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ABSTRACT 

Formulation of the problem. The socio-constructive theories of learning have become very popular during the last decades for teaching 
ƳŀǘƘŜƳŀǘƛŎǎΦ ¢ƘŜ άр 9Ωǎέ ƛǎ ŀƴ ƛƴǎǘǊǳŎǘƛƻƴŀƭ ƳƻŘŜƭ ōŀǎŜŘ ƻƴ ǘƘŜ ǇǊƛƴŎƛǇƭŜǎ ƻŦ ǎƻŎƛŀƭ ŎƻƴǎǘǊǳŎǘƛǾƛǎƳ ǘƘŀǘ Ƙŀǎ recently become very 
popular, especially in school education, for teaching mathematics. Each of the 5 E's describes a phase of learning which begins with 
the letter "E" ς Engage, Explore, Explain, Elaborate, Evaluate. Depending on the student reactions, there are forward or backward 
transitions between the three middle phases (exǇƭƻǊŜΣ ŜȄǇƭŀƛƴΣ ŜƭŀōƻǊŀǘŜύ ƻŦ ǘƘŜ р9Ωǎ ƳƻŘŜƭ ŘǳǊƛƴƎ ǘƘŜ ǘŜŀŎƘƛƴƎ ǇǊƻŎŜǎǎΦ ¢ƘŜ άр 9ϥǎέ 
model allows students and teachers to experience common activities, to use and build on prior knowledge and experience and to 
assess their understanding of a concept continually. 

Materials and methods. Probabilistic methods of analysis are used. 
Results. The  ƳŀǘƘŜƳŀǘƛŎŀƭ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ άр 9Ωǎέ ƳƻŘŜƭ ƛǎ ŀǘǘŜƳǇǘŜŘ ōȅ ŀǇǇƭȅƛƴƎ ŀƴ ŀōǎƻǊōƛƴƎ aŀǊƪƻǾ ŎƘŀƛƴ ƻƴ ƛǘǎ ǇƘŀǎŜǎΦ ! aŀǊƪƻǾ 

Chain (MC) is a stochastic process that moves in a sequence of steps (phases) through a set of states and has a one-step memory. A 
ŦƛƴƛǘŜ a/ ƘŀǾƛƴƎ ŀǎ ǎǘŀǘŜǎ {ƛ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǇƘŀǎŜǎ 9ƛΣ ƛ Ґ мΣ нΣΧΣ рΣ ƻŦ ǘƘŜ άр 9Ωǎέ ƛƴǎǘǊǳŎǘƛƻƴŀƭ ƳƻŘŜƭ ƛǎ ƛƴǘǊƻŘǳŎŜŘΦ ! classroom 
application is also presented illustrating the usefulness of this representation in practice. The following application took place 
recently at the Graduate Technological Educational Institute of Western Greece for teaching the concept of the derivative to a 
group of fresher students of engineering. 

ConclusionsΦ ¢ƘŜ aŀǊƪƻǾ ŎƘŀƛƴ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ άр 9Ωǎέ ƳƻŘŜƭ ǇǊƻǾƛŘŜǎ ŀ ǳǎŜŦǳƭ ǘƻƻƭ ŦƻǊ ŜǾŀƭǳŀǘƛƴƎ ǘƘŜ ǎǘǳŘŜƴǘ ŘƛŦŦƛŎǳƭǘƛŜǎ ŘǳǊƛƴƎ the 
ǘŜŀŎƘƛƴƎ ǇǊƻŎŜǎǎΦ ¢Ƙƛǎ ƛǎ ǾŜǊȅ ǳǎŜŦǳƭ ŦƻǊ ǊŜƻǊƎŀƴƛȊƛƴƎ ǘƘŜ ƛƴǎǘǊǳŎǘƻǊΩǎ Ǉƭŀƴǎ ŦƻǊ ǘŜŀŎƘƛƴƎ ǘƘŜ ǎŀƳŜ subject in future. 

 

KEY WORDS: constructivism, socio-ŎǳƭǘǳǊŀƭ ǘƘŜƻǊƛŜǎ ŦƻǊ ƭŜŀǊƴƛƴƎΣ άр 9Ωǎέ ƛƴǎǘǊǳŎǘƛƻƴŀƭ ƳƻŘŜƭΣ ŀōǎƻǊōƛƴƎ aŀǊƪƻǾ ŎƘŀƛƴǎ.  

 
INTRODUCTION 

¢ƘŜ άр 9Ωǎέ ƛƴǎǘǊǳŎǘƛƻƴŀƭ ǘǊŜŀǘƳŜƴǘΦ Mathematics teaching is intended to promote the learning of mathematics. 
However, while theory provides us with lenses for analyzing learning, the position of mathematics teaching remains 
theoretically anomalous and underdeveloped. We might see one of the problems to lie in the relationships between learning, 
teaching and the practice of teaching. Theories help us to analyze, or explain, but they do not provide recipes for action; rarely 
do they provide direct guidance for practice. The application of the socio-constructive theories for learning to teaching 
ƳŀǘƘŜƳŀǘƛŎǎ Ƙŀǎ ǎǘŀǊǘŜŘ ŘǳǊƛƴƎ ǘƘŜ мфулΩǎΣ ǿƘŜƴ ǘƘŜ ŦŀƛƭǳǊŜ ƻŦ ǘƘŜ ƛƴǘǊƻŘǳŎǘƛƻƴ ƻŦ ǘƘŜ άƴŜǿ ƳŀǘƘŜƳŀǘƛŎǎέ ǘƻ ǘƘŜ ǎŎƘƻƻƭ 
curricula had already become more than evident to everybody.  

The idea that knowledge is a human construction supported by the experience, first stated by Vico in the 18th century 
and further extended by Kant, affected greatly the epistemology of Piaget, who is considered to be the forerunner of the theory 
of constructivism for the process of learning. This theory appeared formally by von Clasersfeld who developed his ideas in the 
Piaget foundation of USA in 1975 (Glasersfeld, 1987). The constructivist approach is based on the following two principles: 

- Knowledge is not passively received from the environment, but it is actively constructed by synthesizing past 
knowledge and experience with the new information.  

- ¢ƘŜ άŎƻƳƛƴƎ ǘƻ ƪƴƻǿέ is a process of adaptation based on and constantly modified by the indiviŘǳŀƭΩǎ ŜȄǇŜǊƛŜƴŎŜ ƻŦ 
the world.  

On the other hand, the socio-cultural ǘƘŜƻǊƛŜǎ ŦƻǊ ƭŜŀǊƴƛƴƎ ŀǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ ±ȅƎƻǘǎƪȅΩǎ ƛŘŜŀǎ ŎƭŀƛƳƛƴƎ ǘƘŀǘ ƪƴƻǿƭŜŘƎŜ 
is a product of culture and social interaction. Learning takes place when the individuals engage socially to talk and act about 
shared problems or interests (Elbers, 2003; Jaworski, 2006; Wenger, 1998). The Communities of Practice are groups of people 
(experts or practitioners in a particular field) who share a concern for something they do and learn how to do it better as they 
interact regularly, having therefore the opportunity to develop themselves personally and professionally (Goos, 2014; 
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Voskoglou, 2019; Wenger, 1998). The combination of the constructivism with the socio-cultural ideas is known as social 
constructivism (Driver et al., 1994; Jaworski, 2006).  

¢ƘŜ άр 9Ωǎέ ƛǎ ŀƴ ƛƴǎǘǊǳŎǘƛƻƴŀƭ ƳƻŘŜƭ ōŀǎŜŘ ƻƴ ǘƘŜ ǇǊƛƴŎƛǇƭŜǎ ƻŦ ǎƻŎƛŀƭ ŎƻƴǎǘǊǳŎǘƛǾƛǎƳ ǘƘŀǘ Ƙŀǎ ōŜŎƻƳŜ ǊŜŎŜƴǘƭȅ very 
popular, especially in school education, for teaching mathematics (Enhancing Education, 2019). Each of the 5 E's describes a 
phase of learning which begins with the letter "E". Those phases are the following:  

- Engage (E1): this is the starting phase, which connects the past with the present learning experiences and focuses 
student thinking on the learning outcomes of the current activities. 

- Explore (E2): during this, phase students explore their environment to create a common base of experiences by 
identifying and developing concepts, processes and skills. 

- Explain (E3): in this, phase students explain and verbalize the concepts that they have been explored and they develop 
new skills. The teacher has the opportunity to introduce formal terms, definitions and explanations for the new concepts and 
processes and to demonstrate new skills or behaviours. 

- Elaborate (E4): In this, phase students develop a deeper and broader conceptual understanding and obtain more 
information about areas of interest by practicing on their new skills and behaviours. 

- Evaluate (E5): ǘƘƛǎ ƛǎ ǘƘŜ Ŧƛƴŀƭ ǎǘŜǇ ƻŦ ǘƘŜ άр9Ωǎέ ƛƴǎǘǊǳŎǘƛƻƴŀƭ ƳƻŘŜƭΣ ǿƘŜǊŜ ƭŜŀǊƴŜǊǎ ŀǊŜ ŜƴŎƻǳǊŀƎŜŘ ǘƻ ŀǎǎŜǎǎ ǘƘŜƛǊ 
understanding and abilities and teachers evaluate student skills on the new knowledge. 

Depending on the student reactions, there are forward or backward transitions between the three middle phases 
όŜȄǇƭƻǊŜΣ ŜȄǇƭŀƛƴΣ ŜƭŀōƻǊŀǘŜύ ƻŦ ǘƘŜ р9Ωǎ ƳƻŘŜƭ ŘǳǊƛƴƎ ǘƘŜ ǘŜŀŎƘƛƴƎ ǇǊƻŎŜǎǎΦ ¢ƘŜ άр 9ϥǎέ ƳƻŘŜƭ ŀƭƭƻǿǎ ǎǘǳŘŜƴǘǎ ŀƴŘ ǘŜŀŎƘŜǊǎ ǘo 
experience common activities, to use and build on prior knowledge and experience and to continually assess their 
understanding of a concept. Although it has been mainly applied in school education (Keeley, 2017) the 5 E's can be used with 
students of all ages, including adults (Hee et al., 2013). In this article, we shall obtain a mathematical representation of the  
άр 9Ωǎέ ƳƻŘŜƭ ǿƛǘƘ ǘƘŜ ƘŜƭǇ ƻŦ ǘƘŜ ǘƘŜƻǊȅ ƻŦ ŦƛƴƛǘŜ ŀōǎƻǊōƛƴƎ aŀǊƪƻǾ /ƘŀƛƴǎΦ  

Finite absorbing Markov Chains. A Markov Chain (MC) is a stochastic process that moves in a sequence of steps 
(phases) through a set of states and has a one-step memory. That means that the probability of entering a certain state in a 
certain step depends on the state occupied in the previous step and not in earlier steps. This is known as the Markov property. 
However, for being able to model as many real life situations as possible by using MCs, one could accept in practice that the 
probability of entering a certain state in a certain step, although it may not be completely independent of previous steps, it 
mainly depends on the state occupied in the previous step (Kemeny & Snell, 1963). When the set of states of a MC is a finite 
set, then we speak about a finite MC. For general facts on finite MCs we refer to the book (Kemeny & Snell, 1976). 

A. Markov introduced the basic concepts of MCs in 1907 on coding literal texts. A number of leading mathematicians, 
such as A. Kolmogorov, W. Feller, etc, developed the MC theory. However, only from tƘŜ мфслΩǎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǘƘƛǎ ǘƘŜƻǊȅ 
to the natural, social and most of the applied sciences has been recognized (Bartholomew, 1973; Kemeny & Snell, 1963; Suppes 
& Atkinson, 1960). 

Let us consider a finite MC with n states, say S1, S2ΣΧΣ {n, where n is a non-negative integer, n²2. Denote by pij the 
transition probability from state Si to state Sj, ƛΣ Ƨ Ґ мΣ нΣΧΣ ƴ Τ ǘƘŜƴ ǘƘŜ ƳŀǘǊƛȄ A= [pij] is called the transition matrix of the MC. 
Since the transition from a state to some other state (including itself) is the certain event, we have that  
 pi1 + pi2 ҌΧ Ҍ Ǉin = мΣ ŦƻǊ ƛҐмΣ нΣ ΧΣ ƴ. (1) 

A state of a MC is called absorbing if, once entered, it cannot be left. Further a MC is said to be an absorbing MC (AMC), 
if it has at least one absorbing state and if from every state it is possible to reach an absorbing state, not necessarily in one-
step. Working with an AMC with k absorbing states, 1¢k < n, one brings its transition matrix A to its canonical form A*  by listing 
the absorbing states first and then makes a partition of A* as follows 

 A* = 

|

|

|

kI O

R Q

è ø
é ù
- -
é ù
é ùê ú

. (2) 

In the above partition of A*, Ik denotes the unitary k X k matrix, O is a zero matrix, R is the (n ς k) X k transition matrix 
from the non-absorbing to the absorbing states and Q is the (n ς k) X (n ς k) transition matrix between the non-absorbing 
states.  

It can be shown ((Voskoglou & Perdikaris, 1991), Section 2) that the square matrix Inςk-Q, where Inςk denotes the unitary 
(n-k)x(n-k) matrix, is always an invertible matrix. Then, the fundamental matrix N of the AMC is defined to be the inverse 
matrix of InςkςQ. Therefore ((Morris, 1978), Section 2.4) 

 N = [nij] = (In ς k ς Q) ς 1 = 
1

( )
( )

n k

n k

adj I Q
D I Q

-

-

-
-

. (3) 

In equation (3) D (In ς k ς Q) and adj (In ς k ς Q) denote the determinant and the adjoin of the matrix In ς k ς Q respectively. 
It is recalled that the adjoin of a matrix M is the matrix of the algebraic complements of the transpose matrix Mt of M, which is 
obtained by turning the rows of M to columns and vice versa.  It is also recalled that the algebraic complement mij ŏf an 
element mij of M is calculated by the formula  

 mij  ̆= (-1)i+jDij, (4) 

where Dij is the determinant of the matrix obtained by deleting the i-th row and the j-th column of M. 
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It is well known ((Kemeny, & Snell, 1976), Chapter 3) that the element nij of the fundamental matrix N gives the mean 
number of times in state si before the absorption, when the starting state of the AMC is sj, where si and sj are non-absorbing 
states. 

 
RESULTS AND DISCUSSION 

The AMC model. We introduce a finite MC having as states Si the corresponding phases EiΣ ƛ Ґ мΣ нΣΧΣ рΣ ƻŦ ǘƘŜ άр 9Ωǎέ 
ƛƴǎǘǊǳŎǘƛƻƴŀƭ ƳƻŘŜƭΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ǘƘŜ άр 9Ωǎέ ƳƻŘŜƭΣ ǇŜǊŦƻǊƳŜŘ ƛƴ ƻǳǊ LƴǘǊƻŘǳŎǘƛƻƴΣ ǘƘŜ Ŧƭƻǿ ŘƛŀƎǊŀƳ ƻŦ ǘƘis 
chain is that shown in Figure 1 

 
Figure 1. The flow-diagram of the MC 

 
From the flow-diagram of Figure 1 it becomes evident that the above chain is an AMC with S1 being its starting state 

and S5 being its unique absorbing state. The minimum number of steps before the absorption is 4 and this happens when we 
have no backward transitions between the three middle states S2, S3 and S4 of the chain. 

The transition matrix of the chain is the matrix 
 

1 2 3 4 5S S S S S 

A = 

1

2

3

4

5

S

S

S

S

S

32 34

43 45

0 1 0 0 0

0 0 1 0 0

0 0 0

0 0 0

0 0 0 0 1

p p

p p

è ø
é ù
é ù
é ù
é ù
é ù
é ùê ú

, with p32 + p34 = p43 + p45 = 1.  

 

The canonical form of A is the matrix 

5 1 2 3 4S | S S S S 

A*= 

5

1

2

3

4

S

S

S

S

S

-

32 34

45 43

1 | 0 0 0 0

0 | 0 1 0 0

0 | 0 0 1 0

0 | 0 0

| 0 0 0

p p

p p

è ø
é ù
- - - - - -
é ù
é ù
é ù
é ù
é ù
é ù
é ùê ú

= 

1 |

|

|

I O

R Q

è ø
é ù
- -
é ù
é ùê ú

. 

 

Then I4 ς Q = 

32 34

43

1 1 0 0

0 1 1 0

0 1

0 0 1

p p

p

-è ø
é ù

-
é ù
é ù- -
é ù

-ê ú

 and D(I4 ς Q)= 32 34

43

1 1 0

1

0 1

p p

p

-

- -

-

= 1 - p34p43 - p32. 

 
Further, by equation (4), the algebraic complement of the element m11 = 1 of the transpose matrix 

(I4 ς Q)t = 
32

43

34

1 0 0 0

1 1 0

0 1 1

0 0 1

p

p

p

è ø
é ù
- -
é ù
é ù- -
é ù

-ê ú

 is equal to 

32

43

34

1 0

1 1

0 1

p

p

p

-

- -

-

= 1 ς p43p34 ς p32 . 

In the same way we calculate the algebraic complements of all the other elements of (I4 ς Q)t and replacing their values 
and the value  of D(I4 ς Q) to equation (3) we find that 
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N = [nij] = 

34 43 32 34 32 34

34 34 34

32 3434 43 32

32 43 43 32

1 1 1

0 1 11

0 11

0 1

p p p p p p

p p p

p pp p p

p p p p

- - -è ø
é ù

- + - -
é ù
é ù- -
é ù

- - - +ê ú

. 

 
Since S1 is the starting state of the above AMC, it becomes evident that the mean number of steps before the 

absorption is given by the sum 
 

 T= n11 + n12 + n13 + n14 = 43 34 32 34

34 43 32

3 2

1

p p p p

p p p

- - +

- -
.  (5) 

 
Lǘ ƛǎ ŀƭǎƻ ŎƭŜŀǊ ǘƘŀǘ ǘƘŜ ōƛƎƎŜǊ ƛǎ ¢Σ ǘƘŜ ƳƻǊŜ ŀǊŜ ǘƘŜ ǎǘǳŘŜƴǘ ŘƛŦŦƛŎǳƭǘƛŜǎ ŘǳǊƛƴƎ ǘƘŜ ǘŜŀŎƘƛƴƎ ǇǊƻŎŜǎǎ ǿƛǘƘ ǘƘŜ άр 9Ωǎέ 

instructional treatment. Another factor of the student difficulties is the total time spent for the completion of the teaching 
process. However, the time is usually fixed in a formal teaching procedure in the classroom, which means that in this case T is 
the unique measure of the student difficulties. 

A classroom application. The following application took place recently at the Graduate Technological Educational 
Institute of Western Greece for teaching the concept of the derivative to a group of fresher students of engineering. The 
ƛƴǎǘǊǳŎǘƻǊ ǳǎŜŘ ǘƘŜ ά5 Ĕǎέ ƛƴǎǘǊǳŎǘƛƻƴŀƭ ǘǊŜŀǘƳŜƴǘ ŀǎ ŦƻƭƭƻǿǎΥ 

Engage: The student attention was turned to the fact that the definition of the tangent of a circle as a straight line 
having a unique common point with its circumference does not hold for other curves (e.g. for the parabola). Therefore, there is 
a need to search for a definition of the tangent covering all cases and in particular of the tangent at a point of the graph of a 
given function. 

1. Explore: The discussion in the class leads to the conclusion that the tangent at a point A of the graph of a given 
function y=f(x) can be considered as the limit position of the secant line of the graph through the points ɮόa, f(a)) and ɰόb, f(b)), 
when the point ɰ is moving approaching to ɮ either from the left, or from the right (see (Voskoglou, 2017b), Figure 1). 

However, the slope of the secant line AB is equal to( ) ( )f b f a

b a

-

-
, therefore the slope of the tangent of the graph at A is equal 

to the limit of the above ratio when b tends to a. 
Explain: Based on what it has been discussed at the phase of exploration, the instructor presents the formal definition 

of the derivative number f (̆a) at a point ɮ(a, f(a)) of a given function y=f(x) as the limit (if there exists) of ( ) ( )f b f a

b a

-

-
 when 

a b­ , and of the tangent of the graph of y=f(x) at A as the straight line through A with slope f (̆a). Some examples follow of 

calculating the derivative at a given point of a function and the tangent of its graph at this point. Then the definition of the 
derivative function y  ̆= f (̆x) of the function y=f(x) is given and suitable examples are presented to show that its domain is a 
subset of the domain of y=f(x).  

Elaborate: Here the fact that the derivative y =̆f (̆x) expresses the rate of change of the function y=f(x) with respect to x 
is emphasized and its physical meaning is also presented connected to the speed and the acceleration at a moment of time of a 
moving object under the action of a steady force. The fundamental properties of the derivatives follow (sum, product, 
composite function, etc.) as well as a list of formulas calculating the derivatives of the basic functions and applications of them. 

Evaluate: At the end of the teaching process, a number of exercises and problems analogous to those solved in the 
classroom was given to students on the purpose of checking at home their understanding of the subject. A week later, a 
written test was performed in the classroom enabling the instructor to assess the student progress. 

Another important thing remaining for the instructor was to evaluate the student difficulties during the teaching 
process, which could help him in reorganizing properly his plans for teaching the same subject in future. This was succeeded 
ǿƛǘƘ ǘƘŜ ƘŜƭǇ ƻŦ ǘƘŜ ŀōƻǾŜ ŘŜǾŜƭƻǇŜŘ a/ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ άр 9Ωǎέ ƳƻŘŜƭ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǎƛƳǇƭŜ ǿŀȅΦ 

The instructor noticed that the student reactions during the teaching process led to 2 transitions of the discussion from 
state S3 (explain) back to state S2 (explore). Therefore, since from state S2 the chain moves always to S3 (Figure 1), we had 3 in 
total transitions from S2 to S3. The instructor also noticed 3 transitions from S4 (elaborate) back to S3. Therefore, since from 
state S3 the chain moves always to state S4 (Figure 1), we had 4 in total transitions from S3 to S4. In other words, we had 3+3 = 6 

ƛƴ ǘƻǘŀƭ άŀǊǊƛǾŀƭǎέ ǘƻ {3Σ н άŘŜǇŀǊǘǳǊŜǎέ ŦǊƻƳ {3 to S2 ŀƴŘ п άŘŜǇŀǊǘǳǊŜǎέ ŦǊƻƳ {3 to S4. Therefore p32 = 2

6
 and p34 = 4

6
. In the 

same way one finds that p43 = 3

4
 and p45 = 1

4
. Replacing the above values of the transition probabilities to equation (5) one 

finds that the mean number T of steps before the absorption of the MC is equal to 14. Consequently, since the minimum 
number of steps before the absorption is 4, the students faced significant difficulties during the teaching process. This means 
that the instructor should find ways to improve his teaching procedure for the same subject in future.  

 
CONCLUSION 

The theory of MCs, being a smart combination of Linear Algebra and Probability, offers ideal conditions for the study 
and mathematical modelling of a certain kind of situations depending on random variables. In the paper at hands a 
mathematical representatƛƻƴ ƻŦ ǘƘŜ άр 9Ωǎέ ǘŜŀŎƘƛƴƎ ƳƻŘŜƭ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ǿƛǘƘ ǘƘŜ ƘŜƭǇ ƻŦ ǘƘŜ ǘƘŜƻǊȅ ƻŦ !a/ǎ ŜƴŀōƭƛƴƎ ǘƘŜ 
instructor to evaluate the student difficulties during the teaching process. This is very useful for reorganizing his (her) plans for 
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teaching the same subject in future. An application of this representation was also presented to teaching the concept of the 
derivative to engineering students. Although the development of the AMC model was proved to be quite laborious requiring 
the calculation of 17 in total determinants of third order (the determinant of the matrix I4 - Q and the algebraic complements of 
its transpose matrix), its final application is very simple. The only thing needed for this purpose is the calculation by the 
instructor of the transitions of the AMC from S3 back to S2 and from S4 back to S3. Several other applications of MCs to 
education have been attempted by the present author in earlier works (e.g. see Chapters 2 and 3 of the book (Voskoglou, 
2017a) and it is hoped that this research could be continued in future. 
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͔͍͒ͪ͗͊ͤͦ͝ ͎͙ͨͪͦͪ͊ͣ ΅ͦ͒ͦ Ϧͼ͙ͺ͍ͪͦͦ͝ ͎ͪ͊ͣͦͭͤͦͫͭ͜Ϧ Ί ͨͦ;͍͊ͭͦ͊͟ ΄ͦ͊͟͡Σ ͔͔ͫͪ͒ͤΎ ΄ͦ͊͟͡Σ ͨͪͦͺ͔͚ͫͤ͊͜ ΄ͦ͊͟͡ ͭ͊ ͍͙΅͜ ͯ;͍͋ͦ͜ 
͙͊͊͒͘͟͡ ό͙̇ͺ͍ͪͦ͊ ͔͊͒͗ͤ͒͊ύΦ 

ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍͔͊ͫͤ͡ ͼ͙ͺ͍͙ͪͦͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ ͙ͪͤ͘͜ͻ ͎͊ͯ͘͡Ύͻ ͍͙ͦͫͭ͜ ͤ͊ ͫΈ͎ͦͦ͒ͤ͜΄͚ͤ͜ ͔͒ͤΈ ͨͦͫͭ͊Ί ͦ͒ͤ͜ΊΌ ͘ ͚ͤ͊͋͜͡Έ΄ 
͍͙͍͙͊͗͡ͻ ͔͔ͭͤ͒ͤͼ͚͜ ͍͙ͪͦͭͯ͘͟ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͯ ͍ͫͭ͜͜Φ ́͊͟͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍͒ͦͦ͘͡ΎΌͭΈ ͙͙ͪͦ͋ͭ͘ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ 
Ύͫͤ͟͜͜΄͙ͣ ͭ͊ ͼ͍͊͜͟͜΄͙ͣΣ ͔͊͒͗ ͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͔ͣ͒͊͜- ͭ͊ ͔͙͍ͤͭͪ͊ͭͤ͜͟͜ ͙͊ͫͦ͋͘ ͍;͙͔ͭ͡Έ ͔ͣͦ͗ ͊͘ͼ͍͙͙͊ͭ͜͟ ͯ;͍ͤ͜Σ 
͍͍ͨͪͦ͊͒͗ͯΌ;͙ ͪͤ͘͜͜ ͔͙ͣͭͦ͒ ͙ͪͦ͋ͦͭ ͯ ͊ͫ͟͜͡Υ ͔ͣͭͦ͒ͯ ͔͍ͨͪͦͭ͟͜Σ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟-ͨͦ΄͍ͯͦͦ͟͝ ͙ͪͦ͋ͦͭΣ ͍͙͍ͪͦ͊͘͡Έ͙ͤͻ ͍ͤ͊;͊͡Έ͙ͤͻ 
͎ͦͪ͜ ͭͦ΅ͦ ό͙̇ͺ͍ͪͦ͊ ͔͊͒͗ͤ͒͊ύΦ 
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͔̇ ͙͍͙ͨͪͦ͒ͭ͘Έ ͒ͦ ͔͙ͨͪͦ͋ͣ͡ ͙ͪͦͪͦ͋͘͟ ͭ͊ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊͊͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎΣ ͦͫ͟͜͡Έ͙͟ 
ͭ͊͊͟ ͺͦͪͣ͊ ͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡Ύ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ Ί ͪͯ͘;ͤͦΌ ͊͡Έ͔͙͍ͭͪͤ͊ͭͦΌ ͤ͊ ͙͍͎ͨͪͦͭ͊ͯ ͙ͭͪ͊͒ͼ͚͙ͤͣ͜ ͔͍͙ͨ͊ͨͪͦͣ 
ͨ͒ͪͯ͜;͙ͤ͊ͣ͟Σ ͔͊͒͗ ͍ͦͤ͊ ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͙͙͒ͦͨͦͤͭ ͍͚ͦͫͭͤ͜͜ ͨͪͦͼ͔ͫ ͜͡Ό͙͍͙͙ͫͭͪ͊ͭͤͣ ͭ͊ ͔͙͍͙͙ͤͭͪ͊ͭͤͣ͜͟ ͔͔͔͙ͣͤͭ͊ͣ͡Φ 

ˢͤ͊͘͜͡ ͔͔ͨͦͨͪ͒ͤ͜ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͜ ͨͯ͋͊͜͟͡ͼ͚͜Φ ˴͔͎͊ͭͦͪ͜Ό Ϧ͔͔ͭͪͦͤͤ͟͜͡ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎϦ ͯ ͍ͫͦ͝ͻ ͪͦ͋ͦͭ͊ͻ 
͍͙͒ͦͫ͒͗ͯ͊͜͡͡ ˻Φ ˱ Φ x ͊΄͍ͣ͊ͦ͟Σ ˸Φ ̅ Φ x ͙ͪ͊͟Σ ˤΦ ˸ Φ ˨ ͔ͣΩΎ͔ͤͤͦ͟Σ ˸Φ ˱ Φ ˬ ͊͒͊͟͡Σ ˥Φ ˽ Φ ˶ ͍͔͊ͪͤͭΈΊ͍͊Σ ˨Φ ʕ Φ ̉ ͔͔͍ͪͤͫ͜͡Έ͙͚͟Σ 
˸Φ ˽ Φ ̊ ͙΄ͤ͊͟͜ ͭ͊ ͤ͜Φ ˹͍͊ͯͦ͟ͼ͜ ͭ͊ͦ͗͟ ͎ͪͦ͘͡Ύ͙͒͊͡ ͙͍ͣͦ͗ͦͫͭ͜͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ ͍ ͍ͦͫͭͤ͜Έͦͣͯ 
ͨͪͦͼ͔ͫ͜ ͍͊͊͒͘͟͜͡ ͍͙ͦͫͭ͜ ͎ͪͤͦͦ͘͜ ͍ͪͤ͜ΎΦ ˻ͪͣ͟͜ ͍͙΅͔ ͔͔ͨͪͪ͊ͻ͍͙ͦ͊ͤͻ ͍ͤ͊ͯͦ͟ͼ͍͜Σ ͼ͙ͣ ͙ͨͭ͊ͤͤΎͣ ΅͔ ͚͙͊ͣ͊ͫ͘͡Έ ͜ ͭ͊͟͜ ͍ͤ͊ͯͦ͟ͼ͜Σ 
Ύ͟ ˤΦ ̑ Φ x ͙͍ͦ͟Σ ́Φ s Φ ʕ ͊͊͟͡Ό͟Σ ˤΦ ̅ Φ ˭ ͙͚͊͋ͦͦͭͤ͡Σ ˹Φ ʕ Φ ˸ ͔ͦͪ͘Σ ˹Φ ˶ Φ ˿ ͔͔͍ͣͤ͜ ͭ͊ ͤ͜Φ  

̂ͫ͜ ͍͙ͦͤ ͎ͨͦͦ͒͗ͯΌͭΈͫΎΣ ΅ͦ ͍͚ͦͫͭͤ͜͜ ͨͪͦͼ͔ͫ ͔͋ͯ͒ ͔ͺ͔͙͍ͭͤ͟͜΄͙ͣΣ Ύ͟΅ͦ ͔͎͎ͨ͒͊ͦ͜;ͤͦ ͍͙͍͔͊͗ͤͦ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͪͤ͘͜͜ 
ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͔ͦͪͣ͊͘͟ ͚ ͔͔ͭͪͦͤͤ͟͜͡ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎΣ ͍ ͍͚ͦͫͭͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ  

˿͔͊ͣ ͭͦͣͯ ͔ͣͭͦΌ ͫͭ͊ͭͭ͜ Ί ͊ͤ͊͘͜͡ ͨͦͤΎͭͭΎ Ϧ͔͔ͭͪͦͤͤ͟͜͡ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎϦΣ ͭ͊ ͎ͦ͡Ύ͒ ͤ͊Ύ͍͙ͤͻ ͙͊ͫ͟͡ͺ͊͜͟ͼ͚͜ 
͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎΦ 

 
˸˩́˻˨ˮ ˨˻˿˶˱˨ˬ˩˹˹̒.  

̂ ͻͦ͒͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙͋ͯ͡ ͍͊ͫͭͦͫͦ͊ͤ͘͜ ͭ͊͟͜ ͔͙ͣͭͦ͒Υ ͔͔͙ͭͦͪͭ;ͤ͜ ς ͊ͤ͊͘͜͡Σ ͍ͨͦͪͤ͜ΎͤͤΎΣ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜Ύ ͭ͊ 
͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͍͙ͤ͊ͯͦ͟ͻΣ ͍ͤ͊ͯͦͦ͟-͔ͭͻͤ͜;͙ͤͻΣ ͍ͤ͊ͯͦͦ͟-ͨͦͨͯ͡Ύ͙ͪͤͻ ͭ͊ ͙͙ͨͪ͊͒ͤ͟͡ͻ ͔͔͒͗ͪ͡ ͘ ͔͙ͨͪͦ͋ͣ͡ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ  

 
˾˩˭̂˶̎́ˢ́ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 

˹͊ ͒ͯͣͯ͟ ˨Φ ʕ Φ ̉ ͔͙͔͍ͪͤͫ͡Έ͎ͦͦ͟ ͔͔ͭͪͦͤͤ͟͜͡ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎ ό˩˭˹ύ Ί ͎͙͙ͨͪͦͪ͊ͣͤͣ ͙͊ͫͦ͋͊ͣ͘Σ ΅ͦ ͣ͊ΌͭΈ ͍ͤ͊;͊͡Έ͔ͤ 
͙ͨͪͤ͊͘;͔ͤͤΎ ;͔͔ͪ͘ ͍͔͒ͦ͋ͪ͊͗ͤͤ͜Ύ ͔͍ͨͤͦ͝ ͎͊ͯ͘͜͡ ͭ͊ ͔ͪ͊͊͘͜͡ͼ͜Ό ͔ͭͻ͎ͤͦͦ͜͡͝ ͍͙͍;͔ͤͤΎ ͼ͜Ί͝ ͎͊ͯ͘͜͡Φ ˤ͙͍͙͊͗ͣ͡Σ ͤ͊ ͒ͯͣͯ͟ 
͍ͤ͊ͯͦ͟ͼΎ Ί ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍ ˩˭˹ ͍ͯͣͦ ͒͡Ύ ͔ͪ͊͊͘͜͡ͼ͜͝ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ ͍͙͍͒͜ ͍ͦͫͭͤ͜Έͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ό͔͙͔͍͙͚̉ͪͤͫ͟͡Σ нллнύΦ  

˥ͪͯͨ͊ ͍͍͊ͭͦͪ͜ όˤΦ˱Φ ˥ ͙ͪͼ͔ͤͦ͟Σ ˿Φ Φ˽Φ ˴ ͯ͒ͪΎ͍ͼ͔͍͊Σ ˤΦ ʕ Φ ˴ ͦͦͫ͡Σ ˩Φ ʕ Φ ʕ ͔͔͙ͪͤ;ύ ͍͔ͫͭͪ͒͗ͯΊΣ ΅ͦ ͔͔͙͙ͭͪͦͤͤͣ͟͡ ͙͊ͫͦ͋͊ͣ͘ 
͍ͤ͊;͊ͤͤΎ ό˩˭˹ύ Ί ͎ͨͪͦͪ͊ͣͤ͜ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎΣ ΅ͦ ͣ͊ΌͭΈ ͔ͫͨͼ͊͜͡Έ͔ͤ ͙ͨͪͤ͊͘;͔ͤͤΎ ͭ͊ ͍͙ͦͤͯ͟ΌͭΈ ͍ͦͫͤͦͤͯ ͪͦ͡Έ ς ͋͜͡Έ΄ 
͔͒ͭ͊͡Έ͎ͤͦͦ ͭ͊ ͎ͤ͊͡Ύ͎͒ͤͦͦ ͍͙͔͊͒ͤͤ͟͡Ύ ͔ͣ͊ͭͪ͊ͯ͜͡ ͭ͊ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ͝ ͍͊͘Ίͣͦ͒͜͝ ͘͜ ͍͒ͦ͋ͯ͊͘;͔ͣ ό˥͙ͪͼ͔ͤͦ͟ϧ˴ͯ͒ͪΎ͍ͼ͔͍͊ϧ 
˴ͦͦͫ͡ϧˤ͔͔͙ͪͤ;Σ нллпύ. 

