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1ɼ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ., ʪʝʣ.: +7(495)362-73-14;  e-mail: c216@ya.ru 

 

ɺ ʩʠʩʪʝʤʝ ʩʠʤʚʦʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ Maple ʧʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʦʩʢʦʡ 

ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʤʦʡ ʘʨʦʯʥʦʡ ʬʝʨʤʳ. ʈʘʩʩʤʦʪʨʝʥʦ ʜʝʡʩʪʚʠʝ ʥʘʛʨʫʟʢʠ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʫʟ-

ʣʘʤ ʥʠʞʥʝʛʦ  ʧʦʷʩʘ. ʄʝʪʦʜʦʤ ʠʥʜʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʨʝʢʫʨʨʝʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʳʚʝʜʝʥʳ ʬʦʨʤʫʣʳ ʟʘʚʠ-

ʩʠʤʦʩʪʠ  ʧʨʦʛʠʙʘ ʬʝʨʤʳ  ʦʪ ʨʘʟʤʝʨʦʚ ʠ ʯʠʩʣʘ ʧʘʥʝʣʝʡ ʠ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʨʝʘʢʮʠʡ ʦʧʦʨ ʠ ʫʩʠʣʠʡ ʚ ʩʪʝʨʞʥʷʭ ʩʝ-

ʨʝʜʠʥʳ ʧʨʦʣʝʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʘ ʬʦʨʤʫʣʘ ʄʘʢʩʚʝʣʣʘ - ʄʦʨʘ. ʅʘʡʜʝʥʘ ʢʚʘʜʨʘʪʠʯʥʘʷ ʘʩʠʤʧʪʦʪʠʢʘ ʨʝʰʝʥʠʷ.   

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʨʦʯʥʘʷ ʬʝʨʤʘ, ʧʨʦʛʠʙ, ʤʝʪʦʜ  ʠʥʜʫʢʮʠʠ, Maple, ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ 

 

FORMULAS FOR CALCULAT ION OF ARCH TRUSS DEFLECTION  

 

M. N.  Kirsanov
1
 

 
National Research University "MPEI 

Moscow, Russia  

 
1Dr of Physics and Mathematics, professor, tel.: +7(495)3627314; e-mail: c216@ya.ru 

 

In the system of symbolic mathematics Maple a mathematical model of deformation of a planar statically de-

terminate arched truss is constructed. The effect of a load uniformly distributed over the nodes of the lower belt is con-

sidered. By induction method, based on the solution of recurrent equations, formulas are derived for the dependence of 

the deflection of the truss on the dimensions and number of panels and the expressions for the reactions of supports and 

forces in the rods of the middle of the span. The Maxwell-Mora formula is used. The quadratic asymptotics of the solu-

tion is found. 

 

Keywords: arched truss, deflection, induction method, Maple, exact solution 

 

ʈʘʩʩʤʦʪʨʠʤ ʘʨʦʯʥʫʶ ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʤʫʶ ʧʣʦʩʢʫʶ ʬʝʨʤʫ (ʨʠʩ. 1). ʈʝʰʝʪʢʘ ʬʝʨ-
ʤʳ ʢʨʝʩʪʦʦʙʨʘʟʥʘʷ, ʧʦʷʩʘ ʧʘʨʘʣʣʝʣʴʥʳ. ʉʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʟʘʚʠʩʠ-
ʤʦʩʪʴ ʧʨʦʛʠʙʘ ʬʝʨʤʳ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ. ʇʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʯʠʩʣʦ m ʧʘʥʝʣʝʡ ʚ ʙʦʢʦʚʳʭ (ʦʧʦʨ-
ʥʳʭ) ʯʘʩʪʷʭ ʬʝʨʤʳ ʨʘʚʥʦ ʯʠʩʣʫ ʧʘʥʝʣʝʡ n ʚ ʧʦʣʦʚʠʥʝ ʝʝ ʩʨʝʜʥʝʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʯʘʩʪʠ,   
b=h. ʅʘʛʨʫʟʢʘ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʫʟʣʘʤ ʥʠʞʥʝʛʦ ʧʦʷʩʘ ʨʠʛʝʣʷ. ʌʝʨʤʘ ʚʥʝʰʥʝ ʩʪʘ-
ʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʘ.  ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʘʢʮʠʡ ʦʧʦʨ ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʠ ʨʝʰʠʪʴ ʩʠ-
ʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʚʩʝʭ ʫʟʣʦʚ ʢʦʥʩʪʨʫʢʮʠʠ.  
_____________________ 

É ʂʠʨʩʘʥʦʚ ʄ.ʅ., 2018 

mailto:c216@Ya.ru
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ʈʠʩ. 1. ʌʝʨʤʘ ʧʨʠ n=m=5, k=3  

 

ɺʩʝʛʦ ʚ ʬʝʨʤʝ  8( )sn n m= +  ʩʪʝʨʞʥʝʡ, ʚʢʣʶʯʘʷ ʯʝʪʳʨʝ ʦʧʦʨʥʳʭ ʩʪʝʨʞʥʷ. ɼʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ  ʧʨʦʛʠʙʘ ʧʦ ʬʦʨʤʫʣʝ ʄʘʢʩʚʝʣʣʘ - ʄʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳ-

ʯʠʩʣʠʪʴ ʫʩʠʣʠʷ ʚ ʩʪʝʨʞʥʷʭ ʚ ʩʠʤʚʦʣʴʥʦʡ ʬʦʨʤʝ. ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ 

ʫʟʣʦʚ ʧʦʣʫʯʘʝʪʩʷ ʧʦ ʧʨʦʛʨʘʤʤʝ [1], ʟʘʧʠʩʘʥʥʦʡ ʚ ʩʠʩʪʝʤʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ Maple. 

ʉʪʝʨʞʥʠ ʠ ʫʟʣʳ ʥʫʤʝʨʫʶʪʩʷ (ʨʠʩ. 2). ʅʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʣʝʚʦʡ ʧʦʜʚʠʞʥʦʡ 

ʦʧʦʨʝ. 

 
 

ʈʠʩ. 2. ʅʫʤʝʨʘʮʠʷ ʫʟʣʦʚ ʠ ʩʪʝʨʞʥʝʡ ʧʨʠ n=m=3, k=2  

 

ʌʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʤʳ ʚʚʦʜʘ ʢʦʦʨʜʠʥʘʪ ʠʤʝʝʪ ʚʠʜ: 

> r :=2* m+2* n+1;  

> for i to m do  

    y[i]:=(i - 1)*b: y[i+ m+2*n+1]:= m*b - (i - 1)*b - b:  

 od:  

> for i to 2*n+1 do y[i+ m]:= m*b; od:  

> for  i to r do x[i]:=(i - 1)*a: od:  

> for i to r - 2 do   

>   x[i+r]:=i*a: y[i+r]:=y[i+1]+h;  

> od:  

> x[2*r - 1]:=x[r+1]/2:   y[2*r - 1]:=y[r+1]/2:  

> x[2* r ]:= x[ r ] - a/2:     y [2* r ]:= y[2* r - 1]:  
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ʅʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ʫʩʠʣʠʡ ʚ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʫʟʣʦʚ ʦʧʨʝʜʝʣʷʶʪ-

ʩʷ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʫʟʣʦʚ ʠ ʜʣʠʥʘʤ ʩʪʝʨʞʥʝʡ. ʈʝʰʝʥʠʝ ʚ ʩʠʩʪʝʤʝ Maple ʜʘʝʪ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʫʩʠʣʠʡ ʚʦ ʚʩʝʭ ʩʪʝʨʞʥʷʭ.  ɼʣʷ ʨʘʩʯʝʪʘ ʧʨʦʛʠʙʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ ʄʘʢʩ-

ʚʝʣʣʘ ï ʄʦʨʘ ʚ ʚʠʜʝ 

4
( ) (1)

1

/ ( ).
sn

P

i i i

i

S S l EF
-

=

D=ä   

ʆʙʦʟʥʘʯʝʥʦ: ( )P

iS ð ʫʩʠʣʠʷ  ʚ ʩʪʝʨʞʥʷʭ ʦʪ ʟʘʜʘʥʥʦʡ ʥʘʛʨʫʟʢʠ, 
il  ð ʜʣʠʥʳ ʩʪʝʨʞʥʝʡ,  

(1)

iS  ð ʫʩʠʣʠʷ ʦʪ ʝʜʠʥʠʯʥʦʡ ʩʠʣʳ, ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʩʝʨʝʜʠʥʝ ʥʠʞʥʝʛʦ ʧʦʷʩʘ, E ð ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ, F ð ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʩʪʝʨʞʥʝʡ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʞʝʩʪʢʦʩʪʴ EF ʚʩʝʭ ʩʪʝʨʞʥʝʡ 

ʦʜʠʥʘʢʦʚʘʷ.  

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʨʘʩʯʝʪ ʧʨʦʛʠʙʘ ʜʣʷ  ʬʝʨʤ ʩ ʯʠʩʣʦʤ ʧʘʥʝʣʝʡ k=1,2,..14 ʜʘʝʪ ʨʷʜ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ ʚ ʬʦʨʤʫʣʝ ʜʣʷ ʧʨʦʛʠʙʘ: 

3 3 3

2 2

( )

8

k k kP A a C c D d

h k EF

+ +
D= ,                                                            (1) 

ʛʜʝ 
2 2 2 2, 4c a h d a h= + = + . ʇʨʠ ʧʦʠʩʢʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʚ ʧʨʠ 3a  ʧʦʣʫʯʝʥʳ ʯʠʩʣʘ  9, 1276, 21011, 139910, 587917, 1868384, 4920631, 

11320906, 23521745, 45129732,81221659, 138699086.  ʆʧʝʨʘʪʦʨ  rgf_findrecur ʧʘʢʝʪʘ  genfunc 

ʩʠʩʪʝʤʳ Maple ʜʣʷ ʵʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʪʨʝʙʫʝʪʩʷ ʯʝʪʥʦʝ ʯʠʩʣʦ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʯʠʩʝʣ) 

ʜʘʝʪ ʩʣʝʜʫʶʱʝʝ ʣʠʥʝʡʥʦʝ ʦʜʥʦʨʦʜʥʦʝ ʨʝʢʫʨʨʝʥʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʝʜʴʤʦʛʦ ʧʦʨʷʜʢʘ 

1 2 3 4 5 6 77 21 35 35 21 7k k k k k k k kA A A A A A A A- - - - - - -= - + - + - +. 

ʀʥʪʝʨʝʩʥʦ ʟʘʤʝʪʠʪʴ ʥʝʢʦʪʦʨʫʶ ʩʠʤʤʝʪʨʠʶ ʚ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʨʝʜʥʠʭ 

(ʙʝʟ ʦʙʱʝʛʦ ʤʥʦʞʠʪʝʣʷ 7) ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʟʥʘʢʘʤʠ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ: 1, 3, 

5, 5, 3, 1. ʆʧʝʨʘʪʦʨ rsolve ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʦʣʫʯʝʥʥʦʝ ʨʝʢʫʨʨʝʥʪʥʦʝ ʫʨʘʚʥʝʥʠʝ. ʈʝʰʝʥʠʝ 

ʠʤʝʝʪ  ʚʠʜ ʧʦʣʠʥʦʤʘ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʘ ʧʦ k  

6 5 4 3 2(160 256 96 28 14 21 6) / 3.kA k k k k k k= - + + + - + 

ɸʥʘʣʦʛʠʯʥʦ, ʢʦʵʬʬʠʮʠʝʥʪ 
kC  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ 

 
1 2 3 4 55 10 10 5k k k k k kC C C C C C- - - - -= - + - +, 

ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʦʤʫ ʦʧʝʨʘʪʦʨʦʤ rgf_findrecur, ʠ ʠʤʝʝʪ ʚʠʜ 

 
3 24 (20 28 13 2) / 3.kC k k k k= - + -  

 ʂʦʵʬʬʠʮʠʝʥʪ 
kD ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 1 2 3  3 3k k k kD D D D- - -= - +  ʠ ʠʤʝʝʪ 

ʧʨʦʩʪʦʡ ʚʠʜ (2 1).kD k k= -  
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ɿʘʚʠʩʠʤʦʩʪʴ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʧʨʦʛʠʙʘ ' / ( )sumEF P LD = D , ʚʳʯʠʩʣʝʥʥʦʛʦ ʧʦ (1) ʧʨʠ ʧʦ-

ʩʪʦʷʥʥʳʭ ʜʣʠʥʝ ʧʨʦʣʝʪʘ ʬʝʨʤʳ L=2(n+m)a=100 ʤ  ʠ ʝʝ ʚʳʩʦʪʝ H=mh, ʧʦʩʪʨʦʝʥʘ ʥʘ ʨʠʩ. 3.  

ʉʫʤʤʘʨʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʬʝʨʤʫ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ 

(2 1)sumP n P= + .  ʇʨʠʥʷʪʦ H=4ʤ, L=30 ʤ. 

 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʛʠʙʘ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ 

 

ʍʦʜ ʢʨʠʚʳʭ ʧʦʜʩʢʘʟʳʚʘʝʪ ʩʪʝʧʝʥʥʫʶ ʘʩʠʤʧʪʦʪʠʢʫ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ɺʳʯʠʩʣʝʥʠʝ ʧʨʝ-

ʜʝʣʘ 2 2 2lim( '/ ) 5 / (384 )
k

k L H
­¤
D =  ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʚʘʜʨʘʪʠʯʥʦʤ ʨʦʩʪʝ ʧʨʦʛʠʙʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʯʠʩʣʘ ʧʘʥʝʣʝʡ ʚ ʫʢʘʟʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ.  

ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʦʧʫʩʢʘʷ ʚʳʢʣʘʜʢʠ, ʧʨʠʚʝʜʝʤ ʧʦʣʫʯʝʥʥʫʶ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʬʦʨʤʫʣʫ ʜʣʷ 

ʩʣʫʯʘʷ ʯʝʪʥʳʭ n=m=2k. ʈʝʰʝʥʠʝ ʟʜʝʩʴ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʳ b ʠ h: 

3 3 3 2 3 3 3 2 3 3 3 3 3 2
1 2 3 4 5( ( ) ( ) ) / (2 ),P C a b C a b h C h a c C h b a c C f b b h EFD= + + + + + +          (2) 

ʛʜʝ 

2 2 2 2 2
1 2 3 4 54(10 1) / 3,  C 2(2 8 3 ) / 3, 2 , 6 2 ,  C 2 .C k k k k k C k C k k k= - = - - =- = + =  

ʉʨʘʚʥʠʚʘʷ (1) ʠ (2), ʟʘʤʝʯʘʝʤ ʦʪʣʠʯʠʪʝʣʴʥʫʶ ʠ ʨʝʜʢʫʶ ʚ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯʘʭ ʦʩʦʙʝʥ-

ʥʦʩʪʴ ʨʝʰʝʥʠʷ (1). ɺ ʟʥʘʤʝʥʘʪʝʣʝ ʬʦʨʤʫʣʳ ʩʪʦʠʪ 
2k . ɺ ʠʟʚʝʩʪʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ 

[2 ï 8] ʪʘʢʦʛʦ ʥʠʛʜʝ ʥʝʪ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʦʨ-

ʤʫʣʳ ʩ ʧʝʨʝʤʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʟʥʘʤʝʥʘʪʝʣʷ (ʬʘʢʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʪʝʣʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʨʘʚʥʦʚʝʩʠʷ, ʝʩʣʠ ʚʩʧʦʤʥʠʪʴ ʧʨʘʚʠʣʦ ʂʨʘʤʝʨʘ) ʟʘʜʘʯʫ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʘʜʦ ʨʘʩʢʣʘʜʳʚʘʪʴ ʥʘ 

ʜʚʝ. ʆʜʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʱʝʪʩʷ ʜʣʷ ʯʠʩʣʠʪʝʣʷ, ʜʨʫʛʘʷ ð ʜʣʷ ʟʥʘʤʝʥʘʪʝʣʷ. ʆʧʨʝʜʝʣʝʥʥʦʡ 

ʫʜʘʯʝʡ ʚ ʧʨʠʚʝʜʝʥʥʦʤ ʨʝʰʝʥʠʠ ʦʢʘʟʘʣʦʩʴ ʪʦ, ʯʪʦ ʟʥʘʤʝʥʘʪʝʣʴ ʠʤʝʝʪ ʧʨʦʩʪʫʶ ʬʦʨʤʫ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʞʝ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʫʯʠʪʴ ʥʝ ʫʜʘʝʪʩʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʡ ʠʥʜʫʢʪʠʚʥʳʡ ʤʝʪʦʜ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʦʧʝʨʘʪʦʨʦʚ ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʤʘʪʝʤʘʪʠʢʠ Maple ʜʣʷ ʚʳʚʦʜʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ  ʟʘʜʘʯʘʭ ʦ ʬʝʨʤʘʭ ʧʨʠʤʝʥʷʣʩʷ ʚ  ʨʘ-

ʙʦʪʘʭ [2 ï 8].  
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ɼʘʥ ʦʙʟʦʨ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʧʫʙʣʠʢʘʮʠʡ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ, ʧʦʩʚʷʱʸʥʥʳʭ ʧʦʣʫʯʝʥʠʶ ʪʦʯʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʘʜʘʯ ʦ ʧʨʦʛʠʙʝ ʧʣʦʩʢʠʭ ʬʝʨʤ ʘʨʦʯʥʦʛʦ ʪʠʧʘ. ʊʘʢʠʝ ʨʝʰʝʥʠʷ, ʩʧʨʘʚʝʜ-

ʣʠʚʳʝ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʤ ʯʠʩʣʝ ʧʘʥʝʣʝʡ ʚ ʬʝʨʤʝ, ʙʳʣʠ ʥʘʡʜʝʥʳ ʤʝʪʦʜʦʤ ʠʥʜʫʢʮʠʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʠʩʪʝʤʳ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ Maple (ʢʘʢ ʚ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ, ʪʘʢ ʠ ʚ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʘʭ). ɸʥʘ-

ʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦ ʧʨʦʛʠʙʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʘʨʦʯ-

ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʚ ʯʘʩʪʥʦʩʪʠ, ʘʨʦʯʥʳʭ ʤʦʩʪʦʚ). 
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ɺʚʝʜʝʥʠʝ 

 

ʉʪʘʪʴʷ ʚʢʣʶʯʘʝʪ ʦʙʟʦʨ ʨʷʜʘ ʪʦʯʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯ ʦ ʧʨʦʛʠʙʝ ʧʣʦʩʢʠʭ 

ʬʝʨʤ ʘʨʦʯʥʦʛʦ ʪʠʧʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʨʝʛʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʧʨʦʠʟʚʦʣʴʥʳʤ ʯʠʩʣʦʤ n 

ʧʘʥʝʣʝʡ (ʦʜʥʦʪʠʧʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʷʯʝʝʢ). ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʝʢʦʪʦʨʳʭ ʧʫʙʣʠʢʘʮʠʡ 

ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ ʙʳʣ ʨʘʥʝʝ ʜʘʥ ʃ.ʂ. ʂʠʡʢʦ [1]; ʝʱʸ ʜʚʝ ʨʘʙʦʪʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ ʦʙʟʦ-

ʨʝ ɼ.ɺ. ʊʠʥʴʢʦʚʘ [2], ʛʜʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʙʘʣʦʯʥʳʤ ʠ ʨʝʰʸʪʯʘʪʳʤ ʬʝʨʤʘʤ. ɿʜʝʩʴ 

ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʨʷʜ ʨʘʙʦʪ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ, ʥʝ ʚʦʰʝʜʰʠʭ ʚ ʫʧʦʤʷʥʫʪʳʝ ʦʙʟʦʨʳ. 

ɸʨʢʠ (ʢʘʢ ʩʧʣʦʰʥʳʝ, ʪʘʢ ʠ ʦʙʨʘʟʦʚʘʥʥʳʝ ʠʟ ʬʝʨʤ) ï ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʙʘʟʦʚʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʚ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ (ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʩʪʦʚ) [3,4]. ʀʭ ʧʨʠʤʝ-

ʥʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳ; ʚ ʧʦʨʷʜʢʝ ʦʙʩʫʞʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʘʨʦʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʟʜʝʩʴ ʤʳ ʥʘʤʝʪʠʤ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʵʪʘʧʳ ʵʚʦʣʶʮʠʠ ʘʨʦʯʥʳʭ ʤʦʩʪʦʚ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʨʦʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚʦʩʭʦʜʠʪ ʢ ʜʨʝʚʥʦʩʪʠ: ʫʞʝ 

ʜʨʝʚʥʠʤ ʰʫʤʝʨʘʤ ʠ ʝʛʠʧʪʷʥʘʤ ʙʳʣ ʠʟʚʝʩʪʝʥ ʘʨʦʯʥʳʡ ʩʚʦʜ. ʈʠʤʣʷʥʝ ʚʧʝʨʚʳʝ ʩʪʘʣʠ ʚʦʟʚʦʜʠʪʴ 

ʘʨʦʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ; ʜʦ ʥʘʰʠʭ ʜʥʝʡ ʜʦʰʣʦ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʜʨʝʚʥʝ-

ʨʠʤʩʢʠʭ ʘʨʦʯʥʳʭ ʤʦʩʪʦʚ ʠ ʘʢʚʝʜʫʢʦʚ, ʚʢʣʶʯʘʷ ʧʦʩʪʨʦʝʥʥʳʡ ʚ I ʚʝʢʝ ʢʘʤʝʥʥʳʡ ʘʢʚʝʜʫʢ ʇʦʥ-ʜ -ʁ

ɻʘʨ ʚʳʩʦʪʦʡ 47 ʤ ï ʩʘʤʦʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʘʨʦʯʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ʚʧʣʦʪʴ ʜʦ ʢʦʥʮʘ XII  ʚʝʢʘ, ʢʦʛʜʘ ʚʦ 

ʌʨʘʥʮʠʠ ʙʳʣ ʚʦʟʚʝʜʸʥ ʤʦʩʪ ʉʝʥ-ɹʝʥʝʟʝ [5,6]. ʉ ʥʘʯʘʣʘ I ʪʳʩʷʯʝʣʝʪʠʷ ʥʘʰʝʡ ʵʨʳ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʘʨʦʯʥʳʭ ʢʘʤʝʥʥʳʭ ʤʦʩʪʦʚ ʙʳʣʦ ʨʘʟʚʸʨʥʫʪʦ ʪʘʢʞʝ ʚ ʂʠʪʘʝ; ʧʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʩʪʨʦʝʥ-

ʥʳʡ ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ VII  ʚʝʢʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʃʠ ʏʫʥʷ ʧʝʰʝʭʦʜʥʳʡ ʤʦʩʪ ɸʥʴʮʟʠ, ʦʪʣʠʯʘʚ-

ʰʠʡʩʷ ʨʷʜʦʤ ʥʦʚʘʪʦʨʩʢʠʭ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ [7]. 

ɺ ʈʦʩʩʠʠ ʦʜʥʠʤ ʠʟ ʩʪʘʨʝʡʰʠʭ ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʜʦʥʳʥʝ ʘʨʦʯʥʳʭ ʢʘʤʝʥʥʳʭ ʤʦʩʪʦʚ ʷʚ-

ʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʥʳʡ ʚ 1516 ʛ. ʰʝʩʪʠʧʨʦʣʸʪʥʳʡ ʊʨʦʠʮʢʠʡ ʤʦʩʪ ʯʝʨʝʟ ʨʝʢʫ ʅʝʛʣʠʥʥʘʷ, ʦʙʝʩ-

ʧʝʯʠʚʘʚʰʠʡ ʧʨʦʭʦʜ ʚ ʂʨʝʤʣʴ; ʜʦʩʪʫʧ ʢ ʤʦʩʪʫ ʧʨʠʢʨʳʚʘʣʘ ʢʨʝʧʦʩʪʥʘʷ ʂʫʪʘʬʴʷ ʙʘʰʥʷ. ʉʨʝʜʠ 

ʢʘʤʝʥʥʳʭ ʤʦʩʢʦʚʩʢʠʭ ʤʦʩʪʦʚ ʧʦʟʜʥʝʡʰʝʛʦ ʚʨʝʤʝʥʠ ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʠ  ʧʷʪʠʧʨʦʣʸʪʥʳʡ 

ʘʨʦʯʥʳʡ ɼʚʦʨʮʦʚʳʡ ʤʦʩʪ ʯʝʨʝʟ ʨʝʢʫ ʗʫʟʫ (ʧʦʩʪʨʦʝʥ ʚ 1777 ʛ. ʤʘʩʪʝʨʦʤ ʉʝʤʸʥʦʤ ʗʢʦʚʣʝ-

ʚʳʤ; ʩʫʱʝʩʪʚʝʥʥʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥ ʚ 1940 ʛ. ʠ ʧʝʨʝʠʤʝʥʦʚʘʥ ʚ ʃʝʬʦʨʪʦʚʩʢʠʡ ʤʦʩʪ) [8]. 

ʉʪʦʣʴ ʞʝ ʜʣʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ ʠʤʝʶʪ ʠ ʜʝʨʝʚʷʥʥʳʝ ʘʨʦʯʥʳʝ ʤʦʩʪʳ; ʧʨʠ ʵʪʦʤ ʫʞʝ 

ʨʠʤʣʷʥʝ ʥʘʯʠʥʘʶʪ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴ ʚ ʤʦʩʪʦʩʪʨʦʝʥʠʠ ʜʝʨʝʚʷʥʥʳʝ ʬʝʨʤʳ (ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ 

ʩʣʫʞʠʪ ʤʥʦʛʦʧʨʦʣʸʪʥʳʡ ʤʦʩʪ ʯʝʨʝʟ ɼʫʥʘʡ, ʧʦʩʪʨʦʝʥʥʳʡ ʚ 104 ʛ. ɸʧʦʣʣʦʜʦʨʦʤ ɼʘʤʘʩʩʢʠʤ 

ʚʦ ʚʨʝʤʷ ʧʦʭʦʜʘ ʊʨʘʷʥʘ ʧʨʦʪʠʚ ʜʘʢʦʚ) [8]. 

ʉ 1779 ʛʦʜʘ (ʢʦʛʜʘ ʧʦ ʧʨʦʝʢʪʫ ʘʨʭʠʪʝʢʪʦʨʘ ʊ. ʇʨʠʪʯʘʨʜʘ ʙʳʣ ʚʦʟʚʝʜʸʥ ʯʫʛʫʥʥʳʡ ʦʜ-

ʥʦʧʨʦʣʸʪʥʳʡ ʤʦʩʪ ʯʝʨʝʟ ʨʝʢʫ ʉʝʚʝʨʥ ʚ ʟʘʧʘʜʥʦʡ ɸʥʛʣʠʠ) ʥʘʯʘʣʦʩʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʤʝʪʘʣʣʠ-

ʯʝʩʢʠʭ ʘʨʦʯʥʳʭ ʤʦʩʪʦʚ. ɺʦ 2-ʡ ʧʦʣʦʚʠʥʝ XIX  ʚʝʢʘ ʥʘ ʩʤʝʥʫ ʯʫʛʫʥʫ ʧʨʠʭʦʜʠʪ ʩʪʘʣʴ; ʧʝʨʚʳʤ 

ʢʨʫʧʥʳʤ ʩʪʘʣʴʥʳʤ ʤʦʩʪʦʤ (ʠ ʩʘʤʳʤ ʜʣʠʥʥʳʤ ʜʣʷ ʩʚʦʝʛʦ ʚʨʝʤʝʥʠ ʘʨʦʯʥʳʤ ʤʦʩʪʦʤ) ʩʪʘʣ 

ʤʦʩʪ ʀʜʩʘ ʯʝʨʝʟ ʨʝʢʫ ʄʠʩʩʠʩʠʧʠ ʚ ʘʤʝʨʠʢʘʥʩʢʦʤ ʛʦʨʦʜʝ ʉʝʥʪ-ʃʫʠʩʝ (ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʤʦʩʪʘ, 

ʧʨʦʭʦʜʠʚʰʝʝ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʠʥʞʝʥʝʨʘ ɼʞ.ɹ. ʀʜʩʘ, ʟʘʚʝʨʰʝʥʦ ʚ 1874 ʛ.) [5]. 

ʅʘʯʠʥʘʷ ʩ 40-ʭ ʛʛ. XIX  ʚʝʢʘ, ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʦʩʪʦʚ ʥʘʯʠʥʘʶʪ ʧʨʠ-

ʤʝʥʷʪʴ ʬʝʨʤʳ (ʧʝʨʚʳʝ ʠʟ ʥʠʭ ʚʦ ʤʥʦʛʦʤ ʢʦʧʠʨʦʚʘʣʠ ʢʦʥʩʪʨʫʢʮʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʠʤ ʜʝʨʝʚʷʥ-

ʥʳʭ ʬʝʨʤ). ɿʘʜʘʯʠ ʤʦʩʪʦʩʪʨʦʝʥʠʷ ʩʜʝʣʘʣʠ ʘʢʪʫʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʫ ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʨʘʩʯʸʪʘ ʬʝʨʤ, ʠ ʚ 1840-ʭ ï 1870-ʭ ʛʦʜʘʭ ʦʩʥʦʚʳ ʪʝʦʨʠʠ ʬʝʨʤ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʚ ʪʨʫʜʘʭ ʪʘʢʠʭ 

ʫʯʸʥʳʭ, ʢʘʢ ʉ. ʋʠʧʧʣ, ɼ.ʀ. ɾʫʨʘʚʩʢʠʡ, ʀ.ɺ. ʐʚʝʜʣʝʨ, ɸ. ʈʠʪʪʝʨ, ɸ. ʂʣʝʙʰ, ɼʞ.ʂ. ʄʘʢʩ-

ʚʝʣʣ, ʂ. ʂʫʣʴʤʘʥ, ʃ. ʂʨʝʤʦʥʘ, ʆ. ʄʦʨ, ɸ. ʂʘʩʪʠʣʴʷʥʦ (ʟʘʤʝʪʠʤ, ʯʪʦ ʝʱʸ ʚ 1776 ʛ. ʀ.ʇ. ʂʫʣʠ-

ʙʠʥ ʚʳʧʦʣʥʠʣ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʢʦʨʨʝʢʪʥʳʡ ʨʘʩʯʸʪ ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʤʦʡ ʬʝʨʤʝʥʥʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʠʤ ʠ ʦʩʪʘʚʰʝʤʫʩʷ ʥʝʨʝʘʣʠʟʦʚʘʥʥʳʤ ʧʨʦʝʢʪʫ ʜʝ-

ʨʝʚʷʥʥʦʛʦ ʘʨʦʯʥʦʛʦ ʤʦʩʪʘ ʯʝʨʝʟ ʅʝʚʫ ʩ ʧʨʦʣʸʪʦʤ ʦʢʦʣʦ 300 ʤ) [4, 8]. 

ɺ 1875 ʛ. ʠʟʦʙʨʝʪʘʪʝʣʴ ɾ. ʄʦʥʴʝ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʠʣ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʦʩʪʦʚ ʞʝʣʝ-

ʟʦʙʝʪʦʥ: ʦʥ ʧʦʩʪʨʦʠʣ ʥʝʙʦʣʴʰʦʡ (ʜʣʠʥʦʡ 16 ʤ) ʘʨʦʯʥʳʡ ʧʝʰʝʭʦʜʥʳʡ ʤʦʩʪ, ʧʝʨʝʢʠʥʫʪʳʡ ʯʝ-

ʨʝʟ ʨʦʚ ʟʘʤʢʘ ʤʘʨʢʠʟʘ ʜʝ ʊʠʣʠʵʨʘ ʚʦ ʬʨʘʥʮʫʟʩʢʦʤ ʛʦʨʦʜʢʝ ʐʘʟʣʝ [8]. ɺ XX ʚʝʢʝ ʨʝʢʦʨʜʥʳʤʠ 

ʧʦ ʜʣʠʥʝ ʥʝʨʝʜʢʦ ʩʪʘʥʦʚʠʣʠʩʴ ʠʤʝʥʥʦ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʤʦʩʪʳ [5]; ʦʜʥʘʢʦ ʩ ʤʘʷ 2010 ʛ. ʢʨʫʧ-

ʥʝʡʰʠʤ ʚ ʤʠʨʝ ʘʨʦʯʥʳʤ ʤʦʩʪʦʤ ʷʚʣʷʝʪʩʷ ʩʪʘʣʴʥʦʡ ʪʨʸʭʧʨʦʣʸʪʥʳʡ ʤʦʩʪ ʏʘʦʪʷʥʴʤʵʥʴ ʯʝʨʝʟ 

ʨʝʢʫ ʗʥʮʟʳ ʚ ʏʫʥʮʠʥʝ (ʂʅʈ) ʩ ʨʝʢʦʨʜʥʦʡ (552 ʤ) ʜʣʠʥʦʡ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʣʸʪʘ (ʜʣʠʥʘ ʙʦʢʦ-

ʚʳʭ ʧʨʦʣʸʪʦʚ ï ʧʦ 190 ʤ, ʘ ʦʙʱʘʷ ʜʣʠʥʘ ʤʦʩʪʘ ʩ ʧʦʜʲʝʟʜʥʳʤʠ ʵʩʪʘʢʘʜʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 1741 ʤ). 

ʇʦ ʜʚʫʭʲʷʨʫʩʥʦʤʫ ʧʦʣʦʪʥʫ ʤʦʩʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʝ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʝ ʜʚʠ-

ʞʝʥʠʝ, ʘ ʥʘʜ ʧʦʣʦʪʥʦʤ ʨʘʩʧʦʣʦʞʝʥʘ ʘʨʦʯʥʘʷ ʬʝʨʤʘ, ʩʝʨʝʜʠʥʘ ʢʦʪʦʨʦʡ ʧʦʜʥʷʪʘ ʥʘʜ ʧʦʣʦʪʥʦʤ 

ʥʘ 142 ʤ (ʧʨʠ ʵʪʦʤ ʢʨʘʷ ʘʨʢʠ ʦʧʫʱʝʥʳ ʥʠʞʝ ʧʦʣʦʪʥʘ) [9,10]. 

ɺ ʈʦʩʩʠʠ ʢʨʫʧʥʝʡʰʠʤ ʩ ʦʢʪʷʙʨʷ 2014 ʛ. ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ɹʫʛʨʠʥʩʢʠʡ ʤʦʩʪ 

ʯʝʨʝʟ ʨʝʢʫ ʆʙʴ ʚ ʅʦʚʦʩʠʙʠʨʩʢʝ. ʇʦ ʪʠʧʫ ʤʦʩʪ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ, ʚʢʣʶʯʘʷ ʧʦʡʤʝʥ-

ʥʳʝ ʧʨʦʣʸʪʥʳʝ ʩʪʨʦʝʥʠʷ ʙʘʣʦʯʥʦʛʦ ʪʠʧʘ ʠ ʘʨʦʯʥʦʝ ʨʫʩʣʦʚʦʝ ʧʨʦʣʸʪʥʦʝ ʩʪʨʦʝʥʠʝ ʩ ʜʣʠʥʦʡ 

ʧʨʦʣʸʪʘ 380 ʤ, ʢʦʪʦʨʦʝ ʩʦʩʪʦʠʪ ʠʟ ʧʣʠʪʳ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ, ʨʘʩʧʦʣʘʛʘʶʱʝʡʩʷ ʧʦ ʤʝʪʘʣʣʠʯʝ-

ʩʢʦʡ ʟʘʪʷʞʢʝ ʘʨʦʢ, ʠ ʜʚʫʭ ʩʣʝʛʢʘ ʥʘʢʣʦʥʸʥʥʳʭ ʜʨʫʛ ʢ ʜʨʫʛʫ ʩʪʘʣʴʥʳʭ ʘʨʦʢ ʚʳʩʦʪʦʡ 70 ʤ 
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ʢʘʞʜʘʷ; ʘʨʢʠ ʦʙʲʝʜʠʥʝʥʳ ʩʠʩʪʝʤʦʡ ʧʦʧʝʨʝʯʥʳʭ ʩʚʷʟʝʡ, ʘ ʙʘʣʢʠ ʟʘʪʷʞʢʠ ʧʦʜʚʝʰʝʥʳ ʢ ʘʨʢʘʤ 

ʚʘʥʪʘʤʠ. ʆʙʱʘʷ ʜʣʠʥʘ ʤʦʩʪʘ ï 2091 ʤ [8,11]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʚʝʨʰʘʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʂʨʳʤʩʢʦʛʦ ʤʦʩʪʘ ʯʝʨʝʟ ʂʝʨʯʝʥʩʢʠʡ 

ʧʨʦʣʠʚ. ɽʛʦ ʩʘʤʳʤʠ ʛʘʙʘʨʠʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʚʦʟʚʝʜʸʥʥʳʝ ʚ 2017 ʛ. ʘʨʦʯʥʳʝ ʧʨʦ-

ʣʸʪʥʳʝ ʩʪʨʦʝʥʠʷ (ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʝ ʠ ʘʚʪʦʜʦʨʦʞʥʦʝ) ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ 227 ʤ, ʢʘʞʜʦʝ ʠʟ ʢʦ-

ʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʠʟ ʩʢʚʦʟʥʦʡ ʛʣʘʚʥʦʡ ʬʝʨʤʳ (ʧʦ ʢʦʪʦʨʦʡ ʜʚʠʞʝʪʩʷ ʪʨʘʥʩʧʦʨʪ) ʠ 

ʘʨʢʠ ʚʳʩʦʪʦʡ 45 ʤ, ʚʳʧʦʣʥʷʶʱʝʡ ʧʦʜʜʝʨʞʠʚʘʶʱʫʶ ʬʫʥʢʮʠʶ. ʐʠʨʠʥʘ ʩʫʜʦʭʦʜʥʦʛʦ ʧʨʦʣʸ-

ʪʘ ʤʦʩʪʘ ʩʦʩʪʘʚʣʷʝʪ 185 ʤ, ʚʳʩʦʪʘ ʥʘʜ ʚʦʜʦʡ ï 35 ʤ. ʆʩʪʘʣʴʥʳʝ ʧʨʦʣʸʪʥʳʝ ʩʪʨʦʝʥʠʷ ʤʦʩʪʘ ï 

ʙʘʣʦʯʥʳʝ, ʘ ʦʙʱʘʷ ʜʣʠʥʘ ʚʩʝʛʦ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʨʘʚʥʘ 19 ʢʤ [12,13]. 

 

ʄʝʪʦʜ ʠʥʜʫʢʮʠʠ 

 

ɺʝʨʥʸʤʩʷ ʢ ʧʨʦʙʣʝʤʝ ʨʘʩʯʸʪʘ ʘʨʦʯʥʳʭ ʬʝʨʤ. ʂʘʢ ʦʪʤʝʯʘʶʪ ʉ.ʅ. ʂʨʠʚʦʰʘʧʢʦ ʠ ɺ.ɺ. 

ɻʘʣʠʰʥʠʢʦʚʘ, ñʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʨʘʩʯʸʪʳ ʦʙʦʣʦʯʝʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ 

ʩʪʝʨʞʥʝʚʳʭ ʩʪʨʫʢʪʫʨ ʚʳʧʦʣʥʷʶʪʩʷ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠò; ʧʨʠ ʵʪʦʤ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ANSYS, COSMOS, NASTRAN ʠ ʧʦʜʦʙʥʳʝ ʠʤ, 

ʨʝʘʣʠʟʫʶʱʠʝ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ [3]. ʆʜʥʘʢʦ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʸʪʳ ʥʝ ʧʦʟʚʦʣʷʶʪ ʚʳ-

ʷʚʠʪʴ ʩʢʨʳʪʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʨʝʙʫʝʤʫʶ ʪʦʯʥʦʩʪʴ ʜʣʷ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ. ʕʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʣʠʰʝʥʳ ʪʦʯʥʳʝ ʘʥʘ-

ʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʜʣʷ ʨʝʛʫʣʷʨʥʳʭ ʩʪʝʨʞʥʝʚʳʭ ʩʠʩʪʝʤ ʩ ʧʨʦʠʟʚʦʣʴ-

ʥʳʤ ʯʠʩʣʦʤ n ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʷʯʝʝʢ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʩ ʧʦʷʚʣʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ (Maple, Mathematica, Maxima) [2]. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʣʦʩʢʠʤ ʬʝʨʤʘʤ ʨʝʛʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʄ.ʅ. ʂʠʨʩʘʥʦ-

ʚʳʤ ʚ ʨʘʙʦʪʝ [14] ʙʳʣ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʠʥʜʫʢʮʠʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʠʩʪʝʤʳ Maple. 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʷʚʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʬʦʨʤʫʣ, ʜʘʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʢʠʭ-ʣʠʙʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʝʤʝʡʩʪʚʘ ʬʝʨʤ ʦʪ 

ʯʠʩʣʘ n [15,16]. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʝʪʦʜ, ʩʦʛʣʘʩʥʦ [14,15], ʚʢʣʶʯʘʝʪ: 

ïʥʫʤʝʨʘʮʠʶ ʫʟʣʦʚ ʬʝʨʤʳ ʠ ʟʘʜʘʥʠʝ ʚ ʧʨʦʛʨʘʤʤʝ ʜʣʷ Maple ʩʪʨʫʢʪʫʨʳ ʬʝʨʤʳ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʟʘʜʘʯʠ (ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʞʸʩʪʢʦʩʪʠ ʩʪʝʨʞʥʝʡ ʠ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʚʥʝʰʥʶʶ ʥʘʛʨʫʟʢʫ); 

ïʟʘʜʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ G ʠ ʩʪʦʣʙʮʘ B ʟʘʧʠʩʳʚʘʝʤʦʡ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ GS= B ʩʠ-

ʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʬʝʨʤʳ, ʩʦʩʪʘʚʣʷʝʤʦʡ ʤʝʪʦʜʦʤ ʚʳʨʝʟʘʥʠʷ ʫʟʣʦʚ (S ï ʩʪʦʣʙʝʮ 

ʫʩʠʣʠʡ ʚ ʩʪʝʨʞʥʷʭ); 

ïʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʨʠ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʙʥʳʭ (ʥʝʙʦʣʴʰʠʭ) ʟʥʘʯʝʥʠʷʭ n ʜʘʥʥʦʡ ʩʠʩʪʝ-

ʤʳ ʠ ʧʦʣʫʯʝʥʠʝ ʧʦ ʥʘʡʜʝʥʥʳʤ ʚʳʨʘʞʝʥʠʷʤ ʜʣʷ ʫʩʠʣʠʡ ʬʦʨʤʫʣʳ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʠʩʢʦʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ (ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʛʠʙ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 

ʫʟʣʝ ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ ʬʦʨʤʫʣʝ ʄʘʢʩʚʝʣʣʘ ï ʄʦʨʘ); 

ïʚʳʷʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʦʡ ʬʦʨʤʫʣʳ (ʧʦʩʣʝʜʥʷʷ ʦʙʳʯʥʦ ʠʤʝʝʪ ʚʠʜ ʣʠʥʝʡʥʦʡ ʢʦʤ-

ʙʠʥʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʚʳʨʘʞʝʥʠʡ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ, ʩ ʯʠʩʣʦʚʳʤʠ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘʤʠ, ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʦʪ ʧʨʦʙʳ ʢ ʧʨʦʙʝ) ʠ ʧʦʣʫʯʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʪʦʨʘ 

rgf_findrecur  ʠʟ ʧʘʢʝʪʘ genfunc ʩʠʩʪʝʤʳ Maple ʨʝʢʫʨʨʝʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 

ʜʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ; 

ïʨʝʰʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʪʦʨʘ rsolve ʩʠʩʪʝʤʳ Maple ʧʦʣʫʯʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʯʪʦ ʜʘʸʪ ʜʣʷ 

ʢʘʞʜʦʛʦ ʠʟ ʜʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʙʱʠʡ ʚʠʜ ʝʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ n. 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ [4], ʯʪʦ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʝ ʷʚʣʷʶʪʩʷ 

ʥʝ ʩʘʤʠ ʨʝʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʟʘʤʝʥʷʶʱʠʝ ʠʭ ʨʘʩʯʸʪʥʳʝ ʩʭʝʤʳ ï ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʵʪʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʦʵʪʦʤʫ ʧʦʜ ñʪʦʯʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤò ʟʜʝʩʴ ʧʦʥʠʤʘʝʪʩʷ ʪʦʯ-

ʥʦʝ ʨʝʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ, ʧʦʩʪʘʥʦʚʢʘ ʢʦʪʦʨʦʡ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ ʜʦʧʫʱʝʥʠʡ. ɺ ʧʨʠʤʝʥʝʥʠʠ ʢ ʨʝ-
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ʘʣʴʥʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʨʝʰʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʤʝʪʦʜʦʤ ʠʥʜʫʢʮʠʠ, ʜʘʸʪ ʜʣʷ ʠʥʞʝʥʝʨʦʚ-ʧʨʘʢʪʠ-

ʢʦʚ ʣʠʰʴ ʧʨʦʩʪʫʶ ʦʮʝʥʢʫ (ʦʧʠʨʘʷʩʴ ʥʘ ʢʦʪʦʨʫʶ, ʦʥʠ ʤʦʛʫʪ ʚʳʙʨʘʪʴ, ʥʘʧʨʠʤʝʨ, ʢʦʥʢʨʝʪʥʦʝ 

ʯʠʩʣʦ n ʧʘʥʝʣʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʝʸ ʵʣʝʤʝʥʪʦʚ). 

ɼʘʣʝʝ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʯʠʩʣʝʥʥʳʡ ʨʘʩʯʸʪ ʩ ʫʯʸʪʦʤ ʫʪʦʯʥʸʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝ-

ʣʠ ï ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʧʨʦʚʝʨʠʪʴ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʥʘ ʧʨʦʯʥʦʩʪʴ, ʘ ʩʞʘʪʳʝ ï ʪʘʢʞʝ ʠ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ [2]. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʠ ʨʘʩʯʸʪʝ 

ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʵʬʬʝʢʪʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ 

[6]. ɺ ʩʠʩʪʝʤʝ Maple ʠʤʝʶʪʩʷ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʠʭ ʨʘʩʯʸʪʦʚ [17]; ʚ ʨʘʙʦʪʝ [2] ʧʨʦ-

ʚʝʨʢʘ ʬʦʨʤʫʣ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʠʥʜʫʢʮʠʠ, ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʧʨʦ-

ʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Lira. 

ʂʦʩʥʸʤʩʷ ʪʘʢʞʝ ʚʦʧʨʦʩʘ ʪʝʨʤʠʥʦʣʦʛʠʠ. ɺ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʝ ñʘʨʦʯʥʦʡ ʩʠʩʪʝ-

ʤʦʡò ʥʘʟʳʚʘʶʪ ʩʠʩʪʝʤʳ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʠʣʠ ʣʦʤʘʥʦʛʦ ʦʯʝʨʪʘʥʠʷ ʩ ʥʝʩʤʝʱʘʝʤʳʤʠ ʦʧʦʨʘʤʠ, 

ʚ ʢʦʪʦʨʳʭ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʚʦʟʥʠʢʘʶʪ ʥʘʢʣʦʥʥʳʝ ʨʝʘʢʮʠʠ (ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʦʩʪʘʚ-

ʣʷʶʱʠʝ ʧʦʩʣʝʜʥʠʭ ʠʤʝʥʫʶʪ ʨʘʩʧʦʨʘʤʠ) [3,4]. ɺ ʧʨʘʢʪʠʢʝ ʞʝ ʨʘʩʯʸʪʘ ʬʝʨʤ ʜʘʥʥʳʡ ʪʝʨʤʠʥ 

ʥʝʨʝʜʢʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ, ʩʯʠʪʘʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʠʟʥʘʢʦʤ ʘʨʦʯʥʦʡ 

ʬʝʨʤʳ ʥʘʣʠʯʠʝ ʚʳʨʘʞʝʥʥʦʛʦ ʧʦʜʲʸʤʘ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʜ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʣʠʥʠʝʡ, ʩʦʝʜʠʥʷʶ-

ʱʝʡ ʦʧʦʨʳ [1,18]. ʇʨʠ ʪʘʢʦʡ ʪʨʘʢʪʦʚʢʝ ʜʘʥʥʦʝ ʧʦʥʷʪʠʝ ʦʭʚʘʪʳʚʘʝʪ ʠ ʥʝʢʦʪʦʨʳʝ ʙʘʣʦʯʥʳʝ 

ʬʝʨʤʳ (ñʙʝʟʨʘʩʧʦʨʥʳʝ ʘʨʦʯʥʳʝ ʬʝʨʤʳò, ʫ ʢʦʪʦʨʳʭ ʦʜʥʘ ʦʧʦʨʘ ʥʝʧʦʜʚʠʞʥʘʷ, ʘ ʜʨʫʛʘʷ ï ʧʦ-

ʜʚʠʞʥʘʷ), ʠ ʨʷʜ ʚʥʝʰʥʝ ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʳʭ ʬʝʨʤ, ʫ ʢʦʪʦʨʳʭ ʯʠʩʣʦ ʦʧʦʨ ʙʦʣʴʰʝ 

ʜʚʫʭ. 

ɺ ʥʘʰʝʤ ʦʙʟʦʨʝ ʤʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠ ʪʘʢʠʝ ʬʝʨʤʳ; ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʫʪʘʥʠʮʳ ʤʳ, 

ʦʜʥʘʢʦ, ʙʫʜʝʤ (ʩʣʝʜʫʷ [19]) ʛʦʚʦʨʠʪʴ ʦ ñʬʝʨʤʘʭ ʘʨʦʯʥʦʛʦ ʪʠʧʘò. 

 

ʆʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʠʥʜʫʢʮʠʷ 

 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʧʫʙʣʠʢʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʦʧʠʩʘʥʥʳʤ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʤʝ-

ʪʦʜʦʤ ʥʘʡʜʝʥʳ ʪʦʯʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦ ʧʨʦʛʠʙʝ ʧʣʦʩʢʠʭ ʬʝʨʤ ʘʨʦʯʥʦʛʦ ʪʠʧʘ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʥʝ ʚʦ ʚʩʝʭ ʵʪʠʭ ʨʝʰʝʥʠʷʭ ʧʘʨʘʤʝʪʨ n ʦʙʷʟʘʪʝʣʴʥʦ (ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʚʳʰʝ) 

ʩʦʚʧʘʜʘʝʪ ʩ ʦʙʱʠʤ ʯʠʩʣʦʤ ʧʘʥʝʣʝʡ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʬʝʨʤʝ; ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʤʳ 

ʙʫʜʝʤ ʫʢʘʟʳʚʘʪʴ ʩʤʳʩʣ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʳ, ʯʪʦʙʳ ʜʦʙʠʪʴʩʷ ʙʦʣʴ-

ʰʝʡ ʫʥʠʬʠʢʘʮʠʠ, ʠʟʤʝʥʷʝʤ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʦʨʠʛʠʥʘʣʴʥʳʭ ʨʘʙʦʪʘʭ ʦʙʦʟʥʘʯʝʥʠʷ ʠ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʚʝʨʛʘʝʤ ʬʦʨʤʫʣʳ ʥʝʩʣʦʞʥʳʤ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ. 

ɺ ʨʘʙʦʪʝ [20] ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʧʨʦʛʠʙʘ D ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʫʟʣʝ ʪʨʸʭʰʘʨʥʠʨʥʦʡ 

ʘʨʦʯʥʦʡ ʬʝʨʤʳ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʣʫʘʨʦʢ ï ʬʝʨʤ ʩ ʪʨʝʫʛʦʣʴʥʦʡ ʨʝʰʸʪʢʦʡ, ʩʦʝʜʠ-

ʥʸʥʥʳʭ ʰʘʨʥʠʨʦʤ. ʏʝʨʝʟ n  ʦʙʦʟʥʘʯʝʥʦ ʯʠʩʣʦ ʧʘʥʝʣʝʡ ʚ ʢʘʞʜʦʡ ʧʦʣʫʘʨʢʝ; ʞʝʩʪʢʦʩʪʠ EF 

ʩʪʝʨʞʥʝʡ ʬʝʨʤʳ ʦʜʠʥʘʢʦʚʳ. ɸʨʦʯʥʘʷ ʬʝʨʤʘ ʥʘʛʨʫʞʝʥʘ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʧʦ ʥʠʞ-

ʥʝʤʫ ʧʦʷʩʫ; ʧʦʜʦʙʥʘʷ ʥʘʛʨʫʟʢʘ ʟʜʝʩʴ ʠ ʚ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ ʤʦʜʝʣʠʨʫʝʪʩʷ ʨʘʚʥʳʤʠ ʩʠʣʘʤʠ, 

ʧʨʠʣʦʞʝʥʥʳʤʠ ʢ ʫʟʣʘʤ ʥʠʞʥʝʛʦ ʧʦʷʩʘ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ɸʨʦʯʥʘʷ ʬʝʨʤʘ [20]: n = 2 

ʇʦʩʣʝ ʨʘʩʯʸʪʘ ʧʦ ʤʝʪʦʜʫ ʠʥʜʫʢʮʠʠ ʜʣʷ ʧʨʦʛʠʙʘ ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ: 
 
 
 

D = īīīī
P

EF
( An a3 + Bn b3 + Cn c3) / (2nb2) ,                                       (1) 
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ʛʜʝ  An = (n+1)
2
/ n ,  Bn = 2n+1,  Cn = (2n+1) (n+1)

2
;   c = a2+b2 . 

ʆʩʦʙʝʥʥʦʩʪʴ ʟʘʜʘʯʠ ï ʚ ʪʦʤ, ʯʪʦ ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ G ʟʘʚʠʩʠʪ ʦʪ n, ʯʪʦ ʠ ʧʨʠʚʝʣʦ 

ʢ ʧʦʷʚʣʝʥʠʶ n ʚ ʟʥʘʤʝʥʘʪʝʣʷʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ D ʠ An  (ʵʪʦ ʠʤʝʣʦ ʤʝʩʪʦ ʠ ʚ ʙʦʣʝʝ ʨʘʥʥʝʡ ʨʘ-

ʙʦʪʝ [21], ʛʜʝ ʨʝʰʘʣʘʩʴ ʟʘʜʘʯʘ ʦ ʧʨʦʛʠʙʝ ʜʘʥʥʦʡ ʬʝʨʤʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʝʜʠʥʩʪʚʝʥʥʦʡ ʩʠʣʳ P, 

ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʫʟʣʫ). ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʜʨʫʛʠʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʟʜʝʩʴ ʨʝʰʝʥʠʡ ʟʘʜʘʯ ʦ ʧʨʦʛʠʙʝ ʬʝʨʤ ʟʘʚʠʩʠʤʦʩʪʴ D ʦʪ n ʷʚʣʷʝʪʩʷ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʟʥʘʯʝʥʠʡ ʧʨʦʛʠʙʘ ʧʨʠ ʨʘʟʥʳʭ n ʘʚʪʦʨ ʩʪʘʪʴʠ [20], ʩʯʠʪʘʷ ʧʦʩʪʦʷʥʥʳʤʠ 

ʜʣʠʥʫ ʧʨʦʣʸʪʘ L = 2na  ʠ ʤʦʜʫʣʴ ʛʣʘʚʥʦʛʦ ʚʝʢʪʦʨʘ ʩʠʣ ʥʘʛʨʫʟʢʠ Ps = (2n+1) P, ʧʝʨʝʭʦʜʠʪ ʢ 

ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʧʨʦʛʠʙʫ D¡= DEF / Ps  ʠ ʩʪʨʦʠʪ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ D¡ ʦʪ n. ʇʦʣʫʯʝʥʥʘʷ 

ʬʫʥʢʮʠʷ ʩ ʨʦʩʪʦʤ n ʩʥʘʯʘʣʘ ʫʙʳʚʘʝʪ, ʧʦʪʦʤ ʚʦʟʨʘʩʪʘʝʪ; ʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʤʠʥʠʤʫʤʘ 

ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʷ b. 

ɺ ʨʘʙʦʪʝ [19] ʘʥʘʣʦʛʠʯʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʜʣʷ ʙʝʟʨʘʩʧʦʨʥʦʡ ʘʨʦʯʥʦʡ ʬʝʨʤʳ ʥʝ-

ʩʢʦʣʴʢʦ ʠʥʦʛʦ ʦʯʝʨʪʘʥʠʷ; n ï ʯʠʩʣʦ ʧʘʥʝʣʝʡ ʚ ʧʦʣʦʚʠʥʝ ʧʨʦʣʸʪʘ (ʨʠʩ. 2). ʇʦ-ʧʨʝʞʥʝʤʫ ʨʘʩ-

ʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʟʣʘʤʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʦʙʦʟʥʘʯʝʥʦ a, ʧʦ ʚʝʨʪʠʢʘʣʠ ï b. 

 
 

ʈʠʩ. 2. ɹʝʟʨʘʩʧʦʨʥʘʷ ʘʨʦʯʥʘʷ ʬʝʨʤʘ [19]: n = 5 

 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʣʷ ʧʨʦʛʠʙʘ ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ: 

D = īīīī
P

EF
( An b4 + Bn cb3 + Cn c4) / (8bʩ2) ,                                      (2) 

ʛʜʝ  An = 16n3 ,  Bn = 8n2 (5n2 + 1) / 3,  Cn = 4n2ï10n + 11. 

ʇʦʚʝʜʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʦʛʠʙʘ D¡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ n ʙʳʣʦ ʚ ʵʪʦʡ ʟʘʜʘʯʝ ʧʨʠʤʝʨ-

ʥʦ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʡ ʟʘʜʘʯʝ. 

