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Abstract. A semilinear difference equation of the second-order 
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where 
¤<<-=D + pxxx kkk 1,1 , for which the necessary and sufficient conditions for absolute oscillatory solutions of 

this equation is considered.  

Keywords: semilinear difference equation of the second order, generalized zero of solution, oscillatory, abso-

lute oscillatory.  

 

Letôs consider the semilinear second-order difference equation. 
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where ¤<<-=D + pxxx kkk 1,1
. Regarding the coefficients of equation (1) assume, that { }¤

=
=

0kkaa  and 

{}¤
=

=
0kkbb  - sequence of real numbers. 

Equation (1) with 2=p  has following form of: 

 

                                                            ,...,1,0,0)( 11 ==+DD ++ kxbxa kkkk l                                                         (2) 

 

Equations (1) and (2) are respectively discrete analogues semilinear second order differential equation 
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and the Sturm-Liouville 
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The qualitative theory of linear equations (4), in particular, issues and oscillatory Nonoscillation his decision, 

initiated in seminal Sturm in 1836, which is currently ongoing [1]. 

The basic concepts and definitions related to the equation (1). 

Definition. Sequence of real numbers { }¤
=

=
0kkxx  is a solution of equation (1), if it satisfies equation (1) for all 

,....1,0=k  

Let N - is the set of natural numbers and .1
'

11
=+

pp
 

Definition. The interval Nmmm Í+],1,( , contains zero generalized solution { }¤
=

=
0kkxx  equation (1), if  

0̧mx  and 01¢+mmm xxa . 
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Definition. Nontrivial solution of (1) is called oscillatory if it has an infinite number of zeros on the generalized 

discrete interval ,),,[ Nnn Í¤  otherwise the solution of equation (1) is called Nonoscillation. 

Definition. If (1) is oscillatory (Nonoscillation) for all 0>l , then (1) is oscillatory (Nonoscillation). 

When 1=l equation (1) is: 
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Assume that the coefficients of 
ka  equation (5) satisfy the condition ,...,1,0,0 => kak

we then have: 
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We carry the following notation for the equation (5): 
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Along with equation (5) we consider the equation 
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where 0,0 11 >> ++ kk ab  for all 0²k  and ¤<< '1 p . For (5 '), respectively, the expression 3,2,1),( =imBi
 

would be:  
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and 3,2,1),(),( =ipkpK ii
 respectively, are as follows: 
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Condition (6) goes to the following condition: 

 

                                                                                         ¤=ä
¤

=1k

kb .                                                                             (7) 

 

Theorem 1 [2]. Suppose that 0,0,1 >>¤<< kk bap  at all 1²k . 

1) If the condition of (6) is right, then the conditions )()(lim pkmB ii
m

²
¤

 at all 3,2,1=i  necessary, and that the 

conditions of )()(lim pKmB ii
m

>
¤

 at least for one value of 3,2,1=i  enough for the oscillator equations of (5) and (5Ë). 

2) If the condition of (7) is right,  then the conditions )'()(lim
'' pkmB ii

m
²

¤

 at all 3,2,1=i  necessary, and that the 

conditions of )'()(lim
'' pKmB ii

m
>

¤

 at least for one value of 3,2,1=i  enough for the oscillator equations of (5) and  (5Ë). 

For the equation (1) the expression )(mBi
and )(' mBi

 have the form of )(),( ' mBmB ii ll , where )(mBi
, )(' mBi

 

defined above for the equation of (5) and (5Ë) at 1=l . 

Theorem 2. Suppose that 0,0,1 >>¤<< kk bap , ,....1,0=k . 

1) If the condition of (6) is right, then the conditions ¤=)(mBi
 for any 1²m  at least for one value of 

3,2,1=i  necessary and sufficient for the absolute oscillatory equation (1). 

2) If the condition of (7) is right, then the conditions ¤=)(' mBi
 for any 1²m  at least in one sense of 

3,2,1=i  is necessary and sufficient for the absolute oscillatory equation (1). 
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Abstract. Wide range of problems facing modern science and technology is associated with the solution of the 

equations of fluid motion. The motion of a viscous incompressible fluid is described by a system consisting of the Na-

vier-Stokes and continuity equations. In this work, we consider stationary flow inside the cone from the top of which the 

outflow of fluid (in the apex of the cone is the source). 

Keywords: viscous incompressible fluid, the Navier-Stokes equation of continuity. 

 

Motion of a viscous incompressible fluid is described by a system of equations consisting of the Navier-Stokes 

and continuity equations 

 

 
                                                                                                                                                                           (1) 

 

Here ɟ, p, v-density, pressure and fluid velocity vector; ɛ - coefficient of dynamic viscosity of the liquid. 

In some problems, choosing appropriate coordinate system can achieve identical disappearance of the nonline-

ar terms in the Navier-Stokes equations (for constant section along the pipe, the fluid motion between parallel planes, 

the movement of fluid between rotating cylinders). If the nonlinear terms in the equations of motion of a viscous fluid is 

not identically disappear, the solution of these equations is very difficult, and accurate solutions can be obtained only in 

a very few cases. Such solutions are of significant interest. In the literature there are some examples of exact solutions 

of the equations of motion of a viscous fluid (the fluid motion on a rotating disk, the flow between intersecting planes, 

submerged jet) [1, 2]. 

In this paper, we consider the stationary (time-independent) flow for inside the cone from the top of which the 

outflow of fluid (in the apex of the cone is the source). Choosing a spherical coordinate system (the z axis is directed 

along the symmetry axis of the cone). Angle of a cone is denoted by Ŭ / 2. Consider the case where the fluid motion is 

radially and axially symmetric, i.e  

Then equation (1) in the chosen coordinate system can be written as 

 

 
 

 

 
 

The magnitude of | Q | / ɟɖ (Q - power source) is dimensionless and plays the role of the Reynolds number the 

motion under consideration. Therefore, choosing the appropriate dimensionless variables, we can arrange that for small 

values of | Q | / ɟɖ nonlinear term vÖv/Ör in (2) can be neglected. Thus, further considered the so-called creeping flow 

inside the cone. From the last equation shows that is a function of ɗ. Introducing the 

function   (3) 

 

 
 

whence 
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                                                                                                                                            (4) 

 

Laplacian of v, present in equation (2) can be rewritten in terms of the u 

 

 
 

Substituting this expression in (2) with (4) we obtain the equation 

 

 
 

For convenience, we take k equal to ɖ. Thus: 

 

                                                                                                                                     (5) 

 

By substituting w = u + /6 first equation of this system can lead to a uniform mean 

 

                                                                                                                                           (6) 

 

Equation (6) will be solved with the help of the series. To do this, first expanded in a series function  [3] 
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Next, the solution is sought in the form of a series 

 

 
 

Differentiating this expression, we find a series expansion in derivatives of w. Substitute these expansions, as 

well as the expansion (7) into equation (6), in the resulting identity compare the coefficients of equal powers of ɗ in the 

left and right sides of the identity and obtain a system of equations to determine the unknown coefficients of the series. 

Finally, we obtain 

 

 
 

 
 

Thus, the solution for u has the form 

 

                                           
                                        (8)

 

 

Unknown coefficients ʠ determined from the boundary condition on the wall  and the 

condition that any section through the  runs (1 sec.) the same amount of liquid  
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Leaving (8) the first three terms of the series, we obtain the following approximate solution for u 

 

 
 

Passing to the variable ɜ, we obtain the final solution in the form 

 

                                                     (9) 

 
 

For sufficiently small cone angle when  1 solution (9) goes to the author earlier decision [4]. The max-

imum speed reached on the axis of the cone (when ɗ = 0) and is equal to 

 

 
 

It can be seen that the maximum speed is inversely proportional . 

Integrating the second equation of (5) gives the solution 

 

 
 

Substituting this expression in (4) we finally obtain for the pressure 

 

 
 

REFERENCES 
1. Loitsyansky, L.G. Fluid Mechanics. Nauka, 1984. 

2. Landau, L.D., Lifshitz, E.M. Gidrodinamika. Nauka, 1988. 

3. Brief physical and technical reference. Fizmatgiz, 1960. 

4. Amanbaev, T.R., Isakovʘ, G. Viscous incompressible fluid flows inside the cone. Collection of papers conference "In-

dustrial and Innovative Development ï the basis of a sustainable economy of Kazakhstan". 22-24 October. ï Shymkent, 2006. 

 

ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʘʢʮʠʶ 25.01.14. 

 

 

ʇʆʃɿʋʑɽɽ ʊɽʏɽʅʀɽ ɺʗɿʂʆʁ ʅɽʉɾʀʄɸɽʄʆʁ ɾʀɼʂʆʉʊʀ ɺʅʋʊʈʀ ʂʆʅʋʉɸ 
 

ʊ.ʈ. ɸʤʘʥʙʘʝʚ, ɻ.ʆ. ʀʩʘʢʦʚʘ, ɸ.ɹ. ɸʨʫʦʚʘ 
ʂʘʟʘʭʩʢʠʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ. ʉʝʡʬʫʣʣʠʥʘ (ɸʩʪʘʥʘ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʐʠʨʦʢʠʡ ʢʨʫʛ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʦʡ ʠ ʪʝʭʥʠʢʦʡ, ʩʚʷʟʘʥ ʩ ʨʝʰʝʥʠʝʤ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ. ɼʚʠʞʝʥʠʝ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʠ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʩʪʘʮʠʦʥʘʨ-

ʥʦʝ ʪʝʯʝʥʠʝ ʚʥʫʪʨʠ ʢʦʥʫʩʘ, ʠʟ ʚʝʨʰʠʥʳ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʠʩʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ (ʚ ʚʝʨʰʠʥʝ ʢʦʥʫʩʘ ʥʘʭʦ-

ʜʠʪʩʷ ʠʩʪʦʯʥʠʢ). 
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Abstract. This article studied the hydrodynamics of steam boilers with natural circulation. Using analytic 

equations the hydrodynamic characteristics of the flow in the circuits of a steam boiler are obtained. By method of analysis 

of the characteristics, the pressure drop between the branches of the boiler circuit also the mass flow of steam-water 

mixture is obtained. The limit steam dryness at the end of the evaporator surface of a steam boiler is found, that is the 

reliability of steam generating tubes is defined, that is an actual problem in the operation of the steam device in general.  
Keywords: circulation ratio, reliability, steam generation, steam boiler, water-steam mixture, pressure drop, 

dryness of steam, flow, phase transformations, circulation, length of economizer. 

  

Boilers can be classified by their combustion method, by their application or by their type of steam-water cir-

culation. In Fig. 1 described different types of steam-water circulation boilers. In water tube boilers water-steam mix-

ture is inside the tubes and is heated by external combustion flames and flue gases.  

 

 
 

Fig. 1. Steam boiler types according to steam-water circulation 

 

Modern development of heat power engineering of Kazakhstan republic is characterized by the expansion of 

application of solid fuels, i.e. Ekibastuz high-ash content coal. In the last decade there has been widespread 

deterioration in the quality of solid fuels, due to the depletion of high-quality coal deposits. Combustion of such low-

grade fuels with high ash and moisture content leads to considerable difficulties: worsening inflammation and fuel burn, 

slagging problems, increases mechanical underburning, increases the emission of harmful dust and gas components. In 

this regard, have developed new methods for reducing emissions by using physical models [1], also in these conditions 

is particularly have importance reliability of pipe systems. For engineers it is very important to know the laws 
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hydrodynamics and heat transfer and methods of calculation of the processes to ensure reliable operation. Thus, this 

article discusses the hydrodynamic processes occurring in the boiler circuit.  

Steam boilers are one of the main aggregates of thermal power plant. Steam boiler - a device that having a sys-

tem for heating surfaces of vapor continuously inflowing feed water through the use of heat generated from the combus-

tion of fossil fuels. The most widely used boilers with natural circulation. Lifting-sliding motion along the contour of 

the natural circulation (i.e. unheated standpipe and heated ascending pipe) is due to the density difference of the boiler 

water and steam-water mixture. Thus at vaporization with increasing temperature of water in circulation pipes observed 

the phase change from liquid to gaseous state. Process of steam production is accompanied by the fundamental laws of 

thermodynamics, fluid dynamics, and heat transfer [3].  

The level of knowledge of the flow characteristics of steam-water mixture causes the reliability of whole 

energy object. Calculation of vapor concentration at the end of the loop evaporator tube steam boiler with natural 

circulation is a difficult task because the natural circulation depends not only on the design of the steam generator, but 

also on the flow conditions in a particular area of the boiler circuit pipes. At calculations of natural circulation 

commonly used data on the nomograms, which in turn is consuming task. The present article shown the convert liquids 

into a gas expressing analytically and by calculation results of void fraction to check the compatibility with the 

conventional methods, which do not exceed the error with the experimental data in the range of 2-4%. 

In the analytical calculation applied laws of conservation of mass and energy, the equation of continuity and 

Bernoulli's equation. Steam mixture consists of two phases, and can not be considered here for homogeneous: the 

velocity phases are not equal. 

 

 
 

Fig. 2. Simple contour of steam boiler with natural circulation 

 

In this paper, to calculate the void fraction at the end of the circuit evaporative steam boiler was investigated 

simple contour with natural circulation (Fig. 2), in which the flow through the channel is stationary. Contour consists of 

unheated standpipe and heated in the segment AB riser pipe. Dividing contours on certain areas on the flow regimes: 

single-phase flow regime without actuator of heat has the standpipe and the lifting of the tube prior to heating, that is to 

A, from A to E ï for single-phase with the drive of heat, from E to B ï two-phase flow with the drive of heat for 

inhomogeneous, from B to drum ï without a drive of heat two-phase flow for homogeneous, we can find the pressure 

drop and mass flow rate, thereby determine the void fraction. Input parameters for the calculation were taken from [4]: 

steam capacity is 380 t / h, the pressure in the drum of 14.7 MPa, the specific enthalpy of water 1598.3 kJ / kg, the spe-

cific enthalpy of steam 2619.5 kJ / kg, the density of water 610,687 kg/m3, steam density 92,764 kg / m3 (data on 

IAPWS-IF97 [6]), the specific enthalpy of water economizer 1494.7 kJ / kg, the dimensionless parameter of water out 

of the drum, a = 0.015, the dimensionless parameter of water for heat regulation in the superheater e = 0.039674. The 

coefficients a and e are constant parameters of the boiler, which determine blowing and water injection. Design and 

geometric parameters of the steam boiler circulation loop were taken from the recommended values of the individual 

parts of the circulation circuit to [2]. 

 



ISSN 2308-4804. Science and world . 2014. ˉ 2 (6). Vol. I. 

 

 

22 

 

 
 

Fig. 3. Analytical equations for the determination of hydrodynamic parameters for single-phase  

and two-phase flow of steam-water mixture 
 

Figure 3 describes the analytical equations for the determination of hydrodynamic parameters for single-phase 

and two-phase flow of steam-water mixture. To determine the pressure drop were considered the pressure loss of local 

resistance and loss of hydraulic pressure friction, two-phase flow regime also takes into account the effect of the sliding 

parameter of phases, the content of dry steam at the end of the evaporator tube. Calculation of pressure drop was 

conducted separately for each contour section of tubes.  

Important point of calculation of natural circulation is to determine the length of the economizer, i.e. the length 

of the portion where the evaporation begins from the heated pipe surface of contour. If at the point A starts heating, 

until the point E the length of economizer LE can be defined by [1]:  
 

                                                                                      (1) 

 

Where ratio  requires the measured value of the constructional design of the boiler. Here hzAE ï value lost al-

titude by hydraulic friction ʅz0A ï lost height by hydraulic friction with local resistance from the drum to the section 

where it starts heating, ʅzAɽm ï lost height of local resistance in the section from the start of heating prior to evaporation. 

Work of many firms focused on boiler control of water-steam mixture states at the end of the evaporator sur-

face. Some Western European companies consider such a criterion the limiting volume of vapor content in homogene-

ous water-steam mixture at the end of the evaporator tubes, independent of the limit values  of pressure [5]. American 

company Babcock and Wilcox limit values expressed as a function of pressure [7]. Of all the investigated methods is 

that the characteristic downtake tubes must match the pressure in vertical branches so as to satisfy the condition:   
                           

                                                                                                                                                         (2) 
 

Results of calculations allow to demonstrate the vapor content value (ʭ) and values of the hydrodynamic 

characteristics of flows in the pipes of the steam boiler.  

Figure 4 (a) shows the pressure dependence by the mass flow rate of water mixture. By approximating was 

found dryness of steam at point A corresponding  = 0,1897. Pressure drop in the standpipe ȹp = 1.9048 Å 10
5
 Pa, and 
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in the lifting part of pipe ȹp = 1,9048 Å 10
5
 Pa, the mixture mass flow rate = 12,3121 kg/s, circulation ratio C = 

5,2708. Estimates of the limit values were calculated = 0,6034;  0,2642;  0,1911. 

 

  
 

Fig. 4. Dependence of pressure drop on mass flow rate of water-steam mixture 

 

From this follows that the found value of vapor content corresponds to the condition. Figure 4 (b) shows the vapor 

content values change depending on the pressure. Shows the value of vapor content in comparison with the results of The 

Babcock & Wilcox Company (min) [7], and European Studies () [5] according to the density and enthalpy for each 

pressure from the international organization on the properties of water and steam (IAPWS) [6]. Value found vapor content 

corresponds to the minimum value, i.e. the results confirm the reliability of the steam boiler with natural circulation. 
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 ʘʩʧʠʨʘʥʪ, 

2
 ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

3
 ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, 
4
 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

5
 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

1, 2, 3
 ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʣʴ-ʌʘʨʘʙʠ (ɸʣʤʘʪʳ), ʂʘʟʘʭʩʪʘʥ, 

4, 5
 ʏʝʰʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʇʨʘʛʘ) ʏʝʰʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʩʩʣʝʜʦʚʘʥʘ ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʧʘʨʦʚʳʭ ʢʦʪʣʦʚ ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʧʦʣʫʯʝʥʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʯʝʥʠʷ ʚ ʢʦʥʪʫʨʘʭ 

ʧʘʨʦʚʦʛʦ ʢʦʪʣʘ. ʄʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʡ ʤʝʞʜʫ ʚʝʪʚʷʤʠ ʢʦʥʪʫʨʦʚ ʢʦʪʣʘ ʠ 

ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʧʘʨʦʚʦʜʷʥʦʡ ʩʤʝʩʠ. ʅʘʡʜʝʥʦ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʫʭʦʩʪʠ ʧʘʨʘ ʥʘ ʢʦʥʮʝ ʠʩʧʘʨʠʪʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʫʨʘ ʧʘʨʦʚʦʛʦ ʢʦʪʣʘ, ʪʦ ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʘ ʥʘʜʝʞʥʦʩʪʴ ʧʘʨʦʛʝʥʝʨʠʨʫʶʱʝʡ ʪʨʫʙʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʘʨʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʮʝʣʦʤ.  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʘʪʥʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ, ʥʘʜʝʞʥʦʩʪʴ, ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʝ, ʧʘʨʦʚʦʡ ʢʦʪʝʣ, ʧʘʨʦʚʦʜʷʥʘʷ 

ʩʤʝʩʴ, ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʡ, ʩʫʭʦʩʪʴ ʧʘʨʘ, ʪʝʯʝʥʠʝ, ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʮʠʨʢʫʣʷʮʠʷ, ʵʢʦʥʦʤʘʡʟʝʨʥʘʷ ʜʣʠʥʘ. 
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ɻ.ɸ. ɹʝʢʦʚʘ, ʫʯʠʪʝʣʴ 

ʊʝʨʝʢʪʠʥʩʢʘʷ ʩʨʝʜʥʷʷ ʰʢʦʣʘ (ʊʘʣʜʳʢʦʨʛʘʥ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʣʦʞʝʥʳ ʦʩʥʦʚʥʳʝ ʟʥʘʯʠʤʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ 

ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠ ʧʫʪʠ ʝʝ ʨʘʟʚʠʪʠʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʫʨʦʢʘ ʧʦ ʙʠʦʣʦʛʠʠ ʚ ʩʪʘʨʰʠʭ ʢʣʘʩʩʘʭ ʚʘʞʥʦ 

ʘʢʮʝʥʪʠʨʦʚʘʪʴ ʧʨʝʚʘʣʠʨʫʶʱʫʶ ʨʦʣʴ ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʞʠʟʥʠ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʯʝʣʦʚʝʯʝʩʪʚʘ. ɺʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʙʠʦʪʝʭʥʦʣʦʛʠʠ: ʙʠʦʵʥʝʨʛʝʪʠʢʘ, ʙʠʦʵʣʝʢʪʨʦʥʠʢʘ ʩ 

ʫʯʝʪʦʤ ʚʳʙʦʨʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʚʳʧʫʩʢʥʳʭ ʢʣʘʩʩʦʚ ʰʢʦʣʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʤʘʩʩʘ, ʙʠʦʛʘʟ, ʙʠʦʤʝʪʘʥʦʛʝʥʝʟ, ʘʮʠʜʦʛʝʥʝʟ, ʤʝʪʘʥʦʛʝʥʝʟ, ɻ ʥʝʨʛʦʢʦʥʚʝʨʩʠʷ. 

