʦʤʽʰʦʢ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʢʠʧʽʥʥʷ 

ʧʨʠ ʤʝʥʰʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʩʧʠʨʪʫ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʦʯʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʝʪʠʣʘʮʝʪʘʪʫ. ɺʽʜʦʤʦ, ʱʦ ʚʽʥ ʤʘʻ 

ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʽʥʥʷ ʙʣʠʟʴʢʦ 77Áʉ ʟʘ ʥʦʨʤʘʣʴʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ, 

ʚʠʩʦʢʠʡ ʪʠʩʢ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ, ʜʦʩʪʘʪʥʶ ʨʦʟʯʠʥʥʽʩʪʴ ʫ ʚʦʜʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʩʪʘʙʽʣʴʥʠʭ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ ʫ ʤʘʣʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʽ ʜʦʙʨʝ 

ʟʤʽʰʫʻʪʴʩʷ ʽʟ ʩʧʠʨʪʘʤʠ. ɿʘ ʤʘʣʠʭ ʤʘʩʦʚʠʭ ʯʘʩʪʦʢ ʫ ʩʫʤʽʰʽ ʝʪʠʣʘʮʝʪʘʪ 

ʤʦʞʝ ʩʣʫʞʠʪʠ ʤʦʜʠʬʽʢʘʪʦʨʦʤ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ, ʜʦʟʚʦʣʷʶʯʠ ʪʦʥʢʦ 

ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʯʘʪʢʫ ʢʠʧʽʥʥʷ ʙʝʟ ʨʽʟʢʦʾ ʟʤʽʥʠ ʽʥʰʠʭ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʯʠʥʫ. ʆʪʞʝ, ʜʣʷ ʧʨʦʙʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʙʫʣʦ ʦʙʨʘʥʦ 20% ʨʦʟʯʠʥ ʩʧʠʨʪʫ ʟ ʜʦʜʘʚʘʥʥʷʤ 4% ʝʪʠʣʘʮʝʪʘʪʫ. ʈʝʟʫʣʴʪʘʪʠ 

ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 2. 

 
ʈʠʩʫʥʦʢ 2 ï ʇʦʨʽʚʥʷʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʢʠʧʽʥʥʷ 20% ʨʦʟʯʠʥʫ 

ʩʧʠʨʪʫ ʟ ʜʦʜʘʚʘʥʥʷʤ 4% ʝʪʠʣʘʮʝʪʘʪʫ ʪʘ ʙʝʟ ʥʴʦʛʦ ʧʨʠ ʨʽʟʥʠʭ ʪʠʩʢʘʭ 

ʥʘ ʦʩʥʦʚʽ ʫʟʘʛʘʣʴʥʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ 2, ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʚʩʴʦʛʦ 4% ʝʪʠʣʘʮʝʪʘʪʫ 

(ʝʪʠʣʦʚʦʛʦ ʝʩʪʝʨʫ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ) ʜʦ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʩʧʠʨʪʫ 20% ʤʘʻʤʦ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʢʠʧʽʥʥʷ ʥʘ 5-11%, ʱʦ ʻ ʮʽʣʢʦʤ 

ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʚʠʭʦʜʫ ʥʘ ʥʝʦʙʭʽʜʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʽʥʥʷ ʚ ʽʥʪʝʨʚʘʣʽ 80-91 
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Áʉ ʫ ʜʽʘʧʘʟʦʥʽ ʪʠʩʢʽʚ ʚʽʜ 0,1 ʜʦ 0,5 ʢʛ/ʩʤ2, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʨʦʙʦʯʦʤʫ 

ʽʥʪʝʨʚʘʣʫ ʜʣʷ ʛʝʣʽʦʩʠʩʪʝʤ. 

Sp ʝʢʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʝʪʠʣʘʮʝʪʘʪ ʥʝ ʥʘʣʝʞʠʪʴ ʜʦ 

ʚʠʩʦʢʦʪʦʢʩʠʯʥʠʭ ʩʧʦʣʫʢ, ʰʚʠʜʢʦ ʙʽʦʜʝʛʨʘʜʫʻ ʚ ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʭʘʨʯʦʚʽʡ, ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʪʘ ʣʘʢʦʬʘʨʙʦʚʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʨʠʟʠʢʫ ʧʦʨʽʚʥʷʥʦ ʟ ʩʠʥʪʝʪʠʯʥʠʤʠ ʪʝʧʣʦʥʦʩʽʷʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʦʛʣʷʜʫ ʥʘ ʟʘʚʜʘʥʥʷ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʟʥʠʞʝʥʥʷ 

ʚʘʨʪʦʩʪʽ ʩʦʥʷʯʥʠʭ ʪʝʧʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʽ ʤʽʥʽʤʽʟʘʮʽʾ ʾʭ ʚʧʣʠʚʫ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʦʮʽʣʴʥʦ ʧʨʦʜʦʚʞʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʧʠʨʪʦʚʠʭ ʨʦʟʯʠʥʽʚ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʪʝʧʣʦʥʦʩʽʾʚ ʜʣʷ ʩʦʥʷʯʥʠʭ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. ʎʽʣʝʩʧʨʷʤʦʚʘʥʠʡ 

ʧʽʜʙʽʨ ʩʢʣʘʜʫ ʪʘʢʠʭ ʨʦʟʯʠʥʽʚ ʜʦʟʚʦʣʠʪʴ ʩʬʦʨʤʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʩʢʣʘʜ 

ʪʝʧʣʦʥʦʩʽʷ, ʷʢʠʡ ʧʦʻʜʥʫʚʘʪʠʤʝ ʥʠʟʴʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʽʥʥʷ, ʧʨʠʡʥʷʪʥʽ 

ʪʝʧʣʦʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʧʽʜʚʠʱʝʥʫ ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʯʥʽʩʪʴ. 
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ʩʪʫʜʝʥʪʽʚ ʫʥʽʚʝʨʩʠʪʝʪʫ (ʇʦʣʪʘʚʘ, 16 ʪʨʘʚʥʷ ï 22 ʪʨʘʚʥʷ 2025 ʨ.).  

ʇʦʣʪʘʚʘ : ʅʘʮ. ʫʥ-ʪ ʽʤ. ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ, 2025. ʊ. 2. C. 278ï279. 
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ʂʦʨʥʽʻʥʢʦ ʈ. ɯ., ʘʩʧʽʨʘʥʪ,  

ʂʫʪʥʠʡ ɹ. ɸ., ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ 

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè 

 

ʂʈʀʉʊɸʃʆɻɯɼʈɸʊʀ ʗʂ ʆʉʅʆɺɸ ʊɽʇʃʆɸʂʋʄʋʃʗʊʆʈɯɺ 

ʅʆɺʆɻʆ ʇʆʂʆʃɯʅʅʗ: ʇɽʈɽɺɸɻʀ ʇɽʈɽʆʍʆʃʆɼɾɽʅʅʗ ʊɸ 

ʄɽʊʆɼʀ ɯʅɯʎɯʖɺɸʅʅʗ ʂʈʀʉʊɸʃɯɿɸʎɯɰ 

 

ʂʨʠʩʪʘʣʦʛʽʜʨʘʪʠ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʦʣʝʡ, ʟʦʢʨʝʤʘ ʘʮʝʪʘʪʫ ʥʘʪʨʽʶ 

.Á#(#//zσ(/ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ 

(ʊɸʄ), ʦʩʢʽʣʴʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʧʠʪʦʤʦʶ ʪʝʧʣʦʪʦʶ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʛʽʜʨʘʪʘʮʽʾ ʪʘ ʜʝʛʽʜʨʘʪʘʮʽʾ, ʷʢʘ ʩʪʘʥʦʚʠʪʴ 226-274 

ʢɼʞ/ʢʛ [1]. ʎʽ ʤʘʪʝʨʽʘʣʠ ʻ ʢʣʶʯʦʚʠʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ 

ʩʠʩʪʝʤ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʪʘ çʨʦʟʫʤʥʠʭ ʤʝʨʝʞè (SmartGrid) [2]. ʇʨʦʪʝ, 

ʾʭʥʻ ʰʠʨʦʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʧʨʦʙʣʝʤʦʶ ʚʠʨʘʞʝʥʦʛʦ 

ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ, ʢʦʣʠ ʨʽʜʢʘ ʬʘʟʘ ʥʝ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʚ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽʡ 

ʪʦʯʮʽ ʧʣʘʚʣʝʥʥʷ, ʧʝʨʝʭʦʜʷʯʠ ʚ ʤʝʪʘʩʪʘʙʽʣʴʥʠʡ ʩʪʘʥ [3].   ʎʝ ʧʝʨʝʰʢʦʜʞʘʻ 

ʥʘʜʽʡʥʦʤʫ ʽ ʢʝʨʦʚʘʥʦʤʫ ʚʠʚʽʣʴʥʝʥʥʶ ʥʘʢʦʧʠʯʝʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ 

ʚʠʤʦʛʫ ʩʧʦʞʠʚʘʯʘ. ʗʚʠʱʝ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚ'ʷʟʘʥʝ ʟ ʥʠʟʴʢʦʶ 

ʰʚʠʜʢʽʩʪʶ ʟʘʨʦʜʞʝʥʥʷ (ʥʫʢʣʝʘʮʽʾ) ʢʨʠʩʪʘʣʽʚ. ʆʪʞʝ, ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ 

ʢʨʠʪʠʯʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʽʥʽʮʽʶʚʘʥʥʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʪʝʧʣʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʥʦʚʦʛʦ 

ʧʦʢʦʣʽʥʥʷ. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʫʟʘʛʘʣʴʥʠʪʠ ʩʫʯʘʩʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ 

ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʽʚ ʪʘ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ/ʩʝʟʦʥʥʦʛʦ 

ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʪʠ, ʘ ʪʘʢʦʞ ʦʢʨʝʩʣʠʪʠ ʽʥʞʝʥʝʨʥʽ ʧʽʜʭʦʜʠ ʜʦ 

ʽʥʽʮʽʶʚʘʥʥʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ. 

