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ʉʧʠʩʦʢ ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʴ 

A ï ʢʦʝʬʽʮʽʻʥʪ ʨʽʚʥʷʥʥʷ; 

ʘ ï ʜʦʚʞʠʥʘ ʦʪʚʦʨʫ ʧʽʜ ʢʣʘʧʘʥʦʤ, ʤ; 

ɺ ï ʰʠʨʠʥʘ ʟʣʠʚʫ, ʤ; 

ʚ ï ʰʠʨʠʥʘ ʦʪʚʦʨʫ ʧʽʜ ʢʣʘʧʘʥʦʤ, ʤ; 

D ï ʜʽʘʤʝʪʨ ʢʦʣʦʥʠ, ʪʘʨʽʣʢʠ, ʤ; 

Dʧ ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʟʜʦʚʞʥʴʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ; 

d0 ï ʜʽʘʤʝʪʨ ʦʪʚʦʨʫ ʧʽʜ ʢʣʘʧʘʥʦʤ, ʤ; 

dʢ ï ʜʽʘʤʝʪʨ ʢʣʘʧʘʥʘ, ʤ2; 

dʝ ï ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʦʪʚʦʨʽʚ ʪʘʨʽʣʢʠ, ʤ; 

ɽ ï ʘʙʩʦʣʶʪʥʝ ʚʠʥʝʩʝʥʥʷ ʨʽʜʠʥʠ, % 

ɽʄG ï ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ ʟʘ ʄʝʨʬʨʽ 

ɽʄL ï ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʨʽʜʢʽʡ ʬʘʟʽ ʟʘ ʄʝʨʬʨʽ 

ɽʆ ï ʣʦʢʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ 

ʝ ï ʚʽʜʥʦʩʥʝ ʚʠʥʝʩʝʥʥʷ ʨʽʜʠʥʠ, ʢʛ/ʢʛ; 

F ï ʧʣʦʱʘ ʪʘʨʽʣʢʠ, ʧʣʦʱʘ ʚʽʣʴʥʦʛʦ ʧʝʨʝʪʠʥʫ ʢʦʣʦʥʠ, ʤ2; 

Fʟmax ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʝʨʝʪʠʥ ʟʘʟʦʨʽʚ ʜʣʷ ʧʨʦʭʦʜʫ ʛʘʟʫ ʤʽʞ ʢʣʘʧʘʥʘʤʠ ʡ 

ʪʘʨʽʣʢʦʶ, ʤ2; 

Fʟmin ï ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʝʪʠʥ ʟʘʟʦʨʽʚ ʜʣʷ ʧʨʦʭʦʜʫ ʛʘʟʫ ʤʽʞ ʢʣʘʧʘʥʘʤʠ ʡ 

ʪʘʨʽʣʢʦʶ, ʤ2; 

Fʢ ï ʧʣʦʱʘ, ʱʦ ʟʘʡʤʘʶʪʴ ʢʣʘʧʘʥʠ ʥʘ ʪʘʨʽʣʮʽ, ʤ2; 

Fʚ ï ʧʣʦʱʘ ʚʽʣʴʥʦʛʦ ʧʝʨʝʪʠʥʫ ʪʘʨʽʣʢʠ, ʤ2 

Fʢ0 ï ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ ʢʣʘʧʘʥʽʚ, ʤ2; 

f0 ï ʧʣʦʱʘ ʦʪʚʦʨʫ ʧʽʜ ʢʣʘʧʘʥʦʤ, ʤ2; 

fʚʠʨ ï ʧʣʦʱʘ ʟʫʙʮʶʚʘʪʦʛʦ ʚʠʨʽʟʫ ʚ ʛʘʟʦʚʦʤʫ ʧʘʪʨʫʙʢʫ, ʤ2; 

fʟ ï ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ (ʟʘʟʦʨʫ) ʤʽʞ ʢʣʘʧʘʥʦʤ ʽ ʪʘʨʽʣʢʦʶ, ʤ2; 

fʢ ï ʧʣʦʱʘ ʢʣʘʧʘʥʘ, ʤ2; 

fʧ ï ʧʣʦʱʘ ʧʨʦʨʽʟʫ, ʤ2; 
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H ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʘʨʽʣʢʘʤʠ, ʤ; 

ʅʩ ï ʚʠʩʦʪʘ ʩʝʧʘʨʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘʜ ʪʘʨʽʣʢʦʶ, ʤ; 

h ï ʚʠʩʦʪʘ ʧʽʜʡʦʤʫ ʢʣʘʧʘʥʘ, ʤ; 

hʩʪ ï ʚʠʩʦʪʘ ʩʪʘʪʠʯʥʦʛʦ ʰʘʨʫ ʨʽʜʠʥʠ ʥʘ ʪʘʨʽʣʮʽ, ʤ; 

hmin ï ʤʽʥʽʤʘʣʴʥʘ ʚʠʩʦʪʘ ʧʽʜʡʦʤʫ ʢʣʘʧʘʥʘ, ʤ; 

hmʘʭ ï ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʩʦʪʘ ʧʽʜʡʦʤʫ ʢʣʘʧʘʥʘ, ʤ; 

h0 ï ʧʦʯʘʪʢʦʚʠʡ ʧʽʜʧʽʨ ʨʽʜʠʥʠ ʥʘʜ ʟʣʠʚʥʦʶ ʧʝʨʛʦʨʦʜʢʦʶ, ʤ; 

h0w ï ʧʽʜʧʽʨ ʨʽʜʠʥʠ ʥʘʜ ʟʣʠʚʥʦʶ ʧʝʨʝʛʦʨʦʜʢʦʶ, ʤ; 

hw ï ʚʠʩʦʪʘ ʟʣʠʚʥʦʾ ʧʝʨʝʛʦʨʦʜʠ, ʤ; 

hwô ï ʚʠʩʦʪʘ ʩʪʦʚʧʘ ʛʘʟʦʨʽʜʠʥʥʦʛʦ ʰʘʨʫ ʥʠʞʯʝ ʢʨʦʤʢʠ ʟʣʠʚʥʦʾ 

ʧʝʨʝʛʦʨʦʜʢʠ, ʤ; 

Gʢ ï ʚʘʛʘ ʢʣʘʧʘʥʘ, ʅ; 

g ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʢʛ/ʤÖʩ2; 

ʂ5 ï ʢʦʝʬʽʮʽʻʥʪ ʩʧʽʥʶʚʘʥʥʷ ʨʽʜʠʥʠ; 

KGf ï ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʧʝʨʝʜʘʯʽ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ, ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʦʜʠʥʠʮʽ ʧʣʦʱʽ 

ʪʘʨʽʣʢʠ, ʤ/ʩ. 

KLf ï ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʧʝʨʝʜʘʯʽ ʚ ʨʽʜʢʽʡ ʬʘʟʽ, ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʦʜʠʥʠʮʽ ʧʣʦʱʽ 

ʪʘʨʽʣʢʠ, ʤ/ʩ. 

kʛ ï ʢʦʝʬʽʮʽʻʥʪ ʘʝʨʘʮʽʾ; 

ʂʊ ï ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʟʘʛʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʤʘʩʦʧʝʨʝʜʘʯʽ; 

L ï ʦʙ'ʻʤʥʘ ʚʠʪʨʘʪʘ ʨʽʜʠʥʠ, ʤ3/ʛʦʜ; 

Lvô ï ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ ʧʝʨʠʤʝʪʨʘ ʟʣʠʚʫ, ʤ/c; 

Lv ï ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʨʽʜʠʥʽ, ʤ3/(ʤ2Öʛʦʜ); 

lʧ ï ʚʠʩʦʪʘ ʨʦʙʦʯʦʛʦ ʚʽʜʢʨʠʪʪʷ ʧʨʦʨʽʟʫ ʢʦʚʧʘʯʢʘ, ʤ; 

ʄ ï ʤʘʩʘ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʱʦ ʧʝʨʝʡʰʦʚ ʟ ʦʜʥʽʻʾ ʬʘʟʠ ʚ ʽʥʰʫ, 

ʢʛ/ʩ; 

mʢ ï ʤʘʩʘ ʢʣʘʧʘʥʘ, ʢʛ; 

n ï ʯʠʩʣʦ ʢʦʚʧʘʯʢʽʚ ʘʙʦ ʢʣʘʧʘʥʽʚ ʥʘ ʪʘʨʽʣʮʽ, ʰʪ.; 
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Pʟ ï ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʨʽʜʠʥʠ ʚ ʟʘʟʦʨʽ ʧʽʜ ʢʣʘʧʘʥʦʤ, ʇʘ;. 

q ï ʚʘʛʘ ʢʣʘʧʘʥʘ, ʚʽʜʥʝʩʝʥʘ ʜʦ ʧʣʦʱʽ ʦʪʚʦʨʫ, ʢʛ/ʤ2; 

rʛ ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʨʘʜʽʫʩ ʦʪʚʦʨʽʚ, ʯʝʨʝʟ ʷʢʽ ʧʘʨʘ ʚʠʭʦʜʠʪʴ ʫ ʨʽʜʠʥʫ, ʤ; 

R ï ʨʘʜʽʫʩ ʦʪʚʦʨʫ ʧʽʜ ʢʣʘʧʘʥʦʤ, ʤ; 

t ï ʚʝʣʠʯʠʥʘ ʦʩʥʦʚʠ ʪʨʠʢʫʪʥʦʛʦ ʚʠʨʽʟʫ, ʤ; 

U ï ʰʚʠʜʢʽʩʪʴ ʨʽʜʠʥʠ ʚ ʧʝʨʝʣʠʚʽ, ʤ/ʩ; 

Uʜ ï ʜʦʧʫʩʪʠʤʘ ʰʚʠʜʢʽʩʪʴ ʨʽʜʠʥʠ ʚ ʧʝʨʝʣʠʚʽ, ʤ/ʩ; 

V ï ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ ʛʘʟʫ, ʤ3/ʛʦʜ; 

Vô ï ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ ʛʘʟʦʨʽʜʠʥʥʦʾ ʝʤʫʣʴʩʽʾ, ʤ3/ʛʦʜ; 

V1 ï ʦʙʩʷʛ ʨʦʟʯʠʥʫ NaOH, ʱʦ ʧʽʰʦʚ ʥʘ ʪʠʪʨʫʚʘʥʥʷ, ʤʦʣ.; 

V2 ï ʦʙʩʷʛ ʧʨʦʙʠ, ʱʦ ʘʢʪʠʚʽʟʫʻʪʴʩʷ, ʤʦʣ; 

W2-3 ï ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ, ʧʨʠ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʜʨʫʛʦʛʦ ʡ ʪʨʝʪʴʦʛʦ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʪʘʨʽʣʢʠ, ʤ/ʩ; 

W0 ï ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚ ʦʪʚʦʨʽ ʧʽʜ ʢʣʘʧʘʥʦʤ, ʤ/ʩ; 

W0ʨ ï ʰʚʠʜʢʽʩʪʴ ʨʽʜʠʥʠ ʚ ʦʪʚʦʨʘʭ ʪʘʨʽʣʢʠ, ʤ/ʩ; 

W0min ï ʤʽʥʽʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚ ʦʪʚʦʨʘʭ ʧʽʜ ʢʣʘʧʘʥʘʤʠ, ʤ/ʩ; 

W0max ï ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚ ʦʪʚʦʨʘʭ ʧʽʜ ʢʣʘʧʘʥʘʤʠ, ʤ/ʩ; 

Wʜ ï ʜʦʧʫʩʪʠʤʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚ ʘʧʘʨʘʪʽ, ʤ/ʩ; 

WL ï ʰʚʠʜʢʽʩʪʴ ʨ̔ ʜʠʥʠ ʥʘ ʪʘʨʽʣʮʽ, ʤ/ʩ; 

Wʢ ï ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʫ ʢʦʣʦʥʽ, ʤ/ʩ; 

Wʟ ï ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʫ ʟʘʟʦʨʽ ʧʽʜ ʢʣʘʧʘʥʦʤ, ʤ/ʩ; 

Wʨ ï ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʫ ʚʽʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ ʪʘʨʽʣʢʠ, ʤ/ʩ; 

Wʨmin ï ʤʽʥʽʤʘʣʴʥʦ ʧʨʠʧʫʩʪʠʤʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʫ ʚʽʣʴʥʦʤʫ ʧʝʨʝʪʠʥʽ ʢʦʣʦʥʠ, 

ʤ/ʩ; 

W0ɟɻ1/2 ï ʬʘʢʪʦʨ ʰʚʠʜʢʦʩʪʽ; 

Y ï ʪʦʚʱʠʥʘ ʚôʷʟʢʦʛʦ ʧʽʜʰʘʨʫ, ʤ 

Zʨ ï ʟʘʧʘʩ ʨʽʜʠʥʠ ʥʘ ʪʘʨʽʣʮʽ, ʢʛ; 

z ï ʢʽʣʴʢʽʩʪʴ ʚʠʨʽʟʽʚ ʫ ʛʘʟʦʚʦʤʫ ʧʘʪʨʫʙʢʫ, ʰʪ; 
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aL ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚ ʨʽʜʢʽʡ ʬʘʟʽ, 

aʢʣ ï ʢʫʪ ʚʽʜʢʨʠʪʪʷ ʢʣʘʧʘʥʘ, ;̄ 

aʥ ï ʧʦʯʘʪʢʦʚʠʡ ʢʫʪ ʚʽʜʢʨʠʪʪʷ ʢʣʘʧʘʥʘ, ;̄ 

aɻ ï ʛʨʘʥʠʯʥʠʡ ʢʫʪ ʚʽʜʢʨʠʪʪʷ ʢʣʘʧʘʥʘ, ;̄ 

bG ï ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ, ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʦʜʠʥʠʮʽ 

ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʬʘʟ; 

bGf ï ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ, ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʦʜʠʥʠʮʽ ʧʣʦʱʽ, 

ʤ/ʩ; 

bL ï ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ ʚ ʨʽʜʢʽʡ ʬʘʟʽ, ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʦʜʠʥʠʮʽ ʧʦʚʝʨʭʥʽ 

ʢʦʥʪʘʢʪʫ ʬʘʟ; 

bLf ï ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ ʚ ʨʽʜʢʽʡ ʬʘʟʽ, ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʦʜʠʥʠʮʽ ʧʣʦʱʽ, 

ʤ/ʩ; 

æʈ ï ʧʦʚʥʠʡ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʪʘʨʽʣʢʠ, ʇʘ; 

æʈʩ ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʩʫʭʦʾ ʪʘʨʽʣʢʠ, ʇʘ; 

æʈʨ ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʨʽʜʠʥʥʦʛʦ ʰʘʨʫ, ʇʘ; 

æʈs ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ, ʦʙʫʤʦʚʣʝʥʠʡ ʩʠʣʘʤʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, ʇʘ; 

s ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ, ʤʅ/ʤ; 

x ï ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʩʫʭʦʾ ʪʘʨʽʣʢʠ; 

xʩʨ ï ʫʩʝʨʝʜʥʝʥʘ ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʫ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʪʘʨʽʣʢʠ; 

j ï ʛʘʟʦʚʤʽʩʪ ʙʘʨʙʦʪʘʞʥʦʛʦ ʰʘʨʫ; 

jʚ ï ʚʽʜʥʦʩʥʠʡ ʚʽʣʴʥʠʡ ʧʝʨʝʪʠʥ ʪʘʨʽʣʢʠ ʤ2/ʤ2; 

jl ï ʚʽʜʥʦʩʥʠʡ ʧʝʨʝʪʠʥ ʧʝʨʝʣʠʚʫ ʤ2/ʤ2; 

ɟɻ ï ʛʫʩʪʠʥʘ ʛʘʟʫ, ʢʛ/ʤ3; 

ɟʨ ï ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ, ʢʛ/ʤ3; 

z ï ʢʦʝʬʽʮʽʻʥʪ ʩʪʠʩʢʫ ʩʪʨʫʤʝʥʷ; 

gɻ ï ʧʠʪʦʤʘ ʚʘʛʘ ʛʘʟʫ, ʅ/ʤ3; 

gʨ ï ʧʠʪʦʤʘ ʚʘʛʘ ʨʽʜʠʥʠ, ʅ/ʤ3; 
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y ï ʯʘʩʪʢʘ ʜʟʝʨʢʘʣʘ ʙʘʨʙʦʪʘʞʫ; 

c ï ʢʘʧʽʣʷʨʥʘ ʩʪʘʣʘ; 

d ï ʚʝʣʠʯʠʥʘ ʟʘʟʦʨʫ ʤʽʞ ʢʣʘʧʘʥʦʤ ʽ ʪʘʨʽʣʢʦʶ, ʤʤ; 

m ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪʠ ʧʨʠ ʚʠʪʽʢʘʥʥʽ; 

ɸʎʇ ï ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ; 

ɻ ï ʧʘʨʘʤʝʪʨ, ʱʦ ʚʨʘʭʦʚʫʻ ʛʝʦʤʝʪʨʽʶ ʡ ʢʦʥʩʪʨʫʢʮʽʶ ʢʣʘʧʘʥʘ, ʤ; 

ʂʉʋ ï ʢʽʥʮʝʚʘ ʩʝʧʘʨʘʮʽʡʥʘ ʫʩʪʘʥʦʚʢʘ; 

ɺʂʇʅ ï ʚʫʟʦʣ ʢʦʤʧʣʝʢʩʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʥʘʬʪʠ; 

ʇ ï ʧʨʦʚʘʣ ʨʽʜʠʥʠ, %; 

ʇʧ ï ʧʝʨʠʤʝʪʨ ʧʨʦʨʽʟʫ, ʤ; 

ʎɸʇ ï ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 

ʐʌʃɺ ï ʰʠʨʦʢʘ ʬʨʘʢʮʽʷ ʣʝʛʢʠʭ ʚʫʛʣʝʚʦʜʥʽʚ 
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ɺʉʊʋʇ 

 

ʂʦʣʦʥʥʽ ʙʘʨʙʦʪʘʞʥʽ ʤʘʩʦʦʙʤʽʥʥʽ ʘʧʘʨʘʪʠ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚ ʭʽʤʽʯʥʽʡ, ʥʘʬʪʦʧʝʨʝʨʦʙʥʽʡ ʽ ʩʫʤʽʞʥʽʡ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʧʦʜʽʣʫ ʘʙʦ 

ʚʠʪʷʛʫ ʢʦʤʧʦʥʝʥʪʽʚ ʽʟ ʩʫʤʽʰʝʡ ʨʽʜʠʥʠ (ʨʝʢʪʠʬʽʢʘʮʽʷ) ʽ ʛʘʟʽʚ (ʘʙʩʦʨʙʮʽʷ). 

ɿʘʟʥʘʯʝʥʽ ʩʧʦʩʦʙʠ ʧʦʜʽʣʫ ʨʝʯʦʚʠʥ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʢʣʘʜʥʽʩʪʶ ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʦʧʠʩʫ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʚʟʘʻʤʦʜʽʻʶ ʬʘʟ, ʾʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʤʠ, ʪʝʧʣʦ- ʡ 

ʤʘʩʦʦʙʤʽʥʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʪʘʢʦʞ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʢʦʥʪʘʢʪʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʶʯʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʪʝʦʨʽʡ ʽ 

ʧʽʜʭʦʜʽʚ ʜʦ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʤʘʩʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʘʭ, ʥʝ 

ʜʘʶʪʴ ʪʦʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʽ ʟʘʣʝʞʥʦʩʪʝʡ, ʘ ʚʠʤʘʛʘʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʡ 

ʫʪʦʯʥʝʥʥʷ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʢʨʝʪʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʢʦʥʪʘʢʪʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ɸʂʊʋɸʃʔʅɯʉʊʔ ʊɽʄʀ. ʇʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʜʝʨʞʫʚʘʥʠʭ ʬʨʘʢʮʽʡ ʽ 

ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ ʦʜʠʥʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʚʠʢʣʠʢʘʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ 

ʪʘʨʽʣʯʘʩʪʠʭ ʤʘʩʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ. 

ʆʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʣʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʻ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʢʦʥʪʘʢʪʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʪʝʧʣʦ- ʡ ʤʘʩʦʦʙʤʽʥ ʚ ʽʥʪʝʥʩʠʚʥʦʤʫ ʨʝʞʠʤʽ. 

ʋ ʜʘʥʠʡ ʯʘʩ ʫ ʭʽʤʽʯʥʽʡ ʽ ʥʘʬʪʦʧʝʨʝʨʦʙʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʣʦʥʥʽ ʘʧʘʨʘʪʠ ʟ ʢʣʘʧʘʥʥʠʤʠ ʪʘʨʽʣʢʘʤʠ ʟ ʧʝʨʝʭʨʝʩʥʦʶ 

ʪʝʯʽʻʶ ʬʘʟ. ʆʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ʮʠʭ ʪʘʨʽʣʦʢ ʧʦʣʷʛʘʻ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʪʘʙʽʣʴʥʠʭ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʽ ʤʘʩʦʦʙʤʽʥʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘ ʨʘʭʫʥʦʢ ʩʘʤʦʨʝʛʫʣʶʚʘʥʥʷ 

ʚʽʣʴʥʦʛʦ ʧʝʨʝʪʠʥʫ ʜʣʷ ʧʨʦʭʦʜʫ ʛʘʟʫ (ʧʘʨʠ) ʧʨʠ ʟʤʽʥʽ ʡʦʛʦ ʰʚʠʜʢʦʩʪʽ ʚ ʘʧʘʨʘʪʽ. 

ʂʣʘʧʘʥʥʽ ʪʘʨʽʣʢʠ, ʷʢ ʧʦʢʘʟʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʤʘʩʦʦʙʤʽʥʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʷʢ ʫ ʧʨʦʮʝʩʘʭ, ʜʝ ʜʠʬʫʟʽʡʥʠʡ ʦʧʽʨ 

ʟʦʩʝʨʝʜʞʝʥʦ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ, ʪʘʢ ʽ ʚ ʧʨʦʮʝʩʘʭ, ʜʝ ʜʦʤʽʥʫʻ ʦʧʽʨ ʫ ʨʽʜʢʽʡ ʬʘʟʽ. 

ʂʣʘʧʘʥʥʽ ʪʘʨʽʣʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ʦʙʣʘʜʥʘʥʥʷ ʧʨʠ ʟʤʽʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʬʘʟʘʤʠ, ʤʘʶʪʴ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ɸʣʝ ʚʦʥʠ ʥʝ ʧʦʟʙʘʚʣʝʥʽ 
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ʜʝʷʢʠʭ ʽʩʪʦʪʥʠʭ ʥʝʜʦʣʽʢʽʚ, ʪʘʢʠʭ ʷʢ ʦʙʤʝʞʝʥʠʡ ʜʽʘʧʘʟʦʥ ʩʘʤʦʨʝʛʫʣʶʚʘʥʥʷ, ʥʝ 

ʚʠʢʣʶʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʢʣʠʥʶʚʘʥʥʷ ʡ ʧʝʨʝʢʦʩʫ ʢʣʘʧʘʥʽʚ, ʱʦ ʦʙʤʝʞʫʻ 

ʜʽʘʧʘʟʦʥ ʾʭ ʫʩʪʘʣʝʥʦʾ ʨʦʙʦʪʠ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʜʦʩʣʽʜʞʝʥʴ ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʦʢ. 

ɿɺ'ʗɿʆʂ ʈʆɹʆʊʀ ɿ ʅɸʋʂʆɺʀʄʀ ʇʈʆɻʈɸʄɸʄʀ, ʇʃɸʅɸʄʀ, 

ʊɽʄɸʄʀ.  ʈʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʟʛʽʜʥʦ ʟ ʥʘʧʨʷʤʢʦʤ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ 

ʧʨʦʛʨʘʤʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ ñʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʝʥʝʨʛʝʪʠʮʽ, ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʤʫ 

ʢʦʤʧʣʝʢʩʽò ʪʘ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʥʘʫʢʦʚʠʤ ʥʘʧʨʷʤʢʦʤ ʨʦʙʦʪʠ ʉʫʤʩʴʢʦʛʦ 

ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽ ʢʘʬʝʜʨʠ ʧʨʠʢʣʘʜʥʦʾ ʝʢʦʣʦʛʽʾ çɽʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ 

ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʝʩʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʭʽʤʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚè. 

ʊʝʤʘ ʜʠʩʝʨʪʘʮʽʾ ʟʘʪʚʝʨʜʞʝʥʘ ʥʘ ʟʘʩʽʜʘʥʥʽ ɺʯʝʥʦʾ ʈʘʜʠ ʽʥʞʝʥʝʨʥʦʛʦ 

ʬʘʢʫʣʴʪʝʪʫ ʉʫʤʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʧʨʦʪʦʢʦʣ ˉ2 ʚʽʜ 30 ʞʦʚʪʥʷ 

2001 ʨʦʢʫ. 

ʄɽʊɸ ɯ ɿɸɼɸʏɯ ɼʆʉʃɯɼɾɽʅʅʗ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʚʯʝʥʥʷ 

ʧʨʦʮʝʩʫ ʤʘʩʦʧʝʨʝʜʘʯʽ ʥʘ ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʢʘʭ ʽ ʨʦʟʨʦʙʢʘ ʥʦʚʦʾ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ 

ʢʣʘʧʘʥʥʦʾ ʪʘʨʽʣʢʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʙʫʣʠ ʚʠʨʽʰʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

-  ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʨʝʞʠʤʥʠʭ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʦʢ ʟʽ ʩʬʝʨʠʯʥʠʤʠ 

ʢʣʘʧʘʥʘʤʠ; 

-  ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʢʣʘʧʘʥʥʦʾ ʪʘʨʽʣʢʠ ʟʽ 

ʩʬʝʨʠʯʥʠʤʠ ʢʣʘʧʘʥʘʤʠ; 

-   ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʘʣʫ ʨʽʜʠʥʠ ʽ ʨʦʟʨʘʭʫʥʦʢ ʛʨʘʥʠʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʛʘʟʫ ʚ 

ʦʪʚʦʨʘʭ ʪʘʨʽʣʢʠ ʜʣʷ ʜʽʘʧʘʟʦʥʫ ʩʘʤʦʨʝʛʫʣʶʚʘʥʥʷ; 

-  ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʤʘʩʦʧʝʨʝʥʦʩʫ ʚ ʨʽʜʢʽʡ ʪʘ ʛʘʟʦʚʽʡ ʬʘʟʽ; 

-  ʨʦʟʨʦʙʢʘ ʽʥʞʝʥʝʨʥʦʾ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʢʣʘʧʘʥʥʦʾ ʪʘʨʽʣʢʠ ʟʽ 

ʩʬʝʨʠʯʥʠʤʠ ʢʣʘʧʘʥʘʤʠ. 

ʆɹ'ɭʂʊ ɼʆʉʃɯɼɾɽʅʅʗ ï ʛʽʜʨʦʜʠʥʘʤʽʢʘ ʽ ʤʘʩʦʧʝʨʝʜʘʯʘ ʥʘ ʢʣʘʧʘʥʥʠʭ 
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ʤʘʩʦʦʙʤʽʥʥʠʭ ʪʘʨʽʣʢʘʭ. 

ʇʈɽɼʄɽʊ ɼʆʉʃɯɼɾɽʅʅʗ ï ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʤʘʩʦʧʝʨʝʜʘʯʽ ʥʘ ʢʣʘʧʘʥʥʽʡ ʪʘʨʽʣʮʽ ʟʽ 

ʩʬʝʨʠʯʥʠʤʠ ʢʣʘʧʘʥʘʤʠ. 

ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʅʗ. ʌʽʟʠʯʥʝ ʽ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʘʩʦʦʙʤʽʥʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʢʣʘʧʘʥʥʽʡ ʪʘʨʽʣʮʽ. ʌʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʥʠʡ. ɺʠʪʨʘʪʠ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʚʠʟʥʘʯʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʘ LabVIEW. 

ʇʨʠ ʦʙʨʦʙʮʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʝʪʦʜʠ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʅɸʋʂʆɺɸ ʅʆɺʀɿʅɸ ʆʊʈʀʄɸʅʀʍ ʈɽɿʋʃʔʊɸʊɯɺ. ʅʘ ʦʩʥʦʚʽ 

ʚʠʢʦʥʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ 

ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

- ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʨʦʙʦʪʠ ʢʣʘʧʘʥʫ ʤʘʩʦʦʙʤʽʥʥʦʾ ʪʘʨʽʣʢʠ, 

ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʜʽʘʧʘʟʦʥ ʩʘʤʦʨʝʛʫʣʶʚʘʥʥʷ ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʦʢ ʟ 

ʚʠʟʥʘʯʝʥʥʷʤ ʛʨʘʥʠʯʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʛʘʟʫ ʚ ʦʪʚʦʨʘʭ ʪʘʨʽʣʦʢ; 

- ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʩʦʦʙʤʽʥʫ ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʦʢ ʟʽ ʩʬʝʨʠʯʥʠʤʠ ʢʣʘʧʘʥʘʤʠ. 

- ʚʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʦʢ ʟʽ ʩʬʝʨʠʯʥʠʤʠ 

ʢʣʘʧʘʥʘʤʠ ʪʘ ʫʩʪʘʥʦʚʦʢ ʟ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ. 

ʇʈɸʂʊʀʏʅɽ ɿʅɸʏɽʅʅʗ ʆʊʈʀʄɸʅʀʍ ʈɽɿʋʃʔʊɸʊɯɺ. ʆʪʨʠʤʘʥʽ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʜʦʟʚʦʣʠʣʠ ʨʦʟʨʦʙʠʪʠ ʽ ʩʧʨʦʝʢʪʫʚʘʪʠ ʢʣʘʧʘʥʥʫ ʪʘʨʽʣʢʫ 

ʟʽ ʩʬʝʨʠʯʥʠʤʠ ʢʣʘʧʘʥʘʤʠ ʜʣʷ ʢʦʣʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʘʭ, ʟʦʢʨʝʤʘ ʧʨʠ ʚʠʜʽʣʝʥʥʽ ʰʠʨʦʢʦʾ ʬʨʘʢʮʽʾ ʣʝʛʢʠʭ 

ʚʫʛʣʝʚʦʜʥʽʚ ʫ ʧʨʦʮʝʩʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʥʘʬʪʠ ʥʘ ʂʘʯʘʥʽʚʩʴʢʦʤʫ ɺʂʇʅ. 

ʆʉʆɹʀʉʊʀʁ ɺʅɽʉʆʂ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢʠ ʽ ʧʨʦʚʝʜʝʥʥʽ 

ʜʦʩʣʽʜʞʝʥʴ ʷʢ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ, ʪʘʢ ʽ ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ ʧʣʘʥʽ, ʘ ʩʘʤʝ: ʚ 

ʘʥʘʣʽʟʽ ʜʞʝʨʝʣ ʣʽʪʝʨʘʪʫʨʠ, ʧʽʜʙʦʨʽ ʡ ʘʧʨʦʙʘʮʽʾ ʤʝʪʦʜʠʢ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʫʟʘʛʘʣʴʥʝʥʥʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʨʦʟʨʦʙʮʽ ʢʦʥʩʪʨʫʢʮʽʾ ʢʣʘʧʘʥʥʦʾ ʪʘʨʽʣʢʠ ʟʽ 

ʩʬʝʨʠʯʥʠʤʠ ʢʣʘʧʘʥʘʤʠ, ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʤʽʥʽʤʘʣʴʥʦʾ ʽ 



 12 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʝʡ ʛʘʟʫ ʥʘ ʪʘʨʽʣʮʽ, ʚ ʦʪʨʠʤʘʥʥʽ ʟʘʣʝʞʥʦʩʪʝʡ 

ʤʘʩʦʦʙʤʽʥʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʨʽʣʢʠ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʽ ʬʦʨʤʫʣʶʚʘʥʥʷ 

ʚʠʩʥʦʚʢʽʚ ʧʨʦʚʦʜʠʣʦʩʷ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʥʘʫʢʦʚʦʛʦ ʢʝʨʽʚʥʠʢʘ ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨʘ 

ʇʣʷʮʫʢʘ ʃ.ɼ. 

ɸʇʈʆɹɸʎɯʗ ʈɽɿʋʃʔʊɸʊɯɺ ɼʀʉɽʈʊɸʎɯɰ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ 

ʜʦʧʦʚʽʜʘʣʠʩʷ ʡ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ VI ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʽ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ çɽʢʦʣʦʛʽʷ. ʃʶʜʠʥʘ. 

ʉʫʩʧʽʣʴʩʪʚʦè (14-17 ʪʨʘʚʥʷ 2003 ʨ., ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ), ʥʘ ʄʽʞʥʘʨʦʜʥʦʤʫ 

ʩʠʤʧʦʟʽʫʤʽ çʄʽʞʨʝʛʽʦʥʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠè (17-20 ʚʝʨʝʩʥʷ 

2003 ʨ., ʤ. ʉʫʤʠ, ʋʢʨʘʾʥʘ) ʽ ʥʘ ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʚʠʢʣʘʜʘʯʽʚ, 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʽ ʩʪʫʜʝʥʪʽʚ ʽʥʞʝʥʝʨʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʉʫʤʩʴʢʦʛʦ 

ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (2003 ʨ., ʤ. ʉʫʤʠ, ʋʢʨʘʾʥʘ). 

ʇʋɹʃɯʂɸʎɯɰ ɿɸ ʊɽʄʆʖ ɼʀʉɽʈʊɸʎɯɰ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ 

ʦʧʫʙʣʽʢʦʚʘʥʦ ʪʨʠ ʥʘʫʢʦʚʽ ʧʨʘʮʽ ʚ ʞʫʨʥʘʣʘʭ ʽ ʟʙʽʨʥʠʢʘʭ, ʟʘʪʚʝʨʜʞʝʥʠʭ ɺɸʂ 

ʋʢʨʘʾʥʠ, ʪʨʠ ʪʝʟʠ ʚʠʩʪʫʧʽʚ ʥʘ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ, ʦʪʨʠʤʘʥʦ ʜʚʘ 

ʜʝʢʣʘʨʘʮʽʡʥʽ ʧʘʪʝʥʪʠ ʋʢʨʘʾʥʠ. 

ʉʊʈʋʂʊʋʈɸ ʊɸ ʆɹʉʗɻ ɼʀʉɽʈʊɸʎɯɰ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʚʩʪʫʧʫ, ʧ'ʷʪʠ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ, ʜʦʜʘʪʢʽʚ. 

ʇʦʚʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 145 ʩʪʦʨʽʥʦʢ, ʤʽʩʪʠʪʴ 50 ʨʠʩʫʥʢʽʚ, ʽʟ ʷʢʠʭ 2 

ʨʦʟʤʽʱʝʥʽ ʥʘ ʦʢʨʝʤʠʭ ʩʪʦʨʽʥʢʘʭ. ʋ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ 16 ʪʘʙʣʠʮʴ. ʉʧʠʩʦʢ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʩʢʣʘʜʘʻ 123 ʥʘʡʤʝʥʫʚʘʥʥʷ ʥʘ 11 ʩʪʦʨʽʥʢʘʭ. ɼʦʜʘʪʢʠ 

ʤ̔ ʩʪʷʪʴ 6 ʩʪʦʨʽʥʦʢ. 
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ʈʆɿɼɯʃ 1 

ʃʽʪʝʨʘʪʫʨʥʠʡ ʦʛʣʷʜ 

 

1.1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʘʨʽʣʦʢ 

 

ʋ ʟʚ'ʷʟʢʫ ʟ ʫʢʨʫʧʥʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʝʡ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʩʧʦʨʫʜʞʫʶʪʴʩʷ, 

ʧʽʜʚʠʱʝʥʥʷʤ ʚʠʤʦʛ ʜʦ ʥʘʜʽʡʥʦʩʪʽ ʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʾ ʦʢʨʝʤʠʭ ʘʧʘʨʘʪʽʚ ʽ 

ʘʛʨʝʛʘʪʽʚ ʫ ʮʽʣʦʤʫ, ʘ ʪʘʢʦʞ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʫʧʨʦʚʘʜʞʝʥʥʷʤ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʡ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʧʝʨʝʜ ʜʦʩʣʽʜʥʠʢʘʤʠ ʡ ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ, ʱʦ ʧʨʘʮʶʶʪʴ 

ʚ ʦʙʣʘʩʪʽ ʩʪʚʦʨʝʥʥʷ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʥʦʾ ʘʧʘʨʘʪʫʨʠ ʜʣʷ ʧʨʦʮʝʩʽʚ ʘʙʩʦʨʙʮʽʾ, 

ʨʝʢʪʠʬʽʢʘʮʽʾ ʽ ʜʠʩʪʠʣʷʮʽʾ, ʧʦʩʪʘʻ ʟʘʜʘʯʘ ï ʨʦʟʨʦʙʠʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘʨʽʣʦʢ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ʘʧʘʨʘʪʽʚ ʫ ʙʽʣʴʰ ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʚʥʠʭ 

ʚʠʨʦʙʥʠʮʪʚ. ɿ'ʷʚʠʣʠʩʷ ʜʝʩʷʪʢʠ ʥʦʚʠʭ ʪʘʨʽʣʦʢ ʽʟ ʨʽʟʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ 

ʢʦʥʪʘʢʪʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʷʢ ʜʣʷ ʨʽʰʝʥʥʷ ʚʫʟʴʢʠʭ ʟʘʜʘʯ ʧʦʜʽʣʫ ʷʢʦʾ-

ʥʝʙʫʜʴ ʩʧʝʮʠʬʽʯʥʦʾ ʩʫʤʽʰʽ, ʪʘʢ ʽ ʜʣʷ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʧʦʪʨʝʙʠ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʊʨʘʜʠʮʽʡʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʩʽʪʯʘʩʪʠʭ, ʢʦʚʧʘʯʢʦʚʠʭ ʽ ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʦʢ ʪʘʢʦʞ ʧʝʨʝʪʝʨʧʽʣʠ 

ʟʥʘʯʥʽ ʟʤʽʥʠ, ʱʦ ʩʧʨʠʷʣʠ ʽʩʪʦʪʥʦʤʫ ʧʽʜʚʠʱʝʥʥʶ ʧʠʪʦʤʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʦ ʧʘʨʽ 

ʪʘ ʨʽʜʠʥʽ ʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʤʘʩʦʦʙʤʽʥʫ [24, 92, 94, 108]. 

ʂʨʽʤ ʪʦʛʦ, ʟ'ʷʚʠʚʩʷ ʨʷʜ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʢʦʥʪʘʢʪʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʪʘʨʽʣʦʢ, ʱʦ ʜʦʟʚʦʣʠʣʠ ʚ ʢʽʣʴʢʘ ʨʘʟʽʚ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ, 

ʟʙʽʣʴʰʠʪʠ ʧʠʪʦʤʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʨʽʜʠʥʽ ʡ ʰʚʠʜʢʦʩʪʽ ʧʘʨʠ ʚ ʧʝʨʝʨʽʟʽ ʘʧʘʨʘʪʘ. 

ʆʜʥʘʢ ʙʽʣʴʰʽʩʪʴ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʢʦʥʪʘʢʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʱʝ ʥʝ ʚʠʡʰʣʦ ʟʽ 

ʩʪʘʜʽʾ ʣʘʙʦʨʘʪʦʨʥʦʾ ʪʘ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʦʾ ʧʝʨʝʚʽʨʢʠ. ɹʘʛʘʪʦ ʟ ʥʠʭ ʟʘ ʩʚʦʾʤʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʥʝ ʤʦʞʫʪʴ ʟʥʘʡʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʧʘʨʘʪʘʭ 

ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʘ. ʊʦʤʫ ʨʦʟʛʣʷʜʘʪʠ ʦʢʨʝʤʦ ʢʦʞʥʫ ʟ ʽʩʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʥʝʜʦʮʽʣʴʥʦ [47, 61, 86, 108, 110]. 

ɼʣʷ ʘʥʘʣʽʟʫ ʽ ʚʠʷʚʣʝʥʥʷ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘʨʽʣʦʢ 

ʚʝʣʠʢʦʪʦʥʘʞʥʠʭ ʢʦʣʦʥʥʠʭ ʘʧʘʨʘʪʽʚ ʥʝʦʙʭʽʜʥʦ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʾʭ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʘʧʘʨʘʪʽʚ ʫ ʪʦʤʫ ʯʠ ʽʥʰʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ 
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ʧʨʦʮʝʩʽ, ʘ ʪʘʢʦʞ ʧʦ ʚʟʘʻʤʥʦʤʫ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʧʦʪʦʢʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʙʫʜʴ-ʷʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘʨʽʣʢʠ ʧʦʪʨʽʙʥʦ 

ʚʠʨʽʰʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ, ʱʦ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ: 

¶ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʪʘʨʽʣʢʠ ʧʦ ʛʘʟʦʚʽʡ ʽ ʨʽʜʢʽʡ ʬʘʟʘʭ; 

¶ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʣʦʢʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʫ ʬʘʟ ʫ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ 

ʪʘʨʽʣʢʠ; 

¶ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʫʩʪʘʣʝʥʦʾ ʨʦʙʦʪʠ ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʚʠʤʦʛ ʜʦ ʚʪʨʘʪ 

ʪʠʩʢʫ ʽ ʧʠʪʦʤʠʭ ʦʙʩʷʛʽʚ ʘʧʘʨʘʪʽʚ; 

¶ ʫ ʧʨʦʮʝʩʘʭ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʭʽʤʽʯʥʠʤʠ ʨʝʘʢʮʽʷʤʠ, ʧʦʪʨʽʙʥʦ 

ʜʦʜʘʪʢʦʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʠʡ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʢʦʥʪʘʢʪʫʶʯʠʭ ʬʘʟ ʚ 

ʘʧʘʨʘʪʽ. 

ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʪʘʨʽʣʦʢ ʧʦ ʨʽʜʢʽʡ ʬʘʟʽ ʧʨʠ ʪʨʘʜʠʮʽʡʥʦʤʫ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʨʽʰʝʥʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʚ ʦʩʪʘʪʦʯʥʦʤʫ ʧʽʜʩʫʤʢʫ, ʧʣʦʱʝʶ 

ʧʝʨʝʣʠʚʽʚ ʽ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʪʘʨʽʣʢʘʤʠ. 

ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʪʘʨʽʣʦʢ ʧʦ ʛʘʟʦʚʽʡ ʬʘʟʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʣʦʱʝʶ 

ʚʽʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʪʘʨʽʣʢʠ ʽ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʦʧʦʨʫ, ʷʢʽ ʫ ʩʚʦʶ ʯʝʨʛʫ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʥʪʘʢʪʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʪʦʢʽʚ ʥʘ 

ʪʘʨʽʣʢʘʭ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1 [108]. 

ʇʨʦʪʠʪʦʯʥʽ ʪʘʨʽʣʢʠ. 

ɼʦ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʧʨʦʪʠʪʦʯʥʦʤʫ ʨʝʞʠʤʽ, ʥʘʣʝʞʘʪʴ ʨʽʟʥʽ 

ʪʠʧʠ ʧʨʦʚʘʣʴʥʠʭ ʪʘʨʽʣʦʢ [6, 18, 27, 29, 42, 43, 87]. ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ 

ʦʪʨʠʤʘʣʠ ˇʨʘʪʯʘʩʪʽ ʧʨʦʚʘʣʴʥʽ ʪʘʨʽʣʢʠ [89, 101, 106, 108]. ɼʦ ʧʝʨʝʚʘʛ ʮʠʭ ʪʘʨʽʣʦʢ 

ʥʝʦʙʭʽʜʥʦ ʚʽʜʥʝʩʪʠ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʧʨʦʩʪʦʪʫ ʪʘ ʤʘʣʫ ʤʝʪʘʣʦʻʤʥʽʩʪʴ ʾʭʥʴʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʚʝʣʠʢʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʧʦ ʧʘʨʽ ʡ ʨʽʜʠʥʽ. ʋ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʥʘ 

ˇʨʘʪʯʘʩʪʠʭ ʧʨʦʚʘʣʴʥʠʭ ʪʘʨʽʣʢʘʭ ʚʽʜʩʫʪʥʽ ʟʘʩʪʽʡʥʽ ʟʦʥʠ ʡ ʧʦʪʦʢʠ ʧʘʨʠ ʪʘ ʨʽʜʠʥʠ 

ʨʽʟʢʦ ʥʝ ʟʤʽʥʶʶʪʴ ʥʘʧʨʷʤʦʢ ʨʫʭʫ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʢʦʚʧʘʯʢʦʚʠʭ ʘʙʦ 

ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʢʘʭ, ʮʽ ʪʘʨʽʣʢʠ ʧʨʠ ʜʦʩʪʘʪʥʽʡ ʰʠʨʠʥʽ ʱʽʣʠʥʠ ʜʦʙʨʝ 

ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʩʝʙʝ ʧʨʠ ʧʝʨʝʨʦʙʮʽ ʟʘʙʨʫʜʥʝʥʠʭ ʨʽʜʠʥ ʽ ʩʫʩʧʝʥʟʽʡ, ʽʟ ʷʢʠʭ 

ʚʠʧʘʜʘʶʪʴ ʽʥʢʨʫʩʪʘʮʽʾ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʜʽʾ ˇʨʘʪʯʘʩʪʠʭ ʧʨʦʚʘʣʴʥʠʭ ʪʘʨʽʣʦʢ ʧʨʠ 
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ʧʨʘʚʠʣʴʥʦ ʦʙʨʘʥʽʡ ʧʣʦʱʽ ʞʠʚʦʛʦ ʧʝʨʝʨʽʟʫ ʜʦʩʠʪʴ ʚʠʩʦʢʘ ʡ ʥʝ ʫʩʪʫʧʘʻ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʾ ʧʝʨʝʣʠʚʥʠʭ ʪʘʨʽʣʦʢ. 

 

ʈʠʩ. 1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʘʨʽʣʦʢ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʥʮʠʧʫ ʧʦʜʽʣʫ ʨʽʜʠʥʠ 

ɼʦ ʥʝʜʦʣʽʢʽʚ ˇʨʘʪʯʘʩʪʠʭ ʧʨʦʚʘʣʴʥʠʭ ʪʘʨʽʣʦʢ ʥʝʦʙʭʽʜʥʦ ʚʽʜʥʝʩʪʠ ʚʫʟʴʢʠʡ 

ʜʽʘʧʘʟʦʥ ʫʩʪʘʣʝʥʦʾ ʨʦʙʦʪʠ ʽ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʢʦʥʪʘʢʪʫ ʬʘʟ ʧʦ ʧʣʦʱʽ ʪʘʨʽʣʢʠ, ʱʦ 

ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʜʽʘʤʝʪʨʘ ʘʧʘʨʘʪʘ [42]. 

ʇʝʨʝʭʨʝʩʥʦʪʦʯʥʽ ʪʘʨʽʣʢʠ. 

ʇʝʨʝʭʨʝʩʥʦʪʦʯʥʽ ʪʘʨʽʣʢʠ ʥʘʣʝʞʘʪʴ ʜʦ ʟʣʠʚʘʣʴʥʠʭ ʪʘʨʽʣʦʢ, ʥʘ ʷʢʽ ʛʘʟ 

ʥʘʜʭʦʜʠʪʴ ʟʥʠʟʫ ʯʝʨʝʟ ʧʘʪʨʫʙʢʠ ʘʙʦ ʦʪʚʦʨʠ, ʘ ʨʽʜʠʥʘ ʟ ʪʘʨʽʣʢʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚʠʱʝ, ʟʣʠʚʘʶʯʠʩʴ, ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚ ʜʽʘʤʝʪʨʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʜʦ ʟʣʠʚʥʦʾ 

ʧʝʨʝʛʦʨʦʜʢʠ [6, 89, 90, 108]. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʬʘʟ ʫ ʨʦʙʦʯʦʤʫ ʨʝʞʠʤʽ ʤʽʞ ʪʘʨʽʣʢʘʤʠ ʫʪʚʦʨʶʻʪʴʩʷ 

ʪʨʠ ʟʦʥʠ, ʧʦʩʣʽʜʦʚʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʦʜʥʘ ʥʘʜ ʦʜʥʦʶ:  

1 ï ʙʘʨʙʦʪʘʞʥʘ, ʜʝ ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʘʩʦʦʙʤʽʥ; 2 ï ʟʦʥʘ ʙʨʠʟʽʚ ʽ 

ʚʝʣʠʢʠʭ ʢʨʘʧʝʣʴ; 3 ï ʟʦʥʘ ʜʨʽʙʥʠʭ ʢʨʘʧʝʣʴ, ʱʦ ʚʠʪʘʶʪʴ, ʷʢʘ ʦʜʥʦʯʘʩʥʦ ʻ 

ʩʝʧʘʨʘʮʽʡʥʦʶ, ʪʦʤʫ ʱʦ ʪʫʪ ʙʽʣʴʰ ʚʝʣʠʢʽ ʢʨʘʧʣʽ ʚʽʜʦʢʨʝʤʣʶʶʪʴʩʷ ʚʽʜ ʧʦʪʦʢʫ 

ʛʘʟʫ. 

ʅʘʧʨ̫ʤ ʨʫʭʫ ʧʦʪʦʢʚ̔ ʥʘ ʪʘʨʣ̔ʮ ̔

ʇʨʦʪʠʪʦʢ ʇʝʨʝʭʨʝʩʥʠʡ ʪʦʢ ʆʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʨʽʜʠʥʠ 

ʪʘ ʛʘʟʫ 

ɹʝʟ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʝʬʝʢʪʫ 

ɿ ʪʨʘʥʩʧʦʨʪʥʠʤ ʝʬʝʢʪʦʤ 

 ̔ʧʨʷʤʦʪʦʯʥʠʤ ʨʫʭʦʤ 

ʬʘʟ 

ɿ ʪʨʘʥʩʧʦʨʪʥʠʤ ʝʬʝʢʪʦʤ  ̔

ʧʨʷʤʦʪʦʯʥʦ ʧʝʨʝʭʨʝʩʥʠʤ ʨʫʭʦʤ 

ʬʘʟ 

ɺʟʘʻʤʦʜʽʷ ʧʦʪʦʢʽʚ 

ʇʨʷʤʦʪʦʢ 
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ʆʜʥʘʢ ʤʝʞʽ ʮʠʭ ʟʦʥ ʨʦʟʤʠʪʽ ʽ ʤʦʞʫʪʴ ʟʤʽʱʘʪʠʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʪʠʩʢʫ. 

ɺʠʩʦʪʘ ʙʘʨʙʦʪʘʞʥʦʾ ʟʦʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʩʦʪʦʶ ʟʣʠʚʥʦʾ ʧʝʨʝʛʦʨʦʜʢʠ, ʱʦ 

ʧʝʨʝʜʫʻ ʟʣʠʚʥʦʤʫ ʧʨʠʩʪʨʦʶ [71]. 

ʇʝʨʝʭʨʝʩʥʦʪʦʯʥʽ ʪʘʨʽʣʢʠ ʙʝʟ ʪʨʘʥʩʧʦʨʪʫʶʯʦʛʦ ʝʬʝʢʪʫ. 

ɼʦ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʧʝʨʝʭʨʝʩʥʦʪʦʯʥʠʭ ʪʘʨʽʣʦʢ ʙʝʟ 

ʪʨʘʥʩʧʦʨʪʫʶʯʦʛʦ ʝʬʝʢʪʫ ʥʘʣʝʞʘʪʴ ʢʦʚʧʘʯʢʦʚʽ, ʩʽʪʯʘʩʪʽ ʽ ʢʣʘʧʘʥʥʽ ʪʘʨʽʣʢʠ [6, 

108]. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʢʦʚʧʘʯʢʦʚʦʾ ʪʘʨʽʣʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ 

ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʪʘʨʽʣʢʠ ʧʦ ʨʽʜʠʥʽ ʽ ʛʘʟʫ (ʧʘʨʠ), 

ʚʽʜʩʪʘʥʷʤʠ ʤʽʞ ʪʘʨʽʣʢʘʤʠ, ʜʦʚʞʠʥʦʶ ʣʽʥʽʾ ʙʘʨʙʦʪʘʞʫ, ʛʣʠʙʠʥʦʶ ʟʘʥʫʨʝʥʥʷ 

ʢʦʚʧʘʯʢʘ ʚ ʨʽʜʠʥʫ, ʱʽʣʴʥʽʩʪʶ ʨʽʜʠʥʠ ʽ ʛʘʟʫ (ʧʘʨʠ), ʘ ʪʘʢʦʞ ʩʪʫʧʝʥʝʤ ʾʭ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ʅʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʪʘʢʦʞ ʤʘʢʩʠʤʘʣʴʥʝ ʙʨʠʟʢʦ- ʡ 

ʧʽʥʦʫʪʚʦʨʝʥʥʷ (ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʬʘʟʦʚʦʛʦ ʢʦʥʪʘʢʪʫ ʚ ʰʘʨʽ ʧʽʥʠ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ, 

ʥʽʞ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʧʫʭʠʨʮʽʚ ʛʘʟʫ ʘʙʦ ʧʘʨʠ ʧʨʠ ʙʘʨʙʦʪʫʚʘʥʥʽ ʾʭ ʯʝʨʝʟ ʨʽʜʠʥʫ) ʽ 

ʤʽʥʽʤʘʣʴʥʝ ʚʠʥʝʩʝʥʥʷ ʙʨʠʟʽʚ (ʧʝʨʝʥʦʩ ʨʽʜʠʥʠ ʟ ʥʠʞʥʽʭ ʪʘʨʽʣʦʢ ʥʘ ʚʝʨʭʥʽ 

ʥʝʧʨʠʧʫʩʪʠʤʠʡ, ʦʩʢʽʣʴʢʠ ʮʝ ʟʥʠʞʫʻ ʢ.ʢ.ʜ. ʪʘʨʽʣʦʢ ʽ ʤʦʞʝ ʧʦʨʫʰʠʪʠ ʨʦʙʦʪʫ 

ʢʦʣʦʥʠ) [95, 101]. 

ʗʚʠʱʝ ʚʠʪʽʢʘʥʥʷ ʛʘʟʫ ʟ-ʧʽʜ ʢʦʚʧʘʯʢʽʚ ʫ ʨʽʜʠʥʫ ʜʦʩʠʪʴ ʩʢʣʘʜʥʝ. ʇʨʠ ʤʘʣʽʡ 

ʚʠʪʨʘʪʽ ʛʘʟʫ (ʧʘʨʠ) ʯʝʨʝʟ ʨʽʜʠʥʫ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʢʦʚʧʘʯʢʘ 

ʧʨʦʭʦʜʷʪʴ ʦʢʨʝʤʽ ʧʫʭʠʨʮʽ. ʇʨʦʨʽʟʠ ʚ ʢʦʚʧʘʯʢʘʭ ʧʨʠ ʮʴʦʤʫ ʤʘʣʦ ʚʽʜʢʨʠʪʽ, 

ʚʠʩʦʪʘ ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ ʨʽʜʠʥʠ, ʱʦ ʥʝ ʙʝʨʝ ʫʯʘʩʪʽ ʫ ʧʨʦʮʝʩʽ, ʟʥʘʯʥʘ, ʫʤʦʚʠ 

ʤʽʞʬʘʟʦʚʦʛʦ ʢʦʥʪʘʢʪʫ ʧʦʛʘʥʽ, ʢ.ʢ.ʜ. ʥʠʟʴʢʠʡ. ʋ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪʠ ʛʘʟʫ 

(ʧʘʨʠ) ʩʪʨʫʤʝʥʽ ʡʦʛʦ ʚʠʢʠʜʘʶʪʴʩʷ ʜʘʣʽ ʚ ʰʘʨ ʨʽʜʠʥʠ, ʨʽʜʠʥʘ ʷʢ ʙʠ ʢʠʧʠʪʴ, 

ʫʪʚʦʨʶʶʯʠ ʰʘʨ ʧʽʥʠ, ʽ ʫʤʦʚʠ ʬʘʟʦʚʦʛʦ ʢʦʥʪʘʢʪʫ ʧʦʣʽʧʰʫʶʪʴʩʷ. ʇʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʚʠʪʨʘʪʠ ʛʘʟʫ (ʧʘʨʠ) ʚʽʥ ʚʠʭʦʜʠʪʴ ʟ-ʧʽʜ ʢʦʚʧʘʯʢʘ 

ʩʫʮʽʣʴʥʠʤ ʧʦʪʦʢʦʤ, ʫʪʚʦʨʶʶʯʠ ʥʘ ʪʘʨʽʣʮʽ ʩʫʮʽʣʴʥʠʡ ʜʚʦʬʘʟʥʠʡ ʰʘʨ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʽʥʠ ʽ ʙʨʠʟʽʚ. ʇʣʦʱʘ ʧʦʚʝʨʭʥʽ ʬʘʟʦʚʦʛʦ ʢʦʥʪʘʢʪʫ ʡ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʤʘʩʦʦʙʤʽʥʫ ʧʨʠ ʮʴʦʤʫ ʨʽʟʢʦ ʟʨʦʩʪʘʶʪʴ [6, 89]. 

ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʠʥʝʩʝʥʥʷ ʨʽʜʠʥʠ ʛʘʟʦʤ ʥʘ 

ʪʘʨʽʣʢʫ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʚʠʱʝ [69, 70, 76]. 
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ʇʨʠ ʚʝʣʠʢʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʧʦ ʧʘʨʽ ʡ ʨʽʜʠʥʽ ʥʘʩʪʘʻ ʧʝʨʝʧʦʚʥʝʥʥʷ 

ʧʝʨʝʣʠʚʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʚʦʨʦʪʥʴʦʛʦ ʨʫʭʫ ʨʽʜʠʥʠ ʥʘ ʪʘʨʽʣʮʽ. 

ʅʘʩʪʘʻ ñʟʘʭʣʠʥʘʥʥʷò ʢʦʣʦʥʠ. ʊʘʢʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʪʘʨʽʣʢʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ 

ʛʨʘʥʠʯʥʠʡ ʨʝʞʠʤ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ [8, 44]. 

ʆʧʪʠʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ ʚʭʦʜʫ ʛʘʟʫ ʚ ʨʽʜʠʥʫ ʚ ʢʦʚʧʘʯʢʦʚʠʭ ʪʘʨʽʣʢʘʭ 

ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ 6...8 ʤ/ʩ, ʘʣʝ ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ ʡ ʚʠʱʝ: ʜʦ 10 ʤ/ʩ [75, 77]. 

ɺ ʦʙʣʘʩʪʽ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʢʦʚʧʘʯʢʦʚʠʭ ʪʘʨʽʣʦʢ ʦʩʥʦʚʥʽ ʟʫʩʠʣʣʷ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʥʠʞʝʥʥʷ ʛʨʘʜʽʻʥʪʘ ʨʽʚʥʷ ʨʽʜʠʥʠ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʝʚʠʩʦʢʠʭ ʢʘʧʩʫʣʴʥʠʭ ʢʦʚʧʘʯʢʽʚ ʽ ʥʘ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʪʠʩʢʫ ʧʘʨʠ ʧʨʠ 

ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʢʘʥʘʣʠ ʢʦʚʧʘʯʢʦʚʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟʘ ʨʘʭʫʥʦʢ 

ʜʦʜʘʥʥʷ ʾʤ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʦʾ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʬʦʨʤʠ [108]. 

ʉʽʪʯʘʩʪʽ ʪʘʨʽʣʢʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʝʨʬʦʨʦʚʘʥʽ ʜʠʩʢʠ ʟ ʦʪʚʦʨʘʤʠ 2...8 ʤʤ 

(ʘʙʦ ʟ ʱʽʣʠʥʘʤʠ ʰʠʨʠʥʦʶ 2...4 ʤʤ), ʦʙʣʘʜʥʘʥʽ ʧʝʨʝʪʦʯʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ [1, 5, 

61, 111]. ɻʘʟ ʘʙʦ ʧʘʨʘ, ʧʨʦʭʦʜʷʯʠ ʯʝʨʝʟ ʦʪʚʦʨʠ ʚ ʪʘʨʽʣʢʘʭ ʟʥʠʟʫ ʥʘʛʦʨʫ, ʫʪʨʠʤʫʻ 

ʥʘ ʥʠʭ ʨʽʜʠʥʫ, ʱʦ ʧʝʨʝʪʽʢʘʻ ʟ ʪʘʨʽʣʢʠ ʥʘ ʪʘʨʽʣʢʫ ʧʦ ʧʝʨʝʪʦʯʥʠʭ ʧʨʠʩʪʨʦʷʭ ʪʘʢ 

ʩʘʤʦ, ʷʢ ʽ ʚ ʢʦʣʦʥʘʭ ʟ ʢʦʚʧʘʯʢʦʚʠʤʠ ʪʘʨʽʣʢʘʤʠ [90]. 

ʎʽ ʪʘʨʽʣʢʠ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʽ ʟʘ ʙʫʜʦʚʦʶ, ʦʜʥʘʢ ʤʘʶʪʴ ʚʫʟʴʢʠʡ ʜʽʘʧʘʟʦʥ 

ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʛʘʟʫ. ʇʨʠ ʤʘʣʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʨʽʜʠʥʘ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ 

ʦʪʚʦʨʠ, ʘ ʧʨʠ ʚʝʣʠʢʠʭ ï ʚʠʥʦʩʠʪʴʩʷ ʧʦʪʦʢʦʤ ʛʘʟʫ ʥʘ ʪʘʨʽʣʢʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ 

ʚʠʱʝ. ʂʨʽʤ ʪʦʛʦ, ʥʦʨʤʘʣʴʥʘ ʨʦʙʦʪʘ ʩʽʪʯʘʩʪʠʭ ʪʘʨʽʣʦʢ ʤʦʞʣʠʚʘ ʪʽʣʴʢʠ ʟʘ ʫʤʦʚʠ 

ʟʙʝʨʝʞʝʥʥʷ ʯʠʩʪʦʪʠ ʦʪʚʦʨʽʚ, ʪʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʪʘʨʽʣʦʢ ʧʨʠʧʫʩʪʠʤʦ ʣʠʰʝ 

ʜʣʷ ʧʦʜʽʣʫ ʨʽʜʢʠʭ ʩʫʤʽʰʝʡ, ʱʦ ʥʝ ʤʽʩʪʷʪʴ ʟʚʘʞʝʥʠʭ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʽ ʥʝ 

ʫʪʚʦʨʶʶʪʴ ʪʚʝʨʜʦʛʦ ʦʩʘʜʫ ʧʨʦʪʷʛʦʤ ʧʨʦʮʝʩʫ [5, 72, 114, 122]. 

ʄʘʩʦ- ʽ ʪʝʧʣʦʦʙʤʽʥ ʤʽʞ ʧʘʨʦʶ (ʛʘʟʦʤ) ʽ ʨʽʜʠʥʦʶ ʚ ʦʩʥʦʚʥʦʤʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʜʝʷʢʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʧʦʣʦʪʥʘ ʩʽʪʯʘʩʪʦʾ ʪʘʨʽʣʢʠ ʚ ʰʘʨʽ ʧʽʥʠ ʡ 

ʙʨʠʟʽʚ. ʊʠʩʢ ʽ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ (ʧʘʨʠ), ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʦʪʚʦʨʠ, ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʜʦʩʪʘʪʥʽʤʠ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʦʧʦʨʫ ʰʘʨʫ ʨʽʜʠʥʠ ʥʘ ʪʘʨʽʣʮʽ ʡ ʦʧʦʨʫ ʾʾ ʩʪʽʢʘʥʥʷ 

ʯʝʨʝʟ ʦʪʚʦʨʠ. ʉʽʪʯʘʩʪʽ ʪʘʨʽʣʢʠ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʩʪʨʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʢʦʥʪʘʢʪʫ ʤʽʞ ʨʽʜʢʦʶ ʽ ʧʘʨʦʚʦʶ ʬʘʟʘʤʠ ʥʘ ʧʣʦʱʽ 

ʪʘʨʽʣʢʠ. ʎʽ ʪʘʨʽʣʢʠ ʧʨʦʩʪʽʰʝ ʡ ʜʝʰʝʚʰʝ ʢʦʚʧʘʯʢʦʚʠʭ ʽ ʤʘʶʪʴ ʤʝʥʰʠʡ 
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ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ [101, 113]. 

ʇʨʠ ʥʝʚʝʣʠʢʠʭ ʰʚʠʜʢʦʩʪʷʭ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʰʚʠʜʢʦʩʪʽ ʚʽʣʴʥʦʛʦ 

ʧʽʜʡʦʤʫ ʙʫʣʴʙʘʰʦʢ ʮʴʦʛʦ ʛʘʟʫ ʚ ʜʘʥʽʡ ʨʽʜʠʥʽ, ʫʪʚʦʨʠʪʴʩʷ ʪʠʧʦʚʠʡ ʙʘʨʙʦʪʘʞʥʠʡ 

(ʙʫʣʴʙʘʰʢʦʚʠʡ) ʰʘʨ, ʪʦʙʪʦ ʧʫʭʠʨʮʽ ʛʘʟʫ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ɸʨʭʽʤʝʜʘ ʚʽʣʴʥʦ 

ʩʧʣʠʚʘʶʪʴ ʫ ʨʽʜʠʥʽ ʟʽ ʰʚʠʜʢʽʩʪʶ 0,1...0,4 ʤ/ʩ. ʃʠʰʝ ʚ ʪʦʥʢʦʤʫ ʰʘʨʽ ʨʽʜʠʥʠ, ʱʦ 

ʧʨʠʤʠʢʘʻ ʜʦ ˇʨʘʪ, ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʰʚʠʜʢʦʩʪʽ ʧʫʭʠʨʮʷ ï ʚʽʜ 

ʜʝʢʽʣʴʢʦʭ ʤʝʪʨʽʚ ʟʘ ʩʝʢʫʥʜʫ ʧʽʩʣʷ ʚʽʜʨʠʚʫ ʡʦʛʦ ʚʽʜ ʦʪʚʦʨʫ ʜʦ ʜʝʩʷʪʠʭ ʯʘʩʪʦʢ 

ʤʝʪʨʘ ʟʘ ʩʝʢʫʥʜʫ ʫ ʙʘʨʙʦʪʘʞʥʦʤʫ ʰʘʨʽ. ʆʜʥʘʢ ʽ ʜʣʷ ʪʠʧʦʚʦʛʦ ʙʘʨʙʦʪʘʞʫ 

ʭʘʨʘʢʪʝʨʥʦ, ʱʦ ʥʘʜ ʙʘʨʙʦʪʘʞʥʦʶ ʟʦʥʦʶ, ʫ ʷʢʽʡ ʟʥʘʭʦʜʠʪʴʩʷ ʦʩʥʦʚʥʘ ʤʘʩʘ 

ʨʽʜʠʥʠ, ʟʚʠʯʘʡʥʦ ʽʩʥʫʻ ʟʦʥʘ ʧʽʥʠ, ʘ ʥʘʜ ʥʝʶ ï ʟʦʥʘ ʙʨʠʟʽʚ, ʧʨʠʯʦʤʫ ʜʚʽ ʦʩʪʘʥʥʽ 

ʤʽʩʪʷʪʴ ʣʠʰʝ ʥʝʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʨʽʜʠʥʠ [72]. 

ɿʦʥʘ ʧʽʥʠ ʧʨʠ ʤʘʣʠʭ ʰʚʠʜʢʦʩʪʷʭ ʛʘʟʫ (ʧʘʨʠ) ʫʪʚʦʨʶʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, 

ʱʦ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʩʧʣʠʚʘʶʯʠʭ ʧʫʭʠʨʮʽʚ ʛʘʟʫ ʤʦʞʝ ʙʫʪʠ ʥʝʜʦʩʪʘʪʥʴʦʶ ʜʣʷ 

ʧʦʜʦʣʘʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʾ ʧʣʽʚʢʠ, ʦʩʦʙʣʠʚʦ ʘʜʩʦʨʙʮʽʡʥʦʛʦ 

ʰʘʨʫ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ. ʊʦʤʫ ʥʘʜ ʪʠʧʦʚʦ ʙʘʨʙʦʪʘʞʥʦʶ ʟʦʥʦʶ 

ʫʪʚʦʨʶʻʪʴʩʷ ʟʦʥʘ ʤʘʣʦʨʫʭʦʤʦʾ ʢʦʤʽʨʯʘʩʪʦʾ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʧʽʥʠ [2, 3]. 

ʅʘʜ ʛʘʟʦʨʽʜʠʥʥʦʶ ʟʦʥʦʶ, ʫ ʷʢʽʡ ʨʽʜʠʥʘ  ̒ʩʫʮʽʣʴʥʦʶ ʬʘʟʦʶ, ʟʘʚʞʜʠ ʽʩʥʫʻ 

ʟʦʥʘ ʙʨʠʟʽʚ. ʇʨʠ ʚʠʭʦʜʽ ʧʫʭʠʨʮʽʚ ʛʘʟʫ (ʧʘʨʠ) ʽʟ ʰʘʨʫ ʨʽʜʠʥʠ (ʧʽʥʠ) ʽ ʨʫʡʥʫʚʘʥʥʽ 

ʧʦʚʝʨʭʥʝʚʦʾ ʧʣʽʚʢʠ ʟʘʚʞʜʠ ʫʪʚʦʨʶʶʪʴʩʷ ʙʨʠʟʠ, ʱʦ ʧʽʜʥʽʤʘʶʪʴʩʷ ʧʦʪʦʢʦʤ ʛʘʟʫ 

ʥʘʜ ʰʘʨʦʤ ʨʽʜʠʥʠ ʘʙʦ ʧʽʥʠ ʥʘ ʨʽʟʥʫ ʚʠʩʦʪʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʷ ʾʭʥʴʦʾ 

ʜʠʩʧʝʨʩʥʦʩʪʽ ʽ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ. ɿ ̔ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʟʦʥʘ ʧʽʥʠ 

ʨʦʟʰʠʨʶʻʪʴʩʷ [33, 116]. 

ʅʝʜʦʣʽʢʠ ʢʦʣʦʥ ʽʟ ʩʽʪʯʘʩʪʠʤʠ ʪʘʨʽʣʢʘʤʠ: ʞʦʨʩʪʢʽʩʪʴ ʨʝʞʠʤʫ ʪʘ 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʢʦʣʠʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʥʘʯʥʠʭ ʤʝʞʘʭ, ʰʚʠʜʢʝ ʩʪʽʢʘʥʥʷ 

ʨʽʜʠʥʠ ʟ ʪʘʨʽʣʦʢ ʫ ʚʠʧʘʜʢʫ ʟʫʧʠʥʢʠ ʢʦʣʦʥʠ, ʽʩʪʦʪʥʝ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʾ 

ʪʘʨʽʣʦʢ ʧʨʠ ʧʦʨʫʰʝʥʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʩʪʽ ʾʭ ʫʩʪʘʥʦʚʢʠ ʽ ʩʭʠʣʴʥʽʩʪʴ ʤʘʣʠʭ 

ʦʪʚʦʨʽʚ ʩʽʪʯʘʩʪʠʭ ʪʘʨʽʣʦʢ ʜʦ ʟʘʩʤʽʯʝʥʥʷ ʽ ʨʦʟ'ʾʜʘʥʥʷ. ʆʜʥʘʢ ʜʝʷʢʽ ʜʦʩʣʽʜʞʝʥʥʷ 

[72] ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʨʘʮʽʦʥʘʣʴʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʩʽʪʯʘʩʪʦʾ ʪʘʨʽʣʢʠ ʧʨʠʧʫʩʪʠʤʽ 

ʢʦʣʠʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʛʘʟʫ ʚ 2-2,5 ʨʘʟʠ, ʱʦ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʮʽʣʢʦʤ 

ʜʦʩʪʘʪʥʴʦ. ʊʦʤʫ ʦʩʥʦʚʥʽ ʧʨʠʯʠʥʠ ʚʽʜʤʦʚʣʝʥʥʷ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʽʪʯʘʩʪʠʭ 
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ʪʘʨʽʣʦʢ ï ʟʘʩʤʽʯʝʥʥʷ ʽ ʢʦʨʦʟʽʷ ʦʪʚʦʨʽʚ, ʘ ʪʘʢʦʞ ʟʜʘʪʥʽʩʪʴ ʜʝʷʢʠʭ ʩʫʤʽʰʝʡ 

ʫʪʚʦʨʶʚʘʪʠ ʩʪʽʡʢʫ ʧʽʥʫ [33, 44, 90]. 

ʂʣʘʧʘʥʥʽ ʪʘʨʽʣʢʠ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʦʢ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʜʦʟʚʦʣʷʶʪʴ ʟʙʝʨʽʛʘʪʠ ʚʠʩʦʢʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʤʘʩʦʧʝʨʝʜʘʯʽ ʤʘʡʞʝ ʚ 

ʫʩʴʦʤʫ ʜʦʧʫʩʪʠʤʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʴ ʢʦʣʦʥʠ [23, 39, 59, 61, 81, 

86, 95, 103]. 

ʅʘʡʙʽʣʴʰ ʩʪʽʡʢʠʤʠ ʚ ʨʦʙʦʪʽ ʻ ʙʘʣʘʩʪʦʚʽ ʢʣʘʧʘʥʠ, ʫ ʷʢʠʭ ʣʝʛʢʠʡ ʢʣʘʧʘʥ 

ʨʦʟʤʽʱʝʥʠʡ ʫʩʝʨʝʜʠʥʽ ʙʽʣʴʰ ʚʘʞʢʦʾ ʙʘʣʘʩʪʦʚʦʾ ʜʝʪʘʣʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʠ 

ʥʝʚʝʣʠʢʠʭ ʚʠʪʨʘʪʘʭ ʛʘʟʫ ʧʽʜʥʽʤʘʻʪʴʩʷ ʣʠʰʝ ʦʜʠʥ ʣʝʛʢʠʡ ʢʣʘʧʘʥ, ʘ ʧʨʠ ʚʝʣʠʢʠʭ 

ï ʨʘʟʦʤ ʟ ʙʘʣʘʩʪʦʚʦʶ ʜʝʪʘʣʣʶ. ɼʽʘʤʝʪʨ ʢʨʫʛʣʠʭ ʦʪʚʦʨʽʚ ʫ ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʢʘʭ 

ʟʚʠʯʘʡʥʦ ʜʦʨʽʚʥʶʻ 40 ʤʤ; ʜʽʘʤʝʪʨ ʢʣʘʧʘʥʘ ï 50 ʤʤ, ʚʠʩʦʪʘ ʧʽʜʡʦʤʫ ʢʣʘʧʘʥʘ ï 

8...12 ʤʤ, ʪʦʚʱʠʥʘ ï 2 ʤʤ, ʤʘʩʘ ï 30 ʛ. ʋ ʢʦʣʦʥʘʭ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʽʜ 

ʘʪʤʦʩʬʝʨʥʠʤ ʪʠʩʢʦʤ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʮʝʥʪʨʘʤʠ ʢʣʘʧʘʥʽʚ ʫ 2 ʨʘʟʠ ʙʽʣʴʰʝ ʾʭʥʴʦʛʦ 

ʜʽʘʤʝʪʨʘ, ʘ ʧʨʠ ʥʘʜʣʠʰʢʦʚʦʤʫ ʨʦʙʦʯʦʤʫ ʪʠʩʢʫ ï ʫ 3-4 ʨʘʟʠ [31, 39]. 

ʂ.ʢ.ʜ. ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʦʢ ʚʠʱʝ ʢ.ʢ.ʜ. ʟʚʠʯʘʡʥʠʭ ʢʦʚʧʘʯʢʦʚʠʭ ʪʘʨʽʣʦʢ ʽ 

ʜʦʩʠʪʴ ʩʪʘʙʽʣʴʥʠʡ. ɿʥʷʪʪʷ ʧʨʦʜʫʢʮʽʾ ʟ ʦʜʠʥʠʮʽ ʦʙ'ʻʤʫ ʪʘʢʠʭ ʢʦʣʦʥ ʪʘʢʦʞ ʟʥʘʯʥʦ 

ʚʠʱʝ [31, 47, 49, 78, 81, 93, 102]. 

ʇʝʨʝʚʘʛʠ ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʦʢ ï ʚʠʩʦʢʽ ʚʽʜʥʦʩʥʽ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ (ʧʘʨʠ) ʽ 

ʨʽʜʠʥʠ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʟʥʘʯʥʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʤʘʩʦʦʙʤʽʥʫ, ʥʠʟʴʢʠʡ ʧʝʨʝʧʘʜ 

ʪʠʩʢʽʚ ʥʘ ʩʫʭʽʡ ʪʘʨʽʣʮʽ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʯʦʛʦ ʨʝʞʠʤʫ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʴ ʧʦ ʛʘʟʫ (ʧʘʨʽ) [31, 47]. 

ʂʣʘʧʘʥʥʽ ʪʘʨʽʣʢʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʢʦʚʧʘʯʢʦʚʠʤʠ ʤʘʶʪʴ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘ 20...30% ʚʠʱʝ ʧʨʠ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʾ 

[101, 108]. 

ʄʝʪʘʣʦʻʤʥʽʩʪʴ ʮʠʭ ʪʘʨʽʣʦʢ ʟʥʘʯʥʦ ʥʠʞʯʝ, ʥʽʞ ʢʦʚʧʘʯʢʦʚʠʭ, ʪʦʤʫ ʚʘʨʪʽʩʪʴ 

ʢʣʘʧʘʥʥʦʾ ʪʘʨʽʣʢʠ, ʧʦ ʣʽʪʝʨʘʪʫʨʥʠʤ ʜʘʥʠʤ, ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 2/3 ʚʘʨʪʦʩʪʽ 

ʢʦʚʧʘʯʢʦʚʦʾ. ʇʦʜʘʣʴʰʝ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʦʢ ʡʜʝ ʚ ʥʘʧʨʷʤʢʫ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʣʦʢʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʫ ʬʘʟ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʨʘʭʫʥʦʢ 

ʧʽʜʚʠʱʝʥʥʷ ʪʫʨʙʫʣʽʟʘʮʽʾ ʧʦʪʦʢʫ ʛʘʟʦʚʦʾ ʬʘʟʠ [92, 108]. 
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ɺʠʤʦʛʠ ʜʦ ʨʦʟʰʠʨʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʫʩʪʘʣʝʥʦʾ ʨʦʙʦʪʠ ʪʘʨʽʣʦʢ ʧʨʠʚʝʣʠ ʜʦ 

ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʘʣʘʩʪʦʚʠʭ ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʦʢ. ɼʦ ʥʘʡʙʽʣʴʰ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʜʥʦʩʷʪʴʩʷ ʙʘʣʘʩʪʦʚʽ ʪʘʨʽʣʢʠ Ăɻʣʽʪʯò ʪʠʧʫ A1 ʽ 

ɸ2 ʽ ʢʣʘʧʘʥʥʽ ʪʘʨʽʣʢʠ ʦʙ'ʻʜʥʘʥʥʷ Ăʍʝʧʦʩò, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʜʚʦʭ ʨʝʞʠʤʘʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷ [39, 109, 116]. 

ʊʘʨʽʣʢʠ ʟ ʢʨʫʛʣʠʤʠ ʢʣʘʧʘʥʘʤʠ ʫʜʦʩʢʦʥʘʣʶʶʪʴ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ 

ʪʠʩʢʫ ʷʢ ʟʘ ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʦʙʪʽʯʥʦʾ ʬʦʨʤʠ ʩʘʤʦʛʦ ʢʣʘʧʘʥʘ, ʪʘʢ ʽ ʟʘ 

ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ ʚʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʧʽʜ ʢʣʘʧʘʥʦʤ. ɼʣʷ ʮʴʦʛʦ 

ʢʨʦʤʢʠ ʦʪʚʦʨʽʚ ʧʽʜ ʢʣʘʧʘʥʘʤʠ ʚʽʜʛʠʥʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʦʧʣʘ ɺʝʥʪʫʨʽ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʚʪʨʘʪʠ ʪʠʩʢʫ ʥʘ ʪʘʨʽʣʮʽ ʤʘʡʞʝ ʥʘ 50%. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʦʢ ʚʝʣʠʢʠʭ ʜʽʘʤʝʪʨʽʚ ʽʟ ʢʣʘʧʘʥʘʤʠ Ăɻʣʽʪʯò ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ 

ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʾʭʥʴʦʾ ʨʦʙʦʪʠ ʡ ʨʦʟʰʠʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʫʩʪʘʣʝʥʦʾ 

ʨʦʙʦʪʠ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʣʘʧʘʥʠ ʨʽʟʥʦʾ ʤʘʩʠ. ɺʽʜʧʦʚʽʜʥʦ 

ʚʠʛʦʪʦʚʣʷʶʪʴ ʾʭ ʟ ʤʝʪʘʣʝʚʦʛʦ ʣʠʩʪʘ ʪʦʚʱʠʥʦʶ 1,5...3 ʤʤ [39]. 

ʇʨʷʤʦʪʦʯʥʽ ʪʘʨʽʣʢʠ ʟ ʪʨʘʥʩʧʦʨʪʫʶʯʠʤ ʝʬʝʢʪʦʤ. 

ʇʦʨʷʜ ʟ ʧʝʨʝʭʨʝʩʥʦʪʦʯʥʠʤʠ ʪʘʨʽʣʢʘʤ ʫʩʝ ʙʽʣʴʰ ʰʠʨʦʢʝ ʧʨʦʤʠʩʣʦʚʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʜʝʨʞʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ ʧʨʷʤʦʪʦʯʥʠʭ ʪʘʨʽʣʦʢ ʽʟ ʪʨʘʥʩʧʦʨʪʥʠʤ 

ʝʬʝʢʪʦʤ [14, 17, 22, 47]. ɼʦ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʮʴʦʛʦ ʪʠʧʫ ʪʘʨʽʣʦʢ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ 

ʷʟʠʯʢʦʚʽ, ɺʝʥʪʫʨʽ ʡ ʧʣʘʩʪʠʥʯʘʩʪʽ. ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʧʨʷʤʦʪʦʯʥʠʭ ʪʘʨʽʣʦʢ ï 

ʚʠʩʦʢʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʬʘʟ ʫ ʨʦʙʦʯʦʤʫ ʽʥʪʝʨʚʘʣʽ ʥʘʚʘʥʪʘʞʝʥʴ, ʚʝʣʠʢʽ 

ʜʦʧʫʩʪʠʤʽ ʰʚʠʜʢʦʩʪʽ ʧʦ ʧʘʨʦʚʽʡ ʬʘʟʽ ʯʝʨʝʟ ʪʝ, ʱʦ ʧʘʨʘ ʨʫʭʘʻʪʴʩʷ ʚ 

ʤʽʞʪʘʨʽʣʯʘʩʪʦʤʫ ʦʙôʻʤʽ ʥʝ ʚʝʨʪʠʢʘʣʴʥʦ ʥʘʛʦʨʫ, ʘ ʚʟʜʦʚʞ ʪʘʨʽʣʢʠ. ʋ ʟʚ'ʷʟʢʫ ʟ 

ʮʠʤ ʟ'ʷʚʣʷʻʪʴʩʷ ʡ ʽʥʰʘ ʧʝʨʝʚʘʛʘ ʧʨʷʤʦʪʦʯʥʠʭ ʪʘʨʽʣʦʢ: ʧʘʨ, ʨʫʭʘʶʯʠʩʴ ʫʟʜʦʚʞ 

ʪʘʨʽʣʢʠ, ʧʽʜʰʪʦʚʭʫʻ ʨʽʜʠʥʫ ʜʦ ʟʣʠʚʥʦʛʦ ʧʨʠʩʪʨʦʶ. ʊʠʤ ʩʘʤʠʤ ʣʽʢʚʽʜʫʻʪʴʩʷ 

ʛʨʘʜʽʻʥʪ ʨʽʚʥʷ ʨʽʜʠʥʠ ʪʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʪʘʨʽʣʦʢ ʧʦ ʨʽʜʠʥʽ  

[49, 104]. 

ʂʦʥʩʪʨʫʢʪʠʚʥʝ ʦʬʦʨʤʣʝʥʥʷ ʷʟʠʯʢʦʚʠʭ ʪʘʨʽʣʦʢ ʜʦʩʠʪʴ ʧʨʦʩʪʝ [101, 108, 

110]. 

