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ʉɽʂʎʀʗ çʊɽʍʅʀʏɽʉʂʀɽ ʅɸʋʂʀè 
 

THE NUMERICAL CALCULATION OF THE PROBLEM  

OF JET FLOW OF HIGH -SPEED PASSENGER TRAIN FLOW  

OF AN IDEAL COMPRESSIBLE FLUID (AIR) MOVING  

IN A HORIZONTAL PLANE AT A CONSTANT SPEED  
 

Egamberdiyev B.B. 

The assistant of çInformation and computing graphsè faculty, 

The Institute Tashkent Railway Engineering, Uzbekistan, Tashkent 
 

There is obtained in the numerical solution of a jet steam of air at the perfect motion flow 

high speed train. An analytical expression for the velocity distribution and the force of the flow 

of air traffic high speed train. 

 

Keywords: calculation, calculation, high-speed passenger train. 

 

The considered problem, solved analytically earlier, published in [1]. Below 

is a numerical calculation of the velocity distribution is displayed in the flow zG  

(Fig. 1). Assuming that the train rail is in horizontal position and the origin on the 

front of the train. 

 
Fig. 1. 

 

The area of flow zG  has along with solid boundaries, the free surface of DE, 

tear off at point D, from the surface of the wagon, along which will take the pres-

sure constant. In this regard, we conducted mapping of currentszG  to flow 0G  cor-

responding to the boundary area of Figure 2. 

 
Fig. 2. 

 

Then introduced the velocity potential function( ),x yj  and stream function 

( ),x yy  satisfies the Laplace equation and the complex potential 
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( ) ( )( ) , ,w z x y i x yj y= +  is an analytic function, both in the current zG  and in the ca-

nonical domain 0G  where iz x h= +  . 

Using the principle of correspondence of boundaries and entering, as a func-

tion of Zhukovsky: 
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where ()V u ivz= - conjugate complex velocity;  the components of the veloci-

ty vector V ui vj= + ; q ï the inclination angle of the velocity vector of the air par-

ticles to the horizon. 

To determine the function of Zhukovsky ()w z  in the area 0G  have the 

boundary conditions given in [1]. Using the boundary conditions we obtain the 

equation for the desired function: 

()
( ) ( ) ( )

1

1

0

1 2

1 1 1

f c

f c

dt
dt dt

t e t t t e t t t e t t

p
ap bp

w z
p z z z

ë û
î î

= + +ì ü
- - - - - - - - -î î

í ý

ñ ñ ñ  

By calculating the integrals, we obtain an analytic expression for the desired 

function ()1w z in the area 0G . 
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   (1) 

Considering equality (1) we obtain the expression for the function of Zhu-

kovsky () ()1 lnw z z=-F  where: 

() ( ) ( ) ( )
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Considering equation (2) we obtain expressions for the conjugate complex 

velocity distribution in the area 0G  

() ()0u iv V Vz z- = =F       (2.1) 

where iz x h= + . Now we define the velocity of the particles on the free surface of 

the conditions ( )0 lim ,0nV V F
z

x
­¤

= . Using equation (2), and setting 0h=  and calculat-

ing the limit x­¤, we obtain the equation ( )0 0 , ,nV Vʌ f c e=  where 
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Hence equation (2.1) will be written in the form: 

,u v





8 

    H:=(b-a)/(2*n); 

    S1:=F1(a)+F1(b); 

    i:=1; 

    x:=a+H; 

    While x<=(b-h) do begin 

      S1:=S1+(3+i)*F1(x); 

      x:=x+H; 

      i:=-i; 

    end; 

    Sim:=S1*(H/3); 

  end; 

In this part of the program algorithm we check for each value of f, c, e coin-

cidence predefined values LBF, LFC, LCD and finding the most approximate re-

sult of this configuration trains Talgo-Afrosiyob. 

  min:=minLBF+minLFC+minLCD; 

  f:=a1; 

  while f<=a2 do 

  begin 

    c:=b1; 

    while c<=b2 do 

      begin 

        e:=c1; 

        while e<=c2 do 

          begin 

       fef := daraja(1/2,abs(e-f)); 

       f1f := daraja(1/2,abs(1-f)); 

       fef1f := daraja(1-2*alfa,fef+f1f); 

       fe1 := daraja(1/2+alfa-betta,abs(e-1)); 

       fee := daraja(1/2,abs(e)); 

       fec := daraja(1/2,abs(e-c)); 

       f1c := daraja(1/2,abs(1-c)); 

       fec1c := daraja(2-2*betta,fec+f1c); 

       fe11 := 1+fee; 

       if (fe11=0) or (fec1c=0) then 

              begin 

                kfe11 := fe11+epslon; 

                kfec1c := fec1c+epslon; 

                F0:=(fe1*fef1f)/(kfe11*kfec1c); 

              end; 

                F0:=(fe1*fef1f)/(fe11*fec1c); 

            Lbf:=Hpoyezd*Sim(0+epslon,f-epslon)*F0/pI; 

            Lfc:=Hpoyezd*Sim(f+ epslon,c- epslon)*F0/pi; 

            Lcd:=Hpoyezd*Sim(c+ epslon,1- epslon)*F0/pi; 

            minLBF:=abs(Lbf-Lbf1); 

            minLFC:=abs(Lfc-Lfc1); 
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            minLCD:=abs(Lcd-Lcd1); 
            min1:=minLBF+minLFC+minLCD; 
            if min>min1 then 
              begin 
                min:=min1; 
                kF:=F; 
                kC:=C; 
                ke:=e; 
                KLbf:=Lbf;  
                KLfc:=Lfc;  
                KLcd:=Lcd; 
                KF0:=F0; 
                Kmin:=min; 
              end; 
Conclusion results: 
            cou := StringGrid1.RowCount; 
            StringGrid1.RowCount := cou + 1; 
            cou:=cou-1; 
            StringGrid1.Cells[0,cou] := IntToStr(cou); 
            StringGrid1.Cells[1,cou] := floattostr(f); 
            StringGrid1.Cells[2,cou] := floattostr(c); 
            StringGrid1.Cells[3,cou] := floattostr(e); 
            StringGrid1.Cells[4,cou] := floattostr(Lbf); 
            StringGrid1.Cells[5,cou] := floattostr(Lfc); 
            StringGrid1.Cells[6,cou] := floattostr(Lcd); 
            StringGrid1.Cells[7,cou] := floattostr(F0); 
kLcd,' KF0=', kF0); 
            e:=e+HqadamE; 
          end; 
        c:=c+HqadamC; 
      end; 
    f:=f+HqadamF; 
  end; 
                         edit15.Text:=floattostr(KLBF); 
                         edit16.Text:=floattostr(KLFC); 
                         edit17.Text:=floattostr(KLCD); 
            StringGrid1.Cells[0,cou] := IntToStr(cou); 
            StringGrid1.Cells[1,cou] := floattostr(kf); 
            StringGrid1.Cells[2,cou] := floattostr(kc); 
            StringGrid1.Cells[3,cou] := floattostr(ke); 
            StringGrid1.Cells[4,cou] := floattostr(kLbf); 
            StringGrid1.Cells[5,cou] := floattostr(kLfc); 
            StringGrid1.Cells[6,cou] := floattostr(kLcd); 
            StringGrid1.Cells[7,cou] := floattostr(kF0); 
end; end. 
Starting the program and the results obtained: 
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The result shows that the coefficients f, c, e are, respectively: f = 0.08; 

c = 0.44; e = 1.08. 
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ʀʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʛʝʨʤʝʪʠʟʠʨʫ-

ʶʱʠʭ ʢʦʤʧʦʟʠʮʠʡ ʩ ʥʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʊʘʢ ʜʣʷ ʛʝʨʤʝʪʠʟʘʮʠʠ ʨʘʜʠʦʵʣʝʢ-

ʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʝ, ʢʦʤʧʦʟʠʮʠʠ 

ʜʦʣʞʥʳ ʚʳʜʝʨʞʠʚʘʪʴ ʚʠʙʨʘʮʠʠ, ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ ʠ ʠʤʝʪʴ ʧʨʠ ʵʪʦʤ ʜʦʩʪʘ-

ʪʦʯʥʳʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɽʩʪʝʩʪʚʝʥʥʦ ʥʝ ʤʘʣʫʶ ʨʦʣʴ ʙʫʜʝʪ 

ʠʛʨʘʪʴ ʠ ʧʣʦʪʥʦʩʪʴ ʛʝʨʤʝʪʠʟʠʨʫʶʱʝʛʦ ʩʦʩʪʘʚʘ. ɺ ʩʚʷʟʠ ʵʪʠʤ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʚʳʟʳʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠ-

ʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʥʝʰʥʠʤ ʚʦʟ-

ʜʝʡʩʪʚʠʷʤ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʎʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʛʝʨʤʝʪʠʟʠʨʫʶʱʝʛʦ 

ʩʦʩʪʘʚʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

250
ʦ
ʉ ʠ ʩʦʯʝʪʘʶʱʝʛʦ ʚ ʩʝʙʝ ʥʠʟʢʫʶ ʧʣʦʪʥʦʩʪʴ ʠ ʚʳʩʦʢʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʛʝʨʤʝʪʠʢ ʥʘ ʦʩʥʦʚʝ ʥʠʟ-

ʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʦʚʦʛʦ ʢʘʫʯʫʢʘ ʉʂʊʅ-1 ï ʦʣʠʛʦʜʠʤʝʪʠʣ-

ʩʠʣʦʢʩʘʥʘ [ʆɼʄʉ] ʩ ʢʦʥʮʝʚʳʤʠ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʥʘʧʦʣʥʝʥʥʦʛʦ 

ʮʝʥʦʩʬʝʨʘʤʠ [5, ʩ. 3]. 

ʇʦʣʫʯʝʥʠʝ ʛʝʨʤʝʪʠʢʘ ʩʚʦʜʠʣʦʩʴ ʢ ʧʝʨʝʤʝʰʠʚʘʥʠʶ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦ-

ʛʦ ʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʦʚʦʛʦ ʢʘʫʯʫʢʘ ʠ ʮʝʥʦʩʬʝʨ ʩ ʧʦʤʦʱʴʶ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʩʤʝʩʠʪʝʣʷ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʠʩʢʦʟʠʤʝʪ-

ʨʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʩʚʷʟʠ ʩ ʥʝʙʦʣʴʰʦʡ ʚʷʟʢʦʩʪʴʶ ʠʩʭʦʜʥʦʛʦ 

ʦʣʠʛʦʤʝʨʘ ʠ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʦʡ ʮʝʥʦʩʬʝʨ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʝʨʤʝʪʠʢʘ ʦʩʪʘʶʪʩʷ ʥʘ ʧʨʠʝʤʣʝʤʦʤ ʫʨʦʚʥʝ ʜʘʞʝ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʦʜʝʨʞʘ-

ʥʠʠ ʥʘʧʦʣʥʠʪʝʣʷ [1, ʩ. 123]. 

ʆʪʚʝʨʞʜʝʥʠʝ ʛʝʨʤʝʪʠʢʘ ʧʨʦʚʦʜʷʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʪʚʝʨʞʜʝʥʠʷ. ʇʨʝʚʨʘʱʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʥʠʟʢʦʤʦʣʝʢʫ-

ʣʷʨʥʦʛʦ ʦʨʛʘʥʦʩʠʣʦʢʩʘʥʘ ʩ ʢʦʥʮʝʚʳʤʠ ʆʅ ï ʛʨʫʧʧʘʤʠ ʚ ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢ-

ʪʫʨʫ ʧʨʦʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥʘ, ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʯʘʩʪʠʯʥʦʛʦ 

ʛʠʜʨʦʣʠʟʘ (ʵʪʠʣʩʠʣʠʢʘʪ 40) ʠ ʜʨʫʛʠʭ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʂʘ-

ʪʘʣʠʟʘʪʦʨʘʤʠ ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ ʦʣʦʚʦʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʥʘʰʝʤ 

ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʪʘʣʠʟʘʪʦʨ ʜʠʵʪʠʣʜʠʢʘʧʨʠʣʘʪ ʦʣʦʚʘ. ʄʝʭʘʥʠʟʤ ʜʝʡ-

ʩʪʚʠʷ ʦʣʦʚʦʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʙʲʷʩʥʷʶʪ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫ-

ʪʦʯʥʦʛʦ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʱʝʧʣʝʥʠʝʤ ʩʧʠʨʪʘ, 

ʨʝʛʝʥʝʨʘʮʠʝʡ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʠʣʦʢʩʘʥʦʚʦʡ ʩʚʷʟʠ [6, ʩ. 7]. 

ɺʣʠʷʥʠʝ ʥʘʧʦʣʥʠʪʝʣʷ ʥʘ ʧʨʦʮʝʩʩ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʘ 

ʠ ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥʘ ʤʦʞʝʪ ʧʨʦʷʚʠʪʴʩʷ ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʛʠʜʨʦʢʩʠʣʴʥʳʭ 

ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʢʨʦʩʬʝʨ. 

ʎʝʥʦʩʬʝʨʳ ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʵʨʦʩʠʣʘ, ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʨʘʟʤʝʨʦʚ, 

ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ. 

ʆʪʚʝʨʞʜʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ  

72 ʯʘʩʦʚ. 

ʇʨʠ ʥʘʧʦʣʥʝʥʠʠ ʉʂʊʅ-1 ʮʝʥʦʩʬʝʨʘʤʠ ʦʪʤʝʯʘʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝ ʧʨʦʯ-

ʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʮʝʥʦʩʬʝʨ ʙʦʣʝʝ  
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70 %ʦʙ, ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠ-

ʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʥʝʜʦʩʪʘʪʢʦʤ ʩʚʷʟʫʶʱʝʛʦ.  

ʆʧʪʠʤʘʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʛʝʨʤʝʪʠʢʘ ʩ ʧʦʜʣʦʞʢʦʡ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʦ-

ʜʝʨʞʘʥʠʠ ʮʝʥʦʩʬʝʨ 50Ě 55%ʦʙ. ʇʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʨʤʝʪʠʢʘ ʧʨʠ 

ʦʪʨʳʚʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʤʘʪʝʨʠʘʣʘ ʧʦʜʣʦʞʢʠ. 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʘʜʛʝʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʦʜʣʦʞʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʥʦʩʠʣʩʷ ʧʦʜʩʣʦʡ ʛʝʨʤʝʪʠʢʘ ɺʠʢʩʠʥʪ 2-28 ʪʦʣ-

ʱʠʥʦʡ 40 ï 50 ʤʢʤ [2, ʩ. 117]. ʇʦʜʩʣʦʡ ʥʘʥʦʩʠʣʩʷ ʧʥʝʚʤʦʨʘʩʧʳʣʠʪʝʣʝʤ ʚ ʚʠ-

ʜʝ 40 % ʨʘʩʪʚʦʨʘ ʛʝʨʤʝʪʠʢʘ ʚ ʪʦʣʫʦʣʝ ʩ ʜʦʙʘʚʢʘʤʠ ʦʪʚʝʨʞʜʘʶʱʝʛʦ ʘʛʝʥʪʘ ʠ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʚʝʨʞʜʝʥʠʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 38.032.38-81. ʇʨʠʤʝʥʝ-

ʥʠʝ ʘʜʛʝʟʠʦʥʥʦʛʦ ʧʦʜʩʣʦʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʦʪʨʳʚʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜʣʦʞʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʘʨʴʠʨʫʷ ʩʦʦʪʥʦʰʝʥʠʝ ʩʚʷʟʫʶʱʝʛʦ ʠ ʥʘʧʦʣʥʠʪʝʣʷ ʤʦʞʥʦ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝ-

ʣʘʭ ʤʝʥʷʪʴ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʝʨʤʝʪʠʢʘ. 

ʆʜʥʘ ʠʟ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʨʤʝʪʠʟʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʵʪʦ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʂʊʃʈ). ʅʘ ʂʊʃʈ ʚ ʟʥʘʯʠʪʝʣʴ-

ʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʇɼʄʉ ʚ ʛʝʨʤʝʪʠʢʝ. ɽʩʣʠ ʮʝʥʦʩʬʝʨʳ ʠʤʝʶʪ 

ʥʝʚʳʩʦʢʠʡ ʂʊʃʈ (7 Ĭ 10
-6
 ʛʨʘʜ

-1
), ʪʦ ʜʣʷ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʵʣʘʩʪʦʤʝʨʦʚ ʦʥ 

ʩʦʩʪʘʚʣʷʝʪ 4 Ĭ 10
-4
 ʛʨʘʜ

-1 
[5, ʩ. 7]. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʂʊʃʈ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝ-

ʩʢʦʛʦ ʧʦʣʠʤʝʨʘ ʩʚʷʟʘʥʳ ʩ ʚʳʩʦʢʦʡ ʛʠʙʢʦʩʪʴʶ ʩʠʣʦʢʩʘʥʦʚʦʡ ʮʝʧʠ.  

ʅʘ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʇɼʄʉ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʚʣʠʷʝʪ ʣʠʰʴ ʧʝʨʝʭʦʜ ʧʦʣʠʤʝʨʘ ʠʟ ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ ʚ ʚʳʩʦʢʦʵʣʘʩʪʠʯʝʩʢʦʝ. ɺ 

ʵʪʦʡ ʦʙʣʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦ-

ʛʦ ʟʥʘʯʝʥʠʷ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʚʷʟʫʶʱʝʛʦ, ʮʝʥʦʩʬʝʨʳ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ. ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʟʤʷʛʯʝʥʠʷ ʦʙʦʣʦʯʢʠ ʤʠʢʨʦʩʬʝʨ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 1300 
ʦ
ʉ. ʆʜʥʘʢʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʥʦʩʬʝʨ ʠʤʝʶʪʩʷ ʛʠʜʨʦʢʩʠʣʴʥʳʝ 

ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʮʝʥʪʨʘʤʠ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʩ-

ʥʦʚʥʦʡ ʮʝʧʠ ʠ ʟʘʤʝʜʣʷʶʪ ʦʢʠʩʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʤʘʢʨʦʮʝʧʝʡ. 

ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʤʠʢʨʦʩʬʝʨ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ 

ʚʣʠʷʥʠʷ ʩʠʣʘʥʦʣʴʥʳʭ ʛʨʫʧʧ ʥʘʧʦʣʥʠʪʝʣʷ ʥʘ ʪʝʨʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʣʘ-

ʩʪʦʤʝʨʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ [4, ʩ. 26].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʢʦʤʧʦʟʠʮʠʡ ʚ ʢʘʯʝʩʪʚʝ ʛʝʨʤʝ-

ʪʠʟʠʨʫʶʱʠʭ ʩʦʩʪʘʚʦʚ ʥʝʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʠ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʜʦ ʪʝʤʧʝ-

ʨʘʪʫʨʳ 250 
ʦ
ʉ ʠ ʠʤʝʶʱʠʭ ʧʦʚʳʰʝʥʥʳʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ 

ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʨʘʜʠʦʜʠʘʧʘʟʦʥʝ. 
 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʧʨʦʬʝʩʩʦʨʫ, 

ʜ.ʪ.ʥ. ʏʫʭʣʘʥʦʚʫ ɺ.ʖ. 
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ɸʈʍʀʊɽʂʊʋʈɸ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ 

ʇʆɼʉʀʉʊɽʄʓ ʄʆʅʀʊʆʈʀʅɻɸ ʉʆʉʊʆʗʅʀʗ ʉɽʈɺɽʈʆɺ 

ɺʈɽʄɽʅʀ SYMMETRICOM ʉɽʈʀʀ TRUETIME NTS-100 
 

ɹʦʨʦʜʠʥ ɸ.ɺ. 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, 

ʢʘʥʜ. ʵʢʦʥʦʤ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ, ʛ. ʁʦʰʢʘʨ-ʆʣʘ  
 

ʇʘʨʰʠʥ ɽ.ɺ. 

ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ ʇʉ-31 ʬʘʢʫʣʴʪʝʪʘ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, 

ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʈʦʩʩʠʷ, ʛ. ʁʦʰʢʘʨ-ʆʣʘ  
 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʘʨʭʠʪʝʢʪʫʨʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜʩʠ-

ʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʨʚʝʨʦʚ ʪʦʯʥʦʛʦ ʚʨʝʤʝʥʠ ʢʦʤʧʘʥʠʠ Symmetricom (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

Microsemi) ʩʝʨʠʠ Truetime NTS-100 ʠ ʥʝʢʦʪʦʨʳʝ ʦʩʥʦʚʥʳʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥ-

ʥʳʭ. ʇʨʝʜʩʪʘʚʣʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʦʪʣʘʜʢʠ ʘʥʪʝʥʥʦʡ 

ʧʦʜʩʠʩʪʝʤʳ ʩʝʨʚʝʨʦʚ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʳʭ, ʢʘʢ ʜʣʷ ʦʮʝʥʢʠ 

ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʦʯʥʦʩʪʠ ʧʦʜʩʠʩʪʝʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʜʣʷ ʠʟʤʝʨʝ-

ʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʜʝʛʨʘʜʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʝʨʚʝʨʦʚ ʚʦ ʚʨʝʤʝʥʠ. ʅʘʤʝʯʝʥʦ ʜʘʣʴʥʝʡʰʝʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʦʝ ʩ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʥʘ ʪʝʭʥʠʯʝʩʢʦ-

ʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʛʨʘʬʠʢʘ ʧʣʘʥʦʚʦʡ ʟʘʤʝʥʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʟʘ ʜʘʥʥʳʭ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʚʨʝʤʝʥʥʦʡ ʨʷʜ, ʜʝʛʨʘʜʘʮʠʷ, ʜʦʤʠʥʠ-

ʨʦʚʘʥʠʝ, ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʠʡ ʧʦʨʷʜʦʢ, ʤʦʥʠʪʦʨʠʥʛ, ʩʝʨʚʝʨ ʚʨʝʤʝʥʠ, ʩʦʚʦʢʫʧʥʘʷ ʩʪʦʠ-

ʤʦʩʪʴ ʚʣʘʜʝʥʠʷ, ʪʦʯʥʦʩʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, NTP, TELNET. 

 

ɸʤʝʨʠʢʘʥʩʢʘʷ ʢʦʤʧʘʥʠʷ Symmetricom ʷʚʣʷʝʪʩʷ ʣʠʜʝʨʦʤ ʥʘ ʨʳʥʢʝ ʨʘʟ-

ʨʘʙʦʪʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʨʚʝʨʦʚ ʚʨʝʤʝʥʠ. ʉʝʨʚʝʨʘ ʩʝʨʠʠ NTS-100 ʷʚʣʷʶʪʩʷ 

ʚʧʦʣʥʝ ʜʦʩʪʫʧʥʳʤʠ ʵʪʘʣʦʥʘʤʠ ʚʨʝʤʝʥʠ ʧʨʠ ʚʝʩʴʤʘ ʥʝʧʣʦʭʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʵʪʠ ʠʟʜʝʣʠʷ ʧʨʝʜʲʷʚʣʷʶʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝ-

ʩʪʚʫ ʘʥʪʝʥʥ ʚ ʩʨʘʚʥʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʩ ʜʦʩʪʫʧʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʜʨʫʛʦʡ ʘʤʝʨʠ-

ʢʘʥʩʢʦʡ ʢʦʤʧʘʥʠʠ ï Communication Systems Solutions. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʩʝʨ-

ʚʝʨʘ ʵʪʦʡ ʢʦʤʧʘʥʠʠ ʠʤʝʶʪ ʤʝʥʴʰʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ, ʛʣʘʚ-

http://elibrary.ru/contents.asp?issueid=438191
http://elibrary.ru/contents.asp?issueid=438191&selid=9557933
http://elibrary.ru/contents.asp?titleid=9135
http://elibrary.ru/contents.asp?issueid=1374068
http://elibrary.ru/contents.asp?issueid=1374068&selid=23066780
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ʥʦʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʪʫʧʘʶʪ ʩʝʨʚʝʨʘʤ ʢʦʤʧʘʥʠʠ Symmetricom ʧʦ ʠʜʝʦʣʦʛʠʠ ʠ 

ʨʝʘʣʠʟʦʚʘʥʥʳʤ ʤʝʭʘʥʠʟʤʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʠ ʥʘʩʪʨʦʡʢʠ ʘʥʪʝʥʥ 

ʢʦʤʧʘʥʠʷ Symmetricom ʨʝʢʦʤʝʥʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʪʦʠʤʦʩʪʴ ʧʨʦʩʪʝʡʰʝʛʦ 

(ʤʠʥʠʤʘʣʴʥʦʛʦ) ʪʘʢʦʛʦ ʢʦʤʧʣʝʢʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʜʦʣʣʘʨʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʘʩʪʨʦʡʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʯʝʩʪʚʝ ʚʳʙʦʨʘ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʠ ʥʘʩʪʨʦʡʢʠ ʧʨʠʝʤ-

ʥʦʡ ʘʥʪʝʥʥʳ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʦʩʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʧʨʦʛʨʘʤʤʥʦ ʜʦʩʪʫʧʥʳʭ 

ʚ ʩʝʨʚʝʨʘʭ ʚʨʝʤʝʥʠ ʢʦʤʧʘʥʠʠ Symmetricom ʩʝʨʠʠ NTS-100. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʧʦʣʦʞʝʥʥʳʝ ʚ ʦʩʥʦʚʫ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʟʨʘʙʦʪʢʠ. ɼʣʷ ʜʦʩʪʫʧʘ ʢ ʧʘʨʘʤʝʪʨʘʤ ʩʦʩʪʦʷʥʠʷ ʩʝʨʚʝʨʘ ʚʨʝ-

ʤʝʥʠ ʙʳʣ ʚʳʙʨʘʥ ʩʪʘʥʜʘʨʪʥʳʡ ʧʨʦʪʦʢʦʣ TELNET, ʧʦʜʜʝʨʞʠʚʘʝʤʳʡ ʦʙʦʨʫ-

ʜʦʚʘʥʠʝʤ ʩʝʨʚʝʨʘ ʥʘ Ethernet-ʠʥʪʝʨʬʝʡʩʝ ʫʧʨʘʚʣʝʥʠʷ. 

ʆʩʥʦʚʦʡ ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʜʝʤʦʥ, ʩʦʙʠʨʘʶʱʠʡ (ʩ ʟʘ-

ʜʘʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʠ) ʠ ʩʦʭʨʘʥʷʶʱʠʡ ʚ ʙʘʟʫ ʜʘʥʥʳʭ (ɹɼ) ʨʷʜ ʧʘʨʘ-

ʤʝʪʨʦʚ ʩʠʩʪʝʤʳ. ʂʘʞʜʘʷ ʟʘʧʠʩʴ ɹɼ ʩʦʜʝʨʞʠʪ: ʪʝʢʫʱʝʝ ʩʠʩʪʝʤʥʦʝ ʚʨʝʤʷ, 

ʙʫʣʝʚʳʡ ʧʨʠʟʥʘʢ ʩʦʩʪʦʷʥʠʷ ʘʥʪʝʥʥʳ, ʙʫʣʝʚʳʡ ʧʨʠʟʥʘʢ çʟʘʭʚʘʪʘè ʚʨʝʤʝʥʠ, ʢʦ-

ʣʠʯʝʩʪʚʦ çʟʘʭʚʘʯʝʥʥʳʭè ʩʘʪʝʣʣʠʪʦʚ, ʧʨʠʟʥʘʢ ʩʦʩʪʦʷʥʠʷ ʟʘʭʚʘʪʘ ʩʘʪʝʣʣʠʪʘ ʠ 

ʫʨʦʚʝʥʴ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʢʘʥʘʣʦʚ, ʬʘʟʫ ʦʩʮʠʣʣʷʪʦʨʘ, 

ʩʤʝʱʝʥʠʝ ʠ ʜʥʝʚʥʦʡ ʜʨʝʡʬ ʯʘʩʪʦʪʳ ʦʩʮʠʣʣʷʪʦʨʘ, ʦʰʠʙʢʫ ʭʫʜʰʝʛʦ ʩʣʫʯʘʷ ʦʪ-

ʢʣʦʥʝʥʠʷ ʚʨʝʤʝʥʠ ʠʟ-ʟʘ ʜʨʝʡʬʘ ʯʘʩʪʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʫʧʥʦʩʪʠ ʩʧʫʪʥʠʢʦʚ. 

ɺʪʦʨʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟʘʪʦʨ çʚʠʜʠʤʦʩʪʠè ʩʘ-

ʪʝʣʣʠʪʦʚ, ʢʦʪʦʨʳʡ ʜʣʷ ʠʜʫʱʠʭ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʧʨʦʤʝʞʫʪʢʦʚ ʚʨʝʤʝʥʠ ʟʘʜʘʥ-

ʥʦʡ ʜʣʠʥʳ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʜʣʷ ʢʘʞʜʦʡ ʟʘ-

ʧʠʩʠ ɹɼ ʧʨʦʠʩʭʦʜʠʪ ʫʧʦʨʷʜʦʯʠʚʘʥʠʝ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʫʨʦʚʥʷ ʧʨʠʥʠʤʘʝʤʦʛʦ 

ʩʠʛʥʘʣʘ ʩʘʪʝʣʣʠʪʦʚ. ɿʘʪʝʤ ʩʨʝʜʠ ʟʘʧʠʩʝʡ ɹɼ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʘʥʥʦʤʫ 

ʧʨʦʤʝʞʫʪʢʫ ʚʨʝʤʝʥʠ, ʥʘʭʦʜʠʪʩʷ ʥʠʞʥʷʷ ʛʨʘʥʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʢʩʠʢʦʛʨʘʬʠ-

ʯʝʩʢʦʛʦ ʧʦʨʷʜʢʘ ʥʘ (ʫʧʦʨʷʜʦʯʝʥʥʳʭ) ʤʘʩʩʠʚʘʭ ʫʨʦʚʥʝʡ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʵʢʩ-

ʧʝʨʪʥʦ ʟʘʜʘʥʥʳʡ ʤʘʩʩʠʚ ʫʨʦʚʥʝʡ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʧʦ 

ʚʦʟʨʘʩʪʘʥʠʶ, ʧʨʦʚʝʨʷʝʪʩʷ ʥʘ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʚʳʯʠʩʣʝʥʥʦʡ ʥʠʞʥʝʡ ʛʨʘʥʴʶ. 

ɽʩʣʠ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩ ʟʘʜʘʥʥʳʤ ʫʨʦʚʥʝʤ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘ ʧʝ-

ʨʠʦʜʘʭ ʚʨʝʤʝʥʠ ʥʝ ʤʝʥʝʝ ʩʫʪʦʢ, ʪʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʨʠʝʤʥʘʷ ʘʥʪʝʥʥʘ ʫʩʪʘʥʦʚ-

ʣʝʥʘ ʠ ʥʘʩʪʨʦʝʥʘ ʧʨʘʚʠʣʴʥʦ, ʠʥʘʯʝ ʫʩʪʘʥʦʚʢʘ ʠ ʥʘʩʪʨʦʡʢʘ ʪʨʝʙʫʶʪ ʢʦʨʨʝʢʪʠ-

ʨʦʚʢʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʮʝʜʫʨʫ ʪʘʢʦʡ ʧʨʦʚʝʨʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦ-

ʚʦʜʠʪʴ ʥʝʦʜʥʦʢʨʘʪʥʦ: ʜʣʷ ʦʩʥʦʚʥʳʭ ʩʝʟʦʥʥʳʭ ʧʝʨʠʦʜʦʚ ʠ ʚ ʨʘʟʥʳʭ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

ʊʨʝʪʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʨʝʤʝʥ-

ʥʳʭ ʨʷʜʦʚ, ʧʨʝʜʩʪʘʚʣʷʝʤʳʭ ʙʘʟʦʡ ʜʘʥʥʳʭ. ɸʥʘʣʠʟ ʵʪʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʛʦʜʥʦʡ ʜʝʚʠʘʮʠʠ ʠ ʩʝʟʦʥʥʳʭ ʢʦ-

ʣʝʙʘʥʠʡ ʪʦʯʥʦʩʪʠ ʵʪʘʣʦʥʘ, ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʯʥʦʩʪʠ ʵʪʘʣʦʥʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ çʟʘ-

ʭʚʘʯʝʥʥʳʭè ʩʘʪʝʣʣʠʪʦʚ ʠ ʪ. ʧ. ʊʘʢʞʝ ʵʪʦʪ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʯʠʪʘʪʴ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʘʣʦʥʦʚ ʜʣʷ ʥʫʞʜ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʜʠʩʪʨʠʙʫʮʠʠ ʪʦʯʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʤʫʣʴʪʠʩʝʨʚʠʩʥʳʭ ʩʝʪʷʭ 
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ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʄʉʇɼ). ʆʩʥʦʚʥʳʤʠ ʨʘʩʩʯʠʪʳʚʘʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʟʜʝʩʴ ʷʚʣʷʶʪʩʷ ʚʝʨʦʷʪʥʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʦʙʳʪʠʡ ʚ ʩʠʩʪʝʤʝ [1]: ʩʥʠʞʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʥʠʞʝ ʟʘʜʘʥʥʦʛʦ ʧʦʨʦʛʘ, ʧʦʪʝʨʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʦʪʢʘʟʘ ʩʠʩʪʝʤʳ ʠ ʪ. 

ʜ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʦʮʝʥʢʝ ʩʦʚʦ-

ʢʫʧʥʦʡ ʩʪʦʠʤʦʩʪʠ ʚʣʘʜʝʥʠʷ ʧʦʜʩʠʩʪʝʤʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʧʨʠ ʟʘʜʘʥ-

ʥʳʭ ʧʘʨʘʤʝʪʨʘʭ [7]. ʉʨʝʜʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ: ʪʨʝʙʫʝʤʘʷ 

ʜʠʩʮʠʧʣʠʥʘ ʪʦʯʥʦʩʪʠ ʵʪʘʣʦʥʘ ʠ ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʪʨʝʙʫʝ-

ʤʦʡ ʜʠʩʮʠʧʣʠʥʳ. ɼʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʯʝʪʦʚ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʢʝʪ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ çʄʫʣʴʪʠʄʀʈè [5, 6]. ʇʨʠʤʝʨ ʧʦʜʦʙʥʳʭ ʨʘʩʯʝʪʦʚ ʧʨʠ-

ʚʝʜʝʥ ʚ ʨʘʙʦʪʝ [4]. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʦʩʥʦʚʥʳʭ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ. ʈʘʟ-

ʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ 

ʦʪʣʘʜʠʪʴ ʘʥʪʝʥʥʫʶ ʧʦʜʩʠʩʪʝʤʫ ʵʪʘʣʦʥʘ ʚʨʝʤʝʥʠ, ʥʦ ʠ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʦʩʪʦʷʥ-

ʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʩʝʨʚʝʨʘ ʚʨʝʤʝʥʠ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʨʦʝʢʪʘ ʩʚʷʟʘʥʦ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ 

ʦʯʝʥʴ ʜʣʠʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʨʝʤʝʥʥʦʡ 

ʜʝʛʨʘʜʘʮʠʠ ʵʪʘʣʦʥʘ ʠ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʵʪʦʡ ʜʝʛʨʘʜʘʮʠʠ. ʕʬʬʝʢʪʠʚʥʘʷ 

ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʚʨʝʤʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʜʠʩʪʨʠʙʫʮʠʠ 

ʪʦʯʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʪʦʧʦʣʦʛʠʶ ʩʠʩʪʝʤʳ, ʥʦ 

ʠ ʛʨʘʬʠʢ ʟʘʤʝʥʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʢʨʠʪʝʨʠʶ ʩʦʚʦʢʫʧʥʦʡ ʩʪʦʠʤʦʩʪʠ ʚʣʘʜʝʥʠʷ 

ʄʉʇɼ [2, 3]. ʊʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʦʧʠʩʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʧʦʜʩʠʩʪʝʤʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ ʩʝʨʚʝʨʥʦʛʦ 

ʧʦʤʝʱʝʥʠʷ ʠ ʧʦʛʦʜʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʨʘʪʢʠʤ ʘʥʘʣʠʟʦʤ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʥʠʪʦʨʠʥʛ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ, ʚʠʜʝʦʬʠʢʩʘʮʠʷ, ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʝ 

ʜʘʪʯʠʢʠ.  