ɸʚʪʦʨ ʨʘʙʦʪʳ [22] ʨʘʩʩʤʘʪʨʠʚʘʣʘ ʙʝʟʨʘʩʧʦʨʥʫʶ ʘʨʦʯʥʫʶ ʬʝʨʤʫ ʩ ʪʨʝʫʛʦʣʴʥʦʡ ʨʝʰʸʪ-

ʢʦʡ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʥʦʡ ʬʦʨʤʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʫʟʣʫ ʩʠʣʳ P 

(ʨʠʩ. 3). ɿʜʝʩʴ n ï ʧʦ-ʧʨʝʞʥʝʤʫ ʯʠʩʣʦ ʧʘʥʝʣʝʡ ʚ ʢʘʞʜʦʡ ʧʦʣʫʘʨʢʝ. 

 

 
ʈʠʩ. 3. ʌʝʨʤʘ [22]: n = 2                                          

ʅʘʡʜʝʥʥʘʷ ʧʦ ʤʝʪʦʜʫ ʠʥʜʫʢʮʠʠ ʬʦʨʤʫʣʘ ʜʣʷ D ʩʭʦʜʥʘ ʩ (1): 

D = īīīī
P

EF
( An a3 + Bn b3 + Cn c3) / b2 ,                                       (3) 
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ʥʦ ʟʜʝʩʴ  An = n (2n+1) ,  Bn = n ,  Cn = n (2n2+1) / 3. 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʦʛʠʙ D¡ ʚʝʜʸʪ ʩʝʙʷ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ n ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʦʙʩʫʞʜʘʚʰʠʭ-

ʩʷ ʚʳʰʝ ʟʘʜʘʯʘʭ. 

ɼʣʷ ʪʦʡ ʞʝ ʬʝʨʤʳ ʚ ʨʘʙʦʪʝ [23] ʙʳʣʘ ʨʝʰʝʥʘ ʦ ʧʨʦʛʠʙʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʟʣʘ ʧʨʠ ʨʘʚʥʦ-

ʤʝʨʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʧʦ ʚʝʨʭʥʝʤʫ ʧʦʷʩʫ. ɺʥʦʚʴ ʨʝʰʝʥʠʝ ʦʧʠʩʳʚʘʣʦʩʴ ʬʦʨʤʫʣʦʡ (3), ʥʦ ʩ ʪʘ-

ʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ: An = 4n3, Bn = 2n (n+1), Cn = n (20n3ï8n2ï7nï7) / 12. 

ʅʝʩʢʦʣʴʢʦ ʦʪʣʠʯʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʙʝʟʨʘʩʧʦʨʥʦʡ ʘʨʦʯʥʦʡ ʬʝʨʤʳ, ʨʘʚʥʦʤʝʨʥʦ ʥʘʛʨʫ-

ʞʝʥʥʦʡ ʧʦ ʚʝʨʭʥʝʤʫ ʧʦʷʩʫ, ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚ [24] (ʨʠʩ. 4). ɺʳʯʠʩʣʝʥʥʳʡ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʫʟʣʘ ʬʝʨʤʳ ʧʨʦʛʠʙ ʪʘʢʞʝ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ (3), ʥʦ ʪʝʧʝʨʴ An = (3nï2) (4n2ï2n + 1) , 

Bn = n (2n+1) , Cn = (20n4ï40n3 + 43n2ï17n+6) / 12. ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʦʛʠʙ D¡ ʩ ʚʦʟʨʘʩʪʘ-

ʥʠʝʤ n ʚ ʵʪʦʡ ʟʘʜʘʯʝ ʨʘʩʪʸʪ ʤʦʥʦʪʦʥʥʦ ʧʦ ʢʫʙʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ. 

       
ʈʠʩ. 4. ʌʝʨʤʘ [24,25]: n = 2 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʨʘʙʦʪʝ [25] ʪʝʤ ʞʝ ʤʝʪʦʜʦʤ ʜʣʷ ʵʪʦʡ ʬʝʨʤʳ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ 

ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʜʚʠʞʥʦʡ ʦʧʦʨʳ ʬʝʨʤʳ. ʇʨʘʚʘʷ ʯʘʩʪʴ ʜʘʥʥʦʡ ʬʦʨʤʫʣʳ ʦʪ-

ʣʠʯʘʝʪʩʷ ʦʪ (3) ʣʠʰʴ ʟʥʘʤʝʥʘʪʝʣʝʤ (ʢʦʪʦʨʳʡ ʪʝʧʝʨʴ ʨʘʚʝʥ ab), ʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʘʢʦʚʳ: 

An = 2(3nï2) (4n2ï2n + 1) , Bn = 2n (2n+1) , Cn = (20n3ï24n2 + 7n+3) / 6n. ʆʪʥʦʩʠʪʝʣʴ-

ʥʦʝ ʩʤʝʱʝʥʠʝ ʦʧʦʨʳ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ n ʪʘʢʞʝ ʨʘʩʪʸʪ ʤʦʥʦʪʦʥʥʦ ʧʦ ʢʫʙʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ. 

ɺ ʨʘʙʦʪʝ [26] ʜʣʷ ʪʦʡ ʞʝ ʬʝʨʤʳ ʙʳʣʘ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦ ʧʨʦʛʠʙʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʟʣʘ ʧʨʠ 

ʨʘʚʥʦʤʝʨʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʧʦ ʥʠʞʥʝʤʫ ʧʦʷʩʫ. ʇʦʣʫʯʝʥʥʘʷ ʬʦʨʤʫʣʘ ʩʦʚʧʘʣʘ ʩ (3), ʥʦ ʢʦʵʬʬʠ-

ʮʠʝʥʪʳ ʦʢʘʟʘʣʠʩʴ ʪʘʢʠʤʠ: An = 4n2 (3nï2) , Bn = 2n2, Cn = n (20n3ï32n2 + 31nï7) / 12. ɼʣʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʦʛʠʙʘ D¡ ʚ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʟʘʜʘʯʠ ʪʘʢʞʝ ʠʤʝʣ ʤʝʩʪʦ ʤʦʥʦʪʦʥʥʳʡ ʨʦʩʪ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ n, ʥʦ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʝʣ ʚ ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʠ ʪʦʯʢʫ ʧʝʨʝʛʠʙʘ. 

ʇʨʦʛʠʙ ʙʝʟʨʘʩʧʦʨʥʦʡ ʘʨʦʯʥʦʡ ʬʝʨʤʳ ʩ ʪʨʝʫʛʦʣʴʥʦʡ ʨʝʰʸʪʢʦʡ ʠʟ ʢʦʥʛʨʫʵʥʪʥʳʭ ʧʨʷ-

ʤʦʫʛʦʣʴʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʙʳʣ ʧʨʝʜʤʝʪʦʤ ʘʥʘʣʠʟʘ ʚ ʨʘʙʦʪʝ [27] (ʨʠʩ. 5). 

 
ʈʠʩ. 5. ʌʝʨʤʘ [63]: n = 2 

 

ʄʝʪʦʜʦʤ ʠʥʜʫʢʮʠʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ, ʩʦʚʧʘʜʘʶʱʘʷ ʩ (2) ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʦʙʦ-

ʟʥʘʯʝʥʠʡ: 

D = īīīī
P

EF
( An a3 + Bn h3 + Cn c3) / h2 ;                                           (4) 

ʟʜʝʩʴ  An = n2 / 2 ,  Bn = (2n+1) n2 / 2 ,  Cn = (5n2+1) n2 / 6 ;   c = a2+h2 . 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ [27] ʜʘʥʥʘʷ ʬʦʨʤʫʣʘ ʧʨʠʚʝʜʝʥʘ ʩ ʜʚʫʤʷ ʦʧʝʯʘʪʢʘʤʠ. ʇʨʘʚʠʣʴʥʦʝ ʚʳ-

ʨʘʞʝʥʠʝ ʜʘʥʦ ʚ ʨʘʙʦʪʝ [28], ʛʜʝ ʫʢʘʟʘʥʦ ʪʘʢʞʝ, ʯʪʦ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ n ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʦʛʠʙ 
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D¡ ʤʦʥʦʪʦʥʥʦ ʨʘʩʪʸʪ ʧʦ ʢʚʘʜʨʘʪʠʯʥʦʤʫ ʟʘʢʦʥʫ. ɺ ʩʪʘʪʴʝ [29] ʜʣʷ ʵʪʦʡ ʞʝ ʬʝʨʤʳ ʙʳʣʘ ʧʦʣʫ-

ʯʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʜʚʠʞʥʦʡ ʦʧʦʨʳ ʬʝʨʤʳ; ʝʸ ʘʥʘʣʠʟ ʚʳʷʚʠʣ 

ʤʦʥʦʪʦʥʥʳʡ ʨʦʩʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʦʧʦʨʳ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ n. 

ɺʝʨʥʸʤʩʷ ʢ ʨʘʙʦʪʝ [28]. ɺ ʥʝʡ ʘʥʘʣʠʟ ʠʟʦʙʨʘʞʸʥʥʦʡ ʥʘ ʨʠʩ. 5 ʬʝʨʤʳ ʧʨʦʚʦʜʠʣʩʷ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ, ʘ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʘʥʘʣʠʟʫ ʙʝʟʦʧʦʨʥʦʡ ʘʨʦʯʥʦʡ ʬʝʨʤʳ ʩ ʢʨʝʩʪʦʦʙ-

ʨʘʟʥʦʡ ʨʝʰʸʪʢʦʡ (ʨʠʩ. 6). ʌʝʨʤʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʣʫʘʨʦʢ, ʩʦʝʜʠʥʸʥʥʳʭ ʰʘʨʥʠʨʦʤ ʠ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʳʤ ʩʪʝʨʞʥʝʤ, ʜʣʠʥʘ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪ ʧʦʜʲʸʤ ʬʝʨʤʳ. 

 

ʈʠʩ. 6. ʌʝʨʤʘ ˉ 1 ʠʟ [62]: n = 4 
 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʞʸʩʪʢʦʩʪʠ ʚʩʝʭ ʩʪʝʨʞʥʝʡ ʥʠʞʥʝʛʦ ʧʦʷʩʘ ʨʘʚʥʳ EF1, ʩʪʝʨʞʥʝʡ 

ʚʝʨʭʥʝʛʦ ʧʦʷʩʘ ï EF2, ʩʪʝʨʞʥʝʡ ʨʝʰʸʪʢʠ ï EF3. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʨʦʛʠ-

ʙʘ D, ʜʘʚʘʝʤʦʝ ʬʦʨʤʫʣʦʡ ʄʘʢʩʚʝʣʣʘ ï ʄʦʨʘ, ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʪʨʠ ʩʣʘʛʘʝʤʳʭ, ʚ ʢʦʪʦʨʳʝ ʚʭʦ-

ʜʷʪ ʫʩʠʣʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʥʠʞʥʝʤ ʠ ʚʝʨʭʥʝʤ ʧʦʷʩʘʭ ʠ ʚ ʨʝʰʸʪʢʝ. ʄʝʪʦʜʦʤ ʠʥʜʫʢʮʠʠ ʧʦ-

ʣʫʯʝʥ ʩʣʝʜʫʶʱʠʡ ʨʝʟʫʣʴʪʘʪ: 

D = D1 +D2 +D3 ,      D1 = īīīīī
P

EF1

( C1 a2c/h2ïC2 ab/h + C3 b2/c ) , 

D2 = īīīīī
2P

EF2

( C4 a2c/h2ïC5 ab/h + C6 cb/hïC3 b2/a ) , 

D3 = īīīīī
P

EF3

( C7 a2g3/c2h2ïC8 ab/c + C9 b2/hïC10b3/ac + C11a2h/c2 + C12b2h/c2 ) , 

ʛʜʝ  c = a2+b2 ,  g = a2+h2  ï ʜʣʠʥʳ ʩʪʝʨʞʥʝʡ ʚ ʧʦʷʩʘʭ ʠ ʨʝʰʸʪʢʝ.  ʂʦʵʬʬʠʮʠʝʥʪʳ ʟʜʝʩʴ 

ʪʘʢʦʚʳ: 

C1 = (10n4 + 8n3 + 14n2ï8n + 3ï3(6n2 + 1) (ï1)
n
) / 48 , 

C2 = (20n3 + 6n2 + 16nï3 + 3(1ï4n) (ï1)
n
) / 24 ,      C3 = n2 , 

C4 = (10n4 + 8n3 + 2n2ï8n + 3 + 3(6n2ï1) (ï1)
n
) / 96 , 

C5 = (8n3ï6n2ï2n + 3 + 3(2nï1) (ï1)
n
) / 48 ,      C6 = n2 (n+ 1) / 2 , 

C7 = (6n2 + 1ï(ï1)
n
) / 8 ,      C8 = n2 (3(ï1)

nï1) / 8 ,      C9 = n2 (n+ 1) / 4 , 

C10 = n2 / 2 ,      C11 = (nï1) (1ï(ï1)
n
) / 8 ,      C12 = n ( (ï1)

nï1) / 4 . 

ʉʣʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʡ ʜʣʷ ʧʨʦʛʠʙʘ ʬʝʨʤʳ ʬʦʨʤʫʣʳ ʧʨʝʜʦʧʨʝʜʝʣʝʥʘ ʜʚʫʤʷ ʬʘʢʪʦʨʘ-

ʤʠ ï ʟʘʚʠʩʠʤʦʩʪʴʶ ʨʝʰʝʥʠʷ ʦʪ ʪʨʸʭ ʥʝʟʘʚʠʩʠʤʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (a, b, h) ʠ ʥʝ-

ʦʜʠʥʘʢʦʚʦʡ ʞʸʩʪʢʦʩʪʴʶ ʩʪʝʨʞʥʝʡ. 

ɼʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʵʪʦʡ ʬʦʨʤʫʣʳ ʚʳʧʦʣʥʷʣʩʷ ʫʞʝ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʞʸʩʪʢʦʩʪʠ 

ʚʩʝʭ ʩʪʝʨʞʥʝʡ ʦʜʠʥʘʢʦʚʳ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʬʝʨʤʳ, ʠʟʦʙʨʘʞʸʥʥʦʡ ʥʘ ʨʠʩ. 5) ʦʪ-

ʥʦʩʠʪʝʣʴʥʳʡ ʧʨʦʛʠʙ D¡ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ n ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʝʪ, ʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʟʥʘʯʝʥʠʡ 

n ʬʝʨʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 6, ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʞʸʩʪʢʦʡ. 

 

ɿʘʜʘʯʠ ʩ ʜʚʫʤʷ ʥʘʪʫʨʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 
 

ɺʦ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪʘʭ ʨʝʛʫʣʷʨʥʦ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʧʘʥʝʣʠ ʬʝʨʤ ʙʳʣʠ ʦʜʥʦ-

ʪʠʧʥʳʤʠ. ʅʘʯʠʥʘʷ ʩ 2017 ʛʦʜʘ ʤʝʪʦʜ ʠʥʜʫʢʮʠʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʠʩʪʝʤʳ Maple ʩʪʘʣʠ ʧʨʠʤʝ-
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ʥʷʪʴ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʛʠʙʘ ʪʘʢʠʭ ʬʝʨʤ ʘʨʦʯʥʦʛʦ ʪʠʧʘ, ʫ ʢʦʪʦʨʳʭ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʧʘʥʝʣʠ ʧʨʠ-

ʥʘʜʣʝʞʘʪ ʢ ʜʚʫʤ ʛʨʫʧʧʘʤ. ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʧʘʥʝʣʷʤʠ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʤʦʛʫʪ ʚʳʨʘʞʘʪʴʩʷ ʢʘʢ 

ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʛʨʫʞʝʥʠʷ, ʪʘʢ ʠ ʚ ʛʝʦʤʝʪʨʠʠ ʠʣʠ ʜʘʞʝ ʩʪʨʫʢʪʫʨʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʷʯʝʝʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʱʝʝ ʯʠʩʣʦ ʧʘʥʝʣʝʡ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʥʘʪʫʨʘʣʴʥʳʭ 

ʯʠʩʣʦʚʳʭ ʧʘʨʘʤʝʪʨʘ: m ʠ n. 

ʅʘʯʥʸʤ ʩ ʘʥʘʣʠʟʘ ʪʘʢʠʭ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʧʦʩʣʝ ʦʧʠʩʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʬʝʨʤʳ ʯʠʩʣʫ 

m ʧʨʠʜʘʚʘʣʦʩʴ ʢʦʥʢʨʝʪʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʣʝ ʯʝʛʦ ʠʥʜʫʢʮʠʷ ʚʝʣʘʩʴ ʧʦ ʧʘʨʘʤʝʪʨʫ n ʫʞʝ ʨʘʩ-

ʩʤʦʪʨʝʥʥʳʤ ʩʧʦʩʦʙʦʤ; ʧʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʥʦʩʠʣʦ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʘʩʪʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [30] ʨʘʩʩʤʦʪʨʝʥʘ ʘʨʦʯʥʘʷ ʬʝʨʤʘ ʩ ʢʨʝʩʪʦʦʙʨʘʟʥʦʡ ʨʝʰʸʪʢʦʡ, 

ʥʘʛʨʫʞʝʥʥʘʷ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʫʟʣʝ ʥʠʞʥʝʛʦ ʧʦʷʩʘ ʩʠʣʦʡ P. ʌʝʨʤʘ ʚʢʣʶʯʘʝʪ ʧʦ m ʧʘʥʝʣʝʡ ʚ 

ʙʦʢʦʚʳʭ ʯʘʩʪʷʭ ʠ 2n ʧʘʥʝʣʝʡ ʚ ʨʠʛʝʣʝ (ʨʠʩ. 7). 

 

ʈʠʩ. 7. ʌʝʨʤʘ [30]: n = 3, m = 4 

ʌʦʨʤʫʣʫ ʜʣʷ ʧʨʦʛʠʙʘ ʬʝʨʤʳ ʘʚʪʦʨ ʨʘʙʦʪʳ ʧʦʣʫʯʠʣ ʠʥʜʫʢʮʠʝʡ ʧʦ ʧʘʨʘʤʝʪʨʫ n, ʧʨʠ-

ʜʘʚ m ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ: m= 4 (ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʪʘʢʞʝ, ʯʪʦ h = b). ʆʥʘ ʠʤʝʝʪ ʚʠʜ: 

D = īīīī
P

EF
( An a3 + Cn c3 + Un u3) / h2 ;                                           (5) 

ʟʜʝʩʴ 

An = n3/3 ïn2 (5(ï1)
nï1) / 8 ï(ï1)

n
n / 16 + 35n / 48ï3( (ï1)

n
/2ï1) / 16, 

Cn = n /2 + (ï1)
n
/4 + 3/4,   Un = (1ï(ï1)

n
) / 16;   c = a2+b2 ,  u = a2+4b2 . 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʦʛʠʙ D¡ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ n ʚ ʵʪʦʡ ʟʘʜʘʯʝ ʩʥʘʯʘʣʘ ʫʙʳʚʘʝʪ, ʘ ʟʘʪʝʤ 

ʨʘʩʪʸʪ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ, ʦʙʥʘʨʫʞʠʚʘʷ ʥʝʙʦʣʴʰʠʝ ʢʦʣʝʙʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʝʪʥʦʩʪʠ-

ʥʝʯʸʪʥʦʩʪʠ n. 

ɺ ʨʘʙʦʪʝ [31] ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʨʘʩʢʦʩʥʘʷ ʬʝʨʤʘ ʘʨʦʯʥʦʛʦ ʪʠʧʘ ʩ ʨʘʚʥʦʤʝʨʥʦʡ 

ʥʘʛʨʫʟʢʦʡ ʧʦ ʚʝʨʭʥʝʤʫ ʧʦʷʩʫ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʘʞʜʦʡ ʧʦʣʫʘʨʢʠ ʯʠʩʣʦ ʧʘʥʝʣʝʡ ʨʘʚʥʦ n, ʚ 

ʥʠʞʥʝʡ ï m (ʨʠʩ. 8). 

 
 

ʈʠʩ. 8. ʌʝʨʤʘ [31]: n = 3, m = 2 
 

ʀʥʜʫʢʮʠʶ ʧʦ ʧʘʨʘʤʝʪʨʫ n ʘʚʪʦʨ ʨʘʙʦʪʳ ʧʨʦʚʝʣʘ, ʦʛʨʘʥʠʯʠʚʰʠʩʴ ʩʣʫʯʘʝʤ m = 2. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʧʨʦʛʠʙʘ: 

D = īīīī
P

EF
(Anh3 + Bn g3 + Cnd3 ïDnh2b + Rnh2c + Qn(2hb2ï4hbc+n3) + Hnhc2 + Jnu3) / h2 ; 
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ʟʜʝʩʴ 

An = 4+ 3n+ n2/2 ,    Bn = n (5n3 + 40n2 + 121n+ 92) /12,    Cn = 7+ 6n , 

Dn = 3+ 4n ,    Rn = 1+ 3n ,    Qn = 2(n+ 1) ,    Hn = n3 + 6n2 + 16n+ 12 , 

Jn = n2/2 ;    d = a2 + b2 ,   g = a2+c2 ,   u = a2 + (hïc)2,   n= a2 + (hïb)2. 

ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʦʛʠʙ D¡ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ n ʦʙʥʘʨʫʞʠʚʘʝʪ ʥʝʙʦʣʴ-

ʰʦʡ ʫʯʘʩʪʦʢ ʫʙʳʚʘʥʠʷ, ʘ ʟʘʪʝʤ ʨʘʩʪʸʪ ʤʦʥʦʪʦʥʥʦ. 

ɸʨʦʯʥʘʷ ʬʝʨʤʘ P-ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʩ ʢʨʝʩʪʦʦʙʨʘʟʥʦʡ ʨʝʰʸʪʢʦʡ, ʥʘʛʨʫʞʝʥʥʘʷ ʩʠʣʦʡ P 

ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʫʟʣʝ ʥʠʞʥʝʛʦ ʧʦʷʩʘ, ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ [32]. ʌʝʨʤʘ ʠʤʝʝʪ ʧʦ m ʧʘʥʝʣʝʡ ʚ ʙʦ-

ʢʦʚʳʭ ʯʘʩʪʷʭ ʠ 2n ʧʘʥʝʣʝʡ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʨʝʜʥʝʡ ʯʘʩʪʠ (ʨʠʩ. 9). 

     

ʈʠʩ. 9. ʌʝʨʤʘ [32]: n = 5, m = 4                                 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʥʜʫʢʮʠʠ ʧʦ n ʘʚʪʦʨʳ ʨʘʙʦʪʳ ʦʛʨʘʥʠʯʠʣʠʩʴ ʩʣʫʯʘʝʤ m= 5, ʧʦʣʫʯʠʚ 

ʪʘʢʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʧʨʦʛʠʙʘ: 

D = īīīī
P

EF
( An a3 + Cn c3 + Hn h3) / h2 ,                                           (6) 

ʛʜʝ 

An = (4n3ï15n2 + 27(ï1)
n
n2 + 83nï69(ï1)

n
nï48(ï1)

n
+ 54) / 12, 

Cn = (nï10(ï1)
n
+ 11) / 2,     Hn = (53ï43(ï1)

n
) / 4 ;     c = a2+h2 . 

ɺ ʵʪʦʡ ʟʘʜʘʯʝ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʦʛʠʙ D¡ ʩ ʨʦʩʪʦʤ n ʫʙʳʚʘʝʪ, ʦʙʥʘʨʫʞʠʚʘʷ ʢʦʣʝʙʘʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʝʪʥʦʩʪʠ-ʥʝʯʸʪʥʦʩʪʠ n. 

ɺ ʨʘʙʦʪʝ [33] ʨʘʩʩʤʦʪʨʝʥʘ ʚʥʝʰʥʝ ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʘʷ ʬʝʨʤʘ P-ʦʙʨʘʟʥʦʡ ʬʦʨ-

ʤʳ ʩ ʯʝʪʳʨʴʤʷ ʦʧʦʨʘʤʠ, ʠʤʝʶʱʘʷ ʧʦ m ʧʘʥʝʣʝʡ ʚ ʙʦʢʦʚʳʭ ʯʘʩʪʷʭ ʠ 2n ʧʘʥʝʣʝʡ ʚ ʨʠʛʝʣʝ ʠ 

ʥʘʛʨʫʞʝʥʥʘʷ ʩʠʣʦʡ P ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʫʟʣʝ ʥʠʞʥʝʛʦ ʧʦʷʩʘ (ʨʠʩ. 10). 

 
 

ʈʠʩ. 10. ʌʝʨʤʘ [33]: n = 5, m = 4 

 

ʇʨʠ ʨʘʩʯʸʪʝ ʧʨʦʛʠʙʘ ʠʥʜʫʢʮʠʶ ʘʚʪʦʨʳ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠ ʧʦ n, ʦʛʨʘʥʠʯʠʣʠʩʴ ʩʣʫʯʘʝʤ 

m= 4. ʈʝʰʝʥʠʝ ʚʥʦʚʴ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ (6), ʥʦ ʩ ʪʘʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ: 

An = (4n3 + 3n2 (1ï(ï1)
n
) + n (5ï3(ï1)

n
) + 3ï3(ï1)

n
) / 12, 

Cn = (2n + 5ï5(ï1)
n
) / 4 ,     Hn = 17ï15(ï1)

n
. 
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ɿʜʝʩʴ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʦʛʠʙ D¡ ʩ ʨʦʩʪʦʤ n ʚʦʟʨʘʩʪʘʝʪ; ʢʦʣʝʙʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʯʝʪʥʦʩʪʠ-ʥʝʯʸʪʥʦʩʪʠ n ʪʘʢʞʝ ʠʤʝʶʪ ʤʝʩʪʦ, ʧʨʠʯʸʤ ʦʥʠ ʥʦʩʷʪ ʨʝʟʢʠʡ ʭʘʨʘʢʪʝʨ. 

ɹʝʟʨʘʩʧʦʨʥʘʷ ʘʨʦʯʥʘʷ ʬʝʨʤʘ P-ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʩ ʢʨʝʩʪʦʦʙʨʘʟʥʦʡ ʨʝʰʸʪʢʦʡ, ʨʘʚʥʦ-

ʤʝʨʥʦ ʥʘʛʨʫʞʝʥʥʘʷ ʧʦ ʚʝʨʭʥʝʤʫ ʧʦʷʩʫ, ʠʩʩʣʝʜʦʚʘʥʘ ʚ [34]. ʋ ʵʪʦʡ ʬʝʨʤʳ ʚ ʥʠʞʥʝʤ ʧʦʷʩʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʠʤʝʝʪʩʷ n ʧʘʥʝʣʝʡ (ʧʨʠʯʸʤ n ʥʝʯʸʪʥʦ: n = 2kï1), ʘ ʚ ʙʦʢʦʚʳʭ 

ʯʘʩʪʷʭ ï ʧʦ m ʧʘʥʝʣʝʡ (ʨʠʩ. 11). 

 
 
 

ʈʠʩ. 11. ʌʝʨʤʘ [34]: n = 9, m = 4                                 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʥʜʫʢʮʠʠ (ʘʚʪʦʨʳ ʨʘʙʦʪʳ ʦʛʨʘʥʠʯʠʣʠʩʴ ʩʣʫʯʘʝʤ m= 4) ʙʳʣʦ ʦʙʥʘ-

ʨʫʞʝʥʦ, ʯʪʦ ʜʣʷ ʬʝʨʤ ʩ k, ʢʨʘʪʥʳʤ 3, ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ G ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ, ʠ ʚ ʵʪʠʭ 

ʩʣʫʯʘʷʭ ʬʝʨʤʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʠʟʤʝʥʷʝʤʫʶ ʩʠʩʪʝʤʫ. 

ʉʣʫʯʘʠ ʚʳʨʦʞʜʝʥʠʷ ʤʘʪʨʠʮʳ G ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ ʧʘʥʝʣʝʡ ʠʤʝʶʪ ʤʝ-

ʩʪʦ ʠ ʜʣʷ ʨʷʜʘ ʜʨʫʛʠʭ ʧʣʦʩʢʠʭ ʬʝʨʤ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʙʘʣʦʯʥʦʡ ʬʝʨʤʳ ʩ ʨʦʤʙʠʯʝʩʢʦʡ ʨʝʰʸʪ-

ʢʦʡ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʜʚʠʞʥʦʡ ʦʧʦʨʦʡ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʫʟʣʝ ʥʠʞʥʝʛʦ ʧʦʷʩʘ, ʨʘʩʩʤʦʪʨʝʥʥʦʡ 

ʚ ʩʪʘʪʴʝ [16], ʚʳʨʦʞʜʝʥʠʝ ʥʘʩʪʫʧʘʝʪ ʧʨʠ ʯʸʪʥʦʤ ʯʠʩʣʝ ʧʘʥʝʣʝʡ, ʘ ʜʣʷ ʨʝʰʸʪʯʘʪʦʡ ʬʝʨʤʳ ʩ n 

ʧʘʥʝʣʷʤʠ ʚ ʧʦʣʦʚʠʥʝ ʧʨʦʣʸʪʘ ʠ ʰʝʩʪʴʶ ʦʧʦʨʘʤʠ, ʠʟʫʯʘʚʰʝʡʩʷ ʚ ʩʪʘʪʴʝ [35], ʚʳʨʦʞʜʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ, ʝʩʣʠ ʦʩʪʘʪʦʢ ʦʪ ʜʝʣʝʥʠʷ n ʥʘ 3 ʨʘʚʝʥ 0 ʠʣʠ 1). 

ʉ ʮʝʣʴʶ ʠʩʢʣʶʯʠʪʴ ʩʣʫʯʘʠ ʚʳʨʦʞʜʝʥʠʷ ʠʥʜʫʢʮʠʷ ʚ [34] ʚʝʣʘʩʴ ʧʦ ʧʘʨʘʤʝʪʨʫ j, ʧʨʦ-

ʙʝʛʘʚʰʝʤʫ ʟʥʘʯʝʥʠʷ 1, 2, 3, ... ʠ ʩʚʷʟʘʥʥʦʤʫ ʩ k ʬʦʨʤʫʣʦʡ k = (6j ï(ï1) jï3) / 4. ɼʣʷ ʧʨʦ-

ʛʠʙʘ ʬʝʨʤʳ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ, ʩʭʦʜʥʘʷ ʩ (6): 

 D = īīīī
P

EF
( Aj a

3 + Cj c
3 + Hj h

3) / h2 ,                                           (7) 

ʛʜʝ 

Aj = 15j 4/8 + 5(1ï(ï1)
j
) j 3/4 + (63ï69(ï1)

j
) j 2/8 + 7(1ï(ï1)

j
) j + 9(1ï(ï1)

j
) /16, 

Cj = (39ï36(ï1)
j
) j 2/4 + (69ï81(ï1)

j
) j /4 + 3(1ï(ï1)

j
) /8 , 

Hj = 8(3ï2(ï1)
j
) j + 8ï4(ï1)

j
. 

ʇʦʚʝʜʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʦʛʠʙʘ D¡ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ k ʦʙʥʘʨʫʞʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʢʦʣʝʙʘʥʠʷ. ʌʘʢʪʠʯʝʩʢʠ ʪʦʯʢʠ ʛʨʘʬʠʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʝʯʸʪʥʳʤ ʠ ʯʸʪʥʳʤ ʟʥʘʯʝʥʠʷʤ j , 

ʣʦʞʘʪʩʷ ʥʘ ʜʚʝ ʨʘʟʣʠʯʥʳʝ ʧʣʘʚʥʳʝ ʢʨʠʚʳʝ; ʧʨʠ ʵʪʦʤ ʢʨʠʚʘʷ, ʦʪʚʝʯʘʶʱʘʷ ʥʝʯʸʪʥʳʤ j, ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʤʦʥʦʪʦʥʥʦʡ ʚʦʟʨʘʩʪʘʶʱʝʡ ʬʫʥʢʮʠʠ, ʘ ʢʨʠʚʘʷ, ʦʪʚʝʯʘʶʱʘʷ ʯʸʪʥʳʤ j , ʨʘʩ-

ʧʦʣʘʛʘʝʪʩʷ ʚʳʰʝ ʧʝʨʚʦʡ ʢʨʠʚʦʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʢʦʡ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʘʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʫʙʳʚʘʝʪ, ʘ ʩ ʜʘʣʴʥʝʡʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤ j  ʨʘʩʪʸʪ. 

ɺ ʨʘʙʦʪʝ [36] ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʬʝʨʤʳ ʘʨʦʯʥʦʛʦ ʪʠʧʘ ʩ ʢʨʝʩʪʦʦʙʨʘʟʥʦʡ ʨʝʰʸʪʢʦʡ ʚ ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʦʡ ʩʨʝʜʥʝʡ ʯʘʩʪʠ, ʩʦʜʝʨʞʘʱʝʡ 2n ʧʘʥʝʣʝʡ, ʠ ʪʨʝʫʛʦʣʴʥʦʡ ʨʝʰʸʪʢʦʡ ʚ ʙʦʢʦʚʳʭ 

ʯʘʩʪʷʭ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ m ʧʘʥʝʣʝʡ. ʅʠʞʥʠʡ ʧʦʷʩ ʬʝʨʤʳ ʟʘʢʨʝʧʣʸʥ ʥʘ ʚʝʨʪʠ-

ʢʘʣʴʥʳʭ ʚʘʥʪʘʭ, ʩʦʝʜʠʥʷʶʱʠʭ ʝʛʦ ʩ ʟʘʪʷʞʢʦʡ (ʧʨʠ ʨʘʩʯʸʪʝ ʚʘʥʪʳ ʠ ʩʪʝʨʞʥʠ ʟʘʪʷʞʢʠ ʤʦʜʝ-

ʣʠʨʫʶʪʩʷ ʩʪʝʨʞʥʷʤʠ ʪʦʡ ʞʝ ʞʸʩʪʢʦʩʪʠ, ʯʪʦ ʠ ʩʪʝʨʞʥʠ ʚ ʨʝʰʸʪʢʘʭ). ʂ ʟʘʪʷʞʢʝ ʧʨʠʣʦʞʝʥʘ 

ʨʘʩʧʨʝʜʝʣʸʥʥʘʷ ʥʘʛʨʫʟʢʘ (ʨʠʩ. 12). 
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ʈʠʩ. 12. ʌʝʨʤʘ [36]: n = 3, m = 4 

ɸʚʪʦʨ ʨʘʙʦʪʳ ʧʨʦʚʸʣ ʠʥʜʫʢʮʠʶ ʧʦ n, ʦʛʨʘʥʠʯʠʚʰʠʩʴ ʩʥʘʯʘʣʘ ʩʣʫʯʘʝʤ m= 4. ʇʦʣʫ-

ʯʝʥʥʘʷ ʜʣʷ ʧʨʦʛʠʙʘ ʬʦʨʤʫʣʘ ʩʦʚʧʘʣʘ ʩ (6); ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʢʘʟʘʣʠʩʴ ʪʘʢʠʤʠ: 

An = (120n4 + (30ï96(ï1)
n
) n3ï(3ï27(ï1)

n
) n2 + (1743+513(ï1)

n
) n+ 2196+ 108(ï1)

n
) /288, 

Cn = (36n2 + 9(39+5(ï1)
n
) n+ 540ï108(ï1)

n
) / 144,      Hn = ( 9(1ï(ï1)

n
) n + 576) / 144. 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʦʛʠʙ D¡ ʚ ʵʪʦʡ ʟʘʜʘʯʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ n ʨʘʩʪʸʪ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦ-

ʥʫ, ʦʙʥʘʨʫʞʠʚʘʷ ʥʝʙʦʣʴʰʠʝ ʢʦʣʝʙʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʝʪʥʦʩʪʠ-ʥʝʯʸʪʥʦʩʪʠ n. 

ɹʳʣ ʨʘʩʩʤʦʪʨʝʥ ʪʘʢʞʝ ʩʣʫʯʘʡ m= 3. ʈʝʟʫʣʴʪʘʪʳ ʦʢʘʟʘʣʠʩʴ ʘʥʘʣʦʛʠʯʥʳʤʠ, ʘ ʢʦʵʬʬʠ-

ʮʠʝʥʪʳ ʚ (6) ʠʤʝʣʠ ʚʠʜ: 

An = (30n4 + (10ï28(ï1)
n
) n3ï(10ï8(ï1)

n
) n2 + (311+109(ï1)

n
) n+ 306+ 18(ï1)

n
) / 72, 

Cn = (18n2 + 16(8+(ï1)
n
) n + 177+ 3(ï1)

n
) / 72,      Hn = ( 6(1ï(ï1)

n
) n + 216) / 72. 

ɿʘʜʘʯʘ ʦ ʧʨʦʛʠʙʝ ʙʝʟʨʘʩʧʦʨʥʦʡ ʘʨʦʯʥʦʡ ʬʝʨʤʳ ʩ ʨʘʩʢʦʩʥʦʡ ʨʝʰʸʪʢʦʡ ʚ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʦʡ ʩʨʝʜʥʝʡ ʯʘʩʪʠ, ʩʦʜʝʨʞʘʱʝʡ 2n ʧʘʥʝʣʝʡ, ʠ ʪʨʝʫʛʦʣʴʥʦʡ ʨʝʰʸʪʢʦʡ ʚ ʙʦʢʦʚʳʭ ʯʘʩʪʷʭ, ʢʘʞ-

ʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ m ʧʘʥʝʣʝʡ, ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚ [37]. ʌʝʨʤʘ ʥʘʛʨʫʞʝʥʘ ʩʠʣʦʡ P ʚ 

ʮʝʥʪʨʘʣʴʥʦʤ ʫʟʣʝ ʥʠʞʥʝʛʦ ʧʦʷʩʘ (ʨʠʩ. 13). 

 

ʈʠʩ. 13. ʌʝʨʤʘ [37]: n = 4, m = 3 

ʉʥʘʯʘʣʘ ʘʚʪʦʨ ʨʘʙʦʪʳ ʧʨʦʚʸʣ ʠʥʜʫʢʮʠʶ ʧʦ ʧʘʨʘʤʝʪʨʫ n, ʧʨʠʜʘʚ m ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 

m= 3. ɼʣʷ ʧʨʦʛʠʙʘ ʚ ʥʘʛʨʫʞʝʥʥʦʤ ʫʟʣʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ: 

D = īīīī
P

EF
( An a3 + Cn c3 + Hn h3 + Gn g3 + B ) / h2 ,                                (8) 

ʛʜʝ 

An = n (2n2 + 18n+ 55) / 6,     Cn = n /2 ,     Hn = (n+ m) / 2 ,     Gn = m/2 , 

B = (9b2hï6bh2 + 19f 3) / 2 ;     c = a2+h2 ,    f = a2+b2 ,    g = a2 + (hïb)2 . 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʦʛʠʙ D¡ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ n ʤʦʥʦʪʦʥʥʦ ʨʘʩʪʸʪ. 

ɿʘʪʝʤ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʝʱʸ ʜʚʘ ʩʣʫʯʘʷ. ʇʨʠ m= 2 ʧʦʣʫʯʠʣʠʩʴ ʪʘʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ: 

An = n (2n2 + 12n+ 25) / 6,     Cn = n /2 ,     Hn = (n+ m) / 2 , 

Gn = m/2 ,     B = (4b2hï4bh2 + 6 f 3) / 2 . 

ɺ ʩʣʫʯʘʝ m= 4 ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʢʘʟʘʣʠʩʴ ʩʣʝʜʫʶʱʠʤʠ: 

An = n (2n2 + 24n+ 97) / 6,     Cn = n /2 ,     Hn = (n+ m) / 2 , 

Gn = m/2 ,     B = (16b2hï8bh2 + 44f 3) / 2 . 
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ʆʙʱʝʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʧʨʦʛʠʙʘ, ʩʧʨʘʚʝʜʣʠʚʦʛʦ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ m ʠ n, ʠ ʚ ʵʪʦʡ ʨʘʙʦ-

ʪʝ ʥʘʡʜʝʥʦ ʥʝ ʙʳʣʦ. 

 

ɼʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʠʥʜʫʢʮʠʷ 

 

ʅʘʡʪʠ ʦʙʱʠʝ ʬʦʨʤʫʣʳ ʜʣʷ ʧʨʦʛʠʙʘ ʬʝʨʤ ʘʨʦʯʥʦʛʦ ʪʠʧʘ ʚ ʟʘʜʘʯʘʭ ʩ ʜʚʫʤʷ ʥʘʪʫʨʘʣʴ-

ʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʫʜʘʣʦʩʴ ʚ ʪʝʭ ʨʘʙʦʪʘʭ (ʧʦʷʚʠʚʰʠʭʩʷ ʚ ʪʦʤ ʞʝ 2017 ʛʦʜʫ), ʛʜʝ ʙʳʣʘ ʧʨʠ-

ʤʝʥʝʥʘ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʠʥʜʫʢʮʠʷ. ʊʘʢʘʷ ʠʥʜʫʢʮʠʷ ʚʢʣʶʯʘʝʪ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʠʥ-

ʜʫʢʮʠʶ ʧʨʦʚʦʜʷʪ ʧʦ ʦʜʥʦʤʫ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʜʨʫʛʦʛʦ, ʧʦʣʫʯʘʷ 

ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ. ɼʘʥʥʳʡ ʵʪʘʧ ʧʦʚʪʦʨʷʶʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʚʝʣʠʯʠ-

ʚʘʷ ʟʥʘʯʝʥʠʝ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʦ ʩʝʨʠʠ ʧʦʣʫʯʝʥʥʳʭ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ 

ʚʳʧʦʣʥʷʶʪ ʠʥʜʫʢʮʠʶ ʧʦ ʵʪʦʤʫ ʚʪʦʨʦʤʫ ʧʘʨʘʤʝʪʨʫ, ʥʘʭʦʜʷ ʠʩʢʦʤʦʝ ʦʙʱʝʝ ʨʝʰʝʥʠʝ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚʧʝʨʚʳʝ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʠʥʜʫʢʮʠʷ ʪʘʢʦʛʦ ʪʠʧʘ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʩʠʩʪʝʤʳ Maple ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʄ.ʅ. ʂʠʨʩʘʥʦʚʳʤ ʚ 2015 ʛʦʜʫ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʦʜʥʦʛʦ ʠʟ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʦʨʤʫʣʳ ʜʣʷ ʧʨʦʛʠʙʘ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʫʟʣʝ ʬʝʨʤʳ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ [38]. 

ɺ ʨʘʙʦʪʝ [39] ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʠʥʜʫʢʮʠʷ ʧʨʦʚʝʜʝʥʘ ʧʨʠ ʨʘʩʯʸʪʝ ʙʝʟʨʘʩʧʦʨʥʦʡ 

ʘʨʦʯʥʦʡ ʬʝʨʤʳ ʩ ʪʨʝʫʛʦʣʴʥʦʡ ʨʝʰʸʪʢʦʡ, ʠʤʝʶʱʝʡ ʧʦ m ʧʘʥʝʣʝʡ ʚ ʙʦʢʦʚʳʭ ʯʘʩʪʷʭ ʠ 2n ʧʘ-

ʥʝʣʝʡ ʚ ʥʠʞʥʝʤ ʧʦʷʩʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʨʝʜʥʝʡ ʯʘʩʪʠ. ʌʝʨʤʘ ʥʘʛʨʫʞʝʥʘ ʦʜʥʦʡ ʩʠʣʦʡ P ʚ 

ʮʝʥʪʨʘʣʴʥʦʤ ʫʟʣʝ ʥʠʞʥʝʛʦ ʧʦʷʩʘ; ʧʨʦʛʠʙ ʚ ʵʪʦʤ ʫʟʣʝ ʠ ʧʦʜʣʝʞʘʣ ʚʳʯʠʩʣʝʥʠʶ (ʨʠʩ. 14). 

 

 
 

ʈʠʩ. 14. ʌʝʨʤʘ [39]: n = 1, m = 3 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʧʨʦʛʠʙʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʟʥʘʯʝʥʠʝ m ʬʠʢʩʠʨʦʚʘʣʦʩʴ, ʘ ʠʥʜʫʢʮʠʷ ʧʨʦ-

ʚʦʜʠʣʘʩʴ ʧʦ ʧʘʨʘʤʝʪʨʫ n. ʆʙʦʙʱʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʠʣʦ ʧʨʠ ʧʦʩʣʝ-

ʜʫʶʱʝʡ ʠʥʜʫʢʮʠʠ ʧʦ m ʧʨʠʡʪʠ ʢ ʩʣʝʜʫʶʱʝʡ ʦʙʱʝʡ ʬʦʨʤʫʣʝ: 

 

D = īīīī
P

EF
( Amn a3 + Cmn c3 ) / h2 ,                                               (9) 

ʛʜʝ 

Amn = n (16n2 + 24(m+ 2) n + 12m2 + 48m+ 50) / 48 + (m2 + 6m+ 6) / 16, 

Cmn = n /8 + (m3 + 6m2 + 17m+ 2) / 96;     c = a2+h2 . 

 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʦʛʠʙ D¡ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ n ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʝʪ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʙʝʟʨʘʩʧʦʨʥʘʷ ʘʨʦʯʥʘʷ ʬʝʨʤʘ ʠʩʩʣʝʜʦʚʘʥʘ ʠ ʚ [40], ʥʦ ʟʜʝʩʴ ʨʝʰʸʪʢʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ï ʢʨʝʩʪʦʦʙʨʘʟʥʘʷ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʩʪʦʡʢʦʡ; ʬʝʨʤʘ ʨʘʚʥʦʤʝʨʥʦ 

ʥʘʛʨʫʞʝʥʘ ʧʦ ʚʝʨʭʥʝʤʫ ʧʦʷʩʫ (ʨʠʩ. 15). 
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ʈʠʩ. 15. ʌʝʨʤʘ [40]: n = 3, m = 4 

ʅʘʡʜʝʥʥʦʝ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʝʡ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʜʣʷ ʧʨʦʛʠʙʘ ʠʤʝʝʪ ʚʠʜ: 

D = īīīī
P

EF
( Amn a3 + Bmn h3 + Cmn c3 ) / h2 ,                                     (10) 

ʛʜʝ 

Amn = (5n4 + 20mn3 + (54m2ï24m+ 4) n2 + 2(12m3ï3m2ïm+ 3) n + 

+ m(2mï1) + 3(1ï(ï1)
n
) /2+ 3(ï1)

n
m) / 12, 

Bmn = ( ( (2mï1) ( (ï1)
nï1) + 4m2) n + 2m3 + (ï1)

n
(m2ï1) + 1) / 2, 

Cmn = ( (24m2ï24m+ 9) n2 + 2(10m3ï3m2ï4m+ 3) n + 

+ 5m4 + m2ï3m+ 3(1ï(ï1)
n
) /2+ 3(ï1)

n
m) / 12. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ n ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʦʛʠʙ D¡ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʩʥʘʯʘʣʘ ʫʙʳʚʘʝʪ, ʘ ʟʘʪʝʤ 

ʤʦʥʦʪʦʥʥʦ ʨʘʩʪʸʪ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʞʝ m ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʦʛʠʙ ʨʘʩʪʸʪ 

ʧʦ ʢʫʙʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ. 

ʌʝʨʤʘ ʧʦʭʦʞʝʛʦ ʚʠʜʘ (ʥʦ ʫʞʝ ʘʨʦʯʥʘʷ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʵʪʦʛʦ ʩʣʦʚʘ) ʙʳʣʘ ʠʩ-

ʩʣʝʜʦʚʘʥʘ ʚ ʨʘʙʦʪʝ [41]. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʬʝʨʤʘ ʥʘʛʨʫʞʝʥʘ ʦʜ-

ʥʦʡ ʩʠʣʦʡ P, ʧʨʠʣʦʞʝʥʥʦʡ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʫʟʣʝ ʥʠʞʥʝʛʦ ʧʦʷʩʘ (ʨʠʩ. 16). 

 

ʈʠʩ. 16. ʌʝʨʤʘ [41]: n = 3, m = 2 

ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʜʣʷ ʧʨʦʛʠʙʘ, ʥʘʡʜʝʥʥʦʝ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʝʡ, ʚ ʵʪʦʡ ʟʘ-

ʜʘʯʝ ʪʘʢʞʝ ʜʘʸʪʩʷ ʬʦʨʤʫʣʦʡ (10), ʥʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʫʯʠʣʠʩʴ ʪʘʢʠʤʠ: 

Amn = n3 / 3 + (1ï(2m+1) (ï1)
n
) n2 / (4m) + (1+ 8m2 /3ï(ï1)

n
) n / (4m2) + (1ï(ï1)

n
) /4 , 

Bmn = (1ï(ï1)
n
) / (4m) ,      Cmn = (6n + (5m2 +1) / m+ (m2ï1) (ï1)

n
/ m) / 12. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʵʪʦʡ ʟʘʜʘʯʝ ʧʨʠ ʩʪʨʝʤʣʝʥʠʠ n ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʟʥʘʯʝʥʠʝ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦʛʦ ʧʨʦʛʠʙʘ D¡ ʩʪʨʝʤʠʪʩʷ ʢ ʢʦʥʝʯʥʦʤʫ ʧʨʝʜʝʣʫ; ʢ ʢʦʥʝʯʥʦʤʫ ʧʨʝʜʝʣʫ (ʫʞʝ ʜʨʫʛʦʤʫ) 

ʦʥʦ ʩʪʨʝʤʠʪʩʷ ʪʘʢʞʝ, ʝʩʣʠ, ʟʘʬʠʢʩʠʨʦʚʘʚ n, ʫʩʪʨʝʤʠʪʴ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʧʘʨʘʤʝʪʨ m. 

ɹʳʣ ʨʘʩʩʤʦʪʨʝʥ ʪʘʢʞʝ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʜʘʥʥʘʷ ʬʝʨʤʘ ʨʘʚʥʦʤʝʨʥʦ ʥʘʛʨʫʞʝʥʘ ʧʦ ʚʝʨʭʥʝ-

ʤʫ ʧʦʷʩʫ; ʦʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʘʥʘʣʠʟ ʫʜʘʣʦʩʴ ʧʨʦʚʝʩʪʠ ʣʠʰʴ ʜʣʷ ʩʣʫʯʘʷ m= n. ʂʦʵʬʬʠʮʠ-

ʝʥʪʳ ʚ ʬʦʨʤʫʣʝ (10) ʧʨʠ ʵʪʦʤ ʦʢʘʟʘʣʠʩʴ ʩʣʝʜʫʶʱʠʤʠ: 

Amn = (10n5ï2(3+ 4(ï1)
n
) n4 + 2(18+ (ï1)

n
) n3ï(9+ 13(ï1)

n
) n2 + 4(2ï5(ï1)

n
) n + 

+ 9(1ï(ï1)
n
) ) / (24n) ,        Bmn = (1ï(ï1)

n
) (3n+ 1) / (4n) , 

Cmn = ï( (1ï(ï1)
n
) n4ï4(8+ (ï1)

n
) n3 + 10n2 + 2(1+ 2(ï1)

n
) n + 2(1ï(ï1)

n
) ) / (24n) . 

ɺ ʨʘʙʦʪʝ [42] ʙʳʣ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʨʘʩʢʦʩʥʦʡ ʬʝʨʤʳ ʘʨʦʯʥʦʛʦ ʪʠʧʘ ʩ ʨʘʚʥʦʤʝʨʥʦʡ 

ʥʘʛʨʫʟʢʦʡ ʧʦ ʚʝʨʭʥʝʤʫ ʧʦʷʩʫ. ʋ ʜʘʥʥʦʡ ʬʝʨʤʳ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʘʞʜʦʡ ʧʦʣʫʘʨʢʠ ʯʠʩʣʦ ʧʘ-
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ʥʝʣʝʡ ʨʘʚʥʦ n, ʚ ʥʠʞʥʝʡ ï m. ɺʳʩʦʪʘ ʚʩʝʭ ʩʪʦʝʢ ʬʝʨʤʳ ʦʜʠʥʘʢʦʚʘ, ʘ ʫʢʣʦʥʳ ʚʝʨʭʥʠʭ ʠ ʥʠʞ-

ʥʠʭ ʯʘʩʪʝʡ ʨʘʟʣʠʯʥʳ (ʨʠʩ. 17). 

 

ʈʠʩ. 17. ʌʝʨʤʘ [42]: n = 3, m = 2 

ɻʝʦʤʝʪʨʠʷ ʧʘʥʝʣʝʡ ʵʪʦʡ ʬʝʨʤʳ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ 4 ʧʘʨʘʤʝʪʨʘ-

ʤʠ: a, b, c, h. ʀʩʩʣʝʜʦʚʘʥʠʝ, ʦʜʥʘʢʦ, ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ b = h  ʠ c = h /2. 

ʇʨʠ ʧʦʤʦʱʠ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʣʝʜʫʶʱʝʝ ʦʙʱʝʝ ʨʝʰʝ-

ʥʠʝ ʜʣʷ ʧʨʦʛʠʙʘ ʬʝʨʤʳ: 

D = īīīī
P

EF
( Amn a3 + Hmn h3 + Dmn d3 + Gmn g3 ) / h2 ,                             (11) 

ʛʜʝ 

Amn = 4m(2n+ m) / 8 , 

Hmn = ( 2n3 + 2(3m+ 2) n2 + 4(2m2 + 1) n + m(3m2 + 2m+ 1) ) / 8 , 

Dmn = m(4(2m2 + 1) n + m(5m2 + 1) ) / 12, 

Gmn = n (5n3 + 20mn2 + (30m2 + 7) n + 2m(6m2ï1) ) / 96;   d = a2 + h2 ,  g = a2 +9h2 . 

ɺ ʩʣʫʯʘʝ m= n  ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʦʛʠʙ D¡ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ n ʩʥʘʯʘʣʘ ʫʙʳʚʘʝʪ, ʘ ʟʘʪʝʤ 

ʤʦʥʦʪʦʥʥʦ ʨʘʩʪʸʪ. 

ɸʨʦʯʥʘʷ ʬʝʨʤʘ ʩ ʢʨʝʩʪʦʦʙʨʘʟʥʦʡ ʨʝʰʸʪʢʦʡ, ʠʤʝʶʱʘʷ ʧʦ m ʧʘʥʝʣʝʡ ʚ ʙʦʢʦʚʳʭ ʯʘʩʪʷʭ 

ʠ 2n ʧʘʥʝʣʝʡ ʚ ʨʠʛʝʣʝ ʠ ʥʘʛʨʫʞʝʥʥʘʷ ʦʜʥʦʡ ʩʠʣʦʡ P ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʫʟʣʝ ʥʠʞʥʝʛʦ ʧʦʷʩʘ, ʙʳʣʘ 

ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʝ [43] (ʨʠʩ. 18). 

    

ʈʠʩ. 18. ʌʝʨʤʘ [43]: n = 4, m = 2 

ʈʝʰʝʥʠʝ ʜʣʷ ʧʨʦʛʠʙʘ ʬʝʨʤʳ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʝʡ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʯʠʩʣʦ ʧʘʥʝʣʝʡ ʚ ʧʦʣʦʚʠʥʝ ʧʨʦʣʸʪʘ ʷʚʣʷʝʪʩʷ ʯʸʪʥʳʤ: n = 2k. ʆʥʦ ʦʢʘʟʘ-

ʣʦʩʴ ʪʘʢʠʤ: 

D = īīīī
P

EF
( Amn a3bh + Bmn a3b2 + Cmn c3h2 + Dmn f 3b2 + Emn a3h2 ) / b2h2 ,           (12) 

ʛʜʝ 
Amn = ï2k2 ,      Bmn = k (8k2 + 1) /3,      Cmn = m/2 , 

Dmn = Emn = k ;      c = a2 + b2 ,   f = a2 +h2 . 

ʌʝʨʤʘ P-ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʩ ʯʝʪʳʨʴʤʷ ʦʧʦʨʘʤʠ, ʠʩʩʣʝʜʦʚʘʥʥʘʷ ʚ ʨʘʙʦʪʝ [44], ʩʪʘʪʠʯʝ-

ʩʢʠ ʦʧʨʝʜʝʣʠʤʘ, ʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʚʥʝʰʥʝ ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʳʭ ʩʠʩʪʝʤ. ʆʥʘ ʠʤʝʝʪ 

ʧʦ m ʧʘʥʝʣʝʡ ʚ ʙʦʢʦʚʳʭ ʯʘʩʪʷʭ ʠ 2n ʧʘʥʝʣʝʡ ʚ ʨʠʛʝʣʝ; ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʫʟʣʫ ʥʠʞʥʝʛʦ ʧʦʷʩʘ 

ʧʨʠʣʦʞʝʥʘ ʩʠʣʘ P (ʨʠʩ. 19). 
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ʈʠʩ. 19. ʌʝʨʤʘ [44] (ʚʘʨʠʘʥʪ 1): n = 3, m = 2 

 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʩʪʘʪʦʢ ʦʪ ʜʝʣʝʥʠʷ m ʥʘ 3 ʨʘʚʝʥ 1, 

ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ G ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ, ʪʘʢ ʯʪʦ ʬʝʨʤʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠ 

ʠʟʤʝʥʷʝʤʫʶ ʩʠʩʪʝʤʫ; ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ n ʟʜʝʩʴ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʥʝʝ ʦʙʩʫʞʜʘʚ-

ʰʝʡʩʷ ʬʝʨʤʳ ʠʟ ʩʪʘʪʴʠ [34]) ʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʠʟʤʝʥʷʝʤʦʩʪʴ ʥʝ ʚʣʠʷʝʪ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʠ ʚʤʝʩʪʦ ʠʥʜʫʢʮʠʠ ʧʦ m ʧʨʠʤʝʥʷʣʘʩʴ 

(ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʩʣʫʯʘʠ ʚʳʨʦʞʜʝʥʠʷ) ʠʥʜʫʢʮʠʷ ʧʦ ʧʘʨʘʤʝʪʨʫ k, ʧʨʦʙʝʛʘʚʰʝʤʫ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ ʟʥʘʯʝʥʠʷ 1, 2, 3, ... ʠ ʩʚʷʟʘʥʥʦʤʫ ʩ m ʬʦʨʤʫʣʦʡ m = (6kï(ï1)k + 1) / 4. ɼʣʷ ʧʨʦʛʠʙʘ 

ʬʝʨʤʳ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ, ʩʭʦʜʥʘʷ ʩ (10): 

 

D = īīīī
P

EF
( Amn a3 + Bmn h3 + Cmn c3 ) / h2 ,                                     (13) 

ʛʜʝ 

Amn = (8n3 + 24n2 + 25n + 9) /3,       Bmn = (5 + 14kï5(ï1)

k

) /4 , 

Cmn = (2n + 3ï(ï1)k + 6k) /2 ;      c = a2 + h2 . 

