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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʩ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤʠ ʧʦʣʶʩʘʤʠ ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʝ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʥʘʨʫʰʘʝʪʩʷ ʧʨʠ ʦʜʥʦʤ ʟʥʘʯʝʥʠʠ ʤʝʜʣʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. 

ʀʩʩʣʝʜʫʝʪʩʷ ʷʚʣʝʥʠʝ ʟʘʜʝʨʞʢʠ ʨʝʰʝʥʠʷ ʧʦʩʣʝ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ð ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ 

ʪʨʘʝʢʪʦʨʠʷ ʦʩʪʘʸʪʩʷ ʚʙʣʠʟʠ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʥʘ ʢʦʥʝʯʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ. ɼʣʷ 

ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʝʸ ʢ ʠʥʪʝʛʨʘʣʴʥʦʤʫ 

ʫʨʘʚʥʝʥʠʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʠʜʘ. ʅʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʠʷ ʦʙʣʘʩʪʠ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ 

ʦʮʝʥʢʠ ʧʨʠʤʝʥʷʣ ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʝʰʝʥʠʷ 

ʠ ʧʦʣʫʯʝʥʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʥʘ ʥʝʢʦʪʦʨʦʤ ʦʪʨʝʟʢʝ, ʚ ʯʘʩʪʠ ʢʦʪʦʨʦʛʦ ʧʦʣʦʞʝʥʠʝ 

ʨʘʚʥʦʚʝʩʠʷ ʥʝʫʩʪʦʡʯʠʚʘ. ʇʦʣʫʯʝʥʥʘʷ ʦʮʝʥʢʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʷʚʣʝʥʠʝ ʟʘʜʝʨʞʢʠ ʨʝʰʝʥʠʝ ʚʙʣʠʟʠ 

ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʪʦʯʥʷʶʪ ʚʣʠʷʥʠʝ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʧʦʣʶʩʦʚ ʥʘ ʜʠʥʘʤʠʢʫ ʩʠʩʪʝʤʳ ʠ ʦʧʠʩʳʚʘʶʪ ʦʙʣʘʩʪʴ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ 

ʟʘʜʝʨʞʢʘ ʨʝʰʝʥʠʷ. 

 

Abstract. Examines a system of singularly perturbed differential equations with logarithmic 

poles that possesses an equilibrium point. The stability of this equilibrium is lost at a certain value of 

the slow variable. The phenomenon of delay of the solution after the loss of stability is investigatedð

namely, a situation in which the trajectory remains close to the unstable equilibrium for a finite time 

interval. To carry out the analysis, the system is transformed into a complex form, which makes it 

possible to reduce it to an integral equation of a special type. Based on constructing a domain in the 

complex plane and applying appropriate estimates through the method of successive approximations, 

the existence of a solution is established and an asymptotic estimate is obtained on a segment where 

the equilibrium is partially unstable. The obtained estimate confirms the presence of the delay 

phenomenon of the solution near the unstable equilibrium. The results refine the understanding of 

how logarithmic poles influence the system's dynamics and describe the region in which the delay of 

the solution occurs. 
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ʉʠʩʪʝʤʘ ʙʳʩʪʨʳʭ ʜʚʠʞʝʥʠʡ ʚ [1, 2] ʪʦʯʢʝ ώȟπȟώȟπȟȣȟώȟπ  ʠʤʝʝʪ ʧʦʣʦʞʝʥʠʝ 

ʨʘʚʥʦʚʝʩʠʝ, ʢʦʪʦʨʘʷ ʫʩʪʦʡʯʠʚʘ ʜʣʷ ώ π  ʠ ʥʝʫʩʪʦʡʯʠʚʘ ʜʣʷ ώ πȢ  ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʟʥʘʯʝʥʠʷ ώ πȟ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʤʝʥʷʝʪʩʷ.  

ʆʧʨʝʜʝʣʝʥʠʝ. ɽʩʣʠ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ, ʥʦ ʨʝʰʝʥʠʝ 

ʩʠʩʪʝʤʳ ʙʳʩʪʨʳʭ ʜʚʠʞʝʥʠʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʝ ʫʩʪʦʡʯʠʚʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʝ, ʥʝ ʩʨʘʟʫ 

ʧʦʢʠʜʘʝʪ ʚʦʟʥʠʢʱʝʝ ʥʝʫʩʪʦʡʯʠʚʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ, ʘ ʚ ʪʝʯʝʥʠʠ ʢʦʥʝʯʥʦʛʦ ʚʨʝʤʝʥʠ 

ʦʩʪʘʝʪʩʷ ʚʙʣʠʟʠ ʥʝʛʦ, ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʜʝʨʞʢʘ ʨʝʰʝʥʠʷ, ʢʨʘʪʢʦ 3 ʈ. 

ɿʘʜʘʯʘ. ʀʩʩʣʝʜʦʚʘʪʴ ʨʝʰʝʥʠʝ (1) ʥʘ ʟʘʜʝʨʞʢʫ ʨʝʰʝʥʠʷ, ʢʦʛʜʘ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ. 

ʊʘʢʠʝ ʟʘʜʘʯʠ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʳ ʚ [3-5]. ʇʨʠʯʝʤ ʨʘʩʩʤʦʪʨʝʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʜʥʦʡ ʧʘʨʦʡ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʭ 

ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʪʨʠʮʳ-ʬʫʥʢʮʠʠ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ.  

ɺ ʨʘʙʦʪʝ çʉʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚ ʢʦʤʧʣʝʢʩʥʳʭ 

ʦʙʣʘʩʪʷʭè ʨʘʩʩʤʦʪʨʝʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʤʘʪʨʠʮʳ-ʬʫʥʢʮʠʠ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ  ʠʤʝʶʪ ʙʦʣʝʝ 

ʦʜʥʦʡ ʧʘʨʳ  ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʚʩʝ ʦʥʠ ʚʣʷʶʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ [9].  

ɺʩʝ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʤʝʶʪ ʪʦʣʴʢʦ ʥʫʣʠ. ʉʣʫʯʘʠ, ʢʦʛʜʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ς  ʧʦʣʶʩʦʚ ʨʘʥʝʝ ʥʝ ʠʩʩʣʝʜʦʚʘʥʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʘʢʠʭ ʩʣʫʯʘʝʚ 

ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ.   

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (2) ʚʦʟʴʤʸʤ ώ ὸȢ  ʇʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ ʨʝʰʠʤ ʧʨʠ ʩʣʝʜʫʶʱʠʭ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ: 

ʋ1. ὪὼᶰὗὌ ï ʧʨʦʩʪʨʘʥʩʪʚʦ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚ ʦʙʣʘʩʪʠ Ὄ ὸȟὼȟὸɴ ὈṒ

ὅȟᴁὼᴁ ὅ ȟ  ʛʜʝ  Ὀ  ὸɴ ὅȟȿὸȿ ὶᶰὙ ̍̎̏̇̆̒̓̃̏ ̝̜̖̅̆̊̒̓̃̉̓̆̌̎ ̘̉̒̆̌ȟὅ

̍̎̏̇̆̒̓̃̏ ̜̖̋̏̍̐̌̆̋̒̎ ̘̉̒̆̌Ƞ 

ᴁὼᴁ άὥὼὼȟὮ ρȟȣȟὥȠ 
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ʋ2. Ὢπḳπȟᶅ ὼȟὼ ᶰὌᴁὪὼ Ὢὼ ᴁ ὅᴁὼ  ὼᴁÍÁØ ᴁὼᴁȠ ᴁὼᴁ  

ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʙʫʢʚʘʤʠ ὅȟὅȟȣ  ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʥʝ 

ʟʘʚʠʩʷʱʠʭ ʦʪ Ů. 

ɼʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (1) ʨʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ 
 

        ᴁὼὸȟ‐ᴁ ὅ‐ȟ              

ὼὸȟ‐ ὼȟὼȟὼȟὼ Ȣ 

(3) 

 

1. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠ ʟʘʤʝʥʘ ʫʨʘʚʥʝʥʠʷ 

ɺ ʩʠʩʪʝʤʝ (1) ʚʚʝʜʝʤ ʥʦʚʳʝ ʬʫʥʢʮʠʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ  

ὼ ό όȟόȟȣȟό Ȣ 

ɺ ʥʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘ (1) ʠʤʝʝʪ ʚʠʜ  
 

  ‐ό ὃώό Ὢό  ‐ὥȟ   (4) 
 

ʛʜʝ ὥ ρȟπȟρȟπȟȣȟρȟπȢ 

ɼʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (4) ʧʦʣʫʯʠʤ, ʩʦʛʣʘʩʥʦ (3), ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ  
 

   ᴁόὸȟ‐ᴁ ὅ‐   (5) 
 

ʉʠʩʪʝʤʫ (4) ʧʨʝʦʙʨʘʟʫʝʤ ʪʘʢ: ʚ ʩʠʩʪʝʤʝ (4), ʧʦʧʘʨʥʦ, ʚʦʟʴʤʸʤ ʫʨʘʚʥʝʥʠʷ ʩ ʥʝʯʝʪʥʳʤ ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʩ ʯʝʪʥʳʤ ʥʦʤʝʨʦʤ. ʋʨʘʚʥʝʥʠʷ ʩ ʯʝʪʥʳʤʠ ʥʦʤʝʨʘʤʠ ʫʤʥʦʞʠʚ ʥʘ Ὥ ʩʣʦʞʠʤ ʩ 

ʧʨʝʜʳʜʫʱʠʤ ʫʨʘʚʥʝʥʠʝʤ ʩ ʥʝʯʝʪʥʳʤ ʥʦ ʤʝʨʦʤ ʠ ʠʤʝʝʤ ʫʨʘʚʥʝʥʠʝ  
 

‐ᾀ ɤὸᾀ Ὢᾀ  ‐ὦȟ     (6) 
 

ʩ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ  
 

   ᴁᾀὸȟ‐ᴁḳᴁᾀᴁ ὅ‐ȟ    (7) 
 

ʛʜʝ ɤὸ ‗ ὸȟ‗ ὸȟȣȟ‗ ὸȟὦ ρȟρȟȣȟρȟᾀ ᾀȟᾀȟȣȟᾀ ȟ  

ᾀ ᾀȟȣȟᾀ  Ȣ 

ᾀ ό Ὥό ȟ ᾀ ό Ὥό Ƞ 

‗
ρ

ὸ Ὥ‌
ȟ‗

ρ

ὸ Ὥ‌
ȟὮ ρȟȣȟὲȢ 

ʉʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (6) ʩ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ (7) ʟʘʤʝʥʠʤ ʩʣʝʜʫʶʱʠʤ ʠʥʪʝʛʨʘʣʴʥʳʤ 
 

ᾀ ᾀὠὸȟὸȟ‐
ρ

‐
ὠ†ȟὸȟ‐ ‐ὦὪᾀὨ†ȟ      

(8) 

 

ʛʜʝ ὠ†ȟὸȟ‐ ὨὭὥὫ᷿ ‗ †Ὠίȟȣȟ   ᷿‗ †Ὠ†Ȣ 

ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʦʮʝʥʢʠ ʨʝʰʝʥʠʷ (8) ʧʨʠʤʝʥʠʤ ʤʝʪʦʜ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʠʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ  
 

ᾀ ᾀὠὸȟὸȟ‐
ρ

‐
ὠ†ȟὸȟ‐ ‐ὦὪᾀ Ὠ†ȟ    ᾀḳπȟά ρȟςȟȣ  Ȣ   

(9) 

 

2. ʇʦʩʪʨʦʝʥʠʝ ʦʙʣʘʩʪʠ  
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ɼʣʷ ʦʮʝʥʢʠ ʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʭʦʜʠʤʦʩʪʠ (9) ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ ʠʟʣʦʞʝʥʥʳʡ ʚ ʨʷʜʝ ʨʘʙʦʪ 

[5, 9]. ʇʦʩʪʨʦʠʤ ʥʝʢʦʪʦʨʫʶ ʦʙʣʘʩʪʴ Ὀ ṒὈ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʫʝʤ ʣʠʥʠʠ ʫʨʦʚʥʷ ʬʫʥʢʮʠʠ 

ὙὩ᷿ ‗†Ὠ† Ὦ ρȟȣȟςὲȢ   ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ  

 

Ὂ ὰὲὸ ‌ὭȟὊ ὰὲὸ ‌ὭȟὮ ρȟȣȟςὲȢ 

ὙὩὊ
ρ

ς
ὰὲὸ ὸ ‌ ȟὙὩὊ

ρ

ς
ὰὲὸ ὸ ‌ Ȣ 

 

ɺʦʟʴʤʸʤ ʣʠʥʠʶ ʫʨʦʚʥʷ  
 

ὸ ὸ ‌ ‌ ‌ Ȣ 
 

ʆʪʩʶʜʘ ʦʧʨʝʜʝʣʷʝʤ ʢʨʠʚʫʶ 
 

     ὸ ‌ ‌ ‌ ὸȢ          
(ʂ1) 

 

ʇʨʦʚʝʨʠʤ ʫʙʳʚʘʶʪ ʣʠ ʬʫʥʢʮʠʠ  ὙὩὊ   Ὦ ρȟȣȟὲ ρ   ʧʦ ʢʨʠʚʦʡ ˗  . ɼʣʷ ʵʪʦʛʦ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʚʝʨʠʪʴ ʬʫʥʢʮʠʠ 

Ὂ ὸ ὸ ‌ Ȣ 

ʀʤʝʝʤ  

Ὂ ὸ ‌ ‌ ‌ ‌ ὸ Ȣ 

ʆʪʩʶʜʘ ʧʦʣʫʯʠʤ  
 

Ὂ ςὸ ς ‌ ‌ ‌ ‌ ὸ  

ὸ

‌ ‌ ὸ

ςὸ‌ ‌

‌ ‌ ὸ
 Ȣ 

 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʬʫʥʢʮʠʠ  Ὂ  Ὦ ρȟȣȟὲ ρ  ʫʙʳʚʘʶʪ ʧʦ ˗  ʧʨʠ ὸ πȢ 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʶ  
 

Ὂ ὸ ὸ ‌ Ȣ 
 

ʃʠʥʠʷʤʠ ʫʨʦʚʥʷ ʵʪʦʡ ʬʫʥʢʮʠʠ ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʦʢʨʫʞʥʦʩʪʠ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ 

πȠ ‌ . 

ɺʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʣʠʥʠʶ ʫʨʦʚʥʷ  
 

ὸ ὸ ‌ ς‌ ‏ ȟ 
 

ʛʜʝ π   .ï ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʝ ʯʠʩʣʦ ʥʝ ʟʘʚʠʩʷʱʘʷ ʦʪ Ů ‏

ʀʤʝʝʤ  
 

    ὸ ‌ ς‌ ‏ ὸȢ     
(ʂ2) 

 

ʇʨʦʚʝʨʠʤ ʤʦʥʦʪʦʥʥʦʩʪʴ ʬʫʥʢʮʠʡ ὙὩὊ   Ὦ ςȟȣȟὲ   ʥʘ ʢʨʠʚʦʡ ˗  . ʂʘʢ ʙʳʣʦ 

ʩʢʘʟʘʥʦ ʚʳʰʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʚʝʨʠʪʴ ʬʫʥʢʮʠʠ 
 

Ὂ ὸ ὸ ‌ ȟὮ ςȟȣȟὲȢ 
 



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.ru 

ʊ. 12. ˉ2 2026 

https://doi.org/10.33619/2414-2948/123 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 18 

ʆʪʩʶʜʘ  
 

Ὂ ςὸ ς ‌ ‌ ς‌ ‏ ὸ  

ὸ

ς‌ ‏ ὸ

ςὸ‌ ‌

ς‌ ‏ ὸ
 Ȣ 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ  ʬʫʥʢʮʠʠ  Ὂ  ʫʙʳʚʘʶʪ ʧʨʠ ὸ π ̐  ̠̏ Ȣ 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʧʨʷʤʫʶ  
 

   ὸ ὸ ‌
‏

ς
Ȣ          

(ʂ3) 

 

ʅʘ ̠  ʧʨʦʚʝʨʠʤ ʤʦʥʦʪʦʥʥʦʩʪʴ ʬʫʥʢʮʠʡ Ὂ  Ὦ ρȟȣȟὲȢ ʀʤʝʝʤ  
 

Ὂ ὸ ὸ ‌
‏

ς
‌ Ȣ 

 

ʆʪʩʶʜʘ Ὂ ςὸ ςὸ ‌ ‌ ςςὸ ‌ ‌ τὸ

Ȣ ɿʥʘʯʠʪʴ ʧʨʠ  

 

    ὸ
‌ ‌

‏
ς

ς
    

(10) 

 

ʬʫʥʢʮʠʠ  Ὂ  Ὦ ρȟȣȟὲ ʫʙʳʚʘʶʪ. 

ʅʘʡʜʝʤ ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʫ ʠʟʤʝʥʝʥʠʷ ὸ  ʧʦ ̠  . ʕʪʘ ʛʨʘʥʠʮʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʙʮʠʩʩʦʡ 

ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʦʡ ˗  ʠ ʢʨʠʚʦʡ ˗  ʪ.ʝ. 
 

‌ ς‌ ‏ ὸ ὸ ‌
‏

ς
Ȣ 

 

ʆʪʩʶʜʘ ʠʤʝʝʤ 

ς‌ ‏ ὸ ὸ ς‌
‏

ς
ȟ 

ς‌ ‏ ὸ ὸ ςὸ ς‌
‏

ς
ς‌

‏

ς
ȟ 

ὸ ὸ ς‌
‏

ς

ρ

ς
ς‌

‏

ς
ς‌ ‏ πȟ 

ὸ ȟ ‌
‏

τ
‌

‏

τ

ρ

ς
ς‌

‏

ς
ς‌ ‏ Ȣ 

 

ɺʦʟʴʤʸʤ  

ὸ ‌
‏

τ
‌

‏

τ

ς‌
‏
ς ς‌ ‏

ς
Ȣ 
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ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʧʦʜʢʦʨʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʘ ʠ  
 

ὸ ‌
‏

τ
Ȣ 

 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʫʩʣʦʚʠʝ (10)  ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʯʘʩʪʠ ˗   ʦʛʨʘʥʠʯʝʥʥʳʡ ʪʦʯʢʘʤʠ 

ὃȟὃ (ʈʠʩʫʥʦʢ). 

 
 

ʈʠʩʫʥʦʢ. ʂʨʠʚʳʝ ˗ ȟ̠ ȟ̠  ʠ ʦʪʨʝʟʦʢ ὃὃ  

 

ʂʨʠʚʫʶ ʩʦʩʪʘʚʣʝʥʥʫʶ ʠʟ ˗ ȟ̠ ȟ̠    ʦʙʦʟʥʘʯʠʤ ˗ .  ˗  ʩʦʝʜʠʥʷʝʪ ʪʦʯʢʠ ὸȠπ , 

ʛʜʝ ὸ ‌ ‌ ‌ȟὝ ς‌ ‏ ‌. 

ʆʧʨʝʜʝʣʠʤ ʢʨʠʚʫʶ ˗ , ʩʠʤʤʝʪʨʠʯʥʫʶ ˗ , ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʦʩʠ. ɼʘʣʝʝ 

ʩʠʤʤʝʪʨʠʶ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʪʘʢ. ʆʙʣʘʩʪʴ, ʦʛʨʘʥʠʯʝʥʥʳʡ  ˗ ʠ ̠  ʦʙʦʟʥʘʯʠʤ Ὀ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ  ʚ Ὀ . ʇʦʩʪʘʚʠʤ ʟʘʜʘʯʫ ʦʮʝʥʢʠ ʠ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʭʦʜʠʤʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʟʘʜʘʯʠ 

ʚʳʙʝʨʝʤ ʧʫʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

ὸᶅɴ Ὀ  ʜʣʷ ʢʦʤʧʦʥʝʥʪ:  ᾀ   Ὦ ρȟȣȟὲ  ʧʫʪʴ ʩʦʩʪʦʠʪ ʠʟ ʯʘʩʪʠ ˗  ʩʦʝʜʠʥʷʶʱʝʛʦ 

ʪʦʯʢʠ ὸ ʠ ὸǿɴ ˗ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʦʪʨʝʟʢʘ ʩʦʝʜʠʥʷʶʱʝʛʦ ʪʦʯʢʠ ὸǿ ὸ ὸǿ ʠ 

 ὸ ὸǿ ὭὸᶰὈȠ ᾀ  Ὦ ρȟȣȟὲ ʧʫʪʴ ʚʳʙʠʨʘʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤ ʢ ʧʫʪʠ ʜʣʷ ᾀ . 

ʉʥʘʯʘʣʘ ʧʨʦʚʝʜʝʤ  ʦʮʝʥʢʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ. ʉʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ 

ʫʪʚʝʨʞʜʝʥʠʝ: 

ʋ. ʇʦ ʚʳʙʨʘʥʥʳʤ ʧʫʪʴʷʤ ʬʫʥʢʮʠʠ  ὙὩὊὸ  Ὦ ρȟςȟȣȟςὲ  ʥʝ ʚʦʟʨʦʩʪʘʶʪ ʠ ʵʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ  
 

ὐ Ὡὼὴ
Ὂὸ Ὂὸ

‐
ȟὐ Ὡὼὴ

Ὂὸ Ὂ†

‐
Ὠ†Ȣ 

 

ʉʧʨʘʚʝʜʣʠʚʦʩʪʴ ʵʪʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ  ʚʳʪʝʢʘʝʪ ʠʟ ʧʨʦʚʝʜʝʥʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʦʩʪʨʦʝʥʠʡ.  
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ʆʮʝʥʠʤ ʧʝʨʚʳʝ ʧʨʠʙʣʠʞʝʥʠʷ. ʀʤʝʝʤ  

ᾀ ᾀὠὸȟὸȟ‐ ὦ ὠ†ȟὸȟ‐Ὠ†Ȣ 

ʆʪʩʶʜʘ, ʠʥʪʝʛʨʘʣ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ, ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʧʦ ʯʘʩʴʪʷʤ. ʆʙʣʘʩʪʴ Ὀ ʥʝ ʩʦʜʝʨʞʠʪ 

ʧʦʣʶʩʦʚ ʬʫʥʢʮʠʡ Ὂὸ ʠ ʵʪʦ ʤʦʞʥʦ ʧʨʦʜʝʣʘʪʴ. 

ɼʣʷ ᾀ ʠʤʝʝʤ ʦʮʝʥʢʫ 
 

     ᴁᾀᴁ ὅ‐Ȣ           (11) 
 

ʇʫʩʪʴ ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ  
 

    ᴁᾀᴁ ‌ ‐ȟ    ὸɴ Ὀ     (12) 
 

ʛʜʝ ‌ ‐ ï ʥʝʢʦʪʦʨʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ʦʪ Ů ʠ ‌ ‐ ὅ‐Ȣ 

ʀʤʝʝʤ  

ᴁᾀ ‐ᴁ ᴁᾀᴁ
ρ

‐
ᴁὠ†ȟὸȟ‐ᴁᴁὪᾀ ᴁὨ†  

ὅ‐
ὅ

‐
ᴁᾀ ᴁᴁὠ†ȟὸȟ‐ᴁὨ† 

ὅ‐
ὅ

‐
‌ ‐ ᴁὠ†ȟὸȟ‐ᴁὨ†Ȣ 

ɽʩʣʠ ʫʯʝʩʪʴ ʋ. ʪʦ 

ᴁὠ†ȟὸȟ‐ᴁὨ† ὅȢ 

ʊʦʛʜʘ  

ᴁᾀ ᴁ ὅ‐
ρ

‐
ὅὅ‌ ‐Ȣ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ  

‌ ‐ ὅ‐
ρ

‐
ὅὅ‌ ‐Ȣ 

ʆʪʩʶʜʘ ʧʦʣʫʯʠʤ 
 

‌ ‐ ὅ‐ ὅὅὅ‐ ‐ὅ ὅὅὅ‐Ȣ 
 

ʇʫʩʪʴ ὅ ὅὅὅ‐ ὅ ʠʣʠ ‐ ȟ 

ʪʦʛʜʘ ‌ ‐ ὅ‐Ȣ  ‌ ‐ ὅ‐ ὅὅὅ‐ ‐ὅ ὅὅὅ‐Ȣ 
 

ʇʨʝʜʧʦʣʦʞʠʚ  
 

‐
ὅ ὅ

ὅὅὅ
ȟ  

(13) 

 

ʇʦʣʫʯʠʤ ‌ ‐ ὅ‐Ȣ 

ʇʨʦʜʦʣʞʠʚ ʧʨʦʮʝʩʩ, ʧʨʠ ʫʩʣʦʚʠʠ  ρσȟ ʠʤʝʝʤ ‌ ‐ ὅ‐Ȣ 
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ʊʦʛʜʘ: 
 

ᴁᾀ ᴁ ὅ‐ȟά πȟρȟȣȠὸɴ ὈȢ   (14) 
 

ʊʝʧʝʨʴ ʜʦʢʘʞʝʤ ʨʘʚʥʦʤʝʨʥʫʶ ʩʭʦʜʠʤʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ. ɼʣʷ ʵʪʦʛʦ 

ʦʮʝʥʠʤ ᴁᾀ ᾀᴁȢ 

ʀʤʝʝʤ  
 

ᴁᾀ ᾀᴁ
ὅ

‐
ᴁὠ†ȟὸȟ‐ᴁᴁᾀ ᾀ ᴁάὥὼᴁᾀᴁȟᴁᾀ ᴁ Ὠ†Ȣ  

 

(15) 

 

ʇʫʩʪʴ ᴁᾀ ᾀ ᴁ ‍ ‐ȟ 

ʛʜʝ ‍ ‐-ʥʝʢʦʪʦʨʘʷ  ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ʦʪ Ů, ʧʨʠʯʝʤ  ‍ ‐ ὅ‐Ȣ 

ʉʦʛʣʘʩʥʦ, ʩʜʝʣʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʠʟ ρυ ʧʦʣʫʯʠʤ  
 

ᴁᾀ ᾀᴁ
ὅ

‐
‍ ‐ὅ‐ὅ ὅὅὅ‐‍ ‐Ȣ 

 

ʊʦʛʜʘ  

‍ ‐ ὅὅὅ‐‍ ‐ȟ‍ ‐ ὅ‐Ȣ 
 

ɼʘʣʝʝ, ʧʦ ʠʥʜʫʢʮʠʠ ʧʦʣʫʯʠʤ ‍ ‐ ὅὅὅ‐ ȟά πȟρȟȣ     Ȣ 

ɽʩʣʠ ὅὅὅ‐ ρȟ  ʪʦ ʨʷʜ В ᴁᾀ ᾀᴁ  ʨʘʚʥʦʤʝʨʥʦ ʩʭʦʜʠʪʩʷ ὸᶅɴ Ὀȟ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ᾀ   ʪʘʢʞʝ ʩʭʦʜʠʪʩʷ ʨʘʚʥʦʤʝʨʥʦ, ʚ Ὀȟ  ʢ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ ᾀὸȟ‐ , ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (8). ʋʯʠʪʳʚʘʷ (14) ʜʣʷ ʵʪʦʛʦ ʨʝʰʝʥʠʷ ʧʦʣʫʯʠʤ ʦʮʝʥʢʫ 
 

ᴁᾀὸȟ‐ᴁ ὅ‐ȟὸɴ ὈȢ   (16) 
 

ʋʯʠʪʳʚʘʷ ʧʨʦʚʝʜʝʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1), (3) ʠʤʝʝʤ ʦʮʝʥʢʫ 
 

ᴁὼὸȟ‐ᴁ ὅ‐ȟὸɴ ὈȢ    (17) 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʦʢʘʟʘʥʘ. 

ʊʝʦʨʝʤʘ. ʇʫʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ (1), (3) ʧʨʠ ʫʩʣʦʚʠʠ ʋ1., ʋ2. ʊʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʢʦʪʦʨʘʷ ʦʙʣʘʩʪʴ Ὀ ṒὈ  ʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1), (3) ʦʧʨʝʜʝʣʝʥʥʦʝ ʚ Ὀ  ʠ ʜʣʷ ʵʪʦʛʦ ʨʝʰʝʥʠʷ 

ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʝ ρχ. 

ʉʣʝʜʩʪʚʠʝ. ɽʩʣʠ ʦʮʝʥʢʫ ρχ ʨʘʩʩʤʦʪʨʝʪʴ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʦʩʠ ʪʦ ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ 
 

ᴁὼὸȟ‐ᴁ ὅ‐ȟὸ ὸ Ὕȟ    (18) 
 

ὸ ‌ ‌ ‌ȟὝ ς‌ ‏ ‌Ȣ 

ʆʮʝʥʢʘ ρψ  ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘʜʝʨʞʢʘ ʨʝʰʝʥʠʷ, ʦʢʦʣʦ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʪʨʝʟʢʝ ʚʨʝʤʝʥʠ πȟὝȢ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʪʝʦʨʠʠ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʠʥʛʫʣʷʨʥʦ 

ʚʦʟʤʫʱʝʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʥʘʢʦʧʣʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʩʚʷʱʸʥʥʳʝ ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʨʷʤʳʤ ʟʘʜʘʯʘʤ ʠ ʠʭ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ. ʆʜʥʘʢʦ 

ʫʢʘʟʘʥʥʦʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʩʠʥʛʫʣʷʨʥʦ-ʚʦʟʤʫʱʸʥʥʳʤ ʦʙʨʘʪʥʳʤ ʟʘʜʘʯʘʤ 

ʧʝʨʝʥʦʩʘ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʥʦʛʦʩʢʦʨʦʩʪʥʳʭ ʦʙʨʘʪʥʳʭ 

ʟʘʜʘʯ ʧʝʨʝʥʦʩʘ, ʧʦʩʢʦʣʴʢʫ ʨʝʘʣʠʟʘʮʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʠʭ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʘ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʩʪʨʦʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ. ʕʪʠ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʜʝʢʘʨʪʦʚʳʤʠ, ʚ ʢʦʪʦʨʳʭ 

ʠʩʭʦʜʥʦ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʟʘʜʘʯʘ, ʪʘʢ ʠ ʢʨʠʚʦʣʠʥʝʡʥʳʤʠ, ʚ ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. ʇʨʠ ʵʪʦʤ ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʥʦʚʳʝ 

ʬʫʥʢʮʠʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʥʥʳʭ ʦʙʣʘʩʪʝʡ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ n-

ʩʢʦʨʦʩʪʥʘʷ ʩʠʥʛʫʣʷʨʥʦ-ʚʦʟʤʫʱʸʥʥʘʷ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʧʝʨʝʥʦʩʘ ʪʠʧʘ ʂʘʮʘ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ 

ʦʙʣʘʩʪʠ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʩʪʘʚʘʪʴʩʷ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʯʠʩʣʘ ʧʝʨʝʤʝʥʥʳʭ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʪʝʤ ʩʘʤʳʤ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʣʷ ʩʠʥʛʫʣʷʨʥʦ-ʚʦʟʤʫʱʸʥʥʦʡ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʧʝʨʝʥʦʩʘ ʪʠʧʘ ʂʘʮʘ 

ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ ʚʝʩʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʦʩʪʨʦʝʥʠʝ ʨʝʰʝʥʠʷ 

ʦʩʥʦʚʘʥʦ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʤʝʪʦʜʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʜʦʢʘʟʘʥʳ ʦʮʝʥʢʠ ʙʣʠʟʦʩʪʠ ʨʝʰʝʥʠʡ ʩʠʥʛʫʣʷʨʥʦ-ʚʦʟʤʫʱʸʥʥʦʡ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʠ 

ʚʳʨʦʞʜʝʥʥʦʡ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʚ ʚʳʙʨʘʥʥʦʤ ʚʝʩʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

 

Abstract. In the theory of problems of mathematical physics associated with singularly 

perturbed equations, a substantial body of fundamental results has been accumulated, primarily 

devoted to direct problems and their analytical investigation. However, this cannot be fully attributed 
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to singularly perturbed inverse transport problems in an unbounded domain, which determines the 

relevance of the research presented in this work. Additional difficulties arise in the study of multi-

velocity inverse transport problems, since the implementation of most known solution methods is 

associated with the need to construct special coordinate systems that depend on the specific features 

of the problem under consideration. These systems may be either rectangular Cartesian coordinates, 

in which the problem is originally formulated, or curvilinear coordinates to which an appropriate 

transformation is performed. In this case, additional conditions are required for new functions, in 

which new variables are related to each other by certain relationships, depending on the given areas. 

In this paper, an n-velocity singularly perturbed inverse Kac-type transport problem in an unbounded 

domain is investigated. The proposed solution method makes it possible to remain within the 

Cartesian coordinate system regardless of the number of phase space variables, thereby significantly 

simplifying the analytical study and expanding the possibilities for practical application of the 

obtained results. For a singularly perturbed inverse transport problem of the Katz type in an 

unbounded domain, results are obtained in weighted space. The solution is constructed using a 

modified asymptotic method. Within the framework of this approach, estimates of the proximity of 

solutions of a singularly perturbed inverse problem and a degenerate inverse problem in a selected 

weight space are proven. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ, ʤʥʦʛʦʩʢʦʨʦʩʪʥʘʷ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ, ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ 

ʨʝʰʝʥʠʷ. 

 

Keywords: transport equation, multi-velocity inverse problem, uniqueness of solution. 

 

ɺ ʪʝʦʨʠʠ ʧʝʨʝʥʦʩʘ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʤʝʥʥʳʭ ʯʘʩʪʠʮ ʤʥʦʛʦʩʢʦʨʦʩʪʥʳʝ ʟʘʜʘʯʠ ʧʝʨʝʥʦʩʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʯʠʩʣʘ ʧʨʦʩʪʳʭ ʢʦʦʨʜʠʥʘʪ ʙʝʟ ʫʯʸʪʘ ʚʨʝʤʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ 

ʠ ʜʨ. [1, 4]. 

ʊʘʢʠʝ ʟʘʜʘʯʠ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʭʘʨʘʢʪʝʨʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʩʣʦʞʥʷʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʠ ʘʥʘʣʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ. ʆʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ 

ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʟʘʜʘʯ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤʠ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ n-ʩʢʦʨʦʩʪʥʘʷ ʩʠʥʛʫʣʷʨʥʦ-ʚʦʟʤʫʱʝʥʥʘʷ ʦʙʨʘʪʥʘʷ 

ʟʘʜʘʯʘ ʧʝʨʝʥʦʩʘ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ. ʇʨʠ ʵʪʦʤ ʙʣʠʟʦʩʪʴ ʨʝʰʝʥʠʡ ʩʠʥʛʫʣʷʨʥʦ-

ʚʦʟʤʫʱʝʥʥʦʡ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ (ʉɺʆɿ) ʠ ʚʳʨʦʞʜʝʥʥʳʭ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ (ɺʆɿ) ʦʮʝʥʠʚʘʝʪʩʷ ʚ 

ʚʝʩʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʠʧʘ ɻʠʣʴʙʝʨʪʘ ὡ   πȟὝ Ὑ , ʢʦʛʜʘ ʘʧʨʠʦʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʟʘʜʘʝʪʩʷ ʠʟὒ Ὑ . 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʨʘʙʦʪ ʧʦ ʪʝʦʨʠʠ ʧʨʷʤʳʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʠʥʛʫʣʷʨʥʦ-

ʚʦʟʤʫʱʸʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ (ʉɺʋ) ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʥʠʭ ʤʝʪʦʜʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʤʝʥʝʥʳ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʫʢʘʟʘʥʥʳʭ ʢʣʘʩʩʦʚ ʉɺʆɿ [2, 3, 5]. 

ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʨʝʰʝʥʠʷ n-ʩʢʦʨʦʩʪʥʦʡ ʉɺʆɿ ʧʝʨʝʥʦʩʘ ʪʠʧʘ ʂʘʮʘ [6] ʚ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʩʪʘʚʘʪʴʩʷ ʚ ʜʝʢʘʨʪʦʚʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʯʠʩʣʘ ʢʦʦʨʜʠʥʘʪ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ 

ʤʦʜʠʬʠʢʘʮʠʝʡ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ (ɸʍ) [7]. 

ʈʘʩʩʤʦʪʨʠʤ ʧ-ʩʢʦʨʦʩʪʥʫʶ ʆɿ ʧʝʨʝʥʦʩʘ ʚʠʜʘ: 
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‐
‬

‬ὸ
Ὁ ȟȢȢȢȟ
ȟȟȢȢȢȟ Ὗ Ὗ ὸȟὼȟȢȢȢȟὼ ‗Ὁ ȟȢȢȢȟ

ȟȟȢȢȟ Ὗ ὼȟȢȢȢȟὼ Ὗ

ὤ ὼȟȢȢȢȟὼ Ὢὸȟ 

(1)
 

 

ừ
Ử
Ừ

Ử
ứ
Ὗ ὸȟὼȟȢȢȢȟὼ ȿ ὠ πȟὼȟȢȢȢȟὼ ςὥὼ‐ Ὡὼὴ

ρ

‐
ὼ ȟ

ὠ πȟὼȟȢȢȢȟὼ ‰ ὼȟȢȢȢȟὼ ȟὭ πȟρȟᶪὼȟȢȢȢȟὼ ᶰὙȟ

 

(2)

 

 

ừ
Ử
Ừ

Ử
ứὟ ȟȢȢȢȟ

ȟȟȢȢȢȟ ȿ ḳ Ὗ ὥὟ ȿ Ὣ ὼȟȢȢȢȟὼ Ὣ ὼȟȢȢȢȟὼ ȟ

ὠ ὥὠ Ὣ ὼȟȢȢȢȟὼ ȟᶪὼȟȢȢȢȟὼ ᶰὙȟ

 

(3)

 

 

ʧʨʠ ʵʪʦʤ ʚʚʦʜʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʚʠʜʝ: 
 

ừ
Ử
Ử
Ử
Ử
Ừ

Ử
Ử
Ử
Ử
ứ
ȿȿὫȿȿ ȿὫ ὼȟȢȢȢȟὼ ȿὨὗ ῳ ‐ȟὨὗ ὨὼȢȢȢὨὼ ȟ

ȿȿὫ ὼ ὥ ὸ ίȟȢȢȢȟὼ ὥ ὸ ί ȿȿ ȟ

ίόὴȿὫ ὼ ὥ ὸ ίȟȢȢȢȟὼ ὥ ὸ ί ȿὨί ῳ ‐ȟῳȟῳ ῳ ‐ ᴼ
ᴼ
πȟ

ȿȿὟ πȟὼȟȢȢȢȟὼ ὠπȟὼȟȢȢȢȟὼ ȿȿ ς “ ‐ ‎‐ȟ

ῴ ȟȢȢȢȟ
ȟȟȢȢȢȟ ‬

‬ὸ
ὥ
‬

‬ὼ
ȟ

 

(4

) 

 

ʛʜʝ Ὗȟὤ  - ʥʝʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ.  ɺ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝʙʫʝʪʩʷ ʧʦʢʘʟʘʪʴ ʙʣʠʟʦʩʪʠ 

ʨʝʰʝʥʠʡ ʉɺʆɿ ʠ ɺʆɿ ʚ ὡ   , ʟʜʝʩʴ:π ὼȟὪὸȟ‰ ὼȟὫ ὼȟὫ ὼȟ π ὥȟ‗

ὧέὲίὸȟὮ ρȟὲȟὼȟȢȢȢȟὼ ὼɴ Ὑȟπ ‍ ς - ʷʚʣʷʶʪʩʷ ʠʟʚʝʩʪʥʳʤʠ, ʧʨʠʯʝʤ 
 

ừ
Ử
Ử
Ử
Ừ

Ử
Ử
Ử
ứ ḳ ὼ ὼȠπ ὧέὲίὸȟπ ὧέὲίὸȟᶅ ὼɴ Ὑȟ

ὼȟȢȢȢȟὼ Ὠὗ ‎ ὧέὲίὸȠ ίόὴ
ȟ
ȿὪ ὸȿ Ὢ ὧέὲίὸȟὭ πȟρȟ

Ὢπ πȟὪὝ πȠ  ὓ Ὕȟ‗ȟ‐ ὪὝ Ὡὼὴ
‗

‐
Ὕ ί ὪǋίὨί πȟ

‐ᶅɴ πȟρȟ‐ πȠπ ‗ ὧέὲίὸρȢ

 

(5) 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʥʪʝʛʨʘʣʠʟʘʮʠʷ ɺʳʨʦʞʜʝʥʥʳʡ ʆɿ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ 0e=  ʠʟ ʉɺʆɿ (1) - (3) ʩʣʝʜʫʝʪ ɺʆɿ: 
 

Ὁ ȟȢȢȢȟ
ȟȟȢȢȢȟ ὠὸȟὼȟȢȢȢȟὼ

ρ

‗
ὼȟȢȢȢȟὼ ὠ

ρ

‗
ὤὼȟȢȢȢȟὼ Ὢὸȟ 

(6) 

 

( )

1 1 1(0, ,..., ) ( ,..., ), ( 0,1), ( ,..., ) ,i n

t n i n nV x x x x i x x Rj= = " Í (7) 
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Ὁ ȟȢȢȢȟ
ȟȟȢȢȢȟ ὠȿ Ὣ ὼȟȢȢȢȟὼ ȟᶅ ὼȟȢȢȢȟὼ ᶰὙȟ (8) 

 

ʛʜʝ ʚʝʢʪʦʨ ʬʫʥʢʮʠʷ   ὠȟὤ ʷʚʣʷʝʪʩʷ ʥʝʠʟʚʝʩʪʥʳʤ. ɿʜʝʩʴ ὠὸȟὼȟὼɴ Ὑ  

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ n-ʩʢʦʨʦʩʪʥʫʶ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʘ ʠʟʚʝʩʪʥʘʷ ʥʝʦʪʨʠʮʘʪʝʣʴʥʘʷ 

ʬʫʥʢʮʠʷ ὼȟὼɴ Ὑ  ʷʚʣʷʝʪʩʷ ʯʘʩʪʦʪʦʡ ʩʪʦʣʢʥʦʚʝʥʠʡ ʯʘʩʪʠʮ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʧʨʠʯʝʤ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʫʩʢʦʨʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ π ὥᶰὙ. ʇʨʠ ʵʪʦʤ ʬʫʥʢʮʠʷ 

ὤὼὪὸḳὊὸȟὼȟὼɴ Ὑ  ʦʧʠʩʳʚʘʝʪ ʚʥʫʪʨʝʥʥʠʝ ʠʩʪʦʯʥʠʢʠ, ʛʜʝ ʩʦʜʝʨʞʠʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪʥʘʷ ʥʝʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ ὤὼȟὼɴ Ὑ . ʇʦʵʪʦʤʫ ʠʩʭʦʜʥʘʷ ʟʘʜʘʯʘ (1)-(3) 

ʷʚʣʷʝʪʩʷ ʉɺ ʤʦʜʝʣʴʶ ʟʘʜʘʯʠ (6)-(8). ɸʥʘʣʘʛʠʯʥʦ ʦʙʩʫʞʜʘʷ, ʚ ʫʩʣʦʚʠʷʭ (5), (7), (8) ʠʟ ʫʨʘʚʥʝʥʠʷ 

(6) ʩʣʝʜʫʝʪ ʩʠʩʪʝʤʘ: 
 

Ὁ ȟȢȢȢȟ
ȟȟȢȢȢȟ ὠ

ρ

‗
ὼȟȢȢȢȟὼ ὠ ὪὝ Ὢὸ Ὣ ὼȟȢȢȢȟὼ

ρ

‗
ὠ ḳὄὠȟ

ὤὼȟȢȢȢȟὼ ὪὝ ‗Ὣ ὼȟȢȢȢȟὼ ὠὸȟὼȟȢȢȢȟὼ Ȣ

 

(9) 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʦʩʥʦʚʝ 
 

ὠ ὗὸȟὼȟȢȢȢȟὼ Ὡὼὴ
ρ

‗ὥ
†Ὠ†

Ð

ȟ 

(10) 

 

ʩ ʫʩʣʦʚʠʝʤ 
 

ὗȿ ‰ ὼȟȢȢȢȟὼ Ὡὼὴ
ρ

‗ὥ
†Ὠ†

Ð

ḳ‪ ὼȟȢȢȢȟὼ ȟᶅ ὼȟȢȢȢȟὼ ᶰὙȟ 

(11) 

 

ʠʟ (6) ʠʤʝʝʤ ʫʨʘʚʥʝʥʠʝ ʚʠʜʘ: 
 

Ὁ ȟȢȢȢȟ
ȟȟȢȢȢȟ ὗ

ρ

‗
ὼȟȢȢȢȟὼ ὠ ὄὠ ὸȟὼȟȢȢȢȟὼ Ὡὼὴ

ρ

‗ὥ
†Ὠ†

Ð

ȟ 

(12) 

 

ʛʜʝ (11), (12) - ʟʘʜʘʯʘ ʂʦʰʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʫʥʢʮʠʠ( , ), .nQ t x x R" Í ʊʦʛʜʘ ʠʟ (2) ʩʣʝʜʫʝʪ: 
 

ὗ ‪ ὼ ὥὸȟȢȢȢȟὼ ὥὸ Ὡὼὴ
ρ

‗ὥ
†Ὠ†

Ð

 

‗ ὼ ὥ ὸ ίȟȢȢȢȟὼ ὥ ὸ ί ὠίȟὼ ὥ ὸ ίȟȢȢȢȟὼ ὥ ὸ
ί  

ὄὠ ίȟὼ ὥ ὸ ίȟȢȢȢȟὼ ὥ ὸ ί ὨίȢ 

(13) 

 

ʇʦʵʪʦʤʫ, ʧʦʜʩʪʘʚʣʷʷ (13) ʚ (10), ʠʤʝʝʤ 
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ὠ ‰ ὼ ὥὸȟȢȢȢȟὼ ὥὸὩὼὴ
ρ

‗ὥ
†Ὠ†  

Ὡὼὴ
ρ

‗ὥ
†Ὠ† ‗ ὼ ὥ ὸ ίȟȢȢȢȟὼ

ὥ ὸ ί ὠίȟὼ  
ὥ ὸ ίȟȢȢȢȟὼ ὥ ὸ ί ὄὠ ίȟὼ ὥ ὸ ίȟȢȢȢȟὼ ὥ ὸ ί Ὠί

ḳὄὠȟ 

(14) 

 

ʛʜʝ (14) ʷʚʣʷʝʪʩʷ ʥʘʛʨʫʞʝʥʥʳʤ ʀʋ-2 ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʫʥʢʮʠʠ ὠὸȟὼȟὼɴ Ὑ. ʊʘʢ ʢʘʢ π

‗ ὧέὲίὸρȟ ʪʦ ʦʧʝʨʘʪʦʨB  ʜʦʧʫʩʢʘʝʪ ʫʩʣʦʚʠʷ ʧʨʠʥʮʠʧʘ ɹʘʥʘʭʘ [7], ʪ.ʝ. ʀʋ (14) 

ʦʜʥʦʟʥʘʯʥʦ ʨʘʟʨʝʰʠʤʦ  ʚ ὅ  . ɸ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʬʫʥʢʮʠʷ ὠᶰὅȟȟȢȢȢȟ   ʷʚʣʷʝʪʩʷ 

ʠʟʚʝʩʪʥʦʡ. ʊʦʛʜʘ, ʩ ʫʯʝʪʦʤ (9), ʠ ʬʫʥʢʮʠʷ ὤὼȟὼɴ Ὑ  ʩʯʠʪʘʝʪʩʷ ʠʟʚʝʩʪʥʦʡ. ʇʨʠ ʵʪʦʤ 

ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʬʫʥʢʮʠʠ:ὠ ȟὠ ᶰὒ πȟὝȟὮ ρȟὲ ʜʣʷ ʚʩʝʭ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ὼɴ Ὑȟ  
 

2 2 2

2

1

2
2

00

0

1

2
2

0 0 00 0

0

|| || | ( , ) | , ,

|| || | ( , ) | , , ( max( , ), 1, ).
j j

T

n

t L t

T

n

tx tx j jL

V V t x dt C x R

V V t x dt C x R C C C j n

ë
å õî = ¢ " Íæ öî

î ç ÷
ì
î å õ
î = ¢ " Í = =æ ö
î ç ÷í

ñ

ñ

 

(15) 

 

ʃʝʤʤʘ 1. ʇʨʠ ʫʩʣʦʚʠʷʭ (5), (7), (8) ʚʳʨʦʞʜʝʥʥʦʝ ʋʇ (6), ʩ ʫʯʝʪʦʤ (9) ʦʜʥʦʟʥʘʯʥʦ 

ʨʘʟʨʝʰʠʤʦ ʚ ὅȟȟȢȢȢȟ   ȟ ʧʨʠʯʝʤ ʜʦʧʫʩʢʘʝʪʩʷ ʫʩʣʦʚʠʝ (15) ʜʣʷ ʬʫʥʢʮʠʡ ὠȟὠ ȟὮ ρȟὲȢ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʆʜʥʦʟʥʘʯʥʘʷ ʨʘʟʨʝʰʠʤʦʩʪʴ ʉɺʆɿ ʠ ʙʣʠʟʦʩʪʴ ʨʝʰʝʥʠʡ ʉɺʆɿ ʠ ɺʆɿ 

ʉʧʝʨʚʘ, ʯʪʦʙʳ  ʚʳʷʩʥʠʪʴ ʦʜʥʦʟʥʘʯʥʦʡ ʨʘʟʨʝʰʠʤʦʩʪʠ  ʠʟʫʯʘʝʤʦʡ ʉɺʆɿ ʧʝʨʝʥʦʩʘ, 

ʧʨʠʤʝʥʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ɸʍ, ʪ.ʝ.: 
 

2

1

1

1 1

( )
( , ,..., ) exp ,

( ,..., ) ( ,..., ).

n
j j

n

j

n n

x a t
U t x x V

Z x x Z x x

e e

e e

x
e

h

=

ë å õ-
= + + -î æ öæ ö

ì ç ÷
î

= +í

ä
 

(16) 

 

ʊʦʛʜʘ ʠʟ (1),  ʩ ʫʯʝʪʦʤ (6), (16)  ʚʳʪʝʢʘʝʪ: 
 

( )
1 1 2 3

2

2
2

1,1,...,1 1,1,1

( ,..., ) ( , , )

1

2

0 1

1 1

( )
exp

( )
( , , ) exp ( ,..., ) ( ) ,

n

j

n
j j

a a a a a

j

n n
j j

n j txt
j j

x a t
E V E

t

x a t
h x y z x x f t V a V

b

e e e

b

e e

e x x l x
e

x h e
e

=

= =

ë ûè øå õ-µî î
+ + + - + +é ùæ öì üæ öµ é ùî îç ÷ê úí ý

å õå õ- å õ
+ + - = - +æ öæ ö æ öæ öæ ö

ç ÷ç ÷ç ÷

ä

ä ä

 

(17) 

 

ʛʜʝ ( ),V Z - ʨʝʰʝʥʠʝ ɺʆɿ (6) - (8), ( ),e ex hð ʦʩʪʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ 

ʫʨʘʚʥʝʥʠʠ (17) ʩ ʫʩʣʦʚʠʷʤʠ: 
 

‚ ὸȟὼȟȢȢȢȟὼ ȿ πȟὭ πȟρȟ (18) 



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.ru 

ʊ. 12. ˉ2 2026 

https://doi.org/10.33619/2414-2948/123 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 29 

  

Ὁ ȟȢȢȢȟ
ȟȟȢȢȢȟ ‚ ȿ Ὣ ὼȟȢȢȢȟὼ ȟᶪὼȟȢȢȢȟὼ ᶰὙȢ (19) 

 

ʌʘʢʪʠʯʝʩʢʠ ʦʩʪʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ ‚ȟ–  ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʆɿ (17) - (19), ʛʜʝ (19) 

ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʵʪʦʡ ʟʘʜʘʯʠ. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ 

ʦʜʥʦʟʥʘʯʥʦʡ ʨʘʟʨʝʰʠʤʦʩʪʠ  ʵʪʦʡ ʟʘʜʘʯʠ, ʩʥʘʯʘʣʘ, (17) ʧʨʝʦʙʨʘʟʫʝʤ ʢ ʚʠʜʫ: 
 

{

( )

1

1,1,...,1

( ,..., ) 0

0

2

2

1 0

1

0

1
exp ( ) ( ) ( , ) ( ) ( ) [2 ( , )

( )
( , ) exp ( , )]} ( , , ) ( , )

1
exp ( ) ( ) ( )

n

t

a a

n
j j

j

t

E t s h x s x x f s s x

x a s
V s x s x ds Y t x H t x

t s f s ds x Y

b

e e e eb b

e e

eb b

l
x x h e x
e e

x e x
e

l
h

e e

=

å õ
= - - - + - ³æ ö

ç ÷

å õå õ-
³ + - + + ¹ +æ öæ öæ öæ ö

ç ÷ç ÷

å õ
+ - - ³ +æ ö

ç ÷

ñ

ä

ñ 1 0( , , ),[( , ) , ],nt x t x x Re ÍW Í

 

(20) 

 

ʛʜʝ ʬʫʥʢʮʠʷ ὣὸȟὼȟȢȢȢȟὼȟ‐ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
 

({

( )

2

0

1 1 1

10

2
2

1

1

1

2 2
2

1 0 0 0 1 0
0

1

exp ( ) ( , ,..., ) ( , ,..., ))

( )
( , ,..., ) exp ,

1 1
| | ( ) 1 ( ) 0,(sup )

2

j

t n

n j sx ns
j

n
j j

n

j

n

j

j

Y t s V s x x a V s x x

x a s
V s x x ds

Y C C a T V T

b

b
b

e

l

e

e

e e d e
l l

=

=

­ W=

å õ
¹ - - - + -æ ö

ç ÷

ûå õå õ- î
- + -æ öæ öüæ öæ ö

îç ÷ç ÷ý

å õå õ
¢ + + + = ­ ¢æ öæ ö

ç ÷ç ÷

äñ

ä

ä .

ë
î
î
î
î
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(21) 

 

ʀʟ ʫʨʘʚʥʝʥʠʷ (20), ʥʘ ʦʩʥʦʚʝ (19) ʩʣʝʜʫʝʪ ʫʨʘʚʥʝʥʠʝ: 
 

( )( ){ }1

1 0 1 1 1 0 1( ,..., ) ( , , ) ( ,..., ) ( , ,..., , ) , ,..., .n n n nx x M T g x x Y T x x H T x xb

e e eh l e e x-= - +  (22) 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʜʩʪʘʚʣʷʷ (22) ʚ (20) ʧʦʣʫʯʠʤ: 
 

Ὁ ȟȢȢȢȟ
ȟȟȢȢȢȟ ‚ ὣ ὸȟὼȟȢȢȢȟὼȟ‐ Ὄ‚ ὸȟὼȟȢȢȢȟὼ

ρ

‐
Ὡὼὴ

‗

‐
ὸ ί ὪίὨίὓ Ὄ‚ ὝȟὼȟȢȢȢȟὼ ȟ 

(23) 

 

ʛʜʝ  
 

ὣḳὣ
ρ

‐
Ὡὼὴ

‗

‐
ὸ ί ὪίὨί

ὓ Ὣ ὼȟȢȢȢȟὼ ὣὝȟὼȟȢȢȢȟὼȟ‐Ȣ 

(24) 

 

ʇʦʵʪʦʤʫ, ʩ ʫʯʝʪʦʤ (18) ʠʟ (23) ʠʤʝʝʤ: 

 

‚ὸȟὼȟȢȢȢȟὼ Ὄ‚ ίȟὼ ὥ ὸ ίȟȢȢȢȟὼ ὥ ὸ ί  

ρ

‐
Ὡὼὴ

‗

‐
ί ίǋὪίǋὨίǋ ὓ Ὄ‚ Ὕȟὼ ὥ ὸ ίȟȢȢȢȟὼ ὥ ὸ

ί Ὠί 
ὣὸȟὼȟȢȢȢȟὼȟ‐ḳ ὖ‚ ὸȟὼȟȢȢȢȟὼ ȟ 

(25) 
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ʟʜʝʩʴ  
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(26) 

 

ʃʝʤʤʘ 2. ɺ ʫʩʣʦʚʠʷʭ ʣʝʤʤʳ 1 ʠ ʩʠʩʪʝʤʳ 
 

ὒ ρȟ

ὖȡὛ ᴼὛȟ Ὓ ‚ȡȿ‚ȿ ὶ ὧέὲίὸȟᶅ ὸȟὼȟȢȢȢȟὼ ᶰ  ȟ
 

(27) 

 

ʫʨʘʚʥʝʥʠʝ (25) ʦʜʥʦʟʥʘʯʥʦ ʨʘʟʨʝʰʠʤʦ  ʚὅ  , ʧʨʠʯʝʤ  
 

ȿȿ‚ȿȿ ρ ὒ ‏ ‐Ȣ (28) 
 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʦʩʥʦʚʝ (22) ʠʤʝʝʪ ʤʝʩʪʦ: 
 

ừ
Ử
Ừ

Ử
ứȿȿ– ὼȟȢȢȢȟὼ ȿȿ ȿὓ ȿ ῳ ‐ ȿὓ ȿ‏ ‐‎ ‎ȿὓ ȿ‎ ρ ὒ

‏ ‐ ‏ ‐ȟ  
ρ

‗
ςὝ ρ ρ ὒ ‏ ‐ ‎ȟ

ȿȿὤ ὤȿȿ ȿȿ–ȿȿ Ȣ

 

 

(29) 

 

ɺ ʩʘʤʦʤ ʜʝʣʝ, ʨʝʟʫʣʴʪʘʪʳ ʣʝʤʤʳ 2 ʦʯʝʚʠʜʥʳ, ʪʘʢ ʢʘʢ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ (27) ʜʣʷ ʦʧʝʨʘʪʦʨʘ 

P  ʨʝʘʣʠʟʫʶʪʩʷ ʫʩʣʦʚʠʷ ɹʘʥʘʭʘ, ʘ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ  ʫʨʘʚʥʝʥʠʝ (25) ʦʜʥʦʟʥʘʯʥʦ ʨʘʟʨʝʰʠʤʦ ʚ 

ὅ  . ʊʦʛʜʘ, ʩ ʫʯʝʪʦʤ (22) ʠʤʝʝʤ ʦʮʝʥʢʫ ʚʠʜʘ (29). ʏʠʊɼ. 

ɼʘʣʝʝ, ʢʦʛʜʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʭʦʜʥʦʡ ʤʥʦʛʦʩʢʦʨʦʩʪʥʦʡ ʉɺʆɿ ʧʨʠʤʝʥʷʝʪʩʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ɸʍ (16), ʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʩʝʭ ʩʣʘʛʘʝʤʳʭ ʬʫʥʢʮʠʡ (16) ʚʳʧʦʣʥʷʶʪʩʷ ʚʳʚʦʜʳ 

ʣʝʤʤ 1;2.  ʊʦʛʜʘ, ʥʘ ʦʩʥʦʚʝ (16) ʩʣʝʜʫʝʪ ʦʮʝʥʢʘ ʚʠʜʘ: 
 

ȿὟ ὠȿ ȿȿ‚ȿȿ Ὡὼὴ
ὼ ὥὸ

‐
Ȣ 

(30) 

 

ʇʦʵʪʦʤʫ, ʫʯʠʪʳʚʘʷ ʫʩʣʦʚʠʷ ʣʝʤʤ 1;2 ʠ ʦʮʝʥʠʚʘʷ (30) ʚ ʩʤʳʩʣʝ ʥʦʨʤʳ
0( )p

hL W , ʧʦʣʫʯʠʤ: 
 

ȿȿὟ ὠȿȿ ρ ὒ ‏ ‐‎ЍὝ ‎ ‐Ὕ ‏ ‐ ᴼ
ᴼ
πȢ (31) 

 

ɺ ʠʪʦʛʝ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ (29) ʠ (31), ʠ ʚʤʝʩʪʝ ʩ ʪʝʤ ʫʯʠʪʳʚʘʷ

( ); ,U V Z Ze ey= - -  ʠʤʝʝʤ ʦʮʝʥʢʫ: 

 

ὡ   ὸȟὼȟȢȢȢȟὼ ᶰ ȡ‪ ὸȟὼȟȢȢȢȟὼ ᶰὒ   ȟ‪ ὼȟȢȢȢȟὼ ᶰὒ Ὑ ȟ

ȿȿ‪ȿȿ ȿȿὟ ὠȿȿ ȿȿὤ ὤȿȿ ‏ ‐ ‏ ‐ ῳ‐ ᴼ
ᴼ
πȢ

 
(32) 
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ʊʝʦʨʝʤʘ 1. ɺ ʫʩʣʦʚʠʷʭ ʣʝʤʤ 1, 2 ʠ (32) ʉɺʆɿ (1) - (4) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦ 

ʧʨʘʚʠʣʫ (16), ʧʨʠʯʝʤ ʜʦʧʫʩʪʠʤʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʤʝʞʜʫ ʨʝʰʝʥʠʷʤʠ ʉɺʆɿ ʠ ɺʆɿ ʚὡ    ʙʫʜʝʪ 

ʧʦʨʷʜʢʘ ῳ‐. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʠʟʫʯʝʥʥʦʡ ʉɺʆɿ ʪʠʧʘ ʂʘʮʘ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ ʚʝʩʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ 2

0( )hW W , ʢʦʛʜʘ ʘʧʨʠʦʨʥʳʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʟʘʜʘʶʪʩʷ ʚ 2( )nL R . 

ʇʨʠ ʵʪʦʤ ʨʝʰʝʥʠʝ ʧʦʩʪʨʦʝʥʦ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʢʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ  ʤʝʪʦʜʘ ɸʍ [7], ʛʜʝ 

ʦʮʝʥʢʘ ʙʣʠʟʦʩʪʠ ʨʝʰʝʥʠʡ ʉɺʆɿ  ʠ ɺʆɿ ʜʦʢʘʟʳʚʘʶʪʩʷ ʚ 2

0( )hW W . ʇʦʣʫʯʝʥʥʳʝ ʚʳʚʦʜʳ, ʤʦʛʫʪ 

ʚ ʙʫʜʫʱʝʤ ʧʦʟʚʦʣʠʪʴ ʨʝʰʘʪʴ ʤʥʦʛʦʩʢʦʨʦʩʪʥʳʝ ʉɺʆɿ ʧʝʨʝʥʦʩʘ, ʢʦʛʜʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ 

ʫʩʢʦʨʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʬʫʥʢʮʠʷʤʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʨʙʦʥʠʟʘʮʠʠ ʥʘʫʢʘʪʩʢʦʡ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ, 

ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʝʸ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʘʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʳʨʴʷ ʚ ʧʨʦʮʝʩʩʘʭ ʦʯʠʩʪʢʠ ʧʨʠʨʦʜʥʳʭ ʠ ʩʪʦʯʥʳʭ ʚʦʜ ʨʘʟʣʠʯʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʠʩʢʘ ʜʦʩʪʫʧʥʳʭ, 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʘʜʩʦʨʙʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʩʪʥʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʢʦʤʧʣʝʢʩʥʦʤʫ ʠʟʫʯʝʥʠʶ ʘʜʩʦʨʙʮʠʦʥʥʳʭ, 

ʦʪʙʝʣʠʚʘʶʱʠʭ ʠ ʦʯʠʱʘʶʱʠʭ ʩʚʦʡʩʪʚ ʥʘʫʢʘʪʩʢʦʡ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ, ʯʪʦ ʠʤʝʝʪ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʞʠʜʢʠʭ 

ʦʪʭʦʜʦʚ.ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʸʥʥʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʥʘʫʢʘʪʩʢʘʷ ʙʝʥʪʦʥʠʪʦʚʘʷ ʛʣʠʥʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʧʦʛʣʦʱʝʥʠʶ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʠʦʥʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʦʢʨʘʰʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʘʤʝʪʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʯʠʱʘʝʤʦʡ ʩʨʝʜʳ. ʕʪʦ 

ʦʩʦʙʝʥʥʦ ʥʘʛʣʷʜʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʦʯʠʩʪʢʝ ʦʪʨʘʙʦʪʘʥʥʳʭ ʘʚʪʦʣʦʚ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʠ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ, ʛʜʝ ʛʣʠʥʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ, ʫʩʪʦʡʯʠʚʳʡ 

ʘʜʩʦʨʙʮʠʦʥʥʳʡ ʵʬʬʝʢʪ ʠ ʚʳʨʘʞʝʥʥʳʝ ʦʪʙʝʣʠʚʘʶʱʠʝ ʩʚʦʡʩʪʚʘ.ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʥʘʫʢʘʪʩʢʘʷ ʙʝʥʪʦʥʠʪʦʚʘʷ ʛʣʠʥʘ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʘʜʩʦʨʙʝʥʪʘ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʩʥʠʞʘʝʪ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ ʦʙʱʫʶ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʦʯʠʩʪʢʠ. ʇʨʦʚʝʜʸʥʥʳʝ ʣʘʙʦʨʘʪʦʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʧʦ ʫʨʦʚʥʶ ʘʢʪʠʚʥʦʩʪʠ ʜʘʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʥʝ ʫʩʪʫʧʘʝʪ ʧʨʦʤʳʰʣʝʥʥʳʤ 

ʩʦʨʙʝʥʪʘʤ, ʪʘʢʠʤ ʢʘʢ ʟʠʢʝʝʚʩʢʘʷ ʦʧʦʢʘ, ʘʩʢʘʥʛʝʣʴ ʠ ʙʫʭʘʨʩʢʠʡ ʙʝʥʪʦʥʠʪ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠ 
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ʦʯʠʩʪʢʝ ʤʘʩʝʣ ʥʘʫʢʘʪʩʢʘʷ ʛʣʠʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚ 1,5 ʨʘʟʘ ʤʝʥʴʰʝʡ ʤʘʩʣʦʸʤʢʦʩʪʴʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʤʠ ʘʜʩʦʨʙʝʥʪʘʤʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʝʸ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʢʘʪʩʢʦʡ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ ʚ ʩʠʩʪʝʤʘʭ 

ʦʯʠʩʪʢʠ ʚʦʜʳ, ʧʝʨʝʨʘʙʦʪʢʠ ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ ʠ ʩʦʟʜʘʥʠʠ ʜʦʩʪʫʧʥʳʭ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

 

Abstract. This article examines the features of carbonization of Naukats bentonite clay, the main 

methods of its physicochemical modification, as well as the prospects for using this natural raw 

material in the purification of natural and wastewater of various origins. The relevance of the study 

is ʦʙʫʩʣʦʚʣʝʥʘ the need to search for accessible, environmentally friendly, and cost-effective 

adsorbents based on local mineral resources. Particular attention is paid to a comprehensive 

investigation of the adsorption, bleaching, and purification properties of Naukats bentonite clay, 

which is of great importance for the development of modern water treatment technologies and the 

utilization of liquid waste. Based on preliminary laboratory experiments, it has been established that 

Naukats bentonite clay has a high capacity for the adsorption of organic impurities, pollutant ions, 

and colored components, which leads to a significant improvement in the physicochemical parameters 

of the treated medium. This is especially evident in the treatment of used motor oils, transformer oils, 

and vegetable oils, where the clay demonstrates a high degree of purification, stable adsorption 

performance, and pronounced bleaching effects. The obtained results indicate that Naukats bentonite 

clay can be effectively used as a natural adsorbent without prior chemical activation, which 

significantly simplifies the technological process, reduces energy consumption, and lowers the overall 

cost of purification. Laboratory and technological studies have shown that, in terms of activity, this 

natural material is not inferior to industrial sorbents such as Zikeev opoka, Askangel, and Bukhara 

bentonite. Moreover, in oil purification processes, Naukats clay exhibits a 1.5 times lower oil capacity 

compared to commercially produced adsorbents, which enhances its economic efficiency and 

practical value. Thus, the research results confirm the promising potential of Naukats bentonite clay 

for application in water treatment systems, liquid waste processing, and the development of 

environmentally safe and affordable adsorption materials. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʣʠʥʦʟʝʤ, ʢʦʘʛʫʣʷʥʪ, ʩʫʣʴʬʘʪ ʘʥʠʣʠʥʘ, ʛʠʜʨʦʢʩʠʜ ʘʣʶʤʠʥʠʷ, 

ʢʦʣʣʦʠʜʥʘʷ ʭʠʤʠʷ.  