ʆʜʥʘʢ ʧʨʷʤʦʪʦʢ ʛʘʟʫ ʽ ʨʽʜʠʥʠ ʚ ʜʚʦʬʘʟʥʦʤʫ ʰʘʨʽ ʚʠʢʣʠʢʘʻ ʡ ʥʝʛʘʪʠʚʥʽ 

ʷʚʠʱʘ, ʜʦ ʷʢʠʭ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʥʝʦʙʭʽʜʥʦ ʚʽʜʥʝʩʪʠ ʫʪʚʦʨʝʥʥʷ ʫʱʽʣʴʥʝʥʦʾ 



 21 

ʛʘʟʦʨʽʜʠʥʥʦʾ ʧʦʜʫʰʢʠ ʥʘʜ ʧʝʨʝʣʠʚʦʤ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʧʦ ʛʘʟʫ ʡ 

ʨʽʜʠʥʽ. ʎʝ ʦʙʤʝʞʫʻ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʧʝʨʝʣʠʚʫ ʽ ʟʙʽʣʴʰʫʻ ʙʨʠʟʢʦʚʠʥʝʩʝʥʥʷ ʟ 

ʦʙʣʘʩʪʽ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʚ ʟʦʥʽ ʧʝʨʝʣʠʚʥʦʛʦ ʧʨʠʩʪʨʦʶ. ɼʣʷ ʙʦʨʦʪʴʙʠ ʟ ʪʘʢʠʤʠ 

ʚ̫ʠʱʘʤʠ ʧʨʦʚʦʜʷʪʴ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʛʘʟʦʨʽʜʠʥʥʦʛʦ ʧʦʪʦʢʫ ʰʣʷʭʦʤ ʫʩʪʘʥʦʚʢʠ ʥʘ 

ʪʘʨʽʣʮʽ ʨʽʟʥʦʛʦ ʪʠʧʫ ʚʽʜʙʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʨʽʚʥʦʤʽʨʥʦʤʫ 

ʨʦʟʧʦʜʽʣʝʥʥʶ ʧʦʪʦʢʽʚ ʫ ʤʽʞʪʘʨʽʣʯʘʩʪʦʤʫ ʧʨʦʩʪʦʨʽ [79, 88]. ɼʦ ʥʘʡʙʽʣʴʰ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʮʴʦʛʦ ʪʠʧʫ ʚʽʜʥʦʩʷʪʴʩʷ ʩʽʪʯʘʩʪʽ ʪʘʨʽʣʢʠ ʟ 

ʚʽʜʙʽʡʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ɺʅɼɯʅʘʬʪʦʤʘʰ [108]. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʽʚ ʚ ʘʧʘʨʘʪʘʭ ʽʟ 

ʧʨʷʤʦʪʦʯʥʠʤʠ ʪʘʨʽʣʢʘʤʠ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʧʦʚʥʶʚʘʪʠ ʤʽʞʪʘʨʽʣʯʘʩʪʠʡ ʧʨʦʩʪʽʨ 

ʦʙ'ʻʤʥʦʶ ʥʘʩʘʜʢʦʶ, ʱʦ ʤʘʻ ʚʝʣʠʢʠʡ ʚʽʣʴʥʠʡ ʦʙôʻʤ. 

ʇʨʦʤʠʩʣʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ ʚʠʜʫ ʘʧʘʨʘʪʽʚ ʫʪʨʫʜʥʝʥʝ ʯʝʨʝʟ ʪʝ, ʱʦ 

ʧʝʨʝʨʦʙʢʘ ʟʘʙʨʫʜʥʝʥʠʭ ʨʽʜʠʥ ʰʚʠʜʢʦ ʧʨʠʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ 

ʥʘʩʘʜʢʠ, ʱʦ ʧʦʛʽʨʰʠʪʴ ʛʽʜʨʦʜʠʥʘʤʽʯʥʫ ʦʙʩʪʘʥʦʚʢʫ ʥʘ ʪʘʨʽʣʮʽ ʡ ʽʩʪʦʪʥʦ ʟʥʠʟʠʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʩʦʦʙʤʽʥʫ. ʋʩʽ ʦʧʠʩʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘʨʽʣʦʢ ʤʘʶʪʴ ʧʦʩʪʽʡʥʠʡ 

ʞʠʚʠʡ ʧʝʨʝʨʽʟ ʜʣʷ ʧʨʦʭʦʜʫ ʧʘʨʠ ʽ, ʦʪʞʝ, ʚʫʟʴʢʠʡ ʜʽʘʧʘʟʦʥ ʫʩʪʘʣʝʥʦʾ ʨʦʙʦʪʠ 

[17]. 

ɼʣʷ ʨʦʟʰʠʨʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʫʩʪʘʣʝʥʦʾ ʨʦʙʦʪʠ ʧʨʷʤʦʪʦʯʥʠʭ ʪʘʨʽʣʦʢ 

ʨʦʟʨʦʙʣʝʥʦ ʨʷʜ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʤʽʥʫ ʞʠʚʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʠ ʟʤʽʥʽ 

ʚʠʪʨʘʪʠ ʧʘʨʠ. ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʝ ʧʨʦʤʠʩʣʦʚʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʪʨʠʤʘʣʠ ʢʣʘʧʘʥʥʽ 

ʪʘʨʽʣʢʠ ʢʦʥʩʪʨʫʢʮʽʾ ɺʅɼɯʅʘʬʪʦʤʘʰ [108]. ʋ ʨʦʙʦʯʦʤʫ ʜʽʘʧʘʟʦʥʽ ʥʘʚʘʥʪʘʞʝʥʴ 

ʢʣʘʧʘʥʠ ʥʘ ʮʠʭ ʪʘʨʽʣʢʘʭ, ʧʽʜʥʽʤʘʶʯʠʩʴ, ʫʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʽʜ ʢʫʪʦʤ ʜʦ ʧʣʦʱʠʥʠ 

ʪʘʨʽʣʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʟ'ʷʚʣʷʻʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

ʧʘʨʠ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʪʨʘʥʩʧʦʨʪʫʶʯʠʡ ʝʬʝʢʪ. ʆʜʥʘʢ ʥʘ ʮʠʭ ʪʘʨʽʣʢʘʭ ʫʩʝ-ʪʘʢʠ 

ʚʽʜʩʫʪʥʽʡ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʡ ʧʨʷʤʦʪʦʢ ʯʝʨʝʟ ʪʝ, ʱʦ ʧʘʨʘ ʚʠʭʦʜʠʪʴ ʟ-ʧʽʜ 

ʢʣʘʧʘʥʘ ʟ ʫʩʽʭ ʙʦʢʽʚ ʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʯʠʩʪʦ ʧʨʷʤʦʪʦʯʥʠʭ ʪʘʨʽʣʦʢ, ʢʦʥʩʪʨʫʢʪʠʚʥʝ 

ʦʬʦʨʤʣʝʥʥʷ ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʦʢ ɺʅɼɯʅʘʬʪʦʤʘʰ ʪʘʢʝ ʞ, ʷʢ ʽ ʙʘʨʙʦʪʘʞʥʠʭ, ï 

ʚʦʥʠ ʤʘʶʪʴ ʧʣʘʥʢʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʥʘʷʚʥʽʩʪʴ ʟʘʧʘʩʫ ʨʽʜʠʥʠ ʥʘ ʪʘʨʽʣʮʽ ʚ 

ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʥʘʚʘʥʪʘʞʝʥʴ [108]. 

ʈʽʟʥʘ ʜʦʚʞʠʥʘ ʥʽʞʦʢ ʥʘ ʮʠʭ ʢʣʘʧʘʥʘʭ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʧʦʭʠʣʝ ʧʦʣʦʞʝʥʥʷ 
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ʢʣʘʧʘʥʘ ʚ ʨʦʙʦʯʦʤʫ ʩʪʘʥʽ, ʚʠʢʣʠʢʘʻ ʧʽʜʚʠʱʝʥʫ ʩʭʠʣʴʥʽʩʪʴ ʢʣʘʧʘʥʽʚ ʜʦ 

ʟʘʢʣʠʥʶʚʘʥʥʷ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠ ʥʘʩʪʫʧʥʦʤʫ ʟʥʠʞʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘʨʽʣʢʠ ʧʦ 

ʧʘʨʽ ʢʣʘʧʘʥʠ ʟʘʣʠʰʘʶʪʴʩʷ ʚʽʜʢʨʠʪʠʤʠ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʨʦʚʘʣʫ ʨʽʜʠʥʠ ʽ 

ʟʥʠʞʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʾ ʪʘʨʽʣʢʠ. 

ʇʦʜʘʣʴʰʠʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʢʣʘʧʘʥʥʠʭ ʧʨʷʤʦʪʦʯʥʠʭ ʪʘʨʽʣʦʢ, 

ʩʧʨʷʤʦʚʘʥʠʤ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʟʘʪʨʠʤʢʠ ʨʽʜʠʥʠ ʥʘ ʪʘʨʽʣʮʽ, ʘ ʦʪʞʝ, ʽ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʜʽʾ,  ̒ʢʣʘʧʘʥʥʽ ʪʘʨʽʣʢʠ, ʦʙʣʘʜʥʘʥʽ ʧʨʷʤʦʢʫʪʥʠʤʠ ʢʣʘʧʘʥʘʤʠ, ʱʦ ʤʘʶʪʴ ʘʨʢʦʚʽ 

ʘʙʦ ʷʟʠʯʢʦʚʽ ʧʨʦʩʽʯʢʠ, ʩʧʨʷʤʦʚʘʥʽ ʫʙʽʢ, ʧʨʦʪʠʣʝʞʥʠʡ ʚʽʜʢʨʠʪʪʶ ʢʣʘʧʘʥʽʚ. ʊʫʪ 

ʜʦʩʷʛʘʻʪʴʩʷ ʜʦʜʘʪʢʦʚʝ ʚʠʭʨʦʫʪʚʦʨʝʥʥʷ ʽ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʟʘʪʨʠʤʢʠ ʨʽʜʠʥʠ 

ʥʘ ʪʘʨʽʣʮʽ [19, 101, 108]. 

ʇʨʷʤʦʪʦʯʥʦ-ʧʝʨʝʭʨʝʩʥʦʪʦʯʥʽ ʪʘʨʽʣʢʠ ʟ ʪʨʘʥʩʧʦʨʪʫʶʯʠʤ ʝʬʝʢʪʦʤ. 

ʆʜʠʥ ʽʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʫ ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʾ 

ʧʨʷʤʦʪʦʯʥʠʭ ʪʘʨʽʣʦʢ ʟ'ʷʚʠʚʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʪʚʦʨʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘʨʽʣʦʢ, ʱʦ 

ʦʙôʻʜʥʫʶʪʴ ʫ ʩʦʙʽ ʧʨʷʤʦʪʦʯʥʽ ʽ ʧʝʨʝʭʨʝʩʥʦʪʦʯʥʽ ʢʦʥʪʘʢʪʥʽ ʝʣʝʤʝʥʪʠ. ʎʽ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʧʨʠ ʧʨʘʚʠʣʴʥʦ ʦʙʨʘʥʦʤʫ ʧʦʻʜʥʘʥʥʽ ʧʨʷʤʦʪʦʯʥʠʭ ʽ 

ʧʝʨʝʭʨʝʩʥʦʪʦʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʠʭ ʧʠʪʦʤʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʧʦ ʧʘʨʽ ʡ ʨʽʜʠʥʽ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʨʷʤʦʪʦʯʥʠʭ ʪʘʨʽʣʦʢ, ʽ ʛʘʨʥʫ 

ʧʦʜʽʣʷʶʯʫ ʟʜʘʪʥʽʩʪʴ ʚ ʫʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʧʝʨʝʭʨʝʩʥʦʪʦʯʥʠʭ ʪʘʨʽʣʦʢ ʢʦʣʦʥʥʠʭ ʘʧʘʨʘʪʽʚ [15, 17, 30]. ʂʨʽʤ ʢʨʫʛʣʠʭ ʦʪʚʦʨʽʚ, 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʥʫʚʘʪʠ ʥʘ ʧʦʣʦʪʥʽ ʟʚʠʯʘʡʥʦʾ ʩʽʪʯʘʩʪʦʾ ʪʘʨʽʣʢʠ ʚʠʰʪʘʤʧʫʚʘʥʽ 

ʱʽʣʠʥʥʽ ʦʪʚʦʨʠ, ʧʽʜʥʷʪʽ ʥʘʜ ʾʾ ʧʦʚʝʨʭʥʝʶ, ʯʠʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʦʩʠʪʴ ʚʝʣʠʢʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʰʚʠʜʢʦʩʪʽ ʧʘʨʠ. ʊʘʢʠʡ ʧʨʠʩʪʨʽʡ ʦʩʦʙʣʠʚʦ ʚʠʛʽʜʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚ ʪʘʨʽʣʢʘʭ ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʘ, ʪʦʤʫ ʱʦ ʥʘʚʽʪʴ ʫ ʚʘʢʫʫʤʥʠʭ 

ʢʦʣʦʥʥʠʭ ʘʧʘʨʘʪʘʭ ʧʨʠ ʚʝʣʠʢʠʭ ʜʽʘʤʝʪʨʘʭ ʧʠʪʦʤʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʨʽʜʠʥʽ ʥʘ 

ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ ʟʣʠʚʫ ʩʪʘʶʪʴ ʜʦʩʠʪʴ ʚʝʣʠʢʠʤʠ (5,5Ö10-3...7Ö10-3 ʤ3/ʤÖʩ) ʽ 

ʚʠʷʚʣʷʻʪʴʩʷ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʛʨʘʜʽʻʥʪʘ ʨʽʚʥʷ ʨʽʜʠʥʠ [17, 108, 101]. 

ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʚʘʣʫ ʨʽʜʠʥʠ ʥʝ ʪʽʣʴʢʠ ʥʘ ʧʦʯʘʪʢʦʚʽʡ 

ʜʽʣʷʥʮʽ ʾʾ ʨʫʭʫ ʧʦ ʪʘʨʽʣʮʽ, ʘʣʝ ʡ ʧʦ ʚʩʽʡ ʧʣʦʱʽ ʪʘʨʽʣʢʠ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʷʤʦʪʦʯʥʽ ʝʣʝʤʝʥʪʠ. ʂʨʽʤ ʪʦʛʦ, ʚʝʣʠʢʠʡ ʛʨʘʜʽʻʥʪ ʨʽʚʥʷ 

ʨʽʜʠʥʠ ʡ ʧʽʜʙʦʨ ʾʾ ʥʘ ʟʣʠʚʥʽʡ ʧʣʘʥʮʽ ʟʫʤʦʚʣʶʶʪʴ ʟʙʽʣʴʰʝʥʽ ʚʪʨʘʪʠ ʪʠʩʢʫ, ʱʦ 
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ʦʩʦʙʣʠʚʦ ʰʢʽʜʣʠʚʦ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʣʦʥʥʠʭ ʘʧʘʨʘʪʽʚ ʜʣʷ ʚʘʢʫʫʤʥʦʾ 

ʨʝʢʪʠʬʽʢʘʮʽʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʷʤʦʪʦʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʥʠʞʫʻ ʚʪʨʘʪʠ ʪʠʩʢʫ ʥʘ 

ʪʘʨʽʣʮʽ ʷʢ ʟʘ ʨʘʭʫʥʦʢ ʣʽʢʚʽʜʘʮʽʾ ʟʘʟʥʘʯʝʥʠʭ ʷʚʠʱ, ʪʘʢ ʽ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ 

ʟʘʪʨʠʤʢʠ ʨʽʜʠʥʠ ʥʘ ʪʘʨʽʣʮʽ. ʆʜʥʘʢ ʧʨʠ ʟʘʥʘʜʪʦ ʚʝʣʠʢʦʤʫ ʚʽʜʩʦʪʢʫ ʞʠʚʦʛʦ 

ʧʝʨʝʨʽʟʫ, ʱʦ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʯʘʩʪʢʫ ʧʨʷʤʦʪʦʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʘʨʽʣʢʘ ʤʦʞʝ 

ʧʨʘʮʶʚʘʪʠ ʚ ʧʨʷʤʦʪʦʯʥʦʤʫ ʨʝʞʠʤʽ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʟʘʪʨʠʤʢʦʶ ʨʽʜʠʥʠ, ʱʦ 

ʧʨʠʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʾ ʜʽʾ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʜʫʞʝ ʚʘʞʣʠʚʦ ʚʠʙʨʘʪʠ 

ʪʘʢʫ ʢʽʣʴʢʽʩʪʴ ʽ ʪʘʢʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʷʤʦʪʦʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦʙ ʧʝʨʝʚʘʛʠ ʦʙʦʭ 

ʪʠʧʽʚ ʪʘʨʽʣʦʢ ʙʫʣʠ ʟʙʝʨʝʞʝʥʽ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʫʩʪʘʣʝʥʦʾ ʨʦʙʦʪʠ 

ʪʘʨʽʣʢʠ ʜʦʮʽʣʴʥʦ, ʷʢ ʽ ʚ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ, ʞʠʚʠʡ ʧʝʨʝʨʽʟ ʪʘʨʽʣʢʠ ʚʠʢʦʥʫʚʘʪʠ 

ʨʝʛʫʣʴʦʚʘʥʠʤ. ʉʘʤʝ ʮʝʡ ʧʨʠʥʮʠʧ ʟʘʢʣʘʜʝʥʠʡ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ʞʘʣʶʟʽʡʥʦ-ʩʽʪʯʘʩʪʦʾ 

ʪʘʨʽʣʢʠ [30, 108]. 

ʇʝʨʝʚʘʛʠ ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʦʢ ï ʚʠʩʦʢʽ ʚʽʜʥʦʩʥʽ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʽ ʨʽʜʠʥʠ, ʱʦ 

ʦʙʫʤʦʚʣʶʶʪʴ ʟʥʘʯʥʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʤʘʩʦʦʙʤʽʥʫ, ʥʠʟʴʢʠʡ ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ 

ʩʫʭʽʡ ʪʘʨʽʣʮʽ, ʤʝʥʰʝ ʙʨʠʟʢʦʚʠʥʝʩʝʥʥʷ ʽ ʚʝʣʠʢʘ ʧʠʪʦʤʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʇʨʠ 

ʮʴʦʤʫ ʚʦʥʠ ʙʽʣʴʰ ʪʝʭʥʦʣʦʛʽʯʥʽ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʡ ʤʦʥʪʘʞʽ. ʇʝʨʝʚʘʛʘ ʾʭ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʘʨʽʣʢʘʤʠ ʽʥʰʠʭ ʪʠʧʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ 

ʙʝʟ ʧʨʦʚʘʣʫ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʴ ʧʦ ʨʽʜʠʥʽ ʽ ʛʘʟʫ (ʧʘʨʠ) [6, 

90, 108]. ʊʘʢ, ʢʦʝʬʽʮʽʻʥʪ ʩʪʽʡʢʦʩʪʽ (ʚʽʜʥʦʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʘʨʠ 

ʜʦ ʤʽʥʽʤʘʣʴʥʦʾ) ʧʨʠ ʧʦʤʽʨʥʠʭ ʚʝʣʠʯʠʥʘʭ ʪʠʩʢʫ ʜʣʷ ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʦʢ ʜʦʨʽʚʥʶʻ 

8:1, ʘ ʚ ʙʘʣʘʩʪʦʚʠʭ ʥʘʚʽʪʴ 9:1, ʪʦʜʽ ʷʢ ʜʣʷ ʩʽʪʯʘʩʪʠʭ ʪʘʨʽʣʦʢ ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 2:1é3:1, ʘ ʜʣʷ ʢʦʚʧʘʯʢʦʚʠʭ ï 4:1é5:1 [90, 101, 102]. ʗʢ ʚʠʜʥʦ, 

ʢʦʝʬʽʮʽʻʥʪ ʩʪʽʡʢʦʩʪʽ ʜʣʷ ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʦʢ ʤʘʡʞʝ ʫʜʚʽʯʽ ʚʠʱʠʡ, ʥʽʞ ʫ 

ʢʦʚʧʘʯʢʦʚʠʭ, ʱʦ  ̒ʦʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʧʝʨʝʚʘʛ ʮʴʦʛʦ ʪʠʧʫ ʪʘʨʽʣʦʢ. 

 

1.2. ɻʽʜʨʦʜʠʥʘʤʽʢʘ ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʦʢ 

 

1.2.1. ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʪʘʨʽʣʦʢ 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ  ̒ ʚʘʞʣʠʚʦʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

ʢʦʥʪʘʢʪʥʠʭ ʪʘʨʽʣʯʘʩʪʠʭ ʧʨʠʩʪʨʦʾʚ. ɺʽʥ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʻ ʝʥʝʨʛʝʪʠʯʥʽ 
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ʚʠʪʨʘʪʠ ʥʘ ʧʦʜʽʣ ʩʫʤʽʰʝʡ ʽ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʪʦʛʦ 

ʘʙʦ ʽʥʰʦʛʦ ʧʨʦʮʝʩʫ ʧʦʜʽʣʫ. 

ɿʘʛʘʣʴʥʠʡ ʦʧʽʨ ʪʘʨʽʣʢʠ ʟʚʠʯʘʡʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʪʨʴʦʭ 

ʩʢʣʘʜʦʚʠʭ [6]: 

sʈPPP pʩ D+D+D=D ,    (1.1) 

ʜʝ Dʈʩ ï ʦʧʽʨ ʩʫʭʦʾ ʪʘʨʽʣʢʠ; Dʈp ï ʦʧʽʨ ʨʽʜʠʥʥʦʛʦ ʰʘʨʫ; Dʈs ï ʦʧʽʨ, 

ʦʙʫʤʦʚʣʝʥʠʡ ʩʠʣʘʤʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ. 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʩʫʭʠʭ ʢʦʥʪʘʢʪʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ 

ʚʪʨʘʪʘʤʠ ʥʘʧʦʨʫ ʥʘ ʧʦʜʦʣʘʥʥʷ ʤʽʩʮʝʚʠʭ ʦʧʦʨʽʚ ʫ ʚʠʛʣʷʜʽ ʟʚʫʞʝʥʴ, ʨʦʟʰʠʨʝʥʴ, 

ʧʦʚʦʨʦʪʽʚ ʧʦʪʦʢʫ ʛʘʟʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʢʦʥʪʘʢʪʥʠʡ ʝʣʝʤʝʥʪ. 

ɿʘʣʝʞʥʽʩʪʴ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʩʫʭʦʾ ʢʣʘʧʘʥʥʦʾ ʪʘʨʽʣʢʠ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʛʘʟʫ ʤʘʻ ʪʨʠ ʦʙʣʘʩʪʽ, ʱʦ  ̒ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʪʘʨʽʣʦʢ ʟ ʧʝʨʝʤʽʥʥʠʤ ʞʠʚʠʤ 

ʧʝʨʝʨʽʟʦʤ ʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʢʣʘʧʘʥʘ. ʂʦʣʠ ʢʣʘʧʘʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʩʪʘʪʠʯʥʦʤʫ ʩʪʘʥʽ, ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʩʫʭʦʾ ʪʘʨʽʣʢʠ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ 

[21, 30, 90]: 
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x=D ,      (1.2) 

ʜʝ x ï ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʩʫʭʦʾ ʪʘʨʽʣʢʠ; W0 ï ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚ 

ʦʪʚʦʨʽ ʧʽʜ ʢʣʘʧʘʥʦʤ, ʤ/ʩ; ɟʛ ï ʛʫʩʪʠʥʘ ʛʘʟʫ, ʢʛ/ʤ
3; 

ʂʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʩʫʭʦʾ ʪʘʨʽʣʢʠ ʟʚʠʯʘʡʥʦ ʚʠʟʥʘʯʘʶʪʴ ʥʘ 

ʧʽʜʩʪʘʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʧʨʦʜʫʚʮʽ ʤʦʜʝʣʽ ʪʘʨʽʣʢʠ. 

ɺʝʣʠʯʠʥʘ x ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʬʽʛʫʨʘʮʽʡ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʨʽʟʥʠʭ 

ʧʝʨʝʨʽʟʽʚ ʧʘʨʦʚʠʭ ʢʘʥʘʣʽʚ. ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʝʣʠʯʠʥʠ x ʥʝ ʟʘʚʞʜʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʽʥʰʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʦʜʥʦʪʠʧʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʘʨʽʣʦʢ [77]. 

ʅʘʡʙʽʣʴʰ ʦʙôʻʤʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʚʯʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʢʣʘʧʘʥʥʠʭ 

ʪʘʨʽʣʦʢ ʚʠʢʣʘʜʝʥʽ ʚ ʨʦʙʦʪʘʭ [10, 60, 68, 113]. 

ɼʦʩʣʽʜʞʝʥʥʷʤʠ [113] ʚʩʪʘʥʦʚʣʝʥʽ ʪʨʠ ʦʙʣʘʩʪʽ ʟʤʽʥʠ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʽ ʚʠʩʦʪʠ ʧʽʜʡʦʤʫ ʢʣʘʧʘʥʘ. ʅʘ ʧʝʨʝʭʽʜ ʟ ʦʜʥʽʻʾ 

ʦʙʣʘʩʪʽ ʨʦʙʦʪʠ ʚ ʽʥʰʫ ʤʦʞʥʘ ʚʧʣʠʚʘʪʠ ʟʤʽʥʦʶ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 
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ʪʘʨʽʣʢʠ. ɼʣʷ ʪʘʨʽʣʦʢ Ăɻʣʽʪʯò ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʫ 

ʩʫʭʦʾ ʪʘʨʽʣʢʠ: 
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ʊʫʪ Fʟmin ï ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʝʨʽʟ ʟʘʟʦʨʽʚ ʜʣʷ ʧʨʦʭʦʜʫ ʛʘʟʫ ʤʽʞ ʢʣʘʧʘʥʘʤʠ ʽ 

ʪʘʨʽʣʢʦʶ, ʤ2; Fʚ ï ʧʣʦʱʘ ʚʽʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʪʘʨʽʣʢʠ, ʤ2; ɟʨ ï ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ, 

ʢʛ/ʤ3. 

ɼʣʷ ʜʨʫʛʦʾ ʦʙʣʘʩʪʽ, ʢʦʣʠ ʢʣʘʧʘʥʠ ʙʝʟʩʠʩʪʝʤʥʦ ʦʧʫʩʢʘʶʪʴʩʷ ʡ 

ʧʽʜʥʽʤʘʶʪʴʩʷ ʥʘ ʪʘʨʽʣʮʽ: 

2
03

0

2 W
g

ʂ
f

m
KP

ʨʨ

ʢ
c

ɻ

r

r

r
+

Ö
=D ,   (1.4) 

ʜʝ 

0

91,5

49,2

0

2 71,6
ʢ

ʚ

ʢ

ʚ

F

F
e

F

F
K ÖÖöö

÷

õ
ææ
ç

å
=

-

,  

85,2
max

3 920

-

öö
÷

õ
ææ
ç

å
=

ʚ

ʟ

F

F
ʂ , 

ʜʝ Fʢ0 ï ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ ʢʣʘʧʘʥʽʚ, ʤ2; mʢ ï ʤʘʩʘ 

ʢʣʘʧʘʥʘ, ʢʛ; f0 ï ʧʣʦʱʘ ʦʪʚʦʨʫ ʧʽʜ ʢʣʘʧʘʥʦʤ, ʤ2; Fʟmax ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʝʨʝʨʽʟ 

ʟʘʟʦʨʽʚ ʜʣʷ ʧʨʦʭʦʜʫ ʛʘʟʫ ʤʽʞ ʢʣʘʧʘʥʘʤʠ ʽ ʪʘʨʽʣʢʦʶ, ʤ2. 

ʋ ʨʦʙʦʪʘʭ [10, 83] ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ ʜʣʷ 

ʦʙʣʘʩʪʽ, ʢʦʣʠ ʢʣʘʧʘʥʠ ʣʝʞʘʪʴ ʥʘ ʪʘʨʽʣʮʽ ʽ ʢʦʣʠ ʢʣʘʧʘʥʠ ʮʽʣʢʦʤ ʧʽʜʥʷʪʽ ʥʘʜ 

ʪʘʨʽʣʢʦʶ: 
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ʊ

x ,     (1.5) 

ʜʝ 
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3,1
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d

ʊ
d
=  ï ʚʽʜʥʦʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʘʟʦʨʫ ʧʽʜ ʢʣʘʧʘʥʦʤ d ʜʦ ʜʽʘʤʝʪʨʘ 

ʦʪʚʦʨʫ d0; ʽʥʜʝʢʩʠ 1,3 ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʝʨʭʥʴʦʛʦ ʽ ʥʠʞʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ ʢʣʘʧʘʥʽʚ. 
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ɺ ʦʙʣʘʩʪʽ, ʜʝ ʚʠʩʦʪʘ ʢʣʘʧʘʥʘ ʟʤʽʥʶʻʪʴʩʷ: 
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G
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Ö
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=
p

 ï ʚʘʛʘ ʢʣʘʧʘʥʘ, ʚʽʜʥʝʩʝʥʘ ʜʦ ʧʣʦʱʽ ʦʪʚʦʨʫ, ʢʛ/ʤ2. 