ɺ ʨʘʙʦʪʝ [44] ʙʳʣ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥ ʜʨʫʛʦʡ ʚʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʮʠʠ ʵʪʦʡ ʬʝʨʤʳ, ʦʪʣʠ-

ʯʘʶʱʠʡʩʷ ʠʟʤʝʥʝʥʠʝʤ ʧʦʣʦʞʝʥʠʷ ʜʚʫʭ ʦʧʦʨ (ʨʠʩ. 20). 

 

 

ʈʠʩ. 20. ʌʝʨʤʘ [44] (ʚʘʨʠʘʥʪ 2): n = 3, m = 3 

 

 ɼʣʷ ʵʪʦʛʦ ʚʘʨʠʘʥʪʘ ʠʩʯʝʟʘʶʪ ʩʣʫʯʘʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʠʟʤʝʥʷʝʤʦʩʪʠ, ʘ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʪʘʥʦʚʷʪʩʷ ʪʘʢʠʤʠ: 

Amn = (8n2 + 1) n /3 ,       Bmn = m,       Cmn = n .                             (14) 

ɺʝʨʥʫʚʰʠʩʴ ʢ ʚʘʨʠʘʥʪʫ 1 ʬʝʨʤʳ, ʘʚʪʦʨʳ ʨʘʙʦʪʳ ʨʘʩʩʤʦʪʨʝʣʠ ʝʱʸ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʬʝʨ-

ʤʘ ʨʘʚʥʦʤʝʨʥʦ ʥʘʛʨʫʞʝʥʘ ʧʦ ʥʠʞʥʝʤʫ ʧʦʷʩʫ ʨʠʛʝʣʷ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʚ (13) ʧʨʠʥʷʣʠ ʚʠʜ 

Amn = (10n4 + 40n3 + 35n2ï10nï9) / 3, 

Bmn = (5(2nï1) (1ï(ï1)k) + 14k (2nï1) ) / 4, 

Cmn = n2 + (2m+ 1) (2nï1) . 

ʉʭʦʜʥʘʷ ʩ ʠʟʦʙʨʘʞʸʥʥʦʡ ʥʘ ʨʠʩ. 20 ʬʝʨʤʘ, ʥʦ ʦʪʣʠʯʘʶʱʘʷʩʷ ʠʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʨʝʰʸʪ-

ʢʠ, ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʝ [45] (ʨʠʩ. 21). 



27 

 

 

ʈʠʩ. 21. ʌʝʨʤʘ [45] (ʚʘʨʠʘʥʪ 1): n = 3, m = 2 

ʇʨʦʚʝʜʷ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ ʠʥʜʫʢʮʠʶ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʬʝʨʤʘ ʥʘʛʨʫʞʝʥʘ ʩʠʣʦʡ P 

ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʫʟʣʝ ʥʠʞʥʝʛʦ ʧʦʷʩʘ, ʘʚʪʦʨ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʠʣʘ, ʯʪʦ ʜʣʷ ʧʨʦʛʠʙʘ ʬʝʨʤʳ ʪʘʢʞʝ 

ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ (13) ʩ ʚʳʨʘʞʝʥʠʷʤʠ (14) ʜʣʷ ʝʸ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ɽʩʣʠ ʞʝ ʜʘʥʥʘʷ ʬʝʨʤʘ ʨʘʚʥʦʤʝʨʥʦ ʥʘʛʨʫʞʝʥʘ ʧʦ ʥʠʞʥʝʤʫ ʧʦʷʩʫ ʨʠʛʝʣʷ, ʪʦ ʢʦʵʬʬʠ-

ʮʠʝʥʪʳ ʚ (13) ʦʢʘʟʳʚʘʶʪʩʷ ʪʘʢʠʤʠ: 

Amn = (10n2ï1) n2 /3 ,       Bmn = m(2nï1) ,       Cmn = n2 . 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʘʩʧʨʝʜʝʣʸʥʥʘʷ ʥʘʛʨʫʟʢʘ ʧʨʠʣʦʞʝʥʘ ʢʦ ʚʩʝʤʫ ʚʝʨʭʥʝʤʫ ʧʦʷʩʫ ʬʝʨʤʳ 

(ʨʠʩ. 22), ʧʨʦʛʠʙ ʧʦʩʣʝʜʥʝʡ ʦʧʠʩʳʚʘʝʪʩʷ ʫʞʝ ʬʦʨʤʫʣʦʡ 

D = īīīī
P

EF
( Amn a3 + Bmn h3 + Cmn c3 + Dmn ba2 ) / h2 ,                            (15) 

ʛʜʝ 

Amn = 2n2 (5n2 + 1) / 3,     Bmn = (ï1 + 4(n+ 2) m + (2mï3) cos2jï4(sinjïcosj) ) / 2 , 

Cmn = n2 ,     Dmn = ï8n2 (1+ (ï1)
m

) ;       j= pm/2 . 

      

ʈʠʩ. 22. ʌʝʨʤʘ [45] (ʚʘʨʠʘʥʪ 2): n = 3, m = 2 

ɽʩʣʠ ʞʝ ʪʘʢʘʷ ʥʘʛʨʫʟʢʘ ʧʨʠʣʦʞʝʥʘ ʣʠʰʴ ʢ ʚʝʨʭʥʝʤʫ ʧʦʷʩʫ ʨʠʛʝʣʷ, ʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ 

ʬʦʨʤʫʣʝ (15) ʧʨʠʥʠʤʘʶʪ ʚʠʜ 

Amn = 2n2 (5n2 + 1) / 3,     Bmn = 2(n+ 1) m,     Cmn = n2 ,     Dmn = ï2n2 . 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ɺ ʩʪʘʪʴʝ ʩʜʝʣʘʥ ʦʙʟʦʨ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʫʙʣʠʢʘʮʠʡ, ʘʚʪʦʨʳ ʢʦʪʦʨʳʭ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ 

ʠʥʜʫʢʮʠʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ Maple, ʧʦʣʫʯʠʣʠ ʪʦʯʥʳʝ ʘʥʘ-

ʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʘʜʘʯ ʦ ʧʨʦʛʠʙʝ ʧʣʦʩʢʠʭ ʬʝʨʤ ʘʨʦʯʥʦʛʦ ʪʠʧʘ. ʉʦʙʨʘʥʳ 

ʚʦʝʜʠʥʦ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʟʙʨʦʩʘʥʥʳʝ ʧʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʠʟʜʘ-

ʥʠʷʤ, ʠ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʩʦʧʦʩʪʘʚʣʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʤ ʚʠʜʝ. 

ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʯʠʩʣʘ 

ʧʘʥʝʣʝʡ ʚ ʬʝʨʤʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʝʩʴʤʘ ʪʨʫʜʦʸʤʢʦ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʚʩʷʢʠʡ ʨʘʟ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʨʝʰʝʥʠʝ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʥʝʩʢʦʣʴʢʠʭ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʨʘʟ-

ʤʝʨʥʦʩʪʠ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʟʘʜʘʯ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʜʚʫʭ ʥʘʪʫʨʘʣʴ-

ʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʠ: ʟʜʝʩʴ ʢʦʤʧʴʶʪʝʨ ʥʝ-

ʨʝʜʢʦ ʨʘʙʦʪʘʝʪ ñʥʘ ʧʨʝʜʝʣʝò ʩʚʦʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʕʪʠ ʪʨʫʜʥʦʩʪʠ, ʦʜʥʘʢʦ, ʠʩʢʫʧʘʶʪʩʷ ʫʜʦʙ-

ʩʪʚʦʤ ʨʘʙʦʪʳ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʠʪʦʛʝ ʬʦʨʤʫʣʘʤʠ, ʘ ʧʨʦʚʝʨʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʜʘʣʴʥʝʡʰʠʡ ʨʘʩʯʸʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʢʦʥʢʨʝʪʥʦʡ ʩʠʩʪʝʤʳ (ʚʳ-

ʧʦʣʥʷʝʤʳʝ ʫʞʝ ʚ ʯʠʩʣʝʥʥʦʤ ʨʝʞʠʤʝ ʩʠʩʪʝʤʳ Maple, ʢʦʪʦʨʳʡ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ) ʥʝ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʦʩʦʙʳʭ ʪʨʫʜʥʦʩʪʝʡ ʠ ʜʣʷ ʬʝʨʤ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʜʝʩʷʪʢʘʤʠ ʧʘʥʝʣʝʡ (ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʨʝ-

ʘʣʴʥʳʭ ʟʘʜʘʯ). 

ʇʨʠʤʝʥʝʥʠʝ ʪʦʯʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ 

ʙʦʣʴʰʝʧʨʦʣʸʪʥʳʭ ʘʨʦʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʷʤʦʡ ʯʠʩʣʝʥʥʳʡ ʨʘʩʯʸʪ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥ ʩ ʥʝʠʟ-

ʙʝʞʥʳʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ (ʧʦʷʚʣʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʩʚʷʟʘʥʦ, ʥʘʧʨʠʤʝʨ, ʩ ʧʨʠʙʣʠʞʸʥʥʳʤ ʭʘʨʘʢ-

ʪʝʨʦʤ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʦʚ, ʥʘʢʦʧʣʝʥʠʝʤ ʦʰʠʙʦʢ ʦʢʨʫʛʣʝʥʠʷ ʠʣʠ ʧʣʦʭʦʡ ʦʙʫʩʣʦʚʣʝʥʥʦ-

ʩʪʴʶ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ). 
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ʇʨʝʜʣʦʞʝʥʘ ʦʙʦʙʱʝʥʥʘʷ ʬʦʨʤʘ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʟʫʯʝʩʪʠ ʜʣʷ ʠʟʦʪʨʦʧʥʳʭ ʨʘʟʥʦʩʦʧʨʦʪʠʚʣʷʶʱʠʭʩʷ ʤʘʪʝʨʠ-

ʘʣʦʚ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚʝʢʪʦʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʩʚʷʟʘʥʥʦʝ ʩ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ 

ʧʣʦʱʘʜʢʦʡ, ʫʯʪʝʥʦ ʚʣʠʷʥʠʝ ʩʨʝʜʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʦʣʟʫʯʝʩʪʴ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠʚʣʝʯʝʥʠʝ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ 

ʟʘʢʦʥʘ ʪʝʯʝʥʠʷ ʧʦʟʚʦʣʠʣʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʠ ʩʢʦʨʦʩʪʝʡ ʧʦʣʟʫʯʝʩʪʠ ʦʪ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʡ. ʉʬʦʨ-

ʤʫʣʠʨʦʚʘʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʟʫʯʝʩʪʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʟʫʯʝʩʪʴ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʪʝʥʮʠʘʣ ʧʦʣʟʫʯʝʩʪʠ, ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘʧʨʷʞʝ-

ʥʠʡ, ʚʠʜ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 
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A generalized form of creep potential for isotropic materials with SD effect is proposed. For this purpose, 

there is used vector space of normalized stresses associated with octahedral plane, mean stress influence on 

materials creep is taken into account. The associated flow rule allowed formulating equations of the creep 

rates dependence on the stress level. Energy restrictions of creep potential parameters are formulated. 

 

Keywords: material creep, creep potential, normalized stresses space, type of stress state. 

 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʪʝʭʥʠʢʝ ʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʘʪʝʨʠ-

ʘʣʳ, ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʧʨʦ-

ʮʝʩʩʘʭ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʪʚʝʨʜʳʭ ʪʝʣ. ɺ ʦʙʱʝʧʨʠʥʷʪʳʭ ʪʝʦʨʠʷʭ ʧʦʣʟʫʯʝʩʪʠ ʠʟʥʘʯʘʣʴʥʦ ʧʦʩʪʫ-

ʣʠʨʫʝʪʩʷ ʨʝʦʣʦʛʠʯʝʩʢʘʷ ʥʝʩʞʠʤʘʝʤʦʩʪʴ ʨʝʦʥʦʤʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʦʩʥʦʚʫ ʛʠʧʦ-

ʪʝʟʘ ʝʜʠʥʦʡ ʢʨʠʚʦʡ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦ ʚʨʝʤʝʥʠ [1, 2]. ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʘʣʦ ʙʦʣʴʰʠʥʩʪʚʦ 

_________________ 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʙʝʪʦʥʘʭ, ʧʦʣʠʤʝʨʥʳʭ ʠ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘ-

ʪʝʨʠʘʣʘʭ, ʚʝʣʠʯʠʥʘ ʜʘʚʣʝʥʠʷ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʴ ʭʘʨʘʢʪʝʨ ʠ ʤʝʭʘʥʠʟʤʳ ʜʝʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʳʟʳʚʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʟʫʯʝʩʪʠ ʢ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤʫ 

ʜʘʚʣʝʥʠʶ [3, 4] ʠ ʢ ʚʠʜʫ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [5-18]. ʂ ʪʘʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʦʪʥʦʩʠʪʩʷ ʧʦ-

ʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ (ʇʄʄɸ), ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥ (ʇʊʌʕ) ʠ ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦ-

ʩʪʠ (ʇʕɺʇ) [3]. ɼʠʣʘʪʘʮʠʷ ʜʣʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ, ʨʘʟʚʠʚʘʷʩʴ ʚ 

ʧʨʦʮʝʩʩʝ ʧʦʣʟʫʯʝʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺʣʠʷʥʠʝ ʛʠʜʨʦʩʪʘʪʠʯʝ-

ʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʜʝʬʦʨʤʘʮʠʶ ʩʜʚʠʛʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʫʯʪʝʥʦ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʪʝʦʨʠʷʤʠ ʧʦʣ-

ʟʫʯʝʩʪʠ. 

ɸʚʪʦʨ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʝʪ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʫʪʦʯʥʝʥʥʳʡ ʚʘʨʠʘʥʪ ʩʚʷʟʠ ʩʢʦʨʦ-

ʩʪʝʡ ʜʝʬʦʨʤʘʮʠʡ ʧʦʣʟʫʯʝʩʪʠ ʩ ʥʘʧʨʷʞʝʥʠʷʤʠ, ʚʳʪʝʢʘʶʱʠʡ ʠʟ ʬʦʨʤʫʣʠʨʦʚʢʠ ʵʥʝʨʛʠʠ ʨʘʩ-

ʩʝʠʚʘʥʠʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʜʣʷ ʠʟʦʪʨʦʧʥʳʭ ʜʠʣʘʪʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡ-

ʩʪʚʘ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʦʪ ʚʠʜʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʟʫʯʝʩʪʠ.  

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʦʣʟʫʯʝʩʪʠ ʠʟʦʪʨʦʧʥʳʭ ʨʘʟʥʦʩʦʧʨʦʪʠʚʣʷʶʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʫʧʨʦʯʥʝʥʠʷ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʚʠʜʝ [19 

ï 24] 

                                                    
nʉɺɸW thx )( ++= ,                                                  

(1) ʛʜʝ ɸ, ɺ, ʉ, n  ï ʢʦʥʩʪʘʥʪʳ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʟʫʯʝʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘ-

ʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʨʘʩʪʷʞʝʥʠʠ, ʩʞʘʪʠʠ ʠ ʧʨʦʩʪʦʤ ʩʜʚʠʛʝ; 0/ Ssx= , 0/ Sth=  ï ʥʦʨʤʠʨʦʚʘʥʥʳʝ 

ʥʦʨʤʘʣʴʥʳʝ ʠ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʧʣʦʱʘʜʢʝ; 
22

0 ts +=S  ï ʥʦʨʤʘ 

ʧʨʦʩʪʨʘʥʩʪʚʘ; 3/ijijsds=  ï ʩʨʝʜʥʠʝ ʥʘʧʨʷʞʝʥʠʷ; 3/ijij SS=t  ï ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʢʘʩʘ-

ʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ;  ï ʜʝʚʠʘʪʦʨ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʷ; -ijd  ʩʠʤʚʦʣʳ ʂʨʦ-

ʥʝʢʝʨʘ; i , j  = 1, 2, 3. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʠʢʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʟʘʢʦʥʘ ʪʝʯʝʥʠʷ ʧʨʠʤʝʥʠ-

ʪʝʣʴʥʦ ʢ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ (1) ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʢʦʨʦʩʪʷʤʠ 

ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʠʷʤʠ: 

                                         ,ij

ij ij ij

W W W
e

s t

s s s t s

µ µ µ µ µ
= = Ö + Ö
µ µ µ µ µ

                                        (2) 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʟʫʯʝʩʪʠ ʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʚʠʜʫ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɿʜʝʩʴ tijij ee ,=" ï ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ 

ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʡ; t  ï ʪʝʢʫʱʝʝ ʚʨʝʤʷ. 

ʇʨʠʤʝʥʠʚ ʬʦʨʤʫʣʳ ʂʘʩʪʠʣʴʷʥʦ (2) ʢ ʧʦʪʝʥʮʠʘʣʫ ʚʠʜʘ (1), ʧʦʣʫʯʠʤ: 

                  +Ö++-+= - 3/)]()([ 222

ij

n

ij SnCnBnAe txhhx"  

                                                    
2 2[( ) ] / 3,n

ijB Ch x th dt-+ +                                                  (3) 

ʛʜʝ 2/ijije g""= ; 3/4 ijijeeg """=  ï ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʡ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ ʧʨʠ ʧʦʣ-

ʟʫʯʝʩʪʠ; 3/qde """
ijijij e -=  ï ʜʝʚʠʘʪʦʨ ʪʝʥʟʦʨʘ ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʡ ʧʦʣʟʫʯʝʩʪʠ; ijije""dq=  

ï ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʧʨʠ ʧʦʣʟʫʯʝʩʪʠ. 

sds ijijijS -=
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ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʥʩʪʘʥʪ ʧʦʪʝʥʮʠʘʣʘ (1) ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʜʥʦʦʩʥʦʤʫ ʨʘʩʪʷʞʝ-

ʥʠʶ ʠʤʝʝʤ: 3/3=x , 3/6=h ; ʧʦ ʦʜʥʦʦʩʥʦʤʫ ʩʞʘʪʠʶ: 3/3-=x , 3/6=h ; ʧʨʠ 

ʯʠʩʪʦʤ ʩʜʚʠʛʝ: 0=x , 1=h . ʇʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ n  (1) ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʦʤ ʥʝʣʠʥʝʡ-

ʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʢʦʨʦʩʪʷʤʠ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʜʠʘʛʨʘʤʤ 

ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʥʩʪʘʥʪ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʟʫʯʝʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʧʨʦʚʝʨʢʫ 

ʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦʩʪʫʣʘʪʘ ɼʨʫʢʝʨʘ 

[25]:  

                                          

2

0.ij ij km ij

km ij

W
ʝd ds ds ds

s s

µ
= ²
µ µ                             (4) 

ʆʛʨʘʥʠʯʝʥʠʷ ʚʠʜʘ (4) ʩʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʶ ʉʠʣʴʚʝʩʪʨʘ ʩʚʦʜʷʪʩʷ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʧʨʝ-

ʜʝʣʝʥʥʦʩʪʠ ʢʚʘʜʨʘʪʠʯʥʳʭ ʬʦʨʤ: 

                                                   

2

2
0;

W

s

µ
²

µ
                     

2

2
0;

W

t

µ
²

µ
 

                                                       

2
2 2 2

2 2
0;

W W W

s t s t

å õµ µ µ
Ö - ²æ ö

µ µ µ µç ÷
.                        (5) 

 

ɺʳʚʦʜʳ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʥʘʧʨʷʞʝʥʠʡ, ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʧʣʦʱʘʜʢʦʡ, ʧʨʝʜʣʦʞʝʥʳ ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʠ ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʡ 

ʧʦʣʟʫʯʝʩʪʠ ʩ ʫʨʦʚʥʝʤ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʨʝʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʦʪ ʚʠʜʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʋʢʘʟʘʥʘ ʩʠʩʪʝʤʘ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʩʪʘʥʪ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʟʫʯʝʩʪʠ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʥʘ ʢʦʥʩʪʘʥʪʳ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʟʫʯʝʩʪʠ ʫʩʣʦ-

ʚʠʝʤ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʚ ʤʘʣʦʤ, ʪʦ ʝʩʪʴ ʫʩʣʦʚʠʝʤ ʚʳʧʫʢʣʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʘ.  
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ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʦ ʦʧʳʪʘʤ ʥʘ ʮʝʥʪʨʘʣʴʥʦʝ ʩʞʘʪʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ç„ ‐è ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʠʝ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣ ὔˎ  ʚʥʝʮʝʥʪʨʝʥʥʦ ʥʘʛʨʫʞʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʤʝʣʢʦ-

ʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʘ ʩʦʩʪʘʚʣʷʶʪ ʤʝʥʝʝ 0,94 ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʟʨʫʰʘʶʱʠʭ ʥʘʛʨʫʟʦʢ Ὂ . ʂʦʵʬʬʠʮʠʝʥʪ ʫʚʝ-

ʣʠʯʝʥʠʷ ὑ  ʫʩʠʣʠʷ ὔˎ  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Ὂ  ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ Ὡ ʠ ʩʢʦʨʦʩʪʠ 

ʥʘʛʨʫʞʝʥʠʷ —. ʋʩʪʘʥʦʚʣʝʥʘ ʵʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ὑ —ȟὩ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʩʫʤʤʦʡ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ ʦʪ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʳʪʦʚ. 
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It is shown that maximal resultants of internal forces  ὔˎ   of eccentrically compressed elements from fine-

concrete determined by tested dependence on central compression ç„ ‐è is less than 0, 94 from experimental destruc-

tive loads Ὂ . Magnification factorὑ  forces ὔˎ  in comparison with Ὂ  is the function of relative to eccentricity Ὡ and 

loaded speed —. Correlation formula ὑ —ȟὩ with minimal sum of square deviation from tests results id defined. 

 

Keywords: :eccentric compression, fine-grained concrete.  

 

ɺʚʝʜʝʥʠʝ 

 

ʀʩʭʦʜʷ ʠʟ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʝʪʦʥʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʘʧʨʷʞʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʠʟʛʠʙʘʝʤʳʭ ʠ ʥʘʛʨʫʞʘʝʤʳʭ ʚʥʝʮʝʥʪʨʝʥʥʦ ʵʣʝʤʝʥʪʦʚ ʧʨʝʜʣʘʛʘʣʠʩʴ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʧʦ ʨʝ-

ʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʥʘ ʮʝʥʪʨʘʣʴʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʠ ʩʞʘʪʠʝ: 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʙʦʣʠʯʝʩʢʘʷ [1, 14]       „ ‌Ͻ‐ ‍Ͻ‐        (1)  

 

_________________________________________________ 

É ʉʠʥʦʟʝʨʩʢʠʡ ɸ.ʅ., ʈʝʟʫʥʦʚ ɸ.ɺ., ʄʫʭʪʘʨʦʚ ʈ.ɸ., 2018 
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ʠ                    ʩʪʝʧʝʥʥʘʷ  [2]                        „ ὃϽ‐ϳ  ;        (2) 

ʬʫʥʢʮʠʷ [3], [4]                                 „ ὥϽ‐ ὦϽ‐ ὧϽ‐ ;       (3) 

ʬʦʨʤʫʣʘ [5]                                                   „ ὉϽὑ Ͻ‐        (4) 

ʩ ʵʤʧʠʨʠʯʝʩʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ὑ . 

 ʇʨʝʜʝʣʴʥʳʝ ʫʩʠʣʠʷ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʫʩʣʦʚʥʳʭ ʜʠʘʛʨʘʤʤ ʥʘʧʨʷʞʝʥʠʡ „ ʠ 

ʜʝʬʦʨʤʘʮʠʡ ‐ [6, 7, 13], ʉʅʠʇ 2.03.01-84 ʠ ʪ.ʜ. 

 ʆʙʥʘʨʫʞʝʥʦ [8, 9] ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʨʝʞʠʤʘ ʥʘʛʨʫʞʝʥʠʷ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ ç„ ‐è. 
ʀʟʫʯʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʨʫʰʘʶʱʠʭ ʫʩʠʣʠʡ ʥʝ ʪʦʣʴʢʦ ʦʪ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ Ὡ, ʥʦ ʠ ʦʪ ʩʢʦʨʦ-

ʩʪʠ — ʠʟʤʝʥʝʥʠʷ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ʚʥʝʰʥʠʭ ʩʠʣ ʧʦʩʚʷʱʘʝʪʩʷ ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ. 

 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʳʪʦʚ ʥʘ ʮʝʥʪʨʘʣʴʥʦʝ ʩʞʘʪʠʝ ʢʦʨʦʪʢʠʭ ʵʣʝʤʝʥʪʦʚ ὬϽὦϽὰ πȟρϽπȟρϽ
πȟτ ̍ ʠʟ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʘ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʥʘʛʨʫʞʝʥʠʷ Ὂ σωςσ˚Ͻ̒ , Ὂ σωςȟσ Ͻ̊
̒ , Ὂ σωȟςσϽ̊̒  ʫʩʪʘʥʦʚʣʝʥʳ ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʠʡ „ ʦʪ ʜʝʬʦʨʤʘʮʠʡ ‐ [10]: 

„— ὉϽ‐ ‌Ͻ‐  ,   (5) 

ʛʜʝ Ὦ ρȟςȟσ; — ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʥʘʛʨʫʞʝʥʠʷ, ʚʳʯʠʩʣʷʝʤʘʷ ʧʦ ʬʦʨʤʫʣʝ 

— ὊϽρπ ὦϽὬϽ„ȟ  ;                                                 (6) 

Ὁ σρσωπ ̇˜ ́ï ʥʘʯʘʣʴʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʙʝʪʦʥʘ; „ȟ ρȟππ ̇˜ Ͻ́̒ ; 

ʟʘʚʠʩʷʱʠʝ ʦʪ — ʧʘʨʘʤʝʪʨʳ: 

‌ ρυψψπυππ˙˜́  ̉  ‍ ςȟπψρππȟ
‌ ςχφτχππ˙˜́  ̉  ‍ ρȟψπσυψȟ
‌ χσσρτπ˙˜́  ̉  ‍ ρȟυψσππȢ

   (7) 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ „—  ʧʦ (5) ʨʘʚʥʳ ʧʨʠʟʤʝʥʥʳʤ ʧʨʝʜʝʣʘʤ ʧʨʦʯʥʦʩʪʠ: 

„ ςφȟπωρȟτχ ̇˜ȟ́

„ ςυȟυρπȟφω ̇˜ȟ́

„ ςσȟφτρȟσχ ̇˜ȟ́

  (8) 

ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ: 

‐ ρφππϽρπȟ

‐ ρψςτϽρπȟ

‐ ςπτυϽρπȢ

  (9) 

ʉʨʝʜʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʟʨʫʰʘʶʱʠʝ ʥʘʛʨʫʟʢʠ Ὂ —ȟὩ ʩ ʛʨʘʥʠʮʘʤʠ ʜʦʚʝʨʠ-

ʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ЎὊ  ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʠ 0,95 ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘʤʠ 

Ὡ ώ Ὤϳ  ʧʦʣʦʞʝʥʠʷ Ὂ  [10] ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. ʉ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʡ (5) ʙʳʣʠ ʦʧʨʝʜʝ-

ʣʝʥʳ ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʪʘʙʣ. 1 ʤʘʢʩʠʤʘʣʴʥʳʝ (ʙʘʟʦʚʳʝ) ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʠʝ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣ 

ὔˎ —ȟὩ. ʕʪʠ ʫʩʠʣʠʷ ʩʦʩʪʘʚʣʷʶʪ ʤʝʥʝʝ 0,941 ʦʪ Ὂ —ȟὩ. ʅʘʠʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ὑ —ȟὩ̠̒ ὔ —ȟὩ̠̒ ὔˎ —ȟὩ̠  ̒  (10) 

ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʷʜʨʦʚʦʤ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʝ Ὡ̠ —̒  [11]. 

 

 

ʊʘʙʣʠʮʘ 1 

 
Ὦ —Ͻρπ Ὡ Ὂ —ȟὩ ЎὊ , ʢʅ ɹʘʟʦʚʳʝ ʫʩʠʣʠʷ 

ὔˎ —ȟὩ 

ὑ —ȟὩ ʧʦ (40) 

1 2 3 4 5 6 

1 392,3 0,050 236,3Ñ17,7 222,25 1,0632 

0,100 207,9Ñ14,7 193,5 1,0744 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 1 
Ὦ —Ͻρπ Ὡ Ὂ —ȟὩ ЎὊ , ʢʅ ɹʘʟʦʚʳʝ ʫʩʠʣʠʷ 

ὔˎ —ȟὩ 

ὑ —ȟὩ ʧʦ (40) 

1 2 3 4 5 6 

2 39,23 0,050 234,4Ñ18,6 217,75 1,0765 

0,100 207,9Ñ10,8 190,20 1,0931 

3 3,923 0,045 222,6Ñ15,7 205,10 1,0853 

0,090 204,0Ñ13,7 181,60 1,1233 

 

ɺ (10): —Ͻρπ σωςȟσ; ὔˎ —ȟὩ̠  ̒ʠ ὔ —ȟὩ̠  ̒ï ʙʘʟʦʚʘʷ ʠ ʫʩʣʦʚʥʘʷ ʧʨʝʜʝʣʴʥʘʷ ʨʘʚ-

ʥʦʜʝʡʩʪʚʫʶʱʠʝ ʚ ʩʣʫʯʘʝ Ὡ Ὡ̠ .̒ 

ʇʦʩʪʘʚʠʤ ʟʘʜʘʯʫ: 

ʧʨʠʚʣʝʢʘʷ ʤʝʪʦʜʠʢʠ [10, 12], ʥʘʡʪʠ ʷʜʨʦʚʳʝ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʳ Ὡ̠ —̒ , ʫʩʠʣʠʷ 

ὔ —ȟὩ̠  ̒ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ὑ —ȟὩ̠ ;̒ 

ʚʳʙʨʘʪʴ ʬʫʥʢʮʠʶ ὑ —ȟὩ̠  ̒ʧʨʠ Ὡ Ὡ̠ —̒  ʠ ʚʳʯʠʩʣʠʪʴ  

ὔ —ȟὩ̠̒ ὑ —ȟὩ̠̒Ͻὔˎ —ȟὩ̠ .̒    (11) 

 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘʟʦʚʳʭ ʷʜʨʦʚʳʭ ʩʦʩʪʦʷʥʠʡ 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʥʝʮʝʥʪʨʝʥʥʦʝ ʥʘʛʨʫʞʝʥʠʝ ʩʪʝʨʞʥʷ ʧʨʠʣʦʞʝʥʥʦʡ ʚ ʪʦʯʢʝ Ὢ (ʨʠʩ. 1) ʩ 
ʢʦʦʨʜʠʥʘʪʘʤʠ ώ, ᾀ π ʩʠʣʦʡ Ὂ. 

 
ʈʠʩ. 1. ʅɼʉ ʧʨʠ ʚʥʝʮʝʥʪʨʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ 

 

ɿʜʝʩʴ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʢʨʦʤʝ „ „ ʩʯʠʪʘʶʪʩʷ 

ʨʘʚʥʳʤʠ ʥʫʣʶ, ʘ ʩʞʠʤʘʶʱʠʝ „ȟ‐ȟὊ ʠ ὔˎ , ὔ  ʙʝʨʫʪʩʷ ʧʦ ʤʦʜʫʣʶ. ɺʣʠʷʥʠʝ ʩʠʣ ʠʥʝʨʮʠʠ ʠ 

ʛʠʙʢʦʩʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʠʩʢʣʶʯʘʝʪʩʷ. 

ʇʨʠʥʠʤʘʝʤ:  

- ʥʘʧʨʷʞʝʥʠʝ (5) ʜʝʬʦʨʤʘʮʠʷʤʠ ‐ώ ὄ—ȟὩϽώ πȟυϽὬ ‐ —ȟὩ,   (12) 

ʛʜʝ ὄ—ȟὩ ï ʧʘʨʘʤʝʪʨ ʬʫʥʢʮʠʠ (12), ʤ
-1
; ‐ —ȟὩ ï ʥʘʠʙʦʣʴʰʘʷ ʜʝʬʦʨʤʘʮʠʷ ʚ ʩʝʯʝ-

ʥʠʠ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʬʦʨʤʫʣʝ ‐ —ȟὩ ‐ Ͻὶ—ȟὩ;             (13) 
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ὶ—ȟὩ ρ ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʚʝʣʠʯʝʥʠʷ ‐ —ȟὩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ‐  (9) ʧʦ ʧʨʠʯʠʥʝ 

ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʥʘʧʨʷʞʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ; 

- ʜʣʷ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ͼ„ ‐ͼ ʟʘʚʠʩʠʤʦʩʪʴ 

„— ὉϽ‐ ‌Ͻ‐ ,  (14) 

ʛʜʝ ‌, ‍ ï ʧʘʨʘʤʝʪʨʳ, ʪʝ ʞʝ, ʯʪʦ ʠ ʚ (1); ʜʝʬʦʨʤʘʮʠʠ ‐ - ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʠ ʧʨʠ ʚʳʯʠʩ-

ʣʝʥʠʠ ‐  ʙʝʨʫʪʩʷ ʧʦ ʤʦʜʫʣʶ; 

- ʙʘʟʦʚʦʝ ʫʩʠʣʠʝ ὔˎ Ὡ  ʨʘʚʥʳʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʜʘʚʘʝʤʦʤʫ Ὡ; 

- ʷʜʨʦʚʳʡ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ Ὡ̠ —̒ Ὡ —, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʪʦʯʢʝ 1 ʩ ώ Ὤςϳ  ʚr -

ʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ                                ‐ —ȟὩ υϽρπ .       (15) 

ɿʜʝʩʴ ʥʘ ʵʪʘʧʝ “: 

- ʥʘʟʥʘʯʘʶʪ Ὡ ʠ  

ʢʦʵʬʬʠʮʠʝʥʪʳ                             ὶ —ȟὩ ρ ЎϽά ,      (16) 

ʥʘʧʨʠʤʝʨ, ʩ ʰʘʛʦʤ Ў πȟπυ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ά πȟρȟςȟȣȟὯ; 

- ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ά, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʪʦʯʥʷʷ ʧʘʨʘʤʝʪʨ ὄ —ȟὩ , ʦʧʨʝʜʝʣʷʶʪ ʠʟ ʠʥ-

ʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʫʶ ὔ —ȟὩ  ʠ ʤʦʤʝʥʪ ὓ —ȟὩ  ʚʥʫʪʨʝʥʥʠʭ ʩʠʣ, 

ʧʨʠ ʢʦʪʦʨʳʭ 

 ὓ —ȟὩ ώ Ͻὔ —ȟὩ ˡ —ȟὩ ρϽρπ˙ Ͻ̊̍ .  (17) 

ɺ ʠʥʪʝʨʚʘʣʝ [k-2, k] ʩ ά Ὧ ʠ    ὔ —ȟὩ ὔ —ȟὩ ὔ —ȟὩ    (18) 

ʠʤʝʝʪ ʤʝʩʪʦ ʵʢʩʪʨʝʤʫʤ ʬʫʥʢʮʠʠ  ὔ —ȟὩ ὶ —ȟὩ . ʇʨʠʚʣʝʢʘʷ ʢʚʘʜʨʘʪʠʯʥʫʶ ʠʥʪʝʨʧʦ-

ʣʷʮʠʶ [10], ʥʘʭʦʜʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʦʤʫ ʩʣʫʯʘʶ ʙʘʟʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʚʝʣʠʯʝʥʠʷ ὶˎ —ȟὩ ; 

ʥʘʠʙʦʣʴʰʫʶ ʜʝʬʦʨʤʘʮʠʶ ‐ˎ —ȟὩ  ʧʦ (13); 

ʧʘʨʘʤʝʪʨ ὄˎ —ȟὩ , ʧʨʠ ʢʦʪʦʨʦʤ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ (17); 

ʫʩʠʣʠʝ ὔˎ —ȟὩ ᷿ „ϽὦϽὨώ;       (19) 

ʜʝʬʦʨʤʘʮʠʶ ‐ —ȟὩ  ʧʦ ʬʦʨʤʫʣʝ (12) ʧʨʠ ὄˎ —ȟὩ , ώ Ὤςϳ , ‐ˎ —ȟὩ . 

ɺʳʯʠʩʣʝʥʠʝ ʧʨʦʜʦʣʞʠʤ ʜʦ ʚʳʧʦʣʥʝʥʠʷ ʢʨʠʪʝʨʠʷ (15). 

ʇʦʣʫʯʝʥʥʳʝ ʥʘ ʧʦʩʣʝʜʥʠʭ ʵʪʘʧʘʭ ʨʘʩʯʸʪʦʚ ʨʝʟʫʣʴʪʘʪʳ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2 
—
Ͻρπ 

Ὡ̠ —̒ „ —, 

ʄʇʘ 

‐ —

Ͻρπ 

ʇʘʨʘʤʝʪʨ ά ὶ ‐ Ͻρπ ὄ —Ͻ

ρπ, 
ʤ-1 

ὔ —, 

ʢʅ ‌—, 

ʄʇʘ 

‍— 

1 2 3 4 5 6 7 8 9 10 11 

 

392,3 

 

0,10730 

 

26,09 

 

1600 

 

15880500 

 

2,08100 

4 1,20 1920,0 1,89329186 189,443 

5 1,25 2000,0 1,99369671 189,867 

6=k 1,30 2080,0 2,09594219 189,756 

ɹ 1,26463 2023,408 2,02342392 189,890 

‐ —ȟὩ̠̒ ȿρȟυωϽρπȿ υϽρπ 

 

39,23 

 

0,10129 

 

25,51 

 

1824 

 

2764700 

 

1,80358 

5 1,25 2280,0 2,26772506 189,516 

6 1,30 2371,2 2,38202953 189,534 

7=k 1,35 2462,4 2,49799234 189,106 

ɹ 1,27702 2329,285 2,32928981 189,582 

‐ —ȟὩ̠̒ ȿτȟψϽρπȿ υϽρπ 

 

3,923 

 

0,095625 

 

23,67 

 

2045 

 

733140 

 

1,58300 

5 1,25 2556,25 2,53801286 178,950 

6 1,30 2658,50 2,66405333 179,048 

7=k 1,35 2760,75 2,79155285 178,784 

ɹ 1,28854 2635,064 2,63503572 179,058 

‐ —ȟὩ̠̒ ȿςȟψσϽρπȿ υϽρπ 
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ɿʜʝʩʴ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ —, Ὡ̠ —̒  ʠ m=k=6 ʚʳʧʦʣʥʷʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ (18) 

ὔ ρψωȟττσὔ ρψωȟψφχὔ ρψωȟχυφ, 
ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʠʥʪʝʨʚʘʣʝ ὶ ȟὶ  ʠʤʝʝʪ ʤʝʩʪʦ ʵʢʩʪʨʝʤʫʤ ʬʫʥʢʮʠʠ 

ὔ —ȟὩ̠̒ ὃ ὃϽό ὃ Ͻό 

ʧʨʠ ʥʝʟʘʚʠʩʠʤʦʡ ʙʝʟʨʘʟʤʝʨʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ό ὶ ὶ Ўϳ  ʩ ʫʟʣʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ  

ό πȟρȟς ʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ: 

ὃ ὔ ρψωȟττσ̋˚ȟ

ὃ πȟυϽ σϽὔ ςϽὔ ὔ πȟφωρυ̋˚ȟ

ὃ πȟυϽὔ ςϽὔ ὔ πȟςφχυ̋˚Ȣ
      (20) 

ɼʘʣʝʝ ʚʳʯʠʩʣʷʝʤ: 

ʧʦʣʦʞʝʥʠʝ ʵʢʩʪʨʝʤʫʤʘ 

 ό̞ —ȟὩ̠̒ ὃ ςϽὃϳ πȟφω ρυςϽ πȟςφχυρȟςωςυςσϳ Ƞ   (21) 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʩʠʣʠʝ άὥὼὔ—ȟὩ̠̒ ὃ ὃϽό̞ ὃ Ͻό̞ ρψωȟψωπ̋˚;  (22) 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʚʝʣʠʯʝʥʠʷ 

     ὶˎ —ȟὩ̠̒ ὶ ЎϽό̞ ρȟςπ πȟπυϽρȟςωςυςσρȟςφτφσ; (23) 

ʧʦ (13) ʜʝʬʦʨʤʘʮʠʶ ‐ˎ —ȟὩ̠̒ ρφππϽρπϽρȟςφτφσςπςσȟτπψϽρπ;   

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ‐ˎ —ȟὩ̠  ̒ʧʘʨʘʤʝʪʨ ὄˎ —ȟὩ̠̒ ςȟπςστςσωςϽρπ̍  ʩ  

ˡˎ —ȟὩ̠̒ π ̇ Ͻ̊̍  ʠ ὔˎ —ȟὩ̠̒ ρψωȟψωπ ̋ ;̊ 

ʧʨʠ ώ πȟυϽὬ πȟπυπ,̍ ʧʨʠʚʣʝʢʘʷ ʬʫʥʢʮʠʶ (12) ʚ ʚʠʜʝ 

‐ώ ςȟπςστςσωςϽρπϽώ πȟυϽπȟρ ςπςσȟτπψϽρπ, 

ʜʝʬʦʨʤʘʮʠʶ ‐ —ȟὩ̠̒ ρȟυωϽρπ, ʢʦʪʦʨʘʷ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʫʩʣʦ-

ʚʠʝʤ (15). 

ɿʘʤʝʯʘʥʠʝ. ʈʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʤ ʩ ʫʯʸʪʦʤ (10), ʘ ʚ ʨʘʩʯʸʪʥʳʭ ʬʦʨ-

ʤʫʣʘʭ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʚʳʨʘʞʝʥʠʷ  ‐ ὄ ϽὬ , ‐ ὄ ϽὬ , ‐ ὄ ϽὬ  ʟʘʤʝ-

ʥʷʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ὄ ϽὬ ‐ , ὄ ϽὬ ‐ , ὄ ϽὬ ‐ . 

 

2. ʇʨʝʜʝʣʴʥʳʝ ʷʜʨʦʚʳʝ ʩʦʩʪʦʷʥʠʷ 

 

ʇʨʦʚʝʜʸʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʅɼʉ ʧʨʠ Ὡ̠ —̒  ʠ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʠʭ ὔ —ȟὩ̠̒

ὔˎ —ȟὩ̠  ̒ʩ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘʤʠ Ὡ̠  ̒ʠ ʫʩʠʣʠʷʤʠ ὔˎ  ʧʦ ʪʘʙʣ. 2. 

ɺ ʧʨʠʙʣʠʞʝʥʠʷʭ p=0, 1, 2, é ʥʘʟʥʘʯʘʝʤ: 

ʢʦʵʬʬʠʮʠʝʥʪ ὑ —ȟὩ̠̒ ρ; 

ʬʫʥʢʮʠʶ                   „— ὉϽ‐ ‌ —ȟὩ̠̒Ͻ‐      (24) 

ʩ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʥʘʧʨʷʞʝʥʠʝʤ    „ —ȟὩ̠̒ ὑ —ȟὩ̠̒Ͻ„  ,               (25) 

ʜʝʬʦʨʤʘʮʠʝʡ ‐ —ȟὩ̠̒ ὑ —ȟὩ̠̒Ͻ‐  ,      (26) 

         ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ              ‍ — ‍ ,            (27) 

‌ —ȟὩ̠̒

Ὁ

‍Ͻ‐ —ȟὩ̠̒

 Ƞ                                            ςψ 

ʟʘʚʠʩʠʤʦʩʪʴ                  ‐— ὄ —ȟὩ̠̒Ͻώ πȟυϽὬ ‐ —ȟὩ̠  ̒            (29) 

ʩ ʧʘʨʘʤʝʪʨʦʤ ὄ —ȟὩ̠ ,̒ ʤ
-1
, ʜʝʬʦʨʤʘʮʠʝʡ ‐ —ȟὩ̠̒ ‐ —ȟὩ̠̒Ͻὶ —ȟὩ̠  ̒  (30) 

ʠ ʧʦʢʘʟʘʪʝʣʝʤ ὶ —ȟὩ̠̒ ρ. 

ʅʘʡʜʸʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ὑ —ȟὩ̠ ,̒ ʧʨʠ ʢʦʪʦʨʳʭ: 

ʚ ʪʦʯʢʝ 5 ʩ ʢʦʦʨʜʠʥʘʪʦʡ ώ Ὤςϳ  (ʩʤ. ʨʠʩ. 1) ʥʘʧʨʷʞʝʥʠʝ 

„ —ȟὩ̠̒ „—        (31) 



45 

 

ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʪʨʝʙʦʚʘʥʠʝ (15), ʥʦ ʠ 

 Ў„ —ȟὩ̠̒ „ —ȟὩ̠̒ „— πȟππρ ̇˜,́   (32) 

ʛʜʝ ï ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʧʨʝʜʝʣʦʚ ʧʨʦʯʥʦʩʪʠ „— πȟυϽ„ „ ,   (33) 

ï ʩʪʘʥʜʘʨʪʥʘʷ ʧʦ ɻʆʉʊ 10180-90 çʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʧʦ ʢʦʥʪʨʦʣʴʥʳʤ ʦʙ-

ʨʘʟʮʘʤè (ɻʦʩʩʪʨʦʡ ʉʉʉʈ.-ʄ., 1990.-ʩ.8-9) ʩʢʦʨʦʩʪʴ ʥʘʛʨʫʞʝʥʠʷ  — —.  (34) 

 ɽʩʣʠ ʧʨʠʥʷʪʴ ὶ—ȟὩ̠̒ ὶˎ —ȟὩ̠ ,̒ ʪʦ ʚ ʥʫʣʝʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴʩʷ 

ὑ —ȟὩ̠̒

„— Ͻ‍—

ὉϽ‐ Ͻὶˎ —ȟὩ̠̒Ͻ‍ ὶˎ —ȟὩ̠̒

 ȟ     συ 

ʘ ʧʨʠ — [11]   

ὑ —ȟὩ̠̒

‍ ρ

ὶˎ —ȟὩ̠̒Ͻ‍ ὶˎ —ȟὩ̠̒

 Ȣ               σφ 

 

2.1. ʉʣʫʯʘʡ ▄̠ Ᵽ̒ ȟ  

 

 ɺ ʧʨʠʙʣʠʞʝʥʠʠ 0, ʧʨʠʚʣʝʢʘʷ ʬʦʨʤʫʣʫ (36) ʠ ʜʘʥʥʳʝ ʦ ‍, ὶˎ —ȟὩ̠  ̒ʠʟ ʪʘʙʣ. 2, ʥʘʟʥʘʯʠʤ 

ὑ —ȟὩ̠̒

ρȟπψρπ

ρȟςφτφσϽςȟπψρπρȟςφτφσȟ
ρȟπχωρφ Ȣ       σχ 

 ʊʦʛʜʘ ʙʫʜʝʤ ʠʤʝʪʴ: 

 ʥʘʧʨʷʞʝʥʠʝ (25) - „ —ȟὩ̠̒ ρȟπχωρφϽςφȟπω ςψȟρυυ˙˜́; 

 ʜʝʬʦʨʤʘʮʠʶ (26) - ‐ —ȟὩ̠̒ ρȟπχωρφϽρφππϽρπ ρχςφȟφφϽρπ; 

 ʧʘʨʘʤʝʪʨʳ (27) - ‍ ςȟπψρπ, 

   (28) - ‌ —ȟὩ̠̒ σρσωπςȟπψρπϽρχςφȟφφϽρπ ȟϳ ρτφςυπππ˙˜́; 

ʧʨʠ m=4, 5, 6 

 ʢʦʵʬʬʠʮʠʝʥʪʳ (16) - ὶ ρȟςπ, ὶ ρȟςυ, ὶ ρȟσπ; 
 ʜʝʬʦʨʤʘʮʠʠ (13)-‐ ρχςφȟφφϽρπϽρȟςπ ςπχρȟωωπϽρπ; ‐ ςρυψȟσςυϽρπ; 

  ‐ ςςττȟφφπϽρπ; 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ὄ —ȟὩ̠  ̒ʠ ʫʩʠʣʠʷ ὔ —ȟὩ̠  ̒ʚ ʪʘʙʣ. 3. 

ʊʘʙʣʠʮʘ 3 

 
—
Ͻρπ 

Ὡ̠  ̒ ὴ ὑ —ȟὩ „ —ȟὩ, 

ʄʇʘ 

‐ —ȟὩ

Ͻρπ 

ʇʘʨʘʤʝʪʨ ά ὶ ‐ Ͻρπ ὄ —ȟὩϽ

ρπ, ʤ-1 

ὔ —ȟὩ, 

ʢʅ ‌ —ȟὩ, 

ʄʇʘ 

‍ —ȟὩ 

1 2 3 4 5 6 7 8 9 10 11 12 13 

392,3 0,1073 

 

 

 

 

0 1,07916 28,155 1726,66 14625000 2,081 

4 1,20 2071,990 2,04316548 204,440 

5 1,25 2158,325 2,15152097 204,898 

φ Ὧ 1,30 2244,660 2,26186288 204,778 

‘ 1,26462 2183,569 2,18357972 204,922 

‐ —ȟὩ ȿρȟπχϽρπȿ υϽρπ, 

„ —ȟὩ ςφȟπψωψ ̇˜,́ 

Ў„ —ȟὩ ȿπȟπππς ̇˜ȿ́

πȟππρ ̇˜ ́. 

 

ʋʩʪʘʥʦʚʣʝʥʳ: 

ʢʦʵʬʬʠʮʠʝʥʪ ὶ ρȟςφτφς ʜʣʷ ʩʣʫʯʘʷ ʵʢʩʪʨʝʤʫʤʘ ʬʫʥʢʮʠʠ ͼὔ ὶͼ ʚ ʠʥʪʝʨʚʘʣʝ 

ὶȟὶ ; 

ʥʘʠʙʦʣʴʰʘʷ ʜʝʬʦʨʤʘʮʠʷ ʚ ʩʝʯʝʥʠʠ ‐ —ȟὩ̠̒ ςρψσȟυφωϽρπ ʧʦ (30); 
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ʧʦʢʘʟʘʪʝʣʴ ὄ —ȟὩ̠̒ ςȟρψσυχωχςϽρπ ̍ ; 

ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣ ὔ ςπτȟωςς̋˚; 

ʧʦ (10) ʢʦʵʬʬʠʮʠʝʥʪ  ὑ —ȟὩ̠̒ ὔ ὔϳ ςπτȟωςςρψωȟψωπϳ ρȟπχωρφ, ʨʘʚʥʳʡ (37); 

ʟʘʚʠʩʠʤʦʩʪʠ ‐ ςȟρψσυχωχςϽρπϽώ πȟυϽὬ ςρψσȟυφωϽρπ, 

„ σρσωπϽ‐ ρτφςυπππϽ‐
ȟ

, 

ʥʘʧʨʷʞʝʥʠʝ „ ςφȟπψωψ ̇˜ ́ʠ ʧʦ (33) ʩʨʝʜʥʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ  

„— ςφȟπω ̇˜;́ 

ʜʝʬʦʨʤʘʮʠʷ ‐ ρȟπχϽρπ ʠ ʦʪʢʣʦʥʝʥʠʝ 

Ў„ „ „— πȟπππς ̇˜,́ ʧʨʠ ʢʦʪʦʨʳʭ ʫʜʦʚʣʝʪʚʦʨʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ (15) ʠ (32). 

ɽʩʣʠ ʫʩʣʦʚʠʝ (32) ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʨʘʩʯʸʪ ʩʣʝʜʫʝʪ ʧʨʦʜʦʣʞʠʪʴ ʚ ʧʨʠʙʣʠʞʝʥʠʷʭ 

p=1, 2, é, ʧʨʠʚʣʝʢʘʷ, ʥʘʧʨʠʤʝʨ, ʠʟʣʦʞʝʥʥʫʶ ʚ ʧ. 2 [12] ʤʝʪʦʜʠʢʫ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʦ: 

(8) ï ʧʨʠʟʤʝʥʥʳʝ ʧʨʝʜʝʣʳ ʧʨʦʯʥʦʩʪʠ „ ςυȟυρ ̇˜ ́ʠ, ʩ ʫʯʸʪʦʤ (30),  „ „ ςφȟπω ̇˜;́ 

(33) ï ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ „— πȟυϽςυȟυρςφȟπω ςυȟψπ ̇˜;́ 

(7) ʠ (9) ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʘʨʘʤʝʪʨ ‍ ρȟψπσυψ ʠ ʜʝʬʦʨʤʘʮʠʷ ‐ ρψςτϽρπ; 

ʪʘʙʣ. 2 ï ʢʦʵʬʬʠʮʠʝʥʪ ὶˎ —ȟὩ̠̒ ρȟςχχπς. 

ɺ ʧʨʠʙʣʠʞʝʥʠʠ 0, ʧʨʠʚʣʝʢʘʷ ʬʦʨʤʫʣʫ (35), ʥʘʟʥʘʯʠʤ 

ὑ —ȟὩ̠̒

ςυȟψπϽρȟψπσυψ

σρσωπϽρψςτϽρπϽρȟςχχπςϽρȟψπσυψρȟςχχπςȟ
ρȟπψυςȢσψ 

ʇʨʦʜʦʣʞʘʷ ʨʘʩʯʸʪ, ʧʦʣʫʯʠʤ: 

ʥʘʧʨʷʞʝʥʠʝ (25) - „ —ȟὩ̠̒ ρȟπψυςϽςυȟυρ ςχȟφψσ ̇˜Ƞ́ 

ʜʝʬʦʨʤʘʮʠʶ (26) - ‐ —ȟὩ̠̒ ρȟπψυςϽρψςτϽρπ ρωχωȟτππϽρπ; 

ʧʘʨʘʤʝʪʨ (28) ï  

‌ —ȟὩ̠̒ σρσωπρȟψπσυψϽρωχωȟτπϽρπ ȟϳ ςυψψψυπ ̇˜Ƞ́ 

ʧʨʠ m=5, 6, 7 

ʢʦʵʬʬʠʮʠʝʥʪʳ (16) - ὶ ρȟςυ, ὶ ρȟσπ, ὶ ρȟσυ; 
ʜʝʬʦʨʤʘʮʠʠ (13) - ‐ ρωχωȟτπϽρπϽρȟςυ ςτχτȟςυϽρπ , ‐ ςυχσȟςςϽρπ , 

‐ ςφχςȟρωϽρπ; 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ὄ —ȟὩ̠  ̒ʫʩʠʣʠʷ ὔ —ȟὩ̠  ̒ʚ ʪʘʙʣ. 4. 

ʆʧʨʝʜʝʣʝʥʳ:   

ʢʦʵʬʬʠʮʠʝʥʪ ὶ —ȟὩ̠̒ ρȟςχχπχ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʠʥʪʝʨʚʘʣʝ ὶȟὶ  ʩʫʱʝʩʪʚʫʝʪ 

ʵʢʩʪʨʝʤʫʤ ʬʫʥʢʮʠʠ ͼὔ ὶͼ; 

ʜʝʬʦʨʤʘʮʠʷ (30) - ‐ —ȟὩ̠̒ ςυςχȟψσςϽρπ; 

ʧʘʨʘʤʝʪʨ ὄ —ȟὩ̠̒ ςȟυςχψτωςςϽρπ ̍ ; 

ʊʘʙʣʠʮʘ 4 
—
Ͻρπ 

Ὡ̠  ̒ ὴ ὑ —ȟὩ „ —ȟὩ

, 

ʄʇʘ 

‐ —ȟὩ

Ͻρπ 

ʇʘʨʘʤʝʪʨ ά ὶ ‐ Ͻρπ ὄ —ȟὩ 

Ͻρπ, ʤ-1 

ὔ —ȟὩ, 

ʢʅ ‌ —ȟὩ, 

ʄʇʘ 

‍ —ȟὩ 

1 2 3 4 5 6 7 8 9 10 11 12 13 

39,23 0,10129 

 

 

 

 

0 1,08520 27,683 1979,40 2588850 1,80358 

5 1,25 2474,25 2,46091686 205,666 

6 1,30 2573,22 2,58495885 205,686 

χ Ὧ 1,35 2672,19 2,71080041 205,222 

‘ 1,27707 2527,832 2,52784922 208,738 

‐ —ȟὩ̠̒ ȿρȟχςϽρπȿ υϽρπ, 

„ —ȟὩ̠̒ ςυȟχωωρ˙˜́, 

Ў„ —ȟὩ̠̒ ȿπȟπππω˙˜́ȿ

πȟππρ˙˜́ 
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ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʩʠʣʠʝ ὔ —ȟὩ̠̒ ςπυȟχσψ ̋  ̊ʠ ʧʦ (10) ï  

ὑ —ȟὩ̠̒ ςπυȟχσψρψωȟυψςϳ ρȟπψυςπ, ʩʦʚʧʘʜʘʶʱʠʡ ʩ (38); 

ʟʘʚʠʩʠʤʦʩʪʠ ‐ ςȟυςχψτωςςϽρπϽώ πȟυϽὬ ςυςχȟψσςϽρπ, 

„ σρσωπϽ‐ ςυψψψυπϽ‐
ȟ

, 

ʜʝʬʦʨʤʘʮʠʷ ‐ ρȟχςϽρπ; 

ʥʘʧʨʷʞʝʥʠʝ „ ςυȟχωωρ ̇˜  ́ʠ ʦʪʢʣʦʥʝʥʠʝ Ў„ —ȟὩ̠̒ „ „—

πȟπππω ̇˜.́ 

ɼʘʣʴʥʝʡʰʠʝ ʚʳʯʠʩʣʝʥʠʷ ʟʘʢʘʥʯʠʚʘʝʤ, ʪʘʢ ʢʘʢ ʫʩʣʦʚʠʷ (15) ʠ (32) ʚʳʧʦʣʥʷʶʪʩʷ. 