́͊͟ Ύ͟ ͦ͒ͤͦͤ͊͘;͎ͤͦͦ ͭͯͣ͊͡;͔ͤͤΎ ͎͒͊ͤͦͦ ͨͦͤΎͭͭΎ ͔ͤͣ͊ΊΣ ͋ͯͦ͡ ͙͚ͨͪͤΎͭͦ ͪ͜΄͔ͤͤΎ ͍͔͙ͪͤͯͭͫ͘Έ ͒ͦ ͔ͨͦͦ͗ͤͤ͡Ύ ͨͪͦ 
ͨͦͪΎ͒ͦ͟ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͭ͊ ͍͔͔ͨͪͦ͒ͤͤΎ ͊ͨͪͦ͋͊ͼ͜͝ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎ ͒͡Ύ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ 
͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡Σ ͍ Ύͦͣͯ͟ ͊ͤ͊͘͘;͔ͤͦΣ ΅ͦ ͔͡ ͔ͭͪͦͤͤ͟͜ ͙͊ͫͦ͋͘ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎ ς "͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎΣ ΅ͦ 
͔͎͋ͪ͊͘͜ΌͭΈͫΎ ͤ͊ ͼ͙ͺ͍͙ͪͦͻ ͊͋ͦ ͎͍͙͊ͤ͊ͦͦ͡ͻ ͤͦͫ͜Ύͻ ͙͒͊ͤͻ ͜ ͍͍͒ͭͦͪ͜ΌΌͭΈͫΎ ͤ͊ ͔͔ͭͪͦͤͤͦͣͯ͟͡ ͦ͋͊͒ͤ͊ͤͤ͜͡Ϧ (˽͔ͦͦ͗ͤͤ͡Ύ). 

˱Φ ̑Φ ˿ͦ͋ͦ͒͡ΎͤΌ͟ ͍ ͍͚ͫͦ͝ ͪͦ͋ͦͭ͜ ͍͙ͤ͊ͦ͒ͭΈ ͔͔͍͎͙ͨͪ͊ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎΣ ΅ͦ ͔͍͔ͨͪ͒ͫͭ͊ͤ͜͡ ͤ͊ ͙ͪͫΦ м 
ό˿ͦ͋ͦ͒͡ΎͤΌ͟Σ нлмтύΦ  

 
˾͙ͫΦ мΦ ˽͔͔͍͎͙ͪ͊ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ 

 
˨Φ ʕ Φ ̉ ͔͙͔͍ͪͤͫ͡Έ͙͚͟ ͯ ͍ͫͦ͝ͻ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͻ ͙͊ͫ͟͡ͺͯ͜͟Ί ͔͔ͭͪͦͤͤ͟͜͡ ͙͊ͫͦ͋͘ ͍ͦͫͭͤ͜Έ͎ͦͦ ͫͨͪΎ͍ͣͯ͊ͤͤΎ ͍͙͟͡Ό;ͤͦ ͊͘ 

͔͙ͣͭͦ͒;͙ͤͣ ͙ͨͪͤ͊͘;͔ͤͤΎͣ ͙ͤ͊ͫͭͯͨͤͣ ;͙ͤͦͣΥ  
-  ͍ͤ͊;͊͡Έͤ͜ ͎ͨͪͦͪ͊ͣͤ͜ ͙͊ͫͦ͋͘ ͒͡Ύ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͙͔͙ͫͫͭͣ ͤ͊ͤ͘ΈΣ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯͣͤ͜Έ ͭ͊ ͍͙ͤ͊;ͦ͟Σ ͊ ͭ͊ͦ͗͟ 

͔͔͊͋ͨ͘͘;͔ͤͤΎ ͔ͤͦ͋ͻ͎͒ͤͦͦ͜ ͍ͪͤ͜Ύ  ͍͊ͫͦ͘ΊͤͤΎ ͤ͊ͤ͘ΈΤ 
-  ͎ͨͪͦͪ͊ͣͤ͜ ͙͊ͫͦ͋͘Σ ͍͟͡Ό;͊Ό;͙ ͔͔͙ͭͪͤ͊͗ͪΣ ͙ͨͪͤ͊͘;͔ͤͤΎͣ Ύ͙͟Ί ͔͍ͭͪͤͯ͊ͤͤΎ ͭ͊ ͔͊ͪͨͤͤ͘͟͜͡Ύ ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟ 

͍ͤ͊;͊͡Έͤͦ͝ ͭ͊ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͙ͨ͒ͭͪͣ͊ͤͤ͜Ύ ͍ͪͤ͜Ύ ͍͊ͫͦ͘ΊͤͤΎ ͤ͊ͤ͘ΈΤ 
-  ͎ͨͪͦͪ͊ͣͤ͜ ͙͊ͫͦ͋͘ ͒͡Ύ ͦͤͭͪͦ͟͡Ό ͭ͊ ͦͼͤ͜Ό͍͊ͤͤΎ ͍ͪͤ͜Ύ ͦ ͍ͦͦ͒ͤͤ͜͡Ύ ͭ͊ ͍͊ͫͦ͘ΊͤͤΎ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Τ 
-  ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͨͦ΄͍ͯͦ͟͜ ͙͔͙ͫͫͭͣΣ ͙ͨͪͤ͊͘;͔ͤͤΎͣ Ύ͙͟ͻ Ί ͺ͍ͦͪͣͯ͊ͤͤΎ ͭ͊ ͍͙ͪͦͭͦ͘͟ ͍ͣͤ͜Έ ͭ͊ ͍͙ͤ͊;ͦ͟ ͘͜ ͨͦ΄ͯͯ͟ 

͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜͝ ͤ͊ͤ͘ΈΤ 
-  ͎ͨͪͦͪ͊ͣͤ͜ ͙͊ͫͦ͋͘ ͔ͣͦ͒͡Ό͍͊ͤͤΎΣ ΅ͦ ͍ͫͭͦͪΌΌͭΈͫΎ ͒͡Ύ ͙ͦͨͫͯ ͔͍͎ͨͤͦͦ Ύ͍͙΅͊Σ ͦ͋ΩΊͭͯ͟Σ ͨͪͦͼ͔ͫͯ ;͙ ͙ͫͭͯ͊ͼ͜͝ ͒͡Ύ ͝ͻ 

ͨͦ͒͊͡Έ΄ͦ͝ ͍ͯ͊͊͘͘͜͜͡ͼ͜͝ ͭ͊ ͍͙͍;͔ͤͤΎΤ 
-  ͎ͨͪͦͪ͊ͣͤ͜ ͙͊ͫͦ͋͘ ͒͡Ύ ͔͒ͣͦͤͫͭͪ͊ͼ͜͝ ͭ͊ ͤ͊ͦ;͎ͤͦͦ ͨͦ͒͊ͤͤΎ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ͊ ͭ͊ͦ͗͟ ͍ͯ͊͊͘͘͜͜͡ͼ͜͝ Ύ͍͙΅Σ ͨͪͦͼ͔͍ͫ͜ ͭ͊ ͝ͻ 

͍͊͘ΩΎ͍͘͟͜ ό͔͙͔͍͙͚̉ͪͤͫ͟͡Σ нллнύΦ 
˨͔Ύ͟͜ ͍ͤ͊ͯͦ͟ͼ͜ ό˸Φ ˽ Φ ̊ ͙΄ͤ͊͟͜ ό͙̊΄ͤ͊͟͜Σ нллфύΣ ́Φ ˶ Φ ˽ ͔͍ͭͪͦͫΈ͊͟ ό˽͔͍ͭͪͦͫΈ͊͟Σ нлмпύύ ͍ͤ͊ͦ͒ΎͭΈ ͔͒΅ͦ ͍͙͔͒ͦͣͤͤͯ͘͜ 

͙͊ͫ͟͡ͺ͊͜͟ͼ͜Ό ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎΣ ΅ͦ ͔͍͔ͨͪ͒ͫͭ͊ͤ͊͡ ͤ͊ ͙ͪͫΦ нΦ 
˸Φ ˽ Φ ̊ ͙΄ͤ͊͟͜ ͯ ͍͚͊ͨͪͦͨͦͤͦ͊ͤ͘͜ ͍͚͊ͫͤ͜͡ ͙͊ͫ͟͡ͺ͊͜͟ͼ͜͝ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ ͍͙͒͜͡ΎΊ ͍ͣͪͦͫͭ͜͟͜Σ ͯ Ύͦͣͯ͟ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ 

Ϧ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͭ͊ ͔͔͔ͪͨͪͤͭ͊͘ͼ͜Ύ ͦ͋ΩΊ͍ͭ͟͜ ͯ ͔͔͚ͨͪ͒ͣͭͤ͜ ͎͊ͯ͘͜͡Σ ͝ͻ ͍͙͍͔͚͊ͫͭͦͫͭ͡ ͭ͊ ͍͒ͤͦ͜΄͔ͤΈΤ ͣ͊ͤͨͯ͜͡Ό͍͊ͤͤΎ ͦ͋ΩΊ͙ͭ͊ͣ͟Σ 

https://zakon.rada.gov.ua/laws/show/z0757-04/ed20040702/find?text=%C5%EB%E5%EA%F2%F0%EE%ED%ED%B3+%E7%E0%F1%EE%E1%E8+%ED%E0%E2%F7%E0%EB%FC%ED%EE%E3%EE+%EF%F0%E8%E7%ED%E0%F7%E5%ED%ED%FF#w32
https://zakon.rada.gov.ua/laws/show/z0757-04/ed20040702/find?text=%C5%EB%E5%EA%F2%F0%EE%ED%ED%B3+%E7%E0%F1%EE%E1%E8+%ED%E0%E2%F7%E0%EB%FC%ED%EE%E3%EE+%EF%F0%E8%E7%ED%E0%F7%E5%ED%ED%FF#w42
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͙ͣͤ͘͜ ͝ͻ  ͍͙͍͔͚͊ͫͭͦͫͭ͡ ͭͦ΅ͦΤ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͊͘Ί͍ͣͦ͘ΩΎ͍͘͟͜ ͣ͗͜ ͍͙͍͊ͫͭͦͫͭ͡Ύ͙ͣϦ ό͙̊΄ͤ͊͟͜Σ нллфύΦ 
˻Φ ˱ Φ x ͊΄͍ͣ͊ͦ͟ ͙ͫͨͪ͊ΊͭΈͫΎ ͤ͊ ͍͔͔͒ͦͪͣͤ͜͟͜͡ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͍͊͒͊ͤͤ͘Ύ ͜ ͨͪͦͨͦͤͯΊ ͍͙͔͙͙ͦͪͣͭ͟ ;͙͙ͦͭͪ ͙͊ͫ͟͡ 

͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ όˣ͊΄͍ͣ͊ͦ͟Σ нллоύΦ ˽͔ͪ΄͙͚ ͊ͫ͟͡ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ ͍͟͡Ό;͊Ί ͙͊ͫͦ͋͘ 
͔͔͙ͭͦͪͭ;ͤͦ͝ ͭ͊ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟Υ 

-  ͔͔͙͚ͭͪͦͤͤ͟͡ ͨ͒ͪͯ͜;͙ͤ͟ - ͦ ͍͔ͫͤͦͤ ͔͔͔ͭͪͦͤͤ͟͡ ͍͙͒͊ͤͤΎΣ ͍͔͔ͫͭͦͪͤ ͤ͊ ͍͙ͫͦͦͣͯ͟ ͍ͤ͊ͯͦͦͣͯ͟ ͜ ͔͙ͣͭͦ͒;ͤͦͣͯ ͍ͪͤ͜ΎͻΣ 
Ύ͔͟ ͍ͨͦͤͫͭ͜Ό ͍͍͒ͨͦ͒͊͜͜Ί ˨͔͍ͪ͗͊ͤͦͣͯ ͍ͦͫͭͤ͜Έͦͣͯ ͫͭ͊ͤ͒͊ͪͭͯ ͔͍͙ͨͤͻ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭΤ 

-  ͦͣͨ͟ΩΌ͔ͭͪͤ͊ ͍ͤ͊;͊͡Έͤ͊ ͎ͨͪͦͪ͊ͣ͊Σ ΅ͦ ͔͔ͨͪ͒͋͊;͊Ί ͍͙͍;͔ͤͤΎ ͟͡Ό;͍͙ͦͻ ͍ͪͦ͒͘͜͜͡Σ ͨͦͤΎͭΈ ͭ͊ ͔ͨͦͦ͗ͤ͡Έ 
͙͒ͫͼ͙͙ͨͤ͜͡ ͜ ͎ͨͪͦͪ͊ͣ͊ ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͒͡Ύ ͍͔͔ͨͪͦ͒ͤͤΎ ͎͍͙ͪͯͨͦͻ ͙ͨͪ͊ͭ͟;͙ͤͻ ͊ͤ͘ΎͭΈ ͭ͊ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭΤ 

-  ͦͣͨ͟ΩΌ͔ͭͪͤ͊ ͙͔ͫͫͭͣ͊ ͦͤͭͪͦ͟͡Ό ͤ͊ͤ͘Έ ς ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͒͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ ͍ͪͤ͜Ύ ͤ͊ͤ͘Έ ͘ ͔͍ͨͤͦ͝ ͙͒ͫͼ͙͙ͨͤ͜͡ ͊͋ͦ 
͔ͦͪͣͦ͟͝ ;͙͙͊ͫͭͤ ͟ ͯͪͫͯ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͍͊͟͜͡ͺ͊͜͟ͼ͚͙ͤ͜ͻ ͤͦͪͣΣ ΅ͦ ͔ͨͪ͒ΩΎ͍͡ΎΌͭΈͫΎΦ 

˨͎͙͚ͪͯ ͊ͫ͟͡ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ ς ͘ ͙͊ͫͦ͋ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟Υ 
-  ͔͔͙͚ͭͪͦͤͤ͟͡ ͊͒͊͘;͙ͤ͟ ς ͊ͫ͋͘͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͭ͊ ͍͙ͪͦͭͯ͘͟ ͯͣͤ͜Έ ͭ͊ ͍͙ͤ͊;ͦ͟ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͙ͨͪ͊ͭ͟;͙ͤͻ ͍͊͒͊ͤ͘Έ ͘ 

͙͒ͫͼ͙͙ͨͤ͜͡Τ 
-  ͦͣͨ͟ΩΌ͔͙͚ͭͪͤ ͔͔ͭͪͤ͊͗ͪ ς ͙͚ͨͪͫͭͪ͜ ͊͋ͦ ͎͙͚ͨͪͦͪ͊ͣͤ ͊ͫ͋͘͜ ͒͡Ύ ͔ͪ͊͊͘͜͡ͼ͜͝ ͔ͣͦ͒͜͡ ͦ͋ΩΊͭ͊͟ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͭ͊ ͔ͭͻͤ͜;͙ͤͻ 

͎͍ͦͪ͊ͤ͜ ͍ͯͨͪ͊ͤͤ͜͡ΎΦ 
͔͚́ͪͭ͜ ͊ͫ͟͡ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ ς ͒ ͦͨͦͣ͗ͤ͜͜ ͙͊ͫͦ͋͘Υ 
-  ͦͣͨ͟ΩΌ͔͙͚ͭͪͤ ͙͚͊͋ͦͪ͊ͭͦͪͤ͡ ͙ͨͪ͊ͭͯͣ͟͟ ς ͊ͫ͋͘͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͜ ͍͔͔ͨͪͦ͒ͤͤΎ ͍͙͍͙͊ͭͦͣ͊ͭͦ͊ͤ͘ͻ ͙͊͋ͦͪ͊ͭͦͪͤ͡ͻ ͪͦ͋ͭ͜Σ 

͍ ͔ͣ͗͊ͻ Ύ͙͟ͻ ͦ͋ΩΊ͙ͭ͟Σ ͨͪͦͼ͔͙ͫ ͜ ͔͔͍͙ͫͪ͒ͦ΅͔ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙͍;͊ΌͭΈͫΎ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͔͔͙͔͍ͫͨͪͣͤͭ͟͜ ͘ ͝ͻ 
ͦͣͨ͟ΩΌ͔͙͍͙͙ͭͪͦ͊ͤͣ͘ ͔ͣͦ͒͡Ύ͙ͣΤ 

-  ͦͣͨ͟ΩΌ͔͙͚ͭͪͤ ͍͙͒ͦ͒ͤ͜͟ ς ͤ͜ͺͦͪͣ͊ͼ͚ͤ͊͜ ͋͊͊͘ ͊͘ ͔͍ͨͤͦΌ ͙͒ͫͼ͙ͨͤͦ͜͡ΌΣ ΅ͦ ͤ͊͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͝͝ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ 
͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜Τ 

-  ͣͯ͡Έ͙͔͚͔ͭͣ͒ͤ͜ ͍ͤ͊;͊͡Έ͔ͤ ͊ͤ͘ΎͭͭΎ ς ͣͯ͡Έ͙͔͚͙͚ͭͣ͒ͤ͜ ͙͊ͨͫ͘ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͊ͤ͘ΎͭͭΎΣ ͔͟͡ͼ͚͜Σ ͔ͫͣͤ͊ͪͯ͜ ͊͋ͦ 
͔͒ͣͦͤͫͭͪ͊ͼ͜͝Φ 

 
˾͙ͫΦ нΦ ˴͙͊ͫ͡ͺ͊͜͟ͼ͜Ύ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ ͊͘ ͙ͨͪͤ͊͘;͔ͤͤΎͣ ͭ͊ ͍͔ͪͤͣ͜ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦ͝ ͫ͊͒ͤͦͫͭ͟͜͡ 
 
͔͍͔͙͚̉ͭͪͭ ͊ͫ͟͡ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ ͍͟͡Ό;͊Ί ͍ ͔͔ͫ͋ ͔ͦͣͨͫͤ͟͟͜͡ ͙͊ͫͦ͋͘Φ ˽͙ͪ͊͒ͦͣ͟͡ ͎ͭ͊ͦͦ͟ ͊ͫͦ͋ͯ͘ Ί 

ͦͣͨ͟ΩΌ͔͙͚ͭͪͤ ͍ͤ͊;͊͡Έ͙͚ͤ ͯͪͫ͟ ͒͡Ύ ͎͍͙ͨ͒ͦͭͦ͜͟ ͊͘ ͔͍ͨͤͦΌ ͙͒ͫͼ͙ͨͤͦ͜͡Ό ͘ ͔͎͍͙͙ͤͭͪͦ͊ͤͣ͜ ͺͯͤ͟ͼ͜Ύ͙ͣ ͭ͊ ͙͊ͫͦ͋͊ͣ͘ ͒͡Ύ 
͔͔͙ͭͦͪͭ;ͤͦ͝Σ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦ͝ ͜ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ όˣ͊΄͍ͣ͊ͦ͟Σ нллоύΦ 

˿͙ͨͪ͊Ό;͙ͫΈ ͤ͊ ͨͪ͊ͼ͜ ˻Φ ˱ Φ x ͊΄͍ͣ͊ͦ͊͟Σ ͤ͊͘ͻ͙ͦ͒ͣͦ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜Ό ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ ͯ ͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ 
͒ͦ ͍͊ͫ͟͜͡Σ ͍͍͊ͭͦͪͫͭ͊ ̑Φ ˥ Φ ˶ ͙ͦ͋ͦ͒ ό˶ͦ͋ͦ͒͊Σ нлмнύΦ ́͊͊͟ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜Ύ ͔͍͔ͨͪ͒ͫͭ͊ͤ͊͡ ͤ͊ ͙ͪͫΦ оΦ 

˹͊ ͍͒ͣͤͯ͜͜ ͍͒͜ ͔͔ͨͦͨͪ͒ͤΈͦ͝Σ ͒͊ͤ͊ ͙͊ͫ͟͡ͺ͊͜͟ͼ͜Ύ ͎ͪͦ͘͡Ύ͒͊Ί ͙ͨͪͤ͊͘;͔ͤͤΎ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ ͭ͊ ͫͭͯͨͤ͜Έ 
͔ͦͣͨͫͤͦͫͭ͟͟͜͡ ͙ͭ͊͟ͻ ͍͊ͫͦ͋͘͜Φ ́͊ͦ͗͟Σ ͍ ͚͒͊ͤ͜ ͙͊ͫ͟͡ͺ͊͜͟ͼ͜͝ ͍͚͒ͫͯͭͤ͜͜ ͨͦ͒͜͡ ͊͘ ͙͔ͪͭͪ͟͜Ίͣ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͔͔͍ͣͤͭ͜͡ ΄ͭͯ;͎ͤͦͦ 
͔͔ͤͭͭͯ͜͟͡Φ 

˽ͦ͒͜͡ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ ͊͘ ͪͦ͡͡Ό ͍ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜ ͤ͊ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͭ͊ ͔͔ͭͪͦͤͤ͟͜͡ ͙͊ͫͦ͋͘ 
͍ͤ͊;͊ͤͤΎ ͎͊͊͘͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎ ͨͪͦͨͦͤͯΊ ˾Φ ˽Φ ̊ ͔͍;ͯ͟ ό͙͍͒Φ ͙ͪͫΦ пύ ό͔͍̊;ͯ͟Σ нллуύΦ 
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˾͙ͫΦ оΦ ˴͙͊ͫ͡ͺ͊͜͟ͼ͜Ύ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ ͊͘ ̑Φ ˥Φ ˶ͦ͋ͦ͒ͦΌ 

 

 
˾͙ͫΦ пΦ ˿͙͔ͫͭͣ͊ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ ͊͘ ˾Φ ˽ Φ ̊ ͔͍;ͯͦͣ͟ 

 
ˤ͙ͤ͊͘;͊͡Έ͙ͤͣ ͙͔ͪͭͪ͟͜Ίͣ ͨͦ͒ͯ͜͡ ͤ͊ ͎ͨͪͦͪ͊ͣͤ͜ ͭ͊ ͎ͨͪͦͪ͊ͣͤͦ-͔͊͗ͤ͘͜͡ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎ ˾Φ ˽ Φ ̊ ͔͍;ͯ͟ ͍͙ͤ͊ͦ͒ͭΈ 

͙͍ͣͦ͗ͫͭ͜͡Έ ͍͒ͤͦͫͤͦ͜ ͍͎͊ͭͦͤͦͣͤͦͦ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ͎͙ͨͪͦͪ͊ͣͤͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎΦ ˨͡Ύ ͝ͻ ͙ͪͦ͋ͦͭ ͒ͦͫͭ͊ͭͤΈͦ ͦͣͨ͟ΩΌ͔ͭͪ͊ ͘͜ 
͍͍͔ͫͭ͊ͤͦͤͦ͡Ό ͔ͦͨͪ͊ͼ͚ͤͦ͜Ό ͙͔ͫͫͭͣͦΌΣ ͯ ͚ͭͦ ;͊ͫΣ ͙ͦ͟͡ ͒͡Ύ ͙ͪͦ͋ͦͭ ͎ͨͪͦͪ͊ͣͤͦ-͔͙͊͗ͤ͘͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ ͔ͤͦ͋ͻ͒ͤ͜͜ 
͍͒ͦ͒͊ͭͦ͟͜ ͎͙ͨͪͦͪ͊ͣΣ ΅ͦΣ ͯ ͍͊͘Ίͣͦ͒͜͝ ͘ ͔ͦͨͪ͊ͼ͚ͤͦ͜Ό ͙͔ͫͫͭͣͦΌΣ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ͙ͭ͊͟ͻ ͍͊ͫͦ͋͘͜ 
͍ͤ͊;͊ͤͤΎ ό͔͍̊;ͯ͟Σ нллуύ.  

˨ͦ ͎ͨͪͦͪ͊ͣͤͦ-͔͙͊͗ͤ͘͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͭ͊ ͎͊͊͘͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎ ͣͦ͗ͤ͊ ͍͔͙͒ͤͫͭ͜Υ ͪͤ͘͜͜ ͍͙͙͒ 
͔͔͙ͭͪͦͤͤ͟͡ͻ ͔͍͒ͦͯͣͤͭ͟͜Σ ͋͊͘ ͙͒͊ͤͻ ͜ ͤ͊ͤ͘ΈΣ ͔͔ͭͪͦͤͤ͟͜͡ ͍͙͒͊ͤͤΎΣ ͔͍ͪ͊ͦ͊ͤ͘͜͜͡ ͯ ͺͦͪͣ͜Σ ΅ͦ ͔ͣͦ͗ ͙͋ͯͭ ͍͍͔͒ͭͦͪͤ͊͜ ͊͘ 
͎͒ͦͨͦͣͦͦΌ ͔͔ͭͪͦͤͤͦ͟͡-ͦ͋;͙ͫ͡Ό͍͊͡Έͤͦ͝ ͔ͭͻ͙ͤ͜͟ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͔ͫͨͼ͊͜͡Έ͎ͤͦͦ ͎͎ͨͪͦͪ͊ͣͤͦͦ ;͙ ͊ͨ͊ͪ͊ͭͤͦ-͎͎ͨͪͦͪ͊ͣͤͦͦ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ ό͔͍͙ͭͫͭͦ͟ͻΣ ͎ͪ͊ͺ͜;͙ͤͻ ͭ͊ ͣͯ͡Έ͙͔͚͙ͭͣ͒ͤ͜ͻ ͔͍ͪ͒͊ͭͦͪ͟͜Σ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͙ͭ͊͋͡ͼΈΣ ͙͔ͫͫͭͣ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͙͋͊͊ͣ͘ 
͙͒͊ͤͻ ͜ ͤ͊ͤ͘ΈΣ ͙͍ͨͪͫͭͪͦ͝ ͍ͪͭͯ͊͜͡Έͤͦ͝ ͭ͊ ͍͔͒ͦͨͦͤͤͦ͝ ͔ͪ͊͡Έͤͦͫͭ͜ύ ό͔͍̊;ͯ͟Σ нллуύ. 

̋ͦ͒ͦ ͙ͪͤ͘͜ͼ͜ ͣ͗͜ ͔͎͎ͨ͒͊ͦ͜;͙͙ͤͣ ͎ͨͪͦͪ͊ͣͤͦ-͔͙͙͊͗ͤͣ͘͡ ͙͊ͫͦ͋͊ͣ͘ ͭ͊ ͙͙ͭ͊ͣ͟ ͍ͤ͊;͊͡Έ͙͙ͤͣ ͙͊ͫͦ͋͊ͣ͘ ͎͊͊͘͡Έ͎ͤͦͦ 
͙ͨͪͤ͊͘;͔ͤͤΎΣ ͭͦ ͍ͦͤ͊ ͨͦ͡Ύ͎͊Ί ͍ ͭͦͣͯΣ ΅ͦ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͎ͨͪͦͪ͊ͣͤͦ-͔͊͗ͤ͘͜͡ ͙͊ͫͦ͋͘ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎ Ί ͔͔͒͗ͪͦͣ͡ 
͍ͤ͊;͊͡Έͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͊ ͎ͨͪͦͪ͊ͣͤͦ-͔͊͗ͤ͘͜͡ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎ ͎͊͊͘͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎ ͍͙ͦͤͯ͟ΌͭΈ ͙͡΄͔ ͒ͦͨͦͣ͗ͤͯ͜ 
ͺͯͤ͟ͼ͜ΊΌ ς ͣͦ͗ͯͭΈ ͙͋ͯͭ ͔͔͒͗ͪͦͣ͡ ͤ͜΄͙ͻ ͍͙͍͒͜ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ Ύ͟͜ ͍͙͊͘͘;͚͊ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ ͍ ͤ͜΄͙ͻ ͫͺ͔ͪ͊ͻ ͒͜Ύ͡Έͤͦͫͭ͜ 
͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡Φ ˽͎ͪͦͪ͊ͣͤͦ-͔͊͗ͤ͘͜͡ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎ ͎͊͊͘͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎ ͍͙ͦͤͯ͟ΌͭΈ ͒ͦͨͦͣ͗ͤͯ͜ ͺͯͤ͟ͼ͜Ό 
͍͒ͤͦͫͤͦ͜ ͫͺ͔͙ͪ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͭ͊ ͚͔͒ͫͤͤͤ͘͜Ύ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ό͙̊΄ͤ͊͟͜Σ нллфύ. 

˸Φ̅Φ x ͙ͪ͊͟ ͯ ͍ͫͦ͝ͻ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͻ όˣ͙ͪ͊͟Σ нлммύ ͨͦ͒͜͡ΎΊ ͔͔ͭͪͦͤͤ͟͜͡ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎ ͤ͊ ͙͊ͫͦ͋͘ 
͎͊͊͘͡Έ͙͙ͤͦ͒͒͊ͭ͟;͎ͤͦͦ ͜ ͙ͨͪ͊ͭ͟;͎ͤͦͦ ͫͨͪΎ͍ͣͯ͊ͤͤΎΦ 

˨ͦ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͎͊͊͘͡Έ͙͙ͤͦ͒͒͊ͭ͟;͎ͤͦͦ ͫͨͪΎ͍ͣͯ͊ͤͤΎ ͍͔ͤ͊ͯͦ͟ͼΈ ͍͙͒ͤͦͫͭ͜ΈΥ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ ͎͙͚ͨͪͦͪ͊ͣͤ 
͊ͫ͋͘͜Σ ͔͔͙͚ͭͪͦͤͤ͟͡ ͊͒͊͘;͙ͤ͟Σ ͔͋͋ͦͭ͊͜͜͟͡ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͤ͊ͦ;͔͚ͤͦͫͭΣ ͣͯ͡Έ͙͔͚͙͚ͭͣ͒ͤ͜ ͯͪͫ͟Σ ͎ͨͪͦͪ͊ͣͤͦ-͔͙ͣͭͦ͒;͙͚ͤ 
͔ͦͣͨͫ͟͟͡Σ ͍ͤ͊;͊͡Έ͔ͤ ͎͔ͨͪͦͪ͊ͣͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͒͡Ύ ͍͙͊͒͊ͤͤ͟͡Ύ ͭ͊ ͍͙͍;͔ͤͤΎ ͔͔ͨͪ͒ͣͭ͊Σ ͙͒ͫͭ͊ͤͼ͚͙͚ͤ͜ ͯͪͫ͟Σ ͔͎͍͙͚ͤͭͪͦ͊ͤ͜ 
͔͔͙͚ͭͪͦͤͤ͟͡ ͔ͦͣͨͫ͟͟͡Σ ͔͔͙͚ͭͪͦͤͤ͟͡ ͊ͭ͊ͫ͡Σ ͔͔͙͚ͭͪͦͤͤ͟͡ ͍ͤ͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟ όˣ͙ͪ͊͟Σ нлммύ. 

˨ͦ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͙ͨͪ͊ͭ͟;͎ͤͦͦ ͫͨͪΎ͍ͣͯ͊ͤͤΎ Σ ͍͍͒ͨͦ͒ͤͦ͜͜ ͙͊ͫ͟͡ͺ͊͜͟ͼ͜͝Σ ͍͒ͤͦͫ͜ΎͭΈͫΎ ͍ͪͭͯ͊͜͡Έͤ͜ ͺ͙͘͜;ͤ͜Σ 
ͻͣ͜͜;ͤ͜Σ ͎͋ͦͦ͜͜͡;ͤ͜ ͭ͊ ͤ͜΄͜ ͙ͨͪ͊ͭ͟;ͤ͜ ͊͋ͦͪ͊ͭͦͪ͜͡͝ όˣ͙ͪ͊͟Σ нлммύ. 

ˤΦ ˸ Φ ˨ ͔ͣΩΎ͔ͤͤͦ͟Σ ˥Φ ˽ Φ ˶ ͍͔͊ͪͤͭΈΊ͍͊Σ ˸Φ ˽ Φ ̊ ͙΄ͤ͊͟͜ ͍͙͒͜͡ΎΌͭΈ ͭ͊͟͜ ͔͔ͭͪͦͤͤ͟͜͡ ͍ͦͫͭͤ͜͜ ͔͙ͪͫͯͪͫΣ ͙ͨͪͤ͊͘;͔ͤ͜ ͒͡Ύ 
ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ ͔͔͊͋ͨ͘͘;͔ͤͤΎΣ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ͜ ͍͙ͪͦͭͯ͘͟ ͙͔͙ͫͫͭͣ ͍͙ͦͫͭ͜Υ  

-  ͦ͊͟͡͡Έͤ͜ ͜ ͔͔ͣͪ͗ͤ͜ ͔͔ͭͪͦͤͤ͟͜͡ ͙͊ͫͦ͋͘ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎΣ ͔ͦͪͣ͊͘͟ ͤ͊ ͙ͦͨͭ;͙ͤͻ ͼ͙ͺ͍͙ͪͦͻ ͤͦͫ͜ΎͻΤ 
-  ͍ͤ͊;͊͡Έͤ͜ ²Ŝō-͔͙ͪͫͯͪͫΥ ͔ͫͨͼ͍͊ͦ͊ͤ͘͜͜͜͡ ͚͙ͫ͊ͭΣ ͔͔ͭͪͦͤͤ͟͜͡ ͔ͦ͟͟͡ͼ͜͝Σ ͔͙͋͋ͦͭ͜͜͟͡Σ ͙͋ͪ͘͜͟ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͍ͣ͊ͭͪ͊͜͜͡ ͭ͊ ͤ͜ΦΤ 
-  ͔͔ͭͪͦͤͤ͟͜͡ ͙͋͊͘ ͙͒͊ͤͻ ͜ ͤ͊ͤ͘Έ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎΤ 
-  ͙͔͙ͫͫͭͣ ͜ ͨ͊ͭ͡ͺ͙ͦͪͣ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͍ͤ͊;͊ͤͤΎΣ ͯ ͭΦ ;Φ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͜ ͍ͪͭͯ͊͜͡Έ͎ͤͦͦ ό˨͔ͣΩΎ͔ͤͤͦ͟ϧ˶͍͔͊ͪͤͭΈΊ͍͊ 

ϧ͙̊΄ͤ͊͟͜Σ нлмоύ. 
˹͍͊ͯͦ͟ͼ͜ ͯ ͍ͫͦ͝ͻ ͫͨ͜͡Έ͚ͤ͜ ͨͪ͊ͼ͜ ͍ͤ͊ͦ͒ΎͭΈ ͔͙ͣͭͦ͒;ͤ͜ ͔͔ͪͦͣͤ͒͊͟ͼ͜͝ ΅ͦ͒ͦ ͒ͦ͋ͦͪͯ ͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔͔͙ͭͪͦͤͤ͟͡ͻ 

͍͊ͫͦ͋͘͜ ͭ͊ ͔͍ͪͫͯͪͫ͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎΣ ͊ ͭ͊ͦ͗͟ ͨͪͦͨͦͤͯΌͭΈ ͍͊ͫͤͯ͡ ͝ͻ ͙͊ͫ͟͡ͺ͊͜͟ͼ͜Ό ό͙͍͒Φ ͙ͪͫΦ рύ 
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ό˨͔ͣΩΎ͔ͤͤͦ͟ϧ˶͍͔͊ͪͤͭΈΊ͍͊ ϧ͙̊΄ͤ͊͟͜Σ нлмоύΦ ˹͍͊ͯͦ͟ͼ͜ ͭ͊ͦ͗͟ ͍ͤ͊ͦ͒ΎͭΈ ͙͍ͣͦ͗ͦͫͭ͜͡ ͍͍͊ͫͭͦͫͦͯ͊ͤͤ͘Ύ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͜ 
͔͍ͪͫͯͪͫ͜ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎ ό˨͔ͣΩΎ͔ͤͤͦ͟ϧ˶͍͔͊ͪͤͭΈΊ͍͊ ϧ͙̊΄ͤ͊͟͜Σ нлмоύ. 