 

Keywords: alumina, coagulant, aniline sulfate, aluminum hydroxyl, colloid chemistry. 

 

ʇʨʦʙʣʝʤʘ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ,   ʥʘʯʠʥʘʷ  ʩʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ 20 - ʚʝʢʘ  ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʚʩʝʭ ʩʪʨʘʥ ʤʠʨʘ. ʆʜʥʠʤʠ  ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʷʚʣʷʶʪʩʷ 

ʠʦʥʳ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʧʦʩʪʫʧʘʶʱʠʝ ʩʦ ʩʪʦʯʥʳʤʠ  ʚʦʜʘʤʠ  ʧʨʝʜʧʨʠʷʪʠʡ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʠʦʥʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʤʠ 

ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ, ʩʪʦʢʦʤ ʩ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʠ ʩʦ ʩʙʨʦʩʥʳʤʠ ʚʦʜʘʤʠ ʦʨʦʰʘʝʤʳʭ 

ʧʦʣʝʡ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʷʶʪʩʷ ʘʟʦʪʥʳʝ ʫʜʦʙʨʝʥʠʷ. ʄʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʩʫʱʝʩʪʚʫʝʪ ʜʦʚʦʣʴʥʦ   

ʤʥʦʛʦ, ʦʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʯʠʩʪʢʠ ʚʦʜʳ ʷʚʣʷʶʪʩʷ 

ʘʜʩʦʨʙʮʠʦʥʥʳʝ [1, 2]. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʦʨʙʝʥʪʘʤʠ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʠʦʥʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 

ʷʚʣʷʶʪʩʷ ʛʣʠʥʠʩʪʳʝ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʤʠʥʝʨʘʣʳ, ʚ ʦʩʥʦʚʥʦʤ ʙʝʥʪʦʥʠʪʦʚʳʝ ʛʣʠʥʳ 

(ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ ʠ ʙʝʡʜʝʣʣʠʪ) ʠ ʢʘʦʣʠʥʠʪ. ɸʜʩʦʨʙʮʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʠʥʝʨʘʣʦʚ 

ʦʙʫʩʣʦʚʣʝʥʘ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʠʤ ʠ 
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ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʳ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʯʠʩʪʢʠ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʠʦʥʳ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʧʦʜʚʝʨʛʘʶʪ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʤʦʜʠʬʠʢʘʮʠʷʤ. ʇʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ, ʚʩʣʝʜʩʪʚʠʝ 

ʨʘʩʪʚʦʨʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʠ ʦʢʩʠʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʧʦʨʠʩʪʦʩʪʠ ʩʦʨʙʝʥʪʦʚ [3].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʣʠʥʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʠ ʠʭ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʷʶʪ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʜʣʷ ʙʦʨʴʙʳ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ 

ʪʝʭʥʦʛʝʥʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ ʅʘʫʢʘʪʩʢʦʛʦ ʨʘʡʦʥʘ ʆʰʩʢʦʡ ʦʙʣʘʩʪʠ.  
 

ʊʘʙʣʠʮʘ 1  

ʈɽɿʋʃʔʊɸʊʓ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆʁ ʆʏʀʉʊʂʀ ʄʀʅɽʈɸʃʔʅʓʍ ʄɸʉɽʃ ɻʃʀʅɸʄʀ 
 

ʋʩʣʦʚʠʷ ʦʧʳʪʘ ʊ ʦʧʳʪʘ=2000ʉ, ʥʘʚʝʩʢʘ =5%, T ʧʝʨʝʤ.=30 ʤʠʥ 
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ʉʚʝʞʝʝ ʤʘʩʣʦ ɸʉ-10 ʥʝ ʥʠʞʝ 

2000ʉ 

10±0,5 ʥʝ ʙʦʣʝʝ 0,02 ʥʝ ʤʝʥʝʝ 

0,45 

 

ʄʘʩʣʦ ʦʪʨʘʙʦʪʘʥʥʦʝ, ʦʯʠʱʝʥʥʦʝ ɸʉɼ-9,5 170 8,5 0,6 0,03  

ʀʩʭ.ʦʪʨʘʙʦʪʘʥʥ., ʤʘʩʣʦ 75 6,19 0,23 0,05  

ʅʘʫʢʘʪʩʢʘʷ ʛʣʠʥʘ 195 9, 60 0,09 0,047 23,4 

ɿʠʢʝʝʚʩʢʘʷ ʦʧʦʢʘ 193 9, 69 0,1 0,03 57 

ʉʦʛʫʪʘ  199 9,18 0,11 0,039 28,9 

ʏʦʢʦ-ɹʫʣʘʢ 196 9,16 0,1 0,045 30,6 
 

ʊʘʙʣʠʮʘ 2 

ʆʏʀʉʊʂɸ ʊʈɸʅʉʌʆʈʄɸʊʆʈʅʆɻʆ ʄɸʉʃɸ ʇʈʀʈʆɼʅʓʄʀ ɻʃʀʅɸʄʀ 
 

ʈʝʞʠʤ ʫʩʪʘʥʦʚʢʠ ʈ=1000, ʊʢʦʥʪʘʢʪʘ=800ʉ, ʥʘʚʝʩʢʘ =5%, Tʧʝʨʝʤ.=60 ʤʠʥ, ʉʠʪʦÒ0,25 ʤʤ 
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ʉʚʝʞʝʝ ʤʘʩʣʦ  ʥʝ 

ʥʠʞʝ 2 

ʥʝ 

ʙʦʣʝʝ 

9,6 

ʥʝ ʙʦʣʝʝ 

0,02 

- ʥʝ 

ʥʠʞʝ 

135 

ʥʝ ʙʦʣʝʝ 

0,3 

0,3 ʥʝ ʤʝʥʝʝ 

25 

ʄʘʩʣʦ ʦʪʨʘʙʦʪʘʥʥʦʝ 4 8,9 0,11 0,022 145 0,53 8,09 24 

ʅʘʫʢʘʪʩʢʘʷ ʛʣʠʥʘ 2 8,5 0,02 - 143 0,23 0,61 60 

ɿʠʢʝʝʚʩʢʘʷ ʦʧʦʢʘ 2 8,6 0,07 -. 146 - - 50 

ʉʦʛʫʪʘ  2 8,6 0,02 0,01 144 0,1 0,3 50 

ʏʦʢʦ-ɹʫʣʘʢ 2 8,6 0,06 -. 146 0,1 0,3 50 

 

ɺʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʣʠʥʳ ʷʚʣʷʝʪʩʷ 

ʠʭ ʢʘʨʙʦʥʠʟʘʮʠʷ. ʇʨʦʢʘʣʳʚʘʥʠʝ ʛʣʠʥ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʦʯʠʩʪʢʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʤʘʩʝʣ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʣʠʥʠʩʪʦʛʦ ʤʠʥʝʨʘʣʘ ʢʦʢʩʘ ʠ ʚ 

ʧʦʩʣʝʜʫʶʱʝʤ, ʧʨʠ ʝʛʦ ʘʢʪʠʚʘʮʠʠ, ʪʦʥʢʦʡ ʫʛʣʝʨʦʜʥʦʡ ʧʣʝʥʢʠ. ʇʦʣʫʯʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʩʦʨʙʝʥʪ ʧʨʠʦʙʨʝʪʘʝʪ ʛʠʜʨʦʬʦʙʥʳʝ ʩʚʦʡʩʪʚʘ, ʦʙʣʘʜʘʝʪ ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʫʛʣʝʡ, 
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ʨʘʟʚʠʪʦʡ ʧʝʨʝʭʦʜʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʝʡ ʧʦʚʳʰʝʥʥʫʶ ʩʦʨʙʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʨʙʝʥʪʘ, ʧʨʠ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʠʦʥʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʢʨʘʩʠʪʝʣʝʡ, ʇɸɺ 

ʠ ʜʨʫʛʠʭ ʢʨʫʧʥʦʨʘʟʤʝʨʥʳʭ ʤʦʣʝʢʫʣ ʧʨʠʤʝʩʝʡ [4].  

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʩʦʨʙʝʥʪʘʤʠ ʜʣʷ ʦʯʠʩʪʢʠ ʤʘʩʝʣ, ʢʘʢ ʠʟʚʝʩʪʥʦ, 

ʷʚʣʷʶʪʩʷ ʱʝʣʦʯʥʳʝ ʙʝʥʪʦʥʠʪʦʚʳʝ ʛʣʠʥʳ ɻʨʫʟʠʠ, ʋʢʨʘʠʥʳ ʠ ɸʟʝʨʙʘʡʜʞʘʥʘ [5-6]. 

ʅʦ ʧʦʣʫʯʝʥʥʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʠ ʦʪʙʝʣʠʚʘʶʱʠʭ ʩʚʦʡʩʪʚʘʭ 

ʥʘʫʢʘʪʩʢʦʡ ʛʣʠʥʳ ʧʨʠ ʦʯʠʩʪʢʝ ʝʶ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʘʚʪʦʣʘ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ, ʭʣʦʧʢʦʚʦʛʦ 

ʤʘʩʣʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʥʘ, ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ, ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʘʜʩʦʨʙʝʥʪʘ (ʊʘʙʣʠʮʘ 1, 2).  

ʃʘʙʦʨʘʪʦʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠʩʧʳʪʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦ ʩʚʦʝʡ ʘʢʪʠʚʥʦʩʪʠ 

ʥʘʫʢʘʪʩʢʘʷ ʛʣʠʥʘ ʥʝ ʫʩʪʫʧʘʝʪ ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʨʙʝʥʪʘʤ ð ʟʠʢʝʝʚʩʢʦʡ ʦʧʦʢʝ, ʘʩʢʘʥʛʝʣʶ ʠ 

ʙʫʭʘʨʩʢʦʤʫ ʙʝʥʪʦʥʠʪʫ, ʦʙʣʘʜʘʷ ʧʨʠ ʦʯʠʩʪʢʝ ʤʘʩʝʣ ʚ 1,5 ʨʘʟʘ ʤʝʥʴʰʝʡ ʤʘʩʣʦʝʤʢʦʩʪʴʶ, ʯʝʤ 

ʧʨʦʤʳʰʣʝʥʥʦ ʚʳʧʫʩʢʘʝʤʳʝ ʘʜʩʦʨʙʝʥʪʳ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʦʪʙʝʣʠʚʘʶʱʠʭ ʩʚʦʡʩʪʚ ʧʨʠʨʦʜʥʳʭ 

ʩʦʨʙʝʥʪʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʛʣʠʥ ʧʨʠ ʦʯʠʩʪʢʝ ʢʝʨʦʩʠʥʦ-ʛʘʟʦʡʣʝʚʦʡ 

ʬʨʘʢʮʠʠ, ʜʘʥʥʳʝ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 3. 
 

ʊʘʙʣʠʮʘ 3 

ʆʊɹɽʃʂɸ ʅɽʌʊɽʇʈʆɼʋʂʊʆɺ ʇʈʀʈʆɼʅʓʄʀ  

ʀ ʂʀʉʃʆʊʅʆ-ɸʂʊʀɺʀʈʆɺɸʅʅʓʄʀ ɻʃʀʅɸʄʀ (ʂɽʈʆʉʀʅʆ-ɻɸɿʆʁʃɽɺɸʗ ʌʈɸʂʎʀʗ) 
 

 

ʈʘʩʭʦʜ ʘʜʩʦʨʙʝʥʪʘ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʦʩʪʘʚʣʷʣ 15% ʥʘ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʤʘʩʣʦ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʜʘʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʨʙʝʥʪʦʚ. ʇʦ ʩʚʦʝʡ ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠʨʦʜʥʘʷ 

ʥʘʫʢʘʪʩʢʘʷ ʛʣʠʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʘʜʩʦʨʙʝʥʪʳ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʪʠʧʦʚ, ʧʨʠʙʣʠʞʘʷʩʴ ʧʦ 

ʩʚʦʝʤʫ ʜʝʡʩʪʚʠʶ ʢ ʢʠʩʣʦʪʥʦ-ʘʢʪʠʚʠʨʦʚʘʥʥʦʤʫ ɹʝʰʢʝʥʪʩʢʦʤʫ ʙʝʥʪʦʥʠʪʫ. ɺʳʩʦʢʫʶ 

ʦʪʙʝʣʠʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʩʦʨʙʝʥʪʦʚ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʚʷʟʳʚʘʶʪ, 

ʦʙʳʯʥʦ, ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʤʦʨʬʥʦʡ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠʣʠ ʦʙʲʝʤʦʤ ʧʝʨʝʭʦʜʥʳʭ ʧʦʨ 111. 

ʍʦʨʦʰʠʤʠ ʦʪʙʝʣʠʚʘʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠ ʢʦʥʪʘʢʪʥʦʡ ʦʯʠʩʪʢʝ ʤʘʩʝʣ ʦʙʣʘʜʘʝʪ ʂʫʨʰʘʙʩʢʠʡ 

ʧʘʣʳʛʦʨʩʢʠʪ ʧʨʠ ʝʛʦ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʥʘ 2000ʉ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʷʚʠʣʦʩʴ ʨʷʜ ʨʘʙʦʪ ʘʚʪʦʨʳ 

ʢʦʪʦʨʳʭ ʧʨʝʜʣʘʛʘʶʪ ʧʨʦʚʦʜʠʪʴ ʦʪʙʝʣʢʫ ʨʘʬʠʥʠʨʦʚʘʥʥʦʛʦ ʭʣʦʧʢʦʚʦʛʦ ʤʘʩʣʘ ʪʝʤʠ ʠʣʠ ʠʥʳʤʠ 

ʩʦʨʙʝʥʪʘʤʠ [5-7].  

ʉ ʫʯʝʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʨʝʛʝʥʝʨʘʮʠʠ 

ʥʘʫʢʘʪʩʢʦʡ ʛʣʠʥʦʡ ʤʠʥʝʨʘʣʴʥʳʭ ʤʘʩʝʣ,  ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʘʙʦʪʘ ʧʦ ʦʪʙʝʣʢʝ ʨʘʬʠʥʠʨʦʚʘʥʥʦʛʦ 

T ʦʧʳʪʘ =1200ʉ, ʚʨʝʤʷ 15 ʤʠʥ, ʮʚʝʪ ʧʦ ʂʅ - 51 
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ʂʫʨʰʘʙ (ʦʪʤʫʯʝʥʥʘʷ) 110 2 2,1 ʂʫʨʰʘʙ  110 2 2,1 

ʅʘʫʢʘʪ (ʥʝʦʪʤʫʯʝʥʥʘʷ) 110 2 2,4 ɹʝʰʢʝʥʪ  110 2 2,1 

ʂʫʨʰʘʙ 200 2 2,2 ʂʫʨʰʘʙ 

(ʥʝʦʪʤʫʯʝʥʥʘʷ) 

300 3 2,2 

ɹʝʰʢʝʥʪ 300 3 1,3 ɹʝʰʢʝʥʪ 300 3 1,3 

ʂʫʨʰʘʙ +15% ʅ2SO4 110 2 2,3 ɹʝʰʢʝʥʪ+15% 

ʅ2SO4 

110 2 2,4 

ɹʝʰʢʝʥʪ+15% ʅ2SO4 110 2 2,3 ʂʫʨʰʘʙ 

(ʥʝʦʪʤʫʯʝʥʥʘʷ) 

200 2 2,2 
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ʭʣʦʧʢʦʚʦʛʦ ʤʘʩʣʘ ʫʢʘʟʘʥʥʦʡ ʛʣʠʥʦʡ ʢʦʥʪʘʢʪʥʳʤ ʩʧʦʩʦʙʦʤ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ (ʊʘʙʣʠʮʘ 

4). ʀʟ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʮʚʝʪʥʦʩʪʴ ʤʘʩʣʘ 12 ʢʨʘʩʥʳʭ ʝʜʠʥʠʮ (1 ʩʦʨʪ) ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ 

ʦʪʙʝʣʢʠ (ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʛʣʠʥʦʡ ʥʘʫʢʘʪʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 4% (ʜʣʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʦʪʙʝʣʠʚʘʥʠʷ ʧʦʣʘʛʘʝʪʩʷ 5%), ʧʨʦʩʫʰʝʥʥʦʡ ʣʠʰʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʛʣʠʥʳ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ, ʯʝʤ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʦ ʠʥʩʪʨʫʢʮʠʠ 

[2-3].  
 

ʊʘʙʣʠʮʘ 4 

ʈɽɿʋʃʔʊɸʊʓ ʃɸɹʆʈɸʊʆʈʅʓʍ ʀ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓʍ ʀʉʇʓʊɸʅʀʁ ʆʊɹɽʃʀɺɸʖʑɽʁ 

ʉʇʆʉʆɹʅʆʉʊʀ ʅɸʋʂɸʊʉʂʆʁ ɻʃʀʅʓ ʇʆ ʈɸʌʀʅʀʈʆɺɸʅʅʆʄʋ ʍʃʆʇʂʆɺʆʄʋ ʄɸʉʃʋ 
 

ɻʣʠʥʳ ʩʠʪʦ Ò0,63ʤ 

ʋʩʣʦʚʠʷ ʦʧʳʪʘ 
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ʀʩʭʦʜʥʦʝ ʨʘʬʠʥʠʨʦʚʘʥʥʦʝ ʤʘʩʣʦ - - - - 0,14 23,0 70 

ʅʘʫʢʘʪ 5 115 20 100 0,08 13,0 - 

 ʅʘʫʢʘʪ 5 80 20 20 0,1 12,0 - 

 ʅʘʫʢʘʪ 5 55 20 20 0,09 13,0 - 

ɿʠʢʝʝʚʩʢʘʷ ʦʧʦʢʘ 5 80 20 20 0,1 10,0  

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʢʘʟʘʥʦ ʚʦʟʤʦʞʥʦʩʪʴ ʘʜʩʦʨʙʮʠʦʥʥʦʡ  ʨʘʬʠʥʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ 

ʤʝʩʪʥʦʡ ʥʘʫʢʘʪʩʢʦʡ ʛʣʠʥʦʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʫʢʘʪʩʢʦʡ ʛʣʠʥʳ ʜʣʷ ʦʯʠʩʪʢʠ ʤʘʩʝʣ ʷʚʣʷʝʪʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʣʠʥ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʨʙʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʩʦʨʙʝʥʪʘ. ʆʨʛʘʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʨʙʦʥʠʟʠʨʦʚʘʥʥʳʭ 

ʩʦʨʙʝʥʪʦʚ ʧʦʟʚʦʣʠʣʦ ʙʳ ʥʘʨʷʜʫ ʩ ʨʝʛʝʥʝʨʘʮʠʝʡ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʘʚʪʦʣʘ ʧʨʦʠʟʚʦʜʠʪʴ  ʦʯʠʩʪʢʫ 

ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʝʜʧʨʠʷʪʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʙʳ ʦʯʠʱʝʥʠʶ ʚʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʩʦʢʨʘʪʠʣʦ 

ʩʫʱʝʩʪʚʝʥʥʦ  ʨʘʩʭʦʜʳ ʧʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʶ ʦʯʠʱʘʝʤʦʡ ʚʦʜʳ. 

ɺ ʨʘʙʦʪʝ çɸʜʩʦʨʙʮʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʧʦʯʚʘʤʠ ʠ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠè ʙʳʣʦ ʦʪʤʝʯʝʥʦ, 

ʯʪʦ ʥʘ ʢʨʫʧʥʳʭ ʘʤʝʨʠʢʘʥʩʢʠʭ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʘʭ ʦʪʨʘʙʦʪʘʥʥʫʶ ʜʣʷ ʦʯʠʩʪʢʠ 

ʤʘʩʝʣ ʛʣʠʥʫ ʦʙʞʠʛʘʶʪ ʠ ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʜʳ ʦʪ ʵʤʫʣʴʛʠʨʦʚʘʥʥʦʡ  ʚ ʥʝʡ ʥʝʬʪʠ 

ʚ ʢʘʯʝʩʪʚʝ ʠʥʝʨʪʥʦʡ ʟʝʨʥʠʩʪʦʡ ʟʘʛʨʫʟʢʠ ʚ ʬʠʣʴʪʨʳ [5].  

ʇʫʪʝʤ ʥʘʛʨʝʚʘʥʠʷ ʛʣʠʥʳ ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʛʨʘʥʫʣ ʠ ʠʭ 

ʥʝʨʘʟʤʦʢʘʝʤʦʩʪʠ ʚ ʚʦʜʝ ʟʘ ʩʯʝʪ ʬʘʟʦʚʳʭ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʛʣʠʥʠʩʪʳʤʠ ʯʘʩʪʠʮʘʤʠ ʧʨʠ ʠʭ 

ʩʧʝʢʘʥʠʠ. ɹʦʣʝʝ ʧʨʘʚʠʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʫʪʠʣʠʟʘʮʠʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʣʠʥʠʩʪʳʭ ʘʜʩʦʨʙʝʥʪʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʚ ʚʳʞʠʛʘʥʠʠ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʢʦʢʩʘ, 

ʘ ʚ ʝʛʦ ʘʢʪʠʚʘʮʠʠ, ʪ.ʝ. ʚ ʧʨʠʜʘʥʠʠ ʝʤʫ ʩʚʦʡʩʪʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʘʢʪʠʚʥʳʭ ʫʛʣʝʡ. 

ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʢʦʢʩ-ɻ ʪʦ ʦʙʝʜʥʝʥʥʳʝ ʚʦʜʦʨʦʜʦʤ 

ʩʤʦʣʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ.  

ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʪʨʦʝʥʠʶ ʦʥʠ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ, ʧʨʠʙʣʠʞʘʶʱʠʤʠʩʷ ʢ ʛʨʘʬʠʪʫ [6-8].  

ɺ ʩʨʝʜʥʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʩʦʨʙʝʥʪʦʚ ʦʪʢʣʘʜʳʚʘʝʪʩʷ 3-7% ʢʦʢʩʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʚʝʩʫ ʘʣʶʤʦʩʠʣʠʢʘʪʘ. ɼʣʷ ʘʢʪʠʚʘʮʠʠ ʢʦʢʩʘ ʧʨʝʜʣʦʞʝʥʦ ʦʪʨʘʙʦʪʘʥʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʨʘʩʪʚʦʨʦʤ ʢʘʫʩʪʠʯʝʩʢʦʡ ʩʦʜʳ [5], ʠʣʠ 

ʢʘʨʙʦʥʠʟʠʨʦʚʘʪʴ ʛʣʠʥʫ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʤʘʩʣʘʤʠ ʧʨʠ 400-5000ʉ  ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩ 

[1-4].  
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ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʨʘʙʦʪ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʪʦʣʴʢʦ ʯʘʩʪʴ ʩʪʘʪʠʯʝʩʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʘʢʪʠʚʥʳʭ ʫʛʣʝʡ [9-11].  

ɹʦʣʴʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʢʘʨʙʦʥʠʟʠʨʦʚʘʥʥʳʭ ʩʦʨʙʝʥʪʦʚ, ʫ ʢʦʪʦʨʳʭ ʫʛʦʣʴ ʥʘʥʝʩʝʥ 

ʪʦʥʢʠʤ ʩʣʦʝʤ ʥʘ ʙʦʣʴʰʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʛʣʠʥʳ, ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʡ ʦʪʨʘʙʦʪʢʠ 

ʫʛʦʣʴʥʦʛʦ ʩʣʦʷ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʩʦʨʙʮʠʠ ʢʨʫʧʥʦʨʘʟʤʝʨʥʳʭ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʝʡ, 

ʇɸɺ ʠ.ʪ.ʧ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʚʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʜʝʰʝʚʳʭ ʥʝʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʦʪʚʝʯʘʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʥʜʝʥʮʠʷʤ ʨʘʟʚʠʪʠʷ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʚʦʜʳ. 

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʢʦʘʛʫʣʷʥʪ ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʜʳ ð ʩʫʣʴʬʘʪ ʘʥʠʣʠʥ ʧʨʦʠʟʚʦʜʷʪ ʠʟ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʠ ʜʝʬʠʮʠʪʥʦʛʦ ʛʠʜʨʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ð ʧʦʣʫʧʨʦʜʫʢʪʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʛʣʠʥʦʟʝʤʘ [9-12].  

ʉ ʮʝʣʴʶ ʫʜʝʰʝʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ 

ʧʦʣʫʯʝʥʠʷ ʩʫʣʴʬʘʪʘ ʘʣʶʤʠʥʠʷ ʠʟ ʢʘʦʣʠʥʦʚ ʠ ʛʣʠʥ, ʟʘʧʘʩʳ ʢʦʪʦʨʳʭ ʦʛʨʦʤʥʳ ʠ ʟʘʣʝʞʠ ʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦʚʩʝʤʝʩʪʥʦ [12].  

ʆʜʥʘʢʦ ʧʨʠ ʩʝʨʥʦʢʠʩʣʦʪʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʢʘʦʣʠʥʦʚ ʠ ʛʣʠʥ ʚʩʪʨʝʯʘʝʪʩʷ  ʨʷʜ ʟʘʪʨʫʜʥʝʥʠʡ, 

ʠ ʜʣʷ ʠʭ ʫʩʪʨʘʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʩʫʣʴʬʘʪʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʧʦʣʦʞʝʥ ʚ 

ʦʩʥʦʚʫ ʥʝʧʨʝʨʳʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʦʯʠʱʝʥʥʦʛʦ ʩʫʣʴʬʘʪʘ ʘʣʶʤʠʥʠʷ ʠʟ ʢʘʦʣʠʥʦʚ [11-

13].  

ʉʫʱʥʦʩʪʴ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʟ ʢʘʦʣʠʥʘ ʠʣʠ ʛʣʠʥʳ ʠ ʨʘʩʪʚʦʨʘ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʛʦʪʦʚʷʪ ʧʫʣʴʧʫ, ʢʦʪʦʨʫʶ ʧʦʜʚʝʨʛʘʶʪ ʛʨʘʥʫʣʷʮʠʦʥʥʦʤʫ ʩʧʝʢʘʥʠʶ ʚ ʘʧʧʘʨʘʪʘʭ 

ʩ ʧʩʝʚʜʦʦʞʠʞʝʥʥʳʤ ʩʣʦʝʤ. ʀʟ ʦʙʦʞʝʥʥʳʭ ʛʨʘʥʫʣ ʨʘʩʪʚʦʨʦʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʵʢʩʪʨʘʛʠʨʫʶʪ 

ʘʣʶʤʠʥʠʡ ʚ ʙʘʨʘʙʘʥʥʳʭ ʧʨʦʪʠʚʦʪʦʯʥʳʭ ʨʝʘʢʪʦʨʘʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʪʠʣʠʟʘʮʠʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʢʦʚ ʢʘʦʣʠʥʦʚ ʠ ʛʣʠʥ ʩ ʮʝʣʴʶ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʧʦʣʫʯʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʢʦʘʛʫʣʷʥʪʘ ï ʩʫʣʴʬʘʪʘ ʘʣʶʤʠʥʠʷ. 

ʂʦʤʧʣʝʢʩ ʧʨʠʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʨʝʘʣʴʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ 

ʜʣʷ ʨʘʟʚʠʪʠʷ ʙʝʟʦʪʭʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʠʨʦʜʥʳʤʠ ʩʦʨʙʝʥʪʘʤʠ, ʘ 

ʧʨʠʚʦʜʠʤʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʩʣʫʞʠʪ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʳʤ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʧʨʦʠʟʚʦʜʩʪʚ, ʥʝ ʦʢʘʟʳʚʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ (ʈʠʩʫʥʦʢ). 

ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʮʠʢʣʫ, 

ʠʤʝʶʱʠʭ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʫʩʣʦʚʠʠ: ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚʦʜʳ ʥʘ 

ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʘ, ʧʨʘʚʠʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʠ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʥʦʨʤ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʚʦʜʦʦʪʚʝʜʝʥʠʷ; ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʪʦʯʥʳʭ ʚʦʜ ʢʘʢ ʧʦ ʢʘʯʝʩʪʚʝʥʥʦʡ, ʪʘʢ 

ʠ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚʦʜʦʦʪʚʝʜʝʥʠʷ; 

ʦʯʠʩʪʢʘ ʣʦʢʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʮʝʣʴʶ ʠʭ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ 

ʣʦʢʘʣʴʥʳʭ ʟʘʤʢʥʫʪʳʭ ʩʠʩʪʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ; ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʚ ʦʧʝʨʘʮʠʷʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘʭ, ʪʨʝʙʫʶʱʠʭ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʝʝ ʢʘʯʝʩʪʚʘ; 

ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚʢʣʶʯʘʶʱʝʡ ʚʦʜʦʩʥʘʙʞʝʥʠʝ, ʚʦʜʦʦʪʚʝʜʝʥʠʝ, 

ʦʯʠʩʪʢʫ ʩʪʦʯʥʳʭ ʚʦʜ ʢʘʢ ʩʪʘʜʠʶ ʧʦʜʛʦʪʦʚʢʠ ʜʣʷ ʠʭ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʦʩʣʝʜʥʝʝ ʚ 

ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʦʪʥʦʩʠʪʩʷ ʢ ʩʪʦʯʥʳʤ ʚʦʜʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʤʠʥʝʨʘʣʴʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ. ʉʣʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʝʱʝ 

ʙʳʪʫʝʪ ʧʦʣʦʞʝʥʠʝ, ʢʦʛʜʘ ʪʝʭʥʦʣʦʛʠʷ ʦʩʥʦʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʜʚʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʘ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʟʘʪʨʘʪʳ ʥʘ ʦʯʠʩʪʢʫ ʩʪʦʯʥʳʭ ʚʦʜ ʜʦ ʢʘʯʝʩʪʚʘ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʚʝʨʥʫʪʴ ʠʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʟʘʪʨʘʪʳ ʥʘ ʜʦʚʝʜʝʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʦʯʠʩʪʢʝ 

ʩʪʦʯʥʳʭ ʚʦʜ ʦʩʘʜʢʦʚ ʜʦ ʪʦʚʘʨʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠʣʠ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ.  
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ʈʠʩʫʥʦʢ. ʉʭʝʤʘ ʙʝʟʦʪʭʦʜʥʦʡ ʦʯʠʩʪʢʠ ʩʪʦʢʦʚ ʛʣʠʥʘʤʠ 

 

ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ 

ʨʘʡʦʥʦʚ, ʠʤʝʶʱʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ. ɺ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʦʟʜʘʥʠʝ ʟʘʤʢʥʫʪʳʭ ʩʠʩʪʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʜʠʢʪʫʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ, ʜʦʣʞʝʥ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ɿʘʤʢʥʫʪʳʝ ʩʠʩʪʝʤʳ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʘʡʦʥʦʚ ʠ ʮʝʥʪʨʦʚ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳ, 

ʯʝʤ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʶʪ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʚʳʧʦʣʥʠʪʴ ʚʩʝ ʫʩʣʦʚʠʷ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʘ ʦʯʠʱʝʥʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʥʦ ʠ ʜʣʷ ʧʦʣʠʚʘ ʟʝʣʝʥʳʭ 

ʥʘʩʘʞʜʝʥʠʡ, ʟʝʤʣʝʜʝʣʴʯʝʩʢʠʭ ʧʦʣʝʡ ʦʨʦʰʝʥʠʷ, ʦʙʚʦʜʥʝʥʠʷ ʚʦʜʦʝʤʦʚ ʠ ʜʨʫʛʠʭ ʮʝʣʝʡ. 

ʉʦʟʜʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʮʠʦʥʘʣʴʥʳʭ ʟʘʤʢʥʫʪʳʭ ʩʠʩʪʝʤ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ. ʉʨʦʢʠ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʟʘʚʠʩʷʪ ʦʪ ʩʣʦʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ, ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʥʘʱʝʥʥʦʩʪʠ, ʩʨʦʢʦʚ ʨʝʰʝʥʠʷ 

ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʟʘʜʘʯ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ ʟʘʤʢʥʫʪʳʝ ʩʠʩʪʝʤʳ 

ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ ʜʦʣʞʥʳ ʚʥʝʜʨʷʪʴʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʵʪʦ ʥʝ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ 

ʩʨʝʜʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʠʭ ʚʥʝʜʨʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜ ʩʳʨʴʷ (ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʚʦʜʳ) ʥʘ ʝʜʠʥʠʮʫ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʠʩʢʣʶʯʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ 

ʦʪʭʦʜʦʚ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʙʦʣʝʝ 75%) 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʦʭʣʘʞʜʝʥʠʝ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʯʠʱʝʥʥʳʝ ʛʦʨʦʜʩʢʠʝ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ ʥʘʧʨʘʚʣʷʪʴ ʚ ʦʙʦʨʦʪʥʳʝ ʦʭʣʘʞʜʘʶʱʠʝ ʩʠʩʪʝʤʳ ʜʣʷ 
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ʚʦʩʧʦʣʥʝʥʠʷ ʧʦʪʝʨʴ ʚʦʜʳ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʚʦʜʳ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ 

ʨʘʙʦʪʳ ʦʭʣʘʞʜʘʶʱʠʭ ʩʠʩʪʝʤ. ʇʨʠ ʨʘʙʦʪʝ ʧʨʝʜʧʨʠʷʪʠʡ ʙʝʟ ʩʙʨʦʩʘ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʚʦʜʦʝʤ 

ʮʝʣʝʩʦʦʙʨʘʟʥʘ ʨʘʙʦʪʘ ʦʙʦʨʦʪʥʳʭ ʦʭʣʘʞʜʘʶʱʠʭ ʩʠʩʪʝʤ ʥʘ ʙʝʩʧʨʦʜʫʚʦʯʥʦʤ ʨʝʞʠʤʝ.  

ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ ʦʧʨʝʜʝʣʷʶʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʫʩʣʦʚʠʷʤʠ 

ʨʘʙʦʪʳ ʦʭʣʘʞʜʘʶʱʠʭ ʩʠʩʪʝʤ ï ʦʪʩʫʪʩʪʚʠʝʤ ʢʦʨʨʦʟʠʠ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʩʪʘʥʠʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ, ʩ ʜʨʫʛʦʡ ð ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʦʡ, 

ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʡ ʠ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ ʠ ʚʝʣʠʯʠʥʦʡ 

ʚʳʥʦʩʘ ʢʘʧʝʣʴʥʦʡ ʚʣʘʛʠ ʠʟ ʛʨʘʜʠʨʝʥ ʩ ʫʯʝʪʦʤ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʥʠʭ ʧʨʦʮʝʩʩʦʚ. 

ɽʩʣʠ ʤʝʪʦʜʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ ʤʦʛʫʪ ʦʧʨʝʜʝʣʝʥʳ ʠʩʭʦʜʷ ʠʟ ʠʦʥʥʦʛʦ 

ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʴʥʦʡ ʝʝ ʯʘʩʪʠ, ʪʦ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʘʷ ʠ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʚʠʩʷʪ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʜʦʙʘʚʦʯʥʦʡ ʚʦʜʝ, ʠʭ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ (ʦʢʠʩʣʝʥʠʝ, ʢʦʥʜʝʥʩʘʮʠʷ, ʧʦʣʠʤʝʨʠʟʘʮʠʷ 

ʠ ʜʨ.), ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʦʙʦʨʦʪʥʦʡ ʩʠʩʪʝʤʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʠʩʣʦʨʦʜʘ, 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʪʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ɺʳʧʦʣʥʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʢʘʯʝʩʪʚʫ ʜʦʙʘʚʦʯʥʦʡ ʠ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ, ʦʧʪʠʤʘʣʴʥʳʝ ʩʭʝʤʳ-ʫʯʘʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʫʩʣʦʚʠʡ 

ʨʘʙʦʪʳ ʛʨʘʜʠʨʝʥ, ʠʩʢʣʶʯʘʶʱʠʝ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʙʘʩʩʝʡʥʘ. ʅʘ ʨʷʜʝ ʧʨʝʜʧʨʠʷʪʠʡ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʥʘ ʚʥʝʧʣʦʱʘʜʦʯʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʩʦʜʝʨʞʘʪ ʤʥʦʛʦ 

ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ. ʇʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʦʚʤʝʩʪʥʦʡ ʦʯʠʩʪʢʝ ʩʦ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ 

ʛʦʨʦʜʘ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʩʦʣʠʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʩʪʦʯʥʳʭ ʚʦʜ. ʅʝʨʝʜʢʠ 

ʩʣʫʯʘʠ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ 

ʚʥʝʧʣʦʱʘʜʦʯʥʳʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʨʫʜʥʦ ʧʦʜʜʘʶʱʠʭʩʷ 

ʙʠʦʭʠʤʠʯʝʩʢʦʤʫ ʦʢʠʩʣʝʥʠʶ, ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ, ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʜʦʦʯʠʩʪʢʠ ʦʙʱʝʛʦ ʧʦʪʦʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʙʠʦʩʦʨʙʮʠʝʡ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ɺʳʩʦʢʠʝ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʣʠʥʠʩʪʳʭ 

ʘʜʩʦʨʙʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʰʠʨʦʢʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʙʠʦʩʦʨʙʮʠʦʥʥʦʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, 

ʩʦʜʝʨʞʘʱʠʭ ʪʨʫʜʥʦʦʢʠʩʣʷʝʤʳʝ ʧʨʠ ʙʠʦʦʯʠʩʪʢʝ ʢʨʘʩʠʪʝʣʠ, ʇɸɺ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʠʦʥʳ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʜʨ. ʩʪʦʯʥʳʭ ʚʦʜ (80-100% ʦʯʠʩʪʢʘ ʩʪʦʢʦʚ ʦʪ ʟʘʛʨʷʟʥʝʥʠʡ). 

ɺ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ-ʩʦʨʙʝʥʪʘ ʧʨʠ ʙʠʦʘʜʩʦʨʙʮʠʦʥʥʦʡ ʦʯʠʩʪʢʝ ʥʘʤʠ ʚʧʝʨʚʳʝ, ʚʤʝʩʪʦ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠ ʜʝʬʠʮʠʪʥʳʭ ʘʢʪʠʚʥʳʭ ʫʛʣʝʡ, ʧʨʝʜʣʦʞʝʥʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ 

ʙʝʥʪʦʥʠʪʦʧʦʜʦʙʥʳʝ ʠ ʧʘʣʳʛʦʨʩʢʠʪʦʚʳʝ ʛʣʠʥʳ, ʢʦʪʦʨʳʝ ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʠʤʝʩʷʤʠ ʦʯʠʱʘʝʤʦʡ 

ʩʪʦʯʥʦʡ ʚʦʜʳ ʣʝʛʢʦ ʤʦʛʫʪ ʙʳʪʴ ʫʪʠʣʠʟʠʨʦʚʘʥʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ, ʪʦʚʘʨʦʚ 

ʥʘʨʦʜʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ, ʢʦʘʛʫʣʷʥʪʦʚ ʠ ʫʛʦʣʴʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʨʙʝʥʪʦʚ. ʉʫʱʝʩʪʚʝʥʥʳʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʛʣʠʥʠʩʪʦʛʦ ʥʦʩʠʪʝʣʷ-ʩʦʨʙʝʥʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʢʪʠʚʥʳʤʠ 

ʫʛʣʷʤʠ, ʢʦʘʛʫʣʷʥʪʘʤʠ ʠ ʬʣʦʢʫʣʷʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʠʥʪʝʥʩʠʚʥʘʷ ʘʜʩʦʨʙʮʠʷ ʟʘʛʨʷʟʥʝʥʠʡ, 

ʧʦʩʣʝʜʫʶʱʘʷ ʙʳʩʪʨʘʷ ʬʣʦʢʫʣʷʮʠʷ, ʙʣʘʛʦʜʘʨʷ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦʡ ʫʜʝʣʴʥʦʡ ʤʘʩʩʝ (ʜʦ 2,3 ʛ/ʩʤ3), 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ ʭʣʦʧʴʷ ʠ ʠʩʢʣʶʯʘʴʶ ʚʦʟʤʦʞʥʦʩʪʴ ʚʪʦʨʠʯʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʳ ʠ ʦʩʘʜʢʘ ʧʨʠ ʥʝʠʟʤʝʥʥʦʩʪʠ ʩʦʣʝʚʦʛʦ ʩʦʩʪʘʚʘ ʩʪʦʢʘ ʚ ʩʠʣʫ ʧʨʦʪʝʢʘʶʱʠʭ 

ʠʦʥʥʦʦʙʤʝʥʥʳʭ ʚʦʜʦʫʤʷʛʯʷʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʠʥʝʨʪʥʦʩʪʠ ʩʘʤʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʦʨʙʝʥʪʘ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʝʛʦ ʭʠʤʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ. ʊʝʭʥʦʣʦʛʠʷ ʙʠʦʘʜʩʦʨʙʮʠʦʥʥʦʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ 

ʚʦʜ ʛʣʠʥʠʩʪʳʤʠ ʘʜʩʦʨʙʝʥʪʘʤʠ ʚʝʩʴʤʘ ʧʨʦʩʪʘ, ʥʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 
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SYSTEMATIC ANALYSIS OF Artem s a L. SPECIES AND CONTEMPORARY ASPECTS  

OF THEIR USE (BASED ON REGIONAL FLORISTIC STUDIES) 

 

ÉBabayeva S., ORCID: 0009-0004-4800-7276, Ph.D., Nakhchivan State University, 

Nakhchivan, Azerbaijan, safuraaliyeva1991@gmail.com 

 

ʉʀʉʊɽʄɸʊʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ɺʀɼʆɺ Artemisia L.  

ʀ ʅɸʇʈɸɺʃɽʅʀʗ ʀʍ ʀʉʇʆʃʔɿʆɺɸʅʀʗ  

(ʅɸ ʆʉʅʆɺɽ ʈɽɻʀʆʅɸʃʔʅʓʍ ʌʃʆʈʀʉʊʀʏɽʉʂʀʍ ʀʉʉʃɽɼʆɺɸʅʀʁ) 

 

Éɹʘʙʘʝʚʘ ʉ., ORCID: 0009-0004-4800-7276, ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ, ʅʘʭʯʳʚʘʥʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʘʭʯʳʚʘʥ, ɸʟʝʨʙʘʡʜʞʘʥ, safuraaliyeva1991@gmail.com 

 

Abstract. The art cle presents an analys s of the systemat c compos t on, ecolog cal 

character st cs, and ut l zat on d rect ons of spec es belong ng to the genus Artem s a L. d str buted n 

the flora of the Nakhch van Autonomous Republ c, based on reg onal flor st c stud es. As a result of 

l terature rev ew and f eld nvest gat ons, t was determ ned that the genus Artem s a L., belong ng to 

the fam ly Asteraceae, s represented by 15 spec es n the terr tory of the Nakhch van Autonomous 

Republ c, and the r systemat c class f cat on has been clar f ed. Dur ng the study, the use of 

wormwood spec es as med c nal, essent al o l-bear ng, forage, food, sp ce, dye, and res n-produc ng 

plants was evaluated, and the r mult funct onal and prom s ng nature was demonstrated. The results 

conf rm that spec es of the genus Artem s a have s gn f cant sc ent f c, research, and pract cal-

econom c mportance n the Nakhch van Autonomous Republ c. 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʜʦʚ ʨʦʜʘ Artemisia L., ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʚʦ ʬʣʦʨʝ 

ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ, ʥʘ ʦʩʥʦʚʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʬʣʦʨʠʩʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʨʦʜ Artemisia L. ʩʝʤʝʡʩʪʚʘ Asteraceae ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʈ 15 

ʚʠʜʘʤʠ, ʫʪʦʯʥʝʥʘ ʠʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʮʝʥʠʚʘʣʦʩʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʜʦʚ ʧʦʣʳʥʠ ʢʘʢ ʣʝʢʘʨʩʪʚʝʥʥʳʭ, ʵʬʠʨʦʤʘʩʣʠʯʥʳʭ, ʢʦʨʤʦʚʳʭ, ʧʠʱʝʚʳʭ, 

ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʠʭ, ʢʨʘʩʷʱʠʭ ʠ ʩʤʦʣʠʩʪʳʭ ʨʘʩʪʝʥʠʡ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʠ ʚʠʜʳ ʷʚʣʷʶʪʩʷ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚʠʜʳ ʨʦʜʘ 

Artemisia L. ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʜʣʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ, ʪʘʢ ʠ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʈ. 

 

Keywords: Artem s a, systemat c analys s, med c nal plants, essent al o l plants, useful plants. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Artemisia, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʨʘʩʪʝʥʠʷ, 

ʵʬʠʨʦʤʘʩʣʠʯʥʳʝ ʨʘʩʪʝʥʠʷ, ʧʦʣʝʟʥʳʝ ʨʘʩʪʝʥʠʷ. 

 

The Nakhch van Autonomous Republ c, character zed by ts un que rel ef structure, cont nental 

cl mate, and ar d ecolog cal cond t ons, possesses a vegetat on cover of part cular sc ent f c nterest. 

One of the plant fam l es w th a r ch spec es compos t on n the flora of Nakhch van s the fam ly 

Asteraceae Bercht. et J. Presl. Th s fam ly s cons dered one of the largest and most evolut onar ly 
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advanced among d cotyledonous plants n terms of spec es d vers ty. Representat ves of the 

Asteraceae fam ly nclude annual, b enn al, and perenn al herbs, as well as subshrubs. Members of 

the fam ly are ma nly d str buted n open, sunny areas, dry and sem-desert landscapes, wh ch 

nd cates the r h gh ecolog cal plast c ty. One of the largest and most polymorph c genera of the fam ly 

Asteraceae s the genus Artem s a L. Among the xerophyt c and sem-xerophyt c plants d str buted n 

the reg on, spec es of the genus Artem s a have a w de range of d str but on and h gh adapt ve 

capac ty. Wormwood spec es play a key role as major components of phytocenoses n the desert, 

sem-desert, and footh ll landscapes of Nakhch van. These plants are mportant n prevent ng so l 

eros on, conserv ng b od vers ty, and form ng natural forage areas. At the same t me, Artem s a 

spec es serve as ecolog cal nd cator plants and are valuable for study ng the h story of landscape 

format on. The flor st c r chness and natural solat on of the Nakhch van terr tory allow for clearer 

observat on of the morpholog cal and ecolog cal var ab l ty of the genus Artem s a. Therefore, the 

d str but on and ut l zat on aspects of the genus Artem s a n the flora of Nakhch van have long been 

the focus of sc ent f c research. Among useful plants, spec es belong ng to the genus Artem s a L. are 

of part cular mportance. Based on numerous stud es and l terature sources, t has been establ shed 

that spec es of th s genus are used as med c nal, food and forage, essent al o l-bear ng, dye, res n-

produc ng, and sp ce plants. These character st cs conf rm the mult funct onal ty of Artem s a spec es 

and the r h gh econom c and sc ent f c s gn f cance n the reg on, espec ally as med c nal, essent al 

o l-bear ng, and forage plants. 

 

Material and research methods 

In the course of the study, generally accepted flor st c, geobotan cal, b oecolog cal, and related 

methods, as well as phenolog cal observat ons, were appl ed. As the ma n research mater al, both 

l terature sources and emp r cal data obta ned dur ng f eld nvest gat ons were used. The research 

objects ncluded var ous terr tor es of the reg on, wh le the research mater al compr sed spec es 

belong ng to the genus Artem s a L. In the study area, data on spec es of the genus Artem s a L. have 

been reported n a number of l terature sources [3-7, 10-13].  

Ident f cat on of spec es and clar f cat on of the r nomenclature were carr ed out us ng 

fundamental flor st c works such as Flora of Azerba jan, Flora of the Caucasus, and A. M. Asgarovôs 

Plant World of Azerba jan, among others [2, 8, 9].  

Recent taxonom c updates were conducted based on the World Flora Onl ne database 

(https://about.worldfloraonl ne.org/; https://powo.sc ence.kew.org/; https://www. pn .org/). 

 

Discussion and conclusions of the study 

In the flora of the Nakhchivan Autonomous Republic, species belonging to the genus Artemisia 

represent one of the economically important groups of plants and play a significant role. Based on 

the analysis of literature data and original field research materials, 15 species of the genus Artemisia 

L., belonging to the family Asteraceae, have been recorded in the territory of the Nakhchivan 

Autonomous Republic. The systematic analysis of the species belonging to this genus is presented 

below. 

Fam: Asteraceae Bercht. & J.Presl, nom. cons. (= Compositae Giseke, nom. cons.  

Genus: Artemisia L.  

Sect.1. Artemisia 

1(1) Artemisia vulgaris L.  

1(2) A. abrotanum L.  

1(3) A. chamaemelifolia Vill.  

1(4) A. armeniaca Lam.  
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1(5) A. splendens Willd.  

1(6) A. austriaca Jacq. 

1(7) A. absinthium L.  

1(8) A. incana Druce. 

1(9) A. nachitshevanica Rzazade. 

1(10) A. fragrans Willd.  

1(11) A. lercheana Weber ex Stechm.  

1(12) A. fasciculata Hook. et Thomson ex Hook 

Sect.2. Dracunculus Bess. 

1(13) A. scoparia Waldst. & Kit 

Sect.3. Seriphidium Bess. 

1(14) A. araxina Takht.  

1(15)*A. dracunculus L.  

Med c nal plants d str buted n the flora of the Nakhch van Autonomous Republ c are stud ed 

n a comprehens ve manner by botan sts, pharmacognos sts, phytochem sts, pharmacolog sts, and 

cl n cal spec al sts, and a sc ent f c bas s s be ng establ shed for the r appl cat on n med cal pract ce. 

Among these plants, spec es of the genus Artem s a L. belong ng to the fam ly Asteraceae occupy a 

spec al place due to the r med c nal s gn f cance. An analys s of the d str but on of representat ves of 

th s genus w th n the flora of the autonomous republ c shows that med cally valuable spec es have a 

relat vely w de range of d str but on [1]. 

Recent sc ent f c stud es nd cate that researchers, part cularly Ch nese sc ent sts, have shown 

great nterest n the nvest gat on of the genus Artem s a L. and have ach eved mportant results n 

th s f eld. Notably, the pharmaceut cal preparat on caplar z n, used n the treatment of card ovascular 

d seases, was developed based on the coumar n der vat ve esculet n solated from Artem s a spec es. 

The nvest gat on of the ut l zat on potent al of Artem s a L. spec es d str buted n the flora of 

the autonomous republ c n var ous d rect ons ï such as sp ce plants, med c nal plants n trad t onal 

med c ne, appl cat ons n cosmetology and l ght ndustry, pharmaceut cals, as well as dye product on 

ï along w th the assessment of the r natural resources, has been dent f ed as one of the ma n pr or t es 

of current research. Wormwood spec es are character zed by h gh b olog cal act v ty, and they conta n 

mportant chem cal compounds such as terpeno ds, flavono ds, alkalo ds, and glycos des. For th s 

reason, the ant ox dant, ant paras t c, ant m crob al, and fung c dal propert es of representat ves of 

th s genus have been comprehens vely nvest gated. The s gn f cance of wormwood spec es as forage 

plants has been noted n a number of sc ent f c sources. Artem s a fragrans, w dely d str buted across 

var ous reg ons of Azerba jan, s used as a forage plant n these areas and n some cases plays an 

ed f cator (dom nant) role n the format on of plant commun t es (F gure 1). 

In the upper mounta n belt surround ng Payēz v llage of the Kangarl  D str ct of the Nakhch van 

Autonomous Republ c, plants belong ng to the genus Artem s a predom nate n terms of natural 

reserves. The essent al o ls obta ned from the spec es d str buted n these areas are d st ngu shed by 

the r pleasant and spec f c aromat c character st cs. The susta nable development of the nat onal 

economy and agr cultural sectors necess tates the rat onal and targeted use of natural resources, 

nclud ng useful plants. For th s purpose, spec es belong ng to the genus Artem s a were stud ed 

nd v dually, and t was determ ned that representat ves of the genus can be class f ed nto d fferent 

groups accord ng to the r ut l zat on d rect ons. Thus, spec es used for med c nal purposes nclude A. 

abs nth um L., A. scopar a, and A. austr aca; essent al o l-bear ng plants nclude A. fragrans, A. 

armen aca, and A. chamaemel fol a; spec es of techn cal mportance nclude A. fragrans and A. 

arenar a; wh le those used as sp ces nclude A. abs nth um, A. scopar a, and A. dracunculus L (F gure 

2). 
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Figure 1. Artemisia fragrans 

 

 
 

Figure 2. Artemisia chamaemelifolia 

 

Spec es belong ng to the genus Artem s a are d st ngu shed both by the abundance of the r 

natural reserves and by the r chness of the r chem cal compos t on. Nevertheless, a large proport on 

of these spec es has not yet been stud ed n suff c ent deta l. Numerous stud es have revealed the 

presence of sesqu terpene lactones, coumar ns, and essent al o l components n nd v dual spec es of 

the genus, wh le the quant tat ve var ab l ty of chem cal const tuents under the nfluence of ecolog cal 

factors has also been comprehens vely nvest gated. It s well known that dur ng the second half of 

the 20th century, a s gn f cant proport on of med c nal products used n med cal pract ce n our 

country were der ved from plant-based preparat ons. Dur ng that per od, several spec es of the genus 
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Artem s a L. (A. abs nth um, A. annua, A. scopar a, and A. vulgar s) were ncluded n pharmacopoe al 

l sts as off c al med c nal plants [14, 15]. 

Among the pr nc pal act ve components character st c of Artem s a spec es, sesqu terpene 

lactones occupy a prom nent place. In add t on, these plants accumulate essent al o ls, phenol c 

compounds, tann ns, flavono ds, coumar ns, organ c ac ds, v tam ns, and other valuable substances. 

Some spec es of the genus Artem s a, part cularly Artem s a dracunculus L., are w dely used n the 

food ndustry. When added to d shes, th s spec es mparts a pleasant aroma and s multaneously 

contr butes to prolonged shelf l fe of food products. In general, wormwood plants are cons dered 

valuable due to the aromat c propert es of the r roots, stems, leaves, flowers, and fru ts. In th s regard, 

A. dracunculus L. s ma nly used fresh as a flavor ng agent n soups, whereas n dr ed form t has 

been dent f ed by us as a med c nal plant possess ng ant helm nt c act v ty (Table). 
 

Table 

CLASSĶFĶCATĶON OF USEFUL TYPES OF WORMWOOD FLORA OF NAKHCHĶVAN 
 

Species name 
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Artemisia vulgaris  +  + + + + 

A. abrotanum + + + + +  + 

A. chamaemelifolia  +   + +  

A. armeniaca  +   + +  

A. splendens + +   + +  

A. austriaca  +   + +  

A. absinthium + + + + + + + 

A. incana  +   + +  

A. nachitshevanica + + +  + +  

A. fragrans + + +  + +  

A. lercheana  +   + +  

A. fasciculata +  +  + +  

A. scoparia + +   + + + 

A. araxina  +   + +  

A. dracunculus + + + + + + + 

 

The analysis of the presented table indicates that species of the genus Artemisia distributed in 

the flora of the Nakhchivan Autonomous Republic possess diverse directions of use in economic 

activities and traditional medicine. The majority of the species are characterized as essential oil-

bearing and medicinal plants, which demonstrates that wormwood species are rich in biologically 

active compounds and play an important role from a medical and pharmacological perspective. 

As shown in the table, the essential oil-bearing property is observed in almost all species (A. 

vulgaris, A. abrotanum, A. absinthium, A. dracunculus, etc.). At the same time, many species are used 

as medicinal plants, with this characteristic being particularly pronounced in A. absinthium, A. 

vulgaris, A. dracunculus, and A. abrotanum. These species are well known in traditional medicine 

for their effects on regulating the digestive system, as well as for their anti-inflammatory and 

antiseptic properties. 

Resin-producing characteristics are mainly typical of certain species (A. abrotanum, A. 

splendens, A. absinthium, A. nachitshevanica, A. fragrans, A. fasciculata, A. scoparia, A. 

dracunculus), indicating the potential for their use for industrial and technical purposes. The number 



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.ru 

ʊ. 12. ˉ2 2026 

https://doi.org/10.33619/2414-2948/123 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 48 

of species with dye-producing properties is relatively limited and is mainly observed in A. abrotanum, 

A. absinthium, A. nachitshevanica, A. fragrans, and A. dracunculus. 

Based on the data presented in the table, some species are also used as food and spice plants. In 

particular, A. dracunculus (tarragon) and A. vulgaris occupy an important place among food and spice 

plants. In addition, A. absinthium and A. dracunculus stand out as multifunctional species used for 

food, spice, and medicinal purposes. Forage value is mainly characteristic of certain species, and this 

property has been recorded for A. vulgaris, A. absinthium, A. nachitshevanica, A. fragrans, A. 

fasciculata, A. scoparia, and A. dracunculus. This indicates the importance of wormwood species as 

supplementary forage resources for livestock under arid and semi-desert conditions. 

Overall, the analysis demonstrates that species of the genus Artemisia can be considered 

universal and promising plants in terms of their utilization potential. Their essential oil-bearing, 

medicinal, forage, food, and spice values confirm that these species possess significant potential for 

both scientific research and practical economic use in the Nakhchivan Autonomous Republic. 

To more clearly illustrate the economic and scientific importance of wormwood species, the 

utilization directions of Artemisia species were summarized and analyzed based on percentage 

indicators. The diagram compiled for this purpose reflects the distribution of Artemisia species 

occurring in the flora of the Nakhchivan Autonomous Republic according to their use as resin-

producing, essential oil-bearing, dye, food, medicinal, forage, and spice plants (Figure 3). 

 

 
 

Figure 3. Percentage distribution of species of the genus Artemisia according to their utilization 

directions 

 

Thus, the analysis of the diagram shows that species of the genus Artemisia are multifunctional 

and promising plants in terms of their utilization potential, with their most important applications 

being as medicinal and essential oil-bearing plants. 

 

Conclusions 

Based on a comprehensive literature review and long-term field studies, it has been determined 

that the flora of the Nakhchivan Autonomous Republic includes 15 species of the genus Artemisia L. 

belonging to the family Asteraceae. These species are classified into three sections (Artemisia, 

Dracunculus, and Seriphidium), which play a significant role in the systematic diversity of the 

regional flora. The analysis revealed that among the 15 Artemisia species distributed in the flora of 

the Nakhchivan Autonomous Republic, 21% are essential oilïbearing plants, 23% have medicinal 

value, 21% are used as fodder plants, 6% as food plants, 8% as spice plants, 12% as resin-producing 

plants, and 9% as dye plants. These results confirm that Artemisia species are multifunctional, 

biologically active, and economically promising plants, with particular importance as sources of 

medicinal raw materials and essential oils.  
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ɸʥʥʦʪʘʮʠʷ. ʈʦʩʪ ʙʦʣʴʥʳʭ ʧʦʣʣʠʥʦʟʘʤʠ ʚʦ ʚʩʝʤ ʤʠʨʝ ʘʢʪʫʘʣʠʟʠʨʫʝʪ ʄʝʞʜʫʥʘʨʦʜʥʫʶ 

ʘʵʨʦʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʩʩʦʮʠʘʮʠʶ (IAA) ʚʳʧʫʩʢʘʪʴ ʜʚʘ ʨʘʟʘ ʚ ʛʦʜ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʝʤʝʡʩʪʚʦ 

Pinaceae ʚʢʣʶʯʘʝʪ 650 ʚʠʜʦʚ, ʝʝ ʧʳʣʴʮʘ ʦʙʣʘʜʘʝʪ ʩʣʘʙʦʚʳʨʘʞʝʥʥʳʤʠ ʘʣʣʝʨʛʝʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʢʘʟʘʥʥʦʡ ʧʳʣʴʮʳ: ʢʨʫʧʥʳʡ ʨʘʟʤʝʨ, ʚʳʩʦʢʘʷ ʣʝʪʫʯʝʩʪʴ 

ʙʣʘʛʦʜʘʨʷ ʚʦʟʜʫʰʥʳʤ ʤʝʰʦʯʢʘʤ, ʫʥʠʢʘʣʴʥʘʷ ʧʘʣʠʤʦʨʬʦʣʦʛʠʷ, ʚʳʩʦʢʘʷ ʧʳʣʴʮʝʧʨʦʜʫʢʮʠʷ. 

ʆʥʘ ʧʦʜʚʝʨʞʝʥʘ ʚʣʠʷʥʠʶ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʟʘʛʨʷʟʥʝʥʠʶ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʩʨʝʜʳ, ʯʪʦ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʤʝʥʷʶʱʠʭʩʷ ʩʨʦʢʘʭ ʬʝʥʦʣʦʛʠʠ ʠ ʧʳʣʴʮʝʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʡ ʠ ʘʣʣʝʨʛʝʥʥʳʭ 

ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʚ ʧʦʷʚʣʝʥʠʠ ʪʝʨʘʪʦʤʦʨʬʦʚ. ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ï ʠʟʫʯʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʧʳʣʴʮʳ Pinaceae ʚ ʚʦʟʜʫʭʝ, ʠʭ ʠʥʪʝʛʨʘʪʠʚʥʳʡ ʚʢʣʘʜ ʚ ʘʵʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʛ. ʂʘʨʘʢʦʣ 

ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʭ  ʧʳʣʴʮʝʚʳʭ ʘʣʣʝʨʛʝʥʦʚ. ɺʦʟʜʫʰʥʘʷ ʧʳʣʴʮʘ, ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʩʝʤʝʡʩʪʚʫ 

Pinaceae, ʙʳʣʘ ʩʦʙʨʘʥʘ ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʚ ʧʝʨʠʦʜ 3-ʣʝʪʥʝʡ (2015ï2017 ʛʛ.) ʧʨʦʛʨʘʤʤʳ 

ʘʵʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʛ. ʂʘʨʘʢʦʣ, ʂʳʨʛʳʟʩʪʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʦʚʫʰʢʠ Lanzoni 

VPPS 2000. ɺ ʪʝʯʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʝʨʠʦʜʘ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʤʝʞʛʦʜʦʚʳʝ ʠʟʤʝʥʝʥʠʷ, 

ʢʘʩʘʶʱʠʝʩʷ ʦʙʱʝʛʦ ʛʦʜʦʚʦʛʦ ʠʥʜʝʢʩʘ ʧʳʣʴʮʳ, ʘ ʪʘʢʞʝ ʜʘʪ ʥʘʯʘʣʘ, ʧʠʢʘ ʠ ʦʢʦʥʯʘʥʠʷ 

ʧʳʣʴʮʝʚʦʛʦ ʩʝʟʦʥʘ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʝʟʦʥʘ, ʜʘʪʠʨʦʚʘʥʠʝ ʧʠʢʦʚʳʭ ʜʥʝʡ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʩʫʪʦʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʴʮʝʚʳʭ ʟʸʨʝʥ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʨʘʟʣʠʯʘʣʠʩʴ ʨʝʟʢʦ, ʚ ʩʚʷʟʠ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ ʠ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʳʣʴʮʝʧʨʦʜʫʢʮʠʠ ʚ ʨʘʟʥʳʝ ʛʦʜʳ. ʇʳʣʴʮʘ Pinaceae 

ʜʦʤʠʥʠʨʦʚʘʣʘ ʚ ʧʳʣʴʮʝʚʦʤ ʩʧʝʢʪʨʝ ʜʨʝʚʝʩʥʦ-ʢʫʩʪʘʨʥʠʢʦʚ ʠ ʚʘʨʴʠʨʦʚʘʣʘ ʚ ʜʠʘʧʘʟʦʥʝ 68-75% 

ʦʪ ʛʦʜʦʚʦʛʦ ʩʫʤʤʘʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʳʣʴʮʳ. ʆʥʘ ʮʠʨʢʫʣʠʨʦʚʘʣʘ ʚ ʚʦʟʜʫʭʝ ʛ. ʂʘʨʘʢʦʣ ʚʩʝ 

ʩʝʟʦʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 108 ʜʦ 130 ʜʥʝʡ. ʉʫʪʦʯʥʳʝ ʧʠʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʴʮʳ 

Pinus ʚʳʷʚʣʝʥʳ ʚ ʤʘʝ-ʠʶʥʝ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ 4259 ʧ.ʟ./ʩʤ3. ʉʨʝʜʥʝʛʦʜʦʚʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘ 3 ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʘ 10555,3 ʧ.ʟ./ʩʤ3. ʉʘʤʳʡ ʚʳʩʦʢʠʡ 

ʛʦʜʦʚʦʡ ʫʨʦʚʝʥʴ ʧʳʣʴʮʳ Pinus ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʚ 2016 ʛʦʜʫ (16002 ʧ.ʟ./ʩʤ3), ʘ ʩʘʤʳʡ ʥʠʟʢʠʡ ï ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʦ ʞʘʨʢʦʤ 2015 ʛʦʜʫ (1220 ʧ.ʟ./ʩʤ3). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫ ʩʦʩʥʳ ʟʘʬʠʢʩʠʨʦʚʘʥ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʡ ʩʝʟʦʥ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʳʣʴʮʦʡ ʚʝʜʫʱʠʭ ʘʵʨʦʘʣʣʝʨʛʝʥʦʚ (ʥʘʧʨʠʤʝʨ, 

ʟʣʘʢʦʚ ï 171 ʜʝʥʴ), ʥʦ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʳʣʴʮʳ. ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʴʮʳ Pinus 

ʚ ʚʦʟʜʫʭʝ ʛ. ʂʘʨʘʢʦʣ ʠ ʝʝ ʧʝʨʝʢʨʝʩʪʥʘʷ ʨʝʘʢʪʠʚʥʦʩʪʴ ʩ ʧʳʣʴʮʦʡ ʜʨʫʛʠʭ ʨʘʩʪʝʥʠʡ ʧʦʟʚʦʣʷʶʪ 

ʦʪʥʝʩʪʠ ʧʳʣʴʮʫ Pinaceae ʢ ʧʦʪʝʥʮʠʘʣʴʥʦ ʘʣʣʝʨʛʝʥʥʦʡ. ʂʨʫʧʥʳʡ ʨʘʟʤʝʨ ʧʳʣʴʮʳ ʠ ʥʠʟʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʦʚ, ʟʘʱʠʱʝʥʥʳʭ ʚʦʩʢʦʚʦʡ ʦʙʦʣʦʯʢʦʡ, ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ, 

ʦʙʲʷʩʥʷʶʱʠʤʠ ʝʸ ʥʠʟʢʫʶ ʘʣʣʝʨʛʝʥʥʦʩʪʴ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʝʛʘʪʠʚʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 
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ʬʘʢʪʦʨʦʚ ʠ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʚʦʩʢʦʚʘʷ ʦʙʦʣʦʯʢʘ ʨʘʟʨʫʰʘʝʪʩʷ, ʘʣʣʝʨʛʝʥʥʳʝ ʙʝʣʢʠ 

ʨʘʩʢʨʳʚʘʶʪʩʷ ʠ ʣʝʛʯʝ ʧʨʦʥʠʢʘʶʪ ʚ ʩʣʠʟʠʩʪʳʝ ʦʙʦʣʦʯʢʠ, ʧʨʦʚʦʮʠʨʫʷ ʘʣʣʝʨʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. 