2.2. ʉʣʫʯʘʡ ▄̠ Ᵽ̒ ȟ Ͻ  

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

ʧʨʠʟʤʝʥʥʳʡ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ „ ςσȟφτ ̇˜ ́ʧʦ (8) ʠ, ʩ ʫʯʸʪʦʤ (34),  „ „
ςφȟπω ̇˜;́ 

ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ „— πȟυϽςσȟφτςφȟπω ςτȟψφυ ̇˜ ́ʧʦ (33); 

ʧʘʨʘʤʝʪʨ ‍ ρȟ58300 ʠ ʜʝʬʦʨʤʘʮʠʷ ‐ ςπτυϽρπ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ (7) ʠ (9); 

ʢʦʵʬʬʠʮʠʝʥʪ ὶˎ —ȟὩ̠̒ ρȟςψψυτ ʠʟ ʪʘʙʣ. 2. 

ɺ ʧʨʠʙʣʠʞʝʥʠʠ 0, ʥʘʟʥʘʯʘʝʤ, ʩʤ. (35), 

ὑ —ȟὩ̠̒

ςτȟψφυϽρȟυψσππ

σρσωπϽςπτυϽρπϽρȟςψψυτρȟυψσππρȟςψψυτȟ
ρȟρςσρȢ  σω 

ɺʳʯʠʩʣʷʝʤ: 

ʥʘʧʨʷʞʝʥʠʝ (25) - „ —ȟὩ̠̒ ρȟρςσρϽςσȟφτ ςφȟυυ ̇˜Ƞ́ 

ʜʝʬʦʨʤʘʮʠʶ (26) - ‐ —ȟὩ̠̒ ρȟρςσρϽςπτυϽρπ ςςωφȟχτπϽρπ; 

ʧʘʨʘʤʝʪʨ (28) - ‌ —ȟὩ̠̒ σρσωπρȟυψσπϽςςωφȟχτπϽρπ ȟϳ

φψυρυπ ̇˜Ƞ́ 
ʧʨʠ m=5, 6, 7 ʢʦʵʬʬʠʮʠʝʥʪʳ ὶ ρȟςυ, ὶ ρȟσπ, ὶ ρȟσυ  ʠ ʜʝʬʦʨʤʘʮʠʠ  

‐ ςψχπȟωςϽρπ, ‐ ςωψυȟχφϽρπ, ‐ σρππȟφπϽρπ ʧʦ (16) ʠ (13); 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣ. 5  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ὄ —ȟὩ̠  ̒ʠ ὔ —ȟὩ̠ .̒ 

ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʝʤ:   

ʢʦʵʬʬʠʮʠʝʥʪ ὶ —ȟὩ̠̒ ρȟςψψφτ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʠʥʪʝʨʚʘʣʝ ὶȟὶ  ʠʤʝʝʪ ʤʝʩʪʦ 

ʵʢʩʪʨʝʤʫʤ ʬʫʥʢʮʠʠ ͼὔ ὶͼ; 

ʜʝʬʦʨʤʘʮʠʷ (30) - ‐ —ȟὩ̠̒ ςωυωȟφχρϽρπ; 

ʧʘʨʘʤʝʪʨ ὄ —ȟὩ̠̒ ςȟωυωφχσυψϽρπ ̍ ; 

ʥʘʠʙʦʣʴʰʝʝ ʫʩʠʣʠʝ ὔ —ȟὩ̠̒ ςπρȟρπφ ̋  ̊ʠ ʧʦ (10) ï  

ὑ —ȟὩ̠̒ ςπρȟρπφρχωȟπυψϳ ρȟρςσρ, ʩʦʚʧʘʜʘʶʱʠʡ ʩ (39). 

ʊʘʙʣʠʮʘ 5 
—
Ͻρπ 

Ὡ̠  ̒ ὴ ὑ —ȟὩ „ —ȟὩ

, 

ʄʇʘ 

‐ —ȟὩ

Ͻρπ 

ʇʘʨʘʤʝʪʨ ά ὶ ‐ Ͻρπ ὄ —ȟὩ 

Ͻρπ, ʤ-1 

ὔ —ȟὩ, 

ʢʅ ‌ —ȟὩ, 

ʄʇʘ 

‍ —ȟὩ 

1 2 3 4 5 6 7 8 9 10 11 12 13 

3,923 0,095625 

 

 

 

 

0 1,1231 26,55 2296,740 685150 1,58300 

5 1,25 2870,92 2,85041761 200,984 

6 1,30 2985,76 2,99197613 201,095 

χ Ὧ 1,35 3100,60 3,13517336 200,799 

‘ 1,28864 2959,671 2,95967358 201,106 

‐ —ȟὩ̠̒ ȿςȟφϽρπȿ υϽρπ, 

„ —ȟὩ̠̒ ςτȟψφτρ˙˜́, 

Ў„ —ȟὩ̠̒ ȿπȟπππω˙˜́ȿ

πȟππρ˙˜́ 
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ʇʦʣʫʯʘʝʤ: 

ʟʘʚʠʩʠʤʦʩʪʠ ‐ ςȟωυωφχσυψϽρπϽώ πȟυϽὬ ςωυωȟφχρϽρπ, 

„ σρσωπϽ‐ φψυρυπϽ‐
ȟ

, 

ʜʝʬʦʨʤʘʮʠʶ ‐ ςȟφϽρπ; 

ʥʘʧʨʷʞʝʥʠʝ „ ςτȟψφτρ ̇˜  ́ʠ ʦʪʢʣʦʥʝʥʠʝ Ў„ —ȟὩ̠̒ „ „—

πȟπππω ̇˜.́ 

ʋʩʣʦʚʠʷ (15) ʠ (32) ʚʳʧʦʣʥʷʶʪʩʷ, ʧʦʵʪʦʤʫ ʨʘʩʯʸʪ ʟʘʢʘʥʯʠʚʘʝʤ. 

 

3. ɺʳʙʦʨ ʬʫʥʢʮʠʠ ╚ⱧⱣ▒ȟ▄ ʧʨʠ ▄ ▄̠ Ᵽ̒▒ 

 

ʇʨʠʚʣʝʢʘʷ ʩʨʝʜʥʠʝ ʦʧʳʪʥʳʝ ʨʘʟʨʫʰʘʶʱʠʝ ʥʘʛʨʫʟʢʠ Ὂ —ȟὩ ʠ ʙʘʟʦʚʳʝ ʫʩʠʣʠʷ 

  ὔˎ —ȟὩ, ʥʘʭʦʜʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣ. 1 ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʚʝʣʠʯʝʥʠʷ: 

ὑ —ȟὩ Ὂ —ȟὩ ὔˎ —ȟὩ.  (40) 

ʇʦʣʘʛʘʝʤ, ʯʪʦ ʬʫʥʢʮʠʷ ὑ —ȟὩ ʚ ʦʙʣʘʩʪʠ π Ὡ Ὡ̠ —̒ : 

ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ ʠ ʠʤʝʝʪ ʥʝʧʨʝʨʳʚʥʫʶ ʧʨʦʠʟʚʦʜʥʫʶ; 

ʧʨʠ Ὡ Ὡ̠ —̒  ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ὑ —ȟὩ, ʘ ʧʨʦʠʟʚʦʜʥʘʷ 

Ὠὑ—ȟὩ ὨὩϳ π. 

ʇʦʜʯʠʥʷʷ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʟʘʚʠʩʠʤʦʩʪʠ 

ὑ —ȟὩ ρ ὥ ϽὩ ὦ ϽὩ,  (41) 

ὑ —ȟὩ Ὡ Ͻ Ͻ ,  (42) 

ὑ —ȟὩ ρ ὥ ϽὩϽὩ Ͻ,  (43) 

ʥʘʡʜʸʤ ʧʦʩʪʦʷʥʥʳʝ  ὥ , ὦ  ʠ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ: 

Ўὑ —ȟὩ ὑ —ȟὩ ὑ —ȟὩ ,  (44) 

ʛʜʝ Ὡ ςȟχρψςȣ -  ʦʩʥʦʚʘʥʠʝ ʥʘʪʫʨʘʣʴʥʳʭ ʣʦʛʘʨʠʬʤʦʚ;  Ὦ ρȟςȟσ; … ὍȟὍὍȟὍὍὍ; ὑ —ȟὩ ï 

ʧʦ (40), ʩʤ. ʪʘʙʣ. 1. 

 

3.1.ʌʫʥʢʮʠʷ  ╚Ⱨ╘Ᵽ▒ȟ▄ 

 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ (ʟʜʝʩʴ ʠ ʜʘʣʝʝ) ʧʦ ʪʘʙʣ. 3, 4, 5: 

ʷʜʨʦʚʳʝ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʳ   

Ὡ̠ —̒ πȟρπχσπ ȟ

Ὡ̠ —̒ πȟρπρςω ȟ

Ὡ̠ —̒ πȟωυφςυϽρπ

      (45) 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʚʝʣʠʯʝʥʠʷ (37), (38), (39). 

ɼʣʷ ʟʘʚʠʩʠʤʦʩʪʠ (41) ʠʟ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʢʩʠʤʫʤʘ ʙʫʜʝʤ ʠʤʝʪʴ ʧʨʠ ʩʢʦʨʦ-

ʩʪʠ ʥʘʛʨʫʞʝʥʠʷ —  

ὑ —ȟὩ̠̒ ρ ὥ ϽὩ̠ —̒ ὦ ϽὩ̠ —̒ ;  ὥ ςϽὦ ϽὩ̠ —̒ . 

ʆʪʢʫʜʘ  

ὥ
ςϽὑ —ȟὩ̠̒ ρ

Ὡ̠ —̒
 ȟ ὦ

ρ ὑ —ȟὩ̠̒

Ὡ̠ —̒
 

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʫʯʠʤ: 

ʧʦʩʪʦʷʥʥʳʝ  

ὥ
ςϽρȟπχωρφρ

πȟρπχσπ
ρȟτχυυ  ̉  ὦ

ρ ρȟπχωρφ

πȟρπχσπ
φȟψχυυȟ 
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ὥ
ςϽρȟπψυςπρ

πȟρπρςω
ρȟφψςσ  ̉  ὦ

ρ ρȟπψυςπ

πȟρπρςω
ψȟσπττȟ 

ὥ
ςϽρȟρςσρπρ

πȟωυφςυϽρπ
ςȟυχτφ  ̉  ὦ

ρ ρȟρςσρπ

πȟπωυφςυ
ρσȟτφςς Ƞ 

ʬʫʥʢʮʠʠ  

ὑ —ȟὩ ρ ρȟτχυυϽὩ φȟψχυυϽὩȟ

ὑ —ȟὩ ρ ρȟφψςσϽὩ ψȢσπττϽὩȟ

ὑ —ȟὩ ρ ςȟυχτφϽὩ ρσȟτφςςϽὩȢ

   (46) 

ɺʳʯʠʩʣʝʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ (46) ʢʦʵʬʬʠʮʠʝʥʪʳ ὑ —ȟὩ ʩ ʦʪʢʣʦʥʝʥʠʷʤʠ Ўὑ —ȟὩ, 

ʢʚʘʜʨʘʪʘʤʠ ʦʪʢʣʦʥʝʥʠʡ ʠ ʠʭ ʩʫʤʤʦʡ ʧʨʠʚʦʜʠʤ ʚ ʪʘʙʣ. 6. 

ʊʘʙʣʠʮʘ 6 

 
— Ὡ̠ —̒  

ʧʦ (45) 

ὑ —ȟὩ̠̒ 

ʧʦ (37), 

(38), (39) 

Ὡ ʂʦʵʬʬʠʮʠʝʥʪ Ўὑ —ȟὩ  

ὑ —ȟὩ ὑ —ȟὩ

Ͻρπ 

Ўὑ —ȟὩ

Ͻρπ ὑ —ȟὩ 

ʠʟ ʪʘʙʣ.1 

ὑ —ȟὩ 

ʧʦ (46) 

1 2 3 4 5 6 7 8 

— 0,10730 1,07916 0,050 1,0632 1,0566 -6,6075 43,6591 

0,100 1,0744 1,0788 4,4200 19,5364 

— 0,10129 1,08520 0,050 1,0765 1,0634 -13,1460 172,8173 

0,100 1,0931 1,0852 -7,9140 62,6314 

— 0,095625 1,12310 0,045 1,0853 1,0886 3,2960 10,8639 

0,090 1,1233 1,1227 -0,6298 0,3965 

В 309,9047 

 

3.2. ʌʫʥʢʮʠʷ  ╚Ⱨ╘╘Ᵽ▒ȟ▄ 

ɺ ʩʣʫʯʘʝ ὦ π ʟʘʚʠʩʠʤʦʩʪʴ (42) ʚʦʟʨʘʩʪʘʝʪ ʦʪ 0 ʜʦ ʤʘʢʩʠʤʫʤʘ 

ὑ —ȟὩ̠̒ Ὡ Ͻ̠ ̒ Ͻ̠̒  

ʩ ʧʦʩʪʦʷʥʥʦʡ  ὥ ςϽὦ ϽὩ̠ —̒ . 

ʆʪʢʫʜʘ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʙʫʜʝʤ ʠʤʝʪʴ 

ὥ
ςϽὰὲὑ —ȟὩ̠̒

Ὡ̠ —̒
  ̉  ὦ

ὰὲὑ —ȟὩ̠̒

Ὡ̠ —̒
 ȟ 

ʘ, ʩ ʫʯʸʪʦʤ (45) ʠ (37), (38), (39), ʧʦʣʫʯʠʤ: 

ʧʦʩʪʦʷʥʥʳʝ 

ὥ
ςϽὰὲρȟπχωρφ

πȟρπχσπ
ρȟτςππ  ̉  ὦ

ὰὲρȟπχωρφ

πȟρπχσπ
φȟφρχπ ȟ 

ὥ
ςϽὰὲρȟπψυςπ

πȟρπρςω
ρȟφρτυ  ̉  ὦ

ὰὲρȟπψυςπ

πȟρπρςω
χȟωφωυ ȟ 

ὥ
ςϽὰὲρȟρςσρπ

πȟπωυφςυ
ςȟτςψρ  ̉  ὦ

ὰὲρȟρςσρπ

πȟπωυφςυ
ρςȟφωυω Ƞ 

ʬʫʥʢʮʠʠ  

 

ὑ —ȟὩ Ὡ ȟ Ͻ ȟ Ͻ ȟ

ὑ —ȟὩ Ὡ ȟ Ͻ ȟ Ͻ ȟ

ὑ —ȟὩ Ὡ ȟ Ͻ ȟ Ͻ Ȣ

   (47) 
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ʂʦʵʬʬʠʮʠʝʥʪʳ ὑ —ȟὩ, ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ (47), ʠ ʦʪʢʣʦʥʝʥʠʷ Ўὑ —ȟὩ, 

ʢʚʘʜʨʘʪʳ ʦʪʢʣʦʥʝʥʠʡ, ВЎὑ —ȟὩ  ʟʘʧʠʩʳʚʘʝʤ ʚ ʪʘʙʣ. 7. 

 

ʊʘʙʣʠʮʘ 7 
— Ὡ̠ —̒  

ʧʦ (45) 

ὑ —ȟὩ̠̒ 

ʧʦ (37), 

(38), (39) 

Ὡ ʂʦʵʬʬʠʮʠʝʥʪ Ўὑ —ȟὩ  

ὑ —ȟὩ ὑ —ȟὩ

Ͻρπ 

Ўὑ —ȟὩ

Ͻρπ ὑ —ȟὩ 

ʠʟ ʪʘʙʣ.1 

ὑ —ȟὩ 

ʧʦ (47) 

1 2 3 4 5 6 7 8 

— 0,10730 1,07916 0,050 1,0632 1,0560 -7,2324 52,3077 

0,100 1,0744 1,0788 4,3792 19,1771 

— 0,10129 1,08520 0,050 1,0765 1,0627 -13,8123 190,7801 

0,100 1,0931 1,0852 -7,9101 62,5696 

— 0,095625 1,12310 0,045 1,0853 1,0871 1,8453 3,4053 

0,090 1,1233 1,1227 -0,6497 0,4221 

В 328,6619 

3.3.ʌʫʥʢʮʠʷ  ╚Ⱨ╘╘╘Ᵽ▒ȟ▄ 

 

ʇʨʠ ὥ π ʠ  ὦ π ʢʦʵʬʬʠʮʠʝʥʪ ὑ  ʧʨʠʥʠʤʘʝʪ ʪʦʣʴʢʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝ-

ʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ 

ὑ —ȟὩ̠̒ ρ ὥ ϽὩ̠ —̒ ϽὩ Ͻ̠ ̒  

ʠ ʧʦʩʪʦʷʥʥʳʤʠ                  ὥ
ȟ̠ ̒

̠̒ Ͻ
  ̉  ὦ

̠̒
 Ȣ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʯʸʪʦʤ (45) ʠ (37), (38), (39) ʙʫʜʝʤ ʠʤʝʪʴ: 

ʧʘʨʘʤʝʪʨʳ 

ὥ
ρȟπχωρφρ

πȟρπχσπϽπȟσφχψψ
ςȟππυτ  ̉  ὦ

ρ

πȟρπχσπ
ωȟσρωχ ȟ 

ὥ
ρȟπψυςπρ

πȟρπρςωϽπȟσφχψψ
ςȟςψφυ  ̉  ὦ

ρ

πȟρπρςω
ωȟψχςφ ȟ 

ὥ
ρȟρςσρπρ

πȟπωυφςυϽπȟσφχψψ
σȟτωωσ  ̉  ὦ

ρ

πȟπωυφςυ
ρπȟτυχυ Ƞ 

ʬʫʥʢʮʠʠ  

ὑ —ȟὩ ρ ςȟππυτϽὩ ȟ Ͻȟ

ὑ —ȟὩ ρ ςȟςψφυϽὩ ȟ Ͻȟ

ὑ —ȟὩ ρ σȟτωωσϽὩ ȟ ϽȢ

   (48) 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ (48) ʢʦʵʬʬʠʮʠʝʥʪʳ ὑ —ȟὩ , ʩ ʦʪʢʣʦʥʝʥʠʷʤʠ 

Ўὑ —ȟὩ, Ўὑ —ȟὩ   ʠ ВЎὑ —ȟὩ  ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8. 

ʊʘʙʣʠʮʘ 8 

 
— Ὡ̠ —̒  

ʧʦ (45) 

ὑ —ȟὩ̠̒ 

ʧʦ (37), 

(38), (39) 

Ὡ ʂʦʵʬʬʠʮʠʝʥʪ Ўὑ —ȟὩ  

ὑ —ȟὩ ὑ —ȟὩ

Ͻρπ 

Ўὑ —ȟὩ

Ͻρπ ὑ —ȟὩ 

ʠʟ ʪʘʙʣ.1 

ὑ —ȟὩ 

ʧʦ (47) 

1 2 3 4 5 6 7 8 

— 0,10730 1,07916 0,050 1,0632 1,0629 -0,2789 0,0778 

0,100 1,0744 1,0790 4,5681 20,8674 

— 0,10129 1,08520 0,050 1,0765 1,0698 -6,7153 45,0948 

0,100 1,0931 1,0852 -7,9059 62,5029 

— 0,095625 1,12310 0,045 1,0853 1,0984 13,0604 170,5732 

0,090 1,1233 1,1229 -0,4213 0,1775 

В 229,2936 



51 

 

ʅʘʠʤʝʥʴʰʘʷ ʠʟ ʩʫʤʤ ВЎὑ —ȟὩ  ʠʤʝʝʪ ʤʝʩʪʦ, ʩʤ. ʪʘʙʣ. 6, 7, 8, ʜʣʷ ʧʨʠʚʣʝʢʘʝʤʳʭ 

ʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʟʘʚʠʩʠʤʦʩʪʝʡ (48).  

 

4. ʈʘʩʯʸʪ ʨʘʟʨʫʰʘʶʱʠʭ ʫʩʠʣʠʡ 

 

ʅʘʡʜʸʤ (ʪʘʙʣ. 9): 

ʧʨʝʜʝʣʴʥʳʝ ʫʩʠʣʠʷ          ὔ —ȟὩ ὑ —ȟὩϽὔˎ —ȟὩ ;     (49) 

ʘʙʩʦʣʶʪʥʳʝ                 Ўὔ —ȟὩ ὔ —ȟὩ Ὂ —ȟὩ      (50) 

ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ  ‏ —ȟὩ Ўὔ —ȟὩ Ὂ —ȟὩ Ͻρππ Ϸ        (51) 

ʦʪʢʣʦʥʝʥʠʷ. 

 

ʊʘʙʣʠʮʘ 9 

 
— Ὡ ὑ —ȟὩ 

ʧʦ (48) 

ʋʩʠʣʠʷ, ʢʅ ʆʪʢʣʦʥʝʥʠʷ 

ὔˎ —ȟὩ ʧʦ 

ʪʘʙʣ. 1 

ὔ —ȟὩ ʧʦ 

(49) 

Ὂ —ȟὩ ЎὊ  

ʧʦ ʪʘʙʣ. 1 

Ўὔ —ȟὩ, ʢʅ  

ʧʦ (50) 
‏ —ȟὩ, 

% ʧʦ (51) 

1 2 3 4 5 6 7 8 

— 0,050 1,0629 222,5 236,23 236,3Ñ17,7 -0,07 -0,03 

0,100 1,0790 193,50 208,79 207,9Ñ14,7 0,89 0,43 

— 0,050 1,0698 217,75 232,95 234,4Ñ18,6 -1,45 -0,62 

0,100 1,0852 190,20 206,41 207,9Ñ10,8 -1,49 -0,72 

— 0,045 1,0984 205,10 225,28 222,6Ñ15,7 2,68 1,20 

0,090 1,1229 181,60 203,92 204,0Ñ13,7 -0,08 -0,04 

 

ʈʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʨʘʩʯʸʪʥʳʤʠ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʠʤʠ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣ ὔ —ȟὩ  ʠ 

ʩʨʝʜʥʠʤʠ ʦʧʳʪʥʳʤʠ ʨʘʟʨʫʰʘʶʱʠʤʠ ʥʘʛʨʫʟʢʘʤʠ Ὂ —ȟὩ ʩʦʩʪʘʚʣʷʝʪ ʦʪ -0,72 % ʜʦ 1,20 %. 

ʋʩʠʣʠʷ ὔ —ȟὩ ʨʘʩʧʦʣʘʛʘʶʪʩʷ (ʩʤ. ʨʠʩ. 2) ʚ ʛʨʘʥʠʮʘʭ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 

Ὂ —ȟὩ ЎὊȟὊ —ȟὩ ЎὊ  ʩ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ЎὊ  ʧʨʠ ʚʝʨʦʷʪʥʦʩʪʠ ὴ πȟωυ. 

 

 
 

ʈʠʩ.2 

ɿʜʝʩʴ : Ǐ, ƺ, æ - ʩʨʝʜʥʠʝ ʦʧʳʪʥʳʝ ʨʘʟʨʫʰʘʶʱʠʝ ʩʠʣʳ Ὂ —ȟὩ; 

 ƴ, ǒ, ƶ ï ʧʨʝʜʝʣʴʥʳʝ ʨʘʩʯʸʪʥʳʝ ʫʩʠʣʠʷ ὔ —ȟὩ; 

 - ʛʨʘʥʠʮʳ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ Ὂ —ȟὩ ʧʨʠ ʚʝʨʦʷʪʥʦʩʪʠ ὴ πȟωυ. 
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ɺʳʚʦʜʳ 

 

ʅʘʟʥʘʯʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʚʝʣʠʯʝʥʠʷ  ὑ —ȟὩ̠  ̒ʙʘʟʦʚʳʭ ʫʩʠʣʠʡ ὔˎ —ȟὩ̠  ̒ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʧʨʝʜʝʣʴʥʳʤʠ ὔ —ȟὩ̠  ̒ʷʜʨʦʚʳʭ ʩʦʩʪʦʷʥʠʡ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘʭ Ὡ Ὡ̠ —̒  ʚʳʙʨʘʥʘ 

ʬʫʥʢʮʠʷ 

ὑ —ȟὩ ρ ὥϽὩϽὩ Ͻ     (43) 

ʩ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʦʪ ʩʢʦʨʦʩʪʠ ʥʘʛʨʫʞʝʥʠʷ — ʧʘʨʘʤʝʪʨʘʤʠ ὥ, ὦ ʧʦ (48). 

ʆʧʨʝʜʝʣʝʥʳ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʠʝ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣ 

         ὔ —ȟὩ ὑ —ȟὩϽὔˎ —ȟὩ,     (49) 

ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʛʨʘʥʠʮʘʭ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʩʨʝʜʥʠʭ ʦʧʳʪʥʳʭ ʨʘʟʨʫʰʘʶ-

ʱʠʭ ʥʘʛʨʫʟʦʢ  Ὂ —ȟὩ ʧʨʠ ʚʝʨʦʷʪʥʦʩʪʠ ὴ πȟωυ, ʘ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ὔ —ȟὩ ʦʪ 

Ὂ —ȟὩ ʩʦʩʪʘʚʣʷʶʪ -0,72 %, é, 1,20 %. 

 ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʧʨʝʜʝʣʴʥʳʭ ʫʩʠʣʠʡ ʵʣʝ-

ʤʝʥʪʦʚ ʠʟ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʘ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʛʨʫʞʝʥʠʷ. 

 ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦʣʘʛʘʝʪʩʷ ʧʨʝʜʣʦʞʠʪʴ ʤʝʪʦʜʠʢʫ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʨʫʰʘʶʱʠʭ ʥʘʛʨʫʟʦʢ 

ʚʥʝʮʝʥʪʨʝʥʥʦ ʩʞʠʤʘʝʤʳʭ ʢʦʨʦʪʢʠʭ ʩʪʝʨʞʥʝʡ ʩ ʫʯʸʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʨʘʩʪʷʥʫ-

ʪʦʡ ʯʘʩʪʠ ʩʝʯʝʥʠʷ. 
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ʇʨʝʜʣʘʛʘʝʪʩʷ ʠ ʘʧʨʦʙʠʨʫʝʪʩʷ ʥʘ ʨʝʘʣʴʥʦʤ ʦʙʲʝʢʪʝ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʥʘʜʝʞʥʦʩʪʠ ʥʝʩʫʱʝʡ 

ʩʠʩʪʝʤʳ ʜʣʠʪʝʣʴʥʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʦʜʥʦʵʪʘʞʥʦʛʦ ʤʥʦʛʦʧʨʦʣʝʪʥʦʛʦ ʟʜʘʥʠʷ, ʧʦʜʚʝʨʛʘʝʤʦʛʦ ʧʝʨʝʧʨʦʬʠʣʠ-

ʨʦʚʘʥʠʶ ʩ ʠʟʤʝʥʝʥʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʢʘʨʢʘʩʘ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʜʝʞʥʦʩʪʠ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʚʝʨʦʷʪʥʦʩʪʥʳʤ ʧʦ-

ʢʘʟʘʪʝʣʷʤ ʦʪʢʘʟʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʭʝʤʳ  ʟʜʘʥʠʷ. ʈʘʟʙʨʦʩ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ ʠ ʛʨʫʥʪʘ ʦʩʥʦʚʘʥʠʷ,  ʘ ʪʘʢʞʝ ʜʝʡʩʪʚʫʶʱʠʭ ʧʦʩʪʦʷʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʧʨʠʥʠʤʘʝʪʩʷ 

ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʘʨʠʘʮʠʠ, ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʨʝʢʦʤʝʥ-

ʜʫʝʤʳʭ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘʜʝʞʥʦʩʪʠ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʥʘʜʝʞʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʦʛʦ ʟʜʘʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʦʚ ʠʭ ʦʙʲʝʜʠʥʝʥʠʷ. 
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The calculation method of load bearing system reliability parameters of long term operated one storied multi-

span building under restructure with change of inner technological process and structural members work load is 

suggested. Quantitative parameters of load bearing system reliability are determined according to the probabilistic 

failure rate of building structural layout constituent elements. Range of strength property of materials and bottom 

soil and also constant and temporary loads is taken due to the normal law with mathematical expectation and  

constant of variation depending on reliability coefficient recommended by operational standards. Numerical  

researches results of reconstructed building structural elements load bearing system reliability in dependence on 

their conjunction methods are presented. 

 
Keywords: industrial building, line of business change, load bearing system, reliability of separate structures, truss,  
column, foundation, bottom soil, calculation algorithm, calculation example, logarithmic reliability coefficient  
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʦʞʝʥʠʷʤʠ ʚʚʝʜʝʥʥʦʛʦ ʚ ʈʌ ʚ 2015 ʛʦʜʫ ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʝʛʦ 

ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʦʩʥʦʚʘʥʠʡ ʩʪʘʥ-

ʜʘʨʪʘ ɻʆʉʊ 27751-2014 ʠ ʜʝʡʩʪʚʫʶʱʠʭ  ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʥʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʉʇ 20.13330.2016 ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʉʇ 

63.13330.2012 ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚ ʨʘʩʯʝʪʘʭ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʠʣʠ  ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚʤʝʩʪʦ ʢʦʩʚʝʥʥʦʛʦ ʫʯʝʪʘ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʨʦʯʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʛʨʫʟʦʢ ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘʜʝʞʥʦ-

ʩʪʠ ʧʦ ʤʘʪʝʨʠʘʣʫ, ʥʘʛʨʫʟʢʘʤ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʩʦʦʨʫʞʝʥʠʷ ʧʨʠʤʝʥʷʪʴ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʤʝ-

ʪʦʜʠʢʠ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʠʤʝʶʱʠʭ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʨʦʢʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʫʱʝʩʪʚʝʥʥʳʡ ʠʟʥʦʩ, ʧʨʠ ʧʝʨʝʧʨʦʬʠʣʠʨʦʚʘʥʠʠ ʜʦʣʞ-

ʥʳ ʫʯʠʪʳʚʘʪʴ ʫʢʘʟʘʥʥʳʝ ʬʘʢʪʦʨʳ. ʇʨʠ ʧʨʝʚʨʘʱʝʥʠʠ ʙʝʩʢʨʘʥʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʝʭʦʚ 

ʚ ʦʩʥʘʱʝʥʥʳʝ ʢʨʘʥʦʚʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ   ʚr -

ʧʦʣʥʝʥʠʝ ʨʷʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʫʜʦʙʥʦʛʦ ʧʦʜʲʝʟʜʘ ʪʨʘʥʩʧʦʨʪʘ, 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʠʝʤʘ ʪʦʚʘʨʦʚ, ʦʧʪʠʤʘʣʴʥʦʡ ʩʭʝʤʳ ʨʘʟʤʝʱʝʥʠʷ ʠʟʜʝʣʠʡ ʥʘ  ʩʪʝʣʣʘʞʘʭ ʜʣʷ 

ʠʭ ʭʨʘʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ʧʦ ʩʢʣʘʜʫ.   

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘ ʧʨʠʤʝʨʝ ʧʝʨʝʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʛ. 

ɺʦʨʦʥʝʞʝ ʨʝʤʦʥʪʥʦʛʦ ʪʨʘʤʚʘʡʥʦ-ʪʨʦʣʣʝʡʙʫʩʥʦʛʦ ʟʘʚʦʜʘ ʚ ʣʦʛʠʩʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʧʨʝʜʣʘʛʘ-

ʝʪʩʷ ʠ ʘʧʨʦʙʠʨʫʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʦʞʝʥʠʷʤʠ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ ʠ ʪʝʦʨʠʠ ʨʠʩʢʘ [4-6] 

ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʥʘʜʝʞʥʦʩʪʠ ʜʣʠʪʝʣʴʥʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʡ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʟʜʘʥʠʷ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʧʝʨʝʩʪʨʦʡʢʘʭ. ʇʨʠʤʝʨʦʤ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʦʡ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʷʚʣʷ-

ʝʪʩʷ ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [7] ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʜʣʠʪʝʣʴʥʦ ʵʢʩ-

ʧʣʫʘʪʠʨʫʝʤʦʛʦ ʧʦʢʨʳʪʠʷ ʟʜʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 
 

1. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʠʥʷʪʳʝ ʜʦʧʫʱʝʥʠʷ 

 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʚʳʚʝʜʝʥʥʳʡ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 1994 ʛʦʜʫ ʠ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘʭʦʜʷʱʠʡʩʷ ʙʝʟ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʛʣʘʚʥʳʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʦʨʧʫʩ ʪʨʘʤʚʘʡʥʦ-ʪʨʦʣʣʝʡʙʫʩʥʦʛʦ ʨʝʤʦʥʪʥʦʛʦ ʟʘʚʦʜʘ ʚ ʛ. ɺʦʨʦʥʝʞʝ. 

ʆʙʱʠʡ ʚʠʜ ʟʜʘʥʠʷ ʩʥʘʨʫʞʠ ʠ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʧʦʩʣʝ ʜʝʤʦʥʪʘʞʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʨʠʩ. 1 ʠ 2. ʇʨʠ 

ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʨʧʫʩʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʪʤʦʩʬʝʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʥʝʩʫʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʧʦʷʚʠʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʜʝʬʝʢʪʳ, ʩʥʠʞʘʶʱʠʝ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʥʝʩʫʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ. ʇʨʠ ʧʝʨʩʧʝʢʪʠʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ 

ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʠ ʧʦʚʨʝʞʜʝʥʥʳʭ 

ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʚʩʝʛʦ ʟʜʘʥʠʷ ʚ ʮʝʣʦʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ, ʷʚʣʷʶʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʦʧʫʙ-

ʣʠʢʦʚʘʥʥʳʭ ʥʘʤʠ ʨʘʥʝʝ [8] ʨʝʟʫʣʴʪʘʪʦʚ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʠʩʢʦʚ ʨʘʟʨʫʰʝ-

ʥʠʷ ʩʙʦʨʥʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʬʝʨʤʳ ʧʦʢʨʳʪʠʷ ʩ ʫʯʝʪʦʤ ʫʤʝʥʴʰʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʨʘʙʦʯʝʡ ʘʨʤʘʪʫʨʳ ʚ ʨʘʩʪʷʥʫʪʳʭ ʠ ʩʞʘʪʳʭ ʩʪʝʨʞʥʷʭ ʚʩʣʝʜʩʪʚʠʝ ʝʝ ʢʦʨʨʦʟʠʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʅʝʩʫʱʘʷ ʩʠʩʪʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʟʜʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʦʜʥʦʵʪʘʞʥʫʶ ʞʝʣʝʟʦʙʝʪʦʥʥʫʶ ʧʷʪʠ ʧʨʦʣʸʪʥʫʶ ʨʘʤʫ. ɾʝʩʪʢʦʩʪʴ ʨʘʤʳ ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʦʡ ʢʦʣʦʥʥ ʚ ʬʫʥʜʘʤʝʥʪʘʭ, ʘ ʚ ʧʨʦʜʦʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ï ʞʝʩʪʢʦʩʪʴʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʠʩʢʘ ʧʦʢʨʳʪʠʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʩʤʦʥʪʠʨʦ-

ʚʘʥʥʳʭ ʥʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʩʪʨʦʧʠʣʴʥʳʝ ʬʝʨʤʳ ʨʝʙʨʠʩʪʳʭ ʧʣʠʪ ʧʦʢʨʳʪʠʷ. 
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ʈʠʩ. 1. ʊʦʨʮʝʚʦʡ ʬʘʩʘʜ ʛʣʘʚʥʦʛʦ ʢʦʨʧʫʩʘ  ʪʨʘʤʚʘʡʥʦ-ʪʨʦʣʣʝʡʙʫʩʥʦʛʦ ʨʝʤʦʥʪʥʦʛʦ ʟʘʚʦʜʘ 

 

 

 
 

ʈʠʩ. 2. ʆʙʱʠʡ ʚʠʜ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʠʟʥʫʪʨʠ  ʟʜʘʥʠʷ ʩ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤ ʥʝʩʫʱʠʤ ʢʘʨʢʘʩʦʤ 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʟʜʘʥʠʝ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʚ ʧʣʘʥʝ ʬʦʨʤʳ ʩ ʧʷʪʴʶ ʧʨʦʣʝʪʘʤʠ ʧʦ 18 ʤ ʠ 

ʜʣʠʥʦʡ 496 ʤ. ʐʘʛ ʩʨʝʜʥʝʛʦ ʨʷʜʘ ʢʦʣʦʥʥ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ï 12 ʤ, ʰʘʛ ʢʦʣʦʥʥ ʚ 

ʢʨʘʡʥʠʭ ʨʷʜʘʭ ï 6,0 ʤ. ɺʳʩʦʪʘ ʦʪ ʧʦʣʘ ʜʦ ʥʠʟʘ ʩʪʨʦʧʠʣʴʥʳʭ ʬʝʨʤ ʩʦʩʪʘʚʣʷʝʪ 6,99 ʤ.  

ʇʦʢʨʳʪʠʝ ʟʜʘʥʠʷ ʚʳʧʦʣʥʝʥʦ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʩʪʨʦʧʠʣʴʥʳʭ ʬʝʨʤ ʩ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʳʤ ʥʠʞʥʠʤ ʧʦʷʩʦʤ ʠ ʚʝʨʭʥʠʤ ʧʦʷʩʦʤ ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ ʦʯʝʨʪʘʥʠʷ. ʇʦ ʩʙʦʨʥʳʤ ʞʝʣʝʟʦʙʝ-

ʪʦʥʥʳʤ ʬʝʨʤʘʤ ʩʤʦʥʪʠʨʦʚʘʥʳ ʨʝʙʨʠʩʪʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʧʘʥʝʣʠ ʧʦʢʨʳʪʠʷ. ʉʪʝʥʳ ʟʜʘʥʠʷ 

ʚʳʧʦʣʥʝʥʳ ʠʟ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʳʭ ʧʘʥʝʣʝʡ ʪʦʣʱʠʥʦʡ 24 ʩʤ, ʧʨʠʢʨʝʧʣʝʥʥʳʭ ʢ ʞʝʣʝʟʦʙʝ-

ʪʦʥʥʳʤ ʢʦʣʦʥʥʘʤ ʢʨʘʡʥʝʛʦ ʨʷʜʘ ʢʘʨʢʘʩʘ ʟʜʘʥʠʷ. 
ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʝʪʦʜʠʢʠ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʨʘʩʯʝʪʦʚ ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʛʠʧʦʪʝʟʳ:  

¶ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʪʦʥʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʛʨʫʥʪʘ ʦʩʥʦ-

ʚʘʥʠʷ ʧʨʠʥʠʤʘʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ  ʠʟʤʝ-

ʨʝʥʥʳʤʠ ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʩʨʝʜʥʠʤʠ ʠ ʩʪʘʥʜʘʨʪʘʤʠ ʧʨʦʯʥʦʩʪʠ; 

¶ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʨʤʘʪʫʨʳ ʪʘʢʞʝ ʩʯʠʪʘʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦ 
ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʯʠʩʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʧʨʠʥʠʤʘʶʪʩʷ ʧʦ ʧʨʦʝʢʪʥʳʤ ʜʘʥʥʳʤ ʠ ʚ 
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ʩʦʦʪʚʝʪʩʪʚʠʠ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ ʤʦʤʝʥʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʥʘʜʝʞʥʦʩʪʠ ʠ ʚʘʨʠʘʮʠʠ 

ʧʨʦʯʥʦʩʪʠ ʘʨʤʘʪʫʨʳ; 

¶ ʠʟʤʝʥʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʪʦʥʘ ʠ ʘʨʤʘʪʫʨʳ ʚʦ ʚʨʝʤʝʥʠ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ;  

¶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʷ ʩʯʠʪʘʶʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤʠ ʥʘʯʠʥʘʷ ʩ ʤʦʤʝʥʪʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ 1969 ʛʦʜʫ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʜʠʘʤʝʪʨʳ ʨʘ-

ʙʦʯʝʡ ʘʨʤʘʪʫʨʳ, ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʨʝʥʥʳʤʠ ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ; 

¶ ʧʦʩʪʦʷʥʥʳʝ ʠ ʚʨʝʤʝʥʥʳʝ ʥʘʛʨʫʟʢʠ, ʚʢʣʶʯʘʷ ʩʥʝʛʦʚʳʝ,  ʪʘʢʞʝ ʩʯʠʪʘʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʩ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝʤ, ʦʪʚʝʯʘʶʱʠʤ ʟʘʢʦʥʫ ɻʘʫʩʩʘ.  

 

2. ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʥʘʜʝʞʥʦʩʪʠ 

 

ʇʣʦʩʢʫʶ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ ʥʝʩʫʱʝʛʦ ʢʘʨʢʘʩʘ ʧʷʪʠ ʧʨʦʣʝʪʥʦʛʦ ʦʜʥʦʵʪʘʞʥʦʛʦ ʮʝʭʘ (ʨʠʩ. 3) ʜʣʷ 

ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʨʘʤʥʦʡ ʩʠʩʪʝʤʳ ʠʟ ʟʘʱʝʤʣʝʥʥʳʭ ʚ ʬʫʥʜʘʤʝʥʪʘʭ ʩʪʦʝʢ ʠ ʦʧʠ-

ʨʘʶʱʠʭʩʷ ʰʘʨʥʠʨʥʦ ʥʘ ʢʦʣʦʥʥʳ ʩʪʨʦʧʠʣʴʥʳʭ ʬʝʨʤ.  

ʇʦʜ ʦʪʢʘʟʦʤ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʨʤʠʥʦʣʦʛʠʝʡ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ [ 4-6] ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ ʧʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦ ʧʨʦʯʥʦʩʪʠ ʭʦʪʷ ʙʳ ʚ ʦʜʥʦʤ ʠʟ ʧʨʦʣʝʪʦʚ ʥʝʩʫʱʝʡ ʨʘʤʳ ʟʜʘʥʠʷ, ʧʦ-

ʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ ʬʨʘʛʤʝʥʪ ʨʘʤʳ, ʚʢʣʶʯʘʶʱʠʡ ʦʜʠʥ ʢʨʘʡʥʠʡ ʠ ʧʨʠʣʝʛʘʶʱʫʶ ʧʦʣʦʚʠʥʫ ʩʨʝʜʥʝʛʦ 

ʧʨʦʣʝʪʘ (ʨʠʩ. 4). ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʨʝʜʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʘʭ ʩʦʩʝʜʥʠʭ 

ʧʨʦʣʝʪʦʚ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʥʝʟʘʚʠʩʠʤʳʤʠ.  

 

ʈʠʩ. 3. ʇʣʦʩʢʘʷ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʥʝʩʫʱʝʛʦ ʢʘʨʢʘʩʘ  ʮʝʭʘ 

 

ʈʠʩ. 4. ʈʘʩʯʝʪʥʳʡ ʬʨʘʛʤʝʥʪ ʥʝʩʫʱʝʛʦ ʢʘʨʢʘʩʘ   
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ʋʯʠʪʳʚʘʷ ʪʠʧʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʥʝʩʫʱʝʛʦ ʢʘʨʢʘʩʘ ʮʝʭʘ ʜʣʷ ʢʨʘʡʥʠʭ ʠ ʩʨʝʜʥʠʭ ʧʨʦʣʝʪʦʚ ʦʧʨʝʜʝ-

ʣʠʤ ʥʘʜʝʞʥʦʩʪʴ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʤʦʡ ʫʤʥʦʞʝʥʠʷ ʥʝʟʘʚʠʩʠʤʳʭ ʩʣʫʯʘʡʥʳʭ 

ʩʦʙʳʪʠʡ ʧʦ ʬʦʨʤʫʣʘʤ: 

ʜʣʷ ʢʨʘʡʥʠʭ ʧʨʦʣʝʪʦʚ ʮʝʭʘ: 

                                  Ὄ̋ Ὄ̋ Ͻ̕Ὄ̎ ̋Ͻ̋Ὄ̃ ̋Ͻ̋Ὄ̕ Ͻ̋Ὄ̄ Ƞ̋                                                            (1) 

ʜʣʷ ʩʨʝʜʥʠʭ ʧʨʦʣʝʪʦʚ ʮʝʭʘ: 

                                 Ὄ Ὄ̒ Ͻ̕Ὄ̎ ̋Ͻ̒Ὄ̃ ̋Ͻ̒Ὄ̕ Ͻ̒Ὄ̄ ȟ̒                                                               (2) 

ʛʜʝ Ὄ̋ ȟ̕Ὄ̎ ̋ȟ̋Ὄ̃ ̋ȟ̋Ὄ̕ ȟ̋Ὄ̄  ̋ʠ  Ὄ̒ ȟ̕Ὄ̎ ̋ȟ̒Ὄ̃ ̋ȟ̒Ὄ̕ ȟ̒Ὄ̄  ̒ï ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʪʨʦʧʠʣʴʥʳʭ ʬʝʨʤ, ʥʠʞʥʠʭ ʠ ʚʝʨʭʥʠʭ ʯʘʩʪʝʡ ʢʦʣʦʥʥ, ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʬʫʥʜʘʤʝʥʪʦʚ ʩʪʘʢʘʥʥʦʛʦ ʪʠʧʘ, ʛʨʫʥʪʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ ʧʦʜ ʬʫʥʜʘʤʝʥʪʘʤʠ ʚ ʢʨʘʡʥʠʭ ʠ ʩʨʝʜʥʠʭ ʨʷʜʘʭ 

ʢʦʣʦʥʥ.  

 ɼʘʣʝʝ ʧʦ ʚʳʯʠʩʣʝʥʥʳʤ  ʧʘʨʘʤʝʪʨʘʤ ʥʘʜʝʞʥʦʩʪʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʫʜʦʙʥʳʝ ʜʣʷ ʧʨʘʢʪʠʯʝ-

ʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ ʢʨʘʡʥʠʭ ʠ ʩʨʝʜʥʠʭ ʧʨʦʣʝʪʦʚ ʮʝʭʘ ʠʟ 

ʚʳʨʘʞʝʥʠʡ: 

 ”̋ ÌÏÇ ρ ρ  Ὄ̋ Ƞ                                                                        (3) 

                                            ”̒ ÌÏÇ ρ ρ Ὄ Ȣ                                                                 (4) 

ʇʘʨʘʤʝʪʨʳ, ʦʮʝʥʠʚʘʶʱʠʝ ʥʘʜʝʞʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ i-ʭ ʵʣʝʤʝʥʪʦʚ ʥʝʩʫʱʝʛʦ ʢʘʨʢʘʩʘ, ʚʳʯʠʩʣʷʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ʃʘʧʣʘʩʘ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʥʦʨʤʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʟʝʨʚʘ ʧʨʦʯʥʦʩʪʠ: 

Ὄ πȟυ ˡ‍ȟ                                                                                             (5) 

ʛʜʝ ɓi ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʘʚʥʘʷ ʦʪʥʦʰʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʢ ʩʪʘʥʜʘʨʪʫ 

ʨʝʟʝʨʚʘ ʧʨʦʯʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʨʘʚʥʘ 

                          ‍
 ά

̐̑̆̅
 ά

„
̐̑̆
„̅

 .                                                    (6) 

ɿʜʝʩʴ ά
̐̑̆
ȟ̅ά  ̉ „

̐̑̆
ȟ̅„  ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʞʠʜʘʥʠʷ ʠ ʩʪʘʥʜʘʨʪʳ 

ʧʨʝʜʝʣʴʥʳʭ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʫʩʠʣʠʡ.   

ʅʘʛʨʫʟʦʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʤʘʢʩʠʤʘʣʴʥʳʤ ʚʝʣʠʯʠʥʘʤ ʫʩʠʣʠʡ ʦʪ ʢʘʞʜʦʡ ʠʟ 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʵʣʝʤʝʥʪ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʥʘʛʨʫʟʦʢ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ά  ʠ ʩʪʘʥʜʘʨʪʳ ʫʩʠʣʠʡ 

ů É ʤ  ɻʣʝʤʝʥʪʝ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʦʪ ʥʘʛʨʫʟʢʠ j-ʛʦ ʪʠʧʘ  ʥʘʭʦʜʷʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

                                               ά  3 Ⱦɾ ,                                                                           (7) 

                                            ʎ ά Ͻʉ.                                                                             (8) 

ɺ ʬʦʨʤʫʣʘʭ (1) ʠ (2) ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 
3 ï ʨʘʩʯʝʪʥʦʝ ʫʩʠʣʠʝ ʚ  i-ʤ ʵʣʝʤʝʥʪʝ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʟʜʘʥʠʷ ʦʪ ʥʘʛʨʫʟʢʠ j-ʛʦ ʪʠʧʘ,   

ʉ ï ̞̗̋̏̉̉̆̎̓̕̕ ̗̃́̑̉́̉̉ ʜʝʡʩʪʚʫʶʱʝʡ ʧʦʩʪʦʷʥʥʦʡ ʠʣʠ ʚʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʡ 

ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʦʨʤʘʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʜʝʞʥʦʩʪʠ ʧʦ ʫʯʠʪʳʚʘʝʤʦʡ ʚ ʨʘʩʯʝʪʘʭ 

ʥʘʛʨʫʟʢʝ j-ʛʦ ʪʠʧʘ ʠʟ ʚʳʨʘʞʝʥʠʷ:  

                                                  ʉ
ȟ
Ȣ                                                                                (9)  

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʠʣʠʡ ʚ i-ʤ ʵʣʝʤʝʥʪʝ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʟʜʘʥʠʷ ʦʪ ʩʦʚʤʝʩʪʥʦ-

ʛʦ ʜʝʡʩʪʚʠʷ ʧʦʩʪʦʷʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʚʳʯʠʩʣʷʶʪʩʷ ʙʝʟ ʫʯʝʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʥʠʤʠ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʬʦʨʤʫʣ: 

                                                  ά В ά ,                                                                     (10) 

                                             „ В „ .                                                                            (11) 

ɺ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʘʭ ʥʘʜʝʞʥʦʩʪʠ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʫʯʠʪʳʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ 

ʥʘʛʨʫʟʦʢ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘʜʝʞʥʦʩʪʠ:  

¶ ʧʦʩʪʦʷʥʥʳʝ ʥʘʛʨʫʟʢʠ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʮʝʭʘ: ‎ ρȢρ; 
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¶ ʧʦʩʪʦʷʥʥʳʝ ʥʘʛʨʫʟʢʠ ʦʪ ʚʝʩʘ ʢʨʦʚʣʠ: ‎ ρȢς; 

¶ ʚʨʝʤʝʥʥʳʝ ʥʘʛʨʫʟʢʠ ʦʪ ʩʥʝʛʘ ʥʘ ʧʦʢʨʳʪʠʠ: ‎ ρȢτ ; 

¶ ʢʨʘʥʦʚʳʝ ʥʘʛʨʫʟʢʠ: ‎ ρȢς ; 

¶ ʚʝʪʨʦʚʦʡ ʥʘʧʦʨ: ‎ ρȢτ . 

 

3. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʥʘʜʝʞʥʦʩʪʠ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ  ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʦʛʦ ʮʝʭʘ 

 

ʆʧʠʩʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʝʢʦʥʩʪʨʫ-

ʠʨʫʝʤʦʛʦ ʮʝʭʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʧʨʝʜʝʣʷʪʴ 

ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʦʜʥʦʛʦ ʠʟ 

ʢʨʘʡʥʠʭ ʠ ʩʨʝʜʥʠʭ  ʧʨʦʣʝʪʦʚ ʮʝʭʘ. ʅʠʞʝ ʥʘ ʨʠʩ. 5 ï 8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʭʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʩ  ʫʢʘʟʘʥʠʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʩʝʯʝʥʠʡ ʠ ʘʨʤʠʨʦʚʘʥʠʷ 

ʩʣʝʜʫʶʱʠʭ  ʵʣʝʤʝʥʪʦʚ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʟʜʘʥʠʷ:  ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʩʪʨʦ-

ʧʠʣʴʥʦʡ ʬʝʨʤʳ ʧʦʢʨʳʪʠʷ, ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʣʦʥʥ ʠ ʬʫʥʜʘʤʝʥʪʦʚ ʩʪʦʣʙʯʘʪʦʛʦ ʪʠʧʘ. 

 

ʈʠʩ. 5. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʧʦʧʝʨʝʯʥʳʝ ʩʝʯʝʥʠʷ ʠ ʘʨʤʠʨʦʚʘʥʠʝ ʬʝʨʤʳ 

ʘ) ʙ) 

 

ʈʠʩ. 6. ʉʝʯʝʥʠʷ ʠ ʘʨʤʠʨʦʚʘʥʠʝ ʢʨʘʡʥʠʭ (ʘ) ʠ ʩʨʝʜʥʠʭ (ʙ) ʢʦʣʦʥʥ ʢʘʨʢʘʩʘ 
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ʈʠʩ. 7. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʠ ʘʨʤʠʨʦʚʘʥʠʝ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ 

ʧʦʜ ʢʨʘʡʥʠʝ ʨʷʜʳ ʢʦʣʦʥʥ ʢʘʨʢʘʩʘ 

               

ʈʠʩ. 8. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʠ ʘʨʤʠʨʦʚʘʥʠʝ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ 

ʧʦʜ ʩʨʝʜʥʠʝ ʨʷʜʳ ʢʦʣʦʥʥ ʢʘʨʢʘʩʘ. 

 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʩʯʝʪʦʚ ʥʘʜʝʞʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝʩʫʱʝʡ ʩʠ-

ʩʪʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʟʜʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ: 

¶ ʜʣʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʩʪʨʦʧʠʣʴʥʳʭ ʬʝʨʤ ʧʦʢʨʳʪʠʷ - ʧʨʦʯʥʦʩʪʴ ʩʨʝʜʥʠʭ ʵʣʝʤʝʥʪʦʚ ʥʠʞ-

ʥʠʭ ʧʦʷʩʦʚ (ʨʠʩ. 5), ʢʦʪʦʨʳʝ ʧʦ ʜʘʥʥʳʤ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [6] ʨʘʩʯʝʪʦʚ ʪʠʧʦʚʦʡ ʩʪʨʦ-

ʧʠʣʴʥʦʡ ʬʝʨʤʳ, ʷʚʣʷʶʪʩʷ ʥʘʠʤʝʥʝʝ ʥʘʜʝʞʥʳʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʠʥʠ-

ʤʘʝʪʩʷ ʫʩʠʣʠʝ ʨʘʩʪʷʞʝʥʠʷ, ʚʦʩʧʨʠʥʠʤʘʝʤʦʛʦ ʪʦʣʴʢʦ ʨʘʙʦʯʝʡ ʘʨʤʘʪʫʨʦʡ ʚ ʥʠʞʥʝʤ ʧʦʷʩʝ; 

¶ ʜʣʷ  ʭʘʨʘʢʪʝʨʥʳʭ ʩʝʯʝʥʠʡ ʢʦʣʦʥʥ ʢʘʨʢʘʩʘ ï ʧʨʦʯʥʦʩʪʴ ʚʥʝʮʝʥʪʨʝʥʥʦ ʩʞʘʪʳʭ ʞʝʣʝʟʦʙʝ-

ʪʦʥʥʳʭ ʩʪʝʨʞʥʝʡ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ (ʨʠʩ. 6) ʩ ʜʚʦʡʥʳʤ ʘʨʤʠʨʦʚʘʥʠʝʤ. 

ʈʘʩʯʝʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʟʛʠʙʘʶʱʠʤ ʤʦʤʝʥʪʦʤ M, ʨʘʚʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʶ 

ʥʦʨʤʘʣʴʥʦʡ ʩʞʠʤʘʶʱʝʡ ʩʠʣʳ N ʥʘ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ  Ὡ ὓ
ὔ; 

¶ ʜʣʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ ʧʦʜ ʢʦʣʦʥʥʳ  ï ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ 

ʧʦʧʝʨʝʯʥʳʤ ʦʩʷʤ ʟʜʘʥʠʷ ʦʧʦʨʥʳʭ ʩʝʯʝʥʠʡ  ʢʦʥʩʦʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʬʫʥʜʘʤʝʥʪʥʦʡ ʧʣʠʪʳ 

(ʨʠʩ. 7 ï 8).  ʈʘʩʯʝʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʦʪʚʝʯʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʠʟʛʠʙʘʶʱʝʤʫ ʤʦʤʝʥʪʫ ʚ ʵʪʦʤ 

ʩʝʯʝʥʠʠ; 

¶ ʜʣʷ ʛʨʫʥʪʦʚʳʭ ʦʩʥʦʚʘʥʠʡ ʧʦʜ ʬʫʥʜʘʤʝʥʪʘʤʠ ʢʦʣʦʥʥ ï ʧʨʦʯʥʦʩʪʴ ʛʨʫʥʪʘ ʥʘ ʥʘʠʙʦʣʝʝ 

ʥʘʛʨʫʞʝʥʥʦʤ ʢʨʘʶ ʬʫʥʜʘʤʝʥʪʥʦʡ ʧʣʠʪʳ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʛʨʫʟʦʯʥʳʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʟʜʘ-

ʥʠʷ ʚʳʯʠʩʣʷʣʠʩʴ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʩʦʯʝʪʘʥʠʷ  ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʧʦ-

ʩʪʦʷʥʥʳʝ ʠ ʚʨʝʤʝʥʥʳʝ ʥʘʛʨʫʟʢʠ ʦʪ ʩʥʝʛʘ, ʚʝʪʨʘ ʠ ʢʨʘʥʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʀʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝ-
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ʥʠʷ, ʘ ʪʘʢʞʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. ʊʘʤ ʞʝ ʜʘʥʳ ʩʨʝʜʥʠʝ (ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʝ ʦʞʠʜʘʥʠʷ) ʠ ʩʪʘʥʜʘʨʪʳ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠʥʷʪʳʭ ʚ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʨʘʩʯʝʪʘʭ ʥʘʜʝʞʥʦʩʪʠ 

ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʟʜʘʥʠʷ. 

ʀʟ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 1, ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʥʘʜʝʞʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝʩʫʱʝʛʦ ʢʘʨʢʘʩʘ ʟʜʘʥʠʷ, ʚʠʜʥʦ, ʯʪʦ ʦʥʠ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʊʘʙʣʠʮʘ 1 

ʈʘʩʯʝʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʦʛʦ ʟʜʘʥʠʷ 

ʕʣʝʤʝʥʪ ʥʝʩʫʱʝʡ 

ʩʠʩʪʝʤʳ 

ʅʘʠʤʝʥʦ- 

ʚʘʥʠʝ 

ʧʘʨʘʤʝʪʨʘ 

ʆʧʠʩʘʥʠʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ 

ʈʘʟʤʝʨ- 

ʥʦʩʪʴ 

ɿʥʘʯʝʥʠʷ ʜʣʷ ʵʣʝʤʝʥʪʘ 

ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ 

ʟʜʘʥʠʷ 

ʚ ʢʨʘʡʥʝʤ 

ʧʨʦʣʝʪʝ 

ʚ ʩʨʝʜʥʝʤ 

ʧʨʦʣʝʪʝ 

 

ɾʝʣʝʟʦ- 

ʙʝʪʦʥʥʘʷ ʩʪʨʦ-

ʧʠʣʴʥʘʷ ʬʝʨʤʘ 

ʅʦʨʤʘʣʴʥʦʝ  

ʫʩʠʣʠʝ  

ʦʪ ʥʘʛʨʫʟʦʢ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʩʯʝʪʥʳʡ ʢʅ 720,08 775,73 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʢʅ 581 627 

ʩʪʘʥʜʘʨʪ ʢʅ 63 74 

ʇʨʝʜʝʣʴʥʦʝ  

ʫʩʠʣʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʢʅ 940 940 

ʩʪʘʥʜʘʨʪ ʢʅ 42 42 

ʃʦʛʘʨʠʬʤ. ʧʦʢʘʟʘʪʝʣʴ ʥʘʜʝʞʥʦʩʪʠ ɟʢʬ ɟʩʬ 5,9 4,91 

 

ʅʘʜʢʨʘʥʦʚʘʷ 

ʯʘʩʪʴ ʞʝʣʝʟʦ- 

ʙʝʪʦʥʥʦʡ ʢʦʣʦʥʥʳ 

ʀʟʛʠʙʘʶʱʠʡ  

ʤʦʤʝʥʪ  

ʦʪ ʥʘʛʨʫʟʦʢ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʩʯʝʪʥʳʡ ʢʅʤ 169,26 152,14 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʢʅʤ 149,95 125,44 

ʩʪʘʥʜʘʨʪ ʢʅʤ 12,78 14,1 

ʇʨʝʜʝʣʴʥʳʡ 

ʠʟʛʠʙ. ʤʦʤʝʥʪ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʢʅʤ 357,75 1803,71 

ʩʪʘʥʜʘʨʪ ʢʅʤ 54,61 322,66 

ʃʦʛʘʨʠʬʤ. ʧʦʢʘʟʘʪʝʣʴ ʥʘʜʝʞʥʦʩʪʠ ɟʥʢʢ ɟʥʢʩ 3,98 7,23 

 

ʇʦʜʢʨʘʥʦʚʘʷ 

ʯʘʩʪʴ ʞʝʣʝʟʦ- 

ʙʝʪʦʥʥʦʡ ʢʦʣʦʥʥʳ 

ʀʟʛʠʙʘʶʱʠʡ  

ʤʦʤʝʥʪ  

ʦʪ ʥʘʛʨʫʟʦʢ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʩʯʝʪʥʳʡ ʢʅʤ 120,20 114,34 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʢʅʤ 107,10 93,94 

ʩʪʘʥʜʘʨʪ ʢʅʤ 9,13 10,3 

ʇʨʝʜʝʣʴʥʳʡ 

ʠʟʛʠʙ. ʤʦʤʝʥʪ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʢʅʤ 541,15 1553,52 

ʩʪʘʥʜʘʨʪ ʢʅʤ 82,60 278,14 

ʃʦʛʘʨʠʬʤ. ʧʦʢʘʟʘʪʝʣʴ ʥʘʜʝʞʥʦʩʪʠ ɟʚʢʢ ɟʚʢʩ 7,05 7,1 

ʆʧʦʨʥʦʝ ʩʝʯʝʥʠʝ 

ʢʦʥʩʦʣʠ 

ʬʫʥʜʘʤʝʥʪʥʦʡ 

ʧʣʠʪʳ 

ʀʟʛʠʙʘʶʱʠʡ  

ʤʦʤʝʥʪ  

ʦʪ ʥʘʛʨʫʟʦʢ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʩʯʝʪʥʳʡ ʢʅʤ 140 410 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʢʅʤ 87,5 256,25 

ʩʪʘʥʜʘʨʪ ʢʅʤ 17,5 51,25 

ʇʨʝʜʝʣʴʥʳʡ 

ʠʟʛʠʙ. ʤʦʤʝʥʪ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʢʅʤ 360,4 508,63 

ʩʪʘʥʜʘʨʪ ʢʅʤ 18,02 25,43 

ʃʦʛʘʨʠʬʤ. ʧʦʢʘʟʘʪʝʣʴ ʥʘʜʝʞʥʦʩʪʠ ɟʬʢ ɟʬʩ 12 5,3 

ɻʨʫʥʪʦʚʦʝ  

ʦʩʥʦʚʘʥʠʝ 

ʧʦʜ ʬʫʥʜʘʤʝʥʪʦʤ 

ʅʦʨʤʘʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ 

ʦʪ ʥʘʛʨʫʟʦʢ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʩʯʝʪʥʳʡ ʢʇʘ 235,3 340 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʢʇʘ 147,06 212,5 

ʩʪʘʥʜʘʨʪ ʢʇʘ 29,41 42,5 

ʇʨʝʜʝʣʴʥʦʝ  

ʥʘʧʨʷʞʝʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʢʇʘ 866,15 916,87 

ʩʪʘʥʜʘʨʪ ʢʇʘ 130,00 137,53 

ʃʦʛʘʨʠʬʤ. ʧʦʢʘʟʘʪʝʣʴ ʥʘʜʝʞʥʦʩʪʠ ɟʛʢ ɟʛʩ 7,48 6,3 

 

ɼʣʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʪʦʛʦ ʨʘʟʣʠʯʠʷ ʚ ʪʘʙʣ. 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʨʘ-

ʬʠʯʝʩʢʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʟʜʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʢʨʘʩʥʳʤ 

ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʮʝʣʦʩʪʥʦʩʪʴ ʢʨʘʡʥʠʭ ʧʨʦʣʝʪʦʚ ʟʜʘʥʠʷ, ʘ ʩʠʥʠʤ ʮʚʝʪʦʤ - ʟʥʘʯʝʥʠʷ ʣʦ-

ʛʘʨʠʬʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʮʝʣʦʩʪ-

ʥʦʩʪʴ ʩʨʝʜʥʠʭ ʧʨʦʣʝʪʦʚ ʟʜʘʥʠʷ 
 



62 

 

ʊʘʙʣʠʮʘ 2 

ɻʨʘʬʠʯʝʩʢʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ  ʥʝʩʫʱʝʡ   ʩʠʩʪʝʤʳ ʚ  ʮʝʣʦʤ  ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʟʜʘʥʠʷ 

 

 

ʅʘʠʙʦʣʝʝ ʥʠʟʢʠʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʟʜʘʥʠʷ ʧʦʩʣʝ ʝʛʦ ʧʝʨʝʧʨʦʬʠʣʠʨʦʚʘʥʠʷ (ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 4 ʜʦ 5 ʙʝʣʦʚ) ʠʤʝʶʪ ʞʝʣʝʟʦʙʝ-

ʪʦʥʥʳʝ ʩʪʨʦʧʠʣʴʥʳʝ  ʬʝʨʤʳ ʧʦʢʨʳʪʠʷ ʚ ʩʨʝʜʥʠʭ ʧʨʦʣʝʪʘʭ ʠ  ʚʝʨʭʥʠʝ ʫʯʘʩʪʢʠ ʥʝʩʫʱʠʭ 

ʢʦʣʦʥʥ ʢʘʨʢʘʩʘ ʚ ʢʨʘʡʥʠʭ ʧʨʦʣʝʪʘʭ. ɼʨʫʛʠʝ ʭʘʨʘʢʪʝʨʥʳʝ ʵʣʝʤʝʥʪʳ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ 

ʟʜʘʥʠʷ: ʬʫʥʜʘʤʝʥʪʳ ʧʦʜ ʥʝʩʫʱʠʝ ʢʦʣʦʥʥʳ, ʩʪʨʦʧʠʣʴʥʳʝ ʬʝʨʤʳ ʚ ʢʨʘʡʥʠʭ ʧʨʦʣʝʪʘʭ ʠ 

ʛʨʫʥʪʦʚʳʝ ʦʩʥʦʚʘʥʠʷ - ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʩ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤʠ ʧʦʢʘ-

ʟʘʪʝʣʷʤʠ ʥʘʜʝʞʥʦʩʪʠ, ʧʨʝʚʳʰʘʶʱʠʤʠ 5 - 6 ʙʝʣʦʚ. 

ʇʨʠʥʷʪʦʝ ʚ ʧʨʦʝʢʪʝ ʧʝʨʝʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʟʜʘʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʥʝ-

ʩʫʱʝʡ ʩʠʩʪʝʤʳ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʭʝʤʦʡ ʩʦʝʜʠʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʧʨʠʚʦʜʠʪ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʥʘʜʝʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ, ʢ ʩʣʝ-

ʜʫʶʱʠʤ ʥʝʚʳʩʦʢʠʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ  ʥʘʜʝʞʥʦʩʪʠ:   

¶ ʜʣʷ ʢʨʘʡʥʠʭ ʧʨʦʣʝʪʦʚ -  ”ʢ σȟωψȠ 
¶ ʜʣʷ ʩʨʝʜʥʠʭ ʧʨʦʣʝʪʦʚ -  ”ʩ = 4,75, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʜʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʧʨʠʥʷʪʦʛʦ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ, 

ʥʦ ʠ ʥʘʤʝʪʠʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʥʝʩʫʱʝʡ ʩʠ-

ʩʪʝʤʳ ʚ ʜʘʣʴʥʝʡʰʝʤ. 

 

ɺʳʚʦʜʳ 

 

ʆʧʠʩʘʥʥʘʷ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʥʘʜʝʞʥʦʩʪʠ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʦʜ-

ʥʦʵʪʘʞʥʦʛʦ ʤʥʦʛʦʧʨʦʣʝʪʥʦʛʦ ʟʜʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʘʧʨʦʙʠʨʦʚʘʥʘ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʜʣʠʪʝʣʴʥʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʮʝʭʘ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʩ ʫʯʝʪʦʤ ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʭ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚ-

ʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʙʨʦʩʘ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʝʡʩʪʚʫʶʱʠʭ 

ʥʘʛʨʫʟʦʢ ʧʦ ʦʩʥʦʚʥʦʤʫ ʩʦʯʝʪʘʥʠʶ ʧʦʣʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʫʨʦʚʥʠ ʥʘʜʝʞʥʦʩʪʠ ʨʘʟʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʟʜʘʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  ʥʘʜʝʞʥʦʩʪʠ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʦʛʦ ʮʝʭʘ ʚ ʮʝʣʦʤ ʩ 

ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʚʚʝʜʝʥʠʠ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʨʘʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦ-

ʩʪʠ  ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ.  
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ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʟʜʘʥʠʷ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʨʝ-

ʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʥʘ ʠʟʥʦʰʝʥʥʳʭ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʩʣʝʜʫʝʪ ʦʩʫ-

ʱʝʩʪʚʣʷʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʚ ʢʨʘʡʥʠʭ ʠ ʩʨʝʜʥʠʭ ʧʨʦʣʝʪʘʭ ʟʜʘʥʠʷ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʥʠ ʜʦʣʞʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʠʤʝʶʱʠʭ ʤʝʥʴʰʠʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦ-

ʩʪʠ.  
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The article is devoted to the actual problem of metalwares rehabilitation during the restoration of architectural 

heritage sites. Based on the study of the properties and structure of the metal frame made in the XIX century, a signifi-

cant spread of indicators of mechanical properties, structural components and chemical heterogeneity within a single 

farm was ascertained. All this was taken into account at choosing the welding method and mode for "historical" struc-

tures rehabilitation 
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ɺʚʝʜʝʥʠʝ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʦʙʣʘʩʪʝʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʝʩʪʘʚʨʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʙʦʣʝʝ ʢʦʥ-

ʩʝʨʚʘʪʠʚʥʳ, ʘ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʜʦʧʫʩʢʘʝʪʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʵʪʦ ʥʝ ʚʨʝʜʠʪ ʧʘʤʷʪʥʠʢʫ ʠ ʥʝ ʠʩʢʘʞʘʝʪ ʝʛʦ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʚʠʜ [4]. 
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ɺ ʦʙʰʠʨʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʨʝʩʪʘʚʨʘʮʠʠ ʜʝʨʝʚʷʥʥʳʭ ʠ ʢʘʤʝʥʥʳʭ ʢʫʣʴʪʦʚʳʭ ʩʦʦʨʫʞʝ-

ʥʠʡ ʩʦʜʝʨʞʠʪʩʷ ʤʥʦʞʝʩʪʚʦ ʩʚʝʜʝʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʨʘʙʦʪʦʢ [3, 10, 12, 13, 17,18], ʦʜʥʘʢʦ 

ʦʯʝʥʴ ʤʘʣʦ ʜʘʥʥʳʭ ʧʨʠʚʦʜʠʪʩʷ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʨʝʩʪʘʚʨʘʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʩʦʦʨʫʞʝʥʠʡ, ʧʦʩʪʨʦʝʥʥʳʭ ʚ ʧʦʩʣʝʜʥʠʝ ʜʚʘ-ʪʨʠ ʩʪʦʣʝʪʠʷ. ɸʪʨʠʙʫʮʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ  

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʨʘʩʯʝʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʠʨʧʠʯ-

ʥʦʡ ʢʣʘʜʢʠ, ʤʝʪʘʣʣʘ ʠ ʜʝʨʝʚʘ ʚʭʦʜʠʪ ʚ ʦʙʷʟʘʪʝʣʴʥʳʡ ʧʝʨʝʯʝʥʴ ʨʘʙʦʪ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʦʙ-

ʩʣʝʜʦʚʘʥʠʠ ʧʘʤʷʪʥʠʢʦʚ ʘʨʭʠʪʝʢʪʫʨʳ ʥʘʨʷʜʫ ʩ ʠʩʪʦʨʠʢʦ-ʘʨʭʠʚʥʳʤʠ, ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʠʟʳʩʢʘʥʠʷʤʠ, ʦʙʤʝʨʥʳʤʠ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʨʘʙʦʪʘʤʠ, 

ʧʨʦʚʝʨʦʯʥʳʤʠ ʨʘʩʯʝʪʘʤʠ ʟʜʘʥʠʡ [9]. ʇʦʵʪʦʤʫ ʨʘʙʦʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʘʚʘ ʠ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʘʞʥʦʡ ʠ ʚ ʜʘʣʴ-

ʥʝʡʰʝʤ ʧʦʟʚʦʣʠʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʩʧʦʩʦʙʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʨʝʤʦʥʪʘ ʠʣʠ ʨʝʩʪʘʚʨʘʮʠʠ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʙʝʟ ʧʦʪʝʨʠ ʘʫʪʝʥʪʠʯʥʦʩʪʠ ʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʚ ʠʟʫʯʝʥʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʘʨʪʝʬʘʢʪʦʚ ʩ ʚʳʭʦʜʦʤ ʥʘ ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʘʨʭʝʦʣʦʛʠʯʝʩʢʦʡ 

ʤʝʪʘʣʣʦʛʨʘʬʠʠ (ʘʨʭʝʦʤʝʪʘʣʣʦʛʨʘʬʠʠ), ʨʘʟʨʘʙʦʪʘʥʥʳʡ ɹ.ɸ. ʂʦʣʯʠʥʳʤ ʠ ʝʛʦ ʫʯʝʥʠʢʘʤʠ [6, 8, 

11]. ɺ ʧʨʠʥʮʠʧʝ ʘʨʭʝʦʤʝʪʘʣʣʦʛʨʘʬʠʠ ʣʝʞʠʪ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʷ. ʄʘʩʩʦʚʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʞʝ-

ʣʝʟʥʳʭ ʠʟʜʝʣʠʡ ɼʨʝʚʥʝʡ ʈʫʩʠ ʦʙʥʘʨʫʞʠʣ ʜʚʘ ʚʠʜʘ ʩʪʘʣʠ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʣʠ ʨʫʩʩʢʠʝ ʢʫʟʥʝ-

ʮʳ: ʮʝʤʝʥʪʦʚʘʥʥʘʷ (ʪʦʤʣʝʥʘʷ) ʩʪʘʣʴ ʩ ʦʜʥʦʨʦʜʥʳʤ ʩʪʨʦʝʥʠʝʤ ʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ 

ʧʦ ʚʩʝʡ ʤʘʩʩʝ ʤʝʪʘʣʣʘ ʫʛʣʝʨʦʜʦʤ ʠ ʩʪʘʣʴ ʩʚʘʨʦʯʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩ ʬʝʨʨʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. ʉ ʙʦʣʴʰʠʤ ʩʦʞʘʣʝʥʠʝʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʫʯʝʥʥʳʝ ʞʝʣʝʟʥʳʝ ʘʨʪʝʬʘʢʪʳ 

ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʨʠʦʜʫ ʜʦ XV ʚʝʢʘ, ʜʘʥʥʳʝ ʦʙ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʟʜʝʣʠʡ, ʠ ʦʩʦʙʝʥʥʦ ʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʚʝʢʦʚ, ʥʘʤ ʥʝ ʚʩʪʨʝʯʘʣʠʩʴ. 

çʀʩʪʦʨʠʯʝʩʢʠʝè ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧ-

ʧʳ. ʂ ʦʜʥʦʡ ʦʪʥʝʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʣʠʪʳʝ ʠʣʠ ʢʦʚʘʥʳʝ ʵʣʝʤʝʥʪʳ, ʚʳʧʦʣʥʷʶʱʠʝ ʥʝ ʪʦʣʴʢʦ ʥʝ-

ʩʫʱʠʝ ʬʫʥʢʮʠʠ, ʥʦ ʠ ʦʙʣʘʜʘʶʱʠʝ ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʮʝʥʥʦʩʪʴʶ ʠ ʷʚʣʷʶʱʠʝʩʷ ʧʨʝʜʤʝʪʘʤʠ 

ʦʭʨʘʥʳ. ʂ ʜʨʫʛʦʡ ï ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʢʦʚʘʥʳʭ ʧʨʦʬʠ-

ʣʝʡ ʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʥʝ ʦʙʣʘʜʘʶʱʠʝ ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʮʝʥʥʦʩʪʴʶ. ʀʥʞʝʥʝʨʥʘʷ ʨʝʩʪʘʚʨʘʮʠʷ 

ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʟʘʤʝʥʫ ʠ ʚʦʩʩʦʟʜʘʥʠʝ ʧʦʚʨʝʞʜʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʪʝʤ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ çʩʦʩʪʘʨʠʪʴè ʩʚʝʞʠʡ ʤʝʪʘʣʣ ʧʦʜ 

ʣʶʙʫʶ ʵʧʦʭʫ. ɸ ʚʦʪ ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʧʦʜʣʝʞʘʪ ʧʨʦʚʝʨʦʯʥʦʤʫ ʨʘʩʯʝʪʫ ʠ 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʠʣʝʥʠʶ. 

ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʪʘʨʠʥʥʳʭ 

ʟʜʘʥʠʡ ʷʚʣʷʶʪʩʷ: ʥʘʨʫʰʝʥʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʢʦʨʨʦʟʠʷ [16] (ʤʦʞʝʪ 

ʙʳʪʴ ʩʘʤʦʛʦ ʨʘʟʥʦʛʦ ʪʠʧʘ ʠ ʚʳʟʳʚʘʪʴʩʷ ʨʘʟʥʳʤʠ ʧʨʠʯʠʥʘʤʠ), ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ 

ʫʩʪʘʣʦʩʪʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ, ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ [15]. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʩʝ ʵʪʠ 

ʧʦʚʨʝʞʜʝʥʠʷ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʭʨʫʧʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʙʨʫʰʝ-

ʥʠʝ ʩʪʝʥʳ, ʯʘʩʪʠ ʟʜʘʥʠʷ ʠʣʠ ʟʜʘʥʠʷ ʮʝʣʠʢʦʤ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʩʪʘʚʨʘʮʠʠ ʠ ʨʝʤʦʥʪʘ ʩʪʘʨʠʥʥʳʭ ʟʜʘʥʠʡ (ʦʩʦʙʝʥʥʦ ʧʨʝʜʩʪʘʚʣʷʶ-

ʱʠʭ ʠʩʪʦʨʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ, ʧʘʤʷʪʥʠʢʦʚ ʘʨʭʠʪʝʢʪʫʨʳ) ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ, ʩʢʘʞʝʤ ʪʘʢ, 

ʤʦʨʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. ɺʦ-ʧʝʨʚʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʧʦ ʤʘʢʩʠʤʫʤʫ ʩʦʭʨʘʥʠʪʴ ʘʫʪʝʥʪʠʯ-

ʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚʩʝʛʦ ʩʦʦʨʫʞʝʥʠʷ ʚ ʮʝʣʦʤ (ʪ.ʝ. ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʤʝ-

ʰʘʪʝʣʴʩʪʚʦ, ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʟʘʤʳʩʝʣ ʜʨʝʚʥʝʛʦ ʟʦʜʯʝʛʦ); ʚʦ-ʚʪʦʨʳʭ, ʤʘʢʩʠʤʘʣʴʥʦ ʫʢʨʝʧʠʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʠ ʜʣʷ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ ʠ ʜʣʷ ʚʦʟʤʦʞʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʥʘʩʪʦʷʱʝʤ (ʦʩʦʙʝʥʥʦ ʟʜʘʥʠʷ ʨʝʣʠʛʠʦʟʥʦʛʦ ʢʫʣʴʪʘ) [14]. 

ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ: ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʤʦʥʪʘ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ 

ʢʨʠʯʥʦʛʦ ʢʦʚʢʦʛʦ ʞʝʣʝʟʘ ʨʫʯʥʦʡ ʜʫʛʦʚʦʡ ʩʚʘʨʢʦʡ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʤʘʪʝʨʠʘʣʘ ʠʩʭʦʜʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʬʝʨʤʳ), ʩʥʷʪʦʡ ʧʨʠ ʦʯʝʨʝʜʥʦʤ ʨʝʤʦʥʪʝ ʩʦ ʟʜʘʥʠʷ 

ʙʳʚʰʝʡ ʩʝʤʠʥʘʨʠʠ (ʥʳʥʝ ɺʦʨʦʥʝʞʩʢʠʡ ʤʦʥʪʘʞʥʳʡ ʪʝʭʥʠʢʫʤ), ʜʘʪʘ ʧʦʩʪʨʦʡʢʠ ʧʨʝʜʧʦʣʦʞʠ-

ʪʝʣʴʥʦ 1812 ʛʦʜ (ʨʠʩ. 1). ʂʦʥʩʪʨʫʢʮʠʷ ʥʘʭʦʜʠʣʘʩʴ ʚ ʟʘʱʠʪʥʦʤ ʢʦʟʳʨʴʢʝ ʥʘʜ ʚʭʦʜʦʤ ʚ ʟʜʘʥʠʝ, 
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ʙʳʣʘ ʜʝʤʦʥʪʠʨʦʚʘʥʘ ʠʟ ʢʠʨʧʠʯʥʦʡ ʢʣʘʜʢʠ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʯʠʱʝʥʘ ʦʪ ʠʟʚʝʩʪʢʦʚʦʛʦ ʨʘʩʪʚʦ-

ʨʘ ʠ ʧʝʨʝʚʝʟʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʶ ʢʘʬʝʜʨʳ ʩʚʘʨʢʠ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɼʣʷ ʠʟʫʯʝʥʠʷ 

ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʦʬʠʣʷ ʩ ʧʝʪʣʝʡ (ʰʠʨʠʥʘ 42-48 ʤʤ, ʪʦʣʱʠʥʘ 23-30 ʤʤ). ɺ 

ʢʦʤʧʣʝʢʩ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʭʦʜʠʣʠ: ʤʘʢʨʦʘʥʘʣʠʟ, ʤʠʢʨʦʘʥʘʣʠʟ (ʘʨʭʝʦʤʝʪʘʣʣʦʛʨʘʬʠʷ), ʩʪʠʣʦ-

ʩʢʦʧʠʨʦʚʘʥʠʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ. 

 

ʈʠʩ. 1. ɺʠʜ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 
 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ  

ʄʘʢʨʦʘʥʘʣʠʟ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʚʠʟʫʘʣʴʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʩʪʳʡ ʩʣʦʡ 

ʦʢʠʩʣʦʚ ʞʝʣʝʟʘ (ʨʞʘʚʯʠʥʳ) ʨʳʞʝʛʦ ʮʚʝʪʘ ʧʝʨʝʤʝʥʥʦʡ ʪʦʣʱʠʥʳ ʜʦ 2-3 ʤʤ. ʆʙʨʘʟʮʳ ʜʣʷ ʤʘʢ-

ʨʦʘʥʘʣʠʟʘ ʚʳʨʝʟʘʣʠʩʴ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ ʩʝʯʝʥʠʶ ʧʨʦʬʠʣʷ. ʄʘʢʨʦʰʣʠʬʳ ʛʦʪʦ-

ʚʠʣʠʩʴ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʰʣʠʬʦʚʘʥʠʝ, ʧʦʣʠʨʦʚʘʥʠʝ), ʪʨʘʚʣʝʥʠʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʥʝ ʪʨʝʙʦʚʘʣʦʩʴ, ʪ.ʢ. ʚʥʠʤʘʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʫʜʝʣʷʣʦʩʴ ʚʥʫʪʨʝʥʥʠʤ ʤʘʢʨʦʜʝʬʝʢʪʘʤ. ʅʝʚʦʦʨʫ-

ʞʝʥʥʳʤ ʛʣʘʟʦʤ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʙʦʣʴʰʦʛʦ ʫʚʝʣʠʯʝʥʠʷ (2-3-ʢʨʘʪʥʦʝ) ʭʦʨʦʰʦ ʚʠʜʥʳ 

ʧʨʦʜʦʣʴʥʳʝ ʢʨʫʧʥʳʝ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʪʝʤʥʦʛʦ ʮʚʝʪʘ, ʢʦʪʦʨʳʝ ʧʨʠʜʘʶʪ ʚʩʝʡ 

ʤʘʢʨʦʩʪʨʫʢʪʫʨʝ ʭʘʨʘʢʪʝʨʥʫʶ ʧʦʣʦʩʯʘʪʦʩʪʴ. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʚʢʣʶʯʝʥʠʡ (ʰʣʘʢʦʚʳʭ, ʦʢʩʠʜʥʳʭ 

ʠʣʠ ʫʛʣʝʨʦʜʥʳʭ) ʩʚʷʟʘʥʦ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʧʨʦʢʦʚʢʠ ʞʝʣʝʟʥʳʭ ʧʦʣʦʩ, ʧʨʠʤʝʥʷʚʰʝʡʩʷ ʚ XIX  

ʚʝʢʝ (ʪ.ʥ. ʢʫʟʥʝʯʥʘʷ ʩʚʘʨʢʘ). ɸʥʘʣʦʛʠʯʥʳʝ ʜʝʬʝʢʪʳ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʝʪʘʣʣʘ ʢʦ-

ʚʘʥʳʭ ʢʘʨʢʘʩʦʚ ʛʣʘʚ ʉʧʘʩʦ-ʇʨʝʦʙʨʘʞʝʥʩʢʦʛʦ ʩʦʙʦʨʘ ʚ ʛ. ʄʫʨʦʤʝ [16]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʘʣʠʯʠʝ ʪʘʢʠʭ ʜʝʬʝʢʪʦʚ ʩʯʠʪʘʝʪʩʷ ʥʝʜʦʧʫʩʪʠʤʳʤ ʠ ʧʦʜʦʙʥʳʝ ʠʟʜʝʣʠʷ ʙʨʘʢʫʶʪʩʷ. 

ʄʠʢʨʦʘʥʘʣʠʟ. ʆʙʨʘʟʮʳ ʜʣʷ ʤʠʢʨʦʘʥʘʣʠʟʘ ʪʘʢʞʝ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ. ʇʨʠ ʪʨʘʚʣʝʥʠʠ ʚ ʨʝʘʢʪʠʚʝ çʥʠʪʘʣʴè ʧʨʦʷʚʣʷʝʪʩʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʧʨʦʠʩʭʦʜʠʪ 

ʦʯʝʥʴ ʩʠʣʴʥʦʝ ʨʘʩʪʨʘʚʣʠʚʘʥʠʝ ʚʢʣʶʯʝʥʠʡ.  

ʉʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣʘ ʢʦʥʩʪʨʫʢʮʠʠ ʦʯʝʥʴ ʥʝʦʜʥʦʨʦʜʥʘ ʧʦ ʩʝʯʝʥʠʶ ʧʨʦʬʠʣʷ, ʝʩʣʠ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʩʨʝʟʫ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʩʝʨʝʜʠʥʝ ʦʙʨʘʟʮʘ, ʪʦ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʣʝʛʘʶʪ ʩʣʝʜʫʶʱʠʝ ʩʣʦʠ: 

- ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʮʝʤʝʥʪʠʨʦʚʘʥʥʳʡ ʩʣʦʡ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 2,5 ʤʤ; 

- ʧʝʨʣʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʥʘʣʠʯʠʝʤ ʩʝʪʢʠ ʮʝʤʝʥʪʠʪʘ ʚʪʦʨʠʯʥʦʛʦ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʧʝʨ-

ʣʠʪʘ (ʩʪʨʫʢʪʫʨʘ ʟʘʵʚʪʝʢʪʦʠʜʥʦʡ ʩʪʘʣʠ), ʪʦʣʱʠʥʦʡ å 1 ʤʤ; 

- ʚʠʜʤʘʥʰʪʝʪʪʦʚʘ ʩʪʨʫʢʪʫʨʘ (ʩʪʨʫʢʪʫʨʘ ʧʝʨʝʛʨʝʚʘ), ʝʝ ʥʘʣʠʯʠʝ ʩʚʷʟʘʥʦ ʩ ʧʨʝʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʚʢʠ; 

- ʬʝʨʨʠʪʥʦ-ʧʝʨʣʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʮʝʤʝʥʪʠʪʘ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʧʝʨʣʠʪʘ 

(ʨʠʩ. 2); 
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- ʬʝʨʨʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩ çʦʩʪʨʦʚʢʘʤʠè ʪʨʝʪʠʯʥʦʛʦ ʮʝʤʝʥʪʠʪʘ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ (ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʩʪʨʫʢʪʫʨʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ); 

- ʬʝʨʨʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ ʜʦ 0,006 %) 

 

 

ʈʠʩ. 2. ɺʠʜ ʬʝʨʨʠʪʦ-ʧʝʨʣʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʮʝʤʝʥʪʠʪʥʦʡ ʩʝʪʢʦʡ 

ʅʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʦʟʝʨʥʠʩʪʦʩʪʴ ʤʝʪʘʣʣʘ ʧʦ ʩʝʯʝʥʠʶ: ʦʪ 1 ʙʘʣʣʘ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ 

ʦʙʨʘʟʮʘ ʜʦ 5 ʙʘʣʣʦʚ ʧʦ ʧʝʨʠʬʝʨʠʠ. 

ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʬʘʟʦʚʦʛʦ ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʤʝʪʘʣʣʘ ʧʦ ʩʝʯʝʥʠʶ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦ ʨʘʟʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʫʛʣʝʨʦʜʘ ʚ ʩʣʦʷʭ ʠʟʫʯʘʝʤʦʛʦ ʩʧʣʘʚʘ ʞʝʣʝʟʘ. ʇʦʚʝʨʭʥʦʩʪʴ ʩʧʣʘʚʘ 

ʦʙʦʛʘʱʝʥʘ ʫʛʣʝʨʦʜʦʤ (ʩʦʜʝʨʞʘʥʠʝ ʜʦ 2 %), ʜʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʢ ʩʝʨʝʜʠʥʝ ʠʟʫʯʘʝʤʦʛʦ ʦʙʨʘʟʮʘ (ʤʝʥʴʰʝ 0,02 %).  

ʊʘʢʞʝ ʥʘ ʤʠʢʨʦʰʣʠʬʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʫʯʘʩʪʢʠ ʰʣʘʢʦʚʳʭ ʚʢʣʶʯʝʥʠʡ (ʪʠʧʘ ʩʫʣʴʬʠʜʦʚ) 

ʩ ʵʚʪʝʢʪʠʯʝʩʢʠʤ (ʩʢʝʣʝʪʦʦʙʨʘʟʥʳʤ) ʩʪʨʦʝʥʠʝʤ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʤ ʦ ʯʘʩʪʠʯʥʦʤ ʠʭ ʧʝʨʝʭʦ-

ʜʝ ʚ ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ. ʊʘʢʦʝ ʷʚʣʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ ʢʦʚʢʠ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ çʢʨʘʩʥʦ-

ʣʦʤʢʦʩʪʴè ʠ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʝʨʳ ʚ ʩʪʨʫʢʪʫʨʝ ʩʪʘʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʘʛʨʝʚ ʧʦʜ ʜʝʬʦʨʤʘʮʠʶ (ʢʦʚʢʫ) ʧʨʦʚʦʜʠʣʩʷ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʟʘʱʠʪʥʳʭ ʩʨʝʜ, ʢʨʦʤʝ ʪʦʛʦ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʝʨʤʳ ʥʝ ʙʳʣʘ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʰʣʘʢʦʚʳʭ ʚʢʣʶʯʝʥʠʡ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʜʦʛʨʝʚʘ ʧʦʜ ʢʦʚʢʫ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʩʫʱʝʩʪʚʫʶʱʝʡ ʚ XIX  ʚʝʢʝ [1, 2]: ʥʝʦʜʥʦʢʨʘʪʥʳʡ ʥʘʛʨʝʚ ʚ ʛʦʨʥʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʦʨʷʱʝʛʦ ʜʨʝʚʝʩʥʦʛʦ ʫʛʣʷ (ʦʪʩʶʜʘ ʠ ʥʘʫʛʣʝʨʦʞʠʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ) ʠ ʤʥʦʛʦʢʨʘʪʥʘʷ 

ʧʨʦʢʦʚʢʘ ʤʦʣʦʪʦʤ  ʩ ʟʘʧʨʝʩʩʦʚʢʦʡ ʯʘʩʪʠʯʝʢ ʫʛʣʷ ʠ ʦʢʠʩʣʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʧʣʘʚʘ ʚʳʧʦʣʥʝʥ ʤʝʪʦʜʦʤ ʦʪʙʦʨʘ ʩʪʨʫʞʢʠ ʧʦ ʩʝʯʝ-

ʥʠʶ ʦʙʨʘʟʮʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʚʳʧʦʣʥʝʥʥʳʡ ʧʦ ʦʙʲʝʤʫ (ʫʩʨʝʜʥʝʥʥʳʡ ʜʣʷ ʚʩʝʛʦ ʠʟʫʯʘʝʤʦʛʦ ʦʙ-

ʨʘʟʮʘ), ʧʦʢʘʟʘʣ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʧʣʘʚʘ ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʤʘʨʢʠ 35 ɻʆʉʊ 1050. 

ɹʳʣ ʧʨʦʚʝʜʝʥ ʝʱʝ ʦʜʠʥ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʥʘ ʥʘʣʠʯʠʝ ʧʨʠʤʝʩʝʡ ʚ ʤʝʪʘʣʣʝ ʦʙʨʘʟ-

ʮʦʚ ï ʩʪʠʣʦʩʢʦʧʠʨʦʚʘʥʠʝ. ʊʘʢ ʢʘʢ ʘʥʘʣʠʟ ʚʳʧʦʣʥʷʣʩʷ ʥʘ ʦʙʨʘʟʮʘʭ, ʚʳʨʝʟʘʥʥʳʭ ʠʟ ʨʘʟʥʳʭ 
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ʯʘʩʪʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʠ ʚʳʙʦʨʢʘ ʚʝʣʘʩʴ ʥʘ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʧʦ ʩʝʯʝʥʠʶ ʦʙʨʘʟʮʦʚ, ʪʦ ʥʘʙʣʶʜʘʝʪ-

ʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʜʘʥʥʳʭ ʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʫʛʣʝʨʦʜʘ (ʦʪ 2 ʜʦ 0,01 %), ʬʦʩʬʦʨ (ʦʪ 0,01 

ʜʦ 0,57 %), ʩʝʨʘ (0,01 ʜʦ 0,25 %), ʚ ʩʧʣʘʚʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʨʛʘʥʮʘ  ʠ 

ʢʨʝʤʥʠʷ.  

ʊʘʙʣʠʮʘ 1 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʝʪʘʣʣʘ (ʫʩʨʝʜʥʝʥʥʳʡ) 

 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʫʨʦʤʩʢʠʭ [16]. 

ʇʦ ʜʘʥʥʳʤ ʘʚʪʦʨʦʚ ʚ ʦʙʨʘʟʮʘʭ ʠʟ ʢʘʨʢʘʩʘ ʛʣʘʚ ʩʦʙʦʨʘ ʫʛʣʝʨʦʜʘ ʩʦʜʝʨʞʠʪʩʷ 0,001 %, ʠ ʤʝ-

ʪʘʣʣ ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʦʝ ʞʝʣʝʟʦ (ʯʪʦ ʚ ʢʦʨʥʝ ʥʝʚʝʨʥʦ, ʪʘʢ ʢʘʢ ʪʘʢʦʡ ʩʧʣʘʚ ï 

ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʝ ʞʝʣʝʟʦ). ʀ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦ ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʯʠʪʘʶʪ, ʯʪʦ 

ʦʙʨʘʟʮʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʨʢʝ ʩʪʘʣʠ ʉʪ0, ʯʪʦ ʦʧʷʪʴ ʥʝʚʝʨʥʦ, ʪʘʢ ʢʘʢ ʧʦ ɻʆʉʊ 380 ʚ ʉʪ0 ʩʦ-

ʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʥʝ ʙʦʣʝʝ 0,23 %. 

ʊʘʢʦʡ ʨʘʟʙʨʦʩ ʜʘʥʥʳʭ ʧʦ ʫʛʣʝʨʦʜʫ, ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʩʚʷʟʘʥ 

ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ. ʉʝʨʘ ʠ ʬʦʩʬʦʨ ʚ ʩʧʣʘʚʘʭ ʞʝʣʝʟʘ ʯʘʩʪʦ ʦʙʨʘʟʫʶʪ ʩʝʛʨʝʛʘʮʠʠ (ʩʢʦʧʣʝʥʠʷ), ʯʪʦ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʢʨʫʧʥʳʭ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ. ʊʘʢ ʢʘʢ ʚ XIX  ʚʝʢʝ ʨʘʬʠʥʠʨʦ-

ʚʘʥʠʝ ʤʝʪʘʣʣʦʚ ʥʝ ʧʨʠʤʝʥʷʣʦʩʴ, ʪʦ ʧʦʚʳʰʝʥʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʝʡ ʚ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʧʦ 

ʩʝʯʝʥʠʶ ʧʨʦʬʠʣʷ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʳ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɼʣʷ ʦʮʝʥʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʧʣʘʚʘ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, ʠʩʧʳʪʘʥʠʷ ʥʘ ʫʜʘʨʥʳʡ ʠʟ-

ʛʠʙ ʠ ʠʟʤʝʨʝʥʠʝ ʪʚʝʨʜʦʩʪʠ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 6996 ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʪʠʧ XIII ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʚʜʦʣʴ ʧʨʦʢʦʚʢʠ) ʩʦ ʩʥʷʪʠʝʤ ʢʦʨ-

ʨʦʜʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʥʘ ʩʪʘʪʠʯʝʩʢʦʝ ʨʘʩʪʷʞʝʥʠʝ (ɻʆʉʊ 6996) 

 

ʄʘʪʝʨʠʘʣ ʇʨʝʜʝʣ ʧʨʦʯ-

ʥʦʩʪʠ, ʄʇʘ 

ʇʨʝʜʝʣ ʪʝʢʫʯʝ-

ʩʪʠ, ʄʇʘ 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʜʣʠʥʝʥʠʝ, % 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʩʫʞʝʥʠʝ. % 

ʀʩʩʣʝʜʫʝʤʳʡ 

ʩʧʣʘʚ 

430-460 250-380 10-20 30-40 

 

 ɺ ʟʦʥʝ ʨʘʟʨʫʰʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʩʣʦʝʥʠʝ ʤʝʪʘʣʣʘ ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠ-

ʯʠʷ ʢʨʫʧʥʳʭ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ (ʨʠʩ. 3.).  ʇʨʦʯʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʝʪʘʣʣʘ ʧʨʠ-

ʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʯʥʦʩʪʠ ʧʦʢʦʚʦʢ ʠʟ ʩʪʘʣʠ ʤʘʨʦʢ 30 ʠʣʠ 35 (ɻʆʉʊ 8479), ʧʣʘʩʪʠʯ-

ʥʦʩʪʴ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʝʥʘ. ɺ ʦʙʨʘʟʮʘʭ ʠʟ ʄʫʨʦʤʘ [16] ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʥʝ ʧʨʝʚʳʰʘ-

ʝʪ 160 ʄʇʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʝ ʫʢʘʟʘʥʳ. 

ʄʘʪʝʨʠʘʣ ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, % 

ʉ S P 

ʀʟʫʯʘʝʤʳʡ ʩʧʣʘʚ 0,35 0,004 0,01 

ʉʪʘʣʴ ʤʘʨʢʠ 35 

ɻʆʉʊ 1050 

0,32-0,40 < 0,04 < 0,035 
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ʈʠʩ. 3. ɺʥʝʰʥʠʡ ʚʠʜ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ  ʥʘ ʩʪʘʪʠʯʝʩʢʦʝ ʨʘʩʪʷʞʝʥʠʝ 

 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʫʜʘʨʥʳʡ ʠʟʛʠʙ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʙʨʘʟʮʘʭ ʩ U-ʦʙʨʘʟʥʳʤ ʥʘʜʨʝʟʦʤ 

(ɻʆʉʊ 9454-78). ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʧʦʥʠʞʝʥʥʘʷ ʦʪ 50 ʜʦ 100 ɼʞ/ʩʤ
2
. ʌʨʘʢʪʦʛʨʘʬʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʠʟʣʦʤʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʟʣʦʤʳ, ʚ ʦʩʥʦʚʥʦʤ,  ʩʤʝʰʘʥʥʳʝ (ʦʪ 60 ʜʦ 20 % ʚʦʣʦʢʥʘ ʚ ʠʟ-

ʣʦʤʝ), ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ, ʭʨʫʧʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʫʧʥʳʤʠ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʳ-

ʤʠ ʬʘʩʝʪʢʘʤʠ ʩʢʦʣʦʚ (ʨʠʩ. 4). ʅʠʟʢʘʷ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʭʨʫʧʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ, 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʪʠʚʦʧʦʢʘʟʘʥʳ. 

 

ʈʠʩ. 4. . ɺʠʜ ʠʟʣʦʤʘ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ 

 

ʀʟʫʯʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ɹʨʠʥʝʣʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʨʘʟʮʦʚ ʥʝʦʙ-

ʭʦʜʠʤʦʡ ʪʦʣʱʠʥʳ ʠ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʰʣʠʬʦʚʘʥʠʝ). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 

19807-91 ʚʳʙʠʨʘʣʩʷ ʜʠʘʤʝʪʨ ʠʥʜʝʥʪʦʨʘ, ʫʩʠʣʠʝ ʚʜʘʚʣʠʚʘʥʠʷ ʠ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ʧʦʜ ʥʘʛʨʫʟ-

ʢʦʡ. ʅɺ 10/3000/10 ʧʨʠʤʝʨʥʦ 150-160, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʦʨʷʯʝʢʘʪʘʥʦʡ ʩʪʘʣʠ ʤʘʨʦʢ 15 ʠʣʠ 

20. 
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 ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʤʤʠʨʫʷ ʜʘʥʥʳʝ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʚ XIX  ʚʝʢʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝ-

ʜʫʶʱʠʝ ʚʳʚʦʜʳ.  

1. ɿʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʜʘʥʥʳʭ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ 
ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʠ ʧʦ ʨʘʟʥʳʤ ʯʘʩʪʷʤ ʢʦʥʩʪʨʫʢʮʠʠ, ʪ.ʝ. ʩʦʝʜʠʥʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ 

ʢʦʚʢʠ ʨʘʟʥʳʭ ʟʘʛʦʪʦʚʦʢ ʩ ʨʘʟʥʳʤ ʩʦʩʪʘʚʦʤ (ʚʦʟʤʦʞʥʦ ʠ ʨʘʟʥʳʭ ʧʣʘʚʦʢ). 

2. ʉʠʣʴʥʘʷ ʢʦʨʨʦʟʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʝʨʤʳ ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʦʡ ʠ ʪʱʘʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. 

3. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ, ʟʘʛʨʷʟʥʷʶʱʠʭ ʤʝʪʘʣʣ ʠ ʧʦʥʠʞʘʶ-

ʱʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʦʩʦʙʝʥʥʦ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ) ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ. 

4. ɺʳʩʦʢʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʝʪʘʣʣʘ ʧʦ ʩʝʯʝʥʠʶ, ʥʘʣʠʯʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʯʘʩʪʢʦʚ ʮʝʤʝʥʪʘʮʠʠ. 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʤʦʥʪʥʦ-ʨʝʩʪʘʚʨʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʵʪʠ 

ʬʘʢʪʦʨʳ ʠ ʩ ʦʩʦʙʦʡ ʪʱʘʪʝʣʴʥʦʩʪʴʶ ʧʨʦʚʦʜʠʪʴ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʠ ʩʚʘʨʢʠ ʠ ʩʚʘʨʦʯʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ, ʧʨʠ ʵʪʦʤ ʨʝʰʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ (ʢʨʠʪʝʨʠʠ ʦʧʪʠʤʘʣʴʥʦʩʪʠ) ʩʧʦʩʦʙʦʚ ʩʚʘʨʢʠ.  

2. ʇʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʩʚʘʨʢʠ. 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʚʘʨʥʦʛʦ 

ʰʚʘ.  

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʩʚʘʨʢʠ ʢʦʚʘ-

ʥʳʭ ʠʟʜʝʣʠʡ ʧʨʠ ʨʝʩʪʘʚʨʘʮʠʠ. 

 

ɽʩʪʴ ʤʥʝʥʠʝ [16] ʦ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʜʨʝʚʥʠʤʠ ʩʠ-

ʩʪʝʤʘʤʠ. ɺ ʪ.ʯ. ʨʝʯʴ ʠʜʝʪ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠ ʨʝʤʦʥʪʝ ʢʦʚʘʥʳʭ ʠʟʜʝʣʠʡ ʵʣʝʢʪʨʦʩʚʘʨʢʠ ʧʦ-

ʢʨʳʪʳʤʠ ʧʣʘʚʷʱʠʤʠʩʷ ʵʣʝʢʪʨʦʜʘʤʠ, ʪ.ʢ. çʧʦʜ ʜʫʛʦʡ ʤʝʪʘʣʣ ʢʠʧʠʪ, ʰʦʚ ʥʝ ʢʘʯʝʩʪʚʝʥʥʳʡè, ʘ 

ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʜʘʝʪ ʛʘʟʦʚʘʷ ʩʚʘʨʢʘ. ʄʳ ʘʙʩʦʣʶʪʥʦ ʩ ʵʪʠʤ ʥʝ ʩʦʛʣʘʩ-

ʥʳ. ɻʘʟʦʚʘʷ ʩʚʘʨʢʘ ʜʘʝʪ ʙʦʣʝʝ ʩʠʣʴʥʳʡ ʥʘʛʨʝʚ ʧʦ ʧʣʦʱʘʜʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʫ-

ʛʦʚʳʤʠ ʤʝʪʦʜʘʤʠ, ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʝʤʦʥʪʘ ʠʟʜʝʣʠʡ ʠʟ ʪʦʥʢʦʣʠʩʪʦʚʦʡ ʩʪʘʣʠ ʪʦʣʱʠʥʦʡ 1-3 

ʤʤ, ʥʝ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʠʩʭʦʜʠʪ ʯʘʱʝ ʚʩʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʦʙʲ-

ʝʢʪʘʭ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ. ʆʙʲʝʢʪʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʘʭ, ʛʜʝ ʤʦʞʝʪ ʦʪʩʫʪ-

ʩʪʚʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. ʇʦʵʪʦʤʫ ʨʝʩʪʘʚʨʘʮʠʶ ʠ ʨʝʤʦʥʪ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʧʨʦ-

ʠʟʚʦʜʠʪʴ ʨʫʯʥʦʡ ʜʫʛʦʚʦʡ ʩʚʘʨʢʦʡ. ʅʘ ʚʳʙʦʨ ʩʧʦʩʦʙʘ ʩʚʘʨʢʠ ʦʢʘʟʘʣʠ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʷ ʚʳ-

ʧʦʣʥʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ, ʮʝʥʘ ʠ ʩʣʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

[7]. ʇʨʠʤʝʥʝʥʠʝ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʟʘʪʨʫʜʥʝʥʦ ʧʨʠ ʨʘʙʦʪʝ ʚ çʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭè ʠ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʫʟʣʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʈʝʤʦʥʪ ʠʟʜʝʣʠʷ  ʧʨʦʚʦʜʠʣʩʷ  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 5264-80 (ʈʫʯʥʘʷ ʜʫʛʦʚʘʷ ʩʚʘʨʢʘ. 

ʉʦʝʜʠʥʝʥʠʷ ʩʚʘʨʥʳʝ.). ʀʩʭʦʜʷ ʠʟ ʚʠʜʘ ʠʟʜʝʣʠʷ ʠ ʝʛʦ ʪʦʣʱʠʥʳ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʩʦʝʜʠʥʝʥʠʝ ʉ17 ʩ  ʧʨʠʤʝʥʝʥʠʝʤ  ʵʣʝʢʪʨʦʜʦʚ ʪʠʧʘ ʕ-50 ʤʘʨʢʠ ʋʆʅʀ 13/55, ʪʘʢ 

ʢʘʢ ʜʘʥʥʳʝ ʵʣʝʢʪʨʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʩʦʙʦ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʫʛʣʝʨʦʜʠʩʪʳʭ 

ʠ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ, ʢʦʛʜʘ ʢ ʤʝʪʘʣʣʫ ʰʚʦʚ ʧʨʝʜʲʷʚʣʷʶʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ. ɹʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩʦʝʜʠʥʝʥʠʝ - ʢʦʚʘʥʦʝ ʞʝʣʝʟʦ + ʢʦʚʘʥʦʝ 

ʞʝʣʝʟʦ (ʨʠʩ. 5.). ʅʘ ʨʠʩʫʥʢʝ ʭʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʩʚʘʨʥʦʡ ʰʦʚ ʧʣʦʪʥʳʡ, ʙʝʟ ʚʠʜʠʤʳʭ ʧʦʨ ʠ 

ʜʨʫʛʠʭ ʜʝʬʝʢʪʦʚ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ). ɺ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ ʥʠʢʘʢʦʛʦ çʢʠʧʝʥʠʷè 

ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ.  
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ʈʠʩ. 5. ɺʠʜ ʩʚʘʨʥʦʛʦ ʰʚʘ ʚ ʩʦʝʜʠʥʝʥʠʠ ʢʦʚʘʥʦʝ ʞʝʣʝʟʦ + ʢʦʚʘʥʦʝ ʞʝʣʝʟʦ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʪʘʪʠʯʝʩʢʦʝ ʨʘʩʪʷʞʝʥʠʝ ʧʨʦʠʟʦʰʣʦ ʨʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʦ ʦʩʥʦʚ-

ʥʦʤʫ ʤʝʪʘʣʣʫ (ʢʦʚʘʥʦʤʫ ʞʝʣʝʟʫ). ʉʪʨʫʢʪʫʨʘ ʨʘʟʨʫʰʝʥʥʦʡ ʟʦʥʳ ʠʤʝʝʪ ʥʝʦʜʥʦʨʦʜʥʳʡ ʭʘʨʘʢʪʝʨ ʩ 

ʚʢʨʘʧʣʝʥʠʷʤʠ ʫʛʣʝʨʦʜʘ ʚ ʚʠʜʝ ʜʨʝʚʝʩʥʦʛʦ ʫʛʣʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʯʥʦʩʪʴ ʤʝʪʘʣʣʘ ʰʚʘ ʠ ʦʢʦʣʦ-

ʰʦʚʥʦʡ ʟʦʥʳ ʚʳʰʝ ʧʨʦʯʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ. 

ʊʚʝʨʜʦʩʪʴ, ʠʟʤʝʨʝʥʥʘʷ ʤʝʪʦʜʦʤ ɹʨʠʥʝʣʣʷ, ʩʦʩʪʘʚʠʣʘ ʧʨʠʤʝʨʥʦ 160-170 - ʦʩʥʦʚʥʦʡ ʤʝʪʘʣʣ, 200-

220 - ʩʚʘʨʥʦʡ ʰʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʳʰʝ ʩʚʦʡʩʪʚ ʦʩʥʦʚ-

ʥʦʛʦ ʤʝʪʘʣʣʘ ï ʢʦʚʘʥʦʛʦ çʠʩʪʦʨʠʯʝʩʢʦʛʦè ʞʝʣʝʟʘ. 

 

ɺʳʚʦʜʳ 
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ɺʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʩʪʘʣʴʥʦʡ ʨʘʤʳ ʜʚʫʪʘʚʨʦʚʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦ ʚʳʩʦʪʝ ʩʝʯʝʥʠʷ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʢʦʤ-

ʧʣʝʢʩʝ SCAD Office ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʩʦʟʜʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘ-
ʩʪʠʥʯʘʪʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʦʙʱʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 6886. ʈʘʤʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʤʦʜʝʣʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩ-
ʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨ:r ʧʨʦʣʝʪ 18 ʤ, ʚʳʩʦʪʘ ʩʪʦʡʢʠ 7,280 ʤ, ʫʢʣʦʥ ʢʨʦʚʣʠ 0,1. ʀʟ ʧʣʦʩʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʩʢʨʝʧ-
ʣʝʥʘ ʫʟʣʦʚʳʤʠ ʥʝʧʦʜʚʠʞʥʳʤʠ ʩʚʷʟʷʤʠ, ʰʘʛ ʩʚʷʟʝʡ ʥʘʟʥʘʯʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʝʨʠʡʥʳʤ ʨʝʰʝʥʠʝʤ. ʅʘʛʨʫʟʢʠ 
ʩʦʙʨʘʥʳ ʜʣʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʛ. ɺʦʨʦʥʝʞʘ. ʅʘ ʧʨʠʤʝʨʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʜʘʯʠ 
ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʩʪʘʣʴʥʦʡ ʨʘʤʳ ʜʚʫʪʘʚʨʦʚʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦ ʚʳʩʦʪʝ ʩʝʯʝʥʠʷ: ʚʳʯʠʩʣʝʥʳ ʢʦʵʬʬʠ-
ʮʠʝʥʪʳ ʥʘʜʝʞʥʦʩʪʠ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ ʥʘ ʤʝʩʪʥʫʶ 
ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʝʥʢʠ ʨʘʤʳ, ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʤʝʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʥʢʠ ʨʘʤʳ ʥʘ ʦʙʱʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ 
ʩʠʩʪʝʤʳ, ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʨʝʟ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ. ʋʩʪʘ-
ʥʦʚʣʝʥʳ ʠ ʧʨʠʚʝʜʝʥʳ ʬʦʨʤʳ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʤʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʦʣʫʯʝʥʳ ʚʳʚʦʜʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 
ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ ʥʘ ʤʝʩʪʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʝʥʢʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʣʦʩʢʦʡ ʬʦʨʤʳ ʠʟʛʠʙʘ 
ʩʪʘʣʴʥʳʭ ʨʘʤ ʧʝʨʝʤʝʥʥʦʡ ʞʝʩʪʢʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʯʝʪʳʨʝʭ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝ-
ʥʠʷ ʫʟʣʘ ʩʦʧʨʷʞʝʥʠʷ ʨʠʛʝʣʷ ʠ ʩʪʦʡʢʠ: ʙʝʟ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ, ʩ ʜʠʘʛʦʥʘʣʴʥʳʤʠ ʨʝʙʨʘʤʠ, ʩ ʧʦʧʝʨʝʯʥʳʤʠ ʨʝʙʨʘʤʠ 
ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʣʴʥʘʷ ʨʘʤʘ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʩʪʘʣʴʥʦʡ ʨʘʤʳ, ʨʘʤʘ ʧʝʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ, ʧʨʦʚʝʨʢʘ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ, ʧʨʦʚʝʨʢʘ ʤʝʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 
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Steel frame of doubletee variable by height cross- section was designed with the help of the finite element 
method by SCAD office computational complex. The design model was created using the plate-like finite elements with 
a total number of 6886.Frame structure has the following main parameters: 18m span, 7,280m pillar height, 0.1roof 
slope. From the plane, the structure is unfastened by nodal non-mobile links; the link pitch is assigned in accordance 
with the serial solution. The loads are collected for the climatic conditions of Voronezh. On the computer model exam-
ple, there are analyzed: the problems of calculation and construction of a steel frame of doubletee variable by height 
cross- section: reliability coefficients of the system stability in toto; stiffening bar effect of the rib frame local stability 
on the total system stability, the change of deflected mode by energy distribution. The conclusions are obtained from 
the analysis of the stiffeners influence on the local stability of the wall and the stability of the flat shape of the bending  
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of steel frames of variable stiffness. The investigations were carried out for four variants of the structural solution of the 

crossbar and rack interface: without stiffeners, with diagonal ribs, with transverse ribs and a combined version.  

