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AN ANALYSIS OF THE INFLUENCE OF THE BIOFILM 

HETEROGENEITY ON  THE EFFECTIVENESS OF ORGANIC 

POLLUTION REMOVAL IN BIOREACTORS                    

 
Abstract. A mathematical model of biological purification of wastewater from 

organic pollutants in the conditions of an aeration tank with a fixed biocenosis 

(biofilm of microorganisms) is presented. At the same time the peculiarities of the 

formation and modeling of a complex heterogeneous stratified structure of a biofilm 

with variable processes and parameters along its thickness are considered and 

taken into account on in particular the processes of mass transfer and concentration 

of microorganisms. It shown that the treatment processes in heterogeneous stratified 

biofilm are designated by the effective diffusion coefficient which is depended on the 

pollutions concentration. Owing to that the pollutions concentration is changing of 

along the biofilm thickness and increase from the surface to the biofilm bottom the 

decreasing of the effective diffusion coefficient is observed. On the base of the 

provided experimental investigations the change of the effective diffusion parameter 

along the biofilm thickness may be specified according to linear law. The quantity 

criteria of the first and zero order kinetic and Monod equation were used in the 

practical calculations. Ascertain that the substrate removal have a place on the 

early part of the biofilm which amounts to 20ï25% from the its full thickness. On 

the base of the created biofilm model of the heterogeneous-stratified structure the 

comparative analysis and valuation of the different investigations of the pollutions 

removal during the treatment processes at using of the homogeneous and 

heterogeneous structure of the biofilm were treated. It was designated that the 

pollutions removal effectiveness depends on the biofilm features. So at the some 

main parameters the homogeneous and stratified biofilms indicate almost the same 

microbial activity and the difference depends on the effective diffusion coefficient 

 

ɽʂʆʃʆɻɯʏʅɸ  ɹɽɿʇɽʂɸ   

ʊɸ  ʆʉʅʆɺʀ  ʇʈʀʈʆɼʆʂʆʈʀʉʊʋɺɸʅʅʗ 

ENVIRONMENTAL   SAFETY  AND  NATURAL 

RESOURCES 

Ò ʆ.ʗ. ʆʣʽʡʥʠʢ, ʉ.ɺ. ʊʝʣʠʤʘ, ʖ.ɯ. ʂʘʣʫʛʽʥ, ɭ.ʆ. ʆʣʽʡʥʠʢ, 2023 
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on the biofilm output. In the dependence on the hydrodynamic conditions of the 

treatment processes the homogeneous biofilm activity may be lower, higher or 

similar one of the stratified biofilm. Heterogeneous biofilm has the lower activity 

near the biofilm bottom at the high values of the effectiveness coefficient than the 

homogeneous one at the average values of this coefficient and the substrate against 

of the which the microorganisms growth is depended on to penetrate more in depth 

in stratified biofilm than in homogeneous one.       

Key words: stratified model; biofilm; organic pollution; concentrations; treatment; 

effectiveness. 

 
ʆ.ʗ. ʆʣʽʡʥʠʢ, ʉ.ɺ. ʊʝʣʠʤʘ, ʖ.ɯ. ʂʘʣʫʛʽʥ, ɭ.ʆ. ʆʣʽʡʥʠʢ       

 

ɯʥʩʪʠʪʫʪ ʛʽʜʨʦʤʝʭʘʥʽʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɸʅɸʃɯɿ ɺʇʃʀɺʋ ɻɽʊɽʈʆɻɽʅʅʆʉʊɯ ɹɯʆʇʃɯɺʂʀ  

ʅɸ ɽʌɽʂʊʀɺʅɯʉʊʔ ɺʀʃʋʏɽʅʅʗ ʆʈɻɸʅɯʏʅʀʍ ɿɸɹʈʋɼʅɽʅʔ  

ɺ ɹɯʆʈɽɸʂʊʆʈɸʍ         

 
ɸʥʦʪʘʮʽʷ. ʅʘʚʝʜʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʙʽʦʣʦʛʽʯʥʦʾ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ 

ʚʽʜ ʦʨʛʘʥʽʯʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʚ ʫʤʦʚʘʭ ʘʝʨʦʪʝʥʢʘ ʟ ʟʘʢʨʽʧʣʝʥʠʤ ʙʽʦʮʝʥʦʟʦʤ 

(ʙʽʦʧʣʽʚʢʦʶ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ). ʇʨʠ ʮʴʦʤʫ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʽ ʚʨʘʭʦʚʘʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʾ 

ʩʪʨʘʪʠʬʽʢʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʙʽʦʧʣʽʚʢʠ ʟʽ ʟʤʽʥʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʽ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʦ ʾʾ ʪʦʚʱʠʥʽ, ʟʦʢʨʝʤʘ, ʧʨʦʮʝʩʠ ʤʘʩʦʧʝʨʝʥʦʩʫ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʮʽ ʧʨʦʮʝʩʠ ʚ ʛʝʪʝʨʦʛʝʥʥʽʡ ʩʪʨʘʪʠʬʽʢʦʚʘʥʽʡ ʙʽʦʧʣʽʚʮʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʝʬʝʢʪʠʚʥʦʾ ʜʠʬʫʟʽʾ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ
 
ʟʘʙʨʫʜʥʝʥʴ. ɺ ʟʚôʷʟʢʫ ʟʽ ʟʤʽʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʴ ʧʦ 

ʪʦʚʱʠʥʽ ʙʽʦʧʣʽʚʢʠ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜ ʧʦʚʝʨʭʥʽ ʜʦ ʜʥʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʝʬʝʢʪʠʚʥʦʾ ʜʠʬʫʟʽʾ ʧʦ ʾʾ ʪʦʚʱʠʥʽ. ʅʘ ʦʩʥʦʚʽ 

ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʘ ʝʬʝʢʪʠʚʥʦʾ 

ʜʠʬʫʟʽʾ ʧʦ ʪʦʚʱʠʥʽ ʙʽʦʧʣʽʚʢʠ ʤʦʞʝ ʧʨʠʡʤʘʪʠʩʴ ʧʦ ʣʽʥʽʡʥʦʤʫ ʟʘʢʦʥʫ. ʅʘʚʝʜʝʥʦ 

ʢʽʣʴʢʽʩʥʽ ʢʨʠʪʝʨʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʽʥʝʪʠʢʠ ʧʝʨʰʦʛʦ ʪʘ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʽʚ ʚ 

ʧʨʘʢʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʘʭ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʚʥʷʥʥʷ ʄʦʥʦ. ɿôʷʩʦʚʘʥʦ, ʱʦ 

ʚʠʣʫʯʝʥʥʷ ʩʫʙʩʪʨʘʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʜʽʣʷʥʮʽ 

ʙʽʦʧʣʽʚʢʠ, ʷʢʘ ʩʢʣʘʜʘʻ ʥʘʙʣʠʞʝʥʦ 20ï25% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʾʾ ʪʦʚʱʠʥʠ. ʅʘ ʦʩʥʦʚʽ 

ʩʪʚʦʨʝʥʦʾ ʤʦʜʝʣʽ ʛʝʪʝʨʦʛʝʥʥʦ ʩʪʨʘʪʠʬʽʢʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʙʽʦʧʣʽʚʢʠ 

ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʽ ʦʮʽʥʢʫ ʨʽʟʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʣʫʯʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ 

ʚ ʧʨʦʮʝʩʽ ʦʯʠʩʪʢʠ ʧʨʠ ʛʦʤʦʛʝʥʥʽʡ ʪʘ ʛʝʪʝʨʦʛʝʥʥʽʡ ʩʪʨʫʢʪʫʨʽ ʙʽʦʧʣʽʚʢʠ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʩʥʦʚʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʽʦʧʣʽʚʦʢ. ʊʘʢ, ʧʨʠ ʜʝʷʢʠʭ ʟʥʘʯʝʥʥʷʭ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʛʦʤʦʛʝʥʥʘ ʽ ʩʪʨʘʪʠʬʽʢʦʚʘʥʘ ʙʽʦʧʣʽʚʢʠ ʧʦʢʘʟʫʶʪʴ ʤʘʡʞʝ ʦʜʥʘʢʦʚʽ ʟʥʘʯʝʥʥʷ 

ʤʽʢʨʦʙʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʽ ʮʷ ʨʽʟʥʠʮʷ ʟʘʣʝʞʠʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ 

ʝʬʝʢʪʠʚʥʦʾ ʜʠʬʫʟʽʾ ʥʘ ʚʠʭʦʜʽ ʽʟ ʙʽʦʧʣʽʚʢʠ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ 

ʫʤʦʚ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʘʢʪʠʚʥʽʩʪʴ ʛʦʤʦʛʝʥʥʦʾ ʙʽʦʧʣʽʚʢʠ ʤʦʞʝ ʙʫʪʠ ʥʠʞʯʘ, 

ʚʠʱʘ ʽ ʘʥʘʣʦʛʽʯʥʘ ʘʢʪʠʚʥʦʩʪʽ ʩʪʨʘʪʠʬʽʢʦʚʘʥʦʾ ʙʽʦʧʣʽʚʢʠ. ʉʪʨʘʪʠʬʽʢʦʚʘʥʘ 

ʙʽʦʧʣʽʚʢʘ ʧʨʠ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ʝʬʝʢʪʠʚʥʦʾ ʜʠʬʫʟʽʾ ʚ ʢʽʥʮʽ 

ʙʽʦʧʣʽʚʢʠ ʤʘʻ ʤʝʥʰʫ ʘʢʪʠʚʥʽʩʪʴ, ʥʽʞ ʛʦʤʦʛʝʥʥʘ ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʡʦʛʦ 

ʟʥʘʯʝʥʥʽ, ʘ ʩʫʙʩʪʨʘʪ, ʚʽʜ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʟʨʦʩʪʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, 

ʧʨʦʥʠʢʘʻ ʛʣʠʙʰʝ ʚ ʩʪʨʘʪʠʬʽʢʦʚʘʥʽʡ ʙʽʦʧʣʽʚʮʽ, ʥʽʞ ʚ ʛʦʤʦʛʝʥʥʽʡ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʪʨʘʪʠʬʽʢʦʚʘʥʘ ʤʦʜʝʣʴ; ʙʽʦʧʣʽʚʢʘ; ʦʨʛʘʥʽʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ; 

ʢʦʥʮʝʥʪʨʘʮʽʾ; ʦʯʠʩʪʢʘ; ʝʬʝʢʪʠʚʥʽʩʪʴ.  
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ɺʩʪʫʧ 
 

ʗʢ ʚʽʜʦʤʦ, ʦʙʣʘʰʪʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽʟ ʟʘʢʨʽʧʣʝʥʠʤ 

ʙʽʦʮʝʥʦʟʦʤ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʟ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

(ʙʽʦʧʣʽʚʢʦʶ) ʧʦʨʷʜ ʽʟ ʟʘʚʠʩʣʠʤ ʙʽʦʮʝʥʦʟʦʤ (ʘʢʪʠʚʥʠʤ ʤʫʣʦʤ) ʧʨʠ ʙʽʦʣʦʛʽʯʥʽʡ 

ʦʯʠʩʪʮʽ ʩʪʽʯʥʠʭ ʚʦʜ ʚ ʙʽʦʨʝʘʢʪʦʨʘʭ-ʘʝʨʦʪʝʥʢʘʭ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʙʽʦʣʦʛʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʇʨʠ 

ʮʴʦʤʫ ʚ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʘʢʪʠʚʥʽ ʯʘʩʪʠʥʠ ʙʽʦʧʣʽʚʢʠ ʧʨʠʡʤʘʣʠʩʴ ʷʢ 

ʦʜʥʦʨʽʜʥʽ, ʛʦʤʦʛʝʥʥʽ ʩʪʨʫʢʪʫʨʠ, ʘ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʟʥʘʯʘʶʪʴ 

ʚʠʣʫʯʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ, ʧʨʠʡʤʘʣʠʩʴ ʧʦʩʪʽʡʥʠʤʠ ʧʦ ʪʦʚʱʠʥʽ ʙʽʦʧʣʽʚʢʠ [1ï3]. 

ʇʨʦʪʝ, ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʙʽʦʧʣʽʚʢʘ ʤʘʻ ʥʝʦʜʥʦʨʽʜʥʫ ʛʝʪʝʨʦʛʝʥʥʦ 

ʩʪʨʘʪʠʬʽʢʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ ʟʽ ʟʤʽʥʥʠʤʠ ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦ ʾʾ ʪʦʚʱʠʥʽ, 

ʱʦ ʜʦʚʝʜʝʥʦ ʙʘʛʘʪʴʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ ʚ 

ʙʽʦʨʝʘʢʪʦʨʘʭ ʟ ʟʘʢʨʽʧʣʝʥʠʤ ʙʽʦʮʝʥʦʟʦʤ (ʙʽʦʧʣʽʚʢʦʶ) ʦʜʥʦʨʽʜʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ 

ʙʽʦʧʣʽʚʢʠ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʥʝʦʜʥʦʨʽʜʥʦʾ ʧʦ 

ʾʾ ʪʦʚʱʠʥʽ ʩʪʨʘʪʠʬʽʢʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʤʽʥʠ 

ʢʦʥʮʝʥʪʨʘʮʽʡ (ʱʽʣʴʥʦʩʪʽ) ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚLX  (ʍʇʂ) ʧʦ ʪʦʚʱʠʥʽ ʙʽʦʧʣʽʚʢʠ. 

ʇʨʠ ʮʴʦʤʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ LX  ʽ ʧʘʨʘʤʝʪʨ ʝʬʝʢʪʠʚʥʦʾ ʜʠʬʫʟʽʾ 

LD  ʙʫʜʫʪʴ ʦʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʩʪʦʩʦʚʥʦ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʙʽʦʧʣʽʚʢʠ. ʇʨʠ ʚʠʣʫʯʝʥʥʽ ʩʫʙʩʪʨʘʪʫ ʚ ʙʽʦʨʝʘʢʪʦʨʘʭ ʬʦʨʤʫʻʪʴʩʷ ʛʝʪʝʨʦʛʝʥʥʘ 

ʩʪʨʘʪʠʬʽʢʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʙʽʦʧʣʽʚʢʠ ʽʟ ʟʤʽʥʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ (ʱʽʣʴʥʽʩʪʶ) 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʧʦ ʾʾ ʪʦʚʱʠʥʽ, ʷʢʘ ʙʫʜʝ ʙʽʣʴʰ ʱʽʣʴʥʘ ʙʽʣʷ ʜʥʘ ʽ ʤʝʥʰ ʱʽʣʴʥʘ 

ʙʽʣʷ ʧʦʚʝʨʭʥʽ, ʯʝʨʝʟ ʷʢʫ ʧʦʩʪʫʧʘʻ ʩʫʙʩʪʨʘʪ ʚ ʙʽʦʧʣʽʚʢʫ ʽʟ ʙʽʦʨʝʘʢʪʦʨʘ ʯʝʨʝʟ 

ʧʦʛʨʘʥʠʯʥʠʡ ʰʘʨ ʨʽʜʠʥʠ. ɯ ʚ ʪʘʢʽʡ ʙʽʦʧʣʽʚʮʽ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʦʯʠʩʪʢʠ ʙʫʜʝ 

ʪʘʢʦʞ ʟʤʽʥʶʚʘʪʠʩʴ ʝʬʝʢʪʠʚʥʘ ʜʠʬʫʟʽʷ, ʷʢʘ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʱʽʣʴʥʦʩʪʽ ʙʽʦʧʣʽʚʢʠ LX . 

 

ʄʝʪʘ ʨʦʙʦʪʠ 
 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʽʥʞʝʥʝʨʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʚʠʣʫʯʝʥʥʷ 

ʦʨʛʘʥʽʯʥʠʭ ʟʘʙʨʫʜʥʝʥʴ (ʆɿ) ʙʽʦʧʣʽʚʢʦʶ ʚ ʙʽʦʨʝʘʢʪʦʨʘʭ ʥʘ ʦʩʥʦʚʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʩʪʨʘʪʠʬʽʢʦʚʘʥʦʾ ʙʽʦʧʣʽʚʢʠ. ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʶʪʴʩʷ 

ʦʩʦʙʣʠʚʦʩʪʽ ʽ ʬʘʢʪʦʨʠ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʮʽʻʾ ʙʽʦʧʣʽʚʢʠ, ʷʢʽ ʻ ʦʩʥʦʚʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʨʦʟʨʘʭʫʥʢʘʭ.  
 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 
 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʽ ʧʘʨʘʤʝʪʨʘʤʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʪʘʢʦʾ ʙʽʦʧʣʽʚʢʠ ʷʚʣʷʶʪʴʩʷ ʟʤʽʥʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ LX  ʽ ʟʤʽʥʥʠʡ ʧʘʨʘʤʝʪʨ ʝʬʝʢʪʠʚʥʦʾ ʜʠʬʫʟʽʾ LD , ʷʢʠʡ ʬʦʨʤʫʻ 

ʮʶ ʢʦʥʮʝʥʪʨʘʮʽʶ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʝʾ ʟʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ, ʦʜʝʨʞʘʥʠʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ [1, 2]: 
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ɯʟ ʨʽʚʥʷʥʥʷ (1) ʚʠʜʥʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ LX  ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʤʝʥʰʝʥʥʷ ʨʽʜʠʥʥʦʾ ʬʘʟʠ, ʪʦʙʪʦ, ʧʦʨʠʩʪʦʩʪʽ ʧʦ ʪʦʚʱʠʥʽ ʙʽʦʧʣʽʚʢʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ LD . ʊʦʤʫ ʚ ʜʝʷʢʠʭ ʨʦʙʦʪʘʭ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ LD  ʧʨʠʡʤʘʻʪʴʩʷ ʡʦʛʦ ʙʝʟʧʦʩʝʨʝʜʥʷ ʟʘʣʝʞʥʽʩʪʴ 

ʚʽʜ ʧʦʨʠʩʪʦʩʪʽ e, ʪʦʙʪʦ, Ὀ Ὢ‐  Ȣ 

ʅʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ (1) ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ LD  ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʴ ʧʦ ʪʦʚʱʠʥʽ 

ʙʽʦʧʣʽʚʢʠ ʽ ʟʘ ʜʘʥʠʤʠ ʽʩʥʫʶʯʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʮʝ ʟʤʝʥʰʝʥʥʷ 

ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʧʦ ʣʽʥʽʡʥʦʤʫ ʟʘʢʦʥʫ, ʘ ʩʘʤʝ: 

   () ,
0

zDDzD
iLLL -=             (2) 

ʘ ʥʝʚʽʜʦʤʽ ʢʦʝʬʽʮʽʻʥʪʠ 
0LD  ̔  

iLD  ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʧʨʠʡʥʷʪʦʾ ʤʦʜʝʣʽ ʧʨʠ 0=z  

0LL DD = , ʘ ʧʨʠ d=z  iLLL DDD d-=
0

. 

ʈʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʽʚʥʷʥʴ ʟ ʚʠʟʥʘʯʝʥʥ ̫ʟʤʽʥ ʧʘʨʘʤʝʪʨʘ LD  ʧʦ 

ʪʦʚʱʠʥʽ ʙʽʦʧʣʽʚʢʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʜʦʩʣʽʜʽʚ, 

ʥʘʚʝʜʝʥʠʭ ʚ ʨʦʙʦʪʘʭ [3, 4]. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʥʷʥʥʷ (2) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ 

ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

 () d001,06,0001,0
0

-=-= zDzD LL .         (3) 

ʗʢ ʧʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ ʚ ʊʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʚʝʣʠʯʠʥʠ ʝʬʝʢʪʠʚʥʦʾ 

ʜʠʬʫʟʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʚʱʠʥʠ ʙʽʦʧʣʽʚʢʠ. 

 

ʊʘʙʣʠʮʷ 1. ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʝʬʝʢʪʠʚʥʦʾ ʜʠʬʫʟʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʚʱʠʥʠ 

ʙʽʦʧʣʽʚʢʠ 
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ʇʨʠ ʦʮʽʥʮʽ ʨʦʙʦʪʠ ʙʽʦʨʝʘʢʪʦʨʽʚ ʟ ʙʽʦʧʣʽʚʢʦʶ, ʢʨʽʤ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ, 

ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʻʪʴʩʷ ʱʽʣʴʥʽʩʪʴ (ʢʦʥʮʝʥʪʨʘʮʽʷ) ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

LX . ɺ ʫʤʦʚʘʭ ʥʝʦʜʥʦʨʽʜʥʦʾ ʩʪʨʘʪʠʬʽʢʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʙʽʦʧʣʽʚʢʠ, ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʛʦʤʦʛʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʢʦʥʮʝʥʪʨʘʮʽʷ LX  ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟ̔ʾ 

LD  ʽ d , ʟʤʽʥʶʻʪʴʩʷ ʧʦ ʪʦʚʱʠʥʽ ʙʽʦʧʣʽʚʢʠ ʽ ʙʫʜʝ ʙʽʣʴʰ ʫʱʽʣʴʥʝʥʘ ʙʽʣʷ ʾʾ ʜʥʘ 

ʧʨʠ z = ŭ ʽ ʟʥʘʯʥʦ ʤʝʥʰ ʫʱʽʣʴʥʝʥʘ ʥʘ ʧʨʦʥʠʢʥʽʡ ʧʦʚʝʨʭʥʽ, ʥʘ ʷʢʽʡ ʚʦʥʘ 

ʬʦʨʤʫʻʪʴʩʷ (z = 0) ʽ ʯʝʨʝʟ ʷʢʫ ʩʫʙʩʪʨʘʪ ʧʦʩʪʫʧʘʻ ʚ ʙʽʦʧʣʽʚʢʫ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʝʞʥʽʩʪʴ (1), ʧʽʩʣʷ ʜʝʷʢʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʦʜʝʨʞʠʤʦ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ: 

   ( ) ,976,38856,38
7782,0-

+-= LL DX
                               

(4) 
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ʷʢʝ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦ ʧʝʨʝʧʠʩʘʪʠ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ:  
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ʊʘʢ ʷʢ ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷ 
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ʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ LcpX  ʚ ʙʽʦʧʣʽʚʮʽ 

ʧʨʠʡʤʘʻʤʦ, ʱʦ 
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kdzzXX LLcp .  (6) 

ʗʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʴ ʚ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʴ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʙʽʦʧʣʽʚʢʦʶ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ 

ʧʨʠʡʥʷʪʦʾ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʪʦʚʱʠʥʠ ʙʽʦʧʣʽʚʢʠ d [5, 6]. ʋ ʚʠʧʘʜʢʫ ʦʜʥʦʛʦ 

ʩʫʙʩʪʨʘʪʫ ʛʝʪʝʨʦʪʨʦʬʥʠʤʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʬʦʨʤʫʻʪʴʩʷ ʦʜʥʦʨʽʜʥʘ ʧʦ 

ʚʣʘʩʪʠʚʦʩʪʽ ʙʽʦʮʝʥʦʟʫ ʩʪʨʫʢʪʫʨʘ ʘʢʪʠʚʥʦʾ ʙʽʦʧʣʽʚʢʠ ʪʦʚʱʠʥʦʶ d. ʂʨʽʤ ʪʦʛʦ, 
ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʙʽʦʧʣʽʚʢʠ ʚʧʣʠʚʘʶʪʴ ʨʽʟʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚ 

ʧʨʠʡʥʷʪʠʭ ʢʽʥʝʪʠʯʥʠʭ ʨʝʘʢʮʽʷʭ ʦʯʠʩʪʢʠ, ʟʦʢʨʝʤʘ ʄʦʥʦ, ̔  ʜʦʧʦʚʥʝʥʽ ʟʘ ʨʘʭʫʥʦʢ 

ʚʨʘʭʫʚʘʥʥʷ ʪʘʢʠʭ ʚʘʞʣʠʚʠʭ ʬʘʢʪʦʨʽʚ, ʷʢ ʾʾ ʨʦʟʧʘʜ ʽ ʚʽʜʨʠʚ [6]. ɺ ʨʦʟʨʘʭʫʥʢʘʭ 

ʪʦʚʱʠʥʠ ʙʽʦʧʣʽʚʢʠ ʜʦʮʽʣʴʥʦ ʚʠʟʥʘʯʘʪʠ ʪʘʢʦʞ ʯʘʩ, ʢʦʣʠ ʥʘʩʪʫʧʘʻ ʩʪʘʮʽʦʥʘʨʥʠʡ 

ʨʝʞʠʤ ʨʦʙʦʪʠ ʙʽʦʧʣʽʚʢʠ ʪʦʚʱʠʥʦʶ d. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʧʨʦʮʝʩʽʚ, 

ʜʦʩʷʛʥʝʥʥʷ ʜʽʾ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ ʜʣʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚʩʝʨʝʜʠʥʽ ʙʽʦʧʣʽʚʢʠ 

ʙʫʜʝ ʩʢʣʘʜʘʪʠ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʜʽʙ ʜʦ ʪʠʞʥʽʚ. ʊʘʢ, ʚ ʨʦʙʦʪʽ [6] ʜʣʷ ʭʘʨʘʢʪʝʨʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʢʽʥʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʯʠʩʪʢʠ ʆɿ ʙʽʦʧʣʽʚʢʦʶ ʥʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʽ 

ʛʨʘʬʽʢʠ ʟ ʚʠʟʥʘʯʝʥʥ ̫ʪʦʚʱʠʥʠ ʙʽʦʧʣʽʚʢʠ ʧʨʠ ʚʠʣʫʯʝʥʥʽ ʆɿ ʚ ʩʪʘʮʽʦʥʘʨʥʠʭ 

ʫʤʦʚʘʭ, ʘ ʥʘ ʨʠʩ. 2 ï ʬʦʨʤʫʚʘʥʥʷ ʪʦʚʱʠʥʠ ʙʽʦʧʣʽʚʢʠ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ.  

 

ʈʠʩ. 1. ɻʨʘʬʽʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦʾ ʪʦʚʱʠʥʠ ʙʽʦʧʣʽʚʢʠ d ʚ ʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ 

ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ b, ʛʦʜ-1: 1 ï 0,01; 2ï 0,02; 3 ï 0,03; 4 ï 0,04 
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ʈʠʩ. 2. ɻʨʘʬʽʢʠ ʬʦʨʤʫʚʘʥʥʷ ʪʦʚʱʠʥʠ ʙʽʦʧʣʽʚʢʠ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ br =  
  

ɿ ʜʝʷʢʠʤ ʥʘʙʣʠʞʝʥʥʷʤ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʚʠʟʥʘʯʝʥʥ ̫ʪʦʚʱʠʥʠ 

d ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʡʥʷʪʽ ʽ ʚʨʘʭʦʚʘʥʽ ʚ ʤʦʜʝʣʷʭ ʽ ʨʦʟʨʘʭʫʥʢʘʭ ʦʯʠʩʪʢʠ 

ʩʪʨʘʪʠʬʽʢʦʚʘʥʦʶ ʙʽʦʧʣʽʚʢʦʶ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦʾ ʪʦʚʱʠʥʠ ʙʽʦʧʣʽʚʢʠ 

ʤʦʞʥʘ ʪʘʢʦʞ ʩʢʦʨʠʩʪʘʪʠʩʷ ʜʘʥʠʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʊʘʙʣʠʮʽ 2. 

ɺ ʊʘʙʣʠʮʽ 2 ʧʦʢʘʟʘʥʘ ʟʤʽʥʘ ʪʦʚʱʠʥʠ ʘʢʪʠʚʥʦʾ ʙʽʦʧʣʽʚʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʙʩʪʨʘʪʫ aL , ʷʢʠʡ ʧʦʩʪʫʧʘʻ ʚ ʙʽʦʧʣʽʚʢʫ ʧʨʠ ʨʽʟʥʽʡ 

ʱʽʣʴʥʦʩʪʽ (ʢʦʥʮʝʥʪʨʘʮʽʾ) LX  ʚ ʙʽʦʧʣʽʚʮʽ. ʊʘʢ, ʧʨʠ ʟʥʘʯʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ LX  

ʪʦʚʱʠʥʘ ʙʽʦʧʣʽʚʢʠ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘʣʝ ʧʦʚʽʣʴʥʦ, ʥʽʞ ʧʨʠ ʤʝʥʰʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ 

LX  ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʙʩʪʨʘʪʫ aL , ʷʢʠʡ ʧʦʩʪʫʧʘʻ ʚ 

ʙʽʦʧʣʽʚʢʫ.  

 

ʊʘʙʣʠʮʷ 2. ɿʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʙʽʦʧʣʽʚʢʠ ( )LXLf ,dd=  

 

LX  

ʤʛ/ʩʤ3 

01,0=dL

ʤʛ/ʩʤ3 

d, ʩʤ 

02,0=dL

ʤʛ/ʩʤ3 

d, ʩʤ 

04,0=dL

ʤʛ/ʩʤ3 

d, ʩʤ 

06,0=dL

ʤʛ/ʩʤ3 

d, ʩʤ 

08,0=dL

ʤʛ/ʩʤ3 

d, ʩʤ 

1,0=dL  

ʤʛ/ʩʤ3 

d, ʩʤ 

5 

15 

25 

50 

0,045 

0,022 

0,014 

0,010 

0,055 

0,028 

0,018 

0,08 

0,068 

0,034 

0,029 

0,013 

0,072 

0,038 

0,025 

0,014 

0,078 

0,041 

0,030 

0,016 

0,083 

0,043 

0,028 

0,017 
 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʪʦʚʱʠʥʠ ʙʽʦʧʣʽʚʢʠ ʚʠʢʦʨʠʩʪʘʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 100 ʤʢʤ = 0,01 ʩʤ = 10-4 ʤ 
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ɺ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʠ ʚʠʣʫʯʝʥʥʽ ʟʘʙʨʫʜʥʝʥʴ ʙʽʦʧʣʽʚʢʦʶ, ʷʢʘ 

ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʦʙʣʘʰʪʦʚʘʥʠʭ ʟʘʚʘʥʪʘʞʝʥʥʷʭ ʚ ʨʽʟʥʠʭ ʙʽʦʨʝʘʢʪʦʨʘʭ, ʧʨʦʬʽʣʴ 

ʚʠʣʫʯʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʦ ʪʦʚʱʠʥʽ ʙʽʦʧʣʽʚʢʠ ʽ ʾʾ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ 

ʚʠʟʥʘʯʘʣʠʩʴ ʧʨʠ ʫʤʦʚʽ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʦʩʪʫʧʘʶʯʠʭ ʟʘʙʨʫʜʥʝʥʴ ʚ ʙʽʦʧʣʽʚʢʫ 

0d
L  ʜʦʨʽʚʥʶʻ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʴ ʚ ʦʙôʻʤʽ ʨʽʜʠʥʠ ʚ ʙʽʦʨʝʘʢʪʦʨʽ aL . 

ʉʪʨʫʢʪʫʨʘ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʧʦʪʦʢʫ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ aL  ʚ ʨʽʟʥʠʭ ʙʽʦʨʝʘʢʪʦʨʘʭ 

ʙʫʣʘ ʨʽʟʥʦʶ ʽ ʥʝ ʧʨʠʡʤʘʣʘʩʴ ʜʦ ʫʚʘʛʠ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ. ʇʨʦʪʝ, ʥʘʚʽʪʴ ʧʨʠ 

ʧʦʚʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʨʽʜʠʥʠ ʚ ʙʽʦʨʝʘʢʪʦʨʘʭ ʟ ʙʽʦʧʣʽʚʢʦʶ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ 

ʫʪʚʦʨʝʥʥʷ ʥʘ ʾʾ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʧʦʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ʫ ʚʠʛʣʷʜʽ ʨʽʜʠʥʥʦʾ 

ʧʣʽʚʢʠ ʪʦʚʱʠʥʦʶ pd , ʽʟ ʷʢʦʾ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʩʪʫʧʘʶʪʴ ʚ ʙʽʦʧʣʽʚʢʫ. ʊʦʤʫ ʧʨʠ 

ʨʝʘʣʽʟʘʮʽʾ ʙʽʦʧʣʽʚʢʦʚʠʭ ʤʦʜʝʣʝʡ ʦʯʠʩʪʢʠ ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ 

ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʮʝʩʽʚ ʤʘʩʦʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʴ ʚ ʙʽʦʧʣʽʚʢʫ ʯʝʨʝʟ ʧʦʛʨʘʥʠʯʥʠʡ 

ʰʘʨ, ʷʢʠʡ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʯʠʩʪʢʠ. ɼʝʷʢʽ ʧʠʪʘʥʥʷ, 

ʧʦʚôʷʟʘʥʽ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʧʦʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʠ ʮʴʦʤʫ 

ʚʨʘʭʫʚʘʥʥʷ ʤʦʞʣʠʚʠʭ ʨʽʟʥʠʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʽʚ ʨʫʭʫ ʨʽʜʠʥʠ ʚ ʥʴʦʤʫ, 

ʩʪʨʫʢʪʫʨʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ, ʟʦʢʨʝʤʘ ʚ ʫʤʦʚʘʭ ʡʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʥʘ 

ʢʨʠʚʦʣʽʥʽʡʥʽʡ ʧʦʚʝʨʭʥʽ, ʨʦʟʛʣʷʥʫʪʽ ʚ ʧʦʧʝʨʝʜʥʽʭ ʨʦʙʦʪʘʭ [5, 6, 10]. ɺ ʮʽʣʦʤʫ, 

ʘʢʪʠʚʥʽʩʪʴ ʛʦʤʦʛʝʥʥʦʾ ʙʽʦʧʣʽʚʢʠ ʤʦʞʝ ʙʫʪʠ ʥʠʞʯʘ, ʚʠʱʘ ʽ ʜʦʨʽʚʥʶʚʘʪʠ 

ʘʢʪʠʚʥʦʩʪʽ ʩʪʨʘʪʠʬʽʢʦʚʘʥʦʾ ʙʽʦʧʣʽʚʢʠ. ʉʪʨʘʪʠʬʽʢʦʚʘʥʘ ʙʽʦʧʣʽʚʢʘ ʟʽ ʟʥʘʯʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʝʬʝʢʪʠʚʥʦʾ ʜʠʬʫʟʽʾ LD1  (ʚ ʢʽʥʮʽ ʙʽʦʧʣʽʚʢʠ) ʤʘʻ ʤʝʥʰʫ 

ʘʢʪʠʚʥʽʩʪʴ, ʥʽʞ ʛʦʤʦʛʝʥʥʘ ʽʟ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ 

2

10 LL
ʛʦʤL

DD
D

+
= , ʘ ʩʫʙʩʪʨʘʪ, ʚʽʜ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʟʨʦʩʪʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, 

ʧʨʦʥʠʢʘʻ ʛʣʠʙʰʝ ʚ ʩʪʨʘʪʠʬʽʢʦʚʘʥʽʡ ʙʽʦʧʣʽʚʮʽ, ʥʽʞ ʚ ʛʦʤʦʛʝʥʥʽʡ. 

ʅʘʚʝʜʝʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʽʥʝʪʠʢʠ 

ʨʝʘʢʮʽʾ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʜʦʮʽʣʴʥʦ ʙʫʜʝ ʧʨʦʚʝʩʪʠ ʟʘʟʥʘʯʝʥʠʡ 

ʘʥʘʣʽʟ ʜʣʷ ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʣʽʥʽʡʥʦʾ ʢʽʥʝʪʠʯʥʦʾ ʨʝʘʢʮʽʾ ʄʦʥʦ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʝʣʠʯʠʥʘ ʧʦʪʦʢʫ ʟʘʙʨʫʜʥʝʥʴ, ʷʢʽ ʧʦʩʪʫʧʘʶʪʴ ʚ 

ʙʽʦʧʣʽʚʢʫ ʯʝʨʝʟ ʾʾ ʧʦʚʝʨʭʥʶ, ʚʠʟʥʘʯʘʻʪʴʩʷ  ʧʨʠ z = 0 ʷʢ: 

   
dz

dL
DI LL Ö-=  .              (7) 

ʈʽʚʥʷʥʥʷ (7) ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʤʘʩʦʧʝʨʝʥʦʩ ʟʘʙʨʫʜʥʝʥʴ ʚ ʧʦʛʨʘʥʠʯʥʦʤʫ 

ʰʘʨʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʠʬʫʟʽʾ. 

ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ (7) ʫ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʡʦʛʦ ʜʦʮʽʣʴʥʦ ʧʝʨʝʧʠʩʘʪʠ 

ʫ ʚʠʛʣʷʜʽ: 
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ʘ ʚ ʷʢʦʩʪʽ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʥʘʩʪʫʧʥʠʡ 

ʚʠʨʘʟ: 

         ( ).
0

a

L

p
LL

D

K

dz

dL
-=

d
 

 



~ 12 ~ 
 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʚʠʧ. 3 (47), 2023 

ɺ ʥʘʚʝʜʝʥʠʭ ʨʽʚʥʷʥʥʷʭ ʪʘʢʦʞ ʧʨʠʡʥʷʪʦ  

   ,
1

p

p

p

p

D

R
K

d
d ==              (9) 

ʜʝ Ⱦŭp ï ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʧʝʨʝʥʦʩʫ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʚʱʠʥʠ ʨʽʜʠʥʥʦʾ ʧʣʽʚʢʠ 

(ʧʦʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ) pd  ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ ʚ ʨʽʜʠʥʥʽʡ ʧʣʽʚʮʽ Dp. ɺ ʧʨʦʮʝʩʽ 

ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʦʧʦʨʫ pR  ʢʦʝʬʽʮʽʻʥʪʘ 

ʤʘʩʦʧʝʨʝʥʦʩʫ pKd  ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʧʦʪʦʢʫ ʚ ʨʽʜʠʥʥʽʡ ʧʣʽʚʮʽ, 

ʷʢʘ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʬʦʨʤʘʭ ʝʣʝʤʝʥʪʽʚ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟ ʙʽʦʧʣʽʚʢʦʶ. ʊʘʢ, 

ʥʘ ʨʠʩ. 3 ʷʢ ʧʨʠʢʣʘʜ ʜʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ pd  ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢ ( )paL LfI d,= , 

ʧʦʙʫʜʦʚʘʥʠʡ ʜʣʷ ʚʠʧʘʜʢʫ 200=d  ʤʢʤ ʟʘ ʢʽʥʝʪʠʢʦʶ ʄʦʥʦ ʚ ʙʽʦʨʝʘʢʪʦʨʽ-

ʟʤʽʰʫʚʘʯʽ, ʪʦʙʪʦ, ʧʨʠ constL =d  [5, 6].  

 

 
 

ʈʠʩ. 3. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʧʦʪʦʢʫ paL LI dñ=  ʟʘ ʢʽʥʝʪʠʢʦʶ ʄʦʥʦ ʧʨʠ 200=d  ʤʢʤ 

 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʘ, ʧʨʠ ʟʥʘʯʥʽʡ ʪʦʚʱʠʥʽ ʧʦʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ pd =500 ʤʢʤ, 

ʧʦʪʽʢ ʆɿ ʟʤʝʥʰʫʻʪʴʩʷ ʤʘʡʞʝ ʥʘ 70%. ɿʥʘʯʥʽ ʽ ʜʦʩʠʪʴ ˇʨʫʥʪʦʚʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʘ LI  ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʨʽʜʠʥʥʦʾ ʧʣʽʚʢʠ 

ʧʨʦʚʝʜʝʥʽ ʚ ʪʨʫʙʯʘʪʦʤʫ ʨʝʘʢʪʦʨʽ, ʚ ʷʢʦʤʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʙʽʦʨʝʘʢʪʦʨʘʤʠ 

ʙʽʣʴʰ ˇʨʫʥʪʦʚʥʦ ʦʧʠʩʘʥʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ [6, 7]. ɺʧʣʠʚ ʽ ʘʥʘʣʽʟ ʮʠʭ 

ʧʨʦʮʝʩʽʚ ʥʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘ pK  ʽ ʪʦʚʱʠʥʠ pd  ʧʨʦʚʝʜʝʥʦ ʚ 

ʧʦʧʝʨʝʜʥʽʭ ʨʦʙʦʪʘʭ [7, 8]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʧʦʙʫʜʦʚʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʛʨʘʬʽʢʠ ʟ ʚʠʟʥʘʯʝʥʥ ̫ʪʦʚʱʠʥʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ pd , ʘ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʽ 

ʙʽʦʧʣʽʚʢʠ d ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʟʘʚʘʥʪʘʞʝʥʥʷ AB
 
ʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ 
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ʚ ʧʦʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ dR  ʽ ʚ ʪʨʫʙʯʘʪʦʤʫ ʨʝʘʢʪʦʨʽ TRe . ʅʘ ʨʠʩ. 3 ʚ ʷʢʦʩʪʽ 

ʧʨʠʢʣʘʜʫ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ 
ʜʦʙʘʤ

ʛ
BA 2

10= . 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠ ʥʠʟʴʢʠʭ 

ʟʘʚʘʥʪʘʞʝʥʥʷʭ 
ʜʦʙʘʤ

ʛ
BA 2

5,2>
 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʫʤʦʚʠ ʚ ʧʦʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ 

ʤʘʡʞʝ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʨʦʩʪʘʥʥʷ ʡʦʛʦ ʪʦʚʱʠʥʠ pd . 

ʄʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʚ ʙʽʦʨʝʘʢʪʦʨʘʭ 

ʟ ʙʽʦʧʣʽʚʢʦʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʨʘʤʝʪʨʘ AB  ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʘʭ [2, 9]. ɺ ʮʠʭ 

ʨʦʙʦʪʘʭ ʨʦʟʛʣʷʥʫʪʦ ʩʧʨʦʙʠ ʚʠʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ pd  ʽ ʢʦʝʬʽʮʽʻʥʪʘ pK  

ʪʝʦʨʝʪʠʯʥʠʤ ʰʣʷʭʦʤ ʥʘ ʦʩʥʦʚʽ ʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʯʠʩʝʣ), ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʝʞʠʤ ʧʦʪʦʢʫ ʚ ʧʦʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚ ʙʘʛʘʪʴʦʭ ʨʦʙʦʪʘʭ ʪʦʚʱʠʥʘ pd  ʧʨʠʡʤʘʻʪʴʩʷ ʜʝʩʴ ʚ 

ʤʝʞʘʭ pd = 100-300 ʤʢʤ ʙʝʟ ʜʦʩʪʘʪʥʴʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʣʘʤʽʥʘʨʥʠʡ ʨʝʞʠʤ ʧʦʪʦʢʫ ʚ ʨʽʜʠʥʥʽʡ ʧʣʽʚʮʽ. 

ʗʢ ʧʨʘʚʠʣʦ, ʙʽʦʧʣʽʚʢʘ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʥʝʧʨʦʥʠʢʥʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʽ ʚ ʢʽʥʮʽ 

ʙʽʦʧʣʽʚʢʠ ʰʚʠʜʢʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨʽʟʢʦ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʧʨʘʢʪʠʯʥʦ 

ʚʽʜʩʫʪʥʷ ʫʪʠʣʽʟʘʮʽʷ ʩʫʙʩʪʨʘʪʫ, ʪʦʙʪʦ, ʥʘ ʥʠʞʥʽʡ ʧʦʚʝʨʭʥʽ ʙʽʦʧʣʽʚʢʠ ʧʦʜʘʣʴʰʝ 

ʚʠʣʫʯʝʥʥʷ ʩʫʙʩʪʨʘʪʫ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽ ʜʠʬʫʟʽʡʥʠʡ ʧʦʪʽʢ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʱʦ ʽ 

ʧʨʠʡʥʷʪʦ ʚ ʛʨʘʥʠʯʥʽʡ ʫʤʦʚʽ ʧʨʠ 0==
dz

dL
z d . ɺ ʨʦʙʦʪʘʭ [6, 8] ʧʨʦʚʝʜʝʥʦ 

ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ minL , ʥʠʞʯʝ ʷʢʦʾ ʧʦʪʽʢ ʩʫʙʩʪʨʘʪʫ 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʽ ʚʠʱʝ ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʦʨʤʘʣʴʥʠʡ ʧʦʟʠʪʠʚʥʠʡ ʧʨʦʮʝʩ 

ʦʯʠʩʪʢʠ: 

  .
m ax

m in
bY

bK
L

L

ML

-
=
m

          (10) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʦʯʠʩʪʮʽ ʩʪʽʯʥʠʭ ʚʦʜ, ʟʦʢʨʝʤʘ 

ʦʨʛʘʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʚ ʙʽʦʨʝʘʢʪʦʨʘʭ ʟʽ ʟʚʘʞʝʥʠʤ ʙʽʦʮʝʥʦʟʦʤ ʦʯʠʩʪʢʘ ʙʫʜʝ 

ʚʽʜʙʫʚʘʪʠʩʴ, ʷʢ ʧʨʘʚʠʣʦ, ʛʝʪʝʨʦʛʝʥʥʦʶ ʩʪʨʘʪʠʬʽʢʦʚʘʥʦʶ ʙʽʦʧʣʽʚʢʦʶ. ɺ 

ʟʘʟʥʘʯʝʥʠʭ ʫʤʦʚʘʭ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʦʾ ʩʪʨʘʪʠʬʽʢʦʚʘʥʦʾ ʙʽʦʧʣʽʚʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʦʧʠʩʫʻ ʫʪʠʣʽʟʘʮʽʶ ʦʨʛʘʥʽʯʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʧʨʠ 

ʦʜʠʥʦʯʥʦʤʫ ʣʽʤʽʪʫʶʯʦʤʫ ʩʫʙʩʪʨʘʪʽ ʚ ʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʽ ʤʘʻ ʥʘʩʪʫʧʥʠʡ 

ʚʠʛʣʷʜ:  

() .0max
12

2

=
+

Ö--
LK

L

Y

X

dz

dL
D

dz

Ld
zD

Lm

L
LL

m
         (11) 

ɼʘʥʝ ʙʘʣʘʥʩʦʚʝ ʨʽʚʥʷʥʥʷ ʦʧʠʩʫʻ ʰʚʠʜʢʽʩʪʴ ʫʪʠʣʽʟʘʮʽʾ ʩʫʙʩʪʨʘʪʫ ʚ ʫʤʦʚʘʭ 

ʥʝʣʽʥʽʡʥʦʾ ʢʽʥʝʪʠʢʠ ʨʝʘʢʮʽʾ ʄʦʥʦ. ʇʦʟʥʘʯʝʥʥʷ ʧʨʠʡʥʷʪʠʭ ʚʝʣʠʯʠʥ ʚ ʨʽʚʥʷʥʥʽ 

(11) ʥʘʚʦʜʠʪʴʩʷ ʚ ʨʦʙʦʪʘʭ [1-3]. 

ɺ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʩʪʨʘʪʠʬʽʢʦʚʘʥʦʾ ʙʽʦʧʣʽʚʢʠ 

ʧʨʠʡʤʘʻʪʴʩʷ [4]: 

1. ɿʚ'ʷʟʦʢ ʤʽʞ ʢʦʝʬʽʮʽʻʥʪʦʤ ʝʬʝʢʪʠʚʥʦʾ ʜʠʬʫʟʽʾ Ὀ  ̔  ʱʽʣʴʥʽʩʪʶ ʙʽʦʧʣʽʚʢʠ ὢ
 

ʟʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ (1) ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 
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 .
27.019.11

48.0
1

99.0

93.0

L

L

W

L

X

X

D

D

+
-=            (12) 

2. ʂʦʝʬʽʮʽʻʥʪ Ὀ  ʚ ʷʢʦʩʪʽ ʬʫʥʢʮʽʾ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ L  ʧʦ 

ʣʽʥʽʡʥʦʤʫ ʟʘʢʦʥʫ,  

 () ,10 zDDzD LLL -=               (13) 

ʜʝ ʥʝʚʽʜʦʤʽ ʢʦʝʬʽʮʽʻʥʪʠ 0LD  ʽ 1LD  ʧʨʠʡʤʘʶʪʴʩʷ ʟʛʽʜʥʦ ʟ ʚʠʨʘʟʘʤʠ:  

 () ,10 dLLL DDzD -=               (14) 

ʪʦʙʪʦ, ʧʨʠ 0=z  0LL DD = , ʘ ʧʨʠ d=z  ʤʘʻʤʦ .10 dLLL DDD -=  

ʅʠʞʯʝ, ʚ ʊʘʙʣʠʮʽ 3, ʥʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʜʠʬʫʟʽʾ ʚ ʛʝʪʝʨʦʛʝʥʥʽʡ 

ʩʪʨʘʪʠʬʽʢʦʚʘʥʽʡ ʙʽʦʧʣʽʚʮʽ LzD  ʧʦ ʾʾ ʪʦʚʱʠʥʽ z  ʜʣʷ ʤʢʤ300=d , ʦʜʝʨʞʘʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ [4]. 

ʊʘʙʣʠʮʷ 3. ɿʥʘʯʝʥʥʷ 
w

Lz
L

D

D
D =d , ʦʜʝʨʞʘʥʽ ʧʦ ʪʦʚʱʠʥʽ ʙʽʦʧʣʽʚʢʠ ʤʢʤ300=d  

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ 
 

ʤʢʤz,  0 50 100 150 200 250 300 

LzD  0,65 0,60 0,56 0,48 0,44 0,37 0,30 

  

ɺʠʭʦʜʷʯʠ ʟ ʜʘʥʠʭ ʊʘʙʣʠʮʽ 3, ʦʜʝʨʞʘʥʘ ʥʘʩʪʫʧʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ LzD  ʧʦ ʪʦʚʱʠʥʽ ʙʽʦʧʣʽʚʢʠ z  ʧʨʠ 65.00 =LD : 

 .001.065.0 zDLz -=                (15) 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚ ʧʨʠʡʥʷʪʽʡ ʽ ʨʝʘʣʽʟʦʚʘʥʽʡ ʤʦʜʝʣʽ ʟʘʙʨʫʜʥʝʥʥʷ 

ʧʦʩʪʫʧʘʶʪʴ ʚ ʙʽʦʧʣʽʚʢʫ ʽʟ ʙʽʦʨʝʘʢʪʦʨʘ ʯʝʨʝʟ ʧʦʛʨʘʥʠʯʥʠʡ ʰʘʨ (ʨʽʜʠʥʥʫ 

ʧʣʽʚʢʫ). 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʝʬʝʢʪʠʚʥʦʾ ʜʠʬʫʟʽʾ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʧʨʠʡʤʘʪʠ ʚ ʩʝʨʝʜʥʴʦʤʫ wL DD 8.00 =  [1, 2]. ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʝʣʽ ʙʫʣʦ 

ʧʨʠʡʥʷʪʦ ʥʘʩʪʫʧʥʝ ʚʽʜʥʦʰʝʥʥʷ: 

 .25.1
0

==
dD

D
k w

             (16) 

ɿʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ (11) ʚ ʙʝʟʨʦʟʤʽʨʥʽʡ ʬʦʨʤʽ ʫ ʚʠʛʣʷʜʽ: 

 0
1

2

max

2

2

=
+

Ö-
-

+
LK

L

DDYL

XX

zd

Ld

zdz

Ld

mLLWa

LLñðdm

y
,          (17) 

ʚ ʷʢʦʤʫ ʧʨʠʡʥʷʪʦ 

 .,,,,,
1

0

L

L

W

L
L

Lcp

L
L

a

mL
mL

a D

D

D

D
D

X

X
X

L

K
K

L

L
L

z
z

d
y

d
======  
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ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʧʨʠʡʤʘʻʤʦ: 

 .,1
1

0

1

L

W

W

L

W

LO
L

D

D
k

z

k
z

D

D

D

D
D =öö

÷

õ
ææ
ç

å
-=-=
y

               (18) 

ɯʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷʥʥʷ (17) ʧʽʩʣʷ ʜʝʷʢʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʡ LX  ʦʜʝʨʞʠʤʦ: 

 

78,0

1

98,3885,38

-

ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å
-

+-=
k

z

XL

y
.            (19) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʣʝʞʥʽʩʪʴ (19), ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʙʽʦʧʣʽʚʮʽ LñðX  ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

 () ,1
1

173.17585.38
1

0

22.0

78.0
ñ

ù
ù

ú

ø

é
é

ê

è
-öö

÷

õ
ææ
ç

å
---==

d

y
y

d
kdzzXX LLcp      (20) 

ʜʝ k  ï ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʴ ʚ ʨʽʜʠʥʥʽʡ ʧʣʽʚʮʽ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʚʠʟʥʘʯʝʥʥ ̫ʢʦʥʮʝʥʪʨʘʮʽʡ LX  ʽ LcpX  

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ 
Lcp

L
L

X

X
X =  ʚ ʦʩʥʦʚʥʦʤʫ ʨʽʚʥʷʥʥʽ (17). 

ʇʽʩʣʷ ʜʝʷʢʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʦʩʥʦʚʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʽ ʘʥʘʣʽʟʫ ʙʫʜʝ 

ʤʘʪʠ ʚ ʙʝʟʨʦʟʤʽʨʥʽʡ ʬʦʨʤʽ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 () 0
1 2

2

=
+

F-
-

+
LK

L
zF

zd

Ld

zzd

Ld

my
 ,                (21) 

ʜʝ ()
L

L

D

X
zF = , ʘ ʚʽʜʦʤʠʡ ʤʦʜʫʣʴ Tile ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʴ ʟʘ ʬʦʨʤʫʣʦ :ʁ  

 
Wa

Lcp

DYL

X 2

max dm
=F  .                (22) 

ʈʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ (21) ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠ ʥʘʩʪʫʧʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ:  

 ʧʨʠ ( )L
zd

Ld
z L --== 10 b               (23) 

 ʧʨʠ  01 ==
zd

Ld
z                  (24) 

 ,
0

ddb
L

L

W

L
L

D

K

D

K
k ==            (25) 

ʜʝ LK  ï ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʴ ʚ ʨʽʜʠʥʥʽʡ ʧʣʽʚʮʽ.   
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ (21) ʯʠʩʝʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʙʫʜʦʚʘʥʽ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʛʨʘʬʽʢʠ ʽ ʪʘʙʣʠʮʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʘ ʟʦʚʥʽʰʥʽʡ 

ʧʦʚʝʨʭʥʽ ʙʽʦʧʣʽʚʢʠ ( )00 == zLLz d  ʪʘ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʙʽʦʧʣʽʚʢʠ 

( )dd == zLLz 1 , ʘ ʪʘʢʦʞ ʛʨʘʬʽʢʠ ʽ ʪʘʙʣʠʮʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʡ 

zL  ʧʦ ʪʦʚʱʠʥʽ ʙʽʦʧʣʽʚʢʠ z  (ʨʠʩ. 4). ʅʘʚʝʜʝʥʽ ʥʘ ʛʨʘʬʽʢʘʭ ʽ ʪʘʙʣʠʮʷʭ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʦʜʝʨʞʘʥʽ ʜʣʷ ʧʨʠʡʥʷʪʠʭ ʨʽʟʥʠʭ, ʜʦʩʪʘʪʥʴʦ 

ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ yab ,,, LL F . ʊʘʢ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʘ 

ʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʴ ʨʽʜʠʥʥʦʶ ʧʣʽʚʢʦʶ  ɓL ʧʨʠʡʤʘʣʦʩʴ ʟʛʽʜʥʦ ʟ ʚʠʨʘʟʦʤ (25), 

ʷʢʠʡ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʥʘʯʝʥʥʷ ʧʦʪʦʢʫ ʟʘʙʨʫʜʥʝʥʴ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʦʩʪʫʧʘʶʪʴ ʚ ʙʽʦʧʣʽʚʢʫ ʥʘ ʦʯʠʩʪʢʫ, ʘ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʤʦʜʫʣʷ F ʧʨʠʡʥʷʪʦ 

La25,1
2
=F , 

aL

Lcp

L
LD

X

0

2

max

y

dm
a =  ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ 

1

0

L

L

D

D
=y . 

 
A 

ʈʠʩ. 4. ɻʨʘʬʽʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʘ ʟʦʚʥʽʰʥʽʡ 

aL

L
L 0

0

d

d = ( 0̧d ) ʽ 

ʚʥʫʪʨʽʰʥʽʡ 

aL

L
L 1

1

d
d=   (z=d) ʧʦʚʝʨʭʥʷʭ ʙʽʦʧʣʽʚʢʠ ʧʨʠ ɓL = 10,0, ʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʘ 

y = 3.0 ʽ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 

a

lm

lm
L

K
K =  

 

ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʚ ʊʘʙʣʠʮʽ 4 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 

ʢʦʥʮʝʥʪʨʘʮʽʡ 
aa L

L
L

L

L
L 1

1
,0

0

d

d
d

d == , ʦʜʝʨʞʘʥʠʭ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ 

2.5=Lb ʽ 0.3=y .
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ʊʘʙʣʠʮʷ 4. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʡ d0L  ʽ 
1d

L  

 

a

m

m
L

K
K L

L
=  20 10 5 1 0,5 0,1 

5.2=La  
d0L  0,87 0,80 0,78 0,57 0,50 0,40 

1d
L  0,65 0,32 0,18 0.03 0,01 0,0 

5.9=La  
d0L  0,57 0,47 0,40 0,25 0,18 0,10 

1d
L  0,04 0,01 0,00 0,00 0,00 0,00 

 

ʊʘʢ ʷʢ ʧʘʨʘʤʝʪʨ 
Lb  ʬʦʨʤʫʻʪʴʩʷ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʦʚʠʭ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʩʪʨʫʢʪʫʨʦʶ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʽʜʠʥʥʦʾ ʧʣʽʚʢʠ (ʧʦʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ), ʪʦ ʚʽʥ ʥʝ 

ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʙʽʦʧʣʽʚʢʠ. ʊʦʤʫ ʜʣʷ ʦʙʦʭ ʩʪʨʫʢʪʫʨ ʙʽʦʧʣʽʚʢʠ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʝʬʝʢʪʠʚʥʦʾ ʜʠʬʫʟʽʾ 
0LD , ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʦʪʦʢʠ ʟʘʙʨʫʜʥʝʥʴ, 

ʱʦ ʧʦʩʪʫʧʘʶʪʴ ʚ ʨʽʟʥʽ ʧʦ ʩʪʨʫʢʪʫʨʽ ʙʽʦʧʣʽʚʢʠ, ʧʨʠʡʤʘʻʤʦ ʷʢ [2, 3]:  

 WL DD 8,00 =  .                (26)  

ʇʨʠ ʧʦʙʫʜʦʚʽ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʛʨʘʬʽʢʽʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʽ ʚʨʘʭʦʚʘʥʦ 

ʜʽʘʧʘʟʦʥ ʟʤʽʥ ʧʘʨʘʤʝʪʨʘ LK  ʚ ʤʝʞʘʭ 200·=mLK , ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻ 

ʤʝʞʽ ʧʨʠʡʥʷʪʠʭ ʚ ʤʦʜʝʣʷʭ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ ʨʽʟʥʠʭ ʨʽʚʥʷʥʴ ʢʽʥʝʪʠʯʥʠʭ 

ʨʝʘʢʮʽʡ, ʟʦʢʨʝʤʘ ʥʫʣʴʦʚʦʛʦ ʽ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʽʚ.  

ʊʘʢ, ʢʽʥʝʪʠʢʘ ʨʝʘʢʮʽʡ ʧʝʨʰʦʛʦ ʽ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʽʚ ʚ ʧʨʘʢʪʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʘʭ ʤʦʞʝ ʚʽʜʧʦʚʽʜʘʪʠ ʚʽʜʥʦʰʝʥʥʷʤ 32·>=
a

mL
mL

L

K
K  ʽ 

2,015,0 ·<mK , ʪʦʙʪʦ, ʜʝʩʴ ʚ ʤʝʞʘʭ 315,0 << mK  ʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʤʦʞʥʘ 

ʧʨʠʡʤʘʪʠ ʚʽʜʦʤʝ ʥʝʣʽʥʽʡʥʝ ʨʽʚʥʷʥʥʷ ʄʦʥʦ. ʊʘʢʦʞ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʣʫʯʝʥʥʷ ʆɿ 

ʙʽʦʧʣʽʚʢʦʶ ʤʘʻ ʚʧʣʠʚ ʢʦʤʧʣʝʢʩʥʠʡ ʧʘʨʘʤʝʪʨ La, ʷʢʠʡ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʚʽʜʦʤʠʤ ʚ 

ʣʽʪʝʨʘʪʫʨʽ ʤʦʜʫʣʝʤ ʊʽʣʷ 
La25,1=F . ɹʽʣʴʰʽ ʟʥʘʯʝʥʥʷ La  ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʧʨʦʮʝʩʠ ʨʝʘʢʮʽʾ ʙʽʣʴʰʝ ʚʧʣʠʚʘʶʪʴ, ʥʽʞ ʧʨʦʮʝʩʠ ʜʠʬʫʟʽʾ, ʱʦ ʚ ʮʽʣʦʤʫ ʩʫʪʪʻʚʦ 

ʦʙʫʤʦʚʣʶʻ ʩʢʣʘʜʥʽʩʪʴ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʘ La. ʇʨʦʮʝʩʠ ʤʘʩʦʧʝʨʝʥʦʩʫ ʚ 

ʛʝʪʝʨʦʛʝʥʥʽʡ ʩʪʨʘʪʠʬʽʢʦʚʘʥʽʡ ʙʽʦʧʣʽʚʮʽ ʟʘʣʝʞʘʪʴ ʪʘʢʦʞ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ 

ʝʬʝʢʪʠʚʥʦʾ ʜʠʬʫʟʽʾ LD  ʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ LX , ʱʦ ʚʨʘʭʦʚʘʥʦ, ʷʢ ʚʞʝ 

ʟʘʟʥʘʯʘʣʦʩʴ ʚʠʱʝ, ʧʘʨʘʤʝʪʨʦʤ 
d

y
1

0

LD

D
= . ʇʨʠ 5,1>y  ʚ ʟʤʽʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʘ 

ʚʠʭʦʜʽ ʽʟ ʙʽʦʧʣʽʚʢʠ 1dL  ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ. 

 

ɺʠʩʥʦʚʢʠ 

 

ʇʨʦʚʝʜʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʣʫʯʝʥʥʷ ʆɿ ʥʝʦʜʥʦʨʽʜʥʦʶ 

(ʩʪʨʘʪʠʬʽʢʦʚʘʥʦʶ) ʛʝʪʝʨʦʛʝʥʥʦʶ ʙʽʦʧʣʽʚʢʦʶ ʜʦʟʚʦʣʠʣʠ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ 

ʚʠʩʥʦʚʢʠ: 
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1. ɺ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʚʠʣʫʯʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʙʽʦʣʦʛʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚ 

ʨʽʟʥʠʭ ʙʽʦʨʝʘʢʪʦʨʘʭ ʟʘ ʨʘʭʫʥʦʢ ʟʘʢʨʽʧʣʝʥʦʛʦ ʙʽʦʮʝʥʦʟʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʙʽʦʧʣʽʚʢʦʶ ʩʢʣʘʜʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

2. ɼʣʷ ʦʮʽʥʢʠ ʨʦʙʦʪʠ ʪʘʢʦʾ ʙʽʦʧʣʽʚʢʠ ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ ʬʘʢʪʦʨʠ ʪʘ 

ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʾʾ ʘʢʪʠʚʥʽʩʪʴ ʽ ʩʪʨʫʢʪʫʨʫ, ʘ ʩʘʤʝ: 

ʧʨʦʮʝʩʠ ʤʘʩʦʧʝʨʝʥʦʩʫ ʟʘʙʨʫʜʥʝʥʴ ʚ ʦʙôʻʤʽ ʙʽʦʧʣʽʚʢʠ ʪʘ ʘʢʪʠʚʥʽʩʪʴ ʾʭ 

ʚʠʣʫʯʝʥʥʷ ʟʤʽʥʥʦʶ ʱʽʣʴʥʽʩʪʶ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʧʦ ʪʦʚʱʠʥʽ ʙʽʦʧʣʽʚʢʠ. 

3. ʇʨʦʮʝʩʠ ʤʘʩʦʧʝʨʝʥʦʩʫ ʚ ʛʝʪʝʨʦʛʝʥʥʽʡ ʩʪʨʘʪʠʬʽʢʦʚʘʥʽʡ ʙʽʦʧʣʽʚʮʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʝʬʝʢʪʠʚʥʦʾ ʜʠʬʫʟʽʾ LD , ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʱʽʣʴʥʦʩʪʽ (ʢʦʥʮʝʥʪʨʘʮʽʾ)LX . ɺ ʟʚôʷʟʢʫ ʟʽ ʟʤʽʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʾ LX  ʧʦ ʪʦʚʱʠʥʽ 

ʙʽʦʧʣʽʚʢʠ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜ ʧʦʚʝʨʭʥʽ ʜʦ ʜʥʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ 

ʧʘʨʘʤʝʪʨʘ LD  ʧʦ ʪʦʚʱʠʥʽ ʙʽʦʧʣʽʚʢʠ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʘ LD  ʧʦ ʪʦʚʱʠʥʽ ʙʽʦʧʣʽʚʢʠ 

ʧʨʠʡʤʘʣʘʩʴ ʧʦ ʣʽʥʽʡʥʦʤʫ ʟʘʢʦʥʫ ʽ  ʚʨʘʭʦʚʫʚʘʣʘʩʴ ʧʘʨʘʤʝʪʨʦʤ 
d

y

1L

o

D

D
= . ʇʨʠ 

ʮʴʦʤʫ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ LD  ʧʦ ʪʦʚʱʠʥʽ ʙʽʦʧʣʽʚʢʠ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʚʽʜʧʦʚʽʜʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʘʨʘʤʝʪʨʘ y. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʟʥʘʯʝʥʥʽ y>1.5, 

ʟʛʽʜʥʦ ʟ ʦʜʝʨʞʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʘ ʚʠʭʦʜʽ ʽʟ ʙʽʦʧʣʽʚʢʠ 
1d

L , 

ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʚ ʦʯʠʩʪʮʽ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. 

4. ɿʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʣʫʯʝʥʥʷ ʆɿ ʙʽʦʧʣʽʚʢʦʶ ʤʘʻ ʢʦʤʧʣʝʢʩʥʠʡ 

ʧʘʨʘʤʝʪʨ La , ʷʢʠʡ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʚʽʜʦʤʠʤ ʚ ʣʽʪʝʨʘʪʫʨʽ ʤʦʜʫʣʝʤ ʊʽʣʷ 

Ldʌ 25,1= , ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʝʣʝʡ. ʊʘʢ, ʙʽʣʴʰʽ 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ La  ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʦʮʝʩʠ ʨʝʘʢʮʽʾ ʙʽʣʴʰʝ ʚʧʣʠʚʘʶʪʴ, ʥʽʞ 

ʧʨʦʮʝʩʠ ʜʠʬʫʟʽʾ. ʇʨʦʪʝ, ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʘ La  

ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʧʨʦʮʝʩʠ ʨʝʘʢʮʽʾ ʟʘʣʝʞʘʪʴ ʚʽʜ ʱʽʣʴʥʦʩʪʽ LX  ʚ ʙʽʦʧʣʽʚʮʽ, ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ LD  ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʱʽʣʴʥʦʩʪʽ LX , 

ʟʤʝʥʰʫʶʯʠʩʴ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ LX . 

5. ɿʛʽʜʥʦ ʟ ʧʨʦʚʝʜʝʥʠʤʠ ʧʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʟ ʜʝʷʢʠʤ 

ʥʘʙʣʠʞʝʥʥʷʤ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʢʽʥʝʪʠʢʘ ʨʝʘʢʮʽʡ ʧʝʨʰʦʛʦ ʪʘ ʥʫʣʴʦʚʦʛʦ 

ʧʦʨ̫ʜʢʽʚ ʚ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʤʦʞʝ ʚʽʜʧʦʚʽʜʘʪʠ ʚʽʜʥʦʰʝʥʥʷʤ 

a

Lm

Lm
L

K
K = > 32·  ʽ LmK <0,15-0,2, ʪʦʙʪʦ, ʚ ʤʝʞʘʭ 0,15<LmK <3 ʽ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ʢʽʥʝʪʠʢ ʨʝʘʢʮʽʡ LR  ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʤʘʪʠ ʨʽʚʥʷʥʥʷ ʄʦʥʦ. 

6. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʧʝʨʝʚʘʞʥʝ 

ʚʠʣʫʯʝʥʥʷ ʩʫʙʩʪʨʘʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʜʽʣʷʥʮʽ ʙʽʦʧʣʽʚʢʠ, ʷʢʘ ʩʢʣʘʜʘʻ 

ʥʘʙʣʠʞʝʥʦ 20ï25% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʙʽʦʧʣʽʚʢʠ d. 

ʉʪʚʦʨʝʥʘ ʤʦʜʝʣʴ ʛʝʪʝʨʦʛʝʥʥʦ ʩʪʨʘʪʠʬʽʢʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʙʽʦʧʣʽʚʢʠ 

ʜʦʟʚʦʣʠʣʘ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʽ ʦʮʽʥʢʫ ʨʽʟʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʣʫʯʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʴ ʚ ʧʨʦʮʝʩʽ ʦʯʠʩʪʢʠ ʚ ʛʦʤʦʛʝʥʥʽʡ ʧʦ ʩʪʨʫʢʪʫʨʽ ʙʽʦʧʣʽʚʮʽ ʧʦ ʾʾ 

ʪʦʚʱʠʥʽ.  
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ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʘ y. ʊʘʢ, ʧʨʠ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʥʷʭ y ʛʦʤʦʛʝʥʥʘ ʽ 

ʩʪʨʘʪʠʬʽʢʦʚʘʥʘ ʙʽʦʧʣʽʚʢʠ ʧʦʢʘʟʫʶʪʴ ʤʘʡʞʝ ʦʜʥʘʢʦʚʽ ʟʥʘʯʝʥʥʷ ʤʽʢʨʦʙʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ, ʪʦʙʪʦ, ʧʨʠ ʩʪʨʘʪʠʬʽʢʦʚʘʥʽʡ ʙʽʦʧʣʽʚʮʽ ʟ ʥʠʟʴʢʠʤ ʟʥʘʯʝʥʥʷʤ 
LD1

ʟʘʛʘʣʴʥʘ ʾʾ ʘʢʪʠʚʥʽʩʪʴ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʘʢʪʠʚʥʦʩʪʽ ʛʦʤʦʛʝʥʥʦʾ, ʘ ʧʨʠ ʥʠʟʴʢʠʭ 

ʟʥʘʯʝʥʥʷʭ y ʛʦʤʦʛʝʥʥʘ ʽ ʩʪʨʘʪʠʬʽʢʦʚʘʥʘ ʙʽʦʧʣʽʚʢʠ ʧʦʢʘʟʫʶʪʴ ʨʽʟʥʽ ʘʢʪʠʚʥʦʩʪʽ 

ʽ ʮʷ ʨʽʟʥʠʮʷ ʟʘʣʝʞʠʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʝʬʝʢʪʠʚʥʦʾ ʜʠʬʫʟʽʾ ʥʘ 

ʚʠʭʦʜʽ ʽʟ ʙʽʦʧʣʽʚʢʠ 
LD1

.  

ɺ ʮʽʣʦʤʫ ʘʢʪʠʚʥʽʩʪʴ ʛʦʤʦʛʝʥʥʦʾ ʙʽʦʧʣʽʚʢʠ ʤʦʞʝ ʙʫʪʠ ʥʠʞʯʘ, ʚʠʱʘ ʽ 

ʜʦʨʽʚʥʶʚʘʪʠ ʘʢʪʠʚʥʦʩʪʽ ʩʪʨʘʪʠʬʽʢʦʚʘʥʦʾ ʙʽʦʧʣʽʚʢʠ. ʉʪʨʘʪʠʬʽʢʦʚʘʥʘ ʙʽʦʧʣʽʚʢʘ 

ʟʽ ʟʥʘʯʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʝʬʝʢʪʠʚʥʦʾ ʜʠʬʫʟʽʾ 
LD1

 (ʚ ʢʽʥʮʽ ʙʽʦʧʣʽʚʢʠ) ʤʘʻ ʤʝʥʰʫ 

ʘʢʪʠʚʥʽʩʪʴ, ʥʽʞ ʛʦʤʦʛʝʥʥʘ ʽʟ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ 

2

10 LL
ʛʦʤL

DD
D

+
= , ʘ ʩʫʙʩʪʨʘʪ, ʚʽʜ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʟʨʦʩʪʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, 

ʧʨʦʥʠʢʘʻ ʛʣʠʙʰʝ ʚ ʩʪʨʘʪʠʬʽʢʦʚʘʥʽʡ ʙʽʦʧʣʽʚʮʽ, ʥʽʞ ʚ ʛʦʤʦʛʝʥʥʽʡ. 

ʅʘʚʝʜʝʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʽʥʝʪʠʢʠ 

ʨʝʘʢʮʽʾ ʥʫʣʴʦʚʦʛʦ ʧʦʨʷʜʢʫ. ɺ ʧʝʨʩʧʝʢʪʠʚʽ ʜʦʮʽʣʴʥʦ ʙʫʜʝ ʧʨʦʚʝʩʪʠ ʟʘʟʥʘʯʝʥʠʡ 

ʘʥʘʣʽʟ ʜʣʷ ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʣʽʥʽʡʥʦʾ ʢʽʥʝʪʠʯʥʦʾ ʨʝʘʢʮʽʾ ʄʦʥʦ. 

 

ʉʇʀʉʆʂ ʃɯʊɽʈɸʊʋʈʀ 

 
1. Beyenal H., Lewandowski Z. (2005). Modeling mass transport and microbial activity in 

stratified biofilms. Chemical Engin. Science. ̄60. P. 4337ï4348. 

2. Elenter D., Milferstedt K., Zhang W., Hausner M., Morgenroth E. (2007). Influence of 

detachment on substrate removal and microbial ecology in a heterotrophic/autotrophic 

biofilm. Nat.Resour. 41. P. 4657ï4671. 

3. Henze M.M., van Loodsdresht M., Ekama G.A., Brdjanovic D. Biological Wastewater 

Treatment (2008). IWA Publishing. 511 p. 

4. Lee M.W., Park I.M. (2007). One-dimensional mixed-culture biofilm model considering 

different space occupancies of particle components. Water Res. No. 1-41-1-44. P. 4317ï4328. 

5. ʆʣʽʡʥʠʢ ʆ.ʗ., ɸʡʨʘʧʝʪʷʥ ʊ.ʉ., ʂʫʨʛʘʥʩʴʢʘ ʉ.ʄ. (2016). ɸʥʘʣʽʟ ʽ ʜʝʷʢʽ ʨʝʢʦʤʝʥʜʘʮʽʾ 
ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʢʠʩʥʝʚʦʛʦ ʨʝʞʠʤʫ ʚ ʘʝʨʦʪʝʥʢʘʭ ʧʨʠ ʦʯʠʩʪʮʽ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜ ʦʨʛʘʥʽʯʥʠʭ 

ʟʘʙʨʫʜʥʝʥʴ ʟʚʘʞʝʥʠʤ ʽ ʟʘʢʨʽʧʣʝʥʠʤ ʙʽʦʮʝʥʦʟʦʤ. ʅʘʫʢ. ʚʽʩʥʠʢ ʙʫʜʽʚʥʠʮʪʚʘ, ʍʅʋɹɸ, 

ˉ3 (15). ʉ. 177ï184. 

6. Wanner O., Ebert N.I., Rittman B.E. (2006). Mathematical modeling of biofilms. 

Scientifical Technical Report, ˉ18. 208 p. 

7. Henze M., Harrenoes P., Jansen C., Arwin E. (2002) Wastewater Treatment. Springer: 

Berlin ï New-York, 430 p. 

8. ʆʣʽʡʥʠʢ ʆ.ʗ., ɸʡʨʘʧʝʪʷʥ ʊ.ʉ., ʂʘʣʫʛʠʥ ʖ.ɯ. (2019). ʄʦʜʝʣʶʚʘʥʥʷ ʽ ʨʦʟʨʘʭʫʥʢʠ 

ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ ʚ ʘʝʨʦʪʝʥʢʘʭ-ʟʤʽʰʫʚʘʯʘʭ ʟʘʚʠʩʣʠʤ ʽ ʟʘʢʨʽʧʣʝʥʠʤ ʙʽʦʮʝʥʦʟʦʤ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʣʽʥʽʡʥʦʾ ʢʽʥʝʪʠʢʠ ʄʦʥʦ. ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʙʫʜʽʚʥʠʮʪʚʘ, ʍʘʨʢʽʚ, ʪ.97, 

ˉ 3. C. 113ï122. 

9. Beyenal H., Tanyolag A. (1994). A mathematical model for hollow biofilm reactors. 

Chem. Engin. Journal, 56. P. 853ï859. 

10. Wasche S., Horn H., Hempel D.C. (2002). Influence of growth conditions on biofilm 

development and mass transfer at the bulk/biofilm interface. Water. Res., vol. 36. P. 4775ï

4784. 

 

ʉʪʘʪʪʷ ʥʘʜʽʡʰʣʘ ʜʦ ʨʝʜʘʢʮʽʾ 21.02.2023 ʽ ʧʨʠʡʥʷʪʘ ʜʦ ʜʨʫʢʫ ʧʽʩʣʷ ʨʝʮʝʥʟʫʚʘʥʥʷ 

19.06.2023 



~ 20 ~ 
 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʚʠʧ. 3 (47), 2023 

REFERENCES  

 
1. Beyenal, H., &  Lewandowski, Z. (2005). Modeling mass transport and microbial activity 

in stratified biofilms. Chemical Engin. Science, 60, 4337-4348. 

2. Elenter, D., Milferstedt, K., Zhang, W., Hausner, M., &  Morgenroth, E. (2007). Influence 

of detachment on substrate removal and microbial ecology in a heterotrophic/autotrophic 

biofilm. Nat.Resour., 41, 4657-4671. 

3. Henze, M.M., van Loodsdresht, M., Ekama, G.A., &  Brdjanovic, D. (2008). Biological 

Wastewater Treatment. IWA Publishing.  

4. Lee, M.W., & Park, I.M. (2007). One-dimensional mixed-culture biofilm model 

considering different space occupancies of particle components. Water Res., 1-41-1-44, 

4317-4328. 

5. Oliynyk, O.Ya., Airapetian, T.S., &  Kurganska, S.M. (2016). Analysis and some 

recommendations due calculation of the oxygene regime in aerotanks at the treatment of the 

waste waters with organic pollutions by the suspended and fixed biocenosis. Scient. Visnyk 

of Building. Kharkiv, 3(15), 177-184 [in Ukrainian]. 

6. Wanner, O., Ebert, N.I., &  Rittman, B.E. (2006). Mathematical modeling of biofilms. 

Scientifical Technical report. ˉ18. 208 p. 

7. Henze, M., Harrenoes, P., Jansen, C., &  Arwin, E. (2002). Wastewater Treatment. 

Springer: Berlin - New-York.  

8. Oliynyk, O.Ya., Airapetian, T.S., &  Kalugin, Yu.I. (2019). Modeling and calculations of 

the waste waters treatment in aerotanks-mixers by suspended and fixed biocenosis using of 

the nonlinear Monod kinetic. Scient. Visnyk of Building, Kharkiv, 3 (97), 113-122  

[in Ukrainian]. 

9. Beyenal, H., &  Tanyolag, A. (1994). A mathematical model for hollow biofilm reactors. 

Chem. Engin. Journal, 56, 853-859. 

10. Wasche, S., Horn, H., &  Hempel, D.C. (2002). Influence of growth conditions on biofilm 

development and mass transfer at the bulk/biofilm interface. Water.Res., 36, 4775-4784. 

 
The article was received 21.02.2023 and was accepted after revision 19.06.2023 

 
ʆʣʽʡʥʠʢ ʆʣʝʢʩʘʥʜʨ ʗʢʦʚʠʯ 

ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʶʯʠʡ ʚʽʜʜʽʣʦʤ ʧʨʠʢʣʘʜʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ɯʥʩʪʠʪʫʪʫ ʛʽʜʨʦʤʝʭʘʥʽʢʠ 

ʅɸʅ ʋʢʨʘʾʥʠ 

ɸʜʨʝʩʘ ʨʦʙʦʯʘ: 03057, ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ, ʚʫʣ. ʄ. ʂʘʧʥʽʩʪ, 8/4 

 

ʊʝʣʠʤʘ ʉʝʨʛʽʡ ɺʘʩʠʣʴʦʚʠʯ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ ɯʥʩʪʠʪʫʪʫ ʛʽʜʨʦʤʝʭʘʥʽʢʠ 

ʅɸʅ ʋʢʨʘʾʥʠ  

ɸʜʨʝʩʘ ʨʦʙʦʯʘ: 03057, ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ, ʚʫʣ. ʄ. ʂʘʧʥʽʩʪ 8/4 

ORCID ID: https://orcid.org/0000-0003-0109-0696 e-mail: sertelyma@gmail.com 

 

ʂʘʣʫʛʽʥ ʖʨʽʡ ɯʚʘʥʦʚʠʯ 

ʢʘʥʜʠʜʘʪ ʬʽʟ.-ʤʘʪ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ ɯʥʩʪʠʪʫʪʫ ʛʽʜʨʦʤʝʭʘʥʽʢʠ ʅɸʅ 

ʋʢʨʘʾʥʠ 

ɸʜʨʝʩʘ ʨʦʙʦʯʘ: 03057, ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ, ʚʫʣ. ʄ. ʂʘʧʥʽʩʪ, 8/4 

ORʉID ID: https://orcid.org/0000-00030720-0665 e-mail: forkalugin@ukr.net 

 

ʆʣʽʡʥʠʢ ɭʚʛʝʥ ʆʣʝʢʩʘʥʜʨʦʚʠʯ 

ʧʨʦʚʽʜʥʠʡ ʽʥʞʝʥʝʨ ɯʥʩʪʠʪʫʪʫ ʛʽʜʨʦʤʝʭʘʥʽʢʠ ʅɸʅ ʋʢʨʘʾʥʠ 

ɸʜʨʝʩʘ ʨʦʙʦʯʘ: 03057, ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ, ʚʫʣ. ʄ. ʂʘʧʥʽʩʪ, 8/4 

  

mailto:forkalugin@ukr.net


~ 21 ~ 
 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʚʠʧ. 3 (47), 2023 

UOT 631.4 

 

Mustafa G. Mustafayev1, Doctor of agricultural sciences 

ORʉID ID: https://orcid.org/0000-0003-2071-3078 e-mail: meliorasiya58@mail.ru  

 

A.Ķ. Hajiyev2, doctor of philosophy in agrarian sciences  

e-mail: aslan.haciyev@gmail.com 

 

A.Kh.  Hasanova2, doctoral student, assistant 

e-mail: arzu.rzayeva.1980@mail.ru 

 
1Ministry of Science and Education Republic of Azerbaijan Institute of Soil Science and 

Agrochemistry, Baku, Azerbaijan Republic 
2Azerbaijan Architecture and Construction University, Baku, Azerbaijan Republic 

 

THE POTENTIAL DEVELOPMENT WAY OF AZERBAIJAN'S 

MELIORIATION AND WATER MANAGEMENT AREA  

 
Summary. The article is devoted to improvement of the agriculture of the Republic 

of Azerbaijan, creation of an abundance of crops, solution of the reliable supply of 

food products to the population, provision of efficient use of water resources in the 

country, improvement of water management, etc. The ways of development of the 

country's reclamation and water management by summarizing the results of multi-

year data and scientific-research works were examined and noted, the reforms 

carried out in this field, major construction works, the potential development of 

grain growing, cotton growing, tobacco growing, cocoon growing and other fields 

in the country, as well as new information on the melioration measures performed 

as a result of the implementation of the tasks related to the creation of agroparks 

and large farms was examined, as well as information was given on the works being 

carried out on the improvement of the melioration potential, and the improvement 

of the water supply and melioration condition of the irrigated lands with the 

implementation of the measures planned for the future, the improvement of the newly 

irrigated lands as a result of its commissioning, reliable provision of bread and food 

products to the country's population at the expense of domestic production; 

Information about the implementation of various projects for the protection of 

buildings and other infrastructure objects from the harmful effects of floods and 

floodwaters, and for their more efficient use due to the regulation of water resources 

of rivers has been mentioned. 

