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SUFFICIENT CONDITION FOR THE EXISTENCE OF AN ADDITIONAL ZONE 

IN SINGULARLY PERTURBATED SECOND-ORDER BOUNDARY PROBLEM 
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ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʫʶʪʩʷ ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ ɼʠʨʠʭʣʝ, ʅʝʤʘʥʘ ʠ ʈʦʙʝʥʘ ʜʣʷ ʩʠʥʛʫʣʷʨʥʦ 

ʚʦʟʤʫʱʝʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ ʠʤʝʝʪ ʪʨʠ ʦʩʦʙʝʥʥʦʩʪʠ: ʩʠʥʛʫʣʷʨʥʦʝ 

ʧʨʠʩʫʪʩʪʚʠʝ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ; ʨʝʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʤʝʝʪ 

ʧʦʣʶʩ k-ʛʦ ʧʦʨʷʜʢʘ, ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ. ʉʠʥʛʫʣʷʨʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʤʘʣʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʧʦʨʦʞʜʘʝʪ ʢʣʘʩʩʠʯʝʩʢʠʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ, ʘ ʦʩʦʙʘʷ ʪʦʯʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʨʦʞʜʘʝʪ ʚʪʦʨʦʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫ ʥʘʩ 

ʧʦʣʫʯʠʪʩʷ ʜʚʦʡʥʦʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ. ʅʘʡʜʝʥʦ ʜʦʩʪʘʪʦʯʥʦʝ ʫʩʣʦʚʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. 

 

Abstract. Studies the Dirichlet, Neman and Robin boundary value problems for a singularly 

perturbed linear inhomogeneous second order ordinary differential equation. The considered 

boundary value problems have three features: the singular presence of a small parameter; the solution 

of the corresponding unperturbed equation has a k order pole and an additional boundary layer. 

The singular presence of a small parameter generates the classical boundary layer, and the singular 

point of the corresponding unperturbed equation generates the second boundary layer. As a result, we 

get a double boundary layer. A sufficient condition for the existence of an additional boundary layer 

is found. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʚʦʡʥʦʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʠ, ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ, ʦʩʦʙʘʷ ʪʦʯʢʘ, ʩʠʥʛʫʣʷʨʥʦʝ 

ʚʦʟʤʫʱʝʥʠʝ, ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʟʦʥʘ, ʦʙʳʢʥʦʚʝʥʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ. 

 

Keywords: double boundary layer, boundary value problem, singular point, singular 

perturbation, additional zone, ordinary differential equation. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʈʘʩʩʤʦʪʨʠʤ ʜʚʫʭʪʦʯʝʯʥʳʝ ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ, ʧʦʨʦʞʜʝʥʥʳʝ ʣʠʥʝʡʥʳʤ 

ʥʝʦʜʥʦʨʦʜʥʳʤ ʦʙʳʢʥʦʚʝʥʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʤʘʣʳʤ 

ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ ʩʪʘʨʰʝʡ ʧʨʦʠʟʚʦʜʥʦʡ: 
 

‐ώǋǋὼ ὼὴὼώǋὼ ὼήὼ ‐ὶὼ ώ ὼ Ὢὼȟὼɴ πȟρȟ (1) 
 

ʠ ʦʜʥʠʤ ʠʟ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚʠʜʘ: 
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ώ π ὥȟώ ρ ὦȟ (2) 
 

ώǋπ ὥȟώǋρ ὦȟ (3) 
 

ώ π ‌ώǋπ ὥȟώ ρ ‍ώǋρ ὦȟ (4) 
 

ʛʜʝ a, b ð ʠʟʚʝʩʪʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʯʠʩʣʘ, ὴȟήȟὶȟὪᶰὅÐπȟρȟὪπ π , 0<p(0), 0<q(0), 

0<r(0), n>m, 1<k, (n, k, mÍN), a ώ ὼ ð ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʷ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ Ů. 

ʆʙʳʯʥʦ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ (1), (2) ʥʘʟʳʚʘʶʪ ʟʘʜʘʯʝʡ ɼʠʨʠʭʣʝ; ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ (1), (3) 

ʥʘʟʳʚʘʶʪ ʟʘʜʘʯʝʡ ʅʝʡʤʘʥʘ; ʘ ʟʘʜʘʯʫ (1), (4) ʥʘʟʳʚʘʶʪ ʢʨʘʝʚʦʡ ʟʘʜʘʯʝʡ ʈʦʙʝʥʘ [1-14]. 

ɺ ʟʘʜʘʯʝ ʅʝʡʤʘʥʘ (1), (3) ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ q(1)̧ 0 ʠ r(1)̧ 0, ʘ ʚ ʟʘʜʘʯʝ ʈʦʙʝʥʘ (1), (4) 

ʧʦʪʨʝʙʫʝʤ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ: ὴρ ‍ήρ π ʠ r(1)̧ 0. 

ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʜʦʩʪʘʪʦʯʥʦʝ ʫʩʣʦʚʠʝ ʧʨʠ ʢʘʢʠʭ ʩʦʦʪʥʦʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ n ʠ m 

ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʚ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ɼʠʨʠʭʣʝ (1), (2); ʅʝʡʤʘʥʘ (1), 

(3) ʠ ʈʦʙʝʥʘ (1), (4) ʥʘ ʦʪʨʝʟʢʝ [0,1], ʢʦʛʜʘ ʤʘʣʳʡ ʧʘʨʘʤʝʪʨ e ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ɼʠʨʠʭʣʝ, ʅʝʡʤʘʥʘ ʠ ʈʦʙʝʥʘ. ɿʘʤʝʪʠʤ, ʯʪʦ ʤʘʣʳʡ ʧʘʨʘʤʝʪʨ 

e ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʫʨʘʚʥʝʥʠʠ (1) ʧʨʠ ʩʪʘʨʰʝʡ ʧʨʦʠʟʚʦʜʥʦʡ. ʇʦʵʪʦʤʫ, ʝʩʣʠ 

ʚ ʚʦʟʤʫʱʝʥʥʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʫʨʘʚʥʝʥʠʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (1) ʬʦʨʤʘʣʴʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ‐

π  (ʪ. ʝ. ʫʙʨʘʪʴ ʚʦʟʤʫʱʝʥʠʝ), ʪʦ ʧʦʨʷʜʦʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʥʠʞʘʝʪʩʷ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʥʝʚʦʟʤʫʱʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ: 
 

ὼὴὼώǋὼ ὼήὼώ ὼ ὪὼȢ (5) 
 

ʇʦʥʠʞʝʥʠʝ ʧʦʨʷʜʢʘ ʫʨʘʚʥʝʥʠʷ, ʧʨʠ ‐ π , ð ʧʝʨʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʢʨʘʝʚʳʭ ʟʘʜʘʯ ɼʠʨʠʭʣʝ (1), (2); ʅʝʡʤʘʥʘ (1), (3) ʠ ʈʦʙʝʥʘ (1), (4). 

ɺʪʦʨʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʢʨʘʝʚʳʭ ʟʘʜʘʯ (1), (2); (1), (3) ʠ (1), (4) ð ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ (5) ʠʤʝʝʪ ʦʩʦʙʫʶ ʪʦʯʢʫ ʧʨʠ ʭ=0. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (5) ʥʝ ʷʚʣʷʝʪʩʷ ʛʣʘʜʢʦʡ 

ʬʫʥʢʮʠʝʡ ʥʘ ʦʪʨʝʟʢʝ [0,1], ʢʦʪʦʨʦʝ ʩʚʦʡʩʪʚʝʥʥʦ ʙʠʩʠʥʛʫʣʷʨʥʳʤ ʟʘʜʘʯʘʤ ʧʦ ʪʝʨʤʠʥʦʣʦʛʠʠ 

ɸ.ʄ. ʀʣʴʠʥʘ [1-14].  

ʅʠʞʝ ʤʳ ʜʦʢʘʞʝʤ, ʯʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ ά  ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʩʦʙʦʡ ʪʦʯʢʠ 

ʭ=0 ʧʦʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʠʥ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ, ʢʨʦʤʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ð ʪʨʝʪʴʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ɼʠʨʠʭʣʝ (1), (2); ʅʝʡʤʘʥʘ (1), (3) ʠ ʈʦʙʝʥʘ (1), (4). 

ʂʨʘʝʚʳʝ ʟʘʜʘʯʠ (1), (2); (1), (3) ʠ (1), (4) ʩ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʥʘʟʦʚʝʤ 

ʙʠʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʳʝ ʟʘʜʘʯʠ ʩ ʜʚʦʡʥʳʤ ʧʦʛʨʘʥʠʯʥʳʤ ʩʣʦʝʤ. 

ɼʦʢʘʞʝʤ ʪʝʦʨʝʤʫ 

ʊʝʦʨʝʤʘ. ɽʩʣʠ ά , ʪʦ ʚ ʟʘʜʘʯʘʭ ɼʠʨʠʭʣʝ (1), (2); ʅʝʡʤʘʥʘ (1), (3) ʠ ʈʦʙʝʥʘ (1), (4) 

ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʣʝʚʦʡ ʛʨʘʥʠʯʥʦʡ ʪʦʯʢʠ ʭ=0 ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʦʜʠʥ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ, ʢʨʦʤʝ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤʳ ʧʦʢʘʞʝʤ, ʯʪʦ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʠʤʝʝʪʩʷ 

ʜʚʘ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʝʜʝʣʘ, ʢʨʦʤʝ ʚʥʝʰʥʝʛʦ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʜʚʘ ʚʥʫʪʨʝʥʥʠʭ 

ʨʘʟʣʦʞʝʥʠʷ. 

ʅʘʯʥʝʤ ʩ ʧʦʩʪʨʦʝʥʠʷ ʚʥʝʰʥʝʛʦ ʨʝʰʝʥʠʷ ( ) ( )y x u xe e=  ʢʨʘʝʚʳʭ ʟʘʜʘʯ (1), (2), (1), (3) ʠ (1), 

(4), ʢʦʪʦʨʳʭ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ: 

 

ό ὼ ‐όὼ

Ð

ȟ 
(6) 
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ʛʜʝ ό ὼ ð ʧʦʢʘ ʥʝʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʡ. ʌʦʨʤʘʣʴʥʦ ʧʦʜʩʪʘʚʣʷʷ ʨʷʜ (6) ʚ ʫʨʘʚʥʝʥʠʝ (1), 

ʧʦʣʫʯʘʝʤ: 

‐ όǌὼ

Ð

ὼ ‐ ὴὼόǋὼ ήὼό ὼ

Ð

ὶὼ ‐ όὼ

Ð

Ὢὼȟ 

ʧʨʠʨʘʚʥʠʚʘʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʩʪʝʧʝʥʷʭ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʧʦʣʫʯʘʝʤ 

ʨʝʢʫʨʨʝʥʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ: 
 

ὼὴὼόǋὼ ὼήὼό ὼ Ὢὼȟὼɴ πȟρȠ (7) 
 

ὼὴὼόǋὼ ὼήὼόὼ ὶὼό ὼ όǌ ὼȟὮɴ ὔȟό ὼḳ

πȟί πȢ  

(8) 

 

ʃʝʤʤʘ 1. ʋʨʘʚʥʝʥʠʝ (7) ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʨʘʝʚʳʤ ʫʩʣʦʚʠʝʤ  
 

ὥό ρ ὦȟὦόǋρ ὦȟὧό ρ ‍όǋρ ὦ (9) 
 

ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʝʜʩʪʘʚʠʤʦʝ ʚ ʚʠʜʝ: 

ό ὼ ὧὉὼ Ὁὼ
Ὢί

ίὴί
Ὁ ίὨίȟ 

ʛʜʝ Ὁὼ Ὡ
᷿

ȟ  ʧʨʦʠʟʚʦʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʩ ʧʨʠʤʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ: 

ʘ) ʩ=b; b) ὧ ; c) ὧ . 

ʇʨʠ f(0)=f0̧0 ʠʤʝʝʤ:  

ό ὼᴼ ȟρ Ὧᶰὔ, ʭ­0. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʋʨʘʚʥʝʥʠʝ (7) ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ: 

όǋὼ
ήὼ

ὴὼ
ό ὼ

Ὢὼ

ὼὴὼ
ȟ 

ʇʦʣʫʯʝʥʥʦʝ ʨʘʚʝʥʩʪʚʦ ʫʤʥʦʞʘʝʤ ʥʘ ʠʥʪʝʛʨʠʨʫʶʱʠʡ ʤʥʦʞʠʪʝʣʴ Ὡ
᷿

: 

όǋὼὩ
᷿ ήὼ

ὴὼ
ό ὼὩ

᷿ Ὢὼ

ὼὴὼ
Ὡ
᷿

ȟ 

ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ό ὼὩ
᷿

ǋ
Ὢὼ

ὼὴὼ
Ὡ
᷿

ȟ 

ʀʥʪʝʛʨʠʨʫʷ ʧʦʩʣʝʜʥʝʝ ʨʘʚʝʥʩʪʚʦ, ʧʦʣʫʯʘʝʤ ʦʙʱʝʝ ʨʝʰʝʥʠʝ: 

ό ὼ Ὡ
᷿ Ὢ‚

‚ὴ‚
Ὡ
᷿

Ὠ‚ὧὩ
᷿

ȟ 

ʛʜʝ ʩ ð ʧʨʦʠʟʚʦʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

 ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʝ Ὁὼ Ὡ
᷿

ȟ  ʪʦʛʜʘ ʧʦʣʫʯʝʥʥʦʝ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

ό ὼ Ὁὼ
Ὢ‚

‚ὴ‚
Ὁ ‚Ὠ‚ὧὉὼȢ 

ʋʯʠʪʳʚʘʷ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ (9) ʥʘʡʜʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʧʦʩʪʦʷʥʥʦʡ ʩ: 

ɺ ʩʣʫʯʘʝ ὥό ρ ὦ: 
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ό ρ Ὁρ
Ὢ‚

‚ὴ‚
Ὁ ‚Ὠ‚ὧὉρᵼό ρ ὧᵼὧ ὦȠ 

ʚ ʩʣʫʯʘʝ ὦόǋρ ὦ (ʩʥʘʯʘʣʘ ʚʳʯʠʩʣʠʤ ʧʨʦʠʟʚʦʜʥʫʶ): 

όǋὼ Ὁǋὼ
Ὢ‚

‚ὴ‚
Ὁ ‚Ὠ‚

Ὢὼ

ὼὴὼ
ὧὉǋὼᵼ 

όǋρ
Ὢρ

ὴρ

ήρ

ὴρ
ὧᵼὧ

Ὢρ ὦὴρ

ήρ
Ƞ 

ʚ ʩʣʫʯʘʝ ὧό ρ ‍όǋρ ὦ: 

ὧ ‍
Ὢρ

ὴρ

ήρ

ὴρ
ὧ ὦᵼὧ

ὦὴρ ‍Ὢρ

ὴρ ‍ήρ
Ȣ 

ʃʝʤʤʘ ʜʦʢʘʟʘʥʘ. 

ʇʨʠʤʝʥʷʷ ʣʝʤʤʫ 1 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʢ ʫʨʘʚʥʝʥʠʷʤ (8) ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʨʘʝʚʳʤʠ 

ʫʩʣʦʚʠʷʤʠ:  

ὥό ρ πȟὦόǋρ πȟὧόρ ‍όǋρ πȟὮɴ ὔ, 

ʧʦʣʫʯʠʤ ʝʜʠʥʩʪʚʝʥʥʳʝ ʨʝʰʝʥʠʷ ʧʨʝʜʩʪʘʚʠʤʳʝ ʚ ʚʠʜʝ: 

ό ὼ πȟρ Ὦ άȠ 

ό ὼ ὧὉὼ Ὁὼ᷿
ǌ

Ὁ ίὨίȟά Ὦɴ ὔ, 

ʛʜʝ ʧʨʦʠʟʚʦʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʩ ʧʨʠʤʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ: 

ʘ) ʩ=0; b) ὧ
ǌ

; c) ὧ
ǌ

. 

ʇʨʠ ά ρ ὲ ʠʤʝʝʤ:  

ό ὼᴼ ȟρ Ὧᶰὔ, ʭ­0. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʷʜ (6) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 
 

ό ὼ
ρ

ὼ
ό ὼ

‐

ὼ
ό ὼ ȢȢȢ

‐

ὼ
όὼ ȢȢȢȟ 

(10) 

 

ʛʜʝ όᶰὅÐπȟρȟὮ πȟρȟȢȢȢ 

ʈʷʜ (10) ʷʚʣʷʝʪʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ e ʥʘ ʠʥʪʝʨʚʘʣʝ ὼɴ

Ѝ‐ȟρ, ʘ ʥʘ ʦʪʨʝʟʢʝ ὼɴ πȟ Ѝ‐  ʥʘʨʫʰʘʝʪʩʷ ʩʚʦʡʩʪʚʦ ʘʩʠʤʧʪʦʪʠʯʥʦʩʪʠ. 

ʇʨʦʚʝʜʝʤ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʩʦʙʦʡ ʪʦʯʢʠ x=0. ɼʣʷ ʵʪʦʛʦ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʵʪʦʡ ʪʦʯʢʠ ʩʜʝʣʘʝʤ ʨʘʩʪʷʞʝʥʠʝ ʢʦʦʨʜʠʥʘʪ (ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ) ʭ=Ůat, a>0, ʪʦʛʜʘ 

dx=Ůadt ʠ dx2=Ů2adt2 ʠ ʫʨʘʚʥʝʥʠʝ (1) ʧʝʨʝʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

‐
Ὠώ ὸ

Ὠὸ
‐ ὸὴ‐ὸ

Ὠώ ὸ

Ὠὸ
‐ ὸή‐ὸώ ὸ  

‐ὶ‐ὸώ ὸ Ὢ‐ὸȟὸɴ πȟ‐ ȟ 

ʀʟ ʣʝʚʦʡ ʯʘʩʪʠ ʧʦʩʣʝʜʥʝʛʦ ʨʘʚʝʥʩʪʚʘ ʚʳʜʝʣʠʤ ʛʣʘʚʥʫʶ ʯʘʩʪʴ, ʪʘʢ ʢʘʢ ‐ ‐  , 

ʧʦʵʪʦʤʫ ʛʣʘʚʥʘʷ ʯʘʩʪʴ ʧʨʠʤʝʪ ʚʠʜ: 

‐ ‐ ὸὴ‐ὸ ‐ὶ‐ὸώ ὸ. 

ʋʨʘʚʥʠʚʘʷ ʧʦʨʷʜʢʦʚ ʧʦʚʝʜʝʥʠʷ ʩʣʘʛʘʝʤʳʭ ʧʦ ʤʘʣʦʤʫ ʧʘʨʘʤʝʪʨʫ ʜʚʫʭ ʣʶʙʳʭ ʯʣʝʥʦʚ, 

ʠʤʝʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʝʜʝʣʳ, ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʪʨʠ ʩʣʫʯʘʠ: 
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1) ὲ ς‌ Ὧ ρ‌ᵼ‌   ; 2) ὲ ς‌ άᵼ‌  ; 3) Ὧ ρ‌ άᵼ‌

. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ‌ , ʪʦ ʧʦʣʫʯʠʤ:  

‐ ‐ ὸ ‐ώ ὸ. 

ʇʫʩʪʴ ‐ώ ὸ ‪ ὸ, ʪʦʛʜʘ ʠʤʝʝʤ ʚʳʨʘʞʝʥʠʝ: 

‐
Ὠ‪ ὸ

Ὠὸ
ὸ
Ὠ‪ ὸ

Ὠὸ
‪ ὸ 

ʧʦ ʫʩʣʦʚʠʶ ά π , ʧʦʵʪʦʤʫ ʧʨʠ e­0 ʛʣʘʚʥʦʡ ʯʘʩʪʴʶ ʷʚʣʷʝʪʩʷ ( )tey   ʠ ʟʜʝʩʴ 

ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʦʠʟʚʦʜʥʘʷ ʬʫʥʢʮʠʡ ( )tey . ʇʦʵʪʦʤʫ ʩʣʫʯʘʡ ‌  ʥʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ‌  ʠ ‐ώ ὸ ‪ ὸ, ʪʦ ʧʦʣʫʯʠʤ 

Ὠ‪ ὸ

Ὠὸ
‪ ὸ ‐ ὸ

Ὠ‪ ὸ

Ὠὸ
 

ʠ ʟʜʝʩʴ ʛʣʘʚʥʦʡ ʯʘʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝ: ‪ ὸ 

ʚ ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʨʦʠʟʚʦʜʥʘʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʇʦʵʪʦʤʫ ʵʪʦʪ ʩʣʫʯʘʡ ‌  

ʙʫʜʝʤ ʠʩʩʣʝʜʦʚʘʪʴ. 

ʀ ʧʦʩʣʝʜʥʠʡ ʩʣʫʯʘʡ, ʝʩʣʠ ‌  ʠ ‐ώ ὸ ‪ ὸ, ʪʦ ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ: 

‐ ὸ ‪ ὸ, 

ʛʣʘʚʥʦʡ ʯʘʩʪʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝ: ὸ ‪ ὸ. 

ʕʪʦʪ ʩʣʫʯʘʡ ʪʦʞʝ ʙʫʜʝʤ ʠʩʩʣʝʜʦʚʘʪʴ, ʪʘʢ ʢʘʢ ʠ ʟʜʝʩʴ ʚ ʛʣʘʚʥʦʡ ʯʘʩʪʠ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʧʨʦʠʟʚʦʜʥʘʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʤʳ ʧʦʣʫʯʠʣʠ ʜʚʘ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʝʜʝʣʘ, ʵʪʦ ʚʦ ʚʪʦʨʦʤ ʠ 

ʚ ʪʨʝʪʴʝʤ ʩʣʫʯʘʷʭ. ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ ά , ʪʦ ʚʩʝ ʵʪʠ 

ʪʨʠ ʩʣʫʯʘʷ ʩʦʚʧʘʜʫʪ, ʪ. ʝ. ʙʫʜʫʪ ʦʜʠʥʘʢʦʚʳʤʠ.  

ʊʘʢ ʢʘʢ  ʧʦʵʪʦʤʫ ʚʪʦʨʦʡ ʩʣʫʯʘʡ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴ ʣʝʚʳʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ, ʘ 

ʪʨʝʪʠʡ ʩʣʫʯʘʡ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʤʝʞʜʫ ʣʝʚʳʤ 

ʧʦʛʨʘʥʠʯʥʳʤ ʩʣʦʝʤ ʠ ʚʥʝʰʥʠʤ ʨʝʰʝʥʠʝʤ. ʈʷʜ (10) ʪʦʞʝ ʧʦʜʩʢʘʟʳʚʘʝʪ ʢʘʢʠʤ ʜʦʣʞʥʘ ʙʳʪʴ 

ʚʥʫʪʨʝʥʥʷʷ ʧʝʨʝʤʝʥʥʘʷ ʚ ʩʦʩʝʜʥʝʤ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ, ʢʦʪʦʨʳʡ ʧʝʨʝʩʝʢʘʝʪʩʷ ʩ ʚʥʝʰʥʠʤ 

ʨʝʰʝʥʠʝʤ, ʪ. ʝ. ὼ Ѝ‐ὸ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʢʠʥʝʪʠʢʠ ʠʟʤʝʥʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ű), 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ (Rʤ) ʠ ʤʝʤʙʨʘʥʥʦʡ ʝʤʢʦʩʪʠ (Cʤ) ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʟʤʘʣʝʤʤʳ ʢʣʝʪʦʢ Nitellopsis obtusa. ɼʣʷ ʵʣʝʢʪʨʦʛʝʥʥʦʡ 

ʧʦʤʧʳ ʧʣʘʟʤʘʣʝʤʤʳ ʫʩʪʘʥʦʚʣʝʥʳ: ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 0,09 ɸ/ʤ2, ʚʥʫʪʨʝʥʥʝʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ 4 ʆʤĬʤ2, ʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ ʩʠʣʳ ð 360 ʤɺ. ɸʥʘʣʠʟʦʤ ʢʠʥʝʪʠʢʠ ʠʟʤʝʥʝʥʠʷ ű, 

Rʤ, Cʤ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʟʤʘʣʝʤʤʳ ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʵʣʝʢʪʨʦʝʤʢʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʝʝ ʣʠʧʠʜʥʦʡ ʬʘʟʳ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʬʘʢʪʦʚ ʦ ʚʣʠʷʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʥʳʝ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʧʣʘʟʤʘʣʝʤʤʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʬʘʟʦʚʳʤ ʩʦʩʪʦʷʥʠʝʤ ʣʠʧʠʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ ʧʣʘʟʤʘʣʝʤʤʳ. 

 

Abstract. The kinetics of changes in the membrane potential (ű), resistance (Rm) and membrane 

capacity (Cm) were compared with the modification of the structural and functional components of 

the plasmalemma of Nitellopsis obtusa cells. For the plasmalemma electrogenic pump, the following 

are established: short-circuit current 0.09 A/m2, internal resistance 4 OhmĬm2, electromotive force 

ð 360 mV. The analyses of the kinetics of measuring ű, Rm, Cm during the modification of 

the structural and functional components of the plasmalemma revealed that the electrical capacity is 

an indicator of its lipid phase. The totality of established facts about the effect of standard modifiers 

on the main electrophysiological parameters of the plasmalemma indicates the presence of an organic 

relationship between the functional activity and the phase state of the lipid environment of 

the functional groups of the plasmalemma. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʦʨʦʩʣʠ, ʢʣʝʪʦʯʥʳʝ ʤʝʤʙʨʘʥʳ.  

 

Keywords: Algae, cell membranes. 

 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʬʫʥʢʮʠʠ ʧʣʘʟʤʘʣʝʤʤʳ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʣʝʪʦʢ ʦʙʳʯʥʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʵʢʟʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 
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ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʝʝ ʠʦʥ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ [1, 2]. ʇʨʠ ʵʪʦʤ ʩʦʚʝʨʰʝʥʥʦ 

ʥʝʦʙʦʩʥʦʚʘʥʥʦ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʥʘ ʬʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ 

ʤʝʤʙʨʘʥʥʳʭ ʣʠʧʠʜʦʚ, ʯʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʠʭ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚʘʭ. ʕʪʦʤʫ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʦʪʩʫʪʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʤʙʨʘʥʳ - 

ʝʝ ɻ ʣʝʢʪʨʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ, ʚ ʧʝʨʚʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ 

ʤʝʤʙʨʘʥʘʭ ʞʠʚʦʪʥʳʭ ʪʢʘʥʝʡ [3].  

ɼʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʨʦʚʦʜʠʣʠʩʴ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʝ ʧʨʦʚʝʜʝʥʘ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʵʣʝʢʪʨʦʝʤʢʦʩʪʠ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʬʘʟʳ ʤʝʤʙʨʘʥʳ, ʪ. ʝ. ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʝʣʢʠ ʠ ʣʠʧʠʜʥʫʶ ʬʘʟʫ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ 

ʣʦʢʘʣʠʟʦʚʘʥʳ. ʕʪʦ ʤʦʛʣʦ ʙʳ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʦʙʲʝʢʪʠʚʥʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʠʭ 

ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʣʠʧʠʜʥʫʶ ʬʘʟʫ ʤʝʤʙʨʘʥʳ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʪʝʨʠʯʝʩʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ 

ʘʢʪʠʚʥʦʩʪʠ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʦʩʥʦʚʥʘʷ ʮʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʵʣʝʢʪʨʦʝʤʢʦʩʪʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʘʟʳ ʧʣʘʟʤʘʣʝʤʤʳ ʠ 

ʜʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ. 

ɼʦʩʪʠʞʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʫʪʝʤ ʥʝʧʨʝʨʳʚʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʤʧʣʝʢʩʘ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʘʣʝʤʤʳ: ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ű), ʩʦʧʨʦʪʠʚʣʝʥʠʷ (Rʤ), 

ʝʤʢʦʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʍʩ). 

 

ʆʙʲʝʢʪ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʙʲʝʢʪʘʤʠ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʠʣʠ ʤʝʞʜʦʫʟʣʦʚʳʝ ʢʣʝʪʢʠ ʭʘʨʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ 

Nitellopsis obtusa. ʈʘʩʪʝʥʠʷ ʚʳʨʘʱʠʚʘʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʧʨʫʜʦʚʦʡ 

ʚʦʜʝ (ʀʇɺ) ʧʨʠ ʦʩʚʝʱʝʥʠʠ 20 ɺʪ/ʤ2 ʠ ʪʝʤʧʝʨʘʪʫʨʝ 20ï22Áʉ. ʀʦʥʥʳʡ ʩʦʩʪʘʚ ʀʇɺ ʙʳʣ ʙʣʠʟʦʢ 

ʢ ʩʦʩʪʘʚʫ ʦʟʝʨʥʦʡ ʚʦʜʳ, ʚ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʘʣʠʩʴ (ʤʄ/ʣ): KH2PO4 ð 0,1, CaCl2 ð 0,4, NaʅCO3 

ð 1, Mg(NO3)2, ð 0,1, MgSO4 ð 0,1, ʨʅ=7,0ï7,2.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʧʨʠʤʝʥʷʝʤʦʡ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʠ 

ʧʦʣʴʟʦʚʘʣʠʩʴ ʢʣʝʪʢʘʤʠ ʜʣʠʥʦʡ ʥʝ ʙʦʣʝʝ l= 20 ʤʤ [4]. ɼʠʘʤʝʪʨ ʪʘʢʠʭ ʢʣʝʪʦʢ ʥʝ ʧʨʝʚʳʰʘʣ d= 

0,5 ʤʤ. ʂʦʤʧʣʝʢʩ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʨʷʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʤʧʝʜʘʥʩʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʜʣʷ ʢʣʝʪʦʢ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ [1, 2, 4]. ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʣʘ 

ʥʝʧʨʝʨʳʚʥʫʶ ʠ ʜʣʠʪʝʣʴʥʫʶ ʟʘʧʠʩʴ ʪʨʝʭ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʧʳʪʥʦʡ 

ʢʣʝʪʢʠ: ʝʤʢʦʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʍʩ), ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ű) ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (Rʤ) [4]. 

ʀʟ-ʟʘ ʤʘʣʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʦʥʦʧʣʘʩʪʘ [5, 6] ʧʨʠ ʚʚʝʜʝʥʠʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʠʢʨʦʵʣʝʢʪʨʦʜʘ 

ʚ ʚʘʢʫʦʣʴ ʢʣʝʪʦʢ, ʠʟʤʝʨʝʥʥʳʝ ʥʘʤʠ ʚʝʣʠʯʠʥʳ ű, Rʤ, ʍʩ ʦʪʨʘʞʘʣʠ ʩʦʩʪʦʷʥʠʷ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʳ. ʉʫʱʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʦʡ ʤʝʪʦʜʠʢʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʛʦ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʤʠʢʨʦʵʣʝʢʪʨʦʜʘ (ʪʦʢʦʚʦʛʦ ʤʠʢʨʦʵʣʝʢʪʨʦʜʘ) ʠ ʥʘʨʫʞʥʦʛʦ ɸg-ɸgCl-ɻ ʣʝʢʪʨʦʜʘ 

ʯʝʨʝʟ ʩʝʨʝʜʠʥʫ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʣʝʪʢʠ ʧʨʦʧʫʩʢʘʶʪ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʠʤʧʫʣʴʩʳ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ ʧʣʦʪʥʦʩʪʴʶ 1 ʤɸ/ʤ2, ʜʣʠʪʝʣʴʥʦʩʪʴʶ 1ï2 ʩʝʢ ʠ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ ʩ ʯʘʩʪʦʪʦʡ 1ï1000 ɻʮ. 

ʇʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʠ ʧʝʨʝʤʝʥʥʦʤʫ ʪʦʢʘʤ ʩʥʠʤʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʪʦʨʦʛʦ 

ʤʠʢʨʦʵʣʝʢʪʨʦʜʘ (ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʠʢʨʦʵʣʝʢʪʨʦʜʘ), ʚʚʝʜʝʥʥʦʛʦ ʚ ʢʣʝʪʢʫ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʪʦʢʦʚʦʛʦ ʤʠʢʨʦʵʣʝʢʪʨʦʜʘ. ɽʤʢʦʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʳʜʝʣʷʣʦʩʴ ʦʪ ʦʙʱʝʛʦ 

ʠʤʧʝʜʘʥʩʘ ʩ ʧʦʤʦʱʴʶ ʚʝʢʪʦʨʥʦʡ ʜʠʘʛʨʘʤʤʳ [6]. ʕʣʝʢʪʨʦʝʤʢʦʩʪʴ ʝʜʠʥʠʮʳ ʧʣʦʱʘʜʠ 

ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʚʳʯʠʩʣʝʥʘ ʧʦ ʬʦʨʤʫʣʝ: 

ὅ̍
ˢ
. 

Rʤ ʚʳʯʠʩʣʷʣʠ ʧʦ ʚʝʣʠʯʠʥʝ ʵʣʝʢʪʨʦʥʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ æű (ʩʜʚʠʛ űʤ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ 

ʪʦʢʘ) ʠ ʩʠʣʝ ʪʦʢʘ I, ʧʨʦʧʫʩʢʘʝʤʦʛʦ ʯʝʨʝʟ ʩʝʨʝʜʠʥʫ ʢʣʝʪʢʠ:  
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Ὑ
Ў•

Ὅ
Ͻ“Ὠὰ 

ʄʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠʟʤʝʨʷʣʠ ʢʘʢ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʠʟʤʝʨʠʪʝʣʴʥʳʤ 

ʵʣʝʢʪʨʦʜʦʤ, ʚʚʝʜʝʥʥʦʛʦ ʚ ʚʘʢʫʦʣʴ ʢʣʝʪʦʢ ʠ ʵʣʝʢʪʨʦʜʦʤ ʩʨʘʚʥʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʢʘʤʝʨʝ.  

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ űʤ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʭʦʜʠʣʩʷ ʚ ʧʨʝʜʝʣʘʭ ī125 õ ī245 ʤɺ 

ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 168 4 ʤɺ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ű ʧʦ ʯʠʩʣʘʤ ʢʣʝʪʦʢ ʥʝ ʧʦʜʯʠʥʷʣʦʩʴ ʟʘʢʦʥʫ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʦʧʳʪʥʳʭ ʢʣʝʪʦʢ ʦʙʣʘʜʘʣʠ ʧʦʚʳʰʝʥʥʦʡ 

ʵʣʝʢʪʨʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʄʝʤʙʨʘʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʧʳʪʥʳʭ ʢʣʝʪʦʢ ʚʘʨʴʠʨʦʚʘʣʦ ʚ 

ʧʨʝʜʝʣʘʭ 1,5ï9 ʆʤĬʤ2, ʘ ʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʝʤʢʦʩʪʠ ð ʚ ʧʨʝʜʝʣʘʭ 0,44ï1,33 ʤʢʬĬʩʤī2. ʉʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ ʜʣʷ 42 ʢʣʝʪʦʢ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ ʩʦʩʪʘʚʣʷʣʠ Rʤ=4,1Ñ1,0 

ʆʤĬʤ2, ʉʤ=0,9Ñ0,05 ʤʢʬĬʩʤī2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʟʘʢʦʥʦʚ ʚʘʨʠʘʮʠʦʥʥʦʡ 

ʩʪʘʪʠʩʪʠʢʠ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ Rʤ ʠ ű ʫʩʪʘʥʦʚʣʝʥʘ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ Rʤ=0,032ī0,03 ű. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʦʥʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʧʣʘʟʤʘʣʝʤʤʳ 

ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʝʝ ʂ+ð ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪ. ʝ. ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ ű ʠ Rʤ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʂ+ 

ʚ ʩʦʩʪʘʚʝ ʥʘʨʫʞʥʦʡ ʩʨʝʜʳ (ʀʇɺ). ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʝ 

ʧʣʘʟʤʝʣʝʤʤʳ ʚʳʷʚʣʝʥʳ ʜʚʘ ʪʠʧʘ çʜʦʣʛʦʞʠʚʫʱʠʭè ʂ+-ʢʘʥʘʣʦʚ. ʂ+-ʢʘʥʘʣʳ ʥʘʨʫʞʥʦʛʦ 

ʚʳʧʨʷʤʣʝʥʠʷ (ʂʂʅɺ), ʢʦʪʦʨʳʝ ʚ ʘʢʪʠʚʥʦʤ (ʧʨʦʚʦʜʷʱʝʤ) ʩʦʩʪʦʷʥʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ī120 õ ī170 ʤɺ ʠ ʂ+-ʢʘʥʘʣʳ ʚʥʫʪʨʝʥʥʝʛʦ ʚʳʧʨʷʤʣʝʥʠʷ (ʂʂɺɺ), 

ʢʦʪʦʨʳʝ ʚ ʘʢʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʝ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ī170 õ ī270 

ʤɺ.  

ɽʩʣʠ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʠʦʥʥʳʡ ʩʦʩʪʘʚ ʩʨʝʜʳ, ʪʦ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ 

ʘʢʪʠʚʘʮʠʠ ʂʂɺɺ ʧʣʘʟʤʘʣʝʤʤʘ ʠʩʧʳʪʳʚʘʝʪ ʛʨʘʜʠʝʥʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʚʝʣʠʯʠʥʦʡ ZFȹű=9,6 ʢɼʞ/ʤʦʣʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʛʨʘʜʠʝʥʪʘ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʪʘʢʦʡ ʛʨʦʤʘʜʥʦʡ ʚʝʣʠʯʠʥʦʡ ʧʣʘʟʤʘʣʝʤʤʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ 

ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ.  

ʕʣʝʢʪʨʦʛʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʣʘʟʤʘʣʝʤʤʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʵʣʝʢʪʨʦʜʚʠʞʫʶʱʝʡ ʩʠʣʦʡ (ʕɼʉ) ʝʝ ɻ ʣʝʢʪʨʦʛʝʥʥʳʭ ʥʘʩʦʩʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʕɼʉ 

ʵʣʝʢʪʨʦʛʝʥʥʳʭ ʧʦʤʧ ʧʣʘʟʤʘʣʝʤʤʳ ʧʨʠʤʝʥʠʣʠ ʛʨʘʬʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ɻʨʘʜʤʘʥ-ʉʣʘʡʤʘʥʘ [7]. 

ʄʝʪʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʪʠʚʥʦʡ ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʠʥʛʠʙʠʪʦʨʦʤ ʤʝʤʙʨʘʥʳ (ʈʠʩʫʥʦʢ 1). 

 

 
 

ʈʠʩʫʥʦʢ 1. ɺʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʣʘʟʤʘʣʝʤʤʳ ʢʣʝʪʢʠ Nitellopsis obtusa. ɼʣʠʥʘ l=18,2 

ʤʤ, ʜʠʘʤʝʪʨ d=0,46 ʤʤ, ʉʤ =1,12 ʤʢʌĬʩʤī2, Rʤ= 6,2 ʆʤĬʤ2, Iʢʟ= 0,09 ɸ/ʤ2, ʕɼʉ=360 ʤɺ, Rʚʥ = 4 ʆʤĬʤ2 

 

ɸ/ʤ
2

 

ű
ʤ
, ʤɺ 
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ʅʘ ʈʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʣʝʢʪʨʦʛʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʣʘʟʤʘʣʝʤʤʳ Nitellopsis obtusa. ʊʦʯʢʠ, ʧʨʦʩʪʘʚʣʝʥʥʳʝ ʥʘ ʛʨʘʬʠʢʝ ʧʦʣʫʯʝʥʳ ʚʳʯʠʪʘʥʠʝʤ ʦʪ 

ʦʨʜʠʥʘʪ ʥʘʪʠʚʥʦʡ (ʥʝ ʦʙʨʘʙʦʪʘʥʥʦʡ ʠʥʛʠʙʠʪʦʨʦʤ) ʤʝʤʙʨʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʝʢ 

ʤʝʤʙʨʘʥʳ, ʦʙʨʘʙʦʪʘʥʥʦʡ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʠʥʛʠʙʠʪʦʨʦʤ ʪʨʘʥʩʧʨʦʪʦʥʥʳʭ ʅ+-ɸʊʈʘʟʳ 

ʜʠʮʠʢʣʦʛʝʢʩʠʣʢʘʨʙʦʜʠʠʤʠʜʦʤ (ɼʎʂɼ) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 5Ĭ10ī6 ʄ. 

ʇʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʅ+-ɸʊʈʘʟʳ ʧʦʜ ʚʣʠʷʥʠʝʤ ɼʎʂɼ ʧʨʦʠʩʭʦʜʠʪ ʟʘ 

ʩʯʝʪ ʙʣʦʢʠʨʦʚʘʥʠʷ ʅ+-ʢʘʥʘʣʘ ʬʝʨʤʝʥʪʘ ʤʦʣʝʢʫʣʦʡ ʠʥʛʠʙʠʪʦʨʘ [2]. ʆʜʥʘʢʦ ʧʦ ʥʘʰʠʤ ʜʘʥʥʳʤ 

ʵʬʬʝʢʪ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʧʦʤʧʳ ʧʦʜ ʚʣʠʷʥʠʝʤ ɼʎʂɼ ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʝʤʢʦʩʪʠ ʧʣʘʟʤʘʣʝʤʤʳ (ʈʠʩʫʥʦʢ 2). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʧʨʠʩʫʪʩʪʚʠʝ 

ʠʥʛʠʙʠʪʦʨʘ ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʣʘʟʤʘʣʝʤʤʳ. 

 

 
 

ʈʠʩʫʥʦʢ 2. ʂʠʥʝʪʠʢʘ ʠʟʤʝʥʝʥʠʷ ű, Rʤ, ʉʤ ʧʣʘʟʤʘʣʝʤʤʳ ʢʣʝʪʢʠ Nitellopsis obtusa ʧʦʜ ʚʣʠʷʥʠʝʤ 

10ī6 ʠ 5Ĭ10ī6 ʄ ʢʦʥʮʝʥʪʨʘʮʠʡ ɼʎʂɼ. ʎʠʬʨʳ ʥʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ű ʦʪʨʘʞʘʶʪ ʟʥʘʯʝʥʠʷ 

ʵʣʝʢʪʨʦʝʤʢʦʩʪʠ ʧʣʘʟʤʘʣʝʤʤʳ (ʚ ʝʜʠʥʠʮʘʭ ʤʢʌĬʩʤī2) ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʤʝʥʪʘʭ ʚʨʝʤʝʥʠ 

 

ɼʎʂɼ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʣʠʧʦʬʠʣʴʥʦʩʪʠ ʝʛʦ ʤʦʣʝʢʫʣ. ʇʦʵʪʦʤʫ ʚʧʦʣʥʝ ʚʝʨʦʷʪʥʦ ʝʛʦ ʚʢʣʶʯʝʥʠʝ ʚ ʩʦʩʪʘʚ ʣʠʧʠʜʥʦʡ ʬʘʟʳ 

ʧʣʘʟʤʘʣʝʤʤ, ʪʝʤ ʩʘʤʳʤ ʨʘʟʨʫʰʝʥʠʝ ʝʛʦ Fo ʜʦʤʝʥʘ ʅ
+-ɸʊʈʘʟʳ. ʆʜʥʦʟʥʘʯʥʳʡ ʦʪʚʝʪ ʧʦ ʵʪʦʤʫ 

ʧʦʚʦʜʫ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʤʝʤʙʨʘʥʥʦʡ ʝʤʢʦʩʪʠ ʥʘ ʣʠʧʠʜʥʫʶ ʠ ʙʝʣʢʦʚʫʶ ʬʘʟʫ 

ʧʣʘʟʤʘʣʝʤʤʳ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘʤʠ ʧʨʝʜʧʨʠʥʷʪʘ ʩʝʣʝʢʪʠʚʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩʦʩʪʘʚʘ ʣʠʧʠʜʥʦʡ ʠ 

ʙʝʣʢʦʚʦʡ ʬʘʟ ʧʣʘʟʤʘʣʝʤʤʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ.  

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʝʤʢʦʩʪʠ ʧʣʘʟʤʘʣʝʤʤʳ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʝʝ 

ʙʝʣʢʦʚʦʡ ʬʘʟʳ ʤʳ ʧʨʠʤʝʥʷʣʠ ʜʚʘ ʪʠʧʘ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʙʠʦʤʝʤʙʨʘʥ ʙʝʣʢʦʚʦʡ 

ʧʨʠʨʦʜʳ. ɺʘʣʠʥʦʤʠʮʠʥ, ʘʥʪʠʙʠʦʪʠʢ ʙʝʣʢʦʚʦʡ ʧʨʠʨʦʜʳ ʩ ʮʠʢʣʠʯʝʩʢʦʡ ʢʦʥʬʦʨʤʘʮʠʝʡ 

ʤʦʣʝʢʫʣʳ ʠʟʚʝʩʪʝʥ ʢʘʢ ʧʦʜʚʠʞʥʳʡ ʧʝʨʝʥʦʩʯʠʢ ʦʜʥʦʚʘʣʝʥʪʥʠʭ ʢʘʪʠʦʥʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ 

ʩʝʣʝʢʪʠʚʥʳʡ ʧʝʨʝʥʦʩ ʯʝʨʝʟ ʢʣʝʪʦʯʥʫʶ ʠ ʙʠʣʠʧʠʜʥʫʶ ʤʝʤʙʨʘʥʫ. ɺʢʣʶʯʝʥʠʝ ʚ ʩʦʩʪʘʚ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ 10ī6 ʄ ʚʘʣʠʥʦʤʠʮʠʥʘ ʜʝʧʦʣʷʨʠʟʦʚʘʣʘ ʧʣʘʟʤʘʣʝʤʤʫ ʢʣʝʪʦʢ, ű ʢʦʪʦʨʳʭ 

ʥʘʭʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʘʢʪʠʚʘʮʠʠ ʂʂɺɺ, ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʥʘ 25-30 ʤɺ (ʈʠʩʫʥʦʢ 3). 

ɼʝʧʦʣʷʨʠʟʘʮʠʷ ʧʣʘʟʤʘʣʝʤʤʳ ʢʣʝʪʦʢ ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʥʪʠʙʠʦʪʠʢʘ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ 

ʫʤʝʥʴʰʝʥʠʝʤ ʤʝʤʙʨʘʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ 25ï30% (ʈʠʩʫʥʦʢ 3), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʚʢʣʶʯʝʥʠʠ ʧʝʨʝʥʦʩʯʠʢʘ ʚ ʩʦʩʪʘʚ ʧʣʘʟʤʘʣʝʤʤʳ. ɼʝʩʷʪʠʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʥʪʠʙʠʦʪʠʢʘ ʚ ʩʦʩʪʘʚʝ ʥʘʨʫʞʥʦʡ ʩʨʝʜʳ ʥʝ ʚʳʟʳʚʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ ű, Rʤ. 

ʤʠʥ R
ʤ,

 [ʆʤĀʤ
2

] 

ʤɺ 
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ʈʠʩʫʥʦʢ 3. ʂʠʥʝʪʠʢʘ ʠʟʤʝʥʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (•) ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (Rʤ) ʢʣʝʪʢʠ 

Nitellopsis obtusa ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʚʢʣʶʯʝʥʠʠ ʚ ʩʦʩʪʘʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ 10ī6 ʠ 10ī5 ʄ 

ʚʘʣʠʥʦʤʠʮʠʥʘ. ʉʪʨʝʣʢʘʤʠ ʚʚʝʨʭ ʫʢʘʟʘʥʳ ʤʦʤʝʥʪʳ ʜʦʙʘʚʣʝʥʠʷ ʘʥʪʠʙʠʦʪʠʢʘ ʚ ʩʦʩʪʘʚ ʧʠʪʘʪʝʣʴʥʦʡ 

ʩʨʝʜʳ. ʉʪʨʝʣʢʦʡ ʚʥʠʟ ʫʢʘʟʘʥ ʤʦʤʝʥʪ ʠʩʢʣʶʯʝʥʠʷ ʘʥʪʠʙʠʦʪʠʢʘ ʠʟ ʩʦʩʪʘʚʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ. 

 

ʇʨʠ ʠʩʢʣʶʯʝʥʠʠ ʘʥʪʠʙʠʦʪʠʢʘ ʠʟ ʩʦʩʪʘʚʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʣʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ű, Rʤ ʥʘ ʩʚʦʠʭ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʫʨʦʚʥʷʭ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʜʥʘʢʦ ʥʘ 

ʬʦʥʝ ʵʪʠʭ ʩʦʙʳʪʠʡ ʵʣʝʢʪʨʦʝʤʢʦʩʪʴ ʧʣʘʟʤʘʣʝʤʤʳ ʦʩʪʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ (ʈʠʩʫʥʦʢ 3). ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ, ʤʦʜʫʣʷʮʠʷ ʩʦʩʪʘʚʘ ʙʝʣʢʦʚʦʡ ʬʘʟʳ ʧʣʘʟʤʘʣʝʤʤʳ ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ ʟʘʤʝʪʥʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʝʝ ɻ ʣʝʢʪʨʦʝʤʢʦʩʪʠ. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʦʙʥʘʨʫʞʠʚʘʣʘʩʴ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ 

ʙʝʣʢʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʟʤʘʣʝʤʤʳ ʧʝʧʪʠʜʥʳʤ ʘʥʪʠʙʠʦʪʠʢʦʤ ð ʛʨʘʤʠʮʠʜʠʥʦʤ ɸ.  

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʣʠʥʝʡʥʘʷ ʢʦʥʬʦʨʤʘʮʠʷ ʘʥʪʠʙʠʦʪʠʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

15 ʛʠʜʨʦʬʦʙʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʝʤʙʨʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩʚʦʨʘʯʠʚʘʷʩʴ ʚ 

ʩʧʠʨʘʣʴ, ʚ ʥʝʡ ʬʦʨʤʠʨʫʝʪ ʠʦʥʥʫʶ ʧʦʨʫ, ʪ. ʝ. ʠʦʥʥʳʡ ʢʘʥʘʣ, ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʡ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʜʥʦʚʘʣʝʥʪʥʳʝ ʢʘʪʠʦʥʳ [8].  

ʆ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʚ ʧʣʘʟʤʘʣʝʤʤʝ ʚ ʥʘʰʠʭ ʠʟʤʝʨʝʥʠʷʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʫʤʝʥʴʰʝʥʠʝ Rʤ ʤʝʤʙʨʘʥʳ ʥʘ 30% ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʩʦʩʪʘʚ ʥʘʨʫʞʥʦʡ ʩʨʝʜʳ 10 ʥʄ ʛʨʘʤʠʮʠʜʠʥʘ 

ɸ. ʋʤʝʥʴʰʝʥʠʝ Rʤ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ ʬʦʥʝ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʧʣʘʟʤʘʣʝʤʤʳ, ʢʦʛʜʘ ʠʩʭʦʜʥʳʝ ű 

ʢʣʝʪʦʢ ʥʘʭʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʘʢʪʠʚʘʮʠʠ ʂʂɺɺ. ʆ ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʥʪʠʙʠʦʪʠʢʦʤ ʠʦʥʥʦʛʦ 

ʢʘʥʘʣʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʪʘʢʞʝ ʬʘʢʪ ʧʨʦʣʦʥʛʠʨʦʚʘʥʠʷ (45 ʤʠʥ) ʝʛʦ ʦʪʤʳʚʘʥʠʝ ʦʪ ʩʦʩʪʘʚʘ 

ʧʣʘʟʤʘʣʝʤʤʳ. ʆʪʤʝʯʝʥʥʳʝ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʢʣʝʪʦʢ ʧʨʦʠʩʭʦʜʠʣʠ ʧʨʠ 

ʧʦʩʪʦʷʥʩʪʚʝ ʵʣʝʢʪʨʦʝʤʢʦʩʪʠ ʧʣʘʟʤʘʣʝʤʤʳ. ɸ ʩʦʚʦʢʫʧʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʝʤʢʦʩʪʠ ʧʣʘʟʤʘʣʝʤʤʳ ʧʨʠ ʤʦʜʫʣʷʮʠʠ ʝʝ ʙʝʣʢʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʵʣʝʢʪʨʦʝʤʢʦʩʪʴ ʤʝʤʙʨʘʥʳ, ʚ ʦʩʥʦʚʥʦʤ, ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʝʝ ʣʠʧʠʜʥʦʡ ʬʘʟʳ. ʆʙ ʵʪʦʤ ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ ʪʘʢʞʝ ʧʫʪʝʤ ʤʦʜʠʬʠʢʘʮʠʠ ʩʦʩʪʘʚʘ ʣʠʧʠʜʥʦʡ 

ʬʘʟʳ ʤʝʤʙʨʘʥʳ. ɺ ʵʪʦʤ ʧʣʘʥʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʚ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʷʚʠʣʘʩʴ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʢʣʝʪʦʢ Nitellopsis obtusa ʥʘ ʚʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʥʘʨʫʞʥʦʡ 

ʩʨʝʜʳ ʤʠʢʨʦʤʦʣʷʥʦʡ ʜʦʟʳ ʠʦʥʦʚ ʉʦ2+. ɼʣʷ ʉʦ2+ ʭʘʨʘʢʪʝʨʥʦ ʞʝʩʪʢʦʝ ʩʚʷʟʳʚʘʥʠʝ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʣʠʧʠʜʥʳʭ ʤʝʤʙʨʘʥ [9]. ʊʘʢʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ 

ʠʪʦʛʦʚʦʡ ʵʣʝʢʪʨʦʝʤʢʦʩʪʠ ʧʣʘʟʤʘʣʝʤʤʳ, ʯʪʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, 

ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʠʥʪʘʢʪʥʳʭ ʢʣʝʪʢʘʭ Nitellopsis obtusa (ʈʠʩʫʥʦʢ 4). 

ʇʦʩʪʦʷʥʩʪʚʦ Rʤ ʥʘ ʬʦʥʝ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʦʜ ʚʣʠʷʥʠʝʤ10
ī6 ʉʦʉl2 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʚ ʩʨʝʜʝ ʦʢʨʫʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʢʣʝʪʦʢ ʢʘʪʠʦʥʘ ʥʝ ʟʘʪʨʘʛʠʚʘʝʪ 

ʙʝʣʢʦʚʫʶ ʬʘʟʫ ʧʣʘʟʤʘʣʝʤʤʳ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʝ ʧʨʦʚʦʜʠʤʦʩʪʴ. ɸ ʵʣʝʢʪʨʦʛʝʥʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʧʣʘʟʤʘʣʝʤʤʳ, ʧʨʦʠʩʭʦʜʷʱʘʷ ʥʘ ʬʦʥʝ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʝʤʢʦʩʪʠ, ̫ ʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʠʟʤʝʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʠʜʨʦʬʦʙʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʅ+-ɸʊʈʘʟ.  
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ʈʠʩʫʥʦʢ 4. ʇʨʦʪʦʢʦʣ ʟʘʧʠʩʠ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ (ű) ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (Rʤ) ʧʣʘʟʤʘʣʝʤʤʳ 

ʢʣʝʪʦʢ Nitellopsis obtusa ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʘʪʠʦʥʦʚ ʉʦ2+. ʎʠʬʨʘʤʠ ʥʘ ʢʨʠʚʦʡ ű ʫʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ 

ʵʣʝʢʪʨʦʝʤʢʦʩʪʠ (ʚ ʝʜʠʥʠʮʘʭ ʤʢʌĬʩʤ-2) ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʤʝʥʪʘʭ ʚʨʝʤʝʥʠ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ 

ʧʣʘʟʤʘʣʝʤʤʳ. ʉʪʨʝʣʢʦʡ ʚʚʝʨʭ ʫʢʘʟʘʥ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʠʷ, ʩʪʨʝʣʢʦʡ ʚʥʠʟ ʤʦʤʝʥʪ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʩʦʩʪʘʚʘ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ 10ī6 ʉʦʉl2 

 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʪʘʢʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ 1% (8Ĭ10ī4 ʄ) ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʘ (ɼʄʉʆ) [10]. 

ʊʘʢ ʞʝ ʢʘʢ ʚ ʩʣʫʯʘʝ ʉʦ2+ ʫʩʠʣʝʥʠʝ ʵʣʝʢʪʨʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʣʘʟʤʘʣʝʤʤʳ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ 

ʬʦʥʝ ʠʟʤʝʥʝʥʠʷ ʉʤ ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʤʝʤʙʨʘʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʕʪʠ ʜʘʥʥʳʝ ʪʘʢʞʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʨʝʛʫʣʷʪʦʨʦʤ ʵʣʝʢʪʨʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʝʤʙʨʘʥʳ, ʚ ʜʘʥʥʦʡ ʩʝʨʠʠ 

ʦʧʳʪʦʚ, ʷʚʣʷʝʪʩʷ ʣʠʧʠʜʥʘʷ ʬʘʟʘ ʧʣʘʟʤʘʣʝʤʤʳ, ʧʦʢʘʟʘʪʝʣʝʤ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʪʦʨʦʡ 

ʩʣʫʞʠʪ ʝʝ ɻʣʝʢʪʨʦʝʤʢʦʩʪʴ. 
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ʩʪʨʫʢʪʫʨʫ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʥʝ ʠʟʤʝʥʷʶʪ ʝʝ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʝʤʢʦʩʪʴ; 

- ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ ʝʩʪʴ ʧʦʢʘʟʘʪʝʣʴ ʩʪʨʫʢʪʫʨʥʦ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʭ ʣʠʧʠʜʥʦʡ ʬʘʟʳ. 

- ʩʦʚʦʢʫʧʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʦ ʚʣʠʷʥʠʠ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʥʘ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʬʘʟʦʚʳʤ ʩʦʩʪʦʷʥʠʝʤ ʣʠʧʠʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ ʧʣʘʟʤʘʣʝʤʤʳ. 
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Abstract. During the expeditions in the north-eastern part of the Lesser Caucasus in 2014-2016 

and based on the results analysis of the collected herbarium and descriptor information three species 

(Polypodium interjectum Shivas, Polystichum Ĭillyricum (Borb§s) Hahne, Cystopteris anthriscifolia 

Fomin), one botanical variety (Polystichum aculeatum var. aristatum (Christ) A. Askerov) and one 

new ecotype (Adiantum capillus-veneris L., ñDwarf plant ï Ganjaò) has been identified. The article 

provides information on the three-dimensional spatial areas of the sites where these plants are found, 

the taxonomy, morpho-biological variability and taxonomy types. 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʭʦʜʝ ʵʢʩʧʝʜʠʮʠʡ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ʄʘʣʦʛʦ ʂʘʚʢʘʟʘ ʚ 2014ï2016 

ʛʛ. ʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʩʦʙʨʘʥʥʦʡ ʛʝʨʙʘʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʣʝʚʳʭ ʦʧʠʩʘʥʠʡ ʚʳʜʝʣʝʥʳ 

ʪʨʠ ʚʠʜʘ (Polypodium interjectum Shivas, Polystichum Ĭillyricum (Borb§s) Hahne, Cystopteris 

anthriscifolia Fomin), ʦʜʥʘ ʙʦʪʘʥʠʯʝʩʢʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ (Polystichum aculeatum var. aristatum 

(Christ) Askerov) ʠ ʦʜʠʥ ʥʦʚʳʡ ʵʢʦʪʠʧ (Adiantum capillus-veneris L., çʂʘʨʣʠʢʦʚʦʝ ʨʘʩʪʝʥʠʝ ï 

ɻʷʥʜʞʘè). ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʪʨʝʭʤʝʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʘʨʝʘʣʘʭ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ ʵʪʠʭ ʨʘʩʪʝʥʠʡ, ʪʘʢʩʦʥʦʤʠʠ, ʤʦʨʬʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʪʠʧʘʭ. 

 

Keywords: taxonomy, Adiantum, Polypodium. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʘʢʩʦʥʦʤʠʷ, ʘʜʠʘʥʪʫʤ, ʤʥʦʛʦʥʦʞʢʘ. 

 

The northeastern part of the Lesser Caucasus (within Azerbaijan) is one of the richest regions 

of the Caucasus in terms of biodiversity. In this region of Azerbaijan there are many types of plant 

species. Various research has been carried out on flora and biodiversity of the Lesser Caucasus. 

Extensive research has been carried out in this region on high mountain plants and high-spore plants 

[2-4] and many scientific articles have been published. However, systematic, ecobotanical features of 

the ferns in Lesser Caucasus have not been thoroughly investigated.  

 

Materials and Methods 

The materials used of the study are the materials collected during expeditions in the north-

eastern part of the Lesser Caucasus in 2014-2016 and herbariums stored in the herbariums of the 
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Institute of Botany and the Institute of Genetic Resources (AGRI) of Azerbaijan National Academy 

of Sciences. The collected materials were analyzed in a cameral condition. In this study the 

comparative analysis of morphological, systematic and ecological methods was used. For 

clarification of nomencular issues was addressed to International Botanical Code (2009) and the book 

published by Asgarov [2-4]. Macrotaxons were identified on the basis of some important sources of 

classification of ferns [10-13]. 

In the studying area to obtaining of ecological parameters the Diva-Gis system was used. 

Hipsometric altitude and area coordinates were measured by GPS model Garmin eTex 20. 

 

Results and Discussions 

The north-eastern part of the Lesser Caucasus is a geographical area called the North-East 

Plateau of the Lesser Caucasus and is basically located in the "Small-scale Caucasian North" region 

of the "Botanical-geographical zoning" scheme of Azerbaijan [1, 9, 10]. 

However, in the latter district, the southern border of the "KQ Shim." was slightly sought after 

and partly covered the central part of the Lesser Caucasus. 

Our study area is bordered by areas 400-500 meters above sea level, which are characterized 

by wormwood, ephemeral-wormwood, wild-wormwood, desert and semi-desert plant species 

covering Kura plain from the north. 

It extends from the East to the Murovdag Range by covering the boundaries of the Samukh and 

Goranboy administrative districts, in the south and south-west surrounded by Murovdag and Shahdag 

ranges; and in the west from the Shahdag range to the territory of the Kur River in the territory of 

Azerbaijan borders with Armenia. 

Below there is information on the morphological and theological features of three species, one 

species diversity and 1 new ecotype for the first time discovered for the north-eastern part of the 

Lesser Caucasus as a result of the material collected from the research area in 2014-2016. 

 

Fam. Polypodiaceae 

Gen. Polypodium L. 

1. P. interjectum Shivas 1961, Journ. Linn. Soc., Bot. 58: 29; Valentine, 1964, Phil. Europ. 1:23; 

A. Bobr. 1974, Phil. euro. About USSR, 1:96; A. Askerov 1977, Bot. the magazine. 62: 1029.; 

Kudryashova 2003, Consp. Fl. Cauc. 1: 156. ð P. vulgare subsp. prionodes (Asch.) Rothm. 1929, 

Mitt. Thur. Bot. Ver., N. F., 38: 106. ð P. vulgare f. prionoides Asch. 1896, in Aschers. u. Graebn. 

Syn. Mitteleurop. Phil. 1:94. ð P. vulgare f. attenuatum Milde, 1867, Fil. Eur. Atl.: 92; Rzazade 

1950, Fl. Az. 1: 40. ð P. serratum auct. non Cauc.: Fomin 1934, Fl. USSR, 1: 89, p.p. ð Intermediate 

c.+. 

It is described in Europe (Scotland). Typus: ñSt. Cyrus, Kincandineshire, Scotlandò. 

The root is covered by brown sequins. The leaves are longitudinal lens-shaped, the cuttings are 

rounded to the ends of the segments, and 2-3 layers of dichotomic spines. The sorus are oval or 

elliptical and are not covered. Cellular ring cells are 10 to 20. The spores are bean formed. 2n = 222.  

It is often encountered epiphytic forms Mesophilic forest plant (basically peanut-forest) found 

in 20-40 cm altitude in July-August. 

Facing such a species related to European-Mediterranean in Azerbaijan (Talish) for the first 

time was reported by Asgarov [3]. We have gathered around Goygol, Amirvar village of Dashkasan 

region and Aschik forest area of Tovuz in the Lesser Caucasus. 

Geographic latitude and longitude, altitude (m): N40Á47.462ᾳ; E 45Á35.636ᾳ; H 1209. 

It is often hybridized with Polypodium vulgare and generates the Polypodium Ĭmantoniae 

Rothm. hybrid [2]. 
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Fam. Dryopteridaceae 

Gen. Polystichum Roth 

2. P. Ĭillyricum (Borb§s) Hahne 1904, Allg. Bot. Zeitschr. 10: 103; A. Askerov 1977, Bot. the 

magazine. 62: 1027; A. ɸʩʢʝʨʦʚ 2001, Ferns of the Caucasus:120; Kudryashova 2003, Consp. Phil. 

Cauc. 1: 164; A. Askerov 2016, Azerbaijan. plant world: 59. ð Aspidium Ĭillyricum Borb§s 1891, 

Oest. Zeit. 41: 354. ð Illiriy c. 

It is depicted in Europe. 

The main morphological characters are transitional between P. aculeatum and P. lonchitis. The 

leaves are lens-shaped, 30-50 cm long, 4-9 cm wide. Trunks are short and grey and covered with lens 

shaped. Segments are sloping, most triangular shapes, the veins in the leaves are fork shaped. Sorus 

are at the end or in the middle of the arteries. Spores are not fully developed, often abortive (sterile). 

2n=123.  

It is a perennial, mesophytous plant found in 20 to 60 cm altitude, shady forests, up to the 

middle mountain range in July-September. 

This kind of species belonging to the European-Caucasian type of species [7, 8] was collected 

from the Asrik forest area of Tovuz region and peanut forest form.  

Geographic latitude and longitude, altitude (m): N40Á47,462ᾳ; E 45Á35.636ᾳ; H 1209. 

It is a natural hybrid species between P. aculeatum and P. lonchitis. 

3. P. aculeatum (L.) Roth 1799, Tent. Fl. Germ.3, 1: 79; A. Askerov 1977, Bot. the magazine. 

62: 1027; A. ɸʩʢʝʨʦʚ 2001, Fens Caucasus: 115; Kudryashova 2003, Consp. Fl. Kavk. 1: 164. ð 

P. aculeatum L. 1753, Sp. Pl.: 1090. ð P. lobatum (Huds.) Bastard 1809, Ess. Fl. Maine Loire: 367; 

Gross. 1939, Fl. Cauc., 2, 1:22; Isaev 1950, Fl. Az. 1: 28. ð Sturdy c. Thistle. 

It is depicted in Europe. Typus: Herb. Linn. 1251/45. 

This type of European origin is widespread in Azerbaijan and has several varieties, which 

Asgarov (2016) considered that var. aristatum (Christ) Askerov are less common among them. 

P. aculeatum var. aristatum (Christ) Askerov 1983, Note systgeog (Thbilisi.), 39: 6; A. Askerov 

2016 Azerbaijan plant world: 60. ð Aspidium lobatum var. aristatum Christ 1891, Schweiz Bot Ges. 

1:85. 

The leaf is covered with grey colored and there are 5 transmitters. The leaf is 2 times the feather 

formed, the narrower and tough. The last follow of the second-row segments is larger (acroscopic) 

than others; the segments are soft, covered with hairs and their edges are sharp. The sorus are oval, 

located above the center of the veins, dental on the edge of the cover. The periscope of the spores is 

wrinkling, the wrinkles are short, narrow, high. Some of the signs are close to Polystichum kadyrovii 

Askerov & A. E. Bobrov, which is depicted in Talish. 

It is a perennial, mesophytes (mainly peanut forest form) plant, found in shady forests in the 

middle mountain range at the height of 25 to 100 cm, in July-September. It had been collected from 

the Asrik forest area of the Tovuz region in the study area. 

Geographic latitude and longitude, altitude (m): N 40Á47.462ᾳ; E 45Á35.636ᾳ; H 1209. 

 

Fam. Athyriaceae 

Gen. Cystopteris Bernh., nom. cons. 

4. C. anthriscifolia Fomin 1911, Mater. Phil. Cauc. 1, 1:15; Fomin 1913, Pter. Phil. Cauc.: 15. 

ð C. fragilis (L.) Bernh. 1805, Journ. Bot. (Est.) 1, 2:27, p. Kudryashova 2003, Consp. FF Kavk. 1: 

162. ð C. fragilis var. anthriscifolia (Hoffm.) Luerss. Farnpfl. 457, f. 156; Isaev 1950, Fl. Az. 1:19. 

ð Sharpleaf. 

It is depicted in Europe. Typus: In collibus Europae frigidioiris. 
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The leaves are 2 times feather formed, hairy and grey and the last row segment is pinched and 

the veins are in the end of the segments. The sorus is located on both sides of the arteries; cover is 

oval, lens-shaped, swollen. The surface of the spores is periscope. 2n = 168, 252. 

It is a perennial, mesophytous plant at the height of 20-40 cm, in July-August, distributing in 

rocky cracks the woods. We had been gathered from Amirvan village of Dashkasan district, Asrik 

forest of Tovuz region, Ganja-Dashkasan highway, Bayan village and Khoshbulag settlement. 

Geographic latitude and longitude, altitude (m): N40Á30.594ᾳ; E 46Á20.494Á; H 1086. 

 

Fam. Adiantaceae 

Gen. Adiantum L. 

5. Adiantum capillus-veneris L. 1753, Sp. Pl.: 1096; Gross. 1939, Fl. Cauc., 2, 1:34; Isaev 1950, 

FF. Az 1:38; A. Bobr. 1974, FF. euro. About USSR, 1:94; A. ɸʩʢʝʨʦʚ 2001, Ferns Cauc: 58; 

Kudryashova 2003, Consp. FF Cauc. 1: 155. ð Majestic a. Lady s hair. It is depicted in South Europe. 

Typus: Herb. Linn. 1252/8, 9.  

The leaves are enlarged to length, 2 to 3 layers of feather forms: 10-35 cm long, bright green, 

elegant and the edges of the leaves is a covering function. It is covered with bare or light curtains, 

with a bright, black-brown colored. The last row segments are gentle, rounded oval, covering sores. 

Sorus are long, located on the edge of the segments. Spores enter, radial symmetric. 2n = 60. 

It is a perennial, mesophytous plant found in the height of 30 cm (our discovery ð up to 10 

cm) humid places, in June-August. 

Several small populations of this type belonging to the Southern Palearctic range are known 

from the Caucasus and Talish regions [5]. For the first time from the research area, we have been 

gathered twice: around the city of Ganja, on the humid walls of the water well. The new ecotype of 

this species, ñDwarf plant ï Ganjaò was found in the Amirvar village of Dashkasan district, near the 

waterfall, and between the rocks and moss plants in 06. 09. 2015. This copy is typically selected by 

typical magnificent adiant copies, with a small size and relatively dry biotopes. 

Geographic latitude and longitude, altitude (m): N40Á30.594ᾳ; E 46Á20.494ᾳ; H 1086. 

It is a rare species. Although partially protected, populations outside the specially protected 

areas are in danger. It is relic, decorative plant. It is used for greenery, especially for water pools and 

water fountains [2]. 
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Momordica charantia L. INTRODUCTION 
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ʀʅʊʈʆɼʋʂʎʀʗ Momordica charantia L. 

 

Éɻʘʩʳʤʦʚ ʍ., ʅʘʭʠʯʝʚʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʘʭʠʯʝʚʘʥʴ, ɸʟʝʨʙʘʡʜʞʘʥ  

Éɻʘʥʙʘʨʦʚ ɼ., ʅʘʭʠʯʝʚʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʘʭʠʯʝʚʘʥʴ, ɸʟʝʨʙʘʡʜʞʘʥ 

Éɻʫʩʝʡʥʦʚ ʍ., ʅʘʭʠʯʝʚʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʘʭʠʯʝʚʘʥʴ, ɸʟʝʨʙʘʡʜʞʘʥ 

Éɹʘʙʘʝʚ ʗ., ʅʘʭʠʯʝʚʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʘʭʠʯʝʚʘʥʴ, ɸʟʝʨʙʘʡʜʞʘʥ  

Éʉʝʠʜʦʚ ʄ., ʅʘʭʠʯʝʚʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʘʭʠʯʝʚʘʥʴ, ɸʟʝʨʙʘʡʜʞʘʥ  

 

Abstract. The article deals with the introduction of Momordica charantia L. plant in 

Nakhchivan. This plant was discovered to be a new species for the flora of the Nakhchivan. 

Momordica charantia L. has fully adapted to the soil and climatic conditions of the area and has 

completed its vegetation period. The seeds of the plant were obtained, and it was recommended to 

use them taking into account the farming characteristics of the species. 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʠʥʪʨʦʜʫʢʮʠʠ Momordica charantia L. ʚ ʛʦʨʦʜʝ 

ʅʘʭʠʯʝʚʘʥʴ. ʕʪʦ ʨʘʩʪʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʚʠʜʦʤ ʜʣʷ ʬʣʦʨʳ ʅʘʭʠʯʝʚʘʥʠ. Momordica charantia 

L. ʧʦʣʥʦʩʪʴʶ ʘʜʘʧʪʠʨʦʚʘʣʘʩʴ ʢ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʤʝʩʪʥʦʩʪʠ. ʀʤʝʝʪ ʧʦʣʥʳʡ 

ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ. ʇʦʣʫʯʝʥʳ ʩʝʤʝʥʘ ʨʘʩʪʝʥʠʷ. ɸʚʪʦʨʘʤʠ ʨʝʢʦʤʝʥʜʦʚʘʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʤʝʥʥʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʨʘʩʪʝʥʠʷ ʩ ʫʯʝʪʦʤ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʚʠʜʘ. 

 

Keywords: plant introduction, new species, pumpkins, berries, Momordica charantia. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʨʦʜʫʢʮʠʷ ʨʘʩʪʝʥʠʡ, ʥʦʚʳʝ ʚʠʜʳ, ʪʳʢʚʳ, ʷʛʦʜʳ, ʠʥʜʠʡʩʢʠʡ ʦʛʫʨʝʮ. 

 

Introduction 

Favorable relief conditions of the Nakhchivan Autonomous Republic, peculiar soil-climatic 

features, abundance of sunny days have influenced the formation of vegetation with rich flora here. 

The species diversity and endemicity of these lands, which have a rich biodiversity, is primarily due 

to the fact that the plants distributed in this area have different ecological conditions and the diversity 

of physical and geographical conditions in the process of natural historical development. From this 

point of view, plants from different regions, even neighboring and foreign countries, grow normally 

in such soil-climatic conditions. 

The study and application of the properties of introduced plants is of both experimental and 

scientific interest. The transition to the flowering and fruiting phases also depends on the growing 

conditions (i.e., altitude, temperature, agro-technical measures, etc.). One of the main issues is to 

determine the degree of adaptation of the introduced species to the new climatic conditions and to 

study the impact of the main ecological factors on the plant in the new ecological conditions. The 
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study of these properties of introduced plants is of great importance in future scientific research with 

such plants. 

 

Materials and methods 

Proper and timely implementation of agro-technical measures is of great importance in the 

introduction of plants and the following agro-technical measures have been used [1]: 

- Collection of plant samples from nature and storage before planting (time and method of 

storage); 

- Site selection, soil preparation for planting. 

- Preparation of seeds for sowing. 

- Ploughing and sowing (time and scheme); 

- Irrigation. 

- Agrotechnical care of the obtained twigs. 

- Disease and pest control measures. 

- Seed collection and propagation. 

The timing and method of collecting plant samples from nature and storing them before planting 

is one of the means of influencing their future development (https://clck.ru/33QQTA). 

 

Discussion and conclusions of the study 

The seeds of the Momordica charantia L. plant, which is not found in the cultural flora of the 

Autonomous Republic, were brought from the Balikesr region of the sister country Turkey. In 

Nakhchivan, seeds were planted in Huseynov Habib Tayyarôs yard in May. After receiving twigs, the 

plant was agro-technically maintained (Figure 1). Thus, preventative measures were taken against 

diseases and pests, the plants were irrigated in time and fertilizer norms were given correctly. The 

plant bloomed in July. Fruits began to form in August, and in September the fruits were fully ripe. 

 

 
 

Figure 1. Momordica charantia L. 

 

Momordica charantia L. belongs to the genus Momordic (Momordica) of the family 

Cucurbitaceae Juss. In regions with tropical climates, the Amazon Basin, East Africa, Asia, the 

Caribbean, and the tropics and subtropics of Central America, 60 species of wild plants are found, 
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mainly twining grasses. In South America and the Far East, it is cultivated as a food and medicinal 

plant. Yellow and elongated Momordica charantia L. which differs from the red pomegranate, is 

native to India. It is grown in the open in Russia and Crimea as an ornamental plant. In Azerbaijan, 

this plant is also found in pomegranate orchards in Goychay. 

In European countries, they are called bitter melon, bitter pumpkin, African cucumber, balsam 

apple or balsam pear. The trunks of the pomegranate are very thin and long, they can be 5 metres or 

more in height. The carved light green leaf plate is quite large. When in contact with it, you can get a 

little burn like a nettle. 

Momordica charantia L. a plant in the form of an annual or perennial ivy, blooms in summer. 

The edges are soft, fan-shaped, toothed leaves. The flowering period of the pomegranate begins in 

the early stages of the growing season. Its flowers are bisexual with bright yellow petals. Male flowers 

on long stalks open for the first time. They emit a scent reminiscent of the scent of jasmine. Then 

more female flowers begin to bloom. They are smaller than males and have shorter stalks. Pollinating 

fragrant flowers is done by insects, so when they grow indoors, you will have to pollinate them by 

hand to get fruit. 

The formation of the ovary and the further development of the fruit is very fast. The fresh fruit 

is covered with a convex, uneven crust with small hairs on it. Do not touch them with bare hands, 

you can get a light but unpleasant burn. As they mature, they elongate and take on an elongated oval 

shape, reaching a length of 20 cm and a diameter of 7 cm. The hairs fall off the fruit and the skin turn 

yellow (yellow-orange). When the fruit matures, the skin is divided into 3 separate pieces, folded 

back, and a large number of red-brown or white seeds appear. The seeds are 7ï10 mm long and flat 

[2]. 

The taste of the outer shell is close to that of an ordinary pumpkin, which is slightly bitter. The 

fruits contain dark ruby pericarp seeds, the taste is close to dates. The appearance of the fruit can be 

judged by its appearance. It begins to crack from the bottom, the thick petals open like a flower folded 

upwards. The pericarp seeds, which can be up to 30 per fruit, are similar in appearance to pomegranate 

seeds (Figure 2). 

In Latin, momordica means to bite. Momordica charantia L. is widely used in pharmacy. If the 

Momordica charantia L. is provided with plenty of water and sun, it can be grown even in the pot. 

Since the juice of a plant that grows and bears fruit in the early spring is bitter, it is impossible to eat 

it when it is not ripe enough. The fruits collected in the fall are used in the preparation of oil. 

Pomegranate used in the treatment of most diseases, but also has a strong effect on 

gastrointestinal disorders such as colitis and gastritis. Good for digestive diseases. It is also very 

useful for the intestines, which are considered the second brain. Experts say that a spoonful of 

pomegranate, honey and olive mixture a day will solve the problem of constipation in the intestines. 

According to some studies, one of the benefits of Momordica charantia L. is to prevent tumors 

and maintain cell health. It is said to be especially effective in breast cancer cells. It is a natural 

antibiotic. All the substances in antibiotics are present in this plant. It also has very good effects on 

body aches. It is known that in ancient times people used this pomegranate to treat burns. Vitamin E 

is rich in protein and strengthens the immune system. It acts as a kind of shield against internal viruses 

and reduces the risk of contracting diseases. It has an anti-inflammatory effect. This pomegranate is 

the most beneficial for the liver in the body. It plays an important role in the regeneration and 

cleansing of the liver. It is also good for skin diseases and reduces body fat. It balances blood cells. 

When eaten in large quantities, this pomegranate renews blood cells by removing toxins from the 

blood. In this way, blood sugar levels are normalized and easily consumed by diabetics. Pomegranate 

is very useful for rheumatism and varicose veins. It also helps people to relieve rheumatic pain [3]. 
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Figure 2. Fruits and seeds of Momordica charantia L. 

 

Momordica charantia L. can be consumed by mixing it with honey. The ripe fruit is crushed in 

a bowl, mixed with some honey, and in the morning it is drunk on an empty stomach with 1 

tablespoon. In the absence of fresh fruit, strong pomegranate seeds, which are first cleaned, are cut 

into small pieces and mixed with 1 kg of honey. People with diabetes are more likely to use olive oil. 

After 6 months of storage in pure olive oil, a tablespoon of pomegranate is mixed with the same 

amount of filter honey and taken on an empty stomach in the morning. 

Momordica charantia L. is known as bitter or ground melon. The fruit is called "bitter melon" 

and is especially popular in Okinawa (Japan). According to scientists, it can also help diabetics. 

Researchers have found that bitter melon helps improve metabolic processes while normalizing 

glucose metabolism. Bitter melon is a real storehouse of vitamins and is good for the human body. 

They are found in all parts of it, including roots, young shoots, leaves, fruits, and seeds. 

In folk medicine, the leaves are used to prepare drugs to relieve cough, hypertension and pain. 

Oatmeal is used to rejuvenate the skin of the face and body and added to cosmetic masks. Mild and 

powdered seeds are used in the fight against seasonal diseases, increase hemoglobin, strengthen 

immunity, heal wounds, cuts, ulcers and as a diuretic. The use of fruits improves vision, helps reduce 

the risk of cardiovascular disease, prevents decreased brain function. 

Introduced for the first time in the region, Gomrat pomegranate (Momordica charantia L.) is a 

new species for the flora of the Nakhchivan Autonomous Republic and its full adaptation to soil and 

climatic conditions has been identified. 

 

Recommendation 

Taking into account the medical and economic characteristics of the plant, we recommend that 

it be propagated generatively and grown on family farms. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʤʦʜʝʣʝʡ ʜʨʝʚʦʩʪʦʝʚ ʚ ʨʘʙʦʪʘʭ 

ɸ. ʅ. ɹʦʨʠʩʦʚʘ ʠ ɺ. ɺ. ʀʚʘʥʦʚʘ (ʜʘʣʝʝ ɸʚʪʦʨʳ). ʈʘʩʩʤʦʪʨʝʥʳ çʦʙʣʘʩʪʴ ʜʦʤʠʥʠʨʦʚʘʥʠʷè ʠ 

çʦʧʪʠʤʘʣʴʥʳʝè ʜʝʨʝʚʴʷ ʩ ʥʘʠʣʫʯʰʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʠʭ ʨʘʟʤʝʨʦʚ ʠ ʧʦʣʠʛʦʥʦʚ ʧʠʪʘʥʠʷ. 

ɺʳʷʩʥʝʥʦ, ʯʪʦ ʜʣʷ ʥʠʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ ʚʝʣʠʯʠʥʳ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʠʟ ʥʠʭ ʘʜʝʢʚʘʪʥʫʶ ʠʤʠʪʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ. ʆʜʥʘʢʦ ɸʚʪʦʨʳ ʚʩʝ ʞʝ ʩʦʟʜʘʶʪ ʝʝ ʚ 

ʘʙʩʪʨʘʢʪʥʦʤ ʚʠʜʝ, ʨʘʟʤʝʱʘʷ ʜʝʨʝʚʴʷ ʧʦ ʧʣʦʱʘʜʠ ʙʝʟ ʦʢʦʥ, ʯʝʛʦ ʚ ʨʝʘʣʴʥʳʭ ʣʝʩʘʭ ʥʝ ʙʳʚʘʝʪ. 

ɿʘʪʝʤ ʝʝ ʩʨʘʚʥʠʚʘʶʪ ʩ ʜʨʫʛʦʡ ʘʙʩʪʨʘʢʮʠʝʡ ð ʩʪʘʪʠʯʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʜʨʝʚʦʩʪʦʝʚ ʧʦʣʥʦʪʦʡ 

1,0. ɼʘʣʝʝ ʧʦ ʚʳʚʦʜʘʤ ʠʟ ʨʘʙʦʪ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ ʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʝʱʝ ʦʜʥʘ ʘʙʩʪʨʘʢʮʠʷ ð 

ʪʘʙʣʠʮʘ çʦʧʪʠʤʘʣʴʥʳʭè ʧʦʣʥʦʪ, ʛʜʝ ʚ ʜʨʝʚʦʩʪʦʷʭ 50ï120 ʣʝʪ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʬʠʪʦʤʘʩʩʳ 

ʢʨʦʥ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʫʙʢʘʤʠ ʫʭʦʜʘ ʧʦʣʥʦʪʫ 0,85ï0,73. ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʵʪʦʡ 

ʤʦʜʝʣʠ ɸʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠʨʦʩʪ ʧʦ ʨʘʜʠʫʩʫ ʩʪʚʦʣʘ. ʆʜʥʘʢʦ ʦʥ ʥʝ ʦʪʨʘʞʘʝʪ ʫʚʝʣʠʯʝʥʠʝ 

ʟʘʧʘʩʘ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʛʜʝ ʧʨʠ ʨʫʙʢʝ ʧʦʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʨʠʜʦʨʳ ʙʝʟ ʜʝʨʝʚʴʝʚ, 

ʟʘʥʠʤʘʶʱʠʝ 15% ʧʣʦʱʘʜʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʦʙʲʝʢʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʦʙʩʫʞʜʘʶʪʩʷ ʨʘʙʦʪʳ 

ɺ. ɸ. ʋʩʦʣʴʮʝʚʘ ʠ ʄ. ɺ. ʈʦʛʦʟʠʥʘ. ɺ ʧʦʩʣʝʜʥʝʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʣʦʱʘʜʠ ʧʠʪʘʥʠʷ ʚ ʚʦʟʨʘʩʪʝ 

30 ʣʝʪ ʚʣʠʷʶʪ ʥʘ ʜʠʘʤʝʪʨ ʜʝʨʝʚʘ ʚ 55 ʣʝʪ ʣʠʰʴ ʥʘ 9,4Ñ0,2%.  ʇʦʵʪʦʤʫ çʦʙʣʘʩʪʠ 

ʜʦʤʠʥʠʨʦʚʘʥʠʷè ʧʨʠʚʝʣʠ ʢʨʠʪʠʢʫʝʤʳʭ ɸʚʪʦʨʦʚ ʢ ʩʦʟʜʘʥʠʶ ʤʦʜʝʣʝʡ, ʟʘ ʧʨʝʜʝʣʘʤʠ ʢʦʪʦʨʳʭ 

ʦʩʪʘʣʦʩʴ 90% ʚʣʠʷʥʠʷ ʥʝʫʯʪʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʠ ʨʫʙʦʢ ʫʭʦʜʘ ɸʚʪʦʨʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʤʥʠʪʝʣʴʥʳʝ ʥʘʫʯʥʳʝ ʤʝʪʦʜʳ, ʦ ʢʦʪʦʨʳʭ ʝʱʝ ʚ 1970 ʛʛ. ʧʨʝʜʫʧʨʝʞʜʘʣʠ 

ʚʝʜʫʱʠʝ ʣʝʩʦʚʦʜʳ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʘʨʠʘʥʪʳ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʟʘʠʤʩʪʚʦʚʘʥʥʳʭ ʠʟ ʟʦʦʣʦʛʠʠ 

çʦʙʣʘʩʪʝʡ ʜʦʤʠʥʠʨʦʚʘʥʠʷè ʙʳʣʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʦʩʣʝʜʥʠʤʠ ʧʦʧʳʪʢʘʤʠ ʩʦʟʜʘʥʠʷ ʯʠʩʪʦ 

ʢʦʥʢʫʨʝʥʪʥʳʭ ʤʦʜʝʣʝʡ ð ʚ ʣʝʩʦʚʦʜʩʪʚʝ ʥʘʩʪʫʧʠʣʘ ʵʧʦʭʘ ʩʤʝʥʳ ʧʘʨʘʜʠʛʤʳ, ʢʦʛʜʘ ʚ 

ʜʦʧʦʣʥʝʥʠʝ ʢ ʟʘʢʦʥʫ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠʟʨʝʞʠʚʘʥʠʷ ʚʚʦʜʠʪʩʷ ʝʱʝ ʧʷʪʴ ʟʘʢʦʥʦʚ ʨʘʟʚʠʪʠʷ 

ʜʨʝʚʦʩʪʦʝʚ. 

 

Abstract. The methodological aspects of modeling the growth of stands in the works of 

A. N. Borisov and V. V. Ivanov (hereinafter the Authors) are analyzed. The indicator ñarea of 

dominanceò and models of ñoptimalò trees with the best size ratio and proportional feeding polygons 

are considered. It was found out that dependent variables were used in them, which does not allow 

them to be used in adequate simulation models. However, the Authors still create from them a kind 

of abstract model of a stand with a quasi-uniform placement of trees, where there are no windows 

and clusters of trees, which does not happen in reality. Then the model is compared with another 

abstraction ï static states of stands with a completeness of 1.0. Next, a table is constructed-a model 

of ñoptimalò completeness according to the conclusions of other authors, according to which, in 
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stands of 50-120 years, it is recommended to maintain a completeness of 0.6ï0.7 by thinning to 

increase of phytomass of crowns. To verify the model, the Authors use an increase in the radius of 

the trunk. However, such an increase does not reflect an increase in the stock over the entire area, 

where technological corridors appear during care cutting, which are also not taken into account in the 

models. As an example of a more objective approach, the works of V. A. Usoltsev and M. V. Rogozin. 

In the latest work, it was found that the feeding areas at the age of 30 years affect the diameter of the 

tree at 55 years only by 9.4Ñ0.2%. Therefore, ñareas of dominanceò will lead to the creation of models 

beyond which 90% of the influence of other factors will remain. From the point of view of the theory 

of logging, the authors used dubious scientific methods, which were warned about by leading 

foresters back in the 1970s. The considered variants of imitation models of the growth of stands and 

models of care based on ñareas of dominanceò borrowed from zoology were, apparently, the last 

attempts of this kind - the era of discussion of five new laws of the development of stands and 

the period of changing scientific paradigms has come in forestry. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʫʢʪʫʨʘ ʜʨʝʚʦʩʪʦʷ, ʢʦʥʢʫʨʝʥʮʠʷ ʤʝʞʜʫ ʨʘʩʪʝʥʠʷʤʠ, ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ, 

ʪʘʙʣʠʮʳ ʭʦʜʘ ʨʦʩʪʘ, ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ.  

 

Keywords: stand structure, plant competition, cooperation, growth progress tables, simulation 

models. 

 

ɺʚʝʜʝʥʠʝ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʚʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʦʩʪʘ ʜʨʝʚʦʩʪʦʝʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʤʦʜʝʣʝʡ [1, 2] ʩ ʘʥʘʣʠʟʦʤ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ [3, 4] ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʝʨʝʚʴʝʚ ʚ ʤʠʢʨʦʮʝʥʦʟʘʭ [5-9]. ʊʘʢʞʝ ʨʘʟʚʠʚʘʝʪʩʷ ʠʤʠʪʘʮʠʦʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʪ.ʝ. ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʢʘʢʦʡ-ʣʠʙʦ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʳ ʠ ʧʨʦʚʝʜʝʥʠʝ ʚ 

ʥʝʡ ʨʘʟʥʦʛʦ ʨʦʜʘ ʤʘʥʠʧʫʣʷʮʠʡ ʚʤʝʩʪʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʨʝʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʷʚʣʷʝʪʩʷ ʧʦʠʩʢʦʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʟʘʱʠʱʝʥʥʦʤ ʦʪ ʨʠʩʢʦʚ ʤʠʨʝ ʤʦʜʝʣʝʡ, ʚ ʢʦʪʦʨʦʤ ʤʳ ʤʦʞʝʤ 

ʦʰʠʙʘʪʴʩʷ, ʦʪʤʝʥʷʪʴ ʦʧʝʨʘʮʠʠ, ʚʦʟʚʨʘʱʘʪʴʩʷ ʚ ʧʨʦʰʣʦʝ ʠ ʥʘʯʠʥʘʪʴ ʚʩʝ ʩʥʘʯʘʣʘ [10]. ʕʪʦ 

ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʝʢʪʳ ʚ ʮʝʣʦʤ ʠʣʠ ʠʭ ʦʪʜʝʣʴʥʳʝ ʩʫʱʥʦʩʪʠ ï ʧʨʦʮʝʩʩʳ ʠ ʷʚʣʝʥʠʷ [11].  

ʂ ʨʷʜʫ ʨʘʙʦʪ ʫ ʥʘʩ ʚʦʟʥʠʢʣʠ ʚʦʧʨʦʩʳ ʦ ʩʪʝʧʝʥʠ ʜʦʚʝʨʠʷ ʢ ʠʭ ʧʨʦʛʥʦʟʘʤ ʢʘʩʘʪʝʣʴʥʦ 

ʨʘʟʚʠʪʠʷ ʜʨʝʚʦʩʪʦʝʚ ʧʦʩʣʝ ʨʫʙʦʢ ʫʭʦʜʘ; ʚ ʥʠʭ ʚʤʝʩʪʦ ʨʝʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʫʭʦʜʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ [12, 13]. ʊʘʢʠʝ ʤʦʜʝʣʠ ʯʘʱʝ ʚʩʝʛʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʫʧʨʦʱʝʥʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʨʝʘʣʴʥʦʩʪʠ ï ʤʝʥʝʝ ʜʝʪʘʣʴʥʦʝ ʠ ʤʝʥʝʝ ʩʣʦʞʥʦʝ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ 

ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʦʙʲʝʢʪʘ ʠʣʠ ʧʨʦʮʝʩʩʘ [14].  