ɿʘʚʜʘʥʥʷ ʨʦʙʦʪʠ: ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʪʝʧʣʦʘʢʫʤʫʣʷʪʦʨʽʚ 

ʥʘ ʦʩʥʦʚʽ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʽʚ; ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʤʝʭʘʥʽʟʤʠ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ 

ʪʘ ʥʫʢʣʝʘʮʽʾ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʽʚ ʫ ʢʦʥʪʝʢʩʪʽ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ/ʩʝʟʦʥʥʦʛʦ 

ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʪʠ; ʥʘ ʧʨʠʢʣʘʜʽ ʩʝʛʤʝʥʪʦʚʘʥʦʛʦ ʪʝʧʣʦʘʢʫʤʫʣʷʪʦʨʘ ʟ 

ʘʮʝʪʘʪʦʤ ʥʘʪʨʽʶ ʪʨʠʛʽʜʨʘʪʫ ʧʦʢʘʟʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʩʪʘʙʽʣʴʥʦʛʦ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʦʙʤʝʞʝʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʽʥʽʮʽʶʚʘʥʥʷ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ; ʦʢʨʝʩʣʠʪʠ ʦʩʥʦʚʥʽ ʧʽʜʭʦʜʠ ʜʦ ʽʥʽʮʽʶʚʘʥʥʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʧʝʨʝʦʭʦʣʦʜʞʝʥʠʭ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʽʚ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ 

ʙʝʟʤʝʭʘʥʽʯʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʪʨʠʛʝʨʽʚ ʷʢ ʥʘʧʨʷʤʫ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʂʨʠʩʪʘʣʦʛʽʜʨʘʪʠ ʩʦʣʝʡ ʥʘʣʝʞʘʪʴ ʜʦ ʢʣʘʩʫ ʬʘʟʦʟʤʽʥʥʠʭ 

ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʝʧʣʦʻʤʥʽʩʥʠʭ 

ʪʝʧʣʦʘʢʫʤʫʣʷʪʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ çʪʚʝʨʜʝ ʪʽʣʦ ï 



 160 

ʨʽʜʢʝè, ʱʦ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʱʽʣʴʥʽʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʪʝʧʣʦʪʠ ʟʘ 

ʬʽʢʩʦʚʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ [3-5] ʜʦ ʪʝʧʣʦʘʢʫʤʫʣʷʪʦʨʽʚ ʥʘ 

ʦʩʥʦʚʽ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʽʚ ʚʠʩʫʚʘʶʪʴ ʪʘʢʽ ʢʣʶʯʦʚʽ ʚʠʤʦʛʠ: ʚʠʩʦʢʘ 

ʝʥʝʨʛʦʻʤʥʽʩʪʴ; ʢʝʨʦʚʘʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʟʘʨʷʜʞʝʥʥʷ ʪʘ ʨʦʟʨʷʜʞʝʥʥʷ; 

ʪʝʨʤʽʯʥʘ ʡ ʮʠʢʣʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ; ʝʢʦʥʦʤʽʯʥʘ ʜʦʮʽʣʴʥʽʩʪʴ; ʙʝʟʧʝʢʘ ʡ 

ʢʦʨʦʟʽʡʥʘ ʩʫʤʽʩʥʽʩʪʴ; ʜʦʩʪʘʪʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʧʝʨʝʜʘʯʽ. ɺʠʢʦʥʘʥʥʷ 

ʮʠʭ ʚʠʤʦʛ ʥʝʨʦʟʨʠʚʥʦ ʧʦʚôʷʟʘʥʝ ʟ ʢʦʥʪʨʦʣʝʤ ʥʘʜ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷʤ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʥʘʜʽʡʥʠʭ ʤʝʪʦʜʽʚ ʽʥʽʮʽʶʚʘʥʥʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

ʇʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʚʠʥʠʢʘʻ, ʢʦʣʠ ʨʦʟʧʣʘʚʣʝʥʠʡ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪ 

ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʥʠʞʯʝ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ, ʘʣʝ ʥʝ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ 

ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʶ ʰʚʠʜʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʟʘʨʦʜʢʽʚ ʥʦʚʦʾ ʬʘʟʠ (ʥʫʢʣʝʘʮʽʾ). 

ɼʣʷ ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʷʢ ʢʝʨʫʚʘʪʠ ʧʨʦʮʝʩʘʤʠ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʪʘ 

ʥʫʢʣʝʘʮʽʾ ʚ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʥʠʭ ʌɿʄ, ʜʦʮʽʣʴʥʦ ʢʦʨʦʪʢʦ ʨʦʟʛʣʷʥʫʪʠ 

ʧʦʣʦʞʝʥʥʷ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʥʫʢʣʝʘʮʽʾ (ʂʊʅ). ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʂʊʅ, 

ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʟʘʨʦʜʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʽʞ 

ʦʙôʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʟʤʽʥʠ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʧʦʚʝʨʭʥʝʚʦʶ ʩʢʣʘʜʦʚʦʶ. 

ʆʙôʻʤʥʘ ʩʢʣʘʜʦʚʘ ʻ ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʧʝʨʝʭʦʜʫ ʟ ʨʽʜʢʦʛʦ ʩʪʘʥʫ ʫ ʪʚʝʨʜʠʡ 

ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʟʥʠʮʽ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʦʜʠʥʠʮʶ ʦʙôʻʤʫ ʤʽʞ ʨʽʜʢʦʶ ʡ 

ʪʚʝʨʜʦʶ ʬʘʟʘʤʠ. ʅʘʪʦʤʽʩʪʴ ʧʦʚʝʨʭʥʝʚʘ ʩʢʣʘʜʦʚʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʨôʻʨ, ʧʦʚôʷʟʘʥʠʡ ʽʟ ʬʦʨʤʫʚʘʥʥʷʤ ʥʦʚʦʾ ʤʝʞʽ ʧʦʜʽʣʫ ʤʽʞ 

ʷʜʨʦʤ ʢʨʠʩʪʘʣʘ ʪʘ ʨʽʜʢʦʶ ʬʘʟʦʶ, ʽ ʻ ʧʨʦʧʦʨʮʽʡʥʦʶ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ 

ʟʘʨʦʜʢʘ ʪʘ ʧʦʚʝʨʭʥʝʚʦʤʫ ʥʘʪʷʛʫ [1]. 

ɿʛʽʜʥʦ ʟ ʂʊʅ, ʣʠʰʝ ʟʘʨʦʜʢʠ ʟ ʨʘʜʽʫʩʦʤ ὶ ὶ̒  ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ 

ʩʪʽʡʢʠʤʠ ʡ ʟʜʘʪʥʽ ʟʨʦʩʪʘʪʠ, ʪʦʜʽ ʷʢ ʤʝʥʰʽ ʨʦʟʯʠʥʷʶʪʴʩʷ. ʂʨʠʪʠʯʥʠʡ 

ʨʘʜʽʫʩ ὶʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʩʪʫʧʝʥʶ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ɝὝ: 

 

 
ὶ

ς„Ὕ

ɝὌ ɝὝ
ȟ (1.1) 

 

ʜʝ „ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ, Ὕï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ, ɝὌ ï 
ʧʨʠʭʦʚʘʥʘ ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʥʷ. ʆʪʞʝ, ʟʽ ʟʨʦʩʪʘʥʥʷʤ ɝὝ(ʛʣʠʙʰʠʤ 
ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷʤ) ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʨôʻʨ ʥʫʢʣʝʘʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ 

ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʨʦʜʞʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʨʽʟʢʦ ʟʨʦʩʪʘʻ [1, ʩ. 10] 

ɯʟ ʽʥʞʝʥʝʨʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʘʤʽʩʪʴ ʜʦʚʝʜʝʥʥʷ ʩʠʩʪʝʤʠ 

ʜʦ ʥʘʜʤʽʨʥʦ ʛʣʠʙʦʢʦʛʦ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʜʦʮʽʣʴʥʽʰʝ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ 

ʟʥʠʞʫʚʘʪʠ ʙʘʨôʻʨ ʥʫʢʣʝʘʮʽʾ ï ʩʪʚʦʨʶʶʯʠ ʝʬʝʢʪʠʚʥʽ ʮʝʥʪʨʠ ʛʝʪʝʨʦʛʝʥʥʦʾ 

ʥʫʢʣʝʘʮʽʾ ʘʙʦ ʟʘʩʪʦʩʦʚʫʶʯʠ ʟʦʚʥʽʰʥʽ ʢʝʨʦʚʘʥʽ ʚʧʣʠʚʠ. ʉʘʤʝ ʪʦʤʫ 

ʧʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ ʤʝʪʦʜʘʭ ʽʥʽʮʽʶʚʘʥʥʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʷʢʽ 

ʜʘʶʪʴ ʟʤʦʛʫ ʟʘʧʫʩʢʘʪʠ ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʫ ʟʘʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. 

ʋ ʙʽʣʴʰʦʩʪʽ ʨʦʙʽʪ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʧʨʦʙʣʝʤʫ, ʱʦ 

ʫʩʢʣʘʜʥʶʻ ʛʘʨʘʥʪʦʚʘʥʝ ʚʠʚʽʣʴʥʝʥʥʷ ʥʘʢʦʧʠʯʝʥʦʾ ʪʝʧʣʦʪʠ, ʧʨʦʪʝ 

ʩʪʘʙʽʣʴʥʠʡ ʧʝʨʝʦʭʦʣʦʜʞʝʥʠʡ ʩʪʘʥ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʽʚ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ 
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ʢʝʨʦʚʘʥʠʤ ʨʝʟʝʨʚʦʤ ʝʥʝʨʛʽʾ: ʪʝʧʣʦʪʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʧʨʠʭʦʚʘʥʽʡ ʬʦʨʤʽ 

ʜʦʪʠ, ʜʦʢʠ ʥʝ ʙʫʜʝ ʽʥʽʮʽʡʦʚʘʥʦ ʢʨʠʩʪʘʣʽʟʘʮʽʶ, ʘ ʧʦʧʨʠ ʥʝʤʠʥʫʯʽ ʚʪʨʘʪʠ 

ʪʝʧʣʦʻʤʥʽʩʥʦʾ ʩʢʣʘʜʦʚʦʾ ʦʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʟʘʙʝʟʧʝʯʫʻ ʩʘʤʝ ʧʨʠʭʦʚʘʥʘ 

ʪʝʧʣʦʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ, ʷʢʫ ʤʦʞʥʘ ʘʢʫʤʫʣʶʚʘʪʠ ʚ ʧʝʨʽʦʜʠ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ 

ʦʧʘʣʶʚʘʣʴʥʠʡ ʩʝʟʦʥ [6]. ʇʦʢʘʟʦʚʠʤ ʧʨʠʢʣʘʜʦʤ ʪʘʢʦʾ ʨʝʘʣʽʟʘʮʽʾ ʻ 

ʩʝʛʤʝʥʪʦʚʘʥʠʡ ʪʝʧʣʦʘʢʫʤʫʣʷʪʦʨ ʥʘ ʦʩʥʦʚʽ ʘʮʝʪʘʪʫ ʥʘʪʨʽʶ ʪʨʠʛʽʜʨʘʪʫ, 

ʽʥʪʝʛʨʦʚʘʥʠʡ ʫ ʩʦʥʷʯʥʫ ʩʠʩʪʝʤʫ ɻɺʇ ʪʘ ʦʧʘʣʝʥʥʷ: ʯʦʪʠʨʠ ʧʣʘʩʢʽ ʤʦʜʫʣʽ 

ʙʫʣʠ ʟôʻʜʥʘʥʽ ʟ ʙʫʬʝʨʥʠʤ ʚʦʜʷʥʠʤ ʙʘʢʦʤ ʽ ʧʦʣʝʤ ʚʘʢʫʫʤʥʠʭ ʢʦʣʝʢʪʦʨʽʚ; 

ʧʽʩʣʷ ʧʣʘʚʣʝʥʥʷ ʧʨʠ å80 ÁC ʤʘʪʝʨʽʘʣ ʪʨʠʚʘʣʠʡ ʯʘʩ ʟʙʝʨʽʛʘʚʩʷ ʫ 

ʧʝʨʝʦʭʦʣʦʜʞʝʥʦʤʫ ʩʪʘʥʽ, ʘ ʢʝʨʦʚʘʥʦ ʽʥʽʮʽʡʦʚʘʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʜʦʟʚʦʣʷʣʘ 

ʧʦʚʝʨʥʫʪʠ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʧʨʠʭʦʚʘʥʦʾ ʪʝʧʣʦʪʠ (å80 %), ʭʦʯʘ 

ʟʘʩʪʦʩʦʚʘʥʠʡ ʤʝʭʘʥʽʯʥʠʡ ʧʨʠʩʪʨʽʡ ʽʥôʻʢʮʽʾ ʟʘʪʨʘʚʢʠ ʟ ʧʦʨʦʞʥʠʩʪʦʶ 

ʛʦʣʢʦʶ ʪʘ ʢʨʦʢʦʚʠʤ ʜʚʠʛʫʥʦʤ ʫʩʢʣʘʜʥʶʻ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ 

ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʙʘʛʘʪʦʩʝʢʮʽʡʥʠʭ ʪʝʧʣʦʘʢʫʤʫʣʷʪʦʨʽʚ. 