 

ʈʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ɿʝʤʣʠ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 1800 ʤʣʨʜ. ʪ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʵʢʚʠʚʘ-

ʣʝʥʪʥʦ ʠʟʚʝʩʪʥʳʤ ʟʘʧʘʩʘʤ ʵʥʝʨʛʠʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʃʝʩʘ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 68% ʙʠʦʤʘʩʩʳ ʩʫʰʠ, ʪʨʘʚʷ-

ʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ï ʧʨʠʤʝʨʥʦ 16%, ʘ ʚʦʟʜʝʣʳʚʘʝʤʳʝ ʟʝʤʣʠ ï ʪʦʣʴʢʦ 8%. ɼʣʷ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʦʩʪʝʡʰʠʡ ʩʧʦ-

ʩʦʙ ʧʨʝʚʨʘʱʝʥʠʷ ʙʠʦʤʘʩʩʳ ʚ ʵʥʝʨʛʠʶ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʛʦʨʘʥʠʠ ï ʦʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʧʣʦ, ʢʦʪʦʨʦʝ ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ. ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʩʳʨʦʛʦ ʚʝʱʝʩʪʚʘ, ʪʦ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʜʨʝʚʥʝʡʰʠʤ ʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʨʝʚʨʘʱʝʥʠʷ ʙʠʦʤʘʩʩʳ ʚ ʵʥʝʨʛʠʶ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

ʙʠʦʛʘʟʘ (ʤʝʪʘʥʘ) [1]. 

ʄʝʪʘʥʦʚʦʝ çʙʨʦʞʝʥʠʝè, ʠʣʠ ʙʠʦʤʝʪʘʥʦʛʝʥʝʟ, ï ʜʘʚʥʦ ʠʟʚʝʩʪʥʳʡ ʧʨʦʮʝʩʩ ʧʨʝʚʨʘʱʝʥʠʷ ʙʠʦʤʘʩʩʳ ʚ 

ʵʥʝʨʛʠʶ. ʆʥ ʙʳʣ ʦʪʢʨʳʪ ʚ 1776 ʛ. ɺʦʣʴʪʦʡ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʦʚʠʣ ʥʘʣʠʯʠʝ ʤʝʪʘʥʘ ʚ ʙʦʣʦʪʥʦʤ ʛʘʟʝ. ɹʠʦʛʘʟ, ʧʦʣʫ-

ʯʘʶʱʠʡʩʷ ʚ ʭʦʜʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʠʟ 65% ʤʝʪʘʥʘ, 30% ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, 1% ʩʝʨʦʚʦʜʦ-

ʨʦʜʘ (ʅ2S) ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʘʟʦʪʘ, ʢʠʩʣʦʨʦʜʘ, ʚʦʜʦʨʦʜʘ ʠ ʟʘʢʠʩʠ ʫʛʣʝʨʦʜʘ. ɹʦʣʦʪʥʳʡ ʛʘʟ ʜʘʝʪ ʧʣʘʤʷ 

ʩʠʥʝʛʦ ʮʚʝʪʘ ʠ ʥʝ ʠʤʝʝʪ ʟʘʧʘʭʘ. ɽʛʦ ʙʝʟʜʳʤʥʦʝ ʛʦʨʝʥʠʝ ʧʨʠʯʠʥʷʝʪ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʥʝʫʜʦʙʩʪʚ ʣʶʜʷʤ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩʦ ʩʛʦʨʘʥʠʝʤ ʜʨʦʚ, ʥʘʚʦʟʘ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ ʠʣʠ ʢʫʭʦʥʥʳʭ ʦʪʙʨʦʩʦʚ. ʕʥʝʨʛʠʷ, ʟʘʢʣʶʯʝʥʥʘʷ ʚ 28 ʤ
3
 ʙʠʦ-

ʛʘʟʘ, ʵʢʚʠʚʘʣʝʥʪʥʘ ʵʥʝʨʛʠʠ 16,8 ʤ
3
 ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, 20,8 ʣ ʥʝʬʪʠ ʠʣʠ 18,4 ʣ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. 

ʄʝʪʘʥʦʚʦʝ çʙʨʦʞʝʥʠʝè ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʮʠʩʪʝʨʥʘʭ (ʜʘʡʜʞʝʩʪʝʨʘʭ) ʩ 

ʙʦʢʦʚʳʤ ʦʪʚʝʨʩʪʠʝʤ, ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʚʚʦʜʠʪʩʷ ʬʝʨʤʝʥʪʠʨʫʝʤʳʡ ʤʘʪʝʨʠʘʣ. ʅʘʜ ʜʘʡʜʞʝʩʪʝʨʦʤ ʥʘʭʦʜʠʪʩʷ ʩʪʘʣʴ-

ʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʦʥʪʝʡʥʝʨ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʙʦʨʘ ʛʘʟʘ; ʥʘʚʠʩʘʷ ʥʘʜ ʙʨʦʜʷʱʝʡ ʩʤʝʩʴʶ ʚ ʚʠʜʝ 

ʢʫʧʦʣʘ, ʢʦʥʪʝʡʥʝʨ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʚʥʫʪʨʴ ʚʦʟʜʫʭʘ, ʪʘʢ ʢʘʢ ʚʝʩʴ ʧʨʦʮʝʩʩ ʜʦʣʞʝʥ ʧʨʦʠʩʭʦʜʠʪʴ ʚ 

ʩʪʨʦʛʦ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʛʘʟʦʚʦʤ ʢʫʧʦʣʝ ʠʤʝʝʪʩʷ ʪʨʫʙʢʘ ʜʣʷ ʦʪʚʦʜʘ ʙʠʦʛʘʟʘ [2]. 

ɼʘʡʜʞʝʩʪʝʨʳ ʠʟʛʦʪʦʚʣʷʶʪ ʠʟ ʛʣʠʥʷʥʳʭ ʢʠʨʧʠʯʝʡ, ʙʝʪʦʥʘ ʠʣʠ ʩʪʘʣʠ. ʂʫʧʦʣ ʜʣʷ ʩʙʦʨʘ ʛʘʟʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʥʝʡʣʦʥʘ; ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʝʛʦ ʣʝʛʢʦ ʧʨʠʢʨʝʧʣʷʪʴ ʢ ʜʘʡʜʞʝʩʪʝʨʫ, ʠʟʛʦʪʦʚʣʝʥʥʦʤʫ ʠʟ ʪʚʝʨʜʦʛʦ ʧʣʘ-

ʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɻʘʟ ʥʘʜʫʚʘʝʪ ʥʝʡʣʦʥʦʚʳʡ ʤʝʰʦʢ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʩʦʝʜʠʥʝʥ ʩ ʢʦʤʧʨʝʩʩʦʨʦʤ ʜʣʷ ʧʦʚʳ-

ʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʛʘʟʘ. 

ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʪʭʦʜʳ ʜʦʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘ ʠʣʠ ʞʠʜʢʠʡ ʥʘʚʦʟ, ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞ-

ʜʫ ʪʚʝʨʜʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʚʦʜʦʡ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ 1:1 (100 ʢʛ ʦʪʭʦʜʦʚ ʥʘ 100 ʢʛ ʚʦʜʳ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ, ʩʦʩʪʘʚʣʷʶʱʝʡ 8-11% ʧʦ ʚʝʩʫ. ʉʤʝʩʴ ʩʙʨʘʞʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʳʯʥʦ 

ʟʘʩʝʚʘʶʪ ʘʮʝʪʦʛʝʥʥʳʤʠ ʠ ʤʝʪʘʥʦʛʝʥʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ ʠʣʠ ʦʪʩʪʦʝʤ ʠʟ ʜʨʫʛʦʛʦ ʜʘʡʜʞʝʩʪʝʨʘ.  

ʅʠʟʢʠʡ ʨʅ ʧʦʜʘʚʣʷʝʪ ʨʦʩʪ ʤʝʪʘʥʦʛʝʥʥʳʭ ʙʘʢʪʝʨʠʡ ʠ ʩʥʠʞʘʝʪ ʚʳʭʦʜ ʙʠʦʛʘʟʘ; ʪʘʢʦʡ ʞʝ ʵʬʬʝʢʪ ʚʳʟʳʚʘʝʪ 

ʧʝʨʝʛʨʫʟʢʘ ʜʘʡʜʞʝʩʪʝʨʘ. ʇʨʦʪʠʚ ʟʘʢʠʩʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʠʟʚʝʩʪʴ. ʆʧʪʠʤʘʣʴʥʦʝ çʧʝʨʝʚʘʨʠʚʘʥʠʝè ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʫʩʣʦʚʠʷʭ, ʙʣʠʟʢʠʭ ʢ ʥʝʡʪʨʘʣʴʥʳʤ (ʨʅ 6,0-8,0). ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʠʪ ʦʪ ʤʝʟʦʬʠʣʴʥʦʩʪʠ 

ʠʣʠ ʪʝʨʤʦʬʠʣʴʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (30-40Áʉ ʠʣʠ 50-60Áʉ); ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʞʝʣʘʪʝʣʴʥʳ. 

ʆʙʳʯʥʦ ʜʘʡʜʞʝʩʪʝʨʳ ʟʘʛʨʫʞʘʶʪ ʚ ʟʝʤʣʶ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʦʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ. ɺ ʩʪʨʘ-

ʥʘʭ ʩ ʭʦʣʦʜʥʳʤ ʢʣʠʤʘʪʦʤ ʠʭ ʥʘʛʨʝʚʘʶʪ ʧʨʠ ʧʦʤʦʱʠ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʙʘʢʪʝʨʠʡ ʠʟʙʳʪʦʢ ʘʟʦʪʘ (ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʞʠʜʢʦʛʦ ʥʘʚʦ-

ʟʘ) ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʶ ʘʤʤʠʘʢʘ, ʢʦʪʦʨʳʡ ʧʦʜʘʚʣʷʝʪ ʨʦʩʪ ʙʘʢʪʝʨʠʡ. ɼʣʷ ʦʧʪʠʤʘʣʴʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʩʦʦʪ-

ʥʦʰʝʥʠʝ C/N ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʨʷʜʢʘ 30:1 (ʧʦ ʚʝʩʫ). ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ, ʩʤʝʰʠʚʘʷ ʩʫʙʩʪʨʘʪʳ, ʙʦ-

ʛʘʪʳʝ ʘʟʦʪʦʤ, ʩ ʩʫʙʩʪʨʘʪʘʤʠ, ʙʦʛʘʪʳʤʠ ʫʛʣʝʨʦʜʦʤ. ʊʘʢ, C/N ʥʘʚʦʟʘ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʜʦʙʘʚʣʝʥʠʝʤ ʩʦʣʦʤʳ ʠʣʠ 

ʞʦʤʘ ʩʘʭʘʨʥʦʛʦ ʪʨʦʩʪʥʠʢʘ [3]. 

ʆʪʭʦʜʳ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ (ʚ ʩʣʫʯʘʝ ʧʝʨʝʛʦʥʢʠ ʩʚʝʢʣʳ ʥʘ 1 ʣʠʪʨ ʦʪʭʦʜʦʚ ʧʨʠʭʦʜʠʪʩʷ ʜʦ 50 ʛʨʘʤʤʦʚ ʫʛʣʝʨʦʜʘ), ʧʦ-

ʵʪʦʤʫ ʦʥʠ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʤʝʪʘʥʦʚʦʛʦ çʙʨʦʞʝʥʠʷè, ʪʝʤ ʙʦʣʝʝ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʜʣʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ.  

ɾʝʣʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʪʴ ʩʫʩʧʝʥʟʠʶ ʩʙʨʘʞʠʚʘʝʤʳʭ ʚʝʱʝʩʪʚ, ʯʪʦʙʳ ʚʦʩʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʨʘʩʩʣʘʠʚʘʥʠʶ, 

ʢʦʪʦʨʦʝ ʧʦʜʘʚʣʷʝʪ ʙʨʦʞʝʥʠʝ. ʊʚʝʨʜʳʡ ʤʘʪʝʨʠʘʣ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʜʨʦʙʠʪʴ, ʪʘʢ ʢʘʢ ʥʘʣʠʯʠʝ ʢʨʫʧʥʳʭ ʢʦʤʢʦʚ ʧʨʝ-
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ʧʷʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʪʘʥʘ. ʆʙʳʯʥʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘʚʦʟʘ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 

ʜʚʝ-ʯʝʪʳʨʝ ʥʝʜʝʣʠ. ɼʚʫʭʥʝʜʝʣʴʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 35Áʉ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʫʙʠʪʴ ʚʩʝ ʧʘʪʦʛʝʥʥʳʝ 

ʵʥʪʝʨʦʙʘʢʪʝʨʠʠ ʠ ʵʥʪʝʨʦʚʠʨʫʩʳ, ʘ ʪʘʢʞʝ 90% ʧʦʧʫʣʷʮʠʠ Ascaris lumbricoides ʠ Ancylostoma. 

ɽʱʝ ʚ 1979 ʛʦʜʫ ʢʦʥʬʝʨʝʥʮʠʷ ʆʆʅ ʧʦ ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ ʜʣʷ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥ, ʠ ʵʢʩʧʝʨʪʳ "ʕʢʦʥʦ-

ʤʠʯʝʩʢʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʢʦʤʠʩʩʠʠ ʧʦ ʩʪʨʘʥʘʤ ɸʟʠʠ ʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ" ʧʦʜʯʝʨʢʠʚʘʣʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠʥʪʝʛʨʠʨʦʚʘʥ-

ʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʙʠʦʛʘʟ. ʊʘʢʠʝ ʧʨʦʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʧʠ-

ʱʝʚʳʭ ʢʫʣʴʪʫʨ, ʘ ʪʘʢʞʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʝʣʢʘ ʢʫʣʴʪʫʨʘʤʠ ʚʦʜʦʨʦʩʣʝʡ, ʩʦʟʜʘʥʠʝ ʨʳʙʥʳʭ ʬʝʨʤ, ʧʝʨʝʨʘʙʦʪʢʫ 

ʦʪʭʦʜʦʚ ʠ ʧʨʝʚʨʘʱʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʦʪʙʨʦʩʦʚ ʚ ʫʜʦʙʨʝʥʠʷ ʠ ʵʥʝʨʛʠʶ ʚ ʚʠʜʝ ʤʝʪʘʥʘ [4].  

ɺ ʢʦʥʮʝ 1979 ʛ. ʚ ʀʥʜʠʠ ʨʘʙʦʪʘʣʦ ʤʝʥʝʝ 100 000 ʫʩʪʘʥʦʚʦʢ. ɺ ʂʠʪʘʝ ʚ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ ʥʘʩʯʠʪʳʚʘʣʦʩʴ 10 

ʤʣʥ. ʫʩʪʘʥʦʚʦʢ. ʉʳʨʴʝʤ ʜʣʷ ʟʘʛʨʫʟʢʠ ʫʩʪʘʥʦʚʦʢ ʚ ʵʪʠʭ ʩʪʨʘʥʘʭ ʷʚʣʷʶʪʩʷ ʦʪʭʦʜʳ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤ ʠ 

ʧʪʠʮʝʬʘʙʨʠʢ. ɺ ʎʝʥʪʨʘʣʴʥʦʡ ɸʤʝʨʠʢʝ ʧʦʩʪʨʦʝʥʳ ʫʩʪʘʥʦʚʢʠ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʦʪʭʦʜʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʬʝ. ɺ 

ʄʘʩʘʪʝʥʘʥʛʦ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʬʘʙʨʠʢʘ, ʚʳʧʫʩʢʘʶʱʘʷ 90 ʤ
3
 ʙʠʦʛʘʟʘ ʚ ʩʫʪʢʠ ʠ 900 ʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʚ 

ʛʦʜ ʠʟ ʦʪʭʦʜʦʚ ʢʦʬʝ. ɹʠʦʛʘʟ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʜʚʠʛʘʪʝʣʷ ʤʦʱʥʦʩʪʴʶ 35 ʣ. ʩ., ʷʚʣʷʶʱʝʛʦʩʷ ʯʘʩʪʴʶ ʫʩʪʨʦʡ-

ʩʪʚʘ, ʢʦʪʦʨʦʝ ʣʫʱʠʪ ʢʦʬʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 3 ʪ/ʯ, ʚʳʨʘʙʘʪʳʚʘʝʪ 1500 ɺʘʪʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ 

ʢʦʤʧʨʝʩʩʦʨʘ. ɺ ʀʟʨʘʠʣʝ ʩ 1974 ʛ. ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʙʠʦʛʘʟʘ ʟʘʥʠʤʘʝʪʩʷ çɸʩʩʦʮʠʘʮʠʷ ʢʠʙʙʫʮʠ ʠʥʜʘʩʪʨʠʟè (KIA). 

ʇʨʦʚʝʜʝʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʤʝʪʘʥʦʛʝʥʝʟʘ ʧʨʠ ʘʢʪʠʚʥʦʤ ʫʯʘʩʪʠʠ ʥʝʩʢʦʣʴʢʠʭ ʫʥʠʚʝʨ-

ʩʠʪʝʪʦʚ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ ʧʦʜ ʵʛʠʜʦʡ ʤʠʥʠʩʪʝʨʩʪʚʘ ʵʥʝʨʛʝʪʠʢʠ. ɸʥʘʵʨʦʙʥʦʝ 

ʙʨʦʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 55Áʉ. ʀʩʩʣʝʜʦʚʘʪʝʣʷʤ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʧʦʚʳʰʝʥʠʷ ʚʳʭʦʜʘ ʙʠʦʛʘʟʘ ʜʦ 4-6,5 ʤ
3
 ʚ 

ʩʫʪʢʠ ʥʘ ʢʘʞʜʳʡ ʢʫʙʦʤʝʪʨ ʦʙʲʝʤʘ ʮʠʩʪʝʨʥʳ ʜʘʡʜʞʝʩʪʝʨʘ (ʯʪʦ ʚ ʜʝʩʷʪʴ ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʦʙʳʯʥʳʡ ʚʳʭʦʜ). 

ʇʨʦʚʝʜʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʧʦ ʙʠʦʣʦʛʠʠ ʚ ʥʘʰʝʡ ʰʢʦʣʝ, ʩʦʧʨʷʞʝʥʦ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʧʦ ʬʠʟʠʢʝ ʚ 

ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʥʠʢʠ. ɹʠʦʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʣʫʯʰʝʥʥʳʭ ʪʠʧʦʚ ʙʠʦʩʝʥʩʦʨʦʚ ʠ 

ʥʦʚʳʭ ʧʨʠʚʦʜʷʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʥʘʟʳʚʘʝʤʳʭ ʙʠʦʯʠʧʳ. ɹʠʦʪʝʭʥʦʣʦʛʠʷ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʩʦʟʜʘʥʠʝ ʫʩʪʨʦʡʩʪʚ, ʚ 

ʢʦʪʦʨʳʭ ʙʝʣʢʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʤʦʣʝʢʫʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʢʘʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ. ɼʣʷ ʠʥʜʠʢʘʮʠʠ ʟʘʛʨʷʟʥʝʥʠʡ ʨʘʟ-

ʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ, ʘ ʙʠʦʩʝʥʩʦʨʳ ï ʬʝʨ-

ʤʝʥʪʥʳʝ ʵʣʝʢʪʨʦʜʳ, ʘ ʪʘʢʞʝ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʢʣʝʪʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʌʝʨʤʝʥʪʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʯʘʡʰʝʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ. 