ʆʜʥʘʢʦ ʚʤʝʩʪʦ ʧʦʠʩʢʘ ʥʦʚʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩ ʪʝʤ, ʯʪʦʙʳ ʚʢʣʶʯʠʪʴ ʠʭ ʚ ʤʦʜʝʣʴ ʠ 

ʩʜʝʣʘʪʴ ʝʝ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦʡ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʥʦʛʜʘ ʠʜʫʪ ʩʪʘʨʳʤʠ ʧʫʪʷʤʠ, ʩʩʳʣʘʷʩʴ ʥʘ ʪʦ, ʯʪʦ 

ʤʦʜʝʣʴ ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ ʠ ʚʢʣʶʯʘʶʪ ʚ ʝʝ ʩʮʝʥʘʨʠʡ ʚʦʟʜʝʡʩʪʚʠʝ ʪʦʣʴʢʦ ʥʘ ʦʜʠʥ ʠʟ ʧʨʦʮʝʩʩʦʚ 

ð ʥʘ ʧʨʦʮʝʩʩ ʢʦʥʢʫʨʝʥʮʠʠ ʤʝʞʜʫ ʜʝʨʝʚʴʷʤʠ. ʂʘʢ ʥʠ ʩʪʨʘʥʥʦ, ʥʦ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʨʫʙʦʢ ʫʭʦʜʘ, 

ʠʩʢʣʶʯʘʷ ɿ. ʗ. ʅʘʛʠʤʦʚʘ ʠ ɺ. ɸ. ʋʩʦʣʴʮʝʚʘ [15, 16], ʜʘʞʝ ʥʝ ʧʳʪʘʣʠʩʴ ʦʮʝʥʠʪʴ ʢʦʥʢʫʨʝʥʮʠʶ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ, ʩʯʠʪʘʷ ʝʝ ʧʦʯʪʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ ʚ ʬʠʪʦʮʝʥʦʟʝ, ʟʥʘʯʠʤʦ ʚʣʠʷʶʱʠʤ ʥʘ 

ʨʦʩʪ ʜʝʨʝʚʴʝʚ. ɺ ʧʦʩʣʝʜʥʝʡ ʩʪʘʪʴʝ ʥʘ ʵʪʫ ʪʝʤʫ [12] ʦʮʝʥʢʫ ʨʘʟʚʠʪʠʷ ʜʨʝʚʦʩʪʦʷ ʫʧʨʦʱʘʣʠ 

ʚʦʦʙʱʝ ʜʦ ʦʜʥʦʡ ʣʠʰʴ ʨʝʘʢʮʠʠ ʤʦʜʝʣʴʥʳʭ ʜʝʨʝʚʴʝʚ ʚ ʚʠʜʝ ʠʟʤʝʥʝʥʠʡ ʧʨʠʨʦʩʪʘ ʧʦ ʨʘʜʠʫʩʫ 

ʩʧʫʩʪʷ 20 ʣʝʪ ʧʦʩʣʝ ʨʫʙʦʢ, ʘ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʩʚʦʜʠʣʠʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢ ʪʦʤʫ, ʯʪʦ 

ʜʝʨʝʚʴʷ ʜʦʣʞʥʳ ʧʦʚʳʰʘʪʴ ʧʨʠʨʦʩʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʱʘʜʝʡ ʠʭ ʧʠʪʘʥʠʷ. ɿʘʤʝʪʠʤ, ʯʪʦ ʵʪʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ð ʜʦ ʩʠʭ ʧʦʨ ʨʘʙʦʯʘ ̫ʛʠʧʦʪʝʟʘ, ʠ ʝʝ ʥʘʜʦ ʜʦʢʘʟʳʚʘʪʴ ʥʘ ʨʝʘʣʴʥʳʭ 

ʧʨʠʤʝʨʘʭ, ʪʦʛʜʘ ʢʘʢ ʜʣ ̫ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʧʦʯʝʤʫ-ʪʦ ʜʝʣʘʶʪ ʧʦʩʣʘʙʣʝʥʠʝ, ʠ ʩʫʤʤʘʮʠʷ 
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ʜʝʨʝʚʴʝʚ ʩ ʥʝʢʦʪʦʨʦʡ ʦʧʪʠʤʘʣʴʥʦʡ çʦʙʣʘʩʪʴʶ ʜʦʤʠʥʠʨʦʚʘʥʠʷè ʥʘ ʘʙʩʪʨʘʢʪʥʦʡ ʧʣʦʱʘʜʠ ʩ 

ʧʣʦʪʥʦ ʧʦʜʦʛʥʘʥʥʳʤʠ ʧʦʣʠʛʦʥʘʤʠ ʧʠʪʘʥʠʷ ʜʘʝʪ ʦʞʠʜʘʝʤʦ ʚʳʩʦʢʠʡ ʟʘʧʘʩ ʜʨʝʚʝʩʠʥʳ [12].  

ʆʜʥʘʢʦ ʨʝʘʣʴʥʳʡ ʜʨʝʚʦʩʪʦʡ ʥʝ ʙʫʜʝʪ ʟʘʱʠʱʝʥ ʦʪ ʨʠʩʢʦʚ ʪʘʢ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʥʘʧʨʠʤʝʨ, ʦʪ ʧʦʷʚʣʝʥʠʷ ʦʢʦʥ, ʧʨʦʛʘʣʠʥ ʠ ʦʩʦʙʝʥʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʢʦʨʠʜʦʨʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʫʙʦʢ ʫʭʦʜʘ, ʢʦʪʦʨʳʝ ʠʟʳʤʘʶʪ ʜʦ 15% ʞʠʚʳʭ ʜʝʨʝʚʴʝʚ. 

ʀʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʪʘʢʠʭ ʨʫʙʦʢ ʘʙʩʪʨʘʢʪʥʳ, ʠ ʚ ʨʷʜʝ ʨʘʙʦʪ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [7, 13], ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʜʨʝʚʦʩʪʦʝʚ ʧʦʩʣʝ ʥʠʭ ʚ ʨʝʘʣʴʥʦʩʪʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

ʄʝʞʜʫ ʪʝʤ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʞʝ ʙʦʣʝʝ 30 ʣʝʪ, ʢʘʢ ʚ ʜʨʝʚʦʩʪʦʷʭ ʜʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʢʦʥʢʫʨʝʥʮʠʠ ʧʨʦʮʝʩʩʘ ð ʧʨʦʮʝʩʩʘ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʜʝʨʝʚʴʝʚ. ʊʘʢ, ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ɺ. ʄ. ɻʦʨʷʯʝʚʘ [17] ʜʝʨʝʚʴʷ ʚ ʙʠʦʛʨʫʧʧʘʭ ʨʘʟʥʦʩʷʪ ʥʘ 1ï2 ʥʝʜʝʣʠ ʧʠʢʠ ʩʚʦʝʛʦ 

ʧʨʠʨʦʩʪʘ ʧʦ ʜʠʘʤʝʪʨʫ, ʪʝʤ ʩʘʤʳʤ ʨʘʩʧʨʝʜʝʣʷʷ ʤʝʞʜʫ ʩʦʙʦʡ ʚʨʝʤʷ ʠʟʲʷʪʠʷ ʤʠʥʝʨʘʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ ʧʠʪʘʥʠʷ ʠʟ ʧʦʯʚʳ ʠ ʨʝʟʢʦ ʩʥʠʞʘʷ ʢʦʥʢʫʨʝʥʮʠʶ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʠʰʝ. ʅʦ ɸʚʪʦʨʳ 

ʵʪʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʦʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʜʨʝʚʦʩʪʦʷ ʷʚʣʝʥʠʝ ʥʝ ʧʨʠʥʠʤʘʶʪ ʚʦ ʚʥʠʤʘʥʠʝ 

ʩʦʚʝʨʰʝʥʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʦʜʥʦʙʦʢʘʷ ʢʦʥʢʫʨʝʥʪʥʘʷ ʤʦʜʝʣʴ. ɺ ʪʘʢʦʡ ʫʩʝʯʝʥʥʦʡ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʝʨʝʚʴʷ ʥʝ ʠʤʝʶʪ ʧʨʘʚʘ ʩʦʪʨʫʜʥʠʯʘʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʙʠʦʛʨʫʧʧʳ, ʬʘʢʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ɸʚʪʦʨʳ ʥʝ ʦʙʩʫʞʜʘʶʪ, ʢʘʢ ʙʫʜʪʦ ʠʭ ʥʝ ʙʳʚʘʝʪ 

ʩʦʚʩʝʤ. ʄʝʞʜʫ ʪʝʤ ʚ ʤʦʣʦʜʥʷʢʘʭ [18], ʚ ʩʨʝʜʥʝʤ ʚʦʟʨʘʩʪʝ [19, 20] ʠ ʚ ʩʧʝʣʳʭ ʥʘʩʘʞʜʝʥʠʷʭ [7, 

9] ʚ ʪʘʢʠʭ ʙʠʦʛʨʫʧʧʘʭ ʨʘʩʪʫʪ 40ï57% ʜʝʨʝʚʴʝʚ. ʊʦ ʝʩʪʴ ʙʠʦʛʨʫʧʧʳ ʧʦʷʚʣʷʶʪʩʷ ʥʝ ʩʣʫʯʘʡʥʦ, 

ʚʣʠʷʶʪ ʥʘ ʨʘʟʚʠʪʠʝ ʜʦ ʧʦʣʦʚʠʥʳ ʜʝʨʝʚʴʝʚ ʠ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʚ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʷʭ 

ʨʦʩʪʘ ʜʨʝʚʦʩʪʦʝʚ ʢʘʢ ʥʝʠʟʙʝʞʥʳʡ ʘʪʨʠʙʫʪ. ʅʦ ʵʪʦʛʦ ʚ ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʦʜʝʣʷʭ ʥʝʪ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʝʪʦʜʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʨʷʜʘ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʛʜʝ 

ʢʦʥʢʫʨʝʥʮʠʶ ʜʝʨʝʚʴʝʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʮʝʥʠʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʚʚʝʜʝʥʠʷ ʚ ʥʘʫʯʥʳʡ ʦʙʦʨʦʪ 

ʪʝʨʤʠʥʦʚ çʜʦʩʪʫʧʥʳʡ ʨʝʩʫʨʩè ʠ çʦʙʣʘʩʪʴ ʜʦʤʠʥʠʨʦʚʘʥʠʷè, ʟʘʠʤʩʪʚʦʚʘʥʥʳʭ ʠʟ ʟʦʦʣʦʛʠʠ. 

 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʠʢʘ ʨʘʙʦʪ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʙʦʪʳ ɸ. ʅ. ɹʦʨʠʩʦʚʘ ʠ ɺ.ɺ. ʀʚʘʥʦʚʘ 

[12, 22, 23], ɿ. ʗ. ʅʘʛʠʤʦʚʘ [15, 21] ʠ ʨʘʙʦʪʳ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʚʟʛʣʷʜʘʤʠ [9, 17, 24, 25]. ʇʦ 

ʥʠʤ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʷʜʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʧʦʣʦʞʝʥʠʡ ʚ ʨʘʟʚʠʪʠʠ ʜʨʝʚʦʩʪʦʝʚ, 

ʢʦʥʢʫʨʝʥʮʠʠ ʤʝʞʜʫ ʜʝʨʝʚʴʷʤʠ, ʫʭʦʜʘ ʟʘ ʥʠʤʠ ʠ ʠʤʠʪʘʮʠʦʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʤʝʪʦʜʠʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʢʨʠʪʠʢʫʝʤʳʭ 

ʨʘʙʦʪʘʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʠʢʘʤʠ [15, 21, 26], ʘ ʪʘʢʞʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʘʢʪʠʢʠ. 

ʄʝʪʦʜʠʢʘ ʨʘʙʦʪ ð ʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʩʨʘʚʥʝʥʠʝ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʧʦʣʦʞʝʥʠʡ, ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʚʳʚʦʜʦʚ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʫ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ. 

 

ɸʥʘʣʠʟ ʤʘʪʝʨʠʘʣʦʚ 

ɺ ʩʪʘʪʴʝ ɸ. ʅ. ɹʦʨʠʩʦʚʘ ʠ ɺ. ɺ. ʀʚʘʥʦʚʘ (ʜʘʣʝʝ ɸʚʪʦʨʳ) ʩ ʥʘʟʚʘʥʠʝʤ çʀʤʠʪʘʮʠʦʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʩʦʩʥʦʚʳʭ ʜʨʝʚʦʩʪʦʝʚè [12], ʢʦʪʦʨʘʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ ʉʠʙʠʨʩʢʦʛʦ 

ʣʝʩʥʦʛʦ ʞʫʨʥʘʣʘ 08.02.2022 ʛ.,  ʤʳ ʥʘʯʥʝʤ ʩ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ. ʉʨʘʟʫ ʫʢʘʞʝʤ, ʯʪʦ ʦʥ ʫʩʪʘʨʝʣ, 

ʪʘʢ ʢʘʢ ʠʟ 23-ʭ ʪʦʣʴʢʦ 4 ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ. ʇʨʠ ʵʪʦʤ ʫʧʫʱʝʥʘ ʮʝʣʘʷ 

ʤʦʥʦʛʨʘʬʠʷ [26], ʚ ʢʦʪʦʨʦʡ ʝʩʪʴ ʩʩʳʣʢʠ ʥʘ ʪʨʠ ʩʪʘʪʴʠ [27ï29] ʧʦ ʚʦʧʨʦʩʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʦʩʪʘ ʜʨʝʚʦʩʪʦʝʚ. ɿʘʪʝʤ ʙʳʣʦ ʝʱʝ ʧʷʪʴ ʩʪʘʪʝʡ [30ï34] ʠ ʤʦʥʦʛʨʘʬʠʷ [9]. ʀʪʦʛʦ ʜʝʩʷʪʴ (!) 

ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʚʦʧʨʦʩʘʤ, ʢʦʪʦʨʳʝ ʠʟʫʯʘʶʪ ɸʚʪʦʨʳ, ʠ ʥʠ ʦʜʥʘ ʥʝ ʙʳʣʘ ʫʧʦʤʷʥʫʪʘ ʚ ʩʪʘʪʴʝ [12], 

ʢʘʢ ʙʳ ʟʘʚʝʨʰʘʶʱʝʡ ʮʠʢʣ ʨʘʙʦʪ ʩ ʥʦʚʳʤʠ ʧʦʜʭʦʜʘʤʠ ʚ ʠʟʫʯʝʥʠʠ ʨʦʩʪʘ ʜʨʝʚʦʩʪʦʝʚ. 

ʉʦʛʣʘʩʠʤʩʷ, ʯʪʦ çʥʝ ʟʘʤʝʪʠʪʴè ʪʘʢʦʝ ʯʠʩʣʦ ʥʦʚʳʭ ʨʘʙʦʪ ʥʘ ʠʥʪʝʨʝʩʫʶʱʫʶ ʪʝʤʫ ʥʝʚʦʟʤʦʞʥʦ, 

ʪʝʤ ʙʦʣʝʝ ʯʪʦ ʰʝʩʪʴ ʠʟ ʥʠʭ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʣʝʩʥʳʭ ʞʫʨʥʘʣʘʭ. ʀʟ ʪʘʢʦʛʦ ʠʭ ʫʤʦʣʯʘʥʠʷ 

ʩʣʝʜʫʝʪ, ʯʪʦ ɸʚʪʦʨʳ ʥʘʤʝʨʝʥʥʦ ʦʪʙʨʘʩʳʚʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʬʘʢʪʳ ʪʝʭ ʘʚʪʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʥʝ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʨʘʤʢʠ ʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʚʝʜʝʥʠʝʤ ʧʦʥʷʪʠʡ 
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çʜʦʩʪʫʧʥʳʡ ʨʝʩʫʨʩè ʠ çʦʙʣʘʩʪʴ ʜʦʤʠʥʠʨʦʚʘʥʠʷè. ʅʦ ʪʦʛʜʘ ʥʘʜʦ ʙʳʣʦ ʙʳ ʢʘʢ-ʪʦ ʦʙʲʷʩʥʠʪʴ 

ʯʠʪʘʪʝʣʷʤ, ʧʦʯʝʤʫ çʚʩʝ ʩʪʘʨʦʝ ʜʦʣʦʡ, ʨʘʙʦʪʘʝʤ ʧʦ-ʥʦʚʦʤʫè. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʠʤʝʥʥʦ ʪʦʪ ʩʣʫʯʘʡ, 

ʢʦʛʜʘ ʢʨʘʩʦʪʘ ʪʝʨʤʠʥʦʚ ʦʯʘʨʦʚʳʚʘʝʪ ʠ ʘʚʪʦʨʦʚ, ʠ ʨʝʮʝʥʟʝʥʪʦʚ, ʠ ʯʠʪʘʪʝʣʝʡ. ʀ ʙʜʠʪʝʣʴʥʦʩʪʴ 

ʧʨʠʪʫʧʣʷʝʪʩʷ. ʅʦ ʨʘʟʙʝʨʝʤ ʚʩʝ ʧʦ ʧʦʨʷʜʢʫ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʣʝʜ ʵʪʠʭ ʪʝʨʤʠʥʦʚ ʥʘʯʠʥʘʝʪʩʷ ʩ 2013 ʛ. ʦʪ ʩʪʘʪʴʠ çʄʝʪʦʜ ʦʮʝʥʢʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʘ ʤʝʞʜʫ ʜʝʨʝʚʴʷʤʠ ʚ ʜʨʝʚʦʩʪʦʝè [22]. ʅʘ ʩʣʝʜʫʶʱʠʡ ʛʦʜ ʚ ʞʫʨʥʘʣʝ 

çʃʝʩʦʚʝʜʝʥʠʝè ʚʳʰʣʘ ʝʱʝ ʦʜʥʘ ʩʪʘʪʴʷ [23]. ɺ ʥʝʡ çéʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʮʝʥʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʝʩʫʨʩʘ ʤʝʞʜʫ ʦʩʦʙʷʤʠ ʠ ʩʦʦʙʱʝʩʪʚʘʤʠ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʠʰʝ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʚʳʜʝʣʝʥʠʠ 

ʦʙʣʘʩʪʝʡ ʜʦʤʠʥʠʨʦʚʘʥʠʷ (ʆɼ), ʚ ʢʦʪʦʨʳʭ ʢʘʞʜʘʷ ʦʩʦʙʴ ʠʣʠ ʩʦʦʙʱʝʩʪʚʦ ʦʢʘʟʳʚʘʶʪ 

ʜʦʤʠʥʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝéè. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʜʠʥʘʤʠʢʘ ʢʦʣʦʥʠʡ ʫʟʢʦʯʝʨʝʧʥʦʡ ʧʦʣʝʚʢʠ 

(ʢʦʥʢʫʨʝʥʪʥʳʭ ʦʪʥʦʰʝʥʠʡ ʩʨʝʜʠ ʛʨʳʟʫʥʦʚ) ʠ ʩʭʝʤʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʩʥʦʚʦʛʦ 

ʜʨʝʚʦʩʪʦʷ. ɸʚʪʦʨʳ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ çéʤʝʪʦʜ ʜʘʝʪ ʘʜʝʢʚʘʪʥʫʶ ʦʮʝʥʢʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʘ 

ʤʝʞʜʫ ʦʩʦʙʷʤʠ ʠ ʩʦʦʙʱʝʩʪʚʘʤʠ, ʪʦʛʜʘ ʢʘʢ ʤʝʪʦʜʳ ʐʪʝʨʘ, ɺʘʡʝ ʠ ʜʨ., ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʦʧʨʝʜʝʣʝʥʠʠ ʧʣʦʱʘʜʝʡ ʨʦʩʪʘ, ʜʘʶʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʟʘʚʳʰʝʥʠʝ ʜʣʷ ʦʩʦʙʝʡ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʠ 

ʟʘʥʠʞʝʥʠʝ ð ʜʣʷ ʢʨʫʧʥʳʭ ʦʩʦʙʝʡ. ʆʮʝʥʢʠ é ʥʘ ʦʩʥʦʚʝ ʆɼ ʪʘʢʠʭ ʨʘʩʭʦʞʜʝʥʠʡ ʥʝ ʜʘʶʪè.  

ʊʦ ʝʩʪʴ ɸʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʠʭ ʤʝʪʦʜ ʪʦʯʥʝʝ ʠ ʣʫʯʰʝ, ʯʝʤ ʚʩʝ ʧʨʝʞʥʠʝ ʤʝʪʦʜʳ. ʅʦ 

ʤʳ ʧʦʧʳʪʘʝʤʩʷ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʵʪʦ ʥʝ ʪʘʢ. ɺ ʩʪʘʪʴʝ [23] ɸʚʪʦʨʳ ʧʨʠʚʦʜʷʪ ʜʠʘʛʨʘʤʤʳ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ ʩʦʪʥʷʤʠ ʜʝʨʝʚʴʝʚ ʚ ʚʦʟʨʘʩʪʝ 36 ʣʝʪ, ʧʦʢʘʟʳʚʘʶʱʠʝ:  

ʘ) ʩʚʷʟʴ ʧʣʦʱʘʜʝʡ ʨʦʩʪʘ ʧʦ ʐʪʝʨʫ ʩ ʜʠʘʤʝʪʨʦʤ ʩʪʚʦʣʘ ʧʨʠ R2 = 0,52; 

ʙ) ʩʚʷʟʴ ʦʙʣʘʩʪʝʡ ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʩ ʜʠʘʤʝʪʨʦʤ ʩʪʚʦʣʘ ʧʨʠ R2 = 0,79. 

ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʬʘʢʪʦʚ ɸʚʪʦʨʳ ʥʘʯʘʣʠ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ çéʚʳʷʚʣʝʥʘ ʪʝʩʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʠʘʤʝʪʨʘ ʩʪʚʦʣʘ ʜʝʨʝʚʴʝʚ ʦʪ ʧʣʦʱʘʜʠ ʠʭ ʆɼ ʧʨʠ R2 = 0,79è. ʇʦʣʫʯʘʝʪʩʷ, ʬʘʢʪ ʩʚʷʟʠ ɸʚʪʦʨʳ 

ʧʨʝʚʨʘʪʠʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʘʤʝʪʨʘ ʩʪʚʦʣʘ ʦʪ ʧʣʦʱʘʜʠ ʆɼ, ʘ ʜʘʣʝʝ, ʠʟ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, 

ʧʦʷʚʣʷʝʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʷ ʜʣʷ ʧʨʘʢʪʠʢʠ ʦ ʪʦʤ, ʯʪʦ ʧʣʦʱʘʜʴ ʧʠʪʘʥʠʷ ʜʝʨʝʚʘ (ʦʙʣʘʩʪʴ 

ʜʦʤʠʥʠʨʦʚʘʥʠʷ) ʥʘʜʦ ʥʝʧʨʝʤʝʥʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʨʫʙʢʘʤʠ ʫʭʦʜʘ. ʂʘʟʘʣʦʩʴ ʙʳ, ʚʩʝ ʚʝʨʥʦ. ʅʦ 

ʟʜʝʩʴ ʧʨʦʠʟʦʰʣʘ ʧʦʜʤʝʥʘ ʥʝʡʪʨʘʣʴʥʦʛʦ ʪʝʨʤʠʥʘ çʩʚʷʟʴè ʥʘ ʪʝʨʤʠʥ çʟʘʚʠʩʠʤʦʩʪʴè (ʩ 

ʧʦʜʯʠʥʝʥʠʝʤ ʦʜʥʦʛʦ ʧʨʠʟʥʘʢʘ ʜʨʫʛʦʤʫ). ʉʦʟʥʘʪʝʣʴʥʦ ʠʣʠ ʥʝʦʩʦʟʥʘʥʥʦ ʟʘʤʝʥʷʷ ʩʣʦʚʘ, ɸʚʪʦʨʳ 

ʧʦʧʘʜʘʶʪ ʚ ʥʝʢʫʶ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʣʦʚʫʰʢʫ, ʚʦʚʣʝʢʘʷ ʚ ʥʝʝ ʪʘʢʞʝ ʠ ʯʠʪʘʪʝʣʝʡ.  

ʆʜʥʘʢʦ ʪʝʨʤʠʥʳ ʵʪʠ ʨʘʟʥʳʝ. ʉʚʷʟʴ ï ɻ ʪʦ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʩʦʝʜʠʥʝʥʥʦʩʪʴ ʦʙʲʝʢʪʦʚ; ʟʘʚʠʩʠʤʦʩʪʴ ï ʠʟʤʝʥʝʥʠʷ ʦʜʥʦʡ ʚʝʣʠʯʠʥʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʯʝʨʝʟ 

ʠʟʤʝʥʝʥʠʝ ʜʨʫʛʠʭ, ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʠʤʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʣʦʱʘʜʠ 

ʆɼ); ʚʣʠʷʥʠʝ ï ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʙʲʝʢʪ ʠ ʧʨʠʚʦʜʷʱʝʝ ʢ ʠʟʤʝʥʝʥʠʶ ʝʛʦ ʩʚʦʡʩʪʚ.  ʀ ʪʫʪ ʚʦʟʥʠʢʘʝʪ 

ʝʩʪʝʩʪʚʝʥʥʳʡ ʚʦʧʨʦʩ, ʷʚʣʷʝʪʩʷ ʣʠ ʆɼ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ? ɽʩʣʠ ʷʚʣʷʝʪʩʷ, ʪʦ 

ʠʟʤʝʥʝʥʠʝ ʆɼ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʠʟʤʝʥʝʥʠʝ ʜʠʘʤʝʪʨʘ ʜʝʨʝʚʘ ʢʘʢ ʬʘʢʪʦʨ. ʅʫ ʘ ʝʩʣʠ ʆɼ ï 

ʟʘʚʠʩʠʤʘʷ ʧʝʨʝʤʝʥʥʘʷ ʚʝʣʠʯʠʥʘ, ʯʪʦ ʪʦʛʜʘ?  

ʏʪʦʙʳ ʨʘʟʦʙʨʘʪʴʩʷ, ʠʩʧʦʣʴʟʫʝʤ ʨʘʙʦʪʫ çʇʣʦʱʘʜʴ ʧʠʪʘʥʠʷ ʜʝʨʝʚʘ: ʘʥʘʣʠʟ ʤʝʪʦʜʦʚè [33]. 

ɺ ʥʝʡ ʩʢʘʟʘʥʦ, ʯʪʦ ʧʣʦʱʘʜʷʤʠ ʨʦʩʪʘ ʨʘʥʝʝ ʜʝʪʘʣʴʥʦ ʟʘʥʠʤʘʣʩʷ ɿ. ʗ. ʅʘʛʠʤʦʚ (ʥʘ ʢʦʪʦʨʦʛʦ ʢʘʢ 

ʨʘʟ ʠ ʩʩʳʣʘʶʪʩʷ ɸʚʪʦʨʳ), ʧʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ ʝʛʦ ʨʘʙʦʪʫ [15], ʛʜʝ ʩʨʘʚʥʠʚʘʣʠʩʴ 4 ʤʝʪʦʜʘ: 

ʠʟʤʝʨʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʜʝʨʝʚʴʷʤʠ, ʧʦʣʠʛʦʥʳ ʨʦʩʪʘ ʧʦ ɹʨʘʫʥʫ (ʩ ʧʨʦʩʪʳʤ ʜʝʣʝʥʠʝʤ 

ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʩʦʩʝʜʷʤʠ), ʧʦʣʠʛʦʥʳ ʧʦ ʐʪʝʨʫ (ʩ ʜʝʣʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʩʦʩʝʜʷʤʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʟʤʝʨʘʤ ʢʨʦʥ ʠʭ ʠʣʠ ʜʠʘʤʝʪʨʘʤ), ʚʳʙʦʨʦʯʥʳʝ ʢʨʫʛʦʚʳʝ ʧʣʦʱʘʜʢʠ ʠ ʠʭ 

ʚʘʨʠʘʥʪʳ, ʚʢʣʶʯʘʷ ʤʝʪʦʜ ɺʝʡʝ. ʀʪʦʛʠ ʙʳʣʠ ʧʦʜʚʝʜʝʥʳ ʚ ʜʦʢʪʦʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ [21] ʠ ʦʥʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʤʝʪʦʜʝ ʧʨʦʩʪʳʭ ʧʦʣʠʛʦʥʦʚ ʧʦ ɹʨʘʫʥʫ ʙʳʣʠ ʥʝʨʝʜʢʠ çʘʙʩʫʨʜʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳè, ʢʦʛʜʘ ʧʣʦʱʘʜʠ ʧʠʪʘʥʠʷ ʜʝʨʝʚʴʝʚ 4 ʠ 5 ʢʣʘʩʩʦʚ ʂʨʘʬʪʘ ʦʢʘʟʳʚʘʣʠʩʴ ʙʦʣʴʰʝ, ʯʝʤ 

ʫ ʢʨʫʧʥʳʭ ʜʝʨʝʚʴʝʚ. ʊʘʢʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʦʜʦʚ ʣʝʞʠʪ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʨʘʟʤʝʨʳ ʜʝʨʝʚʴʝʚ, ʪʝʤ ʙʦʣʴʰʝ ʜʦʣʞʥʳ ʙʳʪʴ (ʢʫʨʩʠʚ 

ʥʘʰ) ʠʭ ʧʣʦʱʘʜʠ ʧʠʪʘʥʠʷ. ʉʝʤʴ ʚʘʨʠʘʥʪʦʚ ʵʪʠʭ ʤʝʪʦʜʦʚ ɿ. ʗ. ʅʘʛʠʤʦʚ ʩʨʘʚʥʠʚʘʣ ʧʨʠ ʦʮʝʥʢʝ 
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ʫʨʦʚʥʷ ʩʚʷʟʝʡ ʧʣʦʱʘʜʠ ʧʠʪʘʥʠʷ ʩ ʧʨʠʨʦʩʪʦʤ ʜʝʨʝʚʘ ʟʘ 5 ʣʝʪ ʥʘ ʯʝʪʳʨʝʭ ʫʯʘʩʪʢʘʭ; ʚʳʜʚʠʛʘʣʦʩʴ 

ʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʯʝʤ ʚʳʰʝ ʵʪʘ ʩʚʷʟʴ, ʪʝʤ ʪʦʯʥʝʝ ʠ ʣʫʯʰʝ ʤʝʪʦʜ [21].  

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦʩʣʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ ʩʨʘʟʫ ʫʚʦʜʠʪ ʦʮʝʥʢʠ ʚ ʧʦʣʴʟʫ ʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʚʝʣʠʯʠʥ (ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʧʦʣʠʛʦʥʦʚ), ʢʦʪʦʨʳʝ ʫʞʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʬʘʢʪʦʨʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʠʨʦʩʪ ʧʦ ʨʘʜʠʫʩʫ ʚʩʝʛʜʘ ʩʚʷʟʘʥ ʩ ʨʘʟʤʝʨʦʤ ʜʝʨʝʚʘ ʠ ʩʠʣʴʥʝʝ ʚʩʝʛʦ ʩ ʜʠʘʤʝʪʨʦʤ, ʘ ʠʟ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʧʦʣʠʛʦʥʦʚ ʯʠʩʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠ (ʧʦ ʤʝʪʦʜʠʢʝ ʠʭ ʚʳʩʪʨʘʠʚʘʥʠʷ) ʧʨʷʤʦ 

ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʧʦʣʠʛʦʥʦʚ ʚʦʢʨʫʛ ʢʨʫʧʥʳʭ ʜʝʨʝʚʴʝʚ ʠ ʫʤʝʥʴʰʝʥʠʝ ʫ ʤʝʣʢʠʭ. ʇʦʵʪʦʤʫ 

ʘʧʨʠʦʨʥʦ ʩʚʷʟʠ ʧʣʦʱʘʜʠ ʧʠʪʘʥʠʷ ʩ ʧʨʠʨʦʩʪʦʤ ʙʫʜʫʪ ʤʘʣʳ ʚ ʤʝʪʦʜʝ ɹʨʘʫʥʘ ʠ ʚʩʝʛʜʘ ʙʫʜʫʪ ʚʳʰʝ 

ʚ ʤʝʪʦʜʘʭ ʩ ʧʦʣʠʛʦʥʘʤʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʪʠʧʘ. ʀʤʝʥʥʦ ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʠ ʧʦʣʫʯʠʣʩʷ ʫ 

ɿ. ʗ. ʅʘʛʠʤʦʚʘ [21, ʩ. 305].  

ʀʟ ʪʘʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʠʛʦʥʦʚ ʧʠʪʘʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ ʜʝʨʝʚʦ ʢʨʫʧʥʦʝ, ʪʦ ʦʥʦ 

çʦʪʪʷʛʠʚʘʝʪè ʥʘ ʩʝʙʷ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʧʠʪʘʥʠʷ, ʪ.ʝ. ʟʘʭʚʘʪʳʚʘʝʪ ʝʝ ʠ ʜʦʤʠʥʠʨʫʝʪ ʥʘ ʥʝʡ. ʕʪʦ 

ʤʝʪʦʜ ʐʪʝʨʘ. ʅʦ ʚ ʙʦʣʝʝ ʧʨʦʩʪʦʤ ʤʝʪʦʜʝ ɹʨʘʫʥʘ ʵʪʦʛʦ ʥʝʪ, ʠ ʝʩʣʠ ʧʣʦʱʘʜʴ ʧʠʪʘʥʠʷ ʢʨʫʧʥʦʛʦ 

ʜʝʨʝʚʘ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʤʝʣʢʦʛʦ, ʪʦ ʪʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ çʘʙʩʫʨʜʥʳʤè 

ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʧʨʠʥʷʪʠʷ ʢʦʥʢʫʨʝʥʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʨʘʩʥʦʡ ʥʠʪʴʶ ʠʜʫʱʝʛʦ 

ʯʝʨʝʟ ʚʩʶ ʞʠʟʥʴ ʜʝʨʝʚʴʝʚ ʚ ʥʘʩʘʞʜʝʥʠʠ, ʪ.ʝ. ʚʧʦʣʥʝ ʚ ʜʫʭʝ ʢʦʥʮʝʧʮʠʠ ʬʠʪʦʮʝʥʦʟʘ 

ɺ. ʅ. ʉʫʢʘʯʝʚʘ [35] ʠ ʫʯʝʥʠʷ ʏ. ɼʘʨʚʠʥʘ, ʢʦʪʦʨʦʝ ʙʠʦʣʦʛʠ ʥʠʢʘʢ ʥʝ ʤʦʛʫʪ ʧʨʝʦʜʦʣʝʪʴ ʠ ʜʦʣʛʦ 

ʪʦʧʯʫʪʩʷ ʥʘ ʤʝʩʪʝ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʧʣʘʥʝ [36, 37]. ʊʦʛʜʘ, ʩ ʵʪʠʭ ʩʪʘʨʳʭ ʧʦʟʠʮʠʡ, ʟʘʭʚʘʪ ʜʝʨʝʚʦʤ 

ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʚʧʦʣʥʝ ʣʦʛʠʯʝʥ ʠ ʧʨʦʠʩʭʦʜʠʪ, ʧʦ ɸ. ʅ. ɹʦʨʠʩʦʚʫ, ʪʦʯʥʦ ʪʘʢʞʝ, ʢʘʢ ʠ ʤʝʞʜʫ 

ʧʦʩʝʣʝʥʠʷʤʠ ʛʨʳʟʫʥʦʚ ʚ ʠʭ ʢʦʣʦʥʠʷʭ; ʚ ʦʜʥʦʡ ʠʟ ʨʘʙʦʪ ʦʥ ʧʨʠʚʦʜʠʪ ʢʘʨʪʫ ʩ ʤʝʩʪʘʤʠ ʠʭ 

ʧʦʩʝʣʝʥʠʷ, ʘ ʨʷʜʦʤ ʧʦʢʘʟʳʚʘʝʪ ʢʘʨʪʫ ʩ ʪʘʢʠʤʠ ʞʝ ʦʙʣʘʩʪʷʤʠ ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʫ ʜʝʨʝʚʴʝʚ ï 

ʧʦʣʫʯʘʝʪʩʷ ʚʧʦʣʥʝ ʧʦʜʭʦʜʷʱʘʷ ʘʥʘʣʦʛʠʷ [23]. 

ɺ ʤʦʜʝʣʷʭ ʨʦʩʪʘ ʥʘʩʘʞʜʝʥʠʡ ʢʘʢ ʨʝʛʫʣʷʪʦʨʳ ʠ ʚʚʦʜʥʳʝ ʚʝʣʠʯʠʥʳ ʥʝʦʙʭʦʜʠʤʦ ʚʩʝʛʜʘ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ ʚʝʣʠʯʠʥʳ, ʥʘʟʳʚʘʝʤʳʝ ʦʙʳʯʥʦ ʬʘʢʪʦʨʘʤʠ: ʵʪʦ ʚʦʟʨʘʩʪ, 

ʣʝʩʦʨʘʩʪʠʪʝʣʴʥʘʷ ʟʦʥʘ, ʪʠʧ ʫʩʣʦʚʠʡ ʤʝʩʪʦʧʨʦʠʟʨʘʩʪʘʥʠʷ, ʢʨʫʪʠʟʥʘ ʠ ʦʨʠʝʥʪʘʮʠʷ ʩʢʣʦʥʘ, 

ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʩʫʤʤʘ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʧʨʦʯ. ʇʣʦʱʘʜʴ ʧʠʪʘʥʠʷ ʜʝʨʝʚʘ ʧʦ 

ɹʨʘʫʥʫ ʪʘʢʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʠʭ ʯʠʩʣʫ ʠ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ, ʦʙʨʘʪʥʦʡ ʛʫʩʪʦʪʝ ʮʝʥʦʟʘ ʠ ʜʘʚʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʘʢʩʘʮʠʠ ʢʘʢ ʬʘʢʪʦʨ, ʠʜʝʥʪʠʯʥʳʡ ʛʫʩʪʦʪʝ ʜʨʝʚʦʩʪʦʷ.  

ʆʜʥʘʢʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʨʘʟʤʝʨʘʤ ʜʝʨʝʚʴʝʚ ʧʣʦʱʘʜʴ ʧʠʪʘʥʠʷ ʧʦ ʐʪʝʨʫ, ʠ ʪʝʤ ʙʦʣʝʝ 

çʦʙʣʘʩʪ ɹʜʦʤʠʥʠʨʦʚʘʥʠʷè ʧʨʷʤʦ ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʤʝʨʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʜʝʨʝʚʘ; ʧʨʠʯʝʤ 

ɸ. ʅ. ɹʦʨʠʩʦʚʫ ʫʜʘʣʦʩʴ ʫʩʠʣʠʪʴ ʵʪʫ ʟʘʚʠʩʠʤʦʩʪʴ ʚ 1,5 ʨʘʟʘ ʜʦ R2=0,79 ʙʣʘʛʦʜʘʨʷ ʚʚʝʜʝʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʠʛʦʥʦʚ ʧʠʪʘʥʠʷ. ʇʦʵʪʦʤʫ ʧʣʦʱʘʜʠ ʆɼ ʧʦ 

ɸ. ʅ. ɹʦʨʠʩʦʚʫ ï ɻʪʦ ʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ ʚʝʣʠʯʠʥʳ, ʠ ʢʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʝʱʝ ʥʘ ʟʘʨʝ ʣʝʩʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʅ. ʅ. ʉʚʘʣʦʚʳʤ [38], ʦʥʠ ʥʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʭʦʜ ʨʦʩʪʘ ʜʨʝʚʦʩʪʦʝʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥʠ ʙʫʜʫʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʥʝ ʢʦʨʨʝʢʪʥʳ ʢʘʢ ʨʝʛʫʣʷʪʦʨʳ 

ʠ ʚ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʷʭ.  

ʇʦʯʝʤʫ ʞʝ ʩʪʦʣʴ ʷʚʥʳʝ ʟʘʙʣʫʞʜʝʥʠʷ ʦʢʘʟʘʣʠʩʴ ʚʦʟʤʦʞʥʳ, ʧʨʠʯʝʤ ʠʭ ʥʝʚʦʣʴʥʦʡ ʞʝʨʪʚʦʡ 

ʩʪʘʣʠ ʥʝ ʪʦʣʴʢʦ ɸʚʪʦʨʳ, ʥʦ ʠ ʮʝʣʳʝ ʥʘʫʯʥʳʝ ʢʦʣʣʝʢʪʠʚʳ, ʦʪʩʪʘʠʚʘʶʱʠʝ ʪʦʣʴʢʦ ʢʦʥʢʫʨʝʥʪʥʳʡ 

ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʝʨʝʚʴʝʚ ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʡ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʤʳ ʫʞʝ ʛʦʚʦʨʠʣʠ ʦ 

ʟʥʘʢʦʚʦʡ ʩʪʘʪʴʝ ɺ. ʄ. ɻʦʨʷʯʝʚʘ [17] ʠ ʦ ʧʘʨʪʥʝʨʩʪʚʝ ʜʝʨʝʚʴʝʚ ï ̫ ʚʣʝʥʠʠ, ʢʦʪʦʨʦʝ ʩʦʚʝʨʰʝʥʥʦ 

ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʢʦʥʢʫʨʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʷʭ. 

ɺʝʨʦʷʪʥʦ, ʜʝʣʦ ʝʱʝ ʠ ʚ ʪʦʤ, ʯʪʦ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʩʣʦʚʘ çʩʚʷʟʴè ʠ 

çʟʘʚʠʩʠʤʦʩʪʴè ʢʘʢ ʙʣʠʟʢʠʝ ʧʦ ʩʤʳʩʣʫ ʠ ʜʘʞʝ ʨʘʚʥʦʟʥʘʯʥʳʝ, ʠ ʚʳʷʚʣʝʥʥʳʝ ʩʚʷʟʠ çʚʜʨʫʛè 

ʧʨʝʚʨʘʱʘʶʪʩʷ ʚʦ ʚʣʠʷʥʠʷ ʧʝʨʚʦʛʦ ʧʨʠʟʥʘʢʘ ʥʘ ʚʪʦʨʦʡ, ʦ ʯʝʤ ʤʳ ʛʦʚʦʨʠʣʠ ʚʳʰʝ. ʅʘʧʨʠʤʝʨ, 

ʥʘʡʜʝʥʘ ʩʚʷʟʴ ʧʨʠʨʦʩʪʘ ʜʝʨʝʚʘ ʩ ʜʠʘʤʝʪʨʦʤ ʢʨʦʥʳ R2 = 0,70. ʕʪʦ ʩʠʣʴʥʘʷ ʩʚʷʟʴ, ʥʦ ʟʘʚʠʩʠʪ ʣʠ 

ʧʨʠʨʦʩʪ ʦʪ ʜʠʘʤʝʪʨʘ ʢʨʦʥʳ? ɹʝʟʫʩʣʦʚʥʦ, ʦʥʠ ʩʚʷʟʘʥʳ, ʥʦ ʧʨʠʨʦʩʪ ʟʘʚʠʩʠʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ 

ʪʦʣʴʢʦ ʦʪ ʨʘʙʦʪʳ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʝʛʦ ʘʧʧʘʨʘʪʘ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʦʙʲʝʤʦʤ ʣʠʩʪʴʝʚ ʥʘ ʜʝʨʝʚʝ 
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ʠ ʩ ʜʠʘʤʝʪʨʦʤ ʢʨʦʥʳ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʠʘʤʝʪʨ ʢʨʦʥʳ ʩʚʷʟʘʥ ʩ ʜʠʘʤʝʪʨʦʤ ʩʪʚʦʣʘ. ɺʩʝ ʵʪʠ 

ʧʝʨʝʤʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʦʪʨʘʞʘʶʪ ʨʦʩʪ ʜʝʨʝʚʘ, ʠ ʦʥʠ ʚʟʘʠʤʦʩʚʷʟʘʥʳ, ʢʘʢ ʙʳʚʘʶʪ ʩʚʷʟʘʥʳ ʯʘʩʪʠ 

ʮʝʣʦʛʦ, ʢʘʢ ʯʘʩʪʠ ʦʙʱʝʡ ʬʠʪʦʤʘʩʩʳ ʜʝʨʝʚʘ, ʠ ʩʚʷʟʠ ʵʪʠ ʚʳʩʦʢʠʝ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʧʠʩʘʥʠʷ ʵʪʠʭ 

ʩʚʷʟʝʡ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʠʥ çʟʘʚʠʩʠʤʦʩʪʴè, ʩʤʳʩʣ ʢʦʪʦʨʦʛʦ ð ʧʦʜʯʠʥʝʥʠʝ. ʈʦʩʪ ʜʝʨʝʚʘ 

ʟʘʚʠʩʠʪ ʩʦʚʩʝʤ ʦʪ ʜʨʫʛʦʡ ʧʝʨʝʤʝʥʥʦʡ ï ʦʪ ʦʙʲʝʤʘ ʣʠʩʪʴʝʚ ʜʝʨʝʚʘ, ʘ ʪʘʢʞʝ ʢʦʩʚʝʥʥʦ ʦʪ ʦʙʲʝʤʘ 

ʢʨʦʥʳ, ʧʦ ʢʦʪʦʨʦʡ ʜʘʚʥʦ ʦʮʝʥʠʚʘʶʪ ʞʠʟʥʝʥʥʫʶ ʩʠʣʫ ʜʝʨʝʚʴʝʚ ʧʦ ʢʣʘʩʩʘʤ ʂʨʘʬʪʘ.  

ʇʦʯʝʤʫ ʧʨʠʭʦʜʠʪʩʷ ʨʘʟʲʷʩʥʷʪʴ ʵʪʠ ʘʟʳ? ɼʘ ʧʦʪʦʤʫ, ʯʪʦ ʥʝʚʥʠʤʘʪʝʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ 

ʪʝʨʤʠʥʘʤ ʧʨʠʚʦʜʠʪ ʢ ʣʦʛʠʯʝʩʢʠʤ ʦʰʠʙʢʘʤ ʚ ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ. ɺʝʨʦʷʪʥʦ, ʥʘ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ 

ʟʘʙʣʫʞʜʝʥʠʷ ʧʦʚʣʠʷʣ ʠ ʘʚʪʦʨʠʪʝʪ ʧʝʨʚʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʣʦʱʘʜʠ ʨʦʩʪʘ ʜʝʨʝʚʘ ʩ ʠʭ, ʢʘʟʘʣʦʩʴ 

ʙʳ, ʫʙʝʜʠʪʝʣʴʥʦʡ ʣʦʛʠʢʦʡ, ʛʜʝ ʢʘʢ ʨʘʟ ʠ ʧʨʦʠʟʦʰʣʘ ʧʦ ʥʝʜʦʨʘʟʫʤʝʥʠʶ ʧʦʜʦʙʥʘʷ ʟʘʤʝʥʘ ʵʪʠʭ 

ʩʪʨʦʛʠʭ ʪʝʨʤʠʥʦʚ [5, 39].  

ʆʜʥʘʢʦ ʚʝʨʥʝʤʩʷ ʢ ʩʪʘʪʴʝ [12]. ɺ ʥʝʡ ʦ ʤʝʪʦʜʠʢʝ ʨʘʙʦʪ ɸʚʪʦʨʳ ʩʦʦʙʱʘʶʪ ʩʣʝʜʫʶʱʝʝ. 

çʆʙʳʯʥʦ ʦʮʝʥʢʫ ʜʦʩʪʫʧʥʦʛʦ ʨʝʩʫʨʩʘ ʜʘʶʪ ʧʦ ʧʣʦʱʘʜʠ ʨʦʩʪʘ. éʋ ʵʪʦʛʦ ʤʝʪʦʜʘ ʠ ʘʥʘʣʦʛʠʯʥʳʭ 

ʝʤʫ ʝʩʪʴ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʥʘ ʧʦʣʠʛʦʥʳ ʨʘʟʙʠʚʘʝʪʩʷ ʚʩʷ ʪʝʨʨʠʪʦʨʠʷ, ʢʦʛʜʘ ʜʘʞʝ 

ʧʨʦʛʘʣʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʧʣʦʱʘʜʠ ʨʦʩʪʘ ʜʝʨʝʚʘ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʟʦʥ 

ʚʣʠʷʥʠʷ ʤʝʞʜʫ ʜʝʨʝʚʴʷʤʠ éʤʝʥʴʰʝʝ ʜʝʨʝʚʦ éʦʪʯʫʞʜʘʝʪ ʦʪ ʙʦʣʴʰʝʛʦ ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʙʦʣʴʰʦʡ ʬʨʘʛʤʝʥʪ ʧʣʦʱʘʜʠ ʨʦʩʪʘ. éɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ 

ʜʦʩʪʫʧʥʦʛʦ ʨʝʩʫʨʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʦʱʘʜʴ ʦʙʣʘʩʪʠ ʜʦʤʠʥʠʨʦʚʘʥʠʷ. ʄʝʪʦʜ ʦʙʣʘʩʪʝʡ 

ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʩʚʦʙʦʜʝʥ ʦʪ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʥʝʜʦʩʪʘʪʢʦʚ. ɺ ʦʙʣʘʩʪʠ ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʦʩʦʙʴ 

ʦʢʘʟʳʚʘʝʪ ʜʦʤʠʥʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ. éʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʥʦ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʟʤʝʨʫ ʦʩʦʙʠ ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʥʝʝè.  

ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʩʦʦʙʨʘʞʝʥʠʡ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ 

ʧʦʣʦʞʝʥʠʝ: ʠʩʢʣʶʯʠʪʴ ʠʟ ʨʘʩʯʝʪʦʚ ʆɼ ʧʨʦʛʘʣʠʥʳ. ɿʘ ʣʝʛʠʪʠʤʘʮʠʝʡ ʵʪʦʛʦ ʠʩʢʣʶʯʝʥʠʷ ɸʚʪʦʨʳ 

ʢʘʢ ʨʘʟ ʠ ʦʙʨʘʱʘʣʠʩʴ ʢ ʨʘʙʦʪʝ ɿ. ʗ. ʅʘʛʠʤʦʚʘ [15], ʛʜʝ ʪʘʢʦʝ ʠʩʢʣʶʯʝʥʠʝ ʚʳʜʚʠʛʘʣʦʩʴ ʢʘʢ ʦʜʥʦ 

ʠʟ ʫʩʣʦʚʠʡ ʜʝʡʩʪʚʠʷ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʨʦʩʪʘ ʜʨʝʚʦʩʪʦʷ; ʦʜʥʘʢʦ ɸʚʪʦʨʳ ʧʦʰʣʠ ʝʱʝ 

ʜʘʣʴʰʝ ʠ ʠʩʢʣʶʯʘʣʠ ʠʟ ʦʙʣʘʩʪʝʡ ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʜʘʞʝ ʯʘʩʪʠ ʥʝʙʦʣʴʰʠʭ ʦʢʦʥ (ʈʠʩʫʥʦʢ). 
 

  

 

 
ʈʠʩʫʥʦʢ. ɺʠʜ ʥʘ ʜʨʝʚʦʩʪʦʡ ʩʚʝʨʭʫ (ʩʣʝʚʘ) ʧʦ ʜʘʥʥʳʤ ɸʚʪʦʨʦʚ ʠ ʚʳʜʝʣʝʥʠʝ ʯʝʨʥʳʤ ʮʚʝʪʦʤ 

çʥʝʜʦʩʪʫʧʥʦʛʦè ʨʝʩʫʨʩʘ ʥʘ ʪʦʤ ʞʝ ʨʠʩʫʥʢʝ (ʩʧʨʘʚʘ) [12] 
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ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʩʨʝʜʠ ʧʨʦʝʢʮʠʡ ʢʨʦʥ 68 ʜʝʨʝʚʴʝʚ ʥʝʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʧʣʦʱʘʜʴ ʦʢʦʥ ʙʳʣʘ 

ʚʳʜʝʣʝʥʘ ʯʝʨʥʳʤ ʮʚʝʪʦʤ, ʥʦ ʫʞʝ ʥʘʤʠ, ʢʘʢ ʢʨʠʪʠʢʘʤʠ ʤʝʪʦʜʘ, ʠ ʩʦʩʪʘʚʠʣʘ ʧʨʠʤʝʨʥʦ 6ï7 %. 

ʉʣʝʜʫʷ ʣʦʛʠʢʝ ɸʚʪʦʨʦʚ ʦ çʜʦʩʪʫʧʥʦʤ ʨʝʩʫʨʩʝè, ʵʪʦ ʤʝʩʪʘ ʩ çʥʝʜʦʩʪʫʧʥʳʤ ʨʝʩʫʨʩʦʤè, ʛʜʝ ʢʨʦʥʝ 

ʠ ʢʦʨʥʷʤ ʜʝʨʝʚʘ ʨʘʩʪʠ ʟʘ ʛʨʘʥʠʮʝʡ ʆɼ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʩʫʨʩʳ ʧʠʪʘʥʠʷ ʦʪʢʘʟʘʥʦ. ʊʦ ʝʩʪʴ ʪʘʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʧʠʪʘʥʠʷ ʩ ʠʟʲʷʪʠʝʤ ʯʘʩʪʠ ʧʣʦʱʘʜʠ ʦʢʦʥ ʚʳʜʚʠʛʘʝʪʩʷ ʢʘʢ ʥʝʢʠʡ 

ʧʦʩʪʫʣʘʪ (ʫʪʚʝʨʞʜʝʥʠʝ, ʧʨʠʥʠʤʘʝʤʦʝ ʙʝʟ ʜʦʢʘʟʘʪʝʣʴʩʪʚ). ʆʜʥʘʢʦ ʦʥʦ ʥʝ ʠʤʝʝʪ ʤʝʩʪʘ ʚ 

ʨʝʘʣʴʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʢʦʨʥʠ ʚʩʝʛʜʘ ʧʨʦʩʪʠʨʘʶʪʩʷ ʜʘʣʝʢʦ ʟʘ ʧʨʦʝʢʮʠʶ ʢʨʦʥʳ ʜʝʨʝʚʘ. ɹʦʣʝʝ ʪʦʛʦ, 

ʢʦʨʥʠ ʜʝʨʝʚʴʝʚ ʜʘʞʝ ʩʨʘʩʪʘʶʪʩʷ, ʠ ʜʦʣʷ ʪʘʢʠʭ ʩʨʦʩʰʠʭʩʷ ʢʦʨʥʷʤʠ ʜʝʨʝʚʴʝʚ ʫ ʩʦʩʥʳ ʚ ʦʜʥʦʤ ʠʟ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʩʪʠʛʘʣʘ 60 %, ʠ ʵʪʦ ʜʘʣʝʢʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʢʦʦʧʝʨʘʮʠʠ 

ʜʝʨʝʚʴʝʚ [25, 41]. ʊʦ ʝʩʪʴ ʚ ʩʚʦʝʡ ʤʦʜʝʣʠ-ʠʤʠʪʘʮʠʠ ɸʚʪʦʨʳ ʘʧʨʠʦʨʠ ʦʪʚʝʨʛʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʨʝʚʴʷʤʠ ʨʝʩʫʨʩʦʚ ʧʠʪʘʥʠʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʆɼ ʠ ʢʦʥʩʪʨʫʠʨʫʶʪ ʤʦʜʝʣʴ ʩ ʫʯʝʪʦʤ 

ʣʠʰʴ ʩʚʝʪʦʚʦʡ ʢʦʥʢʫʨʝʥʮʠʠ. ʅʦ ʪʦʛʜʘ ʥʘʜʦ ʙʳʣʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʢʦʥʢʫʨʝʥʮʠʷ ʟʘ ʩʚʝʪ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʤ ʠʟ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ; ʦʜʥʘʢʦ ɸʚʪʦʨʳ ʵʪʦʛʦ ʥʝ ʩʜʝʣʘʣʠ, ʠ ʜʦʣʶ ʝʝ ʚʣʠʷʥʠʷ 

ʥʘ ʨʦʩʪʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʝʨʝʚʘ ʥʝ ʦʙʦʟʥʘʯʠʣʠ (ʭʦʪʷ ʚ ʨʘʙʦʪʝ ɿ. ʗ. ʅʘʛʠʤʦʚʘ [21] ʪʘʢʠʝ ʜʘʥʥʳʝ 

ʠʤʝʣʠʩʴ, ʠ ʩʚʷʟʴ ʧʣʦʱʘʜʠ ʧʠʪʘʥʠʷ ʩ ʨʘʟʤʝʨʦʤ ʜʝʨʝʚʘ ʧʨʠʙʣʠʞʘʣʘʩʴ ʢ 0,30). ɺʧʨʦʯʝʤ, 

ʧʨʝʜʣʘʛʘʝʤʳʡ ɸʚʪʦʨʘʤʠ ʤʝʪʦʜ ʢʘʢ ʨʘʟ ʠ ʧʨʝʩʣʝʜʦʚʘʣ ʮʝʣʴ ʫʩʠʣʠʪ ɹɻ ʪʫ ʩʚʷʟ ɹʧʫʪʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʚʠʜʝ çʦʙʣʘʩʪʝʡ ʜʦʤʠʥʠʨʦʚʘʥʠʷè. 

ʅʦ ʵʪʦ ʝʱʝ ʥʝ ʚʩʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʚʚʦʜʠʤʳʝ ɸʚʪʦʨʘʤʠ ʚ ʠʭ ʤʦʜʝʣʠ. ɺ ʥʠʭ ʚʚʦʜʷʪʩʷ ʝʱʝ 

ʯʝʪʳʨʝ (!) ʘʙʩʪʨʘʢʪʥʳʭ ʧʦʥʷʪʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʧʦʢʘʟʘʪʝʣʠ. ʇʝʨʝʯʠʩʣʠʤ ʠʭ.  

ɸʙʩʪʨʘʢʮʠʷ 1. ɸʚʪʦʨʳ ʚ ʢʘʯʝʩʪʚʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ (ʪ.ʝ. ʢʦʥʪʨʦʣʷ ʘʙʩʪʨʘʢʪʥʦʛʦ) 

ʠʩʧʦʣʴʟʫʶʪ ʨʷʜʳ ʜʘʥʥʳʭ ʦ ʨʦʩʪʝ ʜʨʝʚʦʩʪʦʝʚ ʠʟ ʩʧʨʘʚʦʯʥʠʢʘ ɸ.ɿ. ʐʚʠʜʝʥʢʦ ʩ ʩʦʘʚʪʦʨʘʤʠ [41], 

ʥʘʟʳʚʘʝʤʳʭ ʦʙʳʯʥʦ ʪʘʙʣʠʮʘʤʠ ʭʦʜʘ ʨʦʩʪʘ (ʊʍʈ), ʧʨʝʢʨʘʩʥʦ ʟʥʘʷ ʦʙ ʠʭ ʥʝʜʦʩʪʘʪʢʘʭ. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʵʪʠ ʊʍʈ ʥʝ ʦʪʨʘʞʘʶʪ ʨʦʩʪ ʨʝʘʣʴʥʳʭ ʜʨʝʚʦʩʪʦʝʚ, ʪʘʢ ʢʘʢ ʨʷʜʳ çʜʠʥʘʤʠʢʠè 

ʪʘʢʩʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʥʠʭ ʩʪʘʪʠʯʥʳ ʠʟʥʘʯʘʣʴʥʦ ʧʦ ʩʧʦʩʦʙʫ ʠʭ ʩʦʩʪʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʦʜʥʦʤʦʤʝʥʪʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʚ ʥʘʪʫʨʝ ʙʣʠʟʢʠʭ ʢ ʧʦʣʥʦʪʝ 1,0 ʜʨʝʚʦʩʪʦʝʚ ʧʦ ʢʣʘʩʩʘʤ ʚʦʟʨʘʩʪʘ. 

ʉʦʙʠʨʘʷ ʠʭ ʚʳʨʘʚʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʨʷʜ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʚʦʟʨʘʩʪʘ, ʧʦʣʫʯʘʣʘʩʴ ʢʘʢ ʙʳ 

çʜʠʥʘʤʠʢʘè ʠʭ ʨʦʩʪʘ [26ï28]. ɺ ʨʝʘʣʴʥʦʩʪʠ ʪʘʢʦʛʦ ʨʦʩʪʘ ʫ ʜʨʝʚʦʩʪʦʝʚ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʠ ʦʙ ʵʪʦʤ 

ʦʩʪʦʨʦʞʥʦ ʫʧʦʤʠʥʘʣ ʝʱʝ 50 ʣʝʪ ʥʘʟʘʜ ɺ. ɺ. ʂʫʟʴʤʠʯʝʚ [42], ʭʦʪʷ ʚ ʧʦʩʣʝʜʥʝʡ ʩʚʦʝʡ ʨʘʙʦʪʝ [43] 

ʦʥ ʪʘʢ ʠ ʥʝ ʩʤʦʛ ʦʙʲʝʜʠʥʠʪʴ ʚ ʦʜʥʦ ʮʝʣʦʝ (ʚ ʤʦʜʝʣʠ ʨʦʩʪʘ) ʤʥʦʞʝʩʪʚʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʦʩʪʘ 

ʜʨʝʚʦʩʪʦʝʚ ï ʜʠʥʘʤʠʢʫ ʛʫʩʪʦʪʳ, ʚʳʩʦʪ, ʜʠʘʤʝʪʨʦʚ, ʧʦʣʥʦʪʳ ʠ ʧʨʦʯ., ʢʦʪʦʨʳʝ ʪʘʢ ʠ ʦʩʪʘʣʠʩʴ 

ʯʘʩʪʷʤʠ ʤʦʜʝʣʠ ʜʨʝʚʦʩʪʦʷ (ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ), ʧʨʠʯʝʤ ʦʥ ʠʩʧʦʣʴʟʦʚʘʣ ʚʩʝʛʜʘ ʪʝʨʤʠʥ 

çʜʠʥʘʤʠʢʘè (ʧʨʦʩʪʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦ ʚʨʝʤʝʥʠ) ʜʘʞʝ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʙʳʣʠ ʧʨʠʟʥʘʢʠ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʪ.ʝ. ʠʤʝʣʦ ʤʝʩʪʦ ʨʘʟʚʠʪʠʝ ʜʨʝʚʦʩʪʦʷ. 

ɸʙʩʪʨʘʢʮʠʠ 2 ʠ 3. ɼʣʷ ʠʭ ʦʙʦʩʥʦʚʘʥʠʷ ɸʚʪʦʨʳ ʧʠʰʫʪ ʩʣʝʜʫʶʱʝʝ çéʭʦʜ ʨʦʩʪʘ 

ʥʦʨʤʘʣʴʥʦʛʦ ʜʨʝʚʦʩʪʦʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʨʠʤʝʨ ʥʝʢʦʪʦʨʦʛʦ ʘʙʩʪʨʘʢʪʥʦʛʦ ʜʨʝʚʦʩʪʦʷ, ʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʥʠʤ ʜʠʥʘʤʠʢʠ ʨʦʩʪʘ ʤʦʜʝʣʴʥʳʭ ʨʷʜʦʚè. ʊʦ ʝʩʪʴ ɸʚʪʦʨʳ ʙʝʨʫʪ 

ʠʟ ʪʘʙʣʠʮ ʭʦʜʘ ʨʦʩʪʘ ʧʦʢʘʟʘʪʝʣʠ ʩʪʘʪʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʜʨʝʚʦʩʪʦʝʚ ʩ ʧʦʣʥʦʪʦʡ 1,0. ʉʨʘʟʫ 

ʟʘʤʝʪʠʤ, ʯʪʦ çʜʠʥʘʤʠʢʘ ʨʦʩʪʘ ʤʦʜʝʣʴʥʳʭ ʨʷʜʦʚè ï ɻ ʪʦ ʚʦʦʙʱʝ ʯʪʦ-ʪʦ ʥʦʚʦʝ ʠ ʥʝʠʟʚʝʩʪʥʦʝ 

ʪʘʢʩʘʪʦʨʘʤ, ʦʙʱʠʡ ʩʤʳʩʣ ʢʦʪʦʨʦʛʦ ʥʝʧʦʥʷʪʝʥ. ʇʦʥʷʪʥʦ ʦʜʥʦ ï ɻʪʦ ʥʝ ʨʦʩʪ ʜʨʝʚʦʩʪʦʷ; ʵʪʦ ʨʷʜʳ 

ʠʟ ʘʙʩʪʨʘʢʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʪʨʘʞʘʶʱʠʭ ʥʝʢʠʡ çʨʦʩʪ ʤʦʜʝʣʠè. ɿʘʪʝʤ ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʝ ʩʚʦʝʡ 

ʤʦʜʝʣʠ ɸʚʪʦʨʳ ʫʩʠʣʠʚʘʶʪ ʜʘʣʴʰʝ: çéʚ ʵʪʦʤ ʞʝ ʢʣʶʯʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴʥʳʡ ʚʘʨʠʘʥʪ 

2, ʚ ʢʦʪʦʨʦʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʧʦʩʪʦʷʥʥʦ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʛʫʩʪʦʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ Sʆɼ 

(ʧʣʦʱʘʜʴ ʦʙʣʘʩʪʠ ʜʦʤʠʥʠʨʦʚʘʥʠʷ) ʚ ʨʘʟʤʝʨʝ 30 % ʦʪ ʧʣʦʱʘʜʠ ʩʚʦʙʦʜʥʦʛʦ ʨʦʩʪʘ ʜʝʨʝʚʘè (ʝʱʝ 

ʦʜʥʘ ʚʚʦʜʠʤʘʷ ʘʙʩʪʨʘʢʮʠʷ, ʫʞʝ ʪʨʝʪʴʷ). ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ɸʚʪʦʨʳ ʧʦ ʘʥʘʣʦʛʠʠ ʩʦ ʩʪʘʪʠʯʥʳʤʠ 

ʊʍʈ ʩʦʟʜʘʶʪ ʥʝʢʫʶ ʤʦʜʝʣʴ ʩʪʘʪʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʜʨʝʚʦʩʪʦʷ (ʥʦ ʥʝ ʤʦʜʝʣʴ ʨʦʩʪʘ) ʥʘ ʦʩʥʦʚʝ 

ʘʙʩʪʨʘʢʪʥʦʡ ʛʫʩʪʦʪʳ, ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʯʝʨʝʟ ʧʣʦʱʘʜʴ ʩʚʦʙʦʜʥʦʛʦ ʨʦʩʪʘ ʜʝʨʝʚʘ ʠ ʨʘʚʥʦʡ 30 % 

ʦʪ ʥʝʝ. ʊʦ ʝʩʪʴ ʙʫʢʚʘʣʴʥʦ ʥʘ ʥʘʰʠʭ ʛʣʘʟʘʭ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ ʧʨʝʜʳʜʫʱʠʭ ʘʙʩʪʨʘʢʮʠʡ ʨʦʞʜʘʝʪʩʷ 
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ʘʙʩʪʨʘʢʮʠʷ ʪʨʝʪʴʷ, ʠ ʨʦʞʜʘʝʪʩʷ, ʟʘʤʝʪʠʤ, ʧʦ ʪʝʤ ʞʝ ʪʝʭʥʦʣʦʛʠʷʤ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʣʠʩʴ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʩʪʘʪʠʯʥʳʭ ʊʍʈ ʚ 1980-ʝ ʛʦʜʳ. ʊʦʣʴʢʦ ʪʘʤ ʥʘʭʦʜʠʣʠ ʜʨʝʚʦʩʪʦʠ ʩ ʧʦʣʥʦʪʦʡ 1,0 ʠ 

ʚʳʨʘʚʥʠʚʘʣʠ ʠʭ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʛʨʘʬʠʢʘʭ, ʘ ʟʜʝʩʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʛʫʩʪʦʪʘ, ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʪʦʨʦʡ 

ʙʨʘʣʠ ʦʧʪʠʤʘʣʴʥʫʶ ʜʣʷ ʢʘʞʜʦʛʦ ʚʦʟʨʘʩʪʘ Sʆɼ ʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʥʝʡ ʛʫʩʪʦʪʫ ʥʘ 1 ʛʘ. ʇʨʦʱʝ 

ʛʦʚʦʨʷ, ʘʙʩʪʨʘʢʪʥʦ çʨʘʟʜʚʠʛʘʣʠè ʠ ʨʘʟʤʝʱʘʣʠ ʜʝʨʝʚʴʷ ʪʘʢ, ʯʪʦʙʳ ʚʩʷ ʧʣʦʱʘʜʴ ʙʳʣʘ ʟʘʥʷʪʘ 

ʪʦʣʴʢʦ ʦʧʪʠʤʘʣʴʥʳʤʠ çʦʙʣʘʩʪʷʤʠ ʜʦʤʠʥʠʨʦʚʘʥʠʷè. ʇʦʨʘʟʠʪʝʣʴʥʦ, ʥʦ ʵʪʘ ʘʙʩʪʨʘʢʮʠʷ ʦʯʝʥʴ 

ʥʘʧʦʤʠʥʘʝʪ ʩʪʘʨʫʶ ʜʦʙʨʫʶ ʜʦʢʪʨʠʥʫ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʜʝʨʝʚʴʝʚ! ʀ ʦʥʘ ʥʘʩʪʦʣʴʢʦ 

ʩʪʘʨʘʷ, ʯʪʦ ʦ ʥʝʡ ʩʪʘʣʠ ʟʘʙʳʚʘʪʴ. ʅʫ ʯʪʦ ʞʝ, ʥʘʧʦʤʥʠʤ, ʯʪʦ ʨʘʟʚʝʥʯʘʣ ʝʝ ʧʨʠʟʥʘʥʥʳʡ ʘʚʪʦʨʠʪʝʪ 

ʧʦ ʨʫʙʢʘʤ ʫʭʦʜʘ ʉ. ʅ. ʉʝʥʥʦʚ ʚ ʩʚʦʝʤ ʫʯʝʙʥʠʢʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ɺʋɿʦʚ ʚ 2005 ʛ., ʛʜʝ ʦʥ ʦʪʤʝʪʠʣ, 

ʯʪʦ ʥʝʤʝʮʢʠʝ ʣʝʩʦʚʦʜʳ ʝʱʝ 100 ʣʝʪ ʥʘʟʘʜ ʫʙʝʜʠʣʠʩʴ ʚ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʥʘ 

ʧʨʘʢʪʠʢʝ. ʄʳ ʞʝ ʚ ʩʚʦʝʡ ʢʥʠʛʝ [9, ʩ. 169] ʟʘʢʨʝʧʠʣʠ ʵʪʦʪ ʚʳʚʦʜ, ʦʧʠʨʘʷʩʴ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ 

ʜʘʥʥʳʝ ʠ ʜʘʥʥʳʝ ʜʨʫʛʠʭ ʫʯʝʥʳʭ, ʚ ʚʠʜʝ çɿʘʢʦʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʜʝʨʝʚʴʝʚè. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʤʳ ʥʝ ʛʦʚʦʨʠʤ ʟʜʝʩʴ ʥʠʯʝʛʦ ʥʦʚʦʛʦ, ʘ ʪʦʣʴʢʦ ʦʙʲʷʩʥʷʝʤ ʩʣʦʞʥʳʝ ʦʧʝʨʘʮʠʠ ʧʦ 

ʘʙʩʪʨʘʢʪʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ ʜʨʝʚʦʩʪʦʝʚ ʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʩʣʦʚʘʤʠ. 

ɸʙʩʪʨʘʢʮʠʷ 4. ɺʚʝʜʝʥʠʝ ʚ ʠʤʠʪʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʩʘʤʦʛʦ ʚʘʞʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ï ʧʣʦʱʘʜʠ 

ʦʙʣʘʩʪʠ ʜʦʤʠʥʠʨʦʚʘʥʠʷ (Sʆɼ) ï ɸʚʪʦʨʳ ʦʙʦʩʥʦʚʘʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʙʳʣʠ ʚʟʷʪʳ Sʆɼ, ʨʘʚʥʳʝ 30 % ʦʪ ʧʣʦʱʘʜʠ ʩʚʦʙʦʜʥʦʛʦ ʨʦʩʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ çéʜʝʨʝʚʴʷ ʠʤʝʶʪ 

ʭʦʨʦʰʦ ʨʘʟʚʠʪʫʶ ʢʨʦʥʫ ʠ ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪè. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʚʩʝ 

ʜʝʨʝʚʴʷ ʚʥʝʟʘʧʥʦ ʧʦʣʫʯʘʶʪ ʥʝʢʫʶ ʦʧʪʠʤʘʣʴʥʫʶ Sʆɼ ʠ ʥʘʯʠʥʘʶʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʘʚʪʦʤʘʪʳ, ʜʘʚʘʷ 

ʧʨʠʨʦʩʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʧʨʠʨʦʩʪʘ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʡ Sʆɼ ï ʧʨʠʨʦʩʪʘ, ʚʟʷʪʦʛʦ ʩ 

ʨʝʘʣʴʥʦʡ ʣʠʥʠʠ ʪʨʝʥʜʘ, ʠ ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʳʝ ʬʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ʅʦ ʩʘʤʦʝ ʧʦʨʘʟʠʪʝʣʴʥʦʝ ʤʳ 

ʦʙʥʘʨʫʞʠʣʠ ʚ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ ɸʚʪʦʨʦʚ [44], ʛʜʝ ʜʣʷ ʩʦʩʥʷʢʦʚ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʪʘʙʣʠʮʝ ʚ 

ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʨʠʚʦʜʷʪʩʷ ʧʦʣʥʦʪʳ ʦʪ 0,99 ʚ 20 ʣʝʪ ʩ ʠʭ ʩʥʠʞʝʥʠʝʤ ʜʦ 0,73 ʚ 120 ʣʝʪ. 

ʇʨʠʚʝʜʝʤ ʪʝʢʩʪ, ʦʙʦʩʥʦʚʳʚʘʶʱʠʡ ʚʚʝʜʝʥʠʝ ʵʪʦʡ ʪʘʙʣʠʮʳ, ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʦʨʬʦʛʨʘʬʠʠ: çéʧʨʠ 

ʩʥʠʞʝʥʠʠ ʧʦʣʥʦʪʳ ʩʨʝʜʥʝʚʦʟʨʘʩʪʥʳʭ ʠ ʩʧʝʣʳʭ ʥʘʩʘʞʜʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦ 0,71ï0,75 ʠ 

0,65ï0,67 ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʬʠʪʦʤʘʩʩʳ ʢʨʦʥ (ʅʘʛʠʤʦʚ, 2000). ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦ ʜʘʥʥʳʤ ʅ. ʇ. ɻʦʨʜʠʥʦʡ (1991) ʧʨʠ ʩʥʠʞʝʥʠʠ ʧʦʣʥʦʪʳ ʜʦ 0,58ï0,61 ʚ 

ʩʨʝʜʥʝʚʦʟʨʘʩʪʥʳʭ ʩʦʩʥʷʢʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʬʠʪʦʤʘʩʩʳ ʢʨʦʥ, ʘ ʚ 

ʧʨʠʩʧʝʚʘʶʱʠʭ, ʩʧʝʣʳʭ ʠ ʧʝʨʝʩʪʦʡʥʳʭ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʣʥʦʪʝ 0,60ï0.63. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

Sʆɼ ʧʨʠʨʦʩʪ ʜʝʨʝʚʴʝʚ ʧʦ ʦʙʲʝʤʫ ʚʥʘʯʘʣʝ ʚʦʟʨʘʩʪʘʝʪ ʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʧʨʠ ʝʝ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʝ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʚʦʟʨʘʩʪʘʥʠʠ Sʆɼ ʧʨʠʨʦʩʪ ʧʦ ʦʙʲʝʤʫ ʩʪʚʦʣʘ ʦʩʪʘʝʪʩʷ 

ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʫʨʦʚʥʝ ʠʣʠ ʜʘʞʝ ʩʥʠʞʘʝʪʩʷ ʟʘ ʩʯʝʪ ʨʘʟʨʘʩʪʘʥʠʷ ʢʨʦʥ. ʊʘʢʠʝ ʞʝ ʪʝʥʜʝʥʮʠʠ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʱʘʜʝʡ ʨʦʩʪʘ ʦʪʤʝʯʝʥʳ ʠ ʚ ʨʘʙʦʪʝ ɺ. ɺ. ʂʫʟʴʤʠʯʝʚʘ (2013)è.  

ʕʪʘ ʯʝʪʚʝʨʪʘʷ ʧʦ ʩʯʝʪʫ ʘʙʩʪʨʘʢʮʠʷ ʨʦʞʜʘʝʪʩʷ ʠʟ ʨʘʙʦʪ ɿ. ʗ. ʅʘʛʠʤʦʚʘ [21], 

ʅ. ʇ. ɻʦʨʜʠʥʦʡ [45] ʠ ɺ. ɺ. ʂʫʟʴʤʠʯʝʚʘ [42], ʠ ʩʪʦʣʴ ʜʣʠʥʥʘʷ ʮʠʪʘʪʘ ʙʳʣʘ ʥʫʞʥʘ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʧʦʥʷʪʴ ʦʜʥʫ ʧʨʦʩʪʫʶ ʤʳʩʣʴ ð ʫ ɸʚʪʦʨʦʚ ʥʝʪ ʦʙʨʘʟʮʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʚʠʜʝ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʷʜʘ ʠʟ ʜʨʝʚʦʩʪʦʝʚ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 20 ʜʦ 120 ʣʝʪ, ʠ ʦʥʠ ʢʦʥʩʪʨʫʠʨʫʶʪ ʪʘʙʣʠʮʫ-

ʤʦʜʝʣʴ ʠʟ ʧʦʣʥʦʪ, ʦʧʠʨʘʷʩʴ ʥʘ ʚʳʚʦʜʳ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʉʘʤʦʝ ʚʘʞʥʦʝ, ʯʪʦ ʠʟ ʵʪʦʡ 

ʪʘʙʣʠʮʳ-ʘʙʩʪʨʘʢʮʠʠ ʚʳʪʝʢʘʝʪ ʨʝʢʦʤʝʥʜʘʮʠʷ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚ ʜʨʝʚʦʩʪʦʷʭ ʩʪʘʨʰʝ 50 ʣʝʪ 

ʧʦʣʥʦʪʫ 0,6ï0,7, ʥʝʦʙʭʦʜʠʤʫʶ, ʧʦ ʤʥʝʥʠʶ ɸʚʪʦʨʦʚ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʧʨʠʨʦʩʪʦʚ.  

ʇʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʧʦʜʦʙʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʡ ʧʦʣʥʦʪʳ ʦʪʤʝʯʘʣʘʩʴ ʝʱʝ ʚ 

1970-ʝ ʛʦʜʳ ʨʷʜʦʤ ʣʝʩʦʚʦʜʦʚ. ɺʦʪ ʯʪʦ ʧʠʩʘʣ ʚ ʩʪʘʪʴʝ çʂ ʪʝʦʨʠʠ ʨʫʙʦʢ ʫʭʦʜʘè ʉ.ʅ. ʉʝʥʥʦʚ [48, 

ʩ. 122]: çʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʜʥʦʢʨʘʪʥʦʤ ʠʟʤʝʨʝʥʠʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʢʫʱʠʡ 

ʧʨʠʨʦʩʪ ʤʥʦʞʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʜʨʝʚʦʩʪʦʝʚ. ʈʝʟʫʣʴʪʘʪʳ ʛʨʫʧʧʠʨʫʶʪʩʷ ʧʦ ʪʠʧʘʤ ʣʝʩʘ, ʩʦʩʪʘʚʫ, 

ʚʦʟʨʘʩʪʫ ʠ ʧʦʣʥʦʪʝ. ɿʘʪʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʨʦʩʪ ʜʨʝʚʦʩʪʦʝʚ ʨʘʟʥʦʡ ʧʦʣʥʦʪʳ, ʙʦʣʝʝ ʠʣʠ 

ʤʝʥʝʝ ʦʜʥʦʨʦʜʥʳʭ ʧʦ ʚʩʝʤ ʧʨʦʯʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. ʇʦʣʥʦʪʘ, ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʙʦʣʴʰʠʡ 

ʧʨʠʨʦʩʪ, ʦʙʲʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʠ ʜʘʝʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʷ ʨʘʟʨʝʞʠʚʘʪʴ ʜʨʝʚʦʩʪʦʡ ʜʦ ʵʪʦʡ 
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ʧʦʣʥʦʪʳ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʫʙʢʠ ʧʦ ʪʘʢʦʡ ʤʝʪʦʜʠʢʝ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ, ʮʝʣʠʢʦʤ ʟʘʚʠʩʷʱʠʤ ʦʪ ʩʣʫʯʘʡʥʦʩʪʝʡ ʧʦʜʙʦʨʘ ʦʙʲʝʢʪʦʚ. ɿʜʝʩʴ ʠʤʝʶʪ ʤʝʩʪʦ 

ʩʣʝʜʫʶʱʠʝ ʩʦʤʥʠʪʝʣʴʥʳʝ ʜʦʧʫʱʝʥʠʷ. ʉʯʠʪʘʶʪʩʷ ʨʘʚʥʦʮʝʥʥʳʤʠ ʜʘʥʥʳʝ ʦ ʪʝʢʫʱʝʤ ʧʨʠʨʦʩʪʝ 

ʢʘʢ ʥʝʪʨʦʥʫʪʳʭ ʜʨʝʚʦʩʪʦʝʚ ʩ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʧʦʣʥʦʪʦʡ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʪʧʘʜʦʤ, ʪʘʢ ʠ 

ʜʨʝʚʦʩʪʦʝʚ, ʥʝʜʘʚʥʦ ʨʘʟʨʝʞʝʥʥʳʭ ʜʦ ʪʦʡ ʞʝ ʧʦʣʥʦʪʳ ʠ ʥʝ ʠʤʝʶʱʠʭ ʩʫʭʦʩʪʦʷ. ʅʝ ʧʨʠʥʠʤʘʝʪʩʷ 

ʚʦ ʚʥʠʤʘʥʠʝ ʦʪʧʘʜ, ʨʘʟʤʝʨ ʢʦʪʦʨʦʛʦ ʩʚʷʟʘʥ ʩ ʧʦʣʥʦʪʦʡ. ʏʝʤ ʙʦʣʴʰʝ ʧʦʣʥʦʪʘ, ʪʝʤ ʛʨʫʙʝʝ 

ʦʰʠʙʢʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʣʥʦʛʦ ʧʨʠʨʦʩʪʘè.  

ʊʦ ʝʩʪʴ ʦʙ ʦʧʘʩʥʦʩʪʠ ʢʨʫʧʥʳʭ ʦʰʠʙʦʢ ʚ ʧʨʦʛʥʦʟʘʭ ʨʦʩʪʘ (ʘ ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʢʘʢ 

ʨʘʟ ʠ ʧʨʠʟʚʘʥʳ ʜʘʚʘʪʴ ʪʘʢʠʝ ʧʨʦʛʥʦʟʳ) ʧʨʠ ʦʨʠʝʥʪʘʮʠʠ ʪʦʣʴʢʦ ʥʘ ʧʦʣʥʦʪʫ ʜʨʝʚʦʩʪʦʝʚ ʤʥʦʛʠʝ 

ʚʝʜʫʱʠʝ ʣʝʩʦʚʦʜʳ ʧʨʝʜʫʧʨʝʞʜʘʣʠ ʝʱʝ 60 ʣʝʪ ʥʘʟʘʜ. 
 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʀʪʘʢ, ʚʝʩʴʤʘ ʘʚʪʦʨʠʪʝʪʥʳʝ ʣʝʩʦʚʦʜʳ ʜʘʚʥʦ ʧʨʝʜʫʧʨʝʞʜʘʣʠ ʦ ʩʦʤʥʠʪʝʣʴʥʳʭ ʩ ʥʘʫʯʥʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʪʦʜʘʭ, ʧʨʠ ʢʦʪʦʨʳʭ ʫʯʠʪʳʚʘʝʪʩʷ ʥʝ ʧʦʣʥʳʡ ʧʨʠʨʦʩʪ, ʘ ʧʨʠʨʦʩʪ ʣʠʰʴ ʧʦ 

ʦʪʜʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʘ ʪʘʢʞʝ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʜʨʝʚʦʩʪʦʝʚ ʩ ʨʘʟʥʦʡ ʠʩʪʦʨʠʝʡ ʨʘʟʚʠʪʠʷ. ʅʝ 

ʚʳʷʩʥʝʥʥʘʷ ʠʩʪʦʨʠʷ ʫ ʜʨʝʚʦʩʪʦʝʚ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʢʘʢ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʦ ʩʫʪʠ, 

ʢʘʪʘʩʪʨʦʬʠʯʥʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʭ ʨʦʩʪʘ. ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʥʘʧʦʤʥʠʪʴ, ʯʪʦ ʚ ʨʘʙʦʪʘʭ ɻ. 

ʉ. ʈʘʟʠʥʘ [26ï30] ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʠ ʵʪʦ ʙʳʣʦ ʛʣʘʚʥʳʤ, ʯʪʦ ʠʩʪʦʨʠʶ ʜʨʝʚʦʩʪʦʷ ʙʫʢʚʘʣʴʥʦ 

çʟʘʧʠʩʳʚʘʝʪ ʥʘ ʩʝʙʷè ʩʙʝʛ ʩʪʚʦʣʘ, ʠ ʩ ʚʦʟʨʘʩʪʘ 50 ʣʝʪ ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʪʝʤ, ʯʪʦ ʤʦʞʥʦ ʥʘʟʚʘʪʴ 

ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ, ʛʜʝ ʢʘʞʜʦʡ ʥʘʯʘʣʴʥʦʡ ʛʫʩʪʦʪʝ ʚ ʵʪʦʤ ʚʦʟʨʘʩʪʝ ʠ ʩʪʘʨʰʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʙʝʛʘ. ʏʝʤ ʚʳʰʝ ʛʫʩʪʦʪʘ ʚ ʨʘʥʥʝʤ ʚʦʟʨʘʩʪʝ, ʪʝʤ 

ʤʝʥʴʰʝ ʩʙʝʛ, ʠ ʦʥ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 50 ʜʦ 120 ʣʝʪ.  

ʂʘʢ ʚʠʜʠʤ, ɸʚʪʦʨʳ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ [12, 23, 44] ʭʦʪʷ ʠ ʧʨʠʤʝʥʠʣʠ ʥʝʢʠʡ ʢʦʥʮʝʧʪʫʘʣʴʥʦ 

ʥʦʚʳʡ ʧʦʜʭʦʜ ʧʨʠ ʦʮʝʥʢʝ ʢʦʥʢʫʨʝʥʮʠʠ ʜʝʨʝʚʴʝʚ ʯʝʨʝʟ çʦʙʣʘʩʪʠ ʜʦʤʠʥʠʨʦʚʘʥʠʷè, ʪʝʤ ʥʝ ʤʝʥʝʝ 

ʚ ʪʦʯʥʦʩʪʠ ʧʦʚʪʦʨʠʣʠ ʚʩʝ ʪʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʠʭ ʧʨʦʚʝʨʢʠ ʯʝʨʝʟ ʧʨʠʨʦʩʪ ʤʦʜʝʣʴʥʳʭ 

ʜʝʨʝʚʴʝʚ, ʘ ʪʘʢʞʝ ʩʠʥʪʝʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʦʙʲʝʜʠʥʝʥʠʝʤ ʪʘʢʩʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʘʙʩʪʨʘʢʪʥʳʭ 

ʜʨʝʚʦʩʪʦʝʚ ʚ ʩʪʘʪʠʯʥʳʝ ʨʷʜʳ, ʦ ʢʦʪʦʨʳʭ ɺ. ɺ. ɿʘʛʨʝʝʚ ʠ ʉ. ʅ. ʉʝʥʥʦʚ ʧʨʝʜʫʧʨʝʞʜʘʣʠ ʢʘʢ ʦ 

ʩʦʤʥʠʪʝʣʴʥʳʭ. ʄʝʪʦʜʳ ʵʪʠ ʦʪʥʶʜʴ ʥʝ ʥʦʚʳʝ, ʠ ʦʪʜʝʣʴʥʳʝ ʨʘʙʦʪʳ ʩʠʙʠʨʩʢʠʭ ʫʯʝʥʳʭ [43, 45], 

ʪʘʢ ʠ ʥʝ ʨʘʟʨʘʙʦʪʘʚʰʠʭ ʤʦʜʝʣʠ ʭʦʜʘ ʨʦʩʪʘ ʥʘ ʦʩʥʦʚʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʨʷʜʦʚ ʜʨʝʚʦʩʪʦʝʚ, ʥʝ ʤʦʛʫʪ 

ʧʦʵʪʦʤʫ ʩʣʫʞʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʜʘʥʥʳʭ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ-

ʪʘʙʣʠʮʳ [44] ʩ çʦʧʪʠʤʘʣʴʥʳʤʠè ʧʦʣʥʦʪʘʤʠ.  

ɻʣʘʚʥʦʡ ʦʰʠʙʢʦʡ ʚ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʷʭ ɸʚʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʠʛʥʦʨʠʨʦʚʘʥʠʝ ʠʩʪʦʨʠʠ 

ʛʫʩʪʦʪʳ ʜʨʝʚʦʩʪʦʝʚ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [12] ʚ ʦʜʥʫ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʦʝʜʠʥʝʥʳ ʜʨʝʚʦʩʪʦʠ ʚ ʚʦʟʨʘʩʪʝ 

47 ʣʝʪ ʩʦ ʩʙʝʛʦʤ ʩʪʚʦʣʘ 0,83ï0,87 ʩʤ/ʤ ʠ ʜʨʝʚʦʩʪʦʠ ʚ ʚʦʟʨʘʩʪʝ 110ï120 ʣʝʪ ʩʦ ʩʙʝʛʦʤ 1,13ï1,52 

ʩʤ/ʤ. ɽʩʣʠ ʩʫʜʠʪʴ ʧʦ ʩʙʝʛʫ ʩʪʚʦʣʘ,  ʪʦ ʟʜʝʩʴ ʢʘʢ ʤʠʥʠʤʫʤ ʯʝʪʳʨʝ (!) ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʜʨʝʚʦʩʪʦʝʚ ʩ ʨʘʟʥʦʡ ʥʘʯʘʣʴʥʦʡ ʛʫʩʪʦʪʦʡ ʚ ʚʦʟʨʘʩʪʝ 15ï20 ʣʝʪ:  ʠʩʪʦʨʠʷ çʚʳʩʦʢʦʡè ʛʫʩʪʦʪʳ ʫ 

47-ʣʝʪʥʠʭ ʩʦʩʥʷʢʦʚ  (ʇʇ 5, 6, 7, 8ʢ), çʩʨʝʜʥʝʡè ʛʫʩʪʦʪʳ ʫ ʇʇ 9, çʥʠʞʝ ʩʨʝʜʥʝʡè  ʫ ʇʇ 10 ʠ 

ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʩ çʤʘʣʦʡ ʛʫʩʪʦʪʦʡè ʙʳʣʘ ʥʘ ʇʇ 11 ʠ ʇʇ 12ʢ, ʛʜʝ ʩʙʝʛ ʩʪʚʦʣʘ ʙʳʣ ʩʘʤʳʡ 

ʙʦʣʴʰʦʡ.  ɺʩʝ ʵʪʠ ʛʨʫʧʧʳ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʝʡ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʨʘʟʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ (ʤʦʜʝʣʷʤ) 

ʨʘʟʚʠʪʠʷ ʜʨʝʚʦʩʪʦʝʚ. ʅʘʯʘʣʴʥʘʷ ʛʫʩʪʦʪʘ ʚ ʨʝʰʘʶʱʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʠʪ ʠʭ ʨʦʩʪ ʥʘ 

ʜʝʩʷʪʠʣʝʪʠʷ ʚʧʝʨʝʜ, ʠ ʵʪʦ ʟʘʢʦʥ, ʦ ʢʦʪʦʨʦʤ ʤʳ ʧʠʩʘʣʠ ʠ ʨʘʟʲʷʩʥʷʣʠ ʝʛʦ ʜʝʡʩʪʚʠʝ ʫʞʝ ʤʥʦʛʦ 

ʨʘʟ [26ï32]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʫ ɸʚʪʦʨʦʚ ʚ ʚʠʜʝ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʝʡ ʚ 

ʤʦʣʦʜʥʷʢʘʭ, ʚ ʩʨʝʜʥʝʤ ʠ ʩʧʝʣʦʤ ʚʦʟʨʘʩʪʝ ʥʝʧʨʠʛʦʜʝʥ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʪʝʤ ʙʦʣʝʝ 

ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʚ ʦʜʠʥ ʝʩʪʝʩʪʚʝʥʥʳʡ ʨʷʜ ʨʦʩʪʘ ʜʨʝʚʦʩʪʦʝʚ. 

ʂʘʢ ʧʦʟʠʪʠʚʥʳʡ ʤʦʤʝʥʪ ʚ ʠʩʭʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ ɸʚʪʦʨʦʚ ʦʪʤʝʪʠʤ ʟʘʢʣʘʜʢʫ ʦʧʳʪʦʚ ʩ 

ʨʘʟʨʝʞʠʚʘʥʠʝʤ ʩʦʩʥʷʢʦʚ ʛʫʩʪʦʪʦʡ 34 ʪʳʩ. ʰʪ./ʛʘ ʚ ʚʦʟʨʘʩʪʝ 13 ʣʝʪ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 92, 72 ʠ 

51% ʪ.ʝ. ʜʦ ʛʫʩʪʦʪʳ 2900 ʰʪ. /ʛʘ, ʢʦʪʦʨʳʝ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʚʦʟʨʘʩʪʘ ʙʫʜʫʪ ʦʪʥʦʩʠʪʴʩʷ ʢ 

ʨʘʟʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʨʘʟʚʠʪʠʷ. ʆʜʥʘʢʦ ʯʠʩʣʦ ʠ ʨʘʟʤʝʨ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʝʡ (0,04 ʛʘ) ʜʣʷ 
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ʩʝʨʴʝʟʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʜʦʩʪʘʪʦʯʥʳ. ʊʝʤ ʙʦʣʝʝ, ʯʪʦ ʚ ʦʜʥʫ ʤʦʜʝʣʴ ʩ 47-ʣʝʪʥʠʤʠ ʩʦʩʥʷʢʘʤʠ 

ʧʦ ʩʦʚʧʘʜʘʶʱʝʤʫ ʩʙʝʛʫ ʩʪʚʦʣʘ ʠʭ ʦʙʲʝʜʠʥʠʪʴ ʤʦʞʥʦ ʙʫʜʝʪ ʥʝ ʩʢʦʨʦ ð ʩʙʝʛ ʩʪʚʦʣʘ ʚ 

ʤʦʣʦʜʥʷʢʘʭ ʜʦʣʞʝʥ ʠʟʤʝʥʠʪʴʩʷ ʧʦʩʣʝ ʩʪʦʣʴ ʠʥʪʝʥʩʠʚʥʳʭ ʨʫʙʦʢ. 