                        
                       ʘ)                                                                    ʙ) 

ʈʠʩʫʥʦʢ ï ʊʝʧʣʦʘʢʫʤʫʣʶʶʯʽ ʤʦʜʫʣʽ (ʘ) ʪʘ ʧʨʠʩʪʨʽʡ ʽʥôʻʢʮʽʾ 

ʟʘʪʨʘʚʢʠ (ʙ) [6] 

ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʥʘ ʢʘʬʝʜʨʽ ʪʝʧʣʦʛʘʟʦʧʦʩʪʘʯʘʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ ʪʘ 

ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ 

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè ʩʧʽʣʴʥʦ ʟ ʧʨʦʬʝʩʦʨʦʤ ɹ. ɸ. ʂʫʪʥʠʤ ʧʨʦʚʦʜʷʪʴʩʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʧʫʣʴʩʥʠʭ ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʨʦʟʨʷʜʽʚ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʽʥʽʮʽʶʚʘʥʥʷ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʝʨʝʦʭʦʣʦʜʞʝʥʠʭ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʽʚ ʥʘ ʦʩʥʦʚʽ ʘʮʝʪʘʪʫ 

ʥʘʪʨʽʶ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʧʦʪʝʥʮʽʡʥʦ ʜʘʻ ʟʤʦʛʫ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʨʫʭʦʤʠʭ 

ʤʝʭʘʥʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʟʙʝʨʽʛʘʶʯʠ ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʪʝʧʣʦʘʢʫʤʫʣʷʪʦʨʘ, 

ʧʽʜʚʠʱʠʪʠ ʢʝʨʦʚʘʥʽʩʪʴ ʟʘʧʫʩʢʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʪʘ ʩʧʨʦʩʪʠʪʠ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʨʠʛʝʨʽʚ ʜʣʷ ʙʘʛʘʪʦʩʝʢʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

ɿʘ ʬʽʟʠʯʥʦʶ ʧʨʠʨʦʜʦʶ ʚʧʣʠʚʫ ʤʝʪʦʜʠ ʽʥʽʮʽʶʚʘʥʥʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʧʝʨʝʦʭʦʣʦʜʞʝʥʠʭ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʽʚ ʜʦʮʽʣʴʥʦ ʧʦʜʽʣʷʪʠ ʥʘ ʭʽʤʽʯʥʽ 

(ʜʦʙʘʚʢʠ, ʟʘʪʨʘʚʢʠ), ʤʝʭʘʥʽʯʥʽ ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ (ʩʪʨʫʩ, ʚʽʙʨʘʮʽʷ, 

ʚʥʫʪʨʽʰʥʽ ʪʨʠʛʝʨʠ), ʪʝʨʤʽʯʥʽ (ʣʦʢʘʣʴʥʝ ʦʭʦʣʦʜʞʝʥʥʷ) ʪʘ 
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ʝʣʝʢʪʨʠʯʥʽ/ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ. ʋ ʤʝʞʘʭ ʮʽʻʾ ʨʦʙʦʪʠ ʟʦʩʝʨʝʜʠʤʦʩʷ ʥʘ 

ʧʨʠʥʮʠʧʦʚʠʭ ʚʽʜʤʽʥʥʦʩʪʷʭ ʤʽʞ ʤʝʭʘʥʽʯʥʠʤʠ ʪʘ ʝʣʝʢʪʨʠʯʥʠʤʠ ʧʽʜʭʦʜʘʤʠ, 

ʪʦʜʽ ʷʢ ʜʝʪʘʣʴʥʘ ʧʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʢʨʝʤʠʭ ʤʝʪʦʜʽʚ ʙʫʜʝ 

ʧʨʝʜʤʝʪʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʆʪʞʝ, ʢʨʠʩʪʘʣʦʛʽʜʨʘʪʠ ʩʦʣʝʡ ʻ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʦʩʥʦʚʦʶ 

ʪʝʧʣʦʘʢʫʤʫʣʷʪʦʨʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʪʘ 

ʟʜʘʪʥʦʩʪʽ ʜʦ ʪʨʠʚʘʣʦʛʦ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ. ɺʦʜʥʦʯʘʩ ʛʣʠʙʦʢʝ 

ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʡ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʤʦʤʝʥʪʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʠʤʘʛʘʶʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʝʨʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʽʥʽʮʽʶʚʘʥʥʷ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤ, ʟʜʘʪʥʠʭ ʚʽʜʜʘʚʘʪʠ ʪʝʧʣʦʪʫ çʟʘ 

ʚʠʤʦʛʦʶè. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ 

ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʙʝʟʤʝʭʘʥʽʯʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʪʨʠʛʝʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʽʤʧʫʣʴʩʥʠʭ ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ ʨʦʟʨʷʜʽʚ. 

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ 

1. Wei L., Ohsaka W. Supercooling and solidification behavior of phase 

change material [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ISIJ International. 2010. VOL. 50, 

 ̄9. P. 1265ï1269. ï DOI: 10.2355/isijinternational.50.1265. 

2.ɼʝʤʯʝʥʢʦ ɺ. ɻ., ɻʨʦʥʴ ʉ. ʉ., ʇʦʛʦʨʻʣʦʚ ʅ. ɼ. ʂʦʥʩʪʨʫʢʪʦʨʩʴʢʠʡ 

ʨʦʟʨʘʭʫʥʦʢ ʤʦʙʽʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. 

ʊʝʧʣʦʬʽʟʠʢʘ ʪʘ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʘ. 2019. ʊ. 41, ˉ 4. ʉ. 35ï43. ï DOI: 

10.31472/ttpe.4.2019.5. 

3. ʂʦʨʽʥʯʝʚʩʴʢʘ ʊ. ɺ. ʊʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʬʘʟʦʚʠʤ ʧʝʨʝʭʦʜʦʤ ʥʘ ʦʩʥʦʚʽ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ. ʂʠʾʚ : 

ɯʥʩʪʠʪʫʪ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, 2017. 

4. Dincer I., Rosen M. A. Thermal energy storage systems and 

applications [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. 3rd ed. Hoboken : John Wiley & Sons, 

2021. 752 p. ï DOI: 10.1002/9781119713173. 

5. ɹʫʜʣʷʥʩʴʢʠʡ ʉ. ɺ., ʈʝʜʴʢʦ ɸ. ʌ. ɸʥʘʣʽʟ ʩʠʩʪʝʤ ʘʢʫʤʫʣʷʮʽʾ ʪʝʧʣʘ ʚ 

ʪʝʧʣʦʚʠʭ ʫʩʪʘʥʦʚʢʘʭ ʛʘʣʫʟʝʡ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ. ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ 

ʙʫʜʽʚʥʠʮʪʚʘ. 2010. ʉ. 144ï146. 

6. Englmair G., Moser C., Furbo S. Design and functionality of a 

segmented heat-storage prototype utilizing stable supercooling of sodium 

acetate trihydrate in a solar heating system [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. Applied 

Energy. 2018. P. 522ï534. ï DOI: 10.1016/j.apenergy.2018.03.124. 

7. Kong W., Dannemand M., Johansen J. B. Experimental investigations 

on heat content of supercooled sodium acetate trihydrate by a simple heat loss 

method [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. Solar Energy. 2016. P. 249ï257. ï DOI: 

10.1016/j.solener.2016.09.045. 

8. ɹʫʜʣʷʥʩʴʢʠʡ ʉ. ɺ. ʇʦʨʽʚʥʷʥʥʷ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʬʘʟʦʚʠʤ ʧʝʨʝʭʦʜʦʤ ʜʣʷ ʩʠʩʪʝʤ ʩʦʥʷʯʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ]. ï 2013. ʉ. 1ï4. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://eprints.kname.edu.ua/38329/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 20.05.2025). 



 163 

ɽʂʆʃʆɻɯʏʅɸ ʆʉɺɯʊɸ ʊɸ ʆʉʆɹʃʀɺʆʉʊɯ ʇɯɼɻʆʊʆɺʂʀ 

ʌɸʍɯɺʎɯɺ ʋ ɻɸʃʋɿɯ ɽʂʆʃʆɻɯɰ ʊɸ ʆʍʆʈʆʅʀ 

ʅɸɺʂʆʃʀʐʅʔʆɻʆ ʉɽʈɽɼʆɺʀʑɸ 

 
ʋɼʂ 378.147.016:54]:502-057.87 

 

ɹʫʥʷʢʽʥʘ ʅ. ɺ., ʢʘʥʜʠʜʘʪ ʭʽʤʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ,  

ɼʨʶʯʢʦ ʆ. ɻ., ʢʘʥʜʠʜʘʪ ʭʽʤʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ  

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 

 

ʆʉʆɹʃʀɺʆʉʊɯ ɺʀʂʃɸɼɸʅʅʗ ʍɯʄɯʏʅʀʍ ɼʀʉʎʀʇʃɯʅ 

ɼʃʗ ʉʊʋɼɽʅʊɯɺ-ɽʂʆʃʆɻɯɺ 

 

ɺʠʨʽʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʫ ʍʍɯ ʩʪʦʨʽʯʯʽ ʦʙʫʤʦʚʣʶʻ 

ʟʘʪʨʝʙʫʚʘʥʽʩʪʴ ʧʨʦʬʝʩʽʾ ʝʢʦʣʦʛʘ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʰʠʨʦʢʠʤ ʧʦʣʝʤ 