Key words: Agriculture; water resources; land reclamation; arable land; 

groundwater;, main canals; collector-drainage network. 

https://doi.org/10.32347/2411-4049.2023.3.21-28 

 

Introduction   

 

The Republic of Azerbaijan is located in a zone with very complex natural and 

geographical conditions and is a country with ancient irrigation agriculture. As the 

territory of the country is located in a dry and arid zone, it is impossible to grow 

agricultural products here without irrigation, reclamation and development of water 

management. It is difficult to harvest agricultural crops without irrigation in the 

arable Kura-Araz plain of the area. Despite the fact that the history of irrigation dates 

back to ancient times, the construction of engineering irrigation systems in this zone  
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began at the beginning of the 20th century. Research conducted in this zone shows 

that there is no natural flow of drain water. Therefore, it is very important to build a 

collector-drainage network along with the irrigation network in this zone. 

As a result of the implementation of these measures, the improvement of the 

water supply and melioration condition of the lands in our republic, the reliable 

provision of food products to the country's population as a result of the use of newly 

irrigated lands, the protection of residential areas, agricultural fields, hydrotechnical 

facilities and other infrastructure facilities from the harmful effects of flood and 

flood waters, rivers due to regulation of water resources, it will be possible to use 

them more efficiently. 

 

Research object and methods  

 

As a research object, water physical and chemical properties of irrigated lands of the 

Republic of Azerbaijan, their modern meliorative condition were studied and 

analyzed based on literature data. Methodological study of the specified research 

object is evaluated based on the accepted methods in the study of land reclamation 

issues. For this, a systematic approach and systematic analysis methods were used 

in the study of the issues. 

 

Analysis and discussion 

 

In our republic, which is an ancient irrigation farming country, the development of 

reclamation and water management, which plays an important role in the rise of 

agriculture, the creation of crop abundance, and the reliable supply of food products 

for the population, the reforms carried out in this field, large-scale construction 

works, the creation of a wide reclamation potential and the adoption of prospective 

programs are part of world politics. It is related to the tireless activity, hard work and 

visionary policy of Heydar Aliyev, a well-known leader, a wise and visionary 

politician, the national leader of the Azerbaijani people [1]. 

This area has been in the spotlight in recent years. Thus, the organization of the 

normal operation of the reclamation and irrigation systems, the repair and restoration 

works in the required volumes, the improvement of the water supply and reclamation 

condition of the irrigated lands, the continuation of the fight against floods and 

floodwaters and other relevant measures were implemented. So, at the expense of all 

financial sources, in 2004-2021, construction, reconstruction and restoration of 

4.6 thousand kilometers of irrigation canals, 3.4 thousand kilometers of collector-

drainage networks, water supply of lands on 483 thousand hectares and 307 thousand 

hectares of land improvement of the land reclamation was completed, 

204,000 hectares of newly irrigated land areas were included in the crop rotation. 

More than 800 kilometers of existing soil protection dams have been substantially 

raised and strengthened, 203 kilometers of flood protection measures have been 

implemented in rivers, 3,061 subartesian wells have been dug and put into use to 

improve the supply of irrigation water to agricultural fields, as well as to meet the 

population's need for drinking water. 4 reservoirs with a total water capacity of 

456 million cubic meters (Takhtakorpu, Shamkirchay, Tovuzchay, Goytepe) were 

built, as well as 3 reservoirs with a total water capacity of 15.5 million cubic meters 

(Pirsaatchay, Zogalavachay, Lavain) were repaired and restored [2]. 
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The construction of the Khanarkh canal included in the "Reconstruction of the 

Samur-Absheron irrigation system" project in 2006, the restoration of the main 

intake facility located on the Samur river, the construction of the main water drain 

near the Samur river, the length of the first 50 kilometers of the Samur-Absheron 

canal and the length located in this section Reconstruction works of 185.7 kilometers 

of inter-farm canals were completed in 2007. 

The construction of the 3rd part of the Main Mil-Mugan collector, which ensures 

the discharge of saline groundwater from 500 thousand hectares of irrigated areas of 

the republic to the Caspian Sea, was completed in 2006 and connected with the  

Mil -Karabakh collector [3, 4, 5, 6]. 

In order to transfer water from the 50th kilometer of the Samur-Absheron canal 

to the Takhtakorpu reservoir, the construction of the 32-kilometer-long Valvalachay-

Takhtakorpu canal, which was started in 2008, and the Takhtakorpu reservoir with a 

total water capacity of 268.4 million cubic meters (with a Hydroelectric Power 

Station with a total capacity of 25 MW together) and the construction works of 

Takhtakºrp¿-Ceyranbatan canal, which is about 108 kilometers long, were 

completed in 2013. 

On November 15, 2014, the opening ceremony was held in the presence of 

Mr. Ilham Aliyev, the President of the Republic of Azerbaijan. The construction 

works of 60.5 kilometers long highway canals, which will provide the construction 

of the Tovuzchay reservoir with a total water capacity of 20 million cubic meters 

was completed in 2016. 

In order to fulfill the tasks given by the President of the Republic of Azerbaijan 

regarding the development of grain growing, cotton growing, tobacco growing, 

cocoon growing and other fields in the country, as well as the creation of agroparks 

and large farms, the Joint Stock Company organizes the normal operation of 

reclamation and irrigation systems, improves the water supply and reclamation 

condition of irrigated lands, expands the fields, fighting against floods and 

floodwaters and other directions, continued its successful activities in 2021, as in 

previous years [1]. 

In order to create agroparks, large-scale grain growing, cotton growing and other 

farms, the works of increasing the pumping capacity of the pumping station of the 

Shamkir machine channel and installing the 1202 pogonometer sections of the 

3775 pogonometer pressure pipeline for the repair and restoration of its first turn 

have been completed. In order to provide irrigation water to 6,955 hectares (of which 

1,582 hectares are newly irrigated areas) of Goranboy region, construction of 

15,413 pogonometer long concrete-lined inter-farm distribution canals was carried 

out in the zone of the second turn of the Shamkir machine canal. Works on the 

construction of 9,506 square meters of reinforced concrete lined distribution 

channels and 12,000 square meters of emergency drainage channels with facilities 

for irrigating 9,461 hectares of new land located on the left bank of the new tributary 

canal of Araz have been completed. 25,335 pogonometers of closed drains and 

108,032 pogonometers of closed drains were built to improve the melioration of 

3,500 hectares of winter pasture land in Sabirabad region. 

With the completion of irrigation water supply works for 2960 hectares of land 

belonging to the agricultural park in Yevlakh district, construction of 1 reserve water 

pool with a volume of 100 cubic meters, installation of mechanical and electrical 

equipment of the pumping station, external power supply and laying of pipelines 

with a pressure of 13114 pogonometers were carried out. In order to create an 
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agropark of 12,300 hectares in Sheki and Oguz regions, joint construction works 

with 4,820-meter-long closed collector and water coolers were carried out, and 

3,860 hectares (of which 560 hectares are new irrigation gas fields) were provided 

for Agsu region. 3775 pogonometers of the channel are being reconstructed [2, 3]. 

Distribution of 4150 pogonometers of reinforced concrete distribution channels 

to improve the water supply of 1496 hectares of land in Mughanli of Aghstafa region, 

and I level pumping station, 4006 pogonometers of pressure pipeline, 1617 meters 

long pipeline to improve the water supply of 865 hectares of Ikinki Shikhli village 

of Gazakh region. work has been done. In order to improve the water supply of 

agricultural crops on the Absheron peninsula, 256 pogonometer sections of the 

Absheron main canal were reconstructed and the construction of the 

885 pogonometer closed construction in the Binisi part of the canal was completed. 

By the Decree of the President of the Republic of Azerbaijan, 3,600 hectares  

(of which 450 hectares are newly irrigated areas) in 177 settlements of 38 cities and 

districts of the Republic of Azerbaijan are provided with irrigation water for 

agricultural fields and yard plots used for cultivation, to improve water supply, and 

to meet the population's need for drinking water. Project-estimate documents of 

20 subartesian wells are prepared and drilling works are being carried out. At the 

same time, drilling works in the remaining 71 subartesian wells from 2020 were 

completed and put into operation. Delivery of irrigation water from the Kura river to 

the land belonging to the agricultural park in the territory of Hajigabul region with a 

pumping station with a consumption of 3.0 m3/sec. 

The results of long-term experiments show that the compaction of the subsurface 

layer can be eliminated by plowing to a depth of 60 cm and deep-loosening to a depth 

of 1.0 m. In places where deep plowing and loosening has already been carried out, it 

is necessary to use crop rotations: here are the main agricultural crops (cotton, cereals) 

must necessarily be replaced by alfalfa for three years. In order to obtain high yields 

from loosened soils, it is necessary to apply two-tiered organic and mineral fertilizers 

(to the arable and sub-arable horizons separately). Such a system of agriculture mixed 

with cultivated plants creates a powerful highly fertile layer in the soil for three years, 

the thickness of which reaches 50-60 cm or more [7, 8, 9, 10, 11]. 

Retaining walls 1863 pogonometers long were built in the rivers passing through 

the territory of Balaken, Gakh, Sheki, Gabala Guba, Khachmaz, Aghjabedi and 

Lankaran regions of the republic for strengthening the banks and eliminating the 

emergency situation in the rivers due to flood and flood conditions. 

Improvement of water supply to crops in Tovuz, Aghstafa, Gazakh, Oguz, Zardab 

and Saatli districts, provision of water to livestock complex in Shamakhi district, 

protection of border posts in the territories of Gakh and Gusar districts and the 

territory of Viravul village of Lankaran from floods and flood waters of the 

Viravulchay river is ensured. the preparation of project documents for the work has 

been completed. 

At the same time, in accordance with the implementation of the projects included 

in the "Measure Plan for 2020-2022 on ensuring the efficient use of water resources" 

approved by the relevant Decree of the President of the Republic of Azerbaijan, the 

length of 29.5 kilometers, with a consumption of 12 kbm/sec, the Kyzylarkh Canal, 

22.4 kilometers long, with a consumption of 20.2 kbm/sec, and the length of the 

Tartar Left Bank, for providing irrigation water to 29,660 hectares of land in Tarter, 

Goranboy, Yevlakh and Barda regions. Work on the technical and economic 

justification of the reconstruction of the Xanarkh canals with a length of 
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12.6 kilometers and a consumption of 10 kbm/sec, and the Upper Zeykhur canal with 

a length of 42 kilometers and a consumption of 4.5 kbm/sec, which provides 

irrigation water for 6091 hectares of cultivated land in Gusar region, has been carried 

out [2, 3, 4]. 

Thanks to the projects implemented by the society in 2021, the water supply of 

9.5 thousand hectares of land and the reclamation condition of 3.5 thousand hectares 

of land were improved, and 2.1 thousand hectares of new land was provided with 

irrigation water. Management and affiliation of the Commission established by the 

Decree of the President of the Republic of Azerbaijan dated April 15, 2020  

"On measures related to ensuring the efficient use of water resources" with the aim 

of ensuring the efficient use of water resources in the country, improving the 

management of water management and coordinating activities in this area with the 

participation of institutions, in the conditions of last year's severe drought and water 

shortage, appropriate preventive measures were taken to ensure the supply of 

drinking and communal water to the population, water supply to agricultural fields, 

and electricity production, working regimes for water reservoirs and main canals 

were prepared in an efficient manner and proper distribution of water, efficient and 

economical use of water was ensured [4, 5, 6]. 

As is known, the yield on irrigated lands is higher than on non-irrigated ones. In 

light of this, one of the main conditions for creating food abundance is to increase 

the area of irrigated farmland. To do this, reservoirs should be created and irrigation 

channels should be built taking into account the relief conditions and water resources 

of the country. The creation of such a system will increase yields on non-irrigated 

areas, while at the same time restoring the fertility of these soils [10, 11, 12]. 

In order to improve the water supply and melioration condition of the irrigated 

lands, 58.0 million cubic meters (14,200 kilometers of irrigation, 1,900 kilometers 

of collector-drainage network) of irrigation and collector-drainage networks were 

desilted, 53 kilometer part was covered with concrete, 5250 hydrotechnical devices, 

6100 subartesian wells, 330 pumping stations were fundamentally and currently 

repaired. 16.3 million cubic meters of sewerage works were carried out in river 

channels, 6.5 thousand cubic meters of rock-stone and fashin, 2.1 thousand cubic 

meters of gabion dams were installed, and 25.7 thousand cubic meters of repair 

works were performed on stone-concrete dams. 

Reinforcement works were carried out on the 107.9-kilometer section of the earth 

protection dams built along the Kura, Araz and mountain rivers that meet them, and 

embankment works with 44,130 cubic meters of stone and concrete products were 

carried out. 

As a result of the measures taken, the irrigated land areas were mainly supplied 

with irrigation water. All agricultural plants in the republic were irrigated 3 times on 

average in the area of 1 million 443 thousand hectares. At present, the Society is 

continuing to implement relevant measures in order to further improve the water 

supply and melioration condition of agricultural fields. For the purpose of accurate 

accounting of water resources, 18 modern water measuring devices were installed in 

the main irrigation canals, and at the same time, an automated control system 

(SCADA) was installed in 694 subartesian wells. At present, work is being done in 

the direction of creating a centralized electronic accounting system for the Society, 

an electronic database of reclamation and water management facilities, a single 

electronic accounting database for human resources, financial and accounting, and 

organizing electronic document circulation [1, 6]. 
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Construction of distribution canals for supplying water from the new branch of 

the Araz River to newly irrigated lands, reconstruction of the Gazanarkh canal to 

improve the water supply of farmlands in Agsu region, water supply to the 

farmlands of Khanliq, Kemarli, Aslanbeyli, Gaimagli and Ikini Shikhli villages of 

Gazakh region. restoration of pumping stations and underground irrigation 

networks (on the Second Shikhli farm), increasing the pumping capacity of the 

pumping station of the Shamkir machine channel and repair and restoration of its 

turn I, design and construction of inter-farm distribution channels in the zone of 

the second turn of the Shamkir machine channel are planned. Also, carrying out 

amelioration measures in the winter pastures located in Sabirabad and Salyan 

regions, improving the supply of irrigation water to agricultural fields  

(in Hajigabul region), designing and digging subartesian wells in order to improve 

water supply in the regions, fighting against the harmful effects of flood and flood 

dangerous rivers, and eliminating the emergency situation. measures, preparation 

of technical and economic justifications and project documents of Hekarichay and 

Bargushadchay reservoirs, repair and maintenance of Sugovushan (with  

a 5.2-kilometer main canal), Khachinchay (with a 7-kilometer canal), Ashagi 

Kondalanchay, Kondalanchay-1 and Kondalanchay-2 reservoirs. restoration, 

preparation of the feasibility study and project documents for the restoration and 

development of the melioration and water management complex in the liberated 

territories of Agdam, Fuzuli and Jabrayil regions, reconstruction of the Tartarchay 

Left Bank canal, Maiden Castle water Various measures are being taken by 

preparing the technical and economic justification of the construction of the main 

canal from the warehouse and project documents [1, 3]. 

 

Results 

 

With the implementation of these measures, the improvement of the water supply 

and melioration of irrigated lands, the reliable supply of bread and food products to 

the population of the country due to internal production as a result of the use of newly 

irrigated lands, the harmful effects of flood and flood waters of residential areas, 

agricultural fields, hydrotechnical facilities and other infrastruc-ture facilities. there 

will be ample opportunities to protect them from their effects, to use them more 

efficiently due to the regulation of water resources of rivers. 
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ʄ.ɻ. ʄʫʩʪʘʬʘʻʚ, ɸ.ɯ. ɻʘʜʞʽʻʚ, ɸ.ʍ. ɻʘʩʘʥʦʚʘ  

ʇʆʊɽʅʎɯʁʅʀʁ ʐʃʗʍ ʈʆɿɺʀʊʂʋ ʄɽʃɯʆʈɸʎɯɰ ʊɸ ɺʆɼʆɻʆʉʇʆɼɸʈʉʊɺɸ 

ɸɿɽʈɹɸʁɼɾɸʅʋ 

ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʰʣʷʭʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

ɸʟʝʨʙʘʡʜʞʘʥʩʴʢʦʾ ʈʝʩʧʫʙʣʽʢʠ, ʧʽʜʚʠʱʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʢʫʣʴʪʫʨ, ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʥʘʜʽʡʥʦʛʦ ʧʦʩʪʘʯʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʧʨʦʜʫʢʪʘʤʠ 

ʭʘʨʯʫʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʢʨʘʾʥʠ, 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʦʱʦ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʰʣʷʭʠ 

ʨʦʟʚʠʪʢʫ ʤʝʣʽʦʨʘʮʽʾ ʪʘ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʢʨʘʾʥʠ ʟʘ ʧʽʜʩʫʤʢʘʤʠ ʙʘʛʘʪʦʨʽʯʥʠʭ ʜʘʥʠʭ 

ʪʘ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ, ʨʝʬʦʨʤʠ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʚ ʮʽʡ ʛʘʣʫʟʽ, ʢʘʧʽʪʘʣʴʥʽ 

ʙʫʜʽʚʝʣʴʥʽ ʨʦʙʦʪʠ, ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʟʝʨʥʦʚʠʭ, ʙʘʚʦʚʥʠʮʪʚʘ, ʪʶʪʶʥʥʠʮʪʚʘ, 

ʢʦʢʦʥʽʚʥʠʮʪʚʘ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʝʡ, ʘ ʪʘʢʦʞ ʥʦʚʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʧʨʦʚʝʜʝʥʽ ʤʝʣʽʦʨʘʪʠʚʥʽ 

ʟʘʭʦʜʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʘʛʨʦʧʘʨʢʽʚ ʪʘ ʚʝʣʠʢʠʭ 

ʬʝʨʤʝʨʩʢɹʠʭ ʛʦʩʧʦʜʘʨʩʪʚ. ʊʘʢʦʞ ʥʘʜʘʥʦ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʦʙʦʪʠ ʟ ʧʦʢʨʘʱʝʥʥʷ 

ʤʝʣʽʦʨʘʪʠʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʟʝʤʝʣʴ, ʧʦʣʽʧʰʝʥʥʷ ʚʦʜʦʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʪʘ ʤʝʣʽʦʨʘʪʠʚʥʦʛʦ 

ʩʪʘʥʫ ʟʨʦʰʫʚʘʥʠʭ ʟʝʤʝʣʴ ʟ ʚʠʢʦʥʘʥʥʷʤ ʟʘʭʦʜʽʚ, ʟʘʧʣʘʥʦʚʘʥʠʭ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ, ʥʘʜʽʡʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʢʨʘʾʥʠ ʭʣʽʙʦʤ ʽ ʧʨʦʜʫʢʪʘʤʠ ʭʘʨʯʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʣʘʩʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʚʝʜʝʥʥʷ ʚ ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʦʚʠʭ ʟʨʦʰʫʚʘʥʠʭ ʟʝʤʝʣʴ, 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ. ʅʘʚʝʜʝʥʦ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʝʘʣʽʟʘʮʽʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʦʢ̒ʪʽʚ ʽʟ 

ʟʘʭʠʩʪʫ ʙʫʜʽʚʝʣʴ ʪʘ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʽʜ ʰʢʽʜʣʠʚʦʾ ʜʽʾ ʧʘʚʦʜʢʽʚ ʪʘ 

ʧʘʚʦʜʢʦʚʠʭ ʚʦʜ, ʾʭ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʨʝʛʫʣʶʚʘʥʥʷ ʚʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʨʽʯʦʢ. 
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PROBLEMS OF SAFE OPERATION OF ZAPORIZKA NPP  

IN THE CONDITIONS OF WAR IN UKRAINE  

 
Abstract. Among the specified types of terrorist threats, the most dangerous today 

is the nuclear threat, which has moved from the realm of the probable to a real 

military-terrorist attack on the Zaporizhzhia NPP and its capture by the occupiers. 

Therefore, the issue of determining the level of nuclear and environmental safety of 

Ukraine's nuclear power plants in extreme war conditions, using the example of the 

situation that developed at the Zaporizhzhia Nuclear Power Plant (ZNPP), the 

largest in Europe, is extremely urgent, precisely because of the station's location in 

the war zone. 

During the period of the full-scale war, there have already been dozens of warheads 

hitting the objects of the critical infrastructure of the ZNPP, the external and 

emergency power supply of the ZNPP (transformer equipment, power supply 

systems to consumers, the premises of diesel generators, the industrial site of the 

station, and others). There have been corresponding emergency shutdowns of the 

power units of the ZNPP due to the blackout of the station and due to the forced 

disconnection of consumers as a result of the destruction of various objects in the 

power grid systems. These events cause great alarm and concern of the world public 

regarding the possibility of new global nuclear-ecological disasters due to nuclear-

radiation accidents at the ZNPP. Many years of global experience in the operation 

of nuclear power reactor facilities (NPRF) and their safety regulation, as well as 

lessons from the largest nuclear and radiation accidents at NPPs, have revealed the 

insufficient validity of traditional probability indicators and safety criteria for 

NPPs, including the Zaporizhzhya plant. Probabilistic approaches to assessing the 

objective level of safety of the Zaporizhzhya NPP in extreme conditions of war are 

insufficiently substantiated, taking into account, among other things, the need to 

predict the possibility of the occurrence of unlikely emergency events and their 

combinations, which will have catastrophic consequences. 

Therefore, conducting an objective assessment of the level of nuclear and radiation 

safety at the ZNPP due to the station's location in the war zone, as well as 

substantiating practical recommendations for preventing nuclear and 

environmental disasters at the NPPs of Ukraine, is an extremely urgent issue for the 

entire nuclear energy industry of Ukraine. 

Keywords: Zaporizhzhia NPP; nuclear energy of Ukraine; nuclear and 

environmental safety of ZNPP; extreme operating conditions of ZNPP in war 

conditions; prevention of serious nuclear and environmental accidents and 

disasters. 
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ʝʢʦʣʦʛʽʾ, ʤ. ʆʜʝʩʘ, ʋʢʨʘʾʥʘ  
2ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ʇʈʆɹʃɽʄʀ ɹɽɿʇɽʏʅʆɰ ɽʂʉʇʃʋɸʊɸʎɯɰ ɿɸʇʆʈɯɿʔʂʆɰ ɸɽʉ 

ɺ ʋʄʆɺɸʍ ɺɯʁʅʀ ɺ ʋʂʈɸɰʅɯ 

 
ɸʥʦʪʘʮʽʷ. ʉʝʨʝʜ ʚʠʟʥʘʯʝʥʠʭ ʪʠʧʽʚ ʪʝʨʦʨʠʩʪʠʯʥʠʭ ʟʘʛʨʦʟ, ʥʘ ʩʴʦʛʦʜʥʽ, 

ʥʘʡʥʝʙʝʟʧʝʯʥʽʰʦʶ ʻ ʷʜʝʨʥʘ ʟʘʛʨʦʟʘ, ʷʢʘ ʧʝʨʝʡʰʣʘ ʟ ʦʙʣʘʩʪʽ ʡʤʦʚʽʨʥʠʭ ʚ 

ʨʝʘʣʴʥʫ ʚʦʻʥʥʦ-ʪʝʨʦʨʠʩʪʠʯʥʫ ʘʪʘʢʫ ʥʘ ɿʘʧʦʨʽʟʴʢʫ ɸɽʉ ʪʘ ʾʾ ʟʘʭʦʧʣʝʥʥʷ 

ʦʢʫʧʘʥʪʘʤʠ. ʊʦʤʫ, ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʠʪʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ 

ʷʜʝʨʥʦ-ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ɸɽʉ ʋʢʨʘʾʥʠ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʚʽʡʥʠ ʥʘ 

ʧʨʠʢʣʘʜʽ ʩʠʪʫʘʮʽʾ, ʱʦ ʩʢʣʘʣʘʩʷ ʥʘ ʥʘʡʙʽʣʴʰʽʡ ʫ ɭʚʨʦʧʽ ɿʘʧʦʨʽʟʴʢʽʡ ɸɽʉ (ɿɸɽʉ) 

ʩʘʤʝ ʟ ʧʨʠʯʠʥ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʪʘʥʮʽʾ ʚ ʟʦʥʽ ʙʦʡʦʚʠʭ ʜʽʡ. 

ɿʘ ʧʝʨʽʦʜ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʚʽʡʥʠ ʚʞʝ ʩʪʘʣʠʩʷ ʜʝʩʷʪʢʠ ʧʦʧʘʜʘʥʴ ʙʦʡʦʚʠʭ 

ʩʥʘʨʷʜʽʚ ʧʦ ʦʙ'ʻʢʪʘʭ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ɿɸɽʉ, ʟʦʚʥʽʰʥʴʦʛʦ ʪʘ 

ʘʚʘʨʽʡʥʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɿɸɽʉ (ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʝ ʦʙʣʘʜʥʘʥʥʷ, 

ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʘʤ, ʧʨʠʤʽʱʝʥʥʷ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʽʚ, 

ʥʘ ʧʨʦʤʠʩʣʦʚʠʡ ʤʘʡʜʘʥʯʠʢ ʩʪʘʥʮʽʾ ʽ ʽʥʰ̔). ɺʽʜʙʫʣʠʩʷ ʚʽʜʧʦʚʽʜʥʽ ʘʚʘʨʽʡʥʽ 

ʟʫʧʠʥʢʠ ʝʥʝʨʛʦʙʣʦʢʽʚ ɿɸɽʉ ʯʝʨʝʟ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʩʪʘʥʮʽʾ ʪʘ ʯʝʨʝʟ ʚʠʤʫʰʝʥʝ 

ʚʽʜʢʣʶʯʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʫʡʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʦʙôʻʢʪʽʚ ʚ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʤʝʨʝʞ. ʎʽ ʧʦʜʽʾ ʚʠʢʣʠʢʘʶʪʴ ʚʝʣʠʢʫ ʪʨʠʚʦʛʫ ʪʘ ʟʘʥʝʧʦʢʦʻʥʥʷ ʩʚʽʪʦʚʦʾ 

ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʥʦʚʠʭ ʛʣʦʙʘʣʴʥʠʭ ʷʜʝʨʥʦ-

ʝʢʦʣʦʛʽʯʥʠʭ ʢʘʪʘʩʪʨʦʬ ʚʥʘʩʣʽʜʦʢ ʷʜʝʨʥʦ-ʨʘʜʽʘʮʽʡʥʠʭ ʟʘʧʨʦʻʢʪʥʠʭ ʘʚʘʨʽʡ ʥʘ 

ɿɸɽʉ. ɹʘʛʘʪʦʨʽʯʥʠʡ ʩʚʽʪʦʚʠʡ ʜʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʜʝʨʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʝʘʢʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ (ʗɽʈʋ) ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʾʭ ʙʝʟʧʝʢʠ, ʘ ʪʘʢʦʞ ʫʨʦʢʠ 

ʥʘʡʙʽʣʴʰʠʭ ʷʜʝʨʥʠʭ ʪʘ ʨʘʜʽʘʮʽʡʥʠʭ ʘʚʘʨʽʡ ʥʘ ɸɽʉ ʚʠʷʚʠʣʠ ʥʝʜʦʩʪʘʪʥʶ 

ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʪʨʘʜʠʮʽʡʥʠʭ ʡʤʦʚʽʨʥʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʢʨʠʪʝʨʽʾʚ ʙʝʟʧʝʢʠ 

ɸɽʉ ʽ ʚ ʪʦʤʫ ʯʠʩʣʽ ɿʘʧʦʨʽʟʴʢʦʾ ʩʪʘʥʮʽʾ. ɯʤʦʚʽʨʥʽʩʥʽ ʧʽʜʭʦʜʠ ʦʮʽʥʢʠ 

ʦʙ'ʻʢʪʠʚʥʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ɿʘʧʦʨʽʟʴʢʦʾ ɸɽʉ ʫ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʚʽʡʥʠ 

ʥʝʜʦʩʪʘʪʥʴʦ ʦʙˇʨʫʥʪʦʚʘʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʧʝʨʝʜʙʘʯʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʤʘʣʦʡʤʦʚʽʨʥʠʭ ʘʚʘʨʽʡʥʠʭ ʧʦʜʽʡ ʪʘ ʾʭ 

ʢʦʤʙʽʥʘʮʽʾ, ʷʢʽ ʤʘʪʠʤʫʪʴ ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʥʘʩʣʽʜʢʠ. 

ʊʦʤʫ ʧʨʦʚʝʜʝʥʥʷ ʦʙ'ʻʢʪʠʚʥʦʾ ʦʮʽʥʢʠ ʨʽʚʥʷ ʷʜʝʨʥʦʾ ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʥʘ 

ɿɸɽʉ ʟ ʧʨʠʯʠʥ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʪʘʥʮʽʾ ʚ ʟʦʥʽ ʙʦʡʦʚʠʭ ʜʽʡ, ʘ ʪʘʢʦʞ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʟʘʧʦʙʽʛʘʥʥʷ ʷʜʝʨʥʦ-

ʝʢʦʣʦʛʽʯʥʠʤ ʢʘʪʘʩʪʨʦʬʘʤ ʥʘ ɸɽʉ ʋʢʨʘʾʥʠ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ 

ʧʠʪʘʥʥʷʤ ʜʣʷ ʚʩʽʻʾ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɿʘʧʦʨʽʟʴʢʘ ɸɽʉ; ʷʜʝʨʥʘ ʝʥʝʨʛʝʪʠʢʘ ʋʢʨʘʾʥʠ; ʷʜʝʨʥʦ-

ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ɿɸɽʉ; ʝʢʩʪʨʝʤʘʣʴʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ɿɸɽʉ ʚ ʫʤʦʚʘʭ 

ʚʽʡʥʠ; ʟʘʧʦʙʽʛʘʥʥʷ ʚʘʞʢʠʤ ʷʜʝʨʥʦ-ʝʢʦʣʦʛʽʯʥʠʤ ʘʚʘʨʽʷʤ ʪʘ ʢʘʪʘʩʪʨʦʬʘʤ. 
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ʊʝʨʦʨʠʟʤ, ʷʢ ʩʦʮʽʘʣʴʥʦ-ʧʦʣʽʪʠʯʥʝ ʷʚʠʱʝ, ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʦʨʤʘʭ ʩʚʦʛʦ 

ʧʨʦʷʚʫ ʥʘʧʨʠʢʽʥʮʽ ʍʍ ʥʘ ʧʦʯʘʪʢʫ ʍʍɯ ʩʪʦʣʽʪʪʷ ʥʘʙʫʚ ʩʫʪʪʻʚʦ ʥʦʚʠʭ ʷʢʽʩʥʠʭ 

ʨʠʩ. ʋ ʩʝʨʝʜʠʥʽ 90-ʭ ʨʦʢʽʚ ʪʝʨʦʨʠʟʤ ʦʭʦʧʠʚ ʧʦʥʘʜ 100 ʢʨʘʾʥ ʩʚʽʪʫ, ʘ ʢʽʣʴʢʽʩʪʴ 

ʪʝʨʘʢʪʽʚ ʧʝʨʝʚʠʱʠʣʘ 25 ʪʠʩʷʯ [1]. ʉʝʨʝʜ ʚʠʟʥʘʯʝʥʠʭ ʪʠʧʽʚ ʪʝʨʦʨʠʩʪʠʯʥʠʭ 

ʟʘʛʨʦʟ, ʥʘ ʩʴʦʛʦʜʥʽ, ʥʘʡʥʝʙʝʟʧʝʯʥʽʰʦʶ ʻ ʷʜʝʨʥʘ ʟʘʛʨʦʟʘ, ʷʢʘ ʧʝʨʝʡʰʣʘ ʟ 

ʦʙʣʘʩʪʽ ʡʤʦʚʽʨʥʠʭ ʚ ʨʝʘʣʴʥʫ ʚʦʻʥʥʦ-ʪʝʨʦʨʠʩʪʠʯʥʫ ʘʪʘʢʫ ʥʘ ɿʘʧʦʨʽʟʴʢʫ ɸɽʉ ʪʘ 

ʾʾ ʟʘʭʦʧʣʝʥʥʷ ʦʢʫʧʘʥʪʘʤʠ.  
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ʄʝʪʘ ʨʦʙʦʪʠ. ʆʙ'ʻʢʪʠʚʥʘ ʦʮʽʥʢʘ ʨʽʚʥʷ ʷʜʝʨʥʦʾ ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ɿɸɽʉ 

ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʯʘʩʫ, ʘ ʪʘʢʦʞ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʟʘʧʦʙʽʛʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʤ ʢʘʪʘʩʪʨʦʬʘʤ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʽ ʜʦʩʣʽʜʞʝʥʴ. ʊʨʘʜʠʮʽʡʥʦ ʦʮʽʥʢʘ ʩʪʘʥʫ (ʨʽʚʥʷ) ʷʜʝʨʥʦʾ 

ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ɸɽʉ ʟʘʩʥʦʚʘʥʘ ʥʘ ʽʤʦʚʽʨʥʽʩʥʠʭ ʪʘ ʜʝʪʝʨʤʽʥʽʩʪʩʴʢʠʭ 

ʧʦʢʘʟʥʠʢʘʭ ʙʝʟʧʝʢʠ [2ï13]. 

ʆʩʥʦʚʥʽ ʽʤʦʚʽʨʥʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʙʝʟʧʝʢʠ ʫ ʩʚʽʪʦʚʽʡ ʷʜʝʨʥʽʡ ʝʥʝʨʛʝʪʠʮʽ 

ʥʘʩʪʫʧʥʽ: 

- ʽʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʷʜʝʨʥʦʾ (ʚʘʞʢʦʾ) ʘʚʘʨʽʾ ʟ ʧʦʰʢʦʜʞʝʥʥʷʤ 

ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ (ʏʇɸɿ ï ʯʘʩʪʦʪʘ ʧʦʰʢʦʜʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʘ): 

s~ʏʇɸɿIP ;
           (1) 

- ʽʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʚʠʢʠʜʫ: 

bʏʇɸɿ~ʏʇɸɺ PÖ ,          (2) 

ʜʝ I ï ʽʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʚʠʭʽʜʥʦʾ ʘʚʘʨʽʡʥʦʾ ʧʦʜʽʾ (ɺɸʇ); Ps ï ʤʦʞʣʠʚʽʩʪʴ 

ʚʽʜʤʦʚʠ ʢʨʠʪʠʯʥʠʭ ʟʤʽʥ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʷʜʝʨʥʠʭ ʝʥʝʨʛʦʫʩʪʘʥʦʚʦʢ; Pb ï 

ʽʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʟʘʭʠʩʥʠʭ ʙʘʨ'ʻʨʽʚ ʙʝʟʧʝʢʠ, ʱʦ ʟʘʧʦʙʽʛʘʶʪʴ ʫʤʦʚʘʤ 

ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʠʢʠʜʽʚ. 

ɺ ʷʢʦʩʪʽ ɺɸʇ ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʧʦʜʽʾ/ʽʥʮʠʜʝʥʪʠ/ʧʦʨʫʰʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ 

ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʘʚʘʨʽʡʥʦʾ ʟʫʧʠʥʢʠ ʨʝʘʢʪʦʨʘ: 

- ʪʝʯʽ/ʨʦʟʨʠʚʠ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʪʘ ʧʘʨʦʧʨʦʚʦʜʽʚ ʩʠʩʪʝʤ, ʚʘʞʣʠʚʠʭ ʜʣʷ 

ʙʝʟʧʝʢʠ ʷʜʝʨʥʠʭ ʝʥʝʨʛʦʫʩʪʘʥʦʚʦʢ (ʉɺɹ ʗɽʋ); 

- ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ; ʚʽʜʤʦʚʠ ʉɺɹ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

ʝʢʩʪʨʝʤʘʣʴʥʽ ʧʨʠʨʦʜʥʽ ʷʚʠʱʘ (ʟʝʤʣʝʪʨʫʩʠ, ʟʘʪʦʧʣʝʥʥʷ, ʪʦʨʥʘʜʦ, ʫʨʘʛʘʥʠ 

ʪʦʱʦ); ʧʘʜʽʥʥʷ ʚʝʣʠʢʠʭ ʦʙ'ʻʢʪʽʚ ʥʘ ʝʥʝʨʛʦʙʣʦʢ ʪʘ ʽʥ. 

ɿʦʢʨʝʤʘ, ʘʚʘʨʽʡʥʽ ʟʫʧʠʥʢʠ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ Fukushima-Daiichi ʫ 2011 ʨʦʮʽ 

ʩʪʘʣʠʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘ ʟʘʨʝʻʩʪʨʦʚʘʥʠʤ ʩʠʛʥʘʣʦʤ ʚʠʥʠʢʥʝʥʥʷ ʧʦʪʫʞʥʦʛʦ 

ʟʝʤʣʝʪʨʫʩʫ (ʟ ʝʧʽʮʝʥʪʨʦʤ ʫ ʊʠʭʦʤʫ ʦʢʝʘʥʽ ʥʘ ʚʽʜʩʪʘʥʽ ʧʦʥʘʜ 100 ʢʤ ʚʽʜ 

ʫʟʙʝʨʝʞʞʷ ʩʪʘʥʮʽʾ). 

ɯʤʦʚʽʨʥʽʩʥʽ ʢʨʠʪʝʨʽʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ: 

í
ì
ë

Ö

Ö
=

ʥʦʚʠʭʗɽʋ. ʜʣʷ-ʛʦʜ)ʨʝʘʢʪʦʨ/(110

ʗɽʋ;ʜʽʶʯʠʭ   ʜʣʷ-ʛʦʜ)ʨʝʘʢʪʦʨ/(110
ʏʇɸɿ

5-

-4

   (3) 

ɯʤʦʚʽʨʥʽʩʥʽ ʢʨʠʪʝʨʽʾ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ: 

 

í
ì
ë

Ö

Ö
=

ʗɽʋ.ʥʦʚʠʭ  ʜʣʷ-ʛʦʜ)ʨʝʘʢʪʦʨ/(110

ʗɽʋ;ʜʽʶʯʠʭ  ʜʣʷ-ʛʦʜ)ʨʝʘʢʪʦʨ/(110
ʏʇɸɿ

7-

-6

   (4) 

 

ɹʘʛʘʪʦʨʽʯʥʠʡ ʩʚʽʪʦʚʠʡ ʜʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʗɽʋ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʙʝʟʧʝʢʠ, ʘ 

ʪʘʢʦʞ ʫʨʦʢʠ ʥʘʡʙʽʣʴʰʠʭ ʷʜʝʨʥʠʭ ʪʘ ʨʘʜʽʘʮʽʡʥʠʭ ʘʚʘʨʽʡ ʚʠʟʥʘʯʠʣʠ ʥʝʜʦʩʪʘʪʥʶ 

ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʪʨʘʜʠʮʽʡʥʠʭ ʽʤʦʚʽʨʥʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʢʨʠʪʝʨʽʾʚ ʙʝʟʧʝʢʠ 

(1)ï(4). ɿʦʢʨʝʤʘ, ʚʩʽ ʝʥʝʨʛʦʙʣʦʢʠ ɸɽʉ Fukushima-Daiichi ʥʘ ʤʦʤʝʥʪ 

ʚʠʥʠʢʥʝʥʥʷ ʚʝʣʠʢʦʾ ʘʚʘʨʽʾ ʫ 2011 ʨʦʮʽ ʚʽʜʧʦʚʽʜʘʣʠ ʚʩʪʘʥʦʚʣʝʥʠʤ ʢʨʠʪʝʨʽʷʤ 

ʷʜʝʨʥʦʾ ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. 
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ɯʥʰʽ ʧʨʠʢʣʘʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʘʥʘʣʽʟʫ 

ʙʝʟʧʝʢʠ (ɯɸɹ) ʫʢʨʘʾʥʩʴʢʠʭ ʗɽʋ ʟ ʨʝʘʢʪʦʨʘʤʠ ʪʠʧʫ ɺɺɽʈ, ʚ ʷʢʠʭ ʚʚʘʞʘʣʦʩʷ, ʱʦ 

ʚʠʥʠʢʥʝʥʥʷ ɺɸʇ ʟ ʧʦʚʥʠʤ ʪʨʠʚʘʣʠʤ ʟʥʝʩʪʨʫʤʣʝʥʥʷʤ ʝʥʝʨʛʦʙʣʦʢʽʚ (ʘʥʘʣʦʛ 

ɺɸʇ ʥʘ ɸɽʉ Fukushima-Daiichi) ʘʙʦ ʪʦʨʥʘʜʦ (ʩʤʝʨʯ) ʙʫʜʴ-ʷʢʦʛʦ ʢʣʘʩʫ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʜʥʦʟʥʘʯʥʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʤʦʚʠ ʢʨʠʪʠʯʥʠʭ ʜʣʷ ʙʝʟʧʝʢʠ 

ʩʠʩʪʝʤ (Ps = 1). ʆʜʥʘʢ ʽʤʦʚʽʨʥʦʩʪʽ ʮʠʭ ɺɸʇ ̒ ʜʦʩʠʪʴ ʤʘʣʦʶ ʚʝʣʠʯʠʥʦʶ, ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʻ ʚʩʪʘʥʦʚʣʝʥʠʤ ʢʨʠʪʝʨʽʷʤ ʪʘ ʫʤʦʚʘʤ ʙʝʟʧʝʢʠ. ʆʜʠʥ ʽʟ ʦʩʥʦʚʥʠʭ 

ʫʨʦʢʽʚ ʌʫʢʫʩʽʤʩʴʢʦʾ ʘʚʘʨʽʾ ï ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʜʙʘʯʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ 

ʤʘʣʦʡʤʦʚʽʨʥʠʭ ɺɸʇ, ʷʢʽ ʤʘʶʪʴ ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʥʘʩʣʽʜʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʡʤʦʚʽʨʥʽʩʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʩʪʘʥʫ 

ʷʜʝʨʥʦʾ, ʨʘʜʽʘʮʽʡʥʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ɿɸɽʉ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ʚʦ̒ʥʥʦʛʦ ʯʘʩʫ ʥʝʜʦʩʪʘʪʥʴʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʟ ʪʘʢʠʭ ʧʨʠʯʠʥ:  

- ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʽʤʦʚʽʨʥʽʩʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʗɽʋ;  

- ʚʽʡʩʴʢʦʚʽ ʜʽʾ ʥʝ ʧʝʨʝʜʙʘʯʫʚʘʥʽ ʽ ʧʽʜʧʦʨʷʜʢʦʚʫʶʪʴʩʷ ʩʪʦʭʘʩʪʠʯʥʠʤ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤ. 

ɹʽʣʴʰ ʦʙˇʨʫʥʪʦʚʘʥʠʤʠ ʜʣʷ ʦʙ'ʻʢʪʠʚʥʦʾ ʦʮʽʥʢʠ ʙʝʟʧʝʢʠ ʻ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʽ 

ʤʝʪʦʜʠ ʪʘ ʧʽʜʭʦʜʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ 

ʘʚʘʨʽʡʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ɺɸʇ. 

ɼʝʪʝʨʤʽʥʽʩʪʩʴʢʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʷʜʝʨʥʦʾ ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʟʘʟʚʠʯʘʡ 

ʚʠʟʥʘʯʝʥʦ: ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʽ ʪʝʤʧʝʨʘʪʫʨʠ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʪʘ ʦʙʦʣʦʥʦʢ 

ʪʚʝʣʽʚ; ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʽ ʪʠʩʢʠ ʚ ʨʝʘʢʪʦʨʽ ʪʘ ʛʝʨʤʦʦʙô̒ ʤʽ (ʢʦʥʪʘʡʥʤʝʥʪʽ); 

ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʦʜʥʶ; ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʽ ʜʦʟʠ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʧʝʨʩʦʥʘʣʫ, ʥʘʩʝʣʝʥʥʷ ʪʘ ʜʦʚʢʽʣʣʷ. 

ʋʨʦʢʠ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʪʘ ʌʫʢʫʩʽʤʩʴʢʦʾ ʘʚʘʨʽʡ ʚʠʟʥʘʯʘʶʪʴ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʜʦʜʘʪʢʦʚʠʭ ʜʝʪʝʨʤʽʥʽʩʪʩʴʢʠʭ ʢʨʠʪʝʨʽʾʚ ʙʝʟʧʝʢʠ: ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʽ ʫʤʦʚʠ 

ʚʠʥʠʢʥʝʥʥʷ ʧʘʨʦʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʙʫʭʽʚ; ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʽ ʫʤʦʚʠ 

ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ (ʟʝʤʣʝʪʨʫʩʠ, ʪʦʨʥʘʜʦ, ʫʨʘʛʘʥʠ, ʟʘʪʦʧʣʝʥʥʷ 

ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʡʜʘʥʯʠʢʽʚ, ʚʪʨʘʪʘ ʢʽʥʮʝʚʦʛʦ ʧʦʛʣʠʥʘʯʘ ʪʝʧʣʘ, ʧʘʜʽʥʥʷ 

ʧʦʪʫʞʥʠʭ ʦʙ'ʻʢʪʽʚ ʥʘ ʧʨʦʤʤʘʡʜʘʥʯʠʢ ɸɽʉ) ʪʘ ʽʥ. 

ʗɽʋ ʟ ɺɺɽʈ ʤʘʶʪʴ ʫ ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʥʝʦʙʭʽʜʥʽ ʩʠʩʪʝʤʠ ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʷʜʝʨʥʠʤ ʽ ʨʘʜʽʘʮʽʡʥʠʤ ʘʚʘʨʽʷʤ ʧʨʠ ʚʨʘʭʦʚʘʥʠʭ ʧʨʦʢ̒ʪʦʤ ɺɸʇ 

(ʪʝʯʽ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʫ, ʚʽʜʤʦʚʠ ʉɺɹ ʥʦʨʤʘʣʴʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʝʥʘʚʤʠʩʥʽ ʧʦʤʠʣʢʦʚʽ ʜʽʾ ʧʝʨʩʦʥʘʣʫ, ʟʝʤʣʝʪʨʫʩʠ ʪʘ ʽʥ.). 

ɺ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʚʽʡʩʴʢʦʚʦʛʦ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ɿɸɽʉ ʚʠʭʽʜʥʠʤʠ 

ʧʦʜʽʷʤʠ ʷʜʝʨʥʠʭ ʪʘ ʨʘʜʽʘʮʽʡʥʠʭ ʘʚʘʨʽʡ ʤʦʞʫʪʴ ʙʫʪʠ: ʨʫʡʥʫʚʘʥʥʷ ʟʘʭʠʩʥʠʭ 

ʙʘʨ'ʻʨʽʚ ʙʝʟʧʝʢʠ ʗɽʋ ʚʥʘʩʣʽʜʦʢ ʥʘʚʤʠʩʥʦʛʦ ʯʠ ʚʠʧʘʜʢʦʚʦʛʦ ʚʣʫʯʝʥʥʷ ʙʦʡʦʚʠʭ 

ʟʘʨʷʜʽʚ; ʨʫʡʥʫʚʘʥʥʷ ʯʠ ʚʽʜʤʦʚʠ ʢʨʠʪʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʦʚʥʽʰʥʻ ʯʠ ʘʚʘʨʽʡʥʝ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ɿɸɽʉ; 

ʟʘʪʦʧʣʝʥʥʷ ʧʨʦʤʤʘʡʜʘʥʯʠʢʘ ɿɸɽʉ ʚʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʥʷ ʛʨʝʙʣʽ ʂʘʭʦʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ; ʧʦʧʘʜʘʥʥʷ ʧʦʪʫʞʥʠʭ ʙʦʡʦʚʠʭ ʟʘʨʷʜʽʚ ʫ ʩʪʘʚʦʢ-ʦʭʦʣʦʜʞʫʚʘʯ ʪʘ 

ʽʥʰʽ. 

ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ɺɸʇ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʡʩʴʢʦʚʦʛʦ 

ʯʘʩʫ ɿɸɽʉ ʚʽʜʥʦʩʷʪʴʩʷ: ʧʦʰʢʦʜʞʝʥʥʷ ʘʙʦ ʨʫʡʥʫʚʘʥʥʷ ʟʘʭʠʩʥʠʭ ʙʘʨ'ʻʨʽʚ 

ʙʝʟʧʝʢʠ ʗɽʋ (ʟʘʭʠʩʥʘ ʦʙʦʣʦʥʢʘ ʛʝʨʤʦʦʙ'ʻʤʫ ï ɿʆ ɻʆ, ʢʦʨʧʫʩ ʨʝʘʢʪʦʨʘ, 

ʪʝʧʣʦʚʠʜʽʣʷʶʯʽ ʟʙʽʨʢʠ ï ʊɺɿ, ʦʙʦʣʦʥʢʠ ʪʘ ʧʘʣʠʚʥʘ ʤʘʪʨʠʮʷ, ʪʚʝʣ) ʚʥʘʩʣʽʜʦʢ 

ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ ʙʦʡʦʚʠʭ ʟʘʨʷʜʽʚ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʢ̒ʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ɿɸɽʉ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʡ 

ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ ʫ ɻʆ ʩʪʘʥʦʚʠʪʴ 0,5 ʄʇʘ. ʎʝ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʤʦʞʝ 

ʙʫʪʠ ʚʟʷʪʦ ʢʦʥʩʝʨʚʘʪʠʚʥʦ ʟʘ ʦʩʥʦʚʫ ʦʮʽʥʢʠ ʛʨʘʥʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʙʦʡʦʚʠʭ 
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ʟʘʨʷʜʽʚ ʨʫʡʥʫʚʘʥʥʷ ɿʆ ɻʆ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʛʝʨʤʝʪʠʯʥʽʩʪʴ ɿʆ ɻʆ ʧʨʦʚʦʜʷʪʴʩʷ ʧʨʠ 

ʥʘʜʣʠʰʢʦʚʠʭ ʪʠʩʢʘʭ 0,07 ʄʇʘ. ʇʨʦʪʝ, ʪʽʣʴʢʠ ʨʫʡʥʫʚʘʥʥʷ ɻʆ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʶ ʧʨʠʯʠʥʦʶ ʷʜʝʨʥʦʾ ʘʚʘʨʽʾ (ʟ ʧʦʰʢʦʜʞʝʥʥʷʤ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ). 

ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʘ ʧʦʜʘʣʴʰʘ ʨʫʡʥʘʮʽʷ ʟʘʭʠʩʥʠʭ ʙʘʨ'ʻʨʽʚ ʙʝʟʧʝʢʠ. 

ɻʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʡ ʪʠʩʢ (ʟʘ ʫʤʦʚʘʤʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʦ-

ʟʘʧʦʙʽʞʥʠʭ ʢʣʘʧʘʥʽʚ) ʥʘ ʢʦʨʧʫʩ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ɺɺɽʈ ï 17,0 ʄʇʘ. ʎʝ 

ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʫ ʤʝʪʘʣʽ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ ʧʨʠ 

ʟʦʚʥʽʰʥʽʭ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʤʦʞʝ ʙʫʪʠ ʢʦʥʩʝʨʚʘʪʠʚʥʦ ʧʨʠʡʥʷʪʠʤ ʟʘ 

ʦʩʥʦʚʫ ʦʮʽʥʢʠ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʦʾ ʧʦʪʫʞʥʦʩʪʽ ʙʦʡʦʚʦʛʦ ʟʘʨʷʜʫ 

ʧʦʰʢʦʜʞʝʥʥʷ ʘʙʦ ʨʫʡʥʫʚʘʥʥʷ ʢʦʨʧʫʩʫ ɺɺɽʈ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʦʩʥʦʚʘ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ ï ʮʝ ʩʪʘʣʴ ʪʘʥʢʦʚʦʾ ʙʨʦʥʽ. ʊʦʤʫ 

ʙʽʣʴʰ ʨʝʘʣʽʩʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʧʦʰʢʦʜʞʝʥʥʷ ʘʙʦ ʨʫʡʥʫʚʘʥʥʷ ʢʦʨʧʫʩʫ ɺɺɽʈ ʻ 

ʙʦʡʦʚʽ ʟʘʨʷʜʠ, ʟʜʘʪʥʽ ʧʨʦʙʠʪʠ ʙʨʦʥʶ ʩʫʯʘʩʥʠʭ ʪʘʥʢʽʚ. ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʣʠʰʝ ʧʦʨʫʰʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʜʦʩʪʘʪʥʴʦʶ ʫʤʦʚʦʶ ʜʣʷ ʧʦʯʘʪʢʫ ʷʜʝʨʥʦʾ ʘʚʘʨʽʾ. ʈʝʘʣʴʥʦ ʣʠʰʝ ʧʦʨʫʰʝʥʥʷ 

ʮʽʣʽʩʥʦʩʪʽ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʘʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʢ̒ʪʥʦʾ ʘʚʘʨʽʾ 

(ʄʇɸ) ï ʛʽʣʴʡʦʪʠʥʥʠʡ ʨʦʟʨʠʚ ʛʦʣʦʚʥʦʛʦ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ 

ʨʝʘʢʪʦʨʥʦʛʦ ʢʦʥʪʫʨʫ.  

ʏʠʩʣʝʥʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʄʇɸ ɺɺɽʈ-1000 ʥʘ ʦʩʥʦʚʽ 

ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʠʭ ʢʦʜʽʚ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʟʘ ʫʤʦʚ ʟʙʝʨʝʞʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʢʨʠʪʠʯʥʠʭ (ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ) ʢʦʥʬʽʛʫʨʘʮʽʡ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʫʤʦʚʠ 

ʧʦʯʘʪʢʫ ʷʜʝʨʥʦʾ ʘʚʘʨʽʾ (ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʦʙʦʣʦʥʦʢ ʪʚʝʣʽʚ ʜʣʷ ʧʦʯʘʪʢʫ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʘʨʦʮʠʨʢʦʥʽʻʚʦʾ ʨʝʘʢʮʽʾ ʧʨʠ 

1473 ʦʂ) ʥʝ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʧʨʦʢ̒ʪʥʽʡ ʘʚʘʨʽʾ (ʄʇɸ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʚʠʥʠʢʥʝʥʥʷ ʷʜʝʨʥʦʾ ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʘʚʘʨʽʾ ʧʦʪʫʞʥʽʩʪʴ 

ʟʦʚʥʽʰʥʴʦʛʦ ʙʦʡʦʚʦʛʦ ʟʘʨʷʜʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʜʘʪʥʘ ʟʨʫʡʥʫʚʘʪʠ ʚʩʽ ʟʘʭʠʩʥʽ 

ʙʘʨ'ʻʨʠ ʙʝʟʧʝʢʠ ʗɽʋ ʪʘ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʫʧʨʘʚʣʽʥʥʷ 

ʘʚʘʨʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ʊʘʢʫ ʧʦʪʫʞʥʽʩʪ ɹ ʤʦʞʫʪʴ ʤʘʪʠ ʘʪʦʤʥʽ ʯʠ ʚʦʜʥʝʚʽ 

ʙʦʤʙʠ. 

ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʚʠʭʽʜʥʠʭ ʘʚʘʨʽʡʥʠʭ ʧʦʜʽʡ (ɺɸʇ) ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ɿɸɽʉ ʚ 

ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʚʽʡʥʠ ʚʽʜʥʦʩʷʪʴʩʷ ʧʦʰʢʦʜʞʝʥʥʷ ʘʙʦ ʨʫʡʥʫʚʘʥʥʷ 

ʟʦʚʥʽʰʥʽʤʠ ʙʦʡʦʚʠʤʠ ʟʘʨʷʜʘʤʠ ʢʨʠʪʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʦʚʥʽʰʥʻ ʪʘ ʘʚʘʨʽʡʥʝ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɸɽʉ. ɺʘʞʣʠʚʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʘʤʝ ʧʦʚʥʘ ʚʽʜʤʦʚʘ ʩʠʩʪʝʤ ʟʦʚʥʽʰʥʴʦʛʦ ʪʘ ʘʚʘʨʽʡʥʦʛʦ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ ʚʥʘʩʣʽʜʦʢ ʩʧʽʣʴʥʦʛʦ ʚʧʣʠʚʫ ʟʝʤʣʝʪʨʫʩʫ 

(ʧʦʪʫʞʥʽʩʪʶ ʙʣʠʟʴʢʦ 9 ʙʘʣʽʚ ʚ ʝʧʽʮʝʥʪʨʽ) ʪʘ ʟʘʪʦʧʣʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʤʘʡʜʘʥʯʠʢʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 ʮʫʥʘʤʽ ʟ ʚʠʩʦʪʦʶ ʭʚʠʣʽ ʙʽʣʷ ʫʟʙʝʨʝʞʞʷ ʧʦʥʘʜ 

14 ʤʝʪʨʽʚ ʩʪʘʣʘ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʘʚʘʨʽʡ ʪʘ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ 

ʥʘʩʣʽʜʢʽʚ ʌʫʢʫʩʽʤʩʴʢʦʾ ʘʚʘʨʽʾ ʫ 2011 ʨʦʮʽ. 

ʃʠʰʝ ʟʘ ʦʩʪʘʥʥʽʡ ʧʝʨʽʦʜ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʚʽʡʥʠ ʚ ʋʢʨʘʾʥʽ ʩʪʘʣʦʩʷ ʢʽʣʴʢʘ 

ʜʝʩʷʪʢʽʚ ʧʦʰʢʦʜʞʝʥʴ ʢʨʠʪʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨ ʟʦʚʥʽʰʥʴʦʛʦ ʪʘ 

ʘʚʘʨʽʡʥʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ɿɸɽʉ (ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʘʤ, ʧʨʠʤʽʱʝʥʥʷ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʽʚ ʪʘ ʽʥʰʽ) ʪʘ 

ʚʽʜʧʦʚʽʜʥʽ ʘʚʘʨʽʡʥʽ ʟʫʧʠʥʢʠ ʝʥʝʨʛʦʙʣʦʢʽʚ ɿɸɽʉ ʯʝʨʝʟ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʩʪʘʥʮʽʾ. 

ɸʥʘʣʦʛʽʯʥʽ ʘʚʘʨʽʡʥʽ ʟʫʧʠʥʢʠ ʪʨʘʧʠʣʠʩʷ ʽ ʥʘ ʽʥʰʠʭ ɸɽʉ ʋʢʨʘʾʥʠ. ʇʨʠ ʮʴʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ: ʧʨʦʮʝʩ ʘʚʘʨʽʡʥʦʾ ʟʫʧʠʥʢʠ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʥʦʛʦ 

ʝʥʝʨʛʦʙʣʦʢʫ ʟʥʠʞʫʻ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʷʜʝʨʥʦʾ ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʟʘ 
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ʧʨʦ̒ʢʪʥʠʤʠ ʜʦʧʫʩʪʠʤʠʤʠ ʮʠʢʣʘʤʠ ʪʝʨʤʽʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ 

ʩʠʩʪʝʤʠ ʚʘʞʣʠʚʽ ʜʣʷ ʙʝʟʧʝʢʠ ʗɽʈʋ ʟ ɺɺɽʈ; ʘʚʘʨʽʡʥʽ ʟʫʧʠʥʢʠ ɸɽʉ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʫʩʽʻʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ. 

ʅʘʩʪʫʧʥʦʶ ʜʦʤʽʥʘʥʪʥʦʶ ʜʣʷ ʙʝʟʧʝʢʠ ʛʨʫʧʦʶ ʚʠʭʽʜʥʠʭ ʘʚʘʨʽʡʥʠʭ ʧʦʜʽʡ 

(ɺɸʇ) ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʚʽʡʩʴʢʦʚʦʛʦ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ɿɸɽʉ ʻ 

ʟʘʪʦʧʣʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ʩʪʘʥʮʽʾ ʚʥʘʩʣʽʜʦʢ ʧʦʧʘʜʘʥʥʷ ʙʦʡʦʚʠʭ 

ʟʘʨʷʜʽʚ ʫ ʛʨʝʙʣʶ ʪʘ ʚ ʘʢʚʘʪʦʨʽʶ ʂʘʭʦʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ (ʚʠʩʦʪʘ ʛʨʝʙʣʽ 

ʧʦʥʘʜ 50 ʤʝʪʨʽʚ ʥʘʜ ʨʽʚʥʝʤ ʚʦʜʦʩʭʦʚʠʱʘ), ʚ ʩʪʘʚʦʢ-ʦʭʦʣʦʜʞʫʚʘʯ ɿɸɽʉ 

ʢʘʩʢʘʜʫ ʚʦʜʦʩʭʦʚʠʱ, ʚ ʷʢʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʥʘʜ 2 ʤʣʥ ʪʦʥʥ ʚʦʜʠ. 

ʅʘʩʣʽʜʢʘʤʠ ʟʘʪʦʧʣʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ɿɸɽʉ ʤʦʞʫʪʴ ʙʫʪʠ: 

ɺɸʇ ʧʦʚʥʦʛʦ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ (ʘʥʘʣʦʛ ɺɸʇ ʌʫʢʫʩʽʤʩʴʢʦʾ ʘʚʘʨʽʾ); 

ʧʦʨʫʰʝʥʥʷ ʫʤʦʚ ʪʝʧʣʦʦʙʤʽʥʫ ʫ ʩʫʭʠʭ ʩʭʦʚʠʱʘʭ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ 

ʧʘʣʠʚʘ (ʉɺʗʇ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʝ ʜʣʷ ʷʜʝʨʥʦʾ ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ɺɸʇ 

ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ɿɸɽʉ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ ʻ ʧʦʚʥʝ ʪʨʠʚʘʣʝ 

ʟʥʝʩʪʨʫʤʣʝʥʥʷ (ʇʊɿ) ʚʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʥʷ/ʧʦʰʢʦʜʞʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʪʘ/ʘʙʦ ʟʘʪʦʧʣʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʤʘʡʜʘʥʯʠʢʘ (ɺɸʇ ʇʊɿ ï ʘʥʘʣʦʛ ʧʦʯʘʪʢʫ ʷʜʝʨʥʠʭ ʪʘ ʨʘʜʽʘʮʽʡʥʠʭ ʘʚʘʨʽʡ 

ʌʫʢʫʩʽʤʩʴʢʦʾ ʢʘʪʘʩʪʨʦʬʠ). 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʷʜʝʨʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʋʢʨʘʾʥʠ ʦʬʽʮʽʡʥʘ ʦʮʽʥʢʘ 

ʢʨʠʪʠʯʥʦʩʪʽ ʩʪʘʥʫ ʙʝʟʧʝʢʠ ɸɽʉ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ 

ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʙʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʫʧʠʥʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ 

ʧʦʢʣʘʜʘʻʪʴʩʷ ʥʘ ɼʝʨʞʘʚʥʫ ʽʥʩʧʝʢʮʽʶ ʷʜʝʨʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʋʢʨʘʾʥʠ (ɼɯʗʈʋ). 

ʇʨʦʪʝ ʝʢʩʪʨʝʤʘʣʴʥʘ ʩʠʪʫʘʮʽʷ ʚ ʫʧʨʘʚʣʽʥʥʽ, ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʨʝʛʫʣʶʚʘʥʥʽ 

ʙʝʟʧʝʢʠ ʚʥʘʩʣʽʜʦʢ ʪʝʨʦʨʠʩʪʠʯʥʦʛʦ ʪʠʤʯʘʩʦʚʦʛʦ ʟʘʭʦʧʣʝʥʥʷ ɿɸɽʉ ʚʢʨʘʡ 

ʫʩʢʣʘʜʥʶʻ ʧʨʠʡʥʷʪʪʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ɼɯʗʈʋ ʘʜʝʢʚʘʪʥʠʭ ʨʽʰʝʥʴ. 

ʆʮʽʥʢʠ ʩʪʘʥʫ ʙʝʟʧʝʢʠ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ 

ʫʤʦʚʘʭ ʚʽʡʥʠ. ʅʠʥʽ ʚ ʋʢʨʘʾʥʽ, ʷʢ ʽ ʚ ʩʚʽʪʦʚʽʡ ʷʜʝʨʥʽʡ ʝʥʝʨʛʝʪʠʮʽ, ʰʠʨʦʢʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʧʨʠ ʤʦʜʝʨʥʽʟʘʮʽʷʭ ʗɽʋ ʥʘʙʫʚ ʧʨʠʥʮʠʧ çʜʦʧʫʩʪʠʤʦʩʪʽ ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʙʝʟʧʝʢʠ (ɼɿʈɹ)è [1]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʧʨʠʥʮʠʧʫ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ 

ʙʝʟʧʝʢʠ ʗɽʋ ʜʦʧʫʩʪʠʤʝ ʟʘ ʫʤʦʚʠ 

1
ʏʇɸɿ

ʏʇɸɿ

0

<<
D

, 

          

(5) 

ʜʝ ʏʇɸɿ0 ï ʙʘʟʦʚʘ ʽʤʦʚʽʨʥʽʩʥʘ ʦʮʽʥʢʘ ʯʘʩʪʦʪʠ ʧʦʰʢʦʜʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ 

(ʏʇɸɿ); ȹʏʇɸɿ ï ʥʘʚʤʠʩʥʝ ʘʙʦ ʥʝʥʘʚʤʠʩʥʝ ʟʙʽʣʴʰʝʥʥʷ ʏʇɸɿ. 

ɺ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ɿɸɽʉ ȹʏʇɸɿ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʝ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʽʤʦʚʽʨʥʦʩʪʽ ɺɸʇ, ʽ ʷʢʱʦ ʧʦʜʽʾ/ʽʥʮʠʜʝʥʪʠ/ʧʦʨʫʰʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʚʠʥʠʢʘʶʪʴ, ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʽ (5), ʪʦ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʨʫʰʝʥʥʷ ʫʤʦʚʠ (5). ʂʨʽʤ ʪʦʛʦ, ʷʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʫʨʦʢʠ 

ʚʽʜʦʤʠʭ ʷʜʝʨʥʠʭ ʘʚʘʨʽʡ ʩʪʘʚʣʷʪʴ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʪʘ ʜʦʧʫʩʪʠʤʫ ʧʦʜʘʣʴʰʫ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʝʥʝʨʛʦʙʣʦʢʽʚ ʫ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʢʠ 

ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ɿɸɽʉ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʚʽʡʥʠ ʻ ʥʝʜʦʩʪʘʪʥʴʦ 

ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʟ ʥʘʩʪʫʧʥʠʭ ʧʨʠʯʠʥ: ʫ ʜʦʬʫʢʫʩʽʤʩʴʢʠʡ ʧʝʨʽʦʜ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʟʚʽʪʘʭ ʟ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ (ɯɸɹ) ʫʢʨʘʾʥʩʴʢʠʭ ɸɽʉ 

ʟ ɺɺɽʈ-1000 ʚʘʞʢʘ ʷʜʝʨʥʘ ʘʚʘʨʽʷ ʤʘʣʘ ʙʫʪʠ ʦʜʥʦʟʥʘʯʥʠʤ ʥʘʩʣʽʜʢʦʤ ɺɸʇ ʇʊɿ. 

ʆʜʥʘʢ, ʽʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ɺɸʇ ʇʊɿ ʧʦʢʣʘʜʘʣʘʩʴ ʜʦʩʠʪʴ ʤʘʣʦʶ 

(ʧʦʨʷʜʢʫ 10-7 ʨʝʘʢʪʦʨ/ʨʽʢ). ʊʦʤʫ ʚʥʝʩʦʢ ɺɸʇ ʇʊɿ (ʧʦʚʥʝ ʪʨʠʚʘʣʝ 
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ʟʥʝʩʪʨʫʤʣʝʥʥʷ) ʫ ʙʘʟʦʚʝ ʟʥʘʯʝʥʥʷ ʏʇɸɿ ʙʫʚ ʥʝʩʫʪʪʻʚʠʤ ʽ ʫʤʦʚʘ ʜʦʧʫʩʪʠʤʦʩʪʽ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ (ɼɿʈɹ) (5) ʚʠʢʦʥʫʚʘʣʘʩʷ; ʘ ʘʚʘʨʽʾ ʟ ɺɸʇ ʇʊɿ ʤʘʣʠ 

ʥʠʟʴʢʠʡ ʧʨʽʦʨʠʪʝʪ ʜʣʷ ʙʝʟʧʝʢʠ ʪʘ ʨʦʟʨʦʙʢʠ ʧʨʝʚʝʥʪʠʚʥʠʭ ʧʨʦʪʠʘʚʘʨʽʡʥʠʭ 

ʟʘʭʦʜʽʚ. ʆʜʥʘʢ ʧʽʩʣʷ ʌʫʢʫʩʽʤʩʴʢʦʾ ʘʚʘʨʽʾ ɺɸʇ ʇʊɿ ʦʪʨʠʤʘʣʠ ʚʠʩʦʢʠʡ 

ʧʨʽʦʨʠʪʝʪ ʜʣʷ ʙʝʟʧʝʢʠ ʪʘ ʨʦʟʨʦʙʢʠ ʧʨʝʚʝʥʪʠʚʥʠʭ ʧʨʦʪʠʘʚʘʨʽʡʥʠʭ ʟʘʭʦʜʽʚ. 

ʆʪʞʝ, ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʝ ʜʣʷ ʷʜʝʨʥʦʾ ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ɺɸʇ ʚ 

ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʚʦʻʥʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ɿɸɽʉ ï ʮʝ ʧʦʚʥʝ ʪʨʠʚʘʣʝ 

ʟʥʝʩʪʨʫʤʣʝʥʥʷ (ʇʊɿ) ʚʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʥʷ/ʧʦʰʢʦʜʞʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʪʘ/ʘʙʦ ʟʘʪʦʧʣʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʤʘʡʜʘʥʯʠʢʘ (ɺɸʇ ʇʊɿ ï ʘʥʘʣʦʛ ʧʦʯʘʪʢʫ ʷʜʝʨʥʠʭ ʪʘ ʨʘʜʽʘʮʽʡʥʠʭ ʘʚʘʨʽʡ 

ʌʫʢʫʩʽʤʩʴʢʦʾ ʢʘʪʘʩʪʨʦʬʠ). 

ɺ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʚʽʡʥʠ ʙʦʡʦʚʽ ʜʽʾ ʻ ʥʝ ʧʝʨʝʜʙʘʯʫʚʘʥʠʤʠ ʽ ʥʝ 

ʧʽʜʢʦʨʷʶʪʴʩʷ ʩʪʦʭʘʩʪʠʯʥʠʤ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤ. ʂʨʽʤ ʪʦʛʦ, ʷʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, 

ʫʨʦʢʠ ʚʽʜʦʤʠʭ ʷʜʝʨʥʠʭ ʘʚʘʨʽʡ ʩʪʘʚʣʷʪʴ ʧʽʜ ʩʫʤʥʽʚ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʟʘʛʘʣʦʤ 

ʫʩʽʻʾ ʤʝʪʦʜʦʣʦʛʽʾ ɯɸɹ ʜʣʷ ʦʙ'ʻʢʪʠʚʥʦʾ ʦʮʽʥʢʠ ʩʪʘʥʫ ʙʝʟʧʝʢʠ ʷʜʝʨʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ (ʗɽʋ) ʽ ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʨʠʥʮʠʧ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʙʝʟʧʝʢʠ (ɼɿʈɹ). ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʢʠ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ɿɸɽʉ 

ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʚʽʡʥʠ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʟ ʥʘʩʪʫʧʥʠʭ 

ʧʨʠʯʠʥ: ʮʝ ʥʝ ʚʠʢʣʶʯʘʻ ʤʦʞʣʠʚʦʩʪʽ ʧʦʷʚʠ ʥʦʚʠʭ ɺɸʇ, ʱʦ ʩʪʘʚʠʪʴ ʧʽʜ ʩʫʤʥʽʚ 

ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʟʘʛʘʣʦʤ ʫʩʽʻʾ ʤʝʪʦʜʦʣʦʛʽʾ ɯɸɹ ʜʣʷ ʦʙ'ʻʢʪʠʚʥʦʾ ʦʮʽʥʢʠ ʩʪʘʥʫ 

ʙʝʟʧʝʢʠ ʗɽʋ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʧʨʠʥʮʠʧ ɼɿʈɹ).  

ɹʽʣʴʰ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʜʣʷ ʦʙ'ʻʢʪʠʚʥʦʾ ʦʮʽʥʢʠ ʩʪʘʥʫ (ʨʽʚʥʷ) ʙʝʟʧʝʢʠ ʻ 

ʜʝʪʝʨʤʽʥʽʩʪʩʴʢʠʡ ʧʽʜʭʽʜ, ʚ ʦʩʥʦʚʫ ʷʢʦʛʦ ʧʦʢʣʘʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ 

ʢʦʥʢʨʝʪʥʠʭ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʧʦʜʽʡ ʥʘ ʫʤʦʚʠ ʙʝʟʧʝʢʠ. ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʘʢʪʫʘʣʴʥʠʭ 

ʧʠʪʘʥʴ ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʢʘ ʫʤʦʚ ʟʘʪʦʧʣʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ɿɸɽʉ 

ʚʥʘʩʣʽʜʦʢ ʧʦʧʘʜʘʥʥʷ ʙʦʡʦʚʠʭ ʟʘʨʷʜʽʚ ʫ ʛʨʝʙʣʶ ʯʠ ʚ ʂʘʭʦʚʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ, 

ʯʠ ʚ ʩʪʘʚʦʢ-ʦʭʦʣʦʜʞʫʚʘʯ. ɿʘʪʦʧʣʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ɸɽʉ 

Fukushima-Daiichi ʫ 2011 ʨʦʮʽ ʮʫʥʘʤʽ ʙʫʣʦ ʚʠʟʥʘʯʘʣʴʥʦʶ ʧʨʠʯʠʥʦʶ ʧʦʚʥʦʛʦ 

ʪʨʠʚʘʣʦʛʦ ʟʥʝʩʪʨʫʤʣʝʥʥʷ (ʇʊɿ) ʝʥʝʨʛʦʙʣʦʢʽʚ, ʷʜʝʨʥʠʭ ʘʚʘʨʽʡ ʪʘ 

ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ. 

ʋ ʩʪʨʝʩ-ʪʝʩʪʘʭ ʟ ʧʝʨʝʦʮʽʥʢʠ ʙʝʟʧʝʢʠ ɸɽʉ ʋʢʨʘʾʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʨʦʢʽʚ 

ʌʫʢʫʩʽʤʩʴʢʦʾ ʘʚʘʨʽʾ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʝʪʝʨʤʽʥʽʩʪʩʴʢʠʡ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʽ 

ʟʘʪʦʧʣʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ɿɸɽʉ ʚʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʥʷ ʛʨʝʙʝʣʴ 

ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʢʘʩʢʘʜʫ ʚʦʜʦʩʭʦʚʠʱ ʧʽʜ ʯʘʩ ʟʘʧʨʦʢ̒ʪʥʦʛʦ ʟʝʤʣʝʪʨʫʩʫ. 

ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚʽʜʩʫʪʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʽ/ʨʠʟʠʢʫ ʟʘʪʦʧʣʝʥʥʷ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ɿɸɽʉ. ʆʜʥʘʢ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʽʚ 

ʟʘʪʦʧʣʝʥʥʷ ʫ ʩʪʨʝʩ-ʪʝʩʪʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʩʧʨʦʱʝʥʽ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʽ 

ʛʽʜʨʘʚʣʽʯʥʽ ʤʦʜʝʣʽ, ʘ ʪʘʢʦʞ ʥʝ ʚʨʘʭʦʚʫʚʘʚʩʷ ʚʧʣʠʚ ʪʘʢʠʭ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʷʚʠʱ, 

ʷʢ ʟʝʤʣʝʪʨʫʩʠ, ʪʦʨʥʘʜʦ ʪʘ ʫʨʘʛʘʥʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʦʙôʻʤʠ ʚʦʜʠ ʚ 

ʂʘʭʦʚʩʴʢʦʤʫ ʚʦʜʦʩʭʦʚʠʱʽ ʪʘ ʚ ʩʪʘʚʢʫ-ʦʭʦʣʦʜʞʫʚʘʯʽ ɿɸɽʉ. 

ʋ ʨʦʙʦʪʽ [2] ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʚʜʦʩʢʦʥʘʣʝʥʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ 

ʤʦʞʣʠʚʦʛʦ ʟʘʪʦʧʣʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ɿɸɽʉ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ 

ʦʟʥʘʯʝʥʠʭ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʷʚʠʱ ʥʘ ʛʨʝʙʣʶ ʪʘ ʥʘ ʘʢʚʘʪʦʨʽʶ ʂʘʭʦʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ ʪʘ ʩʪʘʚʢʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʩʪʘʥʮʽʾ. ɽʢʩʪʨʘʧʦʣʷʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʮʴʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʝʢʩʪʨʝʤʘʣʴʥʽ ʚʦʻʥʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ɿɸɽʉ ʜʦʟʚʦʣʷʻ 

ʚʚʘʞʘʪʠ, ʱʦ ʟʘʪʦʧʣʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ɿɸɽʉ ʤʦʞʣʠʚʝ ʧʨʠ 

ʧʦʧʘʜʘʥʥʽ ʙʦʡʦʚʠʭ ʟʘʨʷʜʽʚ ʫ ʛʨʝʙʣʶ, ʚ ʘʢʚʘʪʦʨʽʶ ʂʘʭʦʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʪʘ 

ʩʪʘʚʦʢ-ʦʭʦʣʦʜʞʫʚʘʯ ʟ ʧʦʪʫʞʥʽʩʪʶ ʟʘʨʷʜʽʚ, ʟʜʘʪʥʦʶ ʟʨʫʡʥʫʚʘʪʠ ʧʦʥʘʜ 30% 

ʛʨʝʙʣʽ ʘʙʦ ʝʢʚʽʚʘʣʝʥʪʥʦ ʁʟʝʤʣʝʪʨʫʩʫ ʟ ʚʽʜʛʫʢʦʤ ʧʨʠʩʢʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ 
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ˇʨʫʥʪʫ ʙʽʣʴʰʝ ʷʢ 1,2 g, ʘʙʦ ʪʦʨʥʘʜʦ ʙʽʣʴʰʝ 2-ʛʦ ʢʣʘʩʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʘʙʦ 

ʫʨʘʛʘʥʫ ʟʽ ʰʚʠʜʢʽʩʪʶ ʚʽʪʨʫ ʧʦʥʘʜ 80 ʢʤ/ʛʦʜ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫʤʦʚʠ ʟʘʪʦʧʣʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʤʘʡʜʘʥʯʠʢʘ ɿɸɽʉ ʟʘ ʧʦʪʫʞʥʦʩʪʽ ʙʦʡʦʚʦʛʦ ʟʘʨʷʜʫ ʽʟ ʩʠʣʦʶ ʚʧʣʠʚʫ F: 

gHSF 12,1 r>
          

(6) 

ʽ/ʘʙʦ 

12SPF D>
             

(7) 

ʽ/ʘʙʦ 

23,0 SF s>
            

(8) 

ʽ/ʘʙʦ 

LHSvF /1
2
cr> ,         

(9) 

ʜʝ ɟ ï ʱʽʣʴʥʽʩʪʴ ʚʦʜʠ; ʅ ï ʚʠʩʦʪʘ ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ɿɸɽʉ ʥʘʜ ʨʽʚʥʝʤ 

ʩʪʘʚʢʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ; S1, S2 ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʩʪʘʚʢʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʪʘ ʛʨʝʙʣʽ 

ʂʘʭʦʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʚʽʜʧʦʚʽʜʥʦ; g ï ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʣʠ ʪʷʞʽʥʥʷ; ȹP2 ï 

ʪʠʩʢ ʨʦʟʨʽʜʞʝʥʥʷ ʫ ʪʦʨʥʘʜʦ 2-ʛʦ ʢʣʘʩʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ; ů ï ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʘ 

ʥʘʧʨʫʛʘ ʨʫʡʥʫʚʘʥʥʷ ʙʝʪʦʥʫ ʛʨʝʙʣʽ ʂʘʭʦʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ; vc ï ʛʨʘʥʠʯʥʦ 

ʜʦʧʫʩʪʠʤʘ ʰʚʠʜʢʽʩʪʴ ʫʨʘʛʘʥʥʦʛʦ ʚʽʪʨʫ; L ï ʝʢʚʽʚʘʣʝʥʪʥʠʡ (ʥʘʚʝʜʝʥʠʡ) ʨʦʟʤʽʨ 

ʩʪʘʚʢʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ. 

