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A NOTE ON THE GRAPHICAL REPRESENTATION OF THE DERIVATIVES 
 
Abstract. In the article at hands an alternative definition of the concept of the derivative is presented, which 

makes no use of limits. This definition is based on an old idea of Descartes for calculating the slope of the tangent at 
a point of a curve and holds for all the algebraic functions. Caratheodory extended this definition to a general 
definition of the derivative in terms of the concept of continuity. However, although this definition has been used 
successfully by many German mathematicians, it is not widely known in the international literature, nor it is used in 
ǘƘŜ ǎŎƘƻƻƭ ōƻƻƪ ǘŜȄǘǎΦ !ŦǘŜǊ ǇǊŜǎŜƴǘƛƴƎ /ŀǊŀǘƘŜƻŘƻǊȅΩǎ ŘŜŦƛƴƛǘƛƻƴΣ ǘƘŜ ŀǊǘƛŎƭŜ ŎƭƻǎŜǎ ōȅ ŘŜǎŎǊƛōƛƴƎ ƳŜǘƘƻŘǎ ŦƻǊ 
calculating the derivative at a point of a function y = f(x) with the help of a suitably chosen table of values of f(x), and 
for designing of the graph of the derivative function f̆(x) given the graph, but not the formula, of f(x). These methods 
are based on the graphical representation of the derivative, which should be reclaimed better in general for teaching 
purposes. 

Key words: teaching/learning the derivatives, tangent at a point of the graph of a function, algebraic and 
ǘǊŀƴǎŎŜƴŘŜƴǘŀƭ ŦǳƴŎǘƛƻƴǎΣ /ŀǊŀǘƘŜƻŘƻǊȅΩǎ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǘƘŜ ŘŜǊƛǾŀǘƛǾŜΣ ƎǊŀǇƘǎ ƻŦ ǘƘŜ ŘŜǊƛǾŀǘƛǾŜ ŦǳƴŎǘƛƻƴǎΣ aŀǇƭŜ 
software. 

 

Problem formulation. Mathematical education researchers report that, although student routine 

performance on differentiation items is usually adequate, most of them have little intuitive or conceptual 
understanding of the derivative concept [1-7], etc. Many calculus students are, for example, proficient at 
differentiating a function and finding its critical values. However, can students conceptualize these actions and work 
with them if they are not presented in equation form? For example, Ferrini-Mundy & Graham [3] described student 
difficulties in trying to sketch the derivative of a given function presented only graphically. Many of them tried first 
ǘƻ ŦƛƴŘ ŀƴ ŀƭƎŜōǊŀƛŎ ŦǳƴŎǘƛƻƴΩǎ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴΦ  

It seems that many students perform poorly due to their weakness to deal successfully with information 
about abstract concepts (e.g. functions, limits etc.) given in symbolic form, but also because they luck of the 
necessary cognitive schemas that could allow them to organize their knowledge on those matters [8]. Consequently, 
the use by the instructor of various representations of the concept of the derivative is recommended as well as the 
student orientation to analogous activities [9-12], etc. This is reinforced by Tall [13] who has made a strong argument 
for direct links between visualization and symbolization when teaching the concept of the derivative.  In particular, 
many researchers focus their attention on the graphical representation of the derivative [3, 14, 15], etc.  

On the other hand, a number of authors have used principles of the APOS (action-process-object-schema) 
theory and of the connected to it ACE (actions on computers, classroom discussion, homework exercises) teaching 
cycle for the research on the improvement of the understanding of the concept of the derivative [5. 6, 16, 17], etc. 
¢ƘŜ !th{ ǘƘŜƻǊȅΣ ǿƘƛŎƘ ƛǎ ōŀǎŜŘ ƻƴ tƛŀƎŜǘΩǎ ǇǊƛƴŎƛǇƭŜǎ ŦƻǊ ƭŜŀǊƴƛƴƎ ώмуϐΣ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ƛƴ ǘƘŜ ¦{! ŘǳǊƛƴƎ ǘƘŜ мффлǎ 
by Ed Dubinsky and his collaborators and has been used for improving the teaching and understanding of almost all 
mathematical topics [16, 19-22], etc. 

Giraldo, Carvalho & Tall [23] distinguish between the description of a concept, which specifies the main 
ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǘƘŀǘ ŎƻƴŎŜǇǘ ŀƴŘ ǘƘŜ ŦƻǊƳŀƭ ŎƻƴŎŜǇǘΩǎ definition. In particular, they note that a commonly used 
description of the derivative of a function y = (ὼ) at a point a of its domain is that it gives the slope of the tangent 
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line ǘƻ ǘƘŜ ŦǳƴŎǘƛƻƴΩǎ ƎǊŀǇƘ ŀǘ ǘƘŜ Ǉƻƛƴǘ όa, f(a)). It is also recalled that another common description of the derivative 
is that it expresses the rate of change of the function f(x) with respect to x, while its physical meaning is connected 
to the speed and to the acceleration at a moment of time of a moving object under the action of a steady force. On 
the contrary, the formal definition of the derivative Ŧ˘όŀύ of y = f(x) at a is given by 

 ( ) ( )
( ) lim x a

f x f a
f a

x a


-
¡ =

-
  (1) 

However, the concept of the limit is difficult to be understood by students. For example, in calculating the 

limit appearing in definition (1), while we initially accept that x tends to h  with valuesx a̧, we finally set x = a. 
Although this manipulation can be easily justified by the continuity of y = f(x) at ,h it is frequently confusing the 
novices. It is characteristic that 150 whole years were required from the time that Newton (1642-1727) and Leibniz 
(1646-1716) initiated the Differential Calculus until the complete understanding of the concept of the limit and this 
says everything! 

Therefore, it is natural for one to put the question of whether or not is it possible to initially define the concept 
of the derivative without using the limits. In fact, as we shall see next, this is possible for the wide class of algebraic 
functions. Nevertheless, although this is based to an old idea of Rene Descartes (1596-1650), the corresponding 
definition of the derivative is not so much in use in our days, nor it is mentioned in the school texts.   

The purpose of the present article is to describe this method that results to an algebraic definition of the 
derivative. Nevertheless, one cannot use this definition in case of the transcendental functions (trigonometric, 
exponential, logarithmic and many others), where the use of the traditional definition (1) becomes necessary. After 
all, this is actually the main difference between Algebra, where only finite processes are in use, and Mathematical 
Analysis, where the use of infinite processes, including the limits, becomes necessary. 

The rest of this article is organized as follows: In the second Section the algebraic method of Descartes is 
presented for calculating the slope of the tangent at a point of the graph of an algebraic function and the resulting 
algebraic definition of the derivative is given. As an example, the product and the chain rule for the derivatives are 
proved with the help of this definition. In third Section a general definition for the derivative in terms of the concept 
of continuity, due to Caratheodory, is given, which is based on the previous definition for the algebraic functions. 
Finally, in fourth Section approximate methods of calculating the derivative at a point of a function and of designing 
the graph of f ̆(x) when the graph, but not the formula, of the function y = f(x) is given, are presented and our final 
conclusion is drawn.    

The method of Descartes for calculating the slope of the tangent at a point of an algebraic curve. Descartes 
[24, 25] worked as follows for calculating the slope of the tangent at a point P (,h ʰ2) of the p rh bh ľa  
y = f(x) = x2:  The equation of a secant line of the parabola through P is of the form 
 y ς h 2 Ґ ˂όx ς h ύ,    (2) 
where  ˂is its slope. Equation (2) can be also written as  

x2 ς h 2 = ˂ (x ς h ),  
or as 

(x + h )(x ς h ) ς (˂x ς h ) = 0, 
or finally as  

(x ς h ) (x + h  ς ˂ ) = 0. 
The above secant line becomes a tangent of the parabola at P if, and only if, the multiplicity of the root  

x = h  is greater than 1. This means that the value x = h  need to be also a root of the equation  
x Ҍ ʰ ς ˂  = 0, 

which gives that  ˂= 2h . Consequently, in terms of the geometric representation of the derivative, which was 
developed later by Newton and Leibniz, one finds that for f(x) = x2 we have f ̆ ( )h = 2h  .  

It must be mentioned of course that in the era of Descartes the equation (2) of a straight line in terms of its 
slope was not known. This means that, in order to determine the equation of a secant line of the parabola through 
P, the consideration of another point of the parabola, apart from P, was needed, which makes the above procedure 
slightly more complicated. However, the brilliant idea of Descartes, who was a deep expert in Algebra, remains 
unchanged. 

Generalizing the above process let as now consider a polynomial of any degree n with real coefficients of the 
form  

y = f(x) =  bnxn + bn-1xn-1 ҌΧΧҌ b1x + b0. 
For every real number h  we have that  

f(x)-fόʰύҐbn(xn-ʰn)+bn-1(xn-1-ʰn-1ύҌΧҌb1(x-ʰύ=bn(x-ʰύόxn-1+xn-2ʰ Ҍ ΧΦ Ҍ ʰn-1) + bn-1(x-ʰύόxn-2 + xn-3ʰ Ҍ ΧΦ Ҍʰn-2ύ ҌΧҌ b1(x-ʰύ, 
or 
 f(x) ς  fόʰύ Ґ q(x) (x ς h ύ,  (3) 
where q(x) is also a polynomial with real coefficients and degree less than n. 

Then, like in parabola, each secant line of the graph of the polynomial function y = f(x) through the point P 
( ,h f( )h) with slope equal to ˂, it has an equation of the form 
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f(x) ς fόʰύ Ґ ˂όx ς h ύ, 
which using (3) could be written as 

(x ς h ύώq(x) ς ˂ϐ = 0. 
Therefore, applying again 5ŜǎŎŀǊǘŜǎΩǎ ŀǊƎǳƳŜƴǘ for the parabola, one obtains that the slope of the tangent 

of y = f(x) at a is equal to ˂  = q( )h, which shows that f ̆ ( )h = q( )h . 
Note that equation (3) holds even in case of a straight line  

f(x) = b1x + b0   

with b1 0̧ or  b1 = 0 , where 
f(x) ς f( )h = b1 (x ς h ) and ˂  = b1. 

In other words, another straight line intersects the line 
y = b1x + b0 

with multiplicity greater than 1, if, and only if, it coincides with it. 
Now, let us consider a rational function of the form  

F(x) = 
( )

( )

f x

g x
 , 

where g(x) ˁ ʰʽ f(x)  are polynomials,  with g(x) 0̧. Then, by (3) 
f(x) ς  f( )h = q(x) (x ς h ). 

Therefore F(x) = ( )

( )

f x

g x
 (x ς  a) = Q(x)(x ς a), where Q(x) = ( )

( )

q x

g x
 is a rational function. Therefore, we find again 

that 
F(x) ς F( )h = Q(x)(x ς a). 

Consequently equation (3) also holds in this case , with Q(x) a rational function having the same domain with 
F(x). 

Further, let us consider the function f(x) = x . Then, if h >0, one can write  

f(x )ς f( )h = x a-  = 1

x a+
 (x ς a). 

Therefore, equation (3) holds again with  

q(x) = 1

x a+
. 

It is recalled here that a function is said to be an algebraic function, if it is a root, with respect to y, of an 
equation of the form 

fn(x)yn + fn-1(x)yn-1 ҌΧΧҌ f1(x)y + f0(x) = 0, 
where n is a natural number and fn(x), fn-1(xύΣΧΣ f1(x), f0(x) are polynomials, with respect to x, with real coefficients.  

From the above definition it becomes evident that all the rational and irrational functions (i.e. those 
containing roots of rational functions of any order) are algebraic functions. 

By suitably generalizing the above used arguments for rational functions, one can prove [26] that equation 
(3) remains true for all algebraic functions. Namely we have the following factorization lemma. 

Lemma. For each a in the domain of an algebraic function y = f(x) there exists an algebraic function q(x) having 
the same domain with f(x), such that 

f(x) ς fόʰύ Ґ q(x) (x ς h ύΦ 
As an immediate consequence of the above Lemma, one can give the following algebraic definition for the 

derivate of an algebraic function. 
Definition.  
I) The derivative number at a point a in the domain of an algebraic function y = f(x) is defined by 

f ̆ όʰύ Ґ q(a). 
II) The derivative function y = f ̆ (x) is defined in a suitable subset of the domain of f(x) by 

f ̆ (x) = q(x). 

Example. The domain of f(x) = x  and of q(x)= 1

x a+
 is the interval [0, +¤), while the domain of  

f (̆x)= 1

2 x

 is restricted to (0, +¤). When a = 0, then q(x)= 1

x

 and equation (3) gives that x = x

x

. Also, for x = 0, 

q (0) = 1

a

 and equation (3) is trivially written as ς a =
a

a

-
. 

Remarks. 1) Since all algebraic functions are continuous functions, it becomes evident that the above 
algebraic definition of the derivative is equivalent to the classical definition (1). In fact the factorization described by 
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equation (3) actually raises the vagueness 0

0
 appearing in the limit of definition (1). 

However, if a transcendental function y = f(x) is not continuous at h, then the above limit either does not 
exist or it becomes infinite. Consequently, in such cases the derivative f (̆a) does not exist, which means that the 
algebraic definition of the derivative cannot be applied in this case.  

2) Note that all the known properties of the derivatives can be proved with the help of the above algebraic 
definition. As a first example, we shall prove here the product rule for derivatives. For this, let us consider the 
algebraic functions  y = f(x) and y = g(x)  with common domain ɮ. Then, for each h in ɮ, we can write 

f(x) ς fόʰύҐ q1(x)(x ς a)  
and 

g(x) ς gόʰύҐ q2(x)(x ς a),  
where q1(x) and q2(x) are also algebraic functions with domain ɮ. Then 

f (̆ )h= q1( )h and g (̆ )h= q2( )h. 
But fg(x) ς fg(a)= f(x)g(x)ςf( )hg(a)= f(x)g(x) ς f( )hg(a)+ f(x)g(a) ς f(x)g(a)= f(x)[g(x) ς g(a)]+ [f(x) ς f(a)]g(a)= 

=f(x) q2(x)(xςa)+g(a) q1(x)(xςa)=[f(x)q2(x)+g(a)q1(x)](xςa)=q(x)(xςa). 
Therefore, 

όŦƎύ˘όʰύ Ґ ǉόʰύ = Ŧόʰύǉ2όʰύҌƎόŀύǉ1όʰύҐ ŦόʰύƎ˘ όʰύҌƎόŀύŦ˘όʰύ= (fgΩҌgf˘ύόʰύΦ 
3) The proof of the chain rule is even easier. In fact, if F = f o g, with y = g(x), then applying equation (3) one 

finds that  
 F(x) ς F(a) = q(x)(x ς a) (4)   
and g(x) ς g(a) = q2(x)(x ς a). 

Also, for b=g(a), one finds with respect to y that  
f(y) ς  f(b) = q1(y)(y ς b). 

 But F(x) ς F(a) = f(y) ς f(b) = f(g(x)) ς f(g(a)) = q1(g(x))[g(x) ς g(a)] = q1(g(x))q2(x)(x ς a).  (5)  
On comparing equations (4) and (5) one obtains that q(x) = q1(g(x))q2(x). 
Therefore, q(a) = q1(g(a))q2(a) or q(a) = q1(b)q2(a). 
Thus, applying the algebraic definition of the derivative one finally finds that 

(f o gύ˘Ґ f x˘ Ґ fy˘ yx˘Φ 
4) The common experience shows that, after proving the properties and finding the basic formulas for 

calculating the derivatives, students are very little interested for using the limits connected to them. In fact, their 
attention is then turned to the study of functions and to the design of their graphs with the help of derivatives, as 
well as to the other practical applications of the derivatives, which are also useful to the study of other scientific 
topics, like Physics, Economy, Engineering, etc. Therefore, one could be taught the derivatives on the basis of their 
algebraic definition first with the introduction of the difficult concept of the limits to be followed only when it 

becomes necessary, i.e. when it is time to calculate the derivatives of the transcendental functions [27].  

/ŀǊŀǘƘŜƻŘƻǊȅΩǎ ŘŜŦƛƴƛǘƛƻƴ ŦƻǊ ǘƘŜ ŘŜǊƛǾŀǘƛǾŜΦ Let as consider a polynomial function y = f(x) in a real interval 
 ɻof radius h . Since f(x) is a bounded function in ,ɻ equation (3) gives that  

 | f(x) - fόʰύ|  ¢ ɼμx- |h ,  (6) 
for a suitable value of the constant K. Therefore, as the interval ɻ decreases around h , the value of f(x) approximates 
the value f(a). 

In this simple way one can introduce the concept of continuity of a function and can prove that all polynomials 
are continuous functions, without making a direct use of the limits.  Note that inequality (6) holds for all algebraic 
functions [26], which means that one can prove through it the continuity of all such functions. 

The famous Greek mathematician Caratheodory (1873-1950), who, among others, helped Einstein to develop 
the mathematical part of the Relativity Theory, introduced the following general definition for the derivative in 
terms of the concept of continuity [28], which extends the definition for the algebraic functions presented in Section 
II. 

Definition. A function y = f(x) is said to be differentiable at a point x = a in its domain, if there exists a 
factorization of the form  

f(x) ς fόʰύ Ґ q(x) (x ς h ύΣ 
where q(x) is a function continuous at h . Then the value q( )h is called the derivative (number) of y = f(x) at h   and it 
is denoted by f (̆ )h. Further, the function y = f (̆x), defined in a suitable subset of the domain of f(x), is called the 
derivative (function) of f(x). 

Since in the above definition q(x) is continuous at a , we have that  
( ) ( )

( ) lim x a

f x f a
f a

x a


-
¡ =

-
 = ( )( )

lim x a

q x x a

x a


-

-
= q( )h. 

¢ƘŜǊŜŦƻǊŜΣ /ŀǊŀǘƘŜƻŘƻǊȅΩǎ definition is equivalent to the classical definition (1) of the derivative. 
Although the above definition has been used successfully by a considerable number of German 

mathematicians of the era of Caratheodory and later on, it is not so widely known in the international and in 
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particular in the English literature, neither it is included in the school text books.  
Of course, the above definition is not completely independent from the concept of the limit, which is strictly 

connected to the concept of continuity. Nevertheless, it has the advantage that at the first steps (algebraic functions) 
it does not require the use of the limits at all. Consequently, it could be reclaimed more for teaching purposes. 

Approximate calculation of the derivative and design of its graph. The examples to be presented in this 
Section constitute part of a joint, but unpublished yet, work of the present author with V. Borji and S.H. 
Alamolhodaee from Ferdowsi University of Mashhad, Iran, on the use of the APOS theory for the graphical 
representation of the derivative. 

The geometric representation of the derivative of a function at a point of its domain leads to a method of 
calculating the derivative, ƛŦ ǿŜ ŘƻƴΩǘ ƪƴƻǿ ƛǘǎ ŦƻǊƳǳƭŀΣ with the help of a Table of suitably chosen values of the 
given function. This method, which is applied in Example 1, is based on the fact that the secant line of the graph of 
a function y = f(x) at the points ɮ and ɰ approximates the tangent of the graph at ɮ, when the point ɰ is moving 
approaching to ɮ either from the left, or from the right (see Figure 1, where B is approaching A from its right side).  

 
Fig. 1. The point ɰ approaches  ɮ from its right side 

 
Example 1. Use the values of the continuous function y = f(x) given in the below Table to approximate the 

value of its derivative at x = 2. 
Table1. Values of y = f(x) in Example 1 

x 1.9 1.99 1.999 Χ 2.0001 2.001 2.1 

F(x) 3.61 3.9601 3.996001 Χ 4.00040001 4.004001 4.41 

 
From Table 1 one observes that, as x tends to 2, f(x) tends to 4. Then the slopes of the corresponding secant 

ƭƛƴŜǎ ƻŦ ǘƘŜ ŦǳƴŎǘƛƻƴΩǎ ƎǊŀǇƘ ŀǇǇǊƻŀŎƘƛƴƎ ƛǘǎ ǘŀƴƎŜƴǘ ŀǘ όнΣпύ Ŏŀƴ ōŜ ŎŀƭŎǳƭŀǘŜŘΦ ¢Ƙƛǎ ƛǎ ǎƘƻǿƴ ƛƴ CƛƎΦнΣ ŎƻƴŎŜǊƴƛƴƎ ŀ 
correct student solution of this example. 

 
Fig.2 A correct student solution of Example 1 

 
In this way, it is finally found that that f ̆ (2) = 4.  
The method applied in Example 1, combined with the use of the proper software, can be also utilized for the 

approximate design of the graph of the function f ̆ (x), given the graph, but not the formula, of f(x). For this, it suffices 
to calculate graphically the coordinates (x, f(x)) of n random points of the graph of f{x), where n is a sufficiently large 
natural number, then to calculate, as in Example 1, the corresponding values of f (̆x),  to plot the points (x, f (̆x)) in 
the existing coordinate system and finally to join all these points with a continuous line. The above process is 
illustrated in the following Example 2. 

Example2. In the following figure the graph of a function f(x) (red line) is presented.in the interval [-3,3]. 
Design in the same interval and in the same coordinate system the graph of the derivative f (̆x). 
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Fig. 3. Graph of f(x) in [-3, 3] and representation of the points of f̆(x) 

 
Solution. For symmetry reasons (and only for this) we choose the points with x-coordinates equal to  

+h ( )k b a

n

- ,  ˁ=лΣ мΣΧΦΣ n, where in our case a = ς3 and b = 3. If we take, for example n = 20, the corresponding  

x-coordinates are ς3, -3+ 6

20
= - 54

20
, -3+12

20
=- 48

20
ΣΧΣ -3+19.6

20
=54

20
, 3. 

The 21 green points of the graph of f (̆x) shown in Fig.3 were plotted using the Maple software.  
Further, for n = 200 and with the help of Maple one obtains the graph of Fig. 4 (green line). 

 
Fig.4. Graph of   f (̆x) 

 
Note. Fig.3 represents the graph of the function f(x)=x3. 
Our last Example 3 illustrates another approximate method for designing the graph of f (̆x) given the graph 

of f(x), which can be applied with the use of pencil only. 
Example 3. The graph of a function y = f(x) is given in the below figure. Observing that its tangent at the point 

(a, f(a)) is horizontal and its tangent at (b, f(b)) is vertical with respect to the x-axis, sketch the graph of the derivative 
function f (̆x). 

 

 
 

Fig.5. Graph of y = f(x) in Example 3 
 
Solution. Since the tangent of the given graph at (a, f(a)) is parallel to the x-axis, its slope is equal to zero, 

which means that f ̆ ( )h = 0. Consequently, the graph of f ̆ (x) intersects the x-axis at a. 
Also, from Figure 4 one observes that f(x) is strictly decreasing in the interval (ς¤, a), which means that 

f (̆x)<0, for all x in (ς¤, a). Therefore, the graph of f ̆ (x) in (ς¤, a) lies under the x-axis. Further, the concavity of f(x) 
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in (ς¤, a), is upwards, which means that f˘˘˘(x)>0. Consequently, the derivative function f (̆x) is strictly increasing in 
(ς¤, a).  

In the interval (a, b), f(x) is strictly increasing, therefore  f (̆x)>0. Thus the graph of f (̆x) lies over the x-axis. 
Also the concavity of f(x) is upwards, which means that f (̆x) is strictly increasing 

Since the tangent of the graph of f(x) at b is vertical its slope is equal to +¤, therefore there is no real value 
for the derivative of f(x) at b, i.e. b does not belong to the domain of f (̆x). 

Similarly, in the interval (b, c) we have that f (̆x)>0 and f̆ ˘(x)<0, i.e. f (̆x) is decreasing and its graph lies over 
the x-axis. 

At the point (c, f(c)) the left and right tangents to the graph of f(x) are different, which means that f ̆ (x) is not 
defined at c.  

Finally, in the interval (c, +¤) f(x) is strictly decreasing and its graph turns to a straight line. Therefore the 
value of the derivative f (̆x) is equal to a negative real constant at all points of this interval, which means that its 
graph is a straight line parallel to the x-axis and lying under it. 

All the above lead to the draft design of the graph of f (̆x) presented in Fig.6. 

 
 

Fig.6. A correct student response for Example 3 
 

From the discussion performed in this paper the following conluson can be drawn: 
Conclusion. The graphical representation of the derivatives finds many interesting applications that could 

and must be reckaimed better for teaching purposes. 
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ͺ͊ͻ͍ͦͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟Φ ˻͙ͨͫ͊ͤͦ ͍ͦͫͤͦͤ͜ ͙ͪͦ͒͘͜͡ ζ˽͎͙ͪͦͪ͊ͣ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙͙ͨͪ͊ͭ͟͟η ͒͡Ύ ͔͍ͫͭͯ͒ͤͭ͜-͚ͣ͊͋ͯͭͤ͜ͻ 
͍;͙͔͍ͭ͜͡ ͺ͙͙͘͜͟ όп-͚ ͯͪͫ͟ύΣ ͔ͪͦͪͦ͋ͤͦ͘͡͝ ͍͙͊ͭͦͪ͊ͣ ͫͭ͊ͭͭ͜ ͯ ͍͍͍ͫͨ͊ͭͦͪͫͭ͜͜ ͘ ͔͙͍ͦͭͦͣ͟͟͡ ͍͒ͦͫ͒͜;͔͙ͤͻ 
͍͙͊͒͊͟͡;͍͜ ͊͟ͺ͔͙͒ͪΦ ˻͔͔ͪͫͤͦ͟͡ ͔͔͙͍͙ͨͪͫͨͭ͟ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙͙ͨͪ͊ͭ͟͟ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͍͘ΩΎͯ͘͟ ͘ ͔ͪͺ͍ͦͪͣͯ͊ͤͤΎͣ 
͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͍ ̂ͪ͊ͤ͟͜͝Φ ˤ͙͍͔ͫͭͤͦ͜͡ ͔͒Ύ͟͜ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙͙ͨͪ͊ͭ͟͟ ͯ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ 
͊͊͒͊͘͟͡ͻ ͙ͪͤ͘͜ͻ ͪ͊ͤ͟͝ ͍ͫͭͯ͜Φ  

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͙ͨͪ͊ͭ͊͟͟Σ ͍͙΅͙͚ ͍ͤ͊;͊͡Έ͙͚ͤ ͊͊͒͘͟͡Σ ͨͪͦͺ͔͚ͫͤ͊͜ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈΣ 
͚͚ͣ͊͋ͯͭͤ͜ ͍;͙͔ͭ͡Έ ͺ͙͙͘͜͟Σ ͔ͫͭͯ͒ͤͭΦ 

 
˽͔͎͎͒͊ͦ͜;ͤ͊ ͙ͨͪ͊ͭ͊͟͟ ͔͍ͫͭͯ͒ͤͭ͜-͚ͣ͊͋ͯͭͤ͜ͻ ͍;͙͔͍ͭ͜͡ ς ͍͙͍͙͚͊͗͡ ͔ͦͣͨͦͤͤͭ͟ ͝ͻ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ 

͍͔ͫͭ͊ͤͦͤͤ͡ΎΦ ˤͦͤ͊ Ί ͎ͦͪ͊ͤ͜;ͤͦΌ ;͙͊ͫͭͤͦΌ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͍ ͍͔͙͔ͯͤͪͫͭͭ͜͜ ͜ ͦ͋ͪͦ͘ΌΊ ͔͍ͫͭͯ͒ͤͭ͜ ͨͦ;͍͙͊ͭͦͣ͟ 
͍͒ͦͫ͒ͦͣ͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˽͒͜ ;͊ͫ ͙͙ͨͪ͊ͭ͟͟ ͍ͫͭͦͪΌΌͭΈͫΎ ͍ͫ͜ ͔ͤͦ͋ͻ͒ͤ͜͜ ͍͙ͯͣͦ Ύ͟ 
͙ͨͪ͊ͭ͟;ͤͦ͝ ͔ͪ͊͊͘͜͡ͼ͜͝ ͙͙ͦͭͪͣ͊ͤͻ ͤ͊ͤ͘Έ ͔͍ͫͭͯ͒ͤͭ͜ ͘ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͜ ͺ͊ͻ͍͙ͦͻ ͙͒ͫͼ͙ͨͤ͜͡Σ ͭ͊͟ ͜ ͒͡Ύ 
͍͙ͪͦͭͯ͘͟ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔͚͒͋ͤͦͫͭ͘͜ ͎ͦ͗ͤͦͦ͟ ͘ ͙ͤͻΣ ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Φ 

˾ͤ͘͜͜ ͍͙͙͒ ͔͙͙ͨ͒ͨͪ͊ͭ͟͟ ͒͊ΌͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ ͔ͫͭͯ͒ͤͭ͊ͣ ͚͙͙ͦͤ͊ͦͣͭͫ͘Ύ ͘ ͔ͪ͊͡ΈͤͦΌ ͙͔ͫͫͭͣͦΌ ͍ͤ͊;͊͡Έͤͦ-
͍͙ͻ͍ͦͤͦ͝ ͙ͪͦ͋ͦͭ ͍ ΄ͦ͟͜͡Σ ͘ ͍͒ͦͫ͒ͦͣ͜ ͍ͨ͊ͤͯ͊ͤͤ͡Ύ ͜ ͍͔͔ͨͪͦ͒ͤͤΎ ͍ͯͪͦ͟͜ ͍;͙͔ͭ͡Ύ͙ͣΣ ͨͦ͊͊ͫͤͦ͘͟͡͝ ͙ͪͦ͋ͦͭ ͘ 
͔͔ͨͪ͒ͣͭͯΣ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜͝ ͜ ͍͙ͻ͍ͦͤͦ͝ ͙ͪͦ͋ͦͭ ͙͊ͫͤ͟͡ͻ ͔͍͙͍ͪͤ͟͜͟͜Φ ̂ ͨͪͦͼ͔ͫ͜ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙͙ͨͪ͊ͭ͟͟Σ ͔ͫͭͯ͒ͤͭ͊ͣ 
͍͙͒ͦͦ͒ͭΈͫΎ ͍͙͍͙ͦͤͯ͊ͭ͟ ͍͔͙͙͚͟͡ ͦ͋ͫΎ͎ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭΣ Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͙Ύ͍͙͙ͭ ͔͎͎ͨ͒͊ͦ͜;ͤͯ ͍ͭͦͪ;ͫͭ͜Έ ͤ͊ ͍ͫ͜ͻ 
͒͜͡Ύͤ͊͟ͻ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͙ͤ͊͋ͯͭ ͍͙ͤ͊;ͦ͟ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͘ ͯ;ͤΎ͙ͣΣ ͍;͙͔ͭ͡Ύ͙ͣΣ ͋͊ͭΈ͙͊ͣ͟Φ 

˩ͺ͔͙͍͔ͭͤ͟ ͍͔͔ͨͪͦ͒ͤͤΎ ͔͙͙ͨ͒ͨͪ͊ͭ͟͟ ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͔͎ͤ͊͗ͤͦͦ͡ ͍ͪͤ͜Ύ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͜ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͒͜Ύ͡Έͤͫͭ͜Ό 
͔͍ͫͭͯ͒ͤͭ͜Φ ˽͍͙ͪ͊͡Έͤͦ ͎͍ͦͪ͊ͤͦ͊ͤ͊͘͜ ͙ͨͪ͊ͭ͊͟͟ ͙ͨͦ͊ͤ͊͟͟͡ ͍͙͍͙ͦͤͯ͊ͭ͟ ͤ͊ͫͭͯͨͤ͜ ͺͯͤ͟ͼ͜͝Υ ͊͒͊ͨͭ͊ͼ͚ͤͯ͜Σ ͍ͤ͊;͊͡ΈͤͯΣ 
͍͙ͻ͍ͦͤͯΣ ͍͙͍ͪͦ͊͘͡Έͤͯ ͭ͊ ͎͙͒͊ͤͦͫͭ͜;ͤͯΦ ˭͊ ͦͫͭ͊ͤͤ͜ ͟͜͡Έ͊͟ ͍ͪͦ͟͜ ͍͙ͤͦͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͘ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ύ 
͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙͙ͨͪ͊ͭ͟͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͍;͙͔͍ͭ͜͡ ͺ͙͙͘͜͟ ͙ͨͪ͊ͭ͟;ͤͦ ͔ͤ ͋ͯͦ͡ [4]. ˽ ͔ͪͦͭΣ ͤ͊ ͫΈ͎ͦͦ͒ͤ͜ ͔ͨͪͦ͋ͣ͊͡ Ύ͎ͫͤͦͦ͟͜ 
͍͔͔ͨͪͦ͒ͤͤΎ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙͙ͨͪ͊ͭ͟͟ ͊ͭͯ͊͟͡Έͤ͊ ͜ ͎͊ͦͫͭͪ͘ΌΊͭΈͫΎ ΅͔ ͚ ͘ ͙ͭͻ ͙ͨͪ;͙ͤΣ ΅ͦ ͍ͤ͊;͊͡Έͤ͜ ͎͙͙ͦ͒ͤΣ Ύ͟͜ 
͍͍͙͙͒ͦ͒ͫ͜͡Έ ͤ͊ ͔͎͎ͨ͒͊ͦ͜;ͤͯ ͙ͨͪ͊ͭͯ͟͟ ͔͍ͫͭͯ͒ͤͭ͜ ͤ͊͘;ͤͦ ͙͙ͫͦͪͦͭͫ͟͡ΈΦ ˭͊ ͙ͭ͊͟ͻ ͍ͯͣͦ ͔ͤͦ͋ͻ͒ͤͦ͜ ͤ͊͘ͻ͙͙ͦ͒ͭ 
͙ͫͨͦͫͦ͋ ͙ͦͨͭͣ͊͘͜ͼ͜͝ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͯͨͪ͊ͤͫ͜͡Έ͙͟ͻ ͪ͜΄͔ͤΈ ΅ͦ͒ͦ ͍͔͔ͨͪͦ͒ͤͤΎ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙͙ͨͪ͊ͭ͟͟Φ 

̂ ͼΈͦͣͯ ͪͦͼ͜ ͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͙ͨͪ͊ͭ͊͟͟ ͔͍ͫͭͯ͒ͤͭ͜ ˴͊ͣΩΎ͔ͤͼΈ-˽ͦ͒͜͡ΈͫΈ͎ͦͦ͟ ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ 
˻͎͜Ίͤ͊͟ ͊͘ ͤ͊ͨͪΎͣͦͣ ͎͍͙ͨ͒ͦͭͦ͜͟ ζ˿͔͔ͪ͒ͤΎ ͍ͦͫͭ͊͜Φ ͙̅͊͘͜͟η όп ͯͪͫ͟ύ ͚͒ͫͤ͘͜Ό͍͊͊ͫ͡Έ ͯ ͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ ͒ͦ ͍͔ͦͤͦͤͦ͡͝ 
ζ˽͎͙ͪͦͪ͊ͣ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙͙ͨͪ͊ͭ͟͟ηΣ ͎͍͔ͨ͒ͦͭͦͤͦ͜͡͝ ͍͊ͭͦͪͫΈ͙ͣ͟ ͔͙͍ͦͭͦͣ͟͟͡ ͊͟ͺ͔͙͒ͪ ͔͙͙ͣͭͦ͒͟ ͍͙͊͒͊ͤͤ͟͡Ύ 
ͺ͙͙͘͜͟ ͜ ͙͒ͫͼ͙ͨͤ͜͡ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦ͝ ͍ͦͫͭͤ͜Έͦ͝ ͎͊ͯ͘͜͡Φ ˭͊ ͍ͦͫͤͦͯ ͎͙ͨͪͦͪ͊ͣ ͍͘Ύͭͦ ζ˽͔ͦͦ͗ͤͤ͡Ύͣ ͨͪͦ ͔͎͎ͨ͒͊ͦ͜;ͤͯ 
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͙ͨͪ͊ͭͯ͟͟ ͯ ˤ˹˭ ͙̂ͪ͊ͤ͟͝ηΣ ͍͔͔͔͊ͭͪ͒͗ͤ͘ ˸˻˹ ͙̂ͪ͊ͤ͟͝Φ ˽͎ͪͦͪ͊ͣ͊ ͙ͣͫͭͭ͜Έ ͭ͊͟͜ ͙ͪͦ͒͘͜͡Υ ͪͦ͘ΩΎ͔ͫͤͤͤΎ ͔͙ͣͭ ͜ 
͍͊͒͊ͤ͘Έ ͙͙ͨͪ͊ͭ͟͟Σ ͣͫͭ͘͜ ͙͙ͨͪ͊ͭ͟͟ όͨͦ;͍͙͚͊ͭͦ͟ ͔ͭ͊ͨ ͙͙ͨͪ͊ͭ͟͟Σ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤ͊ ͪͦ͋ͦͭ͊ ͘ ͺ͊ͻͯΣ ͨͦ͊͊ͫͤ͊͘͟͡ 
ͪͦ͋ͦͭ͊ ͘ ͺ͊ͻͯΣ ͍͙ͻ͍ͦͤ͊ ͪͦ͋ͦͭ͊ ͘ ͊ͫͦͣ͟͡Σ ͔͙ͣͭͦ͒;ͤ͊ ͪͦ͋ͦͭ͊Σ ͍ͤ͊ͯͦͦ͟-͒ͦͫ͒ͤ͊͜͡ ͪͦ͋ͦͭ͊ύΤ ͍ͨͪ͊͊ ͜ ͍ͦ͋ͦΩΎ͙͘͟ 
͔͍ͫͭͯ͒ͤͭ͜ ͙͍ͨͪ͊ͭ͊ͤͭ͟͟͜Τ ͙ͪ͊͘͘͟ ͍ͭͤͦ͘͜͝ ͔͒ͦͯͣͤͭ͊͟ͼ͜͝ ͔ͫͭͯ͒ͤͭ͊- ͨ ͙ͪ͊ͭ͊ͤͭ͊͟͟Τ ͙͔ͪͭͪ͟͜͝ ͦͼͤ͜Ό͍͊ͤͤΎ ͜ ͫͻ͔ͣ͊ ͊ͤ͊ͯ͘͜͡ 
͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔ͫͭͯ͒ͤͭ͊ ͨ͒͜ ;͊ͫ ͙͙ͨͪ͊ͭ͟͟Τ ͔͙ͣͭͦ͒;ͤ͜ ͔͔ͪͦͣͤ͒͊͟ͼ͜͝ ͘ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͔͙͙ͨ͒ͨͪ͊ͭ͟͟ 
[5]. 

̒͟ ͨͦ͊ͯ͘͟Ί ͍͒ͦͫ͒͜Σ ͔͒ͯ͗ ͍͙͍͊͗ͦ͡ ͔͍͙ͪͤ͊ͣ͟͜͟ ͔ͨͪ΄ͦ͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙͙ͨͪ͊ͭ͟͟ ͜ ͍;͙͔ͭ͡Ύͣ-͍͙ͤ͊ͫͭ͊ͤ͊ͣ͟ 
͙͙ͨ͒ͭͪͣ͊ͭ͜ ͍ ͔͍ͫͭͯ͒ͤͭͦ͜ ͔͎͎ͨ͒͊ͦ͊Σ ͎͙͒ͦͨͦͣͦͭ ͍͙͙ͫͨͪ͊ͭͫΈ ͚ͦͣͯ ͘ ͼ͜ΊΌ ͪͦ͡͡ΌΣ ͍͙͙ͪͭ͜ ͍ ͚͎ͦͦ ͒ͦ͋ͪ͜ ͙ͤ͊ͣͪ͜Σ 
͒͋ͤͦͫͭ͘͜͜ ͚ ͋͊͗͊ͤͤΎ ͙ͫͭ͊ͭ ͎͙͊ͪͤͣ ͍;͙͔͔ͭͣ͡Φ ́ͯͭ ͍͊ͪͭͦ ͎͙͊͒͊ͭ͘ ̒Φ ˢΦ ˴͔ͦͣͤͫΈ͎ͦͦ͟Σ Ύ͙͚͟ ͙͍ͨͫ͊Υ ζ˹͜ͻͭͦ ͔ͤ ͔ͣͦ͗ 
͙͙ͪͦ͋ͭ͘ ͡Ό͔͚͒ ͙͙ͣͯ͒ͪͣΣ ͪͣ͟͜ ͎ͣͯ͒ͪͦͦΣ ͤ͜ͻͭͦ ς ͍͙͙ͪ͊ͫͤͦͣͦͤͣ͟Σ ͪͣ͟͜ ͍͎ͪ͊ͫͤͦͣͦͤͦͦ͟Σ ͤ͜ͻͭͦ ς ͙ͫͯͣͤͤͣ͜͡ ͜ 
͎͋͊ͦ͡;͔͙͍͙ͫͭͣΣ ͪͣ͟͜ ͎ͫͯͣͤͤͦͦ͜͡ ͜ ͎͋͊ͦ͡;͔͙͍͎ͫͭͦͦΦ ˤ͙͊͒͊͟͡;͙͊ͣ ͍͙ͨͦͤͤ͜ ͙͋ͯͭ ͡Ό͙͒ ;͔ͫͤ͜Σ ͒͜Ύ͡Έͤ͜ ͜ ͨͪ͊ͼΈ͍͙ͦͭ͜Σ 
͔ͤ ͭ͜͡Έ͙͟ ͒͡Ύ ͎͙ͦ͒ͭΈͫΎΣ ͊ ͚ ͍ͤ͊ͫͨͪ͊͒͜ ͍͙ͦͤ ͍͙ͨͦͤͤ͜ ͙͋ͯͭ ͙͍͙͙͗ͣ ͍ͪ͘͜ͼΎ͙ͣ ;͔ͫͤͦͭΣ ΅ͦ ͝ͻ ͍͙ͦͤ ͣ͊ΌͭΈ ͙ͨͪ΅͔͙͙ͨͭ 
ͤ͜΄͙ͣηΦ ́ͦ͋ͭͦΣ ͍ ͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͔ͤͫͭͪͯͣͤͭͦͣ͜ ͍͙͍ͨͯ͡ ͤ͊ ͯ;ͤΎ Ί ͙ͦͫͦ͋ͫͭͫͭ͜Έ ͍;͙͔ͭ͡Ύ ς ͚ͦ ͎ͦ ͤ͊ͤͤ͘ΎΣ 
͍ͣͤͤ͜ΎΣ ͒ͯͣ͊͟Σ ͨͦ;ͯͭͭΎΣ ͍͔ͨͦ͒ͤ͊͜͟ ώсϐΦ 

˿͔͙ͭͯ͒ͤͭ ͨͦͭͪ͋ͤͦ͜ ͎͙͒ͦͨͦͣͦͭ ͙ͪͦͯͣͭ͘͘͜Σ ΅ͦ ͍͙͎͙͍ͣͦͫͭ͜͡Έ ͒ͦ ͯ;͍ͤ͜ ͍͙ͨͦͤͤ͊ ͙͋ͯͭ ͪͦͯͣͤͦ͘ΌΣ ΅ͦ͋ ͔ͤ 
͍ͨͦͪͦ͒͗ͯ͊͊͡ ͋ͦΎͫͭ͘͟͜Έ ;͙ ͍ͤ͊ͭ͜Έ ͍͒ͪ͊ͯ͘͜ ͒ͦ ͍ͤ͊;͊ͤͤΎΦ ̂;͙͔ͭ͡Ό ͨͦͭͪ͋ͤͦ͜ ͔͔͙ͨͪͦͤ͊ͭ͟ ͯ;͍ͤ͜ ͍ ͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜ 
͍ͤ͊;͊ͤͤΎΣ ͊ͦ͘ͻͦ;͍͙ͯ͊ͭ ͝ͻΣ ͎ͦ͒ͤͦͦ ͙͙ͦ͋ͣͤͯͭ ͦͫͯ͒ͦͣΣ ͎͒ͪͯͦͣͯ ͙ͫ͊͊ͭ͘͟Υ ζ˹͔ ͍ͫΎͭ͜ ͎ͦͪ΄͙͟ ͨ͜͡͡ΎͭΈΣ ͯ ͔͔́͋ ͍͔ͫ 
͍͙͚͔͒Σ Ύ ͭ͊ͦ͗͟ ͙ͦͫ͟͡Έ ͼΈ͎ͦͦ ͔ͤ ͍ͤ͊͘ηΦ ˱ ΅͔Σ ΅ͦ ͔͒ͯ͗ ͍͙͍͊͗ͦ͡ ς ˴ Φ˨Φ ̂΄͙ͤͫΈ͙͚͟ ͙͍ͨͫ͊Υ ζ˨͙ͭ͜ ͔͍͙ͤͤ͊͒ΎͭΈ ͯ;͙͔͍ͭ͜͡Σ 
͍͒͜ Ύ͙͟ͻ ͙ͤͦ͜͟͡ ͔ͤ ͔͒͗͒͜΄ͫΎ ͫͻ͍͔͊ͤͤ͡Ύ ͊͋ͦ ͍͙ͤ͊ͤͤ͘Ύ ͎ͭͦͦΣ ΅ͦ ͔͒ͦ͋ͪ ͔ͪͦ͋ͤͦ͘͡Φ ˢ ͍ ͔͒Ύ͙͟ͻ ͍ͻ͙ͦ͒ͭΈ ͯ ͙͔ͫͫͭͣͯ 
͙ͤͦ͜͟͡ ͔ͤ ͻ͍͙͙͊ͭ͡ ς ͼ͔ ͍͙͍͋͊Ί ͎͔ͨͪ͊ͤͤͤΎ ͒ͦ ͒ͦͫͦͤ͊ͦͫͭ͟͜͡Σ ͜ ͚ͭͦ ͻͭͦ ͊͡ΊΣ ͍͙͔ͨͦͤͤ ͙ͯͣͭ͜ ͚ ͻ͍͙͙͊ͭ͡η ώсϐΦ 

˽͔͎͎͒͊ͦ͜;ͤ͊ ͙ͨͪ͊ͭ͊͟͟ ͤ͊ ͼΈͦͣͯ ͔ͭ͊ͨ͜ ͍ͤ͊;͊ͤͤΎ Ί ͍ͫͦΊ͙ͪ͒ͤͣ͜ ͙ͤ͒͊ͭͦͪͦͣ͜͟ ͎͍ͦͭͦͤͦͫͭ͜ ͔ͫͭͯ͒ͤͭ͊ ͒ͦ 
͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˭͍͔͔ͪͤͣͦ ͍͎ͯ͊ͯΣ ΅ͦ ͦͫ ͙͍ͦ͋ͫͭ͜͡Ό ͼ͜Ί͝ ͍ͤ͊;͊͡Έͤͦ͝ ͙͙ͨͪ͊ͭ͟͟ Ί ͔ͭΣ ΅ͦ ͔ͫͭͯ͒ͤͭ ͍͔ͨͪ΄͔ 
͍͙ͫͭͯͨ͊Ί ͍ ͪͦ͜͡ ͎ͦͪ͊ͤ͊ͭͦͪ͊͘͜ ͍͒ͦͻ ͫͭͦͪͤ͜Υ ͔͙͒ͤͭ͜ͺͯ͜͟Ί ͔͔ͫ͋ ͯ;͙͔͔ͭͣ͡ ͺ͙͙͘͜͟ ͜ ͎͍ͦͪ͊ͤͦͯ͘͜Ί ͍ͫͦΌ ͒͜Ύ͡Έͤͫͭ͜Έ ͭ͊ 
͎͍ͦͪ͊ͤͦͯ͘͜Ί ͍ͤ͊;͊͡Έͤͯ ͜ ͨͦ͊͊ͫͤͯ͘͟͡ ͪͦ͋ͦͭͯ ͯ;͍ͤ͜ ͼ͎ͦͦ͜͡ ͊ͫͯ͟͡Φ ́͊͊͟ ͒͜Ύ͡Έͤͫͭ͜Έ ͔ͨͦͭͪ͋ͯΊ ͍͔ͫ͋͜;ͤͦ͝ ͙͙ͨ͒ͭͪͣ͜͟ ͜ 
ͦͤͫͯ͟͡Έ͙͍ͭ͊ͭͤͦ͝ ͎͙͒ͦͨͦͣͦ ͘ ͋ͦͯ͟ ͔͍͙ͪͤ͊͟͜͟-͔͙ͣͭͦ͒ͫͭ͊ ͘ ͺ͙͙͘͜͟Σ ͊ ͭ͊ͦ͗͟ ͙͙ͨ͒ͭͪͣ͜͟ ͺ͊ͻ͍͜ͼ͍͜-͔͙͍ͣͭͦ͒ͫͭ͜ ͍͒͜ 
͊͟ͺ͔͒ͪ ͔͎͎͙ͨ͒͊ͦ͜͟ ͭ͊ ͙ͨͫͻ͎ͦͦ͜͡͝Φ ˹͔͙͊͋Ύ͔͟ ͤ͊͘;͔ͤͤΎ ͒͡Ύ Ύ͎ͫͤͦͦ͟͜ ͜ ͔͔͋ͨ͘;͎ͤͦͦ ͨͪͦͻ͔ͦ͒͗ͤͤΎ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ 
͙͙ͨͪ͊ͭ͟͟ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͣ͊Ί ͝ͻ ͚͔ͦͤ͊ͦͣͤͤ͘͡Ύ ͘ ͤͫͭͪͯ͜͟ͼ͜Ύ͙ͣ ͘ ͔͔͙͋ͨ͘͟ ͨͪ͊ͼ͜ ͭ͊ ͍͙͎͙ͣͦ͊ͣ ͘ ͙͒ͦͭͪͣ͊ͤͤΎ ͍͙ͨͪ͊͡ 
͔͔͙͋ͨ͘͟ ͯ;͍ͤ͜ ͨ͒͜ ;͊ͫ ͍͔͔ͨͪͦ͒ͤͤΎ ͊ͤ͘ΎͭΈ ͯ ͺ͙͘͜;ͤͦͣͯ ͔͊͋ͤͭ͟͜͜ ό͍͙ͨͪͦͦ͒ͣͦ ͨ͒͜ ;͊ͫ ͍ͤ͊ͫͭ͊ͤͦ;ͦ͝ ͦͤ͟ͺ͔͔ͪͤͼ͜͝ ͘ 
͔͙͙ͨ͒ͨͪ͊ͭ͟͟ύΦ ˭͊ͤ͊͘;͙ͣͦΣ ΅ͦ ͍͋͊ͦ͘͜ ͤ͊ͤͤ͘Ύ ͘ ͔͔͙͋ͨ͘͟ ͨͪ͊ͼ͜ ͔͙ͫͭͯ͒ͤͭ ͙ͦͭͪͣͯΌͭΈ ͨ͒͜ ;͊ͫ ͍͙͍;͔ͤͤΎ ͔͔͍͙͋ͨͦ͘͟ͻ 
͙͒ͫͼ͙ͨͤ͜͡Σ ͔ͦͪͣ͊͘͟ ζ˻͍ͫͤͦ ͦͻ͙ͦͪͦͤ ͨͪ͊ͼ͜η ͭ͊ ζ˻ͻ͙ͦͪͦͤ ͨͪ͊ͼ͜ ͯ ͎͊ͯ͘͜͡ηΦ 

˻͒ͤ͜ΊΌ ͘ ͎͍͙ͦͦͤ͡ͻ ͒͜͡Ύͤͦ͟ ͙ͪͦ͋ͦͭ ͔ͫͭͯ͒ͤͭ͊-͙ͨͪ͊ͭ͊ͤͭ͊͟͟ ͍͍͊͗͊Ίͣͦ ͍͔͔ͨͪͦ͒ͤͤΎ ͍ͯͪͦ͟͜Φ ˭͊ ;͊ͫ 
͙͙ͨͪ͊ͭ͟͟ ͔ͫͭͯ͒ͤͭ ͣ͊Ί ͍ͤ͊;͙͙ͭͫΎ ;ͭͦ͜͟ ͍͙ͨ͊ͤͯ͊ͭ͡ ͙ͯͪͦ͟Σ ͍͙ͤ͊͘;͙͊ͭ ͝ͻ ͔ͣͭͯ ͜ ͔͙ͣͭͦ͒ ͝͝ ͒ͦͫΎ͎͔ͤͤͤΎΤ ͍͔͙ͨͪͦͫͭ мл 
͍ͪͦ͟͜ ͎ͪͤͦͦ͘͜ ͙ͭͨͯΣ ͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͪͤ͘͜͜ ͔͙ͣͭͦ͒Σ ͺ͙ͦͪͣΣ ͙͚͙ͨͪͦͣ ͜ ͙͊ͫͦ͋͘ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤͦ͝ ͙ͪͦ͋ͦͭΦ ˨͡Ύ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͙͎ͫͦͦͦ͟ ͍ͤ͊ͯͦͦ͟-͔͙ͣͭͦ͒;͎ͤͦͦ ͍ͪͤ͜Ύ ͍͙͊͒͊ͤͤ͟͡Ύ ͺ͙͙͘͜͟ ͔ͫͭͯ͒ͤͭ-͙ͯͨͪ͊ͭ͊ͤͭͯ͟͟ ͔ͤͦ͋ͻ͒ͤͦ͜ 
ͨͪ͊ͼΌ͍͙͊ͭ ͊͘ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͣ ͨ͊ͤͦͣ͡ ͎͒ͤͦ͘͜ ͔͙ͪͦͪͦ͋ͤ͘͡ͻ ͺ͊ͻ͍͜ͼΎ͙ͣ ͔͔ͪͦͣͤ͒͊͟ͼ͚͜Υ 

ī ͍͙ͨͪͦ͊ͤ͊ͯ͊ͭ͘͜͡ ͤ͊;͊͡Έͤͯ ͎ͨͪͦͪ͊ͣͯ ͘ ͺ͙͙͘͜͟ ͭ͊ ͔͔ͨͪ͜͟͡ ͔ͭͣΣ ͘ Ύ͙͟ͻ ͨͦͭͪ͋ͤͦ͜ ͍͙͙ͨͪͦͦ͒ͭ ͙ͯͪͦ͟Τ 
ī ͚͙͙ͦͤ͊ͦͣͭͫ͘Έ ͘ ͔͙͊ͤ͒͊ͪͤͣ͟͡ ͨ͊ͤͦͣ͡ ͙ͪͦ͋ͦͭ ͍;͙͔ͭ͡Ύ ͺ͙͙͘͜͟Τ  
ī ͍͙͍;͙͙ͭ ͣͫͭ͘͜ ͔ͭͣ ͘ ͺ͙͙͘͜͟ ͯ ͨ͒ͪͯ͜;͙ͤ͊͟ͻ ͙ͪͤ͘͜ͻ ͍͍͊ͭͦͪ͜ ό͍͔͙ͨͪͦͫͭ ͍ͨͦͪͤ͜Ύ͡Έ͙͚ͤ ͊ͤ͊͘͜͡ ͭ͊ 

͎ͯ͊͊͘͡Έ͙͙ͤͭ ͤ͜ͺͦͪͣ͊ͼ͜ΌύΤ 
ī ͚͙͙ͦͤ͊ͦͣͭͫ͘Έ ͍ͤ͊;͊͡Έͤͦ-͔͙ͣͭͦ͒;ͤͦΌ ͔ͭͪ͊ͭͯͪͦ͜͡Ό ͭ͊ ͔͔ͪͦͣͤ͒͊͟ͼ͜Ύ͙ͣ ͔͙͍ͣͭͦ͒ͫͭ͜Σ ΅ͦ͒ͦ 

͍͔͔ͨͪͦ͒ͤͤΎ ͍ͯͪͦ͟͜ ͺ͙͙͘͜͟Τ 
ī ͚͙͙ͦͤ͊ͦͣͭͫ͘Έ ͘ ͺ͙͘͜;͙ͤͣ ͔͊͋ͤͭͦͣ͟͜ ͍ ́ ͦ͟͜͡Σ ͤ͊Ύ͍͙͙ͤͣ ͤ͊ͦ;͙͙ͤͣ ͙͙ͨͦͫ͋ͤ͊ͣ͜͟Τ  
ī ͎͍͙ͨ͒ͦͭͯ͊ͭ͜ ͺ͙͘͜;͔ͤ ͦ͋͊͒ͤ͊ͤͤ͡Ύ ͭ͊ ͚ͫ͊ͣͦͫͭͤͦ͜ ͍͙͎͍͙͙ͦͭͦͭ ͤ͊ͦ;ͤͫͭ͜Έ όм-н ͫ͊ͣͦͪͦ͋ͤ͜ ͙͙ͨͪ͊͒͡ύΤ 
ī ͙ͨͪͦ͒ͯͣ͊ͭ ͍ͫ͜ ͔͙ͭ͊ͨ ͯͪͦͯ͟ ͜ ͍͙͙͋ͪ͊ͭ ͚͔ͤ͊ͺ͔͙͍ͭͤ͟͜΄͜ ͙͚͙ͨͪͦͣ ͙ͪͦ͋ͦͭ ͒͡Ύ ͎ͦ͗ͤͦͦ͟Τ 
ī ͙ͫ͊ͫͭ͟͡ ͔͒ͭ͊͡Έ͙͚ͤ ͨ͊ͤ͡ ͯͪͦͯ͟ ͜ ͎͙͙ͯͦ͒ͭ͘ ͚͎ͦͦ ͘ ͣ ͔͙ͭͦ͒ͫͭͦͣ ͭ͊ ͍;͙͔͔ͭͣ͡-͍͙ͤ͊ͫͭ͊ͤͦͣ͟Φ 
ˤ ͨͪͦͼ͔ͫ͜ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͙ͫͭͯ͒ͤͭ ͣ͊ΌͭΈ ͔ͤ ͙͡΄͔ ͍ͤ͊;͙͙ͭͫΎ ͔͎͙ͫͨͦͫͭͪ͊ͭ͜ ͭ͊ ͍͙͊ͤ͊ͯ͊ͭ͘͜͡ 

͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤͯ ͪͦ͋ͦͭͯ ͘ ͯ;ͤΎ͙ͣ ͘ ͍ͪ͊ͻ͍ͯ͊ͤͤΎͣ ͝ͻͤ͜ͻ ͍͍͙ͦ͜͟ͻ ͭ͊ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡Σ ͊ ͭ͊ͦ͗͟ 
͙ͤ͊͋ͯͭ ͔ͨͪ΄͙ͻ ͯͣͤ͜Έ ͯ ͍͔͔ͨͪͦ͒ͤͤ͜ ͍ͤ͊ͯͦͦ͟-͒ͦͫ͒ͤͦ͜͡͝ ͭ͊ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͙ͪͦ͋ͦͭΣ ͔ͦͪͣ͊͘͟ ͙͋ͪ͊ͭ͘͜ 
͔͙ͣ͊ͭͪ͊͜͡ ͘ ͍͒ͦͫ͒ͯ͜ ͙ͪͦ͋ͦͭ ͍;͙͔͍ͭ͜͡ ͒͡Ύ ͙ͤ͊ͨͫ͊ͤͤΎ ͍͙͊ͫͤ͡ͻ ͙͙͒ͨͦͣͤ͡ͻ ͪͦ͋ͭ͜Φ ˾͔ͯ͘͡Έ͙ͭ͊ͭ ͙͎ͦͭͪͣ͊ͤͦͦ 
͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͒ͦͫ͒ͯ͜ ͔͔ͪͦͣͤ͒ͯ͟Ίͣͦ ͔ͫͭͯ͒ͤͭ͊ͣ ͦͺͦͪͣ͡Ύ͙ͭ ͯ ͍͙͎͡Ύ͒͜ ͔͚ͫͭ͊ͭΣ ͪ͊͟΅͜ ͘ Ύ͙͟ͻ ͨͯ͋ͯ͜͟͡ΌͭΈͫΎ ͯ 
͙͋ͪͤͯ͘͜͟ ͔ͫͭͯ͒ͤͭͫΈ͙͟ͻ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼΈ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͺ͊ͯ͟͡Έ͔ͭͭͯ ζ˽͔ͪ΄͜ ͍ͤ͊ͯͦ͟͜ ͙ͪͦ͟͟ηΦ  