ʜʽʷʣʴʥʦʩʪʽ ʜʣʷ ʝʢʦʣʦʛʽʚ ʥʘ ʰʣʷʭʫ ʧʦʜʦʣʘʥʥʷ ʥʘʩʣʽʜʢʽʚ ʧʘʥʫʚʘʥʥʷ ʝʧʦʭʠ 

ʘʥʪʨʦʧʦʮʝʥʪʨʠʟʤʫ ʡ ʧʝʨʝʭʦʜʦʤ ʣʶʜʩʪʚʘ ʜʦ ʩʪʘʣʦʛʦ ʝʢʦʣʦʛʽʯʥʦ 

ʙʝʟʧʝʯʥʦʛʦ ʨʦʟʚʠʪʢʫ [1]. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʧʽʜʚʠʱʫʶʪʴʩʷ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ 

ʤʘʡʙʫʪʥʽʭ ʬʘʭʽʚʮʽʚ ʩʘʤʝ ʟ ʭʽʤʽʯʥʠʭ ʜʠʩʮʠʧʣʽʥ, ʷʢʽ ʤʘʶʪʴ ʧʦʻʜʥʘʪʠ ʭʽʤʽʯʥʽ 

ʟʥʘʥʥʷ ʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʝʢʦʩʠʩʪʝʤʘʭ. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ 

ʚʦʜʠ, ʧʦʚʽʪʨʷ ʪʘ ˇʨʫʥʪʫ, ʘ ʪʘʢʦʞ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚ ʮʽʣʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʠʭ ʧʦʪʨʽʙʥʽ ʛʣʠʙʦʢʽ 

ʟʥʘʥʥʷ ʷʢ ʟ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʪʠʯʥʦʾ ʭʽʤʽʾ, ʪʘʢ ʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʜʦʚʢʽʣʣʷ. 

ʆʪʞʝ, ʬʦʨʤʫʚʘʥʥʷ ʫ ʤʘʡʙʫʪʥʽʭ ʩʧʝʮʽʘʣʽʩʪʽʚ ʭʽʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟʥʘʥʴ 

ʷʢ ʚ ʤʝʞʘʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ, ʧʝʨʝʜʙʘʯʝʥʠʭ ʥʘʚʯʘʣʴʥʠʤʠ ʜʠʩʮʠʧʣʽʥʘʤʠ, 

ʪʘʢ ʽ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʥʘʚʯʘʥʥʷ ʻ 

ʧʝʨʰʦʯʝʨʛʦʚʦʶ ʟʘʜʘʯʝʶ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ. ɿʜʦʙʫʚʘʯʽ ʝʢʦʣʦʛʠ 

ʧʦʯʠʥʘʶʪʴ ʚʠʚʯʘʪʠ ʭʽʤʽʶ ʟ ʧʝʨʰʦʛʦ ʢʫʨʩʫ ʽ ʚʞʝ ʤʘʶʪʴ ʧʝʚʥʽ ʟʥʘʥʥʷ, 

ʥʘʙʫʪʽ ʚ ʰʢʦʣʽ. ʊʦʤʫ ʧʝʨʝʜ ʚʠʢʣʘʜʘʯʝʤ ʽ ʟʜʦʙʫʚʘʯʘʤʠ ʧʦʩʪʘʻ ʚʘʞʣʠʚʝ 

ʟʘʚʜʘʥʥʷ ï ʧʦʛʣʠʙʠʪʠ ʟʥʘʥʥʷ ʟ ʭʽʤʽʾ, ʧʨʠʚôʷʟʘʪʠ ʾʭ ʜʦ ʨʝʘʣʴʥʦʛʦ ʞʠʪʪʷ 

ʣʶʜʠʥʠ ʷʢ ʯʘʩʪʠʥʠ ʜʦʚʢʽʣʣʷ ʪʘ ʜʠʥʘʤʽʢʠ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʎʝ ʤʦʞʣʠʚʦ ʟʘ ʧʦʩʪʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫʯʘʩʥʠʢʽʚ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ï ʚʠʢʣʘʜʘʯʘ ʪʘ ʟʜʦʙʫʚʘʯʽʚ [2]. 

ʋʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʽʡʢʘ ʪʝʥʜʝʥʮʽʷ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʘʫʜʠʪʦʨʥʠʭ ʛʦʜʠʥ, ʚʽʜʚʝʜʝʥʠʭ ʥʘ ʚʠʚʯʝʥʥʷ ʜʠʩʮʠʧʣʽʥ 

ʭʽʤʽʯʥʦʛʦ ʮʠʢʣʫ. ʋʨʘʭʦʚʫʶʯʠ ʩʧʝʮʠʬʽʢʫ ʚʠʚʯʝʥʥʷ ʭʽʤʽʾ ʪʘ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ 

ʧʽʜʛʦʪʦʚʢʠ ʚʠʧʫʩʢʥʠʢʽʚ ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʽʭ ʟʘʢʣʘʜʽʚ ʟ ʭʽʤʽʾ ʚ ʋʢʨʘʾʥʽ, 

ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʥʝ ʬʦʨʤʫʚʘʥʥʷ ʭʽʤʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʧʨʦʬʝʩʽʡʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʤʘʡʙʫʪʥʴʦʛʦ ʝʢʦʣʦʛʘ. 
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ʊʦʤʫ ʫ ʬʘʭʽʚʮʽʚ ʥʦʚʦʛʦ ʪʠʧʫ ʥʝʦʙʭʽʜʥʦ ʩʬʦʨʤʫʚʘʪʠ ʧʨʦʬʝʩʽʡʥʫ 

ʢʦʤʧʝʪʝʥʮʽʶ. ʋ ʨʦʙʦʪʽ [1] ʥʘʚʦʜʠʪʴʩʷ ʧʝʨʝʣʽʢ ʧʨʝʜʤʝʪʥʠʭ ʢʦʤʧʝʪʝʥʮʽʡ ʽʟ 

ʭʽʤʽʯʥʠʭ ʜʠʩʮʠʧʣʽʥ, ʧʦʪʨʽʙʥʠʭ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʫ ʬʘʭʽʚʮʽʚ ʽʟ ʝʢʦʣʦʛʽʾ 

ʧʨʦʬʝʩʽʡʥʦʾ ʢʦʤʧʝʪʝʥʮʽʾ. 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʽʜʛʦʪʦʚʢʠ ʝʢʦʣʦʛʽʚ ʽʟ ʭʽʤʽʯʥʠʭ ʜʠʩʮʠʧʣʽʥ ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʥʝʦʙʭʽʜʥʽ ʟʘʭʦʜʠ [3]: 

1) ʧʨʦʚʝʩʪʠ ʧʝʨʝʨʦʟʧʦʜʽʣ ʥʘʚʯʘʣʴʥʦʛʦ ʯʘʩʫ, ʱʦ ʚʽʜʚʦʜʠʪʴʩʷ ʥʘ ʚʠʚʯʝʥʥʷ 

ʭʽʤʽʯʥʠʭ ʜʠʩʮʠʧʣʽʥ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʨʦʬʝʩʽʡʥʦʾ ʩʧʨʷʤʦʚʘʥʦʩʪʽ; 

2) ʟʙʽʣʴʰʠʪʠ ʭʽʤʽʯʥʫ ʩʢʣʘʜʦʚʫ ʝʢʦʣʦʛʽʯʥʦʾ ʦʩʚʽʪʠ ʟʘ ʨʘʭʫʥʦʢ ʚʢʣʶʯʝʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʩʧʝʮʢʫʨʩʽʚ ʭʽʤʽʯʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ ʜʦ ʚʘʨʽʘʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʥʘʚʯʘʣʴʥʠʭ ʧʣʘʥʽʚ, ʨʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ ʥʘʚʯʘʣʴʥʠʭ ʧʽʟʥʘʚʘʣʴʥʠʭ ʟʘʚʜʘʥʴ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʟ ʜʦʤʽʥʫʚʘʥʥʷʤ ʙʽʦʣʦʛʽʯʥʦʛʦ ʽ ʭʽʤʽʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʪʘ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʩʪʫʜʝʥʪʽʚ; 

3) ʟʙʽʣʴʰʠʪʠ ʫʚʘʛʫ  ʜʦ ʥʘʙʫʪʪʷ ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ, ʷʢʠʡ ʩʪʫʜʝʥʪʠ 

ʥʘʢʦʧʠʯʫʶʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʦʪʘʭ ʽ ʘʢʮʝʥʪʫʚʘʥʥʷ ʫʚʘʛʫ ʥʘ ʥʘʫʢʦʚʫ ʨʦʙʦʪʫ, ʷʢʘ 

ʧʦʚʠʥʥʘ ʟʘʡʤʘʪʠ ʧʨʦʚʽʜʥʝ ʤʽʩʮʝ ʚ ʫʤʦʚʘʭ ʚʠʱʦʾ ʦʩʚʽʪʠ. 

ɺʘʞʣʠʚʫ ʨʦʣʴ ʫ ʥʘʚʯʘʥʥʽ ʬʘʭʽʚʮʽʚ, ʷʢʽ ʙʫʜʫʪʴ ʤʘʪʠ ʢʦʥʢʫʨʝʥʪʥʫ 

ʧʝʨʝʚʘʛʫ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʽ, ï ʮʝ ʬʦʨʤʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ 

ʥʘʚʠʯʦʢ ʡ ʚʠʨʦʙʣʝʥʥʷ ʫʤʽʥʴ. 

ɺʠʚʯʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʚʠʢʦʥʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʽ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ, ʨʦʟʚôʷʟʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʘʜʘʯ ʽʟ ʪʘʢʠʭ 

ʜʠʩʮʠʧʣʽʥ ʷʢ çɿʘʛʘʣʴʥʘ ʡ ʘʥʘʣʽʪʠʯʥʘ ʭʽʤʽʷè, çʆʨʛʘʥʽʯʥʘ ʭʽʤʽʷè, 

çˆʨʫʥʪʦʟʥʘʚʩʪʚʦè, çʍʽʤʽʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʩʘʥʽʪʘʨʥʦ-

ʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟè ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʤʘʡʙʫʪʥʽʤ ʝʢʦʣʦʛʘʤ: 

ï ʦʚʦʣʦʜʽʪʠ ʪʝʭʥʽʢʦʶ ʨʦʟʚôʷʟʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ, ʛʨʘʬʽʯʥʠʭ, ʣʦʛʽʯʥʠʭ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʘʜʘʯ; 

ï ʦʧʘʥʫʚʘʪʠ ʪʝʭʥʽʢʫ ʭʽʤʽʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ; 

ï ʥʘʙʫʪʠ ʧʨʘʢʪʠʯʥʽ ʥʘʚʠʯʢʠ ʟʚʘʞʫʚʘʥʥʷ, ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʪʠʩʢʫ, ʦʜʝʨʞʘʥʥʷ ʚʘʢʫʫʤʫ, ʧʨʠʛʦʪʫʚʘʥʥʷ ʨʦʟʯʠʥʽʚ, ʪʝʭʥʽʢʠ ʪʠʪʨʫʚʘʥʥʷ, 

ʬʽʣʴʪʨʫʚʘʥʥʷ, ʜʠʩʪʠʣʷʮʽʾ, ʚʠʧʘʨʶʚʘʥʥʷ, ʝʢʩʪʨʘʢʮʽʾ, ʩʧʝʮʽʘʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʦʯʠʱʝʥʥʷ ʨʝʯʦʚʠʥ, ʨʦʙʦʪʠ ʟ ʣʘʙʦʨʘʪʦʨʥʠʤ ʧʦʩʫʜʦʤ; 

ʇʦʨʷʜ ʽʟ ʢʣʘʩʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʦʩʚʽʪʠ ʫ ʯʘʩʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʩʫʩʧʽʣʴʩʪʚʘ ʚʝʣʠʢʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ. ɺʦʥʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʭʽʜ ʩʠʩʪʝʤʠ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʥʘ ʙʽʣʴʰ ʚʠʩʦʢʠʡ 

ʨʽʚʝʥʴ. 

ɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʧʝʨʰ ʟʘ ʚʩʝ, ʧʨʘʮʶʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ 

ʬʘʭʦʚʦʩʪʽ. ɺʯʝʥʽ, ʜʦʩʣʽʜʥʠʢʠ ʪʘ ʨʦʟʨʦʙʥʠʢʠ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʘ ʪʘʢʦʞ 

ʚʠʢʣʘʜʘʯʽ ʚʠʱʦʾ ʦʩʚʽʪʠ ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʨʽʘʜʫ ʢʦʤʧʝʪʝʥʮʽʡ ʩʫʯʘʩʥʦʾ ʩʠʩʪʝʤʠ ʚʠʱʦʾ ʰʢʦʣʠ: hard-

skills, soft-skills ʪʘ digital skills [2]. ʉʝʨʝʜ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʜʽʣʷʶʪʴ ʪʝʭʥʦʣʦʛʽʶ ʢʝʡʩʽʚ (casestudy). 
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ʋ ʨʦʙʦʪʽ [2] ʨʦʟʛʣʷʜʘʶʪʴ ʉase ʤʝʪʦʜ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʥʘʚʯʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʚ ʷʢʠʭ ʦʧʠʩʘʥʽ ʧʨʘʢʪʠʯʥʽ ʧʨʦʙʣʝʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʞʠʪʪʽ ʽ 

ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʢʦʣʝʢʪʠʚʥʝ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʝ ʚʠʨʽʰʝʥʥʷ. ʎʝʡ ʤʝʪʦʜ ʻ 

ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʬʘʭʦʚʠʭ ʧʨʦʙʣʝʤ, ʥʘʧʨʠʢʣʘʜ, ʟʘʙʨʫʜʥʝʥʥʷ 

ʜʦʚʢʽʣʣʷ ʭʽʤʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʪʘ ʘʥʘʣʽʟʫ ʚʠʢʣʘʜʝʥʠʭ 

ʬʘʢʪʽʚ ʽ ʨʦʟʨʦʙʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʨʽʰʝʥʴ. ʊʚʦʨʯʝ ʪʘ ʘʥʘʣʽʪʠʯʥʝ ʤʠʩʣʝʥʥʷ 

ʧʨʠʪʘʤʘʥʥʝ ʢʝʡʩ-ʤʝʪʦʜʫ, ʩʪʘʻ ʥʝʦʙʭʽʜʥʦʶ ʨʠʩʦʶ ʩʫʯʘʩʥʦʛʦ ʝʢʦʣʦʛʘ. 

ʗʢ ʟʘʟʥʘʯʝʥʦ ʫ ʨʦʙʦʪʽ [2] ʟʘʚʜʘʥʥʷ ʫ ʬʦʨʤʽ ʢʝʡʩʽʚ ʩʧʨʠʷʻ ʙʽʣʴʰ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʤʫ ʦʙʤʽʥʫ ʟʥʘʥʥʷʤʠ, ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ ʩʦʙʦʶ, ʪʦʙʪʦ 

ʟʜʦʙʫʚʘʯʽ ʥʘʚʯʘʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʫ ʚʠʢʣʘʜʘʯʘ, ʘ ʡ ʦʜʠʥ ʫ ʦʜʥʦʛʦ. ʇʨʠ ʮʴʦʤʫ 

ʬʦʨʤʫʶʪʴʩʷ ʥʘʚʠʯʢʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʦʙʣʝʤʠ, ʧʨʠʡʥʷʪʪʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ, ʤʦʪʠʚʘʮʽʷ. ɿʜʦʙʫʚʘʯʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʧʨʘʚʠʣʴʥʽʩʪʴ ʚʠʙʨʘʥʦʛʦ ʨʽʰʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʤʠ ʜʦʩʣʽʜʘʤʠ. ʎʝ ʪʘʢʦʞ 

ʨʦʟʚʠʚʘʻ ʟʜʽʙʥʦʩʪʽ ʜʦ ʟʜʘʪʥʦʩʪʽ ʚʠʨʽʰʫʚʘʪʠ ʷʢ ʩʪʘʥʜʘʨʪʥʽ, ʪʘʢ ʽ ʩʧʝʮʽʘʣʴʥʽ 

ʟʘʜʘʯʽ, ʱʦ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʚ ʨʦʙʦʪʽ ʝʢʦʣʦʛʘ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʫ ʜʦʚʢʽʣʣʽ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʝʢʦʣʦʛʽʯʥʠʭ ʢʘʪʘʩʪʨʦʬ. 

ʉʫʯʘʩʥʝ ʩʫʩʧʽʣʴʩʪʚʦ ʧʦʪʨʝʙʫʻ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʬʘʭʽʚʮʽʚ ʽʟ 

ʝʢʦʣʦʛʽʾ, ʷʢʽ ʟʜʘʪʥʽ ʰʚʠʜʢʦ ʽ ʷʢʽʩʥʦ ʚʠʨʽʰʫʚʘʪʠ ʧʨʦʙʣʝʤʠ ʜʦʚʢʽʣʣʷ, ʪʦʤʫ 

ʾʭ ʧʽʜʛʦʪʦʚʢʘ ʚ ʟʘʢʣʘʜʘʭ ʚʠʱʦʾ ʦʩʚʽʪʠ ʻ ʚʘʞʣʠʚʦʶ ʜʝʨʞʘʚʥʦʶ ʟʘʜʘʯʝʶ. 

ʗʢʽʩʥʽʡ ʧʽʜʛʦʪʦʚʮʽ ʪʘʢʠʭ ʬʘʭʽʚʮʽʚ ʩʧʨʠʷʶʪʴ ʜʠʩʮʠʧʣʽʥʠ ʭʽʤʽʯʥʦʛʦ 

ʮʠʢʣʫ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʧʫʩʢʥʠʢʘʤ ʫʩʝʙʽʯʥʦ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ ʟ ʭʽʤʽʯʥʠʭ 

ʧʦʟʠʮʽʡ, ʜʦʩʣʽʜʞʫʚʘʪʠ ʩʪʘʥ ʜʦʚʢʽʣʣʷ ʪʘ ʚʧʣʠʚ ʥʘ ʥʴʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ, ʜʦʧʦʤʘʛʘʶʪʴ ʚʠʨʽʰʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʩʴʦʛʦʜʝʥʥʷ [1]. 

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ 

1. ɿʘʙʣʦʮʴʢʘ ʆ.ʉ. ʇʨʝʜʤʝʪʥʽ ʢʦʤʧʝʪʝʥʮʽʾ ʟ ʭʽʤʽʾ ʫ ʚʠʱʽʡ ʝʢʦʣʦʛʽʯʥʽʡ 

ʦʩʚʽʪʽ. URL: https://studentam.net.ua/content/view/7316/97/ 

2. ʊʫʥʽʢ ʊ.ʄ., ʂʦʣʦʤʽʻʮʴ ʃ.ɺ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʫ 

ʚʠʢʣʘʜʘʥʥʽ ʭʽʤʽʾ ʤʘʡʙʫʪʥʽʤ ʬʘʭʽʚʮʷʤ ʟ ʝʢʦʣʦʛʽʾ ʪʘ ʦʭʦʨʦʥʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʅʘʫʢʦʚʽ ʟʘʧʠʩʢʠ. ʉʝʨʽʷ: ʇʝʜʘʛʦʛʽʯʥʽ ʥʘʫʢʠ. 

ɺʠʧʫʩʢ 216 (2024). ʉ. 332ï335.  

3. ɻʦʨʙʫʥʦʚʘ ʅ.ʆ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʢʫʨʩʽʚ ʭʽʤʽʯʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʭʽʤʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʨʦʬʝʩʽʡʥʦʾ ʢʦʤʧʝʪʝʥʮʽʾ ʤʘʡʙʫʪʥʽʭ 

ʬʘʭʽʚʮʽʚ-ʝʢʦʣʦʛʽʚ. V ʈʝʛʽʦʥʘʣʴʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çɾʠʪʦʤʠʨʩʴʢʽ ʭʽʤʽʯʥʽ ʯʠʪʘʥʥʷ 2016è (18 ʪʨʘʚʥʷ 2016 ʨʦʢʫ) : ʊʝʟʠ 

ʜʦʧʦʚʽʜʝʡ.  ɾʠʪʦʤʠʨ : ɾʠʪʦʤʠʨʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. 

ɯ. ʌʨʘʥʢʘ, 2016.  ʉ.113ï116. 
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ɼʘʚʠʜʝʥʢʦ ʃ. ʇ., ʢʘʥʜʠʜʘʪ ʭʽʤʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ  

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 

 

ʇʆʅʗʊʊʗ ɽʅʊʈʆʇɯɰ ɼʃʗ ʉʊʋɼɽʅʊɯɺ-ɽʂʆʃʆɻɯɺ 

 

ʋ ʢʫʨʩʽ ʬʽʟʠʢʠ ʧʽʜ ʯʘʩ ʚʠʚʯʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʩʪʫʜʝʥʪʠ 

ʦʧʘʥʦʚʫʶʪʴ ʧʦʥʷʪʪʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʽ ʨʦʟʛʣʷʜʘʶʪʴ ʚʝʣʠʯʠʥʠ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʘʥ ʩʠʩʪʝʤʠ, ʘ ʩʘʤʝ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ. ʉʪʘʥ 

ʩʠʩʪʝʤʠ ʟʘʣʝʞʠʪʴ ʽ ʚʽʜ ʚʥʫʪʨʽʰʥʽʭ, ʽ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ. ʇʘʨʘʤʝʪʨʠ 

ʧʦʜʽʣʷʶʪʴʩʷ ʪʘʢʦʞ ʥʘ: 

ɯʥʪʝʥʩʠʚʥʽ ï ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʘʩʠ, ʢʽʣʴʢʦʩʪʽ ʨʝʯʦʚʠʥʠ ʫ ʩʠʩʪʝʤʽ 

(ʢʦʥʮʝʥʪʨʘʮʽʷ, ʪʠʩʢ, ʪʝʤʧʝʨʘʪʫʨʘïʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʝʯʦʚʠʥʫ ʾʾ ʩʪʘʥ). 