ʋ ʧʦʩʪʬʫʢʫʩʽʤʩʴʢʠʡ ʧʝʨʽʦʜ ʪʘʢʦʞ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʧʨʦʪʠʘʚʘʨʽʡʥʽ ʟʘʭʦʜʠ 

ʜʣʷ ʫʢʨʘʾʥʩʴʢʠʭ ɸɽʉ, ʧʦʚ'ʷʟʘʥʽ ʧʝʨʝʚʘʞʥʦ ʟ ʢʚʘʣʽʬʽʢʘʮʽʻʶ ʩʠʩʪʝʤ ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʽʚ, ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʧʦʪʫʞʥʠʭ ʙʘʪʘʨʝʡ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, 

ʨʦʟʰʠʨʝʥʥʷʤ ʤʦʞʣʠʚʦʩʪʝʡ ʧʘʩʠʚʥʠʭ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ, ʚʧʨʦʚʘʜʞʝʥʥʷʤ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʽʥʩʪʨʫʢʮʽʡ/ʧʦʩʽʙʥʠʢʽʚ ʟ ʫʧʨʘʚʣʽʥʥʷ ʘʚʘʨʽʷʤʠ ʟ ʧʦʚʥʠʤ 

ʪʨʠʚʘʣʠʤ ʟʥʝʩʪʨʫʤʣʝʥʥʷʤ (ʇʊɿ) ʪʘ ʽʥ. ʇʨʦʪʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʩʽʭ ʮʠʭ ʟʘʭʦʜʽʚ 

ʱʦʜʦ ʧʦʜʦʣʘʥʥʷ ʥʘʩʣʽʜʢʽʚ ʟʘʪʦʧʣʝʥʥʷ ʥʝʜʦʩʪʘʪʥʴʦ ʦʯʝʚʠʜʥʘ, ʦʩʢʽʣʴʢʠ ʥʘ 

ʤʦʤʝʥʪ ʘʚʘʨʽʾ ʥʘ ɸɽʉ Fukushima-Daiichi ʚʩʽ ʟʘʟʥʘʯʝʥʽ ʚʠʱʝ ʟʘʭʦʜʠ ʙʫʣʠ 

ʨʝʘʣʽʟʦʚʘʥʽ, ʘʣʝ ʟʘʧʦʙʽʛʪʠ ʷʜʝʨʥʠʤ ʘʚʘʨʽʷʤ, ʨʫʡʥʽʚʥʠʤ ʧʘʨʦʛʘʟʦʚʠʤ ʚʠʙʫʭʘʤ ʽ 

ʢʘʪʘʩʪʨʦʬʽʯʥʠʤ ʝʢʦʣʦʛʽʯʥʠʤ ʥʘʩʣʽʜʢʘʤ ʟʨʝʰʪʦʶ ʥʝ ʚʜʘʣʦʩʷ. 

ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ɿɸɽʉ 

ʨʦʟʪʘʰʦʚʘʥʽ ʩʫʭʽ ʩʭʦʚʠʱʘ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ (ʉɺʗʇ), ʚ ʷʢʠʭ 

ʦʭʦʣʦʜʞʝʥʥʷ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠʨʦʜʥʦʶ ʮʠʨʢʫʣʷʮʽʻʶ ʧʦʚʽʪʨʷ. 

ʋ ʨʘʟʽ ʟʘʪʦʧʣʝʥʥʷ ʨʘʟʦʤ ʟʽ ʩʤʽʪʪʷʤ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʨʫʰʝʥʽ ʫʤʦʚʠ ʥʝʦʙʭʽʜʥʦʛʦ 

ʦʭʦʣʦʜʞʝʥʥʷ ʉʍɺʗʇ, ʱʦ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ ʚʠʭʽʜʥʽ ʘʚʘʨʽʡʥʽ ʧʦʜʽʾ (ɺɸʇ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʨʠʪʠʯʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʟʘʪʦʧʣʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʤʘʡʜʘʥʯʠʢʘ ɿɸɽʉ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʩʪʫʧʥʽ ɺɸʇ: ʧʦʚʥʝ ʪʨʠʚʘʣʝ ʟʥʝʩʪʨʫʤʣʝʥʥʷ 

ʝʥʝʨʛʦʙʣʦʢʫ; ʧʦʨʫʰʝʥʥʷ ʫʤʦʚ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʉʍɺʗʇ. 

ɺ ʨʦʟʨʦʙʣʝʥʠʭ ʫ ʧʦʩʪ-ʬʫʢʫʩʽʤʩʴʢʠʡ ʧʝʨʽʦʜ ʉʆɸɯ/ɯʂʗɸ ɺɺɽʈ-1000 ʜʽʾ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʟ ʫʧʨʘʚʣʽʥʥʷ ʘʚʘʨʽʷʤʠ ʟ ʧʦʚʥʠʤ ʪʨʠʚʘʣʠʤ 

ʟʥʝʩʪʨʫʤʣʝʥʥʷʤ (ʇʊɿ) ʬʘʢʪʠʯʥʦ ʟʚʦʜʷʪʴʩʷ ʜʦ ʟʘʭʦʜʽʚ ʟ ʚʽʜʥʦʚʣʝʥʥʷ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʧʽʜʢʣʶʯʝʥʥʷ ʚʩʽʭ ʜʦʩʪʫʧʥʠʭ ʟʘʩʦʙʽʚ ʦʭʦʣʦʜʞʝʥʥʷ 

ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʘ ʽ ʚ ʪʦʤʫ ʯʠʩʣʽ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʝʣʝʢʪʨʦʥʘʩʦʩʽʚ ʘʢʪʠʚʥʠʭ ʩʠʩʪʝʤ 

ʙʝʟʧʝʢʠ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʧʨʦʙʠ ʨʝʘʣʽʟʘʮʽʾ ʚʩʽʭ ʟʘʟʥʘʯʝʥʠʭ ʟʘʭʦʜʽʚ ʙʫʣʠ ʽ ʚ 

ʫʤʦʚʘʭ ʌʫʢʫʩʽʤʩʴʢʦʾ ʘʚʘʨʽʾ. ʇʨʦʪʝ ʫʥʠʢʥʫʪʠ ʷʜʝʨʥʠʭ ʘʚʘʨʽʡ, ʨʫʡʥʽʚʥʠʭ 
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ʚʠʙʫʭʽʚ ʪʘ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʥʝ ʚʜʘʣʦʩʷ. ʊʦʤʫ ʥʝ ʽʩʥʫʻ 

ʧʽʜʩʪʘʚ ʱʦʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʭ ʟʘʭʦʜʽʚ ʫ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʟʘʪʦʧʣʝʥʥʷ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ɿɸɽʉ. 

ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʤʦʞʣʠʚʦʤʫ ʟʘʪʦʧʣʝʥʥʶ ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ɿɸɽʉ 

ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʠʤ ʙʫʜʽʚʥʠʮʪʚʦ ʜʘʤʙ ʥʘ ʙʝʨʝʟʽ ʩʪʘʚʢʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ. 

 

ɺʠʩʥʦʚʢʠ 

 

1. ɸʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ ʦʮʽʥʢʠ ʩʪʘʥʫ/ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ 
ʋʢʨʘʾʥʠ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʚʽʡʥʠ ʻ ʩʠʪʫʘʮʽʷ ʥʘ ʥʘʡʙʽʣʴʰʽʡ ʫ ɭʚʨʦʧʽ 

ɿʘʧʦʨʽʟʴʢʽʡ ɸɽʉ ʟ ʧʨʠʯʠʥ ʾʾ ʪʠʤʯʘʩʦʚʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʚ ʟʦʥʽ ʙʦʡʦʚʠʭ ʜʽʡ ʪʘ 

ʪʨʫʜʥʦʱʽʚ ʚ ʫʧʨʘʚʣʽʥʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʨʝʛʫʣʶʚʘʥʥʷ ʙʝʟʧʝʢʠ ʥʘ 

ʦʢʫʧʦʚʘʥʽʡ ʩʪʘʥʮʽʾ. 

2. ɯʤʦʚʽʨʥʽʩʥʽ ʧʽʜʭʦʜʠ ʦʮʽʥʢʠ ʦʙ'ʻʢʪʠʚʥʦʛʦ ʩʪʘʥʫ/ʨʽʚʥʷ ʙʝʟʧʝʢʠ ɿʘʧʦʨʽʟʴʢʦʾ 
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ENVIRONMENTAL ASPECTS OF USING ARTIFICIAL 

PHOTOSYNTHESIS TECHNOLOGY FOR ENVIRONMENTAL 

DECARBONIZATI ON 
 

Abstract. The increasing levels of carbon dioxide (CO2) in the atmosphere have been 

recognized as a major contributor to global climate change. As a result, there is a 

pressing need to develop sustainable and eco-friendly methods for mitigating CO2 

emissions. CO2 recycling has emerged as a promising solution, aiming to convert CO2 

into valuable products while reducing its impact on the environment. This work uses 

the CO2 recycling approach, which involves the conversion of CO2 emissions into 

useful organic compounds. An experiment with artificial photosynthesis is carried out 

with the help of a special installation, where CO2 undergoes photochemical reactions 

that contribute to the formation of organic compounds. Photocatalytic conversion of 

CO2 is environmentally friendly as it uses light energy and renewable raw materials 

to produce valuable chemicals without producing harmful by-products or waste. It 

has been established that TiO2 in the form of anatase and rutile is the most common 

CO2 photocatalyst. As a result of the experiment, the main output products were 

methanol, acetate aldehyde and acetone. The use of ultraviolet radiation and an 

electric field significantly affected the synthesis of organic substances and their 

quantity. It can be used in various industries such as fuel, chemical and 

pharmaceutical industries. In particular, methanol, acetate aldehyde and acetone are 

promising substances for the use and production of biofuels. 

Key words: recycling; carbon dioxide; climate change; artificial photosynthesis; 

processing of CO2; atmospheric air; organic substances. 
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ʐʊʋʏʅʆɻʆ ʌʆʊʆʉʀʅʊɽɿʋ ɼʃʗ ɼɽʂɸʈɹʆʅɯɿɸʎɯɰ ɼʆɺʂɯʃʃʗ  
 

Aʥʦʪʘʮʽʷ. ʇʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ (CO2) ʚ ʘʪʤʦʩʬʝʨʽ ʚʠʟʥʘʥʦ 

ʛʦʣʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʛʣʦʙʘʣʴʥʦʾ ʟʤʽʥʠ ʢʣʽʤʘʪʫ. ʗʢ ʥʘʩʣʽʜʦʢ, ʽʩʥʫʻ ʥʘʛʘʣʴʥʘ 

ʧʦʪʨʝʙʘ ʫ ʨʦʟʨʦʙʮʽ ʩʪʽʡʢʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʤʝʪʦʜʽʚ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ 

CO2. ʇʝʨʝʨʦʙʢʘ CO2 ʩʪʘʣʘ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ CO2 ʥʘ 

ʮʽʥʥʽ ʧʨʦʜʫʢʪʠ, ʦʜʥʦʯʘʩʥʦ ʟʤʝʥʰʫʶʯʠ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜʭʽʜ ʨʝʮʠʢʣʽʥʛʫ CO2, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʢʠʜʽʚ CO2 ʚ ʢʦʨʠʩʥʽ ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ. ɽʢʩʧʝʨʠʤʝʥʪ ʟ ʰʪʫʯʥʠʤ 

ʬʦʪʦʩʠʥʪʝʟʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʜʝ CO2 

ʧʽʜʜʘʻʪʴʩʷ ʬʦʪʦʭʽʤʽʯʥʠʤ ʨʝʘʢʮʽʷʤ, ʱʦ ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥʶ ʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʢ. ʌʦʪʦʢʘʪʘʣʽʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ CO2 ʻ ʝʢʦʣʦʛʽʯʥʠʤ, ʦʩʢʽʣʴʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʚʽʪʣʦʚʘ ʝʥʝʨʛʽʷ ʪʘ ʚʽʜʥʦʚʣʶʚʘʥʘ ʩʠʨʦʚʠʥʘ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

Ò  ʆ.ʄ. ʊʠʭʝʥʢʦ, ʂ.ʉ. ɼʝʡʥʝʢʘ, 2023 
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ʮʽʥʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʙʝʟ ʫʪʚʦʨʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʘʙʦ 

ʚʽʜʭʦʜʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ TiO2 ʫ ʬʦʨʤʽ ʘʥʘʪʘʟʫ ʪʘ ʨʫʪʠʣʫ ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ 

ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʦʤ CO2. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʦʩʥʦʚʥʠʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʚʠʭʦʜʫ ʙʫʣʠ ʤʝʪʘʥʦʣ, ʘʮʝʪʘʪ ʘʣʴʜʝʛʽʜ ʪʘ ʘʮʝʪʦʥ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʟʥʘʯʥʦ ʚʧʣʠʥʫʣʦ ʥʘ 

ʩʠʥʪʝʟ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʾʭ ʢʽʣʴʢʽʩʪʴ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʪʘʢʠʭ ʷʢ ʧʘʣʠʚʥʘ, ʭʽʤʽʯʥʘ ʪʘ ʬʘʨʤʘʮʝʚʪʠʯʥʘ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ. ɿʦʢʨʝʤʘ, ʤʝʪʘʥʦʣ, ʘʮʝʪʘʪ ʘʣʴʜʝʛʽʜ ʪʘ ʘʮʝʪʦʥ ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʧʘʣʠʚʘ. 

Kʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʝʮʠʢʣʽʥʛ; ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ; ʟʤʽʥʘ ʢʣʽʤʘʪʫ; ʰʪʫʯʥʠʡ 

ʬʦʪʦʩʠʥʪʝʟ; ʧʝʨʝʨʦʙʢʘ ʉʆ2; ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ; ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ. 

https://doi.org/10.32347/2411-4049.2023.3.39-48 

 

ɺʩʪʫʧ 

 

ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʨʽʚʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ (CO2) ʚ ʘʪʤʦʩʬʝʨʽ, ʟʤʽʥʘ ʢʣʽʤʘʪʫ ʩʪʘʣʘ 

ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʨʦʙʣʝʤ, ʷʢʽ ʩʪʘʚʣʷʪʴ ʧʽʜ ʟʘʛʨʦʟʫ ʽʩʥʫʚʘʥʥʷ ʥʘʰʦʾ 

ʧʣʘʥʝʪʠ. ʐʚʠʜʢʽʩʥʠʡ ʨʦʟʚʠʪʦʢ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʩʧʦʞʠʚʯʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʢʦʧʥʠʭ ʧʘʣʠʚ ʧʨʠʟʚʝʣʠ ʜʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʠʜʽʚ CO2. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘʛʘʣʴʥʦʶ ʩʪʘʣʘ ʧʦʪʨʝʙʘ ʫ ʨʦʟʨʦʙʮʽ 

ʩʪʽʡʢʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʤʝʪʦʜʽʚ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ CO2. ʆʜʠʥ ʟ ʪʘʢʠʭ 

ʤʝʪʦʜʽʚ  ʨʝʮʠʢʣʽʥʛ CO2. ɿʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʥʘ ʥʝ 

ʣʠʰʝ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ CO2 ʥʘ ʢʣʽʤʘʪ ɿʝʤʣʽ, ʘʣʝ ʡ ʧʝʨʝʪʚʦʨʠʪʠ ʡʦʛʦ ʚ ʮʽʥʥʽ 

ʨʝʩʫʨʩʠ. 

ʌʦʪʦʢʘʪʘʣʽʪʠʯʥʘ ʢʦʥʚʝʨʩʽʷ CO2 ʚ ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ ʻ ʚʘʞʣʠʚʦʶ ʪʘ 

ʘʢʪʫʘʣʴʥʦʶ ʟ ʢʽʣʴʢʦʭ ʧʨʠʯʠʥ: 

1) CO2 ʻ ʛʦʣʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʽ ʡʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʭʽʤʽʯʥʽ 

ʨʝʯʦʚʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʪʦʢʘʪʘʣʽʟʫ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ CO2 

ʚ ʘʪʤʦʩʬʝʨʽ ʪʘ ʧʦʤôʷʢʰʠʪʠ ʥʘʩʣʽʜʢʠ ʟʤʽʥʠ ʢʣʽʤʘʪʫ; 

2) ʚʠʨʦʙʥʠʮʪʚʦ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʟ CO2 ʤʦʞʝ ʟʤʝʥʰʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ ʪʘ ʽʥʰʠʭ ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʩʪʘʣʠʤ 

ʧʽʜʭʦʜʦʤ ʜʦ ʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ; 

3) ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ CO2 ʻ ʝʢʦʣʦʛʽʯʥʠʤ, ʦʩʢʽʣʴʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʚʽʪʣʦʚʘ ʝʥʝʨʛʽʷ ʪʘ ʚʽʜʥʦʚʣʶʚʘʥʘ ʩʠʨʦʚʠʥʘ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʮʽʥʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʙʝʟ ʫʪʚʦʨʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʘʙʦ 

ʚʽʜʭʦʜʽʚ; 

4) ʧʝʨʝʪʚʦʨʝʥʥʷ CO2 ʥʘ ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ ʤʦʞʝ ʩʪʚʦʨʠʪʠ ʥʦʚʽ ʝʢʦʥʦʤʽʯʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʜʞʝʨʝʣʘ ʜʦʭʦʜʫ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʣʝʮʶ;  

5) ʚʠʚʯʝʥʥʷ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ CO2 ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʽ ʨʝʘʢʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʘʫʢʦʚʦʛʦ 

ʧʨʦʛʨʝʩʫ ʚ ʛʘʣʫʟʽ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʪʘ ʢʘʪʘʣʽʟʫ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʝʢʦʣʦʛʽʯʥʠʭ ʧʝʨʝʚʘʛ ʨʝʮʠʢʣʽʥʛʫ CO2 

ʜʣʷ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʩʪʽʡʢʦʛʦ ʨʦʟʚʠʪʢʫ ʜʦʚʢʽʣʣʷ.  

 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ 

 

ɼʝʢʘʨʙʦʥʽʟʘʮʽʷ ï ʮʝ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ CO2 ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ ʟ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ, ʜʦʩʷʛʥʝʥʥʷ ʤʝʥʰʦʛʦ ʚʠʢʠʜʫ ʧʘʨʥʠʢʦʚʠʭ 

ʛʘʟʽʚ ʚ ʘʪʤʦʩʬʝʨʫ. 
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ʆʩʥʦʚʥʠʤʠ ʧʨʠʢʣʘʜʘʤʠ ʤʝʪʦʜʽʚ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʻ: 

1. ʽʥʽʮʽʘʪʠʚʘ ʦʙʤʝʞʝʥʥʷ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ 
ʷʢʦʾ ʚʠʢʣʘʜʝʥʽ ʚ [1] ʪʘ ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʦʟʨʘʭʫʥʢʘʭ ʤʽʞʥʘʨʦʜʥʠʭ ʝʢʩʧʝʨʪʽʚ [2], 

ʷʢʽ ʚʚʘʞʘʶʪʴ, ʱʦ ʜʣʷ ʫʧʦʚʽʣʴʥʝʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʥʝʦʙʭʽʜʥʦ ʜʦ 2030 

ʨʦʢʫ ʩʢʦʨʦʪʠʪʠ ʚʠʜʦʙʫʪʦʢ ʚʫʛʽʣʣʷ (61%), ʥʘʬʪʠ (36%) ʽ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ (32%); 

2. ʚʽʜʤʦʚʘ ʚʽʜ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ. ɿʤʝʥʰʝʥʥʷ ʧʝʨʝʚʝʟʝʥʴ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʥʘ ʦʩʥʦʚʽ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʯʣʝʥʘʤʠ ɸʣʴʷʥʩʫ ʟ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʪʨʘʥʩʧʦʨʪʫ [3] ʪʘ ɸʣʴʷʥʩʫ ʟ 

ʥʫʣʴʦʚʠʤʠ ʚʠʢʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ [4], ʷʢʽ ʦʙôʻʜʥʫʶʪʴ ʧʦʥʘʜ 20 ʢʨʘʾʥ. 

ɿʛʽʜʥʦ ʟ ʘʥʘʣʽʟʦʤ ʚʽʜʢʨʠʪʠʭ ʜʘʥʠʭ [5], ʜʦ 2025 ʨʦʢʫ ʯʘʩʪʢʘ ʧʨʦʜʘʞʽʚ ʥʦʚʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʜʚʠʛʫʥʘʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʟʥʠʟʠʪʴʩʷ ʜʦ 23%. 

ʇʨʦʧʦʨʮʽʡʥʦ ʜʦ ʮʴʦʛʦ ʟʥʠʟʠʪʴʩʷ ʽ ʧʦʧʠʪ ʥʘ ʧʨʦʜʫʢʪʠ ʥʘʬʪʦʧʝʨʝʨʦʙʢʠ; 

3. ʪʝʭʥʦʣʦʛʽʷ ʧʨʷʤʦʛʦ ʟʘʭʦʧʣʝʥʥʷ ʧʦʚʽʪʨʷ (Direct-Air -Capture, DAC), ʱʦ 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʠʣʫʯʝʥʥʽ CO2 ʟ ʘʪʤʦʩʬʝʨʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʛʘʥʪʩʴʢʠʭ ʧʠʣʦʩʦʩʽʚ. 

ʌʽʣʴʪʨʫʶʯʠʡ ʤʘʪʝʨʽʘʣ ʤʽʩʪʠʪʴ ʘʤʽʥʠ  ʩʧʝʮʽʘʣʴʥʽ ʭʽʤʽʯʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ 

ʚʣʦʚʣʶʶʪʴ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ [6]; 

4. ʰʪʫʯʥʠʡ ʬʦʪʦʩʠʥʪʝʟ  ʮʝ ʧʨʦʮʝʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ. ʐʪʫʯʥʠʡ ʬʦʪʦʩʠʥʪʝʟ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʽʙʥʦ ʜʦ ʧʨʠʨʦʜʥʦʛʦ ʬʦʪʦʩʠʥʪʝʟʫ ʚ ʨʦʩʣʠʥʘʭ [7]. ʊʝʭʥʦʣʦʛʽʷ 

ʰʪʫʯʥʦʛʦ ʬʦʪʦʩʠʥʪʝʟʫ ʜʣʷ ʨʝʮʠʢʣʽʥʛʫ CO2 ʫ ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ ʤʘʻ ʧʦʪʝʥʮʽʘʣ 

ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʠʢʦʧʥʠʭ ʧʘʣʠʚ. ʆʜʥʘʢ, ʧʝʨʝʜ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʫ ʧʨʦʤʠʩʣʦʚʠʡ ʧʨʦʮʝʩ 

ʥʝʦʙʭʽʜʥʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʦʧʪʠʤʽʟʘʮʽʷ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʪʝʭʥʽʯʥʠʭ ʧʨʦʙʣʝʤ. 

 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʋ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʧʨʦʚʝʜʝʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʧʦ ʨʝʮʠʢʣʽʥʛʫ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʚʘ ʟʨʘʟʢʠ ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʘ TiO2 

ʫ ʚʠʛʣʷʜʽ ʨʫʪʠʣʫ ʪʘ ʘʥʘʪʘʟʫ. 

ʇʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʦʮʽʥʶʚʘʣʘʩʷ ʟʘ ʚʠʤʽʨʶʚʘʥʥʷʤʠ 

ʘʜʩʦʨʙʮʽʾ/ʜʝʩʦʨʙʮʽʾ ʘʟʦʪʫ ʧʨʠ 196 ÜC ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ Sorptomatic 1900 

(CarloErba, ʄʽʣʘʥ, ɯʪʘʣʽʷ). ʇʝʨʝʜ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʟʨʘʟʢʠ ʧʦʨʦʰʢʫ ʜʝʛʘʟʫʚʘʣʠʩʷ 

ʫ ʚʘʢʫʫʤʽ ʧʨʠ 300 ÜC. 

ʉʧʝʢʪʨʠ ʜʠʬʫʟʥʦʛʦ ʚʽʜʙʠʪʪʷ ʟʨʘʟʢʽʚ ʧʦʨʦʰʢʫ ʚʠʤʽʨʶʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ Cary 5000 UVïVISïNIR ʟ ʽʥʪʝʛʨʫʶʯʦʶ ʩʬʝʨʦʶ (Agilent, 

ʉʘʥʪʘ-ʂʣʘʨʘ, ʂʘʣʽʬʦʨʥʽʷ, ʉʐɸ) ʚ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ 200ï800 ʥʤ. 

ʉʧʝʢʪʨʠ ʚʽʜʙʠʪʪʷ ʬʽʢʩʫʚʘʣʠʩʷ ʟʽ ʩʧʝʢʪʨʘʣʴʥʦʶ ʨʦʟʜʽʣʴʥʽʩʪʶ 1 ʥʤ. 

ʄʦʨʬʦʣʦʛʽʷ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʶʯʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ HITACHI (HitachiHigh-Tech, ʊʦʢʽʦ, ʗʧʦʥʽʷ), 

ʦʩʥʘʱʝʥʦʛʦ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʠʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ EDS (Thermo Noran, Worona 

Road Madison, WI, USA) . 

ʌʦʪʦʢʘʪʘʣʽʪʠʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʧʨʦʪʦʯʥʦʤʫ 

ʨʝʘʢʪʦʨʽ (ʨʠʩ. 1), ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ: ʥʠʞʥʴʦʛʦ ʮʠʣʽʥʜʨʘ, ʷʢʠʡ ʙʫʚ 

ʦʙʣʘʜʥʘʥʠʡ ʥʘʛʨʽʚʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʽ ʩʠʩʪʝʤʦʶ ʦʭʦʣʦʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʚʝʨʭʥʴʦʛʦ ʮʠʣʽʥʜʨʘ, ʚʩʝʨʝʜʠʥʽ ʷʢʦʛʦ ʧʦʤʽʱʘʚʩʷ ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨ ʽ ʢʫʜʠ 

ʚʚʦʜʠʣʠ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ. 

ɺʝʨʭʥʷ ʯʘʩʪʠʥʘ ʙʫʣʘ ʟʘʢʨʠʪʘ ʢʚʘʨʮʦʚʠʤ ʩʢʣʦʤ ʽ ʫʱʽʣʴʥʝʥʘ ʭʽʤʽʯʥʦ 

ʽʥʝʨʪʥʠʤʠ ʧʨʦʢʣʘʜʢʘʤʠ. ʗʢ ʜʞʝʨʝʣʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 
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(365 ʥʤ ʽ 465 ʥʤ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʽʦʜʥʘ ʤʘʪʨʠʮʷ. ʇʣʦʱʘ ʧʦʚʝʨʭʥʽ 

ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʘ, ʧʽʜʜʘʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʤʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʶ, ʩʪʘʥʦʚʠʣʘ 

10,18 ʩʤ2. ʋʤʦʚʠ ʧʨʦʮʝʩʫ ʙʫʣʠ ʥʘʩʪʫʧʥʠʤʠ: ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʪʦʨʘ 30 ÜC, 

ʨʝʘʢʮʽʡʥʘ ʩʫʤʽʰ ï 5% ʦʙ. H2O  95% ʦʙ. CO2 ; ʟʘʛʘʣʴʥʘ ʚʠʪʨʘʪʘ ʛʘʟʫ ï 0,8 ʤʣ/ʭʚ, 

ʤʘʩʘ ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʘ ï 10 ʤʛ. 

ɺʦʣʦʛʠʡ CO2 ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʧʨʦʧʫʩʢʘʥʥʷʤ ʩʫʭʦʛʦ CO2 ʯʝʨʝʟ 

ʪʝʨʤʦʩʪʘʪʦʚʘʥʠʡ ʙʘʨʙʦʪʝʨ, ʥʘʧʦʚʥʝʥʠʡ ʬʽʣʴʪʨʦʚʘʥʦʶ ʚʦʜʦʶ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʙʘʨʙʦʪʝʨʘ ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʜʦʩʷʛʪʠ 5% ʚʦʜʠ ʚ ʛʘʟʽ. 

ɼʦʜʘʪʢʦʚʦ ʚʽʜʙʫʚʘʚʩʷ ʧʽʜʽʛʨʽʚ ʛʘʟʦʧʨʦʚʦʜʫ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʜʠ. 

ʇʝʨʰʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʱʦʥʘʡʤʝʥʰʝ ʯʝʨʝʟ 2 ʛʦʜʠʥʠ ʥʘ ʧʦʪʦʮʽ. 

ɸʥʘʣʽʟ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ on-line ʛʘʟʦʚʦʛʦ 

ʭʨʦʤʘʪʦʛʨʘʬʘ, ʦʩʥʘʱʝʥʦʛʦ ʧʦʣʫʤôʷʥʦ-ʽʦʥʽʟʘʮʽʡʥʠʤ ʜʝʪʝʢʪʦʨʦʤ ʽ ʢʘʧʽʣʷʨʥʦʶ 

ʢʦʣʦʥʢʦʶ HP PLOT/Q. ɹʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢʽ ʫʤʦʚʠ ʘʥʘʣʽʟʫ: ʛʘʟ-ʥʦʩʽʡ ï ʛʝʣʽʡ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʪʝʢʪʦʨʘ 220 ÜC, ʪʝʤʧʝʨʘʪʫʨʘ ʽʥʞʝʢʪʦʨʘ 120 ÜC. 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʛʦ ʨʝʘʢʪʦʨʘ 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʦʙʨʘʥʦ ʜʚʘ ʟʨʘʟʢʠ TiO2. ʇʝʨʰʠʡ ʟʨʘʟʦʢ ʙʫʚ ʦʙʨʦʙʣʝʥʠʡ ʧʨʠ 

500 Üʉ, ʽʥʰʠʡ  700 Üʉ. ʇʽʩʣʷ ʪʘʢʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟʤʽʥʶʻʪʴʩʷ ʧʠʪʦʤʘ 

ʧʦʚʝʨʭʥʷ (ʨʠʩ. 2). ʇʝʨʰʠʡ ʟʨʘʟʦʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 87,8% ʘʥʘʪʘʟʫ ʽ 12,8% ʨʫʪʠʣʫ, 

ʜʨʫʛʠʡ  ʥʘ 100% ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʫʪʠʣʫ. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʨʝʮʠʢʣʽʥʛʫ ʉʆ2 ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʦʛʦ 

ʬʦʪʦʩʠʥʪʝʟʫ. 

ʐʪʫʯʥʠʡ ʬʦʪʦʩʠʥʪʝʟ ʚʠʢʦʨʠʩʪʦʚʫʻ ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʠ  ʨʝʯʦʚʠʥʠ, ʷʢʽ 

ʤʦʞʫʪʴ ʧʦʛʣʠʥʘʪʠ ʩʚʽʪʣʦʚʫ ʝʥʝʨʛʽʶ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʾ ʜʣʷ ʩʧʦʥʫʢʘʥʥʷ 

ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ. ʂʘʪʘʣʽʟʘʪʦʨʦʤ ʚ ʜʘʥʽʡ ʨʝʘʢʮʽʾ ʚʠʩʪʫʧʘʻ TiO2. 

ʋ ʧʨʦʮʝʩʽ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʾ ʨʝʘʢʮʽʾ, ʧʽʜ ʜʽʻʶ ʩʚʽʪʣʘ, ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʠ 

ʩʪʘʶʪʴ ʘʢʪʠʚʥʠʤʠ ʽ ʟʜʘʪʥʠʤʠ ʽʥʽʮʽʶʚʘʪʠ ʭʽʤʽʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ. ɺʦʥʠ ʤʦʞʫʪʴ 

ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʨʝʘʢʮʽʡʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ (ʥʘʧʨʠʢʣʘʜ, ʦʨʛʘʥʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ) ʽ 

ʩʧʨʠʷʪʠ ʬʦʨʤʫʚʘʥʥʶ ʥʦʚʠʭ ʟʚ'ʷʟʢʽʚ ʘʙʦ ʨʦʟʨʠʚʫ ʽʩʥʫʶʯʠʭ. ʎʝʡ ʧʨʦʮʝʩ ʤʦʞʝ 

ʧʨʠʚʝʩʪʠ ʜʦ ʩʠʥʪʝʟʫ ʩʢʣʘʜʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ. 
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ʈʠʩ. 2. ɺʠʛʣʷʜ ʟʨʘʟʢʽʚ TiO2 ʧʽʩʣʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

 

ʄʝʪʘ ʧʝʨʰʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ  ʧʝʨʝʚʽʨʠʪʠ, ʯʠ ʚʽʜʙʫʜʝʪʴʩʷ ʩʠʥʪʝʟ ʨʝʯʦʚʠʥ 

ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ, ʱʦ ʩʠʥʪʝʟ ʚʽʜʙʫʚʘʚʩʷ, 

ʥʘʡʙʽʣʴʰʝ ʫʪʚʦʨʶʚʘʣʦʩʷ ʘʮʝʪʘʪ ʘʣʴʜʝʛʽʜʫ, ʤʝʪʘʥʦʣ ʽ ʘʮʝʪʦʥ ʫʪʚʦʨʶʚʘʣʠʩʷ ʚ 

ʜʫʞʝ ʤʘʣʽʡ ʢʽʣʴʢʦʩʪʽ ʽ ʣʠʰʝ ʟʘ ʦʜʠʥ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʧʦʨʽʚʥʷʥʦ ʟ ʘʮʝʪʘʪ 

ʘʣʴʜʝʛʽʜʦʤ (ʨʠʩ. 3). 
 

 
ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʠ ʫʪʚʦʨʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʽʢʨʦʤʦʣʝʡ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ 

ʥʘ 1 ʛʨʘʤ ʢʘʪʘʣʽʟʘʪʦʨʘ ʟʘ 1 ʛʦʜʠʥʫ ʙʝʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

 

ɽʢʩʧʝʨʠʤʝʥʪ ʟ ʘʥʘʪʘʟʦʤ ʧʽʜ ʜʽʻʶ ʫʣʴʪʨʘʬʽʦʣʝʪʫ, ʧʦʪʫʞʥʽʩʪʴ ʷʢʦʛʦ 

ʩʪʘʥʦʚʠʣʘ 50% ʙʝʟ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʧʦʢʘʟʘʚ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʘʮʝʪʘʪ ʘʣʴʜʝʛʽʜʫ 

ʟ ʯʘʩʦʤ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʄʝʪʘʥʦʣ ʧʦʯʘʚ ʫʪʚʦʨʶʚʘʪʠʩʷ ʣʠʰʝ ʯʝʨʝʟ 90 ʭʚʠʣʠʥ. 

ɸʮʝʪʦʥ ʫʪʚʦʨʠʚʩʷ ʟ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ, ʚ ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ (ʨʠʩ. 4). 
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ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʠ ʫʪʚʦʨʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʽʢʨʦʤʦʣʝʡ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ 

ʥʘ 1 ʛʨʘʤ ʢʘʪʘʣʽʟʘʪʦʨʘ ʟʘ 1 ʛʦʜʠʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʋʌ (ʽʥʪʝʥʩʠʚʥʽʩʪʴ 50%) 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʝʟ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ ʜʦ 100% ʢʽʣʴʢʽʩʪʴ ʫʩʽʭ ʧʨʦʜʫʢʪʽʚ ʟʨʦʩʣʘ 

ʚ ʧʽʚʪʦʨʘ ʨʘʟʘ, ʤʝʪʘʥʦʣ ʧʦʯʘʚ ʫʪʚʦʨʶʚʘʪʠʩʷ ʟʥʦʚʫ ʟ 90 ʭʚ. ʆʪʞʝ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʋʌ ʚʧʣʠʚʘʻ ʥʘ ʚʠʭʽʜ ʧʨʦʜʫʢʮʽʾ (ʨʠʩ. 5). 
 

 
ʈʠʩ. 5. ʈʝʟʫʣʴʪʘʪʠ ʫʪʚʦʨʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʽʢʨʦʤʦʣʝʡ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ 

ʥʘ 1 ʛʨʘʤ ʢʘʪʘʣʽʟʘʪʦʨʘ ʟʘ 1 ʛʦʜʠʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʋʌ (ʽʥʪʝʥʩʠʚʥʽʩʪʴ 100%) 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʝʟ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 
 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 100% ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʜʦʜʘʚʘʥʥʽ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 6) ʚʽʜʨʘʟʫ ʚʠʜʥʦ, ʱʦ ʨʝʘʢʮʽʷ ʧʨʦʡʰʣʘ ʢʨʘʱʝ, ʥʽʞ ʚ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʘʨʽʘʥʪʽ. ɺʩʽ ʧʨʦʜʫʢʪʠ ʧʦʯʘʣʠ ʫʪʚʦʨʶʚʘʪʠʩʷ ʟ ʧʦʯʘʪʢʫ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ɿ ʯʘʩʦʤ ʚʩʽ ʪʨʠ ʧʨʦʜʫʢʪʠ ʧʦʯʘʣʠ ʟʥʠʞʫʚʘʪʠʩʷ ʯʝʨʝʟ 

ʜʝʟʘʢʪʠʚʘʮʽʶ ʢʘʪʘʣʽʟʘʪʦʨʘ. 

ʇʦʨʽʚʥʶʶʯʠ ʩʠʥʪʝʟ ʨʝʯʦʚʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʩʚʽʪʣʘ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʤʦʞʥʘ ʯʽʪʢʦ ʧʨʦʩʪʝʞʠʪʠ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʨʝʯʦʚʠʥʠ ʟʥʘʯʥʦ 

ʟʙʽʣʴʰʠʣʘʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ʪʠʤ, ʢʦʣʠ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʙʫʣʦ ʚʽʜʩʫʪʥʻ. 
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ʈʠʩ. 6. ʈʝʟʫʣʴʪʘʪʠ ʫʪʚʦʨʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʽʢʨʦʤʦʣʝʡ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ 

ʥʘ 1 ʛʨʘʤ ʢʘʪʘʣʽʟʘʪʦʨʘ ʟʘ 1 ʛʦʜʠʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʋʌ (100% ʽʥʪʝʥʩʠʚʥʦʩʪʽ) 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ 
 

ɽʢʩʧʝʨʠʤʝʥʪ ʟ ʨʫʪʠʣʦʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 100% ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʙʝʟ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 7) ʧʦʢʘʟʘʚ, ʱʦ ʥʘʡʙʽʣʴʰʝ 

ʫʪʚʦʨʶʻʪʴʩʷ ʘʮʝʪʘʪ ʘʣʴʜʝʛʽʜʫ, ʘʮʝʪʦʥ ʧʦʯʠʥʘʻ ʫʪʚʦʨʶʚʘʪʠʩʷ ʟ 60 ʭʚʠʣʠʥʠ, 

ʘ ʤʝʪʘʥʦʣ  ʟ 120 ʭʚʠʣʠʥ ʫ ʥʘʡʤʝʥʰʽʡ ʢʽʣʴʢʦʩʪʽ. 

 

 
ʈʠʩ. 7. ʈʝʟʫʣʴʪʘʪʠ ʫʪʚʦʨʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʽʢʨʦʤʦʣʝʡ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ 

ʥʘ 1 ʛʨʘʤ ʢʘʪʘʣʽʟʘʪʦʨʘ ʟʘ 1 ʛʦʜʠʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʋʌ (ʽʥʪʝʥʩʠʚʥʽʩʪʴ 100%) 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʙʝʟ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 
 

ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 8) ʘʮʝʪʦʥ ʽ ʘʮʝʪʘʪ ʘʣʴʜʝʛʽʜ ʧʦʯʘʣʠ 

ʫʪʚʦʨʶʚʘʪʠʩʷ ʟ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʤʝʪʘʥʦʣ ï ʟ 90 ʭʚʠʣʠʥʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟ ʜʦʜʘʚʘʥʥʷʤ ʨʫʪʠʣʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ 

ʘʮʝʪʘʪʥʦʛʦ ʘʣʴʜʝʛʽʜʫ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ɹʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʘʥʦʣʫ ʽ ʘʮʝʪʦʥʫ 

ʫʪʚʦʨʶʻʪʴʩʷ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. 

ʇʦʨʽʚʥʶʶʯʠ ʦʜʥʘʢʦʚʽ ʫʤʦʚʠ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʫʪʠʣʫ 

ʚʠʷʚʠʣʦʩʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʘʥʘʪʘʟʫ. 
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ʈʠʩ. 8. ʈʝʟʫʣʴʪʘʪʠ ʫʪʚʦʨʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʽʢʨʦʤʦʣʝʡ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ 

ʥʘ 1 ʛʨʘʤ ʢʘʪʘʣʽʟʘʪʦʨʘ ʟʘ 1 ʛʦʜʠʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʋʌ (100% ʽʥʪʝʥʩʠʚʥʦʩʪʽ) 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ 
 

ɺʠʩʥʦʚʢʠ 

 

ʌʦʪʦʢʘʪʘʣʽʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʉʆ2 ʟ ʫʪʚʦʨʝʥʥʷʤ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʻ 

ʚʘʞʣʠʚʠʤ, ʦʩʢʽʣʴʢʠ ʉʆ2 ʻ ʦʩʥʦʚʥʠʤ ʧʘʨʥʠʢʦʚʠʤ ʛʘʟʦʤ, ʥʘʜʣʠʰʦʢ ʷʢʦʛʦ ʚ 

ʘʪʤʦʩʬʝʨʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʢʣʽʤʘʪʫ. ʇʝʨʝʪʚʦʨʶʶʯʠ CO2 ʥʘ ʽʥʰʽ ʭʽʤʽʯʥʽ 

ʨʝʯʦʚʠʥʠ, ʤʦʞʥʘ ʧʦʤôʷʢʰʠʪʠ ʡʦʛʦ ʚʧʣʠʚ, ʟʤʝʥʰʠʚʰʠ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚ 

ʘʪʤʦʩʬʝʨʽ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʦʩʥʦʚʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʚʠʭʦʜʫ ʙʫʣʠ 

ʤʝʪʘʥʦʣ, ʘʮʝʪʘʪ ʘʣʴʜʝʛʽʜ ʪʘ ʘʮʝʪʦʥ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʟʥʘʯʥʦ ʚʧʣʠʥʫʣʦ ʥʘ ʩʠʥʪʝʟ ʦʨʛʘʥʽʯʥʠʭ 

ʨʝʯʦʚʠʥ ʪʘ ʾʭ ʢʽʣʴʢʽʩʪʴ. 

ʄʝʪʘʥʦʣ ʫʪʚʦʨʶʚʘʚʩʷ ʚ ʥʘʡʙʽʣʴʰʽʡ ʢʽʣʴʢʦʩʪʽ ʟʽ ʟʨʘʟʢʦʤ ʘʥʘʪʘʟʫ, ʽʟ ʩʝʨʝʜʥʽʤ 

ʚʠʭʦʜʦʤ 0,040 ʤʢʤʦʣʴ/ʛʦʜ. ʋ ʥʘʡʙʽʣʴʰʽʡ ʢʽʣʴʢʦʩʪʽ ʘʮʝʪʘʪ ʘʣʴʜʝʛʽʜ 

ʫʪʚʦʨʶʚʘʚʩʷ ʟʽ ʟʨʘʟʢʦʤ ʨʫʪʠʣʫ, ʩʝʨʝʜʥʽʡ ʚʠʭʽʜ ʩʪʘʥʦʚʠʚ 0,334 ʤʢʤʦʣʴ/ʛʦʜ. 

ɸʮʝʪʦʥ ʪʘʢʦʞ ʫʪʚʦʨʶʚʘʚʩʷ ʚ ʥʘʡʙʽʣʴʰʽʡ ʢʽʣʴʢʦʩʪʽ ʟʽ ʟʨʘʟʢʦʤ ʨʫʪʠʣʫ, ʽʟ 

ʩʝʨʝʜʥʽʤ ʚʠʭʦʜʦʤ 0,124 ʤʢʤʦʣʴ/ʛʦʜ. 

ɿʘ ʨʘʭʫʥʦʢ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ CO2 ʤʦʞʣʠʚʝ ʚʠʨʦʙʥʠʮʪʚʦ 

ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʧʘʣʠʚʘ ʪʘ ʭʽʤʽʢʘʪʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ TiO2 ʫ ʬʦʨʤʽ ʘʥʘʪʘʟʫ ʪʘ 

ʨʫʪʠʣʫ ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʦʤ CO2. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ 

ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ CO2 ʧʝʨʝʜʙʘʯʘʻ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʠʭ ʧʘʨ, ʷʢʽ ʧʦʪʽʤ ʤʦʞʫʪʴ ʨʝʘʛʫʚʘʪʠ ʟ CO2 ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʨʽʟʥʠʭ ʧʨʦʜʫʢʪʽʚ. 

ʈʝʮʠʢʣʽʥʛ CO2 ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʦʛʦ ʬʦʪʦʩʠʥʪʝʟʫ ʤʘʻ ʢʽʣʴʢʘ ʝʢʦʣʦʛʽʯʥʠʭ 

ʘʩʧʝʢʪʽʚ, ʷʢʽ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʜʦʚʢʽʣʣʷ: 

- ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ; 

- ʟʤʝʥʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʢʦʧʥʠʭ ʨʝʩʫʨʩʽʚ; 

- ʟʥʠʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ; 

- ʟʘʢʨʠʪʪʷ ʛʣʦʙʘʣʴʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʮʠʢʣʫ. 
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ʋʪʚʦʨʝʥʽ ʨʝʯʦʚʠʥʠ ï ʤʝʪʘʥʦʣ, ʘʮʝʪʘʪ ʘʣʴʜʝʛʽʜ ʪʘ ʘʮʝʪʦʥ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʧʘʣʠʚʘ. ʄʝʪʘʥʦʣ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʧʨʷʤʝ ʧʘʣʠʚʦ ʜʣʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʜʚʠʛʫʥʽʚ ʘʙʦ ʷʢ 

ʩʠʨʦʚʠʥʘ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʽʥʰʠʭ ʧʘʣʠʚʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʪʘʢʠʭ ʷʢ ʜʠʤʝʪʠʣ ʝʬʽʨ 

(DME) ʘʙʦ ʛʽʜʨʦʛʝʥ. ɸʮʝʪʘʪ ʘʣʴʜʝʛʽʜ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʠʡ ʚ ʙʫʪʘʥʦʣ, ʷʢʠʡ 

ʤʦʞʝ ʩʣʫʞʠʪʠ ʷʢ ʟʘʤʽʥʥʠʢ ʙʝʥʟʠʥʫ. ɹʫʪʘʥʦʣ ʤʘʻ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʝʥʝʨʛʽʾ ʽ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ ʩʪʘʥʜʘʨʪʥʠʭ ʜʚʠʛʫʥʘʭ ʙʝʟ ʟʥʘʯʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ. ɸʮʝʪʦʥ 

ʻ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʨʝʯʦʚʠʥʦʶ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʧʘʥʦʣʫ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʙʝʥʟʠʥʫ ʘʙʦ ʜʦʜʘʪʢʦʚʝ ʧʘʣʠʚʦ ʜʣʷ ʟʤʽʰʫʚʘʥʥʷ 

ʟ ʙʝʥʟʠʥʦʤ. 
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RAINWATER MANAGEMENT BY ñGREENò ROOFS ON THE 

EXAMPLE OF TRADE -BUSINESS CENTRE ñPEREKHRESTIAò, 

DNIPRO CITY  
 

Abstract. The densification of urban building causes the replacement of urban green 

areas with negative environmental impact. Therefore, it is necessary to move to the 

concept of combining living plants with building structures. The concept of green 

construction is a universal approach that allows not only to reduce the negative 

impact of construction on the environment but on the contrary, to ensure a positive 

impact on the environment. This concept can be applied at all levels ï from a single 

building to neighborhoods or settlements. One of the serious problems of cities is the 

management of stormwater runoff. They carry trash, bacteria, heavy metals and other 

pollutants through storm drains into local waterways. The most common means of 

managing urban runoff are storm sewer systems, which have the conventional name 

of "grey infrastructure." These systems are ageing and require expensive repairs. Due 

to climate change, the amount of runoff is increasing, which leads to exceeding the 

carrying capacity of the systems. The development of territories significantly disrupts 

the water balance. The sponge city allows effective solving of these problems thanks 

to the maximum approach of the functioning of built-up areas to unbuilt ones. In this 

work, a "green" roof is being developed on the roof of the "Perekhrestia" shopping 

and business center in Dnipro city. To do this, the volume of precipitation in the city 

for 2022 was analyzed. The "Roof Garden" system from the Zinko-Ukraine company 

was adopted. This system currently has a margin of 50% retention of precipitation 

falling on green areas. To dispose of water from pedestrian areas, it is necessary to 

install water storage tank(s). It is advisable to use this water for watering green areas 

or for toilet needs. Two toilets in the public toilet ensure the emptying of the tank(s) in 

15 days. Increasing the number of sanitary devices simplifies the water supply system 

and increases the resilience of objects to climate change. 

Keywords: "green construction"; "green" roof; rainwater; stormwater runoff; 

sponge city; rainwater management. 

 

ʈ.ʆ. ɻʣʫʱʝʥʢʦ, ʊ.ʄ. ʊʢʘʯʝʥʢʦ  

 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ʂɽʈʋɺɸʅʅʗ ɼʆʑʆɺʀʄʀ ʉʊʆʂɸʄʀ çɿɽʃɽʅʀʄʀè ʇʆʂʈɯɺʃʗʄʀ 

ʅɸ ʇʈʀʂʃɸɼɯ ʊʆʈɻʆɺɽʃʔʅʆ-ɼɯʃʆɺʆɻʆ ʂʆʄʇʃɽʂʉʋ 

çʇɽʈɽʍʈɽʉʊʗè ɺ ʄ. ɼʅɯʇʈʆ 
 

ɸʥʦʪʘʮʽʷ. ʋʱʽʣʴʥʝʥʥʷ ʟʘʙʫʜʦʚʠ ʤʽʩʪ ʩʧʨʠʯʠʥʷʻ ʟʘʤʽʱʝʥʥʷ ʤʽʩʴʢʠʭ ʟʝʣʝʥʠʭ ʟʦʥ 

ʟ ʥʝʛʘʪʠʚʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʜʦʚʢʽʣʣʷ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʢʦʥʮʝʧʮʽʾ 

ʧʦʻʜʥʘʥʥʷ ʞʠʚʠʭ ʨʦʩʣʠʥ ʟ ʙʫʜʽʚʝʣʴʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ. ʂʦʥʮʝʧʮʽʷ ʟʝʣʝʥʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʧʽʜʭʦʜʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʝ ʧʨʦʩʪʦ ʟʤʝʥʰʠʪʠ 

Ò  ʈ.ʆ. ɻʣʫʱʝʥʢʦ, ʊ.ʄ. ʊʢʘʯʝʥʢʦ, 2023 
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ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʙʫʜʽʚʥʠʮʪʚʘ ʥʘ ʜʦʚʢʽʣʣʷ, ʘ ʥʘʚʧʘʢʠ, ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʟʠʪʠʚʥʠʡ 

ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʎʶ ʢʦʥʮʝʧʮʽʶ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘ ʚʩʽʭ 

ʨʽʚʥʷʭ ï ʚʽʜ ʦʢʨʝʤʦʾ ʙʫʜʽʚʣʽ ʜʦ ʢʚʘʨʪʘʣʽʚ ʘʙʦ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ. ʆʜʥʽʻʶ ʟ 

ʩʝʨʡʦʟʥʠʭ ʧʨʦʙʣʝʤ ʤʽʩʪ ʻ ʢʝʨʫʚʘʥʥʷ ʟʣʠʚʦʚʠʤʠ ʩʪʦʢʘʤʠ. ɺʦʥʠ ʧʝʨʝʥʦʩʷʪʴ 

ʩʤʽʪʪʷ, ʙʘʢʪʝʨʽʾ, ʚʘʞʢʽ ʤʝʪʘʣʠ ʪʘ ʽʥʰʽ ʟʘʙʨʫʜʥʶʚʘʯʽ ʯʝʨʝʟ ʟʣʠʚʦʚʫ 

ʢʘʥʘʣʽʟʘʮʽʶ ʚ ʤʽʩʮʝʚʽ ʚʦʜʥʽ ʰʣʷʭʠ. ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʟʘʩʦʙʦʤ 

ʫʧʨʘʚʣʽʥʥʷ ʤʽʩʴʢʠʤʠ ʩʪʦʢʘʤʠ ʻ ʩʠʩʪʝʤʠ ʟʣʠʚʦʚʦʾ ʢʘʥʘʣʽʟʘʮʽʾ, ʷʢʽ ʤʘʶʪʴ ʫʤʦʚʥʫ 

ʥʘʟʚʫ çʩʽʨʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘè. ʎʽ ʩʠʩʪʝʤʠ ʩʪʘʨʽʶʪʴ ʽ ʚʠʤʘʛʘʶʪʴ ʜʦʨʦʛʦʛʦ 

ʨʝʤʦʥʪʫ. ʏʝʨʝʟ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʦʙʩʷʛ ʩʪʦʢʽʚ ʟʨʦʩʪʘʻ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʝʨʝʚʠʱʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʩʠʩʪʝʤ. ɿʘʙʫʜʦʚʘ ʪʝʨʠʪʦʨʽʡ ʩʫʪʪʻʚʦ 

ʧʦʨʫʰʫʻ ʚʦʜʥʠʡ ʙʘʣʘʥʩ. ʄʽʩʪʦ-ʛʫʙʢʘ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ ʮʽ 

ʧʨʦʙʣʝʤʠ ʟʘʚʜʷʢʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʙʣʠʞʝʥʥʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʙʫʜʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʜʦ ʥʝʟʘʙʫʜʦʚʘʥʠʭ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʷʻʪʴʩʷ çʟʝʣʝʥʘè ʧʦʢʨʽʚʣʷ 

ʥʘ ʜʘʭʫ ʪʦʨʛʦʚʝʣʴʥʦ-ʜʽʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ çʇʝʨʝʭʨʝʩʪʷè ʚ ʤ. ɼʥʽʧʨʦ. ɼʣʷ ʮʴʦʛʦ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʙôʻʤʠ ʦʧʘʜʽʚ ʚ ʤ. ɼʥʽʧʨʦ ʟʘ 2022 ʨ. ʇʨʠʡʥʷʪʦ ʩʠʩʪʝʤʫ çʉʘʜ ʥʘ 

ʜʘʭʫè ʚʽʜ ʢʦʤʧʘʥʽʾ ɿʽʥʢʦ-ʋʢʨʘʾʥʘ. ʎʷ ʩʠʩʪʝʤʘ ʥʘ ʩʴʦʛʦʜʥʽ ʤʘʻ ʟʘʧʘʩ 50% 

ʫʪʨʠʤʘʥʥʷ ʦʧʘʜʽʚ, ʱʦ ʧʦʪʨʘʧʠʣʠ ʥʘ ʟʝʣʝʥʽ ʟʦʥʠ. ɼʣʷ ʫʪʠʣʽʟʘʮʽʾ ʚʦʜʠ ʟ 

ʧʽʰʦʭʽʜʥʠʭ ʟʦʥ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʙʘʢ(ʠ) ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʚʦʜʠ. ʎʶ ʚʦʜʫ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘ ʧʦʣʠʚ ʟʝʣʝʥʠʭ ʟʦʥ ʘʙʦ ʜʣʷ ʧʦʪʨʝʙ ʪʫʘʣʝʪʽʚ. ɼʚʘ 

ʫʥʽʪʘʟʠ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʫʘʣʝʪʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʧʦʨʦʞʥʝʥʥʷ ʙʘʢʘ(ʽʚ) ʟʘ 15 ʜʽʙ. 

ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʘʥʽʪʘʨʥʠʭ ʧʨʠʣʘʜʽʚ ʩʧʨʦʱʫʻ ʩʠʩʪʝʤʫ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ʪʘ ʧʽʜʚʠʱʫʻ ʩʪʽʡʢʽʩʪʴ ʦʙôʻʢʪʽʚ ʜʦ ʟʤʽʥ ʢʣʽʤʘʪʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: çʟʝʣʝʥʝè ʙʫʜʽʚʥʠʮʪʚʦ; çʟʝʣʝʥʘè ʧʦʢʨʽʚʣʷ; ʜʦʱʦʚʽ ʚʦʜʠ; ʟʣʠʚʦʚʽ 

ʩʪʦʢʠ; ʤ̔ ʩʪʦ-ʛʫʙʢʘ; ʢʝʨʫʚʘʥʥʷ ʜʦʱʦʚʠʤʠ ʩʪʦʢʘʤʠ. 
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ɺʩʪʫʧ 

 

ɿ ʧʦʯʘʪʢʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʨʝʚʦʣʶʮʽʾ ʫʨʙʘʥʽʟʘʮʽʷ ʥʘʙʫʣʘ ʣʘʚʠʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʱʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʣʘʥʜʰʘʬʪʽʚ. ʋʱʽʣʴʥʝʥʥʷ ʟʘʙʫʜʦʚʠ ʤʽʩʪ 

ʩʧʨʠʯʠʥʷʻ ʟʘʤʽʱʝʥʥʷ ʤʽʩʴʢʠʭ ʟʝʣʝʥʠʭ ʟʦʥ, ʪʦʙʪʦ ʚʪʨʘʪʫ ʨʝʢʨʝʘʮʽʡʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ, ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ, ʧʨʠʨʦʜʥʠʭ ʟʘʩʦʙʽʚ ʦʯʠʱʝʥʥʷ ʜʦʚʢʽʣʣʷ ʪʘ 

ʥʘʩʠʯʝʥʥʷ ʢʠʩʥʝʤ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʢʦʥʮʝʧʮʽʾ ʧʦʻʜʥʘʥʥʷ ʞʠʚʠʭ 

ʨʦʩʣʠʥ ʟ ʙʫʜʽʚʝʣʴʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ. 

ʗʢʱʦ ʥʝ ʚʞʠʚʘʪʠ ʟʘʭʦʜʽʚ, ʚʠʥʠʢʘʶʪʴ ʥʝʙʝʟʧʝʯʥʽ ʷʚʠʱʘ ï ʝʬʝʢʪ ʤʽʩʴʢʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʦʩʪʨʦʚʫ (ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʷʛʘʻ 10Áʉ), ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ 

ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʪʝʭʥʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʦʙʣʝʤʠ ʟ ʚʽʜʚʝʜʝʥʥʷʤ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʩʪʦʢʫ ʯʝʨʝʟ ʟʨʦʩʪʘʥʥʷ ʾʭʥʴʦʛʦ ʦʙôʻʤʫ ʪʘ ʟʥʦʰʝʥʥʷ ʩʠʩʪʝʤʠ ʜʦʱʦʚʦʾ 

ʢʘʥʘʣʽʟʘʮʽʾ, ʩʦʮʽʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ï ʥʝʩʪʘʯʘ ʤʽʩʮʴ ʜʣʷ ʨʝʢʨʝʘʮʽʾ, ʧʦʛʽʨʰʝʥʥʷ 

ʩʪʘʥʫ ʟʜʦʨʦʚôʷ, ʚʽʜʝʦʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ (ʧʦʛʽʨʰʝʥʥʷ ʝʩʪʝʪʠʯʥʠʭ ʷʢʦʩʪʝʡ, 

ʩʪʚʦʨʝʥʥʷ ʧʩʠʭʽʯʥʦ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ) ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ. 

ʂʦʥʮʝʧʮʽʷ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʧʽʜʭʦʜʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʝ 

ʧʨʦʩʪʦ ʟʤʝʥʰʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʙʫʜʽʚʥʠʮʪʚʘ ʥʘ ʜʦʚʢʽʣʣʷ, ʘ ʥʘʚʧʘʢʠ, 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʎʶ ʢʦʥʮʝʧʮʽʶ 

ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ï ʚʽʜ ʦʢʨʝʤʦʾ ʙʫʜʽʚʣʽ ʜʦ ʢʚʘʨʪʘʣʽʚ ʘʙʦ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ. 

ʆʙôʻʢʪ ʚʚʘʞʘʻʪʴʩʷ ʦʙôʻʢʪʦʤ ñʟʝʣʝʥʦʛʦò ʙʫʜʽʚʥʠʮʪʚʘ, ʷʢʱʦ ʡʦʛʦ 

ʩʧʨʦʻʢʪʦʚʘʥʦ, ʧʦʙʫʜʦʚʘʥʦ ʪʘ ʚʽʥ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ [1]: 

¶ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ; 

¶ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ ʟʤʝʥʰʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ; 

¶ ʟʜʦʨʦʚʦʛʦ, ʟʨʫʯʥʦʛʦ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʩʪʦʨʫ; 

¶ ʛʘʨʤʦʥʽʡʥʦʛʦ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʟ ʧʨʠʨʦʜʦʶ. 
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ʊʝʭʥʦʣʦʛʽʾ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʥʠʞʝʥʥʽ 

ʚʠʢʠʜʽʚ ʚʫʛʣʝʮʶ. ɺʠʨʦʙʥʠʮʪʚʦ ʙʝʪʦʥʽʚ ʜʘʻ ʜʦ 5% ʩʚʽʪʦʚʠʭ ʘʥʪʨʦʧʦʛʝʥʥʠʭ 

ʚʠʢʠʜʽʚ ʮʴʦʛʦ ʧʘʨʥʠʢʦʚʦʛʦ ʛʘʟʫ [2]. ʊʦʤʫ ʟʤʝʥʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ 

ʙʝʪʦʥʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʙʫʜʽʚʥʠʮʪʚʘ, ʚʽʜʧʦʚʽʜʘʻ ʢʦʥʮʝʧʮʽʾ 

ñʟʝʣʝʥʦʛʦò ʙʫʜʽʚʥʠʮʪʚʘ. 

ʋ ʟʝʣʝʥʠʭ ʙʫʜʽʚʣʷʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʤʘʪʝʨʽʘʣʠ, ʱʦʙ 

ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ/ʘʙʦ ʚʠʪʨʘʪʠ ʥʘ ʝʥʝʨʛʽʶ. 

ʊʘʢʠʤʠ ʻ ʦʧʪʠʤʽʟʘʮʽʷ ʦʨʽʻʥʪʘʮʽʾ ʙʫʜʽʚʣʽ [3], ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ 

ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʙʫʜʽʚʣʽ  

[3, 4], ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʝ ʧʽʜʪʨʠʤʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʢʣʽʤʘʪʫ ʦʧʘʣʝʥʥʷʤ ʪʘ 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷʤ ʧʦʚʽʪʨʷ [5], ʟʦʢʨʝʤʘ ʧʨʘʚʠʣʴʥʠʤ ʧʦʚʽʪʨʦʨʦʟʧʦʜʽʣʝʥʥʷʤ  

[6, 7], ʫʧʨʘʚʣʽʥʥʷ ʦʩʚʽʪʣʝʥʥʷʤ [5], ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ [5], 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ [5], ʥʘʚʯʘʥʥʷ ʣʶʜʝʡ ʧʨʘʚʠʣʴʥʽʡ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʝʣʴ [5], ʪʝʭʥʦʣʦʛʽʷ ʨʦʟʫʤʥʦʛʦ ʤʽʩʪʘ [8]. ʎʝ ʜʦʟʚʦʣʷʻ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʨʽʟʥʠʭ ʩʠʩʪʝʤ ʞʠʪʪʻʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʩʧʦʞʠʚʘʥʥʷ 

ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ ʚʧʨʦʚʘʜʠʪʠ ñʟʝʣʝʥ ̔ʢʦʥʩʪʨʫʢʮʽòʾ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʙʫʜʽʚʝʣʴʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʞʠʚʠʤʠ ʨʦʩʣʠʥʘʤʠ [9-15]. 

ʆʜʥʽʻʶ ʟ ʩʝʨʡʦʟʥʠʭ ʧʨʦʙʣʝʤ ʤʽʩʪ ʻ ʢʝʨʫʚʘʥʥʷ ʟʣʠʚʦʚʠʤʠ ʩʪʦʢʘʤʠ [16], ʱʦ 

ʻ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ ʪʘ ˇʨʫʥʪʫ ʚ ʤʽʩʪʘʭ. ɺʦʥʠ ʧʝʨʝʥʦʩʷʪʴ 

ʩʤʽʪʪʷ, ʙʘʢʪʝʨʽʾ, ʚʘʞʢʽ ʤʝʪʘʣʠ ʪʘ ʽʥʰʽ ʟʘʙʨʫʜʥʶʚʘʯʽ ʯʝʨʝʟ ʟʣʠʚʦʚʫ ʢʘʥʘʣʽʟʘʮʽʶ 

ʚ ʤʽʩʮʝʚʽ ʚʦʜʥʽ ʰʣʷʭʠ. ʉʠʣʴʥʽ ʟʣʠʚʠ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʧʦʚʝʥʽ, ʷʢʽ ʟʘʚʜʘʜʫʪʴ 

ʰʢʦʜʠ ʤʘʡʥʫ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ [17]. 

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʟʘʩʦʙʦʤ ʫʧʨʘʚʣʽʥʥʷ ʤʽʩʴʢʠʤʠ ʩʪʦʢʘʤʠ ʻ ʩʠʩʪʝʤʠ 

ʟʣʠʚʦʚʦʾ ʢʘʥʘʣʽʟʘʮʽʾ, ʷʢʽ ʤʘʶʪʴ ʫʤʦʚʥʫ ʥʘʟʚʫ çʩʽʨʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘè [18]. ʎʽ 

ʩʠʩʪʝʤʠ ʩʪʘʨʽʶʪʴ ʽ ʚʠʤʘʛʘʶʪʴ ʜʦʨʦʛʦʛʦ ʨʝʤʦʥʪʫ. ʏʝʨʝʟ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʦʙʩʷʛ 

ʩʪʦʢʽʚ ʟʨʦʩʪʘʻ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʚʠʱʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʩʠʩʪʝʤ. 

ɺʠʭʦʜʦʤ ʻ ʧʝʨʝʭʽʜ ʜʦ çʟʝʣʝʥʦʾè ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ [19] ʟʘ ʢʦʥʮʝʧʮʽʻʶ çʤʽʩʪʦ-

ʛʫʙʢʘè [20]. ʆʩʥʦʚʥʠʤ ʧʨʠʥʮʠʧʦʤ ʻ ʧʦʛʣʠʥʘʥʥʷ ʜʦʱʦʚʦʾ ʚʦʜʠ ʷʢʦʤʦʛʘ ʙʣʠʞʯʝ 

ʜʦ ʾʾ ʧʘʜʽʥʥʷ. 

ʋ 2019 ʨʦʮʽ ʂʦʥʛʨʝʩ ʉʧʦʣʫʯʝʥʠʭ ʐʪʘʪʽʚ ɸʤʝʨʠʢʠ ʧʨʠʡʥʷʚ çɿʘʢʦʥ ʧʨʦ 

ʧʦʢʨʘʱʝʥʥʷ ʚʦʜʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠè [21], ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʟʝʣʝʥʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʷʢ çʥʘʙʽʨ ʟʘʭʦʜʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʩʪʝʤʠ ʨʦʩʣʠʥ ʘʙʦ 

ˇʨʫʥʪʫ, ʚʦʜʦʧʨʦʥʠʢʥʝ ʧʦʢʨʠʪʪʷ ʘʙʦ ʽʥʰʽ ʚʦʜʦʧʨʦʥʠʢʥʽ ʧʦʚʝʨʭʥʽ ʯʠ ʩʫʙʩʪʨʘʪʠ, 

ʟʙʽʨ ʪʘ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʱʦʚʦʾ ʚʦʜʠ ʘʙʦ ʦʟʝʣʝʥʝʥʥʷ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ, 

ʧʨʦʥʠʢʥʝʥʥʷ ʘʙʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʟʣʠʚʦʚʦ ʾʚʦʜʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʥʘʜʭʦʜʞʝʥʥʷ 

ʜʦ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʘʙʦ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜè. 

ʂʦʥʮʝʧʮʽʷ ʤʽʩʪʘ-ʛʫʙʢʠ ʧʝʨʝʜʙʘʯʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʷʚʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʜʦʱʦʚʦʾ ʚʦʜʠ ï çʟʝʣʝʥʽè ʧʦʢʨʽʚʣʽ, ʜʦʱʦʚʽ ʩʘʜʠ, 

ʚʦʜʦʧʨʦʧʫʩʢʥʽ ʧʦʢʨʠʪʪʷ ʜʦʨʽʛ ʪʘ ʜʦʨʽʞʦʢ ʪʦʱʦ [22]. ɺʦʜʦʩʪʦʢʠ ʧʦʢʨʽʚʝʣʴ 

ʤʦʞʫʪʴ ʦʙʣʘʜʥʫʚʘʪʠʩʷ ʨʝʟʝʨʚʫʘʨʘʤʠ ʜʣʷ ʟʙʠʨʘʥʥʷ ʜʦʱʦʚʦʾ ʚʦʜʠ ʥʘ ʪʝʭʥʽʯʥʽ 

ʮʽʣʽ [23]. ʆʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʦ ʟʙʠʨʘʪʠ ʚʦʜʫ ʧʽʩʣʷ ʬʽʣʴʪʨʘʮʽʾ ʚ ʰʘʨʘʭ çʟʝʣʝʥʠʭè 

ʧʦʢʨʽʚʝʣʴ [23]. 

ɿʘʙʫʜʦʚʘ ʪʝʨʠʪʦʨʽʡ [24] ʩʫʪʪʻʚʦ ʧʦʨʫʰʫʻ ʚʦʜʥʠʡ ʙʘʣʘʥʩ (ʨʠʩ. 1), ʱʦ 

ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʜʦʚʢʽʣʣʽ. ɿʦʢʨʝʤʘ, ʟʤʝʥʰʝʥʥʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ. ɸ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʪʦʢʫ 

ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ ʚʦʜʦʥʦʩʥʠʭ 

ʛʦʨʠʟʦʥʪʽʚ, ʟʦʢʨʝʤʘ, ʨʦʙʦʪʠ ʢʦʣʦʜʷʟʽʚ ʫ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʷʭ. ʄʽʩʪʦ-ʛʫʙʢʘ 

ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ ʮʽ ʧʨʦʙʣʝʤʠ ʟʘʚʜʷʢʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʥʘʙʣʠʞʝʥʥʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʙʫʜʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʜʦ ʥʝʟʘʙʫʜʦʚʘʥʠʭ. 
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ʘ  ʙ  
 

ʈʠʩ. 1. ɺʦʜʥʠʡ ʙʘʣʘʥʩ ʪʝʨʠʪʦʨʽʡ [24]: ʘ ï ʥʝʟʘʙʫʜʦʚʘʥʦʾ; ʙ ï ʟʘʙʫʜʦʚʘʥʦʾ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, çʟʝʣʝʥʘè ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ï ʮʝ ʘʜʘʧʪʠʚʥʠʡ ʽ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʟʣʠʚʦʚʠʤʠ ʚʦʜʘʤʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʢʣʽʤʘʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʟ ʙʘʛʘʪʴʤʘ ʧʝʨʝʚʘʛʘʤʠ ʜʣʷ ʛʨʦʤʘʜ: 

¶ ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ʩʪʽʯʥʠʭ ʚʦʜ ʪʘ ʟʙʝʨʽʛʘʻ ʾʭ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ; 

¶ ʧʽʜʚʠʱʫʻ ʩʪʽʡʢʽʩʪʴ ʩʧʽʣʴʥʦʪʠ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ; 

¶ ʟʤʽʮʥʶʻ ʤʽʩʮʝʚʫ ʝʢʦʥʦʤʽʢʫ ʯʝʨʝʟ ʟʤʝʥʰʝʥʥʷ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ, ʚʠʪʨʘʪ 

ʥʘ ʜʦʱʦʚʫ ʢʘʥʘʣʽʟʘʮʽʶ, ʙʽʣʴʰ ʥʘʜʽʡʥʫ ʣʦʛʽʩʪʠʢʫ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ 

ʟʘʪʦʧʣʝʥʥʷ ʘʚʪʦʰʣʷʭʽʚ, ʚʽʜʩʫʪʥʽʩʪʴ ʚʪʨʘʪ ʯʝʨʝʟ ʟʘʪʦʧʣʝʥʥʷ ʧʽʜʚʘʣʽʚ, 

ʮʦʢʦʣʴʥʠʭ ʧʦʚʝʨʭʽʚ, ʧʽʜʟʝʤʥʠʭ ʧʝʨʝʭʦʜʽʚ ʪʦʱʦ. 

ʆʜʥʠʤ ʟ ʝʣʝʤʝʥʪʽʚ çʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘè, ʷʢʠʡ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʛʫʙʢʠ, ʻ 

ʟʝʣʝʥʽ ʧʦʢʨʽʚʣʽ ʥʘ ʙʫʜʽʚʣʷʭ, ʪʦʙʪʦ ʧʦʻʜʥʘʥʥʷ ʧʦʢʨʽʚʣʽ ʟ ʞʠʚʠʤʠ ʨʦʩʣʠʥʘʤʠ. 

ʆʩʦʙʣʠʚʽʩʪʶ çʟʝʣʝʥʠʭ ʧʦʢʨʽʚʝʣʴè ʻ ʥʝ ʣʠʰʝ ʟʘʪʨʠʤʫʚʘʥʥʷ ʽ ʚʽʜʚʝʜʝʥʥʷ 

ʜʦʱʦʚʦʾ ʚʦʜʠ, ʘʣʝ ʽ ʾʾ ʬʽʣʴʪʨʘʮʽʷ ʟ ʧʦʜʘʣʴʰʦʶ ʤʦʞʣʠʚʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʦʪʨʝʙ. ʊʦʤʫ ʧʦʩʪʘʻ ʟʘʜʘʯʘ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ çʟʝʣʝʥʠʭè 

ʧʦʢʨʽʚʝʣʴ. 

 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ 

 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʷʻʪʴʩʷ çʟʝʣʝʥʘè ʧʦʢʨʽʚʣʷ ʥʘ ʜʘʭʫ ʪʦʨʛʦʚʝʣʴʥʦ-ʜʽʣʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʫ çʇʝʨʝʭʨʝʩʪʷè ʚ ʤ. ɼʥʽʧʨʦ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ 

ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʟʘ ʜʘʥʠʤʠ [25]. ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ ʦʙʣʘʩʪʴ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʧʦʤʽʨʥʠʭ ʰʠʨʦʪʘʭ ʽ ʤʘʻ ʧʦʤʽʨʥʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʡ ʢʣʽʤʘʪ [25]. ʋ ʩʽʯʥʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʡʥʠʞʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ï ʤʽʥʫʩ 5,5 Áʉ. ʋ ʣʠʧʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʥʘʡʚʠʱʘ ʪʝʤʧʝʨʘʪʫʨʘ ï ʧʣʶʩ 26,7 Áʉ. ʈʽʯʥʘ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ 513 ʤʤ. ɺʦʜʥʽ 

ʨʝʩʫʨʩʠ ʦʙʣʘʩʪʽ ʚ ʩʝʨʝʜʥʽʡ ʟʘ ʚʦʜʥʽʩʪʶ ʨʽʢ ʩʪʘʥʦʚʣʷʪʴ 52,8 ʤʣʨʜ ʤ3. ɿʦʢʨʝʤʘ, 

ʤʽʩʮʝʚʠʡ ʩʪʽʢ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʚ ʤʝʞʘʭ ʦʙʣʘʩʪʽ, ʩʪʘʥʦʚʠʪʴ 0,825 ʤʣʨʜ ʤ3 ʽ 

0,381 ʤʣʨʜ ʤ3 ï ʟʘʧʘʩʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ɺʦʜʦʟʘʙʝʟʧʝʯʝʥʽʩʪʴ ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʦ 

ʦʙʣʘʩʪʽ ʩʪʘʥʦʚʠʪʴ 0,57 ʪʠʩ. ʤ3 ʚʦʜʠ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ ʥʘ ʨʽʢ. ɺ ʧʦʨʽʚʥʷʥʥʽ ʮʝʡ 

ʧʦʢʘʟʥʠʢ ʧʦ ʋʢʨʘʾʥʽ ʩʪʘʥʦʚʠʪʴ 1 ʪʠʩ. ʤ3 ʥʘ ʨʽʢ, ʫ ɭʚʨʦʧʽ ï 4,6 ʪʠʩ. ʤ3, ʚ ʂʘʥʘʜʽ ï 

99 ʪʠʩ. ʤ3, ʫ ʩʚʽʪʽ ï 8,2 ʪʠʩ. ʤ3. 

ʆʛʣʷʜ ʪʘ ʘʥʘʣʽʟ ʥʘʷʚʥʠʭ ʩʠʩʪʝʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ ʦʙʣʘʩʪʽ 

ʧʦʢʘʟʫʻ, ʱʦ ʚʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʥʝʟʘʜʦʚʽʣʴʥʦʤʫ ʩʪʘʥʽ, ʦʯʠʩʥʽ 

ʩʧʦʨʫʜʠ ʧʨʘʮʶʶʪʴ ʥʝʝʬʝʢʪʠʚʥʦ ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʨʝʤʦʥʪʫ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ. 
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ʋ ʮʽʣʦʤʫ, ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʙʽʣʴʰʦʩʪʽ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. 

ʆʜʥʘʢ, ʷʢʽʩʪʴ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʥʝʟʘʜʦʚʽʣʴʥʘ, ʥʠʟʢʘ ʧʦʢʘʟʥʠʢʽʚ ʧʝʨʝʚʠʱʫʻ 

ʥʦʨʤʘʪʠʚʠ ʛʨʘʥʠʯʥʦ-ʜʦʧʫʩʪʠʤʦʛʦ ʩʢʠʜʫ ʟʘʙʨʫʜʥʶʚʘʯʽʚ (ɻɼʉ) ʽ ʥʝ ʜʦʟʚʦʣʷʻ 

ʜʦʩʷʛʥʫʪʠ ʢʘʪʝʛʦʨʽʾ ñʥʦʨʤʘʪʠʚʥʦ-ʦʯʠʱʝʥʽò. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ çʟʝʣʝʥʦʾè ʧʦʢʨʽʚʣʽ ʥʘ ʜʘʭʫ ʪʦʨʛʦʚʝʣʴʥʦ-ʜʽʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ 

çʇʝʨʝʭʨʝʩʪʷè ʚ ʤ. ɼʥʽʧʨʦ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʦʙôʻʤʠ ʦʧʘʜʽʚ ʚ ʤ. ɼʥʽʧʨʦ ʟʘ 2022 ʨ. 

(ʨʠʩ. 2). ʄʘʢʩʠʤʘʣʴʥʠʡ ʦʙôʻʤ ʦʧʘʜʽʚ ʚʽʜʧʦʚʽʜʘʻ ʆʩ = 34 ʤʤ ʫ ʢʚʽʪʥʽ (ʢʽʣʴʢʽʩʪʴ 

ʜʥʽʚ z = 30). 
 

  
 

ʈʠʩ. 2. ʆʙôʻʤ ʦʧʘʜʽʚ ʟʘ ʜʘʥʠʤʠ ʘʨʭʽʚʫ ʧʦʛʦʜʠ 

 

ʈʦʟʨʦʙʣʝʥʥʷ çʟʝʣʝʥʦʾè ʧʦʢʨʽʚʣʽ ʟ ʬʫʥʢʮʽʻʶ ʚʦʜʦʫʪʨʠʤʘʥʥʷ ʪʘ ʧʦʚʪʦʨʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ 

 

ɿʘʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʪʨʠʤʫʚʘʥʥʷ ʚʦʜʠ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʘʷʚʥʽ ʥʘ ʨʠʥʢʫ 

ʨʽʰʝʥʥʷ ʽ ʧʨʠʡʥʷʪʦ ʩʠʩʪʝʤʫ çʉʘʜ ʥʘ ʜʘʭʫè ʚʽʜ ʢʦʤʧʘʥʽʾ ɿʽʥʢʦ-ʋʢʨʘʾʥʘ  

(ʨʠʩ. 3, 4). ʎʝ ï ʩʠʩʪʝʤʘ ʟʽ ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʽʙʨʘʥʠʤ ʜʣʷ ʮʴʦʛʦ ʥʘʙʦʨʦʤ ʨʦʩʣʠʥ, 

ʚʦʣʦʛʦʫʪʨʠʤʫʶʯʠʤʠ ʤʘʪʘʤʠ ʽ ʜʨʝʥʘʞʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʪʠʧʫ FloradrainÈ FD 

40 [26]. ɺʠʩʦʪʘ ʩʠʩʪʝʤʠ 160 ʤʤ, ʤʘʩʘ 180 ʢʛ/ʤ2, ʚʦʜʦʥʘʢʦʧʠʯʝʥʥʷ 68 ʜʤ3/ʤ2 ʘʙʦ 

H = 68 ʤʤ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʪʦʢʫ C < 30. ʇʣʦʱʘ ʜʘʭʫ ʊɼʂ çʇʝʨʝʭʨʝʩʪʷè 

Sʧ = 1192 ʤ2 ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʣʦʱʽ ʟʝʣʝʥʠʭ ʟʦʥ Sʚʫ = 544 ʤ2, ʱʦ ʫʪʨʠʤʫʶʪʴ ʚʦʜʫ, 

ʪʘ ʧʣʦʱʽ ʧʽʰʦʭʽʜʥʠʭ ʟʦʥ Sʚʚ = 648 ʤ2 ʟ ʚʦʜʦʧʨʦʧʫʩʢʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʟʚʽʜʢʠ ʚʦʜʘ 

ʚʽʜʚʦʜʠʪʴʩʷ. 

 
 
ʈʠʩ. 3. ʉʭʝʤʘ ʩʠʩʪʝʤʠ FloradrainÈ FD 40 [26]: 1 ï ʙʘʛʘʪʦʨʽʯʥʽ ʨʦʩʣʠʥʠ; 2 ï ʩʠʩʪʝʤʥʠʡ 

ʩʫʙʩʪʨʘʪ çʟʘʧʘʰʥʽ ʪʨʘʚʠè; 3 ï ʩʠʩʪʝʤʥʠʡ ʬʽʣʴʪʨ SF; 4 ï ʜʨʝʥʘʞʥʠʡ ʝʣʝʤʝʥʪ 

FloradrainÈ FD 40-E, FD 40-R (ʨʫʣʦʥ), FD 40-RV (ʨʫʣʦʥ ʽ ʩʠʩʪʝʤʥʠʡ ʬʽʣʴʪʨ);  

5 ï ʚʦʣʦʛʦʫʪʨʠʤʫʚʘʣʴʥʠʡ ʟʘʭʠʩʥʠʡ ʤʘʪ SSM 45; 6 ï ʧʨʦʪʠʢʦʨʝʥʝʚʠʡ ʰʘʨ WSF 40;  

7 ï ʢʦʥʩʪʨʫʢʮʽʷ ʜʘʭʫ 
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ʈʠʩ. 4. ʇʨʦʻʢʪ çʟʝʣʝʥʦʾè ʧʦʢʨʽʚʣʽ: 

 ï ʤʦʥʪʫʚʘʥʥʷ ʜʨʝʥʘʞʥʦʛʦ ʤʘʪʘ FloradrainÈ FD 40 ʫ ʧʽʰʦʭʽʜʥʠʭ ʟʦʥʘʭ ʦʪʚʦʨʘʤʠ 

ʜʦʥʠʟʫ ʜʣʷ ʰʚʠʜʰʦʛʦ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ (Sʚʚ = 648 ʤ2); 

 ï ʤʦʥʪʫʚʘʥʥʷ ʜʨʝʥʘʞʥʦʛʦ ʤʘʪʘ FloradrainÈ FD 40 ʫ ʟʦʥʘʭ ʥʘʩʘʜʞʝʥʴ ʦʪʚʦʨʘʤʠ 

ʜʦʛʦʨʠ ʜʣʷ ʫʪʨʠʤʫʚʘʥʥʷ ʚʦʜʠ (Sʚʫ = 544 ʤ2) 

 

ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʟʣʠʚʽ ʥʘ ʨʽʚʥʽ ʆʩ = 34 ʤʤ ʟʘʧʘʩ ʩʪʘʥʦʚʠʪʴ 

 

ɿ = 100Ŀ(H ï Oʩ)/H = 50%. 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ ʽ ʧʦʚôʷʟʘʥʝ ʟ ʥʠʤʠ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʦʧʘʜʽʚ ʥʝ ʧʦʚʠʥʥʽ ʚʠʩʥʘʞʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʚʦʜʦʫʪʨʠʤʘʥʥʷ ʟʝʣʝʥʠʭ ʟʦʥ ʧʦʢʨʽʚʣʽ. 