 

 
˾͙ͫΦ рΦ ˿͙͔ͫͭͣ͊ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͭ͊ ͔͙ͪͫͯͪͫ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎ  

͊͘ ˤΦ ˸ Φ ˨ ͔ͣΩΎ͔ͤͤͦͣ͟Σ ˥Φ ˽ Φ ˶ ͍͔͊ͪͤͭΈΊ͍ͦΌΣ ˸Φ ˽ Φ ̊ ͙΄ͤͦ͟͜Ό 
 
̂ ͍͘ΩΎͯ͘͟ ͘͜ ͤ͊͘;ͤͦΌ ͟͜͡Έͫͭ͟͜Ό ͙ͪͤ͘͜ͻ ͙͊ͫ͟͡ͺ͊͜͟ͼ͜͝Σ ͍͔͔ͪͤͣͦͫ͘Έ ͒ͦ ͔ͨͦͦ͗ͤͤ͡Ύ ͨͪͦ ͨͦͪΎ͒ͦ͟ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͭ͊ 

͍͔͔ͨͪͦ͒ͤͤΎ ͊ͨͪͦ͋͊ͼ͜͝ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎ ͒͡Ύ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ 
ό˽͔ͦͦ͗ͤͤ͡ΎύΣ ͍͔͔͎͊ͭͪ͒͗ͤͦͦ͘ ˸͔͍ͤͫͭͪͫͭͦͣ͜͜ ͍͙ͦͫͭ͜ ͜ ͙ͤ͊ͯ͟ ͙̂ͪ͊ͤ͟͝Σ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ Ύ͎ͦͦ͟Σ ͒ͦ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ 
͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎ ͍͔͔͒ͤͫͤͦ͜ Ϧ͎͔ͨͪͦͪ͊ͣͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎΥ ͣͭ͊͜͜ͼ͚ͤ͜͜Σ ͔ͣͦ͒͡ΌΌ;͜Σ 
ͦͤͭͪͦ͟͡ΌΌ;͜ ͦͣͨ͟ϥΌ͔ͭͪͤ͜ ͎͙ͨͪͦͪ͊ͣΤ ͙͋͊͘ ͙͒͊ͤͻ ͭ͊ ͙͋͊͘ ͤ͊ͤ͘ΈΤ ͔͔ͭ͟͡ ͪͦͤͤ͜ ͨ͒ͪͯ͜;͙͙ͤ͟ ͭ͊ ͙͙ͨͦͫ͋ͤ͜͟Τ ͔͔ͭͪͦͤͤ͟͜͡ 
͍͙͙ͫͦͤ͟͡Σ ͨͯ͋͊͜͟͡ͼ͜͝ ͯ ͦͣͨ͟ϥΌ͔͚ͭͪͤ͜ ͔͔ͣͪ͗͜ ͭͦ΅ͦϦ ό˽͔ͦͦ͗ͤͤ͡ΎύΦ 

 
˻ˣ˥˻ˤ˻˾˩˹˹̒ 

˨͡Ύ ͎ͭͦͦΣ ΅ͦ͋ ͎ͯ͊͊͘͡Έ͙͙ͤͭ ͜ ͍ ͚ͣ͊͋ͯͭͤΈͦͣͯ ͍͙͊ͨͪͦͨͦͤͯ͊ͭ͘ ͍͊ͫͤͯ͡ ͙͊ͫ͟͡ͺ͊͜͟ͼ͜Ό ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎΣ 
͎ͪͦ͘͡Ύ͔ͤͣͦ ͍͙͎͙ͣͦΣ Ύ͟͜ ͍ͫͭ͊͡ΎͭΈͫΎ ͒ͦ ͙ͤͻΦ 

˱Φ s Φ ˸ ͔͍ͦͪ ͎ͯ͊͊͘͡ΈͤΌΌ;͙ ͍ͤ͊ͯͦͯ͟ ͔ͭͪ͊ͭͯͪͯ͜͡Σ͍ͦ͋͐ͪͯͤͭͦͯΊ ͤ͊ͫͭͯͨͤ͜ ͙͙ͭͨ ͍͙͎ͣͦ ͒ͦ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ 
͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎ ό˩˭˹˽ύΥ 

мΦ ˽͔͎͎͒͊ͦ͜;ͤ͜Υ ͔ͪ͊͊͘͜͡ͼ͜Ύ ͔͙ͣͭͦ͒;͙ͤͻ ͭ͊ ͙͙͒͒͊ͭ͟;͙ͤͻ ͙ͨͪͤͼ͙͍ͨ͜Τ ͍͙͚ͦ͋͐ͪͯͤͭͦ͊ͤ ͍͙͋ͪ͜ ͔͙ͭͣ ͭ͊ ͤ͊ͨͪΎͣͯ͟ ͯͪͫͯ͟Τ 
͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͒ͦͼ͜͡Έͤͫͭ͜Έ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͭ͊ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͎͒͊ͤͦͦ ͯͪͫͯ͟Φ 

нΦ ͔́ͻͤ͜;ͤ͜Υ ͔ͦͪͭͤ͊͟͟ ͦ͋ͪͦ͋͊͟ ͙͍͙ͨͦͣͦ͟͡ͻ ͚͒͜ ͙͍ͦͪͫͭͯ͊͟;͍͜Τ ͊͘ͻ͙ͫͭ ͍͒͜ ͔ͤͫ͊ͤ͟ͼ͍͙ͦͤͦ͊ͤ͜ͻ ͚͒͜ ͙͍ͦͪͫͭͯ͊͟;͍͜Τ 
ͪ͊ͼͦͤ͊͜͡Έ͔ͤ ͭ͊ ͔ͺ͔͙͍͔ͭͤ͟ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔ͭͻͤ͜;͙ͤͻ ͍͊ͫͦ͋͘͜Τ ͍͍͒ͨͦ͒ͤͫͭ͜͜͜Έ ͺͯͤ͟ͼͦͤ͊͜͡Έ͎ͤͦͦ ͍͔ͤ͊ͨͦͤͤͤΎ ͔͔͙ͭͪͦͤͤ͟͡ͻ 
͍͊ͫͦ͋͘͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎ ͍͊͒͊ͤͤ͘Ό ͤ͊ ͪͦͪͦ͋ͯ͘͟ ͎ͭ͊ͦͦ͟ ˩˭˹˽ ͭ͊ ͔͙ͣͭͦ͒;͙ͤͣ ͔͔ͪͦͣͤ͒͊͟ͼ͜ΎͣΦ 

оΦ ˩͎ͪͦͤͦͣ͜;ͤ͜Υ ͍ͪ͊ͻ͍ͯ͊ͤͤΎ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͙͍ͦͪͫͭͯ͊͟;͍͜Σ ͙͍ͭͨ͜ ͔͍͍ͤͪͦͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͨͪͦͼ͔͍ͫ͜ 
͙͔ͣͫͤͤ͡ΎΤ ͙ͫͨͪΎͤͤΎ ͙ͨ͒ͭͪͣ͊ͤͤ͜Ό ͒ͦͫͭ͊ͭͤΈ͎ͦͦ ͍ͪͤ͊͜ ͙͍ͣͦͭ͊ͼ͜͝ ͙͍ͦͪͫͭͯ͊͟;͍͜ ͨ͒͜ ;͊ͫ ͍͊͘Ίͣͦ͒͜͝ ͘ ˩˭˹˽Τ ͍͙͎͙ͣͦ ͒ͦ 
͔ͦͪͭͤͦͫͭ͟͟͜Σ Ύͦͫͭ͟͜ ͭ͊ ͍͙ͨͦͤͦͭ ͍͔͒ͦ͋ͪ͊͗ͤͤ͜Ύ ͍͊ͫͦ͋͘͜ ͣͯ͡Έ͙͔ͭͣ͒͊͜Φ 

пΦ ˩͔͙ͫͭͭ;ͤ͜Υ ͍͍͒ͨͦ͒ͤͫͭ͜͜͜Έ ͦͺ͔ͦͪͣͤͤ͡Ύ ͙ͨͪͤ͊͘;͔ͤͤΌ ˩˭˽˹Τ ͯͨͦͪΎ͍͒ͯ͊ͤͤ͟Ύ ͭ͊ ͒ͦͼ͜͡Έͤͫͭ͜Έ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
͔͔͔͍ͣͤͭ͜͡ ͎ͪ͊ͺ͜;͎ͤͦͦ ͔ͤͭͪ͜ͺ͔͚ͫͯ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͊ͫͦ͋ͯ͘Φ 

рΦ ˤ͙͎͙ͣͦ ͒ͦ ͔͍͒ͦͯͣͤͭͯ͊ͤͤ͟ΎΥ ͤ͊Ύ͍ͤͫͭ͜Έ ͔ͭͻͤ͜;͎ͤͦͦ ͍͊͒͊ͤͤ͘Ύ ͤ͊ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͜ ͪͦͪͦ͋ͯ͘͟ ˩˭˽˹ ͭ͊ Ί͙͙͚͒ͤ ͨ͒͜ͻ͒͜ 
͒ͦ ͫ͊͒͊ͤͤ͟͡Ύ ͭ͊ ͦͺ͔ͦͪͣͤͤ͡Ύ ͔͒ͦͯͣͤͭ͊͟ͼ͜͝ ό˸͔͍ͦͪΣ нллпύΦ 

˹͊ ͍ͦͫͤͦ͜ ͊ͤ͊ͯ͘͜͡ ͙ͪͤ͘͜ͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΣ ˤΦ ʕ Φ ˶ ͊ͨͤͫ͜Έ͙͚͟ ͺͦͪͣͯ͡ΌΊ ͜ ͍ͤͦ͜ ͍͙͎͙ͣͦ ͒ͦ ͎͙ͨͪͦͪ͊ͣͤͻ ͍͊ͫͦ͋͘͜ ͭ͊ 
ͦͣͨ͟ΩΌ͔͙͍͙ͭͪͦ͊ͤ͘ͻ ͙͔ͫͫͭͣ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎΣ Ύ͟͜ ͫͭͦͫͯΌͭΈͫΎ ͍͔͒ͦͨͦͤͤͤΎ ͜ ͪͦ͘΄͙͔ͪͤͤΎ ͙ͨͪͤͼ͙ͨ ͤ͊ͦ;ͤͦͫͭ͜ ͙ͭ͊͟ͻ 
͙͔ͫͫͭͣΥ 

-  ͙ͨͪ ͍͔ͫͭͦͪͤͤ͜ ͎͙ͨͪͦͪ͊ͣͤͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎ ͍͙ͨͦͤͤ͊ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭͫ͟Έ ͍ͯ͊͘͜͡Έͤ͊ ͔ͣͦ͒͡Έ 
ͦ͋ΩΊͭ͊͟Σ ΅ͦ ͍͙͍;͊ΊͭΈͫΎΣ Ύ͊͟ ͙ͫͨͪΎΊ ͒ͦͫΎ͎͔ͤͤͤΌ ͔͙ͣͭ ͍ͤ͊;͊ͤͤΎ ͔͋͘ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͤ͊͒ͣͪͤͦ͜͝ ͔͒ͭ͊͊͘͜͡ͼ͜͝Σ ͔͊͡Σ ͍ ͚ͭͦ ͔͗ ;͊ͫΣ 
͔͋͘ ͎ͤ͊͒ͣͪͤͦͦ͜ ͫͨͪͦ΅͔ͤͤΎΤ 

-  ͎ͨͪͦͪ͊ͣͤͦ ͔͍ͪ͊ͦ͊ͤ͊͘͜͡ ͔ͣͦ͒͡Έ ͍͙ͨͦͤͤ͊ ͍͙ͨͦ͒͊͊ͭͫΈ ͯ ͺͦͪͣ͜Σ ΅ͦ ͍͒ͦͦ͘͡ΎΊ ͔͍͙ͪͦͣ͗ͯ͊ͭ͘ ͫͯͭͭΊ͍͜ ͙ͦͤ͊͘͟ ͦ͋ΩΊͭ͊͟ 
͊͋ͦ Ύ͍͙΅͊ ͍͙͍;͔ͤͤΎΣ ͍͘ΩΎ͙͘͟ ͜ ͍͒ͤͦ͜΄͔ͤͤΎ ͣ͗͜ ͝ͻ ͍͙͙ͫ͊͒ͦͣ͟͡Σ ͊ ͔ͫ͊ͣΣ ͫͯͭͭΊ͍͜ ͒͡Ύ ͊ͤ͊ͯ͘͜͡ ͔͙͊ͫͨͭ͟ ͔ͣͦ͒͜͡Σ ͔͙ͭ͊ͨ ͨͪͦͼ͔͍ͫ͜Τ 

-  ͙ͫͭͣͯ͡Ό͍͊ͤͤΎ ͎͙͍͙ͦͤͭͤ͟͜ͻ ͙ͯͫ͘͡Έ ͍͙ͨͦͤͤ͜ ͔͔͊͋ͨ͘͘;͍͙ͯ͊ͭ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔͍ͣͭͦ͒͜ ͙͍͎͊ͭͤͦͦ͟ ͍ͤ͊;͊ͤͤΎ ͭ͊ 
͔͙͍ͤͭͪ͊ͭͤͦͫͭ͜͟͜Τ 

-  ͔ͣͦ͒͜͡ ͦ͋ΩΊ͍ͭ͟͜ ͍ͤ͊;͊ͤͤΎΣ ΅ͦ ͨͦ͒͊ΌͭΈͫΎ ͍ ˩˭˹˽ ͍͙ͨͦͤͤ͜ ͔͔ͨͪ͒͋͊;͙͊ͭ ͙͍ͣͦ͗ͫͭ͜͡Έ ͜ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͭ͊ 
͚ͫ͊ͣͦͫͭͤͯ͜ ͍ͨͤ͊͊͘͜͡Έͤͯ ͒͜Ύ͡Έͤͫͭ͜Έ ͙͍ͦͪͫͭͯ͊͟;͙͊ͣΣ ͙ͫͭͣͯ͡ΌΌ;͙ ͍͙ͤ͊;͙͟ ͭ͊ͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ό˶͊ͨͤͫ͜Έ͙͚͟ύΦ 

https://zakon.rada.gov.ua/laws/show/z0757-04/ed20040702/find?text=%C5%EB%E5%EA%F2%F0%EE%ED%ED%B3+%E7%E0%F1%EE%E1%E8+%ED%E0%E2%F7%E0%EB%FC%ED%EE%E3%EE+%EF%F0%E8%E7%ED%E0%F7%E5%ED%ED%FF#w32
https://zakon.rada.gov.ua/laws/show/z0757-04/ed20040702/find?text=%C5%EB%E5%EA%F2%F0%EE%ED%ED%B3+%E7%E0%F1%EE%E1%E8+%ED%E0%E2%F7%E0%EB%FC%ED%EE%E3%EE+%EF%F0%E8%E7%ED%E0%F7%E5%ED%ED%FF#w42
https://zakon.rada.gov.ua/laws/show/z0757-04/ed20040702/find?text=%C5%EB%E5%EA%F2%F0%EE%ED%ED%B3+%E7%E0%F1%EE%E1%E8+%ED%E0%E2%F7%E0%EB%FC%ED%EE%E3%EE+%EF%F0%E8%E7%ED%E0%F7%E5%ED%ED%FF#w39
https://zakon.rada.gov.ua/laws/show/z0757-04/ed20040702/find?text=%C5%EB%E5%EA%F2%F0%EE%ED%ED%B3+%E7%E0%F1%EE%E1%E8+%ED%E0%E2%F7%E0%EB%FC%ED%EE%E3%EE+%EF%F0%E8%E7%ED%E0%F7%E5%ED%ED%FF#w49
https://zakon.rada.gov.ua/laws/show/z0757-04/ed20040702/find?text=%C5%EB%E5%EA%F2%F0%EE%ED%ED%B3+%E7%E0%F1%EE%E1%E8+%ED%E0%E2%F7%E0%EB%FC%ED%EE%E3%EE+%EF%F0%E8%E7%ED%E0%F7%E5%ED%ED%FF#w12
https://zakon.rada.gov.ua/laws/show/z0757-04/ed20040702/find?text=%C5%EB%E5%EA%F2%F0%EE%ED%ED%B3+%E7%E0%F1%EE%E1%E8+%ED%E0%E2%F7%E0%EB%FC%ED%EE%E3%EE+%EF%F0%E8%E7%ED%E0%F7%E5%ED%ED%FF#w13
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˩͔ͭͪͦͤͤ͟͜͡ ͙͊ͫͦ͋͘ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎ ͣ͊ΌͭΈ ͍͍͙͒ͨͦ͒͊ͭ͜͜ ͍͙͎ͣͦ͊ͣ ͒ͦͼ͜͡Έͤͦͫͭ͜ ͍͔ͫͭͦͪͤͤΎ ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟ΎΣ 
Ύ͟͜ ͨͦ͡Ύ͎͊ΌͭΈ ͍ ͍͔ͤ͊ͨͦͤͤͤ͜ ͎ͭ͊ͦͦ͟ ͊ͫͦ͋ͯ͘ ͣͫͭͦͣ͘͜Σ Ύ͙͚͟ ͔ͣͦ͗ ͙͋ͯͭ ͔ͺ͔͙͍ͭͤͦ͟ ͍͍͔͒ͭͦͪͤͦ͜ ͔ͫ͊ͣ ͊͘ ͎͒ͦͨͦͣͦͦΌ 
ͦͣͨ͟ΩΌ͔ͭͪ͊ ό˶͊ͨͤͫ͜Έ͙͚͟ύΦ 

 
ˤˮ˿˹˻ˤ˴ˮ  

ˢͤ͊͘͜͡ ͤ͊Ύ͍͙ͤͻ ͭͯͣ͊͡;͔ͤΈ ͨͦͤΎͭͭΎ Ϧ͔͔ͭͪͦͤͤ͟͜͡ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎϦ ͍͒͊ ͎ͣͦͯ͘ ͍͙ͨ͒ͫͯͣͯ͊ͭ͜Σ ΅ͦ ͦ͒ ͤͦͤ͊͘;͎ͤͦͦ 
ͭͯͣ͊͡;͔ͤͤΎ ͔ͤͣ͊ΊΣ ͭͦͣͯ ͋ͯͦ͡ ͙͚ͨͪͤΎͭͦ ͪ͜΄͔ͤͤΎ ͍͘Ύ͙ͭ ͊͘ ͍ͦͫͤͦͯ ͨͦͤΎͭͭΎΣ ΅ͦ ͍͙ͤ͊͘;͔͔ͤ ͍ ͔ͨͦͦ͗ͤͤ͜͡ ͨͪͦ ͨͦͪΎ͒ͦ͟ 
͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͭ͊ ͍͔͔ͨͪͦ͒ͤͤΎ ͊ͨͪͦ͋͊ͼ͜͝ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎ ͒͡Ύ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ 
͍͊͊͒͘͟͜͡Φ 

˹͍͔͔͊͒ͤͦ ͪͤ͘͜͜ ͨ͒͜ͻ͙ͦ͒ ͒ͦ ͙͊ͫ͟͡ͺ͊͜͟ͼ͜͝ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎΥ ͊͘ ͔͙ͣͭͦ͒;͙ͤͣ ͙ͨͪͤ͊͘;͔ͤͤΎͣ 
ό˨Φ ʕ Φ ̉ ͔͙͔͍ͪͤͫ͡Έ͙͚͟ύΣ ͊͘ ͙ͨͪͤ͊͘;͔ͤͤΎͣ ͭ͊ ͍͔ͪͤͣ͜ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦ͝ ͫ͊͒ͤͦͫͭ͟͜͡ ό˸Φ ˽ Φ ̊ ͙΄ͤ͊͟͜Σ ́Φ ˶ Φ ˽ ͔͍ͭͪͦͫΈ͊͟ύΣ ͊͘ 
͍͔͔͙͙͒ͦͪͣͤͣ͜͟͡ ͔͎͎ͨ͒͊ͦ͜;͙͙ͤͣ ͍͊͒͊ͤͤ͘Ύ͙ͣ ό˻Φ ˱ Φ x ͊΄͍ͣ͊ͦ͟ύΣ ͯ ͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ ͒ͦ ͍͊ͫ͟͜͡ ό̑Φ ˥ Φ ˶ ͙ͦ͋ͦ͒ύΣ ͊͘ ͪͦ͡͡Ό ͍ 
͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜ ό˾Φ ˽ Φ ̊ ͔͍;ͯ͟ύΣ ͊͘ ͫͨͪΎ͍ͣͯ͊ͤͤΎͣ ό˸Φ̅Φ ˣ͙ͪ͊͟ύΣ ͊͘ ͙ͨͪͤ͊͘;͔ͤͤΎͣ όˤΦ ˸ Φ ˨ ͔ͣΩΎ͔ͤͤͦ͟Σ 
˥Φ ˽ Φ ˶ ͍͔͊ͪͤͭΈΊ͍͊Σ ˸Φ ˽ Φ ̊ ͙΄ͤ͊͟͜ύΦ ˾͎ͦ͘͡Ύͤͯͭͦ ͍͙͎͙ͣͦΣ ΅ͦ ͍ͫͭ͊͡ΎͭΈͫΎ ͒ͦ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎ ͍ 
ͨͪͦͼ͔ͫ͜ ͝ͻ ͙ͪͦͪͦ͋͘͟Φ ̂ ͨͦ͒͊͡Έ΄ͦͣͯ ͨ͊ͤͯ͡ΊͭΈͫΎ ͍͙͊ͨͪͦͨͦͤͯ͊ͭ͘ ͍͊ͫͤͯ͡ ͙͊ͫ͟͡ͺ͊͜͟ͼ͜Ό ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ 
͔ͦͤͦͣ͟͜;͎ͤͦͦ ͫͨͪΎ͍ͣͯ͊ͤͤΎΦ 
 

˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 
1. ˣ͊΄͍ͣ͊ͦ͟ ˢΦ ˮΦΣ ˣ͊΄͍ͣ͊ͦ͟ ˮΦ ˢΦ ˾͊ͪ͊͋ͦͭ͊͘͟ ͦͣͨ͟ΈΌ͔ͭͪͤ·ͻ ͯ;͔͙͍͋ͤͦ͟ ͙ ͦ͋ͯ;͊Ό΅͙ͻ ͙͔ͫͫͭͣ Υ ͎ͣͦͤͦͪ͊ͺ͙ΎΦ ˸Φ Υ 
ˮͤͺͦͪͣ͊ͼ͙ͦͤͤͦ-͙͔͒͊ͭ͘͡Έ͙͚ͫ͒ͦͣ͟ Ϧ͙͙̅ͤ͡ΆϦΣ нллоΦ смс ͫΦ 

2. ˣ͙ͪ͊͟ ˸Φ̅Φ ˱͍ͤͤͦ͊ͼ͚ͤ͜͜ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎΦ ˻͍ͫͭ͊͜ ˣ͍͙͙ͯͦͤ͟Φ Ѕ мф όфмύΦ нлммΦ ˿Φ м-13. 
3. ˤ͊͊͟͡Ό͟ ́ Φ s Φ ˤ͙͙͒ ͭ͊ ͙ͨͪͤ͊͘;͔ͤͤΎ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎΦ ˢ͍͙ͭͦͣ͊ͭ͊͘ͼ͜Ύ ͭ͊ ͦͣͨ͟ΩΌ͔ͭͪͤͦ-͔͎͍ͤͭͪͦ͊ͤ͜͜ 
͔ͭͻ͎ͤͦͦ͜͡͝ ͯ ͍͙͙ͪͦ͋ͤͼ͍ͭ͜ ͭ͊ ͍ͦͫͭ͜͜Υ ͫͭ͊ͤΣ ͒ͦͫΎ͎͔ͤͤͤΎΣ ͔͔͙͍͙ͨͪͫͨͭ͟ ͍͙ͪͦͭͯ͘͟Υ ͔͙ͣ͊ͭͪ͊͜͡ ˤ͔ͫͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍ͤ͊ͯͦͦ͟-
͙ͨͪ͊ͭ͟;ͤͦ͝ LƴǘŜǊƴŜǘ-ͦͤ͟ͺ͔͔ͪͤͼ͜͝Φ ͔͙̉ͪ͊ͫ͟Σ нлмпΦ /Φ 110ς112. 

4. ˥͙ͪͼ͔ͤͦ͟ ʕ Φ ˮ ΦΣ ˴ͯ͒ͪΎ͍ͼ͔͍͊ ˿Φ˽ΦΣ ˴ͦͦͫ͡ ˤΦˤΦΣ ˤ͔͔͙ͪͤ; ˩ΦˤΦ ˨͙ͫͭ͊ͤͼ͙͔ͦͤͤͦ ͦ͋ͯ;͔͙͔ͤΥ ͔͙ͭͦͪΎ ͙ ͙ͨͪ͊ͭ͊͟͟Φ ˴͙͔͍Υ ˹͍͊ͯͦ͊͟ 
͒ͯͣ͊͟Σ нллпΦ отр ͫ Φ 

5. ˨͔ͣΩΎ͔ͤͤͦ͟ ˤΦ˸ΦΣ ˶͍͔͊ͪͤͭΈΊ͍͊ ˥Φ˽ΦΣ ͙̊΄ͤ͊͟͜ ˸Φ˽Φ ˸͔͙ͭͦ͒;ͤ͜ ͔͔ͪͦͣͤ͒͊͟ͼ͜͝ ΅ͦ͒ͦ ͒ͦ͋ͦͪͯ ͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔͔͙ͭͪͦͤͤ͟͡ͻ 
͍͊ͫͦ͋͘͜ ͭ͊ ͔͍ͪͫͯͪͫ͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎΦ ˴ͦͣͨΩΌ͔ͭͪ ͯ ΄ͦ͟͜͡ ͭ͊ ͫͣ͜Ω͝Φ ЅмΦ нлмоΦ ˿Φ пп-48. 

6. ˭͊ͦͤ͟ ͙̂ͪ͊ͤ͟͝ Ϧ˽ͪͦ ͍ͦͫͭͯ͜ϦΦ ¦w[ : http://zakon2.rada.gov.ua/laws/show/2145-19Φ ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘Ύ мсΦлуΦнлмфύΦ 
7. ˶͊ͨͤͫ͜Έ͙͚͟ ˤΦˤΦ ˽͙ͪͤͼ͙ͨ ͤ͊ͦ;ͤͦͫͭ͜ ͜ ͍͔ͫͭͦͪͤͤΎ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎΦ ¦w[Υ  

https://www.narodnaosvita.kiev.ua/Narodna_osvita/vupysku/9/statti/lapinskiy.htm ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘Ύ лсΦлтΦнлмфύΦ 
8. ˶ͦ͋ͦ͒͊ ̑Φ ˥Φ ˩͔ͭͪͦͤͤ͟͜͡ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎΥ ͫͭͪͯͭͯͪ͊͟Σ ͣͫͭ͘͜Σ ͙͊ͫ͟͡ͺ͊͜͟ͼ͜ΎΦ ˱ͤͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͜ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎΦ 

2012. URL: http://journal.iitta.gov.ua/index.php/itlt/article/view/649/492Φ ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘Ύ лмΦлфΦнлмфύΦ 
9. ˸͔͍ͦͪ ˮΦ ˻͍͔͋ͪ͊ͦ͊ͭ͘͡Έͤ·͔ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ Υ ͯ;͔͋Φ ͨͦͫͦ͋Φ ˤ͙͍͊͒ͦͫͭͦ͟͡ Υ ˮ͒͘-͍ͦ ˨͊͡Έ͔͍ͤͦͫͭͦ;͎ͤͦͦ 
͙͍͔͙͔ͯͤͪͫͭͭ͊Σ нллпΦ мсн ͫΦ 
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https:// ucci.org.ua/uploads/ files/58e78ee3c3922.pdf ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘Ύ нлΦлфΦнлмфύΦ 
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437 ͫ Φ 

15. ͔͍̊;ͯ͟ ˾Φ  ͔̂͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͔ͦͣͨͫͯ͟͟͡ ͍͙͎ͣͦ ͒ͦ  ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͎͙ͨͪͦͪ͊ͣͤͻ ͍͊ͫͦ͋͘͜Φ ˽͍͍ͪ͊ͦ͊ ͤ͜ͺ͙ͦͪͣ͊ͭ͊͟Φ Ѕ 2(18). 
нллуΦ ˿Φ сс ς 72. 

16. ͙̊΄ͤ͊͟͜ ˸Φ˽Φ ˴͙͊ͫ͡ͺ͊͜͟ͼ͜Ύ ͎͙ͨͪͦͪ͊ͣͤͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎΦ ˹͍͊ͯͦ͟͜ ͙͙͊ͨͫ͘͟Φ ˿͔ͪ͜ΎΥ ˽͔͎͎͒͊ͦ͜;ͤ͜ ͙ͤ͊ͯ͟, 
нллфΦ Ѕ н όунύΦ ˿Φ нус-292. 
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E-LEARNING TOOLS: DEFINITION AND CLASSIFICATION 

D.S. Antoniuk 
Zhytomyr Polytechnic State University, Ukraine 

Abstract. 
Formulation of the problem. Nowadays the usage of the information and digital technologies in education is one of the most important 

tendencies of the educational process development in the world. Such technologies provide possibilities to make educational 
process more effective and interesting, due to the abilities of the teacher to use multimedia and interactive tools to ignite the 
interest of the students. The interest is stimulated by the implementation of the next educational methods in the class: project-
based method, research tasks, developing educational games. It actualizes the problem of the development and implementation of 
the e-learning tools, as this form of the educational materials presentation reveals suitable alternative to the traditional paper-
based textbooks. E-learning tools enable augmentation of the educational process by the illustrative and interactive elements. This 
ǿƘȅ ǘƘŜ ǇŀǇŜǊ ǇǊƻǾƛŘŜǎ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ άŜ-ƭŜŀǊƴƛƴƎ ǘƻƻƭǎέ ǘŜǊƳ ŀƴŘ ƳŀƧƻǊ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ ǎǳŎƘ ǘƻƻƭǎΦ 

Materials and methods. The methods that were used to conduct the research: theoretical ς analysis, comparison, systematization and 
generalization of the scientific, scientifically-technological, popular science and applied sources in the research domain area. 

Results. The different approaches are provided to the classification of the e-learning tools: based on the methodological purpose 
(D. V. Chernilevskij), based on the purpose and technological complexity level (M. P. Shyshkina , T. L. Petrovska ), based on the 
separated pedagogical knowledge (O. I. Bashmakov), according to the classes (Yu. H. Loboda), based on the role in the educational 
process (R. Shevchuk), base on the direction (M. F. Byrka) and based on the purpose (V. M. Demianenko, H. P. Lavrentieva, 
M.P.Shyshkina). The requirements to the development of the e-learning tools were analyzed. 

Conclusions. ¢ƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ŀǾŀƛƭŀōƭŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǘƘŜ άŜ-ƭŜŀǊƴƛƴƎ ǘƻƻƭǎέ ŜƴŀōƭŜŘ ŀ ŎƻƴŎƭǳǎƛƻƴ ŀōƻǳǘ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ǘƘŜ ƎŜƴŜǊŀƭƛȊŜŘ 
definition. It gave the reason to accept the term used in the Provision about the procedure of e-learning tools approbation at the 
ǎŜŎƻƴŘŀǊȅ ǎŎƘƻƻƭǎΦ ¢ƘŜ ŀǳǘƘƻǊΩǎ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ Ŝ-learning tools in the economic area is planned to be created in the future. 