There were found and given the forms of frame structure collapse. The conclusions according to the results of analysis  

of stiffening bar effect of the rib frame local stability and the stability of the flat shape of the bending of steel frames of 

variable stiffness were obtained. The investigations were carried out for four variants of the structural solution of the 

crossbar and rack interface: without stiffeners, with diagonal ribs, with transverse ribs and a combined version. 

 

Keywords: steel frame, computer model of a steel frame, frame with variable by height cross-section, verification of 

systemôs stability, verification of local stability 

 

ɺʚʝʜʝʥʠʝ 

 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʚʠʜʦʚ ʩʪʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʷʚʣʷʶʪʩʷ ʨʘʤʥʳʝ ʩʠʩʪʝʤʳ [5, 7]. ʀʭ ʦʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ - ʪʦʥʢʦʩʪʝʥʥʦʩʪʴ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʦʧʨʦʩʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʤʝʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʵʣʝʤʝʥʪʦʚ ʠ ʦʙʱʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʤʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʮʝʣʦʤ. ʅʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦ ʠʟʫʯʝ-

ʥʠʝ ʫʢʘʟʘʥʥʳʭ ʚʦʧʨʦʩʦʚ ʚ ʨʘʤʘʭ ʧʝʨʝʤʝʥʥʦʡ ʞʝʩʪʢʦʩʪʠ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʠʭ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʅɼʉ). ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʦʥʢʦʩʪʝʥʥʳʭ ʨʘʤ ʷʚʣʷʝʪʩʷ ʧʦʩʪʘʥʦʚʢʘ ʨʝʙʝʨ 

ʞʝʩʪʢʦʩʪʠ ʚ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʭ ʫʯʘʩʪʢʘʭ ʩʪʝʥʢʠ ʨʘʤʳ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʧʨʦʩ rʤʝʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʥʢʠ ʩʪʘʣʴʥʦʡ ʨʘʤʳ ʜʚʫʪʘʚʨʦ-

ʚʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦ ʚʳʩʦʪʝ ʩʝʯʝʥʠʷ ʠ ʚʦʧʨʦʩʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʦʩʢʦʡ ʬʦʨʤʳ ʠʟʛʠʙʘ ʵʣʝ-

ʤʝʥʪʦʚ ʨʘʤʳ ʚ ʤʝʪʦʜʠʢʘʭ ʉʇ 16.13330.2017 çʉʅʠʇ II-23-81* ʉʪʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠè ʦʪ-

ʜʝʣʴʥʦ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. ʅʦʨʤʘʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʨʢʠ ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʷʜ 

ʜʦʧʫʱʝʥʠʡ, ʩʧʨʘʚʝʜʣʠʚʳʭ ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʣʘʩʪʠʥ, ʥʦ ʥʝ ʦʪʚʝʯʘʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʘ-

ʙʦʪʳ ʩʪʝʥʢʠ ʨʘʤʳ ʧʝʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ, ʯʪʦ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʪʨʫʜʘʭ [1, 3, 4, 6, 8]. ɺʦʧʨʦʩʳ 

ʨʘʩʯʝʪʘ ʦʪʩʝʢʦʚ ʩʪʝʥʢʠ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʜʠʘʛʦʥʘʣʴʥʳʤʠ ʨʝʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ, ʚ ʉʇ 

16.13330.2017 ʠ [10, 11] ʥʝ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʘʤ ʚʣʠʷʥʠʷ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ ʥʘ ʤʝʩʪʥʫʶ ʫʩʪʦʡ-

ʯʠʚʦʩʪʴ ʩʪʝʥʢʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʣʦʩʢʦʡ ʬʦʨʤʳ ʠʟʛʠʙʘ ʩʪʘʣʴʥʳʭ ʨʘʤ ʧʝʨʝʤʝʥʥʦʡ ʞʝʩʪʢʦʩʪʠ. 

 

1. ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʠ ʧʨʠʥʮʠʧʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ɺ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʘʣʴʥʦʡ ʨʘʤʳ ʧʝʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ ʣʝʞʠʪ ʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʚ ʚʠʜʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ. ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʩʦʟʜʘʚʘʣʘʩʴ ʚ ʩʨʝʜʝ ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ SCAD Office (ɺʝʨʩʠ ̫21.1.1.1). ʕʣʝʤʝʥʪʳ ʨʘʤʳ (ʩʪʝʥʢʘ, ʧʦʷʩʘ, ʨʝʙʨʘ 

ʞʝʩʪʢʦʩʪʠ) ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ (ʂʕ): ʪʠʧ 42 - ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʪʨʝʫʛʦʣʴʥʳʡ ʪʨʝʭʫʟʣʦʚʦʡ ʢʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ ʦʙʦʣʦʯʢʠ, ʪʠʧ 

44 - ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʡ ʯʝʪʳʨʝʭʫʟʣʦʚʦʡ ʂʕ ʦʙʦʣʦʯʢʠ ʩ ʫʯʸʪʦʤ ʨʘʙʦʪ [3, 9]. ɺ 

ʫʟʣʘʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʥʷʪʦ ʧʦ ʰʝʩʪʴ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ: ʪʨʠ ʣʠʥʝʡʥʳʭ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʪʨʠ ʫʛʣʘ 

ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ. ʈʘʩʢʨʝʧʣʷʶʱʠʝ ʵʣʝʤʝʥʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʥʝʧʦ-

ʜʚʠʞʥʳʭ ʫʟʣʦʚʳʭ ʩʚʷʟʝʡ ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʠʟ ʧʣʦʩʢʦʩʪʠ ʨʘʤʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʚʷʟʝʚʳʝ ʵʣʝʤʝʥʪʳ, ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʧʦ ʪʠʧʫ ʉʝʨʠʠ 1.420.3-37.06 çʂʘʨ-

ʢʘʩʳ ʩʪʘʣʴʥʳʝ. ʋʅʀʄɸʈʂ-ʈ1è. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʘʪʣʠʚʳʝ ʩʚʷʟʠ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʩʢʨʝʧʣʝʥʠʝ ʢʘʨʢʘʩʘ, ʦʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʧʦʜʘʪʣʠʚʦʩʪʠ ʪʘʢʠʭ 

ʩʚʷʟʝʡ 
_ 
ʵʪʦ ʦʪʜʝʣʴʥʘʷ ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ ʥʝ ʨʝʰʘʣʘʩʴ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ.  

ʂʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʤʝʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʤʳ ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʥʘʜʝʞʥʦʩʪʠ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʫʥʢʪʦʤ 4.3.2 

ʉʇ 16.13330.2017 ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʜʝʞʥʦʩʪʠ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʯʠʩʣʝʥʥʦ ʦʧʠʩʳʚʘʝʪ, ʚʦ ʩʢʦʣʴ-

ʢʦ ʨʘʟ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʨʘʩʯʝʪʥʫʶ ʥʘʛʨʫʟʢʫ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʨʠʪʠʯʝʩʢʦʡ, ʯʪʦʙʳ ʧʨʦ-

ʠʟʦʰʣʘ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ ʉʇ 16.13330.2017 ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʥʘʜʝʞʥʦʩʪʠ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ὛS=1,3 ʜʣʷ ʨʘʩʯʝʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʨʪʠʬʠ-
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ʮʠʨʦʚʘʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʉʠʩʪʝʤʘ ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʬʦʨʤ ʧʦʪʝʨʠ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ, ʚ ʦʧʠʩʘʥʥʦʤ ʨʘʩʯʝʪʝ ʙʳʣʦ ʫʯʪʝʥʦ ʪʨʠ ʬʦʨʤʳ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ ʢʦʤʧʣʝʢʩʝ SCAD 

ʧʨʦʚʝʨʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʪʝʦʨʠʠ ʕʡʣʝʨʘ ʜʣʷ ʫʧʨʫʛʦʡ ʩʠʩʪʝʤʳ.  

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʩʪʧʨʦʮʝʩʩʦʨ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ SCAD ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣ-

ʥʷʪʴ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʧʨʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦ ʬʦʨʤʝ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʊʘʢ ʢʘʢ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʧʦʩʪʨʦʝʥʦ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʤʘʪʨʠʮʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ, ʪʦ 

ʚʦʟʤʦʞʥʦ ʦʪʜʝʣʴʥʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʴ ʢ ʢʣʘʩʩʫ ʫʜʝʨʞʠʚʘʶʱʠʭ ʠʣʠ ʢ 

ʢʣʘʩʩʫ ʪʦʣʢʘʶʱʠʭ, ʩʦʛʣʘʩʥʦ ʛʣʘʚʝ 12.6 [2]. ʇʦʜ ʫʜʝʨʞʠʚʘʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʨʠʥʷʪʳ ʵʣʝʤʝʥ-

ʪʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʩʦʭʨʘʥʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ, ʵʥʝʨʛʠʷ ʪʘʢʠʭ ʂʕ ʙʦʣʴʰʝ 

ʥʫʣʷ, ʧʦʣʦʞʠʪʝʣʴʥʘʷ. ʊʦʣʢʘʶʱʠʝ ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʵʥʝʨʛʠʶ ʠ ʧʦʙʫʞʜʘʶʪ ʩʠ-

ʩʪʝʤʫ ʢ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɸʥʘʣʠʟ ʢʘʨʪʠʥʳ ʣʦʢʘʣʠʟʘʮʠʠ ʂʕ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʧʦʟ-

ʚʦʣʷʝʪ ʧʨʠʥʠʤʘʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʝʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʣʝʤʝʥʪʦʚ 

ʠ ʦʙʱʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʤʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʮʝʣʦʤ. ʊʘʢʠʤ ʨʝʰʝʥʠʝʤ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʯʝʥʠʷ ʠʣʠ ʧʦʩʪʘʥʦʚʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʝʙʨʘ ʞʝʩʪʢʦʩʪʠ, ʝʩ-

ʣʠ, ʥʘʧʨʠʤʝʨ, ʂʕ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʜʥʦʤ ʦʪʩʝʢʝ. 

 

2.  ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ ʥʘ ʅɼʉ ʨʘʤʳ 

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʴʥʳʭ ʨʘʤ ʧʝʨʝʤʝʥʥʦʡ ʞʝʩʪʢʦʩʪʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʘ ʠʟʚʝʩʪʥʘʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʠʩʪʝʤʘ [6] ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

ʧʨʦʣʝʪ 18 ʤ, ʚʳʩʦʪʘ ʩʪʦʡʢʠ 7,280 ʤ, ʫʢʣʦʥ ʢʨʦʚʣʠ 0,1 (ʨʠʩ. 1). ʈʠʛʝʣʴ ʠ ʩʪʦʡʢʠ ʨʘʤʳ ʚʳʧʦʣ-

ʥʝʥr ʠʟ ʩʚʘʨʥʳʭ ʜʚʫʪʘʚʨʦʚ ʠ ʠʤʝʶʪ ʧʝʨʝʤʝʥʥʦʝ ʩʝʯʝʥʠʝ. ʂʦʥʩʪʨʫʢʮʠʠ ʩʪʘʣʴʥʦʡ ʨʘʤʳ ʦʪʚʝ-

ʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 23118-2012 çʂʦʥʩʪʨʫʢʮʠʠ ʩʪʘʣʴʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ. ʆʙʱʠʝ ʪʝʭʥʠʯʝ-

ʩʢʠʝ ʫʩʣʦʚʠè̫. 

 

 

 

ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ 
 

ʅʘʛʨʫʟʢʠ ʩʦʙʨʘʥʳ ʜʣʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʛ. ɺʦʨʦʥʝʞʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘ-

ʥʠʷʤʠ ʉʇ 20.13330.2016 çʅʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷ. ɸʢʪʫʘʣʠʟʠʨʦʚʘʥʥʘʷ ʨʝʜʘʢʮʠʷ ʉʅʠʇ 

2.01.07-85*è. ɺʝʨʪʠʢʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʨʘʤʫ ʧʝʨʝʜʘʝʪʩʷ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦ, ʯʝʨʝʟ ʧʨʦʛʦʥʳ ʩ 

ʰʘʛʦʤ 1,5 ʤ. ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʧʨʠʢʣʘʜʳʚʘʣʘʩʴ ʚ ʚʠʜʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 
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ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʜʝʡʩʪʚʠʷ ʚʝʪʨʘ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʦʜʙʦʨ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ 

ʚʳʧʦʣʥʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʨʞʥʝʚʦʡ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ. 

ɺʚʠʜʫ ʪʦʛʦ ʯʪʦ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦʝ ʢʨʠʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʩʪʘʣʴʥʳʭ ʨʘʤʘʭ ʚʦʟʥʠ-

ʢʘʝʪ ʚ ʫʟʣʝ ʩʦʧʨʷʞʝʥʠʷ ʨʠʛʝʣʷ ʩʦ ʩʪʦʡʢʦʡ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʝʙʝʨ ʞʝʩʪ-

ʢʦʩʪʠ ʥʘ ʅɼʉ ʚ ʜʘʥʥʦʤ ʫʟʣʝ. ʈʘʩʩʤʦʪʨʠʤ ʯʝʪʳʨʝ ʚʘʨʠʘʥʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʫʟʣʘ 

ʩʦʧʨʷʞʝʥʠʷ ʨʠʛʝʣʷ ʠ ʩʪʦʡʢʠ. ɺ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ ʦʪʩʫʪʩʪʚʫʶʪ ʨʝʙʨʘ ʞʝʩʪʢʦʩʪʠ. ʅʠʞʝ ʪʘʢʞʝ 

ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʫʟʣʘ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʪʠʧʦʚʳʭ ʨʝʰʝʥʠʷʭ, ʠ ʢʦʤ-

ʙʠʥʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʩ ʪʨʝʤʷ ʧʘʨʘʤʠ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ. ʈʝʙʨʘ ʞʝʩʪʢʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʩʪʝʥʢʠ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʙʨʘ ʞʝʩʪʢʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʜʚʫʭ ʫʟʣʘʭ ʩʦʧʨʷʞʝʥʠʷ ʨʠʛʝʣʷ ʠ ʩʪʦʡʢʠ 

ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ.  

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʫʟʣʘ ʩʦʧʨʷʞʝʥʠʷ ʙʝʟ ʫʩʪʘ-

ʥʦʚʢʠ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʧʨʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦ 

ʬʦʨʤʝ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʭʝʤʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʫʟʣʘ. ʅʘ ʬʨʘʛʤʝʥʪʘʭ ʤʦʜʝʣʠ ʩʠʥʠʤ 

ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʂʕ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʝʡ, ʘ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ - ʂʕ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʵʥʝʨʛʠʝʡ. 

 
                     ʘ)                                                                                           ʙ) 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2. ʉʭʝʤʳ ʫʟʣʘ ʤʦʜʝʣʠ ʠʟ SCAD, ʚʘʨʠʘʥʪ ʙʝʟ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ  

(ʧʝʨʚʘʷ ʬʦʨʤʘ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʨʘʚʳʡ ʫʟʝʣ, ʧʦʚʝʨʥʫʪʦ ʥʘ 180Á): 

ʘ - ʩʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ; ʙ ï ʩʭʝʤʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʫʟʣʘ 

 

ʀʟ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʭʝʤʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ (ʨʠʩ. 2, ʙ) ʚʠʜʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ 

ʧʣʦʩʢʦʡ ʬʦʨʤʳ ʠʟʛʠʙʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʧʫʯʠʚʘʥʠʝʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʝʥʢʠ ʫʟʣʘ ʩʦ-

ʧʨʷʞʝʥʠʷ ʨʠʛʝʣʷ ʠ ʩʪʦʡʢʠ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʩʪʝʥʢʠ ʫʟʣʘ. ɼʣʷ ʩʪʦʡʢʠ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʨʫʪʠʣʴʥʦʡ ʬʦʨʤʳ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʨʠʩ. 4, ʘ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʜʸʞʥʦʩʪʠ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ (ʧʝʨʚʘʷ ʬʦʨʤʘ) ʦʢʘʟʘʣʩʷ ʤʝʥʝʝ ʜʦʧʫʩʪʠ-

ʤʦʛʦ ʧʦ ʧʫʥʢʪʫ 4.3.2 ʉʇ 16.13330.2017: k=0,97<1,3. ʊʘʢ ʢʘʢ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʨʢʠ ʪʨʝʙʦ-

ʚʘʥʠʝ ʥʦʨʤ ʥʝ ʚʳʧʦʣʥʝʥʦ, ʜʘʣʝʝ ʠʟʫʯʠʤ ʪʨʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝ-

ʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ: 

- ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ: ʫʩʪʘʥʦʚʢʘ ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʨʝʙʨʘ    

- ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ: ʫʩʪʘʥʦʚʢʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ ʚ ʫʟʣʝ 

ʩʦʧʨʷʞʝʥʠʷ ʨʠʛʝʣʷ ʠ ʩʪʦʡʢʠ ʨʘʤʳ (ʨʠʩ. 3, ʚ, ʛ); 

- ʪʨʝʪʠʡ ʚʘʨʠʘʥʪ: ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʧʝʨʚʳʭ ʜʚʫʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ 

(ʨʠʩ. 3, ʜ, ʝ). 
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ʅʠʞʝ ʧʦʢʘʟʘʥʳ (ʨʠʩ. 3) ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʥʘʣʦʛʠʯʥʦ ʨʘʩʩʤʦʪʨʝʥ-

ʥʦʤʫ ʨʝʰʝʥʠʶ ʙʝʟ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ. 

 
ʘ)                                                                                           ʙ) 

 

  

 

 

 

 

 

 

 

ʚ)                                                                                            ʛ) 

 

 

   

 

 

 

 

 

 

      

ʜ)                                                                                            ʝ) 

 

  

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 3. ʉʭʝʤʳ ʫʟʣʘ ʤʦʜʝʣʠ ʠʟ SCAD ʚʘʨʠʘʥʪʳ ʩ ʦʜʥʠʤ ʜʠʘʛʦʥʘʣʴʥʳʤ, ʜʚʫʤʷ ʧʦʧʝʨʝʯʥʳʤʠ ʠ  

ʪʨʝʤʷ ʨʝʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ (ʧʝʨʚʘʷ ʬʦʨʤʘ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʨʘʚʳʡ ʫʟʝʣ, ʧʦʚʝʨʥʫʪʦ ʥʘ 180Á): 

ʘ, ʚ, ʜ ï ʩʭʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ; ʙ, ʛ, ʝ ï ʩʭʝʤʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʫʟʣʘ 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʩʣʫʯʘʷ ʩ ʜʠʘʛʦʥʘʣʴʥʳʤ ʨʝʙʨʦʤ ʞʝʩʪʢʦʩʪʠ ʥʘʨʫʰʝʥʠʝ ʧʣʦʩʢʦʡ 

ʬʦʨʤʳ ʠʟʛʠʙʘ (ʨʠʩ. 5) ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʧʫʯʠʚʘʥʠʝʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʝʥʢʠ ʫʟʣʘ 
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ʩʦʧʨʷʞʝʥʠʷ ʨʠʛʝʣʷ ʠ ʩʪʦʡʢʠ (ʩʤ. ʨʠʩ. 3, ʙ). ʇʦʪʝʨʠ ʤʝʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʥʢʠ ʥʝ ʧʨʦʠʩ-

ʭʦʜʠʪ. ʂʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʧʦʣʢʘʭ, ʘ 

ʚ ʩʪʝʥʢʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʫʟʣʘ ʠ ʜʦʭʦʜʷʪ ʜʦ ʨʝʙʨʘ ʞʝʩʪʢʦʩʪʠ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʥʘʜʝʞʥʦʩʪʠ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʜʣʷ ʚʘʨʠʘʥʪʘ ʩ ʜʠʘʛʦʥʘʣʴʥʳʤ ʨʝʙʨʦʤ ʞʝʩʪʢʦʩʪʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤ: k=2,27>1,3. 

ɼʣʷ ʚʘʨʠʘʥʪʘ ʩ ʜʚʫʤʷ ʧʦʧʝʨʝʯʥʳʤʠ ʨʝʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ 

ʧʣʦʩʢʦʡ ʬʦʨʤʳ ʠʟʛʠʙʘ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʧʫʯʠʚʘʥʠʝʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʝʥʢʠ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʘʤʦʤ ʫʟʣʝ ʩʦʧʨʷʞʝʥʠʷ ʨʠʛʝʣʷ ʠ ʩʪʦʡʢʠ (ʩʤ. ʨʠʩ. 3, ʛ). ʇʦʪʝʨʠ ʤʝʩʪʥʦʡ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʩʪʝʥʢʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʜʝʞʥʦʩʪʠ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʜʣʷ ʚʘ-

ʨʠʘʥʪʘ ʩ ʜʚʫʤʷ ʨʝʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤ: k=2,58>1,3.  

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ ʬʦʨʤ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ: 

 
                                     ʘ) 

 

          
                         ʙ) 

 

                
                         ʚ) 

              
 

ʈʠʩ. 4. ʉʭʝʤʳ ʬʦʨʤ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʚʘʨʠʘʥʪ ˉ1 (ʙʝʟ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ): 

ʘ ï ʧʝʨʚʘʷ ʬʦʨʤʘ; ʙ ï ʚʪʦʨʘʷ ʬʦʨʤʘ; ʚ ï ʪʨʝʪʴʷ ʬʦʨʤʘ 
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 ʘ) 

     
ʙ) 

 
ʚ) 

                
    

 
ʈʠʩ. 5. ʉʭʝʤʳ ʬʦʨʤ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʚʘʨʠʘʥʪ ˉ2 (ʩ ʦʜʥʠʤ ʜʠʘʛʦʥʘʣʴʥʳʤ ʨʝʙʨʦʤ ʞʝʩʪʢʦʩʪʠ): 

ʘ ï ʧʝʨʚʘʷ ʬʦʨʤʘ; ʙ ï ʚʪʦʨʘʷ ʬʦʨʤʘ; ʚ ï ʪʨʝʪʴʷ ʬʦʨʤʘ 
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                       ʘ) 

 
         ʙ) 

    
 
         ʚ) 

                  
 

ʈʠʩ. 6. ʉʭʝʤʳ ʬʦʨʤ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʚʘʨʠʘʥʪ ˉ3 (ʩ ʜʚʫʤʷ ʧʦʧʝʨʝʯʥʳʤʠ ʨʝʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ): 

ʘ ï ʧʝʨʚʘʷ ʬʦʨʤʘ; ʙ ï ʚʪʦʨʘʷ ʬʦʨʤʘ; ʚ ï ʪʨʝʪʴʷ ʬʦʨʤʘ 

 



83 

 

ʆʪʤʝʪʠʤ, ʯʪʦ, ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʚ ʧʝʨʚʳʭ ʜʚʫʭ ʬʦʨʤʘʭ ʧʦʪʝʨʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʤʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʨʫʯʝʥʠʝʤ ʩʪʦʡʢʠ. 

ɼʣʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʫʟʣʘ (ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʩʝ ʪʨʠ ʧʘʨʳ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ: ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʳʝ, ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ ʜʠʘʛʦʥʘʣʴʥʳʝ) ʥʘ ʩʭʝʤʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ (ʩʤ. ʨʠʩ. 3, ʝ) ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʧʣʦʩʢʦʡ ʬʦʨʤʳ ʠʟʛʠʙʘ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʧʫʯʠʚʘʥʠʝʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʩʪʝʥʢʠ ʚ ʟʦʥʝ ʫʟʣʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʦʪʝʨʷ ʤʝʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʥʢʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɺ 

ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʚʘʨʠʘʥʪʘʤʠ ʂʕ ʩʪʝʥʢʠ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʥʘʭʦʜʷʪʩʷ ʚ ʤʝʩʪʝ ʩ 

ʙʦʣʝʝ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʥʘʧʨʷʞʝʥʠʡ - ʟʘ ʧʨʝʜʝʣʘʤʠ ʫʟʣʘ. ʌʦʨʤʳ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ 

ʯʝʪʚʝʨʪʦʛʦ ʚʘʨʠʘʥʪʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʙʣʠʟʢʠ ʢ ʚʘʨʠʘʥʪʫ ʩ ʜʚʫʤʷ ʧʦʧʝʨʝʯʥʳʤʠ ʨʝʙʨʘʤʠ (ʩʤ. 

ʨʠʩ. 6), ʧʦʵʪʦʤʫ ʦʪʜʝʣʴʥʦ ʚ ʨʘʙʦʪʝ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ. ɺʥʫʪʨʠ ʦʪʩʝʢʦʚ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʝʡ (ʩʠʥʠʡ ʮʚʝʪ) ʥʝ ʚʳʷʚʣʝʥʳ (ʩʤ. ʨʠʩ. 3, ʜ). ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʜʝʞʥʦʩʪʠ 

ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ (ʧʝʨʚʘʷ ʬʦʨʤʘ) ʜʣʷ ʚʘʨʠʘʥʪʘ ʩ ʪʨʝʤʷ ʨʝʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤ: k=2,80>1,3 ʠ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʙʦʣʴʰʠʤ ʠʟ ʯʠʩʣʘ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʚʘʨʠʘʥʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʜʣʷ ʯʝʪʳʨʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʫʟʣʘ ʩʦʧʨʷʞʝʥʠʷ ʨʠʛʝʣʷ ʠ ʩʪʦʡʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 
 

  ʊʘʙʣʠʮʘ 

 

ʆʧʠʩʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ 

 

ʅʦ-

ʤʝʨ 

ʚʘʨʠ-

ʘʥʪʘ 

ʉʭʝʤʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʨʝʰʝʥʠʷ ʫʟʣʘ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʥʘʜʝʞʥʦʩʪʠ ʧʦ 

ʫʩʪʦʡʯʠʚʦʩʪʠ 

1-ʷ ʬʦʨʤʘ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʥʘʜʝʞʥʦʩʪʠ ʧʦ 

ʫʩʪʦʡʯʠʚʦʩʪʠ 

2-ʷ ʬʦʨʤʘ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʥʘʜʝʞʥʦʩʪʠ ʧʦ 

ʫʩʪʦʡʯʠʚʦʩʪʠ 

3-ʷ ʬʦʨʤʘ 

ʇʦ ʉʇ 

16.13330.2017, 

ʢʦʵʬʬʠʮʠʝʥʪ 

ʥʘʜʝʞʥʦʩʪʠ ʧʦ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ҪS 

1 

 

0,97 1,12 1,54 1,3 

2 

 

2,27 2,69 3,01 1,3 

 

3 

 

 

2,58 2,92 3,95 1,3 

4 

 

2,80 3,24 4,17 1,3 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʘʨʠʘʥʪʳ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝ-

ʥʠʷ ˉ2, ˉ3 ʠ ˉ4 ʜʘʶʪ ʙʣʠʟʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʧʨʦʚʝʨʢʝ ʦʙʱʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ ʠʥʞʝʥʝʨ-

ʥʳʭ ʨʘʩʯʝʪʘʭ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ ʥʝʨʘʚʝʥʩʪʚʘ ʜʣʷ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʜʝʞʥʦʩʪʠ 

ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʚʝʣʠʯʝʥʠʝ ʜʝʪʘʣʠʟʘʮʠʠ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʟʘ ʩʯʝʪ ʧʦʩʪʘʥʦʚʢʠ ʚʩʝʭ ʨʝʙʝʨ 
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ʞʝʩʪʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝ ʪʨʝʙʫʝʪʩʷ. ʆʜʥʘʢʦ ʜʘʥʥʦʝ ʫʪʦʯʥʝʥʠʝ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʩʣʫ-

ʯʘʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʝʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʥʢʠ. 

ɺʳʚʦʜʳ 

 

1. ʇʨʝʜʣʦʞʝʥʥʳʝ ʧʨʠʥʮʠʧʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʦʩʢʠʭ ʦʙʦʣʦʯʝʯʥʳʭ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʤ ʧʝʨʝʤʝʥʥʦʡ ʞʝʩʪʢʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʭ ʅɼʉ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʘʥʘʣʠʟʘ ʢʘʢ ʦʙʱʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʮʝ-

ʣʦʤ, ʪʘʢ ʠ ʤʝʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʣʝʤʝʥʪʦʚ. 

2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʤʥʦʡ ʩʠʩʪʝʤʳ ʠ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʩʪʠʥʯʘ-

ʪʳʭ ʂʕ ʥʘ ʧʨʠʤʝʨʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ 

ʤʝʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʩʠʩʪʝʤʳ. ʊʘʢʘʷ ʩʚʷʟʴ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʩ ʧʦʤʦʱʴʶ 

ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʩʪʝʥʢʝ ʨʘʤʳ ʠ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘʜʝʞʥʦʩʪʠ ʧʦ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʧʦ ʛʝʦʤʝʪʨʠʠ ʬʦʨʤ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

3. ɺʘʨʠʘʥʪ ʩ ʜʠʘʛʦʥʘʣʴʥʳʤ ʨʝʙʨʦʤ ʞʝʩʪʢʦʩʪʠ ʚ ʫʟʣʝ ʩʦʧʨʷʞʝʥʠʷ ʨʠʛʝʣʷ ʠ ʩʪʦʡʢʠ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʚʘʨʠʘʥʪʦʤ ʧʦʩʪʘʥʦʚʢʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ ʠʤʝʝʪ 

ʦʪʣʠʯʠʷ ʚ ʅɼʉ, ʦʜʥʘʢʦ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʬɻ-

ʬʠʮʠʝʥʪʦʚ ʥʘʜʝʞʥʦʩʪʠ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʤʳ ʜʣʷ ʦʙʦʠʭ ʚʘʨʠʘʥʪʦʚ. 

4. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʅɼʉ ʚʘʨʠʘʥʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʨʘʤʳ ʧʨʠ-

ʤʝʥʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ ʚ ʫʟʣʝ ʩʦʧʨʷʞʝʥʠʷ ʨʠʛʝʣʷ ʩʦ 

ʩʪʦʡʢʦʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʩʪ-

ʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʥʢʠ ʚʥʫʪʨʠ ʦʪʩʝʢʘ ʫʟʣʘ ʩʦʧʨʷʞʝʥʠʷ ʨʠʛʝʣʷ ʩʦ ʩʪʦʡʢʦʡ.  

5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʥʘʣʠʯʠʝʤ ʚʝʨʪʠ-

ʢʘʣʴʥʳʭ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʜʠʘʛʦʥʘʣʴʥʳʭ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ ʥʝ ʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʣʫʯʰʝ-

ʥʠʷ ʅɼʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʝʙʝʨ. ʀʩʭʦʜʷ ʠʟ 

ʵʪʦʛʦ ʜʘʥʥʦʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʪʦʣʴʢʦ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʦʙʦʩʥʦʚʘʥʠʠ. 
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ʈɸɿʈɸɹʆʊʂɸ ʂʆʅʎɽʇʎʀʀ ʅɸʈɸʑʀɺɸʅʀʗ 

ʄɸʏʊʆɺʆɻʆ ʉʆʆʈʋɾɽʅʀʗ ʉɺʗɿʀ 
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ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʦʨʫʞʝʥʠʡ ʩʚʷʟʠ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʘʥʪʝʥʥʦ-ʬʠʜʝʨʥʦʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʝʛʦ ʩʦʩʪʘʚʘ, ʚʝʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʚʝʪʨʝʥʥʦʡ ʧʣʦʱʘʜʠ, ʠʟʤʝʥʝʥʠʝʤ 

ʦʪʤʝʪʦʢ ʠʭ ʬʘʟʦʚʳʭ ʮʝʥʪʨʦʚ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ ʪʨʝ-

ʙʫʝʪʩʷ ʥʘʨʘʱʠʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʦʧʦʨʳ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʝʩʫʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʨʘʱʝʥʥʦʛʦ ʤʘʯʪʦʚʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʩʚʷʟʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚʦʟʤʦʞʥʦ ʚʚʝʜʝʥʠʝ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ 

ʩʭʝʤʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʷʨʫʩʦʚ ʦʪʪʷʞʝʢ ʜʣʷ ʥʘʜʩʪʨʦʝʥʥʦʡ ʯʘʩʪʠ ʩʪʚʦʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʥʢʝʨ-

ʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ. ɺ ʩʣʫʯʘʝ ʥʝʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʩʪʚʦʣʘ ʤʘʯʪʳ ʠʣʠ ʦʪʪʷʞʝʢ ʚʦʟ-

ʤʦʞʥʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʝʢʮʠʠ ʦʪʪʷʞʝʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʷʨʫʩʦʚ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʤʣʠ, ʧʨʝʜʫ-

ʩʤʦʪʨʝʚ ʜʣʷ ʥʠʭ ʥʦʚʳʝ ʘʥʢʝʨʥʳʝ ʬʫʥʜʘʤʝʥʪʳ, ʠʣʠ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʥʘʜʩʪʨʦʝʥʥʦʡ ʯʘʩʪʠ ʩʪʚʦʣʘ ʫʩʠʣʝʥʥʳʭ ʧʨʦ-

ʬʠʣʝʡ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʦʪʪʷʞʝʢ ʢʘʥʘʪʦʚ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʧʣʦʱʘʜʴʶ ʩʝʯʝʥʠʷ. ɼʣʷ ʧʨʠʥʷʪʠʷ ʧʨʠʥʮʠʧʠ-

ʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʨʘʱʠʚʘʥʠʷ ʤʘʯʪʦʚʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʝʪ ʧʦ ʣʠʥʝʡ-

ʥʦʡ ʩʭʝʤʝ. ɼʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʜʚʘ ʧʨʝʜʝʣʴʥʳʭ ʚʘʨʠʘʥʪʘ. ʇʝʨʚʳʡ ʤʦʜʝʣʠʨʫʝʪ ʦʪʪʷʞʢʠ ʙʝʟ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʩ ʠʭ ʧʦʣʥʳʤ ʚʳʢʣʶʯʝʥʠʝʤ ʠʟ ʨʘʙʦʪʳ ʩ ʧʦʜʚʝʪʨʝʥʥʦʡ ʩʪʦʨʦʥʳ. ɺʪʦʨʦʡ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʪʷʞʝʥʠʝ ʦʪʪʷʞʝʢ, ʢʦʪʦʨʳʝ ʩ ʧʦʜʚʝʪʨʝʥʥʦʡ ʩʪʦʨʦʥʳ ʠʟ ʨʘʙʦʪʳ ʥʝ ʚʳʢʣʶʯʘʶʪʩʷ. ɺʝʣʠʯʠʥʫ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʦʪʪʷʞʝʢ ʢʘʞʜʦʛʦ ʷʨʫʩʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʠʣʦʞʝʥʠ-

ʝʤ ʢ ʥʠʤ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʤʝʥʷʷ ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʠʭ ʥʝʚʳʢʣʶʯʘʝʤʦʩʪʠ ʩ ʧʦʜʚʝʪʨʝʥʥʦʡ ʩʪʦ-

ʨʦʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʤʘʢʩʠʤʫʤʝ. ʅʘʨʘʱʠʚʘʥʠʝ ʩʪʚʦʣʘ ʤʘʯʪʳ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʥʝʚʦʟʤʦʞʥʳʤ, ʝʩʣʠ ʚ ʧʨʠʥʷ-

ʪʳʭ ʜʦʧʫʱʝʥʠʷʭ ʝʝ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʯʪʦʚʦʝ ʩʦʦʨʫʞʝʥʠʝ ʩʚʷʟʠ, ʥʘʨʘʱʠʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʦʧʦʨʳ, ʦʪʪʷʞʢʠ, ʧʨʝʩʩʦʚʘʥʥʳʡ 

ʘʣʶʤʠʥʠʝʚʳʡ ʧʨʦʬʠʣʴ, ʩʪʘʣʴʥʦʡ ʦʮʠʥʢʦʚʘʥʥʳʡ ʢʘʥʘʪ, ʚʝʪʨʦʚʘʷ ʥʘʛʨʫʟʢʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʪʷʞʝʥʠʝ ʦʪʪʷʞʝʢ. 
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Antenna-feeder equipment modernization concerning its content, weight characteristics and windward area 

changing is necessary during communication mast operation. It is also required to change its stage centers marks. At 

some listed above parameters greater changing there is needed the heightening of the existing footing. Possible  

activities for providing load-bearing capacity of heightened mast construction are considered. For that it is possible to 

include the additional tier of cable stays into construction diagram for heightened body part with application of existing 

anchor foundations. If there is lack of mast body load bearing capacity or cable stays it is possible to magnify the  

projection of cable stays of additional tiers onto horizontal ground surface providing new anchor foundation for them, 

or use of reinforced profiles for heightened body part and for span ropes with increased cross section. It is suggested to 

make calculation according to linear circuit in order to take principle decision about the possibility to heighten mast 

construction, For that it is not enough to analyze two ultimate options.  

___________________________ 
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The first one simulates the cable stay without pretension with their complete phasing out from leeward. The second one 

assumes the pretension of cable stays which are not phasing out from leeward.  

The pretension magnitude of every tire of cable stays is supposed to be simulated with additional application of lower 

temperature which change gives the possibility not to phase out them from leeward at temperature maximum. The mast 

body heightening is considered to be impossible if its load bearing capacity is not provided in adopted assumption. 

 
Keywords: mast communication, heightening of existing footing, cable stays, compresses aluminium shape, steel zinc-

coated cable, wind load, cable stay pretension, 

 

 

 

 

ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʦʨʫʞʝʥʠʡ ʩʚʷʟʠ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʘʥʪʝʥ-

ʥʦ-ʬʠʜʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʦʡ ʩ ʠʟʤʝʥʝʥʠʝʤ ʝʛʦ ʩʦʩʪʘʚʘ, ʚʝʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 

ʥʘʚʝʪʨʝʥʥʦʡ ʧʣʦʱʘʜʠ ʘʥʪʝʥʥ ʠ ʜʘʞʝ ʠʟʤʝʥʝʥʠʝʤ ʦʪʤʝʪʦʢ ʠʭ ʬʘʟʦʚʳʭ ʮʝʥʪʨʦʚ. ʇʨʠ ʵʪʦʤ ʥʝ-

ʢʦʪʦʨʳʝ ʠʣʠ ʚʩʝ ʠʟ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʝʙʫʝʪʩʷ ʠʟʤʝʥʠʪʴ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ, ʯʪʦ ʚʳ-

ʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʤʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʧʦʨʳ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʥʘʨʘʩʪʠʪʴ ʩʫʱʝʩʪʚʫʶʱʫʶ ʦʧʦʨʫ ʩ ʫʩʠʣʝʥʠʝʤ ʠʣʠ ʙʝʟ ʪʘʢʦʚʦʛʦ ʦʪ-

ʜʝʣʴʥʳʭ ʝʝ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʦʮʝʥʢʫ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʨʘʱʠʚʘʥʠʷ ʤʘʯʪʦʚʦʛʦ ʩʦ-

ʦʨʫʞʝʥʠʷ ʩʚʷʟʠ ʩ ʫʩʪʘʥʦʚʢʦʡ ʥʘ ʥʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʥʪʝʥʥʦ-ʬʠʜʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʘ ʤʘʯʪʘ ʥʦʤʠʥʘʣʴʥʦʡ ʚʳʩʦʪʦʡ 40 ʤ ʩ 

ʪʨʝʭʛʨʘʥʥʳʤ ʩʢʚʦʟʥʳʤ ʨʝʰʝʪʯʘʪʳʤ ʩʪʚʦʣʦʤ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ, ʫʜʝʨʞʠʚʘʝʤʳʤ ʦʪ-

ʪʷʞʢʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʧʣʘʥʝ ʥʘ ʫʛʣʦʚʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʢʦʣʦ 120Ü ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʚ ʜʚʘ 

ʷʨʫʩʘ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʧʨʦʝʢʮʠʝʡ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ 25 ʤ. 

ʎʝʣʴʶ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʥʘʨʘʱʠʚʘʥʠʷ ʤʘʯʪʳ ʠʩʭʦʜʥʦʡ ʥʦʤʠʥʘʣʴʥʦʡ 

ʚʳʩʦʪʦʡ 40 ʤ ʜʦ ʥʦʤʠʥʘʣʴʥʦʡ ʦʪʤʝʪʢʠ +73,000 ʤ, ʘ ʬʘʢʪʠʯʝʩʢʦʡ +73,740 ʤ, ʚʢʣʶʯʘʷ ʚʳʙʦʨ 

ʚʦʟʤʦʞʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʥʘʛʨʫʟʦʢ ʠ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʉʘʤ ʨʘʩʯʝʪ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʤʘʯʪʳ ʠ ʘʥʘʣʠʟ ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʝ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʥʝʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʤʘʯʪʦʚʳʝ ʩʦʦʨʫʞʝʥʠʷ ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʤʠ ʦʪʪʷʞʢʘʤʠ, ʪʦ ʝʩʪʴ ʘʥʢʝʨʥʳʝ ʬʫʥʜʘʤʝʥʪʳ ʦʪʪʷʞʝʢ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠ-

ʷʭ ʦʪ ʦʩʠ ʩʪʚʦʣʘ, ʯʪʦ ʦʙʳʯʥʦ ʚʳʟʳʚʘʝʪʩʷ ʩʪʝʩʥʝʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʣʦʱʘʜʢʠ ʟʘʩʪʨʦʡʢʠ ʠʣʠ 

ʠʥʳʤʠ ʧʨʠʯʠʥʘʤʠ. ʇʦʵʪʦʤʫ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʜʘʞʝ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʦʤʠʥʘʣʴʥʦ 

ʦʜʠʥʘʢʦʚʳʭ ʠʩʭʦʜʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʥʦ ʩ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʠ ʩ ʨʘʟʥʳʤ ʥʘʙʦ-

ʨʦʤ ʘʥʪʝʥʥʦ-ʬʠʜʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪʚʝʪʳ ʥʘ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʨʘʱʠʚʘʥʠʷ ʠʭ ʚʳ-

ʩʦʪʳ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʘʯʪʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ʅʘ ʨʠʩ. 2 ʠʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʨʘʟ-

ʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʘʯʪʳ ʚ ʧʣʘʥʝ.  

ʄʝʪʘʣʣʠʯʝʩʢʘʷ ʤʘʯʪʘ ʠʤʝʝʪ ʪʨʝʭʛʨʘʥʥʳʡ ʩʢʚʦʟʥʦʡ ʨʝʰʝʪʯʘʪʳʡ ʩʪʚʦʣ ʥʦʤʠʥʘʣʴʥʦʡ 

ʚʳʩʦʪʦʡ 40 ʤ ʩ ʧʦʩʪʦʷʥʥʦʡ ʧʦ ʚʩʝʡ ʚʳʩʦʪʝ ʰʠʨʠʥʦʡ ʢʘʞʜʦʡ ʛʨʘʥʠ 0,88 ʤ. ʅʘ ʦʪʤʝʪʢʘʭ 

+14,800 ʤ ʠ +34,500 ʤ ʩʪʚʦʣ ʧʦʜʢʨʝʧʣʝʥ ʪʨʝʤʷ ʦʪʪʷʞʢʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʧʣʘʥʝ ʥʘ ʫʛʣʦ-

ʚʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʢʦʣʦ 120Ü ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɿʘ ʦʪʤʝʪʢʫ 0,000 ʤ ʧʨʠʥʷʪ ʫʨʦʚʝʥʴ ʚʝʨʭʥʝʛʦ ʦʙʨʝ-

ʟʘ ʬʫʥʜʘʤʝʥʪʘ ʚ ʦʩʥʦʚʘʥʠʠ ʩʪʚʦʣʘ ʤʘʯʪʳ. ʉʪʚʦʣ ʚ ʚʝʨʭʥʝʤ ʩʝʯʝʥʠʠ ʩʦʜʝʨʞʠʪ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʫʶ ʧʣʦʱʘʜʢʫ. 

ʇʦʷʩʘ ʩʪʚʦʣʘ ʤʘʯʪʳ ʧʦʩʝʢʮʠʦʥʥʦ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʧʨʝʩʩʦʚʘʥʥʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦ-

ʬʠʣʷ ʰʠʨʠʥʦʡ ʩʝʯʝʥʠʷ 111 ʤʤ. ʇʘʨʘʤʝʪʨʳ ʩʝʯʝʥʠʷ ʫʛʦʣʢʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʷʩʦʚ ʠʟ ʘʣʶʤʠ-

ʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʦʩʥʦʚʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 3 ʠ ʚ ʪʘʙʣ. 1. 

ʉʦʝʜʠʥʠʪʝʣʴʥʘʷ ʨʝʰʝʪʢʘ ʠʟ ʨʘʩʢʦʩʦʚ ʠ ʨʘʩʧʦʨʦʢ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʘ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ 

ʩʧʣʘʚʘ ʚ ʚʠʜʝ ʢʨʫʛʣʦʡ ʪʨʫʙʳ Ï 35Ĭ3 ʤʤ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʤʘʯʪʳ 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʘʯʪʳ ʚ ʧʣʘʥʝ 

(ʩʩʳʣʢʫ ʥʘ ʨʘʟʨʝʟ 1-1 ʩʤ. ʥʘ ʨʠʩ.1) 
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ʈʠʩ. 3. ʉʝʯʝʥʠʝ ʵʣʝʤʝʥʪʘ ʧʦʷʩʘ  

ʊʘʙʣʠʮʘ 1 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

 ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ ɽʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ 

A ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 6,361 ʩʤ2 

Iy ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ Y 25,454 ʩʤ4 

Iz ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ Z 50,501 ʩʤ4 

iy ʈʘʜʠʫʩ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ Y 2 ʩʤ 

iz ʈʘʜʠʫʩ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ Z 2,818 ʩʤ 

Wu+ ʄʘʢʩʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ U 9,099 ʩʤ3 

Wu- ʄʠʥʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ U 9,099 ʩʤ3 

Wv+ ʄʘʢʩʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ V 8,917 ʩʤ3 

Wv- ʄʠʥʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ V 9,479 ʩʤ3 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʘ ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʘʣʶʤʠʥʠʝ-

ʚʳʡ ʩʧʣʘʚ, ʧʨʠʤʝʥʝʥʥʳʡ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʩʪʚʦʣʘ ʤʘʯʪʳ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʦʢ ʩʧʣʘʚʫ ɸɺ ʠʣʠ ɸɼ35 

ʩ ʫʧʨʦʯʥʝʥʠʝʤ ʟʘʢʘʣʢʦʡ ʠ ʝʩʪʝʩʪʚʝʥʥʦ ʩʦʩʪʘʨʝʥʥʳʡ (ʦʙʦʟʥʘʯʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ī ʊ). 

ʉʦʝʜʠʥʝʥʠʷ ʩʝʢʮʠʡ ʩʪʚʦʣʘ ʤʝʞʜʫ ʩʦʙʦʡ ʚʳʧʦʣʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʥʘʢʣʘʜʦʢ ʠʟ ʫʛʦʣʢʦ-

ʚʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʬʠʣʷ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʨʠʤʝʥʝʥʥʦʤʫ ʚ ʧʦʷʩʘʭ. ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ - ʥʘ 

ʩʪʘʣʴʥʳʭ ʦʮʠʥʢʦʚʘʥʥʳʭ ʙʦʣʪʘʭ ʄ16. ʍʦʜʦʚʘʷ ʣʝʩʪʥʠʮʘ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʉʦʧʨʷʞʝʥʠʝ ʢʘʞʜʦʛʦ ʧʦʷʩʘ ʩʪʚʦʣʘ ʩ ʬʫʥʜʘʤʝʥʪʦʤ ʧʦ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʷʚʣʷʝʪʩʷ ʰʘʨ-

ʥʠʨʥʦ ʥʝʧʦʜʚʠʞʥʳʤ. 

ʆʪʪʷʞʢʠ ʦʙʦʠʭ (ʥʠʞʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ) ʷʨʫʩʦʚ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʩʪʘʣʴʥʦʛʦ ʦʮʠʥʢʦʚʘʥʥʦʛʦ 

ʢʘʥʘʪʘ ʦʜʠʥʘʨʥʦʡ ʩʚʠʚʢʠ ʩ ʣʠʥʝʡʥʳʤ ʢʘʩʘʥʠʝʤ ʧʨʦʚʦʣʦʢ ʚ ʧʨʷʜʷʭ ʪʠʧʘ ʃʂ-ʆ ʢʦʥʩʪʨʫʢʮʠʠ 

1Ĭ7(1+6) ʧʦ ɻʆʉʊ 3062-80* ʜʠʘʤʝʪʨʦʤ 9,2 ʤʤ. 

ʇʨʠ ʥʘʨʘʱʠʚʘʥʠʠ ʩʪʚʦʣʘ ʤʘʯʪʳ ʜʦ ʪʨʝʙʫʝʤʦʡ ʦʪʤʝʪʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʠʪʴ ʩʭʝ-

ʤʫ ʨʝʰʝʪʢʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʦʱʘʜʢʠ, ʘ ʪʘʢʞʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʷʨʫʩʘʤʠ ʦʪʪʷʞʝʢ ʧʦ 

ʘʥʘʣʦʛʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ ʚʳʩʦʪʳ ʤʘʯʪʳ ʚʦʟʨʘʩʪʘʶʪ ʫʩʠʣʠʷ ʚ ʝʝ ʵʣʝʤʝʥʪʘʭ, ʚ ʪʦʤ ʯʠʩ-

ʣʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʩʪʚʦʣʘ, ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʚʝʩʘ ʠ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ. ʇʦʵʪʦʤʫ ʚ ʥʦʚʫʶ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʫʶ ʩʭʝʤʫ ʩʣʝʜʫʝʪ ʚʚʝʩʪʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʷʨʫʩʘ ʦʪʪʷʞʝʢ, 

Z

Y
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ʨʘʩʯʣʝʥʷʶʱʠʭ ʥʘʜʩʪʨʘʠʚʘʝʤʫʶ ʯʘʩʪʴ ʥʘ ʪʨʠ ʫʯʘʩʪʢʘ. ʇʦʜʦʙʥʘʷ ʩʭʝʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʚʝʩʪ-

ʥʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʘʥʘʣʦʛʠʯʥʦʡ ʚʳʩʦʪʳ. 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʥʘʨʘʱʝʥʥʦʡ ʤʘʯʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʫʝɦʩʪʚʫʶʱʠʭ ʘʥʢʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʥʠʞʥʠʭ ʢʦʥʮʦʚ ʦʪʪʷʞʝʢ ʜʚʫʭ ʚʥʦʚʴ 

ʫʩʪʨʦʝʥʥʳʭ ʚʝʨʭʥʠʭ ʷʨʫʩʦʚ. ʉʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʘʯʪʳ ʚ ʧʣʘʥʝ (ʨʘʟʨʝʟ 1-1, ʩʩʳʣʢʘ 

ʥʘ ʢʦʪʦʨʳʡ ʠʤʝʝʪʩʷ ʥʘ ʨʠʩ. 4) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 2. 

 

 
 

 

ʈʠʩ. 4. ʉʭʝʤʘ ʥʘʨʘʱʝʥʥʦʡ ʤʘʯʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʥʢʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ  

ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʥʠʞʥʠʭ ʢʦʥʮʦʚ ʦʪʪʷʞʝʢ ʜʚʫʭ ʚʝʨʭʥʠʭ ʷʨʫʩʦʚ 

 

ɽʩʣʠ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʩʪʚʦʣʘ ʤʘʯʪʳ ʠʣʠ ʦʪʪʷʞʝʢ ʥʝ ʙʫʜʝʪ ʦʙʝʩʧʝʯʝʥʘ, 

ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʨʦʧʨʠʷʪʠʷ: 
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1. ʋʚʝʣʠʯʠʪʴ ʧʨʦʝʢʮʠʠ ʦʪʪʷʞʝʢ ʜʚʫʭ ʚʝʨʭʥʠʭ ʷʨʫʩʦʚ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʟʝʤʣʠ, ʧʨʝʜʫʩʤʦʪʨʝʚ ʜʣʷ ʥʠʭ ʥʦʚʳʝ ʘʥʢʝʨʥʳʝ ʬʫʥʜʘʤʝʥʪʳ. ʉʭʝʤʘ ʧʦʜʦʙʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5. ʉʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʘʯʪʳ ʚ ʧʣʘʥʝ (ʨʘʟʨʝʟ 2-2, ʩʩʳʣʢʘ ʥʘ 

ʢʦʪʦʨʳʡ ʠʤʝʝʪʩʷ ʥʘ ʨʠʩ. 5) ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 6. 

2. ɼʣʷ ʵʣʝʤʝʥʪʦʚ ʧʦʷʩʦʚ ʩʪʚʦʣʘ ʧʨʠʤʝʥʠʪʴ ʫʩʠʣʝʥʥʳʡ ʧʨʦʬʠʣʴ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʜʨʫ-

ʛʠʭ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʠ, ʥʘʧʨʠʤʝʨ, ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʥʘ ʨʠʩ. 7. ʇʘʨʘ-

ʤʝʪʨʳ ʵʪʦʛʦ ʩʝʯʝʥʠʷ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʦʩʥʦʚʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 

3. ɼʣʷ ʦʪʪʷʞʝʢ ʩʪʚʦʣʘ ʧʨʠʤʝʥʠʪʴ ʢʘʥʘʪ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʧʣʦʱʘʜʴʶ ʩʝʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʢʘʥʘʪ 

ʜʚʦʡʥʦʡ ʩʚʠʚʢʠ Ï 15 ʤʤ ʪʠʧʘ ʃʂ-ʆ ʢʦʥʩʪʨʫʢʮʠʠ 6³7(1+6)+1³7(1+6) ʧʦ ɻʆʉʊ 3066-80*. 
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ʊʘʙʣʠʮʘ 2 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

 ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ ɽʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ 

A ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 9,98 ʩʤ2 

Iy ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ Y 46,514 ʩʤ4 

Iz ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ Z 82,97 ʩʤ4 

iy ʈʘʜʠʫʩ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ Y 2,159 ʩʤ 

iz ʈʘʜʠʫʩ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ Z 2,883 ʩʤ 

Wu+ ʄʘʢʩʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ U 16,269 ʩʤ3 

Wu- ʄʠʥʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ U 16,269 ʩʤ3 

Wv+ ʄʘʢʩʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ V 11,369 ʩʤ3 

Wv- ʄʠʥʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ V 15,453 ʩʤ3 

 

4. ɺʚʝʩʪʠ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʩʭʝʤʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʷʨʫʩʳ ʦʪʪʷʞʝʢ 

ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʯʘʩʪʠ ʩʪʚʦʣʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʣʝʤʝʥ-

ʪʦʚ ʝʝ ʧʦʷʩʦʚ. ʆʜʥʘʢʦ ʧʦʜʦʙʥʦʝ ʨʝʰʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʠʪ ʠʣʠ ʩʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʦʡ 

ʨʝʛʫʣʠʨʦʚʢʫ ʫʩʠʣʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʦʪʪʷʞʝʢ. ʇʦʵʪʦʤʫ ʥʘʩʪʦʷʱʝʝ ʤʝʨʦʧʨʠʷʪʠʝ 

ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. 

ʄʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘʨʘʱʝʥʥʦʡ ʤʘʯʪʳ ʚ ʮʝʣʦʤ ʠʣʠ ʝʝ 

ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʯʘʩʪʥʦʩʪʠ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚ ʧʝʨʚʳʭ ʪʨʝʭ ʧʫʥʢʪʘʭ, ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʢʘʞʜʦʝ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʠʣʠ ʚ ʢʦʤʧʣʝʢʩʝ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʦʛʦ ʵʬʬʝʢʪʘ. 