 

Abstract. The rise in hay fever cases worldwide prompts the International Association of 

Aerobiology (IAA) to publish the International Aerobiology Newsletter twice a year, announcing 

international congresses and educational programs for professionals. The Pinaceae family, 

comprising 650 species, is known to have mildly allergenic pollen. This pollen is characterized by its 

large size, high volatility due to air sacs, unique palymorphology, and high pollen production. It is 

susceptible to climate change and environmental pollution, which is reflected in changing timing of 

plant phenology and pollen production, allergenic properties, and the emergence of teratomorphs. 

The purpose is to study the concentration of Pinaceae pollen in the air and their integrative 

contribution to the aerobiological spectrum of Karakol as potential pollen allergens. Airborne pollen 

belonging to the Pinaceae family was collected and identified during a 3-year (2015ï2017) 

aerobiological monitoring program in Karakol, Kyrgyzstan, using a Lanzoni VPPS 2000 trap. During 

the study period, interannual variations in the total annual pollen index, as well as the dates of the 

beginning, peak, and end of the pollen season, were recorded. Season length, peak day dating, and 

maximum daily pollen concentrations varied significantly between years due to climate change and 

the peculiarities of pollen production in different years. Pinaceae pollen dominated the pollen 

spectrum of trees and shrubs, accounting for 68ï75% of the annual total pollen count. It circulated in 

the air of Karakol throughout all study seasons, lasting from 108 to 130 days. Daily peaks in Pinus 

pollen concentration were recorded in MayïJune, reaching a maximum of 4,259 pollen grains/cm3. 

The average annual concentration over the 3-year study period was 10,555.3 pollen grains/cm3. The 

highest annual Pinus pollen level was reached in 2016 (16,002 pollen grains/cm3), and the lowest in 

the extremely hot year of 2015 (1,220 pollen grains/cm3). Thus, pine has a relatively short pollen 

season compared to pollen of leading aeroallergens (e.g., cereals ï 171 days), but with a high pollen 

concentration. The high concentration of Pinus pollen in the air of Karakol and its cross-reactivity 

with other plant pollen allow Pinaceae pollen to be classified as potentially allergenic. The large 

pollen size and low protein content protected by a waxy coat are the main reasons for its low 

allergenicity. Under the influence of adverse anthropogenic factors and climate change, the waxy coat 

is destroyed, opening up allergenic proteins and allowing them to more easily penetrate mucous 

membranes, triggering allergic reactions. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʳʣʴʮʘ ʨʘʩʪʝʥʠʡ, Pinaceae, ʧʦʣʣʠʥʦʟ, ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ, ʫʨʙʘʥʠʟʘʮʠʷ, 

ʟʘʛʨʷʟʥʝʥʠʝ. 

 

Keywords: plant pollen, Pinaceae, hay fever, climate change, environmental pollution. 

 

ʈʦʩʪ ʙʦʣʴʥʳʭ ʧʦʣʣʠʥʦʟʘʤʠ ʚʦ ʚʩʝʤ ʤʠʨʝ ʘʢʪʫʘʣʠʟʠʨʫʝʪ ʄʝʞʜʫʥʘʨʦʜʥʫʶ 

ʘʵʨʦʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʩʩʦʮʠʘʮʠʶ (IAA) ʚʳʧʫʩʢʘʪʴ ʜʚʘ ʨʘʟʘ ʚ ʛʦʜ ʄʝʞʜʫʥʘʨʦʜʥʳʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʶʣʣʝʪʝʥʴ ʧʦ ʘʵʨʦʙʠʦʣʦʛʠʠ, ʩʦʦʙʱʘʶʱʠʡ ʦ yʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʛʨʝʩʩʘʭ ʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʉʣʝʜʫʶʱʠʡ (13-ʡ) ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʥʛʨʝʩʩ 

ʧʦ ʘʵʨʦʙʠʦʣʦʛʠʠ ʧʨʦʡʜʝʪ ʚ ʂʘʣʴʢʫʪʪʝ, ʀʥʜʠʷ, ʩ 25 ʧʦ 29 ʥʦʷʙʨʷ 2026 ʛʦʜʘ. 21 ʤʘʨʪʘ 2025 ʛʦʜʘ, 

ʧʦ ʩʣʫʯʘʶ XVIII ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʜʥʷ ʧʳʣʴʮʳ ʚ ʀʪʘʣʠʠ, ɺʳʩʰʠʡ ʠʥʩʪʠʪʫʪ ʦʭʨʘʥʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʪʝʤʘʪʠʯʝʩʢʘʷ ʩʝʪʴ POLLnet SNPA ʧʨʦʚʝʣʠ ʩʝʤʠʥʘʨ 

çɸʵʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʤʝʞʜʫ ʧʨʠʨʦʜʥʳʤ ʥʘʩʣʝʜʠʝʤ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʤ 

ʠʥʪʝʣʣʝʢʪʦʤè. ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʧʦʧʫʣʷʨʠʟʘʮʠʶ ʘʵʨʦʙʠʦʣʦʛʠʠ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ 

ʜʠʩʮʠʧʣʠʥʳ ʚ ʠʟʫʯʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʘʣʣʝʨʛʠʯʝʩʢʠʭ 
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ʟʘʙʦʣʝʚʘʥʠʡ. ɸʵʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʦʣʶʤʝʪʨʠʯʝʩʢʠʭ ʣʦʚʫʰʝʢ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʘʵʨʦʘʣʣʝʨʛʝʥʦʚ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʯʝʣʦʚʝʢʦʤ, ʘ ʥʝ ʀʀ, ʦʩʪʘʝʪʩʷ ʟʦʣʦʪʳʤ 

ʩʪʘʥʜʘʨʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʤʠʨʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʩʝʪʴ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ, ʚʢʣʶʯʘʶʱʘʷ   ʠʟʫʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʴʮʳ ʨʘʩʪʝʥʠʡ ʠ ʩʧʦʨ ʛʨʠʙʦʚ. ɺ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʥʣʘʡʥ-ʜʥʝʚʥʠʢʠ ʧʳʣʴʮʳ ʠ ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʣʝʛʢʦ ʠ 

ʙʳʩʪʨʦ ʜʦʢʫʤʝʥʪʠʨʦʚʘʪʴ ʩʠʤʧʪʦʤʳ ʧʳʣʴʮʝʚʦʡ ʘʣʣʝʨʛʠʠ. ʊʘʢʠʝ ʢʨʘʫʜʩʦʨʩʠʥʛʦʚʳʝ ʜʘʥʥʳʝ ʦ 

ʩʠʤʧʪʦʤʘʭ ʜʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʨʘʟʚʠʪʠʠ ʠ ʥʘʯʘʣʝ ʧʳʣʴʮʝʚʦʡ ʘʣʣʝʨʛʠʠ [1].  

ʏʝʨʝʟ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʤʦʙʠʣʴʥʦʤ ʪʝʣʝʬʦʥʝ ʤʦʞʥʦ ʫʟʥʘʪʴ ʧʨʦʛʥʦʟ ʧʝʨʠʦʜʦʚ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʠʩʢʘ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʢʦʥʢʨʝʪʥʳʝ ʙʦʣʴʥʳʝ ʧʦʣʣʠʥʦʟʦʤ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʚʝʜʫʱʠʭ ʘʵʨʦʘʣʣʝʨʛʝʥʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʝʤʝʡʩʪʚʦ Pinaceae ʚʢʣʶʯʘʝʪ 650 ʚʠʜʦʚ, 

ʝʝ ʧʳʣʴʮʘ ʦʙʣʘʜʘʝʪ ʩʣʘʙʦʚʳʨʘʞʝʥʥʳʤʠ ʘʣʣʝʨʛʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʳʣʴʮʳ 

Pinus: ʢʨʫʧʥʳʡ ʨʘʟʤʝʨ, ʚʳʩʦʢʘʷ ʣʝʪʫʯʝʩʪʴ ʙʣʘʛʦʜʘʨʷ ʚʦʟʜʫʰʥʳʤ ʤʝʰʦʯʢʘʤ (ʢʨʳʣʴʷʤ), 

ʫʥʠʢʘʣʴʥʘʷ ʧʘʣʠʤʦʨʬʦʣʦʛʠʷ, ʚʳʩʦʢʘʷ ʧʳʣʴʮʝʧʨʦʜʫʢʮʠʷ. ʆʥʘ ʧʦʜʚʝʨʞʝʥʘ ʚʣʠʷʥʠʶ ʠʟʤʝʥʝʥʠʷ 

ʢʣʠʤʘʪʘ ʠ ʟʘʛʨʷʟʥʝʥʠʶ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʩʨʝʜʳ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʤʝʥʷʶʱʠʭʩʷ ʩʨʦʢʘʭ 

ʬʝʥʦʣʦʛʠʠ ʠ ʧʳʣʴʮʝʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʡ ʠ  ʘʣʣʝʨʛʝʥʥʳʭ ʩʚʦʡʩʪʚ, ʧʦʷʚʣʝʥʠʶ ʪʝʨʘʪʦʤʦʨʬʦʚ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ð ʠʟʫʯʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʳʣʴʮʳ Pinaceae ʚ ʚʦʟʜʫʭʝ, ʠʭ 

ʠʥʪʝʛʨʘʪʠʚʥʳʡ ʚʢʣʘʜ ʚ ʘʵʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʩʧʝʢʪʨ  ʛ. ʂʘʨʘʢʦʣ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʳʣʴʮʝʚʳʭ 

ʘʣʣʝʨʛʝʥʦʚ.  

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʂʘʨʘʢʦʣ (ʂʠʨʛʠʟʠʷ) ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʨʝʜʥʝʛʦʨʴʝ ʥʘ ʚʳʩʦʪʝ 1 800 ʤ ʥʘʜ ʫ. ʤ. (ʅʋʄ) ʥʘ ʶʛʦ-

ʚʦʩʪʦʢʝ ʀʩʩʳʢ-ʂʫʣʴʩʢʦʡ ʦʙʣʘʩʪʠ, ʫ ʩʝʚʝʨʥʦʛʦ ʧʦʜʥʦʞʴʷ ʭʨʝʙʪʘ ʊʝʨʩʢʝʡ ɸʣʘ-ʊʦʦ. ɻʦʨʥʳʝ 

ʝʣʦʚʳʝ ʣʝʩʘ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʣʘʚʥʦʡ ʣʝʩʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʦʡ ð ʝʣʴʶ 

ʪʷʥʴ-h ʘʥʴʩʢʦʡ (Picea Schrenkiana), ʥʘ ʜʦʣʶ ʢʦʪʦʨʦʡ ʧʨʠʭʦʜʠʪʩʷ 12,7% ʦʪ ʚʩʝʡ ʧʣʦʱʘʜʠ ʣʝʩʦʚ. 

ʆʩʥʦʚʥʳʝ ʤʘʩʩʠʚʳ ʝʣʦʚʳʭ ʣʝʩʦʚ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʨʝʩʧʫʙʣʠʢʠ ʧʦ ʩʢʣʦʥʘʤ ʛʦʨ, 

ʦʢʘʡʤʣʷʶʱʠʭ ʦʟʝʨʦ ʀʩʩʳʢ-ʂʫʣʴ ʠ ʧʦ ʙʘʩʩʝʡʥʫ ʨʝʢʠ ʅʘʨʳʥ. ɺ ʥʠʭ ʧʨʦʠʟʨʘʩʪʘʝʪ ʟʘʥʝʩʝʥʥʘʷ ʚ 

ʂʨʘʩʥʫʶ ʢʥʠʛʫ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʧʠʭʪʘ ʉʝʤʝʥʦʚʘ (Abies semonovii) (3,4 ʪʳʩ. ʛʘ). ɿʜʝʩʴ 

ʞʝ ʧʨʦʠʟʨʘʩʪʘʶʪ ʠʥʪʨʦʜʫʮʠʨʦʚʘʥʥʳʝ ʧʦʨʦʜʳ: ʙʝʨʝʟʘ ʧʦʚʠʩʣʘʷ, ʩʦʩʥʘ ʦʙʳʢʥʦʚʝʥʥʘʷ, 

ʣʠʩʪʚʝʥʥʠʮʘ ʩʠʙʠʨʩʢʘʷ.  ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʛʦʨʦʜʝ ʂʘʨʘʢʦʣ ʟʘ ʙʦʣʝʝ ʥʝʜʘʚʥʠʡ 

ʧʝʨʠʦʜ (ʩ 2010 ʧʦ 2025 ʛ) ʫʚʝʣʠʯʠʣʘʩʴ ʚ ʩʨʝʜʥʝʤ ʥʘ 1,90C, ʘ ʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ 

ʫʤʝʥʴʰʠʣʦʩʴ ʧʨʠʤʝʨʥʦ ʥʘ 22,7%. 

ʄʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʚʦʣʶʤʝʪʨʠʯʝʩʢʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʡ ʣʦʚʫʰʢʠ 

ʃʘʥʟʦʥʠ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʢʨʳʰʝ ʟʜʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʦʜʩʢʦʡ ʯʝʨʪʳ ʂʘʨʘʢʦʣ, ʚʜʘʣʠ ʦʪ 

ʧʘʨʢʦʚʳʭ ʟʦʥ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʥʘ ʚʳʩʦʪʝ 13 ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʧʦʯʚʳ. 

ʄʠʢʨʦʩʢʦʧʠʷ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʧʦʜʩʯʝʪ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ, ʚʢʣʶʯʘʷ ʩʦʩʥʦʚʳʭ, 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʦʜ ʩʚʝʪʦʚʳʤʠ ʤʠʢʨʦʩʢʦʧʘʤʠ ñCarl Zeissò (ɻʝʨʤʘʥʠʷ) ʠ MEIJI (ʗʧʦʥʠʷ) ʩ 100-

400ʭ-ʢʨʘʪʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʣʠʩʴ ʩʧʝʮʠʘʣʴʥʳʝ ʦʧʨʝʜʝʣʠʪʝʣʠ ʠ ʘʪʣʘʩʳ 

ʧʳʣʴʮʳ, ʚʢʣʶʯʘʷ ʘʚʪʦʨʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ (ʊʘʙʣʠʮʘ 1).  

ʀʜʝʥʪʠʬʠʢʘʮʠʷ. ʇʳʣʴʮʝʚʳʝ ʟʝʨʥʘ Pinaceae ʠʤʝʶʪ ʢʨʫʧʥʳʝ ʨʘʟʤʝʨʳ ʠʟ-ʟʘ ʩʚʦʠʭ 

ʚʦʟʜʫʰʥʳʭ ʤʝʰʦʯʢʦʚ ʠʣʠ ʧʫʟʳʨʝʡ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʠʭ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʫʟʥʘʚʘʝʤʳʭ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ. ɹʣʘʛʦʜʘʨʷ ʠʤ ʦʥʠ ʧʝʨʝʥʦʩʷʪʩʷ ʚʝʪʨʦʤ ʥʘ ʙʦʣʴʰʠʝ 

ʨʘʩʩʪʦʷʥʠʷ. ʉʨʝʜʠ ʢʨʳʣʘʪʳʭ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ ʪʝʣʦ ʠʤʝʝʪ ʬʦʨʤʫ ʦʪ ʩʫʙʩʬʝʨʦʠʜʘʣʴʥʦʡ ʜʦ 

ʰʠʨʦʢʦ-ɻ ʣʣʠʧʩʦʠʜʘʣʴʥʦʡ. ɺʦʟʜʫʰʥʳʝ ʤʝʰʦʯʢʠ ʦʙʳʯʥʦ ʩʝʪʯʘʪʳʝ ʠʣʠ ʠʥʦʛʜʘ ʛʣʘʜʢʠʝ.  ʈʘʟʤʝʨ 

ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ ʚʘʨʴʠʨʫʝʪ ʦʪ 80 ʜʦ 130 ʤʢʤ. ʆʥʠ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʦʙʱʝʡ ʛʨʘʬʝ ï ʩʝʤʝʡʩʪʚʘ 

Pinaceae ʩ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʦʡ ʜʦ ʨʦʜʘ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʧʦʨʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʘʵʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʧʘʢʝʪʘ 

ʧʨʦʛʨʘʤʤʳ çMicrosoft Exelè (ʈʠʩʫʥʦʢ 1).  
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ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʴʮʳ Pinaceae ʚ ʚʦʟʜʫʭʝ ʙʳʣʘ ʚʳʨʘʞʝʥʘ ʚ ʚʠʜʝ ʧʳʣʴʮʝʚʦʛʦ ʠʥʜʝʢʩʘ (ʇʀ 

ï ʧʨʦʮʝʥʪ ʦʪ ʛʦʜʦʚʦʡ ʩʫʤʤʳ ʪʠʧʦʚ ʧʳʣʴʮʳ ʟʘ ʦʙʱʠʡ ʧʝʨʠʦʜ ʦʪʙʦʨʘ ʧʨʦʙ 2015-2017 ʛʛ.). 

 

ʊʘʙʣʠʮʘ 1 

ɼʀʌʌɽʈɽʅʎʀʈʆɺɸʅʅʓʁ ʆʇʈɽɼɽʃʀʊɽʃʔ  

ʅʆʈʄɸʃʔʅʆ ʈɸɿɺʀʊʆʁ ʇʓʃʔʎʓ ʉɽʄɽʁʉʊɺɸ ʉʆʉʅʆɺʓɽ 

 

ʄʝʣʢʦʙʫʛʦʨʯʘʪʦ-ʷʤʯʘʪʘʷ ʵʢʟʠʥʘ ʇɿ ʦʜʠʥʦʯʥʳʝ ʢʨʫʧʥʳʝ, 80ï130 

ʤʢʤ, ʙʠʣʘʪʝʨʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʳʝ, ʩ 

ʚʦʟʜʫʰʥʳʤʠ ʤʝʰʢʘʤʠ ʠʣʠ ʙʝʟ.  

 

ʉʆʉʅʆɺʓɽ 

 
ʊʦʣʱʠʥʘ ʵʢʟʠʥʳ ʧʨʦʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʠ ʱʠʪʘ ʧʨʝʚʳʰʘʝʪ 5 ʤʢʤ: 

ʄʝʣʢʦʙʫʛʦʨ

ʯʘʪʦ-

ʷʤʯʘʪʘʷ 

 

ʑʠʪ ʨʘʚʥʦʤʝʨʥʦ ʫʪʦʣʱʝʥ. ʇɿ 

120ï130 ʤʢʤ. ɺʦʟʜʫʰʥʳʝ ʤʝʰʢʠ 

ʚ ʤʝʩʪʝ ʧʨʠʢʨʝʧʣʝʥʠʷ ʦʙʨʘʟʫʶʪ 

ʧʦʯʪʠ ʨʘʟʚʝʨʥʫʪʳʡ ʫʛʦʣ 180 

ʛʨʘʜʫʩʦʚ 

ɽʣʴ Picea 
 

  

ʄʝʣʢʦʙʫʛʦʨ

ʯʘʪʘʷ 

ʑʠʪ ʨʘʚʥʦʤʝʨʥʦ ʫʪʦʣʱʝʥ. ʇɿ 

120ï130 ʤʢʤ. ɺʦʟʜʫʰʥʳʝ ʤʝʰʢʠ 

ʚ ʤʝʩʪʝ ʧʨʠʢʨʝʧʣʝʥʠʷ ʦʙʨʘʟʫʶʪ  

ʫʛʦʣ 90 ʛʨʘʜʫʩʦʚ  

 

ʉʦʩʥʘ  Pinus 
 

 

 ʑʠʪ ʥʝʨʘʚʥʦʤʝʨʥʦ ʫʪʦʣʱʝʥ. ʇɿ 

129ï132 ʤʢʤ ʚ ʜʠʘʤʝʪʨʝ, 

ʤʝʰʢʦʚʳʝ, ʰʠʨʦʢʦ 

ʵʣʣʠʧʩʦʠʜʘʣʴʥʳʝ. 

  

ʇʠʭʪʘ Abies 

 
 

ʊʦʣʱʠʥʘ ʵʢʟʠʥʳ ʧʨʦʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʠ ʱʠʪʘ  ʧʨʝʚʳʰʘʝʪ 5 ʤʢʤ: 

ʄʝʣʢʦʙʫʛʦʨ

ʯʘʪʘʷ 

ʇɿ 80ï90 ʤʢʤ ʚ ʜʠʘʤʝʪʨʝ, 

ʩʬʝʨʦʠʜʘʣʴʥʳʝ, 1-ʣʝʧʪʦʤʥʳʝ, 

ʙʝʟʤʝʰʢʦʚʳʝ. ʃʝʧʪʦʤʘ ʩʣʘʙʦ 

ʟʘʤʝʪʥʘʷ, ʧʦʛʨʫʞʝʥʥʘʷ  

 

ʃʠʩʪʚʝʥʥʠʮʘ Larix   

 

ʀʥʪʝʛʨʘʣʴʥʘʷ ʦʮʝʥʢʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʠ ʬʝʨʪʠʣʴʥʦʩʪʠ ʧʳʣʴʮʳ ʝʣʠ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ 

ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʐʘʨʜʘʢʦʚʘ. ɾʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʧʳʣʴʮʳ ð ɻ ʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʤʫʞʩʢʦʛʦ 

ʛʘʤʝʪʦʬʠʪʘ ʢ ʨʦʩʪʫ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʢʘʥʷʭ ʧʝʩʪʠʢʘ. ʊʘʢʞʝ ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʩʩʝʠʚʘʥʠʶ ʧʳʣʴʮʳ ʥʘ ʜʘʣʝʢʠʝ ʨʘʩʩʪʦʷʥʠʷ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʚʝʪʥʘʷ ʨʝʘʢʮʠʷ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʧʳʣʴʮʝʚʳʝ ʟʝʨʥʘ, ʫ ʢʦʪʦʨʳʭ ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʧʝʨʦʢʩʠʜʘʟʳ, ʦʢʨʘʰʠʚʘʝʪʩʷ ʚ ʷʨʢʦ-ʢʨʘʩʥʳʡ ʮʚʝʪ, ʢʨʘʩʥʦʚʘʪʳʡ ʠʣʠ ʤʘʣʠʥʦʚʳʡ ʮʚʝʪ. ʇʳʣʴʮʘ 

ʙʝʩʮʚʝʪʥʘʷ ʠʣʠ ʙʣʝʜʥʦ-ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʠʤʝʝʪ ʥʠʟʢʫʶ ʧʝʨʦʢʩʠʜʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠʣʠ ʧʦʣʥʦʝ ʝʝ 

ʦʪʩʫʪʩʪʚʠʝ, ʧʦʵʪʦʤʫ ʩʯʠʪʘʝʪʩʷ ʩʪʝʨʠʣʴʥʦʡ.  

http://www1.csbsju.edu/pollen/images/pollensummarysheets/Spruce/spruce_bmh_7_web.jpg
http://www1.csbsju.edu/pollen/images/pollensummarysheets/Spruce/spruce_bmh_7_web.jpg
http://www.google.ru/imgres?q=light+micrograph+pollen+of+pinaceae&hl=ru&newwindow=1&tbo=d&rlz=1R2RNRN_ruKG440&biw=1261&bih=489&tbm=isch&tbnid=aV2UWQ9wHWjuHM:&imgrefurl=http://www.pollenwarndienst.at/en/allergy-infos/aerobiologics/pollen-atlas.html&docid=xYnWCwG1RlhVbM&imgurl=http://www.pollenwarndienst.at/uploads/tx_atlas/Abies_alba_1_1_01.jpg&w=900&h=675&ei=wBkDUaPKGYX74QTtnoH4Dw&zoom=1&iact=hc&vpx=955&vpy=2&dur=3640&hovh=194&hovw=259&tx=146&ty=109&sig=111950564044819085712&page=3&tbnh=139&tbnw=185&start=39&ndsp=23&ved=1t:429,r:46,s:0,i:224
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʘʟʝ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʮʠʦʥʘʨʘ ʏʦʥ-ʂʳʟʳʣ-

ʉʫʫ, ʥʘ ʚʳʩʦʪʝ 2555 ʅʋʄ (ɼʞʝʪʳ-ʆʛʫʟʩʢʠʡ ʨʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥ ʚ 35 ʢʤ ʢ ʟʘʧʘʜʫ ʦʪ ʛ. ʂʘʨʘʢʦʣ). 

ɼʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʘʵʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ  ʤʦʥʠʪʦʨʠʥʛʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʳʣʴʮʝʚʳʝ 

ʠʥʜʝʢʩʳ, ʠʤʝʶʱʠʝ ʦʪʥʦʰʝʥʠʝ ʢ ʟʜʦʨʦʚʴʶ: ʛʦʜʦʚʦʡ ʧʳʣʴʮʝʚʦʡ ʠʥʪʝʛʨʘʣ (APIn), ʜʘʪʳ ʥʘʯʘʣʘ 

ʠ ʦʢʦʥʯʘʥʠʷ ʩʝʟʦʥʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʝʟʦʥʘ. APIn ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʪʷʞʝʩʪʴʶ ʩʠʤʧʪʦʤʦʚ 

ʘʣʣʝʨʛʠʠ ʫ ʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʣʠʮ [2]. 
 

 
 

ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʯʝʩʢʦʝ ʨʝʟʶʤʝ. ɸʣʛʦʨʠʪʤ ʠ ʜʠʟʘʡʥ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʚʦʟʜʫʰʥʝʡ ʩʨʝʜʝ ʛ. ʂʘʨʘʢʦʣ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʩʝʟʦʥʦʚ ʥʘʙʣʶʜʝʥʠʷ ʮʠʨʢʫʣʠʨʦʚʘʣʘ ʧʳʣʴʮʘ 

35 ʪʘʢʩʦʥʦʚ ʨʘʩʪʝʥʠʡ, ʘ ʠʤʝʥʥʦ: 20 ʪʘʢʩʦʥʦʚ ʜʨʝʚʝʩʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʳʭ ʨʘʩʪʝʥʠʡ (5 ʪʘʢʩʦʥʦʚ 

ʧʦʨʷʜʢʘ ʭʚʦʡʥʳʭ Pinopsida), 15 ʪʘʢʩʦʥʦʚ ʪʨʘʚ. ʀʟ ʥʠʭ 7 ʪʘʢʩʦʥʦʚ ʨʘʩʪʝʥʠʡ ʜʦʤʠʥʠʨʦʚʘʣʠ: 

ʧʦʣʳʥʴ (Artemisia sp.), ʩʦʩʥʘ (Pinus sp.), ʝʣʴ (Picea sp.), ʤʘʨʝʚʳʝ (Chenopodiaceae), ʟʣʘʢʦʚʳʝ 

(Poaceae), ʢʦʥʦʧʣʝʚʳʝ (Cannabiaceae), ʘʩʪʨʦʚʳʝ (Asteraceae), ʢʠʧʘʨʠʩʦʚʳʝ (Cupressaceae).  

ʇʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʦ ʪʦʤ, ʢʘʢʠʝ ʪʠʧʳ ʧʳʣʴʮʳ ʚ ʚʦʟʜʫʭʝ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ 

ʚ ʨʝʛʠʦʥʝ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʘʣʣʝʨʛʝʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʧʳʣʴʮʝʧʨʦʜʫʢʮʠʶ. ɺʠʜʳ ʩʝʤʝʡʩʪʚʘ ʩʦʩʥʦʚʳʝ ʦʧʳʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʝʪʨʘ, ʚʥʦʩʷ ʙʦʣʴʰʦʡ 

ʚʢʣʘʜ ʚ ʧʦʜʩʯʝʪ ʧʳʣʴʮʳ, ʠ ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʷʷ ʚʠʜʠʤʳʝ ʩʣʦʠ ʥʘ ʫʣʠʮʘʭ ʠ ʦʢʥʘʭ ʘʚʪʦʤʦʙʠʣʝʡ ʚ 

ʩʝʟʦʥ ʧʳʣʝʥʠʷ. ʇʦʜʩʯʠʪʘʥʦ, ʯʪʦ ʯʠʩʣʦ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ ʣʠʩʪʚʝʥʥʳʭ ʜʝʨʝʚʴʝʚ ʚ 2015 ʛ. 

ʩʦʩʪʘʚʠʣʦ 767 (35%), 2016 ʛ. ð 6031 (25%), 2017 ʛ. ð 33596 (32%) ʧ. ʟ./ʩʤ3, ʭʚʦʡʥʳʭ ʜʝʨʝʚʴʝʚ 

1419 (65), 18124 ʧ.ʟ./ʩʤ3 (75%), 22855 (68%) ʩʧʝʢʪʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʪʝ ʞʝ ʛʦʜʳ (ʈʠʩʫʥʦʢ 2).  

ʈʘʥʝʝ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʧʳʣʴʮʘ Pinaceae ʦʙʣʘʜʘʝʪ ʩʣʘʙʦʚʳʨʘʞʝʥʥʳʤʠ ʘʣʣʝʨʛʝʥʥr ʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʠʯʠʥʥʦ-ʟʥʘʯʠʤʳʤ ʘʵʨʦʘʣʣʝʨʛʝʥʘʤ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ 

ʧʳʣʴʮʳ Pinaceae ʚ ʚʦʟʜʫʭʝ ʨʝʛʠʦʥʦʚ ʠ ʝʝ ʧʝʨʝʢʨʝʩʪʥʘʷ ʨʝʘʢʪʠʚʥʦʩʪʴ ʩ ʧʳʣʴʮʦʡ ʜʨʫʛʠʭ 

ʨʘʩʪʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʦʪʥʝʩʪʠ ʧʳʣʴʮʫ Pinaceae ʢ ʧʦʪʝʥʮʠʘʣʴʥʦ ʘʣʣʝʨʛʝʥʥʦʡ [3].  

ʂʨʫʧʥʳʡ ʨʘʟʤʝʨ ʧʳʣʴʮʳ ʠ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʦʚ, ʟʘʱʠʱʝʥʥʳʭ ʚʦʩʢʦʚʦʡ ʦʙʦʣʦʯʢʦʡ,  

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ, ʦʙʲʷʩʥʷʶʱʠʤʠ ʝʸ ʥʠʟʢʫʶ ʘʣʣʝʨʛʝʥʥʦʩʪʴ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʫ ʙʦʣʴʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ ʤʠʨʘ ʨʝʟʢʦ ʚʦʟʨʦʩ ʫʨʦʚʝʥʴ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʢ 

Pinales  (Cupressaceae ʠ Pinaceae). ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʝʛʘʪʠʚʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ 

ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ  ʚʦʩʢʦʚʘʷ ʦʙʦʣʦʯʢʘ ʧʳʣʴʮʳ Pinaceae ʨʘʟʨʫʰʘʝʪʩʷ, ʘʣʣʝʨʛʝʥʥʳʝ ʙʝʣʢʠ 

ʨʘʩʢʨʳʚʘʶʪʩʷ  ʠ ʣʝʛʯʝ ʧʨʦʥʠʢʘʶʪ ʚ ʩʣʠʟʠʩʪʳʝ ʦʙʦʣʦʯʢʠ, ʧʨʦʚʦʮʠʨʫʷ ʘʣʣʝʨʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ 

[4ï9].  
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ʈʠʩʫʥʦʢ 2. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʧʳʣʴʮʳ ʣʠʩʪʚʝʥʥʳʭ ʠ ʭʚʦʡʥʳʭ ʜʝʨʝʚʴʝʚ (%) ʚ ʚʦʟʜʫʭʝ ʛ. 

ʂʘʨʘʢʦʣ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʢʘʟʘʥʥʘʷ ʧʳʣʴʮʘ ʚʢʣʶʯʝʥʘ ʚ ʇʳʣʴʮʝʚʦʡ ʄʦʥʠʪʦʨʠʥʛ ʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʪʝʩʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ IgE-ʘʥʪʠʪʝʣ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʚʘʨʠʘʮʠʷʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʳʣʴʮʳ Pinus (ʧʝʨʠʦʜ ʧʦʷʚʣʝʥʠʷ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʫʪʦʯʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʧʠʢʦʚʳʡ ʜʝʥʴ) ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 2. 
 

ʊʘʙʣʠʮʘ 2 

ɺɸʈʀɸʎʀʀ ɺ ɿʅɸʏɽʅʀʗʍ, ʍɸʈɸʂʊɽʈʀɿʋʖʑʀɽ ʉɽɿʆʅʓ ʇʓʃʔʎʓ Pinus sp. 
 

ʈʝʛʠʩʪʨʠʨʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ 2015 2016 2017 

ʅʘʯʘʣʦ ʩʝʟʦʥʘ ʧʳʣʝʥʠʷ 23 ʘʧʨʝʣʷ 17 ʘʧʨʝʣʷ 3 ʤʘʷ  

ʆʢʦʥʯʘʥʠʝ ʩʝʟʦʥʘ ʧʳʣʝʥʠʷ 12 ʘʚʛʫʩʪʘ 3 ʘʚʛʫʩʪʘ 10 ʩʝʥʪʷʙʨʷ 

ʏʠʩʣʦ ʜʥʝʡ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʚʦʟʜʫʭʝ 110 108 130 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʫʪʦʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧ.ʟ./ʩʤ3 681 4259 8017 

ɼʘʪʘ ʨʝʛʠʩʪʨʘʮʠʠ 15 ʠʶʥʷ 3 ʤʘʷ 30 ʤʘʷ 

ɺʩʝʛʦ ʟʘ ʩʝʟʦʥ ʧʳʣʝʥʠʷ ʧ. ʟ./ʩʤ3 1220  16002 14444 

ʇʳʣʴʮʝʚʦʡ ʠʥʜʝʢʩ % ʦʪ ʜʨʝʚʝʩʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʦʛʦ ʩʧʝʢʪʨʘ 1,42 17,5 13 

 

ɺ ʘʪʤʦʩʬʝʨʝ ʛ. ʂʘʨʘʢʦʣ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʪʘʢʞʝ  ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʧʳʣʴʮʳ ʜʨʫʛʠʭ ʚʠʜʦʚ (Larix, Abies) ʩʝʤʝʡʩʪʚʘ Pinaceae, ʥʦ ʩʨʝʜʠ ʥʠʭ ʧʦ ʢʦʣʠʯʝʩʪʚʫ 

ʣʠʜʠʨʦʚʘʣʘ Picea, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʚʦʟʜʫʭʝ 88 ʜʥʝʡ, ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 715 

(2017) ʜʦ 1026 (216) ʧ.ʟ./ʩʤ3 ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʫʪʦʯʥʳʤ ʯʠʩʣʦʤ ʚ ʧʨʝʜʝʣʘʭ 300 ʧ. ʟ./ʩʤ3. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʘʵʨʦʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʝʦʙʣʘʜʘʣʘ 

ʧʳʣʴʮʘ ʩʦʩʥʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʳʣʴʮʦʡ ʝʣʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʝʨʝʚʴʝʚ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʧʳʣʴʮʳ. ʋ ʩʦʩʥʳ ʦʙʠʣʴʥʘʷ 

ʧʳʣʴʮʝʧʨʦʜʫʢʮʠʷ: ʦʜʥʘ ʚʝʪʢʘ ʤʦʞʝʪ ʚʳʧʫʩʪʠʪʴ ʜʦ 300 ʤʣʥ., ʘ ʝʣʠ ð ʦʢʦʣʦ 100 ʤʣʥ. 

ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ. ʇʳʣʴʮʘ ʩʦʩʥʳ ʠʤʝʝʪ ʜʚʘ ʭʘʨʘʢʪʝʨʥʳʭ ʚʦʟʜʫʰʥʳʭ ʤʝʰʦʯʢʘ (ʢʨʳʣʘ), ʢʦʪʦʨʳʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʝʝ ʧʘʨʫʩʥʦʩʪʴ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʝʨʝʥʦʩʫ  ʚʝʪʨʦʤ ʥʘ 

ʦʯʝʥʴ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ, ʠʥʦʛʜʘ ʥʘ ʩʦʪʥʠ ʢʠʣʦʤʝʪʨʦʚ ʦʪ ʠʩʪʦʯʥʠʢʘ [4]. 

ɼʣʷ ʧʳʣʴʮʳ ʜʝʨʝʚʴʝʚ ʩʫʱʝʩʪʚʫʝʪ ʩʣʝʜʫʶʱʘʷ ʦʮʝʥʦʯʥʘʷ ʛʨʘʜʘʮʠʷ ʫʨʦʚʥʝʡ: 0ï14 ð 

ʥʠʟʢʠʡ, 15ï89 ð ʩʨʝʜʥʠʡ, 90ï1499 ð ʚʳʩʦʢʠʡ, >1500 ʧ.ʟ./ʩʤ3 ð ʦʯʝʥʴ ʚʳʩʦʢʠʡ. ʇʳʣʴʮʘ Pinus 

ʚ ʧʝʨʠʦʜ ʤʘʩʩʦʚʦʛʦ ʝʝ ʮʚʝʪʝʥʠʷ ʩʪʘʙʠʣʴʥʦ ʥʘʭʦʜʠʣʘʩʴ ʚ ʚʳʩʦʢʠʭ ʜʠʘʧʘʟʦʥʘʭ ʚ ʚʦʟʜʫʭʝ. ʉ 

ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ >1500 ʧ.ʟ./ʩʤ3 ʦʪʥʦʩʠʪʩʷ ʢ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʫʨʦʚʥʷʤ, ʪʦ ʩʘʤʳʡ 

ʚʳʩʦʢʠʡ ʩʫʪʦʯʥʳʡ ʤʘʢʩʠʤʫʤ ʟʘ ʪʨʠ ʛʦʜʘ  ʧʨʝʚʳʰʘʣ ʝʛʦ ʚ 5,3 ʨʘʟʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʨʦʢʠ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʳʣʴʮʝʚʦʛʦ ʩʝʟʦʥʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʘʤʦʡ ʛʝʥʝʪʠʢʦʡ ʚʠʜʦʚ, ʪʦʯʥʝʝ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʳʣʴʮʝʧʨʦʜʫʢʮʠʠ, ʥʦ ʬʝʥʦʣʦʛʠʷ ʨʘʩʪʝʥʠʡ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʠʟʤʝʥʝʥʠʷ 

ʢʣʠʤʘʪʘ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʩʘʤʠ ʨʘʩʪʝʥʠʡ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʦʟʜʫʰʥʦʡ ʧʳʣʴʮʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʳʣʴʮʳ ʩʦʩʥ rʩʪʘʙʠʣʴʥʦ ʮʠʨʢʫʣʠʨʦʚʘʣʘ ʚ ʚʦʟʜʫʭʝ ʛ. ʂʘʨʘʢʦʣ ʚʩʝ ʩʝʟʦʥʳ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 108 ʜʦ 130 ʜʥʝʡ. ɽʸ ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʫʪʦʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʳʷʚʣʝʥʳ ʚ ʤʘʝ-ʠʶʥʝ, ʜʦʩʪʠʛʘʷ 4259 ʧ.ʟ./ʩʤ
3. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘ 3 ʣʝʪʥʠʡ ʧʝʨʠʦʜ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʘ 10 555,3 ʧ.ʟ./ʩʤ3. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʛʜʝ 

ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘ 5 ʣʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʊʠʤʠʰʦʘʨʝ, ʈʫʤʳʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʣʦʚʫʰʢʠ Lanzoni VPPS 2000, ʩʦʩʪʘʚʠʣʘ 452,8 ʧ.ʟ./ʩʤ3 [5].  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪʨʘʞʘʶʪ ʧʨʝʦʙʣʘʜʘʶʱʫʶ ʫʥʠʤʦʜʘʣʴʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʴʮʳ Pinus, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ  ʜʘʥʥʳʭ 2016 (ʈʠʩʫʥʦʢ 3).  

 

 
 

ʈʠʩʫʥʦʢ 3. ʂʨʠʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʴʮʳ  Pinus (ʧʦ ʜʝʢʘʜʘʤ) ʚ ʚʦʟʜʫʭʝ ʛ. ʂʘʨʘʢʦʣ 

 

ʉʘʤʳʡ ʚʳʩʦʢʠʡ ʛʦʜʦʚʦʡ ʫʨʦʚʝʥʴ ʧʳʣʴʮʳ Pinus ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʚ 2016 ʛʦʜʫ (16002 

ʧ.ʟ./ʩʤ3), ʘ ʩʘʤʳʡ ʥʠʟʢʠʡ ð ʚ ʵʢʩʪʨʝʤʘʣʴʥʦ ʞʘʨʢʠʡ 2015 ʛʦʜ (1220 ʧ.ʟ./ʩʤ3). ʊʝʤʧʝʨʘʪʫʨʳ ʚ 

30,1Üʉ ʚ 2015 ʛʦʜʫ ʥʝʛʘʪʠʚʥʦ ʧʦʚʣʠʷʣʠ ʥʘ ʧʳʣʴʮʝʧʨʦʜʫʢʮʠʶ Pinus (3,8% ʦʪ ʚʩʝʡ ʧʳʣʴʮʳ  ʟʘ 

ʪʨʠ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʩʝʟʦʥʘ). ʂʨʦʝ ʪʦʛʦ, ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʧʳʣʴʮʳ ʫ ʭʚʦʡʥʳʭ ʜʝʨʝʚʴʝʚ ʚ 

ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʢʣʶʯʘʷ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, 

ʚʦʟʨʘʩʪ ʜʝʨʝʚʴʝʚ ʠʣʠ ʩʪʨʝʩʩʦʚʳʝ ʩʠʪʫʘʮʠʠ, ʛʣʘʚʥʳʡ ʠʟ ʢʦʪʦʨʳʭ ð ɻ ʢʦʥʦʤʠʷ ʨʝʩʫʨʩʦʚ 

ʜʝʨʝʚʦʤ. ʉʦʩʥʘ (ʢʘʢ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʚʝʪʨʦʦʧʳʣʷʝʤʳʝ ʜʝʨʝʚʴʷ) ʥʝ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʩʝʙʝ 

ʝʞʝʛʦʜʥʦ ʪʨʘʪʠʪʴ ʦʛʨʦʤʥʳʝ ʩʠʣʳ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʮʚʝʪʝʥʠʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫ ʩʦʩʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʡ ʩʝʟʦʥ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʳʣʴʮʦʡ ʚʝʜʫʱʠʭ ʘʵʨʦʘʣʣʝʨʛʝʥʦʚ (ʥʘʧʨʠʤʝʨ, 

ʟʣʘʢʦʚ ð 171 ʜʝʥʴ), ʥʦ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʳʣʴʮʳ. ɼʣʷ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʢʣʘʜʘ 

ʧʳʣʴʮʳ Pinaceae ʚ ʘʵʨʦʙʠʦʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʛ. ʂʘʨʘʢʦʣ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ 

ʠʥʜʝʢʩ ʚʢʣʘʜʘ ʧʳʣʴʮʳ (ʈʠʩʫʥʦʢ 3). ʆʥ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ: ʩʨʦʢʘʭ ʮʚʝʪʝʥʠʷ, 

ʨʘʟʤʝʨʝ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ (80ï130 ʤʢʤ), ʦʙʠʣʠʠ ʚʠʜʦʚ ʚ ʨʝʛʠʦʥʝ ʠ ʧʨʦʜʫʢʮʠʠ ʧʳʣʴʮʳ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʵʪʫ ʧʳʣʴʮʫ  ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʘʣʣʝʨʛʝʥʳ [10]. 

ʉʦʛʣʘʩʥʦ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʭʚʦʡʥʳʝ ʜʝʨʝʚʴʷ ʩʦʩʪʦʷʪ ʠʟ ʦʜʥʦʛʦ ʢʣʘʩʩʘ, 

Pinopsida, ʠ ʦʧʠʩʘʥʦ ʩʝʤʴ ʩʝʤʝʡʩʪʚ: Araucariaceae, Podocarpaceae, Sciadopityaceae, 

Cupressaceae/Cephalotaxaceae/Taxaceae ʠ Pinaceae. ʍʚʦʡʥʳʝ, ʦʪ ʣʘʪʠʥʩʢʦʛʦ ʩʣʦʚʘ, 

ʦʟʥʘʯʘʶʱʝʛʦ çʥʦʩʠʪʝʣʴ ʰʠʰʝʢè, ʚʢʣʶʯʘʶʪ ʦʢʦʣʦ 650 ʚʠʜʦʚ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦ  

ʚʩʝʤʫ ʤʠʨʫ [11], ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʝ ʩʨʝʜʠ ʥʠʭ: ʝʣʠ, ʩʦʩʥʳ, ʢʠʧʘʨʠʩʳ, ʤʦʞʞʝʚʝʣʴʥʠʢʠ, ʪʠʩʳ, 

ʣʠʩʪʚʝʥʥʠʮʳ, ʧʠʭʪʳ. ʉʘʤʫʶ ʘʣʣʝʨʛʝʥʥʫʶ ʧʳʣʴʮʫ ʚʳʜʝʣʷʝʪ ʩʝʤʝʡʩʪʚʦ Cupressaceae/Taxaceae 

ʩ ʧʷʪʴʶ ʛʣʘʚʥʳʤʠ  ʨʦʜʘʤʠ: Cupressus, Hesperocyparis, Juniperus, Cryptomeria ʠ Chamaecyparis. 

ʇʳʣʴʮʘ ʩʦʩʥʦʚʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚʦʟʜʫʰʥʳʭ ʤʝʰʦʯʢʦʚ (ʩʘʢʢʠ), ʢʨʦʤʝ 

ʣʠʩʪʚʝʥʥʠʮʳ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ, ʩʧʦʩʦʙʩʪʚʫ ̫ʝy ʧʝʨʝʥʦʩʫ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚ ʘʪʤʦʩʬʝʨʝ [12, 13].  
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ʈʠʩʫʥʦʢ 3. ʀʥʪʝʛʨʘʪʠʚʥʳʡ ʠʥʜʝʢʩ ʚʢʣʘʜʘ ʧʳʣʴʮʳ ʩʦʩʥʦʚʳʭ ʚ ʘʵʨʦʙʠʦʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʛ. 

ʂʘʨʘʢʦʣ 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʚʳʰʝʥʥʫʶ ʧʳʣʴʮʝʚʫʶ ʧʨʦʜʫʢʮʠʶ, ʢʦʪʦʨʘʷ, ʧʦ ʨʘʩʯʝʪʘʤ, ʩʦʩʪʘʚʣʷʝʪ ʦʪ 

20,9x106 ʜʦ 32,3x106 ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ ʥʘ ʜʝʨʝʚʦ ʜʣʷ ʩʦʩʥʳ ʧʨʠʤʦʨʩʢʦʡ ʠ ʝʝ ʘʥʝʤʦʬʠʣʴʥʫʶ 

ʧʨʠʨʦʜʫ, ʦʥʘ ʦʙʳʯʥʦ ʥʝ ʩʯʠʪʘʝʪʩʷ ʚʘʞʥʳʤ ʘʣʣʝʨʛʝʥʦʤ. ʇʨʠʚʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʨʠʯʠʥʳ ʝʝ 

ʥʠʟʢʦʡ ʘʣʣʝʨʛʝʥʥʦʩʪʠ: ʙʦʣʴʰʦʡ ʨʘʟʤʝʨ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʝʝ ʧʨʦʥʠʢʥʦʚʝʥʠʶ 

ʚ ʜʳʭʘʪʝʣʴʥʳʝ ʧʫʪʠ [14, 15].  
 

ʊʘʙʣʠʮʘ 3 

ʉʈɸɺʅʀʊɽʃʔʅɸʗ ʇɸʃʀʅʆʄʆʈʌʆʃʆɻʀʏɽʉʂɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ Pinaceae 
 

ʇʨʠʟʥʘʢ ɽʣʴ (Picea) ʉʦʩʥʘ (Pinus) ʇʠʭʪʘ (Abies) ʃʠʩʪʚʝʥʥʠʮʘ 

(Larix) 

ɺʦʟʜʫʰʥʳʝ 

ʤʝʰʢʠ 

ɼʚʘ (ʙʠʩʘʢʢʘʪʥʦʝ 

ʟʝʨʥʦ) 

ɼʚʘ 

(ʙʠʩʘʢʢʘʪʥʦʝ 

ʟʝʨʥʦ) 

ɼʚʘ (ʙʠʩʘʢʢʘʪʥʦʝ 

ʟʝʨʥʦ) 

ʆʪʩʫʪʩʪʚʫʶʪ 

(ʘʵʣʝʪʥʦʝ ʟʝʨʥʦ) 

ʈʘʟʤʝʨ ʇɿ 120ï130 ʤʢʤ 120ï130 ʤʢʤ 90ï120 ʤʢʤ 70ï100 ʤʢʤ 

ʋʛʦʣ 

ʧʨʠʢʨʝʧʣʝʥʠʷ 

ʇʦʯʪʠ ʨʘʟʚʝʨʥʫʪʳʡ 

(180°) 

ʇʨʷʤʦʡ (90Á) ʆʩʪʨʳʡ (< 90Á) ʅ/ɼ 

ʋʪʦʣʱʝʥʠʝ ʱʠʪʘ ʈʘʚʥʦʤʝʨʥʦʝ ʈʘʚʥʦʤʝʨʥʦʝ ʅʝʨʘʚʥʦʤʝʨʥʦʝ, 

ʦʯʝʥʴ ʪʦʣʩʪʦʝ 

ʅ/ɼ 

 

ɺ ʠʩʪʦʯʥʠʢʘʭ ʣʠʪʝʨʘʪʫʨʳ ʩʦʦʙʱʘʝʪʩʷ ʦ  ʚʦʟʜʝʡʩʪʚʠʠ  ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ (ʪʝʤʧʝʨʘʪʫʨʳ) 

ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʢʦʣʝʙʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʴʮʳ ʩʦʩʥʦʚʳʭ, ʯʪʦ 

ʧʨʦʷʚʣʷʣʦʩʴ ʚ ʜʝʛʨʘʜʘʮʠʠ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ ʠ ʧʦʷʚʣʝʥʠʠ ʧʦʚʨʝʞʜʝʥʥʳʭ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʯʘʩʪʠʮ [15]. 

ʀʟʤʝʥʯʠʚʦʩʪʴ ʧʳʣʴʮʳ ʩʦʩʥʳ (ʢʘʢ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ, ʪʘʢ ʠ ʝʝ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ/ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ) ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʦʛʦ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʙʣʦʢʦʚ: ʧʦʛʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ, ʪʝʭʥʦʛʝʥʥʳʝ, ʵʬʬʝʢʪ 

çʨʘʟʜʨʘʞʠʪʝʣʷè ʠ ʩʠʥʜʨʦʤ çʧʳʣʴʮʝʚʦʛʦ ʟʝʨʥʘ-ʥʦʩʠʪʝʣʷè (ʈʠʩʫʥʦʢ 4).  
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ʈʠʩʫʥʦʢ 4. ʉʭʝʤʘ ʚʦʟʜʝʡʩʪʚʠʷ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ ʥʘ 

ʧʳʣʴʮʫ Pinus sp. 

 

ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʳʣʴʮʳ ʩʦʩʥʳ. ʇʦʛʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ: ʚʦʟʜʝʡʩʪʚʫʶʪ ʚ ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʩʦʟʨʝʚʘʥʠʷ ʠ ʨʘʩʩʝʠʚʘʥʠʷ ʧʳʣʴʮʳ. 

ʊʝʤʧʝʨʘʪʫʨʘ: ʢʨʠʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʚʣʠʷʶʱʠʡ ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʧʳʣʴʮʳ 

(ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʨʦʨʘʩʪʘʥʠʶ) ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ, ʦʩʦʙʝʥʥʦ ʚʘʞʝʥ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ. 

ɺʣʘʞʥʦʩʪʴ ʠ ʦʩʘʜʢʠ: ʚʣʠʷʶʪ ʥʘ ʚʳʞʠʚʘʝʤʦʩʪʴ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ. ɼʦʞʜʴ ʚʦ ʚʨʝʤʷ ʦʧʳʣʝʥʠʷ 

ʤʦʞʝʪ ʚʳʤʳʚʘʪʴ ʧʳʣʴʮʫ ʠʟ ʘʪʤʦʩʬʝʨʳ ʠ ʥʝʛʘʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʧʨʦʮʝʩʩ ʦʧʳʣʝʥʠʷ ʠ 

ʢʘʯʝʩʪʚʘ ʧʳʣʴʮʳ, ʠ ʝʸ ʢʦʥʮʝʥʪʨʘʮʠʶ. ʉʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ (ʚʢʣʶʯʘʷ ʋʌ-ɺ): ʚʣʠʷʝʪ ʥʘ 

ʤʦʨʬʦʣʦʛʠʶ ʧʳʣʴʮʳ (ʥʘʧʨʠʤʝʨ, ʪʦʣʱʠʥʫ ʩʪʝʥʦʢ) ʠ ʥʘʢʦʧʣʝʥʠʝ ʋʌ-ʘʙʩʦʨʙʠʨʫʶʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚʥʫʪʨʠ ʟʝʨʥʘ. ɺʝʪʝʨ: ʝʛʦ ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʣʠʷʶʪ ʥʘ ʜʘʣʴʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ (ʧʨʠʪʦʢ ʧʳʣʴʮʳ ʠʟ ʜʨʫʛʠʭ 

ʧʦʧʫʣʷʮʠʡ). ʋʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʳʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʳʣʴʮʳ. ɿʘʛʨʷʟʥʝʥʠʝ 

ʚʦʟʜʫʭʘ: ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʜʠʦʢʩʠʜ ʩʝʨʳ, ʦʟʦʥ, ʦʢʩʠʜʳ ʘʟʦʪʘ ʠ ʜʨʫʛʠʝ, ʦʩʦʙʝʥʥʦ ʚ ʛʦʨʦʜʩʢʠʭ 

ʠʣʠ ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʭ ʨʘʡʦʥʘʭ, ʩʥʠʞʘʶʪ ʬʝʨʪʠʣʴʥʦʩʪʴ (ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ) ʧʳʣʴʮʳ, 

ʚʳʟʳʚʘʶʪ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʠ ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ.  

ʇʳʣʴʮʘ ʢʘʢ ʙʠʦʠʥʜʠʢʘʪʦʨ ʘʥʪʨʦʧʦʮʝʥʦʟʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʪʝʨʘʪʦʤʦʨʬʥʦʡ ʧʳʣʴʮʳ Pinus. 

sylvestris ʚ ʧʨʦʙʘʭ ʛʦʨʦʜʘ ɸʧʘʪʠʪʳ ʦʯʝʥʴ ʚʳʩʦʢʦʝ (80,4ï90,4%). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʉʨʝʜʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ 23 ʪʠʧʦʚ ʯʘʱʝ 

ʚʩʝʛʦ ʚʩʪʨʝʯʘʶʪʩʷ ʧʳʣʴʮʝʚʳʝ ʟʝʨʥʘ ʥʦʨʤʘʣʴʥʳʭ, ʢʘʨʣʠʢʦʚʳʭ ʠ ʛʠʛʘʥʪʩʢʠʭ ʨʘʟʤʝʨʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʚʦʟʜʫʰʥʳʭ ʤʝʰʦʯʢʦʚ [17].  

ɸʥʘʣʦʛʠʯʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʚ ʛʦʨʦʜʘʭ ʄʫʨʤʘʥʩʢʝ, ʄʘʥʯʠʛʦʨʩʢʝ ð 

11 ʪʠʧʦʚ ʪʝʨʘʪʦʤʦʨʬʦʚ ʧʳʣʴʮʳ: ʙʝʟ ʧʨʦʪʦʧʣʘʩʪʘ (ʥʝʦʢʨʘʰʝʥʥʘʷ, ʩʪʝʨʠʣʴʥʘʷ), ʩ 

ʧʣʘʟʤʦʣʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʪʦʧʣʘʩʪʦʤ (ʥʝʨʘʚʥʦʤʝʨʥʦ ʦʢʨʘʰʝʥʥʘʷ), ʙʝʟ ʤʝʰʦʯʢʦʚ, ʩ 

ʨʝʜʫʮʠʨʦʚʘʥʥʳʤʠ ʤʝʰʦʯʢʘʤʠ, ʩ ʦʜʥʠʤ ʤʝʰʦʯʢʦʤ, ʩ ʜʚʫʤʷ ʨʘʟʥʦʨʦʜʥʳʤʠ ʤʝʰʦʯʢʘʤʠ, 

ʛʠʧʝʨʪʨʦʬʠʨʦʚʘʥʥʘʷ ʩ ʪʨʝʤʷ ʤʝʰʦʯʢʘʤʠ, ʩ ʨʘʟʨʳʚʦʤ ʵʢʟʠʥʳ, ʢʘʨʣʠʢʦʚʘʷ, ʛʠʛʘʥʪʩʢʘʷ ʠ 

ʢʘʨʣʠʢʦʚʘʷ ʩ ʚʳʨʦʩʪʘʤʠ. ʇʳʣʴʮʘ Pinus sylvestris ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʙʠʦʤʦʥʠʪʦʨʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʬʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʠ ʤʫʪʘʛʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʟʘʛʨʷʟʥʠʪʝʣʝʡ [18, 19]. 
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ʋʨʙʘʥʠʟʠʨʦʚʘʥʥʘʷ ʩʨʝʜʘ: ʜʝʨʝʚʴʷ, ʨʘʩʪʫʱʠʝ ʚ ʯʝʨʪʝ ʛʦʨʦʜʘ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʙʦʣʴʰʝʤʫ 

ʩʪʨʝʩʩʫ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʙʦʣʝʝ ʥʠʟʢʦʡ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʧʳʣʴʮʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ.ʇʨʠ ʦʮʝʥʢʝ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʚ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʧʦʯʪʠ ʚʩʷ ʧʳʣʴʮʘ ʦʢʨʘʰʠʚʘʣʘʩʴ (92,6%), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʤ ʝʝ ʢʘʯʝʩʪʚʝ. 

çʕʬʬʝʢʪ ʨʘʟʜʨʘʞʠʪʝʣʷè ʠ ʧʝʨʝʢʨʝʩʪʥʘʷ ʨʝʘʢʮʠʷ. ʄʝʭʘʥʠʯʝʩʢʦʝ ʠ ʭʠʤʠʯʝʩʢʦʝ 

ʨʘʟʜʨʘʞʝʥʠʝ: ʧʳʣʴʮʝʚʳʝ ʟʝʨʥʘ ʩʦʩʥʳ ʢʨʫʧʥʳʝ ʠ ʪʷʞʝʣʳʝ, ʥʦ ʦʥʠ ʤʦʛʫʪ ʤʝʭʘʥʠʯʝʩʢʠ 

ʨʘʟʜʨʘʞʘʪʴ ʩʣʠʟʠʩʪʳʝ ʦʙʦʣʦʯʢʠ ʥʦʩʘ ʠ ʛʣʘʟ, ʦʩʦʙʝʥʥʦ ʫ ʣʶʜʝʡ ʩ  ʧʦʣʣʠʥʦʟʦʤ ʠʣʠ 

ʙʨʦʥʭʠʘʣʴʥʦʡ ʘʩʪʤʦʡ). ʉʘʤʘ ʧʳʣʴʮʘ ʤʦʞʝʪ ʧʝʨʝʥʦʩʠʪʴ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʨʷʟʥʷʶʱʠʝ 

ʚʝʱʝʩʪʚʘ. ʇʝʨʝʢʨʝʩʪʥʘʷ ʘʣʣʝʨʛʠʷ: ʫ ʤʥʦʛʠʭ ʙʦʣʴʥʳʭ ʩ ʘʣʣʝʨʛʠʝʡ ʥʘ ʧʳʣʴʮʫ ʙʝʨʝʟʳ (ʢʦʪʦʨʘʷ 

ʦʯʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʠ ʚʳʩʦʢʦʘʣʣʝʨʛʝʥʥʘ) ʚʦʟʥʠʢʘʝʪ ʧʝʨʝʢʨʝʩʪʥʘʷ ʨʝʘʢʮʠʷ ʥʘ ʧʳʣʴʮʫ ʜʨʫʛʠʭ 

ʨʘʩʪʝʥʠʡ, ʥʘʧʨʠʤʝʨ ʩʦʩʥʳ.  

ʉʠʥʜʨʦʤ çʧʳʣʴʮʝʚʦʛʦ ʟʝʨʥʘ-ʥʦʩʠʪʝʣʷè. ʊʘʢʞʝ ʢʘʢ ʧʳʣʴʮʘ ʧʦʣʳʥʠ, ʧʳʣʴʮʘ ʩʦʩʥʳ  ʤʦʞʝʪ 

ʙʳʪʴ çʪʘʢʩʠè (ʪʨʘʥʩʧʦʨʪʦʤ) ʜʣʷ ʙʦʣʝʝ ʤʝʣʢʠʭ ʠ ʚʳʩʦʢʦʘʣʣʝʨʛʝʥʥʳʭ ʯʘʩʪʠʮ ʥʘ ʩʚʦʶ ʣʠʧʢʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʵʢʟʠʥʳ ʤʦʞʝʪ ʘʜʩʦʨʙʠʨʦʚʘʪʴ ʘʣʣʝʨʛʝʥʳ ʠʟ ʧʳʣʴʮʳ ʜʨʫʛʠʭ ʨʘʩʪʝʥʠʡ (ʥʘʧʨʠʤʝʨ, 

ʟʣʘʢʦʚ, ʮʚʝʪʫʱʠʭ ʚ ʪʦʪ ʞʝ ʧʝʨʠʦʜ), ʘ ʪʘʢʞʝ ʩʧʦʨʳ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ (Alternaria, Cladosporium), 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʨʘʩʪʝʪ ʚ ʪʝʧʣʳʡ ʩʝʟʦʥ. ʄʦʞʝʪ ʧʝʨʝʥʦʩʠʪʴ ʥʘ ʩʝʙʝ ʯʘʩʪʠʮʳ 

ʘʪʤʦʩʬʝʨʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ (ʜʠʟʝʣʴʥʳʝ ʚʳʭʣʦʧʳ, ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ, ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ). ʕʪʠ 

ʟʘʛʨʷʟʥʠʪʝʣʠ ʩʘʤʠ ʧʦ ʩʝʙʝ ʨʘʟʜʨʘʞʘʶʪ ʩʣʠʟʠʩʪʳʝ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ 

ʙʝʣʢʦʚ ʧʳʣʴʮʳ, ʜʝʣʘʷ ʠʭ ʙʦʣʝʝ ʘʛʨʝʩʩʠʚʥʳʤʠ ʜʣʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ. 

 

ɺʳʚʦʜʳ 

ʇʳʣʴʮʫ Pinus ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʦ ʘʣʣʝʨʛʝʥʥʫʶ, ʦʩʦʙʝʥʥʦ ʚ ʤʝʩʪʘʭ 

ʝʸ ʦʙʠʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʚ ʩʚʷʟʠ ʩ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚʠʜʦʚ. ɺʳʷʚʣʝʥʠʝ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʧʘʮʠʝʥʪʦʚ ʩ ʤʦʥʦʩʝʥʩʠʙʠʣʠʟʘʮʠʝʡ ʢ ʧʳʣʴʮʝ ʩʦʩʥʳ ʠ ʧʝʨʝʢʨʝʩʪʥʦʡ ʧʦʣʠʚʘʣʝʥʪʥʦʡ 

ʨʝʘʢʪʠʚʥʦʩʪʴʶ ʩ ʜʨʫʛʦʡ ʧʳʣʴʮʦʡ (ʭʚʦʡʥʳʝ, ʧʦʣʳʥʴ, ʘʤʙʨʦʟʠʷ, ʟʣʘʢʠ) ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʜʠʘʛʥʦʩʪʠʢʫ (ɸʣʣʝʨʛʝʥ t16 ð ʩʦʩʥʘ ʙʝʣʘʷ, IgE, ʀʌɸ) ʠ ʣʝʯʝʥʠʷ ʪʘʢʠʭ 

ʧʘʮʠʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʠʤʤʫʥʦʪʝʨʘʧʠʠ.  

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʘʵʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʛ. ʂʘʨʘʢʦʣ, 

ʩʣʝʜʫʶʪ ʚʳʚʦʜʳ: 

1. ʇʳʣʴʮʘ Pinus ʧʨʝʦʙʣʘʜʘʣʘ ʩʨʝʜʠ ʚʩʝʭ Pinaceae ʠ ʮʠʨʢʫʣʠʨʦʚʘʣʘ ʚ ʚʦʟʜʫʭʝ ʛ. ʂʘʨʘʢʦʣ 

ʚʩʝ ʪʨʠ ʩʝʟʦʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʣʷʣʘ  ʦʪ 108 ʜʦ 130 ʜʥʝʡ.  