ɼʦʱʦʚʘ ʚʦʜʘ ʙʫʜʝ ʧʦʚʥʽʩʪʶ ʫʪʨʠʤʘʥʘ ʟʝʣʝʥʠʤʠ ʟʦʥʘʤʠ ʙʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʟʣʠʚʦʚʝ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ. 

ʊʝʦʨʝʪʠʯʥʘ ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ, ʷʢʘ ʫʪʨʠʤʫʻʪʴʩʷ ʟʝʣʝʥʠʤʠ 

ʟʦʥʘʤʠ ʜʘʥʦʾ ʧʦʢʨʽʚʣʽ, ʜʤ3, 

 

 Wʚʫ = SʚʫĿOʩ . (1) 

 

ɿʘ ʬʦʨʤʫʣʦʶ (1) Wʚʫ = 18496 ʜʤ3. 

ʇʦʪʨʝʙʘ ʫ ʚʦʜʽ ʥʘ ʧʦʣʠʚ ʟʘ [27] ʩʪʘʥʦʚʠʪʴ 3...6 ʜʤ3/(ʤ2Āʜʦʙʫ). ʗʢʱʦ 

ʘʩʦʨʪʠʤʝʥʪ ʨʦʩʣʠʥ ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ ʦʙʣʘʩʪʽ, 

ʧʨʠʡʤʘʻʤʦ ʧʦʪʨʝʙʫ q = 3 ʜʤ3/(ʤ2Āʜʦʙʫ). ʊʦʜʽ ʧʦʪʨʝʙʘ ʫ ʧʦʣʠʚʽ ʟʝʣʝʥʠʭ ʟʦʥ 

ʩʪʘʥʦʚʠʪʠʤʝ, ʜʤ3/ʜʦʙʫ, 

 

 Qʧ = SʚʫĿq. (2) 

 

ɿʘ ʬʦʨʤʫʣʦʶ (2) Qʧ = 1632 ʜʤ3/ʜʦʙʫ. ʊʦʜʽ ʢʽʣʴʢʽʩʪʴ ʜʽʙ, ʷʢʽ ʧʦʢʨʽʚʣʶ ʥʝ ʩʣʽʜ 

ʧʦʣʠʚʘʪʠ ʧʽʩʣʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʟʣʠʚʠ, ʩʣʽʜ ʚʠʟʥʘʯʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ, ʜʽʙ, 

 

 n = Wʚʫ /Qʧ = Oʩ /q. (3) 

 

ɿʘ ʬʦʨʤʫʣʦʶ (3) ʧʦʢʨʽʚʣʶ ʤʦʞʥʘ ʥʝ ʧʦʣʠʚʘʪʠ n = 11,3 ʜʽʙ. ʇʨʠ ʮʴʦʤʫ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʚʠʢʦʨʠʩʪʘʥʠʡ ʨʝʩʫʨʩ ʜʦʱʦʚʦʾ ʚʦʜʠ ʟ ʧʽʰʦʭʽʜʥʠʭ ʟʦʥ ʦʙôʻʤʦʤ, ʤ3, 

 

 Wʚʚ = SʚʚĿOʩ . (4) 



~ 55 ~ 
 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʚʠʧ. 3 (47), 2023 

ɿʘ ʬʦʨʤʫʣʦʶ (4) Wʚʚ = 22032 ʜʤ3. ʎʶ ʚʦʜʫ ʜʦʮʽʣʴʥʦ ʟʙʠʨʘʪʠ ʜʦ ʙʘʢʘ(ʽʚ) 

ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʫʪʠʣʽʟʘʮʽʾ ʜʘʥʦʛʦ ʨʝʩʫʨʩʫ 

ʦʙôʻʤ ʙʘʢʘ(ʽʚ) ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ Wʚʚ ʟ ʟʘʦʢʨʫʛʣʝʥʥʷʤ ʫ ʙʽʣʴʰʠʡ ʙʽʢ ï 

ɆWʙ = 23 ʤ3. 

ʆʧʪʠʤʘʣʴʥʠʡ ʯʘʩ ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʠ ʟʘ ʜʦʩʚʽʜʦʤ ʩʪʘʥʦʚʠʪʴ 2...3 ʪʠʞʥʽ, ʧʽʩʣʷ 

ʯʦʛʦ ʷʢʽʩʪʴ ʚʦʜʠ ʟʥʘʯʥʦ ʧʦʛʽʨʰʫʻʪʴʩʷ ʯʝʨʝʟ ʙʽʦʣʦʛʽʯʥʽ ʪʘ ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʢʦʧʠʯʝʥʦʛʦ ʦʙôʻʤʫ ʥʘ ʧʦʣʠʚ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʧʨʦʪʷʛʦʤ nʧ ʜʽʙ 

ʟʘ ʬʦʨʤʫʣʦʶ 

 

 nʧ = Wʚʚ /Qʧ = (Sʚʚ / Sʚʫ)Ŀ(Oʩ / q) = (Sʚʚ / Sʚʫ)Ŀn. (5) 

 

ɿʘ ʟʘʣʝʞʥʽʩʪʶ (5) ʤʘʻʤʦ nʧ = 13,5. ʗʢʱʦ ʧʦʯʠʥʘʪʠ ʧʦʣʠʚ ʟ ʙʘʢʘ(ʽʚ) ʧʽʩʣʷ 

ʚʠʯʝʨʧʫʚʘʥʥʷ ʫʪʨʠʤʘʥʦʾ ʚʦʜʠ, ʟʙʝʨʽʛʘʪʠ ʚʦʜʫ ʚ ʙʘʢʫ ʧʨʠʡʜʝʪʴʩʷ n + nʧ = 24,8 

ʜʥ̔. ʆʩʪʘʥʥʽ 3,5 ʜʥʽ ʜʦ ʩʫʙʩʪʨʘʪʫ ʧʦʪʨʘʧʣʷʪʠʤʝ ʚʦʜʘ ʥʝʥʘʣʝʞʥʦʾ ʷʢʦʩʪʽ. 

ʄʦʞʥʘ ʩʧʨʦʙʫʚʘʪʠ ʩʪʨʘʪʝʛʽʶ ʧʦʧʦʚʥʝʥʥʷ ʟʘʧʘʩʽʚ ʫʪʨʠʤʘʥʦʾ ʚʦʜʠ ʰʣʷʭʦʤ 

ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʛʦ ʧʦʣʠʚʘʥʥʷ, ʥʽʞ ʧʦʪʨʽʙʥʦ. ʇʨʠ ʮʴʦʤʫ ʚʦʜʘ ʟʥʦʚʫ 

ʧʨʦʭʦʜʠʪʠʤʝ ʩʫʙʩʪʨʘʪ ʽ ʢʦʨʝʥʽ ʨʦʩʣʠʥ, ʱʦ ʤʘʻ ʦʯʠʩʪʠʪʠ ʾʾ ʚʽʜ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʽ ʫʪʚʦʨʝʥʠʭ ʭʽʤʽʯʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ. ʄʦʞʣʠʚʽʩʪʴ ʪʘʢʦʾ ʙʽʦʨʝʤʝʜʽʘʮʽʾ ʚʦʜʠ ʟ 

ʧʨʦʜʦʚʞʝʥʥʷʤ ʩʪʨʦʢʫ ʟʙʝʨʽʛʘʥʥʷ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʧ̔ ʜʪʚʝʨʜʞʝʥʥʷ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʙʘʢ(ʠ) ʙʫʜʝ ʨʦʟʪʘʰʦʚʘʥʦ ʥʠʞʯʝ ʨʽʚʥʷ ʧʦʢʨʽʚʣʽ, ʱʦ 

ʚʠʤʘʛʘʪʠʤʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʩʦʩʽʚ ʜʣʷ ʧʽʜʥʷʪʪʷ ʾʾ ʥʘ ʧʦʣʠʚ. ɯʥʰʦʶ ʩʪʨʘʪʝʛʽʻʶ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ ʜʣʷ ʪʫʘʣʝʪʽʚ ʥʘ ʥʠʞʯʠʭ ʧʦʚʝʨʭʘʭ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʩʢʦʨʠʩʪʘʪʠʩʷ ʛʽʜʨʦʩʪʘʪʠʯʥʠʤ ʪʠʩʢʦʤ ʜʣʷ ʩʘʤʦʧʣʠʥʫ. ɿʘ [27] ʩʝʨʝʜʥʷ ʟʘ ʛʦʜʠʥʫ 

ʧʦʪʨʝʙʘ ʫ ʚʦʜʽ ʥʘ ʦʜʠʥ ʫʥʽʪʘʟ ʽ ʧʽʩʫʘʨ ʛʨʦʤʘʜʩʴʢʠʭ ʪʫʘʣʝʪʽʚ ʩʪʘʥʦʚʠʪʴ, 

ʚʽʜʧʦʚʽʜʥʦ, 90 ʽ 20 ʜʤ3/ʛʦʜ. ʇʨʠ ʚʦʩʴʤʠʛʦʜʠʥʥʦʤʫ ʨʦʙʦʯʦʤʫ ʜʥʽ ʜʦʙʦʚʘ 

ʧʦʪʨʝʙʘ ʩʪʘʥʦʚʠʪʠʤʝ, ʚʽʜʧʦʚʽʜʥʦ, 720 ʽ 160 ʜʤ3/ʛʦʜ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʚʘ ʫʥʽʪʘʟʠ 

ʩʧʦʨʦʞʥʷʪʴ ʙʘʢ(ʠ) ʟʘ 22032 / (2Ŀ720) = 15,3 ʜʦʙʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʧʪʠʤʘʣʴʥʦʤʫ 

ʨʝʞʠʤʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʘʢʽʚ ʜʣʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʩʘʥʽʪʘʨʥʠʭ 

ʧʨʠʣʘʜʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʧʨʘʚʜʘʥʠʤ ʟʘʜʣʷ ʩʧʨʦʱʝʥʥʷ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʪʫʘʣʝʪʽʚ. ɸʜʞʝ ʩʧʦʨʦʞʥʝʥʥʷ ʙʘʢʘ(ʽʚ) ʰʚʠʜʰʝ ʥʽʞ ʟʘ 14 ʜʽʙ ʥʝ 

ʧʦʛʽʨʰʫʻ ʷʢʽʩʪʴ ʚʦʜʠ. 

ʆʩʢʽʣʴʢʠ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʤʦʞʫʪʴ ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ, ʪʦ ʙʘʢ(ʠ) 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʨʦʻʢʪʫʚʘʪʠ ʟ ʟʘʧʘʩʦʤ. ʅʘ ʩʴʦʛʦʜʥʽ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ 

ʟʘʧʘʩʫ ʚʽʜʩʫʪʥʽ, ʘ ʧʨʦʛʥʦʟʠ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤʠ. ʊʦʤʫ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʠʡʤʘʪʠ ʟʘʧʘʩʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʤʦʚʥʠʢʘ ʪʘ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʘʥʽʪʘʨʥʠʭ 

ʧʨʠʣʘʜʽʚ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ, ʩʪʘʻ ʚʠʧʨʘʚʜʘʥʠʤ ʟʘʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ 

ʦʙôʻʢʪʽʚ ʜʦ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ.  

 

ɺʠʩʥʦʚʢʠ 
 

ɿʝʣʝʥʽ ʧʦʢʨʽʚʣʽ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʧʽʜʚʠʱʝʥʥʷ ʚʦʜʥʦʾ ʩʪʽʡʢʦʩʪʽ ʤʽʩʪ 

ʫ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʽʾ çʤʽʩʪʘ-ʛʫʙʢʠè. ɿʘʙʫʜʦʚʘ ʪʝʨʠʪʦʨʽʡ ʧʦʛʽʨʰʫʻ ʾʭʥʽʡ ʚʦʜʥʠʡ 

ʨʝʞʠʤ ʯʝʨʝʟ ʧʦʨʫʰʝʥʥʷ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ. ʇʝʨʝʭʽʜ ʜʦ ʤʽʩʪʘ-ʛʫʙʢʠ ʜʦʟʚʦʣʷʻ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʽʜʥʦʚʠʪʠ ʮʝʡ ʙʘʣʘʥʩ. ʅʘ ʧʨʠʢʣʘʜʽ çʟʝʣʝʥʦʾè ʧʦʢʨʽʚʣʽ ʥʘ ʜʘʭʫ 

ʪʦʨʛʦʚʝʣʴʥʦ-ʜʽʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ çʇʝʨʝʭʨʝʩʪʷè ʚ ʤ. ɼʥʽʧʨʦ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʟʝʣʝʥʽ ʟʦʥʠ ʟʜʘʪʥʽ ʥʘʢʦʧʠʯʫʚʘʪʠ ʚʝʩʴ ʦʙôʻʤ ʦʧʘʜʽʚ ʙʝʟ ʩʢʠʜʘʥʥʷ. ʇʽʰʦʭʽʜʥʽ 

ʟʦʥʠ ʟʙʠʨʘʶʪʴ ʩʫʪʪʻʚʠʡ ʦʙôʻʤ ʚʦʜʠ, ʷʢʠʡ ʜʦʮʽʣʴʥʦ ʟʙʠʨʘʪʠ ʚ ʙʘʢʫ(ʘʭ) ʜʣʷ 
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ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʧʦʣʠʚ ʘʙʦ ʪʫʘʣʝʪʠ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʝ 

ʩʧʨ̫ʤʦʚʘʥʦ ʥʘ ʚʨʘʭʫʚʘʥʥʷ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ 

ʩʠʩʪʝʤʠ ʫʪʠʣʽʟʘʮʽʾ ʚʦʜʠ ʚʽʜ ʦʧʘʜʽʚ. 
 

ʇʦʜʷʢʠ  
 

ɼʘʥʘ ʨʦʙʦʪʘ ʻ ʯʘʩʪʠʥʦʶ ʧʨʠʢʣʘʜʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʜʝʨʞʙʶʜʞʝʪʥʠʤ 

ʬʽʥʘʥʩʫʚʘʥʥʷʤ çʉʪʚʦʨʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʬʦʨʤʫʚʘʥʥʷ ʙʝʟʧʝʯʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʙʫʜʽʚʝʣʴ ʧʦʻʜʥʘʥʥʷʤ "ʟʝʣʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ", ʬʽʪʦʜʠʟʘʡʥʫ ʪʘ 

ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤè, ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0122U001197. 

ʇʫʙʣʽʢʘʮʽʶ ʧʽʜʛʦʪʦʚʣʝʥʦ ʚ ʨʘʤʢʘʭ ʧʨʦʻʢʪʫ çɹʘʛʘʪʦʨʽʚʥʝʚʘ ʤʽʩʮʝʚʘ, 

ʥʘʮʽʦʥʘʣʴʥʘ ʪʘ ʟʘʛʘʣʴʥʦʨʝʛʽʦʥʘʣʴʥʘ ʦʩʚʽʪʘ ʪʘ ʥʘʚʯʘʥʥʷ ʚ ʛʘʣʫʟʽ ʢʣʽʤʘʪʠʯʥʠʭ 

ʧʦʩʣʫʛ, ʘʜʘʧʪʘʮʽʾ ʪʘ ʧʦʤôʷʢʰʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʟʤʽʥʠ ʢʣʽʤʘʪʫ 619285-EPP-1-2020-

1-FI-EPPKA2-CBHE-JPè. ʇʽʜʪʨʠʤʢʘ ɭʚʨʦʧʝʡʩʴʢʦʶ ʢʦʤʽʩʽʻʶ ʚʠʧʫʩʢʫ ʮʽʻʾ 

ʧʫʙʣʽʢʘʮʽʾ ʥʝ ʦʟʥʘʯʘʻ ʩʭʚʘʣʝʥʥʷ ʚʤʽʩʪʫ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʣʠʰʝ ʜʫʤʢʠ ʘʚʪʦʨʽʚ, 

ʽ ʂʦʤʽʩʽʷ ʥʝ ʤʦʞʝ ʥʝʩʪʠ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʙʫʜʴ-ʷʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, 

ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʥʽʡ. 

 

  
 

REFERENCES 
 

1. Zhu, M. Q. (2012). Green construction concept in assessment system for Green Building. 

Advanced Materials Research, 507, 142ï146. https://doi.org/10.4028/www.scientific. 

net/amr.507.142 

2. Digital Cement. (2011, May 10). Exbrief Cement MAY2011. WBCSD Cement. Executive 

Brief / March 2011. Retrieved March 26, 2023, from https://www.dcement.com/UploadFiles/ 

CSI_UploadFiles_7000/201108/2011083111385307.pdf  

3. Maglad, A. M., Houda, M., Alrowais, R., Khan, A. M., Jameel, M., Rehman, S. K., 

Khan, H., Javed, M. F., & Rehman, M. F. (2023). BIM-based energy analysis and 

optimization using insight 360 (case study). Case Studies in Construction Materials, 18, 

e01755. https://doi.org/10.1016/j.cscm.2022.e01755  

4. Wu, Z. (2023). Performance Analysis of New Energy-saving and environment-friendly 

materials for building decoration based on the whole life cycle. Journal of Experimental 

Nanoscience, 18(1), 2170358. https://doi.org/10.1080/17458080.2023.2170358 

5. Oloruntobi, O., Mokhtar, K., Mohd Rozar, N., Gohari, A., Asif, S., & Chuah, L. F. (2023). 

Effective technologies and practices for reducing pollution in warehouses - A Review. Cleaner 

Engineering and Technology, 13, 100622. https://doi.org/10.1016/j.clet.2023.100622  

6. Voznyak, O., Savchenko, O., Spodyniuk, N., Sukholova, I., Kasynets, M., & Dovbush, O. 

(2022). Improving of ventilation efficiency at air distribution by the Swirled Air Jets. Pollack 

Periodica, 17(1), 123ï127. https://doi.org/10.1556/606.2021.00419  

7. Zhelykh, V., Voznyak, O., Yurkevych, Y., Sukholova, I., & Dovbush, O. (2021). Enhancing 

of energetic and economic efficiency of air distribution by swirled-compact air jets. Production 

Engineering Archives, 27(3), 171ï175. https://doi.org/10.30657/pea.2021.27.22 

8. Fan, H., Zhang, N., & Su, H. (2023). The effects of smart city construction on Urban 

Green Total Factor Productivity: Evidence from China. Economic Research-Ekonomska 

Istraģivanja, 36(1), 2181840. https://doi.org/10.1080/1331677x.2023.2181840  

9. Tkachenko, T., & Mileikovskyi, V. (2020). Methodology of thermal resistance and 

cooling effect testing of green roofs. Songklanakarin Journal of Science and Technology, 

42(1), 50ï56. https://doi.org/10.14456/sjst-psu.2020.8  

https://doi.org/10.4028/www.scientific.net/amr.507.142
https://doi.org/10.4028/www.scientific.net/amr.507.142
https://www.dcement.com/UploadFiles/CSI_UploadFiles_7000/201108/2011083111385307.pdf
https://www.dcement.com/UploadFiles/CSI_UploadFiles_7000/201108/2011083111385307.pdf
https://doi.org/10.1080/17458080.2023.2170358
https://doi.org/10.1016/j.clet.2023.100622
https://doi.org/10.1556/606.2021.00419
https://doi.org/10.30657/pea.2021.27.22
https://doi.org/10.1080/1331677x.2023.2181840
https://doi.org/10.14456/sjst-psu.2020.8


~ 57 ~ 
 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʚʠʧ. 3 (47), 2023 

10. Krivenko, O., Mileikovskyi, V., & Tkachenko, T. (2018). The principles of energy efficient 

microclimate provision in the skyscraper ñbiotectonò of 1 km height. European Journal of 

Engineering and Formal Sciences, 2(3), 66ï75. https://doi.org/10.26417/ejef.v2i3.p66-75  

11. Tkachenko, T., & Mileikovskyi, V. (2019). Solution of sick building syndrome problem 

using indoor plants. Procedia Environmental Science, Engineering and Management, 

6(2019)(3), 405ï411. https://procedia-esem.eu/pdf/issues/2019/no3/48_Tkachenko_19.pdf  

12. Tkachenko, T., & Mileikovskyi, V. (2018). Geometric basis of the use of ñGreen 

constructionsò for Sun Protection of glazing. Advances in Intelligent Systems and Computing, 

809, 1096ï1107. https://doi.org/10.1007/978-3-319-95588-9_94  

13. Tkachenko, T., Mileikovskyi, V., & Ujma, A. (2019). Field study of air quality 

improvement by a ñGreen roofò in Kyiv. System Safety: Human - Technical Facility - 

Environment, 1(1), 419ï424. https://doi.org/10.2478/czoto-2019-0054  

14. Voloshkina, O., Tkachenko, T., Sipakov, R., & Tkachenko, O. (2019). The estimation 

and reduction of risks caused by air pollution in cities. Budownictwo o Zoptymalizowanym 

Potencjale Energetycznym, 8(2/2019), 17ï25. https://doi.org/10.17512/bozpe.2019.2.02 

15. Tkachenko, T. (2018). Energy efficiency of ñgreen structuresò in cooling period. 

International Journal of Engineering & Technology, 7(3.2), 453ï457. 

https://doi.org/10.14419/ijet.v7i3.2.14570 

16. Zhou J., Pang Y., Fu G., Wang H., Zhang Y., & Memon F. A. (2018). A review of urban 

rainwater harvesting in China. Journal Of Water Reuse And Desalination, 13(1), 041. 

https://doi.org/10.2166/wrd.2023.041  

17. Chen, J., Li, Y., & Zhang, C. (2023). The effect of design rainfall patterns on urban 

flooding based on the Chicago method. International Journal of Environmental Research 

and Public Health, 20(5), 4245. https://doi.org/10.3390/ijerph20054245 

18. Environmental Protection Agency. (2023, February 7). Green and Gray Infrastructure 

Research. EPA. https://www.epa.gov/water-research/green-and-gray-infrastructure-research  

19. Interfax-Ukraine. (2019, November 7). Velyki mista ta ikhni zhyteli naibilsh urazlyvi 

pered ekolohichnymy katastrofamy ï ekspert. Interfax-Ukraine. https://interfax.com.ua/ 

news/general/623225.html [in Ukrainian]. 

20. Wang, M., Yuan, H., Zhang, D., Qi, J., Rao, Q., Li, J., & Keat Tan, S. (2023). Supply-

demand measurement and spatial allocation of sponge facilities for Sponge City Construction. 

Ecological Indicators, 148, 110141. https://doi.org/10.1016/j.ecolind.2023.110141  

21. Public Law 115ï436, Water Infrastructure Improvement Act (2019). Washington. 

https://www.congress.gov/115/plaws/publ436/PLAW-115publ436.pdf  

22. Hlushchenko, R., Tkachenko, T., Mileikovskyi, V., Kravets, V., & Tkachenko, O. (2022). 

ñGreen structuresò for effective rainwater management on roads. Production Engineering 

Archives, 28(4), 295ï299. https://doi.org/10.30657/pea.2022.28.37  

23. Tkachenko, T.M. & Prokopenko, I.O. (2020). ʉalculation of maintenance of surface 

drainage roofing of a German manufacturer. Environmental Safety and Natural Resources, 

35(3), 44ï56. https://doi.org/10.32347/2411-4049.2020.3.44-56 [in Ukrainian]. 

24. Southwest Michigan Planning Commission. (2009). Planning and Zoning for Water 

Quality Protection in the Black River Watershed. Benton Harbor, Michigan; Southwest 

Michigan Planning Commission. Retrieved May 20, 2023, from 

https://www.swmpc.org/downloads/report_planning_and_zoning_1.pdf 

25. Department of Ecology and Natural Resources of Dnipropetrovsk Regional Military 

Administration. (2022). Regional report on the state of the natural environment in the 

Dnipropetrovsk region for 2021. Dnipro; Department of Ecology and Natural Resources of 

Dnipropetrovsk Regional Military Administration. https://adm.dp.gov.ua/storage/ 

app/media/Pro%20oblast/Ekolohiia/Rehionalna%20dopovid%20ta%20Ekolohichnyi%20pa

sport/Rehionalna%20dopovid%20pro%20stan%20navkolyshnoho%20pryrodnoho%20sere

dovyshcha%20v%20Dnipr.obl./REHIONALNA%20DOPOVID%20pro%20stan%20navko

lyshnoho%20pryrodnoho%20seredovyshcha%20u%202021%20rotsi.pdf [in Ukrainian]. 

 

https://doi.org/10.26417/ejef.v2i3.p66-75
https://procedia-esem.eu/pdf/issues/2019/no3/48_Tkachenko_19.pdf
https://doi.org/10.1007/978-3-319-95588-9_94
https://doi.org/10.2478/czoto-2019-0054
https://doi.org/10.17512/bozpe.2019.2.02
https://doi.org/10.14419/ijet.v7i3.2.14570
https://doi.org/10.2166/wrd.2023.041
https://doi.org/10.3390/ijerph20054245
https://www.epa.gov/water-research/green-and-gray-infrastructure-research
https://doi.org/10.1016/j.ecolind.2023.110141
https://www.congress.gov/115/plaws/publ436/PLAW-115publ436.pdf
https://doi.org/10.32347/2411-4049.2020.3.44-56
https://www.swmpc.org/downloads/report_planning_and_zoning_1.pdf
https://adm.dp.gov.ua/storage/app/media/Pro%20oblast/Ekolohiia/Rehionalna%20dopovid%20ta%20Ekolohichnyi%20pasport/Rehionalna%20dopovid%20pro%20stan%20navkolyshnoho%20pryrodnoho%20seredovyshcha%20v%20Dnipr.obl./REHIONALNA%20DOPOVID%20pro%20stan%20navkolyshnoho%20pryrodnoho%20seredovyshcha%20u%202021%20rotsi.pdf
https://adm.dp.gov.ua/storage/app/media/Pro%20oblast/Ekolohiia/Rehionalna%20dopovid%20ta%20Ekolohichnyi%20pasport/Rehionalna%20dopovid%20pro%20stan%20navkolyshnoho%20pryrodnoho%20seredovyshcha%20v%20Dnipr.obl./REHIONALNA%20DOPOVID%20pro%20stan%20navkolyshnoho%20pryrodnoho%20seredovyshcha%20u%202021%20rotsi.pdf
https://adm.dp.gov.ua/storage/app/media/Pro%20oblast/Ekolohiia/Rehionalna%20dopovid%20ta%20Ekolohichnyi%20pasport/Rehionalna%20dopovid%20pro%20stan%20navkolyshnoho%20pryrodnoho%20seredovyshcha%20v%20Dnipr.obl./REHIONALNA%20DOPOVID%20pro%20stan%20navkolyshnoho%20pryrodnoho%20seredovyshcha%20u%202021%20rotsi.pdf
https://adm.dp.gov.ua/storage/app/media/Pro%20oblast/Ekolohiia/Rehionalna%20dopovid%20ta%20Ekolohichnyi%20pasport/Rehionalna%20dopovid%20pro%20stan%20navkolyshnoho%20pryrodnoho%20seredovyshcha%20v%20Dnipr.obl./REHIONALNA%20DOPOVID%20pro%20stan%20navkolyshnoho%20pryrodnoho%20seredovyshcha%20u%202021%20rotsi.pdf
https://adm.dp.gov.ua/storage/app/media/Pro%20oblast/Ekolohiia/Rehionalna%20dopovid%20ta%20Ekolohichnyi%20pasport/Rehionalna%20dopovid%20pro%20stan%20navkolyshnoho%20pryrodnoho%20seredovyshcha%20v%20Dnipr.obl./REHIONALNA%20DOPOVID%20pro%20stan%20navkolyshnoho%20pryrodnoho%20seredovyshcha%20u%202021%20rotsi.pdf


~ 58 ~ 
 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʚʠʧ. 3 (47), 2023 

26. Stuckmann, M. P. (n.d.). Perennial Garden Chart. Perennial Garden Chart | ZinCo 

Green Roof Systems USA. https://zinco-usa.com/node/574  

27. Bovkun, Zh., Kashlikov, M., Pavlyk, L., & Kasimova, N. (2013). Vnutrishnii vodoprovid 

ta kanalizatsiia. DBN V.2.5-64:2012. Kyiv. Minrehion. 

 

ʉʪʘʪʪʷ ʥʘʜʽʡʰʣʘ ʜʦ ʨʝʜʘʢʮʽʾ 22.05.2023 ʽ ʧʨʠʡʥʷʪʘ ʜʦ ʜʨʫʢʫ ʧʽʩʣʷ ʨʝʮʝʥʟʫʚʘʥʥʷ 

24.08.2023 

 

The article was received 22.05.2023 and was accepted after revision 24.08.2023 

 

ɻʣʫʱʝʥʢʦ ʈʦʤʘʥ ʆʣʝʢʩʘʥʜʨʦʚʠʯ 

ʘʩʧʽʨʘʥʪ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ 

ɸʜʨʝʩʘ ʨʦʙʦʯʘ: ʇʦʚʽʪʨʦʬʣʦʪʩʴʢʠʡ ʧʨʦʩʧʝʢʪ, 31, ʤ. ʂʠʾʚ, 03037, ʋʢʨʘʾʥʘ  

ORCID ID: https://orcid.org/0000-0003-2863-1480  e-mail: gr2017inc@gmail.com   

 

ʊʢʘʯʝʥʢʦ ʊʝʪʷʥʘ ʄʠʢʦʣʘʾʚʥʘ 

ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨʢʘ, ʟʘʚʽʜʫʚʘʯʢʘ ʢʘʬʝʜʨʠ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ  

ɸʜʨʝʩʘ ʨʦʙʦʯʘ: ʇʦʚʽʪʨʦʬʣʦʪʩʴʢʠʡ ʧʨʦʩʧʝʢʪ, 31, ʤ. ʂʠʾʚ, 03037, ʋʢʨʘʾʥʘ,  

ORCID ID: https://orcid.org/0000-0003-2105-5951  e-mail: tkachenkoknuba@gmail.com 

 

  

https://orcid.org/0000-0003-2863-1480
mailto:gr2017inc@gmail.com
https://orcid.org/0000-0003-2105-5951
mailto:tkachenkoknuba@gmail.com


~ 59 ~ 
 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʚʠʧ. 3 (47), 2023 

 

 

 
 

 

 

 

 

UDC 658.382 

 

Oleg Deryugin1, Candidate of Technical Science, Associate Professor 

ORCID ID: https://orcid.org/0000-0002-2456-7664 e-mail: deryugin_o@ukr.net 

 

Tetiana Nehr ii 2, Candidate of Technical Sciences, Associate Professor 

ORCID ID: https://orcid.org/0000-0002-4239-3178 e-mail: tetiana.nehrii@gmail.com  

 

Oleksandr Borovytskyi1, Graduate student  

ORCID ID: https://orcid.org/0000-0003-1111-7960 e-mail: borovytskyi.o.m@nmu.one 

 

Olena Stolbchenko1, Candidate of Technical Sciences, Associate Professor 

ORCID ID: https://orcid.org/0000-0003-2003-4382 e-mail: elena_aot@ukr.net  

 

Mykhailo Arkhirei 1, Graduate student 

ORCID ID: https://orcid.org/0000-0002-6803-0703 e-mail: arkhirei@meta.ua 

 
1Dnipro University of Technology, Dnipro, Ukraine 
2Kyiv National University of Construction and Architecture, Kyiv, Ukraine 

 

EVALUATION OF THE OCCUPATIONAL RISK INDEX  

OF THE FOREST FALLER  

 
Abstract. The purpose of the work is to assess the professional risk index of a forest 

feller, taking into account: ergonomic, psychosocial and hygienic factors and 

individual parameters, with the development of practical recommendations for 

reducing diseases of the musculoskeletal system, taking into account the adaptive 

capabilities of a person. 

To estimate the occupational risk index, methods were used to determine the danger 

from the working posture, the influence of psychosocial factors, and individual 

indicators. The assessment of the index of occupational risk of injury/disease of the 

musculoskeletal system was determined on a scale from 0 to 1. To determine the 

adaptation capabilities of forest loggers to resist physical exertion, we used the 

method proposed by R.M. Baevsky. 

A procedure has been developed for the assessment of the occupational risk index 

during the performance of various logging operations of a forest logger based on 

the assessment of ergonomic posture, the influence of psychosocial, hygienic 

factors, and individual parameters. It was determined that the work related to the 

technological process of harvesting wood and cleaning trees from branches and 

knots has the highest degree of risk. It is shown that the greatest influence on the 

value of the occupational risk index is caused by an uncomfortable ergonomic 

posture and a psychosocial factor, while when whipping whips and their loading ï 

psychosocial and hygienic factors. It has been established that the greatest influence 

on the adaptive capabilities of a forest feller has an uncomfortable working posture 

and a psychosocial factor. 

ʎʀɺɯʃʔʅɸ ɹɽɿʇɽʂɸ 
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The relationship between adaptation possibilities and the discomfort of the working 

posture, psychosocial and hygienic factors has been established. 

It is shown that for the felling of trees and sawed off branches, it is necessary to 

provide workers with high adaptability, while it is desirable to involve workers with 

low adaptability in the trawling of whips and their load. 

Keywords: risk; forest faller; ergonomic risk; uncomfortable posture; psychosocial 

factor. 
 

ʆ.ɺ. ɼʝʨʶʛʽʥ1, ʊ.ʆ. ʅʝʛʨʽʡ2, ʆ.ʄ. ɹʦʨʦʚʠʮʴʢʠʡ1, ʆ.ɺ. ʉʪʦʣʙʯʝʥʢʦ1, ʄ.ʄ. ɸʨʭʽʨʝʡ1 

 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ", ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 
2ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ʆʎɯʅʂɸ ɯʅɼɽʂʉʋ ʇʈʆʌɽʉɯʁʅʆɻʆ ʈʀɿʀʂʋ ɺɸʃʔʅʀʂɸ ʃɯʉʋ  

 
ɸʥʦʪʘʮʽʷ. ʄʝʪʘ ʨʦʙʦʪʠ ï ʦʮʽʥʢʘ ʽʥʜʝʢʩʫ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ ʚʘʣʴʥʠʢʘ ʣʽʩʫ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʝʨʛʦʥʦʤʽʯʥʦʛʦ, ʧʩʠʭʦʩʦʮʽʘʣʴʥʦʛʦ  ̔ ʛʽʛʽʻʥʽʯʥʦʛʦ ʯʠʥʥʠʢʽʚ ʪʘ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟ ʨʦʟʨʦʙʢʦʶ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʟʘʭʚʦʨʶʚʘʥʴ ʦʧʦʨʥʦ-ʨʫʭʦʚʦʛʦ ʘʧʘʨʘʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʘʜʘʧʪʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʣʶʜʠʥʠ. 

ɼʣʷ ʦʮʽʥʢʠ ʽʥʜʝʢʩʫ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ ʩʢʦʨʠʩʪʘʣʠʩʴ ʤʝʪʦʜʘʤʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʥʝʙʝʟʧʝʢʠ ʚʽʜ ʨʦʙʦʯʦʾ ʧʦʟʠ, ʚʧʣʠʚʫ ʧʩʠʭʦʩʦʮʽʘʣʴʥʦʛʦ ʬʘʢʪʦʨʫ ʪʘ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ʆʮʽʥʢʫ ʽʥʜʝʢʩʫ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ 

ʪʨʘʚʤʫʚʘʥʥʷ/ʟʘʭʚʦʨʶʚʘʥʥʷ ʦʧʦʨʥʦ-ʨʫʭʦʚʦʛʦ ʘʧʘʨʘʪʫ ʚʠʟʥʘʯʘʣʠ ʟʘ ʰʢʘʣʦʶ ʚʽʜ 

0 ʜʦ 1. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʜʘʧʪʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʚʘʣʴʥʠʢʽʚ ʣʽʩʫ ʱʦʜʦ 

ʩʫʧʨʦʪʠʚʫ ʬʽʟʠʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʩʢʦʨʠʩʪʘʣʠʩʴ ʤʝʪʦʜʦʤ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʈ.ʄ. ɹʘʻʚʩʴʢʠʤ. 

ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʮʝʜʫʨʫ ʜʣʷ ʦʮʽʥʢʠ ʽʥʜʝʢʩʫ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʨʽʟʥʠʭ ʣʽʩʦʟʘʛʦʪʽʚʝʣʴʥʠʭ ʨʦʙʽʪ ʚʘʣʴʥʠʢʘ ʣʽʩʫ ʥʘ ʦʩʥʦʚʽ ʦʮʽʥʶʚʘʥʥʷ 

ʝʨʛʦʥʦʤʽʯʥʦʾ ʧʦʟʠ, ʚʧʣʠʚʫ ʧʩʠʭʦʩʦʮʽʘʣʴʥʦʛʦ ʽ ʛʽʛʽʻʥʽʯʥʦʛʦ ʯʠʥʥʠʢʽʚ ʪʘ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʨʦʙʦʪʠ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʟʜʦʙʫʪʢʫ ʜʝʨʝʚʠʥʠ ʪʘ ʦʯʠʱʝʥʥʷ ʜʝʨʝʚ ʚʽʜ ʛʽʣʦʢ ʪʘ 

ʩʫʯʢʽʚ, ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʠʡ ʩʪʫʧʽʥʴ ʨʠʟʠʢʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘ ʚʝʣʠʯʠʥʫ ʽʥʜʝʢʩʫ 

ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ ʥʘʡʙʽʣʴʰ ʚʧʣʠʚʘʶʪʴ ʥʝʟʨʫʯʥʘ ʝʨʛʦʥʦʤʽʯʥʘ ʧʦʟʘ ʪʘ 

ʧʩʠʭʦʩʦʮʽʘʣʴʥʠʡ ʯʠʥʥʠʢ, ʪʦʜʽ ʷʢ ʧʨʠ ʪʨʝʣʶʚʘʥʥʽ ʭʣʠʩʪʽʚ ʪʘ ʾʭ ʥʘʚʘʥʪʘʞʝʥʥʽ ï 

ʧʩʠʭʦʩʦʮʽʘʣʴʥʠʡ ʪʘ ʛʽʛʽʻʥʽʯʥʠʡ ʯʠʥʥʠʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ 

ʘʜʘʧʪʘʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʘʣʴʥʠʢʘ ʣʽʩʫ ʤʘʻ ʥʝʟʨʫʯʥʘ ʨʦʙʦʯʘ ʧʦʟʘ ʪʘ 

ʧʩʠʭʦʩʦʮʽʘʣʴʥʠʡ ʯʠʥʥʠʢ.  

ɺʩʪʘʥʦʚʣʝʥʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʘʜʘʧʪʘʮʽʡʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʽ 

ʥʝʟʨʫʯʥʽʩʪʶ ʨʦʙʦʯʦʾ ʧʦʟʠ, ʧʩʠʭʦʩʦʮʽʘʣʴʥʠʤ ʽ ʛʽʛʽʻʥʽʯʥʠʤ ʯʠʥʥʠʢʘʤʠ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʟʚʘʣʶʚʘʥʥʷ ʜʝʨʝʚ ʽ ʦʙʧʠʣʶʚʘʥʥʷ ʛʽʣʦʢ ʥʝʦʙʭʽʜʥʦ ʟʘʣʫʯʘʪʠ 

ʧʨʘʮʽʚʥʠʢʽʚ ʟ ʚʠʩʦʢʠʤʠ ʘʜʘʧʪʘʮʽʡʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ, ʪʦʜʽ ʷʢ ʧʨʘʮʽʚʥʠʢʽʚ ʟ 

ʥʠʟʴʢʠʤʠ ʘʜʘʧʪʘʮʽʡʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʙʘʞʘʥʦ ʜʦʣʫʯʘʪʠ ʜʦ ʪʨʝʣʶʚʘʥʥ ̫

ʭʣʠʩʪʽʚ ʪʘ ʾʭ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʠʟʠʢ; ʚʘʣʴʥʠʢ ʣʽʩʫ; ʝʨʛʦʥʦʤʽʯʥʠʡ ʨʠʟʠʢ; ʥʝʟʨʫʯʥʘ ʧʦʟʘ; 

ʧʩʠʭʦʩʦʮʽʘʣʴʥʠʡ ʯʠʥʥʠʢ. 
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ɺʩʪʫʧ 

 

ʇʨʦʬʝʩʽʷ ʚʘʣʴʥʠʢʘ ʣʽʩʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰʦʶ ʪʨʘʚʤʦʥʝʙʝʟʧʝʯʥʽʩʪʶ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʟʜʦʙʫʪʢʫ ʜʝʨʝʚʠʥʠ [1, 2]. ʎʝ ʧʦʚôʷʟʘʥʦ, ʧʝʨʰ ʟʘ ʚʩʝ, 

ʥʝʟʨʫʯʥʠʤʠ ʚʠʨʦʙʥʠʯʠʤʠ ʧʦʟʘʤʠ ʪʘ ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʤʦʪʦʨʥʦ-ʨʫʯʥʦʾ ʧʨʘʮʽ, 
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ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʟʜʦʙʫʪʢʫ ʜʝʨʝʚʠʥʠ ʚʘʞʢʠʭ ʙʝʥʟʦʧʠʣ. 

ʂʨʽʤ ʪʦʛʦ, ʨʦʙʦʪʘ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ ï ʫ ʚʽʜʜʘʣʝʥʠʭ ʨʘʡʦʥʘʭ ʥʘ 

ʧʝʨʝʩʽʯʥʽʡ (ʯʘʩʪʦ ʢʨʫʪʽʡ) ʤʽʩʮʝʚʦʩʪʽ, ʱʦ ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʾ ʟʦʩʝʨʝʜʞʝʥʦʩʪʽ ʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʫʚʘʛʠ. ɺʧʣʠʚ ʟʛʘʜʘʥʠʭ ʥʝʙʝʟʧʝʯʥʠʭ ʯʠʥʥʠʢʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʘʡʨʦʟʧʦʚʩʶʜʞʝʥʽʰʦʛʦ ʧʨʦʬʝʩʽʡʥʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ ʚʘʣʴʥʠʢʽʚ ʜʝʨʝʚʠʥʠ ï 

ʧʦʨʫʰʝʥʥʷ ʦʧʦʨʥʦ-ʨʫʭʦʚʦʛʦ ʘʧʘʨʘʪʫ. ɿʚʽʩʥʦ, ʮʝ ʚʠʤʘʛʘʻ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʨʫʯʥʦʾ ʨʫʙʢʠ ʣʽʩʫ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʦʟʫʤʽʥʥʽ 

ʤʝʭʘʥʽʟʤʽʚ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʦʟ ʟ çʥʝʡʪʨʘʣʴʥʠʤè 

ʧʦʣʦʞʝʥʥʷʤ ʭʨʝʙʪʘ [3, 4]. ɿʚʽʜʩʠ ʚʠʩʚʽʪʣʝʥʥʷ ʥʘʡʙʽʣʴʰ ʪʨʘʚʤʦʥʝʙʝʟʧʝʯʥʠʭ 

ʨʫʭʽʚ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʚʠʨʦʙʥʠʯʠʭ ʦʧʝʨʘʮʽʡ ʟ ʧʦʜʘʣʴʰʠʤ ʾʭ ʘʥʘʣʽʟʦʤ ʪʘ 

ʨʦʟʨʦʙʢʦʶ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʧʨʦʬʝʩʽʡʥʦʛʦ 

ʨʠʟʠʢʫ ʪʨʘʚʤʫʚʘʥʥʷ ʷʚʣʷʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

 

ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ ʟʥʘʯʥʫ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʬʘʭʽʚʮʽʚ ʟ ʙʝʟʧʝʢʠ 

ʧʨʘʮʽ ʧʨʦʙʣʝʤʦʶ ʟʤʝʥʰʝʥʥʷ ʪʨʘʚʤʘʪʠʟʤʫ ʫ ʨʦʙʽʪʥʠʢʽʚ ʣʽʩʦʚʦʾ ʛʘʣʫʟʽ ʷʢ ʚ ʥʘʰʽʡ 

ʢʨʘʾʥʽ, ʪʘʢ ʽ ʟʘ ʢʦʨʜʦʥʦʤ. ʊʘʢ, ʫ ʙʽʣʴʰʦʩʪʽ ʚʽʪʯʠʟʥʷʥʠʭ ʧʫʙʣʽʢʘʮʽʡ ʚʢʘʟʫʻʪʴʩʷ, ʱʦ 

ʦʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʪʨʘʚʤʫʚʘʥʥʷ ʻ ʥʝʚʠʢʦʥʘʥʥʷ ʧʨʘʮʽʚʥʠʢʘʤʠ ʚʠʤʦʛ 

ʽʥʩʪʨʫʢʮʽʡ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ; ʥʝʩʚʦʻʯʘʩʥʝ ʪʘ ʥʝʷʢʽʩʥʝ ʧʨʦʚʝʜʝʥʥʷ ʽʥʩʪʨʫʢʪʘʞʽʚ ʟ 

ʦʭʦʨʦʥʠ ʧʨʘʮʽ; ʥʝʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʙʝʟʧʝʢʠ ʧʨʠ ʟʚʘʣʶʚʘʥʥʽ ʜʝʨʝʚ, ʣʽʩʦʩʽʯʥʠʭ 

ʨʦʙʦʪʘʭ (ʟʚʘʣʶʚʘʥʥʷ ʜʝʨʝʚ, ʦʙʨʽʟʫʚʘʥʥʷ ʛʽʣʦʢ, ʪʨʝʣʶʚʘʥʥʷ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʜʝʨʝʚʠʥʠ) [5, 6]. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʟʥʠʞʝʥʥʷ ʪʨʘʚʤʘʪʠʟʤʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ʩʣʫʞʙ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʫʩʽʭ ʨʽʚʥʽʚ, ʧʦʩʠʣʠʪʠ 

ʢʦʥʪʨʦʣʴ ʟʘ ʥʘʷʚʥʽʩʪʶ ʜʦʟʚʽʣʴʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʫ ʩʫʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ, ʷʢʽ 

ʚʠʢʦʥʫʶʪʴ ʨʦʙʦʪʠ ʧʽʜʚʠʱʝʥʦʾ ʥʝʙʝʟʧʝʢʠ, ʘ ʪʘʢʦʞ ʟʘʧʨʦʚʘʜʠʪʠ ʧʦʝʪʘʧʥʫ 

ʤʝʭʘʥʽʟʘʮʽʶ (ʘʚʪʦʤʘʪʠʟʘʮʽʶ) ʚʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʣʽʩʦʟʘʛʦʪʽʚʝʣʴʥʠʭ ʨʦʙʽʪ, ʧʨʠ 

ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʨʘʱʠʡ ʩʚʽʪʦʚʠʡ ʜʦʩʚʽʜ [7]. 

ʅʘʡʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʪʨʘʚʤʘʪʠʟʤʫ ʧʨʝʜʩʪʘʚʣʷʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʨʘʱʦʛʦ ʩʚʽʪʦʚʦʛʦ ʜʦʩʚʽʜʫ. ʅʘ ʮʴʦʤʫ ʥʘʛʦʣʦʰʫʶʪʴ ʘʚʪʦʨʠ ʜʦʩʣʽʜʞʝʥʥʷ [8, 9], 

ʜʝ ʚʢʘʟʫʻʪʴʩʷ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʘʥʘʣʽʟʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʘʨʪ ʨʦʙʽʪ, ʜʦ ʷʢʠʭ 

ʚʢʣʶʯʘʶʪʴ ʫʩʽ ʘʩʧʝʢʪʠ ʚʠʨʦʙʥʠʯʠʭ ʦʧʝʨʘʮʽʡ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʥʘ 

ʦʩʥʦʚʽ ʧʝʨʝʜʦʚʠʭ ʙʝʟʧʝʯʥʠʭ ʧʨʘʢʪʠʢ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʜʦ ʧʦʰʠʨʝʥʠʭ ʧʨʘʢʪʠʢ 

ʚʽʜʥʦʩʷʪʴ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʨʦʙʦʯʦʾ ʧʦʟʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ʤʽʥʽʤʘʣʴʥʠʡ 

ʨʠʟʠʢ ʪʨʘʚʤʫʚʘʥʥʷ [10]. ʊʘʢ, ʫ ʜʦʩʣʽʜʞʝʥʥʽ [11] ʘʚʪʦʨʘʤʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʨʦʙʦʯʘ ʧʦʟʘ ʧʽʜ ʯʘʩ ʚʘʣʢʠ ʜʝʨʝʚ ʙʝʥʟʦʧʠʣʦʶ ʟ ʥʘʭʠʣʝʥʠʤ ʚʧʝʨʝʜ ʪʽʣʦʤ ʫ 

ʧʦʣʦʞʝʥʥʽ ʩʪʦʷʯʠ ʙʽʣʴʰʝ ʚʧʣʠʚʘʻ ʥʘ ʨʦʙʦʪʫ ʩʝʨʮʷ, ʥʽʞ ʧʦʣʦʞʝʥʥʷ ʥʘʚʧʦʯʽʧʢʠ 

ʘʙʦ ʥʘ ʢʦʣʽʥʘʭ. ɺ ʽʥʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʡʜʝʪʴʩʷ ʧʨʦ ʥʘʧʨʫʞʝʥʥʷ ʤôʷʟʽʚ [12]. 

ɿʦʢʨʝʤʘ ʩʢʘʟʘʥʦ, ɦ ʦ ʧʨʠ ʟʛʠʥʘʥʥ ̔ʪʫʣʫʙʫ ʘʢʪʠʚʥʽʩʪʴ ʤôʷʟʽʚ ʣʽʚʦʛʦ ʧʝʨʝʜʧʣʽʯʯʷ 

ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʘʚʠʤ. ʊʦʜʽ ʷʢ ʫ ʧʦʣʦʞʝʥʥʽ ʥʘ ʢʦʣʽʥʘʭ 

ʪʘʢʦʾ ʘʩʠʤʝʪʨʽʾ ʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʥʝ ʚʽʜʟʥʘʯʘʣʦʩʴ. ʇʦʰʠʨʝʥʦʶ ʨʝʢʦʤʝʥʜʘʮʽʻʶ 

ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜ ʯʘʩ ʨʫʙʢʠ ʣʽʩʫ  ̒ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ [13]. ʆʜʥʘʢ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʭʦʯʘ ʽ 

ʟʤʝʥʰʫʻ ʬʽʟʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʣʝ ʟʙʽʣʴʰʫʻ ʨʽʚʝʥʴ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʨʘʮʽ ʯʝʨʝʟ 

ʨʦʟʫʤʦʚʝ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʟʘ ʩʪʘʥʦʤ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʪʘ ʽʥʰʝ [14]. ʈʝʟʫʣʴʪʘʪ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ 

ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʧʨʠ ʣʽʩʦʟʘʛʦʪʽʚʝʣʴʥʠʭ 

ʨʦʙʦʪʘʭ ʩʴʦʛʦʜʥʽ  ̒ʘʢʪʫʘʣʴʥʦʶ. ɼʣʷ ʾʾ ʚʠʨʽʰʝʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʟʜʝʙʽʣʴʰʦʛʦ 

ʜʚʘ ʰʣʷʭʠ [15]. ʇʝʨʰʠʡ ï ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʙʝʟʧʝʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ 
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ʽʟ ʨʝʘʣʽʟʘʮʽʻʶ ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʙʝʟʧʝʯʥʦʛʦ ʽ 

ʢʦʤʬʦʨʪʥʦʛʦ ʨʫʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʥʣʘʡʥ ʜʽʘʛʥʦʩʪʠʢʠ ʟʘ 

ʨʠʟʠʢʦʚʠʤʠ ʧʦʟʘʤʠ ʚʘʣʴʥʠʢʽʚ ʣʽʩʫ [16]. ɼʨʫʛʠʡ ʧʝʨʝʜʙʘʯʘʻ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʽ 

ʤʝʭʘʥʽʟʘʮʽʶ ʨʦʙʽʪ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʠʩʪʘʥʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʙʝʟʣʶʜʥʦ ʁ

ʣʽʩʦʟʘʛʦʪʽʚʣʝ.ʁ ʆʜʥʘʢ ʽ ʚ ʧʝʨʰʦʤʫ ʽ ʚ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʽʩʥʫʶʪʴ ʧʠʪʘʥʥʷ 

ʦʮʽʥʢʠ ʝʨʛʦʥʦʤʽʯʥʦʛʦ ʨʠʟʠʢʫ [17] ʟ ʚʠʟʥʘʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʨʦʙʦʯʦʾ ʧʦʟʠ ʘʙʦ ʟ 

ʦʮʽʥʢʠ ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʘʮʽ ʧʨʠ ʢʝʨʫʚʘʥʥʽ ʨʦʙʦʪʠʟʦʚʘʥʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ.  

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʽʜʪʚʝʨʜʠʚ ʘʢʪʫʘʣʴʥʽʩʪʴ ʦʙʨʘʥʦʾ ʪʝʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʦʩʦʚʥʦ ʦʮʽʥʢʠ ʝʨʛʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ ̫ʢ 

ʦʙˇʨʫʥʪʫʚʘʪʠ ʟʘʧʦʙʽʞʥʽ ʟʘʭʦʜʠ, ʪʘʢ ʽ ʟʤʽʥʠʪʠ ʪʝʭʥʦʣʦʛʽʶ ʨʫʙʢʠ ʜʝʨʝʚʠʥʠ, ʱʦʙ 

ʫʥʠʢʥʫʪʠ ʪʨʘʚʤ ʦʧʦʨʥʦ-ʨʫʭʦʚʦʛʦ ʘʧʘʨʘʪʫ. 

 

ʄʝʪʘ ʨʦʙʦʪʠ 

 

ʆʮʽʥʢʘ ʽʥʜʝʢʩʫ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ ʚʘʣʴʥʠʢʘ ʣʽʩʫ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʝʨʛʦʥʦʤʽʯʥʦʛʦ, ʧʩʠʭʦʩʦʮʽʘʣʴʥʦʛʦ ʪʘ ʛʽʛʽʻʥʽʯʥʦʛʦ ʯʠʥʥʠʢʽʚ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟ ʨʦʟʨʦʙʢʦʶ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʟʘʭʚʦʨʶʚʘʥʴ ʦʧʦʨʥʦ-ʨʫʭʦʚʦʛʦ ʘʧʘʨʘʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʜʘʧʪʘʮʽʡʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʣʶʜʠʥʠ.  

 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɼʣʷ ʦʮʽʥʢʠ ʽʥʜʝʢʩʫ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʧʽʜʭʦʜʘʤʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ: 

- ʝʨʛʦʥʦʤʽʯʥʦʛʦ ʨʠʟʠʢʫ ï ʤʝʪʦʜʦʤ "Rapid Entire Body Assessment 

worksheet" (REBA) [18, 19], ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʯʝʢ-ʣʠʩʪ ʟ ʦʮʽʥʢʦʶ 

ʥʝʟʨʫʯʥʦʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʫʣʫʙʫ, ʰʠʾ ʪʘ ʥʽʛ ʧʨʘʮʽʚʥʠʢʘ, ʜʦʩʣʽʜʞʝʥʥʷʤ 

ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʣʝʯʝʡ, ʣʽʢʪʽʚ ʪʘ ʟʘʧôʷʩʪʷ;  

- ʧʩʠʭʦʩʦʮʽʘʣʴʥʠʭ ʨʠʟʠʢʽʚ ï ʥʘ ʦʩʥʦʚʽ ʦʧʠʪʫʚʘʣʴʥʠʢʽʚ "The Copenhagen 

Psychosocial Questionnaire" (COPSOQ; COPSOQ II ) [20, 21], ʟ ʷʢʠʭ ʙʫʣʠ ʚʠʙʨʘʥʽ 

ʥʘʡʙʽʣʴʰ ʚʧʣʠʚʦʚʽ ʯʠʥʥʠʢʠ ʥʘ ʨʦʙʦʪʫ ʚʘʣʴʥʠʢʘ ʣʽʩʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʨʽʚʝʥʴ ʩʢʣʘʜʥʦʩʪʽ, ʪʝʭʥʦʣʦʛʽʶ ʽ ʥʘʷʚʥʫ ʦʨʛʘʥʽʟʘʮʽʡʥʫ ʢʫʣʴʪʫʨʫ; 

- ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ ï ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʚʽʢʫ [22, 23] ʟʘ ʯʦʪʠʨʤʘ ʧʦʢʘʟʥʠʢʘʤʠ: ʘʨʪʝʨʽʘʣʴʥʠʤ ʪʠʩʢʦʤ, ʤʘʩʦʶ ʪʽʣʘ, 

ʟʘʪʨʠʤʢʦʶ ʜʠʭʘʥʥʷ, ʯʘʩʪʦʪʦʶ ʩʝʨʮʝʚʠʭ ʩʢʦʨʦʯʝʥʴ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʻʜʥʘʥʥʷ ʜʘʥʠʭ ʧʽʜʭʦʜʽʚ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʩʧʝʮʽʘʣʴʥʠʡ ʯʝʢ-ʣʠʩʪ 

(ʨʠʩ. 1) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ ʷʢ ʩʫʤʠ ʙʘʣʽʚ, 

ʨʦʟʨʘʭʦʚʘʥʦ ʾʟʘ ʢʦʞʥʦʶ ʩʢʣʘʜʦʚʦʶ. ʇʨʠʯʦʤʫ ʽʥʜʝʢʩ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:  
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ʜʝ Sɽʈʽ ï ʩʫʤʘ ʙʘʣʽʚ ʟʘ ʝʨʛʦʥʦʤʽʯʥʦʶ, ʧʩʠʭʦʩʦʮʽʘʣʴʥʦʶ, ʛʽʛʽʻʥʽʯʥʦʶ ʪʘ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʶ ʩʢʣʘʜʦʚʠʤʠ ʽʥʜʝʢʩʫ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ; Smax ï ʤʘʢʩʠʤʘʣʴʥʘ 

ʩʫʤʘ ʙʘʣʽʚ, ʷʢʘ ʚʠʟʥʘʯʝʥʘ ʟʘ ʦʜʥʠʤ ʽʟ ʢʨʠʪʝʨʽʾʚ ʽʥʜʝʢʩʫ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ.  
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ʂʦʞʥʘ ʩʢʣʘʜʦʚʘ ʽʥʜʝʢʩʫ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ 

ʥʝʙʝʟʧʝʯʥʠʭ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʥʘʧʨʷʤʢʠ ʨʫʭʫ ʩʫʛʣʦʙʽʚ, ʚʝʣʠʯʠʥʫ 

ʟʫʩʠʣʴ, ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʪʘʥ ʧʩʠʭʦʩʦʮʽʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʜʠʩʢʦʤʬʦʨʪ, 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʨʽʚʝʥʴ ʟʜʦʨʦʚôʷ, ʷʢʽ ʦʮʽʥʶʚʘʣʠʩʴ ʟʘ ʰʢʘʣʦʶ ʚʽʜ 1 ʜʦ 3  

(1 ï ʤʽʥʽʤʘʣʴʥʠʡ ʚʧʣʠʚ; 3 ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʯʠ 

ʚʠʢʦʥʘʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʟʘʚʜʘʥʴ). ʂʨʠʪʝʨʽʾ ʽʥʜʝʢʩʫ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ 

ʚʠʟʥʘʯʘʣʠʩʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʠʤʦʛ ɼʉʊʋ 2293:2014 "ʆʭʦʨʦʥʘ ʧʨʘʮʽ. 

ʊʝʨʤʽʥʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʥʷʪʴ": ʥʝʧʨʠʡʥʷʪʥʠʡ ï ʜʦ 0,35 ʙʘʣʘ; 

ʧʨʠʡʥʷʪʥʠʡ ʟ ʧʝʨʝʚʽʨʢʦʶ ï 0,35ï0,75 ʙʘʣʘ; ʧʨʠʡʥʷʪʥʠʡ ï ʙʽʣʴʰʝ 0,75 ʙʘʣʘ. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʠʟʢʫ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ ʟ ʧʦʙʫʜʦʚʠ 

ʰʢʘʣ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʽʚʥʽʚ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ [24, 25]. ʊʘʢ, ISO 73:2018 

"ʂʝʨʫʚʘʥʥʷ ʨʠʟʠʢʦʤ. ʉʣʦʚʥʠʢ ʪʝʨʤʽʥʽʚ" ʚʠʟʥʘʯʘʻ, ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ ï ʮʝ ʤʽʨʘ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ, ʷʢʘ ʧʦʜʘʻʪʴʩʷ ʯʠʩʣʦʤ ʤʽʞ 0 ʪʘ 1, ʜʝ 0 ï ʥʝʤʦʞʣʠʚʽʩʪʴ, 

ʘ 1 ï ʘʙʩʦʣʶʪʥʘ ʚʧʝʚʥʝʥʽʩʪʴ. 

 

 

 
ʈʠʩ. 1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʯʝʢ-ʣʠʩʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ  

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʘʥʥʷ ʟʘʭʚʦʨʶʚʘʥʴ ʦʧʦʨʥʦ-ʨʫʭʦʚʦʛʦ 

ʘʧʘʨʘʪʫ ʚʠʢʦʨʠʩʪʘʣʠ ʤʝʪʦʜʠʢʫ ʟ ʦʮʽʥʢʠ ʘʜʘʧʪʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ 

ʢʨʦʚʦʦʙʽʛʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʟʜʘʪʥʽʩʪʴ ʧʨʘʮʽʚʥʠʢʘ ʚʠʪʨʠʤʫʚʘʪʠ 

ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʦʙʦʯʠʭ ʧʦʟ, ʚʧʣʠʚ ʧʩʠʭʦʩʦʮʽʘʣʴʥʠʭ ʽ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʠʭ 

ʥʝʙʝʟʧʝʯʥʠʭ ʯʠʥʥʠʢʽʚ [26]:  
 

ɸʄ = 0,011ʏʉʉ+0,014ɸʊʉ+0,008ɸʊɼ+0,014ɺ+0,009ʄ-1,57,    (2) 
 

ʜʝ ɸʄ ï ʘʜʘʧʪʘʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ; ʏʉʉ ï ʯʘʩʪʦʪʘ ʩʝʨʮʝʚʠʭ ʩʢʦʨʦʯʝʥʴ; ɸʊʉ ï 

ʘʨʪʝʨʽʘʣʴʥʠʡ ʪʠʩʢ ʩʠʩʪʦʣʽʯʥʠʡ (ʤʤ ʨʪ. ʩʪ.); ɸʊɼ ï ʘʨʪʝʨʽʘʣʴʥʠʡ ʪʠʩʢ 

ʜʽʘʩʪʦʣʽʯʥʠʡ (ʤʤ ʨʪ. ʩʪ.); ɺ ï ʚʽʢ; ʄ ï ʤʘʩʘ ʪʽʣʘ, ʢʛ.  
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ʈʽʚʝʥʴ ʘʜʘʧʪʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʪʘʙʣ. 1 [26].  

 

ʊʘʙʣʠʮʷ 1. ʈʽʚʝʥʴ ʘʜʘʧʪʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ  

 
ʆʮʽʥʢʘ ʘʜʘʧʪʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ɸʇ ɿʥʘʯʝʥʥʷ 

ɿʘʜʦʚʽʣʴʥʘ ʘʜʘʧʪʘʮʽʷ Ò 2,10 

ʅʘʧʨʫʞʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʘʜʘʧʪʘʮʽʾ 2,11ï3,20 

ʅʝʟʘʜʦʚʽʣʴʥʘ ʘʜʘʧʪʘʮʽʷ 3,21ï4,30 

ɿʨʠʚ ʘʜʘʧʪʘʮʽʾ Ó 4,31 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʠ ʪʽʣʘ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʚʘʛʠ. ɸʨʪʝʨʽʘʣʴʥʠʡ ʪʠʩʢ ʪʘ ʯʠʩʣʦ 

ʩʝʨʮʝʚʠʭ ʩʢʦʨʦʯʝʥʴ ʦʮʽʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʚʝʜʝʥʥʷ ʤʝʜʦʛʣʷʜʫ 

ʧʨʘʮʽʚʥʠʢʽʚ, ʷʢʽ ʙʨʘʣʠ ʫʯʘʩʪʴ ʚ ʜʦʩʣʽʜʞʝʥʥʽ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʥʦʩʠʣʠ ʫ 

ʬʦʨʤʫʣʷʨʠ ʢʦʥʪʨʦʣʶ ʽʩʥʫʶʯʦʛʦ ʩʪʘʥʫ ʟʜʦʨʦʚôʷ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ ʙʫʣʦ 

ʚʟʷʪʦ ʜʝʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʦʧʝʨʘʮʽʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʟʜʦʙʫʪʢʫ ʜʝʨʝʚʠʥʠ: ʟʚʘʣʶʚʘʥʥʷ ʜʝʨʝʚ, ʦʯʠʱʝʥʥʷ ʜʝʨʝʚ ʚʽʜ ʛʽʣʦʢ ʪʘ ʩʫʯʢʽʚ, 

ʪʨʝʣʶʚʘʥʥʷ ʭʣʠʩʪʽʚ, ʥʘʚʘʥʪʘʞʫʚʘʥʥʷ ʭʣʠʩʪʽʚ (ʨʠʩ. 2).  

 

  

ʘ ʙ 

  

ʚ ʛ 

 

ʈʠʩ. 2. ʆʩʥʦʚʥʽ ʚʠʨʦʙʥʠʯʽ ʦʧʝʨʘʮʽ ʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟʜʦʙʫʪʢʫ ʜʝʨʝʚʠʥʠ: 

ʟʚʘʣʶʚʘʥʥʷ ʜʝʨʝʚ (ʘ), ʦʯʠʱʝʥʥʷ ʜʝʨʝʚ ʚʽʜ ʛʽʣʦʢ ʪʘ ʩʫʯʢʽʚ (ʙ), ʪʨʝʣʶʚʘʥʥʷ ʭʣʠʩʪʽʚ (ʚ), 

ʥʘʚʘʥʪʘʞʫʚʘʥʥʷ ʭʣʠʩʪʽʚ (ʛ) 

 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ ʨʦʙʦʯʦʾ ʧʦʟʠ ʥʘ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ 

ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʚʝʣʠʯʠʥʫ ʚʪʨʘʪʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʙʨʘʣʠ ʫʯʘʩʪʴ 

10 ʚʘʣʴʥʠʢʽʚ ʣʽʩʫ, ʦʩʥʦʚʥʽ ʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʠʭ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2. 

ɺʩʽ ʫʯʘʩʥʠʢʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʦʙʨʦʚʽʣʴʥʦ ʧʦʛʦʜʠʣʠʩʴ ʙʨʘʪʠ ʫʯʘʩʪʴ, ʥʝ ʤʘʣʠ 
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ʚʽʜʧʦʚʽʜʥʠʭ ʚʘʜ ʬʽʟʠʯʥʦʛʦ ʽ ʧʩʠʭʽʯʥʦʛʦ ʟʜʦʨʦʚôʷ. ʇʦʧʝʨʝʜʥʴʦ ʧʨʦʭʦʜʠʣʠ 

ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ. ʆʜʥʽʻʶ ʟ 

ʦʩʥʦʚʥʠʭ ʫʤʦʚ ʙʫʣʦ ʟʥʝʦʩʦʙʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʩʪʦʩʦʚʥʦ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʜʘʥʠʭ ʨʽʚʥʷ ʟʜʦʨʦʚôʷ.  

 

ʊʘʙʣʠʮʷ 2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʯʘʩʥʠʢʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ  

ʋʯʘʩʥʠʢ 
ɺ̔ ʢ, 

ʨʦʢʠ 

ʉʪʘʞ, 

ʨʦʢʠ 

ʄʘʩʘ 

ʪʽʣʘ, ʢʛ 

ɸʨʪʝʨʽʘʣʴʥʠʡ 

ʪʠʩʢ, ʤʤ ʨʪ.ʩʪ. 

ʏʘʩʪʦʪʘ 

ʩʝʨʮʝʚʠʭ 

ʩʢʦʨʦʯʝʥʴ ʟʘ 

1 ʭʚ. (ʫʜ./ʭʚ.) 

ɿʘʪʨʠʤʢʘ 

ʜʠʭʘʥʥʷ, ʩ 

1 26 2 78 120/80 75 45 

2 32 3 76 120/80 84 55 

3 35 5 82 125/90 82 35 

4 40 10 85 130/90 74 44 

5 43 8 84 135/90 88 38 

6 46 12 93 120/80 79 48 

7 48 10 94 130/90 86 32 

8 50 12 89 130/90 91 34 

9 51 13 96 125/90 86 46 

10 53 15 91 130/90 87 35 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʦʮʽʥʢʫ ʽʥʜʝʢʩʫ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʚʘʣʴʥʠʢʘʤʠ ʣʽʩʫ (ʨʠʩ. 3), ʘ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 

ʦʩʝʨʝʜʥʝʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ ʧʨʠ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʯʠʭ 

ʦʧʝʨʘʮʽʷʭ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟʜʦʙʫʪʢʫ ʜʝʨʝʚʠʥʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.  

 

ʊʘʙʣʠʮʷ 3. ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʽʥʜʝʢʩʫ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ ʚʘʣʴʥʠʢʘ ʜʝʨʝʚʠʥʠ 

ʧʨʠ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʦʧʝʨʘʮʽʷʭ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟʜʦʙʫʪʢʫ ʜʝʨʝʚʠʥʠ 

 

ɺʠʨʦʙʥʠʯʘ ʦʧʝʨʘʮʽʷ 

ʆʮʽʥʢʘ ʩʢʣʘʜʦʚʠʭ ʽʥʜʝʢʩʫ, 

ʙʘʣʠ 
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ɿʚʘʣʶʚʘʥʥʷ ʜʝʨʝʚ 19Ñ0,5 16Ñ0,3 9Ñ0,6 0,31 ʅʝʧʨʠʡʥʷʪʥʠʡ 

ʆʯʠʱʝʥʥʷ ʜʝʨʝʚ ʚʽʜ 

ʛʽʣʦʢ ʪʘ ʩʫʯʢʽʚ 
19Ñ0,5 16Ñ0,9 10Ñ0,7 0,36 ʅʝʧʨʠʡʥʷʪʥʠʡ 

ʊʨʝʣʶʚʘʥʥʷ ʭʣʠʩʪʽʚ 12Ñ0,6 13Ñ0,7 10Ñ0,5 0,5 
ʇʨʠʡʥʷʪʥʠʡ ʟ 

ʧʝʨʝʚʽʨʢʦʶ 

ʅʘʚʘʥʪʘʞʫʚʘʥʥʷ 

ʭʣʠʩʪʽʚ 
12Ñ0,8 15Ñ0,7 10Ñ0,7 0,6 

ʇʨʠʡʥʷʪʥʠʡ ʟ 

ʧʝʨʝʚʽʨʢʦʶ 
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ʈʠʩ. 3. ʇʨʠʢʣʘʜ ʟ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ ʚʘʣʴʥʠʢʘ ʣʽʩʫ 

 

ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʘʜʘʧʪʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʘʮʽʚʥʠʢʽʚ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣ. 4. 
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ʊʘʙʣʠʮʷ 4. ʆʮʽʥʢʘ ʘʜʘʧʪʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʘʮʽʚʥʠʢʽʚ ʧʽʩʣʷ ʨʦʙʦʯʦʾ ʟʤʽʥʠ  

 

ʋʯʘʩʥʠʢ ʏʉʉ ɸʊʉ ɸʊɼ ɸʄ 

1 78 124 85 2,7 

2 88 125 90 2,9 

3 90 130 90 3,1 

4 86 135 98 3,3 

5 96 140 95 3,5 

6 85 126 90 3,3 

7 92 136 95 3,6 

8 96 135 94 3,6 

9 93 133 96 3,6 

10 96 140 96 3,7 

 

ʎʽʢʘʚʠʤ ʪʘʢʦʞ  ̒ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʚʠʨʦʙʥʠʯʦʾ ʦʧʝʨʘʮʽʾ ʥʘ ʟʤʽʥʫ 

ʘʜʘʧʪʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʘʮʽʚʥʠʢʽʚ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʨʦʟʜʽʣʝʥʦ ʧʨʘʮʽʚʥʠʢʽʚ 

ʟʘ ʛʨʫʧʘʤʠ, ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 5.  

 

ʊʘʙʣʠʮʷ 5. ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʘʜʘʧʪʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʘʮʽʚʥʠʢʽʚ ʟʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ  

 

ʇʦʢʘʟʥʠʢʠ 

ɸʄ ʟʘ ʚʽʢʦʤ 

ɺʠʨʦʙʥʠʯʘ ʦʧʝʨʘʮʽʷ 

ɿʚʘʣʶʚʘʥʥʷ 

ʜʝʨʝʚ 

ʆʯʠʱʝʥʥʷ 

ʜʝʨʝʚ ʚʽʜ ʛʽʣʦʢ 

ʪʘ ʩʫʯʢʽʚ 

ʊʨʝʣʶʚʘʥʥʷ 

ʭʣʠʩʪʽʚ 

ʅʘʚʘʥʪʘʞʫʚʘʥʥʷ 

ʭʣʠʩʪʽʚ 

< 35 ʨʦʢʽʚ 2,81 2,83 2,52 2,63 

35ï45 ʨʦʢʽʚ 3,38 3,45 3,02 3,1 

> 45 ʨʦʢʽʚ 3,61 3,68 3,22 3,41 

 

ʋ ʪʘʙʣʠʮʽ 6 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʟʤʽʥʠ ʝʨʛʦʥʦʤʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʽʥʜʝʢʩʫ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ ʚʘʣʴʥʠʢʘ ʜʝʨʝʚʠʥʠ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʽʟʥʠʭ 

ʚʠʨʦʙʥʠʯʠʭ ʧʦʟ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʩʧʠʣʶʚʘʥʥ ̔ʜʝʨʝʚ. 

 

ʊʘʙʣʠʮʷ 6. ɺʝʣʠʯʠʥʘ ʝʨʛʦʥʦʤʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʘʣʴʥʠʢʘ ʜʝʨʝʚʠʥʠ ʧʨʠ ʨʽʟʥʠʭ 

ʚʠʨʦʙʥʠʯʠʭ ʧʦʟʘʭ ʧʨʠ ʩʧʠʣʶʚʘʥʥ ̔ʜʝʨʝʚʘ 

 

ɺʠʜ ʨʦʙʦʯʦʾ 

ʧʦʟʠ ʧʨʠ 

ʟʚʘʣʶʚʘʥʥʽ 

ʜʝʨʝʚʘ 
 

ʅʘʭʠʣʝʥʘ 
 

ʅʘʚʧʦʯʽʧʢʠ 
 

ʅʘ ʢʦʣʽʥʘʭ 

ɺʝʣʠʯʠʥʘ 

ʝʨʛʦʥʦʤʽʯʥʦʾ 

ʩʢʣʘʜʦʚʦʾ 

ʫ ʙʘʣʘʭ 

19 16 13 
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ʆʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥ ̫

 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʪʘʙʣʠʮʽ 3 ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʚʝʣʠʯʠʥʫ ʽʥʜʝʢʩʫ ʧʨʦʬʝʩʽʡʥʦʛʦ 

ʨʠʟʠʢʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʽʟʥʠʭ ʣʽʩʦʟʘʛʦʪʽʚʝʣʴʥʠʭ ʨʦʙʽʪ ʧʨʘʮʽʚʥʠʢʘʤʠ ʥʘ ʦʩʥʦʚʽ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ: ʧʦʟʠ, 

ʧʩʠʭʦʩʦʮʽʘʣʴʥʦʛʦ ʬʘʢʪʦʨʫ, ʛʽʛʽʻʥʽʯʥʦʛʦ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʨʦʙʦʪʠ ʧʨʠ ʟʚʘʣʶʚʘʥʥ ̔ʜʝʨʝʚ ʪʘ ʦʯʠʱʝʥʥ ̔ʚʽʜ 

ʛʽʣʦʢ ʪʘ ʩʫʯʢʽʚ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʠʡ ʩʪʫʧʽʥʴ ʽʥʜʝʢʩʫ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ ʯʝʨʝʟ 

ʥʝʟʨʫʯʥʫ ʨʦʙʦʯʫ ʧʦʟʫ ʪʘ ʧʩʠʭʦʩʦʮʽʘʣʴʥʠʡ ʬʘʢʪʦʨ. ɿʚʘʞʘʶʯʠ, ʱʦ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʩʠʭʦʩʦʮʽʘʣʴʥʦʛʦ ʬʘʢʪʦʨʫ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʴ ʩʫʙôʻʢʪʠʚʥʘ ʜʫʤʢʘ 

ʫʯʘʩʥʠʢʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʯʝʨʝʟ ʩʫʙôʻʢʪʠʚʥʝ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ 

ʚʘʞʢʦʩʪʽ ʧʨʘʮʽ, ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʚʝʩʪʠ ʧʝʨʝʚʽʨʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ 

ʣʽʩʦʨʫʙʽʚ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʜʘʥʠʭ ʚʠʜʽʚ ʨʦʙʽʪ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʮʽʥʢʠ ʟʤʽʥʠ ʯʘʩʪʦʪʠ 

ʩʝʨʮʝʚʠʭ ʩʢʦʨʦʯʝʥʴ ʪʘ ʘʨʪʝʨʽʘʣʴʥʦʛʦ ʪʠʩʢʫ.  

ɼʘʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ 

ʨʦʙʦʪʠ, ʷʢʽ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 4, ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʦʨʽʚʥʷʥʥʷ ʟʽ ʚʩʪʘʥʦʚʣʝʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʜʦ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʣʽʩʦʟʘʛʦʪʽʚʝʣʴʥʽ 

ʨʦʙʦʪʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʘʞʢʠʭ. ɼʘʥʠʡ ʚʠʩʥʦʚʦʢ ʙʫʚ ʟʨʦʙʣʝʥʠʡ ʟʛʽʜʥʦ ʟ 

ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʱʦʜʦ ʦʮʽʥʢʠ ʟʥʠʞʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʣʶʜʠʥʠ ʥʘ ʦʩʥʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ [27]. ʂʨʽʤ ʪʦʛʦ, ʽʩʥʫʶʪʴ ʜʝʢʽʣʴʢʘ 

ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʚ ʷʢʠʭ ʟʚʘʣʶʚʘʥʥʷ ʜʝʨʝʚ ʽ ʦʧʠʣʶʚʘʥʥʷ ʛʽʣʦʢ ʚʠʟʥʘʯʘʶʪʴ ʷʢ 

ʚʘʞʢʽ ʨʦʙʦʪʠ ʽʟ ʟʘʪʨʘʪʘʤʠ ʝʥʝʨʛʽʾ ʧʦʥʘʜ 290 ɺʪ [28, 29].  

ʅʘʩʪʫʧʥʠʤ ʚʘʞʣʠʚʠʤ ʚʠʩʥʦʚʢʦʤ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ  ̒ʦʮʽʥʢʘ ʥʘʡʙʽʣʴʰʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʚʝʣʠʯʠʥʫ ʽʥʜʝʢʩʫ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʣʽʩʦʟʘʛʦʪʽʚʝʣʴʥʠʭ ʨʦʙʽʪ. ʊʘʢ, ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ (ʪʘʙʣ. 5), ʱʦ ʥʘ 

ʟʚʘʣʶʚʘʥʥʷ ʜʝʨʝʚ ʪʘ ʦʙʧʠʣʶʚʘʥʥ ̫ ʛʽʣʦʢ ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʚʘʶʪʴ ʥʝʟʨʫʯʥʘ 

ʝʨʛʦʥʦʤʽʯʥʘ ʧʦʟʘ ʪʘ ʧʩʠʭʦʩʦʮʽʘʣʴʥʠʡ ʯʠʥʥʠʢ, ʪʦʜʽ ʷʢ ʧʨʠ ʪʨʝʣʶʚʘʥʥʽ ʭʣʠʩʪʽʚ 

ʪʘ ʾʭ ʥʘʚʘʥʪʘʞʫʚʘʥʥʽ ï ʧʩʠʭʦʩʦʮʽʘʣʴʥʠʡ ʯʠʥʥʠʢ. ɿʚʽʜʩʠ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʝʨʝʛʣʷʜʫ ʪʝʭʥʦʣʦʛʽʾ ʟʚʘʣʶʚʘʥʥʷ ʜʝʨʝʚ, ʚʠʟʥʘʯʝʥʥʷ ʨʦʙʦʯʠʭ ʧʦʟ ʟ ʤʽʥʽʤʘʣʴʥʠʤ 

ʝʨʛʦʥʦʤʽʯʥʠʤ ʨʠʟʠʢʦʤ. ʇʨʠ ʮʴʦʤʫ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʢʠ, ʱʦ ʨʦʙʦʯʘ ʧʦʟʘ ʥʘ ʢʦʣʽʥʘʭ ʜʣʷ ʟʚʘʣʶʚʘʥʥʷ ʜʝʨʝʚ ʤʘʻ ʤʝʥʰʠʡ 

ʝʨʛʦʥʦʤʽʯʥʠʡ ʨʠʟʠʢ, ʥʞ̔ ʥʘʭʠʣʝʥʘ (ʪʘʙʣ. 6). ʉʭʦʞʠʡ ʚʠʩʥʦʚʦʢ ʙʫʚ ʦʪʨʠʤʘʥʠʡ 

ʽ ʫ ʨʦʙʦʪʽ [10].  