ɹʠʦʩʝʣʝʢʪʠʚʥʳʝ ʜʘʪʯʠʢʠ ʩʦʟʜʘʶʪ ʪʘʢʞʝ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʦʥʦʩʝʣʝʢʪʠʚʥʳʭ ʵʣʝʢʪʨʦʜʦʚ 

ʮʝʣʳʭ ʢʣʝʪʦʢ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠʣʠ ʪʢʘʥʝʡ. ʅʘʧʨʠʤʝʨ, Neurospora europea ï ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ NH3, 

Trichosporon brassiacae ï ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʞʝ ʤʦʥʦʢʣʦʥʘʣʴʥʳʝ ʘʥʪʠʪʝʣʘ, ʦʙʣʘʜʘʶʱʠʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦ-

ʢʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴʶ. ʃʠʜʝʨʘʤʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʠʦʜʘʪʯʠʢʦʚ ʠ ʙʠʦʯʠʧʦʚ ʷʚʣʷʶʪʩʷ ʷʧʦʥʩʢʠʝ ʢʦʤʧʘʥʠʠ, ʪʘʢʠʝ 

ʢʘʢ Hitachi, Sharp. ʅʘʧʨʠʤʝʨ, ʢʦʤʧʘʥʠʷ Hitachi ʚ ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ ʩʦʟʜʘʝʪ ʧʨʦʝʢʪʥʫʶ ʛʨʫʧʧ ʯʠʩʣʝʥʥʦʩʪʴʶ ʚ 

200 ʯʝʣʦʚʝʢ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʙʠʦʵʣʝʢʪʨʦʥʠʢʠ. ʂʦʤʧʘʥʠʷ Sharp ʧʨʦʚʦʜʠʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʴʶʪʝʨʦʚ ʩ ʙʠʦʢʦʤʧʦʥʝʥʪʘʤʠ [5]. 

ʇʦʷʚʣʷʝʪʩʷ ʥʦʚʳʡ ʪʠʧ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʧʨʦʚʦʜʷʱʫʶ ʬʫʥʢʮʠʶ ʚ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʶʪ ʤʦʣʝʢʫʣʳ 

ʙʝʣʢʦʚ. ʊʘʢʠʝ ʬʝʨʤʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʨʘʙʦʪʘʶʪ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʯʝʤ ʢʨʝʤʥʠʝʚʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ. ɹʠʦʯʠ-

ʧʳ ʠʤʝʶʪ ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ, ʥʘʜʝʞʥʳ ʠ ʩʧʦʩʦʙʥʳ ʢ ʩʘʤʦʩʙʦʨʢʝ. ɽʱʝ ʦʜʥʘ ʷʧʦʥʩʢʘʷ ʢʦʤʧʘʥʠʷ, Sony, ʟʘʧʘ-

ʪʝʥʪʦʚʘʣʘ ʩʧʦʩʦʙ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠʟ ʮʝʣʣʶʣʦʟʳ, ʦʙʨʘʟʫʝʤʦʡ ʙʘʢʪʝʨʠ-

ʷʤʠ. ɻʝʣʝʦʙʨʘʟʥʘʷ ʮʝʣʣʶʣʦʟʘ ʚʳʩʫʰʠʚʘʝʪʩʷ. ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ ʩʦʪ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝ-

ʩʪʚʝ ʧʣʦʩʢʦʡ ʜʠʘʬʨʘʛʤʳ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 
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METHODS OF DEVELOPMENT OF THE BIOTECHNOLOGY DIRECTION AT SCHOOL  
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Abstract. The main significant directions of modern biotechnology and ways of its development are stated in 

this work. In holding biology lesson in senior classes, it is important to emphasize a dominant role of modern biotech-

nology in all life spheres. The following main directions of biotechnology are distinguished: bioenergetics, bioelectron-

ics taking into account a choice of specialty of graduation classes at school.  

Keywords: biomass, biogas, biomethanogenesis, acidogenesis, methanogenesis, energy conversion. 
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ʇʈɽʇʆɼɸɺɸʅʀɽ ʈʆʊʆʈɸ ɺɽʂʊʆʈʅʆɻʆ ʇʆʃʗ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʈɸɿʃʀʏʅʓʍ 

ʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ ɿɸɼɸʏ 
 

 
ʄ.ɹ. ɼʫʩʤʫʨʘʪʦʚ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ-ʩʦʠʩʢʘʪʝʣʴ 

ʊʘʰʢʝʥʪʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅʠʟʘʤʠ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʨʝʧʦʜʘʚʘʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʠ ʝʛʦ ʨʦʪʦʨʘ, 

ʨʘʩʢʨʳʚʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʠ ʬʠʟʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʦʪʦʨʘ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ. ɼʘʥʥʦʝ ʧʦʥʷʪʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʘʥʘʣʠʟʠʨʫʝʪʩʷ, ʠ ʧʨʠʚʦʜʠʪʩʷ ʨʝʰʝʥʠʝ ʩ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʪʦʨ, ʚʝʢʪʦʨʥʳʝ ʧʦʣʷ, ʟʘʜʘʯʘ, ʤʝʪʦʜʠʢʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ. 

 

ʆʯʝʥʴ ʯʘʩʪʦ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ ʧʦʥʷʪʠʝʤ ʨʦʪʦʨʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʧʨʝʧʦʜʘʚʘʥʠʠ ʨʘʟʜʝʣʦʚ 

ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ ʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʚ ʢʫʨʩʝ ʬʠʟʠʢʠ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ʆʩʦʙʝʥʥʦ, ʥʝ ʟʥʘʷ ʧʦʥʷʪʠʷ 

ʨʦʪʦʨʘ ʧʦʣʷ, ʥʝʚʦʟʤʦʞʥʦ ʠʟʫʯʠʪʴ ʦʩʦʚʥʳʝ ʪʝʤʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ʊʘʢ ʢʘʢ ʦʩʚʦʝʥʠʝ ʧʦʥʷʪʠʷ ʨʦʪʦʨʘ ʧʦʣʷ 

ʪʨʝʙʫʝʪ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʵʪʦ ʥʝ ʚʩʝʛʜʘ ʣʝʛʢʦ ʫʜʘʝʪʩʷ ʩʪʫʜʝʥʪʘʤ. ʂʨʦʤʝ 

ʪʦʛʦ, ʦʩʚʦʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʥʷʪʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦʛʦ ʠʟʫʯʝʥʠʷ ʪʘʢʠʭ ʧʦʥʷʪʠʡ ʤʘʪʝʤʘʪʠʢʠ, ʢʘʢ 

ʚʝʢʪʦʨʥʳʡ ʘʥʘʣʠʟ, ʠʥʪʝʛʨʘʣʴʥʳʝ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʠʩʯʠʩʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʥʘʯʘʣʘ 

ʬʦʨʤʠʨʦʚʘʪʴ ʦʙʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʦʪʦʨʝ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʠ ʪʦʣʴʢʦ ʧʦʪʦʤ ʠʭ ʧʨʠʤʝʥʷʪʴ ʢ ʬʠʟʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʘʤ, ʪ.ʝ. ʢ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʠ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ ʠ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʩ ʠʭ ʧʨʠʤʝʥʝʥʠʝʤ. 

ɺ ʨʘʟʣʠʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʨʦʪʦʨʫ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ. ɺ ʮʝʣʷʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʰʠʨʦʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫ ʩʪʫʜʝʥʪʦʚ, ʧʦʜʨʦʙʥʦ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʵʪʠʭ ʦʧʨʝʜʝʣʝʥʠʷʭ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʜʘʝʪʩʷ ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ kzyxRjzyxQizyxPa
CCCC
Ö+Ö+Ö= ),,(),,(),,( , ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ),,(),,,(),,,( zyxRRzyxQQzyxPP ===  ʚ ʦʙʣʘʩʪʠ V  ʧʨʦʩʪʨʘʥʩʪʚʘ Oxyz. 

ʆʧʨʝʜʝʣʝʥʠʝ ˉ 1: ʚʠʭʨʝʤ (ʠʣʠ ʨʦʪʦʨʦʤ) ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ a
C

 ʥʘʟʳʚʘʝʪʩʷ ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ, ʦʙʦʟʥʘʯʘʝʤʦʝ 

arot
C

 ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ ( )zyxM ,,  ʠ ʦʧʨʝʜʝʣʷʝʤʦʝ ʬʦʨʤʫʣʦʡ  
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ʢʦʦʨʜʠʥʘʪʳ ʨʦʪʦʨʘ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ. 

ʇʨʠʚʝʜʝʥʥʦʝ ʚʳʰʝ ʦʧʨʝʜʝʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝʤ ʨʦʪʦʨʘ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʚʳʙʦʨʘ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ [7, 8]. 

ʆʧʨʝʜʝʣʝʥʠʝ ˉ 2: ʦʙʦʟʥʘʯʠʤ ʨʦʪʦʨ ʚʝʢʪʦʨʘ a
C

 ʯʝʨʝʟ arot
C
, ʝʛʦ ʧʨʦʝʢʮʠʶ ʥʘ ʧʨʦʠʟʚʦʣʴʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ n ʯʝʨʝʟ arot n

C
, ʧʣʦʱʘʜʴ, ʦʛʨʘʥʠʯʝʥʥʫʶ ʢʦʥʪʫʨʦʤ L, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ ʚʝʢʪʦʨʫ n ʯʝʨʝʟ S , 

ʮʠʨʢʫʣʷʮʠʶ ʚʝʢʪʦʨʘ a
C

 ʧʦ ʢʦʥʪʫʨʫ L  ʯʝʨʝʟ ñÖ?
CC

da . ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʦʝʢʮʠʝʡ ʮʠʨʢʫʣʷʮʠʠ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ 

ʥʘ ʥʝʢʦʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ (ʨʠʩʫʥʦʢ 1,ʘ) [7, 9, 10]. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʠ ʠʥʘʯʝ. ʈʦʪʦʨʦʤ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ ( )zyxM ,,  ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ a
C

 

ʥʘʟʳʚʘʝʪʩʷ ʪʘʢʘʷ ʚʝʢʪʦʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʧʨʠ ʵʪʦʤ ʦʪʥʦʰʝʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʧʦ ʢʦʥʪʫʨʫ L , 

ʦʛʨʘʥʠʯʠʚʘʶʱʝʤʫ ʧʨʝʜʝʣʴʥʦ ʤʘʣʫʶ ʧʣʦʱʘʜʴ 0S , ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʨʦʪʦʨʫ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ 

ʜʘʝʪ ʟʥʘʯʝʥʠʝ ʨʦʪʦʨʘ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ (ʨʠʩʫʥʦʢ 1,ʙ). 

                                                           
É ɼʫʩʤʫʨʘʪʦʚ ʄ.ɹ. / Dusmuratov M.B., 2014 
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ɿʜʝʩʴ 
0S  ï ʧʨʝʜʝʣʴʥʦ ʤʘʣʘʷ ʧʣʦʱʘʜʴ, ʩʪʨʝʤʷʱʘʷʩʷ ʢ ʪʦʯʢʝ. 

 

  
 

ʈʠʩʫʥʦʢ 1 

 

ʅʘʧʨʘʚʣʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʣʠʤʠʪ ʦʪʥʦʰʝʥʠʷ ʮʠʨʢʫʣʷʮʠʠ ʚʝʢʪʦʨʘ ʢ ʧʣʦʘɦʜʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʟʘʤʢʥʫʪʳʤ 

ʢʦʥʪʫʨʦʤ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʝʩʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʨʦʪʦʨʘ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʠ ʜʘʥʥʦʝ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ ʤʦʜʫʣʶ ʨʦʪʦʨʘ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ. 

ʇʨʠʚʝʜʝʥʥʦʝ ʚʳʰʝ ʦʧʨʝʜʝʣʝʥʠʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ [7, 8]. 

ʀʟ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʞʥʦ ʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʦʪʦʢ ʨʦʪʦʨʘ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ 

ʥʝʢʦʪʦʨʫʶ ʧʣʦʱʘʜʴ ʨʘʚʝʥ ʨʘʙʦʪʝ (ʮʠʨʢʫʣʷʮʠʠ), ʚʳʧʦʣʥʝʥʥʦʡ ʧʦ ʢʦʥʪʫʨʫ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʤʫ ʜʘʥʥʦʝ ʧʦʣʝ [7,9]. 

 

ÖdaSdarot
LS

=Ö=Ö ññ ?
CCCC  

 

ʆʧʨʝʜʝʣʝʥʠʝ ˉ 3: ʨʦʪʦʨʦʤ ʚʝʢʪʦʨʘ a
C

 ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ M ʥʘʟʳʚʘʝʪʩʷ ʚʝʢʪʦʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ 

ʦʪʥʦʰʝʥʠʶ ñ
S

axSd
CC
ʚʝʢʪʦʨʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʟʘʤʢʥʫʪʫʶ ʧʣʦʱʘʜʴ S  ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʦʙʲʝʤʫ, 

ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʜʘʥʥʦʡ ʧʣʦʱʘʜʴʶ. ʇʨʠ ʵʪʦʤ ʧʣʦʱʘʜʴ, ʦʭʚʘʪʠʚʰʘʷ ʪʦʯʢʫ M , ʧʨʝʜʝʣʴʥʦ ʤʘʣʘ ʠ ʝʝ ʦʙʲʝʤ 

ʜʦʣʞʥʘ ʩʪʨʝʤʠʪʴʩʷ ʢ ʥʫʣʶ. [7, 10]. 
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ʆʧʨʝʜʝʣʝʥʠʝ ˉ 4: ʦʧʝʨʘʪʦʨ ʅʘʙʣʘ 
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 ʚʝʢʪʦʨʥʦ ʜʝʡʩʪʚʫʷ ʥʘ ʚʝʢʪʦʨʥʫʶ 

ʚʝʣʠʯʠʥʫ, ʩʦʩʪʘʚʣʷʝʪ ʨʦʪʦʨ ʜʘʥʥʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ [8, 9]. 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʥʘʟʚʘʥʠʷ ʚʠʭʨʷ (ʠʣʠ ʨʦʪʦʨʘ) ʚʝʢʪʦʨʘ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ 

ʥʝʢʦʪʦʨʦʛʦ ʚʠʭʨʷ ʦʟʥʘʯʘʝʪ ʥʘʙʣʶʜʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʦʙʦʨʦʪʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʧʦʜʦʙʥʦʛʦ 

ʚʨʘʱʘʪʝʣʴʥʦʤʫ ʤʦʤʝʥʪʫ. ʏʝʤ ʙʦʣʴʰʝ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʦʪʦʨʘ, ʪʝʤ ʩʠʣʴʥʝʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚʨʘʱʘʪʝʣʴʥʳʡ 

ʧʨʦʮʝʩʩ, ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ. ʈʦʪʦʨ ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʢʪʦʨʘ ʚʩʝʛʜʘ ʨʘʚʝʥ ʥʫʣʶ. 

ʊʝʧʝʨʴ ʧʨʠʚʝʜʝʤ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʨʦʪʦʨʫ ʧʦʣʷ. 

ʇʨʠʤʝʨ ˉ1: ʦʧʨʝʜʝʣʠʪʴ ʨʦʪʦʨ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ kzyxjzyxixyza
CCCC
Ö+++Ö+++Ö= )()( 222  ʚ ʪʦʯʢʝ 

)2;1;1( -M  [7]. 

ʈʝʰʝʥʠʝ: ʟʜʝʩʴ: 
222,, zyxRzyxQxyzP ++=++==  ï ʢʦʦʨʜʠʥʘʪʳ ʜʘʥʥʦʛʦ ʚʝʢʪʦʨʘ, ʥʘʭʦʜʠʤ ʠ 

ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ.  
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ karotjarotiarotarot zyx

CCCCCCC
Ö+Ö+Ö= , ʨʦʪʦʨ ʜʘʥʥʦʛʦ ʚʝʢʪʦʨʘ ʠʤʝʝʪ 

ʚʠʜ kxzjxxyiyarot
CCCC
Ö-+Ö++Ö-= )1()2()12( . ʊʝʧʝʨʴ ʥʘʭʦʜʠʤ ʟʥʘʯʝʥʠʝ ʨʦʪʦʨʘ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ.  

kjikjiarot
CCCCCCC
-+Ö-=ÖÖ-+ÖÖ+-Ö+Ö--Ö= 3)211()12)1(1()1)1(2(  

ʇʨʠʤʝʨ ˉ2: ʆʧʨʝʜʝʣʠʪʴ ʨʦʪʦʨ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ kxjziya
CCCC
Ö+Ö+Ö= 222 . 

ʈʝʰʝʥʠʝ: ɿʜʝʩʴ: 222 ,, xRzQyP ===  ï ʢʦʦʨʜʠʥʘʪʳ ʜʘʥʥʦʛʦ ʚʝʢʪʦʨʘ, ʥʘʭʦʜʠʤ ʝʛʦ ʯʘʩʪʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ [7].  
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʦʪʦʨ ʜʘʥʥʦʛʦ ʚʝʢʪʦʨʘ ʠʤʝʝʪ ʚʠʜ kyjxizarot
CCCC
Ö-Ö-Ö-= 222 .  

ʊʝʧʝʨʴ ʠʩʧʦʣʴʟʫʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʚʝʢʪʦʨʘ ʠ ʝʛʦ ʨʦʪʦʨʘ [5, 6]. 

  
 

ʈʠʩʫʥʦʢ 2 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʚʝʢʪʦʨ ʨʦʪʦʨʘ ʩʦʟʜʘʝʪ ʚʠʭʨʴ ʚʦʢʨʫʛ ʜʘʥʥʦʛʦ ʚʝʢʪʦʨʘ ʧʦʜʦʙʥʦ ʚʦʜʥʦʡ ʷʤʝ. 

ʊʝʧʝʨʴ ʥʘ ʧʨʠʤʝʨʝ ʨʘʩʩʤʦʪʨʠʤ ʬʠʟʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʨʦʪʦʨʘ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ. 

ʇʨʠʤʝʨ ˉ 3: ʆʧʨʝʜʝʣʠʪʴ ʨʦʪʦʨ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʚʦʢʨʫʛ ʥʝʢʦʪʦʨʦʡ ʦʩʠ [7, 10]. 

ʈʝʰʝʥʠʝ: ɿʥʘʝʤ, ʯʪʦ ʚ ʢʠʥʝʤʘʪʠʢʝ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʦʧʨʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ rx
CCC

wJ= . ʉ ʫʯʝʪʦʤ, ʯʪʦ 

ʨʘʜʠʫʩ ʚʝʢʪʦʨ ʠ ʚʝʢʪʦʨ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ: kjikzjyixr zyx

GCCCCCCC
wwww +Ö+Ö=Ö+Ö+Ö= ,  ʧʦʣʫʯʠʤ  
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ʉ ʫʯʝʪʦʤ xyRzxQyzP yxxzzy wwwwww -=-=-= ,,  ʥʘʭʦʜʠʤ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʦʪʦʨ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʨʘʚʝʥ kjirot zyx

CCCC
Ö-Ö-Ö-= wwwJ 222 . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʨʦʪʦʨ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʢʦʣʣʠʥʠʘʨʝʥ ʤʛʥʦʚʝʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʨʘʚʝʥ ʜʚʦʡʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 3 

ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʝʩʣʠ ʪʝʣʦ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʦʩʠ Oz, ʪʦ krotk zz

CCGC
Ö-== wJww 2, . 

ʊʝʧʝʨʴ ʠʩʧʦʣʴʟʫʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, 

ʧʨʠʚʝʜʝʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 4 [5, 6]. 

 
 

ʈʠʩʫʥʦʢ 4 

 

ʇʨʠʤʝʨ ˉ 4: ʆʧʨʝʜʝʣʠʪʴ ʨʦʪʦʨ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʤʦʤʝʥʪʘ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʪʚʝʨʜʦʝ ʪʝʣʦ, 

ʚʨʘʱʘʶʱʝʝʩʷ ʚʦʢʨʫʛ ʥʝʢʦʪʦʨʦʡ ʦʩʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʝʢʦʪʦʨʦʡ ʩʠʣʳ [9, 10]. 

ʈʝʰʝʥʠʝ: ʤʳ ʟʥʘʝʤ, ʯʪʦ ʚ ʜʠʥʘʤʠʢʝ ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ ʤʦʤʝʥʪʘ ʩʠʣʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʦʪʦʨ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʨʘʚʝʥ 

kFjFiFFrot zyx

CCCC
Ö-Ö-Ö-= 222 ʛʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʦʪʦʨ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʨʘʚʝʥ 

ʢʦʣʣʠʥʝʘʨʝʥ ʚʝʢʪʦʨʫ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʪʚʝʨʜʦʝ ʪʝʣʦ, ʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʨʘʚʝʥ ʚʝʣʠʯʠʥʝ ʫʜʚʦʝʥʥʦʡ ʩʠʣʳ. 
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ʈʠʩʫʥʦʢ 5 

 

ʇʨʠʤʝʨ ˉ 5: ʆʧʨʝʜʝʣʠʪʴ ʨʦʪʦʨ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʥʥʦʛʦ ʥʝʧʦʜʚʠʞʥʳʤ ʪʦʯʝʯʥʳʤ 

ʟʘʨʷʜʦʤ [1, 2, 3]. 