ɸ ʪʝʧʝʨʴ ʚʦʟʥʠʢʘʝʪ ʛʣʘʚʥʳʡ ʚʦʧʨʦʩ, ʧʦʯʝʤʫ ʞʝ ɸʚʪʦʨʳ ʧʨʝʜʧʨʠʥʷʣʠ ʩʪʦʣʴʢʦ ʫʩʠʣʠʡ, ʥʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʦʣʴ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʤʝʪʦʜʳ? ɼʣʷ ʵʪʦʛʦ ʦʙʨʘʪʠʤʩʷ ʢ ʫʯʝʙʥʦʤʫ ʧʦʩʦʙʠʶ 

çʆʩʥʦʚʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤè [14], ʛʜʝ ʛʦʚʦʨʠʪʩʷ ʦ ʪʦʤ, ʯʪʦ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝ ʧʨʦʩʪʦ 

ʫʧʨʦʱʝʥʠʝ ʨʝʘʣʴʥʦʩʪʠ, ʘ ʝʝ ʦʪʦʙʨʘʞʝʥʠʝ ʯʝʨʝʟ ʧʨʠʟʤʫ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ 

ʠ ʢʦʥʢʨʝʪʥʘʷ ʟʘʜʘʯʘ, ʩʪʦʷʱʘʷ ʧʝʨʝʜ ʨʘʟʨʘʙʦʪʯʠʢʦʤ, ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʧʦʜʭʦʜ ʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚʳʙʨʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʅʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʧʝʨʝʜ ɸʚʪʦʨʘʤʠ ʩʪʦʷʣʘ ʟʘʜʘʯʘ 

ʢʘʢ-ʪʦ ʧʦ-ʥʦʚʦʤʫ ʦʙʦʩʥʦʚʘʪʴ ʩʥʠʞʝʥʠʝ ʧʦʣʥʦʪʳ ʩʨʝʜʥʝʚʦʟʨʘʩʪʥʳʭ ʠ ʧʨʠʩʧʝʚʘʶʱʠʭ ʩʦʩʥʷʢʦʚ 

ʨʫʙʢʘʤʠ ʫʭʦʜʘ ʜʦ ʟʥʘʯʝʥʠʡ 0,6ï0,7, ʯʪʦ ʧʨʠʚʝʪʩʪʚʫʝʪʩʷ ʘʨʝʥʜʘʪʦʨʘʤʠ ʢʘʢ ʣʝʛʘʣʴʥʳʡ ʩʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ ʜʝʰʝʚʦʡ ʜʝʣʦʚʦʡ ʜʨʝʚʝʩʠʥʳ. ʀ ɸʚʪʦʨʳ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʣʠ ʪʘʙʣʠʮʫ çʦʧʪʠʤʫʤʦʚè ʧʦʣʥʦʪʳ [44], ʦ ʢʦʪʦʨʦʡ ʤʳ ʛʦʚʦʨʠʣʠ ʚ ʧʫʥʢʪʝ 

çɸʙʩʪʨʘʢʮʠʷ 4è. ʊʘʢ, ʚ ʚʦʟʨʘʩʪʝ 50 ʣʝʪ ʵʪʘ ʧʦʣʥʦʪʘ ʨʘʚʥʘ 0,85, ʚ ʚʦʟʨʘʩʪʝ 80 ʣʝʪ ð 0,78, ʚ 100 

ʣʝʪ ï 0,75. ʋ ʦʟʘʙʦʯʝʥʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʝʤ ʩʧʝʣʦʛʦ ʣʝʩʘ ʣʝʩʦʚʦʜʘ ʩʨʘʟʫ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ï ʘ 

ʧʦʯʝʤʫ ʥʫʞʥʦ ʟʘʢʘʥʯʠʚʘʪʴ ʚʳʨʘʱʠʚʘʥʠʝ ʣʝʩʘ ʢ 100 ʛʦʜʘʤ ʧʨʠ ʧʦʣʥʦʪʝ 0,75? ʇʦʯʝʤʫ ʥʝ ʧʨʠ 

ʧʦʣʥʦʪʝ 1,0 ʠ ʚʳʰʝ, ʢʘʢ ʩʪʨʝʤʠʣʠʩʴ ʢ ʵʪʦʤʫ ʚʩʝ ʧʦʢʦʣʝʥʠʷ ʨʫʩʩʢʠʭ ʣʝʩʦʚʦʜʦʚ? ɸʚʪʦʨʳ 

ʘʨʛʫʤʝʥʪʠʨʫʶʪ ʵʪʠ ʧʦʥʠʞʝʥʠʷ ʧʦʣʥʦʪʳ ʪʝʤ, ʯʪʦ ʩʩʳʣʘʶʪʩʷ ʥʘ ʨʘʙʦʪʳ, ʛʜʝ ʪʘʢʠʝ ʧʦʣʥʦʪʳ ʜʘʶʪ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʬʠʪʦʤʘʩʩʳ ʢʨʦʥ. ɸ ʟʘʯʝʤ ʦʥʦ, ʵʪʦ ʥʘʢʦʧʣʝʥʠʝ, ʝʩʣʠ ʜʨʝʚʦʩʪʦʡ 

ʧʦʩʧʝʣ ʜʣʷ ʨʫʙʢʠ? ɺʝʜʴ ʚʦʟʨʘʩʪ ʨʫʙʢʠ ʜʣʷ ʩʦʩʥʷʢʦʚ I ʢʣʘʩʩʘ ʙʦʥʠʪʝʪʘ 81ï100 ʣʝʪ. ʀ ʪʘʙʣʠʮʳ 

ʥʦʨʤʘʣʴʥʳʭ ʜʨʝʚʦʩʪʦʝʚ ʜʘʚʥʦ ʩʣʫʞʘʪ ʚ ʵʪʦʤ ʦʨʠʝʥʪʠʨʘʤʠ ð ʠʤʝʥʥʦ ʜʣʷ ʵʪʦʛʦ ʠʭ ʩʦʟʜʘʚʘʣʠ ʚ 

ʩʚʦʝ ʚʨʝʤʷ ʧʦ ʚʩʝʤ ʨʝʛʠʦʥʘʤ ʉʉʉʈ [41].  

ʇʦ-ʚʠʜʠʤʦʤʫ, ʨʘʟʛʘʜʢʘ ʟʜʝʩʴ ʚ ʪʦʤ, ʯʪʦ ɸʚʪʦʨʳ ʚʧʦʣʥʝ ʦʜʦʙʨʷʶʪ ʩʥʠʞʝʥʠʝ ʧʦʣʥʦʪʳ ʜʦ 

0,7 ʧʦʩʣʝ ʧʨʦʨʝʞʠʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʦʭʦʜʥʳʭ ʨʫʙʦʢ ʚ ʜʨʝʚʦʩʪʦʷʭ, ʙʳʚʰʠʭ ʧʨʝʞʜʝ ʙʦʣʝʝ 

ʚʳʩʦʢʦʧʦʣʥʦʪʥʳʤʠ. ʎʝʣʳʡ ʨʷʜ ʠʭ ʩʪʘʪʝʡ ʠʤʝʥʥʦ ʜʣʷ ʵʪʦʛʦ ʠ ʙʳʣ ʥʘʧʠʩʘʥ, ʠ ʚʩʝ ʦʥʠ ʦʪʚʝʯʘʶʪ 

ʧʦʥ̫ʪʠʶ çʥʘʨʨʘʪʠʚʘè ï ɻ ʪʦ ʢʦʛʜʘ ʩʦʜʝʨʞʘʥʠʝ ʩʪʘʪʴʠ ʧʦʜʙʠʨʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʟʘʜʫʤʘʥʥʦʛʦ ʬʠʥʘʣʘ. ɸ ʬʠʥʘʣ ʫ ɸʚʪʦʨʦʚ ʚʩʝʛʜʘ ʦʜʠʥ ð ʨʫʙʢʠ ʫʭʦʜʘ ʥʫʞʥʳ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ 

ʦʩʚʦʙʦʞʜʘʶʪ ʤʝʩʪʦ ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʨʦʥ (çʦʙʣʘʩʪʝʡ ʜʦʤʠʥʠʨʦʚʘʥʠʷè). ɺ ʠʪʦʛʝ çʪʝʦʨʝʪʠʯʝʩʢʠè 

ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʥʳʭ ʜʨʝʚʦʩʪʦʝʚ ʧʨʦʨʝʞʠʚʘʥʠʷʤʠ ʠ ʧʨʦʭʦʜʥʳʤʠ 

ʨʫʙʢʘʤʠ ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ ʠʭ ʧʦʣʥʦʪʳ ʜʦ 0,73 ʢ 120-ʣʝʪʥʝʤʫ ʚʦʟʨʘʩʪʫ [44, ʩ. 14]. ʂʘʢ ʚʠʜʠʤ, 

ʠʪʦʛ ʦʜʠʥ ð ʚʳʭʦʜ ʥʘ ʥʠʟʢʫʶ ʧʦʣʥʦʪʫ, ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ çʦʧʪʠʤʘʣʴʥʦʩʪʠè ʠʤʠʪʘʮʠʦʥʥʳʭ 

ʤʦʜʝʣʝʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʧʨʦʩʳ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʜʝʨʝʚʴʝʚ ʠ ʢʦʨʥʝʚʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʠʟʫʯʝʥʳ 

ʩʣʘʙʦ, ʠ ʯʘʩʪʦ ʠʭ ʠʛʥʦʨʠʨʫʶʪ, ʦʜʥʘʢʦ ʠ ʧʦ ʩʚʝʪʦʚʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʤʥʦʛʦ ʥʝʷʩʥʦʛʦ. ɺ 

ʦʙʩʫʞʜʘʝʤʳʭ ʩʪʘʪʴʷʭ [12, 23, 44] ɸʚʪʦʨʳ ʢʘʢ ʙʳ ʧʨʠʧʠʩʳʚʘʶʪ ʜʝʨʝʚʴʷʤ ʦʪʥʦʰʝʥʠʷ 

ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʠ ʧʦʜʯʠʥʝʥʠʷ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʞʠʚʦʪʥʳʤ ʤʠʨʦʤ, ʘ ʜʘʣʝʝ ʟʘʠʤʩʪʚʦʚʘʥʥʳʝ ʠʟ 

ʟʦʦʣʦʛʠʠ ʪʝʨʤʠʥʳ ʚʳʜʘʶʪ ʟʘ ʥʦʚʳʡ ʧʦʜʭʦʜ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʦʩʪʘ ʜʨʝʚʦʩʪʦʝʚ, ʥʝ ʟʘʙʦʪʷʩʴ ʦ 

ʪʦʤ, ʯʪʦ ʥʘʜʦ ʙʳʣʦ ʢʘʢ-ʪʦ ʦʙʲʷʩʥʠʪʴ ʵʪʠ ʪʝʨʤʠʥʳ ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʜʝʨʝʚʴʷʤ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʚ 

ʚʠʜʫ ʠʭ, ʢʘʢ ʧʦʣʘʛʘʶʪ ɸʚʪʦʨʳ, ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʚʘʞʥʦʩʪʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʦʩʪʘ. ʆʜʥʘʢʦ 

ʠʜʝʷ ʟʘʭʚʘʪʘ ʨʝʩʫʨʩʦʚ ʧʠʪʘʥʠʷ ʜʝʨʝʚʦʤ ʥʝ ʥʦʚʘ. ɺ ʫʯʝʙʥʠʢʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʤʦʞʥʦ ʙʳʣʦ 

ʚʩʪʨʝʪʠʪʴ ʢʦʥʮʝʧʮʠʶ çʜʝʨʝʚʘ-ʚʦʣʢʘè ï ʢʨʫʧʥʦʛʦ ʜʝʨʝʚʘ, ʢʦʪʦʨʦʝ ʤʦʱʥʦʡ ʢʨʦʥʦʡ çʜʘʚʠʣʦ 

ʩʦʩʝʜʝʡè ʠ ʤʝʰʘʣʦ ʠʤ ʨʘʩʪʠ. ʆʙʨʘʟ ʩʠʣʴʥʦ ʜʝʡʩʪʚʦʚʘʣ ʥʘ ʥʝʦʢʨʝʧʰʠʝ ʫʤʳ ʩʪʫʜʝʥʪʦʚ ʠ 

ʟʘʧʦʤʠʥʘʣʩʷ ʥʘʜʦʣʛʦ. ʅʳʥʝ çʟʦʦʣʦʛʠʯʝʩʢʠʡè ʦʙʨʘʟ ʜʝʨʝʚʘ ʧʦʣʫʯʠʣ ʥʦʚʳʡ ʠʤʧʫʣʴʩ ʚ ʨʘʙʦʪʘʭ 

ɸ. ʅ. ɹʦʨʠʩʦʚʘ ʚ ʚʠʜʝ ʧʦʩʪʨʦʝʥʠʷ çʦʙʣʘʩʪʝʡ ʜʦʤʠʥʠʨʦʚʘʥʠʷè ʢʘʢ ʜʣʷ ʞʠʚʦʪʥʳʭ, ʪʘʢ ʠ ʜʣʷ 

ʜʝʨʝʚʴʝʚ ʧʦ ʬʦʨʤʫʣʝ, ʛʜʝ ʫʯʠʪʳʚʘʶʪʩʷ ʨʘʟʤʝʨʳ ʦʩʦʙʠ, ʨʘʟʤʝʨʳ ʩʦʩʝʜʝʡ ʠ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʥʠʭ.  

ʆʜʥʘʢʦ çʦʙʣʘʩʪʴ ʜʦʤʠʥʠʨʦʚʘʥʠʷè ʟʘʚʠʩʠʤʘ ʦʪ ʜʠʘʤʝʪʨʘ ʜʝʨʝʚʘ (ʘ ʪʘʢʞʝ ʦʪ ʜʠʘʤʝʪʨʘ 

ʩʦʩʝʜʝʡ, ʥʦ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ), ʢʦʪʦʨʳʡ ʩ ʥʝʠʟʙʝʞʥʦʩʪʴʶ ʩʚʷʟʘʥ ʩʦ ʩʚʦʠʤ ʧʨʠʨʦʩʪʦʤ. 
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ʇʦʵʪʦʤʫ ʯʝʤ ʙʦʣʴʰʝ ʆɼ, ʪʝʤ ʙʦʣʴʰʝ ʜʠʘʤʝʪʨ ʜʝʨʝʚʘ ʠ ʪʝʤ ʙʦʣʴʰʝ ʧʨʠʨʦʩʪ. ʊʫʪ ʚʩʝ ʦʯʝʥʴ 

ʧʨʦʩʪʦ, ʧʦʪʦʤʫ ʯʪʦ ʚʩʝ ʦʥʠ ï ʟʘʚʠʩʠʤʳʝ ʠ ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʨʘʩʯʝʪʘʤʠ ʧʝʨʝʤʝʥʥʳʝ 

ʚʝʣʠʯʠʥʳ, ʠ ʥʠ ʦʜʥʘ ʠʟ ʥʠʭ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʬʘʢʪʦʨʦʤ, ʦ ʯʝʤ ʤʳ ʛʦʚʦʨʠʣʠ ʚʳʰʝ. ʆʜʥʘʢʦ ʚ 

ʠʤʠʪʘʮʠʦʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ (ʛʜʝ ʚʦʟʤʦʞʥʳ ʣʶʙʳʝ ʘʙʩʪʨʘʢʮʠʠ) ʧʨʝʜʣʘʛʘʝʤʘʷ ɸʚʪʦʨʘʤʠ 

ʟʘʚʠʩʠʤʘʷ ʧʝʨʝʤʝʥʥʘʷ ʆɼ ʥʝʧʨʘʚʦʤʝʨʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʬʘʢʪʦʨ, ʠ ʯʝʨʝʟ ʥʝʝ ʧʨʦʠʩʭʦʜʠʪ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʨʦʩʪʘ, ʘ ʯʝʨʝʟ ʧʨʠʨʦʩʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʣʥʦʪʳ ʠ ʟʘʧʘʩʘ ʜʨʝʚʦʩʪʦʷ ʧʦʩʣʝ ʨʫʙʦʢ 

ʚ ʩʮʝʥʘʨʠʷʭ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. ʊʫʪ ʤʦʜʝʣʴ ʚʦʦʙʱʝ ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʦʪʦʨʚʘʥʥʳʡ ʦʪ 

ʨʝʘʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʦʤ ʤʳ ʥʘʩʯʠʪʘʣʠ ʪʨʠ ʘʙʩʪʨʘʢʪʥʳʭ ʜʦʧʫʱʝʥʠʷ. ɸʚʪʦʨʳ ʩʘʤʠ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʵʪʫ ʝʝ ʦʪʦʨʚʘʥʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʙʝʨʫʪ ʜʘʥʥʳʝ ʠʟ ʊʍʈ ʥʦʨʤʘʣʴʥʳʭ ʜʨʝʚʦʩʪʦʝʚ, 

ʥʘʟʳʚʘʷ ʠʭ çʢʘʢ ʧʨʠʤʝʨ ʘʙʩʪʨʘʢʪʥʦʛʦ ʜʨʝʚʦʩʪʦʷè, ʥʝ ʫʪʦʯʥʷʷ ʩʫʪʴ ʵʪʦʡ ʘʙʩʪʨʘʢʮʠʠ. ɸ ʩʫʪʴ 

ʪʘʢʦʚʘ, ʯʪʦ ʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʪʦʛʦ, ʯʝʛʦ ʥʝʪ.  

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦʜ ʚʩʝʤʠ ʵʪʠʤʠ ʥʘʛʨʦʤʦʞʜʝʥʠʷʤʠ ʘʙʩʪʨʘʢʮʠʡ ʩʢʨʳʚʘʝʪʩʷ ʩʚʦʝʦʙʨʘʟʥʘʷ 

ʨʝʠʥʢʘʨʥʘʮʠʷ ʪʝʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʣʠʩʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʥʦʞʝʩʪʚʘ ʪʘʙʣʠʮ 

ʩʪʘʪʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʜʨʝʚʦʩʪʦʝʚ, ʧʦʣʥʦʝ ʠʟʜʘʥʠʝ ʢʦʪʦʨʳʭ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʥʘʟʚʘʥʠʝʤ 

çʊʘʙʣʠʮʳ ʠ ʤʦʜʝʣʠ ʭʦʜʘ ʨʦʩʪʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʥʘʩʘʞʜʝʥʠʡ ʦʩʥʦʚʥʳʭ ʣʝʩʦʦʙʨʘʟʫʶʱʠʭ 

ʧʦʨʦʜ ʉʝʚʝʨʥʦʡ ɽʚʨʘʟʠʠè ʚʳʰʣʦ ʚ 2008 ʛ. [41].  

ʀʟ ʩʚʦʠʭ ʤʦʜʝʣʝʡ ɸʚʪʦʨʳ ʫʙʠʨʘʶʪ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʨʠʜʦʨʳ ʩ ʠʟʲʷʪʠʝʤ ʜʦ 15% 

ʞʠʚʳʭ ʜʝʨʝʚʴʝʚ, ʙʝʟ ʢʦʪʦʨʳʭ ʥʝ ʦʙʭʦʜʷʪʩʷ ʨʫʙʢʠ ʫʭʦʜʘ. ɺʦʦʙʱʝ, ʧʨʦʚʝʨʢʫ ʤʦʜʝʣʝʡ ʩʜʝʣʘʪʴ 

ʥʝʧʨʦʩʪʦ, ʪʘʢ ʢʘʢ ʜʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʙʣʘʛʦʪʚʦʨʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ çʦʙʣʘʩʪʠ ʜʦʤʠʥʠʨʦʚʘʥʠʷè 

ʧʫʪʝʤ ʨʫʙʢʠ ʩʦʩʝʜʝʡ ʥʫʞʥʳ ʧʦʚʪʦʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʟʘʧʘʩʦʚ ʥʘ ʚʩʝʡ ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʠ, ʘ ʥʝ 

ʧʨʦʩʪʦ ʬʠʢʩʘʮʠʷ ʠʟʤʝʥʝʥʠʡ ʧʨʠʨʦʩʪʘ. ʏʪʦʙʳ ʫʙʝʜʠʪʴʩ ̫ʚ ʧʨʘʚʠʣʴʥʦʩʪʠ ʤʦʜʝʣʠ ʩʣʝʜʫʝʪ 

ʜʦʢʘʟʘʪʴ, ʯʪʦ ʧʦʩʣʝ ʨʫʙʢʠ ʫʚʝʣʠʯʠʣʩʷ ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʢʨʦʥ ʠ ʦʙʱʘʷ ʬʠʪʦʤʘʩʩʘ ʭʚʦʠ ʚ 

ʜʨʝʚʦʩʪʦʝ. ʊʦʛʜʘ ʙʫʜʝʪ ʧʦʥʷʪʥʦ, ʯʪʦ ʵʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʚʝʣʠʯʝʥʠʶ ʧʨʠʨʦʩʪʘ. ʅʦ ʠ ʧʨʠʨʦʩʪ 

ʜʦʣʞʝʥ ʙʳʪʴ ʠʟʤʝʨʝʥ ʥʝ ʧʦ ʨʘʜʠʫʩʫ ʩʪʚʦʣʘ, ʘ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʟʘʧʘʩʘ ʜʨʝʚʝʩʠʥʳ ʥʘ ʚʩʝʤ 

ʫʯʘʩʪʢʝ, ʧʨʠʯʝʤ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʞʥʦ ʧʝʨʝʢʨʳʪʴ ʫʙʳʣʴ ʟʘʧʘʩʘ ʠʟ-ʟʘ ʧʨʦʨʫʙʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʢʦʨʠʜʦʨʦʚ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʝʟʫʧʨʝʯʥʳʭ ʜʘʥʥʳʭ ʣʫʯʰʝ ʚʩʝʛʦ ʜʝʣʘʪʴ ʧʦʚʪʦʨʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʦʢʨʫʞʥʦʩʪʠ ʩʪʚʦʣʘ ʫ ʚʩʝʭ ʜʝʨʝʚʴʝʚ, ʠ ʪʦʛʜʘ ʢʝʨʥʳ ʜʨʝʚʝʩʠʥʳ ʙʫʜʫʪ ʥʝ ʥʫʞʥʳ, ʧʨʠ 

ʚʟʷʪʠʠ ʢʦʪʦʨʳʭ ʥʘ ʤʦʜʝʣʴʥʳʭ ʜʝʨʝʚʴʷʭ ʥʝʠʟʙʝʞʥʳ ʩʫʙʲʝʢʪʠʚʥʳʝ ʧʨʝʜʧʦʯʪʝʥʠʷ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʫʧʦʤʷʥʫʪʴ ʠ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʠʟʦʰʣʦ ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʨʘʟʨʘʙʦʪʦʢ 

ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʨʦʩʪʘ ʜʨʝʚʦʩʪʦʝʚ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʚʧʝʨʚʳʝ ʩʝʨʴʝʟʥʦ ʠʭ ʥʘʯʘʣ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ɿ. ʗ. ʅʘʛʠʤʦʚ [21]. ʀʜʝʷ ʩʦʩʪʦʷʣʘ ʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʘʙʩʪʨʘʢʪʥʦʛʦ 

ʜʨʝʚʦʩʪʦʷ ʠʟ çʦʧʪʠʤʘʣʴʥʳʭè ʜʝʨʝʚʴʝʚ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʠʟ ʯʠʩʣʘ ʤʦʜʝʣʴʥʳʭ ʜʝʨʝʚʴʝʚ ʙʳʣʠ 

ʚʟʷʪʳ ʜʝʨʝʚʴʷ-ʩʫʙʣʠʜʝʨʳ ʩ ʥʘʠʣʫʯʰʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʩʪʚʦʣʘ, ʤʘʩʩʳ ʭʚʦʠ ʠ ʧʣʦʱʘʜʠ 

ʧʠʪʘʥʠʷ. ʄʦʜʝʣʴ ʪʘʢʦʛʦ ʜʨʝʚʦʩʪʦʷ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ ʦʪʨʘʞʘʣʘ ʧʨʝʜʝʣʳ ʛʫʩʪʦʪ ʠ ʟʘʧʘʩʦʚ, ʥʦ 

ʦʧʪʠʤʘʣʴʥʳʭ ʪʦʣʴʢʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʦʟʨʘʩʪʘ; ɿ. ʗ. ʅʘʛʠʤʦʚ ʦʩʦʙʦ ʦʪʤʝʯʘʣ, ʯʪʦ ʚ 

ʨʝʘʣʴʥʦʩʪʠ ʦʥʠ ʩʥʠʞʘʣʠʩʴ ʙʳ ʩ ʚʦʟʨʘʩʪʦʤ ʠ ʦʥ ʚʧʦʣʥʝ ʧʦʜʜʝʨʞʠʚʘʣ ʟʘʢʦʥ ɻ. ʉ. ʈʘʟʠʥʘ [30, 46] 

ʠ ʝʛʦ ʤʦʜʝʣʠ ʭʦʜʘ ʨʦʩʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʳʭ ʛʫʩʪʦʪ. ɿʘʤʝʪʠʤ, ʯʪʦ ʨʦʤʘʥʪʠʢʘ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʘ ʩʪʦʣʴ ʫʚʣʝʢʘʪʝʣʴʥʘ, ʯʪʦ ɿ. ʗ. ʅʘʛʠʤʦʚ ʥʝ ʟʘʤʝʪʠʣ ʦʯʝʥʴ 

ʚʘʞʥʦʝ ʷʚʣʝʥʠʝ ï ʢʦʥʩʪʘʥʪʫ ʚ ʤʘʩʩʝ ʭʚʦʠ ʚ ʩʚʦʠʭ ʩʦʩʥʷʢʘʭ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 50 ʜʦ 120 ʣʝʪ; ʦʙ ʵʪʦʡ 

ʢʦʥʩʪʘʥʪʝ ʤʳ ʫʧʦʤʷʥʫʣʠ ʚ ʥʘʰʝʤ ʫʯʝʙʥʠʢʝ [47, ʩ. 46-47]. 

ɺ ʠʪʦʛʝ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʚ ʥʘʯʘʣʝ ʍʍI ʚʝʢʘ ʤʦʜʝʣʠ ʠʟ ʝʩʪʝʩʪʚʝʥʥʳʭ ʨʷʜʦʚ 

ʨʦʩʪʘ ʢʘʢ ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʝ ʙʳʣʠ ʦʢʦʥʯʘʪʝʣʴʥʦ ʟʘʙʳʪʳ, ʠ ʥʘʯʘʣʦʩʴ ʠʤʠʪʘʮʠʦʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ çʦʧʪʠʤʘʣʴʥʳʭè ʤʦʜʝʣʴʥʳʭ ʜʝʨʝʚʴʝʚ, ʧʦʜʦʙʥʳʭ ʪʝʤ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʦʚʘʣ ɿ. ʗ. ʅʘʛʠʤʦʚ. ʀʟ ʥʠʭ ʩʦʟʜʘʶʪʩʷ ʥʝʢʠʝ ʘʙʩʪʨʘʢʪʥʳʝ ʤʦʜʝʣʠ ʩ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ 

ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʟʤʝʱʝʥʠʝʤ ʜʝʨʝʚʴʝʚ ʧʦ ʧʣʦʱʘʜʠ ʙʝʟ ʦʢʦʥ ʠ ʧʨʦʛʘʣʠʥ. ɺʩʝ ʙʳ ʥʠʯʝʛʦ, ʜʘ ʚʦʪ 

ʥʝʟʘʜʘʯʘ ð ʚ ʨʝʘʣʴʥʦʩʪʠ ʣʝʩʘ ʠʭ ʠʤʝʶʪ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʣʝʩʫ ʠʤʝʶʪʩʷ ʝʱʝ ʠ ʧʣʦʪʥʳʝ ʙʠʦʛʨʫʧʧʳ. 

ʕʪʦ ʘʪʨʠʙʫʪʳ ʜʨʝʚʦʩʪʦʷ, ʠ ʠʭ ʥʘʩʪʦʣʴʢʦ ʫʙʝʜʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ 
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[6, 17, 19, 25, 32], ʧʨʠʯʝʤ ʦʢʥʘ ʷʚʣʷʶʪʩʷ ʤʝʩʪʘʤʠ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʦʜʨʦʩʪʘ ʦʪʥʶʜʴ ʥʝ 

ʚʩʝʛʜʘ [9, 49], ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʤʳ ʜʘʞʝ ʩʬʦʨʤʫʣʠʨʦʚʘʣʠ çʟʘʢʦʥ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ 

ʜʝʨʝʚʴʝʚ ʚ ʜʨʝʚʦʩʪʦʷʭè [47]. ʀʛʥʦʨʠʨʦʚʘʥʠʝ ʝʛʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ.  

ʕʪʠ ʤʦʤʝʥʪʳ ʤʳ ʫʞʝ ʦʙʩʫʞʜʘʣʠ ʨʘʥʝʝ [32, 33], ʠ ʟʜʝʩʴ ʚʥʦʚʴ ʦʙʨʘʱʘʝʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, 

ʯʪʦ ʤʦʜʝʣʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʚʝʨʝʥʳ ʚ ʨʝʘʣʴʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ ʧʦ ʤʝʨʝ ʠʭ ʨʘʟʚʠʪʠʷ, ʘ ʥʝ ʧʦ 

ʪʘʙʣʠʮʘʤ ʩʪʘʪʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʜʨʝʚʦʩʪʦʝʚ [41], ʢʦʪʦʨʳʝ ʧʦ ʪʨʘʜʠʮʠʠ ʠ ʚ ʤʥʦʛʦʤ ʦʰʠʙʦʯʥʦ 

ʧʨʦʜʦʣʞʘʶʪ ʥʘʟʳʚʘʪ ɹʪʘʙʣʠʮʘʤʠ çʭʦʜʘè ʨʦʩʪʘ, ʚ ʢʦʪʦʨʳʭ ʦʪʨʘʞʝʥʦ ʢʘʢ ʙʳ ʜʚʠʞʝʥʠʝ ʚʦ 

ʚʨʝʤʝʥʠ (ʧʦ ʢʣʘʩʩʘʤ ʚʦʟʨʘʩʪʘ) ʪʘʢʩʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʧʦʣʥʳʭ ʜʨʝʚʦʩʪʦʝʚ, ʠʤʝʶʱʠʭ 

ʨʘʟʥʫʶ ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ ʧʦ ʥʘʯʘʣʴʥʦʡ ʛʫʩʪʦʪʝ. 

ʆʪʤʝʪʠʤ ʠ ʝʱʝ ʦʜʠʥ ʚʘʞʥʳʡ ʤʦʤʝʥʪ. ʉ ʥʘʩʪʫʧʣʝʥʠʝʤ ʚʳʩʦʢʦʡ ʧʦʣʥʦʪʳ ʚ ʜʨʝʚʦʩʪʦʷʭ 

ʥʘʯʠʥʘʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʩʘʤʳʡ ʩʣʦʞʥʳʡ ʟʘʢʦʥ ï ʟʘʢʦʥ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʯʘʩʪʦʪ ʧʨʘʚʳʭ 

ʠ ʣʝʚʳʭ ʬʦʨʤ ʜʝʨʝʚʴʝʚ ɸ.ʄ. ɻʦʣʠʢʦʚʘ [47]. ʇʠʢ ʧʦʣʥʦʪʳ ʦʙʳʯʥʦ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 30 ʣʝʪ, ʠ ʝʩʣʠ 

ʝʛʦ ʜʦʧʫʩʪʠʪʴ (ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʣʝʩʦʚʦʜ ʜʦʞʠʜʘʝʪʩʷ çʜʠʬʬʝʨʝʥʮʠʘʮʠʠè ʜʝʨʝʚʴʝʚ), ʪʦ 

ʪʦʛʜʘ ʬʦʨʤʠʨʫʝʪʩʷ ʜʨʝʚʦʩʪʦʡ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʜʝʨʝʚʴʝʚ-ʣʠʜʝʨʦʚ ʠʟ ʧʨʘʚʳʭ ʬʦʨʤ, ʭʦʨʦʰʦ 

ʧʝʨʝʥʦʩʷʱʠʭ ʢʦʥʢʫʨʝʥʮʠʶ ʠ ʤʘʣʦ ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʠʪʘʥʠʷ; ʩ 

ʚʦʟʨʘʩʪʦʤ ʠʭ ʧʨʝʦʙʣʘʜʘʥʠʝ ʫʩʠʣʠʚʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʩʥʠʞʝʥʠʝ ʛʫʩʪʦʪʳ ʧʨʦʯʠʩʪʢʘʤʠ ʧʦʩʣʝ 30 ʣʝʪ 

ʠʣʠ ʧʨʦʨʝʞʠʚʘʥʠʷʤʠ ʚ 50-70 ʣʝʪ ʦʧʘʟʜʳʚʘʝʪ ʙʝʟʥʘʜʝʞʥʦ, ʠ ʪʘʢʠʝ ʨʫʙʢʠ ʫʭʦʜʘ ʙʝʩʧʦʣʝʟʥʳ ʜʣʷ 

90 % ʜʝʨʝʚʴʝʚ-ʣʠʜʝʨʦʚ ð ʦʥʠ ʧʨʦʩʪʦ ʥʝ ʙʫʜʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʨʘʟʤʝʨʳ ʢʨʦʥ ʠ 

ʧʨʠʨʦʩʪ. ʂʘʢ ʨʘʟ ʥʝ ʟʥʘʥʠʝ ʵʪʦʛʦ ʟʘʢʦʥʘ ʠ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʝʨʝʚʴʷ çʥʝ ʩʣʫʰʘʶʪʩʷè 

ʣʝʩʦʚʦʜʘ ʠ ʥʝ ʦʪʚʝʯʘʶʪ ʚʟʘʠʤʥʦʩʪʴʶ ʥʘ ʫʭʦʜ ʟʘ ʥʠʤʠ. ɺ ʩʚʷʟʠ ʩ ʜʝʡʩʪʚʠʝʤ ʵʪʦʛʦ ʥʝʫʤʦʣʠʤʦʛʦ 

ʟʘʢʦʥʘ ʩʦʚʝʨʰʝʥʥʦ ʥʝʧʨʦʩʪʠʪʝʣʴʥʦ ʝʛʦ ʠʛʥʦʨʠʨʦʚʘʪʴ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʷʭ 

ʨʦʩʪʘ ʜʨʝʚʦʩʪʦʝʚ. ɽʛʦ ʜʝʡʩʪʚʠʝ ʥʘʯʠʥʘʝʪʩʷ ʚ ʤʦʤʝʥʪ ʩʤʳʢʘʥʠʷ ʢʨʦʥ, ʧʦʵʪʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʧʪʠʤʘʣʴʥʦʡ ʛʫʩʪʦʪʳ ʩʣʝʜʫʝʪ ʥʘʯʠʥʘʪʴ ʢʘʢ ʤʦʞʥʦ ʨʘʥʴʰʝ, ʚ ʚʦʟʨʘʩʪʝ 10ï15 ʣʝʪ; ʠʤʝʥʥʦ ʵʪʦʪ 

ʚʦʟʨʘʩʪ ʤʥʦʛʠʝ ʣʝʩʦʚʦʜʳ ʩʯʠʪʘʶʪ ʨʝʰʘʶʱʠʤ ʜʣʷ ʭʦʨʦʰʝʛʦ ʩʪʘʨʪʘ ʠ ʟʘʧʫʩʢʘ ʤʦʜʝʣʠ ʨʦʩʪʘ ʧʦ 

ʥʫʞʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʨʘʟʚʠʪʠʷ, ʥʘʧʨʠʤʝʨ, ʧʦ ʤʦʜʝʣʷʤ ʧʣʘʥʪʘʮʠʦʥʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʣʝʩʘ.  

ʇʨʠ ʧʦʠʩʢʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʠ ʪʦ, ʯʪʦ 

ʥʘʜʦ çʟʘʮʝʧʠʪʴè ʥʘʯʘʣʦ ʨʘʟʚʠʪʠʷ ʜʨʝʚʦʩʪʦʷ ʩ 10ï20 ʣʝʪ ï ʙʝʟ ʵʪʦʛʦ ʤʦʜʝʣʴ ʧʦʚʠʩʘʝʪ ʚ ʚʦʟʜʫʭʝ, 

ʥʝ ʠʤʝʝʪ ʢʦʨʥʝʡ, ʠ ʩʩʳʣʢʠ ʥʘ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ ʥʝ ʧʦʤʦʛʫʪ ʝʝ ʧʨʘʚʠʣʴʥʦ ʚʳʩʪʨʦʠʪʴ. ʀ ʥʝʣʴʟʷ 

ʚʳʜʚʠʛʘʪʴ ʪʦʣʴʢʦ ʦʜʥʫ ʛʠʧʦʪʝʟʫ, ʘ ʥʘʨʨʘʪʠʚ ʧʦʣʫʯʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʦʪ ʨʫʙʦʢ ʫʭʦʜʘ ʚ ʩʨʝʜʥʝʤ 

ʚʦʟʨʘʩʪʝ ʩʣʝʜʫʝʪ ʚʦʦʙʱʝ ʦʪʙʨʦʩʠʪʴ, ʝʩʣʠ ʣʝʩʦʚʦʜ ʩʪʨʝʤʠʪʩʷ ʚʳʨʘʱʠʚʘʪʴ ʧʦʣʥʦʮʝʥʥʳʡ ʣʝʩ. 

ɽʩʣʠ ʞʝ ʜʣʷ ʣʝʩʦʚʦʜʘ ʥʝʧʨʝʨʝʢʘʝʤʳʤ ʘʚʪʦʨʠʪʝʪʦʤ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʠʢʠ ʠ ʧʨʘʚʠʣʘ, ʚ 

ʯʘʩʪʥʦʩʪʠ çʇʨʘʚʠʣʘ ʫʭʦʜʘ ʟʘ ʣʝʩʦʤè, ʦʜʦʙʨʝʥʥʳʝ ʄʠʥʶʩʪʦʤ ʠ ʚʳʩʪʫʧʘʶʱʠʝ ʢʘʢ ʨʫʢʦʚʦʜʷʱʠʝ 

ʧʨʠʥʮʠʧʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʞʝ ʤʥʦʛʦ ʣʝʪ, ʚ ʯʝʤ ʤʳ ʫʙʝʜʠʣʠʩʴ, ʯʠʪʘʷ ʨʘʙʦʪʳ ɸ.ʅ. ɹʦʨʠʩʦʚʘ ʠ 

ɺ.ɺ. ʀʚʘʥʦʚʘ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʨʘʙʦʪʳ ʘʜʝʧʪʦʚ ʧʨʦʨʝʞʠʚʘʥʠʡ ʧʦʩʣʝ 50 ʣʝʪ, ʪʦ ʜʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ 

ʝʩʪʴ ʠʟʚʝʩʪʥʦʝ ʚʳʨʘʞʝʥʠʝ: çɽʩʪʴ ʜʚʘ ʤʥʝʥʠʷ: ʦʜʥʦ ï ʤʦʝ, ʜʨʫʛʦʝ ʥʝʧʨʘʚʠʣʴʥʦʝè. ʊʦʛʜʘ-ʪʦ ʠ 

ʦʪʙʨʘʩʳʚʘʶʪ ʚʩʝ ʠʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʩʢʦʣʴ ʫʛʦʜʥʦ ʤʘʩʩʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʜʨʫʛʠʤʠ ʫʯʝʥʳʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ çʪʝʦʨʝʪʠʯʝʩʢʠè ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʜʨʝʚʦʩʪʦʷ ʚ ʩʨʝʜʥʝʤ ʠ ʧʨʠʩʧʝʚʘʶʱʝʤ ʚʦʟʨʘʩʪʝ ʨʫʙʢʘʤʠ ʫʭʦʜʘ ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ ʠʭ ʧʦʣʥʦʪʳ ʜʦ 

0,73 [44, ʩ. 14]. 

ʆʜʥʘʢʦ ʩʘʤʳʡ ʧʦʪʨʷʩʘʶʱʠʡ ʧʨʠʤʝʨ ʩ ʧʦʜʤʝʥʦʡ ʥʝʡʪʨʘʣʴʥʦʛʦ ʪʝʨʤʠʥʘ çʩʚʷʟʴè ʥʘ 

ʪʝʨʤʠʥʳ çʟʘʚʠʩʠʤʦʩʪʴè ʠ çʚʣʠʷʥʠʝè, ʛʜʝ ʦʜʠʥ ʧʦʢʘʟʘʪʝʣʴ ʫʞʝ ʧʦʜʯʠʥʷʝʪʩʷ ʜʨʫʛʦʤʫ, ʠʤʝʣ 

ʤʝʩʪʦ ʚ ʤʦʜʝʣʷʭ ʧʦʪʝʧʣʝʥʠʷ ʢʣʠʤʘʪʘ ɿʝʤʣʠ. ɺ ʚʦʣʴʥʦʤ ʧʝʨʝʩʢʘʟʝ ʠʩʪʦʨʠʷ ʵʪʦʡ ʧʦʜʤʝʥʳ 

ʪʘʢʦʚʘ. ɸʤʝʨʠʢʘʥʩʢʦʤʫ ʢʦʥʛʨʝʩʩʤʝʥʫ ɸʣʴʙʝʨʪʫ ɻʦʨʫ ʚ 1970-ʝ ʛʛ. ʧʦʢʘʟʘʣʠ ʛʨʘʬʠʢ ʩ ʜʚʫʤʷ 

ʣʠʥʠʷʤʠ. ʅʘ ʥʠʞʥʝʡ ʣʦʤʘʥʦʡ ʣʠʥʠʠ ʚ ʜʠʥʘʤʠʢʝ ʟʘ 15 ʪʳʩ. ʣʝʪ ʙʳʣʠ ʦʪʣʦʞʝʥʳ ʧʦʢʘʟʘʪʝʣʠ 

ʩʦʜʝʨʞʘʥʠʷ ʉʆ2 ʚ ʢʝʨʥʘʭ ʣʴʜʘ, ʠʟʚʣʝʯʝʥʥʳʭ ʠʟ ʣʝʜʷʥʦʛʦ ʱʠʪʘ ɸʥʪʘʨʢʪʠʜʳ, ʥʘ ʚʝʨʭʥʝʡ ʣʠʥʠʠ 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪʝ ʞʝ ʛʦʜʳ. ʉʚʷʟʴ (ʢʦʨʨʝʣʷʮʠʷ) ʙʳʣʘ ʦʯʝʥʴ ʚʳʩʦʢʦʡ, ʧʠʢʠ ʠ ʧʨʦʚʘʣʳ ʧʨʠʤʝʨʥʦ 

ʩʦʚʧʘʜʘʣʠ. ʅʦ ʙʳʣʦ ʚʘʞʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ: ʚ ʧʠʢʘʭ ʠ ʧʘʜʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʘʢ ʠ ʚʦ ʚʨʝʤʝʥʠ 
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ʚʟʷʪʠʷ ʢʝʨʥʦʚ ʩʦʜʝʨʞʘʣʠʩʴ ʧʦʛʨʝʰʥʦʩʪʠ, ʠʥʦʛʜʘ ʚ ʩʦʪʥʠ ʣʝʪ, ʠ ʙʳʣʦ ʥʝʷʩʥʦ, ʯʪʦ ʧʦʚʳʰʘʣʦʩʴ 

ʧʝʨʚʳʤ, ʭʦʪʷ ʚ ʧʦʩʣʝʜʥʠʝ 100 ʣʝʪ ʠ ʙʳʣʦ ʪʘʢ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʉʆ2, ʰʣʦ ʩʠʥʭʨʦʥʥʦ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ɹʣʘʛʦʜʘʨʷ ɸʣʴʙʝʨʪʫ ɻʦʨʫ ʘʤʝʨʠʢʘʥʮʳ ʧʨʦʪʘʱʠʣʠ ʯʝʨʝʟ ʆʆʅ 

ʨʝʟʦʣʶʮʠʶ ʦ ʧʦʪʝʧʣʝʥʠʠ ʢʣʠʤʘʪʘ ʠʟ-ʟʘ ʚʳʙʨʦʩʦʚ ʉʆ2, ʭʦʪʷ ʧʨʦʪʠʚ ʥʝʝ ʚʳʩʪʫʧʠʣʠ ʪʨʠ (!) 

ʅʦʙʝʣʝʚʩʢʠʭ ʣʘʫʨʝʘʪʘ ʠ ʜʘʞʝ ʚʳʠʛʨʘʣʠ ʩʫʜ, ʚʦʟʨʘʞʘʷ ʧʨʦʪʠʚ ʩʩʳʣʦʢ ʥʘ ʠʭ ʠʤʝʥʘ. ʅʦ ʜʝʣʦ 

ʙʳʣʦ ʩʜʝʣʘʥʦ, ʤʠʣʣʠʘʨʜʳ ʧʦʪʝʢʣʠ ʥʘ ʫʛʣʝʨʦʜʥʳʝ ʧʨʦʝʢʪʳ, ʘ ʩʧʫʩʪʷ 40 ʣʝʪ ʪʘ ʞʝ ɸʤʝʨʠʢʘ 

ʚʤʝʩʪʝ ʩ ʂʘʥʘʜʦʡ ʦʪʢʘʟʘʣʠʩʴ ʩʦʢʨʘʱʘʪʴ ʚʳʙʨʦʩʳ ʉʆ2. ʉʧʝʢʪʘʢʣʴ ʟʘʢʦʥʯʠʣʩʷ, ʩʮʝʥʘ ʦʧʫʩʪʝʣʘ, 

ɸʤʝʨʠʢʘ ʦʧʷʪʴ ʚʳʠʛʨʘʣʘé ɸ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʪʝʧʣʝʥʠʷ ʦʢʘʟʘʣʦʩʴ ʩʤʝʱʝʥʠʝ 

ʉʦʣʥʮʘ ʦʪ ʮʝʥʪʨʘ ʠʥʝʨʮʠʠ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʩ ʝʛʦ ʧʨʠʙʣʠʞʝʥʠʝʤ ʢ ʦʨʙʠʪʝ ɿʝʤʣʠ, ʯʪʦ 

ʜʦʢʘʟʘʣ ʨʦʩʩʠʡʩʢʠʡ ʫʯʝʥʳʡ ʅ. ʅ. ɿʘʚʘʣʠʰʠʥ [50, 51]. ɺʦʪ ʢ ʢʘʢʠʤ ʛʣʦʙʘʣʴʥʳʤ ʦʰʠʙʢʘʤ 

ʧʨʠʚʝʣʦ ʯʝʣʦʚʝʯʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɸʣʴʙʝʨʪʦʤ ɻʦʨʦʤ ʧʦʜʯʠʥʷʶʱʝʛʦ ʪʝʨʤʠʥʘ çʚʣʠʷʥʠʝè 

ʚʤʝʩʪʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʪʝʨʤʠʥʘ çʩʚʷʟʴè. 

ɸ ʯʪʦ ʚ ʣʝʩʦʚʦʜʩʪʚʝ? ʂʦʛʜʘ ʱʠʪʳ çʦʙʣʘʩʪʝʡ ʜʦʤʠʥʠʨʦʚʘʥʠʷè ʤʳ ʨʘʟʙʠʣʠ, ʠ ʥʘʰʘ ʩʪʘʪʴʷ 

ʙʳʣʘ ʟʘʢʦʥʯʝʥʘ, ʧʦʷʚʠʣʘʩʴ ʘʣʣʝʛʦʨʠʷ. ʇʨʝʜʩʪʘʚʠʤ ʃʝʩʥʫʶ ʥʘʫʢʫ ʚ ʚʠʜʝ ʈʝʢʠ ʠʟ ʤʥʦʞʝʩʪʚʘ 

ʩʪʨʫʡ. ʅʘ ʦʜʥʦʡ ʠʟ ʥʠʭ ʟʘʩʪʨʷʣʘ ʙʘʨʞʘ çʇʨʘʚʠʣʘ ʫʭʦʜʘ ʟʘ ʣʝʩʦʤè. ʆʥʘ ʜʘʚʥʦ ʩʝʣʘ ʥʘ ʤʝʣʴ ʧʦʜ 

ʥʘʟʚʘʥʠʝʤ çʂʦʥʢʫʨʝʥʮʠʷè, ʝʝ ʚʦʨʦʯʘʶʪ ʪʘʢ ʠ ʵʜʘʢ, ʠ ʚʜʨʫʛ ʥʘʛʨʫʞʘʶʪ ʚ 21 ʚʝʢʝ ʚʦʨʦʭʦʤ 

ʥʝʥʫʞʥʳʭ ʜʠʘʛʨʘʤʤ ʩ ʧʦʣʥʦʪʘʤʠ ʜʦ ʠ ʧʦʩʣʝ ʨʫʙʦʢ ʫʭʦʜʘ ʜʣʷ ʚʩʝʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ ʠ 

ʫʚʝʣʠʯʠʚʘʶʪ ʚʝʩ ʯʫʪʴ ʥʝ ʚʜʚʦʝ. ɹʘʨʞʘ ʩʪʦʠʪ ʢʘʢ ʩʢʘʣʘ, ʠ ʜʝʣʠʪ ʨʝʢʫ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʩʣʝʚʘ ʪʝʯʝʪ 

ʚʦʜʘ ʠ ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ ʥʘʫʢʠ-ʩʪʨʫʠ, ʘ ʩʧʨʘʚʘ ʦʙʨʘʟʦʚʘʣʩʷ ʚʦʜʦʚʦʨʦʪ ʠʟ ʧʝʥʳ 

çʠʥʜʠʚʠʜʫʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚè, çʤʝʪʦʜʦʚ ʩʣʫʯʘʡʥʳʭ ʪʦʯʝʯʥʳʭ ʧʦʣʝʡè, 

çʜʠʥʘʤʠʢʠ ʩʦʩʪʦʷʥʠʡ ʜʨʝʚʦʩʪʦʝʚè, çʦʙʣʘʩʪʝʡ ʜʦʤʠʥʠʨʦʚʘʥʠʷè ʠ ʪ.ʜ. ɺʦʜʦʚʦʨʦʪ ʟʘʪʷʛʠʚʘʝʪ 

ʣʦʜʢʠ ʩ ʛʨʝʙʮʘʤʠ-ʫʯʝʥʳʤʠ ʠ ʜʘʞʝ ʩʫʜʘ ʠ ʥʝ ʦʪʧʫʩʢʘʝʪé ʅʦ ʚʨʝʤʷ ʠʜʝʪ, ʈʝʢʘ ʤʝʥʷʝʪ ʨʫʩʣʦ ʠ 

ʧʦʜʤʳʚʘʝʪ ʩʪʘʨʫʶ ʙʘʨʞʫ; ʤʳ ʥʘʜʝʝʤʩʷ,  ʯʪʦ ʦʥʘ ʩʙʨʦʩʠʪ ʥʝʥʫʞʥʳʡ ʛʨʫʟ ʠ ʧʦʧʣʳʚʝʪ ʜʘʣʴʰʝ, 

ʛʜʝ ʙʫʜʝʪ ʥʝ ʦʜʥʘ ʩʪʨʫʷ (ʝʩʪʝʩʪʚʝʥʥʦʝ ʠʟʨʝʞʠʚʘʥʠʝ), ʘ ʤʥʦʛʦ ʩʪʨʫʡ (ʰʝʩʪʴ ʟʘʢʦʥʦʚ), 

ʦʙʨʘʟʫʶʱʠʭ ʤʦʱʥʳʡ ʧʦʪʦʢ ʥʦʚʦʡ ʧʘʨʘʜʠʛʤʳ ʣʝʩʦʚʦʜʩʪʚʘ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠ ʦʪ ɺʦʜʦʚʦʨʦʪʘ ʚ ʵʪʦʡ ʈʝʢʝ ʙʳʣʘ ʧʦʣʴʟʘ. ʇʦʟʥʘʢʦʤʠʚʰʠʩʴ ʚ 2019 ʛ. ʩʦ 

ʩʪʘʪʴʷʤʠ ɸʚʪʦʨʦʚ [22, 23, 44], ʘ ʪʘʢʞʝ ʜʨʫʛʠʤʠ ʨʘʙʦʪʘʤʠ [1ï8] ʘʚʪʦʨ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʙʳʣ 

ʧʦʨʘʞʝʥ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʠʜʝʠ ʢʦʥʢʫʨʝʥʮʠʠ ʚ ʤʦʜʝʣʷʭ ʩʪʨʫʢʪʫʨʳ ʠ ʚ ʤʦʜʝʣʷʭ ʨʘʟʚʠʪʠʷ 

ʜʨʝʚʦʩʪʦʝʚ ʠ ʧʦʩʪʘʚʠʣ ʮʝʣʴ ʫʟʥʘʪʴ ʝʝ ʪʦʯʥʫʶ ʩʠʣʫ.  

ʇʨʠʰʣʦʩʴ ʧʦʪʨʘʪʠʪʴ ʜʚʘ ʧʦʣʝʚʳʭ ʩʝʟʦʥʘ ʠ ʪʨʠ ʛʦʜʘ ʨʘʙʦʪʳ, ʥʦ ʟʘʜʘʯʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ, 

ʢʦʛʜʘ ʚ 55-ʣʝʪʥʠʭ ʢʫʣʴʪʫʨʘʭ ʩʦʩʥʳ ʙʳʣʠ ʠʟʫʯʝʥʳ ʧʣʦʱʘʜʠ ʧʠʪʘʥʠʷ ʙʦʣʝʝ 2 ʪʳʩ. ʜʝʨʝʚʴʝʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʩʪʦ ʧʦʨʘʟʠʣʠ ï ʢʦʥʢʫʨʝʥʪʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʮʝʥʪʨʘʣʴʥʦʝ ʜʝʨʝʚʦ, ʨʘʩʩʯʠʪʘʥʥʦʝ 

ʪʨʝʤʷ ʩʧʦʩʦʙʘʤʠ, ʦʢʘʟʘʣʦʩʴ ʩʠʣʴʥʝʝ ʥʝ ʚ ʛʫʩʪʳʭ, ʘ ʚ ʨʝʜʢʠʭ ʤʝʩʪʘʭ! ɺ ʩʨʝʜʥʝʤ ʞʝ ʚʣʠʷʥʠʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʠʪʘʥʠʷ ʚ ʚʦʟʨʘʩʪʝ 30 ʣʝʪ ʥʘ ʜʠʘʤʝʪʨ 55-ʣʝʪʥʠʭ ʜʝʨʝʚʴʝʚ ʦʢʘʟʘʣʦʩʴ 

ʨʘʚʥʳʤ 9,4Ñ0,2 %. ʉʘʤʳʤ ʞʝ ʫʜʠʚʠʪʝʣʴʥʳʤ ʙʳʣʦ ʪʦ, ʯʪʦ ʵʪʠ ʦʮʝʥʢʠ ʦʢʘʟʘʣʠʩʴ ʙʣʠʟʢʠ ʢ 

ʦʮʝʥʢʘʤ ʢʦʥʢʫʨʝʥʮʠʠ ʚ 184-ʣʝʪʥʝʤ ʩʦʩʥʷʢʝ (7,7%), ʠʤʝʶʱʝʤ ʧʦʣʥʦʪʫ 0,92. ʆʙʲʝʤ ʤʘʪʝʨʠʘʣʦʚ 

ʙʳʣ ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢ, ʯʪʦ ʧʨʠʰʣʦʩʴ ʥʘʧʠʩʘʪʴ ʢʥʠʛʫ [9] ʠ ʩʦʟʜʘʪʴ ʩʝʨʠʶ ʬʠʣʴʤʦʚ çʃʝʩʘ ʈʦʩʩʠʠ. 

ʋʯʝʙʥʳʝ ʬʠʣʴʤʳ ʄʠʭʘʠʣʘ ʈʦʛʦʟʠʥʘè, ʚ ʦʜʥʦʤ ʠʟ ʢʦʪʦʨʳʭ ʛʦʚʦʨʠʪʩʷ ʦ ʯʝʪʳʨʝʭ ʟʘʢʦʥʘʭ 

ʨʘʟʚʠʪʠʷ ʜʨʝʚʦʩʪʦʝʚ ʠ ʨʫʙʢʘʭ ʧʨʦʨʝʞʠʚʘʥʠʷ, ʥʝʦʙʨʘʪʠʤʦ ʨʘʟʨʫʰʘʶʱʠʭ ʩʪʨʫʢʪʫʨʫ ʣʝʩʦʚ 

(https://youtu.be/KGkqAT3mxJo).  

ʇʦʵʪʦʤʫ ʥʘʫʯʥʦʝ ʧʨʦʪʠʚʦʙʦʨʩʪʚʦ ʠʥʠʮʠʠʨʦʚʘʣʦ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʟʘʧʦʣʥʠʣʠ ʙʨʝʰʴ ʩ ʥʝʟʥʘʥʠʝʤ ʩʠʣʳ ʢʦʥʢʫʨʝʥʮʠʠ ʤʝʞʜʫ ʜʝʨʝʚʴʷʤʠ ʚ ʩʨʝʜʥʝʤ ʚʦʟʨʘʩʪʝ. ʄʳ 

ʥʘʩʪʘʠʚʘʝʤ ʥʘ ʝʝ ʩʣʘʙʦʤ ʫʨʦʚʥʝ, ʯʪʦʙʳ ʪʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪ ʝʝ ʩʠʣʴʥʦʡ, ʠʩʢʘʣʠ 

ʥʦʚʳʝ ʤʝʪʦʜʳ ʝʝ ʦʮʝʥʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʟʘʚʠʩʠʤʳʭ  ʧʝʨʝʤʝʥʥʳʭ  ʚʝʣʠʯʠʥ, ʜʝʡʩʪʚʫʶʱʠʭ 

ʚ ʬʠʪʦʮʝʥʦʟʝ ʢʘʢ ʮʝʣʦʩʪʥʦʤ ʩʦʦʙʱʝʩʪʚʝ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʥʦʤ ʦʪ ʤʦʜʝʣʝʡ ʚ ʚʠʜʝ 

ʜʨʝʚʦʩʪʦʝʚ-ʠʤʠʪʘʮʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ  çʦʧʪʠʤʘʣʴʥʳʭè ʜʝʨʝʚʴʝʚ ʠ ʠʭ ʘʙʩʪʨʘʢʪʥʦʛʦ 

ʨʘʟʤʝʱʝʥʠʷ ʧʦ ʧʣʦʱʘʜʠ. ʕʪʠ ʤʦʜʝʣʠ, ʥʝ ʪʨʝʙʫʶʱʠʝ ʪʨʫʜʦʝʤʢʠʭ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 
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ʩʪʘʥʦʚʷʪʩʷ ʥʳʥʝ ʤʦʜʥʳʤ ʪʝʯʝʥʠʝʤ, ʦʜʥʘʢʦ ʦʥʠ ʥʝ ʧʨʦʭʦʜʷʪ ʜʘʞʝ ʧʝʨʚʳʡ ʵʪʘʧ ʚʝʨʠʬʠʢʘʮʠʠ ʠ 

ʧʦʵʪʦʤʫ ʙʝʩʧʦʣʝʟʥʳ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʢʨʠʪʠʢʫʝʤʳʭ ʨʘʙʦʪʘʭ ɸ.ʅ. ɹʦʨʠʩʦʚʘ ʠ ɺ.ɺ. ʀʚʘʥʦʚʘ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʦʢʘʟʘʪʝʣʠ 

ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʩʦʙʝʡ ï çʜʦʩʪʫʧʥʳʡ ʨʝʩʫʨʩè ʠ çʦʙʣʘʩʪʴ ʜʦʤʠʥʠʨʦʚʘʥʠʷè 

(ʆɼ), ʟʘʠʤʩʪʚʦʚʘʥʥʳʝ ʠʟ ʟʦʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠ ʨʦʩʪʘ ʜʨʝʚʦʩʪʦʝʚ, ʩʦʩʪʘʚʣʝʥʥʳʝ ʠʟ 

çʦʧʪʠʤʘʣʴʥʳʭè ʜʝʨʝʚʴʝʚ ʩ ʥʘʠʣʫʯʰʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ 

ʧʦʣʠʛʦʥʘʤʠ ʧʠʪʘʥʠʷ. ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ï ʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ ʚʝʣʠʯʠʥʳ, ʯʪʦ 

ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʢʘʢ ʬʘʢʪʦʨʳ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʦʩʪʘ ʜʨʝʚʦʩʪʦʝʚ. ʆʜʥʘʢʦ ɸʚʪʦʨʳ 

ʚʩʝ ʞʝ ʢʦʥʩʪʨʫʠʨʫʶʪ ʠʟ ʥʠʭ ʜʨʝʚʦʩʪʦʠ-ʘʙʩʪʨʘʢʮʠʠ ʩ ʢʚʘʟʠʨʘʚʥʦʤʝʨʥʳʤ ʨʘʟʤʝʱʝʥʠʝʤ 

ʜʝʨʝʚʴʝʚ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʶʪ ʦʢʥʘ ʠ ʩʢʦʧʣʝʥʠʷ ʜʝʨʝʚʴʝʚ, ʯʝʛʦ ʚ ʨʝʘʣʴʥʦʩʪʠ ʥʝ ʙʳʚʘʝʪ. ɼʘʣʝʝ 

ʘʙʩʪʨʘʢʪʥʫʶ ʤʦʜʝʣʴ ʩʨʘʚʥʠʚʘʶʪ ʩ ʜʨʫʛʦʡ ʘʙʩʪʨʘʢʮʠʝʡ ï ʩʪʘʪʠʯʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʜʨʝʚʦʩʪʦʝʚ 

ʩ ʧʦʣʥʦʪʦʡ 1,0 ʚ ʪʘʙʣʠʮʘʭ ʭʦʜʘ ʨʦʩʪʘ. ɼʘʣʝʝ ʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʤʦʜʝʣʴ çʦʧʪʠʤʘʣʴʥʳʭè ʧʦʣʥʦʪ ʧʦ 

ʚʳʚʦʜʘʤ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ, ʠ ʚ ʜʨʝʚʦʩʪʦʷʭ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 50 ʜʦ 120 ʣʝʪ ʚ ʠʪʦʛʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʦʣʥʦʪʫ ʦʪ 0,85 ʜʦ 0,73, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʬʠʪʦʤʘʩʩʳ ʢʨʦʥ. ʇʨʠ 

ʵʪʦʤ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʨʦʩʪ ʧʦ ʨʘʜʠʫʩʫ ʩʪʚʦʣʘ ʟʘ 20 

ʣʝʪ. ʆʜʥʘʢʦ ʪʦʣʴʢʦ ʧʨʠʨʦʩʪ ʧʦ ʨʘʜʠʫʩʫ ʥʝ ʦʪʨʘʞʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʟʘʧʘʩʘ ʥʘ ʚʩʝʡ ʧʣʦʱʘʜʠ, ʛʜʝ 

ʧʨʠ ʨʫʙʢʝ ʫʭʦʜʘ ʧʦʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʨʠʜʦʨʳ, ʠʟʳʤʘʶʱʠʝ ʜʦ 15% ʥʘʣʠʯʥʦʛʦ 

ʟʘʧʘʩʘ. ʇʦʵʪʦʤʫ ʥʫʞʥʘ ʚʝʨʠʬʠʢʘʮʠʷ ʧʦ ʟʘʧʘʩʘʤ ʜʦ ʨʫʙʦʢ ʠ ʧʦʩʣʝ ʥʠʭ, ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʟʘʧʘʩʘ ʩʧʫʩʪʷ 15ï20 ʣʝʪ. ɺ ʧʨʦʪʠʚʦʚʝʩ ʦʙʩʫʞʜʘʶʪʩʷ ʤʝʪʦʜʠʯʝʩʢʠ ʙʦʣʝʝ ʧʨʘʚʠʣʴʥʳʝ ʨʘʙʦʪʳ 

ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʛʜʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʢʦʥʢʫʨʝʥʮʠʷ ʩ ʝʝ ʦʮʝʥʢʦʡ ʧʦ ʧʣʦʱʘʜʠ ʧʠʪʘʥʠʷ ʚ 30 ʣʝʪ ʚʣʠʷʝʪ ʥʘ ʨʦʩʪ ʜʝʨʝʚʘ ʚ 55 ʣʝʪ ʤʝʥʝʝ 

ʯʝʤ ʥʘ 10 %, ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʫʙʢʠ ʫʭʦʜʘ ʙʫʜʫʪ ʠʤʝʪʴ ʪʘʢʦʡ ʞʝ ʥʠʟʢʠʡ ʵʬʬʝʢʪ. ʇʦʵʪʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ çʦʙʣʘʩʪʝʡ ʜʦʤʠʥʠʨʦʚʘʥʠʷè ʧʨʠʚʝʜʝʪ ʢ ʩʦʟʜʘʥʠʶ ʚʝʩʴʤʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʭ 

ʤʦʜʝʣʝʡ, ʟʘ ʧʨʝʜʝʣʘʤʠ ʚʣʠʷʥʠʷ ʢʦʪʦʨʳʭ ʦʩʪʘʥʝʪʩʷ 90% ʚʣʠʷʥʠʷ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ʅʘʧʨʠʤʝʨ, 

ʚʣʠʷʥʠʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʜʝʨʝʚʴʝʚ ʚ ʦʩʚʦʝʥʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʥʠʰʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ. ʉ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʠ ʨʫʙʦʢ ʫʭʦʜʘ, ɸʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʳ, ʦ ʢʦʪʦʨʳʭ ʝʱʝ ʚ 1970 ʛʛ. 

ʘʚʪʦʨʠʪʝʪʥʳʝ ʣʝʩʦʚʦʜʳ ʧʨʝʜʫʧʨʝʞʜʘʣʠ, ʢʘʢ ʦ ʩʦʤʥʠʪʝʣʴʥʳʭ ʩ ʥʘʫʯʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ɹʦʣʝʝ 

ʪʦʛʦ, ʩʦʤʥʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʦʚ ʚʦʟʨʦʩʣʘ ʚʚʝʜʝʥʠʝʤ ʚ ʠʤʠʪʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʧʦʢʘʟʘʪʝʣʷ 

çʦʙʣʘʩʪʴ ʜʦʤʠʥʠʨʦʚʘʥʠʷè ʜʝʨʝʚʘ. ʆʩʥʦʚʥʘʷ ʦʰʠʙʢʘ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʙʳʣʘ ʜʦʧʫʱʝʥʘ ʧʨʠ 

ʟʘʤʝʥʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʪʝʨʤʠʥʘ çʩʚʷʟʴè ʩʣʦʚʘʤʠ çʟʘʚʠʩʠʤʦʩʪʴè ʠ çʚʣʠʷʥʠʝè, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʜʯʠʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʦʜʥʦʡ ʚʝʣʠʯʠʥʳ ʟʥʘʯʝʥʠʷʤ ʜʨʫʛʦʡ. ʇʦʜʦʙʥʳʝ ʦʰʠʙʢʠ ʙʳʣʠ ʜʦʧʫʱʝʥʳ 

ʠ ʚ ʙʦʣʝʝ ʛʨʘʥʜʠʦʟʥʳʭ ʧʨʦʝʢʪʘʭ, ʥʘʧʨʠʤʝʨ, ʚ ʤʦʜʝʣʷʭ ʧʦʪʝʧʣʝʥʠʷ ʢʣʠʤʘʪʘ ɿʝʤʣʠ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʟʜʝʩʴ ʧʦʧʳʪʢʠ ʩʦʟʜʘʥʠʷ ʦʜʥʦʙʦʢʠʭ ʢʦʥʢʫʨʝʥʪʥʳʭ ʤʦʜʝʣʝʡ ʠ ʩʮʝʥʘʨʠʝʚ ʫʭʦʜʘ 

ʟʘ ʣʝʩʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çʦʙʣʘʩʪʝʡ ʜʦʤʠʥʠʨʦʚʘʥʠʷè ʙʳʣʠ, ʢʘʢ ʤʳ ʥʘʜʝʝʤʩʷ ʧʦʩʣʝ ʥʘʰʝʡ 

ʢʨʠʪʠʢʠ, ʧʦʩʣʝʜʥʠʤʠ ʠʟ ʯʝʨʝʜʳ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ï ʥʘʩʪʫʧʘʝʪ ʵʧʦʭʘ ʩʤʝʥʳ ʣʝʩʦʚʦʜʩʪʚʝʥʥʳʭ 

ʧʘʨʘʜʠʛʤ ʚ ʩʚʷʟʠ ʩ ʦʪʢʨʳʪʠʝʤ ʮʝʣʦʛʦ ʨʷʜʘ ʥʦʚʳʭ ʟʘʢʦʥʦʚ ʚ ʨʘʟʚʠʪʠʠ ʜʨʝʚʦʩʪʦʝʚ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʠʩʢʨʝʥʥʝ ʙʣʘʛʦʜʘʨʝʥ ʩʠʙʠʨʩʢʠʤ ʫʯʝʥʳʤ ɺ. ɺ. ʂʫʟʴʤʠʯʝʚʫ, ɸ. ʅ. ɹʦʨʠʩʦʚʫ ʠ ɺ. ɺ. 

ʀʚʘʥʦʚʫ ʟʘ ʦʪʩʪʘʠʚʘʥʠʝ ʠʭ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʨʦʩʪ ʜʨʝʚʦʩʪʦʝʚ, ʢʦʪʦʨʘʷ ʙʫʢʚʘʣʴʥʦ 

ʧʦʜʚʠʛʣʘ ʘʚʪʦʨʘ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʠʩʢʘʪʴ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʜʨʝʚʦʩʪʦʝʚ 

ʠ ʚ ʦʮʝʥʢʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʝʨʝʚʴʝʚ ʥʘ ʫʨʦʚʥʝ ʤʠʢʨʦʮʝʥʦʟʦʚ; ʵʪʠ ʧʦʜʭʦʜʳ ʧʦʟʚʦʣʠʣʠ ʚʧʝʨʚʳʝ 

ʨʘʩʩʯʠʪʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʠ ʢʦʥʢʫʨʝʥʮʠʠ ʜʝʨʝʚʴʝʚ ʟʘ ʨʝʩʫʨʩʳ ʩʚʝʪʦʚʦʛʦ ʧʠʪʘʥʠʷ 

ʯʝʪʳʨʴʤʷ ʦʨʠʛʠʥʘʣʴʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʢʦʥʢʫʨʝʥʮʠʝʡ ʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦʤ 

ʦʢʘʟʘʣʦʩʴ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤ [9].  
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Abstract. Biostratigraphic characteristics of the Pontian deposits of Gobustan are given based 

on the materials of the Sundu cavern. The systematic composition and characteristic complexes of 

ostracods for the lower, middle, and upper sub-tiers are revealed. Biostratigraphic dissection of 

the section was performed. It is established that sediments of the Pontian regiostage take part in 

the geological structure of the anticlinal structure of the Sundu. A scheme of dismemberment of 

the Pontian sediments of Sundu cavern has been developed, which can be applied during further 

geological exploration in other areas of the SE of Gobustan. The obtained results can also be used for 

biostratigraphic study of deep-submerged Miocene deposits of the western side of the Southern 

Caspian. 

 

ɸʥʥʦʪʘʮʠʷ. ɹʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʥʪʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɻʦʙʫʩʪʘʥʘ 

ʧʨʠʚʦʜʠʪʩʷ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʨʘʟʨʝʟʘ ʉʫʥʜʫ. ɺʳʷʚʣʝʥ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʭʘʨʘʢʪʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʦʩʪʨʘʢʦʜ ʜʣʷ ʥʠʞʥʝʛʦ, ʩʨʝʜʥʝʛʦ, ʚʝʨʭʥʝʛʦ ʧʦʜʲ̫ ʨʫʩʦʚ. ɺʳʧʦʣʥʝʥʦ 

ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʯʣʝʥʝʥʠʝ ʨʘʟʨʝʟʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ 

ʘʥʪʠʢʣʠʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʉʫʥʜʫ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʦʪʣʦʞʝʥʠʷ ʧʦʥʪʠʯʝʩʢʦʛʦ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʷʨʫʩʘ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʨʘʩʯʣʝʥʝʥʠʷ ʧʦʥʪʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʧʣ. ʉʫʥʜʫ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʧʨʠ ʜʘʣʴʥʝʡʰʠʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪʘʭ ʥʘ ʜʨʫʛʠʭ 

ʧʣʦʱʘʜʷʭ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ɻʦʙʫʩʪʘʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʞʝ ʜʣʷ 

ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʣʫʙʦʢʦʧʦʛʨʫʞʝʥʥʳʭ ʤʠʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʟʘʧʘʜʥʦʛʦ 

ʙʦʨʪʘ ʖʞʥʦʛʦ ʂʘʩʧʠʷ.  
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The richest oil reservoirs of the productive strata of the Absheron Peninsula and adjacent areas 

are underlain by sediments of the Pontian sediments studied by us. The study of this stage is of great 

scientific and practical importance. The Pontian stage, due to its location under the deposits of a 

powerful series of oil sands, sandstones and other rocks of productive stage, has long attracted the 

attention of geologists. 

The discovery of the Pontian stage in Azerbaijan, a comprehensive study of its fauna and 

stratigraphic position, the fractional dismemberment of these deposits and the clarification of the 

paleogeographic situation belong to major researchers of the Neogene [5, 6, 10, 11]. 

For the first time in Azerbaijan, Pontian deposits were discovered by N. I. Andrusov (1895) in 

the Shamakhi district, but many other points of Gobustan were also covered by the research of the 

named author [5, 6]. 

B. G. Vekilov has been studying the Pontian deposits of Eastern Azerbaijan for a number of 

years. He (1962) examines in detail the history of the study of the Pontian deposits of Azerbaijan, 

their distribution, lithofacial characteristics, relationship with underlying and overlapping deposits 

[8]. 

A comprehensive study has established that deposits of the Pontian stage of Azerbaijan are 

distributed on the Absheron Peninsula, in Gobustan, Shamakhi district, the Akhsu-Geokchai 

interfluve and in places in the northeastern regions of the republic. To the west of Geokchai, these 

deposits are developed only in the continental facies; in the northern part of Azerbaijan, there are no 

more or less complete sections. 
 

Materials and method 

Micropaleontological examination of samples was carried out in the laboratory in the following 

stages. At the first stage, the samples are first examined visually. This is done through magnifying 

glasses 10-20 times. The sample is crushed with 5-10% sodium carbonate solution (Na2CO3) or 10% 

hydrogen peroxide solution, depending on the composition of the rock. Since clay rocks or relatively 

hard samples do not soften during normal soaking, such samples are cooked in refractory cups on an 

electric furnace. Then the samples are washed through a 63-micron sieve to remove silt and clay 

particles, and then placed in a special drying cabinet for drying. Dried samples are fractionated, and 

microfauna remains are extracted from the rock under a microscope using a thin pen or a conventional 

needle (microfauna selection). [1, 16] After completion of all technical operations related to the 

isolation of microfauna from rocks, the systematic composition of microfauna is studied in the 

laboratory using a Nikon biological microscope with magnified. 

North-western Gobustan. Section of Pontian sediments near the village of Sundu of the 

Marazinsky plateau. The investigated area is bounded by: from the west ð the Pirsagat River, from 

the south ï the ledge at Myarzandian and Chukhannami, from the east ð Ajidara and from the north 

ð the cliffs of Hilaalidash; it stretches in an almost continuous strip to the Absheron Peninsula 

(Figure 1, 2). Here N. I. Andrusov (1917) identified the most characteristic section. 

As a result of an in-depth study of the described area, N. I. Andrusov (1909, 1917, 1923), K. A. 

Alizade (1940) and B. G. Vekilov (1944) came to the conclusion that Pontian deposits are divided 

into three substages and, without noticeable angular disagreement, pass into Meotian layers with fish 

remains. We were also able to separate these substages. 

Lower substage. The lower sublayer of the Pontian stage is represented by brownish gray, 

poorly sorted obliquely layered clay sands with subordinate interlayers of gray clays and 

conglomerates in the lower part, with alternating brown and gray dense sandstones, rarely gray sandy 
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clays in the middle part and with grayish-brown sands, clays and yellowish-brown limestone shells 

in the upper part of the section (Figure 3). 

 

 

 

Figure 1. Azerbaijan, Gobustan OGB 

 

 
 

Figure 2. Gobustan, Sundu cavern 
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Bacuniella dorsoarcuata (Zalany), Caspiolla gracilis (Livental), Loxoconcha

gibboida (Livental ), Leptocythere cel lula var frequens (Livental ), L. pr opinqua

(Livental), L. pont ica (Scheid.), L. cell ula Li v. var. pseudorosal ina (Schei d.) etc.

Pontoniella acuminata (Zalany), P. loczyi (Zal any), Xestoleberi s lutr ae

(Schneider), Loxoconcha djaffarovi (Schn.) Leptocytherer osalinae (Schn.), L.

praebacuana (Livental), Cyther ura pyr ami s (Schn.)

Pontoniell a loczyi (Zal any), Leptocythere mult ituberculata (Livental ), L. bacuana

(Livental ), L. subcaspia (Livental), L. chali lovi (Schei d.), Caspi ocypris candida

(Livental )

ʄʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ

 
 

Figure 3. Stratigraphic distribution of the Pontian sediments of the Sundu cavern 

 

At the base of the thickness, 115-125 m from the bottom of the lower horizon, there is a 3-meter 

layer of whitish volcanic ash. In the lower and middle parts, as well as in the roof of the lower Pontian 

deposits, interlayers of conglomerates consisting of large and small rolled and semi-rolled pebbles 
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are observed. Such a composition of rocks indicates their coastal-shallow nature. The thickness of the 

Lower Pontian deposits is 218 m. Macrofaunistically, this horizon is characterized quite richly in 

comparison with that of the Jorat section: Congeria panticapaea Andrusov, 1897, C. novorossica 

(Sinzov, 1876), Dreissensia simplex (Barbot de Marny, 1869), D. tenuissima Sinzov, 1875, 

Prosodacna littoralis (Eichwald, 1850), Didacna novorossica, Monodacna pseudocatillus (Abich, 

1869), Neritina sp., Helix sp. [8]. 

At the same time, there is no microfauna characteristic of the Jorat section in this sublayer. This 

peculiarity is probably explained by the different conditions of fauna development in these two areas. 

Of the microfauna found here, ostracods are the most characteristic: Bacunella dorsoarcuata (Zal.), 

Caspiella acronasuta (Liv.), Caspiocypris candida (Liv.), Leptocythere nona Liv., Cyprideis littoralis 

(Brady, 1870) (Figure 4-46).  

Middle sublayer. The middle sublayer of the Pontian stage is represented in the Sundu cavern 

by gray and dark gray fine-grained sands, greenish-gray sandy clays, as well as an alternation of 

yellowish-brown limestone shells, brownish-gray sandy clays, sands and sandstones; above there is 

a layer of white volcanic ash, indicating intense volcanic activity in the Caucasus during the 

deposition period this horizon is a show-off. The horizon ends with light brown dense sandstones 

(Figure 3). 

The thickness of the middle sublayer is 55.5 m. 

Of the macrofauna, we note the following: Paradacna abichi (R. Hoernes, 1874), 

Chartoconcha bayerni (R. Hoernes, 1874), Monodacna subdentata Desh., Didacna lutrae Andrusov, 

1909, Melanopsis mitraeformis Andrusov, 1909, M. bonellii Manzoni, 1870, Zagrabica sp., 

Micromelania sp. [8]. 

According to our data, the characteristic species of ostracods here are the following: 

Xestoleberis lutrae Schn., Pontoniella acuminata (Zalany), Loxoconcha djaffarovi (Schneider), L. 

petasa Liv., L. eichwaldi (Livental), Leptocythere propinqua (Sars, 1869) Sars, 1925, L. 

multituberculata Liv., Leptothere olivina Livental, Cytherura kobiensis (Schneider) (Figure 4-46). 

Faunistically, the middle horizon of the Pontian is characterized relatively richly. 

Upper substage. The upper substage of the Pontian stage in the Sundu cavern is mainly 

represented by yellowish-gray, brownish-gray and grayish-white thick-layered detritus, in places of 

oolitic structure or nostrous shell limestones with thin layers of gray clays and yellowish-gray dense 

sandstones (Fig. 3). 

The thickness of the upper sublayer of the Pont is 335 m. 

Of the mollusks, the following are noted: Congeria subcarinata (Deshayes, 1838), Dreissensia 

anisoconcha Andrusov, 1893, Didacna sundica Andrusov, 1909, D. depereti Andrusov, 1909, D. 

lutrae Andrusov, 1909, D. subdentata Andrus., Cardium negativum Andrusov, 1909, Zagrabica 

spiridionis Andrusov, 1909, Z. rugosa Andrusov, 1909., Neritina sundica Andrusov, 1909. [8]. 

According to our data, the upper substage is microfaunistically characterized by the following 

types of ostracods: Caspiocypris filona (Liv.), Leptocythere andrussovi Liv., L. subcaspia, L. cellula, 

Amnicythere palimpsesta (Livental), A. saluta (Livental), Cyprideis littoralis (Brady, 1870), 

Cytherissa bogatschovi (Liv.), Leptocythere quinquetuberculata (Schw.), L. bosquety (Livental) 

(Figure 4-6). 

The Upper Pontian limestones of the described substage make up the richest reserves of 

building material. Thin layers of clays poor in microfauna are rarely found between limestones. 

Conclusion. The analysis of the vertical distribution of ostracods gave us the basis for dividing the 

Pontian deposits into three substage: lower (Novorossiysk), middle (Binagadi), upper (Babajan). Of 

the Pontian ostracods, the most numerous were species from the genus Leptocythere, and in some 

places Loxoconcha; there are up to 28 species, and many of them are guiding for the Pontian stage.  
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Figure 4. Bacuniella dorsoarcuata (Zalany) 
 

 Figure 5. Loxoconcha eichwaldi (Livental)  
 

 

 

 
Figure 6. Pontoniella acuminata (Zalany) 

 

 

 

 
Figure 7. Candona sp.  
 

 Figure 8. Amnicythere sp. 

 

 

 
Figure 9. Amnicythere palimpsesta (Livental)  Figure 10. Amnicythere saluta (Livental)  

 

 

 

 
Figure 11. Leptocythere palimpsesta 

(Livental)  

Figure 12. Loxoconcha eichwaldi (Livental) 
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Figure 13. Leptothere olivina Livental  
 

 Figure 14. Leptocythere cellula  
 

 

 

 
Figure 15. Loxoconcha djaffarovi (Schneider)  
 

Figure 16. Candona sp. 

 

 

 
Figure 17. Candona sp. 
 

 Figure 18. Pontoniella acuminata (Zalany)  
 

 

 

 
Figure 19. Leptocythere sp.  
 

 Figure 20. Cytherissa sp. 
 

 

 

 
Figure 21. Leptocythere sp.   Figure 22. Leptocythere sp.  
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Figure 23. Leptocythere sp.  
 

 Figure 24. Pontoniella acuminata (Zalany)  
 

 

 

 
Figure 25. Leptocythere cellula   
 

 Figure 26. Leptocythere sp.  
 

 

 

 
Figure 27. Cyprideis littoralis (Brady, 1870) 
 

 Figure 28. Leptocythere sp. 
 

 

 

 
Figure 29. Cythereis sp. 
 

 Figure 30. Loxoconcha djaffarovi (Schneider)  
 

 

 

 
Figure 31 Cytherura kobiensis (Schneider) 
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Figure 32. Leptocythere (Amnicythere) 

cellula  
 

 Figure 33. Leptocythere multituberculata 

(Livental)  
 

 

 

 
Figure 34. Caspiella acronasuta (Livental)  
 

 Figure 35. Leptocythere sp. 
 

 

 

 
Figure 36. Candona sp.  Figure 37. Amnicythere saluta (Livental)  

 

 

 
Figure 38. Leptocythere quinquetuberculata 

(Livental)  
 

Figure 39. Leptocythere bosquety (Livental)  
 

 

 

 
Figure 40. Loxoconcha djaffarovi (Schneider)  
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Figure 41. Loxoconcha djaffarovi (Schneider)  
 

 

 

 
Figure 42. Candona sp. 
 

 

 

 
Figure 43. Leptocythere multituberculata 

(Livental)  

Figure 44. Leptocythere cellula 

 

 

 

 
Figure 45. Loxoconcha sp. 

 

 Figure 46. Xestoleberis sp. 
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ʠʟ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʨʠ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ, ʘ 

ʪʘʢʞʝ ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʠʡ (ʤʦʥʦʭʨʦʤʥʳʡ) ʩʥʠʤʦʢ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 15 ʤ. ɼʣʷ ʦʮʝʥʢʠ ʨʘʟʨʝʰʝʥʠʷ 

ʩʥʠʤʢʦʚ ʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʩʥʠʤʢʘ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʩʠʥʪʝʟʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʟʳ ʠʟʦʙʨʘʞʝʥʠʡ ʚʜʦʣʴ ʧʨʷʤʦʡ ʠ ʧʝʨʝʩʝʢʘʶʱʝʡ ʟʜʘʥʠʡ, ʟʝʣʝʥʦʡ ʤʘʩʩʳ, ʜʦʨʦʛ 

ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʦʥ. ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʝʩʪʦʚʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʚʟʷʪʳʝ ʩ Google 

Earth ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʝʚʳʭ ʨʘʙʦʪ.  

  

Abstract. Computer processing and analysis of satellite data is an urgent task of the science of 

remote sensing of the earth. Such processing can range from adjusting the contrast and brightness of 

the images of an amateur photographer to a group of scientists using neural network classification to 

determine the types of minerals in a hyperspectral satellite image. This article implements a method 

of satellite data fusion, which improves the digital image interpretation and image quality for further 

analysis. For fusion, a multispectral image with a resolution of 30 m Landsat 5 with 6 channels was 

taken, with three more significant and informative in their composition were used, as well as 

a panchromatic (monochrome) image with a resolution of 15 m. To evaluate the resolution of 

the images and the resulting images before and after the image fusion algorithm, image slices along 

a straight line and intersecting buildings, green mass, roads and industrial areas presented. For testing, 

test territories taken from Google Earth and the field work results. 

mailto:karimov_bt@maill.
mailto:k.gulpeace@kstul.
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʫʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʩʦ ʩʧʫʪʥʠʢʘ, ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʝʤʝʣʴ, ʟʝʤʥʦʡ ʧʦʢʨʦʚ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ, ʩʣʠʷʥʠʝ ʜʘʥʥʳʭ. 

 

Keywords: satellite imagery, remote sensing, land use, land cover, spatial data, data fusion. 

 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 

ʥʘʫʢʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʟʝʤʣʠ [1-6]. ʊʘʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 

ʥʘʩʪʨʦʡʢʠ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʠ ʷʨʢʦʩʪʠ ʩʥʠʤʢʦʚ ʬʦʪʦʛʨʘʬʘ-ʣʶʙʠʪʝʣʷ ʜʦ ʛʨʫʧʧʳ ʫʯʝʥʳʭ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʥʝʡʨʦʩʝʪʝʚʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʦʚ ʤʠʥʝʨʘʣʦʚ ʥʘ 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʤ ʩʧʫʪʥʠʢʦʚʦʤ ʩʥʠʤʢʝ (https://clck.ru/33R8Kw).  

ʋʣʫʯʰʝʥʠʝ, ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʯʨʝʟʚʳʯʘʡʥʦ ʦʙʰʠʨʥʫʶ ʪʝʤʫ, ʯʘʩʪʦ ʚʢʣʶʯʘʶʱʫʶ ʧʨʦʮʝʜʫʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʩʣʦʞʥʳʤʠ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ, ʣʝʞʘʱʘʷ ʚ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʮʠʬʨʦʚʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʘ. ʆʜʥʦ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʠʟʦʙʨʘʞʝʥʠʡ ʟʘʛʨʫʞʘʝʪʩʷ ʚ ʢʦʤʧʴʶʪʝʨ. 

ʂʦʤʧʴʶʪʝʨ ʧʨʦʛʨʘʤʤʠʨʫʝʪʩʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ ʠʣʠ ʩʝʨʠʠ 

ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʝʨʫʪ ʟʥʘʯʝʥʠʷ ʧʠʢʩʝʣʝʡ ʠʟ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ.  

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʝʪʩʷ ʥʦʚʦʝ ʮʠʬʨʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʟʥʘʯʝʥʠʷ 

ʧʠʢʩʝʣʝʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʚʳʯʠʩʣʝʥʠʡ. ʕʪʦ ʚʳʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʞʝʪ 

ʦʪʦʙʨʘʞʘʪʴʩʷ ʠʣʠ ʟʘʧʠʩʳʚʘʪʴʩʷ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʬʦʨʤʘʪʝ ʠʣʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪʦ 

ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʝ ʩ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺʦʟʤʦʞʥʳʝ 

ʬʦʨʤʳ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʢʘʞʫʪʩʷ ʙʝʩʢʦʥʝʯʥʳʤʠ. ʆʜʥʘʢʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʵʪʠ ʧʨʦʮʝʜʫʨʳ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʦʜʥʦʡ (ʠʣʠ ʥʝʩʢʦʣʴʢʠʤ) ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʩʝʤʠ ʰʠʨʦʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʈʠʩʫʥʢʝ 1.  

 
 

ʈʠʩʫʥʦʢ 1. ʂʦʥʪʝʢʩʪʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ çʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ɼɿɿè 

 

ʆʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʵʪʠ ʧʨʦʮʝʜʫʨʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʦʜʥʦʤʫ (ʠʣʠ ʥʝʩʢʦʣʴʢʠʤ) ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʩʝʤʠ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʦʧʝʨʘʮʠʡ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘ. 
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ʈʠʩʫʥʦʢ 2. ʇʨʦʮʝʜʫʨʳ ʧʨʦʮʝʩʩʘ çʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ɼɿɿè 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ 

ʚʠʟʫʘʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʚʠʜʠʤʦʛʦ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʵʣʝʤʝʥʪʘʤʠ ʩʮʝʥʳ. çʉʳʨʳʝè ʜʘʥʥʳʝ ʩʢʘʯʝʥʥʳʝ ʩ ʭʨʘʥʠʣʠʱʘ Landsat Series ð Earth Online 

(esa.int) ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ (ʈʠʩʫʥʦʢ 3). 

 

 
 

ʈʠʩʫʥʦʢ 3. ʉʥʠʤʦʢ Landsat 5 2006 ʛ. 

 

ɼʠʘʧʘʟʦʥ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʫʣʫʯʰʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʜʦʩʪʫʧʥʳʭ ʘʥʘʣʠʪʠʢʫ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʛʨʘʥʠʯʝʥ. ɹʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʦʚ ʫʣʫʯʰʝʥʠʷ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ 

ʪʦʯʝʯʥʳʤ ʠʣʠ ʩʦʩʝʜʥʠʤ ʦʧʝʨʘʮʠʷʤ. ʊʦʯʝʯʥʳʝ ʦʧʝʨʘʮʠʠ ʠʟʤʝʥʷʶʪ ʟʥʘʯʝʥʠʝ ʷʨʢʦʩʪʠ ʢʘʞʜʦʛʦ 

https://earth.esa.int/eogateway/missions/landsat
https://earth.esa.int/eogateway/missions/landsat
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ʧʠʢʩʝʣʷ ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʟʦʙʨʘʞʝʥʠʷ. ʉʦʩʝʜʥʠʝ ʦʧʝʨʘʮʠʠ ʠʟʤʝʥʷʶʪ ʟʥʘʯʝʥʠʝ 

ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʥʘ ʦʩʥʦʚʝ ʩʦʩʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʷʨʢʦʩʪʠ.  

ʃʶʙʘʷ ʠʟ ʵʪʠʭ ʬʦʨʤ ʫʣʫʯʰʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʜʥʦʧʦʣʦʩʥʦʤ (ʤʦʥʦʭʨʦʤʥʦʤ) 

ʠʟʦʙʨʘʞʝʥʠʠ (ʈʠʩʫʥʦʢ 4) ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ.  

 

 
 

ʈʠʩʫʥʦʢ 4. ʄʦʥʦʭʨʦʤʥʳʡ ʢʘʥʘʣ Pan 15 ʤ. Landsat 5 

 

ʇʦʣʫʯʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʠʣʠ ʦʪʦʙʨʘʞʝʥʳ ʚ ʯʝʨʥʦ-ʙʝʣʦʤ ʠʣʠ 

ʮʚʝʪʥʦʤ ʚʘʨʠʘʥʪʝ. ɺʳʙʦʨ ʧʦʜʭʦʜʷʱʝʛʦ ʤʝʪʦʜʘ ʫʣʫʯʰʝʥʠʷ ʜʣʷ ʣʶʙʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ð ɻʪʦ ʠʩʢʫʩʩʪʚʦ ʠ ʯʘʩʪʦ ʚʦʧʨʦʩ ʣʠʯʥʳʭ ʧʨʝʜʧʦʯʪʝʥʠʡ. ʆʧʝʨʘʮʠʠ ʧʦ ʫʣʫʯʰʝʥʠʶ 

ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʢ ʜʘʥʥʳʤ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʰʘʛʦʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʈʠʩʫʥʢʘʭ 2.  

ʋʜʘʣʝʥʠʝ ʰʫʤʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʤʝʪʦʜʦʤ ʠ ʥʘʠʙʦʣʝʝ ʧʨʠʤʝʥʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʥʠʤʢʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʘʢʞʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʝ ʪʝʭʥʠʢʠ ʮʠʬʨʦʚʦʛʦ ʫʣʫʯʰʝʥʠʷ. ʕʪʠ ʤʝʪʦʜʳ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʨʘʙʦʪʫ ʩ ʢʦʥʪʨʘʩʪʦʤ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʝʩʢʦʣʴʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ:  

1. ʈʘʙʦʪʘ ʩ ʢʦʥʪʨʘʩʪʦʤ. ʇʦʨʦʛʦʚʳʡ ʫʨʦʚʝʥʴ ʩʝʨʦʛʦ, ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʫʨʦʚʥʠ ʠ ʨʘʩʪʷʞʝʥʠʝ 

ʢʦʥʪʨʘʩʪʘ. 

2. ʈʘʙʦʪʘ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ, 

ʫʩʠʣʝʥʠʝ ʢʨʘʝʚ, ʠ ʘʥʘʣʠʟ ʌʫʨʴʝ. 

3. ʈʘʙʦʪʘ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ. ʉʦʦʪʥʦʰʝʥʠʝ ʠ ʨʘʟʥʦʩʪʴ ʧʦʣʦʩ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʠ ʜʨʫʛʠʝ ʠʥʜʝʢʩʳ, ʛʣʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, 

ʢʘʥʦʥʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ-ʮʚʝʪ-ʥʘʩʳʱʝʥʥʦʩʪʴ 

(IHS) ʠ ʜʨʫʛʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʮʚʝʪʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʨʘʩʪʷʞʝʥʠʝ ʜʝʢʦʨʨʝʣʷʮʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʜʚʫʭ ʩʥʠʤʢʦʚ, ʧʦʣʫʯʝʥ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʩʥʠʤʦʢ, ʢʦʪʦʨʳʡ ʧʦʩʣʝ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʫʣʫʯʰʝʥʠʷ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʈʠʩʫʥʦʢ 5). 
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ʈʠʩʫʥʦʢ 5. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʩʥʠʤʦʢ, ʛʦʪʦʚʳʡ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

 

ʇʨʦʝʢʮʠʷ ʮʚʝʪʦʚʳʭ ʢʘʥʘʣʦʚ RGB ʥʘ ʧʣʦʩʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʢ ʩʝʨʦʡ ʣʠʥʠʠ 

ʠ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʢʫʙʫ ʚ ʩʘʤʦʤ ʜʘʣʴʥʝʤ ʦʪ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʫʛʣʫ. ʇʨʦʝʮʠʨʦʚʘʚ ʮʚʝʪʦʚʳʝ ʢʘʥʘʣʳ 

RGB ʢ ʧʣʦʩʢʦʩʪʠ, ʧʦʣʫʯʝʥ ʰʝʩʪʠʫʛʦʣʴʥʠʢ ʩ ʷʨʢʦʩʪʴ ʩʝʨʦʛʦ. ɽʩʣʠ ʧʣʦʩʢʦʩʪʴ ʧʨʦʝʢʮʠʠ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʦʪ ʙʝʣʦʛʦ ʮʚʝʪʘ ʢ ʯʝʨʥʦʤʫ ʚʜʦʣʴ ʩʝʨʦʡ ʣʠʥʠʠ, ʪʦ ʧʨʦʝʮʠʨʫʶʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʤʝʥʴʰʠʝ ʮʚʝʪʦʚʳʝ ʧʦʜʢʫʙʳ ʠ ʧʦʣʫʯʘʝʪʩʷ ʨʷʜ ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ 

ʫʤʝʥʴʰʘʶʱʝʛʦʩʷ ʨʘʟʤʝʨʘ. ʐʝʩʪʠʫʛʦʣʴʥʠʢ ʚ ʙʝʣʦʤ ʮʚʝʪʝ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʙʦʣʴʰʠʤ, ʘ 

ʰʝʩʪʠʫʛʦʣʴʥʠʢ ʚ ʯʝʨʥʦʤ ʮʚʝʪʝ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʪʦʯʢʫ. ʉʝʨʠʷ ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ, ʧʦʩʪʨʦʝʥʥʘʷ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʷʝʪ ʪʚʝʨʜʦʝ ʪʝʣʦ, ʥʘʟʳʚʘʝʤʦʝ ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʤ. ɺ ʤʦʜʝʣʠ ʛʝʢʩʘʛʦʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝʤ ʚʜʦʣʴ ʩʝʨʦʡ ʣʠʥʠʠ ʦʪ ʯʝʨʥʦʛʦ ʜʦ ʣʶʙʦʡ ʜʘʥʥʦʡ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ (ʈʠʩʫʥʦʢ 6). 