Keywords: digitalization, information and communication technologies, tools, learning tools, e-learning tools, electronic educational tools.   
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olefirenkonn@gmail.com 
ORCID: 0000-0002-9086-0359 

˶Φ˽Φ ˻ ͔ͫͭ͊ͨͤͦ͟ 
͍̆͊ͪͫ͟͜Έ͙͚͟ ͤ͊ͼͦͤ͊͜͡Έ͙͚ͤ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ ͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˥Φ˿Φ ˿ ͍͙ͦͦͪͦ͒͟Σ ̂ͪ͊ͤ͊͟͝ 

ostlud@gmail.com 
ORCID: 0000-0003-4382-0255 

˹Φ˻Φ ˽ ͦͤͦͣ͊ͪΈ͍ͦ͊ 
͍̆͊ͪͫ͟͜Έ͙͚͟ ͤ͊ͼͦͤ͊͜͡Έ͙͚ͤ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ ͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˥Φ˿Φ ˿ ͍͙ͦͦͪͦ͒͟Σ ̂ͪ͊ͤ͊͟͝ 

ponomna@gmail.com 
ORCID: 0000-0002-0172-8007 

ˣ͍ͦͯͫͦ͊͜͡ ˶Φ˱ΦΣ ˻͔͡ͺ͔ͪͤͦ͜͟ ˹ΦˤΦΣ ˻͔ͫͭ͊ͨͤͦ͟ ˶Φ˽ΦΣ ˽ͦͤͦͣ͊ͪΈ͍ͦ͊ ˹Φ˻Φ 
˭˸˱˿́˻ˤˢ ˴˻˸˽˻˹˩˹́ˢ ˽˾˻̅˩˿˱˯˹˻˲ ˱˹̅˻˾˸ˢ̇˱˲ ̊˴˻˶̒˾˱ˤ ˽˾˻ ˱́-˿˽˩̇˱ˢ˶̎˹˻˿́˱ 

 

ˢ˹˻́ˢ̇˱̒  

̅ͦͪͣͯ͡Ό͍͊ͤͤΎ ͔͙ͨͪͦ͋ͣ͡Φ ˢͭͯ͊͟͡Έͤͫͭ͜Έ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͦͪ͜Ίͤͭ͊ͼ͜͝ ͣͦͦ͒͜͡ ͤ͊ ˱́-͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ ͍ͦ͋ͯͣͦ͡ΌΊͭΈͫΎ ͎ͨͦ͡Ύ͒ͦͣ ͤ͊ ˱́-
ͤ͒ͯͫͭͪ͜͜Ό Ύ͟ ͤ͊ ͯͤ͊͜͟͡Έ͔ͤ ͔͔͍͙ͫͪ͒ͦ΅͔Σ ͙ͫͨͪΎ͙͍͔ͭ͡ ͒͡Ύ ͣ͘͜ͼ͔ͤͤͤΎ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͔͙ͦͤͦͣ͟͜͟Φ ˤͦ͒ͤͦ;͊ͫΣ ͔ͤ͒ͦͫͭ͊ͭͤͫͭ͜Έ 
ͨͪͦͺ͔͎ͫͦͪ͊͜ͺ͜;ͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͔͙͍ͯͤͣͦ͗͡͡ΌΊ ͍͔͔ͨͪͦ͒ͤͤΎ Ύͫͤͦ͟͜͝ ͭ͊ ͔ͺ͔͙͍ͭͤͦ͟͝ ͨͪͦͺͦͪ͜Ίͤͭ͊ͼ͚ͤͦ͜͝ ͙ͪͦ͋ͦͭ ͘͜ 
΄ͦ͟͡Ύ͙ͪ͊ͣ ͤ͊ ˱́-͔ͫͨͼ͊͜͡Έͤͦͫͭ͜Φ ˸͔ͭ͊ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ - ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͍͋͊ͦͦ͘͝ ͍ͣͫͭͦͦ͘͜͝ ͍ͫ͊͒ͦͦ͟͡͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ 
΄ͦ͟͡Ύ͍ͪ͜ ͨͪͦ ˱́-͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͍͙ͪͦͭͯ͘͟ ͫͯ;͎͊ͫͤͦͦ ˱́-͙ͪͤͯ͟Φ 

˸͔͙͊ͭͪ͊͜͡ ͜ ͔͙ͣͭͦ͒Φ ͔͔͙́ͦͪͭ;͙͚ͤ ͊ͤ͊͘͜͡ ͫͦͼ͎ͦͦ͜͜͡;͙ͤͻΣ ͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻΣ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͨͪ͊ͼΈΣ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜Ύ ͎ͨͦ͡Ύ͍͒͜ ͜ ͒ͦͫΎ͎͔ͤͤΈ 
ͯ;͔͙ͤͻ ͒͡Ύ ͍͙Ύ͍͔ͤͤ͡Ύ ͫͭ͊ͤͯ ͔ͪͦͪͦ͋ͤͦͫͭ͘͜͡ ͔͙ͨͪͦ͋ͣ͡Σ ͍͙ͤ͊͘;͔ͤͤΎ ͔ͫͨͼ͙ͺ͙͜͟ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͭ͊ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ ͝͝ 
͍͋͊ͦͦ͘͝ ͍ͣͫͭͦͦ͘͜͝ ͍ͫ͊͒ͦͦ͟͡͝ ΅ͦ͒ͦ ˱́-͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭΦ  

˾͔ͯ͘͡Έ͙ͭ͊ͭΦ ˽ͪͦͺ͔͚ͫͤ͊͜ ͤ͜ͺͦͪͣ͊ͼ͜Ύ ΄ͦ͟͡Ύ͍ͪ͜ ͔͔ͨͪ͒͋͊;͊Ί ͤ͊͒͊ͤͤΎ ͣ͝ ͍͙;͔ͪͨͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͒͡Ύ ͍͙͋ͦͪͯΣ ͙͚ͨͪͤΎͭͭΎ ͪ͜΄͔ͤͤΎ ͜ 
͔ͪ͊͊͘͜͡ͼ͜͝ ͙ͦͫͦ͋ͫͭͦ͝ ͍ͦͫͭͤ͜Έͦ͝ ͭ͊ ͊ͪ͟ΩΊͪͤͦ͝ ͭͪ͊Ίͭͦͪ͟͜͝Φ ˤ ˱́-ͤ͒ͯͫͭͪ͜͜͝ ͚ͤ͊;͊ͫͭ͜΄͔ ͍͙ͪͤ͘͜ΎΌͭΈ ͭ͊͟͜ ͟͡Ό;͍ͦ͜ ͔͎͔͙ͫͣͤͭ Ύ͟ 
͔͊ͨ͊ͪ͊ͭͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎΣ ͍͔ͫͭͦͪͤͤΎ ˱́-͍ͨͪͦ͒ͯͭ͟͜Σ ˱́-͔͍͙ͫͪͫ͜Σ ˱́-͙͎͊ͯͭͫͦͪͫͤ ͔͋ͤͫ͘͜-ͨͪͦͼ͔͍ͫ͜Σ ͊ ͍͙͙ͫ͊͒ͦͣ͟͡ ͙ͪͤͯ͟ ͨͪͦͺ͔͚ͫ͜ 
Ί ͪͦͪͦ͋͊͘͟Σ ͙ͨ͒ͭͪͣ͊͜͟Σ ͔͔͔ͣͤ͒͗ͣͤͭ ͭ͊ ͔͙͎ͣ͊ͪͭͤ͟Φ ˨͙ͤ͊ͣ͜;ͤͫͭ͜Έ ͍͙ͪͦͭͯ͘͟ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ 
͍ͦ͋ͯͣͦ͡ΌΊ ͔͙͍ͤͣͦ͗ͫͭ͜͡Έ ͔ͯͫͭ͊ͤͤ͡Ύ ͨ͒͜ͻ͍ͦ͒͜ ͨͪͦͺ͔͎ͫͦͪ͊͜ͺ͜͝ ˱́-ͨͪͦͺ͔͚ͫ͜Φ ˥͍ͦͭͦͤͫͭ͜Έ ͒ͦ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ 
͍͔ͫ͊ͣͦ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͭ͊ ͍ͤ͊;͊ͤͤΎ ͨͪͦͭΎ͎ͦͣ ͯͫΈ͎ͦͦ ͙͗ͭͭΎΣ ͍ͣͤͤ͜Ύ ͫͭͪͣͦ͜͟ ͣͤ͘͜Ό͍͙͊ͭ ͨͪͦͺ͔͚ͫͤͯ͜ ͭͪ͊Ίͭͦͪ͟͜Ό ς 
͔ͤͦ͒ͣͤͤ͜͜ ͍͙͎͙ͣͦΣ ΅ͦ ͍͙͍ͫͯ͊ΌͭΈͫΎ ͒ͦ ͯͫ͜ͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ˱-͎́͊ͯ͘͜͡Φ  

ˤ͙͍͙ͫͤͦ͟Φ ˽͍͔͔ͪͦ͒ͤͤΎ ͨͪͦͺͦͪ͜Ίͤͭ͊ͼ͚ͤͦ͜͝ ͙ͪͦ͋ͦͭ ͘͜ ΄ͦ͟͡Ύ͙ͪ͊ͣ ͤ͊ ˱́-͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ ͣ͊Ί ͔͔ͨͪ͒͋͊;͙͊ͭ ͍ Ύͦͫͭ͟͜ ͍͋͊ͦͦ͘͝ ͍ͣͫͭͦͦ͘͜͝ 
͍ͫ͊͒ͦͦ͟͡͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ Ύ͟ ͚͔ͦͤ͊ͦͣͤͤ͘͡Ύ ͯ;͍ͤ͜ ͘ ͍͙͙ͦͫͤͦͤͣ ͔͎͔͙ͫͣͤͭ͊ͣ ˱́-ͤ͒ͯͫͭͪ͜͜͝ ͭ͊ ͪͤͦͣ͊ͤͭͭ͘͜͜Ύͣ ˱́-
ͨͪͦͺ͔͚ͫ͜ ͜ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭΣ ͭ͊͟ ͜ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͯ;ͤΎ͙ͣ ͙͍ͣͤͦͫͭ͜͜͡ ͣͫͭͯ͘͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ˱́-
ͺ͊ͻ͍͜ͼ͍͜Σ ͤ͊Ύ͍ͤͦͫͭ͜ ͔ͫͨͼ͙ͺ͜;͙ͤͻ ͍͙͎ͣͦ ͒ͦ ͝ͻ ͔͔͔͍͎͋ͨͪͪͤͦͦ͘ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͪͦͫͭ͊ͤͤ͘Ύ ͜ ͔͔͍ͨͪ͊͟͜͡ͺ͊͜͟ͼ͜͝Φ 

 

˴˶̑̉˻ˤ˱ ˿˶˻ˤˢΥ ͨͪͦͺ͔͚ͫͤ͊͜ ͦͪ͜Ίͤͭ͊ͼ͜ΎΣ ˱-͔́ͫͨͼ͊͜͡Έͤͦͫͭ͜Σ ˱́-ͤ͒ͯͫͭͪ͜͜ΎΣ ͨͪͦͺ͔͚ͫͤ͊͜ ͤ͜ͺͦͪͣ͊ͼ͜ΎΣ ͯ;͙͔ͭ͡Έ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟. 

 
ˤ˿́̂˽ 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ̂ ͫͯ;͙͊ͫͤͻ ͍ͯͣͦ͊ͻ ͔͎ͫͭͪ͊ͭ͜;ͤͦ ͍͙͍͙͊͗ͣ͡ ͤ͊ͨͪΎͣͦͣ͟ ͍͙ͪͦͭͯ͘͟ ͔͙ͦͤͦͣ͟͜͟ ͍ ̂ͪ͊ͤ͟͜͝ 
͍͙ͤ͊ͤ͊͘ ˱́-͎͊ͯ͘͡Έ - ͊͘ ͦͼ͙ͤ͊ͣ͜͟ ͔͔͍ͫͨͪͭ͟͜ ͔ͯ͗ ͯ нлнл ͪͦͼ͜ ͦ͗ͤ͊͟ ͔ͭͪͭΎ ͍͊͊ͤͫ͟͜Ύ ͤ͊ ͙ͪͤͯ͟ ͨͪ͊ͼ͜ ͯ ͍ͫͭ͜͜ ͔͋ͯ͒ ͍ͨͦΩΎ͊ͤ͊͘ ͘ ˱́-
ͫͺ͔ͪͦΌΣ Ύ͊͟ ͭͫͤͦ͜ ͭ͊ ͙͒ͤ͊ͣ͜;ͤͦ ͔͎ͤͭͪͯ͜ΊͭΈͫΎ ͒ͦ ͍ͫ͜ͻ ͎͔͚͊ͯ͘͡ ͍͍ͫͭͦͦ͜͝ ͔͙ͦͤͦͣ͟͜͟ ͭ͊ ͫͯͭͭΊ͍ͦ ͍͙͍ͨ͊͡Ί ͤ͊ ͎͊͊͘͡Έ͔ͤ ͔ͯͪͨͤͤ͟͜͡Ύ 
͔ͦͤͦͣ͟͜͟ ͪ͊ͤ͟͝ ͍ͫͭͯ͜ όˤ͙͙ͤͤ;ͯ͟ϧ˿͟͡Ύͪͯ͟Σ нлмрύΦ ˨͡Ύ ͙̂ͪ͊ͤ͟͝ ˱́-ͫͺ͔ͪ͊ ͯΎ͍͡ΎΊͭΈͫΎ ͍͙͟͡Ό;ͤͦ ͔͔͙͍ͨͪͫͨͭͤͦ͟ΌΣ ͦͫ͟͜͡Έ͙͟ 
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͍ͤ͊ͭ͜Έ ͊͘ ͔͙ͤͫͨͪΎ͙͍͙ͭ͡ͻ ͍ͯͣͦ Σ ͍ͨͦΩΎ͙͊ͤ͘ͻ ͘ ͔ͦͤͦͣ͟͜;͙͙ͤͣ ͭ͊ ͙ͨͦͭ͜͡;͙͙ͤͣ ͙͙ͪ͊ͣ͘͟Σ ͔͒ͣͦͤͫͭͪͯΊ ͍͔͍͔͔ͨͤͤ ͪͦͫͭ͊ͤͤ͘Ύ 
(niss.gov.ua/articles/1519; ˥͙͎͔ͪͦͪͼΈϧ˽͙͔ͫ͊ͪͤͦ͟ϧ˶͙ͦ͋ͦ͒ͤͫ͘Έ͊͟Σ нлмсύΦ ˭͍͊͒Ύ͙͟ ͍͔͍ͤͫͭͯ͊ͤͤ͜Ό ͯ ͍͙ͪͦͭͦ͘͟ ͔ͭͻ͎͚ͤͦͦ͜͡ ͭ͊ 
͋͘͜͡Έ΄͔ͤͤΌ ͡Ό͒ͫΈ͎ͦͦ͟ ͊ͨͭ͊ͯ͟͜͡Σ ˱́-͎͊ͯ͘͡Έ ͍ͫͭͦͪΌΊ ͯͤ͊͜͟͡Έ͔ͤ ͔͔͍͙ͫͪ͒ͦ΅͔Σ ͙ͫͨͪΎ͙͍͔ͭ͡ ͒͡Ύ ͍͙ͪͦͭͯ͘͟ ͯͪ͊ͤͫ͟͝Έ͎ͦͦ͟ 
ͫͯͫͨ͜͡Έ͍ͫͭ͊ όŎƘǇΦŎƻƳΦǳŀκŀƭƭ-news/item/36857-ukrainskoe-it-v-tsifrah-industriya-sostoyalas-kak-klyuchevaya-dlya-ekonomiki-
ukrainyi ).  

˾͊ͦͣ͘ ͘͜ ͙ͭͣΣ ͘ ͙ͦ͗ͤͣ͟ ͪͦͦͣ͟ ͯ ͍ͫͭ͜͜ ͔͎ͫͨͦͫͭͪ͊͜ΊͭΈͫΎ ͔͔ͭͤ͒ͤͼ͜Ύ ͒ͦ ͎͔͊ͦͫͭͪͤͤ͘Ύ ͔͙ͨͪͦ͋ͣ͡ ͍͎͊͒ͪͦͦͦ͟ ͔͔͊͋ͨ͘͘;͔ͤͤΎ 
˱-͎́͊ͯ͘͜͡Σ Ύ͊͟ ΄͙ͪͦͦ͟ ͎͍ͦ͋ͦͦͪΌΊͭΈͫΎ ͔͍͙͙ͨͪ͒ͫͭ͊ͤ͊ͣ͟ ͍ͭ͜;͙ͤ͘Ύͤͦ͝ ͭ͊ ͊ͦͪ͒ͦͤͤͦ͘͟͝ ˱́-ͤ͒ͯͫͭͪ͜͜͝Σ ͍ͦͫͭ͜Ύ͙ͤ͊ͣΣ ͍ͤ͊ͯͦͦ͟Ό 
ͫͨ͜͡ΈͤͦͭͦΌΦ ˹͊ ͒ͯͣͯ͟ ͔͔͍ͫͨͪͭ͟͜Σ ͔ͤ͒ͦͫͭ͊ͭͤΎ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͒͡Ύ ˱́-͎͊ͯ͘͜͡ ͍ ̂ͪ͊ͤ͟͜͝ ͔͔ͨͪ΄ͦ͒͗͊͟Ί 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ό ͔ͨͦͭͤͼ͚ͤͦ͜ ͤ͊Ύ͍͎ͤͦͦ ͺ͊ͭͦͪͯ͟ ͒ͦͫͭͯͨͤͦͫͭ͜ ͍͊͟͜͡ͺ͍͙ͦ͊ͤ͜͟ͻ ͍͙͊͒ͪͦ͟ͻ ˱́-͔͍ͪͫͯͪͫ͜ Ύ͟ ͍͔͙ͦ͟͡͝ ͔ͦͤͯͪͤͭͤͦ͟͟͝ 
͔͔͍͎͙ͨͪ͊ ͜ ;͙͙ͤͤ͊͟ ͔ͦͤͦͣ͟͜;͎ͤͦͦ ͪͦͫͭ͊ͤͤ͘Ύ ͙ͪ͊ͤ͟͝ (chp.com.ua/all-news/item/36857-ukrainskoe-it-v-tsifrah-industriya-
sostoyalas-kak-klyuchevaya-dlya-ekonomiki-ǳƪǊŀƛƴȅƛ ύΦ ˻͙͒ͤͣ ͘͜ ΄͡Ύͻ͍͜ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͍͙͊͊ͤ͘͟ͻ ͔ͨͪͦ͋ͣ͡ ͔ͣͦ͗ ͙ͫͭ͊ͭ 
ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤ͊ ͭ͊ ͙͔ͫͫͭͣͤ͊ ͎͍ͨ͒ͦͭͦ͊͜͟ ͍͙͙͍ͨͯͫͤ͟͟͜ ΄͟͜͡ ͒ͦ ͍͎ͫ͒ͦͣͦͦ͜ ͍͙͋ͦͪͯ ͨͪͦͺ͔ͫ͜͝ ͍ ˱́-͎͊ͯ͘͜͡Σ Ύ͊͟ ͣ͊Ί ͙͋ͯͭ 
͙͔ͨͪͦͪͭͭͤͦ͜Ό ͫͺ͔ͪͦΌ ͙ͪͦ͋ͦͭ ͍;͙͔ͭ͡Ύ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ό˽ͦͤͦͣ͊ͪΈ͍ͦ͊Σ 2017).  

̂ ͫͯ;͚͊ͫͤ͜ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͔ͭͪ͊ͭͯͪ͜͜͡ ͔ͤ ͫͤͯ͜Ί ;͎ͭͦͦ͜͟ ͭ͊ ͦ͒ͤͦͤ͊͘;͎ͤͦͦ ͍͙ͤ͊͘;͔ͤͤΎ ͍͙ͫ͊͒ͦ͟͡ͻ ͒͜Ύ͡Έͤͦͫͭ͜ 
͍;͙͔ͭ͡Ύ ͘ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͦͪ͜Ίͤͭ͊ͼ͜͝ ͣͦͦ͒͜͡Φ ˤͦ͒ͤͦ;͊ͫΣ Ύ͟ ͯ ͍͙ͤ͊ͯͦ͟ͻ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔͒ͦͫ͒͗ͤͤ͜͡ΎͻΣ ͭ͊͟ ͜ ͯ ;͙͙ͤͤͻ ͤ͊ 
ͼ͔͚ ;͊ͫ ͙͍͙ͤͦͪͣ͊ͭͤͻ ͔͒ͦͯͣͤͭ͊͟ͻ ͒ͦ ͙ͫͭͪͯͭͯͪ͟ ͊ͤ͊͘͘;͔ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͟͡Ό;͊ΌͭΈ ͔͔ͨͪ͒ͯͫͣ͜ ͤ͊͒͊ͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͨͪͦ 
ͨͪͦͺ͔ͫ͜͝ ό˭͍͊͊ͭͤͦ͟Σ нллрύΦ ̋ͦ͒ͦ ΄͟͜͡Έͤͦ͝ ͙͙ͨͪ͊ͭ͟͟ ͨͪͦͺͦͪ͜Ίͤͭ͊ͼ͚ͤͦ͜͝ ͙ͪͦ͋ͦͭΣ ͭͦ ͍ ͼ͔͚ ͔ͨͪͦ͒͜ ͚ͤ͊͋͜͡Έ΄ ͊ͭͯ͊͟͡ΈͤͦΌ 
ͨͦͫͭ͊Ί ͒͜Ύ͡Έͤͫͭ͜Έ ͯ;͙͔ͭ͡ΎΣ ͍ͨͦΩΎ͊ͤ͊͘Σ ͔ͨͪ΄ ͊͘ ͍͔ͫΣ ͘͜ ͨͪͦͺ͔͚ͫͤͦ͜Ό ͤ͜ͺͦͪͣ͊ͼ͜ΊΌΦ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ̂ ͍͙ͤ͊ͯͦ͟ͻ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͻ ˱Φ s ͔ͪͺΩΊ͍͊Σ ˤΦ s ͺ͊ͤ͊ͫΈΊ͍͊Σ ˤΦ ʕ ͙ͭΎ͘Ί͍͊Σ ̐Φ ʕ ͦ͡Έ͎ͫͦͦ͟Σ 
˥Φ ˥ ͔͊ͭ͟͜͡Σ ˤΦ ˭ ͤ͜;͔ͤͦ͟Σ ˿Φ ˭ ͦͦͭͯ͡ͻͤͦ͜͝Σ ˤΦ ˿ ͙͔ͣͦͤͤ͊͟Σ ̐Φ ˴ ͍ͣͦ͊͜͡Σ ˶Φ ˴ ͦͤ͒ͪ͊ͭΈΊ͍ͦ͝Σ ̐Φ ˽ ͍͊͡Ό͔͍ͭͤͦ͊͟Σ ˶Φ ́ ͙͔ͣͤͦ͟Σ 
˨Φ ˿ ͊ͭͤ͊͟͟͜Σ ˨Φ ˿ ͔ͣͭ͊ͤͤ͊͜Σ ˣΦ ͍̆͊ͤ͗͊ͪͦͦ͝Σ ˸Φ ̆ ͍͙ͦͪ;͊Σ ˿Φ ̉ ͙ͫͭΎ͍ͦͦ͟͝Σ ˱Φ ̉ ͦͪͤͦ͝Σ ˽Φ ̊ ͍͙͊ͪ͊Σ ˹Φ ̊ ͊͒͜Ί͍͊Σ ˥Φ ̊ ͜͡ͻ͙ͭΣ 
ˣΦ ̅ ͔͙͒ͦͪ΄͙ͤ͊ ͭ͊ ͤ͜΄͙ͻ ͍͔͔ͤ͊͒ͤͦ ͎ͪͦͦͪͤͯͭ͘͜ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͔͍ͦͣͨͦͤͤͭ͟͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͦͪ͜Ίͤͭ͊ͼ͜͝ ͭ͊ ͎ͪͦ͘͡Ύͤͯͭͦ ͪͤ͘͜͜ 
͔͙͊ͫͨͭ͟ ͍͔͔ͨͪͦ͒ͤͤΎ ͍;͙͔ͭ͡Ύ͙ͣ ͨͪͦͺͦͪ͜Ίͤͭ͊ͼ͚ͤͦ͜͝ ͙ͪͦ͋ͦͭ ͘ ͯ;ͤΎ͙ͣΣ Ύ͟͜ ͍ͯͭͦͪΌΌͭΈ ͔͔͙ͭͦͪͭͦ͟-͔͎ͣͭͦ͒ͦͦ͜͡;͔ͤ ͨ͒͐ͪͯͤͭ͜Ύ 
͒͡Ύ ͍͙ͨͦ͋ͯ͒ͦ ͨͪͦͺͦͪ͜Ίͤͭ͊ͼ͚ͤͦ͜͝ ͙ͪͦ͋ͦͭ ͍ ͍ͯͣͦ͊ͻ ͫͯ;͊ͫͤͦ͝ ΄͙ͦ͟͡Φ 

˿͒͜͡ ͍ͪ͊ͻ͍͙ͯ͊ͭΣ ΅ͦ ͍ ͫͯ;͊ͫͤͦͣͯ ͍ͫͭ͜͜ ͨͦͫͭ͊Ί ͊ͭͯ͊͟͡Έ͙ͤͣ ͚͔͒ͫͤͤͤ͘͜Ύ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͦͪ͜Ίͤͭ͊ͼ͜͝ ͍͙͙͍ͨͯͫͤ͟͟͜ ͔ͤ ͫͭ͜͡Έ͙͟ 
ͤ͊ ͔ͦͪͣ͟͜ ͍͙͙ͪͤͦ͒͘͜ ͨͪͦͺ͔͚ͫ͜ ;͙ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭΣ ͫ͟͜͡Έ͙͟ ͤ͊ ͔͍ͨͤ͜ ͤ͊ͨͪΎ͙ͣ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ΅ͦ ͍͙ͤ͊͘;͊ΌͭΈͫΎ 
͔͔͙͙ͨͪ͒ͣͭͤͣ ͎͊ͯ͘͡Ύ͙ͣ ͜ ͍͟͡Ό;͊ΌͭΈ ͎͙ͪͯͨ ͔͙ͫͨͦͪ͒ͤͤ͜ͻ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭΣ ͊͘ Ύ͙͙ͣ͟ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͨͪͦͺ͔͚ͫͤ͊͜ ͒͜Ύ͡Έͤͫͭ͜Έ ͭ͊ 
͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͺ͊ͻ͍ͦ͊ ͎͍ͨ͒ͦͭͦ͊͜͟Φ ˻͙͍ͫͦ͋ͦ͡ ͒ͦͼ͜͡Έ͙ͤͣ ͙͚ͭ͊͟ ͨ͒͜ͻ͒͜ ͍͍͊͗͊ΊͭΈͫΎ ͒͡Ύ ͨͪͦͺ͔͚ͫ͜Σ ͍ͨͦΩΎ͙͊ͤ͘ͻ ͘ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-
ͦͣͯͤ͊͟͜͟ͼ͚͙͙ͤͣ͜ ͔ͭͻ͎ͤͦͦ͜͡Ύ͙ͣΣ ͦͫ͟͜͡Έ͙͟ ͼΎ ͨͪͦͺ͔͚ͫͤ͊͜ ͎͊ͯ͘͡Έ ͍ ͯͫΈͦͣͯ ͍ͫͭ͜͜ ͔ͤ Ί ͔ͯͫͭ͊ͤͦ͡ΌΣ ΅ͦ ͙ͨͪͪͦ͒ͤͦ ͨͦΎͫͤΌΊͭΈͫΎ ͝͝ 
͍͙ͪͦͭͦͣ͘͟Φ ˨͚ͫͤͦ͜Σ ͙ͤ͊͘͟ ͍͔͔͙ͨͪͦ͒ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͍͊ͫ͒͘͜;ͯΊ ͤ͊Ύ͍ͤͫͭ͜Έ ͍͚ͪ͊͟ ͎ͦͫͭͪͦ͝ ͔͙ͨͪͦ͋ͣ͡ ͙ͤ͘Έͦ͟͝ ͨͦͤ͜ͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ 
΄ͦ͟͡Ύ͍ͪ͜ ͨͪͦ ˱́-͔ͫͨͼ͊͜͡Έͤͦͫͭ͜Φ ˹͊ ͫΈ͎ͦͦ͒ͤ͜ ͔ͨͪͦ͋ͣ͊͡ ͚͔ͦͤ͊ͦͣͤͤ͘͡Ύ ͯ;͍ͤ͜ ͍͊͊͒͘͟͜͡ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜ ͘͜ ͍ͫͭͦͣ͜ 
˱-́ͨͪͦͺ͔͚ͫ͜ ͔ͤ ͚ͤ͊͘΄͊͡ ͎͙͎͋ͦͦͦ͟͡ ͍͙͍͔ͫͭͤͤ͜͡Ύ ͯ ͨͪͦͺͦͪ͜Ίͤͭ͊ͼ͚͚ͤ͜͜ ͔ͭͪ͊ͭͯͪ͜͜͡Σ ͜ ͤ͊ ͒ͯͣͯ͟ ͺ͊ͻ͍͜ͼ͍͜Σ ͙ͤͤ͜ ͋ͪ͊ͯ͟Ί Ύ͟ 
͍ͨͦͤͦͣ͊ͫ΄͎ͭ͊͋ͤͦͦ ͊ͤ͊ͯ͘͜͡ ͫͯ;͊ͫͤͦ͝ ͙ͫͭͯ͊ͼ͜͝Σ ͭ͊͟ ͜ ͍ͤ͊ͯͦͦ͟-͍͙ͦ͋͐ͪͯͤͭͦ͊ͤͻ ͎͍ͨͪͦͤͦ͘͜ ΅ͦ͒ͦ ͔͔͙͍ͨͪͫͨͭ͟ ͍͙ͪͦͭͯ͘͟ ͍ͫͭͯ͜ 
ͨͪͦͺ͔͚ͫ͜Φ ́͊͟Σ ͍ͦͨͯ͋ͦ͊ͤͦ͜͟͡ ͙͡΄͔ ͔͔ͦ͋ͣ͗ͤͯ ͟͜͡Έͫͭ͟͜Έ ͨͪͦͺ͔͎ͫͦͪ͊͜ͺ͜;͙ͤͻ ͍͙͍͒ͦ͒ͤ͜͟͜ ͜ ͙͍͋ͪͤ͘͜͟͜ ͨͪͦͺ͔͎ͫͦͪ͊ͣ͜ ͘ ͙ͦͨͫͦͣ 
͍͙͟͡Ό;ͤͦ ͋͜͡Έ΄-͔ͣͤ΄ ͔͙ͯͫͭ͊ͤ͡ͻ ˱́-͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭΦ ̒͟ ͤ͊ͫ͒ͦ͜͟͡Σ ͤ͊ ͙ͨͪ͊ͭ͟ͼ͜ ͍͚ͪ͊͟ ͍͊͗ͦ͟Σ ͊ ͙ͤͦ͜͟͡ ͜ ͔͙͍ͤͣͦ͗ͦ͡Σ ͙ͯ͊͊ͭ͘͟ 
͍͙͙ͨͯͫͤͯ͟͟ ΄͙ͦ͟͡ ͤ͊ ͭ͜ ͨͪͦͺ͔ͫ͜͝Σ Ύ͟͜ ͘ΩΎ͍͡ΎͭΈͫΎ ͤ͊ ͙ͪͤͯ͟ ͨͪ͊ͼ͜ ͜ ͋ͯ͒ͯͭΈ ͔͍͊ͭͪ͋ͯ͊ͤ͘͜ ͍ ͫͯͫͨ͜͡Έ͍ͫͭ͜ ͨͦ ͊ͤ͘͟͜;͔ͤͤΌ ͙ͤͣ 
ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍ͤ͊;͊ͤͤΎΦ ˹͔͒ͦͫͭ͊ͭͤͫͭ͜Έ ͨͪͦͺ͔͎ͫͦͪ͊͜ͺ͜;ͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͔͙͍ͯͤͣͦ͗͡͡ΌΊ ͍͔͔ͨͪͦ͒ͤͤΎ Ύͫͤͦ͟͜͝ ͭ͊ ͔ͺ͔͙͍ͭͤͦ͟͝ 
ͨͪͦͺͦͪ͜Ίͤͭ͊ͼ͚ͤͦ͜͝ ͙ͪͦ͋ͦͭ ͘͜ ΄ͦ͟͡Ύ͙ͪ͊ͣ ͤ͊ ˱́ ͔ͫͨͼ͊͜͡Έͤͦͫͭ͜Φ  

˸͔ͭ͊ ͫͭ͊ͭͭ͜Φ ˭ ͎ͦ͡Ύ͒ͯ ͤ͊ ͼ͔ ͔ͣͭͦΌ ͫͭ͊ͭͭ͜ Ί ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͍͋͊ͦͦ͘͝ ͍ͣͫͭͦͦ͘͜͝ ͍ͫ͊͒ͦͦ͟͡͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ 
΄ͦ͟͡Ύ͍ͪ͜ ͨͪͦ ˱́-͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͍͙ͪͦͭͯ͘͟ ͫͯ;͎͊ͫͤͦͦ ˱́-͙ͪͤͯ͟Φ 

 
˸˩́˻˨ˮ ˨˻˿˶˱˨ˬ˩˹˹̒  

˨͡Ύ ͒ͦͫΎ͎͔ͤͤͤΎ ͔͙ͣͭ ͋ͯͦ͡ ͍͙͙ͦͪͫͭ͊ͤͦ͟ ͍ ͔ͦͣͨͫ͟͟͜͡ ͭ͊͟͜ ͔͔͙ͭͦͪͭ;ͤ͜ ͔͙ͣͭͦ͒ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΥ ͊ͤ͊͘͜͡ ͫͦͼ͎ͦͦ͜͜͡;͙ͤͻΣ 
͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻΣ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͨͪ͊ͼΈΣ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜Ύ ͎ͨͦ͡Ύ͍͒͜ ͜ ͒ͦͫΎ͎͔ͤͤΈ ͯ;͔͙ͤͻ ͒͡Ύ ͍͙Ύ͍͔ͤͤ͡Ύ ͫͭ͊ͤͯ ͔ͪͦͪͦ͋ͤͦͫͭ͘͜͡ 
͔͙ͨͪͦ͋ͣ͡Σ ͍͙ͤ͊͘;͔ͤͤΎ ͔ͫͨͼ͙ͺ͙͜͟ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͤ͊ ˱́-͔ͫͨͼ͊͜͡Έͤͦͫͭ͜Τ ͊ͤ͊͘͜͡ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ 
͒͡Ύ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ ͍͋͊ͦͦ͘͝ ͍ͣͫͭͦͦ͘͜͝ ͍ͫ͊͒ͦͦ͟͡͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ΄ͦ͟͡Ύͪ͜ ͨͪͦ ˱́-͔ͫͨͼ͊͜͡Έͤͦͫͭ͜. 