2. ʇʦʜʝʢʘʜʥʘʷ ʢʨʠʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʴʮʳ ʩʦʩʥʳ  ʥʦʩʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʫʥʠʤʦʜʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ  ʜʘʥʥʳʭ 2016. ɽʸ ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʫʪʦʯʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʤʘʝ-ʠʶʥʝ (3598 ʧ. ʟ./ʩʤ3).  

3. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʘʩʴ ʩʠʣʴʥʘʷ ʤʝʞʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʘʪʤʦʩʬʝʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʳʣʴʮʳ Pinus, ʟʘʚʠʩʠʤʘʷ ʦʪ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʩʦʙʝʥʥʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʦʩʘʜʢʦʚ, ʘ ʪʘʢʞʝ ʦʪ ʠ ʧʳʣʴʮʝʚʦʡ ʧʨʦʜʫʢʮʠʠ. ʉʘʤʳʡ ʚʳʩʦʢʠʡ ʛʦʜʦʚʦʡ ʫʨʦʚʝʥʴ ʧʳʣʴʮʳ Pinus 

ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʚ 2016 ʛʦʜʫ (16002 ʧ. ʟ./ʩʤ3), ʘ ʩʘʤʳʡ ʥʠʟʢʠʡ  - ʚ ʵʢʩʪʨʝʤʘʣʴʥʦ ʞʘʨʢʠʡ 2015 ʛʦʜ  

(1220 ʧ. ʟ./ʩʤ3), ʪʘʢ ʢʘʢ ʚʳʩʦʢʠʝ  ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʷ ʚ 30,1Üʉ ʥʝʛʘʪʠʚʥʦ ʧʦʚʣʠʷʣʠ ʥʘ 

ʧʳʣʴʮʝʧʨʦʜʫʢʮʠʶ  Pinus  (3,8% ʦʪ ʚʩʝʡ ʧʳʣʴʮʳ  ʟʘ ʪʨʠ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʩʝʟʦʥʘ).   

4. ʅʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʩʪʨʫʢʪʫʨʫ ʧʳʣʴʮʳ Pinaceae ʚ ʚʦʟʜʫʭʝ ʚʣʠʷʶʪ ʘʥʪʨʦʧʦʛʝʥʥʳʝ 

ʬʘʢʪʦʨʳ: ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ (ʪʝʤʧʝʨʘʪʫʨʳ) ʠ  ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʯʪʦ 

ʧʨʦʷʚʣʷʣʦʩʴ ʚ ʜʝʛʨʘʜʘʮʠʠ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ ʠ ʧʦʷʚʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʳʭ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ 

ʙʠʦʯʘʩʪʠʮ. 
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ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ Caryophyllaceae Juss. ɺ ʃɸʏʀʅʉʂʆʄ ʈɸʁʆʅɽ 

 

Éɻʫʣʠʝʚʘ ʈ. ɿ., ORCĶD: 0009-0001-0532-7593, ɻʷʥʜʞʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɻʷʥʜʞʘ, ɸʟʝʨʙʘʡʜʞʘʥ, ramide.quliyeva@gdu.edu.az 

 

Abstract The article provides information on the biological, ecological, and coenosis-forming 

characteristics of representatives of the Caryophyllaceae Juss. family found in the Lachin district, 

their distribution patterns, and limiting factors for the protection of rare and endangered species. The 

research was mainly carried out in mountain-meadow tall-herb meadows, forest-meadow vegetation, 

and steppe vegetation types, as well as in various plant communities. The abundance of 

Caryophyllaceae Juss. representatives in plant communities was assessed at 1ï2 points. Studies on 

populations of Minuartia intermedia (Boiss.) Hand.-Mazz. revealed irreversible unidirectional 

changes. A gradual decrease in the number of M. intermedia populations and high sensitivity to 

adverse environmental factors were observed. Without timely conservation measures, the populations 

may completely disappear. The species Paronychia azerbaijanica Chaudhri was found in the Lachin 

district within mountain steppe and mountain-xerophyte steppe vegetation types in the form of 

localities. A decreasing trend in the number of individuals was observed, making conservation 

measures necessary. This species is included in the third edition of the ñRed Bookò of Azerbaijan. 

Direct observations and studies on populations of Silene cephalantha Boiss. revealed that, due to 

anthropogenic factors, the quality of the habitat has declined (A2ac). The growth dynamics of 

individuals were found to be at a low level. The absence of young individuals indicates an ongoing 

continuous decline (C1). In the observed area, only 3ï5 individuals were found per 10 mĮ. All these 

factors indicate a potential threat of extinction in the future. Therefore, the development dynamics of 

the species should be monitored. 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʮʝʥʦʦʙʨʘʟʫʶʱʠʭ 

ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ Caryophyllaceae Juss., ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʚ ʃʘʯʠʥʩʢʦʤ 

ʨʘʡʦʥʝ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʣʠʤʠʪʠʨʫʶʱʠʭ ʬʘʢʪʦʨʘʭ ʦʭʨʘʥʳ ʨʝʜʢʠʭ ʠ 

ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʫʛʨʦʟʦʡ ʠʩʯʝʟʥʦʚʝʥʠʷ ʚʠʜʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʥʘ ʛʦʨʥʦ-ʣʫʛʦʚʳʭ ʚʳʩʦʢʦʪʨʘʚʥʳʭ ʣʫʛʘʭ, ʣʝʩʦ-ʣʫʛʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʩʪʝʧʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ. ʏʠʩʣʝʥʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ Caryophyllaceae Juss. ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʦʮʝʥʠʚʘʣʘʩʴ ʚ 1ï2 ʧʫʥʢʪʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʧʫʣʷʮʠʡ Minuartia intermedia (Boiss.) Hand.-Mazz. ʚʳʷʚʠʣʠ ʥʝʦʙʨʘʪʠʤʳʝ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʅʘʙʣʶʜʘʣʦʩʴ ʧʦʩʪʝʧʝʥʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʡ M. intermedia ʠ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʘʤ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɹʝʟ ʩʚʦʝʚʨʝʤʝʥʥʳʭ ʤʝʨ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʧʦʧʫʣʷʮʠʠ ʤʦʛʫʪ ʧʦʣʥʦʩʪʴʶ 

ʠʩʯʝʟʥʫʪʴ. ɺʠʜ Paronychia azerbaijanica Chaudhri ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʃʘʯʠʥʩʢʦʤ ʨʘʡʦʥʝ ʚ ʛʦʨʥʦ-

ʩʪʝʧʥʳʭ ʠ ʛʦʨʥʦ-ʢʩʝʨʦʬʠʪʦʚʳʭ ʩʪʝʧʥʳʭ ʪʠʧʘʭ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʚʠʜʝ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ. 

ʅʘʙʣʶʜʘʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ ʩʦʢʨʘʱʝʥʠʶ ʯʠʩʣʝʥʥʦʩʪʠ ʦʩʦʙʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤʠ ʤʝʨʳ 

ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʚʠʜʘ. ʕʪʦʪ ʚʠʜ ʚʢʣʶʯʝʥ ʚ ʪʨʝʪʴʝ ʠʟʜʘʥʠʝ çʂʨʘʩʥʦʡ ʢʥʠʛʠè ɸʟʝʨʙʘʡʜʞʘʥʘ. 
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ʇʨʷʤʳʝ ʥʘʙʣʶʜʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʧʫʣʷʮʠʡ Silene cephalantha Boiss. ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟ-ʟʘ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʢʘʯʝʩʪʚʦ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʫʭʫʜʰʠʣʦʩʴ (A2ac). ɼʠʥʘʤʠʢʘ ʨʦʩʪʘ ʦʩʦʙʝʡ 

ʦʢʘʟʘʣʘʩʴ ʥʠʟʢʦʡ. ʆʪʩʫʪʩʪʚʠʝ ʤʦʣʦʜʳʭ ʦʩʦʙʝʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʜʦʣʞʘʶʱʝʝʩʷ ʥʝʧʨʝʨʳʚʥʦʝ 

ʩʦʢʨʘʱʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ (C1). ʅʘ ʥʘʙʣʶʜʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚʩʝʛʦ 3ï5 

ʦʩʦʙʝʡ ʥʘ 10 ʤĮ. ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʫʛʨʦʟʫ ʠʩʯʝʟʥʦʚʝʥʠʷ ʚ 

ʙʫʜʫʱʝʤ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʦʪʩʣʝʞʠʚʘʪʴ ʜʠʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ ʚʠʜʘ. 

 

Keywords: meadow, habitat, vegetation type, mountain vegetation, association. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʫʛ, ʤʝʩʪʦʦʙʠʪʘʥʠʝ, ʪʠʧ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʛʦʨʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, 

ʘʩʩʦʮʠʘʮʠʷ. 

 

The enchanting and unique region of Lachin, with its distinctive climate and rich vegetation, 

remained under enemy occupation for nearly 30 years. As a result of the victory achieved in the 

Second Karabakh War, the Lachin district was liberated from occupation. At the same time, many 

plant species that are endemic only to Azerbaijanðspecies that are not found naturally anywhere else 

in the worldðwere also freed from the captivity of Armenian vandalism. 

Guided by Clause 3 of Article 109 of the Constitution of the Republic of Azerbaijan and in 

accordance with Decree No. 3378 of the President of the Republic of Azerbaijan dated July 22, 2022, 

approving the ñSocio-Economic Development Strategy of the Republic of Azerbaijan for 2022ï

2026,ò the ñFirst State Program on the Great Return to the Liberated Territories of the Republic of 

Azerbaijanò was adopted (https://e-qanun.az/framework/50013).  

In line with the tasks arising from this decree, the study of natural resourcesðparticularly the 

vegetationðof the liberated areas, including Lachin district, is among the priority objectives. 

 

Purpose of the Study 

The main objective of the study is to determine the place and role of representatives of the 

Caryophyllaceae Juss. family in various plant communities under different ecological conditions in 

Lachin district; to evaluate the impact of environmental factors on species morphogenesis; to 

investigate their coenosis-forming characteristics, distribution patterns, and the limiting factors in 

conserving rare and endangered species; and to develop conservation measures. 

 

Materials and Methods 

The research was mainly carried out in the villages of Sus and Zabux, in the vicinity of Turshsu, 

and along the Hekari River in Lachin district, across various vegetation types. The systematic position 

of the species in the study area was clarified using APG IV (www.worldfloraonline.org), World Flora 

Online (https://www.worldfloraonline.org/), and The Euro+Med PlantBase (http://ww2.bgbm.org/). 

For the study of bioecological characteristics of plant communities, references such as Flora of 

Azerbaijan, Flora of the Caucasus [1-7, 25].  

Geobotanical descriptions were prepared using modern methods [8-11, 19-24].  

Based on the results of the conducted studies, the conservation status of rare species was 

determined according to the criteria of the IUCN Red Data Book and the Red Book of Azerbaijan 

(https://ww2.bgbm.org/EuroPlusMed/query.asp).  

 

Results and Discussion 

The Lachin district is located in the southwest of Azerbaijan, in a mountainous area. It borders 

Kalbajar to the north, Khojaly, Shusha, and Khojavend to the east, Qubadli to the south, and Armenia 
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to the west. The districtôs terrain is mountainous: its northern part lies on the southwestern slopes of 

the Karabakh Range, the northeast on the southeastern slopes of the Mikhtoken Range, and the 

southwest on the Karabakh Plateau. Its highest peak is Mount Gizilbogaz (3594 m). The main river 

is the Hekari and its tributaries. The district is dominated by soddy mountain-meadow soils, brown 

mountain-forest soils, and carbonate-rich mountain black soils. The vegetation consists of shrublands 

and sparse forest meadows, broad-leaved mountain forests (oak, hornbeam, beech), and subalpine 

and alpine meadows. 

The research was conducted at altitudes between 871 and 1804 meters above sea level. First, 

the vegetation types of the areas were identified, and then the position and role of representatives of 

the Caryophyllaceae Juss. family within these vegetation types were studied. A number of literatures 

were also referred to when assessing the general status of the species [8-14]. 

In the Lachin district, the mountain-meadow tall-herb meadow vegetation type is distributed at 

elevations of 1500ï1900 m a.s.l. (39Á43ǋ11.90ǌN; 46Á40ǋ67.20ǌE; elevation 1,557 m). This vegetation 

type has been recognized by botanists as a distinct type of vegetation and has not been included in 

any other vegetation classification.  

In the Lach n d str ct, the mounta n-meadow tall-herb vegetat on type has a d st nct ve structure 

due to ts phys ognom c and phytocoenolog cal character st cs. The sod-form ng process s weak, and 

unl ke other tall-herb commun t es, a certa n degree of strat f cat on s not ceable. Research has shown 

that th s vegetat on type was formed on the s tes of destroyed forests. Based on our stud es and those 

of A. A. Grosshe m (1936), t has been establ shed that the spec es compos t on of tall-herb vegetat on 

conta ns few elements from the anc ent Tert ary per od [24]. However, Grosshe m notes that n the 

Greater Caucasus reg on, Tert ary rel ct elementsðpart cularly Colch c elementsðare abundant and 

concentrated ma nly n forest coenoses. All the plants found n the tall-herb commun t es formed n 

Azerba jan are of Caucas an or g n. 

 

   
A B C 

 

Figure 1. Vegetation types in the Lachin district (A ï Forest-meadow vegetation; B ï Tall-herb meadow 

vegetation; C ï Steppe vegetation) 

 

A. A. Grosshe m class f es tall-herb vegetat on nto pr mary and secondary types. Pr mary tall-

herb vegetat on develops n places where both mo sture s abundant and the rel ef forms depress ons. 

Secondary tall-herb vegetat on forms on s tes where forests have been cut down by humans, as well 

as n areas once cult vated and later abandoned. In the study area, the ma n bulk of the tall-herb 

vegetat on s formed by spec es such as Heracleum sosnovsky, Acon tum or entale, S lene 

cephalantha Bo ss., Cerast um davur cum F sch. ex Spreng., C. holosteo des Fr es, Dactyl s 
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glomerata, Cephalar a g gantea, Knaut a montana, Symphytum asperum, Senec o platyphyllus, 

Senec o lampsano des, and Delph n um flexuosum. 

Format on Class: Tall-herb meadows 

Format on Group: Hogweed-dom nated (Heracleta) 

Assoc at ons: Sosnovskyôs hogweed commun ty (Heracleta sosnovsky), 

Rough-leaved hogweed commun ty (Heracleta trachylomae) 

Format on Group: Monkshood-dom nated (Acon leta) 

Assoc at on: Eastern monkshood commun ty (Acon leta or entale) 

Format on Group: Large-leaved doron cum-dom nated (Doron ceta macrophyllum) 

Assoc at on: Large-leaved doron cum commun ty (Doron cum macrophyllum) 

Format on Group: Ragwort-dom nated (Senec eta platyphyllus) 

Assoc at on: Broad-leaved ragwort commun ty (Senec o platyphyllus) 

Format on Class: Dry-grass tall-herb meadows 

Format on Group: Reed-l ke soft broomgrass-dom nated (Calamagrost ceta arund nacea) 

Assoc at on: Reed-l ke soft broomgrass commun ty (Calamagrost s arund nacea) 

Format on: Vales an fescue commun ty (Festuca vales aca) 

Assoc at on: Sclerophyllous broomgrassïfescue commun ty (Festuca vales aca f. sclerophylla 

ï Bromus japon cus) 

Forest-meadow vegetat on d ffers from other plant commun t es by ts complex coenoses and 

h gh spec es d vers ty, ow ng to var ous forms of atmospher c prec p tat on and the abundance of 

natural water sources. In such plant commun t es (39Á40ǋ30.10ǌN; 46Á35ǋ97.60ǌE), geobotan cal 

stud es were conducted start ng from an alt tude of 1,314 m a.s.l. Representat ves of the genera 

M nuart a L., Cerast um L., Arenar a L., and Stellar a L. from the Caryophyllaceae Juss. fam ly were 

recorded. 

Steppe vegetat on n the Lach n d str ct was stud ed beg nn ng at an alt tude of 871 m a.s.l. 

(39Á37ǋ59.90ǌN; 46Á31ǋ98.80ǌE). In the d str ctôs steppe-type vegetat on, steppe phytocoenoses were 

dent f ed as dom nated by sod-form ng grasses, nclud ng mounta n-xerophyte, mounta n-steppe, and 

dry-steppe commun t es. Sod-form ng grasses, St pa, Festuca, Agropyron, Bothr ochloa, as well as 

shrubs, are constant components of the steppe. 

Overall, n the Lach n d str ct, changes n ecolog cal cond t ons along the vert cal grad ent 

nfluence the compos t on of coenoses, nclud ng the spec es d vers ty of Caryophyllaceae. In some 

cases, zonal ty s lost, and the vegetat on appears n patches. Some l terature sources nd cate that 

steppe vegetat on forms as a result of the destruct on of forest vegetat on. 

In our research, representat ves of the Caryophyllaceae Juss. fam ly found n the follow ng 

plant commun t es w th n the steppe vegetat on type were stud ed and the r status evaluated: 

Formation Class: Dry steppes 

Formation Group: Astragalusïfeathergrass steppe (AstragaletumïStiposum) 

Association: Bare Astragalusïhairy feathergrass community (Astragaletum denudataï

Stiposum capillata) 

Formation Class: Grassïforb steppes 

Formation Group: Feathergrass steppe (Stipeta) 

Association: Pure feathergrass community (Stipa capillata) 

In the steppe phytocoenoses around the Hekar  R ver, the dom nant plant spec es are Festuca 

sclerophylla Bo ss. ex B sch., St pa hohenacker ana Tr n. & Rupr., St pa holoser cea Tr n. & Rupr., 

S. less ng ana Tr n. & Rupr., Koeler a b tzenach ca (Tzvel.) Tzvel., K. albov Dom n, Bromops s 

var egata (B eb.) Holub, Dactyl s glomerata L., Phleum phleo des Karst, Poa bulbosa L., Poa 

pratens s L., Tr setum r g dum Schult, C rs um arg elosum V. Petrov ex Charadze, and others. Among 
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the forbs, spec es such as Thymus kotschyanus Bo ss. & Hohen., T. coll nus, Teucr um pol um L., T. 

or entale L., Scutellar a sevanens s Grossh., Nepeta trautvetter Bo ss. & Buhse, Z z phora r g da 

(Bo ss.) Stapf, Centaurea squarrosa W lld., Pyrethrum ch llophyllum F sch. & C.A. Mey., and 

Gal um verum L. are more frequently found. The steppe also harbors w despread spec es such as the 

b color tul p (Tul pa b flora), F scherôs star-of-Bethlehem (Orn thogalum f scher anum), var ous 

spec es of on on (All um spp.), and others. 

Depend ng on the slope grad ent, desert-steppe vegetat on can also be found. In these areas, 

xerophyt c spec es such as S lene wall ch ana Klotzsch, Stellar a pers ca Bo ss., D chodon 

cerasto des (L.) Rchb., and Hern ar a c nerea DC. (H. steven S ms) occur, alter ng the phys ognomy 

of these coenoses. Somet mes, these spec es form m cro-assoc at ons together w th other forbs (e.g., 

S lene wall ch ana + Thymus kotschyanus + Centaurea squarrosa). Representat ves of the 

Caryophyllaceae Juss. fam ly found n these commun t es were evaluated at an abundance score of 

1ï2 po nts. 

Stud es and l terature data have shown that morpholog cal var at on s often found n taxa that 

cover a w de geograph cal range and d fferent alt tudes [12, 13].  

As a result, geograph cally separate but phylogenet cally d st nct populat ons are dent f ed. The 

del m tat on of taxonom c categor es corresponds to d fferent flor st c reg ons, wh ch requ res prec se 

dent f cat on of plant spec es and clar f cat on of taxonom c boundar es. Th s process s espec ally 

mportant for flor st c stud es n complex and poorly stud ed reg ons [14-18]. 

Follow ng l berat on from occupat on, research conducted n the Lach n d str ct revealed certa n 

l m t ng natural factors affect ng some representat ves of the Caryophyllaceae Juss. fam ly whose 

populat on trends are decl n ng. Dur ng the occupat on per od, as n other d str cts of the Karabakh 

reg on, the flora of Lach n was explo ted destruct vely. Therefore, the current status of some 

Caryophyllaceae Juss. spec es found n var ous vegetat on types n the Lach n d str ct was assessed. 

M nuart a ntermed a (Bo ss.) Hand.-Mazz. ï In the flora of Azerba jan, th s spec es occurs 

only n the Lesser Caucasus. In our research, t was stud ed n subalp ne meadow vegetat on n the 

Lach n d str ct (39Á41ǋ66.40ǌN; 46Á38ǋ86.80ǌE) at an alt tude of 1,904 m a.s.l. Studes on ts 

populat ons revealed rrevers ble un d rect onal changes, w th success ons occurr ng n the sample 

plots dur ng the f nal stage. Due to the reduced dens ty of M. ntermed a populat ons, young 

nd v duals d sappear, result ng n an ncreased proport on of old nd v duals, ult mately lead ng to 

the ext nct on of the coenopopulat on. Such rrevers ble un d rect onal changes are h ghly dangerous 

for Lach n d str ct, as these areas are constantly exposed to var ous mpacts. A gradual decl ne n M. 

ntermed a populat ons and a h gh sens t v ty to adverse env ronmental factors were observed. The 

s gn f cant reduct on n nd v dual numbers was determ ned through d rect observat ons (a) and 

abundance ndex assessments (b). W thout t mely conservat on measures, the number of populat ons 

may decrease to the po nt of complete d sappearance. Other art cles also prov de nformat on about 

the status of the spec es n the flora of Azerba jan [19-14]. 

Paronych a azerba jan ca Chaudhr  ï Based on our research and l terature data, there s l ttle 

comprehens ve nformat on ava lable on th s spec es. In the Lach n d str ct, P. azerba jan ca was 

found n steppe vegetat on typesðspec f cally n mounta n-steppe and mounta n-xerophyte steppeð

occurr ng n local t es. Its pos t on w th n plant commun t es was determ ned, and observat ons on 

ontogenet c nd v duals were conducted. A decreas ng trend n populat on numbers was observed. 

Therefore, conservat on measures are necessary. Th s spec es s ncluded n the th rd ed t on of the 

ñRed Bookò of Azerba jan. 

Silene cephalantha Boiss. ï This species was found in the Lachin district within various 

formation classes of the steppe vegetation type. Direct observations and studies on its populations 

revealed that, as a result of the impact of anthropogenic factors, the quality of its habitat has also 
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decreased (A2ac). The development dynamics of the individuals of the species were at a low level. 

The absence of young individuals indicates a continuous decline (C1). In the area where the species 

was found, only 3ï5 individuals were recorded per 10 mĮ. All of this is an indication that the species 

is at risk of extinction in the future. Therefore, the development of the species must be kept under 

control. 

 

Conclusion 

For the first time, after the liberation of the Lachin district from occupation, the current state of 

representatives of the Caryophyllaceae Juss. family was studied and assessed. The research was 

mainly carried out in mountain-meadow tall-herb meadows, forest-meadow undergrowths, and steppe 

vegetation types, in various plant communities. In these plant communities, the abundance of 

representatives of the Caryophyllaceae Juss. family was evaluated at 1ï2 points. Studies were 

conducted on populations of Minuartia intermedia (Boiss.) Hand.-Mazz., and irreversible 

unidirectional changes were observed. A gradual decrease in the number of M. intermedia populations 

and high sensitivity to the negative effects of environmental factors were noted. If timely conservation 

measures are not taken, the population numbers will decrease completely. 

The species Paronychia azerbaijanica Chaudhri was found in the Lachin district within the 

mountain steppe and mountain-xerophytic steppe vegetation types in the form of localities. A 

declining trend in the number of the species was observed. Therefore, the implementation of 

conservation measures is essential. It is included in the third edition of the Red Book of Azerbaijan. 

Studies and direct observations on Silene cephalantha Boiss. revealed that, due to the impact of 

anthropogenic factors, the quality of the habitat had also decreased (A2ac). The development 

dynamics of individuals of the species were at a low level. The absence of young individuals indicates 

a continuous decline (C1). In the area where the species was recorded, only 3ï5 individuals were 

found per 10 mĮ. All of this is an indication that the species is at risk of extinction in the future. 

Therefore, the development of the species must be kept under control. 
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Abstract. In Azerbaijan, and in the Shaki-Zagatala region, rich in orchards, valuable stone fruit 

trees are grown, which formed the basis of this work. The area of stone fruit orchards is increasing 

annually. To achieve higher yields, a pest protection plan was developed and implemented. A key 

issue is the identification of stone fruit tree pests and the timely and effective implementation of 

control measures. From 2001 to 2013, field and laboratory studies of stone fruit tree pests and their 

entomophages were conducted in the districts of Balakan, Zagatala, Shaki, Kash, Oguz, Gabala, and 

Ismaili. The districts of Zagatala, Shaki, Ismaili, and Gabali were selected as permanent sites. The 

study of the species composition, biological characteristics and economic significance of pests of fruit 

and forest trees and their entomophages opens up opportunities for the use of entomophages in the 

fight against harmful insects. 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ɸʟʝʨʙʘʡʜʞʘʥʝ, ʠ ʚ ʐʘʢʠ-ɿʘʢʘʪʘʣʩʢʦʤ ʨʝʛʠʦʥʝ, ʙʦʛʘʪʦʤ ʩʘʜʘʤʠ, 

ʚʳʨʘʱʠʚʘʶʪʩʷ ʮʝʥʥʳʝ ʢʦʩʪʦʯʢʦʚʳʝ ʧʣʦʜʦʚʳʝ ʜʝʨʝʚʴʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ʇʣʦʱʘʜʴ ʩʘʜʦʚ ʢʦʩʪʦʯʢʦʚʳʭ ʧʣʦʜʦʚʳʭ ʜʝʨʝʚʴʝʚ 

ʝʞʝʛʦʜʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʞʘ ̫ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ 

ʧʣʘʥ ʟʘʱʠʪʳ ʵʪʠʭ ʜʝʨʝʚʴʝʚ ʦʪ ʚʨʝʜʠʪʝʣʝʡ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʚʦʧʨʦʩʦʚ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ 

ʚʨʝʜʠʪʝʣʝʡ ʢʦʩʪʦʯʢʦʚʳʭ ʧʣʦʜʦʚʳʭ ʜʝʨʝʚʴʝʚ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʨ 

ʙʦʨʴʙʳ ʩ ʥʠʤʠ. ɺ ʧʝʨʠʦʜ ʩ 2001 ʧʦ 2013 ʛʦʜ ʚ ʨʘʡʦʥʘʭ ɹʘʣʘʢʝʥ, ɿʘʢʘʪʘʣʘ, ʐʘʢʠ, ʂʘʰ, ʆʛʫʟ, 

ɻʘʙʘʣʘ ʠ ʀʩʤʘʠʣʠ ʚ ʧʦʣʝʚʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʣʝʚʳʝ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʫʯʝʥʠʝʤ ʚʨʝʜʠʪʝʣʝʡ ʢʦʩʪʦʯʢʦʚʳʭ ʧʣʦʜʦʚʳʭ ʜʝʨʝʚʴʝʚ 

ʠ ʠʭ ʵʥʪʦʤʦʬʘʛʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʫʥʢʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʨʘʡʦʥʳ ɿʘʢʘʪʘʣʘ, ʐʘʢʠ, 

ʀʩʤʘʠʣʠ ʠ ɻʘʙʘʣʘ. ʀʟʫʯʝʥʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʚʨʝʜʠʪʝʣʝʡ ʧʣʦʜʦʚʳʭ ʠ ʣʝʩʥʳʭ ʜʝʨʝʚʴʝʚ ʠ ʠʭ ʵʥʪʦʤʦʬʘʛʦʚ 

ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʪʦʤʦʬʘʛʦʚ ʚ ʙʦʨʴʙʝ ʩ ʚʨʝʜʥʳʤʠ ʥʘʩʝʢʦʤʳʤʠ. 

 

Keywords: fruit trees, fruit tree pests, Azerbaijan, tree protection. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʦʜʦʚʳʝ ʜʝʨʝʚʴʷ, ʚʨʝʜʠʪʝʣʠ ʧʣʦʜʦʚʳʭ ʜʝʨʝʚʴʝʚ, ɸʟʝʨʙʘʡʜʞʘʥ, ʟʘʱʠʪʘ 

ʜʝʨʝʚʴʝʚ. 

 

According to recent literature data, up to 300 species of insects damage fruit trees, including 

stone fruit trees, in Azerbaijan [1].  
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Biological control against fruit pests in Azerbaijan was first applied in 1926, namely, for the 

purpose of combating the woolly apple aphid in the Zaqatala region, the aphelinus parasite was 

brought from Italy by Rajabli and Meyer. Starting from 1960, continuous research work has been 

carried out under the conditions of Quba-Khachmaz, Shaki-Zaqatala, and Nakhchivan Autonomous 

Republic on the study of garden pests and their entomophages [2-7].  

Thus, the study of the species composition, bioecological characteristics, and economic 

importance of garden pests and their entomophages creates broad opportunities for combating 

harmful insects using entomophages. 

 

Materials and Methods 

In the Shaki-Zaqatala area, the collection and processing of materials related to the study of 

stone fruit pests and their entomophages was carried out in the districts of Balaken, Zaqatala, Shaki, 

Qax, Oghuz, Gabala, and Ismayilli under field and laboratory conditions during the years 2001ï2013.  

As stationary points, the districts of Zaqatala, Shaki, Ismayilli, and Gabala were selected. In the 

process of collecting materials, during the identification of pests and entomophages, special 

identification sources were used [3, 6]. 

 

Results and their analysis 

As a result of the entomological research carried out, it was determined that in the Shaki-

Zaqatala region, 4 species of aphids belonging to the family Aphididae of the order Homoptera and 

8 species of scale insects belonging to the family Coccidae are spread in stone fruit orchards and 

cause damage to farms to varying degrees, and that the bioecological characteristics, economic 

importance, parasites, and predators of some of them have been studied. 

Plum aphid ï Hyalopterus pruni Geoffr. The pest belongs to the order Homoptera, family 

Aphididae. The wingless adult forms of the plum aphid are pale green in color, and on its body, there 

are three dull green longitudinal stripes. Its head part is elongated in shape and covered with a white 

wax layer. On the thorax and abdomen, two rows of white dots are arranged. The body length is 2.5ï

3 mm. In the winged individuals, the head and thorax are black, covered with a wax-like gray layer. 

The abdomen is green. The larva is smaller than the adult individuals and resembles them in external 

appearance. The egg is small, black in color, and elongated. The plum aphid, by damaging plum, 

peach, apricot, almond, cherry plum, and other stone fruit trees, is widely spread in the forest and 

fruit areas of the Shaki-Zaqatala zone. It is a migratory aphid; part of its life is spent on the fruit trees 

it feeds on, and the rest on the reed plant. This pest overwinters at the fertilized egg stage on the edges 

of buds of plum, peach, and apricot trees, or in the cracks of the bark. 

In early spring (at the end of March, at the beginning of April), the larvae emerging from the 

overwintered eggs move to the buds that have just begun to open and suck their internal contents. 

Until the end of the flowering of the trees, the development of the larvae that emerged from the eggs 

is completed and they turn into female individuals that continue the generation. These individuals 

give birth to live larvae. Usually, the number of larvae of the first generation is not large. Starting 

from the second generation, the quantity of larvae increases considerably and they live on the leaves 

in the form of colonies. From June onwards, a part of the winged forms of this generation move onto 

the reed plants located at the edges of the canals and there they form the beginning of a new 

generation. Thus, the plum aphid develops simultaneously both on fruit trees and on reed plants 

during the entire summer period. In SeptemberïOctober, the individuals continuing the generation of 

the aphid on the reed plant are not very productive. During their one-month lifetime, they lay up to 

10 eggs and then die. The formed larvae develop and turn into normal female individuals. They mate 

with male individuals, fertilize, and within 10ï12 days lay up to 5 eggs, covering them with a wax-
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like liquid. These eggs overwinter. The plum aphid is a serious pest of stone fruit trees. As a result of 

the trees being infected by it, the leaves curl, in such leaves the area of the photosynthetic surface 

sharply decreases, and even in some cases leaves and flowers fall to the ground massively. On the 

other hand, when the aphid feeds, it secretes a sticky substance, on which saprophytic fungi develop 

and multiply, polluting and destroying the branches and leaves. 

According to the conducted research, among the aphid colonies on the leaves, the larvae of 

chrysopids (lacewings), coccinellids (lady beetles), and syrphid flies were detected. The larvae of 

these beneficial entomophages feed in a complex manner on the aphids and reduce their number by 

18ï22%. 

Green peach aphid ï Myzodes persicae Sulz. This pest also belongs to the order Homoptera. It 

is a migratory aphid. It is large, grayish-brown in color. On its back there is a longitudinal row of 

black warts. The pest lives in large clusters on the bark of the trunks and on the lower surfaces of the 

branches of peach, almond, apricot, and cherry-plum trees. The development of the larvae is 

completed at the end of March and in the first ten days of April when the average daily air temperature 

is 15ï16°C. For them to pass into the adult stage, 16ï30 days are required. The first live-bearing 

winged females are encountered in May, and during the summer season they increase. They can also 

be encountered at the end of September and even at the beginning of October. Since it is a permanent 

species, depending on the season, it is more often encountered on fruit trees. In egg-laying females, 

the reproduction ability is high. The number of eggs reaches 13ï18. They lay their eggs on the lower 

sides of branches, in shady places. For the development of the eggs, the optimal temperature is 

considered to be 25ï28°C. The overwintering period is completed at the egg stage. During the year, 

it gives 8ï9 generations. 

In the Shaki-Zaqatala region, being considered the most dangerous pest of peach and almond 

trees, the sooty mold that forms as a result of the liquid it secretes also causes serious damage to these 

trees. Among its natural enemies, the two-spotted lady beetle, the colosoma beetle, and the larvae of 

lacewings can be mentioned. The beetles, in a complex manner, act at a high degree in the 

bioregulation of the pestôs number. 

Plum scale insect ï Sphaerolecanium prunastri F. In Shaki-Zaqatala, it causes serious damage 

to plum and peach trees. It is mainly considered a pest of stone fruit trees belonging to the genus 

Prunus. Apart from fruit trees, it also damages ornamental plants. 

The body of the female individual of the plum scale insect is elongated. The front part of the 

body is narrow. It has a dark brown color. The shell is yellowish in the front part. Its length is 3ï4 

mm, and its width is 3ï3.2 mm. In the dorsal area there are small hairs. The antennae of the female 

individual consist of six segments. The male individual is winged, reddish in color, its legs are 

covered with hairs, it has thin, long antennae consisting of ten segments. The length of its body is 

1.5ï1.8 mm. 

According to observations, the scale insects appear at the end of March and the beginning of 

April. The male individuals begin to fly in May. The female individuals gradually begin to lay eggs 

ï ñto give birthò ï at the end of May. The eggs laid by the female individual are reddish in color, their 

length is 0.4 mm, and their width is 0.3 mm. At the time of laying, there are already mature larvae 

inside them. The first instar larvae are reddish in color, elongated in shape. They have antennae 

consisting of six segments. On the edges of the body there are thirteen pairs of hairs. The second 

instar larvae are oval in shape. Their surface is slightly swollen. Their color is yellow, sometimes 

reddish, with black dots on them. On the edges of the body there are nineteen pairs of hairs. The 

surface of the body is covered with secretions. They overwinter in the second instar larval stage. 

When the trees begin to blossom, they awaken from winter sleep and start feeding on the sap 

of the plant. In May, male individuals appear. During this period, fertilization takes place. Within one 
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month, the female individual begins to lay eggs. They are capable of laying up to 3000 eggs. Then 

larvae emerge from the eggs. In August, second instar larvae are encountered, which attach 

themselves to the branches and overwinter. It gives one generation per year. 

Peach scale insect ï Parthenolecanium persicae F. The body of the female individual of the 

peach false scale insect (Parthenolecanium persicae F.) is oval in shape. It has a dark brown color. 

In young females, there are stripes on the body, which after some time disappear, and the body 

becomes completely brown in color. Its length is 3 mm, and its width is 2.5ï2.7 mm. It has long thin 

legs and long antennae. The antennae usually consist of eight segments. The edge of the body is 

covered with small hairs. According to the research, in the Shaki-Zaqatala region it develops in one 

generation. They mainly overwinter in the second instar larval stage. The larvae gradually begin to 

awaken in April. Egg-laying takes place at the end of May, and the emergence of larvae occurs in the 

middle of June. During egg-laying, the female individuals enlarge, and the underside of the shell 

becomes filled with eggs. The eggs are yellow in color. The developing eggs change their color, 

turning into orangeïreddish. 

In the region, one female individual lays up to 2500 eggs. The trees, in the second half of 

summer, become infected with first instar larvae. As a result, the leaves dry and turn yellow. The first 

instar larvae live on the veins on the underside of the leaves, while the older larvae and females live 

on the trunk and branches. Within oneïtwo months, the larvae develop and pass into the second instar 

stage. On both sides of the body of the larvae there are thin wax-like threads. Until autumn, the second 

instar larvae remain on the leaves. Then they move to the branches to overwinter (Table 1). 
 

Table 1 

PHENOLOGY OF THE PEACH SCALE INSECT (Parthenolecanium persicae F.)  

IN THE SHAKI-ZAQATALA REGION (2022ï2023) 
 

Observed 

place 

march april may june july august september 

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

Shaki 

s s s s s                 

   d d d                

     (d) (d) (d)              

       a/s a/s a/s            

       s s s s s s s s s s s s s  

                 s. s. s. s. 

                 s s s s 

Zaqatala 

s s s s s s                

     d d d d             

       (d) (d) (d) (d)           

         a/s a/s a/s          

         s s s s s s s s s    

                s. s. s. s.  

                  s s s 
 

Note: s - I instar larvae; s. - II instar larvae; s - III instar larvae; d - female individual (young); (d) - egg-

laying females; a/s - ñwanderersò under the egg 

 

In the Shaki-Zaqatala area, 6 species of entomophages functioning in the reduction of the 

number of the peach scale insect have been identified. The peach false scale insect has been recorded 

in the Russian Federation, the Caucasus, Kazakhstan, Turkey, Iran, India, Australia, and other 

countries [1, 4, 6, 7-11].  
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In 2022ï2023, as a result of the study of the entomophages of sucking pests of trees in the forest 

and orchard agrocenoses of the Shaki-Zaqatala area, the following species were determined to be 

widely spread and more effective. 

Adalia bipu nctata L. The two-spotted Adalia lady beetle is widely spread in every district of 

the Shaki-Zaqatala region, occupying one of the main places in the bioregulation of forest and fruit 

tree pests. This predatory beetle is considered the primary enemy of the green peach aphid. Unlike 

other lady beetle species, they are not encountered on other agricultural plants. The egg of the two-

spotted Adalia is 0.7ï1.0 mm in size, narrow, rod-shaped; the color of fertilized eggs is light yellow, 

while the color of unfertilized ones is light orange. Its larvae are broad (especially in the front part) 

and somewhat flattened, light brown in color, with white or yellow spots on them. The length of the 

larva in the last instar (4th instar) is 7ï8 mm. The sides of the head capsule are dark brown, and the 

prothorax is broad. The head, mouthparts, and antennae of the adult Adalia are light brown in color, 

the femur and tibia are mainly white, and the elytra are red. On each elytron there is one black spot; 

sometimes they are reddish-black, and in such cases the spot appears red. The length of the beetle is 

3.5ï5.0 mm. In addition, under laboratory conditions, the lifespan of female individuals of the two-

spotted Adalia and the reproductive capacity of each female have been determined (Table 2). 
 

Table 2  

EGG-LAYĶNG CAPACĶTY OF THE TWO-SPOTTED PARAKEET (ĶN DĶFFERENT YEARS) 
 

Experiment time Lifespan Number of eggs laid per day The number of eggs laid by one female 

Min Max 

2022 27 15-17 402 460 

2023 28 16-17 431 470 

 

Twelve eggs of the lady beetle were encountered in nature in June 2022 in the Oguz district, in 

a household plot, among a cluster of aphids on plum leaves. In the experiments, the female Adalia 

lived at most 28 days, during which it laid 476 eggs, on average 15ï16 eggs per day. Alongside the 

egg-laying ability of the two-spotted Adalia, its voracity was also studied under laboratory conditions. 

Both female and male individuals, as well as the larvae of the beetle, were fed with peach and 

plum aphids. The feeding of the imago and of the larvae at different instars was specially recorded. 

The results of these experiments are given in the following table (Table 3). 
 

Table 3  

VORACITY OF THE TWO-SPOTTED LADY BEETLE (Adalia bipunctata L.)  

ACROSS DIFFERENT YEARS 
 

 Type 

of food 

Lifesp

an of 

the 

imago 

Quantity of aphids eaten by lady beetles at different 

developmental stages 

Quantity of 

aphids eaten 

during the 

development of 

one generation 

Eaten by imago Eaten by larvae (at 

different instars) 

Summa 

During the day Sum I II  III  IV 

2022 Aphid 27 51 1377 24 30 71 128 253 1630 

2023 - 28 60 1680 21 29 67 124 241 1921 

 

As can be seen from the table, one female Adalia (imago) consumed on average 51 aphids per 

day, and during its lifetime (27 days) ate 1377 aphids. Its larvae, in the first instar, consumed 24 

aphids; in the second instar, 30 aphids; in the third instar, 71 aphids; and in the fourth instar, 128 

aphids. One larva, throughout its entire development, consumed a total of 248 aphids. During the 

research, the developmental dynamics of the two-spotted lady beetle were also studied. The newly 

laid eggs of the Adalia beetle are yellow in color. After two days, their color becomes somewhat 
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lighter, while inside they darken slightly. This condition indicates that the embryo inside the egg has 

already begun to form. Therefore, such eggs generally appear somewhat darkened. 

The young larvae of Adalia mainly attack small aphids. Older larvae, especially those in the 

fourth instar, attack both wingless females and winged aphids, greedily consuming them and sucking 

the sap from their bodies. After hatching from the egg, the larvae of Adalia pass through four instars 

during their development, molting three times. As seen from the above information, the development 

of one generation of the two-spotted lady beetle lasts 20ï21 days, including 4ï5 days for egg 

development, 10ï11 days for larval development, and 5ï6 days for pupal development (at an average 

daily temperature of 22°C). 

Chilocorus bipustulatus L. In the fruit orchards of the ShakiïZagatala region, the Chilocorus 

beetle, especially from the family Coccinellidae, is considered more promising in regulating the host 

population. In the nymph stage (not yet sexually mature), they overwinter under the bark of trees. 

When the average daily temperature is 12ï16 ÁC and humidity is 60%, they emerge from 

overwintering between April 12ï15. After feeding for several days, they begin mating. One to two 

days after mating, they lay eggs (Table 4). 
 

Table 4  

PHENOLOGY OF THE TWO-SPOTTED CHILOCORUS (Chilocorus bipustulatus L.)  

IN THE SHAKI-ZAGATALA REGION 
 

Year and place 

of the experiment 

Months 

I II  III  IV V VI VII VIII  IX X XI XII 

2022 

Shaki 

Ä Ä Ä + ¶_ + + _ + + + + Ä ÄÄ 

Ä Ä Ä +¶ _ + 0 + + Ä Ä Ä 

 Ä Ä ¶ _ + _ 0  + Ä Ä  

    0 ¶ +      

    + ¶       

2023 

Zaqatala 

Ä Ä Ä + ¶ 0 +  + + + + Ä ÄÄ 

Ä Ä Ä + ¶  + 0 + + Ä Ä Ä 

Ä Ä Ä ¶ _ + _ 0  + Ä Ä  

    _ + +      

    _ ¶       

     ¶ _       
 

Note: ¶ egg, -larva, 0 pupa, + imaqo, Ä overwintering beetle 

 

They lay their eggs on the thin branches of trees and on the underside of leaves in places where 

scale insects are settled. When the average daily temperature is 15ï18°C and humidity is 70ï75%, 

the egg stage lasts 12ï15 days, the larval stage 24ï26 days, the pupal stage 6ï8 days, and the imago 

stage 35ï40 days. The development of one generation takes 40ï45 days. Under the conditions of 

ShakiïZagatala, the beetle produces two generations per year. In natural conditions, the young larvae 

consume 4ï12 scale insects, while the older larvae consume 18ï20 scale insects. In the imago stage, 

they feed on 25ï30 scale insects per day. The beetle is widely distributed in the forests and orchards 

of the region and has great economic importance. 

Chrysopa carnea Steph. The common lacewing is distributed in the districts of the Shakiï

Zagatala region in lowland, foothill, and partly mountainous areas. Under natural conditions, it is the 

most useful and effective predator regulating the population dynamics of pests. It is more noticeable 

in the lower tiers of stone-fruit trees in orchards and forest areas. In the evenings, they eagerly gather 

around electric lights. In stationary experimental plots, many observations were made on the 
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bioecological characteristics and economic importance of this predator lacewing, and the following 

issues were studied. The adult individuals (imago) of the common lacewing are whitish-green in 

color, and from May until October in orchards and forest areas they reproduce and destroy pests, 

especially sucking pests (aphids and scales). The eggs and larvae of this beneficial predator are most 

often found on the leaves of apricot, cherry plum, plum, peach, and forest trees. They feed mainly on 

aphids. 

Under room conditions at 24ï26°C, the egg stage of the common lacewing develops in 2ï3 

days, the larval stage in 7ï10 days, the pupal stage in 8ï14 days, and the complete development of 

one generation takes 17ï27 days. Under orchard conditions, based on observations on branches 

enclosed in gauze bags, egg development lasts 3 days, larval development 21 days, pupal 

development 9 days, and the complete development of one generation takes 33 days. Eggs are mostly 

laid near clusters of aphids so that the larvae hatching from them can feed on aphids. Observations 

have shown that young larvae feed mainly on pest eggs and young aphids, while older larvae feed on 

small caterpillars of various sizes and large aphids. After feeding for 3ï4 weeks, the larvae in their 

final instar turn into pupae. Pupae can be found under tree bark in the form of white silk balls. Adult 

individuals, after emerging from pupae, mate, and after a few days (2ï3 days) begin to lay eggs. Their 

adult forms overwinter mainly under tree bark, singly or in groups, with each group numbering from 

2ï3 up to 50ï60 individuals. In spring, at the end of April and the beginning of May, adults emerging 

from overwintering sites feed on flower nectar and pollen, as well as the sweet liquid secreted by 

aphids. The common lacewing is capable of laying 350ï650 eggs. According to calculations carried 

out on fruit plants, one lacewing larva feeds on 25ï30 aphids per day, and throughout its lifetime 

consumes 400ï850 aphids. They show particularly strong predatory activity on apricot, peach, and 

plum aphids. They molt twice: the first molt lasts 3 days, and the second molt lasts 7 days. 

The common lacewing is highly active in reducing peach, plum aphids, and other pests. From 

this point of view, it can be concluded that, considering the preservation of the common lacewing in 

nature and its role in regulating the number of pests, it is advisable to reduce the amount of chemicals 

sprayed in the fields and to carry out control measures on a scientific basis. 

Thus, the study of the species composition, biological characteristics, and economic importance 

of orchard and forest tree pests and their entomophages creates opportunities for using entomophages 

in the fight against harmful insects. 
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Abstract. The article presents the results of research conducted on water and sediment samples 

collected from transboundary rivers located in the Eastern Zangezur economic region of the Republic 

of Azerbaijan. Microbiological and physicochemical analyses were carried out on the samples, 

revealing that temperature varied seasonally between 6.8ï27ÁC, pH ranged from 7.7 to 10.5, and 

dissolved oxygen levels ranged from 5.6 to 8.5 mg/L. Among the biogenic elements, the 

concentrations of nitrate (NO ) and phosphate (PO į ) exceeded permissible limits. Among the heavy 

metals, the amount of molybdenum (Mo) was found to be above acceptable levels. These findings 

indicate that the rivers are exposed to pollution from industrial and agricultural sources. 

Microbiological analyses revealed a high concentration of saprotrophic bacteria, as well as aerobic 

and anaerobic bacteria involved in the nitrogen cycle. In all the studied rivers, oil- and phenol-

degrading bacteria were also detected. Additionally, bacteria of the genera Escherichia coli, 

Salmonella, and Shigella, which are indicators of fecal contamination, were found. The results 

provide important insights into the ecological condition of the studied water bodies and hold both 

scientific and practical significance for the protection of water resources in these areas.  

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʸʥʥʳʭ ʥʘ ʧʨʦʙʘʭ ʚʦʜʳ ʠ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ ʨʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ɺʦʩʪʦʯʥʦ-

ɿʘʥʛʝʟʫʨʩʢʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʘʡʦʥʝ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. ʇʨʦʚʝʜʸʥʥʳʝ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʩʝʟʦʥʥʦ 

ʠʟʤʝʥʷʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 6,8ï27ÁC, ʟʥʘʯʝʥʠʷ pH ʢʦʣʝʙʘʣʠʩʴ ʦʪ 7,7 ʜʦ 10,5, ʘ ʩʦʜʝʨʞʘʥʠʝ 

ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʩʦʩʪʘʚʣʷʣʦ 5,6ï8,5 ʤʛ/ʣ. ʉʨʝʜʠ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʠʪʨʘʪʦʚ (NO ) ʠ ʬʦʩʬʘʪʦʚ (PO į ) ʧʨʝʚʳʰʘʣʠ ʜʦʧʫʩʪʠʤʳʝ ʥʦʨʤʳ. ʀʟ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ 

ʧʨʝʚʳʰʝʥʠʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʜʣʷ ʤʦʣʠʙʜʝʥʘ (Mo). 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʠʩʩʣʝʜʫʝʤʳʝ ʨʝʢʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʚʳʩʦʢʫʶ ʯʠʩʣʝʥʥʦʩʪʴ ʩʘʧʨʦʪʨʦʬʥʳʭ ʙʘʢʪʝʨʠʡ, ʘ ʪʘʢʞʝ ʘʵʨʦʙʥʳʭ ʠ 

ʘʥʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʢʨʫʛʦʚʦʨʦʪʝ ʘʟʦʪʘ. ɺʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʨʝʢʘʭ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʥʝʬʪʝ- ʠ ʬʝʥʦʣʜʝʛʨʘʜʠʨʫʶʱʠʝ ʙʘʢʪʝʨʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʷʚʣʝʥʳ ʙʘʢʪʝʨʠʠ ʨʦʜʦʚ 

Escherichia coli, Salmonella ʠ Shigella, ̫ʚʣʷʶʱʠʝʩʷ ʠʥʜʠʢʘʪʦʨʘʤʠ ʬʝʢʘʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʜʘʪʴ ʦʮʝʥʢʫ ɻ ʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠ ̫ʠʩʩʣʝʜʫʝʤʳʭ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. 

 

Keywords: rivers, microbiological monitoring, pollution, water quality, ecological status. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʢʠ, ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ, ʟʘʛʨʷʟʥʝʥʠʝ, ʢʘʯʝʩʪʚʦ ʚʦʜʳ, 

ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ. 

 

One of the major global challenges of the modern era is the depletion of freshwater resources 

and the pollution of existing water bodies. Reports by organizations such as the United Nations (UN), 

the World Health Organization (WHO), UNESCO, and the International Water Resources Association 

emphasize the growing concern over freshwater scarcity.(4-5) Effective management and control of 

water resources particularly transboundary rivers and lakes are crucial. According to recent UN 

reports, the water crisis is no longer solely an environmental issue but has become a global socio-

economic and strategic security concern. These reports indicate that global water demand is expected 

to increase by approximately 55% between the year 2000 and 2050. This rise is primarily driven by 

rapid population growth, urbanization, industrial expansion, and intensive water use in agriculture [1-

3]. 

The ñWorld Water Development Reportò published in 2024 states that around 2.2 billion people 

worldwide currently lack access to safely managed drinking water. This issue is not confined to 

developing countries alone but also poses serious concerns in regions with unequal distribution of 

water resources. (16-17)Water scarcity is also a pressing issue for Azerbaijan. Due to its geographical 

position and natural conditions, the country is classified as water-scarce. One of the most critical 

aspects is that approximately 70% of Azerbaijanôs total water resources are formed outside its borders 

mainly through transboundary rivers. This situation renders the countryôs water security highly 

dependent on external factors. One of the most serious environmental problems related to 

transboundary rivers in Azerbaijan is the excessive pollution of these water bodies. The Kura and 

Araz rivers, which are among the main water sources of our country, enter Azerbaijan after passing 

through the territories of foreign countries, and the factors that significantly affect water quality are 

formed in those countries. The Araz River originates in the territory of Turkey, then flows through 

Armenia and Iran before joining the Kura River in the area known as Sugovushan, near the Sabirabad 

district of Azerbaijan, and together they flow into the Caspian Sea. During this process, industrial and 

agricultural activities carried out in the upstream countries of the Araz River, as well as the discharge 

of untreated wastewater into the river, lead to a decrease in water quality [4-6]. 

One of the most concerning issues for Azerbaijan is that the Republic of Armenia has not joined 

the Helsinki Convention, which is one of the key international agreements on the protection of 

transboundary water resources. This significantly hinders the joint and environmentally sustainable 

management of transboundary water resources in the region. In contrast, Azerbaijan has undertaken 

significant commitments in this area and is a party to 17 different international environmental 

conventions, including documents related to the protection of transboundary waters. However, 

Armeniaôs failure to accede to this convention and its exclusion from international legal mechanisms 

make it much more difficult to protect transboundary water resources and ensure environmental 

security in the region. Currently, Azerbaijan does not possess any international legal instruments to 

compel Armeniaôs participation in such matters. For this reason, it is of great importance to establish 

permanent and systematic monitoring of the biological safety of transboundary rivers that flow 

through Armenia before entering Azerbaijan  particularly the Okhchuchay, Araz, Basitchay, and other 

water bodies. Alongside this, there is a need to develop new and modern principles of biological 
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safety and to strengthen cooperation with regional and international organizations. The presented 

article provides the results of microbiological research conducted on several important transboundary 

rivers located in the Eastern Zangezur economic region  namely the Araz River, Okhchuchay, 

Basitchay, the Bargushad River, and its tributary Aghachay. During the research, various 

microbiological and physico-chemical analyses were carried out on the waters of these rivers, and 

their water quality indicators were studied. 

Initially, the physico-chemical properties of the river water were assessed  including 

temperature, transparency, pH value, the amount of dissolved oxygen, and the levels of biogenic 

elements (such as nitrites, nitrates, ammonium ions, and phosphates) as well as heavy metals like iron 

(Fe), molybdenum (Mo), copper (Cu), aluminum (Al), and others. In addition, microbiological studies 

were conducted on samples collected from both the river water and the sediment layers of the 

riverbeds. These studies focused on saprotrophic, oil and phenol-degrading, and nitrogen-cycling 

bacteria. Among pathogenic microorganisms, the presence and spread of species such as Escherichia 

coli, Salmonella, and Shigella were analyzed. The findings revealed that all of the mentioned 

transboundary rivers are already contaminated with various pollutants  including household waste, 

agricultural residues, heavy metals, and other toxic substances  by the time they enter Azerbaijanôs 

territory. This poses a serious threat to the ecological status of the region, the environment, and public 

health.  
 

Material and Methods 

During the research, samples were collected from various points of the Okhchuchay, Araz, 

Bargushad, Basitchay, and Aghachay rivers using a selective sampling method. In order to analyze 

the hydrobiological and microbiological status, fieldwork was carried out at the following stations: 

Okhchuchay: Shayifli, Burunlu, and Jahangirbeyli points; Araz River: Aghbend and Khudafarin 

points; Bargushad River: Dilali Muskanli and Saray points; Basitchay: Baharli village, Ordekli 

village, and the Basitchay nature reserve areas; Aghachay: Samples were collected from selected 

points along the middle and lower reaches of the river. Water and sediment samples were collected 

seasonally during fieldwork. Samples were taken in sterile glass bottles and transported using 

refrigerated containers to ensure preservation. Various instruments were used to measure the physico-

chemical and microbiological parameters. 

Water temperature (ÁC) was measured using a classical mercury thermometer. The pH value 

was determined in the field using a Milwaukee pH-200 portable pH meter. The concentration of 

dissolved oxygen (DO, mg/L) was measured using a Milwaukee MW600 portable oxygen analyzer. 

Biogenic elements  nitrite (NO ), nitrate (NO ), ammonium (NH ), and phosphate (PO į ) were 

analyzed by the photometric method using a Palintest 7100 photometer. Heavy metals  such as iron 

(Fe), molybdenum (Mo), copper (Cu), aluminum (Al), and other potentially toxic elements  were also 

determined using the same Palintest 7100 device. For quality control, blank and duplicate samples 

were included in all analyses, and the accuracy of the results was verified using statistical methods. 

For microbiological analyses, the attraction (enrichment) method was applied. To identify 

fungal and yeast-like microorganisms, samples were cultivated on the following nutrient media: SDA 

(Sabouraud Dextrose Agar): This medium provides a selective environment for the growth of 

microscopic fungi. YEPD (Yeast Extract Peptone Dextrose): This medium provides optimal 

conditions for the growth of yeast fungi. After the cultivation process, the Petri dishes were incubated 

at a temperature of 25ï30ÁC for 3 to 7 days. The resulting colonies were subjected to preliminary 

identification based on their morphological characteristics (such as color, shape, colony structure, 

etc.), and the total density of fungi and yeast-like fungi was evaluated based on the number of colonies 

(CFU ï Colony Forming Units). The identification of yeast fungi isolated into pure culture was carried 

out using an MT 5200 L microscope. During these microscopic observations, cell shape, size, and 
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other morphological features were assessed to ensure accurate species identification. To ensure the 

reliability of the experimental results, the formula S/M = P Ò 0.05 was used as a basis. 
 

Results and discussion 

The study of the physico-chemical properties of rivers is essential for understanding river 

ecosystems, assessing their sustainability, and evaluating the impact of human activities, climate 

change, and other ecological factors. Through systematic measurement of parameters such as water 

temperature, pH, dissolved oxygen, and biogenic elements, the overall health and stability of the 

aquatic environment can be determined. Within the scope of this research, the effects of physico-

chemical characteristics and biogenic elements on microorganisms particularly bacteria and 

micromycetes were thoroughly investigated. 
 

Table 1 

PHYSICO-CHEMICAL PROPERTIES OF TRANSBOUNDARY RIVER WATERS  

IN THE EASTERN ZANGEZUR ECONOMIC REGION 
 

River Season Temperature (°C) Dissolved Oxygen (mg/L) pH 

Okhchuchay Winter 7.8-8.3 7.7-8.1 8.3-8.5 

Spring 17.8-18.5 6.1-6.4 8.0-8.2 

Summer 26.5-27.5 5.7-6.0 7.8-8.0 

Autumn 16.5-17.0 6.5-6.7 7.3-7.9 

Araz River Winter 7.2-7.8 8.0-8.4 8.1-8.3 

Spring 16.5-17.5 6.6-7.0 7.9-8.1 

Summer 26.0-27.0 5.3-5.7 7.7-7.9 

Autumn 15.2-15.8 6.0-6.4 8.4-8.6 

Basitchay Winter 6.6-7.0 8.3-8.7 7.8-8.0 

Spring 15.8-16.5 6.8-7.2 7.7-7.9 

Summer 24.5-25.5 5.8-6.2 7.5-7.7 

Autumn 14.5-15.0 6.5-6.9 8.1-8.3 

Bargushadchay Winter 7.0-7.4 7.8-8.2 7.9-8.1 

Spring 17.5-18.0 6.3-6.7 8.0 ï 8.2 

Summer 25.5-26.5 5.6-6.0 7.6- 7.8 

Autumn 14.7-15.2 6.2-6.6 8.3- 8.5 

Aghachay Winter 6.8-7.2 8.1-8.5 8.2- 8.4 

Spring 16.2-16.8 6.4-6.8 7.8-8.0 

Summer 25.0-26.0 5.4-5.8 7.4- 7.6 

Autumn 14.2-14.8 6.3-6.7 8.0-8.2 

 

As shown in Table 1, the water temperature in the studied rivers ranged from 6.8ï8.1ÁC in 

winter, 16.8ï18.2ÁC in spring, 24.5ï27ÁC in summer, and 15.2ï16.8ÁC in autumn [8]. 

Water temperature has a direct impact on the amount of dissolved oxygen. In general, as the 

temperature of water increases, its ability to retain dissolved oxygen decreases. The main reason for 

this is that at higher temperatures, water molecules move more rapidly, weakening the hydrogen 

bonds between them. As a result, oxygen molecules are released from the water and rise to the surface, 

thereby reducing the overall concentration of oxygen. On the other hand, cold water molecules are 

more stable and tightly bonded, allowing them to retain more dissolved oxygen. These temperature 

differences can significantly affect the oxygen demand of aquatic organisms living in river 

ecosystems. Particularly under high-temperature conditions, oxygen deficiency can impair the life 

functions of aquatic organisms, leading to stress and potential mortality. 
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Therefore, oxygen scarcity can occur in ecosystems under thermal stress. Dissolved oxygen in 

water directly influences the life processes of various organisms living in river ecosystems and is 

essential for maintaining their normal functioning. At the same time, dissolved oxygen plays a key 

role in the biological purification processes carried out in rivers. During these processes, bacteria and 

other microorganisms utilize oxygen to break down organic matter, contributing to the self-

purification of rivers and the improvement of water quality. Thus, the amount of oxygen present in 

water is not only vital for the health of the ecosystem, but also for ensuring nutrient cycling and the 

sustainable functioning of river systems. Based on the data presented in Table 1, the amount of 

dissolved oxygen in the studied river waters showed seasonal variation. Specifically, this parameter 

ranged from 7.7 to 8.5 mg/L in winter, 6.25 to 6.7 mg/L in spring, 5.6 to 5.9 mg/L in summer, and 6.6 

to 6.9 mg/L in autumn. This variability is mainly related to water temperature. It is known that as 

water temperature increases, its capacity to dissolve oxygen decreases. This explains why the amount 

of dissolved oxygen is lower in the summer months compared to other seasons. 

In general, for river waters and other flowing water environments, a dissolved oxygen 

concentration between 8 and 10 mg/L is considered high quality. This range is regarded as optimal 

for the survival of aquatic organisms, sustaining metabolic processes, and maintaining ecosystem 

stability. If the dissolved oxygen concentration falls below 3 mg/L, it is considered an oxygen-

deficient state and a sign of serious pollution. Under such conditions, many sensitive species living 

in aquatic ecosystems may face life-threatening stress, and a reduction in biodiversity may occur [15-

23, 25]. 

Furthermore, Table 1 shows the seasonal dynamics of pH values across stations in the studied 

river waters. The pH ranged from 8.1 to 8.4 in winter, 7.9 to 8.1 in spring, 7.7 to 7.9 in summer, and 

9.5 to 10.5 in autumn. The pH value provides important information about the acidity or alkalinity of 

water and its fluctuations can be influenced by both abiotic and biotic factors. Natural geochemical 

processes (such as rock weathering, leaching of carbonates and other ions from soil), biological 

activity (microorganism metabolism, respiration, and photosynthesis), anthropogenic impacts (e.g., 

industrial waste, agricultural runoff), and climate changes can all cause variations in pH. The optimal 

pH range in water is generally considered to be between 6.5 and 8.5. This range provides favorable 

conditions for most organisms living in river ecosystems. Deviations from this range, especially 

acidification or strong alkalinity, can negatively affect the stability of aquatic ecosystems and the life 

activities of organisms. Such conditions may lead to the disappearance of certain species, changes in 

microbial community structure, and overall disruption of the trophic chain [7]. 

Dissolved oxygen and pH levels play a crucial role in assessing the overall health and 

sustainability of river ecosystems, and monitoring their dynamics is essential for water environment 

surveillance (Figure 1). Biogenic elements ð nitrates, nitrites, ammonium ions, and phosphates  are 

key components of the hydrosphere and significantly affect the ecological condition of water bodies 

and the development of microorganisms. These substances are particularly important regulatory 

factors in the metabolic processes of microorganisms, especially bacteria and fungi. Their presence 

at optimal levels in the aquatic environment stimulates the growth and reproduction of 

microorganisms, but concentrations outside the normal range can disrupt ecosystem balance [21-24]. 

Analyses conducted on water samples taken from the rivers we studied determined the 

quantities of these biogenic elements. High concentrations of nitrates and phosphates are sometimes 

associated with anthropogenic impacts  such as the leaching of fertilizers used in agriculture and the 

discharge of industrial and domestic waste into water bodies. Increases in ammonium ions and nitrites 

are mainly considered indicators of biological pollution [9-12]. 
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Figure 1. Water indicators in rivers 

 

Table 2  

CHEMICAL ANALYSIS RESULTS OF THE TRANSBOUNDARY RIVER WATERS IN THE EASTERN 

ZANGEZUR ECONOMIC REGION ALL VALUES ARE GIVEN IN mg/L 
 

Parameter Okhchuchay Basitchay Araz Bargushadchay Aghachay 

NO 0.55 0.00 0.23 0.02 0.03 

NO 5.50 2.60 4.50 2.13 6.30 

NH 1.13 0.05 0.75 0.75 0.03 

PO 0.60 0.10 0.50 1.25 0.21 

Fe 0.02 0.00 0.02 0.02 0.00 

Mo 0.457 0.006 0.197 0.606 1.164 

Cu 0.04 0.00 0.05 0.08 0.06 

Al  0.02 0.05 0.02 0.025 0.00 
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According to the Maximum Permissible Limits (MPL): Nitrite (NO ) ð 3.3 mg/L, Nitrate 

(NO ) ð 45.0 mg/L, Phosphorus (PO į  ) ð 0.001 mg/L, Ammonium (NH ) ð 0.5 mg/L, Phenol 

ð 0.001 mg/L , Zinc (Zn) ð 1.0 mg/L, Copper (Cu) ð 1.0 mg/L, Aluminium (Al) ð 0.5 mg/L, Iron 

(Fe) ð 0.3 mg/L, Molybdenum (Mo) ð 0.05 mg/L (Figure 2). 
 

 
Figure 2. Biogenic elements in river waters 

 

The variability in the concentrations of these elements can depend on both seasonal dynamics 

and factors such as proximity to pollution sources and the hydromorphological characteristics of the 

rivers. Excessive levels of biogenic substances may lead to oxygen depletion, eutrophication, and, in 

some cases, toxic effects in aquatic environments, which negatively impact not only microorganisms 

but also organisms at higher trophic levels, such as fish and other aquatic life forms. Consequently, 

monitoring and controlling the levels of biogenic substances is of critical importance for maintaining 

the ecological sustainability of river waters and preserving the microbiological balance of aquatic 

ecosystems. During the study, microbiological analysis of samples collected from the transboundary 

rivers of the Eastern Zangezur economic region revealed the presence of various genera of 

microscopic fungi. These fungi not only indicate pollution levels but also serve as important 

bioindicators characterizing the condition of hydrobiological systems. The identified fungal genera 

include: Aspergillus, Penicillium, Mucor, Fusarium, Trichoderma, Alternaria, Acremonium, 

Cladosporium, Chaetomium, Scopulariopsis, Rhizopus, Rhodotorula, Bipolaris, Candida, 

Geotrichum, and Mycelia sterilia. Some of these fungi ð especially Aspergillus, Penicillium, and 

Candida-possess opportunistic pathogenic characteristics and pose potential risks to human and 

animal health. Other genera, such as Trichoderma and Chaetomium, participate in the decomposition 

of organic matter in soil and aquatic ecosystems, playing a vital role in maintaining ecological 

balance. Mycelia sterilia, which represents vegetative structures that do not produce spores, includes 

morphologically indistinct forms that are nevertheless important bioindicators of environmental 

conditions [18, 19]. 