ʆʪʪʝʥʦʢ ʚʳʨʘʞʘʝʪʩʷ ʫʛʣʦʤ ʚʦʢʨʫʛ ʰʝʩʪʠʫʛʦʣʴʥʠʢʘ, ʘ ʥʘʩʳʱʝʥʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ ʩʝʨʦʡ ʪʦʯʢʠ ʚ ʮʝʥʪʨʝ ʰʝʩʪʠʫʛʦʣʴʥʠʢʘ. ʏʝʤ ʜʘʣʴʰʝ ʪʦʯʢʘ ʥʘʭʦʜʠʪʩʷ ʦʪ ʩʝʨʦʡ 

ʪʦʯʢʠ, ʪʝʤ ʥʘʩʳʱʝʥʥʝʝ ʮʚʝʪ. (ʅʘ ʨʠʩʫʥʢʝ 6 ʣʠʥʝʡʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʪʝʥʢʘ ʠ ʥʘʩʳʱʝʥʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʚʳʯʠʩʣʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ).  

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʤʳ ʩʦʟʜʘʣʠ ʦʩʥʦʚʫ, ʥʘ ʢʦʪʦʨʦʡ ʣʶʙʦʡ ʧʠʢʩʝʣʴ ʚ ʮʚʝʪʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

RGB ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ ʝʛʦ ʘʥʘʣʦʛ IHS. ʊʘʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʦ ʧʦʣʝʟʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʰʘʛʘ ʚ ʫʣʫʯʰʝʥʠʠ ʠʟʦʙʨʘʞʝʥʠʷ. ʕʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʢʝ 7. 
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ʈʠʩʫʥʦʢ 6. ɻʝʥʝʨʘʮʠʷ ʛʝʢʩʦʛʝʥʘ ʟʘʜʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

 

  
 
ʈʠʩʫʥʦʢ 7. ʉʥʠʤʦʢ ʧʦʢʨʳʪʳʡ ʛʝʢʩʦʛʝʥʦʤ  

 

ʅʘ ʈʠʩʫʥʢʝ 7 ʧʦʢʘʟʘʥʳ ʠʩʭʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ RGB, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʩʥʘʯʘʣʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʢʦʤʧʦʥʝʥʪʳ IHS. ʂʦʤʧʦʥʝʥʪʳ IHS ʟʘʪʝʤ ʫʣʫʯʰʘʶʪ ʞʝʣʘʝʤʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʦʙʨʘʞʝʥʠʷ.  
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ʅʘʢʦʥʝʮ, ʵʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ IHS ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʦʙʨʘʪʥʦ ʚ ʩʠʩʪʝʤʫ 

RGB ʜʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ. ʊʘʢʞʝ ʢ ʢʦʤʧʦʥʝʥʪʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʨʠʤʝʥʝʥʘ ʢʦʥʪʨʘʩʪʥʘʷ ʨʘʩʪʷʞʝʥʠʝ, ʘ ʢ ʢʦʤʧʦʥʝʥʪʫ ʦʪʪʝʥʢʘ ʥʘʩʳʱʝʥʥʦʩʪʴ ʧʠʢʩʝʣʷ. ʊʘʢ 

ʜʘʥʥʳʝ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʤʦʥʦʭʨʦʤʥʦʛʦ ʢʘʥʘʣʘ, ʢʦʪʦʨʳʝ ʦʪʦʙʨʘʞʘʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʤʠ ʢʘʥʘʣʘʤʠ ʩʨʝʜʥʝʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚ ʚʠʜʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʦʪʪʝʥʢʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʩʦʩʪʘʚʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʠʤʝʶʱʝʝ ʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʮʚʝʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʥʝʛʦ ʨʘʟʨʝʰʝʥʠʷ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ IHS ʜʣʷ ʩʣʠʷʥʠʷ ʜʘʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 

ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʧʨʷʤʘʷ ʟʘʤʝʥʘ ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʥʘ ʢʦʤʧʦʥʝʥʪʳ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʝ ʚʩʝʛʜʘ ʜʘʝʪ ʥʘʠʣʫʯʰʠʡ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ.  

ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʩʣʠʷʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ (ʈʠʩʫʥʦʢ 8).  

 
  

ʈʠʩʫʥʦʢ 8. ʉʭʝʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʝʪʦʜʦʚ ʩʣʠʷʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʩʥʠʤʢʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʨʝʟʫʣʴʪʠʨʫʶʱʠʤʠ ʤʥʦʛʦʟʦʥʘʣʴʥʳʤʠ ʠ ʤʦʥʦʭʨʦʤʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ 

ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ, ʯʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ɼʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʥʷʝʪʩʷ 

ʚʩʣʝʜʩʪʚʠʝ ʚʚʝʜʝʥʠʷ ʚ ʤʥʦʛʦʟʦʥʘʣʴʥʳʡ ʩʥʠʤʦʢ ʠʥʬʦʨʤʘʮʠʠ ʤʦʥʦʭʨʦʤʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʥʦ 

ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʡ ʧʦʪʝʨʝ ʮʚʝʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʪʘʢ ʚʘʞʥʘ ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʩʥʠʤʢʦʚ ʠ ʩʦʟʜʘʥʠʠ ʪʝʤʘʪʠʯʝʩʢʠʭ ʢʘʨʪ. ʈʘʟʥʦʩʪʥʳʡ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʥʴʰʝ 

ʝʜʠʥʠʮʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʤʘʩʰʪʘʙʘʤʠ ʠʩʭʦʜʥʳʭ, ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʩʥʠʤʢʦʚ 

ʩʨʝʜʥʝʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʥʦ ʫʣʫʯʰʘʝʪ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ (https://clck.ru/33R8Mi).  

ʄʦʱʥʦʩʪʴ, ʚʥʦʩʠʤʘʷ ʤʦʥʦʭʨʦʤʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ, ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʰʪʘʙʘ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʨʘʙʦʪʘʝʪ ʣʫʯʰʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʩʭʦʜʥʳʭ 

ʤʥʦʛʦʟʦʥʘʣʴʥʳʭ ʩʥʠʤʢʦʚ ʩʨʝʜʥʝʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ ʤʦʥʦʭʨʦʤʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʨʘʟʨʝʰʝʥʠʝ 

ʢʦʪʦʨʳʭ ʥʝ ʙʦʣʝʝ 15 ʤ (ʈʠʩʫʥʦʢ 9).  
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THE IMPACT OF CLIMATE CHANGE ON THE ECONOMY DAMAGE 

AND ADAPTATION WAYS 

 

ÉDadashev M., Amelioration Scientific-Research Institute LLC,  

Baku, Azerbaijan, m.dadashev@mst.gov.az 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʘʤ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʠʭ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʫʱʝʨʙʘ 

ʜʣʷ ʵʢʦʥʦʤʠʢʠ ʠ ʩʧʦʩʦʙʘʤ ʘʜʘʧʪʘʮʠʠ ʢ ʥʠʤ. ɺ ʩʪʘʪʴʝ ʪʘʢʞʝ ʦʙʦʙʱʝʥʳ ʜʘʥʥʳʝ ʦ ʛʣʦʙʘʣʴʥʦʤ 

ʧʦʪʝʧʣʝʥʠʠ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʞʘʨʢʠʭ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʭ ʜʥʝʡ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʭʦʣʦʜʥʳʭ ʦʩʝʥʥʝ-ʟʠʤʥʠʭ ʜʥʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ. ɺ ʨʘʚʥʠʥʥʳʭ ʨʘʡʦʥʘʭ ʩʪʨʘʥʳ ð ʚ ʟʦʥʘʭ, ʛʜʝ ʙʦʣʝʝ ʨʘʟʚʠʪʦ ʟʝʤʣʝʜʝʣʠʝ, 

ʧʨʝʦʙʣʘʜʘʝʪ ʟʘʩʫʭʘ. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʨʘʚʥʠʥʘʭ ʠ ʚ ʧʨʝʜʛʦʨʴʷʭ ʚʳʰʝ, ʯʝʤ ʚ 

ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ. ɺʝʯʥʳʡ ʣʝʜʦʚʳʡ ʠ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʚʝʨʰʠʥʘʭ ʛʦʨ 

ɹʦʣʴʰʦʛʦ ʠ ʄʘʣʦʛʦ ʂʘʚʢʘʟʘ, ʪʘʝʪ ʠ ʠʭ ʧʣʦʱʘʜʴ ʩʦʢʨʘʱʘʶʪʩʷ. 

 

Abstract. The article is dedicated to recent climate changes, their consequences, damage to 

the economy, and ways to adapt to climate changes. The article also included information about global 

warming. It is revealed that the number of hot spring-summer days in Azerbaijan periodically 

increases, and the number of cold autumn-winter days relatively decreases. In plain areas of 

the country ð in areas where agriculture is more developed, drought prevails. Average annual 

temperature on plains and foothills is higher than in mountain areas. The eternal ice and snow cover, 

located on the peaks of the mountains of the Greater and Lesser Caucasus, are melting and their area 

is shrinking. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ, 

ʧʦʚʨʝʞʜʝʥʠʷ, ʘʜʘʧʪʘʮʠʷ. 

 

Keywords: anthropogenic climate change, temperature, precipitation, damage, adaptation. 

 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʦʩʪ ʵʢʦʥʦʤʠʢʠ ʠ ʝʛʦ ʩʧʘʜ ʪʘʢʞʝ ʩʚʷʟʘʥʳ ʩ ʧʨʠʨʦʜʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʢʣʠʤʘʪʘ. ʀʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ, ʥʘʥʦʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʫʱʝʨʙ, ʚʣʠʷʝʪ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʧʦʜʟʝʤʥʳʝ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʟʜʦʨʦʚʴʝ 

ʯʝʣʦʚʝʢʘ ʠ ʪ. ʜ. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʥʘ ɿʝʤʣʝ ʧʨʠʚʦʜʠʣʠ ʜʘʞʝ ʢ ʫʥʠʯʪʦʞʝʥʠʶ 

ʮʠʚʠʣʠʟʘʮʠʡ. ʀʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʞʠʜʘʝʤʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʩʤʷʛʯʠʪʴ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʧʦʜʛʦʪʦʚʠʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʨʳ. ʀʟʤʝʥʯʠʚʦʩʪʴ ʢʣʠʤʘʪʘ ʦʪʥʦʩʠʪʩʷ ʢ ʦʪʢʣʦʥʝʥʠʷʤ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ, ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ, ʠʩʧʘʨʝʥʠʝ ʠ 

ʚʝʪʝʨ ʟʘ ʤʥʦʛʦʣʝʪʥʠʡ ʠʣʠ ʢʦʥʢʨʝʪʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. 
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ʈʷʜ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʚ ʪ. ʯ. ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʠ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ 

ʦʢʘʟʳʚʘʶʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʵʢʦʥʦʤʠʢʠ. ʇʦʵʪʦʤʫ ʢʣʠʤʘʪʦʣʦʛʠ ʩʯʠʪʘʶʪ ʛʣʘʚʥʳʤʠ 

ʠʥʜʠʢʘʪʦʨʘʤʠ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʠ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʧʦʜʚʝʨʞʝʥʳ ʚʘʨʠʘʮʠʷʤ 

ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʧʦ ʠʟʚʝʩʪʥʳʤ ʠ ʥʝʠʟʚʝʩʪʥʳʤ ʧʨʠʯʠʥʘʤ [1ï8]. ʇʦʵʪʦʤʫ, ʧʦʜʛʦʪʦʚʢʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʨ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʫʱʝʨʙʘ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ 

ʘʜʘʧʪʘʮʠʠ ʢ ʵʪʠʤ ʠʟʤʝʥʝʥʠʷʤ ʩʯʠʪʘʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʚʦʧʨʦʩʦʤ ʜʥʷ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʛʦʪʦʚʢʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʤʝʨ ʧʦ ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʝʥʠʷʤ ʢʣʠʤʘʪʘ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. ʅʘ ʦʩʥʦʚʝ ʩʙʦʨʘ, ʠʟʫʯʝʥʠʷ ʠ 

ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ, ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʦʪʯʝʪʦʚ ʠ ʠʥʪʝʨʥʝʪʥʳʭ ʜʘʥʥʳʭ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ 

ʫʱʝʨʙ, ʧʨʠʯʠʥʷʝʤʳʡ ʠʟʤʝʥʝʥʠʷʤʠ ʢʣʠʤʘʪʘ, ʠ ʩʧʦʩʦʙʳ ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʝʥʠʷʤ ʢʣʠʤʘʪʘ. 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʦʟʥʘʯʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʠ ʫʤʝʥʴʰʝʥʠʝ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʭ 

ʚʝʣʠʯʠʥ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ɿʝʤʣʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, 

ʠʩʧʘʨʝʥʠʷ, ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʥʳʭ ʤʥʦʛʦʣʝʪʥʠʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʨʝʜʥʷʷ ʤʥʦʛʦʣʝʪʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʧʦʚʳʩʠʣʘʩʴ, ʘ 

ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʫʤʝʥʴʰʠʣʦʩʴ ʠ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʝʛʠʦʥʘʤ ʥʝʨʘʚʥʦʤʝʨʥʦ [1, 2, 4, 6ï8]. 

ʇʦʪʝʧʣʝʥʠʝ ʠ ʧʦʭʦʣʦʜʘʥʠʝ ʯʝʨʝʜʦʚʘʣʠʩʴ ʚʨʝʤʝʥʘʤʠ. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, çʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝè 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʩʣʦʝ (ʈʠʩʫʥʦʢ 1). 
 

 
 

ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ [1] 

 

ʇʦ ʜʘʥʥʳʤ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ ʉʐɸ (ʅɸʉɸ) ʠ, ʩʦʛʣʘʩʥʦ 

ʜʠʘʛʨʘʤʤʝ, çɻʣʦʙʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘè (ʨʠʩ. 1), ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʧʦʚʳʩʠʣʘʩʴ ʥʘ 

0,74Ñ0,18ÁC. ɼʦ 1850 ʛʦʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʦʩʪʘʚʘʣʘʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʩʪʦʷʥʥʦʡ. ʆʜʥʘʢʦ ʥʘʙʣʶʜʘʣʠʩʴ ʠ ʪʘʢʠʝ ʧʝʨʠʦʜʳ, ʢʘʢ çʩʨʝʜʥʝʚʝʢʦʚʳʡ ʪʝʧʣʳʡ ʧʝʨʠʦʜè ʠ 

çʤʘʣʳʡ ʣʝʜʥʠʢʦʚʳʡ ʧʝʨʠʦʜè [1, 2, 6, 7]. 

ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʉʐɸ, 

ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ɿʝʤʣʠ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 0,70ʉ. ʇʦ ʜʘʥʥʳʤ ɺʩʝʤʠʨʥʦʡ 

https://commons.wikimedia.org/wiki/File:Global_Temperature_Anomaly.svg?uselang=ru
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ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʪʨʠʥʘʜʮʘʪʴ ʠʟ ʯʝʪʳʨʥʘʜʮʘʪʠ ʧʦʩʣʝʜʥʠʭ ʩʘʤʳʭ ʪʝʧʣʳʭ ʣʝʪ 

ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ XXI ʚʝʢʝ. 2000 ʠ 2020 ʛʦʜʳ ʙʳʣʠ ʩʘʤʳʤʠ ʪʝʧʣʳʤʠ. ɺ ʢʘʞʜʳʡ ʠʟ 

ʵʪʠʭ ʣʝʪ ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣʠ ʚʳʰʝ, ʯʝʤ ʚ ʧʝʨʠʦʜ ʩ 1961 ʛ. ʧʦ 1990 ʛ. ʉ ʩʝʨʝʜʠʥʳ XIX ʚʝʢʘ ʠ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʟʤʝʨʷʝʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, 

ʯʝʤ ʚ ʢʦʥʮʝ XX ʚʝʢʘ. 

Accu-Weather ʢʦʤʧʘʥʠʷ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʮʝʣʷʭ, ʩʦʦʙʱʘʝʪ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʧʦʚʳʩʠʣʘʩʴ ʥʘ 0,450C. ɺ ʵʪʦ ʚʨʝʤʷ ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʣʦ ʙʳʩʪʨʝʝ ʚ ɸʨʢʪʠʢʝ (ʉʠʙʠʨʴ, ɸʣʷʩʢʘ ʠ ʂʘʥʘʜʘ). ʇʦ ʜʘʥʥʳʤ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʛʨʫʧʧʳ ʫʯʝʥʳʭ (Arctic Climate Impact Assessment), ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʉʝʚʝʨʥʦʤ 

ʧʦʣʶʩʝ ʧʦʚʳʰʘʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ ʙʳʩʪʨʝʝ, ʯʝʤ ʥʘ ʚʩʝʡ ʧʣʘʥʝʪʝ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢ 2040 ʛʦʜʫ 

ʉʝʚʝʨʥʳʡ ʃʝʜʦʚʠʪʳʡ ʦʢʝʘʥ ʣʠʰʠʪʩʷ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʜʘʥʥʳʤʠ ʩʪʦʣʝʪʥʝʡ ʜʘʚʥʦʩʪʠ ʚʝʩʝʥʥʠʡ ʩʝʟʦʥ ʚ ʉʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʥʘʯʠʥʘʝʪʩʷ ʥʘ 2 ʥʝʜʝʣʠ 

ʨʘʥʴʰʝ, ʘ ʟʠʤʘ ʥʘ ʥʝʜʝʣʶ ʧʦʟʞʝ. ʇʦ ʜʘʥʥʳʤ ʞʫʨʥʘʣʘ National Geographic, ʢʦʣʠʯʝʩʪʚʦ ʛʦʨʥʳʭ 

ʣʝʜʥʠʢʦʚ ʚ ʤʠʨʝ ʠ ʨʘʟʤʝʨʳ ʩʧʷʱʝʛʦ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʘʶʪʩʷ. ʅʘʧʨʠʤʝʨ, ʚ 

1910 ʛ. ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʰʪʘʪʘ ʄʦʥʪʘʥʘ (ʉʐɸ) ʥʘʩʯʠʪʳʚʘʣʦʩʴ 150 ʣʝʜʥʠʢʦʚ. ɼʦ 2007 ʛ. 

ʢʦʣʠʯʝʩʪʚʦ ʣʝʜʥʠʢʦʚ ʫʤʝʥʴʰʠʣʦʩʴ ʜʦ 27 [7]. 

ɺ ʦʪʯʝʪʝ çɻʣʦʙʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ: ʧʨʠʯʠʥʳ, ʧʦʩʣʝʜʩʪʚʠʷ ʠ ʚʦʟʤʦʞʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʩʪʨʘʥ-ʫʯʘʩʪʥʠʮ ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘè ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʟʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʛʣʦʙʘʣʴʥʘʷ ʩʨʝʜʥʷʷ ʤʥʦʛʦʣʝʪʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʳʩʠʣʘʩʴ ʥʘ 0,6Áʉ [3]. 

ʇʝʨʠʦʜ ʩ 2001 ʛ. ʧʦ 2010 ʛ. ʙʳʣ ʩʘʤʳʤ ʪʝʧʣʳʤ ʧʝʨʠʦʜʦʤ. ɺ ʧʝʨʠʦʜ ʩ 1961 ʛ. ʧʦ 1990 ʛ. 

ʩʫʤʤʘʨʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʘʪʤʦʩʬʝʨʳ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʙʳʣʘ ʥʘ 0,47Áʉ ʚʳʰʝ ʩʨʝʜʥʝʡ 

ʤʥʦʛʦʣʝʪʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (ʫʚʝʣʠʯʝʥʠʝ ʥʘ 0,97Áʉ) ʥʘʙʣʶʜʘʶʪʩʷ ʚ ɽʚʨʦʧʝ ʠ ɸʟʠʠ ʚ 

ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ. ʇʨʠ ʵʪʦʤ ʩʘʤʦʝ ʥʠʟʢʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (+0,41Áʉ) ʙʳʣʦ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʖʞʥʦʡ ɸʤʝʨʠʢʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ, ʚʳʟʚʘʚʰʠʭ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ɿʝʤʣʝ, ʙʳʣʦ ʨʘʟʣʠʯʥʳʤ. ʉ 1979 

ʛʦʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʫʰʝ ʫʚʝʣʠʯʠʣʘʩʴ ʚʜʚʦʝ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʦʢʝʘʥʝ. ʅʝʙʦʣʴʰʦʝ ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚʦʜʘ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʦʡ ʪʝʧʣʦʝʤʢʦʩʪʴʶ. 

ʀʟ-ʟʘ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʚ ʦʢʝʘʥʘʭ ʉʝʚʝʨʥʦʝ ʧʦʣʫʰʘʨʠʝ ʧʨʦʛʨʝʚʘʝʪʩʷ ʙʳʩʪʨʝʝ, 

ʯʝʤ ʖʞʥʦʝ ʧʦʣʫʰʘʨʠʝ. ʉʢʦʨʦʩʪʴ ʧʦʪʝʧʣʝʥʠʷ ʚʳʰʝ ʚ ɸʨʢʪʠʢʝ. 

ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʪʝʩʥʝʥʠʝʤ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ 

ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʫ. ʊʨʝʙʫʝʪʩʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʯʪʦʙʳ ʚʦʩʩʪʘʥʦʚʠʪʴ ʢʣʠʤʘʪʠʯʝʩʢʦʝ 

ʨʘʚʥʦʚʝʩʠʝ. ɽʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʚ ʘʪʤʦʩʬʝʨʫ, ʦʩʪʘʥʝʪʩʷ ʥʘ 

ʥʳʥʝʰʥʝʤ ʫʨʦʚʥʝ, ʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ɿʝʤʣʝ ʧʦʚʳʩʠʪʩʷ ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ 0,5Áʉ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ 

ʚʳʚʦʜʳ ʧʨʠʥʠʤʘʶʪʩʷ ʥʝ ʚʩʝʤʠ ʫʯʝʥʳʤʠ. ɽʩʪʴ ʷʨʳʝ ʧʨʦʪʠʚʥʠʢʠ ʪʝʦʨʠʠ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ 

[7], ʢʦʪʦʨʳʝ ʚʳʩʪʫʧʘʶʪ ʧʨʦʪʠʚ ʵʪʦʡ ʠʜʝʠ. 

ʉʦʛʣʘʩʥʦ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʘʟʝʨʙʘʡʜʞʘʥʩʢʠʤʠ ʵʢʩʧʝʨʪʘʤʠ ʆʨʛʘʥʠʟʘʮʠʠ 

ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ, ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ 

ʧʦʚʳʩʠʣʘʩʴ ʥʘ 0,4ï1,3Áʉ [3]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʛʠʦʥʦʚ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʪʨʘʥʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦ. ʊʘʢ, ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʨʘʡʦʥʘʭ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ ʧʦʚʳʩʠʣʘʩʴ ʥʘ 

1,1ï1,3Áʉ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʫʩʠʣʠʣʘʩʴ ʟʘʩʫʭʘ, ʚʦʜʘ ʚʦ ʤʥʦʛʠʭ ʨʝʢʘʭ 

ʫʤʝʥʴʰʠʣʘʩʴ, ʘ ʥʝʢʦʪʦʨʳʝ ʚʦʚʩʝ ʧʝʨʝʩʦʭʣʠ. ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʞʘʨʢʠʭ 

ʚʝʩʝʥʥʝ-ʣʝʪʥʠʭ ʜʥʝʡ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ ʧʝʨʠʦʜʠʯʝʩʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʭʦʣʦʜʥʳʭ 

ʦʩʝʥʥʝ-ʟʠʤʥʠʭ ʜʥʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ɺ ʨʘʚʥʠʥʥʳʭ ʨʘʡʦʥʘʭ ʩʪʨʘʥʳ ï ʚ ʟʦʥʘʭ, ʛʜʝ 

ʙʦʣʝʝ ʨʘʟʚʠʪʦ ʟʝʤʣʝʜʝʣʠʝ, ʧʨʝʦʙʣʘʜʘʝʪ ʟʘʩʫʭʘ. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʨʘʚʥʠʥʘʭ ʠ ʚ 

ʧʨʝʜʛʦʨʴʷʭ ʚʳʰʝ, ʯʝʤ ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ. ɺʝʯʥʳʡ ʣʝʜʦʚʳʡ ʠ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ 
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ʥʘ ʚʝʨʰʠʥʘʭ ʛʦʨ ɹʦʣʴʰʦʛʦ ʠ ʄʘʣʦʛʦ ʂʘʚʢʘʟʘ, ʪʘʝʪ ʠʭ ʧʣʦʱʘʜʴ ʩʦʢʨʘʱʘʶʪʩʷ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ 

ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʣʠʤʘʪʘ (ʛʣʦʙʘʣʴʥʦʤ ʧʦʪʝʧʣʝʥʠʠ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ çʛʣʦʙʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʢʣʠʤʘʪʘè ʦʩʥʦʚʘʥʦ ʥʘ ʨʝʘʣʴʥʦʩʪʠ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʦʥʢʨʝʪʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ ʠ ʧʦʩʣʝʜʩʪʚʠʷ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʙʦʣʴʰʝ ʙʫʜʝʪ ʦʱʫʱʘʪʴʩʷ ʥʘ ʩʫʰʝ, ʯʝʤ ʚ ʦʢʝʘʥʝ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʢʦʨʝʥʥʦʡ ʩʤʝʥʝ ʧʨʠʨʦʜʥʳʭ ʟʦʥ 

ʥʘ ʢʦʥʪʠʥʝʥʪʘʭ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʪʝʢʘʝʪ ʚ ʘʨʢʪʠʯʝʩʢʦʡ ʠ ʘʥʪʘʨʢʪʠʯʝʩʢʦʡ 

ʟʦʥʘʭ [2, 4ï6, 8]. 

ɿʦʥʘ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʩʤʝʩʪʠʣʘʩʴ ʥʘ 100 ʢʠʣʦʤʝʪʨʦʚ ʢ ʩʝʚʝʨʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʩʪʨʦʛʦ 

ʪʘʷʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʣʝʜʥʠʢʦʚ ʉʝʚʝʨʥʳʡ ʃʝʜʦʚʠʪʳʡ ʦʢʝʘʥ ʣʝʪʦʤ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʩʫʰʠ ʥʘ 

3-6 ʤ. ʕʨʦʟʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʙʳʩʪʨʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʘʨʢʪʠʯʝʩʢʠʭ ʦʩʪʨʦʚʘʭ ʠ ʚʳʩʦʢʠʭ 

ʣʝʜʥʠʢʦʚʳʭ ʚʳʩʪʫʧʘʭ. ʅʝʩʢʦʣʴʢʦ ʘʨʢʪʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ ʧʦʣʥʦʩʪʴʶ ʟʘʪʦʧʣʝʥʳ. ʇʦ ʧʨʦʛʥʦʟʘʤ, 

ʟʦʥʘ ʪʘʡʛʠ ʩʜʚʠʥʝʪʩʷ ʥʘ 500ï600 ʢʤ ʢ ʩʝʚʝʨʫ, ʪʨʝʪʴ ʝʝ ʪʝʨʨʠʪʦʨʠʠ ʦʢʘʞʝʪʩʷ ʧʦʜ ʚʦʜʦʡ. 

ʃʝʩʦʩʪʝʧʥʳʝ ʠ ʩʪʝʧʥʳʝ ʨʘʡʦʥʳ ʧʝʨʝʤʝʩʪʷʪʩʷ ʥʘ ʩʝʚʝʨ ʠ ʜʦʩʪʠʛʥʫʪ ʉʤʦʣʝʥʩʢʦʡ, ʂʘʣʫʞʩʢʦʡ, 

ʊʫʣʴʩʢʦʡ ʠ ʈʷʟʘʥʩʢʦʡ ʦʙʣʘʩʪʝʡ ʠ ʜʘʞʝ ʜʦʡʜʫʪ ʜʦ ʶʞʥʳʭ ʛʨʘʥʠʮ ʄʦʩʢʦʚʩʢʦʡ ʠ ɺʣʘʜʠʤʠʨʩʢʦʡ 

ʦʙʣʘʩʪʝʡ. 

ʇʦʪʝʧʣʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʩʝʨʴʝʟʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʞʠʚʦʪʥʳʡ ʤʠʨ ʠ ʩʨʝʜʫ ʝʛʦ ʦʙʠʪʘʥʠʷ. ɸʨʝʘʣ 

ʦʙʠʪʘʥʠʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʫʞʝ ʠʟʤʝʥʠʣʘʩʴ ʚ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʷʭ ɿʝʤʣʠ. ʉʠʟʦʛʦʣʦʚʳʡ ʜʨʦʟʜ 

ʥʘʯʘʣ ʛʥʝʟʜʠʪʴʩʷ ʚ ɻʨʝʥʣʘʥʜʠʠ. ɺ ʩʫʙʘʨʢʪʠʯʝʩʢʦʡ ʀʩʣʘʥʜʠʠ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʣʘʩʪʦʯʝʢ ʠ 

ʩʢʚʦʨʮʦʚ, ʘ ʚ ɹʨʠʪʘʥʠʠ ð ʙʝʣʳʭ ʮʘʧʝʣʴ. ʇʨʦʤʳʰʣʝʥʥʫʶ ʨʳʙʫ ʥʘʙʣʶʜʘʶʪ ʪʘʤ, ʛʜʝ ʝʝ ʨʘʥʴʰʝ 

ʥʝ ʙʳʣʦ. ɺ ɻʨʝʥʣʘʥʜʠʠ ʩʪʘʣʠ ʦʙʠʪʘʪʴ ʪʨʝʩʢʦʚʳʝ ʠ ʩʝʣʴʜʝʚʳʝ ʨʳʙʳ, ʚ ʙʨʠʪʘʥʩʢʠʭ ʚʦʜʘʭ 

ʥʘʩʝʣʷʶʱʠʝ ʶʞʥʳʝ ʟʦʥʳ ð ʢʨʘʩʥʘʷ ʬʦʨʝʣʴ ʠ ʙʦʣʴʰʝʛʦʣʦʚʘʷ ʯʝʨʝʧʘʭʘ, ʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʤ 

ʟʘʣʠʚʝ ð ʩʘʨʜʠʥʳ, ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ ð ʩʢʫʤʙʨʠʷ ʠ ʩʘʡʨʘ. ɺ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ ʘʨʝʘʣ ʙʫʨʳʭ 

ʤʝʜʚʝʜʝʡ ʨʘʩʧʨʦʩʪʨʘʥʠʣʩʷ ʢ ʩʝʚʝʨʫ, ʠ ʜʘʞʝ ʧʦʷʚʠʣʠʩʴ ʛʠʙʨʠʜʳ ʙʝʣʳʭ ʠ ʙʫʨʳʭ. 

ɿʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʘʩʴ ʛʝʦʛʨʘʬʠʷ ʙʦʣʝʟʥʝʪʚʦʨʥʳʭ ʥʘʩʝʢʦʤʳʭ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʚ 

ʩʝʨʝʜʠʥʝ 21 ʚʝʢʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʤʘʣʷʨʠʝʡ ʚʦʟʨʘʩʪʝʪ ʥʘ 60%. ʅʝʜʦʩʪʘʪʦʢ ʯʠʩʪʦʡ ʧʠʪʴʝʚʦʡ 

ʚʦʜʳ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʭ ʠʥʬʝʢʮʠʡ. ʈʘʟʤʥʦʞʝʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ 

ʚʦʟʜʫʭʝ ʧʨʠʚʝʜʝʪ ʢ ʨʦʩʪʫ ʘʩʪʤʳ, ʘʣʣʝʨʛʠʠ ʠ ʨʘʟʣʠʯʥʳʭ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɺʦʟʨʦʩʣʘ 

ʠ ʫʛʨʦʟʘ ʠʩʯʝʟʥʦʚʝʥʠʷ ʤʥʦʛʠʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ɹʝʣʳʝ ʤʝʜʚʝʜʠ, ʤʦʨʞʠ ʠ ʪʶʣʝʥʠ ʚʦʜʷʥʳʝ 

ʚʦʪ-ʚʦʪ ʧʦʪʝʨʷʶʪ ʩʚʦʠ ʤʝʩʪʘ ʦʙʠʪʘʥʠʷ ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʣʴʜʘʭ. 

ʇʦʪʝʧʣʝʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʝʟʢʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʨʝʟʢʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ. ɿʠʤʘ ʥʝ ʩʫʨʦʚʘʷ, ʘ ʜʦʩʪʘʪʦʯʥʦ ʤʷʛʢʘʷ. ʇʣʦʱʘʜʠ ʟʝʤʝʣʴ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʢ ʩʝʚʝʨʫ. ʖʞʥʳʝ ʨʘʩʪʝʥʠʷ ʤʦʞʥʦ ʚʳʨʘʱʠʚʘʪʴ ʚ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʘʭ. 

ʇʦ ʧʨʦʛʥʦʟʘʤ, ʚ 2060-ʭ ʛʦʜʘʭ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʈʦʩʩʠʠ ʜʦʩʪʠʛʥʝʪ 0Áʉ, ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʵʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʣʷʝʪ ʤʠʥʫʩ 5,3Áʉ. 

ɼʚʝ ʪʨʝʪʠ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʜʥʫ ʰʝʩʪʫʶ ʯʘʩʪʴ ʤʠʨʘ ʠ ʯʝʪʚʝʨʪʴ 

ʉʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ. ɿʜʝʩʴ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʦʨʦʜʘ, ʧʨʦʣʦʞʝʥʳ 

ʪʳʩʷʯʠ ʢʠʣʦʤʝʪʨʦʚ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ (ʯʝʨʝʟ ʵʪʦʪ ʨʘʡʦʥ 

ʧʨʦʭʦʜʠʪ 80% ɹɸʄʘ). ʊʘʷʥʠʝ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʷʤ, ʯʪʦ ʤʦʞʝʪ 

ʩʜʝʣʘʪʴ ʨʘʡʦʥʳ ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʧʨʦʞʠʚʘʥʠʷ. ʇʦ ʤʥʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʫʯʝʥʳʭ, ʉʠʙʠʨʴ ʤʦʞʝʪ 

ʙʳʪʴ ʦʪʨʝʟʘʥʘ ʦʪ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʠ ʵʪʦ ʧʦʟʚʦʣʠʪ ʜʨʫʛʠʤ ʩʪʨʘʥʘʤ ʧʨʝʪʝʥʜʦʚʘʪʴ ʥʘ 

ʵʪʠ ʪʝʨʨʠʪʦʨʠʠ [8]. 

ʀʟʤʝʥʝʥʠʷ ʦʞʠʜʘʶʪʩʷ ʠ ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ. ɺ ʚʝʨʭʥʠʭ ʟʦʥʘʭ (ʚʳʰʝ 500 ʶʞʥʦʛʦ 

ʠ ʩʝʚʝʨʥʦʛʦ ʧʦʷʩʦʚ) ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʦʩʘʜʢʦʚ ʟʠʤʦʡ, ʘ ʚ ʶʞʥʦʤ ʧʦʷʩʝ, ʥʘʦʙʦʨʦʪ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʦʩʘʜʢʦʚ ʜʦ 20% ʚ ʣʝʪʥʠʡ ʩʝʟʦʥ. ɽʚʨʦʧʝʡʩʢʠʝ ʩʪʨʘʥʳ, ʛʜʝ ʨʘʟʚʠʚʘʝʪʩʷ 

ʪʫʨʠʟʤ, ʥʝʩʫʪ ʦʛʨʦʤʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ. ʉʫʭʦʝ ʞʘʨʢʦʝ ʣʝʪʦ ʠ ʤʷʛʢʘʷ ʪʝʧʣʘʷ ʟʠʤʘ ʨʝʟʢʦ 

ʩʦʢʨʘʪʠʣʠ ʢʦʣʠʯʝʩʪʚʦ ʦʪʜʳʭʘʶʱʠʭ ʚ ʀʪʘʣʠʠ, ɻʨʝʮʠʠ, ʀʩʧʘʥʠʠ ʠ ʌʨʘʥʮʠʠ. ɻʦʨʥʘʷ ʣʳʞʥʷ ʚ 

ɸʣʴʧʘʭ ʦʩʣʘʙʣʘ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʩʥʝʛʘ. ʇʦ ʜʘʥʥʳʤ ʆʆʅ, ʚ ʩʝʨʝʜʠʥʝ XXI ʚʝʢʘ ʚ ʤʠʨʝ ʤʦʞʝʪ 
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ʧʦʷʚʠʪʴʩʷ 200 ʤʠʣʣʠʦʥʦʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʙʝʞʝʥʮʝʚ. ʇʦ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʡ ʚ 

2007 ʛ. ɺʩʝʤʠʨʥʳʤ ʩʦʚʝʪʦʤ ʧʦ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ, ʝʩʣʠ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʤʠʨʝ 

ʧʦʚʳʩʠʪʩʷ ʥʘ 1,5ï2,5Áʉ, ʪʦ ʩ ʣʠʮʘ ʟʝʤʣʠ ʤʦʞʝʪ ʙʳʪʴ ʩʪʝʨʪʦ ʧʨʠʤʝʨʥʦ 30% ʬʣʦʨʳ ʠ ʬʘʫʥʳ. ʂ 

2050 ʛ. ʙʦʣʝʝ ʦʜʥʦʛʦ ʤʠʣʣʠʘʨʜʘ ʯʝʣʦʚʝʢ ʤʦʛʫʪ ʩʪʨʘʜʘʪʴ ʦʪ ʥʝʭʚʘʪʢʠ ʧʠʪʴʝʚʦʡ ʚʦʜʳ. ɺ ʦʪʯʝʪʝ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʦʤ ʚ 2007 ʛ. ɺ ʇʨʦʛʨʘʤʤʝ ʆʆʅ ʧʦ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ʚ 

ɸʥʪʘʨʢʪʠʢʝ ʠ ɻʨʝʥʣʘʥʜʠʠ ʥʘʭʦʜʷʪʩʷ 98ï99% ʧʨʝʩʥʦʚʦʜʥʳʭ ʣʝʜʥʠʢʦʚ ʧʣʘʥʝʪʳ. ɽʩʣʠ ʣʝʜʷʥʦʡ 

ʱʠʪ ɻʨʝʥʣʘʥʜʠʠ ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʘʝʪ, ʪʦ ʫʨʦʚʝʥʴ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʤʦʞʝʪ ʧʦʜʥʷʪʴʩʷ ʥʘ 7 ʤ. ɽʩʣʠ 

ʨʘʩʪʘʝʪ 20 % ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ɻʨʝʥʣʘʥʜʠʠ ʠ 5 % ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ɸʥʪʘʨʢʪʠʜʳ, ʪʦ ʫʨʦʚʝʥʴ 

ʤʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʤʦʞʝʪ ʧʦʜʥʷʪʴʩʷ ʥʘ 4ï5 ʤ. ʀʟ-ʟʘ ʧʦʩʪʝʧʝʥʥʦʛʦ ʪʘʷʥʠʷ ʣʝʜʷʥʳʭ ʱʠʪʦʚ, ʛʦʨʥʳʭ 

ʣʝʜʥʠʢʦʚ ʠ ʩʥʝʞʥʳʭ ʰʘʧʦʢ ʫʨʦʚʝʥʴ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʧʦʜʥʷʣʩʷ ʥʘ 20 ʩʤ ʟʘ ʧʝʨʠʦʜ 1870ï

2001 ʛʛ. ɺ 1990ï2006 ʛʦʜʘʭ ʫʨʦʚʝʥʴ ʤʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʧʦʜʥʠʤʘʣʩʷ ʥʘ 3 ʤʤ ʚ ʛʦʜ. ʇʦ ʨʘʩʯʝʪʘʤ, 

ʝʩʣʠ ʫʨʦʚʝʥʴ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʧʦʜʥʠʤʝʪʩʷ ʥʘ 1 ʤ, ʪʦ ʚ ʟʘʪʦʧʣʝʥʥʳʭ ʨʘʡʦʥʘʭ ʤʦʞʝʪ ʦʩʪʘʪʴʩʷ 

145 ʤʣʥ ʯʝʣʦʚʝʢ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʣʠʢʚʠʜʘʮʠʠ ʨʷʜʘ ʩʪʨʘʥ, ʪʘʢʠʭ ʢʘʢ ʅʠʜʝʨʣʘʥʜʳ, 

ʇʘʢʠʩʪʘʥ ʠ ʀʟʨʘʠʣʴ, ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʗʧʦʥʠʠ ʠ ʜʨʫʛʠʭ ʦʩʪʨʦʚʥʳʭ ʛʦʩʫʜʘʨʩʪʚ. ʄʦʛʫʪ ʙʳʪʴ 

ʟʘʪʦʧʣʝʥʳ ʪʘʢʠʝ ʛʦʨʦʜʘ, ʢʘʢ ʅʴʶ-ʁʦʨʢ (ʉʐɸ) ʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ (ʈʦʩʩʠʷ) [8]. 

ɺ ʉʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʚʝʩʥʘ ʥʘʩʪʫʧʘʝʪ ʥʘ ʥʝʜʝʣʶ ʨʘʥʴʰʝ, ʯʝʤ ʙʳʣʦ ʩʪʦ ʣʝʪ ʥʘʟʘʜ, ʘ 

ʟʠʤʘ ð ʥʘ ʥʝʜʝʣʶ ʧʦʟʞʝ. ɻʣʦʙʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʧʨʠʚʝʜʝʪ ʢ ʥʘʨʫʰʝʥʠʶ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʩʪʘʥʝʪ ʥʝʠʟʙʝʞʥʳʤ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʪʝʧʝʥʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʳ ʚ ʥʠʟʦʚʴʷʭ ʨʝʢ. ʊʘ ʞʝ ʫʯʘʩʪʴ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ 

ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʘʭ ʚʦʜʳ. ʋʱʝʨʙ, ʥʘʥʦʩʠʤʳʡ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ ʚʩʝʤ ʦʪʨʘʩʣʷʤ ʵʢʦʥʦʤʠʢʠ, 

ʦʛʨʦʤʝʥ ʠ ʠʟʤʝʨʷʝʪʩʷ ʤʠʣʣʠʘʨʜʘʤʠ ʜʦʣʣʘʨʦʚ. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʫʞʝ ʩʦʟʜʘʣʠ 

ʢʨʠʟʠʩʥʫʶ ʩʠʪʫʘʮʠʶ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʚʳʟʚʘʚ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠ ʤʘʩʰʪʘʙʦʚ 

ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ, ʦʙʨʘʟʦʚʘʥʠʝ çʵʢʦʣʦʛʠʯʝʩʢʠʭ ʙʝʞʝʥʮʝʚè, ʚʫʣʢʘʥʦʚ, ʟʝʤʣʝʪʨʷʩʝʥʠʡ, 

ʫʨʘʛʘʥʦʚ, ʩʤʝʨʯʝʡ ʠ ʜʨʫʛʠʭ ʢʘʪʘʢʣʠʟʤʦʚ. ɼʝʩʷʪʢʠ ʪʳʩʷʯ ʣʶʜʝʡ ʧʦʛʠʙʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ, ʠ ʧʦʢʠʥʫʚ ʨʦʜʥʳʝ ʤʝʩʪʘ ʩʪʘʣʠ çʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʙʝʞʝʥʮʘʤʠè. ɿʘ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ, ʚʳʟʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ, ʫʱʝʨʙ 

ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʝ ʚʦ ʤʥʦʛʦ ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʫʱʝʨʙ, ʥʘʥʝʩʝʥʥʳʡ ʟʘ 10 ʣʝʪ 1980-ʭ ʛʦʜʦʚ [4]. ɿʘ 

ʦʜʠʥ ʛʦʜ ʧʦʛʠʙʣʦ ʙʦʣʝʝ ʜʝʩʷʪʠ ʪʳʩʷʯ ʯʝʣʦʚʝʢ, 25 ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʢ ʩʪʘʣʠ çʵʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʙʝʞʝʥʮʘʤʠè. ɺ 1990ï2000 ʛʛ. ʫʱʝʨʙ, ʥʘʥʝʩʝʥʥʳʡ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʝ, ʢʦʣʝʙʘʣʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 

5 ʜʦ 100 ʤʣʨʜ ʜʦʣʣ. ʝʞʝʛʦʜʥʦ (ʈʠʩʫʥʦʢ 2). 

 
 

ʈʠʩʫʥʦʢ 2. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ, ʥʘʥʝʩʝʥʥʳʡ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʝ [4] 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʧʨʦʠʟʦʰʝʜʰʝʛʦ ʥʘ ʉʫʤʘʪʨʝ ʚ 2004 ʛʦʜʫ, ʫʱʝʨʙ, ʥʘʥʝʩʝʥʥʳʡ 

ʵʪʦʤʫ ʛʦʩʫʜʘʨʩʪʚʫ ʩʦʩʪʘʚʠʣ 34 ʤʠʣʣʠʘʨʜʘ ʜʦʣʣʘʨʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, 

ʧʨʦʠʟʦʰʝʜʰʝʛʦ ʥʘ ɻʘʠʪʠ ʚ 2010 ʛʦʜʫ ī7,8 ʤʠʣʣʠʘʨʜʘ ʜʦʣʣʘʨʦʚ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʮʫʥʘʤʠ-

ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʧʨʦʠʟʦʰʝʜʰʝʛʦ ʚ ʗʧʦʥʠʠ ʚ 2011 ʛʦʜʫ 309 ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ. ʇʨʠʨʦʜʥʳʝ 
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ʢʘʪʘʢʣʠʟʤʳ ʫʥʝʩʣʠ ʞʠʟʥʠ ʙʦʣʝʝ 500 ʪʳʩʷʯ ʯʝʣʦʚʝʢ. ʉʪʨʘʥʳ ʤʠʨʘ ʥʝ ʜʦʣʞʥʳ ʦʩʪʘʚʘʪʴʩʷ 

ʨʘʚʥʦʜʫʰʥʳʤʠ ʢ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ, ʦʥʠ ʜʦʣʞʥʳ ʚʤʝʩʪʝ ʙʦʨʦʪʴʩʷ ʩ ʥʠʤ ʠ ʦʙʲʝʜʠʥʷʪʴ ʩʚʦʠ 

ʫʩʠʣʠʷ. 

ʉʧʦʩʦʙʳ ʘʜʘʧʪʘʮʠʠ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ. ɸʥʘʣʠʟʳ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʤʦʞʥʦ ʯʘʩʪʠʯʥʦ ʩʤʷʛʯʠʪʴ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʩʦʚʤʝʩʪʥʳʤʠ ʫʩʠʣʠʷʤʠ ʩʪʨʘʥ 

ʤʠʨʘ. ʏʝʣʦʚʝʯʝʩʪʚʦ ʥʝ ʩʤʦʞʝʪ ʠʟʙʝʞʘʪʴ ʢʘʪʘʢʣʠʟʤʦʚ, ʝʩʣʠ ʧʨʦʜʦʣʞʠʪ ʙʝʟʞʘʣʦʩʪʥʦʝ 

ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʚ ʧʨʠʨʦʜʫ. ʄʠʨʦʚʳʝ ʫʯʝʥʳʝ ʨʘʟʨʘʙʦʪʘʣʠ ʨʷʜ ʤʝʨ ʧʦ ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʝʥʠʶ 

ʢʣʠʤʘʪʘ ʠ ʧʫʪʠ ʠʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ [1, 2]. 

ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʤʝʨ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʩʦʨʪʦʚ ʨʘʩʪʝʥʠʡ ʠ ʧʦʨʦʜ ʜʝʨʝʚʴʝʚ. ʃʠʩʪʴʷ 

ʪʘʢʠʭ ʨʘʩʪʝʥʠʡ ʠ ʜʝʨʝʚʴʝʚ ʙʫʜʫʪ ʠʤʝʪʴ ʚʳʩʦʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʘʣʴʙʝʜʦ. ʆʥʠ ʙʫʜʫʪ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʦʛʣʦʱʘʷ ʪʝʧʣʦ. ɺʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʦʧʨʦʩʫ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʨʳʰ ʟʜʘʥʠʡ ʠʟ ʙʝʣʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʧʦʢʨʘʩʢʠ ʠʭ ʚ ʙʝʣʳʡ ʮʚʝʪ ʜʣʷ ʦʪʨʘʞʝʥʠʷ 

ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ, ʫʩʪʘʥʦʚʢʠ ʥʘ ʣʝʜʥʠʢʘʭ ʦʪʨʘʞʘʶʱʠʭ ʟʝʨʢʘʣ. ʆʜʥʦʡ ʠʟ ʤʝʨ ʧʦ ʘʜʘʧʪʘʮʠʠ ʢ 

ʛʣʦʙʘʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʢʣʠʤʘʪʘ ʷʚʣʷʝʪʩʷ ʟʘʤʝʥʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʠʜʦʚ ʵʥʝʨʛʠʠ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʤʠ ʠʣʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʚʠʜʘʤʠ ʵʥʝʨʛʠʠ. ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʩʦʣʥʝʯʥʳʭ, ʚʝʪʨʦʚʳʭ, ʪʝʧʣʦʚʳʭ, ʚʦʣʥʦʚʳʭ (ʦʢʝʘʥʘ ʠ ʤʦʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ) ʠ ʜʨʫʛʠʭ 

ʚʠʜʦʚ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʫʛʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 

ʆʜʥʦʡ ʠʟ ʦʨʠʛʠʥʘʣʴʥʳʭ ʤʝʨ ʷʚʣʷʝʪʩʷ ʦʙʦʛʨʝʚ ʞʠʣʳʭ ʜʦʤʦʚ ʟʘ ʩʯʝʪ ʪʝʧʣʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʪʝʣʘ. ʉʫʱʝʩʪʚʫʝʪ ʩʝʨʴʝʟʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʫʩʠʣʝʥʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʫʛʨʦʟ, ʚʳʟʚʘʥʥʳʭ ʛʣʦʙʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʢʣʠʤʘʪʘ, ʫʯʝʥʳʝ 

ʪʨʫʜʷʪʩʷ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʥʦʚʳʭ, ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʠ ʦʨʠʛʠʥʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʮʝʣʷʭ 

ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʳʙʨʘʩʳʚʘʝʤʦʛʦ ʚ ʘʪʤʦʩʬʝʨʫ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʥʘʨʘʱʠʚʘʥʠʝ ʤʘʩʩʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʠ ʜʨʫʛʠʭ ʙʝʟʚʨʝʜʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʦʟʚʦʣʷʝʪ ʢʘʢ 

ʙʦʨʦʪʴʩʷ ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʢʣʠʤʘʪʘ, ʪʘʢ ʠ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʨʦʜʥʳʝ 

ʨʝʩʫʨʩʳ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ ʫʣʘʚʣʠʚʘʥʠʝ ʠ 

ʟʘʭʦʨʦʥʝʥʠʝ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʛʘʟʦʚ ʠʟ ʘʪʤʦʩʬʝʨʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʩʦʟʜʘʶʱʠʡ ʩʦʛʨʝʚʘʶʱʠʡ ʵʬʬʝʢʪ, ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʟʘʢʘʯʠʚʘʪʴ ʚ ʛʣʫʙʦʢʠʝ 

ʩʣʦʠ ʦʢʝʘʥʘ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʩʪʘʥʝʪ ʙʝʟʚʨʝʜʥʳʤ ʨʘʩʪʚʦʨʠʚʰʠʩʴ ʚ 

ʛʣʫʙʦʢʠʭ ʩʣʦʷʭ ʦʢʝʘʥʘ. ʄʥʦʛʠʝ ʠʟ ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʤʝʪʦʜʦʚ ʠʣʠ ʪʝʭʥʦʣʦʛʠʡ 

ʫʣʘʚʣʠʚʘʥʠʷ ʠ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʥʝ ʤʦʛʫʪ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʨʘʩʪʫʱʠʡ ʩʧʨʦʩ. 

ʅʘʧʨʠʤʝʨ, ʚ ʧʨʦʰʣʦʤ ʧʦʩʘʜʢʘ ʜʝʨʝʚʴʝʚ ʩʯʠʪʘʣʘʩʴ ʣʫʯʰʠʤ ʩʧʦʩʦʙʦʤ ʫʣʘʚʣʠʚʘʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ. ʅʦ ʧʦʟʞʝ ʩʪʘʣʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʩʘʞʝʥʥʳʝ ʜʝʨʝʚʴʷ ʩʥʦʚʘ ʫʥʠʯʪʦʞʘʶʪʩʷ ʠ ʩʞʠʛʘʶʪʩʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʟ-ʟʘ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʊʘʢʞʝ, ʧʦʩʢʦʣʴʢʫ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʚʳʭ ʛʘʟʦʚ, ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʚ ʘʪʤʦʩʬʝʨʫ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ, ʦʟʝʣʝʥʝʥʠʝ ʥʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʧʦʣʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʵʪʠʭ ʛʘʟʦʚ. ʇʦʵʪʦʤʫ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʩʪʨʘʥʘʤʠ. ʏʪʦʙʳ ʩʧʨʘʚʠʪʴʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʥʦʨʤʘʪʠʚʥʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ ʧʨʠʥʷʪʠʝ ʝʛʦ ʩʪʨʘʥʘʤʠ ʤʠʨʘ. ɼʣʷ 

ʩʚʝʜʝʥʠʷ ʦʪʤʝʪʠʤ, ʯʪʦ ʚ 1992 ʛʦʜʫ ʈʘʤʦʯʥʘʷ ʢʦʥʚʝʥʮʠʷ ʆʆʅ ʠ ʂʠʦʪʩʢʠʡ ʧʨʦʪʦʢʦʣ ʚ 1999 ʛʦʜʫ 

çʆʙ ʠʟʤʝʥʝʥʠʷʭ ʢʣʠʤʘʪʘè ʙʳʣʠ ʧʨʠʥʷʪʳ ʙʦʣʴʰʠʥʩʪʚʦʤ ʩʪʨʘʥ ʤʠʨʘ. ʆʜʥʘʢʦ ʂʠʦʪʩʢʠʡ 

ʧʨʦʪʦʢʦʣ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʨʘʪʠʬʠʮʠʨʦʚʘʥ ʨʷʜʦʤ ʩʪʨʘʥ [7]. 

ʅʘ 15 ʢʦʥʬʝʨʝʥʮʠʠ ʆʆʅ (ʛ. ʂʦʧʝʥʛʘʛʝʥ) ʩ ʮʝʣʴʶ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ ʜʦ 2020 ʛ, ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʣʦʞʝʥʠʝ ʦ ʚʳʜʝʣʝʥʠʠ 100 ʤʣʨʜ ʜʦʣʣʘʨʦʚ ʝʞʝʛʦʜʥʦ ʥʘ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʵʪʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ʛʦʩʫʜʘʨʩʪʚʘʤʠ ʤʠʨʘ. ʆʜʥʘʢʦ ʨʘʟʥʦʛʣʘʩʠʷ 
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ʤʝʞʜʫ ʨʘʟʚʠʪʳʤʠ ʠ ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ ʩʪʨʘʥʘʤʠ ʥʝ ʧʦʟʚʦʣʠʣʠ ʧʨʠʥʷʪʴ ʵʪʦʪ ʶʨʠʜʠʯʝʩʢʠʡ 

ʜʦʢʫʤʝʥʪ ʜʦ ʩʠʭ ʧʦʨ. ʆʜʥʘʢʦ ʨʷʜ ʩʪʨʘʥ ʧʦʜʛʦʪʦʚʠʣʠ ʩʚʦʠ ʥʘʮʠʦʥʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʜʦʢʪʨʠʥʳ ʠ ʨʝʰʠʣʠ ʚʳʜʝʣʠʪʴ ʩʨʝʜʩʪʚʘ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʥʘʫʢʠ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ. 
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THE EFFECT OF CULTIVATION ON THE DEVELOPMENT  

OF LOCAL AND INTRODUCED VARIETIES OF WINTER WHEAT (AZERBAIJAN) 

 

ÉKazimov N., Ph.D., Azerbaijan State Agricultural University, Ganja, Azerbaijan 

ÉSeyidaliyev N., Dr. habil., Azerbaijan State Agricultural University, Ganja, Azerbaijan 

 

ɸʥʥʦʪʘʮʠʷ. ɹʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʜʦʞʜʝʚʘʣʴʥʳʭ ʧʦʣʠʚʦʚ, ʤʫʣʴʯʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʙʣʶʜʝʥʠʷ ʥʦʨʤ ʠ ʩʨʦʢʦʚ ʚʥʝʩʝʥʠʷ 

ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʫ ʚʩʝʭ ʩʦʨʪʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʚʩʭʦʜʳ ʯʝʨʝʟ 10ï12 

ʜʥʝʡ ʧʦʩʣʝ ʧʦʩʝʚʘ. ʈʘʩʪʝʥʠʷ ʜʦʩʪʠʛʣʠ ʧʝʨʠʦʜʘ ʬʘʟʳ ʢʫʱʝʥʠʷ ʫ ʩʦʨʪʘ ʂʳʨʤʳʟʳʛʶʣʴ 

21.01.2020 ʛ., ʫ ʩʦʨʪʘ ʄʫʨʦʚ-2 26.01.20, ʫ ʩʦʨʪʘ ɸʨʘʥ 25.01.2020, ʫ ʩʦʨʪʘ ʄʘʫʨʠʟʠʦ 22.01.2020, 

ʫ ʩʦʨʪʘ ɹʘʣʘʪʦʥ 25.01.2020, ʫ ʩʦʨʪʘ ɻʘʣʣʠʦ 27.01.2020, ʫ ʩʦʨʪʘ ɻʘʫʜʠʦ 24.01.2020, ʬʘʟʳ ʚʳʭʦʜʘ 

ʚ ʪʨʫʙʢʫ ʫ ʩʦʨʪʘ ʂʳʨʤʳʟʳʛʶʣʴ 02.04.2020 ʛ., ʫ ʩʦʨʪʘ ʄʫʨʦʚ-2 ʚ 05.04.20 ʛ., ʫ ʩʦʨʪʘ ɸʨʘʥ ʚ 

04.04.2020 ʛ., ʫ ʩʦʨʪʘ ʄʘʫʨʠʟʠʦ 03.03.2020 ʛ., ʫ ʩʦʨʪʘ ɹʘʣʘʪʦʥ 05.04.2020 ʛ., ʫ ʩʦʨʪʘ ɻʘʣʣʠʦ ʚ 

06.04.2020 ʛ., ʫ ʩʦʨʪʘ ɻʘʫʜʠʦ 05.04.2020 ʛ., ʬʘʟʳ ʢʦʣʦʰʝʥʠʷ ʫ ʩʦʨʪʘ ʂʳʨʤʳʟʳʛʶʣʴ 27.04.2020 

ʛ., ʫ ʩʦʨʪʘ ʄʫʨʦʚ-2 30.04.20 ʛ., ʫ ʩʦʨʪʘ ɸʨʘʥ 29.04.2020 ʛ., ʫ ʩʦʨʪʘ ʄʘʫʨʠʟʠʦ 28.04.2020 ʛ., ʫ 

ʩʦʨʪʘ ɹʘʣʘʪʦʥ 30.04.2020 ʛ., ʫ ʩʦʨʪʘ ɻʘʣʣʠʦ 01.05.2020 ʛ., ʫ ʩʦʨʪʘ ɻʘʫʜʠʦ 30.04.2020 ʛ. 

ɺʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʫ ʩʦʨʪʦʚ ʂʳʨʤʳʟʳʛʶʣʴ ʠ ɹʘʣʘʪʦʥ ʟʘʚʝʨʰʠʣʩʷ ʥʘ 3ï5 ʜʥʝʡ ʨʘʥʴʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʦʨʪʘʤʠ. 

 

Abstract. Thanks to the use of agricultural techniques, in particular the use of 15-fold sprinkler 

irrigation, taking into account soil moisture, the use of mulching, compliance with the norms and 

terms of application, mineral and organic fertilizers in all varieties of winter wheat, depending on 

biological and morphological characteristics, the first shoots were obtained after 10-12 days after 

sowing. Plants reached the tillering stage in the Kirmyzygyul variety on 01/21/2020, in the Murov-2 

variety on 01/26/2020, in the Aran variety on 01/25/2020, in the Maurisio variety on 01/22/2020, in 

the Balaton variety on 01/25/2020, Gallio variety at 01/27/2020, in Gaudio variety at 01/24/2020, the 

tube exit phase for the Kirmyzygyul variety at 04/02/2020, for the Murov-2 variety at 04/05/2020, 

for the Aran variety at 04/04/2020, at varieties Maurisio at 03/03/2020, variety Balaton at 05/04/2020, 

variety Gallio at 06/04/2020, variety Gaudio at 05/04/2020, heading phase for variety Kyrmyzygul at 

27/04/2020, variety Murov-2 at 30.04.20, for the Aran variety at 04/29/2020, for the Maurisio variety 

at 04/28/2020, for the Balaton variety at 04/30/2020, for the Gallio variety at 05/01/2020, for the 

Gaudio variety at 04/30/2020. The growing season for the varieties Kyrmyzygul and Balaton ended 

3-5 days earlier in comparison with other varieties. 
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ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʘʛʨʘʨʥʦʡ ʩʬʝʨʝ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʟʘ ʩʯʝʪ ʨʘʩʰʠʨʝʥʠʷ ʟʝʤʝʣʴʥʳʭ ʧʣʦʱʘʜʝʡ ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʯʘʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ. ʂʘʢ ʠʟʚʝʩʪʥʦ, 

ʨʘʩʰʠʨʝʥʠʝ ʟʝʤʝʣʴʥʳʭ ʧʣʦʱʘʜʝʡ ʷʚʣʷʝʪʩʷ ʵʢʩʪʝʥʩʠʚʥʳʤ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʨʝʜʩʪʚ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ. ʈʘʩʰʠʨʝʥʠʝ ʟʝʤʝʣʴʥʳʭ ʧʣʦʱʘʜʝʡ ʙʝʟ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʵʢʩʪʝʥʩʠʚʥʦʛʦ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ʐʠʨʦʢʠʭ 

ʧʝʨʩʧʝʢʪʠʚ ʜʣʷ ʪʘʢʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʥʝʪ, ʪʘʢ ʢʘʢ ʟʝʤʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʚ 

ʫʢʘʟʘʥʥʦʤ ʨʘʡʦʥʝ ʦʛʨʘʥʠʯʝʥʳ, ʠ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʰʠʨʷʪʴ ʟʝʤʝʣʴʥʳʝ ʧʣʦʱʘʜʠ 

ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʵʢʩʪʝʥʩʠʚʥʳʡ ʧʫʪʴ ʨʘʟʚʠʪʠʷ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʟʝʤʝʣʴ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʵʢʩʪʝʥʩʠʚʥʦʛʦ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʠʥʪʝʥʩʠʚʥʳʡ ʧʫʪʴ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ ʚʝʜʝʪ ʢ ʥʝʧʨʝʨʳʚʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ 

ʠ ʞʠʚʦʪʥʳʭ. ʊʘʢʦʡ ʧʫʪʴ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ 

ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʝʶʱʠʝʩʷ ʨʝʩʫʨʩʳ, ʧʦʚʳʰʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʩ 

ʢʘʞʜʦʡ ʝʜʠʥʠʮʳ ʟʝʤʣʠ ʠ ʢʘʞʜʦʡ ʛʦʣʦʚʳ ʩʢʦʪʘ. 

ʀʥʪʝʥʩʠʚʥʳʡ ʧʫʪʴ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʥʝ ʠʩʢʣʶʯʘʝʪ 

ʧʦʣʥʦʩʪʴʶ ʧʫʪʠ ʵʢʩʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʠ ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʩʪʨʘʥʳ. ʅʘ 

ʩʘʤʦʤ ʜʝʣʝ ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʨʦʩʪʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʞʥʦ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ ʟʝʤʝʣʴ ʚ ʩʪʨʘʥʝ, ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ, ʪʘʢ ʠ ʵʢʩʪʝʥʩʠʚʥʦʛʦ 

ʦʩʚʦʝʥʠʷ. ʇʦʵʪʦʤʫ ʵʢʩʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʷʚʣʷʝʪʩʷ 

ʥʝʠʟʙʝʞʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʴʶ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʚʩʝʩʪʦʨʦʥʥʝʝ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʶʱʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʥʘʩʝʣʝʥʠʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʠ ʧʦʚʳʰʝʥʠʷ ʝʝ ʢʘʯʝʩʪʚʘ [4]. 

ɿʝʨʥʦʚʦʝ ʭʦʟʷʡʩʪʚʦ, ʷʚʣʷʶʱʝʝʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʘʛʨʘʨʥʦʛʦ ʚʝʜʦʤʩʪʚʘ, ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ ʢʘʞʜʦʡ ʩʪʨʘʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ɸʟʝʨʙʘʡʜʞʘʥʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʟʝʨʥʦʚʦʝ ʧʦʣʝ 

ʪʘʢʞʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʢʨʝʧʢʠʭ ʠ ʛʨʫʙʳʭ ʢʦʨʤʘʭ ʚ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ [1]. 

ʅʦʨʤʦʡ ʚʳʩʝʚʘ ʥʘ ʛʝʢʪʘʨ ʩʯʠʪʘʝʪʩʷ 4,0ï4,5 ʤʣʥ ʩʝʤʷʥ ʧʰʝʥʠʮʳ ʠ 3,5ï4,0 ʤʣʥ ʩʝʤʷʥ 

ʷʯʤʝʥʷ. ɺʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʫʨʦʞʘʡʥʦʩʪʴ ʦʟʠʤʳʭ ʟʝʨʥʦʚʳʭ. ʇʦʵʪʦʤʫ ʚ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʝʚ ʟʝʨʥʦʚʳʭ ʩʣʝʜʫʝʪ ʟʘʚʝʨʰʠʪʴ ʜʦ ʥʘʯʘʣʘ ʦʩʝʥʥʠʭ ʜʦʞʜʝʡ. ʆʩʝʥʴʶ, ʚ ʩʝʥʪʷʙʨʝ, 

ʧʦʣʷ, ʚʦʟʜʝʣʳʚʘʝʤʳʝ ʧʦ ʩʠʩʪʝʤʝ ʧʘʨʘ, ʚʩʧʘʭʠʚʘʶʪ ʠ ʛʦʪʦʚʷʪ ʢ ʧʦʩʝʚʫ. ɽʩʣʠ ʨʘʩʪʝʥʠʷʤʠ-

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʛʦʨʦʭ, ʪʦ ʧʦʯʚʫ ʩʣʝʜʫʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʥʘ ʟʝʨʥʦ. ɺ ʵʪʦ ʚʨʝʤʷ ʧʦʣʝ 

ʦʙʨʘʙʘʪʳʚʘʶʪ ʜʠʩʢʦʚʦʡ ʣʦʧʘʪʢʦʡ ʥʘ ʛʣʫʙʠʥʫ 10ï12 ʩʤ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʠ 

ʜʝʣʘʶʪ ʦʜʠʥ ʧʦʩʝʚ. 

ɺ ʟʘʩʫʰʣʠʚʳʭ ʫʩʣʦʚʠʷʭ ʧʦʩʝʚ ʦʟʠʤʳʭ ʟʝʨʥʦʚʳʭ ʩʣʝʜʫʝʪ ʟʘʚʝʨʰʠʪʴ ʚ ʧʝʨʠʦʜ ʩ 

20 ʩʝʥʪʷʙʨʷ ʧʦ 10 ʦʢʪʷʙʨʷ. ʅʦʨʤʘ ʚʳʩʝʚʘ ʥʘ ʛʘ ʧʨʠʥʠʤʘʝʪʩʷ ʠʟ 4,0ï4,5 ʤʣʥ ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ 

ʩʝʤʷʥ ʧʰʝʥʠʮʳ ʠ 3,0ï3,5 ʤʣʥ ʩʝʤʷʥ ʷʯʤʝʥʷ. ʇʦʩʝʚ ʧʨʦʚʦʜʷʪ ʦʙʳʯʥʳʤʠ ʨʷʜʦʚʳʤʠ ʩʧʦʩʦʙʘʤʠ 

(ʤʝʞʜʫʨʷʜʴʝ 7,5 ʠ 15 ʩʤ). ɺ ʟʘʩʫʰʣʠʚʳʭ ʫʩʣʦʚʠʷʭ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʧʣʘʥʝ ʦʙʝʩʧʝʯʝʥʠʷ 
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ʨʘʩʪʝʥʠʡ ʚʣʘʛʦʡ ʜʘʝʪ ʧʦʩʝʚ ʟʝʨʥʘ ʙʦʨʦʟʜʢʦʚʳʤ ʩʧʦʩʦʙʦʤ. ʇʨʠ ʵʪʦʤ ʩʧʦʩʦʙʝ ʧʦʩʝʚʘ ʩʝʤʝʥʘ 

ʚʳʩʝʚʘʶʪ ʥʘ ʜʥʦ ʙʦʨʦʟʜʳ. ɺʦ ʚʨʝʤʷ ʜʦʞʜʷ ʜʦʞʜʴ, ʧʘʜʘʶʱʠʡ ʥʘ ʢʨʘʡ ʙʦʨʦʟʜʳ, ʩʪʝʢʘʝʪ ʠ ʣʴʝʪʩʷ 

ʥʘ ʜʥʦ ʙʦʨʦʟʜʳ, ʫʚʝʣʠʯʠʚʘʷ ʪʘʤ ʢʦʣʠʯʝʩʪʚʦ ʚʣʘʛʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʝʤʝʥʘ, ʧʦʩʝʷʥʥʳʝ ʥʘ ʜʥʦ 

ʙʦʨʦʟʜʳ, ʚʦʚʨʝʤʷ ʧʨʦʨʘʩʪʘʶʪ ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʨʘʩʪʝʥʠʷ ʭʦʨʦʰʦ ʨʘʩʪʫʪ ʠ 

ʨʘʟʚʠʚʘʶʪʩʷ ʥʘ ʧʦʟʜʥʠʭ ʩʨʦʢʘʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʫʜʦʙʨʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʯʘʩʪʠʯʥʦ, ʥʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʣʫʯʰʝ ʜʘʚʘʪʴ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʫʜʦʙʨʝʥʠʷ ʧʦʜ ʚʩʝ ʦʙʨʘʙʘʪʳʚʘʝʤʳʝ 

ʧʣʦʱʘʜʠ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʫʜʦʙʨʝʥʠʷ [6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʛʨʘʨʠʠ ʤʦʛʫʪ ʟʘʣʦʞʠʪʴ ʦʩʥʦʚʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʞʘʷ, ʧʨʦʚʦʜʷ 

ʧʦʩʝʚ ʟʝʨʥʦʚʳʭ ʚʦʚʨʝʤʷ ʠ ʧʦ ʟʘʜʘʥʥʳʤ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ ʧʨʘʚʠʣʘʤ. ʇʰʝʥʠʮʘ ð ʩʘʤʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʠ ʩʘʤʦʝ ʮʝʥʥʦʝ ʟʝʨʥʦʚʦʝ ʧʠʱʝʚʦʝ ʨʘʩʪʝʥʠʝ ʥʘ ʟʝʤʣʝ. ɹʦʣʝʝ ʧʦʣʦʚʠʥʳ 

ʥʘʩʝʣʝʥʠʷ ʟʝʤʥʦʛʦ ʰʘʨʘ ʠʩʧʦʣʴʟʫʝʪ ʝʛʦ ʟʝʨʥʦ ʚ ʧʠʱʫ. ɿʝʨʥʦʚʳʝ ʢʫʣʴʪʫʨʳ ʠʤʝʶʪ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ, ʢʦʨʤʘʤʠ ʜʣʷ ʩʢʦʪʘ ʠ ʩʳʨʴʝʤ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʝʨʥʘ ʥʘ ʟʝʤʣʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʟʝʨʥʘ ʠ ʫʣʫʯʰʠʪʴ ʝʛʦ ʢʘʯʝʩʪʚʦ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʚ 

ʧʨʦʜʦʚʦʣʴʩʪʚʠʠ [5]. 

ʆʟʠʤʘʷ ʧʰʝʥʠʮʘ ʠʤʝʝʪ ʦʩʦʙʳʡ ʚʝʩ ʩʨʝʜʠ ʟʣʘʢʦʚ. ʆʟʠʤʘʷ ʧʰʝʥʠʮʘ ï ʫʨʦʞʘʡʥʘʷ ʠ 

ʢʘʯʝʩʪʚʝʥʥʘʷ ʢʨʫʧʷʥʘʷ ʢʫʣʴʪʫʨʘ. ɿʝʨʥʦ ʩʦʜʝʨʞʠʪ ʙʝʣʢʠ ʩ ʥʝʟʘʤʝʥʠʤʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ, 

ʞʠʨʳ, ʚʠʪʘʤʠʥʳ, ʫʛʣʝʚʦʜʳ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ. ʇʰʝʥʠʮʘ ʩʦʜʝʨʞʠʪ ʬʦʩʬʦʨ, ʮʝʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʢʘʣʠʷ, ʞʝʣʝʟʦ ʠ ʤʥʦʛʦ ʚʠʪʘʤʠʥʦʚ (ɺ1, ɺ2, ʈʈ) [3]. 

ʍʣʝʙʦʧʝʢʘʨʥʳʝ ʢʘʯʝʩʪʚʘ ʷʚʣʷʶʪʩʷ ʨʝʰʘʶʱʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʠ ʦʮʝʥʢʝ ʧʰʝʥʠʮʳ. ʇʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʠʟʥʘʢʫ ʟʝʨʥʘ ʜʝʣʷʪ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʩʠʣʴʥʳʝ, ʩʨʝʜʥʠʝ ʠ ʩʣʘʙʳʝ [2]. 

ʀʟ ʊʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʝʨʚʳʝ ʚʩʭʦʜʳ ʫ ʚʩʝʭ ʩʦʨʪʦʚ ʧʦʷʚʠʣʠʩʴ ʯʝʨʝʟ 10ï12 ʜʥʝʡ ʧʦʩʣʝ 

ʧʦʩʝʚʘ. ʉʝʷʥʮʳ ʩʦʨʪʘ ʩʦʨʪʘ ʄʫʨʦʚ-2 18.XI, ʩʦʨʪʘ ɸʨʘʥ 19.XI, ʩʦʨʪʘ ʄʘʫʨʠʮʠʦ 17.XI, ʩʦʨʪʘ 

ɹʘʣʘʪʦʥ 17.XI, ʩʦʨʪʘ ɻʘʣʣʠʦ 19.XI, ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ɻʘʫʜʠʦ ʥʘ 17. XI. ʆʥ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʚ 

2019 ʛʦʜʫ. ʌʘʟʘ ʫʢʦʨʝʥʝʥʠʷ: ɺʩʭʦʜʳ ʫ ʩʦʨʪʘ ɻʳʨʤʳʟʳʛʶʣʴ 21.01.2019, ʫ ʩʦʨʪʘ ʄʫʨʦʚ-2 

26.01.20, ʫ ʩʦʨʪʘ ɸʨʘʥ 25.01.2020, ʫ ʩʦʨʪʘ ʄʘʫʨʠʮʠʦ 22.01.2020, ʫ ʩʦʨʪʘ ɹʘʣʘʪʦʥ 25.01. 2020 ʛ., 

ʚ ʩʦʨʪʝ ɻʘʣʣʠʦ 27.01.2020 ʛ., ʚ ʩʦʨʪʝ ɻʘʫʜʠʦ 24.01. ʌʦʨʤʠʨʦʚʘʣʘʩʴ ʚ 2020ï2020 ʛʛ. 

ʌʘʟʘ ʧʦʷʚʣʝʥʠʷ ʚʩʭʦʜʦʚ: ɺʩʭʦʜʳ ʫ ʩʦʨʪʘ ɻʳʨʤʳʟʳʛʶʣʴ 04.02.20, ʫ ʩʦʨʪʘ ʄʫʨʦʚ-2 

04.05.2020, ʫ ʩʦʨʪʘ ɸʨʘʥ 04.04.2020, ʫ ʩʦʨʪʘ ʄʘʫʨʠʮʠʦ 04.03.2020, ʫ ʩʦʨʪʘ ɹʘʣʘʪʦʥ 04.05.2020, 

ʫ ʩʦʨʪʘ ɻʘʣʣʠʦ 04.06.2020 , ʘ ʚ ʩʦʨʪʝ Gaudio 05.04. ʆʥ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʚ 2020 ʛʦʜʫ. 

ʌʘʟʘ ʢʦʣʦʩʘ: ʚʩʭʦʜʳ ʩʦʨʪʘ ɻʳʨʤʳʟʳʛʶʣʴ 27.04.2002 ʛ., ʩʦʨʪʘ ʄʫʨʦʚ-2 30.04.2020 ʛ., ʩʦʨʪʘ 

ɸʨʘʥ 29.04.2020 ʛ., ʩʦʨʪʘ ʄʘʫʨʠʮʠʦ 28.04.2020 ʛ., ʩʦʨʪʘ ɹʘʣʘʪʦʥ 30.04.2020 ʛ., ʩʦʨʪʘ ɻʘʣʣʠʦ 

05.01.2020 ʛ., ʠ ʚ ʩʦʨʪʝ ɻʘʫʜʠʦ 30.04.2020 ʦʙʨʘʟʦʚʘʣʩʷ ʚ ʜʝʥʴ 

ʇʨʠʤʝʥʷʝʤʳʝ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʦʢʘʟʳʚʘʣʠ ʨʘʟʣʠʯʥʳʡ ʵʬʬʝʢʪ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʨʪʦʚ. ɺʝʛʝʪʘʮʠʦʥʥʳʡ 

ʧʝʨʠʦʜ ʩʦʨʪʦʚ ɻʳʨʤʳʟʳʛʶʣʴ ʠ ɹʘʣʘʪʦʥ ʟʘʢʦʥʯʠʣʩʷ ʥʘ 3ï5 ʜʥʝʡ ʨʘʥʴʰʝ, ʯʝʤ ʫ ʜʨʫʛʠʭ ʩʦʨʪʦʚ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʘ ʧʨʠʤʝʥʷʝʤʳʭ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʨʪʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ, ʧʝʨʚʳʝ ʚʩʭʦʜʳ ʫ ʚʩʝʭ ʩʦʨʪʦʚ 

ʧʦʷʚʠʣʠʩʴ ʯʝʨʝʟ 10ï12 ʜʥʝʡ ʧʦʩʣʝ ʧʦʩʝʚʘ. ʇʨʦʚʝʜʝʥʦ 7 ʥʦʷʙʨʷ 2019 ʛʦʜʘ. ɺʩʭʦʜʳ ʩʦʨʪʘ 

ɻʳʨʤʳʟʳʛʶʣʴ 17.XI.2019, ʩʦʨʪʘ ʄʫʨʦʚ-2 18.XI, ʩʦʨʪʘ ɸʨʘʥ 19.XI, ʩʦʨʪʘ ʄʘʫʨʠʮʠʦ 17.XI, 

ʩʦʨʪʘ ɹʘʣʘʪʦʥ 17.XI, ʩʦʨʪʘ ɻʘʣʣʠʦ 19.XI, ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ɻʘʫʜʠʦ ʥʘ 17. XI. ʆʥ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ 

ʚ 2019 ʛʦʜʫ. 
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ʊʘʙʣʠʮʘ 

ʇʈʀʄɽʅʗɽʄʓɽ ɸɻʈʆʊɽʍʅʀʏɽʉʂʀɽ ʄɽʈʆʇʈʀʗʊʀʗ  

ɺ ɼʀʅɸʄʀʂɽ ʈɸɿɺʀʊʀʗ ʉʆʈʊʆɺ 
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ʂʦʥʪʨʦʣʴ  

140 250 4200 07.11.2019 18.11.19 23.01.20 06.04.20 29.04.20 02.05.20 09.06.20 

ɻʳʨʤʳʟʳʛʶʣʴ 

180 350 4200 07.11.2019 17.11.19 21.01.20 02.04.20 27.04.20 30.05.20 08.06.20 

ʄʫʨʦʚ-2 

180 350 4200 07.11.2019 18.11.19 26.01.20 05.04.20 30.04.20 02.06.20 10.06.20 

ɸʨʘʥ 

180 350 4200 07.11.2019 19.11.19 25.01.20 04.04.20 29.04.20 01.06.20 09.06.20 

ʄʘʫʨʠʮʠʦ 

180 350 4200 07.11.2019 17.11.19 22.01.20 03.04.20 28.04.20 31.05.20 09.06.20 

ɹʘʣʘʪʦʥ 

180 350 4200 07.11.2019 17.11.19 25.01.20 05.04.20 30.04.20 28.05.20 06.06.20 

ɻʘʣʣʠʦ 

180 350 4200 07.11.2019 19.11.19 27.01.20 06.04.20 01.05.20 03.06.20 11.06.20 

ɻʘʫʜʠʦ 

180 350 4200 07.11.2019 17.11.19 24.01.20 05.04.20 30.04.20 01.06.20 09.06.20 

 

ʌʘʟʘ ʢʫʱʝʥʠʷ 21.01.2019 ʜʣʷ ʩʦʨʪʘ ɻʳʨʤʳʟʳʛʶʣʴ, 26.01.2020 ʜʣʷ ʩʦʨʪʘ ʄʫʨʦʚ-2, 

25.01.2020 ʜʣʷ ʩʦʨʪʘ ɸʨʘʥ, 22.01.2020 ʜʣʷ ʩʦʨʪʘ ʄʘʫʨʠʮʠʦ, 25.01.2020 ʜʣʷ ʩʦʨʪʘ ɹʘʣʘʪʦʥ, 

27.01.2020 ʜʣʷ ʩʦʨʪʘ ɻʘʣʣʠʦ ʠ 24.01.2020 ʜʣʷ ʩʦʨʪʘ ɻʘʫʜʠʦ. 

ʌʘʟʘ ʚʳʭʦʜʘ ʚ ʪʨʫʙʢʫ 02.04.2020 ʫ ʩʦʨʪʘ ɻʳʨʤʳʟʳʛʶʣʴ, 05.04.2020 ʫ ʩʦʨʪʘ ʄʫʨʦʚ-2, 

04.04.2020 ʫ ʩʦʨʪʘ ɸʨʘʥ, 03.04.2020 ʫ ʩʦʨʪʘ ʄʘʫʨʠʮʠʦ, 05.04.2020 ʫ ʩʦʨʪʘ ɹʘʣʘʪʦʥ, 04.06.2020 

ʚ ʩʦʨʪʝ ɻʘʣʣʠʦ ʠ 04.05.2020 ʚ ʩʦʨʪʝ ɻʘʫʜʠʦ, ʩʬʦʨʤʠʨʦʚʘʥ ʚ 2020 ʛʦʜʫ. 

ʌʘʟʘ ʢʦʣʦʰʝʥʠʷ 27.04.2002 ʫ ʩʦʨʪʘ ɻʳʨʤʳʟʛʫʣʴ, 30.04.2020 ʫ ʩʦʨʪʘ ʄʫʨʦʚ-2, 29.04.2020 

ʫ ʩʦʨʪʘ ɸʨʘʥ, 28.04.2020 ʫ ʩʦʨʪʘ ʄʘʫʨʠʮʠʦ, 30.04.2020 ʫ ʩʦʨʪʘ ɹʘʣʘʪʦʥ, 01.05.2020 ʫ ʩʦʨʪʘ 

ɻʘʣʣʠʦ ʠ 30.04.2020 ʚ ʩʦʨʪʝ ɻʘʫʜʠʦ ʦʙʨʘʟʦʚʘʣʩʷ ʥʘ ʜʘʪʫ ɺʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʩʦʨʪʦʚ 

ɻʳʨʤʳʟʳʛʶʣʴ ʠ ɹʘʣʘʪʦʥ ʟʘʢʦʥʯʠʣʩʷ ʥʘ 3ï5 ʜʥʝʡ ʨʘʥʴʰʝ, ʯʝʤ ʫ ʜʨʫʛʠʭ ʩʦʨʪʦʚ. 
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Abstract. Salinity is a major abiotic stress limiting growth and productivity of plants in many 

areas of the world due to increasing use of poor quality of water for irrigation and soil salinization. 

Plant adaptation or sustainability to salinity stress involves complex physiological traits, metabolic 

pathways, and molecular or gene networks. A comprehensive understanding on how plants respond 

to salinity stress at different levels and an integrated approach of combining molecular tools with 

physiological and biochemical techniques are imperative for the development of salt-stable varieties 

of plants in salt-affected areas. Recent research has identified various adaptive responses to salinity 

stress at molecular, cellular, metabolic, and physiological levels, although mechanisms underlying 

salinity tolerance are far from being completely understood. This paper provides a comprehensive 

review of major research advances on biochemical, physiological, and molecular mechanisms 

regulating plant adaptation and sustainability to salinity stress. 

 

ɸʥʥʦʪʘʮʠʷ. ɿʘʩʦʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʘʙʠʦʪʠʯʝʩʢʠʤ ʩʪʨʝʩʩʦʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ 

ʨʦʩʪ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʚʦ ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʦʜʳ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʜʣʷ ʦʨʦʰʝʥʠʷ ʠ ʟʘʩʦʣʝʥʠʷ ʧʦʯʚʳ. ɸʜʘʧʪʘʮʠʷ ʨʘʩʪʝʥʠʡ ʠʣʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʩʦʣʝʚʦʤʫ ʩʪʨʝʩʩʫ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʦʞʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ, 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʫʪʠ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʠʣʠ ʛʝʥʥʳʝ ʩʝʪʠ. ɺʩʝʩʪʦʨʦʥʥʝʝ ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʢʘʢ 

ʨʘʩʪʝʥʠʷ ʨʝʘʛʠʨʫʶʪ ʥʘ ʩʦʣʝʚʦʡ ʩʪʨʝʩʩ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ, ʠ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʩʦʯʝʪʘʶʱʠʡ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʩ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʥʝʦʙʭʦʜʠʤʳ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʣʝʫʩʪʦʡʯʠʚʳʭ ʩʦʨʪʦʚ ʨʘʩʪʝʥʠʡ ʚ ʟʘʩʦʣʝʥʥʳʭ ʨʘʡʦʥʘʭ. ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʷʚʠʣʠ ʨʘʟʣʠʯʥʳʝ ʘʜʘʧʪʠʚʥʳʝ ʨʝʘʢʮʠʠ ʥʘ ʩʦʣʝʚʦʡ ʩʪʨʝʩʩ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ, ʢʣʝʪʦʯʥʦʤ, 

ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʷʭ, ʭʦʪʷ ʤʝʭʘʥʠʟʤʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʩʦʣʝʥʦʩʪʠ, ʝʱʝ ʜʘʣʝʢʦ ʥʝ ʧʦʣʥʦʩʪʴʶ ʧʦʥʷʪʳ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ 

ʚʩʝʩʪʦʨʦʥʥʠʡ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʘʜʘʧʪʘʮʠʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʪʝʥʠʡ ʢ ʩʦʣʝʚʦʤʫ 

ʩʪʨʝʩʩʫ. 

 

Keywords: salinity, Pisum, stress, toxicity. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʣʝʥʦʩʪʴ, ʛʦʨʦʭ, ʩʪʨʝʩʩ, ʪʦʢʩʠʯʥʦʩʪʴ. 

 

Salinity stress involves changes in various physiological and metabolic processes, depending 

on severity and duration of the stress, and ultimately inhibits crop production [4ï7]. Initially soil 

salinity is known to represses plant growth in the form of osmotic stress which is then followed by 

ion toxicity [4, 5]. During the initial phases of salinity stress, water absorption capacity of root 
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systems decreases and water loss from leaves is accelerated due to osmotic stress of high salt 

accumulation in soil and plants, and therefore salinity stress is also considered as hyperosmotic stress 

[6]. Osmotic stress in the initial stage of salinity stress causes various physiological changes, such as 

interruption of membranes, nutrient imbalance, impairs the ability to detoxify reactive oxygen species 

(ROS), differences in the antioxidant enzymes and decreased photosynthetic activity, and decrease in 

stomatal aperture [3, 5 into the cells causes severe ion imbalance and excess uptake might cause 

significant physiological disorder(s). High Na+ concentration inhibits uptake of K+ ions which is an 

essential element for growth and development that results into lower productivity and may even lead 

to death [4]. 

Genetic variations in salt tolerance exist, and the degree of salt tolerance varies with plant 

species and varieties within a species. Among major crops, barley (Hordeum vulgare) shows a greater 

degree of salt tolerance than rice (Oryza sativa) and wheat (Triticum aestivum). The degree of 

variation is even more pronounced in the case of dicotyledons ranging from Arabidopsis thaliana, 

which is very sensitive towards salinity, to halophytes such as Mesembryanthemum 

crystallinum, Atriplex sp., Thellungiella salsuginea (previously known as T. halophila) [3]. 

The present study aimed at determining the morphological and physiological response of five 

different Coleus species under salinity stress. Salinity is one of the major abiotic stress factor shows 

negative effect on different agricultural activities. Thus, demands the need of developing salt tolerant 

plant varieties. Coleus is one of the important medicinal plants with several therapeutic properties, 

but the information related to physiological and morphological response which helps in determining 

the level of salt tolerance in Coleus species has not been reported yet. Study carried out to investigate 

the effect of different salinity concentrations (100, 200 and 300 mM NaCl) on carbohydrate content, 

plant growth, leaf area and biomass. Salinity stress significantly reduced the plant growth, leaf water 

potential (LWP) and relative water content (RWC) in all five Coleus species whereas, the content of 

carbohydrates, water uptake capacity (WUC) and electrolyte leakage (EL) was increased. Among the 

five different Coleus species considered for the present study, Coleus aromaticus and Coleus 

amboinicus have shown better tolerance to the salinity stress with respect to their morphology, 

carbohydrate content, decreased water potentials, increased electrolyte leakage and water uptake 

capacity. The increased accumulation of carbohydrates with increased salinity suggests that they act 

either as respiratory substrates or as osmolytes confer salinity stress tolerance [1, 2]. 

 

Material and method 

Pea (Pisum) is an annual herbaceous plant belonging to the legume family. Like wheat, barley 

and beans, the pea plant is an agricultural plant of strategic importance. This plant, which is rich in 

protein substances, has been cultivated by people since ancient times. Its homeland is Afghanistan 

and India. 

Pea is considered a valuable agricultural plant because it is rich in starch, mineral elements and 

vitamins in addition to proteins. Both its green and dry forms are used in cooking. 

As with other legumes, the pea plant lives a symbiotic lifestyle with nitrogen-fixing bacteria, 

which have the ability to use atmospheric nitrogen in their roots and form tubers, making the pea 

plant a good, natural source of nitrogen. 

Like most agricultural plants, the pea plant is a halophyte, that is, it belongs to the group of 

plants sensitive to salinity and salt stress. Therefore, it is of great theoretical and practical importance 

to investigate the biochemical basis of the effect of salt stress on the germination, growth and 

development of pea seeds and to understand the mechanisms of adaptation of these processes to 

extreme environmental conditions. 
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Results and discussion 

Table 1 presents the results of the effect of Na2SO4 salt solutions of different concentrations on 

the total weight of pea seedlings, the growth dynamics of the root and stem system during the 7-day 

incubation period. 

As can be seen from the figures presented in the table, the effect of Na2SO4 salt solutions on 

the course of this process depends on the concentration of salt solutions and the exposure time, as in 

the experiments conducted with NaCl salt solutions. The difference between the control and 

experimental variants in the total weight of 3-day-old pea seeds sprouts is almost non-existent. 

However, as the incubation period increases, this difference begins to manifest itself. The 

development dynamics of seedlings exposed to the salt solution is significantly weakened and 

increasing the concentration of the salt solution strengthens this effect even more. For example, if 

there was no difference in the total weight of 3-day-old sprouts between the control and 25 mM 

Na2SO4 variants, then in 5-day-old sprouts this difference is already 250 mg/sprout on average, and 

in 7-day-old sprouts it is 280 mg/sprout. In addition, increasing the concentration of Na2SO4 salt in 

the incubation medium leads to a consistent and noticeable increase in this difference. 
 

Table 

EFFECT OF Na2SO4 SALT SOLUTIONS ON GROWTH DYNAMICS OF PEA SEEDLINGS 
 

Indicators Various 

Na2SO4 (mM) 3 days 5 days 7 days 

Total weight, mg/plant 0 

25 

50 

100 

860 

860 

870 

880 

1140 

890 

870 

880 

1260 

980 

920 

900 

Seed weight, mg/plant 0 

25 

50 

100 

790 

800 

830 

840 

860 

820 

810 

830 

840 

800 

810 

820 

Root wet weight, mg/plant 0 

25 

50 

100 

70 

60 

40 

40 

160 

60 

60 

50 

240 

100 

70 

60 

Stem wet weight, mg/plant 0 

25 

50 

100 

ð 

ð 

ð 

ð 

120 

10 

ð 

ð 

180 

80 

40 

20 

 

Undoubtedly, one of the important indicators in the growth dynamics of pea seedlings is the 

development dynamics of the root and stem system. It is the root system of seedlings that is first in 

contact with the salt solution and the stress conditions created by it in the incubation environment and 

is negatively affected by it. The development of other organs of sprouts depends on the development 

of the root system and its physiological state. Therefore, the effect of these solutions on the 

development dynamics of the root system is one of the important indicators. 

As can be seen from the figures presented in the table, Na2SO4 salt solutions disrupt the normal 

development dynamics of pea seed sprouts and have a negative effect on the course of this process. 

This negative effect begins to manifest itself in 3-day-old sprouts, and it becomes more pronounced 

in 5- and 7-day-old sprouts. As expected, as the concentration of salt in the medium increases, the 

development of the root system of the seedlings becomes more difficult, the weight difference 

between the root system of the seedlings of the control variant and the experimental variants 

increases. So, if in 3-day-old sprouts, the ratio of the control variant's sprouts to the weight of the root 
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system is 1.17, in 5-day-old sprouts it already reaches 2.40. The maximum inhibiting effect is 

observed in 100 mM Na2SO4 salt solution. Compared to the control, the corresponding figures for 

100 mM Na2SO4 solution are 1.75, 3.20, and 4.00 in 3, 5, and 7-day-old seedlings. 

It should be noted that the strengthening of the negative effect of salt solutions, including 

Na2SO4 salt solutions, on the development of the root system of sprouts due to the extension of the 

incubation period is clear and understandable to some extent. In the first stage, the negative effect 

seems to be mainly due to the osmotic stress created by the salt solution. In addition to osmotic stress 

due to the absorption of salt ions by the root system and its accumulation inside the cell, ion toxicity 

effect also occurs, which causes certain difficulties in the course of intracellular physiological and 

biochemical processes. The development of the root system exposed to the double stress factor is 

both inhibited and retarded. 