ʈʝʰʝʥʠʝ: ʚʦʟʴʤʝʤ ʪʦʯʝʯʥʳʡ ʟʘʨʜʷ q+  ʩ ʮʝʥʪʨʦʤ ʥʘ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʚ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ ),,( zyxM , ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r  ʦʪ ʜʘʥʥʦʛʦ ʟʘʨʷʜʘ: 
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ɿʜʝʩʴ: ]/[109, 229222 êãìÍkzyxr ÖÖ=++=  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ. 

 

    
 

ʈʠʩʫʥʦʢ 6 
 

ʇʨʦʝʢʮʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʦʩʠ: 
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ʥʘʭʦʜʠʤ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʥʢʮʠʡ RQP ,, : 
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ʊʝʧʝʨʴ ʥʘʭʦʜʠʤ ʨʦʪʦʨ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

 

0=Öö
ö

÷

õ

æ
æ

ç

å

µ

µ
-

µ

µ
+Öö

÷

õ
æ
ç

å

µ

µ
-

µ

µ
+Öö

ö

÷

õ

æ
æ

ç

å

µ

µ
-

µ

µ
=

µ

µ

µ

µ

µ

µ
=Ð= k

y

E

x

E
j

x

E

z

E
i

z

E

y

E

EEE

zyx

kji

ExErot xyzxyz

zyx

CCC

CCC

CCC  

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʦʪʦʨ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʨʘʚʝʥ ʥʫʣʶ. ʇʦʪʦʤʫ ʯʪʦ ʟʥʘʯʝʥʠʝ ʵʣʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʚ ʥʝʢʦʪʦʨʦʡ ʝʛʦ ʪʦʯʢʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʥʝ ʤʝʥʷʝʪʩʷ, ʘ ʨʦʪʦʨ ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʢʪʦʨʘ ʨʘʚʝʥ 

ʥʫʣʶ. 

ʇʨʠʤʝʨ ˉ 6: ʆʧʨʝʜʝʣʠʪʴ ʨʦʪʦʨ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʨʦʚʦʜʥʠʢʦʤ ʩ ʪʦʢʦʤ. 

ʈʝʰʝʥʠʝ: ʜʣʷ ʧʨʦʩʪʦʪʳ ʧʨʦʚʦʜʥʠʢ ʩ ʪʦʢʦʤ ʫʩʪʘʥʦʚʠʤ ʪʘʢ, ʯʪʦʙʳ ʦʥ ʩʦʚʧʘʜʘʣ ʩ ʦʩʴʶ Oz. ɺʝʢʪʦʨ 

ʠʥʜʫʢʮʠʠ ʧʦʣʷ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ ),,( zyxM , ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 22 yxd +=  ʦʪ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʟʘʢʦʥʫ ɹʠʦ-ʉʘʚʘʨʘ-ʃʘʧʣʘʩʘ 
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m  [3, 4, 9].  
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ʈʠʩʫʥʦʢ 7 

 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ kBjBiBB zyx

CCCC
Ö+Ö+Ö=  ʦʧʨʝʜʝʣʠʤ ʨʦʪʦʨ ʜʘʥʥʦʛʦ ʧʦʣʷ. 
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ʇʨʦʝʢʮʠʠ ʨʦʪʦʨʘ ʧʦʣʷ: 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʦʪʦʨ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʨʦʚʦʜʥʠʢʦʤ ʩ ʪʦʢʦʤ ʙʫʜʝʪ ʨʘʚʝʥ 0=Brot
C

. 

ʊʘʢʞʝ ʩʪʦʠʪ ʥʘʧʦʤʥʠʪʴ, ʯʪʦ ʨʦʪʦʨ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʟʘ ʧʨʝʜʝʣʘʤʠ ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʤ ʨʘʚʝʥ 

ʥʫʣʶ, ʘ ʚʥʫʪʨʠ ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʦʤ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʫʣʷ, ʪ.ʝ. ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. 

ʇʨʠʤʝʨ ˉ 7: ʏʝʤʫ ʨʘʚʥʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʦʪʦʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʦʤ? 

ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʦʤ ʨʘʚʥʦ ,1 2ììS=  ʘ ʩʠʣʘ ʪʦʢʘ, ʧʨʦʪʝʢʘʶ˄ʝʛʦ ʯʝʨʝʟ ʧʨʦʚʦʜʥʠʢ ʨʘʚʥʘ 

AI 1= , ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ÀìÒë /104 7

0

-Ö=pm .  

ʈʝʰʝʥʠʝ: ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʠʤ ʨʘʙʦʪʫ (ʮʠʨʢʫʣʷʮʠʶ) ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʟʘʤʢʥʫʪʦʡ ʪʨʘʝʢʪʦʨʠʠ 

(ʢʦʥʪʫʨʫ), ʦʭʚʘʪʠʚʰʝʡ ʧʨʦʚʦʜʥʠʢ. ʅʘʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʮʠʨʢʫʣʷʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤץ 

ʪʨʘʝʢʪʦʨʠʠ, ʘ ʟʘʚʠʩʠʪ ʦʪ ʩʠʣץ ʪʦʢʘ, ʧʨʦʭʦʜʠʚʰʝʛʦ ʚʥʫʪʨʠ ʜʘʥʥʦʡ ʟʘʤʢʥʫʪʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʪ.ʝ. 

IdBÖB 0m=Ö=ñ ?
CC

 [2, 3, 4, 10]. ʇʦʵʪʦʤʫ  ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʦʪʦʨʘ ʚʥʫʪʨʠ ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʦʤ ʤʦʞʥʦ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʦʪʦʨ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʷʚʣʷʷʩʴ ʚʝʠʯʠʥʦʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʝ, 

ʧʦʢʘʟʳʚʘʝʪ ʢʘʢ ʚʝʢʪʦʨʥʘʷ ʚʝʣʠʯʠʥʘ ʩʪʨʝʤʠʪʝʣʴʥʦ ʚʨʘʱʘʷʩʴ ʚʦʢʨʫʛ ʥʝʢʦʪʦʨʦʡ ʦʩʠ ʠʣʠ ʪʦʯʢʠ, ʩʦʟʜʘʸʪ ʚʠʭʨʝʚʦʝ 

ʧʦʣʝ [2, 9, 10]. ʇʨʠ ʦʙʲʷʩʥʝʥʠʠ ʩʪʫʜʝʥʪʘʤ ʪʝʤʳ ʨʦʪʦʨʘ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʨʝʢʦʤʝʥʜʫʶ ʩʥʘʯʘʣʘ ʛʣʫʙʦʢʦ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʝʛʦ ʚ ʦʙʱʝʤ ʚʠʜʝ ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʧʨʠʤʝʥʷʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʪʘʢʞʝ ʢ 

ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʧʦ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʛʣʫʙʦʢʠʝ ʥʘʚʳʢʠ ʠ ʫʤʝʥʠʷ ʨʘʙʦʪʳ ʩ ʨʦʪʦʨʦʤ.  
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TEACHING THE ROTATION OF VECTOR FIELD USING DIFFERENT PHYSICO -

MATHEMATICAL PROBLEMS  
 

M.B. Dusmuratov, Senior Researcher-Degree-Seeking Student 

Nizami Tashkent State Pedagogical University, Uzbekistan 

 

Abstract. The issues of teaching a vector field and its rotation are considered in the article; the properties and 

physical content of the rotation of vector field are revealed. This concept is mathematically analyzed, and the solution 

to different physical and mathematical problems with its application is provided. 

Keywords: rotation, vector fields, problem, technique, formation. 
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ʋɼʂ 517.956.3 

 

ʅʆɺʓʁ ʄɽʊʆɼ ʅɸʍʆɾɼɽʅʀʗ ʏɸʉʊʀʏʅʆʁ ʉʋʄʄʓ ʉʊɽʇɽʅɽʁ 

ʅɸʊʋʈɸʃʔʅʓʍ ʏʀʉɽʃ 
 

 
ʃ.ʂ. ɼʶʩʝʤʙʘʝʚʘ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʂʘʟʘʭʩʢʠʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ. ʉʝʡʬʫʣʣʠʥʘ (ɸʩʪʘʥʘ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʙʣʝʤʘ, ʟʘʪʨʦʥʫʪʘʷ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʘʚʥʝʡ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʝʱʝ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʚʦʩʝʤʥʘʜʮʘʪʦʛʦ ʚʝʢʘ ɼ. ɹʝʨʥʫʣʣʠ ʧʨʝʜʣʦʞʠʣ ʠʩʢʘʪʴ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʢʦʣʝ-

ʙʘʥʠʡ ʩʪʨʫʥʳ ʩ ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʢʦʥʮʘʤʠ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ ʬʫʥʢʮʠʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʣʠʙʦ 

ʪʦʣʴʢʦ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʭ (ʩʪʨʫʥʘ ʥʘʪʷʥʫʪʘ ʚʜʦʣʴ ʦʩʠ ʍ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʭ = 0 ʠ ʭ = l), 

ʣʠʙʦ ʪʦʣʴʢʦ ʦʪ ʚʨʝʤʝʥʠ t ( )¤+àà¤- t . ɼʦ ʩʠʭ ʧʦʨ ʚ ʫʯʝʙʥʳʭ ʤʦʥʦʛʨʘʬʠʷʭ ʧʦ ʫʨʘʚʥʝʥʠʷʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʬʠʟʠʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʢʠʝ-ʣʠʙʦ ʧʨʷʤʳʝ ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʰʝ ʧʨʠʚʝʜʝʥʥʦʡ ʛʠʧʦʪʝʟʳ ɼ. ɹʝʨʥʫʣʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʣʝʙʘʥʠʝ ʩʪʨʫʥʳ, ʬʫʥʢʮʠʷ, ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ, ʩʠʩʪʝʤʘ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ. 

 

Ä1. Introduction 

The purpose of studying of the higher mathematics students, future teachers of physics, from our point of view, 

consists in development of the main concepts by them, ideas and mathematics methods, and without excessive deepen-

ing in logically grounded aspect, and their practical use when studying a course of physics.  

Within any "program" section of the higher mathematics for physicists-teachers there are the methodical ques-

tions needing special study, on purpose to clear their essence and to make their pains available to physicists. 

So, for example, in a course of the mathematical analysis even before subject studying çA certain integralè 

would be desirable to acquaint students with çthe final sums of degrees of natural numbersè, at least in the most general 

view and to give their analytical expressions.  

The last could be used, for example, at calculation of a certain integral from sedate functions when the purpose 

to define integral as a sum limit is set.  

Such approach will allow to open more visually geometrical structure of a certain integral and, thereby, to lay 

it in consciousness of trainees more accurately.  

Possibility of wider use in educational process of the sum of degrees of natural numbers is limited however to 

that in training courses of the mathematical analysis is given to this question unfairly it is not enough attention: it re-

mains almost not developed. Even in such solid çA course of the higher mathematicsè Smirnova V.I. ([1], p. 207-208) 

is considered a case of calculation of the sum of degrees not above the second order, and this process is carried out ra-

ther at art level, than mathematically consistently. 

The analytical type of these sums nevertheless exists in literature, but they can be found only in especially spe-

cial editions (see, e.g., [2], p. 935 and [3], p. 15-16). The last however are almost inaccessible to students, as technically 

(they aren't calculated on "consumer goods"), and in theoretical (the relevant information is given without a conclusion 

and besides, contains [3] special functions of type gamma and dzeta-functions, about which at first-year students, natu-

rally, isn't present what representations).  

In this work attempt in a new way is undertaken to approach to a question of calculation of the partial sums of 

degrees of natural numbers. The offered method is based on one simple idea ï representation of the partial sum of de-

grees of natural numbers in the form of a certain integral from a multinomial of the same degree, as the corresponding 

degree under the sum. Calculations are carried out to the third degree inclusive (but the method is applicable in princi-

ple for summation of any degrees of natural numbers), and all of them coincide with known [3]. It is essential that here 

for search of uncertain factors of a multinomial there is need to be beyond studied equalityISn = , where I ï a certain 

integral from a multinomial nS  ï the partial sum. 

Ä2. Essence of a method 

On a simple example of calculation of the partial sum of the first degree of natural numbers 
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we will try to illustrate the essential moments of a method offered by us.   

                                                           
É ɼʶʩʝʤʙʘʝʚʘ ʃ.ʂ. / Dyusembaeva L.K., 2014 
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It, first, use possibility here the defined integral. Secondly, establishment of limits of integral. Thirdly, identifi-

cation of the general structure of sub integral function.   

So, we will make the following obvious transformation: 
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The right part of a ratio (2) geometrically represents the total area of n of rectangles with heights 
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and bases, respectively, 
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Let's pay attention to that here: n number geometrically characterizes quantity of rectangles, and n+1 ï there is 

the top border of a variable to k.  

 Let values of a variable to be postponed on a horizontal axis X, and values of size f (k) ï on a vertical axis Y.  

Let's carry out on the XOY plane from a point (0; 0) direct f (k) = k to which will pass through the top left tops 

of all of n of rectangles.  

Then the area of these n of rectangles
nS , will be equal to the following difference: 

 

                                                                                 nʊʈʊʈ SS =-s ,                                                                            (5) 

 

where ï n there is an area of a rectangular triangle with legs of a triangle and, i.e. 
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The size ʊʈs  is the total area of all small identical rectangular triangles which number is equal to 

1+=D nʭ  and 1+=D nʫ ,, with legs of a triangle: 
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So, taking into account (6) and (8) the required area will be equal: 
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On the other hand, the area of a big rectangular, nS , triangle can be presented as well in the form of a certain 

integral from k = 0 to k = to n+1 of function f (k) where k ï will be considered now as a continuous variable: 
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Respectively, the area of all small triangles it is representable in a look 
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Substituting (10) and (11) in a ratio (5), we will receive: 
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Apparently from (12), the bottom limit of integral on unit less bottom limit of the sum, and the top limit ï on 

unit more top limit of the sum: 

 

                                                                         

ñä
+

=



1

01

,

nn

k

dk  [ ].1,0 +Í nk
                                                                  (13)

 

 

Let's make in the right part (12) obvious transformation in a look 
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and taking into account the last we will write down (12) in shape 
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Let's pay special attention to the following circumstance. Sub integral function in (15) contains, first, the same 

degree, as the sum, and, secondly, one more member ï the degree, which order on unit below, than a degree order under 

the sum, and this degree is increased by a constant, and in this case on ).
2

1
(   

Having considered this method summation of the subsequent degrees (q = 2, 3 é), we can notice certain regu-

larity in structure of sub integral expression which we will generalize on a case of any value q: 
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where q = 1,2,3, é 
ia  ï any factors of a sub integral multinomial which it is required to define.  

The important party of this method is that these factors are defined from the ratio (16).  

So if is available only 1ʘ (q = 1 case), for its definition it is enough to put in (16). If is available two (2=q ) 

factor 1ʘand 2ʘ , in (16) it is necessary to put consistently: 1=n  and 2=n . The system of two equations of type 

thus turns out:
                            

 

                                                                                                                (17) 

 

(where ia  ï known material numbers), from where can be defined unknown 1ʘ and 2ʘ , etc.  

Ä3. Examples of calculation of the sum of degrees 

1. Above we considered a case of calculation of the sum of the first (q = 1) degrees and found that 
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2. Let's consider now a case with q = 2. Then according to a ratio (16) we will have: 

                                                                   

.)(

1

0

21

2

1

2 dkakakk

nn

k

Ö++=ñä
+

=                                                             (19)

 

 

Having carried out here integration, we will receive: 
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Let's define unknown factors 1ʘand 2ʘ . For this purpose in (20) consistently believing n = 1 and n = 2, we 

will come to the following system of the equations: 
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Resolving this system, we will receive: 
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The found factors and substituting 1ʘin 2ʘ(20), we will come to the following ratio: 
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 Q case = 3. 
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Here we have the following system of the equations: 

 

                                                                                                                (25) 

 

Resolving this system of the equations, we will receive that 

 

                                                                    ,
2

3
1 -=a   ,

2

1
2 =a  03 =a .                                                              (26) 

 

Substituting these values of factors in (24) and then having carried out elementary transformations in it, we 

will fi nd that 
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Similarly it is possible to find an analytical type of the sums of degrees of natural numbers for q cases = 4, 5, 6  

To have possibility to compare the results received above with known, we will write out the last [3]: 
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Here factors 
mB2

 ï it is Bernoulliôs [3] so-called numbers which are in turn calculated by means of special 

things ï gamma functions (ɻ (n)) and Rymanôs dzeta-functions [3]. 

It is easy to see that our results presented in the form of ratios (18), (22) and (27), in accuracy coincide with 

(28) for consistently taken q = 1, 2, 3. 

To deal with the sums of return degrees of natural numbers, the technique of calculation should be changed a 

little. 

So, if for finding of the sum of positive degrees of natural numbers, F (n), we decomposed it in a row on cer-

tain integrals from sedate functions ,( qx =aa   )0;0,...1 ²- aq , in a return case, i.e. when finding the sum of a 

look 
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we meet, as a rule, decomposition of other sort, namely, with decomposition in a row Fourier of some function 

Q (x) which generally is piecewise and smooth. 

It is considered that it is defined on any segment [ ]??,- , where can have final number of points of a gap, 

maxima and minima, and absolutely integrated on this segment (it is a question of decomposition of F (x) in those 

points of a segment where it has final derivatives). 

Therefore, this "case" can be considered in a training course of the analysis after Fourier's ranks. 
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THE NEW METHOD OF FINDING THE PARTIAL SUM OF POWERS OF NATURAL NUMBERS  
 

L.K.  Dyusembaeva, Senior Teacher 

S. Seifullin Kazakh Agro Technical University (Astana), Kazakhstan 

 

Abstract. The challenge under consideration in this article is rather old. Really in the first half of the eight-

eenth century D. Bernoulli suggested to seek the specific solution of the oscillation equation of a string with the fixed 

end points in the form of two product functions, which each depends on either a spatial variable x (the string is drawn 

along an axis X between points ʭ = 0 and ʭ = l), or only time t ( )¤+àà¤- t . Still there are no direct rationales for 

the above-mentioned D. Bernoulli hypothesis in educational monographs on the equations of mathematical physics. 

Keywords: string oscillation, function, equilibrium, system, differential equation. 
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ʆɹʆɹʑɽʅʀʗ ʇʆʃʀʅʆʄʆɺ ɹɽʈʅʐʊɽʁʅɸ ɺ ɿɸɼɸʏɸʍ  

ʄʅʆɻʆʂʈʀʊɽʈʀɸʃʔʅʆʁ ʆʇʊʀʄʀɿɸʎʀʀ 
 

 
ɺ.ɺ. ɿʘʭʘʨʦʚ

1
, ɸ.ʄ. ʂʨʘʚʮʦʚ

2
, ʉ.ɸ. ʇʨʠʡʤʝʥʢʦ

3
 

1, 2
 ʂʘʬʝʜʨʘ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʉʪʘʚʨʦʧʦʣʴ), 
3 
ɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʢʨʘʠʥʘ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘ-

ʮʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʮʝʣʝʚʳʭ ʬʫʥʢʮʠʡ ʠ ʬʫʥʢʮʠʡ ʦʛʨʘʥʠʯʝʥʠʡ ʬʫʥʢʮʠʡ ʬʫʥʢʮʠʷʤʠ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʚʠʜʘ ï ʢʦʥʪʠʥʫʘʣʴʥʳʤʠ ʧʨʝʜʠʢʘʪʘʤʠ. ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʩʪʨʦʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʬʫʥʢʮʠʡ ʦʙʦʙ-

ʱʝʥʠʷʤʠ ʧʦʣʠʥʦʤʦʚ ɹʝʨʥʰʪʝʡʥʘ. ʂʦʤʧʴʶʪʝʨʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʧʘʨʘʣ-

ʣʝʣʴʥʳʭ ʠ ʚʝʢʪʦʨʥʳʭ ʚʳʯʠʩʣʝʥʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʥʦʤʳ ɹʝʨʥʰʪʝʡʥʘ, ʘʣʛʦʨʠʪʤʳ ʦʧʪʠʤʠʟʘʮʠʠ, ʧʘʨʘʣʣʝʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. 