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʘʜʘʧʪʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʚʘʣʴʥʠʢʽʚ ʣʽʩʫ ʪʘʢʦʞ 

ʚʠʟʥʘʯʝʥʦ, ʱʦ ʥʝʟʨʫʯʥʘ ʨʦʙʦʯʘ ʧʦʟʘ ʪʘ ʧʩʠʭʦʩʦʮʽʘʣʴʥʠʡ ʬʘʢʪʦʨ ʤʘʶʪʴ 

ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ. ʆʜʥʘʢ, ʧʨʠ ʮʴʦʤʫ ʫ ʨʦʙʽʪ ʟ ʪʨʝʣʶʚʘʥʥʷ ʭʣʠʩʪʽʚ ʪʘ ʾʭ 

ʥʘʚʘʥʪʘʞʝʥʥ ̫ ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʚʘʶʪʴ ʧʩʠʭʦʩʦʮʽʘʣʴʥʠʡ ʬʘʢʪʦʨ ʪʘ ʬʘʢʪʦʨ 

ʜʠʩʢʦʤʬʦʨʪʫ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʨʦʙʦʪʠ ʚʠʢʦʥʫʶʪʴʩʷ ʩʠʜʷʯʠ, ʘ ʪʘʢʦʞ 

ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʚʽʜʽʛʨʘʻ ʥʝ ʚʘʞʢʽʩʪʴ ʧʨʘʮʽ, ʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʯʝʨʝʟ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʟʘ ʧʨʠʣʘʜʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʬʘʢʪʦʨ ʜʠʩʢʦʤʬʦʨʪʫ 

ʚʧʣʠʚʘʻ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʧʦʚʪʦʨʶʶʪʴʩʷ, ʽ ʨʦʙʦʪʘ ʥʘ ʚʽʜʢʨʠʪʦʤʫ 

ʧʨʦʩʪʦʨʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʦʮʽʥʦʢ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ 

ʥʘʡʢʨʘʱʽ ʘʜʘʧʪʘʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʥʘʚʽʪʴ ʧʨʠ ʥʝʟʨʫʯʥʽʡ ʨʦʙʦʯʽʡ ʧʦʟʽ ʪʘ 

ʧʩʠʭʦʩʦʮʽʘʣʴʥʠʭ ʬʘʢʪʦʨʘʭ, ʤʘʶʪʴ ʤʦʣʦʜʽ ʧʨʘʮʽʚʥʠʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʤ 

ʧʨʘʮʶʚʘʪʠ ʧʨʠ ʟʚʘʣʶʚʘʥʥʽ ʜʝʨʝʚ ʽ ʦʙʧʠʣʶʚʘʥʥʽ ʛʽʣʦʢ, ʪʦʜʽ ʷʢ ʩʪʘʨʰʠʭ 

ʧʨʘʮʽʚʥʠʢʽʚ ʙʘʞʘʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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INFORMATION TECHNOLOGIES OF APPLICATION 

ARCHITECTURE`S  IT SERVICES 
 

Abstract. The development of the System Architecture of the IT infrastructure 

focused on the usage of modern Data Centers is considered. The purpose of the 

research is to develop a strategy for the development of the System Architecture of 

the IT infrastructure based on the usage of advanced methodologies and concepts 

of leading manufacturerôs hardware and software. The following principle of IT 

infrastructure construction is formulated: IT infrastructure architectures define a 

set of services. IT services are provided to three groups of clients. IT services and 

clients are connected by 5 implementation scenarios. The integration of IT services 

is determined by 5 architectures. As IT services, we understand information 

technologies aimed at maintaining the following elements in technically good 

condition: network devices, computing equipment, data storage devices, automatic 

software deployment services, network services, perimeter protection services, 

directory services, file and print services, data management services, business 

application services, IT management services, archiving and recovery services, 

certificate management services, integration services. Architectures define the 

fundamental principles of building IT services and their relationship. One of the 

most important architectures is the architecture of software applications. The 

architecture of software applications is determined by the business needs of the 

corporation and the approaches, methods of creating applications by a specific 

developer. It defines the execution environment for applications, mechanisms of 

communication between applications and components, tools for controlling the 

application and managing its state, as well as storage for structured and 

unstructured data types. Tasks of the architecture: to provide an environment for  
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the execution of application components; support dispatching mechanisms for 

communications between application components; implement tools for monitoring 

the level of services and diagnosing problems; provide storage of structured and 

unstructured information. Standardization of the application architecture allows 

you to minimize costs associated with the support of several types of architectures, 

each for a specific type of business application. 

Keywords: information technologies; system architecture; IT infrastructure; data 

centers. 
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1ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 
2ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, 

ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ  

 

ɯʅʌʆʈʄɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ ɯʊ-ʉɽʈɺɯʉɯɺ ɸʈʍɯʊɽʂʊʋʈʀ 

ɼʆɼɸʊʂɯɺ 

 
ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʨʦʟʚʠʪʦʢ ʉʠʩʪʝʤʥʦʾ ɸʨʭʽʪʝʢʪʫʨʠ ɯʊ-

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʦʨʽʻʥʪʦʚʘʥʦʾ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ɼʘʪʘ-ʮʝʥʪʨʽʚ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʨʦʙʣʝʥʥʷ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʉʠʩʪʝʤʥʦʾ ɸʨʭʽʪʝʢʪʫʨʠ 

ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʝʜʦʚʠʭ ʤʝʪʦʜʦʣʦʛʽʡ ʪʘ 

ʢʦʥʮʝʧʮʽʡ ʧʨʦʚʽʜʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʘʧʘʨʘʪʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʥʘʩʪʫʧʥʠʡ ʧʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ: 

ʘʨʭʽʪʝʢʪʫʨʠ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʠʟʥʘʯʘʶʪʴ ʥʘʙʽʨ ʩʝʨʚʽʩʽʚ. ɯʊ-ʩʝʨʚʽʩʠ 

ʥʘʜʘʶʪʴʩʷ ʪʨʴʦʤ ʛʨʫʧʘʤ ʢʣʽʻʥʪʽʚ. ɯʊ-ʩʝʨʚʽʩʠ ʪʘ ʢʣʽʻʥʪʠ ʧʦʚ'ʷʟʘʥʽ 

5 ʩʮʝʥʘʨʽʷʤʠ ʨʝʘʣʽʟʘʮʽʾ. ɯʥʪʝʛʨʘʮʽʶ ɯʊ-ʩʝʨʚʽʩʽʚ ʚʠʟʥʘʯʘʶʪʴ 5 ʘʨʭʽʪʝʢʪʫʨ. 

ɺ ʷʢʦʩʪʽ ɯʊ-ʩʝʨʚʽʩʽʚ ʤʠ ʨʦʟʫʤʽʻʤʦ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʧʽʜʪʨʠʤʘʥʥʷ ʚ ʪʝʭʥʽʯʥʦ ʩʧʨʘʚʥʦʤʫ ʩʪʘʥʽ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ: ʤʝʨʝʞʥʽ 

ʧʨʠʩʪʨʦʾ, ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ, ʧʨʠʩʪʨʦʾ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʩʣʫʞʙʠ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʤʝʨʝʞʝʚʽ ʩʣʫʞʙʠ, 

ʩʣʫʞʙʠ ʟʘʭʠʩʪʫ ʧʝʨʠʤʝʪʨʘ, ʩʣʫʞʙʠ ʢʘʪʘʣʦʛʫ, ʩʣʫʞʙʠ ʬʘʡʣʽʚ ʽ ʜʨʫʢʫ, ʩʣʫʞʙʠ 

ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ, ʩʣʫʞʙʠ ʙʽʟʥʝʩ-ʜʦʜʘʪʢʽʚ, ʩʣʫʞʙʠ ʫʧʨʘʚʣʽʥʥʷ ɯʊ, ʩʣʫʞʙʠ 

ʘʨʭʽʚʫʚʘʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ, ʩʣʫʞʙʠ ʫʧʨʘʚʣʽʥʥʷ ʩʝʨʪʠʬʽʢʘʪʘʤʠ, ʩʣʫʞʙʠ 

ʽʥʪʝʛʨʘʮʽʾ. ɸʨʭʽʪʝʢʪʫʨʠ ʚʠʟʥʘʯʘʶʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ɯʊ-

ʩʝʨʚʽʩʽʚ ʽ ʾʭ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ. ʆʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʘʨʭʽʪʝʢʪʫʨ ʻ ʘʨʭʽʪʝʢʪʫʨʘ 

ʧʨʦʛʨʘʤʥʠʭ ʜʦʜʘʪʢʽʚ. ɸʨʭʽʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʥʠʭ ʜʦʜʘʪʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʙʽʟʥʝʩ-ʧʦʪʨʝʙʘʤʠ ʢʦʨʧʦʨʘʮʽʾ ʪʘ ʧʽʜʭʦʜʘʤʠ, ʤʝʪʦʜʘʤʠ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʽʚ 

ʢʦʥʢʨʝʪʥʠʤ ʨʦʟʨʦʙʥʠʢʦʤ. ɺʦʥʘ ʚʠʟʥʘʯʘʻ ʩʝʨʝʜʦʚʠʱʝ ʚʠʢʦʥʘʥʥʷ ʜʣʷ ʜʦʜʘʪʢʽʚ, 

ʤʝʭʘʥʽʟʤʠ ʢʦʤʫʥʽʢʘʮʽʡ ʤʽʞ ʜʦʜʘʪʢʘʤʠ ʽ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʽʥʩʪʨʫʤʝʥʪʘʨʽʾ 

ʢʦʥʪʨʦʣʶ ʜʦʜʘʪʢʘ ʽ ʫʧʨʘʚʣʽʥʥʷ ʡʦʛʦ ʩʪʘʥʦʤ, ʘ ʪʘʢʦʞ ʩʭʦʚʠʱʝ ʜʣʷ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʽ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʪʠʧʽʚ ʜʘʥʠʭ. ɿʘʚʜʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ: 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʜʘʪʢʽʚ; 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʤʝʭʘʥʽʟʤʠ ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ ʜʣʷ ʢʦʤʫʥʽʢʘʮʽʡ ʤʽʞ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʦʜʘʪʢʽʚ; ʨʝʘʣʽʟʫʚʘʪʠ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʨʽʚʥʷ 

ʩʝʨʚʽʩʽʚ ʽ ʜʽʘʛʥʦʩʪʠʢʠ ʧʨʦʙʣʝʤ; ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʙʝʨʽʛʘʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʽ 

ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʉʪʘʥʜʘʨʪʠʟʘʮʽʷ ʘʨʭʽʪʝʢʪʫʨʠ ʜʦʜʘʪʢʽʚ 

ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʧʽʜʪʨʠʤʢʦʶ ʜʝʢʽʣʴʢʦʭ ʪʠʧʽʚ 

ʘʨʭʽʪʝʢʪʫʨ, ʢʦʞʥʘ ʜʣʷ ʚʠʟʥʘʯʝʥʦʛʦ ʪʠʧʫ ʙʽʟʥʝʩ-ʜʦʜʘʪʢʽʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ; ʩʠʩʪʝʤʥʘ ʘʨʭʽʪʝʢʪʫʨʘ; ɯʊ-

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ; ʜʘʪʘ-ʮʝʥʪʨʠ. 
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1. ɺʉʊʋʇ 
 

ɺʨʘʭʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ʚʠʤʦʛʠ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʢ̒ʪʽʚ ʜʣʷ ʢʨʫʧʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ çʭʤʘʨʥʽ ʪʝʭʥʦʣʦʛʽʾè. ʉʫʯʘʩʥʠʤ ʪʨʝʥʜʦʤ ʧʨʠ ʮʴʦʤʫ ʻ 

ʧʦʙʫʜʦʚʘ ʻʜʠʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʦʾ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʦʨʽʻʥʪʦʚʘʥʦʾ ʥʘ ɼʘʪʘ-ʮʝʥʪʨʠ  

[1ï22]. ʆʩʥʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʻʜʠʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʻ: ʻʜʠʥʝ 

ʪʨʘʥʩʧʦʨʪʥʝ ʩʝʨʝʜʦʚʠʱʝ (ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʽ ʤʝʨʝʞʽ SDN (software-

defined networking)); ʩʝʨʚʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ; 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʩʝʨʚʽʩʠ ɼʘʪʘ-ʮʝʥʪʨʽʚ [23ï25].  

ʆʩʥʦʚʦʶ ʩʝʨʚʽʩʥʠʭ ɼʘʪʘ-ʮʝʥʪʨʽʚ ̒  ʥʘʙʽʨ ɯʊ-ʩʝʨʚʽʩʽʚ. ɺ ʷʢʦʩʪʽ ɯʊ-ʩʝʨʚʽʩʽʚ ʤʠ 

ʨʦʟʫʤʽʻʤʦ ʢʦʤʧʣʝʢʩ ʨʦʙʽʪ, ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʧʽʜʪʨʠʤʘʥʥʷ ʚ ʪʝʭʥʽʯʥʦ ʩʧʨʘʚʥʦʤʫ 

ʩʪʘʥʽ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ: ʤʝʨʝʞʘ; ʜʘʥʽ; ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ; ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ; ʙʝʟʧʝʢʘ [26ï28].  

ʋ ʮʽʡ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʪʠʤʝʤʦ ʨʦʟʚʠʪʦʢ ʉʠʩʪʝʤʥʦʾ ɸʨʭʽʪʝʢʪʫʨʠ ɯʊ-

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʦʨʽʻʥʪʦʚʘʥʦʾ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ɼʘʪʘ-ʮʝʥʪʨʽʚ. 

ʄʝʪʦʶ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʨʦʙʣʝʥʥʷ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʉʠʩʪʝʤʥʦʾ 

ɸʨʭʽʪʝʢʪʫʨʠ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʝʜʦʚʠʭ ʤʝʪʦʜʦʣʦʛʽʡ 

ʪʘ ʢʦʥʮʝʧʮʽʡ ʧʨʦʚʽʜʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʘʧʘʨʘʪʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

(HP, SUN, EMC, CISCO, Microsoft, ORACLE, Veritas). 

 

2. ʂʆʅʎɽʇʎɯʗ ʈʆɿɺʀʊʂʋ ɯʊ-ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ 
 

ʈʝʘʣʽʟʘʮʽʷ ʢʦʥʮʝʧʮʽʾ ʨʦʟʚʠʪʢʫ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʘ ʨʘʭʫʥʦʢ ʧʦʙʫʜʦʚʠ 

ɼʘʪʘ-ʮʝʥʪʨʽʚ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ. 1. ʂʦʥʮʝʧʮʽʷ ʨʦʟʚʠʪʢʫ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ  

 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽʩʥʫʶʯʫ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʪʘ 

ʚʠʟʥʘʯʠʪʠ ʰʣʷʭʠ ʧʦʙʫʜʦʚʠ ʥʦʚʦʾ ʥʘ ʙʘʟʽ ʧʨʦʪʝʩʪʦʚʘʥʦʾ, ʝʪʘʣʦʥʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ 

MSA [29]. 

 

ɿʤʝʥʰʝʥʥʷ ʢʽʣʴ-ʪʽ  
ʜʘʪʘ-ʮʝʥʪʨʽʚ 

ʂʦʥʩʦʣʽʜʘʮʽʷ ʧʣʘʪʬʦʨʤ 

ʌʽʟʠʯʥʘ ʢʦʥʩʦʣʽʜʘʮʽʷ  
(ʮʝʥʪʨʘʣʽʟʘʮʽʷ) 

ɿʤʝʥʰʝʥʥʷ 
ʢʽʣʴ-ʪʽ ʧʣʘʪʬʦʨʤ 

ʎʝʥʪʨʘʣʟ̔ʦʚʘʥ ̔ 
SAN / NAS 

 

ɺ̔ʨʪʫʘʣʟ̔ʘʮ̫̔ 

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʠʩʪʝʤ ʟʙʝʨʽʛʘʥʥʷ 

ʜʘʥʠʭ DAS, ʩʠʩʪʝʤ ʨʝʟʝʨʚʥʦʛʦ 

ʢʦʧʽʶʚʘʥʥʷ 

ʃʦʛʽʯʥʘ ʢʦʥʩʦʣʽʜʘʮʽʷ 

 
ʎʽʣʽʩʥʝ ʫʧʨʘʚʣʽʥʥʷ 

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʦʜʘʪʢʽʚ, ʘʧʘʨʘʪʥʠʭ 

ʧʣʘʪʬʦʨʤ, ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ,  

ʜʘʪʘ-ʮʝʥʪʨʽʚ, ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʈʦʟʧʦʜʽʣʝʥʝ 
ʩʝʨʝʜʦʚʠʱʝ 

ʎʽʣʽʩʥʝ ʫʧʨʘʚʣʽʥʥʷ 

 

 
ʂʦʥʩʦʣʽʜʘʮʽʷ ʧʽʜʩʠʩʪʝʤ ʂʦʥʩʦʣʽʜʘʮʽʷ ʜʘʥʠʭ 

ɿʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʥ̔ʩʪʘʣʷʮʽʡ 

ɹʘʛʘʪʦʨʽʚʥʝʚʘ 
ʘʨʭʽʪʝʢʪʫʨʘ 

ɿʤʝʥʰʝʥʥʷ ʢʽʣʴ-

ʢʦʩʪʽ ʽʥʩʪʘʣʷʮʽʡ ɹɼ 
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ʇʨʠ ʮʴʦʤʫ ʩʪʚʦʨʶʻʪʴʩʷ ʩʠʩʪʝʤʘ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʦʧʠʩʫʶʪʴ: ʟʘʛʘʣʴʥʽ 

ʧʽʜʭʦʜʠ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ; ɯʊ-ʩʝʨʚʽʩʠ ï ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ, 

ʷʢʽ ʚʠʨʽʰʫʶʪʴ ʟʘʚʜʘʥʥʷ ʢʦʨʧʦʨʘʮʽʾ; ʣʦʛʽʯʥʫ ʤʦʜʝʣʴ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ.  

ʉʬʦʨʤʫʣʶʻʤʦ ʥʘʩʪʫʧʥʠʡ ʧʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ: 

ʘʨʭʽʪʝʢʪʫʨʠ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʠʟʥʘʯʘʶʪʴ ʥʘʙʽʨ ʩʝʨʚʽʩʽʚ. ɯʊ-ʩʝʨʚʽʩʠ 

ʥʘʜʘʶʪʴʩʷ ʪʨʴʦʤ ʛʨʫʧʘʤ ʢʣʽʻʥʪʽʚ. ɯʊ-ʩʝʨʚʽʩʠ ʪʘ ʢʣʽʻʥʪʠ ʧʦʚ'ʷʟʘʥʽ 5 ʩʮʝʥʘʨʽʷʤʠ 

ʨʝʘʣʽʟʘʮʽʾ. ɯʥʪʝʛʨʘʮʽʶ ɯʊ-ʩʝʨʚʽʩʽʚ ʚʠʟʥʘʯʘʶʪʴ 5 ʘʨʭʽʪʝʢʪʫʨ.  

ɺ ʷʢʦʩʪʽ ɯʊ-ʩʝʨʚʽʩʽʚ ʤʠ ʨʦʟʫʤʽʻʤʦ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʧʽʜʪʨʠʤʘʥʥʷ ʚ ʪʝʭʥʽʯʥʦ ʩʧʨʘʚʥʦʤʫ ʩʪʘʥʽ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ: ʤʝʨʝʞʥʽ ʧʨʠʩʪʨʦʾ, 

ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ, ʧʨʠʩʪʨʦʾ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʩʣʫʞʙʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʨʦʟʛʦʨʪʘʥʥʷ ʇɿ, ʤʝʨʝʞʝʚʽ ʩʣʫʞʙʠ, ʩʣʫʞʙʠ ʟʘʭʠʩʪʫ ʧʝʨʠʤʝʪʨʘ, ʩʣʫʞʙʠ 

ʢʘʪʘʣʦʛʫ, ʩʣʫʞʙʠ ʬʘʡʣʽʚ ʽ ʜʨʫʢʫ, ʩʣʫʞʙʠ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ, ʩʣʫʞʙʠ ʙʽʟʥʝʩ-

ʜʦʜʘʪʢʽʚ, ʩʣʫʞʙʠ ʫʧʨʘʚʣʽʥʥʷ ɯʊ, ʩʣʫʞʙʠ ʘʨʭʽʚʫʚʘʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ, ʩʣʫʞʙʠ 

ʫʧʨʘʚʣʽʥʥʷ ʩʝʨʪʠʬʽʢʘʪʘʤʠ, ʩʣʫʞʙʠ ʽʥʪʝʛʨʘʮʽʾ [30ï32].  

ɺʩʽ ʢʣʽʻʥʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʜʽʣʷʪʴʩʷ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ ʛʨʫʧʠ. ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ, 

ʢʣʽʻʥʪʠ ʜʽʣʷʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʢʦʞʥʦʾ ʢʘʪʝʛʦʨʽʾ ʦʢʨʝʤʦ: ʩʧʽʚʨʦʙʽʪʥʠʢʠ, ʧʘʨʪʥʝʨʠ 

ʪʘ ʧʘʨʪʥʝʨʩʴʢʽ ʦʨʛʘʥʽʟʘʮʽʾ, ʟʦʚʥʽʰʥʽ ʩʧʦʞʠʚʘʯʽ.  

ʉʮʝʥʘʨʽʾ ʨʝʘʣʽʟʘʮʽʾ: ɼʘʪʘ-ʮʝʥʪʨ, ʜʝʧʘʨʪʘʤʝʥʪ, ʚʽʜʜʘʣʝʥʠʡ ʦʬʽʩ, ʝʢʩʪʨʘʥʝʪ, 

ɯʥʪʝʨʥʝʪ ɼʘʪʘ-ʮʝʥʪʨ.  

ɸʨʭʽʪʝʢʪʫʨʠ: ʙʝʟʧʝʢʠ, ʫʧʨʘʚʣʽʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʧʨʦʛʨʘʤʥʠʭ ʜʦʜʘʪʢʽʚ, 

ʤʝʨʝʞʝʚʘ.  

ɸʨʭʽʪʝʢʪʫʨʠ ʚʠʟʥʘʯʘʶʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ɯʊ-ʩʝʨʚʽʩʽʚ ʽ 

ʾʭ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ. ʊʘʢʦʞ, ʥʘ ʙʘʟʽ ʘʨʭʽʪʝʢʪʫʨʠ ʬʦʨʤʫʶʪʴʩʷ ʚʠʤʦʛʠ ʜʦ ʩʪʚʦʨʝʥʥʷ 

ɯʊ-ʩʝʨʚʽʩʽʚ. 
 

3. ɸʈʍɯʊɽʂʊʋʈɸ ʇʈʆɻʈɸʄʅʀʍ ɼʆɼɸʊʂɯɺ 
 

ʆʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ɸʨʭʽʪʝʢʪʫʨ ʻ ɸʨʭʽʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʥʠʭ ʜʦʜʘʪʢʽʚ. 

ɸʨʭʽʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʥʠʭ ʜʦʜʘʪʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʽʟʥʝʩ-ʧʦʪʨʝʙʘʤʠ ʢʦʨʧʦʨʘʮʽʾ 

ʪʘ ʧʽʜʭʦʜʘʤʠ, ʤʝʪʦʜʘʤʠ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʽʚ ʢʦʥʢʨʝʪʥʠʤ ʨʦʟʨʦʙʥʠʢʦʤ. ɺʦʥʘ 

ʚʠʟʥʘʯʘʻ ʩʝʨʝʜʦʚʠʱʝ ʚʠʢʦʥʘʥʥʷ ʜʣʷ ʜʦʜʘʪʢʽʚ, ʤʝʭʘʥʽʟʤʠ ʢʦʤʫʥʽʢʘʮʽʡ ʤʽʞ 

ʜʦʜʘʪʢʘʤʠ ʽ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʽʥʩʪʨʫʤʝʥʪʘʨʽʾ ʢʦʥʪʨʦʣʶ ʜʦʜʘʪʢʘ ʽ ʫʧʨʘʚʣʽʥʥʷ ʡʦʛʦ 

ʩʪʘʥʦʤ, ʘ ʪʘʢʦʞ ʩʭʦʚʠʱʝ ʜʣʷ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʽ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʪʠʧʽʚ ʜʘʥʠʭ.  

ɿʘʚʜʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ:  

1. ɿʘʙʝʟʧʝʯʫʚʘʪʠ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʜʘʪʢʽʚ.  

2. ʇʽʜʪʨʠʤʫʚʘʪʠ ʤʝʭʘʥʽʟʤʠ ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ ʜʣʷ ʢʦʤʫʥʽʢʘʮʽʡ ʤʽʞ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʦʜʘʪʢʽʚ.  

3. ʈʝʘʣʽʟʫʚʘʪʠ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʨʽʚʥʷ ʩʝʨʚʽʩʽʚ ʽ ʜʽʘʛʥʦʩʪʠʢʠ 
ʧʨʦʙʣʝʤ.  

4. ɿʘʙʝʟʧʝʯʫʚʘʪʠ ʟʙʝʨʽʛʘʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʽ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ.  

ʉʪʘʥʜʘʨʪʠʟʘʮʽʷ ʘʨʭʽʪʝʢʪʫʨʠ ʜʦʜʘʪʢʽʚ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ, ʧʦʚ'ʷʟʘʥʽ 

ʟ ʧʽʜʪʨʠʤʢʦʶ ʜʝʢʽʣʴʢʦʭ ʪʠʧʽʚ ʘʨʭʽʪʝʢʪʫʨ, ʢʦʞʥʘ ʜʣʷ ʦʜʥʦʛʦ ʪʠʧʫ ʙʽʟʥʝʩ-ʜʦʜʘʪʢʽʚ.  

ɿʦʢʨʝʤʘ, ʘʨʭʽʪʝʢʪʫʨʘ ʷʢ ʦʜʥʦ-, ʪʘʢ ʽ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ʜʦʜʘʪʢʽʚ ʧʣʘʪʬʦʨʤʠ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ (ʨʠʩ. 2):  

1. ʆʧʝʨʘʮʽʡʥʫ ʩʠʩʪʝʤʫ.  

2. ʉʝʨʝʜʦʚʠʱʝ ʚʠʢʦʥʘʥʥʷ ï Framework.  

3. ʉʝʨʚʝʨ ʜʦʜʘʪʢʽʚ ï Internet Information Server.  

4. ʂʦʤʧʦʥʝʥʪʥʝ ʩʝʨʝʜʦʚʠʱʝ ï COM +.  

5. ʉʣʫʞʙʫ ʘʩʠʥʭʨʦʥʥʦʛʦ ʦʙʤʽʥʫ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ï MSMQ.  
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ɽʣʝʤʝʥʪʠ ɯʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʦʜʘʪʢʽʚ, ʷʢʽ ʻ ʦʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʘʨʭʽʪʝʢʪʫʨʠ, ʥʝ ʚʢʣʶʯʘʶʪʴ ʩʘʤʽ ʜʦʜʘʪʢʠ. ʂʦʨʧʦʨʘʮʽʻʶ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʟʥʘʯʥʘ 

ʢʽʣʴʢʽʩʪʴ ʙʽʟʥʝʩ-ʜʦʜʘʪʢʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʚʠʤʘʛʘʻ ʩʚʦʾʭ ʪʠʧʽʚ ʩʠʩʪʝʤ ʽ 

ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ, ʽ ʥʘʚʽʪʴ ʨʽʟʥʫ ʢʣ̔ʴʢʽʩʪʴ ʨʽʚʥʽʚ. ɼʦʮʽʣʴʥʦ 

ʨʦʟʛʣʷʜʘʪʠ ʤʦʜʝʨʥʽʟʘʮʽʶ ʧʦʪʦʯʥʠʭ ʙʽʟʥʝʩ-ʩʠʩʪʝʤ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʥʝ 

ʪʽʣʴʢʠ ʟ ʙʦʢʫ ʥʝʦʙʭʽʜʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ, ʘʣʝ ʽ ʟ ʙʦʢʫ ʧʝʨʩʧʝʢʪʠʚʠ ʥʝʦʙʭʽʜʥʦʾ 

ʜʣʷ ʥʠʭ ʘʨʭʽʪʝʢʪʫʨʠ.  

ʌʦʨʤʘʣʽʟʘʮʽʷ ʘʨʭʽʪʝʢʪʫʨʠ ʜʦʜʘʪʢʽʚ ʜʦʟʚʦʣʠʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʦʙʭ̔ʜʥʽ ʟʤʽʥʠ 

ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʮʽʣʦʤʫ, ʘ ʪʘʢʦʞ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʞʝ ʽʩʥʫʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʙʘʟ ʜʘʥʠʭ, 

ʩʝʨʚʝʨʽʚ ʜʦʜʘʪʢʽʚ, ʚʝʙʩʝʨʚʝʨʽʚ).  

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʠʤʦʛ ʜʦ ʘʨʭʽʪʝʢʪʫʨʠ ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʥʫʪʠ ʪʠʧʦʚʽ ʨ̔ ʚʥʽ ʪʘ 

ʢʦʤʧʦʥʝʥʪʠ ʜʦʜʘʪʢʽʚ. ʊʠʧʦʚʠʡ ʙʽʟʥʝʩ-ʜʦʜʘʪʦʢ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʦ ʯʦʪʠʨʴʦʭ 

ʨʽʚʥʽʚ ʽ ʦʜʠʥʘʜʮʷʪʴ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʨʠʩ. 3).   

ʈʽʚʥʽ:  

1. ʈʽʚʝʥʴ ʜʘʥʠʭ ï ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ ʽ ʜʦʩʪʫʧ ʜʦ ʥʠʭ.  

2. ʈʽʚʝʥʴ ʜʦʜʘʪʢʽʚ ï ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʙʽʟʥʝʩ-ʣʦʛʽʢʫ ʧʨʦʛʨʘʤʠ.  

3. ʈʽʚʝʥʴ Web ï ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʽʥʪʝʨʬʝʡʩ ʤʽʞ ʜʦʜʘʪʢʦʤ ʽ ʢʦʨʠʩʪʫʚʘʯʝʤ ʘʙʦ 

ʤʽʞ ʜʦʜʘʪʢʦʤ ʽ ʽʥʰʠʤ ʜʦʜʘʪʢʦʤ.  

4. ʈʽʚʝʥʴ ʢʣʽʻʥʪʘ ï ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. 
 

˽͙ͪ͊͒ͤ͟͡  ͪͨ͜ ͎͙ͦͪ͊ͣ  ͊͘ ͎͊͡ Έ͎ͤͦ  ͦͪͨ ͙ͤ͊͘;͔ͤͤΎ

          SQL               BizTalk               Commerce            Content
        ͫ ͔͍͔ͪ  ͪ                                          ͫ ͔͍͔ͪ  ͪ       Management
                                                                                             ͫ ͔͍͔ͪͪ

Active        DNS          DHCP

Directory
IIS       COM+  MSMQ UDDI

˽͊ͭ͡ͺͦ ͪͣ  ͊Framework

             ˿ ͔͍͔͙ͪͪ                             ˭ ͊ͨ͊ͣ `Ύ͍ͭͦ Όͯ;͙ ͨͪ ͙ͫͭͪͦ͝

˸͊ͪ΄ͪ -ͯ            ʕ ͙͔͒͜͡ ͤ͜              ˴ͦ ͙ͣͯͭ͊ͭͦͪ   ˱ͤ΄͜ ͔͔ͣͪ͗ ͤ͜ 
͙͙ͭ͊ͭͦͪ͘                 ͤ͜͜͡͝                                                ͨͪ ͙ͫͭͪͦ͝

            ˽ ͙ͪ͊͒ͤ͟͜͡ 
           ͨ ͎͙ͪͦͪ͊ͣ

     ˩ ͔͔ͣ͡ ͙ͤͭ
     ͜ ͤͅ ͪ͊ͫͭͪ ͯͭͯͪ͟ ͙

     ˽ ͙͙ͪ͊͒ͤ͟͡ͻ
     ͨ ͎ͪͦͪ͊ͣ

             s ͔ͨ͊ͪ͊ͭͤ
             ͘ ͔͔͊͋ͨ͘;͔ͤͤΎ

        ˸ ͔͔ͪ͗ ͤ͊
        ͜ ͤͅ ͪ͊ͫͭͪ ͯͭͯͪ͟ ͊

˸͔͔ͪ͗ ͤ͊
ͫͯ͗͋͊͡

 
ʈʠʩ. 2. ɸʨʭʽʪʝʢʪʫʨʘ ʜʦʜʘʪʢʽʚ 

 

ɼʦʜʘʪʢʠ ʩʪʘʚʣʷʪʴ ʪʘʢʽ ʟʘʚʜʘʥʥʷ ʧʝʨʝʜ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ:  

1. ʄʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʟ ʢʣʽʻʥʪʘʤʠ ï ̔ ʥʪʝʨʘʢʪʠʚʥʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ 

ʘʙʦ ʽʥʰʠʤʠ web-ʩʝʨʚʽʩʘʤʠ.  

2. ʆʪʨʠʤʘʪʠ ʨʝʩʫʨʩʠ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʧʠʪʽʚ ʚʽʜ ʢʣʽʻʥʪʽʚ.  

3. ʄʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʧʨʦʛʨʘʤʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʽʥʰʠʤʠ ʜʦʜʘʪʢʘʤʠ.  

4. ʄʘʪʠ ʤʽʩʮʝ ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ.  



~ 80 ~ 
 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʚʠʧ. 3 (47), 2023 

 
 

ʈʠʩ. 3. ʊʠʧʦʚʽ ʨʽʚʥʽ ʪʘ ʢʦʤʧʦʥʝʥʪʠ ʜʦʜʘʪʢʽʚ  

 

ʈʦʟʛʦʨʪʘʥʥʷ ʜʦʜʘʪʢʽʚ  

ʊʝʭʥʦʣʦʛʽʾ ʨʦʟʛʦʨʪʘʥʥʷ ʜʦʜʘʪʢʽʚ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ 

ʜʦʩʪʫʧʥʦʩʪʽ, ʙʝʟʧʝʢʠ, ʢʝʨʦʚʘʥʦʩʪʽ.  

ɼʦʩʪʫʧʥʽʩʪʴ  

ʂʦʤʧʦʥʝʥʪʠ ʨʽʚʥʷ ʧʨʦʛʨʘʤʠ, ʱʦ ʚʠʤʘʛʘʻ ʥʘʡʚʠʱʦʛʦ ʨʽʚʥʷ ʜʦʩʪʫʧʥʦʩʪʽ 

(ʙʽʣʴʰʝ 99,90%), ʨʦʟʤʽʱʫʶʪʴʩʷ ʚ ʢʣʘʩʪʝʨʽ ʟ ʙʘʣʘʥʩʫʚʘʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ 

(Load Balancing Cluster). ɼʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʨʠʡʥʷʪʥʘ ʜʣʷ ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʦʜʥʠʤ 

ʩʪʘʥʦʤ (stateless) ʘʙʦ ʜʦʩʪʫʧʥʠʭ ʪʽʣʴʢʠ ʜʣʷ ʯʠʪʘʥʥʷ, ʚʽʜʢʣʶʯʝʥʥʷ ʚ ʙʫʜʴ-ʷʢʠʡ 

ʤʦʤʝʥʪ ʯʘʩʫ ʥʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʜʘʥʠʭ.  

 

˴͡ Ί͙ͤͭ͜

˴͙͍͙ͦͪͨͦͪ͊ͭͤ  ͚͒ ͊ͭ ͼ͔͊ͤͭͪ

̒ͪͯͫ ʕ ͔͋

̒ͪͯͫ ͨ ͙͙ͪ͊͒ͤ͟͡ͻ ͨ ͎ͪͦͪ͊ͣ

̒ͪͯͫ ͒ ͊ͤ ͻ͙

˾͍͜ ͔ͤΈ ͨ ͦ͒͊ͤ Ύͤ

˴ͦͣͨ ͔͙ͦͤͤͭ ͜ ͔ͤͭͪͺ͔͚ͫ  ͯ͟ ͙͍ͦͪͫͭͯ ;͊͊

˴ͦͣͨ ͔͙ͦͤͤͭ ͨ ͪͦͼ͔͍ͫ͜  ͜ ͔ͤͭͪͺ͔͚ͫ  ͯ͟ ͙͍ͦͪͫͭͯ ;͊͊

ˣ͘͜ ͔ͤ -͍ͫͪ͜ ͔ͤΈ

˾͍͜ ͔ͤΈ ͒ ͊ͤ ͻ͙

˿͍ͯ͗͋ͦ͜͡ ͜ ͔ͤͭͪͺ͔͚͙ͫ

ˣ͘͜ ͔ͤ -ͫ
͙ͨͦͭͦ͟

ˣ͘͜ ͔ͤ -ͫ
ͦͣͨ͟ ͔͙ͦͤͤͭ

ˣ͘͜ ͔ͤ -ͫͫͯͭͤͦͫͭ͜

˴ͦͣͨ ͔͙ͦͤͤͭ ͡ ͎͙ͦ͜͟  
͒ͦͫͭͯ ͨͯ ͒ͦ  ͒ ͊ͤ ͻ͙

˿ͯ͗͡ ͍͋ͦ͜ ͊ ͎͔ͤ ͙ͭ

˨͗ ͔͔ͪ͡  ͊͒ ͊ͤ ͻ͙ ˿ͯ͗͡ ͙͋



~ 81 ~ 
 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʚʠʧ. 3 (47), 2023 

ʂʦʤʧʦʥʝʥʪʠ ʨʽʚʥʷ ʧʨʦʛʨʘʤʠ ʪʘ ʨʽʚʥʷ ʜʘʥʠʭ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʥʘʡʚʠʱʦʛʦ ʨʽʚʥʷ 

ʜʦʩʪʫʧʥʦʩʪʽ (ʙʽʣʴʰʝ 99,95%), ʨʦʟʤʽʱʫʶʪʴʩʷ ʚ Failover-ʢʣʘʩʪʝʨʽ. ɼʘʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʤʽʨʥʽʩʪʴ ʩʠʩʪʝʤʥʠʭ ʨʝʩʫʨʩʽʚ ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʧʝʨʝʤʽʱʘʪʠ ʜʦʜʘʪʦʢ ʟ ʚʫʟʣʘ, ʷʢʠʡ ʚʽʜʤʦʚʠʚ, ʥʘ ʨʝʟʝʨʚʥʠʡ.  

ɿʘʭʠʱʝʥʽʩʪʴ  

ʂʦʤʧʦʥʝʥʪʠ ʧʨʦʛʨʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʬʽʟʠʯʥʦ ʨʦʟʥʝʩʝʥʽ ʥʘ ʨʽʟʥʽ ʚʫʟʣʠ 

ʤʝʨʝʞʽ. ʆʜʠʥ ʜʦʜʘʪʦʢ, ʦʜʠʥ web-ʩʝʨʚʽʩ, ʤʦʞʝ ʤʘʪʠ ʦʜʠʥ, ʜʚʘ ʘʙʦ ʪʨʠ ʨʽʚʥʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʨʽʟʥʽ ʜʦʜʘʪʢʠ ʤʦʞʫʪʴ ʧʝʨʝʙʫʚʘʪʠ ʚ ʨʽʟʥʠʭ ʟʦʥʘʭ ʙʝʟʧʝʢʠ.  

ʂʦʞʥʘ ʧʨʦʛʨʘʤʘ ʤʘʻ ʥʘʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʚʦʶ ʧʽʜʪʨʠʤʢʫ ʪʝʭʥʦʣʦʛʽʡ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʪʘ ʚʟʘʻʤʦʜʽʾ ʩʚʦʾʭ ʨʽʚʥʽʚ.  

ʊʠʧʠ ʢʣʽʻʥʪʽʚ  

ʆʩʥʦʚʥʽ ʪʠʧʠ ʢʣʽʻʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʂʦʨʧʦʨʘʮʽʻʶ, ʚʢʣʶʯʘʶʪʴ:  

1. ʊʦʥʢʠʡ ʢʣʽʻʥʪ (ʙʨʘʫʟʝʨ). ʃʦʛʽʢʘ ʽ ʜʘʥʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʥʘ ʩʝʨʚʝʨʘʭ.  

2. ʊʦʚʩʪʠʡ ʢʣʽʻʥʪ (Excel). ʏʘʩʪʠʥʘ ʙʽʟʥʝʩ-ʣʦʛʽʢʠ ʽ ʧʨʦʬʽʣʴ ʥʘʩʪʨʦʡʢʠ 

ʢʦʨʠʩʪʫʚʘʯʘ ʟʙʝʨʽʛʘʶʪʴʩʷ ʥʘ ʢʣʽʻʥʪʽ.  

3. ʇʨʦʛʨʘʤʥʠʡ ʢʣʽʻʥʪ, ʷʢʠʡ ʦʪʨʠʤʫʻ ʜʦʩʪʫʧ ʜʦ Web-ʩʝʨʚʽʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʪʦʢʦʣʫ SOAP. ʆʜʠʥ ʜʦʜʘʪʦʢ ʻ ʢʣʽʻʥʪʦʤ ʽʥʰʦʛʦ, ʧʨʠ ʮʴʦʤʫ ʽʥʪʝʨʬʝʡʩ 

ʢʦʨʠʩʪʫʚʘʯʘ ʚʽʜʩʫʪʥʽʡ.  

ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ  

ɼʦʜʘʪʦʢ ʧʨʦʪʷʛʦʤ ʩʚʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʚʩʝʨʝʜʠʥʽ ɼʘʪʘ-ʮʝʥʪʨʫ 

ʨʦʟʛʦʨʪʘʻʪʴʩʷ  ʚ ʧ'ʷʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʜʦʜʘʪʢʽʚ (ʨʠʩ. 4):  

1. ʉʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ ï ʚʠʜʽʣʝʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʚʩʝʨʝʜʠʥʽ ʷʢʦʛʦ 

ʩʪʚʦʨʶʶʪʴʩʷ ʜʦʜʘʪʢʠ. ʄʝʥʝʜʞʝʨ ʨʦʟʨʦʙʢʠ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʦʙʦʪʫ ʚ ʮʽʡ ʟʦʥʽ ʽ ʟʘ 

ʟʤʽʥʠ ʽ ʤʦʜʠʬʽʢʘʮʽʾ ʩʠʩʪʝʤʠ.   

2. ʉʝʨʝʜʦʚʠʱʝ ʥ̔ʪʝʛʨʘʮʽʾ ï ʜʘʥʘ ʟʦʥʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʟʽʙʨʘʥʦʛʦ ʜʦʜʘʪʢʘ, ʚ 

ʥʽʡ ʰʣʽʬʫʶʪʴʩʷ ʤʝʭʘʥʽʟʤʠ ʢʦʤʫʥʽʢʘʮʽʡ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʦʛʨʘʤʠ.  

3. ʊʝʩʪʦʚʝ ʩʝʨʝʜʦʚʠʱʝ ï ʟʦʥʘ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʤʝʥʝʜʞʝʨʘ ʪʝʩʪʫʚʘʥʥʷ ʘʙʦ 

ʤʝʥʝʜʞʝʨʘ ʧʨʠʡʤʘʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ. ʋ ʜʘʥʽʡ ʟʦʥʽ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘʙʦʨʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ, ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʽ ʽʥʰʠʭ ʪʝʩʪʽʚ ʥʘ ʜʦʜʘʪʢʫ. ɿʤʽʥʠ ʜʦʜʘʪʢʘ 

ʥʝ ʜʦʧʫʩʢʘʶʪʴʩʷ.  

4. ʇʝʨʝʜ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ ï ʟʦʥʘ çʟʙʝʨʽʛʘʥʥʷè ʛʦʪʦʚʦʛʦ ʜʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʣʽʟʫ ʜʦʜʘʪʢʘ. ɿʤʽʥʠ ʥʝ ʜʦʧʫʩʢʘʶʪʴʩʷ. ɼʘʥʘ ʟʦʥʘ ʚʞʝ ʚʭʦʜʠʪʴ 

ʫ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʤʝʥʝʜʞʝʨʘ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

5. ʉʝʨʝʜʦʚʠʱʝ ʝʢʩʧʣʫʘʪʘʮʽʾ ï ʩʝʨʝʜʦʚʠʱʝ ʟ ʥʘʡʚʠʱʠʤ ʨʽʚʥʝʤ ʢʦʥʪʨʦʣʶ. 
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              ˿ ͔͔͍͙ͪ͒ͦ̈́  ͔               ˱ ͔͎ͤͭͪ ͼ͚͊͜ ͔ͤ                            ͔́ ͫͭͯ ͍͊ Έͤ͡  ͔                         ˽͎͍͒ͦͭͦ͜;͔                     ʕ͙ ͪͦ͋ͤ ;͙͔
                 ͪ ͦͪͦ͋͘͟  ͙                     ͔͔͍͙ͫͪ͒ͦ΅͔                             ͔͔͍͙ͫͪ͒ͦ΅͔                        ͔͔͍͙ͫͪ͒ͦ΅͔                  ͫ ͔͔͍͙ͪ͒ͦ̈́ ͔

 
 

ʈʠʩ. 4. ɯʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʩʝʨʝʜʦʚʠʱʘ ʜʦʜʘʪʢʽʚ ɼʘʪʘ-ʮʝʥʪʨʫ 
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ʃʦʛʽʯʥʠʡ ʜʠʟʘʡʥ ʜʦʜʘʪʢʽʚ  

ʉʪʘʥʜʘʨʪ 1: ɼʚʦʨʽʚʥʝʚʠʡ ʜʦʜʘʪʦʢ ʜʣʷ ʚʥʫʪʨʽʰʥʽʭ ʢʣʽʻʥʪʽʚ (ʨʠʩ. 5 ʘ)  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ:  

1. ʇʨʦʩʪʽ ʤʽʞʢʦʤʧʦʥʝʥʪʥʽ ʟʚ'ʷʟʢʠ.  

2. ʇʨʦʩʪʘ ʩʭʝʤʘ ʨʦʟʛʦʨʪʘʥʥʷ ʧʨʦʛʨʘʤʠ.  

3. ʇʨʦʩʪʽ ʤʝʭʘʥʽʟʤʠ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʥʦʩʪʽ.  

4. ɺʩʽ ʜʦʜʘʪʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ɺʥʫʪʨʽʰʥʽʡ ɿʦʥʽ ɹʝʟʧʝʢʠ. 

 

ʈʠʩ. 5 ʘ. ɼʚʦʨʽʚʥʝʚʠʡ ʜʦʜʘʪʦʢ ʜʣʷ ʚʥʫʪʨʽʰʥʽʭ ʢʣʽʻʥʪʽʚ  

ʉʪʘʥʜʘʨʪ 2: ʊʨʠʨʽʚʥʝʚʠʡ ʜʦʜʘʪʦʢ ʜʣʷ ʚʥʫʪʨʽʰʥʽʭ ʢʣʽʻʥʪʽʚ (ʨʠʩ. 5 ʙ)  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ:  

1. ʅʝʟʘʣʝʞʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʨʽʚʥʽʚ ʙʽʟʥʝʩ-ʣʦʛʽʢʠ ʽ ʫʷʚʣʝʥʥʷ.  

2. ɼʽʘʛʥʦʩʪʠʢʘ ʧʨʦʙʣʝʤ ʩʢʣʘʜʥʘ.  

ʉʪʘʥʜʘʨʪ 3: ɼʚʦʨʽʚʥʝʚʠʡ ʜʦʜʘʪʦʢ ʜʣʷ ʟʦʚʥʽʰʥʽʭ ʢʣʽʻʥʪʽʚ ʟ ʚʥʫʪʨʽʰʥʽʤ 

ʜʞʝʨʝʣʦʤ ʜʘʥʠʭ (ʨʠʩ. 5 ʚ)  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ:  

1. ʉʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʧʝʨʠʤʝʪʨʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʜʘʪʢʦʚʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ.  

2. ʈʦʟʛʦʨʪʘʥʥʷ ʩʠʩʪʝʤʠ ʩʢʣʘʜʥʝ.  

ʉʪʘʥʜʘʨʪ 4: ʊʨʠʨʽʚʥʝʚʠʡ ʜʦʜʘʪʦʢ ʜʣʷ ʟʦʚʥʽʰʥʽʭ ʢʣʽʻʥʪʽʚ ʟ ʚʥʫʪʨʽʰʥʽʤ 

ʜʞʝʨʝʣʦʤ ʜʘʥʠʭ (ʨʠʩ. 5 ʛ)  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ:  

1. ʅʝʦʙʭʽʜʥʘ ʥʘʩʪʨʦʡʢʘ ʢʦʤʫʥʽʢʘʮʽʡ ʤʽʞ ʨʽʚʥʷʤʠ ʙʽʟʥʝʩ-ʣʦʛʽʢʠ ʽ ʫʷʚʣʝʥʥʷ.  

2. ʅʝʦʙʭʽʜʥʠʡ ʩʝʨʚʽʩ ʭʦʩʪʠʥʛʫ ʢʦʤʧʦʥʝʥʪʽʚ.  

3. ɼʽʘʛʥʦʩʪʠʢʘ ʧʨʦʙʣʝʤ ʩʢʣʘʜʥʘ.  

4. ʈʦʟʛʦʨʪʘʥʥʷ ʜʦʜʘʪʢʘ ʩʢʣʘʜʥʝ.  
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ʈʠʩ. 5 ʙ. ʊʨʠʨʽʚʥʝʚʠʡ ʜʦʜʘʪʦʢ ʜʣʷ ʚʥʫʪʨʽʰʥʽʭ ʢʣʽʻʥʪʽʚ 

 

 
 

ʈʠʩ. 5 ʚ. ɼʚʦʨʽʚʥʝʚʠʡ ʜʦʜʘʪʦʢ ʜʣʷ ʟʦʚʥʽʰʥʽʭ ʢʣʽʻʥʪʽʚ ʟ ʚʥʫʪʨʽʰʥʽʤ ʜʞʝʨʝʣʦʤ ʜʘʥʠʭ 
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ʈʠʩ. 5 ʛ. ʊʨʠʨʽʚʥʝʚʠʡ ʜʦʜʘʪʦʢ ʜʣʷ ʟʦʚʥʽʰʥʽʭ ʢʣʽʻʥʪʽʚ ʟ ʚʥʫʪʨʽʰʥʽʤ ʜʞʝʨʝʣʦʤ ʜʘʥʠʭ 

 

 
 

ʈʠʩ. 5 ʜ. ʊʨʠʨʽʚʥʝʚʠʡ ʜʦʜʘʪʦʢ ʜʣʷ ʟʦʚʥʽʰʥʽʭ ʢʣʽʻʥʪʽʚ ʟ ʚʥʫʪʨʽʰʥʽʤ ʜʞʝʨʝʣʦʤ ʜʘʥʠʭ ʽ 

ʜʦʜʘʪʢʦʤ 
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ʉʪʘʥʜʘʨʪ 5: ʊʨʠʨʽʚʥʝʚʠʡ ʜʦʜʘʪʦʢ ʜʣʷ ʟʦʚʥʽʰʥʽʭ ʢʣʽʻʥʪʽʚ ʟ ʚʥʫʪʨʽʰʥʽʤ 

ʜʞʝʨʝʣʦʤ ʜʘʥʠʭ ʽ ʜʦʜʘʪʢʦʤ (ʨʠʩ. 5 ʜ)  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ:  

1. ɹʽʟʥʝʩ-ʣʦʛʽʢʘ ʽ ʜʘʥʽ ʨʦʟʤʽʱʫʶʪʴʩʷ ʚ ʙʽʣʴʰ ʟʘʭʠʱʝʥʽʡ ʟʦʥʽ.  

2. ɼʽʘʛʥʦʩʪʠʢʘ ʧʨʦʙʣʝʤ ʩʢʣʘʜʥʘ.  

3. ʈʦʟʛʦʨʪʘʥʥʷ ʜʦʜʘʪʢʘ ʩʢʣʘʜʥʝ. 

ɸʨʭʽʪʝʢʪʫʨʘ ʜʦʜʘʪʢʽʚ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʥʘʩʪʫʧʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ 

ʩʪʘʥʜʘʨʪʽʚ.  

 

ʊʘʙʣ. 1. ɽʣʝʤʝʥʪʠ ʡ ʩʪʘʥʜʘʨʪʠ ʘʨʭʽʪʝʢʪʫʨʠ ʜʦʜʘʪʢʽʚ  

 

ɽʣʝʤʝʥʪ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

.NET Framework ɿʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʫʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ ʽ ʙʽʙʣʽʦʪʝʢʠ 

ʢʣʘʩʽʚ ʜʣʷ .NET ʢʦʜʫ 

COM+ ʉʝʨʝʜʦʚʠʱʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʟʘʭʠʩʪʫ 

ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʜʘʪʢʘ 

Message Queuing ʊʝʭʥʦʣʦʛʽʷ ʫʧʨʘʚʣʽʥʥʷ ʯʝʨʛʘʤʠ ʧʦʚʽʜʦʤʣʝʥʴ ʽ 

ʘʩʠʥʭʨʦʥʥʠʤʠ ʢʦʤʫʥʽʢʘʮʽʷʤʠ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʜʦʜʘʪʢʘ 

Web Application Services ʆʙʩʣʫʛʦʚʫʚʘʥʥʷ (hosting) Web-ʩʝʨʚʽʩʽʚ 

Data Services ʆʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ 

File Services ɿʙʝʨʽʛʘʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʡʥʠʭ ʬʘʡʣʽʚ (global.asax 

ʘʙʦ Web.config, ʥʘʧʨʠʢʣʘʜ) 

Networking Services ɿʘʙʝʟʧʝʯʝʥʥʷ ʤʝʨʝʞʝʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ 

Certificate Services ɿʘʙʝʟʧʝʯʝʥʥʷ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ, ʘʚʪʦʨʠʟʘʮʽʾ ʪʘ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ 

Infrastructure 

Management Services 

ɯʥʩʪʨʫʤʝʥʪʘʨʽʡ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʜʦʜʘʪʢʦʤ ʽ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʘʤʠ 

 

ʄʝʨʝʞʝʚʽ ʩʪʘʥʜʘʨʪʠ: TCP / IP; UDP / IP.  

ʋ ʷʢʦʩʪʽ ʤʝʨʝʞʽ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʛʨʘʤʥʦ-ʢʦʥʬʽʛʫʨʦʚʘʥʽ ʤʝʨʝʞʽ 

(software-defined networking SDN). SDN ï ʮʝ ʧʽʜʭʽʜ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ, 

ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʜʠʥʘʤʽʯʥʫ, ʧʨʦʛʨʘʤʥʦ ʝʬʝʢʪʠʚʥʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʤʝʨʝʞʝʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʨʝʞʽ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ, ʱʦ 

ʨʦʙʠʪʴ ʾʾ ʙʽʣʴʰʝ ʩʭʦʞʦʶ ʥʘ ʭʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʥʽʞ ʥʘ ʪʨʘʜʠʮʽʡʥʝ ʢʝʨʫʚʘʥʥʷ 

ʤʝʨʝʞʝʶ [33]. SDN ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʪʘʪʠʯʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ 

ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʨʝʞ. SDN ʥʘʤʘʛʘʻʪʴʩʷ ʮʝʥʪʨʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʤʝʨʝʞʫ ʚ 

ʦʜʥʦʤʫ ʤʝʨʝʞʝʚʦʤʫ ʢʦʤʧʦʥʝʥʪʽ, ʚʽʜʦʢʨʝʤʣʶʶʯʠ ʧʨʦʮʝʩ ʧʝʨʝʩʠʣʘʥʥʷ 

ʤʝʨʝʞʝʚʠʭ ʧʘʢʝʪʽʚ (ʧʣʦʱʠʥʘ ʜʘʥʠʭ) ʚʽʜ ʧʨʦʮʝʩʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ (ʧʣʦʱʠʥʘ 

ʢʝʨʫʚʘʥʥʷ) [34, 35]. ʇʣʦʱʠʥʘ ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʘʙʦ ʢʽʣʴʢʦʭ 

ʢʦʥʪʨʦʣʝʨʽʚ, ʷʢʽ ʚʚʘʞʘʶʪʴʩʷ ʤʦʟʢʦʤ ʤʝʨʝʞʽ SDN, ʚ ʷʢʽʡ ʦʙôʻʜʥʘʥʦ ʚʝʩʴ 

ʽʥʪʝʣʝʢʪ. ʆʜʥʘʢ ʮʝʥʪʨʘʣʽʟʘʮʽʷ ʤʘʻ ʩʚʦʾ ʥʝʜʦʣʽʢʠ, ʢʦʣʠ ʡʜʝʪʴʩʷ ʧʨʦ ʙʝʟʧʝʢʫ [36], 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʪʘ ʛʥʫʯʢʽʩʪʴ [33], ʽ ʮʝ ʛʦʣʦʚʥʘ ʧʨʦʙʣʝʤʘ SDN [36]. 

SDN ʟʘʟʚʠʯʘʡ ʘʩʦʮʽʶʚʘʣʘʩʴ ʟ ʧʨʦʪʦʢʦʣʦʤ OpenFlow (ʜʣʷ ʚʽʜʜʘʣʝʥʦʛʦ 

ʟʚ'ʷʟʢʫ ʟ ʝʣʝʤʝʥʪʘʤʠ ʤʝʨʝʞʝʚʦʾ ʧʣʦʱʠʥʠ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʫ 

ʤʝʨʝʞʝʚʠʭ ʧʘʢʝʪʽʚ ʯʝʨʝʟ ʤʝʨʝʞʝʚʽ ʢʦʤʫʪʘʪʦʨʠ) ʟ ʤʦʤʝʥʪʫ ʧʦʷʚʠ ʦʩʪʘʥʥʴʦʛʦ ʚ 

2011 ʨʦʮʽ. ʆʜʥʘʢ ʟ 2012 ʨʦʢʫ ʮʝʡ ʪʝʨʤʽʥ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʣʘʩʥʽ 
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ʩʠʩʪʝʤʠ [37, 38]. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ ʚʽʜʢʨʠʪʝ ʤʝʨʝʞʝʚʝ ʩʝʨʝʜʦʚʠʱʝ Cisco 

Systems ʽ ʧʣʘʪʬʦʨʤʘ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʝʨʝʞʽ Nicira. 

Web-ʩʪʘʥʜʘʨʪʠ: HTTP / HTTPS; XML; SOAP / WSDL; WSE (WS-Security, 

WS-Routing, WS-Coordination, and WS-Transaction).  

ʉʋɹɼ ʩʪʘʥʜʘʨʪʠ: SQL.  

 

4. ɯʅʊɽɻʈɸʎɯʗ ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ ɼʆɼɸʊʂɯɺ  

 

ɹʫʜʴ-ʷʢʠʡ ʢʦʤʧʦʥʝʥʪ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʦʜʘʪʢʽʚ ʧʦʚʠʥʝʥ ʥʘʜʘʚʘʪʠ ʨʽʰʝʥʥʷ, 

ʷʢʝ ʜʦʟʚʦʣʷʻ ʡʦʛʦ ʽʥʪʝʛʨʫʚʘʪʠ ʟ ʽʥʰʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɯʥʪʝʛʨʘʮʽʷ ʥʝʦʙʭʽʜʥʘ 

ʥʘ ʨʽʚʥʽ ʤʝʨʝʞʝʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʥʘ ʨʽʚʥʽ ʙʘʟʦʚʠʭ ʩʝʨʚʽʩʽʚ (ʜʦʩʪʫʧ ʜʦ ʬʘʡʣʦʚʠʭ 

ʩʠʩʪʝʤ), ʥʘ ʨʽʚʥʽ ʜʦʩʪʫʧʫ ʜʦ ʜʞʝʨʝʣ ʜʘʥʠʭ, ʥʘ ʨʽʚʥʽ ʚʟʘʻʤʦʜʽʾ ʜʦʜʘʪʢʽʚ. ʂʨʽʤ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʨʽʟʥʦʨʽʜʥʠʭ ʩʠʩʪʝʤ, ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʩʢʣʘʜʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʪʘʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ [39].  

ʆʩʢʽʣʴʢʠ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʥʝʤʦʞʣʠʚʦ ʽ ʯʘʩʪʦ ʥʝʜʦʮʽʣʴʥʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʦʩʪʘʚʢʫ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʽʜ ʦʜʥʦʛʦ ʚʠʨʦʙʥʠʢʘ, ʧʠʪʘʥʥʷ 

ʽʥʪʝʛʨʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʝ ʪʨʴʦʤʘ ʰʣʷʭʘʤʠ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥʜʘʨʪʽʚ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʤʽʞʥʠʭ ʩʝʨʝʜʦʚʠʱ-çʧʝʨʝʢʣʘʜʘʯʽʚè (application integration 

services), ʩʘʤʦʩʪʽʡʥʘ ʨʦʟʨʦʙʢʘ ʢʦʥʝʢʪʦʨʽʚ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥʜʘʨʪʽʚ  

ʂʣʶʯʦʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʚʟʘʻʤʦʜʽʾ ʟ ʦʧʝʨʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʽ ʩʣʫʞʙʘʤʠ 

ʽʥʰʠʭ ʚʠʨʦʙʥʠʢʽʚ ʻ ʧʽʜʪʨʠʤʢʘ ʩʪʘʥʜʘʨʪʽʚ TCP / IP, IPX, Kerberos, PKI (X.509, 

PKCS), LDAP, HTTP, WBEM, DNS, DHCP, XML, UDDI, SOAP ʽ ʽʥʰ. 

ɺʙʫʜʦʚʘʥ̔

ʩʪʘʥʜʘʨʪʠ 

ʥ̔ʪʝʨʦʧʝʨʘʙʝʣɹʥʦʩʪ̔

Windows

Server 2003

IPX

DHCP LDAP

WBEM

Active

Directory

ʉʣʫʞʙʠ 

ʤʝʪʘʢʘ-

ʪʘʣʦʛ̔ʚ

ʉʣʫʞʙʠ

ʜʣ̫

Macintosh

Host

Integration

Server

ʉʣʫʞʙʠ ʜʣ̫ 

UNIX Interix

ʉʣʫʞʙʠ

ʟʘʩʪʦʩʫʚʘʥɹ:

OLE DB, ADO, 

ODBC, XML,

SOAP

Biz Talk

Kerberos

PKI

HTTP

XMLDNS

TCP/IP

Macintosh

IBM,

Amdahl,

Hitachi

Sun Solaris, HP/UX,

Linux, Tru 64, IBM

SQL Server,

Oracle,

Informix,

IBM DB 2

XML/SOAP

Web Services

Novell NDS,

Exchange,

UNIX NIS,

iPlanet,

Novell Groupwise,

Lotus Notes

NetWare

ʉʣʫʞʙʠ 

ʬʘʡʣ̔ʚ ʪʘ 

ʜʨʫʢʫ

 
 

ʈʠʩ. 6. ʇʽʜʪʨʠʤʢʘ ʩʪʘʥʜʘʨʪʽʚ 
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ʂʨʽʤ ʩʪʘʥʜʘʨʪʽʚ, ʪʨʝʙʘ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʜʘʪʢʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʽʥʪʝʛʨʘʮʽʾ, 

ʷʢ ʥʘʧʨʠʢʣʘʜ ʧʽʜʩʠʩʪʝʤʘ Interix, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʜʦʜʘʪʢʠ UNIX 

ʩʝʨʝʜʦʚʠʱʘ. 

 

ʊʘʙʣ. 2. ɼʦʜʘʪʢʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʽʥʪʝʛʨʘʮʽʾ 
 

ʇʣʘʪʬʦʨʤʘ ʄʝʨʝʞʘ ɼʘʥʽ ɼʦʜʘʪʢʠ 

UNIX Services for 

UNIX 

Services for UNIX, 

Microsoft Interix 

Microsoft 

Interix 

IBM Host Integration 

Server 

Host Integration Server Host Integration 

Server 

Macintosh Services for 

Macintosh 

Services for Macintosh  N/A 

 

ʉʝʨʚʽʩ-ʦʨʽʻʥʪʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʜʦʜʘʪʢʽʚ (Service Oriented Architecture) 

ʩʧʠʨʘʻʪʴʩʷ ʥʘ Web-ʩʪʘʥʜʘʨʪʠ ʽ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʦʜʘʪʢʽʚ, 

ʟʜʘʪʥʠʭ ʜʦ ʙʝʟʰʦʚʥʦʾ ʽʥʪʝʛʨʘʮʽʾ.  

ʉʪʘʥʜʘʨʪʠ Web Services Enhancements (WSE) ʦʧʠʩʫʶʪʴ ʩʭʝʤʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʧʦʩʠʣʘʣʴʥʠʭ ʟʚ'ʷʟʢʽʚ, ʽʥʩʧʝʢʮʽʾ, ʙʝʟʧʝʢʠ, ʪʨʘʥʟʘʢʮʽʡʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʽʥʰʽ ʢʦʤʧʦʥʝʥʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ SOA. ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ ʜʦʜʘʪʢʽʚ 

ʧʦʚʠʥʥʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʘʙʽʨ ʩʪʘʥʜʘʨʪʽʚ WSE.  

  

ʊʘʙʣ. 3. ʇʽʜʪʨʠʤʢʘ ʩʪʘʥʜʘʨʪʽʚ WSE Windows Server 
 

ɺʠʤʦʛʘ ʇʨʠʢʣʘʜ ʨʝʘʣʽʟʘʮʽʾ 

ɹʝʟʧʦʩʝʨʝʜʥʷ 

ʧʽʜʪʨʠʤʢʘ XML 

Web Services 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʽʜʪʨʠʤʢʠ ʩʪʘʥʜʘʨʪʽʚ 

XML Web service, ʚʢʣʶʯʘʶʯʠ XML, SOAP, Universal 

Description, Discovery, ʽ Integration (UDDI), ʽ Web 

Services Description Language (WSDL). 

ʇʽʜʪʨʠʤʢʘ 

Enterprise UDDI 

ɺʢʣʶʯʘʻ Enterprise UDDI Services, ʜʠʥʘʤʽʯʥʫ ʪʘ ʛʥʫʯʢʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʣʷ XML Web-ʩʝʨʚʽʩʽʚ. ɼʘʥʠʡ 

ʢʦʤʧʦʥʝʥʪ ʜʦʟʚʦʣʷʻ ʢʦʤʧʘʥʽʷʤ ʦʪʨʠʤʘʪʠ ʩʚʦʶ 

ʚʥʫʪʨʽʰʥʶ UDDI ʩʣʫʞʙʫ. 

ʇʽʜʪʨʠʤʢʘ 

ʫʩʧʘʜʢʦʚʘʥʠʭ 

ʩʠʩʪʝʤ 

XML Web-ʩʝʨʚʽʩʠ ʽʥʪʝʛʨʦʚʘʥʽ ʚ Windows Server; ʽʩʥʫʶʯʽ 

ʢʦʤʧʦʥʝʥʪʠ COM + ʽ Message Queuing ʤʦʞʫʪʴ 

ʧʨʘʮʶʚʘʪʠ ʩʧʽʣʴʥʦ ʟ Web-ʩʝʨʚʽʩʘʤʠ. COM + ʜʦʜʘʪʢʠ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ XML / SOAP. Message Queuing 

ʚʠʢʦʨʠʩʪʦʚʫʻ SOAP ʽ XML ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʥʠʭ 

ʧʨʦʪʦʢʦʣʽʚ. 

ʌʝʜʝʨʘʪʠʚʥʘ 

ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ 

XML Web-ʩʝʨʚʽʩʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʫʥʜʘʤʝʥʪ ʜʣʷ 

ʙʝʟʰʦʚʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʜʦʜʘʪʢʽʚ. 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʚʽʩʽʚ ʽʥʪʝʛʨʘʮʽʾ  

ʉʝʨʚʽʩʠ ʽʥʪʝʛʨʘʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʛʨʘʪʠ ʨʦʣʴ ʪʨʘʥʩʧʦʨʪʫ ʽ ʧʝʨʝʢʣʘʜʘʯʘ 

ʽʥʬʦʨʤʘʮʽʾ. ʉʝʨʚʽʩ ʽʥʪʝʛʨʘʮʽʾ ʤʘʻ ʙʫʪʠ ʩʪʚʦʨʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʻʜʠʥʦʾ ʰʠʥʠ, 

ʙʨʦʢʝʨʘ, ʽʥʪʝʛʨʫʶʯʦʛʦ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʠʭ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ. 

ʉʝʨʚʽʩ ʽʥʪʝʛʨʘʮʽʾ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʣʘʩʥʫ ʙʽʟʥʝʩ-ʣʦʛʽʢʫ ʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʽʥʪʝʛʨʘʮʽʶ ʚ ʦʜʠʥ ʙʽʟʥʝʩ-ʧʨʦʮʝʩ ʙʘʛʘʪʴʦʭ (ʙʽʣʴʰʝ ʜʚʦʭ) ʜʦʜʘʪʢʽʚ.  
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ɺʀʉʅʆɺʂʀ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ ʇʆɼɸʃʔʐʀʍ ɼʆʉʃɯɼɾɽʅʔ 

 
1. ʈʦʟʛʣʷʥʫʪʦ ʨʦʟʚʠʪʦʢ ʉʠʩʪʝʤʥʦʾ ɸʨʭʽʪʝʢʪʫʨʠ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, 

ʦʨʽʻʥʪʦʚʘʥʦʾ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ɼʘʪʘ-ʮʝʥʪʨʽʚ.  

2. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʘʪʝʛʽʷ ʨʦʟʚʠʪʢʫ ʉʠʩʪʝʤʥʦʾ ɸʨʭʽʪʝʢʪʫʨʠ ɯʊ-

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʝʜʦʚʠʭ ʤʝʪʦʜʦʣʦʛʽʡ ʪʘ ʢʦʥʮʝʧʮʽʡ 

ʧʨʦʚʽʜʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʘʧʘʨʘʪʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (HP, SUN, 

EMC, CISCO, Microsoft, ORACLE, Veritas). ɼʣʷ ʩʠʩʪʝʤʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ ʦʧʠʩʫʶʪʴ: ʟʘʛʘʣʴʥʽ ʧʽʜʭʦʜʠ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʥʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ; ɯʊ-ʩʝʨʚʽʩʠ ï ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʚʠʨʽʰʫʶʪʴ ʟʘʚʜʘʥʥʷ 

ʢʦʨʧʦʨʘʮʽʾ; ʣʦʛʽʯʥʫ ʤʦʜʝʣʴ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ.  

3. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʥʘʩʪʫʧʥʠʡ ʧʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ: 

ʘʨʭʽʪʝʢʪʫʨʠ ɯʊ-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʠʟʥʘʯʘʶʪʴ ʥʘʙʽʨ ʩʝʨʚʽʩʽʚ. ɯʊ-ʩʝʨʚʽʩʠ 

ʥʘʜʘʶʪʴʩʷ ʪʨʴʦʤ ʛʨʫʧʘʤ ʢʣʽʻʥʪʽʚ. ɯʊ-ʩʝʨʚʽʩʠ ʪʘ ʢʣʽʻʥʪʠ ʧʦʚ'ʷʟʘʥʽ 5 ʩʮʝʥʘʨʽʷʤʠ 

ʨʝʘʣʽʟʘʮʽʾ. ɯʥʪʝʛʨʘʮʽʶ ɯʊ-ʩʝʨʚʽʩʽʚ ʚʠʟʥʘʯʘʶʪʴ 5 ʘʨʭʽʪʝʢʪʫʨ.  

4. ɺ ʷʢʦʩʪʽ ɯʊ-ʩʝʨʚʽʩʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʧʽʜʪʨʠʤʘʥʥʷ ʚ ʪʝʭʥʽʯʥʦ ʩʧʨʘʚʥʦʤʫ ʩʪʘʥʽ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ: ʤʝʨʝʞʥʽ ʧʨʠʩʪʨʦʾ, 

ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ, ʧʨʠʩʪʨʦʾ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʩʣʫʞʙʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʨʦʟʛʦʨʪʘʥʥʷ ʇɿ, ʤʝʨʝʞʝʚʽ ʩʣʫʞʙʠ, ʩʣʫʞʙʠ ʟʘʭʠʩʪʫ ʧʝʨʠʤʝʪʨʘ, ʩʣʫʞʙʠ 

ʢʘʪʘʣʦʛʫ, ʩʣʫʞʙʠ ʬʘʡʣʽʚ ʽ ʜʨʫʢʫ, ʩʣʫʞʙʠ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ, ʩʣʫʞʙʠ ʙʽʟʥʝʩ-

ʜʦʜʘʪʢʽʚ, ʩʣʫʞʙʠ ʫʧʨʘʚʣʽʥʥʷ ɯʊ, ʩʣʫʞʙʠ ʘʨʭʽʚʫʚʘʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ, ʩʣʫʞʙʠ 

ʫʧʨʘʚʣʽʥʥʷ ʩʝʨʪʠʬʽʢʘʪʘʤʠ, ʩʣʫʞʙʠ ʽʥʪʝʛʨʘʮʽʾ.  

5. ɸʨʭʽʪʝʢʪʫʨʠ ʩʠʩʪʝʤ ʚʠʟʥʘʯʘʶʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ɯʊ-

ʩʝʨʚʽʩʽʚ ʽ ʾʭ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ.  

6. ʅʘ ʙʘʟʽ ʘʨʭʽʪʝʢʪʫʨʠ ʬʦʨʤʫʶʪʴʩʷ ʚʠʤʦʛʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ɯʊ-ʩʝʨʚʽʩʽʚ.  

7. ʆʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʘʨʭʽʪʝʢʪʫʨ ʻ ʘʨʭʽʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʥʠʭ ʜʦʜʘʪʢʽʚ.  

8. ɸʨʭʽʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʥʠʭ ʜʦʜʘʪʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʽʟʥʝʩ-ʧʦʪʨʝʙʘʤʠ 

ʢʦʨʧʦʨʘʮʽʾ ʪʘ ʧʽʜʭʦʜʘʤʠ, ʤʝʪʦʜʘʤʠ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʽʚ ʢʦʥʢʨʝʪʥʠʤ 

ʨʦʟʨʦʙʥʠʢʦʤ. ɺʦʥʘ ʚʠʟʥʘʯʘʻ ʩʝʨʝʜʦʚʠʱʝ ʚʠʢʦʥʘʥʥʷ ʜʣʷ ʜʦʜʘʪʢʽʚ, ʤʝʭʘʥʽʟʤʠ 

ʢʦʤʫʥʽʢʘʮʽʡ ʤʽʞ ʜʦʜʘʪʢʘʤʠ ʽ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʽʥʩʪʨʫʤʝʥʪʘʨʽʾ ʢʦʥʪʨʦʣʶ ʜʦʜʘʪʢʘ 

ʽ ʫʧʨʘʚʣʽʥʥʷ ʡʦʛʦ ʩʪʘʥʦʤ, ʘ ʪʘʢʦʞ ʩʭʦʚʠʱʝ ʜʣʷ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʽ 

ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʪʠʧʽʚ ʜʘʥʠʭ. ɿʘʚʜʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ: ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʜʘʪʢʽʚ; ʧʽʜʪʨʠʤʫʚʘʪʠ ʤʝʭʘʥʽʟʤʠ 

ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ ʜʣʷ ʢʦʤʫʥʽʢʘʮʽʡ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʦʜʘʪʢʽʚ; ʨʝʘʣʽʟʫʚʘʪʠ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʨʽʚʥʷ ʩʝʨʚʽʩʽʚ ʽ ʜʽʘʛʥʦʩʪʠʢʠ ʧʨʦʙʣʝʤ; 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʙʝʨʽʛʘʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʽ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ.  

9. ʉʪʘʥʜʘʨʪʠʟʘʮʽʷ ʘʨʭʽʪʝʢʪʫʨʠ ʜʦʜʘʪʢʽʚ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ, 

ʧʦʚ'ʷʟʘʥʽ ʟ ʧʽʜʪʨʠʤʢʦʶ ʜʝʢʽʣʴʢʦʭ ʪʠʧʽʚ ʘʨʭʽʪʝʢʪʫʨ, ʢʦʞʥʘ ʜʣʷ ʚʠʟʥʘʯʝʥʦʛʦ 

ʪʠʧʫ ʙʽʟʥʝʩ-ʜʦʜʘʪʢʽʚ.  
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SPACE MONITORING OF VIOLATION OF THE ECOSYS TEM 

CONDITION OF THE BLACK SEA BIOSPHERE RESERVE  

AS A RESULT OF MILITARY ACTIONS  
 

Abstract. This work is devoted to the study of the impact of military actions on the 

environment of Ukraine based on the materials of remote sensing of the Earth. The 

authors proposed a methodology for determining the scale of fires and the degree 

of damage to nature conservation objects using the example of the Black Sea 

Biosphere Reserve. In particular, fires are identified with the help of the FIRMS 

service, which subsequently allows establishing the causes of their occurrence and 

predicting their direction of spread, as well as estimating the affected areas. The 

paper presents the results of satellite monitoring of the determination of thermal 

anomaly centers, their dynamics and extent of damage; a study of the areas flooded 

due to the lowering of the reservoir is presented; an approach to comprehensive 

monitoring of the disturbance of the state of ecosystems of nature-protected 

territories of Ukraine is proposed. The research was conducted in the period from 

February 2022 to February 2023. Temperature activity was determined in the Black 

Sea Biosphere Reserve and its adjacent territories, and areas of disturbance of the 
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surface layer of the soil as a result of military operations were identified. The facts 

of fires, the presence of enemy military equipment, the construction of various 

fortification structures (trenches, trenches, shelters for equipment), the presence of 

firing positions, the location and movement of automobiles and other large vehicles 

have been proven. The proposed research can be used to monitor and document 

environmental crimes caused by military actions. The obtained results provide 

information to state authorities for decision-making regarding the preservation and 

restoration of valuable natural reserves and objects, and also allows forecasting 

changes in environmental risk due to military actions. 

Keywords: impact of war; nature-protected areas; russian invasion; fires; remote 

sensing data. 

 

ʆ. ʊʨʦʬʠʤʯʫʢ1, ʉ. ɿʘʛʦʨʦʜʥʷ1,2, ɺ. ɺʠʰʥʷʢʦʚ1, ɺ. ʂʣʠʤʝʥʢʦ1, ʅ. ʐʝʚʷʢʽʥʘ1,  

ɯ. ʈʘʜʯʫʢ1,2, ʆ. ʊʦʤʯʝʥʢʦ3, ʉ. ʉʣʘʩʪʽʥ4 

 
1ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅɸʅʋ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
2ʌʘʢʫʣʴʪʝʪ ʛʝʦʛʨʘʬʽʾ ʂʝʤʙʨʠʜʞʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʂʝʤʙʨʠʜʞ, ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ 
3ɼʝʨʞʘʚʥʘ ʫʩʪʘʥʦʚʘ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ɯʥʩʪʠʪʫʪʫ 

ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠè, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
4ʅʘʮʽʦʥʘʣʴʥʠʡ ʮʝʥʪʨ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʩʤʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ʂʆʉʄɯʏʅʀʁ ʄʆʅɯʊʆʈʀʅɻ ʇʆʈʋʐɽʅʅʗ ʉʊɸʅʋ ɽʂʆʉʀʉʊɽʄʀ 

ʏʆʈʅʆʄʆʈʉʔʂʆɻʆ ɹɯʆʉʌɽʈʅʆɻʆ ɿɸʇʆɺɯɼʅʀʂɸ  

ɺʅɸʉʃɯɼʆʂ ɺɯʁʉʔʂʆɺʀʍ ɼɯʁ 

 
ɸʥʦʪʘʮʽʷ. ɼʘʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʠʚʯʝʥʥʶ ʚʧʣʠʚʫ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʋʢʨʘʾʥʠ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ. ɸʚʪʦʨʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʰʪʘʙʽʚ 

ʧʦʞʝʞ ʪʘ ʩʪʫʧʝʥʷ ʰʢʦʜʠ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʤ ʦʙôʻʢʪʘʤ ʥʘ ʧʨʠʢʣʘʜʽ 

ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʙʽʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ. ɿʦʢʨʝʤʘ, ʧʦʞʝʞʽ 

ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʨʚʽʩʫ FIRMS, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʜʦʟʚʦʣʷʻ 

ʚʩʪʘʥʦʚʠʪʠ ʧʨʠʯʠʥʠ ʾʭ ʚʠʥʠʢʥʝʥʥʷ ʪʘ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʾʭ ʥʘʧʨʷʤ ʧʦʰʠʨʝʥʥʷ,  ̔

ʦʮʽʥʠʪʠ ʧʣʦʱʽ ʫʨʘʞʝʥʥʷ. ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʟʥʘʯʝʥʥʷ ʦʩʝʨʝʜʢʽʚ ʪʝʧʣʦʚʠʭ ʘʥʦʤʘʣʽʡ, ʾʭ ʜʠʥʘʤʽʢʫ ʪʘ 

ʤʘʩʰʪʘʙʠ ʫʨʘʞʝʥʥʷ; ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʟʘʪʦʧʣʝʥʴ 

ʚʥʘʩʣ̔ʜʦʢ ʩʧʫʩʢʫ ʚʦʜʦʩʭʦʚʠʱʘ; ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʨʫʰʝʥʥʷ ʩʪʘʥʫ ʝʢʦʩʠʩʪʝʤ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʪʝʨʠʪʦʨʽʡ 

ʋʢʨʘʾʥʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʝʨʽʦʜ ʟ ʣʶʪʦʛʦ 2022 ʨʦʢʫ ʧʦ ʣʶʪʠʡ 2023 

ʨʦʢʫ. ɺʠʟʥʘʯʝʥʦ ʪʝʤʧʝʨʘʪʫʨʥʫ ʘʢʪʠʚʥʽʩʪʴ ʫ ʏʦʨʥʦʤʦʨʩʴʢʦʤʫ ʙʽʦʩʬʝʨʥʦʤʫ 

ʟʘʧʦʚʽʜʥʠʢʫ ʪʘ ʡʦʛʦ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʷʭ, ʚʠʷʚʣʝʥʦ ʜʽʣʷʥʢʠ ʧʦʨʫʰʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ ʚʥʘʩʣʽʜʦʢ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ. ɼʦʚʝʜʝʥʦ ʬʘʢʪʠ ʧʦʞʝʞ, 

ʧʨʠʩʫʪʥʦʩʪʽ ʚʦʨʦʞʦʾ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ, ʙʫʜʽʚʥʠʮʪʚʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʬʦʨʪʠʬʽʢʘʮʽʡʥʠʭ ʩʧʦʨʫʜ (ʪʨʘʥʰʝʡ, ʦʢʦʧʽʚ, ʫʢʨʠʪʪʷ ʜʣʷ ʪʝʭʥʽʢʠ), ʥʘʷʚʥʦʩʪʽ 

ʚʦʛʥʝʚʠʭ ʧʦʟʠʮʽʡ, ʟʥʘʭʦʜʞʝʥʥʷ ʽ ʧʝʨʝʩʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʪʘ ʽʥʰʠʭ 

ʛʘʙʘʨʠʪʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ ʟʣʦʯʠʥʽʚ ʧʨʦʪʠ 

ʜʦʚʢʽʣʣʷ, ʩʧʨʠʯʠʥʝʥʠʭ ʚʽʡʩʴʢʦʚʠʤʠ ʜʽʷʤʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʜʘʶʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʜʝʨʞʘʚʥʠʤ ʦʨʛʘʥʘʤ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʟʙʝʨʝʞʝʥʥʷ ʪʘ 

ʚʽʜʥʦʚʣʝʥʥʷ ʮʽʥʥʠʭ ʧʨʠʨʦʜʥʠʭ ʟʘʧʦʚʽʜʥʠʢʽʚ ʽ ʦʙôʻʢʪʽʚ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʶʪ ɹ

ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʤʽʥʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʨʠʟʠʢʫ ʚʥʘʩʣʽʜʦʢ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʧʣʠʚ ʚʽʡʥʠ; ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʪʝʨʠʪʦʨʽʾ; ʨʦʩʽʡʩʴʢʝ 

ʚʪʦʨʛʥʝʥʥʷ; ʧʦʞʝʞʽ; ʜʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. 

https://doi.org/10.32347/2411-4049.2023.3.94-112 
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ɺʩʪʫʧ 

 

ɺʽʡʥʘ, ʷʢʘ ʪʨʠʚʘʻ ʚ ʋʢʨʘʾʥʽ, ʩʪʘʣʘ ʥʘʡʙʽʣʴʰʠʤ ʟʙʨʦʡʥʠʤ ʢʦʥʬʣʽʢʪʦʤ ʫ ʩʚʽʪʽ ʟʘ 

ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ, ʱʦ ʩʧʨʠʯʠʥʠʚ ʙʝʟʧʨʝʮʝʜʝʥʪʥʽ ʨʫʡʥʫʚʘʥʥʷ ʪʘ 

ʩʧʫʩʪʦʰʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʣʘʥʜʰʘʬʪʽʚ ʢʨʘʾʥʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʘʞʢʦʾ ʘʨʪʠʣʝʨʽʾ, 

ʘʚʽʘʮʽʡʥʦʛʦ ʙʦʤʙʘʨʜʫʚʘʥʥʷ ʪʘ ʽʥʰʦʾ ʟʙʨʦʾ ʧʽʜ ʯʘʩ ʽʥʪʝʥʩʠʚʥʠʭ ʙʦʾʚ ʧʨʠʟʚʝʣʦ 

ʜʦ ʟʥʠʱʝʥʥʷ ʮʽʥʥʠʭ ʧʨʠʨʦʜʥʠʭ ʟʘʧʦʚʽʜʥʠʢʽʚ ʽ ʩʝʨʝʜʦʚʠʱ ʽʩʥʫʚʘʥʥʷ. ʅʘʨʘʟʽ, ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʻ ʧʦʪʝʥʮʽʡʥʽ ʛʣʦʙʘʣʴʥʽ ʝʢʦʣʦʛʽʯʥʽ ʢʘʪʘʩʪʨʦʬʠ, ʷʢʽ ʤʦʞʫʪʴ 

ʤʘʪʠ ʜʦʚʛʦʪʨʠʚʘʣʽ ʥʘʩʣʽʜʢʠ ʪʘ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʪʘ ʟʥʠʱʝʥʥʷ ʮʽʥʥʠʭ ʫʥʽʢʘʣʴʥʠʭ ʝʢʦʩʠʩʪʝʤ, ʷʢʽ 

ʚʽʜʽʛʨʘʶʪʴ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʧʨʠʨʦʜʥʠʭ ʩʠʩʪʝʤ.  