Changes in the course of normal physiological processes in the root system or disruption of 

these processes are reflected in the development of the stem sprout system. The development of the 

stem system of pea seed sprouts begins to be observed in 5-day-old seedlings, not in 3-day-old 

seedlings. By itself, control and low concentration of Na2SO4 salt. The weight difference between 

control and experimental variants is characterized by a large number. The ratio of the weight of 

control sprouts to the weight of 25 mM Na2SO4 salt solution sprouts is equal to 12. At relatively high 

concentrations of Na2SO4 salt (50 and 100 mM), the development of the stem system is completely 

inhibited during this period. 

In contrast to 5-day-old pea sprouts, the stem system appears in all 7-day-old pea sprouts, and 

its development proceeds in the most intensive form in the control variant. At this stage of incubation, 

the development of the stem system is significantly inhibited even at the lowest applied concentration 

of Na2SO4 salt. Thus, the ratio of the weight of the stem system of seedlings of the control variant 

cultivated in distilled water to the weight of the stem system of seedlings cultivated in 25 mM Na2SO4 

salt solution is 2.25 during the 7-day incubation stage. As the hardness increases, the value of this 

ratio increases. The corresponding value for the 50 mM experimental variant is 5.50, and for the 100 

mM variant it is 9.00. The obtained results show that Na2SO4 salt solution actually has a stronger 

negative effect on the development of the stem system of pea seedlings than on the development of 

their root system. 
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Abstract. Land use, like any other natural resource, involves loads on nature and causing harm 

to it. Therefore, completely harmless production today is considered impossible. Because of this, 

goals have been identified that establish the rationality of land use. Such goals include, taking into 

account natural conditions and economic indicators in the corresponding territory, ensuring the 

interests of society as a whole, the efficiency of the production process, as well as the protection of 

the quality of land and its reproduction. These goals are always unchanged, and their achievement 

depends on the technological development of production, the economic level, and the needs of 

society. In this article, the agricultural suitability level of Khachmaz district land was analyzed based 

on the cadastral database created on the basis of GIS technologies. It was also noted the need to take 

a number of measures to reduce the risk of soil erosion. 

 

ɸʥʥʦʪʘʮʠʷ. ɿʝʤʣʝʧʦʣʴʟʦʚʘʥʠʝ, ʢʘʢ ʠ ʣʶʙʦʡ ʜʨʫʛʦʡ ʧʨʠʨʦʜʥʳʡ ʨʝʩʫʨʩ, ʩʦʧʨʷʞʝʥʦ ʩ 

ʥʘʛʨʫʟʢʘʤʠ ʥʘ ʧʨʠʨʦʜʫ ʠ ʧʨʠʯʠʥʝʥʠʝʤ ʝʡ ʚʨʝʜʘ. ʇʦʵʪʦʤʫ ʧʦʣʥʦʩʪʴʶ ʙʝʟʚʨʝʜʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʩʝʛʦʜʥʷ ʩʯʠʪʘʝʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʮʝʣʠ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝ 

ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ. ʂ ʪʘʢʠʤ ʮʝʣʷʤ ʦʪʥʦʩʷʪʩʷ, ʩ ʫʯʝʪʦʤ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʪʝʨʝʩʦʚ 

ʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʦʭʨʘʥʘ ʢʘʯʝʩʪʚʘ ʟʝʤʣʠ 

ʠ ʝʝ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʠ ʮʝʣʠ ʚʩʝʛʜʘ ʥʝʠʟʤʝʥʥʳ ʠ ʠʭ ʜʦʩʪʠʞʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʨʦʚʥʷ ʵʢʦʥʦʤʠʢʠ ʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʙʱʝʩʪʚʘ. ɺ 

ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʫʨʦʚʝʥʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʠʛʦʜʥʦʩʪʠ ʟʝʤʝʣʴ ʍʘʯʤʘʟʩʢʦʛʦ 

ʨʘʡʦʥʘ ʥʘ ʦʩʥʦʚʝ ʢʘʜʘʩʪʨʦʚʦʡ ʙʘʟʳ ʜʘʥʥʳʭ, ʩʦʟʜʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ. ʊʘʢʞʝ ʙʳʣʘ 

ʦʪʤʝʯʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʷʜʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʨʠʩʢʘ ʵʨʦʟʠʠ ʧʦʯʚ. 

 

Keywords: land use, erosion, cadastre surveys, soil, soil salinization, agriculture. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʝʤʝʣʴ, ʵʨʦʟʠʷ, ʢʘʜʘʩʪʨʦʚʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ, ʧʦʯʚʘ, 

ʟʘʩʦʣʝʥʠʝ ʧʦʯʚʳ, ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ. 

 

The climate of the area belongs to the temperate-hot semi-desert and dry steppe types with dry 

summers. This type of climate is characterized by low humidity, mild winters and hot and dry 

summers. The average annual temperature is 11.8oC. The average monthly temperature in January is 

0.9-1.0oC, and the average monthly temperature in July is 23-24oC. The average annual temperature 

of the soil surface is 15oC. The average annual relative humidity is 78%. The annual rainfall is 343 

mm. 726 mm of possible evaporation from the surface cover per year. 
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20,800 hectares of the investigated area are covered with forests. There are 8 rivers and 3 

artificial lakes here. The flora of the region includes hips, ivy, yarrow, butterbur, mint and other 

medicinal plants. The soils are meadow-forest, gray-brown and light gray-brown. Meadows and 

bushes are widespread (https://goo.su/RTPzf). 

Rational use of land is an integral part of the legislation today, which includes requirements for 

both nature protection and maximum production burden in agriculture. In defining land-use 

management, this concept includes both economic profitability and the protection of exploited land 

and adjacent natural objects in general.  

Khachmaz region is located in the north-eastern part of Azerbaijan. Part of the Samur-Davachi 

lowland belongs to the territory of this region. Khachmaz region is bordered by the Russian 

Federation in the north, Gusar and Guba regions in the west, Shabran region in the south, and the 

Caspian Sea in the east. The sea border of the region is 70 km, the border with Russia is 14 km 

(www.xachmaz-ih.gov.az). 

The relief of the territory of Khachmaz region consists of sloping plains, formed mainly on 

alluvial-proluvial sediments [1, p. 200-208]. 

 

Methods 

Whether the lands of Khachmaz region are suitable for the agriculture, as well as the indicators 

of irrigated and irrigated areas were analyzed on the basis of the cadastral database created on the 

basis of GIS technologies of that area. 

 

 
 

Figure. A fragment of the land registration map of Khachmaz region prepared with GIS software 

 

Discussion 

The total area of the investigated area is 98226,72 hectares, of which 77894,12 hectares was 

studied. The arable land is 33160,02 hectares, of which 32845,29 hectares are irrigated. There are 

1711,80 hectares of land under perennial plantations in the region, of which 1654,84 hectares are 

irrigated. 8400,92 hectares under orchards, 885,53 hectares under vineyards, 0,72 hectares under 

orchards and all vineyards are irrigated. 1648,47 hectares of 4466,06 hectares of pastures are irrigated.  
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The total area of backyards is 10289,50 hectares and all of them are irrigated. There are 

20674,32 hectares of forest in the Khachmaz region. 
 

Table 

AREAS OF AGRĶCULTURAL LAND 
 

Type of land 

ownership 

Place of agricultural use 

(ugodiya) 

In hectares 

Irrigated Damn (other) Total area 

State 

property 

Arable field 5473.73 46.18 5519,91 

Perennial plantings 786.67 10.21 796.88 

Melons - - - 

Orchards 520.01 0.67 520,68 

Vineyards 26.64 - 26,64 

Tea plantations 0.01 - 0,01 

Hay field 31.74 - 31,74 

Pasture 103.1 165.33 268,43 

Shrubs - 29.79 29,79 

Yard area 14.77 - 14,77 

Private 

property 

Arable field 22189.39 17.22 22206,61 

Perennial plantings 74.77 22.17 96,94 

Melons 5.18 - 5,18 

Orchards 7188.16 0.05 7188,21 

Vineyards 794.23 - 794,23 

Tea plantations 2.28 - 2,28 

Hay field 13.85 9.80 23,65 

Pasture - - - 

Shrubs - - - 

Yard area - - - 

Municipal 

property 

Arable field 5182.17 251.33 5433,50 

Perennial plantings 793.40 24.58 817,98 

Melons - - - 

Orchards 692.03 - 692,03 

Vineyards 64.66 - 64,66 

Tea plantations - - - 

Hay field 64.33 30.44 94,77 

Pasture 1545.37 2652.26 4197,63 

Shrubs 1.12 1211.12 1212.24 

Yard area 10274.73 - 10274.73 

 

There is a danger of salinization in a small part of irrigated lands in Khachmaz region. The 

process of soil salinization was studied in 4447.59 hectares of the region. According to the research, 

1104.37 hectares of the studied area were weakly saline, 178.77 hectares were moderately saline and 

the rest were not saline [3, p. 434-500]. 

Despite the fact that the territory of the region is flat, all types of erosion processes can be found 

here. And tensions of anthropogenic factors caused the erosion process in the area. Irrigation, looting 

and wind erosion are more common here. Neglect of irrigation techniques in arable lands has strongly 

influenced the development of irrigation erosion. Irrigation washed away the fertile part of the soil 

and significantly reduced the productivity of the soil and the crops grown there. Due to the fact that 
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the soil-forming rocks of the area are brittle carbonate rocks, irrigation water gradually washed them 

away and led to the formation of erosion [2, p. 15-23]. 

Occasionally there are strong winds in the region, which cause the absorption of the fertile layer 

of the soil, damage and destruction of baby seedlings, and pollution of the environment. Wind erosion 

is stronger and more frequent in the Caspian zone. Occasional floods in the rivers flowing through 

the region intensify the washing away of lands. 

18.2% of the region's territory is slightly eroded, 5.8% moderately and 2.2% severely eroded. 

 

Results 

In order to effectively use the land, we have analyzed the cadastral materials of Khachmaz 

region and came to the conclusion that if measures are taken in these areas, we can quickly achieve 

positive results: 

1. Implementation of anti-erosion measures is mandatory. Attention should be paid to all soil-

protective agro-technical measures to protect soils from erosion and increase their fertility in the 

arable lands of the region. Plowing, sowing and cultivation should be carried out in a timely manner, 

and after harvesting the fields should not be burned. The arable fieldôs rotation system should be used 

as much as possible. If this is not possible, crop rotation should be done in the fields. Mineral and 

organic fertilizers should be used more efficiently. If possible, forest strips should be laid around the 

arable fields. 

2. Grass cover should be protected in pastures and hayfields, surface and deep improvement 

works should be carried out, areas should be cleared of large stones, and cattle grazing should be 

regulated. Seeds of annual and perennial (especially legumes) grasses should be sown in these areas 

from time to time, and mineral fertilizers, mainly nitrogen fertilizers, should be applied if possible. 

3. Measures should be taken to protect and increase forests. Forests should be protected in the 

forests, debris should be selected selectively, livestock should not be allowed to enter the forest, and 

periodic restoration work should be carried out. Cutting of bushes and grazing of cattle in bushes 

should be stopped completely. 

4. Drought and salt-tolerant plantations should be planted to prevent the absorption of sand in 

the Caspian strip. Plowing, sowing and cultivating works in the arable fields of Caspian strip should 

be carried out in a direction perpendicular to the prevailing winds, and minimal cultivation works 

should be preferred. 

5. Soil salinization must be prevented. The complex of irrigation networks in the region must 

be reconstructed without delay. 
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EFFECTIVENESS OF APPLYING FERTILIZERS UNDER WATERMELON  

ON THE MEADOW-GREY SOILS IN MUGAN-SALYAN ZONE 

 

ÉJafarov V., Ph.D., Institute of Soil Science and Agrochemistry, Baku, Azerbaijan, 

ÉMustafaev Z., Ph.D., Institute of Agriculture, Baku, Azerbaijan, zahid.mustafayev67@mail.ru 

 

ʕʌʌɽʂʊʀɺʅʆʉʊʔ ɺʅɽʉɽʅʀʗ ʋɼʆɹʈɽʅʀʁ ɺ ʃʋɻʆɺʆ-ʉɽʈʆɿɽʄʅʓʍ ʇʆʏɺɸʍ 

ʇʆɼ ɸʈɹʋɿʆʄ ɺ ʄʋɻɸʅʆ-ʉɸʃʔʗʅʉʂʆʁ ɿʆʅɽ 

 

Éɼʞʘʬʘʨʦʚ ɺ. ʀ., ʢʘʥʜ. ʩ.-ʭ. ʥʘʫʢ, ʀʥʩʪʠʪʫʪ ʧʦʯʚʦʚʝʜʝʥʠʠ ʠ ʘʛʨʦʭʠʤʠʠ, 

ʛ. ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ 

Éʄʫʩʪʘʬʘʝʚ ɿ. ʍ., ʢʘʥʜ. ʩ.-ʭ. ʥʘʫʢ, ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʟʝʤʣʝʜʝʣʠ,̫ 

ʛ. ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ zahid.mustafayev67@mail.ru 

 

Abstract. The meadow-gray soils are one of the most widespread species in Azerbaijan territory, 

mainly in the Kur-Araz lowland, in Nakhchivan plain regions, in the Samur-Davachi valley. 

The meadow-gray soils irrigated in the Mugan-Salyan zone are most commonly used in 

the agricultural lands of the region. Agrochemical characterization of soils plays an important role in 

defining a number of its features, including fertility, degree of provision of certain nutrients, 

determination of soil condition reaction, timing, norms, methods and proportions of fertilizers under 

separate plantings. In this context, the soil under watermelons has been researched, and 

the agrochemical properties of meadow-gray soils have been studied. Apart from the nutritional 

properties of plants, it has a great impact on the efficient use of fertilizers in the soil. Soil is the main 

source of plant nutrients. Different soils contain different amounts of nutrients. The soil contains more 

nutrients than it needs to produce high yields. Fertilized soil with less moisture increases the yield of 

agricultural crops. This is explained by the fact that only some of the nutrients in the soil are used by 

plants. Many of them remain unused. The nutrients contained in the soil go into the form used by 

plants from time to time as a result of the biological and chemical processes involved. In this regard, 

it is necessary to determine the amount of nitrogen, phosphorus, potassium and other elements found 

in the soil and which plants can easily use to ensure proper nutrition. The main reason why plants do 

not meet their nutrients is the use of fertilizers. Given the biology of watermelon, soil-climatic 

conditions and agrotechnical methods in Azerbaijan, the optimal dose and timing of fertilizers can be 

enhanced and improved. 

 

ɸʥʥʦʪʘʮʠʷ. ʃʫʛʦʚʦ-ʩʝʨʦʟʝʤʥʳʝ ʧʦʯʚʳ, ʷʚʣʷʷʩʴ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʟʝʨʙʘʡʜʞʘʥʘ ʪʠʧʦʚ ʧʦʯʚ, ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ 

ʂʫʨʘ-ɸʨʘʢʩʠʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ, ʚ ʧʨʝʜʛʦʨʥʦʡ ʨʘʚʥʠʥʝ ʅʘʭʠʯʝʚʘʥʠ ʠ ʚ ʉʘʤʫʨ-ɼʠʚʠʯʠʥʩʢʦʡ 

ʥʠʟʤʝʥʥʦʩʪʠ. ʆʨʦʰʘʝʤʳʝ ʣʫʛʦʚʦ-ʩʝʨʦʟʝʤʥʳʝ ʧʦʯʚʳ ʚ ʄʫʛʘʥʦ-ʉʘʣʴʷʥʩʢʦʡ ʟʦʥʝ, ʯʘʱʝ ʚʩʝʛʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʜ ʧʦʩʝʚʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ɸʛʨʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʦʯʚ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʨʷʜʘ ʝʝ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʚʢʣʶʯʘʷ ʧʣʦʜʦʨʦʜʠʝ, ʩʪʝʧʝʥʴ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʤʠ ʧʠʪʘʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʦʧʨʝʜʝʣʝʥʠʠ ʨʝʘʢʮʠʠ ʧʦʯʚʝʥʥʦʡ 

ʩʨʝʜʳ, ʩʨʦʢʦʚ, ʥʦʨʤ, ʤʝʪʦʜʦʚ ʠ ʩʦʦʪʥʦʰʝʥʠʡ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʧʦʜ ʦʪʜʝʣʴʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʨʦʰʘʝʤʳʭ ʣʫʛʦʚʦ-ʩʝʨʦʟʝʤʥʳʭ ʧʦʯʚʘʭ ʧʦʜ ʘʨʙʫʟʦʤ 

ʠ ʠʟʫʯʝʥʳ ʘʛʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʯʚʳ. ʋʜʦʙʨʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ 

ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʠʪʘʥʠʝ ʨʘʩʪʝʥʠʡ, ʥʦ ʠ ʚ ʵʬʬʝʢʪʠʚʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʧʦʯʚʳ ʧʠʪʘʪʝʣʴʥʳʤʠ 
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ʵʣʝʤʝʥʪʘʤʠ. ʇʦʯʚʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʨʘʩʪʝʥʠʡ. 

ʈʘʟʣʠʯʥʳʝ ʧʦʯʚʳ ʩʦʜʝʨʞʘʪ ʥʝʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʇʦʯʚʘ ʩʦʜʝʨʞʠʪ 

ʙʦʣʴʰʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʯʝʤ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ. ʅʦ ʜʘʞʝ 

ʚʥʝʩʝʥʠʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʜʦʙʨʝʥʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʟ ʧʦʯʚʳ ʨʘʩʪʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ 

ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ ʪʦʣʴʢʦ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ 

ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʩʪʘʝʪʩʷ ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʦʡ. ɺʩʣʝʜʩʪʚʠʝ ʧʨʦʭʦʜʷʱʠʭ ʚʨʝʤʷ ʦʪ 

ʚʨʝʤʝʥʠ ʚ ʧʦʯʚʝ ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʠʪʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʚ ʧʦʯʚʝ, ʧʝʨʝʭʦʜʷʪ ʚ ʫʩʚʦʷʝʤʳʝ ʨʘʩʪʝʥʠʷʤʠ ʬʦʨʤʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʩʪʝʥʠʡ ʧʠʪʘʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʝ 

ʘʟʦʪʘ, ʬʦʩʬʦʨʘ, ʢʘʣʠʷ ʠ ʜʨʫʛʠʭ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʨʘʩʪʝʥʠʡ ʥʝ 

ʜʦʩʪʘʶʱʠʤʠ ʧʠʪʘʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʚʥʦʩʠʪʴ ʫʜʦʙʨʝʥʠʷ. ʋʯʠʪʳʚʘʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʨʙʫʟʘ, ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ 

ʧʨʠʝʤʳ ʚʦʟʜʝʣʳʚʘʥʠʷ ʘʨʙʫʟʘ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʟʳ ʠ ʩʨʦʢʘ 

ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. 

ʈʝʛʫʣʠʨʫʝʤʳʝ ʯʝʣʦʚʝʢʦʤ ʚʥʝʩʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʠ ʧʨʦʚʝʜʝʥʠʝ ʦʨʦʰʝʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ 

ʧʦʚʳʰʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʘʨʙʫʟʦʚ, ʩ ʘʛʨʦʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʯʝʥʴ ʚʘʞʥʳ. ʇʨʠʥʠʤʘʷ ʚʦ 

ʚʥʠʤʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ, ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʠʝ ʫʨʦʞʘʠ ʢʫʣʴʪʫʨ.r 

 

Keywords: organic fertilizers, inorganic fertilizers, Citrullus lanatus, phosphorus, potassium, 

crop yield, soil, indicators. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʨʛʘʥʠʯʝʩʢʠʝ ʫʜʦʙʨʝʥʠʷ, ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʘʨʙʫʟ,r ʬʦʩʬʦʨ, 

ʢʘʣʠʡ, ʫʨʦʞʘʡʥʦʩʪʴ, ʧʦʯʚʘ, ʠʥʜʠʢʘʪʦʨʳ. 

 

Agriculture is a mechanism of sustainable culturalization of natural resources. Scientific 

achievements create great material and technical changes in agriculture. In addition, opposite 

processes occur, which have a negative effect on natural components. Therefore, the prospects for the 

development of agricultural production and the socio-economic interests of society require the 

optimization of the entire system of nature use, the timely assessment of negative effects on the 

environment [2, 7]. 

Providing people with food products is one of the important tasks facing agricultural producers. 

Today, although the production of food products in the world is continuously increasing, this problem 

has not been completely solved. 

The importance of organic and mineral fertilizers in obtaining high and quality products from 

agricultural crops is very great. If fertilizers are used correctly, even from the weakest soils, stable 

and high yields can be obtained. At present, 50-60% of agricultural products are purchased at the 

expense of mineral fertilizers applied to the soil. 

From this point of view, it is very important to create a reliable food supply for the population, 

improve the fertility of the soil, increase the production of vegetables and melons, provide the 

population with quality food, and meet the needs of the commodity and canning industry [6]. 

In order to provide the population with food, it is of great importance to create an abundance of 

agricultural crops, including vegetables and melons. 

Watermelon plants play a major role in providing the population with high-quality food 

products. Planting and production of melon plants in our republic is increasing year by year, but 

productivity is not satisfactory. As we know, productivity is the result of the interaction of internal 
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and external environmental factors, that is, the unity of soil and weather factors with the main 

physiological processes in plants during the growing season determines the level and quality of the 

crop. Therefore, in order to increase the quantity and quality of the product, it is necessary to try to 

adjust all the influencing factors [9]. 

Kura-Araz lowland is the most valuable agricultural object of the republic. Favorable natural 

conditions have created a wide opportunity for the development of agriculture in these areas since 

ancient times [5]. 

In this regard, agrochemical characterization of soils under melon plants in irrigated grass-gray 

soils of the Mugham-Salyan zone, studying the effects of mineral and organic fertilizers on plants are 

important issues. 

In order to increase the productivity of plants, it is an urgent matter to study the relevant 

agrotechnical rules, first of all, the correct application of organic and mineral fertilizers. 

Improper assessment of the fertilizer rate during the application of mineral fertilizers, in 

particular, the failure to correctly and timely application of nitrogen fertilizer rates, causes plants to 

grow more biologically and, as a result, the quantity and quality of the product decrease [4, 10]. 

In addition, the application of high doses of mineral fertilizers to the soil leads to the 

accumulation of nitrites and nitrates in the fruits, and at the same time causes pollution of the 

environment. 

Therefore, it is very important to find the right ratio of mineral fertilizers and apply them 

together with organic fertilizers in melon crops. 

When applying fertilizers, we should try to ensure that the efficiency of fertilizers is high, that 

the amount of dry matter, sugars, and vitamins, which are the indicators of product quality, should be 

in focus, and that the amount of nitrites and nitrates from harmful nitrogen compounds should not 

exceed the permissible limit. To achieve these indicators, it is appropriate to apply mineral fertilizers 

with an equivalent amount of organic fertilizers to provide the watermelon plant with a good food 

and water regime, while keeping the soil moisture under control. In order to obtain a high and quality 

product, it is very important to apply high agrotechnical measures of optimal nutrient elements and 

water regime in watermelon cultivation. 

Watermelon is one of the widely distributed and popular plants in our country. Its fruits are rich 

in iron salts, vitamins and sugars, mainly glucose, fructose, and sucrose, which are necessary for the 

human body. The color of the lace is related to the presence of venotin and lycopene pigments in 

them. In addition, the fruits contain pectins. 

Watermelon has medicinal value. Thus, the iron salts and folic acid contained in it are of great 

importance in the treatment of diseases of the cardiovascular system, kidney, liver, blood and 

nerves [9]. 

In addition, watermelon is irreplaceable for canning and use. Its juice is a raw material for the 

preparation of refreshing and tonic drinks. 

 

Materials and Methods 

In 2017-2019, field experiments were carried out with watermelon plants in the Mugan-Salyan 

zone, in the territory of Azadkend municipality of Saatli administrative district. 

Experiments were carried out in 6 variants in 4 repetitions, and the area of each block was 50 

m2. 

From mineral fertilizers, ammonium salt (active substance 33.3%) was used as a nitrogen 

fertilizer, simple superphosphate (active substance 18%) was used as a phosphorus fertilizer, and 

potassium sulfate (active substance 51%) was used as a potassium fertilizer. Semi-decomposed 

organic fertilizers (containing 0.5% nitrogen, 0.3% phosphorus and 0.6% potassium) were used. 
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In order to study the agrochemical properties of the area, soil samples were taken from the 0-

20, 20-40, 40-60, 60-80 cm layers of the soil using the envelope method, and the environmental 

response of the soil ð pH (in water suspension) was measured in a potentiometer device, total humus 

(I. B. Tyurin), total nitrogen (Keldal), total phosphorus (K. E. Ginzburg), total potassium (P. K. Smith) 

were determined. 

In order to study the dynamics of nutrient elements in the study, the following chemical analyzes 

were carried out by taking soil samples at three stages during the vegetation period of plants: 

flowering, in other words, when 6-10 leaves are formed on the plant, during the period of fruit 

formation and at the end of vegetation (from depths of 0-25ī25-50 cm). Absorbed ammonia (N-NH4) 

was analyzed by D. P. Konev, nitrate nitrogen (N-NO3) by Grandval-Liege, activated phosphorus 

(dissolved in 1% ammonium carbonate) by Machig, and exchangeable potassium by Protosov's 

method modified by J. Huseynov. 

Product report on variants was made by Mesheryakov's ritazi calculation method. 

Crimson Cvit variety of watermelon plant was used in the experiment. This variety is one of 

the fast-growing hybrid varieties. In practice, the agrotechnical care of the plants was carried out in 

accordance with the accepted agro-rules for the watermelon plant, with the exception of the norm of 

fertilizers. 

 

Results and Discussion 

The Kura-Araz plain is an open wide depression that separates one of the Greater and Lesser 

Caucasus mountains from the other and extends from the east to the Caspian Sea. In a large part of 

the plain, the elevation of the earth's surface is below absolute zero, that is, below the level of the 

world ocean, and falls to minus 25.6 m near the Caspian Sea. It rises to 150-200 m in the foothills of 

the Greater and Lesser Caucasus, the slope is from the foothills of the mountains to the center of the 

plain, and then towards the sea, and varies from 0.05 to 0.0001. Its area is 2.2 million hectares. The 

slopes of the Greater and Lesser Caucasus are divided into large natural regions ð plains by the Kura-

Araz rivers and other small rivers. Mugan Plain ð 478.4 thousand ha; Salyan Plain ð 149 thousand 

ha, Karabakh Plain ð 324.7 thousand ha, Mil Plain ð 368.7 thousand ha and Shirvan Plain ð 858.7 

thousand ha. 

The plain is surrounded by mountains on three sides. Therefore, the lowland is characterized 

by a hot climate. The summer here is dry and hot, and the winter is mild and has little snow. According 

to the temperature regime, it is subtropical, the average annual temperature is positive 12.5-14.60C. 

The amount of annual precipitation does not exceed 215-310 mm. The average monthly relative 

humidity of the air is high, it varies between 75-80% [7, 8]. 

The vegetation of the Kura-Araz lowland is diverse in terms of its composition, it is 

characterized by its own characteristics and belongs to the semi-desert type due to its climate. 

Vegetation mainly consists of wormwood, salt grass and meadow grass. The soils of the Kur-Araz 

lowland mainly belong to the gray soil type. The most widespread semi-type is grass-gray (3.0 m 

groundwater depth) soils [3]. 

A subtropical semi-desert climate with warm and frost-free winters and dry and hot summers is 

typical for areas where grass-gray soils are spread. According to the granulometric composition, the 

grass-gray soils are clayey and loamy. These soils contain appreciable amounts of readily soluble 

salts. According to the amount of nutrients, the irrigated grass-gray soils are moderately supplied. The 

absorption capacity of irrigated grass-gray soils is high [6]. 

In the agricultural crops of the region, mostly irrigated soils, including grass-gray soils, are 

used. From this point of view, research was conducted under the watermelon plant in those lands, and 

the agrochemical characteristics of grass-gray soils were studied. 
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The agrochemical characterization of soils plays an important role in determining a number of 

its characteristics, including fertility, the degree of provisioning with individual nutrients, 

determination of the soil's environmental response, and determination of the time, norms, methods 

and proportions of fertilizers under individual crops. Grass-gray soils are one of the most widespread 

soil types in the territory of the Republic of Azerbaijan and are mainly distributed in the Kura-Araz 

plain, in the plain regions of Nakhchivan MR, and in the Samur-Devachi plain [2, 3]. 

The agrochemical characteristics of irrigated grass-gray soils in Mugan-Salyan region are given 

in Table 1. 

 

Table 1 

AGROCHEMICAL CHARACTERISTICS OF EXPERIMENTAL FIELD SOILS 
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0-20 2,19 0,14 14,78 8,92 0,13 20,64 3,44 250,75 8,0 

20-40 1,53 0,12 10,64 7,21 0,10 16,40 2,56 215,57 8,3 

40-60 0,92 0,11 17,61 4,05 0,08 10,07 1,74 168,30 8,1 

60-80 0,73 0,08 7,23 2,12 0,07 5,05 1,55 121,60 8,4 

 

As can be seen from the table, it was determined from the analysis of the samples taken from 

the 0-80 cm soil layer of the area where the field experiments will be conducted that the soils in the 

research area are poorly supplied with nutrients. 

As can be seen from the obtained results, the reaction of the soil solution is weakly alkaline, the 

pH fluctuates between 8.0-8.4. 

As a result of the research, it was determined that the total nitrogen in the 0-20-60-80 cm layer 

of the soil varies between 0.14-0.08. In general, the amount of nutrients decreases in the lower layers. 

The amount of absorbed ammonia nitrogen (N-NH4) was 14.78 and 10.64 mg/kg in the crop 

and sub-crop layers, but these indicators fluctuated between 17.61-7.23 in the deeper layers of the 

soil. In irrigated grass-gray soils, nitrogen in nitrate form is insufficient. 

If the amount of N-NO3 in the planting layer of the soil was 8.92 mg/kg in the top layer, this 

indicator was found to be 7.21-4.05 ml/kg in the 40-60 cm layer and 2.12 mg/kg in the 80 cm layer. 

The amount of phosphorus and potassium in irrigated grass-gray soils was studied. The amount 

of total phosphorus in the 0-80 cm soil layer was 0.13-0.07%, and the amount of total potassium 

fluctuated between 3.44-1.55%. In those soils, the forms of phosphorus and potassium absorbed by 

plants are not enough in the soil. Thus, the amount of mobile phosphorus (according to Machigin) in 

the planting layer was 20.64-5.05 in the layer of 0-80 cm, the amount of exchangeable potassium was 

250.75-121.60 mg/kg, and the indicators decreased in lower layers. . 

Productivity is the result of biological and biochemical processes in the plant body and is highly 

dependent on species diversity, biological characteristics of varieties and environmental factors [9]. 

Fertilizers and irrigation are the external environmental factors that have the greatest effect on 

the productivity of the watermelon plant and are easily controlled by humans. 

K. A. Tmiryazyev shows that in order to get a high yield, it is necessary to first learn the demand 

of the plant and be able to satisfy it [1]. 
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The growth and development of plants is closely related to its living conditions. The most 

important external conditions for plant development is the food environment. Plants have different 

requirements for different nutrients for their growth and development. 

Michurin proved that by changing the nutrition of a plant, it is possible to influence not only its 

yield, but also to change its nature in a way that is beneficial for humans. 

In addition to the nutritional properties of plants, it has a great impact on the effective 

application of fertilizers in the properties of the soil. Soil is the main source of mineral nutrients for 

plants. The amount of nutrients varies in different soils. To obtain a high yield, the soil has more 

nutrients than it needs. Fertilizer applied to the soil with low rates increases the yield of agricultural 

plants more. This is explained by the fact that only a part of the nutrients in the soil is used by plants. 

Most of it remains unused. As a result of ongoing biological and chemical processes, the nutrients in 

the soil are transformed from time to time into the form used by plants. Therefore, it is necessary to 

determine the amount of nitrogen, phosphorus, potassium and other elements that are in the soil and 

that are easily used by plants in order to ensure proper nutrition of plants. 

In order to obtain a high and stable yield, it is necessary to increase the level of agrotechnics in 

order to know the nutrient requirements of plants and to increase the effectiveness of fertilizers 

applied to the soil [1]. 

The human-controllable external environmental factors that affect the productivity of 

watermelon plants are fertilizers and irrigation, which are very important from an agrotechnical point 

of view. Taking into account the biological characteristics of varieties and hybrids, it is possible to 

obtain a high yield from plants by applying mineral and organic fertilizers. However, taking into 

account the biological characteristics of the watermelon plant, it is impossible to get the desired result 

if optimal irrigation is not applied, that is, if there is no mutual optimal relationship between fertilizers 

and irrigation. 

It is worth noting that irrigation at an optimal rate significantly improves the assimilation of 

organic and mineral fertilizers by plants [9]. 

Vegetables and melons are very demanding on heat and humidity. 

The yield of watermelon varieties can vary greatly depending on soil and climate conditions. 

Thus, the productivity of the Biryuchekutskiy 775 variety was 400-800 cents/ha in the Krasnodar 

region, 110 cents/ha in the Tovuz-Gazakh, Ganja zone, 172 cents/ha in the Guba-Khachmaz zone, 

and 177 cents/ha in the Absheron plain [9]. 

Mineral and organic fertilizers are the most active environmental factors affecting the 

productivity of the watermelon plant. 

From the conducted studies, it was found that under optimal irrigation conditions, the biological 

mass of the watermelon plant increases at the same time as productivity. The application of mineral 

and organic fertilizers has a positive effect on the quality indicator of the product by increasing the 

number of fruits. 

It should be noted that the weight of the fruits increased as the fertilizer doses increased. The 

combination of mineral and organic fertilizers accelerated the formation and growth of fruits. 

As a result of the research, it became clear that giving high doses of mineral fertilizers increased 

the vegetative organs of the plant, and on the contrary caused the weakening of the development of 

the generative organs. 

This happens as a result of the fact that mineral fertilizers cause a disturbance in the distribution 

of plastic substances formed in the process of photosynthesis among plant organs. That is, those 

plastic substances cause excessive growth of leaves, stems and stems [9]. 

In the conducted research, the observed effect of different norms and ratios of mineral and 

organic fertilizers on the growth and development of watermelon plant was reflected in the 
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productivity. It is characterized by the direct and rapid effect of nutrients on plant productivity during 

the application of mineral and organic fertilizers. Organic fertilizers enrich the soil with all the 

nutrients necessary for plant nutrition, improve its water-physical properties, agrochemical properties, 

and at the same time enrich the soil with beneficial microorganisms and accelerate the entry of mineral 

nutrients into the plant [11]. 

Considering that the organic fertilizer rate per hectare is not sufficient in our republic at present, 

it is considered effective to replace a part of the required organic fertilizer rate with an equivalent 

amount of mineral fertilizer. On the one hand, it is used to eliminate the shortage of organic fertilizers, 

but on the other hand, the combined application of fertilizers (mineral and organic) is used as an 

effective tool for increasing soil fertility and increasing plant productivity. 

The influence of the application of mineral and organic fertilizers on the productivity of the 

watermelon plant in irrigated grass-gray soils was studied in field experiments. The effect of mineral 

and organic fertilizers on the productivity of the watermelon plant is given in table 3 (3-year average 

productivity). As can be seen from the table, the application of mineral and organic fertilizers 

separately, as well as their joint application in different rates and proportions, had different effects on 

the productivity of the watermelon plant. Thus, according to the results of a 3-year study, the 

application of mineral and organic fertilizers, regardless of their high or low rates, had a positive 

effect on the productivity of the watermelon plant, and the lowest productivity was recorded in the 

control (without fertilizer) option. During the separate application of mineral fertilizers at the rate of 

Fon + N120, the three-year average productivity is 298.2 s/ha, the increase is 79.9 s/ha in the control 

(without fertilizer) option, the average productivity in the option with Fon+N30+16 t/ha manure is 

380.9 s/ha control (compared to the no-fertilizer option) increase was determined to be 220.6 s/ha. 

Thus, the highest productivity was determined in the field experiment conducted in the variant 

where Fon+N30+16 t/ha manure was applied during the joint application of mineral and organic 

fertilizers to increase the productivity of the watermelon plant. 

 

Table 2  

THE EFFECT OF APPLYING FERTILIZERS ON THE PRODUCTIVITY OF THE 

WATERMELON PLANT IN IRRIGATED GRASS-GRAY SOILS  

(2017-2019, 3-year average productivity) 
 

 

Conclusion 

1. The agrochemical properties of grass-gray soils of Mughan-Salyan region were studied and 

it was determined that nitrogen, phosphorus and potassium elements are poorly supplied in the 0-80 

cm layer of the soil in their general and modified forms. 

2. The amount of ammonia nitrogen (N-NH4) absorbed in the sown and subsoil layer of grass-

gray soils is 14.78-7.23 mg/kg; the amount of nitrate nitrogen (N-NO3) is 8.92-2.12 mg/kg; activated 

phosphorus (according to Machigin) P2O5 20.64-5.05; and the amount of exchangeable potassium 

K2O was determined to be 250.75-121.60 mg/kg. 

Experiment options Yield s/ha  3-year 

average yield 

increase 

s/ha 2017 2018 2019 

No fertilizer (control) 196,7 162,1 122,1 160,3  

P90K60-Fon 240,1 249,6 230,8 240,2 79,9 

Background 308,2 296,1 289,7 298,2 137,9 

Fon+N60+ 12 t/ha manure 343,1 371,4 375,2 363,2 202,9 

Fon+N30+ 16 t/ha manure 381,4 372,2 389,1 380,9 220,6 

Fon+20 t/ha manure 295,3 296,0 296,5 295,5 135,2 
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3. Giving mineral fertilizers together with manure under the watermelon plant restores soil 

fertility by playing an important role in increasing humus, nitrate and ammonia nitrogen, active 

phosphorus and exchangeable potassium in the soil layer and sub-soil layer, and creates a basis for 

high and stable harvest. 

4. During the joint application of mineral and organic fertilizers in increasing the productivity 

of the watermelon plant, a higher productivity was determined than the variant in which Fon+N30+16 

t/manure was applied. According to the results of the three-year study, the average productivity in the 

Fon+N30+16 t/manure option was 380.9 s/ha, and 220.6 s/ha in the control without fertilizer. 
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EFFECT OF INORGANIC FERTILIZERS  

ON THE CLOVER GROWTH IN GRAY-BROWN SOILS 

 

ÉKhalilov S., Ph.D., Ganja State University, Ganja, Azerbaijan 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʤʘʪʝʨʠʘʣʳ ʦ ʚʣʠʷʥʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʫʜʦʙʨʝʥʠʡ ʥʘ ʚʳʩʦʪʫ ʢʣʝʚʝʨʘ ʥʘ ʦʨʦʰʘʝʤʳʭ ʩʝʨʦ-ʢʦʨʠʯʥʝʚʳʭ ʧʦʯʚʘʭ ɻʷʥʜʞʘ-ʂʘʟʘʭʩʢʦʛʦ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʡʦʥʘ. ɿʘ ʩʯʝʪ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʟʦʪʘ, ʩʦʙʨʘʥʥʦʛʦ ʢʣʝʚʝʨʦʤ ʚ ʧʦʯʚʝ, ʙʦʣʝʝ ʯʝʤ 

ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʚʳʰʘʶʱʝʛʦ ʛʦʜʦʚʫʶ ʥʦʨʤʫ ʘʟʦʪʘ ʚʦʟʤʦʞʥʦ ʩʥʘʙʞʝʥʠʝ ʘʟʦʪʦʤ ʜʨʫʛʠʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʇʦʵʪʦʤʫ, ʫʯʠʪʳʚʘʷ ʨʦʣʴ ʭʣʦʧʯʘʪʥʠʢʘ ʢʘʢ ʩʪʨʘʪʝʛʠʯʝʩʢʠ 

ʚʘʞʥʦʛʦ ʨʘʩʪʝʥʠʷ, ʘ ʣʶʮʝʨʥʳ ʢʘʢ ʩʠʣʴʥʦʛʦ ʢʦʨʤʘ ʜʣʷ ʩʢʦʪʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ, 

ʠʟʫʯʝʥʠʝ ʩʠʩʪʝʤʳ ʫʜʦʙʨʝʥʠʷ ʦʙʦʠʭ ʨʘʩʪʝʥʠʡ ʚ ʭʣʦʧʢʦʚʦ-ʣʶʮʝʨʥʦʚʦʤ ʩʝʚʦʦʙʦʨʦʪʝ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ. ɺʥʝʩʝʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʧʦʜ ʨʘʩʪʝʥʠʷ 

ʣʶʮʝʨʥʳ ʥʘ ʦʨʦʰʘʝʤʳʭ ʩʝʨʦ-ʢʦʨʠʯʥʝʚʳʭ (ʢʘʰʪʘʥʦʚʳʭ) ʧʦʯʚʘʭ ʦʢʘʟʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʨʦʩʪ ʣʶʮʝʨʥʳ. ɹʦʣʴʰʘʷ ʚʳʩʦʪʘ ʦʟʥʘʯʘʝʪ ʚʳʩʦʢʫʶ ʫʨʦʞʘʡʥʦʩʪʴ. ɺ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʘʠʙʦʣʴʰʘʷ ʚʳʩʦʪʘ ʥʘʙʣʶʜʘʣʘʩʴ ʫ ʚʘʨʠʘʥʪʘ N60P90K60 ʚ ʩʨʝʜʥʝʤ ʟʘ 3 ʛʦʜʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʦʨʤ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʚʳʩʦʪʘ ʣʶʮʝʨʥʳ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 6,3ï29,5 ʩʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʘʨʠʘʥʪʦʤ ʙʝʟ ʫʜʦʙʨʝʥʠʡ. 

 

Abstract. The presented article presents materials on the effect of mineral fertilizers on the 

height of clover on irrigated gray-brown soils of the Ganja-Gazakh region. Due to the biological 

nitrogen collected by clover in the soil, more than twice the annual rate of nitrogen is saved in one 

cycle, thereby supplying other agricultural fields with nitrogen. Therefore, given the role of cotton as 

a strategically important plant, and alfalfa as a strong feed for livestock and restoration of soil fertility, 

the study of the fertilizer system of both plants in the cotton-alfalfa crop rotation is one of the most 

urgent tasks. The application of mineral fertilizers to alfalfa plants on irrigated gray-brown (chestnut) 

soils had a significant impact on alfalfa growth. High altitude means high yield. During the years of 

research, the highest height was observed in the N60P90K60 variant on average over 3 years. Depending 

on the norms of mineral fertilizers, the height of alfalfa increased by 6.3-29.5 cm compared to the 

variant without fertilizers. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʨʦʰʘʝʤʳʝ ʧʦʯʚʳ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʫʜʦʙʨʝʥʠʷ, ʧʣʦʜʦʨʦʜʠʝ, ʣʶʮʝʨʥʘ, 

ʚʳʩʦʪʘ, ʨʦʩʪ. 

 

Keywords: irrigated soils, inorganic fertilizers, soil fertility, Medicago sativa, height, growth. 

 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʫʜʦʙʨʝʥʠʡ ʥʘ ʨʦʩʪ ʣʶʮʝʨʥʳ ʚ ɻʷʥʜʞʘ-ʂʘʟʘʭʩʢʦʤ ʨʘʡʦʥʝ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʜʦʙʨʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʳʩʦʪʫ ʣʶʮʝʨʥʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ. ʊʘʢ, ʚ ʧʝʨʚʳʡ ʛʦʜ ʩʦʩʪʦʷʥʠʷ ʣʶʮʝʨʥʳ ʚʳʩʦʪʘ ʚ ʢʦʥʪʨʦʣʝ 
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ʚ ʧʝʨʚʦʤ ʧʦʩʝʚʝ ʩʦʩʪʘʚʠʣʘ 44,0 ʩʤ, ʚ ʣʫʯʰʝʤ ʚʘʨʠʘʥʪʝ N30P90K60 ð 55,7 ʩʤ, ʘ ʨʘʟʥʠʮʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʩʦʩʪʘʚʠʣʘ 11,7 ʩʤ, ʚʦ ʚʪʦʨʦʤ ʧʦʩʝʚʝ ʵʪʘ ʨʘʟʥʠʮʘ ʩʦʩʪʘʚʠʣʘ 9,4 ʩʤ, ʘ ʚ 

ʪʨʝʪʴʝʤ ʢʣʘʩʩʝ 14,2 ʩʤ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʘʣʠʩʴ ʥʘ 2 ʠ 3 ʛʦʜʫ ʩʦʩʪʦʷʥʠʷ 

ʙʦʣʴʥʦʛʦ [4]. 

ɺ ʨʘʚʥʠʥʥʦʡ ʯʘʩʪʠ ʂʘʨʘʙʘʭʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʥʦʨʤ ʫʜʦʙʨʝʥʠʡ ʥʘ 

ʚʳʩʦʪʫ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʣʶʮʝʨʥʳ ʚʳʩʦʪʘ ʨʘʩʪʝʥʠʡ ʣʶʮʝʨʥʳ ʚ ʧʝʨʚʳʡ ʛʦʜ ʩʦʩʪʘʚʠʣʘ ʥʘ 

ʢʦʥʪʨʦʣʝ ʙʝʟ ʫʜʦʙʨʝʥʠʡ ð 45,4; 48,1; 60,0, ʪʦ ʧʨʠ ʧʦʣʠʚʝ 4 ʨʘʟʘ ʠ ʚʥʝʩʝʥʠʠ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ N30P90K60, ʚʳʩʦʪʘ ʨʘʩʪʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 44,6; 35,4; 62,8; 62,0 ʠ 47,4 ʩʤ. ʀʩʭʦʜʷ ʠʟ 

ʯʠʩʣʘ ʧʦʣʠʚʦʚ 6 ʨʘʟ, ʚʳʩʦʪʘ ʢʣʝʚʝʨʘ ʚ ʚʘʨʠʘʥʪʝ ʙʝʟ ʫʜʦʙʨʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 46,9; 50,0; 47,7 ʠ 40,7 

ʩʤ ʠ ʚ ʚʘʨʠʘʥʪʝ N45P120K90; 64,8 72,3; 67,9 ʠ 60,3 ʩʤ. ʈʦʩʪ ʚ ʚʳʩʦʪʫ ʥʘ ʦʩʥʦʚʝ 8-ʢʨʘʪʥʦʛʦ 

ʦʨʦʰʝʥʠʷ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʣʩʷ ʦʪ ʧʦʢʘʟʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ 6-ʢʨʘʪʥʦʛʦ ʦʨʦʰʝʥʠʷ [2]. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʠʪʘ ʩʦʚʤʝʩʪʥʦ ʩ ʫʜʦʙʨʝʥʠʷʤʠ ʥʘ 

ʚʳʩʦʪʫ ʣʶʮʝʨʥʳ ʨʘʟʥʳʭ ʬʦʨʤ, ʚ ʧʝʨʚʳʡ ʛʦʜ ʩʦʩʪʦʷʥʠʷ ʣʶʮʝʨʥʳ ʚ 3 ʬʦʨʤʘʭ ʢʦʥʪʨʦʣʴ ʚʳʩʦʪʳ 

ʩʦʩʪʘʚʠʣ 50,5; ɺ ʩʣʫʯʘʝ ʫʢʦʩʘ 45,6 ʠ 43,5 ʥʘʠʙʦʣʴʰʘʷ ʚʳʩʦʪʘ 70,8 ʩ ʚʥʝʩʝʥʠʝʤ ʥʘʚʦʟʝ 10 

ʪ/ʛʘ+ʮʝʦʣʠʪ 5 ʪ/ʛʘ+N30P90K60 ʦʢʘʟʘʣʘʩʴ 68,5 ʠ 63,5 ʩʤ. ʅʘ ʚʪʦʨʦʡ ʛʦʜ ʩʦʩʪʦʷʥʠʷ ʢʣʝʚʝʨʘ 55,5% 

ʚ 5 ʬʦʨʤʘʭ; 53,0; 51,5; 48,0 ʠ 46,0 ʩʤ, ʘ ʚ ʩʣʫʯʘʝ ʥʘʚʦʟʘ 10 ʪ/ʛʘ + ʮʝʦʣʠʪʘ 5 ʪ/ʛʘ + ʚʘʨʠʘʥʪʘ 

N30ʈ90ʂ60 ɻ ʪʠ ʧʦʢʘʟʘʪʝʣʠ ʨʘʚʥʳ 73,6; 71,0; 69,6; 66,5 ʠ 60,5 ʩʤ [1]. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ, ʥʘʠʙʦʣʴʰʘʷ ʚʳʩʦʪʘ ʣʶʮʝʨʥʳ 

ʦʪʤʝʯʝʥʘ ʥʘ 2-ʡ ʛʦʜ 87 ʩʤ ʧʨʠ ʥʦʨʤʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ (NPK)30. ʉʨʝʜʥʷʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʬʦʨʤ ʩʦʩʪʘʚʠʣʘ 65, 46, 27 ʠ 12 ʮ/ʛʘ ʧʦ 1, 2, 3 ʠ 4 ʠʟ ʨʘʩʯʝʪʘ ʩʫʭʦʤʫ ʚʝʱʝʩʪʚʫ 

[6]. 

ʅʘ ʉʝʚʝʨʥʦʤ ʋʨʘʣʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ ʠ ʵʧʠʥʧʝʨʝʧʘʨʘʪʘ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ 

ʟʝʨʥʘ ʣʶʮʝʨʥʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʩʦʪʘ ʨʘʩʪʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʟʝʤʣʠ ʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ɽʩʣʠ ʚ ʢʦʥʪʨʦʣʝ ʚʳʩʦʪʘ ʨʘʩʪʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 72ï77 ʩʤ, 

ʪʦ ʦʙʨʘʙʦʪʢʘ ʧʦʣʝʡ ʵʧʠʥʧʝʨʝʧʘʨʘʪʦʤ ʚ ʟʘʩʫʰʣʠʚʳʝ ʛʦʜʳ ʫʚʝʣʠʯʠʣʘ ʚʳʩʦʪʫ ʢʣʝʚʝʨʘ ʥʘ 9ï11 

ʩʤ. ʄʠʢʨʦʫʜʦʙʨʝʥʠʷ ʠ ʨʝʛʫʣʷʪʦʨʳ ʨʦʩʪʘ ʫʚʝʣʠʯʠʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʝʨʘʪʠʚʥʳʭ ʙʦʙʦʚ ʥʘ 2,5ï

6,3 ʝʜ. (18ï45%), ʘ ʢʦʣʠʯʝʩʪʚʦ ʩʝʤʷʥ ʚ ʙʦʙʝ ʥʘ 0,04ï0,37 ʝʜ. (2ï16%). ʋʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ ʙʳʣʘ 

ʚ 1,5ï3,5 ʨʘʟʘ ʚʳʰʝ ʢʦʥʪʨʦʣʷ (9,2ï21,8 ʮ/ʛʘ) [3]. 

ɹ. ɸ. ʇʣʝʪʠʥ [5] ʠʟʫʯʘʣ ʚʣʠʷʥʠʝ ʫʜʦʙʨʝʥʠʡ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʥʘ ʚʳʩʦʪʫ, 

ʨʘʟʚʠʪʠʝ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʣʶʮʝʨʥʳ ʥʘ ɿʘʧʘʜʥʦʤ ʂʘʚʢʘʟʝ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʘʛʨʦʢʫʣʴʪʫʨʳ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʳʩʦʪʫ ʠ ʨʘʟʚʠʪʠʝ ʣʶʮʝʨʥʳ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, 

ʛʫʩʪʦʪʫ ʨʘʩʪʝʥʠʡ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʢʘʯʝʩʪʚʦ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ. ʇʣʦʪʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʩʦʩʪʘʚʠʣʘ 

134 ʰʪ./ʤ2 (48%), 35 ʰʪ. ʧʦ ʛʦʜʘʤ, ʧʨʠ ʵʪʦʤ ʚ 1 ʛʦʜ 412,3 ʰʪ./ʤ2, ʚʦ 2 ʛʦʜ 183,5 ʰʪ./ʤ2, ʚ 3 ʛʦʜ 

116,6 ʰʪ./ʤ2 (23%), ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 9 ʰʪ./ʤ2 (8%). ʂʦʣʠʯʝʩʪʚʦ ʨʘʩʪʝʥʠʡ ʚ ʫʜʦʙʨʝʥʥʦʤ ʚʘʨʠʘʥʪʝ 

ʙʳʣʦ ʥʘ 23ï25% ʙʦʣʴʰʝ, ʯʝʤ ʚ ʥʝʫʜʦʙʨʝʥʥʦʤ, ʘ ʚ ʢʦʥʮʝ ʚʝʛʝʪʘʮʠʠ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʠʣ 

38ï41%. 

ɿʘ ʩʯʝʪ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʟʦʪʘ, ʩʦʙʠʨʘʝʤʦʛʦ ʢʣʝʚʝʨʦʤ ʚ ʧʦʯʚʝ, ʚ ʦʜʥʦʤ ʮʠʢʣʝ ʵʢʦʥʦʤʠʪʩʷ 

ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʛʦʜʦʚʘʷ ʥʦʨʤʘ ʘʟʦʪʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʘʟʦʪʦʤ 

ʜʨʫʛʠʭ ʢʫʣʴʪʫʨ. ʇʦʵʪʦʤʫ, ʫʯʠʪʳʚʘʷ ʨʦʣʴ ʣʶʮʝʨʥʳ ʢʘʢ ʩʠʣʴʥʦʛʦ ʢʦʨʤʘ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ, ʠʟʫʯʝʥʠʝ ʩʠʩʪʝʤʳ ʫʜʦʙʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ. 

 

ʆʙʲʝʢʪ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ 2015ï2018 ʛʛ. ʚ ʎʝʥʪʨʝ çʇʯʝʣʦʚʦʜʩʪʚʦè, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ɻʝʨʘʥʙʦʡʩʢʦʤ ʨʘʡʦʥʝ ʅʀʀ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʄʠʥʩʝʣʴʭʦʟʘ ʥʘ ʦʨʦʰʘʝʤʳʭ 

ʩʝʨʦ-ʢʦʨʠʯʥʝʚʳʭ (ʢʘʰʪʘʥʦʚʳʭ) ʧʦʯʚʘʭ. ɺ ʌʘʭʨʘʣʠʥʩʢʦʤ ð ʚʳʩʘʞʝʥ ʩʦʨʪ ʣʶʮʝʨʥʳ 
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çɸʟʅʀʂʀ-262è. ʆʧʳʪ ʙʘʟʠʨʫʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 1. ʂʦʥʪʨʦʣʴ (ʙʝʟ ʫʜʦʙʨʝʥʠʡ); 2. 

ʈ90ʂ60 (ʬʦʥ); 3. N30+ʌʦʥ; 4. N60+ʌʦʥ; 5. N90+ʌʦʥ. 

ʇʦʣʝʚʳʝ ʦʧʳʪʳ ʟʘʢʣʘʜʳʚʘʣʠ ʥʘ ʦʙʱʝʡ ʧʣʦʱʘʜʠ 144 ʤ2 (20ʭ7,20 ʤ) ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʚ 

3-ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ, ʦʪʙʠʨʘʣʠ ʧʦ 15 ʢʛ ʩʝʤʷʥ ʩ ʛʝʢʪʘʨʘ, ʧʦʩʝʚ ʧʨʦʚʦʜʠʣʠ ʚʦ 2 ʜʝʢʘʜʝ 

ʩʝʥʪʷʙʨʷ.  

ɸʟʦʪʥʦ-ʘʤʤʠʘʯʥʫʶ ʩʝʣʠʪʨʫ (34,7%), ʬʦʩʬʦʨʥʦ-ʧʨʦʩʪʦʡ ʩʫʧʝʨʬʦʩʬʘʪ (18,7%) ʠ 

ʢʘʣʠʡʥʦ-ʢʘʣʠʡʥʫʶ ʩʫʣʴʬʘʪʥʫʶ (46%) ʧʝʨʝʜ ʧʦʩʝʚʦʤ ʚʥʦʩʠʣʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 100% ʧʦʜ ʧʣʫʛ, ʘ 

ʘʟʦʪ ʚʥʦʩʠʣʠ ʧʦʜ ʧʦʜʢʦʨʤʢʫ.  

ʅʘ ʩʣʝʜʫʶʱʠʡ ʛʦʜ ʦʧʳʪʘ ʨʘʥʥʝʡ ʚʝʩʥʦʡ ʚʥʦʩʷʪ ʬʦʩʬʦʨʥʦ-ʢʘʣʠʡʥʳʝ ʫʜʦʙʨʝʥʠʷ, 

ʙʦʨʦʥʫʶʪ ʧʦʣʝ ʢʨʝʩʪ-ʥʘʢʨʝʩʪ ʥʘ ʛʣʫʙʠʥʫ 3ï5 ʩʤ ʠ ʧʦʣʠʚʘʶʪ, ʘ ʘʟʦʪ ʚʥʦʩʷʪ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʫʢʦʩʘ. 

ʌʝʥʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 25 ʨʘʩʪʝʥʠʷʭ ʚ 2 ʧʦʚʪʦʨʘʭ, ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ 

ʤʝʨʦʧʨʠʷʪʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʦʨʷʜʢʝ, ʧʨʠʥʷʪʦʤ ʜʣʷ ʨʝʛʠʦʥʘ. 

 

ʆʙʩʫʞʜʝʥʠʝ ʠ ʘʥʘʣʠʟ 

ʌʝʥʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪ ʣʶʮʝʨʥʳ 

ʦʢʘʟʳʚʘʶʪ ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1 

ɺʃʀʗʅʀɽ ʄʀʅɽʈɸʃʔʅʓʍ ʋɼʆɹʈɽʅʀʁ ʅɸ ɺʓʉʆʊʋ ʃʖʎɽʈʅʓ ʇʆ ʋʂʆʉɸʄ (2016 ʛ.) 
 

ɺʘʨʠʘʥʪʳ 

ʦʧʳʪʘ 

ʋʢʦʩʳ, ʩʤ ʇʨʠʨʦʩʪ 

I ð07.VI II ð25.VII III ʫð10.IX ʉʨʝʜʥʝʝ ʩʤ % 

ʂʦʥʪʨʦʣʴ ʙ/ʫ 40,3 46,5 43,2 43,3 Ƅ Ƅ 

P90K60(ʬʦʥ) 45,8 53,3 49,6 49,6 6,3 15,0 

N30+ (ʬʦʥ) 50,3 58,5 53,3 54,0 10,7 25,0 

N60+(ʬʦʥ) 60,6 65,3 62,6 62,8 19,5 45,0 

N90+(ʦʥ) 55,3 60,5 58,4 58,1 14,8 35,0 
 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʊʘʙʣʠʮʳ 1, ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ (ʙʝʟ ʫʜʦʙʨʝʥʠʡ) ʚʘʨʠʘʥʪʝ ʚ ʧʝʨʚʳʡ ʛʦʜ 

ʚʳʨʘʱʠʚʘʥʠʷ ʢʣʝʚʝʨʘ ʙʳʣʦ ʩʜʝʣʘʥʦ 3 ʫʢʦʩʘ ʠ ʚʳʩʦʪʘ ʧʦ ʫʢʦʩʘʤ ʩʦʩʪʘʚʠʣʘ 40,3; 46,5; 43,2 ʩʤ, 

ʩʨʝʜʥʠʡ ʨʦʩʪ ʧʦ 3 ʫʢʦʩʘʤ ð 43,3 ʩʤ. ʋ ʚʘʨʠʘʥʪʘ ʈ90ʂ60 (ʬʦʥ) ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʨʘʚʥʳ 45,8; 53,3; 

49,6 ʩʤ, ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ ð 49,6 ʩʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ ʙʝʟ ʫʜʦʙʨʝʥʠʡ ʧʨʠʙʘʚʢʘ 

ʩʦʩʪʘʚʠʣʘ 6,3 ʩʤ ʠʣʠ 15,0%.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ NPK ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʘʩʴ ʚʳʩʦʪʘ ʢʣʝʚʝʨʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʠ ʈ90ʂ60 (ʬʦʥʦʚʳʤ) ʚʘʨʠʘʥʪʘʤʠ. ʊʘʢ, ʚ ʚʝʨʩʠʠ N30+fon ʚʳʩʦʪʘ ʧʦ 

ʬʦʨʤʘʪʘʤ 50,3; 58,5; 53,3 ʩʤ ʠ ʩʨʝʜʥʠʡ ʨʦʩʪ 54,0 ʩʤ, ʧʨʠʨʦʩʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ 10,7 

ʩʤ ʠʣʠ 25,0%, ʘ ʥʘʠʙʦʣʴʰʠʡ ʨʦʩʪ 60,6 ʚ ʚʘʨʠʘʥʪʝ N60+ʬʦʥ; 65,3; ʉʨʝʜʥʠʡ ʨʦʩʪ ʩʦʩʪʘʚʠʣ 62,8 

ʩʤ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘ 19,5 ʩʤ ʠʣʠ 45,0% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ, ʧʨʠ ʥʘʙʣʶʜʘʝʤʦʤ ʨʦʩʪʝ 

62,6 ʩʤ. ʈʘʟʤʝʨ ʚʘʨʠʘʥʪʘ N90 ʩ ʬʦʥʦʤ ʫʤʝʥʴʰʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʤ+N60. 
 

ʊʘʙʣʠʮʘ 2 

ɺʃʀʗʅʀɽ ʄʀʅɽʈɸʃʔʅʓʍ ʋɼʆɹʈɽʅʀʁ ʅɸ ɺʓʉʆʊʋ ʃʖʎɽʈʅʓ ʇʆ ʌʆʈʄɸʄ (2017 ʛ.) 
 

ɺʘʨʠʘʥʪʳ 

ʦʧʳʪʘ 

ʋʢʦʩʳ, ʩʤ ʇʨʠʨʦʩʪ 

I -15.V II -20.VI III - 30.VII IV - 10.IX V - 30.X ʉʨʝʜʥʝʝ ʩʤ % 

ʂʦʥʪʨʦʣʴ ʙ/ʫ 60,5 58,2 55,4 43,5 28,4 49,2 Ƅ Ƅ 

P90K60(fon) 71,4 69,3 64,8 51,5 33,5 58,1 9,0 18,3 

N30+ (fon) 81,7 78,0 75,3 57,6 38,1 66,1 17,0 34,6 

N60+(fon) 94,3 90,8 85,1 69,4 44,3 76,8 27,6 56,1 

N90+(fon) 87,1 83,8 80,3 61,8 40,8 70,8 21,6 44,0 
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ɺʦ ʚʪʦʨʦʡ ʠ ʪʨʝʪʠʡ ʛʦʜʳ ʚʳʨʘʱʠʚʘʥʠʷ ʚʳʩʦʪʘ ʧʦ ʚʩʝʤ ʫʢʦʩʘʤ ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʚ ʧʝʨʚʳʡ 

ʛʦʜ, ʠ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʩʦʟʜʘʥʠʝʤ ʙʦʣʝʝ ʩʠʣʴʥʦʡ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʣʶʮʝʨʥʳ, ʦʙʦʛʘʱʘʶʱʝʡ ʧʦʯʚʫ 

ʵʣʝʤʝʥʪʘʤʠ ʧʠʪʘʥʠʷ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʘ 2 ʠ 3 ʛʦʜ ʩʦʩʪʦʷʥʠʷ ʣʶʮʝʨʥʳ 

ʥʘʠʙʦʣʴʰʘʷ ʚʳʩʦʪʘ ʥʘʙʣʶʜʘʣʘʩʴ ʫ ʧʝʨʚʦʛʦ ʫʢʦʩʘ, ʘ ʢ ʢʦʥʮʫ ʚʝʛʝʪʘʮʠʠ ʦʥʘ ʫʤʝʥʴʰʘʣʘʩʴ. ʊʘʢ, 

ʥʘ 3 ʛʦʜʫ ʩʦʩʪʦʷʥʠʷ ʨʦʩʪ ʧʦ ʫʢʦʩʘʤ ʩʦʩʪʘʚʠʣ 65,3; 60,3; 57,3; 45,3; 33,2 ʩʤ ʠ ʩʨʝʜʥʠʡ ʨʦʩʪ 52,3 

ʩʤ, ʚʳʩʦʪʘ ʧʦ ʫʢʦʩʘʤ ʚ ʬʦʥʦʚʦʤ (ʈ90ʂ60) ʚʘʨʠʘʥʪʝ 75,4; 70,5; 66,5; 53,3; 38,8 ʩʤ ʠ ʩʨʝʜʥʝʡ 

ʚʳʩʦʪʦʡ 61,0 ʩʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ ʙʝʟ ʫʜʦʙʨʝʥʠʡ ʧʨʠʙʘʚʢʘ ʩʦʩʪʘʚʠʣʘ 8,7 ʩʤ ʠʣʠ 

16,6%.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʘʩʴ 

ʚʳʩʦʪʘ ʢʣʝʚʝʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʠ ʚʘʨʠʘʥʪʘʤʠ. ʊʘʢ, ʚ ʚʝʨʩʠʠ N30+fon ʚʳʩʦʪʘ ʧʦ 

ʬʦʨʤʘʪʘʤ 85,8; 80,3;77,2;61,6; 43,5 ʩʤ, ʘ ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ 5 ʧʦʙʝʛʦʚ ʩʦʩʪʘʚʠʣʘ 69,7 ʩʤ, ʯʪʦ ʚʳʰʝ 

ʢʦʥʪʨʦʣʷ ʥʘ 17,4 ʩʤ ʠʣʠ 33,3%.  

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʪʤʝʯʝʥʳ ʫ ʫʢʦʩʘ ʚ ʚʘʨʠʘʥʪʝ N60+, ʢʘʢ ʫ ʧʝʨʚʦʛʦ, ʪʘʢ ʠ ʫ 

ʚʪʦʨʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʣʝʚʝʨʘ, ʘ ʜʣʠʥʘ ʧʨʠ ʫʢʦʩʝ ʩʦʩʪʘʚʠʣʘ 98,5; 92,4; 88,5; 76,3; ʆʥʘ ʩʦʩʪʘʚʠʣʘ 

53,4 ʩʤ, ʧʨʠʨʦʩʪ ʩʦʩʪʘʚʠʣ 29,5 ʩʤ ʠʣʠ 56,4% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ, ʘ ʚ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ 

ʛʦʜ ʣʶʮʝʨʥʳ ʚ ʥʦʨʤʝ N90 ʚʳʩʦʪʘ ʫʤʝʥʴʰʠʣʘʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ ʬʦʥ+N60 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 91,6;86,6; 83,4; 65,2; 48,6 ʩʤ, ʘ ʩʨʝʜʥʠʡ ʨʦʩʪ ʧʷʪʠ ʬʦʨʤ 75,0 ʩʤ, ʧʨʠʨʦʩʪ 

22,4 ʩʤ ʠ 43,4%. 

 

ʊʘʙʣʠʮʘ 3 

ɺʃʀʗʅʀɽ ʄʀʅɽʈɸʃʔʅʓʍ ʋɼʆɹʈɽʅʀʁ ʅɸ ɺʓʉʆʊʋ ʃʖʎɽʈʅʓ ʇʆ ʋʂʆʉɸʄ (2018 ʛ.) 
 

ɺʘʨʠʘʥʪʳ 

ʦʧʳʪʘ 

ʋʢʦʩʳ, ʩʤ ʇʨʠʨʦʩʪ 

I - 18.V II - 23.VI III - 15.VII IV - 08.IX V - 28.X ʉʨʝʜʥʝʝ ʩʤ % 

ʂʦʥʪʨʦʣʴ ʙ/ʫ 65,3 60,3 57,3 45,3 33,2 52,3 Ƅ Ƅ 

P90K60(ʬʦʥ) 75,4 70,5 66,5 53,3 38,8 61,0 8,7 16,6 

N30+ (ʬʦʥ) 85,8 80,3 77,2 61,6 43,5 69,7 17,4 33,3 

N60+(ʬʦʥ) 98,5 92,4 88,5 76,3 53,4 81,8 29,5 56,4 

N90+(ʬʦʥ) 91,6 86,6 83,4 65,2 48,6 75,0 22,4 43,4 

 

ɺr ʚʦʜ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʦʜ ʨʘʩʪʝʥʠʝ ʣʶʮʝʨʥʳ ʥʘ ʦʨʦʰʘʝʤʳʭ 

ʩʝʨʦ-ʢʦʨʠʯʥʝʚʳʭ (ʢʘʰʪʘʥʦʚʳʭ) ʧʦʯʚʘʭ ʦʢʘʟʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪ ʣʶʮʝʨʥʳ. 

ɹʦʣʴʰʘʷ ʚʳʩʦʪʘ ʦʟʥʘʯʘʝʪ ʚʳʩʦʢʫʶ ʫʨʦʞʘʡʥʦʩʪʴ. ɺ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʠʙʦʣʴʰʘʷ ʚʳʩʦʪʘ 

ʥʘʙʣʶʜʘʣʘʩʴ ʫ ʚʘʨʠʘʥʪʘ N60P90K60 ʚ ʩʨʝʜʥʝʤ ʟʘ 3 ʛʦʜʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʨʤ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʜʣʠʥʘ ʣʶʮʝʨʥʳ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 6,3ï29,5 ʩʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ ʙʝʟ 

ʫʜʦʙʨʝʥʠʡ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʳʩʦʪʦʡ ʣʶʮʝʨʥʳ (ʩʤ) ʠ ʫʨʦʞʘʡʥʦʩʪʴʶ 

ʟʝʣʝʥʦʡ ʤʘʩʩʦʡ (ʮ/ʛʘ) ʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʢʦʩʦʚ, ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʣʘʩʴ ʧʦ ʫʢʦʩʘʤ ʠ ʛʦʜʘʤ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚ 1 ʫʢʦʩʝ 2016 ʛ. ʨ= +0,994 Ñ0,005 ʠ ʨ=+0,997Ñ0,003 ʚ 5 ʫʢʦʩʝ ʚ 2017 ʛ.; 

ʨ=+0,996Ñ0,004 ʚ 3 ʫʢʦʩʝ ʚ 2018 ʛ. 
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BIOECOLOGICAL FEATURES AND THE INTENSITY  

OF THE DISTRIBUTION OF POMEGRANATE FUNGAL DISEASES 

 

ÉHasanov I., Scientific Research Institute of Fruit and Tea Growing, 

Guba, Azerbaijan, israfil.hasanli621@gmail.com 

 

ɸʥʥʦʪʘʮʠʷ. ʀʟʫʯʝʥʳ ʙʠʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʛʨʠʙʢʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʛʨʘʥʘʪʘ. ʆʧʨʝʜʝʣʝʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʦʣʝʟʥʝʡ ʚ 

ɸʧʰʝʨʦʥʩʢʦʤ ʨʘʡʦʥʝ. ʇʦʢʘʟʘʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ɻʨʠʙʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʦʣʝʟʥʝʡ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʚʠʜʳ, ʚʳʟʳʚʘʶʱʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʛʨʘʥʘʪʘ: Aspergillus niger Tiegh., Botrytis cinerea 

Pers., Penicillium implicatum Biourge ʠ ʜʨʫʛʠʝ. 

 

Abstract. The bioecological features and intensity of the spread of fungal diseases of 

the pomegranate were studied. The intensity of the spread of diseases in the Apsheron region was 

determined. Positive results of preventive measures are shown. Fungi are one of the main factors 

affecting the spread of diseases. Species that cause pomegranate diseases have been identified: 

Aspergillus niger Tiegh., Botrytis cinerea Pers., Penicillium implicatum Biourge and others. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʘʥʘʪʳ, ʛʨʠʙʥr ʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʨʳʣʴʮʝ ʧʝʩʪʠʢʘ. 

 

Keywords: Punica granatum, fungal diseases, stigma. 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʦʜʠʥʦʡ ʨʘʩʪʝʥʠʷ ʛʨʘʥʘʪ (Punica granatum L.) ʩʯʠʪʘʶʪ ɿʘʢʘʚʢʘʟʩʢʠʡ 

ʇʨʠʢʘʩʧʠʡ, ʧʦʩʪʝʧʝʥʥʦ ʦʥʦ ʧʦʣʫʯʠʣʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. ʊʘʢ, 

ʚ ʂʠʪʘʝ, ʀʨʘʥʝ, ʀʥʜʠʠ, ʊʫʨʮʠʠ, ʀʨʘʢʝ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʨʘʩʪʝʥʠʝ ʛʨʘʥʘʪ ʢʫʣʴʪʠʚʠʨʫʝʪʩʷ ʥʘ 

ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ. ʉʨʝʜʠ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ ʦʩʥʦʚʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʛʨʘʥʘʪʘ ʩʯʠʪʘʶʪʩʷ 

ʀʩʧʘʥʠʷ ʠ ʀʪʘʣʠʷ [11, 12]. 

ɻʨʘʥʘʪ c ʜʨʝʚʥʠʭ ʚʨʝʤʝʥ ʢʫʣʴʪʠʚʠʨʫʝʪʩʷ ʥʘ ɹʣʠʞʥʝʤ ɺʦʩʪʦʢʝ, ʥʘʩʪʦʷʱʝʡ ʨʦʜʠʥʦʡ 

ʛʨʘʥʘʪʘ ʷʚʣʷʝʪʩʷ ɸʟʝʨʙʘʡʜʞʘʥ. ʀʩʪʦʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʩʪʝʥʠʝ ʛʨʘʥʘʪʘ 

ʚʳʨʘʱʠʚʘʣʦʩʴ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ ʩ ʙʨʦʥʟʦʚʦʛʦ ʚʝʢʘ. ʇʦ ʤʥʝʥʠʶ ʄ. ʉ. ɺʘʚʠʣʦʚʘ, ʮʝʥʪʨʘʤʠ 

ʧʝʨʚʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʥʘʪʘ ʷʚʣʷʶʪʩʷ ɸʟʝʨʙʘʡʜʞʘʥ, ʀʨʘʥ, ʊʫʨʮʠʷ, ʀʨʘʢ, ʉʠʨʠʷ ʠ 

ʊʫʨʢʤʝʥʠʩʪʘʥ [3, 13]. 

ɺ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʩʫʙʪʨʦʧʠʯʝʩʢʦʛʦ ʧʣʦʜʦʚʦʜʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥ 

ʧʨʦʝʢʪ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʛʨʘʥʘʪʦʚʦʜʩʪʚʘ ʥʘ 2018ï2025 ʛʦʜʳ. ʈʝʘʣʠʟʘʮʠʷ 

ʥʘʤʝʯʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ ʟʘ ʩʯʝʪ ʟʘʱʠʪʳ ʛʨʘʥʘʪʦʚʳʭ ʪʨʘʜʠʮʠʡ, ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʩʦʨʪʦʚ ʛʨʘʥʘʪʘ ʠ 

ʩʘʜʦʚ, ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʧʨʦʩʘ ʥʘ ʛʨʘʥʘʪʳ, ʫʚʝʣʠʯʝʥʠʷ ʵʢʩʧʦʨʪʘ ʛʨʘʥʘʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ [1]. 



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.ru 

ʊ. 9. ˉ2. 2023 

https://doi.org/10.33619/2414-2948/87 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 113 

ʈʘʟʣʠʯʥʳʝ ʚʠʜʳ ʙʦʣʝʟʥʝʡ ʠ ʚʨʝʜʠʪʝʣʝʡ ʚ ʛʨʘʥʘʪʦʚʳʭ ʩʘʜʘʭ, ʢʘʢ ʠ ʥʘ ʜʨʫʛʠʭ ʨʘʩʪʝʥʠʷʭ, 

ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʮʠʠ. ʈʘʩʪʝʥʠʷ ʛʨʘʥʘʪʘ ʧʦʨʘʞʘʶʪʩʷ 

ʤʥʦʛʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ï ʛʨʠʙʢʦʚʳʝ ʟʘʙʦʣʝʚʘʥʠʷ. ʆʪ ʵʪʠʭ ʙʦʣʝʟʥʝʡ ʨʘʩʪʝʥʠʝ 

ʛʨʘʥʘʪʘ ʪʝʨʷʝʪ 35ï40%, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠ ʙʦʣʴʰʝ. ɻʨʠʙʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʦʣʝʟʥʝʡ. 

ɻʨʠʙʳ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʥʘ ɿʝʤʣʝ, ʦʪʥʦʩʷʪʩʷ ʢ ʪʝʤ ʛʨʫʧʧʘʤ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, 

ʢʦʪʦʨʳʤ ʫʜʝʣʷʝʪʩʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʩʚʷʟʠ ʩ ʤʥʦʛʦʛʨʘʥʥʳʤʠ ʠ ʚʘʞʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʢʦʪʦʨʳʝ 

ʦʥʠ ʚʳʧʦʣʥʷʶʪ ʚ ʧʨʠʨʦʜʝ. ʇʦ ʩʪʘʪʠʩʪʠʢʝ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 650 000 ʚʠʜʦʚ ʛʨʠʙʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʧʠʩʘʥʦ ʣʠʰʴ ʦʢʦʣʦ 100 000. ɺ ʮʝʣʦʤ ʦʙʱʝʧʨʠʟʥʘʥʥʦʡ ʨʝʘʣʴʥʦʩʪʴʶ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʞʠʚʳʭ ʚʠʜʦʚ ʚ ʧʨʠʨʦʜʝ, ʨʝʘʣʴʥʦ 

ʠʟʚʝʩʪʥʳʭ ʥʘʫʢʝ [7]. 

ʇʣʦʜʦʚʘʷ ʛʥʠʣʴ ʛʨʘʥʘʪʘ ʚʳʟʳʚʘʝʪʩʷ ʨʷʜʦʤ ʤʠʢʨʦʙʥʳʭ ʚʦʟʙʫʜʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ: 

ʘʩʧʝʨʛʠʣʣʝʟʥʘʷ ʛʥʠʣʴ ʧʣʦʜʦʚ, ʩʝʨʘʷ ʛʥʠʣʴ ʠ ʩʠʥʷʷ, ʟʝʣʝʥʘʷ ʛʥʠʣʴ ʠ ʜʨʫʛʠʝ ʛʨʠʙʳ. ʕʪʠ 

ʚʦʟʙʫʜʠʪʝʣʠ ʨʘʟʨʫʰʘʶʪ ʢʦʞʠʮʫ ʧʣʦʜʦʚ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʷʪ ʢ ʠʭ ʛʥʠʝʥʠʶ [10, ʩ. 133ï

141].  

ɺ ʩʚʷʟʠ ʩ ʙʳʩʪʨʳʤ ʨʦʩʪʦʤ ʥʘʩʝʣʝʥʠʷ ʟʝʤʥʦʛʦ ʰʘʨʘ ʠʟʦ ʜʥʷ ʚ ʜʝʥʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʇʦʵʪʦʤʫ ʫʚʝʣʠʯʝʥʠʝ 

ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʨʘʥʘʪʘ ʥʘʨʷʜʫ ʩ ʜʨʫʛʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʝʡ ʢʘʢ ʚ ʤʠʨʝ, 

ʪʘʢ ʠ ʚ ʥʘʰʝʡ ʨʝʩʧʫʙʣʠʢʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʘʛʨʘʨʠʷʤʠ. ʕʪʦ 

ʪʘʢʞʝ ʧʨʠʚʝʣʦ ʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʢʘʯʝʩʪʚʝʥʥʳʤ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ 

ʧʘʪʦʩʠʩʪʝʤʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʟʙʫʜʠʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʛʨʠʙʦʚ, ʚ 

ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʯʝʥʴ ʩʣʦʞʥʳʤ ʩʪʘʣ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ 

ʨʘʩʪʝʥʠʷ ʛʨʘʥʘʪʘ ʩ ʧʘʪʦʛʝʥʥʳʤʠ ʛʨʠʙʘʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʛʨʠʙʢʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʫʞʝ ʥʝ 

ʧʨʠʝʤʣʶʪ ʧʝʜʘʥʪʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʵʪʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ, ʘ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʠʟʫʯʝʥʠʝ ʵʢʦʣʦʛʦ-

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʠʪʦʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʦʚ ʪʨʝʙʫʝʪ ʦʙʣʝʛʯʝʥʠʷ ʤʝʨ ʙʦʨʴʙʳ ʩ ʥʠʤʠ. 

ʈʘʩʪʝʥʠʷ ʛʨʘʥʘʪʘ ʧʦʨʘʞʘʶʪʩʷ ʤʥʦʛʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ð ʛʨʠʙʢʦʚʳʝ 

ʟʘʙʦʣʝʚʘʥʠʷ. ʆʪ ʵʪʠʭ ʙʦʣʝʟʥʝʡ ʨʘʩʪʝʥʠʝ ʛʨʘʥʘʪʘ ʪʝʨʷʝʪ 35ï40%, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠ 

ʙʦʣʴʰʝ. ʇʦʵʪʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʙʦʨʴʙʳ ʩ ʛʨʠʙʢʦʚʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʨʘʩʪʝʥʠʷ 

ʛʨʘʥʘʪ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʚʦʧʨʦʩʦʚ [8, ʩ. 15ï17; 9, ʩ. 1216ï1227]. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʠ ʟʘʜʘʯʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʛʨʠʙʥʳʭ ʙʦʣʝʟʥʝʡ ʨʘʩʪʝʥʠʷ ʛʨʘʥʘʪʘ ʚ ɸʧh ʝʨʦʥʩʢʦʤ ʨʘʡʦʥʝ ʨʝʩʧʫʙʣʠʢʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ 

ʙʠʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ʆʙʲʝʢʪ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʉ ʮʝʣʴʶ ʪʦʯʥʦʛʦ ʫʯʝʪʘ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʙʦʣʝʟʥʝʡ 

ʨʘʩʪʝʥʠʡ ʛʨʘʥʘʪʘ ʚ ɸʧh ʝʨʦʥʩʢʦʤ ʨʘʡʦʥʝ, ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʙʠʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʘʨʰʨʫʪʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʝ 

ʬʘʟʳ ʚʝʛʝʪʘʮʠʠ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʨʝʛʠʦʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʄʘʰʪʘʛʘ, ɹʠʥʘ, ʍʳʨʜʘʣʘʥ, ɹʘʠʣ 

ʚ 2019ï2022 ʛʛ. 

ʇʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ 3 ʨʘʟʘ ʧʨʦʚʝʜʝʥʳ ʧʦʣʝʚʳʝ ʥʘʙʣʶʜʝʥʠʷ, ʦʩʤʦʪʨʝʥʳ ʫʯʘʩʪʢʠ 

ʩ ʢʫʩʪʘʤʠ ʛʨʘʥʘʪʘ ʚ 4 ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ, ʦʢʨʫʞʘʶʱʠʭ ʨʘʡʦʥ, ʚʳʷʚʣʝʥʳ ʟʘʨʘʞʝʥʥʳʝ ʦʨʛʘʥʳ 

ʠ ʦʪʤʝʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʵʪʠʢʝʪʢʘʤʠ. ɺ ʭʦʜʝ ʥʘʙʣʶʜʝʥʠʡ ʦʧʨʝʜʝʣʷʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʙʦʣʝʚʘʥʠʡ ʧʘʨʰʠ ʠ ʧʣʦʜʦʚʦʡ ʛʥʠʣʠ ʥʘ ʰʝʡʢʘʭ ʛʨʘʥʘʪʘ. ɻʦʪʦʚʠʣʠ ʛʝʨʙʘʨʥʳʡ 

ʤʘʪʝʨʠʘʣ ʠʟ ʦʙʨʘʟʮʦʚ ʟʘʨʘʞʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʧʦʣʝʚʦʤ ʩʪʘʮʠʦʥʘʨʥʦʤ ʦʧʳʪʝ ʠ ʧʨʠ ʚʳʝʟʜʥʳʭ 

ʦʙʩʣʝʜʦʚʘʥʠʷʭ, ʠʟʫʯʘʣʠ ʙʠʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʪʦʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʦʚ. 

 

ɸʥʘʣʠʟ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɹʦʣʝʟʥʴ ʧʘʨʰʠ ʛʨʘʥʘʪʘ ʚʳʟʳʚʘʝʪʩʷ ʛʨʠʙʢʦʤ Sphaceloma punicae Bitanc. et Jenkins. ʇʘʨʰʘ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʇʦʚʨʝʞʜʘʶʪʩʷ ʣʠʩʪʴʷ, 
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ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʮʚʝʪʢʠ ʠ ʧʣʦʜʳ ʨʘʩʪʝʥʠʷ. ɿʘʙʦʣʝʚʘʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʪʝʤʥʳʭ ʧʷʪʝʥ ʩ 

ʙʘʨʭʘʪʠʩʪʦ-ʢʦʨʠʯʥʝʚʳʤ ʪʦʥʢʠʤ ʥʘʣʝʪʦʤ ʦʣʠʚʢʦʚʦʛʦ ʮʚʝʪʘ ʥʘ ʣʠʩʪʴʷʭ ʠ ʧʣʦʜʘʭ, ʷʚʣʷʶʱʠʭʩʷ 

ʩʧʦʨʘʤʠ ʛʨʠʙʘ. ʇʷʪʥʘ ʨʘʟʤʥʦʞʘʶʪʩʷ ʧʦʩʪʝʧʝʥʥʦ, ʪʢʘʥʴ ʨʘʟʨʫʰʘʝʪʩʷ, ʣʠʩʪ ʟʘʩʳʭʘʝʪ ʠ ʚ 

ʩʝʨʝʜʠʥʝ ʣʝʪʘ ʦʧʘʜʘʝʪ. ɺʩʝ ʵʪʦ ʥʘʨʫʰʘʝʪ ʧʨʦʮʝʩʩ ʘʩʩʠʤʠʣʷʮʠʠ ʜʝʨʝʚʘ, ʩʥʠʞʘʝʪ ʝʛʦ, 

ʫʢʦʨʘʯʠʚʘʝʪ ʞʠʟʥʴ ʨʘʩʪʝʥʠʷ [6, ʩ. 39ï51]. 

ʇʦʜ ʧʷʪʥʘʤʠ ʨʳʣʴʮʘ ʦʙʨʘʟʫʝʪʩʷ ʟʘʱʠʪʥʘʷ ʪʢʘʥʴ, ʧʨʝʚʨʘʪʠʚʰʘʷʩʷ ʚ ʧʨʦʙʢʫ, ʢʦʪʦʨʘʷ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʧʣʦʜʘ ʩ ʵʪʦʡ ʯʘʩʪʠ ʚʝʪʢʠ, ʘ ʟʘʢʫʧʦʨʝʥʥʳʝ ʤʝʩʪʘ ʨʘʩʪʨʝʩʢʠʚʘʶʪʩʷ. 

ʇʣʦʜʳ, ʧʦʨʘʞʝʥʥʳʝ ʙʦʣʝʟʥʴʶ, ʚʳʟʳʚʘʶʪ ʩʥʠʞʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʫʭʫʜʰʘʝʪ ʪʦʚʘʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʣʦʜʦʚ, ʩʥʠʞʘʝʪ ʣʝʞʢʦʩʪʴ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʭʨʘʥʝʥʠʷ ʧʨʦʜʫʢʮʠʠ. 

ɺʦʟʙʫʜʠʪʝʣʷʤʠ ʰʪʘʤʙʦʚʦʡ ʙʦʣʝʟʥʠ ʷʚʣʷʶʪʩʷ ʛʨʠʙʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʩʝʤʝʡʩʪʚʫ 

Venturiaceae, ʧʦʨʷʜʢʫ ʩʫʤʯʘʪʳʭ Dothideales: ʥʘ ʷʙʣʦʥʷʭ ð Venturia inaequalis (Cooke) G. Winter 

ʥʘ ʛʨʫʰʘʭ ð Venturia pyrina Aderh. ʉ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʠ ʛʨʠʙʳ ʥʝ ʦʪʣʠʯʘʶʪʩʷ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʥʦ ʧʦ ʩʚʦʠʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʠʤ ʩʚʦʡʩʪʚʝʥʥʘ ʫʟʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ, 

ʦʥʠ ʩʪʨʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʢ ʪʦʤʫ ʨʘʩʪʝʥʠʶ, ʢʦʪʦʨʳʤ ʧʠʪʘʶʪʩʷ. ʍʦʪʷ ʛʨʠʙʦʢ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ 

ʨʳʣʴʮʝʤ ʷʙʣʦʥʠ, ʦʥ ʥʝ ʧʝʨʝʭʦʜʠʪ ʦʪ ʦʜʥʦʛʦ ʭʦʟʷʠʥʘ ʢ ʜʨʫʛʦʤʫ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʙʫʜʠʪʝʣʴ 

ʧʘʨʰʠ ʷʙʣʦʥʠ ʥʝ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʪʘʢʦʝ ʞʝ ʟʘʙʦʣʝʚʘʥʠʝ ʫ ʛʨʫʰʠ, ʠ ʥʘʦʙʦʨʦʪ, ʚʦʟʙʫʜʠʪʝʣʴ 

ʧʘʨʰʠ ʛʨʫʰʠ ʥʝ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʪʘʢʦʝ ʞʝ ʟʘʙʦʣʝʚʘʥʠʝ ʫ ʷʙʣʦʢ. ɿʠʤʫʶʪ ʚʦʟʙʫʜʠʪʝʣʠ ʚ ʩʪʘʜʠʠ 

ʤʝʰʢʘ ʥʘ ʧʦʨʘʞʝʥʥʳʭ ʣʠʩʪʴʷʭ, ʚ ʚʠʜʝ ʤʠʮʝʣʠʷ ʚ ʪʢʘʥʷʭ ʢʦʨʳ ʧʦʨʘʞʝʥʥʳʭ ʨʘʩʪʝʥʠʡ [2, ʩ. 12ï

17]. 

ʇʦʩʪʘʥʦʚʢʘ ʚʦʟʙʫʜʠʪʝʣʷ ʥʘ ʟʠʤʦʚʢʫ, ʠʟʫʯʝʥʠʝ ʙʠʦʣʦʛʠʠ ʛʨʠʙʦʚ, ʷʚʣʝʥʠʷ ʮʠʢʣʘ ʨʘʟʚʠʪʠʷ 

ʛʨʠʙʦʚ, ʠʟʫʯʝʥʠʝ ʠʭ ʩʧʝʮʠʘʣʠʟʘʮʠʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʛʨʠʙʦʚ ʠ ʜʨʫʛʠʝ 

ʚʦʧʨʦʩʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʦʙʱʝʡ ʙʠʦʣʦʛʠʠ, ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʠʢʘʤ [4; 14, ʩ. 

309ï316]. 

ɺʘʞʥʦ ʠʟʫʯʘʪʴ ʟʘʙʦʣʝʚʘʥʠʷ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʫ ʛʨʘʥʘʪʘ, ʠ ʠʭ ʧʨʠʯʠʥʳ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. 

ʆʜʥʦʡ ʠʟ ʙʦʣʝʟʥʝʡ, ʩʠʣʴʥʦ ʥʘʥʦʩʷʱʠʭ ʫʱʝʨʙ ʫʨʦʞʘʡʥʦʩʪʠ ʛʨʘʥʘʪʘ, ʷʚʣʷʝʪʩʷ ʧʘʪʦʣʦʛʠʷ 

ʧʣʦʜʦʚʦʡ ʛʥʠʣʠ. ɹʦʣʝʟʥʴ Zythia versoniana Sacc. ʚʳʟʚʘʥʘ ʛʨʠʙʢʦʤ. ʇʣʦʜʦʚʘʷ ʛʥʠʣʴ ʠʣʠ ʟʠʪʠʦʟ 

ʛʨʘʥʘʪʘ (Zythia versoniana Sacc.) ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʦʨʘʞʘʶʱʠʭ 

ʨʘʩʪʝʥʠʝ. ɿʘʙʦʣʝʚʘʥʠʝ ʧʣʦʜʦʚʦʡ ʛʥʠʣʴʶ ʚʩʪʨʝʯʘʝʪʩʷ ʚʦ ʚʩʝʭ ʨʝʛʠʦʥʘʭ, ʛʜʝ ʢʫʣʴʪʠʚʠʨʫʝʪʩʷ 

ʨʘʩʪʝʥʠʝ ʛʨʘʥʘʪ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʨʠʙ ʧʦʨʘʞʘʝʪ ʥʝ ʪʦʣʴʢʦ ʧʣʦʜʳ, ʥʦ ʠ ʮʚʝʪʳ, ʘ 

ʪʘʢʞʝ ʧʣʦʜʦʥʦʩʷʱʠʝ ʠ ʥʝʧʣʦʜʦʥʦʩʷʱʠʝ ʚʝʪʢʠ, ʢʦʨʥʝʚʳʝ ʢʘʥʘʣʳ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʘʞʝ 

ʣʠʩʪʴʷ. ʂʦʨʠʯʥʝʚʳʝ ʧʷʪʥʘ, ʚʳʟʚʘʥʥʳʝ Z. versoniana ʥʘ ʣʠʩʪʴʷʭ, ʚʳʟʳʚʘʶʪ ʠʭ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʝ ʧʦʞʝʣʪʝʥʠʝ ʠ ʦʧʘʜʝʥʠʝ. ʎʚʝʪʢʠ, ʟʘʨʘʞʝʥʥʳʝ ʚʦʟʙʫʜʠʪʝʣʝʤ ʙʦʣʝʟʥʠ, 

ʧʦʢʨʳʚʘʶʪʩʷ ʢʦʨʠʯʥʝʚʳʤʠ ʠʣʠ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʤʠ ʧʷʪʥʘʤʠ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦ ʦʧʘʜʘʶʪ. ɿʘʨʘʞʝʥʠʝ ʧʣʦʜʦʚ Z. versoniana ʚ ʦʩʥʦʚʥʦʤ ʥʘʯʠʥʘʝʪʩʷ ʩ ʟʘʨʘʞʝʥʠʷ 

ʯʘʰʝʯʢʠ, ʟʘʪʝʤ ʧʷʪʥʘ ʨʘʟʨʘʩʪʘʶʪʩʷ ʠ ʧʝʨʝʭʦʜʷʪ ʥʘ ʜʨʫʛʠʝ ʯʘʩʪʠ ʧʣʦʜʘ. ʊʘʢ, ʥʘ ʟʘʨʘʞʝʥʥʳʭ 

ʧʣʦʜʘʭ ʛʨʘʥʘʪʘ ʧʦʷʚʣʷʶʪʩʷ ʢʦʨʠʯʥʝʚʳʝ ʧʷʪʥʘ. ɿʘʨʘʞʝʥʥʳʝ ʧʣʦʜʳ ʯʝʨʥʝʶʪ, ʛʥʠʶʪ ʠ ʧʘʜʘʶʪ ʥʘ 

ʟʝʤʣʶ. 

ɺʦʟʙʫʜʠʪʝʣʴ ʟʘʙʦʣʝʚʘʥʠʷ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʛʥʠʣʳʭ ʧʣʦʜʘʭ ʚ ʪʝʯʝʥʠʝ ʟʠʤʳ. ɹʦʣʝʟʥʴ ʙʳʩʪʨʝʝ 

ʨʘʟʚʠʚʘʝʪʩʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠ ʧʦʚʨʝʞʜʝʥʥʳʭ ʧʣʦʜʘʭ ʠ ʧʨʠ ʚʣʘʞʥʦʡ ʧʦʛʦʜʝ. ɿʘʨʘʞʝʥʥʘʷ 

ʚʦʟʙʫʜʠʪʝʣʝʤ ʙʦʣʝʟʥʠ ʜʨʝʚʝʩʥʘʷ ʯʘʩʪʴ ʩʪʚʦʣʘ, ʢʦʨʘ ʠ ʚʝʨʭʥʠʝ ʩʣʦʠ ʢʦʨʥʝʚʦʛʦ ʟʝʚʘ ʛʥʠʶʪ, 

ʧʨʠʦʙʨʝʪʘʷ ʙʫʨʦ-ʨʞʘʚʳʡ ʮʚʝʪ. ʏʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʢʦʨʘ ʜʝʨʝʚʘ ʥʘʯʠʥʘʝʪ 

ʪʨʝʩʢʘʪʴʩʷ ʠ ʦʪʩʣʘʠʚʘʪʴʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʜʝʨʝʚʦ ʧʦʣʥʦʩʪʴʶ ʟʘʩʳʭʘʝʪ. 