 
˾˩˭̂˶̎́ˢ́ˮ ́ˢ ˲̆ ˻ˣ˥˻ˤ˻˾˩˹˹̒ 

˱ͤͺ͍ͦͪͣͯ͊ͤͤΎ ͯ;͍ͤ͜ ͨͪͦ ͍ͫͭ͜ ͨͪͦͺ͔͚ͫ͜ ͍͙ͫͭ͊ͭΈ ͊͘ ͔ͣͭͯ ͚͔ͦͤ͊ͦͣͤͤ͘͡Ύ ͘ ͚ͤ͊͊ͭͯ͊͟͡Έͤ͜΄͙͙ͣ ͒͡Ύ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͤ͊ 
ͫΈ͎ͦͦ͒ͤ͜ ͭ͊ ͍ ͚͙ͤ͊͋͗͡;͜ ͙ͪͦ͟ ͨͪͦͺ͔ͫ͜Ύ͙ͣΣ ͊ ͭ͊ͦ͗͟ ͘͜ ͙͍ͣͦ͗ͦͫͭ͡Ύ͙ͣ ͜ ͔͔͍͎͙ͨͪ͊͊ͣ ͍ͦͦͦ͒ͤͤ͜͡Ύ ͭ͜ΊΌ ;͙ ͤ͜΄ͦΌ ͨͪͦͺ͔ͫ͜ΊΌΦ 
˽ͪͦͺ͔͚ͫͤ͊͜ ͤ͜ͺͦͪͣ͊ͼ͜Ύ ͒͊Ί ͎ͣͦͯ͘ ΄ͦ͟͡Ύ͔͍ͪ͜ ͙ͤ͊͋ͯͭ ͤ͊ͤ͘Έ ͨͪͦ ͍͙ͦͫͤͦ ͨͪͦͺ͔͎ͫͦͪ͊͜ͺ͜͝Σ ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;ͤ͜ ͭ͊ 
͙ͨͫͻͦͺ͎ͦͦ͘͜͜͜͡;ͤ͜ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ ͨͪͦͺ͔͚ͫ͜Σ ͨͪͦ ͍͙ͯͣͦ ͍͙ͨͪ͊͡Έ͎ͤͦͦ ͍͙͋ͦͪͯ ͦ͒ͤ͜Ί͝ ͘ ͙ͤͻΣ ͙ͫͨͪΎΊ ͍͙ͻ͍ͦ͊ͤͤΌ 
͙͙͍͎ͨͦͭͤͦͦ͘ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ ͍͙͍͒͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͚ ͫͯͫͨ͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͺ͍ͦͪͣͯ͊ͤͤΌ ͙͍͍͙ͣͦͭͦ͊ͤͻ 
ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͍ͤ͊ͣͪ͜͜Φ 

˿ͯ;͙͊ͫͤͣ ΄ͦ͟͡Ύͪ͊ͣ ͚ͯͪ͊͟ ͔ͤͦ͋ͻ͒ͤ͜͜ ͤ͊ͤͤ͘Ύ ͨͪͦ ͍ͫͭ͜ ͨͪͦͺ͔͚ͫ͜Φ ͙͔̉ͫͤͤ͜͡ ͙͍ͦͨͭͯ͊ͤͤΎ ͍͊ͫ͒͘͜;ͯΌͭΈΣ ΅ͦ ͦͪ͜Ίͤͭ͊ͼ͜Ύ 
ͯ;͍ͤ͜ ͯ ͍ͫͭ͜͜ ͨͪͦͺ͔͚ͫ͜ ͍͔͡Έ͙ͣ ͔͔ͦ͋ͣ͗ͤ͊Υ ͍͙ͦͤ ͙͍ͤ͊͊͘ΌͭΈ ͯ ͍ͫͦ͝ͻ ͍͍͒ͨͦ͒͜͜Ύͻ ͯͫΈ͎ͦͦ ͙͋͘͡Έͦ͟ нл ͨͪͦͺ͔͚ͫ͜ ͯ ͚ͭͦ ;͊ͫΣ Ύ͟ ͝ͻ 
ͤ͊͜͡;ͯΊͭΈͫΎ ͋͜͡Έ΄͔Σ ͤ͗͜ рл ͙ͭͫΎ;Σ ͭͦ͒͜ Ύ͟ ͊͘ ͔͒Ύ͙͙ͣ͟ ͨ͒ͪ͊͜ͻ͙ͯͤ͊ͣ͟Σ ͨͦͤ͊͒ рл҈ ͫͤͯ͜Ό;͙ͻ ͯ ͤ͊΄͜ ͒ͤ͜ ͨͪͦͺ͔͚ͫ͜ ͜ 
͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭ ͙͋ͯ͡ ͔͍ͤ͒ͦͣ͜͜ ΅͔ ол ͍ͪͦ͟͜ ͭͦͣͯ ό˽ͦͤͦͣ͊ͪΈ͍ͦ͊Σ нлмтύΦ ˽ͦΎ͍͊ ͍͙ͤͦͻ ͨͪͦͺ͔͚ͫ͜ ͍ͨͦϥΎ͊ͤ͊͘ ͔ͤ ͭ͜͡Έ͙͟ ͘ 
͔ͣͻ͊ͤ͊͘͜ͼ͜ΊΌ ͚ ͤ͜΄͙͙ͣ ͤ͊ͨͪΎ͙ͣ͊ͣ ͍ͤ͊ͯͦͦ͟-͔ͭͻͤ͜;͎ͤͦͦ ͨͪͦͼ͔ͫͯΣ ͊ ͚ ͘ ͨͦΎ͍ͦΌ ͍͙ͤͦͻ ͎͔͚͊ͯ͘͡ ͍͙͙ͪͦ͋ͤͼ͍ͭ͊Φ 

˽͍͔͔ͪͦ͒ͤͤΎ ͨͪͦͺͦͪ͜Ίͤͭ͊ͼ͚ͤͦ͜͝ ͙ͪͦ͋ͦͭ ͣ͊Ί ͍͙͐ͪͯͤͭͯ͊ͭͫΎ ͤ͊ ͍͍͔ͫͨͫͭ͊ͤͤ͜͡Ύ ͤ͊ͤ͘Έ ͨͪͦ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͙ͭͻ ;͙ ͤ͜΄͙ͻ 
͍͙͍͒͜ ͍ͭͪͯ͒ͦͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͤ͊ͤ͘Έ ͨͪͦ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤ͜ Ύͦͫͭ͟͜ ͡Ό͙͙͒ͤΣ Ύ͊͟ Ί ͫͯ͋ΩΊͭͦͣ͟ ͨͪͦͺͦͪ͜Ίͤͭ͊ͼ͜͝Φ 

˭͍͙͊ͯ͊͗ͣͦΣ ΅ͦ ͯ ͨͪͦͺͦͪ͜Ίͤͭ͊ͼ͜͝ ͪͦͪͤ͘͘͜ΌΌͭΈ ͨͦͤΎͭͭΎ ͨͪͦͺ͔ͫ͜͝ ͭ͊ ͔ͫͨͼ͊͜͡Έͤͦͫͭ͜Φ ˽͒͜ ͨͪͦͺ͔ͫ͜ΊΌ ͪͦͯͣ͘͜ΌͭΈ ͔͍͙͚ͨͤ 
͍͙͒ ͍ͭͪͯ͒ͦͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ΅ͦ ͍͙͙ͤ͊͟Ί ͍ ͨͪͦͼ͔ͫ͜ ͫͯͫͨ͜͡Έ͎ͤͦͦ ͪͦͨͦ͒ͯ͘͜͡ ͨͪ͊ͼ͜ ͜ ͍͙͎ͣ͊͊Ί ͒͡Ύ ͝͝ ͍͙ͦͤ͊ͤͤ͟Ύ ͔͍͙ͨͤͻ ͔͚͒͋ͤͦͫͭ͘͜Σ 
͔ͫͨͼ͊͜͡Έ͙ͤͻ ͔͔͙ͭͦͪͭ;͙ͤͻ ͤ͊ͤ͘Έ ͜ ͙ͨͪ͊ͭ͟;͙ͤͻ ͍͙ͤ͊;ͦ͟Φ ˽ͪͦͺ͔ͫ͜Ύ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͻ͔͊ͪ͊ͭͪͦͣ͟ ͍ͫͭͦͪΌ͍͙͊ͤͻ ͍ͨͪͦ͒ͯͭ͟͜Σ 
͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͤ͟ͻ ͤ͊ͪ͘Ύ͒Έ ͭ͊ ͔ͫͨͼ͙ͺ͜;͙͙ͤͣ ͍͙ͯͣͦ͊ͣ ͍͙͙ͪͦ͋ͤͼ͍ͭ͊ ͍ ͼ͚͜ ͎͊ͯ͘͜͡ ͎ͤ͊ͪͦ͒ͤͦͦ ͎͍ͦͫͨͦ͒͊ͪͫͭ͊ ό͙ͤ͊ͨͪ͊͒͟͡Σ 
ͯ;͙͔ͭ͡ΈΣ ͊ͪ͜͟͡Σ ͎ͨͪͦͪ͊ͣͫͭ͜Σ ͫ͡Όͫ͊ͪ ͭͦ΅ͦύΦ ˿͔ͨͼ͊͜͡Έͤͫͭ͜Έ Ύ͍͡ΎΊ ͫͦ͋ͦΌ ͍͙ͨ͒͒͜ ͨͪͦͺ͔ͫ͜͝Σ ΅ͦ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͨͦ͒͊͡Έ΄͙ͣ 
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ͪͦͨͦ͒ͦͣ͘͜͡ ͨͪ͊ͼ͜ ͍ ͔ͣ͗͊ͻ ͦ͒ͤ͜Ί͝ ͨͪͦͺ͔ͫ͜͝ ό͙ͤ͊ͨͪ͊͒͟͡Σ ͍;͙͔ͭ͡Έ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ ͙ͪͦͪͦ͋ͤ͘͟ ǿŜō-͍͒ͦ͒͊ͭ͟͜Σ ͊ͪ͜͟͡-͎͊ͪ͒ͦͦ͟͜͡Σ 
ͫ͡Όͫ͊ͪ-͔͙ͪͣͦͤͭͤ͟ ͭͦ΅ͦύΦ 

˽ͪͦͺ͔͎ͫͦͪ͊͜ͺ͜Ύ τ ͤ͊ͯ͊͟Σ Ύ͊͟ ͙ͦͨͫͯΊ ͨͪͦͺ͔ͫ͜͝ ͜ ͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ ͘ ͭͦ;͙͟ ͦͪͯ͘ ͝ͻ ͍͙͎ͣͦ ͒ͦ ͡Ό͙͙͒ͤΣ Ύ͊͟ ͝ͻ ͍ͦͨ͊ͤͦͯΊ ;͙ 
ͨ͊ͤͯ͡Ί ͍͙ͦͨ͊ͤͯ͊ͭΦ ˨ͦ ͍͊͒͊ͤ͘Έ ͨͪͦͺ͔͎ͫͦͪ͊͜ͺ͜͝ ͍ͻ͙ͦ͒ͭΈ ͍͙͍;͔ͤͤΎ ͨͪͦͺ͔͚ͫ͜ ;͙ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭΣ ͍͙ͦͫͤͦͤͻ ͍͙͎ͣͦΣ Ύ͟͜ ͍͙ͦͤ 
͍͙͍ͫͯ͊ΌͭΈ ͒ͦ ͡Ό͙͙͒ͤΣ ͝͝ ͙ͨͫͻͦͺ͎ͦͦ͘͜͜͜͡;͙ͤͻ ͜ ͺ͙͘͜;͙ͤͻ Ύ͔͚ͦͫͭ͟Σ ͊ ͭ͊ͦ͗͟ ͍͔ͯͫͭ͊ͤͦͤͤ͡Ύ ͺ͍͊ͭͦͪ͟͜Σ Ύ͟͜ ͍ͦ͋ͯͣͦ͡ΌΌͭΈ 
ͯͫͨ͜΄ͤͫͭ͜Έ ;͙ ͔ͤͯͫͨ͜΄ͤͫͭ͜ΈΣ ͍͔͊͒ͦͦͤͫͭ͘͜͡Έ ;͙ ͔͍͔ͤ͊͒ͦͦͤͫͭ͘͜͡Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͍͊ͫͤͦ͡Ό ͨͪͦͺ͔͚ͫͤͦ͜Ό ͒͜Ύ͡Έͤͫͭ͜ΌΦ 

˴͔͙͚ͦͣͨͫͤ͟͡Σ ͙͔͙͍͙͚ͫͫͭͣ͊ͭͦ͊ͤ͘Σ ͎͋͊͊ͭͦ͋͜;͙͚ͤ ͙ͦͨͫ ͔͎ͦͤͪͭͤͦͦ͟͟ ͍͙͒ͯ ͍ͭͪͯ͒ͦͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͙͍ͤ͊͊͘ΌͭΈ 
ͨͪͦͺ͔͎ͫͦͪ͊ͣͦ͜ΌΦ ˽ͪͦͺ͔͎͙ͫͦͪ͊ͣ͜ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ ͒͡Ύ ͚͔ͦͤ͊ͦͣͤͤ͘͡Ύ ͯ;͍ͤ͜ ͜ ͙ͭͻΣ ͻͭͦ ͨͪ͊ͼ͔͍͊͡΄͍ͭͦͯΊͭΈͫΎΣ ͘ 
͙͙ͪͤͦͣ͊ͤͭͤͣ͘͜͜ ͨͪͦͺ͔ͫ͜Ύ͙ͣ ͍ ͨͪͦͼ͔ͫ͜ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͤ͜ͺ͍ͦͪͣͯ͊ͤͤΎΣ ͦͤͫͯ͟͡Έ͍ͭͯ͊ͤͤΎ ͭͦ΅ͦΦ  

˽ͪͦͺ͔͎ͫͦͪ͊ͣ͊͜ ͙ͣͫͭͭ͜Έ ͭ͊͟͜ ͍ͫ͊͒ͦ͟͜͡Υ 
-  ͎͊͊͘͡Έͤ͜ ͍͒ͦͣͦͫͭ͜͜ ͨͪͦ ͨͪͦͺ͔ͫ͜ΌΣ ͔ͫͨͼ͊͜͡Έͤͫͭ͜Έ ό͍ͤ͊͊͘ ͨͪͦͺ͔ͫ͜͝Σ ͔ͨͦͭͪ͋͊ ͯ ͺ͊ͻ͍͜ͼΎͻ ͊͘ ͼ͜ΊΌ ͨͪͦͺ͔ͫ͜ΊΌΣ ͙ͨͦͫ͊͒Σ 

Ύ͟͜ ͣͦ͗ͤ͊ ͚͊ͤ͘Ύ͙ͭ ͨͫ͜͡Ύ ͤ͊͋ͯͭͭΎ ͨͪͦͺ͔ͫ͜͝Σ ͔͔͙͍͙ͨͪͫͨͭ͟ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͪͦͫͭ͊ͤͤ͘Ύ ͭ͊ ͤ͜ΦύΤ 
-  ͍͙͙ͪͦ͋ͤ;͊ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ͨͪͦͺ͔ͫ͜͝ όͣͫͭ͘͜ ͭ͊ ͍͙ͯͣͦ ͨͪ͊ͼ͜Σ ͍͙͙͍͍ͦͪͫͭͦͯ͊ͤ͟͜ ͔͙ͣ͊ͭͪ͊͜͡Σ ͪͦ͋ͦ;͙͚ ͔ͤͫͭͪͯͣͤͭ͜Σ 

ͨͪͦͼ͔ͫ ͨͪ͊ͼ͜ ͭ͊ ͚͎ͦͦ ͔ͪͯ͘͡Έ͙ͭ͊ͭΣ ͍͔ͪͤ͜Έ ͔ͣͻ͊ͤ͊͘͜ͼ͜͝ ͭ͊ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͜͝ ͭ͊ ͤ͜ΦύΤ 
-  ͫ͊ͤͭ͊ͪͤͦ͜-͎͎͜͜Ίͤ͜;ͤ͜ ͍͙ͯͣͦ ͨͪ͊ͼ͜ ͘ ͍͙͔͒ͤͤ͜͡Ύͣ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ΄͙͍͔͚͒ͦͫͭ͟͜͡ ͜ ͔͔ͨͪͦͣ͜͟͡ ͺ͎ͦͦ͘͜͜͜͡;͙ͤͻ ͍ͯͣͦ ͭ͊ 

͔͙ͣ͒;͙ͤͻ ͙ͨͪͦͭͨͦ͊͊ͤ͘͟ΈΤ 
-  ͔͔ͨͪ͜͟͡ ͦ͋ͫΎ͎ͯ ͤ͊ͤ͘Έ ͜ ͯͣͤ͜ΈΣ Ύ͟͜ ͔ͤͦ͋ͻ͒ͤ͜͜ ͒͡Ύ ͯͫͨ͜΄ͤͦ͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͘͜ ͍͙͔͒ͤͤ͜͡Ύͣ ͙ͭͻΣ ΅ͦ 

͍͙ͤ͊͘;͊ΌͭΈ ͨͪͦͺ͔͚ͫͤͯ͜ ͚͔ͣ͊ͫͭͪͤͫͭ͜ΈΤ 
-  ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ͙͍͙ͣͦ͗͡ͻ ͺͦͪͣ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍ͤ͊;͊ͤͤΎΣ ͙͍ͣͦ͗ͦͫͭ͜͡ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝Τ 
-  ͙ͨͫͻ͎ͦͪ͊ͣ͊ ͨͪͦͺ͔ͫ͜͝ όͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ ͍͙͎ͣͦ ͨͪͦͺ͔ͫ͜͝ ͒ͦ ͡Ό͙͙͒ͤ ͘ ͍͙͔͒ͤͤ͜͡Ύͣ ͍͙ͦͫͤͦͤͻ ͜ 

͙͋͊͗͊ͤͻ ͙ͨͫͻ͜;͙ͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡Σ ͊ ͭ͊ͦ͗͟ ͙ͨͫͻͦͺ͎ͦͦ͘͜͜͜͡;͙ͤͻ ͙ͨͪͦͭͨͦ͊͊ͤ͘͟ΈύΦ  
͙́͊ͣ͟ ;͙ͤͦͣΣ ͨͪͦͺ͔͚ͫͤ͊͜ ͤ͜ͺͦͪͣ͊ͼ͜Ύ ΄ͦ͟͡Ύ͍ͪ͜ ͔͔ͨͪ͒͋͊;͊Ί ͤ͊͒͊ͤͤΎ ͣ͝ ͔ͦͣͨͫͯ͟͟͡ ͔͙ͪͤͦ͊ͫͨͭͤ͘͜͟ͻ ͍͔͚͒ͦͣͦͫͭ͜Σ 

͙ͨͦͭͪ͋ͤ͜ͻ ͒͡Ύ ͚͔͒ͫͤͤͤ͘͜Ύ ͍͎ͫ͒ͦͣͦͦ͜ ͚ ͎͍͎ͦ͋ͪͯͤͭͦ͊ͤͦͦ ͍͙͋ͦͪͯΣ ͙͚ͨͪͤΎͭͭΎ ͪ͜΄͔ͤͤΎ ͜ ͔ͪ͊͊͘͜͡ͼ͜͝ ͔͎ͦͤͪͭͤͦͦ͟͟ ͨ͊ͤͯ͡ ͊ͪ͟ϥΊ͙ͪΣ 
͙ͦͫͦ͋ͫͭͦ͝ ͍ͦͫͭͤ͜Έͦ͝ ͭͪ͊Ίͭͦͪ͟͜͝Φ  

̋ͦ͒ ͦ ˱́-͙ͪͤͯ͟Σ ͭͦ ͫͯ;͊ͫͤ͜ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͤ͊͘ͻͦ͒ΎͭΈ ͍ͫͦΊ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍ ͯͫ͜ͻ ͫͺ͔ͪ͊ͻ ͙͗ͭͭΎ 
͡Ό͔͚͒Υ ͍͒͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͍͙ͦͫͭ͜Σ ͤ͊͒͊ͤͤΎ ͒ͦͫͭͯͨͯ ͒ͦ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔͔͒͗ͪ͡ ͜ ͣ͊ͫ-͔ͣ͒͊͜ ͒ͦ ͍͎ͪͦ͊͘ ͭ͊ 
͍ͫͨͯ͊ͤͤ͜͟͡ΎΦ ͙̊ͪͦͦͣ͊ͫ͟΄͔ͭ͊͋ͤ ͍͙͙ͪͦ͋ͤͼ͍ͭͦ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͍͍ͭͦ͊ͪ͜ ͜ ͎ͨͦͫͯ͡ ͎ͪͤͦͦ͘͜ ͙ͭͨͯ ͤ͊ ͋͊͘͜ ͚͍ͤ͊ͤͦ͜΄͙ͻ 
ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͦ͋ΩΊ͒ͤͯΊͭΈͫΎ ͨͦͤΎͭͭΎͣ ˱́-ͤ͒ͯͫͭͪ͜͜ΎΦ ˤ ˱́-ͤ͒ͯͫͭͪ͜͜͝ ͚ͤ͊;͊ͫͭ͜΄͔ ͍͙ͪͤ͘͜ΎΌͭΈ ;͙͙ͦͭͪ 
͝͝ ͟͡Ό;͍͙ͦͻ ͔͎͔͙ͫͣͤͭΥ ͔͊ͨ͊ͪ͊ͭͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎΣ ͍͔ͫͭͦͪͤͤΎ ˱́-͍ͨͪͦ͒ͯͭ͟͜Σ ˱́-͔͍͙ͫͪͫ͜Σ ˱́-͙͎͊ͯͭͫͦͪͫͤ ͔͋ͤͫ͘͜-ͨͪͦͼ͔͍ͫ͜Φ  

̂ͪ͊ͤ͊͟͝ ͔ͤ ͍ͻ͙ͦ͒ͭΈ ͒ͦ ͪ͊ͤ͟͝ ͘͜ ͍͙͔͙ͪͦͤͤͣ͘ ͍͙͙ͪͦ͋ͤͼ͍ͭͦͣ ͎͊ͨ͊ͪ͊ͭͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎΣ ΅ͦ ͙ͫͨͪ;͙͔ͤͤͦ ͙ͤͦ͘͟Ό 
͙ͫ͊͒ͤ͟͡ͻ ͔͙ͤͫͨͪΎ͙͍͙ͭ͡ͻΣ ͯ ͭͦͣͯ ;͙ͫ͜͡Σ ͙ͫͭͦͪ͜;͙ͤͻ ͙ͨͪ;͙ͤΣ ͭͦͣͯ ͍͒ͦͫͭ͊͊͟ ͭ͊ ͍͙͎͍͔ͦͭͦͤͤ͡Ύ ͙͊ͨ͊ͪ͊ͭͤͻ ͍͊ͫͦ͋͘͜ 
ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͫ͊͒͊͟͡Ί ͙͡΄͔ т҈ ͒ͦͻ͍ͦ͒͜ ͙ͪͤͯ͟ ˱́-͎͊ͯ͘͜͡ ͍ ̂ͪ͊ͤ͟͜͝Φ  

˿͍͔ͭͦͪͤͤΎ ˱́-͍ͨͪͦ͒ͯͭ͟͜ ς ͼ͔ ͙ͪͤͦ͟ ͙ͪͦͪͦ͋͘͟Σ ˽͔͔ͪ͒ͯͫͣ͜Σ ͔͎ͨ͊ͭͤͦͦ͟ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎΣ ͒ͦ Ύ͎ͦͦ͟ 
͍͒ͤͦͫ͜ΎͭΈ ͔ͦͨͪ͊ͼ͚ͤ͜͜ ͙͔͙ͫͫͭͣ ͭ͊ ͤ͜΄͔ ͙͔͔ͫͫͭͣͤ ͎͔ͨͪͦͪ͊ͣͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎΤ ͦͺͫͤ͜͜ ͙ͨͪ͊͒ͤ͟͜͡ ͎͙ͨͪͦͪ͊ͣ ͎͊͊͘͡Έ͎ͤͦͦ 
͙ͨͪͤ͊͘;͔ͤͤΎΤ ͔ͫͨͼ͍͊ͦ͊ͤ͘͜͜͜͡ ͙ͨͪ͊͒ͤ͟͜͡ ͎͙ͨͪͦͪ͊ͣ ͒͡Ύ ͔͙ͦͤͪͭͤ͟͟ͻ ͎͔͚͊ͯ͘͡Τ ͙͊ͫͦ͋͘ ͙ͪͦͪͦ͋͘͟ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎΤ 
͎͔ͨͪͦͪ͊ͣͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͙͔ͫͫͭͣ ͔͔͙͋ͨ͘͟Τ ͎͔ͨͪͦͪ͊ͣͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͒͡Ύ ͍͎ͪͦ͊͘ ͭͦ΅ͦΦ ˻ͪͣ͟͜ ͎ͭͦͦΣ ˱́-ͦͣͨ͊ͤ͟͜Ύ͙ͣ 
ͪͦͪͦ͋͘͡ΎΊͭΈͫΎ ΄͙͙͚ͪͦ͟ ͔ͫͨͭͪ͟ ͎͙ͨͪͦͪ͊ͣͤͻ ͍ͨͪͦ͒ͯͭ͟͜ ͒͡Ύ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͤ͊ ͣͦ͋͜͡Έ͙ͤͻ ͭ͊ ͤ͜΄͙ͻ ͔ͫͨͼ͍͙͊ͦ͊ͤ͘͜͜͡ͻ 
͙ͨͪͫͭͪͦΎͻ ͭ͊ ͙ͨͪ͊͒͊͡ͻ ό͍͙͙ͪͦ͋ͤ;͙ͻΣ ͔͙ͣ͒;͙ͤͻ ͭ͊ ͤ͜ΦύΦ ˤ͙͙ͪͦ͋ͤͼ͍ͭͦ ˱́-͍ͨͪͦ͒ͯͭ͟͜ Ί ͍͙ͤ͊͒͘;͚͊ͤͦ ΄͙͙ͪͦͣ͟ ͜ ͔͔͊͋ͨ͘͘;ͯΊ 
͍͔ͫͭͦͪͤͤΎ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎΣ Ύ͔͟ ͔ͣͦ͗ ͙͋ͯͭ ͍͔͊ͫͭͦͫͦ͊ͤ͘ ͒͡Ύ ͍͙ͦͤ͊ͤͤ͟Ύ ͔͙ͦͤͪͭͤ͟͟ͻ ͍͊͒͊ͤ͘Έ ͘ ͙ͪͤ͘͜ͻ 
͙͙ͨͪ͊͒ͤ͟͡ͻ ͎͔͚͊ͯ͘͡Φ ˾͊ͦͣ͘ ͘͜ ͙ͭͣΣ ͍ ̂ͪ͊ͤ͟͜͝ ;͊ͫͭ͊͟ ͍͔ͫͭͦͪͤͤΎ ˱́-͍ͨͪͦ͒ͯͭ͟͜ ͯ ͫͭͪͯͭͯͪ͟͜ ͍ͫΈ͎ͦͦ ˱́-͙ͪͤͯ͟ ͔ͤ ͔͔͍͙ͨͪ΅ͯΊ ͊͘ 
͍͔ͪͤͣ͜ ͒ͦͻ͍ͦ͒͜ мр҈ όǳƪǊǎǘŀǘΦƎƻǾΦǳŀύΦ 

˽͔͍͙͙ͪ͒ͫͭ͊ͤ͟ ͔͎͔ͫͣͤͭͯ ˱́-͔͍͍ͫͪͫ͜͜ ͤ͊͒͊ΌͭΈ ͎͙ͨͦͫͯ͡ ͘ ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ˱́-͍ͨͪͦ͒ͯͭ͟͜ ͯ ͒͜Ύ͡Έͤͦͫͭ͜ 
͙ͨ͒ͨͪ͜Ί͍ͣͫͭΣ ͎ͦͪ͊ͤ͊͘͜ͼ͚͜Σ ͍ͯͫͭ͊ͤͦ ͭͦ΅ͦΦ ˭ͪͦͫͭ͊ͤͤΎ ͔͙ͨͦͭͪ͋ ͯ ͙ͭ͊͟ͻ ͎ͨͦͫͯ͊͡ͻ ͍ͨͦΩΎ͔͊ͤ͘ ͘ ͙ͭͣΣ ΅ͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ 
ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ Ί ͍ͦͫͤͦͦΌ ͍͙ͨ͒͜΅͔ͤͤΎ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͭ͊ ͊ͨͦͪͯͦ͘͟Ό ͯͫͨ͜΄ͤͦͫͭ͜ ͚ 
͔ͦͤͯͪͤͭͦͫͨͪͦͣͦ͗ͤͦͫͭ͟͟͜ ͫͯ;͎͊ͫͤͦͦ ͔͋ͤͫͯ͘͜Φ ̂ ΄͙ͪͦͦͣͯ͟ ͪͦͯͣͤͤ͘͜͜Σ ͦͣͨ͊ͤ͟͜͝Σ ΅ͦ ͤ͊͒͊ΌͭΈ ˱́-͎͙ͨͦͫͯ͡Σ ͎͒ͦͨͦͣ͊͊ΌͭΈ 
͙͍ͦͪͫͭͯ͊͟;͊ͣ ͍͙͙͙͋ͪ͊ͭΣ ͍͍͙͊ͨͪͦ͊͒͗ͯ͊ͭ͘Σ ͤ͊͊͡΄͍͍͙ͭͦͯ͊ͭ ͚ ͎͍͍͙ͦ͋ͫͯͦͯ͊ͭ͡ ˱́-͙͔͙ͫͫͭͣΤ ͚͒ͫͤ͘͜ΌΌͭΈ ͎͍ͨ͒ͦͭͦͯ͜͟ ͭ͊ 
͔͔͎͍ͨͪͨ͒ͦͭͦͯ͜͟ ͔ͨͪͫͦͤ͊ͯ͡ ͒͡Ύ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ˱́-͙͔ͫͫͭͣ ͭͦ΅ͦΦ ˿͔͔ͪ͒ ͍͙͍͒͜ ˱́-͔͍͍ͫͪͫ͜͜ ͍͙͒͜͡ΎΌͭΈ ͍ͨͦͪͤ͜Ύͤͦ ͍ͤͦ͜ ͒͡Ύ 
͙̂ͪ͊ͤ͟͝ ˱́-͙͊ͯ͒ͭ ͭ͊ ˱́-͙͎ͦͤͫ͊ͭͤ͟͡Φ ˱́-͊ͯ͒ͭ͜ ς ͼ͔ ͔͔ͤ͊͗ͤ͊͘͡ ͔͔͍ͨͪͪ͊͜͟ ό͔͔͙ͫͨͪͭ͊͘͟ύ ˱́-͔͔͍͙ͫͪ͒ͦ΅͊ ͙ͨ͒ͨͪ͜Ί͍ͣͫͭ͊Σ ͍͙ͯͫͭ͊ͤͦ 
;͙ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͘ ͔ͣͭͦΌ ͙ͦͭͪͣ͊ͤͤΎ ͍͒ͦͫͭͦͪͤͦ͜͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͨͪͦ ͝͝ ͨͦͭͦ;͙͚ͤ ͫͭ͊ͤΣ ͊ ͭ͊ͦ͗͟ ͤ͊͒͊ͤͤΎ ͔͔ͪͦͣͤ͒͊͟ͼ͚͜ ΅ͦ͒ͦ 
͍͔͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͼ͜Ί͝ ͙͔͙ͨ͒ͫͫͭͣ͜Φ ˱́-͙͎ͦͤͫ͊ͭͤ͟͡ ς ͼ͔ ͤ͊͒͊ͤͤΎ ͔ͦͣͨͫͯ͟͟͡ ͦͤͫͯ͟͡Έͭ͊ͼ͚͙ͤ͜ͻ ͎ͨͦͫͯ͡ ͘ ͍͔ͯͨͪͦ͊͒͗ͤͤΎΣ 
͙ͦͨͭͣ͊͘͜ͼ͜͝ ͭ͊ ͙͙ͨ͒ͭͪͣ͜͟ ˱́-ͤ͜ͺ͙ͪ͊ͫͭͪͯͭͯͪ͟ ͙ͨ͒ͨͪ͜Ί͍ͣͫͭ͊Σ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ;͙ ͍͙ͯͫͭ͊ͤͦΦ ̂ ͫͭͪͯͭͯͪ͟͜ ͒ͦͻ͍ͦ͒͜ ˱́-͙ͪͤͯ͟ ˱-͎͙́ͨͦͫͯ͡ 
͔͔͊͋ͨ͘͘;ͯΌͭΈ ͙͋͘͡Έͦ͟ пс҈ ͎͊͊͘͡Έ͙ͤͻ ͤ͊͒ͻ͔ͦ͒͗ͤΈΣ ͜ ͼ͔͚ ͔ͫͭͦͪ͟ ͎͔ͨͪͦͪͫͯΊ όǳƪǊǎǘŀǘΦƎƻǾΦǳŀύΦ 

˱-͙͎́͊ͯͭͫͦͪͫͤΣ Ύ͙͚͟ ͊ͪ͊͘͘ ͚ͤ͊;͊ͫͭ͜΄͔ ͎ͪͦ͘͡Ύ͒͊ΌͭΈ Ύ͟ ͔͙͚ͦͪͣ͟ ͔͎͔ͫͣͤͭ ˱́-͙ͪͤͯ͟Σ ς ͼ͔ ͔͔ͨͪ͒͊;͊ ͔ͫͨͼ͍͚͊ͦ͊ͤ͘͜͜͜͡ 
ͦͣͨ͊ͤ͟͜͝ ͍ͨͦͤͫͭ͜Ό ͊͋ͦ ;͍͊ͫͭͦͦ͟ ͺͯͤ͟ͼ͚͜Σ ͍ͨͦΩΎ͙͊ͤ͘ͻ ͘͜ ͍͔ͯͨͪͦ͊͒͗ͤͤΎͣ ͯ ͒͜Ύ͡Έͤͫͭ͜Έ ͙ͨ͒ͨͪ͜Ί͍ͣͫͭ͊Σ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝Σ ͍͙ͯͫͭ͊ͤͦ 
ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ό͔͍ͫͪͫͤͦ͜-͔ͭͻͤ͜;͔ͤ ͎͍͍ͦ͋ͫͯͦͯ͊ͤͤ͡Ύ ˱́-ͤ͜ͺ͙ͪ͊ͫͭͪͯͭͯͪ͟Τ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͭ͊ 
ͪͦͪͦ͋͊͘͟ ͍͙͍͙͊ͭͦͣ͊ͭͦ͊ͤ͘ͻ ͔͋ͤͫ͘͜-͙͔ͫͫͭͣ ͘ ͨͦ͒͊͡Έ΄͙ͣ ͚͙ͨͦͫͭͤͣ͜ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ύͣ ͭ͊ ͎͍͍ͦ͋ͫͯͦͯ͊ͤͤ͡ΎͣΤ ͍͔ͫͭͦͪͤͤΎΣ 
͎͍͍ͦ͋ͫͯͦͯ͊ͤͤ͡Ύ ͭ͊ ͙ͨ͒ͭͪͣ͊͜͟ ǿŜō-͔͍͔͍ͫͪͪ͜Τ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͤ͜ͺͦͪͣ͊ͼ͚͙͙ͤͣ͜ ͙͔͙ͫͫͭͣ͊ͣ ͭ͊ ͤ͜ΦύΦ ˭͊ ͪ͊ͻͯͤͦ͟ ͒ͦͻ͍ͦ͒͜ ͍͒͜ 
͔͔ͭͪͦͤͤͦ͟͡͝ ͔ͦͣͪ͟ͼ͜͝Σ ˱́-͙͎͊ͯͭͫͦͪͫͤ ͔͋ͤͫ͘͜-ͨͪͦͼ͔͍ͫ͜ ͫͭ͊Ί ͨͦͭͯ͗ͤͦΌ ό͒ͦ он҈ύ ;͙͊ͫͭͤͦΌ ˱́-͙ͪͤͯ͟ ͍ ̂ͪ͊ͤ͟͜͝Φ ˣ͙ͪͭ͊ͤͫΈ͊͟ 
͎͔͍͊ͯ͊͘͡ ͊ͫͦͼ͊͜ͼ͜Ύ ζDƭƻōŀƭ {ƻǳǊŎƛƴƎ !ǎǎƻŎƛŀǘƛƻƴ όD{! ¦Yύη ͍͙ͤ͊͊͘͡ ̂ͪ͊ͤͯ͟͝ ζOutsourcing destination of the yearηΦ ˢ͙͙ͤ͊ͭ͜͟͡ 
͍͔ͫͭͪ͒͗ͯΌͭΈΣ ΅ͦ ͍͊͒͘Ύ͙͟ ͍͙ͪͦͭͯ͘͟ ͦ͊͟͡͡Έ͎ͤͦͦ ͭ͊ ͦͺ΄͎ͦͪͤͦͦ ˱́-͙͎͊ͯͭͫͦͪͫͤͯ ͍ ̂ͪ͊ͤ͟͜͝ ό͙ͨͪ ͪͦͣ͘͜΅͔ͤͤ͜ ͍͔͊ͣͦͤ͘͡Έ ͤ͊ 
͎͍͍ͦ͋ͫͯͦͯ͊ͤͤ͡Ύ ͯ ͙ͪ͊ͤ͟͝ ͍͋͊ͯ͊ͤͤ͘Ύ ͦͣͨ͊ͤ͟͜͝-͍͙͊ͣͦͤ͊͘͟ ;͙ ͊͘ ͝͝ ͔͙ͣ͗͊ͣ ͍͍͒ͨͦ͒ͤͦ͜͜ύ ͣͦ͗ͤ͊ ͒ͦͫΎ͎͙ͤͯͭ ͙͙ͤ͘͟ 
͔ͣ͊ͪͦͦͤͦͣ͟͟͜;͙ͤͻ ͔ͺ͔͍ͭ͟͜Σ Ύ͟͜ ͍͔͗ ͙ͤͤ͜ ͙͙͍ͨͦͭͤͦ͘ ͍͙͍ͨ͊͡ΌͭΈ ͤ͊ ͝͝ ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;͙͚ͤ ͍͙ͪͦͭͦ͘͟ 
(ain.ua/2017/03/06/8-klyuchovix-dosyagnen-asociaci%D1%97-informacijni-texnologi%D1%97-ukra%D1%97ni-za-2016-rik).  