The diversity and abundance of these microscopic fungi provide valuable insights into the level 

of organic pollution, the intensity of anthropogenic impacts, and the overall microbiological status of 

the river ecosystems (Table 3). 

Based on the quantity of saprotrophic bacteria, it is possible to determine the anthropogenic 

impact, pollution level, and saprobic degree of water bodies. According to the results in the table, the 

number of saprotrophic bacteria in the studied river waters is high, and these values correspond 

ecologically to the ñhighly pollutedò water category. Specifically, in 1 ml of clean water, the number 
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of saprotrophic bacteria should not exceed 100; in slightly polluted water, it ranges between 100ï

1000; and in polluted water, it exceeds 1000. The obtained results indicate that these river waters are 

highly polluted [14-20]. 
 

Table 3 

MICROBIOLOGICAL INDICATORS OF THE TRANSBOUNDARY RIVER WATERS IN THE 

EASTERN ZANGEZUR ECONOMIC REGION 
 

Indicator Okhchuchay 

(water/soil) 

Basitchay 

(water/soil) 

Araz 

(water/soil) 

Bargushadchay 

(water/soil) 

Aghachay 

(water/soil) 

Saprotrophic bacteria 2000/34,000 5800/47,000 5400/530,000 1600/33,000 1800/144,000 

Azotobacter 120/140 100/300 70/120 300/700 2400/3600 

Clostridium 

pasteurianum 

10²/10² 10¹/10² 10¹/10³ 10Į/10 10¹/10² 

Denitrifying bacteria 10¹/10² 10¹/10² 10³/10³ 10Į/10 10 /10 

Phenol-degrading 

bacteria 

10³/10² 10³/10³ 10į/10 10¹/10² 10²/10³ 

Oil-degrading bacteria 10¹/10² 10²/10³ 10į/10 10¹/10² 10² / 10³ 

Escherichia coli 9/35 17/+++ 45/+++ ï/+ ++/+++ 

Salmonella/Shigella (SS) ï/+ +/+ +/+ ï/ï ï/+ 
 

 

Figure 3. Biogenic elements in river waters 
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Additionally, a high concentration of aerobic and anaerobic bacteria involved in the nitrogen 

cycle was observed, which is an indicator of organic matter pollution and biological activity in the 

rivers. The presence of Clostridium pasteurianum  a nitrogen-fixing, anaerobic, and heterotrophically 

feeding bacterium was recorded at all studied stations [13]. 

Oil and phenol-degrading bacteria were also identified at all observation points, indicating the 

presence of industrial and domestic organic pollutants in the ecosystem. Furthermore, Escherichia 

coli, Salmonella, and Shigella, which are indicators of fecal contamination from human and animal 

sources, were detected at some stations, albeit in low quantities. The conducted studies indicate that 

the transboundary rivers located in the Eastern Zangazur economic region-Okhchuchay, Araz, 

Basitchay, Bargushadchay, and Aghachay-are already in a significantly polluted state upon entering 

the territory of Azerbaijan. This pollution primarily originates from industrial and agricultural 

activities in Armenia and other upstream countries, as well as the direct discharge of untreated 

wastewater into the rivers. Physicochemical and microbiological analyses have revealed elevated 

levels of water temperature, pH, dissolved oxygen, biogenic elements, heavy metals, and pathogenic 

microorganisms. Particularly during the summer months, increased temperatures lead to a decrease 

in dissolved oxygen levels, causing biological stress within river ecosystems and negatively 

impacting the vital activities of aquatic organisms. Additionally, the presence of pathogenic bacteria 

such as Escherichia coli, Salmonella, and Shigella poses a serious threat to human health. 

It is essential to establish sustainable and coordinated monitoring programs based on modern 

technologies. These systems can enable real-time assessment of water quality and timely 

identification of pollution sources. Installing and operating modern treatment facilities in areas where 

transboundary rivers enter the country will allow for the preliminary purification of river water. 

Expanding the scope of studies on transboundary rivers, including detailed investigations of sediment 

layers, flora, and fauna, is crucial for assessing the sustainability of aquatic ecosystems. Therefore, 

the protection of river ecosystem health requires not only technical and ecological approaches but 

also the comprehensive implementation of legal, political, and international cooperation mechanisms. 
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Abstract. In connection with the practical implementation of the ñArtificial Intelligence 

Strategy for 2025-2028ò, approved by the Decree of the President of the Republic of Azerbaijan dated 

March 19, 2025, an International Conference on ñArtificial Intelligence for a Better Futureò was held 

in Shusha this year. After the conference, a scientific expedition was organized along the banks of the 

Hakari River in the Lachin district. This year, at the same time, during the expedition in the Zangilan 

district, monitoring was carried out on the main plant groups distributed in the Hakari river basin. A 

critical survey of the flora biodiversity of the Hakari river basin was carried out, the invertarization 

of species, taxonomic structure were clarified, and bioecological characteristics were studied. It was 

found that the flora biodiversity of the Hakari river basin consists of 107 species belonging to 32 

families and 74 genera. The vegetation of the Hakari river basin consists of 14 formations and 47 

associations. Scientifically based data has been collected for the systematic study of plant diversity 

in the Hakari river basin, identification of rare and endemic species, monitoring of population 

changes, and protection of biodiversity through artificial intelligence technologies. 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʚʷʟʠ ʩ ʨʝʘʣʠʟʘʮʠʝʡ çʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʘ 

2025-2028 ʛʦʜʳè, ʫʪʚʝʨʞʜʝʥʥʦʡ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʦʪ 19 ʤʘʨʪʘ 

2025 ʛ, ʚ ʐʫʰʝ ʩʦʩʪʦʷʣʘʩʴ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʜʣʷ 

ʣʫʯʰʝʛʦ ʙʫʜʫʱʝʛʦè. ʇʦʩʣʝ ʢʦʥʬʝʨʝʥʮʠʠ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʥʘʫʯʥʘʷ ʵʢʩʧʝʜʠʮʠʷ ʚʜʦʣʴ ʙʝʨʝʛʦʚ 

ʨʝʢʠ ʍʘʢʘʨʠ ʚ ʃʘʯʠʥʩʢʦʤ ʨʘʡʦʥʝ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʢʩʧʝʜʠʮʠʝʡ ʚ ɿʘʥʛʠʣʘʥʩʢʦʤ ʨʘʡʦʥʝ, ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʤʦʥʠʪʦʨʠʥʛ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʨʘʩʪʝʥʠʡ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʍʘʢʘʨʠ. 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʬʣʦʨʳ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʍʘʢʘʨʠ, ʠʥʚʝʨʪʠʟʘʮʠʷ ʚʠʜʦʚ, 

ʫʪʦʯʥʝʥʘ ʪʘʢʩʦʥʦʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʠʟʫʯʝʥʳ ʙʠʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʬʣʦʨʳ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʍʘʢʘʨʠ ʚʢʣʶʯʘʝʪ 107 ʚʠʜʦʚ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ 32 ʩʝʤʝʡʩʪʚʘʤ ʠ 74 ʨʦʜʘʤ. ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʍʘʢʘʨʠ ʩʦʩʪʦʠʪ ʠʟ 

14 ʬʦʨʤʘʮʠʡ ʠ 47 ʘʩʩʦʮʠʘʮʠʡ. ɼʣʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʠʷ ʨʘʩʪʝʥʠʡ ʚ 

ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʍʘʢʘʨʠ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʝʜʢʠʭ ʠ ʵʥʜʝʤʠʯʥʳʭ ʚʠʜʦʚ, ʤʦʥʠʪʦʨʠʥʛʘ ʠʟʤʝʥʝʥʠʡ 
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ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʠ ʟʘʱʠʪʳ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʙʳʣʠ ʩʦʙʨʘʥʳ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ ʜʘʥʥʳʝ. 

 

Keywords: river basin, ecological status, Red Book. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʯʥʦʡ ʙʘʩʩʝʡʥ, ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʩʪʘʪʫʩ, ʂʨʘʩʥʘʷ ʢʥʠʛʘ. 

 

The Hakari river basin is a floristically and ecologically rich area located in the southwest of 

Azerbaijan. This basin creates favorable conditions for the spread of rare and endemic plant species 

and is of particular importance in terms of biodiversity conservation. In recent years, studying the 

flora of the region, monitoring population structures and assessing the state of ecosystems have 

become one of the main priorities of research. The aim of the current study is to systematically study 

plant diversity in the Hakari river basin, identify rare and endemic species, monitor population 

changes, and collect scientifically based data for biodiversity conservation through artificial 

intelligence technologies, and systematize the obtained data for use in the preparation of scientific 

articles, databases, and ecosystem management strategies. This approach, combining both classical 

floristic and phytocenotic research methods and artificial intelligence technologies, allows for a more 

in-depth and accurate study of the ecological state of the Hakari river basin [2]. 
 

 
 

Figure. Hakari River Basin 

 

In connection with the practical implementation of the ñArtificial Intelligence Strategy for 

2025-2028ò, approved by the Decree of the President of the Republic of Azerbaijan dated March 19, 

2025, the International Shusha Conference on the topic ñArtificial Intelligence for a Better Futureò 

was held this year. After the conference, a scientific expedition was organized along the banks of the 

Hakari River in the Lachin district. At the same time, monitoring was carried out on the main plant 

groups distributed in the Hakari River basin during the expedition in the Zangilan district this year. 

The Hakari River Basin is a watershed in southwestern Azerbaijan, where the Hakari River, a 

left tributary of the Araz River, collects water. This basin flows through the Lachin, Gubadli, and 

Zangilan regions. Its length is 113 km. It begins at an altitude of 2,580 m, 3.5 km east of the Shishtepe 

peak, south of the Mikhtoken ridge, at the confluence of the Shelva River and Hocazsu Rivers (950 

m), and merges with the Araz River in the Zangilan region. 
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Material methodology of the study 

Plant diversity in the Hakari river basin consists of broad-leaved mountain forests, subalpine 

meadows, semi-desert and steppe areas, shrub and sparse forests. Taking into account the relief 

features and ecosystem types, 5ï10 main observation points are selected along the Hakari river basin, 

and vegetation monitoring is carried out at each point. The main methods used in determining plants 

using artificial intelligence are determined and plants are identified based on the shapes of leaves, 

flowers, seeds and fruits. By analyzing the visual characteristics of plants, their automatic 

identification and naming are possible. Through modern mobile applications and artificial 

intelligence-based systems, users can instantly recognize plants by scanning them with a camera. 

With the help of artificial intelligence, it is possible to monitor the distribution of plants, their location, 

the natural plant groups where plants living in a certain area interact, and the main components of 

ecosystems through satellite and drone images. In natural flora, with the help of artificial intelligence, 

species identification can be carried out by analyzing bioacoustic data such as the rustling of leaves 

of trees and other plants, the effect of wind, and even the circulation of water. This method is mostly 

applied in monitoring forest ecosystems[2, 3, 6, 8]. 

The proclamation of 2024 as the "Year of Solidarity for a Green World" by the Decree of the 

President of the Republic of Azerbaijan dated December 25, 2023 laid the foundation for the 

methodology for protecting biodiversity and ecological forecasting of the "Artificial Intelligence 

Strategy". 
 

Discussion of the work 

The territory is very suitable for the preservation of rare relict and endemic species. In general, 

as a result of monitoring, 30 species of trees, 22 shrubs and 37 herbaceous plant species were recorded 

in the Hakari river basin. The forests along the Hakari river bank were brutally plundered by the 

Armenian invaders for about 30 years. Artemisetum semi-deserts and Stipetum steppes are 

characteristic of the Hakari river basin. Gagea glacialis K. Koch, Tulipa julia K. Koch, Orchis 

punctulata Steven ex Lindl., Pyrus salicifolia Pall., Juniperus foetidissima Willd., Paeonia tenuifolia 

L., Festuca karabaghensis Mussajev, Tulipa karabachensis Grossh., p.p. incl. typo. and others are 

rare species. Salvia karabachensis Pobed., S. nemoralis L., Astaratia maxima Pall., Centaurea 

karabachensis Sosn., Taxus baccata L. are the main plant groups of the Haraki River. 

Oriental plane (Platanus orientalis L.), Araz oak (Q. araxina L.), Red oak (Quercus rubra L.), 

Long-leaved oak (Q. robur K. Koch.), Georgian oak (Q. iberica Stev.), (Fagus orientalis Lipsky), 

Celtis caucasica Willd, Eastern beech (C. orientalis L.), Pterostylis mutica R. Br., Iberian maple (Acer 

iberica M. Beib.), Araz elm (Ulmus araxina Takht.), Pyrus salicifolia Pall., juniper form sparse 

forests. In these forests, xerophytic shrubs Atraphaxis spinosa L., Lonicera iberica M. Bieb., 

Caucasian small-fruited cherry (Cerasus microcarpa (C.A. Mey.) Boiss.), Ephedra intermedia 

Schrenk & C.A. Mey., bush jasmine (Jasminum fruticans L.), Rhamnus pallasii Fisch. & C.A. Mey. 

and Paliurus spina-christi Mill. are naturally distributed. Shrubby and sparsely wooded meadows, 

broad-leaved mountain forests (oak, beech, beech) are widespread along the coast. Pine (Pinus 

sylvestris L.), oak (Q. rubra L.), hornbeam (Carpinus orientalis Mill.), linden (Tilia caucasica Rupr.), 

maple, willow (Salix L.), elm, acacia, poplar, juniper, chestnut, Taxus baccata, and pear trees 

predominate in the forests. For the subalpine zone, dry slopes, mesophilous meadows of steppe and 

relatively humid slopes, and various herbaceous meadows dominate for the alpine zone. In these 

areas, there are many medicinal plants are found [1, 4, 5]. 

Phrygana and xerophyte-type algae have formed in the Hakari River basin [2]. 

48 species of diatoms have been identified in the Hakari River basin [3]. 

According to biological characteristics and distribution patterns, the Arctic-Tertiary relicts of 

the Hakari river basin include Parmelia borreri, P. omphalodes, Bilimbia pulchra, Lecidea elata, 



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.ru 

ʊ. 12. ˉ2 2026 

https://doi.org/10.33619/2414-2948/123 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 96 

Bacidia muscorum, Lecidea lapicida, Aspicilia alpina, A. pleiocarpa, Hypogimnia vellata, Lecanora 

badia, Acarosporpa badiofusca, Solorina saccata, S. bispora, Cetraria cuculata, C. nivalis, 

Thelidium papulare, Caloplaca tetrospora, Stereocolon alpinum, Ochrolechia tetraspora, 

Rizocarpon alpicola, etc. Species such as Aspicilia, Caloplaca, Placodium, Rhizocarpon, 

Dermatocarpon, Gyrophora, Lecidea, Acarospora, Verrucaria, etc. are distributed in the Hakari river 

basin. species of the genera form synucias with species of the moss genera Dicranum, Tortyla, 

Ambylastegia, and Pottia. 

Considering the rich diversity of the flora of Hakari river, including Zangilan and Lachin, the 

study of the species composition, areas, phytocenotic characteristics and resources, monitoring the 

increasing activity of invasive plant species that cause the loss of biodiversity, conducting important 

field studies to determine their status and the degree of impact on the local flora, and including the 

results in existing databases ð all this should be the main topic of research work to be carried out in 

the near future. On dry stony slopes, Araz oak (Q. araxina), Celtis caucasica Willd, C. orientalis, P. 

mutica, Acer iberica, Ulmus arahina, willow-leaf pear (Pyrus salicifolia), and juniper form sparse 

forests. In these forests, xerophytic shrubs Atraphaxis spinosa, Lonicera iberica, small-fruited 

whiteberry (Cerasus microcarpa), Ephedra intermedia Schrenk Et. C. A. Mey., bush jasmine 

(Jasminum fruticans), Rhamnus pallasii, and Paliurus spina ð christi are naturally distributed [5, 6]. 

The flora of the Hakari river basin is of great ecological importance, and this creates conditions 

for taking special measures to protect biodiversity. The Hakari river basin is a floristically and 

ecologically rich area located in the southwest of Azerbaijan. Monitoring has shown that 30 species 

of trees, 22 shrubs, and 37 herbaceous plant species are widespread in the basin. The application of 

artificial intelligence makes a great contribution to a deeper and faster study of plant diversity, the 

protection of biodiversity, and the management of ecosystems. The study and protection of the 

vegetation of the region will help maintain the balance of the ecosystem. With the widespread use of 

these technologies, flora research can enter a new stage. Through artificial intelligence, it is possible 

to identify plants in forest and meadow ecosystems, determine their population changes, and 

determine the distribution areas of rare plant and animal species, and propose measures for their 

protection. Systematic study of the flora of the Hokari river basin and inclusion of the obtained data 

in existing databases should be considered a priority direction for both the protection of endemic and 

relict species and continuous monitoring of biodiversity. These studies will also create a scientific 

basis for future ecology, phytocenotics and plant protection programs. 
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Abstract. From 2018 to 2025, a year-round, species-specific monitoring of mallards in the 

Absheron Peninsula was conducted, covering both abundance and all key aspects of biology. The data 

obtained allowed us to identify certain species characteristics associated with their habitat in 

anthropogenically transformed areas and reliably demonstrate the existence of a well-established 

mallard population. For the first time, the socioeconomic conditions for the use of existing duck 

resources were examined, and recommendations for resource management were provided. The 

information obtained significantly complements existing data on duck biology and can be used to 

adjust hunting parameters in suburban hunting areas. 

 

ɸʥʥʦʪʘʮʠʷ. ʉ 2018 ʧʦ 2025 ʛʦʜ ʧʨʦʚʦʜʠʣʩʷ ʢʨʫʛʣʦʛʦʜʠʯʥʳʡ ʚʠʜʦʩʧʝʮʠʬʠʯʝʩʢʠʡ 

ʤʦʥʠʪʦʨʠʥʛ ʢʨʷʢʚ ʥʘ ɸʧʰʝʨʦʥʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʢʘʢ ʯʠʩʣʝʥʥʦʩʪʴ, ʪʘʢ ʠ ʚʩʝ 

ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʙʠʦʣʦʛʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʠʜʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ ʤʝʩʪʦʦʙʠʪʘʥʠʝʤ ʚ ʘʥʪʨʦʧʦʛʝʥʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʨʘʡʦʥʘʭ, ʠ 

ʜʦʩʪʦʚʝʨʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʭʦʨʦʰʦ ʩʬʦʨʤʠʨʦʚʘʚʰʝʡʩʷ ʧʦʧʫʣʷʮʠʠ ʢʨʷʢʚ. 

ɺʧʝʨʚʳʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩʦʮʠʘʣʴʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʨʝʩʫʨʩʦʚ ʫʪʦʢ, ʠ ʙʳʣʠ ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʨʝʩʫʨʩʘʤʠ. ʇʦʣʫʯʝʥʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʧʦʣʥʷʝʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʜʘʥʥʳʝ ʦ ʙʠʦʣʦʛʠʠ ʫʪʦʢ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ ʦʭʦʪʳ ʚ ʧʨʠʛʦʨʦʜʥʳʭ ʦʭʦʪʥʠʯʴʠʭ ʫʛʦʜʴʷʭ. 

 

Keywords: ecological groups, egg laying, popullation, ecomonitoring, nesting. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʛʨʫʧʧʳ, ʷʡʮʝʢʣʘʜʢʘ, ʧʦʧʫʣʷʮʠʷ, ʵʢʦʤʦʥʠʪʦʨʠʥʛ, 

ʛʥʝʟʜʦʚʘʥʠʝ. 

 

Ducks, one of the most important transboundary waterfowl resources, are hunted in more turean 

50 countries worldwide, including 45 regions of the Republic of Azerbaijan (Figure 1). Therefore, 

monitoring waterfowl and their habitats is of great international importance. Secondly, there is a lack 

of monitoring in populated areas and other territories that are not designated as hunting grounds or 

specially protected natural areas but are duck habitats. Related to this area is research on the avifauna 

of anthropogenic landscapes, particularly urban areas [1, 2].  



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.ru 

ʊ. 12. ˉ2 2026 

https://doi.org/10.33619/2414-2948/123 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 99 

 
 

Figure 1. Study area in Absheron Peninsula (40.191935, 49.491381; 40.338410, 49.838480; 40.213140, 

49.557470; 40.064757, 49.420136 and others). Note: Red points - ʨlaces where mallards are most often found 

 

Due to increasing anthropogenic pressure, this topic remains relevant, and ornithological 

studies are being conducted in many places, compiling lists of the avifauna of cities and suburban 

areas. In accordance with the Federal Law "On Environmental Protection," green belts are currently 

being actively created around cities. Priority areas of activity in these zones include: environmental 

protection, protection of individual natural complexes and sites, scientific research, environmental 

education, and tourism development. Therefore, a systematic survey of the forest-park green belt is 

becoming essential and, in our case, allows us to assess the reserve of available renewable resources 

when considering this belt as a reserve. Including natural, natural-anthropogenic, and anthropogenic 

areas, the forest-park green belt serves as a permanent habitat for ducks, which have important socio-

economic, reserve (for dispersal), and ecological significance, primarily for hunting, as the primary 

user of these resources [3-5]. 
 

Methods 

The date of first egg laying and the start of incubation were determined based on average 

incubation times and the number of eggs in the clutches. The influence of temperature factors was 

analyzed using standard methods. To facilitate the analysis of the relationship between dates and other 

indicators, the number of days elapsed from a fixed date to the first egg laying, as well as the date of 

the onset of positive average daily air temperature, were used in the calculations. The presence and 

statistical significance of relationships between abundance and reproduction indicators and with 

meteorological factors were assessed using nonparametric correlation analysis. Biotopes were 

described visually during population censuses. Habitat conditions were determined based on 

ecotopic, biotic, and anthropogenic factors that characterize the protective and foraging potential of 

habitats. The images were then processed using our specially developed duck counting software, 

"CountDucks." This program allows you to count the number of females and males [6-8]. 
 

Results 

Mallards, as a partially synanthropic species, have a more extended pairing period, beginning 

as early as the third ten-day period of September. During this period, isolated pairs formed during the 

combined molt, which took place within the city limits, are observed. In October and November, a 

fairly large number of pairs (10-35) are observed on urban waterways: for example, on waterways on 

the Absheron Peninsula, we observed up to 25 pairs at the end of October [1].  
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The degree of overgrowth of a reservoir, which affects the protection of lands, is significant 

only in natural and natural-anthropogenic reservoirs; in residential areas, mallards can inhabit 

reservoirs without any coastal vegetation. The highest population density is observed during the 

autumn migration period on natural water bodies (40.3 individuals/ha) and during wintering in the 

residential area (4011.2 individuals/ha). In the second half of April, pair formation in dabbling ducks 

ends, and fights between males are quite rare. In May and June, pairs are still observed, but in smaller 

numbers. In July, pairs are quite rare. Pairs typically disband after the female settles on her eggs. 

Males and uncaught females then form groups for the molting period. We recorded two instances of 

a male mallard participating in raising a brood: May 23, 2018, at Sangachal Terminal and July 30, 

2024, on the shores of Yashma (Figure 2). In both cases, the chicks were no more than a week old. 

When threatened, the female would fledge, while the male would call the chicks to him, as the female 

usually does (Figure A and B).  
 

 
 

Figure 2. Summer population mallards dynamics on the Absheron Peninsula from 2018 to 2025 
 

  
ɸ ɺ 

Figure 3. Correlation analysis of the number of wintering mallards in two polynyas with average winter 

season temperature (A) and open water area (B)  

 

During autumn migrations, injured mallards were often spotted on ponds, some of which 

remained for the winter. The most common specimens were those with broken wings, missing flight 

and tail feathers, broken or missing legs, and broken beaks. In November 2020, a female was spotted 

with a broken arrow in her neck (Figure 4). Decoy ducks with torn leggings were also frequently 

spotted, which were subsequently also left for the winter. After analyzing the recorded pair sightings 

at ponds, we determined the approximate dates of pair separation, which fall around the end of the 

second ten-day period of April.  
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Comparing these dates with the start of incubation, we see that the recorded and calculated data 

generally match. This confirms that most pairs do separate in late April and early May (Figure 5).  

 

  
A B 

  
C D 

 

Figure 4. Clutch size per mallard nest as a function of nest height, vegetation height, distance between 

nests of conspecifics, water depth below the nest, and distance to the water depths and shore in the Caspian 

Sea (Absheron Peninsula). Note: Lines represent a linear regression with a Poisson GLM distribution and a 

96% confidence interval, highlighted in light gray 
 

  
A B 

Figure 5. Relationships between nest spacing, clutch size, and nest density in mallards on the Caspian 

Sea coast (Absheron Peninsula). Note: The solid line represents a linear regression with a Gaussian fit (upper 

line) and a Poisson fit (lower line), with the 96% confidence interval highlighted in light gray 
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Mallard and teal nests were found near bodies of water, where broods were later observed. 

Finding nests in urban areas was quite difficult. Firstly, the ducks camouflage them more carefully, 

secondly, the areas where broods were subsequently found are located in many private and protected 

areas. Mallard nests averaged 8.3 eggs (n=47), with a maximum of 14 (Figure 6). 

 

 

 

 
 
Figure 6. Mallard breeding success as a function of clutch size, egg laying date, nest and nest site 

characteristics, and the density of conspecific breeding pairs on the lake. Note: Lines represent a linear 

regression with a Poisson GLM distribution, with the 96% confidence interval highlighted in light gray 

 

Conclusion 

We recommend that the Ministry of Ecology and Natural Resources of the Republic of 

Azerbaijan conduct annual species-specific monitoring of wintering waterfowl in the cities of 

Sumgait and Baku to facilitate timely management decisions. We also recommend that the Absheron 

Peninsula administration strengthen its information campaign to prevent duck feeding in the city 

during the spring, summer, and fall. 
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ɸʰʫʫ ʨʝʟʫʣʴʪʘʪʦʤ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʢʘʨʪʳ 

ʤʘʩʰʪʘʙʦʚ 1:5000-1:200. ʄʘʩʰʪʘʙ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʸʤʢʠ ʠ ʚʳʩʦʪʳ ʩʝʯʝʥʠʷ ʨʝʣʴʝʬʘ 

ʚʳʙʠʨʘʝʪʩʷ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ʩʲʝʤʢʠ ʠ ʢʦʥʝʯʥʳʭ ʮʝʣʝʡ. ʇʦʵʪʦʤʫ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʢʘʨʪ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʚ ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ, 

ʩʚʷʟʘʥʥʘʷ ʩ ʠʩʢʘʞʝʥʠʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʨʦʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʩʦʪ ʪʦʯʝʢ. ɼʣ ̫ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʟ ʫʯʝʪʘ ʚʳʩʦʢʦʛʦʨʴʷ ʤʝʩʪʥʘʷ ʧʦʧʝʨʝʯʥʦ-

ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ ʠ ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ ɻʘʫʩʩʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʦʪ 

ʤʘʩʰʪʘʙʘ 1: 5000 ʠ ʤʝʣʴʯʝ. ʂʦʥʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ ʃʘʤʙʝʨʪʘ 1: 10000 ʠ ʤʝʣʴʯʝ. ʉ ʫʯʝʪʦʤ 

ʩʝʢʫʱʝʡ ʧʣʦʩʢʦʩʪʠ ʧʨʦʝʢʮʠʷ ʃʘʤʙʝʨʪʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʘʨʪ ʤʘʩʰʪʘʙʘ 

1: 5000 ʠ ʤʝʣʴʯʝ. ʆʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʘʣʝʝ ʚʳʧʦʣʥʷʣʘʩʴ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʦʯʥʦʩʪʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ ʠ ʧʣʘʥʦʚ. ɽʝ ʧʨʠʥʷʪʦ ʦʮʝʥʠʚʘʪʴ 

ʩʨʝʜʥʠʤʠ ʦʰʠʙʢʘʤʠ ʠʣʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ m. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʚʷʟʴ ʤʝʞʜʫ ʥʠʤʠ ʩʣʝʜʫʶʱʘʷ: m = 1,25. ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʪʦʥʥʝʣʷ ʥʘ ʧʝʨʝʚʘʣʝ ʊʦʦ-ɸʰʫʫ ʠʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʙʲʝʢʪʦʚ ʢʘʧʠʪʘʣʴʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘʚʪʦʜʦʨʦʛʠ ʥʘ ʧʝʨʝʚʘʣʝ ʊʦʦ-ɸʰʫʫ ʨʝʟʫʣʴʪʘʪʦʤ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʠʟʳʩʢʘʥʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʢʘʨʪʳ ʤʘʩʰʪʘʙʦʚ 1:5000-1:200.  ɺʳʚʦʜʳ: c ʫʯʝʪʦʤ 
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ʩʝʢʫʱʝʡ ʧʣʦʩʢʦʩʪʠ ʦʧʷʪʴ ʨʘʚʥʳʝ ʧʦ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʳ ʜʘʶʪ ʤʝʩʪʥʘʷ ʧʦʧʝʨʝʯʥʦ-

ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ ʠ ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ ɻʘʫʩʩʘ. 

 

Abstract. When  constructing an alternative tunnel on the "Too-Ashuu" pass or reconstructing 

capital construction objects of the highway on the "Too-Ashuu" pass, the results of engineering and 

geodetic surveys should be topographic maps at scales of 1:5000ï1:200. The scale of topographic 

surveying and terrain cross-section heights is selected considering the surveying conditions and final 

objectives. Therefore, in mountainous regions, a problem arises with large-scale maps for engineering 

and geodetic works due to distortions in the horizontal alignment and elevation points. To address 

this issue, the authors propose the use of a local transverse cylindrical projection and the stereographic 

Gauss projection without accounting for high mountainous conditions, which can be employed at 

scales of 1:5000 and larger. The Lambert conic projection at scales of 1:10,000 and larger. 

Considering the secant plane, the Lambert projection can be used to create maps at scales of 1:5000 

and larger. Materials and methods: the evaluation of the results of the computational experiments was 

further performed according to existing requirements for the accuracy of topographic maps and plans. 

These are typically assessed using mean errors or root mean square errors (m). According to the theory 

of mathematical processing, the relationship between them is as follows: m = 1.25. When constructing 

an alternative tunnel on the "Too-Ashuu" pass or reconstructing highway capital construction objects 

in the "Too-Ashuu" area, the engineering and geodetic survey results should be topographic maps at 

scales of 1:5000ï1:200. Considering the secant plane, the results with equal accuracy are obtained 

using both the local transverse cylindrical projection and the stereographic Gauss projection. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʩʲʝʤʢʘ, ʦʩʝʚʦʡ ʤʝʨʠʜʠʘʥ, ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʦʡ 

ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ, ʧʦʧʝʨʝʯʥʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ, ʧʦʛʨʝʰʥʦʩʪʴ, ʛʦʨʥʳʝ ʨʘʡʦʥʳ.  

 

Keywords: topographic survey, axial meridian, stereographic projection of Gauss, transverse 

cylindrical projection, error, mountainous areas. 

 

ʊʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʩʲʝʤʢʠ ʚ ʤʘʩʰʪʘʙʘʭ 1: 25 000; 1: 10 000; 1: 5 000; 1:2000; 1:1000; 1:500 

ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ ʠ ʧʣʘʥʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʠʟʫʯʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʠʟʳʩʢʘʥʠʡ ʠ ʚʳʧʦʣʥʝʥʠʷ ʜʨʫʛʠʭ ʨʘʙʦʪ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʨʘʟʚʠʪʠʶ ʩʪʨʘʥʳ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʦʨʦʥʳ ʩʪʨʘʥʳ.  

ʊʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʩʲʝʤʢʠ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʟʝʤʝʣʴʥʦʛʦ, ʛʦʨʦʜʩʢʦʛʦ, ʣʝʩʥʦʛʦ ʢʘʜʘʩʪʨʘ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʦ-ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʲʝʤʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʢʘʧʠʪʘʣʴʥʦʡ ʟʘʩʪʨʦʡʢʦʡ ʚ 

ʤʘʩʰʪʘʙʘʭ 1:500; 1:1000. ʇʨʠ ʩʦʟʜʘʥʠʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʘʥʦʚ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʠʟʳʩʢʘʥʠʡ 

ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʧʦʣʦʞʝʥʠʷʤʠ [1]. 

ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʩʲʝʤʢʠ ʚ ʛʦʨʦʜʘʭ ʠ ʜʨʫʛʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʚ ʤʘʩʰʪʘʙʘʭ 1:5 

000ï1: 500 ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʤʝʩʪʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ. ʇʨʠ ʚʳʙʦʨʝ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʪʨʝʭʛʨʘʜʫʩʥʳʝ ʟʦʥʳ ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ. ʆʩʝʚʦʡ ʤʝʨʠʜʠʘʥ 

ʚʳʙʠʨʘʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʦʥ ʧʨʦʭʦʜʠʣ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʦ ʢ ʮʝʥʪʨʫ ʫʯʘʩʪʢʘ ʠʟʳʩʢʘʥʠʡ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ, ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʪʘʢʠʤ ʨʘʩʯʝʪʦʤ, ʯʪʦʙʳ 

ʧʦʧʨʘʚʢʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʣʠʥʠʡ ʥʘ ʧʣʦʩʢʦʩʪʴ ʚ 3 ʨʘʟʘ ʤʝʥʴʰʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʣʠʥʠʡ ʠ 

ʤʝʥʴʰʝ ʛʨʘʬʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʘʥʦʚ. 

ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʪʦʥʥʝʣʷ ʥʘ ʧʝʨʝʚʘʣʝ ʊʦʦ-ɸʰʫʫ ʠʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʦʙʲʝʢʪʦʚ ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘʚʪʦʜʦʨʦʛʠ ʥʘ ʧʝʨʝʚʘʣʝ ʊʦʦ-ɸʰʫʫ ʨʝʟʫʣʴʪʘʪʦʤ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʢʘʨʪʳ ʤʘʩʰʪʘʙʦʚ 
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1:5000-1:200. ʄʘʩʰʪʘʙ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʸʤʢʠ ʠ ʚʳʩʦʪʳ ʩʝʯʝʥʠʷ ʨʝʣʴʝʬʘ ʚʳʙʠʨʘʝʪʩʷ ʩ 

ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ʩʲʝʤʢʠ ʠ ʢʦʥʝʯʥʳʭ ʮʝʣʝʡ [1]. 

ʅʦ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʢʘʨʪ ʜʣʷ ʚʳʩʦʢʦʛʦʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʢʘʢ 

ʧʝʨʝʚʘʣ ʊʦʦ-ɸʰʫʫ ʚʦʟʥʠʢʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʯʝʪʦʤ 

ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ. ʄʝʪʦʜʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʠʥʞʝʥʝʨʥʳʭ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʘʥʦʚ ʚ ʛʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʦʧʠʩʘʥʳ ʚ [6ï8].  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʚʳʩʦʪ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʫʥʢʪʦʚ ʥʘʜ ʵʣʣʠʧʩʦʠʜʦʤ (ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ) ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʧʣʦʩʢʦʩʪʴ ʠʟʚʝʩʪʥʘ ʜʦʣʛʦʝ ʚʨʝʤʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʩʨʝʜʥʝʡ ʚʳʩʦʪʳ ʪʝʨʨʠʪʦʨʠʠ ʥʘʜ ʵʣʣʠʧʩʦʠʜʦʤ [9-12].  

ʅʫʞʝʥ ʚʳʙʦʨ ʧʨʦʝʢʮʠʠ ʜʣʷ ʧʨʦʝʮʠʨʦʚʘʥʠʷ ʩ ʵʣʣʠʧʩʦʠʜʘ ʥʘ ʩʝʢʫʱʫʶ ʧʣʦʩʢʦʩʪʴ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʙʳʪʴ, ʢʘʢ ʥʠʞʝ ʢʘʩʘʪʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢ ʵʣʣʠʧʩʦʠʜʫ (ʤʘʨʢʰʝʡʜʝʨʩʢʠʝ ʨʘʙʦʪʳ), ʪʘʢ ʠ 

ʚʳʰʝ ð ʛʦʨʥʳʝ ʨʘʡʦʥʳ. ʆʨʠʝʥʪʘʮʠʷ ʦʙʲʝʢʪʘ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʜʣʷ ʢʨʫʧʥʳʭ ʤʘʩʰʪʘʙʦʚ ʥʝ 

ʠʛʨʘʝʪ ʨʦʣʠ. ʅʦ, ʘʣʛʦʨʠʪʤʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʠʭ ʜʝʪʘʣʴʥʦʩʪʴ ʚ ʨʘʟʣʦʞʝʥʠʠ ʨʷʜʦʚ ʫʞʝ ʥʘʯʠʥʘʝʪ 

ʚ ʵʪʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʧʨʦʷʚʣʷʪʴʩʷ ʧʦ ʤʝʨʝ ʧʝʨʝʭʦʜʘ ʢ ʢʨʫʧʥʳʤ ʤʘʩʰʪʘʙʘʤ ʢʘʨʪ. ʅʘʯʠʥʘʷ ʩ 

ʤʘʩʪhʘʙʘ 1: 10 000. 

ɼʣʷ ʢʘʨʪ ʤʘʩʰʪʘʙʘ 1: 50 000 ʠ ʢʨʫʧʥʝʝ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ 

ʦʮʝʥʢʝ ʪʦʯʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʥʘ ʧʣʦʩʢʦʩʪʴ ʨʘʩʩʪʦʷʥʠʡ ʩ ʬʠʟʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʥʘ 

ʧʣʦʩʢʦʩʪʴ. ɼʣʷ ʧʨʠʤʝʨʘ, ʚ ʣʠʩʪ ʤʘʩʰʪʘʙʘ 1: 50 000 ʚʧʠʩʳʚʘʶʪʩʷ ʧʣʦʪʠʥʘ ʊʘʰ-ʂʫʤʳʨʩʢʦʡ 

ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ.  

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʘʣʝʝ ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʦʯʥʦʩʪʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ ʠ ʧʣʘʥʦʚ [1-4]. ɽʝ ʧʨʠʥʷʪʦ ʦʮʝʥʠʚʘʪʴ ʩʨʝʜʥʠʤʠ 

ʦʰʠʙʢʘʤʠ ʠʣʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ m. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʚʷʟʴ ʤʝʞʜʫ ʥʠʤʠ ʩʣʝʜʫʶʱʘʷ: m = 1,25. ʦʰʠʙʢʠ ʨʘʚʥʳ ʫʜʚʦʝʥʥʳʤ 

ʟʥʘʯʝʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʨʝʜʥʠʤ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤ ʦʰʠʙʢʘʤ.  

ʉʨʝʜʥʠʝ ʦʰʠʙʢʠ ʧʦʣʦʞʝʥʠʷ ʢʦʥʪʫʨʦʚ ʥʘ ʢʘʨʪʝ ʠʣʠ ʧʣʘʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʲʝʤʦʯʥʦʛʦ 

ʦʙʦʩʥʦʚʘʥʠʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʘʩʰʪʘʙʘ ʢʘʨʪʳ ʠʣʠ ʧʣʘʥʘ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 0,5 ʤʤ ï ʧʨʠ 

ʫʛʣʘʭ ʥʘʢʣʦʥʘ ʤʝʩʪʥʦʩʪʠ ʜʦ 6ʦ; 0,7 ʤʤ ð ʚ ʛʦʨʥʳʭ ʠ ʟʘʣʝʩʥʳʭ ʨʘʡʦʥʘʭ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʘ ʚʳʙʨʘʥʘ ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʘʷ ʪʝʨʨʠʪʦʨʠʷ ʚ ʈʝʩʧʫʙʣʠʢʝ 

ʂʳʨʛʳʟʩʪʘʥ. ɸ ʠʤʝʥʥʦ, ʨʘʡʦʥ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʪʦʥʥʝʣʷ ʊʦʦ-ɸʰʫʫ. ɿʥʘʤʝʥʠʪʳʡ ʧʝʨʝʚʘʣ ʊʦʦ-

ɸʰʫʫ ʥʘʭʦʜʠʪʩʷ ʚ ʛʦʨʘʭ ɸʣʘ-ʊʦʦ ʥʘ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʪʨʘʩʩʝ ɹʠʰʢʝʢ-ʆʰ, ʢʦʪʦʨʘʷ ʩʦʝʜʠʥʷʝʪ 

ʩʝʚʝʨʥʳʝ ʠ ʶʞʥʳʝ ʨʝʛʠʦʥʳ ʂʳʨʛʳʟʩʪʘʥʘ. ɺʳʩʦʪʘ ʧʝʨʝʚʘʣʘ ð 3 400 ʤ ʥʘʜ ʫ. ʤ. ʅʘ ʚʝʨʰʠʥʝ 

ʧʝʨʝʚʘʣʘ ʥʘʭʦʜʠʪʩʷ ʪʫʥʥʝʣʴ ʠʤʝʥʠ ʂʫʩʝʡʠʥʘ ʂʦʣʴʙʘʝʚʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʩʪʨʦʝʥ ʚ 1962 ʛʦʜʫ. ɼʦ 

ʝʛʦ ʚʦʟʚʝʜʝʥʠʷ ʚʝʨʭʥʷʷ ʪʦʯʢʘ ʜʦʨʦʛʠ ʙʳʣʘ ʚʳʰʝ ʧʦʯʪʠ ʥʘ 500 ʤ. ɼʣʠʥʘ ʪʫʥʥʝʣʷ ð 2,6 ʢʤ 

(ʈʠʩʫʥʦʢ 1 a, ʙ). 

ʄʝʩʪʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʙʳʣʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ   ʦʩʥʦʚʘʥʘ  ʥʘ  ʮʝʥʪʨʘʣʴʥʦʤ (ʦʩʝʚʦʤ) 

ʤʝʨʠʜʠʘʥʝ 7350'. ɼʣʷ ʢʦʥʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ ʃʘʤʙʝʨʪʘ (ʩʪʘʥʜʘʨʪʥʘʷ ʧʘʨʘʣʣʝʣʴ) ʠ ʮʝʥʪʨʘʣʴʥʦʡ 

ʪʦʯʢʠ ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ ɻʘʫʩʩʘ ʙʳʣʘ ʥʘʟʥʘʯʝʥʘ ʪʘʢʞʝ ʰʠʨʦʪʘ ʧʘʨʘʣʣʝʣʠ 42↔ 20'. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʣʠʩʪ ʢʘʨʪʳ ʤʘʩʰʪʘʙʘ 1: 50000 ʦʧʨʝʜʝʣʝʥ ʩʣʝʜʫʶʱʠʡ (ʈʠʩʫʥʦʢ 2 ʘ, ʙ). 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦʜʧʠʩʠ ʥʘ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 2ʙ) ʦʪʨʘʞʘʶʪ ʥʝ ʤʘʩʰʪʘʙ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʩʘʤʦʡ 

ʫʜʘʣʝʥʥʦʡ ʪʦʯʢʝ ʦʪ ʮʝʥʪʨʘ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʘ ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʥʝʡ ʣʠʥʝʡʥʳʝ 

ʠʩʢʘʞʝʥʠʷ ʚ ʩʘʥʪʠʤʝʪʨʘʭ ʨʘʩʩʪʦʷʥʠʠ 1000 ʤ ʜʣʷ ʪʨʝʭ ʢʦʥʬʦʨʤʥʳʭ ʧʨʦʝʢʮʠʡ. ɻʝʦʜʝʟʠʯʝʩʢʠʝ 

ʧʨʦʝʢʮʠʠ ʧʦʧʝʨʝʯʥʦ- ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ (ʤʝʩʪʥʘʷ), ʢʦʥʠʯʝʩʢʘʷ ʃʘʤʙʝʨʪʘ [9] ʠ 
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ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʘʷ ɻʘʫʩʩʘ [13] ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ: ʩ ʩʝʢʫʱʝʡ ʧʣʦʩʢʦʩʪʴʶ 

(ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ) ʠ ʙʝʟ ʥʝʝ (ʩʠʥʠʡ ʮʚʝʪ) (ʈʠʩʫʥʦʢ 2 ʙ). 

 

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 1. ʘ) ʊʦʥʥʝʣʴ ʠʤ. ʂʫʩʝʡʠʥʘ ʂʦʣʴʙʘʝʚʘ; ʙ) ʇʝʨʝʚʘʣ ʊʦʦ-ɸʰʫʫ ʧʦ ʘʚʪʦʜʦʨʦʛʝ ɹʠʰʢʝʢ- ʆ  h

 

 
 

ʈʠʩʫʥʦʢ 2. a) ʃʠʩʪ ʢʘʨʪʳ ʤʘʩʰʪʘʙʘ 1: 50 000 ʜʣʷ ʨʘʡʦʥʘ ʊʦʦ-ɸʰʫʫ; ʙ) ʀʩʢʘʞʝʥʠʷ ʜʣʠʥʳ 1 000 ʤ 

ʚ ʫʛʣʫ ʪʨʘʧʝʮʠʠ [6] 

 

ɼʣʷ ʧʘʨ ʪʦʯʝʢ 1ï2, 1ï3, 1ï4, 1ï5 ʚʳʧʦʣʥʷʣʦʩʴ ʨʝʜʫʮʠʨʦʚʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʣʠʧʩʦʠʜʘ 

ʂʨʘʩʦʚʩʢʦʛʦ, ʘ ʟʘʪʝʤ ʧʨʦʝʮʠʨʦʚʘʥʠʝ ʥʘ ʧʣʦʩʢʦʩʪʴ ʧʦ ʘʣʛʦʨʠʪʤʘʤ ʰʝʩʪʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʧʨʦʝʢʮʠʡ: ʧʦʧʝʨʝʯʥʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ, ʢʦʥʠʯʝʩʢʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʂʳʨʛʳʟʩʪʘʥʘ (ʂɽʂ), ʢʦʥʠʯʝʩʢʦʡ ʃʘʤʙʝʨʪʘ, ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʦʡ ʈʫʩʩʠʣʷ, ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʦʡ 

ɻʘʫʩʩʘ, UTM.  

 

ɺʳʚʦʜ 

ʕʪʠʯʝʩʢʠʝ ʥʦʨʤʳ ʚʢʣʶʯʘʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠʣʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʩʤʳʩʣʘ ʞʠʟʥʠ, 

ʥʘʟʥʘʯʝʥʠʷ ʯʝʣʦʚʝʢʘ, ʩʦʜʝʨʞʘʥʠʷ ʜʦʙʨʘ ʠ ʟʣʘ, ʤʦʨʘʣʴʥʦʛʦ ʜʦʣʛʘ, ʥʨʘʚʩʪʚʝʥʥʳʭ ʧʨʠʥʮʠʧʦʚ ʠ 

ʠʜʝʘʣʦʚ. ʕʪʠʯʝʩʢʠʝ ʥʦʨʤʳ ʩʚʷʟʘʥʳ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʦʮʠʘʣʴʥʦʡ ʛʨʫʧʧʦʡ ʨʘʙʦʪʥʠʢʦʚ, ʟʘʚʠʩʷʪ 

ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ, ʨʝʣʠʛʠʦʟʥʳʭ, ʵʪʥʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʮʠʘʣʴʥʳʭ ʛʨʫʧʧ. ʇʨʠ 

ʈʋʈ ʦʩʦʙʦ ʚʳʜʝʣʷʶʪ ʨʝʰʝʥʠʝ ʤʦʨʘʣʴʥʦʝ, ʥʨʘʚʩʪʚʝʥʥʦʝ ð ɻ ʪʦ ʨʝʰʝʥʠʝ, ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ 

ʦʪʚʝʯʘʶʱʝʝ ʤʦʨʘʣʴʥʳʤ ʢʨʠʪʝʨʠʷʤ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʯʝʣʦʚʝʢʘ ʚ ʫʱʝʨʙ ʪʝʭʥʠʯʝʩʢʠʤ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤ. ʅʘʧʨʠʤʝʨ, ʠʤʝʶʪʩʷ ʜʚʘ ʨʝʰʝʥʠʷ ʧʦ ʩʠʪʫʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʨʘʙʦʪʥʠʮʘ ʧʨʠʥʝʩʣʘ 

ʥʘʯʘʣʴʥʠʢʫ ʮʝʭʘ ʟʘʷʚʣʝʥʠʝ ʦ ʧʷʪʠʜʥʝʚʥʦʤ ʦʪʧʫʩʢʝ ʟʘ ʩʚʦʡ ʩʯʝʪ ʧʦ ʣʠʯʥʳʤ ʧʨʠʯʠʥʘʤ. 
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ON THE BIOCHEMICAL CONSEQUENCES OF VITAMIN C DEFICIENCY 

 

ÉAbbasly S., ORCID: 0009-0002-7238-0885. Nakhchivan State University,  

Nakhchivan, Azerbaijan, smennazabbasli@ndu.edu.az 

 

ɸʥʥʦʪʘʮʠʷ. ɺʠʪʘʤʠʥ C (ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ 

ʤʠʢʨʦʥʫʪʨʠʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʦʨʤʘʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ. ʆʥ 

ʫʯʘʩʪʚʫʝʪ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ, ʩʠʥʪʝʟʝ ʢʦʣʣʘʛʝʥʘ, ʤʝʪʘʙʦʣʠʟʤʝ 

ʞʝʣʝʟʘ, ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ, ʨʝʛʫʣʷʮʠʠ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʤʝʥʘ. ʇʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚʠʪʘʤʠʥʘ C, 

ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʝʛʦ ʜʝʡʩʪʚʠʷ, ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ, ʘ ʪʘʢʞʝ 

ʢʣʠʥʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʜʝʬʠʮʠʪʘ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʦʩʚʷʱʸʥʥʳʝ ʧʦʪʝʥʮʠʘʣʴʥʦʤʫ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʠʪʘʤʠʥʘ C ʧʨʠ 

ʭʨʦʥʠʯʝʩʢʠʭ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ, ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʠ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ. 

ʄʘʪʝʨʠʘʣ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩʥʦʝ ʧʦʥʠʤʘʥʠʝ ʨʦʣʠ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ 

ʧʦʜʜʝʨʞʘʥʠʠ ʛʦʤʝʦʩʪʘʟʘ ʦʨʛʘʥʠʟʤʘ. 

 

Abstract. Vitamin C (ascorbic acid) is one of the most important micronutrients for the normal 

functioning of the human body. It is involved in redox reactions, collagen synthesis, iron metabolism, 

antioxidant defense, and the regulation of the nervous system and energy metabolism. This article 

provides a brief analysis of the biochemical functions of vitamin C, a detailed description of its 

mechanisms of action, metabolic pathways, and the clinical consequences of deficiency. It also 

examines current research on the potential therapeutic use of vitamin C in chronic inflammatory, 

cardiovascular, and neurodegenerative diseases. This article provides a comprehensive understanding 

of the role of ascorbic acid in maintaining homeostasis. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʜʦʨʦʚʴʝ, ʙʠʦʤʝʜʠʮʠʥʘ, ʚʠʪʘʤʠʥʳ, ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʙʠʦʭʠʤʠʷ. 

 

Keywords: health, biomedical, vitamin, ascorbic acid, biochemistry. 

 

ɺʠʪʘʤʠʥ C ð ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ ʚʠʪʘʤʠʥ, ʢʦʪʦʨʳʡ ʥʝ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʦʨʛʘʥʠʟʤʦʤ 

ʯʝʣʦʚʝʢʘ, ʧʦʵʪʦʤʫ ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʧʠʱʝʚʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʆʩʥʦʚʥʘʷ 

ʙʠʦʭʠʤʠʯʝʩʢʘʷ ʨʦʣʴ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʦʪʜʘʚʘʪʴ ʵʣʝʢʪʨʦʥʳ, 

ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʥʝʟʘʤʝʥʠʤʳʤ ʫʯʘʩʪʥʠʢʦʤ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ. ɺ 

ʥʘʜʧʦʯʝʯʥʠʢʘʭ, ʧʝʯʝʥʠ, ʛʠʧʦʬʠʟʝ ʠ ʤʦʟʛʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʠʪʘʤʠʥʘ C ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ 

ʜʨʫʛʠʭ ʪʢʘʥʷʭ, ʯʪʦ ʧʦʜʯʸʨʢʠʚʘʝʪ ʝʛʦ ʢʨʠʪʠʯʝʩʢʫʶ ʨʦʣʴ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʛʦʨʤʦʥʦʚ, 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʝ [1, 2]. 

ʋ ʯʝʣʦʚʝʢʘ ʩ ʥʦʨʤʘʣʴʥʳʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʚʠʪʘʤʠʥʘ ʉ ʫʨʦʚʝʥʴ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʩʦʩʪʘʚʣʷʝʪ 

>28 ʤʢʤʦʣʴ/ʣ ʠʣʠ 0,4-0,9 ʤʛ/ʜʣ [2]. ʋ ʯʝʣʦʚʝʢʘ ʩ ʜʝʬʠʮʠʪʦʤ ʚʠʪʘʤʠʥʘ ʉ ʫʨʦʚʝʥʴ ʚ ʧʣʘʟʤʝ 

ʢʨʦʚʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 11 ʜʦ 28 ʤʢʤʦʣʴ/ʣ ʠʣʠ 0,2-0,39 ʤʛ/ʜʣ. ʍʦʪʷ ʯʝʣʦʚʝʯʝʩʢʠʡ ʦʨʛʘʥʠʟʤ 
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ʫʩʪʦʡʯʠʚ, ʚʠʪʘʤʠʥ ʉ ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤ ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤ ʧʠʪʘʪʝʣʴʥʳʤ ʚʝʱʝʩʪʚʦʤ, 

ʢʦʪʦʨʦʝ ʙʳʩʪʨʦ ʚʳʚʦʜʠʪʩʷ ʠʟ ʦʨʛʘʥʠʟʤʘ. ʇʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ ʚʠʪʘʤʠʥʘ ʉ ʚ ʢʨʦʚʠ ʩʦʩʪʘʚʣʷʝʪ 

16 ʜʥʝʡ; ʝʩʣʠ ʝʛʦ ʧʨʠʝʤ ʧʦʣʥʦʩʪʴʶ ʧʨʝʢʨʘʪʠʪʴ, ʦʥ ʙʫʜʝʪ ʚʳʚʝʜʝʥ ʠʟ ʦʨʛʘʥʠʟʤʘ ʚ ʪʝʯʝʥʠʝ 35-

40 ʜʥʝʡ. ʍʦʪʷ ʫʨʦʚʝʥʴ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʩʥʠʞʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ, ʩʠʤʧʪʦʤʳ ʜʝʬʠʮʠʪʘ 

ʨʘʟʚʠʚʘʶʪʩʷ ʛʦʨʘʟʜʦ ʜʦʣʴʰʝ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʝʬʠʮʠʪʘ ʯʝʣʦʚʝʢʫ ʥʝʦʙʭʦʜʠʤʦ ʝʞʝʜʥʝʚʥʦ 

ʧʨʠʥʠʤʘʪʴ 10 ʤʛ ʚʠʪʘʤʠʥʘ ʉ (ʵʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʜʝʬʠʮʠʪ, ʥʦ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʚ ʧʣʘʟʤʝ). ʂ ʩʦʞʘʣʝʥʠʶ, ʦʜʠʥ ʠʟ ʩʘʤʳʭ 

ʨʘʥʥʠʭ ʩʠʤʧʪʦʤʦʚ ʦʯʝʥʴ ʥʝʩʧʝʮʠʬʠʯʝʥ: ʫʩʪʘʣʦʩʪʴ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚʠʪʘʤʠʥ ʉ ʫʯʘʩʪʚʫʝʪ 

ʚ ʙʠʦʩʠʥʪʝʟʝ ʢʘʨʥʠʪʠʥʘ, ʩʦʝʜʠʥʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ ʧʫʪʝʤ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʤʠʪʦʭʦʥʜʨʠʠ. ʄʥʦʞʝʩʪʚʦ ʩʠʤʧʪʦʤʦʚ 

ʜʝʬʠʮʠʪʘ ʚʠʪʘʤʠʥʘ ʉ ʩʚʷʟʘʥʳ ʩ ʢʦʣʣʘʛʝʥʦʤ, ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʨʘʙʦʪʝ ʩʫʭʦʞʠʣʠʡ, ʭʨʷʱʝʡ, 

ʢʦʩʪʝʡ ʠ ʢʦʞʠ [7].  

ɺʠʪʘʤʠʥ ʉ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʨʦʣʠʥʛʠʜʨʦʢʩʠʣʘʟʳ ʠ ʣʠʟʠʥʛʠʜʨʦʢʩʠʣʘʟʳ (ʬʝʨʤʝʥʪʦʚ 

ʙʠʦʩʠʥʪʝʟʘ ʧʨʦʢʦʣʣʘʛʝʥʘ), ʘ ʝʛʦ ʜʝʬʠʮʠʪ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʣʣʘʛʝʥʦʚʳʭ ʩʪʨʫʢʪʫʨ 

[4, 8].  

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʧʘʜʝʥʠʶ ʟʫʙʦʚ, ʙʦʣʷʤ ʚ ʩʫʩʪʘʚʘʭ, ʟʘʙʦʣʝʚʘʥʠʷʤ ʢʦʩʪʝʡ ʠ 

ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ, ʧʣʦʭʦʤʫ ʟʘʞʠʚʣʝʥʠʶ ʨʘʥ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʢʨʦʚʦʪʝʯʝʥʠʷʤ, ʩʠʥʷʢʘʤ, 

ʦʪʝʢʘʤ, ʢʨʦʚʦʠʟʣʠʷʥʠʷʤ, ʛʠʥʛʠʚʠʪʫ ʠ ʩʧʠʨʘʣʝʚʠʜʥʳʤ ʚʦʣʦʩʢʘʤ [12]. 

ʅʘʫʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʚʠʪʘʤʠʥ C ʠʛʨʘʝʪ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ 

ʠʤʤʫʥʠʪʝʪʘ, ʨʝʛʫʣʷʮʠʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʟʘʱʠʪʝ ɼʅʂ ʦʪ ʤʫʪʘʮʠʡ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ. ʈʘʩʰʠʨʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʝʬʠʮʠʪ 

ʚʠʪʘʤʠʥʘ C ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʨʠʩʢʦʤ ʨʘʟʚʠʪʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʥʘʨʫʰʝʥʠʝʤ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʠ ʩʥʠʞʝʥʠʝʤ 

ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʨʛʘʥʠʟʤʘ [2, 8, 11]. 

ʀʟʚʝʩʪʥʘ ʙʠʦʭʠʤʠʯʝʩʢʘʷ ʨʦʣʴ ʚʠʪʘʤʠʥʘ C ʚ ʩʠʥʪʝʟʝ ʢʦʣʣʘʛʝʥʘ. ʂʦʣʣʘʛʝʥ ʦʪʥʦʩʠʪʩʷ ʢ 

ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʙʝʣʢʦʚ ʦʨʛʘʥʠʟʤʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʦʯʥʦʩʪʴ 

ʢʦʞʠ, ʩʦʩʫʜʦʚ, ʢʦʩʪʝʡ, ʩʫʭʦʞʠʣʠʡ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ. ɺʠʪʘʤʠʥ C ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ 

ʚ ʧʨʦʮʝʩʩʘʭ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʧʨʦʣʠʥʘ ʠ ʣʠʟʠʥʘ ð ʜʚʫʭ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʪʨʦʡʥʦʡ ʩʧʠʨʘʣʠ ʢʦʣʣʘʛʝʥʘ [2, 3]. 

ɹʝʟ ʫʯʘʩʪʠʷ ʚʠʪʘʤʠʥʘ C ʬʝʨʤʝʥʪʳ ʧʨʦʣʠʣʛʠʜʨʦʢʩʠʣʘʟʘ ʠ ʣʠʟʠʣʛʠʜʨʦʢʩʠʣʘʟʘ ʪʝʨʷʶʪ 

ʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʠʥʪʝʟʫ ʜʝʬʝʢʪʥʳʭ ʢʦʣʣʘʛʝʥʦʚʳʭ ʚʦʣʦʢʦʥ. ʂʣʠʥʠʯʝʩʢʠ ʵʪʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʣʦʤʢʦʩʪʴʶ ʢʘʧʠʣʣʷʨʦʚ, ʢʨʦʚʦʪʦʯʠʚʦʩʪʴʶ ʜʸʩʝʥ, ʩʥʠʞʝʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʢʦʞʠ, 

ʟʘʤʝʜʣʝʥʥʳʤ ʟʘʞʠʚʣʝʥʠʝʤ ʨʘʥ ʠ ʧʦʪʝʨʝʡ ʵʣʘʩʪʠʯʥʦʩʪʠ ʪʢʘʥʝʡ. ɼʝʬʠʮʠʪ ʚʠʪʘʤʠʥʘ C ʥʘʨʫʰʘʝʪ 

ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʘʣʴʥʳʭ ʤʝʤʙʨʘʥ ʠ ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʢʣʶʯʝʚʳʭ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʘʪʦʣʦʛʠʡ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ. ɺ ʪʷʞʸʣʳʭ ʩʣʫʯʘʷʭ 

ʨʘʟʚʠʚʘʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ð ʩʢʦʨʙʫʪ [2, 4]. 

ɺʣʠʷʥʠʝ ʚʠʪʘʤʠʥʘ C ʥʘ ʦʙʤʝʥ ʞʝʣʝʟʘ. ɸʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʧʦʤʦʛʘʝʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ 

ʪʨʝʭʚʘʣʝʥʪʥʳʝ ʠʦʥʳ ʞʝʣʝʟʘ (Feį ) ʚ ʜʚʫʭʚʘʣʝʥʪʥʳʝ (FeĮ ), ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʠʭ ʫʩʚʦʝʥʠʝ ʪʦʥʢʠʤ 

ʢʠʰʝʯʥʠʢʦʤ. ɺʠʪʘʤʠʥ ʉ ʧʦʚʳʰʘʝʪ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʞʝʣʝʟʘ ʠʟ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʠʥʪʝʟʫ ʛʝʤʦʛʣʦʙʠʥʘ. 

ɼʝʬʠʮʠʪ ʚʠʪʘʤʠʥʘ ʉ ʧʨʠʚʦʜʠʪ ʢ ʞʝʣʝʟʦʜʝʬʠʮʠʪʥʦʡ ʘʥʝʤʠʠ, ʢʦʪʦʨʘʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʩʣʘʙʦʩʪʴʶ, ʩʥʠʞʝʥʠʝʤ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʢ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʛʦʣʦʚʦʢʨʫʞʝʥʠʝʤ ʠ 

ʭʨʦʥʠʯʝʩʢʦʡ ʫʩʪʘʣʦʩʪʴʶ [5, 6, 8]. 

ɾʝʣʝʟʦ ʠʟ ʧʠʱʠ ʚʩʘʩʳʚʘʝʪʩʷ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʦʡ ʢʠʰʝʯʥʠʢʘ ʠʟ ʜʚʫʭ ʨʝʟʝʨʚʫʘʨʦʚ: 

ʛʝʤʦʚʦʝ ʠ ʥʝʛʝʤʦʚʦʝ ʞʝʣʝʟʦ. ɻʝʤʦʚʦʝ ʞʝʣʝʟʦ ʭʦʨʦʰʦ ʫʩʚʘʠʚʘʝʪʩʷ, ʘ ʚʩʘʩʳʚʘʥʠʝ ʥʝʛʝʤʦʚʦʛʦ 

ʞʝʣʝʟʘ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʧʠʱʠ. ɸʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʫʩʠʣʠʚʘʝʪ ʫʩʚʦʝʥʠʝ ʥʝʛʝʤʦʚʦʛʦ ʞʝʣʝʟʘ 
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ʠ ʤʦʞʝʪ ʧʨʦʪʠʚʦʜʝʡʩʪʚʦʚʘʪʴ ʠʥʛʠʙʠʨʫʶʱʝʤʫ ʵʬʬʝʢʪʫ ʪʘʢʠʭ ʚʝʱʝʩʪʚ, ʢʘʢ ʯʘʡ ʠ 

ʢʘʣʴʮʠʡ/ʬʦʩʬʘʪ [6]. 

ɸʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʟʘʱʠʪʘ ʢʣʝʪʦʢ. ɺʠʪʘʤʠʥ C ̫ʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ. ɽʛʦ ʤʦʣʝʢʫʣʘ ʩʧʦʩʦʙʥʘ ʙʳʩʪʨʦ ʠ ʥʝʦʙʨʘʪʠʤʦ ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ 

ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʦʚʨʝʞʜʝʥʠʝ ʣʠʧʠʜʦʚ, ʙʝʣʢʦʚ ʠ ɼʅʂ [4, 5]. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʠʪʘʤʠʥ C ʨʝʛʝʥʝʨʠʨʫʝʪ ʚʠʪʘʤʠʥ E, ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʝʛʦ ʘʢʪʠʚʥʫʶ ʬʦʨʤʫ, 

ʢʦʪʦʨʘʷ ʜʘʣʝʝ ʧʨʦʜʦʣʞʘʝʪ ʟʘʱʠʪʫ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ. ɼʝʬʠʮʠʪ ʚʠʪʘʤʠʥʘ C ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝʤ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʨʫʰʝʥʠʝʤ ʨʝʧʘʨʘʮʠʠ ʪʢʘʥʝʡ, ʫʩʢʦʨʝʥʠʝʤ 

ʢʣʝʪʦʯʥʦʛʦ ʩʪʘʨʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʨʠʩʢʘ ʭʨʦʥʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ [4, 5]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʦʟʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʠʪʘʤʠʥʘ C ʫ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʧʦʢʘʟʘʣʠ 

ʩʠʛʤʦʠʜʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʝʨʦʨʘʣʴʥʦ ʚʚʝʜʝʥʥʦʡ ʜʦʟʦʡ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʠʪʘʤʠʥʘ 

C ʚ ʧʣʘʟʤʝ ʠ ʪʢʘʥʷʭ. ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʟʳ ʠʤʝʝʪ ʞʠʟʥʝʥʥʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ 

ʠʥʪʝʨʚʝʥʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [5, 11]. 