ʇʨʠʟʥʘʢʠ ʬʠʪʦʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. 

ʉ ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʙʫʨʳʭ ʧʷʪʝʥ ʥʘ ʚʝʪʚʷʭ ʦʥʠ ʨʘʟʨʘʩʪʘʶʪʩʷ ʚ ʚʠʜʝ ʧʷʪʝʥ, ʧʨʠʦʙʨʝʪʘʶʱʠʭ 

ʨʞʘʚʦ-ʙʫʨʳʡ ʮʚʝʪ. ʆʪʩʶʜʘ ʧʝʨʝʭʦʜʠʪ ʟʘʨʘʟʥʘʷ ʧʣʦʜʦʚʘʷ ʛʥʠʣʴ (Zythia versoniana Sacc.), 

ʚʳʟʳʚʘʶʱʘʷ ʫʩʳʭʘʥʠʝ ʚʝʪʚʝʡ [5, ʩ. 63ï66]. 
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ɹʦʣʝʟʥʴ çʧʣʦʜʦʚʘʷ ʛʥʠʣʴè ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʦʷʚʣʷʝʪʩʷ ʥʘ ʧʣʦʜʘʭ ʛʨʘʥʘʪʘ. ʊʘʢ, ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʜʦʚ ʛʨʘʥʘʪʘ ʥʘʯʠʥʘʶʪ ʧʦʷʚʣʷʪʴʩʷ ʢʦʨʠʯʥʝʚʳʝ ʧʷʪʥʘ. Z. versoniana ʉʘʢʢ. ʧʨʠ 

ʨʘʟʚʠʪʠʠ ʛʨʠʙʢʘ ʧʣʦʱʘʜʴ ʧʷʪʝʥ ʨʘʩʰʠʨʷʝʪʩʷ ʠ ʦʭʚʘʪʳʚʘʝʪ ʚʩʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʦʜʘ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʧʣʦʜ ʩʪʘʥʦʚʠʪʩʷ ʚʦʩʢʦʚʳʤ ʠ ʥʘʯʠʥʘʝʪ ʧʨʦʨʘʩʪʘʪʴ. ʀʤʝʥʥʦ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʦʜʦʚ ʥʘʯʠʥʘʶʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʠʢʥʠʜʳ ʨʞʘʚʦʛʦ ʠʣʠ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʚʦʟʙʫʜʠʪʝʣʠ ʙʦʣʝʟʥʠ çʧʣʦʜʦʚʘʷ ʛʥʠʣʴè ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʠʣʠʩʴ ʥʘ ʮʚʝʪʘʭ. ʅʘʙʣʶʜʝʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ Z. versoniana Sacc. ʢʘʢ ʮʚʝʪʢʠ, ʪʘʢ ʠ ʤʦʣʦʜʳʝ ʧʣʦʜʳ, ʟʘʨʘʞʝʥʥʳʝ ʛʨʠʙʢʦʤ, 

ʚʩʢʦʨʝ ʦʧʘʜʘʶʪ ʩ ʤʘʪʝʨʠʥʩʢʦʛʦ ʨʘʩʪʝʥʠʷ ʠ ʧʘʜʘʶʪ ʥʘ ʟʝʤʣʶ. ʆʜʥʘʢʦ ʢʨʫʧʥʳʝ ʧʣʦʜʳ, 

ʧʦʨʘʞʝʥʥʳʝ ʵʪʠʤ ʟʘʙʦʣʝʚʘʥʠʝʤ, ʜʦʣʛʦʝ ʚʨʝʤʷ ʦʩʪʘʶʪʩʷ ʚʠʩʷʱʠʤʠ ʥʘ ʤʘʪʝʨʠʥʩʢʦʤ ʨʘʩʪʝʥʠʠ. 

ʕʪʠ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʝ ʨʘʥʝʚʳʝ ʧʘʪʦʛʝʥʳ ʪʘʢʞʝ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʚʥʫʪʨʝʥʥʝʝ ʛʥʠʝʥʠʝ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʧʫʪʠ ʟʘʨʘʞʝʥʠʷ ʙʳʣʠ ʪʘʢʠʤʠ ʞʝ, ʢʘʢ ʠ ʜʣʷ B. cinerea. ʕʪʠ ʛʨʠʙʳ ʧʝʨʝʯʠʩʣʝʥʳ ʚʦ 

ʚʩʝʤ ʤʠʨʝ ʢʘʢ ʧʘʪʦʛʝʥʳ ʛʨʘʥʘʪʘ, ʚʳʟʳʚʘʶʱʠʝ ʛʥʠʣʴ ʧʣʦʜʦʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ. 

ʇʦʨʘʞʝʥʥʳʝ ʧʣʦʜʳ ʧʦʢʨʳʚʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʠʢʥʠʜʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʩʪʝʧʝʥʥʦ 

ʧʨʠʦʙʨʝʪʘʶʪ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ. ʇʠʢʥʠʜʳ ʪʘʢʞʝ ʧʨʦʥʠʢʘʶʪ ʚ ʧʝʨʝʛʦʨʦʜʢʠ ʧʣʦʜʦʚ ʠ 

ʨʘʟʨʫʰʘʶʪ ʪʢʘʥʠ. ʄʦʣʦʜʳʝ ʧʣʦʜʳ ʦʧʘʜʘʶʪ, ʘ ʥʝʢʦʪʦʨʳʝ ʤʫʤʠʬʠʮʠʨʫʶʪʩʷ ʠ ʩʚʠʩʘʶʪ ʩ 

ʨʘʩʪʝʥʠʷ. ʊʘʢʠʝ ʧʣʦʜʳ ʩʣʫʞʘʪ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʝʢʮʠʠ ʚ ʜʝʨʝʚʝ ʠ ʚ ʧʦʯʚʝ. ʇʠʢʥʠʜʳ ʨʘʟʙʨʦʩʘʥʳ 

ʚ ʚʠʜʝ ʯʝʨʥʳʭ ʪʦʯʝʢ ʥʘ ʤʫʤʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʣʦʜʘʭ. ɺʦʟʙʫʜʠʪʝʣʴ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚ 

ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ. 

 

ʊʘʙʣʠʮʘ 

ʈɸʉʇʈʆʉʊʈɸʅɽʅʀɽ ɿɸɹʆʃɽɺɸʅʀʁ ʇɸʈʐʀ ʀ ʇʃʆɼʆɺʆʁ ɻʅʀʃʀ ɻʈɸʅɸʊɸ 

 ɺ ɸʇʐɽʈʆʅʉʂʆʄ ʈɸʁʆʅɽ, ʚ % 
 

ʇʫʥʢʪʳ ʇʘʨʰʘ ɻʥʠʝʥʠʝ ʧʣʦʜʘ 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ  ʀʥʪʝʥʩʠʚʥʦʩʪʴ  ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ  ʀʥʪʝʥʩʠʚʥʦʩʪʴ  

ʧ. ʄʘʰʪʘʛʘ 45,2 18,9 58,6 22 

ʧ. ɹʠʥʘ 46,3 19,1 50,3 23,6 

ʧ. ʍʳʨʜʘʣʘʥ 40,4 16,6 46,6 18 

ʧ. ɹʘʡʳʣ ʠ 20 ʫʯʘʩʪʦʢ  50,2 21,3 55,7 18,3 

ʉʨʝʜʥʝʝ 45,5 19,0 52,8 20,4 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣʠʮʳ, ʚ ʪʝʢʫʱʝʤ ʛʦʜʫ ʙʦʣʝʟʥʴ ʧʘʨʰʠ ʠʤʝʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ 45,2% 

ʚ ʨʘʡʦʥʝ ʧʦʩ. ʄʘʰʪʘʛʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ð 18,9%, ʚ ʨʘʡʦʥʝ ɹʠʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ð 19,8% ʧʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ 46,3%, ʚ ʧʦʩ. ʍʳʨʜʘʣʘʥ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ð 16,6% ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴʶ 

40,4%, ʘ ʚ ʧʦʩ. ɹʘʠʣ 20 ʫʯʘʩʪʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 21,3% ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ 50,2% ʚ 

ʨʘʡʦʥʝ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʦʣʝʟʥʠ ʚ ʨʘʡʦʥʝ 45,5% ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 19,0%. ʅʘʠʙʦʣʴʰʘʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʙʦʣʝʟʥʠ ʧʘʨʰʠ ʫ ʨʘʩʪʝʥʠʷ ʛʨʘʥʘʪʘ ʚ ʧʫʥʢʪʘʭ, 

ʛʜʝ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘʙʣʶʜʝʥʠʷ, ʦʪʤʝʯʝʥʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ɹʘʠʣʘ. 

ʇʣʦʜʦʚʳʝ ʛʥʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ 58,6% ʠʥʪʝʥʩʠʚʥʦʩʪʴ 22% ʚ ʧʦʩ. ʄʘʰʪʘʛʘ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ 50,3% ʠʥʪʝʥʩʠʚʥʦʩʪʴ 23,6% ʚ ʧʦʩ. ɹʠʥʘ, 46,6% ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 18% ʚ ʧʦʩ. ʍʳʨʜʘʣʘʥ, 55,7% ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʡʦʥʝ ɹʘʠʣ ʠ 

20 ʫʯʘʩʪʢʘ ð 18,3%, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʙʦʣʝʟʥʠ ʚ ʨʝʛʠʦʥʝ ʩʦʩʪʘʚʠʣʘ 52,8%, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

20,4%. ʀʟ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʦʜʦʚʦʡ 

ʛʥʠʣʠ ʨʘʩʪʝʥʠʡ ʛʨʘʥʘʪʘ ʚ ʨʝʛʠʦʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʩ.  ʄʘʰʪʘʛʘ ð 58,6%. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʥʘʙʣʶʜʝʥʠʡ, ʙʦʣʝʟʥʠ ʧʦʨʘʞʘʶʪ ʣʠʩʪʴʷ, ʮʚʝʪʢʠ, ʚʝʪʢʠ, ʩʪʝʨʞʥʝʚʳʝ ʦʨʛʘʥʳ 

ʛʨʘʥʘʪʘ, ʚʳʟʳʚʘʷ ʩʥʠʞʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʫʭʫʜʰʝʥʠʝ ʝʝ ʢʘʯʝʩʪʚʘ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʤʳʰʣʝʥʥʳʝ ʤʝʪʦʜʳ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʦʙʫʩʣʦʚʣʝʥʳ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʦʜʫʢʪʘʤʠ ʨʘʩʪʫʱʝʝ ʥʘʩʝʣʝʥʠʝ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʆʜʥʘʢʦ ʚʳʩʦʢʠʝ 

ʫʨʦʞʘʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʥʘʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʱʝʨʙ ʟʜʦʨʦʚʴʶ 

ʞʠʚʦʪʥʳʭ, ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʠʤʝʶʪ ʤʥʦʞʝʩʪʚʦ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. ɺ 

ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ 

ʧʠʪʘʥʠʷ ʠ ʦʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʝʜʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ.  

 

Abstract. Industrial farming methods are driven by the need to provide products to a growing 

population around the world. However, high yields of industrial agriculture cause significant damage 

to the health of animals, humans and the environment and have many negative consequences. 

The paper considers the negative consequences of industrial food production and substantiates 

the need for sustainable agriculture. 
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ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ.  
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ɺʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʷʚʣʷʝʪʩʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ. ʇʨʦʤʳʰʣʝʥʥʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʨʘʱʠʚʘʥʠʝʤ ʨʘʩʪʝʥʠʡ ʠ 

ʞʠʚʦʪʥʳʭ ʚ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ ʩ ʮʝʣʴʶ ʤʘʢʩʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʬʝʨʤʳ ʧʦʣʘʛʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʤʝʭʘʥʠʟʘʮʠʶ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʨʫʯʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʥʦ ʠ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ [1]. 

ʄʝʭʘʥʠʟʘʮʠʷ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʧʦʟʚʦʣʷʶʪ ʦʜʥʦʡ ʬʝʨʤʝ ʩʦʙʠʨʘʪʴ ʩʦʪʥʠ ʪʦʥʥ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠʣʠ ʚʳʨʘʱʠʚʘʪʴ ʪʳʩʷʯʠ ʞʠʚʦʪʥʳʭ, ʧʦʣʫʯʘʷ ʵʢʦʥʦʤʠʶ ʟʘ ʩʯʝʪ 

ʤʘʩʰʪʘʙʘ. ʄʝʭʘʥʠʟʘʮʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ 

ʧʦʟʚʦʣʷʶʪ ʫʚʝʣʠʯʠʪʴ ʤʘʩʰʪʘʙʳ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ ʦʪʢʦʨʤʘ ʞʠʚʦʪʥʳʭ. 
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ʇʨʦʤʳʰʣʝʥʥʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʙʳʣʦ ʙʳ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʠ ʣʝʢʘʨʩʪʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʪʝʥʠʷʤ ʠ ʞʠʚʦʪʥʳʤ ʚʳʞʠʚʘʪʴ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ 

ʦʥʠ ʠʥʘʯʝ ʥʝ ʩʤʦʛʣʠ ʙʳ ʚʳʜʝʨʞʘʪʴ. ʇʨʦʤʳʰʣʝʥʥʳʝ ʤʦʥʦʢʫʣʴʪʫʨʳ ʫʜʦʙʨʷʶʪʩʷ 

ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʚʦʩʧʦʣʥʷʶʪ ʥʝʜʦʩʪʘʪʦʢ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ, ʚʳʟʚʘʥʥʳʡ ʦʙʱʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʣʴʥʳʭ ʪʦʢʩʠʥʦʚ ʜʣʷ ʙʦʨʴʙʳ ʩ ʙʦʣʝʟʥʷʤʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ ʥʝʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. ʕʪʠ ʫʜʦʙʨʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʤʦʥʦʢʫʣʴʪʫʨʳ ʩʥʠʞʘʶʪ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚʳ. 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʤʝʪʦʜʳ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʦʜʫʢʪʘʤʠ ʨʘʩʪʫʱʝʝ ʥʘʩʝʣʝʥʠʝ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʟʚʦʣʷʶʪ 

ʧʦʚʳʩʠʪʴ ʫʨʦʞʘʡʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʅʦ ʥʫʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ 

ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷ ð ɻ ʪʦ ʥʝʯʪʦ ʙʦʣʴʰʝʝ, ʯʝʤ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʥʘʪʫʨʘʣʴʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. ʊʘʢʞʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ, ʢʘʢʠʝ ʚʠʜʳ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʠ ʢʘʢ ʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʣʠʷʝʪ ʥʘ ʞʠʚʦʪʥʳʭ ʠ ʣʶʜʝʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ɺʳʩʦʢʠʝ 

ʫʨʦʞʘʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʥʘʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʱʝʨʙ ʟʜʦʨʦʚʴʶ 

ʞʠʚʦʪʥʳʭ, ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʠʤʝʶʪ ʤʥʦʞʝʩʪʚʦ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ, 

ʢʦʪʦʨʳʝ ʫʛʨʦʞʘʶʪ ʙʫʜʫʱʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʇʣʘʥʝʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʨʦʜʥʳʝ ʧʨʦʮʝʩʩʳ 

ʙʝʩʢʦʥʝʯʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ ʵʥʝʨʛʠʶ ʠʟ ʦʜʥʦʡ ʬʦʨʤʳ ʞʠʟʥʠ ʚ ʜʨʫʛʫʶ. ʅʦ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʤʝʪʦʜʳ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʤʦʛʫʪ ʥʘʨʫʰʠʪʴ ʵʪʫ ʟʘʢʨʳʪʫʶ ʩʠʩʪʝʤʫ, ʥʘʥʦʩʷ ʫʱʝʨʙ 

ʵʢʦʩʠʩʪʝʤʘʤ ʠ ʫʛʨʦʞʘʷ ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ. 

ʇʨʦʤʳʰʣʝʥʥʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʟʘʛʨʷʟʥʝʥʠʝ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʳʭ, ʪʘʢ 

ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʢʦʪʦʨʳʝ ʚʨʝʜʷʪ ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ. ʇʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʧʦʣʝʚʳʭ ʢʫʣʴʪʫʨ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʜʦʝʤʦʚ, ʢʦʛʜʘ 

ʟʘʛʨʷʟʥʝʥʥʘʷ ʧʦʯʚʘ ʧʦʧʘʜʘʝʪ ʩ ʧʦʣʝʡ ʚ ʦʢʨʫʞʘʶʱʠʝ ʨʝʢʠ, ʦʟʝʨʘ ʠ ʨʫʯʴʠ. 

ʆʪʭʦʜʳ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʟʘʛʨʷʟʥʠʪʝʣʝʤ ʚʦʟʜʫʭʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʚʣʠʷʝʪ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ, ʦʩʦʙʝʥʥʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʙʦʯʠʭ ʠ ʞʠʪʝʣʝʡ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ.  

ʇʨʦʤʳʰʣʝʥʥʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʠʩʧʦʣʴʟʫʝʪ ʘʛʨʦʭʠʤʠʢʘʪʳ, ʪʘʢʠʝ ʢʘʢ ʧʝʩʪʠʮʠʜʳ ʠ 

ʛʝʨʙʠʮʠʜʳ, ʜʣʷ ʫʥʠʯʪʦʞʝʥʠʷ ʥʘʩʝʢʦʤʳʭ, ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʘʥʦʩʷʪ ʫʱʝʨʙ 

ʫʨʦʞʘʶ. ʆʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʥʘʥʦʩʷʪ ʚʨʝʜ ʥʝ ʪʦʣʴʢʦ ʪʝʤ, ʥʘ ʢʦʛʦ 

ʥʘʧʨʘʚʣʝʥʦ ʠʭ ʜʝʡʩʪʚʠʝ, ʥʦ ʠ ʥʘ ʜʨʫʛʠʝ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ. ʇʝʩʪʠʮʠʜʳ ʘʣʴʜʨʠʥ ʠ 

ʛʝʢʩʘʭʣʦʨʙʝʥʟʦʣ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʙʦʨʴʙʳ ʩ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʥʘʩʝʢʦʤʳʤʠ 

ʠ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ, ʦʪʥʦʩʷʪʩʷ ʢ 1 ʢʘʪʝʛʦʨʠʠ (ʯʨʝʟʚʳʯʘʡʥʦ ʦʧʘʩʥʳʝ) ʩʪʦʡʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʩʠʪ ʚʨʝʜʤʦʨʩʢʦʡ ʬʣʦʨʝ ʠ ʬʘʫʥʝ, ʘ ʪʘʢʞʝ ʦʩʪʘʚʣʷʝʪ 

ʙʦʣʝʟʥʝʪʚʦʨʥʳʝ ʦʩʪʘʪʢʠ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʢʦʚʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ.  

ʇʝʩʪʠʮʠʜʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʵʪʦʡ ʛʨʫʧʧʝ, ʦʙʣʘʜʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ, ʫʩʪʦʡʯʠʚʳ ʢ ʨʘʟʨʫʰʝʥʠʶ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳ 

ʚ ʚʦʜʝ, ʧʨʦʷʚʣʷʶʪ ʙʠʦʢʫʤʫʣʷʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʞʠʨʦʚʦʡ ʪʢʘʥʠ, ʤʦʙʠʣʴʥʦʩʪʴ ʚ ʧʠʱʝʚʳʭ 

ʟʚʝʥʴʷʭ ʠ ʚʳʨʘʞʝʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ.  

ʇʣʦʜʦʨʦʜʥʘʷ ʧʦʯʚʘ ʷʚʣʷʝʪʩʷ ʮʝʥʥʳʤ ʨʝʩʫʨʩʦʤ ʠ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʣʶʜʝʡ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʇʨʦʤʳʰʣʝʥʥʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʦʯʚʫ ʢʘʢ ʙʝʟʛʨʘʥʠʯʥʳʡ ʨʝʩʫʨʩ, ʥʦ ʵʪʦ 

ʩʦʚʩʝʤ ʥʝ ʪʘʢ. ʅʝ ʪʦʣʴʢʦ ʤʦʥʦʢʫʣʴʪʫʨʳ, ʥʦ ʠ ʠʥʪʝʥʩʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʘʛʨʦʭʠʤʠʢʘʪʦʚ 

ʩʦʢʨʘʱʘʶʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʨʘʩʪʠʪʝʣʴʥʦʡ ʠ ʞʠʚʦʪʥʦʡ ʞʠʟʥʠ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʝʪ ʧʣʦʜʦʨʦʜʥʫʶ 

ʧʦʯʚʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠ ʠʩʪʦʱʝʥʥʦʡ ʧʦʯʚʝ, ʢʦʪʦʨʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʨʠʛʦʜʥʘ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ.  
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ʇʨʦʤʳʰʣʝʥʥʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʥʘʥʦʩʠʪ ʫʱʝʨʙ ʧʣʦʜʦʨʦʜʠʶ ʧʦʯʚʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʨʦʟʠʠ. ʆʙʨʘʙʦʪʢʘ ʧʦʯʚʳ, ʦʙʳʯʥʘʷ ʧʨʘʢʪʠʢʘ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʬʝʨʤʘʭ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʳ ʦʪ 

ʩʦʨʥʷʢʦʚ, ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʵʨʦʟʠʶ, ʜʝʣʘʷ ʧʦʯʚʫ ʙʦʣʝʝ ʚʦʩʧʨʠʠʤʯʠʚʦʡ ʢ ʩʪʠʭʠʷʤ. 

ʇʨʦʤʳʰʣʝʥʥʘʷ ʧʨʘʢʪʠʢʘ ʤʦʞʝʪ ʫʩʫʛʫʙʠʪʴ ʵʨʦʟʠʶ ʧʦʯʚʳ, ʧʦʟʚʦʣʷʷ ʟʝʤʣʝ ʦʩʪʘʚʘʪʴʩʷ ʛʦʣʦʡ ʙʝʟ 

ʧʦʢʨʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʜʣʷ ʟʘʱʠʪʳ ʟʝʤʣʠ ʤʝʞʜʫ ʫʨʦʞʘʷʤʠ ʪʦʚʘʨʥʳʭ ʢʫʣʴʪʫʨ. ɺʤʝʩʪʦ ʪʦʛʦ, 

ʯʪʦʙʳ ʧʦʟʚʦʣʠʪʴ ʟʝʤʣʝ çʦʪʜʦʭʥʫʪʴè, ʛʦʣʘʷ ʧʦʯʚʘ ʫʩʢʦʨʷʝʪ ʵʨʦʟʠʶ, ʧʦʪʦʤʫ ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ 

ʩʦʣʥʮʘ ʫʩʢʦʨʷʝʪ ʧʦʪʝʨʶ ʚʦʜʳ, ʧʦʜʚʝʨʛʘʷ ʩʫʭʫʶ ʧʦʯʚʫ ʙʦʣʴʰʝʤʫ ʨʠʩʢʫ ʙʳʪʴ ʫʥʝʩʝʥʥʦʡ ʚʝʪʨʦʤ. 

ʇʨʦʤʳʰʣʝʥʥʦʝ ʧʦʣʝʚʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʚʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʣʘʥʜʰʘʬʪ, 

ʚʢʣʶʯʘʷ ʤʝʩʪʥʳʡ ʚʦʜʦʨʘʟʜʝʣ. ʆʨʦʰʝʥʠʝ ð ʦʪʚʦʜ ʚʦʜʳ ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʦʣʷ ʠʟ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠʣʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ð ʠʟʤʝʥʷʝʪ ʤʝʩʪʥʳʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ. ʄʝʥʴʰʝ ʚʦʜʳ ʪʝʯʝʪ ʯʝʨʝʟ ʨʝʢʠ, ʫʤʝʥʴʰʘʷ ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ ʜʣʷ ʨʳʙ. ʇʦʯʚʳ, ʢʦʪʦʨʳʝ 

ʯʨʝʟʤʝʨʥʦ ʦʨʦʰʘʶʪʩʷ ʠ ʥʝʧʨʘʚʠʣʴʥʦ ʜʨʝʥʠʨʫʶʪʩʷ, ʤʦʛʫʪ ʩʪʨʘʜʘʪʴ ʦʪ ʟʘʙʦʣʘʯʠʚʘʥʠʷ ʠ 

ʟʘʩʦʣʝʥʠʷ, ʧʨʝʧʷʪʩʪʚʫʷ ʨʦʩʪʫ ʨʘʩʪʝʥʠʡ ʠ ʩʥʠʞʘʷ ʧʣʦʜʦʨʦʜʥʦʩʪʴ ʟʝʤʣʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʧʘʩʥʦʩʪʠ, ʠʨʨʠʛʘʮʠʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʜʦʙʳʚʘʶʱʝʤ ʧʨʦʤʳʰʣʝʥʥʦʤ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ.  

ʆʪ ʣʫʛʦʚ ʜʦ ʪʨʦʧʠʯʝʩʢʠʭ ʣʝʩʦʚ, ʜʠʢʠʝ ʣʘʥʜʰʘʬʪʳ ʠ ʠʭ ʧʦʧʫʣʷʮʠʠ ʞʠʚʦʪʥʳʭ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ. ʇʨʦʤʳʰʣʝʥʥʦʝ 

ʤʦʥʦʢʫʣʴʪʫʨʥʦʝ ʟʝʤʣʝʜʝʣʠʝ ʤʘʢʩʠʤʠʟʠʨʫʝʪ ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʧʨʠʙʳʣʴ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ 

ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʜʦ ʦʜʥʦʡ ʢʫʣʴʪʫʨʳ ʠʣʠ ʚʠʜʘ ʞʠʚʦʪʥʳʭ. ʇʝʩʪʠʮʠʜʳ, ʛʝʨʙʠʮʠʜʳ ʠ 

ʬʫʥʛʠʮʠʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʦʣʝʚʦʤ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʝʱʝ ʙʦʣʴʰʝ 

ʩʦʢʨʘʱʘʶʪ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ, ʫʩʪʨʘʥʷʷ ʨʘʩʪʝʥʠʷ, ʩʯʠʪʘʶʱʠʝʩʷ ʩʦʨʥʷʢʘʤʠ, ʥʘʨʷʜʫ ʩ ʧʯʝʣʘʤʠ, 

ʜʨʫʛʠʤʠ ʥʘʩʝʢʦʤʳʤʠ ʠ ʧʪʠʮʘʤʠ, ʢʦʪʦʨʳʝ ʠʤʠ ʧʠʪʘʶʪʩʷ. 

ʊʘʢ ʞʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʠ ʦʩʦʙʝʥʥʦ ʧʨʦʤʳʰʣʝʥʥʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʥʝʩʝʪ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʣʦʙʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. ʉʘʤʳʝ 

ʚʳʩʦʢʠʝ ʚʳʙʨʦʩʳ ʧʨʦʠʩʭʦʜʷʪ ʦʪ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. ʀʩʪʦʯʥʠʢʘʤʠ ʚʳʙʨʦʩʦʚ 

ʷʚʣʷʶʪʩʷ ʦʙʝʟʣʝʩʝʥʠʝ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʠ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ ʜʣʷ 

ʞʠʚʦʪʥʳʭ, ʘ ʪʘʢʞʝ ʤʝʪʘʥ ʠ ʜʨʫʛʠʝ ʫʣʘʚʣʠʚʘʶʱʠʝ ʪʝʧʣʦ ʛʘʟʳ, ʚʳʜʝʣʷʝʤʳʝ ʞʠʚʦʪʥʳʤʠ ʠ ʠʭ 

ʦʪʭʦʜʘʤʠ. ɽʱʝ ʙʦʣʴʰʝ ʚʳʙʨʦʩʦʚ ʛʝʥʝʨʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʜʦʙʨʝʥʠʡ ʠ 

ʘʛʨʦʭʠʤʠʢʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʦʨʤʦʚʳʭ 

ʢʫʣʴʪʫʨ ʜʣʷ ʞʠʚʦʪʥʳʭ, ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʩʙʦʨʘ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʵʪʠʭ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ, ʘ 

ʪʘʢʞʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʞʠʚʦʪʥʳʭ, ʭʠʤʠʢʘʪʦʚ ʠ ʢʦʨʤʦʚ. ʇʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʧʦʩʣʝʜʩʪʚʠʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʦʯʝʚʠʜʥʳʤʠ, ʥʘʙʠʨʘʝʪ 

ʠʥʪʝʨʝʩ ʠ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʨʘʢʪʠʢʠ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʤʘʢʩʠʤʘʣʴʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʟʝʤʝʣʴ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʧʦʩʪʦʷʥʥʦʝ ʚʦʟʦʙʥʦʚʣʝʥʠʝ ʧʣʦʜʦʨʦʜʠʷ ʵʢʦʩʠʩʪʝʤʳ [2].  

ʋʩʪʦʡʯʠʚʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ - ɻʪʦ ʥʘʙʦʨ ʧʨʠʥʮʠʧʦʚ ʠ ʧʨʘʢʪʠʢ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʫʩʪʨʘʥʝʥʠʝ ʧʨʝʜʦʪʚʨʘʪʠʤʦʛʦ ʚʨʝʜʘ ʜʣʷ ʣʶʜʝʡ, ʞʠʚʦʪʥʳʭ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. ɺʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʚʣʝʢʘʪʴ ʚʳʛʦʜʫ ʠʟ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤ, 

ʫʩʪʦʡʯʠʚʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʩʦʭʨʘʥʷʝʪ ʠ ʫʢʨʝʧʣʷʝʪ ʵʢʦʩʠʩʪʝʤʥʳʝ ʬʫʥʢʮʠʠ ʢʘʢ ʥʘ ʬʝʨʤʝ, 

ʪʘʢ ʠ ʟʘ ʝʝ ʧʨʝʜʝʣʘʤʠ. ʋʩʪʦʡʯʠʚʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʚʳʰʝʥʠʝ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʩʦʟʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʬʝʨʤʝʨʦʚ ʠ ʬʝʨʤʝʨʩʢʠʭ ʦʙʱʠʥ, 

ʫʣʫʯʰʠʪʴ ʫʩʣʦʚʠʷ ʞʠʟʥʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʜʠʢʠʭ ʞʠʚʦʪʥʳʭ ʠ ʧʨʠʚʝʩʪʠ ʢ 

ʫʣʫʯʰʝʥʠʶ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ð ʚʩʝ ʵʪʦ ʧʦʤʦʞʝʪ ʧʦʩʪʨʦʠʪʴ ʙʦʣʝʝ ʟʜʦʨʦʚʦʝ 

ʦʙʱʝʩʪʚʦ. 

ʋʩʪʦʡʯʠʚʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʤʦʞʝʪ ʧʦʤʦʯʴ ʩʦʭʨʘʥʠʪʴ ʪʘʢʠʝ ʨʝʩʫʨʩʳ, ʢʘʢ ʧʦʯʚʘ ʠ ʚʦʜʘ, 

ʠ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʤʝʩʪʥʦʡ ʵʢʦʥʦʤʠʢʝ ʧʨʦʮʚʝʪʘʪʴ. ɺʦʟʚʨʘʱʝʥʠʝ ʢ ʧʨʦʚʝʨʝʥʥʳʤ ʚʨʝʤʝʥʝʤ 

ʤʝʪʦʜʘʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʠ ʚʢʣʶʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʚ 
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ʫʧʨʘʚʣʝʥʠʝ ʟʝʤʣʝʡ ʠ ʨʝʩʫʨʩʘʤʠ ʤʦʞʝʪ ʧʦʩʪʨʦʠʪʴ ʩʧʨʘʚʝʜʣʠʚʫʶ ʠ ʫʩʪʦʡʯʠʚʫʶ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʫʶ ʩʠʩʪʝʤʫ. çʋʩʪʦʡʯʠʚʦʩʪʴè ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ ʧʦʢʘʟʘʪʝʣʝʡ, ʠ 

ʫʩʪʦʡʯʠʚʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʮʝʣʳʡ ʨʷʜ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʚʦʧʨʦʩʦʚ, ʦʪ ʩʦʭʨʘʥʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʜʦ ʫʣʫʯʰʝʥʠʷ ʟʜʦʨʦʚʴʷ 

ʦʪʜʝʣʴʥʳʭ ʣʠʮ ʠ ʩʦʦʙʱʝʩʪʚ. ʋʩʪʦʡʯʠʚʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʧʨʝʜʣʘʛʘʝʪ ʨʝʰʝʥʠʷ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʜʣʷ ʟʜʦʨʦʚʴʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ 

ʩʠʩʪʝʤʳ. ʉʦʜʝʨʞʘʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʦʜʫʢʪʘʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʠʞʝ ʯʝʤ ʚ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʧʨʦʜʫʢʪʘʭ ʠʟ ʤʝʣʢʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʧʦʪʦʤʫ 

ʯʪʦ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʭ ʠʥʛʨʝʜʠʝʥʪʳ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʙʦʣʴʰʝʡ ʦʙʨʘʙʦʪʢʝ, ʧʨʝʞʜʝ ʯʝʤ ʜʦʩʪʠʯʴ ʧʦʪʨʝʙʠʪʝʣʷ. ʇʨʦʤʳʰʣʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʦʠʟʚʦʜʷʪʩʷ 

ʩ ʫʯʝʪʦʤ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʫʧʘʢʦʚʘʥʳ ʠ ʩʦʭʨʘʥʝʥʳ, ʯʪʦʙʳ ʚʳʜʝʨʞʠʚʘʪʴ ʜʘʣʴʥʠʝ ʧʫʪʝʰʝʩʪʚʠʷ ʠ 

ʜʣʠʪʝʣʴʥʳʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ ʥʘ ʧʦʣʢʘʭ ʤʘʛʘʟʠʥʦʚ ʧʝʨʝʜ ʫʧʦʪʨʝʙʣʝʥʠʝʤ. ɺ ʧʦʠʩʢʘʭ 

ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʧʨʠʙʳʣʠ ʢʦʨʧʦʨʘʮʠʠ ʦʪʜʘʶʪ ʧʨʠʦʨʠʪʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʫʨʦʞʘʡʥʦʩʪʠ, 

ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʠ ʩʨʦʢʫ ʛʦʜʥʦʩʪʠ, ʘ ʥʝ ʧʠʪʘʥʠʶ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʜʦʨʦʚʴʷ.  

ʇʨʘʢʪʠʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʟʘʥʠʤʘʪʴʩʷ 

ʩʝʣʴʩʢʠʤ ʭʦʟʷʡʩʪʚʦʤ ʚ ʛʘʨʤʦʥʠʠ ʩ ʧʨʠʨʦʜʥʳʤʠ ʣʘʥʜʰʘʬʪʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʫʜʝʣʷʪʴ 

ʧʨʠʦʨʠʪʝʪʥʦʝ ʚʥʠʤʘʥʠʝ ʜʦʣʛʦʩʨʦʯʥʦʤʫ ʟʜʦʨʦʚʴʶ ʚʩʝʡ ʵʢʦʩʠʩʪʝʤʳ. ʍʦʪʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʚʝʜʝʥʠʶ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ 

ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʫʩʪʦʡʯʠʚʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ (ʊʘʙʣʠʮʘ). 

 

ʊʘʙʣʠʮʘ 

ʄɽʊʆɼʓ ʉʆʉʊɸɺʃʗʖʑʀɽ ʆʉʅʆɺʋ ʋʉʊʆʁʏʀɺʆɻʆ ʉɽʃʔʉʂʆɻʆ ʍʆɿʗʁʉʊɺɸ 
 

ʄʝʪʦʜʳ ʆʧʠʩʘʥʠʝ 

ʉʦʢʨʘʱʝʥʠʝ ʠʣʠ 

ʣʠʢʚʠʜʘʮʠʷ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ 

ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʦʪʢʘʟ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʩʪʠʮʠʜʦʚ ʠ ʛʝʨʙʠʮʠʜʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʣʠʢʪʦʚʳʭ ʠʣʠ ʩʦʭʨʘʥʝʥʥʳʭ ʩʝʤʷʥ ʚʤʝʩʪʦ ʫʣʫʯʰʝʥʥʳʭ 

ʛʠʙʨʠʜʥʳʭ, ʨʦʪʘʮʠʶ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ 

ʧʦʧʫʣʷʮʠʡ ʚʨʝʜʠʪʝʣʝʡ ʠ, ʛʜʝ ʵʪʦ ʚʦʟʤʦʞʥʦ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʫʯʥʳʭ, ʘ ʥʝ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʩʙʦʨʘ ʫʨʦʞʘʷ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ 

ɿʘʱʠʪʘ ʠ 

ʨʝʛʝʥʝʨʘʮʠʷ 

ʧʦʯʚʳ 

ʦʟʥʘʯʘʝʪ ʧʦʩʘʜʢʫ ʧʦʢʨʦʚʥʳʭ ʢʫʣʴʪʫʨ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʦʣʫʶ 

ʧʦʯʚʫ ʵʣʝʤʝʥʪʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʤʧʦʩʪʘ ʠ ʟʝʣʝʥʳʭ ʥʘʚʦʟʥʳʭ ʢʫʣʴʪʫʨ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʱʝʥʠʝ ʠʣʠ ʠʟʙʝʛʘʥʠʝ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

ʇʦʦʱʨʝʥʠʝ 

ʧʦʣʝʟʥʦʛʦ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʪʢʘʟ ʦʪ ʪʦʢʩʠʯʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʦʩʘʜʢʫ 

ʥʝʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʦʧʳʣʠʪʝʣʝʡ ʠ 

ʧʦʦʱʨʝʥʠʷ ʭʠʱʥʠʢʦʚ-ʚʨʝʜʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʮʠʶ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ 

ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʛʜʝ ʵʪʦ ʚʦʟʤʦʞʥʦ 

 

ʄʝʪʦʜʳ ʫʩʪʦʡʯʠʚʦʛʦ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʳʨʘʱʠʚʘʥʠʝ ʩʚʝʞʠʭ 

ʠ ʧʠʪʘʪʝʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʤʝʩʪʥʳʭ ʧʠʱʝʚʳʭ ʩʝʪʝʡ, ʥʘʧʨʠʤʝʨ, ʧʫʪʝʤ ʫʣʫʯʰʝʥʠʷ ʟʜʦʨʦʚʴʷ 

ʧʦʯʚʳ. ʋʧʨʘʚʣʝʥʠʝ ʧʣʦʜʦʨʦʜʥʦʩʪʴʶ ʧʦʯʚʳ ʠ ʢʨʫʛʦʚʦʨʦʪ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʳʤʠ ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʨʦʚʥʝʡ ʧʦʣʝʟʥʳʭ ʚʠʪʘʤʠʥʦʚ ʠ 

ʤʠʥʝʨʘʣʦʚ ʚ ʩʦʙʨʘʥʥʳʭ ʢʫʣʴʪʫʨʘʭ [3]. ʇʨʦʜʫʢʪʳ ʫʩʪʦʡʯʠʚʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʥʝ ʜʦʣʞʥʳ 

ʙʳʪʴ ʟʘʛʨʷʟʥʝʥʳ ʚʨʝʜʥʳʤʠ ʘʛʨʦʭʠʤʠʢʘʪʘʤʠ, ʚʢʣʶʯʘʷ ʧʝʩʪʠʮʠʜʳ, ʘʥʪʠʙʠʦʪʠʢʠ ʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʫʜʦʙʨʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʦʡʯʠʚʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʧʦʤʦʛʘʝʪ ʩʦʭʨʘʥʠʪʴ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ 

ʠ ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʜʣʷ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ. ʋʩʪʦʡʯʠʚʳʝ ʤʝʪʦʜʳ ʚʝʜʝʥʠʷ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʤʦʛʫʪ ʟʘʱʠʪʠʪʴ ʠ ʩʦʟʜʘʪʴ ʧʣʦʜʦʨʦʜʥʫʶ ʧʦʯʚʫ, ʯʪʦ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʩʪʘ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʋʩʪʦʡʯʠʚʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʨʘʟʫʤʥʦ 
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ʠʩʧʦʣʴʟʫʝʪ ʨʝʩʫʨʩʳ ʧʨʝʩʥʦʡ ʚʦʜʳ ʠ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʩʪʦʢ ʦʩʪʘʝʪʩʷ ʩʚʦʙʦʜʥʳʤ ʦʪ ʪʦʢʩʠʯʥʳʭ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʢ ʜʨʫʛʠʤ ʵʢʦʩʠʩʪʝʤʘʤ ʠʣʠ ʧʦʪʨʝʙʠʪʝʣʷʤ. 

ʋʩʪʦʡʯʠʚʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʠ 

ʧʝʩʪʠʮʠʜʦʚ ʠ ʧʦʦʱʨʷʝʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʨʘʩʪʠʪʝʣʴʥʦʡ ʞʠʟʥʠ ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʚʦʦʙʦʨʦʪʘ ʠ 

ʧʦʩʘʜʢʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʦʣʝʟʥʦʡ ʥʝʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʛʨʘʥʠʮʘʭ 

ʧʦʣʝʡ. ɺʩʝ ʵʪʠ ʬʫʥʢʮʠʠ ʧʦʤʦʛʘʶʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʟʜʦʨʦʚʫʶ, ʙʠʦʨʘʟʥʦʦʙʨʘʟʥʫʶ ʩʨʝʜʫ ʥʘ 

ʬʝʨʤʘʭ ʠ ʚʦʢʨʫʛ ʥʠʭ. ʏʪʦʙʳ ʙʳʪʴ ʫʩʪʦʡʯʠʚʳʤ, ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʧʦʪʨʝʙʥʦʩʪʠ ʥʳʥʝʰʥʝʛʦ ʠ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʧʨʠʙʳʣʴʥʦʩʪʴ, ʛʠʛʠʝʥʫ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʩʦʮʠʘʣʴʥʫʶ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʤʳʰʣʝʥʥʳʝ ʤʝʪʦʜʳ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʥʘʥʦʩʠʪʩʷ ʫʱʝʨʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʥʳʭ 

ʧʫʪʝʡ, ʩʦʟʜʘʶʪʩʷ ʤʝʨʪʚʳʝ ʟʦʥʳ ʚ ʦʢʝʘʥʘʭ, ʫʥʠʯʪʦʞʘʝʪʩʷ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʤʝʩʪ ʦʙʠʪʘʥʠʷ, 

ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʪʦʢʩʠʥʳ ʚ ʧʠʱʝʚʳʝ ʮʝʧʠ, ʧʦʜʚʝʨʛʘʷ ʦʧʘʩʥʦʩʪʠ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ ʠʟ-ʟʘ 

ʚʩʧʳʰʝʢ ʙʦʣʝʟʥʝʡ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʧʝʩʪʠʮʠʜʦʚ. ɼʠʚʝʨʩʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤʳ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʧʦʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ, ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʚʨʝʜʠʪʝʣʝʡ ʠ ʙʦʣʝʟʥʝʡ, ʜʠʚʝʨʩʠʬʠʮʠʨʦʚʘʪʴ ʠʩʪʦʯʥʠʢʠ ʜʦʭʦʜʘ ʠ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

 

Abstract. The paper considers industrial methods of agriculture, as a result of which 

environmental damage is caused, waterways are polluted, dead zones are created in the oceans, habitat 

biodiversity is destroyed, toxins are released into the food chain, endangering the health of the 

population due to outbreaks of diseases and exposure to pesticides. Diversification of the farming 

system will help to increase the efficiency of resource use, reduce the number of pests and diseases, 

diversify income sources and increase the sustainability of production. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʜʠʚʝʨʩʠʬʠʢʘʮʠʷ, 

ʩʠʩʪʝʤʳ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

 

Keywords: agro-industrial sector, agriculture, diversification, farming systems. 

 

ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʢʘʢ ʢʨʫʧʥʝʡʰʝʝ ʩʠʩʪʝʤʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʞʠʟʥʠ ʦʙʱʝʩʪʚa, ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʫʨʦʚʥʷ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ, ʥʝʦʙʭʦʜʠʤ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʟʜʦʨʦʚʴʷ ʠ ʙʣʘʛʦʧʦʣʫʯʠʷ ʯʝʣʦʚʝʢʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʦʙʱʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʤʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ, ʧʨʦʜʫʢʪʘʤʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʠʟ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ [1].  

ʆʜʥʘʢʦ, ʢʦʛʜʘ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʧʨʘʢʪʠʢʫʝʪʩʷ ʥʝʙʨʝʞʥʦ, ʦʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʫʶ 

ʫʛʨʦʟʫ ʜʣʷ ʚʠʜʦʚ ʠ ʵʢʦʩʠʩʪʝʤ. ʉʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʚʳʟʚʘʥʥʦʝ ʚʣʠʷʥʠʝʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʧʨʠʚʝʣʦ ʢ ʨʝʟʢʦʤʫ 

ʫʭʫʜʰʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʳ. ʅʝʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʚʳʨʫʙʢʘ ʣʝʩʦʚ, ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ ʠ 
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ʧʨʠʨʦʜʳ ʧʨʠʚʝʣʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʥʘʨʫʰʝʥʠʶ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ. 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʤʝʪʦʜʳ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʥʘʥʦʩʷʪ ʫʱʝʨʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, 

ʟʘʛʨʷʟʥʷʷ ʚʦʜʥʳʝ ʧʫʪʠ, ʩʦʟʜʘʚʘʷ ʤʝʨʪʚʳʝ ʟʦʥʳ ʚ ʦʢʝʘʥʘʭ, ʫʥʠʯʪʦʞʘʷ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʤʝʩʪ 

ʦʙʠʪʘʥʠʷ, ʚʳʙʨʘʩʳʚʘʷ ʪʦʢʩʠʥʳ ʚ ʧʠʱʝʚʳʝ ʮʝʧʠ, ʧʦʜʚʝʨʛʘʷ ʦʧʘʩʥʦʩʪʠ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ ʠʟ-

ʟʘ ʚʩʧʳʰʝʢ ʙʦʣʝʟʥʝʡ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʧʝʩʪʠʮʠʜʦʚ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʷ ʧʦʪʝʧʣʝʥʠʶ ʢʣʠʤʘʪʘ. 

ɼʨʝʥʘʞ, ʠʣʠ ʥʘʦʙʦʨʦʪ, ʦʨʦʰʝʥʠʝ ʟʝʤʝʣʴ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʝ ʙʝʟ ʪʦʯʥʦʡ ʦʮʝʥʢʠ, ʫʭʫʜʰʘʝʪ 

ʩʦʩʪʦʷʥʠʝ ʧʦʯʚʳ, ʥʘʨʫʰʘʝʪ ʩʦʩʪʦʷʥʠʝ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʇʨʦʤʳʰʣʝʥʥʳʝ ʤʝʪʦʜʳ ʚʝʜʝʥʠʷ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʦʯʚʘʭ ʠ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʘʭ, ʢʦʪʦʨʳʝ ʧʦ ʩʚʦʝʡ 

ʧʨʠʨʦʜʝ ʥʝʫʩʪʦʡʯʠʚʳ, ʠʩʪʦʱʘʶʪ ʧʦʯʚʫ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʧʦʣʥʝʥʘ.  

ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʠʨʦʜʫ, ʞʠʟʥʴ ʠ 

ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʯʝʣʦʚʝʢʘ. ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩʠʩʪʝʤʥʦ ʩʦʝʜʠʥʷʝʪ (ʈʠʩʫʥʦʢ): 

- ʦʪʨʘʩʣʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʠ ʩʤʝʞʥʳʝ ʦʪʨʘʩʣʠ ʩʨʝʜʩʪʚʘʤʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ (ʩʦʟʜʘʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʥʘʧʨʠʤʝʨ: ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ), 

- ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ (ʦʩʥʦʚʥʦʝ, ʥʘʯʘʣʴʥʦʝ ʟʚʝʥʦ), 

- ʦʪʨʘʩʣʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʟʘʛʦʪʦʚʢʫ, ʭʨʘʥʝʥʠʝ ʠ ʧʝʨʝʨʘʙʦʪʢʫ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʩʳʨʴʷ, ʘ ʪʘʢʞʝ ʨʝʘʣʠʟʘʮʠʶ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʥʘʧʨʠʤʝʨ: ʤʦʣʦʯʥʘʷ, ʤʷʩʥʘʷ, ʢʦʤʙʠʢʦʨʤʦʚʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. 

  

 
ʈʠʩʫʥʦʢ. ʉʪʨʫʢʪʫʨʘ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

 

ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʦʢʘʟʳʚʘʝʪ ʦʱʫʪʠʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʋʧʣʦʪʥʝʥʠʝ ʧʦʯʚʳ, ʨʘʟʨʫʰʝʥʠʝ ʧʣʦʜʦʨʦʜʥʦʛʦ ʩʣʦʷ, ʭʠʤʠʟʘʮʠʷ ʚʦʜʥʳʭ, ʚʦʟʜʫʰʥʳʭ ʠ 

ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʭʠʱʥʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʳʙʥʳʭ ʨʝʩʫʨʩʦʚ - ɻ ʪʦ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ 

ʘʩʧʝʢʪʳ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʥʝʤʝʜʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ 

ʧʨʠʤʝʥʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ ʜʨʫʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ɻ ʣʝʤʝʥʪʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʥʘʨʫʰʝʥʠʝ 

ʧʨʘʚʠʣ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʟʘʛʨʷʟʥʝʥʠʝ ʨʝʢ ʠ ʜʨʫʛʠʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʥʦ ʠ ʪʘʢʞʝ 

ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʘʢ ʠ ʤʥʦʛʠʝ 

ʜʨʫʛʠʝ, ʠʤʝʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʧʦʣʠʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ [3].  

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʙʱʝʩʪʚʘ ʚ ʧʨʦʜʫʢʪʘʭ ʧʠʪʘʥʠʷ ʠ ʪʦʚʘʨʘʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ 

ʉʝʣʴʩʢʦʝ

ʭʦʟʷʡʩʪʚʦ

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ

ʍʠʤʠʯʝʩʢʘʷ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ
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ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ. ʅʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʨʝʰʠʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʥʦ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʳʭ.  

ɺ ʫʩʣʦʚʠʷʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʚʦʣʶʮʠʠ ʚʦʧʨʦʩʳ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʘʥʜʘʨʪʦʚ ʢʘʯʝʩʪʚʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʩ ʥʘʫʯʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʘ ʟʨʝʥʠʷ [2]. 

ʕʪʠ ʩʪʘʥʜʘʨʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʘʚʠʣʘ ʧʦʚʝʜʝʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʝ ʥʦʨʤʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʛʘʨʘʥʪʠʨʫʝʪ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʢʘʢ ʯʝʣʦʚʝʢʘ, ʪʘʢ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ 

ʠ ʨʘʟʚʠʪʠʷ ʠʭ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʬʦʥʜʘ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʥʦʨʤʘʪʠʚʳ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʥʦʨʤʘʪʠʚʳ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʫʨʦʚʥʝʡ ʰʫʤʘ, 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʠ ʧʨʦʯʠʝ. ʉʪʘʥʜʘʨʪʳ ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʪʘʢʞʝ ʚʘʞʥʳ ʜʣʷ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʥʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʛʦʩʫʜʘʨʩʪʚʦʤ: 

- ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʥʦʨʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʛʨʦʭʠʤʠʢʘʪʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, 

ʭʠʤʠʢʘʪʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʩʪʘʥʜʘʨʪʳ ʜʣʷ ʟʘʱʠʪʥʳʭ ʠ ʩʘʥʠʪʘʨʥʳʭ ʟʦʥ; 

- ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʦʦʨʫʞʝʥʠʡ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʩʪʘʥʜʘʨʪʳ ʠʛʨʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʨʝʰʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, 

ʚʳʟʚʘʥʥʳʭ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. ʉʦʩʪʦʷʥʠʝ ʧʨʠʨʦʜʳ ʩʝʛʦʜʥʷ ʪʘʢʦʚʦ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ ʝʜʠʥʳʝ ʩʪʘʥʜʘʨʪʳ ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ 

ʫʨʦʚʥʝ, ʩʦʟʜʘʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʠʭ 

ʩʦʙʣʶʜʝʥʠʝʤ. ʉʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʧʦʩʦʙʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, 

ʢʦʪʦʨʳʝ ʩʤʷʛʯʘʶʪ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʷʶʪ ʥʝʛʘʪʠʚʥʳʝ ʬʘʢʪʦʨʳ, ʥʘʧʨʠʤʝʨ, 

ʜʠʚʝʨʩʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɺ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ 

ʜʠʚʝʨʩʠʬʠʢʘʮʠʶ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʨʝʩʫʨʩʦʚ ʬʝʨʤʳ, ʪʘʢʠʭ ʢʘʢ ʟʝʤʣʷ, ʢʘʧʠʪʘʣ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʨʘʙʦʯʘʷ 

ʩʠʣʘ, ʥʘ ʜʨʫʛʠʝ ʧʨʦʜʫʢʪʳ.  

ɼʠʚʝʨʩʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʟʝʤʣʝʜʝʣʠʷ ʚʢʣʶʯʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ 

ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ/ʠʣʠ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʪʦʜʦʚ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ/ʠʣʠ ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ. ɺ 

ʤʘʩʰʪʘʙʝ ʫʯʘʩʪʢʘ (ʪ. ʝ. ʚʥʫʪʨʠ ʧʦʣʷ) ʜʠʚʝʨʩʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʟʝʤʣʝʜʝʣʠʷ (DFS) ʤʦʛʫʪ 

ʚʢʣʶʯʘʪʴ ʥʝʩʢʦʣʴʢʦ ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʜʘʥʥʦʡ ʢʫʣʴʪʫʨʳ ʠ/ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʢʫʣʴʪʫʨ, 

ʚʳʨʘʱʠʚʘʝʤʳʭ ʚʤʝʩʪʝ ʢʘʢ ʧʦʣʠʢʫʣʴʪʫʨʳ, ʠ ʤʦʛʫʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʚ ʧʦʯʚʝ ʟʘ 

ʩʯʝʪ ʜʦʙʘʚʣʝʥʠʷ ʢʦʤʧʦʩʪʘ ʠʣʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ. DFS ð ɻ ʪʦ ʩʣʦʞʥʳʝ 

ʩʦʮʠʘʣʴʥʦ-ɻ ʢʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʜʠʚʝʨʩʠʬʠʢʘʮʠʶ ʟʘ 

ʩʯʝʪ ʩʦʮʠʘʣʴʥʳʭ ʠʥʩʪʠʪʫʪʦʚ, ʧʨʘʢʪʠʢʠ ʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʚʤʝʩʪʥʦ 

ʫʧʨʘʚʣʷʶʪ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝʤ. ʕʢʦʣʦʛʠʯʝʩʢʠʝ 

ʧʝʨʝʤʝʥʥʳʝ, ʪʘʢʠʝ ʢʘʢ ʧʦʯʚʘ, ʚʦʜʘ ʠ ʩʨʝʜʘ ʦʙʠʪʘʥʠʷ, ʧʦʤʦʛʘʶʪ ʥʘʩʪʨʦʠʪʴ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ 

ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʦʙʤʝʥ ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ ʠ ʨʝʩʫʨʩʘʤʠ, ʘ ʪʘʢʞʝ ʨʝʰʝʥʠʷ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʣʘʥʜʰʘʬʪʦʤ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʣʠʷʶʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʬʫʥʢʮʠʠ 

ʵʢʦʩʠʩʪʝʤʳ. 

ɼʠʚʝʨʩʠʬʠʢʘʮʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ. ʊʨʘʜʠʮʠʦʥʥʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʜʠʥʘʤʠʯʥʳʡ ʠ 

ʢʦʤʤʝʨʯʝʩʢʠʡ ʩʝʢʪʦʨ ʧʫʪʝʤ ʧʝʨʝʭʦʜʘ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʢ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʤ ʧʨʦʜʫʢʪʘʤ. ɼʠʚʝʨʩʠʬʠʢʘʮʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʠʣʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ, ʪʦʨʛʦʚʣʠ ʠʣʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʝʤ ʪʨʘʥʩʧʦʨʪʘ, ʠʨʨʠʛʘʮʠʠ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɼʠʚʝʨʩʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤ ʧʦʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ, ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʜʠʪʝʣʝʡ ʠ ʙʦʣʝʟʥʝʡ, ʜʠʚʝʨʩʠʬʠʮʠʨʦʚʘʪʴ ʠʩʪʦʯʥʠʢʠ ʜʦʭʦʜʘ 

https://en.wikipedia.org/wiki/Financial_capital
https://en.wikipedia.org/wiki/Farm_equipment
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ʠ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɼʠʚʝʨʩʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʤʝʩʪʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʤʝʩʪʥʳʝ ʠ ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʠ 

ʢʦʤʧʣʝʢʩʥʳʝ ʩʠʩʪʝʤʥʳʝ ʧʦʜʭʦʜʳ ʩʦʢʨʘʱʘʶʪ ʥʝʛʘʪʠʚʥʳʝ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʩʥʠʞʘʶʪ ʩʦʮʠʘʣʴʥʳʝ ʠʟʜʝʨʞʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʤʠ 

ʤʦʥʦʢʫʣʴʪʫʨʘʤʠ, ʧʦʚʳʰʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ.  

ʀʩʧʦʣʴʟʫʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʚʝʜʝʥʠʶ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʧʨʠʤʝʥʷʷ ʥʘʙʦʨ 

ʧʨʠʥʮʠʧʦʚ ʠ ʧʨʘʢʪʠʢ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʧʨʝʜʦʪʚʨʘʪʠʤʦʛʦ ʚʨʝʜʘ ʜʣʷ ʣʶʜʝʡ, 

ʞʠʚʦʪʥʳʭ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ 

ʢʦʤʧʣʝʢʩ ʩʦʚʤʝʩʪʥʦ ʩ ʜʨʫʛʠʤʠ ʩʝʢʪʦʨʘʤʠ ʵʢʦʥʦʤʠʢʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʦʟʜʘʥʠ ʁʠ 

ʧʦʜʜʝʨʞʢʝ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʞʠʟʥʠ ʠ ʪʨʫʜʘ, ʚʳʩʪʫʧʘʷ ʥʝʦʪʲʝʤʣʝʤʳʤ ʵʣʝʤʝʥʪʦʤ 

ʢʦʤʧʣʝʢʩʥʦʡ, ʚʩʝʦʙʲʝʤʣʶʱʝʡ ʩʠʩʪʝʤʳ ʦʭʨʘʥʳ ʧʨʠʨʦʜʳ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʥʘʨʫʰʝʥʥʦʝ 

ʨʘʚʥʦʚʝʩʠʝ ʚ ʧʨʠʨʦʜʝ ʠ ʧʨʝʜʦʪʚʨʘʱʘʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. 
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HAZELNUTS VARIETIES AND FORMS PERFORMANCE  

IN THE GUBA-KHACHMAZ ECONOMIC REGION (AZERBAIJAN) 
 

ÉSadygov A., Dr. habil., Scientific Research Institute of Fruit and Tea Growing, Guba, Azerbaijan 

ÉRashidov B., Scientific Research Institute of Fruit and Tea Growing,  

Guba, Azerbaijan, zahid.mustafayev67@mail.ru 
 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʦʢʘʟʘʪʝʣʷʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʬʦʨʤ ʠ ʩʦʨʪʦʚ 

ʬʫʥʜʫʢʘ, ʥʘʟʚʘʥʠʝ ʩʦʨʪʦʚ ʠ ʬʦʨʤ, ʧʦ ʛʦʜʘʤ ʫʨʦʞʘʡʥʦʩʪʠ, ʩʝʙʝʩʪʦʠʤʦʩʪʠ, ʩʨʝʜʥʷʷ 

ʫʨʦʞʘʡʥʦʩʪʴ, ʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʪʘ ʩ ʦʜʥʦʛʦ ʛʝʢʪʘʨʘ, ʯʠʩʪʳʡ ʜʦʭʦʜ, ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʠ 

ʭʦʟʷʡʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ. ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʥʘ 

22 ʩʦʨʪʘʭ ʠ ʬʦʨʤʘʭ ʬʫʥʜʫʢʘ ʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʦʨʪʦʚ ʠ ʬʦʨʤ 

ʧʨʦʚʦʜʠʣʠ ʩʨʘʚʥʝʥʠʝ ʩ ʩʦʨʪʦʤ ɸʪʘ-ʙʘʙʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʚʟʷʪ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʩʦʨʪʘʭ ʠ ʬʦʨʤʘʭ ʬʫʥʜʫʢʘ ɸʪʘ-ʙʘʙʘ, ɻ1-ɻʟ1, ɻ3-ʋ1, ɻʫ1-

ɸ1, ɻ5-ɻʢ1, ɻ6-ʏʛ1, ʗʛʣʳ ʬʫʥʜʫʢ, ɿʘʢʘʪʘʣʘ, ɿʘʢʘʪʘʣʘ-9, ʍ4-ʁʭ1, ʐ1-ɸ1, ʐ2-ɸ2, ʐ3-ʍ1, ʐ4-ʍ2, 

ʍ1-ɸʟ1, ʍ2-ɸʟ2, ʍ3-ʅ1, ɸʰʨʘʬ,r ʐʠʰ ʬʫʥʜʫʢ, ʍ5-ʍʫ1, ʣʝʩʥʦʡ ʬʫʥʜʫʢ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʩʨʘʚʥʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʦʨʪʦʚ ʠ ʬʦʨʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʨʪʘ 

ɸʪʘ-ʙʘʙʘ, ʢʦʪʦʨʳʡ ʚʟʷʪʘ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʦʨʪʘ. ʉʪʦʠʤʦʩʪʴ ʚʳʨʘʱʠʚʘʥʠʷ 1 ʛʘ ʬʫʥʜʫʢʘ 

ʩʦʩʪʘʚʣʷʝʪ 1114ï1620 ʤʘʥʘʪʦʚ, ʘ ʩʪʦʠʤʦʩʪʴ ʦʜʥʦʛʦ ʮʝʥʪʥʝʨʘ ʧʨʦʜʫʢʮʠʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

58,5ï110,6 ʤʘʥʘʪʦʚ. ʈʝʥʪʘʙʝʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʩʦʨʪʦʚ ʢʦʣʝʙʘʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 138ï

395%. ʀʟ ʩʦʨʪʦʚ ʠ ʬʦʨʤ ɻ3-ʋ1 (395%), ʐ2-ɸ2 (391%), ʍ4-ʁʭ1(382%) ɻ5-ɻʢ1 (355%), ʗʛʣʳ 

ʬʫʥʜʫʢ (322%), ɻ1-ɻʟ1 (320%), ɸʰʨʘʬʳ (265%) ʙʳʣʠ ʚʳʩʦʢʠʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ 

ʩʦʨʪʦʤ ɸʪʘ-ʙʘʙʘ (241%). 
 

Abstract. The article provides information on the indicators of economic productivity of 

the form and varieties of hazelnuts, the name of varieties and forms, by years of yield, cost, average 

yield, product cost per hectare, net income, profitability and economic evaluation compared with 

varieties. The research work was carried out on 22 varieties and forms of hazelnuts, and to compare 

the productivity indicators of varieties and forms, it was carried out using the Ata-baba variety, which 

was taken as a control variety. Research work was carried out on varieties and forms of hazelnut Ata-

baba, G1-Gz1, G3-U1, Gu1-A1, G5-Gk1, G6-Chg1, Yagly hazelnut, Zakatala, Zakatala-9, X4-Yh1, Sh1-

A1, Sh2-A2, Sh3-H1, Sh4-H2, H1-Az1, H2-Az2, X3-N1, Ashrafy, Shish hazelnut, H5-Hu1, forest hazelnut. 

The study compares the economic indicators of the productivity of varieties and forms using the Ata-

Baba variety, which is taken as a control variety. The cost of growing 1 hectare of hazelnuts is 1114-

1620 manats, and the cost of one centner of products ranges from 58.5-110.6 manats. The profitability 

of research varieties ranged from 138-395%. From varieties and forms G3-U1 (395%), Sh2-A2 (391%), 

H4-Yh1 (382%) G5-Gk1 (355%), Yagli hazelnuts (322%), G1-Gz1 (320%), Ashrafy (265%) were high 

compared to the control Ata Baba (241%). 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʫʥʜʫʢ, ʜʦʭʦʜ, ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ, ʩʦʨʪʘ, ʦʮʝʥʢʘ, ɸʟʝʨʙʘʡʜʞʘʥ. 
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ɺ ʪʨʫʜʘʭ ʜʨʝʚʥʝʛʨʝʯʝʩʢʠʭ ʠ ʜʨʝʚʥʝʨʠʤʩʢʠʭ ʧʠʩʘʪʝʣʝʡ, ʠʩʪʦʨʠʢʦʚ, ʬʠʣʦʩʦʬʦʚ ʥʝ ʨʘʟ 

ʫʧʦʤʠʥʘʝʪʩʷ ʬʫʥʜʫʢ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ɽʚʨʦʧʝ ʚ ʘʥʪʠʯʥʳʝ 

ʚʨʝʤʝʥʘ. ɺ ʜʨʝʚʥʦʩʪʠ ʝʤʫ ʧʨʠʧʠʩʳʚʘʣʠʩʴ ʤʘʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ: ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʦʥ ʤʦʞʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʜʘʨʦʚʘʪʴ ʙʝʩʩʤʝʨʪʠʝ. ʕʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʤʝʶʪ ʚʧʦʣʥʝ ʧʨʦʩʪʦʝ ʦʙʲʷʩʥʝʥʠʝ. 

ʃʶʜʠ ʧʠʪʘʣʠʩʴ ʦʨʝʭʘʤʠ ʚ ʧʝʨʠʦʜ ʥʝʫʨʦʞʘʷ ʟʝʨʥʘ ʠ ʜʨʫʛʠʭ ʢʫʣʴʪʫʨ. ʀʭ ʞʘʨʠʣʠ, ʝʣʠ ʩʳʨʳʤʠ 

ʠʣʠ ʛʦʪʦʚʠʣʠ ʠʟ ʥʠʭ ʤʘʩʣʦ ʠ ʧʘʩʪʫ. ʌʫʥʜʫʢ ʧʦʟʚʦʣʷʣ ʙʳʩʪʨʦ ʧʦʯʫʚʩʪʚʦʚʘʪʴ ʥʘʩʳʱʝʥʠʝ ʠ ʜʦʣʛʦ 

ʦʩʪʘʚʘʪʴʩʷ ʩʳʪʳʤʠ. ʊʘʢʞʝ ʦʪʤʝʯʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʩʘʤʦʯʫʚʩʪʚʠʷ, ʙʦʜʨʦʩʪʴ ʠ 

ʵʥʝʨʛʠʯʥʦʩʪʴ, ʧʦʵʪʦʤʫ ʠ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʦʨʝʭ ʧʨʦʜʣʝʚʘʝʪ ʞʠʟʥʴ. 

ʂʫʣʴʪʫʨʘ ʬʫʥʜʫʢʘ ʠʤʝʝʪ ʤʥʦʛʦʮʝʣʝʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʮʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʦʨʝʭ ʬʫʥʜʫʢʘ, ʧʨʦʜʫʢʮʠʷ ʢʦʪʦʨʦʛʦ ʧʦʣʴʟʫʝʪʩʷ 

ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ ʩʧʨʦʩʦʤ ʫ ʥʘʩʝʣʝʥʠʷ ʠ ʩʣʫʞʠʪ ʥʝʟʘʤʝʥʠʤʳʤ ʩʳʨʴʝʤ ʜʣʷ ʢʦʥʜʠʪʝʨʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʌʫʥʜʫʢ ʚʳʨʘʱʠʚʘʶʪ ʨʘʜʠ ʧʦʣʫʯʝʥʠʷ ʦʨʝʭʦʚ.  

ʗʜʨʦ ʦʨʝʭʘ ʬʫʥʜʫʢʘ ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʨʦʚ (59ï70%), ʘ ʪʘʢʞʝ ʙʝʣʢʘ 

(9ï20%), ʘʟʦʪʘ (1,4ï3,2%), ʩʘʭʘʨʦʚ (3ï10%) ʠ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʯʝʣʦʚʝʢʘ ʚʠʪʘʤʠʥʳ. ɹʦʣʝʝ ʪʦʛʦ, 

ʬʫʥʜʫʢ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʦʨʝʭʦʧʣʦʜʥʦʡ ʢʫʣʴʪʫʨʦʡ ʚ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ 

ʈʝʩʧʫʙʣʠʢʝ ʠ ʚ ʪʦʤ ʯʠʩʣʝ ʂʫʙʘ-ʍʘʯʤʘʟʩʢʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʘʡʦʥʝ. ʌʫʥʜʫʢ ʨʘʩʪʝʪ ʚ ʚʠʜʝ 

ʢʨʫʧʥʦʛʦ ʢʫʩʪʘʨʥʠʢʘ ʠʣʠ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ ʜʝʨʝʚʦ (https://ʬʫʥʜʫʢ.ʨʬ/). 

ʌʫʥʜʫʢ ʧʦʪʨʝʙʣʷʝʪ ʤʥʦʛʦ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʧʦʯʚʳ, ʘ ʧʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʝʞʝʛʦʜʥʦʛʦ ʦʙʠʣʴʥʦʛʦ ʫʨʦʞʘʷ ʦʨʝʭʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʥʦʩʠʪʴ ʫʜʦʙʨʝʥʠʷ. ʃʫʯʰʠʤ ʫʜʦʙʨʝʥʠʝʤ ʜʣʷ 

ʬʫʥʜʫʢʦʚ ʷʚʣʷʝʪʩʷ ʥʘʚʦʟ ʠ ʢʦʤʧʦʩʪ. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʪʘʢʞʝ ʚʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʣʠ ʚ ʩʤʝʩʠ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ [4]. 

ɼʠʚʝʨʩʠʬʠʢʘʮʠʷ ʵʢʩʧʦʨʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʟʚʠʪʠʝ ʥʝʬʪʷʥʦʛʦ ʩʝʢʪʦʨʘ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʮʠʘʣʴʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʥʘʰʝʛʦ ʛʦʩʫʜʘʨʩʪʚʘ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʂʦʥʮʝʧʮʠʷ ʨʘʟʚʠʪʠʷ çɸʟʝʨʙʘʡʜʞʘʥ 2020: ʚʟʛʣʷʜ ʚ ʙʫʜʫʱʝʝè, ʫʪʚʝʨʞʜʝʥʥʘʷ ʋʢʘʟʦʤ 

ʇʨʝʟʠʜʝʥʪʘ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʦʪ 29 ʜʝʢʘʙʨʷ 2012 ʛʦʜʘ [1]. 

ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʚ ʦʙʣʘʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʷʚʣʷʝʪʩʷ: 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʜʦʚʦʡ ʪʝʭʥʠʢʠ ʠ ʘʛʨʦʢʫʣʴʪʫʨʳ ʜʣʷ ʢʫʣʴʪʫʨʳ ʬʫʥʜʫʢʘ. 

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʫʨʦʞʘʡʥʦʩʪʴ ʤʦʛʫʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʳ ʚ 2ï3 ʨʘʟʘ [4].  

ï ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʝʡ ʧʦʩʘʜʦʢ ʬʫʥʜʫʢʘ ʚ ʩʪʨʘʥʝ, ʠ ʚ ʪʦʤ ʯʠʩʣʝ ʂʫʙʘ-ʍʘʯʤʘʟʩʢʦʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʘʡʦʥʝ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʠʣʠ ʠʥʪʨʦʜʫʢʮʠʷ ʥʦʚʳʭ ʩʦʨʪʦʚ, 

ʦʪʚʝʯʘʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʨʳʥʢʘ. ʀʟʫʯʝʥʠʝ ʘʛʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʩʦʨʪʦʚ ʠ ʬʦʨʤ ʬʫʥʜʫʢʘ, ʧʦʣʫʯʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʩʦʨʪʦʚ ʠ ʬʦʨʤ ʠ ʚʳʚʦʜ ʠʭ ʥʘ 

ʤʠʨʦʚʦʡ ʨʳʥʦʢ [2]. 
 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʪʣʠʯʠʷ ʧʨʦʛʨʘʤʤʳ ʠ ʤʝʪʦʜʠʢʠ ʩʦʨʪʦʠʟʫʯʝʥʠʷ ʦʨʝʭʦʧʣʦʜʥʳʭ ʢʫʣʴʪʫʨ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʣʦʜʦʚʳʤʠ ʨʘʩʪʝʥʠʷʤʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʪʩʷ ʥʘ 22 ʩʦʨʪʘʭ ʠ ʬʦʨʤʘʭ ʬʫʥʜʫʢʘ. 

ʌʫʥʜʫʢ ð ʦʜʥʦʜʦʤʥʳʝ, ʨʘʟʜʝʣʴʥʦʧʦʣʳʝ, ʚʝʪʨʦʦʧʳʣʷʝʤʳʝ ʨʘʩʪʝʥʠʷ. ʈʦʜ ʣʝʱʠʥʘ 

(Corylus L.) ʩʝʤʝʡʩʪʚʘ ʣʝʱʠʥʦʚʳʭ (Corylaceae) (https://ʬʫʥʜʫʢ.ʨʬ/). ʆʩʥʦʚʥʦʡ ʫʭʦʜ ʟʘ 

ʬʫʥʜʫʢʦʚʳʤʠ ʜʝʨʝʚʴʷʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʨʝʟʘʥʠʠ ʢʦʨʥʝʚʦʡ ʧʦʨʦʩʣʠ, ʩʙʦʨʝ ʫʨʦʞʘʷ, ʥʫ ʠ 

ʧʦʣʠʚʝ ʚ ʩʠʣʴʥʫʶ ʟʘʩʫʭʫ. ʌʫʥʜʫʢ ð ʥʝ ʧʨʠʭʦʪʣʠʚ, ʢ ʧʦʯʚʝ ʥʝ ʧʨʝʜʲʷʚʣʷʝʪ ʥʠʢʘʢʠʭ 

ʪʨʝʙʦʚʘʥʠʡ; ʥʝ ʧʦʜʦʡʜʫʪ ʝʤʫ ʪʦʣʴʢʦ ʩʫʭʠʝ ʧʝʩʯʘʥʳʝ ʠ ʛʣʠʥʠʩʪʳʝ ʧʦʯʚʳ. ʌʫʥʜʫʢ ʭʦʨʦʰʦ 

ʨʘʩʪʝʪ ʜʘʞʝ ʪʘʤ, ʛʜʝ ʜʨʫʛʠʝ ʨʘʩʪʝʥʠʷ ʦʪʢʘʟʳʚʘʶʪʩʷ ʨʘʩʪʠ [3]. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʦʨʪʘ ʠ ʬʦʨʤʳ: ɸʪʘ-

ʙʘʙʘ, ɿʘʛʘʪʘʣʘ-9, ʗʛʣʳ ʬʫʥʜʫʢ, ɸʰʨʘʬ,r ɻʷʥʜʞʘ-ʬʫʥʜʫʢ, ʂʳʟʳʣ-ʬʫʥʜʫʢ, ʐʠʰ ʬʫʥʜʫʢ, 

ʍʝʡʩʝʢ ʠ ʜʨʫʛʠʝ. 

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʠʟʫʯʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʴ ʩʦʨʪʦʚ ʠ ʬʦʨʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ 

ʂʫʙʘïʍʘʯʤʘʟʩʢʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʘʡʦʥʝ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʞʘʷ ʬʫʥʜʫʢʘ 

ʟʘʚʠʩʷʪ ʦʪ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʧʣʦʱʘʜʠ ʧʠʪʘʥʠʷ ʢʫʩʪʦʚ ʠ ʜʨʫʛʠʭ ʧʨʠʯʠʥ. 

ʋʨʦʞʘʡʥʦʩʪʴ ʬʫʥʜʫʢʘ ʟʘʚʠʩʠʪ ʠ ʦʪ ʧʦʤʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʨʪʦʚ, ʚ ʊʘʙʣʠʮʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʦʨʪʦʚ.  
 

ʊʘʙʣʠʮʘ 

ʕʂʆʅʆʄʀʏɽʉʂɸʗ ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʉʆʈʊʆɺ ʀ ʌʆʈʄ ʌʋʅɼʋʂɸ 

ʉʦʨʪʘ ʠ ʬʦʨʤ 
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ɸʪʘ-ʙʘʙʘ (ʢ) 14,7 1218 4160 2942 82,8 241 100 ð 

ɻ1-ɻʟ1 16,7 1153 4343 3690 69,0 320 132,8 > 

ɻ3-ʋ1 23,4 1369 6786 5417 58,5 395 163,9 ι 

ɻʫ1-ɸ1 14,8 1146 4138 2992 77,4 261 108,3 ι 

ɻ5-ɻʢ1 17,8 1114 5078 3964 62,6 355 147,3 > 

ɻ6-ʉʛ1 15,4 1150 4415 3265 74,7 283 117,4 > 

ʗʛʣʳ ʬʫʥʜʫʢ 18,5 1256 5303 4047 67,9 322 133,6 > 

ɿʘʢʘʪʘʣʘ 13,1 1388 3668 2280 105,9 164 68,0 < 

ɿʘʢʘʪʘʣʘ-9 12,7 1215 3344 2129 95,7 175 72,6  ̓

ʍ4-ʁʭ1 19,9 1210 5837 4627 60,9 382 158,5 > 

ʐ1-ɸ1 11,2 1118 3248 2130 99,8 190 78,8 < 

ʐ2-ɸ2 19,6 1156 5684 4528 60,0 391 162,2 > 

ʐ3-ʍ1 15,3 1620 4590 2970 105,9 183 75,9  ̓

ʐ4-ʍ2 17,9 1523 5131 3608 85,1 236 97,9  ̓

ʍ1-ɸʟ1 12,2 1201 3456 2255 98,4 187 77,6  ̓

ʍ2-ɸʟ2 14,2 1546 4023 2477 108,8 160 66,4 < 

ʍ3-ʅ1 15,0 1425 4200 2775 95,0 195 80,9  ̓

ɸʰʨʘʬ r 17,0 1380 5043 3663 81,1 265 110,0 ι 

ʐʠʰ ʬʫʥʜʫʢ 14,0 1548 3687 2139 110,6 138 57,3 < 

ʍ5-ʍʫ1 14,7 1228 4366 3138 83,5 256 106,2 > 

ʃʝʩʥʦʡ ʬʫʥʜʫʢ 6,09 ʍ 1732 1132 86,5 188 78,0 < 
 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʆʧʨʝʜʝʣʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʨʪʦʚ ʠ ʬʦʨʤ ʬʫʥʜʫʢʘ, ʢʦʪʦʨʳʝ 

ʦʪʨʘʞʝʥʳ ʚ ʊʘʙʣʠʮʝ. ʉʨʝʜʥʷʷ ʫʨʦʞʘʡʥʦʩʪʴ ʟʘ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚʠʣʘ ʧʦ ʩʦʨʪʘʤ 6,93ï

23,4 ʮ/ʛʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʊʘʙʣʠʮʝ, ʧʦ ʩʨʝʜʥʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʟʘ ʛʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤʠ ʙʳʣʠ ʩʦʨʪʘ ɻ3-ʋ1 (23,4 ʮ/ʛʘ), ʍ4-ʁʭ1 (19,9 ʮ/ʛʘ), ʐ2-ɸ2 

(19,6 ʮ/ʛʘ), ʗʛʣʳ ʬʫʥʜʫʢ (18,5 ʮ/ʛʘ), ʐ4-ʍ2 (17,9 ʮ/ʛʘ), ɻ5-ɻʢ1 (17,8 ʮ/ʛʘ), ɸʰʨʘʬ r(17,0 ʮ/ʛʘ).  

ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʩ ʦʜʥʦʛʦ ʮʝʥʪʥʝʨʘ ʧʨʦʜʫʢʮʠʠ ʩʦʨʪʦʚ ʠ ʬʦʨʤ, ʦʪʦʙʨʘʥʥʳʭ ʟʘ ʠʭ ʚʳʩʦʢʫʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʨʪʦʤ, ɸʪʘ-ʙʘʙʘ (ʢ) (82,8 ʤʘʥʘʪ), ʙʳʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ (ī1,7 é 

ī24,5 ʤʘʥʘʪ) ʥʠʟʢʠʤʠ ɻ1-ɻʢ1 (69,0 ʤʘʥʘʪ), ɻ3-ʋ1 (58,5 ʤʘʥʘʪ), ɻ5-ɻʢ1 (62,6 ʤʘʥʘʪ), ʗʛʣʳ ʬʫʥʜʫʢ 

(67,9 ʤʘʥʘʪ), ʍ4-ʁʭ1 (60,9 ʤʘʥʘʪ), ɸʰʨʘʬ r(81,1 ʤʘʥʘʪ). 
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ʆʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʯʠʩʪʳʡ ʧʨʠʙʳʣʴ ʠ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʩ 1 ʛʘ. ʉʪʦʠʤʦʩʪʴ ʚʳʨʘʱʠʚʘʥʠʷ 1 ʛʘ ʬʫʥʜʫʢʘ ʩʦʩʪʘʚʣʷʝʪ 600ï1620 ʤʘʥʘʪʦʚ, 

ʩʪʦʠʤʦʩʪʴ 1 ʮ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 58,5ï110,6 ʤʘʥʘʪʘ, ʩʨʝʜʥʷʷ ʮʝʥʘ ʧʨʦʜʘʞʠ ʬʫʥʜʫʢʘ 

ʩʦʩʪʘʚʣʷʝʪ 2,75 ʤʘʥʘʪʘ. ʈʝʥʪʘʙʝʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʩʦʨʪʦʚ ʢʦʣʝʙʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 160ï

395%. ʀʟ ʬʦʨʤ ʠ ʩʦʨʪʦʚ ɻ3-ʋ1 (395%), ʐ2-ɸ2 (391%), ʍ4-ʁʭ1 (382%), ɻ5-ɻʢ1 (355%), ʗʛʣʳ 

ʬʫʥʜʫʢ (322%), ɻ-ɻʟ1 (320%), ɸʰʨʘʬ r(265%), ʙʳʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʧʦ ʩʨʘʚʥʝʥʠʝ 

ʩʦʨʪʦʤ ɸʪʘ-ʙʘʙʘ. ʍʦʟʷʡʩʪʚʝʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʨʪʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 57,3ï163,9%.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʚʦʜʳ, ʯʪʦ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʩ ʦʜʥʦʛʦ ʮʝʥʪʥʝʨʘ ʧʨʦʜʫʢʮʠʠ 

ʩʦʨʪʦʚ ʠ ʬʦʨʤ, ʦʪʦʙʨʘʥʥʳʭ ʟʘ ʠʭ ʚʳʩʦʢʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʦʨʪʘʤʠ, 

ʙʳʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ ʠ ʨʝʥʪʘʙʝʣʴʥʳʤʠ ʠ ʩ 1 ʛʘ ʷʚʣʷʶʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʣʦʞʥʘʷ ʙʦʣʝʝ ʯʝʤ 115-ʣʝʪʥʷʷ ʧʨʦʙʣʝʤʥʘʷ ʧʘʨʘʜʠʛʤʘ 

ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ (Alzheimerôs disease) ʷʚʣʷʝʪʩʷ ʘʚʪʦʨʩʢʠʤ ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʳʤ 

ʦʪʚʝʪʦʤ ʯʝʨʝʟ ʧʨʠʟʤʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ-ʧʨʠʢʣʘʜʥʳʭ ʘʣʛʦʨʠʪʤʦʚ/ʠʥʩʪʨʫʤʝʥʪʦʚ/ʪʝʭʥʦʣʦʛʠʡ ʥʘ 

ʧʘʪʦʛʝʥʝʟ, ʜʠʘʛʥʦʩʪʠʢʫ, ʣʝʯʝʥʠʷ ʠ ʧʨʦʬʠʣʘʢʪʠʢʫ ʜʘʥʥʦʡ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ. ʄʦʟʛ H. sapiens ï 

ʵʪʦ ʙʠʦʣʦʛʠʯʝʩʢʠʝ, ʙʠʦʬʠʟʠʯʝʩʢʠʝ, ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʤʝʜʠʢʦ-ʩʦʮʠʘʣʴʥʳʝ ʧʘʨʘʜʠʛʤʳ 

ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ. ɼʦʩʪʠʞʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅ. ʇ. ʈʦʤʘʥʯʫʢ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʤʥʦʛʠʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʢʦʛʥʠʪʠʚʥʦʛʦ ʩʥʠʞʝʥʠʷ ʠ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʨʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʟʘ ʧʦʩʣʝʜʥʠʝ 15 ʣʝʪ 

ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʘʣʛʦʨʠʪʤʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʥʝʡʨʦʧʣʘʩʪʠʯʥʦʩʪʴʶ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʕʕɻ/ʇʕʊ ʠ ʇʕʊ/ʬʄʈʊ 

ʠ ʛʠʙʨʠʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʇʕʊ/ʂʊ/ʄʈʊ ð ɻ ʪʦ, ʩʦʯʝʪʘʶʱʘʷʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʠ ʩʪʨʫʢʪʫʨʥʘʷ 

ʥʝʡʨʦʚʠʟʫʘʣʠʟʘʮʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ð ʵʪʦ, ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ, 

ʤʫʣʴʪʠʧʘʨʘʜʠʛʤʘʣʴʥʳʝ ʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʤʦʜʝʣʠ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ. ʅʝʡʨʦʛʝʥʝʪʠʢʘ 

ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʦʤ ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʠ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʧʝʨʝʜʦʚʳʝ ʤʝʪʦʜʳ, ʩ ʫʯʘʩʪʠʝʤ 5P ʤʝʜʠʮʠʥʳ ʠ ʪʝʭʥʦʣʦʛʠʠ 5G. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʅ. ʇ. ʈʦʤʘʥʯʫʢ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʥʦʚʦʛʦ ʥʝʡʨʦʛʝʥʝʟʘ ʠ ʥʝʡʨʦʧʣʘʩʪʠʯʥʦʩʪʠ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʥʝʡʨʦʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʚʦʟʨʘʩʪʦʤ ʯʝʣʦʚʝʢʘ, ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ 

ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ ʠ ʥʝʡʨʦʨʝʘʙʠʣʠʪʘʮʠʠ ʢʦʛʥʠʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʠ ʢʦʛʥʠʪʠʚʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚ 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʘʪʦʯʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʧʠʪʘʥʠʝ ʤʦʟʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʥʝʡʨʦʪʝʭʥʦʣʦʛʠʡ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʩʧʦʩʦʙʥʳ ʥʘ ʤʥʦʛʦʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʢʦʛʥʠʪʠʚʥʳʝ ʥʘʨʫʰʝʥʠʷ ʠ 

ʢʦʛʥʠʪʠʚʥʳʝ ʨʘʩʩʪʨʦʡʩʪʚʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʠ ʛʠʙʨʠʜʥʦʡ ʥʝʡʨʦʚʠʟʫʘʣʠʟʘʮʠʠ, 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʜʨ., ʩ ʮʝʣʴʶ ʥʘʯʘʣʘ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʨʝʘʙʠʣʠʪʘʮʠʠ ʤʦʟʛʘ H. sapiens. ʄʦʟʛ H. sapiens ð ɻʪʦ ʩʣʝʜʫʶʱʠʡ ʨʫʙʝʞ ʜʣʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. 

ʉʣʠʷʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʠ ʛʠʙʨʠʜʥʳʭ ʤʝʪʦʜʦʚ ʥʝʡʨʦʚʠʟʫʘʣʠʟʘʮʠʠ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʝ 

ʨʘʩʩʪʨʦʡʩʪʚʘ ʠ ʥʘʡʪʠ ʥʦʚʳʝ ʤʝʪʦʜʳ ʨʝʘʙʠʣʠʪʘʮʠʠ ʠ ʤʝʜʠʢʦïʩʦʮʠʘʣʴʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʫʪ ʢ ʫʣʫʯʰʝʥʠʶ ʧʩʠʭʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ. ʊʷʞʝʩʪʴ ʢʦʛʥʠʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʚʦ 

ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʨʘʥʥʝʡ ʧʨʦʬʠʣʘʢʪʠʢʠ, ʪʷʞʝʩʪʠ ʜʝʧʨʝʩʩʠʚʥʦʛʦ 

ʨʘʩʩʪʨʦʡʩʪʚʘ, ʚʦʟʨʘʩʪʘ ʙʦʣʴʥʦʛʦ, ʥʝʡʨʦʵʥʜʦʢʨʠʥʥʦʡ, ʮʝʨʝʙʨʘʣʴʥʦʡ ʠ ʮʝʨʝʙʨʦʚʘʩʢʫʣʷʨʥʦʡ 

ʧʘʪʦʣʦʛʠʠ. 

 

Abstract. The complex more than Alzheimer's disease 115-year-old problem paradigm is an 

authorôs multidisciplinary response through the prism of fundamental applied 

algorithms/tools/technologies to the pathogenesis, diagnosis, treatment and prevention of this 

neurodegeneration. Homo sapiens brains are biological, biophysical, neurophysiological and medico-

social information exchange paradigms. The achievement of research N. P. Romanchuk is the 

establishment of many genetic and epigenetic factors of cognitive decline and neurodegenerative 

diseases. The introduction of copyright developments in the last 15 years has made it possible to form 

a system of algorithms and tools for managing neuroplasticity. Modified combined EEG/PET and 

PET/fMRI methods and hybrid PET/CT/MRI technologies are combined functional and structural 

neuroimaging. Modern communications are multilevel, multiparadigmal, and interdisciplinary 

models of information exchange. Neurogenetics is a center for multidisciplinary and interagency 
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research using best practices, involving 5P Medicine and 5G technology. In studies, N.P. Romanchuk 

showed that for the new neurogenesis and neuroplasticity, for the management of human 

neuroplasticity and biological age, for the modern neurophysiology and neurorehabilitation of 

cognitive disorders and cognitive disorders, sufficient functional and energy nutrition of the brain is 

necessary using modern neurotechnologies of nuclear medicine. Modern artificial intelligence 

technologies are capable of many things, including predicting cognitive impairment and cognitive 

disorders, using combined and hybrid neuroimaging, sequencing of a new generation, etc., in order 

to begin timely and effective rehabilitation of the H. sapiens brain. The brain of H. sapiens is the next 

frontier for healthcare. The merger of combined and hybrid neuroimaging methods with artificial 

intelligence technologies allows us to understand and diagnose neurological disorders and find new 

methods of rehabilitation and medical and social support that will lead to improved mental health. 

The severity of cognitive impairment largely depends on the time of early prevention, the severity of 

depressive disorder, the age of the patient, neuroendocrine, cerebral and cerebrovascular pathology. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʦʣʝʟʥʴ ɸʣʴʮʛʝʡʤʝʨʘ, ʵʧʠʛʝʥʝʪʠʢʘ, ʥʫʪʨʠʮʠʦʣʦʛʠʷ ʤʦʟʛʘ, ʠʤʤʫʥʥʳʡ 

ʛʦʤʝʦʩʪʘʟ, ʤʠʢʨʦʙʠʦʪʘ ʢʠʰʝʯʥʠʢʘ. 

 

Keywords: Alzheimer's disease, epigenetics, brain nutriciology, immune homeostasis, cognitive 

decline. 

 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ ʩʣʦʞʥʦʡ ʙʦʣʝʝ 

ʯʝʤ 115-ʣʝʪʥʝʡ ʧʨʦʙʣʝʤʥʦʡ ʧʘʨʘʜʠʛʤʳ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ (Alzheimerôs disease) ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʘʚʪʦʨʩʢʦʡ ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʯʝʨʝʟ ʧʨʠʟʤʫ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ-ʧʨʠʢʣʘʜʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʣʠ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʧʘʪʦʛʝʥʝʟ, 

ʜʠʘʛʥʦʩʪʠʢʫ, ʣʝʯʝʥʠʷ ʠ ʧʨʦʬʠʣʘʢʪʠʢʫ ʜʘʥʥʦʡ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʦʡ ʘʚʪʦʨʩʢʦʡ ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʠ ʤʫʣʴʪʠʧʘʨʘʜʠʛʤʘʣʴʥʦʡ 

ʧʣʘʪʬʦʨʤʳ, ʯʝʨʝʟ ʧʨʠʟʤʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ-ʧʨʠʢʣʘʜʥʳʭ ʘʣʛʦʨʠʪʤʦʚ/ ʠʥʩʪʨʫʤʝʥʪʦʚ/ 

ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʧʘʪʦʛʝʥʝʟ, ʜʠʘʛʥʦʩʪʠʢʫ, ʣʝʯʝʥʠʷ ʠ ʧʨʦʬʠʣʘʢʪʠʢʫ ʜʘʥʥʦʡ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ 

(çɸʣʴʮʛʝʡʤʝʨʘ ʙʦʣʝʟʥʠè), ʧʦʟʚʦʣʷʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʨʝʤʷ 

(ʚʦʟʨʘʩʪ) ʥʘʩʪʫʧʣʝʥʠʷ ʢʦʛʥʠʪʠʚʥʦʛʦ ʩʥʠʞʝʥʠʷ ʧʨʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ. 

ɺ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʫʯʝʥʳʤ, ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʠ ʚʨʘʯʘʤ ʧʨʘʢʪʠʢʘʤ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʠ 

(ʠʣʠ) ʦʪʚʝʪʠʪʴ ʥʘ ʩʝʤʴ ʛʣʘʚʥʳʭ ʧʘʨʘʜʠʛʤʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ: 

1). ɺʦʟʨʘʩʪ ʥʘʩʪʫʧʣʝʥʠʷ ʢʦʛʥʠʪʠʚʥʦʛʦ ʩʥʠʞʝʥʠʷ ʧʨʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ. 

2). ʉʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʟʘʙʦʣʝʚʘʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʢʦʛʥʠʪʠʚʥʳʤ ʩʥʠʞʝʥʠʝʤ. 

3). ɺʣʠʷʥʠʝ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʤʫʞʩʢʠʭ ʠ ʞʝʥʩʢʠʭ ʧʦʣʦʚʳʭ ʛʦʨʤʦʥʦʚ ʥʘ ʩʪʘʨʝʥʠʝ 

ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ, ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʢʦʛʥʠʪʠʚʥʳʡ ʜʝʬʠʮʠʪ. 