 

ʇʨʦʝʢʪʠʨʫʝʤʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʩʩʘʞʠʨʦʧʦ-

ʪʦʢʘ, ʫʯʠʪʳʚʘʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ, ʜʦʣʞʥʘ ʩʦʩʪʦʷʪʴ ʠʟ ʪʨʝʭ ʣʦʛʠʯʝʩʢʠʭ 

ʯʘʩʪʝʡ: 

¶ ʧʦʜʩʠʩʪʝʤʘ ʚʠʜʝʦʬʠʢʩʘʮʠʠ; 

¶ ʧʦʜʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʩʯʝʪʘ ʦʙʲʝʤʘ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ; 

¶ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

ʉʠʩʪʝʤʘ ʚʠʜʝʦʬʠʢʩʘʮʠʠ 

ʉʠʩʪʝʤʘ ʚʠʜʝʦʬʠʢʩʘʮʠʠ ʥʘ ʘʚʪʦʙʫʩʝ ʩʦʩʪʦʠʪ ʠʟ ʤʦʙʠʣʴʥʦʛʦ ʚʠʜʝʦʨʝʛʠ-

ʩʪʨʘʪʦʨʘ, ʚʠʜʝʦʢʘʤʝʨ ʠ ʣʠʥʠʡ ʩʚʷʟʠ. 

ʋ ʧʨʝʜʧʨʠʷʪʠʷ ʫʞʝ ʝʩʪʴ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʝʦʨʝʛʠ-

ʩʪʨʘʪʦʨʦʚ. ʈʝʛʠʩʪʨʘʪʦʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʩ ʞʝʩʪʢʠʤʠ ʜʠʩʢʘʤʠ, ʧʦʢʘʟʘʣʠ ʩʚʦʶ 

ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʘʢ ʢʘʢ, ʚʩʣʝʜʩʪʚʠʝ ʚʠʙʨʘʮʠʡ ʧʨʠ ʜʚʠʞʝʥʠʠ, ʚ ʢʦʨʦʪʢʠʝ 

ʩʨʦʢʠ ʚʳʭʦʜʷʪ ʠʟ ʩʪʨʦʷ ʞʝʩʪʢʠʝ ʜʠʩʢʠ. ʆʧʳʪʥʳʤ ʧʫʪʝʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʠʜʝʦʨʝʛʠʩʪʨʘʪʦʨʳ ʩ ʟʘʧʠʩʴʶ ʥʘ SD-ʢʘʨʪʳ. 

ɹʦʨʪʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʩʝʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʝʩʪʘʙʠʣʴʥʦ ʠ ʢʦ-

ʣʝʙʣʝʪʩʷ 10-16ɺ ʜʣʷ ʘʚʪʦʙʫʩʦʚ ʤʘʣʦʡ ʚʤʝʩʪʠʤʦʩʪʠ Mercedes-Benz Sprinter ʠ 

22-34ɺ ʜʣʷ ʘʚʪʦʙʫʩʦʚ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʙʠʣʠ-

ʟʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʷ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʜʠʘʧʘʟʦʥʝ 9-36 ɺʦʣʴʪ ʥʘ ʚʭʦʜʝ, ʚʳʜʘʚʘʝ-

ʤʦʝ ʠʤ ʥʘʧʨʷʞʝʥʠʠ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ 12ɺ ʪʘʢ ʢʘʢ ʵʪʦ ʩʪʘʥʜʘʨʪʥʦʝ ʥʘʧʨ̫-

ʞʝʥʠʝ ʜʣʷ ʨʘʙʦʪʳ ʚʠʜʝʦʢʘʤʝʨ ʠ ʚʠʜʝʦʨʝʛʠʩʪʨʘʪʦʨʦʚ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʟʲʷʪʠʷ ʥʦʩʠʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʚʠʜʝʦʨʝʛʠʩʪʨʘʪʦʨ ʜʦʣʞʝʥ ʠʤʝʪʴ ʬʫʥʢʮʠʶ ʮʠʢʣʠʯʝʩʢʦʡ ʟʘʧʠʩʠ, ʪʦ ʝʩʪʴ ʧʨʠ 

ʟʘʧʦʣʥʝʥʠʠ ʥʦʩʠʪʝʣʷ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʟʘʧʠʩʠ ʫʜʘʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʨʘʥʥʠʝ ʟʘʧʠʩʠ. 

ʉ ʫʯʝʪʦʤ ʧʨʝʜʳʜʫʱʝʛʦ ʦʧʳʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ ʚʠʜʝʦʬʠʢʩʘʮʠʠ: 

1. ɺʠʜʝʦʨʝʛʠʩʪʨʘʪʦʨ ʜʦʣʞʝʥ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʘ SD-ʢʘʨʪʳ ʦʙʲʝʤʦʤ ʥʝ 

ʤʝʥʝʝ 64 ɻʙ. 

2. ʆʙʣʘʜʘʪʴ ʥʝ ʤʝʥʝʝ ʯʝʤ ʪʨʝʤʷ ʢʘʥʘʣʘʤʠ ʚʠʜʝʦʟʘʧʠʩʠ. 

3. ʊʨʝʙʫʝʤʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʜʣʷ ʨʘʙʦʪʳ ʚʠʜʝʦʨʝʛʠʩʪʨʘʪʦʨʘ ʦʪ -

30 ʜʦ +50 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ. 

4. ʅʘʣʠʯʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʤʦʥʪʘ ʚ ʄʦʩʢʚʝ. 

5. ɺʦʟʤʦʞʥʦʩʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʩ ʢʦʤʧʴʶʪʝʨʦʤ. 
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ɼʣʷ ʥʘʰʝʡ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜʭʦʜʠʪ ʚʠ-

ʜʝʦʨʝʛʠʩʪʨʘʪʦʨ EverFocus EMV-400S. 

ɽʱʝ ʦʜʠʥ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʳ ʚʠʜʝʦʬʠʢʩʘʮʠʠ ï ʚʠʜʝʦʢʘʤʝʨʘ. ʆʥʘ 

ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ: 

1. ʂʘʤʝʨʘ ʜʦʣʞʥʘ ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʘʟʨʝʰʝʥʠʝ 352ʭ288 ʧʠʢʩʝʣʝʡ; 

2. ʂʘʤʝʨʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʬʫʥʢʮʠʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʧʦʜʩʚʝʪʢʠ, ʜʘʣʴ-

ʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 10 ʤʝʪʨʦʚ, ʜʣʷ ʩʲʝʤʢʠ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʭʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ, 

ʥʘʧʨʠʤʝʨ ʚ ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ, ʠʣʠ ʜʥʝʤ ʚ ʪʦʥʥʝʣʝ; 

3. ʂʘʤʝʨʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʘʥʪʠʚʘʥʜʘʣʴʥʳʤ ʢʦʨʧʫʩʦʤ; 

4. ʇʠʪʘʥʠʝ ʢʘʤʝʨʳ 12ɺ; 

5. ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʪ -30 ʜʦ +50 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ. 

ɼʣʷ ʥʘʰʝʡ ʩʠʩʪʝʤʳ ʚʠʜʝʦʬʠʢʩʘʮʠʠ ʧʦʜʭʦʜʠʪ ʢʘʤʝʨʘ Rvi-123ME. 

ɼʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʩʯʝʪʘ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʩʯʝʪʯʠʢ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʤ ʜʘʪʯʠʢʝ, ʪʘʢʞʝ 

ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʧʨʝʦʙʨʘʟʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʠ ʵʣʝʢʪʨʦʥʥʦ-

ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʤʘʰʠʥʫ. 

ʊʝʥʟʦʤʝʪʨʠʯʝʩʢʠʡ ʜʘʪʯʠʢ ï ʵʪʦ ʜʘʪʯʠʢ, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ ʚʝʣʠʯʠʥʫ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ ʜʣʷ ʠʟʤʝʨʝʥʠʷ. ʂʦʥʩʪʨʫʢʮʠʷ ʪʝʥʟʦʜʘʪʯʠʢʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʧʨʫʛʠʡ ʵʣʝʤʝʥʪ, ʥʘ ʢʦʪʦʨʦʤ ʟʘʬʠʢʩʠʨʦʚʘʥ ʪʝʥʟʦʨʝʟʠ-

ʩʪʦʨ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʧʨʦʠʩʭʦʜʠʪ ʜʝʬʦʨʤʘʮʠʷ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ 

ʚʤʝʩʪʝ ʩ ʪʝʥʟʦʨʝʟʠʩʪʦʨʦʤ. ʀʥʬʦʨʤʘʮʠʶ ʦ ʚʝʩʝ ʛʨʫʟʘ ʤʳ ʧʦʣʫʯʘʝʤ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʠʟʤʝʨʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟ-

ʣʠʯʥʳʝ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ, ʘ ʠʤʝʥʥʦ: ʜʘʪʯʠʢʠ ʩʠʣʳ, ʜʘʪʯʠʢʠ ʜʘʚʣʝ-

ʥʠʷ, ʜʘʪʯʠʢʠ ʫʩʢʦʨʝʥʠʷ, ʜʘʪʯʠʢʠ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʜʘʪʯʠʢʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥ-

ʪʘ. ɺ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʥʦʚʠʜʥʦʩʪʴ 

ʜʘʪʯʠʢʦʚ ʩʠʣʳ, ʘ ʠʤʝʥʥʦ ï ʜʘʪʯʠʢʠ ʚʝʩʘ. 

ʇʨʠ ʫʩʣʦʚʠʠ ʩʦʟʜʘʥʠʷ ʘʥʪʠʚʘʥʜʘʣʴʥʦʛʦ ʢʦʨʧʫʩʘ ʜʣʷ ʜʘʪʯʠʢʦʚ ʚʝʩʘ, ʠ 

ʦʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʚʦʜʠʪʝʣʶ ʢ ʧʨʝʦʙʨʘʟʫʶʱʝʤʫ ʫʩʪʨʦʡʩʪʚʫ ʠ ʢʦʤʧʴʶʪʝʨʫ 

ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʘ ʢ ʧʦʩʪʦʨʦʥʥʠʤ ʚʤʝʰʘʪʝʣʴʩʪʚʘʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʧʦʜʩʯʝʪʝ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʦʙʫʩʣʦʚʣʝʥʦ 

ʪʝʤ, ʯʪʦ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʥʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ 98.6 ʧʨʦʮʝʥʪʦʚ 

ʣʶʜʝʡ, ʟʘʭʦʜʷʱʠʭ ʠ ʚʳʭʦʜʷʱʠʭ ʠʟ ʘʚʪʦʙʫʩʘ, ʥʘʩʪʫʧʘʶʪ ʥʘ ʧʝʨʚʫʶ ʩʪʫʧʝʥʴ 

ʘʚʪʦʙʫʩʘ. ɸ ʰʠʨʠʥʘ ʦʜʥʦʩʪʚʦʨʯʘʪʦʡ ʜʚʝʨʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʦʪʦʢ ʚʭʦʜʷʱʠʭ 

ʣʶʜʝʡ ʪʘʢ, ʯʪʦ ʣʶʜʠ ʟʘʭʦʜʷʪ ʚ ʜʚʝʨʠ ʘʚʪʦʙʫʩʘ ʧʦ ʦʜʥʦʤʫ. ɺ ʜʚʫʩʪʚʦʨʯʘʪʳʭ 

ʜʚʝʨʷʭ ʚʦʟʤʦʞʥʘ ʫʩʪʘʥʦʚʢʘ ʜʚʫʭ ʜʘʪʯʠʢʦʚ, ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʦʪʦʢʘ ʣʶʜʝʡ ʙʫ-

ʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʝʨʠʣʣʘ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʧʦʩʝʨʝʜʠʥʝ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ 

ʥʝʦʙʭʦʜʠʤʦ ʥʝʩʪʘʥʜʘʨʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ, ʪʘʢ ʢʘʢ 

ʙʫʜʝʪ ʠʟʤʝʨʷʪʴʩʷ ʥʝ ʩʠʣʘ ʜʘʚʣʝʥʠʷ ʥʘ ʜʘʪʯʠʢ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʝʛʦ ʩʨʘʙʘʪʳʚʘ-

ʥʠʡ. ʅʦ ʧʨʠ ʵʪʦʤ, ʚʚʝʜʷ ʚ ʩʠʩʪʝʤʫ ʪʘʢʦʡ ʧʘʨʘʤʝʪʨ, ʢʘʢ ʩʨʝʜʥʠʡ ʚʝʩ ʯʝʣʦʚʝʢʘ, 

ʙʫʜʝʪ ʚʦʟʤʦʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʝ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʥʘ ʩʪʫʧʝʥʴ ʚʩʪʘʶʪ ʜʚʘ ʯʝʣʦʚʝʢʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ɼʘʪʯʠʢ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʜʚʝ ʞʝʩʪʢʠʝ ʧʣʘ-

ʩʪʠʥʳ, ʢʦʪʦʨʳʝ ʩ ʧʦʤʦʱʴʶ ʥʘʧʨʘʚʣʷʶʱʠʭ ʙʫʜʫʪ ʩʙʣʠʞʘʪʴʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʨʘʟʤʝʩʪʠʪʴ ʜʝʤʧʬʠʨʫʶʱʠʝ ʵʣʝ-

ʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʠʚʦʜʠʪʴ ʧʣʘʩʪʠʥʳ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʊʘʢʞʝ 
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ʥʝʣʴʟʷ ʩʠʣʴʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʚʳʩʦʪʫ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʘʚʪʦʙʫʩʘ, ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʨʘʟʤʝʨ ʜʘʪʯʠʢʘ ʧʦ ʚʳʩʦʪʝ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦ ʤʝʥʷʪʴ ʨʘʟʤʝ-

ʨʳ ʜʘʪʯʠʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʜʝʣʠ ʘʚʪʦʙʫʩʘ ʠ ʨʘʟʤʝʨʘ ʩʪʫʧʝʥʠ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʜʘʪʯʠʢʫ: 

¶ ʀʟʤʝʨʷʝʤʳʡ ʜʠʘʧʘʟʦʥ ʚʝʩʘ ʦʪ 15 ʜʦ 250 ʢʠʣʦʛʨʘʤʤ; 

¶ ʈʘʟʨʫʰʘʶʱʘʷ ʥʘʛʨʫʟʢʘ ʥʝ ʤʝʥʝʝ 300 ʢʠʣʦʛʨʘʤʤ; 

¶ ɼʘʪʯʠʢ ʜʦʣʞʝʥ ʙʳʪʴ ʧʳʣʝ- ʠ ʚʣʘʛʦʟʘʱʠʱʝʥʥʳʤ. 

ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʵʪʦ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʡ ʜʘʪʯʠʢ MLB20. ɽʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦ-

ʚʠʪʴ ʚ ʮʝʥʪʨʝ ʧʣʘʪʬʦʨʤʳ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʠʛʥʘʣʘ ʩ ʜʘʪʯʠʢʘ ʥʝʦʙʭʦʜʠʤ ʚʝʩʦ-

ʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ. 

ʀʪʦʛʠ: 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʧʧʘʨʘʪʥʘʷ ʯʘʩʪʴ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʧʧʘʨʘʪʫʨʝ ʚʠʜʝʦ ʬʠʢʩʘʮʠʠ ʠ ʊʝʥʟʦʤʝʪʨʠʯʝʩʢʠʤ ʜʘʪʯʠʢʘʤ. 

ʇʨʦʠʟʚʝʜʝʥ ʚʳʙʦʨ ʘʧʧʘʨʘʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘ ʦʩʥʦʚʝ ʚʳʜʚʠʥʫʪʳʭ 

ʪʨʝʙʦʚʘʥʠʡ. 
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ʉʊʈʋʂʊʋʈʓ ʇʈɽɼʇʈʀʗʊʀʗ 
 

ɻʨʫʙʠʯ ʊ.ʖ. 

ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʌɻɹʆʋ ɺʇʆ çʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

ʈʦʩʩʠʷ, ʛ. ʂʨʘʩʥʦʜʘʨ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʵʪʘʧʘ ʨʘʟʨʘʙʦʪʢʠ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠʣʦʞʝʥʠʷ: ʩʦʟʜʘʥʠʝ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʠ ʚʳʷʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ. ɼʝʪʘʣʴʥʘʷ ʧʨʦʨʘʙʦʪʢʘ ʜʘʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʧʨʦʮʝʩʩʫ ʨʘʟʨʘʙʦʪʢʠ ʘʨʭʠʪʝʢʪʫʨʳ ʠ 

ʜʘʣʴʥʝʡʰʝʤʫ ʩʦʟʜʘʥʠʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʨʦʚʝʜʝʥ ʦʙʟʦʨ ʬʫʥʢʮʠʦʥʘʣʘ ʩʫʱʝʩʪʚʫ-

ʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ-ʘʥʘʣʦʛʦʚ, ʚʳʷʚʣʝʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫ-
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ʶʱʠʭ ʩʠʩʪʝʤ. ʊʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ ʬʫʥʢʮʠʦʥʘʣ ʠ ʫʩʣʦʚʠʷ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʨʦʜʫʢʪʘ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʠʣʦʞʝʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ, ʦʮʝʥʢʘ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʚʳʷʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ, Alfa HRMS, 

BizDiagnostics, Fox Manager ʆʨʛʩʪʨʫʢʪʫʨʘ, ʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʪʘ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʶ, ʮʝʣʝʚʦʡ ʩʝʛʤʝʥʪ. 

 

ʇʦʜ ʘʨʭʠʪʝʢʪʫʨʦʡ ʩʠʩʪʝʤʳ ʧʦʥʠʤʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦ-

ʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ, ʚʟʘʠʤʦʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʧʨʠʥʮʠʧʳ ʠ ʥʦʨʤʳ ʠʭ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʚʦ ʚʨʝʤʝʥʠ [3]. 
ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠʣʦʞʝʥʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʨʘʜ ʵʪʘʧʦʚ, 

ʢʦʪʦʨʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʮʝʩʩ, ʵʪʦ ʪʘ-
ʢʠʝ ʵʪʘʧʳ, ʢʘʢ [3]: ʩʦʟʜʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ; ʚʳʷʚʣʝʥʠʝ ʪʨʝ-
ʙʦʚʘʥʠʡ; ʩʦʟʜʘʥʠʝ ʥʦʚʦʡ ʠʣʠ ʚʳʙʦʨ ʩʫʱʝʩʪʚʫʶʱʝʡ ʘʨʭʠʪʝʢʪʫʨʳ; ʜʦʢʫʤʝʥ-
ʪʠʨʦʚʘʥʠʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʚʝʜʝʥʠʡ ʦʙ ʘʨʭʠʪʝʢʪʫʨʝ; ʘʥʘʣʠʟ ʠʣʠ ʦʮʝʥʢʘ 
ʘʨʭʠʪʝʢʪʫʨʳ; ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʘʨʭʠʪʝʢʪʫʨʳ; ʧʨʦʚʝʨʢʘ ʩʦʦʪʚʝʪ-
ʩʪʚʠʷ ʨʝʘʣʠʟʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʝ. 

ʇʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʘʥʘʣʦʛʦʚ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʫʶʪ ʥʘ ʨʳʥʢʝ ʥʘ ʩʝʛʦ-
ʜʥʷʰʥʠʡ ʜʝʥʴ, ʠʭ ʬʫʥʢʮʠʦʥʘʣ, ʩʪʦʠʤʦʩʪʴ. 

1. ʉʠʩʪʝʤʘ Alfa HRMS. 
ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʨʷʜ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʘ ʠʤʝʥʥʦ 

ʧʦʜʜʝʨʞʢʫ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʨʘʙʦʪʫ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘ-
ʤʠ ʜʘʥʥʳʭ, ʚʝʜʝʥʠʝ ʩʧʨʘʚʦʯʥʠʢʘ ʬʠʟʠʯʝʩʢʠʭ ʣʠʮ, ʤʥʦʛʦʚʘʨʠʘʥʪʥʫʶ ʘʥʘʣʠ-
ʪʠʢʫ, ʥʘʩʪʨʦʡʢʫ ʦʧʦʚʝʱʝʥʠʡ, ʭʨʘʥʝʥʠʝ ʠʩʪʦʨʠʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʥʦʩʪʠ. 

ʉʪʦʠʤʦʩʪʴ ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʦʙʨʝʪʘʝʤʳʭ ʤʦʜʫʣʝʡ, ʤʘʩʰʪʘʙʦʚ 
ʚʥʝʜʨʝʥʠʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ. 

2. BizDiagnostics ʉʠʩʪʝʤʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. 
ʉʠʩʪʝʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠ-

ʦʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʢʦʤʧʘʥʠʠ ʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ. 
ʉʠʩʪʝʤʘ BIZDIAGNOSTICS ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʪʝʩʪʦʚ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʝʩʪʠ ʜʠʘʛʥʦʩʪʠʢʫ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʘʥʠʠ, ʢʘʢ 
ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʝʪʩʷ 
ʦʙʲʝʢʪʠʚʥʘʷ ʦʮʝʥʢʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʘʥʠʠ. 

ʉʪʦʠʤʦʩʪʴ ʫʩʣʫʛʠ ʧʦ ʙʠʟʥʝʩ-ʜʠʘʛʥʦʩʪʠʢʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʧʨʘ-
ʰʠʚʘʝʤʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʧʨʝʜʧʨʠʷʪʠʷ. ʎʝʥʘ ʢʦʣʝʙʣʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʧʨʝʜʝ-
ʣʘʭ: ʜʦ 10 ʯʝʣʦʚʝʢ ï 10 000 ʨʫʙʣʝʡ, ʙʦʣʝʝ 100 ʯʝʣʦʚʝʢ ï 100 000 ʨʫʙʣʝʡ. 

3. Fox Manager ʆʨʛʩʪʨʫʢʪʫʨʘ [2]. 
ʄʦʜʫʣʴ Fox Manager çʆʨʛʩʪʨʫʢʪʫʨʘè ï ʦʜʠʥ ʠʟ ʪʝʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦ-

ʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ, ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘ-
ʮʠʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʄʦʜʫʣʴ çʆʨʛʩʪʨʫʢʪʫʨʘè ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ ʧʦʩʪʨʦʠʪʴ ʠ ʦʪʦʙʨʘʟʠʪʴ 
ʧʦʩʪʨʦʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʚʠʜʫ ʛʨʘʬʠʯʝʩʢʦʡ ʩʭʝʤʳ, ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʨʫʪʠʥ-
ʥʫʶ ʯʘʩʪʴ ʨʘʙʦʪʳ ʢʘʜʨʦʚʠʢʘ. ʉʪʦʠʤʦʩʪʴ ʩʠʩʪʝʤʳ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 3 500 ʨʫʙʣʝʡ 
ʜʦ 8 000 ʨʫʙʣʝʡ. 

ɼʘʣʝʝ ʦʧʨʝʜʝʣʠʤ ʮʝʣʝʚʦʡ ʩʝʛʤʝʥʪ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʦʨʠ-
ʝʥʪʠʨʦʚʦʯʥʫʶ ʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʪʘ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʜʨʫʛʠ-
ʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʮʝʣʝʚʦʛʦ ʩʝʛʤʝʥʪʘ ʨʳʥʢʘ: ʮʝʣʝʚʦʡ ʩʝʛʤʝʥʪ ʙʫʜʫʪ ʩʦʩʪʘʚ-

ʣʷʪʴ ʢʨʫʧʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥ-

ʥʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʫʨʦʚʥʝʡ). ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷ-

ʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʤʦʛʫʪ ʙʳʪʴ ʊʆʇ-ʤʝʥʝʜʞʝʨʳ, ʘʨʭʠʪʝʢʪʦʨʳ ʙʠʟ-

ʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʠ, IT-ʤʝʥʝʜʞʝʨʳ, ʩʧʝʮʠʘʣʠʩʪʳ ʧʦ ʦʨʛʘʥʠʟʘ-

ʮʠʦʥʥʦʤʫ ʨʘʟʚʠʪʠʶ, ʤʝʥʝʜʞʝʨʳ, ʨʫʢʦʚʦʜʠʪʝʣʠ ʧʨʦʝʢʪʦʚ, ʨʫʢʦʚʦʜʠʪʝʣʠ ʠ 

ʩʧʝʮʠʘʣʠʩʪʳ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʷ [1]. 

ʉʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʪʘ: ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʦʜʫʢʪ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘ-

ʥʷʪʴ ʥʘ ʙʝʩʧʣʘʪʥʦʡ ʦʩʥʦʚʝ ʜʣʷ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʩʙʦʨʘ 

ʠʩʪʦʨʠʠ ʦʰʠʙʦʢ. ʇʦʩʣʝ ʫʩʪʨʘʥʝʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʦʰʠʙʦʢ ʙʫʜʝʪ ʧʨʦʠʟʚʝʜʝʥ 

ʨʘʩʯʝʪ ʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʪʘ ʠ ʦʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʩ ʜʨʫʛʠʤʠ 

ʧʨʠʣʦʞʝʥʠʷʤʠ ʥʝ ʧʨʝʜʲʷʚʣʷʶʪʩʷ. 

ʅʝ ʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ. 

ʅʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʙʨʘʫʟʝʨʘ ʠ ʚʳʭʦʜʘ ʚ ʠʥʪʝʨʥʝʪ. ɼʣʷ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ 

ʪʨʝʙʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ ʘʧʧʘʨʘʪʥʘʷ ʧʣʘʪʬʦʨʤʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʦʙ ʦʪʨʘʞʝʥʠʠ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʬʫʥʢ-

ʮʠʦʥʘʣʘ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʜʨʫʛʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʷʭ, ʩʨʘʚʥʠʤ ʬʫʥʢʮʠ-

ʦʥʘʣ, ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʡ ʜʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩ ʩʫʱʝʩʪʚʫʶʱʠ-

ʤʠ ʨʝʰʝʥʠʷʤʠ (ʪʘʙʣʠʮʘ). 
ʊʘʙʣʠʮʘ 

ʉʨʘʚʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ  

ʩ ʬʫʥʢʮʠʦʥʘʣʦʤ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 
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ʀʟ ʪʘʙʣʠʮʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʢ 

ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʣʦʞʝʥʠʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝ-

ʤʳʤ ʢ ʦʮʝʥʢʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʣʠʰʴ ʥʝʩʢʦʣʴʢʠʤʠ ʬʫʥʢʮʠʷʤʠ 
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ʩʭʦʞ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʨʝʰʝʥʠʷʤʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ ʧʨʠʟʚʘʥʳ ʘʚ-

ʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʢʘʜʨʦʚʳʡ ʫʯʝʪ ʠ ʜʨʫʛʠʝ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ ʬʫʥʢʮʠʠ, ʠ ʥʝ 

ʥʘʮʝʣʝʥʳ ʠʤʝʥʥʦ ʥʘ ʦʮʝʥʢʫ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ, ʯʪʦ ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʳʚʦʜʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʚ ʩʪʘʪʴʝ çɸʥʘʣʠʟ 

ʧʨʦʙʣʝʤʳ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʧʨʠʣʦʞʝʥʠʷ ʧʦ ʦʮʝʥʢʝ ʦʨʛʘʥʠ-

ʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷè [1]. 

ʇʦ ʠʪʦʛʘʤ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʚʳʭ ʜʚʫʭ ʵʪʘʧʦʚ ʧʦ ʧʣʘʥʠʨʦʚʘʥʠʶ ʘʨʭʠʪʝʢ-

ʪʫʨʳ ʧʨʠʣʦʞʝʥʠʷ ʤʦʞʥʦ ʧʝʨʝʭʦʜʠʪʴ ʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʘʨʭʠ-

ʪʝʢʪʫʨʳ. ɺʳʷʚʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤʫ ʧʨʠʣʦʞʝʥʠʶ ʙʫʜʫʪ 

ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ. ʉʦʟʜʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ ʥʝʥʫʞʥʳʭ ʨʘʩʭʦʜʦʚ ʠ ʦʧʨʝʜʝʣʠʪʴ ʩʪʦʠʤʦʩʪʴ ʫʩʣʫʛ 

ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ, ʚʥʝʜʨʝʥʠʶ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʶ ʩʠʩʪʝʤʳ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɻʨʫʙʠʯ ʊ.ʖ. ɸʥʘʣʠʟ ʧʨʦʙʣʝʤʳ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʧʨʠʣʦʞʝʥʠʷ 
ʧʦ ʦʮʝʥʢʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ. ʊʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ: ʨʦʣʴ ʚ ʨʘʟʚʠ-

ʪʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. 2016. ˉ 7. ʉ. 5. 

2. ɻʨʫʙʠʯ ʊ.ʖ., ʄʘʩʘʣʳʢʠʥʘ ɸ.ɸ. Web-ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʜʦʤʝʥʘ çʆʨʛʘʥʠ-

ʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘè ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ. ʅʦʚʦʝ ʩʣʦʚʦ ʚ ʥʘʫʢʝ ʠ ʧʨʘʢʪʠʢʝ: ʛʠʧʦʪʝ-

ʟʳ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. 2015. ˉ 18. ʉ. 87-93. 

3. ʗʢʫʥʠʥ ʖ.ʖ. ʊʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺʝʨʩʠʷ 1.0 
[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] : ʣʘʙ. ʧʨʘʢʪʠʢʫʤ / ʖ. ʖ. ʗʢʫʥʠʥ, ʀ. ʉ. ʇʦʯʝʢʫʪʦʚ, ʉ. ɺ. ʗʢʫʥʠʥʘ. ï 

ʕʣʝʢʪʨʦʥ. ʜʘʥ. (3 ʄʙ). ï ʂʨʘʩʥʦʷʨʩʢ : ʀʇʂ ʉʌʋ, 2008. 

 

 

ɸʅɸʃʀɿ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉʀɻʅɸʃʆɺ 

ɸʂʋʉʊʀʏɽʉʂʀʍ ʊʈɸʂʊʆɺ ʄʇʋʠʇ  

ʅɸ ʆʉʅʆɺɽ ɺʓʏʀʉʃʀʊɽʃʔʅʆɻʆ ʕʂʉʇɽʈʀʄɽʅʊɸ 

 

ɼʝʤʠʥ ɽ.ʉ. 

ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʬʠʟʠʢʠ, 

ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 
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ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʪʨʘʢʪʦʚ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʨʦʚʥʷ ʠ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʠʭ ʩʨʝʜ ʥʘ ʫʣʴ-

ʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥʘʭ ʢʨʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

ʫʨʦʚʥʷ ʠ ʧʣʦʪʥʦʩʪʠ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʨʦʚʥʷ ʠ 

ʧʣʦʪʥʦʩʪʠ (ʄʇʋʠʇ) ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʜʣʷ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 1 3h-  ʨʘʟʣʠʯʥʳʭ 

ʞʠʜʢʠʭ ʩʨʝʜ. ʕʪʦʤʫ ʧʦʩʣʫʞʠʣʠ ʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʤʠ ʚ ʩʦ-

ʚʦʢʫʧʥʦʩʪʠ ʥʝ ʦʙʣʘʜʘʶʪ ʜʨʫʛʠʝ ʠʟʚʝʩʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʬʠʟʠʯʝʩʢʠʭ ʚʝ-

ʣʠʯʠʥ [1, 2]. 
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ʆʥʠ ʠʤʝʶʪ ʧʨʦʪʷʞʝʥʥʳʡ ʘʢʫʩʪʠʯʝʩʢʠʡ ʪʨʘʢʪ ʩ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ 
ʩʠʛʥʘʣʴʥʳʤʠ ʵʣʝʢʪʨʦʘʢʫʩʪʠʯʝʩʢʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ (ʕɸʇ) ʠ ʤʘʛʥʠʪʦ-
ʩʪʨʠʢʮʠʦʥʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ɺʠʜʝʤʘʥʘ (ʄʇɺ) [1], ʛʜʝ ʥʦʩʠʪʝʣʝʤ ʘʢʫ-
ʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚʳʩʪʫʧʘʝʪ ʧʨʷʤʦʣʠʥʝʡʥʳʡ ʠʣʠ ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʳ ʟʚʫ-
ʢʦʧʨʦʚʦʜ ʠʟ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʬʝʨʨʦʩʧʣʘʚʘ, ʦʙʳʯʥʦ ʥʘʛʨʫʞʝʥʥʳʡ ʥʝ-

ʢʦʪʦʨʳʤ ʧʨʦʜʦʣʴʥʳʤ ʫʩʠʣʠʝʤ P, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ. 1. ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʄʇʋʠʇ 

 

ɸʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʘʢʫʩʪʠʯʝʩʢʠʭ ʪʨʘʢʪʦʚ ʄʇʋʠʇ ʥʘ 
ʦʩʥʦʚʝ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʠʟʫʯʠʪʴ ʦʙʲʝʢʪ 
ʠ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʟʘʠʤʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ, ʩʚʦʡʩʪʚ ʠ 
ʧʦʚʝʜʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʘʜʝʢʚʘʪʥʫʶ 
ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʇʦʣʫʯʠʤ ʪʘʢʫʶ ʤʘʪʝʤʘʪʠʯʝ-
ʩʢʫʶ ʤʦʜʝʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʪʨʘʢʪʘ ʄʇʋʠʇ. 

ʀʤʧʫʣʴʩʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʟʦʥʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʄʇɺ ʧʨʠ ʧʦʜʘʯʝ ʠʤʧʫʣʴʩʦʚ ʟʘʧʠʩʠ ʜʣʠʪʝʣʴʥʦʩʪʠ Űʠʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 1t , ʩʦ-

ʟʜʘʶʪ ʚ ʩʨʝʜʝ ʟʚʫʢʦʧʨʦʚʦʜʘ ʄʇʋʠʇ ʩ ʩʝʯʝʥʠʝʤ ʟʧS , ʵʣʝʤʝʥʪʘʨʥʳʝ ʤʝʭʘʥʠ-

ʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ: 

() ()( )
ʟʧ ʧ

ʧ u

ʧ

+Ű /2
Ű /2-Ű

. 1 ɛ . 1

0 -Ű /2

ů ɚ

S

x j x jt K E H t e dt dS= ñ ñ ,   (1) 

ʛʜʝ ɛ ʩʨ=ɛ /ɛ 1K ¢  ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʟʚʫ-

ʢʦʧʨʦʚʦʜʘ, ʩʨɛ,ɛ ï ʝʛʦ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʝʝ ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, 
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2
s sɚ 3/2 ɚ /J J= Ö  ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ, sɚ ï ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ 

ʥʘʩʳʱʝʥʠʷ, s,J J  ï ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʟʚʫ-

ʢʦʧʨʦʚʦʜʦʚ, E  ï ʤʦʜʫʣʴ ʖʥʛʘ, ʧ ʵʬ.ʤ ʢʨŰ /h u=  ï ʚʨʝʤʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʢʨu  

ï ʩʢʦʨʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ (ʋɿɺ) ʢʨʫʯʝʥʠʷ. 

ʀʭ ʩʦʚʦʢʫʧʥʦʩʪʴ (1) ʦʙʨʘʟʫʝʪ ʚ ʩʨʝʜʝ ʟʚʫʢʦʧʨʦʚʦʜʘ ʛʨʫʧʧʦʚʳʝ ʥʘʧʨʷ-

ʞʝʥʠʷ ʚ ʚʠʜʝ ʋɿɺ ʢʨʫʯʝʥʠʷ: 

() (). . 1 . 1ů ůx o j x jt t=ä ,      (2) 

ʢʦʪʦʨʳʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷ-

ʞʝʥʠʡ ʦʩʪů  ʠ ʚʥʝʰʥʠʭ ʧʨʠʥʫʜʠʪʝʣʴʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʧ ʟʧů /P S= , ʘ ʪʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ t  ʠ 

ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʦʧH , ʚʳʟʳʚʘʷ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʡ ʛʠʩʪʝʨʝʟʠʩ. 