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʢʘʯʝʩʪʚʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʪʨʝʙʫʶʪ ʦʧʪʠʤʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʘʨʘʤʝʪʨʦʚ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. ʎʝʣʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʛʫʪ ʚʭʦʜʠʪʴ 

ʚ ʧʨʦʪʠʚʦʨʝʯʠʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʨʝʘʣʴʥʦʡ ʠ ʚ ʪʦʞʝ ʚʨʝʤʷ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʦʧʪʠ-

ʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ï ʟʘʜʘʯʝ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʉʫʱʝʩʪʚʫʝʪ ʮʝʣʳʡ ʨʷʜ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ 

ʪʘʢʦʛʦ ʨʦʜʘ ʟʘʜʘʯ [1].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʮʝʣʝʚʳʭ ʬʫʥʢʮʠʡ ʠ ʬʫʥʢʮʠʡ ʦʛʨʘʥʠʯʝʥʠʡ ʬʫʥʢʮʠʡ ʬʫʥʢʮʠʷʤʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʠʜʘ ï ʢʦʥʪʠ-

ʥʫʘʣʴʥʳʤʠ ʧʨʝʜʠʢʘʪʘʤʠ. ʕʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʩʪʨʦʝʥʳ ʥʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʬʫʥʢʮʠʡ ʦʙʦʙʱʝʥʠʷʤʠ ʧʦʣʠʥʦʤʦʚ 

ɹʝʨʥʰʪʝʡʥʘ (ʆʇɹ) [2]. 

ʆʇɹ ʚʚʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʈʘʩʩʤʦʪʨʠʤ ʦʙʣʘʩʪʴ ɋ ʚ n ï ʤʝʨʥʦʤ ʝʚʢʣʠʜʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ E
n
, 

ʠʤʝʶʱʫʶ ʚʠʜ ʚʳʧʫʢʣʦʛʦ ʤʥʦʛʦʛʨʘʥʥʠʢʘ c ʚʝʨʰʠʥʘʤʠ {Ak}
M

k = 1, ʚʝʨʰʠʥʘʤ ʤʥʦʛʦʛʨʘʥʥʠʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʘʢ-

ʪʦʨʳ ʟʘʜʘʯʠ, ʢʘʞʜʳʡ ʠʟ ʬʘʢʪʦʨʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʩʦʤ ɚk ʩʦ ʟʥʘʯʝʥʠʝʤ ʠʟ ʠʥʪʝʨʚʘʣʘ [0, 1]. ɺʟʘʠʤʥʦʝ ʨʘʩʧʦ-

ʣʦʞʝʥʠʝ ʚʝʨʰʠʥ ʠ ʨʘʟʤʝʨʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʬʘʢʪʦʨʦʚ. ʊʦʯʢʠ ʤʥʦʛʦʛʨʘʥʥʠʢʘ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳʧʫʢʣʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʝʛʦ ʚʝʨʰʠʥ  

 

                                                                    P = ɚ1 A1+ ɚ2 A1+é+ɚM AM.                                                               (1) 

 

ɿʜʝʩʴ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʝʢʪʦʨʥʘʷ ʟʘʧʠʩʴ, ʪʦʯʢʘ P ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʪʳ (x1,x2, é, xn), Ak ʟʘʜʘʥʳ ʩʚʦʠʤʠ ʢʦ-

ʦʨʜʠʥʘʪʘʤʠ (ɝ1k, ɝ2k, é,ɝnk). ʂʦʵʬʬʠʮʠʝʥʪʳ ɚk ʚʳʧʫʢʣʦʡ ʢʦʤʙʠʥʘʮʠʠ (1) ʥʝʦʪʨʠʮʘʪʝʣʴʥʳ, ʠ ʠʭ ʩʫʤʤʘ ʨʘʚʥʘ 
ʝʜʠʥʠʮʝ. 

ɽʩʣʠ ʜʣʷ ʦʙʣʘʩʪʠ ɋ ʟʘʜʘʥ ʥʘʙʦʨ ɚ, ʪʦ ʤʦʞʥʦ ʜʣʷ ʢʘʞʜʦʡ ʥʝʧʨʝʨʳʚʥʦʡ ʥʘ ɋ ʬʫʥʢʮʠʠ ʧʦʩʪʨʦʠʪʴ ʦʙʦʙ-

ʱʝʥʠʝ ʧʦʣʠʥʦʤʘ ɹʝʨʥʱʪʝʡʥʘ ʩʪʝʧʝʥʠ N. ʕʣʝʤʝʥʪʘʨʥʳʝ ʬʫʥʢʮʠʠ ɹʝʨʥʰʪʝʡʥʘ ʩʪʝʧʝʥʠ N ʤʫʣʴʪʠʠʥʜʝʢʩʘ k = 

(k1,k2,é,kM) ʦʧʨʝʜʝʣʠʤ ʪʘʢ 

 

                              Bk
(N)

(x) = N! ɚ1
k
1/k1! ɚ2

k
2/k2! é ɚM

k
M/kM!, k1+k2+é+kM = N, ʛʜʝ x ʪʦʯʢʘ ɋ.                       (2) 

 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʙʫʜʝʤ ʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʣʠʥʦʤʘ (2) ʢʨʘʪʢʦʡ ʟʘʧʠʩʴʶ ɓ(N, k) ɚ
k
, ʧʦʜʨʘʟʫʤʝʚʘʷ ʧʦʜ k ï 

ʤʫʣʴʪʠʠʥʜʝʢʩ (k1,k2,é,kM), ʙʠʥʦʤʠʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ɓ(N, k) ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ ɓ(N, k) = 

N! /(k1! k2! é kM!), ʘ ʩʪʝʧʝʥʠ ɚ
k
 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʠʟʚʝʜʝʥʠʝ ʩʪʝʧʝʥʝʡ ɚ

k
  =  ɚ1

k
1 ɚ2

k
2 é ɚM

k
M. 

ʆʙʦʙʱʝʥʠʝʤ ʧʦʣʠʥʦʤʘ ɹʝʨʥʰʪʝʡʥʘ fN(x) ʩʪʝʧʝʥʠ N ʜʣʷ ɋ ʥʝʧʨʝʨʳʚʥʦʡ ʬʫʥʢʮʠʠ f(x), ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ 

ʬʦʨʤʘʣʴʥʫʶ ʩʫʤʤʫ 

 

                                                                     fN(x) = × f(xk) ɓ(N, k) ɚ
k
.                                                                    (3) 

 

ɿʜʝʩʴ ʩʫʤʤʠʨʦʚʘʥʠʝ ʚʝʜʝʪʩʷ ʧʦ ʚʩʝʤ ʟʥʘʯʝʥʠʷʤ ʤʫʣʴʪʠʠʥʜʝʢʩʘ k ʪʘʢʠʤ, ʯʪʦ k1+k2+é+kM = N. ʋʟʣʳ 

xk ï ʪʦʯʢʠ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʡ ɓ(N, k) ɚ
k
. 

ʀʩʭʦʜʥʘʷ ʟʘʜʘʯʘ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠʤʝʝʪ ʚʠʜ 

 

                                                                              min(F(P)),                                                                                   (4) 

 

gi(P) = 0, I = 1,2,...,L. 
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ɿʜʝʩʴ F(P)=(F1(P), F2(P),..., Fm(P)) ʚʝʢʪʦʨ ʮʝʣʝʚʳʭ ʬʫʥʢʮʠʡ, ʘ gi(P) ï ʦʛʨʘʥʠʯʝʥʠʷ, P ï ʪʦʯʢʘ ʚ n-

ʤʝʨʥʦʤ ʝʚʢʣʠʜʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ E
n
 . ɹʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʱʥʦʩʪʠ, ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ P ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʪʦʯʢʦʡ ʥʝʢʦʪʦʨʦʛʦ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʳʧʫʢʣʦʛʦ ʤʥʦʞʝʩʪʚʘ ɋ. 

ʇʨʝʜʩʪʘʚʠʤ ʩʦʦʪʥʦʰʝʥʠʷ ʚ (4) ʠʭ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʦʡ ʧʦʨʷʜʢʘ N. ʅʦʨʤʘʣʴʥʦʡ ʬʦʨʤʦʡ ʦʛʨʘʥʠʯʝʥʠʡ 

gi(P) ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʣʝʚʦʡ ʯʘʩʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʆʇɹ ʧʦʨʷʜʢʘ N, ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʚ ʢʦʪʦʨʦʛʦ ʣʝʞʘʪ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ 1, ʘ ʧʨʘʚʘʷ ʯʘʩʪʴ ʨʘʚʥʘ 1 

 

                                                              ×aik ɓ(N, k) ɚ
k
  =  1, I = 1, 2, ..., L.                                                          (5) 

 

ʅʦʨʤʘʣʴʥʦʡ ʬʦʨʤʦʡ Fp(P) ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʠʭ ʧʨʠʙʣʠʞʝʥʠʝ ʆʇɹ ʧʦʨʷʜʢʘ N ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʚ, ʢʦʪʦʨʦʛʦ ʣʝʞʘʪ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ 1: 

 

                                                          Fp(P) = ×bik ɓ(N, k) ɚ
k
 , I = 1, 2, ..., m.                                                       (6) 

 

ɺʳʨʘʞʝʥʠʷ (5), (6) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʨʘʤʢʘʭ ʢʦʥʪʠʥʫʘʣʴʥʦʡ ʣʦʛʠʢʦ-ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

(ʃɸ) [3, 4] ʢʘʢ ʣʦʛʠʯʝʩʢʠʝ ʚʳʩʢʘʟʳʚʘʥʠʷ ʠʣʠ ʧʨʝʜʠʢʘʪʳ. ʉʦʦʪʥʦʰʝʥʠʷ (6) ʠʤʝʶʪ ʩʤʳʩʣ ʬʫʥʢʮʠʡ, ʦʧʨʝʜʝʣʷʶ-

ʱʠʭ ʤʝʨʫ ʚʳʧʦʣʥʝʥʠʷ ʢʨʠʪʝʨʠʷ ʩ ʥʦʤʝʨʦʤ p. 

ʇʦʩʢʦʣʴʢʫ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʢʘʞʜʦʤʫ ʠʟ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ (5), ʪʦ 

ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʦ ʩʣʦʞʥʦʝ ʚʳʩʢʘʟʳʚʘʥʠʝ  

 

                              (×a1k ɓ(N, k) ɚ
k
  =  1) &(×a2k ɓ(N, k) ɚ

k
  =  1)& ... &(×amk ɓ(N, k) ɚ

k
 = 1) = 1                  (7) 

 

ʋʧʨʦʩʪʠʤ ʚʳʨʘʞʝʥʠʝ (7), ʠʩʧʦʣʴʟʫʷ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʝʨʘʮʠʠ &: x & y = min(x,y). 

ʇʦʣʫʯʠʤ 

 

                                                                         ×ak ɓ(N, k) ɚ
k
  =  1,                                                                        (8) 

 

ʛʜʝ ak = min(aik).  

ʋʨʘʚʥʝʥʠʝ (8) ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʜʦ ʧʦʨʷʜʢʘ N ʫʨʘʚʥʝʥʠʝʤ ʦʙʣʘʩʪʠ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ɋN ʠʟ ɋ. 
ʇʦʜʦʙʥʳʤ ʞʝ ʦʙʨʘʟʦʤ, ʧʦʜʚʝʨʛʥʝʤ ʩʚʝʨʪʢʝ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʜʦ ʧʦʨʷʜʢʘ N ʮʝʣʝʚʳʝ ʬʫʥʢʮʠʠ ʚ (6) 

 

                                                                    F
(N)

(P) = ×bk ɓ(N, k) ɚ
k
 ,                                                                     (9) 

 

ʛʜʝ bk = min(bik).  

ʉʫʞʝʥʠʝʤ ʬʫʥʢʮʠʠ F
(N)

(P) ʥʘ ʤʥʦʞʝʩʪʚʦ ɋN ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʬʫʥʢʮʠʶ, ʦʧʨʝʜʝʣʝʥʥʫʶ ʥʘ ɋN ʩʣʝʜʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ 

 

                                                                F
(N)

ɋN
 (P) = ×ʩk ɓ(N, k) ɚ

k
 ,                                                                  (10) 

 

ʛʜʝ ʩk = min(ak, bk ). 

ʆʧʪʠʤʫʤ F
(N)

ɋN
 (P) ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʥʘ ʦʩʥʦʚʝ ʤʘʞʦʨʘʥʪʥʦʛʦ ʩʚʦʡʩʪʚʘ ʆʇɹ 

 

min(ck ) Ò  F
(N)

 ɋN
 (P)

  
Ò  max(ck ). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʙʣʠʞʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʫʟʝʣ ʆʇɹ xk, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʠʥʠʤʘʣʴ-

ʥʦʤʫ ʟʥʘʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ck ʬʫʥʢʮʠʠ F
(N)

ɋN
(P).  

ʊʦʯʥʦʩʪʴ ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʫʟʣʘʤʠ ʆʇɹ, ʪʦ ʝʩʪʴ ʩʪʝʧʝʥʴʶ N 

ʆʇɹ, ʫʚʝʣʠʯʠʚʘʷ ʩʪʝʧʝʥʴ N, ʧʦʣʫʯʠʤ ʙʦʣʝʝ ʪʦʯʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ. ʉʭʦʜʠʤʦʩʪʴ, ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʧʨʠʙʣʠʞʝʥʠʷ ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʡ ʧʨʠ ʧʦʤʦʱʠ ʆʇɹ.   

ʂʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʦʩʪʨʦʝʥʠʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʥʦ-

ʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠ ʧʦʤʦʱʠ ʆʇɹ ʠ ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʃɸ ï ʚʳʯʠʩʣʝʥʠʡ, ʦʨʠʝʥʪʠʨʦ-

ʚʘʥr ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ.  
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Abstract. The algorithm for approximate solution of the problem of multiobjective optimization based on the pre-

senting objective functions and constraint functions on functions by functions of a special kind ï continual predicates is 

suggested. The presentations are constructed by means of function approximation with generalizations of Bernstein poly-

nomials. The computer implementation of the algorithm is focused on the use of parallel and vector computations. 
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ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʉɹɸʃɸʅʉʀʈʆɺɸʅʅʆʉʊʀ ʂʋʈʉʆɺ ɺɸʃʖʊ 
 

 
ʀ.ɻ. ʂʫʨʤʘʰʝʚ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʉʝʚʝʨʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ʂʦʟʳʙʘʝʚʘ (ʇʝʪʨʦʧʘʚʣʦʚʩʢ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ, ʧʦʟʚʦ-

ʣʷʶʱʠʭ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʧʝʨʘʮʠʠ ʧʦ ʢʫʧʣʠ-ʧʨʦʜʘʞʠ ʚʘʣʶʪ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ, ʦʧʨʝʜʝʣʷʪʴ ʩʧʝʢʫʣʷʪʠʚʥʳʝ ʮʠʢʣʳ, 

ʜʘʚʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʜʣʷ ʙʘʥʢʦʚ 2-ʛʦ ʫʨʦʚʥʷ ʚ ʮʝʣʷʭ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʢʫʨʩʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʢʫʨʩʦʚ ʚʘʣʶʪ ʠ ʧʨʠʥʷʪʠʶ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʝʨʦʧʨʠ-

ʷʪʠʡ ʙʘʥʢʦʚ 2-ʛʦ ʫʨʦʚʥʷ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʧʧʘʨʘʪ ʪʝʦʨʠʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʪʝʦʨʠʠ ʛʨʘʬʦʚ, ʪʝʦʨʠʠ 

ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʦʢʘʟʳʚʘʝʪʩʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴʶ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ ʥʘʫʯʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʘʥʦʚʢʝ ʠ ʨʝʰʝʥʠʠ 

ʨʷʜʘ ʥʦʚʳʭ ʟʘʜʘʯ ʥʘ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʛʨʘʬʘʭ. ʇʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʘʥʢʦʚ ʠ ʜʨʫʛʠʭ ʬʠʥʘʥʩʦʚʳʭ ʫʯʨʝʞʜʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ, ʦʨʛʨʘʬ, ʧʨʠʙʳʣʴʥʳʡ ʢʦʥʪʫʨ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. 

 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʠ ʦʙʨʘʙʦʪʢʦʡ 

ʬʠʥʘʥʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʫʪʠʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʚʝʜʝʥʠʝ 

ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʟ ʯʠʩʣʘ ʥʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʛʨʘʤʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʜʜʝʨʞʠʚʘʶʪ ʦʧʮʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʙʦʨʘ ʧʨʦ-

ʮʝʜʫʨ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʧʦʣʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʪʘʙʣʠʮʘʤʠ ʠ ʥʝʢʦʪʦʨʳʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʩʣʦʞʥʳʭè ʤʝʪʦʜʦʚ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʰʠʨʦʢʠʡ ʢʨʫʛ ʬʘʢʪʦʨʦʚ, ʥʝʦʜʥʦʟʥʘʯʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʬʠʥʘʥʩʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʘʥʢʦʚ-

ʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʫʯʝʩʪʴ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʘʨʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʠʥʪʫʠʪʠʚʥʳʭ ʩʦʦʙ-

ʨʘʞʝʥʠʡ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ, ʤʦʜʝʣʴʥʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ-

ʨʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʦʪʩʝʯʝʥʠʝ ʥʝʵʬʬʝʢʪʠʚʥʳʭ ʠ ʚʳʙʦʨ ʨʘʮʠʦʥʘʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ. 

ʂʫʨʩʳ ʚʘʣʶʪ ʥʘʟʦʚʝʤ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤʠ, ʝʩʣʠ ʠʩʢʣʶʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʫʣʷʪʠʚʥʦʡ 

ʧʨʠʙʳʣʠ ʥʘ ʟʘʤʢʥʫʪʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʦʧʝʨʘʮʠʡ ʦʙʤʝʥʘ ʚʘʣʶʪ. ɺ ʩʣʫʯʘʝ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʚʦʟʥʠʢʘ-

ʝʪ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʦʧʝʨʘʮʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʦʣʫʯʝʥʠʶ ʩʧʝʢʫʣʷʪʠʚʥʦʡ ʧʨʠʙʳʣʠ.  

ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʇʫʩʪʴ n ï ʯʠʩʣʦ ʚʠʜʦʚ ʚʘʣʶʪ. ʂʘʞʜʦʤʫ ʚʠʜʫ ʧʦʩʪʘʚʠʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʝʨʰʠʥʫ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘ-

ʬʘ G = (N, E), N = {1,é,n}. ʂʘʞʜʦʡ ʜʫʛʝ (i, j)ÍE ʧʦʩʪʘʚʠʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ Ŭ(i, j) ï ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʧʝʨʝʚʦʜʘ ʚʘʣʶʪʳ ʚʠʜʘ i ʚ ʚʘʣʶʪʫ ʚʠʜʘ j. ʈʘʟʥʦʩʪʴ ʚ ʢʫʨʩʘʭ ʧʦʢʫʧʢʠ ʠ ʧʨʦʜʘʞʠ ʫʯʠʪʳʚʘʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦʤ 

a(i, j)ÖŬ(j, i)<1, i Í j (ʢʦʤʠʩʩʠʦʥʥʳʝ ʩʙʦʨʳ). ɹʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʛʨʘʬ G ʩʦʜʝʨʞʠʪ ʚʩʝ ʜʫʛʠ, ʘ ʪʘʢʞʝ ʧʝʪʣʠ, 

ʪʦ ʝʩʪʴ (i, i)ÍE, ʧʨʠ ʵʪʦʤ  Ŭ(i, i) = 1 , i = 1,é, n. ʂʦʥʪʫʨ K = ))i  ,i (   ,...  ),i  ,i ( ),i  ,i (( p 13221
 ʦʧʨʝʜʝʣʷʝʪ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʧʦ ʢʫʧʣʝ (ʦʙʤʝʥʫ) ʚʘʣʶʪ. ʆʙʦʟʥʘʯʠʤ: | K | = p ï ʯʠʩʣʦ ʜʫʛ ʚ ʢʦʥʪʫʨʝ;  
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ʂʦʥʪʫʨ K ʥʘʟʦʚʸʤ ʧʨʠʙʳʣʴʥʳʤ, ʝʩʣʠ Ŭ(K)>1. ʇʨʠʙʳʣʴʥʳʡ ʢʦʥʪʫʨ ʦʧʨʝʜʝʣʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝ-

ʨʘʮʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʩʧʝʢʫʣʷʪʠʚʥʦʡ ʧʨʠʙʳʣʠ.  