ʂʦʝʬʽʮʽʻʥʪ ʂ ʟʥʘʭʦʜʠʣʠ ʟ ʨʽʚʥʷʥʥʷ: 

12,1

31ln
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K ,     (1.7) 

ʜʝ 

0d

dʢ=l  ï ʚʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʢʣʘʧʘʥʘ ʜʦ ʜʽʘʤʝʪʨʘ ʦʪʚʦʨʫ. 

ɿ ʨʽʚʥʷʥʥʷ (1.6) ʚʠʜʥʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘʨʽʣʢʠ. 

ʋ ʪʘʙʣ. 1.1 ʧʨʠʚʝʜʝʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʜʝʷʢʠʭ ʪʠʧʽʚ ʪʘʨʽʣʦʢ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʚʝʣʠʯʠʥʠ x, ʘ ʪʘʢʦʞ ʫʩʝʨʝʜʥʝʥʽ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ xʩʨ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʣʘʧʘʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʪʘʥʽ ʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ï ʫ 

ʨʝʞʠʤʽ ʩʘʤʦʨʝʛʫʣʶʚʘʥʥʷ, ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʩʫʭʦʾ ʪʘʨʽʣʢʠ ʟʤʽʥʶʻʪʴʩʷ ʥʝʟʥʘʯʥʦ 

ʽ ʡʦʛʦ ʚʝʣʠʯʠʥʘ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʢʣʘʧʘʥʽʚ, ʘʣʝ ʡ ʚʽʜ ʤʘʩʠ 

ʢʣʘʧʘʥʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʚ ʮʽʡ 

ʦʙʣʘʩʪʽ ʨʽʟʥʽ ʜʣʷ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘʨʽʣʦʢ. 
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ʊʘʙʣʠʮʷ 1.1 

ɼʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʩʫʭʠʭ ʪʘʨʽʣʦʢ 

ʊʠʧ ʪʘʨʽʣʢʠ, 

ʣʽʪʝʨʘʪʫʨʥʝ ʜʞʝʨʝʣʦ 

ʈʽʚʥʷʥʥʷ ʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ 

ʇʦʟʥʘʯʝʥʥʷ ʽ 

ʧʘʨʘʤʝʪʨʠ 

1 2 3 

ʉʽʪʯʘʩʪʘ, ˇʨʘʪʯʘʩʪʘ  
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d0 ï ʜʽʘʤʝʪʨ ʦʪʚʦʨʫ, 

ʤ; dʝ ï ʝʢʚʽʚʘʣʝʥʪʥʠʡ 

ʜʽʘʤʝʪʨ ʦʪʚʦʨʽʚ 

ʪʘʨʽʣʢʠ, ʤ; s - 

ʪʦʚʱʠʥʘ ʪʘʨʽʣʢʠ, ʤ. 

ʊʨʫʙʯʘʪʦï̌ ʨʘʪʯʘʩʪʘ 

[90] 

ˆʨʘʪʯʘʩʪʘ 

ɼʽʨʯʘʩʪʘ 
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xʩʨ ï ʫʩʝʨʝʜʥʝʥʘ 

ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ 

ʉʪʨʫʤʠʥʥʘ 

ʧʨʷʤʦʪʦʯʥʘ [104] 
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ʂʣʘʧʘʥʥʘ ʪʘʨʽʣʢʘ [83] 
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ʇʨʷʤʦʪʦʯʥʘ ʢʣʘʧʘʥʥʘ 
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ʫʚʝʜʝʥʥʷʤ ʛʘʟʫ ʟ 

ʧʦʜʦʚʞʥʽʤ 

ʩʝʢʮʽʦʥʫʚʘʥʥʷʤ [17] 

xʩʨ=2,0 (ʘʨʢʦʚʽ ʧʨʦʩʽʯʢʠ) 

xʩʨ=2,35 (ʷʟʠʯʢʦʚʽ ʧʨʦʩʽʯʢʠ) 

 

 

ɺʽʜʦʤʦ ʪʘʢʦʞ ʤʝʥʰ ʩʢʣʘʜʥʝ ʨʽʚʥʷʥʥʷ [23]: 
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ʋ ʨʦʙʦʪʽ [81] ʚʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʦʙʣʘʩʪʴ ʩʘʤʦʨʝʛʫʣʶʚʘʥʥʷ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʜʽʣʷʥʢʠ. ʊʦʤʫ ʦʧʽʨ ʩʫʭʦʾ ʪʘʨʽʣʢʠ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʥʘʭʦʜʠʪʠ ʟʘ 
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ʜʚʦʤʘ ʨʽʚʥʷʥʥʷʤʠ. ʅʘ ʧʝʨʰʽʡ ʜʽʣʷʥʮʽ ʦʧʽʨ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʩʠ ʢʣʘʧʘʥʽʚ: 
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ʜʝ gɻ ï ʧʠʪʦʤʘ ʚʘʛʘ ʛʘʟʫ, ʢʛ/ʤ3. 

ʅʘ ʜʨʫʛʽʡ ʜʽʣʷʥʮʽ ʟʨʦʩʪʘʻ ʚʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʥʘ ʦʧʽʨ ʪʘʨʽʣʢʠ, ʧʨʠʯʦʤʫ 

ʭʘʨʘʢʪʝʨ ʮʴʦʛʦ ʚʧʣʠʚʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʩʦʪʠ ʧʽʜʡʦʤʫ ʢʣʘʧʘʥʘ hʢ ʽ ʜʽʘʤʝʪʨʘ 
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ʋ ʨʦʙʦʪʽ [109] ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʦʧʦʨʫ ʩʫʭʦʾ ʢʣʘʧʘʥʥʦʾ ʪʘʨʽʣʢʠ ʟʽ ʩʧʨʷʤʦʚʘʥʠʤ ʫʚʝʜʝʥʥʷʤ ʛʘʟʫ ʚ ʦʙʣʘʩʪʽ 

ʜʠʥʘʤʽʯʥʦʛʦ ʩʘʤʦʨʝʛʫʣʶʚʘʥʥʷ: 
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ʈ ,    (1.11) 

ʜʝ Wp ï ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʫ ʚʽʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ ʢʦʣʦʥʠ, ʤ/ʩ. 

ʆʧʽʨ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʜʽʻʶ ʩʠʣ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, ʤʦʞʥʘ ʧʨʠʙʣʠʟʥʦ 

ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ [68]: 

ʧ

ʧ

ɻ f

ʇ

r
ʈ

Ö
=@D
ss

s ,     (1.12) 

ʜʝ rɻ ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʨʘʜʽʫʩ ʦʪʚʦʨʽʚ, ʯʝʨʝʟ ʷʢʽ ʛʘʟ ʚʠʭʦʜʠʪʴ ʫ ʨʽʜʠʥʫ;  

fʧ, ʇʧ ï ʧʣʦʱʘ ʽ ʧʝʨʠʤʝʪʨ ʧʨʦʨʽʟʫ ʚʽʜʧʦʚʽʜʥʦ, s ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʨʽʜʠʥʠ, 

ʤʅ/ʤ. 

ɿʚʠʯʘʡʥʦ ʚʝʣʠʯʠʥʘ Dʈs ʩʢʣʘʜʘʻ ʢʽʣʴʢʘ ʤʽʣʽʤʝʪʨʽʚ ʨʽʜʠʥʥʦʛʦ ʩʪʦʚʧʘ, 

ʧʨʠʯʦʤʫ ʚʦʥʘ ʟʥʘʯʥʦ ʤʝʥʰʝ ʚʝʣʠʯʠʥ ʜʚʦʭ ʽʥʰʠʭ ʩʢʣʘʜʦʚʠʭ ʟʘʛʘʣʴʥʦʛʦ ʦʧʦʨʫ 

ʪʘʨʽʣʢʠ. ʊʦʤʫ ʮʽʻʶ ʩʢʣʘʜʦʚʦʶ ʦʧʦʨʫ ʯʘʩʪʦ ʤʦʞʥʘ ʟʥʝʚʘʞʠʪʠ [95]. 

ʆʧʽʨ ʛʘʟʦʨʽʜʠʥʥʦʛʦ ʰʘʨʫ  ̒ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʟʘʛʘʣʴʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʦʧʦʨʫ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʠʩʦʪʫ ʩʧʽʥʝʥʦʛʦ (ʛʘʟʦʨʽʜʠʥʥʦʛʦ) ʰʘʨʫ ʥʘ ʪʘʨʽʣʮʽ. 

ʈʦʟʨʘʭʫʥʦʢ ʦʧʦʨʫ ʛʘʟʦʨʽʜʠʥʥʦʛʦ ʰʘʨʫ ʪʘʨʽʣʢʠ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʡ, ʪʦʤʫ ʱʦ 

ʚʝʣʠʯʠʥʠ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʚʠʟʥʘʯʝʥʥʶ, ʟʘʣʝʞʘʪʴ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ [81, 113]. ʋ 
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ʨʦʙʦʪʘʭ [59, 115] ʧʨʦʧʦʥʫʻʪʴʩʷ ʦʧʽʨ ʰʘʨʫ ʨʽʜʠʥʠ ʥʘ ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʢʘʭ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

ghP ppp r=D ,      (1.13) 

 ʜʝ hʨ ï ʚʠʩʦʪʘ ʰʘʨʫ ʨʽʜʠʥʠ ʥʘ ʪʘʨʽʣʮʽ, ʤ; ɟʨ ï ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ, ʢʛ/ʤ
3; 

ɼʣʷ ʢʦʚʧʘʯʢʦʚʠʭ, S-ʧʦʜʽʙʥʠʭ ʽ ʩʽʪʯʘʩʪʠʭ ʪʘʨʽʣʦʢ Dʈ ʢʨʽʤ ʪʦʛʦ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʘʝʨʘʮʽʾ [4]: 

ghkP ppɻp r=D .     (1.14) 

ɼʣʷ ʩʪʨʫʤʠʥʥʠʭ ʪʘʨʽʣʦʢ ʚʝʣʠʯʠʥʘ ʦʧʦʨʫ ʰʘʨʫ ʨʽʜʠʥʠ ʟʘʣʝʞʠʪʴ, ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ, ʚʽʜ ʚʠʪʨʘʪ ʧʘʨʠ ʽ ʨʽʜʠʥʠ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ [13]: 

p

ɻp

w
cp
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h
PP r

r24

07,18 DÖ=D ,    (1.15) 

 ʜʝ h0w ï ʧʽʜʧʽʨ ʨʽʜʠʥʠ ʥʘʜ ʟʣʠʚʥʦʶ ʧʝʨʝʛʦʨʦʜʢʦʶ, ʤ. 

ɼʣʷ ʩʪʨʫʤʠʥʥʠʭ ʪʘʨʽʣʦʢ ʟ ʚʽʜʙʽʡʥʠʢʘʤʠ [85] ʽ ʜʣʷ ʧʨʷʤʦʪʦʯʥʠʭ 

ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʪʘʨʽʣʦʢ [32] ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ  ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʝ 

ʨʽʚʥʷʥʥʷ: 

( )xg -=D 1ppp hʈ ,     (1.16) 

ʜʝ ʚʝʣʠʯʠʥʘ x ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʽ ʱʽʣʴʥʦʩʪʽ ʟʨʦʰʝʥʥʷ;  

gʨ ï ʧʠʪʦʤʘ ʚʘʛʘ ʨʽʜʠʥʠ, ʢʛ/ʤ3. 

ɼʣʷ ʧʨʷʤʦʪʦʯʥʠʭ ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʪʘʨʽʣʦʢ ʧʨʦʧʦʥʫʻʪʴʩʷ [32] ʥʘʩʪʫʧʥʘ 

ʟʘʣʝʞʥʽʩʪʴ: 

( )xg -=D 1ppp hʈ ,     (1.17) 

ʜʝ ʚʝʣʠʯʠʥʘ x ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʽ ʱʽʣʴʥʦʩʪʽ ʟʨʦʰʝʥʥʷ. 

ʋ ʨʦʙʦʪʘʭ [33, 99] ʜʦʩʣʽʜʞʝʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʦʧʦʨʦʤ ʰʘʨʫ ʨʽʜʠʥʠ ʽ 

ʤʘʩʦʦʙʤʽʥʦʤ. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʠʪʨʘʪʘ ʝʥʝʨʛʽʾ ʥʘ ʧʦʜʦʣʘʥʥʷ ʦʧʦʨʫ ʰʘʨʫ 

ʨʽʜʠʥʠ  ̒ ʢʦʨʠʩʥʦʶ ʚʪʨʘʪʦʶ ʝʥʝʨʛʽʾ, ʱʦ ʟʘʪʨʘʯʫʻʪʴʩʷ ʥʘ ʩʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʥʽ 

ʢʦʥʪʘʢʪʫ ʤʽʞ ʛʘʟʦʤ ʽ ʨʽʜʠʥʦʶ ʽ ʥʘ ʤʘʩʦʦʙʤʽʥ ʤʽʞ ʬʘʟʘʤʠ. ʅʘ ʧʽʜʩʪʘʚʽ ʮʴʦʛʦ 

ʟʨʦʙʣʝʥʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʚʪʨʘʪʘ ʝʥʝʨʛʽʾ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʧʦʜʦʣʘʥʥʷ Dʈʨ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʨʦʮʝʩʦʤ ʤʘʩʦʦʙʤʽʥʫ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 
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,      (1.18) 

ʜʝ ʂʦʛ ï ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʧʝʨʝʜʘʯʽ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ, ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʦʜʠʥʠʮʽ 

ʧʣʦʱʽ ʪʘʨʽʣʢʠ; a ï ʢʫʪ ʚʽʜʢʨʠʪʪʷ ʢʣʘʧʘʥʘ, ʛʨʘʜ.. 

ʋ ʪʘʙʣ. 1.2 ʧʨʠʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ hʨ, 

DPʨ ʽ kɻ , ʱʦ ʨʝʢʦʤʝʥʜʫʶʪʴʩʷ ʨʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ ʜʣʷ ʜʝʷʢʠʭ ʪʠʧʽʚ ʪʘʨʽʣʦʢ. 

ʋ ʨʦʙʦʪʽ [50] ʧʦʚʥʠʡ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʜʣʷ ʢʣʘʧʘʥʥʦʾ ʪʘʨʽʣʢʠ 

ʧʝʨʝʭʨʝʩʥʦʛʦ ʪʠʧʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʥʘʭʦʜʠʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʪʘʨʽʣʢʠ: ʜʣʷ Fʩʚ=7,6...12% 
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=D ,   (1.19) 

ʜʣʷ Fʩʚ=14...20% 

0

3,09,012,0353
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hWL
P

wpv ÖÖÖ
=D ,    (1.20) 

ʜʝ Lv ï ʦʙ'ʻʤʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʨʽʜʠʥʽ, ʤ3/(ʤÖʛʦʜ). 

ʋ ʨʦʙʦʪʽ [113] ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʢʣʘʧʘʥʥʦʾ ʪʘʨʽʣʢʠ ʨʦʟʛʣʷʥʫʪʠʡ ʷʢ 

ʬʫʥʢʮʽʷ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ Wʨ, ʱʽʣʴʥʦʩʪʽ ʟʨʦʰʝʥʥʷ Lv ʽ ʤʘʩʠ ʢʣʘʧʘʥʘ mʢ. ʋ 

ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʮʠʭ ʚʝʣʠʯʠʥ Wʨ=0,4-1,9 ʤ/ʩ; Lv=25Ö10-3-81Ö10-3 ʤ3/ʤ2Öʛʦʜ ʽ 

mʢ=0,0225-0,0295 ʢʛ, ʦʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ: 

( )[ ] pW

vʢ LmP
034,043 101066,871016,9 ÖÖÖ+ÖÖÖ=D . (1.21) 

ɺʠʰʝʥʘʚʝʜʝʥʠʡ ʤʘʪʝʨʽʘʣ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʽʜʭʦʜʽʚ ʽ 

ʦʪʨʠʤʘʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʪʘʨʽʣʦʢ. 

ɸʣʝ, ʘʥʘʣʽʟʫʶʯʠ ʨʽʚʥʷʥʥʷ, ʤʦʞʥʘ ʧʨʠʡʪʠ ʜʦ ʻʜʠʥʦʛʦ ʚʠʩʥʦʚʢʫ, ʱʦ 

ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʦʢ  ̒ʬʫʥʢʮʽʻʶ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʪʘʨʽʣʢʠ, ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʘʟʦʚʦʾ (ʧʘʨʦʚʦʾ) ʽ ʨʽʜʢʦʾ ʬʘʟ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʪʘʨʽʣʦʢ. ʎʝ ʩʚʽʜʯʠʪʴ, ʱʦ ʥʝʤʘʻ ʻʜʠʥʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʚʩʽʭ ʪʠʧʽʚ ʪʘʨʽʣʦʢ. 
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1.3. ʈʝʞʠʤʠ ʨʦʙʦʪʠ ʢʣʘʧʘʥʥʦʾ ʪʘʨʽʣʢʠ 

 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘʨʽʣʦʢ ʙʫʜʴ-ʷʢʦʛʦ ʪʠʧʫ 

ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʥʘʣʝʞʠʪʴ ʚʠʚʯʝʥʥʶ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʽʚ ʟ ʤʝʪʦʶ 

ʚʠʷʚʣʝʥʥʷ ʨʦʙʦʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʥʘʚʘʥʪʘʞʝʥʴ. ʂʣʶʯʦʚʠʤʠ ʜʣʷ ʦʧʠʩʫ ʨʝʞʠʤʫ  ̒

ʬʘʢʪʦʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʨʝʞʠʤ, ʽ ʢʨʠʪʝʨʽʾ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʦʜʥʦʛʦ ʨʝʞʠʤʫ ʜʦ ʽʥʰʦʛʦ [120]. ɼʣʷ ʪʘʨʽʣʦʢ ʟ ʧʝʨʝʣʠʚʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ 

ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʙʽʣʴʰʽʩʪʴ ʘʚʪʦʨʽʚ [29, 65, 90, 93, 108] ʚʚʘʞʘʻ ʰʚʠʜʢʽʩʪʴ 

ʛʘʟʫ (ʧʘʨʠ) ʫ ʚʽʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ ʢʦʣʦʥʠ. 

ʇʨʠ ʨʦʙʦʪʽ ʢʣʘʧʘʥʥʦʾ ʪʘʨʽʣʢʠ ʙʘʛʘʪʴʤʘ ʜʦʩʣʽʜʥʠʢʘʤʠ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʪʨʠ 

ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʪʘʨʽʣʢʠ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʚʟʘʻʤʦʜʽʾ ʬʘʟ, ʱʦ 

ʢʦʥʪʘʢʪʫʶʪʴ ʥʘ ʧʦʣʦʪʥʽ ʪʘʨʽʣʢʠ ʽ ʩʪʨʫʢʪʫʨʦʶ ʛʘʟʦʨʽʜʠʥʥʦʛʦ ʰʘʨʫ [75]: 

¶ ʥʝʩʪʘʣʠʡ; 

¶ ʙʘʨʙʦʪʘʞʥʠʡ; 

¶ ʩʪʨʫʤʠʥʥʦ-ʽʥʞʝʢʮʽʡʥʠʡ. 

ʋ ʜʽʘʧʘʟʦʥʽ ʤʘʣʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʦ ʛʘʟʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʩʪʘʣʠʡ ʨʝʞʠʤ. 

ɼʣʷ ʮʴʦʛʦ ʨʝʞʠʤʫ ʭʘʨʘʢʪʝʨʥʦ ʧʨʦʪʽʢʘʥʥʷ ʨʽʜʠʥʠ ʯʝʨʝʟ ʦʪʚʦʨʠ ʧʽʜ ʢʣʘʧʘʥʘʤʠ ʥʘ 

ʪʘʨʽʣʢʫ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʥʠʞʯʝ. 

ʈʦʟʨʘʭʫʥʦʢ ʤʽʥʽʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʚ ʦʪʚʦʨʘʭ ʧʽʜ ʢʣʘʧʘʥʘʤʠ W0min, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʦʚʘʣʫ ʨʽʜʠʥʠ ʥʘ ʪʘʨʽʣʢʫ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʥʠʞʯʝ, ʤʘʻ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʪʘʨʽʣʦʢ ʟ ʧʝʨʝʣʠʚʘʤʠ, ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʧʽʜ ʨʽʚʥʝʤ ʨʽʜʠʥʠ, ʤʘʶʪʴ 

ʧʨʠʩʪʨʦʾ ʜʣʷ ʚʚʝʜʝʥʥʷ ʛʘʟʫ ʚ ʨʽʜʠʥʫ ʽ ʜʝʷʢʠʡ ʚʽʣʴʥʠʡ ʧʝʨʝʨʽʟ, ʜʦʩʪʫʧʥʠʡ ʜʣʷ 

ʩʪʦʢʫ ʨʽʜʠʥʠ ʯʝʨʝʟ ʦʪʚʦʨʠ ʜʣʷ ʧʨʦʭʦʜʫ ʧʘʨʠ. ɼʦ ʪʘʢʠʭ ʪʘʨʽʣʦʢ, ʥʘʧʨʠʢʣʘʜ, 

ʥʘʣʝʞʘʪʴ ʢʣʘʧʘʥʥʽ, ʩʽʪʯʘʩʪʽ, ʩʪʨʫʤʠʥʥʽ. ʌʘʢʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʧʘʨʠ ʚ ʦʪʚʦʨʘʭ 

ʪʘʨʽʣʢʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʙʽʣʴʰʝ ʤʽʥʽʤʘʣʴʥʦʾ, ʧʨʠ ʷʢʽʡ ʧʨʠʧʠʥʷʻʪʴʩʷ ʧʨʦʚʘʣ. 

ʇʦʨʫʰʝʥʥʷ ʮʽʻʾ ʫʤʦʚʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʠʪʦʢʫ ʨʽʜʠʥʠ ʥʘ ʪʘʨʽʣʢʫ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ 

ʥʠʞʯʝ, ʙʝʟ ʜʦʩʪʘʪʥʴʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʧʘʨʦʤ ʽ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʾ ʨʦʙʦʪʠ ʪʘʨʽʣʢʠ, ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʟʥʠʞʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʘʧʘʨʘʪʘ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʤʽʥʽʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʥʘ ʩʽʪʯʘʩʪʠʭ, ʢʣʘʧʘʥʥʠʭ ʘʙʦ 

ʩʪʨʫʤʠʥʥʠʭ ʪʘʨʽʣʢʘʭ ʫ ʨʦʙʦʪʽ [99] ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ: 
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ʜʝ m ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪʠ ʧʨʠ ʚʠʪʽʢʘʥʥʽ, m@0,62; W0ʨ ï ʰʚʠʜʢʽʩʪʴ ʨʽʜʠʥʠ ʚ 

ʦʪʚʦʨʘʭ ʪʘʨʽʣʢʠ, ʤ/ʩ. 

 ʅʘ ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʢʘʭ ʤʽʥʽʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʧʨʠʙʣʠʟʥʦ 

ʨʦʟʨʘʭʦʚʘʥʘ ʽ ʟʘ ʙʽʣʴʰ ʧʨʦʩʪʠʤ ʨʽʚʥʷʥʥʷʤ [89]: 

ɻ

W
r

5
min0 @ .      (1.23) 

 ɼʣʷ ʢʦʚʧʘʯʢʦʚʠʭ ʽ ʞʦʣʦʙʯʘʩʪʠʭ ʪʘʨʽʣʦʢ [89]: 
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min0 109,18 ,   (1.24) 

 ʜʝ n ï ʯʠʩʣʦ ʢʦʚʧʘʯʢʽʚ ʥʘ ʪʘʨʽʣʮʽ. 

 ɼʣʷ ʩʽʪʯʘʩʪʠʭ ʪʘʨʽʣʦʢ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʟʘʣʝʞʥʽʩʪʴ [6]: 

( )[ ]( )6310211
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. (1.25) 

 ʅʘ ʜʫʤʢʫ [90], ʨʽʚʥʷʥʥʷ (1.24) ʙʽʣʴʰ ʧʦʚʥʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʨʽʟʥʠʭ 

ʬʘʢʪʦʨʽʚ ʽ ʜʘʻ ʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ ʧʨʠ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ. 

 ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʛʘʟʫ ʥʘʩʪʘʻ ʙʘʨʙʦʪʘʞʥʠʡ ʨʝʞʠʤ. ɺʽʥ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʩʪʫʧʦʤ ʫ ʨʦʙʦʪʫ ʚʩʽʭ ʢʣʘʧʘʥʽʚ ʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʩʪʽʡʢʦʛʦ ʙʘʨʙʦʪʘʞʥʦʛʦ ʰʘʨʫ ʫ ʚʠʛʣʷʜʽ ʧʽʥʠ ʟ ʚʝʣʠʢʠʤʠ ʢʦʤʽʨʢʘʤʠ. 

ʐʚʠʜʢʽʩʪʴ ʛʘʟʫ, ʧʨʠ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʜʨʫʛʦʛʦ ʡ ʪʨʝʪʴʦʛʦ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ, ʜʣʷ ʢʣʘʧʘʥʥʠʭ ʙʘʨʙʦʪʘʞʥʠʭ ʪʘʨʽʣʦʢ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ ʨʽʚʥʷʥʥʷʤ 

[81]: 

0
41,041,0

32 26,3 FZqW =- ,    (1.26) 

ʜʝ q ï ʚʘʛʘ ʢʣʘʧʘʥʘ, ʚʽʜʥʝʩʝʥʘ ʜʦ ʧʣʦʱʽ ʦʪʚʦʨʫ ʢʛ/ʤ2; 

ʟ

f
f

f
Z 0=  ï 

ʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ ʦʪʚʦʨʫ ʧʽʜ ʢʣʘʧʘʥʦʤ ʜʦ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ (ʟʘʟʦʨʫ) ʤʽʞ 

ʢʣʘʧʘʥʦʤ ʽ ʪʘʨʽʣʢʦʶ, ʤ2. 
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ɼʣʷ ʪʘʨʽʣʦʢ ʟʽ ʩʧʨʷʤʦʚʘʥʠʤ ʫʚʝʜʝʥʥʷʤ ʛʘʟʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ 

ʟʘʣʝʞʥʽʩʪʴ [109]: 
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ʇʨʠ ʱʝ ʙʽʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʪʘʨʽʣʢʘ ʧʝʨʝʭʦʜʠʪʴ ʜʦ 

ʩʪʨʫʤʠʥʥʦ-ʽʥʞʝʢʮʽʡʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ. ʇʨʠ ʮʴʦʤʫ ʩʪʨʫʤʝʥʽ ʛʘʟʫ ʚʠʨʠʚʘʶʪʴʩʷ 

ʥʘ ʧʦʚʝʨʭʥʶ ʨʽʜʠʥʠ. ɼʣʷ ʮʴʦʛʦ ʨʝʞʠʤʫ ʭʘʨʘʢʪʝʨʥʦ ʪʝ, ʱʦ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʤʽʭʫʨʘʤʠ ʩʪʘʻ ʥʘʩʪʽʣʴʢʠ ʤʘʣʦʶ, ʱʦ ʚʦʥʠ ʟʣʠʚʘʶʪʴʩʷ ʚ ʙʝʟʧʝʨʝʨʚʥʠʡ ʩʪʨʫʤʽʥʴ. 

ʐʚʠʜʢʽʩʪʴ ʤʽʭʫʨʽʚ, ʱʦ ʧʽʜʥʽʤʘʶʪʴʩʷ, ʟʤʽʥʶʻʪʴʩʷ ʤʘʣʦ ʽ ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ 

ʚʠʪʨʘʪʠ ʛʘʟʦʚʦʾ ʬʘʟʠ. 