˨͡Ύ ͍ͤ͊ͯͦͦ͟-͒ͦͫ͒ͤͦ͜͡͝ ͙ͪͦ͋ͦͭ ͨͪͦͨͦͤͯΊͣͦ ͔ͫͭͯ͒ͤͭ͊ͣ ͼ͍͊͜͟͜ ͔͙ͭͣΣ ͙ͤ͊ͨͪ͊͒͟͡Σ ζ˩͔͔͙ͣͤͭ͡ 
͔͎ͨͪͦ͋ͣͤͦͦ͡ ͍ͤ͊;͊ͤͤΎ ͤ͊ ͯͪͦ͊͟ͻ ͺ͙͙͘͜͟ηΣ ζ˸͔͙ͭͦ͒;ͤ͜ ͙͚͙ͨͪͦͣ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔ͤͭͪͫͯ͜ ͤ͊ ͯͪͦ͊͟ͻ ͺ͙͙͘͜͟ηΣ 
ζ˸͔͙ͭͦ͒͊͟ ͍͙͎͍͔ͦͭͦͤͤ͡Ύ ͙ͨͪͦͫͭͻ ͙ͫ͊ͣͦͪͦ͋ͤͻ ͙͍ͨͪ͊͒͜͡ ͘ ͺ͙͙͘͜͟ηΣ ζ˻͙͍ͫͦ͋ͦͫͭ͜͡ ͔͙͙ͣͭͦ͒͟ ͺ͍ͦͪͣͯ͊ͤͤΎ 
ͺ͙͘͜;͙ͤͻ ͨͦͤΎͭΈ ͯ ΄ͦ͟͜͡ηΣ ζ˩͔͔͙ͣͤͭ͡ ͍ͤͦͭͤ͜͜ͻ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͤ͊ ͯͪͦ͊͟ͻ ͺ͙͙͘͜͟ηΣ ζ˽͔͔͍͎͙ͪ͊ ͜ 
͔͙ͤ͒ͦ͜͟͡ ͔͍ͭͫͭͦͦ͝ ͔͔͍͙ͨͪͪ͜͟ ͤ͊ͤ͘Έ ͘ ͺ͙͙͘͜͟ηΣ ζ˸͔͙ͭͦ͒ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͯ;͍ͤ͜ ͤ͊ ͯͪͦ͊͟ͻ ͺ͙͙͘͜͟ηΣ 
ζ˸͔͙ͭͦ͒͊͟ ͍ͤ͊;͊ͤͤΎ ͯ;͍ͤ͜ ͍ͪͦ͘ΩΎ͍͙ͯ͊ͭ͘ ͊͒͊͘;͜ ͘ ͺ͙͙͘͜͟ηΤ ζ˱͔͙͍ͤͭͪ͊ͭͤ͟͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͤ͊ ͯͪͦ͊͟ͻ ͺ͙͙͘͜͟ηΤ ζ˨͍ͦͫ͒͜ 
͙ͪͦ͋ͦͭ ͍͙͒ͦͣ͜ͻ ͍;͙͔͍ͭ͜͡ ͺ͙͙͘͜͟ ͙̂ͪ͊ͤ͟͝η ͭ͊ ͤ͜Φ  
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̒͟ ͨͦ͊ͯ͘͟Ί ͍͒ͦͫ͒͜Σ ͙ͦ͒ͤͣ ͘ ͍͙͍͙͊͗͡ͻ ͔͍ͣͦͣͤͭ͜ ͨ͒͜ ;͊ͫ ͎͍͙ͨ͒ͦͭͦ͜͟ ͒ͦ ͔͙͙ͨ͒ͨͪ͊ͭ͟͟ Ί ͍͊͒͊ͤͤ͘Ύ ͍ͤ͊;͙͙ͭ 
͔͍ͫͭͯ͒ͤͭ͜ ͍͙͙ͨͪͦͦ͒ͭ ͫ͊ͣͦ͊ͤ͊͘͜͡ ͯͪͦͯ͟Φ ˱ ͻͦ;͊ ͤ͊ ͙ͨͪ͊ͭ͟;͙ͤͻ ͊ͤ͘ΎͭͭΎͻ ͘ ͔͙͙ͣͭͦ͒͟ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟ ͔͙ͫͭͯ͒ͤͭ 
͔͒ͭ͊͡Έͤͦ ͚ͤ͊ͦͣ͘͡ΎͭΈͫΎ ͘ ͙ͦ͗ͤͣ͟ ͨͯͤͭͦͣ͟ ͫ͊ͣͦ͊ͤ͊ͯ͘͜͡ ͯͪͦͯ͟Σ ͼΎ ͒͜Ύ͡Έͤͫͭ͜Έ Ί ͙͡΄͔ ͎͍ͪͦͦ͜ΌΣ ͍ ͚ͭͦ ;͊ͫ Ύ͟ ͨ͒͜ 
;͊ͫ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙͙ͨͪ͊ͭ͟͟ ͯͪͦ͟ ͍͙ͨͪͦͦ͒ͭΈͫΎ ͍ ͔ͪ͊͡Έ͙ͤͻ ͍ͯͣͦ͊ͻΣ ͯ;ͤ͜ ͍ͫͨͪ͊͗ͤ͜ ͜ ͍͙ͨͦͭͦͪͤͻ ͍͒ͯ͋͜͡ ͔ͤͣ͊ΊΦ ́ͦͣͯΣ 
΅͔ ͔͔ͨͪ͒ ͍͔͔ͨͪͦ͒ͤͤΎͣ ͔ͨͪ΄͙ͻ ͍ͯͪͦ͟͜ ͔͔ͪͦͣͤ͒ͯ͟Ίͣͦ ͔ͫͭͯ͒ͤͭ͊ͣ ͙͍͙ͦͪͫͭͯ͊ͭͫ͟Έ ͪͦ͘΄͙͔͙ͪͤͣ ͨ͊ͤͦͣ͡ 
ͫ͊ͣͦ͊ͤ͊ͯ͘͜͡ ͯͪͦͯ͟ ͺ͙͙͘͜͟Φ ˻͚͙͍ͤ͊ͦͣ͘΄͙ͫΈ ͘ ͙ͤͣΣ ͔͙ͫͭͯ͒ͤͭ ͎ͤ͊ͣ͊͊ΌͭΈͫΎ ͍͍͒ͨͦ͒ͤͦ͜͜ ͍͙͋ͯ͒ͯ͊ͭ ͯͪͦ͟Σ 
ͨͪͦ͒ͯͣͯΌ;͙ ͔ͦ͗ͤ͟ ͨͯͤͭ͟Φ ˽ͫ͜͡Ύ ͍͔͔͎ͨͪͦ͒ͤͦͦ ͔ͫͭͯ͒ͤͭͦͣ ͯͪͦͯ͟ ͔ͫͨͪ΄ͯ ͍ͫͦͦ͡ ͤ͊͒͊ΊͭΈͫΎ ͚ͦͣͯ ͒͡Ύ ͫ͊ͣͦ͊ͤ͊ͯ͘͜͡ 
͊͘ ͨ͊ͤͦͣ͡Σ ͨͦͭͣ͜ ͍͙ͨͪͦͦ͒ͭΈ ͊ͤ͊͘͜͡ ͯͪͦͯ͟ ͍͙͊͒͊͟͡;-͔͙ͣͭͦ͒ͫͭΣ ͍͙͍ͫͦ͡͡ΌΌͭΈ ͍ͫͦ͝ ͙͒ͯͣ͟ ͍;͙͔ͭ͡ΈΣ ͙ͨͪͫͯͭͤ͜ ͤ͊ 
ͯͪͦͼ͜ ͔͙ͫͭͯ͒ͤͭΣ ͭͦ͒͜ ͍͙͍ͫͭ͊͡ΎΊͭΈͫΎ ͦͼͤ͊͜͟ ͊͘ ͍͔͔͙͚ͨͪͦ͒ͤ ͯͪͦ͟ ͯ ͨͪͦͭͦͦ͟͡Φ ˽͍ͪͦͦ͒Ύ;͙ ͊ͤ͊͘͜͡ ͯͪͦͯ͟ ͔ͫͭͯ͒ͤͭ͊-
͙ͨͪ͊ͭ͊ͤͭ͊͟͟Σ ͔͔ͤ͊ͫ͊ͣͨͪ͒ ͍͒ͣ͜͜;͊Ίͣͦ ͍ͫ͜ ͚͎ͦͦ ͙͙͍ͨͦͭͤ͘͜ ͙ͫͭͦͪͦͤΣ ͍ͨͦͫͭͯͨͦͦ ͔͔ͨͪͻͦ͒Ύ;͙ ͒ͦ ͔͍ͤ͒ͦ͜͟͜͡Σ ͤ͊ Ύ͟͜ 
͍͊ͯ͘͟Ίͣͦ ;ͭͦ͜͟Σ ͔͊͡ ͍ͭ͊ͭͦͤͦ͟Σ ΅ͦ͋ ͔ͫͭͯ͒ͤͭ ͝ͻ ͍͙͍ͯͫ͒ͦͣ͜Σ ͍ͪͦͯͣ͘͘͜ Ύ͟ ͍͙͍͙͙ͨͪ͊ͭ ͜ ͤ͊ͫͭͯͨͤ͜ ͙ͯͪͦ͟ ͍͍ͨͪͦ͜ ͤ͊ 
͍͙΅ͦͣͯ ͍ͤ͊;͊͡Έͤͦ-͔͙ͣͭͦ͒;ͤͦͣͯ ͍ͪͤ͜͜Φ  

˭ ͍͒ͦͫ͒ͯ͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͭ͊ ͔͍͙ͪͤ͟͜ͼ͍ͭ͊ ͔͎͎ͨ͒͊ͦ͜;ͤͦΌ ͙ͨͪ͊ͭͦ͟͟Ό ͔ͫͭͯ͒ͤͭ͜-͍͚ͣ͊͋ͯͭͤ͜ͻ ͍;͙͔͍ͭ͜͡ ͺ͙͙͘͜͟ 
(4 ͟ ͯͪͫύ ͯ нлмс-нлмт ͤΦ ͪΦ ͔ͣͦ͗ͣͦ ͍͙͙͙͒ͭ͜͡ ͔͍ͨͤ͜ ͔͙ͤ͒ͦ͜͟͡Σ Ύ͟͜ ͍͙͍ͨ͊͡ΌͭΈ ͤ͊ ͝͝ Ύͫͭ͟͜Έ:  

ī ͍͒ͫͯͭͤͫͭ͜͜Έ ͯ ͍͙ͤͦͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͨ͊ͤ͊͡ͻ ͙͙͒͒͊ͭ͟;ͤͦ͝ ͙͙ͨͪ͊ͭ͟͟ όͭ͊͟ ͍͊ͤͦ͘͝ ζ͙͍ͨ͊ͫͤͦ͝ηύ ͤ͊ о-ͣͯ ͯͪͫ͟͜Σ 
Ύ͊͟ ͍͒ͦͦ͘͡Ύ͊͡ ͔ͫͭͯ͒ͤͭ͊ͣ ͚͙͙ͦͤ͊ͦͣͭͫ͘Έ ͘ ΄ͦͦ͟͡ΌΣ ͎ͦͪ͊ͤ͊͘͜ͼ͜ΊΌ ͙ͪͦ͋ͦͭ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔͙͍ͦͭͯ͟͟͡Σ ͍͙ͭͪͯ͒ͦͣ 
ͪͦͨͦͪ͘Ύ͒ͦͣ͟Σ ͪͦ͋ͦͭͦΌ ͍͒ͦͫ͒͜;͔͙ͤͻ ͍;͙͔͍ͭ͜͡-͔͔͙͍ͨͪ͒ͣͭͤ͟͜Σ Ύ͊͟ ͍͒͊͊͊͡ ͙͍ͣͦ͗ͫͭ͜͡Έ ͔ͫͭͯ͒ͤͭ͊ͣ ͙ͤ͊͋ͪ͊ͭͫΈ 
ζ͒ͯͻͯ ΄͙ͦ͟͡ηΤ  

ī ͔ͣͤ͘΄͔ͤͤΎ όͯ ͍ͨͦͪͤ͜Ύͤͤ͜ ͘ ͔͔͙ͨͦͨͪ͒ͤͣ͜ ͙ͪͦ͊ͣ͟ύ ͎͙ͦ͒ͤ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͍͔ͤ͊͊ͤͭ͊͗ͤͤΎ ͔͍͙ͪͤ͊ͣ͟͜͟ 
͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙͙ͨͪ͊ͭ͟͟ ͍͒͜ ͺ͊ͻ͍͙ͦͻ ͊͟ͺ͔͒ͪ όп ͎ͦ͒ ͤ͊ ͔ͫͭͯ͒ͤͭ͊ύΤ 

ī ͫͦͪͦ͟;͔͙͚ͤ ͔ͭͪͣͤ͜ ͍͔͔ͨͪͦ͒ͤͤΎ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙͙ͨͪ͊ͭ͟͟ όс ͙͍ͭ͗ͤ͜ύ ͔ͤ ͍͒ͦͦ͘͡ΎΊ ͔ͫͭͯ͒ͤͭͯ ͍͙͍;͙͊ͭ ͘ 
ͯ;ͤΎ͙ͣ ͔ͭͣͯ ͘ ͺ͙͙͘͜͟ ͍͒͜ ͨͦ;͊ͭͯ͟ ͒ͦ ͤ͟͜ͼΎΣ ͊ ͭͦͣͯ ͚ͦͣͯ ͍͊͗ͦ͟ ͦͼ͙͙ͤͭ͜ ͤ͟͜ͼ͔͍͙͚ ͔ͪͯ͘͡Έͭ͊ͭ ͍ͫͦ͝ͻ ͫͭ͊ͪ͊ͤΈΤ 

ī ͣ͊͊͡ ͟͜͡Έͫͭ͟͜Έ ͙ͨͪ͊ͭ͟;͙ͤͻ ͜ ͔ͫͣͤ͊ͪͫ͜Έ͙͟ͻ ͊ͤ͘ΎͭΈ ͘ ͔͙͙ͣͭͦ͒͟ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟Σ ͤ͊ Ύ͙͟ͻ ͔͙ͫͭͯ͒ͤͭ 
ͣ͊ΌͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͍͊ͨͪͦ͘͟͜ͺ͔͚ͫͤͯ͜ ͒͜Ύ͡Έͤͫͭ͜Έ ς ͨͪ͊ͼΌ͍͙͊ͭ ͍ ͍ͯͣͦ͊ͻ ͙ͣ͊ͫͣ͊͟͡Έͤͦ ͙͔͙ͤ͊͋͗ͤ͡ͻ 
͒ͦ ͚ͣ͊͋ͯͭͤΈͦ͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ό͍͙͍͙ͦͤͯ͊ͭ͟ ͪͦ͡Έ ͍;͙͔ͭ͡Ύ ͺ͙͙͘͜͟ ͨ͒͜ ;͊ͫ ͨͦΎ͔ͫͤͤͤΎ ͍͎ͤͦͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Τ 
͍͍͔͔͒ͤͤΎ ͍͙ͤͦͻ ͔͍ͭͪͣͤ͜͜Τ ͚͍ͤ͊ͦͣͫͭͦ͘ ͘ ͙͙ͨͪ͊͒͊ͣ͟͡Τ ͍͔͔ͨͪͦ͒ͤͤΎ ͜ ͨͦΎ͔ͫͤͤͤΎ ͍͒ͦͫ͒͜͜͡Σ ͺ͙͘͜;͙ͤͻ Ύ͍͙΅Τ 
͍͙͎͍͔ͦͭͦͤͤ͡Ύ ͙ͨͪͦͫͭͻ ͙͍ͨͪ͊͒͜͡ ͘ ͨ͒ͪͯ͜;͙ͤͻ ͍͊ͫͦ͋͘͜Τ ͍ͤ͊;͊ͤͤΎ ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘Ύ ͺ͙͘͜;͙ͤͻ ͊͒͊͘;Σ ͊ͤ͊͘͜͡ 
͍ͪͦ͘ΩΎ͊ͤͤ͘ΎΤ ͜ ͭΦ ͨΦύΤ  

ī ͍͒ͫͯͭͤͫͭ͜͜Έ ͯ ͍ͤ͊;͊͡Έ͙ͤͻ ͨ͊ͤ͊͡ͻ ζ͍͍͋͊͊͊ͪ͟͜͡η ͔ͫͨͼ͍ͯͪͫ͟͜Σ Ύ͟͜ ͣ͊ΌͭΈ ͙ͨͪ͊ͭ͟;͔ͤ ͫͨͪΎ͍ͣͯ͊ͤͤΎΣ Ύ͟ 
͙ͤ͊ͨͪ͊͒͟͡Σ ζˤ͙͎͍͔ͦͭͦͤͤ͡Ύ ͎ͫ͊ͣͦͪͦ͋ͤͦͦ ͺ͙͘͜;͎ͤͦͦ ͦ͋͊͒ͤ͊ͤͤ͡ΎηΤ ζˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ͤͦͭͤ͜͜ͻ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ 
͍͊ͫͦ͋͘͜ ͜ ͔ͭͻ͎͚ͤͦͦ͜͡ ͤ͊ ͯͪͦ͊͟ͻ ͺ͙͙͘͜͟ηΤ ζ˾ͦͪͦ͋͊͘͟ ͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ ͍͊ͫͦ͋͘͜ ͒͡Ύ ͍ͯͪͦ͟͜ ͺ͙͙͘͜͟ηΤ ζ˾ͦͪͦ͋͊͘͟ 
͔͍͙ͭͫͭͦͻ ͍͊͒͊ͤ͘Έ ͘ ͺ͙͙͘͜͟Υ ͍͙͎͙ͣͦ ͜ ͙ͨͦͪ͊͒ ͒ͦ Ύͦͫͭ͟͜η ͜ ͭΦ ͨΦΤ 

ī ͔ͤ ͍ͫ͜ ͍;͙͔ͭ͜͡ ͯ ΄ͦ͊͟͡ͻ ͊͘ͼ͍͔͊ͤ͜͟͜͡ ͯ ͚͔͒ͫͤͤͤ͘͜͜ ͍͙ͤ͊ͫͭ͊ͤͼΈͦ͟͝ ͙ͪͦ͋ͦͭ ό͒͡Ύ ͙ͨͪ͊͒ͯ͟͡Σ ͔͒Ύͦ͟Ό 
͙͍ͣͦͭ͊ͼ͜ΊΌΣ ͤ͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͎͙ͣͦ͡ ͋ ͙ͫͭ͊ͭ ζ˶͙͙ͫͭ-ͨͦ͒Ύ͙͟ ͍͒͜ ͍͔͙͔ͯͤͪͫͭͭͯ͜ηΣ Ύ͟͜ ͋ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͫ͡Έ ͨ͒͜ ;͊ͫ 
;͔͎͍ͪͦͦ͝ ͔͊ͭͫͭ͊ͼ͜͝ ͍;͙͔ͭ͡ΎύΤ 

ī ͪ͊͟΅͜ ͔͙ͫͭͯ͒ͤͭ-͙͙ͨͪ͊ͭ͊ͤͭ͟͟ ͔ͤ ͍͙͊͗͒͘ Ί ͨͦͣ͜;͔͙͙ͤͣ ό͍͍͊͗͊Ίͣͦ ͊͘ ͒ͦͼ͜͡Έ͔ͤ ͍͙ͤ͊͘;͙͊ͭ ͪ͊͟΅͎ͦͦ 
͔ͫͭͯ͒ͤͭ͊Σ ͎͍͙ͤ͊ͦͪͦ͒͗ͯ͊ͭ ͎͙ͪ͊ͣͦͭ͊ͣ ζ˹͚͊ͪ͊͟΅͙͚ ͙͚ͣͦͦ͒͡ ͍;͙͔ͭ͡Έ ͺ͙͙͘͜͟ηΣ ͙͙ͪͦͣͫͭͭ͘͜ ͺͦͭͦ ;͙ ͺ͎͔ͪ͊ͣͤͭ 
͍͔͒ͦ͜Σ ͔͔ͪͦ͋ͤ͘͡ ͨ͒͜ ;͊ͫ ͍͔͔ͨͪͦ͒ͤͤΎ ͯͪͦͯ͟ ͺ͙͙͘͜͟ ͍ ΄ͦ͟͜͡Σ ͘ ͍ͫͯͨͪͦ͒ͤͦ͜Ό ͤ͜ͺͦͪͣ͊ͼ͜ΊΌ ͤ͊ ͚ͫ͊ͭ͜ ͺ͊ͯ͟͡Έ͔ͭͭͯύΦ 

ˢͤ͊ͯ͘͜͡Ό;͙ ͙͙͍ͨͦͭͤ͘͜ ͜ ͔͎͙͍ͤ͊ͭͤ͜ ͙ͫͭͦͪͦͤ ͍͔͔ͨͪͦ͒ͤͤΎ ͔͙͙ͨ͒ͨͪ͊ͭ͟͟ ͯ ͍ͭ͜;͙ͤ͘Ύ͙ͤͻ ˤ˹˭Σ ͍͍͊͗͊Ίͣͦ 
͒ͦͼ͜͡ΈͤͦΌ ͤ͜ͺͦͪͣ͊ͼ͜Ό ͨͪͦ ͔͙ͭͪͣͤ͜ ͜ ͔͒Ύ͟͜ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͝͝ ͍͔͔ͨͪͦ͒ͤͤΎ ͍ ͤ͜΄͙ͻ ͪ͊ͤ͊͟͝ͻΦ ́͊͟Σ ͯ ˤ͔͙͙ͦ͋ͪͭ͊ͤ͟͜͡͝ 
͔͙ͨ͒ͨͪ͊ͭ͊͟͟ ͙͍ͭͪ͊Ί м ͪ͜͟ ͜ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘ ͭͪΈͦͻ ͔͍ͭ͊ͨ͜Υ ͚ͦͤ͊ͦͣ͘;ͦ͝Σ ͍͍͍͒͒ͯ͊ͤͤ͜͜Ύ ͍ͯͪͦ͟͜ ͍͒ͦͫ͒͜;͔͙ͤͻ ͯ;͙͔͍ͭ͜͡Σ 
͚͎ͫ͊ͣͦͫͭͤͦͦ͜ ͍͔͔͒ͤͤΎ ͍ͯͪͦ͟͜Φ ˤ͙͊͒͊͟͡;͜-͔͍͙͙ͪͤ͟͜͟ ͙͙ͨͪ͊ͭ͟͟ ͚ͫ͊ͣͦͫͭͤͦ͜ ͫ͊͒͊͟͡ΌͭΈ ͪͦ͊͒͘͟͡ ͍͔͔ͨͪͦ͒ͤͤΎ ͍ͯͪͦ͟͜ 
͔͙ͫͭͯ͒ͤͭ͊ͣ-͙͙ͨͪ͊ͭ͊ͤͭ͊ͣ͟͟Φ ˤͤ͟͜ͼ͜ ͙͙ͨͪ͊ͭ͟͟ ͤ͊ ͍͙͒ͪͭ͜͟͜ ͙ͯͪͦ͟ ͊ͨͪͦ͘΄ͯΌͭΈͫΎ ͔͍͙͙ͪͤ͟͜͟ ͔͙͙ͨ͒ͨͪ͊ͭ͟͟ ͭ͊ 
͔͍͙͙ͨͪ͒ͫͭ͊ͤ͟ ͍ͤ͊;͊͡Έͤͦ-͔͙ͣͭͦ͒;͎ͤͦͦ ͍͒͒ͯ͜͜͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜Φ ˽ͫ͜͡Ύ ͙͙ͨͪ͊ͭ͟͟ ͙͍ͭͪ͊Ί м ͪ͜͟ ͍ͫͭ͊͗ͯ͊ͤͤΎ ͔ͫͭͯ͒ͤͭ͊ ͊͘ 
ͣͫ͜ͼ͔ͣ ͍͊͡΄͍ͭͯ͊ͤͤΎ ͤ͊ ͪͦ͋ͦͭͯ ͨ͒͜ ͔ͦͤͭͪͦͣ͟͡ ͔͍ͤͫͨͭͦͪ͜͟͜ ˸˻˹Σ Ύ͟͜ ͪͦ͋͡ΎͭΈ ͍͙͍ͫͤͦͦ͟ ͨͪͦ ͒ͦͼ͜͡Έͤͫͭ͜Έ ͊ͯ͘͡;͔ͤͤΎ 
ͫͭ ͙͊͗ͫͭ͊ ͒ͦ ͙ͪͦ͋ͦͭ ͍;͙͔ͭ͡ΎΦ ̂ ˹͔ͣ͜;;͙ͤ͜ ͨ͒͜ ;͊ͫ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙͙ͨͪ͊ͭ͟͟ ͔ͫͭͯ͒ͤͭ ͊ͯ͘͡;͊ΊͭΈͫΎ ͒ͦ ͙ͪͦ͋ͦͭ ͍;͙͔ͭ͡Ύ 
ͤ͊ н ͙ͪͦ͟ ό͔ͪͺ͔͔ͪͤ͒͊ͪ͊ͭ͜ύ ͜ ͙͡΄͔ ͨͫ͜͡Ύ ͝͝ ͍͔͊ͪ͘΄͔ͤͤΎ ͔ͫͭͯ͒ͤͭ ͒ͦͨͯͫ͊͟ΊͭΈͫΎ ͒ͦ н-͎ͦ ͍͙͎ͨͯͫͤͦͦ͟ ͔͍͎͒ͪ͗͊ͤͦͦ 
͔͔͊ͣͤͯ͘͟Φ ˽͒͜ ;͊ͫ ͙ͪͦ͋ͦͭ ͍ ΄ͦ͟͜͡ ͚͎ͦͦ ͍ͫͯͨͪͦͦ͒͗ͯΊ ͍;͙͔ͭ͡Έ-͍͙ͤ͊ͫͭ͊ͤ͟ ς ͔ͣͤͭͦͪΦ ̂ ˥͔ͪͼ͜͝ ͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͙ͨͪ͊ͭ͊͟͟ 
͙͍ͭͪ͊Ί м ͔͔ͫͣͫͭͪ ͜ ͨͦ͡Ύ͎͊Ί ͍ ͔͍ͭͪͤͯ͊ͤͤ͜ ͯ ͍ͨ͊ͤͯ͊ͤͤ͜͡ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΣ ͍͍͍͒͒ͯ͊ͤͤ͜͜͜ ͊ͤ͘ΎͭΈ ͭ͊ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎ 
͊͘ ͙͗ͭͭΎͣ ΄͙ͦ͟͡Σ ͨͪͦ͋ͤ͜ ͙ͯͪͦ͟Σ ͍͍͍͒͒ͯ͊ͤͤ͜͜Ύ ͙ͪͤ͘͜ͻ ͙͍ͭͨ͜ ΄͟͜͡Σ ͍͍͍͒͒ͯ͊ͤͤ͜͜Ύ ͍͊ͫ͟͜͡Σ ͔͒ ͍ͤ͊;͊ΌͭΈͫΎ ͙͒ͭ͜ ͘ 
͙͍͙͙ͦͫͦ͋ͣ͡ ͔͙ͨͦͭͪ͋͊ͣΣ ͍͔ͨͦͤ ͍͙ͦͤ͊ͤͤ͟Ύ ͺͯͤ͟ͼ͚͜ ͍;͙͔ͭ͡Ύ ͙͍ͭͪ͊Ί п ͙ͭ͗ͤ͜Σ ͨͫ͜͡Ύ ;͎ͦͦ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͎͍͔ͦ͋ͦͦͪͤͤΎ 
͜ ͦͼͤ͜Ό͍͊ͤͤΎ ͙͙ͨͪ͊ͭ͟͟ ͍ ΄ͦ͟͜͡ ͜ ͤ͊ ͍͔͒͒ͤͤ͜͜͜͡Φ ̂ ˽ͦ͡Έ΅͜ ͔͙ͨ͒ͨͪ͊ͭ͊͟͟ ͦͻͦͨ͡ΌΊ ͙͍ͨ͊ͫͤͦ-͙͔͊ͫͫͭͤͭͫΈͯ͟ 
ό͔͔͍͙ͨͪͦͨ͒ͭ;ͤͯύΣ ͙͔͊ͫͫͭͤͭͫΈͦ͟-͍;͙͔ͭ͡ΈͫΈͯ͟ ό͎͒ͦͨͦͣͦ͊ ͍;͙͔͔͍ͭ͜͡ύ ͭ͊ ͔͔ͨͪ͒ͣͭͤͦ-͔͙ͣͭͦ͒;ͤͯ ͙ͨͪ͊ͭͯ͟͟ ό͚ͫ͊ͣͦͫͭͤ͊͜ 
͎͍ͨ͒ͦͭͦ͊͜͟ ͍ͤ͊;͊͡Έͤͦ͝ ͔͒ͦͯͣͤͭ͊͟ͼ͜͝ ͜ ͙͙͒͒͊ͭ͟;͙ͤͻ ͔͍ͣ͊ͭͪ͊͜͜͡ ͒͡Ύ ͍͔͔ͨͪͦ͒ͤͤΎ ͍͙͊ͫͤ͡ͻ ͍ͯͪͦ͟͜ύΦ ˹͍͊;͊͡Έͤ͜ 
͎͙ͨͪͦͪ͊ͣ ͔͒Ύ͙͟ͻ ˤ˹˭ ˽ͦ͡Έ΅͜ ͔͔ͨͪ͒͋͊;͊ΌͭΈ ͔͎͎ͨ͒͊ͦ͜;ͤͯ ͙ͨͪ͊ͭͯ͟͟ ͘ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟Σ ͤ͜΄͜ ς ͘ ͎͎͒ͪͯͦͦΦ ˿͔͔ͪ͒ͤΎ 
͙͍ͭͪ͊ͫͭ͜͡Έ ͙ͨͪ͊ͭ͟͟ ͤ͊ ͦ͗ͤͦͣͯ͟ ͯͪͫ͟͜ ς ͍ ͫͣ͜͜ ͙͍ͭ͗ͤ͜ ώоϐΦ 

˻͔ͭ͗Σ ͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͙ͨͪ͊ͭ͊͟͟ Ί ͙ͦ͒ͤͣ ͘ ͚͍͙͍ͤ͊͊͗͜͡΄͙ͻ ;͙͙͍ͤͤ͟͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͺ͊ͻ͍ͦͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ 
͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͺ͙͙͘͜͟ ͭ͊ ͦ͒ͤͦ;͊ͫͤͦ ͙ͨͦ͊ͤͦͣ͘͟͟ ͎͍ͦͭͦͤͦͫͭ͜ ͔ͫͭͯ͒ͤͭ͊ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˽͔ͪͦͭΣ 
͒͡Ύ ͎ͭͦͦΣ ΅ͦ͋ ͍ͦͤ͊ ͯ ͍͚ͨͦͤ͜ ͣͪ͜͜ ͍͙͍ͦͤͯ͊͊͟͡ ͍ͫͦΊ ͺͯͤ͟ͼͦͤ͊͜͡Έ͔ͤ ͙ͨͪͤ͊͘;͔ͤͤΎΣ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͙ͯͫͯ͊ͭ ͍͊͊ͤ͘͟͜ 
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͔͙ͤ͒ͦ͜͟͡Σ ͯ͒ͦͫͦͤ͊͟͡Ό͍͙͊ͭ ͝͝ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͯͨͪ͊ͤͫ͜͡Έͯ͟ ͫͭͦͪͦͤͯ ͭ͊ ͙͍͙͒ͦͭͪͣͯ͊ͭͫΈ ͔͔ͪͦͣͤ͒͊͟ͼ͚͜ ͺ͊ͻ͍͜ͼ͍͜ ͘ 
͍͙ͨ͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͺ͙͙͘͜͟Φ ̒͟΅ͦ ͙ͣ ͣ͊Ίͣͦ ͤ͊ ͔ͣͭ͜ ͎͍͙ͨ͒ͦͭͯ͊ͭ͜ 
ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍;͙͔ͭ͡ΎΣ ͭͦ ͒͡Ύ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͣ͊Ί ͍͙͒͜͡Ύ͙ͭͫΈ ͤ͊͘;ͤͦ ͋͜͡Έ΄͔ ;͊ͫͯΣ ΅ͦ͋ ͔ͫͭͯ͒ͤͭ ͋͜͡Έ΄͔ 
;͊ͫͯ ͍͙͍͍ͦͤͯ͊͟ ͭͯ ͪͦ͋ͦͭͯΣ Ύ͊͟ ͔͋ͯ͒ ͚͎ͦͦ ͟͡Ό;͍ͦͦΌ ͯ ͚ͣ͊͋ͯͭͤΈͦͣͯΦ  

 

˿͙ͨͫͦ͟ ͍ ͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 
1. ˢͭ͊ͣ͊ͤ;ͯ͟ ˽Φ˿Φ ˨͙͙͒͊ͭ͟;͔ͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͔ͫͣͤ͊ͪͫ͜Έ͙͟ͻ ͊ͤ͘ΎͭΈ ͘ ͯͪͫͯ͟ ζ˸͔͙ͭͦ͒͊͟ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟η 
ό͎͊͊͘͡Έͤ͜ ͙ͨͭ͊ͤͤΎύ ͍͙͒Φ н-͎͔Σ ͍͒ͦͨͦΦ ͜ ͔͔ͨͪͪͦ͋Φύ κ ˽Φ˿Φ ˢͭ͊ͣ͊ͤ;ͯ͟Σ ́Φ˽Φ ˽͍͔ͦ͒͊Σ ˻Φ˸Φ ˿͔͔ͣͪͤΎΦ ˴͊ͣΩΎ͔ͤͼΈ-
˽ͦ͒͜͡ΈͫΈ͙͚͟ Υ ˴͊ͣΩΎ͔ͤͼΈ-˽ͦ͒͜͡ΈͫΈ͙͚͟ ͤ͊ͼͦͤ͊͜͡Έ͙͚ͤ ͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˱͍͊ͤ͊ ˻͎͜Ίͤ͊͟Σ нлмнΦ ς офр ͫΦ 

2. ˢͭ͊ͣ͊ͤ;ͯ͟ ˽Φ˿Φ ͍͔͙͔̂ͨͪ͊ͤ͡ ͨͪͦͼ͔ͫͦͣ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͋ͯ͒ͯ΅͔͎ͦ ͔͎͎ͨ͒͊ͦ͊Φ ˸͔͎͙ͭͦ͒ͦͦ͡;͔͙͔ͫ͟ ͍ͦͫͤͦ·Υ 
˸͎ͦͤͦͪ͊ͺ͙ΎΦ ς ˮ ͔͒͊ͭ͘͡ΈΥ tŀƭƳŀǊƛum Academic Publishing ist ein Imprint der, Deutschland, 2014. ς 137 p. 

3. ˹͍͔ͦͫͦͼΈ ˹Φ˸Φ ˽͔͎͎͒͊ͦ͜;ͤ͊ ͙ͨͪ͊ͭ͊͟͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͍ ͪ͊ͤ͊͟͝ͻ ͍͙̐ͪͦͨ ͜ ͍ ̂ͪ͊ͤ͟͜͝ κ ˹Φ˸Φ ˹͍͔ͦͫͦͼΈΣ 
́Φ˥Φ x ͔͊ͤ͡ κκ ˤ͙ͫͤ͜͟ ͔͎͍̉ͪͤͫ͜͜Έ͎ͦͦ͟ ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͔ͨ͒Φ ͯͤ-ͭͯΦ ς ʕ ͙ͨΦ флΦ ς ˿ ͔ͪ͜ΎΥ ˽͔͎͎͒͊ͦ͜;ͤ͜ ͙ͤ͊ͯ͟Φ ς ̉ ͔͎͍ͪͤ͜͜Σ 
2011. ς ˿Φ ммр-119. 

4. ͔̇ͦͦͤͦ͟͟͡ ˻ΦˢΦ ͍̅ͦͪͣͯ͊ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͺ͙͙͘͜͟ ͍ ͨͪͦͼ͔ͫ͜ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ 
͙͙ͨͪ͊ͭ͟͟ / ͍͔͊ͭͦͪͺ. ͙͔͒ͫͪͭ͊ͼ͜͝ ͤ͊ ͒ͦ͋ͯͭͭ͘Ύ ͍͎ͤ͊ͯͦͦͦ͟ ͔ͫͭͯͨͤΎ ͙͊ͤ͒͒͊ͭ͊͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͤ͊ͯ͟ ͊͘ ͔ͫͨͼΦ 
13.00.04 ς ͭ ͔ͦͪ͜Ύ ͜ ͔͙ͣͭͦ͒͊͟ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͍͙ͦͫͭ͜Φ ς ˴͙͍͝Σ нлмпΦ ς нл ͫΦ 

5. ˽͎ͪͦͪ͊ͣ͊ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙͙ͨͪ͊ͭ͟͟ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ п-͎ͦ ͯͪͫͯ͟ ˴͊ͣΩΎ͔ͤͼΈ-˽ͦ͒͜͡ΈͫΈ͎ͦͦ͟ ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ 
͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ ˱͍͊ͤ͊ ˻͎͜Ίͤ͊͟ ͘ ͎͊ͯ͘͜͡ ͤ͊ͤ͘Έ лплн ς ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤ͜ ͙ͤ͊ͯ͟ ͊͘ ͤ͊ͨͪΎͣͦͣ сΦлплнл3 ς 
͙̅͊͘͜͟* (ͯ͊͒͊͟͡;͜Υ ˢͭ͊ͣ͊ͤ;ͯ͟ ˽Φ˿ΦΣ ˽͊ͤ;ͯ͟ ˻Φ˽ΦΣ ˽͍͔ͦ͒͊ ́Φ˽ΦΣ ̉ͦͪͤ͊ ˻Φ˥Φύ κ ώ˩͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫϐΦ ς ˾͔͙͗ͣ 
͒ͦͫͭͯͨͯΥ http:// mvf.kpnu.edu.ua/content/pedagogichna-praktyka 

6. ˿͚͔͊ͣͦͤͦ͟͡ ˢΦ˸Φ ˸ͦͪ͊͡Έͤͦ-͔͙ͭ;͙͚ͤ ͔ͨͦͪͭͪͭ ͫͯ;͎͊ͫͤͦͦ ͔͎͎ͨ͒͊ͦ͊ κ ˢΦ˸Φ ˿͚͔͊ͣͦͤͦ͟͡ κκ ˹͊ͯ͊͟ ͭ͊ ͙ͨͪ͊ͭ͊͟͟ 
ς нллт Υ ͣ͗ͤ͊ͪͦ͒ͤ͊͜ ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;ͤ͊ ͦͤ͟ͺ͔͔ͪͤͼ͜Ύ [͋ͪ͘͜Φ ͤ͊ͯ͟Φ ͨͪΦ]. ς ˽͍ͦͭ͊͊͡Υ ͎ͪͦͣ͊͒ͫΈ͊͟ ͊ͫͦͼ͊͜ͼ͜ΎΣ 
2007. ς ˿Φ нмс-220. 
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PEDAGOGICAL PRACTICE - INDEX OF READINESS OF FUTURE PHYSICS TEACHER TO PROFESSIONAL ACTIVITY 
Peter Atamanchuk, Tetiana Poveda 

a˴mianets-Podilsky Ivan Ohienko National University, Ukraine  
Abstract. The article analyzes organizational-methodical bases of pedagogical practice in higher education at 

the present time, revealed its importance in the system of professional formation of future teachers of physics. Noted 
that effective implementation of the internship depends on the appropriate level of the organization and 
management of students. It is proved that the results of the pedagogical practices act as an indicator of students 
'readiness for future professional activity and at the same time indicate shortcomings and gaps in students' 
knowledge that need special attention in training. Describes the main sections of "teaching practice Program" for 
students-future physics teachers (4th year) developed by the authors in collaboration with a team of experienced 
teachers of the Department. Perspectives of pedagogical practice of students in connection with the reform of higher 
education in Ukraine. Highlight some features of the organization of pedagogical practice in higher education 
institutions around the world.  

Key words: pedagogical practice, higher educational establishment, professional competence, future physics 
teacher, student. 
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͍͎ͯ͊ͯ ͯ ͫͭ͊ͭͭ͜ ͙͔ͨͪ͒ͤͦ͜͡ ͙ͦͨͫͯ ͙ͣ͊ͪͦͫͭͪͯͭͯͪ͟͟ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͙ͨͦͫ͋ͤ͊͜͟Σ ΅ͦ  ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ί ͍͋ͯ͒ͦͯΣ 
͎͍ͦͪ͊ͤͦ͊ͤͫͭ͘͜͜ΈΣ ͯͨͦͪΎ͍͒ͦ͊ͤͫͭ͟͜ΈΣ ͍͊͘Ί͔ͣͦ͊͗ͤͫͭ͘͜͡Έ ͜ ͍͊͘Ί͍͔ͣͦͦ͋ͯͣͦͤͫͭ͜͡Έ ͙͔ͨ͒ͫͫͭͣ͜ ͜ ͔͍ͦͣͨͦͤͤͭ͟͜ 
͔͔͎ͭͪͦͤͤͦͦ͟͡ ͙ͨͦͫ͋ͤ͊͜͟ ͭ͊ ͍͘ΩΎ͍͘͟͜ ͣ͗͜ ͙͙ͤͣΣ ΅ͦ ͒͊ͭͤ͘͜ ͍͙͍͙ͦͤͯ͊ͭ͟ ͍͒ͤͦͫͤͦ͜ ͔͔ͤ͊͗ͤ͘͜͡ ͺͯͤ͟ͼ͜͝ ͒͡Ύ 
͒ͦͫΎ͎͔ͤͤͤΎ ͙ͨͪͦͣ͗ͤ͜ͻ ͨ͒͜ͼ͔͚͜͡ ͜ ͍ͦ͒ͤͦ;͊ͫ ͨ͒ͨͦͪ͜Ύ͍͒ͦ͊ͤ͟͜ ͎͊͊͘͡Έ͚ͤ͜ ͔ͣͭ͜ ͙ͨͦͫ͋ͤ͊͜͟Φ ˽͍ͦ͋ͯ͒ͦ͊ 
͙ͣ͊ͪͦͫͭͪͯͭͯͪ͟͟ ͙ͨͦͫ͋ͤ͊͜͟ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͤ͊ ͊ͫ͊͒͊͘ͻ ͙͔͎ͫͫͭͣͤͦͦ ͨ͒͜ͻͦ͒ͯΣ ͔ͦͪͣ͊͘͟ ͙ͨͪͤͼ͙ͨ͊ͻ 
͔͔͔ͣͪ͒͗ͤͭͤͦͫͭ͜Σ ͣͦ͒ͯ͡Έͤͦͫͭ͜ ͭ͊ ͤ͜Φ ˸ͦ͒ͯ͡Έ ͙ͨͪ ͼΈͦͣͯ ͪͦͯͣ͘͜ΊͭΈͫΎ Ύ͟  ͍͒ͤͦͫͤͦ͜ ͍͙͚͊ͭͦͤͦͣͤΣ 
ͺͯͤ͟ͼͦͤ͊͜͡Έͤͦ ͍͔͊ͪ͘΄͔͙͚ͤ ͺ͎͔ͪ͊ͣͤͭ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͙ͨͦͫ͋ͤ͊͜͟Σ ΅ͦ ͙ͣͫͭͭ͜Έ ͋ͦ͟͡ ͙͙͒͒͊ͭ͟;ͤͦ 
ͦͨͪ͊ͼΈ͍ͦ͊ͤͦ͝Σ ͍͊͒͊ͨͭͦ͊ͤͦ͝ ͜ ͍ͫͭͪͯͭͯͪͦ͊ͤͦ͟͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Φ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͔͔͙͚ͭͪͦͤͤ͟͡ ͍͚ͦͫͭͤ͜͜ ͔ͪͫͯͪͫΣ ͔͍ͨͪͦͭͯ͊ͤͤ͟ΎΣ ͔ͭͻ͎ͤͦͦ͜͡;͙͚ͤ ͔ͭ͊ͨΣ ͺͯͤ͟ͼ͜͝Σ 
ͫͭͪͯͭͯͪ͊͟. 

 
˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˽͙ͭ͊ͤͤΎΣ ͍ͨͦΩΎ͊ͤ͘͜ ͘͜ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύͣ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍ͦͫͭͤ͜͜ͻ ͔͍ͪͫͯͪͫ͜ ό˩˻˾ύΣ Ί 

͍͙ͤ͊͒͘;͚͊ͤͦ ͊ͭͯ͊͟͡Έ͙͙ͤͣ ͒͡Ύ ͫͯ;͊ͫͤͦ͝ ͍͙ͦͫͭ͜Φ ˽͔ͪͦ͋ͣ͊͡ ͨͦ͡Ύ͎͊Ί ͯ ͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜ ͨͦ΄͍ͯ͟͜ ͍ͤ͊ͯͦͦ͟ 
͍͙ͦ͋͐ͪͯͤͭͦ͊ͤͻΣ ͔͎͎ͨ͒͊ͦ͜;ͤͦ ͍͙͍͔͙͊͗ͤͻ ͔͙ͣͭͦ͒͟ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ˩˻˾Σ ΅ͦ ͋͊ͯ͘ΌͭΈͫΎ ͤ͊ ͊ͫ͊͒͊͘ͻ ͙͔͎ͫͫͭͣͤͦͦ 
ͨ͒͜ͻͦ͒ͯ ͜ ͍͒ͦͦ͘͡ΎΌͭΈ ͎ͪͦ͘͡Ύ͙ͤͯͭ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ Ύ͟ ͎͔͙͚͋͊͊ͭͦ͊ͫͨͭͤ͟Σ ͎͍͔͍͙͚͋͊͊ͭͦͪͤ͜ ͜ ͎͔͙͚͋͊͊ͭͦͭ͊ͨͤ  ͨͪͦͼ͔ͫΦ  

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ͔͔͙́ͦͪͭͦ͟-͔͎ͣͭͦ͒ͦͦ͜͡;ͤ͜ ͍͙ͦͫͤͦ ͔ͪͦͪͦ͋ͤͤ͘͡Ύ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍ͦͫͭͤ͜͜ͻ 
͔͍ͪͫͯͪͫ͜ ͍͔͒ͦ͋ͪ͊͗ͤͦ͜ ͍ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͻ ˻Φ ˢ͡Ίͫ͟ΊΊ͍͊Σ ˸Φ ˣΊ͡ΎΊ͍͊Σ ˻Φ ˣ͙͊ͤͦ͟͜͡͝Σ ˤΦ ˣ͙͍ͦ͊͟Σ ˶Φ ˭͚͍͊ͤͯͭ͒ͤͦͦ͜͝Σ 
ˤΦ ˶ ͊ͨͤͫ͜Έ͎ͦͦ͟Σ ˿Φ ˶ ͙͍͙͍ͭͤͦͦ͝Σ ̑Φ ˸ ͊΄͙͋ͼΎΣ ˩Φ ˿ ͙͙͋͟ͼΈ͎ͦͦ͟Σ ˸Φ ̊ ͙΄ͤͦ͟͜͝ ͭ͊ ͤ͜Φ ͔͔͙́ͦͪͭ;ͤ͜ ͭ͊ ͙ͨͪ͊ͭ͟;ͤ͜ ͔͙͊ͫͨͭ͟ 
͍͔ͫͭͦͪͤͤΎ ͜ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͨ͒ͪͯ͜;͙͍ͤ͟͜ ͜ ͙͍ͨͦͫ͋ͤ͜͟͜ ͍͙͍͔ͫͭͤͦ͜͡ ͍ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͻ ˤΦ ˢ͎͔Ί͍͊Σ 
˻Φ ͭ  ͊˱ Φ x ͊΄͍͙ͣ͊ͦ͟ͻΣ ˶Φ x ͍ͦͯͫͦͦ͜͡͝Σ ˤΦ ʕ ͔͔ͣ͋ͪΣ ˤΦ ʕ ͙ͦͤͫ͡Έ͎ͦͦ͟Σ ˶Φ ˥ ͙ͪͯͤ͘Σ ̑Φ ˬ ͯ͊͟Σ ́Φ ˴ ͔͊ͣͤΊ͍ͦ͝Σ ˶Φ ˴ ͊ͪͭ͊΄͍ͦͦ͝Σ 
˻Φ ˴͍ͪ͊ͫͦͫΈ͎ͦͦ͟Σ ˤΦ ˸͎͊͒ͦͤ͊͘͜Σ ˻Φ ˸͎ͦͪͯͤ͊Σ ˤΦ ˻ͫ͊͒;͎ͦͦΣ ˿Φ ͙̆ͪͫͭͦ;͔͍ͫΈ͎ͦͦ͟Φ ˾͊ͦͣ͘ ͘ ͙ͭͣΣ ͙ͨͭ͊ͤͤΎ ͍͎ͤ͊ͯͦͦͦ͟ 
͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ ͔͙ͦͤͪͭͤ͟͟ͻ ͚ͫͭ͊͒͜ ͜ ͔͍ͭ͊ͨ͜ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ˩˻˾ Ί ͔ͤ͒ͦͫͭ͊ͭͤΈͦ ͔͙͙ͪͦͪͦ͋ͤͣ͘͡ ͜ ͙͊͘͡΄͊ΌͭΈͫΎ ͯ 
ͺͦͯͫ͟͜ ͍͎͙ͯ͊ ͫͯ;͙͊ͫͤͻ ͙͍͒ͦͫ͒ͤ͜͟͜͡ [2]. 

˸͔ͭ͊ ͫͭ͊ͭͭ͜Φ ˻ͻ͔͙͍͙͊ͪ͊ͭͪͯ͊ͭ͘͟ ͨͪͦͼ͔͙͒ͯͪ ͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͔ͭ͊ͨͯ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͍ͦͫͭͤ͜Έ͎ͦͦ 
͔ͪͫͯͪͫͯΦ  

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˹͊ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦͣͯ ͔ͭ͊ͨ͜ ͤ͊ ͍ͦͫͤͦ͜ ͍͔͙ͨͦͫͭ͊ͤ͡ͻ ͼ͔͚͜͡ ͔͔͎ͭͪͦͤͤͦͦ͟͡ 
͙ͨͦͫ͋ͤ͊͜͟ ͍͙ͤ͊͘;͊ΌͭΈͫΎ ͜ ͪ͊ͤ͗ͯΌͭΈͫΎ ͚͎ͦͦ ͙͙͒͒͊ͭ͟;ͤ͜ ͺͯͤ͟ͼ͜͝Σ ͔͊͗ͤͦ͘͡ ͍͒͜ Ύ͙͟ͻ ͔͍͙͔ͨͪͦͭͯ͊ͭͣͭ͟ΈͫΎ ͚͎ͦͦ 
ͣ͊ͪͦͫͭͪͯͭͯͪ͊͟͟Τ ͔͙ͦͤͪͭͯ͘͟͟ΊͭΈͫΎ ͣͫͭ͘͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͚͎ͦͦ ͦ͋ͫΎ͎Σ ͫ͊͒ͤͫͭ͟͜͡Έ ͜ ͭͪͯ͒ͤͫͭ͜ΈΣ 
͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͚͎ͦͦ ͍ͫͭͪͯͭͯͪͯ͊ͤͤ͟Ύ ώмϐΦ  

̂ ͔ͭͦͪ͜͝ ͔͎͎͙ͨ͒͊ͦ͜͟ ͙͙͒͒͊ͭ͟;ͤ͜ ͺͯͤ͟ͼ͜͝ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ ͭͪ͊ͭͯ͟ΌͭΈͫΎ Ύ͟ ͍ͦͤ͘͜΄͚ͤ͜ ͨͪͦΎ͍ ͍͙͍͔͚͊ͫͭͦͫͭ͡ 
͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎΣ ΅ͦ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ ͍ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤͦͣͯ ͨͪͦͼ͔ͫ͜ ͒͡Ύ ͔ͪ͊͊͘͜͡ͼ͜͝ ͍͔͙ͨͦͫͭ͊ͤ͡ͻ ͼ͔͚͜͡Φ  
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ˢΦ ˥ ͚ͯͪ͗͜ ͭ͊ ͤ͜Φ ͍͍͊͗͊ΌͭΈΣ ΅ͦ ͙͙͒͒͊ͭ͟;ͤ͜ ͙͊ͫͦ͋͘ ͍͙ͦͤͯ͟ΌͭΈ ͯ ͍ͤ͊;͊ͤͤ͜ ͭ͊͟͜ ͍ͦͫͤͦͤ͜ ͺͯͤ͟ͼ͜͝Υ ͍ͨͤ͊͊͘͜͡Έͤͯ 
όͫͯ͗͊ͭ͡Έ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦͣͯ ͨͤ͊ͤͤ͘͜Ό ͔͍͙ͨͤͻ ͺ͎͔͍ͪ͊ͣͤͭ͜ ͚͒ͫͤͦͫͭ͜͜ύΣ ͺͦͪͣͯΌ;ͯ όΊ ͙͊ͫͦ͋͊ͣ͘ ͍͙ͪͦͭͯ͘͟ 
͍ͨͤ͊͊͘͜͡Έ͙ͤͻ ͔͚͒͋ͤͦͫͭ͘͜Σ ͨͦ;͍ͯͭͭ͜Σ ͍ͦ͜͡ ͯ;͍ͤ͜κ͔͍ͫͭͯ͒ͤͭ͜ύΣ ͙͙͒͒͊ͭ͟;ͤͯ όΊ ͔͔͒͗ͪͦͣ͡ ͤ͊ͤ͘Έ ͜ ͯͣͤ͜ΈΣ ͔͎ͨͦ͡΄ͯΌͭΈ 
͔͊ͪͨͤͤ͘͟͜͡Ύ ͍͙͍;͔͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ͔͔͍ͨͪͪͯ͜͟ ͔ͫͭͯͨͤΎ ͍ͦͦͦ͒ͤͤ͜͡Ύ ͤ͊ͤͤ͘Ύ͙ͣύ ͭ͊ ͎͙ͨͪͦͤͦͫͭ;ͤͯ ό͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ ͯ 
͍͊͘Ί͔ͣͦ͊͗ͤͦͫͭ͘͜͡ ͍͙ͪͦͭͯ͘͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͜ ͙͔͙ͫͫͭͣ ͍͙ͦͫͭ͜ύ ώоΣ ͫΦ сϐΦ  

͙͙̒ͣ͟ ͋ ͙͙ͪͤͣ͘͜ ͔ͤ ͙͋ͯ͡ ͙͙͒͒͊ͭ͟;ͤ͜ ͺͯͤ͟ͼ͜͝ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎΣ ͍ͫ͜ ͍͙ͦͤ ͔ͪ͊ͯ͘͜͡ΌͭΈ ͎͊͊͘͡Έͤ͜ ͺͯͤ͟ͼ͜͝Υ 
ï ͤ͊ͦ;ͤͦͫͭ͜Σ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΊ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͍ͤ͊;͊͡Έͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯΎ͍͔ͤ͡Έ ͜ 

ͨͦͤΎͭΈΤ 
ï ͤ͜ͺ͙͍ͦͪͣ͊ͭͤͦͫͭ͜Σ ͦͫ͟͜͡Έ͙͟ Ί ͔͔͔͙͋ͨͦͫͪ͒ͤͣ͘͜ ͔͔͙͒͗ͪ͊ͣ͡ ͤ͊ͤͤ͘ΎΣ ͤͦͫ͜Ύ͙ͣ ͤ͜ͺͦͪͣ͊ͼ͜͝Τ 
ï ͔ͦͣͨͤͫ͊ͭͦͪͤͦͫͭ͟͜Σ ΅ͦ ͔͎ͨͦ͡΄ͯΊ ͨͪͦͼ͔ͫ ͍ͤ͊;͊ͤͤΎΣ ͙ͫͨͪΎΊ ͒ͦͫΎ͎͔ͤͤͤΌ ͔͙ͣͭ ͘ ͚͔ͤ͊ͣͤ΄͙͙ͣ 

͍͙͙ͭͪ͊ͭ͊ͣ ͙ͫ͡Σ ͍͒ͦͪͦ͘ΩΎ ͜ ;͊ͫͯ ͔͍ͫͭͯ͒ͤͭ͜Τ 
ï ͙͍͊͒͊ͨͭͤͦͫͭ͜Σ ͦͪ͜Ί͍ͤͭͦ͊ͤͦ͝ ͤ͊ ͙ͨ͒ͭͪͣͯ͜͟ ͙ͫͨͪΎ͙͍͙ͭ͡ͻ ͍ͯͣͦ ͔͔͎ͨͪ͋ͯ͜ ͨͪͦͼ͔ͫͯ ͍ͤ͊;͊ͤͤΎΣ ͔͍͊͒͊ͭͤͫͭ͟͜Έ 

͔ͣ͊ͭͪ͊ͯ͜͡ ͍͍͙ͦͣ͜͟ ͙͍ͦͫͦ͋ͦͫͭ͡Ύͣ ͔͍ͫͭͯ͒ͤͭ͜Τ 
ï ͔͎͙͍ͤͭͪ͊ͭͤͦͫͭ͜͜Σ ΅ͦ ͍͒ͦͦ͘͡ΎΊ ͎ͪͦ͘͡Ύ͙͒͊ͭ ͦ͋ΩΊͭ͟ ͊͋ͦ Ύ͍͙΅͔ Ύ͟ ;͙͊ͫͭͤͯ ͜ Ύ͟ ͼ͔͜͡ ͜ ͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ ͙ͨͪ 

͔ͦͣͨͫͤͦͣͯ͟͟͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟͜ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ ͭ͊ ͍͊ͫͦ͋͘͜ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ώпΣ ͫΦ нпрϐΦ  
ˣ͜͡Έ΄ͫͭ͜Έ ͙͍͒ͦͫ͒ͤ͜͟͜͡ ͎ͤ͊ͦͦ͡΄ͯΌͭΈ ͤ͊ ͭͦͣͯΣ ΅ͦ ͍ͫ͜ ͺͯͤ͟ͼ͜͝ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ ͍͊͘Ί͍ͣͦͨͦΩΎ͊ͤ͘͜ ͜ ͣ͊ΌͭΈ 

͔͙͚ͦͣͨͫͤ͟͟͡ ͍͙͍ͨ͡ ͤ͊ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͙͚ͦͤ ͨͪͦͼ͔ͫΣ ͔͔͊͋ͨ͘͘;ͯΌ;͙ ͚͎ͦͦ ͪ͊ͼͦͤ͊͜͡Έͤͯ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ό ͭ͊ 
͍ͯͨͪ͊ͤͤ͜͡ΎΦ 

̂ ͍͙ͤ͊͘;͔ͤͤ͜ ͙͙͒͒͊ͭ͟;͙ͤͻ ͺͯͤ͟ͼ͚͜ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͙ͨͦͫ͋ͤ͊͜͟ ͙ͣ ͙͙ͫͨͪ͊ͫ͡Ύ ͤ͊ ͙͔ͫͫͭͣͯ ͺͯͤ͟ͼ͚͜ 
ͨ͒ͪͯ͜;͙ͤ͊͟Σ ͔ͪͦͪͦ͋ͤͯ͘͡ ˨Φ ˭ͯΊ͍͙ͣΣ ΅ͦ Ύ͟ ͔ͨͪ΄͍ͦͦͫͤͦ͊ ΄͙ͪͦͦ͟ ͍͊ͫͭͦͫͦͯ͘ΊͭΈͫΎ ͔͎͎͙ͨ͒͊ͦ͊ͣ ͒͡Ύ 
ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͺͯͤ͟ͼ͚͜ ͍͍ͯͫ͘͜Έ͎ͦͦ͟ ͨ͒ͪͯ͜;͙ͤ͊͟ ό˸Φ ˶ ͙͍ͦ͟ύΣ ͍ͤ͊;͊͡Έͤͦ͝ ͙͎͙ͤ͟ ͍͎͊͊͘͜͡ ό˿Φ s ͍ͤͭͦͤͦ͊Σ ˶Φ ́ Ό͙ͪͤ͊ύΣ 
ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͨ͒ͪͯ͜;͙ͤ͊͟ ό˶Φ ˥ ͙ͪͯͤ͘Σ ˶Φ x ͍ͦͯͫͦ͊͜͡ύΦ 

˹͊ ͍ͦͫͤͦ͜ ͫͺͦͪͣͯ͡Έ͍͙ͦ͊ͤͻ ͤ͊ ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤͦͣͯ ͔ͭ͊ͨ͜ ͼ͔͚͜͡ ͍͙ͤ͊͘;͔ͤͦ ͎͍ͦͦͤ͜͡ ͺͯͤ͟ͼ͜͝ ͔͔͎ͭͪͦͤͤͦͦ͟͡ 
͙ͨͦͫ͋ͤ͊͜͟ ͘ ͙͊ͭͤͫ͡Έͦ͟͝ ͍͙ͣͦΥ 

ï ͤ͜ͺͦͪͣ͊ͼ͚ͤͯ͜Σ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΊ ͺͫ͊͜͟ͼ͜Ό ͔͔͎ͨͪ͒ͣͭͤͦͦ ͣͫͭͯ͘͜ ͍ͤ͊;͊ͤͤΎ ͜ ͍͙͍͒͜ ͒͜Ύ͡Έͤͦͫͭ͜Σ Ύ͟͜ ͣ͊ΌͭΈ 
͙͋ͯͭ ͫͺ͍ͦͪͣͦ͊ͤ͜ ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͨ͒͜ ;͊ͫ ͍͙͍;͔ͤͤΎ ͍ͤ͊;͊͡Έͤͦ͝ ͙͒ͫͼ͙͙ͨͤ͜͡Τ  

ï ͙͔͙ͫͫͭͣ͊ͭͯ͘Ό;ͯΣ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΊ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͍ ͙͔͙͍͚ͫͫͭͣ͊ͭͦ͊ͤ͘͜ ͺͦͪͣ͜Σ 
ͦͪ͜Ίͤͭ͊ͼ͜Ό ͔͍ͫͭͯ͒ͤͭ͜ ͤ͊ ͍ͦͦͦ͒ͤͤ͜͡Ύ ͙͚͙ͨͪͦͣ͊ͣ ͍ͤ͊ͯͦͦ͟͝ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜͝Τ  

ï ͔͊ͪͨͤͤ͘͟͜͡Ύ ͭ͊ ͫ͊ͣͦͦͤͭͪͦ͟͡ΌΣ ΅ͦ ͔͔ͨͪ͒͋͊;͊Ί ͼ͔ͫͨͪ͜͡Ύ͍͔ͣͦ͊ͤ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͙͍͒͜ ͒͜Ύ͡Έͤͦͫͭ͜ 
͔͍ͫͭͯ͒ͤͭ͜Σ ͚͔͒ͫͤͤͤ͘͜Ύ ͎͙͒ͦͨͦͣͦ ͍ ͣ͜ͼͤͦͣͯ ͍͊ͫͦ͘Ίͤͤ͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͭ͊ ͦͨͦͪ͜ ͤ͊ ͤΈ͎ͦͦ ͍ ͙ͨͪ͊ͭ͟;͚ͤ͜ 
͒͜Ύ͡Έͤͦͫͭ͜Σ  

ï ͍͙ͫ͊ͣͦͦͫͭ͜Σ ΅ͦ ͍ͫͭͦͪΌΊ ͔͔͍͙ͨͪ͒ͯͣͦ ͒͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͋͊͗͊ͤͤΎ ͚ ͯͣͤͤ͜Ύ ͚ͫ͊ͣͦͫͭͤͦ͜ 
͍͙͒ͦ͋ͯ͊ͭ͘ ͤ͊ͤͤ͘ΎΦ  

˭͊ͤ͊͘;͔ͤ͜ ͺͯͤ͟ͼ͜͝ ͍ͦ͋ͯͣͦ͡ΌΌͭΈ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͙ͫͭͪͯͭͯͪ͟ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͙ͨͦͫ͋ͤ͊͜͟ ͘ ͙͊ͭͤͫ͡Έͦ͟͝ ͍͙ͣͦΣ 
͔͊͒͗Σ ͊͘ ͍͙ͫͦ͊ͣ͡ ˶Φ ˣ͍ͦͯͫͦͦ͜͡͝ ͜ ˶Φ ˥͙ͪͯͤ͘Σ ͫͭͪͯͭͯͪ͊͟ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͨ͒ͪͯ͜;͙ͤ͊͟ ό͍ ͤ͊΄ͦͣͯ ͍͙ͨ͊͒ͯ͟ ς 
͙ͨͦͫ͋ͤ͊͜͟ύ Ί ͺͦͪͣͦΌ ͔ͪ͊͊͘͜͡ͼ͜͝ ͚͎ͦͦ ͣͫͭͯ͘͜ ͭ͊ ͙͙͒͒͊ͭ͟;͙ͤͻ ͺͯͤ͟ͼ͚͜ ώрΤ сϐΦ  