ɺʽʡʥʘ ʚ ʇʝʨʩʴʢʽʡ ʟʘʪʦʮʽ ʤʽʞ ɯʨʘʢʦʤ ʽ ʂʫʚʝʡʪʦʤ ʙʫʣʘ ʦʜʥʽʻʶ ʟ ʧʝʨʰʠʭ 

ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʢʘʪʘʩʪʨʦʬ, ʷʢʽ ʨʝʪʝʣʴʥʦ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʡ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʪʘʢʠʭ ʷʢ AVHRR, Landsat ʽ 

ʜʘʥʽ SPOT, ʱʦʙ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʨʦʟʚʠʪʢʫ ʤʽʩʪ, ʨʦʩʣʠʥʥʦʩʪʽ, ʧʨʠʙʝʨʝʞʥʠʭ 

ʚʦʜʥʦ-ʙʦʣʦʪʥʠʭ ʫʛʽʜʴ ʽ ʧʽʩʢʫ, ʟʤʽʥʠ ʜʶʥʠ. ʋ ʩʚʽʪʣʽ ʮʴʦʛʦ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʧʦʪʦʯʥʦʛʦ ʢʦʥʬʣʽʢʪʫ ʚ ʋʢʨʘʾʥʽ ʪʘ ʚʠʥʝʩʝʥʥʷ ʫʨʦʢʽʚ ʟ 

ʚʽʡʥʠ ʚ ʇʝʨʩʴʢʽʡ ʟʘʪʦʮʽ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʤʘʡʙʫʪʥʽʤ 

ʝʢʦʣʦʛʽʯʥʠʤ ʢʘʪʘʩʪʨʦʬʘʤ, ʩʧʨʠʯʠʥʝʥʠʤ ʟʙʨʦʡʥʠʤʠ ʢʦʥʬʣʽʢʪʘʤʠ [1]. ʆʜʥʠʤ ʟ 

ʥʘʡʙʽʣʴʰ ʧʦʤʽʪʥʠʭ ʥʘʩʣʽʜʢʽʚ ʟʙʨʦʡʥʦʛʦ ʢʦʥʬʣʽʢʪʫ ʻ ʨʘʧʪʦʚʽ ʟʤʽʥʠ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ. ʈʦʟʚʠʪʦʢ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʣʽʩʦʚʠʭ ʧʦʞʝʞ ʥʘ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ʚʠʢʣʠʢʘʻ ʚʝʣʠʢʝ ʟʘʥʝʧʦʢʦʻʥʥʷ. ʊʘʢʽ ʟʤʽʥʠ 

ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʤʝʥʰʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘ ʚʪʨʘʪʠ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ. ʂʨʽʤ ʪʦʛʦ, ʟʙʨʦʡʥʠʡ ʢʦʥʬʣʽʢʪ ʤʦʞʝ ʤʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ 

ʟʜʦʨʦʚ'ʷ ʣʶʜʝʡ ʪʘ ʪʚʘʨʠʥ, ʘ ʪʘʢʦʞ ʥʘ ʩʪʘʥ ˇʨʫʥʪʫ ʪʘ ʷʢʽʩʪʴ ʚʦʜʠ. ɿʚʘʞʘʶʯʠ ʥʘ 

ʮʝ, ʥʝʦʙʭʽʜʥʦ ʧʨʠʜʽʣʷʪʠ ʙʽʣʴʰʝ ʫʚʘʛʠ ʝʢʦʣʦʛʽʯʥʠʤ ʥʘʩʣʽʜʢʘʤ ʟʙʨʦʡʥʠʭ 

ʢʦʥʬʣʽʢʪʽʚ ʪʘ ʨʦʟʨʦʙʣʷʪʠ ʩʪʨʘʪʝʛʽʾ ʟʘʧʦʙʽʛʘʥʥʷ ʤʘʡʙʫʪʥʽʤ ʝʢʦʣʦʛʽʯʥʠʤ 

ʢʘʪʘʩʪʨʦʬʘʤ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʽʚʥʽ. ʎʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʫʚʘʛʠ 

ʜʦ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʚ ʧʨʦʮʝʩʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟ ʧʠʪʘʥʴ ʥʘʮʽʦʥʘʣʴʥʦʾ 

ʙʝʟʧʝʢʠ ʪʘ ʨʦʟʨʦʙʢʠ ʤʽʞʥʘʨʦʜʥʠʭ ʜʦʛʦʚʦʨʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʤʝʥʰʝʥʥʷ 

ʚʧʣʠʚʫ ʟʙʨʦʡʥʠʭ ʢʦʥʬʣʽʢʪʽʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ɺʥʘʩʣʽʜʦʢ ʟʙʨʦʡʥʠʭ 

ʢʦʥʬʣʽʢʪʽʚ ʨʘʧʪʦʚʽ ʟʤʽʥʠ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʨʽʟʢʽʰʠʭ 

ʧʦʚʪʦʨʶʚʘʥʠʭ ʧʦʪʨʷʩʽʥʴ ʚ ʤʽʞʥʘʨʦʜʥʦʤʫ ʤʘʩʰʪʘʙʽ.  

ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. ɿʛʫʙʥʠʡ ʚʧʣʠʚ ʣʽʩʦʚʠʭ ʧʦʞʝʞ ʥʘ ʙʽʣʴʰʽʩʪʴ 

ʝʢʦʩʠʩʪʝʤʥʠʭ ʧʦʩʣʫʛ ʚʠʩʚʽʪʣʝʥʦ ʚ ʧʫʙʣʽʢʘʮʽʾ [2]. ɺ ʧʫʙʣʽʢʘʮʽ ʾ[3] ʜʦʩʣʽʜʞʝʥʦ 

ʪʝʤʫ ʧʠʪʘʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʚ ʟʦʥʘʭ ʙʦʡʦʚʠʭ ʜʽʡ, ʧʦʪʝʥʮʽʘʣ 

ʥʘʫʢʦʚʦʾ ʪʘ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʥʴʦʛʦ. ɿʘ ʦʬʽʮʽʡʥʠʤʠ ʜʘʥʠʤʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ [4] ʯʝʨʝʟ ʚʽʡʩʴʢʦʚʽ ʜʽʾ 900 ʟʘʧʦʚʽʜʥʠʭ ʪʝʨʠʪʦʨʽʡ ʋʢʨʘʾʥʠ ʩʴʦʛʦʜʥʽ 

ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʥʝʙʝʟʧʝʮʽ. ʉʶʜʠ ʫʚʽʡʰʣʠ 1,2 ʤʣʥ ʛʘ ʘʙʦ ʙʣʠʟʴʢʦ 30% ʧʣʦʱʽ ʚʩʽʭ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʪʝʨʠʪʦʨʽʡ ʋʢʨʘʾʥʠ. ʇʽʜ ʟʘʛʨʦʟʦʶ ʟʥʠʱʝʥʥʷ ʥʘʨʘʟʽ 

ʟʥʘʭʦʜʷʪʴʩʷ 14 ʈʘʤʩʘʨʩʴʢʠʭ ʦʙôʻʢʪʽʚ ʧʣʦʱʝʶ 397,7 ʪʠʩ. ʛʘ, ʙʣʠʟʴʢʦ 

200 ʪʝʨʠʪʦʨʽʡ ʉʤʘʨʘʛʜʦʚʦʾ ʤʝʨʝʞʽ ʧʣʦʱʝʶ 2,9 ʤʣʥ ʛʘ, ʙʽʦʩʬʝʨʥʽ ʟʘʧʦʚʽʜʥʠʢʠ 

[5]. ʆʩʦʙʣʠʚʦʶ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʶ ʪʝʨʠʪʦʨʽʻʶ, ʷʢʘ ʟʘʟʥʘʻ ʚʧʣʠʚʫ ʚʽʡʥʠ, ʻ 

ʏʦʨʥʦʤʦʨʩʴʢʠʡ ʙʽʦʩʬʝʨʥʠʡ ʟʘʧʦʚʽʜʥʠʢ, ʱʦ ʻ ʫʥʽʢʘʣʴʥʦʶ ʥʘʜʤʦʨʩʴʢʦʶ 

ʪʝʨʠʪʦʨʽʻʶ ʪʘ ʥʘʡʙʽʣʴʰʠʤ ʧʨʠʨʦʜʥʠʤ ʦʙôʻʢʪʦʤ, ̫ ʢʠʡ ʧʝʨʝʙʫʚʘʻ ʧʽʜ ʦʭʦʨʦʥʦʶ 

ʚ ʋʢʨʘʾʥʽ. ʋ 2014 ʨʦʮʽ ʨʦʩʽʷ ʘʥʝʢʩʫʚʘʣʘ ʂʨʠʤ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʟʤʽʥʠ ʪʝʨʠʪʦʨʽʾ 

ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʙʽʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ. ʂʦʩʤʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʟʤʽʥ 

ʪʝʨʠʪʦʨʽʾ ʟʘʧʦʚʽʜʥʠʢʘ ʚʥʘʩʣʽʜʦʢ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʧʨʦʚʦʜʠʣʠ ʨʽʟʥʽ ʥʘʫʢʦʚʽ 

https://mepr.gov.ua/news/39149.html
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ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʫʩʪʘʥʦʚʠ. ʄʽʞʥʘʨʦʜʥʠʡ ʩʦʶʟ ʦʭʦʨʦʥʠ ʧʨʠʨʦʜʠ (IUCN) ʧʨʦʚʽʚ 

ʦʮʽʥʢʫ ʩʪʘʥʫ ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʙʽʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ, ʚ ʷʢʽʡ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ, 

ʱʦ ʪʝʨʠʪʦʨʽʷ ʟʘʧʦʚʽʜʥʠʢʘ ʟʘʟʥʘʣʘ ʟʥʘʯʥʠʭ ʟʤʽʥ ʚʥʘʩʣʽʜʦʢ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʪʘ 

ʥʝʟʘʢʦʥʥʦʾ ʟʘʙʫʜʦʚʠ [6]. ɿ ʧʦʯʘʪʢʦʤ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʨʦʩʽʾ ʥʘ 

ʪʝʨʠʪʦʨʽʶ ʋʢʨʘʾʥʠ ʏʦʨʥʦʤʦʨʩʴʢʠʡ ʙʽʦʩʬʝʨʥʠʡ ʟʘʧʦʚʽʜʥʠʢ ʟʘʟʥʘʻ ʱʝ ʙʽʣʴʰʠʭ 

ʨʫʡʥʫʚʘʥʴ ʚʽʜ ʚʽʡʥʠ. ɹʣʠʟʴʢʦ 86% ʪʝʨʠʪʦʨʽʾ ʟʘʧʦʚʽʜʥʠʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʘʢʚʘʪʦʨʽʾ ʏʦʨʥʦʛʦ ʤʦʨʷ, ʷʢʘ ʪʘʢʦʞ ʟʘʟʥʘʻ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʚʽʡʥʠ. ʋ ʩʪʘʪʪʽ 

[7] ʘʚʪʦʨʘʤʠ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʚʽʡʥʘ ʤʘʻ ʩʝʨʡʦʟʥʠʡ ʚʧʣʠʚ ʥʘ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ 

ʦʙ'ʻʢʪʠ ʋʢʨʘʾʥʠ, ʚʢʣʶʯʘʶʯʠ ʏʦʨʥʦʤʦʨʩʴʢʠʡ ʟʘʧʦʚʽʜʥʠʢ, ʟʦʢʨʝʤʘ, ʚʦʥʠ 

ʥʘʚʦʜʷʪʴ ʧʨʠʢʣʘʜʠ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ 

ʚʦʜ ʫ ʟʦʥʽ ʢʦʥʬʣʽʢʪʫ.  

ʇʫʙʣʽʢʘʮʽʷ [8] ʚʠʩʚʽʪʣʶʻ ʨʝʟʫʣʴʪʘʪʠ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʧʽʜ ʯʘʩ ʙʦʡʦʚʠʭ ʜʽʡ ʚ ʋʢʨʘʾʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʧʫʪʥʠʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ.  

ʋ ʧʫʙʣʽʢʘʮʽʾ [9] ʥʘʚʝʜʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ɼɿɿ ʜʣʷ ʚʠʚʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ 

ʥʘʩʣʽʜʢʽʚ ʨʦʩʽʡʩʴʢʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʚ ʋʢʨʘʾʥʫ ʫ 2022 ʨʦʮʽ. ʇʦʞʝʞʽ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʠʨʦʜʥʠʭ ʩʠʩʪʝʤʘʭ, ʻ ʷʚʠʱʝʤ ʟ ʧʝʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʩʝʨʝʜ 

ʷʢʠʭ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʪʘ ʥʘʷʚʥʽʩʪʴ (ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ) 

ʜʠʤʫ. ʊʘʢʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʘʥʦʤʘʣʽʾ ʤʦʞʥʘ ʚʽʜʩʪʝʞʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ [10]. ʅʘʧʨʠʢʣʘʜ, ʪʦʯʥʝ ʚʠʷʚʣʝʥʥʷ ʘʢʪʠʚʥʦʾ ʧʦʞʝʞʽ 

ʽ ʾʾ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʚʩʝ ʱʝ ʻ ʩʢʣʘʜʥʠʤ 

ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʩʧʽʣʴʥʦʪʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʷʢʘ ʚ ʦʩʥʦʚʥʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ. ʄʝʪʦʜʠ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʜʘʣʠ ʧʦʪʫʞʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ [11].  

ʆʪʞʝ, ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʡ 

ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʙʽʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʯʥʠʭ ʪʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ. ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ 

ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʪʝʤʘʪʠʯʥʠʭ ʢʘʨʪ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʦʮʽʥʠʪʠ 

ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʤʦʞʣʠʚʽ 

ʟʘʛʨʦʟʠ ʪʘ ʨʦʟʨʦʙʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʾʭ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ. 

ɸʚʪʦʨʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʊʘʢʦʞ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʩʪʨʫʤʝʥʪʠ ArcGIS ArcMap ʟ 

ʤʦʜʫʣʷʤʠ Spatial Analyst. ɽʬʝʢʪʠʚʥʠʤ ʻ ʚʨʘʭʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʘʪʨʠʙʫʪʠʚʥʠʭ ʜʘʥʠʭ ʫ ʪʘʙʣʠʯʥʦʤʫ ʽ ʪʝʢʩʪʦʚʦʤʫ ʬʦʨʤʘʪʘʭ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ 

ʦʙʣʘʩʪʽ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʪʘ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʨʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʪʘ ʦʭʦʨʦʥʠ 

ʜʦʚʢʽʣʣʷ.  

ʊʝʨʠʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʴ. ɸʚʪʦʨʠ ʜʦʩʣʽʜʞʫʶʪʴ ʪʝʨʠʪʦʨʽʶ ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ 

ʙʽʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ (ʜʘʣʽ ʏɹɿ), ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʍʝʨʩʦʥʩʴʢʦʾ ʪʘ ʯʘʩʪʢʦʚʦ ʄʠʢʦʣʘʾʚʩʴʢʦʾ ʦʙʣʘʩʪʝʡ ʪʘ ʘʢʚʘʪʦʨʽʾ ʏʦʨʥʦʛʦ ʤʦʨʷ. 

ʏɹɿ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰʠʭ ʪʘ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟʘʧʦʚʽʜʥʠʢʽʚ ʋʢʨʘʾʥʠ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʦʥʽ ʢʦʥʬʣʽʢʪʫ. ʎʝ ʥʘʡʙʽʣʴʰʠʡ ʤʦʨʩʴʢʠʡ ʟʘʧʦʚʽʜʥʠʢ ʋʢʨʘʾʥʠ, 

ʦʜʠʥ ʽʟ ʥʘʡʩʪʘʨʽʰʠʭ ʽ ʥʘʡʮʽʥʥʽʰʠʭ ʚ ʥʘʰʽʡ ʜʝʨʞʘʚʽ, ʷʢʠʡ ʤʘʻ ʩʪʘʪʫʩ 

ʙʽʦʩʬʝʨʥʦʛʦ ʽ ʚʢʣʶʯʝʥʠʡ ʜʦ ɺʩʝʩʚʽʪʥʴʦʾ ʤʝʨʝʞʽ ʙʽʦʩʬʝʨʥʠʭ ʨʝʟʝʨʚʘʪʽʚ 

ʖʅɽʉʂʆ. ʏʦʨʥʦʤʦʨʩʴʢʠʡ ʟʘʧʦʚʽʜʥʠʢ ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʫ 1927 ʨʦʮʽ ʟ ʤʝʪʦʶ 

ʚʠʚʯʝʥʥʷ ʪʘ ʦʭʦʨʦʥʠ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟʦʢʨʝʤʘ ʤʘʩʦʚʦʛʦ ʛʥʽʟʜʫʚʘʥʥʷ 

ʪʘ ʤʽʛʨʘʮʽʾ ʧʪʘʭʽʚ. ʅʘ ʤʦʤʝʥʪ ʩʪʚʦʨʝʥʥʷ ʟʘʧʦʚʽʜʥʠʢ ʟʘʡʤʘʚ ʧʣʦʱʫ 27 ʪʠʩ. ʛʘ. 

ɼʦ 1976 ʨʦʢʫ ʧʣʦʱʘ ʟʨʦʩʣʘ ʜʦ 64 806 ʛʘ. ʅʘʨʘʟʽ, ʟʘʛʘʣʴʥʘ ʧʣʦʘɦ ʩʢʣʘʜʘʻ 

109 254 ʛʘ [13, 14]. ʊʝʨʠʪʦʨʽʷ ʟʘʧʦʚʽʜʥʠʢʘ ʦʭʦʧʣʶʻ ʧʽʚʥʽʯʥʝ ʫʟʙʝʨʝʞʞʷ 
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ʏʦʨʥʦʛʦ ʤʦʨʷ, ʜʝʷʢʽ ʦʩʪʨʦʚʠ ʪʘ ʘʢʚʘʪʦʨʽʶ ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʜʽʣʷʥʦʢ: 

ʣʽʩʦʩʪʝʧʦʚʦʾ, ʧʨʠʙʝʨʝʞʥʦʾ ʪʘ ʦʩʪʨʽʚʥʦʾ. ʅʝʚʝʣʠʢʽ ʦʩʪʨʦʚʠ ʚ ʊʝʥʜʨʽʚʩʴʢʽʡ ʪʘ 

ʗʛʦʨʣʠʮʴʢʽʡ ʟʘʪʦʢʘʭ, ʪʘʢʽ ʷʢ ʆʨʣʦʚ, ʉʤʘʣʝʥʠʡ, ɹʘʙʠʥ, ɼʦʚʛʠʡ ʪʘ ʽʥʰʽ, 

ʫʪʚʦʨʶʶʪʴ ʫʥʽʢʘʣʴʥʽ ʚʦʜʥʦ-ʙʦʣʦʪʥʽ ʫʛʽʜʜʷ (ʨʠʩ. 1). ʅʘ ʪʝʨʠʪʦʨʽʾ ʏɹɿ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚʦʜʥʦ-ʙʦʣʦʪʥʽ ʫʛʽʜʜʷ ʤʽʞʥʘʨʦʜʥʦʛʦ ʟʥʘʯʝʥʥʷ çʊʝʥʜʨʽʚʩʴʢʘ 

ʟʘʪʦʢʘè, çʗʛʦʨʣʠʮʴʢʘ ʟʘʪʦʢʘè, ʘ ʪʘʢʦʞ ʪʝʨʠʪʦʨʽʾ ʉʤʘʨʘʛʜʦʚʦʾ ʤʝʨʝʞʽ ɭʚʨʦʧʠ 

UA0000017 çʏʦʨʥʦʤʦʨʩʴʢʠʡ ʙʽʦʩʬʝʨʥʠʡ ʟʘʧʦʚʽʜʥʠʢè, UA0000097 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʧʨʠʨʦʜʥʠʡ ʧʘʨʢ çɹʽʣʦʙʝʨʝʞʞʷ ʉʚʷʪʦʩʣʘʚʘè ʪʘ UA0000215 

çʂʽʥʙʫʨʥʩʴʢʘ ʢʦʩʘè. ʆʢʨʽʤ ʟʘʟʥʘʯʝʥʠʭ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʦʙôʻʢʪʽʚ, ʚ ʤʝʞʘʭ 

ʏɹɿ ʨʦʟʪʘʰʦʚʘʥʦ ʙʦʪʘʥʽʯʥʽ ʟʘʢʘʟʥʠʢʠ, ʟʘʛʘʣʴʥʦʟʦʦʣʦʛʽʯʥʠʡ ʟʘʢʘʟʥʠʢ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʽʩʪʦʨʠʢʦ-ʘʨʭʝʦʣʦʛʽʯʥʠʡ ʟʘʧʦʚʽʜʥʠʢ, ʣʘʥʜʰʘʬʪʥ ̔ ʟʘʢʘʟʥʠʢʠ, 

ʣ̔ ʩʦʚʽ ʟʘʢʘʟʥʠʢʠ, ʦʨʥʽʪʦʣʦʛʽʯʥʠʡ ʟʘʢʘʟʥʠʢ. ʅʘ ʨʠʩʫʥʢʫ 2 ʧʦʟʥʘʯʝʥʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʩʽʭ ʦʙ'ʻʢʪʽʚ ʇɿʌ ʚ ʤʝʞʘʭ ʏɹɿ ʪʘ ʥʘ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʷʭ. 

 

ʈʠʩ. 1. ʌʫʥʢʮʽʦʥʘʣʴʥʝ ʟʦʥʫʚʘʥʥʷ ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʙʽʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ  

 

ʏɹɿ ï ʫʥʽʢʘʣʴʥʠʡ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʡ ʦʙ'ʻʢʪ, ʱʦ ʻ ʤʝʞʝʶ ʩʪʝʧʫ ʽ ʤʦʨʷ, ʜʝ 

ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʱʘʥʽ ʢʫʯʫʛʫʨʠ, ʧʨʘʣʽʩʠ ʪʘ ʥʘʡʙʽʣʴʰʽ ʩʦʣʦʥʯʘʢʠ. ɺʟʜʦʚʞ 

ʧʽʚʜʝʥʥʦʛʦ ʫʟʙʝʨʝʞʞʷ ʟʨʫʡʥʦʚʘʥʦʾ ʚʽʡʥʦʶ ʢʨʘʾʥʠ, ʫ ʢʦʣʠʩʴ ʟʘʭʠʱʝʥʦʤʫ ʤʽʩʮʽ, 

ʚʽʜʦʤʦʤʫ ʷʢ ɹʽʦʩʬʝʨʘ ʏʦʨʥʦʛʦ ʤʦʨʷ, ʝʢʦʣʦʛʽʯʥʽ ʚʪʨʘʪʠ ʚʽʡʥʠ ʚʚʘʞʘʶʪʴʩʷ 

ʧʨʠʛʦʣʦʤʰʣʠʚʠʤʠ ʪʘ, ʤʦʞʣʠʚʦ, ʥʘʡʛʽʨʰʠʤʠ. ɹʘʛʘʪʦ ʚʠʜʽʚ ʬʣʦʨʠ ʪʘ ʬʘʫʥʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʟʘʛʨʦʟʦʶ ʟʥʠʢʥʝʥʥʷ. ʋ ʏɹɿ ʤʝʰʢʘʻ ʧʦʥʘʜ 3 ʪʠʩ. ʚʠʜʽʚ 

ʙʝʟʭʨʝʙʝʪʥʠʭ, ʙʣʠʟʴʢʦ 80 ʚʠʜʽʚ ʨʠʙ ʪʘ ʙʽʣʴʰ ʷʢ 60 ʚʠʜʽʚ ʪʚʘʨʠʥ. ʆʩʦʙʣʠʚʫ ʨʦʣʴ 

ʟʘʧʦʚʽʜʥʠʢ ʚʽʜʽʛʨʘʻ ʫ ʟʙʝʨʝʞʝʥʥʽ ʧʪʘʭʽʚ, ʷʢʠʭ 306 ʚʠʜʽʚ. ɿʘʧʦʚʽʜʥʠʢ ʥʝ ʪʽʣʴʢʠ 

ʟʥʘʯʥʠʡ ʧʫʥʢʪ ʥʘ ʰʣʷʭʫ ʤʽʛʨʘʮʽʾ, ʘʣʝ ʡ ʤʽʩʮʝ ʛʥʽʟʜʫʚʘʥʥʷ ʜʣʷ ʪʘʢʠʭ ʫʥʽʢʘʣʴʥʠʭ 

ʚʠʜʽʚ, ʷʢ ʜʨʦʭʚʘ, ʦʨʣʘʥ-ʙʽʣʦʭʚʽʩʪ, ʭʦʭʽʪʚʘ ʪʘ ʽʥʰʽ. 
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ʈʠʩ. 2. ʂʘʨʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʇɿʌ ʚ ʤʝʞʘʭ ʏɹɿ ʪʘ ʥʘ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʷʭ. 

ʎʠʬʨʘʤʠ ʥʘ ʢʘʨʪʽ ʧʦʟʥʘʯʝʥʽ ʥʘʩʪʫʧʥʽ ʦʙ'ʻʢʪʠ ʇɿʌ: 

1. ɹʦʪʘʥʽʯʥʠʡ ʟʘʢʘʟʥʠʢ çʐʘʙʠè 

2. ɹʦʪʘʥʽʯʥʠʡ ʟʘʢʘʟʥʠʢ çʍʨʝʩʪʦʚʘ ʉʘʛʘè 

3. ɹʦʪʘʥʽʯʥʠʡ ʟʘʢʘʟʥʠʢ çʐʠʨʦʢʘ ʙʘʣʢʘè 

4. ɹʦʪʘʥʽʯʥʠʡ ʟʘʢʘʟʥʠʢ çʉʦʬʽʾʚʩʴʢʠʡè 

5. ɿʘʛʘʣʴʥʦʟʦʦʣʦʛʽʯʥʠʡ ʟʘʢʘʟʥʠʢ çɹʘʢʘʡʩʴʢʠʡ ʞʦʣʦʙè 

6. ʅʘʮʽʦʥʘʣʴʥʠʡ ʽʩʪʦʨʠʢʦ-ʘʨʭʝʦʣʦʛʽʯʥʠʡ ʟʘʧʦʚʽʜʥʠʢ çʆʣʴʚʽʷè 

7. ʃʘʥʜʰʘʬʪʥʠʡ ʟʘʢʘʟʥʠʢ çɹʦʙʨʦʚʝ ʦʟʝʨʦè 

8. ʃʘʥʜʰʘʬʪʥʠʡ ʟʘʢʘʟʥʠʢ çʉʪʘʥʽʩʣʘʚʩʴʢʠʡè 

9. ʃʘʥʜʰʘʬʪʥʠʡ ʟʘʢʘʟʥʠʢ çʆʣʝʢʩʘʥʜʨʽʚʩʴʢʠʡè 

10. ʃʽʩʦʚʠʡ ʟʘʢʘʟʥʠʢ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʛʦ ʟʥʘʯʝʥʥʷ çɹʝʨʝʟʦʚʽ ʢʦʣʢʠè 

11. ʃʽʩʦʚʠʡ ʟʘʢʘʟʥʠʢ çɹʘʢʘʡʩʴʢʠʡè 

12. ʆʨʥʽʪʦʣʦʛʽʯʥʠʡ ʟʘʢʘʟʥʠʢ çʗʛʦʨʣʠʮʴʢʠʡè 

13. ʅʘʮʽʦʥʘʣʴʥʠʡ ʧʨʠʨʦʜʥʠʡ ʧʘʨʢ çɹʽʣʦʙʝʨʝʞʞʷ ʉʚʷʪʦʩʣʘʚʘè  

 

ɺʽʡʩʴʢʦʚʽ ʜʽʾ ʤʦʞʫʪʴ ʤʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ, ʷʢʽ 

ʩʪʦʩʫʶʪʴʩʷ ʷʢ ʧʨʷʤʦʛʦ, ʪʘʢ ʽ ʥʝʧʨʷʤʦʛʦ ʚʧʣʠʚʫ ʥʘ ʝʢʦʩʠʩʪʝʤʫ ʟʘʧʦʚʽʜʥʠʢʘ. 

ʇʨʷʤʠʡ ʚʧʣʠʚ ʚʽʡʥʠ ʥʘ ʏɹɿ ʚʢʣʶʯʘʻ ʧʦʰʢʦʜʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʪʝʨʠʪʦʨʽʡ, 

ʚʪʨʘʪʫ ʨʦʩʣʠʥʥʦʩʪʽ, ʟʥʠʱʝʥʥʷ ʞʠʪʪʻʚʠʭ ʧʨʦʩʪʦʨʽʚ ʜʣʷ ʪʚʘʨʠʥ ʪʘ ʨʫʡʥʫʚʘʥʥʷ 

ʝʢʦʩʠʩʪʝʤ. ɸʢʪʠʚʥʽ ʙʦʡʦʚʽ ʜʽʾ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʟʥʠʱʝʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʦʨʤ ʞʠʪʪʷ ʪʘ ʧʨʠʨʦʜʥʠʭ ʙʽʦʪʦʧʽʚ, ʱʦ ʻ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ 

ʙʽʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ. ʅʝʧʨʷʤʠʡ ʚʧʣʠʚ ʚʽʡʥʠ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʯʝʨʝʟ ʚʠʣʠʚʠ ʥʘʬʪʠ, ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʘʙʦ ʽʥʰʠʭ 

ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʝʨʡʦʟʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ, 

ʚʦʜʥʠʭ ʜʞʝʨʝʣ ʪʘ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʂʨʽʤ ʪʦʛʦ, ʚʽʡʩʴʢʦʚʽ ʜʽʾ ʤʦʞʫʪʴ 

ʩʧʨʠʯʠʥʠʪʠ ʧʝʨʝʨʠʚʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʘʢʠʭ ʷʢ ʤʽʛʨʘʮʽʷ ʧʪʘʭʽʚ ʪʘ 

ʤʦʨʩʴʢʠʭ ʩʩʘʚʮʽʚ, ʧʦʨʫʰʝʥʥʷ ʙʘʣʘʥʩʫ ʭʘʨʯʫʚʘʥʥʷ, ʟʨʫʡʥʫʚʘʥʥʷ ʛʥʽʟʜʦʚʠʭ 

ʤʽʩʮʴ ʪʘ ʤʽʩʮʴ ʨʦʟʤʥʦʞʝʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ. ʏʝʨʝʟ ʨʦʩʽʡʩʴʢʫ ʦʢʫʧʘʮʽʶ ʏɹɿ 

ʥʘʡʙʽʣʴʰʝ ʩʪʨʘʞʜʘʻ ʚʽʜ ʧʦʞʝʞ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʛʥʽʟʜʫʚʘʥʥʷ ʧʪʘʭʽʚ ʚ ʪʦʤʫ 

ʯʠʩʣʽ. ʇʪʘʭʠ ʟʤʫʰʝʥʽ ʰʫʢʘʪʠ ʽʥʰʽ ʤʽʩʮʷ ʜʣʷ ʧʨʦʞʠʚʘʥʥʷ ʽ ʛʥʽʟʜʫʚʘʥʥʷ, ʘ ʮʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʠʭ ʝʢʦʩʠʩʪʝʤʥʠʭ ʟʤʽʥ. ɯʥʰʦʶ ʚʨʘʟʣʠʚʦʶ ʛʨʫʧʦʶ ʧʪʘʭʽʚ 
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ʚ̔ ʜ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʻ ʚʠʜʠ, ʱʦ ʛʥʽʟʜʷʪʴʩʷ ʚ ʣʽʩʘʭ. ʅʘʡʙʽʣʴʰʠʤʠ ʨʠʟʠʢʘʤʠ ʚ 

ʪʘʢʠʭ ʝʢʦʩʠʩʪʝʤʘʭ ʜʣʷ ʧʪʘʭʽʚ ʻ ʨʦʟʣʷʢʫʚʘʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʙʦʡʦʚʠʭ ʜʽʡ, 

ʚʠʨʫʙʫʚʘʥʥʷ ʣʽʩʫ, ʧʦʞʝʞʽ (ʚʥʘʩʣʽʜʦʢ ʦʙʩʪʨʽʣʽʚ ʪʘ ʩʚʽʜʦʤʝ ʧʽʜʧʘʣʶʚʘʥʥʷ) ʪʦʱʦ. 

ɺʥʘʩʣʽʜʦʢ ʦʙʩʪʨʽʣʽʚ ʫ 2022 ʨʦʮʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʂʽʥʙʫʨʥʩʴʢʦ ʾʢʦʩʠ ʧʝʨʽʦʜʠʯʥʦ 

ʚʠʥʠʢʘʣʠ ʧʦʞʝʞʽ. ɿʘ ʧʝʨʽʦʜ ʟ ʙʝʨʝʟʥʷ ʧʦ ʯʝʨʚʝʥʴ 2022 ʨʦʢʫ ʚʦʛʦʥʴ ʟʥʠʱʠʚ 

1640 ʛʝʢʪʘʨʽʚ ʥʘʩʘʜʞʝʥʴ ʫ ʤʝʞʘʭ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ 

çɹʽʣʦʙʝʨʝʞʞʷ ʉʚʷʪʦʩʣʘʚʘè ʪʘ 200 ʛʝʢʪʘʨʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʈʝʛʽʦʥʘʣʴʥʦʛʦ 

ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʘʨʢʫ çʂʽʥʙʫʨʥʩʴʢʘ ʢʦʩʘè [14]. ʏʝʨʝʟ ʧʽʜʨʠʚ ʨʦʩʽʷʥʘʤʠ 

6 ʯʝʨʚʥʷ 2023 ʨʦʢʫ ʂʘʭʦʚʩʴʢʦʾ ɻɽʉ ʧʽʜ ʫʜʘʨ ʧʦʪʨʘʧʠʣʠ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʤʘʶʪʴ 

ʤʽʞʥʘʨʦʜʥʽ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʩʪʘʪʫʩʠ, ʟʦʢʨʝʤʘ ʈʘʤʩʘʨʩʴʢʽ ʫʛʽʜʜʷ, ʦʙôʻʢʪʠ 

ʉʤʘʨʘʛʜʦʚʦʾ ʤʝʨʝʞʽ. ʆʢʨʽʤ ʏɹɿ, ʧʦʩʪʨʘʞʜʘʣʠ ʪʨʠ ʥʘʮʽʦʥʘʣʴʥʽ ʧʨʠʨʦʜʥʽ 

ʧʘʨʢʠ ï ʅʠʞʥʴʦʜʥʽʧʨʦʚʩʴʢʠʡ, çɹʽʣʦʙʝʨʝʞʞʷ ʉʚʷʪʦʩʣʘʚʘè ʪʘ ʆʣʝʰʢʽʚʩʴʢʽ 

ʧʽʩʢʠ. ʋ ʙʽʜʽ ʡ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʘʣʠʭ ʦʙôʻʢʪʽʚ: ʟʘʢʘʟʥʠʢʠ, ʧʘʤôʷʪʢʠ ʧʨʠʨʦʜʠ ʡ 

ʩʘʜʦʚʦ-ʧʘʨʢʦʚʦʛʦ ʤʠʩʪʝʮʪʚʘ, ʨʝʛʽʦʥʘʣʴʥʠʡ ʣʘʥʜʰʘʬʪʥʠʡ ʧʘʨʢ çʂʽʥʙʫʨʥʩʴʢʘ 

ʢʦʩʘè [15]. ɼʦʩʣʽʜʞʝʥʥʷ [9, 16] ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʪʦʡ ʬʘʢʪ, ʱʦ ʚʽʡʩʴʢʦʚʽ ʜʽʾ 

ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʪʝʨʠʪʦʨʽʶ ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʙʽʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ 

ʪʘ ʧʨʠʨʦʜʥʽ ʨʝʩʫʨʩʠ ʚ ʮʽʣʦʤʫ. ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʷʢʽʩʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʢʦʥʪʨʦʣʶ 

ʪʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʜʦʩʪʦʚʽʨʥʫ, ʪʦʯʥʫ ʪʘ 

ʩʚʦʻʯʘʩʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. ɿ ʪʦʯʢʠ ʟʦʨʫ 

ʦʪʨʠʤʘʥʥʷ ʫʥʽʬʽʢʦʚʘʥʦʾ ʪʘ ʙʘʟʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʪʘ 

ʝʬʝʢʪʠʚʥʠʤ ʻ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʨʠʨʦʜʥʠʤʠ ʪʝʨʠʪʦʨʽʷʤʠ ʟ ʢʦʩʤʦʩʫ. 

ʂʘʨʪʦʛʨʘʬʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʦʟʚʦʣʷʶʪʴ ʥʝ 

ʣʠʰʝ ʚʽʜʦʙʨʘʞʘʪʠ ʚʞʝ ʚʽʜʦʤʽ ʧʨʦʩʪʦʨʦʚʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʘʣʝ ʡ ʧʨʦʚʦʜʠʪʠ 

ʘʥʘʣʽʟ, ʚʠʷʚʣʷʪʠ ʪʘ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʤʽʞ ʜʞʝʨʝʣʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ 

ʷʢʽʩʪʶ ˇʨʫʥʪʽʚ ʽ ʚʦʜ, ʚʠʟʥʘʯʘʪʠ ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ, ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʜʽʣ 

ʪʝʨʠʪʦʨʽʡ ʟʘ ʬʘʢʪʦʨʘʤʠ ʾʭ ʟʘʙʨʫʜʥʝʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚ ʫʤʦʚʘʭ ʥʝʜʦʩʪʘʪʥʴʦʾ 

ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ [17].  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ʉʫʧʫʪʥʠʢʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʧʦʞʝʞ ʯʝʨʝʟ ʾʭ ʛʣʦʙʘʣʴʥʝ ʧʦʢʨʠʪʪʷ. ʇʨʦʪʝ ʪʦʯʥʝ 

ʚʠʷʚʣʝʥʥʷ ʧʦʯʘʪʢʫ ʣʦʢʘʣʽʟʘʮʽʾ ʘʢʪʠʚʥʦʾ ʧʦʞʝʞʽ ʧʽʜ ʯʘʩ ʾʾ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʥʘ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʚʩʝ ʱʝ ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ 

ʥʘʫʢʦʚʮʽʚ/ʜʦʩʣʽʜʥʠʢʽʚ, ʷʢʽ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ. 

ʋ ʩʚʽʪʽ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʻ ʤʦʥʽʪʦʨʠʥʛ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʷʚʠʱ [18] ʥʘ ʦʩʥʦʚʽ 

ʜʘʥʠʭ ʧʨʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʧʦʞʝʞ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʨʚʽʩʫ FIRMS 

(Fire Information for Resource Management System), ʨʦʟʨʦʙʣʝʥʦʛʦ ʚ 

ʋʥʽʚʝʨʩʠʪʝʪʽ ʄʝʨʽʣʝʥʜʘ ʽ ʧʽʜʪʨʠʤʫʚʘʥʦʛʦ ʅʘʮʽʦʥʘʣʴʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʟ 

ʘʝʨʦʥʘʚʪʠʢʠ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ʉʐɸ (NASA). ʎʷ ʩʠʩʪʝʤʘ 

(https://firms.modaps.eosdis.nasa.gov/) ʥʘʜʘʻ ʜʘʥʽ ʧʨʦ ʧʦʞʝʞʽ, ʚʠʷʚʣʝʥʽ 

ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʜʘʪʯʠʢʘʤʠ MODIS ʪʘ VIIRS ʟʘ ʧʦʪʦʯʥʫ ʜʦʙʫ ʘʙʦ ʟʘ ʦʩʪʘʥʥʽ 

24 ʛʦʜʠʥʠ, ʥʘ ʚʠʙʽʨ ʢʦʨʠʩʪʫʚʘʯʘ, ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʯʘʩʪʠʥʠ ʩʚʽʪʫ. ɺʠʱʝʟʘʟʥʘʯʝʥʽ 

ʩʠʩʪʝʤʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʟ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ: Sentinel-2 

(MSI), NOAA (AVHRR), TERRA/AQUA (MODIS), SUOMI NPP(VIIRS), 

Landsat (TIR) [19ï20]. ʉʫʧʫʪʥʠʢʠ ʧʨʦʭʦʜʷʪʴ ʥʘʜ ʢʦʞʥʦʶ ʪʦʯʢʦʶ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʜʚʽʯʽ ʥʘ ʜʝʥʴ, ʽ ʾʭʥʽ ʽʥʬʨʘʯʝʨʚʦʥʽ ʜʘʪʯʠʢʠ ʤʦʞʫʪʴ ʚʠʷʚʠʪʠ ʜʞʝʨʝʣʘ 

ʪʝʧʣʘ ʥʘ ʧʣʦʱʽ ʧʨʠʙʣʠʟʥʦ 400 ʥʘ 400 ʤʝʪʨʽʚ. ɼʘʥʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚ ʨʽʟʥʠʭ 

ʬʦʨʤʘʪʘʭ, ʚʢʣʶʯʘʶʯʠ ʬʦʨʤʘʪ KML, ʷʢʠʡ ʻ ʥʘʡʧʨʦʩʪʽʰʠʤ ʜʣʷ ʙʽʣʴʰʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ʆʧʝʨʘʪʠʚʥʽ ʪʘ ʘʨʭʽʚʥʽ ʜʘʥʽ ʟ 2000 ʨʦʢʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʩʘʡʪʽ ʽ 

ʜʦʩʪʫʧʥʽ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʨʽʟʥʠʭ ʬʦʨʤʘʪʘʭ, ʾʭ ʪʘʢʦʞ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʯʝʨʝʟ 

ʝʣʝʢʪʨʦʥʥʫ ʧʦʰʪʫ [19]. ɼʘʥʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ Sentinel-2 (MSI) 
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ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʨʦʟʰʠʨʝʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʽ ʯʘʩʦʚʦʛʦ 

ʧʦʢʨʠʪʪʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʛʦʨʽʥʥʷ ʙʽʦʤʘʩʠ, ʱʦ ʤʦʞʝ ʜʦʧʦʚʥʠʪʠ ʽʥʰʽ ʛʨʫʙʽ 

ʧʨʦʜʫʢʪʠ ʘʢʪʠʚʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʧʦʞʝʞ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʧʫʪʥʠʢʦʚʠʡ 

ʤʦʥʽʪʦʨʠʥʛ ʪʝʨʠʪʦʨʽʾ ʏɹɿ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʯʥʠʭ ʜʘʥʠʭ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʚʠʩʦʢʦʾ ʪʘ ʥʘʜʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʦʩʪʽ ï Sentinel-2A (10 ʤ), SkySat (0,5 ʤ), WorldView 01-03 (0,5 ʤ), 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ ɼɿɿ ï Sentinel-1A, Capʝlla, CSM, RCM1, ICEYE. 

ʄʝʪʦʜʠ ʜʝʪʝʢʪʫʚʘʥʥʷ ʧʦʞʝʞ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʥʦʤʘʣʴʥʠʭ 

ʪʝʧʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʽ, ʷʢʽ ʚʠʟʥʘʯʝʥʦ ʨʽʚʥʷʥʥʷʤ (1). ʊʦʤʫ, ʤʝʪʦʜʠ 

ʜʝʪʝʢʪʫʚʘʥʥʷ ʟʘ ʜʘʥʠʤʠ ɼɿɿ ʤʘʶʪʴ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʘʥʘʣʽʟʽ ʪʝʤʧʝʨʘʪʫʨ 

ʷʩʢʨʘʚʦʩʪʽ ʚ ʦʢʨʝʤʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʘʭ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ, ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʫʤʦʚ ʙʽʣʴʰʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʝʥʩʦʨʽʚ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ 

ʚʠʨʘʟʫ [21]: 

                                      Ὕ ẗ   ,                                           (1) 

 

ʜʝ h ï ʧʦʩʪʽʡʥʘ ʇʣʘʥʢʘ (ɼʞĿʩ); 

c ï ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ ʫ ʚʘʢʫʫʤʽ (ʤ/ʩ); 

k ï ʛʘʟʦʚʘ ʢʦʥʩʪʘʥʪʘ ɹʦʣʴʮʤʘʥʘ (ɼʞ/ʂ); 

ɚ ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ (ʤ); 

T ï ʷʩʢʨʘʚʽʩʥʘ ʪʝʤʧʝʨʘʪʫʨʘ (ʂ); 

L ï ʷʩʢʨʘʚʽʩʪʴ ʜʽʣʷʥʢʠ (ɺʪĿʤ-2ʩʪʝʨ-1ʤ-1), ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʚʽʜʙʠʪʪʷ rɚ. 

ɺʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ɼɿɿ ʻ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʩʠʯʝʥʥʷ, ʱʦ 

ʻ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʷʢʫ ʤʦʞʥʘ ʧʨʘʢʪʠʯʥʦ ʟʘʬʽʢʩʫʚʘʪʠ ʥʘ 

ʧʝʚʥʽʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ. ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʻ ʪʝʤʧʝʨʘʪʫʨʘ ʷʩʢʨʘʚʦʩʪʽ, 

ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʘʤ ʛʦʨʽʥʥʷ ʽ ʤʦʞʝ ʙʫʪʠ ʟʘʬʽʢʩʦʚʘʥʘ ʚ ʦʢʨʝʤʠʭ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʘʭ. 

ɼʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ɼɿɿ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʷʚʠʱ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʦʩʝʨʝʜʢʽʚ ʧʦʞʝʞ [21, 22]: 

1) ʂʘʫʬʤʘʥʘ (1991 ʨʽʢ): 

                         Ὕ3> 316, Ὕ3-Ὕ4>10,  Ὕ4 > 250 ,                                           (2) 

ʜʝ ʊ3, ʊ4, ʊ5 ï ̫ ʩʢʨʘʚʽʩʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 3-, 4- ̔  5-ʤʫ ʢʘʥʘʣʘʭ ʘʧʘʨʘʪʫʨʠ AVHRR 

ʚʽʜʧʦʚʽʜʥʦ; 

2) ʌʨʘʥʩʘ (1993 ʨʽʢ): 

 

Ὕ3> 320, Ὕ3-Ὕ4>15,0 < Ὕσ Ὕτ< 5, ὃρ> 9% ,                         (3) 

 

ʜʝ ɸ1 ï ʟʥʘʯʝʥʥʷ ʘʣʴʙʝʜʦ ʚ 1-ʤʫ ʢʘʥʘʣʽ; 

3) ʂʝʥʥʝʜʽ (1994 ʨʽʢ): 

 

                                       Ὕ3> 320, Ὕ3-Ὕ4>10, ὃς< 16% ,                                      (4) 

 

ʜʝ ɸ2 ï ʟʥʘʯʝʥʥʷ ʘʣʴʙʝʜʦ ʚ 2-ʤʫ ʢʘʥʘʣʽ. 
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ɸʣʛʦʨʠʪʤ ʚʠʷʚʣʝʥʥʷ ʧʦʞʝʞʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʥʘʯʥʽʡ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ 

ʧʦʚʝʨʭʥʝʶ ʟʝʤʣʽ (ʟʘʟʚʠʯʘʡ ʥʝ ʚʠʱʝ 10ï25Áʉ) ʽ ʜʞʝʨʝʣʦʤ ʧʦʞʝʞʽ (300ï900Áʉ) 

[22]. 

 
 

ʈʠʩ. 3. ʉʭʝʤʘ ʤʝʪʦʜʦʣʦʛʽʾ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʱʦʜʦ ʚʠʷʚʣʝʥʥʷ ʧʦʨʫʰʝʥʴ ʩʪʘʥʫ ʝʢʦʩʠʩʪʝʤʠ 

ʏɹɿ ʚʥʘʩʣʽʜʦʢ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʙʫʣʦ ʟʘʣʫʯʝʥʦ ʤʝʪʦʜʠ ʢʦʩʤʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʟʘ ʤʝʪʦʜʦʣʦʛʽʻʶ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3. ɸʚʪʦʨʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʧʽʜʩʪʠʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʚʠʷʚʣʝʥʦ ʟʦʥʠ ʧʦʨʫʰʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ ʚʥʘʩʣʽʜʦʢ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʥʘ ʪʝʨʠʪʦʨʽʾ ʟʘʧʦʚʽʜʥʠʭ 

ʟʦʥ ʟʘ ʥʘʩʪʫʧʥʦʶ ʤʝʪʦʜʦʣʦʛʽʻʶ: 

1. ɺʠʟʥʘʯʠʪʠ ʟʦʥʫ ʤʦʥʽʪʦʨʠʥʛʫ: 

- ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʟʘʧʦʚʽʜʥʦʾ ʟʦʥʠ ʪʘʢʠʭ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢ 

ʏɹɿ ʪʘ ʅʇʇ çɹʽʣʦʙʝʨʝʞʞʷ ʉʚʷʪʦʩʣʘʚʘè; 

- ʚʠʟʥʘʯʝʥʥʷ ʪʠʧʫ ʧʦʚʝʨʭʥʽ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ï ʩʫʭʦʜʽʣ; 

- ʬʦʨʤʫʚʘʥʥʷ ʟʦʥʠ ʽʥʪʝʨʝʩʫ. 

2. ɿʘʤʦʚʣʝʥʥʷ ʟʡʦʤʢʠ: 

- ʥʘʜʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ (WorldView, GeoEye, SkySat, 
EROS-Bé); 

- ʧʽʜʙʽʨ ʧʘʨ ʟʥʽʤʢʽʚ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦ ʾʨʦʟʨʽʟʥʝʥʦʩʪʽ (Sentinel-2). 

3. ʆʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ɼɿɿ. 

4. ʌʦʨʤʫʚʘʥʥʷ ʢʽʥʮʝʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʦʾ ʟʚʽʪʥʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ. 

ɺʠʢʦʨʠʩʪʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʥʘʜʘʻ ʟʤʦʛʫ ʘʥʘʣʽʟʫʚʘʪʠ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ 

ʪʝʨʠʪʦʨʽʾ, ʷʢʽ ʧʦʩʪʨʘʞʜʘʣʠ ʚʽʜ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ. ɺʦʥʘ ʟʘʙʝʟʧʝʯʠʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ɼɿɿ ʽʟ ʥʠʟʴʢʦʶ ʪʘ ʩʝʨʝʜʥʴʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʜʠʩʧʝʨʩʽʻʶ ʟ 

ʧʝʚʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʘʥʦʤʘʣʽʷʤʠ ʪʘ ʥʝʛʘʡʥʦʾ ʾʭ ʦʙʨʦʙʢʠ. ʆʪʨʠʤʘʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʜʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʘʤ ʚ ʟʨʫʯʥʠʭ ʬʦʨʤʘʪʘʭ ʪʘ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʜʝʪʘʣʴʥʠʭ ʜʘʥʠʭ ɼɿɿ. ɿʘ ʾʭ ʜʦʧʦʤʦʛʦʶ 
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ʤʦʞʥʘ ʬʽʢʩʫʚʘʪʠ ʯʠ ̔ʜʝʥʪʠʬʽʢʫʚʘʪʠ ʟʤʽʥʠ ʫ ʣʽʩʦʚʠʭ ʥʘʩʘʜʞʝʥʥʷʭ, ʧʦʚôʷʟʘʥ ̔ʟ 

ʧʦʞʝʞʘʤʠ, ʚʠʷʚʠʪʠ ʜʽʣʷʥʢʠ ʧʦʨʫʰʝʥʥʷ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʚʥʘʩʣʽʜʦʢ ʙʦʡʦʚʠʭ ʜʽʡ 

ʪʘ ʩʪʚʦʨʠʪʠ ʪʝʤʘʪʠʯʥʽ ʢʘʨʪʠ.  

 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ  

 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʟʘ ʦʧʠʩʘʥʦʶ 

ʚʠʱʝ ʤʝʪʦʜʠʢʦʶ ʘʚʪʦʨʘʤʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥʽ FIRMS ʟʘ ʧʝʨʽʦʜ ʟ ʣʶʪʦʛʦ 

2022 ʨʦʢʫ ʧʦ ʣʶʪʠʡ 2023 ʨʦʢʫ. ʉʫʧʫʪʥʠʢʦʚʠʡ ʤʦʥʽʪʦʨʠʥʛ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʯʥʠʭ ʜʘʥʠʭ ɼɿɿ ʚʠʩʦʢʦʾ ʪʘ ʥʘʜʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʦʩʪʽ ï Sentinel-2A (10 ʤ), SkySat (0,5 ʤ), WorldView 01-03 (0,5 ʤ), 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ ɼɿɿ ï Sentinel-1A, Capʝlla, CSM, RCM1, ICEYE. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ 2 ʪʝʤʘʪʠʯʥʠʭ ʢʘʨʪʠ ʪʘ 38 

ʩʠʪʫʘʮʽʡʥʠʭ ʢʘʨʪ. ʅʘʷʚʥʽʩʪʴ ʪʘʢʦʾ ʢʽʣʴʢʦʩʪʽ ʩʠʪʫʘʮʽʡʥʠʭ ʢʘʨʪ ʥʘʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʷʢʽʩʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʚʠʟʥʘʯʠʪʠ ʩʪʘʥ ʟʘʟʥʘʯʝʥʠʭ 

ʪʝʨʠʪʦʨʽʡ, ʧʨʠ ʮʴʦʤʫ ʜʦʚʝʩʪʠ ʬʘʢʪʠ ʧʦʨʫʰʝʥʴ ʝʢʦʩʠʩʪʝʤʠ ʏɹɿ ʚʥʘʩʣʽʜʦʢ 

ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ.  
 

 
 

ʈʠʩ. 4. ʊʝʤʘʪʠʯʥʘ ʢʘʨʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʘʥʦʤʘʣʽʡ ʥʘ ʪʝʨʠʪʦʨʽʾ ʟʦʥʠ ʤʦʥʽʪʦʨʠʥʛʫ  

ʚ ʍʝʨʩʦʥʩʴʢʽʡ ʪʘ ʄʠʢʦʣʘʾʚʩʴʢʽʡ ʦʙʣʘʩʪʷʭ ʫ ʧʝʨʽʦʜ ʟ 02.2022 ʧʦ 02.2023  

 

ʅʘ ʨʠʩʫʥʢʫ 4 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʠʷʚʣʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʘʥʦʤʘʣʽʡ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʩʘʤʝ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ʪʘ 

ʘʢʚʘʪʦʨʽʾ ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʙʽʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ ʪʘ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ çɹʽʣʦʙʝʨʝʞʞʷ ʉʚʷʪʦʩʣʘʚʘè ʫ ʍʝʨʩʦʥʩʴʢʽʡ ʪʘ ʄʠʢʦʣʘʾʚʩʴʢʽʡ 

ʦʙʣʘʩʪʷʭ. ɺʠʟʥʘʯʝʥʦ ʤʽʩʮʷ ʚʠʥʠʢʥʝʥʥʷ ʧʦʞʝʞ, ʟʦʢʨʝʤʘ ʚ ʤʝʞʘʭ ʟʘʧʦʚʽʜʥʦʾ 

ʟʦʥʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʂʽʥʙʫʨʥʩʴʢʦʛʦ ʧʽʚʦʩʪʨʦʚʘ, ʮʝʥʪʨʘʣʴʥʘ ʯʘʩʪʠʥʘ ʷʢʦʾ ʙʫʣʘ ʫ 

ʚʦʛʥʽ ʧʝʨʰʽ ʤʽʩʷʮʽ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ. ʋ ʪʨʘʚʥʽ 2022 ʨʦʢʫ ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ ʥʘʡʤʘʩʰʪʘʙʥʽʰʽ ʧʦʞʝʞʽ ʪʘ ʥʘʡʙʽʣʴʰʘ ʾʭ ʢʽʣʴʢʽʩʪʴ, ʘ ʩʘʤʝ ï 

728 ʪʝʧʣʦʚʠʭ ʘʥʦʤʘʣʽʡ. ʇʨʦʪʷʛʦʤ ʣʽʪʘ ʪʘ ʦʩʝʥʽ 2022 ʨʦʢʫ ʪʝʨʠʪʦʨʽʘʣʴʥʠʡ 

ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʘʥʦʤʘʣʽʡ ʙʫʚ ʨʽʚʥʦʤʽʨʥʠʤ ʧʦ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ 

ʜʦʩʣʽʜʞʝʥʥʷ.  
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ɿʘ ʜʘʥʠʤʠ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʘʥʦʤʘʣʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʘʥʠʭ ɼɿɿ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʚ ʟʦʥʽ ʤʦʥʽʪʦʨʠʥʛʫ (ʨʠʩ. 4) ʟʘ ʧʝʨʽʦʜ ʟ ʣʶʪʦʛʦ 

2022 ʨʦʢʫ ʧʦ ʣʶʪʠʡ 2023 ʨʦʢʫ ʚʩʴʦʛʦ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ 1865 ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʘʥʦʤʘʣʽʡ ʽ ʚʠʟʥʘʯʝʥʦ ʾʭ ʢʽʣʴʢʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʧʦ ʤʽʩʷʮʷʭ. ɼʽʘʛʨʘʤʘ ʚʠʷʚʣʝʥʠʭ 

ʡʤʦʚʽʨʥʠʭ ʧʦʞʝʞ (ʨʠʩ. 5) ʧʦʢʘʟʫʻ ʨʦʟʧʦʜʽʣ ʪʝʧʣʦʚʠʭ ʘʥʦʤʘʣʽʡ ʟʘ ʤʽʩʷʮʷʤʠ 

ʟ ʣʶʪʦʛʦ 2022 ʨʦʢʫ ʧʦ ʣʶʪʠʡ 2023 ʨʦʢʫ, ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʙʫʣʘ 

ʟʘʬʽʢʩʦʚʘʥʘ ʫ ʧʝʨʽʦʜ ʟ ʪʨʘʚʥʷ ʧʦ ʩʝʨʧʝʥʴ 2022 ʨʦʢʫ. ʊʘʢ, ʫ ʪʨʘʚʥʽ 2022 ʨʦʢʫ 

ʟʘʬʽʢʩʦʚʘʥʦ 728 ʪʝʧʣʦʚʠʭ ʘʥʦʤʘʣʽʡ, ʫ ʯʝʨʚʥʽ ï 229, ʫ ʣʠʧʥʽ ï 236 ʪʘ ʫ ʩʝʨʧʥʽ 

ʚʽʜʧʦʚʽʜʥʦ 567 ʪʝʧʣʦʚʠʭ ʘʥʦʤʘʣʽʡ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʘʢʪʠʚʥʽ ʙʦʡʦʚʽ ʜʽʾ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʩʘʤʝ ʚ ʧʝʨʽʦʜ ʟ ʪʨʘʚʥʷ ʧʦ ʩʝʨʧʝʥʴ 2022 ʨʦʢʫ. ʃʽʪʥʽʡ 

ʧʝʨʽʦʜ ʩʧʨʠʷʚ ʤʘʩʰʪʘʙʥʦʤʫ ʧʦʰʠʨʝʥʥʶ ʧʦʞʝʞ, ʟʘʙʣʦʢʦʚʘʥʠʡ ʜʦʩʪʫʧ ʜʦ 

ʦʩʝʨʝʜʢʽʚ ʚʦʛʥʶ ʪʘ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʯʘʩʥʦ ʟʫʧʠʥʠʪʠ ʧʦʰʠʨʝʥʥʷ ʧʦʞʝʞʽ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʣʫʞʙʘʤʠ ʢʘʪʘʩʪʨʦʬʽʯʥʦ ʚʧʣʠʥʫʣʠ ʥʘ ʩʪʘʥ ʝʢʦʩʠʩʪʝʤʠ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʪʨʘʯʝʥʦ ʦʩʝʨʝʜʢʠ ʨʽʜʢʽʩʥʠʭ ʝʢʦʩʠʩʪʝʤ, 

ʧʽʜ ʟʘʛʨʦʟʦʶ ʟʥʠʱʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʩ̔ʪɹ ʨʽʜʢʽʩʥʠʭ ʚʠʜʽʚ ʨʦʩʣʠʥ ʽ 

ʪʚʘʨʠʥ, ʱʦ ʥʘʩʝʣʷʶʪʴ ʟʘʧʦʚʽʜʥʠʢ. 

 

 
 

ʈʠʩ. 5. ɼʽʘʛʨʘʤʘ ʪʝʧʣʦʚʠʭ ʘʥʦʤʘʣʽʡ ʚ ʟʦʥʽ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʜʘʥʠʤʠ FIRMS ʟ ʣʶʪʦʛʦ 2022 

ʨʦʢʫ ʧʦ ʣʶʪʠʡ 2023 ʨʦʢʫ 

 

ɺʩʽ ʚʠʷʚʣʝʥʽ ʪʝʧʣʦʚʽ ʘʥʦʤʘʣʽʾ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʾʭʥʽ 

ʢʦʦʨʜʠʥʘʪʠ. ʆʪʨʠʤʘʥʦ KML-ʬʘʡʣ ʘʢʪʠʚʥʠʭ ʧʦʞʝʞ, ʟʥʘʡʜʝʥʦ ʪʘ ʟʘʚʘʥʪʘʞʝʥʦ 

ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ (Sentinel-2, WorldView 03 ʪʘ Landsat 9) ʥʘ ʪʝʨʠʪʦʨʽʶ ʟʘ 

ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʝʧʣʦʚʠʭ ʘʥʦʤʘʣʽʡ, ʱʦ ʟʨʦʙʣʝʥʽ ʫ ʚʠʟʥʘʯʝʥʽ 

ʜʘʪʠ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʣʦ ʦʧʨʘʮʶʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ. 

ʊʘʢ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʧʦʰʠʨʝʥʥʷ ʥʘʡʤʘʩʰʪʘʙʥʽʰʦʾ ʧʦʞʝʞʽ ʫ 

ʪʨʘʚʥʽ 2022 ʨʦʢʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʙʽʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ ʙʫʣʦ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ Landsat 9 ʟʘ 5.05.2022, Sentinel-2 ʟʘ 9.05.2022, 

Sentinel-2 ʟʘ 12.08.2022, Sentinel-2 ʟʘ 23.06.2023, ʟʦʙʨʘʞʝʥʥʷ ʷʢʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 6. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʟʘʟʥʘʯʝʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ 

ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʧʦʩʪʨʘʞʜʘʣʠʭ ʪʝʨʠʪʦʨʽʡ ʉʦʣʦʦʟʝʨʥʦʾ ʜʽʣʷʥʢʠ 

ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʙʽʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ. ɺʥʘʩʣʽʜʦʢ ʧʦʞʝʞʽ, ʷʢʘ ʩʪʘʣʘʩʷ  

5-9 ʪʨʘʚʥʷ 2022 ʨʦʢʫ, ʥʘ ʜʽʣʷʥʮʽ çʉʦʣʦʦʟʝʨʥʠʡè ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʙʽʦʩʬʝʨʥʦʛʦ 
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ʟʘʧʦʚʽʜʥʠʢʘ ʟʛʦʨʽʣʦ 12 ʢʤĮ ʨʽʜʢʽʩʥʦʾ ʩʪʝʧʦʚʦʾ ʨʦʩʣʠʥʥʦʩʪʽ. ʉʝʨʝʜ ʚʠʛʦʨʽʣʦʾ 

ʨʦʩʣʠʥʥʦʩʪʽ ʜʫʙ ʟʚʠʯʘʡʥʠʡ, ʙʝʨʝʟʘ ʜʥʽʧʨʦʚʩʴʢʘ ʝʥʜʝʤʽʯʥʘ, ʛʨʫʰʘ ʟʚʠʯʘʡʥʘ, 

ʟʘʨʦʩʪʽ ʩʪʝʧʦʚʠʭ ʯʘʛʘʨʥʠʢʽʚ. ɿʘʛʘʣʦʤ ʫ ʪʨʘʥʩʢʦʨʜʦʥʥʽʡ ʟʦʥʽ ʟʘʢʘʟʥʠʢʘ 

ʚʪʨʘʯʝʥʦ ʙʣʠʟʴʢʦ 35 ʢʤĮ ʣʽʩʫ. 

 

  

ʘ ʙ 

  

  ʚ ʛ 

ʈʠʩ. 6. ʇʨʠʢʣʘʜʠ ʧʦʰʠʨʝʥʥʷ ʧʦʞʝʞʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʙʽʦʩʬʝʨʥʦʛʦ 

ʟʘʧʦʚʽʜʥʠʢʘ, ʜʝ ʩʚʽʞʦʚʠʛʦʨʽʣʘ ʩʪʝʧʦʚʘ ʨʦʩʣʠʥʥʽʩʪʴ ʤʘʻ ʢʦʨʠʯʥʝʚʠʡ ʢʦʣʽʨ, ʥʘ 

ʬʨʘʛʤʝʥʪʘʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ: a ï Landsat 9 ʟʘ 5.05.2022; ʙ ï ʂɿ Sentinel-2 ʟʘ 9.05.2022; 

ʚ ï Sentinel-2 ʟʘ 12.08.2022; ʛ ï Sentinel-2 ʟʘ 23.06.2023 

 

ʆʢʨʽʤ ʚʠʷʚʣʝʥʥʷ ʪʝʧʣʦʚʠʭ ʘʥʦʤʘʣʽʡ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ, ʱʦ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʯʠʩʣʝʥʥʽ ʧʦʞʝʞʽ, ʘʚʪʦʨʘʤʠ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʢʦʩʤʽʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʧʨʠʩʫʪʥʦʩʪʽ ʚʦʨʦʞʦʾ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ, ʙʫʜʽʚʥʠʮʪʚʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʬʦʨʪʠʬʽʢʘʮʽʡʥʠʭ ʩʧʦʨʫʜ (ʪʨʘʥʰʝʡ, ʦʢʦʧʽʚ, ʫʢʨʠʪʪʷ ʜʣʷ ʪʝʭʥʽʢʠ), ʥʘʷʚʥʦʩʪʽ 

ʚʦʛʥʝʚʠʭ ʧʦʟʠʮʽʡ, ʟʥʘʭʦʜʞʝʥʥʷ ʽ ʧʝʨʝʩʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʪʘ ʽʥʰʠʭ 

ʛʘʙʘʨʠʪʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʘ ʪʘʢʦʞ ʥʘʜʚʦʜʥʠʭ ʪʘ ʟʘʪʦʧʣʝʥʠʭ 

ʧʣʘʚʟʘʩʦʙʽʚ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʢʘʟʽʚ ʚʧʣʠʚʫ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʥʘ ʧʨʠʨʦʜʥʦ-

ʟʘʧʦʚʽʜʥʫ ʪʝʨʠʪʦʨʽʶ ʏɹɿ. 

ʊʘʢ, ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʜʘʥʽ ʩʫʧʫʪʥʠʢʦʚʦʾ ʟʡʦʤʢʠ ʟ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ 

WorldView 03 ʩʪʘʥʦʤ ʥʘ 14:41 ʛʦʜ. (ʟʘ ʢʠʾʚʩʴʢʠʤ ʯʘʩʦʤ) 3 ʯʝʨʚʥʷ 2022 ʨʦʢʫ ʥʘ 

ʜʽʣʷʥʢʫ ʪʝʨʠʪʦʨʽʾ ʂʽʥʙʫʨʥʩʴʢʦʛʦ ʧʽʚʦʩʪʨʦʚʘ (ʨʠʩ. 7). ɺ ʟʦʥʽ ʟʡʦʤʢʠ 

ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʙʽʣʴʰʝ 2100 ʛʘ ʟʥʠʱʝʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʾ ʟʦʥʠ 

ʚʥʘʩʣʽʜʦʢ ʙʫʜʽʚʥʠʮʪʚʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʦʨʪʠʬʽʢʘʮʽʡʥʠʭ ʩʧʦʨʫʜ (ʪʨʘʥʰʝʡ, 

ʦʢʦʧʽʚ, ʫʢʨʠʪʪʷ ʜʣʷ ʪʝʭʥʽʢʠ), ʚʦʛʥʝʚʠʭ ʧʦʟʠʮʽʡ, ʚʠʨʚ, ʟʨʫʡʥʦʚʘʥʠʭ ʙʫʜʽʚʝʣʴ ʪʘ 

ʟʛʘʨʠʱ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʙʫʣʠ 

ʚʠʷʚʣʝʥʽ ʬʘʢʪʠ ʧʨʠʩʫʪʥʦʩʪʽ ʚʽʡʩʴʢʦʚʦʾ (499 ʦʜ.) ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʦʾ (45 ʦʜ.) 

ʪʝʭʥʽʢʠ ʪʘ ʯʠʩʣʝʥʥʽ ʦʟʥʘʢʠ ʾʾ ʧʝʨʝʩʫʚʘʥʥʷ ʧʦ ʧʝʨʝʩʽʯʝʥʽʡ ʤʽʩʮʝʚʦʩʪʽ.  
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ʈʠʩ. 7. ɺʠʷʚʣʝʥʥʷ ʬʦʨʪʠʬʽʢʘʮʽʡʥʠʭ ʩʧʦʨʫʜ ʽ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʂʽʥʙʫʨʥʩʴʢʦʛʦ ʧʽʚʦʩʪʨʦʚʘ. ʉʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ WorldView 03, ʩʪʘʥʦʤ ʥʘ 14:41 ʛʦʜ.  

(ʟʘ ʢʠʾʚʩʴʢʠʤ ʯʘʩʦʤ) 3 ʯʝʨʚʥʷ 2022 ʨʦʢʫ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʚʽʡʩʴʢʦʚʦʛʦ ʚʧʣʠʚʫ ʪʘ ʚʠʷʚʣʝʥʥʷ ʟʤʽʥ ʥʘ 

ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ, ʟʨʦʙʣʝʥʽ ʫ 

ʙʝʨʝʟʥʽ 2023 ʨʦʢʫ. ɿʘ ʜʘʥʠʤʠ ʩʫʧʫʪʥʠʢʦʚʦʾ ʟʡʦʤʢʠ ʟ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ 

WorldView 03 ʩʪʘʥʦʤ ʥʘ 10:58 (ʟʘ ʢʠʾʚʩʴʢʠʤ ʯʘʩʦʤ) 13.03.2023 ʚ ʟʦʥʽ ʟʡʦʤʢʠ 

ʙʫʣʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ 22,2 ʢʤ ʪʨʘʥʰʝʡ, 21 ʢʤ2 ʟʛʘʨʠʱ, 159 ʚʠʨʚ ʚʽʜ ʩʥʘʨʷʜʽʚ 

ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ 6 406 ʤ2 ʪʘ 60 ʦʜ. ʚʽʡʩʴʢʦʚʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 

ɿʘʛʘʣʦʤ, ʟʘ ʥʘʷʚʥʠʤʠ ʜʘʥʠʤʠ ʩʫʧʫʪʥʠʢʦʚʦʾ ʟʡʦʤʢʠ ʧʦʙʣʠʟʫ ʪʝʨʠʪʦʨʽʾ ʩʫʭʦʜʦʣʫ 

ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʙʽʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

1751 ʦʜ. ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʽʡʩʴʢʦʚʠʭ ʦʙôʻʢʪʽʚ, ʟ ʥʠʭ: ʟʨʘʟʢʽʚ ʆʽɺʊ ï 499 ʦʜ., 

ʬʦʨʪʠʬʽʢʘʮʽʡʥʠʭ ʩʧʦʨʫʜ ʦʙʣʘʜʥʘʥʥʷ ʤʽʩʮʝʚʦʩʪʽ ï 1189 ʦʜ., ʟʘʩʦʙʽʚ 

ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʪʘ ʛʘʙʘʨʠʪʥʦʾ ʪʝʭʥʽʢʠ ï 45 ʦʜ., ʚʦʛʥʝʚʠʭ ʧʦʟʠʮʽʡ ʆʽɺʊ ʽ, ʟʦʢʨʝʤʘ, 

ʈʉɿɺ ï 11 ʦʜ.  

ʈʦʟʪʘʰʫʚʘʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʦʢʫʧʘʮʽʡʥʦʾ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʪʘ ʦʩʦʙʦʚʦʛʦ 

ʩʢʣʘʜʫ ʚʽʡʩʴʢ ʫ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʠʭ ʟʦʥʘʭ ʚʝʜʝ ʜʦ ʧʨʠʟʫʧʠʥʝʥʥʷ ʛʥʽʟʜʫʚʘʥʥʷ 

ʨʽʜʢʽʩʥʠʭ ʚʠʜʽʚ ʧʪʘʭʽʚ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʤʽʩʮʴ ʾʭ ʦʩʝʣʝʥʥʷ, ʟʥʠʱʝʥʥʷ 

ʧʨʠʯʦʨʥʦʤʦʨʩʴʢʠʭ ʣʘʥʜʰʘʬʪʽʚ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʢʦʨʤʦʚʦʾ ʙʘʟʠ ʜʣʷ ʨʽʜʢʽʩʥʠʭ ʪʘ 

ʯʝʨʚʦʥʦʢʥʠʞʥʠʭ ʚʠʜʽʚ ʪʚʘʨʠʥ, ʢʦʤʘʭ, ʧʘʫʢʦʧʦʜʽʙʥʠʭ ʪʦʱʦ. 

ʆʢʫʧʘʮʽʡʥʠʤʠ ʩʠʣʘʤʠ ʨʦʩʽʡʩʴʢʦʾ ʬʝʜʝʨʘʮʽʾ ʙʣʠʟʴʢʦ 2:50 ʥʦʯʽ (ʟʘ ʢʠʾʚʩʴʢʠʤ 

ʯʘʩʦʤ) 6 ʯʝʨʚʥʷ 2023 ʨʦʢʫ ʙʫʣʦ ʟʜʽʡʩʥʝʥʠʡ ʯʝʨʛʦʚʠʡ ʘʢʪ ʝʢʦʮʠʜʫ, ʘ ʩʘʤʝ 

ʟʥʠʱʝʥʥʷ ʛʨʝʙʣʽ ʂʘʭʦʚʩʴʢʦʾ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ [15]. ɺ ʟʦʥʽ ʧʽʜʪʦʧʣʝʥʥʷ 

ʦʧʠʥʠʣʦʩʷ ʤ. ɻʦʣʘ ʇʨʠʩʪʘʥʴ, ʜʝ ʟʥʘʭʦʜʠʪʴʩʷ ʘʜʤʽʥʽʩʪʨʘʮʽʷ ʏɹɿ. ʇʣʦʱʘ ʟ 

ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʚʦʜʠ ʚ ʤʝʞʘʭ ʂʽʥʙʫʨʥʩʴʢʦʾ ʢʦʩʠ ʥʘ 9 ʪʨʘʚʥʷ ʩʪʘʥʦʚʠʣʘ 

ʙʣʠʟʴʢʦ 23 ʢʤ2 (ʨʠʩ. 8), ʟʦʢʨʝʤʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʟʘʟʥʘʣʘ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʘ ʜʽʣʷʥʢʘ ʏɹɿ çɺʦʣʞʠʥ ʣʽʩè. 
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ʘ ʙ 

ʈʠʩ. 8. ɺʠʛʣʷʜ ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʙʽʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ ʥʘ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʘʭ  

Landsat-8-9 ʜʦ, ʟʘ 01.06.2023 (ʘ), ʪʘ ʧʽʜ ʯʘʩ, ʟʘ 09.06.2023 (ʙ), ʩʧʫʩʢʫ ʂʘʭʦʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ 

 

ʇʽʜʨʠʚ ʂʘʭʦʚʩʴʢʦʾ ʛʨʝʙʣʽ ʤʘʪʠʤʝ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ ʽ ʜʣʷ ʏʦʨʥʦʛʦ ʤʦʨʷ.  

ɺ ʤʦʨʝ ʧʦʪʨʘʧʣʷʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʨʽʩʥʦʾ ʚʦʜʠ, ʟʘʙʨʫʜʥʝʥʦʾ ʧʘʣʠʚʥʦ-

ʤʘʩʪʠʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʜʦʙʨʠʚʘʤʠ, ʩʪʽʯʥʠʤʠ ʚʦʜʘʤʠ ʽʟ ʟʘʪʦʧʣʝʥʠʭ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʪʘ ʧʦʣʽʚ. ɼʦʜʘʪʢʦʚʦ ʜʞʝʨʝʣʦʤ ʚʪʦʨʠʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʤʦʞʫʪʴ ʩʪʘʪʠ ʽ ʜʦʥʥʽ ʚʽʜʢʣʘʜʠ ʂʘʭʦʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ, ʜʝ ʜʝʩʷʪʠʣʽʪʪʷʤʠ 

ʥʘʢʦʧʠʯʫʚʘʣʠʩʷ ʚʠʢʠʜʠ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ [22]. ɺʩʝ ʮʝ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʪʠʤʝ ʥʘ ʚʩʽ ʞʠʚʽ ʦʨʛʘʥʽʟʤʠ ʚ ʏʦʨʥʦʤʦʨʩʴʢʦʤʫ ʨʝʛʽʦʥʽ, ʟʤʽʥʶʶʯʠ 

ʝʢʦʩʠʩʪʝʤʠ ʽ ʧʦʨʫʰʫʶʯʠ ʭʘʨʯʦʚʽ ʣʘʥʮʶʛʠ. ʅʠʞʯʝ ʟʘ ʪʝʯʽʻʶ ʟʥʘʭʦʜʷʪʴʩʷ 

ʪʝʨʠʪʦʨʽʾ ʽ ʘʢʚʘʪʦʨʽʾ, ʱʦ ʦʭʦʨʦʥʷʶʪʴʩ ̫ʥʘ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʪʘ ʻ ʪʝʨʠʪʦʨʽʷʤʠ 

ʤʽʞʥʘʨʦʜʥʦʛʦ ʟʥʘʯʝʥʥʷ: ɼʥʽʧʨʦʚʩʴʢʦ-ɹʫʟʴʢʠʡ ʣʠʤʘʥ, ʂʽʥʙʫʨʥʩʴʢʘ ʢʦʩʘ, 

ʥʘʮʽʦʥʘʣʴʥʽ ʧʨʠʨʦʜʥʽ ʧʘʨʢʠ çɹʽʣʦʙʝʨʝʞʞʷ ʉʚʷʪʦʩʣʘʚʘè, çʆʣʝʰʢʽʚʩʴʢʽ ʧʽʩʢʠè 

ʪʘ ʽʥʰʽ.  

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʫ ʩʪʘʪʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʘʚʪʦʨʘʤʠ ʜʦʚʝʜʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʷʚʣʝʥʥʷ ʜʽʣʷʥʦʢ ʧʦʨʫʰʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ ˇʨʫʥʪʫ ʚʥʘʩʣʽʜʦʢ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ. ʇʦʜʽʙʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʙʽʣʴʰʠʪʠ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʪʝʨʠʪʦʨʽʡ. 

ʇʦʩʪʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʙʫʜʝ ʩʧʨʠʷʪʠ ʷʢʽʩʥʦʤʫ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ 

ʪʘ ʜʦʚʦʜʠʪʴ ʬʘʢʪʠ ʧʨʠʩʫʪʥʦʩʪʽ ʚʦʨʦʞʦʾ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ, ʙʫʜʽʚʥʠʮʪʚʘ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʦʨʪʠʬʽʢʘʮʽʡʥʠʭ ʩʧʦʨʫʜ, ʥʘʷʚʥʦʩʪʽ ʚʦʛʥʝʚʠʭ ʧʦʟʠʮʽʡ, 

ʟʥʘʭʦʜʞʝʥʥʷ ʽ ʧʝʨʝʩʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʪʘ ʽʥʰʠʭ ʛʘʙʘʨʠʪʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ʋ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʧʫʙʣʽʢʘʮʽʾ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ 

ʜʦʩʣʽʜʞʝʥʥʶ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʮʽʥʥʦʩʪʽ 

ʟʘʧʦʚʽʜʥʦʾ ʪʝʨʠʪʦʨʽʾ. ɸʚʪʦʨʘʤʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʪʝʨʠʪʦʨʽʶ ʦʜʥʦʛʦ ʟ 

ʧʦʩʪʨʘʞʜʘʣʠʭ ʟʘʧʦʚʽʜʥʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ. ɸ ʩʘʤʝ, ʜʦʩʣʽʜʞʝʥʦ ʪʝʨʠʪʦʨʽʾ ʪʘ 

ʘʢʚʘʪʦʨʽʾ ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʙʽʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ ʪʘ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ çɹʽʣʦʙʝʨʝʞʞʷ ʉʚʷʪʦʩʣʘʚʘè ʫ ʍʝʨʩʦʥʩʴʢʽʡ ʪʘ 

ʄʠʢʦʣʘʾʚʩʴʢʽʡ ʦʙʣʘʩʪʷʭ. 
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ɺʠʩʥʦʚʢʠ 

 

ɺʧʣʠʚ ʚʽʡʥʠ, ʷʢʘ ʪʨʠʚʘʻ ʚ ʋʢʨʘʾʥʽ, ʥʘ ʮʽʥʥʽ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʦʙôʻʢʪʠ, ʪʘʢʽ ʷʢ 

ʏʦʨʥʦʤʦʨʩʴʢʠʡ ʙʽʦʩʬʝʨʥʠʡ ʟʘʧʦʚʽʜʥʠʢ, ʚʠʢʣʠʢʘʻ ʩʝʨʡʦʟʥ ̔ ʟʘʥʝʧʦʢʦʻʥʥʷ 

ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʠ ʪʘ ʙʽʦʣʦʛʽʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʧʦʚʽʜʥʠʭ ʪʝʨʠʪʦʨʽʡ 

ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʙʽʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ ʪʘ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʧʘʨʢʫ çɹʽʣʦʙʝʨʝʞʞʷ ʉʚʷʪʦʩʣʘʚʘè ʫ ʍʝʨʩʦʥʩʴʢʽʡ ʪʘ ʄʠʢʦʣʘʾʚʩʴʢʽʡ ʦʙʣʘʩʪʷʭ, 

ʫ ʧʝʨʽʦʜ ʟ ʣʶʪʦʛʦ 2022 ʨʦʢʫ ʧʦ ʣʶʪʠʡ 2023 ʨʦʢʫ ʟʘʬʽʢʩʦʚʘʥʦ 1865 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʘʥʦʤʘʣʽʡ, ʤʘʢʩʠʤʘʣɹ ʥʘ ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʟʘʬʽʢʩʦʚʘʥʘ ʫ ʪʨʘʚʥʽ, 

ʚʣʽʪʢʫ ʪʘ ʥʘ ʧʦʯʘʪʢʫ ʦʩʝʥʽ 2022 ʨʦʢʫ. ɿʘʛʘʣʦʤ ʚ ʟʦʥʽ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʥʘʷʚʥʠʤʠ 

ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʟʥʽʤʢʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ 1751 ʦʜʠʥʠʮʽ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʽʡʩʴʢʦʚʠʭ ʦʙôʻʢʪʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ: ʟʨʘʟʢʽʚ ʦʟʙʨʦʻʥʥʷ ʪʘ 

ʚʡ̔ʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ï 499 ʦʜʠʥʠʮʴ, ʬʦʨʪʠʬʽʢʘʮʽʡ ʤʽʩʮʝʚʦʾ ʪʝʭʥʽʢʠ ï 

1189 ʦʜʠʥʠʮʴ, ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʘ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʦʾ ʪʝʭʥʽʢʠ ï 45 ʦʜʠʥʠʮʴ, 

ʚʦʛʥʝʚʠʭ ʧʦʟʠʮʽʡ ʦʟʙʨʦʻʥʥʷ ʪʘ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʽ, ʟʦʢʨʝʤʘ, ʈʉɿɺ ï 

11 ʦʜʠʥʠʮʴ. ɼʦʚʝʜʝʥʦ, ʱʦ ʨʦʟʚôʷʟʘʥʘ ʨʦʩʽʻʶ ʚʽʡʥʘ ʟʘʚʜʘʻ ʚʝʣʠʢʦʾ ʰʢʦʜʠ 

ʧʨʠʨʦʜʦʦʭʨʦʥʥʠʤ ʪʝʨʠʪʦʨʽʷʤ ʋʢʨʘʾʥʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʞʠʪʪʷ ʥʝʚʽʜʢʣʘʜʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ 

ʙʽʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ ʚʽʜ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ. ɺʘʞʣʠʚʠʤʠ ʻ ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ 

ʧʨʠʨʦʜʥʠʭ ʪʝʨʠʪʦʨʽʡ ʪʘ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʭʦʜʽʚ ʢʦʥʪʨʦʣʶ ʟʘ 

ʟʘʙʨʫʜʥʝʥʥʷʤ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʧʦʰʢʦʜʞʝʥʠʭ ʝʢʦʩʠʩʪʝʤ. ʆʮʽʥʢʠ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʩʠʪʫʘʮʽʷ ʟ ʮʠʭ ʧʠʪʘʥʴ 

ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʛʽʨʰʝ. ʆʩʢʽʣʴʢʠ ʚ ʋʢʨʘʾʥʽ ʪʨʠʚʘʻ ʚʽʡʥʘ, ʧʨʦʚʝʜʝʥʥʷ ʢʦʩʤʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʦʨʫʰʝʥʴ ʩʪʘʥʫ ʝʢʦʩʠʩʪʝʤʠ ʏɹɿ ʚʥʘʩʣʽʜʦʢ 

ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ ʪʘ ʚʢʨʘʡ ʥʝʦʙʭʽʜʥʠʤ. ʅʘʜʚʘʞʣʠʚʦ 

ʦʮʽʥʶʚʘʪʠ ʰʢʦʜʫ, ʷʢʫ ʟʘʚʜʘʣʘ ʽ ʧʨʦʜʦʚʞʫʻ ʟʘʚʜʘʚʘʪʠ ʨʦʩʽʡʩʴʢʘ ʘʨʤʽʷ 

ʚʥʘʩʣʽʜʦʢ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʚʽʡʥʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. ʇʨʝʜʩʪʘʚʣʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʠʷʶʪʴ ʝʬʝʢʪʠʚʥʦʤʫ ʧʣʘʥʫʚʘʥʥʶ ʚʽʜʧʦʚʽʜʥʠʭ 

ʟʘʭʦʜʽʚ ʜʣʷ ʦʮʽʥʢʠ ʟʤʽʥ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʱʦʜʦ ʡʦʛʦ ʟʘʭʠʩʪʫ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ. ɺ ʤʘʡʙʫʪʥʴʦʤʫ ʮʽ ʜʘʥʽ ʙʫʜʫʪʴ ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʨʝʢʨʝʘʮʽʡʥʦʾ ʪʘ ʧʦʚ'ʷʟʘʥʦʾ ʟ ʥʝʶ ʜʦʜʘʪʢʦʚʦʾ ʜ̔ ʷʣʴʥʦʩʪʽ ʟʽ ʟʙʝʨʝʞʝʥʥʷ 

ʜʦʚʢʽʣʣʷ. 

 

ɸcknowledgments. The authors S. Zahorodnia, I. Radchuk express their 

gratitude to the Department of Geography of the University of Cambridge for their 

support in continuing research with the aim of improving academic qualifications. 

 

ʉʇʀʉʆʂ ʃɯʊɽʈɸʊʋʈʀ 

 
1. Stephens, George, and Michael Matson. "Monitoring the Persian Gulf War with NOAA 

AVHRR Data." International Journal of Remote Sensing 14.7 (1993): 1423-429. DOI: 

10.1080/01431169308953976 

2. Pereira, Paulo, Igor Bogunovic, Wenwu Zhao, and Damia Barcelo. "Short-term Effect of 

Wildfires and Prescribed Fires on Ecosystem Services." Current Opinion in Environmental 

Science & Health 22 (2021): 100266. DOI: 10.1016/j.coesh.2021.100266 

3. Hanson, Thor "Biodiversity Conservation and Armed Conflict: A Warfare Ecology 

Perspective." Annals of the New York Academy of Sciences 1429.1 (2018): 50-65. DOI: 

10.1111/nyas.13689  



~ 109 ~ 
 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʚʠʧ. 3 (47), 2023 

4. ɼʘʡʜʞʝʩʪ ʢʣʶʯʦʚʠʭ ʥʘʩʣʽʜʢʽʚ ʨʦʩʽʡʩʴʢʦʾ ʘʛʨʝʩʽʾ ʜʣʷ ʫʢʨʘʾʥʩʴʢʦʛʦ ʜʦʚʢʽʣʣʷ 

20 ʪʨʘʚʥʷ 2022 ʨ. ʆʬʽʮʽʡʥʠʡ ʧʦʨʪʘʣ ʄʽʥʽʩʪʝʨʩʪʚʘ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ 2022 ʨ. https://mepr.gov.ua/news/39218.html 

5. ʐʢʦʜʘ ʜʦʚʢʽʣʣʶ ʚʽʜ ʚʽʡʥʠ. https://mepr.gov.ua/topics/novyny/zbytky-dovkillyu-vid- 

vijny/ [ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 10.06.23]. 

6. ɺʽʡʥʘ ʤʽʞ ʈʦʩʽʻʶ ʪʘ ʋʢʨʘʾʥʦʶ ï ʝʢʦʣʦʛʽʯʥʘ ʢʘʪʘʩʪʨʦʬʘ. https://www.iucn.org/news/ 

commission-environmental-economic-and-social-policy/202203/war-between-russia-and-

ukraine-environmental-disaster [ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 04.05.23]. 

7. Rawtani, Deepak, Gunjan Gupta, Nitasha Khatri, Piyush K. Rao, and Chaudhery 

Mustansar Hussain. "Environmental Damages Due to War in Ukraine: A Perspective." The 

Science of the Total Environment 850 (2022): 157932. DOI: https://doi.org/10.1016/j. 

scitotenv.2022.157932 

8. Yelistratova, L.O., O.A. Apostolov, A.Ya. Khodorovskyi, A.V. Khyzhniak, 

O.V. Tomchenko, and V.I. Lialko. "Use of satellite information for evaluation of socio-

economic consequences of the war in Ukraine." Ukrainian Geographical Journal 2022.2 

(2022): 11-18. DOI: 10.15407/ugz2022.02.011  

9. ʊrofymchuk, Oleksandr, Vyacheslav Vishnyakov, Natalia Sheviakina, Viktoriia 

Klymenko, and Olha Tomchenko. "Detection of thermal anomalies as a result of military 

actions in Ukraine by remote sensing methods." International Multidisciplinary Scientific 

GeoConference : SGEM 22.2 (2022): 303-13. DOI: 10.5593/sgem2022/2.1/s10.35  

10. Belenok, Vadym, Liliia Hebryn-Baidy, Nataliia Bielousova, Valeriy Gladilin, Serg²y 

Kryachok, Andrii Tereshchenko, Sofiia Alpert, and Sergii Bodnar. "Machine Learning Based 

Combinatorial Analysis for Land Use and Land Cover Assessment in Kyiv City 

(Ukraine)." Journal of Applied Remote Sensing, 17.1 (2023): 014506. DOI: 

10.1117/1.JRS.17.014506 

11. Kaplan, Gordana, Tatjana Rashid, Mateo Gasparovic, Andrea Pietrelli, and Vincenzo 

Ferrara. "Monitoring War generated Environmental Security Using Remote Sensing: 

A Review." Land Degradation & Development 33.10 (2022): 1513-526. 

DOI: 10.1002/ldr.4249 

12. Serhii, A. Shevchuk, Viktor I. Vyshnevskyi, and Olena P. Bilous. "The Use of Remote 

Sensing Data for Investigation of Environmental Consequences of Russia-Ukraine War." 

Journal of Landscape Ecology (Berlin, Germany) 15.3 (2022): 36-53. DOI:10.21203/rs.3.rs-

1770802/v1 

13. ʏʦʨʥʦʤʦʨʩʴʢʠʡ ʙʽʦʩʬʝʨʥʠʡ ʨʝʟʝʨʚʘʪ. https://wownature.in.ua/oberihaymo/biosferni-

rezervaty-v-ukraini/chornomorskyy-biosfernyy-rezervat/ [ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 04.05.23]. 

14. ʏʦʨʥʦʤʦʨʩʴʢʠʡ ʙʽʦʩʬʝʨʥʠʡ ʟʘʧʦʚʽʜʥʠʢ. ʇʝʨʣʠʥʘ ʇʽʚʥʽʯʥʦʛʦ ʇʨʠʯʦʨʥʦʤʦʨ'ʷ: 
ʥʘʫʢʦʚʦ-ʧʦʧʫʣʷʨʥʝ ʚʠʜʘʥʥʷ. ï ʍʝʨʩʦʥ: ʅʘʜʜʥʽʧʨʷʥʦʯʢʘ, 2013. 148 ʩ. 

15. ʇʽʜʨʠʚ ʂʘʭʦʚʩʴʢʦʾ ɻɽʉ. https://uk.wikipedia.org/wiki/ʇʽʜʨʠʚ_ʂʘʭʦʚʩʴʢʦʾ_ɻɽʉ# 

citenote-24  [ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 10.06.23].  

16. https://wownature.in.ua/u-berezni-vykraly-odnoho-pratsivnyka-mynuloho-tyzhnia-shche-

odnoho-iak-pratsiuie-natsionalnyy-pryrodnyy-park-biloberezhzhia-sviatoslava-pid-chas-viyny/ 

[ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 04.06.23].  

17. Trofymchuk O., Zahorodnya S., Sheviakina N., Radchuk I., Tomchenko ʆ. "Remote 
Sensing Monitoring of Biotopes Distribution within Nature Reserve Area". Journal of 

Environmental Research, Engineering and Management. Vol. 76. No. 3. p. 109-120, 2020. 

DOI: 10.5755/j01.erem.76.3.25204 

18. Belenok, Vadim, Tomasz Noszczyk, Liliia Hebryn-Baidy, and Sergiy Kryachok. 

"Investigating Anthropogenically Transformed Landscapes with Remote Sensing." Remote 

Sensing Applications 24 (2021): 100635. DOI: 10.1016/j.rsase.2021.100635 

19. Scorched Earth: Using NASA Fire Data to Monitor War Zones 2022. 

https://www.bellingcat.com/resources/2022/10/04/scorched-earth-using-nasa-fire-data-to-

monitor-war-zones/ [accessed 04.06.23]. 

20. Overview. ESA Sentinel Online. https://sentinel.esa.int/web/sentinel/user-

guides/sentinel-2-%20msi/overview [ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 04.06.23]. 

https://mepr.gov.ua/news/39218.html
https://mepr.gov.ua/topics/novyny/zbytky-dovkillyu-vid-
https://wownature.in.ua/u-berezni-vykraly-odnoho-pratsivnyka-mynuloho-tyzhnia-shche-odnoho-iak-pratsiuie-natsionalnyy-pryrodnyy-park-biloberezhzhia-sviatoslava-pid-chas-viyny/
http://dx.doi.org/10.5755/j01.erem.76.3.25204
https://www.bellingcat.com/resources/2022/10/04/scorched-earth-using-nasa-fire-data-to-monitor-war-zones/
https://www.bellingcat.com/resources/2022/10/04/scorched-earth-using-nasa-fire-data-to-monitor-war-zones/
https://sentinel.esa.int/web/sentinel/user-guides/sentinel-2-%20msi/overview
https://sentinel.esa.int/web/sentinel/user-guides/sentinel-2-%20msi/overview


~ 110 ~ 
 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʚʠʧ. 3 (47), 2023 

21. Kostyuchenko Yu.V., Yushchenko M.V., Kopachevskyi I.M., Levynsky S. A procedure 

for integrated assessment of landscape fire risk using remote sensing data. Space science and 

technology, 17(6), 30ï44, 2011. DOI: 10.15407/knit2011.06.030 

22. Justice, C. O., L. Giglio, S. Korontzi, J. Owens, J. T. Morisette, D. Roy, J. Descloitres, 

S. Alleaume, F. Petitcolin, and Y. Kaufman. "The MODIS Fire Products". Remote Sensing 

of Environment 83.1-2 (2002): 244-62. DOI: 10.1016/S0034-4257(02)00076-7 

23. https://ecoaction.org.ua/vplyv-viiny-na-moria.html [ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 10.06.23]. 

 
ʉʪʘʪʪʷ ʥʘʜʽʡʰʣʘ ʜʦ ʨʝʜʘʢʮʽʾ 16.05.2023 ʽ ʧʨʠʡʥʷʪʘ ʜʦ ʜʨʫʢʫ ʧʽʩʣʷ ʨʝʮʝʥʟʫʚʘʥʥʷ 

01.09.2023 

 

REFERENCES 

 

1. Stephens, G., & Matson M. (1993). Monitoring the Persian Gulf War with NOAA 

AVHRR Data. International Journal of Remote Sensing, 14.7, 1423-429. 

https://doi.org/10.1080/01431169308953976 

2. Pereira, P., Bogunovic, I., Zhao, W., &  Barcelo, D. (2021). Short-term Effect of Wildfires 

and Prescribed Fires on Ecosystem Services. Current Opinion in Environmental Science & 

Health, 22, 100266. https://doi.org/10.1016/j.coesh.2021.100266 

3. Hanson, T. (2018). Biodiversity Conservation and Armed Conflict: A Warfare Ecology 

Perspective. Annals of the New York Academy of Sciences, 1429.1, 50-65. 

https://doi.org/10.1111/nyas.13689  

4. Digest of the key consequences of Russian aggression for the Ukrainian environment. 

(May 20, 2022). Official portal of the Ministry of Environmental Protection and Natural 

Resources of Ukraine 2022. Retrieved from: https://mepr.gov.ua/news/39218.html 

5. Damage to the environment from war. Retrieved June, 10, 2023 from: 

https://mepr.gov.ua/topics/novyny/zbytky-dovkillyu-vid- vijny/  

6. The war between Russia and Ukraine is an ecological disaster. Retrieved May, 04, 2023 

from: https://www.iucn.org/news/commission-environmental-economic-and-social-policy/ 

202203/war-between-russia-and-ukraine-environmental-disaster  

7. Rawtani, Deepak, Gunjan Gupta, Nitasha Khatri, Piyush K. Rao, & Chaudhery Mustansar 

Hussain. (2022). Environmental Damages Due to War in Ukraine: A Perspective. The Science 

of the Total Environment, 850, 157932. https://doi.org/10.1016/j.scitotenv.2022.157932  

8. Yelistratova, L.O., Apostolov, O.A., Khodorovskyi, A.Ya., Khyzhniak, A.V., 

Tomchenko, O.V., & Lialko, V.I. (2022). Use of satellite information for evaluation of socio-

economic consequences of the war in Ukraine. Ukrainian Geographical Journal, 2, 11-18. 

https://doi.org/10.15407/ugz2022.02.011  

9. ʊrofymchuk, Oleksandr, Vyacheslav Vishnyakov, Natalia Sheviakina, Viktoriia 

Klymenko, and Olha Tomchenko. "Detection of thermal anomalies as a result of military 

actions in Ukraine by remote sensing methods." International Multidisciplinary Scientific 

GeoConference: SGEM 22.2 (2022): 303-13. https://doi.org/10.5593/sgem2022/2.1/s10.35  

10. Belenok, V., Hebryn-Baidy, L., Bielousova, N., Gladilin, V., Kryachok, S., 

Tereshchenko, A., Alpert, S., &  Bodnar, S. (2023). Machine Learning Based Combinatorial 

Analysis for Land Use and Land Cover Assessment in Kyiv City (Ukraine). Journal of 

Applied Remote Sensing, 17.1, 014506. https://doi.org/10.1117/1.JRS.17.014506 

11. Kaplan, G., Rashid, T., Gasparovic, M., Pietrelli, A., &  Ferrara, V. (2022). Monitoring 

War generated Environmental Security Using Remote Sensing: A Review. Land 

Degradation & Development, 33.10, 1513-526. https://doi.org/10.1002/ldr.4249 

12. Shevchuk, S.A., Vyshnevskyi, V.I., &  Bilous O.P. (2022). The Use of Remote Sensing 

Data for Investigation of Environmental Consequences of Russia-Ukraine War. Journal of 

Landscape Ecology (Berlin, Germany), 15.3, 36-53. https://doi.org/10.21203/rs.3.rs-

1770802/v1 

http://dx.doi.org/10.15407/knit2011.06.030
https://ecoaction.org.ua/vplyv-viiny-na-moria.html
https://doi.org/10.1016/j.scitotenv.2022.157932


~ 111 ~ 
 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʚʠʧ. 3 (47), 2023 

13. Black Sea Biosphere Reserve. Retrieved May, 04, 2023 from: https://wownature.in.ua/ 

oberihaymo/biosferni-rezervaty-v-ukraini/chornomorskyy-biosfernyy-rezervat/  

14. Black Sea Biosphere Reserve. Pearl of the Northern Black Sea: popular science 

publication. (2013). Kherson: Naddniprianochka. 

15. Undermining Kakhovskaya HPP. Retrieved June, 10, 2023 from: 

https://uk.wikipedia.org/wiki/ʇʽʜʨʠʚ_ʂʘʭʦʚʩʴʢʦʾ_ɻɽʉ#citenote-24  

16. Retrieved May, 04, 2023 from: https://wownature.in.ua/u-berezni-vykraly-odnoho-

pratsivnyka-mynuloho-tyzhnia-shche-odnoho-iak-pratsiuie-natsionalnyy-pryrodnyy-park-

biloberezhzhia-sviatoslava-pid-chas-viyny/  

17. Trofymchuk, O., Zahorodnya, S., Sheviakina, N., Radchuk, I., & Tomchenko, ʆ. (2020). 

Remote Sensing Monitoring of Biotopes Distribution within Nature Reserve Area. Journal 

of Environmental Research, Engineering and Management, 76 (3), 109-120. 

https://doi.org/10.5755/j01.erem.76.3.25204 

18. Belenok, V., Noszczyk, T., Hebryn-Baidy, L., &  Kryachok, S. (2021). Investigating 

Anthropogenically Transformed Landscapes with Remote Sensing. Remote Sensing 

Applications, 24, 100635. https://doi.org/10.1016/j.rsase.2021.100635 

19. Scorched Earth: Using NASA Fire Data to Monitor War Zones. (2022). Retrieved June, 

4, 2023 from: https://www.bellingcat.com/resources/2022/10/04/scorched-earth-using-nasa-

fire-data-to-monitor-war-zones/  

20. Overview. ESA Sentinel Online. Retrieved June, 4, 2023 from: https://sentinel.esa.int/ 

web/sentinel/user-guides/sentinel-2-%20msi/overview  

21. Kostyuchenko, Yu.V., Yushchenko, M.V., Kopachevskyi, I.M., & Levynsky, S. (2011). 

A procedure for integrated assessment of landscape fire risk using remote sensing data. Space 

science and technology, 17(6), 30ï44. https://doi.org/10.15407/knit2011.06.030 

22. Justice, C.O., Giglio, L., Korontzi, S., Owens, J., Morisette, J. T., Roy, D., Descloitres, J., 

Alleaume, S., Petitcolin, F., &  Kaufman, Y. (2002). The MODIS Fire Products. Remote 

Sensing of Environment, 83.1-2, 244-62. https://doi.org/10.1016/S0034-4257(02)00076-7 

23. Retrieved June, 10, 2023 from: https://ecoaction.org.ua/vplyv-viiny-na-moria.html  

 
The article was received 16.05.2023 and was accepted after revision 01.09.2023 

 
ʊʨʦʬʠʤʯʫʢ ʆʣʝʢʩʘʥʜʨ ʄʠʢʦʣʘʡʦʚʠʯ 

ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʦʨ, ɼʠʨʝʢʪʦʨ ɯʥʩʪʠʪʫʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ  

ɸʜʨʝʩʘ ʨʦʙʦʯʘ: 03186 ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ, ʏʦʢʦʣʽʚʩʴʢʠʡ ʙʫʣʴʚʘʨ, 13 

ORCID ID: https://orcid.org/0000-0003-3358-6274 

 

ɿʘʛʦʨʦʜʥʷ ʉʥʽʞʘʥʘ ɸʥʘʪʦʣʽʾʚʥʘ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ ɯʥʩʪʠʪʫʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ 

ʪʘ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ, ɸʢʘʜʝʤʽʯʥʠʡ ʬʘʢʫʣʴʪʝʪ 

ʛʝʦʛʨʘʬʽʾ ʂʝʤʙʨʠʜʞʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʂʝʤʙʨʠʜʞ, ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ 

ɸʜʨʝʩʘ ʨʦʙʦʯʘ: 03186 ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ, ʏʦʢʦʣʽʚʩʴʢʠʡ ʙʫʣʴʚʘʨ, 13 

ORCID ID: https://orcid.org/0000-0002-4332-4211 e-mail: zagorodnya.s@gmail.com 

 

ɺʠʰʥʷʢʦʚ ɺ'ʷʯʝʩʣʘʚ ʖʨʽʡʦʚʠʯ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ ʟʘ ʩʫʤʽʩʥʠʮʪʚʦʤ ʚʽʜʜʽʣʫ 

ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ɯʥʩʪʠʪʫʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʛʣʦʙʘʣʴʥʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ  

ɸʜʨʝʩʘ ʨʦʙʦʯʘ: 03186 ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ, ʏʦʢʦʣʽʚʩʴʢʠʡ ʙʫʣʴʚʘʨ, 13 

ORCID ID: https://orcid.org/0000-0003-2057-0505 e-mail: wishnya_dzz@ukr.net 

 

 



~ 112 ~ 
 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʚʠʧ. 3 (47), 2023 

ʂʣʠʤʝʥʢʦ ɺʽʢʪʦʨʽʷ ɯʛʦʨʽʚʥʘ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ, ʋʯʝʥʠʡ ʩʝʢʨʝʪʘʨ ɯʥʩʪʠʪʫʪʫ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ 

ɸʜʨʝʩʘ ʨʦʙʦʯʘ: 03186 ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ, ʏʦʢʦʣʽʚʩʴʢʠʡ ʙʫʣʴʚʘʨ, 13 

ORCID ID: https://orcid.org/0000-0002-8911-5773  

 

ʐʝʚʷʢʽʥʘ ʅʘʪʘʣʷ ɸʥʘʪʦʣʽʾʚʥʘ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ ʚʽʜʜʽʣʫ ʜʦʩʣʽʜʞʝʥʴ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ɯʥʩʪʠʪʫʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ 

ɸʜʨʝʩʘ ʨʦʙʦʯʘ: 03186 ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ, ʏʦʢʦʣʽʚʩʴʢʠʡ ʙʫʣʴʚʘʨ, 13  

ORCID ID: https://orcid.org/0000-0002-5984-5580 e-mail: n.a.sheviakina@gmail.com 

 

ʈʘʜʯʫʢ ɯʛʦʨ ɺʘʣʝʥʪʠʥʦʚʠʯ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ ɯʥʩʪʠʪʫʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ 

ʪʘ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ, ɸʢʘʜʝʤʽʯʥʠʡ ʬʘʢʫʣʴʪʝʪ 

ʛʝʦʛʨʘʬʽʾ ʂʝʤʙʨʠʜʞʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʂʝʤʙʨʠʜʞ, ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ 

ɸʜʨʝʩʘ ʨʦʙʦʯʘ: 03186 ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ, ʏʦʢʦʣʽʚʩʴʢʠʡ ʙʫʣʴʚʘʨ, 13 

ORCID ID: https://orcid.org/0000-0003-4999-1258 e-mail: igor.radchuk.v@gmail.com 

 

ʊʦʤʯʝʥʢʦ ʆʣʴʛʘ ɺʦʣʦʜʠʤʠʨʽʚʥʘ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ ɼʋ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ 

ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ɯʥʩʪʠʪʫʪʫ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠè  

ɸʜʨʝʩʘ ʨʦʙʦʯʘ: ʚʫʣ. ʆ. ɻʦʥʯʘʨʘ 55-ʙ, 01601 ʂʠʾʚ 54, ʋʢʨʘʾʥʘ 

ORCID ID: https://orcid.org/0000-0001-6975-9099 e-mail: olhatomch@gmail.com 

 

ʉʣʘʩʪʽʥ ʉʝʨʛʽʡ ʆʣʝʢʩʘʥʜʨʦʚʠʯ 

ʥʘʯʘʣʴʥʠʢ ʛʨʫʧʠ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ɯʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʮʝʥʪʨʫ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʫ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠ 

ɸʜʨʝʩʘ ʨʦʙʦʯʘ: ʚʫʣ. ʂʥʷʟʽʚ ʆʩʪʨʦʟʴʢʠʭ, 8, 02000 ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ORCID ID: https://orcid.org/0000-0002-4173-265X e-mail: sergeyslastin@gmail.com 

 

  



~ 113 ~ 
 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʚʠʧ. 3 (47), 2023 

UDC 519.1,514.128 

 

Vasyl Ustimenko1,2, Doctor of Physical and Mathematical Sciences, Professor, Head of the 

information security department 

ORCID ID: https://orcid.org/0000-0002-2138-2357 e-mail: vasulustimenko@yahoo.pl 

 

Oleksandr Pustovit2, Candidate of Technical Sciences, Researcher 

ORCID ID: https://orcid.org/0000-0002-3232-1787 e-mail: sanyk_set@ukr.net 

 
1University of Royal Holloway, London, Great Britain 
2Institute of Telecommunications and Global Information Space of the National Academy of 

Sciences of Ukraine, Kyiv, Ukraine 

 

ON SECURITY OF GIS  SYSTEMS WITH N-TIER ARCHITECTURE AND 

FAMILY OF GRAPH BASED CIPHERS  

 
Abstract. Discovery of q-regular tree description in terms of an infinite system of 

quadratic equations over finite field Fq had an impact on Computer Science, theory 

of graph based cryptographic algorithms in particular. It stimulates the 

development of new graph based stream ciphers. It turns out that such encryption 

instruments can be efficiently used in GIS protection systems which use N-Tier 

Architecture. We observe known encryption algorithms based on the 

approximations of regular tree, their modifications defined over arithmetical rings 

and implementations of these ciphers. Additionally new more secure graph based 

ciphers suitable for GIS protection will be presented. 

Algorithms are constructed using vertices of bipartite regular graphs D(n,K) 

defined by a finite commutative ring K with a unit and a non-trivial multiplicative 

group K*. The partition of such graphs are n-dimensional affine spaces over the 

ring K. A walk of even length determines the transformation of the transition from 

the initial to the last vertex from one of the partitions of the graph. Therefore, the 

affine space Kn can be considered as a space of plaintexts, and walking on the graph 

is a password that defines the encryption transformation. 

With certain restrictions on the password the effect when different passwords with 

K*)2s, s <[(n+5)/2]/2 correspond to different ciphertexts of the selected plaintext 

with Kn can be achieved. 

In 2005, such an algorithm in the case of the finite field F127 was implemented for 

the GIS protection. Since then, the properties of encryption algorithms using  

D(n, K) graphs (execution speed, mixing properties, degree and density of the 

polynomial encryption transform) have been thoroughly investigated. 

The complexity of linearization attacks was evaluated and modifications of these 

algorithms with the resistance to linearization attacks were found. It turned out that 

together with D(n, K) graphs, other algebraic graphs with similar properties, such 

as A(n, K) graphs, can be effectively used. 

The article considers several solutions to the problem of protecting the geological 

information system from possible cyberattacks using stream ciphers based on 

graphs. They have significant advantages compared to the implemented earlier 

systems. 

Keywords: Stream ciphers; GIS protection; Multivariare Cryptography; Graph 

Based Cipher; graphs given by equations; regular tree approximations. 

https://doi.org/10.32347/2411-4049.2023.3.113-132 

 

 

 

Ò  V. Ustimenko, O. Pustovit, 2023 

https://orcid.org/0000-0002-2138-2357
mailto:vasulustimenko@yahoo.pl
https://orcid.org/0000-0002-3232-1787
mailto:sanyk_set@ukr.net


~ 114 ~ 
 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʚʠʧ. 3 (47), 2023 

1. Introduction  

 

Graph Based Cryptography (GBC) area is moving with great speed into the main 

stream of computer design, Information sciences, Information and Computer 

programming, Artificial Intelligence and design, Artificial Intelligent and various 

field of research. Application of GBC is in diverse area such as Data structures, 

Communication networks and their security. A Graph-based approach centres on 

conserving the environment of security events by breaking down factors of 

observable data into a graph representation of all cyber vestiges, from all data 

aqueducts, counting for all once and present data. For secret communication, Ciphers 

can be converted into graphs. The Application of Graph Theory plays a vital role in 

various field of Engineering and Sciences. GBC is used for the key exchange, 

development of Multivariate Public Keys, key dependent message authentication 

codes and algorithms of Noncommutative Cryptography (see [30]-[47]).  

Especially Graph theory is commonly used as a tool of symmetric encryption. 

First cryptographical applications of Graph Theory appeared in the areas of 

Symmetric Cryptography and Network Security. This paper reflects some results in 

the area of applications of families of algebraic graphs of large girth of Extremal 

Graph Theory to the development of fast and secure encryption tools to process Big 

Data files. The vertices and edges of algebraic graphs form algebraic varieties 

defined over the field. The girth is the length of the minimal cycle in the graph. This 

parameter defines the size of the key space of corresponding cipher. The girth of 

several known families of algebraic graphs of large girth is not computed. It just 

evaluated via the lower bounds. 

Observed and presented new ciphers have a multivariate nature. The space of 

plaintexts is an affine variety Kn defined over finite commutative ring K. Bijective 

encryption map F can be given by nonlinear multivariate polynomials f1, f2,é, fn 

from the multivariate commutative ring K[x1, x2,é, xn] . It acts on the affine space 

accordingly the rule (x1, x2,é, xn)Ÿ(f1(x1, x2,é, xn), f2(x1, x2,é, xn),é, fn(x1, x2,é, xn)), 

where fi are given via corresponding list of monomial terms. Trapdoor accelerator 

(see [27]) is a piece of information A such that the knowledge of A allows to compute 

the reimage of F in time O(n2). 

In presented ciphers correspondents Alice and Bob shares  file A (the password) 

and encrypt according to the robust procedure in time O(n) or O(n2). The adversary 

does not have a password he/she can intercept large amount of pairs 

plaintext/corresponding ciphertext and try to approximate maps F-1 and F. So degree 

of F is an important parameter for the cryptanalytical studies. The most important 

(active) part of password are is the information about the walk in the algebraic graph. 

Section 2 is dedicated to discussion of the applications of algebraic graphs to 

protection of Geological Information Systems. We discuss the known successful 

example [2] of such application in 2005. It was based on idea of usage walks on 

regular graphs approximating infinite 127-regular. In fact the first description of 

selected graph based stream cipher based on approximations of q-regular tree where 

q is a prime power was presented at the beginning of 2001. During last twenty years 

many new results on the construction of new encryption tools and there cryptanalysis 

were obtained. They lead to understanding of multivariate nature of these algorithms 

and necessity of usage of infinite algebraic graphs defined over infinite commutative 

rings of kind Fq [x1, x2 ,é, xn]  or  more general K[x1, x2,é, xn]  where K is a finite 

commutative ring. Implemented in [2] encryption map is a polynomial map of 
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degree 3 such that their inverse is also cubical transformation. So, adversary can use 

linearisation attacks and after the interception of O(n3) pairs of kind 

plaintexts/corresponding ciphertext he/she can approximate the encryption map in 

time O(n10). So, Section 2 is dedicated to observation of ciphers based on algebraic 

graphs and resistant to such linearisation attacks. 

The general scheme of flexible encryption algorithm based on special family of 

algebraic graphs defined over commutative ring is presented there. The theory of 

approximations of regular trees is presented in Section 3 which contains description 

of q-regular forest approximation D(n, q), nŸÐ and tree approximations CD(n, q) 

and A(n, q), n=2,3,é Analogues of these families of graphs over an arbitrary 

commutative ring are presented there together with the known results on their 

properties and applications. 

Precise description of observed graph based algorithm is given in the Section 4 

together with evaluation of the degrees of encryption map and its inverse. 

The special case of A(n, 256) defined  over the finite field F256 is selected for an 

implementation. Parameters of corresponding computer simulations are given at the 

end of Section 4. 

Last Section 5 is the conclusion. 

2. On GIS and approximations of infinite regular trees 

Security aspects of using geospatial data and Geographical Information Systems 

(GIS) are vital topics for current research. A number of publications on applications 

of GIS to Cybersecurity, National security, and Intelligence operations are rapidly 

growing (see [1], [2], [3]). Currently, GIS is an essential instrument of Decision 

Making. Despite these facts, questions on the security of GIS are relatively 

unexplored topics. Grows in the community of GIS users and the area of GIS 

applications search for new security solutions, a critical research direction. One of 

the first surveys [1], [2] with analyses of the quality and efficiency of such solutions 

published in 2005. The authors suggested using N-Tier GIS architecture.  

This paper observes the application of the primary database security categories for 

managing spatial data. These categories are analyzed from the point of view of 

application within GIS in the Global Information Space. A File System within a 

Database (FSDB) with traditional and new encryption algorithms has been proposed 

as a new GIS Security solution. An FSDB provides more safe and secure storage for 

spatial files and supports centralized authentication and access control mechanism 

in legacy DBMS. Cryptography solutions, as a topic of central importance to many 

aspects of network security, are observed in detail.  

The paper describes several traditional and new symmetric, fast and nonlinear 

encryption algorithmsô implementation with fixed and adjustable key sizes, which 

uses methods of graph-based cryptography. This article is well cited during 2005-

2018 (see proceedings of conferences on Geographical Information Systems Theory, 

Applications and Management ï GISTAM). Several authors agree on the 

effectiveness of N-Tier architecture [2] and suggested methods of its usage. They 

implemented one case from the family of graph based stream ciphers defined in [4]. 

It is the case of finite field F 127. 

This is a family of graph based ciphers based on the well-known algebraic graphs 

D(n, q) of Extremal Graph Theory  (see [5], [6]) defined over the finite field Fq where 

q is a prime power. The space of plaintexts is a vector space (Fq). Used in [1], [2] 
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case of q = 127 demonstrated that corresponding DBMS is capable enough to 

provide sufficient security to spatial files. This encryption procedure can provide 

additional security to confidential and sensitive GIS information. Oracle Advanced 

Security of the Oracle DBMS supports industry-standard encryption algorithms, 

including RSAôs RC4, DES and 3DES and can be used for spatial data encryption 

with graph based algorithms.  

Custom external encryption algorithms can be integrated into that security schema 

as well. The data encryption can significantly degrade system performance and 

application response time. For performance testing, the Oracle 

DBMS_OBFUSCATION.TOOLKIT was investigated [2]. Different key length 

gives different time results, e.g. difference in time between 16 and 24-byte keys is 

about 10-20%, but the time difference between 24 and 32-byte keys is only about 

5%. It means that the new graph based stream cipher for GIS has to be compared 

well with ciphers DES, 3DES, stream ciphers RC4. Particular approaches were 

developed to encrypt large files in Oracle DBMS for the GIS objects.  

The procedure splits the data into smaller binary chunks to encrypt large data 

objects, then encrypts and appends them back to the large data object (LDO). Once 

the encrypted spatial data files have been allocated into LDO segments, they can be 

decrypted by chunks and written back to LDO. Additional LOB objects, once 

encrypted, should always be kept for the read-only spatial data files. It will save time 

for the encryption procedure during log-off. The decrypted spatial data files will be 

replaced by read-only encrypted spatial data files in the permanent primary storage 

during log-off. The implanted cipher gives a more robust binary and text file 

encryption algorithm than DES, 3DES.  

We have to report that the implemented case of D(n, q) based encryption E(n, q) 

is far from being optimal. As it was showed in [7] the increase of parameter q leads 

to faster encryption of files of the same size. Noteworthy that the usage of loaded 

multiplication tables makes immaterial the difference between case of prime q and 

composed prime powers. Such tables allow to use q=128 corresponding to the 

alphabet ASCEE with the essential speed increase comparably to implemented in 

[1], [2] q=127, where operator of taking modulo 127 is used cn times where constant 

c depends on the length of the password. The multivariate nature of D(n, q) 

encryption was noticed in [7] (see also [28] for the case of arbitrary ring K), described 

their symbolic computations turned out to be cubic. 

This fact was mathematically proved in [8] for arbitrary parameters n and q. The 

standard usage of multivariate transformation E(n, q) with two affine transformation 

T1 and T2  in the form T1 E(n, q)T2  allow us to improve drastically the mixing 

properties  of the cipher. Noteworthy that in the implemented case of E(n, 127) 

encryption the change of single characters of the plaintext leads to the change of  

48-52 percents of characters of corresponding ciphertexts. The experiment with 

special linear transformations T1 and T2 was described in [9, Ustim Kotorowicz]. To 

preserve linear time O(n) of the encryption we have to select sparce transformations, 

i. e. those with O(n) nonzero entries of corresponding matrices. Special sparce 

transformations allow us to improve drastically mixing properties of E(n, q) 

encryption. For selected in [9, Ust Kotorow] cases the single change of a plaintext 

character leads to the change of more than 98 percents of characters of 

corresponding ciphertext. As it was shown in [ust linguistic] transformation E(n, q) 

with the password of length less than [(n+5)]  has no fixed points. This property 

holds for the case of ciphers of kind T1 E(n, q)(T1 )
-1. 
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More general graphs D(n, K) defined over arbitrary commutative ring K can be 

obtained via simple change of Fq
  for K (see [10]). Investigation of dynamical 

systems corresponding to these graphs showed the similarity of general graphs  

D(n, K) of the graphs defined for the case of fields (see [11], [12] and [13]). If 

passwords corresponds to tuples of characters from the multiplicative group K*  of 

the ring K then different passwords of length < [(n+5)/2] produce distinct ciphertext 

from the selected plaintext. It means that case of arithmetic rings Zm of integers of 

modulo m is attractive for the implementations. 

Noteworthy that the cases of fields Fq, q = 2m of characteristic two and rings  

Z q,  q=2m are most convenient for implementations because of files in the computer 

are presented in the form 0, 1-sequences. 

Recall that the girth of a graph is the length of its minimal cycle.  The connected 

components CD(n, q), n=2, 3,é of algebraic graphs D(n, q), q>1 form a family of 

tree approximations, i. e well defined projective limit of them is an infinite q-regular 

tree. Graphs D(n, q) are edge transitive. So, their connected components are 

isomorphic. The system of quadratic equations which defines CD(n,q) were 

presented in [14]. The union of these equations gives an algebraic description of 

q-regular tree. Existence of such description is very important for Computer Science 

because a q-regular tree is the deterministic part of branching process. 

Noteworthy that the plaintext and the ciphertext of E(n, q) encryption are located 

in the same connected component  of D(n, q). Graphs CD(n, q) have a natural 

analogue CD(n, K) defined over arbitrary commutative ring K with at least two 

elements, CD(n, K) is an induced subgraph of D(n, K) (see [10]). The description of 

CD(n, K) in terms of the system of recurrent quadratic equations is given in [10] 

together with the description of CD(n, K) based encryption CE(n, K). 

It works with the space of plaintexts Km, m=3/4n +c where c, c<3 is some 

nonnegative integer constant. It is important that group of transformations of 

CE(n,K) corresponding to various passwords acts transitively on the space of 

plaintexts while the group generated by various transformations of kind E(n, K) is 

intransitive. It leads to better mixing pronperties of CE(n, K) in comparison with 

those of E(n, K). In fact we have to use T1CE(n, K)(T1)
-1 where T1 is a special sparce 

transformation of  AGLm(K).  

Another q-regular tree approximation A(n, q), q=2,3, éwere defined in [15]. It 

has some advantages in comparison with graphs CD(n, q). For instance the graphs 

are defined by simple homogeneous equation with two linear and one quadratic 

monomial terms. Finite field Fq can be substituted by general commutative ring K 

and graphs A(n, K) can be obtained this way (see [15] or Extremal [13]). The girth 

g(A(n, q)) of the graphs A(n, q)=A(n, Fq) can be bounded from below via inequality   

g(A(n, q))Ó[(n+2)/2] [16]. The computer simulation support the conjecture that 

A(n, Zm) based encryption with passwords from ((Zm)*)  t, m>2, t is an even 

parameter <[(n+2)/4  is such that different passwords produce distinct ciphertext 

from the selected plaintext. We will use notation AE(n, K) for the A(n, K) based 

ciphers. 

To summarise written above we discuss some properties of three graph based 

steam ciphers E(n, K), CE(n, K) and AE(n, K) defined  in the case K=Fq, q>m and 

K=Zm, m>2. All of them can be used for GIS protection with described above N-tier 

architecture. For practical implementation case of large finite fields and arithmetic 

rings Zt, t=2m  is preferable. 
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The families of graphs D(n, K), A(n, K) defined over arbitrary commutative ring 

K are bipartite graphs of type (1, 1, n-1) with partition  sets which are two copies 

of  Kn  (see [17] or [11]), i.e. graphs with the incidence I=I(K)=  nI(K)  between 

points (x1, x2,é, xn) and lines [y1, y2,é, yn]  given by the system of equations a2x2-

b2y2= f2(x1, y1), a3x3-b3y3= f2(x1, x2  , y1, y2 ),é, anxn-bnyn= f2(x1, x2  ,é, xn-1, y1, y2  ,é, yn-1) 

where parameters a2, a3  ,é, an-1 and b2, b3  ,é, bn-1 are taken from the multiplicative 

group K*  of the commutative ring K. Parameters ɟ((x1, x2,é, xn))=x1 and   

ɟ([y1, y2,é, yn] )=y1 serve as colours of the point and the line. The following 

linguistic property holds. Each vertex of the graph has a unique neighbour of the 

chosen colour. 

Graph CD(n,K) after the elimination of computed recurrently parameters also can 

be written as linguistic graphs of type (1, 1, m-1) where m=[3/4n]+c.  

In fact the architecture require a partition of information  into blocks of the same 

size. So, parameters n and m equals to some selected constant. the length of the 

password is another even constant which has an impact on the speed of encryption. 

Other option to increase speed of execution is the increase the cardinality of the 

ground field or ring. Let us consider the general scheme of creating the cipher based 

on the family of linguistic graphs nI(K), n=2, 3, é  

Noteworthy that we can expand defined above I(K) to  the infinite linguistic graph 

I(K[x 1, x2,é, xn]) defined over the ring K[x1, x2,é, xn] of all multivariate polynomials 

with coefficients from K and the variables xi, i=1,2,é, n. So points and lines of this 

graph are X=(X1(x1, x2,é, xn), X2(x1, x2,é, xn),é, Xn(x1, x2,é, xn) and  Y=[ Y1(x1, 

x2,é, xn), Y2(x1, x2,é, xn),é, Yn(x1, x2,é, xn)]. The incidence of this bipartite graph 

is given by equations a2X2-b2Y2 = f2(X1, Y1), a3X3-b3Y3= f2(X1, X2, Y1, Y2),é, anXn-bnYn= 

f2(X1, X2  ,é, Xn-1, Y1, Y2  ,é, Yn-1 ), where parameters a2, a3  ,é, an-1, b2, b3  ,é, bn-1 and 

polynomials fi, i=2, 3,é, n with coefficients from K are taken from the equations  in 

the definition of the linguistic graph I(K). 

We define the polynomial map F from Kn to K n via the following scheme (see 

[29]). Take the special point X=(x1, x2,é, xn) of I(K[x 1, x2,éxn]) and consider the list 

of colours g1(x1), g2(x1), é, gt(x1). We compute the path v0Iv1Iv2éIvt where v0=X and 

vi+1 is the neighbour of vi with the colour gi(x1), i=1,2, é, t and I=I(K[x 1, x2,é, xn]). 

Then the destination point vt of this path can be written as (gt(x1), F2(x1, x2), é, Fn(x1, 

x2,é, xn)). The map F is given by the rule x1Ÿgt(x1), x2ŸF(x1, x2),é, xnŸF(x1, x2,é, 

xn). It is easy to see that F=F(g1, g2,é, gt) is a bijective map if and only if the 

equations of kind gt(x1)=b have unique solutions for unknown x1 for each b from K.  

So family of linguistic graphs nI(K), n=2, 3,é together with family of affine 

transformations Tn᷾AGLn(K)  can be used as a cipher with the space of plaintexts Kn 

and the password g1(x), g2(x),é, gt(x) and the encryption map Tn(F(g1, g2,é, gt)(Tn)
-1. 

Correspondents Alice and Bob share the password given by  g1, g2,é, gt  and the 

sequence of  transformations Tn , n=2, 3,é We assume that inverse maps (Tn)
-1  are 

computed and presented explicitly. For the encryption of potentially infinite plaintext 

(p)=(p1, p2,é, pn) they will use transformation  TnF(g1, g2,é, gt)(Tn)
-1. One of them 

creates the plaintext (p) and computes the ciphertext Tn(F(g1, g2,é, gt)(Tn)
-1(p)=c 

recurrently. The procedure is the sequence of the following steps. 

S1. He/she computes (Tn)
-1(p1, p2,é, pn) =(r(1), r(2),é, r(n))=(r).    

S2. He/she computes   a(1)=g1(r1),  a(2)=g2(r1),é, a(t)=g(r1).   
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S3.  Let Na(x1, x2,é, xn) be the operator of taking the neighbour of point (x1, x2,é, xn) 

with the colour a in the linguistic graph nI(K)  and  aN(y1, y2,é, yn) be an operator of 

taking the neighbour of line [y1, y2,é, yn]    with the colour a. He/she executes the 

following operation. Computation of v1=Na(1)(r), v2=
 a(2)N(v1), v3=Na(3)(v2), 

v4=
a(4)N(v3),é, vt-1= Na(t-1)(vt-2), vt=

a(t)N(vt-1)=u=(u1, u2,é, un).  

S4. He/she computes ciphertext as T(u)=c.     

DECRYPTION PROCEDURE. 

Assume that one of correspondents received the ciphertext c. He/she decrypts via the 

following steps.  

D1. Computation of u as (Tn)
-1(c)=u and getting the solution x=r(1) of equation 

g(x)=u1. 

D2.  Computation of parameters a(1)=g1(r(1)), a(2)=g2(r(1)), é,a(t-1)=gt-1(r(1)) and 

the completion of the recurrent procedure vt-1=Na(t-1)(u), vt-2=
 a(t-2)N(vt-1),  

vt-3=Na(t-3)(vt-2), vt-4=
a(4)N(vt-3),é, v1= Na(1)(vt-2), 

r(1)N(v4t-1)=r.  

D3.  Computation of the plaintext (p) as  T(r). 

OBFUSCATION OF THE ALGORITHM. 

Let us consider the colour jump operator Ja  which transforms point (p1, p2,é, pn) 

of the graph I(K) to the point (a, p2, p3,é, pn). 

We can change the encryption map TnF(g1, g2,é, gt)(Tn)
-1 for the TnF(g1, g2,é, 

gt)Jg(Tn)
-, where Jg is  a colour jump operator   acting on points of I(K[x 1, x2,éxn]  

with the colour g(x1)᷾K(x1) such that the equation of kind g(x1)=b has a unique 

solution for each parameter b from K. 

After this change assumption the bijection of  gt on K is immaterial. 

Encryption procedure requires computation of (Tn)
-1(p1, p2,é, pn) =(r(1), r(2),é, 

r(n))=(r) , the computation of u accordingly step S2. the computation of Jg(u)=uô and 

application of affine transformation Tn to the tuple uô.  

For the decryption of ciphertext c the user has to compute uô=(uô1, uô2,é, uôn)   as 

(Tn)
-1(c ), solve for x the equation g(x)=uô1, use the solution x=r(1) of this equation 

for the computation of a(1)=g1(r(1)), a(2)=g2(r(1)),é, a(t)=gt(r(1)), compute 

Ja(t)(uô)=(u)=(u1, u2,é, un) in the graph I(K) and execute procedures D3 and D4 to 

get the original plaintext. 

 

3. On families of algebraic graphs of large girth 

 

3.1. General remarks 

 

Girth and diameter of a graph are the minimal length of its cycle and the maximal 

distance of the graph. We can consider girth indicator Cind(v) of vertex v of the graph 

ũ as the minimal length the cycle through v and introduce cycle indicator Cind(ũ) of 

the graph as the maximal value of Cind(v) for its vertices. 
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The constructions of finite or infinite graphs with prescribed girth and diameter is 

an important and difficult task of the Graph Theory. Noteworthy that the incidence of 

classical projective geometry over various fields is a graph of girth 6 and diameter 3. 

J. Tits defined generalised m-gons as bipartite graphs of girth 2m and diameter m. 

Feit and Higman proved that finite generalised m-gons with bi-degrees > 2 exist only 

in the cases of m=3, 4, 6, 8 and 12. Geometries of finite simple groups of rank 2 are 

natural examples of generalised m-gons for m=3,4,6, 8. Classification of flag 

transitive generalised m-gons of Moufang type were obtained by J. Tits and 

R. Weiss. 

Infinite families of graphs of large girth of bounded degree are important objects 

of Extremal Graph Theory which were introduced by P. ErdŖsô. He proved the 

existence of such families via his well-known probabilistic method. Nowadays few 

explicit constructions of such families are known. The concept of infinite family of 

small world graphs of bounded degree turns out to be very important for various 

applications of graph theory. 

Noteworthy that only one family of small world graphs of large girth is known. 

This is the family X(p, q) of Ramanujan graphs introduced by Gregory Margulis [18] 

and investigated via the computation of  their girth, diameter and the second largest 

eigenvalue by A. Lubotsky, R. Phillips and P. Sarnak [19]. 

We have to admit that studies of families of graphs ũi with well defined projective 

limit  ũ, which is isomorphic to infinite tree, is well motivated. 

We refer to such family as tree approximation. There is only one approximation 

by finite graphs which is a family of large girth. This is the mentioned above family 

of CD(n, q) defined by F. Lazebnik, V. Ustimenko and A. Woldar. The question 

whether or not CD(n, q) form a family of small world graphs has been  still open 

since 1995. 

In 2013 the tree approximation by finite graphs A(n,q) which is a family of small 

world graphs was presented (see [15]). It was proven that the graph from the family 

has maximal known cycle indicator (in fact Cind (A(n, q))Ó2n+2). 

One of the main statements of this paper is A(n, q) where n=2, 3,... is a family of 

large girth. 

We generalise these results in terms of the theory of algebraic graphs defined over 

arbitrary field and consider properties and applications of above mentioned graphs. 

 

3.2. On graphs A(n, q), their properties and generalisations 

 

All graphs we consider are simple, i. e. undirected without loops and multiple edges. 

Let V(ũ ) and E(ũ ) denote the set of vertices and the set of edges of ũ, respectively. 

The parameter |V(ũ )| is called the order of ũ, and |E(G)| is called the size of ũ. A path 

in ũ is called simple if all its vertices are distinct. When its convenient we shall 

identify ũ with the corresponding antireflexive binary relation on V(ũ ), i.e. E(ũ ) is 

a subset of V(ũ )ĬV(ũ ). The length of a path is a number of its edges. The girth of a 

graph ũ, denoted by g=g(ũ ), is the length of the shortest cycle in ũ. Let kÓ3 and gÓ3 

be integers. The distance between vertices v and u of the graph ũ  is a minimal length 

of the path between them. The diameter of the graph is maximal distance between 

its vertices. 

Graph is connected if its diameter is finite. Graph is k-regular if each vertex of the 

graph is incident exactly to k other vertexes. A tree is a connected graph which does 

not contain cycles. 
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(1) An infinite family of simple regular graphs ũi  of constant degree k and order 

vi  such that diam (ũi ) Ò c logk-1(vi), where c is the independent of i constant and diam 

(ũi ) is diameter of ũi , is called a family of small world graphs. 

(2) Recall that infinite families of simple regular graphs ũi  of constant degree k 

and order vi  such that g(ũi ) Ó c logk-1(vi),where c is the independent of i constant and  

g(ũi ) is a girth of ũi  are called families of graphs of large girth. 

Let ũ be a simple graph. Assume that Cind(x) is the minimal length of cycle 

through vertex x of the graph ũ. Let Cind(G) stand for the maximal value of Cind(x) 

via all vertices x of ũ. We refer to parameter Cind(G) as a cycle indicator of ũ. 

One of the main purposes of the paper is to present a special interpretations of  

q-regular tree (q-regular simple graph without cycles) in terms of algebraic geometry 

over finite field Fq.  

Theorem 1 [16]. For each prime power q, q >2 there is a family of q-regular 

graphs ũi satisfying following properties 

(i) ũi is a family of small world graphs, 

(ii)   ũi is a family of large girth, 

(iii)  Projective limit of graphs ũi  is well defined and coincides with q-regulat tree Tq. 

(iv) Cind ũi Ó2 log q(v i /2)+2. 

We refer to family of graphs ũi satisfying condition (iii) as tree approximation. 

The prove of Theorem 1 is given via explicit construction of graphs ũi =A(i,q), i Ó2 

satisfying requirements of the statement. Noteworthy that A(i,q) is a unique known 

example of the family satisfying conditions (i), (ii) an (iii). 

In fact, there is exactly one other known construction of the q-regular family 

satisfying (i) and (ii), i.e. explicit construction of the family of regular simple small 

world graphs of large girth and with an arbitrarily large degree q. 

This family X(p, q) formed Cayley graphs for PSL2(p), where p and q are primes, 

had been defined by G. Margulis [18] and investigated by A. Lubotzky, Sarnak and 

Phillips [19]. As it is easy to see the projective limit of X(p, q) does not exist. 

The construction of A(n, q). 

Let K be a finite field Fq. We define A(n, K)=A(n,q) as bipartite graph with the 

point set P=Kn and line set L=Kn (two copies of a Cartesian power of K are used). 

We will use brackets and parenthesis to distinguish tuples from P and L.  

So (p)=(p1, p2, é , pn) ⱦ Pn and [l]=[l 1,  l2 , é , ln]  ᷾Ln. 

The incidence relation I=A(n,K) (or corresponding bipartite graph I) is given by 

condition  p I l  if and only if the equations of the following kind hold. 

p2 - l2=l1p1,   

p3 -  l3= p1 l2, 

p4 - l4 = l 1p3,  

p5 - l3 = p1 l4,  

é , 

pn - ln = p1 ln-1 for odd n and pn - ln = l 1 pn-1 for even n. 

We can consider an infinite bipartite graph  A(K) with points 

(p1, p2 ,é, pn ,é) and lines [l 1 , l2 ,é,ln , é]. 

Proposition 1 [16]. If K=F q, q>2 then A(n, Fq) is a family of small world graphs and  

tree approximation with Cind(A(n, Fq))Ó2n+2. 

Let K be an arbitrary field. We define A(n, K) via simple change of Fq on K and 

announce the following statement. 
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Proposition 2 [16]. Let K be a field. Then the girth of A(n,K) is Ó 2[n/2]+2. 

Symbol [x]  stands for the flow function from x. Theorem 1 follows from 

propositions 1 and 2. 

 

3.3. On homogeneous  algebraic graphs of large girth 

 

Let F be a field. Recall that a projective space over F is a set of elements constructed 

from a vector space over F such that a distinct element of the projective space 

consists of all non-zero vectors which are equal up to a multiplication by a non-zero 

scalar. Its subset is called a quasiprojective variety if it is the set of all solutions of 

some system of homogeneous polynomial equations and inequalities.  

An algebraic graph ű over F consists of two things: the vertex set Q being a 

quasiprojective variety over F of nonzero dimension and the edge set being a 

quasiprojective variety ű in Q Ĭ Q such that (x, x) is not element of ű for each  

x ɴ  Q and xűy implies yűx (xűy means (x, y) ɴ  ű). The graph ű is homogeneous (or 

M-homogeneous) if for each vertex v  ɴQ the set {x | vűx} is isomorphic to some 

quasiprojective variety M over F of nonzero dimension. We further assume that M 

contains at least 3 elements. 

Theorem 2 [20]. Let ũ be homogeneous algebraic graph over a field F of girth g 

such that the dimension of neighborhood for each vertex is N, N Ó 1. Then  

[(g ī 1)/2] Ò dim(V)/N. 

The following corollary is an analog of Even Circuit Theorem by ErdŖsô for finite 

simple graphs. 

Corollary 1 . Let ũ be a homogeneous graph over a field F and E(ũ) be a variety 

of its edges. Then dim(E(ũ)) Ò dimV(ũ)(1 + [(g ī 1)/2]-1. 

We refer to a family of homogeneous algebraic graphs űn  for which dimension of 

neighborhood  for each vertex is independent constant N, N Ó1 as a family of small 

world graphs if diameter of each graph  űn  is bounded from above by linear function 

Ŭn +ɓ defined by constants Ŭ and ɓ. 

We refer to a family of homogeneous algebraic graphs űn for which the dimension 

of neighborhood for each vertex is independent constant N,  N Ó 1 as a family of large 

girth if girth of each graph űn is bounded from below by linear function Ŭn+ɓ defined 

by constants Ŭ and ɓ. 

We refer to a homogeneous algebraic graph as algebraic forest if it does not 

contain cycles. Their term algebraic tree stands for the connected algebraic forest. 

We say that family of homogeneous algebraic graphs űn is a forest (tree) 

approximation if projective limit of űn is an algebraic forest (tree) and formulate 

thaw following statement. 

Theorem 3 [16]. For each field F, FÍ F2  there exists a tree approximation which 

is a family űn of small world algebraic graphs of large girth with the vertex set of 

dimension n and cycle indicator Ó 2n+2. 

Family of graphs űn=A(n, F) provides explicit construction of objects described in 

the theorem. As it follows from Theorem 2 homogeneous algebraic graphs A(n, F) 

form a family with maximal possible girth indicator. 

Remark 1.  Graphs A(n, F2) are disconnected. So they are disjoint union of cycles. 

Graph A(F2) is 2-regular forests with trees presented on the following diagram 

 é.   -----* -----* -----* --- .... . Girth indicator of A(n, F2) coincides with its girth of 

size Ó 2n+2. So, formally A(n, 2) are algebraic graphs of large girth. Noteworthy that 

cycles can be defined via the system of equations. 
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3.4. Graphs  A(n,K)  as homomorphic images of D(n,K) 

 

Graphs A(n,q) obtained as homomorphic images of graphs D(n,q) which defines 

projective limit D(q) with points   

(p)=(p01, p11, p12 , p21, p22, p'22 , é, pôii, pi i+1, pi+1,i   , p+i+1,i +1  é ), 

lines 

[l]=[ l 10, l11, l12 , l21, l22, l'22 , é, lôii, li i+1, li+1,i   , l+i+1,i +1  é ] and incidence 

relation given by equations  

l ii-pii=l 10 pi-1,i ;     

lôii ï pôii = l i,i-1 p01; 

l i,i+1 ï p i,i+1 =l ii p01 ; 

l  i+1i  - p i+1,i = l 10pôii . 

This four relations are defined for iÓ1, (pô11= p11, lô11= l 11). 

Remark 2. You can see that indexes of vectors correspond to coordinates of 

positive roots of root system  A1 with a wave. 

Historically graph D(q) is not the first example of description of q-regular forest 

in terms of Algebraic Geometry. Geometries of buildings (see [21] and further 

references) corresponding to extended Dynkin diagram A1 as incidence structures are 

q+1-regular trees or q+1-regular forests. As a result we get a description of a tree in 

group theoretical terms. 

In [22] it was noticed that the  restriction of this incidence relation on orbits of 

Borel subgroup B- acting on maximal parabolics are q-regular bipartite graphs. So 

we get a description of a q-regular tree in terms of positive roots of A1 with a wave. 

In [5] authors proved that D(n,q) defined via first n-1equations of D(q) form a 

family of graphs of large girth. The general point and line of these graphs are 

projections of (p) and [l]  onto the tuples of their first n coordinates. 

Unexpectedly it was discovered that these graphs are disconnected if n Ó 6. So 

forest D(q) contains infinitely many trees and the diameter is an infinity. F. Lazebnik 

conjectured that connected components of graphs D(n,q), n =3,4, é form a family 

of small world graphs. This conjecture is still open. 

In 1994 it was found out how to describe connected components CD(n, q) of 

graphs D(n, q) in terms of equations (see [14], [6]). 

Graphs A(n, q)  were obtained in 2007 as homomorphic images of graphs D(n, q) 

([11]). Corresponding homomorphism ɐ is a procedure to delete coordinates of 

points and lines with indexes (i+1, i)  and (i,i)' . 

The self importance of these graphs have been justified in joint research with 

U. Romanczuk (see [13] and further references) and M. Polak [23] via applications 

to Cryptography and Coding Theory.  

In the case of families of graphs of large girth we would like to have ''speed of 

growth'' c of the girth ''as large as it is possible''.  

P. Erdos' proved the existence of such a family with arbitrary large but bounded 

degree k with c=1/4 by his  probabilistic method. 

In the case of families X(p,q) and CD(n,q) the constant c is 4/3. In the case of 

A(n,q) we  just get inequality  1Ò c<2. So exact computation of the girth is the area 

of the future research. 

There are essential differences between family of graphs X(p, q) and tree 

approximations. Recall that the projective limit of X(p, q) does not exist.   
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It was proved that bipartite graphs A(n,q) are not edge-transitive and not vertex 

transitive (transitivity on points and intransitivity on lines). Noteworthy that their 

projective limit T (the tree) is obviously an edge-transitive infinite graph. 

The usage of generalizations and modifications of graphs A(n,q) allows us to 

construct postquantum cryptosystem of El Gamal type with encryption procedure for 

potentially infinite vector from Fq with the execution speed O(n 1+2/n) (see [24]). 

In fact the diameter of A(n,q) is growing slower than diameter of X(p,q). So, A(n,q) 

are the best known small world graphs among known families of large girth. Recall 

the girth of A(n,q) is not yet computed precisely.  

So, the comparison of growth of the girth for A(n,q) and X(p,q) is the interesting 

task for the future research. 

In the case of finite fields both families are expanding graphs, the second largest 

eigenvalue of A(n, q) tends to 2q1/2, they are not Ramanujan graphs for which the 

second largest eigenvalue has to be bounded above by 2(q-1)İ. 

The family X(p,q) is formed by Ramanujan graphs, so they are better expanding 

graphs than A(n, K). 

Families X(p,q), CD(n,q) and A(n,q) can be used for the constructions of LDPC 

codes for noise protection in satellite communications. D. MacKay and M. Postol 

[25] proved that CD(n, q) based LDPC codes have better properties than those from 

X(p,q) for the constructions of LDPC codes. 

Together with Monika Polak we proved that A(n,q) based LDPC codes even better 

than those from CD(n,q) (see [23]). 

Cayley nature of X(p,q) does not allow to use these graphs in multivariate 

cryptography. Various applications of graphs D(n,q), CD(n,q) and A(n,q) have been 

known since 1998. 

The most recent postquantum cryptosystem based on noncommutative 

multivariate group associated with A(n,q) is described in [24], IACR e-print Archive 

2021/1466.  

 

3.5. On the equations for  graphs CD(n, K) 

 

Let K stand for an arbitrary commutative ring. Noteworthy that graphs A(n, K) and 

D(n, K) are defined over arbitrary commutative ring K have been already presented.  

To facilitate notation in the future results on òconnectivity invariantsò of D(n, K), 

it will  be convenient for us to define p-1,0 = l0,-1 = p1,0 = l0,1 = 0, p0,0 = l00 = -1, 

pô0,0 = lô0,0 = -1, p1,1 = pô1,1, l1,1 = lô1,1 and to assume that our equations are 

defined for i Ó 0. 

Graphs CD(k,K) with k Ó 6 were introduced in [11] for as induced subgraphs of 

D(k,K) with vertices u satisfying special equations a2(u)=0, a3(u)=0,é, at(u)=0, 

t=[(k+2)/4],  where  u = (uŬ, u11, u12, u21, é, ur,r , uôr,r , ut t+1 u r,r +1, u r+1,r ,é), 2 Òr Òt, 

Ŭ ᷾{ (1, 0), (0,1)} is a vertex of D(k, K) and ar = ar(u)=Ɇi=0,r(u ii u' r-i, r-i-u i,i+1 u r-i,r-i-1) 

for every r from the interval [2,t] for every r from the interval [2,t] . 

We set a=a(u)=(a2, a3, é, at) and assume that D(k, K)=CD(k,K) if k=2,3,4,5. 

As it was proven in [11] graphs D(n, K) are edge transitive. So their connected 

components are isomorphic graphs. Let vCD(k,K) be a solution set of system of 

equations a(u)=(v2,v3,é,vt)=v for certain v ᷾Kt-1. It is proven that each  vCD(k,K) is 

the disjoint union of some connected components of graph D(n,K). 
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It is easy to see that sets  of vertices of  vCD(k,K), v ᷾Kt-1 form a partitions of the 

vertex set of D(n,K). 

The concept of quasiprojective variety over commutative ring K can be introduced 

via simple substitution of K instead of field F. It leads to concepts of homogeneous 

algebraic graphs over K, forest and tree approximations and families of graphs of 

large girth over K. It was proven that for the case of commutative ring K with unity 

of odd characteristic graphs CD(n,K) are connected (see [26]). So graph 

CD(n,q)=CD(n, Fq) for odd q is a connected component of D(n,q).   

As it follows from definitions the image of restriction of homomorphism ɐ from 

D(n, K) onto CD(n, K) coincides with A(n, K). 

So graphs A(n,K) are connected for the case of K with unity of an odd 

characteristic. 

Theorem 4 [16]. For each commutative integrity ring K the families of graphs 

CD(n, K), n=2,3,é and A(n, K),n=2,3,.. are forest approximations and families of 

graphs of large girth.  

 

4. On the description of selected algorithms based on algebraic graphs of large 

girth  

 

To achieve linear speed O(n) of the encryption described in Section 1 functions  

gi, i=1,2,..,t are selected in the form x1+c(i), c(i)᷾K and the parameter t will be 

selected within the interval [2, [(n+5)/2])  when I(K)=D(n, K) or I(K)=CD(n, K)  and 

interval [2, [n/2]+1)  in the case when I(K)=A(n, K). 

Additionally we take parameters b(1), b(2), é,b(k) , a(1), a(2),...,a(k), k=t/2 from 

K* to construct c(i)  recurrently via the following rules c(1)=b(1), c(2)=a(1), 

c(i)=c(i-2)+b(i) if  i, iÓ3 is odd n and c(i)=c(i-2)=a(i) if  i, iÓ4 is even. We refer to 

the tuple (b(1), b(2),é, b(k), a(1), a(2),é,a(k)) as active password and affine 

transformation T as passive password.  

Our choice insures that in the case of constant passive password the single change 

of a single character of active password leads to a change of the ciphertext produced 

from the selected plaintext.    

We choose an affine transformation T in the form of linear map given by the 

following rule 

T(x1)=x1+m(1)x2+é+m(n-1)xn-1 where m(i), i=1,2,é, n-1 are elements of K*. 

T(xi)=xi for i=2,3,é, n. So T-1 (x1)=x1-m(1)x2-m(2)x3-é-m(n-1)xn. T
-1 (xi)=xi for 

i=2,3,é, n.  

Recall that explicit description of linguistic graphs D(n, K) and A(n,K) is given in 

the previous section and general encryption algorithm is described in section 2. So, 

ciphers T E(n,K) T-1 and  TEA(n, K) T-1 have full description. 

In the case of graph CD(n, K) we  will use in fact the induced subgraph hCD(n, K), 

h=(h2, h3,é, ht), t=[(n+2)/4]   of D(n, K) of all points and lines u=(uŬ, u11, u12, u21, é, 

ur,r , uôr,r , ut t+1 u r,r +1, u r+1,r , é) satisfying conditions ai(u)=hi. 

Linguistic graph hCD(n, K) can be thought as bipartite graph with points 

(p)=(p01, p11, p12 , p21, é, , pi i+1, pi+1,i   , p+i+1,i +1  é ), i=2,3,é, t-1 

and lines  

[l]=[ l 10, l11, l12 , l21, l22,  é, li i+1, li+1,i   , l+i+1,i +1  é ], i=2,3,é, t-1 of length 

n-t. 
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Their incidence is given by the following system of equations 

l ii-pii=l 10 pi-1,i ;     

l i,i+1 ï p i,i+1 =l ii p01; 

l  i+1i  - p i+1,i = l 10pôii , 

where pô 22 is defined by the equation a2(p 01 , p 11 , p 12,  p 21, p 22, pô22 )=h2  and can 

be written as  pô22 = a 2(p01, p11, p12, p21, p22, pô22)-h1+pô22 = b2(p01, p11, p12, p21, p22), 

other parameters are pô33= a3(p01, p11, p12, p21, p22, pô22 , p2,3, p 3,2, p3,3 pô3,3)-h3 +pô33 

= b3(p 01 , p 11 , p 12,  p 21, p 22, pô22, p 2,3,  p 3, 2, p , 33),é, pôtt=at(p01, p11, p12, p21, p22, 

p'22,é, pôt-1,t-1, pt-1,t, p t, t-1 , pt,t , pôt,t  )- ht +pôt,t =bt(p01, p11, p12 , p21, p22, p'22 , é,  

pôt-1,t-1, pt-1,  t, p t, t-1 , pt, t ). 

The computation of symbolic expressions pôi,i recurrently and their explicit 

substitution in the system of equations give us the equations of the linguistic graph. 

We assume that corresponding cipher has the space of plaintexts Kn-t. We use 

active passwords (b(1), b(2),é, b(k), a(1), a(2),é,a(k)) an  linear transformations T 

of Kn-t constructed via described above rules. We assume that parameters h2, h3,é,ht 

will be considered  as part of  active password and denote the cipher as  

TCE(n, K)T-1TnF(g1, g2,é, gt)Jg(Tn)
-. 

We will use presented in Section 2 obfuscation scheme for each cipher  

TE(n, K)T-1 TAE(n, K)T-1 and TCE(n, K)T-1 in the case K=Fq, q>2. We use special 

disturbance function g of Ig selected as xŸxe+b where b᷾Fq, e᷾Zd, d=q-1 and  

(e, d)=1. So, the notations DE(n, K) =TE(n, K)IgT
-1 and DA(n,K)= TAE(n, K)IgT

-1  

and DC(n,K)=TCE(n, K)IgT
-1  will be used for these encryption schemes with the 

disturbance. 

Algorithms with the encryption maps TE(n, K)T-1 and TAE(n, K)T-1 independently 

on the choice of active and passive passwords have multivariate encryption and 

decryption functions of degree 3. In [45] the linearisations attacks on these ciphers 

with the interception of O(n3) pairs plaintext/cipheretext are presented. They can be 

executed in polynomial time O(n10). 

The ciphers  DE(n, K) and DA(n, K) use cubical encryption maps as well but the 

usage of disturbance map D: xŸxe lead to the increase of the degree r of inverse 

maps. Parameter r can be evaluated from below by the polynomial degree of 

transformation D-1 acting on the elements of multiplicative group K* . So, if K=Fq, 

q=232 then the order of polynomial decryption map is at least 231. It justifies that 

direct linearisation attacks are not feasible. 

Case TCE(n, K)T-1 is principally different. As it follows the results of [46] the 

encryption function corresponding to selected active password has degree 

[(n+2)/4] +2. Recall that active password is formed by tuples (b(1), b(2),é, b(k), 

a(1), a(2),é,a(k)) and (h2, h3,é, ht) where h_i are internal parameters of  subgraph 

hCD(n, K). If k is less than half of the girth then different active passwords produce 

distinct ciphertexts. 

High degree of the transformation insures that a generation of standard form for 

the encryption function can not be done in polynomial time. 

So the directed linearisation attacks are theoretically impossible. Principle 

difference of DC(n, K) and TCE(n, K)T-1 is the fact that the usage of disturbance 

implies the fact that the degree of inverse function is essentially higher than those 

for encryption function. 

 

 

 



~ 127 ~ 
 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʚʠʧ. 3 (47), 2023 

The implemented case 

For the first implementation we select the case of encryption function of  

DA(n,K)= TAE(n, K)IgT
-1  for finite field F256 with g of kind g = x2+b. In this case 

the degree of encryption map will be at least 128 (see [27]). The linearisation attacks 

by adversary requires the interception O(n3) pairs of kind plaintext/ciphertext. After 

that he/she need approximate the map of degree Ó 128 with the possibility to choose 

the plaintext an get corresponding ciphertext. In practical case of n Ó 64 such 

linearisation attacks are unfeasible. 

CRYPTALL 4 software is written in C++ programming language and therefore it 

is portable and runs in many platforms such as Unix/Window. Thecontext diagram 

is depicted in Fig. 1. The interface is friendly. It allows users to enter active and 

passive password of selected length. The program is supported by key exchange 

protocol based on Eulerian transformations of (F*
256). It allows the elaboration of 

tuple of nonzero field elements of sufficient length to form both passwords. 

 

Fig. 1. Context Diagram of CRYPTALL 4 

 

Experimental Measurements. To evaluate the performance of our algorithm, we 

use with different size of files. We denote by t (k, L) the time (in millisecond) that is 

needed to encrypt or decrypt (because of symmetry). The file size is in kilobytes for 

passwords of length L. Then the value of t(k, L) can be represented by the following 

matrix (Fig. 2). 

 

L\k 3000 4000 5000 6000 

4 1143 1535 1755 2120.75 

8 2162.25 2999.75 3452.5 4150 

12 3070.5 4108 5061.25 6053 

16 4090.5 5429.25 6673.5 7945.75 

20 5131.75 6778.75 8303 9873.75 
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Fig. 2. Run time for CRYPTALL 4 System 

 

Computer experiment justifies that in implemented case the speed of execution of 

decryption or encryption procedures are essentially higher than in the case of stream 

cipher of [2] used for GIS protection. New algorithm has essentially better mixing 

properties (see [47]). 

5. Conclusion 

The main theoretical result of the paper is explicit construction of the family of 

multivariate map of affine maps Fn  with the trapdoor accelerator of linear degree cn, 

c=3/4 acting on affine space Kn defined over arbitrary commutative ring K with at 

least 3 elements. Corresponding cipher has execution speed of kind ı n2+O(n) 

which is proportional to the length of active password of size 0(1). The decryption 

procedure takes the same time with the encryption process. In the case of choice of 

special linear conjugation T it has nice mixing properties: change of single character 

of the plaintext or active password leads to the change of Ó 98% of characters of 

corresponding ciphertext. 

So Fn based cipher can provide essentially better security than the cipher selected 

in [2]. The disadvantage of Fn is speed of encryption O(n2) but not O(n). So the usage 

of Fn will drastically improve the security level of GIS protection but essentially 

slow down of speed of spatial information processing. 

Noteworthy that speed of processing is very important parameter. That is why we 

suggest usage of ciphers DE(n, K) and DA(n, K) for GIS protection  which are more 

robust in the comparison of cipher chosen in [2], they have essentially better mixing 

properties and practically resistant against linearisation attacks. Ciphers DE(n, K) 

and CE(n, K) can be chosen in the case of tasks where security aspects are more 

important than the execution speed. 
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ɺ.ʆ. ʋʩʪʠʤʝʥʢʦ, ʆ.ʉ. ʇʫʩʪʦʚʽʪ 

ʇʈʆ ɹɽɿʇɽʂʋ ɻɯʉ-ʉʀʉʊɽʄ ɿ N-ʈɯɺʅɽɺʆʖ ɸʈʍɯʊɽʂʊʋʈʆʖ ʊɸ 

ʉɯʄɽʁʉʊɺA ɸʃɻʆʈʀʊʄɯɺ ʐʀʌʈʋɺɸʅʅʗ, ɺʀɿʅɸʏɽʅʀʍ ɿɸ ɻʈɸʌɸʄʀ  

ɸʥʦʪʘʮʽʷ. ɺʽʜʢʨʠʪʪʷ ʦʧʠʩʫ q-ʨʝʛʫʣʷʨʥʦʛʦ ʜʝʨʝʚʘ ʚ ʪʝʨʤʽʥʘʭ ʥʝʩʢʽʥʯʝʥʥʦʾ ʩʠʩʪʝʤʠ 

ʢʚʘʜʨʘʪʥʠʭ ʨʽʚʥʷʥʴ ʥʘʜ ʩʢʽʥʯʝʥʥʠʤ ʧʦʣʝʤ Fq ʤʘʣʦ ʚʧʣʠʚ ʥʘ ʨʦʟʚʠʪʦʢ ɯʥʬʦʨʤʘʪʠʢʠ, 

ʟʦʢʨʝʤʘ ʪʝʦʨʽʾ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʛʨʘʬʘʤʠ. ʎʝ 

ʩʪʠʤʫʣʶʚʘʣʦ ʨʦʟʚʠʪʦʢ ʢʦʥʩʪʨʫʢʮʽʡ ʙʝʟʧʝʯʥʠʭ ʧʦʪʦʢʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʰʠʬʨʫʚʘʥʥʷ. 

ɺʠʷʚʠʣʦʩʷ, ʱʦ ʪʘʢʽ ʽʥʩʪʨʫʤʝʥʪʠ ʰʠʬʨʫʚʘʥʥʷ ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ 

ʩʠʩʪʝʤʘʭ ʟʘʭʠʩʪʫ ɻɯʉ, ʱʦ ʚʞʠʚʘʶʪʴ N-ʨʽʚʥʝʚʫ ʘʨʭʽʪʝʢʪʫʨʫ. ʄʠ ʦʛʣʷʥʝʤʦ ʚʽʜʦʤʽ 

ʘʣʛʦʨʠʪʤʠ ʰʠʬʨʫʚʘʥʥʷ, ʟʘʩʥʦʚʘʥʽ ʥʘ aʧʨʦʢʩʠʤʘʮʽʷʭ ʨʝʛʫʣʷʨʥʠʭ ʜʝʨʝʚ, ʾʭ ʤʦʜʠʬʽʢʘʮʽʾ, 

ʚʠʟʥʘʯʝʥʽ ʥʘʜ ʘʨʠʬʤʝʪʠʯʥʠʤʠ ʢʽʣʴʮʷʤʠ, ʪʘ ʧʨʦʛʨʘʤʥʽ ʨʝʘʣʽʟʘʮʽʾ ʮʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʂʨʽʤ 

ʪʦʛʦ, ʙʫʜʫʪʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʦʚʽ ʙʽʣʴʰ ʙʝʟʧʝʯʥʽ ʘʣʛʦʨʠʪʤʠ ʧʦʪʦʢʦʚʦʛʦ ʰʠʬʨʫʚʘʥʥʷ, 

ʧʨʠʜʘʪʥʽ ʜʣʷ ʟʘʭʠʩʪʫ ɻɯʉ. 