ʊʝʦʨʠʷ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ ʵʪʦ ʦʙʲʷʩʥʷʝʪ ʚʣʠʷʥʠʝʤ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ 

ʥʘ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʘʪʦʤʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʠʟ-

ʤʝʥʷʶʪʩʷ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʥʘʧʨʠʤʝʨ, ʧʨʠ cT  ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʘʪʦʤ-

ʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʨʘʟʨʫʰʘ-

ʝʪʩʷ [1, 3, 4]. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ [5], ʯʪʦ ʭʘʨʘʢʪʝʨ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʟʘʜʘʝʪ 

ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʥʘʩʳʱʝʥʠʷ ɚs ʤʘʪʝʨʠʘʣʘ ʟʚʫʢʦʧʨʦʚʦʜʘ: 

( )

( )

2
ʦʧ

1 ʊ,ʅ s 2
3 ʦʧ

ɚ ɚ ɚ 1
ʩc

c c ʩ

H Hkt

T H K H H

è ø-
é ù= = - Ö
é ù+ -ê ú

,    (3) 

ʛʜʝ ʩT  ï ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ, ck  ï ʥʦʨʤʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, cH  ï ʢʦʵʨʮʠ-

ʘʪʠʚʥʘʷ ʩʠʣʘ, 3K  ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʛʣʘʞʠʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʀʟʚʝʩʪʥʘ ʬʦʨʤʫʣʘ ɹʵʢʢʝʨʘ, ʢʦʪʦʨʘʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ 1ů ʚ ʪʝʣʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʩ ʝʛʦ 

ʤʘʛʥʠʪʥʳʤʠ ʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 
2

1

ɢ
2ɚ ů

s

s

J
= ,       (4) 

ʟʜʝʩʴ ɢ ï ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, sJ  ï ʝʛʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʥʘʩʳʱʝʥʠʷ, ʘ ʠʤʝʥʥʦ, ʜʣʷ ʠʥʜʫʢʮʠʠ ( )0ɛ 1 ɢB H= + , ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘ-

ʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ( )ɛ 1 ɢ= +, ʛʜʝ 0ɛ  ï ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ ʧ uŰ =Ű, ʚ ʩʨʝʜʝ ʟʚʫʢʦʧʨʦʚʦʜʘ ʚ ʟʦʥʘʭ ʨʘʩʧʦ-

ʣʦʞʝʥʠʷ ʄʇɺ ʄʇʋʠʇ, ʩʦʚʦʢʫʧʥʦʩʪʴ (2) ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʩʦʟʜʘʝʪ 

ʋɿɺ ʢʨʫʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ ʠ ʟʥʘʯʝʥʠʷ: 

() () () () ( )
4

. 1 . 1 .1 1 .2,3 1 .4 1 u

1

ů ů ů ů ů 2Ű
i

x i x j x x x
i

t t t t t
=

=

= = - + -ä .  (5) 
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ʈʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʚʜʦʣʴ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʟʚʫʢʦʧʨʦʚʦʜʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʪʨʘʢʪʘ ʄʇʋʠʇ ʩʦ ʩʢʦʨʦʩʪʴʶ ʢʨu  ʥʫʣʝʚʦʡ ʤʦʜʳ ʚ ʩʪʦʨʦʥʫ ʠʥʜʫʢʪʠʚʥʦʛʦ 

ʕɸʇ, ʋɿɺ ʢʨʫʯʝʥʠʷ ʠʩʧʳʪʳʚʘʝʪ ʠʟʚʝʩʪʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʠ ʯʘʩʪʦʪʥʦʝ ʟʘʪʫ-

ʭʘʥʠʷ 1 ʧ ʯɓ =ɓ +ɓ. ʇʝʨʚʦʝ ʚʳʟʚʘʥʦ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʟʚʫʢʦʧʨʦ-

ʚʦʜʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʪʨʘʢʪʘ ʄʇʋʠʇ, ʘ ʚʪʦʨʦʝ ï ʩ ʧʦʛʣʦʱʝʥʠʝʤ 

ʵʥʝʨʛʠʠ ʚʦʣʥʳ ʥʘ ʢʨʠʩʪʘʣʣʘʭ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ (ʟʚʫʢʦʧʨʦʚʦʜʘ). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʛʦʥʥʦʝ ʟʘʪʫʭʘʥʠʝ ʧʘʜʘʶʱʠʭ ʋɿɺ ʢʨʫʯʝʥʠʷ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ, ʩʦʙʩʪʚʝʥʥʦ, ʧʦʣʥʳʤ ʟʘʪʫʭʘʥʠʝʤ 1ɓ ʠ ʨʘʩʩʪʦʷʥʠʝʤ jL , ʧʨʦʡʜʝʥʥʳʤ 

ʚʦʣʥʦʡ ʧʦ ʩʨʝʜʝ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʟʚʫʢʦʧʨʦʚʦʜʘ ʄʇʋʠʇ: 

() ( ) ( ).1 .1 ʢʨ 1ů ů exp ɓx i x i j jt t L Lu= - - .    (6) 

ɺ ʩʣʝʜʫʶʱʠʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 2 6( )t t-  ʋɿɺ ʢʨʫʯʝʥʠʷ (5), (6), ʧʦʡʜʷ 

ʨʘʙʦʯʠʝ ʫʯʘʩʪʢʠ ʟʚʫʢʦʧʨʦʚʦʜʘ ʄʇʋʠʇ, ʜʦʩʪʠʛʘʝʪ ʟʦʥʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʠʛ-

ʥʘʣʴʥʦʛʦ ʠʥʜʫʢʪʠʚʥʦʛʦ ʕɸʇ ʠ ʠʤ ʙʫʜʝʪ ʩʯʠʪʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʟʘʢʦʥʦʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. ʅʘ ʝʛʦ ʚʳʚʦʜʘʭ ʙʫʜʫʪ ʩʬʦʨʤʠʨʦʚʘʥʳ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʝ ʕ.ɼ.ʉ. ʩʠʛʥʘʣʳ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ ʠ ʘʤʧʣʠʪʫʜʳ: 

( ) ( )1
.1 2 6 1 1 2 6 1 ʧʨx ʦʙ

d
e t t W W B t t l

dt
u

F
- =- =- - Ö,   (7) 

ʛʜʝ 1W , 1l  ï ʵʬʬʝʢʪʠʚʥʦʝ ʯʠʩʣʦ ʚʠʪʢʦʚ ʠ ʰʠʨʠʥʘ ʦʙʤʦʪʢʠ ʠʥʜʫʢʪʠʚʥʦʛʦ ʕɸʇ, 

ʧʨ ʢʨ1,6u u=  ï ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʦʡ ʋɿɺ ʚ ʩʨʝʜʝ ʟʚʫʢʦʧʨʦʚʦʜʘ. 

ʄʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʦʙB , ʩʦʟʜʘʚʘʝʤʘʷ ʚ ʟʦʥʘʭ ʤʘʛʥʠʪʦʫʧʨʫʛʦʛʦ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʷ (ʵʬ. ɺʠʣʣʘʨʠ), ʩ ʫʯʝʪʦʤ (4), ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʩʣʝʜʫʶʱʠʤ 

ʚʳʨʘʞʝʥʠʝʤ ʚʠʜʘ: ( ) ( )2 6 0 1 1 2 6ɛ ɛʦʙB t t H t t- = - , ʟʜʝʩʴ 

( ) 2
1ɛ 1 ɢ 1 /ʥ sk J= + = +  ( )1 1/ 3ɚ ů ï ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʟʚʫ-

ʢʦʧʨʦʚʦʜʦʚ ʚ ʟʦʥʝ ʤʘʛʥʠʪʦʫʧʨʫʛʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, 1ů, ( )1 2 6-H t t  ï ʤʝʭʘ-

ʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʵʪʦʡ ʟʦʥʝ, 
2,[(ʤ/ɺ ʩ) ʅ]ʥk Ö  ï ʥʦʨʤʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʳ ʨʝ-

ʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʳʭʦʜʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʪʨʘʢʪʘ ʄʇʋʠʇ ʩ ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʟʚʫʢʦʧʨʦʚʦʜʦʤ ʠ ʠʥʜʫʢʪʠʚ-

ʥʳʤ ʩʠʛʥʘʣʴʥʳʤ ʕɸʇ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (7). 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʵʬʬʝʢʪʠʚ-

ʥʦʝ ʯʠʩʣʦ 1W  ʚʠʪʢʦʚ ʦʙʤʦʪʦʢ ʕɸʇ ʠʥʜʫʮʠʨʫʝʪ ʤʝʥʴʰʫʶ ʕ.ɼ.ʉ. ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʄʇʋʠʇ, ʯʝʤ ʬʘʢʪʠʯʝʩʢʦʝ ʯʠʩʣʦ W  ʚʠʪʢʦʚ, ʧʦʩʢʦʣʴʢʫ ʫʯʠ-

ʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʢʨʘʝʚʳʭ ʵʬʬʝʢʪʦʚ ʠ ʧʣʦʪʥʦʩʪʴ ʥʘʤʦʪʢʠ ʦʙʤʦʪʦʢ (ʨʠʩ. 2, ʘ). 

ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ P  ʚ ʟʚʫʢʦʧʨʦʚʦʜʝ ʄʇʋʠʇ ʚ ʥʝ-

ʢʦʪʦʨʦʤ ʜʦʧʫʩʪʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʩʯʠʪʘʷ ʝʛʦ ʥʦʨʤʘʣʴʥʦ ʨʘʚʥʦʤʝʨʥʳʤ, ʧʦʟ-

ʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʘʤʧʣʠʪʫʜʫ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ( )xe t  ʧʦ ʚʦʟʨʘʩʪʘʶ-

ʱʝʡ ʢʨʠʚʦʡ (ʨʠʩ. 2, ʙ). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠ-
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ʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. ʈʘʩʭʦʞʜʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʭ ʜʘʥʥʳʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 10-15%. 

 

 
ʘ)  

 
ʙ) 

 
ʚ) 

ʈʠʩ. 2. ʌʦʨʤʘ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʳʚʦʜʘʭ ʕɸʇ ʧʨʠ: 

ʘ) ʨʘʟʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʯʠʩʣʘ W ʚʠʪʢʦʚ ʦʙʤʦʪʦʢ, ʙ) ʧʨʠʣʦʞʝʥʥʳʭ 

ʢ ʟʚʫʢʦʧʨʦʚʦʜʘʤ ʧʨʦʜʦʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʚ) ʨʘʟʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
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ɺ ʵʣʝʢʪʨʦʥʥʦʤ ʙʣʦʢʝ ʄʇʋʠʇ ʩʯʠʪʘʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ (7) 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʪʨʘʢʪʘ ʫʩʠʣʠʚʘʶʪʩʷ ʣʠʥʝʡʥʳʤ ʫʩʠʣʠʪʝʣʝʤ ʜʦ ʪʨʝʙʫʝʤʳʭ ʟʥʘ-

ʯʝʥʠʡ ʠ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʢʦʜʳ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʠ ʧʣʦʪʥʦʩʪʠ ʞʠʜ-

ʢʦʡ ʩʨʝʜʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ. 
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ʧʨʦʬ. ɾʫʢʦʚʩʢʦʛʦ ʠ ʖ.ɸ. ɻʘʛʘʨʠʥʘ, ʈʦʩʩʠʷ, ʛ. ɺʦʨʦʥʝʞ 
 

ʂʘʨʧʦʚ ɸ.ɸ. 

ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʩʝʨʚʠʩʘ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠ-

ʪʝʪ ʠʤʝʥʠ ɻ.ʌ. ʄʦʨʦʟʦʚʘ, ʈʦʩʩʠʷ, ʛ. ɺʦʨʦʥʝʞ 
 

ʀʩʩʣʝʜʫʝʪʩʷ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʝʨʤʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʟʦʥʝ ʨʘʟ-

ʜʝʣʘ ʤʝʞʜʫ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʠ ʚʨʝʤʝʥʠ ʥʘʛʨʫʞʝʥʠʷ. ʇʦʣʫʯʝʥʳ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦ-

ʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʷʪʴ ʢʦʥʪʘʢʪʥʳʝ ʪʝʨʤʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʜʣʠʪʝʣʴʥʦʥʘʛʨʫʞʝʥ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʢʦʥʪʘʢʪʥʦʝ ʪʝʨʤʦʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʥʘʛʨʫʟʢʘ, ʬʘʢ-

ʪʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ. 
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ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʟʘʯʘ-

ʩʪʫʶ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʤʝʪʘʣʣʠ-

ʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʥʪʘʢʪʥʳʭ ʪʝʨʤʦʩʦʧʨʦʪʠʚʣʝʥʠʡ (ʂʊʉ). ʇʦ ʵʪʦʡ ʧʨʦ-

ʙʣʝʤʝ ʧʨʦʚʝʜʝʥʳ ʦʙʰʠʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʧʨʠ-

ʢʣʘʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ [1-3]. ʆʜʥʘʢʦ, ʚʤʝʩʪʝ ʩ ʪʝʤ ʥʘ ʨʷʜ ʚʦʧʨʦʩʦʚ ʠ, ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʥʘ ʚʦʧʨʦʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʂʊʉ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʥʘʛʨʫʞʝ-

ʥʠʠ ʨʘʟʲʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʪʚʝʪʳ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʀʟ ʪʝʦʨʠʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ ʪʝʣ ʠʟʚʝʩʪʥʦ [4], ʯʪʦ ʟʘ ʩʯʝʪ 

ʥʘʣʠʯʠʷ ʥʘ ʩʦʧʨʷʛʘʝʤʳʭ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ ʠʭ ʢʦʥ-

ʪʘʢʪ ʥʦʩʠʪ ʜʠʩʢʨʝʪʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʨʠʯʝʤ ʬʘʢʪʠʯʝʩʢʘʷ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʩʦ-

ʩʪʘʚʣʷʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʥʦʤʠʥʘʣʴʥʦʡ ʧʣʦʱʘʜʠ. ʇʨʠ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʠʤʝʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʝʧʣʦ-

ʧʨʦʚʦʜʥʦʩʪʴ, ʯʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʩʨʝʜʳ (ʛʘʟ, ʚʘʢʫʫʤ) ʚ ʤʝʞʢʦʥʪʘʢʪʥʳʭ 

ʧʦʣʦʩʪʷʭ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʟʦʥʫ ʢʦʥʪʘʢʪʘ ʩʪʷʛʠʚʘʝʪʩʷ ʢ 

ʧʣʦʱʘʜʢʘʤ ʬʘʢʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ. ʇʝʨʝʥʦʩ ʪʝʧʣʘ ʯʝʨʝʟ ʟʦʥʫ ʢʦʥʪʘʢʪʘ ʩʦ-

ʧʨʦʚʦʞʜʘʝʪʩʷ ʧʘʜʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ Ў˟ , ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʪʥʦʩʪʠ ʪʝʧ-

ʣʦʚʦʛʦ ʧʦʪʦʢʘ q. ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʯʠʪʘʝʪʩʷ ʢʦʥʪʘʢʪʥʳʤ ʪʝʨ-

ʤʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ  

Ὑ        (1) 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʧʨʠ ʧʦʜʭʦʜʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ 

ʨʘʟʜʚʘʠʚʘʝʪʩʷ, ʪʦ ʣʦʛʠʯʥʦ ʩʚʷʟʘʪʴ ʟʥʘʯʝʥʠʝ ʦʙʱʝʛʦ ʂʊʉ ʩ ʜʚʫʤʷ ʩʦʩʪʘʚʣʷʶ-

ʱʠʤʠ, ʘ ʠʤʝʥʥʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʤʝʞʢʦʥʪʘʢʪʥʦʡ ʩʨʝʜʳ Ὑ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʬʘʢʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ Ὑ̍, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʪʦʛʜʘ ʩʦʛʣʘʩʥʦ 
ʧʨʘʚʠʣʫ ʩʣʦʞʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠʤʝʝʤ  

̍
      (2) 

ʉʦʩʪʘʚʣʷʶʱʠʝ ʦʙʱʝʛʦ ʂʊʉ ʩʦʛʣʘʩʥʦ (2) ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʧʨʠʨʦʜʫ. 

ʇʝʨʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ Ὑ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʥʝʰʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʷʚʣʷʝʪ-

ʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʘʣʠʯʠʷ ʤʘʣʦʪʝʧʣʦʧʨʦʚʦʜʥʦʡ ʩʨʝʜʳ ʚ ʟʘʟʦʨʝ. ɺ ʦʙʱʝʤ ʚʠʜʝ ʦʥʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʟʘ ʩʯʝʪ ʦʙʲʝʤʥʦʡ ʪʝʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

Ὑ        (3) 

ɿʜʝʩʴ ‏Ӷï ʪʦʣʱʠʥʘ ʧʨʦʩʣʦʡʢʠ, ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʧʦ ʦʙʲʝʤʫ ʤʝʞʚʳʩʪʫʧʥʦ-

ʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ; ‗ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʨʝʜʳ ʚ ʟʘʟʦʨʝ. 

ɺʪʦʨʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʣʥʦʛʦ ʂʊʉ, ʪ.ʝ. ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ 

ʢʦʥʪʘʢʪʘ ʠʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ çʩʪʷʛʠʚʘʥʠʷè ʷʚʣʷʝʪʩʷ ʚʥʫʪʨʝʥʥʠʤ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝʤ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʚʥʝʰʥʠʤ. ʈʘʥʝʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʘ ʜʚʫʭ ʧʦʣʫʦʛʨʘʥʠʯʝʥʥʳʭ ʪʝʣ ʩʬʝʨʠʯʝ-

ʩʢʦʡ ʬʦʨʤʳ [1]. ʇʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʥʪʘʢʪʘ ʚ ʚʠʜʝ  

Ὑ ̍
Ͻ̍
᷿

ϽϽ̍
,      (4) 
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ʛʜʝ ὥ ï ʨʘʜʠʫʩ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ; ‗̍ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠ-

ʘʣʘ ʢʦʥʪʘʢʪʥʦʡ ʧʘʨʳ; ὶ ï ʨʘʜʠʫʩ ʚʝʨʰʠʥ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ. 

ɽʩʣʠ ʧʨʠʥʷʪʴ ʫʩʣʦʚʠʝ, ʯʪʦ ʧʣʦʱʘʜʴ ʬʘʢʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʦʙʨʘʟʦʚʘʥʘ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʨʫʛʣʳʭ ʧʣʦʱʘʜʦʢ ʨʘʜʠʫʩʦʤ ὥ, ʪʦ ʯʠʩʣʦ ʧʣʦʱʘʜʦʢ 

ʢʦʥʪʘʢʪʘ ʥʘ ʥʦʤʠʥʘʣʴʥʦʡ ʧʣʦʱʘʜʠ 1 ʤ
2
 ʟʘʧʠʰʝʪʩʷ 

ὲ
Ͻ

,      (5) 

ʛʜʝ – ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ. 

ʊʦʛʜʘ ʪʝʨʤʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ (ʚ ʚʘʢʫʫʤʝ) ʙʫʜʝʪ 

Ὑ̍
Ͻ̍

       (6) 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ (3) ʠ (6) ʚ (2) ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʝ ʂʊʉ ʜʣʷ ʢʦʥʪʘʢʪ-

ʥʳʭ ʧʘʨ ʚ ʛʘʟʦʚʦʡ ʩʨʝʜʝ 
Ͻ̍

      (7) 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʣʦʞʝʥʠʷʭ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ ʪʚʝʨʜʳʭ 

ʪʝʣ [4], ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʨʝʤʷ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩ-

ʩʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʘʢʪʠʯʝʩʢʦʡ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʠ ʩʙʣʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ. ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʨʘʙʦʪʘʭ ʧʦ ʢʦʥʪʘʢʪ-

ʥʦʤʫ ʪʝʧʣʦʦʙʤʝʥʫ ʚʝʣʠʯʠʥʘ ʨʘʜʠʫʩʘ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ὥ, ʚʭʦʜʷʱʘʷ ʚ ʬʦʨʤʫʣʫ 
(7) ʧʨʠʥʠʤʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʧʨʠʯʝʤ ʝʛʦ ʚʝʣʠʯʠʥʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 20 ʠ 77 ʤʢʤ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʧʝʮʠʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʨʘʟʤʝʨʳ 

ʝʜʠʥʠʯʥʦʛʦ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʜʝʬʦʨʤʘʮʠʷ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʥʘʛʨʫʟʢʠ ʠ ʬʦʨʤʘ ʥʝʨʦʚʥʦʩʪʝʡ ʠ ʧʦʵʪʦʤʫ ʧʨʠʥʠʤʘʪʴ ʠʭ ʧʦʩʪʦʷʥʥʳʤ ʥʝʢʦʨ-

ʨʝʢʪʥʦ. 

ʊʘʢ, ʧʦ ʜʘʥʥʳʤ ʘʚʪʦʨʘ [5] ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʜʣʷ ʤʦʜʝʣʝʡ 

ʚʳʩʪʫʧʘ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʠ ʚ ʚʠʜʝ ʩʬʝʨʠʯʝʩʢʦʛʦ ʩʝʛʤʝʥʪʘ ʤʦʞʥʦ ʥʘʡʪʠ ʢʘʢ 

ʨʘʜʠʫʩ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʚʳʩʪʫʧʘ, ʠʤʝʶʱʝʛʦ ʩʨʝʜʥʶʶ ʜʝʬʦʨʤʘʮʠʶ, ʪ.ʝ. 

ὥ
ȟ Ͻᴐ̒ Ͻ̑

     (8) 

ɿʜʝʩʴ ‐ ïʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʙʣʠʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʜ ʥʘʛʨʫʟʢʦʡ; ὺ ï 

ʧʘʨʘʤʝʪʨ ʦʧʦʨʥʦʡ ʢʨʠʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; ᴐ̒ ï̑ ʛʦʩʪʠʨʦʚʘʥʥʘʷ ʚʳʩʦʪʘ ʤʠʢʨʦʥʝ-

ʨʦʚʥʦʩʪʝʡ. 

ɺʭʦʜʷʱʠʝ ʚ (8) ʧʘʨʘʤʝʪʨʳ ὶȟὺȟᴐ̒  ̑ï ʤʦʞʥʦ ʥʘʭʦʜʠʪʴ ʠʟ ʩʥʷʪʳʭ ʩ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʧʨʦʬʠʣʦʛʨʘʤʤ. 

ʉʧʝʮʠʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ [6], ʯʪʦ ʚʨʝʤʝʥʥʘʷ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʬʘʢʪʠʯʝʩʢʦʡ ʧʣʦʱʘʜʠ ʢʘʩʘʥʠʷ ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʤ ʢʦʥʪʘʢʪʝ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʘ ʢʦʥʪʘʢʪʥʦʡ ʧʘʨʳ ʠ ʜʘʚʣʝʥʠʝʤ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʚʳ-

ʨʘʞʝʥʠʝʤ  

–
Ͻ
† ,      (9) 

ʛʜʝ † ï ʚʨʝʤʷ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ; †  ï ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ʠʥʜʝʢʪʦʨʘ ʧʦʜ 

ʥʘʛʨʫʟʢʦʡ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʪʚʝʨʜʦʩʪʠ ʧʦ ɹʨʠʥʝʣʣʶ; ά ï ʧʦʩʪʦʷʥʥʘʷ ʤʘʪʝʨʠʘʣʘ 
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ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ (ʨʝʦʣʦʛʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ ʤʘʪʝʨʠʘʣʘ, ʜʘʥʥʳʝ ʧʦ ʢʦʪʦ-

ʨʦʡ ʟʘʪʘʙʫʣʠʨʦʚʘʥʳ ʚ [5]). ɺʭʦʜʷʱʘʷ ʚ ʬʦʨʤʫʣʫ (9) ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ 

ʬʘʢʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ, ʟʘʚʠʩʠʤʘʷ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ, ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʠʟ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʬʦʨʤʫʣʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʚ ʨʘʙʦʪʝ [5] 

–
ȟ Ͻȟ Ͻ Ͻ Ͻ Ͻ

̍́̋̒

    (10) 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʙʣʠʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʠʟ ʚʳʨʘ-

ʞʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [6]. 

ɼʘʥʥʳʝ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ὥȟὦȟὥȟ‫ȟ̉ ὺ ʟʘʪʘʙʫʣʠʨʦʚʘʥʳ ʚ ʤʦʥʦʛʨʘʬʠʠ 

[5], Ὤ̍ ́̋̒ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ. 

ɼʣʷ ʘʧʨʦʙʘʮʠʠ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʂʊʉ ʦʪ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘʛʨʫʟʢʠ ʥʘ ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʦʚʝʜʝ-

ʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʢʦʥʪʘʢʪʥʳʭ ʧʘʨʘʭ ʠʟ ʩʧʣʘʚʘ ɼ16ʊ ʠ 

ʩʪʘʣʠ 35ʍʄ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ 

ʠʟʤʝʥʷʣʠʩʴ ʯʠʩʪʦʪʘ ʠ ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʥʪʘʢʪʘ, ʫʜʝʣʴʥʘʷ 

ʥʘʛʨʫʟʢʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1 ʠ 2. 

 
 

1 ï ʢʦʥʪʘʢʪʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʙʦʪʘʥʘ ʰʣʠʬʦʚʘʥʠʝʤ ʩ ᴐ̒ ̑ ρσȟτ ̍̋ȟ̍ Ὕ σχσ ̠ȟ 

˝ πȟυ ̇˜Ƞ́ 1ô ï ʪʦ ʞʝ,  Ὕ τχσ ̠ȟ̋ πȟυ ̇̐Ƞ́ 1ôô ï ʪʦ ʞʝ,  ᴐ̒ ̑ ρωȟτ ̍̋ȟ̍Ὕ σχσ ̠ȟ 

 ̋ ς ̇˜Ƞ́ 2 ï ʰʣʠʬʦʚʘʥʠʝ ʩ  ᴐ̒ ̑ ςȟς ̍̋ȟ̍Ὕ σχσ ̠ȟ̋ πȟυ ̇̐Ƞ́ 2 ï ʪʦ ʞʝ  Ὕ σχσ ̠ȟ 

˝ ς ̇˜.́ ʐʪʨʠʭʦʚʘʷ ʣʠʥʠʷ ï ʨʘʩʯʝʪ ʧʦ ʬʦʨʤʫʣʝ (7) 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʂʊʉ ʦʪ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʜʣʷ ʢʦʥʪʘʢʪʥʦʡ 

ʧʘʨʳ ʠʟ ʩʧʣʘʚʘ ɼ16ʊ 
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1 ï ʢʦʥʪʘʢʪʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʙʦʪʘʥʘ ʪʦʨʮʝʚʳʤ ʬʨʝʟʝʨʦʚʘʥʠʝʤ ʩ ᴐ̒ ̑ ρυȟρ ̍̋ȟ̍ 

 Ὕ τχσ ̠ȟ̋ πȟυ ̇˜Ƞ́ 2 ï ʪʦ ʞʝ, ʪʦʨʮʝʚʦʝ ʬʨʝʟʝʨʦʚʘʥʠʝ ʩ  ᴐ̒ ̑ σȟφ ̍̋ȟ̍Ὕ τχσ ̠ȟ 

˝ πȟυ ̇˜Ƞ́ 3 ï ʪʦ ʞʝ, ʧʣʦʩʢʦʝ ʰʣʠʬʦʚʘʥʠʝ,  Ὕ τχσ ̠ȟ̋ υ ̇˜.́ ʐʪʨʠʭʦʚʘʷ ʣʠʥʠʷ ï ʨʘʩʯʝʪ 

ʧʦ ʬʦʨʤʫʣʝ (7) 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʂʊʉ ʦʪ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʜʣʷ ʢʦʥʪʘʢʪʥʦʡ 

ʧʘʨʳ ʠʟ ʩʪʘʣʠ 35ʍʄ 

 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʂʊʉ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʧʨʠʣʦʞʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. ʇʨʠ ʵʪʦʤ ʩʥʠʞʝʥʠʝ ʂʊʉ ʦʩʦʙʝʥʥʦ ʟʘ-

ʤʝʪʥʦ ʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ (ʜʦ 30 ʯ), ʘ ʟʘʪʝʤ ʵʪʦʪ ʧʨʦ-

ʮʝʩʩ ʟʘʤʝʜʣʷʝʪʩʷ ʠ ʧʨʠ † υπ ̘ ʚʝʣʠʯʠʥʘ Ὑ  ʧʨʘʢʪʠʯʝʩʢʠ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥ-

ʥʦʡ. ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ Ὑ Ὢ† ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʫʚʝʣʠʯʝʥʠʝʤ 

ʬʘʢʪʠʯʝʩʢʦʡ ʧʣʦʱʘʜʠ ʢʘʩʘʥʠʷ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʘ ʩʯʝʪ ʧʦʚʳ-

ʰʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʪ ʜʝʬʦʨʤʘʮʠʠ ʤʠʢʨʦʚʳʩʪʫ-

ʧʦʚ. ʋʚʝʣʠʯʝʥʠʝ ʥʘʛʨʫʟʢʠ, ʯʠʩʪʦʪʳ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʥʪʘʢʪʥʦʡ ʧʘ-

ʨʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʫʩʢʦʨʷʶʪ ʵʪʦʪ ʧʨʦʮʝʩʩ. ɺ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʩʪʝʧʝʥʠ ʩʥʠʞʘʝʪ Ὑ  ʠ ʫʤʝʥʴʰʝʥʠʝ ʤʝʞʚʳʩʪʫʧʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʪʦ ʦʩʦ-

ʙʝʥʥʦ ʟʘʤʝʪʥʦ ʜʣʷ ʚʳʩʦʢʦʧʣʘʩʪʠʯʥʳʭ ʤʝʪʘʣʣʦʚ. 
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ɸʤʫʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ, ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʠʜʳ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʩ ʞʠʜʢʠʤ ʜʠʵʣʝʢʪʨʠʢʦʤ. ʇʨʠʚʦʜʠʪʩʷ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘ-

ʥʠʝ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʩʪʨʦʠʪʩʷ ʢʠʙʝʨʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʦʩʦʙ 

ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʷʨʥʘʷ ʞʠʜʢʦʩʪʴ, ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ, ʫʧʨʫʛʘʷ ʠʦʥʥʘʷ 

ʧʦʣʷʨʠʟʘʮʠʷ, ʫʧʨʫʛʘʷ ʜʠʧʦʣʴʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ, ʨʝʣʘʢʩʘʮʠʦʥʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ, ʯʘʩʪʦʪʘ ʨʝʟʦ-

ʥʘʥʩʘ, ʯʘʩʪʦʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʢʦʣʝʙʘʥʠʡ. 

 

ʉʝʛʦʜʥʷ ʚ ʥʘʫʢʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʚʦʜʳ, ʧʘʨʘʤʝʪ-

ʨʦʚ ʢʘʢ ʦʜʥʦʡ ʝʝ ʤʦʣʝʢʫʣʳ, ʪʘʢ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʚʝʜʫʪʩʷ ʜʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʦʣʷʨʥʦʡ ʞʠʜ-

ʢʦʩʪʠ ï ʚʦʜʝ; ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʝʜʠʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚ ʚʦʧʨʦʩʝ ʩʪʨʫʢʪʫʨʳ ʠʩ-

ʩʣʝʜʫʝʤʦʡ ʞʠʜʢʦʩʪʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʩʪʨʫʢʪʫʨʳ ʚʦʜʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ. 

ʊʘʢ, ʥʘ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʚʥʫʪ-

ʨʝʥʥʠʭ ʢʦʦʨʜʠʥʘʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ: ʜʣʠʥ ʩʚʷʟʝʡ 

ʚ ʤʦʣʝʢʫʣʝ (ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ) ʠ ʫʛʣʘ ʤʝʞʜʫ ʥʠʤʠ (ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦ-

ʣʝʙʘʥʠʷ).  

ʅʘ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʚʳʜʝʣʷʶʪ ʜʚʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʤʦʣʝʢʫʣʘ ʜʚʠʞʝʪʩʷ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ, ʪʦ ʝʩʪʴ ʠʟʤʝʥʷʶʪʩʷ ʝʝ 

ʚʥʝʰʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ʇʦʩʪʫ-

ʧʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʥʘʟʳʚʘʶʪʩʷ ʪʨʘʥʩʣʷʮʠʦʥʥʳʤʠ ʢʦʣʝʙʘ-

ʥʠʷʤʠ, ʧʦʚʦʨʦʪʳ ʤʦʣʝʢʫʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ ï ʣʠʙʨʘʮʠʦʥ-

ʥʳʤʠ.  

ʂʦʣʝʙʘʥʠʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʫʧʨʫʛʫʶ 

ʠʦʥʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ, ʢʦʣʝʙʘʥʠʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ï ʜʠʧʦʣʴʥʫʶ 

ʧʦʣʷʨʠʟʘʮʠʶ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʢʘʟʘʥʥʳʝ ʚʠʜʳ ʢʦʣʝʙʘʥʠʡ. 
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ʈʠʩ. 1. ʄʦʣʝʢʫʣʷʨʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʨʠ ʠʦʥʥʦʡ (ʘ), (ʙ) ʠ ʜʠʧʦʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (ʚ) 

 

ʊʘʢʞʝ ʚʳʜʝʣʷʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʤʥʦʛʦʤʦʣʝʢʫʣʷʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚʦʜʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʝʣʘʢʩʘʮʠʦʥʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʚʦʜʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʣʠʙʨʘʮʠʠ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴ-

ʥʦʡ ʝʜʠʥʠʮʳ.  

ʂʘʞʜʳʡ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʠʜʦʚ ʢʦʣʝʙʘʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʚʦʝʤ ʜʠʘʧʘ-

ʟʦʥʝ ʜʣʠʥ ʚʦʣʥ. ʇʦʢʘʞʝʤ ʵʪʠ ʜʠʘʧʘʟʦʥʳ ʚ ʪʘʙʣʠʮʝ. 
 

ʊʘʙʣʠʮʘ 

ɺʠʜʳ ʢʦʣʝʙʘʥʠʡ ɼʣʠʥʳ ʚʦʣʥ, ʤ 

ɺʘʣʝʥʪʥʳʝ  610]9.4..1[ -Ö=vl  

ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ  610]7..5[ -Ö=dl  

ʊʨʘʥʩʣʷʮʠʦʥʥʳʝ  610]34..7[ -Ö=tl  

ʃʠʙʨʘʮʠʦʥʥʳʝ 610]90..35[ -Ö=ll  

ʂʦʣʝʙʘʥʠʷ ʤʥʦʛʦʤʦʣʝʢʫʣʷʨ-

ʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ 

64 10]1090..90[ -ÖÖ=rl  

 

ʇʦʣʫʯʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʥʘʟʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʜʨʦʙʥʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʩʪʘʪʴʷʭ [1], [2], [3], [4]. ɺ ʥʠʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʜʝʢʚʘʪʥʳʝ ʤʦ-

ʜʝʣʠ, ʥʦ ʥʝ ʙʳʣʦ ʦʙʱʝʛʦ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʘʩʯʝʪʫ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɿʘʜʘʯʝʡ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʩʷ 

ʩʠʥʪʝʟ ʤʦʜʝʣʠ ʰʠʨʦʢʦʜʠʘʧʘʟʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʧʦʣʷʨʥʦʡ ʞʠʜʢʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʝʜʠʥʦʛʦ ʤʝʪʦʜʘ ʢʦ ʚʩʝʤ ʚʠʜʘʤ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʜʳ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʩʠʥʪʝʟʘ ʠ ʢʦʨʨʝʢʮʠʠ ʤʦʜʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʫʢʘʟʘʥʥʳʭ 

ʨʘʙʦʪʘʭ, ʷʚʠʣʦʩʴ ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʩʦʚʦʢʫʧʥʦ-

ʩʪʠ ʥʘʟʚʘʥʥʳʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʩ ʚʦʜʦʡ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʦ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ (1):  
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ʛʜʝ mi(t) ï ʥʘʚʝʜʝʥʥʳʝ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʘʩʪʠʮ; bi ʠ  

w0i ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʠ ʯʘʩʪʦʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘ-

ʥʠʡ; eï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ; mH ï ʤʘʩʩʘ ʠʦʥʘ ʚʦʜʦʨʦʜʘ; a ï ʚʝʣʠʯʠʥʘ ʚʘʣʝʥʪʥʦʛʦ 

ʫʛʣʘ HOH; mOH ʠ IOH ï ʩʦʙʩʪʚʝʥʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʠ ʦʩʝʚʦʡ ʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ OH; m0 ï ʩʦʙʩʪʚʝʥʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʤʦʣʝ-

ʢʫʣʳ H2O; Iy ʠ Ix ï ʤʦʤʝʥʪʳ ʝʝ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʩʝʡ y ʠ 

x; mS ï ʩʫʤʤʘʨʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʦʜʥʦʛʦ ʘʩʩʦʮʠʘʪʘ; IS ï ʩʫʤʤʘʨʥʳʡ 

ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʚʷʟʢʠ; E0(t) ʠ E(t) ï ʬʫʥʢ-

ʮʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʥʝʰʥʝʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʝʡ; e0 ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦ-

ʩʪʦʷʥʥʘʷ; Ni ï ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʜʠʥʘʢʦʚʳʭ ʯʘʩʪʠʮ; ¤E  ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʵʣʝʢ-

ʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ( ¤E =1.8). ʉʦʛʣʘʩʥʦ (1), ʫʧʨʫ-

ʛʘʷ ʠʦʥʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʮʝʩʩʘʤʠ 1 ï 4, ʧʨʦʮʝʩʩʳ 5 ï 6 

ʦʧʠʩʳʚʘʶʪ ʫʧʨʫʛʫʶ ʜʠʧʦʣʴʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ, ʘ ʧʨʦʮʝʩʩ 7 ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʨʝ-

ʣʘʢʩʘʮʠʦʥʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ. 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 0w  ʠ b ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʯʠʩʣʝʥʥʦʤʫ ʤʝʪʦʜʫ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ ʚʠʜʘ (2): 
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bwww

bw

e
we

--
Ö=

m

Nq
    (2) 

ʛʜʝ )(Im we  ï ʤʥʠʤʘʷ ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ; q, m ï ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʠ ʠʥʝʨʮʠʘʣʴʥʳʡ ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʘ 

(ʟʘʨʷʜ ʠ ʤʘʩʩʘ ʯʘʩʪʠʮʳ, ʠʣʠ ʩʦʙʩʪʚʝʥʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʠ ʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ ʜʠʧʦʣʷ).  

ʇʦʣʫʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ [5, c. 63], 

ʛʜʝ ʦʥʘ ʧʨʠʤʝʥʷʣʘʩʴ ʚ ʜʨʫʛʠʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʘʭ ʥʘʭʦʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ. 

ʅʘʡʜʝʤ ʧʝʨʚʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʫʢʘʟʘʥʥʦʡ ʤʦʜʝʣʠ: 
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ʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 3 ï ʛʠʜʨʦʮʠʣʠʥʜʨʳ ʫʧʨʘʚʣʝʥʠʷ ʚʳʜʚʠʛʘʝʤʳʭ ʯʘʩʪʝʡ; 4 ï ʚʳʜʚʠʛʘʝʤʳʝ 

ʯʘʩʪʠ ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʭ ʪʦʣʢʘʶʱʠʭʩʷ ʙʨʫʩʴʝʚ; 5 ï ʨʘʙʦʯʠʡ ʦʨʛʘʥ 
 

ʉʦʛʣʘʩʥʦ ʧʨʘʚʠʣʫ, ʩʫʤʤʘʨʥʘʷ ʞʝʩʪʢʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʭ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʝ 

ὅ
Ễ

     (3) 

ʉʫʤʤʘʨʥʘʷ ʞʝʩʪʢʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ʉ=ʉ1+ʉ2+é+ʉn  

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2, ὅ ï ʞʝʩʪʢʦʩʪʴ ʥʝʧʦʜʚʠʞʥʦʛʦ 

ʪʦʣʢʘʶʱʝʛʦ ʙʨʫʩʴʷ; ὅ ï ʞʝʩʪʢʦʩʪʴ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʧʦʜʲʝʤʘ ʠ ʦʧʫʩʢʘʥʠʷ ʨʘ-

ʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; ὅ ï ʞʝʩʪʢʦʩʪʴ ʚʳʜʚʠʛʘʝʤʦʡ ʯʘʩʪʠ ʪʦʣʢʘʶʱʝʛʦ ʙʨʫʩʴʷ; 

ὅ ï ʞʝʩʪʢʦʩʪʴ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʧʦʚʦʨʦʪʘ ʚʳʜʚʠʛʘʝʤʦʡ ʯʘʩʪʠ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦ-

ʛʦ ʪʦʣʢʘʶʱʝʛʦ ʙʨʫʩʴʷ. 

ʆʧʨʝʜʝʣʷʝʤ ʞʝʩʪʢʦʩʪʴ ʩʠʩʪʝʤʳ ʛʠʜʨʦʧʨʠʚʦʜʘ. 

ʊʦʛʜʘ, ʞʝʩʪʢʦʩʪʴ ὅ  ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʧʦʜʲʝʤʘ ʠ ʦʧʫʩʢʘʥʠʷ ʨʘʙʦʯʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʝ [1]: 

ὅ
ȟ ɼʧ

ȟ ʧ
ɽʞ

ȟ ʰ

ɼʧ

ʰ

ʰ

     (4) 

ʛʜʝ, ɼ
ʧ

 ï ʜʠʘʤʝʪʨ ʧʦʨʰʥʷ, ʤ; Ὓʧ  ï ʭʦʜ ʧʦʨʰʥʷ, ʤ; Ὠh  ï ʜʠʘʤʝʪʨ ʰʣʘʥʛʦʚ 

(ʨʫʢʘʚʘ), ʤ; ὰh ï ʜʣʠʥʘ ʰʣʘʥʛʦʚ, ʤ; Ὁh  ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʰʣʘʥʛʦʚ ʛʠʜʨʦʩʠ-

ʩʪʝʤʳ, Ὁh 0,11*10
3
ʄʇʘ; ɽʞ  ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʞʠʜʢʦʩʪʠ, 

ɽʞ=(1,20é1,25) *10
3
ʄʇʘ. 

ɼʣʷ ʜʚʫʭ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ 

Вὅ ςὅ      (5) 

ɸʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʞʝʩʪʢʦʩʪʴ ὅ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʫʧʨʘʚʣʝʥʠʷ ʚʳ-

ʜʚʠʛʘʝʤʦʡ ʯʘʩʪʠ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʛʦ ʪʦʣʢʘʶʱʝʛʦ ʙʨʫʩʴʷ: 

ὅ
ȟ ɼʧ

ȟ ʧ
ɽʞ

ȟ ʰ

ɼʧ

ʰ

ʰ

      (6) 

ɼʣʷ ʜʚʫʭ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ 

Вὅ ςὅ       (7) 

ʆʧʨʝʜʝʣʷʝʤ ʞʝʩʪʢʦʩʪʴ ʥʝʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʛʦ ʪʦʣʢʘʶ-

ʱʝʛʦ ʙʨʫʩʴʷ: 

ὅ  ʠʣʠ ὅ
ɹɼɹɼʄɼ

    (8) 

ɼʣʷ ʜʚʫʭ ʙʨʫʩʴʝʚ 

Вὅ ςὅ      (9) 

ʛʜʝ L ï ʦʙʱʘʷ ʜʣʠʥʘ (ɹɼ) ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʛʦ ʪʦʣʢʘʶʱʝʛʦ ʙʨʫʩʴʷ, ʤ; l ï ʜʣʠʥʘ 

ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʛʦ ʪʦʣʢʘʶʱʝʛʦ ʙʨʫʩʴʷ ʦʪ ɼ ʜʦ ʄ, ʤ; ὐ ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʝ-

ʯʝʥʠʷ, ʤ
4
; ɽ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʛʦ ʪʦʣʢʘʶʱʝʛʦ 

ʙʨʫʩʴʷ, ʇʘ. 
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ʊʦʛʜʘ ʩ ʫʯʝʪʦʤ (17) ʠ (18) ʠʤʝʝʤ 

ɸɺʊ

ɺɸ

ɼϽɹʊ

ɹɼ
 Ý ὠɼ

ɸˏ Ͻˎ ˑ

ɺɸϽɹʊ
    (19) 

ɸʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʷʝʤ ʩʢʦʨʦʩʪʴ ʪʦʯʢʠ ʄ 

ʄ

ɹʄ

ʊ

ɹʊ
 Ý ὠʄ

ʊϽˎ ˙

ɹʊ
   (20) 

ʉ ʫʯʝʪʦʤ (17) ʠʤʝʝʤ 

ὠʄ
ɸˏ Ͻˎ ˙

ɺɸϽɹʊ
      (21) 

ʊʦʛʜʘ, ʧʦʜʩʪʘʚʣʷʷ (21) ʠ (19) ʚ (14) ʧʦʣʫʯʠʤ: 

ό
ʄˎ

ˎˑ
     (22) 

(22) ʧʦʜʩʪʘʚʣʷʝʤ ʚ (13) ʠ ʧʦʣʫʯʠʤ 

ὅɼ ὅ
ʄˎ

ˎˑ
Ͻʂ    (23) 

ʉʦʛʣʘʩʥʦ ʟʘʚʠʩʠʤʦʩʪʠ (9) ʟʘʚʠʩʠʤʦʩʪʴ (23) ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

ὅɼ ςὅ
ʄˎ

ˎˑ
Ͻʂ    (24) 

ɿʘʚʠʩʠʤʦʩʪʴ (24) ʷʚʣʷʝʪʩʷ ʞʝʩʪʢʦʩʪʠ ʥʝʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ ʪʝʣʝʩʢʦʧʠ-

ʯʝʩʢʠʭ ʪʦʣʢʘʶʱʠʭʩʷ ʙʨʫʩʴʝʚ ʧʨʠʚʝʜʝʥʥʦʡ ʢ ʪʦʯʢʝ ɼ. 

ɼʘʣʝʝ ʧʨʠʚʝʜʝʤ ʞʝʩʪʢʦʩʪʠ ʩʠʩʪʝʤʳ ʛʠʜʨʦʧʨʠʚʦʜʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʞʝʩʪ-

ʢʦʩʪʠ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʧʦʜʲʝʤʘ ʠ ʦʧʫʩʢʘʥʠʷ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ  

ʢ ʪʦʯʢʝ ɼ. 

ʉʦʛʣʘʩʥʦ ʧʨʘʚʠʣʘʤ ʧʨʠʚʝʜʝʥʠʷ ʞʝʩʪʢʦʩʪʝʡ ʠʤʝʝʤ 

ὅɼ ὅόϽʂ     (25) 

ʉ ʫʯʝʪʦʤ (5) ʠ (16) 

ὅɼ ςὅ
ˑ
Ͻʂ ςὅ

ˏ Ͻ̱ˎ˟

ˏ Ͻ˟ˎ ˑ
Ͻʂ   (26) 

ɿʘʚʠʩʠʤʦʩʪʴ (26) ʷʚʣʷʝʪʩʷ ʞʝʩʪʢʦʩʪʠ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʧʦʜʲʝʤʘ ʠ ʦʧʫʩ-

ʢʘʥʠʷ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʢ ʪʦʯʢʝ ɼ. 

ʇʨʠʚʝʜʝʥʠʝ ʞʝʩʪʢʦʩʪʝʡ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʧʦʚʦʨʦʪʘ ʚʳʜʚʠʛʘʝʤʳʭ ʯʘʩʪʝʡ 

ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʭ ʪʦʣʢʘʶʱʠʭʩʷ ʙʨʫʩʴʝʚ ʢ ʪʦʯʢʝ ɼ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦ ʩʣʝʜʫ-

ʶʱʠʤʠ ʜʦʧʫʱʝʥʠʷʤʠ: 

- ʩʢʦʨʦʩʪʴ ʪʦʯʢʠ ʂ ʠ ʪʦʯʢʠ ʆ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳ (ὠ̠ ὠ̨), ʪ.ʢ. ʨʘʩʩʪʦʷʥʠʝ 
ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʝʥʴʢʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʥʳ ɹʂ ʠ ɹʆ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʤʘʣʝʥʴʢʠʡ ʫʛʦʣ ʦʙʨʘʟʦʚʘʥʥʳʡ ʤʝʞʜʫ ɹʂ ʠ ɹʆ; 

- ʥʘ ʪʘʢʦʤ ʧʦʣʦʞʝʥʠʠ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.2, ʚʳʜʚʠʛʘʝʤʳʭ ʯʘʩʪʝʡ ʪʝʣʝ-

ʩʢʦʧʠʯʝʩʢʠʭ ʪʦʣʢʘʶʱʠʭʩʷ ʙʨʫʩʴʝʚ ʫʜʝʨʞʠʚʘʝʪ ʛʠʜʨʦʮʠʣʠʥʜʨʳ (ʥʘ ʨʠʩʫʥʢʝ 

ʧʦʢʘʟʘʥʘ ʚ ʚʠʜʝ ʣʠʥʠʠ ʩ ʜʚʫʤʷ ʧʨʦʫʰʠʥʘʤʠ ʜʣʷ ʠʟʙʝʞʘʥʠʝ ʟʘʛʨʦʤʦʞʜʝʥʠʷ 

ʯʝʨʪʝʞʘ). 

ʉ ʫʯʝʪʦʤ ʜʦʧʫʱʝʥʠʡ ʧʨʠʚʝʜʝʤ ʞʝʩʪʢʦʩʪʝʡ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʧʦʚʦʨʦ-

ʪʘ ʚʳʜʚʠʛʘʝʤʳʭ ʯʘʩʪʝʡ ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʭ ʪʦʣʢʘʶʱʠʭʩʷ ʙʨʫʩʴʝʚ ʠ ʟʘʚʠʩʠ-

ʤʦʩʪʠ (7) 
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ʉʀʃʆɺʆʁ ɸʅɸʃʀɿ ɹʋʃʔɼʆɿɽʈɸ-ʇʆɻʈʋɿʏʀʂɸ 

ʉ ʊʈɸʅʉʌʆʈʄʀʈʋʖʑʀʄʉʗ ʈɸɹʆʏʀʄ ʆɹʆʈʋɼʆɺɸʅʀɽʄ 
 

ʀʩʘʢʦʚ ʂ. 

ʢ.ʪ.ʥ., ʂʳʨʛʳʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 

ʪʨʘʥʩʧʦʨʪʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ ʠʤ. ʅ. ʀʩʘʥʦʚʘ, ʂʳʨʛʳʟʩʪʘʥ, ʛ. ɹʠʰʢʝʢ 
 

ɹʝʡʰʝʥʘʣʠʝʚ ɸ.ɸ. 

ʠ.ʦ. ʜʦʮ. ʢʘʬʝʜʨʳ çʆʨʛʘʥʠʟʘʮʠʷ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷè, 

ʂʳʨʛʳʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʪʨʘʥʩʧʦʨʪʘ 

ʠ ʘʨʭʠʪʝʢʪʫʨʳ ʠʤ. ʅ. ʀʩʘʥʦʚʘ, ʂʳʨʛʳʟʩʪʘʥ, ʛ. ɹʠʰʢʝʢ 
 

ɸʣʪʳʙʘʝʚ ɸ.ʐ. 

ʠ.ʦ. ʜʦʮ. ʢʘʬʝʜʨʳ çʆʨʛʘʥʠʟʘʮʠʷ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷè, 

ʂʳʨʛʳʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʪʨʘʥʩʧʦʨʪʘ 

ʠ ʘʨʭʠʪʝʢʪʫʨʳ ʠʤ. ʅ. ʀʩʘʥʦʚʘ, ʂʳʨʛʳʟʩʪʘʥ, ʛ. ɹʠʰʢʝʢ 
 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʟʜʘʥʠʷ ʙʫʣʴʜʦʟʝʨʘ-

ʧʦʛʨʫʟʯʠʢʘ ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩ ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʤʩʷ ʨʘʙʦʯʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʘ 

ʪʘʢ ʞʝ ʧʨʠʚʝʜʝʥʳ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʩʠʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʙʫʣʴʜʦʟʝʨʥʦʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʢ ʨʘʙʦʯʝʤʫ ʦʨʛʘʥʫ ʧʦʛʨʫʟʯʠʢʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʣʦʚʦʡ ʘʥʘʣʠʟ, ʙʫʣʴʜʦʟʝʨ-ʧʦʛʨʫʟʯʠʢ, ʨʘʙʦʯʠʡ ʦʨʛʘʥ,  

ʢʦʥʩʪʨʫʢʮʠʷ. 

 

ɺ ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ ʧʦʪʨʝʙʥʦʩʪʴ ʢ ʤʘʰʠʥʘʤ ʠ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷʤ ʩ ʫʚʝʣʠʯʝʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʘʥʘʣʠʟʘ ʟʘʤʝʪʥʦ ʚʦʟʨʦʩʣʠ. ɼʚʠʞʫʱʠʤʩʷ ʩʠʣʘʤ ʨʦʩʪʘ ʧʦʪʨʝʙʥʦʩʪʝʡ ʢ ʤʥʦ-

ʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ, ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ, ʢʦʤʧʘʢʪʥʳʤ ʠ ʚʳʩʦʢʦʤʘʥʝʚ-

ʨʝʥʥʳʤ ʤʘʰʠʥʘʤ ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʷʚʣʷʶʪʩʷ ʨʘʩʪʫʱʠʝ ʙʦʣʴʰʠʤʠ ʨʘʟʤʘʭʘʤʠ 

ʯʘʩʪʥʘʷ ʩʦʙʩʪʚʝʥʥʦʩʪʴ, ʘ ʪʘʢ ʞʝ ʩʪʨʦʛʠʡ ʩʧʨʦʩ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʢ ʢʘʯʝʩʪʚʘʤ ʠ 

ʦʧʝʨʘʪʠʚʥʦʩʪʷʤ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ. 

ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʶʱʠʡ ʤʝʪʦʜ ʤʝʭʘʥʠʟʘʮʠʷ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ 

ʜʨʫʛʠʭ ʨʘʙʦʪ, ʢʘʢ ʢʦʤʧʣʝʢʩʥʘʷ ʤʝʭʘʥʠʟʘʮʠʷ, ʢʦʪʦʨʘʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ 

ʩʨʝʜʥʠʭ ʠ ʤʘʣʳʭ ʦʙʲʝʤʘʭ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝ ʦʧʨʘʚʜʳʚʘʶʪʩʷ ʥʘʨʷʜʫ ʩ ʩʫʱʝ-

ʩʪʚʫʶʱʠʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ. 

ʇʨʠ ʪʘʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʭʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ-

ʢʣʘʜʥʳʝ ʠ ʥʝʧʨʝʜʚʠʜʝʥʥʳʝ ʟʘʪʨʘʪʳ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʯʘʩʪʳʤʠ ʧʨʦʩʪʦʷʤʠ 

ʤʘʰʠʥ ʦʞʠʜʘʶʱʠʝ ʩʚʦʝʛʦ ʯʘʩʘ ʧʨʠʤʝʥʝʥʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʘʢ ʞʝ ʩʚʷʟʘʥʳ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ, ʧʦ-

ʨʦʡ ʥʝ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʘʨʢʘ ʜʣʷ ʚʨʝʤʝʥʥʦʡ 

ʜʠʩʣʦʢʘʮʠʠ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʡ ʥʘ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʥʘ ʠʭ ʪʨʘʥʩʧʦʨʪʠ-

ʨʦʚʢʫ ʢ ʤʝʩʪʫ ʜʠʩʣʦʢʘʮʠʡ ʠ ʦʙʨʘʪʥʦ ʠ ʜʨ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ, ʢʘʢ ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʩ ʥʝʙʦʣʴʰʠʤʠ 

ʦʙʲʝʤʘʤʠ, ʪʨʝʙʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʝʜʠʥʠʮ ʤʘʰʠʥ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʵʪʦ 
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ʩʚʷʟʘʥʘ ʪʝʤ, ʯʪʦ ʢʘʢ ʚʳʰʝ ʦʪʤʝʪʠʣʠ, ʨʘʩʪʝʪ ʪʨʝʙʦʚʘʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʨʘʙʦʪʦʜʘ-

ʪʝʣʝʡ, ʢ ʢʘʯʝʩʪʚʘʤ ʠ ʪʝʤʧʘʤ ʠʭ ʚʳʧʦʣʥʝʥʠʷ. ʊʘʢʠʝ ʚʠʜʳ ʨʘʙʦʪ ʯʘʩʪʦ ʚʩʪʨʝ-

ʯʘʶʪʩʷ ʥʘ ʯʘʩʪʥʦʤ ʩʝʢʪʦʨʝ, ʥʝʙʦʣʴʰʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʠ 

ʜʨ. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘ ʘʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʮʠʡ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʡ ʠ ʤʦ-

ʥʠʪʦʨʠʥʛʘ ʧʦʪʨʝʙʥʦʩʪʝʡ ʢ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʤ ʠ ʢʦʤʤʫʥʘʣʴʥʳʤ ʤʘʰʠ-

ʥʘʤ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷʤ, ʩʦ ʩʪʦʨʦʥʳ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʯʘʩʪʥʳʭ ʩʝʢʪʦʨʦʚ, ʩʝʣʴʩʢʠʭ 

ʫʧʨʘʚ, ʢʦʤʤʫʥʘʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʘʥʘʣʠʟʘ, ʥʘʠʙʦʣʝʝ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʮʝʣʦʤ, ʚʳ-

ʧʦʣʥʷʝʤʳʝ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʤʠ, ʢʦʤʤʫʥʘʣʴʥʳʤʠ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʤʠ ʤʘʰʠʥʘʤʠ, ʦʧʨʝʜʝʣʝʥʳ ʠ ʦʙʦʩʥʦʚʘʥʳ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦ-

ʟʜʘʥʠʠ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʡ ʥʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʢʘʢ ʤʘʰʠʥʳ ʠ ʦʙʦʨʫʜʦ-

ʚʘʥʠʝ ʩ ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʤʩʷ ʨʘʙʦʯʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 

ʂ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʡ ʩ ʪʨʘʥʩʬʦʨ-

ʤʠʨʫʶʱʠʤʩʷ ʨʘʙʦʯʠʤ ʦʙʦʨʫʜʦʚʘʥʠʷʤ ʦʪʥʦʩʠʪʩʷ, ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʝʨʝʭʦʜʘ ʠʟ ʦʜʥʦʛʦ ʚʠʜʘ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢ ʜʨʫʛʠʤ ʚʠʜʘʤ ʩʦʚʝʨʰʝʥʥʦ 

ʜʨʫʛʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʫʪʝʤ ʤʘʥʠʧʫʣʷʮʠʠ ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ ʠʟ ʢʘʙʠʥʳ ʤʘʰʠʥʠʩʪʘ, ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. 

ʂ ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʦʪʥʦʩʠʪʩʷ ʚʦʩ-

ʪʨʝʙʦʚʘʥʥʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʢʘʢ ʠʟʫʯʝʥʠʷ ʧʨʦ-

ʮʝʩʩʘ ʧʝʨʝʭʦʜʘ ʠʟ ʦʜʥʦʛʦ ʚʠʜʘ ʢ ʜʨʫʛʠʤ ʚʠʜʘʤ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʨ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʢʨʦʤʝ ʘʢʪʫʘʣʴʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠ-

ʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʩʠʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʪ.ʢ. ʧʨʠ 

ʧʝʨʝʭʦʜʥʦʤ ʧʨʦʮʝʩʩʝ ʥʝʢʦʪʦʨʳʝ ʤʝʭʘʥʠʟʤʳ ʠ ʫʟʣʳ ʥʝʩʫʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʥʘʛʨʫʟʢʠ ʠ ʪʨʝʙʫʶʪʩʷ ʦʙʦʩʥʦʚʘʥʠʠ ʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʟ ʦʜʥʦʛʦ ʚʠʜʘ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʢ ʜʨʫʛʦʤʫ ʚʠʜʫ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʫʜʫʪ ʫʤʝʥʴʰʘʪʴʩʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʚ ʧʨʦʮʝʩ-

ʩʝ ʨʘʙʦʪʳ ʚ ʮʝʣʦʤ.  

ʂʦʥʩʪʨʫʢʮʠʷ ʙʫʣʴʜʦʟʝʨʘ-ʧʦʛʨʫʟʯʠʢʘ ʩ ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʤʩʷ ʨʘʙʦʯʠʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʫʟʣʦʚ (ʨʠʩ.1), 

ʢʘʢ ʦʪʚʘʣ 1, ʢʦʚʰ 2, ʛʠʜʨʦʮʠʣʠʥʜʨʳ ʫʧʨʘʚʣʝʥʠʷ ʦʪʚʘʣʦʤ 3 ʠ 4, ʦʩʴ 5, ʧʘʟʘʤʠ 

ʜʣʷ ʰʧʦʥʦʢ ʥʘ ʤʝʩʪʘʭ ʩʦʝʜʠʥʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʧʨʦʫʰʠʥʘʤʠ 6,7, ʞʝʩʪʢʦ 

ʟʘʢʨʝʧʣʝʥʥʳʝ ʥʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʪʚʘʣʘ, ʩ ʮʝʣʴʶ ʠʭ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ. ʊʘʢʠʤ 

ʞʝ ʦʙʨʘʟʦʤ ʥʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʚʰʘ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʳ ʦʧʦʨʥʳʝ ʮʠʣʠʥʜʨʠ-

ʯʝʩʢʠʝ ʧʨʦʫʰʠʥʳ 8, 9, 10 ʚʦʢʨʫʛ ʢʦʪʦʨʳʭ ʦʪʚʘʣ ʩ ʦʩʴʶ ʩʦʚʝʨʰʘʶʪ ʚʨʘʱʘ-

ʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. ʇʦʚʦʨʦʪ ʦʪʚʘʣʘ ʚʦʢʨʫʛ ʦʧʦʨʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʦʫ-

ʰʠʥ 8, 9, 10 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʠʜʨʦʮʠʣʠʥʜʨʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʦʪʚʘʣʘ 3, 4 ʰʪʦʢʠ 

ʢʦʪʦʨʳʭ ʰʘʨʥʠʨʥʦ ʩʦʝʜʠʥʝʥʳ ʢ ʢʨʦʥʰʪʝʡʥʘʤ ʙʣʦʯʥʦʛʦ ʪʠʧʘ 11, 12 ʦʪʚʘʣʘ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʢʨʦʥʰʪʝʡʥʳ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʳ ʢ ʧʨʦʫʰʠʥʘʤ ʦʪʚʘʣʘ. ʎʠʣʠʥ-

ʜʨʠʯʝʩʢʠʝ ʯʘʩʪʠ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʦʪʚʘʣʦʤ ʰʘʨʥʠʨʥʦ ʩʦʝʜʠʥʝʥʳ 

ʢ ʧʨʦʫʰʠʥʘʤ 13, 14 ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʳʝ ʢ ʚʝʨʭʥʝʡ ʜʦʥʥʦʡ ʯʘʩʪʠ ʢʦʚʰʘ. 

ɻʠʜʨʦʮʠʣʠʥʜʨʳ ʫʧʨʘʚʣʝʥʠʷ ʦʪʚʘʣʦʤ ʨʘʩʧʦʣʦʞʝʥʳ ʩʠʤʤʝʪʨʠʯʥʦ, ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʧʦʧʝʨʝʯʥʦʡ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʢʦʚʰʘ. 
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ʉʦʩʪʘʚʣʷʝʤ ʫʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʧʦ ʧʣʦʩʢʦʩʪʠ ARAPRCPC 

ễʄɸ=RCPz (2ʘ+2ʚ)  P̀ ɼ̀1z(ʘ+2ʚ) + Rɺʈz(ʘ+ʚ)  ʈ̀̀ɼ2zʘ=0  (3)  

ễʄʉ= RɸP (z2ʘ+2ʚ)  P̀ ɼ̀2z(ʘ+2ʚ)  Rɺʈz(ʘ+ʚ) + ʈ`̀ɼ1zʘ=0  (4) 

ʇʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʫʯʠʪʳʚʘʝʤ, ʯʪʦ ʚʝʣʠʯʠʥʳ ʩʠʣ ʈ̀̀ɼ1 ʠ ʈ`̀ɼ2 ʨʘʚ-

ʥʳ, ʢʘʢ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.2. 

ʈ̀̀ɼ1=ʈ̀̀ɼ2=ʈ̀̀ɼ     (5) 

ʠʟ (3) ʥʘʭʦʜʠʤ Rɺʈ 

Ὑɺʈ
ʈǬǬɼ ᶻʘ ςʚ 0ǬǬɼ ʘz Ὑ ᶻςʘ ςʚ

ʘ ʚ
 

ʈǬǬɼ ʘz 0ǬǬɼ ςzʚ 0ǬǬɼ ʘz Ὑ ᶻʘ ʚ

ʘ ʚ
Ƞ 

ʉ ʫʯʝʪʦʤ (5) ʠʤʝʝʤ 

Ὑɺʈ
ςz ʈǬǬɼᶻʘ ʚ ςz Ὑ ᶻʘ ʚ

ʘ ʚ

ςz ʘ ʚᶻʈǬǬɼ Ὑ

ʘ ʚ
ςz ʈǬǬɼ Ὑ  

Ὑɺʈ ςz ʈǬǬɼ Ὑ      (6) 

ʠʟ (4) ʥʘʭʦʜʠʤ RAP ʩ ʫʯʝʪʦʤ (5) ʠ (6)  

RAP z (2 ʘz+2zʚ)=P̀ ɼ̀2z(ʘ+2ʚz)  2 (zP̀ ɼ̀  RCP) z (ʘ+ʚ) + P̀ ɼ̀1*ʘ 

Ὑɸʈ
ʈǬǬɼ ʘz ʈɼ ςzz ʚ ʈǬǬɼ ςzʘ ςʈǬǬɼzʚ ςz Ὑ ʘz ςz Ὑ ʚz ʈǬɼ  z ʘ

ςz ʘ ʚ

 
ʈǬǬɼᶻʘ ςz ʚ ςz ʘ ςz ʚ ʘ ςz Ὑ ᶻʘ ʚ

ςz ʘ ʚ

ςz ʘ ʚ Ὑz

ςz ʘ ʚ

Ὑ  

Ὑɸʈ Ὑ        (7) 

ɿʘʚʠʩʠʤʦʩʪʴ (6) ʩ ʫʯʝʪʦʤ (7) ʧʝʨʝʧʠʰʠʤ 

Ὑɺʈ ςz ʈǬǬɼ Ὑɸʈ     (8) 

ʉʦʩʪʘʚʣʷʝʤ ʫʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʧʦ ʧʣʦʩʢʦʩʪʠ ɸRGARGCʉ 

ễʄɸ= RCG  z(2 ʘz + 2ʚz)  RBG (zʘ + ʚ) + G`̀ʦʪz(ʘ + ʚ)=0 (9) 

ễʄC=RAG (z2 ʘz+2zʚ) + R BG  z(ʘ + ʚ)  G`̀ʦʪz(ʘ + ʚ)=0 (10) 

ʠʟ (9) ʦʧʨʝʜʝʣʠʤ RBG 

RBG (zʘ+ʚ)=G`̀ʦʪz(ʘ + ʚ)  RCG (z2 ʘz + 2ʚz) =ι  

2
ʘ ʚz ǬǬʦʪ ᶻ 

ʘʚ
ὋǬǬʦʪ ςz 2   

2 ὋǬǬʦʪ ςz 2      (10) 

ʉ ʫʯʝʪʦʤ (11) ʠʟ (10) ʦʧʨʝʜʝʣʠʤ RAG 

2 RzAG  z(ʘ+ʚ)  [(G`̀ʦʪ 2 RzCG) (zʘ+ʚ)] + G`̀ʦʪz(ʘ+ʚ)=0 

2 
ὋǬǬʦʪz ʘ ʚ ὋǬǬʦʪz ʘ ʚ ςz 2 ᶻʘ ʚ

ςz ʘ ʚ
2  

2 2       (12) 

ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʷ (3), (4), (11) ʠ (12) ʦʧʨʝʜʝʣʠʣʠ ʩʠʣʳ ʨʝʘʢʮʠʡ Rɸʈ, Rɺʈ 
ʠ Rʉʈ ʧʦ ʧʣʦʩʢʦʩʪʠ ɸ RAʈ RCʈ ʉ, ʩʠʣʳ ʨʝʘʢʮʠʠ RɸG, RɺG ʠ RʉGʧʦ ʧʣʦʩʢʦʩʪʠ ɸ 

RAG RCG ʉ 
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ʢʨʦʥʰʪʝʡʥʦʤ l ʠ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʧʦʚʦʨʦʪʘ ʦʪʚʘʣʘ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʨʦʥʰʪʝʡʥʦʚ, ʘ ʪʘʢ ʞʝ ʦʧʪʠʤʠʟʘʮʠʨʫʶʪʩʷ 

ʢʦʦʨʜʠʥʘʪʳ ʤʝʩʪ ʰʘʨʥʠʨʥʳʭ ʩʦʯʣʝʥʝʥʠʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʯʘʩʪʝʡ 

ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʦʪʚʘʣʦʤ. 

 
ʈʠʩ. 4. ʉʭʝʤʘ ʜʝʡʩʪʚʠʷ ʩʠʣ ʚ ʦʪʜʝʣʴʥʦʡ ʦʧʦʨʝ ʩʢʦʣʴʞʝʥʠʷ 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʇʘʪʝʥʪ ʂʈ ˉ 936 ʦʪ 28.02.2007 ʛ. 

2. ɻʦʙʝʨʤʘʥ ɸ.ɸ. ʆʩʥʦʚʳ ʪʝʦʨʠʠ, ʨʘʩʯʝʪʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʜʦ-

ʨʦʞʥʳʭ ʤʘʰʠʥ. ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ. 1988. 464 ʩ. 

3. ɹʘʣʦʚʥʝʚ ɺ.ʀ. ʄʝʪʦʜʳ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʜʦʨʦʞ-

ʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʰʠʥ. ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1974. 232 ʩ.  

 

 

ɸʅɸʃʀɿ ʂʃɸɺʀɸʊʋʈʅʆɻʆ ʇʆʏɽʈʂɸ 

ɺ ʇʈʆʎɽʉʉɸʍ ɸʋʊɽʅʊʀʌʀʂɸʎʀʀ, ʀɼɽʅʊʀʌʀʂɸʎʀʀ  

ʀ ʆɹʅɸʈʋɾɽʅʀʗ ʇʆɼʄɽʅʓ ʆʇɽʈɸʊʆʈɸ 
 

ʂʘʟʘʥʮʝʚ ʀ.ʉ. 

ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʅ.ʕ. ɹʘʫʤʘʥʘ, ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ 
 

ʐʠʪʠʢʦʚ ɸ.ʉ. 

ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 

ʌɻʋʇ ç18 ʎʝʥʪʨʘʣʴʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪè  

ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ 
 

ʂʫʜʨʷʢʦʚ ʉ.ɼ. 

ʥʘʯʘʣʴʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ, 

ʌɻʋʇ ç18 ʎʝʥʪʨʘʣʴʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪè  

ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ 
 

ɺ ʩʪʘʪʴʝ ʢʣʘʚʠʘʪʫʨʥʳʡ ʧʦʯʝʨʢ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʝʣʦʚʝʢʘ. ʈʘʟʚʠʪʠʝ ʥʦʚʳʭ ʤʦʜʝʣʝʡ, ʤʝʪʦ-

ʜʦʚ, ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʢʣʘʚʠʘʪʫʨʥʦʛʦ ʧʦʯʝʨʢʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʧʦʟʚʦʣʷʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʣʘʚʠʘʪʫʨʥʳʡ ʧʦʯʝʨʢ, ʦʧʝʨʘʪʦʨ ʢʣʶʯʝʚʦʡ ʩʠʩʪʝʤʳ, ʙʠʦʤʝʪʨʠʯʝ-

ʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʥʘʞʘʪʠʝ ʥʘ ʢʣʘʚʠʰʠ. 
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ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʦ 

ʢʣʘʚʠʘʪʫʨʥʦʤʫ ʧʦʯʝʨʢʫ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʙʠʦʤʝʪʨʠʠ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʢʣʘʚʠʘʪʫʨʥʦʤ ʧʦʯʝʨʢʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʦʚ ʬʠʟʠʦʣʦʛʠʯʝ-

ʩʢʦʡ ʙʠʦʤʝʪʨʠʠ ʥʝ ʪʨʝʙʫʝʪ ʧʨʠʦʙʨʝʪʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ. ʆʙʨʘʟʝʮ ʢʣʘʚʠʘʪʫʨʥʦʛʦ ʧʦʯʝʨʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʢʘʢ ʩʪʘʥʜʘʨʪʥʘʷ ʢʣʘʚʠʘʪʫʨʘ. ʕʪʦ ʜʝʣʘʝʪ ʵʪʠ ʤʝ-

ʪʦʜʳ ʥʝʜʦʨʦʛʠʤʠ ʠ ʥʝʥʘʚʷʟʯʠʚʳʤʠ ʜʣʷ ʦʧʝʨʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠ-

ʤʝʥʝʥʦ ʪʘʡʥʦ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝ-

ʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
ʆʪʤʝʯʝʥʦ, ʯʪʦ ʦʩʥʦʚʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʣʘʚʠʘʪʫʨʥʦʛʦ ʧʦʯʝʨʢʘ ʧʦʣʦʞʠʣʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʙʦʪʳ ʦʧʝʨʘʪʦʨʦʚ ʪʝʣʝʛʨʘʬʘ. ɺ ʩʝʨʝʜʠʥʝ 19-ʦʛʦ ʩʪʦʣʝʪʠʷ, ʢʦ-
ʛʜʘ ʪʝʣʝʛʨʘʬ ʯʘʩʪʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ, ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʦʧʝʨʘʪʦʨʳ ʪʝʣʝʛʨʘʬʘ 
ʤʦʛʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʜʨʫʛʠʭ ʦʧʝʨʘʪʦʨʦʚ ʧʦ ʠʭ ʨʠʪʤʫ ʥʘʙʦʨʘ. ʄʝʪʦʜ çFist 
of the Senderè (çʂʫʣʘʢ ʦʪʧʨʘʚʠʪʝʣʷè) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʦ ʚʨʝʤʷ ʚʪʦʨʦʡ ʤʠʨʦʚʦʡ 
ʚʦʡʥʳ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʪʧʨʘʚʠʪʝʣʷ ʪʝʣʝʛʨʘʬʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʧʦ ʨʠʪʤʫ, 
ʪʝʤʧʫ ʠ ʚʨʝʤʝʥʠ ʥʘʞʘʪʠʷ ʪʝʣʝʛʨʘʬʥʦʛʦ ʢʣʶʯʘ [1]. Bryan ʠ Harter [2] ʧʨʦʚʝʣʠ 
ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʪʨʠʜʮʘʪʠ ʩʝʤʠ ʪʝʣʝʛʨʘʬʥʳʭ ʦʧʝʨʘʪʦʨʘʭ, ʠʤʝʶʱʠʭ 
ʨʘʟʣʠʯʥʳʝ ʩʪʝʧʝʥʠ ʫʤʝʥʠʷ ʥʘʙʦʨʘ. ʆʥʠ ʦʪʤʝʪʠʣʠ, ʯʪʦ ʪʝʣʝʛʨʘʬʥʳʝ ʦʧʝʨʘʪʦ-
ʨʳ ʤʦʛʣʠ ʫʟʥʘʪʴ ʜʨʫʛʠʭ ʦʧʝʨʘʪʦʨʦʚ ʧʦ ʩʪʠʣʶ ʥʘʙʦʨʘ.  

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʢʣʘʚʠʘʪʫʨʥʦʛʦ 
ʧʦʯʝʨʢʘ. ɺ ʥʘʯʘʣʝ 80-ʳʭ ʅʘʮʠʦʥʘʣʴʥʳʡ ʥʘʫʯʥʳʡ ʬʦʥʜ ʠ ʅʘʮʠʦʥʘʣʴʥʦʝ ɹʶʨʦ 
ʉʪʘʥʜʘʨʪʦʚ ʚ ʉʦʝʜʠʥʝʥʥʳʭ ʐʪʘʪʘʭ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʶ-
ʱʠʝ, ʯʪʦ ʦʙʨʘʟʮʳ ʢʣʘʚʠʘʪʫʨʥʦʛʦ ʧʦʯʝʨʢʘ ʩʦʜʝʨʞʘʪ ʫʥʠʢʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, 
ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ [3]. Shaffer [4] ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʙʦʨ 
ʪʝʢʩʪʘ ʷʚʣʷʝʪʩʷ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʤ ʫʤʝʥʠʝʤ ʠ, ʯʪʦ ʜʚʠʞʝʥʠʷ ʧʨʠ ʧʝʯʘʪʠ 
ʦʨʛʘʥʠʟʫʶʪʩʷ ʜʦ ʠʭ ʬʘʢʪʠʯʝʩʢʦʛʦ ʚʳʧʦʣʥʝʥʠʷ. ʀʚʘʥʦʚ ɸ.ʀ. ʚ ʩʚʦʠʭ ʪʨʫʜʘʭ 
ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʥʘʙʦʨʝ ʪʝʢʩʪʘ ʥʘ ʢʣʘʚʠʘʪʫʨʝ ʦʜʥʦʡ ʨʫʢʦʡ ʦʢʘʟʳʚʘʶʪʩʷ ʟʘ-
ʜʝʡʩʪʚʦʚʘʥʳ ʦʢʦʣʦ 50 ʤʳʰʮ ʧʘʣʴʮʝʚ ʨʫʢʠ ʠ ʧʘʣʴʮʝʚ ʧʨʝʜʧʣʝʯʴʷ ʠ ʝʱʝ ʧʨʠ-
ʤʝʨʥʦ 20 ʤʳʰʮ ʧʣʝʯʘ ʠ ʧʣʝʯʝʚʦʛʦ ʧʦʷʩʘ [5], ʪ.ʝ. ʧʨʠ ʧʝʯʘʪʠ ʜʚʫʤʷ ʨʫʢʘʤʠ 
ʯʝʣʦʚʝʢ ʫʧʨʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 140 ʤʳʰʮʘʤʠ. ʇʦʵʪʦʤʫ ʦʙʨʘʟʝʮ ʧʦʯʝʨʢʘ ʯʝʣʦ-
ʚʝʢʘ ʷʚʣʷʝʪʩʷ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʨʘʟʚʠʚʘʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ 
ʚʨʝʤʝʥʠ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʘ, ʧʦʪʝʨʷʥʘ ʠʣʠ ʟʘʙʳʪʘ. ɺ 
ʣʶʙʦʡ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ 
ʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʩʦʙʝʥʥʦʩʪʷʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʜʥʘʢʦ ʦʥʠ ʧʨʝʜʦʩʪʘʚ-
ʣʷʶʪ ʜʦʩʪʘʪʦʯʥʦ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦʙʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠ ʦʧʨʝʜʝʣʷʪʴ ʧʦʜ-
ʣʠʥʥʦʩʪʴ ʣʠʯʥʦʩʪʠ ʧʦ ʰʘʙʣʦʥʫ ʧʦʯʝʨʢʘ [6]. 

ʂʫʧʝʨ [7] ʙʳʣ ʧʝʨʚʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʥʘʙʦʨʘ ʪʝʢʩʪʘ, 
ʢʦʪʦʨʳʡ ʨʘʟʙʠʣ ʧʨʦʮʝʩʩ ʥʘʙʦʨʘ ʪʝʢʩʪʘ ʥʘ ʯʝʪʳʨʝ ʩʪʘʜʠʠ: ʚʦʩʧʨʠʷʪʠʝ ʯʝʣʦʚʝ-
ʢʦʤ ʪʝʢʩʪʘ, ʩʦʭʨʘʥʝʥʠʝ ʝʛʦ ʚ ʧʘʤʷʪʠ, ʧʝʨʝʚʦʜ ʯʝʣʦʚʝʢʦʤ ʩʦʭʨʘʥʝʥʥʳʭ ʚ ʝʛʦ 
ʧʘʤʷʪʠ ʩʠʤʚʦʣʦʚ ʚ ʢʦʤʘʥʜʳ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʤʳʰʮʘʤ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʙʦʨ 
ʪʝʢʩʪʘ ʩ ʧʨʦʮʝʜʫʨʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʨʦʚʝʨʢʠ ʪʦʯʥʦʩʪʠ 
ʥʘʙʦʨʘ ʪʝʢʩʪʘ. 

Salthouse [8] ʜʦʨʘʙʦʪʘʣ ʠ ʫʣʫʯʰʠʣ ʧʨʝʜʣʦʞʝʥʥʫʶ ʂʫʧʝʨʦʤ ʤʦʜʝʣʴ 
ʧʨʦʮʝʩʩʘ ʥʘʙʦʨʘ ʪʝʢʩʪʘ ʤʘʰʠʥʠʩʪʦʤ. Butsch [9] ʦʧʨʝʜʝʣʠʣ, ʯʪʦ çʠʥʪʝʨʚʘʣ 
ʢʦʧʠʨʦʚʘʥʠʷè, ʪ.ʝ. ʢʦʣʠʯʝʩʪʚʦ ʪʝʢʩʪʘ ʩʦʭʨʘʥʷʝʤʦʝ ʚ ʧʘʤʷʪʠ ʦʧʝʨʘʪʦʨʘ ʧʨʠ 
ʥʘʙʦʨʝ ʟʘʚʠʩʠʪ ʦʪ ʦʧʳʪʥʦʩʪʠ ʠ ʫʤʝʥʠʡ ʦʧʝʨʘʪʦʨʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʤʷʪʠ ʚ 
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ʈɸʉʐʀʈɽʅʀɽ ɺʆɿʄʆɾʅʆʉʊɽʁ 

ʕʃɽʂʊʈʆʅʅʆɻʆ ʊʔʖʊʆʈɸ ʇʋʊɽʄ ɼʆɹɸɺʃɽʅʀʗ 

(ɺ ʄʆɼɽʃʀʈʋɽʄʓɽ ʉʃʋʏɸʀ) ʆʇɽʈɸʎʀʀ ʇɽʈɽʅʆʉɸ 
 

ʂʨʘʩʥʳʡ ɺ.ɸ. 

ʩʪʫʜʝʥʪ, ʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦʜʜʝʨʞʠ-

ʚʘʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠʶ ʦʧʝʨʝʞʘʶʱʝʛʦ ʦʙʫʯʝʥʠʷ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʦʧʝʨʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ 

ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʩʠʪʫʘʮʠʡ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʤʦʜʝʣʠʨʫʝʤʳʭ ʩʠʪʫʘʮʠʡ 

ʠ ʤʘʢʝʪ ʨʘʩʰʠʨʝʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʫʯʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʀʋʉ, ʤʦʜʝʣʴ ʀʋʉ, ʜʦʧʫʩʪʠʤʳʝ ʦʧʝʨʘ-

ʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 

ɺ ʧʨʠʢʘʟʝ ʤʠʥʠʩʪʝʨʩʪʚʘ ʩʚʷʟʠ ʦʪ 01.04.2015 ʧʨʠʥʷʪ ʧʣʘʥ ʧʝʨʝʭʦʜʘ ʛʦʩ-

ʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʥʘ ʩʚʦʙʦʜʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʥʦʚʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʩʪʝ-

ʤʳ (ʀʋʉ) ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʩʨʦʯʥʦʛʦ ʧʝʨʝʦʙʫʯʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥ-

ʪʦʤ ʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [1]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝ-

ʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʚ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʙʝʟ ʦʪʨʳʚʘ ʦʪ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʩ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳʤ ʢʘʯʝʩʪʚʦʤ ʧʨʦʚʦʜʠʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʧʝʨʝʦʙʫʯʝʥʠʝ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ.  

ʕʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʝʭʥʦʣʦʛʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

[2], ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʤʝʪʦʜʦʣʦʛʠʠ ʦʧʝʨʝʞʘʶʱʝʛʦ ʩʠʪʫʘʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ 

ʧʦʜʜʝʨʞʠʚʘʝʤʘʷ ʪʘʢʠʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʢʘʢ ʨʝʜʘʢʪʦʨ, ʧʨʦ-

ʠʛʨʳʚʘʪʝʣʴ, ʟʘʭʚʘʪʯʠʢ ʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨ. 

ʆʙʫʯʘʶʱʘʷ ʧʨʦʛʨʘʤʤʘ

ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ

ʀʋʉ

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ

ʦʙʨʘʟʦʚ ʠ ʜʝʡʩʪʚʠʡ

ʧʦʣʴʟʦʚʘʪʝʣʷ

ʉʠʪʫʘʮʠʷ

ʂʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ

ʧʦʣʴʟʦʚʘʪʝʣʴ

ɿʘʭʚʘʪʯʠʢ

ʀʋʉ

ʈʝʟʫʣʴʪʘʪ

ʚʳʧʦʣʥʝʥʠʷ

ʈʝʜʘʢʪʦʨ

 
ʈʠʩ. 1. ʄʦʜʝʣʴ ʧʨʦʮʝʩʩʦʚ ʪʝʭʥʦʣʦʛʠʠ ʦʧʝʨʝʞʘʶʱʝʛʦ ʦʙʫʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 
 

ʄʦʜʝʣʴ ʧʨʦʮʝʩʩʦʚ ʪʝʭʥʦʣʦʛʠʠ ʦʧʝʨʝʞʘʶʱʝʛʦ ʦʙʫʯʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʧʝ-

ʨʝʭʚʘʪ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʘʚʠʣʴʥʳʭ ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʦ ʨʘʟʨʝʰʝʥʠʶ 
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ʚʳʧʦʣʥʝʥʘ ʠʟ ʩʪʦʡʢʠʭ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʢʦʨʨʦʟʠʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʇʦʛʨʫʞʥʦʡ ʨʦʣʠʢ ʩʣʫʞʠʪ ʜʣʷ ʠʟʤʝʥʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʣʦʩʳ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʝ ʥʘ ʚʳʭʦʜʝ ʠʟ ʮʠʥʢʦʚʘʣʴʥʦʡ 

ʚʘʥʥʳ. ʈʘʙʦʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʦʣʠʢʘ ʙʦʯʢʦʦʙʨʘʟʥʘʷ ʩ ʜʚʫʭʟʘʭʦʜʥʳʤʠ ʩʧʠ-

ʨʘʣʴʥʳʤʠ ʢʘʥʘʚʢʘʤʠ. ʈʦʣʠʢʠ ʚʳʧʦʣʥʝʥʳ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʦʡ ʢʦʥʩʪʨʫʢ-

ʮʠʦʥʥʦʡ ʢʨʠʦʛʝʥʥʦʡ ʩʪʘʣʠ ʤʘʨʢʠ AISI 316L, ʫʩʪʦʡʯʠʚʦʡ ʢ ʪʝʨʤʠʯʝʩʢʠʤ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʛʨʫʞ-

ʥʦʡ ʨʦʣʠʢ ʧʦʣʳʡ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ 610 ʤʤ, ʤʠʥʠʤʘʣʴʥʳʡ 575 ʤʤ, 

ʜʣʠʥʘ ʙʦʯʢʠ 1900 ʤʤ. ʇʨʠ ʨʘʙʦʪʝ ʠʟ-ʟʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʠʬʬʫʟʠʠ ʠ ʥʘʧʝʢʘ-

ʥʠʷ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʮʠʥʢʘ ʦʥ ʩʦ ʚʨʝʤʝʥʝʤ ʚʳʭʦʜʷʪ ʠʟ ʩʪʨʦʷ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ 

ʜʠʘʤʝʪʨʘ ʟʘ ʩʯʝʪ ʮʠʥʢʘ. ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʯʠʩʪʢʠ ʨʦʣʠʢʘ 

ʦʪ ʮʠʥʢʘ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʚ 21 ʩʫʪʢʠ. 

 
ʈʠʩ. ʂʦʤʧʣʝʢʪ ʧʦʛʨʫʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʫʜʘʣʝʥʠʷ ʩʣʦʷ ʮʠʥʢʘ ʩ ʜʝʪʘʣʝʡ. 

1. ʋʜʘʣʝʥʠʝ ʥʝʙʦʣʴʰʦʛʦ ʩʣʦʷ ʭʨʦʤʘ ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʆʥʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʣʦʷ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʥʝʤʝʪʘʣ-

ʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ, ʯʪʦ ʥʝ ʧʨʘʢʪʠʯʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʨʦʙʣʝʤʳ. 

2. ʋʜʘʣʝʥʠʝ ʭʨʦʤʠʨʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʠʢʦʡ ï ʤʝʪʦʜ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʷ ʢʦʪʦʨʳʡ ʩʝʡʯʘʩ ʠʩʧʦʣʴʟʫʝʪʩʷ. ʉʧʠʨʘʣʴʥʘʷ ʢʘʥʘʚʢʘ ʥʘ ʨʦʣʠʢʝ 

ʟʘʰʣʘʢʦʚʳʚʘʝʪʩʷ ʩʤʝʩʴʶ ʮʠʥʢʘ ʠ ʘʣʶʤʠʥʠʷ ʠ ʨʦʣʠʢ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʧʝʨʝ-

ʰʣʠʬʦʚʢʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʫʜʘʣʷʝʪʩʷ ʥʘʣʠʧʰʠʡ ʩʣʦʡ, ʥʦ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʜʚʫʭʟʘʭʦʜʥʦʡ ʩʧʠʨʘʣʴʥʦʡ ʢʘʥʘʚʢʠ ʧʦʩʣʝ ʵʪʦʛʦ ʪʨʝʙʫ-

ʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʕʪʦ ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʠ ʜʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʠ 

ʝʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʫʩʣʦʚʠʷʭ ʫʯʘʩʪʢʘ ʮʝʭʘ ʨʝʤʦʥʪʘ ʧʨʦ-

ʢʘʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʨʘʙʦʪʥʠʢʘʤʠ. 

3. ʋʜʘʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʘʤʠ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʩʘʤʳʝ ʜʝʡʩʪʚʝʥ-

ʥʳʝ ʠʟ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʫʜʘʣʝʥʠʷ ʮʠʥʢʦʚʦʛʦ ʩʧʣʘʚʘ. ʄʦʛʫʪ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʠʪʴ 

ʪʦʣʩʪʳʡ ʩʣʦʡ ʮʠʥʢʦʚʦʛʦ ʩʧʣʘʚʘ, ʜʘʞʝ ʝʩʣʠ ʧʨʦʠʟʦʰʣʘ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʜʠʬʬʫ-

ʟʠʷ. ʎʠʥʢ ʘʢʪʠʚʥʝʝ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʘʣʣʦʚ (ʞʝʣʝʟʘ, ʤʝʜʠ ʠ ʪ. ʜ.), ʧʦʵʪʦʤʫ ʩʥʷ-

ʪʠʝ ʝʛʦ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʭ ʟʘʪʨʫʜʥʝʥʠʡ. ʎʠʥʢʦʚʦʝ ʧʦʢʨʳʪʠʝ ʩʦ ʩʪʘʣʠ ʠ 

ʤʘʛʥʠʷ ʫʜʘʣʷʶʪ ʚ ʮʠʘʥʠʩʪʳʭ ʨʘʩʪʚʦʨʘʭ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠ-

ʣʠ 20%-ʥʳʡ ʨʘʩʪʚʦʨ NaOH, 10%-ʥʳʡ ʨʘʩʪʚʦʨ H2SO4 ʠ 10%-ʥʳʡ ʨʘʩʪʚʦʨ ʥʠʪʨʘ-

ʪʘ ʘʤʤʦʥʠʷ. ʆʙʳʯʥʦ ʚ ʪʘʢʠʭ ʨʘʩʪʚʦʨʘʭ ʩʢʦʨʦʩʪʴ ʫʜʘʣʝʥʠʷ ʮʠʥʢʘ ʜʦʩʪʠʛʘʝʪ 100 

ʤʢʤ/ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʢʦʨʦʩʪʴ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʦʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 
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ɼʣʷ ʦʯʠʩʪʢʠ ʧʦʛʨʫʞʥʦʛʦ ʫʟʣʘ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʫʶ 

ʤʘʰʠʥʫ ʦʯʠʩʪʢʠ ʩ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʦʯʠʩʪʠʪʝʣʝʤ ʠ ʱʝʪʦʯʥʦ ʤʦʝʯʥʳʤ ʦʙʦʨʫ-

ʜʦʚʘʥʠʝʤ. ʊʘʢʫʶ ʤʦʝʯʥʫʶ ʤʘʰʠʥʫ ʚʦʟʤʦʞʥʦ ʩʤʦʥʪʠʨʦʚʘʪʴ ʚʙʣʠʟʠ ʘʛʨʝʛʘʪʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʮʝʭʝ. ʇʦʩʣʝ ʦʯʠʩʪʢʠ ʨʦʣʠʢʠ ʥʝ ʧʦʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʫʯʠʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠ ʨʝʤʦʥʪʥʳʝ 

ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʦʛʨʫʞʥʳʭ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʨʦʣʠʢʦʚ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʚʘʥʥ ʮʠʥʢʦʚʘʥʠʷ. 
 

 

ɻɽʆʄɽʍɸʅʀʏɽʉʂʆɽ ʆɹʆʉʅʆɺɸʅʀɽ ʕʂʉʇʃʋɸʊɸʎʀʀ 

ʆʍʈɸʅʗɽʄʓʍ ʆɹʒɽʂʊʆɺ ʅɸ ɿɽʄʅʆʁ ʇʆɺɽʈʍʅʆʉʊʀ 

ʂɸɿʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 
 

ʃʦʙʘʥʦʚʘ ʊ.ɺ. 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʅʀʎ çɻʝʦʤʝʭʘʥʠʢʘè, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʢʫʟʥʝʮʢ 
 

ʆʙʦʙʱʝʥʳ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʪʨʘʙʦʪʢʠ ʖʞʥʦʡ ʟʦ-

ʥʳ ʫʯʘʩʪʢʘ çʎʝʥʪʨʘʣʴʥʳʝ ʰʪʦʢʠè ʂʘʟʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩ-

ʯʝʪʦʚ ʠ ʦʮʝʥʦʢ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʠ ʧʦʣʥʦʡ ʦʪʨʘʙʦʪʢʝ ʟʘʧʘʩʦʚ. ʈʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʦʭʨʘʥʷʝʤʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʭʨʘʥʷʝʤʳʝ ʦʙʲʝʢʪʳ, ʩʣʝʧʳʝ ʨʫʜʥʳʝ ʪʝʣʘ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʙʥʘʞʝʥʠʡ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʞʠʜʘʝʤʳʝ ʩʜʚʠʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ, ʨʝʢʦʤʝʥʜʘʮʠʠ. 

 

ʂʘʟʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʞʝʣʝʟʥʦʡ ʨʫʜʳ ʦʪʢʨʳʪʦ ʚ 1930 ʛ. ʠ ʚʭʦʜʠʪ ʚ 

ʩʦʩʪʘʚ ʊʝʣʴʙʝʩʩʢʦʡ ʛʨʫʧʧʳ ʞʝʣʝʟʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɻʦʨʥʦʡ ʐʦʨʠʠ, 

ʨʘʩʧʦʣʘʛʘʷʩʴ ʥʘ ʝʸ ʚʦʩʪʦʯʥʦʤ ʬʣʘʥʛʝ ʚ 120 ʢʤ ʢ ʶʛʫ ʦʪ ʛ. ʅʦʚʦʢʫʟʥʝʮʢʘ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʦʪʥʝʩʝʥʦ ʢ 3 ʛʨʫʧʧʝ ʩʣʦʞʥʦʩʪʠ, ʚ ʢʦʪʦʨʫʶ ʚʢʣʶʯʝʥʳ 

ʫʯʘʩʪʢʠ ʠ ʟʦʥʳ ʩ ʢʨʫʧʥʳʤʠ, ʤʝʣʢʠʤʠ ʠ ʩʨʝʜʥʠʤʠ ʧʦ ʨʘʟʤʝʨʘʤ ʣʠʥʟʦʚʠʜʥʳʤʠ 

ʟʘʣʝʞʘʤʠ ʩ ʨʝʟʢʦ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʤʦʱʥʦʩʪʴʶ ʠ ʢʘʯʝʩʪʚʦʤ ʨʫʜ. ʈʫʜʥʳʝ ʟʘ-

ʣʝʞʠ ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʠ ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ ʠ ʚʝʩʴʤʘ ʩʣʦʞʥʦʝ ʚʥʫʪʨʝʥʥʝʝ 

ʩʪʨʦʝʥʠʝ. ʈʫʜʥʳʝ ʪʝʣʘ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʫʜʣʠʥʝʥʥʦʡ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʠ 

ʧʘʜʝʥʠʶ, ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʦʪʚʝʪʚʣʝʥʠʷʤʠ, ʨʘʟʜʝʣʝʥʥʳʤʠ ʚʤʝʱʘʶʱʠʤʠ 

ʧʦʨʦʜʘʤʠ ʥʘ ʨʷʜ ʧʘʨʘʣʣʝʣʴʥʳʭ ʨʫʜʥʳʭ ʣʠʥʟ, ʢʦʪʦʨʳʝ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʠ ʧʘ-

ʜʝʥʠʶ ʪʦ ʩʣʠʚʘʶʪʩʷ ʚʤʝʩʪʝ, ʦʙʨʘʟʫʷ ʨʫʜʥʳʝ ʫʟʣʳ, ʪʦ ʚʥʦʚʴ ʨʘʟʲʝʜʠʥʷʶʪʩʷ. 

ɺʥʫʪʨʠ ʨʫʜʥʳʭ ʪʝʣ ʯʘʩʪʦ ʚʢʣʶʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦ ʬʦʨʤʝ ʠ ʤʦʱʥʦʩʪʠ ʛʥʝʟʜʘ 

ʠ ʣʠʥʟʳ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ ʩ 1961 ʛ. ʠ ʩʦ-

ʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʫʯʘʩʪʢʦʚ ʨʫʜʥʳʭ ʪʝʣ. ʋʯʘʩʪʢʠ, ʦʙʨʘʟʫʶʱʠʝ ʚʝʨʭʥʠʡ 

ʩʪʨʫʢʪʫʨʥʳʡ ʵʪʘʞ, ʦʪʨʘʙʦʪʘʥʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʨʘʙʘʪʳʚʘʶʪʩʷ ʩʣʝʧʳʝ 

ʨʫʜʥʳʝ ʪʝʣʘ ʉʝʚʝʨʥʦʡ ʠ ʖʞʥʦʡ ʟʦʥ ʫʯʘʩʪʢʘ çʎʝʥʪʨʘʣʴʥʳʝ ʰʪʦʢʠè, ʦʙʨʘʟʫ-

ʶʱʝʛʦ ʥʠʞʥʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʵʪʘʞ, ʩʦ ʩʨʝʜʥʝʡ ʛʣʫʙʠʥʦʡ ʦʪʨʘʙʦʪʢʠ 600-750 ʤ. 

ʐʘʭʪʥʦʝ ʧʦʣʝ ʚʩʢʨʳʪʦ ʯʝʪʳʨʴʤʷ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʩʪʚʦʣʘʤʠ ʠ ʵʪʘʞʥʳʤʠ 
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ʢʚʝʨʰʣʘʛʘʤʠ. ɺʳʩʦʪʘ ʵʪʘʞʘ ʩʦʩʪʘʚʣʷʝʪ 70 ʤ. ɼʣʷ ʦʪʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʧʨʠʥʷʪʳ 

ʩʠʩʪʝʤʳ ʵʪʘʞʥʦʛʦ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʦʙʨʫʰʝʥʠʷ ʠ ʵʪʘʞʥʦ-ʢʘʤʝʨʥʘʷ. 

ʆʪʨʘʙʦʪʢʘ ʩʣʝʧʳʭ ʨʫʜʥʳʭ ʪʝʣ ʫʯʘʩʪʢʘ çʎʝʥʪʨʘʣʴʥʳʝ ʰʪʦʢʠè ʂʘʟʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʫʩʣʦʚʠʷʭ ʣʦʢʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩ-

ʩʦʚ ʩʜʚʠʞʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʤʘʩʩʠʚʝ. ʆʜʥʘʢʦ, ʚ 2001 ʛ. ʥʘʜ ʦʯʠʩʪʥʦʡ ʚʳ-

ʝʤʢʦʡ ʙʣʦʢʦʚ ˉ 1, 2 ʚ ʵʪʘʞʝ (+50) ï (+145) ʤ ʉʝʚʝʨʥʦʡ ʟʦʥʳ ʧʨʦʠʟʦʰʣʦ ʣʦ-

ʢʘʣʴʥʦʝ ʦʙʨʫʰʝʥʠʝ ʧʦʨʦʜ ʩʚʦʜʘ ʩ ʚʳʭʦʜʦʤ ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʈʘʟʤʝʨ 

ʟʦʥʳ ʦʙʨʫʰʝʥʠʷ ʩʦʩʪʘʚʠʣ: ʚ ʧʣʘʥʝ 90 ³ 70 ʤ, ʧʦ ʚʳʩʦʪʝ ï ʩ ʛʦʨ. -20 ʤ ʜʦ ʧʦ-

ʚʝʨʭʥʦʩʪʠ (+530 ʤ). ʇʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʟʦʥʳ ʦʙʨʫʰʝʥʠʷ ʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʛʝʦ-

ʣʦʛʦ-ʤʘʨʢʰʝʡʜʝʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʵʪʦʤʫ ʫʯʘʩʪʢʫ ʚʳʷʚʣʝʥʘ ʣʦʢʘʣʴʥʘʷ 

ʟʦʥʘ ʚʳʚʝʪʨʠʚʘʥʠʷ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 100 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʣʦʞʝʥʥʘʷ ʢʨʫʧʥʦ-

ʦʙʣʦʤʦʯʥʳʤʠ ʚʳʚʝʪʨʝʣʳʤʠ ʜʠʦʨʠʪʘʤʠ. ʉʦʛʣʘʩʥʦ ʚʳʚʦʜʘʤ ʢʦʤʠʩʩʠʠ ʧʦ ʨʘʩ-

ʩʣʝʜʦʚʘʥʠʶ ʧʨʠʯʠʥ ʦʙʨʫʰʝʥʠʷ, ʨʘʟʨʫʰʝʥʠʝ ʧʦʨʦʜ ʩʚʦʜʘ ʥʘʜ ʙʣʦʢʘʤʠ ˉ 1, 2, 

ʦʯʠʩʪʥʘʷ ʚʳʝʤʢʘ ʟʘʧʘʩʦʚ ʢʦʪʦʨʳʭ ʙʳʣʘ ʟʘʚʝʨʰʝʥʘ ʚ 1984 ʛ., ʚʳʟʚʘʥʦ ʥʘʣʠʯʠ-

ʝʤ ʵʪʦʡ ʟʦʥʳ. ɿʘ ʧʝʨʠʦʜ 2001-2015 ʛʛ. ʨʘʟʤʝʨʳ ʟʦʥʳ ʦʙʨʫʰʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʫʚʝʣʠʯʠʣʠʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʦʙʫʩʣʦʚʣʝʥʳ ʚʣʠʷʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʚʚrʝʪ-

ʨʠʚʘʥʠʷ ʧʦʨʦʜ ʚ ʙʦʨʪʘʭ ʚʦʨʦʥʢʠ.  

ʇʨʠ ʦʪʨʘʙʦʪʢʝ ʟʘʧʘʩʦʚ ʨʫʜʳ ʖʞʥʦʡ ʟʦʥʳ ʜʦ ʛʦʨ. -300 ʤ (ʣʠʮʝʥʟʠʦʥʥʘʷ 

ʛʨʘʥʠʮʘ ʩʦʛʣʘʩʥʦ ʣʠʮʝʥʟʠʠ ʥʘ ʧʦʣʴʟʦʚʘʥʠʝ ʥʝʜʨʘʤʠ) ʚ ʟʦʥʫ ʦʧʘʩʥʳʭ ʩʜʚʠʞʝ-

ʥʠʡ ʧʦʜ ʨʝʢʦʤʝʥʜʫʝʤʳʤʠ [3] ʫʛʣʘʤʠ ʩʜʚʠʞʝʥʠʷ ʧʦʧʘʜʘʶʪ ʨʫʯʝʡ çɺʦʩʪʦʯʥʳʡ 

ʂʘʟè ʠ ʦʜʥʦʵʪʘʞʥʳʝ ʜʝʨʝʚʷʥʥʳʝ ʜʦʤʘ. ʕʪʠ ʦʙʲʝʢʪʳ ʧʦʜʣʝʞʘʪ ʦʭʨʘʥʝ ʦʪ 

ʚʨʝʜʥʦʛʦ ʚʣʠʷʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʦʮʝʥʢʠ ʦʧʘʩʥʦʛʦ ʚʣʠʷʥʠʷ ʛʦʨ-

ʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʖʞʥʦʡ ʟʦʥʳ ʦʙʫʩʣʦʚʣʝʥʘ ʪʘʢʞʝ ʨʝʰʝʥʠʝʤ ʚʦʧʨʦʩʦʚ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʨʥʳʭ ʨʘʙʦʪ ʧʨʠ ʚʳʝʤʢʝ ʩʣʝʧʳʭ ʨʫʜʥʳʭ ʪʝʣ ʚ ʣʠʮʝʥʟʠ-

ʦʥʥʳʭ ʛʨʘʥʠʮʘʭ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʦʪʨʘʙʦʪʢʠ ʂʘʟʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʖʞ-

ʥʦʡ ʟʦʥʳ ʫʯʘʩʪʢʘ çʎʝʥʪʨʘʣʴʥʳʝ ʰʪʦʢʠè, ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʦʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. ʄʘʩʩʠʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʖʞ-

ʥʦʡ ʟʦʥʳ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ ʧʦʨʦʜʘʤʠ ʢʨʝʤʥʠʩʪʦ-ʚʫʣʢʘʥʦʛʝʥʥʦʡ ʪʦʣ-

ʱʠ, ʚ ʢʦʪʦʨʦʡ ʧʨʝʦʙʣʘʜʘʶʪ ʧʦʨʬʠʨʠʪʳ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʠʭ ʧʝʨʝ-

ʭʦʜʥʳʝ ʨʘʟʥʦʩʪʠ, ʤʠʢʨʦʢʚʘʨʮʠʪʳ. ʂʘʨʙʦʥʘʪʥʘʷ ʪʦʣʱʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʨʘʤʦʨʘʤʠ ʜʦʣʦʤʠʪʦʚʳʤʠ ʠ 

ʢʘʣʴʮʠʪʦʚʳʤʠ. ɺʝʨʭʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦ-ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʠʡ ʛʘʙʙʨʦ-ʩʠʝʥʠʪʦʚʳʡ 

ʢʦʤʧʣʝʢʩ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʖʞʥʦʡ ʟʦʥʳ ʠ ʦʙʨʘʟʫʝʪ ʜʦʚʦʣʴʥʦ 

ʢʨʫʧʥʳʡ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʡ ʤʘʩʩʠʚ, ʚʳʪʷʥʫʪʳʡ ʚ ʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʇʦʨʦʜʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʚʩʝʤʝʩʪʥʦ ʧʝʨʝ-

ʢʨʳʪʳ ʨʳʭʣʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ ʤʝʟʦ-

ʢʘʡʥʦʟʦʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʢʘʨʩʪʦʚʳʭ ʧʦʣʦʩʪʝʡ ʠ ʧʦʢʨʦʚʥʳʝ ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪ-

ʣʦʞʝʥʠʷ (ʩʦʚʨʝʤʝʥʥʳʡ ʦʪʜʝʣ). ʈʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʶʪ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʪʨʘʙʦʪʢʫ ʫʯʘʩʪʢʘ çʎʝʥʪʨʘʣʴʥʳʝ ʰʪʦʢʠè. 

ʂʘʨʩʪ ʨʘʟʚʠʪ ʪʦʣʴʢʦ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʛʣʫʙʠʥʳ 140-200 ʤ ʠ ʦʪʜʝʣʷʝʪʩʷ ʦʪ 

ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʪʦʣʱʝʡ ʧʨʦʯʥʳʭ ʧʦʨʦʜ, ʤʦʱʥʦʩʪʴʶ 250-450 ʤ. ʏʝʪʚʝʨ-

ʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʫʛʣʠʥʢʘʤʠ ʠ ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʦʩʘʜʢʘʤʠ. 

ʄʦɦʥʦʩʪʴ ʧʦʢʨʦʚʥʳʭ ʦʪʣʦʞʝʥʠʡ ʜʦʩʪʠʛʘʝʪ 50 ʤ, ʘʣʣʶʚʠʘʣʴʥʳʭ ï 3-5 ʤ. 
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ʧʨʦʷʚʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʥʘ ʜʦʩʪʠʛʥʫʪʳʭ ʛʣʫʙʠʥʘʭ, ʘ ʪʘʢʞʝ ʧʦ 

ʜʘʥʥʳʤ ʣʦʢʘʣʴʥʦʛʦ ʧʨʦʛʥʦʟʘ ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ, ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʚʦʟʤʦʞʥʦʛʦ ʦʪ-

ʥʝʩʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢ ʦʧʘʩʥʳʤ ʧʦ ʛʦʨʥʳʤ ʫʜʘʨʘʤ ʥʝʪ. ʂʘʟʩʢʦʝ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʝ ʦʪʥʝʩʝʥʦ ʢ ʩʢʣʦʥʥʳʤ ʢ ʛʦʨʥʳʤ ʫʜʘʨʘʤ [2]. 

ɼʦʩʪʠʛʥʫʪʳʝ ʠ ʧʨʦʝʢʪʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʦʧʨʝʜʝ-

ʣʷʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʖʞʥʦʡ ʟʦʥʳ ʫʯʘʩʪ-

ʢʘ çʎʝʥʪʨʘʣʴʥʳʝ ʰʪʦʢʠè ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʭʨʘʥʷʝʤʳʭ ʦʙʲʝʢ-

ʪʦʚ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʛʦʨʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʨʘʩʧʦ-

ʣʦʞʝʥʥʳʝ ʥʘ ʥʝʡ ʦʭʨʘʥʷʝʤʳʝ ʦʙʲʝʢʪʳ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʘʢ-

ʪʠʯʝʩʢʠʭ ʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʦʙʥʘʞʝʥʠʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦ-

ʮʝʩʩʦʚ ʨʘʟʨʫʰʝʥʠʷ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʚʦʢʨʫʛ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʈʘʩʯʝʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘʣʝʛʘʶʱʝʡ ʪʦʣʱʠ ʠ ʙʦʢʦʚʳʭ ʧʦʨʦʜ ʧʨʠ ʦʪʨʘʙʦʪ-

ʢʝ ʩʣʝʧʳʭ ʨʫʜʥʳʭ ʪʝʣ ʖʞʥʦʡ ʟʦʥʳ ʜʦ ʛʦʨ. -300 ʤ, ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʨʘʟʨʝʟʘʭ 

ʧʦ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʚʝʜʦʯʥʳʤ ʣʠʥʠʷʤ ʧʦ ʤʝʪʦʜʫ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʨʦʣʝʪʦʚ, ʧʦ 

ʢʨʠʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʘʮʠʷʤ ʠ ʧʦ ʢʨʠʪʠʯʝʩʢʦʤʫ ʥʘʧʨʷʞʝʥʠʶ [3] ʩ ʫʯʝʪʦʤ ʢʦʥ-

ʢʨʝʪʥʳʭ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʧʦʢʘʟʳʚʘʝʪ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ 

ʥʘʣʝʛʘʶʱʝʡ ʪʦʣʱʠ ʠ ʙʦʢʦʚʳʭ ʧʦʨʦʜ. ɺʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʳʭʦʜʘ ʢʝʨʥʘ, ʠʟ-

ʤʝʥʷʶʱʠʝʩʷ ʦʪ 86,2 ʜʦ 87,1 %, ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʥʘ-

ʞʝʥʠʡ ʧʨʠ ʧʦʣʥʦʡ ʦʪʨʘʙʦʪʢʝ ʟʘʧʘʩʦʚ ʫʯʘʩʪʢʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʧʘʩʘ ʧʨʦʯ-

ʥʦʩʪʠ 4,5-5,0 ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ 3,0-3,75. 

ʈʘʩʯʝʪ (ʚʳʧʦʣʥʝʥ ʜ.ʪ.ʥ. ɺ.ʄ. ʉʝʨʷʢʦʚʳʤ (ʀɻɼ ʉʆ ʈɸʅ)) ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʩʝʯʝʥʠʠ ʨʘʟʨʝʟʘ ʧʦ ʨʘʟʚʝʜʦʯʥʦʡ 

ʣʠʥʠʠ 22, ʛʜʝ ʦʞʠʜʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʝ ʦʙʲʝʤʳ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʖʞʥʦʡ ʟʦʥʳ ʜʦ ʛʦʨ. -300 ʤ, ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʧʨʝʜʝʣʦʚ 

ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩ-

ʧʳʪʘʥʠʷʭ ʩʧʣʦʰʥʳʭ ʦʙʨʘʟʮʦʚ, ʧʦʢʘʟʘʣ, ʯʪʦ ʚʤʝʱʘʶʱʘʷ ʪʦʣʱʘ ʥʘʜ ʚʳʨʘʙʦ-

ʪʘʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʩʦʭʨʘʥʷʝʪ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʋʤʝʥʴʰʝʥʠʝ ʞʝ ʟʥʘʯʝʥʠʡ ʧʨʝʜʝʣʦʚ ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʨʘʩʪʷ-

ʞʝʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʩʠʚʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʭʘ-

ʨʘʢʪʝʨʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʤʘʩʩʠʚʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʚʳʨʘʙʦʪʘʥʥʦ-

ʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʤʘʩʩʠʚʘ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʖʞʥʦʡ ʟʦʥʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʨʘʩʯʝʪʦʚ ʩ ʨʘʟ-

ʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʝʜʝʣʦʚ ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʨʘʩʪʷʞʝʥʠʝ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʫʤʝʥʴʰʝʥʠʷ ʧʨʝʜʝʣʦʚ ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦ-

ʨʦʜ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʚ ʜʚʘ ʨʘʟʘ ʚ ʧʦʜʨʘʙʦʪʘʥʥʦʤ ʤʘʩʩʠʚʝ ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝ-

ʩʪʚʝʥʥʳʡ ʨʦʩʪ ʨʘʟʤʝʨʦʚ ʦʙʣʘʩʪʠ ʨʘʟʨʫʰʝʥʥʳʭ ʧʦʨʦʜ. ɺʳʩʦʪʘ ʦʙʣʘʩʪʠ ʨʘʟ-

ʨʫʰʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 60 ʤ, ʥʦ ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʥʘʣʝʛʘʶʱʝʡ ʪʦʣʱʠ ʩʦʭʨʘʥʷʝʪ 

ʩʚʦʶ ʩʧʣʦʰʥʦʩʪʴ. ʄʦʱʥʦʩʪʴ ʥʝ ʨʘʟʨʫʰʝʥʥʳʭ ʧʦʨʦʜ ʥʘʜ ʚʳʨʘʙʦʪʘʥʥʳʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦʤ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚ 500 ʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʦʪʩʫʪ-

ʩʪʚʠʠ ʚʨʝʜʥʦʝ ʚʣʠʷʥʠʝ ʛʦʨʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ.  

ʂʨʦʤʝ ʦʙʣʘʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʜ ʚʳʨʘʙʦʪʘʥʥʳʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦʤ, ʚ ʧʦʜʨʘʙʦʪʘʥʥʦʡ ʪʦʣʱʝ ʬʦʨʤʠʨʫʶʪʩʷ ʝʱʝ ʜʚʝ ʟʦʥʳ ʨʘʩʪʷʛʠʚʘ-
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ʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ: ʦʥʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʜʘʡʢʘʭ ʜʠʦʨʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʚʳʩʦʪʫ, ʩʦʩʪʘʚʣʷʶʱʫʶ ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʤʦʱʥʦʩʪʠ 

ʥʘʣʝʛʘʶʱʝʡ ʪʦʣʱʠ. ʈʘʟʨʫʰʝʥʠʝ ʧʦʨʦʜ ʚ ʨʘʡʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʨʫʪʦʧʘʜʘʶ-

ʱʠʭ ʜʘʝʢ ʜʠʦʨʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʷʚʣʝʥʠʝ, ʧʨʝʜ-

ʰʝʩʪʚʫʶʱʝʝ ʧʨʦʮʝʩʩʫ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜʨʘʙʦʪʘʥʥʳʭ ʧʦʨʦʜ ʥʘʜ ʚʳʨʘʙʦ-

ʪʘʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ.  

ʅʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʦʨʥʦʤ ʤʘʩʩʠʚʝ 

ʖʞʥʦʡ ʟʦʥʳ ʦʧʨʝʜʝʣʝʥʦ ʧʨʦʝʢʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮʳ ʚʨʝʜʥʦʛʦ ʚʣʠʷʥʠʷ 

ʛʦʨʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʛʨʘʥʠʮʝʡ ʟʦʥʳ 

ʦʧʘʩʥʳʭ ʩʜʚʠʞʝʥʠʡ. ʋʛʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʩʜʚʠʞʝʥʠʷ ʜʣʷ ʂʘʟʩʢʦʛʦ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʷ ʨʝʢʦʤʝʥʜʦʚʘʥʳ [3] ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ ʦʙʨʫʰʝʥʠʷ ʟʝʤʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʠ ʥʝ ʦʪʚʝʯʘʶʪ ʫʩʣʦʚʠʷʤ ʫʩʪʦʡʯʠʚʦʛʦ ʝʸ ʩʦʩʪʦʷʥʠʷ, ʥʦ ʤʦʛʫʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʛʦʨʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʥʘ ʦʭʨʘʥʷʝʤʳʝ ʦʙʲʝʢʪʳ. 

ɺ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʫʶ ʟʦʥʫ ʚʣʠʷʥʠʷ ʛʦʨʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʧʨʠ ʧʦʣʥʦʡ 

ʦʪʨʘʙʦʪʢʝ ʟʘʧʘʩʦʚ ʖʞʥʦʡ ʟʦʥʳ ʧʦʧʘʜʘʶʪ ʨʫʯʝʡ çɺʦʩʪʦʯʥʳʡ ʂʘʟè ʠ ʦʜʥʦ-

ʵʪʘʞʥʳʝ ʜʝʨʝʚʷʥʥʳʝ ʜʦʤʘ (ʚʩʝʛʦ 16 ʜʦʤʦʚ). 

ʀʩʭʦʜʷ ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʭʨʘʥʷʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʚʩʝ ʦʭʨʘʥʷʝʤʳʝ ʦʙʲ-

ʝʢʪʳ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘʤʠ III  ʢʘʪʝʛʦʨʠʠ ʦʭʨʘʥʳ, ʧʘʨʘʤʝʪʨʳ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʚʠʪʠʝʤ ʬʘʢʪʠʯʝʩʢʠʭ ʛʨʘʥʠʮ ʟʦʥ ʪʨʝ-

ʱʠʥ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʧʦʷʚʣʝʥʠʶ ʪʨʝʱʠʥ ʠ ʨʝʟʫʣʴ-

ʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʩʜʚʠʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʥʘʣʝʛʘʶʱʝʡ ʪʦʣʱʝ ʥʘʜ ʦʙʨʘʟʦ-

ʚʘʥʥʳʤ ʚʳʨʘʙʦʪʘʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʧʣʦʩʢʠʭ ʟʘʜʘʯ ʪʝʦ-

ʨʠʠ ʫʧʨʫʛʦʩʪʠ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʤʝʱʝʥʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚʦʢʨʫʛ ʚʳʨʘʙʦʪʢʠ 

ʜʣʷ ʫʩʣʦʚʠʡ ʦʪʨʘʙʦʪʢʠ ʩʣʝʧʳʭ ʨʫʜʥʳʭ ʪʝʣ (ʢ.ʪ.ʥ. ɻ.ʃ. ʃʠʥʜʠʥ) ʚ ʨʘʟʨʝʟʝ 

ʚʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ ʨʫʜʥʦʡ ʟʦʥʳ (ʨʠʩʫʥʦʢ) ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʦʞʠʜʘʝʤʳʭ ʧʘ-

ʨʘʤʝʪʨʦʚ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʦʩʝʜʘʥʠʡ, ʦʞʠʜʘʝʤʳʝ ʧʨʠ ʧʦʣʥʦʡ ʦʪʨʘʙʦʪʢʝ 

ʟʘʧʘʩʦʚ ʖʞʥʦʡ ʟʦʥʳ, ʩʦʩʪʘʚʣʷʶʪ: ʚ ʪʦʯʢʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʩʝʜʘʥʠʷ ï 134 ʤʤ, 

ʚ ʨʘʡʦʥʝ ʖʞʥʦʛʦ ʚʟʙʨʦʩʘ ï 62-72 ʤʤ, ʚ ʨʘʡʦʥʝ ʨʫʯʴʷ ï 35-39 ʤʤ, ʚ ʨʘʡʦʥʝ 

ʜʦʤʦʚ ï 23-62 ʤʤ. ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʜʚʠʞʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʶʪ 10 ʤʤ. ʄʘʢʩʠ-

ʤʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʥʘʢʣʦʥʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʡʦʥʝ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʟʦʥʳ ʜʘʞʝ ʩ ʫʯʝʪʦʤ ʠʭ ʚʦʟʤʦʞʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʚ 3 ʨʘʟʘ, ʥʝ 

ʧʨʝʚʳʰʘʶʪ 3 ʤʤ/ʤ.  

ʆʞʠʜʘʝʤʳʝ ʩʜʚʠʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʖʞʥʦʡ 

ʟʦʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʢʨʠʪʝʨʠʝʚ ʚʦʟʤʦʞʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ ʠ ʥʝ 

ʦʧʘʩʥʳ ʜʣʷ ʦʭʨʘʥʷʝʤʳʭ ʦʙʲʝʢʪʦʚ.  

ʅʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ: ʨʘʩʯʝʪʦʚ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʦʙʥʘʞʝʥʠʡ ʩʣʝʧʳʭ ʨʫʜʥʳʭ ʪʝʣ, ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʦʞʠʜʘʝ-

ʤʦʛʦ ʨʘʟʚʠʪʠʷ ʟʦʥ ʦʧʘʩʥʦʛʦ ʚʣʠʷʥʠʷ ʛʦʨʥʳʭ ʨʘʟʨʘʙʦʪʦʢ, ʧʨʝʜʨʘʩʯʝʪʘ ʦʞʠʜʘ-

ʝʤʳʭ ʚʝʣʠʯʠʥ ʩʜʚʠʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʟʦʧʘʩ-

ʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʭʨʘʥʷʝʤʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʖʞʥʦʡ ʟʦʥʳ 

ʫʯʘʩʪʢʘ çʎʝʥʪʨʘʣʴʥʳʝ ʰʪʦʢʠè. 
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ʆʧʘʩʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʜʚʠʞʝʥʠʷ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʤʘʩʩʠʚʝ ʛʦʨ-

ʥʳʭ ʧʦʨʦʜ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʛʣʫʙʠʥʝ ʦʪ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩʫʥʦʢ). ʆʞʠ-

ʜʘʝʤʘʷ ʛʨʘʥʠʮʘ ʟʦʥʳ ʦʧʘʩʥʳʭ ʩʜʚʠʞʝʥʠʡ ʩ ʢʨʠʪʠʯʝʩʢʠʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ 

ʨʘʩʪʷʞʝʥʠʷ 2 ʤʤ/ʤ ʠ ʥʘʢʣʦʥʘ 4 ʤʤ/ʤ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʛʣʫʙʠʥʝ 204 ʤ, ʘ ʦʞʠ-

ʜʘʝʤʘʷ ʛʨʘʥʠʮʘ ʟʦʥʳ ʪʨʝʱʠʥ ï ʥʘ ʛʣʫʙʠʥʝ 374 ʤ ʦʪ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

 
ʈʠʩ. ʆʞʠʜʘʝʤʳʝ ʛʨʘʥʠʮʳ ʦʧʘʩʥʦʛʦ ʚʣʠʷʥʠʷ ʛʦʨʥʳʭ ʨʘʟʨʘʙʦʪʦʢ 

ʚ ʨʘʟʨʝʟʝ ʧʦ ʨʘʟʚʝʜʦʯʥʦʡ ʣʠʥʠʠ 
 

ɼʣʷ ʦʮʝʥʢʠ ʬʘʢʪʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʛʦʨʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʫʯʘʩʪʢʘ ʠ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʭʨʘʥʷʝʤʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʟʝʤʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʦ: 

- ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʨʳ ʦʭʨʘʥʳ ʦʜʥʦʵʪʘʞʥʳʭ ʜʝʨʝʚʷʥʥʳʭ ʜʦʤʦʚ ʠ ʨʫʯʴʷ 

çɺʦʩʪʦʯʥʳʡ ʂʘʟè; 

- ʦʨʛʘʥʠʟʦʚʘʪʴ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʜʚʠʞʝʥʠʝʤ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʫʯʘʩʪʢʘ ʚ ʨʘʡʦʥʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʭʨʘʥʷʝʤʳʭ ʦʙʲʝʢʪʦʚ; 

- ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʤʘʩʩʦʚʳʭ ʚʟʨʳʚʦʚ ʥʘ ʟʝʤʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʦʭʨʘʥʷʝʤʳʝ ʦʙʲʝʢʪʳ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʚʟʨʳʚʦʚ, 

ʜʦʧʫʩʪʠʤʦʡ ʜʣʷ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʜʥʦʵʪʘʞʥʳʭ ʜʝʨʝʚʷʥʥʳʭ ʜʦʤʦʚ; 

- ʚ ʧʘʩʧʦʨʪʘʭ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʤʘʩʩʦʚʳʭ ʚʟʨʳʚʦʚ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʦʧʦʚʝ-

ʱʝʥʠʝ ʞʠʣʴʮʦʚ ʜʦʤʦʚ ʦ ʜʘʪʝ ʠ ʚʨʝʤʝʥʠ ʧʣʘʥʠʨʫʝʤʦʛʦ ʚʟʨʳʚʘ, ʘ ʪʘʢʞʝ ʚʳʚʦʜ 

ʞʠʣʴʮʦʚ ʠʟ ʜʦʤʦʚ ʥʘ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʚʟʨʳʚʘ;  
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- ʟʘʢʣʶʯʠʪʴ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʥʘʫʯʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʜʦʛʦʚʦʨ ʥʘ 
ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʜʚʠʞʝʥʠʷ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʖʞʥʦʡ ʟʦʥʳ ʫʯʘʩʪ-
ʢʘ çʎʝʥʪʨʘʣʴʥʳʝ ʰʪʦʢʠè ʚ ʨʘʡʦʥʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʭʨʘʥʷʝʤʳʭ ʦʙʲʝʢʪʦʚ; 

- ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʩʣʝʜʫʶʱʠʡ ʛʦʜ ʚʳʧʦʣ-
ʥʷʪʴ (ʝʞʝʛʦʜʥʦ) ʧʦʚʝʨʦʯʥʳʝ ʨʘʩʯʝʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʘʢʪʠʯʝʩʢʠʭ ʠ ʧʨʦʝʢʪʠ-
ʨʫʝʤʳʭ ʦʙʥʘʞʝʥʠʡ ʖʞʥʦʡ ʟʦʥʳ; 

- ʦʨʛʘʥʠʟʦʚʘʪʴ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʨʘʩʭʦʜʦʤ ʚʦʜʳ ʨʫ-
ʯʴʷ çɺʦʩʪʦʯʥʳʡ ʂʘʟè ʚ ʭʘʨʘʢʪʝʨʥʳʝ ʬʘʟʳ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ï ʧʦʣʦʚʦʜʴʝ, ʤʝ-
ʞʝʥʴ, ʧʘʚʦʜʦʢ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʆɸʆ çɽʚʨʘʟʨʫʜʘè ʜʣʷ ʂʘʟʩʢʦʡ 
ʰʘʭʪʳ ʟʘʢʣʶʯʝʥ ʜʦʛʦʚʦʨ ʩ ʌɻɹʆʋ ɺʇʆ çʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʜʫ-
ʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʜʚʠʞʝʥʠʷ ʟʝʤʥʦʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʖʞʥʦʡ ʟʦʥʳ ʫʯʘʩʪʢʘ çʎʝʥʪʨʘʣʴʥʳʝ ʰʪʦʢʠè ʚ ʨʘʡʦʥʘʭ ʨʘʩʧʦʣʦ-
ʞʝʥʠʷ ʦʭʨʘʥʷʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʉʦʛʣʘʩʥʦ ʜʦʛʦʚʦʨʫ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠ ʟʘʣʦʞʝʥʘ 
ʥʘʙʣʶʜʘʪʝʣʴʥʘʷ ʩʪʘʥʮʠʷ, ʧʦ ʢʦʪʦʨʦʡ ʚ 2015 ʛ. ʚʳʧʦʣʥʝʥʦ 3 ʥʘʙʣʶʜʝʥʠʷ. 
ɺʣʠʷʥʠʷ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʥʘ ʩʜʚʠʞʝʥʠʝ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ. 
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ʄʘʣʠ ɺ.ɸ. 
ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡè, 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ, ʛ. ʇʝʥʟʘ  
 

ɸʢʩʝʥʦʚ ɸ.ɸ., ɸʣʝʢʩʝʝʚ ɼ.ʉ., ʊʠʭʦʤʠʨʦʚ ʇ.ɸ. 
ʩʪʫʜʝʥʪ rʢʘʬʝʜʨʳ çʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡè, 

ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ, ʛ. ʇʝʥʟʘ 
 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ ʫʜʝʣʷʶʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʧʦʣʠʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠ-
ʩʪʝʤ, ʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ-
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ʧʨʠʤʘʥʢʠ. ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤ-ʧʨʠʤʘʥʦʢ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ 
ʚʳʙʨʘʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʝʥʥʦ ʪʫ ʩʠʩʪʝʤʫ-ʧʨʠʤʘʥʢʫ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʫʩʠʣʠʪʴ ʝʸ ʦʙʱʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ-ʧʨʠʤʘʥʢʘ, ʪʨʘʬʠʢ, ʩʝʨʚʝʨ, ʠʥʬʦʨʤʘʮʠʷ, ʥʘʨʫʰʠʪʝʣʴ, ʫʷʟ-

ʚʠʤʦʩʪʴ, ʘʪʘʢʘ.  
 

ʉʠʩʪʝʤʘ-ʧʨʠʤʘʥʢʘ (Honeypot) ï ʨʝʩʫʨʩ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʧʨʠ-
ʤʘʥʢʫ ʜʣʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ. ɿʘʜʘʯʘ Honeypot ï ʧʦʜʚʝʨʛʥʫʪʴʩʷ ʘʪʘʢʝ ʠʣʠ ʥʝ-
ʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ, ʯʪʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʟʚʦʣʠʪ ʠʟʫʯʠʪʴ 
ʩʪʨʘʪʝʛʠʶ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʝʯʝʥʴ ʩʨʝʜʩʪʚ, ʩ ʧʦʤʦʱʴʶ ʢʦ-
ʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʥʘʥʝʩʝʥʳ ʫʜʘʨʳ ʧʦ ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʦʙʲʝʢʪʘʤ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ [1]. 

ʎʝʥʥʦʩʪʴ ʧʨʠʤʘʥʢʠ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʢʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʧʦ-
ʣʫʯʠʪʴ ʩ ʝʝ ʧʦʤʦʱʴʶ. ʄʦʥʠʪʦʨʠʥʛ ʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʧʨʠʤʘʥʢʫ ʠ 
ʧʦʢʠʜʘʶʱʠʭ ʝʝ, ʧʦʟʚʦʣʷʝʪ ʩʦʙʨʘʪʴ ʩʚʝʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ ʜʦʙʳʪʴ ʩ ʧʦ-
ʤʦʱʴʶ IDS [2]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ (IDS) 
ʟʘʥʠʤʘʶʪʩʷ ʘʥʘʣʠʟʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʚʝʨʝʥʥʳʭ ʠʤ ʨʝʩʫʨʩʦʚ ʠ, ʚ ʩʣʫʯʘʝ ʦʙ-
ʥʘʨʫʞʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʧʦʜʦʟʨʠʪʝʣʴʥʳʭ ʠʣʠ ʧʨʦʩʪʦ ʥʝʪʠʧʠʯʥʳʭ ʩʦʙʳʪʠʡ, 
ʩʧʦʩʦʙʥʳ ʧʨʝʜʧʨʠʥʠʤʘʪʴ ʥʝʢʦʪʦʨʳʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʷ ʧʦ ʦʙʥʘʨʫ-
ʞʝʥʠʶ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʫʩʪʨʘʥʝʥʠʶ ʠʭ ʧʨʠʯʠʥ [3]. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤ-ʧʨʠʤʘʥʦʢ. 
1. ʇʦ ʥʘʟʥʘʯʝʥʠʶ ʩʠʩʪʝʤʳ-ʧʨʠʤʘʥʢʠ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʳʝ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ.  
ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ-ʧʨʠʤʘʥʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʨʝʩʫʨ-

ʩʦʚ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʥʠʞʝʥʠʷ 
ʨʠʩʢʘ ʠʭ ʢʦʤʧʨʦʤʝʪʘʮʠʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʘʥʥʳʝ ʩʠʩʪʝʤʳ ʣʝʛʯʝ ʨʝʘʣʠʟʦʚʘʪʴ, 
ʪʘʢ ʢʘʢ ʦʥʠ ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ, ʯʝʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ.  

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʩʠʩʪʝʤʳ-ʧʨʠʤʘʥʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʝʡ-
ʩʪʚʠʡ ʥʘʨʫʰʠʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʤʠ ʩʪʨʘʪʝʛʠʡ ʠ ʩʨʝʜʩʪʚ ʩ ʮʝʣʴʶ ʧʦʩʪʨʦʝ-
ʥʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʟʘʱʠʪʳ. ʉʠʩʪʝʤʳ ʜʘʥʥʦʛʦ ʪʠʧʘ ʭʘʨʘʢʪʝ-
ʨʠʟʫʶʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʘʨʫʰʠʪʝʣʝʤ, 
ʯʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ. ʆʥʠ ʙʦʣʝʝ ʩʣʦʞʥʳ ʠ ʠʩʧʦʣʴʟʫʶʪ ʥʝ ʵʤʫʣʠʨʫʝʤʳʝ, ʘ 
ʨʝʘʣʴʥʳʝ ʆʉ ʠ ʧʨʠʣʦʞʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʦ 
ʥʘʨʫʰʠʪʝʣʷʭ.  

2. ʇʦ ʫʨʦʚʥʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʘʨʫʰʠʪʝʣʝʤ, ʪ.ʝ. ʧʦ ʪʦʤʫ, ʢʘʢʠʝ ʚʦʟ-
ʤʦʞʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʠʩʪʝʤʘ-ʧʨʠʤʘʥʢʘ ʘʪʘʢʫʶʱʝʤʫ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʘʪʘʢ, 
ʩʠʩʪʝʤʳ-ʧʨʠʤʘʥʢʠ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʦ 
ʩʨʝʜʥʠʤ ʫʨʦʚʥʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [4]. 

ʏʝʤ ʙʦʣʴʰʫʶ ʩʚʦʙʦʜʫ ʠʤʝʝʪ ʘʪʘʢʫʶʱʠʡ, ʪʝʤ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ 
ʤʦʞʥʦ ʩʦʙʨʘʪʴ ʦ ʝʛʦ ʜʝʡʩʪʚʠʷʭ, ʠ ʪʝʤ ʙʦʣʴʰʝ ʦʙʲʝʤ ʨʘʙʦʪ ʧʦ ʫʩʪʘʥʦʚʢʝ ʠ 
ʧʦʜʜʝʨʞʢʝ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʚʳʰʝ ʨʠʩʢ ʝʝ ʢʦʤʧʨʦʤʝʪʘʮʠʠ. 

3. ʇʦ ʪʠʧʫ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ-ʧʨʠʤʘʥʢʠ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʨʝʘʣʴʥʳʝ ʠ 
ʚʠʨʪʫʘʣʴʥʳʝ [5]. 

ʈʝʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʪ.ʝ. ʩʦʟʜʘʥʥʘʷ ʥʘ ʚʳʜʝʣʝʥʥʦʤ ʩʝʨʚʝʨʝ ʧʨʠʤʘʥʢʘ ʨʘʙʦ-
ʪʘʝʪ ʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ (ʥʘʧʨʠʤʝʨ, Windows 
Server 2003/2008, Microsoft Internet Information Service) ʥʘ ʚʳʜʝʣʝʥʥʦʤ ʘʧʧʘ-
ʨʘʪʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʚʥʫʪʨʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʠ. ʆʥʘ ʚʳʛʣʷʜʠʪ ʠ ʚʝʜʝʪ ʩʝʙʷ 
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ʢʘʢ ʥʘʩʪʦʷʱʠʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʨʝʩʫʨʩ, ʠ ʝʩʣʠ ʜʘʥʥʳʝ ʥʘ ʥʝʡ ʦʙʥʦʚʣʷʶʪʩʷ 
ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʨʝʘʣʴʥʦʡ ʩʝʪʴʶ, ʪʦ ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʟʣʦ-
ʫʤʳʰʣʝʥʥʠʢ ʥʝ ʩʤʦʞʝʪ ʦʙʥʘʨʫʞʠʪʴ ʯʪʦ ʵʪʦ ʣʦʚʫʰʢʘ. 

ɺʠʨʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ-ʧʨʠʤʘʥʢʠ, ʪ.ʝ. ʧʨʦʛʨʘʤʤʥʦ-ʵʤʫʣʠʨʫʝʤʳʝ, ï 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʘ ʩʨʝʜʫ ʵʤʫʣʷʮʠʠ, 
ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʟʣʦʤʱʠʢʘ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʩʪʨʦʡʢʘʤʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʧʦʪʝʥʮʠʘʣʴʥʳʡ 
ʫʱʝʨʙ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠʣʠ ʠʩ-
ʢʣʶʯʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ. 

4. ʇʦ ʨʘʟʤʝʱʝʥʠʶ ʩʠʩʪʝʤʳ-ʧʨʠʤʘʥʢʠ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʨʘʟʤʝʱʝʥʥʳʝ ʚ 
ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʠ ʚ ʜʝʤʠʣʠʪʘʨʠʟʦʚʘʥʥʦʡ ʟʦʥʝ [1]. 

ʉʠʩʪʝʤʘ-ʧʨʠʤʘʥʢʘ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʚʥʫʪʨʠ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ 
(ʧʦʩʣʝ firewall) ï ʪʦ ʝʩʪʴ ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʠ ʩʝʨʚʝʨʘʭ. ɽʩʣʠ ʥʝ 
ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʜʘʣʝʥʥʦʝ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʩʝʪʠ, ʪʦ ʩʣʝʜʫʝʪ ʧʝʨʝʥʘʧʨʘʚʣʷʪʴ 
ʚʝʩʴ ʚʭʦʜʷʱʠʡ ssh-ʪʨʘʬʠʢ ʥʘ honeypot. ʇʨʠʥʠʤʘʷ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ, ʩʠʩʪʝʤʘ-
ʣʦʚʫʰʢʘ ʜʦʣʞʥʘ ʧʨʦʪʦʢʦʣʠʨʦʚʘʪʴ ʚʩʝ ʩʦʙʳʪʠʷ, ʧʨʠʯʝʤ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ. 

ʈʘʟʤʝʱʝʥʠʝ ʥʘ ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʩʝʨʚʝʨʘʭ ʩʝʪʠ ʠʣʠ ʚ ʩʝʪʷʭ DMZ ʜʘʝʪ 
ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʘʪʘʢʘʭ ʥʘ ʥʝʟʘʱʠʱʝʥʥʳʝ ʩʝʪʝʚʳʝ ʩʣʫʞʙʳ, ʪʘʢʠʝ ʢʘʢ: ʧʦʯ-
ʪʦʚʳʝ ʩʝʨʚʠʩʳ, SMB, ftp-ʩʝʨʚʝʨʳ ʠ ʪ.ʜ. 

5. ʇʦ ʪʠʧʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ-ʧʨʠʤʘʥʢʠ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʦʪʢʨʳ-
ʪʳʝ ʠ ʢʦʤʤʝʨʯʝʩʢʠʝ. 

ʆʪʢʨʳʪʳʝ ʩʠʩʪʝʤʳ-ʧʨʠʤʘʥʢʠ ï ʵʪʦ Honeypots, ʢʦʪʦʨʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷ-
ʪʁʩʷ ʙʝʩʧʣʘʪʥʦ, ʙʝʟʚʦʟʤʝʟʜʥʦ. ɸ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʠʩʪʝʤʳ-ʧʨʠʤʘʥʢʠ, ʥʘʦʙʦʨʦʪ 
ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʟʘ ʜʝʥʴʛʠ, ʪ.ʝ. ʧʨʦʜʘʶʪʩʷ. 

ʂʨʘʪʢʦʝ ʧʦʷʩʥʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʨʝʘʣʠʟʘʮʠʡ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤ-ʧʨʠʤʘʥʦʢ [6]. 
Back Officer Friendly (ʚ ʜʘʣʴʥʝʡʰʝʤ, BOF) ï ʦʜʠʥ ʠʟ ʧʨʦʩʪʝʡʰʠʭ Honeypot, 

ʧʝʨʚʘʷ ʚʝʨʩʠʷ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ 1998 ʛʦʜʫ Marcus Ranum. BOF ʤʦʞʝʪ 
ʙʳʪʴ ʟʘʧʫʱʝʥ ʢʘʢ ʥʘ UNIX, ʪʘʢ ʠ ʥʘ Windows ʧʣʘʪʬʦʨʤʘʭ.  

BOF ʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʝʪʘʣʴʥʫʶ ʠʤʠʪʘʮʠʶ ʩʝʨʚʠʩʦʚ. ʂʘʢ ʪʦʣʴʢʦ ʧʨʦ-
ʠʩʭʦʜʠʪ ʩʦʝʜʠʥʝʥʠʝ, BOF ʚʳʚʦʜʠʪ ʩʦʦʙʱʝʥʠʝ ʦ ʥʝʜʦʩʪʫʧʥʦʩʪʠ ʩʝʨʚʠʩʘ ʠ ʯʝ-
ʨʝʟ ʥʝʙʦʣʴʰʦʡ ʪʘʡʤʘʫʪ ʧʨʦʠʟʚʦʜʠʪ ʨʘʟʨʳʚ ʩʦʝʜʠʥʝʥʠʷ. ʎʝʣʴ BOF ï ʤʦʥʠʪʦ-
ʨʠʥʛ ʩʦʙʳʪʠʡ ʠ ʩʦʭʨʘʥʝʥʠʝ ʧʨʦʪʦʢʦʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

Honeyd ï ʨʘʟʨʘʙʦʪʘʥ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʘʚʪʦʨʦʤ NuelsProvos. ɺʧʝʨʚʳʝ 
ʚʳʧʫʱʝʥʥʳʡ ʚ ʘʧʨʝʣʝ 2002 ʛʦʜʘ, Honeyd ʷʚʣʷʝʪʩʷ OpenSourceHoneypot ʜʣʷ 
Unix ʧʣʘʪʬʦʨʤ. Honeyd ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ Honeypot, ʠʩ-
ʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ ʠʣʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 
Honeyd ʦʙʥʘʨʫʞʠʚʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʚʩʝʭ TCP-ʧʦʨʪʘʭ; ʠʤʠʪʠʨʫʝʤʳʝ ʩʝʨʚʠʩʳ 
ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʪʦʣʴʢʦ ʜʣʷ ʚʚʝʜʝʥʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʚ ʟʘʙʣʫʞʜʝʥʠʝ ʠ ʩʙʦ-
ʨʘ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ. 

ʂʨʘʪʢʦʝ ʧʦʷʩʥʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʨʝʘʣʠʟʘʮʠʡ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʠʩʪʝʤ-
ʧʨʠʤʘʥʦʢ. 

Specter ï ʢʦʤʤʝʨʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ Honeypot, ʩʦʟʜʘʥʥʦʝ ʠ ʧʦʜʜʝʨʞʠʚʘʝ-
ʤʦʝ ʢʦʤʧʘʥʠʝʡ NetSec. ʇʨʦʛʨʘʤʤʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ʠ ʠʤʠʪʠʨʫʝʪ 
ʥʘʙʦʨ ʩʝʨʚʠʩʦʚ, ʩ ʢʦʪʦʨʳʤʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ. ɿʣʦ-
ʫʤʳʰʣʝʥʥʠʢ ʦʛʨʘʥʠʯʝʥ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʡ Specter. 
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ʧʦʩʪʨʦʝʥʠʝʤ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʩʦʙʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʢʫʩʦʯʥʦ-ʟʘʜʘʥʥʫʶ 

ʬʫʥʢʮʠʶ ʨʝʛʨʝʩʩʠʠ ʚ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʡ ʠ ʥʘʛʣʷʜʥʦʡ ʬʦʨʤʝ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ ʧʨʝʜ-

ʩʪʘʚʣʷʝʤ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʜʝʨʝʚʴʝʚ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʣʦʥʦʚʦʛʦ ʦʪ-

ʙʦʨʘ ʠʤʤʫʥʥʳʭ ʢʣʝʪʦʢ ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʦʙʫʯʝʥʠʷ ʠ ʥʝʣʠʥʝʡʥʳʭ 

ʣʦʢʘʣʴʥʳʭ ʤʦʜʝʣʝʡ. ɸʣʛʦʨʠʪʤʳ ʩʨʘʚʥʠʚʘʝʪʩʷ ʢʘʢ ʩ ʞʘʜʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʪʘʢ ʠ ʩ ʵʚʨʠ-

ʩʪʠʯʝʩʢʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʠʩʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʧʨʝʜʣʦʞʝʥʥʳʝ ʘʣʛʦʨʠʪʤ ʧʨʝʚʦʩʭʦʜʠʪ ʘʥʘʣʦʛʠ ʧʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʘʜʝʢʚʘʪʥʦʩʪʠ ʠʜʝʥ-

ʪʠʬʠʢʘʮʠʠ ʠ ʧʨʠʚʦʜʠʪ ʢ ʤʝʥʝʝ ʩʣʦʞʥʳʤ ʤʦʜʝʣʷʤ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʜʝʨʝʚʴʷ 

ʤʦʜʝʣʝʡ, ʥʝʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ, ʧʨʝʜʦʙʫʯʝʥʠʝ. 

 

ɺʚʝʜʝʥʠʝ 

ʈʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʠ ʤʥʦʛʦʦʙʨʘʟʠʷ ʜʦʩʪʫʧʥʳʭ ʜʘʥʥʳʭ ʧʦʨʦʞʜʘʝʪ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴ ʚ ʵʬʬʝʢʪʠʚʥʳʭ, ʨʦʙʘʩʪʥʳʭ ʠ ʛʠʙʢʠʭ ʤʝʪʦʜʘʭ ʠʭ ʘʥʘʣʠʟʘ ʩ ʮʝʣʴʶ ʠʟ-

ʚʣʝʯʝʥʠʷ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʜʘʥʥʳʭ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʸ ʧʨʠ ʧʨʠʥʷʪʠʠ 

ʨʝʰʝʥʠʡ. ʂ ʪʦʤʫ ʞʝ ʟʘʯʘʩʪʫʶ ʠʟʫʯʘʝʤʳʝ ʦʙʲʝʢʪʳ ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʥʝʦʜʥʦ-

ʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʧʦʵʪʦʤʫ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʘʥʳ ʧʨʦʩʪʦʡ ʤʦ-

ʜʝʣʴʶ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʚʩʝʤʫ ʜʠʘʧʘʟʦʥʫ ʜʘʥʥʳʭ. 

ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʝʤ ʥʘʡʪʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʥʫʶ ʤʦʜʝʣʴ 

ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʜʝʨʝʚʘ ʨʝʛʨʝʩʩʠʠ, ʪ.ʝ. ʨʝʢʫʨʩʠʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʦʙʲʷʩʥʷ-

ʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʜʘʥʥʳʭ ʥʘ ʩʝʛʤʝʥʪʳ. ʋʟʣʳ ʜʝʨʝʚʘ ʩʦʜʝʨʞʘʪ ʧʨʘʚʠʣʘ 

ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʙʲʷʩʥʷʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʘ ʜʫʛʠ ï ʧʨʘʚʠʣʦ 

ʧʝʨʝʭʦʜʘ ʧʦ ʥʠʤ, ʚ ʣʠʩʪʴʷʭ ʥʘʭʦʜʷʪʩʷ ʣʦʢʘʣʴʥʳʝ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʤʦʜʝʣʠ. 

ɺ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʜʝʨʝʚʴʷ ʨʝʛʨʝʩʩʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʝ-

ʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

1) ʦʧʠʩʘʥʠʝ ʜʘʥʥʳʭ: ʦʧʠʩʘʥʠʝ ʜʘʥʥʳʭ ʚ ʢʦʤʧʘʢʪʥʦʡ ʬʦʨʤʝ; 

2) ʢʣʘʩʪʝʨʠʟʘʮʠʷ: ʦʙʲʝʜʠʥʝʥʠʝ ʦʙʲʝʢʪʦʚ ʚ ʛʨʫʧʧʳ (ʢʣʘʩʪʝʨʳ) ʥʘ ʦʩʥʦʚʝ 

ʩʭʦʞʝʩʪʠ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʦʙʲʝʢʪʦʚ ʦʜʥʦʡ ʛʨʫʧʧʳ ʠ ʠʭ ʦʪʣʠʯʠʡ ʤʝʞʜʫ  

ʛʨʫʧʧʘʤʠ; 

3) ʨʝʛʨʝʩʩʠʷ: ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʠ ʬʦʨʤʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʠʩ-

ʩʣʝʜʫʝʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ (ʚʢʣʶʯʘʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ). 

ʄʥʦʛʦʦʙʨʘʟʠʝ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʥʝ ʝʜʠʥʩʪʚʝʥʥʘʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʘʷ ʩʪʦ-

ʨʦʥʘ ʜʝʨʝʚʴʝʚ ʨʝʛʨʝʩʩʠʠ. ʆʥʠ: 

¶ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʪʨʝʙʫʶʪ ʥʠʢʘʢʠʭ ʘʧʨʠʦʨʥʳʭ ʟʥʘʥʠʡ ʠ\ʠʣʠ ʜʦʧʫʱʝ-

ʥʠʡ ʦʙ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ; 

¶ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ; 

¶ ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʰʢʘʣ, ʢʘʢ ʩ ʤʝʪʨʠʯʝʩʢʠ-

ʤʠ, ʪʘʢ ʠ ʩ ʥʝʤʝʪʨʠʯʝʩʢʠʤʠ; 

¶ ʩʧʦʩʦʙʥʳ ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʨʦʧʫʩʢʠ; 

¶ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳ ʠ ʧʨʦʩʪʳ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ; 

¶ ʧʨʦʟʨʘʯʥʳ ʜʣʷ ʘʥʘʣʠʟʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʣʦʞʝʥʠʝ ʩʫʪʠ ʤʦʜʠʬʠʢʘʮʠʠ ʥʦʚʦʛʦ 

ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʜʝʨʝʚʴʝʚ ʨʝʛʨʝʩʩʠʠ ʥʘ ʙʘʟʝ ʠʤʤʫʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʘʣʛʦʨʠʪʤ 

ɸʣʛʦʨʠʪʤ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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1. ʀʥʠʮʠʘʣʠʟʘʮʠʷ. ʅʘʯʘʣʴʥʘʷ ʧʦʧʫʣʷʮʠʷ ʠʟ N ʜʝʨʝʚʴʝʚ ʛʝʥʝʨʠʨʫʝʪʩʷ 

ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ.ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʜʝʨʝʚʘ.ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ. ɺʳʧʦʣʥʷʶʪʩʷ ʰʘʛʠ 3.1 ï 3.5.ʆʪʙʦʨ. ʆʪʙʠʨʘʝʪʩʷ S 

ʥʘʠʣʫʯʰʠʭ ʜʝʨʝʚʴʝʚ. 

3.2. ʈʝʧʨʦʜʫʢʮʠʷ. ʉʦʟʜʘʶʪʩʷ ʢʣʦʥʳ ɼʈ ʧʦ ʧʨʘʚʠʣʫ çʯʝʤ ʣʫʯʰʝ ʢʘʞʜʦʝ 
ʜʝʨʝʚʦ, ʪʝʤ ʙʦʣʴʰʝ ʢʣʦʥʦʚ ʪʘʢʦʛʦ ʜʝʨʝʚʘ ʩʦʟʜʘʝʪʩʷè. ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʘʣʛʦ-

ʨʠʪʤʝ ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʚʳʙʦʨʢʘ ʦʪʦʙʨʘʥʥʳʭ ʜʝʨʝʚʴʝʚ ʜʝʣʠʪʩʷ ʥʘ 3 ʯʘʩʪʠ, ʜʣʷ 

ʜʝʨʝʚʴʝʚ ʧʝʨʚʦʡ ʯʘʩʪʠ ʜʝʣʘʝʪʩʷ 3 ʢʣʦʥʘ, ʜʣʷ ʚʪʦʨʦʡ ï 2, ʘ ʜʣʷ ʪʨʝʪʴʝʡ ï 1. 

3.3. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʤʫʪʘʮʠʡ. ɼʣʷ ʢʘʞʜʦʛʦ ʜʝʨʝʚʘ ʧʨʦʠʟʚʝʩʪʠ ʤʫʪʘʮʠʠ 

ʧʦ ʠʥʚʝʨʩʠʚʥʦ-ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤʫ ʧʨʘʚʠʣʫ: ʯʝʤ ʣʫʯʰʝ ʜʝʨʝʚʦ, ʪʝʤ ʤʝʥʴʰʝ 

ʫʨʦʚʝʥʴ ʤʫʪʘʮʠʠ. ɺʩʝ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʧʦ ʟʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʤʥʦʞʝ-

ʩʪʚʦ ʢʣʦʥʦʚ ʜʝʣʠʪʩʷ ʥʘ ʪʨʠ ʯʘʩʪʠ, ʢ ʣʫʯʰʝʡ ʯʘʩʪʠ ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ 1 ʩʣʫ-

ʯʘʡʥʘʷ ʤʫʪʘʮʠʷ, ʢʦ ʚʪʦʨʦʡ ï 2, ʢ ʪʨʝʪʴʝʡ ï 3. 

3.4. ʉʦʟʜʘʥʠʝ ʥʦʚʦʡ ʧʦʧʫʣʷʮʠʠ. ʀʟ ʧʦʧʫʣʷʮʠʠ ʫʙʠʨʘʝʪʩʷ M ʭʫʜʰʠʭ 

ʜʝʨʝʚʴʝʚ ʠ ʜʦʙʘʚʣʷʝʪʩʷ ʜʦ N ʩʣʫʯʘʡʥʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʜʝʨʝʚʴʝʚ. 

3.5. ʇʨʦʚʝʨʢʘ ʢʨʠʪʝʨʠʷ ʦʩʪʘʥʦʚʘ ʘʣʛʦʨʠʪʤʘ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʩʪʘ-

ʥʦʚʘ ʚ ʘʣʛʦʨʠʪʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʯʠʩʣʘ ʠʪʝʨʘʮʠʡ ʙʝʟ ʠʟ-

ʤʝʥʝʥʠʷ ʣʫʯʰʝʛʦ ʨʝʰʝʥʠʷ. 

4. ɿʘʚʝʨʰʝʥʠʝ ʨʘʙʦʪʳ, ʦʪʙʦʨ ʠ ʦʬʦʨʤʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʨʝʰʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʚ ʘʣʛʦʨʠʪʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʰʠʨʝʥʥʳʡ 

ʙʘʡʝʩʦʚʩʢʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʢʨʠʪʝʨʠʡ ʠʟ [1]. ɺ ʥʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʠʥʠ-

ʤʠʟʘʮʠʷ ʩʪʘʪʠʩʪʠʢʠ: 

,)ln(lnln pnJ
n

SSE
nEBIC +Ö+Ö=     (1) 

ʛʜʝ SSE ï ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʦʩʪʘʪʢʦʚ ʤʦʜʝʣʠ ʥʘ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ; J ï ʢʦʣʠ-

ʯʝʩʪʚʦ ʥʘʩʪʨʘʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ; n ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʚ ʦʙʫ-

ʯʘʶʱʝʡ ʚʳʙʦʨʢʝ; p ï ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʣʦʞʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʤʦʜʝʣʝʡ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʦʥʘ ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʨʘʟʤʝʨʘ ʜʝʨʝʚʘ ʥʘ ʢʦʣʠʯʝ-

ʩʪʚʦ ʦʙʲʷʩʥʷʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ). ɺ ʚʳʨʘʞʝʥʠʠ (1) ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ï ʵʪʦ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʤʦʜʝʣʠ, ʘ 

ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʰʪʨʘʬ ʟʘ ʩʣʦʞʥʦʩʪʴ ʤʦʜʝʣʠ. ɼʘʥʥʳʡ 

ʢʨʠʪʝʨʠʡ ʫʯʠʪʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʪʦʯʥʦʩʪʴ ʜʝʨʝʚʘ, ʥʦ ʠ ʦʮʝʥʠʚʘʝʪ ʝʛʦ ʩʣʦʞ-

ʥʦʩʪʴ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʘʣʛʦʨʠʪʤ ʥʝ ʜʦʣʞʝʥ ʧʝʨʝʦʙʫʯʘʪʴʩʷ. 

ɺʠʜʳ ʤʫʪʘʮʠʡ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʘʣʛʦʨʠʪʤʳ: 

1. ʇʨʝʚʨʘʱʝʥʠʝ ʣʠʩʪʘ ʚ ʫʟʝʣ. ɺʳʙʨʘʥʥʳʡ ʩʣʫʯʘʡʥʳʡ ʣʠʩʪ ʟʘʤʝʥʷʝʪʩʷ 

ʥʘ ʩʣʫʯʘʡʥʦʝ ʜʝʨʝʚʦ. 

2. ʇʨʝʚʨʘʱʝʥʠʝ ʫʟʣʘ ʚ ʣʠʩʪ. ʋʟʝʣ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʣʠʩʪ, ʩʪʨʦʠʪʩʷ ʣʠ-

ʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ ʦʪ ʤʥʦʛʠʭ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʵʪʦʛʦ ʣʠʩʪʘ. 

3. ʆʙʤʝʥ ʧʨʘʚʠʣʘʤʠ ʤʝʞʜʫ ʫʟʣʘʤʠ. ɺʳʙʠʨʘʶʪʩʷ ʜʚʘ ʩʣʫʯʘʡʥʳʭ ʫʟʣʘ, 

ʢʦʪʦʨʳʝ ʤʝʥʷʶʪʩʷ ʧʨʘʚʠʣʘʤʠ ʨʘʟʜʝʣʝʥʠʷ ʜʘʥʥʳʭ. 

4. ʀʟʤʝʥʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ, ʚʳʙʨʘʥʥʦʡ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʚ ʫʟʣʝ. ɺʳʙʠʨʘ-

ʝʪʩʷ ʩʣʫʯʘʡʥʘʷ ʦʙʲʷʩʥʷʶʱʘʷ ʧʝʨʝʤʝʥʥʘʷ, ʩʦ ʩʣʫʯʘʡʥʦʡ ʪʦʯʢʦʡ ʨʘʟʜʝʣʝʥʠʷ. 
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5. ʀʟʤʝʥʝʥʠʝ ʪʦʯʢʠ ʨʘʟʜʝʣʝʥʠʷ ʧʨʠ ʪʦʡ ʞʝ ʦʙʲʷʩʥʷʶʱʝʡ ʧʝʨʝʤʝʥʥʦʡ 
ʚ ʫʟʣʝ. ʆʙʲʷʩʥʷʶʱʘʷ ʧʝʨʝʤʝʥʥʘʷ ʦʩʪʘʝʪʩʷ ʪʦʡ ʞʝ, ʥʦ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ 

ʚʳʙʠʨʘʝʪʩʷ ʥʦʚʘʷ ʪʦʯʢʘ ʨʘʟʜʝʣʝʥʠʷ. 

6. ʋʜʘʣʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ʠʟ ʣʦʢʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ. 

ʄʦʜʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʘ 

ɺ ʤʦʜʠʬʠʢʘʮʠʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʨʠʛʠʥʘʣʴʥʳʤ ʘʣʛʦʨʠʪʤʦʤ: 

1. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʜʘʥʥʳʝ ʢʣʘʩʪʝʨʠʟʫʶʪʩʷ ʠ ʜʣʷ 
ʢʘʞʜʦʛʦ ʢʣʘʩʪʝʨʘ ʩʪʨʦʠʪʩʷ ʣʦʢʘʣʴʥʘʷ ʤʦʜʝʣʴ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʬʦʨʤʠʨʫʝʪʩʷ 

ʙʘʥʢ ʤʦʜʝʣʝʡ. ɿʘʪʝʤ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʨʦʝʥʠʷ ʜʝʨʝʚʴʝʚ ʨʝʛʨʝʩʩʠʠ ʣʦʢʘʣʴʥʳʝ 

ʤʦʜʝʣʠ ʙʫʜʫʪ ʚʳʙʠʨʘʪʴʩʷ ʠʟ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʙʘʥʢʘ ʤʦʜʝʣʝʡ. 

2. ɺ ʢʘʯʝʩʪʚʝ ʣʦʢʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ 
ʧʦ ʚʢʣʶʯʘʝʤʳʤ ʚ ʥʝʝ ʦʙʲʷʩʥʷʶʱʠʤ ʧʝʨʝʤʝʥʥʳʤ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʥʝʣʠ-

ʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ ʚʳʛʣʷʜʠʪ ʢʘʢ ʧʦʣʠʥʦʤ 3-ʡ ʩʪʝʧʝʥʠ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʟʘʱʠʪʠʪʩʷ ʦʪ ʧʝʨʝʦʙʫʯʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʢʣʘʩʪʝ-

ʨʠʟʘʮʠʷ ʙʝʨʝʪ ʚʦ ʚʥʠʤʘʥʠʝ ʜʘʥʥʳʝ ʠ ʥʘʭʦʜʠʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʜʘʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʠʭ ʩʭʦʜʩʪʚʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʤʤʫʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʝʨʝʙʠʨʘʝʪ ʚʘʨʠʘʥʪʳ 

ʠ ʚʳʙʠʨʘʝʪ ʣʫʯʰʝʝ ʜʝʨʝʚʦ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʢʦʪʦʨʦʡ ʧʦʜʛʦʥʢʠ ʧʦʜ 

ʜʘʥʥʳʝ. ɸ ʥʝʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ ʜʦʣʞʥʘ ʫʣʫʯʰʠʪʴ ʘʜʝʢʚʘʪʥʦʩʪʴ ʜʝʨʝʚʴʝʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ɸʣʛʦʨʠʪʤ ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʥʘ 6 ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ ʠʟ UC Irvine Ma-

chine Learning Repository [2] ʠ KEEL-dataset repository [3]. ɼʣʷ ʘʣʛʦʨʠʪʤʘ 

CSMT, ʦʧʠʩʘʥʥʦʛʦ ʚ ʥʘʯʘʣʝ, ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: N ï 120, 

S ï 50, M ï 60, ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʚ ʜʝʨʝʚʴʷʭ ʥʘʯʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ ʚʘʨʴʠʨʦʚʘ-

ʣʦʩʴ ʦʪ 5 ʜʦ 25. ʇʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʤʦʜʠʬʠʢʘʮʠʠ (CSMT_M) ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: N ï 120, S ï 50, M ï 60, ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʚ ʜʝʨʝʚʴʷʭ 

ʥʘʯʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 5 ʜʦ 25, ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʠʟʘʮʠʡ ï 

50, ʚ ʥʠʭ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ ʦʪ 2 ʜʦ 10. 

ɼʣʷ ʦʮʝʥʢʠ ʚʳʙʨʘʥʳ ʜʚʘ ʧʦʢʘʟʘʪʝʣʷ ï ʢʦʨʝʥʴ ʠʟ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʘ ʦʰʠʙʢʠ 

(RMSE) ʠ ʨʘʟʤʝʨ ʜʝʨʝʚʴʝʚ ʨʝʛʨʝʩʩʠʠ. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ 

10-ʩʣʦʡʥʦʡ ʧʝʨʝʢʨʝʩʪʥʦʡ ʧʨʦʚʝʨʢʠ ʠ ʫʩʨʝʜʥʝʥʳ ʧʦ 20 ʟʘʧʫʩʢʘʤ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʇʦ ʪʦʯʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʨʝʚʦʩʭʦʜʷʪ ʜʨʫʛʠʝ ʘʣʛʦʨʠʪʤʳ 

ʥʘ ʚʩʝʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʘʙʦʨʘ Stock, ʥʘ 1% ï 34%. ɽʩʣʠ 

ʩʨʘʚʥʠʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʪʦ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʯʝʪʳ-

ʨʝʭ ʥʘʙʦʨʘʭ ʤʦʜʠʬʠʢʘʮʠʷ ʫʩʪʫʧʘʝʪ ʧʦ ʪʦʯʥʦʩʪʠ ʥʘ 1% ï 10%, ʩʢʦʨʝʝ ʚʩʝʛʦ 

ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʦ ʨʘʟʤʝʨʫ ʜʝʨʝʚʴʷ ʧʦʣʫʯʘʶʪʩʷ ʤʝʥʴʰʝ ʯʝʤ ʫ ʦʨʠʛʠ-

ʥʘʣɹʥʦʛʦ ʘʣʛʦʨʠʪʤʘ.  

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʝʡ, ʪʦ ʨʘʟʤʝʨ ʜʝʨʝʚʴʝʚ ʫ ʦʨʠʛʠʥʘʣʴ-

ʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʢʣʦʥʦʚʦʛʦ ʦʪʙʦʨʘ ʦʙʳʯʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʦʩʪʘʣʴʥʳʭ ʘʣʛʦʨʠʪ-

ʤʦʚ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʙʦʣʴʰʠʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ Ailerons, 

ʢʦʥʢʫʨʝʥʪʳ ʩʪʨʦʷʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʤʦʜʝʣʠ, ʘʥʘʣʠʟ ʢʦʪʦʨʳʭ ʜʦʩʪʘʪʦʯ-

ʥʦ ʪʨʫʜʝʥ.  
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ʊʘʙʣʠʮʘ 

ʉʨʘʚʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʧʦʩʪʨʦʝʥʠʷ ʜʝʨʝʚʴʝʚ ʨʝʛʨʝʩʩʠʠ 

ʅʘʙʦʨ ʜʘʥʥʳʭ ɸʣʛʦʨʠʪʤ RMSE Size 

Abalone 

M5 2.24 34.9 

RETTIS 2.16 18.4 

GMT 2.24 6.7 

AntMT 2.14 10.8 

CSMT 2.16 4.0 

CSMT_M 2.12 3.02 

Ailerons 

M5 0.000192 126.1 

RETTIS 0.000186 38.6 

GMT 0.000200 24 

AntMT 0.000164 17.2 

 CSMT 0.000163 4.84 

 CSMT_M 0.000169 3.16 

Auto-mpg 

M5 3.34 11.0 

RETTIS 3.18 12.8 

GMT 3.23 4.7 

AntMT 3.06 11.4 

CSMT 2.64 7.36 

CSMT_M 2.65 3.5 

CPU 

M5 74.2 7.6 

RETTIS 57.08 7.1 

GMT 63.4 6.1 

AntMT 52.14 5.5 

CSMT 48.95 4.38 

CSMT_M 53.91 2.62 

Housing 

M5 4.35 23.8 

RETTIS 4.31 10.2 

GMT 4.21 6.6 

AntMT 3.91 12.1 

CSMT 4.23 5.96 

 CSMT_M 3.63 3.3 

Stock 

M5 1.08 65.2 

RETTIS 1.03 32.2 

GMT 1.22 18 

AntMT 1.02 22.4 

CSMT 1.17 8.3 

CSMT_M 1.23 4.52 
 

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʩʦʩʪʘʚʣʷʝʪ ʤʦʜʝʣʠ ʥʘ ʵʪʦʤ ʞʝ 

ʥʘʙʦʨʝ ʜʘʥʥʳʭ, ʚ ʩʨʝʜʥʝʤ ʠʟ 4.84 ʫʟʣʦʚ, ʯʪʦ ʥʘ 12 ï 121 ʫʟʝʣ ʤʝʥʴʰʝ. ʊʘʢ ʞʝ 

ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʩʪʨʦʠʪ ʤʦʜʝʣʠ ʩ 

ʝʱʝ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʫʟʣʦʚ, ʦʙʳʯʥʦ ʤʦʜʝʣʠ ʤʝʥʴʰʝ ʚ 1.3 ï 2 ʨʘʟʘ, ʯʝʤ 

ʫ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʊʘʢʦʝ ʫʧʨʦʱʝʥʠʝ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ 

ʧʨʝʜʦʙʫʯʝʥʠʶ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʝʣʠʥʝʡʥʳʭ ʣʦʢʘʣʴʥʳʭ ʤʦʜʝʣʝʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʘ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʜʝʨʝʚʴʝʚ ʨʝ-

ʛʨʝʩʩʠʠ ʥʘ ʦʩʥʦʚʝ ʢʣʦʥʦʚʦʛʦ ʦʪʙʦʨʘ ʠʤʤʫʥʥʳʭ ʢʣʝʪʦʢ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘ-

ʟʳʚʘʶʪ, ʯʪʦ ʘʣʛʦʨʠʪʤ CSMT ʩʪʨʦʠʪ ʧʨʦʩʪʳʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʥʝ ʫʩʪʫʧʘʶʪ ʧʦ 
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ʘʜʝʢʚʘʪʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʚʨʠʩʪʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʘʤ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʠʩʢʘ 

(AntMT, GMT) ʠ ʧʨʝʚʦʩʭʦʜʷʪ ʤʦʜʝʣʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʞʘʜʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. 

ɸ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʩʪʨʦʠʪ ʝʱʝ ʙʦʣʝʝ ʧʨʦʩʪʳʝ 

ʜʝʨʝʚʴʷ, ʢʦʪʦʨʳʝ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʘʶʪ ʥʝʧʣʦʭʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦ ʪʦʯ-

ʥʦʩʪʠ ʜʘʞʝ ʧʝʨʝʜ ʘʣʛʦʨʠʪʤʦʤ-ʦʨʠʛʠʥʘʣʦʤ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʥʘʤ ʧʝʨʩʧʝʢʪʠʚ-

ʥʦʩʪʴ ʧʨʝʜʦʙʫʯʝʥʠʷ ʠ ʥʝʣʠʥʝʡʥʳʭ ʣʦʢʘʣʴʥʳʭ ʤʦʜʝʣʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʘʣʴʥʝʡʰʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʩʣʝʜʫʶʱʠʝ: 

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠʤʤʫʥʥʳʭ ʘʣʛʦ-

ʨʠʪʤʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʜʝʨʝʚʴʝʚ ʨʝʛʨʝʩʩʠʠ; 

¶ ʚʚʝʜʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʫʟʣʦʚ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʦʙʱʠʭ 
ʬʘʢʪʦʨʦʚ, ʦʜʠʥʘʢʦʚʦ ʚʣʠʷʶʱʠʭ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʝʛʤʝʥʪʦʚ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʉɽʁʉʄʀʏɽʉʂʆʁ ʃʆʂɸʎʀʀ ɼʃʗ ʄʆʅʀʊʆʈʀʅɻɸ 

ɻʀɼʈɸɺʃʀʏɽʉʂʆɻʆ ʈɸɿʈʓɺɸ ʇʃɸʉʊɸ 
 

ʄʝʣʴʥʠʢʦʚ ʌ.ɸ. 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
 

ʄʦʥʠʪʦʨʠʥʛ ɻʈʇ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʥʝʬʪʝʦʪ-

ʜʘʯʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʩʪʘʪʴʝ ʦʙʦʩʥʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʥʘʟʝʤʥʦʛʦ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ɻʈʇ ʠ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ 

ʚʠʨʪʫʘʣʴʥʦʡ ʩʝʪʢʠ ʣʦʢʘʮʠʠ, ʢʦʪʦʨʳʡ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʦʜʥʦʟʥʘʯʥʦʡ ʧʨʠʚʷʟʢʠ 

ʠʩʪʦʯʥʠʢʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʢ ʫʟʣʫ ʩʝʪʢʠ. ɸʣʛʦʨʠʪʤ ʧʨʠʟʚʘʥ ʦʙʝʩʧʝʯʠʪʴ 

ʥʘʠʙʦʣʴʰʫʶ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠʩʪʦʯʥʠʢʦʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʩʦ-

ʭʨʘʥʠʚ ʧʨʠ ʵʪʦʤ ʧʨʠʝʤʣʝʤʫʶ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʜʨʦʨʘʟʨʳʚ ʧʣʘʩʪʘ, ʩʝʡʩʤʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʡ 

ʤʦʥʠʪʦʨʠʥʛ, ʣʦʢʘʮʠʷ. 

 

ɺʚʝʜʝʥʠʝ 

ʄʝʪʦʜ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ ʧʣʘʩʪʘ ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʝʡ ʠʥʜʫʩʪʨʠʠ. ʈʘʥʴʰʝ ʙʫʨʠʣʴʱʠʢʠ ʚʟʨʳʚʘʣʠ 

ʚ ʩʢʚʘʞʠʥʝ ʥʝʙʦʣʴʰʠʝ ʟʘʨʷʜʳ ʚʟʨʳʚʯʘʪʢʠ, ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʧʨʠʪʦʢ ʜʦʙʳʚʘ-
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ʝʤʦʛʦ ʬʣʶʠʜʘ. ʅʘʯʠʥʘʷ ʞʝ ʩ 1940-ʭ ʛʦʜʦʚ ʘʤʝʨʠʢʘʥʩʢʠʝ ʥʝʬʪʝʛʘʟʦʚʳʝ ʢʦʤ-

ʧʘʥʠʠ ʥʘʯʘʣʠ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʧʦʜʘʚʘʝʤʳʡ ʚ ʩʢʚʘʞʠʥʫ ʧʦʜ ʙʦʣʴ-

ʰʠʤ ʜʘʚʣʝʥʠʝʤ ʧʦʪʦʢ ʚʦʜʳ. ʊʦʣʴʢʦ ʚ ʉʐɸ ʩ 1940-ʭ ʛʦʜʦʚ ʙʦʣʝʝ ʤʠʣʣʠʦʥʘ 

ʩʢʚʘʞʠʥ ʧʦʜʚʝʨʛʣʠʩʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤʫ ʨʘʟʨʳʚʫ ʧʣʘʩʪʘ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ 

ɻʈʇ ʧʨʠʪʦʢ ʜʦʙʳʚʘʝʤʦʛʦ ʬʣʶʠʜʘ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʦʣʥʦʮʝʥʥʫʶ ʜʦʙʳʯʫ ʥʘ ʪʝʭ ʩʢʚʘʞʠʥʘʭ, ʛʜʝ ʜʦʙʳʯʘ ʪʨʘʜʠʮʠ-

ʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʫʞʝ ʥʝʚʦʟʤʦʞʥʘ ʠʣʠ ʤʘʣʦʨʝʥʪʘʙʝʣʴʥʘ. 

ɻʈʇ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ. ɺ ʩʢʚʘʞʠʥʝ, ʧʫʪʝʤ ʟʘʢʘʯʢʠ 

ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʚʦʜʳ, ʥʘʛʥʝʪʘʝʪʩʷ ʜʘʚʣʝʥʠʝ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩ-

ʭʦʜʠʪ ʨʘʟʨʳʚ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʤʠʥʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝ-

ʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʦʙʲʝʤʝ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʦʙʨʘʟʫʝʪʩʷ 

ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʟʦʥʘ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ. ʈʘʩʢʣʠʥʠʚʘʶʱʠʡ ʘʛʝʥʪ, ʢʦʪʦʨʳʡ ʧʦʜʘʝʪ-

ʩʷ ʚ ʪʨʝʱʠʥʳ ʚʤʝʩʪʝ ʩ ʚʦʜʦʡ ʫʜʝʨʞʠʚʘʝʪ ʪʨʝʱʠʥʳ ʦʪ ʩʭʣʦʧʳʚʘʥʠʷ ʧʦʩʣʝ ʦʩʪʘ-

ʥʦʚʢʠ ʥʘʛʥʝʪʘʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʟʘʢʨʝʧʣʝʥʥʳʝ ʪʨʝʱʠ-

ʥʳ ʦʙʨʘʟʫʶʪ ʢʘʥʘʣʳ ʜʣʷ ʧʦʩʪʫʧʣʝʥʠʷ ʜʦʙʳʚʘʝʤʦʛʦ ʬʣʶʠʜʘ. 

ʅʝʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʨʝʱʠʥ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʛʘʪʠʚ-

ʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʪʘʢʠʤ ʢʘʢ ʦʙʚʦʜʥʝʥʠʝ ʩʢʚʘʞʠʥʳ, ʯʪʦ ʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʫʙʳʪʢʘʤ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʜʦʙʥʳʭ ʩʠʪʫʘʮʠʡ, ʩʧʝ-

ʮʠʘʣʠʩʪʘʤ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ɻʈʇ ʥʝʦʙʭʦʜʠʤʘ ʘʢʪʫʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʬʦʨʤʝ, 

ʨʘʟʤʝʨʘʭ ʠ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ ʪʨʝʱʠʥ. 

ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ɻʈʇ 

ʊʘʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʩʚʦʡʩʪʚ ʩʢʚʘʞʠʥʳ, ʢʘʢ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʚʦʡ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʜʦʙʳʯʠ ʚ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ, ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʝ ʜʦʙʳʯʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʧʘʨʘʤʝʪʨʳ, ʦʯʝʥʴ ʚʘʞʥʳʝ ʜʣʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʢʦʣʣʝʢʪʦʨʘ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɻʈʇ. ʅʦ, ʚʦ-

ʧʝʨʚʳʭ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʫʶ ʠ ʥʘʜʝʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʜʫʢ-

ʪʠʚʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʳ ʜʘʥʥʳʝ ʜʦʙʳʯʠ ʟʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠ-

ʦʜ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ɻʈʇ. ɺʦ-ʚʪʦʨʳʭ, ʭʦʪʷ ʧʦʜʦʙʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫ-

ʯʠʪʴ ʥʘʜʝʞʥʫʶ ʦʮʝʥʢʫ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʢʨʝʪʥʦʛʦ ʧʣʘʩʪʘ ʠ ʩʚʦʡʩʪʚ ʧʨʦʥʠʮʘʝ-

ʤʦʩʪʠ ʪʨʝʱʠʥ ɻʈʇ, ʥʝʚʦʟʤʦʞʥʦ ʩ ʠʭ ʧʦʤʦʱʴʶ ʚʦʩʩʪʘʥʦʚʠʪʴ ʢʘʨʪʠʥʫ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʟʦʥʳ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʠ ʧʦʩʪʨʦʠʪʴ ʝʝ ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ. 

ʇʨʦʚʝʨʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʪʝʨʤʦʤʝʪʨʠʷ, ʠʩʩʣʝʜʦʚʘ-

ʥʠʝ ʤʝʪʦʜʦʤ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ, ʥʘʢʣʦʥʦʤʝʨ ʠ ʜʨ., ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝ-

ʣʠʪʴ ʛʝʦʤʝʪʨʠʶ ʪʨʝʱʠʥ ɻʈʇ. ʅʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʚʩʝ ʦʥʠ ʦʙʣʘʜʘʶʪ ʩʫʝɦ-

ʩʪʚʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ. ʂ ʧʨʠʤʝʨʫ, ʪʝʨʤʦʤʝʪʨʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʘʥ-

ʥʳʝ ʦ ʧʦʨʦʜʘʭ ʚ ʧʨʝʜʝʣʘʭ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʩʘʥʪʠʤʝʪʨʦʚ ʦʪ ʩʪʚʦʣʘ ʩʢʚʘ-

ʞʠʥʳ, ʥʦ ʵʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʣʠʰʴ ʜʦ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʦʮʝʥʠʚʘʪʴ ʚʳʩʦ-

ʪʫ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʪʨʝʱʠʥ. ʄʝʪʦʜ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ ʪʘʢʞʝ ʜʘʝʪ ʠʥ-

ʬʦʨʤʘʮʠʶ ʦ ʚʳʩʦʪʝ ʪʨʝʱʠʥ ʪʦʣʴʢʦ ʜʣʷ ʦʙʣʘʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʩʪʝʥʦʢ ʩʢʚʘʞʠʥʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʢʚʘ-

ʞʠʥʥʳʭ ʠ ʥʘʟʝʤʥʳʭ ʥʘʢʣʦʥʦʤʝʨʦʚ ï ʵʪʦ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʧʦʟ-

ʚʦʣʷʶʱʘʷ ʧʦʣʫʯʠʪʴ ʮʝʥʥʳʝ ʜʘʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʟʠʤʫʪʘ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʪʨʝʱʠʥ ʠ ʠʭ ʘʩʠʤʤʝʪʨʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʫʢʘʟʘʥʥʳʝ ʤʝʪʦʜʳ ʥʝ ʜʘʶʪ ʧʦʣʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʪʨʝʱʠʥ, ʢʘʢ ʚʳʩʦʪʘ, ʜʣʠʥʘ, ʰʠʨʠʥʘ ʠ 

ʘʩʠʤʤʝʪʨʠʷ. 
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ʄʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ [1] ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʚʝʜʝʥʠʷ ʦ 

ʨʘʟʚʠʪʠʠ (ʚʦ ʚʨʝʤʝʥʠ) ʠ ʛʝʦʤʝʪʨʠʠ (ʜʣʠʥʘ, ʰʠʨʠʥʘ, ʚʳʩʦʪʘ) ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʪʨʝʱʠʥ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ). ʊʘʢʦʡ ʤʦʥʠʪʦʨʠʥʛ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ 

ʧʦʣʫʯʠʪʴ ʮʝʥʥʝʡʰʫʶ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʩʪʠʤʫʣʠʨʫʝʤʦʤʫ ʧʣʘ-

ʩʪʫ (ʜʘʥʥʳʝ ʦ ʥʘʧʨʷʞʝʥʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʮʝʣʦʤ ʠ ʚ ʦʪʜʝʣʴ-

ʥʳʭ ʟʦʥʘʭ, ʩʪʨʫʢʪʫʨʳ, ʛʝʦʤʝʪʨʠʷ ʦʩʘʜʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚʣʠʷʥʠʝ ʛʝʦʣʦʛʠʯʝ-

ʩʢʠʭ ʪʝʣ ʠ ʧʨ.). 

ʈʘʟʨʳʚ ʧʦʨʦʜʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʠʢʨʦʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ï ʢʨʘʪʢʦʚʨʝ-

ʤʝʥʥʳʤʠ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʯʘʩʪʠʮ ʧʦʨʦʜʳ. ʉʝʡʩʤʠʯʝʩʢʘʷ 

ʘʥʪʝʥʥʘ [3], ʩʦʩʪʦʷʱʘʷ ʠʟ ʥʘʙʦʨʘ ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʦʚ, ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʩʝʡ-

ʩʤʠʯʝʩʢʠʝ ʚʦʣʥʳ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʙʦʨ ʥʝʦʙʭʦʜʠʤʳʭ ʜʘʥʥʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶ-

ʱʠʭ ʵʪʠ ʚʦʣʥʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ, ʧʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʣʦʢʘʮʠʷ ʪʦʯʝʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘ-

ʥʦʚʠʪʴ ʢʘʨʪʠʥʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʦʥʳ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʠ ʧʦʩʪʨʦʠʪʴ ʝʝ ʪʨʝʭ-

ʤʝʨʥʫʶ ʤʦʜʝʣʴ. 

ʆʙʳʯʥʦ ʘʥʪʝʥʥʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʜʨʫʛʦʡ ʩʢʚʘʞʠʥʝ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ 500 ʜʦ 2500 ʤ ʦʪ ʠʩʩʣʝʜʫʝʤʦʡ [2]. ʉʝʡʩʤʦʧʨʠʝʤʥʠʢʠ ʨʘʩʧʦʣʘ-

ʛʘʶʪʩʷ ʚ ʩʢʚʘʞʠʥʝ ʛʨʫʧʧʘʤʠ ʥʘ ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ ʩ ʮʝʣʴʶ ʨʝʜʫʢʮʠʠ ʰʫʤʘ ʠ 

ʫʣʫʯʰʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʩʠʛʥʘʣʦʚ. 

ʇʦʣʦʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʨʝ-

ʤʝʥʘʤ ʚʩʪʫʧʣʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ. ʏʪʦʙʳ ʵʬʬʝʢʪʠʚʥʦ ʦʩʫ-

ʱʝʩʪʚʣʷʪʴ ʤʦʥʠʪʦʨʠʥʛ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʠʟʚʝʩʪʠ ʥʘʩʪʨʦʡʢʫ 

ʘʥʪʝʥʥʳ, ʟʘʜʘʚ ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʩʝʡʩʤʦʧʨʠʝʤ-

ʥʠʢʦʚ. ʅʘʩʪʨʦʡʢʘ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʦʥʠʪʦʨʠʥʛʘ ʚʟʨʳʚʦʚ ʧʨʠ ʧʝʨʬʦ-

ʨʘʮʠʠ ʩʢʚʘʞʠʥʳ. 

ʉʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ ʪʘʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ. 

1. ɺʩʪʫʧʣʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʚʦʣʥ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʝʡʩʤʠ-

ʯʝʩʢʠʭ ʜʘʥʥʳʭ ʪʨʫʜʥʦ ʧʨʠʚʷʟʘʪʴ ʢ ʦʜʥʦʤʫ ʩʝʡʩʤʠʯʝʩʢʦʤʫ ʩʦʙʳʪʠʶ. ʅʝʦʙʭʦ-

ʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʪʦʯʥʦʩʪʴ ʬʠʢʩʘʮʠʠ ʚʨʝʤʝʥ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ ʠ ʦʮʝʥʢʫ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚ ʩʢʚʘʞʠʥʝ.  

2. ʉʫʱʝʩʪʚʝʥʥʳʝ ʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʘʣʠʙʨʦʚʢʦʡ, ʦʨʠʝʥʪʘʮʠʝʡ ʠ 

ʮʝʤʝʥʪʠʨʦʚʘʥʠʝʤ ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʦʚ ʚ ʩʢʚʘʞʠʥʘʭ. 

3. ɺ ʩʢʚʘʞʠʥʘʭ, ʟʘʥʷʪʳʭ ʧʦʜ ʩʝʡʩʤʦʩʪʘʥʮʠʠ ʜʦʙʳʯʘ ʧʨʠʦʩʪʘʥʘʚʣʠʚʘ-

ʝʪʩʷ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʨʦʩʪʦʡ ʩʢʚʘʞʠʥ ʠ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ ʧʦʪʝʨʝʡ.  

ʅʘʟʝʤʥʳʡ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ 

ɺ ʵʪʦʤ ʩʚʝʪʝ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʟʘʤʘʥʯʠʚʳʤ ʢʘʞʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ, ʤʝʥʝʝ 

ʟʘʪʨʘʪʥʳʡ ʤʝʪʦʜ ʥʘʟʝʤʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ɻʈʇ. ʊʘʢʦʡ ʤʦʥʠʪʦʨʠʥʛ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʥʝʨʝʛʫʣʷʨʥʦʡ ʩʠʩʪʝʤʦʡ ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʦʚ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʨʝʱʠʥ ʧʨʠ ɻʈʇ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʳʩʪʨʦ ʟʘʪʫʭʘʶʱʠ-

ʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʥʘ ʛʨʘʥʠʮʘʭ ʪʨʝʱʠʥ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʧʨʦʚʦʞʜʘ-

ʶʪʩʷ ʠʟʣʫʯʝʥʠʝʤ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. 

ʀʪʘʢ, ʚ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ɻʈʇ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʩʝʡʩʤʠʯʝ-

ʩʢʠʭ ʩʦʙʳʪʠʡ (ʤʠʢʨʦʟʝʤʣʝʪʨʷʩʝʥʠʡ), ʛʠʧʦʮʝʥʪʨʳ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʪʦʞ-

ʜʝʩʪʚʣʷʪʴ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʠ ʚʨʝʤʝʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʧʦʜʚʠʞʝʢ ʧʦ-
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ʨʦʜʳ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʧʣʘʩʪʝ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʦ ʥʠʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʬʦʨ-

ʤʫ, ʦʮʝʥʠʪʴ ʨʘʟʤʝʨʳ ʠ ʦʨʠʝʥʪʘʮʠʶ ʪʨʝʱʠʥ, ʘ ʪʘʢʞʝ ʧʨʦʩʣʝʜʠʪʴ ʟʘ ʜʠʥʘʤʠ-

ʢʦʡ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʠʩʭʦʜʠʪ ʩʢʘʥʠʨʦʚʘ-

ʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʥʪʝʥʥʦʡ ʫʟʣʦʚ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʣʦʞʝʥʥʦʡ ʥʘ ʠʩʩʣʝʜʫʝ-

ʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʠʨʪʫʘʣʴʥʦʡ ʩʝʪʢʠ ʣʦʢʘʮʠʠ.  

ʂʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʩʝʪʢʠ ʣʦʢʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʦʥʦʚ. ɺ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʝʩʪʴ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʫʟʣʘ ʩʝʪʢʠ ʧʨʦʠʟʦ-

ʰʣʦ ʩʝʡʩʤʠʯʝʩʢʦʝ ʩʦʙʳʪʠʝ, ʫʟʝʣ ʦʪʦʞʜʝʩʪʚʣʷʝʪʩʷ ʩ ʪʦʯʝʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ.  

ʆʜʥʘʢʦ, ʝʩʪʝʩʪʚʝʥʥʳʝ ʰʫʤʳ, ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʧʦʤʝʭʠ, ʘ ʪʘʢʞʝ ʧʦʛʨʝʰ-

ʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʜʘʪʯʠʢʦʚ ʘʥʪʝʥʥʳ ʠ ʚʨʝʤʝʥ ʚʩʪʫʧʣʝʥʠʷ ʩʝʡʩʤʠ-

ʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʜʝʣʘʶʪ ʧʨʦʙʣʝʤʘʪʠʯʥʦʡ ʦʜʥʦʟʥʘʯʥʫʶ ʧʨʠʚʷʟʢʫ ʪʦʯʝʯʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʢ ʫʟʣʫ ʩʝʪʢʠ ʣʦʢʘʮʠʠ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ, ʠ ʪʝʤ ʩʘʤʳʤ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʪʨʝʱʠʥʳ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ, ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʨʘʟʨʝ-

ʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʘʥʪʝʥʥʳ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʨʨʝʢʪʥʳʡ ʰʘʛ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʧʦ ʪʨʝʤ ʢʦʦʨʜʠʥʘʪʘʤ. 

ʇʝʨʝʜ ʥʘʤʠ ʩʪʦʠʪ ʟʘʜʘʯʘ ʚʳʷʩʥʠʪʴ ʜʣʷ ʪʝʢʫʱʝʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʥʪʝʥʥʳ, 

ʥʘ ʢʘʢʦʤ ʤʠʥʠʤʘʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʪʨʝʤ ʢʦʦʨʜʠʥʘʪʘʤ ʜʦʣʞʥʳ 

ʦʪʩʪʦʷʪʴ ʫʟʣʳ ʚʠʨʪʫʘʣʴʥʦʡ ʩʝʪʢʠ ʣʦʢʘʮʠʠ, ʯʪʦʙʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, ʘʢʢʫ-

ʤʫʣʠʨʫʝʤʳʭ ʘʥʪʝʥʥʦʡ ʦʜʥʦʟʥʘʯʥʦ ʧʨʠʚʷʟʘʪʴ ʪʦʯʝʯʥʳʡ ʠʩʪʦʯʥʠʢ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʚʦʣʥ ʢ ʦʜʥʦʤʫ ʝʜʠʥʩʪʚʝʥʥʦʤʫ ʫʟʣʫ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʠ ʣʦʢʘʮʠʠ. 

ɸʣʛʦʨʠʪʤ 

ʀʤʝʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʷ N ʜʘʪʯʠʢʦʚ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦ-

ʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 3-ʤʷ ʢʦʦʨʜʠʥʘʪʘʤʠ (xj, yj, zj), j=1éN. ʀʩʩʣʝʜʫʝʪʩʷ ʦʙʲʝʤ, 

ʢʦʪʦʨʳʡ, ʩʦʜʝʨʞʠʪ ʪʨʝʱʠʥʫ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ.  

ɼʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ ʩʝʪʢʠ  

1. ʚʳʯʠʩʣʷʶʪʩʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʢʘʞʜʦʛʦ ʠʟ ʜʘʪʯʠʢʦʚ ʘʥʪʝʥʥʳ 
2 2 2

0 0 0 0( ) ( ) ( ) ,ʦ j j jR x x y y z z= - + - + - j=1éN; 

2. ʚʦʢʨʫʛ ʫʟʣʘ ʩʪʨʦʠʪʩʷ ʢʣʝʪʢʘ, ʠʤʝʶʱʘʷ ʬʦʨʤʫ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʘ-

ʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʚʳʩʦʪʦʡ 2H, ʰʠʨʠʥʦʡ ʠ ʜʣʠʥʥʦʡ 2A. H ʠ ɸ ï ʰʘʛʠ ʜʠʩʢʨʝʪʠ-

ʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʚʳʩʦʪʝ ʠ ʣʘʪʝʨʘʣʷʤ. 

3. ʜʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ ʢʣʝʪʢʠ ʚʳʯʠʩʣʷʶʪʩʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʜʘʪʯʠʢʦʚ 
2 2 2( ) ( ) ( )ij i j i j i jR x x y y z z= - + - + -, i=1éM, j=1éN, M ï ʢʦʣʠʯʝʩʪʚʦ ʜʠʩʢʨʝʪ ʚ 

ʢʣʝʪʢʝ. 

4. ʝʩʣʠ ʢʘʢʦʡ-ʣʠʙʦ ʫʟʝʣ ʢʣʝʪʢʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʠʩʪʝʤʝ ʥʝʨʘʚʝʥʩʪʚ 

Ὑ Ὡ Ὑ Ὑ Ὡ , j=1éN, e ï ʟʘʜʘʥʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʪʦ ʢʣʝʪʢʘ ʧʨʠʟʥʘ-

ʝʪʩʷ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʠ ʝʝ ʨʘʟʤʝʨʳ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʜʦ ʪʝʭ ʧʦʨ ʧʦʢʘ ʚʩʝ 

ʝʝ ʫʟʣʳ ʥʝ ʙʫʜʫʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʠʩʪʝʤʝ ʧʨʠʚʝʜʝʥʥʳʭ ʥʝʨʘʚʝʥʩʪʚ. 

ɸʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʩʝʪʢʫ ʣʦʢʘʮʠʠ, ʪʘʢ ʯʪʦʙʳ ʩʠʛʥʘʣ, ʠʩʭʦ-

ʜʷʱʠʡ ʠʟ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ, ʤʦʛ ʙʳʪʴ ʦʜʥʦʟʥʘʯʥʦ ʧʨʠʚʷʟʘʥ ʢ ʦʜʥʦʤʫ ʠʟ 
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ʫʟʣʦʚ ʩʝʪʢʠ. ʊʘʢʞʝ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʢʦʣʠʯʝʩʪʚʘ ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʦʚ ʠ ʠʭ ʥʘʠʣʫʯʰʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ, ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ. 

ɺʳʙʨʘʥʥʳʡ ʥʘʤʠ ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʯʠʩʣʝʥʠʡ. ʊʦ, 

ʯʪʦ ʤʝʪʦʜ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʥʝʥʠʝ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʨʦʮʝʜʫʨʳ ʜʣʷ ʤʥʦʞʝ-

ʩʪʚʘ ʪʦʯʝʢ, ʦʢʨʫʞʘʶʱʠʭ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʠʩʪʦʯʥʠʢ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, 

ʟʘʩʪʘʚʠʣʦ ʥʘʩ ʟʘʜʫʤʘʪʴʩʷ ʦ ʩʨʝʜʩʪʚʘʭ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ 

ʧʨʠʤʝʥʷʪʴ ʦʜʥʫ ʠ ʪʫ ʞʝ ʧʨʦʮʝʜʫʨʫ ʢ ʤʥʦʞʝʩʪʚʫ ʦʜʥʦʪʠʧʥʳʭ ʜʘʥʥʳʭ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʨʠʝʤʣʝʤʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʨʘʣʣʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʨʠ ʧʦʤʦʱʠ ʪʝʭʥʦʣʦʛʠʠ Cuda ʥʘ ʛʨʘ-

ʬʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʦʨʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʫʩʢʦʨʝʥʠʷ ʧʦʨʷʜʢʘ  

76 ʨʘʟ.  

ʈʝʟʫʣʴʪʘʪʳ 

ɹʳʣ ʧʦʩʪʘʚʣʝʥ ʵʢʩʧʝʨʠʤʝʥʪ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʚʳʷʚʠʪʴ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʨʘʟʤʝʨʦʚ çʢʣʝʪʢʠè ʦʪ ʫʜʘʣʝʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʫʟʣʦʚ ʦʪ ʘʥʪʝʥʥʳ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʣʷ 3-ʭ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʘʥʪʝʥʥʳ, ʩʦ-

ʩʪʦʷʱʠʭ ʠʟ 48 ʜʘʪʯʠʢʦʚ, ʨʘʩʩʪʘʚʣʝʥʥʳʭ: 

1) ʜʚʫʤʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʧʨʷʤʳʤʠ, ʩʭʦʜʷʱʠʤʠʩʷ ʚ ʪʦʯʢʝ ʩ 

ʫʩʣʦʚʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ (0, 0, 0), ʥʘ ʢʦʪʦʨʳʭ ʨʘʚʥʦʤʝʨʥʦ ʨʘʟʤʝʱʘʣʠʩʴ 24 

ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʘ; 

2) ʢʨʝʩʪʦʤ ʩ ʮʝʥʪʨʦʤ ʚ ʮʝʥʪʨʝ ʟʦʥʳ ʣʦʢʘʮʠʠ ʠ ʩ ʣʠʥʠʷʤʠ, ʧʘʨʘʣʣʝʣʴ-

ʥʳʤʠ ʝʝ ʩʪʦʨʦʥʘʤ, ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʧʦ 1000 ʤ, ʥʘ ʢʦʪʦʨʳʭ ʨʘʚʥʦʤʝʨʥʦ ʨʘʟ-

ʤʝʱʘʣʠʩʴ 24 ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʘ;  

3) ʢʚʘʜʨʘʪʦʤ ʩʦ ʩʪʦʨʦʥʘʤʠ, ʩʦʚʧʘʜʘʶʱʠʤʠ ʩʦ ʩʪʦʨʦʥʘʤʠ ʟʦʥʳ ʣʦʢʘ-

ʮʠʠ, ʥʘ ʢʦʪʦʨʳʭ ʨʘʚʥʦʤʝʨʥʦ ʨʘʟʤʝʱʘʣʠʩʴ 12 ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʦʚ. 

ʅʘ ʨʠʩ. 1 ʠ 2 ʠʟʦʙʨʘʞʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ çʢʣʝʪʦʢè ʚʠʨʪʫ-

ʘʣʴʥʳʭ ʩʝʪʦʢ ʣʦʢʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʜʘʣʝʥʠʷ ʮʝʥʪʨʘ ʟʦʥʳ ʣʦʢʘʮʠʠ ʜʦ ʬʦ-

ʢʫʩʘ ʘʥʪʝʥʥʳ. ɻʨʘʬʠʢ ʜʣʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʥʪʝʥʥʳ 1 ʦʙʦʟʥʘʯʝʥ ʥʝʧʨʝʨʳʚʥʦʡ 

ʣʠʥʠʝʡ, ʜʣʷ 2 ï ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ, ʜʣʷ 3 ï ʰʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ. 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʟʤʝʨʦʚ ʩʪʦʨʦʥ ʦʩʥʦʚʘʥʠʷ çʢʣʝʪʢʠè (ʤ) ʦʪ ʫʜʘʣʝʥʠʷ (ʤ) 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʩʦʪʳ çʢʣʝʪʢʠè (ʤ) ʦʪ ʫʜʘʣʝʥʠʷ (ʤ) 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʛʨʘʬʠʢʦʚ, ʩʫʱʝʩʪʚʫʝʪ ʧʨʷʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʟʤʝʨʦʚ 

çʢʣʝʪʢʠè ʦʪ ʫʜʘʣʝʥʥʦʩʪʠ ʦʪ ʘʥʪʝʥʥʳ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ 

ʘʥʪʝʥʥʳ, ʪʦʯʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʧʦʩʪʝʧʝʥʥʦ ʧʘʜʘʝʪ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʡ ʘʥʪʝʥʥʳ ʭʫʜʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʘ ʘʥ-

ʪʝʥʥʘ, ʩʦʩʪʘʚʣʝʥʥʘʷ ʜʚʫʤʷ ʧʝʨʝʩʝʢʘʶʱʠʤʠʩʷ ʣʠʥʠʷʤʠ ʜʘʪʯʠʢʦʚ. ʆʩʪʘʣʴʥʳʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʢʘʟʘʣʠ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʩ ʥʝʙʦʣʴʰʠʤ ʧʨʝ-

ʠʤʫʱʝʩʪʚʦʤ ʢʚʘʜʨʘʪʥʦʡ. 

ɿʘʢʣʁʯʝʥʠʝ 

ɺ ʨʘʤʢʘʭ ʤʝʪʦʜʘ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦ-

ʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʢʠ ʣʦʢʘʮʠʠ, ʠʩʢʣʶʯʘʶʱʠʡ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʧʨʠʚʷʟʢʠ 

ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʢ ʫʟʣʫ ʩʝʪʢʠ. ɸʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟ-

ʤʝʨʦʚ ʪʨʝʱʠʥʳ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ, ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʫʶ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʘʥʪʝʥʥʳ.  

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʘʥʪʝʥʥʳ ʧʦ ʢʨʠʪʝʨʠʶ 

ʚʝʣʠʯʠʥʳ ʰʘʛʘ ʩʝʪʢʠ ʣʦʢʘʮʠʠ. 
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ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʈɸʉʊɺʆʈʀʊɽʃɽʁ 

ɼʃʗ ʂʆʃʆʅʆʏʅʆʁ ʍʈʆʄɸʊʆɻʈɸʌʀʀ 
 

ʅʦʚʠʢʦʚ ɺ.ʌ. 
ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʕʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦ-

ʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡè, ʜ-ʨ ʭʠʤ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʌɻɹʆʋ ɺʇʆ çʂʘʟʘʥ-

ʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʈʦʩʩʠʷ, ʛ. ʂʘʟʘʥʴ 
 

ʉʥʠʛʠʨʝʚʘ ʖ.ɺ. 

ʟʘʚʝʜʫʶʱʘʷ ʣʘʙʦʨʘʪʦʨʠʝʡ ʢʘʬʝʜʨʳ çʕʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʡ ʠ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡè, ʤʘʛʠʩʪʨ çʊʝʧʣʦʵʥʝʨʛʝʪʠʢʘ  

ʠ ʪʝʧʣʦʪʝʭʥʠʢʘè, ʌɻɹʆʋ ɺʇʆ çʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪè, ʈʦʩʩʠʷ, ʛ. ʂʘʟʘʥʴ 
 

ʍʘʙʘʙʫʪʜʠʥʦʚ ɼ.ɸ., ʗʣʘʣʦʚ ʀ.ʌ. 

ʩʪʫʜʝʥʪʳ ʛʨʫʧʧʳ ʊʊ-6-14, 

ʌɻɹʆʋ ɺʇʆ çʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

ʈʦʩʩʠʷ, ʛ. ʂʘʟʘʥʴ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʣʷʨʥʦʩʪʴ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʦʣʦʥʦʯʥʦʡ 

ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʠʨʦʜʥʦʤʫ ʩʦʨʙʝʥʪʫ, ʧʦʣʫʯʝʥʥʦʤʫ ʠʟ ʮʝʦ-

ʣʠʪʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ ʊʘʪʘʨʩʢʦ-ʐʘʪʨʘʰʘʥʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʳ ʚʨʝʤʝʥʘ 

ʫʜʝʨʞʠʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʨʘʩʪʚʦʨʠʣʝʣʝʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʪʚʦʨʠʪʝʣʠ, ʘʜʩʦʨʙʝʥʪ, ʩʦʨʙʮʠʷ, ʧʦʣʷʨʥʦʩʪʴ, ʩʦʨʙʮʠʦʥʥʘʷ ʸʤ-

ʢʦʩʪʴ, ʚʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ, ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʘʷ ʢʦʣʦʥʢʘ. 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʭʨʦʤʘʪʦʛʨʘʬʠʶ ʢʘʢ ʥʦʚʳʡ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʩʣʦʞʥʳʭ 

ʩʤʝʩʝʡ ʦʪʢʨʳʣ ʨʫʩʩʢʠʡ ʫʯʝʥʳʡ ʙʦʪʘʥʠʢ ʄ.ʉ. ʎʚʝʪ ʚ 1903 ʛʦʜʫ ʧʨʠ ʟʘʱʠʪʝ 

ʚ ʂʘʟʘʥʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʤʘʛʠʩʪʝʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ çʌʠ-

ʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʭʣʦʨʦʬʠʣʴʥʦʛʦ ʟʝʨʥʘè, ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚʘ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ ʠ ʤʝʭʘʥʠʟʤʘ ʧʦʛʣʦʱʝʥʠʷ ʠʤʠ ʩʦʣ-

ʥʝʯʥʦʡ ʵʥʝʨʛʠʠ [1-2]. ʈʝʟʫʣʴʪʘʪʳ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙ ʦʪʢʨʳʪʠʠ ʥʦʚʦʛʦ 

ʤʝʪʦʜʘ ʨʘʟʜʝʣʝʥʠʷ ʩʣʦʞʥʳʭ ʩʤʝʩʝʡ ʄʠʭʘʠʣ ʉʝʤʸʥʦʚʠʯ ʜʦʣʦʞʠʣ ʥʘ ʟʘʩʝʜʘ-

ʥʠʠ ʦʙʱʝʩʪʚʘ ʝʩʪʝʩʪʚʦʠʩʧʳʪʘʪʝʣʝʡ 14 ʤʘʨʪʘ 1903 ʛʦʜʘ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜ-

ʩʪʚʠʠ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ [3-6].  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʘʟʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦ 

ʨʘʟʚʠʚʘʶʪʩʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʛʨʦʤʥʦʝ ʯʠʩʣʦ çʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳè, 

ʧʨʠʩʫʱʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʤʫ ʤʝʪʦʜʫ, ʜʝʣʘʝʪ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʘʥʘ-

ʣʠʟʘ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ.  

ʂʣʘʩʩʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʞʠʜʢʦʩʪʥʦʡ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʧʨʝʜ-

ʣʦʞʝʥʥʦʡ ʄ.ʉ. ʎʚʝʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʫʶ ʢʦʣʦʥʢʫ, 

ʟʘʧʦʣʥʝʥʥʫʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʦʨʙʝʥʪʦʤ, ʩʚʝʨʭʫ ʧʦʜʘʝʪʩʷ ʨʘʩʪʚʦʨʠʪʝʣʴ 

ʚʤʝʩʪʝ ʩ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʨʦʙʦʡ, ʢʦʪʦʨʘʷ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʧʦ ʤʝʨʝ 

ʧʨʦʜʚʠʞʝʥʠʷ ʧʦ ʜʣʠʥʝ ʩʦʨʙʮʠʦʥʥʦʛʦ ʩʣʦʷ. ʅʘʨʷʜʫ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʜʦʩʪʦ-

ʠʥʩʪʚʘʤʠ ʵʪʦʪ ʤʝʪʦʜ ʠʤʝʝʪ ʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ 
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ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʧʦʜʘʚʘʝʤʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʩʣʦʞʥʦʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʦʢʦʥʯʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʠʷ. 

ʆʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʧʦʩʦʙ ʦʮʝʥʢʠ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤ-

ʢʦʩʪʠ ʘʜʩʦʨʙʝʥʪʦʚ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʫʪʝʤ ʧʨʦ-

ʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʦʜʘʯʝʡ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʩʥʠʟʫ ʢʦʣʦʥʢʠ ʟʘ ʩʯʝʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘ-

ʪʦʯʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʫʜʝʨʞʠʚʘʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʚʝ-

ʱʝʩʪʚ, ʢʨʦʤʝ ʪʦʛʦ ʯʝʪʢʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ ʦʢʦʥʯʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟ-

ʜʝʣʝʥʠʷ, ʯʝʤʫ ʠ ʧʦʩʚʷʱʝʥʘ ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʣʘ-

ʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʚʠʘʣʫ, ʚ ʢʦʪʦʨʫʶ ʚʩʪʘʚʣʝʥʳ 

ʩʪʝʢʣʷʥʥʳʝ ʪʨʫʙʦʯʢʠ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ, ʟʘʧʦʣʥʝʥʥʳʝ ʩʦʨʙʝʥʪʦʤ. ɺ ʚʠʘʣʫ 

ʧʦʤʝʱʘʝʪʩʷ ʨʘʩʪʚʦʨʠʪʝʣʴ, ʢʦʪʦʨʳʡ ʟʘ ʩʯʝʪ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ ʩʦʨʙʝʥʪʘ ʧʦʜ-

ʥʠʤʘʝʪʩʷ ʚʚʝʨʭ. ʏʝʨʝʟ ʢʘʞʜʳʝ 10 ʤʠʣʣʠʤʝʪʨʦʚ ʬʠʢʩʠʨʫʝʪʩʷ ʚʨʝʤʷ ʧʦʜʲʝʤʘ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʧʦ ʨʘʟʥʦʩʪʠ ʚʝʩʘ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʠ ʜʦ ʠ ʧʦʩʣʝ ʧʦ-

ʛʣʦʱʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʘʜʩʦʨʙʝʥʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʨʘʟʣʠʯʥʳʤ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʨʘʩʪʚʦʨʠʪʝʣʷʤ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 
ʊʘʙʣʠʮʘ 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʠʪʝʣʝʡ [7-8] 
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1 2 3 4 5 6 7 8 9 10 

1.  
ɸʮʝʪʦʥ C3H6O 56,0 0,79 1,36 21,4 0,32 58,08 2,70 

2.  
ɼʠʵʪʠʣʘʤʠʥ C4H11N 55,5 0,71 1,39 3,80 0,38 73,14 1,20 

3.  
ʍʣʦʨʦʬʦʨʤ  CHCl3 61,2 1,49 1,45 4,81 0,57 

119,3

8 
1,15 

4.  
ʅ. ɻʝʢʩʘʥ C6H14 68,0 0,66 1,42 1,90 0,32 86,18 0,05 

5.  ʋʛʣʝʨʦʜ ʯʝʪʳʨʝʭ-

ʭʣʦʨʠʩʪʳʡ 
CCl4 76,7 1,59 1,46 2,24 0,99 

153,8

2 
0 

6.  
ʕʪʠʣʘʮʝʪʘʪ C4H8O2 77,1 0,90 1,37 6,00 0,45 88,11 2,48 

7.  
ʕʪʘʥʦʣ C2H6O 78,4 0,81 1,36 25,80 1,20 46,08 1,68 

8.  
ɹʝʥʟʦʣ C6H6 80,1 0,88 1,50 2,23 0,65 78,11 0 

9.  
ʄʝʪʠʣʵʪʠʣʢʝʪʦʥ C4H8O 79,6 0,80 1,38 19,00 0,30 72,11 2,84 

10.  
ʀʟʦ.ʇʨʦʧʘʥʦʣ C3H8O 82,6 0,78 1,38 18,00 1,38 60,1 1,78 

11.  
ɼʠʭʣʦʨʵʪʘʥ C2H4Cl2 83,6 1,26 1,44 

10,40 
( 25Üʉ) 

0,84 98,97 1,75 
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1 2 3 4 5 6 7 8 9 10 

12.  ʊʨʠʭʣʦʨʵʪʠʣʝʥ C2HCl3 87,2 1,46 1,48 3,40 0,36 131,4 0,85 

13.  
ʀʟʦ.ʆʢʪʘʥ  C8H18 99,0 0,69 1,39 1,94 0,30 

114,2

3 
0 

14.  
ɺʦʜʘ  H2O 

100,

0 
1,00 1,33 81,00 1,00 18,01 1,70 

15.  
ʀʟʦ.ɹʫʪʘʥʦʣ C4H10O 

108,

0 
0,80 1,40 18,50 3,95 74,12 1,79 

16.  
ʊʦʣʫʦʣ C7H8 

110,

6 
0,87 1,50 2,30 0,58 92,14 0,06 

17.  
ʕʪʠʣʝʥʜʠʘʤʠʥ C2H8N2 

116,

6 
0,90 1,46 

14,20 
(18Üʉ) 

1,70 60,10 1,89 

18.  
ʅ. ɹʫʪʘʥʦʣ C4H10O 

117,

4 
0,81 1,39 7,80 33,80 74,12 1,62 

19.  
ʋʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ C2H4O2  

118,

0 
1,05 1,37 6,42 1,21 60,05 1,74 

20.  
ʅ. ɹʫʪʠʣʘʮʝʪʘʪ C6H12O2 

126,

0 
0,88 1,49 5,10 0,68 

116,1

6 
1,85 

21.  
ʀʟʦ.ɸʤʠʥʦʣ C5H12O 

132,

0 
0,81 1,41 14,70 3,69 88,15 1,82 

22.  
2-ʕʪʦʢʩʠʵʪʘʥʦʣ C4H1O2 

135,

6 
0,93 1,41 - - 90,04  

23.  
ʇʘʨʘ-ʂʩʠʣʦʣ C8H10 

138,

3 
0,86 1,50 2,37 0,64 

106,1

6 
0,60 

24.  
ʄʝʪʘ-ʂʩʠʣʦʣ C8H10 

139,

1 
0,86 1,50 2,47 0,61 

106,1

6 
0,37 

25.  
ʆʨʪʦ-ʂʩʠʣʦʣ C8H10 

144,

0 
0,88 1,50 2,60 0,81 

106,1

6 
0,52 

26.  ʌʫʨʬʫʨʠʣʦʚʳʡ 

ʩʧʠʨʪ 
C5H6O2 

170,

0 
1,13 1,48 90,00 4,62 98,10 1,92 

27.  
ɹʝʥʟʠʣ ʭʣʦʨʠʩʪʳʡ C7H7Cl 

179,

0 
1,15 1,54 6,40 - 

126,5

8 
1,87 

28.  ɼʠʤʝʪʠʣʩʫʣʴʬʦʢ-

ʩʠʜ 
C2H6OS 

189,

0 
1,15 1,48 

45,00 
(25Üʉ) 

2,47 78,13 3,90 

29.  
ʕʪʠʣʝʥʛʣʠʢʦʣʴ C2H6O2 

197,

3 
1,11 1,35 34,50 19,90 62,07 2,28 

30.  
ɼʦʜʝʢʘʥ C12H26 

216,

2 
0,75 1,42 2,00 1,38 

170,3

3 
0 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʪʩʷ ʩʘʤʳʤʠ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʣʷ ʘʮʝ-

ʪʦʥʘ ʠ ʜʠʵʪʠʣʘʤʠʥʘ, ʘ ʚʳʩʦʢʘʷ ï ʜʣʷ ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʠ ʜʦʜʝʢʘʥʘ. ʇʨʠ ʵʪʦʤ 

ʚʩʝ ʧʨʝʜʝʣʴʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʫʣʝʚʳʤ ʟʥʘʯʝʥʠʝʤ ʜʠ-

ʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ. ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʘʟʙʨʦʩ ʧʨʠ ʦʮʝʥʢʝ ʧʦʣʷʨʥʳʭ 

ʩʚʦʡʩʪʚ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 
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