˹͊ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦͣͯ ͔ͭ͊ͨ͜ ͔ͨͪͦͭͯ͟ΊͭΈͫΎ ͣ͊ͪͦͫͭͪͯͭͯͪ͊͟͟ ˩˻˾ ͜ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͚͎ͦͦ ͔͙͚ͦͣͨͦͤͤͭͤ͟ ͫ͊͒͟͡Φ   
˨͙ͦͫ͒ͤ͜͡ͼΎ ́Φ ˴͔͊ͣͤΊ͍͊ ͍͙ͤ͊͘;͊Ί ͣ͊ͪͦͫͭͪͯͭͯͪͯ͟͟ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͨ͒ͪͯ͜;͙ͤ͊͟ Ύ͟ ͫͨͦͫ͋͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ 

ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻΣ ͍ͤ͊;͊͡Έ͙ͤͻ ͜ ͔͙ͣͭͦ͒;͙ͤͻ ͔͍ͪͫͯͪͫ͜ ͊͘ ͍͙͙͒͊ͣ ͒͜Ύ͡Έͤͦͫͭ͜Σ ΅ͦ ͔͙ͫͭͯ͒ͤͭ ͍͙ͦͤͯ͟ΌͭΈ ͍ 
͔͔ͭͪͦͤͤͦͣͯ͟͡ ͔͔͍͙ͫͪ͒ͦ΅͜Σ ͍͔ͫͭͦͪͤͦͣͯ ΄͡Ύͻͦͣ ͔͎ͤͭͪ͊͜ͼ͜͝ ͍͙͍ͪͤͦ͒͘͜͜ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͒͡Ύ 
͙͙ͨ͒ͭͪͣ͜͟ ͨͪͦͼ͔ͫͯ ͍ͤ͊;͊ͤͤΎΦ ̂ ͚ͭͦ ;͊ͫΣ Ύ͟ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͙ͣͪͦͫͭͪͯͭͯͪ͜͟͟ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͨ͒ͪͯ͜;͙ͤ͊͟Σ ͤ͊ ͒ͯͣͯ͟ 
͙͒ͦͫ͒ͤ͜͡ͼ͜Σ ͔͔ͨͪ͒͋͊;͊Ί ͺ͍ͦͪͣͯ͊ͤͤΎ ͎͊͊͘͡Έ͎ͤͦͦ ͫͼ͔ͤ͊ͪ͜Ό ͍ͤ͊;͊ͤͤΎΣ ΅ͦ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͤ͊ ͍ͦͫͤͦ͜ ͙͊͒͊ͤ͘ͻ 
͟͜͡Έ͙ͫͤ͟͜ͻ ͜ Ύ͙ͫͤ͟͜ͻ ͔͍ͨ͊ͪ͊ͣͭͪ͜ ͔͙ͣͭ ͍ͤ͊;͊ͤͤΎ ͘ ͦͨͦͪͦΌ ͤ͊ ͍͍͔ͫͭ͊ͤͦͤ͜͡ ͊ͦͤͦͣͪͤͦͫͭ͘͟͜͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͤ͊ͤ͘ΈΣ 
ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟ ͘ ͔͍ͨͤͦ͝ ͙͒ͫͼ͙͙ͨͤ͜͡ ώтϐΦ 

̂ ͼ͙ͻ ͍͙ͤ͊͘;͔ͤͤΎͻΣ ͤ͊ ͤ͊΄ ͎ͨͦ͡Ύ͒Σ ͔͍͙ͪ͒ͯͦ͊ͤͣ͟ Ί ͔ͫ͊ͣ ͙͔͙͚ͫͫͭͣͤ ͔͊ͫͨͭ͟Σ ͊͘ Ύ͙ͣ͟ ͣ͊ͪͦͫͭͪͯͭͯͪ͊͟͟ Ί 
ͫͯ͋ͫͭͪͯͭͯͪͦ͟Ό ΅ͦ͒ͦ ͎͊͊͘͡Έͤͦ͝ ͙ͫͭͪͯͭͯͪ͟ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͙ͨͦͫ͋ͤ͊͜͟Σ ͜ ͤ͊͒ͫͭͪͯͭͯͪͦ͟Ό ΅ͦ͒ͦ ͚͎ͦͦ ͙ͣͪͦͫͭͪͯͭͯͪ͜͟͟Φ 
ˢ͔͒͗ ͊͘ ͙ͨͪͤͼ͙͙ͨ͊ͣ ͙͔͎ͫͫͭͣͤͦͦ ͊ͤ͊ͯ͘͜͡Σ ͪͦͨͦ͒͘͜͡ ͙͔͙ͫͫͭͣ ͤ͊ ͍ͫ͊͒ͦ͟͜͡ ͔ͤͦ͋ͻ͒ͤͦ͜ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͘͜ 
͔͔͔͋ͪ͗ͤͤ͘Ύͣ ͼ͙ͫͤ͜͜͡ͻ ͯΎ͍͔ͤ͡Έ ͨͪͦ ͙͔ͫͫͭͣͯ ͜ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͝͝ ͍͘ΩΎ͍͘͟͜ ͘ ͤ͜΄͙͙ͣ ͔͔͔͙ͣͤͭ͊ͣ͡ ͙͔͙ͫͫͭͣ ͭ͊ 
͍ͦͤ͘͜΄ͤΈ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊Σ ͙ͨͪ ͼΈͦͣͯ ͫ͊ͣͯ ͙͔ͫͫͭͣͯ ͫ͒͜͡ ͎ͪͦ͘͡Ύ͙͒͊ͭ Ύ͟ ;͙͊ͫͭͤͯ ό͙͔ͨ͒ͫͫͭͣͯ͜Σ ͔͔͔ͣͤͭ͡ύ ͋͜͡Έ΄ͦ͝ 
͙͔͙ͫͫͭͣ ώуϐΦ ˹͊ ͤ͊΄ ͎ͨͦ͡Ύ͒Σ ͣ͊ͪͦͫͭͪͯͭͯͪ͊͟͟ ͔ͤ ͔ͦ͋ͣ͗ͯΊͭΈͫΎ ͙͡΄͔ ͫͨͦͫͦ͋ͦͣ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͔͍ͪͫͯͪͫ͜Σ ͊ Ί ͤ͊͘;ͤͦ 
΄͙ͪ΄͙ͣ ͨͦͤΎͭͭΎͣΦ 

˽͍ͦ͋ͯ͒ͦ͊ ͙ͣ͊ͪͦͫͭͪͯͭͯͪ͟͟ ͔͔ͨͪ͒͋͊;͊Ί ͍͙͔͒ͤͤ͜͡Ύ ͍ ͙͔ͫͫͭͣ͜ ͙͔ͨ͒ͫͫͭͣ͜ ͜ ͔͍ͦͣͨͦͤͤͭ͟͜Σ ΅ͦ Ί ͍͒ͤͦͫͤͦ͜ 
͍͙͙͊ͭͦͤͦͣͤͣΣ ͙͙͙ͨͪ͒͊ͭͤͣ ͍͙͍͙ͦͤͯ͊ͭ͟ ͍͊ͫͤ͜͡ ͺͯͤ͟ͼ͜͝Φ ˢ͔͒͗ ͊͘ ͊ͦͤͦͣͪͤͫͭ͘͟͜͜Ό ͼͫͤͦͫͭ͜͜͜͡ ό͔͔͔ͣͪ͒͗ͤͭͤͦͫͭ͜ύΣ 
͍͙͍͊ͫͭͦͫͭ͜͡ ͙͔͙ͫͫͭͣ ͔͊͗͊ͭ͘͡Έ ͍͒͜ ͍͙͍͔͚͊ͫͭͦͫͭ͡ ͝͝ ;͙͊ͫͭͤΣ ͔͊͡ ͔ͤ Ί ͫͯͣͦΌ ͍͙͍͔͚͊ͫͭͦͫͭ͡ ͼ͙ͻ ;͙͊ͫͭͤ ώͭ͊ͣ ͫ͊ͣͦΣ 
ͫΦ псϐΦ ˸͊ͪͦͫͭͪͯͭͯͪ͊͟͟ ͍͒ͦͦ͘͡ΎΊ ͔͍͙͙ͨͪ͒ͫͭ͊ͭ ˩˻˾ ͯ ͍͙͎͡Ύ͒͜ ͫͯͯͨͤͦͫͭ͟͜ ͚͎ͦͦ ͚ͤ͊͋͜͡Έ΄͙ͻ ;͙͊ͫͭͤ ͜ ͍͘ΩΎ͍͘͟͜ ͣ͗͜ 
͙͙ͤͣΣ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͚͎ͦͦ ͼͫͤͫͭ͜͜͜͡Έ ͜ ͭͦͭͦ͗ͤͫͭ͜ΈΦ 

˸͊ͪͦͫͭͪͯͭͯͪ͊͟͟ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ί ͍͋ͯ͒ͦͯΣ ͎͍ͦͪ͊ͤͦ͊ͤͫͭ͘͜͜ΈΣ ͯͨͦͪΎ͍͒ͦ͊ͤͫͭ͟͜ΈΣ ͍͊͘Ί͔ͣͦ͊͗ͤͫͭ͘͜͡Έ ͜ 
͍͊͘Ί͍͔ͣͦͦ͋ͯͣͦͤͫͭ͜͡Έ ͙͔ͨ͒ͫͫͭͣ͜ ͜ ͔͍ͦͣͨͦͤͤͭ͟͜ ˩˻˾ ͭ͊ ͍͘ΩΎ͍͘͟͜ ͣ͗͜ ͙͙ͤͣΣ ΅ͦ ͒͊ͭͤ͘͜ ͍͙͍͙ͦͤͯ͊ͭ͟ ͍͒ͤͦͫͤͦ͜ 
͔͔ͤ͊͗ͤ͘͜͡ ͺͯͤ͟ͼ͜͝ ͒͡Ύ ͒ͦͫΎ͎͔ͤͤͤΎ ͙ͨͪͦͣ͗ͤ͜ͻ ͨ͒͜ͼ͔͚͜͡ ͜ ͍ͦ͒ͤͦ;͊ͫ ͨ͒ͨͦͪ͜Ύ͍͒ͦ͊ͤ͟͜ ͎͊͊͘͡Έ͚ͤ͜ ͔ͣͭ͜ ˩˻˾Φ  
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̂ ͙͔ͫͫͭͣͤͦͣͯ ͊ͤ͊͘͜͜͡Σ ͊͘ ͙ͨͪͤͼ͙ͨͦͣ ͣͦ͒ͯ͡Έͤͦ͝ ͍͙ͨͦ͋ͯ͒ͦΣ ͙͔ͫͫͭͣͯ ͒ͦͼ͜͡Έͤͦ ͎ͪͦ͘͡Ύ͙͒͊ͭ Ύ͟ ͫͯͯͨͤͫͭ͟͜Έ 
͍͊͘Ί͍ͣͦͨͦΩΎ͙͊ͤ͘ͻ ͍ͣͦ͒ͯ͜͡Σ Ύ͟͜ ͍͍͊͗͊ΌͭΈ ͔ͣͦ͒͡Ύ͙ͣ ͝͝ ͔͍ͦͣͨͦͤͤͭ͟͜ ͜ ͙͔ͨ͒ͫͫͭͣ͜Φ 

˽͙ͪͤͼ͙ͨ ͣͦ͒ͯ͡Έͤͦͫͭ͜Σ Ύ͟ ͍͊ͯ͊͗ͯ͘Ί ˻Φ ˥ͦͤ;͍͊ͪͦ͊Σ ͨͦͫ͒͊͜Ί ͼ͔ͤͭͪ͊͡Έ͔ͤ ͣͫ͜ͼ͔ ͍ ͍ͨͦ͋ͯ͒ͦ͜ ͫͯ;͙͊ͫͤͻ 
ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣΦ ́͊͟͜ ͎ͨͪͦͪ͊ͣͤ͜ ͙͊ͫͦ͋͘ ͋͜͡Έ΄ ͙ͨͪ͒͊ͭͤ͜ ͒ͦ ͔ͣͦ͒ͪͤ͊͘͜ͼ͜͝ ͭ͊ ͍͔͒ͦͫͦͤ͊ͤͤ͟͡ΎΣ 
͔͎͡΄͔ ͎ͤ͊͊ͦ͒͗ͯ͡ΌͭΈͫΎ ό͔͙͙ͦͪͣͣ͟ ͣͦ͒ͯ͡Ύ͙ͣύ ͜ ͦͤ͟ͺ͎ͯͪͯ͜ΌͭΈͫΎΣ ;͊ͫͭͦ ͣͦ͒ͯ͜͡ Ί ͍͙͙͊ͭͦͤͦͣͤͣ ͜ ͣͦ͗ͯͭΈ 
͍͍͙͊ͫͭͦͫͦͯ͊ͭͫ͘Ύ Ύ͟ ͚ͫ͊ͣͦͫͭͤ͜͜ ͎͙ͨͪͦͪ͊ͣ ώфϐΦ 

˨ͦ ͣͦ͒ͯ͡Έͤͦ͝ ͍͙ͨͦ͋ͯ͒ͦ ˩˻˾Σ ͍ ͭͦͣͯ ;͙ͫ͜͡ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͙͍ͨͦͫ͋ͤ͜͟͜ ͜ ͨ͒ͪͯ͜;͙͍ͤ͟͜Σ ͫͻ͙͡ΎΊͭΈͫΎ ͋͜͡Έ΄ͫͭ͜Έ 
͙͍͒ͦͫ͒ͤ͜͟͜͡ ͔ͨͪͦ͋ͣ͡ ͯ ͼ͚͜ ͎͊ͯ͘͜͡Φ ˽͙ͪͤͼ͙͙ͨ ͣͦ͒ͯ͡Έͤͦͫͭ͜  ͊͋ͦ ͙͔͒ͫͪͭͤͦͫͭ͟͜ ͫͭͪͯͭͯͪ͟ ό˸Φ ˱͔͎ͪͤ͘͜Σ ́Φ ˴͔͊ͣͤΊ͍͊Σ 
˻Φ ˴ͯ͒ͪΎ΄͍ͦΣ ˤΦ ˻ͫ͊͒;͙͚Σ ˢΦ ˾ͯ͒ͤΊ͍Σ ˤΦ ͔͎́ͤ͜Σ ˿Φ ͍̊͊ͪͦύΣ ͊͋ͦ ͍͍͊ͤͭͯ͊ͤͤ͟Ύ ό˻Φ ˭ͣͤ͊͜͜Σ ˢΦ ˴͙͙͍ͪͦ͡Σ ˻Φ ˸͍ͯͦ͘͟͜) 
͔͔ͨͪ͒͋͊;͊ΌͭΈ ͨͦ͒͜͡ ͙ͫͭͪͯͭͯͪ͟ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͙ͨͦͫ͋ͤ͊͜͟ ͊͋ͦ ͨ͒ͪͯ͜;͙ͤ͊͟ ͤ͊ ͍ͤ͊;͊͡Έͤ͜ ͣͦ͒ͯ͜͡Σ ͣͤͣ͊͜͜͡Έͤ͜ ͊͘ 
ͦ͋ͫΎ͎ͦͣΣ ͔͊͡ ͔͊ͣͤͤ͘͟͜ ͊͘ ͣͫͭͦͣ͘͜Φ 

˽͔͍ͪͦͭͯ͊ͤͤ͟Ύ ͙ͣ͊ͪͦͫͭͪͯͭͯͪ͟͟ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͙ͨͦͫ͋ͤ͊͜͟ ͔͔ͨͪ͒͋͊;͊Ί ͍͙ͤ͊͘;͔ͤͤΎ ͚͎ͦͦ ͍͙ͦͫͤͦͤͻ 
ͫͭͪͯͭͯͪͤͦ͟-ͺͯͤ͟ͼͦͤ͊͜͡Έ͙ͤͻ ͔͍ͦͣͨͦͤͤͭ͟͜ ώтϐΦ ̒͟ ͍ͦͫͤͦͤͯ ͫͭͪͯͭͯͪͤͦ͟-ͺͯͤ͟ͼͦͤ͊͜͡Έͤͯ ͙͙ͦ͒ͤͼΌ ͔͔͎ͭͪͦͤͤͦͦ͟͡ 
͙ͨͦͫ͋ͤ͊͜͟ ͘ ͙͊ͭͤͫ͡Έͦ͟͝ ͍͙ͣͦ ͦ͋ͪ͊ͤͦ ͣͦ͒ͯ͡ΈΣ Ύ͙͚͟ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ Ύ͟ ͍͒ͤͦͫͤͦ͜ ͍͙͚͊ͭͦͤͦͣͤΣ ͺͯͤ͟ͼͦͤ͊͜͡Έͤͦ 
͍͔͊ͪ͘΄͔͙͚ͤ ͺ͎͔ͪ͊ͣͤͭ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͙ͨͦͫ͋ͤ͊͜͟Σ ΅ͦ ͙ͣͫͭͭ͜Έ ͋ͦ͟͡ ͙͙͒͒͊ͭ͟;ͤͦ ͦͨͪ͊ͼΈ͍ͦ͊ͤͦ͝Σ ͍͊͒͊ͨͭͦ͊ͤͦ͝ ͜ 
͍ͫͭͪͯͭͯͪͦ͊ͤͦ͟͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Φ 

˹͊ ͒ͯͣͯ͟ ˻Φ ́ ͍ͦͨͯͦ͊͘Σ ͦ͒ͤ͜ΊΌ ͘͜ ͊ͫ͊͒͘ ͦͤͫͭͪͯ͟Ό͍͊ͤͤΎ ͨ͒ͪͯ͜;͙ͤ͊͟ ͤ͊ ͍ͦͫͤͦ͜ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻͦ͒ͯ Ί 
͍ͫͭͪͯͭͯͪͯ͊ͤͤ͟Ύ ͣͫͭͯ͘͜ ͊͘ ͙ͨͪͤͼ͙ͨͦͣ ͔͍ͪͦͣ͗ͯ͊ͤͤ͘Ύ ͔͙ͣͨͪ͜;͙ͤͻ ͜ ͔͔͙ͭͦͪͭ;͙ͤͻ ͍͋ͦ͟͜͡Υ  

͊ύ ͔͙ͣͨͪ͜;͙ͤͻ ͤ͊ͤ͘Έ όͨͦͤΎͭͭΎ ͜ ͔͙ͭͪͣͤ͜ύΤ  
͋ύ ͔͔͙ͭͦͪͭ;͙ͤͻ ͤ͊ͤ͘Έ ό͙͊ͦͤ͘͟Σ ͔ͭͦͪ͜͝Σ ͎͔͙ͨͦͭ͘͜Σ ͍͊͘Ί͍ͣͦ͘ΩΎͦ͘͟ ͎ͪͦ͘͡Ύ͍͙͒ͯ͊ͤͻ ͦ͋ΩΊ͍ͭ͟͜Σ ͨͪͦͼ͔͍ͫ͜Σ Ύ͍͙΅Σ ͝ͻ 

ͫͭͪͯͭͯͪͤ͊͟ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟Σ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͚ ͊ͦͤͦͣͪͤͦͫͭ͘͟͜͜ ͍͙ͪͦͭͯ͘͟ύ ώмлϐΦ  
˨͡Ύ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͒ͦͫΎ͎͔ͤͤͤΎ ͍͙ͤ͊͘;͔͙ͤͻ ͤ͊ ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤͦͣͯ ͔ͭ͊ͨ͜ ͼ͔͚͜͡ ͜ ͔ͪ͊͊͘͜͡ͼ͜͝ ͍͙ͤ͊͘;͔͙ͤͻ 

ͺͯͤ͟ͼ͚͜ όͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝Σ ͙͔͙ͫͫͭͣ͊ͭͯ͘Ό;ͦ͝Σ ͔͊ͪͨͤͤ͘͟͜͡Ύ ͭ͊ ͫ͊ͣͦͦͤͭͪͦ͟͡ΌΣ ͍͙ͫ͊ͣͦͦͫͭ͜ύ ͯ ͣ͊ͪͦͫͭͪͯͭͯͪ͟͟͜ 
͔͔͎ͭͪͦͤͤͦͦ͟͡ ͙ͨͦͫ͋ͤ͊͜͟ ͍͙͔͔ͦͪͣͤͦ͟͡ ͍͒͊ ͍͋͊ͦ͘͜ ͣͦ͒ͯ͜͡Υ ζ˽͙ͦͫ͋ͤ͜͟η ͜ ζ˿͍͙ͦͤ͟͡ηΣ ΅ͦ ͣͦ͗ͯͭΈ 
͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭͫ͟Ύ Ύ͟ ͚ͫ͊ͣͦͫͭͤ͜͜ ͙͋ͦ͟͡Σ ͭ͊͟ ͜ ͍ ͔ͦͣͨͫ͟͟͜͡ ͭ͊ ͍͙͚ͫͯ͗͋ͦ͡ ͣͦ͒ͯ͡Έ ζ˨͎ͦͨͦͣͦ͊ηΦ 

˽͒͜ ;͊ͫ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͍͙ͤ͊͒͘;͚͊ͤͦ ͍͙͍͊͗ͦ͡Ό ͨͪͦͼ͔͒ͯͪͦΌ Ί ͔͙ͦͤͪͭ͊͘͟͟ͼ͜Ύ ͜ ͍͒͋ͪ͜͜ ͣͫͭͯ͘͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ 
͔ͣ͊ͭͪ͊ͯ͜͡ ͭ͊ ͚͎ͦͦ ͙ͫͭͪͯͭͯͪ͊͘͟ͼ͜ΎΦ  

̒͟ ͊ͤ͊͘͘;͊Ί ˤΦ x ͙͍ͦ͟Σ ˤΦ ˴ͯͻ͔͊ͪͤͦ͟ ͭ͊ ͤ͜ΦΣ ͙ͨͪ ͯͨͦͪΎ͍͒ͯ͊ͤͤ͟͜ ͣͫͭͯ͘͜ ͣͦ͗ͯͭΈ ͍͍͙͊ͫͭͦͫͦͯ͊ͭͫ͘Ύ ͪͤ͘͜͜ ͨ͒͜ͻ͙ͦ͒ 
ό͎ͦ͊͜͟͡ ͙ͫͭͪͯͭͯͪ͟Σ ͻ͎ͪͦͤͦͦ͜͡;ͤͫͭ͜ΈΣ ͦͤ͟ͼ͔͙ͤͭͪ;ͤ͜ ͦ͊͟͡Σ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ͨͦ ͫͨͪ͊͜͜͡Σ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ͙ͨͪ;͙ͤ ͭ͊ ͤ͜ΦύΣ 
ͨͫ͜͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ Ύ͎ͦͦ͟ ͔ͣͦ͗ ͍ͫͭͦͪΌ͍͙͊ͭͫΎ ͔ͨͪ΄͙͚ ͍͊ͪ͊ͤͭ͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͔͍ͣ͊ͭͪ͊͜͜͡ ͍ͤ͊;͊ͤͤΎΣ ͔͒ ͫ͒͜͡ ͍͔͙ͪͭ͊ͭ͘ 
͍͎ͯ͊ͯ ͤ͊ ͙͙ͨͪ͊͒͟͡Σ ͦͤ͟ͼ͔ͨͼ͜͝ ͍͊͘Ί͍ͣͦ͒ͤͦ͜΄͔ͤΈΣ ͍͙ͨͪ͊͊͡ ͭ͊ ͨͪͦͼ͔͙͒ͯͪ ͍ͫͭͦͫͦͤͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͙ͨͪ͊͡Έͤͦͫͭ͜Σ 
͍͙ͨͦͤͦͭΣ ͺͯͤ͟ͼͦͤ͊͜͡Έͤͦͫͭ͜Σ ͦ͋ͫΎ͎ͯΣ ͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡ ͭ͊ ͍͘ΩΎͤͦͫͭ͘͜ ͣͫͭͯ͘͜ ώммΣ ͫΦ мпнϐΦ ˽͒͜ ;͊ͫ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ 
͔͔͎ͭͪͦͤͤͦͦ͟͡ ͙ͨͦͫ͋ͤ͊͜͟ ͘ ͙͊ͭͤͫ͡Έͦ͟͝ ͍͙ͣͦ ͯͨͦͪΎ͍͒ͯ͊ͤͤ͟Ύ ͣͫͭͯ͘͜ ͚͒ͫͤ͘͜Ό͍͊ͦͫ͡Ύ ͘ ͦͪ͜Ίͤͭ͊ͼ͜ΊΌ ͤ͊ ͎ͦͯ͜͟͡ 
͙ͫͭͪͯͭͯͪ͟Φ 

˭͊ ͙͙͒͊ͤͣ ͙͊ͤ͊ͭ͜͡;ͤͦ͝ ͫͭ͊͒͜͝ ͔͍ͨͪͦͭͯ͊ͤͤ͟ΎΣ ͙͔͙ͨͪͦͪͭͭͤͣ͜ ͔ͣͦ͒ͯͣ͡ ͦ͋ͪ͊ͤͦ ζ˿͍͙ͦͤ͟͡ηΣ ͙ͨͪͤ͊͘;͔͙͚ͤ 
͒͡Ύ ͎͙͒ͦͨͦͣͦ ͍ ͔͔ͨͪ͊͒͟͜͡ ͍ ͔͔͙ͭͪͤ͊ͪͤͦ-͔͙ͣ͒;͙ͤͻ ͔͍ͭͪͣͤ͜͜Σ ͔͔͔͔͍ͭͪͣͤͦͣͤͭ͜͜͡Σ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͔͙ͣ͒;͙ͤͻ ͍͙͍ͪ͊͘͜Σ 
͊ͺ͙͍ͦͪͣ͘͜ ͭ͊ ͙͍ͨͪͫ͜͡Ω͍͝ ͘ ͙͊ͭͤͫ͡Έͦ͟͝ ͍͙ͣͦ ͤ͊ ͯͪ͊ͤͫ͟͝Έͯ͟ ͜ ͍͙ͤ͊ͨ͊͟Φ ˿ͭͪͯͭͯͪͤͦ͟Ό ͙͙ͦ͒ͤͼ͔Ό ͣͦ͒ͯ͡Ύ Ί ͪͦ͒͘͜͡Φ 
˸ͦ͒ͯ͡Έ ζ˿͍͙ͦͤ͟͡η ͫ͊͒͊͟͡ΊͭΈͫΎ ͘ ͭͪΈͦͻ ͍ͪͦ͒͘͜͜͡Υ ͍͔͊ͫͤ͡ ζ˿͍͙ͦͤ͟͡ηΣ ζ͔͔͔͔͙́ͪͣͤͦͣͤͭ͜͡η ͜ ζˤ͙͍͙ͫͦ͡ηΦ  ˹͊ 
ͣͦ͒ͯ͡Έ ζ˿͍͙ͦͤ͟͡η ͨͦ͊͒͊͟͡ΊͭΈͫΎ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͔ͪ͊͊͘͜͡ͼ͜͝ Ύ͟ ͎͊͊͘͡Έ͙ͤͻ ͺͯͤ͟ͼ͚͜Υ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝Σ 
͙͔͙ͫͫͭͣ͊ͭͯ͘Ό;ͦ͝Σ ͔͊ͪͨͤͤ͘͟͜͡Ύ ͭ͊ ͫ͊ͣͦͦͤͭͪͦ͟͡ΌΣ ͭ͊͟ ͜ ͔ͫͨͼ͙ͺ͜;͙ͤͻΥ ͍ͤ͊;͊͡Έͤͦ͝ ͜ ͙͍ͤͦͪͣ͊ͭͤͦ͝Φ 

˱ͤͺͦͪͣ͊ͼ͚ͤ͊͜ ͺͯͤ͟ͼ͜Ύ ͔͔͊͋ͨ͘͘;ͯΊͭΈͫΎ ͺͫ͊͜͟ͼ͜Ό ͔͔͎ͨͪ͒ͣͭͤͦͦ ͣͫͭͯ͘͜ ͍ͤ͊;͊ͤͤΎ ͤ͊ ͍ͪͤ͜͜ ͔͎ͭͪͣͤͦͦ͜͜͡;͎ͤͦͦ 
͔ͣ͊ͭͪ͊ͯ͜͡Σ ͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ ͤ͊Ύ͍ͤͫͭ͜Ό ͔͍͍͔͊ͤͭ͊͟͜͡ ͔ͭͪͣͤ͊͜ ͙͊ͭͤͫ͡Έͦ͟Όκͯͪ͊ͤͫ͟͝Έͦ͟Ό ͍ͣͦͦΌΣ ͍͒ͦͣͦͫͭ͜Ύ͙ͣ ͨͪͦ 
ͨͦͻ͔ͦ͒͗ͤͤΎ ͔͔͔͔͍ͭͪͣͤͦͣͤͭ͜͜͡Σ ;͍͊ͫͭͦͦ͟Ό ͔͙ͫͣ͊ͤͭ͊͘ͼ͜ΊΌ ͜ ͭͯͣ͊͡;͔ͤͤΎͣ ͔͍ͭͪͣͤ͜͜Φ ˿͍͙ͦͤ͟͡ ͯ ͼΈͦͣͯ ͔͊ͫͨͭ͟͜ 
ͪͦ ͎͘͡Ύ͒͊ΊͭΈͫΎ Ύ͟ ͔͔͒͗ͪͦ͡ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͊ͫ͋͘͜ ͒ͦͫͭͯͨͯ ͒ͦ ͙ͤ͊ͦͨ͟;͔͙ͤͻ ͔͙ͣͨͪ͜;͙ͤͻ ͤ͊ͤ͘Έ ͯ ͔͔͚ͨͪ͒ͣͭͤ͜ ͎͊ͯ͘͜͡Φ 

˿͙͔͙ͫͭͣ͊ͭͯ͘Ό;͊ ͺͯͤ͟ͼ͜Ύ ͔͍ͪ͊ͦ͊ͤ͊͘͜͡ ͤ͊ ͍͒ͦͻ ͍ͪͤ͜ΎͻΥ ͍ͪͤ͜͜ ͍͙ͣͦ ͭ͊ ͍ͪͤ͜͜ ͔͎ͭͪͣͤͦͦ͜͜͡;ͤͦ͝ ͙͔͙ͫͫͭͣΦ ˽ͦ-
͔ͨͪ΄͔Σ ͍͊͒͘Ύ͙͟ ͙͍͚ͦͫͦ͋͜͡ ͣ͊ͪͦͫͭͪͯͭͯͪ͟͟͜ ͍͙ͫͦͤ͊͟͡Σ Ύ͙͚͟ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘ ͭͪΈͦͻ ͍ͪͦ͒͘͜͜͡ ό͍͔͊ͫͤ͡ ζ˿͍͙ͦͤ͟͡ηΣ 
ζ͔͔͔͔͙́ͪͣͤͦͣͤͭ͜͡ηΣ ζˤ͙͍͙ͫͦ͡ηύΣ ͔ͣ͊ͭͪ͊͜͡ ͨͦ͒͊ͤͦ ͊͘ ͙͔͙ͨ͒ͫͫͭͣ͊ͣ͜ ͍͙ͣͦΥ ͔͙ͫ͟͡;ͤͦΌΣ ͣͦͪͺ͔ͣͤͦΌ ͜ 
͙͙ͫͤͭ͊ͫ͟;ͤͦΌΦ ˽ͦ-͎͔͒ͪͯΣ ͫ͊ͣ ͔ͭͪͣͤ͜ ͊͘ ͍ͫͦΊΌ ͙ͨͪͪͦ͒ͦΌ Ί ͙͔͙ͫͫͭͣͤͣ ͜ ͔͙ͫͣ͊ͤͭ͊͘ͼ͜Ύ ͔ͭͪͣͤ͊͜ ͍ ͍͙ͫͦͤͯ͟͡ 
͔͔ͨͪ͒͋͊;͊Ί ͙ͦͨͫ ͔͍͎ͨͤͦͦ ͺ͎͔ͪ͊ͣͤͭ͊ ͔͙͔͙ͭͪͣͤͦͫͫͭͣ͜. ˿͔͙ͣ͊ͤͭ͊͟ ͔ͭͪͣͤ͊͜, ͙ͭ͊ͣ͟ ;͙ͤͦͣ, ͍͙ͤ͊͘;͊Ί 
͙͔͙ͫͫͭͣ͊ͭͯ͘Ό;ͯ ͅ ͯͤ͟ͼ͜Ό ͫ ͔ͨͼ͊͜͡Έ͎ͤͦͦ ͍͙ͫͦͤ͊͟͡ Ύ ͦ͟ ͍͋ͦΩΎ͍ͦͯ͘͟.  

̅ͯͤ͟ͼ͜Ύ ͔͊ͪͨͤͤ͘͟͜͡Ύ ͭ͊ ͫ͊ͣͦͦͤͭͪͦ͟͡ΌΣ ΅ͦ ͔͔ͨͪ͒͋͊;͊Ί ͼ͔ͫͨͪ͜͡Ύ͍͔ͣͦ͊ͤ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͯͣͤ͜Έ ͜ 
͍͙ͤ͊;ͦ͟ ͔͔ͨͪ͊͒ͯ͟͡Σ ͚͔͒ͫͤͤͤ͘͜Ύ ͎͙͒ͦͨͦͣͦ ͣ͝ ͍ ͍͊ͫͦ͘Ίͤͤ͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͭ͊ ͦͨͦͪ͜ ͤ͊ ͤΈ͎ͦͦ ͍ ͙ͨͪ͊ͭ͟;͚ͤ͜ 
͒͜Ύ͡Έͤͦͫͭ͜Σ ͔͍͙͔ͪ͊ͯ͊ͭͣͭ͘͜͡ΈͫΎ ͍͊͒͘Ύ͙͟ ͤ͊Ύ͍ͤͦͫͭ͜ ͎͙ͪͦͦͪͤͯͭ͘ͻ ͎͙ͪ͊ͣ͊ͭ;͙ͤͻΣ ͔͙ͫ͟͡;͙ͤͻ ͜ ͙͙ͫͤͭ͊ͫ͟;͙ͤͻ 
͔͍ͦͣͤͭ͊ͪ͟͜Φ 

̂ ͣͦ͒ͯ͜͡ ͍ͤ͊;͊͡Έͤ͊ ͺͯͤ͟ͼ͜Ύ ͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ ͔͔ͨͪ͒ͯͫͣ͜ ͤ͊ ͍ͪͤ͜͜ ͔͊͒ͪͫͤͦ͝ ͦͪ͜Ίͤͭ͊ͼ͜͝ ͍͙ͫͦͤ͊͟͡Σ ͙ͨͪͤͼ͙͍ͨ͜ 
͍͒͋ͦͪͯ͜ ͜ ͙ͦͨͫͯ ͔͙ͫ͟͡;͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ͔͔͊͋ͨ͘͘;ͯΊͭΈͫΎ ͚͎ͦͦ ͍͍͒ͨͦ͒ͤͫͭ͜͜͜Ό ͍ͤ͊;͊͡Έ͚ͤ͜ ͎ͨͪͦͪ͊ͣ͜ ͭ͊ 
͔͔ͦͣͨͣͤͭ͊ͪͤͫͭ͟͜͡Ό ͤ͜΄͙ͣ ͊ͫͦ͋͊ͣ͘ ͍ͤ͊;͊ͤͤΎΣ ͤ͊Ύ͍ͤͫͭ͜Ό ͍͙͒ͦ͒͊ͭͦ͟ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͍ͦͣͤͭ͊ͪ͟͜Φ 

˴ͪͣ͜ ͎ͭͦͦΣ ͤ͊ ͣͦ͒ͯ͡Έ ͨͦ͊͒͊͟͡ΊͭΈͫΎ ͔ͫͨͼ͙ͺ͜;ͤ͊ ͒͡Ύ ͍͙͍ͫͦͤ͟͜͡ ͙͍ͤͦͪͣ͊ͭͤ͊ ͺͯͤ͟ͼ͜ΎΣ ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ 
ͺͫ͊͜͟ͼ͜Ό ͤͦͪͣ ͔͍͙ͭͪͣͤͦ͗ͭͯ͜͟Σ Ύ͊͟ ͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ ͤ͊Ύ͍ͤͫͭ͜Ό ͍͔͚͒ͦͣͦͫͭ͜ ͨͪͦ ͔͎ͭͪͣͤͦͦ͜͜͡;ͤͯ ͫͨͦͯ͡;͍ͯ͊ͤͫͭ͜ΈΣ 
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͍͔͔ͤ͊͒ͤͤΎͣ ͙͙ͫͤͭ͊ͫ͟;͙ͤͻ ͦͤͫͭͪͯ͟͟ͼ͚͜Σ ͤ͊ ͍ͦͫͤͦ͜ Ύ͙͟ͻ ͋ͯ͒ͯΌͭΈͫΎ ͙͍ͭͨͦ͜ ͎͔͋͊͊ͭͦͦͣͨͦͤͤͭͤ͟͜ ͔͙ͭͪͣͤ͜Σ 
ͺͫ͊͜͟ͼ͜ΊΌ ͍͙ͨͪ͊͡ ͍͙͍͗͊ͤͤΎ ͔͍ͭͪͣͤ͜͜Σ ͦͪ͜Ίͤͭ͊ͼ͜ΊΌ ͤ͊ ͫͯ;͊ͫͤ͜ ͍͙͒͊ͤͤΎ ͍͔͔͙ͭͪͤ͊ͪͤͦ͝ ͔͙ͤͦͣͤ͊ͭͯͪ͟͡Φ  

˸ͦ͒ͯ͡Έ ζ˽͙ͦͫ͋ͤ͜͟η ͙ͣͫͭͭ͜Έ ͙͚ͦͪͦͭ͟͟ ͯͪͫ͟ ͙͙͊ͭͤ͡ όζ9ƭŜƴŜƴǘŀ [ƛƴƎǳŀŜ [ŀǘƛƴŀŜηύΣ ͍ Ύͦͣͯ͟ ͯ ͙͚ͫͭͫ͜͡ ͜ 
͚͒ͦͫͭͯͨͤ͜ ͺͦͪͣ͜ ͍͙͔͊͒ͤͦ͟͡ ͍ͦͫͤͦͤ͜ ͍͒ͦͣͦͫͭ͜͜ ͘ ͺ͔͙͙ͦͤͭ͟ ͭ͊ ͎͙͙ͪ͊ͣ͊ͭ͟Σ ͔ͤͦ͋ͻ͒ͤ͜͜ ͒͡Ύ ͍ͦͦͦ͒ͤͤ͜͡Ύ ͍͙ͤ͊;͙͊ͣ͟ 
;͙ͭ͊ͤͤΎΣ ͙ͤ͊ͨͫ͊ͤͤΎΣ ͔͔ͨͪ͊͒ͯ͟͡ ͭ͊ ͊ͤ͊ͯ͘͜͡ ͍͔͔͙͙ͭͪͤ͊ͪͤͻ ͔͍ͭͪͣͤ͜͜Φ ˽͙ͦͫ͋ͤ͜͟ ͍͒ͪͤ͘͜͜ΎΊͭΈͫΎ ͍͒͜ ͍͙͒ͪͯͦ͊ͤ͟ͻ 
͍ͤ͊;͊͡Έ͙ͤͻ ͍͙͒͊ͤΈ ͍ͫͭͪͯͭͯͪͯ͊ͤͤ͟Ύͣ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ 

˿ͭͪͯͭͯͪͤͦ͟Ό ͙͙ͦ͒ͤͼ͔Ό ͣͦ͒ͯ͡Ύ Ί ͙ͪͦ͒͘͜͡Σ Ύ͟͜Σ ͯ ͍ͫͦΌ ;͔͎ͪͯΣ ͨͦ͒͜͡ΎΌͭΈͫΎ ͤ͊ ͔͙ͭͣ ͜ ͔͙ͨ͒ͭͣ͜Φ ˸ͦ͒ͯ͡Έ 
͙ͣͫͭͭ͜Έ ͙ͪͦ͒͘͜͡ ζ͔͙̅ͦͤͭ͊͟ηΣ ζ˸ͦͪͺ͎ͦͦ͜͡Ύη ͭ͊ ͔ͦͪͣ͟͜ ͺ͊ͻ͍ͦ͜ ͔͙ͭͣΣ ͔͔ͨͪ͒͋͊;͔ͤ͜ ͎ͨͪͦͪ͊ͣͦΌ ͍ͤ͊;͊͡Έͤͦ͝ 
͙͒ͫͼ͙͙ͨͤ͜͡ ζ˶͙͊ͭͤͫΈ͊͟ ͍ͣͦ͊ηΣ ͊ ͭ͊ͦ͗͟ ͔͔͍ͨͪ͒ͣͦͯ ͜ ͙ͫͨͫͦ͟ ͔͔͍ͪͦͣͤ͒ͦ͊ͤͦ͟͝ ͔͙ͭͪ͊ͭͯͪ͜͡Φ 

˸ͦ͒ͯ͡Έ ͔͔͊͋ͨ͘͘;ͯΊ ͔ͪ͊͊͘͜͡ͼ͜Ό ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝Σ ͙͔͙ͫͫͭͣ͊ͭͯ͘Ό;ͦ͝ ͺͯͤ͟ͼ͜͝ ͭ͊ ͺͯͤ͟ͼ͜͝ ͔͊ͪͨͤͤ͘͟͜͡Ύ ͭ͊ 
ͫ͊ͣͦͦͤͭͪͦ͟͡ΌΦ ˱ͤͺͦͪͣ͊ͼ͚ͤ͊͜ ͺͯͤ͟ͼ͜Ύ ͣͦ͒ͯ͡Ύ ζ˽͙ͦͫ͋ͤ͜͟η ͔͔͊͋ͨ͘͘;ͯΊͭΈͫΎ ͺͫ͊͜͟ͼ͜Ό ͔͔͎ͨͪ͒ͣͭͤͦͦ ͣͫͭͯ͘͜ 
͍ͤ͊;͊ͤͤΎ ͤ͊ ͍ͪͤ͜͜ ͎͙ͪ͊ͣ͊ͭ;͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ ͤ͊Ύ͍ͤͫͭ͜Ό ͍͔͚͒ͦͣͦͫͭ͜ ͘ ͺ͔͙͙ͦͤͭ͟ ͜ ͎͙͙ͪ͊ͣ͊ͭ͟ 
͙͊ͭͤͫ͡Έͦ͟͝ ͍͙ͣͦΣ ͊ ͭ͊ͦ͗͟ ͔͒Ύ͙͟ͻ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͔ͭͣΦ  

˿͙͔͙ͫͭͣ͊ͭͯ͘Ό;͊ ͺͯͤ͟ͼ͜Ύ ͔͍ͪ͊ͦ͊ͤ͊͘͜͡ ͤ͊ ͍ͪͤ͜͜ ͍͙ͣͦ ς ͍ͤ͊;͊͡Έ͙͚ͤ ͔ͣ͊ͭͪ͊͜͡ ͍ͫͭͪͯͭͯͪͦ͊ͤͦ͟ ͊͘ 
͙͔͙ͨ͒ͫͫͭͣ͊ͣ͜ ͍͙ͣͦΥ ͺ͔͙ͦͤͭ;ͤͦΌ ͜ ͣͦͪͺ͎ͦͦ͜͡;ͤͦΌΦ ˸͔͊ͭͪ͊͜͡ ͍ͫͭͪͯͭͯͪͦ͊ͤͦ͟ ͜ ͨͦ͒͊ͤͦ ͯ ͺͦͪͣ͊ͭ͜ ͍͙͒ͦ͒ͤ͊͜͟ ͘͜ 
͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͎͙͍ͦͤͭͤ͟͜-͎ͦͪ͊ͺ͜;͙ͤͻ ͔͔͚ͣͦ͒͡Φ 

˾͔͔ͭ͡Έ͔ͤ ͍ͫͭͪͯͭͯͪͯ͊ͤͤ͟Ύ ͔ͣ͊ͭͪ͊ͯ͜͡ ͔͔͊͋ͨ͘͘;ͯΊ ͍͙ͦͤ͊ͤͤ͟Ύ ͺͯͤ͟ͼ͜͝ ͔͊ͪͨͤͤ͘͟͜͡Ύ ͭ͊ ͫ͊ͣͦͦͤͭͪͦ͟͡ΌΣ ͔͊͒͗ 
͙ͨͦͫ͋ͤ͜͟ ͔ͣͦ͗ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭͫ͟Ύ Ύ͟ ͍͙͒ͦ͒ͤ͜͟ ͨ͒͜ ;͊ͫ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭΣ ͯ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͒ͦ ͦͤͭͪͦ͟͡Έ͙ͤͻ 
͊͘ͻ͍ͦ͒͜Φ  

˿͍͙͚ͯ͗͋ͦ͡ ͣͦ͒ͯ͡Έ ζ˨͎ͦͨͦͣͦ͊η ͙ͣͫͭͭ͜Έ ͎͊͊͘͡Έͤ͜ ͍͒ͦͣͦͫͭ͜͜ ͨͪͦ ͙ͨͦͫ͋ͤ͜͟ ͜ ͎ͨͪͦͪ͊ͣͯΣ ͙ͦͨͫ ͙ͫͭͪͯͭͯͪ͟ 
͍͙ͫͦͤ͊͟͡ ͜ ͍͙͋ͯ͒ͦ ͍͙͍ͫͦͤͦͦ͟͡͝ ͫͭ͊ͭͭ͜Σ ͍ͤ͊ͫͭ͊ͤͦͯ ͙͍ͦͪͫͭͯ͊͟;ͯΣ ͔͔ͨͪ͜͟͡ ͍͙ͯͣͦͤͻ ͫͦͪͦ͟;͔ͤΈΣ ͙ͫͨͫͦ͟ ͔͙ͭͪ͊ͭͯͪ͜͡Σ 
͔͙ͣͭͦ͒;ͤ͜ ͔͔ͪͦͣͤ͒͊͟ͼ͜͝ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙ͨͦͫ͋ͤ͊͜͟Φ ˻͍͙͙ͫͤͦͤͣ ͺͯͤ͟ͼ͜Ύ͙ͣ ͣͦ͒ͯ͡Ύ Ί ͍͍͒ͦ͒ͦ͊͜͟ ͜ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͊͜Φ  

˻͔ͭ͗Σ ͔ͦ͗ͤ͟ ͣͦ͒ͯ͡Έ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͙ͨͦͫ͋ͤ͊͜͟ ͣ͊Ί ͍ͫͦΊ ͺͯͤ͟ͼͦͤ͊͜͡Έ͔ͤ ͍͔ͤ͊͊ͤͭ͊͗ͤͤΎΣ ͔ͨͪͦͭ ͍ͫ͜ ͺͯͤ͟ͼ͜͝ 
͔ͦͪ͟͡ΌΌͭΈͫΎ ͘͜ ͎͊͊͘͡Έ͙͙ͤͣ ͺͯͤ͟ͼ͜Ύ͙ͣ ͙ͨͦͫ͋ͤ͊͜͟ ς ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜ΌΣ ͙͔͙ͫͫͭͣ͊ͭͯ͘Ό;ͦΌΣ ͔͊ͪͨͤͤ͘͟͜͡Ύ ͜ 
ͦͤͭͪͦ͟͡Ό ͜ ͫͨͪΎ͍ͣͦ͊ͤ͜ ͤ͊ ͒ͦͫΎ͎͔ͤͤͤΎ ͼ͔͚͜͡ ͨ ͙ͦͫ͋ͤ͊͜͟ ς ͒ ͎͙ͦͨͦͣͦͭ ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͍͙ͤ͊;ͦ͟ ͊ͤ͊ͯ͘͜͡ ͭ͊ ͔͔ͨͪ͊͒ͯ͟͡ 
͍͔͔͙ͭͪͤ͊ͪͤͦ-͔͙ͣ͒;͙ͤͻ ͔͍ͭͪͣͤ͜͜Σ ͔͔͊͋ͨ͘͘;͙͙ͭ ͙ͫͭͪͯͭͯͪ͊͘͟ͼ͜Ό ͣͫͭͯ͘͜ ͍ͤ͊;͊ͤͤΎ ͙͊ͭͤͫ͡Έͦ͟͝ ͍͙ͣͦΦ 

ˤ͙͍͙ͫͤͦ͟Φ ˹͊ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦͣͯ ͔ͭ͊ͨ͜ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͍͙ͦͫͤͦͤͻ ͙͙͒͒͊ͭ͟;͙ͤͻ ͺͯͤ͟ͼ͚͜Σ 
͙͔ͨ͒ͫͫͭͣ͜ ͜ ͙ͣ͊ͪͦͫͭͪͯͭͯͪ͟͟ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͙ͨͦͫ͋ͤ͊͜͟Σ ͙ͫͭͪͯͭͯͪ͊͘͟ͼ͜Ύ ͣͫͭͯ͘͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ͍͙͋ͪ͜ 
͙ͦͨͭͣ͊͡Έ͙ͤͻ ͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎ ͭ͊ ͫͨͦͫͦ͋ͯ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͍ͤ͊;͊͡ΈͤͦΌ ͒͜Ύ͡Έͤͫͭ͜ΌΦ ˽͔͔͙͍͙ͪͫͨͭͤͣ͟ ͤ͊ͨͪΎͣͦͣ 
ͨͦ͒͊͡Έ΄͙ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ Ί ͍͔ͤ͊ͯͦ͟ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ Ύ͟ ͨͪͦͼ͔ͫͯ ͍ ͫͯͯͨͤͦͫͭ͟͜ ͚͎ͦͦ 
͚ͫͭ͊͒͜ ͭ͊ ͔͍ͭ͊ͨ͜Σ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͨͪͦͼ͔͒ͯͪ ͔ͦͨͪ͊ͼ͚͎ͤͦͦ͜ ͜ ͔ͪ͊͊͘͜͡ͼ͚͎ͤͦͦ͜ ͔͍ͭ͊ͨ͜Φ  

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 

1. ˣ͊͊͊͡͡Ί͍͊ ˻Φ ̑ Φ ˽͔͍ͪͦͭͯ͊ͤͤ͟Ύ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͙͍ͨͦͫ͋ͤ͜͟͜ ͘ ͙͊ͭͤͫ͡Έͦ͟͝ ͍͙ͣͦ ͒͡Ύ ͍͙΅͙ͻ ͎͙͊ͪ͊ͪͤͻ ͍ͤ͊;͊͡Έ͙ͤͻ 
͍͊͊͒͘͟͜͡ Υ ͙͒ͫΦ ΦΦΦ ͊ͤ͒͟Φ ͔ͨ͒Φ ͤ͊ͯ͟Υ моΦллΦмл κ ˻Φ ̑ Φ ˣ͊͊͊͡͡Ί͍͊Φ ς ˴ ΦΣ нлмсΦ ς нсф ͫΦ  

2. ˣ͊͊͊͡͡Ί͍͊ ˻Φ ̑Φ ˿ͭͪͯͭͯͪͤͦ͟-͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͜͜ ͭ͊ ͨͪͦͼ͔ͫͯ͊͡Έͤͦ-͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͜͜ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ 
͔͔͙ͭͪͦͤͤ͟͡ͻ ͍ͦͫͭͤ͜͜ͻ ͔͍ͪͫͯͪͫ͜ [˩͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫ]κκ ˱ͤͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͜ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎΦ ς 2016. ς 
́Φ рпΣ Ѕ 4. ς ˿Φ млуς117.  ς ˾ ͔͙͗ͣ ͒ͦͫͭͯͨͯ Υ ƘǘǘǇΥκ/elibrary.ru/item.asp?id=26697540. 

3. ˥͚ͯͪ͗͜ s Φ ˸ Φ ˭͊ ͙ͫͦ͋ ͍ͤ͊;͊ͤͤΎ Υ ͍ͤ͊;Φ ͙ͨͦͫ͋ͤ͜͟ ͒͡Ύ ͫͭͯ͒Φ ͍͍ͯ͘͜ ͭ͊ ͫͯ͡ͻ͊;͍͜ ͍͙ͨ͒͜΅Φ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ κ ˢΦ ˸ Φ ˥ ͚ͯͪ͗͜Σ 
̑Φ ˻ Φ ˬ ͯ͟Σ ˤΦ ˽ Φ ʕ ͙ͦͤͫ͡Έ͙͚͟Φ ς ˴ Φ Υ ˱˭˸˹Σ мффтΦ ς нлу ͫΦ 

4. ˽ͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ͊Ύ ͔͎͎͙ͨ͒͊ͦ͊͟ Υ ͯ;͔͋Φ ͒͡Ύ ͫͭͯ͒ΦΣ ͦ͋ͯ;͊Ό΅͙ͻͫΎ ͨͦ ͔ͨ͒Φ ͔ͫͨͼ͙͊͡ΈͤͦͫͭΎͣ ͙ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύͣ κ 
ͨͦ͒ ͔ͪ͒Φ ˿Φ ̒ Φ x ͊ͭ·΄͔͍͊Φ ς ˸ Φ Υ ˽ͪͦͺ͔͙ͫͫͦͤ͊͡Έ͔ͤͦ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘Σ мффтΦ ς рмн ͫΦ 

5. ˣ͍ͦͯͫͦ͊͜͡ ˶Φ ˱Φ ˹͍͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;ͤ͜ ͔͙͊ͫͨͭ͟ ͍͔ͫͭͦͪͤͤΎ ͜ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͨ͒ͪͯ͜;͙ͤ͊͟ ͒͡Ύ ͍͙΅ͦ͝ 
΄͙ͦ͟͡ ώ˩͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫϐ κ ˶Φ ˱Φ ˣ͍ͦͯͫͦ͊͜͡Σ ˶Φ ˩Φ ˥͙ͪͯͤ͘ κκ ˱ͤͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͜ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎΦ ς 
2012. ς Ѕ 2 (28). ς ˾ ͔͙͗ͣ ͒ͦͫͭͯͨͯ Υ http://journal.iitta.gov.ua/index.php/itlt/article/viewFile/657/493. 

6. ˣ͍ͦͯͫͦ͊͜͡ ˶ Φ ˱ Φ ̅ͯͤ͟ͼͦͤ͊͜͡Έ͙͚ͤ ͨ͒͜ͻ͒͜ ͒ͦ ͫ ͍͔ͭͦͪͤͤΎ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͨ͒ͪͯ͜;͙ͤ͊͟ κ ˶Φ ˱ Φ x ͍ͦͯͫͦ͊͜͡Σ ˶Φ ˩ Φ ˥ ͙ͪͯͤ͘ 
κκ ˴ͦͣͨΩΌ͔ͭͪͤͦ-ͦͪ͜Ί͍ͤͭͦ͊ͤ͜ ͙͔͙ͫͫͭͣ ͍ͤ͊;͊ͤͤΎ Υ ͋͘Φ ͤ͊ͯ͟Φ ͨͪ͊ͼΈΦ ς ˴ ΦΣ нллоΦ ς ʕ ͙ͨΦ тΦ ς ˿Φ ммрς122. 

7. ˴͔͔͍͊ͣͤ͊ ́Φ ˹Φ ˾͊ͪ͊͋ͦͭ͊͘͟ Ή͔͎ͭͪͦͤͤͦͦ͟͡ ͯ;͔͙͋ͤ͊͟ ͊͟͟ ͔ͦͣͨͦͤͤͭ͊͟ ͙ͤͺͦͪͣ͊ͼ͙͎ͦͤͤͦͦ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͎ͤͦͦ 
͍ͨͪͦͫͭͪ͊ͤͫͭ͊ ώ˩͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫϐ κ ́Φ ˹Φ ˴͔͔͍͊ͣͤ͊ κκ ˻͍͔͋ͪ͊ͦ͊ͭ͘͡Έͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙ ͦ͋΅͔͍ͫͭͦ 
(Educational Technology & Society). ς 2012. ς ́ͦͣ мрΦ ς ЅоΦ ς ˿Φ пспς478. ς ˾͔͙͗ͣ ͒ͦͫͭͯͨͯ Υ 
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8. ˥ͦͪ͋͊ͤΈ ˻Φ ˸Φ ˻͍͙ͫͤͦ ͔ͭͦͪ͜͝ ͙͔ͫͫͭͣ ͜ ͙͔͎ͫͫͭͣͤͦͦ ͊ͤ͊ͯ͘͜͡ Υ ͍ͤ͊;Φ ͨͦͫ͋͜Φ κ ˻Φ ˸Φ ˥ͦͪ͋͊ͤΈΣ ˤΦ ̐Φ ˣ͊ͻͪͯ΄͙ͤΦ ς 
˭͊ͨͦͪ͗͗͜Ύ Υ ˥̂ ˭˱˨˸̂Σ нллпΦ ς нлп ͫΦ  
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10. ́ ͍ͦͨͯͦ͘ ˻Φ ˸Φ ˾ͦ ͡Έ ͜ ͣͫ͜ͼ͔ ͨ͒ͪͯ͜;͙ͤ͊͟ ͍ ͔ͪ͊͊͘͜͡ͼ͜͝ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻͦ͒ͯ ͒ͦ ͍ͤ͊;͊ͤͤΎ κ ˻Φ ˸Φ ͍́ͦͨͯͦ͘ 
// ˽͔͙ͪͦ͋ͣ͡ ͫͯ;͎͊ͫͤͦͦ ͨ͒ͪͯ͜;͙ͤ͊͟ Υ ͋͘Φ ͤ͊ͯ͟ ͨͪ͊ͼΈΦ ς ˴ Φ Υ ˽͔͎͎͒͊ͦ͜;ͤ͊ ͒ͯͣ͊͟Σ нлмнΦ ς ˤ͙ͨΦ мнΦ ς ˿ Φ нпмς247. 
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11. ́ ͔ͻ͎ͤͦͦ͜͡Ύ ͍͔ͫͭͦͪͤͤΎ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͯͪͫͯ͟ Υ ͍ͤ͊;Φ ͙ͨͦͫ͋ͤ͜͟ κ ͊͘ ͔ͪ͒Φ ˤΦ ̑Φ x͙ ͍ͦ͊͟ ͭ͊ ˤΦ ˸Φ ˴ͯͻ͔͊ͪͤ͊͟Φ ς ˴Φ Υ 
˸͔ͤͯͣ͜͜͡Σ нллуΦ ς онп ͫΦ 
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TECHNOLOGICAL STAGE OF ELECTRONIC EDUCATIONAL RESOURCES DESIGN 

Olena Balalaieva 
National University of Life and Environmental Sciences of Ukraine, Ukraine 

Abstract. The article reveals the specificity and the characteristic of the technological design stage of e-
learning resources in a specific example, electronic textbooks on the Latin language. The main procedures of the 
technological implementation of the identified design didactic functions, subsystems and macrostructure of 
electronic textbook, structuring the content of educational material, the choice of optimal teaching methods and 
ways of educational activity management. Great attention is paid to the description of the macrostructure of 
electronic books, describes the structure, organization, order, interdependence, and the interdependence of the 
subsystems and components of electronic benefits and the connections between them, are able to perform relatively 
independent functions for the achievement of intermediate sub-goals and at the same time subordinated to the 
overall goal of the grant. The construction of the macrostructure of the allowance is based on a systemic approach, 
in particular the principles of emergence, modularity, etc. the Module when it is understood as a relatively 
Autonomous, functionally complete fragment of e-books, contains the block didactically designed, adapted and 
structured information.. 

Key words: electronic educational resources, design, technological stage, function, structure. 
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ͤ͊ ͔ͨͪ΄ͦͣͯ ͔ͭ͊ͨ͜ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͙͍;͙͙ͭ ͨ͒͜ͻ͙ͦ͒ ͭ͊ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͫͯ;͊ͫͤͦ͝ {¢9a-͍͙ͦͫͭ͜Φ  

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ͔͔͙́ͦͪͭ;ͤ͜ ͭ͊ ͙ͨͪ͊ͭ͟;ͤ͜ ͔͙͊ͫͨͭ͟ ͤ͜ͺ͙ͦͪͣ͊ͭ͊͘ͼ͜͝ ͍͙ͦͫͭ͜Σ ͔ͦͪͣ͊͘͟ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ Ύ͟ ͎ͦ͒ͤͦͦ ͘͜ ͤ͊ͨͪΎ͍ͣ͜ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ {¢9a-͍͙ͦͫͭ͜Σ ͔͒ͦͫ͒͗ͤ͜͜͡ ͯ 
ͨͪ͊ͼΎͻ ˸Φ˱Φ ˬ͊͒͊͊͟͡Σ ˹ΦˤΦ ˸͔ͦͪ͘Σ ̑Φ˿Φ ˾͊ͣͫΈ͎ͦͦ͟Σ ˻Φ˸Φ ˿ͨͪͤ͊͜͜Σ ˿Φ˻Φ ˿͔͔͍ͣͪͦ͊͜͟Σ ̐Φ˸Φ ˿͙͍ͣͪͤͦͦ-͝ 
͙́ͪ͋ͯ͡ΈͫΈͦ͟͝Σ ˻ΦˤΦ ˿͍͍ͨ͊ͦͫ͜͟Έ͎ͦͦ͟ ͭ͊ ͤ͜΄͙ͻΦ ˽͔ͪͦ͋ͣ͊ͣ͡ ͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜Σ ͍ͤ͊ͯͦͦ͟-͎͒ͦͫ͒ͤͦͦ͜͡ ͙͔ͣͫͤͤ͡Ύ ͯ;͙͔ͭ͡Ύ 



̅˱˭ˮ˴˻-˸ˢ́˩˸ˢ́ˮ̉˹ˢ ˻˿ˤ˱́ˢ ό̅˸˻ύ    ͍ ͙ͨͯͫ͟ 2(12), 2017 
.  