˻͔ͭ͗Σ ͯͪ͊ͤͫ͟͝Έ͙͚͟ L¢-͙ͪͤͦ͟ - ͼ͔ ͔͔͍ͨͪ͊͗ͤͦ ͔ͫͨͦͪͭͤ͊͟ ͎͊ͯ͘͡ΈΣ ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ ͨͪͦ͒͊͗ ͎ͨͦͫͯ͡ ͘ ͙ͪͦͪͦ͋͘͟ ͭ͊ 
͔͍͎ͫͪͫͤͦͦ͜ ͎͍͍ͦ͋ͫͯͦͯ͊ͤͤ͡Ύ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͜ ˱́-͙͎͊ͯͭͫͦͪͫͤͯ ͔͋ͤͫ͘͜-ͨͪͦͼ͔͍ͫ͜Σ ͭͦͣͯ ͍͒͜ ͫͭ͊ͤͯ L¢-ͤ͒ͯͫͭͪ͜͜͝ ͍ 
͚ͣ͊͋ͯͭͤΈͦͣͯ ͔͋ͯ͒ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͔͙͊͗͊ͭ͘͡ ͔ͦͤͯͪͤͭͦͫͨͪͦͣͦ͗ͤͫͭ͟͟͜Έ ͙̂ͪ͊ͤ͟͝ ͤ͊ ͣ͗ͤ͊ͪͦ͒ͤͦͣͯ͜ ͙ͪͤͯ͟Φ 

http://emerging-europe.com/sectors/ict/gsa-names-ukraine-uks-offshoring-destination-year/
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˿͔ͨͼ͙ͺ͜;ͤͫͭ͜Έ ͔͔ͤͣ͊ͭͪ͊͜͡Έ͎ͤͦͦ ͊͘ ͍ͫͦΊΌ ͙ͨͪͪͦ͒ͦΌ ͨͪͦ͒ͯͭͯ͟ ͍͙͙ͪͦ͋ͤͼ͍ͭ͊ ˱́-ͤ͒ͯͫͭͪ͜͜͝ ͭ͊ ͔͔ͤͭͭͯ͊͜͟͡͡Έ͙͚ͤ ͊͘ 
ͫͯͭͤͫͭ͜Ό ͣͫͭ͘͜ ͒͜Ύ͡Έͤͦͫͭ͜ ˱́-͚͊ͣͨ͊ͤ͟͜ ͫͭͦͭͤͦ͜ ͣͤ͘͜ΌΌͭΈ ͍͙͎͙ͣͦ ͒ͦ ͔͍ͪͫͯͪͫ͜Σ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͒͡Ύ ͯͫͨ͜΄͎ͤͦͦ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ˱́-
͎͊ͯ͘͜͡Φ ˱́-͍͙͙ͪͦ͋ͤͼ͍ͭͦ ͍ ͼͦͣͯ͜͡ ͔ͨͦͭͪ͋ͯΊ ͔ͣͤ΄͔ ͤ͊Ύ͍͙ͤͻ ͔ͣ͊ͭͪ͊͜͡Έ͙ͤͻ ͔͍ͪͫͯͪͫ͜Σ ͤ͗͜ ͋ͯ͒Έ-Ύ͊͟ ͤ͜΄͊ ͎͊ͯ͘͡ΈΦ ̅͊ͻ͍͜ͼ͜ 
͎ͦ͒ͤͦͦͦͫͤͦ͡ ͊ͤ͊͘͘;͊ΌͭΈΣ ΅ͦ ͟͡Ό;͍ͦͦΌ ͙͍ͦͫͦ͋ͫͭ͜͡Ό ˱́-ͤ͒ͯͫͭͪ͜͜͝ Ί ͦͼͤ͜Ό͍͊ͤͤΎ ͝͝ ͍͎͊͒ͪͦͦͦ͟ ͔ͨͦͭͤͼ͊ͯ͜͡ ͔ͤ Ύ͟ ͔ͪͫͯͪͫͯ ͒͡Ύ 
͍͙͙ͦͪͫͭ͊ͤͤ͟ΎΣ ͊ Ύ͟ ͊ͨͭ͊ͯ͟͜͡Φ ˱́-ͤ͒ͯͫͭͪ͜͜Ύ ͺͦͪͣͯΊ ͔ͦͤͦͣͯ͟͜͟ ͤ͊ͤ͘ΈΣ ͯ Ύ͚͟͜ ͡Ό͙͒ͤ͊Σ ͝͝ ͨͪͦͺ͔͚ͫͤ͜͜ ͙͍ͣͦ͗ͦͫͭ͜͡ ͭ͊ ͒͋ͤͦͫͭ͘͜͜ 
͎ͪͦ͘͡Ύ͒͊ΌͭΈͫΎ Ύ͟ ͎͍͔ͦͦͤ͡ ͍͙͙ͪͦ͋ͤ;͔ ͤ͊ͪ͘Ύ͒͒Ύ όƴƛǎǎΦƎƻǾΦǳŀκŀǊǘƛŎƭŜǎκмолмκύΦ 

̒͟ ͍ͫ͒͜;͙ͭΈ ͍͔͔͙͚ͨͪͦ͒ͤ ͎ͦ͡Ύ͒ ͍͙ͦͫͤͦͤͻ ͔͎͔͍ͫͣͤͭ͜ ˱́-͎͊ͯ͘͜͡Σ ͍ͦͤ͊ Ύ͍͡ΎΊ ͫͦ͋ͦΌ ΄͙ͪͦͯ͟ ͭ͊ ͪͤͦ͋͘͜͜;ͤͯ ͫͺ͔ͪͯ ͘ 
͍͔͙ͦ͟͡Ό ͟͜͡Έͫͭ͟͜Ό ͨͪͦͺ͔͚ͫ͜ ͭ͊ ͔ͫͨͼ͊͊͘͜͜͡ͼ͚͜Σ ͍ͨͦΩΎ͙͊ͤ͘ͻ ͘͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ͙ͣ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ 
͒͜Ύ͡Έͤͦͫͭ͜ ͔͍͙͒ͪ͗͊ͤͻ ͍ͯͫͭ͊ͤͦΣ ͍ͦͫͭ͜͜Σ ͙ͪͤ͘͜ͻ ͎͊ͯ͘͡Ύͻ ͙͍ͨͪͦͣͫͦͦͫͭ͜͡Σ ͺ͍͚ͤ͊ͤͫͦ͜͜ ͭ͊ ͍͋͊ͤͫ͟͜Έ͚͟͜ ͫͺ͔ͪ͊ͻΣ ͔͔͚ͭͪͦͤͤ͟͜͡ 
͔ͦͣͪ͟ͼ͜͝Σ ͔ͪ͊ͣ͟͜͡Σ ͔͋ͤͫ͘͜-͙͊ͤ͊ͭ͜͡ͼ͜Σ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͜͝ ͔͋ͤͫ͘͜-ͨͪͦͼ͔͍ͫ͜ ͭͦ΅ͦΦ 

˨͙ͤ͊ͣ͜;ͤͫͭ͜Έ ͍͙ͪͦͭͯ͘͟ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͦ͋ͯͣͦ͡ΌΊ ͔͙͍ͤͣͦ͗ͫͭ͜͡Έ ͔ͯͫͭ͊ͤͤ͡Ύ ͨ͒͜ͻ͍ͦ͒͜ ͒ͦ 
͙͊ͫ͟͡ͺ͊͜͟ͼ͜͝ ͭ͊ ͍͔ͫͭͦͪͤͤΎ ͔͔ͨͪͯ͜͟͡ ˱́-ͨͪͦͺ͔͚ͫ͜ ͚ ͯͭͪͯ͒ͤΌΊ ͨͪͦͺ͔͎ͫͦͪ͊͜ͺ͜;͙͚ͤ ͙ͦͨͫ ͨͪͦͺ͔͚ͫ͜ ͭ͊ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭ ˱́-͎͊ͯ͘͜͡Φ 
˨ͦ ͔͔͙͙ͫͪ͒ͤ ̆̆ ͫͭΦ ˱́-͔ͨͪͦͅ ͚ͫ͜ ͔ͤ ͍ͫͤͯ͊ͦ͜͡ ͍͎͊͊͘͜͡Σ ͊ ͍ ͔ͨͪͦ͒͜ ͔͊ͪͦ͒͗ͤͤ͘Ύ ͦ͋;͙ͫ͡Ό͍͊͡Έͤͦ͝ ͔ͭͻ͙ͤ͜͟ ͪͦͪͦ͋ͦ͘͟Ό ͭ͊ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͔ͨͪ΄͙ͻ ͔͔ͭͪͦͤͤͦ͟͡-ͦ͋;͙ͫ͡Ό͍͊͡Έ͙ͤͻ ͣ͊΄͙ͤ ͚͙͊ͣ͊ͫ͘͡Ύ ͔͔͍ͨͪ͊͗ͤͦ ͔͍͙͙ͨͪ͒ͫͭ͊ͤ͟ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͭ͊ 
͔͔͙ͤ͗ͤͪͤ͜ͻ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭΣ ͊ ͭ͊ͦ͗͟ ͔ͭͻ͙ͤ͜͟ ͘ ͎͍͍ͦ͋ͫͯͦͯ͊ͤͤ͡Ύ ͦ͋͊͒ͤ͊ͤͤ͡ΎΦ ˽ͦ ͣͪ͜͜ ͍͙ͪͦͭͯ͘͟ ͎͊ͯ͘͜͡ ͍͙͔͙͙ͦͪͣͫ͟͡Ύ ͙ͭͪ 
͍ͦͫͤͦͤ͜ ͔͎͊ͭͦͪ͟͜͝ ͺ͊ͻ͍͜ͼ͍͜Υ ͘͜ ͍͔ͫͭͦͪͤͤΎ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎΣ ͘ ͍͙͙ͪͦ͋ͤͼ͍ͭ͊ ͎͊ͨ͊ͪ͊ͭͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͭ͊ ͘ 
͔ͫͨͯ͊ͭ͊͟͡ͼ͜͝ όΎ͟ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎΣ ͭ͊͟ ͜ ͍ͯͫͭ͊ͭͯ͊ͤͤ͟ΎύΦ ˻ͫ͟͜͡Έ͙͟ ͘ ͍͙ͪͦͭͦͣ͘͟ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͤͦ͜ ͤ͊ͨͪΎ͙ͣ ͒͡Ύ 
͙ͪͦ͋ͦͭ ͍ ˱́ ͘ΩΎ͍͡ΎΌͭΈͫΎ ͚ͨͦͫͭͤͦ͜Σ ͣͦ͗ͤ͊ ͍͙͔͙͙ͦͪͣͭ͟ ͙͡΄͔ ͍͋͊ͦ͘͜ ͤ͊ͨͪΎ͙ͣ ͭ͊ ζ͔͍͙ͨͪͤͤ͜η ˱́-ͨͪͦͺ͔ͫ͜͝Σ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ Ύ͟͜ ͯ 
ͨͪͦͺ͔͎ͫͦͪ͊͜ͺ͜͝ ͍͔͗ ͙͒ͦͫͭΈ ;ͭͦ͜͟ ͍ͫͭͪͯͭͯͪͦ͊ͤ͟͜Φ ˤ͙͒͜͡ΎΌͭΈ ͭ͊͟͜ ͎͊͊͘͡Έͤ͜ ͤ͊ͨͪΎ͙ͣ ͨͪͦͺ͔͚ͫͤͦ͜͝ ˱́-͒͜Ύ͡Έͤͦͫͭ͜Σ Ύ͟ ͪͦͪͦ͋͊͘͟Σ 
͙͚͒͊ͤ͘Σ ͔ͦͤͭͤͭ͟-͔͔͔ͣͤ͒͗ͣͤͭΣ ͔͔͔ͣͤ͒͗ͣͤͭΣ ͔͙͎ͣ͊ͪͭͤ͟Σ ͙ͨ͒ͭͪͣ͊͜͟ ͚ ͙͊ͤ͊ͭ͊͜͟͡ ˱́-͍ͨͪͦ͒ͯͭ͟͜Φ  

˹͚͊͋͜͡Έ΄ ͍͙͙͒ͦͣͣ͜ ͭ͊ ͨͦ΄͙͔͙͙ͪͤͣ ˱́-ͨͪͦͺ͔ͫ͜Ύ͙ͣΣ Ύ͟͜ ͍͒ͤͦͫ͜ΎͭΈ ͒ͦ ͤ͊ͨͪΎͣͯ ͙ͪͦͪͦ͋͘͟ ͎͙ͨͪͦͪ͊ͣͤͻ ͍ͨͪͦ͒ͯͭ͟͜Σ Ί 
͔͔ͤ͗ͤͪ͜ ͘ ͙ͪͦͪͦ͋͘͟ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ό͎ͨͪͦͪ͊ͣͫͭ͜ύΣ ͔͔ͤ͗ͤͪ͜ ͘ Ύͦͫͭ͟͜ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ό͔͍ͭͫͭͯ͊͡Έ͙ͤ͟ύΦ 
˿͔ͨͼ͊͊͘͜͜͡ͼ͜Ύ ͎͍ͨͪͦͪ͊ͣͫͭ͜͜ ͤ͊ͪ͊͘͜ ͚ͤ͊;͊ͫͭ͜΄͔ ͍ͨͦΩΎͯ͘ΊͭΈͫΎ ͘͜ ͍͋͊ͦͦ͘Ό ͍ͣͦͦΌ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ όWŀǾŀΣ /Σ /ҌҌΣ /ІΣ tȅǘƘƻƴΣ tItΣ 
WŀǾŀ {ŎǊƛǇǘΣ {ǿƛŦǘΣ wǳōȅ ͭ͊ ͤ͜Φύ ͜Σ ͍͍͒ͨͦ͒ͤͦ͜͜Σ ͫͺ͔ͪͦΌ ͙ͨͪͤ͊͘;͔ͤͤΎ ͍͙ͣͦ ό͍͔ͫͭͦͪͤͤΎ ͙͙ͨͪ͊͒ͤ͟͡ͻ ͎ͨͪͦͪ͊ͣΣ CǊƻƴǘ-ŜƴŘ ͭ͊ .ŀŎƪ-
ŜƴŘ ͍͔͋-͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΣ ͎͍ͪͦ͜͜ ͙͒ͦ͒͊ͭ͟Σ ͣͦ͋͜͡Έͤ͜ ͙͒ͦ͒͊ͭ͟ ͒͡Ύ ͫͣ͊ͪͭͺ͍ͦͤ͜ ͜ ͨ͊ͤ͡΄͔͍ͭ͜ ͭͦ΅ͦύΦ ˽͔ͪͦͭ ͔ͨͦͭͪ͋͊ ͯ ͺ͊ͻ͍͜ͼΎͻ ͘ 
ͭ͜Ί͝ ;͙ ͤ͜΄ͦ͝ ͍͙ͣͦ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͙͒ͦͫͭΈ ΄͍͙͒ͦ͟ ͣͤ͘͜ΌΊͭΈͫΎ ͎͒ͤͦ͘͜ ͘ ͙͙ͨͦͨͭ͊ͣ ͙ͪͤͯ͟ ͜ ;͊ͫͭͦ ͙ͫͨͪ;͙ͤΎΊ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ 
ͨͪ͊ͼ͍͙ͤ͊ͣ͜͟ ͍͍͙͒ͨͦ͒ͤͣ͜͜ ;͙ͤͦͣ ͔͔͍ͨͪ͊͟͜͡ͺ͍͍͙ͦͯ͊ͭͫ͜͟ΎΦ  

˸͙͍ͤͫͭ͜͜͡Έ ͣͫͭͯ͘͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͪͦͫͭ͊ͤͤ͘Ύ ͔͍͙ͤͤ͊͘;͔ͤͦͫͭ͜ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͔͔͙͍ͨͪͫͨͭ͟Σ ͍͙ͫͦ͊͟ ͨͪͦͺ͔͚ͫͤ͊͜ 
ͣͦ͋͜͡Έͤͫͭ͜Έ Ί ͔ͫͨͼ͙ͺ͜;͙͙ͤͣ ͙͍ͦͫͦ͋ͦͫͭ͡Ύ͙ͣ ͯͫ͜ͻ ͨͪͦͺ͔͚ͫ͜ ˱́-ͫͺ͔͙ͪΣ ͭͦͣͯ ͎͍ͦͭͦͤͫͭ͜Έ ͒ͦ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍͔ͫ͊ͣͦ͒ͦͫͦͤ͊ͤͤ͟͡Ύ 
ͭ͊ ͍ͤ͊;͊ͤͤΎ ͨͪͦͭΎ͎ͦͣ ͯͫΈ͎ͦͦ ͙͗ͭͭΎΣ ͍ͣͤͤ͜Ύ ͫͭͪͣͦ͜͟ ͣͤ͘͜Ό͍͙͊ͭ ͨͪͦͺ͔͚ͫͤͯ͜ ͭͪ͊Ίͭͦͪ͟͜Ό ς ͼ͔ ͔ͤͦ͒ͣͤͤ͜͜ ͍͙͎͙ͣͦΣ ΅ͦ 
͍͙͍ͫͯ͊ΌͭΈͫΎ ͒ͦ ͯͫ͜ͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ˱́-͎͊ͯ͘͜͡Φ  

͔͍́ͫͭͯ͊͡Έ͙ͤ͟ ς ͼ͔ ͺ͊ͻ͍͔͜ͼΈΣ Ύ͙͚͟ ͚͊ͣ͊͘ΊͭΈͫΎ ͔͍ͭͫͭͯ͊ͤͤΎͣ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͨͫ͜͡Ύ ͚͎ͦͦ ͙ͪͦͪͦ͋͘͟ ͒͡Ύ 
ͦͤͭͪͦ͟͡Ό Ύͦͫͭ͟͜ ͪͦͪͦ͋͘͡Ό͍͙͊ͤͻ ͍ͨͪͦ͒ͯͭ͟͜Τ ͍͙Ύ͍͔ͤͤ͡Ύ ͚ ͊ͤ͊ͯ͘͜͡ ͙ͨͦͣͦ͟͡ ͜ ͔ͨͪͦ͋ͣ͡Σ ΅ͦ ͍͙͙ͤ͊͟ΌͭΈ ͯ ͙͍ͦͪͫͭͯ͊͟;͍͜ ͙ͨͪ 
ͪͦ͋ͦͭ͜ ͘ ͎͙͙ͨͪͦͪ͊ͣͤͣ ͙ͨͪͦ͒ͯͭ͊ͣ͟Τ ͙ͪͦͪͦ͋͘͟ ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍͔͍͊ͭͦͭͫͭ͜Σ ͫͼ͔͍ͤ͊ͪ͜͝ ͔͍ͭͫͭͯ͊ͤͤΎΤ ͔͍͒ͦͯͣͤͭͯ͊ͤͤ͟Ύ ͚͔͙ͤ͊͒ͤ͘ͻ 
͔͒ ͺ͔͍ͭ͟͜Φ ˾ͦͪͤ͘͘͜ΌΌͭΈ ͭ͊ͦ͗͟ ͋͜͡Έ΄ ΄͙ͪͦͯ͟ ͔ͫͨͼ͊͜͡Έͤͫͭ͜Έ v!-͔͔͔ͣͤ͒͗ͪ͊ όvǳŀƭƛǘȅ !ǎǎǳǊŀƴŎŜΣ ͔͔͊͋ͨ͘͘;͔ͤͤΎ Ύͦͫͭ͟͜ύΣ Ύ͙͚͟ 
͍͙ͦͤͯ͟Ί ͦͤͭͪͦ͟͡Έ Ύͦͫͭ͟͜ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͤ͊ ͍ͫ͜ͻ ͔ͭ͊ͨ͊ͻ ͚͎ͦͦ ͙ͪͦͪͦ͋͘͟Σ ͍͙ͨͯͫͯ͟ ͭ͊ ͔ͫͨͯ͊ͭ͊͟͡ͼ͜͝Φ ˽ͪͦͺ͔ͫ͜Ύ 
͔͍ͭͫͭͯ͊͡Έ͙ͤ͊͟ Ί ͙͒ͦͫͭΈ ͔͍͊ͭͪ͋ͯ͊ͤͦ͘Ό Ύ͟ ͍ ˱́-ͫͺ͔ͪ͜Σ ͭ͊͟ ͜ ͯ ͔͙ͫͨͦͪ͒ͤͤ͜ͻ ͎͊ͯ͘͡ΎͻΣ ͔͒ ͍͙͙ͤ͊͟Ί ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͎͍͙ͫͨͪͦͤͦͯ͊ͭ͘ ͭ͊ 
͔ͣͦ͒͘͡Ό͍͙͊ͭ ͪͤ͘͜͜ ΄ͭ͊ͭͤ͜ ͭ͊ ͔ͤ΄ͭ͊ͭͤ͜ ͙ͫͭͯ͊ͼ͜͝Σ Ύ͟͜ ͣͦ͗ͯͭΈ ͍͙͙͙ͤͤͯͭ͟ ͨ͒͜ ;͊ͫ ͙ͪͦ͋ͦͭ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎΦ 

˨ͦ ͤ͊ͨͪΎͣͯ ͙ͪͦͪͦ͋͘͟ ͍͒ͤͦͫ͜ΎͭΈ ͭ͊ͦ͗͟ ͨͪͦͺ͔ͫ͜Ό ͔ͭͻͤ͜;͎ͤͦͦ ͙ͨͫΈ͔͙ͣͤͤ͊͟ ς ͔ͫͨͼ͊ͫͭ͊͜͜͡Σ Ύ͙͚͟ ͚͊ͣ͊͘ΊͭΈͫΎ 
ͫ͊͒͊ͤͤ͟͡Ύͣ ͔͒ͦͯͣͤͭ͊͟ͼ͜͝ ͍ ͪ͊ͣ͊͟ͻ ͙ͪͦͪͦ͋͘͟ ͙ͪͤ͘͜ͻ ͎ͨͪͦͪ͊ͣ ͜ ͍͙͍͙͊ͭͦͣ͊ͭͦ͊ͤ͘ͻ ͙͔ͫͫͭͣΣ ͊ ͭ͊ͦ͗͟ ͪ͜΄͔ͤΈ ͤ͜΄͙ͻ ͔ͭͻͤ͜;͙ͤͻ 
͍͊͒͊ͤ͘ΈΦ 

˹͚͊͋͜͡Έ΄ ͨͦͨͯ͡ΎͪͤͦΌ ͨͪͦͺ͔ͫ͜ΊΌ ͘ ͤ͊ͨͪΎͣͯ L¢-͙͚͒͊ͤͯ͘ Ί ͍͔͋-͙͚͔͒͊ͤͪ͘Σ Ύ͙͚͟ ͚͒ͫͤ͘͜ΌΊ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͔ͤͭͪ͜ͺ͔͚͍ͫ͜ 
͒͡Ύ ͚͍ͫ͊ͭ͜ ͎ͪͤͦͦ͘͜ ͙ͨͪͤ͊͘;͔ͤͤΎΣ ͝ͻ ͻͯ͒ͦ͗ͤΊ ͦͺ͔ͦͪͣͤͤ͡ΎΣ ͍͙͋ͪ͜ ͚ͤ͊͋͜͡Έ΄ ͙͍͙͍͙ͨͪ͊͋͡ͻ ͭ͊ ͪͯ͘;͙ͤͻΣ ͙ͨͪͦͫͭͻ ͜ ͙ͪͦͯͣ͘͘͜͡ͻ 
ͪ͜΄͔ͤΈ ͨͦ͒͊;͜ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͙͍ͦͪͫͭͯ͊͟;͔͍͜ ͜ ͍͔ͫͭͦͪͤͤΎ ͎͊͊͘͡Έͤͦ͝ ͙ͫͭͪͯͭͯͪ͟ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͚ͫ͊ͭͯ ͭͦ΅ͦΦ ˿͔ͨͼ͙ͺ͜;ͤͫͭ͜Έ ͙ͪͦ͋ͦͭ 
͍͔͋-͙͚͔͒͊ͤͪ͊͘ ͨͦ͡Ύ͎͊Ί ͯ ͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜ ͍͙ͪ͜΄͔ͤͤΎ ͍ͭͦͪ;͎ͦͦ ͙͔ͣͫͭͼΈ͎ͦͦ͟ ͍͊͒͊ͤͤ͘Ύ ͍͔ͫͭͦͪͤͤΎ ͙͎ͦͪͤ͊͜͡Έ͎ͤͦͦ ͙ͫͭ͡Έ͍͎ͦͦͦ 
ͦͺ͔ͦͪͣͤͤ͡Ύ ²Ŝō-ͫͭͦͪͤͦ͜͟ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͔ͫͨͼ͍͎͊ͦ͊ͤͦͦ͘͜͜͡ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͔ͭͻͤ͜;͙ͤͻ ͍͙͎ͣͦ ͭ͊ 
͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͊ͪͻ͔͙ͭͭͯͪ͜͟ ˱͔͔ͤͭͪͤͭͯΦ ˨ͦ ͼΈ͎ͦͦ ͤ͊ͨͪΎͣͯ ͍͒ͤͦͫ͜ΎͭΈ ͭ͊ͦ͗͟ ͨͪͦͺ͔ͫ͜͝ о5-͙͚͔͍͒͊ͤͪ͘͜Σ ¦·- (User eXperience, 
͙͚͒͊ͤ͘ ͍͒ͦͫ͒ͯ͜Σͫͨͦͫͦ͋ͯ ͙ͪͦ͋ͦͭ ͙͍ͦͪͫͭͯ͊͟;͊ύ ͭ͊ ¦L- ό¦ǎŜǊ LƴǘŜǊŦŀŎŜΣ ͙͚͒͊ͤ͘ ͔ͤͭͪ͜ͺ͔͚ͫͯ ͙͍ͦͪͫͭͯ͊͟;ύ ͔ͫͨͼ͍͊ͫͭ͜͜͜͡Σ ͎ͪ͊ͺ͜;͙ͤͻ 
͙͚͔͍͒͊ͤͪ͘͜Φ  

̋ͦ͒ͦ ͤ͊ͨͪΎͣͯ ͔ͦͤͭͤͭ͟-͔͔͔ͣͤ͒͗ͣͤͭͯΣ ͭͦ ͔ͦͤͭͤͭ͟-ͺͻ͍͊͜ͼ͜ ό͔ͦͤͭͤͭ͟-͔͔͔͙ͣͤ͒͗ͪΣ ͍͔͋-͙ͨͫΈ͔͙͙ͣͤͤ͟Σ ͔ͦͤͭͤͭ͟-
͔͙ͪ͒͊ͭͦͪ͟Σ ͔͙ͣͦ͒ͪ͊ͭͦͪΣ ͍͔͋-͚͔͙ͪ͊ͭͪΣ ͔͚͔͙ͪͪ͊ͭͪΣ ͚͔͙ͦͨͪ͊ͭͪ͟͜ύ ͔͔ͦͫͪ͒͗ͯ͘ΌͭΈͫΎ ͤ͊ ͍͙͍;͔ͤͤ͜Σ ͨͦ΄ͯͯ͟Σ ͙ͤ͊ͨͫ͊ͤͤ͜ ͭ͊ 
͔͎͍ͪ͒͊ͯ͊ͤͤ͜ ͔͍ͣ͊ͭͪ͊͜͜͡ ͒͡Ύ ͨͦ͒͊͡Έ΄ͦ͝ ͨͯ͋͊͜͟͡ͼ͜͝ ͤ͊ ˱́-͔ͪͫͯͪͫ͊ͻΦ ˽͔͍͙͙͙ͪͤͤͣ ͍ͦ͋ͦΩΎ͙͊ͣ͘͟ ͙ͭ͊͟ͻ ͔ͫͨͼ͍͊ͫͭ͜͜͜͡ Ί 
͍͔ͤ͊ͨͦͤͤͤΎ ˱́-͔͍ͪͫͯͪͫ͜ ͔ͤͦ͋ͻ͒ͤͦ͜Ό ͤ͜ͺͦͪͣ͊ͼ͜ΊΌΣ ˾͊ͦͣ͘ ͘͜ ͙ͭͣΣ ͒ͦ ͝ͻ ͺͯͤ͟ͼ͚͜ ͔ͣͦ͗ ͍ͻ͙͙ͦ͒ͭ ͚ ͙ͨ͒ͭͪͣ͊͜͟ ͭ͊ ͍ͨͪͦͫͯ͊ͤͤΎ 
͚͍ͫ͊ͭ͜Σ ͍͊͘Ίͣͦ͒͜Ύ ͘ ͙͍ͦͪͫͭͯ͊͟;͙͊ͣΦ ˽͔͍͙͙ͪ͒ͫͭ͊ͤ͊ͣ͟ ͤ͊ͨͪΎͣͯ ͔͔͔ͣͤ͒͗ͣͤͭͯ ͍ L¢-͎͊ͯ͘͜͡ Ί ͨͦ΄͙͔ͪͤ͜ ͨͪͦͺ͔ͫ͜͝ L¢-͙͔͒ͪͭͦͪ͊͟Σ 
͔͔͔ͣͤ͒͗ͪ͊ ͔ͨͪͦͭͯ͟ ͜ ͔͔͔ͣͤ͒͗ͪ͊ ͨͪͦ͒ͯͭͯ͟Φ L¢-͙͔͒ͪͭͦͪ͟ ό/LhΣ /ƘƛŜŦ LƴŦƻǊƳŀǘƛƻƴ hŦŦƛŎŜǊΣ ͤ͊;͊͡Έ͙ͤ͟ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ 
͍͒͒ͯ͜͜͡ύ ς ͼ͔ ͺ͊ͻ͍͔͜ͼΈ ͯ ͫͺ͔ͪ͜ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ Ύ͙͚͟ ͔ͪͯ͟Ί L¢-ͨ͒ͪͦ͒ͦͣ͘͜͜͡ ͦͣͨ͊ͤ͟͜͝ ͭ͊ ͍͙ͤ͊͘;͊Ί 
͔͎ͫͭͪ͊ͭ͜;ͤ͜ ͤ͊ͨͪΎ͙ͣ ͍͙ͪͦͭͯ͘͟ ͔ͭͻ͎͚ͤͦͦ͜͡ ͒͡Ύ ͙͙ͨ͒ͭͪͣ͜͟ ͔͎ͦͤͪͭͤͦͦ͟͟ ͔͋ͤͫͯ͘͜Φ ˸͔͔͔ͤ͒͗ͪ ͔ͨͪͦͭͯ͟ ς ͼ͔ ͔ͫͨͼ͊ͫͭ͜͜͡Σ 
͍͍͒ͨͦ͒͊͜͜͡Έ͙͚ͤ ͊͘ ͯͫͨ͜΄͔ͤ ͍͙ͦͤ͊ͤͤ͟Ύ ͔͎ͦͤͪͭͤͦͦ͟͟ ͔ͨͪͦͭͯ͟ ͘͜ ͔ͤͦ͋ͻ͒ͤͦ͜Ό Ύͫͭ͟͜ΌΣ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͍͙͎ͣͦ ͭ͊ ͊ͤ͊͘͘;͔͙ͤͻ 
͍͙͊ͣͦͤͦͣ͘͟ ͔͍ͭͪͣͤ͜͜Σ ͙ͨͪ ͺ͍ͫͦ͊ͤͦͣͯ͜͟ ͋Ό͔͒͗ͭ͜ ͜ ͤ͊Ύ͍͙ͤͻ ͔͔͙ͦ͋ͣ͗ͤͻ ͡Ό͒ͫΈ͙͟ͻ ͔ͪͫͯͪͫ͊ͻΦ ˸͔͔͔ͤ͒͗ͪ ͨͪͦ͒ͯͭͯ͟ ς ͼ͔ 
͔ͫͨͼ͊ͫͭ͜͜͡Σ Ύ͙͚͟ ͍͍͒ͨͦ͒͊͜͜Ί ͊͘ ͍͔ͫͭͦͪͤͤΎ ͍͙ͤͦͻ ͍ͨͪͦ͒ͯͭ͟͜Σ ͚͒ͫͤ͘͜ΌΊ ͊ͤ͊͘͜͡ ͙ͪͤͯ͟Σ ͙͔͊ͫͦͪͭͣͤͭͤͦ͝ ͙͙ͨͦͭ͜͟͡Σ ͼ͍͔ͤͦͯͭͦͪͤͤ͜ΎΣ 
͍ͨͪͦͫͯ͊ͤͤΎ ͨͪͦ͒ͯͭͯ͟Σ ͍ͨ͊ͤͯ͊ͤͤ͡Ύ ͟͡Ό;͍͙ͦͻ ͙͍ͨͦ͊ͤ͘͟͟͜Σ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͙͎ͣͦ ͒ͦ ͨͪͦ͒ͯͭͯ͟Σ ͍͙ͤ͊͘;͔ͤͤΎ ͙ͨͪͤ͊͘;͔ͤͤΎ 
ͨͪͦ͒ͯͭͯ͟ ͭͦ΅ͦΦ  

̋ͦ͒ͦ ˱́-͔͙͎ͣ͊ͪͭͤͯ͟Σ ͭͦ ͭͯͭ ͪͦͪͤ͘͘͜ΌΌͭΈ ͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ {aa-͔͔͔ͣͤ͒͗ͪ͊ ό{ƻŎƛŀƭ ƳŜŘƛŀ ƳŀǊƪŜǘƛƴƎΣ ͍ͨͪͦͫͯ͊ͤͤΎ 
ͨͪͦ͒ͯͭͯ͟ ͍ ͫͦͼ͊͜͡Έ͙ͤͻ ͔͔ͣͪ͗͊ͻύΣ {9h-͔ͫͨͼ͊ͫͭ͊͜͜͡ ό{ŜŀǊŎƘ 9ƴƎƛƴŜ hǇǘƛƳƛȊŀǘƛƻƴΣ ͍ͨͪͦͫͯ͊ͤͤΎ ͚͍ͫ͊ͭ͜ ͍ ͔͔ͣͪ͗͜ύΣ ˱͔͔ͤͭͪͤͭ-
͔͎ͣ͊ͪͭͦͦ͊͟͡ ό͍ͨͪͦͫͯ͊ͤͤΎ ͔͋ͪͤ͒ͯ ͍ ˱͔͔ͤͭͪͤͭ͜ύΣ ͔͔͔ͣͤ͒͗ͪ͊ ͘ ͨͪͦ͒͊͗ͯ ˱́-͎ͨͦͫͯ͡ ό͔͔͙ͨͦͫͪ͒ͤͼ͍ͭͦ ͣ͗͜ ͨͦͯͨ͟ͼ͔ͣ ͜ ˱́-
ͦͣͨ͊ͤ͟͜ΊΌύΣ tw-͔͔͔ͣͤ͒͗ͪ͊ όͺ͊ͻ͍͜ͼΎ ͘ ͔͙ͪ͊ͣ͟͡ ͭ͊ ͍͘ϥΎ͍͘͟͜ ͘ ͎ͪͦͣ͊͒ͫΈͫͭ͟͜ΌύΦ 
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˽ͦ΄͙͔͙͙ͪͤͣ ͨͪͦͺ͔ͫ͜Ύ͙ͣ L¢-͙͙ͨ͒ͭͪͣ͜͟ Ί ͊͒ͣͤͫͭͪ͊ͭͦͪ͜͜ ͙͋͊͘ ͙͒͊ͤͻ όͪͦͪͦ͋͊͘͟ ͜ ͙ͨ͒ͭͪͣ͊͜͟ ͋͊͘ ͙͒͊ͤͻύΣ ͙͔͙͚ͫͫͭͣͤ 
͊͒ͣͤͫͭͪ͊ͭͦͪ͜͜ όͦͤͭͪͦ͟͡Έ ͙ͪͦ͋ͦͭ ˱́-ͤ͜ͺ͙ͪ͊ͫͭͪͯͭͯͪ͟ύΣ ͺ͊ͻ͍͔͜ͼΈ ͘ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ͔͔͙͋ͨ͘͟ ό͍͔ͫͭͦͪͤͤΎ ͙͔͙ͫͫͭͣ ͊͘ͻ͙ͫͭͯ 
ͤ͜ͺͦͪͣ͊ͼ͜͝ ͙ͪͤ͘͜ͻ ͍͍ͪͤ͜͜ύΣ ͔͔͙͚ͣͪ͗ͤ ͊͒ͣͤͫͭͪ͊ͭͦͪ͜͜ ό͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͜ ͎͔ͤ͊͊ͦ͒͗ͤͤ͡Ύ ͦͣͯͤ͊͟͜͟ͼ͚͜ύΣ /wa-͔͔͔ͣͤ͒͗ͪ 
(Customer Relationship ManageƳŜƴǘΣ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͍͊͘Ί͙͙ͣͤ͊ͣ ͘ ͟͜͡Ί͙ͤͭ͊ͣύ - ͔ͫͨͼ͊ͫͭ͜͜͡ ͨͦ ͍͊͘Ίͣͦ͒͜͝ ͘ ͍͙͙͊ͣͦͤ͊ͣ͘͟Σ 
ͺ͊ͻ͍͔͜ͼΈ ͙ͫͯ͗͋͡ ͔ͭͻͤ͜;ͤͦ͝ ͙͙ͨ͒ͭͪͣ͜͟Φ  