ɽʢʩʪʝʥʩʠʚʥ ʽï ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʠʩʪʝʤʫ ʷʢ ʮʽʣʝ. ɿʘʣʝʞʘʪʴ ʚʽʜ ʤʘʩʠ ʽ 

ʢʽʣʴʢʦʩʪʽ ʨʝʯʦʚʠʥʠ. ʎʽ ʧʘʨʘʤʝʪʨʠ ʻ ʘʜʠʪʠʚʥʠʤʠ. 

ʋ ʪʝʨʤʦʜʠʥʘʤʽʮʽ ʟ ʫʩʽʭ  ʧʘʨʘʤʝʪʨʽʚ ʚʠʙʠʨʘʶʪʴ ʪʘʢ ʟʚʘʥʽ ʥʝʟʘʣʝʞʥʽ 

ʟʤʽʥʥʽ, ʯʝʨʝʟ ʷʢʽ ʚʠʨʘʞʘʶʪʴ ʽʥʰʽ, ʪʘ ʟʘʣʝʞʥʽ ʟʤʽʥʥʽ ï ʬʫʥʢʮʽʾ ʚʽʜ ʮʠʭ 

ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ (ʧʘʨʘʤʝʪʨʽʚ). ɺ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʘ ʥʝʟʘʣʝʞʥʽ 

ʟʤʽʥʥʽ ʦʙʠʨʘʶʪʴ ʪʽ, ʢ̫ʽ ʥʘʡʙʽʣʴʰ ʜʦʩʪʫʧʥʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ. ʊʘʢʠʤʠ ʻ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʦʙôʻʤ, ʪʠʩʢ, ʢʦʥʮʝʥʪʨʘʮʽʷ, ʪʦʜʽ ʷʢ ʬʫʥʢʮʽʷʤʠ ʻ, ʥʘʧʨʠʢʣʘʜ, 

ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ, ʝʥʪʘʣʴʧʽʷ, ʝʥʪʨʦʧʽʷ ʪʦʱʦ.  

ɭ ʨʽʟʥʽ ʪʣʫʤʘʯʝʥʥʷ ʧʦʥʷʪʪʷ ʝʥʪʨʦʧʽʾ. ɺʚʝʜʝʤʦ ʧʦʥʷʪʪʷ ʧʨʠʚʝʜʝʥʦʾ 

ʪʝʧʣʦʪʠ  

 
Ὠὗ

Ὕ
 

 

ʽ ʜʦʚʝʜʝʤʦ, ʱʦ ʧʨʠʚʝʜʝʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʢʚʘʟʽʩʪʘʪʠʯʥʦ ʥʘʜʘʥʝ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʽʡ ʩʠʩʪʝʤʽ, ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʣʷʭʫ ʧʝʨʝʭʦʜʫ, ʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʣʠʰʝ ʧʦʯʘʪʢʦʚʠʤ ʽ ʢʽʥʮʝʚʠʤ ʩʪʘʥʘʤʠ ʩʠʩʪʝʤʠ. ɺʽʜʧʦʚʽʜʥʦ, ʮʝ ʚʢʘʟʫʻ ʥʘ 

ʪʝ, ʱʦ ʤʠ ʦʪʨʠʤʘʣʠ ʬʫʥʢʮʽʶ ʩʪʘʥʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʷʢʫ 

ʥʘʟʠʚʘʶʪʴ ʝʥʪʨʦʧʽʻʶ. ɿʘʟʥʘʯʘʻʤʦ, ʱʦ ʝʥʪʨʦʧʽʶ ʚʠʟʥʘʯʘʻʤʦ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 

ʩʪʘʣʦʾ. ʌʽʟʠʯʥʠʡ ʟʤʽʩʪ ʤʘʻ ʨʽʟʥʠʮʷ ʝʥʪʨʦʧʽʾ. 

Ὓ Ὓ
Ὠὗ

Ὕ
 

ʋ ʧʦʜʘʣʴʰʦʤʫ ʧʦʥʷʪʪʷ ʝʥʪʨʦʧʽʾ ʥʘʙʫʣʦ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʟʤʽʩʪʫ. ʋ 

ʧʨʘʮʷʭ ɻʝʣʴʤʛʦʣʴʮʘ ʽ ɹʦʣʴʮʤʘʥʘ ʨʦʟʛʣʷʥʫʪʦ ʟʘʢʦʥ ʟʨʦʩʪʘʥʥʷ ʝʥʪʨʦʧʽʾ ʷʢ 

ʥʘʩʣʽʜʦʢ ʟʨʦʩʪʘʥʥʷ ʭʘʦʩʫ. ʈʘʟʦʤ ʟ̔ ʪʠʤ, ʨʦʟʚʠʪʦʢ ʩʠʩʪʝʤ ʤʦʞʝ 

ʚʽʜʙʫʚʘʪʠʩʷ ʰʣʷʭʦʤ ʧʝʨʝʭʦʜʫ ʚʽʜ ʧʨʦʩʪʠʭ ʩʠʩʪʝʤ, ʜʦ ʙʽʣʴʰ 
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ʫʧʦʨʷʜʢʦʚʘʥʠʭ. ʗʢʱʦ ʨʦʟʙʠʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʫ ʩʠʩʪʝʤʫ ʥʘ ʧʽʜʩʠʩʪʝʤʠ, ʪʦ 

ʝʥʪʨʦʧʽʶ ʫʩʽʻʾ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʩʫʤʫ ʝʥʪʨʦʧʽʡ ʧʽʜʩʠʩʪʝʤ: 

S= ×S ̔

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʣʫʤʘʯʝʥʥʷ ɹʦʣʴʮʤʘʥʘ ʤʦʞʣʠʚʽ ʣʦʢʘʣʴʥʽ ʚʽʜʭʠʣʝʥʥʷ 

ʚʽʜ ʟʘʢʦʥʫ ʟʨʦʩʪʘʥʥʷ ʝʥʪʨʦʧʽʾ ʜʣʷ ʧʽʜʩʠʩʪʝʤ. ɸʣʝ ʷʢʱʦ ʝʥʪʨʦʧʽʷ ʫ 

ʧʽʜʩʠʩʪʝʤʽ ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʴ, ʪʦ ʜʣʷ ʫʩʽʻʾ ʩʠʩʪʝʤʠ ʙʫʜʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʴ 

ʟʙʽʣʴʰʝʥʥʷ ʝʥʪʨʦʧʽʾ. ʄʘʢʩʠʤʘʣʴʥʘ ʝʥʪʨʦʧʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʠʩʪʝʤʠ, ʱʦ 

ʨʫʡʥʫʶʪʴʩʷ. 

ɽʥʪʨʦʧʽʷ ï ʮʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʱʦ ʧʦʢʘʟʫʻ ʩʪʫʧʽʥʴ ʙʝʟʣʘʜʫ ʩʠʩʪʝʤʠ, 

ʾʾ ʥʝʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ, ʭʘʦʪʠʯʥʽʩʪʴ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʨʫʛʦʛʦ ʥʘʯʘʣʘ 

ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʚ ʫʩʽʭ ʟʘʢʨʠʪʠʭ ʩʠʩʪʝʤʘʭ ʝʥʪʨʦʧʽʷ ʤʦʞʝ ʣʠʰʝ ʟʨʦʩʪʘʪʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʟʘʢʨʠʪʽ ʩʠʩʪʝʤʠ ʧʝʨʝʭʦʜʷʪʴ ʚʽʜ ʚʧʦʨʷʜʢʦʚʘʥʦʛʦ ʜʦ 

ʥʝʚʧʦʨʷʜʢʦʚʘʥʦʛʦ ʩʪʘʥʫ. ɿʨʦʩʪʘʥʥʷ ʝʥʪʨʦʧʽʾ ï ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʟʘʢʦʥ 

ʧʨʠʨʦʜʠ, ʷʢʠʤ ʟʫʤʦʚʣʝʥʽ ʧʨʦʮʝʩʠ ʜʝʛʨʘʜʘʮʽʾ, ʨʦʟʧʘʜʫ, ʟʘʛʠʙʝʣʽ ʟʘʤʢʥʝʥʠʭ 

ʩʠʩʪʝʤ. ʋ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤʘʭ ʤʦʞʣʠʚʽ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʠʚʦʜʷʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʝʥʪʨʦʧʽʾ ʧʽʜʩʠʩʪʝʤ, ʪʦʙʪʦ ʜʦ ʟʨʦʩʪʘʥʥʷ ʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ.  

ɼʣʷ ʩʪʫʜʝʥʪʽʚ ï ʝʢʦʣʦʛʽʚ ʧʨʝʜʤʝʪʦʤ ʚʠʚʯʝʥʥʷ ʻ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʩʠʩʪʝʤʠ, ʧʨʦʮʝʩʠ ʾʭ ʝʚʦʣʶʮʽʾ ʽ ʩʪʽʡʢʦʩʪʽ. ʋ ʛʣʦʙʘʣʴʥʦʤʫ ʩʝʥʩʽ ʛʦʚʦʨʷʪʴ 

ʧʨʦ ʪʝ, ʱʦ ʣʶʜʩʪʚʦ ʤʘʻ ʧʨʘʛʥʫʪʠ ʜʦ ʟʤʝʥʰʝʥʥʷ ʨʦʩʪʫ ʝʥʪʨʦʧʽʾ ʟ ʤʝʪʦʶ 

ʟʙʝʨʝʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ (1,2) 

ɼʣʷ ʽʩʥʫʚʘʥʥʷ ʙʽʦʩʬʝʨʥʠʭ ʩʠʩʪʝʤ ʥʝʦʙʭʽʜʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʝʥʝʨʛʽʾ ʽ 

ʧʦʜʘʣʴʰʝ ʾʾ ʧʝʨʝʪʚʦʨʝʥʥʷ. ɸʣʝ ʧʝʚʥʘ ʜʽʷʣʴʥʽʩʪʴ, ʥʘʧʨʘʚʣʝʥʘ ʥʘʯʝʙʪʦ ʥʘ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʝʥʪʨʦʧʽʾ. 

ʅʘʧʨʠʢʣʘʜ, ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʫ ʮʽʣʦʤʫ 

ʟʙʽʣʴʰʝʥʥʷʤ ʝʥʪʨʦʧʽʾ. ɺʽʜʧʦʚʽʜʥʦ ʥʝʦʙʭʽʜʥʦ ʚʽʜʥʦʚʣʶʚʘʪʠ ʨʝʩʫʨʩʠ ʽ 

ʰʫʢʘʪʠ ʰʣʷʭʠ ʜʦ ʧʨʠʨʦʜʥʦʛʦ ʩʘʤʦʦʯʠʱʝʥʥʷ ʽ ʧʽʜʪʨʠʤʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ 

ʨʽʚʥʦʚʘʛʠ. ɺʠʜʦʙʫʪʦʢ ʝʥʝʨʛʽʾ ʥʘ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ, 

ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʽ ʥʘʚʽʪʴ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʧʨʠʟʚʦʜʠʪʴ ʫ 

ʮʽʣʦʤʫ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʚʪʨʘʪʘʤʠ ʨʝʩʫʨʩʽʚ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʧʦʥʷʪʪʷ ʪʝʦʨʽʾ ʩʠʩʪʝʤ, ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ. ɯʩʥʫʻ ʄʽʞʥʘʨʦʜʥʠʡ 

ʽʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ (ɯnʪʝrnational Institute for 

Applied Systems Analysis-ILASA) ʧʨʝʜʤʝʪʦʤ ʜʽʷʣʴʥʦʩʪʽ ʷʢʦʛʦ ʻ 

ʨʦʟʚôʷʟʘʥʥʷ ʥʝ ʣʠʰʝ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʘʣʝ ʡ ʩʦʮʽʘʣʴʥʠʭ, 

ʝʥʝʨʛʝʪʠʯʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʦʱʦ [3, 4]. 

ʆʩʥʦʚʫ ʟʘʛʘʣʴʥʦʾ ʪʝʦʨʽʾ ʩʠʩʪʝʤ ʩʢʣʘʜʘʶʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ 

ʧʦʣʦʞʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʢʠ: ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʟʘʤʢʥʝʥʦʾ ʩʠʩʪʝʤʠ, 

ʟʘʢʦʥ ʟʨʦʩʪʘʥʥʷ ʝʥʪʨʦʧʽʾ ʟʘʤʢʥʝʥʦʾ ʩʠʩʪʝʤʠ, ʪʝʦʨʝʤʘ ʅʝʨʥʩʪʘ ʪʘ ʽʥʰʽ. ɼʣʷ 

ʚʽʜʢʨʠʪʠʭ ʥʝʦʙʤʝʞʝʥʠʭ ʩʠʩʪʝʤ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪʴ, ʟʦʢʨʝʤʘ, ʧʨʠʨʦʜʥʽ 

ʩʠʩʪʝʤʠ, ʜʨʫʛʠʡ ʽ ʪʨʝʪʽʡ ʧʨʠʥʮʠʧʠ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʧʦʪʨʽʙʥʦ ʬʦʨʤʫʣʶʚʘʪʠ 

ʫ ʚʠʛʣʷʜʽ ʦʙôʻʜʥʘʥʦʛʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʧʨʠʥʮʠʧʫ: ʝʥʪʨʦʧʽʷ ʧʽʜʩʠʩʪʝʤʠ 

ʨʝʯʦʚʠʥʠ ʧʨʘʛʥʝ ʜʦ ʥʫʣʷ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʨʦʩʪʘʥʥʽ ʝʥʪʨʦʧʽʾ ʦʙôʻʜʥʘʥʦʾ 

ʩʠʩʪʝʤʠ [5]. 
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ʅʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʤʠ ʜʣʷ ʚʠʚʯʝʥʥʷ ʻ ʥʝʚʨʽʚʥʦʚʘʞʝʥʽ ʩʠʩʪʝʤʠ. ɿʛʽʜʥʦ 

ʟ ʧʨʠʥʮʠʧʦʤ ʃʝ ʐʘʪʝʣʴʻ-ɹʨʘʫʥʘ ʧʨʠ ʚʠʚʝʜʝʥʥʽ ʩʠʩʪʝʤʠ ʟʽ ʩʪʘʥʫ 

ʨʽʚʥʦʚʘʛʠ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ, ʱʦ, ʨʽʚʥʦʚʘʛʘ ʟʤʽʱʫʻʪʴʩʷ ʚ ʪʦʤʫ 

ʥʘʧʨʷʤʽ, ʚ ʷʢʦʤʫ ʝʬʝʢʪ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ ʧʦʩʣʘʙʣʶʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ, 

ʯʠʤ ʙʽʣʴʰʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʩʪʘʥʫ ʝʢʦʣʦʛʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ, ʪʠʤ ʽʩʪʦʪʥʽʰʠʤʠ 

ʤʘʶʪʴ ʙʫʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʟʘʪʨʘʪʠ ʜʣʷ ʧʦʩʣʘʙʣʝʥʥʷ ʧʨʦʪʠʜʽʾ ʝʢʦʩʠʩʪʝʤʠ 

ʮʴʦʤʫ ʚʽʜʭʠʣʝʥʥʶ [5]. ʗʢʱʦ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪʴ ʤʝʞʫ ʩʪʽʡʢʦʩʪʽ, ʪʦ ʚʦʥʘ 

ʧʦʪʨʘʧʣʷʻ ʚ ʢʨʠʪʠʯʥʠʡ ʩʪʘʥ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʪʦʯʢʦʶ ʙʽʬʫʨʢʘʮʽʾ. ɺ ʮʽʡ 

ʪʦʯʮʽ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʘ ʬʣʫʢʪʫʘʮʽʷ ʤʦʞʝ ʚʠʚʝʩʪʠ ʩʠʩʪʝʤʫ ʥʘ ʽʥʰʠʡ ʰʣʷʭ 

ʝʚʦʣʶʮʽʾ ʽ ʨʽʟʢʦ ʟʤʽʥʠʪʠ ʾʾ ʩʪʨʫʢʪʫʨʫ ʪʘ ʧʦʚʝʜʽʥʢʫ. ʉʠʩʪʝʤʠ ʧʨʠ ʮʴʦʤʫ 

ʨʫʡʥʫʻʪʴʩʷ, ʘʣʝ ʥʝʤʦʞʣʠʚʦ ʧʝʨʝʜʙʘʯʠʪʠ, ʯʠ ʩʪʘʥʝ ʜʠʥʘʤʽʢʘ ʩʠʩʪʝʤʠ 

ʭʘʦʪʠʯʥʦʶ ʯʠ ʚʦʥʘ ʧʝʨʝʡʜʝ ʥʘ ʥʦʚʠʡ, ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʫʧʦʨʷʜʢʦʚʘʥʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʙʣʝʤʠ ʩʪʽʡʢʦʩʪʽ ʝʢʦʩʠʩʪʝʤ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʣʽʜʞʝʥʽ 

ʥʘ ʧʽʜʩʪʘʚʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʫʷʚʣʝʥʴ ʽ ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʽʚ ʦʧʪʠʤʽʟʘʮʽʾ 

ʝʥʪʨʦʧʽʾ. 
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ɺʠʜ-ʚʦ çʇʦʣʽʪʝʭʥʽʢʘè, 2021. ʊ.2. 303 ʩ. 

 5. ʊʝʦʨʽʷ ʩʠʩʪʝʤ ʚ ʝʢʦʣʦʛʽʾ : ʧʽʜʨʫʯʥʠʢ / ʖ. ɻ.ʄʘʩʽʢʝʚʠʯ, 

ʆ. ɺ. ʐʝʩʪʦʧʘʣʦʚ, ɸ. ɸ. ʅʝʛʘʜʘʡʣʦ ʪʘ ʽʥ. ʉʫʤʠ : ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ, 2015. 330 ʩ. 
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ʋɼʂ  378.4.147.091.32:621.1](477.53)ʅʋʇʇ 
 

1ɻʫʟʠʢ ɼ. ɺ., ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 
1ʏʝʨʝʜʥʽʢʦʚʘ ʆ. ɺ., ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

2ʂʦʪʻʣʢʦʚ ʃ. ʄ., ʥʘʯʘʣʴʥʠʢ ʚʽʜʜʽʣʫ, 
3ʉʪʨʘʪʽʡ ʖ. ʆ., ʜʠʨʝʢʪʦʨ ʧʨʝʜʩʪʘʚʥʠʮʪʚʘ ʢʦʤʧʘʥʽʾ, 

4ʇʝʪʨʝʥʢʦ ɺ. ʆ., ʪʝʭʥʽʯʥʠʡ ʜʠʨʝʢʪʦʨ ʧʨʝʜʩʪʘʥʠʮʪʚʘ ʢʦʤʧʘʥʽʾ  

 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ 

 ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ, 
2ʇʨɸʊ çɺɽʅʊʉè, ʤ. ɹʦʷʨʢʘ, ʋʢʨʘʾʥʘ,  

3Hisense-ʋʢʨʘʾʥʘ (ʂʅʈ), 4HERZ-ʋʢʨʘʾʥʘ (ɸʚʩʪʨʽʷ) 

 

ɼʆʉɺɯɼ ʇʈʆɺɽɼɽʅʅʗ ʅɸʋʂʆɺʆ-ʇʈɸʂʊʀʏʅʀʍ ʉɽʄɯʅɸʈɯɺ 

ʋ ʇʆʃʊɸɺʉʔʂɯʁ ʇʆʃɯʊɽʍʅɯʎɯ ɼʃʗ ɿɼʆɹʋɺɸʏɯɺ ʆʉɺɯʊʀ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ï ʥʘʣʘʛʦʜʞʝʥʥʷ ʩʧʽʚʧʨʘʮʽ ʤʽʞ ʢʘʬʝʜʨʘʤʠ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʟ ʚʠʨʦʙʥʠʮʪʚʦʤ ʻ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʟʘʜʘʯ, ʷʢʫ ʩʪʘʚʠʪʴ 

ʘʜʤʽʥʽʩʪʨʘʮʽʷ ʫʥʽʚʝʨʩʠʪʝʪʫ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʨʝʟʠʜʝʥʪʘ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè ʜʦʢʪʦʨʘ 

ʝʢʦʥʦʤʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨʘ ʆʥʠʱʝʥʢʘ ɺ .ʆ. ʧʝʨʝʜ ʧʨʘʮʽʚʥʠʢʘʤʠ 

ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ. ʅʘ ʢʘʬʝʜʨʽ çʊʝʧʣʦʛʘʟʦʧʦʩʪʘʯʘʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ ʪʘ 

ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠè ʫʥʽʚʝʨʩʠʪʝʪʫ ʩʪʘʣʦ ʜʦʙʨʦʶ ʧʨʦʚʦʜʠʪʠ ʚ ʟʘʟʥʘʯʝʥʠʭ 

ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽ ʩʝʤʽʥʘʨʠ ʜʣʷ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ 

ʚʠʢʣʘʜʘʯʽʚ ʢʘʬʝʜʨʠ ʟʘ ʫʯʘʩʪʽ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʧʨʦʚʽʜʥʠʭ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ 

ʟʘʢʦʨʜʦʥʥʠʭ ʬʽʨʤ-ʚʠʨʦʙʥʠʢʽʚ ʩʫʯʘʩʥʦʛʦ ʪʝʧʣʦʪʝʭʥʽʯʥʦʛʦ ʪʘ 

ʢʣ̔ʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʦʩʚʽʜʫ ʧʨʦʚʝʜʝʥʥʷ ʪʘʢʠʭ 

ʩʝʤʽʥʘʨʽʚ ʥʘ ʢʘʬʝʜʨʽ çʊʝʧʣʦʛʘʟʦʧʦʩʪʘʯʘʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ ʪʘ 

ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠè (ʊɻɺʪʘʊ) ʇʦʣʪʘʚʩʴʢʦʾ ʧʦʣʽʪʝʭʥʽʢʠ. ʋ ʧʨʝʜʩʪʘʚʣʝʥʠʭ 

ʤʘʪʝʨʽʘʣʘʭ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʨʠʢʣʘʜʠ ʩʧʽʚʧʨʘʮʽ ʟʽ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ ʢʘʬʝʜʨʠ 

ʊɻɺ ʪʘ ʊ ʅʋʇʇ, ʘ ʩʘʤʝ ʇʨɸʊ çɺɽʅʊʉè (ʋʢʨʘʾʥʘ), Hisense-ʋʢʨʘʾʥʘ 

(ʂʅʈ) ʪʘ HERZ-ʋʢʨʘʾʥʘ (ɸʚʩʪʨʽʷ), ʷʢʽ ʩʧʨʠʷʣʠ ʨʦʟʚʠʪʢʫ ʣʘʙʦʨʘʪʦʨʥʦʾ 

ʙʘʟʠ ʢʘʬʝʜʨʠ. 