27 

ͭ͊ ͯ;ͤΎ Ύ͟ ͙͋͊͘ {¢9a-͍͙ͦͫͭ͜ ͙͍ͨͪͫΎ;͔ͤͦ ͙ͪͦ͋ͦͭ ͍ͭ͜;͙ͤ͘Ύ͙ͤͻ ͭ͊ ͙͊ͪͯ͋͗ͤ͘͜ͻ ͍ͤ͊ͯͦ͟ͼ͍͜ Ύ͟Υ ˹ΦˤΦ ˸͔ͦͪ͘Σ 
́Φ˱Φ s ͤ͒ͪͯ΅͔ͤͦ͟Σ ˿Φ˸Φ x ͎ͯ͊͜͡Σ ˿Φ˸Φ x ͔͍ͪͯͫΦΣ ˤΦ̑Φ ʕ ͔͙͡;ͦ͟Σ ˿ΦˢΦ ˥ ͊͡Έ;͔ͤͦ͟Σ ˶Φ˿Φ ˥ ͦ͋͊͡Σ ˴Φ˨Φ ˥ ͯ͡ΎΊ͍Σ ˤΦˤΦ ˴ ͙͊ͣ΄͙ͤΣ 
˩Φ̒Φ ˴͍ͣͦ͊͜͡Σ ˻ΦˣΦ ˴͍ͦͣͦ͊Σ ˻ΦˤΦ ˶͍͙͚ͫͦ͜Σ ˶Φ˥Φ ˹͔ͦͤͦ͜͟͟͡Σ ˾ΦˤΦ ˹ͦͪ;͔͍ͫΈ͙͚͟Σ ˸ΦˢΦ ˽͍ͦͨͦ͊Σ ˤΦˤΦ ˽͙ͪͻͦ͒ͤΌ͟Σ 
˸Φ˹Φ ˾͙͋͊ͦ͟͡Σ ˻Φ̐Φ ˿͙ͭͪ͗͊͟Σ ˱Φ˿Φ ͔͔̉ͪͤͼΈ͙͚͟Σ aΦ IŀǊǊƛǎƻƴΣ 5Φ [ŀƴƎŘƻƴΣ .Φ Means, E. Peters-Burton, N. Morel, 
J. Confrey, A. IƻǳǎŜ ͭ͊ ͤ͜΄͙ͻΦ ͙̉ͣ͊ͦ͡ ͍ͤ͊ͯͦ͟ͼ͍͜ ώо ς сΣ ммϐ ͊ͤ͊͘͘;͊ΌͭΈΣ ΅ͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ STEM-͍͙ͦͫͭ͜ 
͔͔ͨͪ͒͋͊;͊Ί ͙ͣ͗͒ͫ͜ͼ͙͙͚ͨͤ͊ͪͤ͜͡ ͭ͊ ͔͙͚ͨͪͦͭͤ͟ ͨ͒͜ͻ͙ͦ͒Φ ˥͍͔ͦͦͤ͡ ͣͫ͜ͼ͔ ͍ {¢9a ͍͍͙͒ͦ͒ͭ͜ΈͫΎ ͙ͨͪ͊ͭ͟ͼ͜Σ ΅ͦ 
ͨͦΊ͒ͤͯΊ ͪͤ͘͜͜ ͙͙ͨͪͪͦ͒ͤ;ͦ-͍ͤ͊ͯͦ͟͜ ͤ͊ͤͤ͘Ύ ͍ Ί͙͔͒ͤ ͼ͔͜͡Φ 

̂ ͍͙ͤ͊ͯͦ͟ͻ ͭ͊ ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;͙ͤͻ ͨͪ͊ͼΎͻ ͘ΩΎ͍ͫͦͯΊͭΈͫΎ ͣͫͭ͘͜ ͭ͊ ͨͦͤΎ͚ͭͤ͊͜ ͙͔ͫͫͭͣ͊ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ {¢9a-
͍͙ͦͫͭ͜Φ ˻͚͔ͤ͊ͦͣͤͤ͘͡Ύ ͯ;͍ͤ͜ ͘͜ {¢9a-ͨͪͦͺ͔ͫ͜Ύ͙ͣ ͔͔ͨͪ͒͋͊;͊Ί ͍͍͔͔͒ͤͤΎ ͝ͻ ͯ ͍ͫͭ͜ ͍͙ͤͦͻ ͨͦͤΎͭΈ ͜ ͔ͭͻ͎͚ͤͦͦ͜͡Σ 
͙ͤ͊ͨͪ͊͒͟͡Υ ͍ͤͤͦ͊͜ͼ͜ΎΣ {¢9a ͜ {¢9!a-͍ͦͫͭ͊͜, STEM-͔ͫͨͼ͊͜͡Έͤͦͫͭ͜Σ {¢9a-͎ͪ͊ͣͦͭͤͫͭ͜ΈΣ ͔͙͍ͪ͊ͭͤ͊͟ ͤ͒ͯͫͭͪ͜͜ΎΣ 
͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝Σ ͍ͤ͊ͯͦ͊͟ ͎ͪ͊ͣͦͭͤͫͭ͜ΈΣ ͍ͦͫͭͤ͜Ύ ͔ͪͦ͋ͦͭͦͭͻͤ͊͜͟Σ ͔ͨͪͦͭͤ͊͟ ͒͜Ύ͡Έͤͫͭ͜Έ ώнϐΦ 

̂ нлмр ͪͦͼ͜ ͍͋ͯ ͙͙͚ͨ͒ͨͫ͊ͤ͜ ˸͔ͣͦͪ͊ͤ͒ͯͣΣ Ύ͙͚͟ ͍͙͍͒ͦͦ͘͡ ͍͙͙ͫͭͦͪͭ ˴ͦ͊͜͡ͼ͜Ό {¢9a-͍͙ͦͫͭ͜ ͍ ̂ͪ͊ͤ͟͜͝Φ 
˴ͦ͊͜͡ͼ͜Ύ ͫͺ͍ͦͪͣͯ͊͊͡ ͟͡Ό;͍ͦ͜ ͍͊͒͊ͤͤ͘Ύ {¢9a-͍͙ͦͫͭ͜Σ ͚͍͙͍ͤ͊͊͗͜͡΄͙͙ͣ ͘ Ύ͙͟ͻ ΊΥ ͔ͪ͊͊͘͜͡ͼ͜Ύ ͎ͨͪͦͪ͊ͣ ͒͡Ύ 
͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎ ͍ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻΤ ͤ͊͒͊ͤͤΎ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͒͡Ύ ͯ;͍ͤ͜ ͜ 
͔͍ͫͭͯ͒ͤͭ͜ ͒͡Ύ ͍͔͔ͨͪͦ͒ͤͤΎ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͭ͊ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͙ͪͦ͋ͦͭ ͤ͊ ͫͯ;͊ͫͤͦͣͯ ͦ͋͊͒ͤ͊ͤͤ͜͡Τ ͍͔͔ͨͪͦ͒ͤͤΎ 
͍ͦͤͯͪͫ͟͟͜Σ ͦͣͨ͊͒͜͜͡Τ ͍͔ͫͭͦͪͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͚ͣ͊͒͊ͤ;͙͍͟͜Τ ͨͪͦͺͦͪ͜Ίͤͭ͊ͼ͜ΎΤ ͍͙ͪͦͭͦ͘͟ ͎ͣ͗ͤ͊ͪͦ͒ͤͦͦ͜ 
͍͙ͫͨͪͦ͋ͭͤ͜͜ͼ͍ͭ͊ ώуϐΦ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜Φ ˸͔ͭͦΌ ͫͭ͊ͭͭ͜ Ί ͍͙Ύ͍͔ͤͤ͡Ύ ͭ͊ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͦͤ͟ͼ͔ͨͭͯ͊͡Έ͙ͤͻ ͊ͫ͊͒͘ {¢˩˸-͍͙ͦͫͭ͜Σ ͝ͻ 
͍͍͔͔ͫͨ͒ͤͫͤͤ͜͜Ύ ͘͜ ͙͊ͫ͊͒͊ͣ͘ ͙ͭͪ͊͒ͼ͚ͤͦ͜͝ ͍͙ͦͫͭ͜ ȅ ͍ͤ͊;͊͡Έͤͦͣͯ ͊͊͒͘͟͜͡Σ ͍͙͍͔ͫͭͤͤ͜͡Ύ ͨ͒͜ͻ͍ͦ͒͜ ͭ͊ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ 
ͫͯ;͊ͫͤͦ͝ {¢9a-͍͙ͦͫͭ͜ ͯ ͔͎͎ͨ͒͊ͦ͜;ͤͦͣͯ ͍͔͙͔ͯͤͪͫͭͭ͜͜Φ  

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡. 
STEM-͍ͦͫͭ͊͜ ς ͼ͔ ͎ͨͪͦͪ͊ͣ͊ ͍ͤ͊;͊ͤͤΎΣ Ύ͊͟ ͎ͦͭͯΊ ͯ;͍ͤ͜ ͒ͦ ͯͫͨ͜΄͎ͤͦͦ ͨͪ͊ͼ͔͍͊͡΄͍ͭͯ͊ͤͤΎ ͭ͊ ͍͙͎ͣ͊͊Ί 

ͪͦͯͣͤͤ͘͜Ύ ͍͙ͤ͊ͯͦ͟ͻ ͨͦͤΎͭΈΣ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔ͭͻͤ͜;ͤͦ ͙ͫ͊͒ͤ͟͡ͻ ͍͙ͤ͊;ͦ͟ ͘͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύͣ ͤ͊ͤ͘Έ ͯ ͎͊ͯ͘͜͡ ͔͔ͤ͗ͤͪ͜͜͝Σ 
͔ͭͻ͎ͤͦͦ͜͡͝ ͭ͊ ͔͙͙ͣ͊ͭͣ͊ͭ͟Φ 

˸͔ͭ͊ {¢9a-͍͙ͦͫͭ͜ ς ͊͘ͼ͍͙͙͊ͭ͜͟ ͯ;͍ͤ͜ ͭ͊ ͔͍ͫͭͯ͒ͤͭ͜ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙͙ͤͣ ͙ͤ͊ͯ͊ͣ͟Σ ͙͍͍͙ͣͦͭͯ͊ͭ ͝ͻ 
͍ͫ͒ͦͣͦ͜ ͙͙ͦ͋ͪ͊ͭ ͨͪͦͺ͔ͫ͜ΌΣ ͨͦΎ͙͙ͫͤͭΣ ΅ͦ ;͙ͣ ͋͜͡Έ΄͔ ͙ͣ͗͒ͫ͜ͼ͙͙ͨͤ͊ͪͤ͜͡ͻ ͤ͊ͤ͘Έ ͯ ͙ͤͻ ͔͋ͯ͒Σ ͙ͭͣ 
ͯͤ͊͜͟͡Έͤ͜΄͙͙ͣ ͺ͊ͻ͍͜ͼΎ͙ͣ ͍͙ͦͤ ͣͦ͗ͯͭ͘Έ ͙ͫͭ͊ͭΦ 

ˤ͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ ͔ͣͦ͒͜͡ {¢9a-͍͙ͦͫͭ͜ ͍͙͒ͦͦͭ͘͡Έ ͫͺ͍͙ͦͪͣͯ͊ͭ ͍ ͯ;͍ͤ͜ ͭ͊ ͔͍ͫͭͯ͒ͤͭ͜ ͭ͊͟͜ 
STEM-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Σ Ύ͟Υ 

- ͯͣͤͤ͜Ύ ͍͙͙ͨͦͫͭ͊ͭ ͔ͨͪͦ͋ͣͯ͡Τ  

- ͯͣͤͤ͜Ύ ͫͺͦͪͣͯ͡Ό͍͙͊ͭ ͙͒ͦͫ͒ͤ͜͡ͼΈ͔͟ ͍͊͒͊ͤͤ͘Ύ ͚ ͍͙ͤ͊͘;͙͙ͭ ΄͡Ύͻ͙ ͚͎ͦͦ ͍͙ͪ͜΄͔ͤͤΎΤ 

- ͯͣͤͤ͜Ύ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͤ͊ͤͤ͘Ύ ͍ ͙ͪͤ͘͜ͻ ͙ͫͭͯ͊ͼ͜ΎͻΣ ͙ͪͦͯͣͭ͘͜ ͙͍ͣͦ͗ͫͭ͜͡Έ ͤ͜΄͙ͻ ͭͦ;ͦ͟ ͦͪͯ͘ ΅ͦ͒ͦ 
͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͔ͨͪͦ͋ͣ͡Τ 

- ͯͣͤͤ͜Ύ ͙͎ͦͪͤ͊͜͡Έͤͦ ͍ͪͦ͘ΩΎ͙͊ͭ͘ ͔ͨͪͦ͋ͣͯ͡Τ 

- ͯͣͤͤ͜Ύ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͍͙ͤ͊;͙͟ ͙͔ͣͫͤͤ͡Ύ ͍͙͎ͫͦͦͦ͟ ͍ͪͤ͜ΎΦ [1, 10].  
˿ͯͭΈ {¢9a-͔ͭͻ͎ͤͦͦ͜͡͝ ͨͦ͡Ύ͎͊Ί ͯ ͭͦͣͯΣ ΅ͦ ͍ ͝͝ ͍ͦͫͤͦ͜ ͔͙͗ͭ͡Έ ͔͔͙͚ͤ͗ͤͪͤ͜ ͨ͒͜ͻ͒͜ ͒ͦ ͍͙ͤ͊ͻͦ͒ͯ ό͙ͨͪͦͭͦͭͨͯύΦ 

˽͙ͪͦͭͦͭͨ ͔ͤͦ͋ͻ͒ͤͦ͜ ͔͍͙ͫͨͪͦͭͯ͊ͭ͟Φ ˽͔ͪ΄͙͚ ͪͦ͟͟ ͯ ͔͍ͨͪͦͭͯ͊ͤͤ͟͜ ς ͼ͔ ͍ͨͦͫͭ͊ͤͦ͊͟ ͊͒͊͘;͜Φ ˨͡Ύ ͔ͪ͊͊͘͜͡ͼ͜͝ 
͍͔ͨͦͫͭ͊ͤͦ͡͝ ͔͙ͣͭ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͔͙ͨͪͦͫͭ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͊͒͘͜Ύ͙ͭ ͍ͫ͜ ͤ͊Ύ͍ͤ͜ ͤ͊ͤͤ͘ΎΣ ͍͙ͫͦͣ͋ͤͯ͊ͭ͟͜ ͝ͻ ͜ ͙͙ͦͭͪͣ͊ͭ 
͔ͺ͔͙͍ͭͤ͟͜ ͪ͜΄͔ͤͤΎΦ ̂ ͨͪͦͼ͔ͫ͜ ͔͔͎ͤ͗ͤͪͤͦͦ͜ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͍͔ͫͭͦͪͤͤΎ ͊͋ͦ ͨͦͨ͜͡΄͔ͤͤΎ ͙ͨͪͦͭͦͭͨͯΣ ͍͙͒ͦͦ͒ͭΈͫΎ 
͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍ͫͦ͝ ͤ͊ͤͤ͘Ύ ͘ ͟͜͡Έͦ͟ͻ ͙͒ͫͼ͙ͨͤ͜͡Σ ΅ͦ ͙ͫͨͪΎΊ ͺ͍ͦͪͣͯ͊ͤͤΌ ͼͫͤͦ͜͜͡͝ ͙͙͊ͪͭͤ͟ ͍ͫͭͯ͜ ͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ό 
ͤ͊ͤ͘Έ ͯ ͙ͨͪ͊ͭ͟;͚ͤ͜ ͫͺ͔ͪ͜Φ  

˨͔ͦͫ͒͗ͤͤ͜͡Ύ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼΈ ͒͊ͦ͡ ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͙Ύ͍͙͙ͭ ͔͎ͫͭͪ͊ͭ͜;ͤͦ ͍͙͍͊͗͜͡ ͺ͙͊ͭͦͪ͟Σ ΅ͦ ͍͙͍ͨ͊͡ΌͭΈ ͤ͊ 
͊͘ͼ͍͔͊ͤͫͭ͜͟͜͡Έ ͙ͣͦͦ͒͡ͻ ͡Ό͔͚͒ ͯ {¢9a-͍ͦͫͭ͜͜Υ 

- ͤ͊Ύ͍ͤͫͭ͜Έ ͙͍ͨͪ͊͒͟͜͡ ͒͡Ύ ͍ͤ͊ͫ͒ͯ͊ͤͤ͜͡ΎΤ 

- ͙ͦͭͪͣ͊ͤͤΎ ͙ͨͪ͊ͭ͟;͎ͤͦͦ ͍͒ͦͫ͒ͯ͜Τ 

- ͊ͦ͘ͻͦ;͔ͤͤΎ ͒ͦ ͍͙͍;͔ͤͤΎ {¢9a-͙͒ͫͼ͙ͨͤ͜͡Τ 

- ͪͦͯͣͤͤ͘͜Ύ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͤ͊͘;͙ͣͦͫͭ͜ {¢9a-͍͙ͦͫͭ͜ ώ7, 9]. 
˾͎ͦ͘͡Ύ͔ͤͣͦ ͔͒ͭ͊͡Έͤ͜΄͔ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͫͯ;͊ͫͤͦ͝ {¢9a ͍͙ͦͫͭ͜Φ 
˱͔͎͍͔ͤͭͪͦ͊ͤ ͍ͤ͊;͊ͤͤΎ ͊͘ ζ͔͙ͭͣ͊ͣηΣ ͊ ͔ͤ ͘ ͔͔͍ͨͪ͒ͣͭ͜Φ 
STEM-͍ͤ͊;͊ͤͤΎ ͨͦΊ͒ͤͯΊ ͍ ͫͦ͋͜ ͔͙͚ͨͪͦͭͤ͟ ͭ͊ ͙ͣ͗͒ͫ͜ͼ͙͙͚ͨͤ͊ͪͤ͜͡ ͨ͒͜ͻ͙ͦ͒Σ ͍ͦͫͤͦͦΌ ͒͡Ύ Ύ͙͟ͻ Ί ͔͎ͤͭͪ͊͜ͼ͜Ύ 

͙͙ͨͪͪͦ͒ͤ;͙ͻ ͤ͊ͯ͟ ͍ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͔͔ͤ͗ͤͪͤͯ͜ ͍ͭͦͪ;ͫͭ͜Έ ͜ ͔͙ͣ͊ͭͣ͊ͭͯ͟Φ ˨͔ͯ͗ ͍͙͍͊͗ͦ͡ ͍ͤ͊;͙͊ͭ ͙͙ͨͪͪͦ͒ͤ;͙ͣ 
ͤ͊ͯ͊ͣ͟Σ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͔͔ͤ͗ͤͪͤͦͣͯ͜ ͙͔ͣͫͭͼ͍ͭͯ ͜ ͔͙ͣ͊ͭͣ͊ͭͼ͜ ͔͎͍ͤͭͪͦ͊ͤͦ͜Σ ͭͦͣͯ ΅ͦ ͼ͜ ͫͺ͔͙ͪ ͭͫͤͦ͜ ͍͊͘Ί͍ͣͦͨͦϥΎ͊ͤ͘͜ 
ͤ͊ ͙ͨͪ͊ͭ͟ͼ͜Φ 

˭͍͊ͫͭͦͫͯ͊ͤͤΎ ͍ͤ͊ͯͦͦ͟-͔ͭͻͤ͜;͙ͤͻ ͤ͊ͤ͘Έ ͯ ͔ͪ͊͡Έͤͦͣͯ ͙͗ͭͭ͜Φ 
˭͊ ͎͒ͦͨͦͣͦͦΌ ͙ͨͪ͊ͭ͟;͙ͤͻ ͊ͤ͘ΎͭΈ {¢9a-͍ͦͫͭ͊͜ ͔͒ͣͦͤͫͭͪͯΊ ͯ;ͤΎͣ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍ͤ͊ͯͦͦ͟-͔ͭͻͤ͜;͙ͤͻ ͤ͊ͤ͘Έ 

ͯ ͔ͪ͊͡Έͤͦͣͯ ͙͗ͭͭ͜Φ ˤ͙ͦͤ ͍͙͍;͊ΌͭΈ ͔͙͚ͦͤͪͭͤ͟͟ ͔ͨͪͦͭ͟Σ ͯ ͔ͪͯ͘͡Έͭ͊ͭ͜ ;͎ͦͦ ͍ͫͭͦͪΌΌͭΈ ͙ͨͪͦͭͦͭͨ ͔ͪ͊͡Έ͎ͤͦͦ 
ͨͪͦ͒ͯͭͯ͟Φ 

˾͍͙ͦͭͦ͘͟ ͍͙ͤ͊;ͦ͟ ͙͙ͪͭ͟;͎ͤͦͦ ͙͔ͣͫͤͤ͡Ύ ͭ͊ ͍͙ͪ͜΄͔ͤͤΎ ͔ͨͪͦ͋ͣ͡Φ 
˽͎͙ͪͦͪ͊ͣ {¢9a ͍͙͍ͪͦ͊͘ΌͭΈ ͍͙ͤ͊;͙͟ ͙͙ͪͭ͟;͎ͤͦͦ ͙͔ͣͫͤͤ͡Ύ ͭ͊ ͍͙ͪ͜΄͔ͤͤΎ ͔ͨͪͦ͋ͣ͡Σ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͒͡Ύ 
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ͨͦ͒ͦ͊ͤͤ͡Ύ ͭͪͯ͒ͤͦ΅͍͜Σ ͘ Ύ͙͙ͣ͟ ͯ;ͤ͜ ͭ͊ ͔͙ͫͭͯ͒ͤͭ ͣͦ͗ͯͭΈ ͘͜΄͍ͭͦͻ͙ͤͯͭͫΎ ͍ ͙͗ͭͭ͜Φ  
˭ͪͦͫͭ͊ͤͤΎ ͍͔͍͔ͨͤͤͦͫͭ͜ ͯ ͍ͫͦ͝ͻ ͙ͫ͊͡ͻΦ 
˸ͦͦ͒͜͡ ͡Ό͙͒Σ ͍ͫͭͦͪΌΌ;͙ ͪͤ͘͜͜ ͙ͨͪͦ͒ͯͭ͟Σ ͍͙ͪ͜΄ͯΌ;͙ ͍ͫ͜ ͨ ͔͙ͪͦ͋ͣ͡ ͍͙ͫͦͣ͝ ͙͙ͫ͊ͣ͡Σ ͒ͦͻͦ͒ΎͭΈ ͒ͦ ͤ͟͜ͼ͔͍ͦ͝ 

͔͙ͣͭ ͜ ͫͭ͊ΌͭΈ ͔ͯͫ ͍͔͍͔ͨͤͤ͜΄͙͙ͣ ͯ ͍ͫͦ͝ͻ ͙ͫ͊͡ͻΦ 
ˢ͙͍ͭͤ͊͟ ͦͣͯͤ͊͟͜͟ͼ͜Ύ ͜ ͦͣ͊ͤ͒ͤ͊͟ ͪͦ͋ͦͭ͊Φ 
˽͎͙ͪͦͪ͊ͣ {¢9a ͍͒ͪͤ͘͜͜ΎΌͭΈͫΎ ͙͍͊ͭͤͦ͟Ό ͦͣͯͤ͊͟͜͟ͼ͜ΊΌ ͜ ͦͣ͊ͤ͒ͤͦ͟Ό ͪͦ͋ͦͭͦΌΦ ˹͊ ͫͭ͊͒͜͝ ͎͍͔ͦ͋ͦͦͪͤͤΎ 

͍ͫͭͦͪΌΊͭΈͫΎ ͍͜͡Έͤ͊ ͊ͭͣͦͫͺ͔ͪ͊ ͒͡Ύ ͒ ͙͚ͫͯͫ͟͜ ͜ ͍͙͍ͫͦ͡͡Ό͍͊ͤͤΎ ͒ͯͣͦ͟Φ ˤ͙ͦͤ ͍͔ͫΈ ;͊ͫ ͫͨͯ͜͟͡ΌͭΈͫΎ ͘ ͍͙͙ͤ͊ͫͭ͊ͤ͊ͣ͟ 
͜ ͍͙ͫͦͣ͝ ͒ͪͯ͘Ύ͙ͣ ͨͦ ͦͣ͊ͤ͒͟͜Φ  

˾͍͙ͦͭͦ͘͟ ͔͔ͤͭͪͫͯ͜ ͒ͦ ͔ͭͻͤ͜;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡. 
˭͊͒͊;͊ {¢9a-͍ͤ͊;͊ͤͤΎ ͯ ΄ͦ͟͜͡ ς ͍ͫͭͦͪΌ͍͙͊ͭ ͍͙ͯͣͦ ͒͡Ύ ͍͙ͪͦͭͯ͘͟ ͔͔ͤͭͪͫͯ͜ ͍ ͯ;͍ͤ͜ ͒ͦ ͙͙ͨͪͪͦ͒ͤ;͙ͻ ͜ 

͔ͭͻͤ͜;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Φ ˭͊ͤΎͭͭΎ {¢9a ς ͘ ͊ͻͦͨ͡ΌΌ;͜ ͜ ͙͒ͤ͊ͣ͜;ͤ͜Φ  
˴͔͙͍ͪ͊ͭͤ͜ ͭ͊ ͍ͤͤͦ͊͜ͼ͚ͤ͜͜ ͨ͒͜ͻ͙ͦ͒ ͒ͦ ͍͔ͫͭͦͪͤͤΎ ͔͍ͨͪͦͭ͟͜Φ 
{¢9a ͍ͤ͊;͊ͤͤΎ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘ ͙ͭ͊͟ͻ ͔͍ͭ͊ͨ͜Υ ͙͊ͨͭ͊ͤͤ͘Ύ ό͍͊͒͊ͤͤ͘ΎύΣ ͎͍͔ͦ͋ͦͦͪͤͤΎΣ ͦͤͫͭͪͯ͟Ό͍͊ͤͤΎΣ 

͍͔ͫͭͦͪͤͤΎΣ ͔͍ͭͫͭͯ͊ͤͤΎ ͜ ͔ͪ͊͊͘͜͡ͼ͜ΎΦ ̇͜ ͔͙ͭ͊ͨ Ί ͍ͦͫͤͦͦΌ ͔͎ͨͪͦͭͤͦͦ͟ ͨ͒͜ͻͦ͒ͯΦ ˻͒ͤͦ;͔͊ͫͤ ͍͙͍;͔ͤͤΎ ͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ 
͙ͤ͊ͯ͟ ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͔ͣͦ͗ ͍͙͙ͫͭͦͪͭ ͎͋͊͊ͭͦ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͔͍ͨͪͦͭ͟͜Φ  

˭͍ΩΎͦ͘͟ ͣ͗͜ ͍ͤ͊;͊ͤͤΎͣ ͜ ͊ͪ͟ΩΊͪͦΌΦ  
˽͎͍͒ͦͭͦ͊͜͟ ͔͚͒ͭ͜ ͒ͦ ͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻ ͍ͤͤͦ͊͜ͼ͚͜ ͙͗ͭͭΎΦ  
{¢9a Ύ͟ ͍͔͒ͦͨͦͤͤͤΎ ͒ͦ ΄͟͜͡Έͤͦ͝ ͎͙ͨͪͦͪ͊ͣ [7]. 
˽͒͜ͻ͙ͦ͒ ͒ͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ {¢9a-͍ͤ͊;͊ͤͤΎ 
˹͊ ͊͟ͺ͔͒ͪ͜ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͭ͊ ͔͙͙ͣͭͦ͒͟ ͝͝ ͍͙͊͒͊ͤͤ͟͡Ύ ͔́ͪͤͦͨ͜͡ΈͫΈ͎ͦͦ͟ ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ 

͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ ˤ͙͙ͦͦ͒ͣͪ͊͡ ˥ͤ͊ͭΌ͊͟ ͍͔ͫͭͦͪͤͦ STEM-ͼ͔ͤͭͪ ζ͙̇ͺ͍ͪͦ͜ ͔͙͙ͪͯ͒ͭηΦ ˸͔ͭͦΌ ͚͎ͦͦ ͙ͪͦ͋ͦͭ Ί 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͎ͤ͊ͯͦͦͦ͟ ͍͎ͫͭͦ͜͡Ύ͒ͯ ͭ͊ ͙͙ͪͭ͟;͎ͤͦͦ ͙͔ͣͫͤͤ͡ΎΣ ͍ͭͦͪ;͙ͻ ͔͚͒͋ͤͦͫͭ͘͜ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͣͦͦ͒ͦ͡͝ ͡Ό͙͙͒ͤ 
͍ ͍ͯͣͦ͊ͻ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͭ͊ ͔͙ͦͤͦͣ͟͜͟ ͤ͊ͤ͘ΈΦ  

˭͍͊͒͊ͤͤΎ STEM-ͼ͔ͤͭͪͯ ς ͣ ͙͍ͦͭ͊ͼ͜Ύ ͯ;͍ͤ͜ ͭ͊ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͍͙ͦͫͭ͜ ͍ ͍ͤ͊ͯͦͦ͟-͔ͭͻͤ͜;͚ͤ͜ ͫͺ͔ͪ͜ ͭ͊ ͨͦ͒͊͡Έ΄͎ͦͦ 
͍͙ͪͦͭͯ͘͟ ͍ͤ͊ͯͦͦ͟͝ ͊ͪ͟ΩΊ͙ͪΤ ͙ͫͭͣͯ͡Ό͍͊ͤͤΎ ͔͒ͦͫ͒͗ͤ͜͡Έ ͜ ͍͙ͤ͊ͻ͍ͦ͒͜ ͯ {¢9a-͎͊ͯ͘͡ΎͻΤ ͍͙ͪͦͭͦ͘͟ ͍͎ͤ͊ͯͦͦͦ͟ 
͍͎͊͒ͪͦͦͦ͟ ͔ͨͦͭͤͼ͊ͯ͜͡ ͙ͪ͊ͤ͟͝Φ 

˿͔͔ͪ͒ ͍͙͍͙͊͗͡ͻ ͊͘ͻ͍ͦ͒͜Σ ͎͍͙ͦͪ͊ͤͦ͊ͤ͘͜ͻ ͍͙͊͒͊͟͡;͙͊ͣ ͊͟ͺ͔͙͒ͪ ͯ STEM-ͼ͔ͤͭͪ͜ ζ͙̇ͺ͍ͪͦ͜ ͔͙͙ͪͯ͒ͭηΣ Ί 
͍͔͔ͨͪͦ͒ͤͤΎΥ 

- ˨͍ͤ͜ ͙ͤ͊ͯ͟ Ύ͟ ͍ ͍͔͙͔ͯͤͪͫͭͭ͜͜Σ ͭ͊͟ ͜ ͯ ͤ͜΄͙ͻ ͍ͦͫͭͤ͜͜ͻ ͊͊͒͊͘͟͡ͻΤ  

- ͍͙ͤ͊ͯͦ͟ͻ ͍ͨͤ͜͟͜͟͜Τ 

- ͍͔͙͔ͯͤͪͫͭͭͫ͜Έ͙͟ͻ ͦͣͨ͊͒͜͜͡ ͘͜ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͭ͊ ˱́Τ 

- ͍ͦͤͯͪͫ͟͟͜Σ ͚͔ͣ͊ͫͭͪ-͍͊ͫ͟͜͡Σ ͔͎͍ͭͪͤͤ͜͜Σ ͙͍͙ͣͦ͘ͻ ͭ͊ ͭͤ͜͜͡ͻ STEM-΄͟͜͡ ͘ ͍͙͙ͦ͋͒͊ͪͦ͊ͤͣ ͯ;ͤΎ͙ͣΤ 

- STEM-ͺ͔͙͍ͫͭ͊͡ΌΤ 

- ͔͎͍ͭͪͤͤ͜͜ ͘ ͔ͣͭͦΌ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͍;͙͔͍ͭ͜͡ ͣͫͭ͊͜ ͭ͊ ͦ͋͊ͫͭ͜͡ ͍ ͎͊ͯ͘͜͡ STEM-͍͙ͦͫͭ͜Τ 

- ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;͙ͤͻ ͔͍ͫͣͤ͊ͪ͜͜ ͘ ͎͍͙ͨ͒ͦͭͦ͜͟ ͭ͊ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͘ 
͙ͨͭ͊ͤΈ ͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ ͍ͦͫͭͤ͜Έͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ ͫͺ͔ͪ͜ {¢9a-͍͙ͦͫͭ͜Φ 

˹͊ ͍ͦͫͤͦ͜ ͊ͤ͊ͯ͘͜͡ ͔͔͙ͭͦͪͭͦ͟-͔͎ͣͭͦ͒ͦͦ͜͡;͙ͤͻ ͊ͫ͊͒͘ ͍͔ͫͭͦͪͤͤΎ ͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ ͔ͣͦ͒͜͡ {¢9a-͍͙ͦͫͭ͜ 
͍͙͙͒ͣͦ͜͡ ͍ͦͫͤͦͤ͜ ͨ͒͜ͻ͙ͦ͒ ͒ͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔ͣͦ͒͜͡ {¢9a-͍ͤ͊;͊ͤͤΎ ͯ  ͔͎͎ͨ͒͊ͦ͜;ͤͦͣͯ ͍͔͙͔ͯͤͪͫͭͭ͜͜ ό͙ͪͫΦ 1).  

 

 
 

˾͙ͫΦ 1. ˴ ͙ͪͦ͟ ͔͔ͨͪͻͦ͒ͯ ͍͒͜ ͙ͭͪ͊͒ͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͒ͦ {¢9a-͍ͤ͊;͊ͤͤΎ ͯ ͍ͤ͊;͊͡Έͤͦͣͯ ͊͊͒͘͟͜͡ 
 

̂ ͨͪͦͼ͔ͫ͜ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔ͣͦ͒͜͡ {¢9a-͍ͤ͊;͊ͤͤΎ ͯ ́˹˽̂ ͔ͣͤ͜͜ ˤ͙͙ͦͦ͒ͣͪ͊͡ ˥ͤ͊ͭΌ͊͟Σ ͍͙͊͒͊͟͡;͜ ͊͟ͺ͔͙͒ͪ 
ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͭ͊ ͔͙͙ͣͭͦ͒͟ ͝͝ ͍͙͊͒͊ͤͤ͟͡Ύ ͙͙ͪͦͪͦ͋͘͡ ͔͙ͣͭͦ͒ͯ͟ ͍ͤ͊;͊ͤͤΎ ͤ͜ͺ͙ͦͪͣ͊ͭ;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͘͜ 

ʄʦʜʝʣʴ STEM-ʥʘʚʯʘʥʥʷ 

ɯʥʪʝʛʨʘʮʽʷ ʧʨʝʜʤʝʪʽʚ 

ʊʨʘʜʠʮʽʡʥʝ ʥʘʚʯʘʥʥʷ 

ʉʪʚʦʨʝʥʥʷ ʟʥʘʥʴ 

ʇʨʦʝʢʪʥʝ ʥʘʚʯʘʥʥʷ 

STEM-ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ 

ʆʢʨʝʤʽ ʧʨʝʜʤʝʪʠ 

ɺʽʜʪʚʦʨʝʥʥʷ ʟʥʘʥʴ 

ʈʦʟʚôʷʟʫʚʘʥʥʷ ʚʧʨʘʚ 

ɺʤʽʥʥʷ ʪʘ ʥʘʚʠʯʢʠ 
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͍ͪ͊ͻ͍ͯ͊ͤͤΎͣ ͍͙͎ͣͦ ͭ͊ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ {¢9a-͍͙ͦͫͭ͜Φ ˭͊ͤΎͭͭΎ ͍ͨͪͦͦ͒ΎͭΈͫΎ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͔ͣͭͦ͒ͯ ͔͍ͨͪͦͭ͟͜Σ 
͙ͨͪ͊ͭͦ͟͟-ͦͪ͜Ί͍͎ͤͭͦ͊ͤͦͦ ͍ͤ͊;͊ͤͤΎΣ ͔͔͍͔͎ͨͪͪͤͯͭͦͦ ͍ͤ͊;͊ͤͤΎΣ ͣ͘͜΄͎͊ͤͦͦ ͍ͤ͊;͊ͤͤΎΣ ͻ͙ͣ͊ͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ 
͔ͭͻ͎ͤͦͦ͜͡͝ WEB нΦлΣ ͔͚͔͍ͣͪͫͭ͊͟Φ  

ˤ͒͋ͯͦͫ͜͡Ύ ͍͔ͦͤͦͤͤ͡Ύ ͍͙͍͊ͪ͊ͭͤͦ͜͝ ;͙͙͊ͫͭͤ ͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͊ͤ͜͡Φ ˭͔ͦͪͣ͊͟Σ ͍͍͔ͨͪͦ͊͒͗ͤͦ ͙ͯͪͫ͟ STEM-
͍ͦͫͭͤ͜Έ͎ͦͦ ͫͨͪΎ͍ͣͯ͊ͤͤΎ ς ζ˻͍͙ͫͤͦ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ηΣ ζоD-͔ͣͦ͒͡Ό͍͊ͤͤΎηΣ ζ˾ͦͯͣͤ͘͜ ͙ͨͪͫͭͪͦ͝ ˱͔͔ͤͭͪͤͭ-͔ͪ;͔͚ηΦ 

ˤ͙͍͙ͫͤͦ͟Φ ˻ ͍ͫͤͦͤͦΌ ͙͍ͦͫͦ͋ͫͭ͜͡Ό {¢9a-͍͙ͦͫͭ͜ Ί ͔͎͍͔ͤͭͪͦ͊ͤ͜ ͍ͤ͊;͊ͤͤΎ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍ͤ͊ͯͦͦ͟-͔ͭͻͤ͜;͙ͤͻ 
ͤ͊ͤ͘Έ ͯ ͔ͪ͊͡Έͤͦͣͯ ͙͗ͭͭ͜Φ ˹͍͊ͯͦͦ͟-͔͙ͣͭͦ͒;ͤ͜ ͙͊ͫ͊͒͘ ͍͔ͫͭͦͪͤͤΎ ͔ͣͦ͒͜͡ {¢9a-͍͙ͦͫͭ͜ ͨͦ͡Ύ͎͊ΌͭΈ ͯ ͔͔ͨͪͻͦ͒͜ ͍͒͜ 
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APPROACHES AND PECULIARITIES OF MODERN STEM EDUCATION 

Nadiia Balyk, Galina Shmyger 
Volodymyr Gnatiuk National Pedagogical University of Ternopil, Ukraine 

Abstract. The article describes the main features of modern STEM education: integrated learning, 
development of critical thinking skills and problem solving, active communication and teamwork, creative and 
innovative approaches to create projects, preparing children for the technological innovation of life, the application 
of scientific and technological knowledge in real life .  

Analyzed theoretical-methodological bases of creation of model of STEM education, namely the transition 
from traditional teaching to innovative by using design, practice-based learning, flipped and blended learning, cloud 
computing and WEB 2.0 technology, making.  

Identified promising steps of introducing STEM education in the Ternopil national pedagogical University, one 
of which was the creation of a STEM center, "Digital scholars" at the Department of Informatics and its teaching 
methods.  

Thanks to the work of the STEM center, made possible the dissemination of innovative teaching practices and 
educational technologies in STEM; formation of professional identity and professional choices of students; promotion 
of STEM-based professions, support for gifted students, attracting young people to creative and research activities. 

Key words: STEM-education, STEM-learning, STEM-center, model STEM-education, STEM-competence, 
Pedagogical University. 
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˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ˸͔͙ͭͦ͒;ͤ͊ ͙͔ͫͫͭͣ͊ ͍ͤ͊;͊ͤͤΎΣ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫΣ ͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͔ͭͻ͎ͤͦͦ͜͡ΎΣ 
͔͙ͣͭͦ͒͊͟Σ ͙͙͒͒͊ͭ͊͟͟Σ ͔͙͚ͭͤͦ͒͊ͤ͘Φ 

 
˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˭ ͍͊͒͊ͤͤΎ ͍ͤ͊;͊ͤͤΎ ͎͋͊͊ͭͦͤ͊͘;ͤ͜Φ ˲ͻ ͪ͜΄͔ͤͤΎ ͔͙͍ͤͣͦ͗ͦ͡ ͊͘ ͎͒ͦͨͦͣͦͦΌ Ύ͎ͦͦͫ͟Έ 

͍͔ͯͤͪͫ͊͜͡Έ͎ͤͦͦ ͔ͣͭͦ͒ͯΦ ˾ͤ͘͜͜ ͍͙͎͙ͣͦ ͍ͤ͊;͊ͤͤΎ ͪͦ͋͡ΎͭΈ ͔ͤͦ͋ͻ͙͒ͤͣ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜ 
ͪͤͦͣ͊ͤͭͭ͘͜͜Ύ ͔͍ͣͭͦ͒͜Σ ͝ͻ ;͙͔͙ͫͤͤ͡ͻ ͦͣ͋ͤ͊͟͜ͼ͚͜Φ ̂ ͙͙͒͒͊ͭ͟ͼ͜ ͙ͦͨͫ͊ͤͦ ͨͦͤ͊͒ плл ͣ ͔͍ͭͦ͒͜Σ ΅͔ ͋͜͡Έ΄͔ ͝ͻ ͙ͦͨͫ͊ͤͦ 
͍ ͙͍͙ͨͪ͊ͭͤͻ ͔͙ͣͭͦ͒͊͟ͻ ώмΣ ŎΦ мнр-мнсϐΦ ˹͔͍͊͗͊͘Ό;͙ ͤ͊ ͼ͔Σ ͒ͦ ͼ͙ͻ ͨͪ͜ ͔ͤ ͍͔ͫͭͦͪͤ͊ ͎͊͊͘͡Έ͙͚ͤͦͨͪͤΎͭ͊ 
͙͊ͫ͟͡ͺ͊͜͟ͼ͜Ύ ͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎ, ͔ͤ͒ͦͫͭ͊ͭͤΈͦ ͔ͪͦͪͦ͋ͤ͘͜͡ ͜ ͍ͨͦ͜͡Έͤͦ ͍͍ͨͪͦ͊͒͗ͯΌͭΈͫΎ ͔͙͍ͤͭͤͫͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ 
͍ͤ͊;͊ͤͤΎ ͔͙͚ͭͤͦ͒͊ͤͯ͘Φ 

̂ ͙͙͒͒͊ͭ͟;͚ͤ͜ ͜ ͔͙ͣͭͦ͒;͚ͤ͜ ͔ͭͪ͊ͭͯͪ͜͜͡ ͣ͊Ί ͣͫ͜ͼ͔ ͻ͊ͦͫΣ ͙ͨͯͭ͊ͤͤ͊͡ ͔͔ͫͪ͒ ͙ͭ͊͟ͻ ͨͦͤΎͭΈ ͔ͭͦͪ͜͝ ͍ͤ͊;͊ͤͤΎΣ Ύ͟ 
άͨ͒͜ͻ͒͜ ͒ͦ ͍ͤ͊;͊ͤͤΎέΣ ά͍ͤ͊;͊͡Έͤ͊ ͔͎ͫͭͪ͊ͭ͜ΎέΣ ά͔ͣͭͦ͒ ͍ͤ͊;͊ͤͤΎέΣ ά͙͚ͨͪͦͣ ͍ͤ͊;͊ͤͤΎέΣ ά͍ͤ͊;͊͡Έͤ͊ ͙ͭ͊ͭ͊͟͟έΣ 
άͫͨͦͫ͋͜ ͍ͤ͊;͊ͤͤΎέΣ άͺͦͪͣ͊ ͍ͤ͊;͊ͤͤΎέΣ ά͍ͤ͊;͊͡Έͤ͊ ͔ͭͻͤ͊͜͟έΣ ά͔ͭͻ͎ͤͦͦ͜͡Ύ ͍ͤ͊;͊ͤͤΎέΣ ά͔͙ͣͭͦ͒͊͟ ͍ͤ͊;͊ͤͤΎέΣ ΅ͦ 
ͣͦ͗ͤ͊ ͔͍ͨͤͦΌ ͣͪͦ͜Ό ͨͦΎ͙͙ͫͤͭ ͝ͻ ͔͎͙͍͙͙ͤͭͪ͊ͭͤͣ͜ ͍͙͍͊ͫͭͦͫͭ͡Ύ͙ͣ ώнΣ ͫΦрмϐΦ ˤΦ ˽͊͊ͣ͊ͪ͡;ͯ͟ ͍͔ͫͭͪ͒͗ͯΊΥ ά͙ͫͨͦͫͦ͋ 
͒͜Ύ͡Έͤͦͫͭ͜ ό͙͙ͫͤͦͤͣ͊ͣ͜ ͼ͙ͻ ͨͦͤΎͭΈ Ί ͙͚͙ͨͪͦͣΣ ͔͙ͣͭͦ͒ ͍ͤ͊;͊͡Έͤͦ͝ ͙ͪͦ͋ͦͭύ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͙͙ͨͪͦͫͭͣ ͜ ͙͙ͫ͊͒ͤͣ͟͡Σ 
͍ͪͦ͘ΩΎ͍͙ͯ͊ͭ͘ ͙ͭ͊ͭ͟;ͤ͜ ͜ ͔͎ͫͭͪ͊ͭ͜;ͤ͜ ͼ͜͜͡ ͍ͤ͊;͊ͤͤΎέ ώоΣ ͫΦтрϐΦ ˢͭͯ͊͟͡Έ͙ͤͣ Ί ͙ͨͭ͊ͤͤΎ ͍͎ͤ͊ͯͦͦͦ͟ ͨ͒͜ͻͦ͒ͯ ͒ͦ 
͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͍ͫͭͪͯͭͯͪͯ͊ͤͤ͟Ύ ͜ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͔͙ͣͭͦ͒;͙ͤͻ ͙͔ͫͫͭͣ ͍ͤ͊;͊ͤͤΎΦ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˽͔ͪͦ͋ͣ͊͡ ͔ͣͭͦ͒ͯ ͍ͦͨ͊ͤͯ͊ͤͤΎ ͤ͊ͤ͘Έ ͜ ͍ͣͤ͜Έ ͋ͯ͊͡ ͚ ͙͊͘͡΄͊ΊͭΈͫΎ ͍ 
͔ͨ͜ͼ͔ͤͭͪ͜ ͍͎͙ͯ͊ ͺͦͫͦ͜͡ͺͫΈͦ͟͝ ͙͒ͯͣ͟ ό˿ͦͪ͊ͭ͟Σ ̅Φ ˣ͔ͦͤ͟Σ ˾Φ ˨͔͊ͪͭ͟Σ ˥Φ-˧Φ ˧͔͊͒͊ͣͪΣ ˬΦ ˿͊ͪͭͪ ͭ͊ ͤ͜ΦύΣ ͯ ͦ͟͜͡ 
͔͒ͦͫ͒͗ͤ͜͡Έ ͙ͨͫͻ͎͍ͦͦ͜͡ ό˽Φ ˥͊͡Έ͔ͨͪͤ͜Σ ˤΦ ˨͍͙͍͊͒ͦΣ ˸Φ ̆ͦͦ͒ͤ͊͡Σ ˱Φ ͙̒ͣ͊ͤͫ͟Έ͊͟ ͭ͊ ͤ͜ΦύΣ ͔͎͎͍ͨ͒͊ͦ͜ ό˥Φ ˤ͊΅͔ͤͦ͟Σ ˨͗Φ 
˨ΈΌ͝Σ ˤΦ ˴ͪ͊Ί͍ͫΈ͙͚͟Σ ˱Φ ˶͔͔ͪͤͪΣ ˸Φ ˸͊ͻ͍ͣͯͭͦΣ ˤΦ ˻͙ͤ΅ͯ͟Σ ˻Φ ˽͔ͦͣͭͯͤ ͭ͊ ͤ͜ΦύΣ ͔͙͍ͣͭͦ͒ͫͭ͜ ό˻Φ ˣ͜͡ΎΊ͍Σ ˹Φ ˥ͦͯ͋͡Σ 
˻Φ ˥ͦͪͦ΄ͤ͊͟͜Σ ́Φ ˨ͦͤ;͔ͤͦ͟Σ ˿Φ ˴͊ͪ͊ͣ͊ͤΣ ˴Φ ˴͙͍ͣͦ͊͡Σ ˸Φ ˽͔͙ͤͭ͡Ό͟Σ ˻Φ ˽͔ͦͭ͊ͨͤͦ͟Σ ˱Φ ̆ͦͣΩΎ͟Σ ˿Φ ͍̒ͦͪͫΈ͊͟ ͭ͊ ͤ͜ΦύΦ 

http://ua-referat.com/%D0%90%D0%BA%D1%82%D1%83%D0%B0%D0%BB%D1%8C%D0%BD%D1%96%D1%81%D1%82%D1%8C_%D1%82%D0%B5%D0%BC%D0%B8
http://ua-referat.com/%D0%A0%D0%BE%D0%B1%D0%BE%D1%82%D0%B8
http://ua-referat.com/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%D1%87%D0%BA%D0%B0
http://ua-referat.com/%D0%9F%D1%80%D0%BE%D1%86%D0%B5%D1%81
http://ua-referat.com/%D0%9F%D1%80%D0%BE%D1%86%D0%B5%D1%81
http://ua-referat.com/%D0%9A%D0%BB%D0%B0%D1%81%D0%B8%D1%84%D1%96%D0%BA%D0%B0%D1%86%D1%96%D1%8F_%D0%BC%D0%B5%D1%82%D0%BE%D0%B4%D1%96%D0%B2_%D0%BD%D0%B0%D0%B2%D1%87%D0%B0%D0%BD%D0%BD%D1%8F
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˹Φ ˴͍ͦͤ͒͊ͦ͟ ͯ ͎ͦ͜͡;ͤͦͣͯ ͍͙ͫͦͤͯ͟͡ ͎ͪͦ͘͡Ύ͒͊Ί ͔ͣͭͦ͒ Ύ͟ ͨ͒͜ͻ͒͜ ͒ͦ Ύ͍͙΅ ͙͙ͨͪͪͦ͒ ͚ ͫͯͫͨ͜͡Έ͍ͫͭ͊Τ ΄͡ΎͻΣ ͫͨͦͫ͋͜ 
͒ͦͫΎ͎͔ͤͤͤΎ ͔͙ͣͭΣ ͙͚ͨͪͦͣ ͔͔͙ͭͦͪͭ;͎ͤͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ;͙ ͙ͨͪ͊ͭ͟;͎ͤͦͦ ͚͔͒ͫͤͤͤ͘͜Ύ ;͎ͦͦ-͔ͤ͋ͯ͒ΈΣ ΅ͦ ͍͙ͻ͙ͦ͒ͭΈ ͘͜ 
ͤ͊ͤͤ͘Ύ ͚ͤ͊͋͜͡Έ΄ ͎͊͊͘͡Έ͙ͤͻ ͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟͜ ͍͙ͪͦͭͯ͘͟ ͦ͋ΩΊ͙͍ͭͤͦ͟͝ ͚͒ͫͤͦͫͭ͜͜ ͭ͊ ͔ͫͨͼ͙ͺ͜;͙ͤͻ ͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟͜ 
͒ͦͫ͜͡ ͍͎͒͗ͯ͊ͤͦͦ ͔͔ͨͪ͒ͣͭ͊Σ Ύ͍͙΅͊Σ ͨͪͦͼ͔ͫͯ ώпΣ ͫΦолмϐΦ  

˽͔ͪͦ͋ͣ͊͡ ͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͍ ͨͪ͊ͼΎͻ ͎͋͊͊ͭΈͦͻ ͙͍͒͒͊ͭ͟͜ όˢΦ ˢ͔ͫ͟͡Ό͊͟Σ ̑Φ ˣ͊͋͊ͤͫΈ͎ͦͦ͟Σ 
˸Φ ˣ͔ͪ΄͊͒ͫΈ͎ͦͦ͟Σ ˤΦ ˣͦͤ͒͊ͪΎΣ ˤΦ ˥ͯ͘ΊΊ͍͊Σ ˤΦ ˴ͪ͊Ί͍ͫΈ͎ͦͦ͟Σ ˱Φ ˶͔͔ͪͤͪ͊Σ ˤΦ ˻͙ͤ΅ͯ͊͟Σ ˽Φ ˽ ͙͎͒͊ͫͫͭͦͦ͜͟Σ ˻Φ ˽ ͔ͦͣͭͯͤΣ 
˻Φ ˿͍͊;͔ͤͦ͟Σ ˸Φ ˿͊ͭͤ͊͟͟͜Σ ˢΦ ̆ͯͭͦͪͫΈ͎ͦͦ͟ ͭ͊ ͤ͜Φύ ͘ ͙ͨͦ͘ͼ͚͜ ͫͭͦͪ͜͜͝ ͍͙ͪͦͭͯ͘͟ ͔͍ͣͭͦ͒͜Σ ͝ͻͤΈͦ͝ ͙ͨͪͪͦ͒ͤͦ͝ ͫͯͭ͜Σ 
͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜ΎΣ ͍͘ΩΎͯ͘͟ ͔͍ͣͭͦ͒͜ ͜ ͔ͭͻ͎͚ͤͦͦ͜͡ ͭ͊ ͤ͜Φ 

ˢͭͯ͊͟͡Έͤͫͭ͜Έ ͔͙ͭͣ ͙ͪͦ͋ͦͭ ͍͔ͨ͒ͭͪ͒͗ͯ͜Ί ͤ͊Ύ͍ͤͫͭ͜Έ ͙͒ͦͫͭΈ ͍͔͙ͦ͟͡͝ ͟͜͡Έͦͫͭ͟͜ ͨͯ͋͊͜͟͡ͼ͚͜ ͭ͊ ͔͒ͦͫ͒͗ͤ͜͡Έ ͍ 
͎͊ͯ͘͜͡ ͍͙͍;͔ͤͤΎ ͙͊ͫ͟͡ͺ͊͜͟ͼ͜͝ ͣ ͔͙ͭͦ͒;͙ͤͻ ͫ ͙͔ͫͭͣ ͜ ͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎΣ ͍͍ͫͨ͒ͤͦ͜͜΄͔ͤͤΎ ͙ͪͤ͘͜ͻ ͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎ 
͍ ͪ͊ͣ͊͟ͻ ͙ͭͻ ;͙ ͤ͜΄͙ͻ ͔͙ͣͭͦ͒;͙ͤͻ ͙͔ͫͫͭͣΣ ͔͍ͪͦͣ͗ͯ͊ͤͤ͘Ύ ͫͯͭͤͦͫͭ͜ ͨͦͤΎͭΈ ζ͔ͭͻ͎ͤͦͦ͜͡ΎηΣ ζ͔͙ͣͭͦ͒͊͟ηΣ 
ζ͙͙͒͒͊ͭ͊͟͟ηΣ ͨͦ΄ͯͯ͟ ΄͡Ύͻ͍͜ ͔͙ͤͭͤͫ͜ͺ͊͜͟ͼ͜͝ ͭ͊ ͙ͦͨͭͣ͊͘͜ͼ͜͝ ͨͪͦͼ͔͍ͫ͜ ͍ͤ͊;͊ͤͤΎΣ ͙ͪͦͪͦ͋͘͟ ͍͙ͤͦͻ ͔ͭͻ͎͚ͤͦͦ͜͡ 
͍ͤ͊;͊ͤͤΎΦ ˨͊ͤ͜ ͙ͨͭ͊ͤͤΎ ͎ͪͦ͘͡Ύ͒͊ΌͭΈͫΎ ͍ ͪͦ͋ͦͭ͊ͻ ˨͗Φ ˴͔ͪͪͦ͊͡Σ ˣΦ ˣͯͣ͊͡Σ ˱Φ̒Φ ˶͔͔ͪͤͪ͊Σ ˤΦ˽Φ ˣ͔ͫͨ͊͡Έͦ͟Σ 
ˢΦ˸Φ ˹͍͍ͦͦ͊͜͟Σ ˢΦˢΦ ˤ͔͙ͪ͋ͼΈ͎ͦͦ͟Σ ˤΦ˱Φ ˣ͎ͦͦ͡Ό͍͋ͦ͊Σ ˤΦˤΦ ˥ͯ͘ΊΊ͍͊Σ ˤΦ˸Φ ˴ͦͫ͊ͪͤ͊͜Σ ́Φ˿Φ ˹͍͊͊ͪͦͦ͘͝Σ ˥Φ˴Φ ˿͔͔͍ͦ͟͡Σ 
˸ΦˢΦ ˨͙͍͊ͤͦ͊͡Σ ˣΦ˽Φ ͙͍̐ͫͨͦ͊Σ ˸Φ ˹Φ ˿ͤ͊ͭͤ͊͟͜Σ ̑Φ˴Φ ˣ͊͋͊ͤͫΈ͎ͦͦ͟Σ ́ΦˢΦ ˱͡Έͤ͊͝Σ ˥Φ˱Φ ̋ͯͤ͊͟͜Σ ˸Φ˱Φ ˸͊ͻ͍ͣͯͭͦ͊Σ 
˥ΦˤΦ ˶ ͍͔͊ͪͤͭΈΊ͍͊Σ ˹ΦˣΦ ˶͍͔͊ͪͤͭΈΊ͍ͦ͝Σ ˤΦˢΦ ̒ͯͤͤ͊͟͜ ͭ͊ ͤ͜΄͙ͻ ͺ͊ͻ͍͜ͼ͍͜Φ  

˸͔ͭ͊ ͫͭ͊ͭͭ͜ ς ͍͙ͦͨ͊ͤͯ͊ͭ ͍ͤ͊ͯͦ͟͜ ͨ͒͜ͻ͙ͦ͒ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͍ͫͭͪͯͭͯͪͯ͊ͤͤ͟Ύ ͜ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͔͙ͣͭͦ͒;͙ͤͻ 
͙͔ͫͫͭͣ ͍ͤ͊;͊ͤͤΎΦ  

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˽ͦͤΎͭͭΎ ά͙͔ͫͫͭͣ͊ ͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎέΣ ά͔ͭͻ͎ͤͦͦ͜͡Ύ ͍ͤ͊;͊ͤͤΎέΣ ά͔͙ͣͭͦ͒͊͟ 
͍ͤ͊;͊ͤͤΎέ ͔͔͙ͨͪͭͤ͊ΌͭΈͫΎ ͣ͗͜ ͫͦ͋ͦΌΣ ͭͫͤͦ͜ ͚ ͎ͦͪ͊ͤ͜;ͤͦ ͍͊͘Ί͍ͣͦͨͦΩΎ͊ͤ͘͜Φ ˿͙͔ͫͭͣ͊ ͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎ ς ͍ͦͫͤͦ͊ 
͍ͤ͊;͊͡Έͤͦ͝ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͔͙ͣͭͦ͒͊͟ ͍ͤ͊;͊ͤͤΎ ς ͼ͔ ͔͔ͦͤͪͭͤ͟͟ ͍͔ͭͤͤ͜͡Ύ ͙͔͙ͫͫͭͣ ͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎΦ ˿͙͔ͫͭͣ͊ 
͔͍ͣͭͦ͒͜ ͫͭ͊Ί ͊ͫͦ͋ͦͣ͘ ͔ͭͻ͎ͤͦͦ͊͘͜͡ͼ͜͝ ͍ͤ͊;͊ͤͤΎ ͍ ͭͦͣͯ ͪ͊͘͜Σ ͙ͦ͟͡ ͙͍͊ͭͤ͊͟ ͍ͨͤ͊͊͘͜͡Έͤ͊ ͒͜Ύ͡Έͤͫͭ͜Έ ͔͍ͫͭͯ͒ͤͭ͜ 
ͦͪ͜Ί͍ͤͭͦ͊ͤ͊ ͤ͊ ͙͚͊͒͊ͤ͘ ͍͚ͦͫͭͤ͜͜ ͔ͪͯ͘͡Έͭ͊ͭΦ ͙́͊ͣ͟ ;͙ͤͦͣΣ ͔ͤ ͣͦ͗ͤ͊ ͔ͤ͒ͦͦͼͤ͜Ό͍͙͊ͭ ͨͦͤΎͭͭΎ ά͔ͭͻ͎ͤͦͦ͜͡Ύ 
͍ͤ͊;͊ͤͤΎέΣ ͋ͦ ͼ͔ ͍ͫͨͦ͜͡ΈͤΌΊ ͙͙͚ͨͪͪͦ͒ͤ ͍͙ͪͦͭͦ͘͟ ͔͙ͣͭͦ͒;ͤͦ͝ ͙͒ͯͣ͟Σ ͙ͫͭͪͣͯΊ ͍ͤͤͦ͊͜ͼ͚ͤ͜͜ ͨ͒͜ͻ͙ͦ͒ ͒ͦ 
͔ͣͦ͒ͪͤ͊͘͜ͼ͜͝ ͨͪͦͼ͔ͫͯ͊͡Έ͎ͤͦͦ ͙ͫ͊͒ͤ͊͟͟͡ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯΦ ˢͤ͊͘͜͡ ͔͔͙ͭͦͪͭ;͙ͤͻ ͨͪ͊ͼΈΣ ͍ͨͦΩΎ͙͊ͤ͘ͻ 
͘͜ ͨͦͪͯ΄͔ͤͦΌ ͔ͨͪͦ͋ͣͦ͡ΌΣ ͍ͫ͒͜;͙ͭΈΣ ΅ͦ ͔͙ͣͭͦ͒͊͟ ͍ͤ͊;͊ͤͤΎ όͫ͊ͣ͊ ͍ͤ͊͊͘ ͍ͨͦΩΎ͊ͤ͊͘ ͘ ͔͙ͣͭͦ͒͊ͣύΣ ͒͊Ό;͙ 
͍͍͒ͨͦ͒͜͜Έ ͤ͊ ͙ͭͪ ͙͊ͫ͟͡;ͤ͜ ͙ͨͭ͊ͤͤΎ ό΅ͦ ͍͙͍;͙͊ͭΚ Ύ͟Κ ͘ Ύͦ͟Ό ͔ͣͭͦΌΚύΣ Ί ͙͔ͫͫͭͣͦΌ ͍ͤ͊ͯͦͦ͟ ͍͙ͦ͋͐ͪͯͤͭͦ͊ͤͻ 
͙ͨͪͤͼ͙͍ͨ͜Σ ͺͦͪͣΣ ͔͍ͣͭͦ͒͜ ͜ ͙͒ͦͨͦͣ͗ͤ͜ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ ͔͔ͨͪ͒ͣͭ͊Σ Ύ͟͜ ͍͙͊͒͊͟͡; ͍͙͔ͨͦͤͤ ͍͙͙͋ͪ͊ͭ ͍͍͒ͨͦ͒ͤͦ͜͜ 
͒ͦ ͔͙ͣͭ ͚ ͍͊͒͊ͤ͘Έ ͊ͤ͘ΎͭͭΎΣ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͔͙ͭͣ ͍ͤ͊;͊ͤͤΎΣ ͍ͪͤ͜Ύ ͝͝ ͫ͊͒ͤͦͫͭ͟͜͡Σ ͊ ͭ͊ͦ͗͟ ͍͊ͫͤͦ͡͝ ͔͙ͣͭͦ͒;ͤͦ͝ 
͚͔ͣ͊ͫͭͪͤͦͫͭ͜ ώнΣ ͫΦснϐΦ 