˹͚͍͊͒ͦͣ͜͜΄ͦΌ ͨͪͦͺ͔ͫ͜ΊΌ ͍ L¢-͙͊ͤ͊ͭ͜͡ͼ͜ Ί ͙͔ͫͫͭͣͤ͜ ͙͙͊ͤ͊ͭ͜͟͡Σ Ύ͟͜ ͤ͊ ͍ͨ͒ͫͭ͊͜͜ ͊ͤ͊ͯ͘͜͡ ͭ͊ ͙ͦ͋ͪͦ͋͟ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͨͪͦ 
͒͜Ύ͡Έͤͫͭ͜Έ ͙ͨ͒ͨͪ͜Ί͍ͣͫͭ͊Σ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ;͙ ͍͙ͯͫͭ͊ͤͦ ͔ͨͪͦͭͯ͟ΌͭΈΣ ͪͦͪͦ͋͘͡ΎΌͭΈ ͭ͊ ͍͍ͨͪͦ͊͒͗ͯΌͭΈ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͙͔͙ͫͫͭͣ ͒͡Ύ 
͍͙͊ͭͦͣ͊ͭ͊͘ͼ͜͝ ͔͋ͤͫ͘͜-ͨͪͦͼ͔͍ͫ͜Σ ͍͙ͨ͒͜΅͔ͤͤΎ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͔͋ͤͫͯ͘͜Φ ˤ͙ͦͤ͊ͤͤ͟Ύ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͍ͦ͋ͦΩΎ͍͘͟͜ ͍͙͎ͣ͊͊Ί ͍͒͜ 
͙͔͎ͫͫͭͣͤͦͦ ͙͊ͤ͊ͭ͊͜͟͡ ͤ͊ͤ͘Έ Ύ͟ ͯ ͫͺ͔ͪ͜ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͭ͊͟ ͜ ͍ͦͫͤͦ ͔͔͔ͣͤ͒͗ͣͤͭͯΣ ͔͙ͦͤͦͣ͟͜͟ ͭ͊ 
͙ͨͪ͊͒ͤͦ͟͡͝ ͫͺ͔͙ͪ ͒͜Ύ͡Έͤͦͫͭ͜ ͦͣͨ͊ͤ͟͜͝-͍͙͊ͣͦͤ͊͘͟Φ ˹͊ ͫΈ͎ͦͦ͒ͤ͜ ͍͙͔ͦͪͣ͟͡ΌΌͭΈ ͭ͊ͦ͗͟ ͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ ͍͔͋-͙͊ͤ͊ͭ͊͜͟͡ ό͚͎ͦͦ 
͔͔ͨͪ͒ͣͭͦͣ ͒͜Ύ͡Έͤͦͫͭ͜ Ί ͍͔ͨͦ͒ͤ͊͜͟ ͙͍ͦͪͫͭͯ͊͟;͍͜ ͤ͊ ͍͔͋-͚ͫ͊ͭ͊ͻύ ͭ͊ ͙͊ͤ͊ͭ͊͜͟͡ .ƛƎ5ŀǘŀ όΎ͙͚͟ ͍͙͍;͊Ί ͍͔͙͟͜͡ ͙͍͙ͣ͊ͫ ͙͒͊ͤͻ ͯ 
ͤ͊ͯͼ͜Σ ͫͯͫͨ͜͡Έ͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͔͋ͤͫ͘͜͜ ͭͦ΅ͦύΦ 

˿ͯ;͙͚͊ͫͤ ͙ͪͤͦ͟ ˱́-͔ͭͻ͎͚ͤͦͦ͜͡ ͍͙͎ͣ͊͊Ί ͭ͊ͦ͗͟ ͙ͪͦ͋ͦͭ Iw-ͺ͊ͻ͍͜ͼ͍͜ ͜ ͔͔͍ͪͪͯͭͪ͟͜Φ Iw-ͺ͊ͻ͍͜ͼ͜ ͚ͤ͊;͊ͫͭ͜΄͔ ͨͪ͊ͼΌΌͭΈ ͯ 
ͫ͊͒͟͜͡ ͍͍͒͒͜͜͜͡ ͒͡Ύ ͙ͪͦ͋ͦͭ ͘ ͔ͨͪͫͦͤ͊ͦͣ͡ ͭ͊ ͚͊ͣ͊͘ΌͭΈͫΎ Ύ͟ ͍͒͋ͦͪͦͣ͜ ͔ͨͪͫͦͤ͊ͯ͡ ͒͡Ύ ͦͣͨ͊ͤ͟͜͝Σ ͭ͊͟ ͜ ͚͎ͦͦ ͊͒͊ͨͭ͊ͼ͜ΊΌΣ 
ͪͦͪͦ͋ͦ͘͟Ό ͙͔͙ͫͫͭͣ ͙͍ͣͦͭ͊ͼ͜͝ ͨͪ͊ͼ͍͙͍ͤ͜͟͜Σ ͦͼͤ͜Ό͍͊ͤͤΎͣ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜Σ ͍ͤ͊;͊ͤͤΎͣ ͭ͊ ͔͔͎͍ͨͪͨ͒ͦͭͦͦ͜͟Ό ͍͙͍ͫͨͪͦ͋ͭͤ͜͜͟͜Φ L¢-
͔͔͙ͪͪͯͭͪ͊ͣ͟ ͙͍ͤ͊͊͘ΌͭΈ ͺ͊ͻ͍͜ͼ͍͜Σ ͒ͦ ͫͺ͔͙ͪ ͒͜Ύ͡Έͤͦͫͭ͜ Ύ͙͟ͻ ͍ͻ͙ͦ͒ͭΈ ͨ͒͋ͪ͜͜ ͍͊͒ͪ͟͜ ͤ͊ ͙͊ͨͭ͘ ͚ͦͣͨ͊ͤ͟͜-͍͙͍͊ͣͦͤ͘͟͜Φ 

 
ˤˮ˿˹˻ˤ˴ˮ ́ˢ ˽˩˾˿˽˩˴́ˮˤˮ ˽˻˨ˢ˶̎̊˻˥˻ ˨˻˿˶˱˨ˬ˩˹˹̒ 

ˤ͙͔ͫͦͦͭ͟ͻ͎ͤͦͦ͜͡;ͤͫͭ͜ΈΣ ͎ͦ͋͊͡͡Έͤͫͭ͜Έ ͭ͊ ͍͙͔ͫͦͦͦͤͯͪͤͭͤͫͭ͟͟͟͜Έ ˱́-ͤ͒ͯͫͭͪ͜͜͝ ͙ͫͨͪ;͙ͤΌΊ ͫͯͭͭΊ͍͙͚ ͍͙͚͊͒ͪͦ͟ ͔͒ͺ͜ͼ͙ͭ 
͎͊ͯ͘͜͡ Ύ͟ ͍ ͯͫΈͦͣͯ ͍ͫͭ͜͜Σ ͭ͊͟ ͜ ͍ ̂ͪ͊ͤ͟͜͝Φ ́ͦͣͯ ͍͙͍͔͊͗ͤ͊ ͭ͊ ͍͐ͪͯͤͭͦͤ͊ ͨͪͦͺ͔͚ͫͤ͊͜ ͦͪ͜Ίͤͭ͊ͼ͜Ύ ͣͦͦ͒͜͡ ͤ͊ ˱́-͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ Ί 
͙ͦ͒ͤͣ ͘͜ ͍͙͍͍͙ͨͦ͡ͻ ͺ͍͊ͭͦͪ͟͜ ͔͎ͤ͊͗ͤͦͦ͡ ͍͎͊͒ͪͦͦͦ͟ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ˱́-͎͊ͯ͘͜͡Φ ˽͍͔͔ͪͦ͒ͤͤΎ ͨͪͦͺͦͪ͜Ίͤͭ͊ͼ͚ͤͦ͜͝ ͙ͪͦ͋ͦͭ ͘͜ 
΄ͦ͟͡Ύ͙ͪ͊ͣ ͤ͊ ˱́-͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ ͍ ͪ͊ͯͪͫ͟͜ ͝ͻ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͣ͊Ί ͔͔ͨͪ͒͋͊;͙͊ͭ ͍ Ύͦͫͭ͟͜ ͍͋͊ͦͦ͘͝ ͍ͣͫͭͦͦ͘͜͝ ͝͝ 
ͫ͟ ͍͊͒ͦͦ͡͝ Ύ͟ ͚͔ͦͤ͊ͦͣͤͤ͘͡Ύ ͯ;͍ͤ͜ ͘ ͍͙͙ͦͫͤͦͤͣ ͔͎͔͙ͫͣͤͭ͊ͣ ˱́-ͤ͒ͯͫͭͪ͜͜͝ ͭ͊ ͪͤͦͣ͊ͤͭͭ͘͜͜Ύͣ ˱́-ͨͪͦͺ͔͚ͫ͜ ͜ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭΣ ͊ 
ͭ͊ͦ͗͟ ͍͙ͨͦͤͤͦ ͔͔͊͋ͨ͘͘;͍͙ͯ͊ͭ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͯ;ͤΎ͙ͣ ͙͍ͣͤͦͫͭ͜͜͡ ͣͫͭͯ͘͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ˱́-ͺ͊ͻ͍͜ͼ͍͜Σ ͤ͊Ύ͍ͤͦͫͭ͜ 
͔ͫͨͼ͙ͺ͜;͙ͤͻ ͍͙͎ͣͦ ͒ͦ ͝ͻ ͔͔͔͍͎͋ͨͪͪͤͦͦ͘ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͪͦͫͭ͊ͤͤ͘Ύ ͜ ͎͍ͦͭͦͤͦͫͭ͜ ͒ͦ ͔͔͍ͨͪ͊͟͜͡ͺ͊͜͟ͼ͜͝Φ  

˽͍͒ͫͯͣͦͯ͜Ό;͙ ͍͙΅͔͍͙͔͔͊͒ͤ͟͡Σ ͣͦ͗ͤ͊ ͍͙͊ͨͪͦͨͦͤͯ͊ͭ͘ ͭ͊ͯ͟ ͦͪ͜Ί͍ͤͭͦͤͯ ͫͻ͔ͣͯ ͙͊ͫ͟͡ͺ͊͜͟ͼ͜͝ ͔͔ͨͪͯ͜͟͡ ͫͯ;͙͊ͫͤͻ ˱́-
͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭΣ Ύ͊͟ ͔ͣͦ͗ ͙͋ͯͭ ͍͙͙ͦͪͫͭ͊ͤ͊͟ Ύ͟ ͦͨͦͪͤ͊ ͒͡Ύ ͙ͪͦͪͦ͋͘͟ ͍͋͊ͦͦ͘͝ ͍ͣͫͭͦͦ͘͜͝ ͍ͫ͊͒ͦͦ͟͡͝ ͍͔͔ͨͪͦ͒ͤͤΎ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ΄ͦ͟͡Ύ͍ͪ͜ ͯ ͊ͤ͊͘͘;͔ͤͦͣͯ ͤ͊ͨͪΎͣ͜ ό͙͍͒ ͙ͪͫΦ 1): 

 

 
˾͙ͫΦ мΦ ˿ͯ;͙͚͊ͫͤ ˱́-͙ͪͤͦ͟ ͯ ͪͦͪ͘͘͜͜ ͨͪͦͺ͔͚ͫ͜ ͭ͊ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭ  
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CONTENT COMPONENT OF STUDENTS' PROFESSIONAL INFORMATION ON IT SPECIALTIES 
Liudmyla Bilousova, Nadiia Olefirenko, Liudmyla Ostapenko, Nataliia Ponomarova  

G.S. Skovoroda Kharkiv National Pedagogical University, Ukraine 
Abstract. 
Formulation of the problem. The relevance of the career guidance of youth on the IT- specialty is conditioned by the look at the IT-industry as a 

unique environment conducive to strengthening the Ukrainian economy. At the same time, the lack of professional information 
makes it impossible to conduct high-quality and effective vocational guidance work with students on the IT- specialty. The purpose 
of the research is to establish the basic content component of professional information of students about the IT-specialty taking 
into account the peculiarities of the development of the modern IT-market.  

Materials and methods. Theoretical analysis of sociological, psychological, pedagogical works, systematization of attitudes and achievements 
of scientists for revealing the state of development of the problem, determining the specifics of professional information and 
substantiating its basic content component about IT-specialties . 

Results. Professional information for students provides them with comprehensive information for selecting, deciding and implementing a 
personal educational and career trajectory. The IT- industry most often distinguishes key segments such as hardware, IT-products, 
IT-services, IT-outsourcing of business processes, and the components of the profession market are the same: development, 
support, management, and marketing. The dynamism of the development of information and communication technologies makes 
it impossible to establish the approaches of the professionography of IT-professions. The readiness for professional self-
improvement and lifelong learning, the ability to rapidly change the professional trajectory - the indispensable requirements 
imposed on all employees of the IT industry. 

 Conclusions. Carrying out career guidance with students on the IT- specialty should provide as a basic content component of professional 
information familiarizing students with the main segments of the IT-industry and the diversity of IT-professions and specialties, 
ensuring that students are aware of the variability of the content of the professional activities of IT-professionals, the availability of 
specific requirements for their continuous professional growth and retraining. 

Key words: career guidance, IT-specialty, IT-industry, professional information, teacher of informatics.  
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ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡ ͙͊ͫͦ͋͊ͣ͘ aƛŎǊƻǎƻŦǘ hŦŦƛŎŜ tƻǿŜǊ tƻƛƴǘ. 

˸͔͙͊ͭͪ͊͜͡ ͜ ͔͙ͣͭͦ͒Φ ̂ ͨͪͦͼ͔ͫ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͙͙ͦͪͫͭ͊ͤͦ͟ ͔͔͙ͭͦͪͭ;ͤ͜ ό͊ͤ͊͘͜͡ ͜ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜Ύ ͍ͤ͊ͯͦͦ͟-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͔͙ͭͪ͊ͭͯͪ͜͡Σ 
͙͍ͤͦͪͣ͊ͭͤͦ-͍͍͙ͨͪ͊ͦͻ ͔͍͒ͦͯͣͤͭ͟͜Σ ͙͍ͤͫͭͪͯͭͤͦ͜͟-͔͙ͣͭͦ͒;͙ͤͻ ͔͍ͣ͊ͭͪ͊͜͜͡ύ ͭ͊ ͔͙ͣͨͪ͜;ͤ͜ ό͍͙͍;͔ͤͤΎ ͚ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ 
͍ͭ͜;͙ͤ͘Ύ͎ͤͦͦ ͜ ͎͊ͪͯ͋͗ͤͦͦ͘͜ ͍͒ͦͫ͒ͯ͜Σ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ ͍͙͋ͦͪͯ ͔͔͍͙ͫͪ͒ͦ΅͊ ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ ͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ ͙͙͒͒͊ͭ͟;͙ͤͻ ͎ͦͪ͜Σ 
͊ͤ͊͘͜͡ ͜ ͫ͊ͣͦ͊ͤ͊͘͜͡ ͨͪͦͼ͔ͫͯ ͜ ͔ͪͯ͘͡Έͭ͊ͭͯ ͝ͻ ͍͔ͫͭͦͪͤͤΎύ ͔͙ͣͭͦ͒ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ Ύ͟͜ ͙͒͊͡ ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͙ͤ͊͘;͙͙ͭ 
͔ͭͻ͎ͤͦͦ͜͡Ό ͍͔ͫͭͦͪͤͤΎ ͙͙͒͒͊ͭ͟;͙ͤͻ ͎ͦͪ͜ ͙͊ͫͦ͋͊ͣ͘ aƛŎǊƻǎƻŦǘ hŦŦƛŎŜ tƻǿŜǊ tƻƛƴǘΦ 

˾͔ͯ͘͡Έ͙ͭ͊ͭΦ ˤ ͔͒ͦͫ͒͗ͤͤ͜͜͡ ͯͭͦ;͔ͤͤͦ ͨͦͤΎͭͭΎ ζ͔͔ͭͪͦͤͤ͊͟͡ ͙͙͒͒͊ͭ͟;ͤ͊ ͎ͪ͊ηΦ ˹͊ ͍ͨ͒ͫͭ͊͜͜ ͍ͨͦͪͤ͜ΎͤͤΎ ͨͦͤΎͭΈ ζ͙͙͒͒͊ͭ͟;ͤ͊ ͎ͪ͊ηΣ 
ζ͔͔ͭͪͦͤͤ͟͜͡ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎη ͍͍͔ͫͭ͊ͤͦͤͦ͡ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͙͙͒͒͊ͭ͟;͙ͤͻ ͎ͦͪ͜ ͭ͊ ͝ͻ ͫͭͪͯͭͯͪͯ͟Φ 
˽͔͍͔ͪ͒ͫͭ͊ͤͦ͡ ͎͙͊ͦͪͭͣ͡ ͍͔ͫͭͦͪͤͤΎ ͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ ͙͙͒͒͊ͭ͟;͙ͤͻ ͎ͦͪ͜ ͙͊ͫͦ͋͊ͣ͘ aƛŎǊƻǎƻŦǘ hŦŦƛŎŜ tƻǿŜǊ tƻƛƴǘΦ ˾͎ͦ͘͡Ύͤͯͭͦ 
͙͍ͦͫͦ͋ͦͫͭ͜͡ ͙ͪͦ͋ͦͭ ͤ͊ ͦ͗ͤͦͣͯ͟ ͘͜ ͚͎ͦͦ ͍ͪͦ͟͟͜Φ 

ˤ͙͍͙ͫͤͦ͟Φ ˤ͍͔ͨͪͦ͊͒͗ͤͤΎ ͍͙ͤͦͻ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ ͍ͦͫͭͯ͜ ͍͙ͯͣͦͦ͘͡ ͨͦΎ͍ͯ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͙͙͒͒͊ͭ͟;͙ͤͻ ͎ͦͪ͜Φ ͔́ͻ͎ͤͦͦ͜͡Ύ 
͍͔ͫͭͦͪͤͤΎ ͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ ͙͙͒͒͊ͭ͟;͙ͤͻ ͎ͦͪ͜ ͙͊ͫͦ͋͊ͣ͘ aƛŎǊƻǎƻŦǘ hŦŦƛŎŜ tƻǿŜǊ tƻƛƴt ͔͍ͨͪ͒ͫͭ͊͡ΎΊ ͫͦ͋ͦΌ ͔͙͚ͨͦͭ͊ͨͤ ͨͪͦͼ͔ͫ 
͜ ͐ͪͯͤͭͯΊͭΈͫΎ ͤ͊ ͍͙͙ͦͪͫͭ͊ͤͤ͟͜ ͙ͭ͊͟ͻ ͔͍ͤͫͭͪͯͣͤͭ͜͜ Ύ͟ ͊ͤͣ͊͜ͼ͜Ύ ͜ ͙͎͔ͭͪͪΦ 

 

˴˶̑̉˻ˤ˱ ˿˶˻ˤˢΥ ͙͙͒͒͊ͭ͟;ͤ͊ ͎ͪ͊Σ aƛŎǊƻǎƻŦǘ hŦŦƛŎŜ tƻǿŜǊ tƻƛƴǘΣ ͤ͜ͺ͙ͦͪͣ͊ͭ͊͘ͼ͜Ύ ͍͙ͦͫͭ͜Σ ͔͔ͭͪͦͤͤ͟͜͡ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎΣ ͨͦ;͍͊ͭͦ͊͟ 
΄ͦ͊͟͡. 

 
ˤ˿́̂˽ 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ̂ нлмс ͪͦͼ͜ ͍͔͔͊ͭͪ͒͗ͤͦ͘ ͦͤ͟ͼ͔ͨͼ͜Ό ζ˹͍ͦ͊ ͯͪ͊ͤͫ͟͝Έ͊͟ ΄ͦ͊͟͡ηΣ Ύ͊͟ ͍͙ͤ͊͘;͊Ί ͤ͊ͨͪΎͣ 
͔ͪͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜Φ ˾͔ͺͦͪͣ͊ ͦͪ͜Ί͍ͤͭͦ͊ͤ͊ ͤ͊ ͔ͭΣ ΅ͦ͋ ͙͙ͪͦ͋ͭ͘ ͍͙͙ͨͯͫͤ͊͟͟ ͔͙ͦͤͯͪͤͭͤͦ͒͊ͭͤͣ͘͟͟ ͯ ̆̆˱-ͣͯ 
ͫͭͦͭͭ͜͜͡ ς ͍͙͙͙ͨͯͫͭͭ ͘͜ ΄͙ͦ͟͡ ͍͔ͫ͋͜;ͤͦ ͍͙͔ͪͦͤͤͯ͘Σ ͒͊ͭͤͯ͘ ͒ͦ ͙͙ͪͭ͟;͎ͤͦͦ ͙͔ͣͫͤͤ͡Ύ ͼͫͤͯ͜͜͡ ͙ͦͫͦ͋ͫͭͫͭ͜ΈΣ ͨ͊ͭͪͦͭ͊͜ ͘ 
͙͍͊ͭͤͦ͟Ό ͙ͨͦ͘ͼ͜ΊΌΣ ͍ͤͤͦ͊ͭͦͪ͊͜Σ ͎͒͊ͭͤͦͦ͘ ͣͤ͘͜Ό͍͙͊ͭ ͍͙ͤ͊ͦ͟͡΄͚ͤ͜ ͍ͫͭ͜ ͭ͊ ͍;͙͙ͭͫΎ ͍͍ͨͪͦ͒ͦ͗ ͙͗ͭͭΎ όƴǳǎΦƻǊƎΦǳŀύΦ 
ˤ͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͎ͫ͊͊ͤͦͦ͘͟Σ ͔ͣͤͤͦ͘͜ ͨ͒͜ͻ͙ͦ͒ ͒ͦ ͍ͤ͊;͊ͤͤΎΦ ˹͎͊ͦͦ͡΄ͯΊͭΈͫΎ ͤ͊ ͫͯ͋ΩΊͭͤͦͫͭ͟͜ ͯ;ͤͤ͜ΎΣ ͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜ ͍ͦͦͦ͒ͤͤ͜͡Ύ 
ͯ;ͤΎ͙ͣ ͙ͫͨͦͫͦ͋͊ͣ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͍͒ͦͫ͒͜͜ ͍͊͘Ίͣͦ͒͜͝ ͘ ͤ͜΄͙͙ͣ ͡Ό͒Έ͙ͣΦ ́ͦ͋ͭͦ ͔ͣͭ͊ ͔ͪͺ͙ͦͪͣ ς ͍͙͙ͫͭͦͪͭ ͙͔ͫͫͭͣͯ 
͍͙ͦͫͭ͜Σ ͍ Ύ͚͟͜ ͙͙͒ͭͤ͊ ͙ͦͭͪͣͯΊ ͤ͊͋ͪ͜ ͍͙ͤ͊;ͦ͟Σ ͊ ͔ͤ ͎͋͊͊͗ ͤ͊ͤ͘ΈΣ Ύ͟͜ ͍͊͗ͦ͟ ͍͙͊ͫͭͦͫͯ͊ͭ͘ ͍ ͔ͪ͊͡Έͤͦͣͯ ͙͗ͭͭ͜Σ ͎͍͙ͦͦͪͭΈ 
˶Φ ˥ ͙͔͍͙ͪͤ;Φ  

̅ͦͪͣͯ͡ ͊ ˹͍ͦͦ͝ ΄͙ͦ͟͡ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘ ф ͔͍ͦͣͨͦͤͤͭ͟͜Σ ͙ͦ͒ͤͣ ͘͜ Ύ͙͟ͻ Ί ͫͯ;͔͊ͫͤ ͍ͦͫͭͤ͜Ί ͔͔͍͙ͫͪ͒ͦ΅͔Σ Ύ͔͟ ͔͔͊͋ͨ͘͘;͙ͭΈ 
͔ͤͦ͋ͻ͒ͤ͜͜ ͍͙ͯͣͦΣ ͙͊ͫͦ͋͘ ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͒͡Ύ ͍ͤ͊;͊ͤͤΎ ͯ;͍ͤ͜Σ ͍ͦͫͭ͜ΎͤΣ ͋͊ͭΈ͍͟͜ ͔ͤ ͙͡΄͔ ͍ ͙ͨͪͣ͜΅͔ͤͤ͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͊͊͒ͯ͘͟͡Φ ̂ 
˴ͦͤͼ͔ͨͼ͜͝Σ ͎ͤ͊ͦͦ͡΄ͯΊͭΈͫΎΣ ΅ͦ ͍͜͡Έͤͦͣͯ ͍͙ͪͦͭͯ͘͟ ͙ͫͨͪΎΊ ͍ͭͦͪ;͔ ͔͔͍͙ͫͪ͒ͦ΅͔Φ ˭ͣͤ͜͜ ͨ͒͜͡Ύ͎͊ΌͭΈ ͺ͙͘͜;͔ͤ ͍ͨͪͦͫͭͦͪͦͦ-
͔͔͔ͨͪ͒ͣͭͤ ͦͭͦ;͔ͤͤΎΣ ͎͙ͨͪͦͪ͊ͣ ͭ͊ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎΦ ˻͎ͪ͊ͤ͊͘͜ͼ͜Ύ ͍͎ͤͦͦͦ ͍ͦͫͭͤ͜Έ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͔ͨͦͭͪ͋ͯΊ ΄͙͎ͪͦͦͦ͟ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍͙ͤͦͻ ˱́-͔ͭͻ͎͚ͤͦͦ͜͡Σ ͍͙ͤͦͻ ͣͯ͡Έ͙͔͚͙ͭͣ͒ͤ͜ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ (˹͍ͦ͊ ͯͪ͊ͤͫ͟͝Έ͊͟ ΄ͦ͊͟͡Σ нлмт). 

˾͔ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜ ͪͦͨͦ͘;͊ͦͫ͡Ύ ͘͜ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡Φ ˨͙͙͒͊ͭ͟;ͤ͜ ͎͙ͪ͜ ͚͊ͣ͊͘ΌͭΈ ͔ͦ͒ͤ ͘ ͍͙ͨͪͦ͒ͤ͜ͻ 
ͣͫ͜ͼΈ ͍ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡Φ ˽ͪͦ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͝ͻ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͒͡Ύ ͍ͤ͊;͊ͤͤΎ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ 
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͎͍͙ͦͦͪͭΈͫΎ ͎͋͊͊ͭͦΣ ͔ͦͪͣ͊͘͟ ͍ ͪͦ͋ͦͭ͊ͻ ̊Φ s ͣͦͤ͊΄͍͜͜͡Σ ˹Φ x ͋͜͜͟Σ ˸Φ ʕ ͊΄͔ͯͤ͊͟͡Σ ˣΦ ˨ ͪͯ͘ΎΣ ˻Φ ˿ ͍͊;͔ͤͦ͟Σ ˥Φ ̇ ͔ͯͪͣ͊ͤ͟ ͭ͊ ͤ͜΄͙ͻ 
͔͔͙͍ͨͪͦͤͦ͟͡ ͼ͔ ͍ͦ͋͐ͪͯͤͭͦͯΊͭΈͫΎΦ 

˿ͭͪͣ͊͜͟ ͤ͜ͺ͙ͦͪͣ͊ͭ͊͘ͼ͜Ύ ͍͙ͦͫͭ͜ ͍͙͍ͨ͊͡Ί ͤ͊ ͣͫͭ͘͜Σ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͜͜ ͺ͙ͦͪͣ ͜ ͔͙ͣͭͦ͒ ͍ͤ͊;͊ͤͤΎ ͭ͊ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͍ͤ͊;͊͡Έͤͦ-
͍ͨͤ͊͊͘͜͡ΈͤͦΌ ͒͜Ύ͡Έͤͫͭ͜Ό ͯ;͍ͤ͜Σ ͙͍͙ͨͪͦ͒ͭΈ ͒ͦ ͙ͣͤ͘͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜Σ ͯ;͙͔͍ͭ͜͡Φ ˱ͤͺ͙ͦͪͣ͊ͭ͊͘ͼ͜Ύ ͍͙ͦͫͭ͜ ͔͔ͨͪ͒͋͊;͊Ί ΄͙͔ͪͦ͟ 
ͭ͊ ͔ͺ͔͙͍͔ͭͤ͟ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͙ͨͪ ͚͔͒ͫͤͤͤ͘͜͜ ͍ͦͫͭͤ͜Έͦ͝Σ ͍ͤ͊ͯͦͦ͟͝ 
ͭ͊ ͤ͜΄͙ͻ ͺͯͤ͟ͼ͚͜ ͙͙ͨͪͭ͊ͣ͊ͤͤͻ ͦ ͍͚ͫͭͤ͜͜ ͎͊ͯ͘͜͡Φ 

˭͍͊ͫͭͦͫͯ͊ͤͤΎ ͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ ͙͙͒͒͊ͭ͟;͙ͤͻ ͎ͦͪ͜ ͯ ͍ͤ͊;͊ͤͤ͜ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͫͭ͊Ί ͙ͦ͒ͤͣ ͘͜ ͙͔͙ͨͪͦͪͭͭͤ͜ͻ 
ͤ͊ͨͪΎ͍ͣ͜Σ ͦͫ͟͜͡Έ͙͟ ͍͒ͦͦ͘͡ΎΊ ͔͍͙ͪ͊ͯ͊ͭ͘͜͡ ͍͙͙͙͟͟͡ ˹͍ͦͦ͝ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ΄͙ͦ͟͡ ͜ ͍͍͒ͨͦ͒͊͜͜Ί ͫͯ;͙͊ͫͤͣ ͔͔ͭͤ͒ͤͼ͜Ύͣ 
ͤ͜ͺ͙ͦͪͣ͊ͭ͊͘ͼ͜͝ ͍͙ͦͫͭ͜Φ ́ͦͣͯΣ ͔ͨͪͦ͋ͣ͊͡ ͍͔ͫͭͦͪͤͤΎ ͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ ͙͙͒͒͊ͭ͟;͙ͤͻ ͎ͦͪ͜ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͔͙ͣͭ 
͍ͤ͊;͊ͤͤΎ Ί ͦ͒ͤ͜ΊΌ ͘͜ ͊͒͊͘; ͎͍͙ͨ͒ͦͭͦ͜͟ ͔͎͎͍ͨ͒͊ͦ͜ ͒ͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔͚͒͜ ˹͍ͦͦ͝ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ΄͙ͦ͟͡Φ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˭͍͊ͫͭͦͫͯ͊ͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜ 
͍͊͊͒͘͟͜͡ ͍͙ͦͫͭ͜ ΄͙ͪͦͦ͟ ͒ͦͫ͒͗ͯ͜͡ΊͭΈͫΎΣ ͔ͦͪͣ͊͘͟ ͙͙ͭ͊ͣ͟ ͍ͤ͊ͯͦ͟ͼΎ͙ͣ Ύ͟ ̑Φ x ͙͍ͦ͟Σ ˸Φ ˬ ͊͒͊͟͡Σ ˻Φ ˴ ͙͍͡Ό͟Σ ˹Φ ˸ ͔ͦͪ͘Σ 
˿Φ ˾ ͍͊ͦ͟Σ ˻Φ ˿ ͍͍ͨ͊ͦͫ͜͟Έ͙͚͟ ͭ͊ ͤ͜Φ ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͝ͻ ͯ ͙ͨͪ͊ͭ͟ͼ͜ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͍ ͪͦ͋ͦͭ͊ͻ ˤΦ ˢͤ͒ͪ͜Ί͍ͫΈͦ͟͝Σ 
̐Φ x ͎ͦͦͣ ͍ͦͦ͊͡Σ ˶Φ ˱͍͙͊ͫ΄͙ͤͦ͝Σ ˢΦ ̐ͪ΄͍ͦ͊Σ ˹Φ ˶͙ͫͭͦͨ͊͒Σ ˯Φ ˾͙͍ͤ͒͊͟͜Σ ̅Φ ˾͙͍ͤ͒͟͜Σ ˿Φ ˿͍ͦͪ͟ͼ͍ͦͦ͝Σ ˹Φ ́ͦ͡Ύ͔ͪͤͦ͟Σ ˤΦ ̊ ͊ͦͭ͟Έͦ͟Σ 
˻Φ ͙̊ͣ͊ͤ ͭ͊ ͤ͜Φ 

ˤΦ x ͙͍ͦ͟ ͎͍͙ͦͦͪͭΈ ͨͪͦ ͤ͜ͺ͙ͦͪͣ͊ͭ͊͘ͼ͜Ό ͍͙ͦͫͭ͜Σ Ύ͟ ͍ͫͨͪ͊͗ͤΌ ͔͍ͪͦ͡Όͼ͜Ό ͍ ͍ͦͫͭ͜͜Σ ͍ Ύ͚͟͜Σ ͙ͫͨͪ͊Ό;͙ͫΈ ͤ͊ ͙͒ͦ͋ͯͭ͘͟ 
͙͊ͫ͟͡;ͤͦ͝ ͙ͨͫͻ͎ͦͦ͡-͔͎͎ͦͨ͒͊ͦ͜;ͤͦ͝ ͙ͤ͊ͯ͟Σ ͪͦͪͦ͋͘͡ΎΌͭΈͫΎ ͔ͫͨͼ͙ͺ͜;ͤ͜ ͍͊͒͊ͤͤ͘Ύ ͍͔ͫͭͦͪͤͤΎ ͜ ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ 
ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ ͍ͦͫͭͤ͜Ό ͙ͨͪ͊ͭͯ͟͟ όˣ͙͍ͦ͟Σ нллнύΦ  

̂ ͨͪ͊ͼΎͻ ˸Φ ͍͔͍̇ͭͦͦ͟͝Σ ˨Φ ˭͔͊ͪͼΈ͎ͦͦ͟Σ ˭Φ ˭͔͊ͪͼΈͦ͟͝Σ ˿Φ ˴ͯͤ͘Ίͼ͍ͦ͊Σ ̑Φ ˽͔͍ͪͤ͊͜ ͙͍ͪͦͪ͊͘͟ΊͭΈͫΎ ͔ͨͪͦ͋ͣ͊͡ ͍͔ͫͭͦͪͤͤΎ 
ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ ͔͔͍͙ͫͪ͒ͦ΅͊ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡Φ ˾ͦͪͦ͋͊͘͟ ͍ͦͫͭͤ͜͜ͻ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͔͍ͪͫͯͪͫ͜ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͍ ͨͪ͊ͼΎͻ 
˻Φ x ͊΄͍ͣ͊ͦ͊͟Σ ˻Φ ˻ͫͤ͊͜Σ ˢΦ ˾͍ͯ͒͊ͦ͊͟Φ 

˹͔ ͍͊͗͊͘Ό;͙ ͤ͊ ;͙͔ͫ͡Έͤ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͘ ͔͙ͨͪͦ͋ͣ͡ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͍͊ͫͦ͋͘͜ ͯ 
͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡Σ ͯ ͍ͤ͊ͯͦͦ͟-͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͔͙ͭͪ͊ͭͯͪ͜͡ ͔ͤ ͒ͦͫͭ͊ͭͤΈͦ͝ ͍͙͍͔ͫͭͤ͊͜͡ ͔ͨͪͦ͋ͣ͊͡ 
͙ͨͪ͊ͭ͟;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡ ͒ͦ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦͪͦ͋͘͟ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎΦ ˹͔ ͍͊͗͊͘Ό;͙ ͤ͊ 
͔ͭΣ ΅ͦ ͤ͊ ͫΈ͎ͦͦ͒ͤ͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔͍͙ͨͤͻ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ ͍ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜ Ί ͫͭ͊ͤ͒͊ͪͭͤͦΌ ͙ͫͭͯ͊ͼ͜ΊΌΣ 
Ύͦ͟Ό ͍͔͗ ͎ͤͦͦ͜͟ ͔ͤ ͙͍͒ͯ͘Ί΄Σ ͜ ͍;͙͔ͭ͜͡ ͤ͊ ͔ͤ͊͗ͤͦͣͯ͡ ͍ͪͤ͜͜ ͍ͦͦ͒͜͡ΌͭΈ ͚ͤ͊͋͜͡Έ΄ ͨͦ΄͙͔͙͙ͪͤͣ ͔͙ͤͫͭͪͯͣͤͭ͊ͣ͜ ͍͔ͫͭͦͪͤͤΎ 
͙͙͒͒͊ͭ͟;͙ͤͻ ͍͊ͫͦ͋͘͜Σ ͙͙ͭ͊ͣ͟ Ύ͟ aƛŎǊƻǎƻŦǘ hŦŦƛŎŜ ²ƻǊŘΣ aƛŎǊƻǎƻŦǘ hŦŦƛŎŜ tƻǿŜǊ tƻƛƴǘΣ !ŘƻōŜ CƭŀǎƘΣ ͙ͨͪ͊ͭ͊͟͟ ͍ͫ͒͜;͙ͭΈΣ ΅ͦ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍͙ͤ͊͊ͤ͘ͻ ͔͍ͤͫͭͪͯͣͤͭ͜͜ ͔͒͋͘͜͡Έ΄͎ͦͦ Ί ͺͯͤ͟ͼͦͤ͊͜͡Έͤͦ ͔͔͙ͦ͋ͣ͗ͤͣΣ ͋͜͡Έ΄ͫͭ͜Έ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͙͊͘͡΄͊ΊͭΈͫΎ ͔ͤ 
͍͙͙͙͙ͦͪͫͭ͊ͤͣ͟Φ 

˭ ͎ͦ͡Ύ͒ͯ ͤ͊ ͔ͫ͊͊ͤ͘͟Σ ͔ͣͭͦΌ ͫͭ͊ͭͭ͜ Ί ͍͙͍͔ͫͭͤͤ͜͡Ύ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍͔ͫͭͦͪͤͤΎ ͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ ͙͙͒͒͊ͭ͟;͙ͤͻ ͎ͦͪ͜ ͒͡Ύ 
ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡ ͙͊ͫͦ͋͊ͣ͘ aƛŎǊƻǎƻŦǘ hŦŦƛŎŜ tƻǿŜǊ tƻƛƴǘ. 
 