ʋ ʨʘʤʢʘʭ ʪʘʢʦʾ ʩʧʽʚʧʨʘʮʽ 20 ʣʠʩʪʦʧʘʜʘ 2015 ʨʦʢʫ ʚ ʘʫʜʠʪʦʨʽʾ 318 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʨʧʫʩʫ ʇʦʣʪʘʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʚʽʜʢʨʠʪʘ 

ʤʫʣʴʪʠʤʝʜʽʡʥʘ ʣʝʢʮʽʷ ʨʘʟʦʤ ʟ̔ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʬʽʨʤʠ ʇʨɸʊ çɺɽʅʊʉè 

(çɺʝʥʪʠʣʷʮʽʡʥʽ ʩʠʩʪʝʤʠè, ʤʽʩʪʘ ɹʦʷʨʢʘ, ʋʢʨʘʾʥʘ)  ʜʣʷ ʩʪʫʜʝʥʪʽʚ 

ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ  çʊʝʧʣʦʝʥʝʨʛʝʪʠʢʘè ʪʘ çʊʝʭʥʦʣʦʛʽʾ ʟʘʭʠʩʪʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘè  ʥʘ ʪʝʤʫ çʉʫʯʘʩʥʽ ʥʘʛʥʽʪʘʯʽè, ʥʘ ʷʢʽʡ 

ʚʠʩʪʫʧʠʣʠ ʧʨʝʜʩʪʘʚʥʠʢʠ ʟʘʟʥʘʯʝʥʦʾ ʬʽʨʤʠ, ʘ ʩʘʤʝ: ʧʨʦʚʽʜʥʠʡ ʪʝʭʥʽʯʥʠʡ 
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ʩʧʝʮʽʘʣʽʩʪ ʬʽʨʤʠ çɺɽʅʊʉè ʉʪʘʨʯʝʥʢʦ ʉ. ʄ. ʪʘ ʨʝʛʽʦʥʘʣʴʥʠʡ ʤʝʥʝʜʞʝʨ 

ʂʦʟʠʨʻʚ ɸ. ɺ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʫʜʝʥʪʠ ʪʘ ʚʠʢʣʘʜʘʯʽ ʥʘ ʣʝʢʮʽʾ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʬʽʨʤʠ 

çɺɽʅʊʉè ʚ ʘʫʜʠʪʦʨʽʾ 318 ʇʦʣʪʘʚʩʴʢʦʾ ʧʦʣʽʪʝʭʥʽʢʠ 

 

ʋ ʨʘʤʢʘʭ ʟʘʟʥʘʯʝʥʦʾ ʩʧʽʚʧʨʘʮʽ ʧʨʝʜʩʪʘʚʥʠʢʠ ʬʽʨʤʠ çɺɽʅʊʉè 

ʧʝʨʝʜʘʣʠ ʚ ʣʘʙʦʨʘʪʦʨʽʶ ʢʘʬʝʜʨʠ ʊɻɺʪʘʊ ʣʘʙʦʨʘʪʦʨʥʠʡ ʩʪʝʥʜ. 

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʩʪʝʥʜʫ ʥʘ ʙʘʟʽ ʦʙʣʘʜʥʘʥʥʷ  

ʬʽʨʤʠ çɺɽʅʊʉè 
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13 ʢʚʽʪʥʷ 2017 ʨʦʢʫ ʚ ʘʫʜʠʪʦʨʽʾ 318 ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʨʧʫʩʫ 

ʇʦʣʪʘʚʩʴʢʦʾ ʧʦʣʽʪʝʭʥʽʢʠ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʚʽʜʢʨʠʪʘ ʤʫʣʴʪʠʤʝʜʽʡʥʘ ʣʝʢʮʽʷ-

ʩʝʤʽʥʘʨ ʨʘʟʦʤ ʟ̔ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʫʢʨʘʾʥʩʴʢʦʛʦ ʧʨʝʜʩʪʘʚʥʠʮʪʚʘ ʚʽʜʝʥʩʴʢʦʾ 

ʬʽʨʤʠ çHERZè (çHERZ ï ʋʢʨʘʾʥʘè, ʤʽʩʪʦ ʂʠʾʚ) ʜʣʷ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ 

ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ  çʊʝʧʣʦʝʥʝʨʛʝʪʠʢʘè ʪʘ çʊʝʭʥʦʣʦʛʽʾ ʟʘʭʠʩʪʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘè ʥʘ ʪʝʤʫ çʇʨʦʜʫʢʮʽʷ ʢʦʤʧʘʥʽʾ HERZ ʜʣʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʪʝʧʣʦ- ʪʘ ʭʦʣʦʜʦʧʦʩʪʘʯʘʥʥʷè. ʅʘ ʣʝʢʮʽʾ 

ʚʠʩʪʫʧʠʣʠ ʧʨʝʜʩʪʘʚʥʠʢʠ ʬʽʨʤʠ, ʘ ʩʘʤʝ: ʪʝʭʥʽʯʥʠʡ ʜʠʨʝʢʪʦʨ ʬʽʨʤʠ çɻɽʈʎ 

ʋʢʨʘʾʥʘè ɿʘʩʻʜʘʪʻʣʻʚ ɯ. ɺ. ʪʘ ʨʝʛʽʦʥʘʣʴʥʠʡ ʪʦʨʛʦʚʦ-ʪʝʭʥʽʯʥʠʡ 

ʧʨʝʜʩʪʘʚʥʠʢ ʄʽʱʘʥ ʆ. ʉ. [1]. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʉʪʫʜʝʥʪʠ ʪʘ ʚʠʢʣʘʜʘʯʽ ʥʘ ʣʝʢʮʽʾ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʬʽʨʤʠ 

çɻɽʈʎ ʋʢʨʘʾʥʘè 

 

ʋ ʨʘʤʢʘʭ ʟʘʟʥʘʯʝʥʦʾ ʩʧʽʚʧʨʘʮʽ ʧʨʝʜʩʪʘʚʥʠʢʠ ʢʦʤʧʘʥʽʾ çHERZ 

ʋʢʨʘʾʥʘè ʧʝʨʝʜʘʣʠ ʚ ʣʘʙʦʨʘʪʦʨʽʶ ʢʘʬʝʜʨʠ ʊɻɺʪʘʊ ʫ ʙʝʟʢʦʰʪʦʚʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʫʜʝʥʪʘʤ ʪʘ ʘʩʧʽʨʘʥʪʘʤ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʣʘʰʪʫʚʘʥʥʷ 

ʩʪʝʥʜʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʪʘ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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ʈʠʩʫʥʦʢ 4 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʫ ʥʘ ʙʘʟʽ 

ʦʙʣʘʜʥʘʥʥʷ ʬʽʨʤʠ çHERZè 

 

15 ʣʠʩʪʦʧʘʜʘ 2019 ʨʦʢʫ ʜʠʨʝʢʪʦʨ ʧʨʝʜʩʪʘʚʥʠʮʪʚʘ ʢʦʤʧʘʥʽʾ Hisense 

ʚ ʋʢʨʘʾʥʽ ʖʨʽʡ ʉʊʈɸʊɯʁ ʧʨʦʚʽʚ ʚʽʜʢʨʠʪʫ ʣʝʢʮʽʶ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʦʙʦʭ 

ʢʦʣʝʜʞʽʚ ʇʦʣʪʘʚʩʴʢʦʾ ʧʦʣʽʪʝʭʥʽʢʠ, ʘ ʥʘʚʯʘʣʴʥʘ ʙʘʟʘ ʧʦʧʦʚʥʠʣʘʩʴ ʥʦʚʠʤ 

ʩʪʝʥʜʦʤ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [2]. 

 
ʈʠʩʫʥʦʢ 5 ï ʋʯʘʩʥʠʢʠ ʚʽʜʢʨʠʪʦʾ ʣʝʢʮʽʾ ʚ  

ʇʦʣʪʘʚʩʴʢʽʡ ʧʦʣʽʪʝʭʥʽʮʽ 
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ʂʫʣʴʤʽʥʘʮʽʻʶ ʩʪʘʣʘ ʧʨʝʟʝʥʪʘʮʽʷ ʩʪʝʥʜʫ ʢʣʽʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʚʽʜ ʢʦʤʧʘʥʽʾ Hisense, ʷʢʠʡ ʧʦʜʘʨʫʚʘʣʠ ʫʥʽʚʝʨʩʠʪʝʪʦʚʽ. ɺʽʜʪʝʧʝʨ ʚʽʥ 

ʜʦʩʪʫʧʥʠʡ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʫ ʣʘʙʦʨʘʪʦʨʽʾ ʢʘʬʝʜʨʠ ʪʝʧʣʦʛʘʟʦʧʦʩʪʘʯʘʥʥʷ, 

ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ. ʉʪʝʥʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʦʯʥʦ ʜʦʩʣʽʜʠʪʠ 

ʧʨʦʮʝʩʠ ʚ ʩʠʩʪʝʤʘʭ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʧʦʚʽʪʨʷ. 

 

 
ʈʠʩʫʥʦʢ 6 ï ʆʟʥʘʡʦʤʣʝʥʥʷ ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ ʟʽ ʟʤʽʩʪʦʤ ʩʪʝʥʜʽʚ 

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥ̔  ʜʞʝʨʝʣʘ: 

1. https://nupp.edu.ua/page/novini-kafedri-teplogazopostachannya- 

ventilyatsii-ta-teployenergetiki.html 

2. https://nupp.edu.ua/news/vidomiy-brend-prezentuvav-noviy-

navchalniy-stend-klimatichnogo-obladnannya.html 

 

 

 