ʋʯʘʩʪʠʝ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʞʠʚʦʪʥʳʭ, ʚʢʣʶʯʘʷ ʢʨʳʩ, 

ʩʠʥʪʝʟʠʨʫʶʪ ʚʠʪʘʤʠʥ C ʚ ʧʝʯʝʥʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʦʨʛʘʥʠʟʤ ʝʛʦ ʧʦʩʪʦʷʥʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ. 

ʆʜʥʘʢʦ ʣʶʜʠ, ʜʨʫʛʠʝ ʧʨʠʤʘʪʳ ʠ ʤʦʨʩʢʠʝ ʩʚʠʥʢʠ ʫʪʨʘʪʠʣʠ ʵʪʫ ʩʧʦʩʦʙʥʦʩʪʴ ʚʩʣʝʜʩʪʚʠʝ 

ʤʫʪʘʮʠʠ ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ ʬʝʨʤʝʥʪ ʛʫʣʦʥʦʣʘʢʪʦʥ-ʦʢʩʠʜʘʟʫ. ʇʦʵʪʦʤʫ ʯʝʣʦʚʝʢ ʧʦʣʥʦʩʪʴʶ 

ʟʘʚʠʩʠʪ ʦʪ ʧʠʱʝʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʠʪʘʤʠʥʘ C [8]. 

ʅʝʜʦʩʪʘʪʦʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʮʠʥʛʠ, ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʠʪʘʤʠʥʘ ʚ 

ʧʣʘʟʤʝ ʧʘʜʘʝʪ ʥʠʞʝ 11 ʤʢʤʦʣʴ/ʣ. ɻʠʧʦʚʠʪʘʤʠʥʦʟ C (ʧʣʘʟʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʥʠʞʝ 23 ʤʢʤʦʣʴ/ʣ) 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʫ 15% ʚʟʨʦʩʣʳʭ, ʦʩʦʙʝʥʥʦ ʩʨʝʜʠ ʙʝʨʝʤʝʥʥʳʭ ʞʝʥʱʠʥ, ʢʫʨʠʣʴʱʠʢʦʚ ʠ 

ʣʜʁʝʡ ʩ ʥʠʟʢʠʤ ʩʦʮʠʘʣʴʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʤ ʩʪʘʪʫʩʦʤ [8, 10]. 

ʈʦʣʴ ʚʠʪʘʤʠʥʘ C ʚʦ ʚʨʝʤʷ ʙʝʨʝʤʝʥʥʦʩʪʠ ʠ ʨʘʟʚʠʪʠʠ ʧʣʦʜʘ. ɿʥʘʯʝʥʠʝ ʚʠʪʘʤʠʥʘ C ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʧʣʦʜʘ ʠʟʚʝʩʪʥʦ ʜʘʚʥʦ. ɽʱʸ ʚ 1938 ʛʦʜʫ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʣʦʜ çʧʘʨʘʟʠʪʠʨʫʝʪè ʥʘ ʟʘʧʘʩʘʭ ʚʠʪʘʤʠʥʘ C ʤʘʪʝʨʠ: ʫʨʦʚʝʥʴ ʚʠʪʘʤʠʥʘ ʚ ʧʫʧʦʚʠʥʥʦʡ ʢʨʦʚʠ 

ʥʦʚʦʨʦʞʜʸʥʥʦʛʦ ʚ 2ï4 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ ʤʘʪʝʨʠ [8]. 

ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʤʦʨʩʢʠʭ ʩʚʠʥʦʢ ð ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʠʪʘʤʠʥʘ ʚ ʧʣʘʟʤʝ 

ʥʦʚʦʨʦʞʜʸʥʥʳʭ ʚʜʚʦʝ ʚʳʰʝ, ʯʝʤ ʫ ʚʟʨʦʩʣʳʭ ʩʘʤʦʢ. ʅʘ 45-ʝ ʩʫʪʢʠ ʙʝʨʝʤʝʥʥʦʩʪʠ ʫ ʤʦʨʩʢʠʭ 

ʩʚʠʥʦʢ ʫʨʦʚʝʥʴ ʚʠʪʘʤʠʥʘ C ʫ ʧʣʦʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ, ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʧʠʢʦʤ ʨʦʩʪʘ 

ʤʦʟʛʘ. ɼʝʬʠʮʠʪ ʚʠʪʘʤʠʥʘ C ʚ ʧʨʝʥʘʪʘʣʴʥʦʤ ʠʣʠ ʨʘʥʥʝʤ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʧʝʨʠʦʜʝ ʨʝʟʢʦ 

ʥʘʨʫʰʘʝʪ ʨʘʟʚʠʪʠʝ ʛʠʧʧʦʢʘʤʧʘ ʠ ʚʳʟʳʚʘʝʪ ʚʳʨʘʞʝʥʥʳʡ ʦʢʩʠʜʘʪʠʚʥʳʡ ʩʪʨʝʩʩ ʚ ʤʦʟʛʝ [8]. 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʚʠʪʘʤʠʥʘ C ʚ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ. ɺʠʪʘʤʠʥ C ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ 

ʤʦʟʛʝ ʚ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ. ʆʥ ʷʚʣʷʝʪʩʷ ʢʦʬʘʢʪʦʨʦʤ ʬʝʨʤʝʥʪʘ ʜʦʬʘʤʠʥ-ɓ-ʛʠʜʨʦʢʩʠʣʘʟʳ, 

ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʧʨʝʚʨʘʱʝʥʠʠ ʜʦʬʘʤʠʥʘ ʚ ʥʦʨʘʜʨʝʥʘʣʠʥ [3]. 

ʅʝʜʦʩʪʘʪʦʢ ʚʠʪʘʤʠʥʘ ʩʥʠʞʘʝʪ ʩʠʥʪʝʟ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ, ʫʭʫʜʰʘʝʪ ʧʘʤʷʪʴ, ʚʥʠʤʘʥʠʝ ʠ 

ʵʤʦʮʠʦʥʘʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʚʠʪʘʤʠʥ C ʟʘʱʠʱʘʝʪ ʥʝʡʨʦʥʳ ʦʪ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʦʚʨʝʞʜʝʥʠʷ, ʫʯʘʩʪʚʫʝʪ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ NMDA-ʨʝʮʝʧʪʦʨʦʚ ʠ ʤʦʞʝʪ ʩʥʠʞʘʪʴ ʨʠʩʢ 

ʨʘʟʚʠʪʠʷ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʤ ʫʨʦʚʥʝ ʚ ʦʨʛʘʥʠʟʤʝ [5, 12]. 

ɺʠʪʘʤʠʥ C ʢʘʢ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʡ ʨʝʛʫʣʷʪʦʨ. ɺʠʪʘʤʠʥ C ̫ʚʣʷʝʪʩʷ ʢʦʬʘʢʪʦʨʦʤ ʬʝʨʤʝʥʪʦʚ 

ʩʝʤʝʡʩʪʚ TET ʠ JmjC, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʜʝʤʝʪʠʣʠʨʦʚʘʥʠʠ ɼʅʂ ʠ ʛʠʩʪʦʥʦʚ. ʕʪʠ ʧʨʦʮʝʩʩʳ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ ʜʣʷ ʥʝʡʨʦʥʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʥʘʧʩʦʚ ʠ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʦʟʛʘ [2, 9]. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʠ ʣʠʧʠʜʥʳʡ ʦʙʤʝʥ. ɸʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʩʠʥʪʝʟʘ 

ʢʘʨʥʠʪʠʥʘ ð ʤʦʣʝʢʫʣʳ, ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʡ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʚ ʤʠʪʦʭʦʥʜʨʠʠ. ʇʨʠ ʜʝʬʠʮʠʪʝ 

ʢʘʨʥʠʪʠʥʘ ʥʘʨʫʰʘʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʝʨʛʠʠ, ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʩʣʘʙʦʩʪʴʶ, ʩʥʠʞʝʥʠʝʤ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʘʧʘʪʠʝʡ ʠ ʤʳʰʝʯʥʦʡ ʫʪʦʤʣʷʝʤʦʩʪʴʶ [9]. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʠʪʘʤʠʥ C ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʭʦʣʝʩʪʝʨʠʥʘ, 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʢʠʩʣʝʥʠʶ ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʧʨʦʬʠʣʘʢʪʠʢʝ ʘʪʝʨʦʩʢʣʝʨʦʟʘ [4, 9]. 

ʂʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʜʝʬʠʮʠʪʘ ʚʠʪʘʤʠʥʘ C. ɼʝʬʠʮʠʪ ʚʠʪʘʤʠʥʘ C ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ 

ʧʦ-ʨʘʟʥʦʤʫ: ʦʪ ʣʸʛʢʦʡ ʫʩʪʘʣʦʩʪʠ ʜʦ ʪʷʞʸʣʳʭ ʩʠʩʪʝʤʥʳʭ ʥʘʨʫʰʝʥʠʡ. ʆʩʥʦʚʥʳʝ ʩʠʤʧʪʦʤʳ 

ʚʢʣʶʯʘʶʪ: ʢʨʦʚʦʪʦʯʠʚʦʩʪʴ ʜʸʩʝʥ; ʧʦʚʳʰʝʥʥʫʶ ʣʦʤʢʦʩʪʴ ʩʦʩʫʜʦʚ; ʧʝʪʝʭʠʠ ʠ ʩʠʥʷʢʠ; 

ʚʳʧʘʜʝʥʠʝ ʚʦʣʦʩ; ʭʨʦʥʠʯʝʩʢʫʶ ʫʩʪʘʣʦʩʪʴ; ʦʩʣʘʙʣʝʥʠʝ ʠʤʤʫʥʠʪʝʪʘ; ʘʥʝʤʠʶ; ʫʭʫʜʰʝʥʠʝ 

ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ. ɺ ʪʷʞʸʣʦʡ ʬʦʨʤʝ ʨʘʟʚʠʚʘʝʪʩʷ ʩʢʦʨʙʫʪ ð ʟʘʙʦʣʝʚʘʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ 

ʜʝʛʝʥʝʨʘʮʠʝʡ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ [1, 2, 8]. 

ʊʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚʠʪʘʤʠʥʘ C. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ 

ʚʠʪʘʤʠʥ C ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ. ɺʳʩʦʢʠʝ ʜʦʟʳ ʚʠʪʘʤʠʥʘ C 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʨʠ ʣʝʯʝʥʠʠ ʠʥʬʝʢʮʠʡ, ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʦʙʩʫʞʜʘʝʪʩʷ ʝʛʦ ʨʦʣʴ ʚ ʦʥʢʦʪʝʨʘʧʠʠ. ɹʣʘʛʦʜʘʨʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤ 

ʩʚʦʡʩʪʚʘʤ ʚʠʪʘʤʠʥ C ʩʧʦʩʦʙʝʥ ʩʥʠʞʘʪʴ ʫʨʦʚʝʥʴ ʚʦʩʧʘʣʝʥʠʷ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʠʤʤʫʥʠʪʝʪ ʠ 

ʫʣʫʯʰʘʪʴ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʦʨʛʘʥʠʟʤʘ [6, 9, 10]. 

ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʠʪʘʤʠʥ C ̫ ʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʫʯʘʩʪʥʠʢʦʤ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ɽʛʦ ʜʝʬʠʮʠʪ ʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʫ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ ð 

ʦʪ ʢʦʞʠ ʜʦ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʩʪʦʪʫ ʧʦʣʫʯʝʥʠʷ ʚʠʪʘʤʠʥʘ ʩ ʧʠʱʝʡ, ʝʛʦ 

ʥʝʜʦʩʪʘʪʦʢ ʚʩʪʨʝʯʘʝʪʩʷ ʯʘʩʪʦ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤ ʧʠʪʘʥʠʠ, ʭʨʦʥʠʯʝʩʢʦʤ ʩʪʨʝʩʩʝ ʠ 

ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʝʨʝʩʤʦʪʨʘ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʥʦʨʤ ʧʦʪʨʝʙʣʝʥʠʷ ʚʠʪʘʤʠʥʘ C ʩ ʫʯʸʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʨʛʘʥʠʟʤʘ ʠ ʫʨʦʚʥʷ ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʩʪʨʝʩʩʘ [1, 5, 8]. 

ɺʠʪʘʤʠʥ C ð ʢʣʶʯʝʚʦʡ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʣʣʘʛʝʥʘ, 

ʦʙʤʝʥʘ ʞʝʣʝʟʘ, ʨʘʙʦʪʳ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ 

ʟʘʱʠʪʳ. ɼʝʬʠʮʠʪ ʚʠʪʘʤʠʥʘ C ʧʨʠʚʦʜʠʪ ʢ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʥʘʨʫʰʝʥʠʡ, ʚʢʣʶʯʘʷ ʘʥʝʤʠʶ, 

ʩʥʠʞʝʥʠʝ ʠʤʤʫʥʠʪʝʪʘ, ʢʦʛʥʠʪʠʚʥʳʝ ʥʘʨʫʰʝʥʠʷ ʠ ʧʦʚʨʝʞʜʝʥʠʝ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʘʜʝʢʚʘʪʥʦʛʦ ʫʨʦʚʥʷ ʚʠʪʘʤʠʥʘ C ̫ ʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʧʨʦʬʠʣʘʢʪʠʢʠ 

ʭʨʦʥʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ [12]. 
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Abstract. This paper considers the ecological condition of Khojasan Lake on the Absheron 

Peninsula by drawing together available monitoring data and technical reports that describe recent 

changes in the lakeôs water quality. A multi-parameter monitoring programme was implemented in 

2023ï2025, covering 41 physicochemical and hydrochemical indicators measured at three water 

depths. The analysis reflects how long-standing industrial use of the territory, rapid urban expansion, 

and alterations of natural drainage systems have shaped the current hydrochemical profile of the lake. 

The discussion focuses on several groups of indicators that are commonly applied in environmental 

assessmentsðsalinity, nutrient enrichment, organic load, and suspended matterðbecause they 

provide the clearest picture of ongoing degradation processes. In parallel, the paper reviews 

technological options that have been proposed for improving water quality in arid and semi-arid 

regions, with particular attention to solar-powered treatment units, modified filtration systems, and 

low-maintenance monitoring devices suitable for continuous observation. A pilot MMF unit supplied 

by a photovoltaic array was operated under real field conditions. The treatment demonstrated 

substantial improvements in key performance metrics, including marked decreases in turbidity, 

chemical oxygen demand, and biochemical oxygen demand, and notable reductions in dissolved 

metals such as iron, manganese, zinc, and others. Bringing these strands together makes it possible 

to identify the pressures that are most influential for Khojasan Lake today and to outline practical 

directions for future monitoring and management. The material is intended to serve as a consolidated 

reference for specialists involved in the restoration of inland water bodies on the Absheron Peninsula. 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʟʝʨʘ ʍʦʜʞʘʩʘʥ ʥʘ ɸʧʰʝʨʦʥʩʢʦʤ 

ʧʦʣʫʦʩʪʨʦʚʝ ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʦʪʯʝʪʦʚ, 
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ʦʧʠʩʳʚʘʶʱʠʭ ʥʝʜʘʚʥʠʝ ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʦʟʝʨʝ. ɺ 2023ï2025 ʛʦʜʘʭ ʙʳʣʘ 

ʨʝʘʣʠʟʦʚʘʥʘ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʭʚʘʪʳʚʘʶʱʘʷ 41 ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʡ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ, ʠʟʤʝʨʝʥʥʳʡ ʥʘ ʪʨʝʭ ʛʣʫʙʠʥʘʭ. ɸʥʘʣʠʟ ʦʪʨʘʞʘʝʪ, 

ʢʘʢ ʜʣʠʪʝʣʴʥʦʝ ʧʨʦʤʳʰʣʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ, ʙʳʩʪʨʦʝ ʨʘʩʰʠʨʝʥʠʝ ʛʦʨʦʜʦʚ ʠ 

ʠʟʤʝʥʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʜʨʝʥʘʞʥʳʭ ʩʠʩʪʝʤ ʩʬʦʨʤʠʨʦʚʘʣʠ ʪʝʢʫʱʠʡ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ 

ʧʨʦʬʠʣʴ ʦʟʝʨʘ. ʆʙʩʫʞʜʝʥʠʝ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʛʨʫʧʧʘʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ 

ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʮʝʥʢʘʭ ð ʩʦʣʝʥʦʩʪʴ, ʦʙʦʛʘʱʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ, ʦʨʛʘʥʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʠ ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, ð ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʜʘʶʪ ʥʘʠʙʦʣʝʝ 

ʯʝʪʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʝʢʫʱʠʭ ʧʨʦʮʝʩʩʘʭ ʜʝʛʨʘʜʘʮʠʠ. ʇʘʨʘʣʣʝʣʴʥʦ ʚ ʩʪʘʪʴʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ 

ʟʘʩʫʰʣʠʚʳʭ ʠ ʧʦʣʫʟʘʩʫʰʣʠʚʳʭ ʨʝʛʠʦʥʘʭ, ʩ ʦʩʦʙʳʤ ʚʥʠʤʘʥʠʝʤ ʢ ʫʩʪʘʥʦʚʢʘʤ ʦʯʠʩʪʢʠ, 

ʨʘʙʦʪʘʶʱʠʤ ʥʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʩʠʩʪʝʤʘʤ ʬʠʣʴʪʨʘʮʠʠ ʠ 

ʤʘʣʦʦʙʩʣʫʞʠʚʘʝʤʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʤʦʥʠʪʦʨʠʥʛʘ, ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ. 

ʇʠʣʦʪʥʘʷ ʫʩʪʘʥʦʚʢʘ MMF, ʧʠʪʘʝʤʘʷ ʦʪ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʙʘʪʘʨʝʠ, ʨʘʙʦʪʘʣʘ ʚ ʨʝʘʣʴʥʳʭ 

ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ʆʙʨʘʙʦʪʢʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʢʣʶʯʝʚʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʟʘʤʝʪʥʦʝ ʩʥʠʞʝʥʠʝ ʤʫʪʥʦʩʪʠ, ʭʠʤʠʯʝʩʢʦʛʦ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʞʝʣʝʟʦ, ʤʘʨʛʘʥʝʮ, ʮʠʥʢ ʠ ʜʨ. ʆʙʲʝʜʠʥʝʥʠʝ ʵʪʠʭ ʜʘʥʥʳʭ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʦʟʝʨʦ ʍʦʜʞʘʩʘʥ 

ʩʝʛʦʜʥʷ, ʠ ʥʘʤʝʪʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʙʫʜʫʱʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ. 

ɼʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʚʦʜʥʦʛʦ ʩʧʨʘʚʦʯʥʠʢʘ ʜʣʷ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʦʝʤʦʚ ʥʘ ɸʧʰʝʨʦʥʩʢʦʤ 

ʧʦʣʫʦʩʪʨʦʚʝ.  

 

Keywords: Absheron Peninsula, lake treatment, Multi-media filtration, lake monitoring, water 

quality. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʧʰʝʨʦʥʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚ, ʦʯʠʩʪʢʘ ʦʟʝʨ, ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʘʷ 

ʬʠʣʴʪʨʘʮʠʷ, ʤʦʥʠʪʦʨʠʥʛ ʦʟʝʨ, ʢʘʯʝʩʪʚʦ ʚʦʜʳ. 

 

The Absheron Peninsula occupies a distinctive place in the physical geography of Azerbaijan. 

Within a relatively compact territory of about two thousand square kilometres lies an unusually dense 

network of lakes, shallow depressions, and intermittent water bodies. Their origin is far from uniform. 

Some emerged through natural tectonic movements or the gradual isolation of former coastal lagoons, 

while others took shape as a result of long-term human interference with the landscape [1].  

Today, roughly one hundred lakes are recorded across the peninsula, which is substantially 

higher than both the national average and the global proportion of lake-covered land. This density 

alone indicates that Absheronôs limnological setting cannot be understood without considering a 

combination of climatic, geological, and anthropogenic factors. 

Climatic conditions are among the most decisive influences on local hydrology. The peninsula 

lies within a dry, moderately warm semi-desert zone. Annual precipitation remains low-typically 

between 150 and 300 millimetres-and is spread unevenly throughout the year. In contrast, evaporation 

rates are extremely high, often three to four times greater than incoming precipitation. Such an 

imbalance leaves most closed basins in a state of chronic water deficit. Over time, this leads to 

elevated mineralisation, fluctuating water levels, and marked sensitivity to the slightest shift in 

hydrological inputs. As a result, nearby lakes may differ considerably in salinity, nutrient 

concentrations, and biological productivity despite their geographic proximity. 
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Morphological differences reinforce this variability. Some lakes are shallow water bodies with 

a limited littoral zone, whereas others exhibit thick sequences of accumulated sediments. These 

deposits, which reach ten metres in Masazir Lake and several metres in Boyukshor and Mirzaladi, 

reflect a long history of sedimentation shaped by changing climates, past Caspian Sea levels, and 

human land use. Today, these sediments not only preserve information about past environmental 

conditions but also influence current geochemical and thermal processes within the lakes. 

Anthropogenic activity, however, is the factor that has most profoundly reshaped the 

peninsulaôs aquatic systems. Since the nineteenth century, Absheron has served as a centre of 

industrial development-initially for oil extraction and later for a wide range of urban and economic 

activities. Wastewater from households and industry entered many lakes for decades without any 

form of treatment. In some cases, this led to an expansion of water surface area and a reduction in 

salinity due to continuous dilution; in others, lakes were partially filled or drained entirely to make 

space for roads, residential districts, or industrial sites. These changes have fundamentally altered 

hydrological patterns and accelerated ecological degradation. Chemical pollution remains one of the 

most serious concerns. Petroleum residues, heavy metals such as lead, cadmium, mercury, and 

chromium, and persistent organic pollutants have accumulated in both water and sediments [2].  

Equally problematic is nutrient-rich runoff from surrounding urban areas, carrying nitrates, 

phosphates, detergents, microplastics, and pesticide residues. The penetration of mineralised 

groundwater, often triggered by the disruption of natural aquifers, contributes to secondary 

salinisation and shifts in ionic composition. These processes have collectively led to a decline in 

biodiversity, increased eutrophication, and a reduction in the ecological stability of many lakes [3]. 

Given this variety of pressures, Absheronôs lakes can be divided into two broad groups: those 

that retain features of relatively undisturbed ecosystems and those whose structures have been deeply 

altered by human activity. The second category, unfortunately, now dominates. What makes these 

lakes particularly noteworthy is the way natural and human-driven forces intertwine, creating 

ecological systems that cannot be managed effectively without acknowledging this dual character. 

In this context, the lakes of the Absheron Peninsula offer a rare opportunity for integrated 

environmental study. They serve as examples of how arid-climate hydrology, geomorphological 

diversity, industrial development, and modern urbanisation interact within a confined geographical 

space. Understanding their evolution and present condition is essential not only for assessing 

ecological risks but also for identifying realistic pathways for restoration and sustainable management 

in semi-arid coastal environments. 

 

Materials and Methods 

Purpose and Research Tasks. The current water-management context in arid and semi-arid 

regions ð including the Absheron Peninsula- shows that long-standing approaches to agricultural 

water supply no longer meet modern ecological and technological demands. Increasing solar 

exposure, low natural humidity, and the extensive anthropogenic transformation of local water bodies 

have created a setting in which traditional irrigation sources are no longer sustainable. This situation 

requires the development of adaptive, resource-efficient, and renewable solutions. The climatic 

conditions of Absheron, where high solar irradiance is combined with progressive degradation of lake 

ecosystems, make the region an appropriate testing ground for solar-powered water-treatment 

technologies. The purpose of this research is to develop a scientifically grounded and technically 

feasible model for treating lake water using a solar-energy-driven multimedia filtration system 

tailored to the needs of regional agriculture [4].  

Achieving this objective involves several interconnected tasks: identifying the dominant 

pollutants in lake water; designing and testing a modified three-layer multimedia filter capable of 
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autonomous operation using photovoltaic energy; and comparing the treated water with national and 

international quality standards for irrigation. These comparisons allow for an assessment of the 

waterôs suitability for agricultural use, the formulation of operational regimes for the filtration unit, 

and the calculation of key environmental and economic sustainability indicators such as Water Use 

Efficiency (WUE), Energy Return on Investment (EROI), and Carbon Offset Potential (COp). The 

research also aims to propose policy recommendations aligned with the United Nations Sustainable 

Development Goals, especially SDG 6 (Clean Water and Sanitation) and SDG 7 (Affordable and 

Clean Energy). The study introduces an original configuration of the multimedia filter (MMF) 

combined with a solar power system designed to ensure full energy independence of the treatment 

process. The system is optimized for conditions relevant to irrigation: salinity tolerance, reduced 

toxicity, and minimal clogging risk for drip and sprinkler systems. 

 

Monitoring Framework and Sampling Design 

Fieldwork was conducted at Lake Khojasan, one of the most ecologically vulnerable and 

industrially stressed water bodies on the Absheron Peninsula. Monitoring followed a two-level 

design. A fixed index station located at 40.4049° N, 49.7722° E was sampled during every field 

campaign, ensuring continuity of observations. In addition, two extended profiles with vertical 

sampling were completed to capture seasonal stratification and internal loading processes. 

Measurements were taken at three depths ð 0.5 m, 2.0 m, and 3.7 m ð corresponding respectively 

to the photic surface layer, the mid-depth representative of the lakeôs typical profile, and the near-

bottom layer positioned approximately 30 cm above the sediment boundary  (Table 1). 
 

Table 1  

COORDINATES OF MONITORING STATIONS 
 

Code Position Coordinates Rationale 
KHS-1 (central 

station) 
Deep-water 

core 
40.4009Á N, 

49.7789Á E 
Minimal influence from shoreline inputs; control of 

background aeration and stratification. 
KHS-2 

(inflow/drainage 

sector) 

Index coastal 

zone 
40.4049Á N, 

49.7722Á E 
Area of maximum anthropogenic load from 

settlement drainage and stormwater; monitoring 

ñinput quality.ò 
KHS-3 

(accumulative 

coastal sector) 

Downwind 

deposition 

zone 

40.3950Á N, 

49.7844Á E 
Typical zone for sedimentation and accumulation of 

dissolved pollutants; assessment of ñend-pointò 

quality. 
 

All samples were registered through a field logbook and a chain-of-custody (CoC) system. The 

full analytical suite included 41 parameters, covering turbidity, COD, BOD, chloride ions, 

surfactants, phenols, and a range of heavy metals. Laboratory analyses were performed in certified 

Baku laboratories following WHO-aligned procedures. Initial water quality was classified as critical: 

COD reached up to 250 mg/L, turbidity exceeded 30 NTU, and iron and chloride concentrations were 

significantly above regulatory limits. 

Experimental Filtration System. The field experiments employed a modified multimedia 

filtration system with three layers: anthracite, fine sand, and coarse sand. The filtration unit was 

powered by photovoltaic panels with a total installed capacity of 50 kW, supplying energy for 

pumping and for the automated backwashing system. Water quality was monitored before and after 

each filtration stage. The system achieved a 97.5 percent reduction in COD, a reduction of turbidity 

by more than 95 percent, and a decrease in heavy-metal concentrations to below detection limits. The 

removal of surfactants and phenols was comparatively less efficient, indicating the need for an 

additional polishing step such as activated carbon or ozonation. 
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Implementation Site. Lake Khojasan ranks among the most polluted lakes on the Absheron 

Peninsula, a condition shaped by decades of sustained industrial and domestic pressure (Figure 1). 

Numerous environmental assessments show that several Absheron lakes, including Khojasan, contain 

extremely high concentrations of petroleum residues, volatile organic compounds such as benzene 

and toluene, polycyclic aromatic hydrocarbons, heavy metals, and a range of secondary contaminants. 

The lake continues to receive untreated wastewater from nearby settlements, stormwater from densely 

urbanized surfaces, and, in some cases, direct discharges from active oil wells in the surrounding area. 

 

 
 

Figure 1. Location of Khojasan Lake 

 

These inputs have resulted in elevated turbidity, significant organic contamination, and 

systematic exceedances of acceptable limits for multiple chemical indicators. Before filtration, the 

surface waters exhibited extremely high turbidity, together with elevated concentrations of chlorides 

and ironðclear signs of advanced mineralisation and long-term technogenic pollution. From an 

engineering and ecological perspective, Lake Khojasan encapsulates the full spectrum of challenges 

typical for the region: oil-derived contamination, domestic sewage inflows, eutrophication, and 

salinisation. Together, these factors render the water unsuitable for irrigation without prior treatment. 

Addressing such a complex contamination profile underscores the relevance of deploying a pilot 

multimedia filtration (MMF) system; demonstrating effective removal of petroleum-organic 

compounds and heavy metals under real and severe pollution conditions would serve as a strong 

indicator of the technologyôs practical viability. 

The lake and its surrounding territory are also subject to substantial water-use pressure, which 

increases the strategic importance of reclaiming water for productive use. The catchment area of 

roughly 5.3 km² includes both urban settlements and agricultural plots. Approximately 321 hectares 

of green space depend on irrigation; of these, about 200 hectares represent farmlands, orchards, and 
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plantations requiring regular watering, while the remaining ð 121 hectares consist of parks and 

recreational zones. In semi-arid climates, irrigation needs are estimated at around 50 m³ per hectare 

per day according to FAO recommendations, implying a total daily demand exceeding 10,000 m³ [4]. 

Supplying this volume of high-quality water is impossible without effective treatment and rational 

water-resource management. 

Infrastructure around the lake remains insufficient for ensuring environmental safety, which 

paradoxically strengthens its relevance as a pilot site. The settlement of Khojasan lacks a centralized 

sewage system, and historically both domestic wastewater and storm runoff discharged directly into 

the lake. Oil-extraction infrastructure nearby has also contributed to contamination. Although 

governmental agencies have begun remediation effortsðincluding shoreline clean-ups and plans for 

municipal wastewater treatmentðthese initiatives are not yet complete. A mobile solar-powered 

MMF system can therefore effectively bridge this gap: while large treatment plants are being designed 

and constructed, a localized filtration unit can provide immediate improvement in water quality for 

agricultural and municipal use. The presence of a single regulated outflow at the southern end of the 

lake simplifies engineering arrangements for water intake and distribution through the system. 

From a technical standpoint, the size and morphology of Lake Khojasan make it well suited for 

a pilot deployment. With an area of about 1.82 km² and an average depth of roughly four meters, the 

lake is compact enough to permit efficient monitoring and installation yet large enough to 

meaningfully test filtration performance under field conditions. These features make the lake a 

practical testing ground: the need for clean water is clear, basic operational conditions exist, and 

treated water can be applied immediately to nearby agricultural land and public green areas. 

Beyond technical considerations, the lake holds ecological and social significance. Located in 

the western part of Baku, Khojasan historically formed part of the local natural landscape and offered 

recreational value to residents. Although degraded, the lake still hosts various species of flora and 

fauna, including semi-desert plants and migratory birds. Tamarisk and reed communities are present, 

and protective belts of Eldar pine have been planted along parts of the shoreline. Winter months often 

attract diverse bird species. Improving water quality would therefore directly support biodiversity and 

the ecological stability of the surrounding area. 

For local communities, the benefits of restoring the lake are tangible. Evaporation from polluted 

surfaces can release unpleasant odours and airborne contaminants, posing risks to public health and 

reducing the attractiveness of residential areas. Cleaner water would enhance the environment, 

increase recreational potential, and support the use of treated water for household gardens, public 

parks, urban plantings, and agricultural production. In combination, these effects carry considerable 

socioeconomic value: roughly 200 hectares of peri-urban agricultural land could be supplied with 

irrigation water, while recreational assets and nearby property values would also benefit. A 

demonstrated improvement in water quality through the MMF pilot would likely generate strong 

public support and serve as a model for sustainable environmental practices elsewhere in the region. 

Importantly, Lake Khojasan represents a typical case within Absheron. Many lakes on the 

peninsula face similar pressuresðoil-industry legacy pollution, domestic wastewater inflow, and 

salinisation driven by the semi-arid climate. Khojasan appears alongside Boyukshor, Binagadi, 

Lokbatan, and others on the list of the most problematic water bodies, all of which show comparable 

contaminant profiles. Successfully operating an integrated treatment system at Khojasan would 

therefore provide knowledge and technical experience applicable to other contaminated lakes in the 

region. If the MMF system proves capable of treating water to irrigation standards here, it can be 

confidently proposed for broader replication. 

Finally, Khojasan offers a full set of conditions needed to test the durability and adaptability of 

a sustainable treatment technology. The lake contains different groups of pollutantsðsuspended 
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solids, organic matter, and dissolved metalsðallowing evaluation of the filterôs performance across 

a wide range of contaminants. Seasonal climatic variability, from intense summer radiance to cooler 

windy winter conditions, challenges the solar-energy subsystem and provides insight into year-round 

reliability. Existing infrastructure limitations allow for a genuine assessment of the systemôs 

autonomy. In this sense, the pilot project at Khojasan provides maximum representativeness: it 

encompasses environmental, technical, and operational factors characteristic of the wider region. 

Given its location, size, ecological condition, and strategic relevance, Lake Khojasan offers an 

optimal environment for testing and validating a solar-powered multimedia filtration system. Its 

proximity to Baku simplifies logistics and monitoring, while ongoing governmental remediation 

initiatives create favourable conditions for integrating innovative solutions. Together, these factors 

make Khojasan not only a practical pilot site but also a meaningful demonstration platform for 

sustainable water-treatment technologies across Absheron. 

Structure and Operating Principles of the Filtration System. Integrating solar energy into the 

operation of multimedia filtration (MMF) systems represents a promising and resource-efficient 

approach for improving the quality of surface water intended for agricultural use. Such technologies 

are particularly relevant in arid and semi-arid regionsðincluding the Absheron Peninsulaðwhere 

access to clean irrigation water is limited and water bodies are subjected to continuous anthropogenic 

stress. The use of renewable energy not only reduces operating costs but also lowers the carbon 

footprint of water-treatment processes, aligning the system with the objectives of sustainable 

development (SDG 6 and SDG 7) and national strategies for emission reduction. 

Water treatment begins with the intake of raw lake water into a preliminary storage reservoir. 

This step facilitates the settling of suspended solids and helps stabilise hydraulic flow before filtration. 

The preparatory stage is widely adopted in international water-treatment practice because it protects 

downstream filtration components from hydraulic overload. From the reservoir, water is pumped 

through the system using a solar-powered pump supplied by photovoltaic (PV) modules. The pump 

maintains the steady pressure and flow rate required for achieving uniform filtration velocities. 

At the core of the technological scheme is a multimedia filtration unit composed of sequential 

layers of coarse quartz sand, fine sand, and anthracite (Figure 2). 

This configuration enables a gradual removal of suspended particles, organic compounds, and 

dissolved heavy-metal ions. As water passes through the filter bed, turbidity decreases, chemical and 

biochemical oxygen demand (COD and BOD) are reduced, and concentrations of chlorides and other 

toxic contaminants decline. Comparable MMF systems have been applied in regions with similar 

climatic constraintsðfor example in Iran and Indiaðwhere they successfully removed suspended 

matter, iron, and various organic pollutants to levels meeting FAO irrigation standards. 

The filtration mechanism relies on the stepwise capture of contaminants. Anthracite, which has 

high sorption capacity and low density, effectively traps larger organic fractions and fine particulates. 

The fine-sand layer enhances purification by capturing particles as small as 10 micrometres. The 

lower layer of coarse sand provides additional removal of large solids and ensures a more even 

distribution of water across the filter bed. Together, these layers achieve high-quality filtration while 

maintaining balanced hydraulic resistance ð an important feature when the system operates on 

variable renewable-energy inputs. A key component of the systemôs energy autonomy is the 

photovoltaic array, which converts solar radiation into electricity used to power both the main pump 

and the air-blower unit responsible for regenerating the filtration media. Periodic backwashing is 

essential for restoring the permeability and sorption capacity of the filter layers. In this installation, 

backwashing is performed automatically, preventing clogging and enabling long-term operation 

without the need for frequent manual maintenance. 
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Figure 2. Solar-powered water treatment system 

 

After passing through the filtration layers, treated water collects in a secondary storage tank, 

where it undergoes routine quality control (Figure 3). Parameters such as turbidity, pH, chloride 

concentration, salinity, and residual organic contamination are checked to ensure compliance with 

international irrigation-water guidelines (FAO, 1985).  

 
 

Figure 3. Modified Multi-media filter 
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The target values ð turbidity below 5 NTU, COD below 10 mg/L, chloride concentration not 

exceeding 350 mg/L, and the absence of detectable heavy metals ð reflect criteria that safeguard 

both agricultural soils and crop health. 

The engineering schematic presented in Figure 6 illustrates the complete technological 

sequenceðfrom initial water abstraction to the distribution of treated water. The layout demonstrates 

the integration of mechanical, energetic, and service components into a unified, sustainable platform. 

The modular design of the filtration unit supports both scalability and adaptability: the system can be 

installed in small agricultural holdings or at municipal facilities, and its productivity can be increased 

by operating multiple filtration modules in parallel. 

Taken together, this solar-powered MMF installation represents a representative model of 

sustainable water treatment for semi-arid environments. By combining advances in photovoltaic 

energy conversion, hydraulic filtration, and environmental engineering, it demonstrates that even 

severely polluted lake water can be reliably treated to irrigation standards without connection to 

central utilities and with minimal operational costs. 

Comparative Analysis of Lake Khojasan Water Quality Prior to and Following MMF 

Filtration. The paired datasets for 2023ï2025, measured at three depths before and after passage 

through the modified multimedia filter (MMF), show that the system delivers a substantial 

improvement in most key physico-chemical parameters relevant to irrigation water. 

From a physical perspective, the filter behaves exactly as expected for a granular multimedia 

system. Mean turbidity decreases from approximately 31.4 NTU in untreated lake water to about 1.4 

NTU after MMF treatment, corresponding to a removal efficiency of roughly 95%. This level of 

clarification is consistent with published performance of properly designed multimedia filters, which 

routinely achieve high removal of suspended solids and colloids by combining layers of anthracite 

and sand. The significant reduction in ñresidue at 105°Cò (a proxy for total dissolved and suspended 

solids) from about 1660 mg/L to 1200 mg/L indicates that the system also reduces the overall mass 

of dissolved-salt and particulate load, though to a lesser extent than turbidity, which is dominated by 

particulate removal. 

Chemical oxygen demand (COD) and biochemical oxygen demand (BOD ) show similarly 

robust improvements. Depth-averaged COD declines from about 124 mg O /L to 36 mg O /L, an 

approximate reduction of 70%. BOD  is reduced from around 38 mg O /L to about 10 mg O/L, a 

decrease of roughly three-quarters. These values bring the treated water close to, or within, the COD 

and BOD thresholds typically used in surface-water reuse standards and national norms.  Such 

behaviour is characteristic of multimedia filtration in cases where a significant fraction of organic 

matter is present in particulate or colloidal form; the filter removes much of the particle-bound organic 

load, while truly dissolved refractory organic compounds are only partially affected. 

The evolution of nutrient and organic-micropollutant indicators highlights both the strengths 

and the limits of the MMF configuration. Nitrate-nitrogen remains low in both datasets, with only a 

slight increase in mean concentration after treatment, which can be interpreted as within the range of 

analytical and seasonal variability. Nitrite-nitrogen, by contrast, drops by about a factor of four, 

indicating effective oxidation or removal of reduced nitrogen species, which is favourable from a 

toxicity standpoint. Phosphate-phosphorus concentrations decline from an average of roughly 3.4 

mg/L to about 1.3 mg/L, suggesting that the mineral media provide some sorptive capacity for 

phosphate or that a portion of particulate phosphorus is removed together with suspended solids. 

These post-treatment levels fall below many reuse guideline values for phosphorus in irrigation water, 

which primarily aim to prevent excessive eutrophication and clogging of distribution systems [5]. 

The behaviour of surfactants (MBAS) and phenols is more conservative. Anionic surfactants 

remain in the 1.5ï1.8 mg/L range before and after treatment, significantly above typical guideline 
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values around 0.5 mg/L for surface-water reuse. Phenols are reported below detection limits in both 

datasets, making it difficult to draw firm conclusions about their removal. This pattern is consistent 

with broader experience: granular multimedia filters are not primarily designed for the removal of 

dissolved synthetic organics, and effective treatment of surfactants and trace organics usually requires 

additional steps such as activated carbon adsorption or advanced oxidation [6].  

The residual MBAS concentration therefore supports your recommendation to integrate a 

polishing stage (e.g., GAC or ozonation) if the water is to be used in more sensitive applications or 

where national requirements for surfactants are strict. Salinity and major-ion chemistry are central for 

assessing suitability for irrigation according to FAO and related guidelines [4].  

Average salinity decreases modestly from about 1.25 ă to close to 1.0 ă after filtration, 

placing the treated water near the lower boundary of the ñslight to moderateò salinity hazard category 

for many crops, depending on soil texture and crop salt tolerance. Chloride concentrations show a 

more pronounced improvement: the depth-averaged value falls from roughly 523 mg/L to about 289 

mg/L, representing a reduction of ~45% and bringing the water below the 350 mg/L limit adopted in 

the national standard. At the same time, sodium concentrations remain high, only slightly reduced 

from ~236 mg/L to ~208 mg/L on average. Given the relatively moderate levels of calcium and 

magnesium, this implies that the sodium adsorption ratio (SAR)ðalthough not explicitly calculated 

hereðmay still be of concern for long-term irrigation on sensitive soils, in line with FAO guidance 

on sodicity and specific-ion toxicity [4].  

In practical terms, the MMF clearly improves salinity and chloride toxicity risk, but the water 

would still need careful management (e.g., blending, leaching fractions, salt-tolerant crops) to avoid 

gradual soil degradation [7]. 

Heavy metals and trace elements show some of the most striking changes. The average iron 

concentration falls from approximately 83 µg/L to about 7 µg/L, corresponding to more than 90 % 

removal. Manganese is reduced from around 135 µg/L to below 3 µg/L, i.e., a removal efficiency on 

the order of 98 %. Zinc drops into the low single-digit µg/L range and remains below the national 

limit. These results are consistent with reports that multimedia filters, especially when combined with 

appropriate media and redox conditions, are effective in removing particulate and colloid-bound iron, 

manganese, and similar metals [8].  

Vanadium concentrations, which were initially low, fall below detection limits after treatment. 

Boron, an important parameter for irrigation water because of its toxicity to many crops at relatively 

low concentrations, declines from an average of about 0.88 mg/L (å 882 Õg/L) to roughly 0.38 mg/L 

(å 376 Õg/L). This is a significant improvement, but the treated values still lie close to or slightly 

above the threshold at which more sensitive crops may start to show yield reductions, according to 

FAO and other international guidance [4].  

In practice, this means that the MMF substantially mitigates boron hazard but does not fully 

eliminate it; crop selection and irrigation management remain important. 

Not all trace-element trends are favourable. Arsenic and barium exhibit apparent increases in 

concentration after treatment, particularly at depth. Several mechanisms may contribute to this 

behaviour, including desorption from filter media, changes in redox speciation, or concentration 

effects due to partial removal of other components. Similar phenomena have been reported in studies 

where filtration or adsorption processes alter speciation and mobilize previously immobilized 

elements [9]. In the present context, even the highest measured arsenic concentrations (up to 37 µg/L 

at depth) still fall near or above the 10 µg/L drinking-water guideline but are less critical in an 

irrigation setting; nevertheless, they warrant attention if any future reuse options beyond irrigation 

are considered, or if local regulations for irrigation water include stricter trace-element criteria. 
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Taken together, the pre- and post-treatment data confirm that the solar-powered MMF system 

behaves as an effective advanced pretreatment unit for highly degraded lake water. It delivers strong 

reductions in turbidity, suspended solids, COD, BOD , iron, manganese, and several other metals, 

and significantly improves chloride, phosphate, and boron levels. These outcomes are consistent with 

the broader literature on multimedia filters and on solar-powered filtration systems for water reuse in 

arid and semi-arid regions, which report high robustness, low operating costs, and good compatibility 

with decentralized applications [9].  At the same time, the system is less effective for dissolved 

surfactants and some trace elements, underscoring the need for complementary polishing steps where 

stricter standards or more sensitive uses are envisaged (Table 2, 3). 
 

Table 2  

MEAN WATER-QUALITY PARAMETERS OF LAKE KHOJASAN (2023ï2025) 

BEFORE TREATMENT BY THE MODIFIED MULTIMEDIA FILTER (MMF) 
 

Parameter Unit Surface Mid-depth Bottom Limit  (MAC) Standard 

pH ï 7.98 7.88 7.79 6.5ï8.5 AZS 929:2013 

Turbidity NTU 31.0 30.8 32.3 Ò 50 GOST 3351-74 

Salinity ă 1.24 1.27 1.27 Ò 1.0 EPA Secondary Reg. 

COD mg O /L 102 250 19 Ò 30 AZS 929:2013 

BOD mg O /L 50 60 5 Ò 3 AZS 929:2013 

Chlorides mg/L 803 383.4 383 Ò 350 AZS 929:2013 

Sulfates (SO Į ) mg/L 153 186 0 Ò 500 AZS 929:2013 

Free chlorine mg/L 0 0 0 0.3 AZS 581:2009 

Nitrate-N mg/L 0.50 <0.40 0.48 Ò 10 AZS 929:2013 

Nitrite-N mg/L 0.12 <0.006 <0.006 Ò 0.08 AZS 929:2013 

Cyanides mg/L <0.01 <0.01 <0.01 Ò 0.035 EPA 822-R-01-001 

MBAS mg/L 1.44 1.83 1.62 Ò 0.5 GOST 27065-86 

Phenols mg/L <0.005 <0.005 <0.005 Ò 0.001 GOST 27653-88 

Phosphates mg/L 3.2 3.0 4.1 Ò 3.5 GOST 

Total alkalinity mg-eq/L 6.66 6.86 6.10 ð GOST 

Carbonates mg/L 0 0 0 ð GOST 

Bicarbonates mg/L 406 406 425 ð GOST 

Total hardness mg/L CaCO 417 420 414 Ò 7 mg-eq/L AZS 929:2013 

Residue 105ÁC mg/L 1470 1488 2034 ð GOST 

Aluminium Õg/L 33 6 41.4 Ò 500 EPA 

Arsenic Õg/L <1 3.9 3.0 10 EPA MCL 

Vanadium Õg/L 4.6 4.5 3.0 100 AZS 

Boron Õg/L 875 890 880 500 EPA DWEL 

Iron Õg/L 61 55 132 300 AZS 

Manganese Õg/L 133 133 139 100 AZS 

Zinc Õg/L 14 15 14 10 AZS 

Chromium Õg/L 2.5 3.4 5.1 50 (Cr ) EPA MCL 

Barium Õg/L 38 56 50 2000 EPA 

Strontium Õg/L 1089 1103 1081 ð EPA DWEL 

Potassium mg/L 16.2 <5 19.8 ð ð 

Sodium mg/L 235 237.7 236.4 200 EPA Secondary Reg. 

Calcium mg/L 23.3 29.1 26.9 180 GOST 

Magnesium mg/L 7.3 8.6 8.5 40 GOST 
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Table 3  

MEAN WATER-QUALITY PARAMETERS OF LAKE KHOJASAN (2023ï2025) 

AFTER TREATMENT BY THE MODIFIED MULTIMEDIA FILTER (MMF) 

 

Parameter Unit Surface Mid-depth Bottom Limit  

(MAC) 

Standard 

pH ï 8.22 8.23 8.25 6.5ï8.5 AZS 929:2013 

Turbidity NTU 0.93 0.60 2.75 Ò 50 GOST 3351-74 

Salinity ă 1.07 1.00 1.00 Ò 1.0 EPA Secondary Reg. 

COD mg O /L 29.4 39.2 39.2 Ò 30 AZS 929:2013 

BOD mg O /L 0.6 0.9 28.0 Ò 3 AZS 929:2013 

Chlorides mg/L 304 275 289 Ò 350 AZS 929:2013 

Sulfates mg/L 191 153 197 Ò 500 AZS 929:2013 

Free chlorine mg/L 0 0 0 0.3 AZS 581:2009 

Nitrate-N mg/L 0.48 0.48 0.87 Ò 10 AZS 929:2013 

Nitrite-N mg/L 12 12 10 Ò 0.08 AZS 929:2013 

Cyanides mg/L <0.01 <0.01 <0.01 Ò 0.035 EPA 

MBAS mg/L 1.7 1.55 ð Ò 0.5 GOST 27065-86 

Phenols mg/L <0.01 <0.01 <0.01 Ò 0.001 GOST 27653-88 

Phosphates mg/L 1.41 1.38 1.03 Ò 3.5 GOST 

Total alkalinity mg-eq/L 8.6 8.64 6.68 ð GOST 

Carbonates mg/L 7.0 7.0 7.0 ð GOST 

Bicarbonates mg/L 388 389 396 ð GOST 

Total hardness mg/L CaCO 396 420 396 Ò 7 mg-eq/L AZS 

Residue 105ÁC mg/L 1230 1164 1204 ð GOST 

Aluminium Õg/L 6.3 8.1 1.2 500 EPA 

Arsenic Õg/L 2.0 24.0 37.0 10 EPA 

Vanadium Õg/L <1 <1 <1 100 AZS 

Boron Õg/L 405 446 277 500 EPA DWEL 

Iron Õg/L 4.9 10.4 5.8 300 AZS 

Manganese Õg/L 1.8 3.4 3.4 100 AZS 

Zinc Õg/L 3.8 5.8 9.3 10 AZS 

Chromium Õg/L <1 <1 <1 50 (Cr ) EPA 

Barium Õg/L 279 432 432 2000 EPA 

Strontium Õg/L 1076 1041 977 ð EPA DWEL 

Potassium mg/L 11.3 21.4 17.8 ð ð 

Sodium mg/L 218.6 199.6 206.5 200 EPA Secondary Reg. 

 

In the specific case of Lake Khojasan, the post-MMF water quality, when compared with 

international irrigation guidance (FAO 29, EU and national reuse frameworks), can be considered 

generally acceptable for irrigation of moderately salt-tolerant crops on suitable soils, provided that 

agronomic management (leaching fraction, crop selection, soil monitoring) is implemented [6]. 

The analysis of the two tables therefore supports the central claim of the study: a properly 

designed solar-driven multimedia filtration system can transform severely polluted lake water into a 

resource that is, with some caveats, technically compatible with sustainable agricultural use in semi-

arid coastal environments. 

 

Results and Discussion 

The efficiency table shows that the solar-powered MMF unit substantially improves the quality 

of Khojasan lake water for most priority parameters. 
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Suspended solids and organic load. Turbidity drops from an average of about 31 NTU to 1.4 

NTU, corresponding to å95% removal. This fits well with reported performance of multi-media filters 

used for wastewater and greywater polishing, where turbidity removal of 86ï99 % is typical when 

anthracite and sand are combined in a down-flow configuration [8].  

COD and BODϟ are reduced by å71% and å74% respectively, which is comparable to other 

multimedia-filter studies (COD 69ï84%, BOD 67ï80% removal) [8].  

This indicates that a large fraction of organics in the raw lake water is associated with particulate 

and colloidal matter that is effectively removed in the granular bed. Major ions and salinity. Chloride 

concentration decreases by about 45 %, from ~523 to ~289 mg/L, bringing the mean value below the 

350 mg/L limit adopted in AZS 929:2013 and within the ñslight to moderateò chloride hazard range 

for irrigation in FAO guidance. FAOHome+1 Total dissolved solids (represented by residue at 105°C) 

show a more modest reduction of ~28%, which is expected because MMF is primarily a physicalï

sorption process and not a desalination technology (Figure 4). 

 

 
Figure 4. Treatment Efficiency of MMF System (2023-2025) 

 

For irrigation, this means the treatment significantly eases chloride toxicity risk but does not 

fully eliminate salinity constraints; management of leaching fraction and crop salt tolerance is still 

needed in line with FAO and other irrigation quality frameworks [4]. 

Phosphate phosphorus declines by about 63%, from 3.43 to 1.27 mg/L. This reduction is 

beneficial from both eutrophication and clogging perspectives, and it is consistent with literature 

where multimedia filters remove particulate and some sorbed forms of phosphorus together with 

suspended solids [8].  

Boron concentrations are nearly halved (ī57%), falling from å0.88 to å0.38 mg/L. However, 

according to FAO and recent irrigation-water reviews, sensitive crops can already show yield 

reduction above ~0.3 mg/L B, while tolerant crops can still be irrigated at 0.75ï1.0 mg/L [4]. 

Thus, the MMF clearly mitigates boron hazard but does not remove it completely; crop 

selection and soil monitoring remain important for long-term use.  

Trace metals. The filter is particularly effective for iron and manganese: Fe decreases by å91 

% and Mn by å98 %, both well below national guideline values after treatment. High removal of 
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these metals is typical for media filters, as Fe and Mn are often present in oxidized, particulate or 

strongly sorbed forms that are readily captured by granular media [8].  

Zinc also shows a meaningful reduction (~56 %), with final concentrations comfortably below 

AZS limits. Overall, the trace-metal data confirm that the MMF configuration performs well as a 

polishing step for metal-rich lake water (Table 4). 

 

Table 4  

TREATMENT EFFICIENCY OF THE MODIFIED MULTIMEDIA FILTER (MMF)  

FOR KEY PARAMETERS (mean for surface, mid-depth and bottom; Lake Khojasan, 2023ï2025) 

 

Parameter Unit Mean before 

MMF 

Mean after 

MMF 

Treatment 

efficiency, %* 

Turbidity NTU 31.37 1.43 95.5 

COD mg O /L 123.67 35.93 70.9 

BOD mg O /L 38.33 9.83 74.3 

Chlorides mg/L 523.13 289.33 44.7 

Phosphate P mg/L 3.43 1.27 62.9 

Residue at 105 ÁC (TDS proxy) mg/L 1664.00 1199.33 27.9 

Boron Õg/L 881.67 376.00 57.4 

Iron Õg/L 82.67 7.03 91.5 

Manganese Õg/L 135.00 2.87 97.9 

Zinc Õg/L 14.33 6.30 56.0 
 

*Efficiency calculated as – beforeafter

before
ρππϷ 

 

Overall performance in the context of reuse. If the treated water is evaluated against classical 

FAO irrigation water guidelines and more recent international reviews, the MMF system moves the 

lake water from a clearly problematic category (high turbidity, high organics, elevated chloride, 

metals) toward the range of marginal but usable resources for irrigation under controlled 

management: salinity and boron still require attention, but turbidity, COD/BOD and metals are 

brought to levels that are compatible with most reuse frameworks. 

 

Conclusion 

The research presented in this paper set out to address a dual challenge that is typical for the 

Absheron Peninsula: the long-term degradation of lake ecosystems under industrial and urban 

pressure, and the growing need for reliable irrigation water in a semi-arid climate. Lake Khojasan 

was selected as a representative pilot site because it combines high levels of oil-related and domestic 

pollution with a clear and quantified demand for reclaimed water in the surrounding agricultural and 

recreational areas. Against this background, the study tested whether a solar-powered modified 

multimedia filtration system could provide a realistic technological pathway from heavily 

contaminated lake water to water of a quality compatible with agricultural use. The monitoring data 

for 2023ï2025 confirmed that untreated water in Lake Khojasan exhibits critical exceedances for 

several key parameters, including turbidity, COD, BOD , chlorides, iron, manganese and boron. After 

passage through the MMF unit, turbidity was reduced by approximately 95%, COD and BOD  by 

about 70ï75%, and iron and manganese by more than 90%. Chloride concentrations decreased by 

almost half, phosphate levels fell by around two-thirds, and boron was reduced by more than 50%. 

These shifts move the water from a clearly unsuitable category into a quality range that, according to 

widely used irrigation-water guidelines, can be considered acceptable for moderately salt-tolerant 

crops on appropriate soils, provided that leaching fractions, crop choice and soil monitoring are 
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carefully managed. At the same time, the results highlight the structural limits of the chosen 

technology. As expected for a granular filtration process, total dissolved solids and sodium are only 

partially reduced; therefore, salinity and sodicity remain important constraints for long-term irrigation 

on sensitive soils. The system also shows limited effectiveness for dissolved surfactants and certain 

trace elements, and in some cases (for example arsenic and barium at depth) may alter speciation in 

ways that require additional attention. These findings underline that the MMF configuration should 

be regarded as a robust core treatment step rather than a complete solution, and that its deployment 

should ideally be complemented by polishing stages such as activated carbon or advanced oxidation 

when stricter quality objectives are pursued. From a technological and institutional perspective, the 

pilot demonstrates several advantages that are particularly relevant for Absheron and similar regions. 

The unit operates entirely on solar energy, is modular and scalable, and can function independently 

of centralised power and sewerage networks. This makes it suitable for decentralised applications, 

remote or peri-urban locations, and transitional situations where full-scale treatment plants are still in 

planning or construction. The experience gained at Khojasan can be directly used to design analogous 

systems for other problem lakes such as Boyukshor, Binagadi and Lokbatan, where pollution profiles 

and climatic pressures are comparable. Overall, the study shows that integrated use of environmental 

monitoring and solar-driven multimedia filtration can form a realistic component of a broader strategy 

for restoring the lake systems of the Absheron Peninsula. The approach does not eliminate the need 

for large-scale infrastructure, governance reforms or demand-side management, but it offers a 

technically feasible and relatively low-carbon tool for improving water quality and supporting 

regional agriculture in the near term. Future work should focus on long-term performance monitoring 

of the MMF unit, optimisation of media and hydraulic regimes, inclusion of polishing stages for 

organic micropollutants, and a full techno-economic and life-cycle assessment of the proposed 

solution within the context of national water and climate policy. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʞʠʛʘʥʠʷ ʜʣʷ ʙʫʨʳʭ ʫʛʣʝʡ ɸʣʘʡʩʢʦʛʦ ʫʛʣʝʥʦʩʥʦʛʦ ʨʘʡʦʥʘ (ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʏʫʢʫʨ, ʅʦʨʫʩʢʦʣ, ʂʳʟʳʣ-ɹʫʣʘʢ, ɹʝʣʘʣʤʘ, ʂʦʞʦʢʝʣʝʥ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ). ʎʝʣʴʶ ʨʘʙʦʪʳ 

ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʞʠʛʘʥʠʷ ʩ ʫʯʝʪʦʤ ʪʝʭʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʛʣʝʡ ʶʛʘ ʂʈ. ʅʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (ʅʘʚʴʝï

ʉʪʦʢʩʘ, ʪʝʧʣʦʧʝʨʝʥʦʩʘ, ʤʘʩʩʳ ʛʦʨʶʯʠʭ ʯʘʩʪʠʮ ʠ ɸʨʨʝʥʠʫʩʘ) ʨʘʩʩʯʠʪʘʥʳ ʢʣʶʯʝʚʳʝ 

ʧʘʨʘʤʝʪʨʳ: ʚʨʝʤʷ ʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ, ʩʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ ʠ ʪʝʧʣʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʥʘʷ ʟʦʣʴʥʦʩʪʴ ʠ ʚʣʘʞʥʦʩʪʴ ʨʷʜʘ ʫʛʣʝʡ ɸʣʘʡʩʢʦʛʦ ʫʛʣʝʥʦʩʥʦʛʦ 

ʨʘʡʦʥʘ ʪʨʝʙʫʶʪ ʢʦʨʨʝʢʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʠ ʪʦʥʢʦʩʪʠ(ʜʠʩʧʝʨʩʥʦʩʪʠ) ʧʦʤʦʣʘ. 

ʆʧʪʠʤʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʞʠʛʘʥʠʷ >95% ʷʚʣʷʝʪʩʷ 

ʜʠʘʧʘʟʦʥ 15ï45 ʤʢʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1450ï1550ÁC. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʶʪ ʜʘʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʛʦʨʝʣʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʣʷ 

ʢʦʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʂʳʨʛʳʟʩʪʘʥʘ. 

 

Abstract. The article presents the results of mathematical modeling of the coherent combustion 

process for brown coals from the Alai coal-bearing region (Chukur, Noruskol, Kyzyl-Bulak, Belalma, 

and Kozhokelen deposits in the Kyrgyz Republic). The study aimed to determine optimal combustion 

parameters considering the technical characteristics of southern Kyrgyz coals. Using a system of 

differential equations (Navier-Stokes, heat transfer, combustible particle mass, and Arrhenius), key 

parameters were calculated: total combustion time, burning rate, and thermal efficiency. It was 

established that the elevated ash content and moisture levels of certain coals in the Alai coal-bearing 

region necessitate adjustments to temperature regimes and grinding fineness (dispersion). The 

optimal particle size for achieving combustion efficiency >95% is 15ï45 µm at temperatures of 1450ï

1550°C. The results provide practical recommendations for designing burner systems and operational 

regimes for boiler installations in the Kyrgyz Republic. 
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ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʠʩʪʦʨʠʯʝʩʢʠ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʝʣʘ 

ʦʪ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ. ʆʜʥʘʢʦ, ʨʦʩʪ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʚʣʠʷʶʱʠʝ 

ʥʘ ʚʦʜʥʦʩʪʴ ʨʝʢ, ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʵʥʝʨʛʦʙʘʣʘʥʩʘ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʧʦʚʳʰʝʥʥʦʝ 

ʚʥʠʤʘʥʠʝ ʢ ʫʛʦʣʴʥʦʡ ʦʪʨʘʩʣʠ [1].  

ɿʘ ʧʦʩʣʝʜʥʠʝ 16 ʣʝʪ ʦʙʲʝʤ ʜʦʙʳʯʠ ʫʛʣʷ ʚ ʂʈ ʚʳʨʦʩ ʙʦʣʝʝ ʯʝʤ ʚ 14 ʨʘʟ ï ʩ 321,3 ʪʳʩ. ʪ ʚ 

2006 ʛ. ʜʦ 4.6 ʤʣʥ. ʪ ʚ 2024 ʛ. [2].  

ʅʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʵʪʦʪ ʨʦʩʪ ʚʥʦʩʷʪ ʅʘʨʳʥʩʢʘʷ, ʆʰʩʢʘʷ ʠ ɹʘʪʢʝʥʩʢʘʷ ʦʙʣʘʩʪʠ. 

ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʜʦʙʳʚʘʝʤʦʛʦ ʫʛʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʥʘʩʝʣʝʥʠʝʤ ʠ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʟʘʯʘʩʪʫʶ ʥʘ ʫʩʪʘʨʝʚʰʝʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʩ ʥʠʟʢʠʤ ʂʇɼ ʠ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʕʪʦ ʧʦʨʦʞʜʘʝʪ ʦʩʪʨʫʶ ʧʨʦʙʣʝʤʫ ʥʘ ʩʪʳʢʝ ʵʥʝʨʛʝʪʠʢʠ ʠ 

ʵʢʦʣʦʛʠʠ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʫʛʦʣʴ ʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧʥʳʤ ʠ ʚʘʞʥʳʤ ʣʦʢʘʣʴʥʳʤ ʵʥʝʨʛʦʨʝʩʫʨʩʦʤ, 

ʩ ʜʨʫʛʦʡ ð ʝʛʦ ʪʨʘʜʠʮʠʦʥʥʦʝ ʩʞʠʛʘʥʠʝ ʥʘʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʫʱʝʨʙ, 

ʦʩʦʙʝʥʥʦ ʚ ʛʫʩʪʦʥʘʩʝʣʝʥʥʳʭ ʧʨʝʜʛʦʨʥʳʭ ʨʘʡʦʥʘʭ. ɺʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʠ ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʞʠʛʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʤʧʝʨʘʪʠʚʦʤ 

ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʫʛʦʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʂʳʨʛʳʟʩʪʘʥʘ. ʕʥʝʨʛʝʪʠʢʘ ʖʞʥʦʛʦ 

ʂʳʨʛʳʟʩʪʘʥʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʠʨʘʝʪʩʷ ʥʘ ʫʛʦʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ɸʣʘʡʩʢʦʛʦ 

ʫʛʣʝʥʦʩʥʦʛʦ ʨʘʡʦʥʘ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʜʘʥʥʳʝ ʊʘʙʣʠʮʳ 1, ʆʰʩʢʘʷ ʦʙʣʘʩʪʴ ʩʪʘʙʠʣʴʥʦ ʚʭʦʜʠʪ ʚ 

ʪʨʦʡʢʫ ʢʣʶʯʝʚʳʭ ʫʛʣʝʜʦʙʳʚʘʶʱʠʭ ʨʝʛʠʦʥʦʚ ʈʝʩʧʫʙʣʠʢʠ [1]. 
 

ʊʘʙʣʠʮʘ 1  

ɼʀʅɸʄʀʂɸ ɼʆɹʓʏʀ ʋɻʃʗ ɺ ʂʓʈɻʓɿʉʂʆʁ ʈɽʉʇʋɹʃʀʂɽ ʇʆ ʆɹʃɸʉʊʗʄ, ʪʳʩ. ʪ [2] 
 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ 

ʂʘʣʝʥʜʘʨʥʳʝ ʛʦʜʳ 

2006 2015 2016 2017 2018 2019 2020 2021 2022 

ɹʘʪʢʝʥʩʢʘʷ 

ʦʙʣʘʩʪʴ 

139,4 249,0 294,0 222,1 378,7 422,6 475,6 654,8 774,9 

ɼʞʘʣʘʣ-ɸʙʘʜʩʢʘʷ 

ʦʙʣʘʩʪʴ 

23,3 159,8 146,9 130,4 155,6 120,4 300,9 264,5 191,7 

ʀʩʩʳʢ-ʂʫʣʴʩʢʘʷ 

ʦʙʣʘʩʪʴ 

22,2 3,4 3,8 - - - - - - 

ʅʘʨʳʥʩʢʘʷ 

ʦʙʣʘʩʪʴ 

105,1 753,2 820,9 867,6 1087,7 1252,2 1366,0 1276,3 1831,8 

ʆʰʩʢʘʷ ʦʙʣʘʩʪʴ 31,3 763,2 585,7 650,3 773,2 810,8 535,2 875,1 977,0 

ɺʩʝʛʦ ʧʦ 

ʂʳʨʛʳʟʩʪʘʥʫ 

321,3 1928,7 1851,3 1870,4 2395,2 2606,0 2677,7 3062,5 3775,4 

 

ɼʘʥʥʳʝ ʊʘʙʣʠʮʳ 1 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʩʪʦʡʯʠʚʫʶ ʪʝʥʜʝʥʮʠʶ ʢ ʨʦʩʪʫ ʜʦʙʳʯʠ ʫʛʣʷ ʚ ʂʈ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʅʘʨʳʥʩʢʘʷ ʦʙʣʘʩʪʴ ʩʪʘʣʘ ʢʣʶʯʝʚʳʤ ʫʛʣʝʜʦʙʳʚʘʶʱʠʤ ʨʝʛʠʦʥʦʤ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ 

ʫʛʣʝʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʨʘʟʥʦʨʦʜʥʳʤʠ ʠ ʟʘʯʘʩʪʫʶ ʥʝʚʳʩʦʢʠʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

(ʚʳʩʦʢʘʷ ʟʦʣʴʥʦʩʪʴ, ʧʝʨʝʤʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ), ʥʘ ʫʩʪʘʨʝʚʰʝʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʢʨʘʡʥʝ 

ʥʠʟʢʦʤʫ ʂʇɼ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʫʱʝʨʙʫ. ɺʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʞʠʛʘʥʠʷ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʝ ʩʳʨʴʝ, ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ ʂʈ ʠ ʶʞʥʦʛʦ ʨʝʛʠʦʥʘ. ʊʝʭʥʦʣʦʛʠʷ ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʞʠʛʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 
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ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʵʥʝʨʛʠʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʚʳʙʨʦʩʘʭ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ [3-5]. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʢʦʛʝʨʝʥʪʥʦʝ ʩʞʠʛʘʥʠʝ ʫʛʣʷ[5] ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʦʤ 

ʩʞʠʛʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʠʟʚʣʝʯʝʥʠʝ ʵʥʝʨʛʠʠ ʠʟ ʫʛʣʷ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʢʦʛʝʨʝʥʪʥʦʩʪʠ, ʠʣʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ, ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʫʛʣʷ ʠ 

ʤʦʣʝʢʫʣ ʦʢʠʩʣʠʪʝʣʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʨʝʥʠʷ [5-7]. 