 

1.4. ʄʽʞʪʘʨʽʣʯʘʩʪʝ ʚʠʥʝʩʝʥʥʷ ʨʽʜʠʥʠ 

 

ʇʨʠ ʙʘʨʙʦʪʘʞʫ ʛʘʟʫ ʯʝʨʝʟ ʰʘʨ ʨʽʜʠʥʠ: ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʢʨʘʧʝʣʴ 

ʨʽʜʠʥʠ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʷʢ ʟʘ ʨʘʭʫʥʦʢ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚʠʭʽʜʥʦʛʦ ʛʘʟʫ, ʪʘʢ ʽ 

ʚʥʘʩʣʽʜʦʢ ʟʚʽʣʴʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʧʨʠ ʨʦʟʨʠʚʽ ʧʫʭʠʨʮʽʚ ʛʘʟʫ [53]. ʇʨʠ 

ʮʴʦʤʫ ʢʨʘʧʣʽ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ, ʧʽʜʥʷʚʰʠʩʴ ʥʘ ʜʝʷʢʫ ʚʠʩʦʪʫ ʟʘ ʨʘʭʫʥʦʢ 

ʧʦʯʘʪʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, ʥʝʟʘʙʘʨʦʤ ʧʘʜʘʶʪʴ ʫʥʠʟ. ɼʨʽʙʥʽ ʞ ʢʨʘʧʣʽ ʧʽʜʭʦʧʣʶʶʪʴʩʷ 

ʧʦʪʦʢʦʤ ʛʘʟʫ ʽ ʟʘʭʦʧʣʶʶʪʴʩʷ ʥʘ ʪʘʨʽʣʢʫ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʚʠʱʝ. ʆʜʥʘʢ ʨʦʣʴ 

ʪʘʢʠʭ ʢʨʘʧʝʣʴ ʫ ʜʦʣʽ ʚʠʥʝʩʝʥʦʾ ʨʽʜʠʥʠ ʤʘʣʘ. ɿʥʘʯʥʝ ʚʠʥʝʩʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʨʠ ʜʦʩʠʪʴ ʚʝʣʠʢʽʡ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʢʨʘʧʣʽ ʧʽʜʢʠʜʘʶʪʴʩʷ ʡ ʚʠʩʦʪʘ 

ʧʽʜʢʠʜʘʥʥʷ ʢʨʘʧʣʽ ʧʝʨʝʚʠʱʫʻ ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʘʨʽʣʢʘʤʠ, ʘ ʩʝʧʘʨʫʶʯʘ ʜʽʷ ʪʘʨʽʣʢʠ, 

ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʚʠʱʝ, ʥʝʜʦʩʪʘʪʥʷ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʦʚʝʨʥʫʪʠ ʢʨʘʧʣʶ ʥʘʟʘʜ. 

ʇʠʪʘʥʥʶ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʚʠʥʝʩʝʥʥʷ ʨʽʜʠʥʠ ʛʘʟʦʤ ʧʨʠʩʚʷʯʝʥʦ 

ʧʦʨʽʚʥʷʥʦ ʙʘʛʘʪʦ ʨʦʙʽʪ [1, 3, 20, 68-70, 72, 114, 119, 121]. ʊʘʢ ʫʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʧʨʠ ʥʝʚʝʣʠʢʠʭ ʚʠʩʦʪʘʭ ʩʝʧʘʨʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟʥʘʯʥʫ ʤʘʩʫ ʚʠʥʝʩʝʥʥʷ 

ʩʢʣʘʜʘʶʪʴ ʚʝʣʠʢʽ ʤʘʩʠ ʨʽʜʠʥʠ, ʱʦ ʧʽʜʢʠʜʘʶʪʴʩʷ, ʘ ʥʝ ʢʨʘʧʣʽ. ʇʨʠ ʚʠʩʦʢʠʭ 

ʰʚʠʜʢʦʩʪʷʭ ʛʘʟʫ ʤʽʞʪʘʨʽʣʯʘʩʪʝ ʚʠʥʝʩʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘ ʨʘʭʫʥʦʢ 

ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ. ʂʨʽʤ ʚʠʱʝʚʢʘʟʘʥʠʭ ʬʘʢʪʦʨʽʚ, ʥʘ ʚʝʣʠʯʠʥʫ 

ʚʠʥʝʩʝʥʥʷ ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘʨʽʣʢʠ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ 
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ʨʽʜʠʥʽ, ʛʣʠʙʠʥʘ ʙʘʨʙʦʪʘʞʫ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʘʨʽʣʢʘʤʠ. 

ʇʨʠ ʘʥʘʣʽʟʽ ʚʧʣʠʚʫ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ (ʧʘʨʠ) ʥʘ ʚʠʥʝʩʝʥʥʷ ʨʽʜʠʥʠ ʚʘʨʪʦ 

ʨʦʟʨʽʟʥʷʪʠ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʥʘ ʚʠʭʦʜʽ ʟ ʙʘʨʙʦʪʘʞʥʦʛʦ ʰʘʨʫ ʽ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʫ 

ʚʽʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ ʢʦʣʦʥʠ [68]. ɺʽʜ ʧʝʨʰʦʾ ʟʘʣʝʞʠʪʴ ʝʞʝʢʮʽʷ ʨʽʜʠʥʠ ʟ ʟʦʥʠ 

ʙʘʨʙʦʪʘʞʫ, ʚʽʜ ʜʨʫʛʦʾ ï ʪʨʘʥʩʧʦʨʪ ʨʽʜʠʥʠ, ʱʦ ʧʦʪʨʘʧʠʣʘ ʚ ʩʝʧʘʨʘʮʽʡʥʠʡ 

ʧʨʦʩʪʽʨ. ʇʨʠʯʦʤʫ ʚʠʨʽʰʘʣʴʥʠʡ ʚʥʝʩʦʢ ʚʥʦʩʠʪʴ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʥʘ ʚʠʭʦʜʽ ʟ 

ʙʘʨʙʦʪʘʞʥʦʛʦ ʰʘʨʫ. ʇʨʠ ʟʤʽʥʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʪʘʨʽʣʢʘʤʠ ʤʽʞʪʘʨʽʣʯʘʩʪʝ ʚʠʥʝʩʝʥʥʷ 

ʟʤʽʥʶʻʪʴʩʷ, ʧʨʠʯʦʤʫ ʽʩʪʦʪʥʦ ʧʨʠ ʅ <400 ʤʤ ʽ ʥʝʩʫʪʪʻʚʦ ʧʨʠ ʅ >400 ʤʤ. ʈʷʜ 

ʘʚʪʦʨʽʚ ʚʚʘʞʘʻ [20, 34, 54, 70, 75], ʱʦ ʚʘʨʪʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʪʘʨʽʣʢʘʤʠ, ʘ ʚʠʩʦʪʫ ʩʝʧʘʨʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ. 

ɺʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʨʽʜʠʥʽ ʥʘ ʚʠʥʝʩʝʥʥʷ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʨʽʟʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʊʘʢ, ʫ ʨʦʙʦʪʽ [114] ʚʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʨʽʜʠʥʽ ʚʠʥʝʩʝʥʥʷ ʟʥʠʞʫʻʪʴʩʷ; ʘ ʟʛʽʜʥʦ [120] ʚʠʥʝʩʝʥʥʷ ʚ 

ʟʘʟʥʘʯʝʥʠʭ ʫʤʦʚʘʭ ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʚʠʟʥʘʯʝʥʦʾ ʚʝʣʠʯʠʥʠ, ʘ ʧʦʪʽʤ ʟʨʦʩʪʘʻ. ɿʘ 

ʜʘʥʠʤʠ ʨʦʙʽʪ [1, 68] ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪʠ ʨʽʜʠʥʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʦʩʪʫ ʚʠʥʝʩʝʥʥʷ, 

ʚʥʘʩʣʽʜʦʢ ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʩʝʧʘʨʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ. ɿʘ ʜʘʥʠʤʠ [113] 

ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʨʽʜʠʥʽ ʧʦʜʚʽʡʥʦ ʚʧʣʠʚʘʻ ʥʘ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ 

ʚʠʥʝʩʝʥʥʷ ʨʽʜʠʥʠ, ʪʦʙʪʦ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʷʢ ʟʙʽʣʴʰʝʥʥʷ ʚʠʥʝʩʝʥʥʷ, ʪʘʢ ʽ ʡʦʛʦ 

ʟʥʠʞʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʨʽʜʠʥʽ. 

ʋ ʨʦʙʦʪʽ [109] ʫʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʘʩʪʢʦʚʘ ʢʦʤʧʝʥʩʘʮʽʷ ʧʨʷʤʦʪʦʯʥʦʛʦ ʨʫʭʫ 

ʬʘʟ ʟʤʝʥʰʫʻ ʚʠʥʝʩʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʰʚʠʜʢʦʩʪʷʭ ʛʘʟʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʽʥʪʝʥʩʠʚʥʠʤ ʨʝʞʠʤʘʤ ʨʦʙʦʪʠ ʪʘʨʽʣʦʢ (Wʨ>2ʤ/ʩ). 

ɺʠʥʝʩʝʥʥʷ ʨʽʜʠʥʠ ʧʦʪʦʢʦʤ ʛʘʟʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʙʦʪʠ ʪʘʨʽʣʦʢ [99] ʽ ʟʙʽʣʴʰʝʥʥʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʨʽʜʠʥʽ. ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʝʣʠʯʠʥʫ ʚʽʜʥʦʩʥʦʛʦ ʚʠʥʝʩʝʥʥʷ ʨʽʜʠʥʠ, ʙʣʠʟʴʢʫ ʜʦ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ [8, 70]: 

( )
hV

L
eʦʧʪ 3,01,0 ·= ,     (1.28) 

ʘʙʦ, ʟʛʽʜʥʦ [43], ʚʠʥʝʩʝʥʥʷ ʧʦʚʠʥʥʝ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʤʝʞʘʭ ʝʦʧʪ=0,1-0,25 

ʢʛ/ʢʛ. 
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ɿʚʠʯʘʡʥʦ ʚʝʣʠʯʠʥʫ ʚʠʥʝʩʝʥʥʷ ʧʨʠʡʤʘʶʪʴ ʪʘʢʦʶ, ʱʦ ʜʦʨʽʚʥʶʻ 0,1 ʢʛ/ʢʛ 

[90]. ʋ ʨʦʙʦʪʘʭ [11, 12] ʧʨʠ ʰʚʠʜʢʦʩʪʷʭ ʛʘʟʫ (ʧʘʨʠ), ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʨʽʚʥʷʥʥʷʤ ʉʘʫʜʝʨʩʘ ʽ ɹʨʘʫʥʘ, ʜʦʧʫʩʪʠʤʫ ʚʝʣʠʯʠʥʫ ʚʠʥʝʩʝʥʥʷ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʪʘʨʽʣʢʘʤʠ ʽ 

ʪʠʩʢʫ ʚ ʢʦʣʦʥʽ. 

 

1.5. ʄʘʩʦʧʝʨʝʜʘʯʘ ʥʘ ʪʘʨʽʣʢʘʭ 

 

 ʂʽʣʴʢʽʩʪʴ ʤʘʩʠ, ʱʦ ʧʝʨʝʡʰʣʘ ʟ ʦʜʥʽʻʾ ʬʘʟʠ ʚ ʽʥʰʫ, ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʩʪʘʣʦʛʦ 

ʤʘʩʦʦʙʤʽʥʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʨʽʚʥʷʥʥʷʤ [43]: 

 - ʜʣʷ ʨʽʜʢʦʾ ʬʘʟʠ 

( )xxFKM OL -= *
,     (1.29) 

 - ʜʣʷ ʛʘʟʦʚʦʾ ʬʘʟʠ 

( )*yyFKM OG -= .     (1.30) 

 ʋ ʟʚ'ʷʟʢʫ ʟ ʥʝʜʦʩʪʘʪʥʴʦʶ ʚʠʚʯʝʥʽʩʪʶ ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʥʦʩʫ ʨʝʯʦʚʠʥʠ, 

ʘʥʘʣʽʪʠʯʥʝ ʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʤʘʩʦʧʝʨʝʥʦʩʫ ʜʣʷ ʢʦʞʥʦʾ ʬʘʟʠ ʧʨʝʜʩʪʘʚʣʷʻ 

ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ. ʋ ʣʽʪʝʨʘʪʫʨʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʮʽʣʠʡ ʨʷʜ ʪʝʦʨʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, 

ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʨʽʟʥʽ ʩʭʝʤʠ ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʥʦʩʫ ʫ ʬʘʟʽ ʽ ʯʝʨʝʟ ʧʦʚʝʨʭʥʶ 

ʨʦʟʜʽʣʫ ʬʘʟ: ʧʣʽʚʢʦʚʘ ʤʦʜʝʣʴ, ʤʦʜʝʣʴ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʬʘʟ, 

ʤʦʜʝʣʴ ʜʠʬʫʟʽʡʥʦʛʦ ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʰʘʨʫ ʡ ʽʥʰʽ [4, 7, 9, 23, 27, 29, 44, 47, 54, 

65, 71]. 

 ɼʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʧʝʨʝʥʦʩʫ ʨʝʯʦʚʠʥʠ ʚ ʩʠʩʪʝʤʽ ʛʘʟ-ʨʽʜʠʥʘ ʤʦʞʝ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʘ ʤʦʜʝʣʴ ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ, ʷʢʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʚôʷʟʘʪʠ ʨʝʘʣʴʥʫ ʛʽʜʨʦʜʠʥʘʤʽʯʥʫ ʦʙʩʪʘʥʦʚʢʫ ʫ ʬʘʟʘʭ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʤʘʩʦʧʝʨʝʥʦʩʫ [73]. 

 ʄʦʜʝʣʴ ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʟʘʩʥʦʚʘʥʘ ʥʘ ʩʧʽʣʴʥʦʤʫ 

ʨʦʟʚôʷʟʘʥʥʽ ʨʽʚʥʷʥʴ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʽ ʢʦʥʚʝʢʪʠʚʥʦʾ ʜʠʬʫʟʽʾ. ʎʷ ʤʦʜʝʣʴ ʧʦʷʩʥʶʻ 

ʷʚʠʱʘ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ ʬʘʟ, ʽʩʥʫʚʘʥʥʷʤ ʚôʷʟʢʦʛʦ ʧʽʜʰʘʨʫ 

ʨʽʜʠʥʠ, ʚ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʛʘʩʘʥʥʷ ʧʫʣʴʩʘʮʽʡ ʫ ʤʽʨʫ ʥʘʙʣʠʞʝʥʥʷ ʜʦ 

ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ ʬʘʟ. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ ʬʘʟ ʚôʷʟʢʠʡ ʧʽʜʰʘʨ 



 38 

ʧʝʨʝʭʦʜʠʪʴ ʫ ʜʠʬʫʟʽʡʥʠʡ ʧʨʠʢʦʨʜʦʥʥʠʡ ʰʘʨ, ʫ ʷʢʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʪʫʨʙʫʣʝʥʪʥʦʾ 

ʜʠʬʫʟʽʾ ʩʪʘʻ ʤʝʥʰʝ ʢʦʝʬʽʮʽʻʥʪʘ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʬʫʟʽʾ, ʽ ʤʦʣʝʢʫʣʷʨʥʠʡ ʧʝʨʝʥʦʩ 

ʧʦʯʠʥʘʻ ʧʝʨʝʚʘʞʘʪʠ ʥʘʜ ʪʫʨʙʫʣʝʥʪʥʠʤ. ʊʦʤʫ ʚ ʜʠʬʫʟʽʡʥʦʤʫ ʧʨʠʢʦʨʜʦʥʥʦʤʫ 

ʰʘʨʽ ʟʦʩʝʨʝʜʞʝʥʠʡ ʦʩʥʦʚʥʠʡ ʦʧʽʨ ʤʘʩʦʧʝʨʝʥʦʩʫ. 

 ɿʘ ʮʽʻʶ ʤʦʜʝʣʣʶ ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ ʚʠʨʘʞʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ [73]: 

()nn

Y

D 1
Pr=b ,      (1.31) 

 ʜʝ Y ï ʪʦʚʱʠʥʘ ʚôʷʟʢʦʛʦ ʧʽʜʰʘʨʫ, ʤ. 

 ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʢʣʘʜʝʥʦʛʦ ʚʠʱʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʤʘʩʦʧʝʨʝʥʦʩʫ ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʠʪʠ ʪʦʚʱʠʥʫ ʜʠʬʫʟʽʡʥʦʛʦ 

ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʰʘʨʫ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʷ ʪʫʨʙʫʣʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʶʯʠʭ 

ʬʘʟ. 

 ʅʘʡʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʠʤ ʟʥʘʯʝʥʥʷʤ n ʜʣʷ ʛʨʘʥʠʮʽ ʛʘʟ-ʨʽʜʠʥʘ ʻ n=2 [73]. 

 ɺʠʟʥʘʯʝʥʥʷ b ʟʘ ʨʽʚʥʷʥʥʷʤ (1.31) ʫʪʨʫʜʥʝʥʝ ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʚʝʣʠʯʠʥʠ 

Y ʽ n, ʱʦ ʚʭʦʜʷʪʴ ʫ ʮʝ ʨʽʚʥʷʥʥʷ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ. 

 ʈʦʟʛʣʷʜʘʶʯʠ ʤʘʩʦʧʝʨʝʥʦʩ ʥʘ ʧʽʜʩʪʘʚʽ ʧʨʠʥʮʠʧʫ ʘʜʠʪʠʚʥʦʩʪʽ ʜʠʬʫʟʽʡʥʠʭ 

ʦʧʦʨʽʚ ʫ ʨʽʜʢʽʡ ʽ ʛʘʟʦʚʽʡ ʬʘʟʘʭ [43]: 

GLOL mK bb 111 += ,    (1.32) 

GLOL NNN l111 += ,    (1.33) 

LGOG mK bb +=11 ,    (1.34) 

LGOG NNN ll+=11 ,    (1.35) 

 ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʚʠʚʯʝʥʥʷ ʤʘʩʦʧʝʨʝʜʘʯʽ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʩʦʚʽʜʜʘʯʽ 

ʦʢʨʝʤʦ ʚ ʛʘʟʦʚʽʡ ʽ ʨʽʜʢʽʡ ʬʘʟʘʭ. 

 ɿʘʢʦʥʦʤʽʨʥʽʩʪʴ ʤʘʩʦʦʙʤʽʥʫ ʚ ʨʽʜʢʽʡ ʬʘʟʽ ʥʘʡʯʘʩʪʽʰʝ ʚʠʚʯʘʶʪʴ ʰʣʷʭʦʤ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ ʧʦ ʘʙʩʦʨʙʮʽʾ ʘʙʦ ʜʝʩʦʨʙʮʽʾ ʛʘʟʫ, ʱʦ ʧʦʛʘʥʦ ʨʦʟʯʠʥʷʻʪʴʩʷ ʫ 

ʚʦʜʽ (ʆ2 ʘʙʦ ʉʆ2) [29, 41, 93, 95, 105]. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʘʢʪʠʯʥʦ ʚʝʩʴ 

ʜʠʬʫʟʽʡʥʠʡ ʦʧʽʨ ʤʘʩʦʧʝʨʝʥʦʩʫ ʟʦʩʝʨʝʜʞʝʥʦ ʚ ʨʽʜʢʽʡ ʬʘʟʽ ʽ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, 

ʱʦ LOLK bº . 

 ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʤʝʪʦʜʦʤ ʚʠʚʯʝʥʥʷ ʤʘʩʦʦʙʤʽʥʫ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ 
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ʻ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ ʧʦ ʘʙʩʦʨʙʮʽʾ ʛʘʟʫ, ʱʦ ʜʦʙʨʝ ʨʦʟʯʠʥʷʻʪʴʩʷ ʫ ʚʦʜʽ 

(ʟʚʠʯʘʡʥʦ NH3) [96, 105, 109]. 

 ʂʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʽʚʥʷʥʴ ʘʜʠʪʠʚʥʦʩʪʽ, ʚʽʜʥʽʤʘʥʥʷʤ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʧʦʨʫ ʤʘʩʦʧʝʨʝʜʘʯʽ ʦʧʽʨ ʟ 

ʙʦʢʫ ʨʽʜʢʦʾ ʬʘʟʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ. ʊʫʪ 

ʪʘʢʦʞ ʜʦʨʝʯʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʜʦʩʣʽʜʠ ʧʦ ʚʠʟʥʘʯʝʥʥʶ bL, bG ʧʦʚʠʥʥʽ 

ʧʨʦʚʦʜʠʪʠʩʷ ʚ ʦʜʥʘʢʦʚʠʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ. ʋ ʨʦʙʦʪʽ [41] ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʟʥʘʯʝʥʥʷ bL, bG ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ ʧʦ ʦʜʥʦʯʘʩʥʦʤʫ ʚʠʧʘʨʦʚʫʚʘʥʥʶ 

ʚʦʜʠ ʽ ʜʝʩʦʨʙʮʽʾ ʆ2 ʘʙʦ ʉʆ2. 

 ʋ ʣʽʪʝʨʘʪʫʨʽ [74, 78, 81, 82, 91, 97] ʧʨʠʚʦʜʠʪʴʩʷ ʨʷʜ ʤʝʪʦʜʽʚ, ʧʦ 

ʨʦʟʢʣʘʜʘʥʥʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʘʩʦʧʝʨʝʜʘʯʽ ʥʘ ʩʢʣʘʜʦʚʽ, ʢʦʪʨʽ ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʚʥʷʥʴ ʘʜʠʪʠʚʥʦʩʪʽ ʜʠʬʫʟʽʡʥʠʭ ʦʧʦʨʽʚ, ʦʜʥʘʢ ʚʦʥʠ ʥʝʜʦʩʪʘʪʥʴʦ 

ʪʦʯʥʽ. 

 ɺ ʜʘʥʠʡ ʯʘʩ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʘ ʧʽʜʭʦʜʠ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʩʦʚʽʜʜʘʯʽ 

[96]: 

¶ ʚʠʚʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʤʘʩʦʚʽʜʜʘʯʽ, ʚʽʜʥʝʩʝʥʦʛʦ ʜʦ ʦʜʠʥʠʮʽ ʧʦʚʝʨʭʥʽ 

ʢʦʥʪʘʢʪʫ ʬʘʟ bL, bG; ʨʘʟʦʤ ʟ ʚʠʚʯʝʥʥʷʤ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʬʘʟ ʥʘ ʦʜʠʥʠʮʽ 

ʧʣʦʱʽ ʪʘʨʽʣʢʠ F (ʤ2/ʤ2) ʘʙʦ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʘ (ʤ2/ʤ3); 

¶ ʚʠʚʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʘʩʦʚʽʜʜʘʯʽ, ʚʽʜʥʝʩʝʥʠʭ ʜʦ ʦʜʠʥʠʮʽ ʧʣʦʱʽ ʪʘʨʽʣʢʠ 

bLf, bGf . 

ɿʚ'ʷʟʦʢ ʤʽʞ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʤʘʩʦʚʽʜʜʘʯʽ, ʚʽʜʥʝʩʝʥʠʤʠ ʜʦ ʦʜʠʥʠʮʽ ʧʦʚʝʨʭʥʽ 

ʢʦʥʪʘʢʪʫ ʬʘʟ, ʽ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʤʘʩʦʚʽʜʜʘʯʽ, ʚʽʜʥʝʩʝʥʠʤʠ ʜʦ ʦʜʠʥʠʮʽ ʧʣʦʱʽ 

ʪʘʨʽʣʢʠ, ʚʠʨʘʞʘʶʪʴʩʷ ʧʨʦʩʪʠʤʠ ʨʽʚʥʷʥʥʷʤʠ: 

 - ʜʣʷ ʛʘʟʦʚʦʾ ʬʘʟʠ 

FGGf Ö=bb ,      (1.36) 

  - ʜʣʷ ʨʽʜʢʦʾ ʬʘʟʠ 

FLLf Ö=bb .      (1.37) 

 ʇʝʨʰʠʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ bLf, bGf  ̔ F  

(ʘʙʦ ʘ), ʘ ʧʦʪʽʤ ʥʘ ʧʽʜʩʪʘʚʽ ʨʽʚʥʷʥʴ (1.36, 1.37) ʦʜʝʨʞʘʥʥʷ bL, bG. 
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 ɼʨʫʛʠʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ ʩʫʢʫʧʥʝ ʚʠʚʯʝʥʥʷ bLf, bGf (ʘʙʦ ʬʘʟʦʚʠʭ ʯʠʩʝʣ NG 

ʽ NL. 

ɿ ʧʦʛʣʷʜʫ ʨʦʟʨʘʭʫʥʢʫ ʯʠʩʣʘ ʨʝʘʣʴʥʠʭ ʪʘʨʽʣʦʢ ʦʙʠʜʚʘ ʧʽʜʭʦʜʠ ʨʽʚʥʦʮʽʥʥʽ. 

 ʆʜʥʘʢ ʫ ʜʘʥʠʡ ʯʘʩ ʱʝ ʚʽʜʩʫʪʥʽ ʜʦʩʠʪʴ ʥʘʜʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ 

ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʬʘʟ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʘʧʘʨʘʪʽʚ ʚʝʣʠʢʠʭ ʜʽʘʤʝʪʨʽʚ, ʪʦʤʫ ʜʨʫʛʠʡ 

ʧʽʜʭʽʜ ʦʜʝʨʞʘʚ ʥʘ ʧʨʘʢʪʠʮʽ ʙʽʣʴʰ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ [81, 93, 95, 98]. 

 ʋ ʣʽʪʝʨʘʪʫʨʽ [6, 96, 108] ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʷʢ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ bG ʽ bL, 

ʪʘʢ ʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ bLf,  ̔bGf. 

 ʈʽʚʥʷʥʥʷ ʜʣʷ bG ʽ bL ʟʚʠʯʘʡʥʦ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

  - ʜʣʷ ʛʘʟʦʚʦʾ ʬʘʟʠ 

n
G

m
GG ANu PrRe ÖÖ= ,     (1.38) 

  - ʜʣʷ ʨʽʜʢʦʾ ʬʘʟʠ 

n
L

m
LL ANu PrRe ÖÖ= .     (1.39) 

 ʋʟʘʛʘʣʴʥʝʥʥʷ ʙʽʣʴʰʦʩʪʽ ʨʦʙʽʪ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʤʘʩʦʚʽʜʜʘʯʽ, ʚʽʜʥʝʩʝʥʠʭ ʜʦ ʦʜʠʥʠʮʽ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʬʘʟ ʽ ʩʘʤʦʾ ʧʦʚʝʨʭʥʽ 

ʢʦʥʪʘʢʪʫ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʤʦʥʦʛʨʘʬʽʾ [89]. 

 ʋ ʨʦʙʦʪʽ [96] ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʦʝʪʘʧʥʠʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʯʘʩʪʠʥʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʘʩʦʚʽʜʜʘʯʽ ʥʘ ʙʘʨʙʦʪʘʞʥʠʭ ʪʘʨʽʣʢʘʭ ʟ ʧʦʟʠʮʽʾ ʜʨʫʛʦʛʦ ʧʽʜʭʦʜʫ. 

ʉʫʪʥʽʩʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʠʜʽʣʷʶʪʴʩʷ ʦʩʥʦʚʥʽ, ʪʘʢ ʟʚʘʥʽ ñʚʠʟʥʘʯʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠò, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʯʘʩʪʠʥʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʤʘʩʦʚʽʜʜʘʯʽ (bLf,  ̔bGf), ʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʢʽʣʴʢʽʩʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʥʠʤʠ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚʽʜʪʚʦʨʝʥʥʷ 

ʟʘʣʝʞʥʦʩʪʽ, ʦʪʨʠʤʘʥʦʾ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ, ʥʘ ʽʥʰʠʭ ʛʘʟʦʨʽʜʠʥʥʠʭ ʩʠʩʪʝʤʘʭ. ʅʘ 

ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚʧʣʠʚ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʦʩʪʘʪʦʯʥʠʡ ʚʠʜ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʨʽʚʥʷʥʥʷ. 

 ʋ ʨʦʙʦʪʘʭ [80, 96, 98, 99] ʫʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʙʘʨʙʦʪʘʞʥʠʭ ʪʘʨʽʣʢʘʭ ʧʨʠ 

ʤʘʩʦʚʽʜʜʘʯʽ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ bGf ʻ ʬʫʥʢʮʽʻʶ ʜʚʦʭ 

ʛʽʜʨʘʚʣʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ï ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʚ ʢʦʣʦʥʽ Wʨ ʽ ʰʘʨʫ ʨʽʜʠʥʠ ʥʘ ʪʘʨʽʣʮʽ 

hʩʪ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʦʚʝʨʭʥʶ ʢʦʥʪʘʢʪʫ ʬʘʟ: 
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n
cʪ

m
pGf hWA ÖÖ=b .     (1.40) 

 ʇʨʠ ʯʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʨʽʜʠʥʠ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘʨʽʣʢʠ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ ʥʝʧʨʷʤʦ, ʯʝʨʝʟ ʟʤʽʥʫ 

ʚʠʟʥʘʯʘʣʴʥʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ Wʨ ʽ hʩʪ. 

 ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʽ ʧʦʢʘʟʥʠʢʽʚ ʩʪʝʧʝʥʶ ʫ ʨʽʚʥʷʥʥʽ (1.40) ʧʨʠ Wʨ 

ʚʠʨʘʞʝʥʽʡ ʫ ʤ/ʩ, hʩʪ ï ʫ ʤ, bGf  ï ʫ ʤ/ʩ, ʟʘ ʜʘʥʠʤʠ ʨʷʜʫ ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʠʚʝʜʝʥʽ ʚ 

ʪʘʙʣ. 1.3. 

 

ʊʘʙʣʠʮʷ 1.3 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ɸ, m, n ʫ ʨʽʚʥʷʥʥʽ (1.40) 

ʃʽʪʝʨʘʪʫʨʥʝ ʜʞʝʨʝʣʦ ɸ m n ʇʨʠʤʽʪʢʘ 

60 15,2 0,72 0,5  

29 12 1,05 0,65  

78 11,4 1,06 0,57 ɹʘʨʙʦʪʘʞʥʠʡ ʽ ʧʝʨʝʭʽʜʥʠʡ ʨʝʞʠʤ 

78 8,7 1,63 0,25 ʉʪʨʫʤʠʥʥʠʡ 

41 16,6 0,86 0,65  

  

 ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʚʥʷʥʥʷ (1.39) ʧʨʠʚʦʜʠʪʴʩʷ 

ʜʦ ʚʠʛʣʷʜʫ [89]: 

pʢ
G

m
GG WeANu ÖÖÖ= PrRe .    (1.41) 

 ʗʢ ʚʠʟʥʘʯʘʣʴʥʽ ʨʦʟʤʽʨʠ ʜʣʷ ʢʨʠʪʝʨʽʾʚ Nu ʽ Re ʨʽʟʥʽ ʜʦʩʣʽʜʥʠʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʘʧʽʣʷʨʥʫ ʩʪʘʣʫ c, ʚʠʩʦʪʫ ʰʘʨʫ ʨʽʜʠʥʠ hʨ ʘʙʦ ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʧʘʨʘʤʝʪʨʠ ʪʘʨʽʣʢʠ (ʜʽʘʤʝʪʨ ʦʪʚʦʨʫ d0). ɼʣʷ ʢʨʠʪʝʨʽʶ We ʟʘ ʚʠʟʥʘʯʘʣʴʥʠʡ ʨʦʟʤʽʨ 

ʧʨʠʡʤʘʶʪʴ ʟʚʠʯʘʡʥʦ hʨ. 

 ʂʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʥʷ (1.41), ʟʘ ʜʘʥʠʤʠ ʨʷʜʫ ʜʦʩʣʽʜʥʠʢʽʚ, ʧʦʤʽʱʝʥʽ ʚ 

ʪʘʙʣ. 1.4. ʋʩʽ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ ʨʽʚʥʷʥʥʷ ʧʝʨʝʪʚʦʨʝʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ 

ʚʠʟʥʘʯʘʣʴʥʠʤ ʨʦʟʤʽʨʦʤ ʜʣʷ ʢʨʠʪʝʨʽʾʚ Nu, Re ʽ We ʻ hʩʪ. 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʘʚ, ʱʦ ʙʽʣʴʰʽʩʪʴ 

ʜʦʩʣʽʜʥʠʢʽʚ ʚʚʘʞʘʶʪʴ ʚʝʣʠʯʠʥʫ hʩʪ ʦʩʥʦʚʥʠʤ ʛʽʜʨʘʚʣʽʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʤʘʩʦʚʽʜʜʘʯʽ ʚ ʨʽʜʢʽʡ ʬʘʟʽ ʥʘ ʙʘʨʙʦʪʘʞʥʠʭ ʪʘʨʽʣʢʘʭ [17, 

78, 96, 100]. 
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ʊʘʙʣʠʮʷ 1.4 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ɸ, m, ʢ ʠ ʨ ʫ ʨʽʚʥʷʥʥʽ (1.41) 

ʃʽʪʝʨʘʪʫʨʥʝ ʜʞʝʨʝʣʦ ɸ m ʂ ʨ 

97 2,5 6,72 0,5 -0,39 

82 0,265 1,03 0,5 -0,28 

23 2,1 0,7 0,5 -0,38 

17 1,93 0,9 0,25 -0,05 

41 0,252 1,06 0,5 -0,25 

102 0,4 1,0 0,5 -0,27 

 

 ɯʥʰʠʤ ʚʘʞʣʠʚʠʤ ʛʽʜʨʘʚʣʽʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʝʷʢʽ ʘʚʪʦʨʠ ʧʨʠʡʤʘʶʪʴ 

ʛʘʟʦʚʤʽʩʪ ʰʘʨʫ j, ʽʥʰʽ ï ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʫ ʚʽʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ ʢʦʣʦʥʠ Wʨ. 

 ʋ ʨʦʙʦʪʘʭ [17, 96, 111] ʧʦʢʘʟʘʥʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ ʚ ʨʽʜʢʽʡ ʬʘʟʽ 

ʻ ʬʫʥʢʮʽʻʶ ʜʚʦʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ï ʩʪʘʪʠʯʥʦʛʦ ʰʘʨʫ ʨʽʜʠʥʠ ʽ 

ʛʘʟʦʚʤʽʩʪʫ: 

n

m
ʩʪLf hA öö

÷

õ
ææ
ç

å

-
ÖÖ=

j

j
b

1
,    (1.42) 

 ʜʝ j  ï ʛʘʟʦʚʤʽʩʪ ʙʘʨʙʦʪʘʞʥʦʛʦ ʰʘʨʫ. 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʫ ʨʽʚʥʷʥʥʽ (1.42) ʧʨʠ hʨ ʚʠʨʘʞʝʥʽʡ ʫ ʤ, bLf  ï ʫ ʤ/ʩ, 

ʟʘ ʜʘʥʠʤʠ ʨʷʜʫ ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1.5. 

 

ʊʘʙʣʠʮʷ 1.5 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ɸ, m n ʫ ʨʽʚʥʷʥʥʽ (1.42) 

ʃʽʪʝʨʘʪʫʨʥʝ ʜʞʝʨʝʣʦ ɸ m n 

17 1,22 1,6 0,94 

96 0,85 1,13 0,19 

82 1,25 1,5 0,8 

81 0,67 1,36 1,26 

  

ɯʥʰʽ ʘʚʪʦʨʠ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ ʚ ʨʽʜʢʽʡ ʬʘʟʽ ʻ 

ʬʫʥʢʮʽʻʶ Wk ʽ hʩʪ, ʱʦ ʚʨʘʭʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ: 

n
cʪ

m
ʢLf hWAÖ=b .     (1.43) 

ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʢʣʘʜʝʥʦʛʦ ʚʠʱʝ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʦʙʨʦʙʢʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦ ʤʘʩʦʚʽʜʜʘʯʽ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʥʘ 
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ʦʩʥʦʚʽ ʨʽʚʥʷʥʥʷ (1.43), ʘ ʚ ʢʨʽʪʝʨʽʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʥʷ (1.41). 

 

ʊʘʙʣʠʮʷ 1.6 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ɸ, m, n ʫ ʨʽʚʥʷʥʥʽ (1.43) 

ʃʽʪʝʨʘʪʫʨʥʝ ʜʞʝʨʝʣʦ ɸ m n ʇʨʠʤʽʪʢʘ 

81 1,13 0,5 1,25  

111 0,15 0,36 0,78 ɹʘʨʙʦʪʘʞʥʠʡ ʽ ʧʝʨʝʭʽʜʥʠʡ 

111 0,14 1,0 0,78 ʉʪʨʫʤʠʥʥʠʡ 

4 0,067 0,35 0,58  

78 2,17Ö10-3 0 1,0 ʇʝʨʝʭʽʜʥʠʡ 

78 1,15Ö10-3 1,0 1,0 ʉʪʨʫʤʠʥʥʠʡ 

  

 ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʘʨʘʤʝʪʨʠ hʩʪ ʽ öö
÷

õ
ææ
ç

å

-j

j

1
, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʧʦʚʝʨʭʥʶ ʢʦʥʪʘʢʪʫ ʬʘʟ, ʚʨʘʭʦʚʫʶʪʴ ʟʤʽʥʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʛʘʟʫ ʡ ʨʽʜʠʥʽ ʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ bLf , ʫ ʪʦʡ ʯʘʩ, ʷʢ Wʨ ʚʧʣʠʚʘʻ ʥʘ bLf   ʯʝʨʝʟ ʟʤʽʥʫ 

ʛʘʟʦʚʤʽʩʪʫ ʙʘʨʙʦʪʘʞʥʦʛʦ ʰʘʨʫ. ʊʦʤʫ ʨʽʚʥʷʥʥʷ (1.42) ʙʽʣʴʰ ʢʦʥʢʨʝʪʥʦ 

ʚʽʜʦʙʨʘʞʘʻ ʬʽʟʠʯʥʫ ʩʫʪʥʽʩʪʴ ʧʨʦʮʝʩʫ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʙʘʨʙʦʪʘʞʥʠʭ 

ʪʘʨʽʣʢʘʭ. 

 ɸʚʪʦʨʠ ʥʘʚʝʜʝʥʠʭ ʨʦʙʽʪ ʪʘʢʦʞ ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʤʘʩʦʚʽʜʜʘʯʽ ʚ 

ʨʽʜʢʽʡ ʬʘʟʽ, ʷʢʽ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʚʽʜʦʤʠʤʠ ʟ ʣʽʪʝʨʘʪʫʨʠ ʨʽʚʥʷʥʥʷʤ, ʟʥʘʯʥʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʥʘʚʽʪʴ ʜʣʷ ʦʜʥʦʛʦ ʢʣʘʩʫ ʪʘʨʽʣʦʢ. ʎʝ ʤʦʞʥʘ 

ʧʦʷʩʥʠʪʠ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʦʮʽʥʢʠ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʠʥʠ ʥʘ ʪʘʨʽʣʢʘʭ, ʘ ʪʘʢʦʞ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʘʨʽʣʦʢ [4, 78, 81, 96]. 

 ɼʦʩʣʽʜʞʝʥʥʶ ʚʧʣʠʚʫ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʘʟʫ ʽ ʨʽʜʠʥʠ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʩʦʧʝʨʝʥʦʩʫ ʧʨʠʩʚʷʯʝʥʦ ʙʘʛʘʪʦ ʨʦʙʽʪ. ʋʟʘʛʘʣʴʥʝʥʥʷ ʙʽʣʴʰʦʩʪʽ ʟ 

ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʤʦʥʦʛʨʘʬʽʾ [89]. 

 ɿʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʩʪʝʧʝʥʷ ʧʨʠ Pr ʽ Prʩʪ, ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʨʦʟʛʣʷʥʫʪʠʭ ʫ 

ʤʦʥʦʛʨʘʬʽʾ [89] ʨʦʙʽʪ, ʜʦʨʽʚʥʶʻ 0,5, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʡʦʛʦ ʪʝʦʨʝʪʠʯʥʦʤʫ ʟʥʘʯʝʥʥʶ 

ʜʣʷ ʤʦʜʝʣʽ ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʽ ʤʦʜʝʣʽ ʚʽʜʥʦʚʣʝʥʥʷ. 

 ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʢʣʘʜʝʥʦʛʦ ʚʠʱʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ 

ʨʦʟʛʣʷʥʫʪʠʭ ʢʦʥʪʘʢʪʥʠʭ ʪʘʨʽʣʦʢ, ʟ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʧʨʘʢʪʠʢʠ ʪʦʯʥʽʩʪʶ, ʚʧʣʠʚ 
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ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʘʟʫ ʽ ʨʽʜʠʥʠ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʩʦʧʝʨʝʥʦʩʫ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ [89]: 

 ʜʣʷ ʛʘʟʦʚʦʾ ʬʘʟʠ 

Nu~ 5,0PrG  ʘʙʦ bGf ~
5,0

GD ,     (1.44) 

 ʜʣʷ ʨʽʜʢʦʾ ʬʘʟʠ 

Nu~ 5,0PrL  ʘʙʦ bLf ~
5,0

LD .     (1.45) 

 

1.6. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥ ̫

 

ɿ ʣʽʪʝʨʘʪʫʨʥʦʛʦ ʦʛʣʷʜʫ ʚʠʧʣʠʚʘʻ, ʱʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʪʘʨʽʣʦʢ 

ʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʨʦʟʨʘʭʫʥʢʫ ʨʽʟʥʽ ʪʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʮʠʭ 

ʧʨʠʩʪʨʦʾʚ. ʎʽ ʟʘʣʝʞʥʦʩʪʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʧʨʦʝʢʪʦʚʘʥʦʾ ʪʘʨʽʣʢʠ ʽ ʧʦʪʨʽʙʥʝ ʧʨʦʚʝʜʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʪʘʢʠʭ ʚʽʜʦʤʦʩʪʝʡ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʣʽʪʝʨʘʪʫʨʥʦʛʦ ʧʦʰʫʢʫ ʡ ʘʥʘʣʽʟʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ  ̒ ʨʦʟʨʦʙʢʘ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʧʨʠʩʪʨʦʶ ï ʢʣʘʧʘʥʥʦʾ ʪʘʨʽʣʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ (ʘʙʩʦʨʙʮʽʾ, ʨʝʢʪʠʬʽʢʘʮʽʾ ʪʘ ʽʥ.). 

ʋ ʟʚ'ʷʟʢʫ ʟ ʚʠʢʣʘʜʝʥʠʤ ʚʠʱʝ, ʟʘʜʘʯʽ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

- ʪʝʦʨʝʪʠʯʥʠʡ ʦʧʠʩ ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʜʽʾ ʬʘʟ ʫ ʟʦʥʽ ʥʘ ʥʦʚʽʡ ʢʣʘʧʘʥʥʽʡ ʪʘʨʽʣʮʽ; 

- ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʫʭʫ ʢʣʘʧʘʥʘ ʥʘ ʪʘʨʽʣʮʽ; 

- ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʝʞʠʤʥʠʭ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʣʘʧʘʥʥʦʾ 

ʪʘʨʽʣʢʠ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʩʦʦʙʤʽʥʫ; 

- ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʨʝʞʠʤʥʠʭ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘʨʽʣʢʠ, ʱʦ 

ʨʦʟʨʦʙʣʶʻʪʴʩʷ; 

- ʨʦʟʨʦʙʢʘ ʽʥʞʝʥʝʨʥʦʾ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʽ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʢʣʘʧʘʥʥʦʾ 

ʪʘʨʽʣʢʠ, ʱʦ ʧʨʦʧʦʥʫʻʪʴʩʷ; 

- ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʘ ʘʧʨʦʙʘʮʽʷ. 
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ʈʆɿɼɯʃ 2 

ʆʧʠʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʪʝʥʜʽʚ, 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʘʨʽʣʦʢ ʽ ʤʝʪʦʜʠʢ ʜʦʩʣʽʜʞʝʥʥʷ 

 

2.1. ʂʦʥʩʪʨʫʢʪʠʚʥʝ ʦʬʦʨʤʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʪʝʥʜʽʚ 

 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʧʨʦʮʝʩʽʚ ʽ ʘʧʘʨʘʪʽʚ ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʝʦʙʭʽʜʥʠʤʠ ʩʪʘʜʽʷʤʠ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʻ ʧʦʙʫʜʦʚʘ ʧʦʯʘʪʢʦʚʦʾ ʤʦʜʝʣʽ, ʨʦʟʨʦʙʢʘ ʽ ʧʝʨʝʚʽʨʢʘ ʧʨʠʡʥʷʪʠʭ 

ʨʽʰʝʥʴ ʥʘ ʜʦʩʣʽʜʥʠʮʴʢʽʡ ʘʙʦ ʥʘʧʽʚʧʨʦʤʠʩʣʦʚʽʡ ʫʩʪʘʥʦʚʮʽ. 

ɺʽʜʦʤʦ [62], ʱʦ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʽ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʤʘʩʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ ʻ ʧʨʦʙʣʝʤʘ ʤʘʩʰʪʘʙʥʦʛʦ ʧʝʨʝʭʦʜʫ, ʷʢʘ 

ʧʦʣʷʛʘʻ ʚ ʟʥʠʞʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʩʦʦʙʤʽʥʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʡʦʛʦ ʨʦʟʤʽʨʽʚ. ʄʘʩʰʪʘʙʥʠʡ ʝʬʝʢʪ ʤʘʻ ʩʢʣʘʜʥʫ ʧʨʠʨʦʜʫ ʡ ʦʙʫʤʦʚʣʝʥʠʡ, 

ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʟʙʽʣʴʰʝʥʥʷʤ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʬʘʟ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ 

ʢʦʥʪʘʢʪʥʦʤʫ ʧʨʠʩʪʨʦʾ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʣʘʙʦʨʘʪʦʨʥʠʤ ʤʘʢʝʪʦʤ. 

2.1.1. ʉʪʝʥʜ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʽ ʜʝʩʦʨʙʮʽʾ ʉʆ2 

ɻʽʜʨʦʜʠʥʘʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʡ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦ ʜʝʩʦʨʙʮʽʾ ʉʆ2 ʟ ʚʦʜʠ ʚ 

ʧʦʪʽʢ ʧʦʚʽʪʨʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʱʦ ʩʢʣʘʜʘʣʘʩʷ ʟ 

ñʭʦʣʦʜʥʦʛʦò ʩʪʝʥʜʫ ʧʝʨʝʪʠʥʦʤ 260ʭ400 ʤʤ, ʩʠʩʪʝʤʠ ʧʽʜʛʦʪʦʚʢʠ, ʧʦʜʘʯʽ 

ʨʦʙʦʯʠʭ ʩʝʨʝʜʦʚʠʱ ʽ ʚʠʤʽʨʶʚʘʥʥʷ ʾʭ ʢʽʣʴʢʦʩʪʽ (ʧʦʚʽʪʨʷ, ʚʦʜʠ, ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ). 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ, ʷʢʠʡ ʦʩʥʘʱʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ, 

ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʦ ʛʽʜʨʦʜʠʥʘʤʽʮʽ ʡ 

ʤʘʩʦʦʙʤʽʥʫ. 

Ăʍʦʣʦʜʥʠʡò ʩʪʝʥʜ ʷʚʣʷʚ ʩʦʙʦʶ ʘʧʘʨʘʪ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ, ʨʦʟʤʽʨʠ ʷʢʦʛʦ 

ʩʢʣʘʜʘʣʠ: ʚʠʩʦʪʘ 1500 ʤʤ, ʜʦʚʞʠʥʘ 400 ʤʤ, ʰʠʨʠʥʘ 260 ʤʤ. 
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ʈʠʩ. 2.1. ɸʧʘʨʘʪ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʽ 

ʤʘʩʦʦʙʤʽʥʫ 
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ʅʘ ʨʠʩ. 2.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʢʦʣʦʥʠ, ʥʘ ʷʢʽʡ ʧʨʦʚʦʜʠʣʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʡ ʘʙʩʦʨʙʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʟ ʧʦʚʽʪʨʷ. ʂʦʣʦʥʘ 

ʤʘʣʘ ʜʚʽ ʩʪʽʥʢʠ, ʱʦ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʦʨʛʘʥʽʯʥʦʛʦ ʩʢʣʘ, ʨʦʟʧʦʜʽʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ 

ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʚ ʢʦʣʦʥʫ. ʋʩʝʨʝʜʠʥʽ ʢʦʣʦʥʠ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʪʨʠ ʪʘʨʽʣʢʠ, 

ʨʦʟʤʽʨʦʤ 260ʭ400 ʤʤ, ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʣʠʩʪʦʚʦʛʦ ʤʝʪʘʣʫ ʪʦʚʱʠʥʦʶ 2 ʤʤ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʢʦʣʦʥʠ ʜʦʟʚʦʣʷʣʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʪʘʨʽʣʢʠ ʥʘ ʚʽʜʩʪʘʥʽ 200 ʽ 300 ʤʤ 

ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. 

ʇʝʨʝʣʠʚʥʽ ʧʨʠʩʪʨʦʾ ʩʢʣʘʜʘʣʠ ʥʝ ʤʝʥʰʝ 12 % ʨʦʙʦʯʦʛʦ ʧʨʦʩʪʦʨʫ ʢʦʣʦʥʠ. 

ʊʘʨʽʣʢʘ ʤʘʣʘ ʨʽʟʥʽ ʤʦʜʠʬʽʢʘʮʽʾ ʢʣʘʧʘʥʥʠʭ ʚʫʟʣʽʚ. ʅʘʧʨʠʢʽʥʮʽ ʪʘʨʽʣʢʠ 

ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʷ ʟʣʠʚʥʘ ʧʝʨʝʛʦʨʦʜʢʘ, ʚʠʩʦʪʫ ʷʢʦʾ ʤʦʞʥʘ ʙʫʣʦ ʟʤʽʥʶʚʘʪʠ. 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʣʘʙʦʨʘʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ ʙʫʣʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦ ʽ ʧʽʜʢʣʶʯʝʥʦ ʜʦ 

ʇɽʆʄ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʽ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ (ʤʦʜʫʣʽʚ ɸʎʇ ʽ ʎɸʇ). 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ ʙʫʣʦ ʦʩʥʘʱʝʥʦ ʥʠʟʢʦʶ ʜʘʪʯʠʢʽʚ ʜʣʷ ʦʜʝʨʞʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʧʨʦʪʽʢʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʠʤʠ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʫ ʚʠʛʣʷʜʽ 

ʚʦʣʴʪʦʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 0-10 ɺ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʚʦʩʪʦʨʦʥʥʴʦʛʦ ʟʚ'ʷʟʢʫ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʫ ʟ ʢʦʤʧ'ʶʪʝʨʦʤ, ʦʩʪʘʥʥʽʡ ʜʦʜʘʪʢʦʚʦ ʦʩʥʘʱʫʚʘʚʩʷ 

ʚʙʫʜʦʚʘʥʠʤʠ ʤʦʜʫʣʝʤ ɸʎʇ ʽ ʤʦʜʫʣʝʤ ʎɸʇ ʟ ʛʘʣʴʚʘʥʽʯʥʦʶ ʨʦʟʚ'ʷʟʢʦʶ. ɺ 

ʷʢʦʩʪʽ ʤʦʜʫʣʷ ɸʎʇ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʧʣʘʪʘ ISOïAD32H. ʋ ʷʢʦʩʪʽ ʎɸʇ ï 

ISOïDA8. 

ʆʪʨʠʤʘʥʽ ʮʠʬʨʦʚʽ ʩʠʛʥʘʣʠ ʦʙʨʦʙʣʷʣʠʩʷ ʥʘ ʇɽʆʄ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʘ LabVIEW 5.0. ɼʘʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ 

ʨʦʙʦʪʠ ʽʟ ʩʠʩʪʝʤʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʢʦʥʪʨʦʣʶ, ʜʽʘʛʥʦʩʪʠʢʠ ʽ ʢʝʨʫʚʘʥʥʷ. 

LabVIEW ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʨ ʽ ʦʙʨʦʙʢʫ ʩʠʛʥʘʣʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ (ʫ ʩʠʩʪʝʤʽ 

Windows NT) ʽ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʘʥʥʷ ʜʘʥʠʭ ʫ ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʦʤʫ ʜʣʷ ʜʦʩʣʽʜʥʠʢʘ 

ʚʠʛʣʷʜʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢ ʟʚʘʥʦʛʦ ñɺʽʨʪʫʘʣʴʥʦʛʦ ʇʨʠʣʘʜʫò. ʇʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʽʥʜʠʢʘʪʦʨʥʽ ʧʘʥʝʣʽ ʽ ʧʘʥʝʣʽ ʢʝʨʫʚʘʥʥʷ. 

ʇʘʢʝʪ LabVIEW ʤʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ, ʚʢʣʶʯʘʶʯʠ 
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ʩʪʘʪʠʩʪʠʯʥʠʡ, ʨʝʛʨʝʩʽʡʥʠʡ, ʩʧʝʢʪʨʘʣʴʥʠʡ ʽ ʽʥʰʠʡ ʚʠʜʠ ʘʥʘʣʽʟʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʧʦ ʚʠʚʯʝʥʥʶ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʽ ʜʝʩʦʨʙʮʽʾ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʟ ʚʦʜʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.2. 

ʇʦʜʘʯʘ ʧʦʚʽʪʨʷ ʥʘ ʫʩʪʘʥʦʚʢʫ ʧʨʦʚʦʜʠʣʘʩʷ ʚʽʜʮʝʥʪʨʦʚʠʤ ʚʝʥʪʠʣʷʪʦʨʦʤ 5 

(ɺɺɼ-9). ɺʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʚʠʤʽʨʶʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʘʬʨʘʛʤʠ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʤʘʥʦʤʝʪʨʫ ɼʉɽʈ ʄ (0-5 ʤɸ). 

ʈʝʛʫʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʩʪʝʧʝʥʷ ʚʽʜʢʨʠʪʪʷ ʟʘʩʫʚʢʠ 7, ʱʦ 

ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʣʽʥʽʾ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ. 

ɺʦʜʘ ʥʘ ʫʩʪʘʥʦʚʢʫ ʧʦʜʘʚʘʣʘʩʷ ʟ ʚʦʜʦʧʨʦʚʽʜʥʦʾ ʤʝʨʝʞʽ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʠʪʨʘʪʠ ʚʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʨʦʪʘʤʝʪʨ ʈʉ-5. ʈʝʛʫʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʘʩʣʦʥʫ 8. 

ʇʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʘʨʽʣʢʘʭ ʨʝʻʩʪʨʫʚʘʚʩʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ 

ʥʘʧʦʨʦʤʽʨʦʤ ɼʉɽʅ-ʄɯ (0-5 ʤɸ), ʘ ʚʠʩʦʪʫ ʩʪʘʪʠʯʥʦʛʦ ʩʪʦʚʧʘ ʨʽʜʠʥʠ 

ʚʠʤʽʨʶʚʘʣʠ ʟʘ ʰʢʘʣʦʶ, ʥʘʥʝʩʝʥʦʶ ʥʘ ʩʪʽʥʮʽ ʩʪʝʥʜʫ, ʱʦ ʚʠʢʦʥʘʥʘ ʟ ʦʨʛʘʥʽʯʥʦʛʦ 

ʩʢʣʘ. 

ɼʣʷ ʥʘʩʠʯʝʥʥʷ ʚʦʜʠ ʚʫʛʣʝʢʠʩʣʠʤ ʛʘʟʦʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʩʘʜʥʠʡ 

ʘʙʩʦʨʙʮʽʡʥʠʡ ʩʪʦʚʧʯʠʢ 2, ʜʽʘʤʝʪʨʦʤ 120 ʤʤ ʽ ʚʠʩʦʪʦʶ 4 ʤ, ʟʘʧʦʚʥʝʥʠʡ 

ʢʽʣʴʮʷʤʠ ʈʘʰʠʛʘ ʨʦʟʤʽʨʦʤ 25ʭ25ʭ3 ʤʤ. ʋ ʥʠʞʥʶ ʯʘʩʪʠʥʫ ʢʦʣʦʥʠ 2 ʧʦʜʘʚʘʣʠʩʷ 

ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʟ ʙʘʣʦʥʫ 3 ʽ ʚʦʜʘ ʟ ʚʦʜʦʧʨʦʚʽʜʥʦʾ ʤʝʨʝʞʽ. ɺʦʜʥʠʡ ʨʦʟʯʠʥ 

ʚʫʛʣʝʢʠʩʣʦʪʠ ʟʙʠʨʘʚʩʷ ʚ ʻʤʥʦʩʪʽ 4, ʟʚʽʜʢʠ, ʯʝʨʝʟ ʨʦʪʘʤʝʪʨ ʈʉ-5, ʧʦʜʘʚʘʚʩʷ ʥʘ 

ʩʪʝʥʜ. 