ɻʨʘʬ G ʥʘʟʦʚʸʤ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ, ʝʩʣʠ ʚ ʥʸʤ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʧʨʠʙʳʣʴʥʳʭ ʢʦʥʪʫʨʦʚ. ʉʙʘʣʘʥʩʠʨʦʚʘʥ-

ʥʳʡ ʛʨʘʬ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʤʫ ʢʫʨʩʫ ʚʘʣʶʪ.  

ɿʘʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ K ï ʧʨʠʙʳʣʴʥʳʡ ʢʦʥʪʫʨ, ʪʦ |K| Ó 3.  

ʈʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʧʨʠʩʫʱʘ ʚʘʞʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ. ʕʪʦ ʢʦʥʪʫʨ ʚ ʬʦʨʤʠʨʫʝʤʦʤ ʦʨʛʨʘʬʝ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʆʙʨʘʪʥʘʷ ʩʚʷʟʴ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʣʶʙʦʡ ʩʣʦʞʥʦʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɽʩʪʴ ʢʦʥʪʫʨʳ, ʢʦʪʦʨʳʝ ʫʩʠʣʠʚʘʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʦʪʢʣʦʥʝʥʠʶ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʊʘʢʠʝ ʢʦʥʪʫʨʳ ʥʘʟʳʚʘʶʪ ʢʦʥʪʫʨʘʤʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʂʦʥʪʫʨʳ, ʢʦʪʦʨʳʝ ʧʦʜʘʚʣʷʶʪ ʪʝʥʜʝʥʮʠʶ 

ʢ ʦʪʢʣʦʥʝʥʠʶ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʥʘʟʳʚʘʶʪ ʢʦʥʪʫʨʘʤʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

ʂʦʥʪʫʨ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʢʦʥʪʫʨʦʤ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʝʩʣʠ ʩʦʜʝʨʞʠʪ ʯʝʪʥʦʝ ʯʠʩʣʦ ʜʫʛ ʩʦ 

ʟʥʘʢʦʤ ʤʠʥʫʩ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʦʥ ʷʚʣʷʝʪʩʷ ʢʦʥʪʫʨʦʤ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

ʅʘʣʠʯʠʝ ʚ ʤʦʜʝʣʠ ʤʥʦʛʠʭ ʢʦʥʪʫʨʦʚ, ʫʩʠʣʠʚʘʶʱʠʭ ʦʪʢʣʦʥʝʥʠʝ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʥʘʣʠʯʠʝ ʤʥʦʛʠʭ ʢʦʥʪʫʨʦʚ, ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʠʭ ʦʪʢʣʦʥʝʥʠʶ, ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʜʨʫʛʦʛʦ ʨʦʜʘ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʬʦʨʤʝ ʢʦʣʝʙʘʥʠʡ ʩ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʘʤʧʣʠʪʫʜʦʡ. ɽʩʣʠ ʢʦʣʝʙʘʥʠʷ ʧʦʢʘʟʘ-
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ʪʝʣʝʡ ʟʘʪʫʭʘʶʪ, ʠ ʩʠʩʪʝʤʘ ʧʨʠʭʦʜʠʪ ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʨʦʚʥʝʤ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʪʦ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʩʪʦʡʯʠʚʘ. 

ʇʦʩʪʘʥʦʚʢʘ ʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʢʫʨʩʦʚ ʚʘʣʶʪ 

ɿʘʜʘʯʫ ʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʢʫʨʩʦʚ ʚʘʣʶʪ ʩʬʦʨʤʫʣʠʨʫʝʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɼʣʷ ʟʘʜʘʥʥʦʛʦ ʛʨʘʬʘ G 

= (N, E) ʠ ʟʘʜʘʥʥʳʭ ʯʠʩʣʘʭ Ŭ(i, j), ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʚʳʰʝ ʫʩʣʦʚʠʷʤ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, 

ʷʚʣʷʝʪʩʷ ʣʠ ʛʨʘʬ G ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ; ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʛʨʘʬ G ʥʝ ʩʙʘʣʘʥʩʠʨʦʚʘʥ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ, ʭʦʪʷ ʙʳ 

ʦʜʠʥ ʧʨʠʙʳʣʴʥʳʡ ʢʦʥʪʫʨ. 

ʆʙʱʘʷ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʯʪʦʙʳ ʥʘʡʪʠ ʚʩʝ ʧʨʠʙʳʣʴʥʳʝ ʢʦʥʪʫʨʳ (ʢʦʥʪʫʨʳ ʜʣʷ ʢʦʪʦʨʦʛʦ a(K)>1) [1]. 

ʆʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʩʚʝʜʝʥʠʝ ʟʘʜʘʯʠ ʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʢʫʨʩʦʚ ʚʘʣʶʪ ʢ ʟʘʜʘʯʝ 

ʦ ʥʘʟʥʘʯʝʥʠʷʭ.  

ɼʣʷ ʵʪʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʚʦʜʘ ʟʘʤʝʥʝʥʳ ʠʭ ʣʦʛʘʨʠʬʤʘʤʠ, ʢʦʪʦʨʳʝ ʥʘʟʚʘʥʳ ʜʣʠʥʘʤʠ (ʠʣʠ ʚʝʩʘʤʠ) 

ʜʫʛ. ʀ ʪʦʛʜʘ ʟʘʜʘʯʘ ʜʘʥʥʘʷ ʩʚʦʜʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʥʪʫʨʦʚ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʜʣʠʥʘʤʠ. ʇʦʣʦʞʠʤ ɓ(i, j) = 

lgŬ(i, j), ɓ(K) = lgŬ(K). ʀʟ (1) ʩʣʝʜʫʝʪ ɓ(K) = b(i1, i2) +é+ b(ip, i1). 
ʂʘʞʜʦʡ ʜʫʛʝ (i, j) ʛʨʘʬʘ G ʧʦʩʪʘʚʠʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʯʠʩʣʦ ɓ(i, j), ʢʦʪʦʨʦʝ ʥʘʟʦʚʝʤ ʜʣʠʥʦʡ ʜʫʛʠ (i, j). 

ʂʦʥʪʫʨ K ʙʫʜʝʪ ʧʨʠʙʳʣʴʥʳʤ, ʝʩʣʠ ʠ ʪʦʣʴʢʦ ʝʩʣʠ ʜʣʠʥʘ ɓ(K) ʵʪʦʛʦ ʢʦʥʪʫʨʘ ʙʫʜʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʯʠʩʣʦʤ. 

ɹʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʠ ʨʝʰʝʥʘ ʙʦʣʝʝ ʧʨʦʩʪʘʷ ʟʘʜʘʯʘ, ʠ ʧʨʠʜʫʤʘʥ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʣʠ 

ʧʨʠʙʳʣʴʥʳʡ ʢʦʥʪʫʨ, ʠʣʠ ʥʝʪ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʝʜʣʦʞʝʥ ʧʨʦʩʪʦʡ ʧʦʣʠʥʦʤʠʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ, ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ ï ʧʨʦʩʪʘʷ ʧʦ-

ʣʠʥʦʤʠʘʣʴʥʘʷ ʟʘʜʘʯʘ. ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʫʨʦʚ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʜʣʠʥʦʡ ʩʬʦʨʤʫʣʠʨʫʝʤ ʩʣʝʜʫʶʱʫʶ ʟʘʜʘʯʫ. 
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ɿʘʜʘʯʘ (2) ï (5) ï ʵʪʦ ʟʘʜʘʯʘ ʦ ʥʘʟʥʘʯʝʥʠʷʭ. ʂʦʤʧʦʥʝʥʪʳ 
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nnnn xxxxx 222=  ʵʪʦʡ ʟʘʜʘʯʠ ʨʘʚʥʳ 0 ʠʣʠ 1. ɺʝʢʪʦʨ x
0
 ʦʧʨʝʜʝʣʷʝʪ ʥʝʢʦʪʦʨʦʝ ʤʥʦʞʝʩʪʚʦ 

{ }rKKK ,,, 21 2  ʧʦʧʘʨʥʦ ʥʝ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʢʦʥʪʫʨʦʚ ʚ ʛʨʘʬʝ G [1]. ʈʘʚʝʥʩʪʚʦ 10 =jix  ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʫʛʘ 

(i, j) ʧʨʠʥʘʜʣʝʞʠʪ ʦʜʥʦʤʫ ʠʟ ʵʪʠʭ ʢʦʥʪʫʨʦʚ. ʃʶʙʘʷ ʚʝʨʰʠʥʘ ʛʨʘʬʘ G ʧʨʠʥʘʜʣʝʞʠʪ ʦʜʥʦʤʫ ʠʟ ʵʪʠʭ ʢʦʥʪʫʨʦʚ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʜʦʢʘʟʘʥʘ ʪʝʦʨʝʤʘ ʦʙ ʫʩʣʦʚʠʷʭ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʠ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʙʳʣʴʥʳʭ ʢʦʥʪʫʨʦʚ (ʧʨʠʚʦʜʠʪʩʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʪʝʦʨʝʤʳ).  

ʊʝʦʨʝʤʘ. ʇʫʩʪʴ x
0
 ï ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʣʦʚʦʡ ʚʝʢʪʦʨ ʟʘʜʘʯʠ (2) ï (5), { }rKKK ,,, 21 2  ï ʤʥʦʞʝʩʪʚʦ ʢʦʥ-

ʪʫʨʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʚʝʢʪʦʨʦʤ x
0
. ʊʦʛʜʘ: 

1) f (x
0
) Ó 0; 

2) ʝʩʣʠ f (x
0
) = 0, ʪʦ ʛʨʘʬ G ʩʙʘʣʘʥʩʠʨʦʚʘʥ;  

3).ʝʩʣʠ f (x
0
) > 0, ʪʦ ʭʦʪʷ ʙʳ ʦʜʠʥ ʠʟ ʢʦʥʪʫʨʦʚ rKK ,,1 2  ʷʚʣʷʝʪʩʷ ʧʨʠʙʳʣʴʥʳʤ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɺʝʢʪʦʨ x
1
 ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ,,0;,,1,1 11 jixnix jiii ¸=== 2  ʷʚʣʷʝʪʩʷ ʜʦʧʫʩʪʠʤʳʤ 

ʚʝʢʪʦʨʦʤ ʟʘʜʘʯʠ (2) ï (5). ʊʘʢ ʢʘʢ b(i, i) = 0, i = 1 , é, n, ʪʦ f(x
0
) = 0. ʇʦʵʪʦʤʫ f(x

0
) Ó 0. ʀʟ ʩʤʳʩʣʘ ʧʝʨʝʤʝʥʥʳʭ 

jix  ʩʣʝʜʫʝʪ  

                                                                  f(x
0
) = b (K1) + . . . + b (Kr)                                                                  (6) 

 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ iÍ{1, é, r} b(Ki) < 0.  ʇʫʩʪʴ P ï ʧʦʜʤʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ, ʦʙʨʘʟʫʶ-

ʱʠʭ ʢʦʥʪʫʨ iK . ɺʦ ʤʥʦʞʝʩʪʚʝ { }rKKK ,,, 21 2  ʢʦʥʪʫʨ iK  ʟʘʤʝʥʠʤ ʥʘ ʢʦʥʪʫʨʳ (ʧʝʪʣʠ) ((j, j)), ʛʜʝ jÍP. ʇʦ-

ʣʫʯʝʥʥʦʤʫ ʤʥʦʞʝʩʪʚʫ ʢʦʥʪʫʨʦʚ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʜʦʧʫʩʪʠʤʳʡ ʚʝʢʪʦʨ x
2
 ʪʘʢʦʡ, ʯʪʦ f(x

2
)>f(x

0
). ʅʦ ʵʪʦ ʧʨʦ-

ʪʠʚʦʨʝʯʠʪ ʪʦʤʫ, ʯʪʦ x
0
 ï ʦʧʪʠʤʘʣʴʥʳʡ ʚʝʢʪʦʨ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  

 

                                                                    b( iK ) ² 0,   i = 1 ,é, r.                                                                      (7) 
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ʀʟ (6), (7) ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ f(x
0
) = 0, ʪʦ b(

iK ) = 0, i = 1, é, r , ʪʦ ʝʩʪʴ ʛʨʘʬ G ʩʙʘʣʘʥʩʠʨʦʚʘʥ. ɽʩʣʠ f 

(x
0
) > 0, ʪʦ ʠʟ (6) ʩʣʝʜʫʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ iÍ{1, é , r} ʪʘʢʦʝ, ʯʪʦ b(

iK ) > 0, ʪʦ ʝʩʪʴ 
iK  ï ʧʨʠʙʳʣʴʥʳʡ ʢʦʥʪʫʨ. 

ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʤʦʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʨʝʰʘʷ ʟʘʜʘʯʫ ʦ ʥʘʟʥʘʯʝʥʠʷʭ, ʩʙʘʣʘʥʩʠʨʦʚʘʥ ʛʨʘʬ ʠʣʠ 

ʥʝʪ, ʝʩʣʠ ʥʝʪ, ʪʦ ʤʳ ʥʘʭʦʜʠʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (2) ï (5) ʭʦʪʷ ʙʳ ʦʜʠʥ ʧʨʠʙʳʣʴʥʳʡ ʢʦʥʪʫʨ. ɽʩʣʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʤ, ʯʪʦ ʧʨʠʙʳʣʴʥʳʭ ʢʦʥʪʫʨʦʚ ʥʝʪ, ʪʦ ʛʨʘʬ ʩʙʘʣʘʥʩʠʨʦʚʘʥ. ɽʩʣʠ ʞʝ ʧʦʣʫʯʘʝʤ ʥʝʢʦʪʦʨʳʝ ʧʨʠʙʳʣʴ-

ʥʳʝ ʢʦʥʪʫʨʳ (ʥʝ ʚʩʝ), ʪʦ ʛʨʘʬ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥ. 

ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʤʢʥʫʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʮʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʩʧʝʢʫʣʷʪʠʚʥʦʡ ʧʨʠʙʳʣʠ, 

ʩʚʝʜʝʥʘ ʢ ʟʘʜʘʯʝ ʦ ʥʘʟʥʘʯʝʥʠʷʭ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʨʝ-

ʰʝʥʘ ʟʘ ʧʨʠʝʤʣʝʤʦʝ ʚʨʝʤʷ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʧʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʧʝʨʝʤʝʥʥʳʭ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʟʘʜʘʯʫ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʢʫʨʩʦʚ ʚʘʣʶʪ ʩ 

ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʫʣʷʪʠʚʥʦʡ ʧʨʠʙʳʣʠ [3]  

ɼʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʦʨʛʨʘʬʝ ʩ ʟʘʜʘʥʥʳʤʠ 

ʚʝʩʘʤʠ (ʜʣʠʥʘʤʠ) ʜʫʛ ʢʦʥʪʫʨʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʚʝʩʘ ʜʫʛʠ (ʢʦʥʪʫʨʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ).  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʚ ʚʠʜʝ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ɼʘʜʠʤ ʦʧʨʝʜʝʣʝʥʠʝ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʦʨʛʨʘʬʘ ʠ ʨʘʟʨʘʙʦʪʘʝʤ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʦʨʛʨʘʬʘ 

ʧʦ ʟʘʜʘʥʥʦʤʫ ʩʣʘʙʦ ʩʚʷʟʥʦʤʫ ʧʦʜʛʨʘʬʫ [4]. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʩʙʘʣʘʥ-

ʩʠʨʦʚʘʥʥʦʩʪʠ ʢʫʨʩʦʚ ʚʘʣʶʪ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʷʝʤʳʭ ʩʠʩʪʝʤ ʧʦ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʘʞʥʦʩʪʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ. ʇʦʣʥʳʡ ʦʨʛʨʘʬ G = (N, E) ʩ ʜʣʠʥʘʤʠ ʜʫʛ l(i, j) ʥʘʟʳʚʘʝʪʩʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ, ʝʩʣʠ ʜʣʠʥʘ 

ʣʶʙʦʛʦ ʢʦʥʪʫʨʘ ʚ ʦʨʛʨʘʬʝ ʨʘʚʥʘ ʥʫʣʶ. 

ʋʪʚʝʨʞʜʝʥʠʝ 1. ʇʦʣʥʳʡ ʦʨʛʨʘʬ ʩ ʜʣʠʥʘʤʠ ʜʫʛ l(i, j) ʷʚʣʷʝʪʩʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ, ʝʩʣʠ ʠ ʪʦʣʴʢʦ ʝʩʣʠ 

ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʦʡ ʚʝʢʪʦʨ x = (x1, é, xn), ʯʪʦ x1 = 0, xj ï xi = l(i, j). 
ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ.  

1) ʇʫʩʪʴ G ï ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʦʨʛʨʘʬ. ʇʦʣʦʞʠʤ x1 = 0, xj = l(j, 1). ʊʦʛʜʘ ʩʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ xj ï 

xi = l(j, 1) ï l(i, 1) = l(j, 1) + l (i, 1) = l(i, j).  

2) ʇʫʩʪʴ x1 = 0, l(i, j) = xj ï xi. ʊʦʛʜʘ ʜʣʠʥʘ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʢʦʥʪʫʨʘ  

K = ((i1, i2), (i2, i3), é, (im-1, im), (im, i1)) ʨʘʚʥʘ l(K) = l(i 1, i2) + é + l(im, i1) = 

= 0)()()(
12312

=-++-+-
miiiiii xxxxxx 2 .  

ʋʪʚʝʨʞʜʝʥʠʝ ʜʦʢʘʟʘʥʦ. 

ʇʫʩʪʴ H = (N, F) ï ʦʨʛʨʘʬ ʩ n ʚʝʨʰʠʥʘʤʠ, h(i, j) ï ʜʣʠʥʘ ʜʫʛʠ Fji Í),( . ʇʦʩʪʘʚʠʤ ʟʘʜʘʯʫ ʧʦʩʪʨʦʝʥʠʷ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʦʨʛʨʘʬʘ G = (N, E), EFË , ʧʦ ʝʛʦ ʧʦʜʛʨʘʬʫ H, ʪʘʢ ʯʪʦʙʳ ʜʣʠʥʳ ʜʫʛ ʚ ʦʨʛʨʘʬʝ ʅ ʚ ʮʝʣʦʤ 

ʢʘʢ ʤʦʞʥʦ ʤʝʥʴʰʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʜʣʠʥ l(i, j) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʫʛ ʚ ʦʨʛʨʘʬʝ G. ɿʘ ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ 

ʧʨʠʤʝʤ ʤʠʥʠʤʫʤ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ: 
 

                                                                       ( )ä
Í

-
Fji

jihjil
),(

2
),(),(min .                                                                (8) 

 

ʉʦʛʣʘʩʥʦ ʫʪʚʝʨʞʜʝʥʠʶ 1 ʟʘʜʘʯʘ (8) ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ: 
 

                                                             ( )ä
Í

-=
Fji

n jihjilxxf
),(

2

2 ),(),(),,( 2 ,                                                      (9) 

 

ʛʜʝ x1 = 0 ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (9). 