ɸʣʛʦʨʠʪʤʠ ʙʫʜʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʣʫʢʘʥʴ ʥʘ ʚʝʨʰʠʥʘʭ ʜʚʦʜʦʣʴʥʠʭ 

ʨʝʛʫʣʷʨʥʠʭ ʛʨʘʬʽʚ D(n,K), ʚʠʟʥʘʯʝʥʠʭ ʟʘ ʩʢʽʥʯʝʥʥʠʤ ʢʦʤʫʪʘʪʠʚʥʠʤ ʢʽʣʴʮʝʤ ʂ ʟ 

ʦʜʠʥʠʮʝʶ ʪʘ ʥʝʪʨʠʚʽʘʣʴʥʦʶ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʶ ʛʨʫʧʦʶ ʂ*. ɼʦʣʽ ʪʘʢʠʭ ʛʨʘʬʽʚ ʻ  

n-ʚʠʤʽʨʥʠʤʠ ʘʬʽʥʥʠʤʠ ʧʨʦʩʪʦʨʘʤʠ ʥʘʜ ʢʽʣʴʮʝʤ ʂ. ɹʣʫʢʘʥʥʷ ʧʘʨʥʦʾ ʜʦʚʞʠʥʠ ʚʠʟʥʘʯʘʻ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʝʨʝʭʦʜʫ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʜʦ ʦʩʪʘʥʥʴʦʾ ʚʝʨʰʠʥʠ ʟ ʦʜʥʽʻʾ ʟ ʜʦʣʝʡ ʛʨʘʬʫ. 

ʆʪʞʝ, ʘʬʽʥʥʠʡ ʧʨʦʩʪʽʨ Kn ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʨʦʩʪʽʨ ʚʽʜʢʨʠʪʠʭ ʪʝʢʩʪʽʚ, ʘ ʙʣʫʢʘʥʥʷ 

ʥʘ ʛʨʘʬʽ ʧʘʨʦʣʝʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʰʠʬʨʫʻ. 

ʇʨʠ ʧʝʚʥʠʭ ʦʙʤʝʞʝʥʥʷʭ ʥʘ ʧʘʨʦʣʽ ʜʦʩʷʛʘʻʪʴʩʷ ʝʬʝʢʪ, ʢʦʣʠ ʨʽʟʥʠʤ ʧʘʨʦʣʷʤ ʟ (K*)2s, 

s <[(n+5)/2]/2 ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʽ ʰʠʬʨʦʛʨʘʤʠ ʦʙʨʘʥʦʛʦ ʚʽʜʢʨʠʪʦʛʦ ʪʝʢʩʪʫ ʟ Kn. ʋ 2005 

ʨʦʮʽ ʪʘʢʠʡ ʘʣʛʦʨʠʪʤ ʫ ʚʠʧʘʜʢʫ ʩʢʽʥʯʝʥʥʦʛʦ ʧʦʣʷ F127 ʚʠʢʦʨʠʩʪʦʚʫʚaʚʩʷ ʜʣʷ ʟʘʭʠʩʪʫ 

https://scholar.google.com/scholar_lookup?title=Using+graphic+methods+to+challenge+cryptographic+performance&conference=Proceedings+of+the+14th+Australian+Information+Security+Management+Conference,+Edith+Cowan+University&author=Cusack,+B.&author=Chapman,+E.&publication_year=2016&pages=30%E2%80%9336
https://scholar.google.com/scholar_lookup?title=Using+Graphic+Based+Systems+to+Improve+Cryptographic+Algorithms&author=Chapman,+E.&publication_year=2016
https://scholar.google.com/scholar_lookup?title=Using+Graphic+Based+Systems+to+Improve+Cryptographic+Algorithms&author=Chapman,+E.&publication_year=2016
file:///C:/Users/Сім'я/Desktop/роб%20зб%20№47/Vol%2013,%20No%201%20(2013)
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ɻɯʉ. ɿ ʮʴʦʛʦ ʯʘʩʫ ʚʣʘʩʪʠʚʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʰʠʬʨʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʨʘʬʽʚ D(n, K) 

(ʰʚʠʜʢʦʜʽʷ, ʚʣʘʩʪʠʚʦʩʪʽ ʟʤʽʥʠ, ʩʪʝʧʽʥʴ ʪʘ ʛʫʩʪʠʥʘ ʧʦʣʽʥʦʤʽʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʰʠʬʨʫʚʘʥʥʷ) ʙʫʣʠ ʨʝʪʝʣʴʥʦ ʜʦʩʣʽʜʞʝʥʽ. ɹʫʣʦ ʦʮʽʥʝʥʦ ʩʢʣʘʜʥʽʩʪʴ ʘʪʘʢ ʣʽʥʝʘʨʠʟʘʮʽʾ ʪʘ 

ʟʥʘʡʜʝʥʦ ʤʦʜʠʬʽʢʘʮʽʾ ʮʠʭ ʘʣʛʦʨʠʪʤʽʚ ʽʟ ʩʪʽʡʢʽʩʪʶ ʜʦ ʘʪʘʢ ʣʽʥʝʘʨʠʟʘʮʽʾ. ɺʠʷʚʠʣʦʩʷ, ʱʦ 

ʨʘʟʦʤ ʟ ʛʨʘʬʘʤʠ D(n, K) ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡ ʽʥʰʽ ʘʣʛʝʙʨʘʾʯʥʽ ʛʨʘʬʠ ʟ 

ʧʦʜʽʙʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʪʘʢʽ ʷʢ ʛʨʘʬʠ A(n,K). 

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʢʽʣʴʢʘ ʨʦʟʚôʷʟʘʥʴ ʟʘʜʘʯʽ ʟʘʭʠʩʪʫ ʛʝʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʚʽʜ ʤʦʞʣʠʚʠʭ ʢʽʙʝʨʘʪʘʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʪʦʢʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʩʧʠʨʘʶʪʴʩʷ 

ʥʘ ʛʨʘʬʠ. ɺʦʥʠ ʤʘʶʪʴ ʽʩʪʦʪʥʽ ʧʝʨʝʚʘʛʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʘʣʽʟʦʚʘʥʠʤʠ ʨʘʥʽʰʝ 

ʘʣʛʦʨʠʪʤʘʤʠ. 
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METHOD OF ADAPTATION OF CASCADE CODES  

TO ENSURE RELIABILITY OF INFORMATION TRANSMISSION  

OF WIRELESS DATA TRANSMISSION SYSTEMS 

 
Abstract. The article proposes a method of structural adaptation of cascade codes, 

designed to ensure the specified reliability of information transmission of wireless 

data transmission systems in the event of interference, due to the dynamic synthesis 

of combined structures of cascade codes under conditions of a priori uncertainty. 

The essence of the method is to identify the internal structure of the code, due to 

which the structure of the component codes of the turbo code is determined. It was 

developed using the gradient method due to the implementation of a multi-step 

iterative procedure for finding optimal system parameters. Implementation of the 

method allows to ensure the reliability of information transmission of wireless data 

transmission systems. To check the effectiveness of the method of structural 

adaptation of cascade codes, a simulation model was developed in the C++ 

programming language in the Visual Studio 2019 software environment, and 

wireless data transmission systems were simulated. The simulation results show that 

the combined structure of building cascade codes together with OFDM technology 

allows you to independently adapt the coding rate of each of the coding stages 

depending on the results of the analysis of the reliability of information in this 

cascade, which leads to the provision of the specified reliability of information 

transmission, while the BSPD bandwidth is reduced by 4ï12% against 20ï35% of 

known results. The use of Reed-Solomon codes in a sequential cascade scheme with 

turbo codes due to the adaptation of the coding rate of this cascade design allows 

obtaining an energy gain of 0.5ï0.7 dB without increasing the bandwidth of the 

transmission system compared to systems that use only turbo codes. The obtained 

results are of significant relevance and can be implemented in the development of 

information transmission systems to ensure the reliability of data transmission, both 

in peacetime and in conditions of armed aggression of the Russian Federation 

against Ukraine. 

Keywords: a priori uncertainty; gradient method; OFDM; Reed-Solomon codes; 

turbo code; coding rate; simulation. 
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1ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ  
2ʎʝʥʪʨʘʣʴʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 

ʄɽʊʆɼ ɸɼɸʇʊɸʎɯɰ ʂɸʉʂɸɼʅʀʍ ʂʆɼɯɺ ɼʃʗ ɿɸɹɽɿʇɽʏɽʅʅʗ 

ɼʆʉʊʆɺɯʈʅʆʉʊɯ ʇɽʈɽɼɸʏɯ ɯʅʌʆʈʄɸʎɯɰ ɹɽɿʇʈʆɺʆɼʆɺʀʍ 

ʉʀʉʊɽʄ ʇɽʈɽɼɸʏɯ ɼɸʅʀʍ 
 

ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʥʦʾ ʘʜʘʧʪʘʮʽʾ ʢʘʩʢʘʜʥʠʭ 

ʢʦʜʽʚ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʨʠ ʜʽʾ ʟʘʚʘʜ, ʟʘ ʨʘʭʫʥʦʢ 

ʜʠʥʘʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ ʢʘʩʢʘʜʥʠʭ ʢʦʜʽʚ ʚ ʫʤʦʚʘʭ 

ʘʧʨʽʦʨʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ ʢʦʜʫ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ 

ʢʦʤʧʦʥʝʥʪʥʠʭ ʢʦʜʽʚ ʪʫʨʙʦʢʦʜʫ. ɺʽʥ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʨʘʜʽʻʥʪʥʦʛʦ ʤʝʪʦʜʫ ʟʘ ʨʘʭʫʥʦʢ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʙʘʛʘʪʦʢʨʦʢʦʚʦʾ ʽʪʝʨʘʪʠʚʥʦʾ 

ʧʨʦʮʝʜʫʨʠ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ. ʈʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʫ 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʙʝʟʧʨʦʚʦʜʦʚʠʭ 

ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʫ ʩʪʨʫʢʪʫʨʥʦʾ 

ʘʜʘʧʪʘʮʽʾ ʢʘʩʢʘʜʥʠʭ ʢʦʜʽʚ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʥʘ ʤʦʚʽ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ C++ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Visual Studio 2019 ʪʘ 

ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʈʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʢʦʤʙʽʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʧʦʙʫʜʦʚʠ ʢʘʩʢʘʜʥʠʭ 

ʢʦʜʽʚ ʨʘʟʦʤ ʟ ʪʝʭʥʦʣʦʛʽʻʶ OFDM ʜʦʟʚʦʣʷʻ ʥʝʟʘʣʝʞʥʦ ʘʜʘʧʪʫʚʘʪʠ h ʚʠʜʢʽʩʪʴ 

ʢʦʜʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ʢʘʩʢʘʜʽʚ ʢʦʜʫʚʘʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʮʴʦʤʫ ʢʘʩʢʘʜʽ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʘʜʘʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʠ ʮʴʦʤʫ ʧʨʦʧʫʩʢʥʘ 

ʩʧʨʦʤʦʞʥʽʩʪʴ ɹʉʇɼ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 4ï12% ʧʨʦʪʠ 20ï35% ʚʽʜʦʤʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʜʽʚ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ ʚ ʧʦʩʣʽʜʦʚʥʽʡ ʢʘʩʢʘʜʥʽʡ 

ʩʭʝʤʽ ʟ ʪʫʨʙʦʢʦʜʘʤʠ ʟʘ ʨʘʭʫʥʦʢ ʘʜʘʧʪʘʮʽʾ ʰʚʠʜʢʦʩʪʽ ʢʦʜʫʚʘʥʥʷ ʮʽʻʾ ʢʘʩʢʘʜʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʚʠʛʨʘʰ 0,5ï0,7 ʜɹ ʙʝʟ 

ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʩʠʩʪʝʤʘʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʽʣʴʢʠ ʪʫʨʙʦʢʦʜʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʘʶʪʴ ʩʫʪʪʻʚʫ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, 

ʷʢ ʫ ʤʠʨʥʠʡ ʯʘʩ, ʪʘʢ ʽ ʚ ʫʤʦʚʘʭ ʟʙʨʦʡʥʦʾ ʘʛʨʝʩʽʾ ʈʦʩʽʡʩʴʢʦʾ ʌʝʜʝʨʘʮʽʾ ʧʨʦʪʠ 

ʋʢʨʘʾʥʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʧʨʽʦʨʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ; ʛʨʘʜʽʻʥʪʥʠʡ ʤʝʪʦʜ; OFDM; ʢʦʜʠ 

ʈʽʜʘ-ʉʦʣʦʤʦʥʘ; ʪʫʨʙʦʢʦʜ; ʰʚʠʜʢʽʩʪʴ ʢʦʜʫʚʘʥʥʷ; ʤʦʜʝʣʶʚʘʥʥʷ. 
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ɺʩʪʫʧ 

 

ɸʜʘʧʪʘʮʽʻʶ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ (ɹʉʇɼ) ʻ ʟʤʽʥʘ ʾʾ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʯʽʢʫʚʘʥʦʛʦ ʝʬʝʢʪʫ ʚ ʫʤʦʚʘʭ 

ʘʧʨʽʦʨʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 

ɿʘʜʘʯʝʶ ʘʜʘʧʪʘʮʽʾ ɹʉʇɼ ʻ ʧʨʦʮʝʩ ʧʦʰʫʢʫ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ. ʇʦʩʪʽʡʥʠʡ ʧʨʦʮʝʩ ʧʦʰʫʢʫ ʚ 

ʫʤʦʚʘʭ ʘʧʨʽʦʨʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʦʪʨʝʙʫʻ ʚʚʝʜʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʘʜʘʧʪʘʮʽʾ ʜʣʷ 

ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʘʙʦ ʩʪʨʫʢʪʫʨʠ [1ï3]. 



~ 135 ~ 
 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʚʠʧ. 3 (47), 2023 

ʎʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʘʜʘʧʪʘʮʽʾ ɹʉʇɼ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʩʪʨʫʢʪʫʨʠ 

ʩʠʩʪʝʤʠ. ʇʘʨʘʤʝʪʨʠʯʥʽ ʪʘ ʩʪʨʫʢʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʨʘʟʠʤʦ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ y
d

, 

ʩʫʢʫʧʥʽʩʪʴ ʫʧʨʘʚʣʷʶʯʠʭ ʟʤʽʥʥʠʭ ï ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ ʫʧʨʘʚʣʽʥʥʷ u
d
, ʘ ʩʫʢʫʧʥʽʩʪʴ 

ʬʽʢʩʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ï ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ w
d

. 

ɿʘʜʘʯʘ ʘʜʘʧʪʘʮʽʾ ʧʦʣʷʛʘʻ ʫ ʧʦʰʫʢʫ ʚʝʢʪʦʨʘ ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ 

y
d

 ʡ ʫʧʨʘʚʣʽʥʥʷ u
d
, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʢʩʪʨʝʤʫʤ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʧʨʠ ʟʘʜʘʥʦʤʫ 

ʚʝʢʪʦʨʽ w
d

 ʪʘ ʦʙʤʝʞʝʥʥʷʭ gi ʽ Gj: 
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(1) 

ʜʝ Nu ï ʯʠʩʣʦ ʥʝʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪ u
d

, gi ʽ Gj ï ʟʘʜʘʥʽ ʬʫʥʢʮʽʾ.  

ɼʣʷ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ (1) ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʜʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʥʘʚʤʠʩʥʠʭ ʟʘʚʘʜ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʩʪʨʫʢʪʫʨʥʦʾ ʘʜʘʧʪʘʮʽʾ ʢʘʩʢʘʜʥʠʭ ʢʦʜʽʚ, 

ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʨʠ ʜʽʾ ʟʘʚʘʜ, ʟʘ ʨʘʭʫʥʦʢ ʜʠʥʘʤʽʯʥʦʛʦ 

ʩʠʥʪʝʟʫ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ ʢʘʩʢʘʜʥʠʭ ʢʦʜʽʚ ʚ ʫʤʦʚʘʭ ʘʧʨʽʦʨʥʦʾ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ʅʝʭʘʡ 0x  ï ʜʝʷʢʘ ʧʦʯʘʪʢʦʚʘ ʪʦʯʢʘ ʤʥʦʞʠʥʠ ʟʥʘʯʝʥʴ 
bb
DÌDDÌD

*
; , ʚ 

ʷʢʠʭ ʜʦʩʷʛʘʻʪʴʩʷ ʝʢʩʪʨʝʤʫʤ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ )(
0

xf  [1, 4]. 

ɿʙʽʞʥʠʡ ʽʪʝʨʘʪʠʚʥʠʡ ʧʨʦʮʝʩ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ ï ʮʝ ʧʨʦʮʝʩ ʽʪʝʨʘʪʠʚʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ (ʪʦʯʦʢ) 
0x ,

1x ,é,kx ,
1+kx ,é, ʱʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʚʜʷʢʠ 

ʧʝʨʝʪʚʦʨʝʥʥʶ [1]: 

)(
1 kkk

xx F=
+

, (2) 

ʽ ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ ʚʠʤʦʛʦʶ ʟʙʽʞʥʦʩʪʽ: 

)(),(
* kkk

xx F­Dr ʧʨʠ ¤­k .  

ʇʨʠʢʣʘʜʦʤ ʽʪʝʨʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʛʨʘʜʽʻʥʪʥʠʡ ʩʧʫʩʢ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʷʢ: 

)(
1 kkkk

xfxx Ða-=
+

, (3) 

ʜʝ )( kxfÐ  ï ʚʝʢʪʦʨ ʛʨʘʜʽʻʥʪʘ, ̫ ʢʠʡ ʧʦʢʘʟʫʻ ʥʘʧʨʷʤʦʢ ʥʘʡʰʚʠʜʰʦʛʦ ʟʨʦʩʪʘʥʥʷ 

ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʘ 
ka  ï ʢʨʦʢʦʚʠʡ ʤʥʦʞʥʠʢ, ʱʦ ʚʠʟʥʘʯʘʻ ʜʦʚʞʠʥʫ 

ʚʝʢʪʦʨʘ ʟʤʽʱʝʥʥʷ ï )( kk xfÐa  ʚ ʥʘʧʨʷʤʢʫ, ʧʨʦʪʠʣʝʞʥʦʤʫ ʛʨʘʜʽʻʥʪʫ. 

ɺʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʙʘʛʘʪʦʢʨʦʢʦʚʦʾ ʧʨʦʮʝʜʫʨʠ, ʚ ʷʢʽʡ 

ʢʦʨʠʛʫʻʪʴʩʷ ʥʘʧʨʷʤʦʢ ʧʝʨʝʤʽʱʝʥʥʷ, ʜʝ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʢʨʦʢ ʢʦʨʝʢʮʽʾ ʧʦʚʠʥʝʥ 

ʟʤʝʥʰʫʚʘʪʠʩʷ, ʘ ʾʾ ʯʘʩʪʦʪʘ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʥʘ ʛʨʘʥʠʮʽ ʝʢʩʪʨʝʤʫʤʫ. ʅʘ ʨʠʩ. 1 

ʧʦʢʘʟʘʥʽ ʣʽʥʽʾ ʨʽʚʥʷ ʜʚʦʭ ʬʫʥʢʮʽʡ )(
1

xf  ʽ )(
2

xf  ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʚ ʥʘʧʨʷʤʢʫ 

ʝʢʩʪʨʝʤʫʤʫ. 
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ɻʨʘʜʽʻʥʪʥʠʡ ʤʝʪʦʜ ʟʘʩʪʦʩʫʻʤʦ ʣʠʰʝ ʫ ʚʠʧʘʜʢʘʭ ʧʦʰʫʢʫ ʙʝʟʫʤʦʚʥʦʛʦ 

ʝʢʩʪʨʝʤʫʤʫ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʾ ʬʫʥʢʮʽʾ. ʋ ʟʘʚʜʘʥʥʷʭ ʥʝʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʢʦʣʠ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʟʘʜʘʻʪʴʩʷ ʥʘ ʙʝʟʣʽʯʽ ʜʦʧʫʩʪʠʤʠʭ 

ʘʣʴʪʝʨʥʘʪʠʚ bD, ʧʦʰʫʢ ʝʢʩʪʨʝʤʫʤʫ ʫʩʢʣʘʜʥʶʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʜʝʷʢʘ ʧʨʦʤʽʞʥʘ 

ʪʦʯʢʘ 
kx  ʙʘʛʘʪʦʢʨʦʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʥʘ ʛʨʘʥʠʮʽ 

b
D  ʽ ʛʨʘʜʽʻʥʪ 

ʤʦʞʝ ʙʫʪʠ ʥʘʧʨʘʚʣʝʥʠʡ ʟʘ ʤʝʞʽ ʜʦʧʫʩʪʠʤʦʾ ʦʙʣʘʩʪʽ [1]. 
 

 

ʈʠʩ. 1.1. ʃʽʥʽʾ ʨʽʚʥʷ ʜʚʦʭ ʬʫʥʢʮʽʡ ʽ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʚ ʥʘʧʨʷʤʢʫ 

ʝʢʩʪʨʝʤʫʤʫ 
 

ʃʽʥʽʾ ʨʽʚʥʷ 

ʜʣʷ )(1 xf  

*x  

)(1 xfÐ-  

)(1 xfÐ  ʘ ʙ )(2 xfÐ  

ʃʽʥʽʾ ʨʽʚʥʷ 

ʜʣʷ )(2 xf  

*x  

 

ʈʠʩ. 1. ʃʽʥʽʾ ʨʽʚʥʷ ʜʚʦʭ ʬʫʥʢʮʽʡ ʽ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʚ ʥʘʧʨʷʤʢʫ ʝʢʩʪʨʝʤʫʤʫ 

ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʙʦʨʫ ʤʦʞʣʠʚʦʛʦ ʥʘʧʨʷʤʢʫ 
kg  ʚ 

ʪʦʯʮʽ 
kx , ʷʢʠʡ ʚʽʜʤʽʥʥʠʡ ʚʽʜ ʥʘʧʨʷʤʢʫ ʛʨʘʜʽʻʥʪʘ ʘʙʦ ʘʥʪʠʛʨʘʜʽʻʥʪʘ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʛʨʘʜʽʻʥʪʥʠʡ ʤʝʪʦʜ. ɺʠʙʽʨ ʪʘʢʦʛʦ ʥʘʧʨʷʤʢʫ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʠʟʚʦʜʠʚ ʙʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ (ʟʤʝʥʰʝʥʥʷ) ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ 

ʬʫʥʢʮʽʾ )(xf  ʽ ʟʘʙʝʟʧʝʯʫʚʘʚ ʙʠ ʥʝ ʚʠʭʽʜ ʟʘ ʤʝʞʽ ʤʥʦʞʠʥʠ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2), ʷʢʝ ʚʠʟʥʘʯʘʻ ʟʘʢʦʥ ʽʪʝʨʘʪʠʚʥʦʛʦ 

ʧʨʦʮʝʩʫ, ʟʘʧʠʩʫʻʪʴʩʷ ʚ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 

kkkk xx ga-= . 

   

(4) 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʦʰʫʢ ʝʢʩʪʨʝʤʫʤʫ ʚ ʟʘʜʘʯʽ ʙʝʟ ʦʙʤʝʞʝʥʴ ʽ ʟ 

ʦʙʤʝʞʝʥʥʷʤʠ. ɹʝʟʣʽʯ ʜʦʧʫʩʪʠʤʠʭ ʨʽʰʝʥʴ bÐ  ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʰʪʨʠʭʦʚʘʥʦʶ 

ʦʙʣʘʩʪʶ. ɿʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩʫʥʢʫ ʣʽʥʽʾ ʨʽʚʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʝʷʢʠʤ ʧʦʩʪʽʡʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ )(xf , ʧʨʠʯʦʤʫ 
021

... FFF >>> .  

ɿ ʜʘʥʦʛʦ ʨʠʩʫʥʢʘ ʚʠʧʣʠʚʘʻ, ʱʦ ʫ ʨʘʟʽ ʟʘʚʜʘʥʥʷ ʙʝʟ ʦʙʤʝʞʝʥʴ ʨʽʰʝʥʥʷ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʦʯʮʽ *x , ʜʝ 
0

* )( Fxf =  (ʛʣʦʙʘʣʴʥʠʡ ʙʝʟʫʤʦʚʥʠʡ ʤʽʥʽʤʫʤ). 

ɿ ʧʦʯʘʪʢʦʚʦʾ ʪʦʯʢʠ, ʧʦʪʨʽʙʥʦ ʟʥʘʭʦʜʠʪʠ ʪʘʢʽ ʥʘʧʨʷʤʢʠ ʨʫʭʫ 
kg, ʷʢʽ ʙ ʥʝ 

ʧʦʨʫʰʫʚʘʣʠ ʦʙʤʝʞʝʥʴ ʽ ʪʨʘʻʢʪʦʨʽʷ ʙʘʛʘʪʦʢʨʦʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʦʚʠʥʥʘ 

ʧʨʠʚʝʩʪʠ ʚ ʪʦʯʢʫ, ʚʽʜʧʦʚʽʜʥʫ ʫʤʦʚʥʦʤʫ ʝʢʩʪʨʝʤʫʤʫ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ (ʫ ʮʴʦʤʫ 

ʧʨʠʢʣʘʜʽ ʮʝ ʪʦʯʢʘ 
**x ). 

ɿʘʚʜʷʢʠ ʚʠʨʽʰʝʥʥʶ ʜʦʧʦʤʽʞʥʦʾ ʦʜʥʦʚʠʤʽʨʥʦʾ ʟʘʜʘʯʽ ʤʽʥʽʤʽʟʘʮʽʾ ʥʘ 

ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʚʠʢʦʥʫʻʪʴʩʷ ʦʙʯʠʩʣʝʥʥʷ ʤʥʦʞʥʠʢʘ 
ka : 

))((minarg
0

0 kk xfxfx Ða-=
²a

. (5) 
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ʈʠʩ. 1.2. ʇʦʰʫʢ ʝʢʩʪʨʝʤʫʤʫ ʚ ʟʘʜʘʯʽ ʙʝʟ ʦʙʤʝʞʝʥʴ 

ʽ ʟ ʦʙʤʝʞʝʥʥʷʤʠ 
 

1F   
2F   

3F   
4F   

1x   

2x   

0

*)( Fxf =   *x   

**x   

kg  

)( 0xfÐ    

ʈʠʩ. 2. ʇʦʰʫʢ ʝʢʩʪʨʝʤʫʤʫ ʚ ʟʘʜʘʯʽ ʙʝʟ ʦʙʤʝʞʝʥʴ ʽ ʟ ʦʙʤʝʞʝʥʥʷʤʠ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛʠ ʜʦʩʷʛʥʝʥʥʷ )(
k

xf  ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ, 

ʧʨʠ ʨʫʩʽ ʟ ʪʦʯʢʠ 
kx  ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʘʥʪʠʛʨʘʜʽʻʥʪʘ ʚ ʪʦʯʮʽ 

1+kx , 
ka  

ʧʽʜʽʡʤʘʻʪʴʩʷ. ʋ ʧʽʜʩʫʤʢʫ, ʪʨʘʻʢʪʦʨʽʷ ʩʧʫʩʢʫ, ʯʝʨʝʟ ʪʦʯʢʠ 
0x , 

1x ,é,
kx , 

1+kx ,é, 

ʻ ʟʠʛʟʘʛʦʧʦʜʽʙʥʦʶ, ʧʨʠʯʦʤʫ ʢʦʞʥʠʡ ʥʘʩʪʫʧʥʠʡ ʥʘʧʨʷʤʦʢ ʨʫʭʫ ʦʨʪʦʛʦʥʘʣʴʥʠʡ 

ʧʦʧʝʨʝʜʥʴʦʤʫ. 

ʄʝʪʦʜ ʩʪʨʫʢʪʫʨʥʦʾ ʘʜʘʧʪʘʮʽʾ ʢʘʩʢʘʜʥʠʭ ʢʦʜʽʚ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ɹʉʇɼ ʧʨʠ ʜʽʾ ʟʘʚʘʜ ʟʘ 

ʨʘʭʫʥʦʢ ʜʠʥʘʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ ʢʘʩʢʘʜʥʠʭ ʢʦʜʽʚ ʚ 

ʫʤʦʚʘʭ ʘʧʨʽʦʨʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 

ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ ʢʦʜʫ, ʟʘ 

ʨʘʭʫʥʦʢ ʯʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʥʝʥʪʥʠʭ ʢʦʜʽʚ ʪʫʨʙʦʢʦʜʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʜʫ ʟʘʜʘʶʪʴʩʷ ʧʦʯʘʪʢʦʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʢʽʣʴʢʽʩʪʴ ʩʫʙʢʘʥʘʣʽʚ ʪʘ ʚʠʜʠ ʤʦʜʫʣʷʮʽʾ ʩʠʛʥʘʣʫ ʚ ʩʫʙʢʘʥʘʣʘʭ 

ʩʠʛʥʘʣʫ OFDM, ʢʽʣʴʢʽʩʪʴ ʢʘʩʢʘʜʽʚ ʢʦʜʫʚʘʥʥʷ L ʪʘ ʧʘʨʘʤʝʪʨʠ ʚʥʫʪʨʽʰʥʽʭ ʢʦʜʽʚ 

ʜʣʷ ʢʦʞʥʦʛʦ ʟ l-ʛʦ ʢʘʩʢʘʜʫ, ʜʝ Ll ,1Í , ʘ ʩʘʤʝ: ʢʽʣʴʢʽʩʪʴ ʙʽʪ ʫ ʙʣʦʮʽ N, ʚʠʜʠ 

ʫʪʚʦʨʶʶʯʠʭ ʧʦʣʽʥʦʤʽʚ ʢʦʤʧʦʥʝʥʪʥʠʭ ʢʦʜʽʚ ʪʫʨʙʦʢʦʜʫ (1, 01 / gg , é, 0/ ggn ), 

ʪʠʧ ʧʝʨʝʤʝʞʫʚʘʯʘ, ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ ʜʝʢʦʜʫʚʘʥʥʷ I, ʰʚʠʜʢʽʩʪʴ ʢʦʜʫʚʘʥʥʷ 

ʪʫʨʙʦʢʦʜʫ R1l, ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪʥʠʭ ʢʦʜʝʨʽʚ (ʜʝʢʦʜʝʨʽʚ), ʘʣʛʦʨʠʪʤ 

ʜʝʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦʢʦʜʫ (Map, Log-Map, Max-Log-Map), ʧʘʨʘʤʝʪʨʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʜʫ ʜʣʷ ʢʦʞʥʦʛʦ ʟ l-ʛʦ ʢʘʩʢʘʜʫ, Ll ,1Í , ʘ ʩʘʤʝ: ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʙʽʪ ʫ ʙʣʦʮʽ n, ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʽʪ ʫ ʙʣʦʮʽ k, ʚʠʧʨʘʚʥʘ ʟʜʘʪʥʽʩʪʴ ʢʦʜʫ 

ù
ú

ù
é
ê

é-
=

2

kn
t , ʢʽʣʴʢʽʩʪʴ ʙʽʪ ʫ ʩʠʤʚʦʣʽ m, ʰʚʠʜʢʽʩʪʴ ʢʦʜʫʚʘʥʥʷ R2l, ʡʤʦʚʽʨʥʽʩʪʴ 

ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʜʫ Pl, ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʦʧʫʩʪʠʤʘ 

Pʧʦʤ. ʜʦʧ. 

ʊʘʢʦʞ, ʧʨʠʡʤʘʶʪʴʩʷ ʪʘʢʽ ʦʙʤʝʞʝʥʥʷ: 
ʜʦʧ.11

RR
l
² , , 

ʜʦʧ.
LL¢ , 

,11,3Ík  63,7Ín , 7,3Ím , 10,1Ít . 

ʜʦʧ.22
RR

l
²
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ɺʠʙʝʨʝʤʦ ʢʚʘʜʨʘʪ ʧʦʭʠʙʢʠ (ʚʽʜʭʠʣʝʥʥʷ ʨʝʛʫʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʚʽʜ ʟʘʜʘʥʦʾ) 

ʟʘ ʧʦʢʘʟʥʠʢ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʨʦʮʝʩʫ ʘʜʘʧʪʘʮʽʾ: 

2
eJ = , 

ʜʝ 
ʜʦʧ.ʧʦʤ.ʧʦʤ.

PPe -= . 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʠʥʮʠʧʫ ʩʘʤʦʥʘʩʪʨʦʶʚʘʥʥʷ ʚ ʤʝʪʦʜʽ ʟʘʩʪʦʩʫʻʤʦ ʧʽʜʭʽʜ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʙʫʜʝʤʦ ʟʥʘʭʦʜʠʪʠ ʛʨʘʜʽʻʥʪ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

() ù
ú

ø
é
ê

è

µ

µ

µ

µ

µ

µ
=Ð

N
u

J

u

J

u

J
UJ  ...,, ,

21

.
 (6) 

 

ʈʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ (4) ʧʦʣʷʛʘʻ ʫ ʧʦʰʫʢʫ ʚʝʢʪʦʨʘ ʫʧʨʘʚʣʽʥʥʷ: 

 

 

 

ʜʝ a ï ʩʢʘʣʷʨ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʚʝʣʠʯʠʥʫ ʥʘʩʪʫʧʥʦʛʦ ʢʨʦʢʫ.  

ɺʠʙʝʨʝʤʦ ʪʘʢʠʡ ʢʨʠʪʝʨʽʡ ʟʫʧʠʥʢʠ ʽʪʝʨʘʪʠʚʥʦʾ ʧʨʦʮʝʜʫʨʠ ʧʦʰʫʢʫ 

ʝʢʩʪʨʝʤʫʤʫ ʬʫʥʢʮʽʦʥʘʣʘ ()UJ : 

( ) ( ) e¢Ð-Ð
+1kk UJUJ . 

ɽʣʝʤʝʥʪʘʤʠ ʚʝʢʪʦʨʘ ʨʝʛʫʣʶʶʯʦʾ ʜʽʾ U  ʻ: u1 ï ʜʦʚʞʠʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ, u2 ï ʢʽʣʴʢʽʩʪʴ ʙʽʪ ʫ ʩʠʤʚʦʣʽ m, u3 ï ʜʦʚʞʠʥʘ ʢʦʜʦʚʦʾ 

ʢʦʤʙʽʥʘʮʽʾ n. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʦʙʯʠʩʣʝʥʥʷ ʛʨʘʜʽʻʥʪʘ ʬʫʥʢʮʽʦʥʘʣʘ ()UJ  ʧʦʪʨʝʙʫʻ 

ʟʥʘʯʥʦʛʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʨʝʩʫʨʩʫ, ʪʦʜʽ ʤʦʞʝʤʦ ʧʨʝʜʩʪʘʚʠʪʠ ʧʨʦʮʝʩ 

ʽʪʝʨʘʪʠʚʥʦʾ ʧʨʦʮʝʜʫʨʠ ʧʦʰʫʢʫ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

ʇ̔ ʩʣʷ ʧʨʠʡʦʤʫ B ʙʣʦʢʽʚ ʜʘʥʠʭ ʨʦʟʤʽʨʦʤ N ʙʽʪ, ʜʣʷ ʢʦʞʥʦʛʦ l-ʛʦ ʢʘʩʢʘʜʫ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ: 

( )
ʜʦʧ.ʧʦʤ.

12
12

1
ʧʦʤ.

1
12

12

1
Ppp

j
jP

jj

l

j

l
tj

m

ml

m
m

¢-öö
÷

õ
ææ
ç

å -

-
=

--
-

+=

ä ,
 (7) 

ʜʝ lp  ï ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦʢʦʜʽʚ l-ʛʦ ʢʘʩʢʘʜʫ. 

ɿʘ ʫʤʦʚʠ ʥʝʚʠʢʦʥʘʥʥʷ ʚʠʨʘʟʫ (7) ʜʣʷ l-ʛʦ ʢʘʩʢʘʜʫ, ʽʥʢʨʝʤʝʥʪʫʻʤʦ ʧʘʨʘʤʝʪʨʠ 

k, n, m ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʜʫ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ: 1+=kk , 1+=nn , 1+=mm . ʎʝ 

ʚʧʣʠʚʘʻ ʥʘ ʰʚʠʜʢʽʩʪʴ ʢʦʜʫʚʘʥʥʷ R2l. ʗʢʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʤʽʥʠ ʜʦʧ.22 RR l < , ʪʦ 

ʚʩʪʘʥʦʚʣʶʻʤʦ ʧʦʯʘʪʢʦʚʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʜʽʚ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ ʽ 

ʚʠʙʠʨʘʻʤʦ ʥʦʚʝ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦʢʦʜʫ R1l. ɼʘʣʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʘ ʟʤʽʥʘ ʩʪʨʫʢʪʫʨʠ ʢʦʤʧʦʥʝʥʪʥʠʭ ʢʦʜʽʚ ʪʫʨʙʦʢʦʜʫ. 

ʋ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʜʽʚ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ ʜʣʷ l-ʛʦ ʢʘʩʢʘʜʫ, ʷʢʽ 

ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ (7). 
 

)(1 kkkk UfUU Ð-=+ a
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ʊʘʙʣʠʮʷ 1. ʇʘʨʘʤʝʪʨʠ ʢʦʜʽʚ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ 
 

lp  
ʧʦʤ.lP  m t k n 

 

10-1 

10-2 4 4 7 15 

10-3 4 5 5 15 

10-4 5 10 11 31 

10-2 

10-3 3 1 5 7 

10-4 3 2 3 7 

10-5 4 3 9 15 

10-6 4 4 7 15 

 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʢʦʥʢʘʪʝʥʘʮʽʾ ʢʦʜʽʚ 

ʧʨʦʚʝʜʝʥʦ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ɹʉʇɼ. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʣʝʞʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ 

ʩʠʛʥʘʣ-ʟʘʚʘʜʘ. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʩʠʛʥʘʣ OFDM-2048, ʢʽʣʴʢʽʩʪʴ 

ʧʘʨʘʣʝʣʴʥʠʭ ʢʘʩʢʘʜʽʚ ʢʦʜʫʚʘʥʥʷ L = 4, ʚʥʫʪʨʽʰʥʽ ʪʫʨʙʦʢʦʜʠ (ʢʽʣʴʢʽʩʪʴ ʙʽʪ ʚ 

ʙʣʦʮʽ N = 6144, ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʡ ʧʝʨʝʤʝʞʫʚʘʯ, 5/4
1
=

l
R , 2/1

ʜʦʧ.1
=

l
R , 

ʧʦʣʽʥʦʤʠ (1, 13/11), ʜʚʘ ʢʦʤʧʦʥʝʥʪʥʠʭ ʢʦʜʝʨʘ (ʜʝʢʦʜʝʨʘ), ʤʝʪʦʜ ʜʝʢʦʜʫʚʘʥʥʷ 

Log-Map, ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ ʜʝʢʦʜʫʚʘʥʥʷ I = 8) ʽ ʘʥʘʣʦʛʽʯʥʽ ʪʠʤ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʽ 4G LTE-Advanced, ʪʘ ʟʦʚʥʽʰʥʽ ʢʦʜʠ ʈʽʜʘ-

ʉʦʣʦʤʦʥʘ (,11,3Ík  63,7Ín , 7,3Ím , 10,1Ít , 5/4
2
=

l
R , 2/1

ʜʦʧ.2
=

l
R ). 

ɺʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ ʧʨʠʡʥʷʪʦ 9,58 ʜɹ. ʋ ʧʝʨʰʦʤʫ ʢʘʩʢʘʜʽ ʢʦʜʫʚʘʥʥʷ ʜʽʻ 

ʰʫʤʦʚʘ ʟʘʚʘʜʘ ʚ ʯʘʩʪʠʥʽ ʩʤʫʛʠ (ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʢʨʠʪʪʷ 25,0=g ), ʧʨʠ ʷʢʽʡ 

ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʜʦʨʽʚʥʶʻ 
2

ʧʦʤ.1 10-=P  ʜʣʷ 

ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʟʘʚʘʜʘ 15,1/ =Jb NE
 
ʜɹ. ʋ ʜʨʫʛʦʤʫ, ʪʨʝʪʴʦʤʫ ʽ ʯʝʪʚʝʨʪʦʤʫ 

ʢʘʩʢʘʜʘʭ ʥʘʚʤʠʩʥʽ ʟʘʚʘʜʠ ʚʽʜʩʫʪʥʽ ï 4
ʧʦʤ.4ʧʦʤ.3ʧʦʤ.2 10

-
=== PPP . 

ɼʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʦʨʽʚʥʶʻ 4

ʜʦʧ.ʧʦʤ.
10-=P . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʧʝʨʰʦʤʫ ʢʘʥʘʣʽ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ ʰʚʠʜʢʽʩʪʴ ʢʦʜʫʚʘʥʥʷ 

ʢʘʩʢʘʜʥʦʛʦ ʢʦʜʫ, ʘ ʰʚʠʜʢʦʩʪʽ ʢʦʜʫʚʘʥʥʷ ʚ ʜʨʫʛʦʤʫ, ʪʨʝʪʴʦʤʫ ʪʘ ʯʝʪʚʝʨʪʦʤʫ 

ʢʘʥʘʣʘʭ ʟʘʣʠʰʘʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ, ʪʦʙʪʦ 4/32 =iR , 4,2Íi . ʐʚʠʜʢʽʩʪʴ 

ʢʦʜʫʚʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʜʫ ʧʝʨʰʦʛʦ ʢʘʩʢʘʜʫ ʟʤʽʥʶʻʪʴʩʷ ʟ 5/4
21
=R  

(ʩʫʤʘʨʥʘ ʰʚʠʜʢʽʩʪʴ ʢʦʜʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 25/16=
S

R ) ʥʘ 4/3
21
=R  ( 5/3=

S
R ), 

ʘ ʧʦʪʽʤ ʥʘ 8/5
21
=R  ( 2/1=

S
R ). ʇʨʠ ʮʴʦʤʫ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ 

ʟ 279,1=C  ʙʽʪ/ʩʠʤʚʦʣ ʜʦ 184,1=C  ʙʽʪ/ʩʠʤʚʦʣ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʚʽʜʯʘʪʴ, ʱʦ ʚ ʧʦʜʽʙʥʽʡ ʩʠʪʫʘʮʽʾ ʚ ʩʠʩʪʝʤʽ 4G LTE-Advanced ʰʚʠʜʢʽʩʪʴ 

ʢʦʜʫʚʘʥʥʷ ʪʫʨʙʦʢʦʜʫ ʟʤʽʥʠʣʘʩʴ ʙʠ ʟ 3/2=R  ʥʘ 9/4=R  (ʨʠʩ. 4),  

ʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʟʤʝʥʰʠʣʘʩʴ ʙʠ ʟ 332,1=C  ʙʽʪ/ʩʠʤʚʦʣ ʜʦ 

888,0=C  ʙʽʪ/ʩʠʤʚʦʣ. 
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ʈʠʩ. 3. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʚʽʜ 

ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ ʜʣʷ ʩʠʩʪʝʤʠ ʟ ʧʘʨʘʣʝʣʴʥʦ-ʧʦʩʣʽʜʦʚʥʠʤ ʢʘʩʢʘʜʥʠʤ 

ʢʦʜʫʚʘʥʥʷʤ 

 

 
 

ʈʠʩ. 4. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʚʽʜ 

ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʟʘʚʘʜʘ ʜʣʷ ʩʠʩʪʝʤʠ 4G LTE-Advanced 
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ʊʦʤʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʭʝʤʠ ʩʪʨʫʢʪʫʨʥʦʾ ʘʜʘʧʪʘʮʽʾ ʢʘʩʢʘʜʥʠʭ 

ʢʦʜʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, 

ʧʨʠ ʮʴʦʤʫ ʧʨʦʧʫʩʢʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ɹʉʇɼ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 4ï12%, ʪʦʜʽ ʷʢ ʫ 

ʩʠʩʪʝʤʽ 4G LTE-Advanced ʥʘ 20ï35%. 

ɿʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʢʦʜʫʚʘʥʥʷ ʚ ʧʝʨʰʦʤʫ ʢʘʩʢʘʜʽ ʜʘʻ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. ʅʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ 

ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʟʘʚʘʜʘ, ʟʤʦʜʝʣʴʦʚʘʥʘ ʟ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʘʥʘʣʦʛʽʯʥʠʤʠ ʪʠʤ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʨʠʩ. 3. 

ɺʠʜʥʦ, ʱʦ ʜʦʜʘʪʢʦʚʘ ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʢʦʜʫʚʘʥʥʷ ʜʦ 3/121=R  ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʦʜʝʨʞʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʚʠʛʨʘʰʫ ʢʦʜʫʚʘʥʥʷ 0,5 ʜɹ, ʧʨʠ ʮʴʦʤʫ ʩʫʤʘʨʥʘ 

ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʟʥʠʞʫʻʪʴʩʷ ʥʝ ʥʘʙʘʛʘʪʦ ʽ ʜʦʨʽʚʥʶʻ 12,1=C  ʙʽʪ/ʩʠʤʚʦʣ. 

 

 
 

ʈʠʩ. 5. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʚʽʜ 

ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʟʘʚʘʜʘ ʜʣʷ ʩʠʩʪʝʤʠ ʟ ʧʘʨʘʣʝʣʴʥʦ-ʧʦʩʣʽʜʦʚʥʠʤ ʢʘʩʢʘʜʥʠʤ 

ʢʦʜʫʚʘʥʥʷʤ 

 

ʇʦʜʘʣʴʰʘ ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʢʦʜʫʚʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʜʫ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ 

ʩʧʨʠʷʪʠʤʝ ʧʽʜʚʠʱʝʥʥʶ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. ʅʘ ʨʠʩ. 6 ʧʦʢʘʟʘʥʦ 

ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ 

ʩʠʛʥʘʣ-ʟʘʚʘʜʘ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʽʣʴʢʠ ʧʦʩʣʽʜʦʚʥʦʛʦ ʢʘʩʢʘʜʥʦʛʦ ʢʦʜʫʚʘʥʥʷ 

ʪʘ ʢʦʜʫʚʘʥʥʷ, ʘʥʘʣʦʛʽʯʥʦʛʦ ʩʠʩʪʝʤʽ 4G LTE-Advanced.  

ɸʥʘʣʽʟ ʛʨʘʬʽʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʩʚʽʜʯʠʪʴ, ʱʦ ʜʣʷ ʡʤʦʚʽʨʥʦʩʪʝʡ ʙʽʪʦʚʦʾ 

ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ 
3

ʜʝʢ
10->

B
P  ʢʨʘʱʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʫʻ ʩʭʝʤʘ ʟ 

ʦʜʥʠʤ ʢʦʜʝʢʦʤ, ʧʨʠ ʡʤʦʚʽʨʥʦʩʪʷʭ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ 
3

ʜʝʢ
10-<

B
P  ʢʨʘʱʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʤʘʻ ʢʘʩʢʘʜʥʘ ʧʦʙʫʜʦʚʘ ʢʦʜʝʢʽʚ. 
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ʈʠʩ. 6. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ ʚʽʜ 

ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʟʘʚʘʜʘ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʩʢʘʜʥʦʛʦ ʢʦʜʫʚʘʥʥʷ 

 

ʊʘʢ, ʜʣʷ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ ʜʝʢʦʜʫʚʘʥʥʷ 
5

ʜʝʢ
10-=

B
P  ʢʘʩʢʘʜʥʘ 

ʧʦʙʫʜʦʚʘ ʢʦʜʝʢʽʚ ʟʘʙʝʟʧʝʯʫʻ ʝʥʝʨʛʝʪʠʯʥʠʡ ʚʠʛʨʘʰ ʢʦʜʫʚʘʥʥʷ 0,8 ʜɹ ʙʝʟ ʟʤʽʥʠ 

ʰʚʠʜʢʦʩʪʽ ʢʦʜʫʚʘʥʥʷ, ʪʦʙʪʦ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʧʨʦʧʫʩʢʥʽʡ ʟʜʘʪʥʦʩʪʽ ɹʉʇɼ. 

 

ɺʠʩʥʦʚʢʠ 

1. ʋ ʩʪʘʪʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʥʦʾ ʘʜʘʧʪʘʮʽʾ ʢʘʩʢʘʜʥʠʭ ʢʦʜʽʚ, 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʨʠ ʜʽʾ ʟʘʚʘʜ ʟʘ ʨʘʭʫʥʦʢ ʜʠʥʘʤʽʯʥʦʛʦ 

ʩʠʥʪʝʟʫ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ ʢʘʩʢʘʜʥʠʭ ʢʦʜʽʚ ʚ ʫʤʦʚʘʭ ʘʧʨʽʦʨʥʦʾ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 

2. ʂʦʤʙʽʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʧʦʙʫʜʦʚʠ ʢʘʩʢʘʜʥʠʭ ʢʦʜʽʚ ʨʘʟʦʤ ʟ ʪʝʭʥʦʣʦʛʽʻʶ 

OFDM ʜʦʟʚʦʣʷʻ ʥʝʟʘʣʝʞʥʦ ʘʜʘʧʪʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʢʦʜʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʟ 

ʢʘʩʢʘʜʽʚ ʢʦʜʫʚʘʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʮʴʦʤʫ ʢʘʩʢʘʜʽ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ, ʧʨʠ ʮʴʦʤʫ ʧʨʦʧʫʩʢʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ɹʉʇɼ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 4ï12% 

ʧʨʦʪʠ 20ï35% ʚʽʜʦʤʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʜʽʚ ʈʽʜʘ-ʉʦʣʦʤʦʥʘ ʚ ʧʦʩʣʽʜʦʚʥʽʡ ʢʘʩʢʘʜʥʽʡ ʩʭʝʤʽ ʟ 

ʪʫʨʙʦʢʦʜʘʤʠ ʟʘ ʨʘʭʫʥʦʢ ʘʜʘʧʪʘʮʽʾ ʰʚʠʜʢʦʩʪʽ ʢʦʜʫʚʘʥʥʷ ʮʽʻʾ ʢʘʩʢʘʜʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʚʠʛʨʘʰ 0,5ï0,7 ʜɹ ʙʝʟ 

ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʩʠʩʪʝʤʘʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʽʣʴʢʠ ʪʫʨʙʦʢʦʜʠ. 
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INFORMATION TECHNOLOGIES OF SIMULATION OF BEAM 

STRUCTURES USING MULTISPECTRAL SPACECRAFT MATERIALS  
 

Abstract. The work is devoted to solving the scientific and practical task of modeling 

beam structures based on the materials of multispectral space images based on 

aerospace and contact measurements. The effectiveness of the use of space survey 

materials for the study of soil cover largely depends on the time of the survey. The 

linear forms of erosion (waterholes, ravines) are deciphered on space photographs, 

which are displayed only on images with a spatial resolution of 1-2 meters in the 

form of narrow, clearly delineated contours that have a jagged shape. 

The developed clustering algorithm makes it possible to more clearly identify beam 

structures on satellite images in combination with data from digital terrain models 

(DRM). A number of experiments were conducted on some set of remote sensing 

data of Boryspil and c. Panchevo, Novoukrainsky District, Kirovohrad Region. The 

experiments consisted in determining the spectral and other features of the beam 

structures (for example, the shape, soil types, etc.), which are located in different 

places of the territory that was investigated. 

On images with a spatial resolution of more than 10 meters, ravines are usually not 

displayed, but networks of beams with elongated wavy tree-like shapes are clearly 

visible. In the course of the study, data from multispectral imaging from the Sentinel-2 

satellite (MSI scanner) and DEM (Digital Elevation Model, DEM) data obtained 

through the SRTM 3 archive were used. 

The research results showed that automating the process of highlighting beam structures 

on multispectral images with a spatial resolution of 30 m is very difficult. First of all, 

this can be explained by the fact that the beam consists of vegetation that is also present 

outside the beam. In addition, the number of channels of the ETM+ scanner and its 

spatial ability are not enough for a clearer separation of the "beam" class. 

Key words: information technologies; ecosystem; soils; topography; spectral 

channels; remote methods; contact methods. 

 
ɺ.ʄ. ʊʨʠʩʥʶʢ, ɺ.ʆ. ʐʫʤʝʡʢʦ 

 

ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɯʅʌʆʈʄɸʎɯʁʅʆ-ʊɽʍʅɯʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɹɸʃʆʏʅʀʍ 

ʉʊʈʋʂʊʋʈ ɿɸ ʄɸʊɽʈɯɸʃɸʄʀ ʄʋʃʔʊʀʉʇɽʂʊʈɸʃʔʅʀʍ 

ʂʆʉʄʆɿʅɯʄʂɯɺ 
 

ɸʥʦʪʘʮʽʷ. ʈʦʙʦʪʫ ʧʨʠʩʚʷʯʝʥʦ ʨʦʟʚôʷʟʘʥʥʶ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʟ 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʣʦʯʥʠʭ ʩʪʨʫʢʪʫʨ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʦʩʤʦʟʥʽʤʢʽʚ ʥʘ ʦʩʥʦʚʽ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʪʘ ʢʦʥʪʘʢʪʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ ʜʣʷ ʚʠʚʯʝʥʥʷ 

Ò ɺ.ʄ. ʊʨʠʩʥʶʢ, ɺ.ʆ. ʐʫʤʝʡʢʦ, 2023 
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ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ ʧʨʦʚʝʜʝʥʥʷ ʟʡʦʤʢʠ. ʅʘ 

ʢʦʩʤʦʟʥʽʤʢʘʭ ʜʝʰʠʬʨʫʶʪʴʩʷ ʣʽʥʽʡʥʽ ʬʦʨʤʠ ʝʨʦʟʽʾ (ʚʦʜʦʨʦʾʥʠ, ʷʨʠ), ʷʢʽ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʪʽʣʴʢʠ ʥʘ ʟʥʽʤʢʘʭ ʟ ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʨʽʟʥʝʥʥʷʤ 1ï2 ʤʝʪʨʠ ʫ 

ʚʠʛʣʷʜʽ ʚʫʟʴʢʠʭ, ʯʽʪʢʦ ʦʢʨʝʩʣʝʥʠʭ ʢʦʥʪʫʨʽʚ, ʷʢʽ ʤʘʶʪʴ ʟʘʟʫʙʨʝʥʫ ʬʦʨʤʫ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʯʽʪʢʦ ʚʠʷʚʣʷʪʠ ʥʘ 

ʢʦʩʤʦʟʥʽʤʢʘʭ ʙʘʣʦʯʥʽ ʩʪʨʫʢʪʫʨʠ ʫ ʢʦʤʧʣʝʢʩʽ ʟ ʜʘʥʠʤʠ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ 

ʨʝʣʴʻʬʫ (ʎʄʈ). ɹʫʣʘ ʧʨʦʚʝʜʝʥʘ ʥʠʟʢʘ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘʜ ʜʝʷʢʦʶ ʤʥʦʞʠʥʦʶ 

ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʾ ʟʡʦʤʢʠ ʤ. ɹʦʨʠʩʧʽʣʴ ʪʘ c. ʇʘʥʯʝʚʦ, ʅʦʚʦʫʢʨʘʾʥʩʴʢʦʛʦ ʨ-ʥʫ 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʦʣʷʛʘʣʠ ʫ ʚʠʟʥʘʯʝʥʥʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʪʘ 

ʽʥʰʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʙʘʣʦʯʥʠʭ ʩʪʨʫʢʪʫʨ (ʥʘʧʨʠʢʣʘʜ, ʬʦʨʤʠ, ʪʠʧʽʚ ˇʨʫʥʪʽʚ  

ʪʘ ʽʥ.), ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʨʽʟʥʠʭ ʤʽʩʮʷʭ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ.  

ʅʘ ʟʥʽʤʢʘʭ ʟ ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʨʽʟʥʝʥʥʷʤ ʙʽʣʴʰʝ 10 ʤʝʪʨʽʚ ʷʨʠ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ, ʘʣʝ ʜʦʙʨʝ ʚʠʜʽʣʷʶʪʴʩʷ ʤʝʨʝʞʽ ʙʘʣʦʢ, ʱʦ ʤʘʶʪʴ ʚʠʪʷʛʥʫʪʽ 

ʭʚʠʣʷʩʪʽ ʜʝʨʝʚʦʧʦʜʽʙʥʽ ʬʦʨʤʠ. ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥʽ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʾ ʟʡʦʤʢʠ ʟ ʩʫʧʫʪʥʠʢʘ Sentinel-2 (ʩʢʘʥʝʨ MSI) ʪʘ ʜʘʥʽ DEM 

(Digital Elevation Model, ʎʄʈ), ʦʪʨʠʤʘʥʽ ʯʝʨʝʟ ʘʨʭʽʚ SRTM 3. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʚʠʜʽʣʝʥʥʷ 

ʙʘʣʦʯʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʟ ʧʨʦʩʪʦʨʦʚʠʤ 

ʨʦʟʨʽʟʥʝʥʥʷʤ ʚ 30 ʤ ʜʫʞʝ ʩʢʣʘʜʥʘ. ʇʝʨʰ ʟʘ ʚʩʝ ʮʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ 

ʙʘʣʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʦʩʣʠʥʥʦʩʪʽ, ʷʢʘ ʧʨʠʩʫʪʥʷ ʽ ʟʘ ʤʝʞʘʤʠ ʙʘʣʢʠ. ʂʨʽʤ ʪʦʛʦ, 

ʢʽʣʴʢʦʩʪʽ ʢʘʥʘʣʽʚ ʩʢʘʥʝʨʘ ETM+ ʽ ʡʦʛʦ ʧʨʦʩʪʦʨʦʚʦʾ ʟʜʘʪʥʦʩʪʽ  ʥʝʜʦʩʪʘʪʥʴʦ 

ʜʣʷ ʙʽʣʴʰ ʯʽʪʢʦʛʦ ʚʠʜʽʣʝʥʥʷ ʢʣʘʩʫ ñʙʘʣʢʠò. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ; ʝʢʦʩʠʩʪʝʤʘ; ˇʨʫʥʪʠ; ʨʝʣɹ̒ ʬ 

ʤʽʩʮʝʚʦʩʪʽ; ʩʧʝʢʪʨʘʣʴʥʽ ʢʘʥʘʣʠ; ʜʠʩʪʘʥʮʽʡʥʽ ʤʝʪʦʜʠ; ʢʦʥʪʘʢʪʥʽ ʤʝʪʦʜʠ. 

https://doi.org/10.32347/2411-4049.2023.3.144-153 

 

ɺʩʪʫʧ 

 

ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʦʨʫʰʫʶʪʴʩʷ ʟʙʘʣʘʥʩʦʚʘʥʽ 

ʧʨʠʨʦʜʥʦ-ʝʢʦʣʦʛʽʯʥʽ ʟʚôʷʟʢʠ, ʧʨʦʛʨʝʩʫʶʪʴ ʧʨʦʮʝʩʠ ʜʝʛʨʘʜʘʮʽʾ (ʝʨʦʟʽʷ, ʟʩʫʚʠ, 

ʢʠʩʣʦʪʥʽʩʪʴ, ʟʘʙʦʣʦʯʝʥʽʩʪʴ, ʟʘʩʦʣʝʥʥʷ, ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ). ʂʦʩʤʽʯʥʽ ʟʥʽʤʢʠ ʥʝ 

ʪʽʣʴʢʠ ʜʦʟʚʦʣʷʶʪʴ ʩʫʜʠʪʠ ʧʨʦ ʨʦʟʚʠʪʦʢ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʚʦʜʥʦʾ ʝʨʦʟʽʾ 

ʪʘ ʚʽʪʨʦʚʦʾ ʜʝʬʣʷʮʽʾ ˇʨʫʥʪʽʚ, ʘʣʝ ʡ ʚʽʜʦʙʨʘʞʘʶʪʴ ʘʛʨʦʪʝʭʥʽʯʥʽ ʟʘʭʦʜʠ, ʱʦ 

ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʟʘʧʦʙʽʛʘʥʥʷ ʮʠʤ ʧʨʦʮʝʩʘʤ. ɯʥʰʠʡ ʚʠʜ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ ï 

ʚʠʣʫʯʝʥʥʷ ʟ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʟʘʣʽʩʝʥʥʷ ʚʝʨʭʽʚôʾʚ ʪʘ 

ʩʭʠʣʽʚ ʙʘʣʦʢ. ʄʝʪʦʜʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʚʠʜʽʣʝʥʥʷ 

ʣʽʥʽʡʥʠʭ ʩʪʨʫʢʪʫʨ, ʥʝʙʘʛʘʪʦ. ʅʘʧʨʠʢʣʘʜ, ʚʽʜʦʤʠʤ ʻ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʩʠʩʪʝʤʠ 

Geomatica, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʘ ʜʘʥʠʤʠ ʨʘʜʘʨʥʦʾ ʟʡʦʤʢʠ ʙʫʜʫʚʘʪʠ ʚʝʢʪʦʨʥʽ ʢʘʨʪʠ 

ʨʦʟʧʦʜʽʣʫ ʣʽʥʽʘʤʝʥʪʽʚ. ɺʽʜʦʤʠʤ ʤʝʪʦʜʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʣʽʥʽʡʥʽ 

ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ ʟʦʙʨʘʞʝʥʴ, ʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʍʘʬʘ [1]. ɸʣʝ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʤʝʪʦʜʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʚʩʪʘʥʦʚʠʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʙʘʣʦʢ ʪʘ ʚʠʜʽʣʷʪʠ 

ʾʭ ʫ ʦʢʨʝʤʽ ʢʣʘʩʠ, ʧʨʘʢʪʠʯʥʦ ʥʝʚʽʜʦʤʽ. ʊʦʤʫ ʮʷ ʧʨʦʙʣʝʤʘʪʠʢʘ ʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʘʢʪʫʘʣʴʥʦʶ, ʦʩʢʽʣʴʢʠ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʱʦʜʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʘʣʦʯʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʻ ʜʫʞʝ ʢʦʨʠʩʥʦʶ ʽ ʤʦʞʝ ʙʫʪʠ 

ʫ ʧʦʜʘʣʴʰʦʤʫ ʟʘʩʪʦʩʦʚʘʥʘ ʧʨʠ ʧʦʙʫʜʦʚʽ ʪʝʤʘʪʠʯʥʠʭ ʢʘʨʪ ʤʽʩʮʝʚʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʨʝʣʴʻʬʫ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʭʥʦʛʝʥʥʠʭ ʯʠʥʥʠʢʽʚ, ʧʦʚôʷʟʘʥ ̔ ʽʟ ʤʦʜʝʣʶʚʘʥʥʷʤ ʙʘʣʦʯʥʠʭ ʩʪʨʫʢʪʫʨ ʟʘ 

ʤʘʪʝʨʽʘʣʘʤʠ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʦʟʥʽʤʢʽʚ ʪʝʨʠʪʦʨʽʡ, ˇʨʫʥʪʫʪʁʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʠʢʠ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɺ 

ʋʢʨʘʾʥʽ ʦʩʥʦʚʥʠʤʠ ʥʘʫʢʦʚʮʷʤʠ ʚ ʦʙʣʘʩʪʽ ʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ˇʨʫʥʪʽʚ :̒ 
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ʃʷʣʴʢʦ ɺ.ɯ. ï ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ; ʇʦʧʦʚ ʄ.ʆ. ï 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʟʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ ʜʘʥʠʤʠ 

ɼɿɿ [2], ʊʨʦʬʠʤʯʫʢ ʆ.ʄ., ʂʨʘʩʦʚʩʴʢʠʡ ɻ.ʗ., ɻʨʝʢʦʚ ʃ.ɼ. ï ʢʦʩʤʽʯʥʠʡ 

ʤʦʥʽʪʦʨʠʥʛ ʟʘʙʨʫʜʥʝʥʥʷ ʟʝʤʝʣʴ [3], ʇʘʥʘʩ ʈ.ʄ. ï ʢʦʩʤʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ 

ʜʝʛʨʘʜʘʮʽʾ ˇʨʫʥʪʽʚ [4]. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʪʝʭʥʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʣʦʯʥʠʭ ʩʪʨʫʢʪʫʨ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʦʟʥʽʤʢʽʚ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɺ ʦʩʥʦʚʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʷʚʠʱ ʣʝʞʠʪʴ ʩʠʣʴʥʠʡ 

ʚʧʣʠʚ ʝʨʦʟʽʾ ʥʘ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʽʚ. ʎʝʡ ʚʧʣʠʚ ʤʘʻ ʤʽʩʮʝ ʟʘʚʜʷʢʠ ʪʦʤʫ, 

ʱʦ ʝʨʦʟʽʷ ˇʨʫʥʪʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʚ ʥʠʭ ʪʝʤʥʦ-ʢʦʣʴʦʨʦʚʠʭ 

ʯʘʩʪʠʥʦʢ ʛʫʤʫʩʫ ʽ ʛʣʠʥʷʥʠʭ ʬʨʘʢʮʽʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ, ʱʦ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʧʨʠʚʦʜʠʪʴ ʜʦ ʦʩʚʽʪʣʝʥʥʷ (ʟʙʽʣʴʰʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ) ˇʨʫʥʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɼʦ ʪʦʛʦ ʞ, ʮʝ ʷʚʠʱʝ ʧʽʜʩʠʣʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʭʦʜʫ ʥʘ ʧʦʚʝʨʭʥʶ ʙʽʣʴʰ 

ʩʚʽʪʣʠʭ ʧʝʨʝʭʽʜʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʽ ʧʦʨʦʜʠ ʚʥʘʩʣʽʜʦʢ ʟʤʠʚʫ ʚʝʨʭʥʽʭ ʛʦʨʠʟʦʥʪʽʚ 

ˇʨʫʥʪʽʚ (ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʪʠʭ ˇʨʫʥʪʽʚ, ʚʝʨʭʥʽ ʛʦʨʠʟʦʥʪʠ ʷʢʠʭ ʽʟ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ 

ʷʚʣʷʶʪʴʩʷ ʙʽʣʴʰ ʪʝʤʥʠʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʨʦʜʦʶ). ʅʘ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʘʭ 

ʟʥʘʭʦʜʠʪʴ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘʢʘ ʚʘʞʣʠʚʘ ʜʠʥʘʤʽʯʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ˇʨʫʥʪʽʚ, ʷʢ 

ʝʨʦʜʦʚʘʥʽʩʪʴ, ʨʦʟʚʠʪʦʢ ʷʢʦʾ ʯʘʩʪʽʰʝ ʧʦʚôʷʟʘʥʠʡ ʟ ʥʝʩʧʨʠʷʪʣʠʚʠʤʠ ʥʘʩʣʽʜʢʘʤʠ 

ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ɽʨʦʜʦʚʘʥʽʩʪʴ ˇʨʫʥʪʽʚ ʤʦʞʝ ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʘʙʦ ʚʦʜʥʦʾ ʝʨʦʟʽʾ, ʘʙʦ ʚʽʪʨʦʚʦʾ 

ʜʝʬʣʷʮʽʾ. ʅʘ ʢʦʩʤʦʟʥʽʤʢʘʭ ʜʝʰʠʬʨʫʶʪʴʩʷ ʣʽʥʽʡʥʽ ʬʦʨʤʠ ʝʨʦʟʽʾ (ʚʦʜʦʨʦʾʥʠ, ʷʨʠ), 

ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʪʽʣʴʢʠ ʥʘ ʟʥʽʤʢʘʭ ʟ ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʨʽʟʥʝʥʥʷʤ 1ï2 ʤʝʪʨʠ ʫ 

ʚʠʛʣʷʜʽ ʚʫʟʴʢʠʭ, ʯʽʪʢʦ ʦʢʨʝʩʣʝʥʠʭ ʢʦʥʪʫʨʽʚ, ʷʢʽ ʤʘʶʪʴ ʟʘʟʫʙʨʝʥʫ ʬʦʨʤʫ. 

ʅʘ ʟʥʽʤʢʘʭ ʟ ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʨʽʟʥʝʥʥʷʤ ʙʽʣʴʰʝ 10 ʤʝʪʨʽʚ ʷʨʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʥʝ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ, ʘʣʝ ʜʦʙʨʝ ʚʠʜʽʣʷʶʪʴʩʷ ʤʝʨʝʞʽ ʙʘʣʦʢ, ʱʦ ʤʘʶʪʴ ʚʠʪʷʛʥʫʪʽ 

ʭʚʠʣʷʩʪʽ ʜʝʨʝʚʦʧʦʜʽʙʥʽ ʬʦʨʤʠ. ɼʥʠʱʘ ʪʘ ʩʭʠʣʠ ʙʘʣʦʢ ʟʚʠʯʘʡʥʦ ʟʘʡʥʷʪʽ 

ʧʨʠʨʦʜʥʦʶ ʨʦʩʣʠʥʥʽʩʪʶ, ʙʽʣʴʰ ʛʫʩʪʦʶ ʪʘ ʚʦʣʦʛʦʣʶʙʠʚʦʶ ʫ ʥʠʞʥʽʭ ʯʘʩʪʠʥʘʭ 

ʩʭʠʣʽʚ ʪʘ ʧʦ ʜʥʠʱʘʭ. ʌʘʭʽʚʮʷʤʠ ɯʥʩʪʠʪʫʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʛʣʦʙʘʣʴʥʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʯʽʪʢʦ ʚʠʷʚʣʷʪʠ ʥʘ ʢʦʩʤʦʟʥʽʤʢʘʭ ʙʘʣʦʯʥʽ 

ʩʪʨʫʢʪʫʨʠ ʫ ʢʦʤʧʣʝʢʩʽ ʟ ʜʘʥʠʤʠ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ (ʎʄʈ). ɹʫʣʘ 

ʧʨʦʚʝʜʝʥʘ ʥʠʟʢʘ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘʜ ʜʝʷʢʦʶ ʤʥʦʞʠʥʦʶ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʾ 

ʟʡʦʤʢʠ ʤ. ɹʦʨʠʩʧʽʣʴ ʪʘ c. ʇʘʥʯʝʚʦ, ʅʦʚʦʫʢʨʘʾʥʩʴʢʦʛʦ ʨ-ʥʫ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ 

ʦʙʣ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʦʣʷʛʘʣʠ ʫ ʚʠʟʥʘʯʝʥʥ̔  ʩʧʝʢʪʨʘʣʴʥʠʭ ʪʘ ʽʥʰʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʙʘʣʦʯʥʠʭ ʩʪʨʫʢʪʫʨ (ʥʘʧʨʠʢʣʘʜ, ʬʦʨʤʠ, ʪʠʧʽʚ ˇʨʫʥʪʽʚ ʪʘ ʽʥ.), ʷʢʽ 

ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʨʽʟʥʠʭ ʤʽʩʮʷʭ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ. ʊʘʢʦʞ ʙʫʚ 

ʜʦʩʣʽʜʞʝʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʘʢʝʪʫ ERDAS Imagine, ʽ ʨʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

ʜʦʜʘʪʢʦʚʠʭ ʜʘʥʠʭ ʟ ʎʄʈ [5]. 

ɼʠʥʘʤʽʢʫ ʟʤʽʥ ʤʽʩʮʝʚʦʩʪʽ ʚʽʜʩʣʽʜʢʦʚʫʻʤʦ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʦʯʘʩʦʚʠʭ 

ʢʦʩʤʦʟʥʽʤʢʽʚ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩʫʥʢʫ 1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʬʨʘʛʤʝʥʪʠ ʢʦʩʤʦʟʥʽʤʢʽʚ 

ʟ ʩʫʧʫʪʥʠʢʽʚ Landsat-5 ʪʘ Landsat-7, ʱʦ ʦʪʨʠʤʘʥʽ ʫ 2004 (ʨʠʩ. 1ʘ) ʪʘ ʫ 2022 

(ʨʠʩ. 1ʙ) ʨʦʢʘʭ ʚʽʜʧʦʚʽʜʥʦ. ʅʘ ʟʦʙʨʘʞʝʥʥʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʽʩʪʦ ɹʦʨʠʩʧʽʣʴ. ʅʘ 

ʨʠʩʫʥʢʫ 2 ʧʦʢʘʟʘʥʽ ʦʮʠʬʨʦʚʘʥʽ ʫʤʦʚʥʽ ʤʝʞʽ ʤʽʩʪʘ, ʷʢʽ ʟʘʟʥʘʣʠ ʟʥʘʯʥʠʭ ʟʤʽʥ ʟʘ 

ʧʝʨʽʦʜ ʟ 1990 ʧʦ 2022 ʨʦʢʠ. 
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ʈʠʩ. 1. ʂʦʩʤʽʯʥʠʡ ʟʥʽʤʦʢ ʤ. ɹʦʨʠʩʧʽʣʴ: ʘ ï ʟʡʦʤʢʘ Landsat-5 (2014 ʨ.); ʙ ï ʟʡʦʤʢʘ 

Landsat-8 (2022 ʨ.) 

 

 
 

ʈʠʩ. 2. ɿʤʽʥʠ ʫ ʤʝʞʘʭ ʤ. ɹʦʨʠʩʧʽʣʴ: 1 (ʟʝʣʝʥʠʡ ʢʦʣʽʨ) ï ʩʪʘʥ ʥʘ 2014 ʨ.; 2 (ʯʝʨʚʦʥʠʡ 

ʢʦʣʽʨ) ï ʩʪʘʥ ʥʘ 2022 ʨ. 

 

ɸʣʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʘʣʦʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʷʢ ʙʫʜʝ 

ʧʦʢʘʟʘʥʦ ʜʘʣʽ, ʪʘʢʠʭ ʟʥʽʤʢʽʚ ʥʝʜʦʩʪʘʪʥʴʦ. ʋ ʨʽʟʥʠʭ ʧʨʘʮʷʭ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʘʥʽ ʨʘʜʘʨʥʦʾ ʟʡʦʤʢʠ. ʆʩʥʦʚʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ 

ʪʘʢʦʾ ʟʡʦʤʢʠ ʻ ʩʘʤ ʧʨʠʥʮʠʧ ʨʝʻʩʪʨʘʮʽʾ ʩʢʘʥʝʨʦʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʝʤʥʫ 

1 

2 



~ 148 ~ 
 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʚʠʧ. 3 (47), 2023 

ʧʦʚʝʨʭʥʶ. ʆʜʥʠʤ ʟ ʙʘʛʘʪʴʦʭ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʭ ʘʨʭʽʚʽʚ ʨʘʜʘʨʥʦʾ ʟʡʦʤʢʠ 

(2010 ʨ.) ʻ ʘʨʭʽʚ SRTM (Shuttle Radar Topography Mission).  

ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥʽ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʾ ʟʡʦʤʢʠ ʟ 

ʩʫʧʫʪʥʠʢʘ Sentinel-2 (ʩʢʘʥʝʨ MSI) ʪʘ ʜʘʥʽ DEM (Digital Elevation Model, ʎʄʈ), 

ʦʪʨʠʤʘʥʽ ʯʝʨʝʟ ʘʨʭʽʚ SRTM 3 (ʨʠʩ. 3). 

 

 
       ʘ 

 
      ʙ 

ʈʠʩ. 3. ʂʦʩʤʦʟʥʽʤʢʠ c. ʇʘʥʯʝʚʦ, ʂʽʨʦʚʦʛʨʘʜʩʴʢʘ ʦʙʣ.: ʘ ï ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʘ ʟʡʦʤʢʘ;  

ʙ ï ʨʘʜʘʨʥʘ ʟʡʦʤʢʘ 

 

ʉʫʯʘʩʥʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʜʣʷ ʦʙʨʦʙʢʠ ʢʦʩʤʦʟʥʽʤʢʽʚ ʻ ʧʦʪʫʞʥʠʤʠ ʪʘ 

ʚʢʣʶʯʘʶʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʬʫʥʢʮʽʡ. ɼʦ ʪʘʢʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ 

ʚʽʜʥʦʩʷʪʴ ERDAS Imagine, ENVI, PCI Geomatica ʪʘ ʽʥʰʽ. ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ERDAS Imagine ʚʝʨʩʽʾ 8.4. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʜʥʽʻʾ ʟ ʚʝʣʠʢʠʭ ʙʘʣʦʢ c. ʇʘʥʯʝʚʦ, 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʘ ʦʙʣ. ʧʦʙʫʜʦʚʘʥʽ ʦʜʠʥʘʜʮʷʪʴ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʨʦʬʽʣʽʚ ʧʦ ʪʦʯʢʘʭ, 

ʱʦ ʙʫʣʠ ʨʦʟʪʘʰʦʚʘʥʽ ʫʟʜʦʚʞ ʙʘʣʢʠ (ʨʠʩ. 4). 

 

 
 

ʈʠʩ. 4. ʉʧʝʢʪʨʘʣʴʥʽ ʧʨʦʬʽʣʽ ʪʦʯʦʢ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʫʟʜʦʚʞ ʙʘʣʢʠ ʥʘ ʢʦʩʤʦʟʥʽʤʢʫ 

ʟ ʩʫʧʫʪʥʠʢʘ Sentinel-2 (MSI) 
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ɺʽʜʦʤʦ, ʱʦ ʩʫʧʫʪʥʠʢ Sentinel-2 ʦʙʣʘʜʥʘʥʠʡ ʩʢʘʥʝʨʦʤ MSI. ɼʘʥʽ 2021 ʨʦʢʫ 

ʟʡʦʤʢʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʟ ʘʨʭʽʚʫ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ, ʤʽʩʪʷʪʴ 

12 ʢʘʥʘʣʽʚ. ʂʘʥʘʣʠ 2, 3 ʪʘ 4 ï ʮʝ ʢʘʥʘʣʠ ʩʠʥʴʦʛʦ, ʟʝʣʝʥʦʛʦ ʪʘ ʯʝʨʚʦʥʦʛʦ 

ʧʽʜʜʽʘʧʘʟʦʥʽʚ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʫ; 5, 6 ʪʘ 7 ï ʢʨʘʡʥʽʡ ʯʝʨʚʦʥʠʡ; 8 ï ʙʣʠʞʥʴʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ; 9 ʪʘ 10 ï ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʨʦʟʙʠʪʠʡ ʪʝʧʣʦʚʠʡ ʢʘʥʘʣ ʩʢʘʥʝʨʘ; 

11 ʪʘ 12 ï ʩʝʨʝʜʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʠʡ; 1 ï ʧʘʥʭʨʦʤʘʪʠʯʥʠʡ ʢʘʥʘʣ ʟʡʦʤʢʠ. 

ʗʢ ʧʦʢʘʟʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ ʫʟʜʦʚʞ 

ʙʘʣʢʠ ʦʪʨʠʤʫʻʤʦ ʢʦʣʠʚʘʥʥʷ ʟʥʘʯʝʥʴ ʧʨʘʢʪʠʯʥʦ ʧʦ ʚʩʽʭ ʢʘʥʘʣʘʭ. ʂʨʽʤ ʪʦʛʦ, 

ʦʩʢʽʣʴʢʠ ʙʘʣʢʘ ʧʦʢʨʠʪʘ ʛʫʩʪʦʶ ʟʝʣʝʥʦʶ ʨʦʩʣʠʥʥʽʩʪʶ (ʯʘʩ ʟʡʦʤʢʠ ï ʤʽʩʷʮʴ 

ʩʝʨʧʝʥʴ), ʪʦ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʫʪʴ ʜʫʞʝ ʧʦʜʽʙʥʠʤʠ ʜʦ ʟʚʠʯʘʡʥʦ ʾ

ʛʫʩʪʦ ʾʟʝʣʝʥʦ ʾʨʦʩʣʠʥʥʦʩʪ̔, ʱʦ ʨʦʩʪʝ ʟʘ ʤʝʞʘʤʠ ʙʘʣʢʠ (ʥʘʧʨʠʢʣʘʜ, ʫ ʧʘʨʢʘʭ) 

[6, 7]. 

ʆʜʥʘʢ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʟʥʘʯʝʥʥʷ ʫ ʢʘʥʘʣʽ 8 ʙʽʣʴʰ ʥʠʟʴʢʽ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ 

ʧʘʨʢʦʚʦʾ ʨʦʩʣʠʥʥʦʩʪʽ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʘʷʚʥʽʩʪʶ ʫ ʜʥʠʱ ̔ʙʘʣʢʠ ʚʦʜʠ ʪʘ 

ʥʘʷʚʥʩ̔ʪʁ ʙʽʣʴʰ ʛʫʩʪʦʾ ʪʝʨʘʩʦʚʦʾ ʨʦʩʣʠʥʥʦʩʪʽ. ɹʫʣʦ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʥʘʯʝʥʥʷ ʫ ʪʝʧʣʦʚʠʭ ʢʘʥʘʣʘʭ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ ʫ ʨʦʩʣʠʥʥʦʩʪʽ, ʷʢʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʟʘ ʤʝʞʘʤʠ ʙʘʣʢʠ, ʥʘʧʨʠʢʣʘʜ ʨʦʩʪʝ ʥʘ ʚʫʣʠʮʷʭ ʥʘʩʝʣʝʥʦʛʦ 

ʧʫʥʢʪʫ.  

ʊʦʙʪʦ ʤʘʻʤʦ ʧʨʦʩʪʽʰʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ. ʗʢ ʧʦʢʘʟʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʚʝʜʝʥʽ 

ʫʤʦʚʠ ʙʫʜʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʦʷʚʠ ʫ ʪʝʤʘʪʠʯʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʚʝʣʠʢʦʾ 

ʢʽʣɹʢʦʩʪʽ ʧʦʤʠʣʢʦʚʠʭ ʧʽʢʩʝʣʽʚ ʽ ʪʦʤʫ ʩʣʽʜ ʩʢʦʨʠʩʪʘʪʠʩʷ ʙʽʣʴʰ ʟʚʫʞʝʥʠʤʠ 

ʤʝʞʘʤʠ ʽʥʪʝʨʚʘʣʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ ʥʘʩʪʫʧʥʠʤʠ, ʷʢʽ ʧʨʠʚʝʜʫʪʴ ʜʦ 

ʙʽʣʴʰ ʯʽʪʢʦʛʦ ʚʽʜʥʝʩʝʥʥʷ ʧʽʢʩʝʣʽʚ ʜʦ ʦʙôʻʢʪʘ ʙʘʣʢʠ: 
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(1) 

 

ʗʢ ʜʦʚʝʣʠ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʞʦʜʥʽ ʚʽʜʦʤʽ ʤʝʪʦʜʠ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʱʦ ʧʨʠʩʫʪʥʽ ʚ 

ERDAS Imagine 8.4, ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʢʣʘʩʠʬʽʢʘʮʽʶ ʙʝʟ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʦʤʠʣʦʢ. 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ SRTM. ʅʘ ʨʠʩʫʥʢʫ 5 ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʢʦʩʤʦʟʥʽʤʢʫ ʪʘ DEM ʟʘ ʜʘʥʠʤʠ SRTM. 
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