͔́ͪͣͤ͜ ά͔ͭͻ͎ͤͦͦ͜͡Ύ ͍ͤ͊;͊ͤͤΎέΣ Ύ͟ ͊ͤ͊͘͘;͙͊͡ ˻Φ ˾͙ͯ͒ͤͼΈ͊͟Σ ͊͘ ͍ͫͦΊΌ ͫͯͭͭΌ ͙͋͘͡Έ͙͚͟ ͒ͦ ͨͦͤΎͭͭΎ 
͔͙͙ͣͭͦ͒͟Σ ͔͊͡ ͔͔ͨͪ͒͋͊;͊Ί ͋͜͡Έ΄ͯ ͔ͦͤͪͭͤͫͭ͟͟͜ΈΣ ͔͒ͭ͊͡Έͤͫͭ͜Έ ͜ ͭͦ;ͤͫͭ͜Έ ͙ͦͨͫ͊ͤͤΎ ͫ͊͒ͯ͟͡ ͙ͨͦͭͪ͋ͤ͜ͻ ͍ͯͣͦ ͭ͊ ͚͒͜Σ 
͍͙ͦͤ͊ͤͤ͟Ύ Ύ͙͟ͻ ͘ ͒ͦͫͭ͊ͭͤΈͦΌ ͍͎ͪͦ͒ͤͫͭ͜͜͜Ό ͒͊Ί ͦ;͍͙͚ͯ͊ͤ͜͟ ͔ͪͯ͘͡Έͭ͊ͭ ώрΣ ͫΦмтлϐΦ ˿͔͊ͣ ͍ͫͦͦ͡ ͔ͭͻ͎ͤͦͦ͜͡Ύ ͣ͊Ί 
͍͒͊ͤΈ͎͔ͦͪͼΈ͔͟ ͨͦͻ͔ͦ͒͗ͤͤΎ ͚ ͦͤ͊͘;͊Ί ͤ͊ͯͯ͟ ͨͪͦ ͚͔ͣ͊ͫͭͪͤͫͭ͜ΈΦ ̂ ͭͯͣ͊͡;͔ͤͤ͜ ͨͦͤΎͭͭΎ ά͔ͭͻ͎ͤͦͦ͜͡Ύ ͍ͤ͊;͊ͤͤΎέ 
ό͍͔ͦͫͤͦͤ ͙ͨͭ͊ͤͤΎ ͝͝ Ύ͟ ͒ͦͫΎ͎͙ͭ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͪͯ͘͡Έͭ͊ͭͯΚύ ͍͒ͦ͋ͪ͊͗͊͜ΊͭΈͫΎ ͔͔͔͔ͨͪͤͫͤͤΎ ͍ ͍ͦͫͭͤ͜Ό ͎͊ͯ͘͡Έ 
͍͙͙ͪͦ͋ͤ;͎ͦͦ ͨ͒͜ͻͦ͒ͯ ͒ͦ ͎͙ͦ͜͟͡ ͍͙ͨͦ͋ͯ͒ͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΣ ΅ͦ ͍͔͔͒ ͒ͦ ͚͎ͦͦ ͔ͭͻ͎ͤͦͦ͊͘͜͡ͼ͜͝Τ ͼ͔ ͍ͨͦͫ͒ͦͤ͊͜͡ 
͔ͪ͊͊͘͜͡ͼ͜Ύ ͤ͊ ͙ͨͪ͊ͭ͟ͼ͜ ͔͎͊͒͊͒͘͘͜͡Έ ͔͍͎ͫͨͪͦͭͦ͊ͤͦͦ͟ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΣ ͔͍ͪͦ͊ͤ͊͟ ͙͔ͫͫͭͣ͊ ͍ͫͨͦͫͦ͋͜ ͜ ͍͊ͫͦ͋͘͜ 
͒ͦͫΎ͎͔ͤͤͤΎ ͔͔ͤ͊ͨͪ͒ ͍͙ͤ͊͘;͔͙ͤͻ ͼ͔͚͜͡Σ ͘ ͨͦ͒͊͡Έ΄͙ͣ ͎͍͒͊ͤͦͫͭͯ͊ͤͤ͜Ύͣ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͙ͦͤͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜Φ ͙́͊ͣ͟ 
;͙ͤͦͣΣ ͨ͒͜ ͔ͭͻ͎ͤͦͦ͜͡ΊΌ ͍ͤ͊;͊ͤͤΎ ͫ ͒͜͡ ͙ͪͦͯͣͭ͘͜ ͔ͦͣͨͫ͟͟͡ ͺͦͪͣΣ ͔͍ͣͭͦ͒͜ ͜ ͍͊ͫͦ͋͘͜Σ ͍ͨͦΩΎ͙͊ͤ͘ͻ ͘ ͔͍ͨͪͦͭͯ͊ͤͤ͟ΎͣΣ 
͎ͦͪ͊ͤ͊͘͜ͼ͜ΊΌ ͭ͊ ͨ ͍͔͔ͪͦ͒ͤͤΎͣ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΣ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΊ ͒ͦͫΎ͎͔ͤͤͤΎ ͫͯ͋ΩΊ͙ͭ͊ͣ͟ ͍ͤ͊;͊ͤͤΎ ͎͊͒͊ͤͦͦ͘ 
͔ͪͯ͘͡Έͭ͊ͭͯ ώнΣ ͫΦсоϐΦ 

˽ͦͤΎͭͭΎ ͨͪͦ ͙͔ͫͫͭͣͯ Ί ͔͎͊ͭͦͪ͟͜ΊΌ ͺͦͫͦ͜͡ͺͫΈͦ͟ΌΦ ˿ͯ;͊ͫͤ͊ ͺͦͫͦ͜͡ͺ͜Ύ ͍͊͒͊͟͡Ί ͯ ͼ͔ ͨͦͤΎͭͭΎ ͔͒ͯ͗ ΄͙͙͚ͪͦ͟ 
ͣͫͭ͘͜Φ ˭ ͭͦ;͙͟ ͦͪͯ͘ ͺͦͫͦ͜͡ͺ͜͝ ͙͔ͫͫͭͣ͊ ό͍͒͜ ͎͔ͪͼΈ͎ͦͦ͟ systema ς ͔͔ͫ͊͒ͤ͟͡ ͘ ;͙͊ͫͭͤΣ ͨͦΊ͒ͤ͊ͤͤΎύ ς ͙ͣͤͦ͗ͤ͊ 
͔͔͔͍ͣͤͭ͜͡Σ Ύ͟͜ ͤ͊͘ͻͦ͒ΎͭΈͫΎ ͯ ͍͒ͤͦ͜΄͔ͤͤΎͻ ͜ ͍͘ϥΎ͊͘͟ͻ ͣ͗͜ ͫͦ͋ͦΌΣ ͍͊͒͘Ύ͙͟ ;ͦͣͯ ͍ͯͭͦͪΌΊͭΈͫΎ ͔͍ͨͤ͊ ͼͫͤͫͭ͜͜͜͡ΈΣ 
Ί͒ͤͫͭ͜ΈΦ ˽ͦͤΎͭͭΎ ά͔͙ͣͭͦ͒;ͤ͊ ͙͔ͫͫͭͣ͊έ ͙ͣͫͭͭ͜Έ ͯ ͫͦ͋͜Σ ͪͣ͟͜ ͔͍ͣͭͦ͒͜Σ ͙ͨͪͤͼ͙͙ͨΣ ͣͫͭ͘͜Σ ͼ͜͜͡Σ ͙͊ͫͦ͋͘Σ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͜͜ 
ͺ͙ͦͪͣ ͍ͤ͊;͊ͤͤΎ ό́Φ ˴͍͊ͨͭͦͤͦ͊͜Σ ˻Φ˽͙΄͊ͦ͟͡Σ ˢΦ ̋ͯͤ͟͜ύ ώрϐΦ ˭͊ ͍ͨͦͭͪ͊ͭͯ͊ͤͤ͟Ύͣ ˤΦ ˣ͙͍ͦ͊͟Σ ά͔͙ͣͭͦ͒;ͤ͜ ͙͔͙ͫͫͭͣ 
͍ͤ͊;͊ͤͤΎ Ί ͍͍͙͙͒ͨͦ͒ͤͣ͜͜ ͍͙͙ͫ͊͒ͦͣ͟͡ ό͙͔͙ͨ͒ͫͫͭͣ͊ͣ͜ύ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͙͔ͫͫͭͣΣ ͍ Ύ͙͟ͻ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͍ͤ͊;͊͡Έͤͦ-
͍͙ͻ͍͙͚ͦͤ ͨͪͦͼ͔ͫΦ ̇͜ ͍ͫ͊͒ͦ͟͜͡ ͙ͨͪͤ͊͘;͔ͤ͜ ͒͡Ύ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍ͯͣͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͎ͣͫͭͦͦͦ͘͜Σ ͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͭ͊ 
͎ͦͪ͊ͤ͊͘͜ͼ͚͎ͤͦͦ͜ ͺ͔ͯͤ͒͊ͣͤͭͯ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯΣ ͒ͦͫΎ͎͔ͤͤͤΎ Ύͦͫͭ͟͜ ͍͙ͦͫͭ͜έ ώсΣ ͫΦ олфϐΦ ˭ ͎ͨͦ͡Ύ͒ͯ 
͎͊͊͘͡Έͤͦ͝ ͔ͭͦͪ͜͝ ͙͔ͫͫͭͣΣ ͔͙ͣͭͦ͒;ͤ͊ ͙͔ͫͫͭͣ͊Σ ͍ ͔͔ͤͭͪͨͪͭ͊͜ͼ͜͝ ˤΦ ˽͊͡ͻ͙ͦͭͤ͊͟Σ ς ͼ͔ ͫͯ ͯͨͤͫͭ͟͜Έ ͔ͫͨͼ͊͜͡Έͤͦ 
͎͍͙ͦͪ͊ͤͦ͊ͤ͘͜ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎΣ Ύ͊͟ ͤ͊ ͍ͦͫͤͦ͜ ͍͎͒͋ͪ͊ͤͦͦ͜͜ ͣͫͭͯ͘͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔͔ͨͪ͒ͣͭ͊ ͯ ͍͊͘Ίͣͦ͒͜͝ ͘ 
͚͙ͤ͊͋͗͡;͙ͣ ͔͔͍͙ͫͪ͒ͦ΅͔ͣ ͙ͫͨͪΎΊ ͒ͦͫΎ͎͔ͤͤͤΌ ͍ͤ͊;͊͡Έ͙ͤͻ ͼ͔͚͜͡Φ ˽͒͜ ͙͊ͫͦ͋͊ͣ͘ ͍ͤ͊;͊ͤͤΎ ˤΦ ˽͊͡ͻ͙ͦͭͤ͟ 
ͪͦͯͣ͘͜Ί ͫͯͯͨͤͫͭ͟͜Έ ͔͔͍ͨͪ͒ͣͭ͜Σ Ύ͍͙΅Σ ͍ͫͨͦͫͦ͋͜ ͚͒͜Σ ͔͚͒͜ ͜ ͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟͜Σ ͊͘ ͎͒ͦͨͦͣͦͦΌ Ύ͙͟ͻ ͒ͦͫΎ͎͊ΌͭΈͫΎ ͼ͜͜͡ 
͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯΤ ͚͙ͤ͊͋͗͡;͔ ͔͔͍͙ͫͪ͒ͦ΅͔ ͍ͫͭ͊ͤͦ͡ΎͭΈ ͍͙͊͒͊͟͡; ͜ ͔͙ͫͭͯ͒ͤͭ ό͙͋͘͡Έ͔͟ ͔͔͍͙ͫͪ͒ͦ΅͔ 
ς ͼ͔ ͍ͤ͊;͊͡Έ͙͚ͤ ͊͊͒͘͟͡Σ ͍͔͔͒͒͊ͤ͜͡ ͔͔͍͙ͫͪ͒ͦ΅͔ ς ͫͯͫͨ͜͡Έ͍ͫͭͦύΦ ˸͔͙ͭͦ͒;ͤ͊ ͙͔ͫͫͭͣ͊ ͔ͣͦ͗ ͺͯͤ͟ͼ͍͙ͦͤͯ͊ͭ͜ 
͍͊͒͘Ύ͙͟ ͍ͻͦ͒͊ͣ ͜ ͍͙ͻͦ͒͊ͣΣ ;͔͔ͪ͘ Ύ͟͜ ͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ ͍͊͘Ί͍ͣͦ͘ΩΎͦ͘͟ ͣ͗͜ ͙͔ͫͫͭͣͦΌ ͜ ͚͙ͤ͊͋͗͡;͙ͣ ͔͔͍͙ͫͪ͒ͦ΅͔ͣΥ 
;͔͔ͪ͘ ͍͙ͻ͙ͦ͒ ͙͔͙ͫͫͭͣ ͤ͊͒ͻ͙ͦ͒ͭΈ ͤ͜ͺͦͪͣ͊ͼ͜Ύ ͨͪͦ ͔ͭΣ Ύ͟ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍ͤ͊;͙͊ͭ ͜ Ύ͟ ͯ;͙͙ͭͫΎΣ ͨͪͦ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͨͪͦͼ͔ͫͯ 
͍ͤ͊;͊ͤͤΎ ͭ͊ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ͙͔͙ͫͫͭͣΤ ;͔͔ͪ͘ ͍ͻ͙ͦ͒ ͙͒ͦͫ͒ͤ͜͟͡ ͍͙ͤͦͫͭΈ ͔͙͍͙ͦͪͭ͟͟ ΅ͦ͒ͦ ͍͔͒ͦͫͦͤ͊ͤͤ͟͡Ύ 
͔͙ͣͭͦ͒;ͤͦ͝ ͙͔͙ͫͫͭͣ ͊͋ͦ ͝͝ ͙͔ͨ͒ͫͫͭͣ͜Σ ͙ͦ͟͡ ͍ ͼΈͦͣͯ ͍͙͙ͤ͊͟Ί ͔ͨͦͭͪ͋͊ ώтΣ ͫΦ су-сфϐΦ ̂  ͎ͣͦͤͦͪ͊ͺ͜͝ ˻ΦˢΦ ˴ͯ;͔ͪͯ͟ [2] 

http://ua-referat.com/%D0%90%D0%BA%D1%82%D1%83%D0%B0%D0%BB%D1%8C%D0%BD%D1%96%D1%81%D1%82%D1%8C_%D1%82%D0%B5%D0%BC%D0%B8
http://ua-referat.com/%D0%A0%D0%BE%D0%B1%D0%BE%D1%82%D0%B8
http://ua-referat.com/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%D1%87%D0%BA%D0%B0
http://ua-referat.com/%D0%9F%D1%80%D0%BE%D1%86%D0%B5%D1%81
http://ua-referat.com/%D1%80%D0%BE%D0%B1%D0%BE%D1%82%D0%B0
http://ua-referat.com/%D0%9A%D0%BE%D1%81%D0%B0%D1%80%D1%96
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ͨͦͤΎͭͭΎ ά͔͙ͣͭͦ͒;ͤ͊ ͙͔ͫͫͭͣ͊ ͍ͤ͊;͊ͤͤΎέ ͪͦͯͣ͘͜ΊͭΈͫΎ Ύ͟ ͔ͦͣͨͫ͟͟͡ ͍͊͘Ί͍ͣͦͨͦΩΎ͙͊ͤ͘ͻ ͼ͔͚͜͡Σ ͙ͨͪͤͼ͙͍ͨ͜Σ ͣͫͭͯ͘͜Σ 
͔͍ͣͭͦ͒͜Σ ͍͊ͫͦ͋͘͜Σ ͎ͦͪ͊ͤ͊͘͜ͼ͚͙ͤ͜ͻ ͺͦͪͣ ͍ͤ͊;͊ͤͤΎΣ ΅ͦ ͤ͊ ͍ͦͫͤͦ͜ ͍͊͘Ίͣͦ͒͜͝ ͍͙͊͒͊͟͡;͊ ͚ ͔͍ͫͭͯ͒ͤͭ͜ ͔͔͊͋ͨ͘͘;ͯΊ 
͎͍͙͚ͨͪͦͤͦͦ͊ͤ͘ ͙͙͍͙͚ͨͦͭͤ͘ ͔ͪͯ͘͡Έͭ͊ͭΦ 

̒͟ ͍͊ͯ͘͟ΌͭΈ ˶͍͔͊ͪͤͭΈΊ͍ ˥ΦˤΦ ͜ ˶͍͔͊ͪͤͭΈΊ͍͊ ˹ΦˣΦΣ ͨͦͤΎͭͭΎ ͔͙ͣͭͦ͒͊͟ ό͔͙ͣͭͦ͒;ͤ͊ ͙͔ͫͫͭͣ͊ύ ΄͙ͪ΄͔ ͨͦͤΎͭͭΎ 
ζ͔ͭͻ͎ͤͦͦ͜͡ΎηΣ ͭ͊͟ Ύ͟ ͍ͦͤ͊ ͍͍͒ͨͦ͒͊͜͜Ί ͤ͊ ͙ͨͭ͊ͤͤΎ ζ;ͦͣͯΣ ͍ͤ͊͜΅ͦ ͜ Ύ͟ ͍ͤ͊;͙͊ͭΚηΣ ͊ ͔ͭͻ͎ͤͦͦ͜͡Ύ ς ζΎ͟ ͍;͙͙ͭ 
͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦ ͜ Ύ͟ ͍ͯͨͪ͊͡Ύ͙ͭ ͪ͊ͼͦͤ͊͜͡Έͤͦ ͨͪͦͼ͔ͫͦͣ ͍ͤ͊;͊ͤͤΎΚηΦ ̒͟΅ͦ ͒͡Ύ ͔͙͙ͣͭͦ͒͟ ͍͙͍͊͗͜͡ ͼ͜͡Έ͍͙͚ͦΣ 
͍͙͚ͣͫͭͦ͘͜ ͭ͊ ͨͪͦͼ͔ͫͯ͊͡Έ͙͚ͤ ͔͙͊ͫͨͭ͟Σ ͭͦ ͒͡Ύ ͔ͭͻ͎ͤͦͦ͜͡͝ ͪ͊͟΅͔ ͨͪͦͼ͔ͫͯ͊͡Έͤ͊ ͫͭͦͪͦͤ͊ ͍ͤ͊;͊ͤͤΎΣ ͚͎ͦͦ ͔ͭ͊ͨͤͫͭ͜ΈΣ 
͔ͤͫͭͪͯͣͤͭ͊͜͡Έͤͫͭ͜ΈΣ ͫͨͦͫ͋͜ ͔͙ͦͤͪͭ͊͘͟͟ͼ͜͝ ͼ͔͚͜͡Σ ͙ͨͭ͊ͤͤΎ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͨͪͦͼ͔ͫͦͣΦ ˸͔͙ͭͦ͒͊͟ ͍͟͡Ό;͊Ί ͍ ͔͔ͫ͋ 
͙ͨͭ͊ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͙͙ͨͦͭ͜͟͡Σ ͍ ͭͦͣͯ ;͙ͫ͜͡ ͜ ͍͙͋ͪ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͒͡Ύ ͒ͦͫΎ͎͔ͤͤͤΎ ͼ͙ͻ ͙ͨͦͭ͜͡;͙ͤͻ ό͍ ͍ͦͫͭͤ͜Έͦͣͯ ͔ͫͤͫ͜ύ 
ͼ͔͚͜͡Σ ͍͙Ύ͍͡ΎΊ ͙͔ͪͭͪ͟͜͝ ͍͊ͫͭͦͫͦͤͦͫͭ͘͜ ͭ͜Ί͝ ;͙ ͤ͜΄ͦ͝ ͔ͭͻ͎ͤͦͦ͜͡͝Φ  ˽ͦͤΎͭͭΎ ζ͔ͭͻ͎ͤͦͦ͜͡Ύη ͙͙ͨͪͣ͊͟Ί ͭ͊ͦ͗͟ ͜ ͒ͦ 
ͨͦͤΎͭͭΎ ζ͙͙͒͒͊ͭ͊͟͟ηΦ ͙́ͪ͊͒ͼ͚ͤͦ͜ ζ͙͙͒͒͊ͭ͊͟͟ ͍͙ͫͭ͊ͭΈ ͍ͫͦΊΌ ͍ͦͫͤͦͤͦΌ ͔ͣͭͦΌ ͍͔ͫͭͦͪͤͤΎ ͔ͭͦͪ͜͝ ͍ͤ͊;͊ͤͤΎΣ 
ͫͨͪΎ͍ͣͦ͊ͤͦ͝ ͤ͊ ͪͦͪͦ͋ͯ͘͟ ͔͙ͣͭͦ͒;͙ͤͻ ͙͚͍ͨͪͦͣ͜Σ ͊ ͭ͊ͦ͗͟ ͎ͦͪ͊ͤ͊͘͜ͼ͚͙ͤ͜ͻ ͺͦͪͣ ͜ ͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎΣ Ύ͟͜ 
͙ͦͨͭͣͯ͘͜ΌͭΈ ͨͪͦͼ͔ͫ ͍͊ͫͦ͘ΊͤͤΎ ͯ;ͤΎ͙ͣ ͤ͊ͤ͘ΈΣ ͯͣͤ͜ΈΣ ͍͙ͤ͊;ͦ͟ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜η ώммϐΦ  

˻͙͒ͤͣ ͘ ͔ͪ͊͡Έ͙ͤͻ ΄͡Ύͻ͍͜ ͍͙ͨ͒͜΅͔ͤͤΎ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΣ ͍͙ͨ͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜Σ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͍ͤ͊;͊͡Έͤͦ-ͨͤ͘͜ ͍͊͊͡Έͤͦ͝ ͜ ͍ͤ͊ͯͦͦ͟-͒ͦͫ͒ͤͦ͜͡͝ ͒͜Ύ͡Έͤͦͫͭ͜ 
͔͍ͫͭͯ͒ͤͭ͜ ͍͙΅͎ͦͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͊͊͒ͯ͘͟͡Σ ͙ͪͦͪͭͭ͘͟Ύ ͝ͻͤΈ͎ͦͦ ͍ͭͦͪ;͎ͦͦ ͔ͨͦͭͤͼ͊ͯ͜͡Σ ͋͘͜͡Έ΄͔ͤͤΎ ͪͦ͜͡ ͚ͫ͊ͣͦͫͭͤͦ͜͝ 
ͭ͊ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ ͙ͪͦ͋ͦͭΣ ͤ͊ ͒ͯͣͯ͟ ˸Φ˱Φ ˬ͊͒͊͊͟͡Σ Ί ζ͍͔ͫͭͦͪͤͤΎ ͜ ΄͙͔ͪͦ͟ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ ͍ͨͦͫΎ͔͒ͤͤͯ͟ 
͔͎͎ͨ͒͊ͦ͜;ͤͯ ͨ ͙ͪ͊ͭͯ͟͟ ͍͙ͤͦͻ ͔͙ͣͭͦ͒;͙ͤͻ ͙͔ͫͫͭͣ ͍ͤ͊;͊ͤͤΎ ͤ͊ ͙ͨͪͤͼ͙ͨ͊ͻ ͍͎ͨͦͫͭͯͨͦͦͦ ͜ ͔͎͙ͤ͊ͤͭ͊ͦͤͫͭ͜;͎ͤͦͦΣ ͔͋͘ 
͚͍͙ͪͯͤͤ͜ͻ ͔͔͍ͨͪ͋ͯ͒ͦ ͜ ͔ͪͺͦͪͣΣ ͍͍͍͋ͯ͒ͦͯ͊ͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ ͒͜Ό;͜ ͙͙͒͒͊ͭ͟;ͤ͜ 
͙͔͙ͫͫͭͣΣ ͎͚͎͊ͪͣͦͤͤͦͦ͜ ͨͦΊ͒ͤ͊ͤͤΎ ͙ͭͪ͊͒ͼ͚͙ͤ͜ͻ ͜ ͦͣͨ͟ΩΌ͔ͭͪͤͦ-ͦͪΊ͍͙ͤͭͦ͊ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͤ͊;͊ͤͤΎΣ ͔ͤ 
͔͔͊ͨͪ͘;͍ͯ͊ͤͤΎ ͜ ͍͙͒͒͊ͤͤ͜͟Ύ ͍͒ͦ͋ͯͭ͘͟͜ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙ͤ͊ͯ͟ ͙͎ͣͤͯͦͦ͡Σ ͊Σ ͍͙ͤ͊ͨ͊͟Σ ͝ͻ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͜ ͙͔ͨͦͫͤͤ͡ΎΣ 
͍ ͭͦͣͯ ;͙ͫ͜͡ ͜ ͊͘ ͪ͊ͻͯͤͦ͟ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͒ͦͫΎ͎͔ͤͤΈ ͯ ͍͙ͪͦͭͯ͘͟ ͦͣͨ͟ΩΌ͔ͭͪͤͦ͝ ͔ͭͻ͙ͤ͜͟ ͜ ͍͊ͫͦ͋͘͜ ͍͘ΩΎͯ͘͟η ώ12]. 

ˢΦ˸Φ ˹͍͍ͦͦ͜͟ ͨ͒͜ ͔͙ͣͭͦ͒;ͤͦΌ ͙͔ͫͫͭͣͦΌ ͍ͤ͊;͊ͤͤΎ ͪͦͯͣ͘͜Ί ζ͎͊͊͘͡Έͤͯ ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜Έ ͍ͤ͊;͊ͤͤΎη ώмоϐΦ 
̒͟΅ͦΣ ͙ͤ͊ͨͪ͊͒͟͡Σ ͔ͣͭͦΌ ͍ͤ͊;͊ͤͤΎ Ί ͍͊ͫͦ͘ΊͤͤΎ ͺ͍͊ͭ͟͜ ͊͋ͦ ͙ͦͨͫ Ύ͍͙΅Σ ͭͦ ͍͙ͨͪͦ͒ͤͣ͜ ͙ͨͫͻ͎ͦͦ͜͡;͙ͤͣ 
͔ͣͻ͊ͤͣͦͣ͘͜ ͔͋ͯ͒ ͊ͫͦͼ͊͜ͼ͜ΎΣ ͊ ͍͙͙ͦͫͤͦͤͣ ͍͙͙͒͊ͣ ͒͜Ύ͡Έͤͦͫͭ͜ - ͙͚ͫͨͪͤΎͭͭΎΣ ͙͔ͦͫͣͫͤͤ͡ΎΣ ͊ͨ͊ͣ͘ϥΎ͍͍ͭͦͯ͊ͤͤΎ ͜ 
͍͍͔͒ͭͦͪͤͤ͜ΎΦ ˤ͍͙͙͒ͨͦ͒ͤͣ͜͜ ͔͙ͣͭͦ͒͊ͣ ͍ͤ͊;͊ͤͤΎ ͍͙ͫͭͯͨ͊ΌͭΈ ͍͙͊͒͟͡Σ ;͙ͭ͊ͤͤΎΣ ͍͍͒ͭͦͪ͜Ό͍͊͡Έͤ͊ ͔͋ͫ͒͊͜Σ 
͔͔͎ͨͪ͡Ύ͒ ͜͡Όͫͭͪ͊ͼ͚͜Φ ̂ ͫͯͯͨͤͦͫͭ͟͜ ͍͙ͻ͙ͦ͒ͭΈ ͔͙ͣͭͦ͒;ͤ͊ ͙͔ͫͫͭͣ͊ ͨͦΎͫͤΌ͍͊͡Έͤͦ-͜͡Ό͙͍͎ͫͭͪ͊ͭͤͦͦΣ 
͍͍͒ͭͦͪ͜Ό͍͊͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎΦ ̒͟΅ͦ ͍ͨͪͦ͒ͤͦ͜Ό ͔ͣͭͦΌ ͍ͤ͊;͊ͤͤΎ ͍͙ͤ͊͘;͔ͤͦ ͍͙ͪͦͭͦ͘͟ ͍ͭͦͪ;ͦͫͭ͜Σ ͚ͫ͊ͣͦͫͭͤͦͫͭ͜͜ 
͍͙ ͻ͍ͦ͊ͤͼΎΣ ͭͦ ͍͙͙ͦͫͤͦͤͣ ͙ͨͫͻ͎ͦͦ͜͡;͙͙ͤͣ ͔ͣͻ͙͊ͤͣ͊ͣ͘͜ ͍ͤ͊;͊ͤͤΎ ͫͭ͊ΌͭΈ ͔ͣͻ͙͊ͤͣ͘͜ ͍ͭͦͪ;ͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ 
ό͔͔ͨͪ͒͋͊;͔ͤͤΎΣ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘ΎΣ ͍͙͍ͫͯ͊ͤͤΎ ͭ͊ ͔͔͍ͨͪͪ͊͜͟ ͎͔ͨͦͭ͘͜Σ ͔͔ͨͪ͋ͪ͜ ͊͡Έ͔͙͍ͭͪͤ͊ͭΣ ͯΎ͍͔ͤ ͔ͣͦ͒͡Ό͍͊ͤͤΎ, 
͙͍͔ͤͭͯͭͤ͜͝ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ ͭ͊ ͤ͜Φύ ˭͙͊ͫͦ͋͊ͣ ͎ͭ͊ͦͦ͟ ͍ͤ͊;͊ͤͤΎ ͫͯ͗͊ͭ͡Έ ͍͙͍ͫͯ͊ͤͤΎ ͜ ͊ͤ͊͘͜͡ ͔ͨͪͦ͋ͣ͡Σ ͊ͤ͊͘͜͡ 
͔͙ͤͫͭ͊ͤ͒͊ͪͭͤͻ ͍͊͒͊ͤ͘Έ ͜ ͙ͫͭͯ͊ͼ͚͜Σ ͍ͭͦͪ;͊ ͙͒ͫͯͫ͟͜Ύ ͜ ͭΦͨΦ ˤ͙͙ͤ͊͟Ί ͍ͦͫͣ͘͜ ͤ͜΄͊ ͙͔ͫͫͭͣ͊ ς ͔͙ͣͭͦ͒;ͤ͊ ͙͔ͫͫͭͣ͊ 
͔͎ͨͪͦ͋ͣͤͦͦ͡Σ ͨͦ΄͍͎ͯͦͦͦ͟ ͍ͤ͊;͊ͤͤΎΦ ̂ ͚͒͊ͤ͜ ͔͙ͣͭͦ͒;͚ͤ͜ ͙͔ͫͫͭͣ͜ ͔͙ͣͭͦ͒ ͍͙ͫͭͯͨ͊ΌͭΈ ͙ͫͨͦͫͦ͋͊ͣ ͔ͪ͊͊͘͜͡ͼ͜͝ 
ͼ͔͚͜͡ ͜ ͣͫͭͯ͘͜Σ ͍͔ͭͤͤ͜͡Ύͣ ͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ ͣ ͔ͻ͍͊ͤͣ͘͜͜ ͤ ͍͊;͊ͤͤΎ ͭ͊ ͍ͤ͊;͊ͤͤΎΦ ˽͔͔͍͎ͪ͊͊ ͦ ͪ͜Ίͤͭ͊ͼ͜͝ ͤ͊ ͼΌ ͔͙ͣͭͦ͒;ͤͯ 
͙͔ͫͫͭͣͯ ͍ ͭͦͣͯΣ ΅ͦ ͍͙͍͒ͪ͊͜͟ΊͭΈͫΎ ͙͍ͣͦ͗ͫͭ͜͡Έ ͙͙ͫͨͪͦͫͭͭ ͨͪͦͼ͔͒ͯͪͯ ͍͙͋ͦͪͯ ͔͙ͦͤͪͭͤ͟͟ͻ ͔͍ͣͭͦ͒͜ ͜ ͙͙ͪͦ͋ͭ͘ ͝͝ 
͋͜͡Έ΄ ͼͫͤͦ͜͜͡ΌΣ ͎͚͊ͪͣͦͤͤͦ͜Ό ώоϐΦ 

˸͔͙ͭͦ͒;ͤ͊ ͙͔ͫͫͭͣ͊ ͍ͤ͊;͊ͤͤΎ ͔͙͚ͭͤͦ͒͊ͤͯ͘ ό͍͊ͭͦͪ ˢΦˢΦ ˾͔ͯ͒ͤ;͔ͤͦ͟ύ ͍ͫͭͦͪΌ͍͊͊ͫ͡Ύ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ 
͔͔͙ͭͦͪͭͦ͟-͔͎ͣͭͦ͒ͦͦ͜͡;͙ͤͻ ͊ͫ͊͒͘ ͻͯ͒ͦ͗ͤΈͦ-͔ͨͪͦͭͤͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ς ͫ ͯͯͨͤͦͫͭ͟͜ ͙ͨͪͤͼ͙͍ͨ͜ ͜ ͔͍ͣͭͦ͒͜ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͔͎͊ͭͦͪ͊͟͜͡Έͤͦ-ͨͦͤΎ͚͎ͭͤͦͦ͜ ͊ͨ͊ͪ͊ͭͯΣ ΅ͦ ͙ͦͨͫͯΊ ͍͊͘Ίͣͦ͒͜Ό ͫͯ͋ΩΊͭ͊͟ ͚ ͦ͋ΩΊͭ͊͟ ͻͯ͒ͦ͗ͤΈ͎ͦͦ ͔͍ͨͪͦͭͯ͊ͤͤ͟ΎΣ 
͔͔ͨͪ͒͋͊;͊Ί ͍͙ͪͦͭͦ͘͟ ͍ͤ͊;͊͡Έͤͦ͝ ͜ ͍ͭͦͪ;ͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜ ͍͒͜ ͙ͤ͗;͙ͻ ͺͦͪͣ ό͍ͦͦͦ͒ͤͤ͜͡Ύ ͙͔ͫͫͭͣͦΌ ͤ͊ͤ͘Έ 
͚ ͯͣͤ͜Έ ͘͜ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͻͯ͒ͦ͗ͤΈͦ-͔͙ͨͪͦͭͤ͟ͻ ͍͊͒͊ͤ͘Έ ͔͙͍͎ͪͨͪͦ͒ͯͭͤͦͦ͟ ͻ͔͊ͪ͊ͭͪͯ͟ύ ͒ͦ ͍͙΅͙ͻ όͯͣͤͤ͜Ύ 
͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͤ͊͋ͯͭ͜ ͤ͊ͤͤ͘Ύ ͍ ͍͙ͤͦͻ ͍ͯͣͦ͊ͻ ͙ͨͪ ͚͔͒ͫͤͤͤ͘͜͜ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͻͯ͒ͦ͗ͤΈ͎ͦͦ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύύ ώмтΣ ͫΦму-
19]. 

̂ ͙ͨͪ͊ͭ͟ͼ͜ ͍ͤ͊;͊ͤͤΎ ͣ͊ΌͭΈ ͣͫ͜ͼ͔ ͍ͫ͜ ͔͙ͣͭͦ͒ ͜ ͔͙ͣͭͦ͒;ͤ͜ ͙͔͙ͫͫͭͣΣ Ύ͟͜ ͫͭͦͫͯΌͭΈͫΎ ͯͫ͜ͻ ͔͋͘ ͍͙ͤΎͭͯ͟ 
͙ͫͭͦͪ͜;͙ͤͻ ͭ ͙͍ͨ͜ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜͝ ͯ͟͡Έ͙ͭͯͪΦ ̂ ͚ͭͦ ͔͗ ;͊ͫΣ ζ͎͊͊͘͡ΈͤͦΌ ͔͔ͭͤ͒ͤͼ͜ΊΌ ͍  ͍͙͙ͦͪͫͭ͊ͤͤ͟͜ ͍ͫ͜Ί͝ ͫͯͯͨͤͦͫͭ͟͜ 
͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎ Ί ͔ͭΣ ΅ͦ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔͍ͣͭͦ͒͜ ͜ ͔͙ͣͭͦ͒;͙ͤͻ ͙͔ͫͫͭͣΣ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͋͜͡Έ΄ ͪ͊ͤͤͣ͜ ͙͙ͭͨ͊ͣ 
͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜͝ ͯ͟͡Έ͙ͭͯͪ ό͔͙͍͔ͪͨͪͦ͒ͯͭͤ͟Σ ͎͙͒ͦͣ͊ͭ;͔ͤ ͍ͤ͊;͊ͤͤΎ ͜ ͭΦ͒ΦύΣ ͣ͘͜΅ͯΊͭΈͫΎ ͤ͊ ͍͔ͫ ͋͜͡Έ΄ ͪ͊ͤͤ͜ ͙ͪͦ͟ 
͍ͤ͊;͊ͤͤΎΣ ͨͦͫͭͯͨ͊Ό;͙ͫΈ ͣͫ͜ͼ͔ͣ ͔ͣͭͦ͒͊ͣ ͜ ͔͙ͣͭͦ͒;͙ͤͣ ͙͔ͫͫͭͣ͊ͣΣ ͍͍͙͒ͨͦ͒ͤͣ͜͜ ͋͜͡Έ΄ ͨͤͣ͘͜͜ ͙͙ͭͨ͊ͣ 
͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜͝ ͯ͟͡Έ͙ͭͯͪη ώмрϐΦ  

˱ͤ΄͊ ͔͔ͭͤ͒ͤͼ͜Ύ ͨͦ͡Ύ͎͊Ί ͍ ͭͦͣͯΣ ΅ͦ ͘ ζ͍͙ͪͦͭͦͣ͘͟ ͫͯ;͙͊ͫͤͻ ͔͙ͣͭͦ͒;͙ͤͻ ͙͔ͫͫͭͣ ς ͘ ͎ͦ͒ͤͦͦ ͋ͦͯ͟Σ ͘ 
͍͙ͨͦͫͭͯͨͦͣ ͙͔ͨͦͫͤͤ͡Ύͣ ͪͦ͜͡ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͍ͤ͊;͊͡Έͤͦ͝ ͙ͪͦ͋ͦͭ ς ͘ ͤ͜΄͎ͦͦ ͋ͦͯ͟Σ ͜ ͙ͫͭͪͣͣ͜͟ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ύͣ 
͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎΣ ͔ͦͪͣ͊͘͟Σ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͙͔ͫͫͭͣ ς ͘ ͔ͭͪͭΈͦ͝ ͙ͫͭͦͪͦͤΣ ͒͜Ύ͡Έͤͫͭ͜Έ ͔͎͎ͨ͒͊ͦ͊ ͍ͫ͜ ͋͜͡Έ΄͔ ͔͋ͯ͒ 
ͣ͘͜΅͍͙ͯ͊ͭͫΎ ͍͒͜ ͺͯͤ͟ͼ͚͜ ͔͔͍ͨͪ͒͊͊;͊ ͤ͊ͤ͘Έ ͒ͦ ͺͯͤ͟ͼ͚͜ ͍͙ͪͦͭͯ͘͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͨ͒ͦͨ͜͜;͙ͤͻΣ ͝ͻ ͙͎ͦͫͦ͋ͫͭͫͤͦͦ͜ 
͍͙ͫ͊ͣͦͤ͊͘;͔ͤͤΎΣ ͔ͨͦͪͦ͒͗ͤͤΎ ͝ͻ ͙ͦͫͦ͋ ͙ͫͭͫͤ͜ͻ ͙͍ͫͣͫ͜͡Φ ˢ ͭͦͣͯΣ ͍͔ͫ ͋͜͡Έ΄͜ ͍͙͎͙ͣͦ ͋ͯ͒ͯͭΈ ͔ͨͪ͒ϥΎ͍͡Ύ͙ͭͫΎ ͒ͦ 
͙͙ͦͫͦ͋ͫͭͫͤ͜ͻ Ύ͔͚ͦͫͭ͟ ͔͎͎ͨ͒͊ͦ͊η ώмоϐΦ  

˻͒ͤ͜ΊΌ ͘͜ ͍͙ͫ͊͒ͦ͟͡ͻ ͔͙ͣͭͦ͒;ͤͦ͝ ͙͔͙ͫͫͭͣ Ί ͣ ͔͙ͭͦ͒ ͍ͤ͊;͊ͤͤΎΣ Ύ͟ ͼ͔ ͋ͯͦ͡ ͊ͤ͊͘͘;͔ͤͦ ͍͙΅͔Φ ˹͔ͦͣͤ͊ͭͯͪ͊͟͡ 
͜ ͙͊ͫ͟͡ͺ͊͜͟ͼ͜Ύ ͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͍͔͙ͦ͟͡Ό ͪͤͦͣ͊ͤͭͤͫͭ͘͜͜͜Ό ͔͊͗ͤͦ͘͡ ͍͒͜ ͎ͭͦͦΣ Ύ͔͟ ͍ͦͫͤͦ͊ 
͍͙͙͋ͪ͊ΊͭΈͫΎ ͒͡Ύ ͝ͻ ͙ͪͦͪͦ͋͘͟Φ ˭ ͫ͊ͣͦ͝ ͫͯͭ͜ ͔͍ͣͭͦ͒͜ ͫ͒ͯ͜͡ΊΣ ΅ͦ ͍͙ͦͤ ͍͙ͨͦͤͤ͜ ͍͍͙͒ͨͦ͒͊ͭ͜͜ ͤ͊ ͙͊ͨͭ͊ͤͤ͘Ύ ζΎ͟Κη ˱ 
͍͙ͨͦ͊ͯ͊ͭ͘͟Σ Ύ͟ ͒͜Ί ͔͎͎ͨ͒͊ͦ ͜ Ύ͟ ͒͜Ί ͍͙ͻ͍͔ͦ͊ͤͼΈ ώмпΣ ŎΦ нлуϐΦ  

http://ua-referat.com/%D0%92%D1%96%D0%B4%D0%BF%D0%BE%D0%B2%D1%96%D0%B4%D1%8C
http://ua-referat.com/%D0%9F%D1%80%D0%BE%D1%86%D0%B5%D1%81
http://ua-referat.com/%D0%A3%D0%BF%D1%80%D0%B0%D0%B2%D0%BB%D1%96%D0%BD%D0%BD%D1%8F
http://ua-referat.com/%D0%92%D0%B8%D0%B1%D1%96%D1%80
http://ua-referat.com/%D0%9F%D0%BE%D0%BD%D1%8F%D1%82%D1%82%D1%8F
http://ua-referat.com/%D0%9E%D1%80%D0%B3%D0%B0%D0%BD%D1%96%D0%B7%D0%B0%D1%86%D1%96%D1%8F
http://ua-referat.com/%D0%9F%D1%80%D0%BE%D1%86%D0%B5%D1%81
http://ua-referat.com/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%D1%87%D0%BA%D0%B0
http://ua-referat.com/%D0%9E%D0%BF%D0%B8%D1%81
http://ua-referat.com/%D0%9F%D1%81%D0%B8%D1%85%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%8F
http://ua-referat.com/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D1%96%D0%B7%D0%BC%D1%96
http://ua-referat.com/%D0%92%D1%96%D0%B4%D0%BF%D0%BE%D0%B2%D1%96%D0%B4%D1%8C
http://ua-referat.com/%D0%A7%D0%B8%D1%82%D0%B0%D0%BD%D0%BD%D1%8F
http://ua-referat.com/%D0%A0%D0%BE%D0%B7%D0%B2%D0%B8%D1%82%D0%BE%D0%BA
http://ua-referat.com/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D1%96%D0%B7%D0%BC%D1%96
http://ua-referat.com/%D0%9F%D1%80%D0%BE%D0%B3%D0%BD%D0%BE%D0%B7%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
http://ua-referat.com/%D0%9C%D0%BE%D0%B4%D0%B5%D0%BB%D1%8E%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
http://ua-referat.com/%D0%94%D0%B8%D1%81%D0%BA%D1%83%D1%81%D1%8B
http://ua-referat.com/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%D1%87%D0%BA%D0%B0
http://ua-referat.com/%D0%9F%D1%81%D0%B8%D1%85%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%8F
http://ua-referat.com/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D1%96%D0%B7%D0%BC%D1%96
http://ua-referat.com/%D0%9F%D0%B5%D1%80%D0%B5%D0%B2%D0%B0%D0%BB
http://ua-referat.com/%D0%86%D1%81%D1%82%D0%BE%D1%80%D0%B8%D1%87%D0%BA%D0%B0
http://ua-referat.com/%D0%A2%D0%B5%D0%BD%D0%B4%D0%B5%D0%BD%D1%86%D1%96%D1%97
http://ua-referat.com/%D0%92%D1%96%D0%B4%D0%BF%D0%BE%D0%B2%D1%96%D0%B4%D1%8C
http://ua-referat.com/%D0%9A%D1%83%D0%BB%D1%8C%D1%82%D1%83%D1%80%D0%B0
http://ua-referat.com/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%D1%87%D0%BA%D0%B0
http://ua-referat.com/%D0%92%D1%96%D0%B4%D0%BF%D0%BE%D0%B2%D1%96%D0%B4%D1%8C
http://ua-referat.com/%D0%9E%D1%81%D0%BE%D0%B1%D0%B8%D1%81%D1%82%D1%96%D1%81%D1%82%D1%8C
http://ua-referat.com/%D0%9E%D1%81%D0%BE%D0%B1%D0%B8%D1%81%D1%82%D1%96%D1%81%D1%82%D1%8C
http://ua-referat.com/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4%D0%B8_%D0%BD%D0%B0%D0%B2%D1%87%D0%B0%D0%BD%D0%BD%D1%8F
http://ua-referat.com/%D0%92%D1%96%D0%B4%D0%BF%D0%BE%D0%B2%D1%96%D0%B4%D1%8C
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˭ ͍͙ͪͦͭͦͣ͘͟ ͔͚͒͜ ͎͍͎ͨͪͦͪ͊ͣͦ͊ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͘ϥΎ͍͙͊ͫ͡Ύ ͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͔ͭͻ͎ͤͦͦ͜͡Ύ ς ͙͚ͭ͊͟ ͎ͨͦ͡Ύ͒ 
ͤ ͊ͨͪͦͼ͔ͫ ͍ͤ͊;͊ͤͤΎΣ ͎͒ͤͦ͘͜ ͘ Ύ͙ͣ͟ ͍ͤ͊;͊ͤͤΎ ͣ͊Ί ͙͋ͯͭ ͙ͣ͊ͫͣ͊͟͡Έͤͦ ͔͍͙ͪͦ͊ͤͣ͟ ͨͪͦͼ͔ͫͦͣΣ ͤ͊ ͍͒ͣͤͯ͜͜ ͍͒͜ 
͙ͭͪ͊͒ͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͘ ͔ͤ ͎ͫͭͪͦͦ ͍͙ͤ͊͘;͔͙ͤͣ ͜ ͫͨͪΎ͍͙ͣͦ͊ͤͣ ͍͙͍ͨͦͣ͡ ͤ͊ ͔ͫͭͯ͒ͤͭ͊Φ ˽͔͔ͪ͒ͫͭͦͪ͜͜Ύ ͔ͭͻ͎ͤͦͦ͜͡͝ 
͍ͤ͊;͊ͤͤΎ ͨͦ;͙ͤ͊ΊͭΈͫΎ ͯ ͔ͨͪ΄͚͜ ͍͙ͨͦͦͤ͜͡ ·· ͫͭΦ ͘ ͨͦΎ͍ͦΌ ͔ͭͻͤ͜;͎ͤͦͦ ͙ͨͪͫͭͪͦΌ ͒͡Ύ ͔͔͍͙ͨͪͪ͜͟ ͤ͊ͤ͘ΈΦ ͔̇ 
͙ͦͭͪͣ͊ͦ͡ ͍͙ͪͦͭͦ͘͟ ͍ ͤ͊ͨͪΎͣͯ͟ ͪͦͪͦ͋ͦ͘͟ ͔ͭͻͤ͜;͙ͤͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ ό́˭˹ύ ͍ ͍ͦͫͭ͜͜Φ ˨͔Ύ͙͚͟ ;͊ͫ ͔ͭͻ͎ͤͦͦ͜͡Ύ 
͍ͤ͊;͊ͤͤΎ ͪͦͯͣ͊ͫ͘͜͡Ύ Ύ͟ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔ͭͻ͙ͤ͜͟ ͍ ͍ͤ͊;͊ͤͤ͜Σ ΅ͦ ͒͊ͦ͡ ͙͍ͨͪ͒͜ ͎͍͙͙ͦͦͪͭ ͨͪͦ ζ͙͍ͨͪͦͣͫͦͯ͡ 
͔͍ͪͦ͡Όͼ͜Όη ͍ ͍ͦͫͭ͜͜Φ ˽͙ͪ ͼΈͦͣͯ ͍;͔ͤ͜ ͍͍͊͗͊ΌͭΈΣ ΅ͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔ͭͻ͙ͤ͜͟ ͙ͤͦͫͭΈ ͙ͨͦ͟ ͋͜͡Έ΄ͦΌ ;͙͊ͫͭͤͦΌ 
͙͚͒ͦͨͦͣ͗ͤ͜ ͻ͔͊ͪ͊ͭͪ͟ ͨͦ͒͊;͜ ͤ͜ͺͦͪͣ͊ͼ͜͝Φ ˢ͔͡ ͙͍͊ͭͤͦ͟ ͍͙͍ͪͦ͊͘ΊͭΈͫΎ ͍͟͡Ό;͔ͤͤΎ ͔ͭͻ͙ͤ͜͟ ͍ ͍ͤ͊;͊͡Έ͙͚ͤ 
ͨͪͦͼ͔ͫ ͤ͊ ͔͙ͦͪͣ͟ͻ ͔ͭ͊ͨ͊ͻΦ ˹͊͒͊͜͡ ͍;͔ͤ͜ ͎ͨͪͦͤͦͯ͘ΌͭΈ ͔͔͔ͤ͊͗ͤ͘͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍͙͍͙͊ͭͦͣ͊ͭͦ͊ͤ͘ͻ ͍ͤ͊;͊͡Έ͙ͤͻ 
͙͔ͫͫͭͣ ͔͋͘ ͍͙͊͒͊͟͡;͊ ͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͊͊͒ͯ͘͟͡Φ ˽ͦ΄͙ͯ͟ ͍;͔͙ͤͻ ͍͘Ύ͙͡ ͤ͜΄͙͚ ͤ͊ͨͪΎͣͦ͟Υ ͔ͤ ͔ͭͻͤ͊͜͟ ͜ ͔ͭͻͤ͊͘͜ͼ͜ΎΣ ͊ 
͔ͭͻ͎ͤͦͦ͜͡Ύ ͜ ͔ͭͻ͎ͤͦͦ͊͘͜͡ͼ͜Ύ ͍ͤ͊;͊ͤͤΎΦ ˻͍ͫͤͦͦΌ ͒͡Ύ ͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͪͦͯͣͤͤ͘͜Ύ ͍ͤ͊;͊ͤͤΎΣ ͪͣ͟͜ ͎͍͎ͨͪͦͪ͊ͣͦ͊ͤͦͦ 
͍ͤ͊;͊ͤͤΎΣ ͘ϥΎ͍͙͙ͫ͡Ύ ͤ͜ͺ͙ͦͪͣ͊ͭ͊͟, ͔͔͙͋ͪͤͭ͊͟͜͟ ͭ͊ ͙͔͙͚ͫͫͭͣͤ ͨ͒͜ͻ͒͜Φ ˽ͪͦͼ͔ͫ ͍ͤ͊;͊ͤͤΎ ͍ͫͭ͊ ͎ͪͦ͘͡Ύ͙͒͊ͭͫΎ 
΄͙ͪͦͦ͟Σ ͙͔ͫͫͭͣͤͦΥ ͊ͤ͊͘͜͡ ͜ ͪͦͪͦ͋͊͘͟ ͍ͫ͜ͻ ͔͍ͦͣͨͦͤͤͭ͟͜ ͍ͤ͊;͊͡Έͤͦ͝ ͙͔͙ͫͫͭͣΣ ͍͒͜ ͼ͔͚͜͡ ͒ͦ ͦͤͭͪͦ͟͡Ό ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜Φ 
˱ ͎͍ͦͦͤͦ͡Ό ͔͒͜ΊΌ ͫͭ͊͊͡ ͔͒͜Ύ ͍͍͒ͭͦͪ͜Ό͍͊ͤͦͫͭ͜ ͍ͤ͊;͊͡Έͤͦ͝ ͔ͭͻ͎ͤͦͦ͜͡͝ ώмрΣ ŎΦ мтф-180]. 

̂ ͺ͊ͻ͍͜ͼ͍͜ ͜ ͔͎͎͍ͨ͒͊ͦ͜ ͫ͊ͣ͊ ͔͒͜Ύ ͔ͭͻ͎ͤͦͦ͊͘͜͡ͼ͜͝ ͍ͤ͊;͊ͤͤΎ ͍͙͙͊͟͟͡Ί ͔ͤͦ͒ͤͦͤ͊͘;ͤ͜ ͔ͪ͊͟ͼ͜͝Φ ˾͍͙ͦͭͦ͘͟ 
͔ͭͻͤͦ ͎ͦ͜͡͝ ͍ͤ͊;͊ͤͤΎ ͨͦ͊ͯ͘͟ΊΣ ΅ͦ ͙͍͔ͣͦ͗͡ ͍͔ͫͭͦͪͤͤΎ ͍ͤ͊;͊͡Έͤͦ͝ ͙͔͙ͫͫͭͣΣ ͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͍ͤ͊;͊ͤͤΎ ͘ 
͔͔ͨͪ͒ͣͭ͊Σ Ύͦ͟Ό ͔ͣͦ͗ ͙͍͙ͦͪͫͭͯ͊ͭͫ͟Ύ ͍͙ͤ͊ͫͭ͊ͤ͟ ͜ ͙͍͙ͦͭͪͣͯ͊ͭ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͊͒͊ͤͦ͘͝ Ύͦͫͭ͟͜Φ ̅͊ͻ͍͜ͼ͜ ͘ ͔ͭͻ͎ͤͦͦ͜͡͝ 
ͪͦͪͦ͋͘͡ΎΌͭΈ ζ͔ͭͻ͎ͤͦͦ͜͡;ͤ͜ ͔͙ͨ͊ͭ͟ηΣ ͔͙ͨͪͦͭ͟ ͍ͤ͊;͊ͤͤΎΣ ͊ ͍͙͊͒͊͟͡;͜Σ ͨͪ͊ͼΌΌ;͙ ͊͘ ͙ͤͣΣ 
͍͙ͦͤͯ͟ΌͭΈ ͺͯͤ͟ͼ͜͝ ͦͤͫͯ͟͡Έ͍ͭ͊ͤͭ͜-͎͍ͦͪ͊ͤ͊ͭͦͪ͘͜͜Φ ˽͙ͭ͊ͤͤΎ ͨͪͦ ͍͍ͫͨ͒ͤͦ͜͜΄͔ͤͤΎ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͍ͭͦͪ;ͦͫͭ͜ ͜ 
͔ͣͻ͊ͤ͊͘͜ͼ͜͝ ͍ͤ͊;͊ͤͤΎ ͚͒ͫͤͦ͜ ͙͚ͫ͊͒ͤ͟͡Σ Ί ͊ͭͯ͊͟͡Έ͙ͤͣ ͜ ͨ͒͜͡Ύ͎͊Ί ͍͙ͪ͜΄͔ͤͤΌΦ ͔́ͻ͎ͤͦͦ͜͡Ύ ͍ͤ͊;͊ͤͤΎ 
(͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͔ͭͻ͎ͤͦͦ͜͡Ύύ ͪͦͯͣ͘͜ΊͭΈͫΎ Ύ͟ ͤ͊ͨͪΎͣ ͍ ͙͙͒͒͊ͭ͟ͼ͜Σ ͦ͋͊ͫͭ͡Έ ͍͙ͤ͊ͯͦ͟ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͘ ͍͙Ύ͍͔ͤͤ͡Ύ 
͙ͨͪͤͼ͙͍ͨ͜ ͜ ͪͦͪͦ͋͘ͼ͜ ͙ͦͨͭͣ͊͡Έ͙ͤͻ ͙͔ͫͫͭͣΣ ͘ ͦͤͫͭͪͯ͟Ό͍͊ͤͤΎ ͍͍͒ͭͦͪ͜Ό͍͙͊ͤͻ ͙͙͒͒͊ͭ͟;͙ͤͻ ͨͪͦͼ͔͍ͫ͜ ͘͜ 
͊͒͊͘͘ ͔͎͒͜͡Έ ͙͙͊͒͊ͤͣ͘ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͊ͣ͟͟Φ ˥͍ͦͦͤ͊͡ ͔ͨͪͦ͋ͣ͊͡Σ ΅ͦ ͨ͒͜͡Ύ͎͊Ί ͍͙ͪ͜΄͔ͤͤΌ ͊͘ ͎͒ͦͨͦͣͦͦΌ 
͔ͭͻ͎ͤͦͦ͜͡͝Σ ς ͟ ͔͍ͪͦ͊ͤͫͭ͜Έ ͨͪͦͼ͔ͫͦͣ ͍ͤ͊;͊ͤͤΎ ώмпΣ ŎΦ мумϐΦ  

͙́ͪ͊͒ͼ͚ͤ͜͜Σ ζ͔͔ͤͭͻ͎ͤͦͦ͜͡;ͤ͜η ͔͙͙ͣͭͦ͒͟ ͍ͤ͊;͊ͤͤΎ ͣ͊ΌͭΈ ͔ͤ͒ͦͦͣ͜͟͡ ͤ͊͘;ͤͯ ζ͙ͪͦͣͭͫͭ͘͜ΈηΣ 
͔͍͙ͤͤ͊͘;͔ͤͫͭ͜ΈΣ ͔ͤ;ͭͯ͜͟ ͼ͜͡Έ͍ͦͯ ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜Έ ͜ ͣ͊ͦ͡ ͔͍ͪͦ͊ͤ͟͜ ͨͪͦͼ͔͙͒ͯͪ ͍ͤ͊;͊ͤͤΎΣ ͫͯ͋ϥΊ͙͍ͭͤͯ͟ ͜ ͔͙ͨͦ͒͘͜;ͤͯ 
͔͔͍ͨͪͪͯ͜͟ ͍͊ͫͦ͘Ί͎ͤͦͦΦ ˣͯ͒Έ-Ύ͙͚͟ ͨͪͦͼ͔ͫ ͍ͤ͊;͊ͤͤΎ ͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ ͍ ͪ͊ͣ͊͟ͻ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ό͙͙͒͒͊ͭ͟;ͤͦ͝ύ ͙͔͙ͫͫͭͣΣ 
ͫͭͪͯͭͯͪ͊͟Σ ͫ͊͒͟͡ ͜ ͍͘ϥΎͦ͘͟ ͔͍ͦͣͨͦͤͤͭ͟͜ Ύͦ͟͝ ͍͙ͨͦͤͤ͜ ͍ͯͫ͒ͦͣ͜͡Ό͍͙͊ͭ ͍͙ͻ͍͔ͦ͊ͤͼΈ ͜ ͍͙ͤ͊ͫͭ͊ͤ͟Φ ˭͍͊͒͊ͤͤΎ 
͔ͭͻ͎ͤͦͦ͜͡͝ ͍ͤ͊;͊ͤͤΎ ͨͦ͡Ύ͎͊Ί ͯ ͍͙͍;͔ͤͤ͜ ͍ͫ͜ͻ ͔͔͔͍ͣͤͭ͜͡ ͍ͤ͊;͊͡Έͤͦ͝ ͙͔͙ͫͫͭͣ ͜ ͍ ͔͍ͨͪͦͭͯ͊ͤͤ͟͜ ͨͪͦͼ͔ͫͯ ͍ͤ͊;͊ͤͤΎΣ 
΅ͦ͋ ͍͊͒͘Ύ͙͟ ͼΈͦͣͯ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤ͊ ͪͦ͋ͦͭ͊ ͔͔͍͙ͨͪͭͦͪ͊ͫ͡Ύ ͘ ͍ͣ͊ͦͨͦͪ͡Ύ͍͒ͦ͊ͤͦ͟͝ ͫͯͯͨͤͦͫͭ͟͜ ͚͒͜ ͯ 
ͼ͔ͫͨͪ͜͡Ύ͍͙͚ͣͦ͊ͤ ͨͪͦͼ͔ͫ ώмрϐΦ 

ˤ͙͒͜͡ΎΌͭΈ ͔ͫͨͼ͙ͺ͜;ͤ͜ ͙͙ͪͫ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ͤ͊;͊ͤͤΎΥ ͎͙͒͊ͤͦͫͭ͜;ͤͦ ͍͔ͨͦͫͭ͊ͤ͜͡ ͼ͜͜͡Σ ͦͪ͜Ίͤͭ͊ͼ͜Ύ ͍ͫ͜ͻ 
͍ͤ͊;͊͡Έ͙ͤͻ ͨͪͦͼ͔͒ͯͪ ͤ͊ ͎͍͔͊ͪ͊ͤͭͦ͊ͤ ͒ͦͫΎ͎͔ͤͤͤΎ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͒͊ͤ͘ΈΣ ͚͙͚ͨͦͫͭͤ͜ ͍͙͚ͦͪͦͭͤ͘ ͍͘ϥΎͦ͘͟ όͨͦͭͦ;ͤ͊ 
͜ ͍ͨ͒ͫͯͣͦ͊͜͟ ͦͼͤ͊͜͟ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ύΣ ͍͍͒ͭͦͪ͜Ό͍͊ͤͫͭ͜Έ ͍ͫΈ͎ͦͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͼ͙ͯ͟͡Φ ̂ ͍͘ϥΎͯ͘͟ ͘ ͼ͙ͣ ͔ͭͻ͎ͤͦͦ͜͡Ύ 
͍ͤ͊;͊ͤͤΎ ͍͙͒͜͡ΎΊ ͍ͦͫͤͦͤ͜ ͔͙ͦͣͨͦͤͤͭ͟ ͔ͨͪͦͭͯ͟ ͍ͤ͊;͊ͤͤΎΣ ΅ͦ ͨ͒͜͡Ύ͎͊ΌͭΈ ͪͦͪͦ͋͘ͼ͜Υ ͨ ͍ͦͫͭ͊ͤͦ͊͟ ͼ͔͚͜͡ ͤ ͍͊;͊ͤͤΎΣ 
͎͍ͨ͒ͦͭͦ͊͜͟ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͍ͣ͊ͭͪ͊͜͜͡ ͜ ͪͦͪͦ͋͊͘͟ ͍ͤ͊;͊͡Έ͙ͤͻ ͨͪͦͼ͔͒ͯͪΤ ͪͦͪͦ͋͊͘͟ ͔͍ͣ͊ͭͪ͊͜͜͡ ͒͡Ύ ͨͦͭͦ;ͤͦ͝ ͜ 
͍ͨ͒ͫͯͣͦͦ͜͟͝ ͦͼ͙ͤ͜͟ ͭ͊ ͔ͦͪ͟͟ͼ͜͝ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍ͤ͊;͊ͤͤΎΦ ˤ͙ͤ͊͘;͊͡Έ͔ͤ ͤ͊͘;͔ͤͤΎ ͍ ͔ͭͻ͎ͤͦͦ͊͘͜͡ͼ͜͝ ͍ͤ͊;͊ͤͤΎ ͣ͊Ί 
͍ͨͦͫͭ͊ͤͦ͊͟ ͼ͔͚͜͡Φ ˨͎͙͊ͤͦͫͭ͜;ͤ͊ ͍ͨͦͫͭ͊ͤͦ͊͟ ͼ͔͚͜͡ ͍ͤ͊;͊ͤͤΎ ͍ ͔͚ͦͤͪͭͤ͟͟͜ ͍ͤ͊;͊͡Έ͚ͤ͜ ͙͒ͫͼ͙ͨͤ͜͜͡ ͨͦ͡Ύ͎͊Ί ͯ ͭͦͣͯΣ 
΅ͦ ͼ͜͜͡ ͍ͤ͊;͊ͤͤΎ ͺͦͪͣͯ͡ΌΌͭΈͫΎ ͍ ͭ ͔ͪͣͤ͊͜ͻ ͨ ͍͔͙ͦ͒ͤ͜͟Σ ΅ͦ ͙ͦͨͫͯΌͭΈ ͒͜͝Σ Ύ͟͜ ͙ͨͪ ͔͔͍ͨͪͪ͜ͼ͜ ͍͙͊͒͊͟͡;͊Σ ˩˻˸ ͊͋ͦ 
͔͔ͫͨͪͭ͊͟ ͣͦ͗ͤ͊ ͙ͪͦͯͣͭ͘͘͜ ͜ ͍͙ͣͪ͜Ύ͙ͭ ͍͔ͪͤ͜Έ ͝ͻ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜Φ 

̂ ͙ͭͪ͊͒ͼ͚ͤͦͣͯ͜ ͨ͒͜ͻͦ͒͜ ͍͙ͤ͊ͫͭ͊ͤ͟ ͍͙ͫͭ͊ͭΈ ͼ͜͜͡ ζ͔ͤ ͔ͤͫͭͪͯͣͤͭ͊͜͡ΈͤͦηΥ ͍͙͍;͙͙ͭ ͔͔ͭͦͪͣͯΣ ͚͙͙ͦͤ͊ͦͣͭ͘ ͘ 
͙ͨͪͤͼ͙ͨͦͣ ͒͜͝Σ ͙͒͊ͭ ͊ͤ͊͘͜͡Σ ͍͙ͪ͜΄͍͙ͯ͊ͭ ͍͊͒͊ͤͤ͘Ύ ς ͼ͜ ͼ͜͜͡ ͔ͤ ͙ͦͨͫͯΌͭΈ ͒͜͝ ͔ͫͭͯ͒ͤͭ͊Φ ͔́ͻ͎ͤͦͦ͜͡Ύ ͍͙ͻ͙ͦ͒ͭΈ ͘ ͎ͭͦͦΣ 
΅ͦ ͔ͣͭ͊ ͍ͤ͊;͊ͤͤΎ - ͘ ͣͤ͊͜ ͫ ͭ͊ͤͯ ͍ ͻ͙͍ͦ͊ͤͼΎΥ ͚͎ͦͦ ͤ͊ͤ͘ΈΣ ͒ͯͣͦ͟Σ ͨͦ;͍ͯͭͭ͜Σ ͍͔͙ͨͦ͒ͤ͜͟Φ ́ͦͣͯ ͎͊͊͘͡Έͤ͜ ͼ͜͜͡ ͍ͤ͊;͊ͤͤΎ 
͙ͨͪ ͪͦͪͦ͋͘ͼ͜ ͍ͤ͊;͊͡Έͤͦ͝ ͙͔͙ͫͫͭͣ ͨͦ ͔͔ͨͪ͒ͣͭͯ ͨ͒͜͡Ύ͎͊ΌͭΈ ͔͙ͦͤͪͭ͊͘͟͟ͼ͜͝Φ ˻͍ͫͤͦͦΌ ͭ͊ͦ͟͝ ͔͙ͦͤͪͭ͊͘͟͟ͼ͜͝ ͙ͫͯ͗ͭ͡Έ 
͍͒ͦͣ͊͜ ͭ͊ͫͦͤͦͣ͟͜Ύ ͼ͔͚͜͡ ˣΦ ˣͯͣ͊͡Φ ̂ ͚ͤ͜ ͨͦ͊͊ͤ͘͟͜ ͔͎͊ͭͦͪ͟͜͝ ͼ͔͚͜͡ ͭ͊ ͍ ͍͒ͨͦ͒ͤ͜͜͜ ͝ ͣ ͒͜͝Σ Ύ͟͜ ͣͦ͗ͤ͊ ͎͍͙͒͊ͤͦͫͭͯ͊ͭ͜ ς 
͍͙ͣͪ͜Ύ͙ͭΦ  s ͎ͤ͊ͦ͜͡;ͤͦ ͟ ͔͙͍ͦͤͪͭͦ͊ͤͦ͘͟ ͔͎͊ͭͦͪ͟͜͝ ͼ͔͚͜͡ ζ͍͊ͫͭͦͫͯ͊ͤͤ͘ΎηΣ ζ͊ͤ͊͘͜͡η ͜ ζ͙͔ͫͤͭ͘η ώмрϐΦ 

͔́ͻ͎ͤͦͦ͜͡Ύ ͍ͤ͊;͊ͤͤΎ ͦͪ͜ΊͤͭͯΊͭΈͫΎ ͤ͊ ͎͍͔͊ͪ͊ͤͭͦ͊ͤ ͒ͦͫΎ͎͔ͤͤͤΎ ͼ͔͚͜͡ ͜ ͔͒͜Ό ͍͎ͨͦͤͦͦ ͍͊ͫͦ͘ΊͤͤΎΦ 
˨ͦͫΎ͎͔ͤͤͤΎ ͼ͔͚͜͡ ͍ͤ͊;͊ͤͤΎ ͎͊ͪ͊ͤͭͯΊͭΈͫΎ ͪͦͪͦ͋ͦ͘͟Ό ͒͡Ύ ͍͙͊͒͊͟͡;͊ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͍ͣ͊ͭͪ͊͜͜͡ ͜ ͻ͔͊ͪ͊ͭͪͦͣ͟ 
͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΣ ͍ͤ͊;͊͡Έ͙ͤͻ ͨͪͦͼ͔͒ͯͪΦ ˽ͪͦͼ͔͙͒ͯͪ ͍͟͡Ό;͊ΌͭΈ ͍ ͔͔ͫ͋ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ͚͒͜Υ ͨͫ͜͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ 
͎͙͒͊ͤͦͫͭ͜;ͤͦ ͍͔͙ͨͦͫͭ͊ͤ͡ͻ ͼ͔͚͜͡ ͨͦ ͔͔ͨͪ͒ͣͭͯ ͔ͣ͊ͭͪ͊͜͡ ͙͍ͪͦ͋͊͘ΊͭΈͫΎ ͤ͊ ͺ͎͔͙ͪ͊ͣͤͭ ς ͍ͤ͊;͊͡Έͤ͜ ͔͔͔͙ͣͤͭ͡Σ ΅ͦ 
ͨ͒͜͡Ύ͎͊ΌͭΈ ͍͊ͫͦ͘ΊͤͤΌΤ ͨͦͭͣ͜ ͪͦͪͦ͋͘͡ΎΌͭΈͫΎ ͔͔͍ͨͪͪͦ͜;ͤ͜ ͙ͪͦ͋ͦͭ ͘ ͙ͪͦ͒͊ͣ͘͜͡ όͫͯͣ͜ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͔͔͍ͣͤͭ͜͡ύΤ 
͒͊͜͡ ͎͍ͦͪ͊ͤͦͯ͘͜ΊͭΈͫΎ ͍ͤ͊;͊ͤͤΎΣ ͔͔͍ͨͪͪ͊͜͟Σ ς ͨͦͭͦ;͙͚ͤ ͦͤͭͪͦ͟͡ΈΣ ͔͍ͦͪͭͯ͊ͤͤ͟͟Ύ ͜ ͍ͨͦͭͦͪͤ͊Σ ͔ͣͤͤ͊͘͜ 
ͦͨͪ͊ͼΌ͍͊ͤͤΎ ς ͍ͤ͊;͊ͤͤΎΦ ˱ ͭ͊͟ ͒ͦ ͍͎ͨͦͤͦͦ ͍͊ͫͦ͘ΊͤͤΎ ͙͊͒͊ͤ͘ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͔͔͍ͣͤͭ͜͡Φ ˱ͫͭͦͭͤͦΌ ͙ͪͫͦΌ 
͔ͭͻ͎ͤͦͦ͜͡͝ ͍ͤ͊;͊ͤͤΎ Ί ͭ͊ͦ͗͟ ͍͍͒ͭͦͪ͜Ό͍͊ͤͫͭ͜Έ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͼ͙ͯ͟͡Σ ͭͦ͋ͭͦ ͙͍ͣͦ͗ͫͭ͜͡Έ ͚͎ͦͦ ͍͔ͨͦͭͦͪͤͤΎ ͋ͯ͒Έ-
Ύ͙ͣ͟ ͍͙ͤ͊ͫͭ͊ͤͦͣ͟Φ ͙̇͟͡ ͍ͤ͊;͊ͤͤΎ ͙ͣͫͭͭ͜Έ ͤ͊ͫͭͯͨͤ͜ ͔͙ͣͦͣͤͭΥ ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͼ͔͚͜͡ ͍ͤ͊;͊ͤͤΎΤ ͔͔ͨͦͨͪ͒ͤΎ ͦͼͤ͊͜͟ 
͍ͪͤ͜Ύ ͍ͤ͊;͔ͤͦͫͭ͜Τ ͍ͤ͊;͊ͤͤΎΣ ͫͯͯͨͤͫͭ͟͜Έ ͍ͤ͊;͊͡Έ͙ͤͻ ͨͪͦͼ͔͒ͯͪ ͜ ͙͎͍ͦͪͯ͊ͤͤ͟Ύ ͎͒ͤͦ͘͜ ͘ ͔ͪͯ͘͡Έ͙ͭ͊ͭ͊ͣ ͍͎ͦͪͦͭͤͦͦ͘ 
͍͘ϥΎͯ͘͟Τ ͍ͨ͒ͫͯͣͦ͊͜͟ ͦͼͤ͊͜͟ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͜ ͍ͨͦͫͭ͊ͤͦ͊͟ ͍͙ͤͦͻ ͼ͔͚͜͡Φ ˹ ͍͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ ͤ ͍͊͋ͯ͊Ί ͍ ͼΈͦͣͯ ͍͙ͨ͊͒ͯ͟ 
ͣͦ͒ͯ͡Έ͙͚ͤ ͻ͔͊ͪ͊ͭͪ͟ ς ͫ ͊͒͊͟͡ΊͭΈͫΎ ͘ ͍͋ͦ͟͜͡Σ Ύ͟͜ ͍ͤ͊ͨͦͤΌΌͭΈͫΎ ͙ͪͤͣ͘͜ ͣͫͭͦͣ͘͜Φ  

˱͔͙ͤͭͤͫͺ͊͜͟ͼ͜Ύ ͍ͤ͊;͊ͤͤΎ ς ͼ͔ ͔͔ͨͪ͒͊;͊ ͋͜͡Έ΄͎ͦͦ ͦ͋ͫΎ͎ͯ ͍ͤ͊;͊͡Έͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͫ ͔͍ͭͯ͒ͤͭ͜ ͨ ͙ͪ ͔͚ͤͣͤͤ͘͜͜ 

http://ua-referat.com/%D0%9F%D0%B5%D0%B4%D0%B0%D0%B3%D0%BE%D0%B3%D1%96%D1%87%D0%BD%D0%B0_%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%8F
http://ua-referat.com/%D0%A2%D0%B0%D0%BA%D0%B8%D0%B9
http://ua-referat.com/%D0%9F%D1%80%D0%BE%D1%86%D0%B5%D1%81
http://ua-referat.com/%D0%9D%D0%B0%D0%B2%D1%87%D0%B0%D0%BB%D1%8C%D0%BD%D0%B8%D0%B9_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81
http://ua-referat.com/%D0%9D%D0%B0%D0%B2%D1%87%D0%B0%D0%BB%D1%8C%D0%BD%D0%B8%D0%B9_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81
http://ua-referat.com/%D1%82%D0%B5%D1%85%D0%BD%D1%96%D0%BA%D0%B0
http://ua-referat.com/%D0%86%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0
http://ua-referat.com/%D0%9A%D1%96%D0%B1%D0%B5%D1%80%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B0
http://ua-referat.com/%D0%9F%D1%80%D0%BE%D1%86%D0%B5%D1%81_%D0%BD%D0%B0%D0%B2%D1%87%D0%B0%D0%BD%D0%BD%D1%8F
http://ua-referat.com/%D0%A4%D1%83%D0%BD%D0%BA%D1%86%D1%96%D1%97
http://ua-referat.com/%D0%9F%D0%B5%D0%B4%D0%B0%D0%B3%D0%BE%D0%B3%D1%96%D0%BA%D0%B0
http://ua-referat.com/%D0%9A%D0%BE%D0%BD%D1%81%D1%82%D1%80%D1%83%D1%8E%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
http://ua-referat.com/%D0%9F%D1%80%D0%BE%D1%86%D0%B5%D1%81_%D0%BD%D0%B0%D0%B2%D1%87%D0%B0%D0%BD%D0%BD%D1%8F
http://ua-referat.com/%D0%A1%D0%BA%D0%BB%D0%B0%D0%B4
http://ua-referat.com/%D0%9F%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D0%BE%D0%B2%D0%BA%D0%B0_%D1%86%D1%96%D0%BB%D0%B5%D0%B9
http://ua-referat.com/%D0%9C%D0%B0%D1%82%D0%B5%D1%80%D1%96%D0%B0%D0%BB%D0%B8
http://ua-referat.com/%D0%A2%D0%B5%D1%80%D0%BC%D1%96%D0%BD%D0%B8
http://ua-referat.com/%D0%A1%D1%82%D0%B0%D0%BD%D1%83
http://ua-referat.com/%D0%92%D1%96%D0%B4%D0%BF%D0%BE%D0%B2%D1%96%D0%B4%D1%8C
http://ua-referat.com/%D0%90%D0%BD%D0%B0%D0%BB%D0%BE%D0%B3%D1%96%D1%8F_2
http://ua-referat.com/%D0%9D%D0%B0%D0%B2%D1%87%D0%B0%D0%BB%D1%8C%D0%BD%D0%B8%D0%B9_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81
http://ua-referat.com/%D0%A1%D1%82%D1%83%D0%B4%D0%B5%D0%BD%D1%82
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͙͍ͭͪ͊ͦͫͭ͜͡ ͍ͤ͊;͊ͤͤΎ ͔͋͘ ͙͔ͤ͗ͤͤ͘Ύ ͍͙͎ͣͦ ͒ͦ Ύͦͫͭ͟͜ ͤ͊ͤ͘ΈΦ ˨͡Ύ ͯͫͨ͜΄ͤͦ͝ ͔͙ͤͭͤͫ͜ͺ͊͜͟ͼ͜͝ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ 
ͫ͒͜͡ ͪͦͪͦ͋͘͡Ύ͙ͭ ͜ ͍͍͍͙ͨͪͦ͊͒͗ͯ͊ͭ ͍ͤ͊ͯͦͦ͟ ͍ͦ͋͐ͪͯͤͭͦ͊ͤ͜ ͔͙ͣͭͦ͒ ͔͍͙ͪͤ͟͜ͼ͍ͭ͊ ͍ͨͤ͊͊͘͜͡Έ͙ͤͣ ͨͪͦͼ͔ͫͦͣΣ ΅ͦ 
ͣͦ͋ͯ͘͜͜͡ΌͭΈ ͍ͭͦͪ;͙͚ ͔ͨͦͭͤͼ͊͜͡ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ˽͍͙͒͜΅͔ͤͤΎ ͔͍ͭͣͨ͜ ͍ͤ͊;͊ͤͤΎ ͔ͣͦ͗ ͙͋ͯͭ ͒ͦͫΎ͎ͤͯͭͦ ΄͡Ύͻͦͣ 
͍͔͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͣͫͭͯ͘͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͜ ͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎ ώ16, c.9]. ˨ͦ ͨͦͤΎͭͭΎ ζ͔͙ͤͭͤͫ͜ͺ͊͜͟ͼ͜Ύ 
͍ͤ͊;͊ͤͤΎη ͙͙ͨͪͣ͊͟Ί ͨͦͤΎͭͭΎ ζ͙͍͊ͭ͊͘͟͜ͼ͜Ύ ͍ͤ͊;͊ͤͤΎηΦ ˽͒͜ ͙͍͊ͭ͊͘͟͜ͼ͜ΊΌ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͪͦͯͣ͘͜ΊͭΈͫΎ 
ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤ͊ ͒͜Ύ͡Έͤͫͭ͜Έ ͍͙͊͒͊͟͡;͊Σ ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ ͪͦͪͦ͋ͯ͘͟ ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙ͭ͊͟ͻ ͺͦͪͣΣ ͣͫͭͯ͘͜Σ ͙͚͍ͨͪͦͣ͜ ͜ 
͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎΣ Ύ͟͜ ͙ͫͨͪΎΌͭΈ ͍͙ͨ͒͜΅͔ͤͤΌ ͔͔ͤͭͪͫͯ͜Σ ͚ͫ͊ͣͦͫͭͤͦͫͭ͜͜Σ ͍ͭͦͪ;ͦ͝ ͙͍͊ͭͤͦͫͭ͟͜ ͔ͫͭͯ͒ͤͭ͊ ͯ ͍͊ͫͦ͘Ίͤͤ͜ 
ͤ͊ͤ͘ΈΣ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͯͣͤ͜ΈΣ ͍͙ͤ͊;ͦ͟ ͯ ͝ͻ ͙ͨͪ͊ͭ͟;ͤͦͣͯ ͍͊ͫͭͦͫͯ͊ͤͤ͘͜Σ ͊ ͭ͊ͦ͗͟ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͔͚͒͋ͤͦͫͭ͘͜ ͎͍͙ͨͪͦͤͦͯ͊ͭ͘ 
͍͙͙ͪͦ͋ͤ;ͯ ͙ͫͭͯ͊ͼ͜Ό ͜ ͙͚͙ͨͪͣ͊ͭ ͚ͫ͊ͣͦͫͭͤ͜͜ ͪ͜΄͔ͤͤΎ ώмΣ ŎΦ пофϐΦ  

ˤ͙͍͙ͫͤͦ͟Φ ˭͎͊͊͡Έͤ͊ ͦͤ͟ͼ͔ͨͼ͜Ύ ͍ͤ͊;͊͡Έͤͦ-͔͙ͣͭͦ͒;ͤͦ͝ ͙͔͙ͫͫͭͣ ͍ͤ͊;͊ͤͤΎ ͔͙͚ͭͤͦ͒͊ͤͯ͘ ͙͊ͫͦ͋͊ͣ͘ 
ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͐ͪͯͤͭͯΊͭΈͫΎ ͤ͊ ͔͒͜Ύͻ ͙ͦͫͦ͋ͫͭͫͤͦ͜ ͦͪ͜Ί͍ͤͭͦ͊ͤͦ͝ ͍͙ͦͫͭ͜Σ ͔ͦͪͣ͊͘͟ Ύ͟ ͍ͤ͊;͙͊ͭ ͍ͫ͜ͻ ͨͦ-
ͪͤͦͣͯ͘͜ ό˻Φ ˤͦͤ͘Ό͟Σ ˻Φ ˨͔ͯ͋͊ͫͤΌ͟Σ ˿Φ ˿͙ͫͦΊ͍͊Σ ˢΦ ̅͊ͫͦ͡ΎΣ ˢΦ ̆ͯͭͦͪͫΈ͙͚͟Σ ˱Φ ͙̒ͣ͊ͤͫ͟Έ͊͟ ͭ͊ ͤ͜Φύ ώнΤ уΤ фΤ млϐΦ ˹͊ 
͍͒ͣͤͯ͜͜ ͍͒͜ ͨͦ΄͙͔ͪͤͦ͝ ͔͙͙ͣͭͦ͒͟ ͍ͤ͊;͊ͤͤΎ ό͍͍͒ͨͦ͒ͤͦ͜͜͝ ͙͊͒͊ͤͣ͘ ͯ ;͙͙ͤͤͻ ͎ͨͪͦͪ͊ͣ͊ͻ ͙͍͙͙ͤͦͪͣ͊ͭͤͣ 
͍͙ͤ͊ͫͭ͊ͤͦ͊ͣ ͚ ͔͔ͦ͋ͣ͗ͤͦ͝ ͔ͤͤ͊͘;ͤͦΌ ͟͜͡Έͫͭ͟͜Ό ͔͔͍ͨͪ͊͗ͤͦ ͙ͭͪ͊͒ͼ͚͙ͤ͜ͻ ͔͍ͣͭͦ͒͜ ͜ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎύΣ 
͔͙ͣͭͦ͒;ͤ͊ ͙͔ͫͫͭͣ͊ ͍ͤ͊;͊ͤͤΎ ͔͙͚ͭͤͦ͒͊ͤͯ͘ ͔͔ͨͪ͒͋͊;͊Ί ͺ͍ͦͪͣͯ͊ͤͤΎ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ό͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͻ͙ͯ͒ͦ͗ͤ͊͟ 
͙͎ͨͪ͊͒ͤͦͦ͟͡ ͭ͊ ͔͙͍͎͒ͦͪ͊ͭͤͦͦ͟ ͙͔ͣͫͭͼ͍ͭ͊ ͚ ͙͚͒͊ͤͯ͘ύ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͔͎͙͍ͤͭͪ͊ͭͤͦ͜͝ ͙͔͙ͫͫͭͣ ͔͍ͣͭͦ͒͜Σ 
͍͙͍͙͊ͪ͊ͭͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͤ͊;͊ͤͤΎΣ ͍ͦ͋ͦΩΎ͍ͦͦ͘͟ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͎ͤͦͦ ͍͒ͦͫ͒ͯ͜ ͔ͫͭͯ͒ͤͭ͊ 
ό͍ͨͤ͊͊͘͜͡Έ͎ͤͦͦΣ ͫͦͼͦͯ͜͟͡Έ͎ͭͯͪͤͦͦΣ ͙͍͎ͦͣͯͤ͊ͭͤͦͦ͟͜͟ύΣ ͙ͪͤ͘͜ͻ ͍͍ͪͤ͜͜ ͔ͨͪͫͦͤ͊͡Έ͙ͤͻ ͎͙͍͙ͦͤͭͤ͟͜ͻ ͙͍ͫͭ͜͡Φ  

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 

1. ˣͦͤ͒͊ͪ;ͯ͟ ˻Φ˱ΦΣ ˣͦͤ͒͊ͪ;ͯ͟ ˶Φ˱Φ ˻ ͍͙ͫͤͦ ͙ͨͫͻ͎ͦͦ͜͡͝ ͜  ͔͎͎͙ͨ͒͊ͦ͜͟Υ ˴ͯͪͫ ͔͟͡ͼ͚͜Φ ς ˴ ΦΥ ˸ˢ̂˽Σ мфффΦ ς мсу ͫΦ  
2. ˴ͯ;͔ͪͯ͟ ˻ΦˢΦ ˿͙͔ͫͭͣ͊ ͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦ ͍ ͍͚ͦͫͤͦͤ͜ ΄ͦ͟͜͡Υ ͔ͭͦͪ͜Ύ ͜ ͙ͨͪ͊ͭ͊͟͟ Υ ˸͎ͦͤͦͪ͊ͺ͜ΎΦ  
ς  ˬ ͙͙ͭͦͣͪΥ ˤ͙͒-͍ͦ ˬ˨̂ ͔ͣͤ͜͜ ˱Φ ̅ͪ͊ͤ͊͟Σ нлммΦ  ς  пнл ͫΦ 

3. ˽͊͊ͣ͊ͪ͡;ͯ͟ ˤΦ ̅Φ ̒͟ ͍͙͙͙ͪͦͫͭͭ ͔͔ͤͭͭͯ͊͊͜͟͡͡ κ ˽͊͊ͣ͊ͪ͡;ͯ͟ ˤΦ ̅Φ  ς  ́ ͔ͪͤͦͨ͜͡Έ Υ ˹͍͊;͊͡Έͤ͊ ͙͎ͤ͊͟  ς  x ͎ͦ͒͊ͤΣ 
2000.  ς  мрн ͫΦ 

4. ˴͍ͦͤ͒͊ͦ͟ ˹ΦˮΦ ˶͎͙ͦ;͔͙͚ͫ͟ ͍ͫͦ͊ͪ͡Έ κ ˹͙͚ͦ͊͟͡ ˮ͍͍͙͊ͤͦ; ˴͍ͦͤ͒͊ͦ͟Φ  ς  ˸ Φ Υ ˹͊ͯ͊͟Σ мфтмΦ  ς  срс ͫΦΠ 
5. ˾͙ͯ͒ͤͼΈ͊͟ ˻Φ˽Φ ˽͔͎͎͒͊ͦ͊͜͟Υ ͎͊͊͘͡Έͤ͊ ͭ͊ ͙͔ͣͫͭͼΈ͊͟ Υ ώ͍ͤ͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟ϐ κ ˻ͫ͊ͤ͊͟ ˽͔͍ͭͪͤ͊͜ ˾͙ͯ͒ͤͼΈ͊͟Φ  
ς  ́ ͔ͪͤͦͨ͜͡Έ Υ ˹͍͊;͊͡Έͤ͊ ͙͎ͤ͊͟  ς  x ͎ͦ͒͊ͤΣ нллрΦ  ς  осл ͫΦ 

6. ˣ͙͍ͦ͟ ˤΦ̑Φ ˸͔ͦ͒͜͡ ͦ ͎ͪ͊ͤ͊͘͜ͼ͚͙ͤ͜ͻ ͙͔ͫͫͭͣ ͍͙͒ͪͭͦ͜͟͝ ͍͙ͦͫͭ͜ Υ ώ͎ͣͦͤͦͪ͊ͺ͜Ύϐ κ ˤΦ ̑Φ ˣ͙͍ͦ͟Φ  ς  ˴ Φ Υ ˢͭ͊͜͟Σ нллфΦ  
ς  суп ͫΦ 

7. ˽͊͡ͻ͙ͦͭͤ͟ ˤΦ ˱͔͎ͤͭͪ͊ͼ͜Ύ ͔͙ͣͭͦ͒;ͤͦ͝ ͙͔͙ͫͫͭͣ ͍ ͎͊͊͘͡Έͤͯ ͔ͭͦͪ͜Ό ͙͔ͫͫͭͣκ ˤ͙͊ͫ͡Έ ˽͊͡ͻ͙ͦͭͤ͟ //  ̂ͪ͊ͤͫ͟͝Έ͊͟ 
͍ͣͦ͊ ͜ ͔ͭͪ͊ͭͯͪ͊͜͡ ͍ ΄ͦ͟͜͡Φ ς 2010. ς ЅуΦ ς ˿Φ 66-69. 

8. ˤͦͤ͘Ό͟ ˻ΦˤΦ ̇͜͡Έ͍ͦ͜ ͦͪ͜Ί͙͙ͤͭͪ ͍͙ͪͦͭͯ͘͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͯ ͙͔ͫͫͭͣ͜ ͍͙ͦͫͭ͜Υ ͔͎͙͍͙͚ͤͭͪ͊ͭͤ͜ ͨ͒͜ͻ͒͜ Υ ͎ͣͦͤͦͪ͊ͺ͜Ύ κ 
˻ΦˤΦ ˤͦͤ͘Ό͟Σ ˻ΦˢΦ ˨͔ͯ͋͊ͫͤΌ͟Φ  ς  ˬ ͙͙ͭͦͣͪ Υ ˤ͙͒-͍ͦ ˬ˨̂ ͣ͜Φ ˱Φ ̅ͪ͊ͤ͊͟Σ нллфΦ  ς  суп ͫΦ 

9. ˨͔ͯ͋͊ͫͤΌ͟ ˻ΦˢΦ ˽ͪͦͺ͔͚ͫͤ͊͜ ͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͍ͦͫͭ͊͜Υ ͍ͤͤͦ͊͜ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͭ͊ ͔͙͙ͣͭͦ͒͟Φ  ˸͎ͦͤͦͪ͊ͺ͜Ύ κ ˭͊ ͔ͪ͒Φ 
˻Φ ˢΦ ˨͔ͯ͋͊ͫͤΌ͟Φ ς ˬ͙͙ͭͦͣͪ Υ ˤ͙͒-͍ͦ ˬ˨̂ ͣ͜Φ ˱Φ ̅ͪ͊ͤ͊͟Σ нллфΦ ς рспͫΦ  

10. ˢ͔ͣ͟-͔͎͎ͨ͒͊ͦ͊͜͟Υ ͔͙͍͔ͤͭͪ͊ͭͤ͜͟ ͍ͤ͊;͊ͤͤΎ ͙͒ͦͪͦͫ͡ͻ κ ˿Φ ˻Φ ˿͙ͫͦΊ͍͊ κκ ˿ͯ;͊ͫͤ͜ ͔͎͊ͣͦͦ͟͜͡;ͤ͜ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΥ 
͔͔͙ͭͦͪͭͦ͟-͔͎ͣͭͦ͒ͦͦ͜͡;ͤ͜ ͭ͊ ͙ͨͪ͊͒ͤ͟͜͡ ͔͙͊ͫͨͭ͟ : ͎ͣͦͤͦͪΦ κ ͔ͪ͒ͦ͟͡ΦΥ ˤΦ˻Φ ˻͎͔͍ͤΩΌ͟Σ ˿Φ˻Φ ˿͙ͫͦΊ͍͊Σ 
̒Φ˿Φ ̅ ͍ͪͯͭͦ͊͟Φ ς ˴ Φ Υ ˴͙͍͝Φ ͯͤ-ͭ ͣ͜Φ ˣΦ ˥ͪͤ͜;͔ͤ͊͟Σ нлмсΦ ς фмн ͫΦ ς C. 19-32.  

11. ˶͍͔͊ͪͤͭΈΊ͍ ˥ΦˤΦΣ ˶͍͔͊ͪͤͭΈΊ͍͊ ˹ΦˣΦ ˱͍ͤͤͦ͊ͼ͚ͤ͜͜ ͍ͤ͊;͊͡Έͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͯ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͺ͊ͻ͍͜ͼ͍͜Φ 
ς ˣ͊ͪͤ͊ͯ͡Υ ˤ͙͍͙͒͊ͤͼ͍ͭͦ ˢ͚ͭ͊ͫ͡Έ͎ͦͦ͟ ͔͍͎͒ͪ͗͊ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜Σ нллнΦκ ώ˩͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫ]. ς ˾͔͙͗ͣ 
͒ͦͫͭͯͨͯΥ http:// www.asu.ru/cppkp/ index.files/ucheb.files/ innov/Part1/index.html.  

12. ˬ͊͒͊͟͡ ˸Φ˱Φ ˽͔͎͎͒͊ͦ͜;͙͚ͤ ͔ͨͦͭͤͼ͊͜͡ ͦͣͨ͟ΩΌ͔ͭͪͤͦ-ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ͙͔ͫͫͭͣ ͍ͤ͊;͊ͤͤΎ ͔͙͙ͣ͊ͭͣ͊ͭ͟ κκ 
˴ͦͣͨΩΌ͔ͭͪͤͦ-ͦͪ͜Ί͍ͤͭͦ͊ͤ͜ ͙͔͙ͫͫͭͣ ͤ ͍͊;͊ͤͤΎ : [˭.͋ ͤ ͊ͯ͟. ͨ ͪ͊ͼΈ]. ς ˴ . : ˹ ˽̂ ͜ ͔ͣͤ͜ ˸ . .˽˨͎͍ͪ͊ͦͣ͊ͤͦ͊. ς ʕ ͙ͨ. 7. 
ς 2003. ς ˿ . 3-16. 

13. ˹͍͍ͦͦ͜͟ ˢΦ˸Φ ˽ͪͦ ͍͙ͪͦͭͦ͘͟ ͔͙ͣͭͦ͒;͙ͤͻ ͙͔ͫͫͭͣ κ ̅͊ͻ͍͔͜ͼΈΦ ς 2006. ς ЅЅ ф-млΦ ώ˩͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫϐ. ς 
˾͔͙͗ͣ ͒ͦͫͭͯͨͯΥ  http://www. anovikov.ru/artikle/met_sys.htm.  

14. ˽͙ͫͻ͎ͦͦ͜͡Ύ  ͔͎͎ͨ͒͊ͦ͊͜͜͟Υ ˹͍͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟ ͒͡Ύ ͍͍ͯ͘͜ κ ̂ͨͦͪΎ͙͒ͤ͟ ͜ ͍͒ͨ͜Φ ͔ͪ͒͊ͭͦͪ͟ ˢΦˢΦ ˾͎͙͊͒ͯͤΦ ς ˸ΦΥ 
͔̇ͤͭͪΣ мфффΦ ς нрс ͫΦ 

15. ˸͔͙ͭͦ͒;ͤ͊ ͙͔ͫͫͭͣ͊ ͭ͊ ͔͙͍ͤͭͤͫͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ͤ͊;͊ͤͤΎ κ ώ˩͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫϐ. ς ˾ ͔͙͗ͣ ͒ͦͫͭͯͨͯΥ ͤ ǘǘǇ: //ua-
referat.com. 

16. ˿ͭͦ͡Ύ͔ͪͤͦ͟ ˶Φ˨ΦΣ ˿͙͎͊ͣͤ͜ ˿Φ˱Φ ˽͙ͫͻ͎ͦͦ͜͡Ύ ͜ ͔͎͎ͨ͒͊ͦ͊͜͟ ͍ ͙͊ͨͭ͊ͤͤ͘Ύͻ ͜ ͍͍͒ͨͦ͒͜͜ΎͻΦ ς ˾͍ͦͫͭͦ-ͤ-͊˨ͦͤΥͯ ͔̅ͤͫ͜͟Σ 
2000. ς ртс ͫΦ  

17. ˾͔ͯ͒ͤ;͔ͤͦ͟ ˢΦˢΦ ͔͔͙́ͦͪͭ;ͤ͜ ͜ ͔͙ͣͭͦ͒;ͤ͜ ͙͊ͫ͊͒͘ ͍ͤ͊;͊ͤͤΎ ͔͙͚ͭͤͦ͒͊ͤͯ͘ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͍͙΅͙ͻ ͙͔ͣͫͭͼΈ͙͟ͻ 
͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻΦ- ˢ͍͔ͭͦͪͺ͔ͪ͊ͭ ͙͒ͫΦ ͒ͦͭ͟Φ ͔ͨ͒Φ ͤ͊ͯ͟ моΦллΦлн ς ͔ͭͦͪ͜Ύ ͭ͊ ͔͙ͣͭͦ͒͊͟ ͍ͤ͊;͊ͤͤΎ ό͔ͭͻͤ͜;ͤ͜ 
͙͒ͫͼ͙͙ͨͤ͜͡ύ ͤ͊ͼͦͤ͊͜͡Έ͙͚ͤ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ ͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˸Φ ˽ Φ ˨ ͎͍ͪ͊ͦͣ͊ͤͦ͊Φ- ˴ Φ ς 2017. ς пнͫΦ 
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SCIENTIFIC RESEARCH APPROACHES, STRUCTURING AND DESIGN 
METHODICAL SYSTEM OF EDUCATION ETHNOGRAPHIC DESIGN 

Mykola Blyzniuk 
National Pedagogical Dragomanov University, Ukraine 

Abstract. Describes the scientific approaches of research, the structuring and designing of methodical system 
of training of etnodizayn. Topicality of the work confirms the presence of a sufficiently large number of publications 
and research in the field of study classification systems and methodical teaching methods, balance of different 
teaching methods in the framework of various methodological systems of differentiation the essence of the concepts 
"technology", "methodology", "didactics", finding ways of intensification and optimization of learning processes, 
development of new learning technologies. The General concept of the educational-methodical training system 
etnodizayn by means of information technology is based on the ideas of personality-oriented education, in particular 
how to teach all different. In contrast to the common methods of study (corresponding specified in the applicable 
programs regulations and a limited small number of mainly traditional methods and means of training), methodical 
training system etnodizayn involves the formation of personality (future artist of decorative and applied art and 
design) using integrative system methods, variative learning technologies, with consideration of the peculiarities of 
the individual experience of the student (cognitive, socio-cultural, communicative CSOs), various levels of personal 
cognitive styles. 

Key words: methodical system of education, educational process, educational technology, methodology, 
pedagogy, ethnographic design. 
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ˢΦ s ͔ͫ͟͡Ό͟Σ ˿Φ s ͪͻ͎͔͊ͤ͡Έ͙͚ͫ͟Σ ˥Φ x ͊͡͡Σ ˱Φ x ͔ͻΣ ˤΦ ˥ ͙͊ͯͤͫ͘͡Έ͙͚͟Σ ˿Φ ˥ ͦͤ;͔͊ͪͤͦ͟Σ ˣΦ ̐ ͍ͭͯͻΣ ˱Φ ˭ Ύ͘ΌͤΣ ˸Φ ˴ ͊ͫΈΎ͔ͤͤͦ͟Σ 
˶Φ ˴ ͦͤ͒ͪ͊΄͍ͦ͊Σ ˥Φ ˴ ͦͫͭΌ͟Σ ˤΦ ˴ ͔͔ͪͣͤΈΣ ˹Φ ˹ ͙;͊ͦ͟͡Σ ˻Φ ˿ ͯͻ͙ͦͣͤͫ͡Έ͊͟Σ ˹Φ ̊ ͙Ύͤ ͭ͊ ͤ͜΄͙ͻΦ ˽͙ͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;ͤ͜ 
͔͙͊ͫͨͭ͟ ͺ͍ͦͪͣͯ͊ͤͤΎ ͜ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͎ͪͦ͘͡Ύ͒͊ΌͭΈͫΎ ͍ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͻ 
˶Φ s ͍ͪͫͭͦͦ͜͝Σ ˽Φ s ͭ͊ͣ͊ͤ;ͯ͊͟Σ ˿Φ ʕ ͔͙͡;͊͟Σ ˹Φ x ͋͜͜͟Σ ˥Φ ˴ ͦͫͭΌ͊͟Σ ˤΦ ˶ ͍ͦͦͦ͘͝Σ ˤΦ ˻ ͙ͤ΅ͯ͊͟Σ ˢΦ ˽ ͍͔͊ͤ͊͟͡Σ ˻. ˿͍͊;͔ͤͦ͟Σ 
˱Φ ̆ ͍͊ͪ͊ͣͦ͊͡Σ ́Φ ̊ ͍͊ͣͦͦ͝ ͭ͊ ͤ͜΄͙ͻΦ 

˽͔ͪͦͭ ͨͦ΄ͯ͟ ͔ͺ͔͙͍͙ͭͤ͟ͻ ͙͙͒͒͊ͭ͟;͙ͤͻ ͍ͯͣͦ ͍͙ͪͦͭͯ͘͟ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜Σ 
ͨͦ΄ͯ͟ ͍ͫͨͦͫͦ͋͜ ͝͝ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͙͊͘͡΄͊ΌͭΈͫΎ ͊ͭͯ͊͟͡Έ͙͙ͤͣ ͜ ͔ͨͦͭͪ͋ͯΌͭΈ ͨͦ͒͊͡Έ΄͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ ̒͟ ͊ͤ͊͘͘;͊Ί 
́Φ ˣͦͤ͒͊ͪΊ͍͊ ͫͯ;͚͊ͫͤ͜ ͔͔͍͚ͫͭͯͨͤ͜ ͍͙΅͚͜ ͍ͦͫͭ͜͜ ͙ͨͪͭ͊ͣ͊ͤͤ͜ ͔͍ͨͤ͜ ͔͙ͤ͒ͦ͜͟͡Σ ͊ ͔ͫ͊ͣΥ ͔ͤ ͍ͨͦͤ͊ ͍͍͒ͨͦ͒ͤͫͭ͜͜͜Έ 
͔ͫͨͼ͙ͺ͜ͼ͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͜ ͍͙͎ͣͦ͊ͣΣ ͍͔͙ͨͦͫͭ͊ͤͣ͡ ͔͔ͨͪ͒ ͙ͦͫͦ͋ͫͭͫͭ͜Ό ͫͯ;͎͊ͫͤͦͦ ͺ͊ͻ͍͜ͼΎΣ ͊ ͭ͊ͦ͗͟ 
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ͦ͒ͤͦͣ͊ͤͭͤͫͭ͜͜Έ ͺͦͪͣΣ ͔͍ͣͭͦ͒͜ ͜ ͙͚͍ͨͪͦͣ͜ ͍͙͊͒͊ͤͤ͟͡ΎΣ ΅ͦ ͍͙͙͊͟͟͡Ί ͨ ͊͒ͤͤ͜Ύ ͔͔ͤͭͪͫͯ͜ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͚ ͚ͣ͊͋ͯͭͤΈͦ͝ ͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ ώмϐΦ  

˸͔ͭ͊ ͫͭ͊ͭͭ͜Φ ˤ͙Ύ͍͙͙ͭ ͒͜Ί͍͜ ͔͙ͣͭͦ͒ ͜ ͙͚͙ͨͪͦͣ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ 
͍;͙͔͍ͭ͜͡ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡ ͤ͊ ͔͟͡ͼ͚͙ͤ͜ͻ ͊ͤ͘ΎͭͭΎͻ ͯ ͨͪͦͼ͔ͫ͜ ͔͙ͣͭͦ͒ͦ͟-͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟Σ 
ͦͻ͔͙͍͙͊ͪ͊ͭͪͯ͊ͭ͘͟ ͝ͻΦ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡. ˽ ͒͜ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡ΈͤͦΌ ͒͜Ύ͡Έͤͫͭ͜Ό ͔͍ͫͭͯ͒ͤͭ͜ ͙͔ͪͦͯͣͭͣͣͦ͘͜ ͨͪͦͼ͔ͫ 
͜ ͔ͪͯ͘͡Έͭ͊ͭ ͍͊ͫͦ͘ΊͤͤΎ ͍ͫͨͦͫͦ͋͜ ͚͒͜Σ ͤ͊ͤ͘ΈΣ Ύ͟͜ ͔ͤͦ͋ͻ͒ͤ͜͜ ͒͡Ύ ͚͔͒ͫͤͤͤ͘͜Ύ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͍͙ͪͦͭͯ͘͟ 
͍ͨͤ͊͊͘͜͡Έ͎ͤͦͦ ͔͔ͤͭͪͫͯ͜Σ ͍ͭͦͪ;͙ͻ ͔͚͒͋ͤͦͫͭ͘͜Σ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͙͍͊ͭͤͦͫͭ͟͜ ͜ ͚ͫ͊ͣͦͫͭͤͦͫͭ͜͜ ͍ ͍ͯͣͦ͊ͻ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ύ 
ͣͫͭͯ͘͜Σ ͺͦͪͣ ͜ ͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎ ώнϐΦ ˥Φ ˴ ͙ͦͫͭ΄͙ͤ͊ ͊ͤ͊͘͘;͊ΊΣ ΅ͦ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͙͍ͦͫͦ͋ͫͭ͜͡Έ ͍ͤ͊;͊͡Έͤͦ-
͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͨͦ͡Ύ͎͊Ί ͍ ͭͦͣͯΣ ΅ͦ ͍ͦͤ͊ ͦͪ͜Ί͍ͤͭͦ͊ͤ͊ ͔ͤ ͤ͊ ͔ͦ͒ͪ͗͊ͤͤΎ ͙ͨͪ͊ͭ͟;͙ͤͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜Σ ͊ ͤ͊ 
ͣͤͯ͘͜ ͎͙͍ͦͤͭͤͦ͟͜͝ ͙ͫͭͪͯͭͯͪ͟ ͔͍ͫͭͯ͒ͤͭ͜Φ 

ˢ͙͍ͭ͊͘͟͜ͼ͜Ύ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙Ύ͍͡ΎΊͭΈͫΎ ͍ ͼ͔ͫͨͪ͜͡Ύ͍͚ͣͦ͊ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜ 
͍͙͊͒͊͟͡;͊ ͘ ͙ͪͦͪͦ͋͘͟ ͜ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͎ͭ͊ͦͦ͟ ͣͫͭͯ͘͜Σ ͺͦͪͣΣ ͔͍ͣͭͦ͒͜Σ ͙͚͍ͨͪͦͣ͜ ͜ ͍͊ͫͦ͋͘͜Σ Ύ͟͜ ͍͙͍ͨ͊͡ΌͭΈ ͤ͊ 
͎͙͍ͦͤͭͤͯ͟͜ ͫͺ͔ͪͯ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ́ͦ͋ͭͦ ͼ͔ ͒͜Ύ͡Έͤͫͭ͜ΈΣ Ύ͊͟ ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ ͍͙ͨ͒͜΅͔ͤͤΎ ͍ͨͤ͊͊͘͜͡Έ͎ͤͦͦ ͔͔ͤͭͪͫͯ͜Σ 
͙͍͊ͭͤͦͫͭ͟͜Σ ͍ͭͦͪ;ͦͫͭ͜Σ ͚ͫ͊ͣͦͫͭͤͦͫͭ͜͜Σ ͊ ͭ͊ͦ͗͟ ͔͔ͤͭͭͯ͊͜͟͡͡Έ͙͚ͤ ͍͙ͪͦͭͦ͘͟ ͔͍ͫͭͯ͒ͤͭ͜ ͙ͨͪ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͟͡Ό;͍͙ͦͻ ͜ 
͔͔͙ͨͪ͒ͣͭͤͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟Φ  

˭͎͒ͤͦ͜ ͍ͦͫͭͤ͜Έͦ͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͙ͨͪͦͪ͊ͣ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍͒ͦ͋ͯ͊͘;͍͜ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͤ͊ ͔ͨͪ΄ͦͣͯ 
ό͍͋͊͊͊ͪͫ͟͡Έͦͣͯ͟ύ ͍ͪͤ͜͜ ͍͙͙ͨͯͫͤ͟͟ ͍͙͔ͨͦͤͤ ͍͙ͦͨ͊ͤͯ͊ͭ ͎͊͊͘͡Έͤͦͯ͟͡Έ͙͙ͭͯͪͤͣ ͜ ͨͪͦͺ͔͚͙͙ͫͤͣ͜ 
͔͔ͦͣͨͭͤͭͤͦͫͭ͟Ύ͙ͣΦ ˸͔͙ͭͦ͒ͦ͟-͔͙ͣ͊ͭͣ͊ͭ;ͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ Ί ͦ͒ͤ͜ΊΌ ͘͜ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ Ύ͊͟ 
ͺͦͪͣͯΊͭΈͫΎ ͙ͨͪ ͍͙͍;͔ͤͤ͜ ͙ͭ͊͟ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Σ Ύ͟ ζ˸͔͙͊ͭͣ͊ͭ͊͟η ͜ ζ˸͔͙ͭͦ͒͊͟ ͍ͤ͊;͊ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͎͊ͯ͘͜͡ 
ζ˸͔͙͊ͭͣ͊ͭ͊͟ηηΦ  

ˢͤ͊͘͜͡ ͍ͤ͊;͊͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣ ͍͙ͤ͊͊ͤ͘ͻ ͙͒ͫͼ͙ͨͤ͜͡ ͍ͫ͒͜;͙ͭΈΣ ΅ͦ ͚ͫ͊ͣͦͫͭͤ͊͜ ͪͦ͋ͦͭ͊ ͔͍ͫͭͯ͒ͤͭ͜ ͙͍ͨͪ͊͡ΌΊ 
ͤ͊͒ ͙͊ͯ͒ͭͦͪͤͦΌΦ ˻ͫ͟͜͡Έ͙͟ ͊͘ ͍͔͚̐ͪͦͨͫͦ͟Ό ͔͙ͪ͒ͭͤͦ͟-ͭͪ͊ͤͫͺ͔ͪͤͦΌ ͙͔ͫͫͭͣͦΌ ͍ͤ͊;͊ͤͤΎ ͦͪ͜Ί͙ͤͭͪͦͣ ͫͭ͊Ί 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͜ ͍͙ͪͦͭͦ͘͟ ͔͍ͫͭͯ͒ͤͭ͜ Ύ͟ ͫͯ͋ΩΊ͍ͭ͟͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͜ ͫͨͪΎ͍ͣͯ͊ͤͤΎ ͍ͤ͊;͊ͤͤΎ ͤ͊ ͝ͻ͚ͤ͜ 
͍͙ͫ͊ͣͦͪͦͭͦ͘͟ ͭ͊ ͫ͊ͣͦ͊ͭͯ͊͊͘͟͜͡ͼ͜Ό ;͔͔ͪ͘ ͙͍ͤ͒͒ͯ͊͊͘͜͜͜͡ͼ͜Ό ͭ͊ ͚ͫ͊ͣͦͫͭͤͯ͜ ͍ͨͤ͊͊͘͜͡Έͤͯ ͒͜Ύ͡Έͤͫͭ͜ΈΦ ˤ͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ 
͎ͫ͊͊ͤͦͦ͘͟Σ ͫͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜ Ί ͦ͒ͤ͜ΊΌ ͘͜ ͍ͯͣͦ ͔ͺ͔͙͍͎ͭͤͦͦ͟ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͙ͣͭͦ͒ͦ͟-͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Φ 

˿ͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͔͍ͨͪ͋ͯ͊Ί ͍ ͨͪΎ͚ͣ͜ ͔͊͗ͤͦͫͭ͘͜͡ ͍͒͜ ͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ ͜ 
͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͙͍ͫͭͣͯ͜͡ ͝͝ ͙͍͊ͭ͊͘͟͜ͼ͜͝Φ ˻ͫ͟͜͡Έ͙͟ ͦ͒ͤ͜ΊΌ ͘͜ ͍͙ͦͫͤͦͤͻ ͺͦͪͣ ͍ͤ͊;͊͡Έ͙ͤͻ ͊ͤ͘ΎͭΈ ͘ ζ˸͔͙͙͊ͭͣ͊ͭ͟η ͜ 
ζ˸͔͙͙ͭͦ͒͟ ͍ͤ͊;͊ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͎͊ͯ͘͜͡ ζ˸͔͙͊ͭͣ͊ͭ͊͟ηη Ί ͔͟͡ͼ͜Ύ ͎ͪͦ͘͡Ύ͔ͤͣͦ ͙ͫͨͦͫͦ͋ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͍ͤ͊;͊͡Έͤͦ-
͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͫ ͔͍ͭͯ͒ͤͭ͜ ͙ͨͪ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͝ ͍͔͔ͨͪͦ͒ͤͤ͜ ͙ͭ͊͟ͻ ͊ͤ͘ΎͭΈΦ 

ˢ͙͍ͭͤͫͭ͟͜Έ ͔ͫͭͯ͒ͤͭ͊ ͍͙ͤ͊͘;͊Ί ͚͎ͦͦ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͍ͤ͊;͊ͤͤΎΦ ˴͔͙ͦͣͨͦͤͤͭ͊ͣ ͙͍͊ͭͤͦͫͭ͟͜ ΊΥ ͎͍ͦͭͦͤͫͭ͜Έ ͒ͦ 
͍͙ͦͤ͊ͤͤ͟Ύ ͍͊͒͊ͤ͘ΈΣ ͍ͫ͒ͦͣͫͭ͜͜Έ ͍͙ͦͤ͊ͤͤ͟Ύ ͍͊͒͊ͤ͘ΈΣ ͙͔͙ͫͫͭͣ͊ͭ;ͤͫͭ͜Έ ͍ͤ͊;͊ͤͤΎ ͜ ͎͔ͨͪ͊ͤͤͤΎ ͒ͦ ͍͙ͨ͒͜΅͔ͤͤΎ 
͍͎͊ͫͤͦͦ͡ ͍ͪͤ͜ΎΦ 

˭ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ ͭͦ;͙͟ ͦͪͯ͘Σ ͙͚ͫͨͪͣ͊ͤͤΎ ͔͟͡ͼ͚͎ͤͦͦ͜ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ΅ͦ ͨͪͦͨͦͤͯΊͭΈͫΎ ͒͡Ύ ͎ͪͦ͘͡Ύ͒ͯΣ ͔ͨͦͭͪ͋ͯΊ 
͍͒͜ ͔͍ͫͭͯ͒ͤͭ͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͙͙ͤ͘͟ ͍͙ͪͦͯͣͦ͘ͻ ͔ͦͨͪ͊ͼ͚͜ ό͙ͦͦͪ͒ͤ͊͟ͼ͜Ύ ͦͪͯ͘ ͜ ͫͯ͡ͻͯΣ ͺ͍ͫͯ͊ͤͤ͜͟Ύ ͍͙ͦͫͤͦͤͻ 
͔ͨͦͦ͗ͤ͡Έ ͔͟͡ͼ͜͝ ͭͦ΅ͦύΣ ͔ͤ͊ͨͪͯ͗ͤͤΎ ͍ͦ͜͡ ͜ ͨ͊ͣΩΎͭ͜Σ ͔͔͔ͦͫͪ͒͗ͤͤ͘Ύ ͍͎͙ͯ͊Φ ˹͊ ͼ͚͜ ͍ͨ͒ͫͭ͊͜͜ ͪͦ͡Έ ͍͙͊͒͊͟͡;͊ 
ͣͤ͘͜ΌΊͭΈͫΎ ͍͒͜ ͎ͭͦͦ ͻͭͦ Ί ζ͔͔͒͗ͪͦͣ͡ ͤ͊ͤ͘Έη ͒ͦ ͔͍͙ͪͤ͊͟͜͟ ͍͙͙ͤ͊͊ͤͣ͘ ͙ͨͫͻ͎ͦͦ͜͡;͙͙ͤͣ ͨͪͦͼ͔͙ͫ͊ͣΦ  

ˢͤ͊͘͜͡ ͍ͤ͊ͯͦͦ͟-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͔͙ͭͪ͊ͭͯͪ͜͡ ͜ ͫͭ͊ͤͯ ͔͙ͨͪͦ͋ͣ͡ ͍ ͫͯ;͚͊ͫͤ͜ ͍͚ͦͫͭͤ͜͜ ͙ͨͪ͊ͭ͟ͼ͜ ͍͙͍͒ͦͦ͘͡ 
͍͙͔͙͙ͦͪͣͭ͟ ͺ͙͊ͭͦͪ͟Σ ΅ͦ ͍͙͍ͨ͊͡ΌͭΈ ͤ͊ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͙͚ͫͨͪͤΎͭͭΎ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͔͟͡ͼ͚͎ͤͦͦ͜ ͔ͣ͊ͭͪ͊ͯ͜͡Υ 
1) ͍ͤ͊ͯͦͫͭ͟͜Έ ͜ ͤ͜ͺ͙͍ͦͪͣ͊ͭͤͫͭ͜ΈΤ нύ ͍͒ͦ͊ͦͫͭ͘͟͜Έ ͜ ͎͔͍͊ͪͯͣͤͭͦ͊ͤͫͭ͜ΈΤ оύ ͤ͊Ύ͍ͤͫͭ͜Έ Ύ͍͙ͫͪ͊͟ͻΣ ͔͔͙͍͙ͨͪͦͤ͟͡ͻ 
͙͍ͨͪ͊͒͟͜͡Σ ͺ͍͊ͭ͟͜Σ ͍ͦ͋͐ͪͯͤͭͯ͊ͤΈΣ ͍͒ͦ͊͘͟͜ ͭͦ΅ͦΤ пύ ͔ ͣͦͼ͚ͤͫͭ͜͜Έ ͍͙͊͒ͯ͟͡ ό͊ͨ͊ͣ͘ΩΎ͍ͭͦͯΊͭΈͫΎ ͔ͭΣ ΅ͦ ͣ͊Ί ͔ͣͦͼ͚͔ͤ͜ 
͍͔͊͋͊ͪͤͤ͘͡ΎύΤ рύ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͙͚͍ͨͪͦͣ͜ ͘ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͙͔ͣͫͤͤ͡Ύ ͫͯ͡ͻ͊;͍͜Σ ͫͨͦͤͯ͊ͤͤ͟Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͙͒ͫͯͫ͟͜͝ ͘ 
͍ͨͦͫͭ͊ͤͦͦ͟Ό ͙ͨͭ͊ͤΈ ͒͡Ύ ͍ͪͦ͒ͯͣ͘͜Τ сύ ;ͭͦ͜͟͝ ͙ͫͭͪͯͭͯͪ͟ ͜ ͎͙ͦ͜͟͡ ͍͙͊͒ͯ͟͡ ͔ͣ͊ͭͪ͊ͯ͜͡Τ тύ  ͎ͪ͊ͣͦͭͤͦ͝ ͔͙ͣͭͦ͒;ͤͦ͝ 
͙ͦ͋ͪͦ͋͟ ͔ͣ͊ͭͪ͊ͯ͜͡Σ Ύ͊͟ ͍͟͡Ό;͊Ί ͍͙͔͒ͤͤ͜͡Ύ ͎͍͙ͦͦͤ͡ͻ ͔͚͒͜ ͜ ͔ͨͦͦ͗ͤ͡ΈΣ ͍͙͍͍ͫͤͦ͟͜Σ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͫͭͪͯͭͯͪͤͦ͟-
͎ͦ͜͡;͙ͤͻ ͫͻ͔ͣΣ ͎ͯ͊͊͘͡ΈͤΌΌ;͙ͻ ͙ͭ͊͋͡ͼΈΣ ͤ͊ͦ;͙ͤͻ ͜͡Όͫͭͪ͊ͼ͚͜ ͜ ͭΦ͒Τ уύ ͔ͫͭͯͨͤΈ ͒ͦͫͭͯͨͤͦͫͭ͜ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ΅ͦ 
͍͙͊͒͊͟͡ΊͭΈͫΎ ό͍͙͊͒͊ͤͤ͟͡Ύ ͒ͦͫͭͯͨͤͦΌ ͜ ͪͦͯͣͦ͘͘͜͡Ό ͍ͣͦͦΌΣ ͪͦ͘ΩΎ͔ͫͤͤͤΎ ͍͙ͤͦͻ ͍ͤ͊͘Σ ͔͍ͭͪͣͤ͜͜Σ ͨͦͤΎͭΈΣ ͍͘ΩΎ͍͘͟͜ 
ͣ͗͜ ͨͦͤΎͭͭΎ͙ͣύΤ фύ ͤ͊Ύ͍ͤͫͭ͜Έ ͍͘ΩΎͯ͘͟ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ΅ͦ ͍͙͍;͊ΊͭΈͫΎ ͘ ͚ͣ͊͋ͯͭͤΈͦΌ ͨͪͦͺ͔͚ͫͤͦ͜Ό ͒͜Ύ͡Έͤͫͭ͜Ό ͘ 
͙͍ͣͦ͗ͫͭ͜͡Ό ͚͎ͦͦ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͤ͊ ͙ͨͪ͊ͭ͟ͼ͜ ώоϐΦ 

˹͊Ύ͍͙͚ͤ ͍͒ͦͫ͒͜ ͍͔͔ͨͪͦ͒ͤͤΎ ͔͟͡ͼ͚͙ͤ͜ͻ ͊ͤ͘ΎͭͭΎͻ ͘ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͜ ͔͙͙ͣͭͦ͒͟ ͍ͤ͊;͊ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͎͊ͯ͘͜͡ 
ζ˸͔͙͊ͭͣ͊ͭ͊͟η ͍͒ͦͦ͘͡ΎΊ ͍͙ͨͪͦ͊ͤ͊ͯ͊ͭ͘͜͡ ͜ ͎ͯ͊͊͘͡Έ͙͙ͤͭ ͔ͺ͔͙͍ͭͤ͟͜ ͙͚͙ͨͪͦͣ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡Φ 

˻͙͒ͤͣ ͘͜ ΄͙ͪͦͦ͟ ͍͍͙͊ͫͭͦͫͦͯ͊ͤ͘ͻ ͙͚͍ͨͪͦͣ͜ Ί ͍ͨͦͫͭ͊ͤͦ͊͟ ͙͙ͪͭͦͪ;͙ͤͻ ͙͊ͨͭ͊ͤ͘ΈΥ ͍͙͊͒͊͟͡; ͍ͦͯ͘;ͯΊ 
͙͊ͨͭ͊ͤͤ͘ΎΣ ͔͙ͫͭͯ͒ͤͭ ͔͔ͦͫͪ͒͗ͯ͘ΌͭΈ ͤ͊ ͤΈͦͣͯ ͍͎ͯ͊ͯΣ ͊ ͔͎͎ͨ͒͊ͦΣ ͨͫ͜͡Ύ ͔͍͔͙ͤ͡;ͦ͟͝ ͙ͨ͊ͯ͘Σ ͫ͊ͣ ͒͊Ί ͍͍͒ͨͦ͒͜͜Έ ͤ͊ 
ͤΈ͎ͦͦΦ ̒͟ ͊ͫ͋͘͜ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͍ ͒͊ͤͦͣͯ ͪ͊͘͜ ͍͙ͫͭͯͨ͊ΌͭΈ ͙͍͊ͨͭͯ͊͘͡Έͤ͊ ͤͭͦͤ͊͜ͼ͜ΎΣ ͔ͣͦͼ͚͔ͤ͜ ͍͔͊͋͊ͪͤͤ͘͡ΎΣ ͙ͦͫͦ͋ͫͭ͊ 
͊͘ͼ͍͔͊ͤͫͭ͜͟͜͡ΈΣ Ύ͟͜ ͣͦ͋ͯ͘͜͜͡ΌͭΈ ͍͎ͯ͊ͯ ͫ ͔͍ͭͯ͒ͤͭ͜Φ  