ʎʝʣʴʶ ʨʘʩʯʝʪʘ ʤʘʯʪʳ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ ʜʦʨʘʱʠʚʘʥʠʷ 

ʜʦ ʚʳʩʦʪʳ 73,74 ʤ ʩ ʫʩʪʘʥʦʚʢʦʡ ʥʘ ʥʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʥʪʝʥʥʦ-ʬʠʜʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʨʘʩʯʝʪʘʭ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʝʯʝʥʠʡ ʵʣʝ-

ʤʝʥʪʦʚ ʦʙʲʝʢʪʘ ʠ ʬʘʢʪʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʥʝʤ ʘʥʪʝʥʥ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʯʸʪʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʤʘʯʪʫ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʉʇ 

20.1333.2016 çʅʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷè. ʇʨʠ ʫʯʝʪʝ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʘ 

ʧʨʠʥʠʤʘʪʴʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʝʝ ʧʫʣʴʩʘʮʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ.  

ʈʘʩʯʝʪ ʚʦʟʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʜʣʷ ʜʚʫʭ ʧʨʝʜʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ: 

1) ʤʘʯʪʘ ʩ ʦʪʪʷʞʢʘʤʠ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʜʦʧʫʩʢʘʝʪʩʷ ʧʦʣʥʦʝ 

ʚʳʢʣʶʯʝʥʠʝ ʠʟ ʨʘʙʦʪʳ ʦʪʪʷʞʝʢ ʩ ʧʦʜʚʝʪʨʝʥʥʦʡ ʩʪʦʨʦʥʳ; 

2) ʤʘʯʪʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʪʷʥʫʪʳʤʠ ʦʪʪʷʞʢʘʤʠ, ʧʨʠ ʵʪʦʤ ʧʦʣʥʦʝ ʠʣʠ ʯʘʩʪʠʯʥʦʝ 

ʚʳʢʣʶʯʝʥʠʝ ʠʟ ʨʘʙʦʪʳ ʦʪʪʷʞʝʢ ʩ ʧʦʜʚʝʪʨʝʥʥʦʡ ʩʪʦʨʦʥʳ ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ. 

ɺ ʨʘʤʢʘʭ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʩʪʚʦʣ ʤʘʯʪʳ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʨʠ ʩʭʝʤʳ ʜʝʡʩʪʚʠʷ ʚʝʪʨʘ: ʥʘ ʝʛʦ ʨʝʙʨʦ (ʥʘ ʦʜʥʫ ʛʨʫʧʧʫ 

ʦʪʪʷʞʝʢ), ʥʘ ʝʛʦ ʛʨʘʥʴ (ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʦʪʪʷʞʝʢ) ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʜʥʦʡ ʠʟ ʛʨʫʧʧ ʦʪʪʷʞʝʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʜʣʝʞʠʪ ʨʘʩʩʤʦʪʨʝʪʴ ʰʝʩʪʴ ʩʭʝʤ ʧʨʠʣʦʞʝʥʠʷ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ: 

ī ʚʝʪʨʦʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʨʝʙʨʦ ʩʪʚʦʣʘ ʤʘʯʪʳ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʦʪʪʷʞʝʢ 

(ʩʭʝʤʘ 1-1); 

ī ʚʝʪʨʦʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʛʨʘʥʴ ʩʪʚʦʣʘ ʤʘʯʪʳ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʦʪʪʷʞʝʢ 

(ʩʭʝʤʘ 2-1); 

ī ʚʝʪʨʦʚʘʷ ʥʘʛʨʫʟʢʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʛʨʫʧʧʝ ʦʪʪʷʞʝʢ ʙʝʟ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷ-

ʞʝʥʠʷ ʦʪʪʷʞʝʢ (ʩʭʝʤʘ 3-1); 

ī ʚʝʪʨʦʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʨʝʙʨʦ ʩʪʚʦʣʘ ʤʘʯʪʳ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʪʷʥʫʪʳʤʠ ʦʪʪʷʞʢʘʤʠ   

(ʩʭʝʤʘ 1-2); 

Z
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ī ʚʝʪʨʦʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʛʨʘʥʴ ʩʪʚʦʣʘ ʤʘʯʪʳ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʪʷʥʫʪʳʤʠ ʦʪʪʷʞʢʘʤʠ 

(ʩʭʝʤʘ 2-2). 

ī ʚʝʪʨʦʚʘʷ ʥʘʛʨʫʟʢʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʛʨʫʧʧʝ ʦʪʪʷʞʝʢ ʩ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʥʘʪʷʞʝ-

ʥʠʝʤ (ʩʭʝʤʘ 3-2); 

ʉʭʝʤʳ ʧʨʠʣʦʞʝʥʠʷ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 8. 

 
 

ʈʠʩ. 8. ʉʭʝʤʳ ʧʨʠʣʦʞʝʥʠʷ ʢ ʤʘʯʪʝ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ 

 

ʇʦʣʥʦʝ ʚʳʢʣʶʯʝʥʠʝ ʦʪʪʷʞʝʢ ʩ ʧʦʜʚʝʪʨʝʥʥʦʡ ʩʪʦʨʦʥʳ ʠʟ ʨʘʙʦʪʳ ʤʦʞʝʪ ʙʳʪʴ ʫʯʪʝʥʦ 

ʠʩʢʣʶʯʝʥʠʝʤ ʠʭ ʠʟ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ, ʯʪʦ ʥʘ ʨʠʩ. 8 ʦʙʦʟʥʘʯʝʥʦ ʰʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ.  

ʇʨʠ ʨʘʩʯʝʪʝ ʤʘʯʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ ʩ ʪʨʝʤʷ ʛʨʫʧʧʘʤʠ ʦʪʪʷʞʝʢ ʚ ʧʣʘʥʝ ʦʙʳʯʥʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʪʨʝʪʴʷ, ʧʨʦʤʝʞʫʪʦʯʥʘʷ, ʩʭʝʤʘ ʧʨʠʣʦʞʝʥʠʷ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ: ʧʝʨʧʝʥʜʠʢʫʣʷʨ-

ʥʦ ʦʜʥʦʡ ʠʟ ʛʨʫʧʧ ʦʪʪʷʞʝʢ (ʩʭʝʤʳ 3-1 ʠ 3-2 ʥʘ ʨʠʩ. 8). ʇʨʠ ʠʩʢʣʶʯʝʥʠʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟ ʨʘʩ-

ʯʝʪʥʦʡ ʩʭʝʤʳ ʚʳʢʣʶʯʘʝʤʳʭ ʦʪʪʷʞʝʢ (ʩʭʝʤʘ 3-1) ʚʩʷ ʩʠʩʪʝʤʘ ʦʢʘʟʳʚʘʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʠʟ-

ʤʝʥʷʝʤʦʡ. ʆʜʥʘʢʦ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʣʶʙʦʡ ʠʟ ʧʝʨʚʳʭ ʜʚʫʭ 

ʩʭʝʤ ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʨʝʪʴʝʡ ʫʞʝ ʥʝ ʪʨʝʙʫʝʪʩʷ. ʇʦʵʪʦʤʫ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚ ʨʘʩʯʝʪʝ ʵʪʘ ʩʭʝʤʘ 

ʤʦʞʝʪ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʩʚʝʱʝʥʘ ʧʨʦʙʣʝʤʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʘʥʪʝʥʥʦ-ʤʘʯʪʦʚʳʭ ʩʦ-

ʦʨʫʞʝʥʠʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʭ ʥʘʨʘʱʠʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʧʨʠ ʘʥʘʣʠʟʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʚʳʩʦʪʳ ʩʣʝʜʫʝʪ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʘ ʥʦʚʦʡ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʦʡ ʩʭʝʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʥʦʚʳʤʠ ʩʝʯʝʥʠʷʤʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʊʘʢ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʚ 

ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʝʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʫʱʝʩʪʚʫʶʱʝʡ ʯʘʩʪʠ ʩʪʚʦʣʘ ʤʘʯʪʳ ʥʝʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦ, ʯʪʦ ʨʘʚʥʦʩʠʣʴʥʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʥʦʚʦʡ ʤʘʯʪʳ, ʪʦ ʨʝʯʴ ʤʦʞʝʪ ʠʜʪʠ ʣʠʰʴ ʦ ʟʘ-

ʤʝʥʝ ʦʪʪʷʞʝʢ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʧʨʦʜʦʣʴʥʦʡ ʞʝʩʪʢʦʩʪʴʶ. 

ʇʨʦʙʣʝʤʘʤ ʨʘʩʯʝʪʘ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʂʕ) ʧʦ-

ʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ. ʇʨʠ ʨʘʩʯʝʪʝ ʤʘʯʪʦʚʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʧʦ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚʳʰʝ ʩʭʝ-

ʤʘʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ SCAD, ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [1]. ʋʢʘʟʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʚʝʩʴʤʘ ʨʘʟʚʠʪʫʶ 

ʙʠʙʣʠʦʪʝʢʫ (ʂʕ), ʚʢʣʶʯʘʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʚʘʥʪʦʚʳʡ ʵʣʝʤʝʥʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʪʝʨ-
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ʞʝʥʴ, ʩʧʦʩʦʙʥʳʡ ʚʦʩʧʨʠʥʠʤʘʪʴ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʫʩʠʣʠʷ ʠ ʚʳʢʣʶʯʘʶʱʠʡʩʷ ʠʟ ʨʘʙʦʪʳ ʧʨʠ 

ʩʞʘʪʠʠ [2, 3]. ɺʚʝʜʝʥʠʝ ʚ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ ʧʦʜʦʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʨʦʞʜʘʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ 

ʥʝʣʠʥʝʡʥʦʩʪʴ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪ ʨʘʩʯʝʪ. ʆʙʱʠʝ ʚʦʧʨʦʩʳ ʨʘʩʯʝʪʘ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʘʩʩʤʦʪʨʝʥʳ ʚ [4-8, 11]. ɺʦʟʤʦʞʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʥʝʣʠʥʝʡʥʳʭ 

ʟʘʜʘʯ ʨʘʩʩʤʦʪʨʝʥʳ ʪʘʢʞʝ ʚ [9]. 

ɼʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʨʘʱʠʚʘʥʠʷ ʤʘʯʪʦʚʦʛʦ ʩʦ-

ʦʨʫʞʝʥʠʷ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʥʳʤ ʩʦʩʪʘʚʦʤ ʨʘʜʠʦʧʝʨʝʜʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯ-

ʥʳʤʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʣʠʥʝʡʥʦʡ ʩʭʝʤʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʘʥʪʦʚʳʝ ʵʣʝ-

ʤʝʥʪʳ ʤʦʞʥʦ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʦʙʳʯʥʳʤʠ ʩʪʝʨʞʥʝʚʳʤʠ. 

ʋʩʠʣʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʦʪʪʷʞʝʢ ʧʨʠ ʤʦʥʪʘʞʝ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʭ 

ʥʝʚʳʢʣʶʯʘʝʤʦʩʪʴ ʠʟ ʨʘʙʦʪʳ ʩ ʧʦʜʚʝʪʨʝʥʥʦʡ ʩʪʦʨʦʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʤʘʢʩʠʤʫʤʝ. ʇʨʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʞʝ ʤʠʥʠʤʫʤʝ ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʪʪʷʞʝʢ ʩ 

ʥʘʚʝʪʨʝʥʥʦʡ ʩʪʦʨʦʥʳ. ʋʩʠʣʠʷ ʥʘʪʷʞʝʥʠʷ ʦʪʪʷʞʝʢ ʢʘʞʜʦʛʦ ʷʨʫʩʘ ʟʘʚʠʩʠʪ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʤʦʥʪʘʞʘ, ʪʦ ʝʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʳʢʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʟʘʢʦʥʯʝʥʥʫʶ ʩʠʩʪʝʤʫ. 

ɺʦʧʨʦʩʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʪʷʞʝʥʠʷ ʦʪʪʷʞʝʢ ʨʘʩʩʤʦʪʨʝʥʳ ʚ [10]. ʆʜʥʘʢʦ ʥʘ ʩʪʘʜʠʠ ʘʥʘʣʠʟʘ 

ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʠʣʠʡ ʚ ʵʣʝʤʝʥʪʘʭ ʤʘʯʪʳ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʳʢʘʥʠʷ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʧʨʠʥʷʪʴ 0 ÁC, ʪʘʢ ʢʘʢ ʥʘʩ ʠʥʪʝʨʝʩʫʝʪ ʧʨʠʥʮʠʧʠʘʣʴ-

ʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʨʘʱʠʚʘʥʠʷ ʩʪʚʦʣʘ ʤʘʯʪʳ ʜʦ ʪʨʝʙʫʝʤʦʡ ʦʪʤʝʪʢʠ. 

ɽʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʚʳʰʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʝʝ ʟʘʤʳʢʘʥʠʷ ʚ 

ʟʘʢʦʥʯʝʥʥʫʶ ʩʠʩʪʝʤʫ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʦʩʣʘʙʣʝʥʠʝ ʥʘʪʷʞʝʥʠʷ ʦʪʪʷʞʝʢ ʚʧʣʦʪʴ ʜʦ ʠʭ ʧʦʣʥʦʛʦ 

ʚʳʢʣʶʯʝʥʠʷ ʠʟ ʨʘʙʦʪʳ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʘʢʩʠʤʫʤʘ, ʯʪʦ ʤʦʜʝʣʠʨʫʝʪʩʷ ʧʨʝ-

ʜʝʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʩ ʠʩʢʣʶʯʝʥʥʳʤʠ ʠʟ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʦʪʪʷʞʢʘʤʠ. ʇʦʥʠʞʝʥʠʝ ʞʝ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʟʘʤʳʢʘʥʠʷ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʠ-

ʥʠʤʫʤʘ, ʥʘʦʙʦʨʦʪ, ʚʣʝʯʝʪ ʧʦʚʳʰʝʥʠʝ ʥʘʪʷʞʝʥʠʷ ʦʪʪʷʞʝʢ ʠ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʩʪʚʦʣʘ. 

ɺʝʣʠʯʠʥʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʦʪʪʷʞʝʢ ʤʦʞʥʦ ʟʘʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʠ-

ʣʦʞʝʥʠʝʤ ʢ ʩʪʝʨʞʥʷʤ, ʤʦʜʝʣʠʨʫʶʱʠʤ ʦʪʪʷʞʢʠ ʢʘʞʜʦʛʦ ʷʨʫʩʘ, ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʤʝʥʷʷ ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʠʭ ʥʝʚʳʢʣʶʯʘʝʤʦʩʪʠ ʩ ʧʦʜʚʝʪʨʝʥʥʦʡ ʩʪʦʨʦʥʳ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʥʦʤ ʤʘʢʩʠʤʫʤʝ. ʉʘʤʘ ʚʝʣʠʯʠʥʘ ʪʨʝʙʫʝʤʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʦʪʪʷʞʝʢ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʛʦ ʷʨʫʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʯʝʪʦʤ ʧʨʠ ʩʣʝʜʫʶʱʝʡ ʢʦʤʙʠʥʘʮʠʠ ʚʦʟʜʝʡʩʪʚʠʡ: 

ī ʧʦʩʪʦʷʥʥʘʷ ʥʘʛʨʫʟʢʘ, ʚʢʣʶʯʘʷ ʚʝʩ ʘʥʪʝʥʥʦ-ʬʠʜʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ī ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʜʣʷ ʢʘʞʜʦʛʦ ʷʨʫʩʘ ʦʪʪʷʞʝʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʠʭ ʥʝʚʳʢʣʶʯʘʝʤʦʩʪʴ ʩ 

ʧʦʜʚʝʪʨʝʥʥʦʡ ʩʪʦʨʦʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʤʘʢʩʠʤʫʤʝ; 

ī ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʜʣʷ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʥʝ ʫʩʣʦʚʥʦʡ, ʘ ʬʘʢʪʠʯʝʩʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʟʘʤʳʢʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʟʘʢʦʥʯʝʥʥʫʶ ʩʠʩʪʝʤʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʚʝʪʨʘ ʦʧʨʝʜʝʣʠʪʴ ʤʦʥʪʘʞʥʦʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʪʷʞʝʥʠʝ ʦʪʪʷʞʝʢ ʢʘʞʜʦʛʦ ʷʨʫʩʘ. 

ʆʙʳʯʥʦ ʧʨʠ ʨʘʩʯʝʪʝ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧ. 12.3 ʉʇ 20.13330.2016 

çʅʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷè ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʥʘʛʨʫʟʢʠ: ʧʦʩʪʦʷʥʥʫʶ, 

ʛʦʣʦʣʝʜʥʫʶ ʠ ʚʝʪʨʦʚʫʶ (c ʫʯʝʪʦʤ ʧʫʣʴʩʘʮʠʡ) ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 60 % ʦʪ ʥʦʨʤʘʪʠʚʥʦʡ. ʉʣʝʜʫ-

ʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʝʪʨʦʚʘʷ ʥʘʛʨʫʟʢʘ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʠʧʘ ʚʥʦʩʠʪ ʦʩʥʦʚʥʦʡ 

ʚʢʣʘʜ ʚ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʘʢ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʢʘʞʜʦʛʦ 

ʦʪʜʝʣʴʥʦʛʦ ʝʝ ʩʪʝʨʞʥʝʚʦʛʦ ʵʣʝʤʝʥʪʘ. ʂʦʤʙʠʥʘʮʠʷ ʥʘʛʨʫʟʦʢ, ʚʢʣʶʯʘʶʱʘʷ ʛʦʣʦʣʝʜʥʫʶ, ʟʘʯʘ-

ʩʪʫʶ ʜʘʝʪ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘʤʝʪʥʦ ʥʠʞʝ ʢʦʤʙʠʥʘʮʠʠ ʧʦ-

ʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʠ ʪʦʣʴʢʦ ʩ ʚʝʪʨʦʚʦʡ ʧʨʠ ʝʝ ʧʦʣʥʦʡ ʨʘʩʯʝʪʥʦʡ ʚʝʣʠʯʠʥʝ. ʇʦʵʪʦʤʫ ʚ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʤʘʯʪʦʚʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʢʦʤʙʠʥʘʮʠʷ ʥʘʛʨʫʟʦʢ, ʚʢʣʶ-

ʯʘʶʱʘʷ ʛʦʣʦʣʝʜʥʫʶ, ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ. 

ɽʩʣʠ ʚ ʧʨʠʥʷʪʳʭ ʜʦʧʫʱʝʥʠʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʯʪʳ ʚ ʮʝʣʦʤ ʠʣʠ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʝ ʵʣʝʤʝʥʪʦʚ ʜʦʩʪʠʯʴ ʥʝ ʫʜʘʩʪʩʷ, ʪʦ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʥʘʨʘʱʠʚʘʥʠʝ ʩʪʚʦʣʘ ʜʦ 

ʪʨʝʙʫʝʤʦʡ ʦʪʤʝʪʢʠ ʥʝʚʦʟʤʦʞʥʳʤ. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʧʦʨʥʘʷ  ʥʠʪʴ, ʧʝʨʝʢʠʥʫʪʘʷ ʯʝʨʝʟ ʙʣʦʢ ʩ ʧʦʜʚʝʰʝʥʥʳʤ  ʢʦʥʪʨʛʨʫʟʦʤ  ʠ ʩʦʝʜʠʥʷʶʱʘʷ    

ʚʝʨʭʥʠʝ ʢʦʥʮʳ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʨʫʞʠʥ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʞʝʩʪʢʦʩʪʴʶ. ʉʪʨʦʠʪʩʷ ʜʠʩʢʨʝʪʥʘʷ ʤʦ-

ʜʝʣʴ ʥʠʪʠ ʚ ʚʠʜʝ ʮʝʧʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʦʪʜʝʣʴʥʳʭ ʩʪʝʨʞʥʝʡ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʰʘʨʥʠʨʘʤʠ. ɺ ʫʟʣʘʭ ʮʝʧʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ  ʫʧʨʫʛʠʝ ʩʚʷʟʠ. ʅʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʫʟʣʦʚ ʮʝʧʠ  ʠ ʫʨʘʚʥʝʥʠʡ ʩʦʚʤʝʩʪʥʦʩʪʠ ʜʝʬʦʨ-

ʤʘʮʠʡ ʝʝ ʟʚʝʥʴʝʚ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʩʪʝʤʘ ʨʘʟʨʝʰʘʶʱʠʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʳʭ ʧʨʦʝʢʮʠʡ ʫʩʠʣʠʡ  ʚ 

ʟʚʝʥʴʷʭ ʮʝʧʠ. ʇʦʣʫʯʝʥʥʘʷ ʩʠʩʪʝʤʘ  ʜʦʧʦʣʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʨʘʙʦʪʫ ʥʠʪʠ, ʧʨʠ  ʢʦʪʦʨʦʡ ʧʦʜ-

ʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʫʩʠʣʠʝ ʚ ʧʝʨʚʦʤ ʟʚʝʥʝ ʮʝʧʠ  ʟʘ ʩʯʝʪ  ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʣʠʥʳ  ʚʳʧʫʩʢʘʝʤʦʡ ʚ ʧʨʦʣʝʪ 

ʯʘʩʪʠ ʥʠʪʠ. ʇʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʥʝʠʟʚʝʩʪʥʳʝ ʫʩʠʣʠʷ ʚ ʩʠʩʪʝʤʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ   ʯʝʨʝʟ ʧʨʦʝʢʮʠʠ ʫʩʠ-

ʣʠʡ ʚ ʧʝʨʚʦʤ ʟʚʝʥʝ ʮʝʧʠ ʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ  ʩʚʦʜʠʪʩʷ ʢ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʩ ʜʚʫʤʷ ʥʝʠʟʚʝʩʪʥʳʤʠ.  ʈʘʟʨʘʙʦʪʘʥ-

ʥʳʡ   ʘʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʛʠʙʢʦʡ ʥʠʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʣʘʤʠʥʘʨʥʫʶ ʤʦʜʝʣʴ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘ-

ʥʠʷ. ʇʨʝʜʣʦʞʝʥʘ  ʥʠʪʝʚʘʷ ʤʦʜʝʣʴ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʩ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʚʠʜʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥ-

ʥʦʡ  ʥʠʪʠ ʢʦʥʝʯʥʦʡ ʞʝʩʪʢʦʩʪʠ.  ɺ ʢʘʯʝʩʪʚʝ ʥʠʪʝʚʦʡ ʤʦʜʝʣʠ ʩ ʪʨʝʤʷ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʫʶ ʞʝʩʪʢʫʶ ʥʠʪʴ.   

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʙʢʘʷ ʥʠʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʷʞʝʥʠʷ, ʫʧʨʫʛʦʝ ʦʩʥʦʚʘʥʠʝ, ʜʠʩʢʨʝʪʥʘʷ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ 

ʛʠʙʢʦʡ ʥʠʪʠ, ʣʘʤʠʥʘʨʥʘʷ ʤʦʜʝʣʴ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ.  
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Supporting thread thrown over the block with suspended counterweight and connecting upper ends of continu-

ously located spring with distributed stiffness is analyzed. Thread decretive model as a chain consisting of separate rods 

joined with each by other hinges is constructed. Elastic bonds are in chain nods. Based on equations of chain node  

equilibrium and its chains deformation interoperability the system of resolving equations of relative to unknown projec-

tions in chain links are formed. The obtained system is added by equation providing thread operation at which the force 

in the first chain link is sustained constantly due to the regulation of the thread length released in span. It is shown that 

the unknown forces in the system can be expressed by the forces projections in the first chain link and the solution of 

the problem comes down to the solution of the equations with two unknowns. The developed algorithm for calculation 

of the flexible thread as an elastic base laminar model is used. Elastic base thread model with two parameters as a fin-

ished rigidity of the prestressed thread is suggested. A prestressed rigid thread is suggested to be used as thread model 

with three parameters.   

Keywords: flexible thread of constant stress, elastic base, discrete design scheme of flexible thread, laminar model of 

elastic base.  
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ʈʘʩʩʤʦʪʨʠʤ ʦʧʦʨʥʫʶ ʥʠʪʴ, ʧʝʨʝʢʠʥʫʪʫʶ  ʯʝʨʝʟ ʙʣʦʢ ʩ ʧʦʜʚʝʰʝʥʥʳʤ  ʢʦʥʪʨʛʨʫʟʦʤ   

P  ʠ  ʩʦʝʜʠʥʷʶʱʫʶ  ʚʝʨʭʥʠʝ ʢʦʥʮʳ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʨʫʞʠʥ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʞʝʩʪʢʦʩʪʴʶ ʩ (ʨʠʩ. 1). 

          
ʈʠʩ. 1 

 

ʅʘʨʷʜʫ ʩ ʢʦʥʪʠʥʫʘʣʴʥʦʡ ʤʦʜʝʣʴʶ ʥʠʪʠ (ʨʠʩ.1) ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʸ ʜʠʩʢʨʝʪʥʫʶ 

ʤʦʜʝʣʴ  ʚ ʚʠʜʝ ʮʝʧʠ, ʩʦʩʪʦʷʱʝʡ   ʠʟ ʦʪʜʝʣʴʥʳʭ ʩʪʝʨʞʥʝʡ,  ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʰʘʨʥʠ-

ʨʘʤʠ [1]  (ʨʠʩ. 2). ɺ ʫʟʣʘʭ  ʩʦʝʜʠʥʝʥʠʷ ʟʚʝʥʴʝʚ ʮʝʧʠ ʧʨʠʣʦʞʝʥʳ ʫʟʣʦʚʳʝ ʩʠʣʳ 
x

iP , 
y

iP  ʠ ʨʝ-

ʘʢʮʠʠ ʫʧʨʫʛʠʭ ʩʚʷʟʝʡ.  

 
 

ʈʠʩ. 2. ɼʠʩʢʨʝʪʥʘʷ ʤʦʜʝʣʴ ʛʠʙʢʦʡ ʥʠʪʠ 

ʇʦʣʫʯʠʤ ʨʘʟʨʝʰʘʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ. ʋʜʘʣʷʝʤ 

ʫʧʨʫʛʠʝ ʩʚʷʟʠ, ʘ ʠʭ ʜʝʡʩʪʚʠʝ ʥʘ ʩʠʩʪʝʤʫ ʟʘʤʝʥʷʝʤ ʨʝʘʢʮʠʷʤʠ 
y
iR .   

ʉʦʩʪʘʚʣʷʝʤ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʫʟʣʦʚ ʮʝʧʠ: 

1 1cos( ) cos( ) 0,x

i i i i iN N Pa a+ +- + + =
 

0)cos()cos( 11 =-++- ++
y
i

y
iiiii RPNN bb ,   )1..1( -= ni . 

 

 

(1) 

ɺ ʫʨʘʚʥʝʥʠʷʭ (1) ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ:  n - ʯʠʩʣʦ ʟʚʝʥʴʝʚ ʮʝʧʠ; iN
 
- ʫʩʠʣʠʝ ʚ i

- ʤ ʟʚʝʥʝ ʮʝʧʠ; )cos( ia , )cos( ib  - ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ i - ʛʦ ʟʚʝʥʘ ; 
x

iP , 
y

iP - ʧʨʦʝʢ-

ʮʠʠ ʫʟʣʦʚʦʡ ʥʘʛʨʫʟʢʠ,  ii
y
i ycR Ö=  -  ʨʝʘʢʮʠʷ ʚ ʫʧʨʫʛʦʡ ʩʚʷʟʠ, ic  - ʧʨʠʚʝʜʝʥʥʘʷ  ʞʝʩʪʢʦʩʪʴ 

ʫʧʨʫʛʦʡ ʩʚʷʟʠ, iy  - ʚʝʨʪʠʢʘʣʴʥʦʝ  ʧʝʨʝʤʝʱʝʥʠʝ i -ʛʦ ʫʟʣʘ ʮʝʧʠ. 

 ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ iX , iY   )..1( ni = ʧʨʦʝʢʮʠʠ ʥʘ ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ ʧʨʦʜʦʣʴʥʦʡ ʩʠʣʳ ʚ 

ʟʚʝʥʴʷʭ ʮʝʧʠ:  

)cos( iii NX a= , )cos( iii NY b= ,   
22

iii YXN += . 
 

(2) 

ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʷ (1) ʧʨʠʤʫʪ ʚʠʜ: 

01 =++- +
x

iii PXX ,    
 

(3) 
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01 =-++- +
y
i

y
iii RPYY ,  )1..1( -= ni . 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʰʘʨʥʠʨʥʦ ʩʪʝʨʞʥʝʚʫʶ ʮʝʧʴ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʣʦʤʘʥʫʶ, ʩʦʩʪʦ-

ʷʱʫʶ ʠʟ ʥʘʧʨʘʚʣʝʥʥʳʭ ʦʪʨʝʟʢʦʚ (ʟʚʝʥʴʝʚ). ʇʨʦʝʢʮʠʝʡ ʣʦʤʘʥʦʡ ʥʘ ʦʩʴ ʥʘʟʳʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʪʨʝʟʢʘ, ʥʘʯʘʣʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʮʠʷ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ ʧʨʦʝʢʪʠʨʫʝ-

ʤʦʡ ʣʦʤʘʥʦʡ, ʘ ʢʦʥʮʦʤ ï ʧʨʦʝʢʮʠʷ ʢʦʥʝʯʥʦʡ ʪʦʯʢʠ ʵʪʦʡ ʣʦʤʘʥʦʡ. ʇʨʦʝʢʮʠʷ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʣʦʤʘʥʦʡ ʨʘʚʥʘ ʩʫʤʤʝ ʧʨʦʝʢʮʠʡ ʝʝ ʟʚʝʥʴʝʚ.  

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ],[ nknk yyxx --  ʧʨʦʝʢʮʠʠ ʥʘ ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʦʪʨʝʟʢʘ, ʩʦʝʜʠʥʷʶʱʝʛʦ ʪʦʯʢʫ ʢʘʩʘʥʠʷ ʥʠʪʴʶ ʙʣʦʢʘ ʠ ʪʦʯʢʫ ʟʘʢʨʝʧʣʝʥʠʷ ʥʠʪʠ. ʉʦʩʪʘʚʠʤ 

ʫʨʘʚʥʝʥʠʷ ʩʦʚʤʝʩʪʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ ʚʩʝʡ ʮʝʧʠ ʢʘʢ ʩʫʤʤʫ ʧʨʦʝʢʮʠʡ ʜʣʠʥ ʟʚʝʥʴʝʚ  ʥʘ ʢʦʦʨ-

ʜʠʥʘʪʥʳʝ ʦʩʠ.  

ʉʠʩʪʝʤʫ  (3), ʩʦʜʝʨʞʘʱʫʶ )1(2 -Ön  ʫʨʘʚʥʝʥʠʡ, ʜʦʧʦʣʥʠʤ ʜʚʫʤʷ ʫʨʘʚʥʝʥʠʷʤʠ  ʩʦʚ-

ʤʝʩʪʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ ʟʚʝʥʴʝʚ ʮʝʧʠ: 

nki

n

i
ii xxll -=ÖD+ä

=

)cos()(
1

a ,    nki

n

i
ii yyll -=ÖD+ä

=

)cos()(
1

b . 
 

(4) 

ɺ  ʫʨʘʚʥʝʥʠʷʭ (4)  nLl i /=    -  ʜʣʠʥʘ i - ʛʦ ʟʚʝʥʘ ʮʝʧʠ; L - ʜʣʠʥʘ ʚʳʧʫʩʢʘʝʤʦʡ ʯʘʩʪʠ ʥʠʪʠ;  

ilD  - ʘʙʩʦʣʶʪʥʦʝ ʫʜʣʠʥʝʥʠʝ ʟʚʝʥʘ ʥʠʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦ ʟʘʢʦʥʫ ɻʫʢʘ:  

  
EA

lN
l ii
i

Ö
=D , )..1( ni = , 

 

(5) 

ʛʜʝ EA -   ʞʝʩʪʢʦʩʪʴ ʥʠʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ  ilD  ʚ ʫʨʘʚʥʝʥʠʷ (4) ʩ ʫʯʝʪʦʤ ʦʙʦʟʥʘʯʝʥʠʡ (2) ʧʦʣʫʯʠʤ: 

nk

n

i

i
ii xx

EA

X
l -=+Öä

=1

))(cos(a  , 

nk

n

i

i
ii yy

EA

Y
l -=+Öä

=1

))(cos(b . 

 

 

(6) 

ʀʟ ʫʨʘʚʥʝʥʠʡ (2) ʩʣʝʜʫʶʪ ʜʚʘ ʦʯʝʚʠʜʥʳʭ ʚʳʨʘʞʝʥʠʷ: 

                               
22

)cos(

ii

i
i

YX

X

+
=a ,    

22
)cos(

ii

i
i

YX

Y

+
=b . 

 

(7) 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚʳʨʘʞʝʥʠʡ (7) ʚ ʫʨʘʚʥʝʥʠʷ (6) ʙʫʜʝʤ ʠʤʝʪʴ 

nk

n

i ii

ii xx
EAYX

Xl -=+
+

Öä
=1

22
)

11
( , 

 nk

n

i ii

ii yy
EAYX

Yl -=+
+

Öä
=1

22
)

11
( . 

 

 

 

(8) 

 ʈʝʘʢʮʠʶ ʚ i - ʡ ʫʧʨʫʛʦʡ ʩʚʷʟʠ 
y
iR ʪʘʢʞʝ ʚʳʨʘʟʠʤ ʯʝʨʝʟ ʧʨʦʝʢʮʠʠ ʫʩʠʣʠʡ ʚ ʟʚʝʥʴʷʭ 

ʮʝʧʠ: 

))
11

(())cos()((
1

22
1

ää
==

+
+

ÖÖ=ÖD+=Ö=
i

j jj

jji

i

j
jjjiii

y
i

EAYX
YlcllcycR b . 

 

(9) 
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ʋʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʫʟʣʦʚ (3) ʠ ʫʨʘʚʥʝʥʠʷ ʩʦʚʤʝʩʪʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ  (8) ʦʙʨʘʟʫʶʪ  

ʩʠʩʪʝʤʫ nÖ2  ʫʨʘʚʥʝʥʠʡ  ʦʪʥʦʩʠʪʝʣʴʥʦ  ʧʨʦʝʢʮʠʡ ʫʩʠʣʠʡ iX , iY   )..1( ni =  ʚ ʟʚʝʥʴʷʭ ʮʝʧʠ. 

ʇʦʢʘʞʝʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʘ ʢ ʩʠʩʪʝʤʝ ʜʚʫʭ ʥʝʣʠʥʝʡ-

ʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʳʭ ʧʨʦʝʢʮʠʡ ʫʩʠʣʠʡ ʚ ʧʝʨʚʦʤ ʟʚʝʥʝ ʮʝʧʠ 1X , 1Y . 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʫʩʪʴ ʧʨʦʝʢʮʠʠ ʫʩʠʣʠʷ ʚ ʧʝʨʚʦʤ ʟʚʝʥʝ ʮʝʧʠ 1X , 1Y  ʠʟʚʝʩʪʥʳ. ʊʦʛʜʘ 

ʨʝʘʢʮʠʷ ʚ ʧʝʨʚʦʡ ʫʧʨʫʛʦʡ ʩʚʷʟʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

)
11

(
2

1
2
1

111
EAYX

YlR
y

+
+

Ö= . 
 

(10) 

ʋʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 1-ʛʦ ʫʟʣʘ ʧʨʠʤʫʪ ʚʠʜ 

0121 =++- xPXX , 

0)
11

(
2

1
2
1

11121 =+
+

ÖÖ-++-
EAYX

YlcPYY y
. 

 

 

(11) 

ʀʟ  ʫʨʘʚʥʝʥʠʡ (11)  ʚʳʨʘʞʘʝʤ  2X , 2Y  ʯʝʨʝʟ  ʧʨʦʝʢʮʠʠ 1X , 1Y  : 

xPXX 112 -= , 

)
11

(
2

1
2
1

11112
EAYX

YlcPYY
y

+
+

ÖÖ+-= . 

 

 

(12) 

ʈʘʩʩʤʦʪʨʠʤ   1-ʝ ʫʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ 2-ʛʦ ʫʟʣʘ  0232 =++- xPXX , ʦʪʢʫʜʘ ʧʦʣʫʯʠʤ 

xPXX 223 -= .  ʉ ʫʯʝʪʦʤ (12) ʙʫʜʝʤ ʠʤʝʪʴ 

xx PPXX 2113 --= . 

 

 

(13) 

 ʈʝʘʢʮʠʷ ʚʦ 2-ʡ ʫʧʨʫʛʦʡ ʩʚʷʟʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

)
11

()
11

(
2

2
2
2

22
2

1
2
1

112
EAYX

Yl
EAYX

YlR
y

+
+

Ö++
+

Ö= .  
 

(14) 

ʉ ʫʯʝʪʦʤ (12) ʚʳʨʘʞʘʝʤ 
yR2  ʯʝʨʝʟ 1X , 1Y  ʧʨʠʤʝʪ ʚʠʜ 

)
1

)]
11

([][

1
(

)
11

(

2

2
1

2
1

1111
2

11

22

2
1

2
1

112

EA

EAYX
YlcPYPX

Yl

EAYX
YlR

yx

y

+

+
+

ÖÖ+-+-

Ö+

++
+

Ö=

 

 

 

 

 

(15) 

ʀʟ 2-ʛʦ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 2-ʛʦ ʫʟʣʘ ʥʘʭʦʜʠʤ: 

02232 =-++-
yx RPYY ,    

yyyyy
RPPYRPYY 22112223 +--=+-= . 

 

 

(16) 

 ɺʳʨʘʞʝʥʠʝ ʫʩʠʣʠʷ 3Y  ʯʝʨʝʟ 1X , 1Y ʧʨʠʤʝʪ ʚʠʜ 
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yyyy
RRPPYY 212113 ++--= . 

(17) 

ɺ ʫʨʘʚʥʝʥʠʠ (17) 
yR1 ,

y
R2  ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (10) ʠ (15) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʝʢʮʠʠ ʫʩʠʣʠʡ ʚʦ ʚʩʝʭ ʟʚʝʥʴʷʭ ʮʝʧʠ iX , iY  )..2( ni =  ʚʳʨʘʞʘʶʪʩʷ 

ʯʝʨʝʟ ʧʨʦʝʢʮʠʠ ʫʩʠʣʠʡ ʚ ʧʝʨʚʦʤ ʟʚʝʥʝ ʮʝʧʠ.  ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʨʘʚʥʝʥʠʷ  (8) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʢʘʢ  ʩʠʩʪʝʤʫ 2-ʭ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ  ʥʝʠʟʚʝʩʪʥʳʭ  1X , 1Y . 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʙʦʪʫ ʥʠʪʠ, ʚ ʢʦʪʦʨʦʡ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ 

ʫʩʠʣʠʝ ʚ ʧʝʨʚʦʤ ʟʚʝʥʝ ʮʝʧʠ ʟʘ ʩʯʝʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʣʠʥʳ L  ʚʳʧʫʩʢʘʝʤʦʡ ʚ ʧʨʦʣʝʪ ʯʘʩʪʠ ʥʠʪʠ 

[2]. 

ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: 0L - ʜʣʠʥʘ ʟʘʛʦʪʦʚʢʠ ʚʩʝʡ ʥʠʪʠ, L - ʜʣʠʥʘ  ʚʳʧʫʩʢʘʝʤʦʡ ʯʘʩʪʠ 

ʥʠʪʠ, q  - ʧʦʛʦʥʥʳʡ ʚʝʩ  ʥʠʪʠ, n- ʯʠʩʣʦ ʟʚʝʥʴʝʚ ʮʝʧʠ, 
n

L
l i =  - ʜʣʠʥʘ ʟʚʝʥʘ ʮʝʧʠ,  P - ʚʝʩ ʛʨʫʟʘ, 

00 LqP Ö=  - ʚʝʩ ʥʠʪʠ, )( 0 LLq -Ö  - ʚʝʩ ʫʯʘʩʪʢʘ ʥʠʪʠ ʤʝʞʜʫ ʙʣʦʢʦʤ ʠ ʛʨʫʟʦʤ. 

ʇʨʦʜʦʣʴʥʘʷ ʩʠʣʘ ʚ ʧʝʨʚʦʤ ʟʚʝʥʝ ʮʝʧʠ ʨʘʚʥʘ 

 

)( 0
2

1
2
11 LLqPYXN -Ö+=+= . 

(18) 

ʊʦʛʜʘ 

q

YXP
L

2
1

2
1

Ĕ +-
= , 

 

(19) 

ʛʜʝ 0
Ĕ LqPP Ö+=

 
-  ʩʫʤʤʘʨʥʳʡ ʚʝʩ ʛʨʫʟʘ ʠ ʟʘʛʦʪʦʚʢʠ ʥʠʪʠ. 

 

 ɺ ʨʝʟʫʣʴʪʘʪʝ  ʩʠʩʪʝʤʘ ʠʩʢʦʤʳʭ ʫʨʘʚʥʝʥʠʡ ʧʨʠʤʝʪ ʚʠʜ [ 2]: 

nk

n

i ii

i xx
YX

X
n

L
-=+

+
Öä

=1
22

)
1

( d , 

 nk

n

i ii

i yy
YX

Y
n

L
-=+

+
Öä

=1
22

)
1

( d , 

q

YXP
L

2
1

2
1

Ĕ +-
= . 

 

 

 

 

(20) 

ɺ ʫʨʘʚʥʝʥʠʷʭ (20) ʯʝʨʝʟ  ʧʘʨʘʤʝʪʨ  

EA

1
=d  

 

(21) 

 

ʦʙʦʟʥʘʯʝʥʘ  ʧʦʜʘʪʣʠʚʦʩʪʴ ʥʠʪʠ.   ʇʨʠ 0=d  ʫʨʘʚʥʝʥʠʷ (20) ʦʧʠʩʳʚʘʶʪ ʨʘʙʦʪʫ ʘʙʩʦʣʶʪʥʦ 

ʞʝʩʪʢʦʡ ʥʠʪʠ.  

 

ʊʘʢ ʢʘʢ  L - ʜʣʠʥʘ  ʚʳʧʫʩʢʘʝʤʦʡ ʯʘʩʪʠ ʥʠʪʠ  ʷʚʥʦ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ 11,YX , ʪʦ ʥʘʧʨʷ-

ʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʠʪʠ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʜʚʫʭ 

ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʏʠʩʣʝʥʥʦʝ ʨʝʝhʥʠʝ ʩʠʩʪʝʤʳ (20) ʚʳʧʦʣʥʷʝʪʩʷ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʧʦʜʪʚʝʨʞʜʘʶʱʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʨʘʩ-

ʩʤʦʪʨʠʤ ʨʘʩʯʝʪ ʛʠʙʢʦʡ ʥʠʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʣʘʤʠʥʘʨʥʫʶ ʤʦʜʝʣʴ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ (ʨʠʩ. 3). 
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ʈʠʩ. 3 

ʅʠʪʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩ. 3, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʦʜʝʣʴ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ 

ʩ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ (ʦʜʥʦʤʝʨʥʳʡ ʩʣʫʯʘʡ) [3]. ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʨʫʞʠʥ ʞʝʩʪʢʦʩʪʴʶ ʩ ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪ ʞʝʩʪʢʦʩʪʴ ʦʩʥʦʚʘʥʠʷ ʥʘ ʩʞʘʪʠʝ, ʘ ʧʘʨʘʤʝʪʨ Pʭʘʨʘʢʪʝʨʠʟʫʝʪ ʞʝʩʪʢʦʩʪʴ ʦʩʥʦʚʘʥʠʷ 
ʥʘ ʩʜʚʠʛ. ʇʨʠ ʵʪʦʤ ʥʝʦʛʨʘʥʠʯʝʥʥʘʷ ʚ ʦʙʝ ʩʪʦʨʦʥʳ ʥʠʪʴ ʩʯʠʪʘʝʪʩʷ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʡ.  

ɺ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʘʭ ʜʠʩʢʨʝʪʥʘʷ ʤʦʜʝʣʴ ʥʠʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʰʘʨʥʠʨʥʦ ʩʪʝʨʞʥʝ-

ʚʦʡ ʮʝʧʴʶ, ʩʦʩʪʦʷʱʝʡ ʠʟ 100 ʟʚʝʥʴʝʚ.  ʅʠʪʴ ʩʯʠʪʘʝʪʩʷ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʡ, ʧʦʵʪʦʤʫ ʧʘʨʘʤʝʪʨ 

ʧʦʜʘʪʣʠʚʦʩʪʠ 
EA

1
=d  ʚ ʫʨʘʚʥʝʥʠʷʭ  (20) ʧʦʣʘʛʘʝʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ. ɼʣʠʥʘ ʚʳʧʫʩʢʘʝʤʦʡ ʚ 

ʧʨʦʣʝʪ ʥʠʪʠ ʨʘʚʥʘ lL 5= . ɼʣʠʥʘ ʥʠʪʠ ʤʝʞʜʫ ʛʨʫʟʦʤ ʠ ʙʣʦʢʦʤ ʨʘʚʥʘLÖ1,0 .  

ʅʘ ʮʝʥʪʨʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʜʣʠʥʦʡ l   ʚ ʫʟʣʘʭ ʮʝʧʠ ʨʘʩʧʦʣʦʞʝʥʳ ʫʧʨʫʛʠʝ ʩʚʷʟʠ. ɺʝʢʪʦʨ 

ʞʝʩʪʢʦʩʪʝʡ ʫʧʨʫʛʠʭ ʩʚʷʟʝʡ ʟʘʜʘʝʪʩʷ ʚ ʫʨʘʚʥʝʥʠʷʭ (20) ʚ ʚʠʜʝ ʩʧʠʩʢʘ 

]0,..0,,..,,,0,..,0[ 604140 CCCʉ= . ʊʦʯʢʘ ʢʘʩʘʥʠʷ ʥʠʪʠ ʙʣʦʢʘ ʠ ʪʦʯʢʘ ʟʘʢʨʝʧʣʝʥʠʷ ʥʠʪʠ ʨʘʩ-

ʧʦʣʦʞʝʥʳ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ ʫʜʘʣʝʥʠʠ  )2( lÖ  ʦʪ ʥʘʛʨʫʞʝʥʥʦʡ ʯʘʩʪʠ ʦʩʥʦʚʘʥʠʷ. 

ʆʧʠʰʝʤ  ʵʪʘʧʳ ʧʦʩʪʨʦʝʥʠʷ ʥʠʪʝʚʦʡ ʤʦʜʝʣʠ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ. 

1. ɿʘʜʘʝʤ ʧʨʠʚʝʜʝʥʥʫʶ ʞʝʩʪʢʦʩʪʴ ʫʧʨʫʛʠʭ ʩʚʷʟʝʡ, ʚʝʣʠʯʠʥʫ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʠ, 

q  - ʧʦʛʦʥʥʳʡ ʚʝʩ ʥʠʪʠ. ɺʳʧʦʣʥʷʝʤ ʨʘʩʯʝʪ ʥʠʪʠ ʩ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʢʦʥʮʘʤʠ 

(ʨʠʩ. 4) ʥʘ ʧʦʩʪʦʷʥʥʫʶ ʥʘʛʨʫʟʢʫ ʧʦʩq . ʆʧʨʝʜʝʣʷʝʤ ʧʨʦʝʢʮʠʠ ʧʨʦʜʦʣʴʥʦʡ ʩʠʣʳ ʚ 

ʧʝʨʚʦʤ ʟʚʝʥʝ ʮʝʧʠ:  1X  - ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ (ʨʘʩʧʦʨ)  ʠ  1Y
 
-  ʚʝʨʪʠ-

ʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ.  ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʬʦʨʤʘ ʥʠʪʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 5 (ʢʨʠʚʘʷ 

1- ʢʨʘʩʥʳʡ ʮʚʝʪ). 

 
ʈʠʩ. 4 

 

 

2. ɺʳʧʦʣʥʷʝʤ ʨʘʩʯʝʪ ʥʠʪʠ ʩ ʧʝʨʝʢʠʥʫʪʳʤ ʯʝʨʝʟ ʙʣʦʢ ʛʨʫʟʦʤ (ʨʠʩ. 5). ɼʣʠʥʘ ʥʠʪʠ 

ʤʝʞʜʫ ʛʨʫʟʦʤ ʠ ʙʣʦʢʦʤ ʨʘʚʥʘLÖ1,0 . ɺʝʣʠʯʠʥʫ ʛʨʫʟʘ ʟʘʜʘʝʤ ʚ ʜʦʣʷʭ ʢ ʨʘʩʧʦʨʫ  

1XP Ö=a  (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ 9,0=a ). ʈʘʩʯʝʪ ʥʠʪʠ ʧʨʦʠʟʚʦʜʠʤ ʥʘ ʧʦʩʪʦʷʥʥʫʶ ʠ 

ʚʨʝʤʝʥʥʫʶ ʥʘʛʨʫʟʢʠ ʚʨʧʦʩqq + . ʅʘʛʨʫʟʢʠ ʨʘʩʧʨʝʜʝʣʝʥʳ  ʥʘ ʫʯʘʩʪʢʝ ʜʣʠʥʦʡ l . 

ʌʦʨʤʘ ʥʠʪʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 5 (ʢʨʠʚʘʷ 2 - ʨʦʟʦʚʳʡ ʮʚʝʪ). 

3. ɿʘʜʘʝʤ ʚʨʝʤʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚʨq ʥʘ ʫʯʘʩʪʢʝ 
2

l
. ʈʘʩʯʝʪ ʥʠʪʠ ʚʳʧʦʣ-

ʥʷʝʤ ʥʘ  ʥʘʛʨʫʟʢʫ ʚʨʧʦʩqq + . ʌʦʨʤʘ ʥʠʪʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 5 (ʢʨʠʚʘʷ 3- ʩʠʥʠʡ 

ʮʚʝʪ). 
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ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʤʦʜʝʣʴ ʥʠʪʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ  ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʛʨʫʥʪʘ. 

ʋʩʠʣʠʝ ʚ ʥʘʯʘʣʝ ʥʠʪʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ  ʜʣʠʥʳ L  ʚʳʧʫʩʢʘʝʤʦʡ 

ʚ ʧʨʦʣʝʪ ʯʘʩʪʠ ʥʠʪʠ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʥʠʪʝʚʫʶ ʤʦʜʝʣʴ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʩ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʞʥʦ ʩʪʨʦʠʪʴ 

ʠ ʜʣʷ  ʥʠʪʠ ʢʦʥʝʯʥʦʡ ʞʝʩʪʢʦʩʪʠ [4]. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ  ʥʠʪʴ ʢʦʥʝʯʥʦʡ ʞʝʩʪʢʦ-

ʩʪʠ  ʜʣʠʥʦʡ Lʩ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʢʦʥʮʘʤʠ ʥʘ ʧʦʩʪʦʷʥʥʫʶ ʥʘʛʨʫʟʢʫ (ʩʤ. ʨʠʩ. 4). 

 

 
ʈʠʩ.  5 

ʆʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʧʦʨ 1X . ɺʳʯʠʩʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʦʝ ʫʜʣʠʥʝʥʠʝ ʥʠʪʠ 
EA

LX
l

Ö
=D 1

. ʅʘ ʚʪʦʨʦʤ 

ʵʪʘʧʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʠʪʴ ʜʣʠʥʦʡ )( lL D-  ʥʘ  ʥʘʛʨʫʟʢʫ ʚʨʧʦʩqq + . ɿʘʜʘʥʠʝ ʜʣʠʥʳ ʥʠʪʠ 

ʤʝʥʴʰʝ ʜʣʠʥʳ ʧʨʦʣʝʪʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʚ ʥʠʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʨʘʚʥʦʝ ʚʝʣʠ-

ʯʠʥʝ ʨʘʩʧʦʨʘ 1X ʦʪ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʠ. 

ʅʠʪʝʚʫʶ ʤʦʜʝʣʴ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʩ ʪʨʝʤʷ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʥʘ ʦʩʥʦ-

ʚʝ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʞʝʩʪʢʦʡ ʥʠʪʠ [5]. ɾʝʩʪʢʘʷ ʥʠʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʰʘʨʥʠʨʥʦ ʩʪʝʨʞʥʝʚʦʡ 

ʮʝʧʴʶ ʩ ʫʧʨʫʛʠʤʠ ʚʩʪʘʚʢʘʤʠ, ʤʦʜʝʣʠʨʫʶʱʠʤʠ ʨʘʙʦʪʫ ʥʠʪʠ ʥʘ ʠʟʛʠʙ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʩ-

ʩʯʠʪʳʚʘʝʪʩʷ ʞʝʩʪʢʘʷ ʥʠʪʴ ʜʣʠʥʦʡ L  ʥʘ ʧʦʩʪʦʷʥʥʫʶ ʥʘʛʨʫʟʢʫ (ʩʤ. ʨʠʩ. 4). ʆʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩ-

ʧʦʨ 1X . ɺʳʯʠʩʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʦʝ ʫʜʣʠʥʝʥʠʝ ʥʠʪʠ 
EA

LX
l

Ö
=D 1

. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʨʘʩʩʯʠʪʳ-

ʚʘʝʪʩʷ ʞʝʩʪʢʘʷ ʥʠʪʴ ʜʣʠʥʦʡ )( lL D-  ʥʘ  ʥʘʛʨʫʟʢʫ ʚʨʧʦʩqq + . ɿʘʜʘʥʠʝ ʜʣʠʥʳ ʥʠʪʠ ʤʝʥʴʰʝ 

ʜʣʠʥʳ ʧʨʦʣʝʪʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʚ ʥʠʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʨʘʚʥʦʝ ʚʝʣʠʯʠʥʝ ʨʘʩ-

ʧʦʨʘ 1X ʦʪ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʠʪʝʚʘʷ ʤʦʜʝʣʴ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʭʘʨʘʢ-
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ʪʝʨʠʟʫʝʪʩʷ ʪʨʝʤʷ ʧʘʨʘʤʝʪʨʘʤʠ: EA- ʞʝʩʪʢʦʩʪʴʶ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, EJ -  ʞʝʩʪʢʦʩʪʴʶ ʥʘ ʠʟʛʠʙ, 

ʩʠʣʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ 1X (ʨʘʩʧʦʨʦʤ)  ʦʪ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʠ. 
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ʇʨʠʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʘʛʣʫʙʣʝʥʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ 

ʨʝʟʝʨʚʫʘʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ çʩʪʝʥʘ ʚ ʛʨʫʥʪʝè. ʀʟʣʦʞʝʥ ʧʦʨʷʜʦʢ ʨʘʩʯʝʪʘ 

ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʨʝʟʝʨʚʫʘʨʘ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʜʝʡʩʪʚʫʶʱʠʝ ʥʘʛʨʫʟʢʠ ʠ ʠʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʩʦʯʝʪʘʥʠʷ ʧʦ ʜʚʫʤ ʛʨʫʧʧʘʤ ʧʨʝʜʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʈʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʪʨʝʙʫʝʤʦʡ 

ʞʝʩʪʢʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ï çʩʪʝʥʘ ʚ ʛʨʫʥʪʝè ʠ ʥʘʨʫʞʥʦʡ ʩʪʝʥʢʠ ʨʝʟʝʨʚʫʘʨʘ. 
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There is presented the analysis of engineering, design and construction of buried reinforced concrete tank with 

application of effective method of ñslurry wallò construction. There is given the order of calculation of tank bearing 

elements on the active loads and their unfavorable combination according to two limiting states groups by the finite 

elements  

method. The recommendations for guarantee of demanded bearing elements joints stiffness ï ñSlurry wallò and external 

wall of the tank is developed. 

 

Keywords: tank; çslurry wallè; reinforced concrete; loads, calculations; finite elements method. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʳ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʞʠ-

ʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʦʦʨʫʞʝ-

ʥʠʡ ʩʠʩʪʝʤ ʚʦʜʦʦʯʠʩʪʢʠ ʠ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ. ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʜʝʩʴ ʧʦʣʫʯʠʣʠ ʞʝʣʝ-

ʟʦʙʝʪʦʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ - ʨʝʟʝʨʚʫʘʨʳ ʧʦʜʟʝʤʥʦʛʦ (ʟʘʛʣʫʙʣʝʥʥʦʛʦ) ʪʠʧʘ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʭ 

ʚʳʟʳʚʘʝʪ ʪʨʫʜʥʦʩʪʠ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʫʯʝʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ.  
ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʘʛʣʫʙʣʝʥʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ  ʚ ʩʣʦʞʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʚ  

ʪʦʤ ʯʠʩʣʝ ʚ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʛʨʫʥʪʘʭ ʩ ʚʦʜʦʥʦʩʥʳʤʠ  ʛʦʨʠʟʦʥʪʘʤʠ  ʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ 
çʚʝʨʭʦʚʦʜʢʘʤʠè, ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʷʚʣʷʝʪʩʷ  ʤʝʪʦʜ çʩʪʝʥʘ ʚ ʛʨʫʥʪʝè.  
______________________________ 
É ɻʦʨʙʘʯʝʚ ɸ.ʉ., ʃʝʜʝʥʝʚ ɺ.ɺ., 2018 
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ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ  ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩʯʝʪʦʤ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʨʝʟʝʨʚʫʘʨʘ, ʚ  ʪʦʤ ʯʠʩʣʝ ʩ ʫʯʝʪʦʤ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʧʨʠʞʠʤʥʳʭ ʩʪʝʥ ʨʝʟʝʨʚʫ-

ʘʨʘ ʩ ʢʦʥʩʪʨʫʢʮʠʝʡ çʩʪʝʥʘ ʚ ʛʨʫʥʪʝè. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʘʢʦʛʦ ʨʝʟʝʨʚʫʘʨʘ.  