ʈʘʩʩʤʦʪʨʠʤ ʬʠʟʠʢʫ ʧʨʦʮʝʩʩʘ ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʞʠʛʘʥʠʷ ʫʛʣʷ: 

1. ʇʦʜʛʦʪʦʚʢʘ ʫʛʦʣʴʥʦʛʦ ʪʦʧʣʠʚʘ: ʫʛʦʣʴ ʠʟʤʝʣʴʯʘʝʪʩʷ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ, 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʣʷ ʛʦʨʝʥʠʷ. ʏʝʤ ʤʝʥʴʰʝ ʯʘʩʪʠʮʳ, ʪʝʤ ʙʦʣʴʰʝ ʧʣʦʱʘʜʴ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ 

ʦʙʣʝʛʯʘʝʪ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʢʠʩʣʠʪʝʣʝʤ ʠ ʧʦʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ [6]. 

2. ʇʦʜʘʯʘ ʦʢʠʩʣʠʪʝʣʷ: ʜʣ̫ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʞʠʛʘʥʠʷ ʥʝʦʙʭʦʜʠʤ ʦʢʠʩʣʠʪʝʣʴ, ʦʙʳʯʥʦ 

ʢʠʩʣʦʨʦʜ ʠʣʠ ʚʦʟʜʫʭ. ɺ ʧʨʦʮʝʩʩʝ ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʞʠʛʘʥʠʷ ʧʦʜʘʯʘ ʦʢʠʩʣʠʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥ ʩʤʝʰʠʚʘʣʩʷ ʩ ʯʘʩʪʠʮʘʤʠ ʫʛʣʷ ʚ ʦʧʪʠʤʘʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʠ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪʠ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʤʫ ʠ ʧʦʣʥʦʤʫ ʩʞʠʛʘʥʠʶ ʪʦʧʣʠʚʘ 

[6, 8]. 

3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʣʘʤʝʥʠ: ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʞʠʛʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʧʣʘʤʝʥʝʤ. ʇʦʪʦʢ ʫʛʦʣʴʥʳʭ ʯʘʩʪʠʮ ʠ ʦʢʠʩʣʠʪʝʣʷ ʦʨʛʘʥʠʟʫʝʪʩʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ ʦʙʨʘʟʦʚʘʣʦʩʴ ʢʦʛʝʨʝʥʪʥʦʝ ʧʣʘʤʷ ð ʧʣʘʤʷ ʩ ʯʝʪʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʚ ʢʦʪʦʨʦʤ ʟʦʥʳ ʛʦʨʝʥʠʷ ʯʘʩʪʠʮ ʫʛʣʷ ʨʘʩʧʨʝʜʝʣʝʥʳ ʨʘʚʥʦʤʝʨʥʦ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʚ ʫʛʣʷ ʠ ʦʢʠʩʣʠʪʝʣʷ [7]. 

4. ʍʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ: ʧʨʠ ʩʞʠʛʘʥʠʠ ʫʛʣʷ ʦʩʥʦʚʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʷʚʣʷʶʪʩʷ ʦʢʠʩʣʝʥʠʝ 

ʫʛʣʝʨʦʜʘ (C) ʠ ʜʨʫʛʠʭ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʦʜʦʨʦʜ (H) ʠ ʩʝʨʘ (S). ʕʪʠ 

ʨʝʘʢʮʠʠ ʚʳʩʚʦʙʦʞʜʘʶʪ ʪʝʧʣʦ ʠ ʵʥʝʨʛʠʶ: ʆʩʥʦʚʥʘʷ ʨʝʘʢʮʠʷ: C + OϜ Ÿ COϜ + ʪʝʧʣʦ; ʧʦʙʦʯʥʳʝ 

ʨʝʘʢʮʠʠ: 2HϜ + OϜ Ÿ 2HϜO + ʪʝʧʣʦ ʠ S + OϜ Ÿ SOϜ + ʪʝʧʣʦ [6, 9]. 

5. ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ: ʚ ʧʨʦʮʝʩʩʝ ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʞʠʛʘʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʥʳ ʛʦʨʝʥʠʷ. ʆʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʞʠʛʘʥʠʷ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʦʢʩʠʜʳ 

ʘʟʦʪʘ (NOx) ʠ ʥʝʩʛʦʨʝʚʰʠʝ ʫʛʣʝʨʦʜʥʳʝ ʯʘʩʪʠʮʳ [4, 8-10]. 

6. ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦʪʦʢʦʚ: ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ 

ʯʘʩʪʠʮ ʫʛʣʷ ʠ ʤʦʣʝʢʫʣ ʦʢʠʩʣʠʪʝʣʷ. ʕʪʦ ʫʤʝʥʴʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʟʦʥ ʩ ʥʝʜʦʩʪʘʪʢʦʤ 

ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʝʛʦ ʠʟʙʳʪʢʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʷ 

ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ [5, 7]. 

7. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ: ʚʩrʚʦʙʦʞʜʘʝʤʦʝ ʚ ʧʨʦʮʝʩʩʝ ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʞʠʛʘʥʠʷ ʪʝʧʣʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ. ɺ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʧʦʣʫʯʝʥʥʦʝ ʪʝʧʣʦ ʧʝʨʝʜʘʝʪʩʷ ʪʝʧʣʦʥʦʩʠʪʝʣʶ (ʥʘʧʨʠʤʝʨ, ʚʦʜʝ) ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ ʧʘʨʘ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʨʠʚʦʜʠʪ ʚ ʜʝʡʩʪʚʠʝ ʪʫʨʙʠʥʳ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʛʝʨʝʥʪʥʦʝ ʩʞʠʛʘʥʠʝ ʫʛʣʷ ð ʵʪʦ ʧʨʦʮʝʩʩ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʛʦʣʴʥʳʭ ʯʘʩʪʠʮ ʠ ʦʢʠʩʣʠʪʝʣʷ ʜʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠ ʯʠʩʪʦʛʦ 

ʛʦʨʝʥʠʷ. ʎʝʣʴ ʩʪʘʪʴʠ ð ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʞʠʛʘʥʠʷ 

ʜʣʷ ʙʫʨʳʭ ʫʛʣʝʡ ɸʣʘʡʩʢʦʛʦ ʨʘʡʦʥʘ ʩ ʫʯʝʪʦʤ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʤʝʪʦʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɹʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʤʦʜʝʣʴ, ʚʢʣʶʯʘʶʱʘʷ ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ [6, 9, 10]. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʞʠʛʘʥʠʷ ʫʛʣʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʟʘʢʦʥʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʛʦʨʝʥʠʝ ʫʛʦʣʴʥʳʭ ʯʘʩʪʠʮ, ʪʝʧʣʦ- ʠ 
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ʤʘʩʩʦʧʝʨʝʥʦʩ, ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʢʫ ʧʦʪʦʢʦʚ ʦʢʠʩʣʠʪʝʣʷ. ʀʩʧʦʣʴʟʦʚʘʥʥʘʷ ʥʘʤʠ ʤʦʜʝʣʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʧʘʨʘʤʝʪʨʳ ʯʘʩʪʠʮ 

ʫʛʣʷ, ʪʝʤʧʝʨʘʪʫʨʳ, ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʡ, ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ. 

1. ʋʨʘʚʥʝʥʠʷ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʋʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪ 

ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʛʦʨʝʥʠʷ ʠ ʧʝʨʝʜʘʯʫ ʪʝʧʣʘ ʦʪ ʛʦʨʷʱʠʭ ʯʘʩʪʠʮ ʢ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ: ɟcp ÖT/Öt + ɟcp v ẗ ɳT =  ɳẗ (k Tɳ) + Q, ʛʜʝ ɟ ð ʧʣʦʪʥʦʩʪʴ ʫʛʦʣʴʥʦʡ ʩʤʝʩʠ, cp ð ʫʜʝʣʴʥʘʷ 

ʪʝʧʣʦʝʤʢʦʩʪʴ, T ð ʪʝʤʧʝʨʘʪʫʨʘ, v ð ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, k ð ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, Q 

ð ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʘ (ʪʝʧʣʦ ʦʪ ʨʝʘʢʮʠʠ ʛʦʨʝʥʠʷ) [6, 10]. 

2. ʋʨʘʚʥʝʥʠʝ ʤʘʩʩʳ ʛʦʨʶʯʠʭ ʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʘ ʌʠʢʘ ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ 

ʚʢʣʶʯʘʝʪ ʠʩʧʘʨʝʥʠʝ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʢʠʩʣʝʥʠʝ ʫʛʣʝʨʦʜʘ. ʉʢʦʨʦʩʪʴ ʧʦʪʝʨʠ ʤʘʩʩʳ 

ʫʛʦʣʴʥʦʡ ʯʘʩʪʠʮʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: dmʯ/dt = -kʨ Aʯ(CO2 - CO2,ʩʨ), ʛʜʝ mʯ ð ʤʘʩʩʘ 

ʫʛʦʣʴʥʦʡ ʯʘʩʪʠʮʳ, kʨ ð ʢʠʥʝʪʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ ʨʝʘʢʮʠʠ, Aʯ ð ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʘʩʪʠʮʳ, CO2 ð ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʟʦʥʝ ʛʦʨʝʥʠʷ, CO2,ʩʨ ð ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʚ 

ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʦʚʝʩʠʷ [6, 10]. 

3. ʄʦʜʝʣʴ ʢʠʥʝʪʠʢʠ ʨʝʘʢʮʠʠ ʛʦʨʝʥʠʷ ʉʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʫʛʣʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ɸʨʨʝʥʠʫʩʘ: kr = A exp(-Ea / (RT)), ʛʜʝ A ð ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ 

ʬʘʢʪʦʨ, Ea ð ɻ ʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʠ, R ð ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, T ð 

ʪʝʤʧʝʨʘʪʫʨʘ [6, 10]. 

4. ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʛʘʟʦʚ (ʅʘʚʴʝïʉʪʦʢʩʘ) ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ 

ʤʥʦʛʦʬʘʟʥʦʛʦ ʧʦʪʦʢʘ ʫʛʦʣʴʥʳʭ ʯʘʩʪʠʮ ʠ ʦʢʠʩʣʠʪʝʣʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝïʉʪʦʢʩʘ: 

ɟ (Öv/Öt + (v )ɳv) = -ɳp + ɛɳĮv + F, ʛʜʝ v ð ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ, p ð ʜʘʚʣʝʥʠʝ, ɛ ð 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ, F ð ʚʥʝʰʥʠʝ ʩʠʣʳ (ʥʘʧʨʠʤʝʨ, ʛʨʘʚʠʪʘʮʠʷ) [6, 9, 10]. 

5. ʊʝʧʣʦʚʦʡ ʙʘʣʘʥʩ ʜʣʷ ʫʛʦʣʴʥʳʭ ʯʘʩʪʠʮ ʋʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʜʣʷ ʦʪʜʝʣʴʥʦʡ 

ʫʛʦʣʴʥʦʡ ʯʘʩʪʠʮʳ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʯʣʝʥʦʤ, ʫʯʠʪʳʚʘʶʱʠʤ ʟʘʪʨʘʪʳ ʪʝʧʣʘ ʥʘ ʠʩʧʘʨʝʥʠʝ 

ʚʣʘʛʠ, ʥʘʛʨʝʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʪʝʧʣʦʧʝʨʝʜʘʯʫ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ: Mʯ cp dTʯ/dt 

= h Aʯ (Tʛ - Tʯ) + Qʪʚ, ʛʜʝ Tʯ ð ʪʝʤʧʝʨʘʪʫʨʘ ʯʘʩʪʠʮʳ, Tʛ ð ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ, h ð 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, Qʪʚ ð ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʦʪ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ [6, 9,10]. 

ʆʩʥʦʚʥʳʤ ʨʘʩʯʝʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ 

ʯʘʩʪʠʮʳ ʷʚʣʷʝʪʩʷ [6, 10]: tʧʩʯ = (rp ɟp) / (3 kr (CO2 - CO2,eq)). ɼʣʷ ʨʘʩʯʝʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʞʠʛʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʫʛʣʠ ɸʣʘʡʩʢʦʛʦ ʫʛʣʝʥʦʩʥʦʛʦ ʨʘʡʦʥʘ ʂʈ ʩ 

ʫʩʨʝʜʥʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʊʘʙʣʠʮʘ 2). 
 

ʊʘʙʣʠʮʘ 2 

 ʂɸʏɽʉʊɺɽʅʅʓɽ ʀ ʂʆʃʀʏɽʉʊɺɽʅʅʓɽ ʋʉʈɽɼʅɽʅʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ  

ɹʋʈʓʍ ʋɻʃɽʁ ɸʃɸʁʉʂʆɻʆ ʋɻʃɽʅʆʉʅʆɻʆ ʈɸʁʆʅɸ (ʚ ʩʢʦʙʢʘʭ ï ʩʨʝʜʥʝʝ) 
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ʏʫʢʫʨ 8,3-34,54 

(23,11) 

31,71-50,86 

(41,68) 

2,40-7,71 

(4,96) 

0,04-1,05 

(0,59) 

- - - 5050-6376 

(5733) 

ʅʦʨʫʩʢʦʣ 40,4-44,8 

(42,6) 

33,8-59,9 

(46,85) 

1,26-28,55 

(10,0) 

0,3-1,1 (0,7) - - - 3032-6700 

(4866) 

ʂʳʟʳʣ-

ɹʫʣʘʢ 

5,05-42,89 

(15,63) 

35,71-50,21 

(41,67) 

- 0,01-0,96 

(0,027) 

80,3 4,56 0,74 4492ï7551 

(5785) 

ɹʝʣ-ɸʣʤʘ 4,0-40,0 

(12,0) 

27-40 (33,5) 6,7-14,8 

(10,7) 

0,28 - - - 6500ï7150 

(6825) 

ʂʦʞʦʢʝʣʝʥ 13,1 39,8 6,0-18,55 

(12,25) 

- - - - 5191 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʠʩʧʝʨʩʥʦʩʪʠ ʫʛʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʘʭ 3ï5. 
 

ʊʘʙʣʠʮʘ 3 

ɿɸɺʀʉʀʄʆʉʊʔ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʉɾʀɻɸʅʀʗ  

ʆʊ ʈɸɿʄɽʈɸ ʏɸʉʊʀʎ ɼʃʗ ʋɻʃɽʁ ɸʃɸʁʉʂʆɻʆ ʈɸʁʆʅɸ 
 

ʈʘʟʤʝʨ ʯʘʩʪʠʮ 

ʫʛʣʷ, ʤʢʤ 

ʕʬʬʝʢʪʠʚʥʦʩʪ

ʴ ʩʞʠʛʘʥʠʷ, % 

ʂʦʤʤʝʥʪʘʨʠʠ 

5ï15 96ï98 ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʦ ʧʦʚʳʰʝʥʥʳʡ ʫʥʦʩ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʠ 

ʨʠʩʢʠ ʩʠʥʪʝʟʘ NO_x [4, 9] 

15ï45 94ï96 ʆʧʪʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ. ɹʘʣʘʥʩ ʤʝʞʜʫ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, 

ʢʦʥʪʨʦʣʝʤ ʠ ʫʥʦʩʦʤ. 

45ï70 88ï92 ʉʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟ-ʟʘ ʥʝʟʘʚʝʨʰʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʚʥʫʪʨʠ ʯʘʩʪʠʮ [6] 

70ï100 80ï86 ʅʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʨʝʙʫʶʪʩʷ T>1550ÁC [7, 11] 

>100 <70 ʅʝʧʨʠʝʤʣʝʤʦ ʜʣʷ ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʞʠʛʘʥʠʷ [5-7] 
 

ʊʘʙʣʠʮʘ 4 

ɿɸɺʀʉʀʄʆʉʊʔ ɺʈɽʄɽʅʀ ʇʆʃʅʆɻʆ ʉɻʆʈɸʅʀʗ ʆʊ ʈɸɿʄɽʈɸ ʏɸʉʊʀʎ ʀ ʊɽʄʇɽʈɸʊʋʈʓ  

(ʜʣʷ ʫʛʣʷ ʩ ʟʦʣʴʥʦʩʪʴʶ ~25%) 
 

ʈʘʟʤʝʨ 

ʯʘʩʪʠʮ, ʤʢʤ 

ʊʝʤʧʝʨʘʪʫʨʘ, 

°C 

ɺʨʝʤʷ 

ʩʛʦʨʘʥʠʷ, ʩ 

ʂʦʤʤʝʥʪʘʨʠʠ 

15 1450 0.35 ɹʳʩʪʨʦʝ ʩʛʦʨʘʥʠʝ, ʥʦ ʩʣʦʞʥʳʡ ʢʦʥʪʨʦʣʴ 

25 1500 0.5 ʆʧʪʠʤʫʤ: ʧʦʣʥʦʝ ʩʛʦʨʘʥʠʝ ʜʦ ʫʥʦʩʘ ʠʟ ʟʦʥʳ 

25 1400 0.7 ɿʘʤʝʜʣʝʥʠʝ ʨʝʘʢʮʠʠ, ʨʠʩʢ ʥʝʜʦʞʦʛʘ [6] 

40 1550 0.6 ʂʦʤʧʝʥʩʘʮʠʷ ʨʘʟʤʝʨʘ ʪʝʤʧʝʨʘʪʫʨʦʡ [7, 9, 10] 

60 1550 1.2 ɼʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʘ ʙʦʣʴʰʘʷ ʢʘʤʝʨʘ 

ʩʛʦʨʘʥʠʷ [6, 9, 10] 

 

ʊʘʙʣʠʮʘ 5 

ɿɸɺʀʉʀʄʆʉʊʔ ʉʂʆʈʆʉʊʀ ɻʆʈɽʅʀʗ ʆʊ ʈɸɿʄɽʈɸ ʏɸʉʊʀʎ ʋɻʃʗ 
 

ʈʘʟʤʝʨ 

ʯʘʩʪʠʮ, ʤʢʤ 

ʉʢʦʨʦʩʪʴ 

ʛʦʨʝʥʠʷ, ʤ/ʩ 
ʂʦʤʤʝʥʪʘʨʠʠ 

10ï20 1.1ï1.4 ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ, ʧʨʠʤʝʥʠʤʦ ʜʣʷ ʥʠʟʢʦʟʦʣʴʥʳʭ ʫʛʣʝʡ (ɹʝʣ-ɸʣʤʘ) 

20ï45 0.9ï1.1 ʅʘʠʣʫʯʰʠʡ ʙʘʣʘʥʩ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʡʦʥʘ 

45ï70 0.6ï0.8 ɿʘʤʝʜʣʝʥʥʦʝ ʛʦʨʝʥʠʝ, ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘ ʪʝʤʧʝʨʘʪʫʨʘ [6, 7] 

>70 <0.5 ʅʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ [6, 9, 10] 

 

ʆʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʇʨʦʚʝʜʝʥʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʞʠʛʘʥʠʷ ʜʣʷ ʫʛʣʝʡ 

ɸʣʘʡʩʢʦʛʦ ʫʛʣʝʥʦʩʥʦʛʦ ʨʘʡʦʥʘ ʚʳʷʚʠʣʦ ʨʷʜ ʢʣʶʯʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 

ʊʘʙʣʠʮʘʭ 3ï5, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʢʘʯʝʩʪʚʘ ʫʛʣʷ ʥʘ ʧʘʨʘʤʝʪʨʳ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʩʞʠʛʘʥʠʷ: 

1. ʇʦʚʳʰʝʥʥʘʷ ʟʦʣʴʥʦʩʪʴ (ʜʦ 42ï44% ʫ ʅʦʨʫʩʢʦʣʘ) ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʙʘʣʣʘʩʪʘ, 

ʧʦʛʣʦʱʘʶʱʝʛʦ ʪʝʧʣʦ ʠ ʩʥʠʞʘʶʱʝʛʦ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ. ʕʪʦ ʪʨʝʙʫʝʪ ʧʦʜʜʝʨʞʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʚʝʨʭʥʝʤ ʜʠʘʧʘʟʦʥʝ (1550 ÁC) ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʪʳ ʚʳʛʦʨʘʥʠʷ [8, 11, 12]; 

2. ɺʳʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ (ʜʦ 28% ʫ ʅʦʨʫʩʢʦʣʘ) ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ, ʪʘʢ ʢʘʢ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʪʨʘʪʠʪʩʷ ʥʘ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʝ [6, 7]. 
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ʅʘʠʤʝʥʝʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳ ʢ ʫʩʣʦʚʠʷʤ ʩʞʠʛʘʥʠʷ ʫʛʣʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɹʝʣ-ɸʣʤʘ ʠ ʂʳʟʳʣ-

ɹʫʣʘʢ, ʦʙʣʘʜʘʶʱʠʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʧʣʦʪʚʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʤʝʥʴʰʝʡ ʟʦʣʴʥʦʩʪʴʶ. ɼʣʷ 

ʥʠʭ ʩʧʨʘʚʝʜʣʠʚʳ ʧʘʨʘʤʝʪʨʳ, ʙʣʠʟʢʠʝ ʢ ʨʘʩʯʝʪʥʳʤ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʫʛʣʷ [6]. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʫʛʣʝʡ ɸʣʘʡʩʢʦʛʦ ʫʛʣʝʥʦʩʥʦʛʦ ʨʘʡʦʥʘ ʂʈ ʧʨʦʚʝʜʝʤ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚ ʢʦʥʪʝʢʩʪʝ ʤʠʨʦʚʦʛʦ ʦʧʳʪʘ ʠ ʩʧʝʮʠʬʠʢʠ ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʂʈ 

ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʦʧʪʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʜʣʷ ʫʛʣʝʡ ɸʣʘʡʩʢʦʛʦ ʫʛʣʝʥʦʩʥʦʛʦ 

ʨʘʡʦʥʘ (15ï45 ʤʢʤ) ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʙʱʝʤʠʨʦʚʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʳʣʝʫʛʦʣʴʥʦʛʦ 

ʩʞʠʛʘʥʠʷ. ʆʜʥʘʢʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʥʥʳʤʠ ʜʣʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʙʠʪʫʤʠʥʦʟʥʳʭ ʫʛʣʝʡ 

(ʥʘʧʨʠʤʝʨ, ʠʟ ʂʫʟʙʘʩʩʘ ʠʣʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʚʩʪʨʘʣʠʠ), ʛʜʝ ʦʧʪʠʤʘʣʴʥʘʷ ʬʨʘʢʮʠʷ ʯʘʩʪʦ 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 40ï80 ʤʢʤ [6], ʘʣʘʡʩʢʠʝ ʫʛʣʠ ʪʨʝʙʫʶʪ ʙʦʣʝʝ ʪʦʥʢʦʛʦ ʧʦʤʦʣʘ. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʥʠʟʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʥʝʨʪʥʦʡ 

ʤʠʥʝʨʘʣʴʥʦʡ ʤʘʩʩʳ [7, 9, 10]. 

ʋʛʣʠ ʂʘʟʘʭʩʪʘʥʘ (ʕʢʠʙʘʩʪʫʟ): ʕʢʠʙʘʩʪʫʟʩʢʠʝ ʫʛʣʠ, ʠʟʚʝʩʪʥʳʝ ʚʳʩʦʢʦʡ ʟʦʣʴʥʦʩʪʴʶ (ʜʦ 

40ï50%), ʪʘʢʞʝ ʪʨʝʙʫʶʪ ʪʦʥʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ (ʤʝʥʝʝ 60 ʤʢʤ) ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʞʠʛʘʥʠʷ. 

ʆʜʥʘʢʦ ʠʭ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʪʝʧʣʦʪʚʦʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʘʡʩʢʠʤʠ ʧʦʟʚʦʣʷʝʪ 

ʥʝʩʢʦʣʴʢʦ ʩʤʷʛʯʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʠʩʧʝʨʩʥʦʩʪʠ [13].  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʘʣʘʡʩʢʠʭ ʫʛʣʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʪʦʥʢʦʤ ʧʦʤʦʣʝ (15ï45 ʤʢʤ) 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 94ï96%, ʯʪʦ ʥʘ 2ï4% ʥʠʞʝ, ʯʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʜʦʩʪʠʞʠʤʳʡ ʜʣʷ ʥʠʟʢʦʟʦʣʴʥʳʭ ʫʛʣʝʡ. 

ʋʛʣʠ ʊʘʜʞʠʢʠʩʪʘʥʘ (ʌʘʥ-ʗʛʥʦʙ): ʋʛʣʠ ʌʘʥ-ʗʛʥʦʙʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʘʢ ʠ ʘʣʘʡʩʢʠʝ, 

ʦʪʥʦʩʷʪʩʷ ʢ ʙʫʨʳʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʟʦʣʴʥʦʩʪʴʶ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ 

ʩʭʦʞʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʥʢʦʤʫ ʧʦʤʦʣʫ (ʜʦ 50 ʤʢʤ), ʦʜʥʘʢʦ ʠʟ-ʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʠ ʚʨʝʤʷ 

ʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ ʜʣʷ ʪʘʜʞʠʢʩʢʠʭ ʫʛʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ [14].  

ɺʳʷʚʣʝʥʥʳʡ ʨʠʩʢ ʧʦʚʳʰʝʥʥʦʛʦ ʫʥʦʩʘ ʠ ʩʠʥʪʝʟʘ NO_x ʜʣʷ ʬʨʘʢʮʠʠ 5ï15 ʤʢʤ ʷʚʣʷʝʪʩʷ 

ʦʙʱʝʧʨʠʟʥʘʥʥʦʡ ʧʨʦʙʣʝʤʦʡ. ɼʣ ̫ʩʥʠʞʝʥʠʷ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʫʶ ʧʦʜʘʯʫ ʦʢʠʩʣʠʪʝʣʷ ʠ ʪʱʘʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʬʠʣʴ ʚ 

ʪʦʧʢʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ [4, 8, 

9]. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʚʨʝʤʝʥʠ ʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ ʯʘʩʪʠʮ (0.35ï1.2 ʩ) ʥʘʭʦʜʷʪʩʷ ʚ 

ʭʦʨʦʰʝʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʨʘʙʦʪʘʤʠ ʧʦ ʪʝʦʨʠʠ ʛʦʨʝʥʠʷ ʫʛʦʣʴʥʳʭ ʯʘʩʪʠʮ [10].  

ʆʜʥʘʢʦ ʧʨʷʤʦʝ ʩʨʘʚʥʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʚʳʩʦʢʦʟʦʣʴʥʳʭ ʫʛʣʝʡ ɸʣʘʡʩʢʦʛʦ ʨʘʡʦʥʘ 

ʚʨʝʤʷ ʩʛʦʨʘʥʠʷ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ 15ï25% ʚʳʰʝ, ʯʝʤ ʜʣʷ ʤʘʨʦʢ ʩ ʥʠʟʢʦʡ 

ʟʦʣʴʥʦʩʪʴʶ [6, 9, 10].  

ʆʩʥʦʚʥʦʡ ʚʳʚʦʜ ʠʟ ʊʘʙʣʠʮʳ 4 ð ɻʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

(1500ï1550ÁC) ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʢʘʢ ʢʨʫʧʥʦʩʪʠ ʯʘʩʪʠʮ, ʪʘʢ ʠ ʚʳʩʦʢʦʡ ʟʦʣʴʥʦʩʪʠ. ʕʪʦ 

ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦ ʩʞʠʛʘʥʠʶ ʥʠʟʢʦʩʦʨʪʥʳʭ ʪʦʧʣʠʚ, ʛʜʝ ʧʦʚʳʰʝʥʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʪʳ ʚʳʛʦʨʘʥʠʷ [7, 9, 10].  

ʆʜʥʘʢʦ ʵʪʦ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʟʘʜʘʯʫ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʪʦʧʦʯʥʦʡ ʢʘʤʝʨʳ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢ ʰʣʘʢʦʚʘʥʠʷ. ɼʣʷ ʫʛʣʝʡ ʩ ʟʦʣʴʥʦʩʪʴʶ, ʧʦʜʦʙʥʦʡ ʅʦʨʫʩʢʦʣʴʩʢʦʡ (>40%), 

ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 50ï100ÁC ʚʳʰʝ, ʯʝʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦ ʩʞʠʛʘʥʠʶ ʚʳʩʦʢʦʟʦʣʴʥʳʭ ʘʥʪʨʘʮʠʪʦʚ [8, 9, 12]. 

ʉʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʟʘʚʠʩʷʱʠʤ ʦʪ ʜʠʩʧʝʨʩʥʦʩʪʠ, 

ʧʦʨʠʩʪʦʩʪʠ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ 

(0.5ï1.4 ʤ/ʩ) ʥʘʭʦʜʷʪʩʷ ʚ ʦʞʠʜʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʷ ʙʫʨʳʭ ʫʛʣʝʡ [6, 10].  

ʅʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʘʜʝʥʠʝ ʩʢʦʨʦʩʪʠ ʛʦʨʝʥʠʷ ʜʣʷ ʯʘʩʪʠʮ ʢʨʫʧʥʝʝ 45 ʤʢʤ (ʜʦ 

<0.5 ʤ/ʩ) ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʚʦʜ ʦ ʥʝʧʨʠʛʦʜʥʦʩʪʠ 
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ʛʨʫʙʦʛʦ ʧʦʤʦʣʘ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʞʠʛʘʥʠʷ ʜʘʥʥʳʭ ʫʛʣʝʡ. ʉʨʘʚʥʝʥʠʝ ʩ ʫʛʣʷʤʠ 

ʙʘʩʩʝʡʥʘ ʐʠʚʵ-ʆʚʦʦ (ʄʦʥʛʦʣʠʷ)[15], ʠʤʝʶʱʠʤʠ ʩʭʦʞʫʶ ʟʦʣʴʥʦʩʪʴ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʛʦʨʝʥʠʷ ʫʛʣʝʡ ɸʣʘʡʩʢʦʛʦ ʫʛʣʝʥʦʩʥʦʛʦ ʨʘʡʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘ 10ï15% ʥʠʞʝ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʚ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʠ ʩʦʩʪʘʚʝ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ [18]. 

 

ɺr ʚʦʜʳ  

1. ɸʜʘʧʪʠʨʦʚʘʥʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʜʪʚʝʨʜʠʣʦ, ʯʪʦ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʙʫʨʳʭ ʫʛʣʝʡ ɸʣʘʡʩʢʦʛʦ ʨʘʡʦʥʘ (ʚʳʩʦʢʘʷ ʟʦʣʴʥʦʩʪʴ, ʚʣʘʞʥʦʩʪʴ) ʪʨʝʙʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʢʦʨʨʝʢʮʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʨʝʞʠʤʦʚ ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʞʠʛʘʥʠʷ[16-18]. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʜʦ 96%) ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʳʰʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʥʘ 50ï100 ÁC ʠ ʩʦʙʣʶʜʝʥʠʷ ʩʪʨʦʛʦʛʦ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʳʣʠ 

20ï45 ʤʢʤ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʢʠʥʝʪʠʢʦʡ ʚʳʛʦʨʘʥʠʷ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʫʥʦʩʦʤ, ʜʦʢʘʟʳʚʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʪʠʣʠʟʘʮʠʠ 

ʜʘʥʥʦʛʦ ʥʠʟʢʦʩʦʨʪʥʦʛʦ ʪʦʧʣʠʚʘ[17, 18]. 

2. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʩʪʘʥʦʚʠʣʘ ʯʝʪʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʢʘʯʝʩʪʚʦʤ ʫʛʣʷ ʠ ʪʨʝʙʫʝʤʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʂʣʶʯʝʚʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʞʠʛʘʥʠʷ ʚʳʩʦʢʦʟʦʣʴʥʳʭ ʘʣʘʡʩʢʠʭ ʫʛʣʝʡ ð ʧʦʜʜʝʨʞʘʥʠʝ ʚʳʩʦʢʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ (1500ï1550ÁC) ʠ ʦʧʪʠʤʘʣʴʥʦʡ ʜʠʩʧʝʨʩʥʦʩʪʠ ʧʳʣʠ (20ï45 ʤʢʤ). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʩʪʨʦʛʠʤ ʥʘʫʯʥʳʤ ʦʙʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʪʦʧʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʚʢʣʶʯʘʶʱʝʡ ʫʩʪʘʥʦʚʢʫ ʩʠʩʪʝʤ ʪʦʥʢʦʛʦ ʧʦʤʦʣʘ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʶ 

ʛʦʨʝʣʦʢ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʤʝʩʪʥʳʝ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʫʛʣʠ ʚ ʢʦʥʢʫʨʝʥʪʥʳʡ 

ʵʥʝʨʛʦʨʝʩʫʨʩ[16-18]. 

ʇʝʨʩʧʝʢʪʠʚʳ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ 

1. ɼʣʷ ʢʦʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʆʰʩʢʦʡ ʠ ɹʘʪʢʝʥʩʢʦʡ ʦʙʣʘʩʪʝʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʥʝʜʨʝʥʠʝ 

ʩʠʩʪʝʤ ʪʦʥʢʦʛʦ ʧʦʤʦʣʘ ʫʛʣʷ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʨʘʢʮʠʠ 20ï45 ʤʢʤ. 

2. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʛʦʨʝʣʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʟʘʢʣʘʜʳʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ (ʜʦ 1550ÁC) ʠ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʧʳʣʝʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. 

3. ɼʣʷ ʚʳʩʦʢʦʟʦʣʴʥʳʭ ʫʛʣʝʡ (ʅʦʨʫʩʢʦʣ) ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʦʜʩʫʰʢʘ ʠ 

ʦʙʦʛʘʱʝʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

4. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʩʞʠʛʘʥʠʷ ʥʘ ʙʘʟʝ ʦʜʥʦʡ ʠʟ ʢʨʫʧʥʳʭ ʢʦʪʝʣʴʥʳʭ ʛ. ʆʰ ʜʣʷ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʧʦʣʫʯʝʥʠʷ 

ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. 
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ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʢʦʤʧʣʝʢʩʥʦʤʫ ʘʥʘʣʠʟʫ ʤʝʪʦʜʦʚ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Java ʥʘ 

ʩʪʦʨʦʥʝ ʩʝʨʚʝʨʘ ʠ HTML5/CSS Grid ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʢʣʶʯʝʚʳʝ 

ʘʩʧʝʢʪʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʦʧʪʠʤʠʟʘʮʠʶ ʩʝʨʚʝʨʥʦʡ ʣʦʛʠʢʠ ʥʘ Java, ʵʬʬʝʢʪʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ CSS Grid ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʮʠʶ ʵʪʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʦʧʪʠʤʠʟʘʮʠʠ, ʧʨʝʜʣʘʛʘʝʪ ʥʦʚʳʝ 

ʤʝʪʦʜʦʣʦʛʠʠ ʫʣʫʯʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʢʘʟʘʣʦ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʨʠʤʝʨʘʭ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʪʘʢʠʤ ʘʩʧʝʢʪʘʤ, ʢʘʢ ʤʠʥʠʤʠʟʘʮʠʷ ʚʨʝʤʝʥʠ ʟʘʛʨʫʟʢʠ 

ʩʪʨʘʥʠʮʳ, ʦʧʪʠʤʠʟʘʮʠʷ ʩʝʪʝʚʳʭ ʟʘʧʨʦʩʦʚ, ʵʬʬʝʢʪʠʚʥʦʝ ʢʵʰʠʨʦʚʘʥʠʝ, ʨʘʮʠʦʥʘʣʴʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʤʷʪʠ ʥʘ ʩʝʨʚʝʨʝ ʠ ʢʣʠʝʥʪʝ, ʘ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʦʧʪʠʤʠʟʘʮʠʠ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʢʘʢ 

ʩʝʨʚʝʨʥʫʶ, ʪʘʢ ʠ ʢʣʠʝʥʪʩʢʫʶ ʯʘʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʣʫʯʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʪʦʣʴʢʦ ʥʘ ʦʜʥʫ ʠʟ ʩʪʦʨʦʥ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʪʦʜʠʢʠ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʠ ʘʨʭʠʪʝʢʪʦʨʘʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʩʪʨʝʤʷʱʠʤʩʷ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ 

ʨʘʩʪʫʱʠʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʦʞʠʜʘʥʠʡ ʠ ʫʩʣʦʞʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʙ-

ʩʠʩʪʝʤ. 

 

Abstract. This research is devoted to a comprehensive analysis of optimization methods for 

modern web applications developed using Java on the server side and HTML5/CSS Grid on the client 

side. The paper examines key performance aspects, including optimization of server-side Java logic, 

effective use of CSS Grid for creating adaptive interfaces, and integration of these technologies to 

achieve maximum web application performance. The study includes an analysis of existing 

optimization approaches, proposes new methodologies for improving performance, and demonstrates 

their effectiveness through practical examples. Special attention is paid to aspects such as minimizing 

page load time, optimizing network requests, effective caching, rational use of memory on server and 

client, and automating optimization processes. The results show that an integrated approach to 
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optimization, encompassing both server and client sides, allows for significant improvements in web 

application performance compared to traditional methods focused on only one side. The 

methodologies and recommendations presented in this study can be useful for developers and 

software architects seeking to improve the efficiency and quality of web applications, especially in 

the context of growing user expectations and increasing complexity of modern web systems. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺʝʙ-ʦʧʪʠʤʠʟʘʮʠʷ, Java-ʦʧʪʠʤʠʟʘʮʠʷ, HTML5, CSS Grid, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠʣʦʞʝʥʠʡ, ʤʠʥʠʤʠʟʘʮʠʷ ʨʝʩʫʨʩʦʚ, ʢʵʰʠʨʦʚʘʥʠʝ, ʘʜʘʧʪʠʚʥʳʡ ʜʠʟʘʡʥ. 

 

Keywords:. Web optimization, Java optimization, HTML5, CSS Grid, application performance, 

resource minimization, caching, adaptive design. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʣʴʟʦʚʘʪʝʣʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʩʪʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʪʨʝʙʦʚʘʪʝʣʴʥʝʝ ʢ 

ʩʢʦʨʦʩʪʠ ʦʪʢʣʠʢʘ ʠʥʪʝʨʬʝʡʩʘ ʠ ʢʘʯʝʩʪʚʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʠʩʪʝʤʦʡ. ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ 

Google ʟʘ 2022 ʛʦʜ, ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʧʦʩʝʪʠʪʝʣʝʡ ʧʦʢʠʜʘʶʪ ʤʦʙʠʣʴʥʳʝ ʩʘʡʪʳ, ʝʩʣʠ ʟʘʛʨʫʟʢʘ 

ʟʘʥʠʤʘʝʪ ʩʚʳʰʝ ʪʨʸʭ ʩʝʢʫʥʜ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ Google, 53% ʤʦʙʠʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʧʦʢʠʜʘʶʪ ʩʘʡʪʳ, ʢʦʪʦʨʳʝ ʟʘʛʨʫʞʘʶʪʩʷ ʙʦʣʝʝ ʪʨʝʭ ʩʝʢʫʥʜ, ʘ ʢʘʞʜʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʝʢʫʥʜʘ 

ʟʘʛʨʫʟʢʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʜʦ 7% ʢʦʥʚʝʨʩʠʠ. ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ 

ʢʘʢ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ, ʦʙʳʯʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʥʘ ʪʘʢʠʭ ʷʟʳʢʘʭ ʢʘʢ Java, ʪʘʢ ʠ ʢʣʠʝʥʪʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ, ʚʩʸ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʱʝʡ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ HTML5 ʠ CSS Grid. 

Java ʧʨʦʜʦʣʞʘʝʪ ʜʦʤʠʥʠʨʦʚʘʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʝʨʚʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʕʪʘ ʧʣʘʪʬʦʨʤʘ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʥʘ ʨʘʟʣʠʯʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʜʘ. ʆʜʥʘʢʦ ʫ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʝʩʪʴ ʦʙʨʘʪʥʘʷ ʩʪʦʨʦʥʘ: ʚʠʨʪʫʘʣʴʥʘʷ ʤʘʰʠʥʘ 

Java ʪʨʝʙʫʝʪ ʙʦʣʴʰʝ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʪʠʚʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʙʦʨʢʘ ʤʫʩʦʨʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤ ʟʘʜʝʨʞʢʘʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʟʘʧʨʦʩʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʦʧʪʠʤʠʟʘʮʠʶ ʣʠʙʦ ʩʝʨʚʝʨʥʦʡ, 

ʣʠʙʦ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʠʟʦʣʠʨʦʚʘʥʥʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʂʦʤʧʣʝʢʩʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʦʙʝ ʩʪʦʨʦʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʩʪʨʝʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ. 

ʅʘʧʨʠʤʝʨ, ʨʘʙʦʪʘ Ahmad ʠ ʢʦʣʣʝʛ [1] ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ Java-ʧʨʠʣʦʞʝʥʠʡ ʩ 

ʘʢʮʝʥʪʦʤ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʧʘʤʷʪʴʶ, ʥʦ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʴʶ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ Chen ʠ ʩʦʘʚʪʦʨʦʚ [2] ʧʦʜʨʦʙʥʦ ʘʥʘʣʠʟʠʨʫʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ CSS Grid ʚ 

ʨʘʟʥʳʭ ʙʨʘʫʟʝʨʘʭ, ʥʦ ʥʝ ʟʘʪʨʘʛʠʚʘʝʪ ʚʦʧʨʦʩʳ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʝʨʚʝʨʥʦʡ ʣʦʛʠʢʦʡ. 

ʈʘʟʨʘʙʦʪʯʠʢ  Smith ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ [3] ʠʩʩʣʝʜʦʚʘʣ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʨʝʡʤʚʦʨʢʦʚ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ Java-ʧʨʠʣʦʞʝʥʠʡ ʠ ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

Spring Boot ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʥʘ 40% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤʠ 

ʨʝʘʣʠʟʘʮʠʷʤʠ. ʈʘʙʦʪʘ Neilsen ʠ Zhang [4] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ, ʯʪʦ ʧʨʘʚʠʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ CSS 

Grid ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʨʝʥʜʝʨʠʥʛʘ ʩʪʨʘʥʠʮʳ ʥʘ 35% ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʧʦʜʭʦʜʘʤʠ ʥʘ ʦʩʥʦʚʝ ʬʣʦʘʪʦʚ ʠ ʘʙʩʦʣʶʪʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ Peterson [5] ʚʳʷʚʠʣʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʨʚʣʝʪʦʚ ʩ ʘʩʠʥʭʨʦʥʥʦʡ 

ʦʙʨʘʙʦʪʢʦʡ ʟʘʧʨʦʩʦʚ ʚ Java ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʨʚʝʨʦʚ ʥʘ 60% ʧʨʠ 

ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʢʘʭ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʘʥʘʣʠʟ Li ʠ ʢʦʣʣʝʛ [6] ʧʦʢʘʟʘʣ, ʯʪʦ ʦʧʪʠʤʠʟʘʮʠʷ CSS ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʤʝʥʥʳʭ ʠ ʚʳʯʠʩʣʷʝʤʳʭ ʟʥʘʯʝʥʠʡ CSS Grid ʩʦʢʨʘʱʘʝʪ ʨʘʟʤʝʨ ʩʪʠʣʝʡ ʥʘ 

25-30% ʙʝʟ ʧʦʪʝʨʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. 

ʈʘʙʦʪʘ Kumar ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [7] ʧʦʜʯʝʨʢʥʫʣʘ ʚʘʞʥʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ Java ʜʣʷ 

ʤʦʙʠʣʴʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, ʫʢʘʟʳʚʘʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʥʘ 20% 

ʧʨʠ ʧʨʘʚʠʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʝʨʚʝʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ Wang ʠ ʩʦʘʚʪʦʨʦʚ [8] 
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ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʧʨʝʠʤʫʱʝʩʪʚʘ CSS Grid ʥʘʜ ʬʣʝʢʩʙʦʢʩʦʤ ʧʨʠ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʢʘʭ 

ʨʝʥʜʝʨʠʥʛʘ, ʧʦʢʘʟʘʚ ʫʣʫʯʰʝʥʠʝ ʚ ʩʨʝʜʥʝʤ ʥʘ 15% ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

ɺ ʨʘʙʦʪʝ Rodriguez [9] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʦʙʲʝʜʠʥʝʥʠʝ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ Java ʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʬʨʦʥʪʝʥʜ-ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʦʙʱʝʝ ʚʨʝʤʷ ʟʘʛʨʫʟʢʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʚ ʩʨʝʜʥʝʤ ʥʘ 45%. ʀʩʩʣʝʜʦʚʘʥʠʝ Brown ʠ ʢʦʣʣʝʛ [10] ʧʦʜʯʝʨʢʥʫʣʦ, ʯʪʦ ʠʥʪʝʛʨʘʮʠʷ ʩʝʨʚʝʨʥʦʛʦ 

ʢʵhʠʨʦʚʘʥʠʷ ʩ ʢʣʠʝʥʪʩʢʠʤʠ ʩʪʨʘʪʝʛʠʷʤʠ CSS ʠ JavaScript ʤʠʥʠʤʠʟʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ 50% 

ʫʣʫʯʰʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ Java ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʬʦʢʫʩʠʨʦʚʘʣʩʷ ʚ 

ʨʘʙʦʪʝ ɸʨʢʘʙʘʝʚʘ ʠ ʜʨ. [11] ɺ ʨʘʙʦʪʝ ʩʨʘʚʥʠʚʘʣʠʩʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠ ʥʦʚʳʝ ʤʝʪʦʜʳ 

ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʜʝʣʦʚ ʠ 

Java ʤʘʰʠʥ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʏʦʶʙʝʢʦʚʦʡ ʠ ʜʨ. [12] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʜʜʝʨʞʢʠ 

ʧʨʦʝʢʪʦʚ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ʥʘ ʩʪʦʨʦʥʝ ʩʝʨʚʝʨʘ. 

ɸʚʪʦʨʳ ɸʨʢʘʙʘʝʚ ʠ ɸʣʳʤʦʚʘ [13] ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʧʨʝʠʤʫʱʝʩʪʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ .NET ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʙ-ʧʨʦʝʢʪʦʚ. ɺ ʠʭ ʨʘʙʦʪʝ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʦʧʨʦʩʘʤ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʥʘ 

ʧʣʘʪʬʦʨʤʝ ASP.NET Core. ɺ ʩʪʘʪʴʝ ʘʢʮʝʥʪʠʨʫʝʪʩʷ ʟʥʘʯʠʤʦʩʪʴ ʥʘʛʨʫʟʦʯʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ JMeter. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʨʠʢ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʫʟʢʠʭ ʤʝʩʪ ʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ. 

ʅʘʰʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʮʝʣʝʥʦ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʡ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʣʫʯʰʠʝ ʧʨʘʢʪʠʢʠ ʜʣʷ Java ʥʘ ʩʝʨʚʝʨʝ ʠ HTML5/CSS Grid ʥʘ 

ʢʣʠʝʥʪʝ. ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʚʢʣʶʯʘʶʪ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ, ʚʳʷʚʣʝʥʠʝ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʫʶ ʚʘʣʠʜʘʮʠʶ. 

 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩʥʳʡ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, 

ʚʢʣʶʯʘʶʱʠʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʚʘʣʠʜʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 10 ʤʝʩʷʮʝʚ ʩ ʩʝʥʪʷʙʨʴ ʧʦ 

ʜʝʢʘʙʨʴ 2024 ʛʦʜʘ ʠ ʚʢʣʶʯʘʣʦ ʥʝʩʢʦʣʴʢʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʦʚ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣ ʧʨʦʚʝʜʸʥ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʙʦʣʝʝ 

150 ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ ʟʘ ʧʦʩʣʝʜʥʠʝ ʧʷʪʴ ʣʝʪ. ʇʦʠʩʢ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʚʢʣʶʯʘʷ IEEE Xplore, ACM Digital 

Library, SpringerLink ʠ ScienceDirect, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʶʯʝʚʳʭ ʪʝʨʤʠʥʦʚ: "Java 

optimization", "HTML5 performance", "CSS Grid optimization", "web application performance" ʠ 

ʜʨ. ʆʪʦʙʨʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʙʳʣʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʢʘʪʝʛʦʨʠʷʤ, ʦʪʥʦʩʷʱʠʤʩʷ ʢ 

ʨʘʟʣʠʯʥʳʤ ʘʩʧʝʢʪʘʤ ʦʧʪʠʤʠʟʘʮʠʠ (ʩʝʨʚʝʨʥʘʷ ʯʘʩʪʴ, ʢʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ, ʠʥʪʝʛʨʘʮʠʷ, 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʯʘʩʪʴ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ 

ʩʨʝʜʝ. ɺ ʝʸ ʩʦʩʪʘʚ ʚʭʦʜʠʣʠ: 

-ʉʝʨʚʝʨʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ: Apache Tomcat 9.0, Java 11 ʠ 17, Spring Framework 5.3, 

Hibernate ORM 5.6; 

-ʂʣʠʝʥʪʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ: HTML5, CSS3 ʩ ʧʦʜʜʝʨʞʢʦʡ Grid Layout, JavaScript ES2020; 

-ʀʥʩʪʨʫʤʝʥʪʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ: JProfiler ʜʣʷ Java, Chrome DevTools, 

Lighthouse, WebPageTest; 

-ʉʨʝʜʘ ʥʘʛʨʫʟʦʯʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ: JMeter 5.4, Gatling 3.6. 
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ʊʝʩʪʦʚʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʣʦ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʝʥʪʦʤ ʩʨʝʜʥʝʛʦ 

ʤʘʩʰʪʘʙʘ ʩ ʪʠʧʠʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ (ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ, CRUD-ʦʧʝʨʘʮʠʠ ʩ ʜʘʥʥʳʤʠ, ʧʦʠʩʢ, 

ʬʠʣʴʪʨʘʮʠʷ, ʛʝʥʝʨʘʮʠʷ ʦʪʯʝʪʦʚ). ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʠʣʦʞʝʥʠʝ 

ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʪʨʝʭ ʚʘʨʠʘʥʪʘʭ: ʙʘʟʦʚʘʷ ʚʝʨʩʠʷ ʙʝʟ ʩʧʝʮʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ; ʚʝʨʩʠʷ ʩ 

ʦʧʪʠʤʠʟʘʮʠʝʡ ʪʦʣʴʢʦ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ (Java); ʚʝʨʩʠʷ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʪʦʣʴʢʦ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ 

(HTML5/CSS Grid); ʚʝʨʩʠʷ ʩ ʢʦʤʧʣʝʢʩʥʦʡ ʦʧʪʠʤʠʟʘʮʠʝʡ ʦʙʝʠʭ ʩʪʦʨʦʥ. 

ɼʣʷ ʢʘʞʜʦʡ ʚʝʨʩʠʠ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘʛʨʫʟʦʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʮʝʥʘʨʠʷʤʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʠʤʠʪʠʨʫʶʱʠʤʠ ʨʝʘʣʴʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʧʘʪʪʝʨʥʳ. ʀʟʤʝʨʷʣʠʩʴ ʢʣʶʯʝʚʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʚʢʣʶʯʘʷ: ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʩʝʨʚʝʨʘ (TTFB - Time to First Byte); 

ʚʨʝʤʷ ʧʦʣʥʦʡ ʟʘʛʨʫʟʢʠ ʩʪʨʘʥʠʮʳ (PLT - Page Load Time); ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʩʝʨʚʝʨʘ (CPU, 

ʧʘʤʷʪʴ, ʧʦʪʦʢʠ); ʤʝʪʨʠʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ (FCP - First Contentful Paint, 

LCP - Largest Contentful Paint, CLS - Cumulative Layout Shift); 

ʆʙʱʠʡ ʨʘʟʤʝʨ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ. ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʝʨʚʝʨʥʦʛʦ ʢʦʜʘ ʥʘ Java ʤʳ 

ʧʨʠʤʝʥʷʣʠ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʦʚʦʜʠʣʠ ʜʝʪʘʣʴʥʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ 

ʧʨʠʣʦʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ JProfiler, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʨʝʩʫʨʩʦʸʤʢʠʝ ʫʯʘʩʪʢʠ ʢʦʜʘ. 

ɺʦ-ʚʪʦʨʳʭ, ʪʱʘʪʝʣʴʥʦ ʥʘʩʪʨʘʠʚʘʣʠ ʧʘʨʘʤʝʪʨʳ JVM, ʫʜʝʣʷʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʩʙʦʨʱʠʢʘ ʤʫʩʦʨʘ. ʅʘ ʢʣʠʝʥʪʩʢʦʡ ʩʪʦʨʦʥʝ ʧʨʠʤʝʥʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ: 

ʨʝʬʘʢʪʦʨʠʥʛ CSS ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Grid ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʝʥʜʝʨʠʥʛʘ; 

ʤʠʥʠʤʠʟʘʮʠʷ ʠ ʦʙʲʝʜʠʥʝʥʠʝ CSS ʠ JavaScript ʬʘʡʣʦʚ; ʦʧʪʠʤʠʟʘʮʠʷ ʟʘʛʨʫʟʢʠ ʨʝʩʫʨʩʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʪʨʠʙʫʪʦʚ async/defer; ʚʥʝʜʨʝʥʠʝ ʩʪʨʘʪʝʛʠʡ ʣʝʥʠʚʦʡ ʟʘʛʨʫʟʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠ 

ʢʦʤʧʦʥʝʥʪʦʚ; ʦʧʪʠʤʠʟʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʬʦʨʤʘʪʦʚ (WebP) ʠ 

ʘʪʨʠʙʫʪʘ srcset; ʧʨʝʜʟʘʛʨʫʟʢʘ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʀʥʪʝʛʨʘʮʠʦʥʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʚʢʣʶʯʘʣʘ: ʨʘʟʨʘʙʦʪʢʫ ʵʬʬʝʢʪʠʚʥʳʭ API ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

GraphQL ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʠʟʙʳʪʦʯʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; ʚʥʝʜʨʝʥʠʝ ʩʪʨʘʪʝʛʠʡ ʢʵʰʠʨʦʚʘʥʠʷ 

ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ ʠ ʩʝʨʚʝʨʘ; ʦʧʪʠʤʠʟʘʮʠʶ ʟʘʛʨʫʟʢʠ ʧʝʨʚʦʛʦ ʢʦʥʪʝʥʪʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʝʨʚʝʨʥʦʛʦ ʨʝʥʜʝʨʠʥʛʘ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ Service Workers ʜʣʷ ʦʬʣʘʡʥ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʚʥʝʜʨʝʥʳ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʩʢʨʠʧʪʳ, ʚʢʣʶʯʘʷ: ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʩʙʦʨʢʝ ʧʨʦʝʢʪʘ; ʠʥʪʝʛʨʘʮʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʚ CI/CD-

ʧʘʡʧʣʘʡʥʳ; ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʨʝʜʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, 

ʚʢʣʶʯʘʷ t-ʪʝʩʪʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʝʨʩʠʡ ʧʨʠʣʦʞʝʥʠʷ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʤʠ ʪʝʭʥʠʢʘʤʠ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʨʘʙʦʪʫ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʫʟʢʠʭ ʤʝʩʪ, 

ʫʩʪʨʘʥʝʥʠʝ ʢʦʪʦʨʳʭ ʜʘʣʦ ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʢʘʩʘʣʦʩʴ ʥʘʩʪʨʦʝʢ 

ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ Java ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʩʪʫʧʘ ʢ ʙʘʟʝ ʜʘʥʥʳʭ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʘʩʪʨʦʡʢʘ 

ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ Java (JVM) ʦʢʘʟʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʧʨʠʣʦʞʝʥʠʷ. ɺ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʙʦʨʱʠʢʘ ʤʫʩʦʨʘ ʠ ʨʘʟʤʝʨʦʚ 

ʢʫʯʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʇʝʨʝʭʦʜ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʡ ʩʙʦʨʱʠʢ ʤʫʩʦʨʘ G1GC ʩ ʥʘʩʪʨʦʡʢʘʤʠ, ʧʦʜʦʙʨʘʥʥʳʤʠ ʧʦʜ 

ʩʧʝʮʠʬʠʢʫ ʥʘʰʝʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʩʦʢʨʘʪʠʣ ʚʨʝʤʷ ʧʘʫʟ ʧʦʯʪʠ ʚʜʚʦʝ ð ʥʘ 47% ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ɼʣʷ ʧʨʠʣʦʞʝʥʠʡ ʩ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʙʨʘʱʝʥʠʡ ʢ ʧʘʤʷʪʠ 

ʥʘʩʪʨʦʡʢʘ -XX:+UseG1GC -XX:MaxGCPauseMillis=100 -XX:ParallelGCThreads=8 ʧʦʢʘʟʘʣʘ 
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ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʫʤʝʥʴʰʠʚ ʧʦʪʨʝʙʣʝʥʠʝ CPU ʥʘ 23% ʧʨʠ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʢʘʭ ʠ ʩʦʢʨʘʪʠʚ 

ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʚ ʩʨʝʜʥʝʤ ʥʘ 18%. 

ʆʧʪʠʤʠʟʘʮʠʷ ʜʦʩʪʫʧʘ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʫʣʫʯʰʝʥʠʷ SQL-ʟʘʧʨʦʩʦʚ ʠ ʥʘʩʪʨʦʡʢʠ 

ʧʫʣʘ ʩʦʝʜʠʥʝʥʠʡ ʪʘʢʞʝ ʧʨʠʥʝʩʣʘ ʫʣʫʯʰʝʥʠʷ. ɺʥʝʜʨʝʥʠʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʟʘʧʨʦʩʦʚ 

(PreparedStatements) ʚʤʝʩʪʦ ʜʠʥʘʤʠʯʝʩʢʠ ʬʦʨʤʠʨʫʝʤʳʭ SQL-ʚʳʨʘʞʝʥʠʡ ʩʥʠʟʠʣʦ ʥʘʛʨʫʟʢʫ ʥʘ 

CPU ʥʘ 15%. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ Hibernate ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʦʧʪʠʤʠʟʘʮʠʠ, ʚʢʣʶʯʘʶʱʠʝ 

ʧʨʘʚʠʣʴʥʫʶ ʩʪʨʘʪʝʛʠʶ ʚʳʙʦʨʢʠ ʜʘʥʥʳʭ (fetch strategies) ʠ ʢʵʰʠʨʦʚʘʥʠʝ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ, ʯʪʦ 

ʩʦʢʨʘʪʠʣʦ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʨʦʩʦʚ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʥʘ 67% ʜʣʷ ʯʘʩʪʦ ʟʘʧʨʘʰʠʚʘʝʤʳʭ ʩʫʱʥʦʩʪʝʡ. 

ʆʩʦʙʝʥʥʦ ʟʘʤʝʪʥʳʡ ʵʬʬʝʢʪ ʜʘʣʦ ʚʚʝʜʝʥʠʝ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ ʢʵʰʠʨʦʚʘʥʠʷ. ɼʣʷ 

ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʯʠʪʘʶʪʩʷ, ʥʦ ʨʝʜʢʦ ʤʝʥʷʶʪʩʷ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʦʢʘʣʴʥʳʡ 

ʢʵʰ Ehcache ʥʘ ʢʘʞʜʦʤ ʩʝʨʚʝʨʝ. ɼʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʝʩʩʠʡ ʨʘʟʤʝʱʘʣʠ ʚ 

ʨʘʩʧʨʝʜʝʣʸʥʥʦʤ ʢʵʰʝ Redis. ʊʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʦʢʨʘʪʠʣʘ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʪʠʧʠʯʥʦʛʦ ʟʘʧʨʦʩʘ 

ʥʘ 42% ʚ ʯʘʩʳ ʧʠʢʦʚʦʡ ʥʘʛʨʫʟʢʠ. ʕʬʬʝʢʪʠʚʥʳʤ ʦʢʘʟʘʣʦʩʴ ʢʵʰʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʪʷʞʝʣʳʭ 

ʚʳʯʠʩʣʝʥʠʡ ʠ ʟʘʧʨʦʩʦʚ ʢ ʚʥʝʰʥʠʤ ʩʝʨʚʠʩʘʤ, ʯʪʦ ʩʥʠʟʠʣʦ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ 

ʩ 320 ʤʩ ʜʦ 85 ʤʩ. 

ɸʩʠʥʭʨʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʟʘʧʨʦʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CompletableFuture ʠ ʨʝʘʢʪʠʚʥʳʭ 

ʧʦʜʭʦʜʦʚ (Spring WebFlux) ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʘ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʇʨʠ 

ʚʥʝʜʨʝʥʠʠ ʘʩʠʥʭʨʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ 

ʥʘ 78% ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʫʨʦʚʥʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʚ ʩʮʝʥʘʨʠʷʭ 

ʩ ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʥʝʟʘʚʠʩʠʤʳʤʠ ʟʘʧʨʦʩʘʤʠ ʢ ʚʥʝʰʥʠʤ ʩʠʩʪʝʤʘʤ, ʛʜʝ ʦʙʱʝʝ ʚʨʝʤʷ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʘ ʩʥʠʟʠʣʦʩʴ ʥʘ 64%. 

ɼʣʷ ʦʧʝʨʘʮʠʡ ʟʘʧʠʩʠ ʠ ʦʧʝʨʘʮʠʡ, ʪʨʝʙʫʶʱʠʭ ʪʨʘʥʟʘʢʮʠʦʥʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ, ʙʳʣʘ 

ʨʝʘʣʠʟʦʚʘʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʪʨʘʥʟʘʢʮʠʦʥʥʳʭ ʦʯʝʨʝʜʝʡ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘ 35% ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʥʘʜʝʞʥʦʩʪʠ ʜʘʥʥʳʭ. 

ʇʨʦʬʠʣʠʨʦʚʘʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʚʳʷʚʠʣʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʝʩʫʨʩʦʝʤʢʠʝ ʦʧʝʨʘʮʠʠ ʩʚʷʟʘʥʳ ʩ 

ʩʝʨʠʘʣʠʟʘʮʠʝʡ/ʜʝʩʝʨʠʘʣʠʟʘʮʠʝʡ ʜʘʥʥʳʭ. ɺʥʝʜʨʝʥʠʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʩʝʨʠʘʣʠʟʘʮʠʠ (ʢʘʢ Jackson ʩ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤʠ ʥʘʩʪʨʦʡʢʘʤʠ) ʩʦʢʨʘʪʠʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ CPU 

ʥʘ ʵʪʠʭ ʦʧʝʨʘʮʠʷʭ ʥʘ 27%. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʦʧʪʠʤʠʟʘʮʠʠ Java-ʧʨʠʣʦʞʝʥʠʡ ʩʪʘʣʦ ʫʧʨʘʚʣʝʥʠʝ ʨʝʩʫʨʩʘʤʠ. 

ʅʘʩʪʨʦʡʢʘ ʧʫʣʦʚ ʧʦʪʦʢʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʯʠʩʣʦ 

ʷʜʝʨ CPU ʠ ʜʦʩʪʫʧʥʘʷ ʧʘʤʷʪʴ) ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʠʟʙʝʞʘʪʴ ʠʟʙʳʪʦʯʥʦʛʦ ʩʦʟʜʘʥʠʷ ʧʦʪʦʢʦʚ ʠ 

ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʤ ʧʨʦʙʣʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʌʦʨʤʫʣʘ Number of threads = Number of CPU 

cores * (1 + Wait time / Service time) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʧʫʣʘ ʧʦʪʦʢʦʚ 

ʧʦʢʘʟʘʣʘ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʫʚʝʣʠʯʠʚ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘ 32% ʧʨʠ ʚʳʩʦʢʠʭ 

ʥʘʛʨʫʟʢʘʭ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ HTML5 ʠ CSS Grid. ʈʘʙʦʪʘ ʥʘʜ 

ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʴʶ ʧʨʠʣʦʞʝʥʠʷ ʦʢʘʟʘʣʘʩʴ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦʡ. ʇʝʨʝʭʦʜ ʥʘ CSS Grid ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʝʡ HTML5 ʥʝ ʪʦʣʴʢʦ ʫʩʢʦʨʠʣʠ ʨʝʘʣʴʥʫʶ ʟʘʛʨʫʟʢʫ ʩʪʨʘʥʠʮ, ʥʦ ʠ ʠʟʤʝʥʠʣʠ 

ʩʫʙʲʝʢʪʠʚʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ʈʝʬʘʢʪʦʨʠʥʛ ʠʥʪʝʨʬʝʡʩʘ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CSS Grid ʚʤʝʩʪʦ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʬʣʦʘʪʦʚ ʠ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣ ʩʦʢʨʘʪʠʪʴ ʨʘʟʤʝʨ CSS-ʬʘʡʣʦʚ ʥʘ 31% ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ 

ʜʝʢʣʘʨʘʪʠʚʥʦʤʫ ʠ ʣʘʢʦʥʠʯʥʦʤʫ ʩʠʥʪʘʢʩʠʩʫ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ CSS Grid ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʤʘʢʝʪʦʚ ʥʝ ʪʦʣʴʢʦ ʫʧʨʦʩʪʠʣʦ ʢʦʜ, ʥʦ 

ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʝʥʜʝʨʠʥʛʘ. ʀʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʪʨʘʥʠʮʳ 

ʩ ʤʘʢʝʪʘʤʠ ʥʘ CSS Grid ʦʪʨʠʩʦʚʳʚʘʶʪʩʷ ʥʘ 23% ʙʳʩʪʨʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʤʘʢʝʪʘʤʠ ʥʘ ʬʣʝʢʩʙʦʢʩʘʭ ʠ ʥʘ 47% ʙʳʩʪʨʝʝ ʯʝʤ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʬʣʦʘʪʦʚ. ʆʩʦʙʝʥʥʦ 
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ʟʘʤʝʪʥʦʝ ʫʣʫʯʰʝʥʠʝ ʙʳʣʦ ʥʘ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ 

ʨʝʩʫʨʩʘʤʠ, ʛʜʝ ʚʨʝʤʷ ʨʝʥʜʝʨʠʥʛʘ ʩʦʢʨʘʪʠʣʦʩʴ ʥʘ 35%. 