ʋʪʚʝʨʞʜʝʥʠʝ 2. ʉʠʩʪʝʤʘ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ 
 

                                                                            nj
x

f

j

,,2,0 2==
µ

µ
,                                                                    (10) 

 

ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʪʦʯʢʦʡ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʠ ),,( 2 nxxf 2 . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɺ ʥʘʯʘʣʝ ʜʦʢʘʞʝʤ, ʯʪʦ f ï ʩʪʨʦʛʦ ʚʳʧʫʢʣʘʷ ʬʫʥʢʮʠʷ. ɼʦʧʫʩʪʠʤ, ʯʪʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

( )11

2

1 ,, nxxx 2= , ( )22

2

2 ,, nxxx 2= , 10 <a< , ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ 

 

                                                     ( ) )()1()()1( 2121 xfxfxxf a-+a=a-+a .                                                  (11) 

 

ɿʘʤʝʪʠʤ, ʯʪʦ ʣʶʙʘʷ ʬʫʥʢʮʠʷ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʩʫʤʤʝ (9) ʚʳʧʫʢʣʘ. ɽʩʣʠ ʚ ʵʪʦʡ ʬʫʥʢʮʠʠ ʟʘʬʠʢʩʠʨʦ-

ʚʘʪʴ ʦʜʥʫ ʠʟ ʧʝʨʝʤʝʥʥʳʭ, ʪʦ ʬʫʥʢʮʠʷ ʙʫʜʝʪ ʩʪʨʦʛʦ ʚʳʧʫʢʣʦʡ ʧʦ ʜʨʫʛʦʡ ʧʝʨʝʤʝʥʥʦʡ. ʇʦʵʪʦʤʫ ʠʟ ʨʘʚʝʥʩʪʚʘ (11) 
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ʩʣʝʜʫʝʪ 
21

ii xx = , 1JiÍ , ʛʜʝ J1 ï ʤʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ ʚ ʦʨʛʨʘʬʝ ʅ, ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʚʝʨʰʠʥʦʡ 1 ʚʭʦʜʷʱʝʡ ʠʣʠ 

ʠʩʭʦʜʷʱʝʡ ʜʫʛʦʡ. ʇʦʩʢʦʣʴʢʫ ʚ ʨʘʚʝʥʩʪʚʝ (11) ʧʝʨʝʤʝʥʥʳʝ 
121 )1( iiii xxxx =a-+a= , 1JiÍ , ʪʦ ʚ ʩʫʤʤʝ (9) 

ʧʦʷʚʷʪʩʷ ʩʪʨʦʛʦ ʚʳʧʫʢʣʳʝ ʬʫʥʢʮʠʠ ʧʝʨʝʤʝʥʥʳʭ 
ix , 2JiÍ , ʛʜʝ J2 ï ʤʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʝʨʰʠʥʘ-

ʤʠ ʠʟ ʤʥʦʞʝʩʪʚʘ J1 ʚʭʦʜʷʱʠʤʠ ʠʣʠ ʠʩʭʦʜʷʱʠʤʠ ʜʫʛʘʤʠ. ʇʦʵʪʦʤʫ ʠʟ (11) ʩʣʝʜʫʝʪ 
21

ii xx = , 2JiÍ . ʊʘʢ ʢʘʢ ʦʨ-

ʛʨʘʬ ʅ ʩʣʘʙʦ ʩʚʷʟʥʳʡ, ʪʦ ʚ ʠʪʦʛʝ ʧʦʣʫʯʠʤ 
21 xx = . ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ f ï ʩʪʨʦʛʦ ʚʳʧʫʢʣʘʷ ʬʫʥʢʮʠʷ. 

ʌʫʥʢʮʠʷ f ʦʛʨʘʥʠʯʝʥʘ ʩʥʠʟʫ ( )0)( ²xf  ʠ ʥʝʧʨʝʨʳʚʥʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʸ ʤʠʥʠʤʫʤ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʥʝ-

ʢʦʪʦʨʦʡ ʪʦʯʢʝ 
10 -Í nRx . ʊʘʢ ʢʘʢ f ï ʩʪʨʦʛʦ ʚʳʧʫʢʣʘʷ ʬʫʥʢʮʠʷ, ʪʦ 

0x  ï ʝʸ ʝʜʠʥʩʪʚʝʥʥʘʷ ʪʦʯʢʘ ʤʠʥʠʤʫʤʘ. 

ʌʫʥʢʮʠʷ f ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 
1-nR . ʇʦʵʪʦʤʫ 

0x  ï ʩʪʘʮʠʦʥʘʨʥʘʷ ʪʦʯʢʘ (ʦʥʘ ʷʚʣʷ-

ʝʪʩʷ ʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ (10)). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʚʳʧʫʢʣʦʡ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦ 
 

                                                             ( ) )()(),( 12121 xfxfxxxfgrad -¢-                                                      (12) 

 

ʧʨʠ ʣʶʙʳʭ 
11 -Í nRx , 

12 -Í nRx . ɽʩʣʠ 
1x  ï ʩʪʘʮʠʦʥʘʨʥʘʷ ʪʦʯʢʘ ( )0)( 1 =xfgrad , ʪʦ ʠʟ (12) ʩʣʝʜʫʝʪ 

)()( 21 xfxf ¢ , ʪʦ ʝʩʪʴ 
1x  ï ʪʦʯʢʘ ʤʠʥʠʤʫʤʘ. ʇʦʵʪʦʤʫ 

0x  ï ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʘʷ ʩʪʘʮʠʦʥʘʨʥʘʷ ʪʦʯʢʘ ʠ ʝʜʠʥ-

ʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (10). ʋʪʚʝʨʞʜʝʥʠʝ 2 ʜʦʢʘʟʘʥʦ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʦʥʢʨʝʪʥʳʡ ʧʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʦʨʛʨʘʬʘ ʧʦ ʧʦʜʛʨʘʬʫ H, ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʦʤʫ ʥʘ ʨʠʩ. 1.  

 
 

ʈʠʩ. 1 

 

ɿʘʜʘʥʳ ʜʣʠʥʳ ʜʫʛ ʚ ʦʨʛʨʘʬʝ ʅ:   

 

h(2, 1) = ï1,5 ; h(1, 4) = 2,4; h(1, 5) = 1; h(2,3) = ï1,6; h(4, 3) = ï 2,8; h(3, 5) = 1,2. 
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ʈʝʰʘʷ ʩʠʩʪʝʤʫ (17) ʜʣʷ ʜʘʥʥʦʛʦ ʧʨʠʤʝʨʘ, ʧʦʣʫʯʠʤ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ 
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ʉʦʛʣʘʩʥʦ ʫʪʚʝʨʞʜʝʥʠʶ 1 ʚʝʢʪʦʨ 
0x  ʦʧʨʝʜʝʣʷʝʪ ʚʩʝ ʜʣʠʥʳ ʜʫʛ ),( jil ʚ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʤ ʦʨʛʨʘʬʝ G, 

ʧʦʩʪʨʦʝʥʥʦʤ ʧʦ ʟʘʜʘʥʥʦʤʫ ʧʦʜʛʨʘʬʫ H. ʅʘʧʨʠʤʝʨ, 433,1433,10)1,2( 0

2

0

1 -=-=-= xxl ; 483,2)4,1( =l ; 
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983,0)5,1( =l ; 666,1)3,2( -=l ; 716,2)3,4( -=l ; 216,1)5,3( =l . ʉʨʘʚʥʠʚʘʷ ),( jil ʩʦ ʟʥʘʯʝʥʠʷʤʠ h(i,j), 

ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʟʥʘʯʝʥʠʡ ),( jih ʦʢʘʟʘʣʘʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ. 

ʇʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʧʨʠʣʦʞʝʥʠʷ. 

1) ʇʫʩʪʴ n ï ʯʠʩʣʦ ʚʠʜʦʚ ʚʘʣʶʪ; ),( jiv ï ʢʫʨʩ ʚʘʣʶʪʳ j ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʘʣʶʪʝ i; ),(ln),( jivjih = ; 

H ï ʦʨʛʨʘʬ ʩ n ʚʝʨʰʠʥʘʤʠ ʠ ʩ ʜʣʠʥʘʤʠ ʜʫʛ ),( jih ; 
),(),( jilejiw = . ʏʠʩʣʘ ),( jiw ï ʵʪʦ ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ 

ʢʫʨʩʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʮʠʢʣʠʯʝʩʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʢʫʧʣʠ ʠ ʧʨʦʜʘʞʠ ʚʘʣʶʪ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʧʦʣʫʯʝʥʠʶ ʩʧʝʢʫʣʷʪʠʚʥʦʡ ʧʨʠʙʳʣʠ. [1], [2] 

2) ʇʫʩʪʴ n ï ʯʠʩʣʦ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʥʝʢʦʪʦʨʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ; ),( jiv ï ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ 

ʤʝʨʘ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʷ j ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʢʘʟʘʪʝʣʶ i. ʕʪʠ ʯʠʩʣʘ ʤʦʛʫʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠ-

ʚʘʪʴʩʷ, ʢ ʧʨʠʤʝʨʫ, ʵʢʩʧʝʨʪʥʳʤ ʩʧʦʩʦʙʦʤ. ʆʥʠ ʩʦʛʣʘʩʦʚʘʥʳ, ʝʩʣʠ ),(),(),( kivkjvjiv =Ö . ʀʥʘʯʝ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʦʨʛʨʘʬʘ ʤʝʪʦʜʦʤ, ʠʟʣʦʞʝʥʥʦʤ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʫʥʢʪʝ 1). 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʦʨʛʨʘʬʦʚ ʫʜʘʝʪʩʷ ʦʙʲʝʜʠʥʠʪʴ ʚ 

ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʨʘʟʣʠʯʥʳʝ ʩʦʮʠʘʣʴʥʳʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. ʏʘʩʪʴ ʠʟ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʤʦʞʝʪ ʠʤʝʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʙʘʟʫ, ʯʘʩʪʴ ʥʝ ʠʤʝʪʴ, ʯʘʩʪʴ ʤʦʞʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦ, ʘ ʯʘʩʪʴ - ʢʘʯʝ-

ʩʪʚʝʥʥʦ. ʉ ʧʦʤʦʱʴʶ ʨʝʰʝʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʟʘʜʘʯ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʪʝʥʜʝʥʮʠʶ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ. ʇʨʠ 

ʫʪʦʯʥʝʥʠʠ ʤʦʜʝʣʠ ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʧʨʦʛʥʦʟ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ 

ʥʘʡʪʠ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʟʫʯʘʝʤʫʶ ʩʠʩʪʝʤʫ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʣʫʯʰʝʛʦ ʚʘʨʠʘʥʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʚʟʚʝʰʝʥʥʦʛʦ ʦʨʛʨʘʬʘ ʩ ʚʨʝʤʝʥʥʳʤʠ ʟʘʜʝʨʞʢʘʤʠ ʤʦʞʥʦ ʧʦʣʫ-

ʯʠʪʴ ʪʝʥʜʝʥʮʠʶ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦ ʚʨʝʤʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ ʪʘʢʘʷ ʧʨʦʩʪʝʡʰʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʧʝʨʘʮʠʡ ʢʫʧʣʠ ʠ ʧʨʦʜʘʞʠ ʚʘʣʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʯʠʪʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʠ 

ʫʩʣʦʚʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʝʨʘʮʠʡ ʩ ʚʘʣʶʪʦʡ. ʂʨʠʪʝʨʠʝʤ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʙʘʥʢʦʤ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʢʫʨʩʘ ʚʘʣʶʪ. ʄʦʜʝʣʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʦʚ ʚ ʠʤʠʪʘʮʠʦʥʥʦʤ ʨʝ-

ʞʠʤʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʝʥʷʪʴ ʫʩʣʦʚʠʷ ʠ ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʦ ʩʦʩʪʦʷʥʠʠ ʜʝʥʝʞʥʦʛʦ ʠ 

ʚʘʣʶʪʥʦʛʦ ʨʳʥʢʦʚ. 
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MATHEMATICAL MODEL OF BALANCE OF EXCHANGE RATES  

 
I.G. Kurmashev, Candidate of Engineering Sciences, Associate Professor 

North Kazakhstan state university named after M. Kozybayev (Petropavlovsk), Kazakhstan 

 

Abstract. The research objective consists in developing mathematical methods and models, allowing to analyze 

operations on exchange between currencies, forecast, define speculative courses, give necessary information for deci-

sion-making for regulated banks for quotation price adjustment. The new mathematical model, which helps to receive 

necessary information for exchange-rate adjustment and decision-making that can be useful for business planning 

events of regulated banks, is developed. The system of the decision theory, the theory of graphs, theory of economic and 

mathematical methods and models is used in the work. The reliability of results is proved by repeatability of results of 

modeling. In mathematical aspect, the scientific value consists in statement and solution of a number of new problems 

on the oriented columns. The applied value is based on the orientation of researches on application of results in activity 

of banks and other financial institutions. 

Keywords: balance, oriented graph, profitable contour, mathematical model. 
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ʋɼʂ 524.824: 519.876 

 

ɺɽʁɺʃɽʊ-ɸʅɸʃʀɿ ʏɸʉʆɺʓʍ ʇʈʀʈɸʑɽʅʀʁ ɸʃʔʌɸ-ɸʂʊʀɺʅʆʉʊʀ 
239

PU  

ʇʈʀ ʄɸʂʉʀʄʋʄɽ ʉʆʃʅɽʏʅʆɻʆ ɿɸʊʄɽʅʀʗ 
 

 
ʇ.ʄ. ʄʘʟʫʨʢʠʥ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʘʢʘʜʝʤʠʢ ʈɸɽ ʠ ʈɸɽʅ, 

ʯʣʝʥ ɽʚʨʦʧʝʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ɽʩʪʝʩʪʚʦʟʥʘʥʠʷ  

ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʁʦʰʢʘʨ-ʆʣʘ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʦ ʝʞʝʩʝʢʫʥʜʥʳʤ ʠʟʤʝʨʝʥʠʷʤ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ ʩ 09.03.2005 ʧʦ 22.04.2005 ʠʟ ʤʘʩʩʠʚʘ 

r040309.dat ʚʳʜʝʣʝʥ ʵʪʘʧ ʤʘʢʩʠʤʫʤʘ 08-09.04.2005 ʠ ʧʦʢʘʟʘʥ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʧʦʯʘʩʦʚʳʭ ʧʨʠʨʘʱʝʥʠʡ 

ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʫ ʦʙʨʘʟʮʘ ʧʣʫʪʦʥʠʷ 
239

Pu. ɼʣʷ ʫʪʦʯʥʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʤʘʢʩʠʤʫʤʘ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ ʚʳʷʚ-

ʣʝʥʳ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʉʦʣʥʮʘ, ʃʫʥʳ ʠ ɿʝʤʣʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ, ʩʦʣʥʝʯʥʦʝ ʟʘʪʤʝʥʠʝ, ʵʪʘʧ ʤʘʢʩʠʤʫʤʘ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʜʦʣʞʠʤ ʘʥʘʣʠʟ ʤʘʩʩʠʚʘ r040309.dat ʧʦ ʵʪʘʧʫ ʤʘʢʩʠʤʫʤʘ ʣʘʤʠʥʘʨʥʦʡ ʬʘ-

ʟʝ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ [5, 6]. ʕʪʦ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥ ʝʞʝʩʝʢʫʥʜʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʘʣʴʬʘ-ʘʢʪʠʚʥʦʩʪʠ ʦʙ-

ʨʘʟʮʘ 
239

Pu [7]. ʇʨʠʯʝʤ ʟʘ ʥʘʯʘʣʦ ʩʫʪʦʢ ʧʨʠʥʠʤʘʝʪʩʷ 5 ʯ. ʫʪʨʘ. ʊʘʙʣʠʮʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʘʥʘ ʚ [2], ʘ ʤʝʪʦʜʠʢʘ 

ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʥʘ ʚ [1, 4, 6]. ʇʦʩʫʪʦʯʥʘʷ ʜʠʥʘʤʠʢʘ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ ʠʟʣʦʞʝʥʘ ʚ ʩʪʘʪʴʷʭ [3, 5].  

ʋʪʦʯʥʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʟʘʪʤʝʥʠʷ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ [6], ʣʘʤʠʥʘʨʥʘʷ ʬʘʟʘ 

ʩʘʤʘ ʜʝʣʠʪʩʷ ʥʘ ʪʨʠ ʯʘʩʪʠ: ʚʭʦʞʜʝʥʠʝ ʚ ʟʘʪʤʝʥʠʝ ʩ 10-11 ʯʘʩʘ 7 ʘʧʨʝʣʷ ʜʦ 22-23 ʯʘʩʘ ʵʪʠʭ ʞʝ ʩʫʪʦʢ; ʦʩʥʦʚʥʘʷ 

ʯʘʩʪʴ ʟʘʪʤʝʥʠʷ ʩ 22-23 ʯʘʩʘ 7 ʘʧʨʝʣʷ ʜʦ 24-01 ʯʘʩʘ 9 ʘʧʨʝʣʷ; ʟʘʚʝʨʰʝʥʠʝ ʟʘʪʤʝʥʠʷ ʩ 24-01 ʯʘʩʘ 9 ʘʧʨʝʣʷ ʜʦ 23-

24 ʯʘʩʘ 10 ʘʧʨʝʣʷ 2005 ʛʦʜʘ. ʇʨʠ ʵʪʦʤ ʚʭʦʞʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʜʚʘ ʧʝʨʠʦʜʘ, ʩʘʤʦ ʟʘʪʤʝʥʠʝ ʪʨʠ ʧʝʨʠʦʜʘ, ʘ ʟʘ-

ʚʝʨʰʝʥʠʝ ïʟʘ ʦʜʠʥ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. ʊʘʢʦʝ ʫʪʦʯʥʝʥʠʝ ʧʦʟʚʦʣʠʣʦ ʚʳʧʦʣʥʠʪʴ ʧʦʣʥʳʡ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟ. 

ʇʦʵʪʦʤʫ ʚ ʪʘʙʣʠʮʝ 1 ʥʘʯʘʣʦ ʰʢʘʣʳ ʚʨʝʤʝʥʠ 0=t  ʧʨʠʥʠʤʘʝʪʩʷ ʩ 04-05 ʥʘ 7 ʘʧʨʝʣʷ 2005 ʛʦʜʘ. 

 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʫʤ ʯʘʩʦʚʳʭ ʧʨʠʨʘʱʝʥʠʡ 10644 ʠʤʧʫʣʴʩʦʚ ʘʣʴʬʘ-ʘʢʪʠʚʥʦʩʪʠ 

ʦʙʨʘʟʮʘ 
239

Pu ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʯʘʩ ʧʦʟʞʝ, ʪʦ ʝʩʪʴ 24-01 08.04.2005 ʚʤʝʩʪʦ 23-24 ʯʘʩʘ 08.04.2005. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʥʫʞʥʦ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʤʠʥʫʪʥʳʝ ʠ ʜʘʞʝ ʩʝʢʫʥʜʥʳʝ ʰʢʘʣʳ ʠʟʤʝʨʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

                                                           
 É ʄʘʟʫʨʢʠʥ ʇ.ʄ. / Mazurkin P.M., 2014 

 

ʊʘʙʣʠʮʘ 1  

ʏʘʩʦʚʳʝ ʧʨʠʨʘʱʝʥʠʷ ʠʤʧʫʣʴʩʦʚ 
239

Pu ʧʨʠ ʤʘʢʩʠʤʫʤʝ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ  

ʏʘʩʳ  

ʩʫʪʦʢ 

ɺʨʝʤʷ  

ʩʫʪʦʢ, ʯ 

ʅʦʤʝʨ ʩʫʪʦʢ ʧʦ ʦʙʱʠʤ ʜʘʥʥʳʤ 

30 (08.04.2005) 31 (09.04.2005) 

t , ʯ ʯI , ʰʪ. t , ʯ ʯI , ʰʪ. 

04-05 24 0 9943   

05-06 1 1 11134 25 11248 

06-07 2 2 11506 26 10509 

07-08 3 3 10707 27 11951 

08-09 4 4 11866 28 13387 

09-10 5 5 12106 29 12568 

10-11 6 6 11983 30 12015 

11-12 7 7 12856 31 11504 

12-13 8 8 11510 32 12870 

13-14 9 9 12582 33 11075 

14-15 10 10 10953 34 11005 

15-16 11 11 11886 35 11864 

16-17 12 12 11776 36 12144 

17-18 13 13 13490 37 12177 

18-19 14 14 11827 38 12301 

19-20 15 15 12111 39 12547 

20-21 16 16 10609 40 10227 

21-22 17 17 10550 41 10863 

22-23 18 18 12438 42 12057 

23-24 19 19 10640 43 14034 

24-01 20 20 10644 44 9731 

01-02 21 21 12760   

02-03 22 22 10977   

03-04 23 23 11523   

04-05 24 24 11043   
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ʇʦʩʣʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ (ʨʠʩ. 1 ʠ ʨʠʩ. 2) ʧʷʪʠʯʣʝʥʥʘʷ (ʧʦ ʧʨʝʜʝʣʫ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦ-

ʛʨʘʤʤʥʦʡ ʩʨʝʜʳ ʪʠʧʘ CurveExpert [4]) ʬʦʨʤʫʣʘ ʚʠʜʘ 
 

                                                                         
54321 ʯʯʯʯʯʯ IIIIII ++++= ,                                                                    (1) 

 

009,113331=ʯI , tIʯ 72924,132= , )85630,0/cos( 113 += ptAIʯ p , )049053,0exp(6144,12591 tA --= , 

08961,1

1 059446,083259,13 tp -= , )50517,1/cos( 224 += ptAIʯ p , )0063403,0exp(1028216,4 67090,152258,2639

2 ttA -Ö= -
, 

18104,22=p , )20128,5/cos( 335 -= ptAIʯ p , 
22076,0

3 03608,302 tA -= , 
058383,0

3 05505,967903,7 tp +-= , 

 

ʛʜʝ  t  ï ʚʨʝʤʷ ʚ ʯʘʩʘʭ, ʥʘʯʠʥʘʷ ʦʪ 04-05 ʯʘʩʦʚ 07 ʘʧʨʝʣʷ 2005 ʛʦʜʘ,  

ʯI  ï ʯʘʩʦʚʳʝ ʧʨʝʚʳʰʝʥʠʷ ʯʠʩʣʘ ʠʤʧʫʣʴʩʦʚ,  

1ʯI , 
2ʯI , 

3ʯI , 
4ʯI  ʠ 

5ʯI  ï ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʦʜʝʣʠ (1),  

1A  , 
2A  ʠ 

3A  ï ʘʤʧʣʠʪʫʜʳ (ʧʦʣʦʚʠʥʘ) ʫ ʪʨʝʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʚʦʣʥʳ,  

1p , 
2p  ʠ 

3p  ï ʧʦʣʫʧʝʨʠʦʜʳ ʢʦʣʝʙʘʥʠʡ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʦʙʨʘʟʮʘ 
239

Pu.  