ʇʨʦʝʢʪʠʨʫʝʤʳʡ ʘʢʢʫʤʫʣʠʨʫʶʱʠʡ ʨʝʟʝʨʚʫʘʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʝ ʤʦ-

ʥʦʣʠʪʥʦʝ ʩʦʦʨʫʞʝʥʠʝ, ʟʘʛʣʫʙʣʝʥʥʦʝ ʥʠʞʝ ʫʨʦʚʥʷ ʧʣʘʥʠʨʦʚʦʯʥʦʡ ʦʪʤʝʪʢʠ ʟʝʤʣʠ ʥʘ ʛʣʫʙʠʥʫ 

12 ʤ (ʨʠʩ. 1). ɿʘ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʦʪʤʝʪʢʫ 0,000 ʤ ʧʨʠʥʷʪʘ ʦʪʤʝʪʢʘ ʚʝʨʭʘ ʘʢʢʫʤʫʣʠʨʫʶʱʝʛʦ 

ʨʝʟʝʨʚʫʘʨʘ. ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʨʝʟʝʨʚʫʘʨʘ ʚ ʧʣʘʥʝ ʩʦʩʪʘʚʣʷʶʪ 23,2ʭ26,2 ʤ. ʉʦʦʨʫʞʝʥʠʝ 

ʩʦʩʪʦʠʪ ʠʟ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʤʦʥʦʣʠʪʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʦ-

ʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʦʪʜʝʣʴʥʳʝ ʦʪʩʝʢʠ ʨʝʟʝʨʚʫʘʨʘ. ʂ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʦʪʥʦʩʷʪʩʷ 

ʥʠʞʥʷʷ ʬʫʥʜʘʤʝʥʪʥʘʷ ʧʣʠʪʘ ʪʦʣʱʠʥʦʡ 600 ʤʤ ʠ ʚʝʨʭʥʷʷ ʧʣʠʪʘ ʧʦʢʨʳʪʠʷ ʪʦʣʱʠʥʦʡ 400 ʤʤ. 

ʂ ʚʝʨʪʠʢʘʣʴʥʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʦʪʥʦʩʷʪʩʷ ʥʘʨʫʞʥʳʝ ʩʪʝʥʳ ʦʙʱʝʡ ʪʦʣʱʠʥʦʡ 1 100 ʤʤ (800 

ʤʤ+300 ʤʤ) ʠ ʚʥʫʪʨʝʥʥʠʝ ʩʪʝʥʳ ʪʦʣʱʠʥʦʡ 400 ʠ 300 ʤʤ. ɺʩʝ ʤʦʥʦʣʠʪʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚʳ-

ʧʦʣʥʷʶʪʩʷ ʠʟ ʙʝʪʦʥʘ ʢʣʘʩʩʘ ɺ30 ʥʘ ʛʨʘʥʠʪʥʦʤ ʱʝʙʥʝ. ʄʘʨʢʘ ʙʝʪʦʥʘ ʧʦ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ  

F150, ʧʦ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ W6.  

ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʣʦʱʘʜʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʜʚʫʭ 

ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ: ʘʣʣʶʚʠʘʣʴʥʦʛʦ ʠ ʦʩʥʦʚʥʦʛʦ ʥʘʜʲʶʨʩʢʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʇʦʜʟʝʤʥʳʝ ʚʦʜʳ ʘʣʣʶʚʠʘʣʴʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚʩʢʨʳʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʧʦʚʝʨʭ-

ʥʦʩʪʠ, ʥʘ ʛʣʫʙʠʥʝ 0,1 ʤ. ʇʦʜʟʝʤʥʳʝ ʚʦʜʳ ʥʘʜʲʶʨʩʢʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʩʢʨʳʪʳ ʥʘ 

ʛʣʫʙʠʥʘʭ 3,8 - 4,4 (ʥʘ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʠʷ ʠʟʳʩʢʘʥʠʡ).  

 

 

ʈʠʩ. 1. ɿʘʛʣʫʙʣʝʥʥʳʡ ʞ/ʙ ʨʝʟʝʨʚʫʘʨ. ʈʘʟʨʝʟ 

 

ɺʦʟʚʝʜʝʥʠʝ ʥʘʨʫʞʥʳʭ ʩʪʝʥ ʨʝʟʝʨʚʫʘʨʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʤʝʪʦʜʦʤ çʩʪʝʥʘ ʚ 

ʛʨʫʥʪʝè. ʋʩʪʨʦʡʩʪʚʦ ʢʦʥʩʪʨʫʢʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʫʨʦʚʥʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʝʣʴʝʬʘ, ʯʪʦ ʥʠʞʝ 

ʦʪʤʝʪʢʠ ʚʝʨʭʘ ʧʝʨʝʢʨʳʪʠʷ ʨʝʟʝʨʚʫʘʨʘ ʥʘ  4,5 ʤ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʦʪʨʳʚʢʘ 

ʪʨʘʥʰʝʠ ʧʦʜ ʩʣʦʝʤ ʛʣʠʥʠʩʪʦʛʦ ʨʘʩʪʚʦʨʘ. ʆʙʱʘʷ ʛʣʫʙʠʥʘ ʪʨʘʥʰʝʠ ʩʦʩʪʘʚʣʷʝʪ 12 ʤʝʪʨʦʚ, ʰʠ-
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ʨʠʥʘ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ 800 ʤʤ. ʆʩʥʦʚʘʥʠʝʤ ʩʪʝʥʳ ʷʚʣʷʝʪʩʷ ʛʣʠʥʘ ʩʝʨʦʚʘʪʦ-ʯʝʨʥʘʷ, ʧʦ-

ʣʫʪʚʝʨʜʘʷ, ʪʷʞʝʣʘʷ ʩ ʧʨʦʩʣʦʷʤʠ ʩʫʛʣʠʥʢʘ ʪʚʝʨʜʦʛʦ, ʩʣʶʜʠʩʪʘʷ, ʩʣʘʙʦʥʘʙʫʭʘʶʱʘʷ. ɿʘʛʣʫʙʣʝ-

ʥʠʝ çʩʪʝʥʳ ʚ ʛʨʫʥʪʝè ʚ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʡ ʩʣʦʡ ʛʨʫʥʪʘ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʦʟʜʘʥʠʶ ʚʦ-

ʜʦʥʝʧʨʦʥʠʮʘʝʤʦʛʦ ʵʢʨʘʥʘ, ʠʩʢʣʶʯʠʚ ʪʝʤ ʩʘʤʳʤ ʧʨʠʪʦʢ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚ ʢʦʪʣʦʚʘʥ ʠ ʚʩʧʣʳ-

ʪʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʨʝʟʝʨʚʫʘʨʘ ʚ ʧʝʨʠʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  

ʉʪʝʥʘ ʚʦʟʚʦʜʠʪʴʩʷ ʦʪʜʝʣʴʥʳʤʠ ʟʘʭʚʘʪʢʘʤʠ ʜʣʠʥʦʡ ʥʝ ʙʦʣʝʝ 6 ʤ. ʇʦʩʣʝ ʫʩʪʨʦʡʩʪʚʘ ʢʦʥ-

ʪʫʨʘ ʢʦʪʣʦʚʘʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʛʨʫʥʪʘ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʨʘʩʧʦʨʦʢ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʩʪʝʥ. ɿʘʪʝʤ ʤʝʪʦʜʦʤ ʧʦʜʚʦʜʥʦʛʦ ʙʝʪʦʥʠʨʦʚʘʥʠʷ ʫʩʪʨʘʠʚʘʝʪʩʷ ʪʘʤʧʦʥʘʞʥʳʡ ʩʣʦʡ ʙʝʪʦʥʘ 

ʪʦʣʱʠʥʦʡ 1ʤ. ʇʦʩʣʝ ʦʪʚʝʨʜʝʚʘʥʠʷ ʙʝʪʦʥʘ ʜʥʠʱʘ ʚʦʜʘ ʠʟ ʢʦʪʣʦʚʘʥʘ ʦʪʢʘʯʠʚʘʝʪʩʷ.  

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʜʥʘ ʨʝʟʝʨʚʫʘʨʘ ʧʦʚʝʨʭ ʪʘʤʧʦʥʘʞʥʦʛʦ ʩʣʦʷ 

ʙʝʪʦʥʘ, ʚʦʟʚʝʜʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥ, ʧʨʠʞʠʤʥʳʭ ʩʪʝʥʦʢ ʨʝʟʝʨʚʫʘʨʘ, ʥʘʨʫʞʥʳʭ ʩʪʝʥ ʨʝʟʝʨʚʫ-

ʘʨʘ ʚ ʧʨʦʜʦʣʞʝʥʠʝ çʩʪʝʥʳ ʚ ʛʨʫʥʪʝè ʠ ʧʝʨʝʢʨʳʪʠʷ. ʋʩʪʨʦʡʩʪʚʦ ʚʥʫʪʨʝʥʥʠʭ ʧʨʠʞʠʤʥʳʭ ʩʪʝʥ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʧʫʩʢʦʚ ʘʨʤʘʪʫʨʳ ʠʟ ʜʥʠʱʘ ʘʢʢʫʤʫʣʠʨʫʶʱʝʛʦ ʨʝʟʝʨʚʫʘʨʘ, ʘ 

ʧʨʦʜʦʣʞʝʥʠʝ ʥʘʨʫʞʥʳʭ ʩʪʝʥ ʨʝʟʝʨʚʫʘʨʘ - ʧʫʪʝʤ ʫʩʪʨʦʡʩʪʚʘ ʚʳʧʫʩʢʘ ʘʨʤʘʪʫʨʥʳʭ ʢʘʨʢʘʩʦʚ ʠʟ 

çʩʪʝʥʳ ʚ ʛʨʫʥʪʝè ʠ ʘʨʤʘʪʫʨʳ ʧʨʠʞʠʤʥʳʭ ʩʪʝʥ. ʉʦʧʨʷʞʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʥʠʱʘ ʨʝʟʝʨʚʫʘʨʘ 

ʩ ʧʨʠʞʠʤʥʳʤʠ ʩʪʝʥʘʤʠ ʚʳʧʦʣʥʷʝʪʩʷ ʞʝʩʪʢʠʤ. ɼʣʷ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʧʨʠʞʠʤʥʳʭ ʩʪʝʥ ʩʦ 

çʩʪʝʥʦʡ ʚ ʛʨʫʥʪʝè ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ çʩʪʝʥ ʚ ʛʨʫʥʪʝè ʚʳʧʦʣʥʠʪʴ 

ʙʝʪʦʥʥʳʝ ʰʧʦʥʢʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʟʘʢʣʘʜʥʳʭ ʜʝʪʘʣʝʡ ʠ ʫʜʝʨʞʠʚʘʶʱʠʭ ʘʨ-

ʤʘʪʫʨʥʳʭ ʩʢʦʙ (ʨʠʩ. 2). ɺ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʜʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʚʳʧʦʣʥʝʥʳ ʫʩʪʘʥʦʚʢʦʡ 

ʫʩʪʨʦʡʩʪʚʘ ʢʦʨʦʪʢʠʭ ʩʪʝʨʞʥʝʡ, ʠʤʠʪʠʨʫʶʱʠʭ ʨʘʙʦʪʫ ʙʝʪʦʥʥʳʭ ʰʧʦʥʦʢ. ʋʟʣʳ ʩʦʧʨʷʞʝʥʠʷ 

ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥ ʤʝʞʜʫ ʩʦʙʦʡ, ʩ ʧʨʠʞʠʤʥʳʤʠ ʩʪʝʥʘʤʠ ʠ ʧʝʨʝʢʨʳʪʠʝʤ ʨʝʟʝʨʚʫʘʨʘ ʚʳʧʦʣʥʝ-

ʥʳ ʞʝʩʪʢʠʤʠ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʘʥʢʝʨʫʶʱʝʡ ʘʨʤʘʪʫʨʳ. 
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ʈʠʩ. 3. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʙʝʪʦʥʥʳʭ ʰʧʦʥʦʢ  

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ çʩʪʝʥʳ ʚ ʛʨʫʥʪʝè ʠ ʧʨʠʞʠʤʥʦʡ ʩʪʝʥʳ ʚ ʦʩʠ ɸ 

 

 

ʅʝʠʟʤʝʥʷʝʤʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ çʩʪʝʥʳ ʚ ʛʨʫʥʪʝè ʚ ʧʝʨʠʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʦʪʣʦʚʘʥʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʩʪʘʥʦʚʢʠ ʨʘʩʧʦʨʦʢ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʪʝʥʳ ʠ ʟʘʛʣʫʙʣʝʥʠʷ ʥʠʞʥʝʡ ʯʘ-

ʩʪʠ ʩʪʝʥʳ ʥʠʞʝ ʧʣʘʥʠʨʦʚʦʯʥʦʡ ʦʪʤʝʪʢʠ ʜʥʘ ʢʦʪʣʦʚʘʥʘ. ɻʣʫʙʠʥʘ ʟʘʜʝʣʢʠ çʩʪʝʥʳ ʚ ʛʨʫʥʪʝè 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʯʝʪʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʞʝʩʪʢʦʩʪʴ ʠ ʥʝʠʟʤʝʥʷʝʤʦʩʪʴ ʥʠʞʥʝʡ ʯʘʩʪʠ çʩʪʝʥʘ ʚ 

ʛʨʫʥʪʝè ʚ ʧʝʨʠʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘʢʢʫʤʫʣʠʨʫʶʱʝʛʦ ʨʝʟʝʨʚʫʘʨʘ ʠ ʚ ʧʝʨʠʦʜ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʩʪʨʦʡʩʪʚʘ çʨʘʩʧʦʨʢʠè ʚ ʫʨʦʚʥʝ ʥʠʟʘ ʨʝʟʝʨʚʫʘʨʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ 

ʚʠʜʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʥʠʱʘ ʨʝʟʝʨʚʫʘʨʘ ʠ ʪʘʤʧʦʥʘʞʥʦʛʦ ʩʣʦʷ ʙʝʪʦʥʘ. ɺ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʞʝʩʪʢʦʩʪʴ ʥʘʨʫʞʥʳʭ ʩʪʝʥ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʨʦʡʩʪʚʦ ʞʝʩʪʢʠʭ ʫʟʣʦʚ ʩʦʧʨʷʞʝʥʠʷ ʩ ʤʦ-

ʥʦʣʠʪʥʳʤ ʧʝʨʝʢʨʳʪʠʝʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʦʙʦʡ ʞʝʩʪʢʠʡ ʜʠʩʢ ʧʦʢʨʳʪʠʷ. 

ʅʘ ʧʝʨʝʢʨʳʪʠʠ ʘʢʢʫʤʫʣʠʨʫʶʱʝʛʦ ʨʝʟʝʨʚʫʘʨʘ ʤʦʥʪʠʨʫʶʪʩʷ ʩʪʘʥʮʠʠ ʦʯʠʩʪʢʠ ʣʠʚʥʝʚʳʭ 

ʩʪʦʢʦʚ. ʄʦʥʪʘʞ ʩʪʘʥʮʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʢʣʘʜʥʳʭ ʜʝʪʘʣʝʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʚ 

ʧʝʨʝʢʨʳʪʠʠ ʘʢʢʫʤʫʣʠʨʫʶʱʝʛʦ ʨʝʟʝʨʚʫʘʨʘ. 

ʅʘ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʦʨʫʞʝʥʠʡ ʜʝʡʩʪʚʫʶʪ ʥʘʛʨʫʟʢʠ [3],[4]: ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʩ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʛʨʫʥʪʘ ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʪʨʘʥʩʧʦʨʪʘ ʠ ʩʢʣʘʜʠʨʫʝʤʦ-

ʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘʛʨʫʟʢʠ ʦʪ ʩʪʘʥʮʠʠ ʦʙʨʘʙʦʪʢʠ ʚʦʜ ʥʘ ʧʝʨʝʢʨʳʪʠʝ ʨʝʟʝʨʚʫʘʨʘ, ʟʘʧʦʣʥʝʥʠʝ ʨʝ-

ʟʝʨʚʫʘʨʘ ʚʦʜʦʡ, ʩʥʝʛʦʚʦʡ ʥʘʛʨʫʟʢʠ, ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ, ʧʦʜʧʦʨʘ ʚʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʩʧʣʳ-

ʪʠʶ ʨʝʟʝʨʚʫʘʨʘ. ɿʥʘʯʝʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʛʨʫʟʦʢ ʦʧʨʝʜʝʣʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʉʇ 

20.13330.2016  ʅʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʉʇ 22.13330.2016 ʆʩʥʦʚʘʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʘʢʢʫʤʫʣʠʨʫʶʱʝʛʦ ʧʦʜʟʝʤʥʦʛʦ ʞ/ʙ ʨʝʟʝʨʚʫʘʨʘ 

ʚʳʧʦʣʥʷʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ SCAD Office 11.5. ʊʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ 

ʇʂ çSCAD Officeè ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ), ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʬʦʨʤʝ ʧʝ-

ʨʝʤʝʱʝʥʠʡ. ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʘʢʢʫʤʫʣʠʨʫʶʱʝʛʦ ʨʝʟʝʨʚʫʘʨʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʠʩʪʝʤʫ ʠʟ ʧʣʘʩʪʠʥʯʘʪʳʭ ʠ ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʨʦʝʢʪʥʦʡ ʪʦʣʱʠʥʳ (ʨʠʩ. 4). ʅʠʞʥʷʷ ʠ ʚʝʨʭʥʷʷ ʧʣʠʪʳ, ʩʪʝʥʳ ʠ ʧʝʨʝʛʦʨʦʜʢʠ ʨʝʟʝʨʚʫʘʨʘ ʨʘʩ-

ʩʯʠʪʘʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʣʷ ʨʘʩʯʝʪʘ 

ʦʙʦʣʦʯʝʢ ʂʕ 44. 
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ʈʠʩ. 4. ʆʙʱʠʡ ʚʠʜ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ 

ɺ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʢʦʥʩʪʨʫʢʮʠʷ çʩʪʝʥʳ ʚ ʛʨʫʥʪʝè ʚʳʧʦʣʥʝʥʘ ʜʦ ʫʨʦʚʥʷ ʜʥʠʱʘ ʨʝʟʝʨ-

ʚʫʘʨʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʤʝʩʪʝ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʰʘʨʥʠʨʘ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʰʘʨʥʠʨʘ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʙʝʪʦʥʠʨʦʚʘʥʠʷ 

çʩʪʝʥʳ ʚ ʛʨʫʥʪʝè ʩ ʥʘʨʫʞʥʦʡ ʩʪʦʨʦʥʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘʣʠʯʠʝ ʢʦʨʨʦʟʠʠ ʘʨʤʘʪʫʨʳ ʨʘʩʪʷʥʫ-

ʪʦʡ ʟʦʥʳ ʙʝʪʦʥʘ ʚ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʦʨʫʞʝʥʠʷ.  

ʊʝʭʥʦʣʦʛʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ çʩʪʝʥʳ ʚ ʛʨʫʥʪʝè ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʦʪʜʝʣʴ-

ʥʳʤʠ ʟʘʭʚʘʪʢʘʤʠ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʥʘʨʫʞʥʳʭ ʩʪʝʥ ʙʳʣʦ ʚʚʝʜʝʥʦ ʨʘʟʜʝ-

ʣʝʥʠʝ ʫʟʣʦʚ ʧʣʘʩʪʠʥʯʘʪʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʫʯʘʩʪʢʠ, ʧʨʠʙʣʠʞʝʥʥʦ ʨʘʚʥʳʝ ʜʣʠʥʘʤ ʟʘʭʚʘʪʦʢ. ʇʦ 

ʜʘʥʥʳʤ ʫʟʣʘʤ ʚ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʚʚʝʜʝʥʳ çʦʙʲʝʜʠʥʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡè ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʦʩʝʡ X ʠ Y ʜʣʷ ʫʯʝʪʘ ʠʭ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

ʇʦ ʢʦʥʪʫʨʫ ʥʘʨʫʞʥʳʭ ʩʪʝʥ ʚ ʫʟʣʘʭ ʜʦʙʘʚʣʝʥʳ ʩʚʷʟʠ ʢʦʥʝʯʥʦʡ ʞʝʩʪʢʦʩʪʠ (ʂʕ 51) ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠ Z, ʠʤʠʪʠʨʫʶʱʠʝ ʦʧʠʨʘʥʠʝ çʩʪʝʥʳ ʚ ʛʨʫʥʪʝè ʥʘ ʦʩʥʦʚʘʥʠʝ. ʅʘ 1 ʤ/ʧ ʧʨʠʭʦ-

ʜʠʪʩʷ 2 ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘ ʂʕ51. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʞʝʩʪʢʦʩʪʴ ʩʚʷʟʝʡ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ 300 ʪ/ʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʩʘʜʢʝ ʚ 17 ʤʤ ʜʣʷ ʫʯʘʩʪʢʘ ʩʪʝʥʳ ʪʦʣʱʠʥʦʡ 800 ʤʤ ʠ ʜʣʠʥʦʡ 1000 ʤʤ ʧʨʠ 

ʧʨʠʣʦʞʝʥʠʠ ʥʘʛʨʫʟʢʠ 10 ʪ. ʇʦ ʢʦʥʪʫʨʫ ʥʘʨʫʞʥʳʭ ʩʪʝʥ ʚʚʝʜʝʥʳ ʩʚʷʟʠ ʚ ʫʟʣʘʭ ʧʦ ʥʘʧʨʘʚʣʝʥʠ-

ʷʤ ʦʩʝʡ X ʠ Y ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʦʜ ʩʦʦʨʫʞʝʥʠʝʤ ʚʳʧʦʣʥʷʝʪʩʷ ʪʘʤʧʦʥʘʞʥʳʡ ʩʣʦʡ ʙʝʪʦʥʘ, 

ʠʩʢʣʶʯʘʶʱʠʡ ʧʝʨʝʤʝʱʝʥʠʷ çʩʪʝʥʳ ʚ ʛʨʫʥʪʝè ʧʦ ʜʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʇʨʠʞʠʤʥʘʷ ʩʪʝʥʢʘ 

ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʧʣʘʩʪʠʥʯʘʪʳʤʠ ʢʦʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʂʕ44. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʚʤʝʩʪ-

ʥʦʡ ʨʘʙʦʪʳ ʢʦʥʩʪʨʫʢʮʠʠ çʩʪʝʥʳ ʚ ʛʨʫʥʪʝè ʠ ʧʨʠʞʠʤʥʦʡ ʩʪʝʥʢʠ ʚ ʦʪʜʝʣʴʥʳʭ ʤʝʩʪʘʭ ʚ ʨʘʩ-

ʯʝʪʥʦʡ ʤʦʜʝʣʠ ʚʳʧʦʣʥʝʥʦ ʦʙʲʝʜʠʥʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ ʫʟʣʦʚ ʧʣʘʩʪʠʥ çʩʪʝʥʳ ʚ ʛʨʫʥʪʝè ʠ 

ʧʨʠʞʠʤʥʦʡ ʩʪʝʥʢʠ.  

ʇʦʜʙʦʨ ʠ ʧʨʦʚʝʨʢʘ ʩʝʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʨʝʟʝʨʚʫʘʨʘ ʧʨʦʠʟʚʝʜʝʥʘ ʩʨʘʚʥʝʥʠʷʤʠ ʜʦʧʫʩʢʘʝ-

ʤʳʭ ʫʩʠʣʠʡ ʩ ʫʩʠʣʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʨʘʩʯʝʪʝ ʥʘ ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʢʦʤʙʠʥʘ-

ʮʠʠ ʟʘʛʨʫʞʝʥʠʡ. ʇʨʠ ʧʨʦʚʝʨʢʝ ʩʝʯʝʥʠʡ ʚ çSCADè ʙʳʣ ʫʯʪʝʥ ʪʠʧ ʵʣʝʤʝʥʪʘ ʠ ʜʘʥʥʳʝ, ʥʝʦʙ-

ʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʉʇ 52-101 -2003. ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʣʩʷ ʥʘ ʜʝʡʩʪʚʠʝ 

ʨʘʩʯʝʪʥʳʭ ʩʦʯʝʪʘʥʠʡ ʫʩʠʣʠʡ, ʚʳʯʠʩʣʝʥʥʳʭ ʚ ɺʂ çSCAD Officeè. ʇʦʜʙʦʨ ʘʨʤʠʨʦʚʘʥʠʷ ʜʣʷ 

ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʨʝʟʝʨʚʫʘʨʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ ʧʦʩʪʧʨʦʮʝʩʩʦʨʝ çɾʝʣʝʟʦʙʝʪʦʥ çSCAD Officeè. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠ ʚ ʚʠʜʝ ʢʘʨʪ ʪʨʝʙʫʝʤʦʛʦ ʩʝʯʝʥʠʷ ʘʨʤʘʪʫʨʳ ʜʣʷ 
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ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʨʝʟʝʨʚʫʘʨʘ. ɻʨʫʥʪʦʚʦʝ ʦʩʥʦʚʘʥʠʝ ʨʝʟʝʨʚʫʘʨʘ ʚ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ  ʧʨʠʥʷʪʦ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʤ ʤʦʜʝʣʠ ɺʠʥʢʣʝʨʘ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʩʪʝʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʤʦʜʫʣʝ 

çʂʈʆʉʉ çSCAD Officeè ʩ ʫʯʝʪʦʤ ʜʝʡʩʪʚʫʶʱʠʭ ʫʩʠʣʠʡ ʧʦʜ ʬʫʥʜʘʤʝʥʪʥʦʡ ʧʣʠʪʦʡ, ʛʨʫʥʪʦʚʳʭ 

ʫʩʣʦʚʠʡ ʧʣʦʱʘʜʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʨʘʩʯʝʪʥʫʶ ʤʦʜʝʣʴ ʨʝʟʝʨʚʫʘʨʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʘʥʮʠʠ ʃʆʉ ʠ ʘʢʢʫʤʫʣʠʨʫʶʱʝʛʦ ʨʝʟʝʨʚʫʘʨʘ ʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʧʝʨʝʤʝʱʝʥʠʡ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʨʤʘʪʠʚʥʳʤ ʟʥʘʯʝʥʠʷʤ (ʨʠʩ. 5).  

 

 

ʈʠʩ. 5. ʇʝʨʝʤʝʱʝʥʠʷ ʩʠʩʪʝʤʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠ ʍ ʧʨʠ ʢʦʤʙʠʥʘʮʠʠ ʥʘʛʨʫʟʦʢ 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʢʨʳʪʠʷ ʨʝ-

ʟʝʨʚʫʘʨʘ ʩʦʩʪʘʚʠʣʠ 6ʤʤ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʪʝʥ ʨʝʟʝʨʚʫʘʨʘ ʦʪ ʜʘʚʣʝ-

ʥʠʷ ʛʨʫʥʪʘ ʩʦʩʪʘʚʠʣʠ 10 ʤʤ (ʨʠʩ. 6), ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥ ʦʪ ʟʘ-

ʧʦʣʥʝʥʠʷ ʨʝʟʝʨʚʫʘʨʘ ʚʦʜʦʡ ʩʦʩʪʘʚʠʣʠ 3ʤʤ.  ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʧʨʦʛʠʙʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʧʨʦʣʝʪʝ 6ʤ ʩʦʩʪʘʚʣʷʶʪ 30 ʤʤ. 

 

ʈʠʩ. 6. ʇʝʨʝʤʝʱʝʥʠʷ ʩʪʝʥʳ ʨʝʟʝʨʚʫʘʨʘ ʧʦ ʦʩʠ  ɸ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠY  

ʉʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ çʩʪʝʥʳ ʚ ʛʨʫʥʪʝè ʠ ʧʨʠʞʠʤʥʳʭ ʩʪʝʥʦʢ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʫʩʪʨʦʡʩʪʚʘ ʙʝʪʦʥʥʳʭ ʰʧʦʥʦʢ ʚ ʪʝʣʝ çʩʪʝʥʳ ʚ ʛʨʫʥʪʝè ʠ ʦʙʚʷʟʦʯʥʦʛʦ ʧʦʷʩʘ, ʚ ʚʠʜʝ ʦʙʱʝʡ 

ʩʪʝʥʳ ʪʦʣʱʠʥʦʡ  1100ʤʤ, ʨʘʩʧʦʣʘʛʘʝʤʦʛʦ ʩ ʦʪʤʝʪʢʠ -4,500 ʤ ʜʦ ʥʠʟʘ ʧʝʨʝʢʨʳʪʠʷ ʥʘ ʦʪʤʝʪʢʝ 
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-0,600ʤ. ɹʝʪʦʥʥʳʝ ʰʧʦʥʢʠ ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʟʤʝʨʦʤ 250ʭ250 ʤʤ ʠ ʛʣʫʙʠʥʦʡ 90 ʤʤ. ʐʘʛ ʰʧʦ-

ʥʦʢ ʩ ʦʪʤʝʪʢʠ -12,000 ʤ ʜʦ ʦʪʤʝʪʢʠ -8,000 ʤ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʩʦʩʪʘʚʣʷʝʪ 1ʤ, ʩ ʦʪʤʝʪʢʠ -8,000 ʜʦ ʦʪʤʝʪʢʠ -5,000 ʤ ï 1,5 ʤ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʦʪʨʳʚʘ ʧʨʠ-

ʞʠʤʥʦʡ ʩʪʝʥʳ ʦʪ çʩʪʝʥʳ ʚ ʛʨʫʥʪʝè ʚ ʤʝʩʪʘʭ ʫʩʪʨʦʡʩʪʚʘ ʰʧʦʥʦʢ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʩʚʘʨʥʳʝ ʩʦ-

ʝʜʠʥʝʥʠʷ ʟʘʢʣʘʜʥʳʭ ʜʝʪʘʣʝʡ ʠ ʩʢʦʙ ʠʟ ʘʨʤʘʪʫʨʥʳʭ ʩʪʨʝʞʥʝʡ. ɺʝʣʠʯʠʥʳ ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʰʧʦʥʢʘʭ ʫʩʠʣʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 7, 8. 

 

 

ʈʠʩ. 7. ʉʭʝʤʘ ʫʩʠʣʠʡ N ʚ ʙʝʪʦʥʥʳʭ ʰʧʦʥʢʘʭ ʚ ʩʪʝʥʝ ʧʦ ʦʩʠ ɸ  

ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʦʩʪʦʷʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ 

 

ʈʠʩ. 8. ʉʭʝʤʘ ʫʩʠʣʠʡ Q ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠ Z ʚ ʙʝʪʦʥʥʳʭ ʰʧʦʥʢʘʭ  ʚ ʩʪʝʥʝ ʧʦ ʦʩʠ ɸ  

ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʦʩʪʦʷʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʝʥʦ ʘʨʤʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʧʝʨʝʢʨʳʪʠʷ, ʩʪʝʥ ʠ ʜʥʠʱʘ [1], [2] (ʨʠʩ. 9-13). 
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ɼʥʠʱʝ ʪʦʣʱʠʥʦʡ 0,6 ʤ. ɺʝʨʭʥʠʝ ʠ ʥʠʞʥʠʝ ʘʨʤʘʪʫʨʥʳʝ ʩʝʪʢʠ ʚʳʧʦʣʥʝʥʳ ʠʟ ʘʨʤʘʪʫʨʳ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʜʠʘʤʝʪʨʦʤ 16 ʤʤ ɸ500ʉ ʧʦ ɻʆʉʊ ʈ 52544-2006 ʩ ʰʘʛʦʤ 200 ʤʤ 

(ʨʠʩ. 9). ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩʪʝʨʞʥʷʤʠ ʜʠʘʤʝʪʨʦʤ 16 ʠ 20 ʤʤ ɸ500ʉ 

ʧʦ ɻʆʉʊ ʈ 52544-2006 ʩ ʰʘʛʦʤ 200 ʤʤ.  

 

ʈʠʩ. 9. ɺʝʨʭʥʝʝ ʘʨʤʠʨʦʚʘʥʠʝ ʜʥʘ ʨʝʟʝʨʚʫʘʨʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠ ʍ (ʦʪ ʦʩʠ 1 ʢ ʦʩʠ 5) 

ʊʦʣʱʠʥʳ ʥʘʨʫʞʥʳʭ ʩʪʝʥʳ ʧʨʠʥʷʪʳ ʧʦ 0.8 ʤ. ɺʝʨʪʠʢʘʣʴʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ ʩʪʝʥʳ ʩʦ 

ʩʪʦʨʦʥʳ ʨʝʟʝʨʚʫʘʨʘ ʚʳʧʦʣʥʷʝʪʩʷ ʠʟ ʧʘʨʥʳʭ ʩʪʝʨʞʥʝʡ Ï25 ʠ 20 ʤʤ ɸ500ʉ ʧʦ ɻʆʉʊ ʈ 52544-

2006ʩ ʰʘʛʦʤ 150 ʤʤ, ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʘʨʤʘʪʫʨʥʳʤʠ ʩʪʝʨʞʥʷʤʠ 

Ï25 ʤʤ ɸ500ʉ ʧʦ ɻʆʉʊ ʈ 52544-2006ʩ ʰʘʛʦʤ 200 ʤʤ (ʨʠʩ. 10). ʉʦ ʩʪʦʨʦʥʳ ʛʨʫʥʪʘ ʚʝʨʪʠ-

ʢʘʣʴʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʘʨʤʘʪʫʨʥʳʤʠ ʩʪʝʨʞʥʷʤʠ Ï20ʤʤ ɸ500ʉ ʧʦ ɻʆʉʊ ʈ 52544-

2006ʩ ʰʘʛʦʤ 150 ʤʤ, ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ - ʘʨʤʘʪʫʨʥʳʤʠ ʩʪʝʨʞʥʷʤʠ Ï12 ʤʤ ɸ500ʉ ʧʦ ɻʆʉʊ ʈ 

52544-2006ʩ ʰʘʛʦʤ 200 ʤʤ. ɺ ʤʝʩʪʘʭ ʣʦʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʫʩʪʨʘʠʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʘʨʤʠʨʦʚʘʥʠʝ ʘʨʤʘʪʫʨʥʳʤʠ ʩʪʝʨʞʥʷʤʠ Ï20 ʤʤ ɸ500ʉ. ʉ ʫʯʝʪʦʤ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʘʨʤʠ-

ʨʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ çʩʪʝʥʳ ʚ ʛʨʫʥʪʝè ʧʨʠʥʷʪʦ ʟʘʚʳʰʝʥʥʳʤ ʥʘ 15 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʪʘʥʜʘʨʪʥʦʡ ʩʠʪʫʘʮʠʝʡ. 

 

ʈʠʩ. 10. ɺʝʨʭʥʝʝ ʘʨʤʠʨʦʚʘʥʠʝ çʩʪʝʥʳ ʚ ʛʨʫʥʪʝè ʧʦ ʦʩʠ ɸ (ʩʦ ʩʪʦʨʦʥʳ ʨʝʟʝʨʚʫʘʨʘ) 

 ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ Y (ʚʝʨʪʠʢʘʣʴʥʘʷ) ʩʣʝʚʘ ʦʩʴ ɸ, ʩʧʨʘʚʘ ʦʩʴ ɼ 
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ʊʦʣʱʠʥʘ ʧʨʠʞʠʤʥʳʭ ʩʪʝʥʦʢ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ 0,3 ʤ. ʆʩʥʦʚʥʦʡ ʬʦʥ ʘʨʤʠʨʦʚʘʥʠʷ 

ʜʘʥʥʳʭ ʩʪʝʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʨʤʘʪʫʨʥʳʤʠ ʩʪʝʨʞʥʷʤʠ Ï16 ɸ500ʉ ʧʦ ɻʆʉʊ ʈ 52544-2006 

ʩ ʰʘʛʦʤ 200 ʤʤ (ʨʠʩ. 11). ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ ʚ ʤʝʩʪʘʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʪʝʨʞʥʷʤʠ Ï20 ʠ 25 ʤʤ ʩ ʰʘʛʦʤ 200 ʤʤ. ɺʳʧʫʩʢʠ ʠʟ ʬʫʥʜʘʤʝʥʪʥʦʡ ʧʣʠʪʳ ʚʳ-

ʧʦʣʥʷʶʪʩʷ ʘʨʤʘʪʫʨʥʳʤʠ ʩʪʝʨʞʥʷʤʠ Ï25 ʤʤ ʩ ʰʘʛʦʤ 100 ʤʤ.  

 

 

 

ʈʠʩ. 11. ʅʠʞʥʝʝ ʘʨʤʠʨʦʚʘʥʠʝ ʧʨʠʞʠʤʥʦʡ ʩʪʝʥʳ ʧʦ ʦʩʠ ɸ (ʩʦ ʩʪʦʨʦʥʳ ʛʨʫʥʪʘ)  

ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʍ (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ) ʩʣʝʚʘ ʦʩʴ ɸ, ʩʧʨʘʚʘ ʦʩʴ ɼ 

 

ʊʦʣʱʠʥʳ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥ ʧʨʠʥʷʪʳ ʧʦ 0,4 ʤ. ɺʦ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥʘʭ: ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʩʪʝʨʞʥʠ ʜʠʘʤʝʪʨʦʤ 16 ʤʤ ɸ500ʉ ʧʦ ɻʆʉʊ ʈ 52544-2006 ʩ ʰʘʛʦʤ 200 ʤʤ, ʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ - 

ʧʨʠʥʷʪʳ ʜʠʘʤʝʪʨʦʤ 16 ʤʤ ɸ500ʉ ʧʦ ɻʆʉʊ ʈ 52544-2006 ʩ ʰʘʛʦʤ 200 ʤʤ (ʨʠʩ. 12). ɼʦʧʦʣʥʠ-

ʪʝʣʴʥʦʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʩʪʝʨʞʥʷʤʠ ʜʠʘʤʝʪʨʦʤ 16 

ʤʤ ɸ500ʉ ʧʦ ɻʆʉʊ ʈ 52544-2006 ʩ ʰʘʛʦʤ 200 ʤʤ. 

 

 

ʈʠʩ. 12. ɺʝʨʭʥʝʝ ʠ ʥʠʞʥʝʝ ʘʨʤʠʨʦʚʘʥʠʝ ʩʪʝʥʳ ʧʦ ʦʩʠ ɹ  

ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʍ (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ) ʦʩʴ 2 ʩʣʝʚʘ ʦʩʴ 5 ʩʧʨʘʚʘ 

 

 

ɺʝʨʭʥʷʷ ʧʣʠʪʘ ʧʦʢʨʳʪʠʷ ʧʨʠʥʷʪʘ ʪʦʣʱʠʥʦʡ 0,4 ʤ ʠ ʘʨʤʠʨʫʝʪʩʷ ʩʪʝʨʞʥʷʤʠ ʜʠʘʤʝʪ-

ʨʦʤ 16 ʤʤ ɸ500ʉ ʧʦ ɻʆʉʊ ʈ 52544-2006 ʩ ʰʘʛʦʤ 200 ʤʤ (ʨʠʩ. 13). ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʘʨʤʠʨʦ-

ʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʩʪʝʨʞʥʷʤʠ ʜʠʘʤʝʪʨʦʤ 20 ʤʤ ɸ500ʉ ʧʦ ɻʆʉʊ ʈ 52544-2006 ʩ ʰʘʛʦʤ 200 

ʤʤ. 
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ʈʠʩ. 13. ʅʠʞʥʝʝ ʘʨʤʠʨʦʚʘʥʠʝ ʧʝʨʝʢʨʳʪʠʷ ʨʝʟʝʨʚʫʘʨʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ Y (ʦʪ ʦʩʠ ɸ ʢ ʦʩʠ ɼ) 

 

ɺʳʚʦʜʳ 

 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʥʘ ʧʨʠʤʝʨʝ ʨʘʩʯʝʪʘ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʘʢʢʫʤʫʣʠʨʫʶʱʝʛʦ ʨʝʟʝʨʚʫʘʨʘ ʤʝ-

ʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ ʧʨʠʞʠʤʥʳʭ ʩʪʝʥ ʨʝʟʝʨʚʫʘʨʘ ʩ ʢʦʥʩʪʨʫʢʮʠʝʡ 

çʩʪʝʥʘ ʚ ʛʨʫʥʪʝè ʟʘ ʩʯʝʪ ʫʩʪʨʦʡʩʪʚʘ ʙʝʪʦʥʥʳʭ ʰʧʦʥʦʢ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʟʘʢʣʘʜ-

ʥʳʭ ʜʝʪʘʣʝʡ ʠ ʫʜʝʨʞʠʚʘʶʱʠʭ ʘʨʤʘʪʫʨʥʳʭ ʩʢʦʙ. ɺ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʜʘʥʥʳʡ ʤʝʪʦʜ ʨʝʘʣʠʟʦ-

ʚʘʥ ʟʘ ʩʯʝʪ ʫʩʪʨʦʡʩʪʚʘ ʢʦʨʦʪʢʠʭ ʩʪʝʨʞʥʝʡ, ʠʤʠʪʠʨʫʶʱʠʭ ʨʘʙʦʪʫ ʙʝʪʦʥʥʳʭ ʰʧʦʥʦʢ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

 

1. ʂʝʣʴʥʝʨ ɸ.ɻ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʙʦʨʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʝʟʝʨʚʫʘ-

ʨʘ: ʤʝʪʦʜ. ʫʢʘʟʘʥʠʷ ʢ ʧʨʘʢʪʠʯʝʩʢʠʤ ʟʘʥʷʪʠʷʤ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɾʝʣʝʟʦʙʝʪʦʥʥʳʝ ʠʥʞʝ-

ʥʝʨʥʳʝ ʩʦʦʨʫʞʝʥʠʷè/ ɸ.ɻ. ʂʝʣʴʥʝʨ. - ʆʤʩʢ: ʉʠʙɸɼʀ, 2011. ï 72 ʩ. 

2. ʇʦʩʦʙʠʝ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʙʝʪʦʥʥʳʭ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʪʷʞʝʣʦʛʦ 
ʙʝʪʦʥʘ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʘʨʤʘʪʫʨʳ (ʢ ʉʇ 52-101 -2003)/ ʎʅʀʀ-

ʇʈʆʄɿɼɸʅʀʁ, ʅʀʀɾɹ. - ʄ., 2004. 

3. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ: ʫʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ/ ɺ.ɸ. ʗʨʦʚ, ʆ.ʇ. 

ʄʝʜʚʝʜʝʚʘ. - ʄ.: ʀʟʜ-ʚʦ ɸʉɺ, 1997. ï 160 ʩ. 

4. ʇʨʠʤʝʨʳ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦ ʉʇ 52-101-

2003: ʫʯʝʙ. ʧʦʩʦʙʠʝ/ ɹ.ʉ. ʉʦʢʦʣʦʚ. ɻ.ʇ. ʅʠʢʠʪʠʥ, ɸ.ʅ. ʉʝʜʦʚ. ï ʂʘʟʘʥʴ: ʂɻɸʉʋ. 

5. ʈʘʩʯʝʪ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ: ʫʯʝʙ. ʧʦʩʦʙʠʝ/ ɺ.ɺ. 

ʃʝʜʝʥʝʚ,  ɺ.ɻ. ʆʜʥʦʣʴʢʦ, ɸ.ɺ. ʍʫʜʷʢʦʚ. ï ʊʘʤʙʦʚ : ʀʟʜ-ʚʦ ʊʘʤʙʦʚ. ʛʦʩ. ʪʝʭʥ. ʫʥ-ʪʘ, 

2007. ï 128 ʩ.  
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ʈɸʉʏɽʊ ʀ ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʂʆʅʉʊʈʋʂʎʀʁ  

ʀɿ ʇʆʃʀʄɽʈʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

ʋɼʂ 624.011.1:539.3 

ʂʆʅɽʏʅʆ-ʕʃɽʄɽʅʊʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ  

ʅɸʇʈʗɾɽʅʅʆ-ɼɽʌʆʈʄʀʈʆɺɸʅʅʆɻʆ ʉʆʉʊʆʗʅʀʗ  

ʅɽʉʋʑɽʁ ʉʀʉʊɽʄʓ ɼɽʈɽɺʗʅʅʆɻʆ ɿɼɸʅʀʗ 

ɻ.ɽ. ɻʘʙʨʠʝʣʷʥ
1
, ɺ.ʉ. ɺʘʨʥʘʚʩʢʠʡ

2
, ɺ.ʄ. ʌʣʘʚʠʘʥʦʚ

3
, ʅ.ʌ. ɻʦʣʝʚʘ

4 

ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ1,2,3,4 

ʈʦʩʩʠʷ, ʛ. ɺʦʨʦʥʝʞ 

1 ʂʘʥʜ. ʪʝʭ. ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ 
2 ʂʘʥʜ. ʪʝʭ. ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ 
3 ʉʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ, e-mail: flav@inbox.ru 
4 ʉʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ 

 
ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) ʚʳʧʦʣʥʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʥʝʩʫʱʝʡ 

ʩʠʩʪʝʤʳ ʜʝʨʝʚʷʥʥʦʛʦ ʟʜʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʩʚʠʥʦʢʦʤʧʣʝʢʩʘ), ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦ-
ʚʦʢʫʧʥʦʩʪʴ ʩʪʨʦʧʠʣʴʥʳʭ ʬʝʨʤ ʠ ʩʪʦʝʢ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʩʚʷʟʷʤʠ. ʈʘʩʯʝʪʥʘʷ ʤʦ-
ʜʝʣʴ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʝʨʞʥʝʚʫʶ ʤʦʜʝʣʴ. ʇʨʦʠʟʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴ-
ʪʘʪʦʚ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʜʘʥʥʳʤʠ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ. ʅʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʃʠʧʝʮʢʠʤ 
ʘʢʘʜʝʤʠʯʝʩʢʠʤ ʥʘʫʯʥʦ-ʪʚʦʨʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ çʈʝʢʦʤʝʥ-
ʜʘʮʠʡ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʠʟʛʦʪʦʚʣʝʥʠʶ ʜʦʱʘʪʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ ʧʣʘ-
ʩʪʠʥʘʭè. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʧʨʷ-
ʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚʳʚʦʜʳ ʦ ʢʦʨʨʝʢʪʥʦʩʪʠ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʄʂʕ ʠ ʥʝʦʙʭʦʜʠ-
ʤʦʩʪʠ ʚʥʝʩʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʥʝʩʫʱʠʝ ʵʣʝʤʝʥʪʳ ʢʘʨʢʘʩʘ ʟʜʘʥʠʷ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʨʝʚʷʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʬʝʨʤʘ; ʥʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ, ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
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Numerical modeling of structures of wood building carrying system was performed based on the finite ele-

ments method.   Intensive farming wood girder carrying system is the complex of trusses and piers joined with vertical 

and horizontal connections. Computational model of carrying system is a spatial truss model. The results of numerical 

investigations were compared with the data of full-scale tests. Full-scale tests were executed by Lipetsk academic scien-

tific creativity center of construction and architecture according to the requirements ñRecommendations for design and 

fabrication of  woodworks with connections on metal toothed platesò. Due to the results of numerical modeling analysis 

and full-scale tests there were founded the peculiarities of deflected mode, formulated the conclusions about the cor-

rectness of computational scheme and the necessity of structural changes in building frame carrying members.  
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ɺʚʝʜʝʥʠʝ 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ  ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʝʩʫʱʠʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʩʣʦʞʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʠʩʧʦʣʴʟʫʶʪ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʩʨʝ-

ʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʄʂʕ. ɺʝʜʫʱʝʝ ʧʦʣʦʞʝʥʠʝ 

ʵʪʦʛʦ ʤʝʪʦʜʘ ʦʙʲʷʩʥʷʝʪʩʷ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʴʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʦʡ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ: 

ʥʝʟʘʚʠʩʠʤʦʩʪʴʶ ʨʘʩʯʝʪʘ ʦʪ ʪʠʧʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʫʧʨʦʱʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʫʯʝʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʯʝʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʦʢʨʫʞʘʶʱʝʡ ʠʭ 

ʩʨʝʜʦʡ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʩʯʝʪʘ ʥʘ ʣʶʙʦʤ ʝʛʦ ʵʪʘʧʝ. ʉʨʘʚʥʠʪʝʣʴʥʦʤʫ ʘʥʘʣʠʟʫ 

ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʄʂʕ ʠ ʜʘʥʥʳʭ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʢʘʨʢʘʩʘ 

ʟʜʘʥʠʷ ʧʦʩʚʷʱʝʥʘ ʵʪʘ ʩʪʘʪʴʷ. ʅʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʃʠʧʝʮʢʠʤ ʘʢʘʜʝʤʠʯʝ-

ʩʢʠʤ ʥʘʫʯʥʦ-ʪʚʦʨʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠ-

ʷʤʠ çʈʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʠʟʛʦʪʦʚʣʝʥʠʶ ʜʦʱʘʪʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʩʦʝʜʠʥʝʥʠ-

ʷʤʠ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ ʧʣʘʩʪʠʥʘʭè, ʘ ʪʘʢʞʝ ʉʇ 64.13330.2011. çɼʝʨʝʚʷʥʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠè. ʈʫʢʦʚʦʜʩʪʚʦ ʠʩʧʳʪʘʥʠʷʤʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʦʬ. ɺ.ɺ. ɿʚʝʨʝʚʳʤ. ʂʦʤʧʴʶʪʝʨ-

ʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʘʚʪʦʨʘʤʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 

 

ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʥʩʪʨʫʢʮʠʡ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʟʜʘʥʠʷ 

 

ɼʝʨʝʚʷʥʥʘ ̫ʥʝʩʫʱʘʷ ʩʠʩʪʝʤʳ ʬʝʨʤʳ ʩʚʠʥʦʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧ-

ʥʦʩʪʴ ʩʪʨʦʧʠʣʴʥʳʭ ʬʝʨʤ ʠ ʩʪʦʝʢ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʩʚʷʟʷʤʠ 

[1 - 4]. ʆʧʠʨʘʥʠʝ ʬʝʨʤʳ ʧʦ ʥʘʨʫʞʥʦʡ ʩʪʦʨʦʥʝ ʚʳʧʦʣʥʝʥʦ ʥʘ ʩʪʦʡʢʠ ʠʟ ʪʨʝʭ ʜʦʩʦʢ ʩʝʯʝʥʠʝʤ 

50ʭ150 ʤʤ
2
. ʇʦ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ - ʥʘ ʩʪʦʡʢʠ ʠʟ ʜʚʫʭ ʜʦʩʦʢ ʩʝʯʝʥʠʝʤ 50ʭ150 ʤʤ

2 
[2, 4]. 

ʉʦʝʜʠʥʝʥʠʷ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚʳʧʦʣʥʝʥʦ ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ ʧʣʘʩʪʠʥ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ MiTek [2, 5 - 6]. ʄʘʪʝʨʠʘʣ ʢʦʥʩʪʨʫʢʮʠʡ ï ʩʦʩʥʘ 1-ʛʦ ʩʦʨʪʘ. ʈʘʩ-

ʯʝʪʥʘʷ ʩʭʝʤʘ ʥʝʩʫʱʝʡ ʨʘʤʳ ʢʘʨʢʘʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʥʝʩʫʱʝʡ ʨʘʤʳ ʢʘʨʢʘʩʘ 

 

ʉʭʝʤʘ ʜʝʨʝʚʷʥʥʦʛʦ ʢʘʨʢʘʩʘ ʧʦ ʚʝʨʭʥʝʤʫ ʧʦʷʩʫ ʬʝʨʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. ʂʨʦʤʝ 

ʩʠʩʪʝʤʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʚʷʟʝʡ ʦʙʲʝʜʠʥʝʥʠʝ ʥʝʩʫʱʠʭ ʨʘʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʦʛʦʥʘʤʠ ʩ ʰʘʛʦʤ 1,2 ʤ ʧʦ ʚʝʨʭʥʝʤʫ ʧʦʷʩʫ ʬʝʨʤ ʠ ʰʘʛʦʤ  0,6 ʤ ï ʧʦ ʥʠʞʥʝʤʫ ʧʦʷʩʫ.  

ʅʘʛʨʫʟʢʠ (ʦʪ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʥʝʛʦʚʘʷ, ʚʝʪʨʦʚʘʷ) ʧʨʠʥʷ-

ʪr  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ ʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʉʇ 20.13330.2011. çʅʘʛʨʫʟʢʠ ʠ 

ʚʦʟʜʝʡʩʪʚʠʷè. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʝʣʦʩʴ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʉʇ 

64.13330.2011. çɼʝʨʝʚʷʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠè. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʜʝʨʝʚʷʥʥʦʛʦ ʢʘʨʢʘʩʘ ʧʦ ʚʝʨʭʥʝʤʫ ʧʦʷʩʫ ʩʪʨʦʠʪʝʣʴʥʳʭ ʬʝʨʤ 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʝʨʝʚʷʥʥʦʡ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʟʜʘʥʠʷ ʠ ʝʸ ʨʘʩʯʝʪ 

ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʝʨʞʥʝ-

ʚʫʶ ʤʦʜʝʣʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ 3245 ʫʟʣʦʚ 5430 ʩʪʝʨʞʥʝʡ [7 ï 9]. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʩʫʱʝʡ 

ʩʠʩʪʝʤʳ ʟʜʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ˉ1 ï çʉʪʝʨʞʝʥʴ ʬʝʨʤʳè, ˉ5 ï çʉʪʝʨ-

ʞʝʥʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʤʳè [7, 10]. ʉʦʝʜʠʥʝʥʠʷ ʩʪʝʨʞʥʝʡ ʩʪʦʝʢ ʠ ʬʝʨʤʳ ʞʝʩʪʢʠʝ. ʕʣʝ-

ʤʝʥʪʳ ʧʦʷʩʦʚ ʩʪʨʦʧʠʣʴʥʳʭ ʬʝʨʤ ʟʘʤʦʜʝʣʠʨʦʚʘʥʳ ʂʕ ˉ5. ʕʣʝʤʝʥʪʳ ʨʝʰʝʪʢʠ - ʂʕ ˉ1. ɼʘʥ-

ʥʦʝ ʩʦʯʝʪʘʥʠʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʢʦʨʨʝʢʪʥʫʶ ʤʦʜʝʣʴ, ʫʯʠ-

ʪʳʚʘʶʱʫʶ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʬʝʨʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʚʥʝʫʟʣʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʧʦʷʩʘ ʩʪʨʦʧʠʣʴʥʦʡ ʬʝʨʤʳ [7 ï 10]. ʄʦʜʫʣʴ ʫʧʨʫʛʦ-

ʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠʥʷʪ ʨʘʚʥʳʤ 12,6 ɻʇʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ï 0,3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʩʫ-

ʱʝʡ ʩʠʩʪʝʤʳ ʟʜʘʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʣʠʥʝʡʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʙʝʟ ʫʯʝʪʘ ʧʦʣʟʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ [9]. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʜʪʚʝʨʜʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ. ʆʩʪʘʪʦʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚ 

ʩʪʨʦʧʠʣʴʥʳʭ ʬʝʨʤʘʭ ʥʦʩʠʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʩʥʦʚʥʦʡ ʠʭ ʧʨʠʯʠʥʦʡ ʧʦʩʣʫʞʠʣʦ 

ʦʙʤʷʪʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʝʜʠʥʝʥʠʷʭ [1, 3]. 

ɺʠʜ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3 - 4. 

 

 

 

ʈʠʩ. 3. ʆʙʱʠʡ ʚʠʜ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ 
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ʈʠʩ. 4. ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʚ ʧʣʦʩʢʦʩʪʠ XOY 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  ʅɼʉ  ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʫʩʠʣʠʡ ʠ ʧʝʨʝ-

ʤʝʱʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ, ʚʳʜʝʣʝʥʘ ʩʪʨʦʧʠʣʴʥʘʷ ʬʝʨʤʘ ʩ ʥʘʠʙʦʣʴʰʠʤʠ ʫʩʠʣʠʷʤʠ ʠ ʧʝʨʝ-

ʤʝʱʝʥʠʷʤʠ [7 ï 10]. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʫʩʠʣʠʡ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʥʘ ʧʨʦʯ-

ʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʬʝʨʤ ʠ ʩʪʦʝʢ ʩ ʚʳʯʠʩʣʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʧʘʩʘ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʠ ʦʧʨʝʜʝʣʝʥʳ ʬʦʨʤʳ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʢʘʨʢʘʩʘ ʟʜʘʥʠʷ [8, 10].  ʅʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʷʚʣʝʥʘ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʟʜʘʥʠʷ ʚ ʮʝʣʦʤ ʠ ʦʪʜʝʣʴʥʳʭ ʩʪʨʦʧʠʣʴʥʳʭ ʬʝʨʤ ʚ ʧʣʦʩʢʦʩʪʠ XOY (ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʟʘʛʨʫʞʝʥʠʡ ʩʦʩʪʘ-

ʚʠʣ 0,4275, ʯʪʦ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʦʛʦʥʦʚ ʠ ʦʙʨʝʰʝʪʢʠ ʫʯʪʝʥʳ ʚ ʚʠʜʝ ʚʥʝʫʟʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ 

ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ [9]. ʅʘʣʠʯʠʝ ʧʨʦʛʦʥʦʚ ʧʦ ʚʝʨʭʥʝʤʫ ʠ ʥʠʞʥʝʤʫ 

ʧʦʷʩʫ ʩʪʨʦʧʠʣʴʥʳʭ ʬʝʨʤ ʫʚʝʣʠʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. 

ɼʝʬʦʨʤʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ ʠ ʬʦʨʤʳ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʧʣʦʩʢʦʩʪʠ XOY ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩ. 5 ʠ 6. 

 

ʈʠʩ. 5. ɼʝʬʦʨʤʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ 