4). ʅʦʚʘʷ ʨʦʣʴ ʧʝʨʩʦʥʠʟʠʨʦʚʘʥʥʦʡ ʛʝʥʝʪʠʢʠ ʠ ʵʧʠʛʝʥʝʪʠʢʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ. 

5) ʂʨʘʪʥʦʩʪʴ ʜʠʩʧʘʥʩʝʨʥʳʭ ʘʣʛʦʨʠʪʤʦʚ/ ʠʥʩʪʨʫʤʝʥʪʦʚ/ ʪʝʭʥʦʣʦʛʠʡ ʥʝʡʨʦʚʠʟʫʘʣʠʟʘʮʠʠ 

ʠ ʥʝʡʨʦʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

6) ʂʣʘʩʩʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʚʝʜʝʥʠʷ ɿʆɾ, ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʣʝʯʝʙʥʦʡ 

ʬʠʟʢʫʣʴʪʫʨʳ, ʜʠʝʪʠʯʝʩʢʦʛʦ ʠ ʣʝʯʝʙʥʦʛʦ ʧʠʪʘʥʠʷ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ 

ʧʠʪʘʥʠʷ, ʥʫʪʨʠʮʠʦʣʦʛʠʠ ʠ ʙʠʦʵʣʝʤʝʥʪʦʣʦʛʠʠ ʤʦʟʛʘ H. sapiens. 

7) ʈʘʥʥʷʷ ʧʨʦʬʠʣʘʢʪʠʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʧʝʨʝʛʨʫʟʢʠ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʚʠʨʪʫʘʣʴʥʦʡ ʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ï ʧʨʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʢʦʛʥʠʪʠʚʥʦʛʦ ʩʥʠʞʝʥʠʷ.  
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ʂʦʛʥʠʪʠʚʥʦʝ ʟʜʦʨʦʚʴʝ ʠ ʜʦʣʛʦʣʝʪʠʝ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʡ ʠʟ ʚʝʣʠʯʘʡʰʠʭ ʧʨʦʙʣʝʤ ʠ 

ʜʦʩʪʠʞʝʥʠʡ ʢʘʯʝʩʪʚʝʥʥʦʡ ʞʠʟʥʠ H. sapiens ʚ XXI ʚʝʢʝ. ɼʦʩʪʠʞʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅ. ʇ. 

ʈʦʤʘʥʯʫʢ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʤʥʦʛʠʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

ʢʦʛʥʠʪʠʚʥʦʛʦ ʩʥʠʞʝʥʠʷ ʠ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʅʦʚʘʷ ʨʝʛʫʣʷʮʠʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʢʦʛʥʠʪʠʚʥʦʛʦ ʟʜʦʨʦʚʴʷ ʠ ʜʦʣʛʦʣʝʪʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʥʥʝʡ 

ʜʠʘʛʥʦʩʪʠʢʝ, ʣʝʯʝʥʠʶ ʠ ʧʨʦʬʠʣʘʢʪʠʢʝ ʢʦʛʥʠʪʠʚʥʦʛʦ ʜʝʬʠʮʠʪʘ ʠ ʢʦʛʥʠʪʠʚʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚ. 

ʉʠʩʪʝʤʘ ʧʨʠʨʦʜʘ ï ʦʙʱʝʩʪʚʦ ï ʯʝʣʦʚʝʢ: ʮʝʣʦʩʪʥʘʷ, ʜʠʥʘʤʠʯʝʩʢʘʷ, ʚʦʣʥʦʚʘʷ, ʦʪʢʨʳʪʘʷ, 

ʫʩʪʦʡʯʠʚʦ ʥʝʨʘʚʥʦʚʝʩʥʘʷ ʩʠʩʪʝʤʘ, ʩ ʚʳʜʝʣʝʥʠʝʤ ʥʝ ʪʦʣʴʢʦ ʚʥʫʪʨʝʥʥʠʭ ʩʚʷʟʝʡ, ʥʦ ʠ ʚʥʝʰʥʠʭ 

- ʩ ʢʦʩʤʠʯʝʩʢʦʡ ʩʨʝʜʦʡ. 

ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʨʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʟʘ ʧʦʩʣʝʜʥʠʝ 15 ʣʝʪ ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ 

ʘʣʛʦʨʠʪʤʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʥʝʡʨʦʧʣʘʩʪʠʯʥʦʩʪʴʶ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʅ. ʇ. 

ʈʦʤʘʥʯʫʢ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʥʦʚʦʛʦ ʥʝʡʨʦʛʝʥʝʟʘ ʠ ʥʝʡʨʦʧʣʘʩʪʠʯʥʦʩʪʠ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʥʝʡʨʦʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʚʦʟʨʘʩʪʦʤ ʯʝʣʦʚʝʢʘ, ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ 

ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ ʠ ʥʝʡʨʦʨʝʘʙʠʣʠʪʘʮʠʠ ʢʦʛʥʠʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʠ ʢʦʛʥʠʪʠʚʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚ 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʘʪʦʯʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʧʠʪʘʥʠʝ ʤʦʟʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʥʝʡʨʦʪʝʭʥʦʣʦʛʠʡ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ [1]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʩʪʘʥʦʚʣʝʥʦ: 

1. ɻʣʦʙʘʣʴʥʳʡ ʜʦʩʪʫʧ ʢ ʤʝʜʠʮʠʥʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʝ, ʧʦʟʚʦʣʠʣ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʶ ʨʘʜʠʦʧʨʦʪʝʢʪʦʨʥʦʡ ʬʘʨʤʘʮʝʚʪʠʢʝ ʠ ʜʠʝʪʦʣʦʛʠʠ. 

2. ʆʜʥʦʡ ʠʟ ʦʙʣʘʩʪʝʡ ʠʥʪʝʨʝʩʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʨʘʜʠʦʧʨʦʪʝʢʪʦʨʥʳʝ ʘʛʝʥʪʳ ʯʘʩʪʦ 

ʷʚʣʷʶʪʩʷ ʬʠʪʦʥʫʪʨʠʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʭʦʨʦʰʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ ʜʠʝʪʝ, ʦʩʦʙʝʥʥʦ 

ʚ ʨʘʩʪʠʪʝʣʴʥʦʡ ʜʠʝʪʝ [3]. ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʪʦʣʴʢʦ ʤʦʜʠʬʠʢʘʮʠʷ ʜʠʝʪʳ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʨʘʜʠʦʧʨʦʪʝʢʪʦʨʥʳʝ ʵʬʬʝʢʪʳ. 

3. ʋʯʠʪʳʚʘʷ ʥʘʩʫʱʥʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʙʝʟʦʧʘʩʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʨʝʩʫʨʩʘʭ ʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʚ ʢʦʪʦʨʳʭ ʪʨʝʙʫʶʪʩʷ ʨʘʜʠʦʧʨʦʪʝʢʪʦʨʳ, ʙʫʜʫʱʠʝ 

ʫʩʠʣʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʨʦʜʥʳʭ ʨʘʜʠʦʧʨʦʪʝʢʪʦʨʦʚ ʦʩʪʘʶʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤʠ. 

4. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʠʥʮʠʧʳ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, 

ʦʧʪʠʤʠʟʠʨʫʶʪ ʪʝʨʘʧʝʚʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʦʵʪʦʤʫ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʦʙʱʝʥʠʝ 

ʜʦʩʪʠʞʝʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ 

ʥʘʥʦʨʘʜʠʦʧʨʦʪʝʢʪʦʨʳ ʩ ʤʘʢʩʠʤʠʟʘʮʠʝʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

5. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʅ. ʇ. ʈʦʤʘʥʯʫʢ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʥʦʚʦʛʦ ʥʝʡʨʦʛʝʥʝʟʘ ʠ 

ʥʝʡʨʦʧʣʘʩʪʠʯʥʦʩʪʠ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʥʝʡʨʦʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʚʦʟʨʘʩʪʦʤ 

ʯʝʣʦʚʝʢʘ, ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ ʠ ʥʝʡʨʦʨʝʘʙʠʣʠʪʘʮʠʠ ʢʦʛʥʠʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ 

ʠ ʢʦʛʥʠʪʠʚʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʘʪʦʯʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ 

ʧʠʪʘʥʠʝ ʤʦʟʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʥʦʚʳʭ ʥʝʡʨʦʪʝʭʥʦʣʦʛʠʡ ̫ʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ. 

ʀʜʝʘʣʴʥʳʡ ʨʘʜʠʦʧʨʦʪʝʢʪʦʨ ʜʦʣʞʝʥ ʙʳʪʴ ʣʝʛʢʦʜʦʩʪʫʧʥʳʤ, ʜʦʩʪʫʧʥʳʤ ʧʦ ʮʝʥʝ ʠ ʥʝ 

ʧʨʠʚʦʜʠʪʴ ʢ ʩʝʨʴʝʟʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʦʟ. ʆʥ ʪʘʢʞʝ ʜʦʣʞʝʥ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʦʪʩʫʪʩʪʚʠʝ ʢʫʤʫʣʷʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʦʪ ʧʦʚʪʦʨʥʳʭ ʦʙʨʘʙʦʪʦʢ, ʙʳʪʴ 

ʩʧʦʩʦʙʥʳʤ ʢ ʧʝʨʦʨʘʣʴʥʦʤʫ ʚʚʝʜʝʥʠʶ, ʦʢʘʟʳʚʘʪʴ ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʩʠʩʪʝʤʳ ʦʨʛʘʥʦʚ ʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʠʟʣʫʯʝʥʠʷ (X, ʛʘʤʤʘ, ʵʣʝʢʪʨʦʥʥʦʝ ʠ ʥʝʡʪʨʦʥʥʦʝ). ʅʘʢʦʥʝʮ, ʦʥ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʨʘʟʫʤʥʳʤ 

ʬʘʢʪʦʨʦʤ ʩʥʠʞʝʥʠʷ ʜʦʟʳ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʝʡʩʪʚʦʚʘʪʴ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʤʝʭʘʥʠʟʤʦʚ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ, ʩʤʷʛʯʝʥʠʷ ʠʣʠ ʣʝʯʝʥʠʷ IR -ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʜʠʦʧʨʦʪʝʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢʘʢ ʜʣʷ 

ʩʣʫʯʘʡʥʦʛʦ, ʪʘʢ ʠ ʜʣʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʠʢʘʢʠʝ ʜʦʩʪʫʧʥʳʝ ʨʘʜʠʦʧʨʦʪʝʢʪʦʨʳ ʥʝ 

ʩʧʦʩʦʙʥʳ ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʪʦʢʩʠʯʥʦʩʪʴ, ʩʚʷʟʘʥʥʫʶ ʩ IR. ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
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ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʭʦʨʦʰʝʡ ʩʪʨʘʪʝʛʠʝʡ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠʜʝʘʣʴʥʳʭ 

ʨʘʜʠʦʧʨʦʪʝʢʪʦʨʦʚ [1]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʨʝʘʙʠʣʠʪʘʮʠʠ ʙʦʣʴʥʳʭ ʩ ʢʦʛʥʠʪʠʚʥʳʤʠ 

ʥʘʨʫʰʝʥʠʷʤʠ ʠ ʢʦʛʥʠʪʠʚʥʳʤʠ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ ʠʤʝʶʪ ʤʥʦʞʝʩʪʚʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʠʤʝʥʝʥʠʡ 

ʜʣʷ ʣʝʯʝʥʠʷ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ: ʦʢʘʟʘʥʠʷ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʡ ʠ ʥʝʤʝʜʠʢʘʤʝʥʪʦʟʥʦʡ 

ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ, ʤʝʜʠʢʦ-ʩʦʮʠʘʣʴʥʦʛʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ - ʦʪ ʟʜʦʨʦʚʦʛʦ 

ʩʪʘʨʝʥʠʷ, ʜʦ ʫʩʢʦʨʝʥʥʦʛʦ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ H. sapiens [2]. 

ʅʝʡʨʦʬʠʟʠʦʣʦʛʠʷ ʠ ʥʝʡʨʦʨʝʘʙʠʣʠʪʘʮʠʷ ʢʦʛʥʠʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʠ ʢʦʛʥʠʪʠʚʥʳʭ 

ʨʘʩʩʪʨʦʡʩʪʚ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ, ʣʝʯʝʙʥʳʝ ʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ 

ʥʘʧʨʘʚʣʝʥʠʷ [2]: 

ï ɻʝʥʝʪʠʢʘ (ʛʝʥʦʤʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʈʅʂ ʠ ɼʅʂ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ). 

ï ʕʧʠʛʝʥʝʪʠʢʘ (ʵʧʠʛʝʥʦʤ ʠ ʩʪʘʨʝʥʠʝ, ʬʝʥʦʪʠʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʜʨ.). 

ï ʅʝʡʨʦʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ (MOCA, MMSE, Mini-Cog, FAB, TMT, GDS et al.). 

ï ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʠ ʛʠʙʨʠʜʥʘʷ ʥʝʡʨʦʚʠʟʫʘʣʠʟʘʮʠʷ, ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

ï ʄʝʪʘʙʦʣʦʤʠʢʘ, ʤʝʪʘʛʝʥʦʤʠʢʘ, ʤʠʢʨʦʙʠʦʪʘ. 

ï ʉʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠ ʙʝʟʦʧʘʩʥʦʝ ʧʠʪʘʥʠʝ. 

ï ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. 

ï ɹʠʦʯʠʧʠʨʦʚʘʥʠʝ, ʥʝʡʨʦʥʥʳʝ ʠ ʤʦʟʛʦʚʳʝ ʯʠʧʳ. 

ï ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʠ ʛʠʙʨʠʜʥʘʷ ʥʝʡʨʦʨʝʘʙʠʣʠʪʘʮʠʷ. 

ï ʇʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚʦʟʨʘʩʪʦʤ. 

ï ʄʝʜʠʢʦ-ʩʦʮʠʘʣʴʥʦʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʧʨʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ ʩ 

ʧʦʤʦʱʴʶ ʙʳʪʦʚʳʭ ʨʦʙʦʪʦʚ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʙʠʦʨʦʙʦʪʦʚ. 

ʄʦʟʛ H. sapiens ʨʘʙʦʪʘʷ ʚ ʨʝʞʠʤʝ ʛʝʥʠʘʣʴʥʦʩʪʠ (ʪʘʣʘʥʪʘ, ʢʨʝʘʪʠʚʥʦʩʪʠ) ʪʨʝʙʫʝʪ 

ʩʦʟʜʘʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʥʝʡʨʦʢʦʤʤʫʥʠʢʘʮʠʡ ʤʝʞʜʫ ʥʦʚʦʡ ʢʦʨʦʡ ʠ ʛʠʧʧʦʢʘʤʧʦʤ 

(ʙʠʙʣʠʦʪʝʢʦʡ ʧʘʤʷʪʠ, ʚʠʥʯʝʩʪʝʨʦʤ ʧʘʤʷʪʠ), ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʦʚʳʭ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʝʡʨʦʢʦʤʤʫʥʠʢʘʮʠʡ ʚ ʤʦʟʛ H. sapiens ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʥʝʧʨʝʨʳʚʥʦ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʪ ʨʦʞʜʝʥʠʷ ʜʦ ʩʚʝʨʭʜʦʣʛʦʣʝʪʠʷ, ʠ ʠʤʝʶʪ ʪʚʦʨʯʝʩʢʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʵʧʦʭʫ ʩʦʚʨʝʤʝʥʥʦʛʦ ʥʝʡʨʦʙʳʪʘ ʠ ʥʝʡʨʦʤʘʨʢʝʪʠʥʛʘ [3]. 

ɹʠʦʵʣʝʤʝʥʪʦʣʦʛʠʷ ʠ ʥʫʪʨʠʮʠʦʣʦʛʠʷ ʤʦʟʛʘ H. sapiens XXI ʚʝʢʘ ð ɻ ʪʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ 

ʣʝʯʝʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ (ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʚʠʪʘʤʠʥʦʚ ʠ ʢʣʝʪʯʘʪʢʠ) ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 

(ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʥʘ ʙʠʦʤʠʢʨʦʙʠʦʪʫ) - ʩʧʦʩʦʙʥʳʭ ʢ ʥʦʨʤʘʣʠʟʘʮʠʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʠʪʤʦʚ ð ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʥʝʡʨʦʥʫʪʨʠʮʠʦʣʦʛʠʠ XXI 

ʚʝʢʘ [4]. 

ʆʜʥʦʡ ʠʟ ʦʙʣʘʩʪʝʡ ʠʥʪʝʨʝʩʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʨʘʜʠʦʧʨʦʪʝʢʪʦʨʥʳʝ ʘʛʝʥʪʳ ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ 

ʬʠʪʦʥʫʪʨʠʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʭʦʨʦʰʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ ʜʠʝʪʝ, ʦʩʦʙʝʥʥʦ ʚ 

ʨʘʩʪʠʪʝʣʴʥʦʡ ʜʠʝʪʝ [4]. ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʪʦʣʴʢʦ ʤʦʜʠʬʠʢʘʮʠʷ ʜʠʝʪʳ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʨʘʜʠʦʧʨʦʪʝʢʪʦʨʥʳʝ ʵʬʬʝʢʪʳ. 

ʅʝʡʨʦʚʠʟʫʘʣʠʟʘʮʠʷ ʚ ʥʝʡʨʦʬʘʨʤʘʢʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʜʦʢʘʟʘʪʝʣʴʥʫʶ 

ʬʘʨʤʘʢʦʣʦʛʠʶ, ʫʤʝʥʠʷ ʛʨʘʤʦʪʥʦʛʦ ʧʦʜʙʦʨʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʙʝʟʦʧʘʩʥʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʧʦ ʠʭ ʬʘʨʤʘʢʦʜʠʥʘʤʠʯʝʩʢʠʤ ʠ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ; ʥʘʩʪʦʨʦʞʝʥʥʦʩʪʠ ʢ 

ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʣʝʢʘʨʩʪʚʝʥʥʳʤ ʨʝʘʢʮʠʷʤ ʧʨʠ ʟʘʜʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ ʠ ʫʩʪʨʘʥʝʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ 

ʵʪʠʭ ʨʝʘʢʮʠʡ. ʂʘʪʝʛʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʩʩʪʨʦʡʩʪʚ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʥʘ ʩʘʤʳʭ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ [5]. 

ʅʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳʤʠ ʷʚʣʷʶʪʩʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʠʢʠ ð 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʠ ʩʪʨʫʢʪʫʨʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ, ʙʠʦʭʠʤʠʯʝʩʢʦʝ ʠ ʛʝʥʝʪʠʯʝʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ [5]. 
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ɺʩʝ ʵʪʘʧʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʝʡʨʦʥʘʫʢ ʠ ʪʝʭʥʦʣʦʛʠʡ ð 

ʜʠʘʛʥʦʩʪʠʢʘ, ʪʝʨʘʧʠʷ, ʨʝʘʙʠʣʠʪʘʮʠʷ ʠ ʧʨʦʬʠʣʘʢʪʠʢʘ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʩʠʭʠʯʝʩʢʠʭ 

ʨʘʩʩʪʨʦʡʩʪʚ ð ʠʤʝʶʪ ʩʚʦʠ ʩʣʦʞʥʦʩʪʠ, ʯʪʦ ʚʝʜʝʪ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʤʦʱʠ 

ʙʦʣʴʥʳʤ. ʇʦʵʪʦʤʫ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʤʝʪʦʜʠʢ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ, ʥʘʨʷʜʫ ʩ ʧʨʦʨʳʚʘʤʠ ʚ ʥʘʢʦʧʣʝʥʠʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʡ ʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʜʘʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʉʦʚʨʝʤʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʣʝʯʝʙʥʦ-

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʥʘʨʷʜʫ ʩ ʛʠʙʨʠʜʥʳʤʠ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʫʧʨʘʚʣʝʥʠʷ 

çʢʦʛʥʠʪʠʚʥʳʤ ʤʦʟʛʦʤè, IT-ʪʝʭʥʦʣʦʛʠʡ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʧʦʚʳʰʘʶʪ ʢʘʯʝʩʪʚʦ ʦʢʘʟʘʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ [5]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʚʷʱʝʥʳ ʧʫʪʷʤ ʫʧʨʘʚʣʝʥʠʷ 

ʥʝʡʨʦʧʣʘʩʪʠʯʥʦʩʪʴʶ ʤʦʟʛʘ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʩʪʨʘʪʝʛʠʠ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʜʣʷ ʚʳʟʜʦʨʦʚʣʝʥʠʷ (ʨʝʘʙʠʣʠʪʘʮʠʠ), ʫʣʫʯʰʝʥʠʷ ʬʫʥʢʮʠʡ ʤʦʟʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʚʦʟʨʘʩʪʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʦʟʛʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [5]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʥʝʡʨʦʪʝʭʥʦʣʦʛʠʠ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ, ʥʦʚʘʷ 5P ʤʝʜʠʮʠʥʘ ʠ 5G ʪʝʭʥʦʣʦʛʠʷ 

ʩʜʝʣʘʣʠ ʦʪʢʨʳʪʠʝ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ [6]. ʇʷʪʥʘʜʮʘʪʠʣʝʪʥʠʡ 

ʘʚʪʦʨʩʢʠʡ ʦʧʳʪ ʚʥʝʜʨʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʘʣʛʦʨʠʪʤʳ/ʠʥʩʪʨʫʤʝʥʪʳ/ʠʟʦʙʨʝʪʝʥʠʷ) 

ʧʦʟʚʦʣʠʣʠ ʧʨʦʚʝʜʝʥʠʶ ʫʩʧʝʰʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ ʢʦʛʥʠʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʠ 

ʫʚʝʣʠʯʝʥʠʶ (ʟʜʦʨʦʚʦʡ/ʢʘʯʝʩʪʚʝʥʥʦʡ/ʢʫʣʴʪʫʨʥʦʡ/ʨʝʣʠʛʠʦʟʥʦʡ) ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ [6]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʅ. ʇ. ʈʦʤʘʥʯʫʢ ʧʦ ʩʤʷʛʯʝʥʠʶ ʚʣʠʷʥʠʷ ʮʠʨʢʘʜʠʘʥʥʦʛʦ 

ʩʪʨʝʩʩʘ ʥʘ ʟʜʦʨʦʚʦʝ ʜʦʣʛʦʣʝʪʠʝ H. sapiens ʦʪʢʨʳʣʠ ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʘʜʨʝʩʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʩʠʭʠʘʪʨʘʤ, ʥʝʚʨʦʣʦʛʘʤ, ʢʘʨʜʠʦʣʦʛʘʤ, ʵʥʜʦʢʨʠʥʦʣʦʛʘʤ ʠ ʛʝʨʠʘʪʨʘʤ. 

ɻʝʥʝʪʠʯʝʩʢʘʷ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷ ʚʦʟʨʘʩʪʦʟʘʚʠʩʠʤʦʡ ʵʥʜʦʪʝʣʠʘʣʴʥʦʡ ʜʠʩʬʫʥʢʮʠʠ ʧʨʠ 

ʩʦʩʫʜʠʩʪʦʤ ʩʪʘʨʝʥʠʠ, ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ, ʚ ʤʝʨʦʧʨʠʷʪʠʷʭ ʘʢʪʠʚʥʦʛʦ ʜʦʣʛʦʣʝʪʠʷ. ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʅ. ʇ. ʈʦʤʘʥʯʫʢ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʥʦʚʦʛʦ ʥʝʡʨʦʛʝʥʝʟʘ ʠ ʥʝʡʨʦʧʣʘʩʪʠʯʥʦʩʪʠ, 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʥʝʡʨʦʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʚʦʟʨʘʩʪʦʤ ʯʝʣʦʚʝʢʘ, ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ 

ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ ʠ ʥʝʡʨʦʨʝʘʙʠʣʠʪʘʮʠʠ ʢʦʛʥʠʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʠ ʢʦʛʥʠʪʠʚʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚ 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʘʪʦʯʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʧʠʪʘʥʠʝ ʤʦʟʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʥʝʡʨʦʪʝʭʥʦʣʦʛʠʡ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ [6]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʩʪʘʥʦʚʣʝʥʦ: 

ɻʝʥʦʤ ð ɻ ʪʦ çʦʙʦʨʫʜʦʚʘʥʠʝè, ʩ ʢʦʪʦʨʳʤ ʤʳ ʨʦʞʜʘʝʤʩʷ. ʅʘʰ ʵʧʠʛʝʥʦʤ ð ʭʠʤʠʯʝʩʢʠʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ɼʅʂ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʙʝʣʢʦʚ ð ̫ ʚʣʷʝʪʩʷ çʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤè, 

ʚʣʠʷʶʱʠʤ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ. ʆʙʘ ʚʘʞʥʳ. ʕʧʠʛʝʥʦʤ ʧʦʜʘʪʣʠʚ, ʠ ʥʘ ʝʛʦ ʩʦʩʪʘʚ ʤʦʛʫʪ ʚʣʠʷʪʴ 

ʬʘʢʪʦʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʘʢʪʠʯʝʩʢʠ ʥʠʯʝʛʦ ʥʝʣʴʟʷ ʩʜʝʣʘʪʴ, ʯʪʦʙʳ ʙʣʘʛʦʧʨʠʷʪʥʦ 

ʠʟʤʝʥʠʪʴ ʥʘʰ ʛʝʥʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ʧʦʥʠʤʘʥʠʶ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʠʱʝʚʳʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʥʘʰ ʵʧʠʛʝʥʦʤ, ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ 

çʟʜʦʨʦʚʳʡè ʪʨʘʥʩʢʨʠʧʪʦʤ. 

ʅʦʚʳʡ ʥʝʡʨʦʛʝʥʝʟ ʠ ʥʝʡʨʦʧʣʘʩʪʠʯʥʦʩʪʴ ʟʘʚʠʩʷʪ ʦʪ ʜʦʩʪʘʪʦʯʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʠʪʘʥʠʷ ʤʦʟʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʥʝʡʨʦʪʝʭʥʦʣʦʛʠʡ ʷʜʝʨʥʦʡ 

ʤʝʜʠʮʠʥʳ: ʨʘʜʠʦʧʨʦʪʝʢʪʦʨʥʦʡ ʬʘʨʤʘʮʝʚʪʠʢʠ ʠ ʥʫʪʨʠʮʠʦʣʦʛʠʠ, ʨʘʜʠʦʤʦʜʫʣʷʪʦʨʦʚ ʠ 

ʨʘʜʠʦʤʠʪʠʛʘʪʦʨʦʚ. ʎʠʨʢʘʜʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ ʩʚʷʟʘʥʳ ʩ ʥʘʨʫʰʝʥʠʝʤ 

ʩʥʘ ʠ ʚʢʣʶʯʘʶʪ ʬʨʘʛʤʝʥʪʘʮʠʶ ʥʦʯʥʦʛʦ ʩʥʘ, ʧʦʚʳʰʝʥʥʦʝ ʙʦʜʨʩʪʚʦʚʘʥʠʝ ʠ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʜʥʝʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʜʥʝʚʥʦʡ ʜʨʝʤʦʪʝ. ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʩʥʘ ʚʢʣʶʯʘʶʪ ʧʦʪʝʨʶ 

ʤʝʜʣʝʥʥʦʛʦ ʩʥʘ ʠ ʙʳʩʪʨʦʛʦ ʩʥʘ.  

ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʩ ʦʮʝʥʢʘʤʠ Mini Mental State Examination (MMSE) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʩʥʘ ʩʦʚʧʘʜʘʝʪ ʩ ʪʷʞʝʩʪʴʶ ʜʝʤʝʥʮʠʠ.  

ʉʦʥ ʚʳʧʦʣʥʷʝʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ ʚ ʤʦʟʛʝ ʠ ʩʚʷʟʘʥ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʘʤʷʪʠ. 

ʄʝʜʣʝʥʥʳʡ ʩʦʥ - ʦʩʦʙʝʥʥʦ ʟʥʘʯʠʤ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʧʘʤʷʪʠ. ʄʝʜʣʝʥʥʳʝ ʚʦʣʥʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ 

ʚ ʕʕɻ, ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʵʥʝʨʛʠʶ ʥʝʡʨʦʥʦʚ, ʢʦʪʦʨʘʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʘ ʠ ʙʣʘʛʦʧʨʠʷʪʥʘ ʜʣʷ 
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ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʢʦʥʩʦʣʠʜʘʮʠʠ ʧʘʤʷʪʠ. ʈʦʣʴ ʩʠʩʪʝʤʳ ʘʢʪʠʚʘʪʦʨʘ ʧʣʘʟʤʠʥʦʛʝʥʘ 

ʚ ʜʠʩʬʫʥʢʮʠʠ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʧʨʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ. 

ʎʠʨʢʘʜʠʘʥʥʳʡ ʩʪʨʝʩʩ ʚʳʟʳʚʘʝʪ ʥʘʨʫʰʝʥʠʝ ʩʥʘ ʠ ʥʝʡʨʦʧʩʠʭʠʘʪʨʠʯʝʩʢʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ ʩ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʚʳʩʦʢʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴʶ ʮʠʨʢʘʜʥʦʡ ʜʠʩʨʝʛʫʣʷʮʠʠ. 

ɺʥʝʢʣʝʪʦʯʥʳʝ ʚʝʟʠʢʫʣʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʛʦʤʝʦʩʪʘʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʢʣʝʪʦʢ. ɺ 

ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ ʚʥʝʢʣʝʪʦʯʥʳʝ ʚʝʟʠʢʫʣʳ ʩʝʢʨʝʪʠʨʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʦʣʝʢʫʣʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʬʫʥʢʮʠʝʡ ʥʝʡʨʦʥʦʚ ʠ ʥʝʡʨʦʪʨʘʥʩʤʠʩʩʠʝʡ, ʪʝʤ ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʫʷ ʨʝʮʠʧʨʦʢʥʦʡ 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʝʞʜʫ ʥʝʨʚʥʳʤʠ ʢʣʝʪʢʘʤʠ (ʥʘʧʨʠʤʝʨ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝʡʨʦʥ-ʛʣʠʷ), 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʥʝʡʨʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [6] ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ʅʝʡʨʦʧʣʘʩʪʠʯʥʦʩʪʴ, ʥʝʡʨʦʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʥʝʡʨʦʨʝʘʙʠʣʠʪʘʮʠʠ 

ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʩ ʨʝʣʠʛʠʦʟʥʦʩʪʴʶ H. sapiens. 

ʅʘʥʦʤʘʪʝʨʠʘʣʳ ʠ ʥʦʚʳʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʥʘʥʦʨʘʜʠʦʧʨʦʪʝʢʪʦʨʳ ʩ ʤʘʢʩʠʤʠʟʘʮʠʝʡ 

ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʦʟʛ H. sapiens, ʨʘʙʦʪʘ ʛʠʧʧʦʢʘʤʧʘ ʩ 

çʚʠʥʯʝʩʪʝʨʘʤʠè ʧʘʤʷʪʠ ʠ ʩʦʩʪʦʷʥʠʝ ʜʫʭʦʚʥʦʛʦ ʤʠʨʘ ʯʝʣʦʚʝʢʘ, ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʳ. 

ɼʝʩʷʪʠʣʝʪʥʠʡ ʘʚʪʦʨʩʢʠʡ ʦʧʳʪ ʚʥʝʜʨʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʘʣʛʦʨʠʪʤʳ/ʠʥʩʪʨʫʤʝʥʪʳ/ʠʟʦʙʨʝʪʝʥʠʷ) ʧʦʟʚʦʣʠʣʠ ʧʨʦʚʝʜʝʥʠʶ ʫʩʧʝʰʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ 

ʨʝʘʙʠʣʠʪʘʮʠʠ ʢʦʛʥʠʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʠ ʫʚʝʣʠʯʝʥʠʶ 

(ʟʜʦʨʦʚʦʡ/ʢʘʯʝʩʪʚʝʥʥʦʡ/ʢʫʣʴʪʫʨʥʦʡ/ʨʝʣʠʛʠʦʟʥʦʡ) ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʂʫʣʴʪʫʨʥʘʷ ʧʘʨʘʜʠʛʤʘ ʟʜʦʨʦʚʴʷ ʤʦʟʛʘ H. sapiens ʚ ʜʝʩʷʪʠʣʝʪʥʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

çɸʢʪʠʚʥʦʝ ʜʦʣʛʦʣʝʪʠʝ: ʙʠʦʬʠʟʠʢʘ ʛʝʥʦʤʘ, ʥʫʪʨʠʛʝʥʦʤʠʢʘ, ʥʫʪʨʠʛʝʥʝʪʠʢʘ, ʨʝʚʠʪʘʣʠʟʘʮʠʷè 

ʘʢʪʠʚʠʟʠʨʫʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʵʚʦʣʶʮʠʦʥʥʳʭ ʠ ʩʦʮʠʘʣʴʥʦ-ʢʦʛʥʠʪʠʚʥʳʭ ʥʝʡʨʦʢʦʤʤʫʥʠʢʘʮʠʡ 

ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ ʚ ʩʦʚʨʝʤʝʥʥʳʝ ʥʝʡʨʦʪʝʭʥʦʣʦʛʠʠ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ, ʥʦʚʫʶ 5P ʤʝʜʠʮʠʥʫ ʠ 5G 

ʪʝʭʥʦʣʦʛʠʶ.  

ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʤʝʜʠʢʘʤʝʥʪʦʟʥʘʷ ʧʣʘʪʬʦʨʤʘ ʠ ʦʙʦʛʘʱʝʥʥʘʷ ʙʠʦʵʣʝʤʝʥʪʦʣʦʛʠʷ ʠ 

ʥʫʪʨʠʮʠʦʣʦʛʠʷ (ʤʦʟʛʘ/ʤʠʢʨʦʙʠʦʪʳ ʠ ʛʝʥʦʤʘ/ʵʧʠʛʝʥʦʤʘ), ʛʠʙʨʠʜʥʘʷ ʥʝʡʨʦʚʠʟʫʘʣʠʟʘʮʠʷ ʠ 

ʥʝʡʨʦʪʝʭʥʦʣʦʛʠʠ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ ʨʘʙʦʪʘʶʪ ʢʘʢ ʧʨʝʚʝʥʪʠʚʥʦ, ʪʘʢ ʠ ʚ ʜʦʣʛʦʩʨʦʯʥʳʭ 

ʧʨʦʛʨʘʤʤʘʭ ʤʝʜʠʮʠʥʩʢʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ. ʅʦʚʳʝ ʢʦʤʧʝʪʝʥʮʠʠ 

ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʵʥʜʦʢʨʠʥʦʣʦʛʠʷ ʠ ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʣʦʛʠʷ ʠʛʨʘʶʪ ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ ʨʦʣʴ ʚ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʥʘʫʢʝ ʠ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ. 

ʉʪʨʘʪʝʛʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʨʦʬʠʣʘʢʪʠʢʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʩʫʤʤʘʨʥʦʛʦ ʨʠʩʢʘ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʦʟʛ H. sapiens: ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʫʩʢʦʨʝʥʥʦʛʦ ʩʪʘʨʝʥʠʷ ʤʦʟʛʘ, ʮʝʨʝʙʨʘʣʴʥʦʛʦ 

COVID-19 ʚʦʟʜʝʡʩʪʚʠʷ, ʪʝʭʥʦʣʦʛʠʡ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ. 

ʎʠʨʢʘʜʥʘʷ ʩʠʩʪʝʤʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʚʦʣʶʮʠʦʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ 

ʧʨʦʜʫʢʪ ʤʦʟʛ H. sapiens, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤ, ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʦʨʛʘʥʠʟʤʘ ʢ 

ʦʞʠʜʘʝʤʳʤ ʮʠʢʣʠʯʝʩʢʠʤ ʚʳʟʦʚʘʤ, ʨʘʟʣʠʯʥʦʡ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ çʈʘʥʥʷʷ ʜʠʘʛʥʦʩʪʠʢʘ ʢʦʛʥʠʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡè ʧʦʩʚʷʱʝʥʦ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʳ ï ʨʘʥʥʝʤʫ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʢʦʛʥʠʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʜʠʘʛʥʦʩʪʠʢʝ, ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʘʪʦʛʝʥʝʟʘ ʠ ʩʠʩʪʝʤʘʪʠʢʠ 

ʢʦʛʥʠʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʧʩʠʭʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʧʘʪʦʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ 

ʢʦʛʥʠʪʠʚʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚ, ʧʦʜʭʦʜʳ ʢ ʢʦʤʧʣʝʢʩʥʦʤʫ ʧʩʠʭʦʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʤʫ ʣʝʯʝʥʠʶ ʠ 

ʧʨʦʬʠʣʘʢʪʠʢʝ ʢʦʛʥʠʪʠʚʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚ. ʈʝʟʫʣʴʪʘʪʳ ʦʨʠʝʥʪʠʨʫʶʪ ʚʨʘʯʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʥʠʤʘʥʠʶ ʧʨʦʙʣʝʤʳ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚʝʜʝʥʠʷ ʪʘʢʠʭ ʧʘʮʠʝʥʪʦʚ [7].  

ʉʦʚʨʝʤʝʥʥʘʷ ʧʨʦʙʣʝʤʘ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ ʠʤʝʝʪ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʫʶ, 

ʙʠʦʬʠʟʠʯʝʩʢʫʶ, ʛʝʨʦʥʪʦʣʦʛʠʯʝʩʢʫʶ, ʛʝʨʠʘʪʨʠʯʝʩʢʫʶ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ 
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ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʢʦʥʩʪʘʪʘʮʠʷ ʧʨʠʯʠʥʳ ʟʘʙʦʣʝʚʘʥʠʷ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʳʙʦʨ 

ʘʜʝʢʚʘʪʥʦʛʦ ʣʝʯʝʥʠʷ [7]. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʢʘʟʘʥʘ ʨʦʣʴ ʧʦʣʦʚʳʭ ʛʦʨʤʦʥʦʚ, ʢʦʪʦʨʘʷ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʨʝʛʫʣʷʮʠʠ 

ʠ ʨʘʟʚʠʪʠʷ ʪʦʣʴʢʦ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʬʫʥʢʮʠʡ, ʧʦʣʦʚʳʝ ʛʦʨʤʦʥʳ (ʵʩʪʨʦʛʝʥʳ, ʘʥʜʨʦʛʝʥʳ, 

ʣʶʪʝʠʥʠʟʠʨʫʶʱʠʡ ʛʦʨʤʦʥ, ʪʝʩʪʦʩʪʝʨʦʥ) ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʟʜʦʨʦʚʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝʡʨʦʥʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʚ ʨʘʟʚʠʪʠʠ ʥʝʡʨʦʥʘʣʴʥʳʭ ʩʝʪʝʡ ʠ ʢʦʛʥʠʪʠʚʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ɼʦʢʘʟʘʥʘ ʨʦʣʴ ʢʦʨʪʠʟʦʣʘ, ʵʩʪʨʦʛʝʥʘ, ʪʝʩʪʦʩʪʝʨʦʥʘ ʠ ʦʢʩʠʪʦʮʠʥʘ - ʚ ʚʦʟʨʘʩʪʥʳʭ 

ʠʟʤʝʥʝʥʠʷʭ ʬʫʥʢʮʠʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʢʦʥʪʝʢʩʪʝ ʢʦʛʥʠʪʠʚʥʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦ-

ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʪʘʨʝʥʠʷ [8]. 

ʅʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʝ ʠ ʚʦʟʨʘʩʪ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʭʨʦʥʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʤʝʩʪʦ ʪʘʢʠʝ ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʢʘʢ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʛʝʥʦʤʘ ʠ 

ʵʧʠʛʝʥʦʤʘ, ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʭʨʦʥʠʯʝʩʢʦʝ ʚʦʩʧʘʣʝʥʠʝ, ʫʢʦʨʦʯʝʥʠʝ ʪʝʣʦʤʝʨ, ʫʪʨʘʪʘ 

ʧʨʦʪʝʦʩʪʘʟʠʩʘ, ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ ʜʠʩʬʫʥʢʮʠʠ, ʢʣʝʪʦʯʥʦʝ ʩʪʘʨʝʥʠʝ, ʠʩʪʦʱʝʥʠʝ ʩʪʚʦʣʦʚʳʭ 

ʢʣʝʪʦʢ ʠ ʥʘʨʫʰʝʥʠʝ ʤʝʞʢʣʝʪʦʯʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʥʠʮʠʠʨʫʶʪʩʷ 

ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʧʠʪʘʥʠʝʤ ʠ ʜʠʩʙʘʣʘʥʩʦʤ ʩʠʤʙʠʦʪʠʯʝʩʢʦʡ ʢʠʰʝʯʥʦʡ ʤʠʢʨʦʙʠʦʪʳ, 

ʫʨʦʚʥʝʤ ʠ ʚʦʟʨʘʩʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʞʝʥʩʢʠʭ ʠ ʤʫʞʩʢʠʭ ʧʦʣʦʚʳʭ ʛʦʨʤʦʥʦʚ [8]. 

ʇʦʷʚʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʪʦʛʦ, ʯʪʦ ʜʠʩʙʘʣʘʥʩ ʚ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʘʭ 

ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʦʡ ʘʥʦʤʘʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ 

ʠ ʧʘʤʷʪʴʶ, ʧʨʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ, ʠ, ʯʪʦ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤʠ 

ʙʠʦʤʘʨʢʝʨʘʤʠ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤʠ ʤʠʰʝʥʷʤʠ ʜʣʷ ʣʝʯʝʥʠʷ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ. 

 

 
 

ʈʠʩʫʥʦʢ1. ʈʦʣʴ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ [9] 

 

ʄʝʪʠʣʠʨʦʚʘʥʠʝ ʠ ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ: ʤʝʪʠʣʠʨʦʚʘʥʠʝ ɼʅʂ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʧʦʜʘʚʣʝʥʠʷ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʛʝʥʦʚ ʠ ʚʣʠʷʝʪ ʥʘ ʨʘʟʚʠʪʠʝ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (ʈʠʩʫʥʦʢ 1) [9]. 

ʄʝʪʠʣʠʨʦʚʘʥʠʝ ʛʠʩʪʦʥʦʚ ʤʦʞʝʪ ʫʧʣʦʪʥʷʪʴ ʭʨʦʤʦʩʦʤʳ, ʪʝʤ ʩʘʤʳʤ ʧʨʝʜʦʪʚʨʘʱʘʷ ʵʢʩʧʨʝʩʩʠʶ 

ʩʚʷʟʳʚʘʶʱʠʭ ʛʝʥʦʚ. ɸʮʝʪʠʣʠʨʦʚʘʥʠʝ ʛʠʩʪʦʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʭʨʦʤʘʪʠʥ ʩʪʘʥʦʚʠʪʩʷ 

ʙʦʣʝʝ ʦʪʢʨʳʪʳʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ. ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ: ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ 

ʛʠʩʪʦʥʦʚ H2AXS139 ʠ H3 ʠ H4S473 ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ. ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ 

Ets1 ʦʙʨʘʱʘʝʪ ʚʩʧʷʪʴ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ. ʋʙʠʢʚʠʪʘʮʠʷ: 

https://www.frontiersin.org/files/Articles/911635/fnagi-14-911635-HTML-r2/image_m/fnagi-14-911635-g001.jpg
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ʚʳʩʦʢʦʝ ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʝ H2BK120 ʠ ʥʠʟʢʦʝ ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʝ H2A119 ʠ Trk1 ʤʦʛʫʪ 

ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʧʘʪʦʣʦʛʠʝʡ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ ʠ ʫʩʫʛʫʙʣʷʪʴ ʧʨʦʮʝʩʩ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʤʠʠ, 

ʤʠʢʨʦʈʅʂ: ʤʠʢʨʦʈʅʂ ʤʦʛʫʪ ʠʥʛʠʙʠʨʦʚʘʪʴ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ. ʇʦʥʠʞʘʶʱʘʷ ʨʝʛʫʣʷʮʠʷ 

miRNA-188-5p ʠ ʧʦʚʳʰʘʶʱʘʷ ʨʝʛʫʣʷʮʠʷ HAS-miRNA-219 ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʢʦʛʥʠʪʠʚʥʳʤ 

ʥʘʨʫʰʝʥʠʷʤ, ʥʦ ʫʚʝʣʠʯʝʥʠʝ miRNA-15a ʤʦʞʝʪ ʠʥʛʠʙʠʨʦʚʘʪʴ ʘʧʦʧʪʦʟ ʥʝʡʨʦʥʦʚ [9]. 

ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʦʣʝʟʥʴ ɸʣʴʮʛʝʡʤʝʨʘ ð ɻ ʪʦ ʥʝ ʧʨʦʩʪʦ 

ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʝ ʠʣʠ ʦʙʦʩʪʨʷʶʱʝʝʩʷ ʩʦʩʪʦʷʥʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʩʪʘʨʝʥʠʷ, ʘ ʚʤʝʩʪʦ ʵʪʦʛʦ 

ʥʘʨʫʰʝʥʠʝ ʨʝʛʫʣʷʮʠʠ ʥʦʨʤʘʣʴʥʦʛʦ ʩʪʘʨʝʥʠʷ, ʘ ʥʦʨʤʘʣʴʥʦʝ ʩʪʘʨʝʥʠʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ 

ʦʪ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ -ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥʘ ʵʧʠʛʝʥʝʪʠʢʘ [10]. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʠ 

ʨʘʟʚʠʪʠʝ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ ʠʤʝʶʪ ʥʝʤʝʥʜʝʣʝʚʩʢʫʶ ʵʪʠʦʣʦʛʠʶ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʢʘʢ 

ʛʝʥʝʪʠʯʝʩʢʠʤʠ, ʪʘʢ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʤʦʜʠʬʠʢʘʮʠʠ [11-13]. ʋ ʣʠʮ, ʥʝʩʫʱʠʭ 

ʘʫʪʦʩʦʤʥʦ-ʜʦʤʠʥʘʥʪʥʳʝ ʤʫʪʘʮʠʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ ʩ ʧʝʥʝʪʨʘʥʪʥʦʩʪʴʶ, ʙʣʠʟʢʦʡ ʢ 100%, 

ʨʘʟʚʠʚʘʝʪʩʷ ʜʝʤʝʥʮʠʷ ʚ ʚʦʟʨʘʩʪʝ ʧʨʠʤʝʨʥʦ 30ï60 ʣʝʪ [14, 15]. ʆʜʥʘʢʦ ʥʝ ʫ ʚʩʝʭ ʥʦʩʠʪʝʣʝʡ Ů4, 

ʢʦʪʦʨʳʝ ʜʦʞʠʚʘʶʪ ʜʦ ʧʨʝʢʣʦʥʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʨʘʟʚʠʚʘʝʪʩʷ ʙʦʣʝʟʥʴ ɸʣʴʮʛʝʡʤʝʨʘ, ʠ 

ʵʧʠʛʝʥʦʤʥʳʡ ʬʘʢʪʦʨ, ʩʚʷʟʘʥʥʳʡ ʩ ʫʤʝʥʴʰʝʥʥʦʡ ʜʦʣʝʡ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʤʠʢʨʦʛʣʠʠ 

(ʤʠʢʨʦʛʣʠʘʣʴʥʳʡ ʵʧʠʛʝʥʦʤʥʳʡ ʬʘʢʪʦʨ 1), ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʥʠʞʘʝʪ ʨʠʩʢ ʨʘʟʚʠʪʠʷ Ů4 ʧʨʠ 

ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ [16]. ɺ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ ʧʨʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ ʥʘ ʩʫʙ / ʢʣʝʪʦʯʥʦʤ 

ʫʨʦʚʥʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ ʨʝʛʫʣʷʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʫʪʝʡ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ 

ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ, ʚʢʣʶʯʘʷ ʧʨʦʪʝʦʩʪʘʟ Aɓ ʠ tau, ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʛʦʤʝʦʩʪʘʟ, 

ʚʦʩʧʘʣʠʪʝʣʴʥʦ-ʠʤʤʫʥʥʳʝ ʨʝʘʢʮʠʠ, ʣʠʧʠʜʥʳʡ ʠ ʙʠʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʤʝʪʘʙʦʣʠʟʤ ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ [17], ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʥʘʨʫʰʝʥʠʷ ʠʟ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʛʝʥʝʪʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ.  

ʕʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʤʦʛʫʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʵʢʩʧʨʝʩʩʠʶ ʨʦʜʩʪʚʝʥʥʳʭ ʛʝʥʦʚ ʥʘ 

ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʟʘʙʦʣʝʚʘʥʠʷ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʚʠʪʠʝʤ 

ʟʘʙʦʣʝʚʘʥʠʷ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʙʦʣʝʟʥʴ ʁɸʣʴʮʛʝʡʤʝʨʘ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ 

ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʜʘʥʥʦʡ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ. 

ʏʝʣʦʚʝʯʝʩʢʠʡ ʤʦʟʛ ð ɻʪʦ ʛʣʘʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʠ ʩʘʤʳʡ ʮʝʥʥʳʡ ʨʝʩʫʨʩ ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ. 

ʅʦʚʘʷ ʵʧʠʛʝʥʝʪʠʢʘ Homo sapiens ʠ ʤʦʟʛʘ Homo sapiens ʫʧʨʘʚʣʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ ʩʪʘʨʝʥʠʷ ʠ ʟʜʦʨʦʚʦʛʦ ʜʦʣʛʦʣʝʪʠʷ. ʕʧʠʛʝʥʝʪʠʯʝʩʢʠʝ 

ʯʘʩʳ ð ɻ ʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʢʘʟʳʚʘʶʪ 

ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʚʦʟʨʘʩʪ ʯʝʣʦʚʝʢʘ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ɼʅʂ ʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʪʦʯʥʳʤʠ ʙʠʦʤʘʨʢʝʨʘʤʠ ʧʨʦʮʝʩʩʘ ʩʪʘʨʝʥʠʷ [18].  

ɻʝʥʝʪʠʯʝʩʢʠʝ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ 

ʯʝʣʦʚʝʢʘ, ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʚ ʙʠʦʛʝʨʦʥʪʦʣʦʛʠʯʝʩʢʠʭ, ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʠ 

ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʦʩʦʙʝʥʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʵʢʦʥʦʤʠʢʠ [18]. 

ʎʝʨʝʙʨʦʚʘʩʢʫʣʷʨʥʦʝ ʩʪʘʨʝʥʠʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʝʢ ʟʨʝʥʠʷ, ʚʢʣʶʯʘʷ 

ʠʟʤʝʥʝʥʠʷ ʚ ʧʣʦʪʥʦʩʪʠ ʩʦʩʫʜʦʚ (ʢʦʣʠʯʝʩʪʚʦ ʢʘʧʠʣʣʷʨʦʚ ʠ ʘʨʪʝʨʠʦʣ), ʧʣʘʩʪʠʯʥʦʩʪʠ ʩʦʩʫʜʦʚ 

(ʜʠʥʘʤʠʯʝʩʢʘʷ ʨʝʛʫʣʷʮʠʷ ʧʣʦʪʥʦʩʪʠ ʠʣʠ ʩʪʨʫʢʪʫʨʳ ʩʦʩʫʜʦʚ) ʠ ʨʝʘʢʪʠʚʥʦʩʪʠ ʩʦʩʫʜʦʚ 

(ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʩʦʩʫʜʦʚ ʢ ʦʩʪʨʳʤ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ, ʧʨʦʠʩʭʦʜʷʱʠʤ ʚ ʪʢʘʥʷʭ). 

ʆʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʢʦʥʪʨʦʣʷ ʚ ʤʦʟʛʦʚʦʤ ʢʨʦʚʦʦʙʨʘʱʝʥʠʠ ʫʥʠʢʘʣʴʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʩʦʩʫʜʠʩʪʳʤʠ ʨʫʩʣʘʤʠ ʠ ʚʢʣʶʯʘʶʪ, ʥʦ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʪʘʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʢʘʢ 

ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ, ʧʝʨʠʚʘʩʢʫʣʷʨʥʘʷ ʠʥʥʝʨʚʘʮʠʷ, ʚʥʫʪʨʠʢʣʝʪʦʯʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʥʝʡʨʦʥʘʤʠ, ʧʝʨʠʚʘʩʢʫʣʷʨʥʳʝ ʛʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʠ ʛʣʘʜʢʦʤʳʰʝʯʥʳʝ ʢʣʝʪʢʠ, ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ 

ʤʝʪʘʙʦʣʠʟʤʘ ʪʢʘʥʝʡ, ʦʪʩʫʪʩʪʚʠʝ ʘʥʦʢʩʠʯʝʩʢʦʡ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʠ ʥʘʣʠʯʠʝ ʢʦʣʣʘʪʝʨʘʣʴʥʳʭ 

ʘʨʪʝʨʠʡ [18]. 

ʍʨʦʥʦʤʝʜʠʮʠʥʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ð ɻ ʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʚʦʟʨʘʩʪ ʯʝʣʦʚʝʢʘ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ 
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ʤʝʪʠʣʠʨʦʚʘʥʠʷ ɼʅʂ, ʤʦʜʠʬʠʢʘʮʠʠ ʛʠʩʪʦʥʦʚ, ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʫʢʣʝʦʩʦʤ ʠ ʤʠʢʨʦʈʅʂ, ʠ 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤʠ ʙʠʦʤʘʨʢʝʨʘʤʠ ʧʨʦʮʝʩʩʘ ʩʪʘʨʝʥʠʷ. ʕʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ 

(ʤʝʪʠʣʠʨʦʚʘʥʠʝ ɼʅʂ, ʤʦʜʠʬʠʢʘʮʠʠ ʛʠʩʪʦʥʦʚ, ʥʢʈʅʂ) ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʠ ʦʙʨʘʟʫʶʪ 

çʵʧʠʛʝʥʝʪʠʯʝʩʢʫʶ ʩʝʪʴè. ʌʘʢʪʦʨʳ ʦʙʨʘʟʘ ʞʠʟʥʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʩʪʘʚʣʷʶʪ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʩʣʝʜʳ ʥʘ ʥʘʰʝʡ ɼʅʂ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʥʠʭ ʦʢʘʟʳʚʘʶʪ ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ, ʘ ʜʨʫʛʠʝ ð ʚʨʝʜʥʦʝ. ɻʝʥʝʪʠʯʝʩʢʠʝ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ 

ʬʘʢʪʦʨʳ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʜʦʣʛʦʣʝʪʠʝ ʠ ʩʚʝʨʭʜʦʣʛʦʣʝʪʠʝ, ʪʨʝʙʫʶʪ ʦʪ ʯʝʣʦʚʝʢʘ ʨʘʟʫʤʥʦʛʦ 

ʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʠʨʦʜʦʡ ʠ ʦʙʱʝʩʪʚʦʤ, ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʙʫʜʫʱʠʝ ʟʜʦʨʦʚʳʝ 

ʧʦʢʦʣʝʥʠʷ [19].  

ʉʦʚʨʝʤʝʥʥʦʝ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʥʝʜʨʝʥʠʝ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʧʦʩʪʫʣʘʪʦʚ ʧʠʪʘʥʠʷ ʦʪ 

çɿʜʦʨʦʚʦʝ ʧʠʪʘʥʠʝ ʤʘʪʝʨʠ ð ʣʫʯʰʝʝ ʥʘʯʘʣʦ ʞʠʟʥʠè ʜʦ çɿʜʦʨʦʚʦʝ ʧʠʪʘʥʠʝ ʯʝʣʦʚʝʢʘ ð 

ʦʙʝʩʧʝʯʝʥʥʦʝ ʟʜʦʨʦʚʦʝ ʩʪʘʨʝʥʠʝè ʧʦʟʚʦʣʠʪ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤ ʜʦʣʛʦʣʝʪʠʷ ʠ 

ʩʚʝʨʭʜʦʣʛʦʣʝʪʠʷ Homo sapiens ʠ ʤʦʟʛʘ Homo sapiens [19].  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [19] ʜʦʢʘʟʘʥʦ ʯʪʦ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠ. ʕʧʠʛʝʥʝʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ð ʦʙʨʘʪʠʤʘ, ʥʘʰʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʧʨʠ ʟʜʦʨʦʚʦʤ ʩʪʘʨʝʥʠʠ ʠ 

ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʨʘʩʪʦʤ ʟʘʙʦʣʝʚʘʥʠʷʭ [19]. 

ʉʠʩʪʝʤʥʘʷ ʙʠʦʣʦʛʠʷ, ʙʠʦʬʠʟʠʢʘ, ʬʠʟʠʦʣʦʛʠʷ ʠ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʷ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʠʪʴ 

ʤʥʦʛʦʤʝʨʥʳʝ ʠ ʢʦʤʙʠʥʘʪʦʨʥʳʝ ʧʨʦʬʠʣʠ ʛʝʥʝʪʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠ ʢʣʠʥʠʯʝʩʢʠʭ ʙʠʦʤʘʨʢʝʨʦʚ, ʦʪʨʘʞʘʶʱʠʭ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ, ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʘʣʠʟʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʩʦʟʜʘʥʠʷ ʚʩʝʦʙʲʝʤʣʶʱʠʭ 

ʢʘʨʪ ʤʦʟʛʘ ʠ ʟʘʧʠʩʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʨʘʟʥʳʭ ʩʠʩʪʝʤʘʭ: ʦʪ ʤʦʣʝʢʫʣ, ʥʝʡʨʦʥʦʚ ʜʦ 

ʦʙʣʘʩʪʝʡ ʤʦʟʛʘ. ɹʠʦʠʥʬʦʨʤʘʪʠʢʘ, ʥʝʡʨʦʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʷ ʩʠʩʪʝʤ ʥʘʧʨʘʚʣʝʥʘ 

ʥʘ ʚʳʯʠʩʣʝʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʝʡ ʚ ʩʝʪʷʭ ʤʦʟʛʘ. ʉʪʨʫʢʪʫʨʥʳʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʨʢʝʨʳ ʤʦʟʛʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʩʚʷʟʴ 

ʤʝʞʜʫ ʢʣʠʥʠʯʝʩʢʠʤʠ ʬʝʥʦʪʠʧʘʤʠ ʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ. 

ʌʝʥʦʪʠʧʠʯʝʩʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʯʠʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʧʨʦʙʣʝʤ 

ʚ ʛʝʨʦʥʪʦʣʦʛʠʠ ʠ ʛʝʨʠʘʪʨʠʠ [20]. 

ʉʦʚʨʝʤʝʥʥʘʷ ʥʝʡʨʦʵʥʜʦʢʨʠʥʦʣʦʛʠʷ ʠ ʢʣʠʥʠʯʝʩʢʘʷ ʛʝʨʠʘʪʨʠʷ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʩʝʪʝʡ, 

ʩʤʦʛʫʪ ʧʨʦʚʝʩʪʠ ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʥʝʡʨʦʚʠʟʫʘʣʠʟʘʮʠʶ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʪʝʨʘʧʠʶ / 

ʨʝʘʙʠʣʠʪʘʮʠʶ ʠ ʧʨʦʬʠʣʘʢʪʠʢʫ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʦʣʝʟʥʠ 

ɸʣʴʮʛʝʡʤʝʨʘ. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʥʝʡʨʦʤʦʜʫʣʷʮʠʠ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 

ʥʝʡʨʦʵʥʜʦʢʨʠʥʥʦʡ ʪʝʨʘʧʠʠ/ʨʝʘʙʠʣʠʪʘʮʠʠ (ʤʝʜʠʢʘʤʝʥʪʦʟʥʳʝ, ʥʝʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ, ʠ ʜʨ.) 

ʧʨʦʛʥʦʟʠʨʫʶʪ ʟʘʱʠʪʫ ʩʪʘʨʝʥʠʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʩ ʚʦʟʨʘʩʪʥʳʤ ʧʝʨʝʭʦʜʥʳʤ ʧʝʨʠʦʜʦʤ ʩʦ 

ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ ʢʦʛʥʠʪʠʚʥʦʛʦ ʟʜʦʨʦʚʴʷ ʥʘ ʪʨʝʪʠʡ. ɻʦʨʤʦʥʘʣʴʥʘʷ ʟʘʤʝʩʪʠʪʝʣʴʥʘʷ ʪʝʨʘʧʠʷ ʚ 

ʧʨʦʬʠʣʘʢʪʠʢʝ ʠ ʣʝʯʝʥʠʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʠ 

ʦʙʥʘʜʝʞʠʚʘʶʱʠʡ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʡ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ, ʥʝʡʨʦʢʦʛʥʠʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʝʨʚʥʦʡ ʠ ʵʥʜʦʢʨʠʥʥʦʡ ʩʠʩʪʝʤʘʤʠ H. 

sapiens, ʚ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʚʦʟʨʘʩʪʥʦʡ ʩʠʩʪʝʤʝ ʩʦʭʨʘʥʝʥʠʷ ʟʜʦʨʦʚʴʷ: ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ, 

ʢʦʛʥʠʪʠʚʥʦʛʦ, ʧʩʠʭʠʯʝʩʢʦʛʦ. ʂʣʶʯʝʚʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʷʚʣʷʝʪʩʷ ʚʦʟʨʘʩʪ ʥʘʯʘʣʘ ʤʝʥʦʧʘʫʟʘʣʴʥʦʡ ʛʦʨʤʦʥʦʪʝʨʘʧʠʠ, ʨʘʥʥʝʝ ʥʘʯʘʣʦ ʛʦʨʤʦʥʦʪʝʨʘʧʠʠ ʚ 

ʧʝʨʠʦʜ ʤʝʥʦʧʘʫʟʳ ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʥʳʤ ʦʪ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ. ʅʝʡʨʦʵʥʜʦʢʨʠʥʦʣʦʛʠʯʝʩʢʠʝ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʘʢʪʠʚʥʦʡ ʠ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʟʜʦʨʦʚʦʡ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ [20]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʡʨʦʩʝʪʠ, ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʛʝʨʠʘʪʨʠʠ, ʧʩʠʭʠʘʪʨʠʠ ʠ ʥʝʚʨʦʣʦʛʠʠ, ʘ ʛʣʘʚʥʦʝ ð 

ʚ ʧʨʠʤʝʥʝʥʠʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʥʝʡʨʦʤʦʜʫʣʷʮʠʠ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʪʝʨʘʧʠʠ 
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(ʤʝʜʠʢʘʤʝʥʪʦʟʥʳʝ, ʥʝʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ, ʠ ʜʨ.) ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʛʝʨʠʘʪʨʠʠ [21]. 

ʅʝʡʨʦʢʦʛʥʠʪʠʚʥʳʝ ʜʝʡʩʪʚʠʷ ʧʦʣʦʚʳʭ ʛʦʨʤʦʥʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʥʝʡʨʦʩʝʪʝʡ ʩ ʢʦʛʥʠʪʠʚʥʳʤ ʠ ʚʠʩʮʝʨʘʣʴʥʳʤ ʤʦʟʛʦʤ, ʜʣʷ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʢʦʥʪʨʦʣʷ ʠ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʚʢʣʶʯʘʷ ʙʘʣʘʥʩ ʤʝʞʜʫ ʠʭ ʫʨʦʚʥʷʤʠ, ʘ ʪʘʢʞʝ ʚʦʟʨʘʩʪ ʠ 

ʧʦʣ ʯʝʣʦʚʝʢʘ. ʅʝʡʨʦʥʘʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʧʦʣʦʚʳʭ ʛʦʨʤʦʥʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʯʝʪʢʦ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ ʠ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ 

ʥʘʜʝʞʜʫ ʧʦʥʷʪʴ ʥʝʡʨʦʙʠʦʣʦʛʠʶ ʠ ʥʝʡʨʦʙʠʦʬʠʟʠʢʫ ʧʦʣʦʚʦʡ ʠ ʚʦʟʨʘʩʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʚ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ [21]. ɹʦʣʝʟʥʴ 

ɸʣʴʮʛʝʡʤʝʨʘ ð ɻ ʪʦ ʛʝʪʝʨʦʛʝʥʥʦʝ ʨʘʩʩʪʨʦʡʩʪʚʦ ʩ ʤʥʦʞʝʩʪʚʦʤ ʚʘʨʠʘʥʪʦʚ ʠ ʰʠʨʦʢʠʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʧʨʦʷʚʣʝʥʠʡ, ʢʦʪʦʨʦʝ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʥʦʞʝʩʪʚʘ 

ʵʪʠʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʛʝʥʝʪʠʯʝʩʢʠʝ, ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʞʠʟʥʝʥʥʳʝ ʬʘʢʪʦʨʳ. ɺʣʠʷʥʠʷ ʵʩʪʨʦʛʝʥʘ, ʧʨʦʛʝʩʪʝʨʦʥʘ ʠ ʘʥʜʨʦʛʝʥʘ ʚʘʞʥʳʝ çʩʪʨʦʠʪʝʣʴʥʳʝ 

ʢʘʤʥʠè ʚ ʧʘʪʦʛʝʥʝʟʝ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ, ʠ ʠʭ ʚʣʠʷʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʤʦʜʫʣʷʮʠʠ ʠ ʨʘʟʚʠʪʠʷ 

ʤʦʟʛʘ ʚ ʨʘʟʣʠʯʥʦʡ ʧʦʜʚʝʨʞʝʥʥʦʩʪʠ ʧʦʣʘ ʢ ʟʘʙʦʣʝʚʘʥʠʶ. ʕʪʠ ʧʦʣʦʚʳʝ ʛʦʨʤʦʥʳ, ʙʫʜʴ ʪʦ 

ʛʦʥʘʜʥʳʝ ʠʣʠ ʥʝʡʨʦʩʪʝʨʦʠʜʳ, ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʫʶ ʨʦʣʴ, ʚʣʠʷʷ ʥʘ ʫʷʟʚʠʤʦʩʪʴ 

ʯʝʣʦʚʝʢʘ ʢ ʨʘʟʚʠʪʠʶ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ, ʩʢʦʨʦʩʪʠ ʢʦʥʚʝʨʩʠʠ ʫʤʝʨʝʥʥʳʭ ʢʦʛʥʠʪʠʚʥʳʭ 

ʥʘʨʫʰʝʥʠʡ ʠ ʩʢʦʨʦʩʪʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʜʘʥʥʦʡ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ. ɻʦʨʤʦʥʘʣʴʥʘʷ 

ʟʘʤʝʩʪʠʪʝʣʴʥʘʷ ʪʝʨʘʧʠʷ ʚ ʧʨʦʬʠʣʘʢʪʠʢʝ ʠ ʣʝʯʝʥʠʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʳʡ ʠ ʦʙʥʘʜʝʞʠʚʘʶʱʠʡ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ, 

ʥʝʡʨʦʢʦʛʥʠʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʝʨʚʥʦʡ ʠ ʵʥʜʦʢʨʠʥʥʦʡ ʩʠʩʪʝʤʘʤʠ Homo sapiens [21]. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ ʙʘʪʘʨʝʠ ʥʝʡʨʦʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʪʝʩʪʦʚ: ʩʚʦʝʚʨʝʤʝʥʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʧʘʮʠʝʥʪʘ ʩ ʙʦʣʝʟʥʴʶ ɸʣʴʮʛʝʡʤʝʨʘ ʠ ʝʛʦ ʨʦʜʩʪʚʝʥʥʠʢʦʚ, ʚʦʣʦʥʪʝʨʦʚ ʠ 

çʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʧʦʤʦʱʥʠʢʦʚè ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ (ʜʝʡʩʪʚʠʡ) ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ 

ʭʨʦʥʠʯʝʩʢʦʤ ʧʘʪʦʣʦʛʠʯʝʩʢʦʤ ʩʪʘʨʝʥʠʠ [22]. 

ʚʨʘʯ ʠ ʥʝʡʨʦʬʠʟʠʦʣʦʛ: ʩʦʚʨʝʤʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʨʝʘʙʠʣʠʪʘʮʠʠ çʢʦʛʥʠʪʠʚʥʦʛʦ 

ʤʦʟʛʘè Homo sapiens c ʧʨʠʤʝʥʝʥʠʝʤ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʠʩʢʫʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʘ ʩ ʜʨʫʛʦʡ ð ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʥʝʡʨʦʬʠʟʠʦʣʦʛʘ ʩ ʢʣʠʥʠʯʝʩʢʠʤ çʫʥʠʚʝʨʩʘʣʴʥʳʤè ʩʧʝʮʠʘʣʠʩʪʦʤ ʚ ʦʙʣʘʩʪʠ ʥʝʚʨʦʣʦʛʠʠ, 

ʧʩʠʭʠʘʪʨʠʠ, ʧʩʠʭʦʪʝʨʘʧʠʠ, ʧʩʠʭʦʘʥʘʣʠʟʘ ʠ ʛʝʨʠʘʪʨʠʠ [22]. 

ʋʩʪʘʥʦʚʣʝʥʦ [22], ʯʪʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʠʩʪʝʤ ʧʫʪʝʤ 

ʠʥʪʝʛʨʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʛʠʙʨʠʜʥʦʡ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʡ ʥʝʡʨʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʕʕɻ ʠ ʬʄʈʊ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʝʡʨʦʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ ʪʝʩʪʠʨʦʚʘʥʠʝʤ, ʧʦʟʚʦʣʠʪ ʢʣʠʥʠʯʝʩʢʦʤʫ 

ʚʨʘʯʫ ʛʝʨʠʘʪʨʫ ʫʧʨʘʚʣʷʪʴ ʟʜʦʨʦʚʳʤ ʩʪʘʨʝʥʠʝʤ Homo Sapiens. 

ʀʤʤʫʥʥʳʡ ʛʦʤʝʦʩʪʘʟ ð ɻ ʪʦ ʙʘʣʘʥʩ ʤʝʞʜʫ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʣʝʨʘʥʪʥʦʩʪʴʶ ʠ 

ʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʠʤʤʫʥʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ï ̫ ʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚ ʠʩʭʦʜʝ 

ʟʜʦʨʦʚʴʷ ʠʣʠ ʙʦʣʝʟʥʠ. ɿʜʦʨʦʚʘʷ ʤʠʢʨʦʙʠʦʪʘ ï ɻ ʪʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʠʢʨʦʙʦʚ ʦʪʜʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʠ ʩʠʩʪʝʤ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʝ 

ʙʠʦʭʠʤʠʯʝʩʢʦʝ, ʤʝʪʘʙʦʣʠʯʝʩʢʦʝ ʠ ʠʤʤʫʥʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʤʘʢʨʦʦʨʛʘʥʠʟʤʘ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʩʦʭʨʘʥʝʥʠʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ [23]. ʄʝʭʘʥʠʟʤʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʠʢʨʦʙʠʦʪʘ ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴ ʢʦʤʤʫʥʠʢʘʮʠʶ ʤʝʞʜʫ ʢʠʰʝʯʥʠʢʦʤ ʠ ʛʦʣʦʚʥʳʤ ʤʦʟʛʦʤ, ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ ʠʟ-ʟʘ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʩʴ HPA, ʠʤʤʫʥʥʫʶ ʩʠʩʪʝʤʫ ʠ ʥʝʡʨʦʪʨʘʥʩʤʠʩʩʠʶ. ʅʘʣʠʯʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ, ʧʦʟʚʦʣʷʶʪ ʛʣʫʙʞʝ ʠʩʩʣʝʜʦʚʘʪʴ ʧʝʨʝʢʨʝʩʪʥʳʝ ʥʝʡʨʦʩʝʪʝʚʳʝ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʤʠʢʨʦʙʠʦʪʦʡ ʠ ʠʤʤʫʥʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʯʝʣʦʚʝʢʘ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ, ʟʜʦʨʦʚʘʷ ʙʠʦʤʠʢʨʦʙʠʦʪʘ, ʟʜʦʨʦʚʳʡ ʦʙʨʘʟ ʞʠʟʥʠ ʠ 

ʫʧʨʘʚʣʷʝʤʦʝ ʟʘʱʠʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʥʘʛʨʫʟʢʘ / ʧʝʨʝʛʨʫʟʢʘ ð ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʨʘʙʦʪʫ 



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.ru 

ʊ. 9. ˉ2. 2023 

https://doi.org/10.33619/2414-2948/87 

 

 ʊʠʧ ʣʠʮʝʥʟʠʠ CC: Attribution 4.0 International (CC BY 4.0) 142 

ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ ʠ ʝʝ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʥʘ 

ʧʘʥʜʝʤʠʯʝʩʢʠʝ ʘʪʘʢʠ [23]. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʦʩʪʘʚʫ, ʦʢʘʟʳʚʘʶʪ ʩʠʩʪʝʤʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʢʘʢ ʥʘ ʛʫʤʦʨʘʣʴʥʳʝ ʠ ʛʦʨʤʦʥʘʣʴʥʳʝ ʮʠʨʢʘʜʠʘʥʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʪʘʢ ʠ ʥʘ 

ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ, ʠ ʝʛʦ ʧʦʣʠʤʦʨʙʠʜʥʦʩʪʴ [23]. ɺʢʣʶʯʝʥʠʝ ʚ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʩʭʝʤʫ ʣʝʯʝʥʠʷ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ ð ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʧʠʪʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴʶ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʤʠʢʨʦ-ʠ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, 

ʚʠʪʘʤʠʥʦʚ ʠ ʤʠʥʝʨʘʣʦʚ, ʢʣʝʪʯʘʪʢʠ ʠ ʜʨ., ʥʝʦʙʭʦʜʠʤʳʭ ʤʫʞʩʢʦʤʫ ʠ ʞʝʥʩʢʦʤʫ ʦʨʛʘʥʠʟʤʫ 

ʯʝʣʦʚʝʢʘ ʢʘʢ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʛʦʨʤʦʥʘʣʴʥʳʭ ʥʘʨʫʰʝʥʠʡ ʚ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʩʠʩʪʝʤʝ, ʪʘʢ ʠ 

ʜʣʷ ʜʠʝʪʠʯʝʩʢʦʛʦ, ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʧʨʠ ʜʠʩʩʦʤʥʠʠ, 

ʜʝʩʠʥʭʨʦʥʦʟʝ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [24], ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʘʷ ʧʘʤʷʪʴ ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ ʩʪʘʙʠʣʴʥʦʡ, ʢʦʛʜʘ ʨʘʮʠʦʥ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ (ʟʜʦʨʦʚʦʛʦ) ʜʠʝʪʠʯʝʩʢʦʛʦ ʧʠʪʘʥʠʷ ʠ ʟʜʦʨʦʚʘʷ ʙʠʦʤʠʢʨʦʙʠʦʪʘ ʦʩʪʘʶʪʩʷ 

ʧʦʯʪʠ ʥʝʠʟʤʝʥʥʳʤʠ.  

ʅʦʚʘʷ ʫʧʨʘʚʣʷʝʤʘʷ ʟʜʦʨʦʚʘʷ ʙʠʦʤʠʢʨʦʙʠʦʪʘ ʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ ʧʠʪʘʥʠʝ çʤʦʟʛʘ ʠ ʤʠʢʨʦʙʠʦʪʳè ðʵʪʦ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʤʝʜʠʮʠʥʩʢʠʝ 

ʧʨʦʛʨʘʤʤʳ ʧʘʮʠʝʥʪʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʜʝʥʠʶ ʧʨʦʬʠʣʘʢʪʠʢʠ ʧʦʣʠʧʨʘʛʤʘʟʠʠ.  

ʇʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʜʠʝʪʳ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʫʣʫʯʰʘʶʪ ʛʣʠʢʝʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʥʘ ʜʠʝʪʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ. ɼʨʫʛʠʝ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʧʨʠʤʝʥʝʥʠʷ ʜʠʝʪʠʯʝʩʢʦʡ-ʠʤʤʫʥʦ-ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ 

ʦʩʠ ʚʢʣʶʯʘʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʙʠʦʪʠʯʝʩʢʠʝ ʜʦʙʘʚʢʠ ʠ/ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʜʠʝʪʠʯʝʩʢʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʧʨʦʬʠʣʷʭ ʤʠʢʨʦʙʠʦʤʘ.  

ʀʤʤʫʥʥʘʷ ʩʠʩʪʝʤʘ ʯʝʣʦʚʝʢʘ ʠ ʤʠʢʨʦʙʠʦʪʘ ʩʦʚʤʝʩʪʥʦ ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ, ʠ ʠʭ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ ʩʠʩʪʝʤʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʞʠʟʥʠ. ʕʪʘ ʪʝʩʥʘʷ 

ʘʩʩʦʮʠʘʮʠʷ ʠ ʦʙʱʠʡ ʩʦʩʪʘʚ, ʠ ʙʦʛʘʪʩʪʚʦ ʤʠʢʨʦʙʠʦʪʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʤʦʜʫʣʷʮʠʠ 

ʠʤʤʫʥʠʪʝʪʘ ʭʦʟʷʠʥʘ ʠ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ ʧʨʠ ʚʘʢʮʠʥʘʮʠʠ.  

ʅʘʣʠʯʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʠ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ, ʧʦʟʚʦʣʷʶʪ ʛʣʫʙʞʝ ʠʩʩʣʝʜʦʚʘʪʴ 

ʧʝʨʝʢʨʝʩʪʥʳʝ ʥʝʡʨʦʩʝʪʝʚʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʤʠʢʨʦʙʠʦʪʦʡ ʠ ʠʤʤʫʥʥʳʤʠ ʨʝʘʢʮʠʷʤʠ 

ʯʝʣʦʚʝʢʘ. 

ʄʠʢʨʦʙʠʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʧʦʩʦʙʥʳʡ ʚʣʠʷʪʴ ʥʘ 

ʬʫʥʢʮʠʠ ʘʥʪʠʛʝʥʘ ʚʳʟʳʚʘʪʴ ʟʘʱʠʪʥʳʡ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ ʠ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ 

ʘʜʝʢʚʘʪʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʘʥʪʠʛʝʥʥʫʶ ʩʪʠʤʫʣʷʮʠʶ (ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʘʢʮʠʥʳ), ʜʝʡʩʪʚʫʷ ʚ 

ʢʘʯʝʩʪʚʝ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷʪʦʨʘ, ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʥʦʛʦ ʘʜʲʶʚʘʥʪʘ ʚʘʢʮʠʥʳ.  

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ, ʟʜʦʨʦʚʘʷ ʙʠʦʤʠʢʨʦʙʠʦʪʘ, ʟʜʦʨʦʚʳʡ ʦʙʨʘʟ ʞʠʟʥʠ ʠ 

ʫʧʨʘʚʣʷʝʤʦʝ ʟʘʱʠʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʥʘʛʨʫʟʢʘ/ʧʝʨʝʛʨʫʟʢʘ ïʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʨʘʙʦʪʫ ʠʤʤʫʥʥʦʡ 

ʩʠʩʪʝʤʳ ʠ ʝʝ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʧʘʥʜʝʤʠʯʝʩʢʠʝ ʘʪʘʢʠ.  

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʪʨʘʪʝʛʠʡ ʠʤʤʫʥʠʟʘʮʠʠ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʫʩʧʝʭʘ ʚʘʢʮʠʥʘʮʠʠ, 

ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʫʧʨʘʚʣʝʥʠʝʤ ʠʤʤʫʥʥʦʡ ʟʘʱʠʪʦʡ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʠʤʤʫʥʥʳʤ ʦʪʚʝʪʦʤ. 

ʄʫʣʴʪʠʤʦʜʘʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʙʠʦʯʠʧʠʨʦʚʘʥʠʝ, ʥʝʡʨʦʥʥʳʝ ʠ ʤʦʟʛʦʚʳʝ ʯʠʧʳ, ʪʝʭʥʦʣʦʛʠʠ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʩʣʝʜʫʶʱʝʛʦ (ʥʦʚʦʛʦ) ʧʦʢʦʣʝʥʠʷ ʩʦʟʜʘʶʪ ʙʠʦʤʘʨʢʝʨʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʩʪʨʫʢʪʫʨʦʡ ʟʜʦʨʦʚʦʡ ʙʠʦʤʠʢʨʦʙʠʦʪʳ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʚʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʨʦʜʫʢʪ ʧʠʪʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʙʠʦʤʘʨʢʝʨʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʷʚʣʷʝʪʩʷ ʮʝʣʝʚʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ ʢʘʢ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʚ ʮʝʣʦʤ, 

ʪʘʢ ʠ ʜʣʷ ʙʠʦʤʠʢʨʦʙʠʦʪʳ ʚ ʯʘʩʪʥʦʩʪʠ [24]. 
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ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [25], ʧʦʢʘʟʘʥʳ ʜʦʩʪʠʞʝʥʠʷ ʮʠʬʨʦʚʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠ 

ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʧʝʨʝʭʦʜ ʥʘ ʧʣʘʪʬʦʨʤʫ 5ʇ-ʤʝʜʠʮʠʥʳ. ʉʦʚʨʝʤʝʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 4ʇ ʚ 5ʇ-

ʤʝʜʠʮʠʥʫ ð ɻ ʪʦ ʥʦʚʳʡ ʧʦʜʭʦʜ ð ʧʨʝʮʠʟʠʦʥʥʦʩʪʴ (ʪʦʯʥʦʩʪʴ) ð ʦʩʥʦʚʘʥ ʥʘ ʛʣʫʙʦʢʦʤ 

ʧʦʥʠʤʘʥʠʠ ʧʨʠʨʦʜʳ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʠʩʧʦʣʴʟʫʝʪ ʥʦʚʝʡʰʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʜʠʘʛʥʦʩʪʠʢʝ, ʠ 

ʦʙʲʝʜʠʥʷʝʪ ʦʧʳʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʄʦʜʝʣʴ 5ʇ-ʄʝʜʠʮʠʥʳ 

ʩʦʚʤʝʩʪʥʦ ʩ ʥʦʚʝʡʰʠʤʠ ʜʦʩʪʠʞʝʥʠʷʤʠ ʚ ʤʝʜʠʮʠʥʝ ð ʚʘʞʥʳʡ ʰʘʛ ʚ ʫʣʫʯʰʝʥʠʠ ʩʦʩʪʦʷʥʠʷ 

ʦʨʛʘʥʠʟʤʘ ʠ ʧʨʦʜʣʝʥʠʠ ʞʠʟʥʠ ʥʝ ʪʦʣʴʢʦ ʫ ʯʝʣʦʚʝʢʘ, ʥʦ ʠ ʫ ʯʝʣʦʚʝʯʝʩʪʚʘ ʚ ʮʝʣʦʤ. 5ʇ ʄʝʜʠʮʠʥʘ 

ʠ 5G ʪʝʭʥʦʣʦʛʠʠ ʥʝʡʨʦʢʦʤʤʫʥʠʢʘʮʠʡ ð ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʛʠʧʧʦʢʘʤʧʘ ʠ ʢʦʛʥʠʪʠʚʥʦʛʦ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ. Brain Homo sapiens 21 ʚʝʢʘ ʦʙʲʝʜʠʥʷʝʪ 

ʚʥʫʪʨʝʥʥʶʶ ʠ ʚʥʝʰʥʶʶ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʝʜʠʥʳʡ ʘʣʛʦʨʠʪʤ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ, 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʭʨʘʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʟʚʣʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʥʘʩʪʦʷʱʝʤ ʠ ʙʫʜʫʱʝʤ ʧʝʨʠʦʜʝ 

ʚʨʝʤʝʥʠ. ɺ ʥʦʚʦʡ 5ʇ-ʤʝʜʠʮʠʥʝ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʩʪʘʥʦʚʠʪʩʷ ʣʠʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ, 

ʩʣʝʜʩʪʚʠʝʤ ʨʘʙʦʪʳ ʩʦ ʩʚʦʠʤ ʦʨʛʘʥʠʟʤʦʤ, ʧʨʘʚʠʣʴʥʦʡ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ. ʅʦʚʘʷ 5ʇïʤʝʜʠʮʠʥʘ ʦʩʥʦʚʘʥʘ, ʥʘ ʛʣʫʙʦʢʦʤ 

ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʥʦʤ ʧʦʜʭʦʜʝ ʢ ʧʘʮʠʝʥʪʫ ʠ ʩʪʨʝʤʣʝʥʠʠ ʧʨʦʬʠʣʘʢʪʠʨʦʚʘʪʴ ʟʘʙʦʣʝʚʘʥʠʷ 

[25]. 

ʇʦʣʦʚʳʝ ʛʦʨʤʦʥʳ ʦʢʘʟʳʚʘʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʟʘʱʠʪʥʳʝ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʜʝʡʩʪʚʠʷ ʚʦ 

ʚʟʨʦʩʣʦʤ ʤʦʟʛʝ, ʫʚʝʣʠʯʠʚʘʷ ʥʝʨʚʥʫʶ ʬʫʥʢʮʠʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʧʦʩʦʙʩʪʚʫʷ ʚʳʞʠʚʘʥʠʶ 

ʥʝʡʨʦʥʦʚ. ʇʦ ʤʝʨʝ ʩʪʘʨʝʥʠʷ ʦʨʛʘʥʠʟʤʘ ʧʨʦʠʩʭʦʜʠʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʘʷ ʧʦʪʝʨʷ ʛʦʨʤʦʥʦʚ 

ʷʠʯʥʠʢʦʚ ʫ ʞʝʥʱʠʥ ʧʦʩʣʝ ʤʝʥʦʧʘʫʟʳ ʠ ʧʦʩʪʝʧʝʥʥʦʝ, ʥʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʪʝʩʪʦʩʪʝʨʦʥʘ ʫ ʤʫʞʯʠʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʨʝʧʨʦʜʫʢʪʠʚʥʦʝ 

ʩʪʘʨʝʥʠʝ ʢʘʢ ʫ ʤʫʞʯʠʥ, ʪʘʢ ʠ ʫ ʞʝʥʱʠʥ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʝʨʚʥʫʶ ʬʫʥʢʮʠʶ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʦʟʨʘʩʪʥʦʡ ʬʘʢʪʦʨ ʨʠʩʢʘ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ. ʇʦʷʚʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝ ʫʙʝʜʠʪʝʣʴʥʳʭ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʪʦʛʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʵʩʪʨʦʛʝʥʘ ʚʦ ʚʨʝʤʷ ʤʝʥʦʧʘʫʟʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ 

ʧʨʠʚʦʜʠʪ ʢ ʩʠʩʪʝʤʥʦʤʫ ʚʦʩʧʘʣʠʪʝʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. 
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ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʞʠʟʥʠ ʞʝʥʱʠʥʳ ð ʩʚʷʟʘʥ ʩ ʛʣʫʙʦʢʠʤʠ ʨʝʧʨʦʜʫʢʪʠʚʥʳʤʠ ʠ 

ʛʦʨʤʦʥʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʦʨʛʘʥʠʟʤʝ ʞʝʥʱʠʥʳ ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢ 

https://link.springer.com/article/10.1186/s12974-020-01998-9/figures/1
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ʮʝʨʝʙʨʘʣʴʥʦʡ ʠʰʝʤʠʠ ʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ. ʍʦʪʷ ʥʘʰʝ ʧʦʥʠʤʘʥʠʝ ʪʦʯʥʳʭ ʩʨʦʢʦʚ ʠʣʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʠʤʝʥʦʧʘʫʟʳ ʦʛʨʘʥʠʯʝʥʦ, ʷʩʥʦ, ʯʪʦ ʚ ʧʝʨʠʤʝʥʦʧʘʫʟʝ ʝʩʪʴ ʜʚʝ ʩʪʘʜʠʠ. ʕʪʦ 

ʨʘʥʥʠʡ ʤʝʥʦʧʘʫʟʘʣʴʥʳʡ ʧʝʨʝʭʦʜ, ʢʦʛʜʘ ʤʝʥʩʪʨʫʘʣʴʥʳʝ ʮʠʢʣʳ ʚ ʦʩʥʦʚʥʦʤ ʨʝʛʫʣʷʨʥʳʝ, ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤʠ ʧʝʨʝʨʳʚʘʤʠ, ʠ ʧʦʟʜʥʠʡ ʧʝʨʝʭʦʜ, ʢʦʛʜʘ ʘʤʝʥʦʨʝʷ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʠ ʜʣʠʪʩʷ ʥʝ ʤʝʥʝʝ 60 ʜʥʝʡ, ʚʧʣʦʪʴ ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʮʠʢʣʘ [26]. 

ʇʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʜʘʥʥʳʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʪʦʤ, ʯʪʦ ʧʝʨʠʤʝʥʦʧʘʫʟʘ ʷʚʣʷʝʪʩʷ 

ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʠ ʥʘʨʫʰʘʝʪ ʨʘʙʦʪʫ ʨʝʛʫʣʠʨʫʝʤʳʭ ʵʩʪʨʦʛʝʥʦʤ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʕʩʪʨʦʛʝʥ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʯʝʨʝʟ ʩʝʪʴ ʨʝʮʝʧʪʦʨʦʚ 

ʵʩʪʨʦʛʝʥʘ ʧʦʜʪʠʧʦʚ ʘʣʴʬʘ (ER-Ŭ) ʠ ʙʝʪʘ (ER-ɓ) (ʈʠʩʫʥʦʢ 2).  
 

 
 

ʈʠʩʫʥʦʢ 3. ɹʦʣʝʟʥʴ ɸʣʴʮʛʝʡʤʝʨʘ ʠ ʤʝʭʘʥʠʟʤ ʘʢʪʠʚʘʮʠʠ ʠʥʬʣʘʤʤʘʩʦʤʳ ʚ ʥʝʡʨʦʥʝ ʚʦ ʚʨʝʤʷ, ʧʨʝ- 

ʠ ʧʝʨʠʤʝʥʦʧʘʫʟʝ [26] 

 

ʀʩʩʣʝʜʦʚʘʥʦ, ʯʪʦ ʙʝʪʘ-ʨʝʮʝʧʪʦʨ ʵʩʪʨʦʛʝʥʘ ʨʝʛʫʣʠʨʫʝʪ ʢʣʶʯʝʚʦʡ ʢʦʤʧʦʥʝʥʪ ʚʨʦʞʜʝʥʥʦʛʦ 

ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ, ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʠʥʬʣʘʤʤʘʩʦʤʘ, ʘ ʪʘʢʞʝ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʬʫʥʢʮʠʠ 

ʥʝʡʨʦʥʘʣʴʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ. ʇʦʢʘʟʘʥ, ʧʝʨʝʭʦʜ ʢ ʤʝʥʦʧʘʫʟʝ ʢʘʢ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʩʦʙʳʪʠʷ ʩ 

ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʩʠʩʪʝʤʥʳʤ ʠ ʚʦʩʧʘʣʝʥʠʝʤ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʨʝʛʫʣʷʮʠʝʡ 

ʚʨʦʞʜʝʥʥʦʛʦ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʩ ʧʦʤʦʱʴʶ ER-ɓ-ʦʧʦʩʨʝʜʦʚʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ [26]. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʩʪʘʨʝʥʠʷ ʢ ʤʝʥʦʧʘʫʟʝ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʷʠʯʥʠʢʦʚ 

ʩʚʷʟʘʥʘ ʩ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʚʥʝʢʣʝʪʦʯʥʳʭ ʧʫʟʳʨʴʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʠʥʬʣʘʤʤʘʩʦʤʳ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʩʠʩʪʝʤʥʦʝ ʚʦʩʧʘʣʝʥʠʝ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ. ʕʪʦ ʩʣʘʙʦʚʳʨʘʞʝʥʥʦʝ 

ʚʦʩʧʘʣʝʥʠʝ ʤʦʞʝʪ ʥʘʨʫʰʠʪʴ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ (ɻʕɹ), ʜʝʣʘʷ ʤʦʟʛ ʙʦʣʝʝ 

ʚʦʩʧʨʠʠʤʯʠʚʳʤ ʢ ʚʦʩʧʘʣʝʥʠʶ ʠ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ [26]. 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʘʢʪʠʚʘʮʠʠ ʠʥʬʣʘʤʤʘʩʦʤʳ ʚ ʥʝʡʨʦʥʝ ʚʦ ʚʨʝʤʷ ʧʨʝ- ʠ 

ʧʝʨʠʤʝʥʦʧʘʫʟʳ (ʈʠʩʫʥʦʢ 3). ɺʦ ʚʨʝʤʷ ʧʨʝʤʝʥʦʧʘʫʟʳ ʮʠʢʣʠʯʝʩʢʠʡ ʵʩʪʨʘʜʠʦʣ-17ɓ (E2) 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʷʜʝʨʥʦʛʦ, ʤʝʤʙʨʘʥʥʦʛʦ ʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʨʝʮʝʧʪʦʨʘ ʵʩʪʨʦʛʝʥʘ-

ʙʝʪʘ (ER-ɓ), ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʥʛʠʙʠʨʫʝʪ ʘʢʪʠʚʘʮʠʶ ʠʥʬʣʘʤʤʘʩʦʤʳ, ʨʝʛʫʣʠʨʫʷ 

ʬʫʥʢʮʠʠ ʤʠʪʦʭʦʥʜʨʠʡ, ʨʝʛʫʣʠʨʫʷ ʙʠʦʛʝʥʝʟ ʧʦʩʨʝʜʩʪʚʦʤ ʩʚʷʟʳʚʘʥʠʷ ʮʠʢʣʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ 

ʦʪʚʝʪʘ AMP (CREB) ʠ ʫʤʝʥʴʰʘʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʫʶ ʨʝʘʢʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʦʙʨʘʟʦʚʘʥʠʝ 

ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ). ER-ɓ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʙʝʣʢʘ ʠ 

ʫʤʝʥʴʰʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʙʝʣʢʦʚ. ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ 

ʵʩʪʨʘʜʠʦʣʘ-17ɓ ʩʥʠʞʘʝʪ ʙʝʪʘ-ʨʝʮʝʧʪʦʨ ʵʩʪʨʦʛʝʥʘ (ER-ɓ), ʚʳʟʳʚʘʷ ʘʢʪʠʚʘʮʠʶ ʠʥʬʣʘʤʤʘʩʦʤʳ 

ʘʢʪʠʚʥʳʤʠ ʬʦʨʤʘʤʠ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ). 

ʀʥʬʣʘʤʤʘʩʦʤʘ ʘʢʪʠʚʠʨʫʝʪ ʧʨʦʢʘʩʧʘʟʫ-1 ʚ ʢʘʩʧʘʟʫ-1, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʮʝʩʩʠʥʛʫ ʧʨʦ-

IL-1ɓ ʚ IL-1ɓ. ʇʦʩʣʝ ʘʢʪʠʚʘʮʠʠ ʩʝʢʨʝʪʠʨʫʝʪʩʷ IL-1ɓ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ 

https://link.springer.com/article/10.1186/s12974-020-01998-9/figures/2
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ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʩʦʩʝʜʥʠʝ ʢʣʝʪʢʠ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʩʝʢʨʝʪʠʨʫʶʪʩʷ 

ʚʥʝʢʣʝʪʦʯʥʳʝ ʧʫʟʳʨʴʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʙʝʣʢʠ ʠʥʬʣʘʤʤʘʩʦʤʳ, ʯʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ. ASC, ʩʚʷʟʘʥʥʳʡ ʩ ʘʧʦʧʪʦʟʦʤ ʩʧʝʢʦʧʦʜʦʙʥʳʡ 

ʙʝʣʦʢ, ʩʦʜʝʨʞʘʱʠʡ CARD; ER-ɓ, ʙʝʪʘ-ʧʦʜʪʠʧ ʨʝʮʝʧʪʦʨʘ ʵʩʪʨʦʛʝʥʘ; ILR, ʨʝʮʝʧʪʦʨʳ 

ʠʥʪʝʨʣʝʡʢʠʥʘ; IL-1ɓ, ʠʥʪʝʨʣʝʡʢʠʥ 1ɓ; NLR, nod-ʧʦʜʦʙʥʳʡ ʨʝʮʝʧʪʦʨ; NF-əB, ̫ʜʝʨʥʳʡ ʬʘʢʪʦʨ 

əB; ɸʌʂ, ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ; TLR, toll-ʧʦʜʦʙʥʳʝ ʨʝʮʝʧʪʦʨʳ; TNFŬ, ʬʘʢʪʦʨ ʥʝʢʨʦʟʘ 

ʦʧʫʭʦʣʠ ʘʣʴʬʘ [26]. 

ʇʦʷʚʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝ ʫʙʝʜʠʪʝʣʴʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʪʦʛʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʵʩʪʨʦʛʝʥʘ 

ʚʦ ʚʨʝʤʷ ʤʝʥʦʧʘʫʟʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʩʠʩʪʝʤʥʦʤʫ ʚʦʩʧʘʣʠʪʝʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʕʪʦ 

ʩʦʩʪʦʷʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʠʩʪʝʤʥʳʤʠ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʮʠʪʦʢʠʥʘʤʠ, ʧʦʣʫʯʘʝʤʳʤʠ ʠʟ 

ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʪʢʘʥʝʡ, ʠʟʤʝʥʝʥʠʝʤ ʢʣʝʪʦʯʥʦʛʦ ʠʤʤʫʥʥʦʛʦ ʧʨʦʬʠʣʷ, ʧʦʚʳʰʝʥʥʦʡ 

ʜʦʩʪʫʧʥʦʩʪʴʶ ʙʝʣʢʦʚ ʠʥʬʣʘʤʤʘʩʦʤʳ ʚ ʎʅʉ ʠ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʤʠʢʨʦʩʨʝʜʦʡ, ʢʦʪʦʨʘʷ 

ʜʝʣʘʝʪ ʤʦʟʛ ʙʦʣʝʝ ʚʦʩʧʨʠʠʤʯʠʚʳʤ ʢ ʠʰʝʤʠʯʝʩʢʠʤ ʠ ʜʨʫʛʠʤ ʩʪʨʝʩʩʦʨʘʤ. ʕʪʠ 

ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʪʘʚʷʪ ʧʦʜ ʫʛʨʦʟʫ ʨʦʣʴ ER-ɓ ʚ ʟʘʱʠʪʝ ʤʦʟʛʘ ʦʪ 

ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʥʘʨʫʰʘʶʪ ʬʫʥʢʮʠʠ ʤʠʪʦʭʦʥʜʨʠʡ, ʢʦʪʦʨʳʝ ʤʦʜʫʣʠʨʫʶʪ 

ʘʢʪʠʚʘʮʠʶ ʠʥʬʣʘʤʤʘʩʦʤʳ. ʕʪʦ ʩʦʩʪʦʷʥʠʝ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ / 

ʥʝʡʨʦʚʘʩʢʫʣʷʨʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʧʦʟʜʥʝʤ ʚʦʟʨʘʩʪʝ ʩ ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʢʦʛʥʠʪʠʚʥʦʡ 

ʜʠʩʬʫʥʢʮʠʝʡ ʠʣʠ ʩʥʠʞʝʥʠʝʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ER-ɓ-ʩʝʣʝʢʪʠʚʥʳʭ ʘʛʦʥʠʩʪʦʚ ʤʦʞʝʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʫʶ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʤʠʰʝʥʴ ʜʣʷ ʙʫʜʫʱʠʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʝʤ ER-Ŭ-ʘʛʦʥʠʩʪ ʠʣʠ E2. ɸʢʪʠʚʘʮʠʷ ER-ɓ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʟʘʱʠʪʫ ʦʪ ʠʰʝʤʠʠ, ʩʪʠʤʫʣʠʨʫʝʪ ʬʫʥʢʮʠʠ ʤʠʪʦʭʦʥʜʨʠʡ ʠ ʠʥʛʠʙʠʨʫʝʪ ʘʢʪʠʚʘʮʠʶ 

ʠʥʬʣʘʤʤʘʩʦʤ. ɸʛʦʥʠʩʪʳ ER-ɓ ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ER-ɓ ʥʝ ʦʙʣʘʜʘʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʧʨʦʣʠʬʝʨʘʮʠʶ ʪʢʘʥʠ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʠʣʠ ʵʥʜʦʤʝʪʨʠʷ. 

ɸʛʦʥʠʩʪ ER-ɓ ʤʦʞʝʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʥʘ ʮʝʨʝʙʨʦ-, ʪʘʢ ʠ ʥʘ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʫʶ ʩʠʩʪʝʤʫ, 

ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʠʰʝʤʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʦʚ ER-ɓ ̫ʚʣʷʝʪʩʷ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʜʣʷ ʙʫʜʫʱʠʭ ʪʨʘʥʩʣʷʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ 

ʢʦʛʥʠʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʠ ʩʣʫʯʘʝʚ ʠʰʝʤʠʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʫ ʞʝʥʱʠʥ ʚ ʧʦʩʪʤʝʥʦʧʘʫʟʝ, 

ʠʟʙʝʛʘʷ ʧʨʠ ʵʪʦʤ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ, ʚʳʟʳʚʘʝʤʳʭ ʭʨʦʥʠʯʝʩʢʠʤ ʣʝʯʝʥʠʝʤ E2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʜʝʣʴ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʩʪʘʨʝʥʠʷ ʢʘʢ ʩʠʩʪʝʤʥʦʡ ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʬʘʟʳ ʞʠʟʥʠ ʠʤʝʝʪ 

ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʫ ʞʝʥʱʠʥ ʚ ʤʝʥʦʧʘʫʟʝ, ʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʮʝʣʝʡ ʜʣʷ ʩʤʷʛʯʝʥʠʷ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʨʘʩʪʦʤ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʳʤ ʩʪʘʨʝʥʠʝʤ [26]. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʠʭ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʡ ʨʦʣʠ ʚ ʞʝʥʩʢʦʡ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʩʠʩʪʝʤʝ, 

ʵʩʪʨʦʛʝʥʳ ʤʦʛʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʚ ʤʦʟʛʝ, ʨʝʛʫʣʠʨʫʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʦʚʝʜʝʥʠʷ ʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʫ ʦʙʦʠʭ ʧʦʣʦʚ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʛʝʥʝʪʠʯʝʩʢʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʥʘ ʞʠʚʦʪʥʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʠ ʥʘʰʠ ʟʥʘʥʠʷ ʦ ʨʦʣʠ 

ʩʠʛʥʘʣʦʚ ʨʝʮʝʧʪʦʨʦʚ ʵʩʪʨʦʛʝʥʘ (ER) ʚ ʤʦʟʛʝ ʚ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʘʭ. 

ʆʜʥʘʢʦ ʤʝʥʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʣʦʩʴ ʨʝʮʝʧʪʦʨʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʵʩʪʨʦʛʝʥʦʤ (ERR), ʯʣʝʥʘʤ 

ʩʠʨʦʪʩʢʠʭ ʷʜʝʨʥʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʪʦʨʳʭ ʛʦʤʦʣʦʛʠʯʥʳ ERS, ʥʦ ʥʝ 

ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʚʷʟʳʚʘʪʴ ʵʩʪʨʦʛʝʥ. ʍʦʪʷ ʵʥʜʦʛʝʥʥʳʝ ʣʠʛʘʥʜʳ ERR ʝʱʝ ʧʨʝʜʩʪʦʠʪ 

ʦʧʨʝʜʝʣʠʪʴ, ʦʥʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʤʝʶʪ ʦʙʱʠʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʤʠʰʝʥʠ ʩ ERS, ʠ ʠʭ 

ʵʢʩʧʨʝʩʩʠʷ ʤʦʞʝʪ ʥʘʧʨʷʤʫʶ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ERs ʯʝʨʝʟ ʵʣʝʤʝʥʪ ʵʩʪʨʦʛʝʥ-ʦʪʚʝʪʘ, ʚʩʪʨʦʝʥʥʳʡ 

ʚ ʨʝʛʫʣʷʪʦʨʥʫʶ ʦʙʣʘʩʪʴ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ERR. ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ERR 

ʚ ʤʦʟʛʝ, ʤʳ ʪʦʣʴʢʦ ʥʘʯʘʣʠ ʧʦʥʠʤʘʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʦʣʠ, ʢʦʪʦʨʳʝ ʦʥʠ ʠʛʨʘʶʪ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʦʤ, ʢʣʝʪʦʯʥʦʤ ʠ ʮʝʧʥʦʤ ʫʨʦʚʥʷʭ. ɿʜʝʩʴ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʥʝʜʘʚʥʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʦʥʠʤʘʥʠʠ ʨʦʣʠ ER ʠ ERR ʚ ʤʦʟʛʝ, ʩ ʦʩʦʙʳʤ ʘʢʮʝʥʪʦʤ ʥʘ ERR, ʠ 
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ʦʙʩʫʞʜʘʝʤ ʚʦʟʤʦʞʥʳʝ ʧʝʨʝʢʨʝʩʪʥʳʝ ʧʦʤʝʭʠ ʤʝʞʜʫ ER ʠ ERR ʚ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʘʭ [27]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʩʪʨʦʛʝʥʳ ð ɻ ʪʦ, ʩʪʝʨʦʠʜʥʳʝ ʛʦʨʤʦʥʳ, ʢʦʪʦʨʳʝ ʨʝʛʫʣʠʨʫʶʪ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʚʢʣʶʯʘʷ, ʥʦ ʥʝ ʦʛʨʘʥʠʯʠʚʘʷʩʴ ʵʪʠʤ, ʨʝʧʨʦʜʫʢʮʠʶ, 

ʬʠʟʠʦʣʦʛʠʶ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʛʦʤʝʦʩʪʘʪʠʯʝʩʢʫʶ ʨʝʛʫʣʷʮʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʙʘʣʘʥʩʘ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʩʦʮʠʘʣʴʥʳʝ ʠ ʦʙʫʯʘʶʱʠʝ ʧʦʚʝʜʝʥʠʷ. ʊʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ 

ʜʝʡʩʪʚʠʝ ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʵʩʪʨʦʛʝʥʘ ʦʧʦʩʨʝʜʫʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʫʪʝʤ ʩʚʷʟʳʚʘʥʠʷ ʩ 

ʜʚʫʤʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʨʝʮʝʧʪʦʨʘʤʠ, ʨʝʮʝʧʪʦʨʘʤʠ ʵʩʪʨʦʛʝʥʘ Ŭ (ERŬ) ʠ ʨʝʮʝʧʪʦʨʘʤʠ ʵʩʪʨʦʛʝʥʘ 

ɓ (ERɓ), ʢʦʪʦʨʳʝ ʨʘʩʧʦʟʥʘʶʪ ʠ ʘʢʪʠʚʠʨʫʶʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʩʚʷʟʳʚʘʥʠʷ ʩ 

ʛʝʥʦʤʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʥʘʟʳʚʘʝʤʳʤ ʵʣʝʤʝʥʪʦʤ ʵʩʪʨʦʛʝʥ-ʦʪʚʝʪʘ (ERE), ʣʠʙʦ ʚ ʚʠʜʝ 

ʛʦʤʦʜʠʤʝʨʘʠʣʠ ʛʝʪʝʨʦʜʠʤʝʨ ʩ ʢʦʘʢʪʠʚʘʪʦʨʘʤʠ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʧʦʤʠʤʦ ʠʭ ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʦʡ ʨʦʣʠ ʚ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʥʝʜʘʚʥʦ ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʵʩʪʨʦʛʝʥʳ ʪʘʢʞʝ ʙʳʩʪʨʦ 

ʘʢʪʠʚʠʨʫʶʪ ʚʥʝʢʣʝʪʦʯʥʳʝ ʩʠʛʥʘʣʴʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʝ ʢʠʥʘʟʳ (ERKs) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʚʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʜʝʡʩʪʚʠʷ ERS, ʘ ʪʘʢʞʝ ʵʢʩʧʨʝʩʩʠʝʡ ʨʝʮʝʧʪʦʨʘ 30, ʩʚʷʟʘʥʥʦʛʦ ʩ G-ʙʝʣʢʦʤ, ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʩʠʨʦʪʦʡ (GPR30), ʢʦʪʦʨʳʡ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʘʢ ʥʦʚʳʡ ʪʠʧ ER. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ 

ʩʧʫʩʪʷ ʧʦʯʪʠ ʩʪʦʣʝʪʠʝ ʩ ʤʦʤʝʥʪʘ ʠʭ ʦʪʢʨʳʪʠʷ ʪʦʯʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʵʩʪʨʦʛʝʥʳ ʨʝʛʫʣʠʨʫʶʪ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʚʩʝ ʝʱʝ ʥʝ ʧʦʣʥʦʩʪʴʶ ʧʦʥʷʪʳ ʠ 

ʦʩʪʘʶʪʩʷ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ [27]. 

ʈʝʮʝʧʪʦʨʳ Ŭ ʠ ɓ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʩʪʨʦʛʝʥʦʤ (ERRa ʠ ERRɓ), ʙʳʣʠ ʜʚʫʤʷ ʧʝʨʚʳʤʠ 

ʩʠʨʦʪʩʢʠʤʠ ʷʜʝʨʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʥʘ ʦʩʥʦʚʝ ʩʭʦʜʩʪʚʘ ʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ERa. ɺʤʝʩʪʝ ʩ ERRy ʵʪʠ ʪʨʠ ʨʝʮʝʧʪʦʨʘ ʚʭʦʜʷʪ ʚ ʧʦʜʩʝʤʝʡʩʪʚʦ ERR 

ʩʫʧʝʨʩʝʤʝʡʩʪʚʘ ʩʪʝʨʦʠʜʥʳʭ ʷʜʝʨʥʳʭ ʨʝʮʝʧʪʦʨʦʚ III ʛʨʫʧʧʳ. ɼʨʫʛʠʝ ʷʜʝʨʥʳʝ ʨʝʮʝʧʪʦʨʳ III 

ʛʨʫʧʧʳ ʚʢʣʶʯʘʶʪ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʳʝ, ʤʠʥʝʨʘʣʦʢʦʨʪʠʢʦʠʜʥʳʝ, ʧʨʦʛʝʩʪʝʨʦʥʦʚʳʝ ʠ 

ʘʥʜʨʦʛʝʥʥʳʝ ʨʝʮʝʧʪʦʨʳ, ʘ ʪʘʢʞʝ ERS. ʍʦʪʷ ERR ʠʤʝʶʪ ʦʙʱʠʝ ʛʦʤʦʣʦʛʠʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ERS, ʵʩʪʨʦʛʝʥʳ ʥʝ ʷʚʣʷʶʪʩʷ ʠʭ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʘ ERR 

ʧʨʦʷʚʣʷʶʪ ʢʦʥʩʪʠʪʫʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʨʝʛʫʣʷʪʦʨʳ ʪʨʘʥʩʢʨʠʧʮʠʠ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʣʠʛʘʥʜʦʚ. ERR ʩʦʜʝʨʞʘʪ ɼʅʂ-ʩʚʷʟʳʚʘʶʱʠʝ ʜʦʤʝʥʳ (DBD), ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʚʘ 

ʚʳʩʦʢʦʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʤʦʪʠʚʘ ʮʠʥʢʦʚʳʭ ʧʘʣʴʮʝʚ, ʢʦʪʦʨʳʝ ʥʘʮʝʣʝʥʳ ʥʘ ʨʝʮʝʧʪʦʨ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ɼʅʂ (TCAAGGTCA), ʥʘʟʳʚʘʝʤʫʶ ʵʣʝʤʝʥʪʦʤ ʦʪʚʝʪʘ, 

ʩʚʷʟʘʥʥʳʤ ʩ ʵʩʪʨʦʛʝʥʦʤ (ERRE) [27]. ERR ʩʚʷʟʳʚʘʶʪʩʷ ʩ ERRE ʚ ʚʠʜʝ ʤʦʥʦʤʝʨʘ ʠʣʠ 

ʛʦʤʦʜʠʤʝʨʘ ʠʣʠ ʚ ʚʠʜʝ ʛʝʪʝʨʦʜʠʤʝʨʘ ʩ ʢʦʘʢʪʠʚʘʪʦʨʘʤʠ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ERRE, ERR ʤʦʛʫʪ 

ʪʘʢʞʝ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ERE ʠ, ʥʘʦʙʦʨʦʪ, ERŬ, ʥʦ ʥʝ ERɓ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ERRE, 

ʧʦʜʨʘʟʫʤʝʚʘʷ ʦʙʱʠʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʩʝʪʠ, ʫʧʨʘʚʣʷʝʤʳʝ ʢʘʢ ERRs, ʪʘʢ ʠ ERa. 

ʅʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʪʢʘʥʷʭ ʢʘʢ ERa, ʪʘʢ ʠ ERR ʚʳʩʦʢʦ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ, ʚʢʣʶʯʘʷ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʩʢʝʣʝʪʥʳʝ ʤʳʰʮʳ, ʞʠʨ ʠ ʤʦʟʛ, ʥʦ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʣʠ ʦʥʠ ʠ ʢʘʢ ʦʥʠ 

ʢʦʥʪʨʦʣʠʨʫʶʪ ʦʙʱʠʝ ʠ/ʠʣʠ ʦʪʜʝʣʴʥʳʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʩʦʙʳʪʠʷ, ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʳʤ. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ERs ʥʘʰʠ ʟʥʘʥʠʷ ʦ ʨʦʣʠ ERR, ʟʘʚʠʩʷʱʠʭ ʦʪ ʪʠʧʘ ʪʢʘʥʠ ʠ ʢʣʝʪʦʢ, ʦʛʨʘʥʠʯʝʥʳ. 

ʅʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʪʦʙʳ ʚʳʷʚʠʪʴ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʩʝʪʠ, ʫʧʨʘʚʣʷʝʤʳʝ 

ERR ʚ ʨʘʟʥʳʭ ʪʠʧʘʭ ʢʣʝʪʦʢ, ʠ ʠʩʩʣʝʜʦʚʘʪʴ, ʢʘʢ ʦʥʠ ʙʫʜʫʪ ʚʣʠʷʪʴ ʥʘ ʬʠʟʠʦʣʦʛʠʶ ʚʩʝʛʦ ʪʝʣʘ 

ʥʝʟʘʚʠʩʠʤʦ ʠʣʠ ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʩ ʩʠʛʥʘʣʦʤ ʵʩʪʨʦʛʝʥʘ [27]. 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ [27], ʯʪʦ ʢʘʢ ERS, ʪʘʢ ʠ ERR ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʛʫʣʷʮʠʷʭ ʙʣʘʛʦʜʘʨʷ ʠʭ ʦʙʠʣʴʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʪʢʘʥʷʭ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʤʝʥʘ. ɺʩʝ ʙʦʣʴʰʝ ʜʘʥʥʳʭ [27] ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʪʦ, ʯʪʦ ʤʦʟʛ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʤʠʰʝʥʝʡ ʵʩʪʨʦʛʝʥʘ (ʯʝʨʝʟ ERs) ʜʣʷ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʦʚʝʜʝʥʠʷ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʚʢʣʶʯʘʷ 

ʨʝʧʨʦʜʫʢʮʠʶ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʛʦʤʝʦʩʪʘʟ, ʦʙʫʯʝʥʠʝ ʠ ʧʘʤʷʪʴ. ERR ʠʤʝʶʪ ʩʭʦʜʩʪʚʦ ʩ ERS, ʥʦ 

ʵʩʪʨʦʛʝʥ ʥʝ ʷʚʣʷʝʪʩʷ ʠʭ ʵʥʜʦʛʝʥʥʳʤ ʣʠʛʘʥʜʦʤ, ʠ ʧʝʨʝʢʨʝʩʪʥʳʤ ʧʦʤʝʭʘʤ ʤʝʞʜʫ ʩʠʛʥʘʣʠʟʘʮʠʝʡ 
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ʵʩʪʨʦʛʝʥʘ ʠ ERRs ʫʜʝʣʷʝʪʩʷ ʤʘʣʦ ʚʥʠʤʘʥʠʷ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʜʝʶ ʦ 

ʪʦʤ, ʯʪʦ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʦʚ ʵʩʪʨʦʛʝʥʘ ʠ ERR ʤʦʛʫʪ ʧʝʨʝʩʝʢʘʪʴʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʛʫʣʷʮʠʠ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʠʣʠ ʚʟʘʠʤʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ ʢʘʞʜʳʤ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʠʣʠ ʜʘʞʝ 

ʤʝʞʢʣʝʪʦʯʥʦ, ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʛʫʣʷʮʠʠ ʩʠʥʪʝʟʘ ʵʩʪʨʦʛʝʥʘ ʘʨʦʤʘʪʘʟʦʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʦʣʠ ERR 

ʚ ʤʦʟʛʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʝʛʨʝʛʘʮʠʷ ʠʟʦʬʦʨʤ ʦʩʪʘʶʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʥʝʠʟʚʝʩʪʥʳʤʠ. ʂʨʦʤʝ ʪʦʛʦ [27], ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʦʚʧʘʜʝʥʠʷ ʤʝʞʜʫ ER ʠ ERR ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʟʘʪʨʘʛʠʚʘʶʪʩʷ ʥʘ ʫʨʦʚʥʝ ʧʦʚʝʜʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʪʢʘʥʷʭ ʠ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʙʱʠʝ ʛʝʥʳ-ʤʠʰʝʥʠ ʜʣʷ ʦʙʦʠʭ 

ʩʝʤʝʡʩʪʚ ʨʝʮʝʧʪʦʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʩʢʨʦʤʥʳʤʠ, ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʥʝʟʘʚʠʩʠʤʦʩʪʠ. ʍʦʪʷ 

ʧʘʪʪʝʨʥʳ ʵʢʩʧʨʝʩʩʠʠ ERa ʠ ERRa ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʵʪʠ ʜʚʘ ʨʝʮʝʧʪʦʨʘ ʤʦʛʫʪ ʣʦʢʘʣʠʟʦʚʘʪʴʩʷ 

ʚ ʥʝʢʦʪʦʨʳʭ ʦʙʣʘʩʪʷʭ ʤʦʟʛʘ, ʥʝʷʩʥʦ, ʚ ʢʘʢʦʡ ʩʪʝʧʝʥʠ, ʝʩʣʠ ʪʘʢʦʚʳʝ ʠʤʝʶʪʩʷ, ʦʥʠ ʠʤʝʶʪ ʦʙʱʠʝ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʤʠʰʝʥʠ ʚ ʤʦʟʛʝ. ʆʯʝʚʠʜʥʦ [27], ʯʪʦ ʦʙʘ ʩʝʤʝʡʩʪʚʘ ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʘʭ, 

ʚʘʞʥʳʭ ʜʣʷ ʬʫʥʢʮʠʡ ʤʦʟʛʘ, ʪʘʢʠʭ ʢʘʢ ʩʠʥʘʧʪʠʯʝʩʢʘʷ ʧʝʨʝʜʘʯʘ, ʟʘʧʫʩʢ ʥʝʡʨʦʥʦʚ ʠ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʙʠʦʛʝʥʝʟ. ɹʦʣʝʝ ʧʦʣʥʦʝ ʧʦʥʠʤʘʥʠʝ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ ʠ ʧʝʨʝʢʨʝʩʪʥʳʭ ʧʦʤʝʭ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʤʝʞʜʫ ʵʪʠʤʠ ʨʝʮʝʧʪʦʨʘʤʠ ʤʦʞʝʪ ʜʘʪʴ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ 

ʵʩʪʨʦʛʝʥʟʘʚʠʩʠʤʦʡ ʠ ʥʝʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ ʬʫʥʢʮʠʡ ʤʦʟʛʘ [27]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪ ʤʝʩʪʦ [28], ʢʣʠʥʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʷ ʵʩʪʨʦʛʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, 

ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ, ʧʦʪʝʨʠ ʧʘʤʷʪʠ ʠ ʜʨʫʛʠʭ ʩʠʤʧʪʦʤʦʚ ʫ ʞʝʥʱʠʥ ʧʦʩʣʝ 

ʤʝʥʦʧʘʫʟʳ. 

ʕʩʪʨʦʛʝʥʳ, ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʛʦʤʝʦʩʪʘʟʘ ʠ ʬʫʥʢʮʠʠ ʤʦʟʛʘ. ɼʝʬʠʮʠʪ 

ʵʩʪʨʦʛʝʥʘ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ ʚʳʟʳʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʩʠʤʧʪʦʤʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʥʘʨʫʰʝʥʠʝ ʦʙʫʯʝʥʠʷ ʠ ʧʘʤʷʪʠ, ʨʘʩʩʪʨʦʡʩʪʚʘ ʩʥʘ ʠ ʥʘʩʪʨʦʝʥʠʷ, ʧʨʠʣʠʚʳ ʠ ʫʩʪʘʣʦʩʪʴ. ɺ 

ʧʦʠʩʢʘʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʣʴʪʝʨʥʘʪʠʚ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʨʘʩʪʝʥʠʷ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʠ ʧʨʠʨʦʜʥʳʝ ʤʦʣʝʢʫʣʳ ʩ ʵʩʪʨʦʛʝʥʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ 

ʢʘʢ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʣʝʯʝʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʝʢʦʚ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʩʠʤʧʪʦʤʦʚ ʤʝʥʩʪʨʫʘʮʠʠ ʠ ʤʝʥʦʧʘʫʟʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ 

ʨʘʩʪʝʥʠʷ [28], ʪʘʢʠʝ ʢʘʢ ʢʣʶʢʚʘ, ʠʤʙʠʨʴ, ʭʤʝʣʴ, ʨʘʩʪʦʨʦʧʰʘ, ʢʨʘʩʥʳʡ ʢʣʝʚʝʨ, ʰʘʣʬʝʡ 

ʣʝʢʘʨʩʪʚʝʥʥʳʡ, ʩʦʷ, ʯʝʨʥʳʡ ʢʦʭʦʰ, ʪʝʨʥʝʨʘ ʜʠʬʬʫʟʥʘʷ, ʫʰʫʚʘ ʠ ɺʠʪʝʢʩ. ʕʩʪʨʦʛʝʥʥʳʝ 

ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʨʘʩʪʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʦʛʥʠʪʠʚʥʳʝ 

ʥʘʨʫʰʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʜʝʬʠʮʠʪʦʤ ʵʩʪʨʦʛʝʥʘ ʚʦ ʚʨʝʤʷ ʤʝʥʦʧʘʫʟʳ ʠ ʩʪʘʨʝʥʠʷ [28]. 

ʅʘ ʢʣʝʪʦʯʥʦʤ ʠ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʷʭ ð ʜʝʪʝʨʤʠʥʘʥʪʳ ʩʪʘʨʝʥʠʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʥʘʯʘʣʘ 

ʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʩʪʘʨʝʥʠʷ, ʚʢʣʶʯʘʶʪ ʧʦʪʝʨʶ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʥʘʢʦʧʣʝʥʠʝ ʚʨʝʜʥʳʭ 

ʬʘʢʪʦʨʦʚ. ʕʧʠʛʝʥʝʪʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʚʳʷʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʧʨʦʮʝʩʩ ʩʪʘʨʝʥʠʷ ʠ ʜʦʣʛʦʣʝʪʠʷ, ʜʝʣʘʶʪ ʘʢʮʝʥʪ, ʢʘʢ ʵʪʠ ʜʝʪʝʨʤʠʥʘʥʪʳ ʚʣʠʷʶʪ ʥʘ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ Homo Sapiens, ʷʚʣʷʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʜʠʢʦ-ʩʦʮʠʘʣʴʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ, ʘ ʪʘʢʞʝ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʤ ʢʣʶʯʦʤ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʠ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [29]. 

ɹʦʣʝʝ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʘʨʠʘʮʠʡ ʪʨʘʝʢʪʦʨʠʡ ʞʠʟʥʠ, ʜʘʞʝ ʩʨʝʜʠ 

ʛʝʥʝʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳʭ ʦʩʦʙʝʡ, ʠ ʪʦʛʦ, ʢʘʢ ʵʧʠʛʝʥʦʤʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʵʪʠʤ ʨʘʟʣʠʯʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʙʫʜʝʪ ʠʤʝʪʴ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʥʘʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʪʘʡʥ 

ʩʪʘʨʝʥʠʷ ʠ ʟʜʦʨʦʚʦʛʦ ʜʦʣʛʦʣʝʪʠʷ [29]. 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠ ʤʥʦʛʦʮʝʥʪʨʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʨʦʚʥʠ 

ɸʌʂ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʦʙʨʘʪʥʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʞʠʟʥʠ. 

ʍʦʪʷ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʮʝʣʦʤ ʧʦʜʜʝʨʞʠʚʘʶʪ FRTA, ʵʪʦʪ ʪʠʧ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʝʪ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʢʦʨʨʝʣʷʮʠʶ, ʘ ʥʝ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʫʶ ʩʚʷʟʴ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ ʫʨʦʚʥʷʤʠ ɸʌʂ ʚ 

ʤʦʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʘʭ, ʚ ʮʝʣʦʤ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ, ʢʦʪʦʨʳʝ ʫʚʝʣʠʯʠʚʘʶʪ ɸʌʂ, 
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ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʫʤʝʥʴʰʘʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʤʝʰʘʪʝʣʴʩʪʚʘ, 

ʢʦʪʦʨʳʝ ʫʤʝʥʴʰʘʶʪ ɸʌʂ, ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʫʚʝʣʠʯʠʚʘʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ. ʆʜʥʘʢʦ 

ʝʩʪʴ ʪʘʢʞʝ ʤʥʦʞʝʩʪʚʦ ʧʨʠʤʝʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʦʝ: ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ɸʌʂ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ, ʘ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ɸʌʂ ʧʨʠʚʦʜʠʪ ʢ 

ʩʦʢʨʘʱʝʥʠʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ. ʍʦʪʷ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʪʠʚʦʨʝʯʘʪ ʧʨʝʜʩʢʘʟʘʥʠʷʤ 

FRTA, ʵʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʥʦʤ ʯʠʩʣʝ ʚʠʜʦʚ, ʚʩʝ ʠʟ ʢʦʪʦʨʳʭ 

ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ. ɺ ʮʝʣʦʤ, ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦ ʪʦʤ, ʯʪʦ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ɸʌʂ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʞʠʟʥʠ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ, ʠ ʯʪʦ 

ɸʌʂ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʢʘʢ ʙʣʘʛʦʪʚʦʨʥʦʝ, ʪʘʢ ʠ ʧʘʛʫʙʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʠ ʫʩʣʦʚʠʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ɸʌʂ ʠ ʩʪʘʨʝʥʠʝʤ 

ʪʨʫʜʥʦ ʦʙʦʙʱʠʪʴ ʧʦ ʚʩʝʤʫ ʜʨʝʚʫ ʞʠʟʥʠ. 

ʅʠ ʦʜʠʥ ʨʘʜʠʦʧʨʦʪʝʢʪʦʨ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʚʚʦʜʠʪʴ ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʝ ʙʳʣ ʦʜʦʙʨʝʥ ʜʣʷ 

ʦʩʪʨʦʛʦ ʣʫʯʝʚʦʛʦ ʩʠʥʜʨʦʤʘ (ARS). ʕʪʦ ʦʪʣʠʯʘʝʪ radioprotectors (ʫʤʝʥʴʰʠʪʴ ʧʨʷʤʦʡ ʫʱʝʨʙ, 

ʚʳʟʚʘʥʥʳʡ ʨʘʜʠʘʮʠʝʡ) ʠ radiomitigators (ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʪʦʢʩʠʯʥʦʩʪʴ ʜʘʞʝ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ 

ʠʟʣʫʯʝʥʠʝ ʙʳʣʦ ʜʦʩʪʘʚʣʝʥʦ). ʆʙʩʫʞʜʘʶʪʩʷ ʤʦʣʝʢʫʣʳ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ 

ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ ʠ ʜʨʫʛʠʭ ʥʝʢʣʠʥʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʪʘʢʞʝ ʘʥʘʣʠʟʳ 

ʜʣʷ ʦʮʝʥʢʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ. 

ʀʜʝʘʣʴʥʳʡ ʨʘʜʠʦʧʨʦʪʝʢʪʦʨ ʜʦʣʞʝʥ ʙʳʪʴ ʣʝʛʢʦʜʦʩʪʫʧʥʳʤ, ʜʦʩʪʫʧʥʳʤ ʧʦ ʮʝʥʝ ʠ ʥʝ 

ʧʨʠʚʦʜʠʪʴ ʢ ʩʝʨʴʝʟʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʦʟ. ʆʥ ʪʘʢʞʝ ʜʦʣʞʝʥ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʦʪʩʫʪʩʪʚʠʝ ʢʫʤʫʣʷʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʦʪ ʧʦʚʪʦʨʥʳʭ ʦʙʨʘʙʦʪʦʢ, ʙʳʪʴ 

ʩʧʦʩʦʙʥʳʤ ʢ ʧʝʨʦʨʘʣʴʥʦʤʫ ʚʚʝʜʝʥʠʶ, ʦʢʘʟʳʚʘʪʴ ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʩʠʩʪʝʤʳ ʦʨʛʘʥʦʚ ʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʠʟʣʫʯʝʥʠʷ (X, ʛʘʤʤʘ, ʵʣʝʢʪʨʦʥʥʦʝ ʠ ʥʝʡʪʨʦʥʥʦʝ). ʅʘʢʦʥʝʮ, ʦʥ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʨʘʟʫʤʥʳʤ 

ʬʘʢʪʦʨʦʤ ʩʥʠʞʝʥʠʷ ʜʦʟʳ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʝʡʩʪʚʦʚʘʪʴ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʤʝʭʘʥʠʟʤʦʚ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ, ʩʤʷʛʯʝʥʠʷ ʠʣʠ ʣʝʯʝʥʠʷ IR -ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʜʠʦʧʨʦʪʝʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢʘʢ ʜʣʷ 

ʩʣʫʯʘʡʥʦʛʦ, ʪʘʢ ʠ ʜʣʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʠʢʘʢʠʝ ʜʦʩʪʫʧʥʳʝ ʨʘʜʠʦʧʨʦʪʝʢʪʦʨʳ ʥʝ 

ʩʧʦʩʦʙʥʳ ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʪʦʢʩʠʯʥʦʩʪʴ, ʩʚʷʟʘʥʥʫʶ ʩ IR. ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʭʦʨʦʰʝʡ ʩʪʨʘʪʝʛʠʝʡ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠʜʝʘʣʴʥʳʭ 

ʨʘʜʠʦʧʨʦʪʝʢʪʦʨʦʚ [1-8, 30]. 

ɻʣʦʙʘʣʴʥʳʡ ʜʦʩʪʫʧ ʢ ʤʝʜʠʮʠʥʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʝ, ʧʦʟʚʦʣʠʣ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʶ ʨʘʜʠʦʧʨʦʪʝʢʪʦʨʥʦʡ ʬʘʨʤʘʮʝʚʪʠʢʝ ʠ ʜʠʝʪʦʣʦʛʠʠ [1 , 30]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʥʝʡʨʦʪʝʭʥʦʣʦʛʠʠ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ, ʥʦʚʘʷ 5P Medicine and 5G technology 

ʩʜʝʣʘʣʠ ʦʪʢʨʳʪʠʝ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ [1]. ɼʝʩʷʪʠʣʝʪʥʠʡ ʘʚʪʦʨʩʢʠʡ 

ʦʧʳʪ ʚʥʝʜʨʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʘʣʛʦʨʠʪʤʳ/ʠʥʩʪʨʫʤʝʥʪʳ/ʠʟʦʙʨʝʪʝʥʠʷ) ʧʦʟʚʦʣʠʣʠ 

ʧʨʦʚʝʜʝʥʠʶ ʫʩʧʝʰʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ ʢʦʛʥʠʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʠ ʫʚʝʣʠʯʝʥʠʶ 

(ʟʜʦʨʦʚʦʡ/ʢʘʯʝʩʪʚʝʥʥʦʡ/ʢʫʣʴʪʫʨʥʦʡ/ʨʝʣʠʛʠʦʟʥʦʡ) ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʈʦʤʘʥʯʫʢ ʅ. ʇ. ʧʦ ʩʤʷʛʯʝʥʠʶ ʚʣʠʷʥʠʷ ʮʠʨʢʘʜʠʘʥʥʦʛʦ ʩʪʨʝʩʩʘ ʥʘ ʟʜʦʨʦʚʦʝ 

ʜʦʣʛʦʣʝʪʠʝ Homo sapiens ʦʪʢʨʳʣʠ ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʘʜʨʝʩʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʩʠʭʠʘʪʨʘʤ, ʥʝʚʨʦʣʦʛʘʤ, ʢʘʨʜʠʦʣʦʛʘʤ, ʵʥʜʦʢʨʠʥʦʣʦʛʘʤ ʠ ʛʝʨʠʘʪʨʘʤ [1]. ɻʝʥʝʪʠʯʝʩʢʘʷ ʠ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʘʷ ʪʝʨʘʧʠʷ ʚʦʟʨʘʩʪʦʟʘʚʠʩʠʤʦʡ ʵʥʜʦʪʝʣʠʘʣʴʥʦʡ ʜʠʩʬʫʥʢʮʠʠ ʧʨʠ ʩʦʩʫʜʠʩʪʦʤ 

ʩʪʘʨʝʥʠʠ, ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ, ʚ ʤʝʨʦʧʨʠʷʪʠʷʭ ʘʢʪʠʚʥʦʛʦ ʜʦʣʛʦʣʝʪʠʷ. ʀʩʩʣʝʜʫʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʩʫʤʤʘʨʥʦʛʦ ʨʠʩʢʘ ʥʘ ʤʦʟʛ Homo sapiens: ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ 

ʫʩʢʦʨʝʥʥʦʛʦ ʩʪʘʨʝʥʠʷ ʤʦʟʛʘ, ʮʝʨʝʙʨʘʣʴʥʦʛʦ COVID-19 ʚʦʟʜʝʡʩʪʚʠʷ, ʪʝʭʥʦʣʦʛʠʡ ʷʜʝʨʥʦʡ 

ʤʝʜʠʮʠʥʳ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʠʥʮʠʧʳ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, 

ʦʧʪʠʤʠʟʠʨʫʶʪ ʪʝʨʘʧʝʚʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʦʵʪʦʤʫ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʦʙʱʝʥʠʝ 
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ʜʦʩʪʠʞʝʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ 

ʥʘʥʦʨʘʜʠʦʧʨʦʪʝʢʪʦʨʳ ʩ ʤʘʢʩʠʤʠʟʘʮʠʝʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ 

ʤʝʜʠʢʘʤʝʥʪʦʟʥʘʷ ʧʣʘʪʬʦʨʤʘ ʠ ʦʙʦʛʘʱʝʥʥʘʷ ʙʠʦʵʣʝʤʝʥʪʦʣʦʛʠʷ ʠ ʥʫʪʨʠʮʠʦʣʦʛʠʷ 

(ʤʦʟʛʘ/ʤʠʢʨʦʙʠʦʪʳ ʠ ʛʝʥʦʤʘ/ʵʧʠʛʝʥʦʤʘ), ʛʠʙʨʠʜʥʘʷ ʥʝʡʨʦʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʥʝʡʨʦʪʝʭʥʦʣʦʛʠʠ 

ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ ʨʘʙʦʪʘʶʪ ʢʘʢ ʧʨʝʚʝʥʪʠʚʥʦ, ʪʘʢ ʠ ʚ ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʤʝʜʠʮʠʥʩʢʦʡ 

ʨʝʘʙʠʣʠʪʘʮʠʠ [26]. ʂʫʣʴʪʫʨʥʘʷ ʧʘʨʘʜʠʛʤʘ ʟʜʦʨʦʚʴʷ ʤʦʟʛʘ HOMO SAPIENS ʚ ʜʝʩʷʪʠʣʝʪʥʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ çɸʢʪʠʚʥʦʝ ʜʦʣʛʦʣʝʪʠʝ: ʙʠʦʬʠʟʠʢʘ ʛʝʥʦʤʘ, ʥʫʪʨʠʛʝʥʦʤʠʢʘ, ʥʫʪʨʠʛʝʥʝʪʠʢʘ, 

ʨʝʚʠʪʘʣʠʟʘʮʠʷè ʘʢʪʠʚʠʟʠʨʫʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʵʚʦʣʶʮʠʦʥʥʳʭ ʠ ʩʦʮʠʘʣʴʥʦ-ʢʦʛʥʠʪʠʚʥʳʭ 

ʥʝʡʨʦʢʦʤʤʫʥʠʢʘʮʠʡ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ ʚ ʩʦʚʨʝʤʝʥʥʳʝ ʥʝʡʨʦʪʝʭʥʦʣʦʛʠʠ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ, 

ʥʦʚʫʶ 5P Medicine and 5G technology [6].  

ʇʨʦʜʦʣʞʘʶʱʝʤʩʷ ʠʩʩʣʝʜʦʚʘʥʠʠ [6] ʩʣʝʜʫʶʱʠʭ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ, ʫʩʪʘʥʦʚʣʝʥʦ ʩʣʝʜʫʶʱʝʝ: ʧʨʦʛʨʘʤʤʘ ʣʝʯʝʥʠʷ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʢʦʛʥʠʪʠʚʥʳʭ 

ʥʘʨʫʰʝʥʠʡ ʠ ʢʦʛʥʠʪʠʚʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚ çɹʦʣʝʟʥʴ ɸʣʴʮʛʝʡʤʝʨʘ ʠ ʷʜʝʨʥʘʷ ʤʝʜʠʮʠʥʘ (ɹɸʗʄ- 

365/22/77)è ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʈɸɿʋʄɸ, ʩʦʧʨʦʚʦʞʜʘʝʪ ʩʦʟʜʘʥʠʝ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʢʦʛʥʠʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʄʆɿɻɸ, ʥʦ ʠ ʫʧʨʘʚʣʝʥʠʝ ʢʦʛʥʠʪʠʚʥʦʡ 

ʨʝʘʙʠʣʠʪʘʮʠʝʡ ʧʨʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ 

ʢʦʛʥʠʪʠʚʥʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʙʠʦʧʣʘʪʬʦʨʤʳ ʟʜʦʨʦʚʦʡ ʤʠʢʨʦʙʠʦʪʳ ʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʨʘʙʦʪʳ çʚʠʩʮʝʨʘʣʴʥʦʛʦ ʠ ʢʦʛʥʠʪʠʚʥʦʛʦ ʤʦʟʛʘè. ʅʝʡʨʦʩʦʮʠʦʣʦʛʠʯʝʩʢʦʝ ʠ 

ʥʝʡʨʦʵʢʦʥʦʤʠʯʝʩʢʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʥʦʚʦʡ ʢʦʛʥʠʪʠʚʥʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ ʧʨʠ ʙʦʣʝʟʥʠ 

ɸʣʴʮʛʝʡʤʝʨʘ ʧʦʪʨʝʙʫʝʪ ʨʝʠʥʢʘʨʥʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʏɽʃʆɺɽʂɸ ʚ ʧʨʦʮʝʩʩʝ ʚʩʝʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ [6]. 

ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠ ʢʦʛʥʠʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʥʦʚʦʛʦ ʤʦʟʛʘ Homo Sapiens 

ʧʦʪʨʝʙʫʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ 

çʘʜʨʝʩʥʦʡè ʜʦʩʪʘʚʢʝ ʢ ʥʝʡʨʦʢʦʤʤʫʥʠʢʘʪʠʚʥʳʤ çʚʠʥʯʝʩʪʝʨʘʤè ʧʘʤʷʪʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ 

ʙʠʦʵʣʝʤʝʥʪʦʣʦʛʠʠ ʠ ʥʫʪʨʠʮʠʦʣʦʛʠʠ ʤʦʟʛʘ, ʬʘʨʤʘʢʦʣʦʛʠʠ ʠ ʨʘʜʠʦʙʠʦʣʦʛʠʠ [30]. ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʈʦʤʘʥʯʫʢ ʅ.ʇ. ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʥʦʚʦʛʦ ʥʝʡʨʦʛʝʥʝʟʘ ʠ ʥʝʡʨʦʧʣʘʩʪʠʯʥʦʩʪʠ, ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʥʝʡʨʦʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʚʦʟʨʘʩʪʦʤ ʯʝʣʦʚʝʢʘ, ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ 

ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ ʠ ʥʝʡʨʦʨʝʘʙʠʣʠʪʘʮʠʠ ʢʦʛʥʠʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʠ ʢʦʛʥʠʪʠʚʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚ 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʘʪʦʯʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʧʠʪʘʥʠʝ ʤʦʟʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʥʝʡʨʦʪʝʭʥʦʣʦʛʠʡ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ. ʅʝʡʨʦʛʝʥʝʪʠʢʘ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʠ 

ʛʠʙʨʠʜʥʳʝ ʥʝʡʨʦʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝʡʨʦʚʠʟʫʘʣʠʟʘʮʠʠ, 5P Medicine and 5G technology, 

ʥʘʥʦʨʘʜʠʦʧʨʦʪʝʢʪʦʨʳ ʩ ʤʘʢʩʠʤʠʟʘʮʠʝʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʙʠʦʧʣʘʪʬʦʨʤʝ 

ʟʜʦʨʦʚʦʡ ʤʠʢʨʦʙʠʦʪʳ ʦʙʝʩʧʝʯʘʪ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʨʘʙʦʪʳ çʚʠʩʮʝʨʘʣʴʥʦʛʦ ʠ ʢʦʛʥʠʪʠʚʥʦʛʦ 

ʤʦʟʛʘè ʚ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʢʦʛʥʠʪʠʚʥʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ [30]. 

ɻʝʨʦʥʪʦʣʦʛʠʷ ʠ ʛʝʨʠʘʪʨʠʷ, ʛʠʥʝʢʦʣʦʛʠʷ/ʘʥʜʨʦʣʦʛʠʷ ʠ ʥʝʡʨʦʵʥʜʦʢʨʠʥʦʣʦʛʠʷ, 

ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʷ ʠ ʥʝʡʨʦʩʦʮʠʦʣʦʛʠʷ ʤʘʨʰʨʫʪʠʟʠʨʫʶʪ Homo sapiens ʚ ʘʢʪʠʚʥʦʝ/ ʟʜʦʨʦʚʦʝ/ 

ʢʘʯʝʩʪʚʝʥʥʦʝ/ʨʝʣʠʛʠʦʟʥʦʝ/ʥʨʘʚʩʪʚʝʥʥʦʝ/ʩʝʢʩʫʘʣʴʥʦʝ/ʥʝʡʨʦʢʦʤʤʫʥʠʢʘʪʠʚʥʦʝ ʜʦʣʛʦʣʝʪʠʝ. 

ʉʪʝʨʦʠʜʥʳʝ ʛʦʨʤʦʥʳ, ʨʝʮʝʧʪʦʨʳ ʩʪʝʨʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ ʠ ʥʠʞʝʩʪʦʷʱʠʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ 

ʚ ʤʦʟʛʝ ʤʝʥʷʶʪʩʷ ʩ ʚʦʟʨʘʩʪʦʤ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʶ ʟʘʙʦʣʝʚʘʥʠʷ. ʕʩʪʨʦʛʝʥ ʠ 

ʧʨʦʛʝʩʪʝʨʦʥ ð ɻ ʪʦ, ʜʚʘ ʩʪʝʨʦʠʜʥʳʭ ʛʦʨʤʦʥʘ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ ʠ ʨʘʙʦʪʫ 

ʤʦʟʛʘ ʚʦ ʚʨʝʤʷ ʤʝʥʦʧʘʫʟʳ [28]. ʀʥʩʫʣʠʥʦʧʦʜʦʙʥʳʡ ʬʘʢʪʦʨ ʨʦʩʪʘ 1 (IGF-1), ʢʦʪʦʨʳʡ ʠʛʨʘʝʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʥʝʡʨʦʧʨʦʪʝʢʮʠʠ, ʙʳʩʪʨʦ ʩʥʠʞʘʝʪʩʷ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʧʦʩʣʝ ʤʝʥʦʧʘʫʟʳ [31]. 

ʕʩʪʨʦʛʝʥ ʤʦʞʝʪ ʪʘʢʞʝ ʚʣʠʷʪʴ ʥʘ ʩʠʛʥʘʣʳ NMDAðʨʝʮʝʧʪʦʨʦʚ ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʝʪʘʙʦʪʨʦʧʥʳʤʠ ʛʣʫʪʘʤʘʪʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ (mGluR) [31]. 

ʂʦʤʙʠʥʘʮʠʷ ʵʩʪʨʦʛʝʥʦʚ, IGF-1 ʠʣʠ ʜʨʫʛʠʭ ʥʝʡʨʦʪʨʦʬʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ, ʥʘʧʨʠʤʝʨ, ʚ ʧʝʨʠʦʜ ʣʝʛʢʠʭ ʠ ʫʤʝʨʝʥʥʳʭ ʢʦʛʥʠʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ, 
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ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʪʷʞʝʣʦʡ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ, ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʪʝʨʘʧʝʚʪʠʯʝʩʢʫʶ ʩʪʨʘʪʝʛʠʶ 

ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʙʦʣʝʟʥʴʶ ɸʣʴʮʛʝʡʤʝʨʘ ʚ ʧʦʩʪʤʝʥʦʧʘʫʟʝ [31]. 

ɼʦʢʘʟʘʥʘ ʨʦʣʴ ʢʦʨʪʠʟʦʣʘ, ʵʩʪʨʦʛʝʥʘ, ʪʝʩʪʦʩʪʝʨʦʥʘ ʠ ʦʢʩʠʪʦʮʠʥʘ - ʚ ʚʦʟʨʘʩʪʥʳʭ 

ʠʟʤʝʥʝʥʠʷʭ ʬʫʥʢʮʠʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʢʦʥʪʝʢʩʪʝ ʢʦʛʥʠʪʠʚʥʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦ-

ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʪʘʨʝʥʠʷ [8]. 

ʅʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʝ ʠ ʚʦʟʨʘʩʪ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʭʨʦʥʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʤʝʩʪʦ ʪʘʢʠʝ ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʢʘʢ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʛʝʥʦʤʘ ʠ 

ʵʧʠʛʝʥʦʤʘ, ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʭʨʦʥʠʯʝʩʢʦʝ ʚʦʩʧʘʣʝʥʠʝ, ʫʢʦʨʦʯʝʥʠʝ ʪʝʣʦʤʝʨ, ʫʪʨʘʪʘ 

ʧʨʦʪʝʦʩʪʘʟʠʩʘ, ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ ʜʠʩʬʫʥʢʮʠʠ, ʢʣʝʪʦʯʥʦʝ ʩʪʘʨʝʥʠʝ, ʠʩʪʦʱʝʥʠʝ ʩʪʚʦʣʦʚʳʭ 

ʢʣʝʪʦʢ ʠ ʥʘʨʫʰʝʥʠʝ ʤʝʞʢʣʝʪʦʯʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʥʠʮʠʠʨʫʶʪʩʷ 

ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʧʠʪʘʥʠʝʤ ʠ ʜʠʩʙʘʣʘʥʩʦʤ ʩʠʤʙʠʦʪʠʯʝʩʢʦʡ ʢʠʰʝʯʥʦʡ ʤʠʢʨʦʙʠʦʪʳ, 

ʫʨʦʚʥʝʤ ʠ ʚʦʟʨʘʩʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʞʝʥʩʢʠʭ ʠ ʤʫʞʩʢʠʭ ʧʦʣʦʚʳʭ ʛʦʨʤʦʥʦʚ [8]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʠʦʵʣʝʢʪʨʦʤʘʛʥʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʝʪʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʟʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟʘʪʦʨ, ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʩʠʣʴʥʳʤʠ ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʠʤ ʩʠʛʥʘʣʘʤʠ ʜʣʷ 

ʮʠʨʢʘʜʠʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʦʧʪʠʤʘʣʴʥʦʡ ʨʘʙʦʪʳ Homo sapiens brain. ʆʧʪʠʤʠʟʘʮʠʷ 

ʥʝʡʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʭʨʦʥʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʦʟʤʦʞʥʘ ʧʨʠ ʮʠʨʢʘʜʠʘʥʥʦʡ ʚʳʨʘʙʦʪʢʝ 

ʤʝʣʘʪʦʥʠʥʘ ʠ ʦʙʝʩʧʝʯʝʥʠʠ ʝʛʦ ʜʣʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ. ʇʦʣʦʚʳʝ 

ʛʦʨʤʦʥʳ ʦʢʘʟʳʚʘʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʟʘʱʠʪʥʳʝ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʜʝʡʩʪʚʠʷ ʚʦ ʚʟʨʦʩʣʦʤ 

ʤʦʟʛʝ, ʫʚʝʣʠʯʠʚʘʷ ʥʝʨʚʥʫʶ ʬʫʥʢʮʠʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʧʦʩʦʙʩʪʚʫʷ ʚʳʞʠʚʘʥʠʶ ʥʝʡʨʦʥʦʚ. ʇʦ 

ʤʝʨʝ ʩʪʘʨʝʥʠʷ ʦʨʛʘʥʠʟʤʘ ʧʨʦʠʩʭʦʜʠʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʘʷ ʧʦʪʝʨʷ ʛʦʨʤʦʥʦʚ ʷʠʯʥʠʢʦʚ ʫ 

ʞʝʥʱʠʥ ʧʦʩʣʝ ʤʝʥʦʧʘʫʟʳ ʠ ʧʦʩʪʝʧʝʥʥʦʝ, ʥʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 

ʪʝʩʪʦʩʪʝʨʦʥʘ ʫ ʤʫʞʯʠʥ. ʈʝʧʨʦʜʫʢʪʠʚʥʦʝ ʩʪʘʨʝʥʠʝ ʢʘʢ ʫ ʤʫʞʯʠʥ, ʪʘʢ ʠ ʫ ʞʝʥʱʠʥ ʦʢʘʟʳʚʘʝʪ 

ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʝʨʚʥʫʶ ʬʫʥʢʮʠʶ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʦʟʨʘʩʪʥʦʡ 

ʬʘʢʪʦʨ ʨʠʩʢʘ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ. 

ʂʣʶʯʝʚʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʚʦʟʨʘʩʪ ʥʘʯʘʣʘ 

ʤʝʥʦʧʘʫʟʘʣʴʥʦʡ ʛʦʨʤʦʥʦʪʝʨʘʧʠʠ, ʨʘʥʥʝʝ ʥʘʯʘʣʦ ʛʦʨʤʦʥʦʪʝʨʘʧʠʠ ʚ ʧʝʨʠʦʜ ʤʝʥʦʧʘʫʟʳ ʷʚʣʷʝʪʩʷ 

ʟʘʱʠʪʥʳʤ ʦʪ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ. ʅʝʡʨʦʵʥʜʦʢʨʠʥʦʣʦʛʠʯʝʩʢʠʝ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʝ ʤʝʪʦʜʳ 

ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʘʢʪʠʚʥʦʡ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʟʜʦʨʦʚʦʡ 

ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ɺʨʝʤʷ ʥʘʯʘʣʘ ʪʝʨʘʧʠʠ ʵʢʟʦʛʝʥʥʳʤʠ ʵʩʪʨʦʛʝʥʘʤʠ ʪʘʢʞʝ ʚʳʩʦʢʦ ʜʦʩʪʦʚʝʨʥʦ 

ʘʩʩʦʮʠʠʨʦʚʘʣʦʩʴ ʩ ʨʠʩʢʦʤ ʜʝʤʝʥʮʠʠ: ʝʩʣʠ ʟʘʤʝʩʪʠʪʝʣʴʥʘʷ ʛʦʨʤʦʥʘʣʴʥʘʷ ʪʝʨʘʧʠʷ ʥʘʯʠʥʘʣʘʩʴ 

ʚ ʧʝʨʚʳʝ 5 ʣʝʪ ʧʦʩʣʝ ʥʘʩʪʫʧʣʝʥʠʷ ʤʝʥʦʧʘʫʟʳ, ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ ʙʳʣ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ. ʂʦʤʙʠʥʘʮʠʷ ʵʩʪʨʦʛʝʥʦʚ, IGF-1 ʠʣʠ ʜʨʫʛʠʭ ʥʝʡʨʦʪʨʦʬʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ, ʥʘʧʨʠʤʝʨ, ʚ ʧʝʨʠʦʜ ʣʝʛʢʠʭ ʠ ʫʤʝʨʝʥʥʳʭ ʢʦʛʥʠʪʠʚʥʳʭ 

ʥʘʨʫʰʝʥʠʡ, ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʪʷʞʝʣʦʡ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ, ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʪʝʨʘʧʝʚʪʠʯʝʩʢʫʶ 

ʩʪʨʘʪʝʛʠʶ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʙʦʣʝʟʥʴʶ ɸʣʴʮʛʝʡʤʝʨʘ ʚ ʧʦʩʪʤʝʥʦʧʘʫʟʝ. ʂʨʦʤʝ ʪʦʛʦ, ʵʩʪʨʦʛʝʥʳ 

ʜʝʡʩʪʚʫʶʪ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ, ʨʝʛʫʣʠʨʫʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʦʚʝʜʝʥʠʷ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʫ ʦʙʦʠʭ ʧʦʣʦʚ. 

ɹʠʦʵʣʝʢʪʨʦʤʘʛʥʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʝʪʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʨʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟʘʪʦʨ, ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʩʠʣʴʥʳʤʠ ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʠʤ ʩʠʛʥʘʣʘʤʠ ʜʣʷ ʮʠʨʢʘʜʠʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʠ ʦʧʪʠʤʘʣʴʥʦʡ ʨʘʙʦʪʳ Homo sapiens brain [32]. ʆʧʪʠʤʠʟʘʮʠʷ ʥʝʡʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʭʨʦʥʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʦʟʤʦʞʥʘ ʧʨʠ ʮʠʨʢʘʜʠʘʥʥʦʡ ʚʳʨʘʙʦʪʢʝ ʤʝʣʘʪʦʥʠʥʘ ʠ 

ʦʙʝʩʧʝʯʝʥʠʠ ʝʛʦ ʜʣʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ [32]. ʇʦʣʦʚʳʝ ʛʦʨʤʦʥʳ 

ʦʢʘʟʳʚʘʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʟʘʱʠʪʥʳʝ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʜʝʡʩʪʚʠʷ ʚʦ ʚʟʨʦʩʣʦʤ ʤʦʟʛʝ, 

ʫʚʝʣʠʯʠʚʘʷ ʥʝʨʚʥʫʶ ʬʫʥʢʮʠʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʧʦʩʦʙʩʪʚʫʷ ʚʳʞʠʚʘʥʠʶ ʥʝʡʨʦʥʦʚ [32]. 

ʇʦ ʤʝʨʝ ʩʪʘʨʝʥʠʷ ʦʨʛʘʥʠʟʤʘ ʧʨʦʠʩʭʦʜʠʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʘʷ ʧʦʪʝʨʷ ʛʦʨʤʦʥʦʚ 

ʷʠʯʥʠʢʦʚ ʫ ʞʝʥʱʠʥ ʧʦʩʣʝ ʤʝʥʦʧʘʫʟʳ ʠ ʧʦʩʪʝʧʝʥʥʦʝ, ʥʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʪʝʩʪʦʩʪʝʨʦʥʘ ʫ ʤʫʞʯʠʥ. ʈʝʧʨʦʜʫʢʪʠʚʥʦʝ ʩʪʘʨʝʥʠʝ ʢʘʢ ʫ ʤʫʞʯʠʥ, ʪʘʢ ʠ ʫ ʞʝʥʱʠʥ 
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ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʝʨʚʥʫʶ ʬʫʥʢʮʠʶ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʚʦʟʨʘʩʪʥʦʡ ʬʘʢʪʦʨ ʨʠʩʢʘ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʦʣʝʟʥʠ 

ɸʣʴʮʛʝʡʤʝʨʘ [32]. 

ʂʣʶʯʝʚʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʚʦʟʨʘʩʪ ʥʘʯʘʣʘ 

ʤʝʥʦʧʘʫʟʘʣʴʥʦʡ ʛʦʨʤʦʥʦʪʝʨʘʧʠʠ, ʨʘʥʥʝʝ ʥʘʯʘʣʦ ʛʦʨʤʦʥʦʪʝʨʘʧʠʠ ʚ ʧʝʨʠʦʜ ʤʝʥʦʧʘʫʟʳ ʷʚʣʷʝʪʩʷ 

ʟʘʱʠʪʥʳʤ ʦʪ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ. ʅʝʡʨʦʵʥʜʦʢʨʠʥʦʣʦʛʠʯʝʩʢʠʝ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʝ ʤʝʪʦʜʳ 

ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʘʢʪʠʚʥʦʡ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʟʜʦʨʦʚʦʡ 

ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ [32]. 

ɺʨʝʤʷ ʥʘʯʘʣʘ ʪʝʨʘʧʠʠ ʵʢʟʦʛʝʥʥʳʤʠ ʵʩʪʨʦʛʝʥʘʤʠ ʪʘʢʞʝ ʚʳʩʦʢʦ ʜʦʩʪʦʚʝʨʥʦ 

ʘʩʩʦʮʠʠʨʦʚʘʣʦʩʴ ʩ ʨʠʩʢʦʤ ʜʝʤʝʥʮʠʠ: ʝʩʣʠ ʟʘʤʝʩʪʠʪʝʣʴʥʘʷ ʛʦʨʤʦʥʘʣʴʥʘʷ ʪʝʨʘʧʠʷ ʥʘʯʠʥʘʣʘʩʴ 

ʚ ʧʝʨʚʳʝ 5 ʣʝʪ ʧʦʩʣʝ ʥʘʩʪʫʧʣʝʥʠʷ ʤʝʥʦʧʘʫʟʳ, ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ ʙʳʣ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ. ʂʦʤʙʠʥʘʮʠʷ ʵʩʪʨʦʛʝʥʦʚ, IGF-1 ʠʣʠ ʜʨʫʛʠʭ ʥʝʡʨʦʪʨʦʬʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ, ʥʘʧʨʠʤʝʨ, ʚ ʧʝʨʠʦʜ ʣʝʛʢʠʭ ʠ ʫʤʝʨʝʥʥʳʭ ʢʦʛʥʠʪʠʚʥʳʭ 

ʥʘʨʫʰʝʥʠʡ, ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʪʷʞʝʣʦʡ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʠ, ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʪʝʨʘʧʝʚʪʠʯʝʩʢʫʶ 

ʩʪʨʘʪʝʛʠʶ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʙʦʣʝʟʥʴʶ ɸʣʴʮʛʝʡʤʝʨʘ ʚ ʧʦʩʪʤʝʥʦʧʘʫʟʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʵʩʪʨʦʛʝʥʳ ʜʝʡʩʪʚʫʶʪ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ, ʨʝʛʫʣʠʨʫʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʧʦʚʝʜʝʥʠʷ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʫ ʦʙʦʠʭ ʧʦʣʦʚ [32]. ʇʦ ʤʝʨʝ ʩʪʘʨʝʥʠʷ ʦʨʛʘʥʠʟʤʘ 

ʧʨʦʠʩʭʦʜʠʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʘʷ ʧʦʪʝʨʷ ʛʦʨʤʦʥʦʚ ʷʠʯʥʠʢʦʚ ʫ ʞʝʥʱʠʥ ʧʦʩʣʝ ʤʝʥʦʧʘʫʟʳ ʠ 

ʧʦʩʪʝʧʝʥʥʦʝ, ʥʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʪʝʩʪʦʩʪʝʨʦʥʘ ʫ ʤʫʞʯʠʥ. 

ʈʝʧʨʦʜʫʢʪʠʚʥʦʝ ʩʪʘʨʝʥʠʝ ʢʘʢ ʫ ʤʫʞʯʠʥ, ʪʘʢ ʠ ʫ ʞʝʥʱʠʥ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʥʝʨʚʥʫʶ ʬʫʥʢʮʠʶ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʦʟʨʘʩʪʥʦʡ ʬʘʢʪʦʨ ʨʠʩʢʘ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ [32]. 

ʉʦʚʨʝʤʝʥʥʦʝ ʮʠʬʨʦʚʦʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ, ʙʠʦʬʠʟʠʢʘ ʠ ʙʠʦʣʦʛʠʷ ʩʦʟʜʘʶʪ ʥʦʚʳʝ 

ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʩʪʠʤʫʣʠʨʫʶʪ ʨʘʟʚʠʪʠʝ ʥʦʚʦʛʦ ʙʠʦʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʫʨʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʦʪ ʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ (ʷʜʝʨʥʘʷ ʤʝʜʠʮʠʥʘ) ʜʦ ʛʝʥʦʤʥʦ-ʢʣʝʪʦʯʥʦʛʦ-ʦʨʛʘʥʠʟʤʝʥʥʦʛʦ 

ʧʨʦʛʥʦʟʘ ʚ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ, ʥʝʡʨʦʵʥʜʦʢʨʠʥʦʣʦʛʠʠ, ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʣʦʛʠʠ ʠ 

ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʵʥʜʦʢʨʠʥʦʣʦʛʠʠ. ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ: 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ, ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ, ʛʠʙʨʠʜʥʳʝ, ʤʥʦʛʦʤʘʩʰʪʘʙʥʳʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ [33]. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʰʝʥʠʝ ʛʝʥʝʪʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʝʪʦʢ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʠ ʚʠʨʫʩʥʦʡ ʧʦʧʫʣʷʮʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʙʣʝʤʝ ʧʘʥʜʝʤʠʠ COVID-

19. ʀʩʧʦʣʴʟʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʟʘʢʦʥʝ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛʘ, ʩʦʩʪʦʷʱʘʷ 

ʠʟ ʜʚʫʭ ʚʟʘʠʤʦʟʘʚʠʩʷʱʠʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʋʨʘʚʥʝʥʠʷ ʦʪʨʘʞʘʶʪ ʚʨʝʤʝʥʥʫʶ 

ʜʠʥʘʤʠʢʫ ʢʣʝʪʦʢ ʯʝʣʦʚʝʯʝʩʢʦʡ ʠ ʚʠʨʫʩʥʦʡ ʧʦʧʫʣʷʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʅʘʡʜʝʥʳ 

ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʨʝʰʝʥʠʡ. 

ʇʦʣʫʯʝʥʘ ʦʮʝʥʢʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʘʥʜʝʤʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʢʣʝʪʦʢ ʧʝʯʝʥʠ 

ʯʝʣʦʚʝʢʘ ʠ ʚʠʨʫʩʘ ʛʨʠʧʧʘ [33]. 

ʇʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʧʩʠʭʦʥʝʡʨʦʠʤʤʫʥʦʣʦʛʠʠ, ʢʘʢ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʥʘʫʢʠ, ʯʝʨʝʟ ʘʣʛʦʨʠʪʤʳ ʠ ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʮʠʬʨʦʚʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, 

ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʧʩʠʭʦʥʝʡʨʦʢʦʤʤʫʥʠʢʘʮʠʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠʥʪʝʨʝʩʦʚ ʚ ʤʝʜʠʮʠʥʝ, 

ʵʢʦʥʦʤʠʢʝ, ʩʦʮʠʦʣʦʛʠʠ, ʢʫʣʴʪʫʨʦʣʦʛʠʠ. ʉʦʚʨʝʤʝʥʥʳʡ ʥʝʡʨʦʙʳʪ ʠ ʥʝʡʨʦʤʘʨʢʝʪʠʥʛ 

ʚʳʩʪʨʘʠʚʘʶʪ ʚʦʢʨʫʛ Homo sapiens ʚ ʨʘʤʢʘʭ çʨʘʟʫʤʥʦʡ ʩʨʝʜʳè ð çʟʜʦʨʦʚʦʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦè [33]. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʘʜʘʯʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʨʫʩʘ ʠ ʢʣʝʪʢʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʨʛʘʥʘ ʯʝʣʦʚʝʢʘ 

ʚʦʟʥʠʢʘʝʪ ʜʚʝ ʧʨʦʙʣʝʤʳ. ɺʦ-ʧʝʨʚʳʭ, ʥʫʞʥʦ ʛʝʥʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʚʦʟʜʝʡʩʪʚʠʝ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ (ʯʝʣʦʚʝʯʝʩʢʦʡ ʠʣʠ ʪʦʯʥʝʝ ʢʣʝʪʦʯʥʦʡ) ʥʘ ʚʪʦʨʫʶ ʧʦʧʫʣʷʮʠʶ 

(ʚʠʨʫʩʥʫʶ) ʠ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ ʥʘ ʧʝʨʚʫʶ. ɽʩʪʝʩʪʚʝʥʥʦ, ʵʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʛʫʪ 
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ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦ ʨʘʟʥʳʤ ʟʘʢʦʥʘʤ. ɺʦ-ʚʪʦʨʳʭ, ʥʫʞʥʦ ʫʯʝʩʪʴ ʨʘʟʣʠʯʥʳʡ ʤʘʩʰʪʘʙ ʚʨʝʤʝʥʠ 

ʜʣʷ ʦʙʝʠʭ ʧʦʧʫʣʷʮʠʡ, ʪ.ʢ. ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʞʠʟʥʠ ʢʣʝʪʦʢ ʯʝʣʦʚʝʯʝʩʢʠʭ ʦʩʦʙʝʡ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʚʠʨʫʩʦʚ. ʕʪʠ ʬʘʢʪʦʨʳ ʜʝʣʘʶʪ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʧʫʣʷʮʠʡ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ. ɽʩʣʠ ʠʤʝʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʤʫʪʘʛʝʥʥʳʡ 

ʬʘʢʪʦʨ D2,1 , ʜʝʡʩʪʚʫʶʱʠʡ ʩʦ ʩʪʦʨʦʥʳ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ ʥʘ ʧʝʨʚʫʶ, ʪʦ ʟʘʢʦʥ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛʘ 

ʜʣʷ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 
 

 

(1) 

ʛʜʝ  ð ʯʘʩʪʦʪʘ ʨʝʮʝʩʩʠʚʥʦʛʦ ʞʝʥʩʢʦʛʦ ʘʣʣʝʣʷ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ, ʧʦʜʚʝʨʛʘʶʱʝʛʦʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʩʦ ʩʪʦʨʦʥʳ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ 

ʢʣʝʪʢʠ ʦʨʛʘʥʘ ʯʝʣʦʚʝʢʘ, ʥʘʧʨʠʤʝʨ ʢʣʝʪʢʠ ʧʝʯʝʥʠ. ɹʝʟʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ  , ʛʜʝ   ð 

ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʞʠʟʥʠ ʢʣʝʪʦʢ ʦʨʛʘʥʘ ʜʣʷ ʦʩʦʙʠ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ. ɼʣʷ ʢʣʝʪʦʢ ʧʝʯʝʥʠ ʧʦ ʨʘʟʥʳʤ 

ʠʩʪʦʯʥʠʢʘʤ . 

ɿʘʢʦʥ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛʘ ʜʣʷ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ ʟʘʧʠʰʝʤ ʘʥʘʣʦʛʠʯʥʦ: 

 

(2) 

 

ʇʨʠ ʟʘʧʠʩʠ ʫʨʘʚʥʝʥʠʷ (2), ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʚʦ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ ʦʪʩʫʪʩʪʚʫʝʪ 

ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʤʫʞʩʢʠʝ ʠ ʞʝʥʩʢʠʝ ʦʩʦʙʠ, ʪʘʢ ʯʪʦ  ð ʯʘʩʪʦʪʘ ʨʝʮʝʩʩʠʚʥʦʛʦ ʘʣʣʝʣʷ, ʢʦʪʦʨʳʡ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ, ʚ ʛʝʥʦʤʝ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ. ʅʘʧʨʠʤʝʨ, ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʭʘʨʘʢʪʝʨʥʘ 

ʜʣʷ ʙʘʢʪʝʨʠʘʣʴʥʦʡ, ʤʠʢʨʦʙʥʦʡ ʠʣʠ ʚʠʨʫʩʥʦʡ ʧʦʧʫʣʷʮʠʡ. ɹʝʟʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ , ʛʜʝ  

ð ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʞʠʟʥʠ ʦʩʦʙʠ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʚʠʨʫʩʘ ʛʨʠʧʧʘ . 

ʄʫʪʘʛʝʥʥʳʡ ʬʘʢʪʦʨ, ʜʝʡʩʪʚʫʶʱʠʡ ʩʦ ʩʪʦʨʦʥʳ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ ʥʘ 

ʚʪʦʨʫʶ, ʦʙʦʟʥʘʯʝʥ . 

ɺʚʝʜʝʤ ʝʜʠʥʦʝ ʙʝʟʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ. ʀʟ ʫʩʣʦʚʠʷ   ʥʘʭʦʜʠʤ  , ʛʜʝ 

ʧʦʩʪʦʷʥʥʘʷ . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʨʘʚʥʝʥʠʝ (2) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ: 
 

 

(3) 

 

ʈʘʩʩʤʦʪʨʠʤ ʤʫʪʘʛʝʥʥʳʝ ʬʘʢʪʦʨʳ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʘʣʣʝʣʴ ʚ ʛʝʥʦʤʝ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ 

  ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʝʡ ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʛʝʥʦʤ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ ʩ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤʠ ʜʣʷ ʢʣʝʪʢʠ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʫʪʘʛʝʥʥʳʡ ʬʘʢʪʦʨ  , ʛʜʝ   ð ʥʝʢʦʪʦʨʳʡ ʧʦʩʪʦʷʥʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ ʥʘ ʚʪʦʨʫʶ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʥʠʯʪʦʞʝʥʠʠ ʠʤʤʫʥʥʦʡ 

ʩʠʩʪʝʤʦʡ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ ʦʩʦʙʝʡ (ʚʠʨʫʩʦʚ) ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ  , ʧʨʠʯʝʤ ʚʝʣʠʯʠʥʘ  . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʷ (1) ʠ (3) 

ʧʨʠʦʙʨʝʪʘʶʪ ʚʠʜ: 
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(4) 

 

 

(5) 

 

ɺ ʫʨʘʚʥʝʥʠʷʭ (4) ʠ (5) ʠʥʜʝʢʩ ʫ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʚʨʝʤʝʥʠ ʦʧʫʱʝʥ, ʪ.ʢ. ʦʩʫʱʝʩʪʚʣʝʥ ʧʝʨʝʭʦʜ 

ʢ ʝʜʠʥʦʤʫ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʨʝʤʝʥʠ .  

ʈʘʟʚʠʪʠʝ ʚʠʨʫʩʥʦʡ ʧʦʧʫʣʷʮʠʠ ʚʦ ʚʨʝʤʷ ʧʘʥʜʝʤʠʠ 

ʋʨʘʚʥʝʥʠʝ (5) ʜʣʷ ʚʪʦʨʦʡ (ʚʠʨʫʩʥʦʡ) ʧʦʧʫʣʷʮʠʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʝ ʠʤʤʫʥʥʦʡ 

ʩʠʩʪʝʤʳ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʦ ʙʝʟʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʘʚʥʝʥʠʷ (4). ʀʥʪʝʛʨʠʨʫʝʤ 

ʦʜʠʥ ʨʘʟ ʫʨʘʚʥʝʥʠʝ (5): 

 

(6) 

 

ʛʜʝ C1 ð ʧʦʩʪʦʷʥʥʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (6) ʧʨʝʜʩʪʘʚʠʤ ʬʫʥʢʮʠʶ 

 ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ ʬʫʥʢʮʠʡ . ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (6) ʧʝʨʝʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 
 

 

(7) 

 

ɻʨʫʧʧʠʨʫʷ ʩʣʘʛʘʝʤʳʝ, ʥʘʡʜʝʤ: 
 

 

(8) 

ɺʳʨʘʞʝʥʠʝ ʚ ʩʢʦʙʢʘʭ ʧʨʠʤʝʤ ʨʘʚʥʳʤ ʥʫʣʶ  . ʀʥʪʝʛʨʠʨʫʷ ʵʪʦ ʨʘʚʝʥʩʪʚʦ, 

ʥʘʡʜʝʤ  . ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  . ʇʦʩʪʦʷʥʥʫʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʧʨʠʥʠʤʘʝʤ ʨʘʚʥʦʡ ʥʫʣʶ, ʪ.ʢ. ʠʤʝʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʣ ʚ ʚʳʙʦʨʝ ʬʫʥʢʮʠʠ u. ʇʦʜʩʪʘʚʣʷʷ 

ʵʪʫ ʬʫʥʢʮʠʶ ʚ (8), ʧʦʣʫʯʠʤ: 
 

 

(9) 

ʈʝʰʘʝʤ ʫʨʘʚʥʝʥʠʝ (9) ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʫʥʢʮʠʠ V , ʩʥʘʯʘʣʘ ʥʘʭʦʜʠʤ: 
 

 

(10) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ: 
 

 

(11) 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʯʘʩʪʦʪʳ ʘʣʣʝʣʷ q2 , ʥʘʡʜʝʤ: 
 

 

(12) 

 

ʀʩʧʦʣʴʟʫʝʤ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: ʧʨʠ n = 0 ʯʘʩʪʦʪʘ ʘʣʣʝʣʷ q2 = q20 , ʧʨʠ  ʯʘʩʪʦʪʘ 

ʘʣʣʝʣʷ  . ɺʪʦʨʦʝ ʫʩʣʦʚʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦ ʚʨʝʤʝʥʠ  , ʪ.ʝ. ʚʪʦʨʦʝ ʫʩʣʦʚʠʝ 

ʧʨʠʥʠʤʘʝʪʩʷ ʜʣʷ ʚʨʝʤʝʥʠ, ʧʨʠʤʝʨʥʦ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ ʙʦʣʴʰʝ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʦʩʦʙʠ 

ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦ ʧʝʨʚʦʤʫ ʫʩʣʦʚʠʶ: 
 

 

(13) 

 

ʧʦ ʚʪʦʨʦʤʫ ʫʩʣʦʚʠʶ: 
 

 

(14) 

 

ʈʝʰʘʷ ʩʠʩʪʝʤʫ (13), (14), ʥʘʭʦʜʠʤ: 
 

 

(15) 

 

 

(16) 

 

ʇʦʜʩʪʘʚʣʷʷ (15) ʠ (16) ʚ (12), ʧʦʣʫʯʠʤ: 
 

 

(17) 

 

ʌʦʨʤʫʣʫ (17) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ʩʫʤʤʳ, ʦʪʨʘʞʘʶʱʝʡ ʨʘʟʤʥʦʞʝʥʠʝ ʚʦ ʚʪʦʨʦʡ 

(ʚʠʨʫʩʥʦʡ) ʧʦʧʫʣʷʮʠʠ ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʝʝ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ: 

 

(18) 

 

ʆʪʤʝʪʠʤ, ʯʪʦ ʨʘʟʤʥʦʞʝʥʠʝ ʚʠʨʫʩʥʦʡ ʧʦʧʫʣʷʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʘ ʪʦʣʴʢʦ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʢʣʝʪʢʘʤʠ, ʥʘʧʨʠʤʝʨ, ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʠ. ʇʦʵʪʦʤʫ, ʚ ʧʝʨʚʦʤ 
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ʩʣʘʛʘʝʤʦʤ (18) ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʘ , ʟʘʚʠʩʷʱʘʷ ʦʪ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʢʣʝʪʦʢ 

ʧʝʨʚʦʡ (ʯʝʣʦʚʝʯʝʩʢʦʡ) ʧʦʧʫʣʷʮʠʠ. ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ (18) ʦʪʨʘʞʘʝʪ ʜʝʡʩʪʚʠʝ ʠʤʤʫʥʥʦʡ 

ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ ʥʘ ʚʪʦʨʫʶ (ʚʠʨʫʩʥʫʶ) ʧʦʧʫʣʷʮʠʶ. 

ʅʘ ʈʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʘʣʣʝʣʷ   ʚʪʦʨʦʡ (ʚʠʨʫʩʥʦʡ) ʧʦʧʫʣʷʮʠʠ ʩʦ 

ʚʨʝʤʝʥʝʤ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ, ʢʨʠʚʘʷ 1 ʠ ʧʨʠ ʥʘʣʠʯʠʠ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʢʨʠʚʘʷ 2, ʩʦ ʩʪʦʨʦʥʳ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ.  

 

ʈʠʩʫʥʦʢ 4. ʀʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʘʣʣʝʣʷ  ʩʦ ʚʨʝʤʝʥʝʤ ʜʣʷ ʚʪʦʨʦʡ (ʚʠʨʫʩʥʦʡ) ʧʦʧʫʣʷʮʠʠ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʚʦʡ (ʯʝʣʦʚʝʯʝʩʢʦʡ) ʧʦʧʫʣʷʮʠʠ, ʢʨʠʚʘʷ 1 ʠ ʧʨʠ ʥʘʣʠʯʠʠ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʢʨʠʚʘʷ 2. ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ ; ; ;  

 

ʀʟ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʥʘ ʚʠʨʫʩʥʫʶ ʧʦʧʫʣʷʮʠʶ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʳʡ ʨʦʩʪ ʯʘʩʪʦʪʳ 

ʘʣʣʝʣʷ q2 ʩʦ ʚʨʝʤʝʥʝʤ, ʧʨʠʙʣʠʞʝʥʠʝ ʯʘʩʪʦʪʳ ʘʣʣʝʣʷ q2 ʢ ʨʘʚʥʦʚʝʩʥʦʤʫ ʟʥʘʯʝʥʠʶ. ʇʨʠ 

ʥʘʣʠʯʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʚʦʡ (ʯʝʣʦʚʝʯʝʩʢʦʡ) ʧʦʧʫʣʷʮʠʠ ʨʦʩʪ q2 ʩʤʝʥʷʝʪʩʷ 

ʧʘʜʝʥʠʝʤ ʟʘ ʩʯʝʪ ʛʠʙʝʣʠ ʚʠʨʫʩʦʚ ʧʨʠ ʜʝʡʩʪʚʠʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ. 

ʈʘʟʚʠʪʠʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʚʦ ʚʨʝʤʷ ʧʘʥʜʝʤʠʠ 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʡ ʚʦʧʨʦʩ, ʵʪʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʣʝʪʦʢ ʦʨʛʘʥʦʚ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʧʦʧʫʣʷʮʠʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʭ ʩ ʚʠʨʫʩʘʤʠ. ʅʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ (4).  

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (4) ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʧʦʜʩʪʘʚʣʷʷ ʨʝʰʝʥʠʝ (18) ʚ 

ʫʨʘʚʥʝʥʠʝ (4). ʆʜʥʘʢʦ, ʪʘʢʦʡ ʧʫʪʴ ʟʘʪʨʫʜʥʝʥ ʧʦʷʚʣʝʥʠʝʤ ʩʣʦʞʥʦʡ ʬʫʥʢʮʠʠ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ 

ʫʨʘʚʥʝʥʠʷ (4). ʇʦʵʪʦʤʫ ʤʳ ʫʚʝʣʠʯʠʤ ʧʦʨʷʜʦʢ ʫʨʘʚʥʝʥʠʷ, ʧʦʜʩʪʘʚʠʚ ʬʫʥʢʮʠʶ  ʠʟ ʫʨʘʚʥʝʥʠʷ 

(4) ʚ ʫʨʘʚʥʝʥʠʝ (5). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʣʠʥʝʡʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʯʝʪʚʝʨʪʦʛʦ 

ʧʦʨʷʜʢʘ: 

 

(19) 

 

ʀʥʪʝʛʨʠʨʫʷ ʫʨʘʚʥʝʥʠʝ (19) ʜʚʘʞʜʳ ʥʘʭʦʜʠʤ: 
 

 

(20) 

 

ʛʜʝ C3 ʠ C4 ð ʧʦʩʪʦʷʥʥʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 
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ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (20) ʩʥʘʯʘʣʘ ʥʘʡʜʝʤ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

ɿʘʧʠʰʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ: 
 

 

(21) 

 

ʈʝʰʝʥʠʷ ʢʚʘʜʨʘʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (21) ʠʤʝʶʪ ʚʠʜ: 
 

 

 

(22) 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʤʝʝʪ ʚʠʜ: 
 

 

(23) 

 

ɻʜʝ C5 ʠ C6 ð ʧʦʩʪʦʷʥʥʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʏʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (20) ʙʫʜʝʤ 

ʠʩʢʘʪʴ ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʘ: 
 

 
(24) 

 

ʛʜʝ A, B ʠ D ï ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ʇʦʜʩʪʘʚʣʷʷ (24) ʚ (20), ʥʘʡʜʝʤ: 
 

 

(25) 

 

ʇʨʠʨʘʚʥʠʚʘʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʩʪʝʧʝʥʷʭ n, ʥʘʭʦʜʠʤ: 
 

 

(26) 

 

ʇʦʩʪʦʷʥʥʫʶ D ʚ (24) ʥʘʭʦʜʠʪʴ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ (24) 

ʫʨʘʚʥʝʥʠʷ (20) ʠʤʝʝʪ ʚʠʜ: 
 

 

(27) 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (20) ʟʘʧʠʰʝʪʩʷ ʢʘʢ ʩʫʤʤʘ (23) ʠ (27): 
 

 

(28) 

 

ʇʨʠʤʝʤ ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ: ʧʨʠ n = 0 ʚʝʣʠʯʠʥʘ . ʉʣʝʜʦʚʘʪʝʣʴʥʦ: 
 

 
 (29) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ: 
 

 

(30) 
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ʇʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ (30) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʫʤʤʫ ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ: ʨʘʟʤʥʦʞʝʥʠʝ ʦʩʦʙʝʡ 

ʧʝʨʚʦʡ ʧʦʧʫʣʷʮʠʠ ð ʧʝʨʚʳʝ ʪʨʠ ʩʣʘʛʘʝʤʳʭ ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʧʫʣʷʮʠʶ ð ʯʝʪʚʝʨʪʦʝ 

ʩʣʘʛʘʝʤʦʝ. 

ʆʪʩʫʪʩʪʚʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʝʨʚʫʶ ʧʦʧʫʣʷʮʠʶ ʚʦʟʤʦʞʥʦ ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʠ 

a1 = 0, ʪ. ʝ. ʚʪʦʨʘʷ ʧʦʧʫʣʷʮʠʷ ʥʝ ʜʝʡʩʪʚʫʝʪ ʥʘ ʧʝʨʚʫʶ, ʚʦ-ʚʪʦʨʳʭ, ʧʨʠ a2 = a1 = 0 ð ʧʦʧʫʣʷʮʠʠ 

ʨʘʟʚʠʚʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʚ-ʪʨʝʪʴʠʭ, ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʚʳʨʘʞʝʥʠʷ ʚ ʩʢʦʙʢʘʭ 

ʯʝʪʚʝʨʪʦʛʦ ʩʣʘʛʘʝʤʦʛʦ (30). ʇʦʩʣʝʜʥʠʡ ʩʣʫʯʘʡ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʝʥ. ʆʥ ʩʚʷʟʘʥ ʩ ʚʘʨʠʘʥʪʦʤ, 

ʢʦʛʜʘ ʥʘ ʧʝʨʚʫʶ ʧʦʧʫʣʷʮʠʶ, ʥʘʧʨʠʤʝʨ, ʯʝʣʦʚʝʯʝʩʢʫʶ, ʚʦʟʜʝʡʩʪʚʠʝ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ, 

ʥʘʧʨʠʤʝʨ, ʚʠʨʫʩʥʦʡ, ʙʳʣʦ, ʥʦ ʟʘʪʝʤ ʦʥʦ ʧʨʝʢʨʘʪʠʣʦʩʴ, ʪ.ʢ. ʯʝʣʦʚʝʯʝʩʢʘʷ ʧʦʧʫʣʷʮʠʷ 

ʚʳʨʘʙʦʪʘʣʘ ʠʤʤʫʥʠʪʝʪ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʠʨʫʩʥʦʡ ʧʦʧʫʣʷʮʠʠ. ʇʨʠʨʘʚʥʷʝʤ ʧʦʩʣʝʜʥʶʶ ʩʢʦʙʢʫ 

(30) ʢ ʥʫʣʶ: 
 

 

(31) 

 

ʋʨʘʚʥʝʥʠʝ (31) ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʙʝʟʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ ʚʳʨʘʙʦʪʢʠ ʠʤʤʫʥʠʪʝʪʘ ʫ ʧʝʨʚʦʡ 

ʧʦʧʫʣʷʮʠʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ: 
 

 

(32) 

 

ʈʘʟʤʝʨʥʦʝ ʚʨʝʤʷ ʨʘʚʥʦ: 
 

 

(33) 

 

ʂ ʩʦʞʘʣʝʥʠʶ, ʬʦʨʤʫʣʘ (33) ʩʦʜʝʨʞʠʪ ʥʝʦʧʨʝʜʝʣʝʥʥʫʶ ʧʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ C3 . 

ʇʦʩʪʦʷʥʥʘʷ C3 ʦʧʨʝʜʝʣʷʝʪʩʷ, ʩʦʛʣʘʩʥʦ (19), ʩʫʤʤʦʡ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʝʨʚʳʭ ʪʨʝʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʯʘʩʪʦʪʳ ʘʣʣʝʣʷ . ʀʥʪʝʛʨʠʨʫʷ (19) ʦʜʠʥ ʨʘʟ, ʧʨʠ n = 0 ʥʘʡʜʝʤ: 
 

 

(34) 

 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ   ʦʯʝʥʴ ʤʘʣʝʥʴʢʦʡ ʚʝʣʠʯʠʥʦʡ. ʕʪʦ ʚʦʟʤʦʞʥʦ, ʪ.ʢ. ʩʨʝʜʥʝʝ ʚʨʝʤʷ 

ʞʠʟʥʠ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ ʦʙʳʯʥʦ ʤʥʦʛʦ ʙʦʣʴʰʝ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʚʠʨʫʩʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, 

ʩʦʛʣʘʩʥʦ (34), ʧʦʩʪʦʷʥʥʘʷ C3 å 0. ʌʦʨʤʫʣʘ (30) ʧʨʠ C3 å 0 ʠ ɔ << 1 ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ: 
 

 

(35) 

ʇ ʨʠ C3 å 0 ʙʝʟʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ ʟʘʪʫʭʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ 

ʥʘ ʧʝʨʚʫʶ (32) ʨʘʚʥʦ, ʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ (33) ʨʘʚʥʦ  . 

ʇʦʣʫʯʠʚʰʝʝʩʷ ʚʨʝʤʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ð ʧʦʯʪʠ 3 ʩʨʝʜʥʠʭ ʚʨʝʤʝʥʠ 

ʞʠʟʥʠ ʢʣʝʪʢʠ ʦʩʦʙʠ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʚʪʦʨʦʡ ʧʦʧʫʣʷʮʠʠ ʥʘ ʧʝʨʚʫʶ, ʧʦʩʣʝʜʥʝʝ 
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ʩʣʘʛʘʝʤʦʝ ʚ (35) ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ. ʇʨʦʠʩʭʦʜʠʪ ʩʚʦʙʦʜʥʦʝ ʨʘʟʤʥʦʞʝʥʠʝ ʧʝʨʚʦʡ 

ʧʦʧʫʣʷʮʠʠ. ʋʯʠʪʳʚʘʷ ʪʘʢʞʝ ɔ << 1, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 
 

 
(36) 

 

ɿʘʢʦʥ ʩʚʦʙʦʜʥʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʧʦʧʫʣʷʮʠʠ ʠʤʝʝʪ ʚʠʜ [1]: 
 

 

(37) 

ʛʜʝ  ð ʥʘʯʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʝʮʝʩʩʠʚʥʦʛʦ ʘʣʣʝʣʷ ʫ ʞʝʥʱʠʥʳ,  

ð ʫ ʤʫʞʯʠʥʳ. 

ʉʨʘʚʥʠʚʘʷ (36) ʠ (37) ʥʘʭʦʜʠʤ . ʂʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʧʦʣʫʯʠʣʦʩʴ 

C6 = 0, ʪ.ʢ.   ʧʨʠ ʩʚʦʙʦʜʥʦʤ ʨʘʟʤʥʦʞʝʥʠʠ ʦʩʦʙʝʡ ʥʝ ʜʦʣʞʥʦ ʟʘʚʠʩʝʪʴ ʦʪ ʚʝʣʠʯʠʥʳ  . 

ʇʦʵʪʦʤʫ ʬʦʨʤʫʣʫ (35) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ: 
 

 

(38) 

 

ʈʠʩʫʥʦʢ 5. ʀʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʘʣʣʝʣʷ  ʩʦ ʚʨʝʤʝʥʝʤ ʫ ʧʝʨʚʦʡ (ʯʝʣʦʚʝʯʝʩʢʦʡ) ʧʦʧʫʣʷʮʠʠ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚʪʦʨʦʡ (ʚʠʨʫʩʥʦʡ) ʧʦʧʫʣʷʮʠʠ 

 

ɺʠʜʥʦ, ʯʪʦ ʯʘʩʪʦʪʘ ʘʣʣʝʣʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚʠʨʫʩʥʦʡ ʧʦʧʫʣʷʮʠʠ ʧʦʩʪʝʧʝʥʥʦ 

ʧʘʜʘʝʪ, ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʨʘʚʥʦʚʝʩʥʦʤʫ ʟʥʘʯʝʥʠʶ  . ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʚʠʨʫʩʥʦʡ ʧʦʧʫʣʷʮʠʠ ʯʘʩʪʦʪʘ ʘʣʣʝʣʷ, ʥʘ ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ, ʢʨʠʚʘʷ 2, 

ʩʥʘʯʘʣʘ ʧʘʜʘʝʪ ʦʯʝʥʴ ʙʳʩʪʨʦ ʟʘ ʩʯʝʪ ʛʠʙʝʣʠ ʢʣʝʪʦʢ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʣʣʝʣʝʡ, ʥʦ ʟʘʪʝʤ, ʧʦ 

ʤʝʨʝ ʚʳʨʘʙʦʪʢʠ ʠʤʤʫʥʠʪʝʪʘ ʧʨʠ  ʠ ʨʘʟʤʥʦʞʝʥʠʷ ʢʣʝʪʦʢ, ʯʘʩʪʦʪʘ ʚʦʟʨʘʩʪʘʝʪ, 

ʜʦʩʪʠʛʘʷ ʥʦʨʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʨʠʚʦʡ 1. ɼʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʢʨʠʚʦʡ 2, 

ʧʦʢʘʟʘʥʥʳʡ ʧʫʥʢʪʠʨʦʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʥʝ ʠʤʝʝʪ. 
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