ɺ ʬʦʨʤʫʣʝ (1) ʧʝʨʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʣʫʯʠʣʘ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʘ ʚʪʦʨʦʡ ʯʣʝʥ ʠʤʝʝʪ ʣʠʥʝʡʥʦʝ ʠʟ-

ʤʝʥʝʥʠʝ. ʅʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʜʣʷ ʪʨʝʭ ʢʦʣʝʙʘʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʝʥ 2³13,83259 º 27,7 ʯ,  2³2,18104 º 5,1 

= const ʠ -2³7,67903 º-15?4  ʯ.  

ʇʨʠ ʵʪʦʤ ʪʨʝʪʴʷ ʚʦʣʥʘ ʫʩʧʦʢʘʠʚʘʝʪʩʷ, ʥʘʯʠʥʘʷ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʣʫʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʷ.   

ɿʘʤʝʪʠʤ, ʯʪʦ ʥʘʯʘʣʦ ʵʪʘʧʘ ʤʘʢʩʠʤʫʤ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʧʦʢʦʡʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʆ ʚʳʭʦʜ ï 

ʩʠʣʴʥʦ ʪʫʨʙʫʣʝʥʪʥʳʤ ʷʚʣʝʥʠʝʤ. ʊʘʢʘʷ ʜʠʥʘʤʠʯʥʦʩʪʴ ʚʳʟʳʚʘʝʪ ʧʦʩʣʝʜʝʡʩʪʚʠʝ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ, ʢʦʛʜʘ ʯʘ-

ʩʦʚʦʝ ʧʨʠʨʘʱʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʜʘʞʝ ʙʦʣʴʰʝ ʦʩʥʦʚʥʦʛʦ ʤʘʢʩʠʤʫʤʘ [3, 5].  
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ʊʨʝʥʜ ʣʠʥʝʡʥʳʡ ʧʝʨʚʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 
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ʪʨʝʥʜ ʠ ʧʝʨʚʘʷ ʚʦʣʥʘ ʚʦʟʤʫʱʝʥʠʷ ʚʪʦʨʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 
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ʪʨʝʥʜ ʠ ʜʚʝ ʚʦʣʥʳ ʚʦʟʤʫʱʝʥʠʷ ʪʨʝʪʴʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 
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S = 741.36383902
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ʛʨʘʬʠʢ ʧʷʪʠʯʣʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1) ʦʩʪʘʪʢʠ ʦʩʣʝ ʤʦʜʝʣʠ (1) 

 
ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʯʘʩʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʧʨʠ ʤʘʢʩʠʤʫʤʝ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ 

 

ɺʝʡʚʣʝʪ-ʘʥʘʣʠʟ. ɺʥʘʯʘʣʝ ʧʦʢʘʞʝʤ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟ [1, 6], ʘ ʟʘʪʝʤ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪ ʬʨʘʢʪʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʧʦ ʛʨʫʧʧʠʨʦʚʢʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦ ʜʦʧʦʣʥʝʥʠʶ ʤʦʜʝʣʠ (1) ʥʦʚʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʠʤ ʬʦʨ-

ʤʫʣʫ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʚʝʡʣʚʝʪ-ʩʠʛʥʘʣʘ 

 

                                      )/cos( 8iiiiʯ
aptAI -= p , )exp( 42

31
ii a

i

a

ii tataA -= , ia

iii taap 7

65 += ,                            (2) 

 

ʛʜʝ 
iA  ï ʘʤʧʣʠʪʫʜʘ (ʧʦʣʦʚʠʥʘ) ʚʝʡʚʣʝʪʘ (ʦʩʴ ʦʨʜʠʥʘʪ), 

ip  ï ʧʦʣʫʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʷ (ʦʩʴ ʘʙʩʮʠʩʩ). 

ʇʨʠ ʵʪʦʤ ʢʘʞʜʘʷ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʪʠʧʘ (2) ʧʦʜʦʙʥʘ ʩʘʤʦʡ ʩʝʙʝ, ʪʦ ʝʩʪʴ ʦʥʘ ʩʘʤʦʧʦʜʦʙʥʘ ʧʦ ʢʦʥʩʪʨʫʢ-

ʮʠʠ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. ʇʦʵʪʦʤʫ ʚʩʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ (ʪʨʝʥʜʳ) ʠ ʚʦʣʥʦʚʳʝ 

(ʚʝʡʚʣʝʪʳ) ʩʦʩʪʘʚʣʷʶʱʠʝ ʷʚʣʷʶʪʩʷ ʬʨʘʢʪʘʣʘʤʠ. ɺ ʥʘʠʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʢʘʞʜʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ (2) ʷʚʣʷʝʪʩʷ 

ʬʨʘʢʪʘʣʦʤ ʩ ʯʠʩʣʦʤ ʛʨʫʧʧ m  ʧʨʠ mi ,1= .  

ʇʦ ʫʨʘʚʥʝʥʠʶ (2) ʤʦʞʥʦ ʜʘʪʴ ʟʘʧʠʩʴ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ (ʪʘʙʣ. 2), ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʢʦʤʧʘʢʪʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʧʠʩʴʶ ʬʦʨʤʫʣʳ ʚʠʜʘ (1). 

 

ʊʘʙʣʠʮʘ 2 

ʇʘʨʘʤʝʪʨʳ ʚʝʡʚʣʝʪ-ʩʠʛʥʘʣʘ ʘʣʴʬʘ-ʘʢʪʠʚʥʦʩʪʠ 
239

Pu ʚʦ ʚʨʝʤʷ ʤʘʢʩʠʤʫʤʘ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ 

ˉ 

i  

ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʷ (1) ʇʦʣʫʧʝʨʠʦʜ ʠ ʩʜʚʠʛ ʢʦʣʝʙʘʥʠʷ (1) ʂʦʵʬʬ. 

ʢʦʨʨʝʣ. 
ia1
 

ia2
 

ia3
 

ia4
 

ia5
 

ia6
 

ia7
 

ia8
 

1 11333,009 0 0 0 0 0 0 0 

0,7828 

2 13,72924 1 0 0 0 0 0 0 

3 -1259,6144 0 0,049053 1 13,83259 -0,059446 1,08961 -0,85630 

4 4,28216e-39 26,52258 0,0063403 1,67090 2,18104 0 0 -1,50517 

5 -302,03608 0,22076 0 0 -7,67903 9,05505 0,058383 5,20128 

6 3,86314e-31 34,08604 2,20444 0,84630 3,73006 -0,0032896 1,61982 -1,95506 0,4726 

7 -8,74738e-34 32,81691 0,0079310 2,51577 1,51901 0 0 2,65569 0,6659 

8 1,42929e7 18,19705 22,01161 0,36233 0,99902 0 0 4,44967 0,6435 

9 1,32567e-34 58,26585 5,23420 0,98243 3,04099 -0,00022450 2,82283 -3,78323 0,4643 

10 -865,83168 1,06258 0,56199 1 1,28514 0,00064673 1 0,79634 0,4184 

11 -573,28421 0 0,63841 0,41520 3,64377 0 0 -0,24103 0,4455 

12 -4.65401e-10 11,23363 0,35730  0,99697 1,19696 -0,00016496 1,41460 1,08029 0,9127 

13 2,98327e-47 0 -107,43365 0,010385 349,00566 -193,22461 0,14033 -4,29161 0,4344 

14 104,15864 0 0,037472 1 48,50412 -41,16487 0,0070359 1,47342 0,5063 

15 -3,25278e-23 23,61502 0,81715 0,99021 1,62946 -9,17393e-5 1,68839 1,40333 0,6589 

16 62,44374 0 0,0028435 1 -8,97977 10,90773 0,0093947 1,03514 0,8242 

17 -68,57674 0 0,27829 0,73409 1,05863 0,00016399 1,59071 0,59458 0,4282 

18 -20,58619 0 0,022570 1 3,48308 -0,00037789 1,87134 2,18866 0,3706 

19 -7,98009 0 -0,00023501 2,20715 9,82221 -7,63811e-5 2,38814 1,66382 0,3731 

20 26,24009 0 0,0068529 1 2,05913 0 0 0,028264 0,7347 

21 -10,00103 0 0,022938 1 33,52913 -26,67836 0,017503 -0,36568 0,3039 

22 -26,01035 0 0,054331 1 1,79634 0 0 -1,10221 0,5908 

23 6,67876e-66 103,11502 8,52606 1 1,38420 -0,0022808 0,65951 0,75412 0,4990 

24 2,74336e-71 87,92509 4,90057 1,00060 9,48674 -0,31720 1,00032 -0,59520 0,5295 

25 0,098788 1,79033 0,78393 0,26273 4,51779 -0,00037226 1,99798 -0,94794 0,4678 

26 1,15779e-28 25,86716 0,55295 1,07706 3,90953 -0,0010704 1,87657 -2,92631 0,4325 

27 -1,44870e-134 149,20097 14,32175 0,76204 0,99180 0,00011703 1,02648 5,12723 0,6884 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 1 

ˉ 

i  

ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʷ (1) ʇʦʣʫʧʝʨʠʦʜ ʠ ʩʜʚʠʛ ʢʦʣʝʙʘʥʠʷ (1) ʂʦʵʬʬ. 
ʢʦʨʨʝʣ. 

ia1
 

ia2
 

ia3
 

ia4
 

ia5
 

ia6
 

ia7
 

ia8
 

28 -1,07833 32,64233 19,39782 0,58586 4,41090 01,16470 0,40275 -4,78952 0,6549 

29 -12,87197 0 0,30007 1 1,57834 0,0028330 1 0,31851 0,5922 

30 -4,99870 3,50384 0,30459 1 378,33822 45,88409 1,18553 -1,54383 0,2872 

31 0,69371 0 -0,00016691 2,46226 6,14506 0,14876 0,40910 0,25171 0,5165 

32 3,58032e-63 66,38342 2,62150 1,01204 0,29314 0,015042 1,00853 1,41738 0,7478 

33 7,80936e-30 38,52439 2,53160 0,98277 5,59822 -0,16934 1,00288 -3,91090 0,4848 

34 1,22959 2,87250 0,70635 0,98265 1,05550 -5,73570e-5 2,09442 0,46215 0,4518 

35 1,51420 0 0,058732 1,08917 3,10765 0,11416 0,76386 1,37841 0,3948 

36 3,93341e8 15,15572 32,65724 0,23143 3,58160 -0,017562 1,06359 -4,98166 0,4336 

37 0,71229 0 0,00089319 1 1,87189 -0,049865 0,48783 -1,30650 0,6023 

38 -173,41688 0 5,63491 0,023341 10,24184 0,00014008 2,73720 -1,57154 0,4109 

39 0,020128 1,95231 0,36636 0,66583 1,21147 0,00072363 1,64802 -1,08801 0,4914 

40 1,85929e-7 5,00529 0,00071863 2,30929 9,03239 -3,11418 0,15061 -3,76247 0,6427 

41 0,36223 0 0,015391 1 2,22934 0,00025201 1 1,58733 0,5055 

42 -0,063821 2,32362 0,56953 0,82918 1,12133 0,12263 0,48755 4,66996 0,3255 

43 3,53781e-10 10,85747 0,67850 0,92889 0,82519 0,00049994 1,68542 -1,24741 0,8041 

44 -1,52217e-9 5,27573 0,0014550 1,02667 1,19080 0 0 1,21418 0,7869 

 

ʌʨʘʢʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʚʝʡʚʣʝʪʦʚ. ʂʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ ʚʩʝʛʜʘ ʧʨʝʚʳʰʘʝʪ 

3000=I  ʩ
-1
. ʧʦʵʪʦʤʫ ʜʣʷ ʬʨʘʢʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʚ ʧʨʝʜʳʜʫʱʝʡ ʩʪʘʪʴʝ [6] ʚʚʝʜʝʤ ʫʨʦʚʥʠ 0/ IIU ʦʩʪ

ʯ= .  

ʅʫʣʝʚʦʡ ʫʨʦʚʝʥʴ ʙʫʜʝʪ ʨʘʚʝʥ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʯʘʩʦʚʳʭ ʧʨʠʨʘʱʝʥʠʡ ʠʤʧʫʣʴʩʦʚ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ 
239

Pu 14034 ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1, ʜʝʣʝʥʥʦʤʫ ʥʘ 300, ʪ.ʝ. 8,46300/14034/ 0

max

0 === IIU ʯ .  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 2 ʚʳʧʠʰʝʤ ʦʩʪʘʪʢʠ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʥʦʤʝʨʘ ʩʦʩʪʘʚ-

ʣʷʶʱʝʡ ʦʙʱʝʡ ʤʦʜʝʣʠ (ʪʘʙʣ. 3). ʉ ʫʯʝʪʦʤ ʥʫʣʷ ʵʪʦʪ ʥʦʤʝʨ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʨʘʥʛ R .  

 

ʊʘʙʣʠʮʘ 3 

ʆʩʪʘʪʢʠ ʧʦʩʣʝ ʢʘʞʜʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦ ʩʦʩʪʘʚʣʷʶʱʠʤ ʤʦʜʝʣʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʠʟ ʪʘʙʣʠʮʳ 2 

ʈʘʥʛ R   maxe , ʰʪ. ʈʘʥʛ R   maxe , ʰʪ. ʈʘʥʛ R   maxe , ʰʪ. ʈʘʥʛ R   maxe , ʰʪ. 

0 14034 11 240.8 22 26.2 33 2.00 

1 2219.4 12 182.1 23 25.6 34 1.85 

2 2330.3 13 146.4 24 19.3 35 1.73 

3 1581.1 14 102.5 25 15.0 36 1.29 

4 1574.0 15 63.8 26 15.0 37 1.30 

5 1553.2 16 63.5 27 11.0 38 1.21 

6 1055.5 17 55.6 28 6.54 39 0.93 

7 637.0 18 49.9 29 7.86 40 0.74 

8 637.0 19 31.4 30 7.43 41 0.74 

9 509.6 20 29.7 31 3.43 42 0.46 

10 474.6 21 28.0 32 3.11 43 0.29 

 

ʇʦʩʣʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ (ʨʠʩ. 2) ʨʘʥʛʦʚʦʛʦ ʩʥʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʦʩʪʘʪʢʦʚ   

 

                                              )29249,1/cos()08048,2exp(904,16333max +--= pRAR pe ,                                           (2) 

)33912,0exp(012,8397 RA -= , 
75114,1059570,051595,9 Rp += . 

 

ʆʩʪʘʪʢʠ ʥʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʨʘʥʛʘ 0-11 ʚʦʟʤʦʞʥʦ ʝʱʝ ʦʜʨʥʦ ʚʦʣʥʦʚʦʝ ʚʦʟʤʫʱʝ-

ʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʝʡ ʚʝʡʚʣʝʪʦʚ.  

ɼʘʣʝʝ ʤʦʜʝʣʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʨʘʥʛʘʤ ʩʧʦʢʦʡʥʝʝ. 

ʌʨʘʢʪʘʣʳ ʤʘʢʩʠʤʫʤʘ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ. ʄʦʜʝʣʴ (1) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠ ʬʨʘʢʪʘʣʴʥʳʭ ʫʨʦʚʥʷ. 

ʇʝʨʚʳʡ ʫʨʦʚʝʥʴ ʧʦ ʬʦʨʤʫʣʝ (1) ʦʪ ʣʠʥʝʡʥʦʛʦ ʪʨʝʥʜʘ ʙʫʜʝʪ ʨʘʚʝʥ  4,71=U  (ʨʠʩ. 1).  

ʊʦʛʜʘ ʧʦʣʫʯʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩ 46,8 ʜʦ 7,4 ʚ 6,3 ʨʘʟʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʛʨʫʙʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩʨʝʜʥʶʶ 

ʘʨʠʬʤʝʪʠʯʝʩʢʫʶ (1=R ) ʠ ʣʠʥʝʡʥʫʶ ʤʦʜʝʣʴ (2,1=R ) ʚʧʦʣʥʝ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʘʢʩʠʤʫʤʘ 

ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ 
239

Pu. 
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ɺʪʦʨʦʡ ʫʨʦʚʝʥʴ ʬʨʘʢʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʧʨʠ 3,52 =U  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʤ ʚʦʣʥʘʤ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ 

ʚʦʟʤʫʱʝʥʠʷ ʧʨʠ ʨʘʥʛʘʭ 5,4,3=R . 

ɼʘʣʝʝ ʛʨʫʧʧʳ ʬʨʘʢʪʘʣʴʥʳʭ ʫʨʦʚʥʝʡ ʧʨʠʥʷʪʳ ʫʩʣʦʚʥʦ (ʜʣʷ ʫʜʦʙʩʪʚʘ ʧʦʢʘʟʘ ʛʨʘʬʠʢʦʚ ʚʝʡʚʣʝʪʦʚ). 

 
S = 551.86237080

r = 0.96745183

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 7.9 15.8 23.6 31.5 39.4 47.30.03

2572.92

5145.81

7718.70

10291.59

12864.48

15437.37

  
ʊʨʝʥʜ ʧʝʨʚʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 

  
ʪʨʝʥʜ ʠ ʧʝʨʚʘʷ ʚʦʣʥʘ ʚʦʟʤʫʱʝʥʠʷ ʦʩʪʘʪʢʠ ʧʦʩʣʝ ʤʦʜʝʣʠ (2) 

 
ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʨʘʥʛʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʚʝʡʚʣʝʪ-ʩʠʛʥʘʣʦʚ 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʜʘʥʳ ʛʨʘʬʠʢʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦ ʪʘʙʣʠʮʝ 2 ʠ ʩ ʨʘʥʛʘʤʠ 6-11 (ʪʘʙʣ.3). 

ɺʩʝ ʯʣʝʥʳ ʤʦʜʝʣʠ ʠʤʝʶʪ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʙʦʣʝʝ 0,3 ʠ ʧʦʵʪʦʤʫ ʢʘʞʜʘʷ ʚʦʣʥʦʚʘʷ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʴ ʟʥʘʯʠʤʘ.  

ʇʨʠ ʵʪʦʤ 11-ʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʢʘʢ ʙʳ ʟʘʤʳʢʘʝʪ ʛʨʫʧʧʫ, ʧʦʣʫʯʘʷ ʘʤʧʣʠʪʫʜʫ ʧʦ ʟʘʢʦʥʫ ʵʢʩʧʦʥʝʥʮʠʘʣʴ-

ʥʦʡ ʛʠʙʝʣʠ. ʕʪʦʪ ʬʘʢʪ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘ ʵʪʘʧ ʤʘʢʩʠʤʫʤʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʣʠʷʝʪ ʧʨʝʜʳʜʫʱʠʡ ʵʪʘʧ ʣʘʤʠ-

ʥʘʨʥʦʡ ʬʘʟʳ.  

ʇʦʵʪʦʤʫ ʚʩʝ ʚʝʡʚʣʝʪʳ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʥʘ ʰʢʘʣʝ ʚʨʝʤʝʥʠ ʯʝʨʝʟ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʙʝʩʢʦʥʝʯʥʦʤʝʨʥʳʝ 

ʚʝʡʚʣʝʪʳ. ɸ ʢʦʥʝʯʥʦʤʝʨʥʳʝ ʚʝʡʚʣʝʪʳ, ʠʤʝʶʱʠʝ ʘʤʧʣʠʪʫʜʫ ʧʦ ʙʠʦʪʝʭʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ [1 - 6], ʧʦʢʘʟʳʚʘʶʪ 

ʢʦʥʝʯʥʦʩʪʴ ʵʪʘʧʘ ʠʣʠ ʯʘʩʪʠ ʧʨʦʮʝʩʩʘ. ʀʤʝʥʥʦ ʯʝʨʝʟ ʥʠʭ ʚʳʷʚʣʷʶʪ ʵʪʘʧʳ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ.    
 

  
ʰʝʩʪʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʝʜʴʤʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 