ʇʨʦʚʘʣ ʨʽʜʠʥʠ ʥʘ ʪʘʨʽʣʢʘʭ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʨʥʦʛʦ ʮʠʣʽʥʜʨʫ. 

ʄʽʨʥʠʡ ʮʠʣʽʥʜʨ ʟ'ʻʜʥʫʚʘʚʩʷ ʰʣʘʥʛʦʤ ʟ ʧʘʪʨʫʙʢʦʤ 4, ʚʨʽʟʘʥʠʤ ʫ ʟʣʠʚʥʫ ʢʠʰʝʥʶ 

ʩʝʨʝʜʥʴʦʾ ʪʘʨʽʣʢʠ ʢʦʣʦʥʠ. 

ɿ ʢʦʣʦʥʠ 1, ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 4, ʨʽʜʠʥʘ ʩʘʤʦʧʣʠʚʦʤ ʧʦʪʨʘʧʣʷʣʘ ʚ ʤʽʨʥʠʡ 

ʮʠʣʽʥʜʨ. ɺʽʜʥʦʩʥʠʡ ʧʨʦʚʘʣ ʨʽʜʠʥʠ ʚʠʟʥʘʯʘʣʠ, ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʦʙ'ʻʤʥʦʾ ʚʠʪʨʘʪʠ 

ʨʽʜʠʥʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ ʤʽʨʥʠʡ ʮʠʣʽʥʜʨ, ʜʦ ʦʙ'ʻʤʥʦʾ ʚʠʪʨʘʪʠ ʨʽʜʠʥʠ, ʷʢʘ 

ʧʦʜʘʻʪʴʩʷ ʥʘ ʪʘʨʽʣʢʫ. 
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ʅʘ ʩʝʨʝʜʥʽʡ (ʜʦʩʣʽʜʞʫʚʘʥʽʡ) ʪʘʨʽʣʮʽ ʟʥʘʭʦʜʠʚʩʷ ʧʨʠʩʪʨʽʡ 3 ʜʣʷ ʧʦʜʘʯʽ 

ʽʥʜʠʢʘʪʦʨʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ʨʽʜʠʥʫ ʧʨʠ ʚʭʦʜʽ ʾʾ ʥʘ ʪʘʨʽʣʢʫ. ʇʨʠʩʪʨʽʡ ʷʚʣʷʻ ʩʦʙʦʶ 

ʧʝʨʬʦʨʦʚʘʥʫ ʪʨʫʙʢʫ, ʜʦʚʞʠʥʘ ʷʢʦʾ ʜʦʨʽʚʥʶʻ ʰʠʨʠʥʽ ʪʘʨʽʣʢʠ. ɯʥʜʠʢʘʪʦʨʥʘ 

ʨʝʯʦʚʠʥʘ ʧʦʜʘʚʘʣʘʩʷ ʚ ʪʨʫʙʢʫ ʟ ʜʚʦʭ ʾʾ ʢʽʥʮʽʚ. ʇʨʠʩʪʨʽʡ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʤʽʞʪʘʨʽʣʯʘʩʪʦʛʦ ʚʠʥʝʩʝʥʥʷ ʜʣʷ ʥʘʩʠʯʝʥʥʷ ʨʽʜʠʥʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ 

ʪʘʨʽʣʢʫ, ʙʘʨʚʥʠʢʦʤ ʜʦ ʚʠʟʥʘʯʝʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ. ʇʘʩʪʢʠ 2 ʷʚʣʷʣʠ ʩʦʙʦʶ 

ʢʦʨʠʪʮʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʚʠʟʥʘʯʝʥʫ ʢʽʣʴʢʽʩʪʴ ʨʽʜʠʥʠ ʥʘʧʨʠʢʽʥʮʽ ʪʘʨʽʣʢʠ 

ʚʠʚʦʜʠʣʠ ʥʘʟʦʚʥʽ. ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʥʜʠʢʘʪʦʨʥʦʾ ʨʝʯʦʚʠʥʠ ʚ 

ʧʦʪʦʢʘʭ ʨʽʜʠʥʠ, ʱʦ ʚʽʜʭʦʜʷʪʴ, ʧʨʦʚʦʜʠʣʠ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ. 

 2.1.2. ʉʪʝʥʜ ʜʣʷ ʚʠʚʯʝʥʥʷ ʤʘʩʦʧʝʨʝʥʦʩʫ 

 ɼʦʩʣʽʜʥʠʡ ʩʪʝʥʜ ʙʫʚ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʚʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʘʩʦʧʝʨʝʥʦʩʫ ʨʽʟʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚ ʫʤʦʚʘʭ ʨʝʢʪʠʬʽʢʘʮʽʾ ʙʽʥʘʨʥʠʭ 

ʩʠʩʪʝʤ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʡ (ʨʠʩ. 2.3). 

 ɼʦʩʣʽʜʞʫʚʘʥʽ ʢʦʥʪʘʢʪʥʽ ʧʨʠʩʪʨʦʾ ʟʘʢʨʽʧʣʶʚʘʣʠʩʷ ʫʩʝʨʝʜʠʥʽ 

ʨʝʢʪʠʬʽʢʘʮʽʡʥʦʾ ʢʦʣʦʥʠ, ʚʠʢʦʥʘʥʦʾ ʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ ʡ ʦʩʥʘʱʝʥʦʾ 

ʦʛʣʷʜʦʚʠʤʠ ʚʽʢʥʘʤʠ. 

 ʉʫʤʽʰ, ʱʦ ʧʦʜʽʣʷʣʘʩʷ, ʥʘʩʦʩʦʤ ʥʘʢʘʯʫʚʘʣʘʩʷ ʚ ʢʫʙ ʢʦʣʦʥʠ. ʆʙʽʛʨʽʚ ʢʫʙʘ 

ʟʜʽʡʩʥʶʚʘʚʩʷ ʥʘʩʠʯʝʥʦʶ ʚʦʜʷʥʦʶ ʧʘʨʦʶ ʪʠʩʢʦʤ 1,6-1,7 ʄʇʘ. ʇʘʨʘ ʧʦʜʘʚʘʣʘʩʷ 

ʚ ʜʚʦʭʦʜʦʚʠʡ ʪʨʫʙʯʘʩʪʠʡ ʚʠʧʘʨʥʠʢ, ʚʤʦʥʪʦʚʘʥʠʡ ʫ ʢʫʙ. 

 ʈʝʛʫʣʶʚʘʥʥʷ ʦʙʽʛʨʽʚʫ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʟʘ ʟʤʽʥʦʶ ʢʽʣʴʢʦʩʪʽ ʛʨʽʶʯʦʾ ʧʘʨʠ, ʱʦ 

ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʧʘʨʥʠʢ ʘʙʦ ʰʣʷʭʦʤ ʢʦʨʝʢʪʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʥʜʝʥʩʘʪʫ ʛʨʽʶʯʦʾ 

ʧʘʨʠ, ʷʢʠʡ ʚʠʭʦʜʠʚ ʟ ʚʠʧʘʨʥʠʢʘ. ʂʦʥʜʝʥʩʘʪ ʛʨʽʶʯʦʾ ʧʘʨʠ ʦʭʦʣʦʜʞʫʚʘʚʩʷ ʚ 

ʭʦʣʦʜʠʣʴʥʠʢʫ, ʘ ʡʦʛʦ ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʣʘʩʷ ʜʽʘʬʨʘʛʤʦʶ. 

 ʇʘʨʠ, ʫʪʚʦʨʝʥʽ ʧʨʠ ʢʠʧʽʥʥʽ ʩʫʤʽʰʽ, ʱʦ ʧʦʜʽʣʷʣʘʩʷ, ʟ ʢʫʙʘ ʧʽʜʽʡʤʘʣʠʩʷ 

ʥʘʛʦʨʫ ʧʦ ʢʦʣʦʥʽ, ʜʝ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʧʨʠʩʪʨʦʷʭ ʚʟʘʻʤʦʜʽʷʣʠ ʟ 

ʨʽʜʠʥʦʶ, ʱʦ ʩʪʽʢʘʻ ʟ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʇʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʢʦʣʦʥʠ ʧʘʨʠ ʥʘʜʭʦʜʠʣʠ 

ʚ ʤʽʞʪʨʫʙʥʠʡ ʧʨʦʩʪʽʨ ʢʦʞʫʭʦʪʨʫʙʯʘʩʪʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʫ, ʜʝ ʚʦʥʠ 

ʢʦʥʜʝʥʩʫʚʘʣʠʩʷ. 

 ɼʠʩʪʠʣʷʪ, ʱʦ ʫʪʚʦʨʠʚʩʷ ʚ ʢʦʥʜʝʥʩʘʪʦʨʽ, ʩʘʤʦʧʣʠʚʦʤ ʯʝʨʝʟ ʜʽʘʬʨʘʛʤʫ 

ʥʘʜʭʦʜʠʚ ʘʙʦ ʚ ʷʢʦʩʪʽ ʬʣʝʛʤʠ ʥʘ ʟʨʦʰʝʥʥʷ ʢʦʣʦʥʠ (R=¤), ʘʙʦ ʯʝʨʝʟ ʜʽʘʬʨʘʛʤʫ ʚ  
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ʟʙʽʨʥʠʢ ʜʠʩʪʠʣʷʪʫ. ɼʘʣʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʦʩʫ, ʯʝʨʝʟ ʧʽʜʽʛʨʽʚʥʠʢ ʽ ʜʽʘʬʨʘʛʤʫ 

ʯʘʩʪʢʦʚʦ ʧʦʜʘʚʘʚʩʷ ʥʘ ʟʨʦʰʝʥʥʷ ʚ ʢʦʣʦʥʫ. 

 ʋ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʥʘ ʢʦʞʥʦʤʫ ʨʝʞʠʤʽ ʩʪʘʙʽʣʽʟʫʚʘʣʘʩʷ ʚʠʪʨʘʪʘ ʽ 

ʪʝʤʧʝʨʘʪʫʨʘ ʬʣʝʛʤʠ, ʱʦ ʧʦʜʘʚʘʣʘʩʷ ʥʘ ʟʨʦʰʝʥʥʷ ʢʦʣʦʥʠ, ʘ ʪʘʢʦʞ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʣʝʛʢʦʢʠʧʣʷʯʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʫʤʽʰʽ, ʱʦ ʧʦʜʽʣʷʻʪʴʩʷ, ʧʽʜ ʜʦʩʣʽʜʞʫʚʘʥʠʤ 

ʢʦʥʪʘʢʪʥʠʤ ʧʨʠʩʪʨʦʻʤ. 

 ʉʪʘʙʽʣʽʟʘʮʽʷ ʚʠʪʨʘʪʠ ʬʣʝʛʤʠ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʢʦʨʝʢʪʫʚʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ 

ʛʨʽʶʯʦʾ ʧʘʨʠ, ʱʦ ʚʠʭʦʜʠʪʴ ʟ ʚʠʧʘʨʥʠʢʘ. 

 ʊʝʤʧʝʨʘʪʫʨʘ ʬʣʝʛʤʠ ʧʽʜʪʨʠʤʫʚʘʣʘʩʷ ʧʦʩʪʽʡʥʦʶ ʟʘ ʨʘʭʫʥʦʢ ʨʝʛʫʣʶʚʘʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʛʨʽʶʯʦʾ ʧʘʨʠ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʧʽʜʽʛʨʽʚʥʠʢ ʬʣʝʛʤʠ, ʘʙʦ ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ, 

ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʢʦʥʜʝʥʩʘʪʦʨ. 

 ʇʽʩʣʷ ʚʠʭʦʜʫ ʢʦʣʦʥʠ ʥʘ ʨʝʞʠʤ (2-4 ʛʦʜʠʥʠ) ʟʜʽʡʩʥʶʚʘʣʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʥʘʩʪʫʧʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: ʚʠʪʨʘʪʘ ʬʣʝʛʤʠ; ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ ʪʘʨʽʣʮʽ; ʚʠʩʦʪʘ 

ʛʘʟʦʨʽʜʠʥʥʦʛʦ ʰʘʨʫ ʟʘ ʤʽʣʽʤʝʪʨʦʚʦʶ ʰʢʘʣʦʶ. ʆʜʥʦʯʘʩʥʦ ʧʨʦʚʦʜʠʣʠ ʚʽʜʙʽʨ 

ʧʨʦʙ ʧʘʨʠ ʡ ʨʽʜʠʥʠ ʯʝʨʝʟ ʭʦʣʦʜʠʣʴʥʠʢʠ. ɺʽʜʙʽʨ ʧʨʦʙ ʨʽʜʠʥʠ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟ 

ʧʝʨʝʣʠʚʥʠʭ ʢʠʰʝʥʴ ʪʘʨʽʣʦʢ, ʘ ʧʘʨʠ ï ʯʝʨʝʟ ʧʨʦʙʦʚʽʜʙʽʨʥʠʢʠ ʪʠʧʫ Ăʛʫʩʘʢò ʟ 

ʧʘʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘʜ ʽ ʧʽʜ ʪʘʨʽʣʢʘʤʠ. ɸʥʘʣʽʟ ʧʨʦʙ, ʱʦ ʚʽʜʙʠʨʘʣʠʩʷ, ʩʫʤʽʰʽ 

ʤʝʪʘʥʦʣ-ʚʦʜʘ ʧʨʦʚʦʜʠʣʠ ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʟʘʣʦʤʣʝʥʥʷ ʥʘ ʨʝʬʨʘʢʪʦʤʝʪʨʽ ʪʠʧʫ 

ɯʈʌ-22. 

 ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘʨʽʣʢʠ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʩʦʧʝʨʝʥʦʩʫ ʚ ʫʤʦʚʘʭ ʨʝʢʪʠʬʽʢʘʮʽʾ ʚ ʢʦʣʦʥʫ ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʷ 

ʪʨʠ ʪʘʨʽʣʢʠ. ɺʝʨʭʥʷ ʽ ʥʠʞʥʷ ʪʘʨʽʣʢʠ ʩʣʫʞʠʣʠ ʚ ʷʢʦʩʪʽ ʨʦʟʧʦʜʽʣʴʥʠʭ ʜʣʷ ʛʘʟʫ ʽ 

ʨʽʜʠʥʠ, ʘ ʩʝʨʝʜʥʷ ï ʚ ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ. 

 ʇʦʨʽʚʥʷʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʩʦʧʝʨʝʜʘʯʽ ʥʘ ʧʨʷʤʦʪʦʯʥʽʡ 

ʪʘʨʽʣʮʽ, ʪʘʨʽʣʮʽ Ăɻʣʽʪʯò ʽ ʪʘʨʽʣʮʽ ʟʽ ʩʬʝʨʠʯʥʠʤʠ ʢʣʘʧʘʥʘʤʠ ʧʨʦʚʦʜʠʣʠʩʷ ʚ 

ʫʤʦʚʘʭ ʨʝʢʪʠʬʽʢʘʮʽʾ ʩʫʤʽʰʽ ʤʝʪʘʥʦʣ-ʚʦʜʘ ʥʘ ʨʝʢʪʠʬʽʢʘʮʽʡʥʦʤʫ ʩʪʝʥʜʽ ʧʨʠ 

ʥʝʩʢʽʥʯʝʥʥʦʤʫ ʬʣʝʛʤʦʚʦʤʫ ʯʠʩʣʽ (R=¤). 
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2.2. ʄʦʜʠʬʽʢʘʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʘʨʽʣʦʢ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʝʢʽʣʴʢʦʭ ʤʦʜʠʬʽʢʘʮʽʷʭ ʪʘʨʽʣʦʢ, ʱʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʨʷʜʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʤʘʩʦʶ 

ʢʣʘʧʘʥʽʚ. 

ʋ ʷʢʦʩʪʽ ʧʦʩʪʘʥʦʚʦʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʜʝʢʽʣʴʢʘ ʥʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʢʣʘʧʘʥʥʠʭ ʪʘʨʽʣʦʢ (ʪʘʨʽʣʢʠ ʟʽ ʩʬʝʨʠʯʥʠʤʠ ʽ ʢʦʥʽʯʥʠʤʠ ʢʣʘʧʘʥʘʤʠ), 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʢʣʘʧʘʥʥʦʾ ʪʘʨʽʣʢʠ [25, 26, 35] 

(ʨʠʩ. 2.4 ï 2.6). ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʪʘʨʽʣʦʢ ʦʮʽʥʶʚʘʣʠ ʩʪʫʧʝʥʴ ʚʽʜʢʨʠʪʪʷ ʽ 

ʧʝʨʝʢʦʩʠ ʢʣʘʧʘʥʽʚ, ʭʘʨʘʢʪʝʨ ʽ ʚʠʩʦʪʫ ʛʘʟʦʨʽʜʠʥʥʦʛʦ ʰʘʨʫ ʥʘ ʪʘʨʽʣʮʽ. ɺʩʽ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠʩʷ ʚʽʟʫʘʣʴʥʦ ʯʝʨʝʟ ʧʨʦʟʦʨʫ ʩʪʽʥʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʩʪʝʥʜʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʨʘʱʦʶ ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʪʘ 

ʨʝʞʠʤʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʷʚʠʣʘʩʴ ʢʣʘʧʘʥʥʘ ʪʘʨʽʣʢʘ ʟʽ ʩʬʝʨʠʯʥʠʤʠ 

ʢʣʘʧʘʥʘʤʠ, ʫ ʷʢʦʾ ʦʙʤʝʞʫʚʘʣʴʥʽ ʥʽʞʢʠ ʢʣʘʧʘʥʽʚ ʙʫʣʠ ʨʦʟʪʘʰʦʚʘʥʽ ʟʥʠʟʫ  

(ʨʠʩ. 2.6). ɼʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʣʘʧʘʥʥʦʾ ʪʘʨʽʣʢʠ ʙʫʣʘ ʦʙʨʘʥʘ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʽ ʤʘʩʦʦʙʤʽʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

 

ʈʠʩ. 2.4. ʂʣʘʧʘʥʥʘ ʪʘʨʽʣʢʘ ʟ ʢʦʥʽʯʥʠʤʠ ʢʣʘʧʘʥʘʤʠ [25] 
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ʈʠʩ. 2.5. ʂʣʘʧʘʥʥʘ ʪʘʨʽʣʢʘ ʟʽ ʩʬʝʨʠʯʥʠʤʠ ʢʣʘʧʘʥʘʤʠ [26] 

 

ʈʠʩ. 2.6. ʂʣʘʧʘʥʥʘ ʪʘʨʽʣʢʘ ʟʽ ʩʬʝʨʠʯʥʠʤʠ ʢʣʘʧʘʥʘʤʠ [35] 

 ʂʣʘʧʘʥʥʘ ʪʘʨʽʣʢʘ ʟʽ ʩʬʝʨʠʯʥʠʤʠ ʢʣʘʧʘʥʘʤʠ (ʨʠʩ. 2.6) ʤʽʩʪʠʣʘ ʧʦʣʦʪʥʦ ʟ 

ʛʘʟʦʚʠʤʠ ʧʘʪʨʫʙʢʘʤʠ, ʱʦ ʨʦʟʪʘʰʦʚʫʚʘʣʠʩʷ ʚ ʰʘʭʦʚʦʤʫ ʧʦʨʷʜʢʫ, ʥʘʜ ʷʢʠʤʠ 

ʚʩʪʘʥʦʚʣʝʥʽ ʢʣʘʧʘʥʠ. ɻʘʟʦʚʽ ʧʘʪʨʫʙʢʠ ʽ ʢʣʘʧʘʥʠ ʤʘʶʪʴ ʩʬʝʨʠʯʥʫ ʬʦʨʤʫ. ʂʨʘʡ 

ʛʘʟʦʚʦʛʦ ʧʘʪʨʫʙʢʘ, ʚʠʢʦʥʘʥʠʡ ʟʫʙʮʶʚʘʪʠʤ. ʂʣʘʧʘʥ ʚʠʢʦʥʘʥʦ ʽʟ ʪʨʴʦʤʘ 

ʦʙʤʝʞʫʚʘʣʴʥʠʤʠ ʥʽʞʢʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʧʽʜ ʢʫʪʦʤ 120 ̄(ʨʠʩ. 2.7). 

ʊʘʨʽʣʢʘ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

 ʈʽʜʠʥʘ ʥʘʜʭʦʜʠʪʴ ʥʘ ʪʘʨʽʣʢʫ ʟ ʧʨʠʡʦʤʥʦʾ ʢʠʰʝʥʽ ʽ ʨʫʭʘʻʪʴʩʷ ʧʦ ʧʦʣʦʪʥʫ 1 

ʪʘʨʽʣʢʠ ʜʦ ʧʝʨʝʣʠʚʥʦʛʦ ʧʨʠʩʪʨʦʶ. ɻʘʟ, ʷʢʠʡ ʧʽʜʽʡʤʘʻʪʴʩʷ ʟ ʪʘʨʽʣʢʠ, ʱʦ 
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ʨʦʟʪʘʰʦʚʘʥʘ ʥʠʞʯʝ, ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʛʘʟʦʚʽ ʧʘʪʨʫʙʢʠ 2 ʽ ʙʘʨʙʦʪʫʻ ʫ ʨʽʜʠʥʫ 

ʯʝʨʝʟ ʢʣʘʧʘʥʠ 3. ʇʨʠ ʥʝʚʝʣʠʢʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʛʘʟʫ ʢʣʘʧʘʥ 3 ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʢʨʘʡʥʴʦʤʫ ʥʠʞʥʴʦʤʫ ʧʦʣʦʞʝʥʥʽ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʛʘʟʫ, ʡʦʛʦ 

ʪʠʩʢ ʧʝʨʝʨʦʟʧʦʜʽʣʷʻʪʴʩʷ, ʟʘ ʨʘʭʫʥʦʢ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ ʢʣʘʧʘʥʘ, ʱʦ ʦʙʫʤʦʚʣʶʻ 

ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ʢʣʘʧʘʥʘ ʚʛʦʨʫ, ʪʠʤ ʩʘʤʠʤ, ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʦʪʚʦʨʠ ʜʣʷ 

ʧʨʦʭʦʜʫ ʛʘʟʫ ʤʽʞ ʟʫʙʮʷʤʠ ʢʨʘʶ 4 ʛʘʟʦʚʦʛʦ ʧʘʪʨʫʙʢʘ 2. ʇʦʪʽʢ ʛʘʟʫ, ʚʠʭʦʜʷʯʠ 

ʯʝʨʝʟ ʧʨʦʨʽʟʠ ʤʽʞ ʟʫʙʮʷʤʠ, ʜʠʩʧʝʨʛʫʻ ʫ ʨʽʜʠʥʫ. ɿʘ ʨʘʭʫʥʦʢ ʜʨʦʙʣʝʥʥʷ 

ʩʫʮʽʣʴʥʦʛʦ ʧʦʪʦʢʫ ʛʘʟʫ ʥʘ ʟʫʙʮʷʭ ʧʘʪʨʫʙʢʫ ʫʪʚʦʨʶʶʪʴʩʷ ʦʢʨʝʤʽ ʩʪʨʫʤʝʥʽ, 

ʚʠʥʠʢʘʶʪʴ ʜʦʜʘʪʢʦʚʽ ʚʠʭʦʨʠ, ʱʦ ʽʥʪʝʥʩʠʬʽʢʫʻ ʧʨʦʮʝʩ ʤʘʩʦʦʙʤʽʥʫ ʪʘ ʟʙʽʣʴʰʫʻ 

ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʬʘʟ. 

 ɿʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ ʧʨʦʨʽʟʽʚ ʚ ʛʘʟʦʚʠʭ ʧʘʪʨʫʙʢʘʭ ʟʚʝʨʭʫ ʜʦ ʥʠʟʫ 

ʟʤʝʥʰʫʻ ʦʧʽʨ ʧʨʦʭʦʜʫ ʛʘʟʫ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʽ ʩʧʨʠʷʻ ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʫ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʧʦ ʚʠʩʦʪʽ ʨʽʜʠʥʥʦʛʦ ʰʘʨʫ ʥʘ ʪʘʨʽʣʮʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʣʫʯʠʪʠ ʜʦ 

ʧʨʦʮʝʩʫ ʢʦʥʪʘʢʪʫ ʬʘʟ ʥʠʞʥʽ ʰʘʨʠ ʨʽʜʠʥʠ. 

 

ʈʠʩ. 2.7. ʂʣʘʧʘʥʥʘ ʪʘʨʽʣʢʘ ʟʽ ʩʬʝʨʠʯʥʠʤʠ ʢʣʘʧʘʥʘʤʠ: 1 ï ʧʦʣʦʪʥʦ;  

2 ï ʛʘʟʦʚʠʡ ʧʘʪʨʫʙʦʢ; 3 ï ʢʣʘʧʘʥ; 4 ï ʟʫʙʮʶʚʘʪʠʡ ʢʨʘʡ ʛʘʟʦʚʦʛʦ ʧʘʪʨʫʙʢʫ;  

5 ï ʦʙʤʝʞʫʚʘʣʴʥʽ ʥʽʞʢʠ 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʪʘʨʽʣʢʠ ʟ ʦʜʥʠʤ ʘʙʦ ʟ 
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ʜʝʚ'ʷʪʴʤʘ ʢʣʘʧʘʥʘʤʠ. 

ʊʘʨʽʣʢʘ ʟ ʦʜʥʠʤ ʢʣʘʧʘʥʦʤ (ʪʠʧ ɸ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʩʫʭʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʧʨʠʩʪʨʦʶ (ʨʠʩ. 2.8). 

 

ʈʠʩ. 2.8. ʂʣʘʧʘʥʥʘ ʪʘʨʽʣʢʘ ʟ ʦʜʥʠʤ ʢʣʘʧʘʥʦʤ (ʪʠʧ ɸ) 

ʊʘʨʽʣʢʘ ʟ ʜʝʚ'ʷʪʴʤʘ ʢʣʘʧʘʥʘʤʠ (ʪʠʧ ɹ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʧʠʪʘʥʴ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʩʦʧʝʨʝʜʘʯʽ (ʨʠʩ. 2.9). 

ɼʦʩʣʽʜʞʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʠʣʠ ʟʘ ʚʽʜʦʤʠʤʠ 

ʤʝʪʦʜʠʢʘʤʠ. ɼʽʘʧʘʟʦʥ ʰʚʠʜʢʦʩʪʝʡ ʛʘʟʫ ʩʢʣʘʜʘʚ 0,2-2,0 ʤ/ʩ, ʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ 

ʨʽʜʠʥʦʶ ʟʤʽʥʶʚʘʣʦʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 5 ʜʦ 40 ʤ3/(ʤÖʯ). 

ɿ ʤʝʪʦʶ ʦʜʝʨʞʘʥʥʷ ʧʦʨʽʚʥʷʣʴʥʠʭ ʜʘʥʠʭ ʙʫʣʠ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʽ ʪʘʨʽʣʢʠ 

Ăɻʣʽʪʯò ʽ ʧʨʷʤʦʪʦʯʥʘ ʢʣʘʧʘʥʥʘ ʟ ʨʦʟʤʽʨʦʤ ʢʦʥʪʘʢʪʥʦʾ ʯʘʩʪʠʥʠ ʧʦʣʦʪʥʘ 

260ʭ400 ʤʤ. 

ɼʦʩʣʽʜʠ ʥʘ ʮʽʡ ʽ ʚʠʱʝʦʧʠʩʘʥʽʡ ʢʦʥʩʪʨʫʢʮʽʷʭ ʪʘʨʽʣʦʢ ʧʨʦʚʦʜʠʣʠ ʚ 

ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ ʟ ʤʝʪʦʶ ʧʦʨʽʚʥʷʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʽ ʤʘʩʦʦʙʤʽʥʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʦʚʦʾ ʽ ʚʞʝ ʚʽʜʦʤʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 
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ʈʠʩ. 2.9. ʂʣʘʧʘʥʥʘ ʪʘʨʽʣʢʘ ʟ ʜʝʚ'ʷʪʴʤʘ ʢʣʘʧʘʥʘʤʠ (ʪʠʧ ɹ) 