͔̋ ͙ͦ͒ͤͣ ͙͚ͨͪͦͣͦͣ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͤ͊ ͔͟͡ͼ͚͙ͤ͜ͻ ͊ͤ͘ΎͭͭΎͻ Ί ͦͤͭͪͦ͟͡Έͤ͜ 
͙͊ͨͭ͊ͤͤ͘ΎΥ ͨͫ͜͡Ύ ͎ͪͦ͘͡Ύ͒ͯ ͎ͦ͗ͤͦͦ͟ ͙ͨͭ͊ͤͤΎ ͔͟͡ͼ͜͝ ͍͙͊͒͊͟͡; ͍͙ͫͭ͊ͭΈ ͟͜͡Έ͊͟ ͙͊ͨͭ͊ͤ͘ΈΣ ͤ͊ Ύ͟͜ ͔͙ͫͭͯ͒ͤͭ ͍͙ͨͦͤͤ͜ 
ͦͪͦͭͦ͟͟ ͙͒͊ͭ ͍͍͒ͨͦ͒͜͜ΈΣ ͙͚ͭ͊͟ ͙͚ͨͪͦͣ ͫͨͦͤͯ͊͟Ί ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͒ͦ ͍͎͙ͯ͊ ͜ ͪͦͯͣͤͤ͘͜Ύ ͍͙͔͎͊͒ͤͦͦ͟͡ 
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͔ͣ͊ͭͪ͊ͯ͜͡Φ ˩ͺ͔͙͍ͭͤͫͭ͟͜Έ ͙͚ͨͪͦͣͯ ͔͔͊͋ͨ͘͘;ͯΊ ͔͔ͭͦͪ͊ͤͭͤ͡ ͍͔ͫͭ͊ͤͤ͡Ύ ͔͎͎ͨ͒͊ͦ͊ ͒ͦ ͔͍ͫͭͯ͒ͤͭ͜Σ ͙͒ͦ͋ͪͦ͘;͙͍͊͡ 
͊ͭͣͦͫͺ͔ͪ͊Φ ˥ͪ͊ ζ˨͚͔͊͒͗ͫͭη Ί ͙ͦ͒ͤͣ ͘͜ ͍͍͊ͪ͊ͤͭ͜͜ ͔ͪ͊͊͘͜͡ͼ͜͝ ͍͎ͤ͊͊ͤͦͦ͘ ͙͚ͨͪͦͣͯΦ ˿ͯͭΈ Ύͦ͟͝ ͨͦ͡Ύ͎͊Ί ͍ ͭͦͣͯΣ ΅ͦ 
ͨͫ͜͡Ύ ͙ͪͦͪͭͭ͘͟Ύ ͎ͦ͗ͤͦͦ͟ ͙ͨͭ͊ͤͤΎ ͔͟͡ͼ͜͝ ͔͙ͫͭͯ͒ͤͭ ͔͙͍ͦͭͤͦ͟͟͡ ͫ͊͒͊͟͡ΌͭΈ ͚͔͒͊͒͗ͫͭ ͙ͨͭ͊ͤͤΎΦ ˱͎͍ͪͦ͊ ͺͦͪͣ͊ 
͍͔͔ͨͪͦ͒ͤͤΎ ͍ͫͭͦͪΌΊ ͦͣ͟ͺͦͪͭͤ͜ ͍͙ͯͣͦ ͒͡Ύ ͯ;͙͍͊ͫͤ͟͜ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˽ͫ͜͡Ύ ͫ͊͒͊ͤͤ͟͡Ύ 
͎ͭ͊ͦͦ͟ ͚͔͒͊͒͗ͫͭͯ ͍͙͊͒͊͟͡; ͔ͣͦ͗ ͍͙͊ͨͪͦͨͦͤͯ͊ͭ͘ ͍͍͙͙ͫͨͫͭ͊ͭ͜ ͍͔͙͚ͫͭͦͪͤ ͙ͤͣ ͚͔͒͊͒͗ͫͭ ό͍͙͍͔͙ͫͭ ͤ͊ 
ͣͯ͡Έ͙͔͚͙͚ͭͣ͒ͤ͜ ͔ͪ͊ͤ͟ύ ͜ ͚͔͒͊͒͗ͫͭ ͔͍ͫͭͯ͒ͤͭ͜Φ ˭͊ ͎ͭ͊ͦͦ͟ ͨ͒͜ͻͦ͒ͯ ͨ͒ͫͯͣͦ͜͟ ͔͟͡ͼ͚͎ͤͦͦ͜ ͊ͤ͘ΎͭͭΎ ͪͯ͘;ͤͦ ͍͔͙ͨͪͦͫͭ 
͊͘ ͍͔͙͙ͫͭͦͪͤͣ ͚͔͙͒͊͒͗ͫͭ͊ͣ ͙ͨͭ͊ͤΈΦ 

˽͙͍͔͙ͪͪͤͯͭ ͍͎ͯ͊ͯ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͍͒ͦͦ͘͡ΎΊ ͙͚ͨͪͦͣ ζ˶ͯͤ͊ηΥ ͍͙͊͒͊͟͡; ͨͪͦͨͦͤͯΊ ͔ͫͭͯ͒ͤͭͯ ͍͙͙ͨͦͭͦͪͭ 
͚͎ͦͦ ͦͫͭ͊ͤͤΊ ͔ͪ;͔ͤͤΎΣ ͊͋ͦ ͍ͫͦͦͫͨͦͯ͡͡;͔ͤͤΎ ͍ ͋ͯ͒Έ-Ύ͙͚͟ ͔ͣͦͣͤͭ ͔͟͡ͼ͚͎ͤͦͦ͜ ͍͙͊͒ͯ͟͡Φ ˽͙ͪ ͍͊ͫͭͦͫͯ͊ͤͤ͘͜ 
͍͎ͤ͊͊ͤͦͦ͘ ͙͚ͨͪͦͣͯ ͍͔͙͎ͦͦ͟͡ ͤ͊͘;͔ͤͤΎ ͣ͊Ί ͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͚͔ͣ͊ͫͭͪͤͫͭ͜Έ ͔͎͎ͨ͒͊ͦ͊Σ ͦͫ͟͜͡Έ͙͟ ͍͒͜ ͺ͙ͦͪͣ ͍͔͔ͪͤͤͤ͘Ύ 
͍͙͊͒͊͟͡;͊ ͒ͦ ͔ͫͭͯ͒ͤͭ͊ ͔͋ͯ͒ ͔͙͊͗͊ͭ͘͡ ͯͫͨ͜ͻ ͚͎ͦͦ ͔ͪ͊͊͘͜͡ͼ͜͝Φ ˹͙͊ͨͪ͊͒͟͡Σ ͍͔͍ͪͤͯ͘΄͙ͫΈ ͒ͦ ͔͍ͫͭͯ͒ͤͭ͜ ͘͜ 
ͨͪͦͻ͊ͤͤΎͣΥ ζ̂ͭͦ;ͤͭ͜ΈΣ ͋ͯ͒Έ-͊ͫ͊͟͡Σ ͤ͊ ;ͦͣͯ Ύ ͙͙ͯͨͤ͘-͍ͫΎό͊ͫ͡ΎύηΣ ͊͋ͦ ζ˽͍ͦͭͦͪͭ͜Έ ͦͫͭ͊ͤͤΊ ͔ͪ;͔ͤͤΎ ͒͡Ύ ͍ͫͦ͝ͻ 
͎͙͍ͦ͒ͤͦͪͯͨͤ͟͜Σ ;͙ ͍͔ͫ ͍͙ͨͪ͊͡Έͤͦ ͍͙ ͜ ͍͙ͦͤ ͔͍͙͊ͦͤͫͨͭͯ͊͘͟͟͡ηΦ ˸ͦ͗ͤ͊ ͍͙͒͊ͭͫΎ ͒ͦ ͍ͨͪͦͦͯ͟Ό;͎ͦͦ ͙͊ͨͭ͊ͤͤ͘ΎΥ 
ζ˽͍ͦͭͦͪͭ͜Έ ͦͫͭ͊ͤͤΊ ͔ͪ;͔ͤͤΎ ͔ͣͤ͜ ͒͊͘ΊͭΈͫΎΣ Ύ ΅ͦͫΈ ͙͍ͨͪͦͨͯͫͭό͊͡ύηΦ 

˿ͨͦͤͯ͊͟Ί ͒ͦ ͍͔͎ͯͫ͒ͦͣͤͦͦ͜͡ ͙͚ͫͨͪͤΎͭͭΎ ͔͟͡ͼ͚͎ͤͦͦ͜ ͔ͣ͊ͭͪ͊ͯ͜͡ ͔͟͡ͼ͜Ύ ͘͜ ͔͎͊͒͊͒͘͘͜͡Έ ͍͙͙͊ͨ͊ͤͦ͊ͤͣ͘͡ 
͙͙ͨͦͣ͊ͣ͟͡ ό͔͟͡ͼ͜Ύ-͍ͨͪͦͦ͊͟ͼ͜Ύύ [4]Φ ˿ͯͭͤͫͭ͜Έ ͭ͊ͦ͟͝ ͔͟͡ͼ͜͝ ͨͦ͡Ύ͎͊Ί ͍ ͭͦͣͯΣ ΅ͦ ͍͙͊͒͊͟͡; ͔͎͊͒͊͒͘͘͜͡Έ ͊͊͒͊͘͟͡Ί ͍ ͝͝ 
ͣͫͭ͘͜ ͔͍ͨͤͯ ͟͜͡Έͫͭ͟͜Έ ͙ͨͦͣͦ͟͡ ό͙ͦͨͭͣ͊͡Έͤͦ тςф ͒͡Ύ ͔͟͡ͼ͜͝ ͙͍ͭͪ͊ͫͭ͜͡Ό ул ͻ͍͙͙ͤ͡ύ ͍͎ͣͫͭͦͦͦ͘͜Σ ͔͙ͣͭͦ͒;͎ͤͦͦ ͜ 
͍͔͍͎ͨͦ͒ͤͦͦͦ͜͟ ͻ͔͊ͪ͊ͭͪͯ͟Φ ˽ͫ͜͡Ύ ͎ͦͦͦ͡΄͔ͤͤΎ ͔͙ͭͣ ͔͟͡ͼ͜͝Σ ͔ͭͦͪ͟͡ ͍ͨͦ͒ͦͣ͜͡ΎΊΣ ΅ͦ ͍ ͚ͤ͜ ͔͋ͯ͒ ͔ͪͦ͋ͤͦ͘͡ ͔͍ͨͤͯ 
͟͜͡Έͫͭ͟͜Έ ͙ͨͦͣͦ͟͡ ͎ͪͤͦͦ͘͜ ͻ͔͊ͪ͊ͭͪͯ͟Φ ˤ͙͊͒͊͟͡; ͍͙͔ͨͦͤͤ ͙ͣ͊ͭ ͔͔ͨͪ͜͟͡ ͍͙͊ͨ͊ͤͦ͊ͤ͘͡ͻ ͙ͨͦͣͦ͟͡ ͤ͊ ͔ͨ͊ͨͪ͜ ;͙ 
͚ͫ͊͒͜͡ ͔͔ͨͪͤͭ͊͘ͼ͜͝ ͒͡Ύ ͔͒ͣͦͤͫͭͪ͊ͼ͜͝ ͝ͻ ͙ͤ͊ͨͪͤ͟͜ͼ͜ ͔͟͡ͼ͜͝Φ ˿͔͙ͭͯ͒ͤͭ ͍͙ͨͦͤͤ͜ ͍͙Ύ͍͙͙ͭ ͨ͒͜ ;͊ͫ ͔͟͡ͼ͜͝ ͼ͜ ͙͙ͨͦͣ͟͡Σ 
͍͙͊ͤͦͭͯ͊ͭ͘ ͝ͻ ͭ͊ ͎͙͙ͦͦͦͫͭ͡ ͍ ͤ͟͜ͼ͜ ͊ͤ͘ΎͭͭΎΦ ˹͊ ͊ͤ͊͘͜͡ ͙ͨͦͣͦ͟͡ ͍͍͙͒ͦ͒ͭ͜ΈͫΎ млςмр ͻ͍͙͙ͤ͡Φ ˽͙͙ͦͣ͟͡ ͊ͤ͊ͯ͘͜͡ΌͭΈͫΎ 
ͫͨͦ;͊ͭͯ͟ ͫͯ͡ͻ͊;͙͊ͣΣ ͊ ͨͦͭͣ͜ ͫͨ͜͡Έͤͦ ͘ ͍͙͊͒͊͟͡;͔ͣΦ 

ˤΦ ͎͍̒ͯͨͦ ͊ͤ͊͘͘;͊ΊΣ ΅ͦ ͭ͊͟͜ ͊ͤ͘ΎͭͭΎ ͤͦͫΎͭΈ ͔ͣͦͼ͚͙͚ͤ͜ ͻ͔͊ͪ͊ͭͪ͟Σ ͙ͫͨͪΎΌͭΈ ͍͔ͫͭͦͪͤͤΌ ͊ͭͣͦͫͺ͔͙ͪ 
͍͙͍͒ͦͪͦͫͭ͜͜͡ ͭ͊ ͍͙ͫͨͪͦ͋ͭͤ͜͜ͼ͍ͭ͊ ͔͎͎ͨ͒͊ͦ͊ ͚ ͯ;͍ͤ͜Σ ͤ͊͘;ͤͦ ͍͙ͨ͒͜΅ͯΌͭΈ ͔͔ͤͭͪͫ͜ ͦͫͭ͊ͤͤ͜ͻ ͒ͦ ͔͔ͨͪ͒ͣͭ͊Σ Ύ͙͚͟ 
͍͙͍;͊ΊͭΈͫΎ [4]. 

˶͔͟ͼ͜Ύ-͍ͨͪͦͦ͊͟ͼ͜Ύ ͣ͊Ί ͤ͊͘;͙͚ͤ ͍͙ͻ͍͙͚ͦͤ ͍͙͍ͨ͡ Ύ͟ ͒͡Ύ ͍͙͊͒͊͟͡;͊Σ ͭ͊͟ ͜ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭ͜Σ ͦͫ͟͜͡Έ͙͟ ͫͯ͡ͻ͊;͜ 
ͣͦ͗ͯͭΈ ͊͘ͺ͍͙ͫͯ͊ͭ͜͟ ͔ͤ ͭ͜͡Έ͙͟ ͍͊ͨ͊ͤͦ͊ͤ͘͜͡ ͙͙ͨͦͣ͟͡Σ ͊ ͜ ͔͍ͨͤ͜ ͔ͤ ͍͊ͨ͊ͤͦ͊ͤ͘͜͡ ͍ͣͦͤ͜ ͜ ͍͔͍ͨͦ͒ͤͦ͜͟͜ ͙͙ͨͦͣ͟͡ 
͔͎͎ͨ͒͊ͦ͊Φ ˸͚͔͊ͫͭͪͤͫͭ͜Έ ͍͙͊͒͊͟͡;͊ ͍͙Ύ͍͡Ύ͙͔ͭͣͭΈͫΎ ͍ ͯͣͤͤ͜͜ ͍͙͙͙ͦͪͫͭ͊ͭ͟ ͔͍ͤ͊ͨ͊ͤͦ͊ͤ͘͜͡ ͙͙ͨͦͣ͟͡ ͒͡Ύ 
͔ͪ͊͊͘͜͡ͼ͜͝ ͼ͔͚͜͡ ͍ͤ͊;͊ͤͤΎΦ ˴ͦͤͫͭͪͯΌ͍͊ͤͤΎ ͔͟͡ͼ͜͝ ͘͜ ͍͙͙͊ͨ͊ͤͦ͊ͤͣ͘͡ ͙͙ͨͦͣ͊ͣ͟͡ ͔ͨͦͭͪ͋ͯΊ ͔͔ͪͭ͡Έ͎ͤͦͦ ͍͒͋ͦͪͯ͜ 
͔ͣ͊ͭͪ͊ͯ͜͡ ͒͡Ύ ͙ͨͦͣͦ͟͡ ͭ͊ ͝ͻ ͍͍ͣͦͤͭͯ͊ͤͤΎ ͍ ͣͫͭ͘͜ ͔͟͡ͼ͜͝. 

˶͔͟ͼ͜͝-͍ͨͪͦͦ͊͟ͼ͜͝ ͔͒ͦͪ;ͤͦ ͍͙͙ͨͪͦͦ͒ͭ ͍ ͤ͟͜ͼ͜ ͍͙͍;͔ͤͤΎ ͔͙ͭͣΣ ͣͦ͒ͯ͡ΎΣ ͯͪͫͯ͟Σ ͦͫ͟͜͡Έ͙͟Σ ͒͡Ύ ͍͙Ύ͍͔ͤͤ͡Ύ 
͙ͨͦͣͦ͟͡ ͍ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙ͨͦͤͤ͜ ͙͋ͯͭ ͫͺ͍ͦͪͣͦ͊ͤ͜ ͍͋͊ͦ͘͜ ͤ͊ͤͤ͘ΎΣ ͯͣͤͤ͜Ύ ͜ ͍͙ͤ͊;͙͟Φ ˤ ͯͪͫ͟͜ ζ˸͔͙͙ͭͦ͒͟ ͍ͤ͊;͊ͤͤΎ 
͍ͦͫͭͤ͜Έͦ͝ ͎͊ͯ͘͜͡ ζ˸͔͙͊ͭͣ͊ͭ͊͟ηη ͭ͊ͯ͟ ͔͟͡ͼ͜Ό ͍͙͊ͫͭͦͫͯ͊͘͡ ͒͡Ύ ͍͙͍;͔ͤͤΎ ͔͙ͭͣ ζ˸͔͙ͭͦ͒͊͟ ͍͙͍;͔ͤͤΎ ͔ͤͯͣͪ͊ͼ͜͝ ͜ 
͙͊ͪͺ͔͙ͣͭ;͙ͤͻ ͚͒͜ ͤ͊͒ ;͙͙ͫ͊ͣ͡ ͍ ͔ͣ͗͊ͻ ͙ͭͫΎ;͜ηΣ Ύ͊͟ ͍͔͊ͪ͘΄ͯΊ ͍͙͍;͔ͤͤΎ ͣͦ͒ͯ͡Ύ ζ˸͔͙ͭͦ͒͊͟ ͍͙͍;͔ͤͤΎ 
͔ͤͯͣͪ͊ͼ͜͝ ͜ ͙͊ͪͺ͔͙ͣͭ;͙ͤͻ ͚͒͜ ͤ͊͒ ;͙͙ͫ͊ͣ͡ ͍ ͦͤ͟ͼ͔ͤͭͪ͊ͻ ζ͙́ͫΎ;͊η ͜ ζˣ͎͊͊ͭͦͼ͙ͺ͍ͪͦ͜ ;͙ͫ͊͡ηηΦ 

˽͙ͪ ͦͤͫͭͪͯ͟Ό͍͊ͤͤ͜ ͔͟͡ͼ͜͝ ͔ͨͪ΄ͦ;͔͎͍ͪͦͦ ͍͙ͤ͊͘;͙͙͡ ͚ͤ͊͋͜͡Έ΄ ͫ͊͒ͤ͟͜͡Σ ͍͍ͯͦ͘͜͡ ͔͙ͣͦͣͤͭ ͜ 
ͭͪ͊ͤͫͺ͍͙ͦͪͣͯ͊͡ ͝ͻ ͯ ͙͍ͨͦͣͦ͟͜͡Φ ̒͟ ͟͡Ό;͍ͦ͜ ͨͦͤΎͭͭΎ ͒͡Ύ ͙ͨͦͣͦ͟͡ ͍͎ͣͫͭͦͦͦ͘͜ ͻ͔͊ͪ͊ͭͪͯ͟ ͍͙͙͙͒͜͡͡Υ  

- ͺ͍ͦͪͣͯ͊ͤͤΎ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͜͡;͙͡Έͤͯ ͙͙ͦ͒ͤͼΌ ͍ ͦͤ͟ͼ͔ͤͭͪ͜ ζ͙́ͫΎ;͊η όм ͫͦͭͤΎ Ί ͜͡;͙͡ΈͤͦΌ ͙͙ͦ͒ͤͼ͔Ό 
͒͡Ύ ͙ͭͪͼ͙ͺ͍͙ͪͦͻ ;͙͔ͫ͡ύΤ  

- ͍͙ͪͦͭͦ͘͟ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͙͊ͨͫ͘ ͙ͭͪͼ͙ͺ͍͙ͪͦͻ ;͙͔ͫ͡ όΎ͟΅ͦ ͜͡;͙͙ͭ ͍ͫͨͪ͊͊ ͍ͤ͊ͦ͜͡ ͙͙ͦ͒ͤͼ͜ ͙ͨ΄͔ͣͦ ͤ͊ 
͔ͨͪ΄ͦͣͯ ͣͫ͜ͼ͜Σ ͔͒ͫΎ͙ͭ͟ ς ͤ ͊ ͎͒ͪͯͦͣͯΣ ͫͦͭͤ͜ ς ͤ ͊ ͔ͭͪͭΈͦͣͯύΤ  

- ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͪͦͪ͘Ύ͎͒ͤͦͦ ͫ͊͒ͯ͟͡ ;͙ͫ͊͡ ͜ ͎ͪͦ͘͡Ύ͒ ͍͒ͦͻ ͍͙͍͒͜ ͍͍ͨͪ͊Σ ͤ͊ ͍͙ͤ͊͘;͔ͤͤΎ ͙͙ͦ͒ͤͼΈ ͎ͦ͗ͤͦͦ͟ 
ͪͦͪ͘Ύ͒ͯ ͜ ͍͙ͤ͊͘;͔ͤͤΎ ͎͊͊͘͡Έͤͦ͝ ͟͜͡Έͦͫͭ͟͜ ͔͍͙ͨͤͻ ͪͦͪ͘Ύ͙͒ͤͻ ͙͙ͦ͒ͤͼΈ ͍ ;͙ͫ͜͡ ό͍͙ͤ͊͘;͙͙ͭ ͟͜͡Έͫͭ͟͜Έ ͔ͫͦͭͤΈΣ 
͔͒ͫΎ͍ͭ͟͜Σ ͙͙ͦ͒ͤͼΈ ͍͍͒ͨͦ͒ͤͦ͜͜ ͯ ͪͦͪ͘Ύ͒͜ ͔ͫͦͭͤΈΣ ͔͒ͫΎ͍ͭ͟͜Σ ͙͙ͦ͒ͤͼΈΤ ͍͙ͤ͊͘;͙͙ͭ ͫ͟͜͡Έ͙͟ ͍ ;͙ͫ͜͡ ͍ͫΈ͎ͦͦ ͔ͫͦͭͤΈΣ 
͔͒ͫΎ͍ͭ͟͜Σ ͙͙ͦ͒ͤͼΈύΤ  

- ͫ͊͒͊ͤͤ͟͡Ύ ͎͙͊ͦͪͭͣͯ͡ ͨͦͪͦͪ͘Ύ͎͒ͤͦͦ ͍͒ͦ͒͊͊ͤͤΎ ͒͡Ύ ͍͙ͨ͊͒ͯ͟ нплҌпол ό͙ͪͦ͊͒͘͟͡ ;͙ͫͦ͡ ͤ͊ ͪͦͪ͘Ύ͒ͤ͜ 
͙͒ͦ͒͊ͤ͟Σ ͒ͦ ͔ͫͦͭͤΈ ͚͒ͦ͒͊ ͫͦͭͤ͜Σ ͒ͦ ͔͒ͫΎ͍ͭ͟͜ ͚͒ͦ͒͊ ͔͒ͫΎ͙ͭ͟Σ ͚͔ͤ͊͒ͤ͘͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͚͒ͦ͒͊ύΤ 

- ͫ͊͒͊ͤͤ͟͡Ύ ͎͙͊ͦͪͭͣͯ͡ ͨͦͪͦͪ͘Ύ͎͒ͤͦͦ ͍͒ͤͣ͊ͤͤ͜͜Ύ ͒͡Ύ ͍͙ͨ͊͒ͯ͟ пулςнрл ό͙ͪͦ͊͒͘͟͡ ;͙ͫͦ͡ ͤ͊ ͪͦͪ͘Ύ͒ͤ͜ 
͒ͦ͒͊ͤ ͙͟Σ ͍͒͜ ͔ͫͦͭͤΈ ͍͙͒ͤͣ͜͜ ͫͦͭͤ͜Σ ͍͒͜ ͔͒ͫΎ͍ͭ͟͜ ͍͙͒ͤͣ͜͜ ͔͒ͫΎ͙ͭ͟Σ ͚͔ͤ͊͒ͤ͘͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͚͒ͦ͒͊ύ (͙͍͒Φ ͭ͊͋͡Φ м).  

˨͡Ύ ͙ͨͦͣͦ͟͡ ͔͙ͣͭͦ͒;͎ͤͦͦ ͻ͔͊ͪ͊ͭͪͯ͟ ͍͙ͤ͊͘;͙͙͡ ͔ͨͦͦ͗ͤͤ͡ΎΣ ΅ͦ ͫͭͦͫͯΊͭΈͫΎ ͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡ ͍͙͍;͔ͤͤΎ 
͔ͤͯͣͪ͊ͼ͜͝ ;͙͔ͫ͡ ͍ ͔ͣ͗͊ͻ ͙ͭͫΎ;͜Σ ͙ͦ͟͡ ͫͨͦ;͊ͭͯ͟ ͍͙͍;͊ΊͭΈͫΎ ͯͫͤ͊ ͔ͤͯͣͪ͊ͼ͜ΎΣ ͊ ͨͦͭͣ͜ ͙ͨͫΈ͍ͣͦ͊ ό͙͍͒Φ ͭ͊͋͡Φ мύΦ 
˸͔ͭͦΌ ͯͫͤͦ͝ ͔ͤͯͣͪ͊ͼ͜͝Σ Ί ͍͊ͫͦ͘ΊͤͤΎ ͍ͤ͊͘ ;͙͔ͫ͡Σ ͭͦͣͯ ͍͙͙͊ͨ͊ͤͦ͊ͤͣ͘͡ ͙͋ͯ͡ ͍ͣͦͤ͜ ͙͙ͨͦͣ͟͡Σ ΅ͦ ͫͭͦͫͯΌͭΈͫΎ 
͍͙ͨͪ͊͡Έͤͦͫͭ͜ ͙͍ͤ͊͊ͤͤ͘Ύ ;͙͍͙͍ͫͤ͜͟͜͡ ό͙͍͒Φ ͭ͊͋͡Φ мύΦ 
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͙́͊͋͡ͼΎ м 

˽͔͔ͪ͜͟͡ ͍͙͊ͨ͊ͤͦ͊ͤ͘͡ͻ ͙ͨͦͣͦ͟͡ ͒͡Ύ ͔͟͡ͼ͜͝-͍ͨͪͦͦ͊͟ͼ͜͝ 

Ѕ 
ͨκͨ 

˭͍͊ͨ͊ͤͦ͊ͤ͜͡ ͙͙ͨͦͣ͟͡ ˽͍͙ͪ͊͡Έͤ͜ ͔ͨͦͦ͗ͤͤ͡Ύ 

1.  ͍̅ͦͪͣͯ͊ͤͤΎ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͜͡;͙͡Έͤͯ ͙͙ͦ͒ͤͼΌ ͍ ͦͤ͟ͼ͔ͤͭͪ͜ ζ͙́ͫΎ;͊η 

˹͔ͯͣͪ͊ͼ͜Ύ ;͙͔ͫ͡ ͍ ͦͤ͟ͼ͔ͤͭͪ͜ ζ͙́ͫΎ;͊η 
ͨͦ;͙ͤ͊ΊͭΈͫΎ ͘ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͔͚͒ͭ͜ ͨͦͤΎͭͭΎ ͨͪͦ 
͙ͭͫΎ;ͯΣ Ύ͟ ͍ͤͦͯ ͜͡;͙͡Έͤͯ ͙͙ͦ͒ͤͼΌΦ  

˹͔ͯͣͪ͊ͼ͜Ύ ;͙͔ͫ͡ ͍ ͦͤ͟ͼ͔ͤͭͪ͜ ζ͙́ͫΎ;͊η 
ͨͦ;͙ͤ͊ΊͭΈͫΎ ͘ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͔͚͒ͭ͜ ͨͦͤΎͭͭΎ ͨͪͦ 
ͫͦͭͤΌΣ Ύ͟ ͍ͤͦͯ ͜͡;͙͡Έͤͯ ͙͙ͦ͒ͤͼΌΦ 

2.  ˾͍͙ͦͭͦ͘͟ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͙͊ͨͫ͘ ͙ͭͪͼ͙ͺ͍͙ͪͦͻ ;͙͔ͫ͡ 

˽͙ͪ ͚͔ͦͤ͊ͦͣͤͤ͘͜͡ ͘ ͙ͨͫΈ͍ͣͦͦΌ ͔ͤͯͣͪ͊ͼ͜ΊΌ 
;͙͔ͫ͡ ͯ ͔ͣ͗͊ͻ млллΣ ͙ͫͨͪ͊Ό;͙ͫΈ ͤ͊ ͯͣͤͤ͜Ύ ͔͚͒ͭ͜ 
͙͍͙͊ͨͫͯ͊ͭ͘ ͍͒ͦͼ͙ͺ͍ͪͦ͜ ;͙ͫ͊͡Σ ͔͒ͣͦͤͫͭͪͯΊͣͦΣ ΅ͦ 
ͫͦͭͤ͜Σ ͙͊ͨͫͯ͘ΌͭΈ ͤ͊ ͔ͨͪ΄ͦͣͯ ͣͫ͜ͼ͜Σ ͔͒ͫΎ͙ͭ͟ ς ͤ͊ 
͎͒ͪͯͦͣͯΣ ͙͙ͦ͒ͤͼ͜ ς ͤ͊ ͔ͭͪͭΈͦͣͯΣ Ύ͟΅ͦ ͜͡;͙͙ͭ 
͍͊͘͜͡ ͍ͤ͊ͨͪ͊ͦΦ  

˽͙ͪ ͚͔ͦͤ͊ͦͣͤͤ͘͜͡ ͘ ͙ͨͫΈ͍ͣͦͦΌ ͔ͤͯͣͪ͊ͼ͜ΊΌ 
;͙͔ͫ͡ ͯ ͔ͣ͗͊ͻ млллΣ ͙ͫͨͪ͊Ό;͙ͫΈ ͤ͊ ͯͣͤͤ͜Ύ ͔͚͒ͭ͜ 
͙͍͙͊ͨͫͯ͊ͭ͘ ͍͒ͦͼ͙ͺ͍ͪͦ͜ ;͙ͫ͊͡Σ ͔͒ͣͦͤͫͭͪͯΊͣͦΣ 
΅ͦ ͫͦͭͤ͜Σ ͙͊ͨͫͯ͘ΌͭΈ ͤ͊ ͔ͭͪͭΈͦͣͯ ͣͫ͜ͼ͜, ͒ ͔ͫΎ͙ͭ͟ 
ς ͤ͊ ͎͒ͪͯͦͣͯ, ͙͙ͦ͒ͤͼ͜ ς ͤ͊ ͔ͨͪ΄ͦͣͯΣ Ύ͟΅ͦ 
͜͡;͙͙ͭ ͍ͫͨͪ͊͊ ͍ͤ͊ͦ͜͡Φ 

3.  ͍͔̂ͫ͒ͦͣͤͤ͜͡Ύ ͪͦͪ͘Ύ͎͒ͤͦͦ ͫ͊͒ͯ͟͡ ;͙ͫ͊͡ ͜ ͎ͪͦ͘͡Ύ͒ ͍͒ͦͻ ͍͙͍͒͜ ͍͍ͨͪ͊Σ ͤ͊ ͍͙ͤ͊͘;͔ͤͤΎ ͙͙ͦ͒ͤͼΈ ͎ͦ͗ͤͦͦ͟ 
ͪͦͪ͘Ύ͒ͯ ͜ ͍͙ͤ͊͘;͔ͤͤΎ ͎͊͊͘͡Έͤͦ͝ ͟͜͡Έͦͫͭ͟͜ ͔͍͙ͨͤͻ ͪͦͪ͘Ύ͙͒ͤͻ ͙͙ͦ͒ͤͼΈ ͍ ;͙ͫ͜͡ 

˽͙ͪ ͍͙͍;͔ͤͤ͜ ͔ͤͯͣͪ͊ͼ͜͝ ;͙͔ͫ͡ ͍ ͔ͣ͗͊ͻ ͙ͭͫΎ;͜Σ ͒͡Ύ 
͍͊ͫͦ͘ΊͤͤΎ ͪͦͪ͘Ύ͎͒ͤͦͦ ͫ͊͒ͯ͟͡ ;͙ͫ͊͡ ͜ ͤ͊͘;͔ͤͤΎ 
ͦ͗ͤͦ͟͝ ͼ͙ͺ͙ͪ ͍ ͙͊ͨͫ͘͜ ;͙ͫ͊͡ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͍͒͊ 
͍͙͙͒ ͍͍ͨͪ͊Υ мύ ͤ͊ ͍͙ͤ͊͘;͔ͤͤΎ ͟͜͡Έͦͫͭ͟͜ ͙͙ͦ͒ͤͼΈ 
͎ͦ͗ͤͦͦ͟ ͪͦͪ͘Ύ͒ͯΦ ˹͙͊ͨͪ͊͒͟͡Σ ͫ͟͜͡Έ͙͟ ͍ ;͙ͫ͜͡ снт 
͙͙ͦ͒ͤͼΈ ͎ͦ͗ͤͦͦ͟ ͪͦͪ͘Ύ͒ͯΚ όͯ ;͙ͫ͜͡ снт ͯ 
͔ͭͪͭΈͦͣͯ ͪͦͪ͘Ύ͒͜ 600 ͙͙ͦ͒ͤͼΈΣ ͊͋ͦ с ͔ͫͦͭͤΈΤ ͯ 
͎͒ͪͯͦͣͯ ς 20 ͙͙ͦ͒ͤͼ͜Σ ͊͋ͦ н ͔͒ͫΎ͙ͭ͟Τ ͍ ͔ͨͪ΄ͦͣͯ 
τ 7 ͙͙ͦ͒ͤͼΈΦύΤ нύ ͤ͊ ͍͙ͤ͊͘;͔ͤͤΎ ͎͊͊͘͡Έͤͦ͝ 
͟͜͡Έͦͫͭ͟͜ ͙͙ͦ͒ͤͼΈ ͍ ;͙ͫ͜͡Φ ˹͙͊ͨͪ͊͒͟͡Σ ͫ͟͜͡Έ͙͟ ͍ 
;͙ͫ͜͡ опр ͍ͫΈ͎ͦͦ ͔ͫͦͭͤΈΚ ˨͔ͫΎ͍ͭ͟͜Κ ˻͙͙͒ͤͼΈΚ όͯ 
;͙ͫ͜͡ опр ͍ͫΈ͎ͦͦ 3 ͫ ͦͭͤ͜Σ п ͔͒ͫΎ͙ͭ͟Σ р ͦ ͙͙͒ͤͼΈ). 
˻͔ͭ͗Σ ͫ͒͜͡ ͍ͤ͊;͙͙ͭ ͔͚͒ͭ͜ ͪͦͪͤ͘͘͜Ύ͙ͭΣ ͫ͟͜͡Έ͙͟ 
͔͒ͫΎ͍ͭ͟͜ ͯ ͪͦͪ͘Ύ͒͜ ͔͒ͫΎ͍ͭ͟͜ ͜ ͫ͟͜͡Έ͙͟ ͔͒ͫΎ͍ͭ͟͜ ͯ 
͍ͫΈͦͣͯ ;͙ͫ͜͡Φ ̂ ;͙ͫ͜͡ олл ͔͒ͫΎ͍ͭ͟͜ ͔ͤͣ͊ΊΣ ͍ͫΈ͎ͦͦ 
ͯ ;͙ͫ͜͡ ол ͔͒ͫΎ͍ͭ͟͜Φ 

˽͙ͪ ͍͙͍;͔ͤͤ͜ ͔ͤͯͣͪ͊ͼ͜͝ ;͙͔ͫ͡ ͍ ͔ͣ͗͊ͻ ͙ͭͫΎ;͜Σ 
͒͡Ύ ͍͊ͫͦ͘ΊͤͤΎ ͪͦͪ͘Ύ͎͒ͤͦͦ ͫ͊͒ͯ͟͡ ;͙ͫ͊͡ ͜ 
ͤ͊͘;͔ͤͤΎ ͦ͗ͤͦ͟͝ ͼ͙ͺ͙ͪ ͍ ͙͊ͨͫ͘͜ ;͙ͫ͊͡ 
͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͍͒͊ ͍͙͙͒ ͍͍ͨͪ͊Υ мύ ͤ͊ ͍͙ͤ͊͘;͔ͤͤΎ 
͟͜͡Έͦͫͭ͟͜ ͙͙ͦ͒ͤͼΈ ͎ͦ͗ͤͦͦ͟ ͪͦͪ͘Ύ͒ͯΦ ˹͙͊ͨͪ͊͒͟͡Σ 
ͫ͟͜͡Έ͙͟ ͍ ;͙ͫ͜͡ снт ͙͙ͦ͒ͤͼΈ ͎ͦ͗ͤͦͦ͟ ͪͦͪ͘Ύ͒ͯΚ όͯ 
;͙ͫ͜͡ снт ͯ ͔ͭͪͭΈͦͣͯ ͪͦͪ͘Ύ͒͜ 6 ͙͙ͦ͒ͤͼΈΣ ͊͋ͦ 6 
͔ͫͦͭͤΈΤ ͯ ͎͒ͪͯͦͣͯ ς 2 ͙͙ͦ͒ͤͼ͜Σ ͊͋ͦ н ͔͒ͫΎ͙ͭ͟Τ ͍ 
͔ͨͪ΄ͦͣͯ τ т ͙͙ͦ͒ͤͼΈΦύΤ нύ ͤ͊ ͍͙ͤ͊͘;͔ͤͤΎ 
͎͊͊͘͡Έͤͦ͝ ͟͜͡Έͦͫͭ͟͜ ͙͙ͦ͒ͤͼΈ ͍ ;͙ͫ͜͡Φ ˹͙͊ͨͪ͊͒͟͡Σ 
ͫ͟͜͡Έ͙͟ ͍ ;͙ͫ͜͡ опр ͍ͫΈ͎ͦͦ ͔ͫͦͭͤΈΚ ˨͔ͫΎ͍ͭ͟͜Κ 
˻͙͙͒ͤͼΈΚ όͯ ;͙ͫ͜͡ опр ͍ͫΈ͎ͦͦ о ͫͦͭͤ͜Σ 
34 ͒ ͔ͫΎ͙ͭ͟Σ опр ͙͙ͦ͒ͤͼΈ). 
˻͔ͭ͗Σ ͫ͒͜͡ ͍ͤ͊;͙͙ͭ ͔͚͒ͭ͜ ͪͦͪͤ͘͘͜Ύ͙ͭΣ ͫ͟͜͡Έ͙͟ 
͔͒ͫΎ͍ͭ͟͜ ͯ ͪͦͪ͘Ύ͒͜ ͔͒ͫΎ͍ͭ͟͜ ͜ ͫ͟͜͡Έ͙͟ ͔͒ͫΎ͍ͭ͟͜ ͯ 
͍ͫΈͦͣͯ ;͙ͫ͜͡Φ ̂ ;͙ͫ͜͡ олл ͍ ͪͦͪ͘Ύ͒͜ ͔͒ͫΎ͍ͭ͟͜ ͤͯ͡Έ 
͙͙ͦ͒ͤͼΈΣ ͊  ͍ͫΈ͎ͦͦ ͔͒ͫΎ͍ͭ͟͜ олΦ 

4.  ˿͊͒͊ͤͤ͟͡Ύ ͎͙͊ͦͪͭͣͯ͡ ͫͨͦͫͦ͋ͯ ͨͦͪͦͪ͘Ύ͎͒ͤͦͦ ͍͒ͦ͒͊͊ͤͤΎ  
͒͡Ύ ͍͙ͨ͊͒ͯ͟ нпл + 430 

1. ˾͙ͦ͊͒͘͟͡ ;͙ͫͦ͡ ͤ͊ ͪͦͪ͘Ύ͒ͤ͜ ͙͒ͦ͒͊ͤ͟Φ 
2. ˨ͦ ͔͒ͫΎ͍ͭ͟͜ ͚͒ͦ͒͊ ͔͒ͫΎ͙ͭ͟Φ 
3. ˨ͦ ͔ͫͦͭͤΈ ͚͒ͦ͒͊ ͫͦͭͤ͜Φ 
4. ˭͚͔ͤ͊͒ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͚͒ͦ͒͊Φ 
˽ͦͪͯ΄͔ͤͦ ͨͦͪΎ͒ͦ͟ ͍͒ͦ͒͊͊ͤͤΎΣ ͫ͒͜͡ 

ͪͦͨͦ͘;͙͙ͤ͊ͭ ͍͙͒ͦ͒͊͊ͭ ͘ ͔ͫͦͭͤΈΣ ͊ ͔ͤ ͔͒ͫΎ͍ͭ͟͜ 

1. ˾͙ͦ͊͒͘͟͡ ;͙ͫͦ͡ ͤ͊ ͪͦͪ͘Ύ͒ͤ͜ ͙͒ͦ͒͊ͤ͟Φ 
2. ˨ͦ ͔ͫͦͭͤΈ ͚͒ͦ͒͊ ͫͦͭͤ͜Φ 
3. ˨ͦ ͔͒ͫΎ͍ͭ͟͜ ͚͒ͦ͒͊ ͔͒ͫΎ͙ͭ͟Φ 
4. ˭͚͔ͤ͊͒ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͚͒ͦ͒͊Φ 

5.  ˿͊͒͊ͤͤ͟͡Ύ ͎͙͊ͦͪͭͣͯ͡ ͫͨͦͫͦ͋ͯ ͨͦͪͦͪ͘Ύ͎͒ͤͦͦ ͍͒ͤͣ͊ͤͤ͜͜Ύ  
͒͡Ύ ͍͙ͨ͊͒ͯ͟ пул ς 250 

1. ˾͙ͦ͊͒͘͟͡ ;͙ͫͦ͡ ͤ͊ ͪͦͪ͘Ύ͒ͤ͜ ͙͒ͦ͒͊ͤ͟Φ 
2. ˤ͒͜ ͔͒ͫΎ͍ͭ͟͜ ͍͙͒ͤͣ͜͜ ͔͒ͫΎ͙ͭ͟Φ  
3. ˤ͒͜ ͔ͫͦͭͤΈ ͍͙͒ͤͣ͜͜ ͫͦͭͤ͜Φ 
4. ˭͚͔ͤ͊͒ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍͙͒ͤͣ͜͜. 
˽ͦͪͯ΄͔ͤͦ ͨͦͪΎ͒ͦ͟ ͍͒ͤͣ͊ͤͤ͜͜ΎΣ ͫ͒͜͡ 
ͪͦͨͦ͘;͙͙ͤ͊ͭ ͍͙͒ͤͣ͊ͭ͜͜ ͘ ͔ͫͦͭͤΈΣ ͊ ͔ͤ 
͔͒ͫΎ͍ͭ͟͜Φ ˱ ͚͔ͤ͊͒ͤ͘͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍͙͒ͦ͒͊͊ͭΣ ͊ 
͔ͤ ͍͙͒ͤͣ͊ͭ͜͜ 

1. ˾͙ͦ͊͒͘͟͡ ;͙ͫͦ͡ ͤ͊ ͪͦͪ͘Ύ͒ͤ͜ ͙͒ͦ͒͊ͤ͟Φ 
2. ˤ͒͜ ͔ͫͦͭͤΈ ͍͙͒ͤͣ͜͜ ͫͦͭͤ͜Φ 
3. ˤ͒͜ ͔͒ͫΎ͍ͭ͟͜ ͍͙͒ͤͣ͜͜ ͔͒ͫΎ͙ͭ͟Φ 
4. ˭͚͔ͤ͊͒ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͚͒ͦ͒͊. 

 

6. ˽͍ͦͫ͒ͦͤͫͭ͜͜͡Έ ͍ ͙͍;͔ͤͤΎ ͔ͤͯͣͪ͊ͼ͜͝ ;͙͔ͫ͡ ͍ ͔ͣ͗͊ͻ ͙ͭͫΎ;͜ 

˹͔ͯͣͪ͊ͼ͜Ύ ;͙͔ͫ͡ ͍ ͔ͣ͗͊ͻ ͙ͭͫΎ;͜ ͍͙͍;͊ΊͭΈͫΎ ͍ 
͚ͭ͊͟͜ ͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡Υ ͫͨͦ;͊ͭͯ͟ ͙ͨͫΈ͍ͣͦ͊Σ ͊ 
ͨͦͭͣ͜ ͯͫͤ͊Φ  

˹͔ͯͣͪ͊ͼ͜Ύ ;͙͔ͫ͡ ͍ ͔ͣ͗͊ͻ ͙ͭͫΎ;͜ ͍͙͍;͊ΊͭΈͫΎ ͍ 
͚ͭ͊͟͜ ͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡Υ ͫͨͦ;͊ͭͯ͟ ͯͫͤ͊Σ ͊ ͨͦͭͣ͜ 
͙ͨͫΈ͍ͣͦ͊Φ 

7.  ˸͍ͦͤ͜ ͙͙ͨͦͣ͟͡ 

ͫͭͦ  ͦ͒ ȳ͙͊ͤ ͼ͒ΎͭΈΣ ͫͭͦ  ;͙ͦͭȳͪͤ͊͒ ͼΎͭΈΣ ͍͒ͫͭ͜͜ 
ͦ͒ ȳ͙͊ͤ ͼ͒ΎͭΈ ͜ ͭΦ͒Φ 

ͫͭͦ  ͙ͦ͒ͤ ȳ͊͒ͼΎͭΈΣ ͫͭͦ  ;͙ͦͭͪͤ ȳ͊͒ͼΎͭΈΣ ͍͒ͫͭ͜  ͜
͙ͦ͒ͤ ȳ͊͒ͼΎͭΈ ͜ ͭΦ͒Φ 
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ˤ͙͍͙ͫͤͦ͟Φ ˤ ͦͫ ͍ͤͦ͜ ͔͙ͣͭͦ͒ͦ͟-͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͍;͙͔͍ͭ͜͡ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡ ͔͙͗ͭ͡Έ 
͙͍͊ͭͤ͊͟ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤ͊ ͒͜Ύ͡Έͤͫͭ͜Έ ͔ͫͭͯ͒ͤͭ͊Σ Ύͯ͟ ͙ͫͭͣͯ͡ΌΌͭΈ ͒ͦͼ͜͡Έͤͦ ͒͋ͪ͊ͤ͜͜ ͔͙ͣͭͦ͒ ͜ ͙͚͙ͨͪͦͣ 
͍ͤ͊;͊ͤͤΎΦ ˹͔͙͚͊͗ͤ͡ ͍͔ͪͤ͜Έ ͔͙ͣͭͦ͒ͦ͟-͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͍;͙͔͍ͭ͜͡ ͨͦ;͍͙͊ͭͦ͟ͻ ͍͊ͫ͟͜͡ 
͒ͦͫΎ͎͊ΊͭΈͫΎ ΄͡Ύͻͦͣ ͍ͫͭͪͯͭͯͪͯ͊ͤͤ͟Ύ ͣͫͭͯ͘͜ ͙͒ͫͼ͙ͨͤ͜͡ όζ˸͔͙͊ͭͣ͊ͭ͊͟ηΣ ζ˸͔͙ͭͦ͒͊͟ ͍ͤ͊;͊ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͎͊ͯ͘͜͡ 
ζ˸͔͙͊ͭͣ͊ͭ͊͟ηηύΣ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭΣ ͍͙ͪͦͭͯ͘͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜Τ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͙͙ͣͭͦ͒͟ ͚ ͔ͭͻ͎ͤͦͦ͜͡͝ 
͎͍͙ͨ͒ͦͭͦ͜͟Σ ͍ͨͦ͋ͯ͒ͦ͊ͤͦ͝ ͤ͊ ͙ͨͪͤͼ͙ͨ͊ͻ ͍͊͘Ίͣͦ͒͜͝Σ ΅ͦ ͔ͨͦͭͪ͋ͯΌͭΈ ͍͙͒ͦͪ͜Σ ͍͊͘Ίͣͦͪͦͯͣͤͤ͘͜ΎΣ ͍͙ͫͨͪͦ͋ͭͤ͜͜ͼ͍ͭ͊Σ 
͔ͭͦͪ͊ͤͭͤͦͫͭ͜͡Φ ͔́ͻ͎ͤͦͦ͜͡Ύ ͍ͤ͊;͊ͤͤΎ ͯ ͍͙΅͚͜ ΄ͦ͟͜͡ ͣ͊Ί ͔͔͊͋ͨ͘͘;͍͙ͯ͊ͭ ͪͦͫͭ͊ͤͤ͘Ύ ͎ͦ͗ͤͦͦ͟ ͔ͫͭͯ͒ͤͭ͊Σ ͭͦ͋ͭͦ 
͊ͯ͘͡;͔ͤͤΎ ͚͎ͦͦ ͒ͦ ͙͍͊ͭͤͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ;͔͔ͪ͘ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͒͊ͤ͘ΈΣ Ύ͟͜ ͚ͨͦͫͭͤͦ͜ ͯͫ͊͒ͤ͟͡ΎΌͭΈͫΎΣ ͭ͊ 
͎͍ͨͪͦͪ͊͊ͤͤΎ ͙ͪͤ͘͜ͻ ͔͚ͪͦ͡Σ Ύ͟͜ ͙͍ͪͦͪ͊͘͟ΌͭΈ ͔ͫͨͼ͙ͺͯ͜͟ ͚ ͍ͭͦͪ;ͯ ͙ͨͪͪͦ͒ͯ ͍͊͘Ίͣͦ͒͜͝ ͘ ͤ͜΄͙͙ͣ ͡Ό͒Έ͙ͣ ͍ 
ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˿ͨͦͤͯ͊ͤͤ͟Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͚ͫ͊ͣͦͫͭͤͦͫͭ͜͜ ͚ ͙͍͊ͭͤͦͫͭ͟͜ ͒ͦͫΎ͎͊ΊͭΈͫΎ ΄͡Ύͻͦͣ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
ͪΎ͒ͯ ͙͚͍ͨͪͦͣ͜ ͜ ͔͍ͣͭͦ͒͜ ͔͎ͨͪͦ͋ͣͤͦͦ͡ ͍ͤ͊;͊ͤͤΎΣ Ύ͟͜ ͊ͦ͘ͻͦ;ͯΌͭΈ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͚͎ͫ͊ͣͦͫͭͤͦͦ͜ ͨͦ΄ͯͯ͟ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ 
͚͙ͫ͊ͣͦͫͭͤ͜ͻ ͍͙͍͍ͫͤͦ͟͜Σ ͎ͯ͊͊͘͡Έ͔ͤͤΈΦ ͔̇Σ ͘͜ ͍͎ͫͦͦ ͋ͦͯ͟Σ ͙ͫͨͪΎΊ ͍͙ͪͦͭͯ͘͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͔ͫͭͯ͒ͤͭ͊Σ ͚͎ͦͦ 
͍ͫ͊ͣͦͫ͒ͦͣͦͫͭ͜͜Σ ͫ͊ͣͦͦͼ͙ͤ͜͟Φ 

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 

1. ˣͦͤ͒͊ͪΊ͍͊ ́Φ ˢ͙͍ͭ͊͘͟͜ͼ͜Ύ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͙͔ͫͫͭͣ͜ ͔͔͍ͫͭͯͨͤͦ͝ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ κ 
́Φ ˣͦͤ͒͊ͪΊ͍͊ κκ  ˹͍ͦ͊ ͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͒ͯͣ͊͟ Υ ͤ͊ͯ͟Φ ͗ͯͪͤΦ κ ˾͍͔ͤͤ͜Φ ͦ͋͡Φ ͤ͜-ͭΦ ͨͫ͜͡Ύ͙͒ͨͦͣ͡Φ ͔ͨ͒Φ ͍͙ͦͫͭ͜Σ ˾͍͔ͤͤ͜Φ 
͔͒ͪ͗Φ ͎ͯͣ͊ͤͭ͜Φ ͯͤ-ͭΤ ͎ͦ͡Φ ͔ͪ͒Φ ˸ΦˢΦ ʕ ͒ͤ͜͜;ͯ͟Φ ς ˾ ͍͔ͤ͜Σ нлмоΦ  ς Ѕ мΦ ς ˿ Φ 83ς85.  

2. ˴͙ͦͫͭ΄͙ͤ͊ ˥Φ ˱Φ ͍̅ͦͪͣͯ͊ͤͤΎ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙΅͙ͻ ͔ͭͻͤ͜;͙ͤͻ ͍ͤ͊;͊͡Έ͙ͤͻ 
͍͊͊͒͘͟͜͡ Υ ͍͔͊ͭͦͪͺΦ ͙͒ͫΦ ͤ͊ ͒ͦ͋ͯͭͭ͘Ύ ͤ͊ͯ͟Φ ͔ͫͭͯͨͤΎ ͊ͤ͒͟Φ ͔ͨ͒Φ ͤ͊ͯ͟ Υ ͔ͫͨͼΦ моΦллΦлп ζ͔́ͦͪ͜Ύ ͜ ͔͙ͣͭͦ͒͊͟ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͍͙ͦͫͭ͜η κ ˥Φ ˱ Φ ˴ ͙ͦͫͭ΄͙ͤ͊Φ ς ͔́ͪͤͦͨ͜͡ΈΣ нллоΦ ς 21 ͫ Φ  

3. ˽͙ͦ͡ͼ͙͙͚ͤͫ͟ ˩ΦˤΦ ˢ͙͍͙ͭ͊͘͟ͼ͙Ύ ͍͔ͨͦͤ͊͊ͭ͘͡Έ͚ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔͍ͫͭͯ͒ͤͭͦ ͤ͊ ͔͟͡ͼ͙ͦͤͤ·ͻ ͊ͤ͘Ύ͙ͭΎͻ κ 
˩ΦˤΦ ˽ ͙ͦ͡ͼ͙͙͚ͤͫ͟Σ ˩ΦˢΦ ˾ ͔ͯͣ͋΄ͭ͊ κκ ˤ͔͙ͫͭͤ͟ ́˥˽̂Φ ς 2011. ς ʕ ·ͨͯͫ͟ с όмлуύΦ ς ˿ Φ 37ς40.  

4. ͎͍̒ͯͨͦ ˤΦˤΦ ˽͔͎͎͒͊ͦ͊͜͟Υ ͤ͊ ͍;Φ ͨͦ ͙ͫ͋ͤ͜͟ ώ˩͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫϐ κ ˤΦˤΦ ͎͍̒ͯͨͦΦ ς ˴ΦΥ ˶͙͋͒͜ΈΣ нллнΦ ς рсл ͫΦ ς 
˾͔͙͗ͣ ͒ͦͫͭͯͨͯΥ ƘǘǘǇΥκκŜŘǳƪƴƛƎƛΦŎƻƳκǇŜŘψǾƛŜǿΦǇhp?id=23.  
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ACTIVATION OF EDUCATIONAL-COGNITIVE ACTIVITY OF FUTURE PRIMARY SCHOOL TEACHERS  

IN THE METHODICAL-MATHEMATICAL TRAINING 
O. Vasko 

Makarenko Sumy State Pedagogical University, Ukraine 
Abstract. The article discusses the methods and techniques of enhancing learning and cognitive activity of 

future primary school teachers in the lectures with a methodical-mathematical training. Activation of educational-
cognitive activity is regarded as purposeful activity of the teacher in the development and implementation of such 
contents, forms, methods, receptions and means, which influence on cognitive sphere of students ' personality. The 
factors effective the students ' perception of lecture materials. The essence and features of realization of methods of 
enhancing learning and cognitive activity of students in the process of methodical-mathematical preparation, such 
as posing rhetorical questions, control questions (one of the variants of realization the game is "Digest"), use "Echo". 
The expediency of application of the lecture a provocation for enhancing learning and cognitive activity of students. 
The emphasis is on the specific character of such lectures: the first step is to determine the most complex, key 
moments and transform them into incorrect. The latter can be substantial and methodical character. Demonstrated 
a possible variant of the organization of the lecture-the provocations. 

Key words: receptions of activation of educational-cognitive activity, methods of activation of educational-
cognitive activity, future primary school teachers, methodical-mathematical training.  
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ˤͦͪͦͤͤ͟͜ ˻Φ˿Φ 
˿̂ˣΩ̐˴́ˮˤ˹˱ ́ˢ ˻ˣΩ̐˴́ˮˤ˹˱ ̆ˢ˾ˢ˴́˩˾ˮ˿́ˮ˴ˮ ˭ˤ̂˴̂ 

ό͔͙ͣͭͦ͒;ͤ͊ ͪͦͪͦ͋͊͘͟ ͔͟͡ͼ͜͝ύ 
 

ˢͤͦͭ͊ͼ͜ΎΦ ˿ͭ͊ͭͭΎ ͙͍ͪͦͪ͊͘͟Ί ͔͙ͣ͊ͭͪ͊͜͡ ͍͙͒ͪͭͦ͜͟͝ ͔͟͡ͼ͜͝ ͤ͊ ͔ͭͣͯ ζ͔͙͙͙̆͊ͪ͊ͭͪͫͭ͟͟ ͍ͯͯ͘͟ηΣ 
͎͍͔ͨ͒ͦͭͦͤͦ͜͡͝ ͭ͊ ͨͪͦ;͙ͭ͊ͤͦ͝ ͍ ˴ͦͣͯͤ͊͡Έͤͦͣͯ ͊͊͒͘͟͜͡ ζ˿Ί͍Ί͔ͪͦ͒ͦͤͼΈ͔͟ ͔ͦ͋͊ͫͤ͡ ͙ͣͯ͘;͔ͤ ͯ;͙͙͡΅͔ 
ͣ͜Φ ˿Φ ˿Φ ˽ͪͦͦ͟ͺΩΊ͍͊η ͯ ͔ͣ͗͊ͻ ͍ͤ͊;͊͡Έͤͦ͝ ͙͒ͫͼ͙͙ͨͤ͜͡ ζ͙̅͊͘͜͟ηΦ ˾͎ͦ͘͡Ύ͒͊ΌͭΈͫΎ ͦ͋ΩΊ͙͍ͭͤ͟͜ ό͔͙͍ͤͭͤͫͤͫͭ͜͜ΈΣ 
;͊ͫͭͦͭ͊Σ ͊ͣͨͭͯ͒ͤͦ͜͡-;͙͚͊ͫͭͦͭͤ ͔ͫͨͭͪ͟ύ ͜ ͫͯ͋ΩΊ͙͍ͭͤ͟͜ ό͎ͯ;ͤͫͭ͜ΈΣ ͍͙ͫͦͭ͊Σ ͔ͭͣ͋ͪύ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͍ͯͯ͘͟Σ 
͒ͦͫ͒͗ͯ͜͡ΊͭΈͫΎ ͍͘ΩΎͦ͘͟ ͣ͗͜ ͙͙ͤͣΦ ˿ͨͪͦ΅͔ͤͦ ͙͍ͪͦͪ͊͘͟ΌͭΈͫΎ ͺ͙͘͜;ͤ͜ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͍͙͋ͯ͒ͦ ͫͯ͡ͻ͍͎ͦͦͦ 
͊ͤ͊͊ͭͦͪ͊͘͜͡ ͡Ό͙͙͒ͤ ͭ͊ ͔ͣͻ͊ͤͣͯ͘͜ ͙͚ͫͨͪͤΎͭͭΎ ͍ͯͯ͘͟ ͡Ό͙͒ͤͦΌΦ ˽ͦ͊͊ͤͦ͘͟ ͒ͦͼ͜͡Έͤͫͭ͜Έ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
ͫͯͯͨͤͦͫͭ͟͜ ͙͊ͨ͊ͪ͊ͭͤͻ ͜ ͎͙ͨͪͦͪ͊ͣͤͻ ͍͊ͫͦ͋͘͜ ͨ͒͜ ;͊ͫ ͍͙͍;͔ͤͤΎ ͊ͤ͊͘͘;͔ͤͦ͝ ͔͙ͭͣΦ ˢ͟ͼ͔͍ͤͭͦ͊ͤͦ ͍͎ͯ͊ͯ ͤ͊ 
͊͘ ͍ͫͭͦͫͯ͊ͤͤ͜ ͔ͣͭͦ͒ͯ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͙͊ͯͫͭ͟;͙ͤͻ Ύ͍͙΅ ͜ ͨͪͦͼ͔͍ͫ͜ ͘ ͔ͣͭͦΌ ͨͦͪ͊͟΅͔ͤͤΎ 
ͺ͊ͻ͍ͦͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ͯ͟͡Έ͙ͭͯͪ ͜ ͙͔ͣͫͭͼ͍ͭ I-II ͍͍ͪͤ͜͜ ͔͙͊ͪ͒ͭ͊͟ͼ͜͝Φ 
˾͙ͦ͋ͭΈͫΎ ͍͙͍ͫͤͦͦ͟Σ ΅ͦ ͙͔ͨͦͫͤͤ͡Ύ ͙ͣ͗͒ͫ͜ͼ͙͙ͨͤ͊ͪͤ͜͡ͻ ͍͘ΩΎ͍͘͟͜ ͺ͙͙͘͜͟Σ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ ͎͋ͦͦ͜͜͡͝ ͭ͊ ͙ͣͯ͘;͎ͤͦͦ 
͙͔ͣͫͭͼ͍ͭ͊ ͍͒ͦͦ͘͡ΎΊ ͔ͫͭͯ͒ͤͭ͊ͣ ͍͙͍͙ͪͦ͊ͭ͘ ͯͣͤͤ͜Ύ ͍͙͔ͦͪͣ͟͡Ό͍͙͊ͭ ͎͍͔ͦͦͤ͡ ͯ ͍ͤ͊;͊͡Έͤͦͣͯ ͔ͣ͊ͭͪ͊͜͜͡Σ 
͍ͨͦͪͤ͜Ό͍͙͊ͭΣ ͎ͯ͊͊͘͡ΈͤΌ͍͙͊ͭΣ ͙͙ͪͦ͋ͭ ͍͙͍͙ͫͤͦ͟Σ ͍͙͍͙ͪͦ͊ͭ͘ ͔͔͙͍ͫͨͦͫͭͪ͗ͫͭ͜͡ΈΣ ͎ͦ͜͡;͔ͤ ͙͔ͣͫͤͤ͡ΎΣ ͨ͊ͣΩΎͭΈ 
ͭ͊ ͍͎ͯ͊ͯΦ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟Σ ͔͔ͣ͗ͨͪ͒ͣͭͤ͜͜ ͍͘ΩΎ͙͘͟Σ ͦͣͨ͟ΩΌ͔͔ͭͪͤ ͔ͣͦ͒͡Ό͍͊ͤͤΎΦ 
 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˹͍͙͚ͦ ˭͊ͦͤ͟ ͙̂ͪ͊ͤ͟͝ ζ˽ͪͦ ͍ͦͫͭͯ͜η ͔͔ͨͪ͒͋͊;͊Ί ͙ͭͪ ͍ͪͤ͜͜ ͍ͨͦͤͦ͝ ͎͊͊͘͡Έͤͦ͝ 
͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜Υ ͨͦ;͍͊ͭͦ͊͟ ͍ͦͫͭ͊͜ ό͙͍ͭͪ͊ͫͭ͜͡Έ ;͙͙ͦͭͪ ͙ͪͦ͟ύΤ ͍͋͊ͦ͊͘ ͔͔ͫͪ͒ͤΎ ͍ͦͫͭ͊͜ ό͙͍ͭͪ͊ͫͭ͜͡Έ ͨΩΎͭΈ ͍ͪͦ͟͜ύΤ 
ͨͪͦͺ͜͡Έͤ͊ ͔͔ͫͪ͒ͤΎ ͍ͦͫͭ͊͜ ό͙͍ͭͪ͊ͫͭ͜͡Έ ͙ͭͪ ͙ͪͦ͟ύΦ  ˽͊ͤͯ͡ΊͭΈͫΎΣ ΅ͦ ͯ ͪ͊ͣ͊͟ͻ ͨͪͦͺ͜͡Έͤͦ͝ ͍͙ͦͫͭ͜ ͫͭ͊ͪ΄͙ͦ͊ͫͤ͟͟͡ 
͔͋ͯ͒ ͙͙ͦ͋ͪ͊ͭ ͙ͦ͒ͤ ͘ ͍͒ͦͻ ͫͨͪΎ͍ͣͯ͊ͤΈΥ ͔͊͊͒ͣ͟͜;͔ͤ ͍ͤ͊;͊ͤͤΎ ό͘͜ ͎͙͔͙ͨͦ͋ͤͣ͡͡ ͍͙͍;͔ͤͤΎͣ ͔͙ͦͪͣ͟ͻ ͔͔͍ͨͪ͒ͣͭ͜ 
͘ ͦͪ͜Ίͤͭ͊ͼ͜ΊΌ ͤ͊ ͍͔ͨͪͦ͒ͦ͗ͤͤΎ ͍ͤ͊;͊ͤͤΎ ͍ ͍͔͙͔ͯͤͪͫͭͭ͜͜ύ ͊͋ͦ ͨͪͦͺ͔͚͔ͫͤ͜ ͍ͤ͊;͊ͤͤΎ όͨͦͪΎ͒ ͘ ͙ͦͭͪͣ͊ͤͤΎͣ ͍ͨͦͤͦ͝ 
͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜ ͔͔͊͋ͨ͘͘;͍͙͔ͯ͊ͭͣ ͙ͦͭͪͣ͊ͤͤΎ ͔ͨͪ΄ͦ͝ ͨͪͦͺ͔ͫ͜͝ύΦ ˾͊ͦͣ͘ ͘ ͙ͭͣ ͎͋͊͊ͭͦ ͙͍͒͒͊ͭ͟͜ ͜ 
͍ͤ͊ͯͦ͟ͼ͍͜ ͙͊͘͡΄͊ΌͭΈͫΎ ͍͔͍͔͙͙ͨͤͤͣΣ ΅ͦ ͺƛ͙͊͘͟Σ ͔͔ͤ͊͗ͤͦ͘͡ ͍͒͜ ͍͙͋ͦͪͯ ͫͨͪΎ͍ͣͦ͊ͤͦͫͭ͜Σ ζ͍͙ͨͦͤͤ͊ ͙͊͘͡΄͙͊ͭͫΎ 
͍ͦ͋ͦΩΎ͍͙ͦͣ͘͟ ͔͔ͨͪ͒ͣͭͦͣη ώмϐΦ ˹͔͔͊ͫ͊ͣͨͪ͒ ͭͦͣͯΣ ΅ͦ ͺ͙͊͘͜͟ Ί ͚ͤ͊͋͜͡Έ΄ ͙͔͙͍ͫͫͭͣ͊ͭͦ͊ͤͦ͘Ό ͙͙ͨͪͪͦ͒ͤ;ͦΌ 
ͤ͊ͯͦ͟ΌΣ ͤ͊ ͒ͦͫΎ͎͔ͤͤͤΎͻ Ύͦ͟͝ ͤ͊͘;ͤͦΌ ͣͪͦ͜Ό ͋͊ͯ͘ΊͭΈͫΎ ͫͯ;͊ͫͤ͊ ͙͊ͪͭͤ͊͟ ͍ͫͭͯ͜ [2]. 