ɺʥʝʜʨʝʥʠʝ ʩʪʨʘʪʝʛʠʡ ʢʨʠʪʠʯʝʩʢʦʛʦ CSS (ʠʥʣʘʡʥ ʨʘʟʤʝʱʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʩʪʠʣʝʡ ʚ head 

ʜʦʢʫʤʝʥʪʘ) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʘʩʠʥʭʨʦʥʥʦʡ ʟʘʛʨʫʟʢʦʡ ʦʩʪʘʣʴʥʳʭ ʩʪʠʣʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣʦ 

ʤʝʪʨʠʢʫ First Contentful Paint (FCP) ʥʘ 57%, ʩʥʠʟʠʚ ʝʸ ʩ 2.3 ʩʝʢʫʥʜ ʜʦ 1.0 ʩʝʢʫʥʜʳ ʥʘ 

ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʤʦʙʠʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣʘ 

ʨʝʘʣʠʟʦʚʘʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʛʝʥʝʨʘʮʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ CSS ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʠʜʠʤʦʡ ʯʘʩʪʠ 

ʩʪʨʘʥʠʮʳ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʟʘʛʨʫʟʢʠ ʨʝʩʫʨʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʪʨʠʙʫʪʦʚ async/defer ʜʣʷ JavaScript, 

ʧʨʝʜʟʘʛʨʫʟʢʘ (preload) ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʦʪʣʦʞʝʥʥʘʷ ʟʘʛʨʫʟʢʘ (lazy loading) 

ʥʝʢʨʠʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʝʣʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʤʝʪʨʠʢʠ Largest Contentful 

Paint (LCP). ɺ ʩʨʝʜʥʝʤ LCP ʫʣʫʯʰʠʣʘʩʴ ʥʘ 39%, ʩʥʠʟʠʚʰʠʩʴ ʩ 3.8 ʩʝʢʫʥʜ ʜʦ 2.3 ʩʝʢʫʥʜ ʥʘ 

ʪʝʩʪʦʚʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

ɺʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʬʦʨʤʘʪʦʚ ʠʟʦʙʨʘʞʝʥʠʡ (WebP ʩ ʟʘʧʘʩʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʜʣʷ 

ʙʦʣʝʝ ʩʪʘʨʳʭ ʙʨʘʫʟʝʨʦʚ) ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ responsive images ʩ ʘʪʨʠʙʫʪʘʤʠ srcset ʠ sizes 

ʧʦʟʚʦʣʠʣʠ ʩʦʢʨʘʪʠʪʴ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ 64% ʙʝʟ ʚʠʜʠʤʦʡ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ. ʕʪʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪʨʘʟʠʣʦʩʴ ʥʘ ʦʙʱʝʤ ʨʘʟʤʝʨʝ ʩʪʨʘʥʠʮʳ ʠ ʚʨʝʤʝʥʠ ʟʘʛʨʫʟʢʠ, ʢʦʪʦʨʦʝ 

ʩʥʠʟʠʣʦʩʴ ʥʘ 42% ʜʣʷ ʩʪʨʘʥʠʮ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ CSS-ʧʝʨʝʤʝʥʥʳʭ ʚ ʩʦʯʝʪʘʥʠʠ ʩ CSS Grid ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʙʦʣʝʝ ʛʠʙʢʠʝ 

ʠ ʣʝʛʢʦ ʥʘʩʪʨʘʠʚʘʝʤʳʝ ʤʘʢʝʪʳ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʢʨʘʪʠʚ ʜʫʙʣʠʨʦʚʘʥʠʝ ʢʦʜʘ. ʈʘʟʤʝʨ CSS-

ʬʘʡʣʦʚ ʫʤʝʥʴʰʠʣʩʷ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 18% ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʮʚʝʪʦʚʦʡ ʩʭʝʤʦʡ, ʪʠʧʦʛʨʘʬʠʢʦʡ ʠ ʨʘʟʤʝʨʘʤʠ ʩʝʪʢʠ. 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʨʦʙʣʝʤ ʩ Cumulative Layout Shift (CLS) ʙʳʣʠ ʚʥʝʜʨʝʥʳ ʪʝʭʥʠʢʠ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦ ʟʘʛʨʫʞʘʝʤʦʛʦ ʢʦʥʪʝʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʦʟʤʦʞʥʦʩʪʝʡ CSS Grid. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʧʦʢʘʟʘʪʝʣʴ CLS ʩ 0.25 ʜʦ 0.08, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʢʦʤʝʥʜʘʮʠʷʤ Google ʜʣʷ ʭʦʨʦʰʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ. 

ʀʥʪʝʛʨʘʮʠʷ ʠ ʢʦʤʧʣʝʢʩʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʣʫʯʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʧʨʠ ʠʥʪʝʛʨʘʮʠʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢʘʢ ʜʣʷ 

ʩʝʨʚʝʨʥʦʡ, ʪʘʢ ʠ ʜʣʷ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ. ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ API ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʠʥʮʠʧʦʚ GraphQL ʧʦʟʚʦʣʠʣʘ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʟʘʧʨʘʰʠʚʘʪʴ ʪʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ, 

ʯʪʦ ʩʦʢʨʘʪʠʣʦ ʦʙʲʝʤ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʥʘ 73% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ REST API. 

ɺʥʝʜʨʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʪʨʘʪʝʛʠʡ ʢʵʰʠʨʦʚʘʥʠʷ ʥʘ ʦʙʝʠʭ ʩʪʦʨʦʥʘʭ (HTTP-

ʢʵʰʠʨʦʚʘʥʠʝ ʩ ʧʨʘʚʠʣʴʥʳʤʠ ʟʘʛʦʣʦʚʢʘʤʠ, ʣʦʢʘʣʴʥʦʝ ʢʵʰʠʨʦʚʘʥʠʝ ʚ ʙʨʘʫʟʝʨʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ localStorage/sessionStorage ʠ Service Workers) ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʩʠʩʪʝʤʫ, ʛʜʝ 

ʧʦʚʪʦʨʥʳʝ ʟʘʧʨʦʩʳ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ. ɺʨʝʤʷ ʟʘʛʨʫʟʢʠ ʜʣʷ 

ʚʦʟʚʨʘʱʘʶʱʠʭʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʦʢʨʘʪʠʣʦʩʴ ʥʘ 87%, ʘ ʥʘʛʨʫʟʢʘ ʥʘ ʩʝʨʚʝʨ ʩʥʠʟʠʣʘʩʴ ʥʘ 62%. 

ʇʨʠʤʝʥʝʥʠʝ ʩʝʨʚʝʨʥʦʛʦ ʨʝʥʜʝʨʠʥʛʘ ʜʣʷ ʥʘʯʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠ ʩʪʨʘʥʠʮʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʛʠʜʨʘʪʘʮʠʝʡ ʥʘ ʢʣʠʝʥʪʝ ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʚʦʩʧʨʠʥʠʤʘʝʤʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ɺʨʝʤʷ ʜʦ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ (TTI - Time to Interactive) ʩʦʢʨʘʪʠʣʦʩʴ ʥʘ 53% 

ʥʘ ʩʨʝʜʥʠʭ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʟʘʤʝʪʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʦʧʳʪʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ Service Workers ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʬʣʘʡʥ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ 

ʢʵʰʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʥʝ ʪʦʣʴʢʦ ʫʣʫʯʰʠʣʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʧʳʪ ʧʨʠ ʥʝʩʪʘʙʠʣʴʥʦʤ 

ʩʦʝʜʠʥʝʥʠʠ, ʥʦ ʠ ʩʥʠʟʠʣʦ ʥʘʛʨʫʟʢʫ ʥʘ ʩʝʨʚʝʨ. ʇʨʠ ʧʦʚʪʦʨʥʳʭ ʧʦʩʝʱʝʥʠʷʭ ʥʘʛʨʫʟʢʘ ʥʘ ʩʝʨʚʝʨ 

ʩʥʠʟʠʣʘʩʴ ʥʘ 78%, ʘ ʚʨʝʤʷ ʟʘʛʨʫʟʢʠ ʩʪʨʘʥʠʮʳ ʩʦʢʨʘʪʠʣʦʩʴ ʥʘ 92% ʧʨʠ ʭʦʨʦʰʝʤ ʩʦʝʜʠʥʝʥʠʠ. 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʜʦʩʪʘʚʢʠ JavaScript ʙʳʣʘ ʚʥʝʜʨʝʥʘ ʩʪʨʘʪʝʛʠʷ ʨʘʟʜʝʣʝʥʠʷ ʢʦʜʘ (code 

splitting) ʠ ʦʪʣʦʞʝʥʥʦʡ ʟʘʛʨʫʟʢʠ ʢʦʤʧʦʥʝʥʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ ʨʘʟʤʝʨ ʥʘʯʘʣʴʥʦʛʦ 
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JavaScript-ʙʘʥʜʣʘ ʥʘ 68%, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʣʦ ʚʨʝʤʷ ʜʦ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ ʩʪʨʘʥʠʮʳ. ɺ 

ʯʘʩʪʥʦʩʪʠ, TTI ʫʣʫʯʰʠʣʦʩʴ ʩ 5.2 ʩʝʢʫʥʜ ʜʦ 1.9 ʩʝʢʫʥʜ ʥʘ ʪʝʩʪʦʚʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʦʧʪʠʤʠʟʘʮʠʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʜʜʝʨʞʘʥʠʷ 

ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ 

ʠʥʩʪʨʫʤʝʥʪʳ. ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩ ʩʙʦʨʢʠ 

ʧʨʦʝʢʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ Lighthouse CI ʧʦʟʚʦʣʠʣʦ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ 

ʨʝʛʨʝʩʩʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʣʶʯʝʚʳʭ ʤʝʪʨʠʢ 

(FCP<1.5 ʩ, LCP <2.5 ʩ, CLS<0.1) ʧʦʤʦʛʘʣʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʜʝʛʨʘʜʘʮʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʬʫʥʢʮʠʡ. 

ʀʥʪʝʛʨʘʮʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʚ CI/CD-ʧʘʡʧʣʘʡʥʳ, ʚʢʣʶʯʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ 

ʤʠʥʠʬʠʢʘʮʠʶ JavaScript ʠ CSS, ʦʧʪʠʤʠʟʘʮʠʶ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʛʝʥʝʨʘʮʠʶ ʢʨʠʪʠʯʝʩʢʦʛʦ CSS, 

ʦʙʝʩʧʝʯʠʣʘ ʧʦʩʪʦʷʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʪʝʭʥʠʢ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʩʦ 

ʩʪʦʨʦʥʳ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʙʱʝʛʦ ʨʘʟʤʝʨʘ ʨʝʩʫʨʩʦʚ ʥʘ 57% ʚ 

ʩʨʝʜʥʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤʠ ʚʝʨʩʠʷʤʠ. 

ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʨʝʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʤʝʪʨʠʢ (RUM - Real User 

Monitoring) ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʣʷʪʴ ʧʨʦʙʣʝʤʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝ ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ 

ʚ ʪʝʩʪʦʚʦʡ ʩʨʝʜʝ. ʉʙʦʨ ʘʥʘʣʠʪʠʢʠ ʧʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʠ ʩʝʪʝʚʳʤ ʫʩʣʦʚʠʷʤ ʧʦʤʦʛ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʡ ʘʫʜʠʪʦʨʠʠ. 

ʀʪʘʢ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʚʘʞʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ. ʂʦʛʜʘ ʤʳ ʦʧʪʠʤʠʟʠʨʦʚʘʣʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʩʝʨʚʝʨʥʫʶ ʯʘʩʪʴ ʥʘ Java, ʠ ʢʣʠʝʥʪʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʥʘ HTML5/CSS Grid, 

ʧʨʠʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʢʘʟʘʣʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʨʘʙʦʪʝ ʪʦʣʴʢʦ ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʦʡ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʳʚʦʜʘʤʠ Rodriguez [9], ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʦʪʤʝʯʘʣ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʢʦʤʧʣʝʢʩʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʳʚʦʜʘʤʠ Rodriguez [9], ʢʦʪʦʨʳʡ ʪʘʢʞʝ 

ʦʪʤʝʯʘʣ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʦʙʲʝʜʠʥʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʥʘʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ Ahmad ʠ ʢʦʣʣʝʛ [1], ʢʦʪʦʨʳʝ 

ʩʦʩʨʝʜʦʪʦʯʠʣʠʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʦʧʪʠʤʠʟʘʮʠʠ Java-ʢʦʜʘ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʰ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʜʦʙʠʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʥʘ 

27%, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʘʞʥʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʩʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʠ ʧʨʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʨʘʚʥʝʥʠʝ ʥʘʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʪʠʤʠʟʘʮʠʠ CSS Grid ʩ 

ʚʳʚʦʜʘʤʠ Chen ʠ ʩʦʘʚʪʦʨʦʚ [2]. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʥʠ ʩʦʦʙʱʘʣʠ ʦʙ ʫʣʫʯʰʝʥʠʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʝʥʜʝʨʠʥʛʘ ʥʘ 18% ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ CSS Grid ʚʤʝʩʪʦ ʬʣʝʢʩʙʦʢʩʦʚ, 

ʥʘʰʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ (23%). ʕʪʦ ʨʘʟʣʠʯʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʧʪʠʤʠʟʘʮʠʷʤʠ, ʚʢʣʶʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ CSS-ʧʝʨʝʤʝʥʥʳʭ ʠ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʝʪʢʠ, ʘ ʪʘʢʞʝ ʩʠʥʝʨʛʠʝʡ ʩ ʩʝʨʚʝʨʥʳʤʠ ʦʧʪʠʤʠʟʘʮʠʷʤʠ. 

ʅʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʚʦʜʳ ʊ. ʉʤʠʪʘ [3] ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʬʨʝʡʤʚʦʨʢʦʚ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ Java-ʧʨʠʣʦʞʝʥʠʡ. ʆʜʥʘʢʦ ʤʳ ʦʙʥʘʨʫʞʠʣʠ, 

ʯʪʦ ʦʧʪʠʤʠʟʘʮʠʷ ʥʘʩʪʨʦʝʢ JVM ʠ ʩʙʦʨʱʠʢʘ ʤʫʩʦʨʘ ʠʤʝʝʪ ʝʱʝ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʢʘʭ. ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ 

ʮʝʣʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʧʪʠʤʠʟʘʮʠʠ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʚʩʝ ʫʨʦʚʥʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʝʢʘ. 

ʅʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʫʣʫʯʰʝʥʠʶ ʚʨʝʤʝʥʠ ʨʝʥʜʝʨʠʥʛʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ CSS Grid (47% 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʣʦʘʪʘʤʠ) ʧʨʝʚʳʰʘʶʪ ʧʦʢʘʟʘʪʝʣʠ, ʫʢʘʟʘʥʥʳʝ ʚ ʨʘʙʦʪʝ Neilsen ʠ Zhang [4] 

(35%). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʘʰʠʤ ʢʦʤʧʣʝʢʩʥʳʤ ʧʦʜʭʦʜʦʤ, ʚʢʣʶʯʘʶʱʠʤ ʥʝ ʪʦʣʴʢʦ 

ʧʝʨʝʭʦʜ ʥʘ CSS Grid, ʥʦ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʢʨʠʪʠʯʝʩʢʦʛʦ CSS, ʠʩʧʦʣʴʟʦʚʘʥʠʝ CSS-ʧʝʨʝʤʝʥʥʳʭ ʠ 

ʤʠʥʠʤʠʟʘʮʠʶ ʧʦʚʪʦʨʥʳʭ ʨʘʩʯʝʪʦʚ ʤʘʢʝʪʘ. 



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.ru 

ʊ. 12. ˉ2 2026 

https://doi.org/10.33619/2414-2948/123 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 149 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʩʩʣʝʜʦʚʘʥʠʷ Peterson [5], ʢʦʪʦʨʦʝ ʬʦʢʫʩʠʨʦʚʘʣʦʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ 

ʘʩʠʥʭʨʦʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʟʘʧʨʦʩʦʚ ʚ Java, ʥʘʰ ʧʦʜʭʦʜ ʚʢʣʶʯʘʣ ʤʥʦʛʦʫʨʦʚʥʝʚʦʝ ʢʵʰʠʨʦʚʘʥʠʝ ʠ 

ʦʧʪʠʤʠʟʘʮʠʶ ʜʦʩʪʫʧʘ ʢ ʙʘʟʝ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʚʧʝʯʘʪʣʷʶʱʝʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ (78% ʧʨʦʪʠʚ 60% ʚ ʫʢʘʟʘʥʥʦʡ ʨʘʙʦʪʝ). ʕʪʦ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʧʪʠʤʠʟʘʮʠʠ. 

Li ʠ ʢʦʣʣʝʛʠ [6] ʩʦʦʙʱʘʣʠ ʦ ʩʦʢʨʘʱʝʥʠʠ ʨʘʟʤʝʨʘ CSS ʥʘ 25-30% ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʝʨʝʤʝʥʥʳʭ, ʯʪʦ ʙʣʠʟʢʦ ʢ ʥʘʰʠʤ ʨʝʟʫʣʴʪʘʪʘʤ (31%). ʆʜʥʘʢʦ ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʠʠ CSS-

ʧʝʨʝʤʝʥʥʳʭ ʩ ʤʠʛʨʘʮʠʝʡ ʥʘ CSS Grid ʤʳ ʩʤʦʛʣʠ ʜʦʙʠʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʥʘ 

18%, ʯʪʦ ʧʦʢʘʟʘʣʦ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʡ ʵʬʬʝʢʪ ʨʘʟʣʠʯʥʳʭ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʪʝʭʥʠʢ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ Kumar [7] ʦ ʚʣʠʷʥʠʠ ʦʧʪʠʤʠʟʘʮʠʠ Java ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ 

ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ (20% ʩʥʠʞʝʥʠʝ) ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʥʘʰʠʤʠ ʚʳʚʦʜʘʤʠ ʦ ʚʘʞʥʦʩʪʠ 

ʩʝʨʚʝʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʤʦʙʠʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ. ʄʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ 

ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʩʝʨʚʝʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʵʬʬʝʢʪʠʚʥʳʤʠ ʢʣʠʝʥʪʩʢʠʤʠ ʩʪʨʘʪʝʛʠʷʤʠ 

(ʦʩʦʙʝʥʥʦ CSS Grid ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʜʠʟʘʡʥʘ) ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʵʪʦʪ ʵʬʬʝʢʪ ʜʦ 35% ʩʥʠʞʝʥʠʷ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ ʢʣʠʝʥʪʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

ʅʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʨʝʠʤʫʱʝʩʪʚʘʤ CSS Grid ʥʘʜ ʬʣʝʢʩʙʦʢʩʦʤ (23% ʫʣʫʯʰʝʥʠʝ ʚ 

ʩʢʦʨʦʩʪʠ ʨʝʥʜʝʨʠʥʛʘ) ʥʝʩʢʦʣʴʢʦ ʧʨʝʚʳʰʘʶʪ ʧʦʢʘʟʘʪʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ Wang ʠ ʩʦʘʚʪʦʨʘʤʠ 

[8] (15%). ʕʪʦ ʨʘʩʭʦʞʜʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʨʘʟʣʠʯʠʷʤʠ ʚ ʪʝʩʪʦʚʳʭ ʩʮʝʥʘʨʠʷʭ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʧʪʠʤʠʟʘʮʠʷʤʠ, ʢʦʪʦʨʳʝ ʤʳ ʧʨʠʤʝʥʠʣʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ CSS Grid. 

ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʩʦʯʝʪʘʶʱʠʡ ʦʧʪʠʤʠʟʘʮʠʶ ʢʘʢ ʩʝʨʚʝʨʥʦʡ, ʪʘʢ ʠ ʢʣʠʝʥʪʩʢʦʡ 

ʯʘʩʪʠ, ʧʨʠʚʝʣ ʢ 62% ʩʥʠʞʝʥʠʶ ʥʘʛʨʫʟʢʠ ʥʘ ʩʝʨʚʝʨ ʠ 87% ʫʣʫʯʰʝʥʠʶ ʚʨʝʤʝʥʠ ʟʘʛʨʫʟʢʠ ʜʣʷ 

ʚʦʟʚʨʘʱʘʶʱʠʭʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦ ʧʨʝʚʦʩʭʦʜʠʪ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

Rodriguez [9] (45%). ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʦʪ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ. 

ʅʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʫʣʫʯʰʝʥʠʶ ʦʙʱʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ (ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʠ 

ʟʘʛʨʫʟʢʠ ʥʘ 92% ʜʣʷ ʚʦʟʚʨʘʱʘʶʱʠʭʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ Service Workers) 

ʧʨʝʚʦʩʭʦʜʷʪ ʧʦʢʘʟʘʪʝʣʠ Brown ʠ ʢʦʣʣʝʛ [10] (50%). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʘʰʠʤ ʙʦʣʝʝ 

ʢʦʤʧʣʝʢʩʥʳʤ ʧʦʜʭʦʜʦʤ, ʚʢʣʶʯʘʶʱʠʤ ʥʝ ʪʦʣʴʢʦ ʢʵʰʠʨʦʚʘʥʠʝ, ʥʦ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʩʝʨʚʝʨʥʦʡ 

ʯʘʩʪʠ, ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʠ ʫʣʫʯʰʝʥʠʝ ʩʪʨʘʪʝʛʠʡ ʟʘʛʨʫʟʢʠ ʨʝʩʫʨʩʦʚ. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ, ʢʦʪʦʨʳʡ ʥʝ ʙʳʣ ʧʦʣʥʦʮʝʥʥʦ ʨʘʩʩʤʦʪʨʝʥ ʚ ʧʨʝʜʳʜʫʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʦʧʪʠʤʠʟʘʮʠʠ. ʅʘʰʠ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʢʦʥʪʨʦʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʚ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʧʦʤʦʛʘʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʨʝʛʨʝʩʩʠʠ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʨʘʙʦʪʝ ʙʦʣʴʰʠʭ ʢʦʤʘʥʜ ʥʘʜ 

ʩʣʦʞʥʳʤʠ ʧʨʦʝʢʪʘʤʠ, ʛʜʝ ʨʫʯʥʦʡ ʢʦʥʪʨʦʣʴ ʩʪʘʥʦʚʠʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ. 

ʆʜʥʠʤ ʠʟ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʬʦʢʫʩ ʥʘ ʢʦʥʢʨʝʪʥʳʡ ʥʘʙʦʨ 

ʪʝʭʥʦʣʦʛʠʡ (Java, Spring, HTML5, CSS Grid). ʍʦʪʷ ʤʥʦʛʠʝ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʤʦʛʫʪ 

ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ ʜʨʫʛʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʪʝʢʘʤ, ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʨʘʟʥʳʭ ʢʦʥʪʝʢʩʪʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʰʝ 

ʪʝʩʪʦʚʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʭʦʪʷ ʠ ʤʦʜʝʣʠʨʦʚʘʣʦ ʪʠʧʠʯʥʳʝ ʙʠʟʥʝʩ-ʩʮʝʥʘʨʠʠ, ʤʦʞʝʪ ʥʝ ʦʪʨʘʞʘʪʴ 

ʚʩʝʡ ʩʣʦʞʥʦʩʪʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ. 

ɹʫʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ ʜʦʣʛʦʩʨʦʯʥʳʭ ʵʬʬʝʢʪʦʚ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʚʢʣʶʯʘʷ ʚʣʠʷʥʠʝ ʥʘ ʫʜʝʨʞʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʢʦʥʚʝʨʩʠʶ, ʘ ʪʘʢʞʝ ʥʘ 

ʘʜʘʧʪʘʮʠʶ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʠʢ ʢ ʥʦʚʳʤ ʠ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʪʝʭʥʦʣʦʛʠʷʤ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʝʨʚʝʨʥʦʡ ʠ ʢʣʠʝʥʪʩʢʦʡ 

ʦʧʪʠʤʠʟʘʮʠʝʡ ʚ ʢʦʥʪʝʢʩʪʝ ʥʦʚʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʠʢʨʦʩʝʨʚʠʩʳ ʠ 

serverless-ʚʳʯʠʩʣʝʥʠʷ. 
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ɺʳʚʦʜʳ 

ʆʧʪʠʤʠʟʘʮʠʷ ʪʦʣʴʢʦ ʩʝʨʚʝʨʥʦʡ ʠʣʠ ʪʦʣʴʢʦ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʜʘʸʪ ʥʝʧʦʣʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʧʦʜʭʦʜʝ, ʢʦʛʜʘ ʫʣʫʯʰʝʥʠʷ ʚʥʦʩʷʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʢʦʜ ʥʘ Java ʠ ʚ ʠʥʪʝʨʬʝʡʩ ʥʘ HTML5/CSS Grid. ʊʘʢʘʷ ʩʪʨʘʪʝʛʠʷ ʧʦʟʚʦʣʷʝʪ ʥʘʤ 

ʧʦʣʫʯʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʧʨʝʚʳʰʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʦʣʠʨʦʚʘʥʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʥʘʩʪʨʦʝʢ JVM, ʦʩʦʙʝʥʥʦ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʙʦʨʱʠʢʘ ʤʫʩʦʨʘ, ʠʤʝʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ Java-ʧʨʠʣʦʞʝʥʠʡ, ʩʥʠʞʘʷ ʚʨʝʤʷ ʧʘʫʟ ʥʘ 47% ʠ 

ʫʤʝʥʴʰʘʷ ʧʦʪʨʝʙʣʝʥʠʝ CPU ʥʘ 23% ʧʨʠ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʢʘʭ. 

ɺʥʝʜʨʝʥʠʝ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʢʵʰʠʨʦʚʘʥʠʷ ʚ Java-ʧʨʠʣʦʞʝʥʠʷʭ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʜʦʩʪʫʧʘ ʢ 

ʙʘʟʝ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ ʥʘ 42% ʠ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʧʨʦʩʦʚ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʥʘ 67% ʜʣʷ ʯʘʩʪʦ ʟʘʧʨʘʰʠʚʘʝʤʳʭ ʩʫʱʥʦʩʪʝʡ. 

ɸʩʠʥʭʨʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʟʘʧʨʦʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CompletableFuture ʠ ʨʝʘʢʪʠʚʥʳʭ 

ʧʦʜʭʦʜʦʚ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʥʘ 78% ʧʨʠ ʪʦʤ ʞʝ ʫʨʦʚʥʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ CSS Grid ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʤʘʢʝʪʦʚ ʥʝ ʪʦʣʴʢʦ ʫʧʨʦʱʘʝʪ 

ʨʘʟʨʘʙʦʪʢʫ, ʥʦ ʠ ʫʣʫʯʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʝʥʜʝʨʠʥʛʘ ʥʘ 23% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʬʣʝʢʩʙʦʢʩʘʤʠ ʠ ʥʘ 47% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʰʝʥʠʷʤʠ ʥʘ ʦʩʥʦʚʝ ʬʣʦʘʪʦʚ. 

ɺʥʝʜʨʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ CSS ʠ ʩʪʨʘʪʝʛʠʡ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʛʨʫʟʢʠ ʨʝʩʫʨʩʦʚ ʫʣʫʯʰʘʝʪ 

ʤʝʪʨʠʢʠ First Contentful Paint ʥʘ 57% ʠ Largest Contentful Paint ʥʘ 39%, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʣʫʯʰʘʝʪ ʚʦʩʧʨʠʥʠʤʘʝʤʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʩʦʯʝʪʘʶʱʠʡ ʩʝʨʚʝʨʥʫʶ ʠ ʢʣʠʝʥʪʩʢʫʶ ʦʧʪʠʤʠʟʘʮʠʶ, 

ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʥʘ 73%, ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʩʝʨʚʝʨ ʥʘ 62% 

ʠ ʫʣʫʯʰʠʪʴ ʚʨʝʤʷ ʟʘʛʨʫʟʢʠ ʜʣʷ ʚʦʟʚʨʘʱʘʶʱʠʭʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ 87%. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ ʢʦʥʪʨʦʣʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ CI/CD-ʧʘʡʧʣʘʡʥʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʝ ʧʦʜʜʝʨʞʘʥʠʝ ʚʳʩʦʢʦʛʦ 

ʫʨʦʚʥʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʶʪ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʫʶ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ. ʉ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʦʥʠ ʨʘʩʰʠʨʷʶʪ ʧʦʥʠʤʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʘʩʧʝʢʪʘʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ 

ʧʦʜʭʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʤʝʥʝʥʳ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʠ ʘʨʭʠʪʝʢʪʦʨʘʤʠ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʚʘʞʥʦʩʪʴ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʧʪʠʤʠʟʘʮʠʠ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, 

ʥʦ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʢʦʥʪʨʦʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʦʞʠʜʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ 

ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʪ, ʘ ʩʣʦʞʥʦʩʪʴ ʩʘʤʠʭ ʧʨʠʣʦʞʝʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʪʝʭʥʠʢ, ʘʜʘʧʪʘʮʠʶ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʨʝʰʝʥʠʷʤ, ʘ ʪʘʢʞʝ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʦʣʛʦʩʨʦʯʥʳʭ 

ʵʬʬʝʢʪʦʚ ʦʧʪʠʤʠʟʘʮʠʠ, ʚʢʣʶʯʘʷ ʚʣʠʷʥʠʝ ʥʘ ʙʠʟʥʝʩ-ʧʦʢʘʟʘʪʝʣʠ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʧʳʪ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʚʦʣʶʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ (UI) ð ʦʪ 

ʩʪʘʪʠʯʥʳʭ ʠ ʘʜʘʧʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʢ ʜʠʥʘʤʠʯʝʩʢʠʤ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʩʠʩʪʝʤʘʤ, 

ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʪʝʭʥʦʣʦʛʠʷʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʚʣʠʷʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʘʟʚʠʪʠʝ UI, ʩ ʘʢʮʝʥʪʦʤ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʚ ʩʪʨʘʥʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʚ ʂʳʨʛʳʟʩʪʘʥʝ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʢʦʥʪʝʢʩʪʫʘʣʴʥʦʤʫ ʠ ʢʫʣʴʪʫʨʥʦʤʫ 

ʘʩʧʝʢʪʘʤ, ʘ ʪʘʢʞʝ ʧʨʦʙʣʝʤʘʤ ʜʦʩʪʫʧʥʦʩʪʠ, ʮʠʬʨʦʚʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʮʠʬʨʦʚʦʡ 

ʛʨʘʤʦʪʥʦʩʪʠ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʟʜʘʥʠʶ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ, ʘʜʘʧʪʠʚʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʨʘʟʚʠʪʠʶ ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʩʬʝʨʝ UX/UI-ʜʠʟʘʡʥʘ. 

ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʟʥʘʥʠʡ ʠ ʧʨʦʚʝʜʝʥʠʷ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ UI ʚ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

 

Abstract. Explores the evolution of user interfaces (UI) ð from static and adaptive solutions to 

dynamic and intelligent systems based on artificial intelligence technologies. It analyzes the impact 

of technological, behavioral, and social factors on UI development, with a particular focus on the 

potential application of intelligent interfaces in Central Asian countries, especially Kyrgyzstan. 

Special attention is given to contextual and cultural aspects, as well as issues of accessibility, digital 

inequality, and low levels of digital literacy. The paper offers practical recommendations for creating 

localized, adaptive interfaces and developing competencies in UX/UI design. It emphasizes the need 

for interdisciplinary integration and empirical research to ensure the successful implementation of 

intelligent UI in regional contexts. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ (UI), ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʥʪʝʨʬʝʡʩʳ (IUI), 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ  ɻʚʦʣʶʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ (UI), ʢʦʪʦʨʘʷ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ 

ʘʢʪʫʘʣʴʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʪʝʥʜʝʥʮʠʷʤʠ. ʇʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʫʪʴ ʦʪ ʘʜʘʧʪʠʚʥʳʭ ʠ 

ʦʪʟʳʚʯʠʚʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʢ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʩʠʩʪʝʤʘʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ɸʚʪʦʨʳ ʘʢʮʝʥʪʠʨʫʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦʤ, ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʜʦʩʪʠʞʝʥʠʷ, ʢʦʛʥʠʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠ ʩʦʮʠʘʣʴʥʳʝ ʬʘʢʪʦʨʳ ʚʣʠʷʶʪ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʪʝʨʬʝʡʩʦʚ ʙʫʜʫʱʝʛʦ. ɺ ʵʧʦʭʫ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ (UI) ʩʪʘʥʦʚʠʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʯʝʣʦʚʝʢʘ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ. UI ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ, ʰʘʛ ʟʘ ʰʘʛʦʤ ʧʨʝʦʜʦʣʝʚʘʷ ʛʨʘʥʠʮʳ 

ʩʪʘʪʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʉʝʛʦʜʥʷ ʤʳ ʚʠʜʠʤ ʧʝʨʝʭʦʜ ʢ ʘʜʘʧʪʠʚʥʳʤ ʠʥʪʝʨʬʝʡʩʘʤ, ʢʦʪʦʨʳʝ 

ʫʤʝʶʪ ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʚʝʜʝʥʠʷ ʠ ʢʦʥʪʝʢʩʪʘ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʚ ʙʫʜʫʱʝʤ ʥʘʩ ʞʜʫʪ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ UI, ʩʧʦʩʦʙʥʳʝ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʠ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʝʛʦ ʧʦʪʨʝʙʥʦʩʪʠ. 

ʀʩʩʣʝʜʫʝʪʩʷ ʵʚʦʣʶʮʠ ̫UI-ʜʠʟʘʡʥʘ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʣʶʯʝʚʳʝ ʵʪʘʧʳ ʝʛʦ ʨʘʟʚʠʪʠʷ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʠʥʪʝʨʬʝʡʩʘʤ, ʠʭ ʦʪʣʠʯʠʪʝʣʴʥʳʤ 

ʯʝʨʪʘʤ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤ ʚʥʝʜʨʝʥʠʷ ʚ ʨʝʛʠʦʥʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥ ʎʝʥʪʨʘʣʴʥʦʡ 

ɸʟʠʠ, ʩ ʦʩʦʙʳʤ ʘʢʮʝʥʪʦʤ ʥʘ ʂʳʨʛʳʟʩʪʘʥ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʵʚʦʣʶʮʠʠ UI ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ 

ʚʣʠʷʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʪʝʥʜʝʥʮʠʡ. ʂ ʢʣʶʯʝʚʳʤ ʤʦʤʝʥʪʘʤ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʠʣʠ ʨʘʟʚʠʪʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʦʪʥʦʩʷʪʩʷ:  

ʇʝʨʚʘʷ ʛʝʥʝʨʘʮʠʷ UI-ʜʠʟʘʡʥʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʦʪʩʫʪʩʪʚʠʝʤ ʛʠʙʢʦʩʪʠ: ʛʨʘʬʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ ʙʳʣʠ ʞʸʩʪʢʦ ʧʨʠʚʷʟʘʥʳ ʢ ʢʦʥʢʨʝʪʥʳʤ ʨʘʟʨʝʰʝʥʠʷʤ ʵʢʨʘʥʘ ʠ ʥʝ ʘʜʘʧʪʠʨʦʚʘʣʠʩʴ ʧʦʜ 

ʠʟʤʝʥʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʢʨʫʞʝʥʠʷ. ʇʨʠʤʝʨʳ ʚʢʣʶʯʘʶʪ ʜʝʩʢʪʦʧʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʢʦʥʮʘ 

XX ʚʝʢʘ, ʘ ʪʘʢʞʝ ʧʝʨʚʳʝ ʚʝʨʩʠʠ ʚʝʙ-ʩʘʡʪʦʚ. 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʠʥʪʝʨʬʝʡʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʨʘʟʣʠʯʥʳʝ ʨʘʟʤʝʨʳ ʵʢʨʘʥʦʚ. ʇʦʷʚʠʣʠʩʴ 

ʘʜʘʧʪʠʚʥʳʝ (adaptive) ʠ ʦʪʟʳʚʯʠʚʳʝ (responsive) ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʛʠʙʢʠʭ ʩʝʪʢʘʭ ʠ 

ʤʝʜʠʘ-ʟʘʧʨʦʩʘʭ (CSS3). ɸʜʘʧʪʠʚʥʳʡ ʠʥʪʝʨʬʝʡʩ ʩʦʟʜʘʸʪ ʦʪʜʝʣʴʥʳʝ ʚʝʨʩʠʠ ʜʠʟʘʡʥʘ ʧʦʜ 

ʢʘʞʜʳʡ ʪʠʧ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʦʪʟʳʚʯʠʚʳʡ ð ʜʠʥʘʤʠʯʝʩʢʠ ʧʝʨʝʩʪʨʘʠʚʘʝʪ ʵʣʝʤʝʥʪʳ ʥʘ ʦʩʥʦʚʝ 

ʨʘʟʨʝʰʝʥʠʷ ʵʢʨʘʥʘ. 

ʇʨʠʤʝʨ: ʩʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ɸ. ʄ. ʉʤʠʨʥʦʚʦʡ ʠ ɽ. ɸ. ʐʝʣʦʤʝʥʮʝʚʦʡ (2024), 

ʤʠʥʠʤʘʣʠʟʤ ʠ ʘʜʘʧʪʠʚʥʦʩʪʴ ʩʪʘʣʠ ʢʣʶʯʝʚʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ UI ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭè [1]. 

ʇʦʷʚʣʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʦʟʥʘʤʝʥʦʚʘʣʦʩʴ 

ʚʥʝʜʨʝʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʢʦʥʪʝʢʩʪʥʦʡ ʘʜʘʧʪʘʮʠʠ. ɼʠʥʘʤʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʩʧʦʩʦʙʝʥ ʠʟʤʝʥʷʪʴ 

ʩʚʦʸ ʧʦʚʝʜʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: ʚʨʝʤʝʥʠ ʩʫʪʦʢ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, 

ʧʨʝʜʳʜʫʱʝʛʦ ʦʧʳʪʘ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʝʛʦ ʧʨʝʜʧʦʯʪʝʥʠʡ ʠ ʧʦʚʝʜʝʥʠʷ. 

ʇʨʠʤʝʨ: ʠʥʪʝʨʬʝʡʩʳ ʤʦʙʠʣʴʥʳʭ ʙʘʥʢʦʚ, ʛʜʝ ʥʘ ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʝ ʜʠʥʘʤʠʯʝʩʢʠ 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʯʘʱʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʬʫʥʢʮʠʠ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʪʝʛʨʘʮʠʶ UI ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʠʷ ʠ ʢʦʥʪʝʢʩʪʘ. ʎʝʣʴ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ð ʧʨʝʜʩʢʘʟʘʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʨʝʜʣʦʞʠʪʴ ʥʘʠʙʦʣʝʝ ʨʝʣʝʚʘʥʪʥʳʡ 

ʩʮʝʥʘʨʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 
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ʀʥʪʝʨʬʝʡʩʳ ʵʪʦʛʦ ʪʠʧʘ: ʠʩʧʦʣʴʟʫʶʪ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ; ʘʜʘʧʪʠʨʫʶʪ 

ʠʥʪʝʨʬʝʡʩ çʥʘ ʣʝʪʫè; ʚʢʣʶʯʘʶʪ ʛʦʣʦʩʦʚʳʝ ʠ ʞʝʩʪʦʚʳʝ ʢʦʤʘʥʜʳ; ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʫʩʪʨʦʡʩʪʚʘ 

ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT). 

ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʝ ʉ. ɺ. ʗʥʛʝʣʝʚʩʢʦʛʦ ʠ ɸ. ʉ. ʃʦʛʠʥʦʚʦʡ (2023), IUI ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʩʥʠʞʝʥʠʶ ʢʦʛʥʠʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʧʦʚʳʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [2]. ʍʦʪʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʦʙʣʘʜʘʶʪ ʤʥʦʞʝʩʪʚʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʠʭ ʚʥʝʜʨʝʥʠʝ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ɼʣʷ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʫʩʣʫʛ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʠʨʘʪʴ 

ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ ʦ ʧʦʣʴʟʦʚʘʪʝʣʷʭ, ʯʪʦ ʧʦʜʥʠʤʘʝʪ ʚʦʧʨʦʩ ʦ 

ʟʘʱʠʪʝ ʠʭ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ. ʉʣʠʰʢʦʤ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʩʪʘʪʴ 

ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʙʦʪʝ. ɺ ʨʝʛʠʦʥʘʭ ʩ ʥʠʟʢʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʷ IUI ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʯʝʪʘ 

ʩʧʝʮʠʬʠʢʠ ʤʝʩʪʥʦʛʦ ʢʦʥʪʝʢʩʪʘ. ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳ ʵʪʠ ʧʨʦʙʣʝʤʳ ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ, 

ʪʘʢʠʭ ʢʘʢ ʂʳʨʛʳʟʩʪʘʥ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʮʠʬʨʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʥʦ ʩʦʭʨʘʥʷʝʪʩʷ 

ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʠ ʥʝʜʦʩʪʘʪʦʢ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʙʘʟʳ. ʂʳʨʛʳʟʩʢʘʷ 

ʈʝʩʧʫʙʣʠʢʘ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʝʪ ʮʠʬʨʦʚʳʝ ʨʝʰʝʥʠʷ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʛʦʩʫʩʣʫʛ, ʵʥʝʨʛʝʪʠʢʠ. 

ʇʨʠʤʝʨʳ: ʧʨʦʝʢʪ ʧʦ ʫʩʪʘʥʦʚʢʝ çʫʤʥʳʭè ʩʯʸʪʯʠʢʦʚ (ɸʉʂʋʕ) ʚ ʵʥʝʨʛʝʪʠʢʝ 

(https://clck.ru/3RamLj); ʮʠʬʨʦʚʠʟʘʮʠʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʫʩʣʫʛ ʯʝʨʝʟ ʧʦʨʪʘʣʳ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʨʘʚʠʪʝʣʴʩʪʚʘ; ʧʠʣʦʪʥʳʝ ʧʨʦʝʢʪʳ ʚ ʩʬʝʨʝ çʫʤʥʦʛʦè ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʠ ʜʦʤʦʬʦʥʦʚ ʚ ɹʠʰʢʝʢʝ 

(https://clck.ru/3RamUW). 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʧʝʮʠʘʣʴʥʦ ʧʦʩʚʷʱʝʥʥʳʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʪʝʩʪʠʨʦʚʘʥʠʶ ʠʥʪʝʨʬʝʡʩʦʚ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨ, ʷʟʳʢʦʚ 

ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʘʣʠʟʘʮʠʡ. ʆʪʩʫʪʩʪʚʫʝʪ, ʥʘʧʨʠʤʝʨ, ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʬʝʡʩʦʚ ʥʘ 

ʢʳʨʛʳʟʩʢʦʤ ̫ ʟʳʢʝ, ʘ ʪʘʢʞʝ ʠʥʪʝʨʬʝʡʩʦʚ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʦʩʦʙʳʤʠ 

ʧʦʪʨʝʙʥʦʩʪʷʤʠ [3, 4]. 

ʈʘʟʚʠʪʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʪʨʝʤʣʝʥʠʝ ʢ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʮʠʬʨʦʚʦʡ ʨʝʘʣʴʥʦʩʪʠ. ʕʚʦʣʶʮʠʷ ʦʪ ʘʜʘʧʪʠʚʥʳʭ ʢ ʜʠʥʘʤʠʯʝʩʢʠʤ ʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʨʝʰʝʥʠʷʤ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʣʠʰʴ ʪʝʭʥʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʥʦ ʠ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʢʦʤʧʣʝʢʩʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʘʢʠʭ ʘʩʧʝʢʪʦʚ, ʢʘʢ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʜʦʩʪʫʧʥʦʩʪʴ, 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʧʨʠʚʳʯʢʠ ʠ ʘʜʘʧʪʘʮʠʷ ʢ ʣʦʢʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʂʳʨʛʳʟʩʪʘʥʝ, ʛʜʝ ʮʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ UI 

ʦʙʣʘʜʘʶʪ ʦʛʨʦʤʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʘʢʠʭ ʢʣʶʯʝʚʳʭ ʩʝʢʪʦʨʦʚ, ʢʘʢ 

ʦʙʨʘʟʦʚʘʥʠʝ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʵʪʦʪ ʧʦʪʝʥʮʠʘʣ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ, ʥʝʦʙʭʦʜʠʤʳ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʩʬʝʨʘʭ ʜʠʟʘʡʥʘ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ (UI), ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ (UX) ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ 

ʩ ʢʦʤʧʴʶʪʝʨʦʤ (HCI); ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ UX; ʩʦʟʜʘʥʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʷʟʳʢʦʚʳʤ ʠ ʢʫʣʴʪʫʨʥʳʤ ʥʶʘʥʩʘʤ; 

ʫʣʫʯʰʝʥʠʷ ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʧʨʠʦʙʨʝʪʘʶʪ 

ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʦʪʢʨʳʚʘʶʪ ʧʫʪʴ ʢ ʨʘʟʨʘʙʦʪʢʝ ʮʠʬʨʦʚʦʡ ʩʨʝʜʳ, ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʢ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ, ʜʝʡʩʪʚʠʷʤ ʠ ʢʦʥʪʝʢʩʪʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʝʛʦ ʮʠʬʨʦʚʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. 

ʕʚʦʣʶʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ð ɻ ʪʦ ʥʝ ʧʨʦʩʪʦ ʦʪʩʣʝʞʠʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʝʩʩʘ, ʥʦ ʠ ʦʪʨʘʞʝʥʠʝ ʵʚʦʣʶʮʠʠ ʩʧʦʩʦʙʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʶʜʝʡ ʩ ʮʠʬʨʦʚʳʤ ʤʠʨʦʤ. 

ʇʝʨʝʭʦʜ ʦʪ ʠʥʪʝʨʬʝʡʩʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʘʜʘʧʪʠʚʥʦʩʪʴ ʠ ʦʪʟʳʚʯʠʚʦʩʪʴ, ʢ ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʩʠʩʪʝʤʘʤ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʚʩʝ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ 
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ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ, ʫʤʝʥʠʝ ʩʠʩʪʝʤʳ ʫʯʠʪʳʚʘʪʴ ʢʦʥʪʝʢʩʪ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʦʙʫʯʝʥʠʶ. 

ɺ ʥʘʰʠ ʜʥʠ ʠʥʪʝʨʬʝʡʩʳ ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ, ʧʝʨʝʭʦʜʷ ʦʪ ʨʦʣʠ ʧʨʦʩʪʦʡ çʦʙʦʣʦʯʢʠè ʢ ʩʪʘʪʫʩʫ 

ʘʢʪʠʚʥʦʛʦ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʧʘʨʪʥʝʨʘ. ʆʥʠ ʩʧʦʩʦʙʥʳ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʥʘʤʝʨʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʝʛʦ ʜʝʡʩʪʚʠʷ ʠ ʤʛʥʦʚʝʥʥʦ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʪʝʢʫʱʫʶ 

ʩʠʪʫʘʮʠʶ. 

ɺʘʞʥʦʩʪʴ ʜʘʥʥʦʡ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʘʜʘʧʪʘʮʠʠ ʧʨʠʥʮʠʧʦʚ UI-ʜʠʟʘʡʥʘ 

ʢ ʥʦʚʳʤ ʨʝʘʣʠʷʤ ʮʠʬʨʦʚʦʡ ʵʧʦʭʠ. ʈʘʟʨʘʙʦʪʢʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʥʫʞʜʘʝʪʩʷ ʚ 

ʠʥʪʝʛʨʘʮʠʠ ʟʥʘʥʠʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ ʀʀ, ʢʦʛʥʠʪʠʚʥʘʷ ʧʩʠʭʦʣʦʛʠʷ, 

ʣʠʥʛʚʠʩʪʠʢʘ, ʜʠʟʘʡʥ ʠ ʵʨʛʦʥʦʤʠʢʘ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʦʩʪʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʵʪʘʧʦʚ ʵʚʦʣʶʮʠʠ UI, ʘ ʪʘʢʞʝ 

ʘʨʛʫʤʝʥʪʠʨʫʝʪ ʚʘʞʥʦʩʪʴ ʫʯʝʪʘ ʢʦʥʪʝʢʩʪʘ ʠ ʢʫʣʴʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʩʨʝʜʘʭ. ʎʠʬʨʦʚʠʟʘʮʠʷ ʚ 

ʂʳʨʛʳʟʩʪʘʥʝ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʥʦ ʧʦ-ʧʨʝʞʥʝʤʫ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʪʨʫʜʥʦʩʪʷʤʠ, ʪʘʢʠʤʠ 

ʢʘʢ ʮʠʬʨʦʚʦʝ ʥʝʨʘʚʝʥʩʪʚʦ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʮʠʬʨʦʚʘʷ ʛʨʘʤʦʪʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʠ ʦʛʨʘʥʠʯʝʥʥʳʡ 

ʜʦʩʪʫʧ ʢ ʠʥʪʝʨʬʝʡʩʘʤ ʥʘ ʥʘʮʠʦʥʘʣʴʥʳʭ ʷʟʳʢʘʭ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʦʩʦʙʝʥʥʦ ʚʳʩʦʢʘ. ʋʩʧʝʰʥʦʝ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʪʝʣʣʝʢʪʝ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʘʜʘʧʪʘʮʠʶ ʢ ʦʩʦʙʝʥʥʦʩʪʷʤ ʢʦʥʢʨʝʪʥʦʡ ʤʝʩʪʥʦʩʪʠ. 

ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʷʟʳʢʦʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʝ ʪʨʘʜʠʮʠʠ, ʪʝʭʥʠʯʝʩʢʫʶ ʙʘʟʫ ʠ 

ʩʪʝʧʝʥʴ ʜʦʚʝʨʠʷ ʣʶʜʝʡ ʢ ʪʝʭʥʦʣʦʛʠʷʤ. 

ɺʳʚʦʜʳ 

ʉʦʟʜʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʧʦʜ ʢʳʨʛʳʟʩʢʠʡ ʷʟʳʢ, ʩ 

ʬʫʥʢʮʠʝʡ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʠ 

ʜʘʞʝ ʨʘʡʦʥʦʚ. 

ɺ ʨʘʤʢʘʭ ʨʘʟʚʠʪʠʷ UX-ʜʠʟʘʡʥʘ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʩʥʦʚʘʪʴ ʣʘʙʦʨʘʪʦʨʠʠ, 

ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʝʩʷ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʚ ʧʨʝʩʪʠʞʥʳʭ ʫʥʠʚʝʨʩʠʪʝʪʘʭ 

ʩʪʨʘʥʳ. ʕʪʠ ʣʘʙʦʨʘʪʦʨʠʠ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʦʚʝʜʝʥʠʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʫʯʘʩʪʠʝʤ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʘʟʥʳʭ ʧʦʢʦʣʝʥʠʡ ʠ ʩʦʮʠʘʣʴʥʳʭ ʩʣʦʝʚ ʥʘʩʝʣʝʥʠʷ. 

ʉʦʟʜʘʥʠʝ ʤʝʪʦʜʠʢ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʝʨʷʪʴ ʠ ʦʮʝʥʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʢʘʢ ʢʦʛʥʠʪʠʚʥʘʷ ʥʘʛʨʫʟʢʘ, 

ʫʨʦʚʝʥʴ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʠ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʈʘʟʚʠʪʠʝ ʢʦʤʧʝʪʝʥʮʠʡ UX/UI ʠ HCI ʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʨʦʛʨʘʤʤ ʦʙʫʯʝʥʠʷ, ʨʝʘʣʠʟʫʝʤʳʭ ʢʘʢ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ, ʪʘʢ ʠ ʯʘʩʪʥʳʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ. 

ɺʥʝʜʨʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʢʣʶʯʝʚʳʭ 

ʩʬʝʨʘʭ: ʦʙʨʘʟʦʚʘʥʠʠ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ, ʤʫʥʠʮʠʧʘʣʴʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʠ ʵʥʝʨʛʝʪʠʢʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ, ʥʦ 

ʠ ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʤ ʬʝʥʦʤʝʥʦʤ. ʀʭ ʛʨʘʤʦʪʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʂʳʨʛʳʟʩʢʦʡ 

ʈʝʩʧʫʙʣʠʢʠ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʮʠʬʨʦʚʳʭ ʩʝʨʚʠʩʦʚ, ʥʦ ʠ 

ʧʦʚʳʰʝʥʠʶ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʮʠʬʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʠ ʜʦʚʝʨʠʷ ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʚ ʦʙʱʝʩʪʚʝ.  ɹʫʜʫʱʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʵʤʧʠʨʠʯʝʩʢʫʶ ʧʨʦʚʝʨʢʫ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʰʝʥʠʡ, ʚʦʚʣʝʯʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʝ 

ʜʦʩʪʫʧʥʦʡ, ʠʥʢʣʶʟʠʚʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʮʠʬʨʦʚʦʡ ʩʨʝʜʳ. 
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ɸʥʥʦʪʘʮʠʷ. Python ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʩʠʥʪʘʢʩʠʩʘ, ʚʳʩʦʢʦʡ ʯʠʪʘʝʤʦʩʪʠ ʢʦʜʘ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʠʣʦʞʝʥʠʡ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ Python ʜʦʩʪʫʧʥʳ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʦʟʜʘʥʠʝ ʚʠʟʫʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʦʙʨʘʙʦʪʢʫ ʩʦʙʳʪʠʡ ʠ ʫʧʨʘʚʣʝʥʠʝ ʦʪʨʠʩʦʚʢʦʡ ʵʣʝʤʝʥʪʦʚ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ  

ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ GUI-ʙʠʙʣʠʦʪʝʢ Tkinter, PyQt6, Kivy,  ʘ ʪʘʢʞʝ ʠʥʩʪʨʫʤʝʥʪʦʚ 

Qt Designer ʠ Qt Creator ʚ ʢʦʥʪʝʢʩʪʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʭ ʥʘʩʪʦʣʴʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ. ʇʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʫʯʝʪʘ ʩʧʦʨʪʩʤʝʥʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʷʟʢʠ Qt Designer ʠ PyQt6. 

 

Abstract. Python is currently one of the most popular programming languages due to its simple 

syntax and highly readable code. Python offers specialized tools for developing GUI applications, 

enabling the creation of visual components, event handling, and control over the rendering of 

elements. This article examines the features of the most popular GUI libraries ð Tkinter, PyQt6, and 

Kivy ð as well as Qt Designer and Qt Creator, in the context of developing cross-platform desktop 

applications. An example of implementing an application for tracking athletes using Qt Designer and 

PyQt6 is also provided. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Python, ʛʨʘʬʠʯʝʩʢʠʝ ʙʠʙʣʠʦʪʝʢʠ, Tkinter, PyQt6, Kivy, PyCharm. 

 

Keywords: Python, graphical libraries, Tkinter, PyQt6, QtDesigner, Qt Creator. 

 

ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ð ɻ ʪʦ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ, ʤʫʣʴʪʠʧʘʨʘʜʠʛʤʝʥʥʳʡ ʠ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʡ ʷʟʳʢ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʧʨʦʩʪʦʪʫ, ʯʠʪʘʝʤʦʩʪʴ ʢʦʜʘ 

ʠ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʯʠʢʘ [1] 

ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ Python ̫ ʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʠ ʤʦʱʥʘʷ ʩʠʩʪʝʤʘ ʩ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʛʦʪʦʚʳʭ ʙʠʙʣʠʦʪʝʢ ʠ ʘʢʪʠʚʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ 

ʨʝʰʝʥʠʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʠ ʦʙʫʯʝʥʠʝ ʦʩʥʦʚʘʤ ʜʘʥʥʦʛʦ ʷʟʳʢʘ.  



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.ru 

ʊ. 12. ˉ2 2026 

https://doi.org/10.33619/2414-2948/123 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 159 

ɺ ʨʘʙʦʪʘʭ ʀ. ɻ. ɻʥʠʜʝʥʢʦ, ʌ. ʌ. ʇʘʚʣʦʚʘ, ɼ. ʖ. ʌʝʜʦʨʦʚʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠ ʢʨʘʪʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʠ ʝʛʦ ʙʠʙʣʠʦʪʝʢ [2].  

ɸʚʪʦʨʳ ʉ. ɹ. ʂʦʣʛʘʥʦʚʘ ʠ ʅ. ɺ. ɹʫʞʠʥʩʢʘʷ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ  ʧʨʠʤʝʥʝʥʠʝ 

ʙʠʙʣʠʦʪʝʢʠ Tkinter ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʩʪʦʡ ʠʛʨʳ çʂʨʝʩʪʠʢʠ-ʥʦʣʠʢʠè, ʧʦʜʯʝʨʢʠʚʘʷ ʝʝ 

ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ [3].  

ɸʚʪʦʨʳ ʈ. ʈ. ʅʫʨʫʪʜʠʥʦʚʘ, ʈ. ʗ. ʐʘʡʭʫʪʜʠʥʦʚʘ, ɼ. ʉ. ɿʘʨʠʧʦʚʘ, ɻ. ɸ. ɻʘʨʝʝʚʘ ʦʧʠʩʳʚʘʶʪ 

ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʜʝʪʘʣʝʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ 

ʧʨʠʤʝʥʝʥ ʙʠʙʣʠʦʪʝʢʘ  ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ OpenCV [4].  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʩʪʫʱʠʤ ʩʧʨʦʩʦʤ ʥʘ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ð ʦʙʨʘʟʦʚʘʥʠʠ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ, ʩʧʦʨʪʝ, ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʇʨʠ ʵʪʦʤ Python ʦʩʪʘʝʪʩʷ  ʦʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ ʷʟʳʢʦʚ ʜʣʷ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ  GUI- 

ʧʨʠʣʦʞʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʦʚ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ 

ʷʟʳʢʘ ʷʚʣʷʶʪʩʷ  ʚʩʪʨʦʝʥʥʳʝ ʙʠʙʣʠʦʪʝʢʠ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ  ʩʦʟʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʚʝʙ ʧʨʠʣʦʞʝʥʠʷ, ʥʘʩʪʦʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ. ɹʠʙʣʠʦʪʝʢʘ ð ɻ ʪʦ ʥʘʙʦʨ 

ʤʦʜʫʣʝʡ, ʬʫʥʢʮʠʡ ʦʙʣʝʛʯʘʶʱʠʭ, ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʦʩʥʦʚʥʳʭ GUIïʙʠʙʣʠʦʪʝʢ Python, ʘ ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʫʯʝʪʘ 

ʩʧʦʨʪʩʤʝʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ  Qt Designer ʠ ʙʠʙʣʠʦʪʝʢʠ PyQt6.  

 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʚʢʣʶʯʘʶʱʠʡ ʠʟʫʯʝʥʠʝ 

ʥʘʫʯʥʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʫʯʘʝʤʳʭ 

ʙʠʙʣʠʦʪʝʢ. ɼʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʥʘʢʦʧʣʝʥʥʳʭ ʟʥʘʥʠʡ ʠ ʚʳʷʚʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ 

ʙʠʙʣʠʦʪʝʢʘʤʠ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ (ʊʘʙʣʠʮʘ). ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ 

ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ  ʤʝʪʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʳʣ ʧʨʠʤʝʥʝʥ ʨʝʜʘʢʪʦʨ Qt 

Designer.  
 

ʊʘʙʣʠʮʘ 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ GUI ï ɹʀɹʃʀʆʊɽʂ PYTHON 
 

ɹʠʙʣʠʦʪʝʢʘ ʇʨʝʠʤʫʱʝʩʪʚʘ ʆʛʨʘʥʠʯʝʥʠʷ 

Tkinter ɺʩʪʨʦʝʥ ʚ ʩʪʘʥʜʘʨʪʥʫʶ ʙʠʙʣʠʦʪʝʢʫ Python, 

ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ; ʧʨʦʩʪʦʪʘ ʦʩʚʦʝʥʠʷ.  

ʋʩʪʘʨʝʚʰʠʡ ʚʥʝʰʥʠʡ ʚʠʜ; 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʘʩʪʦʤʠʟʘʮʠʠ; ʩʣʘʙʘʷ ʧʦʜʜʝʨʞʢʘ 

ʩʦʚʨʝʤʝʥʥʳʭ UI-ʧʘʪʪʝʨʥʦʚ. 

PyQt6 ʉʦʚʨʝʤʝʥʥʳʡ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ; 

ʧʦʜʜʝʨʞʢʘ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʠ; ʰʠʨʦʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʠʟʫʘʣʠʟʘʮʠʠ; ʠʥʪʝʛʨʘʮʠʷ ʩ Qt 

Designer. 

ʂʨʫʧʥʳʡ ʨʘʟʤʝʨ ʫʩʪʘʥʦʚʢʠ; 

ʣʠʮʝʥʟʠʦʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ.   

Kivy ʆʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʩʝʥʩʦʨʥʳʝ ʠʥʪʝʨʬʝʡʩʳ; 

ʧʦʜʜʝʨʞʢʘ ʤʫʣʴʪʠʪʘʯ ʠ ʘʥʠʤʘʮʠʡ;     

ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ; ʦʪʢʨʳʪʘʷ ʣʠʮʝʥʟʠʷ.  

ʆʪʩʫʪʩʪʚʠʝ çʥʘʪʠʚʥʦʛʦè 

ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʥʘ ʜʝʩʢʪʦʧʝ; 

ʤʝʥʝʝ ʟʨʝʣʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ; 

ʦʛʨʘʥʠʯʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ 

ʩʪʘʥʜʘʨʪʥʳʭ ʚʠʜʞʝʪʦʚ. 

 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʠʣʦʞʝʥʠʷ çʋʯʝʪ ʩʧʦʨʪʩʤʝʥʦʚè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ PyQt6 ʠ  Qt Designer. 

PyQt6  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʬʠʮʠʘʣʴʥʳʝ  Python ï ʧʨʠʚʷʟʢʠ ʢ ʬʨʝʡʤʚʦʨʢʫ Qt. Qt ̫ ʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳʭ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʚ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ 
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ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʥʘ C++. Qt ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʜʝʨʞʢʫ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʧʣʘʪʬʦʨʤ ʚʢʣʶʯʘʷ 

ʥʘʩʪʦʣʴʥʳʝ ʠ ʤʦʙʠʣʴʥʳʝ.  

ʇʦʜ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ (GUI) ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʧʨʘʢʪʠʢʝ ʧʦʥʠʤʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦ ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʩʨʝʜʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʠʟʫʘʣʴʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʧʨʦʛʨʘʤʤʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ʧʦʩʨʝʜʩʪʚʦʤ 

ʦʪʦʙʨʘʞʘʝʤʳʭ ʥʘ ʵʢʨʘʥʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ð ʪʘʢʠʭ ʢʘʢ ʦʢʥʘ, ʢʥʦʧʢʠ, ʧʘʥʝʣʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʟʥʘʯʢʠ ʠ ʜʨ. ʋʧʨʘʚʣʝʥʠʝ ʪʘʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʩʫʱʝcʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚʚʦʜʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʠʥʪʫʠʪʠʚʥʦʩʪʴ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ Python PyQt ̫ ʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʟʨʝʣʳʭ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʥʘʩʳʱʝʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ GUI. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʝʩʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ Qt Designer. 

ɺʠʟʫʘʣʴʥʳʡ ʨʝʜʘʢʪʦʨ ʠʥʪʝʨʬʝʡʩʦʚ Qt Designer  ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʫ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ 

ʠʥʪʝʨʬʝʡʩʳ ʚ ʨʝʞʠʤʝ WYSIWYG (ʯʪʦ ʚʠʜʠʰʴ, ʪʦ ʠ ʧʦʣʫʯʘʝʰʴ), ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ 

ʧʝʨʝʪʘʩʢʠʚʘʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʠ ʢʘʩʪʦʤʠʟʠʨʦʚʘʥʥʳʭ ʚʠʜʞʝʪʦʚ, ʘ ʪʘʢʞʝ ʥʘʩʪʨʘʠʚʘʪʴ ʠʭ ʩʚʦʡʩʪʚʘ 

ʯʝʨʝʟ ʛʨʘʬʠʯʝʩʢʫʶ ʧʘʥʝʣʴ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ PyQt ʚ ʧʨʦʝʢʪʝ ʪʨʝʙʫʝʪʩʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʘʢʝʪʘ ʢʦʤʘʥʜʦʡ pip install PyQt6, ʘ ʪʘʢʞʝ ï ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ï ʫʩʪʘʥʦʚʢʘ Qt Designer. ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ 

ʙʠʙʣʠʦʪʝʢ, ʟʘʧʫʩʢʘʝʤ ʜʠʟʘʡʥʝʨ ʠ ʩʦʟʜʘʝʤ ʧʨʠʣʦʞʝʥʠʝ.  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʦʢʥʘ ʬʦʨʤʳ ʠʟ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ Display  Widgets, ʨʘʩʧʦʣʦʞʝʥʥʦʡ 

ʩʣʝʚʘ, ʚ ʨʘʙʦʯʫʶ ʦʙʣʘʩʪʴ ʧʝʨʝʪʘʩʢʠʚʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ Label, Table 

Widget, Line Edit, Push Button (ʈʠʩʫʥʦʢ 1). ʅʘ ʧʘʥʝʣʠ  ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʧʨʘʚʘ ʥʘʭʦʜʠʪʩʷ Property 

Editor, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʩʚʦʡʩʪʚʘ ʧʨʠʣʦʞʝʥʠʷ.  

 

 
 

ʈʠʩʫʥʦʢ 1. ʉʦʟʜʘʥʠʝ ʬʦʨʤʳ ʚ  Qt Designer 

 