˿Έ͎ͦͦ͒ͤ͜ ͙͍ͦͫͦ͋ͦ͡͝ ͍͎͙ͯ͊ ͔ͨͦͭͪ͋ͯΊ ͔ͨͪͦ͋ͣ͊͡ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͙ͣͯ͘;͎ͤͦͦ ͨͪͦͺ͜͡Ό ͯ ͍͙΅͙ͻ 
͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻ όˤ˹˭ύΣ ͍ Ύ͙͟ͻ ͺ͙͊͘͜͟ ͍͙͍;͊ΊͭΈͫΎ ͊͘ ͎ͨͪͦͪ͊ͣͦΌ ͎͍͙ͨ͒ͦͭͦ͜͟ ͣͦͦ͒͡΄͙ͻ ͔ͫͨͼ͍͊ͫͭ͜͜͜͡ ͤ͊ ͍ͦͫͤͦ͜ 
͍͋͊ͦͦ͘͝ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜ ͒͡Ύ ˤ˹˭ ˱ς˱ ˱ ͍͍ͪͤ͜͜ ͔͙͊ͪ͒ͭ͊͟ͼ͜͝Φ ̂ ͎͋͊͊ͭΈͦͻ ͘ ͼ͙ͻ ͍͊͊͒͘͟͜͡ ͼΎ ͙͒ͫͼ͙ͨͤ͊͜͡ ͔ͤ 
͍͙͍;͊ΊͭΈͫΎ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͘ ͙͍ͦͫͦ͋ͦ͡Ό ͊͘ͼ͍͔͊ͤͫͭ͜͟͜͡Ό ͚ ͔͔ͤͭͪͫͦͣ͜Φ ˹͊ ͍͋͊ͦ͘͜ ͔͙ͨͪͦ͋ͣ͡Σ ͙ͨͪͭ͊ͣ͊ͤͤ͜ ͍ͭ͜;͙ͤ͘Ύ͚ͤ͜ 
͙͔ͫͫͭͣ͜ ͺ͙͘͜;ͤͦ͝ ͍͙ͦͫͭ͜Σ ͙ͣ ͔͍ͤͦ͒ͤͦͪ͊ͦͦ͘ ͍͔͙ͪͭ͊͘͡ ͍͎ͯ͊ͯ ͯ ͨͯ͋͊͜͟͡ͼ͜Ύͻ [3ς5]. ͔̇ ͜ ͋ͪ͊͟ ͺ͙͘͜;͎ͤͦͦ ͚ 
͔͒ͣͦͤͫͭͪ͊ͼ͚͎ͤͦͦ͜ ͍ͯͫͭ͊ͭͯ͊ͤͤ͟ΎΣ ͼ͔ ͚ ͨ͊͒ͤͤ͜Ύ ͔͙ͨͪͫͭ͗ͤͦͫͭ͜ ͺ͙͘͜;ͤͦ͝ ͙ͤ͊ͯ͟Σ ͼ͔ ͚ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͍͊͒͊ͨͭͯ͊ͤͤΎ 
͍ͯͪͫ͟͜ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͍͙͎ͣͦ ͙ͦͫͦ͋ͫͭͫͤͦ͜ ͦͪ͘͜Ί͍͎ͤͭͦ͊ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͭͦ΅ͦ. ˾͊ͦͣ͘ ͘ ͙ͭͣ ͔ͫͨͼ͙ͺ͜;͙ͤͣ ͍͊͒͊ͤͤ͘Ύͣ 
͍͙͊͒͊͟͡;͊ ͺ͙͙͘͜͟ ͫͭ͊Ί ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔ͤͭͪͫͯ͜ ͒ͦ ͺ͙͘͜;ͤͦ͝ ͙ͤ͊ͯ͟Σ ͺ͙͘͜;͎ͤͦͦ ͔͔͙͔ͫͨͪͣͤͭͯ͟Σ ͍͔ͫͭͦͪͤͤΎ ͒ͪͯ͗ͤΈͦ͝ 
͍͍ͫͨͭͦͪ͜;ͦͫͭ͜Φ ζ́͜͡Έ͙͟ ͭͦ͒͜ ͔͙ͫͭͯ͒ͤͭ ͣ͊ΌͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͒͜;͙ͯͭ ͔ͣͦͼ͚͔ͤ͜ ͍͔͊͒ͦͦͤͤ͘͡Ύ ͍͒͜ ͍ͦͨ͊ͤͯ͊ͤͤΎ ͍͎ͤͦͦͦ 
͔ͣ͊ͭͪ͊ͯ͜͡Φ ̂ ͼΈͦͣͯ ͔ͫͤͫ͜ ͣͦ͗ͤ͊ ͙͊͊ͭ͘͟ ͚ ͨͪͦ ͍͙͍ͪͦ͊͘Ό;͔ ͤ͊͘;͔ͤͤΎ ͯͪͫͯ͟ ͺ͙͙͘͜͟ ς ͔͙ͫͭͯ͒ͤͭ ͣ͊ΌͭΈ ͍;͙͙ͭͫΎ 
ͤ͊͘ͻ͙͙ͦ͒ͭ ͙ͨͪ;͙͙ͤ Ύ͍͙΅Σ ͨͦΎͫͤΌ͍͙͊ͭ ͝ͻΣ ΅ͦ ͍͙͎ͣ͊͊Ί ͋͜͡Έ΄ͦ͝ ͍ͪͦͯͣͦͦ͘͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͤ͗͜ ͊ͨ͊ͣ͘ΩΎ͍͍ͭͦͯ͊ͤͤΎ 
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͍͙ͤ͊͘;͔ͤΈΣ ͍ͨͦͫͭͯ͊ͭ͜͡Σ ͍͊ͦͤ͘͟͜ ͜ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͺͦͪͣͯ͡η ώсϐΦ ˢ͟ͼ͔ͤͭ ͣ͘͜΅ͯΊͭΈͫΎ ͘ ͺ͍ͦͪͣͯ͊ͤͤΎ ͫͯͯͨͤͦͫͭ͟͜ ͤ͊ͤ͘Έ 
ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͙ͫͭ͡Ό ͙͔ͣͫͤͤ͡ΎΦ   

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ. ͔͔͙́ͦͪͭ;ͤ͜ ͭ͊ ͔͙ͣͭͦ͒;ͤ͜ ͙͊ͫ͊͒͘ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟ ͯ ˤ˹˭ ͭ͊ ͍͙ͪͦͭͦ͘͟ 
͙͔͙ͫͫͭͣ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍͙͊͒͊͟͡;͊ ͺ͙͙͘͜͟ ͚ͤ͊͘΄͙͡ ͍͔͒ͦ͋ͪ͊͗ͤͤ͜Ύ ͯ ͍ͤ͊ͯͦͦ͟-͔͙ͣͭͦ͒;͙ͤͻ ͍ͪͦ͒͊͘͜͟ͻ 
˱Φ x ͎͍ͦ͒͊ͤͦ͊Σ ˿Φ ʕ ͔͙͡;͊͟Σ ˥Φ x ͯ΄͊͟Σ ˢΦ ˴ ͔͊ͫͨͪͫΈ͎ͦͦ͟Σ ˻Φ ˴ ͍ͦͤͦ͊͊͡Σ ˱Φ ˿ ͊͡Έ͙ͤ͟Σ ˻Φ ˿ ͔͎͔ͪΊ͍͊Σ ˤΦ ˿ ͔͎ͪ͜Ίͤ͊͟Σ ́Φ ˿ ͯ͋͟͜ΎΣ 
˹Φ ˿͙ͦͫͤͼΈͦ͟͝Σ ˣΦ ˿ͯͫΎΣ ˸Φ ̊ͯͭ͊ ͭ͊ ͤ͜ΦΤ ͔͙ͨͪͦ͋ͣ͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͭ͊ ͍͙ͪͦͭͯ͘͟ ͺ͙͘͜;ͤͦ͝ ͍͙ͦͫͭ͜ ͤ͊ ͊ͫ͊͒͊͘ͻ 
͙ͦͫͦ͋ͫͭͫͤͦ͜-ͦͪ͜Ί͍͎ͤͭͦ͊ͤͦͦ ͭ͊ ͒͜Ύ͡Έ͎ͤͫͤͦͦ͜ ͨ͒͜ͻ͍ͦ͒͜ ͯ ͍ͫͦ͝ͻ ͨͪ͊ͼΎͻ ͍͙͍ͫͭ͜͡Ό͍͙͊͡ ˴Φ ˣ͊ͻ͍͊ͤͦΣ ̑Φ ˥͊͊ͭ͡Ό͟Σ 
˱Φ ˭ Ύ͘ΌͤΣ ˻Φ ˱ ͍͙͊ͤͼΈ͙͚͟Σ ˻Φ ˽ ͤ͜;ͯ͟Σ ˥Φ ˿ ͔͔͍ͦ͟͡Σ ˸Φ ˿ ͔͔ͭͨ͊ͤͤͦ͟Σ ˤΦ ̊ ͊ͪͦ͟ ͭ͊ ͤ͜Φ 

ˤͪ͊ͻ͍ͦͯΌ;͙ ͔ͭΣ ΅ͦ ͙͊ͯͫͭ͟;ͤ͜ ͙ͨͭ͊ͤͤΎ ͍͎͒ͪ͊͜͜ΌͭΈ ͤ͊͘;ͤͯ ͪͦ͡Έ ͯ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͔͍ͫͭͯ͒ͤͭ͜Σ Ύ͟͜ ͍ͤ͊;͊ΌͭΈͫΎ ͊͘ 
͔ͫͨͼ͊͜͡Έͤͫͭ͜Ό лнр ζ˸͙ͯ͘;͔ͤ ͙͔ͣͫͭͼ͍ͭͦηΣ ͎ͪͦ͘͡Ύ͒ ͔͙ͫͨͦͪ͒ͤͤ͜ͻ ͔ͭͣ ͤ͊ ͊ͤ͘Ύͭͭ͜ ͘ ͺ͙͙͘͜͟ ͙ͫͨͪΎ͙͔ͭͣ ͍͙ͪͦͭͯ͘͟ ͯ 
͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͔͎͍͎ͤͭͪͦ͊ͤͦͦ͜ ό͙ͣ͗͒ͫ͜ͼ͙͎ͨͤ͊ͪͤͦͦ͜͡ύ ͋͊;͔ͤͤΎ ͍ͫͭͯ͜Φ  

˸͔ͭ͊ ͫͭ͊ͭͭ͜ ͨͦ͡Ύ͎͊Ί ͯ ͙ͪͦͪͭͭ͘͟͜ ͔͙ͣͭͦ͒;͙ͤͻ ͔͍͊ͫͨͭ͟͜ ͙ͪͦͪͦ͋͘͟ ͭ͊ ͍͔͔ͨͪͦ͒ͤͤΎ ͔͟͡ͼ͜͝ ζ͔͙͙͙̆͊ͪ͊ͭͪͫͭ͟͟ 
͍ͯͯ͘͟η ͘ ͯͪͫͯ͟ ζ͙̅͊͘͜͟η ͒͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ ˤ˹˭ ͯ͟͡Έ͙ͭͯͪ ͜ ͙͔ͣͫͭͼ͍ͭΣ ΅ͦ ͍ͤ͊;͊ΌͭΈͫΎ ͊͘ ͔ͫͨͼ͊͜͡Έͤͫͭ͜Ό ζ˸͙ͯ͘;͔ͤ 
͙͔ͣͫͭͼ͍ͭͦηΦ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˹͊ ͨͦ;͊ͭͯ͟ ͊ͤ͘ΎͭͭΎ ͒ͦͼ͜͡Έͤͦ ͎͙ͤ͊͊͒͊ͭΣ ΅ͦ ͔͔͒͗ͪͦͣ͡ ͍ͯͯ͘͟ Ί ͋ͯ͒Έ-Ύ͔͟ 
ͭͦ͜͡Σ Ύ͔͟ ͤ͊͘ͻ͙ͦ͒ͭΈͫΎ ͯ ͨͪͯ͗ͤͦͣͯ ͔͔͍͙ͫͪ͒ͦ΅͜ ͚ ͙͍ͦ͊͟͡ΊͭΈͫΎ ͘͜ ͍͍ͯͦͦ͘͟Ό ;͊ͫͭͦͭͦΌΦ ͙̉ͣ ͋͜͡Έ΄͊ ͨͦ͡΅͊ ͚͎ͦͦ 
͍͔ͨͦͪͻͤ͜Σ ͙ͭͣ ͪ͊͟΅͙͙ͣ Ί ͍͙ͨͪͦͣͤ͜Ό͍͊͡Έͤ͜ ͍͙͍͊ͫͭͦͫͭ͜͡Φ ˭͍ͯ͟ ͔ͣͦ͗ ͨͦ΄͙ͪΌ͍͙͊ͭͫΎ ͯ ͍͙͎͡Ύ͒͜ ͍ͨͦ͒ͦ͗ͤ͘͜ͻ ͜ 
͔͔ͨͦͨͪ;͙ͤͻ ͻ͍͙͡ΈΦ ̂ ͎͙͊ͦͨͦ͒͋ͤ͘͜ͻ ͜ ͙ͪ͒͜͟ͻ ͔͔͍͙ͫͪ͒ͦ΅͊ͻ ͍͙͙ͤ͊͟ΌͭΈ ͭ͜͡Έ͙͟ ͍ͨͦ͒ͦ͗ͤ͘͜ ͻ͍͙͜͡Σ ͍ ͍͔͙ͭͪ͒ͻ ͭ͊͜͡ͻΣ 
ͪͣ͟͜ ͍ͨͦ͒ͦ͗ͤ͘͜ͻΣ ͍͙͙ͤ͊͟ΌͭΈ ͭ͊ͦ͗͟ ͜ ͔͔ͨͦͨͪ;ͤ͜ ͻ͍͙͜͡Φ 

˨͡Ύ ͙ͦͨͫͯ ͺ͙͘͜;͙ͤͻ ͔͍ͨ͊ͪ͊ͣͭͪ͜ ͍ͯͯ͘͟ ͫͤͯ͜ΌͭΈ ͍͒͊ ͨ͒͜ͻ͙ͦ͒Σ ͣ͗͜ Ύ͙͙ͣ͟ ͫͤͯ͜Ί ͔͍͙͚ͨͤ ͍͘ΩΎͦ͘͟Φ ˽͔ͪ΄͙͚ 
ͨ͒͜ͻ͒͜ ͍͊ͫͤͦ͊ͤͦ͘ ͤ͊ ͔͒ͦͫ͒͗ͤͤ͜͜͡ ͭ͊͟ ͍͙͊ͤ͘ͻ ͦ͋ΩΊ͙͍͙ͭͤ͟ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͺ͙͘͜;͙ͤͻ ͙͍ͨͪ͊͒͜͡Φ 
˨͎͙͚ͪͯ ͨ͒͜ͻ͒͜ ͋͊ͯ͘ΊͭΈͫΎ ͤ͊ ͙͚ͫͨͪͤΎͭͭ͜ ͍ͯͯ͘͟ ͫͯ͡ͻ͍͙ͦͣ ͊ͨ͊ͪ͊ͭͦͣ ͡Ό͙͙͒ͤ ς ͍ ͯͻͦͣ όͫͯ͋ΩΊ͙͍ͭͤ͟͜ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ύΦ 

˿ͯ͋ΩΊ͙͍ͭͤ͟͜ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ς ͼ͔ ͔͙ͨ͊ͪ͊ͣͭͪ ͍͍͎ͯͦͦͦ͘͟ ͍͒͜;ͯͭͭΎΣ Ύ͔͟ ͍͙͙ͤ͊͟Ί ͯ ͡Ό͙͙͒ͤ ͘͜ ͍͙͍ͨͦͣ͡ 
͍͍͙ͯͦ͘͟ͻ ͻ͍͙͡Έ ό͎ͯ;ͤͫͭ͜Έ ͍ͯͯ͘͟Σ ͍͙ͫͦͭ͊ ͭͦͤͯΣ ͔ͭͣ͋ͪύΦ 

˥ͯ;ͤͫͭ͜Έ ͍ͯͯ͘͟Φ ˥ͯ;ͤͫͭ͜Ό ͙͍ͤ͊͊͘ΌͭΈ ͫͯ͋ΩΊ͙͍ͭͤͯ͟ Ύͫͭ͟͜ΈΣ ΅ͦ ͍͙ͤ͊͘;͊Ί ͙ͫͯ͡ ͫͯ͡ͻ͍͎ͦͦͦ ͍͒͜;ͯͭͭΎΣ Ύ͔͟ 
͍͙͙͊͟͟͡ΊͭΈͫΎ ͍ͯͦͣ͘͟ ͯ ͫͯ͡ͻ͊;͊Φ ˥ͯ;ͤͫͭ͜Έ ͎͍͙ͦͦͤͣ͡ ;͙ͤͦͣ ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͭ͊ͦ͟͝ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͻ͍͙͜͡ Ύ͟ ͝͝ 
͊ͣͨͭͯ͒͊͜͡Υ ;͙ͣ ͋͜͡Έ΄ͦΌ ό͔ͣͤ΄ͦΌύ Ί ͊ͣͨͭͯ͒͊͜͡ ͙͍ͦ͊ͤ͟͡ΈΣ ͙ͭͣ ͍ͯ͘͟ ς ͎ ͦͦͫͤ͜͡΄͔ ό͙ͭͻ͜΄͔ύΦ  ́͊ͦ͗͟ ͤ͊ ͙͚ͫͨͪͤΎͭͭΎ 
͎ͯ;ͤͦͫͭ͜ ͍ͯͯ͘͟ ͡Ό͙͒ͤͦΌ ͍͙͍ͨ͊͡Ί ͚͎ͦͦ ;͙͚͊ͫͭͦͭͤ ͫ͊͒͟͡Σ ͦ͊͊͘͟͜͡͡ͼ͜Ύ ͍ ͨͪͦͫͭͦͪ͜Σ ͙͍ͭͪ͊ͫͭ͜͡Έ ͒͜͝ ͭ͊ ͤ͜΄͜ ͺ͙͊ͭͦͪ͟. 
˭͍ͯ͟ ͔͋ͯ͒ ͙ͭͣ ͎ͦͦͫͤ͜͡΄͔Σ ;͙ͣ ͋͜͡Έ΄͔ ͨͪͯ͗ͤͫͭ͜Έ ͔͔͍͙ͫͪ͒ͦ΅͊ ͨͦ΄͙͔ͪͤͤΎΦ ˹͙͊ͨͪ͊͒͟͡Σ ͤ͊ ͍͙͙ͫͦ͟ͻ ͎ͦͪ͊ͻΣ ͔͒ 
͍ͨͦͭͪ͜Ύ ͋͜͡Έ΄ ͔͔ͪͦͪ͒͗ͤ͘͜Σ ͎ͯ;ͤͫͭ͜Έ ͍ͯͯ͘͟ ͍͒͜ ͎ͦ͒ͤͦͦ ͜ ͎ͭͦͦ ͗ ͔͔͒͗ͪ͊͡ ͔͋ͯ͒ ͔ͣͤ΄ͦΌΣ ͤ͗͜ ͯ ͨ͒ͤ͗͗͜͜Ύ ͎͙ͦͪΦ  

ˤ ͙͊ͯͫͭ͟ͼ͜ ͒͡Ύ ͟͜͡Έͫͤͦ͟͜͝ ͦͼ͙ͤ͜͟ ͎ͯ;ͤͦͫͭ͜ ͍͊ͫͭͦͫͦͯ͘ΌͭΈ ͔ͣͭͦ͒ ͫͯ͋ΩΊ͙͍͎ͭͤͦͦ͟ ͍ͨͦͪͤ͜ΎͤͤΎ ͍͙ͣͪ͜Ό͍͎͊ͤͦͦ 
͍ͯͯ͘͟ ͘ ͔ͭ͊ͦͤͦͣ͡Σ ͍ Ύͦͫͭ͟͜ Ύ͎ͦͦ͟ ͍͊ͫͭͦͫͦͯ͘ΊͭΈͫΎ ͙ͫͤͯͫͦ͒͊͝͡Έ͙͚ͤ ͭͦͤ ;͊ͫͭͦͭͦΌ м ͟˥ͼΦ ̂ ͨͪͦͼ͔ͫ͜ ͍ͨͦͪͤ͜ΎͤͤΎ 
͍͔ͪͤ͜Έ ͔͎ͭ͊ͦͤͤͦͦ͡ ͭͦͤͯ ͣͤ͘͜ΌΌͭΈ ͙͒ͦͭΣ ͙ͨͦ͟ ͔͙͚ͭ͊ͦͤͤ͡ ͜ ͍͙ͣͪ͜Ό͍͙͚͊ͤ ͍͙ͯ͘͟ ͔ͤ ͙͚͙ͫͨͪͣ͊ͭͣͯͭΈͫΎ ͡Ό͙͒ͤͦΌ  
͍͎ͪͤͦͯ͜;͙͙ͤͣΦ 

ˤ͙ͫͦͭ͊ ͍ͯͯ͘͟Φ ˭͍͍ͯͦ͟͜ ͙͍ͦ͊ͤͤ͟͡ΎΣ ΅ͦ ͍͍͒͋ͯ͊͜ΌͭΈͫΎ ͊͘ ͎͊ͪͣͦͤ͜;͙ͤͣ ͊ͦͤͦͣ͘͟Σ ͙͚ͫͨͪͣ͊ΌͭΈͫΎ ͡Ό͙͒ͤͦΌ 
Ύ͟ ͔͍͙͚ͨͤ ͙ͣͯ͘;͙͚ͤ ό͙ͫͤͯͫͦ͒͊͝͡Έ͙͚ͤύ ͭͦͤΦ ˴͙͍ͦ͊ͤͤ͡Ύ ͍͙ͫͦͦ͟͝ ό͙ͤ͘Έͦ͟͝ύ ;͙͊ͫͭͦͭ ͙͚ͫͨͪͣ͊ΌͭΈͫΎ Ύ͟ ͍͙ͯ͘͟ 
͍͙͎ͫͦͦͦ͟ ό͙ͤ͘Έ͎ͦͦ͟ύ ͭͦͤͯΦ ͔́ͪͣͤ͜ ζ͍͙ͫͦͭ͊η ͒ͦͼ͜͡Έͤͦ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͒ͦ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͙ͫͤͯͫͦ͒͊͝͡Έ͎ͤͦͦ ͭͦͤͯΣ 
͔ͨͪͦͭ ͍ ͙ͣͯ͘;͚ͤ͜ ͙ͨͪ͊ͭ͟ͼ͜ ΄͙ͪͦͦ͟ ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͔ͭͪͣͤ͜ ζ͍͙ͫͦͭ͊ ͙ͤͦͭηΦ ́͊͟ Ύ͟ ͍ͯ͘;͊ͤͤΎ ͭ͜Ί͝ ͊͋ͦ ͤ͜΄ͦ͝ ͙ͤͦͭ 
͍ ͎͊͊͘͡Έͤͦͣͯ ͍͙ͨ͊͒ͯ͟ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘͜ ͙ͫͯͣ ͍ͭͦͤ͜Σ ͭͦ ͨ͒͜ ͍͙ͫͦͭͦΌ ͙ͤͦͭ ͪͦͯͣ͘͜ΌͭΈ ͍͙ͫͦͭͯ ͚͙ͤ͊ͤ͗;͎ͦͦ ͭͦͤͯΣ Ύ͙͚͟ 
͍͙ͨͪͦͣͤ͜ΌΊ ͤͦͭ͊Φ 

͔́ͣ͋ͪΦ ˭͍͙ͯ͟Σ ͘ Ύ͙͙ͣ͟ ͙ͣ ͯͫͭͪ͘͜;͊ΊͣͦͫΎ ͍ ͔ͪ͊͡Έͤͦͣͯ ͙͗ͭͭ͜Σ ͚͔ͣ͊͗ ͙ͤͦ͜͟͡ ͔ͤ ͍͋ͯ͊ΌͭΈ ζ;͙͙͙ͫͭͣη 
όͣͦͤͦͻ͙ͪͦͣ͊ͭ;͙͙ͤͣύΦ ˲ͻ ͣͦ͗ͤ͊ ͙͙͋ͯ͒ͭ͘ ͭ͜͡Έ͙͟ ͊͘ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͍ͯͣͦΦ ˭͍͍ͯͦ͟͜ ͙͍ͦ͊ͤͤ͟͡ΎΣ Ύ͟͜ ͔ͤ ͍͍͒ͨͦ͒͊͜͜ΌͭΈ 
͎͊ͪͣͦͤ͜;ͤͦͣͯ ͊ͦͤͯ͘͟Σ ͙͚ͫͨͪͣ͊ΌͭΈͫΎ ͡Ό͙͒ͤͦΌ Ύ͟ ͙͚ͫ͊͒ͤ͟͡ ͍ͯ͘͟Σ ΅ͦ ͣ͊Ί ͔ͭͣ͋ͪΦ ˾͔͊͡Έͤ͜ ͍͙ͯ͘͟ Ί 
͔͙ͫͯͨͪͨͦ͘ͼ͜ΊΌ ͙ͨͪͯ͗ͤͻ ͻ͍͙͡Έ ͪͤͦ͘͜͝ ;͙͊ͫͭͦͭΦ ˨͔͔͗ͪͦ͡ ͍ͯͯ͘͟ ͪ͊ͦͣ͘ ͘ ͍͙ͦͫͤͦͤͣ ͙͍ͦ͊ͤͤ͟͡Ύͣ ͍͙ͨͪͦͣͤ͜ΌΊ ͻ͍͙͜͡ 
͘ ;͙͊ͫͭͦͭ͊ͣ ͍ нΣ оΣ пΣ рΣ Χ ͍ͪ͊͘͜ ͋͜͡Έ΄͙͙ͣ ͍ͦͫͤͦͤͦ͝ ;͙͊ͫͭͦͭΦ ˭͊ ͙͚ͨͪͤΎͭͦΌ ͯ ͙ͣͯ͘ͼ͜ ͔͎ͭͪͣͤͦͦ͜͜͡ΊΌ ͼ͜ ͙͍ͦ͊ͤͤ͟͡Ύ 
͙͍ͤ͊͊͘ΌͭΈͫΎΣ ͍͍͒ͨͦ͒ͤͦ͜͜Σ ͍͙ͦͫͤͦͤͣ ͭͦͤͦͣ ͜ ͔͙ͦ͋ͪͭͦͤ͊ͣ όм-ͣΣ н-ͣΣ о-ͣΣ п-ͣ ͭͦ΅ͦύΦ ̂ ͺ͙͘͜ͼ͜ ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ 
ͤ͜΄͊ ͔͎ͭͪͣͤͦͦ͜͜͡ΎΥ ͍͙͚ͦͫͤͦͤ ͭͦͤ ͙͍ͤ͊͊͘ΌͭΈ м-Ό ͎͊ͪͣͦͤͦ͜͟ΌΣ ͊ ͔͙ͦ͋ͪͭͦͤ ς ͍ ͙΅͙͙ͣ ͎͙͊ͪͣͦͤ͊ͣ͜͟ ς 2-ΌΣ о-ΌΣ п-
ΌΣ р-ΌΦ ˽͔ͪ΄͊ ͎͊ͪͣͦͤ͊͜͟ ͍͙ͤ͊͘;͊Ί ͍͙ͫͦͭͯ ͍ͯͯ͘͟Σ ͍͙΅͜ ͎͙͊ͪͣͦͤ͜͟ ͒ͦ͒͊ΌͭΈ ͍ͯͯ͘͟ ͔ͫͨͼ͙ͺ͜;͔ͤ ͍͔͊͋͊ͪͤͤ͘͡Ύ ς 
͔ͭͣ͋ͪΦ ͔́ͣ͋ͪ ς ͼ͔ ͫͯ͋ΩΊ͙͍ͭͤ͊͟ ͦͼͤ͊͜͟ ͔ͫͨͭͪ͊͟͡Έ͎ͤͦͦ ͫ͊͒ͯ͟͡ ͍ͯͯ͘͟. 

͔́ͣ͋ͪ ͔͙͊͗ͭ͘͡Έ ͍͒͜ ;͙ͫ͊͡ ͍͙΅͙ͻ ͎͊ͪͣͦͤ͜͟ ͜ ͍͒ͤͦ͜΄͔ͤͤΎ ͝ͻ ͊ͣͨͭͯ͒͜͡ ͒ͦ ͙͊ͣͨͭͯ͒͜͡ ͍ͦͫͤͦͤͦ͝ ͎͙͊ͪͣͦͤ͜͟ 
ͭ͊Σ Ύ͟ ͍͙ͨͪ͊ͦ͡Σ ͔ͤ ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͺ͊͘ ͍͙΅͙ͻ ͎͊ͪͣͦͤ͜͟Φ ˽͔ͪͦ͒ͣͦͤͫͭͪͯΊͣͦ ͼ͔Φ ˿͙͔ͤͭͯ͘Ίͣͦ ͍ͯ͘͟Σ ͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ 
͎ͯ;͍͔ͤͦͣͦͼΈ ͜ ;͙͙ͦͭͪ ͎͔͔͙ͤͪ͊ͭͦͪ ͙ͫͤͯͫͦ͒͊͝͡Έ͙ͤͻ ͙͍ͦ͊ͤ͟͡Έ ͘͜ ͔͙ͨ͊ͪ͊ͣͭͪ͊ͣ ͍͙͙͊͊ͤͣ͘͟ ͤ͊ ͙ͪͫΦ мΣ͊Φ ˽͙ͪ͒͊ͣͦ 
ͨͦ;͍͚͊ͭͦ͟͜ ͺ͊͘͜ ͔ͭͪͭΈ͎ͦͦ ͙͍ͦ͊ͤͤ͟͡Ύ ͙ͨͪͪͫͭ͜ “Ⱦς (900ύΦ ˭ ͦͫͼ͙͎͙ͦͪ͊ͣ͡ ͤ͊ ͙ͪͫΦ мΣ͋ ͋͊;͙ͣͦΣ ΅ͦ ͺͦͪͣ͊ 
͎ͫͯͣ͊ͪͤͦͦ ͙͎ͫͤ͊ͯ͡ ͙ͣͤ͊ͫ͘͜͡ΎΣ ͪ͊ͦͣ͘ ͘ ͙ͭͣ ͫͯ͡ͻ͊;͜ ͙͚ͫͨͪͣ͊ΌͭΈ ͼ͜ ͍͍ͯͦ͘͟͜ ͙͍ͦ͊ͤͤ͟͡Ύ Ύ͟ ͍ͯ͘͟ ͎ͦ͒ͤͦͦ ͔ͭͣ͋ͪͯΦ 
˨͚ͫͤͦ͜Σ ͫͯ͡ͻ ͔ͤ ͔͎ͪ͊ͯΊ ͤ͊ ͣͤͯ͘͜ ͺ͍͙͊ͦ͘ͻ ͍͍ͫͨ͒ͤͦ͜͜΄͔ͤΈ ͣ͗͜ ͎͊ͪͣͦͤ͜;͙͙ͤͣ ͍͙͙ͫ͊͒ͦͣ͟͡ ͎ͫ͊͒ͤͦͦ͟͡ ͙͎ͫͤ͊ͯ͡ ͍ 
΄͙ͪͦͦͣͯ͟ ͒͊ͨ͊ͦͤ͘͜͜ ͔͙͍ͤͭͤͫͤͦͫͭ͜͜ ͍ͯͯ͘͟Σ ͔͍ͤ͊͗͊͘Ό;͙ ͤ͊ ͔ͭΣ ΅ͦ ͣͤ͘͜ΌΊͭΈͫΎ ͺͦͪͣ͊ ͙͎ͫͤ͊ͯ͡Φ ˿͔͊ͣ ͭͦͣͯ ͍ 
͙ͨ͒ͫ͜͡Ό͍͊;͊ͻ ͍͍͙ͯͦ͘͟ͻ ;͊ͫͭͦͭ ͺ͍͊ͦ͘͜ ͍͔ͫͨͦͭͦͪͤͤΎ ͤ ͔ ͤͦͪͣͯΌͭΈΦ 
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͊                                                                          ͋ 
˾͙ͫΦ мΦ ˿ ͔͙ͯͨͪͨͦ͘ͼ͜Ύ ͍͍͙ͯͦ͘͟ͻ ͻ͍͙͡Έ 

 
̂ ͙ͪͤ͘͜ͻ ͙ͣͯ͘;͙ͤͻ ͔͍ͤͫͭͪͯͣͤͭ͜͜ ͙ͨͪ ͍ͯ͘;͊ͤͤ͜ ͦ͒ͤ͜Ί͝ ͚ ͭ͜Ί͝ ͫ͊ͣͦ͝ ͙ͤͦͭ ͍͒ͤͦͫͤ͜͜ ͙͊ͣͨͭͯ͒͜͡ ͍͙΅͙ͻ ͎͊ͪͣͦͤ͜͟ 

͍͙Ύ͍͡ΎΌͭΈͫΎ ͙͙ͪͤͣ͘͜Σ ΅ͦ ͺͦͪͣͯΊ ͙͚ͪͤ͘͜ ͔ͭͣ͋ͪΦ ˻͒ͤ͊͟ ͫͨͦͫ͋͜ ͍͍͙͍ͯͦ͒ͦ͋ͯ͊ͤͤ͘͟Ύ ͭ͊ͦ͗͟ ͍͙͍ͨ͊͡Ί ͤ͊ 
͍͔͊͋͊ͪͤͤ͘͡Ύ ͍ͯͯ͘͟Φ ́͊͟Σ ͍͙͍͒ͦ͋ͯ͊Ό;͙ ͍ͯ͘͟ ͤ͊ ͙ͫͣ;͍͙ͦ͟ͻ ͙ͫͭͪͯͤͤͻ ͔ͤͫͭͪͯͣͤͭ͊͜ͻ ΅͙ͨͦͣ͟ όͼ͔͚ ͙͚ͨͪͦͣ ͎͙ͪ 
͙͍ͦͭͪͣ͊ ͍ͤ͊ͯ͘ ͨ͜ͼ͙͊ͭͦ͟ύ ͣ ͙ ͙ͦͭͪͣ͊Ίͣͦ ͍ͦͫͣ͘͜ ͤ͜΄͙͚ ͔ͭͣ͋ͪΣ ͤ͗͜ ͙ͨͪ ͍͙ͦͤ͊ͤͤ͟͜ ͍ͭͦͪͯ ͙ͫͣ;ͦͣ͟Φ  

˭͜ ͣͤͦ͘͜Ό ͺ͙ͦͪͣ ͪͦͭ͊ ͡Ό͙͒ͤ͊ ͤ͊͒͊Ί ͔͔͍͎ͨͪ͊ͯ ͦ͒ͤͣ͜ ͎͊ͪͣͦͤ͊ͣ͜͟ ͤ͊͒ ͤ͜΄͙͙ͣΦ ˭͍͊͒Ύ͙͟ ͼΈͦͣͯ ͙ͣ 
͍ͤ͊;͙͙ͫ͡Ύ ͍͙͍ͣͦ͡Ύ͙ͭ ͪͤ͘͜͜ ͍͙ͯ͘͟ ό͙ͪͫΦ нύΦ ˥ͦͪͭ͊ͤΈ ͜ ͙ͨͦͪͦ͗ͤͤ͊ ͪͦͭ͊ ͡Ό͙͙͒ͤ Ί ͍ͫͦΊ͙͙ͪ͒ͤͣ͜ ͙͙͙ͨͪͪͦ͒ͤͣ 
͔͙ͪͦͤ͊ͭͦͪ͊ͣ͘Φ ˥͍ͦͦͫͦ͜͡ ͍͘ΩΎ͙͘͟Σ ͤ͊ ͪ͊ͦ͘͘͟ ͫͭͪͯͤΣ ͍͙ͨͪͦͣͤ͜ΌΌͭΈ ͍͙ͯ͘͟ ͨ͒͜ ͒͜ΊΌ ͍ͨͦͭͦ͟͜ ͍ͨͦͭͪ͜ΎΣ ΅ͦ ͚͔͒ ͘ 
͔͎͔͍ͤ͜͡Φ ̇͜ ͍͙ͯ͘͟ ͔͒ͯ͗ ͫ͊͋͟͜͡Σ ͔͊͡Σ ͨͪͦͻͦ͒Ύ;͙ ;͔͔ͪ͘ ͔͙ͪͦͤ͊ͭͦͪ͘Σ ͍͙ͦͤ ͙ͨ͒ͫ͜͡ΌΌͭΈͫΎ ͜ ͍ͤ͊͋ͯ͊ΌͭΈ ͔ͭͣ͋ͪΣ ͊͘ 
Ύ͙ͣ͟ ͤ͊ͣ ͔͎ͦ͟͡ ͍͙ͨͤ͊ͭ͘͜ ͎ͦͦͫ͡ ͚ͤ͊ͦͣͦ͘͝ ͡Ό͙͙͒ͤΦ 

 
˾͙ͫΦ нΦ ˴ ͦͤͺ͎ͯͪ͊͜ͼ͜͝ ͪͦͭ͊ ͜ ͎͙ͦͭ͟͡ ͙ͨͪ ͍͙͍͔ͣͦͤͤ͜͡  ͍͍ͯ͘͟͜ ζ͔ηΣ ζ͜ηΣ ζͯηΣ ζ΄ηΣ ζ͗ηΣ ζ;η 

 
˻͋ΩΊ͙͍ͭͤ͟͜ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ς ͼ͔ ͔͙ͨ͊ͪ͊ͣͭͪ ͍͍ͯͦͦ͘͟͝ ͻ͍͙͜͡Σ Ύ͟͜ ͊͒͊͘Ί ͔͔͒͗ͪͦ͡ ͍ͯͯ͘͟Σ ͊ ͔ͫ͊ͣ ς 

͔͙͍ͤͭͤͫͤͫͭ͜͜ΈΣ ;͊ͫͭͦͭ͊ ͜ ͙͊ͯͫͭ͟;͙͚ͤ ͔ͫͨͭͪ͟Φ 
˱͔͙͍ͤͭͤͫͤͫͭ͜Έ ό͙ͫ͊͡ύ ͍ͯͯ͘͟ (I) ς ͅ ͙͘͜;ͤ͊ ͍͔͙͡;͙ͤ͊Σ ΅ͦ ͍͒ͦͪͤ͜ΌΊ ͔͔͚ͫͪ͒ͤ͜ ͔͔͎ͤͪ͜͝ όWcepύΣ Ύͯ͟ ͔͔͙ͨͪͤͦͫͭΈ 

͍͍ͯͦ͊͘͟ ͻ͍͙͡Ύ ͊͘ ͙͙ͦ͒ͤͼΌ ;͊ͫͯ όǘύ ;͔͔ͪ͘ ͙͙ͦ͒ͤ;ͤͯ ͍͔ͨͦͪͻͤΌ όSύΣ ͔͔͙ͨͪͨͤ͒ͯ͟͡Ύͪͤͯ ͒ͦ ͤ͊ͨͪΎͣͯ ͝͝ ͨͦ΄͙͔ͪͤͤΎΥ 

Ὅ ̒̆̑. ˻ ͙͙͒ͤͼΎ ͍͙ͣͪͯ͜ ͍ ˿˱ ς 
ˏ̓

̍
Φ ˱͔͙͍ͤͭͤͫͤͫͭ͜Έ ͍ͯͯ͘͟ ͨͪΎͣͦ ͨͪͦͨͦͪͼ͚ͤ͊͜ ͍͊͒ͪ͊ͭͯ͟ ͙͊ͣͨͭͯ͒͜͡ ͍͍͎ͯͦͦͦ͘͟ ͙ͭͫͯ͟ 

͜ ͔͔ͦ͋ͪͤͤͦ ͨͪͦͨͦͪͼ͚ͤ͊͜ ͙͊ͯͫͭ͟;ͤͦͣͯ ͦͨͦͪͯΦ 
˭͜ ͋͘͜͡Έ΄͔ͤͤΎͣ ͍͒ͫͭ͊ͤ͜͜ ͍͒͜ ͔͔͒͗ͪ͊͡ ͍ͯͯ͘͟ ͒ͦ ͫͯ͡ͻ͊;͊Σ ͙ͫ͊͡ ͍ͯͯ͘͟ ͨͦͫ͊͋͡͡ΌΊͭΈͫΎΦ ˾͍͔ͤ͜Έ ͎͙ͨͦͤ͊ͤͤ͡Ύ 

͔͔͎ͤͪ͜͝ ͙ͨͪ ͨͦ΄͙͔ͪͤͤ͜ ͍͍ͯͦͦ͘͟͝ ͻ͍͙͜͡ ͍ ͙ͪ͒ͤ͊͜ͻ ͜ ͎͊͊͘ͻ ͔͙͊͗ͭ͘͡Έ Ύ͟ ͍͒͜ ͍͙͍͔͚͊ͫͭͦͫͭ͡ ͔͔͍͙ͫͪ͒ͦ΅͊ ό͍ΩΎͫͭ͘͟͜ΈΣ 
͍ͤͯͭͪ͜΄ͤΎ ͔͍ͭͨͦͨͪͦ͒ͤͫͭ͜͜͡ΈύΣ ͭ͊͟ ͜ ͍͒͜ ;͙͊ͫͭͦͭΦ  

˶Ό͙͒ͤ͊ ͨͦ;͙ͤ͊Ί ;͙ͯͭΣ ͨͦ;͙ͤ͊Ό;͙ ͘ ͎ͨͦͪͦͯ ;ͯͭͤͦͫͭ͜ ό͊͋ͦ ͫͯ͡ͻ͍͎ͦͦͦ ͎ͨͦͪͦͯύΦ ˻͒ͤ͊͟ ;͙͍ͯͭͫͭ͜͡Έ ͡Ό͒ͫΈ͎ͦͦ͟ 
͍ͯͻ͊ ͔͙͊͗ͭ͘͡Έ ͍͒͜ ;͙͊ͫͭͦͭ ͍͍͙ͯͦ͘͟ͻ ͙͍ͦ͊ͤ͟͡ΈΣ ͭͦͣͯ ͍͔ͪͤ͜Έ ͎ͨͦͪͦͯ ;ͯͭͤͦͫͭ͜ ͒͡Ύ ͙ͪͤ͘͜ͻ ;͊ͫͭͦͭ ͙͚ͪͤ͘͜. ˽͎ͦͪ͜ 

;ͯͭͤͦͫͭ͜ ͤ͊ ;͊ͫͭͦͭ͜ м ͟˥ͼ ͍͍͒ͨͦ͒͊͜͜Ί ͙ͫ͜͡ ͍ͯͯ͘͟  Ὅ ρπ  
ˏ̓

̍
Σ ΅ͦ ͔͍͍͔͊ͤͭͤͦ͟͜͡ ͍͍ͯͦͦͣͯ͘͟ ͙ͭͫͯ͟ ςϽρπ 

˚

̍
Φ ˭͜ 

͋͘͜͡Έ΄͔ͤͤΎͣ ͔͙͍ͤͭͤͫͤͦͫͭ͜͜ ͒ͦͫΎ͎͊ΊͭΈͫΎ ͍ͯͣͦ͊ ͤͦͪͣ͊͡Έͤͦ͝ ;ͯͭͤͦͫͭ͜Φ ˱͘ ͨͦ͒͊͡Έ΄͙ͣ ͪͦͫͭ͊ͤͤ͘Ύͣ ͔͙͍ͤͭͤͫͤͦͫͭ͜͜ 
͍ͯͯ͘͟ ͔ͨͦ͒ͪ͊ͤͤͤ͘Ύ ͎ͦͪ͊ͤͯ ͫͯ͡ͻͯ ͫͭ͊Ί ͋ͦ͡Ό;͙ͣΦ  

̉͊ͫͭͦͭ͊ ͍͍͙ͯͦ͘͟ͻ ͙͍ͦ͊ͤ͟͡ΈΦ ˱͔͍͙ͤͭͪ͊͡ ͍ ͙ͣͯ͘ͼ͜Φ ˹͎͊͊͒͊ΊͣͦΣ ΅ͦ ͚ͤͤ͊͜͜͡ ;͊ͫͭͦͭ͊ Ύ͟ ͺ͙͘͜;ͤ͊ ͍͔͙͡;͙ͤ͊ 
͍͒ͦͪͤ͜ΌΊ ͟͜͡Έͦͫͭ͟͜ ͍͙ͨͦͤͻ ͙͍ͦ͊ͤ͟͡Έ ͊͘ ͙͙ͦ͒ͤͼΌ ;͊ͫͯΦ ˤͯͻͦ ͡Ό͙͙͒ͤ ͔͒͊ͭͤ͘ ͙͚͙ͫͨͪͣ͊ͭ Ύ͟ ͍ͯ͘͟ ͔ͣͻ͊ͤ͜;ͤ͜ 
͙͍ͦ͊ͤͤ͟͡Ύ ͭ͜͡Σ ΅ͦ ͍͍͒͋ͯ͊͜ΌͭΈͫΎ ͘ ;͊ͫͭͦͭͦΌ ͍͒͜ нл ͒ͦ нлллл ˥ͼΦ 

˿ͯ;͙͚͊ͫͤ ͙ͣͯ͘;͙͚ͤ ό͍ͪͤͦͣͪͤͦ͜͜ ͔͔͍͙͚ͭͣͨͪͦ͊ͤύ ͚ͫͭͪ͜Σ ΅ͦ Ί  ͍͙ͦͫͤͦͤͣ ͍ Ί͍͔͚ͪͦͨͫΈ͚͟͜ ͙ͣͯ͘ͼ͜ ͘ ·L· ͫͭΦΣ 
͙͒ͭ͜͡Έ ͦ͗ͤͯ͟ ͍ͦͭ͊ͯ͟ ͤ͊ мн ;͙͊ͫͭͤΣ Ύ͟͜ ͙͍ͤ͊͊͘ΌͭΈͫΎ ͍͙ͨͭͦͤ͊ͣ͜. ˴ͦ͗ͤ͊ ͍͒͊ͤ͊͒ͼΎͭ͊ ;͙͊ͫͭͤ͊ ͍͙ͦͭ͊͟ 

͔͍ͨͪ͒ͫͭ͊͡ΎΊͭΈͫΎ ͍͒ͤͦ͜΄͔ͤͤΎͣЍςȡρΦ ˻͎͔ͪͯͤ͟͜͡ ;͙͊ͫͭͦͭ ͔ͨͪ΄ͦ͝ ͎͙͊ͪͣͦͤ͜͟ ͒͡Ύ ͤͦͭ ͍͒͜ ͍͙ͦͤͭͪͦͭ͊͟͟ ͒ͦ 
;͔͍͔ͭͪͭͦ͝ ͍͙ͦͭ͊͟ ͍͔͔ͤ͊͒ͤͦ ͤ͊ ͙ͪͫΦ оΦ 
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45 

 
˾͙ͫΦ оΦ ̉ ͙͊ͫͭͦͭ ͔ͨͪ΄ͦ͝ ͎͙͊ͪͣͦͤ͜͟ ͒͡Ύ ͤͦͭ ͍͒͜ ͍͙ͦͤͭͪͦͭ͊͟͟ ͒ͦ ;͔͍͔ͭͪͭͦ͝ ͍͙ͦͭ͊͟Σ ˥ ͼ  

 
˸͔͙͊ͭͣ͊ͭ;ͤͦ ͔ͣͦ͗ͣͦ ͦ͋;͙͙͙ͫͭ͡ ;͙͊ͫͭͦͭ ͒͡Ύ ͍ͫΈ͎ͦͦ ͍ͯͦͪ͘͟Ύ͒ͯΣ ͙ͦͪͫͭͯ͟Ό;͙ͫΈ ͺͦͪͣͯͦ͡ΌΥ  

ὪὭ ὪϽςȾ , 
͔͒ f0 τ ͔ ͭ͊ͦͤͤ͊͡ ;͊ͫͭͦͭ͊ ό˥ͼύΣ ͊ i τ ͟ ͜͡Έͫͭ͟͜Έ ͍͍ͨͭͦͤ͜͜ ͍ ͔͍ͤͭͪ͊͜͜͡ ͍͒͜ ͎ͨͦͭͪ͋ͤͦͦ͜ ͍ͯͯ͘͟ ͒ͦ ͔ͭ͊ͦͤͯ͡ f0.  

˹͙͊ͨͪ͊͒͟͡Σ ͍ Ύͦͫͭ͟͜ ͔ͭ͊ͦͤͯ͡ ͍͘͜Έ͔ͣͣͦ ;͊ͫͭͦͭͯ ͔ͨͪ΄ͦ͝ ͎͙͊ͪͣͦͤ͜͟ ͙ͤͦͭ ζ͡Ύη ͔ͨͪ΄ͦ͝ ͍͙ͦͭ͊͟ όппл ˥ͼύΦ 
˻͋;͙͙ͫͣͦ͡ ;͊ͫͭͦͭͯ ͔ͨͪ΄ͦ͝ ͎͙͊ͪͣͦͤ͜͟ ͙ͤͦͭ ζͫͦ͡ΈηΣ ΅ͦ ͪͦͭ͊͘΄͍ͦ͊ͤ͊ ͤ͊ н ͍͙ͨͭͦͤ͜ ͙ͤ͗;͔ ͍͒͜ ͔ͭ͊ͦͤͯ͡ ζ͡ΎηΣ ͭͦ͋ͭͦ 
Ὥ ςȡ 

Ὢ ς ττπϽς σωρȟωω σως ˥ ͼ 
˱͔͍ͤͭͪ͊ͦͣ͡ ͯ ͙ͣͯ͘ͼ͜ ͔ͣͦ͗ͣͦ ͍͙ͤ͊͊ͭ͘ ͼ͔͜͡ ͍͒ͤͦ͜΄͔ͤͤΎ ͍͒ͦͻ ;͊ͫͭͦͭΦ ˽͙͙ͪ͊͒͟͡ ͔͒Ύ͙͟ͻ ͔͍͍ͤͭͪ͊͜͜͡ 

͍͔͔͒ͤͦ͘ ͯ ͭ͊͋͡Φ мΦ 
͙́͊͋͡ͼΎ 1 

˽͙͙ͪ͊͒͟͡ ͙ͣͯ͘;͙ͤͻ ͔͍͍ͤͭͪ͊͜͜͡ ͘ ͍͍͙͒ͨͦ͒ͤͣ͜͜ ͍͒ͤͦ͜΄͔ͤͤΎͣ ;͊ͫͭͦͭ 

˹͍͊͊͘ ͙ͣͯ͘;͎ͤͦͦ ͔͍ͤͭͪ͊ͯ͜͡ 
ˤ͒ͤͦ͜΄͔ͤͤΎ  
;͊ͫͭͦͭ 

˽͙ͪ͊͒͟͡ 

͙ͣͯ͘;͎ͤͦͦ 
͔͍ͤͭͪ͊ͯ͜͡ 

͍͍͎͒ͨͦ͒ͤͦͦ͜͜ ͍͒ͤͦ͜΄͔ͤͤΎ  
;͊ͫͭͦͭ 

˽͙ͪͣ͊ 
ρ

ρ
ρȟππ 

 

ςφρȟυ

ςφρȟυ
ρȟππ 

˻͍ͭ͊͊͟ 
ό͍ͨͦ͒ͦΊͤͤΎ ;͙͊ͫͭͦͭύ 

ς

ρ
ςȟππ 

 

υςσȟπ

ςφρȟυ
ςȟππ 

˴͍ͤͭ͊͜ 
σ

ς
ρȟυπ 

 

σωςȟπ

ςφρȟυ
ρȟυπ 

˴͍͊ͪͭ͊ 
τ

σ
ρȟσσ 

 

στωȟπ

ςφρȟυ
ρȟσσ 

ˤ͔͙͊͟͡ ͔ͭͪͼ͜Ύ 
υ

τ
ρȟςυ 

 

σςωȟυ

ςφρȟυ
ρȟςφ 

˸͊͊͡ ͔ͭͪͼ͜Ύ 
φ

υ
ρȟςπ 

 

σρρȟπ

ςφρȟυ
ρȟρω 

˸͊͊͡ ͔ͫͫͭ͊͟ 
ψ

υ
ρȟφπ 

 

τρυȟπ

ςφρȟυ
ρȟυω 

ˤ͔͙͊͟͡ ͔ͫͫͭ͊͟ 
υ

σ
ρȟφφ 

 

ττπȟπ

ςφρȟυ
ρȟφψ 

 
˱ͫͤͯΌͭΈ ͪͤ͘͜͜ ͎͔͍͊ͪͯͣͤͭͯ͊ͤͤΎ ͒ͦͼ͜͡Έͤͦͫͭ͜ ͍ͪͤͦͣͪͤͦ͜͜-͔͔͍͎ͭͣͨͪͦ͊ͤͦͦ ͫͭͪͦΌΦ ˿͒͜͡ ͍͔͙ͪͤͯͭ͘ ͍͎ͯ͊ͯ 

͔͍ͫͭͯ͒ͤͭ͜ ͤ͊ ͔ͤ͊ͫͭͯͨͤΦ ̒͟΅ͦ ͋ ͦ͗ͤ͊͟ ͍ͦͭ͊͊͟ ͙͒͊ͫ͜͡͡Ύ ͤ͊͘;ͤͦ ͋͜͡Έ΄͙ͣ ;͙ͫͦͣ͡ ;͙͊ͫͭͤΣ ͤ͗͜ мнΣ ͭͦ ͍ͯ͘;͊ͤͤΎ 
͔͒͟͜͡Έͦ͟ͻ ͫͯͫ͒ͤ͜͜ͻ ͤͦͭ ͍͙͙͊ͦ͟͟͡͡ ͋ ͙͋ͭͭΎΦ 

ˣ͙ͭͭΎ ς Ύ͍͙΅͔Σ ΅ͦ ͍͙͙ͤ͊͟Ί ͙ͨͪ ͤ͊͊͒͊ͤͤ͟͜͡ ͍͒ͦͻ ͔͙ͨͪͦ͒͜;͙ͤͻ ͙͍ͦ͊ͤ͟͡ΈΣ ͙ͤ͊ͨͪ͊͒͟͡Σ ͎͊ͪͣͦͤ͜;͙ͤͻΣ 
͙͋͘͡Έ͙͟ͻ ͊͘ ;͊ͫͭͦͭͦΌΦ ˢͣͨͭͯ͒͊͜͡ ͙͍ͦ͊ͤ͟͡Έ ͙ͨͪ ͼΈͦͣͯ ͔͙ͨͪͦ͒͜;ͤͦ ͋͘͜͡Έ΄ͯΊͭΈͫΎ ;͙ ͔ͣͤ͘΄ͯΊͭΈͫΎ ͯ ;͊ͫ͜ ͘ 
;͊ͫͭͦͭͦΌΣ ͍ͪͤͦ͜Ό ͙ͪͤ͘͜ͼ͜ ;͊ͫͭͦͭ ͍͒ͦͻ ͍͙ͻ͙͒ͤ͜ͻ ͙͍ͦ͊ͤ͟͡ΈΦ ͔̇ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͍ͤ͊ͫ͒ͦ͜͟͡ ͎ͭͦͦΣ ΅ͦ ͙ͪͤ͘͜ͼΎ ͺ͊͘ ͙ͭ͊͟ͻ 
͙͍ͦ͊ͤ͟͡Έ ͘ ;͊ͫͦͣ ͣͤ͘͜ΌΊͭΈͫΎΣ ;͔͔ͪ͘ ΅ͦ ͺ͙͊͘ ͔͙ͨͪͦ͒͜;ͤͦ ͎͋͊͘͜ΌͭΈͫΎ ό͙͍ͦ͊ͤͤ͟͡Ύ ͙ͨ͒ͫ͜͡ΌΌͭΈ ͔ͦ͒ͤ ͔ͦ͒ͤύ ͊͋ͦ 
ͫͭ͊ΌͭΈ ͙͔͙͙ͨͪͦͭ͗ͤͣ͡ ό͙͍ͦ͊ͤͤ͟͡Ύ ͍͊͘Ίͣͤͦ ͦͫ͊͋͡͡ΌΌͭΈͫΎύΦ  

˨͡Ύ ͙ͨͪͦͫͭͦͭ ͪͦͪ͊͘ͻͯͤͯ͟ ͍͘͜Έ͔ͣͣͦ ͍͒͊ ͎͊ͪͣͦͤ͜;͙ͤͻ ͙͍ͦ͊ͤͤ͟͡Ύ ͘ ͙͋͘͡Έ͙͙ͣ͟ ;͙͊ͫͭͦͭ͊ͣ Ὢ ͜ Ὢ ЎὪ, 
͍͙͙ͦ͒ͤ͊ͦͣ͟ ͙͊ͣͨͭͯ͒͊ͣ͜͡ ˍ ˍ ˍ ρΦ ˽͙͚͔ͪͣͣͦΣ ΅ͦ ͨͦ;͍͊ͭͦ͟͜ ͺ͙͊͘ ͼ͙ͻ ͙͍ͦ͊ͤ͟͡Έ • • πȢ ́ͦ͒͜Σ 
͍͊ͫͭͦͫͦͯ͘Ό;͙ ͙͎͔͙ͭͪͦͤͦͣͭͪ;ͤͯ ͺͦͪͣͯͯ͡ ͒͡Ύ ͙ͫͯͣ ͙͍ͫͤͯͫ͜Σ ͙ͦͭͪͣ͊Ίͣͦ ὃίὭὲὸ ὃίὭὲ Ўὸ  
ςὃὧέί“ЎὪὸϽίὭὲς“ὪὸΦ ͔̇ ͔ͪͯ͘͡ΈͭͯΌ;͔ ͙͍ͦ͊ͤͤ͟͡Ύ ͍͍͙͔͒͋ͯ͊ͭͣͭ͜ΈͫΎ ͘ ;͊ͫͭͦͭͦΌ ὪΣ ͊ͣͨͭͯ͒͊͜͡ Ύ͎ͦͦ͟ ͔͋ͯ͒ 
































































































































































































































































































