˸˩́˻˨ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 

̂ ͨͪͦͼ͔ͫ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͙͙ͦͪͫͭ͊ͤͦ͟ ͔͔͙ͭͦͪͭ;ͤ͜ ό͊ͤ͊͘͜͡ ͜ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜Ύ ͍ͤ͊ͯͦͦ͟-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͔͙ͭͪ͊ͭͯͪ͜͡Σ 
͙͍ͤͦͪͣ͊ͭͤͦ-͍͍͙ͨͪ͊ͦͻ ͔͍͒ͦͯͣͤͭ͟͜Σ ͙͍ͤͫͭͪͯͭͤͦ͜͟-͔͙ͣͭͦ͒;͙ͤͻ ͔͍ͣ͊ͭͪ͊͜͜͡ύ ͭ͊ ͔͙ͣͨͪ͜;ͤ͜ ό͍͙͍;͔ͤͤΎ ͚ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ 
͍ͭ͜;͙ͤ͘Ύ͎ͤͦͦ ͜ ͎͊ͪͯ͋͗ͤͦͦ͘͜ ͍͒ͦͫ͒ͯ͜Σ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ ͍͙͋ͦͪͯ ͔͔͍͙ͫͪ͒ͦ΅͊ ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ ͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ ͙͙͒͒͊ͭ͟;͙ͤͻ ͎ͦͪ͜Σ 
͊ͤ͊͘͜͡ ͜ ͫ͊ͣͦ͊ͤ͊͘͜͡ ͨͪͦͼ͔ͫͯ ͜ ͔ͪͯ͘͡Έͭ͊ͭͯ ͝ͻ ͍͔ͫͭͦͪͤͤΎύ ͔͙ͣͭͦ͒ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ Ύ͟͜ ͙͒͊͡ ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͙ͤ͊͘;͙͙ͭ ͔ͭͻ͎ͤͦͦ͜͡Ό 
͍͔ͫͭͦͪͤͤΎ ͙͙͒͒͊ͭ͟;͙ͤͻ ͎ͦͪ͜ ͙͊ͫͦ͋͊ͣ͘ aƛŎǊƻǎƻŦǘ hŦŦƛŎŜ tƻǿŜǊ tƻƛƴǘΦ 
 
˾˩˭̂˶̎́ˢ́ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ ́ˢ ˻ˣ˥˻ˤ˻˾˩˹˹̒ 

˽͔ͪͦ͋ͣ͊͡ ͙͙͒͒͊ͭ͟;͙ͤͻ ͎ͦͪ͜ ΄͙ͪͦͦ͟ ͍͙͍ͫͭ͜͡ΌΊͭΈͫΎ ͍ ͍ͤ͊ͯͦͦ͟-͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͜ ͔͙ͣͭͦ͒;͚ͤ͜ ͔ͭͪ͊ͭͯͪ͜͜͡Φ ˢͤ͊͘͜͡ 
͒ͦ ͔ͫ͒͗ͤ͜͡Έ ͍ͫ͒͜;͙ͭΈΣ ΅ͦ ͙͙͒͒͊ͭ͟;ͤ͊ ͎ͪ͊ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͘ ͭͦ;͙͟ ͦͪͯ͘ ͙ͪͤ͘͜ͻ ͙͙͒͒͊ͭ͟;͙ͤͻ ͨͦͤΎͭΈΥ 

-  Ύ͟ ͔ͣͭͦ͒ ͍ͤ͊;͊ͤͤΎ ό̑Φ x ͙͚͊͋͊ͤͫ͟Σ ˻Φ ˶ ͔ͦͤͭΈΊ͍Σ ˢΦ ˸ ͔͊͊ͪͤͦ͟͟Σ ˸Φ ˿ ͊ͭͤ͟͟͜Σ ˤΦ ˿ ͯͻ͙ͦͣͤͫ͡Έ͙͚͟Σ ˴Φ ̂ ΄͙ͤͫΈ͙͚͟ύΦ 
̑Φ x ͊͋͊ͤͫΈ͙͚͟Σ ͊ͤ͊͘͘;͊ΊΣ ΅ͦ ͼ͔ ͼ͙͚ͤͤ͜ ͔ͣͭͦ͒ ͙ͫͭͣͯ͡Ό͍͊ͤͤΎ ͔͔ͤͭͪͫͯ͜ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͜ ͊ͫ͋͘͜Σ ΅ͦ ͋ͯ͒͗ͯ͘Ί ͔͔ͤͭͪͫ͜ ͒ͦ 
͍ͤ͊;͊ͤͤΎ όˣ͊͋͊ͤͫΈ͙͚͟Σ мфурύΦ 

-  Ύ͟ ͺͦͪͣ͊ ͍ͤ͊;͊ͤͤΎ ό˶Φ x ͍͙ͦ͗ͦ;Σ ˤΦ ˥ ͍͊͊ͤͦ͊͡Σ ˿Φ ˴ ͍ͦͦ͊͘͡Σ ́Φ ˴ ͙͍ͯͦ͊͟͡Σ ˻Φ ̂ ͍ͫͦ͊ύΣ ͦͫ͟͜͡Έ͙͟ ͍ ͚ͤ͜ ͍͊͘Ίͣͦ͒͜ΌͭΈ 
͍ͤ͊;͊͡Έͤ͊ ό͍ͨͤ͊͊͘͜͡Έͤ͊ύ ͭ͊ ͎͍ͪͦ͊͜ όͼ͍͊͊͜͟ύ ͙ͫͭͦͪͦͤΦ ˽͔͎͎͒͊ͦ ͦ͒ͤͦ;͊ͫͤͦ ͍ͤ͊;͊Ί ͔͚͒ͭ͜ ͜ ͔͔͋ͪ ͯ;͊ͫͭΈ ͯ ͝ͻ͚ͤ͜ ͎ͪ͜Σ ͊ ͙͒ͭ͜ 
͎ͪ͊Ό;͙ͫΈ ͍ͤ͊;͊ΌͭΈͫΎΦ ˭͒͊ͭͤͫͭ͜Έ ͙͙͒͒͊ͭ͟;ͤͦ͝ ͎͙ͪ ͍ͤ͊;͙͊ͭ ͜ ͍͙͍͙ͪͦ͊ͭ͘ ͙͙͒ͭͤͯ ;͔͔ͪ͘ ͎͍͙͚ͪͦ͜ ͊͒ͯͣ͘Σ ͒͜͝ ͜ ͍͙ͨͪ͊͊͡ ˻Φ ͍̂ͫͦ͊ 
͍͙ͤ͊͘;͊Ί Ύ͟ ͍͙͙͊ͭͦ͒͒͊ͭͣ͘͟ ό͍̂ͫͦ͊Σ нллмύΦ 

-  Ύ͟ ͙͙͒͒͊ͭ͟;͙͚ͤ ͊ͫ͋͘͜ ό˹Φ x ͋͜͜͟Σ ˸Φ ʕ ͊΄͔ͯͤͦ͟͡Σ ˿Φ ˥ ͦͤ;͔͊ͪͤͦ͟Σ ˻Φ ˿ ͍͊;͔ͤͦ͟ύΣ Ύ͙͚͟ ͙͍͊ͭͯ͘͟͜Ί ͒͊ͭͤͫͭ͘͜Έ ͔͚͒ͭ͜ 
͚ͫ͊ͣͦͫͭͤͦ͜ ͙͙͙ͣͫͭ͡ ͜ ͒͜Ύ͙ͭΣ ͍ͫͭͦͪΌΊ ͊ͭͣͦͫͺ͔ͪͯ ͍͙ͫͦ͋ͦ͒Σ ͍ͭͦͪ;͎ͦͦ ͪͦͪͨ͊͘͟͜;͔ͤͤΎ ͍ ͔͙͍ͦͭ͟͟͜͡ ͭ͊ ͍͙ͯͣͦ ͒͡Ύ ͍͙ͫ͊ͣͦͪͦͭͯ͘͟Σ 
͒͊Ί ͎ͣͦͯ͘ ͍ͨͦͤ͜΄͔ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͍͍ͦ͜͟͜ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͔͚͒ͭ͜ ͣͦͦ͒͡΄͎ͦͦ ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟ ό˿͍͊;͔ͤͦ͟Σ нллнύΦ 

˻͔ͭ͗Σ ͙͙͒͒͊ͭ͟;ͤ͊ ͎ͪ͊ Ί ͔ͣͭͦ͒ͦͣΣ ͺͦͪͣͦΌ ͜ ͙͙͒͒͊ͭ͟;͙ͤͣ ͊ͫͦ͋ͦͣ͘ ͍ͤ͊;͊ͤͤΎΦ  
˨͙͙͒͊ͭ͟;ͤ͜ ͎͙ͪ͜Σ ΅ͦ ͍ͫͭͦͪΌΌͭΈͫΎ ͙͊ͫͦ͋͊ͣ͘ aƛŎǊƻǎƻŦǘ hŦŦƛŎŜ tƻǿŜǊ tƻƛƴǘ ͎ͪͦ͘͡Ύ͒͊ΊͣͦΣ Ύ͟ ͔͔ͭͪͦͤͤ͟͜͡ ͙͊ͫͦ͋͘ 

͍ͤ͊;͊ͤͤΎΦ ˽ͦͤΎͭͭΎ ζ͔͔ͭͪͦͤͤ͟͜͡ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎη ͭͪ͊ͭͯ͟ΊͭΈͫΎ ͨͦ ͪͤͦͣͯ͘͜Υ ͍ͤ͊;͊͡Έͤ͜ ͦ͋ΩΊ͙ͭ͟Σ ͍ͨͦ͋ͯ͒ͦ͊ͤ͜ ͊͘ ͎͒ͦͨͦͣͦͦΌ 
ͦͣͨ͟ΩΌ͔͙ͭͪͤͻΣ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚͙ͤ͜ͻΣ ͊͋ͦ ˱͔͔ͤͭͪͤͭ-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͒͡Ύ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜ 
όˣ͍͙͚ͯͪͭͦΣ нлмпύΤ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎΣ ΅ͦ ͔͎͋ͪ͊͘͜ΌͭΈͫΎ ͤ͊ ͼ͙ͺ͍͙ͪͦͻ ͊͋ͦ ͎͍͙͊ͤ͊ͦͦ͡ͻ ͤͦͫ͜Ύͻ ͙͒͊ͤͻ ͜ ͍͍͒ͭͦͪ͜ΌΌͭΈͫΎ ͤ͊ 
͔͔ͭͪͦͤͤͦͣͯ͟͡ ͦ͋͊͒ͤ͊ͤͤ͜͡ ό˿͙ͪͨ͊͟͟Σ нллтύΦ 

˭ ͎ͦ͡Ύ͒ͯ ͤ͊ ͔ͫ͊͊ͤ͘͟ ͙͙͒͒͊ͭ͟;ͤ͜ ͎͙ͪ͜Σ ͍ͫͭͦͪΌ͍͊ͤ͜ ͙͊ͫͦ͋͊ͣ͘ aƛŎǊƻǎƻŦǘ hŦŦƛŎŜ tƻǿŜǊ tƻƛƴǘ ͣͦ͗ͤ͊ ͍͍͙͊͗͊ͭ 
͔͔͙͙ͭͪͦͤͤͣ͟͡ ͙͙͒͒͊ͭ͟;͙͙ͤͣ ͎͙ͪ͊ͣ͜Σ Ύ͙ͣ͟ ͙ͨͪͭ͊ͣ͊ͤͤ͜ ͍ͫ͜ ͙ͦͤ͊͘͟ ͙͙͒͒͊ͭ͟;͙ͤͻ ͎ͦͪ͜Σ ͊ ͭ͊ͦ͗͟ ͭ͜Σ ΅ͦ ͻ͔͊ͪ͊ͭͪͤ͟͜ ͒͡Ύ 
͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎΣ ͭͦ͋ͭͦ ͍͙ͦͤ ͪͦͪͦ͋͘͡ΎΌͭΈͫΎ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͔͎͋ͪ͊͘͜ΌͭΈͫΎ ͤ͊ 
ͼ͙ͺ͍͙ͪͦͻ ͤͦͫ͜Ύͻ ͜ ͍͍͒ͭͦͪ͜ΌΌͭΈͫΎ ͤ͊ ͔͔ͭͪͦͤͤͦͣͯ͟͡ ͦ͋͊͒ͤ͊ͤͤ͜͡Φ ˩͔ͭͪͦͤͤ͟͜͡ ͙͙͒͒͊ͭ͟;ͤ͜ ͎͙ͪ͜ ͣ͊ΌͭΈ ͭ͊ͯ͟ ͗ ͫͭͪͯͭͯͪͯ͟Σ ΅ͦ ͜ 
͙͙͒͒͊ͭ͟;ͤ͜Υ ͙͙͒͒͊ͭ͟;͔ͤ ͍͊͒͊ͤͤ͘ΎΣ ͎͍͔ͪͦ͜ ͍͊͒͊ͤͤ͘ΎΣ ͎͍ͪͦ͜͜ ͒͜͝Σ ͍͙ͨͪ͊͊͡ ͎͙ͪΣ ͔ͪͯ͘͡Έͭ͊ͭ ͎͙ͪΦ 

˨͙͙͒͊ͭ͟;͔ͤ ͍͊͒͊ͤͤ͘ΎΣ ͼ͔ ͙ͦ͒ͤ ͘͜ ͍͙ͦͫͤͦͤͻ ͔͔͔͍ͣͤͭ͜͡Σ Ύ͙͚͟ ͔ͨ͒ͪͫ͜͟͡ΌΊ ͝͝ ͍ͤ͊;͊͡Έ͙͚ͤ ͻ͔͊ͪ͊ͭͪ͟Σ ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜Έ ͤ͊ 
͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͯ ͒͜Ύ͡Έͤͫͭ͜ΈΦ ˿͔͊ͣ ͼ͔͚ ͔ͦͣͨͦͤͤͭ͟ ͍͒ͪͤ͘͜͜ΎΊ ͔͔ͭͪͦͤͤͯ͟͡ ͙͙͒͒͊ͭ͟;ͤͯ ͎ͪͯ ͍͒͜ ͦͣͨ͟ΩΌ͔ͭͪͤͦ͝ ͎͙ͪΦ 
˨͙͙͒͊ͭ͟;͔ͤ ͍͊͒͊ͤͤ͘Ύ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͔͎͎ͨ͒͊ͦͦͣ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͍ͤ͊;͊͡Έͤͦ͝ ͔͙ͣͭΣ ͔͊͡ ͨͦ͒͊ΊͭΈͫΎ ͯ ͼ͍͚͊͜͟͜ ͒͡Ύ ͔͚͒ͭ͜ ͺͦͪͣ͜Φ 
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˹͙͊ͨͪ͊͒͟͡Σ ͙͙͒͒͊ͭ͟;͔ͤ ͍͊͒͊ͤͤ͘Ύ ς ͺ͍͙ͦͪͣͯ͊ͭ ͯͣͤͤ͜Ύ ͍ͨͦͪͤ͜Ό͍͙͊ͭ ͔͔͙ͨͪ͒ͣͭ ͊͘ ͍ͦͤ͘͜΄͙ͤͣ͜ ͙ͦͤ͊͊ͣ͘͟Φ ˥ͪ͊ 
ͨͪ ͔͍͒ͫͭ͊͡ΎΊͭΈͫΎ ͒ͭ͜Ύͣ Ύ͟ ζ̋ͦ ͙ͣͤͦͫ͘͜͡ΎΚηΦ ̂ ͎ͪ͜ ζ˨͙ͦͨͦͣͦ͗ ˸͊΄͜ ͙͋ͪ͊ͭ͘͜ Ύ͋ͯ͊͟͡ηΣ ͙͙͒͒͊ͭ͟;͔ͤ ͍͊͒͊ͤͤ͘Ύͣ ͔ͣͦ͗ ͙͋ͯͭ ς 
ͺ͍͙ͦͪͣͯ͊ͭ ͙ͭ͊͋͡;ͤ͜ ͍͙͙ͨ͊͒͟ ͍͒ͦ͒͊͊ͤͤΎ ͍͒ͤͣ͊ͤͤ͜͜Ύ ͍ ͔ͣ͗͊ͻ мл ͭͦ΅ͦΦ 

˱͎͍͔ͪͦ ͍͊͒͊ͤͤ͘Ύ ͍͙ͤ͊͘;͊Ί ͎͍ͪͦ͜͜ ͒͜͝Φ ˤͦͤͦ ͫͭ͊Ί ͊͒͊͘;͔Ό ͒͡Ύ ͙͙͙͒ͭͤΦ ˿͔͊ͣ ͍ͦͤͦ ͍͙͙͊͟͟͡Ί ͋͊͗͊ͤͤΎ ͜ ͔ͨͦͭͪ͋ͯ 
͍͙͙ͦͤ͊ͭ͟ ͚͎ͦͦΦ ˹͚͊;͊ͫͭ͜΄͔ ͔ͫ͊ͣ ͎͍͔ͪͦ͜ ͍͊͒͊ͤͤ͘Ύ ͜ ͍͙ͤ͊͘;͊Ί ͍ͤ͊ͯ͘ ͎͙ͪΦ ˹͙͊ͨͪ͊͒͟͡ ζ̋ͦ ͙ͣͤͦͫ͘͜͡ΎΚηΣ ζ˨͙ͦͨͦͣͦ͗ ˸͊΄͜ 
͙͋ͪ͊ͭ͘͜ Ύ͋ͯ͊͟͡ηΣ ζ˭͚͙ͤ͊͒ ͨ͊ͪͯη ͭͦ΅ͦΦ 

˱͎͍͔ͪͦ ͍͊͒͊ͤͤ͘Ύ ͍͍͒ͭͦͪ͜ΌΊͭΈͫΎ ͎͍ͪ͊ͼ͔ͣΦ ˨͙͙͒͊ͭ͟;͔ͤ ͍͊͒͊ͤͤ͘Ύ ͯ ͔͔͚ͭͪͦͤͤ͟͜͡ ͙͙͒͒͊ͭ͟;͚ͤ͜ ͎ͪ͜ ͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ ;͔͔ͪ͘ 
͎͍͔ͪͦ͜ ͍͊͒͊ͤͤ͘ΎΣ Ύ͔͟ ͔ͫ͊ͣ ͜ ͍͙ͤ͊͘;͊Ί ͎͍ͪͦ͜͜ ͒͜͝Φ ˱ͫͭͦͭͤͦΌ ͦͤ͊ͦ͘͟Ό Ύ͟ ͙͙͒͒͊ͭ͟;ͤͦ͝ ͭ͊͟ ͜ ͔͔ͭͪͦͤͤͦ͟͡͝ ͙͙͒͒͊ͭ͟;ͤͦ͝ ͎͙ͪ Ί ͔ͭΣ 
΅ͦ ͙͙͒͒͊ͭ͟;͔ͤ ͍͊͒͊ͤͤ͘Ύ ͍͔͊ͣ͊ͫͦ͊ͤ͘͟ ͭ͊ ͔͍ͨͪ͒ͫͭ͊͡ΎΊͭΈͫΎ ͔͔ͨͪ͒ ͎͍ͪ͊ͼ͔ͣ ͯ ͍͙͎͡Ύ͒͜ ͎͍͎ͪͦͦͦ͜ ͍͊͒͊ͤͤ͘ΎΦ 

˱͎͍͔ͪͦ ͍͊͒͊ͤͤ͘Ύ ͍͙ͦͤͯ͟ΊͭΈͫΎ ͍ ͎͍͚ͪͦ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˱͎͍ͪͦ͜ ͒͜͝ ς ͼ͔ ͫͨͦͫ͋͜ ͍͙Ύ͍͔ͤͤ͡Ύ ͙͍͊ͭͤͦͫͭ͟͜ ͙͙͒ͭͤͦΌ ͍ ͎͍͙ͪͦ͜ͻ 
ͼ͜͡ΎͻΦ ˤ ͎͍͙ͪͦ͜ͻ ͒͜Ύͻ ͍͙Ύ͍͡ΎΊͭΈͫΎ ͙͍ͣͦͭ ͎͍ͪͦͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ς ͍͙͙ͦͤ͊ͭ͟ ͍͔͔ͨͦͫͭ͊ͤ͡ ͎͍͔ͪͦ͜ ͍͊͒͊ͤͤ͘ΎΦ ˹͙͊ͨͪ͊͒͟͡Σ ͯ ͎ͪ͜ 
ζ˨͙ͦͨͦͣͦ͗ ˸͊΄͜ ͙͋ͪ͊ͭ͘͜ Ύ͋ͯ͊͟͡η ͎͍ͪͦ͊͜ ͒͜Ύ ς ͤ ͙͙͊ͭͫͤͯͭ ͤ͊ Ύ͋ͯͦ͟͡ ͘ ͍͙ͪ͊ͦͣ͘Σ ͤ͊͘;͔ͤͤΎ Ύ͎ͦͦ͟Σ ͙ͤ͊ͨͪ͊͒͟͡Σ ͨΩΎͭΈΦ 

˽͍͙ͪ͊͊͡ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͔ͪ͊͊͘͜͡ͼ͜Ό ͎͍͎ͪͦͦͦ͜ ͣͫͭͯ͘͜Σ ͍͙ͤ͊͘;͊ΌͭΈΣ ΅ͦ ͜ Ύ͟ ͫ͒͜͡ ͙͙ͪͦ͋ͭΦ ̂ ͔͔͚ͭͪͦͤͤ͟͜͡ ͙͙͒͒͊ͭ͟;͚ͤ͜ ͎ͪ͜Σ 
͍͙ͦͤ ͍͙ͤ͊͘;͊ΌͭΈ ΅͔ ͚ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͍͊͘Ίͣͦ͒͜͝ ͘ ͦͣͨ͟ΩΌ͔ͭͪͦͣΦ ˹͙͊ͨͪ͊͒͟͡Σ ͯ ͎ͪ͜ ζ˨͙ͦͨͦͣͦ͗ ˸͊΄͜ ͙͋ͪ͊ͭ͘͜ Ύ͋ͯ͊͟͡η ͍͙ͨͪ͊͊͡ 
ͣͦ͗ͯͭΈ ͙͋ͯͭ ͙͙ͭ͊ͣ͟Υ ͙͙ͤ͊ͭͫͤ ͤ͊ Ύ͋ͯͦ͟͡ ͘ ͍͙ͪ͊ͦͣ͘Σ ͤ͊͘;͔ͤͤΎ Ύ͎ͦͦ͟ ͍͒ͦͪͤ͜ΌΊ ͨΩΎ͙ͭΦ ˽͙ͪ ͍͙ͨͪ͊͡Έ͚ͤ͜ ͍͍͒ͨͦ͒͜͜͜ Ύ͋ͯͦ͟͡ 
͔͊͒ͭ͟͡ΈͫΎ ͯ ͦ͟΄͙͟Σ ͯ ͪ͊͘͜ ͙͙ͨͦͣ͟͡ ς Ύ͋ͯͦ͟͡ ͨ͊͒͊Ί ͨ͒͜ ͔͔͍͒ͪͦΦ 

˾͔ͯ͘͡Έͭ͊ͭͦͣ ͔͔ͭͪͦͤͤͦ͟͡͝ ͙͙͒͒͊ͭ͟;ͤͦ͝ ͎͙ͪ Ί ͝͝ ͺͤ͊͜͡Φ ˤ͙ͦͤ͊ͤͤ͟Ύ ͍͙ͤ͊͘;͔͙ͤͻ ͎͍͙ͪͦ͜ͻ ͍͊͒͊ͤ͘Έ ͙͚ͫͨͪͣ͊ΊͭΈͫΎ 
͙͙͒ͭͤͦΌ Ύ͟ ͺͤ͊͜͡ ͎͙ͪΦ ˻ͪͣ͟͜ ͼΈ͎ͦͦ ͍͙Ύ͍͡ΎΊͭΈͫΎ ͍ͤ͜ ΅͔ ͜ ͯ ͍͔͊͒ͦͦͤ͘͜͡ ͔͚͒ͭ͜ ͯ;͊ͫͭΌ ͯ ͎ͪ͜Φ ˨͡Ύ ͔͎͎ͨ͒͊ͦ͊ ͔ͪͯ͘͡Έͭ͊ͭͦͣ Ί 
͍͙ͦͤ͊ͤͤ͟Ύ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͒͊ͤ͘Έ ͎͙ͪΦ 

͔̆͊ͪ͊ͭͪͤͦ͟Ό ͦͤ͊ͦ͘͟Ό ͔͔͙ͭͪͦͤͤ͟͡ͻ ͙͙͒͒͊ͭ͟;͙ͤͻ ͎ͦͪ͜ ͍ͫͭͦͪΌ͍͙͊ͤͻ ͙͊ͫͦ͋͊ͣ͘ aƛŎǊƻǎƻŦǘ hŦŦƛŎŜ tƻǿŜǊ tƻƛƴǘ Ί 
͔͙͍ͤͭͪ͊ͭͤͫͭ͜͟͜ΈΦ ̒͊͟ ͯ ͙͔ͫͫͭͣ͊ͻ ͙ͦ͋ͪͦ͋͟ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͭͪ͊ͭͯ͟ΊͭΈͫΎ Ύ͟ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ͙͔͙ͫͫͭͣ ͊͋ͦ ͔͙ͪ͗ͣͯ ͙ͪͦ͋ͦͭΣ ͒͡Ύ Ύ͙͟ͻ 
͙͙ͨͪͭ͊ͣ͊ͤͤͣ Ί ͍͎͒ͯ͜͟ ͤ͊ ͙ͦͣ͊ͤ͒͟Σ ΅ͦ ͍͍͙ͦ͒ͭΈ ͔ͦͨͪ͊ͭͦͪ όˣ͔ͯͫ͡Σ нллрύΦ ́ͦ͋ͭͦ ͔͔͙ͭͪͦͤͤͣ͟͡ ͙͙͒͒͊ͭ͟;͙ͤͣ ͎ͪ͊ͣ͜ 
͙͙͚ͨͪͭ͊ͣ͊ͤͤ ͔͙͍͙͚ͤͭͪ͊ͭͤ͜͟ ͊͋ͦ ͎͍͙͚͒͊ͦͦ͜͡ ͔͙ͪ͗ͣ ͙ͪͦ͋ͦͭΥ ͤ͊ ͦ͗ͤͯ͟ ͒͜Ό ͎͍ͪ͊ͼΎ ͔͋ͯ͒ ͍͍͒ͨͦ͒ͤ͊͜͜ ͔ͪ͊͟ͼ͜Ύ ͍͙ͤ͊͘;͔ͤ͊ 
͍͙͙ͨͪ͊͊ͣ͡ ͎͙ͪΦ 

˿͍͔ͭͦͪͤͤΎ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͙͙͒͒͊ͭ͟;͙ͤͻ ͎ͦͪ͜ ς ͼ͔ ͙͚ͫ͊͒ͤ͟͡ ͨͪͦͼ͔ͫΣ Ύ͙͚͟ ͐ͪͯͤͭͯΊͭΈͫΎ ͤ͊ ͯͣͤͤ͜Ύͻ ͙͙͒ͦ͋ͪ͊ͭ 
͙͙͒͒͊ͭ͟;ͤ͜ ͜ ͎͙ͪ ͜ ͍ͫͭͦͪΌ͍͙͊ͭ ͝ͻ ͙͊ͫͦ͋͊ͣ͘ ͫͯ;͙͊ͫͤͻ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ 

˭ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͙ͫͭͪͯͭͯͪ͟ ͔͔ͭͪͦͤͤͦ͟͡͝ ͙͙͒͒͊ͭ͟;ͤͦ͝ ͎͙ͪ ͎͙͊ͦͪͭͣ͡ ͙ͪͦ͋ͦͭ ͨͦ ͝͝ ͍͔ͫͭͦͪͤͤΌ ͙͊ͫͦ͋͊ͣ͘ aƛŎǊƻǎƻŦǘ hŦŦƛŎŜ 
tƻǿŜǊ tƻƛƴǘ ͍͟͡Ό;͙͔͊ͭͣ ͭ͊͟͜ ͙ͪͦ͟͟Υ 

1. ˤ͙ͤ͊͘;͙͙ͭ ͍ͤ͊;͊͡Έ͔ͤ ͍͊͒͊ͤͤ͘ΎΦ ˹͙͊ͨͪ͊͒͟͡Σ ͙͊ͫ͟͡ͺ͍͙ͯ͊ͭ͜͟ ͔͔͙ͨͪ͒ͣͭΤ ͍͙͍͙ͦͤͯ͊ͭ͟ ͜͡;͋ͯ ͔͔͍ͨͪ͒ͣͭ͜Τ 
͚͒ͫͤ͘͜Ό͍͙͊ͭ ͦ͋;͙͔ͫͤͤ͡Ύ ͍ ͔ͣ͗͊ͻ млΤ ͍͊ͫͦ͘ΊͤͤΎ ͫ͊͒ͯ͟͡ ;͙ͫ͊͡ ͭͦ΅ͦΦ 

2. ˽͙ͪͦ͒ͯͣ͊ͭ ͎͍͔ͪͦ͜ ͍͊͒͊ͤͤ͘ΎΣ ͭͦ͋ͭͦ ͙͍ͣͦͭ͊ͼ͜ΌΥ  ΅ͦ ͔͋ͯ͒ͣͦ ͙͙ͪͦ͋ͭΣ ͒͡Ύ ͎ͦͦ͟ ͊͋ͦ ͒͡Ύ ;͎ͦͦΚ ˹͙͊ͨͪ͊͒͟͡Σ 
͙͒ͦͨͦͣͦ͗ ˸͊΄͜ ͙͋ͪ͊ͭ͘͜ Ύ͋ͯ͊͟͡Τ ͚͙ͤ͊͒͘ ͙͋ͯ͒ͤͦ;ͦ͟ ͍͙ͭ͊ͪͤͼ͜Τ ͚͚ͫͨͣ͊͜ ͙ͪ͋ͯ͟Τ ͍͔͚͒ͪͣͦͤͭͯ͜ ͨ͊ͪ͊ͤ͟ ͭͦ΅ͦΦ 

3. ˽͙ͦ͊͊ͭ͘͟ ͫͨͦͫ͋͜ ͍͙ͦͤ͊ͤͤ͟Ύ ͍͊͒͊ͤͤ͘ΎΥ Ύ͟ ͼ͔ ͙͙ͪͦ͋ͭΚ ˽͍͙ͪ͊͊͡ ͍ͦͯ͘;ͯΌͭΈͫΎ ͤ͊ ͨͦ;͊ͭͯ͟ ͎͙ͪΣ ͒͊ΊͭΈͫΎ ͪ͊ͦ͘͘͟ 
͍͙ͦͤ͊ͤͤ͟Ύ ͍͊͒͊ͤͤ͘ΎΦ  

ˣ͊͗͊ͤͦ ͍ͫ͜ ͒͜͝ ͍͙ͨͦ͊ͯ͊ͭ͘͟ ͙ͫͭͪ͊ͣ͜͟͡Σ ͙͎͙͍͙͙ͣͦͭͣ͡ ͤ͊͘;͙͊ͣ͟Σ ͍͙͔͒ͤͤ͜͡ΎͣΣ ͋͘͜͡Έ΄͔ͤͤΎͣ ͪͦͣͪͯ͘͜ ͦ͋ΩΊͭ͊͟Φ ͔̇ 
͍͙͒ͦͦͭ͘͡Έ ͙͙͒ͭͤ͜ ͔͔͙͙ͦͫͪ͒ͭ͘ ͍͎ͯ͊ͯ ͤ͊ ͨͦͭͪ͋ͤͦͣͯ͜ ͦ͋ΩΊͭ͟͜Σ ͊ͨ͊ͣ͘ΩΎ͙ͭ͊ͭ ͨͦͪΎ͒ͦ͟ ͚͒͜Φ 

˨͡Ύ ͙͙͙͒ͭͤΣ Ύ͊͟ ͔͒ͦ͋ͪ ͍͊ͫͦ͊͘͝͡ ͍͙ͨͪ͊͊͡ ͜ ͋͊͗͊Ί ͍͙͙ͨͦͭͦͪͭ ͎ͪͯΣ ͍͙ͨͦͤͤ͊ ͙͋ͯͭ ͤ͊͒͊ͤ͊ ͙͍ͣͦ͗ͫͭ͜͡Έ ͔͔ͨͪͻͦ͒ͯ ͒ͦ 
ͨͦ;͊ͭͯ͟ ͎͙ͪΣ ͔͋͘ ͨͪͦͫͯ͡ͻ͍͍ͦͯ͊ͤͤΎ ͍͙ͨͪ͊͡Φ 

4. ˭͔͔͊͋ͨ͘;͙͙ͭ ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͙͍͙͙ͨͪ͊ͭ ͙ͨͦͣͯ͟͡ ͙ͨͪ ͔͍͙ͤͨͪ͊͡Έ͚ͤ͜ ͍͍͒ͨͦ͒͜͜͜Φ  
ˤ ͎ͪ͊͜ͻ ;͊ͫͭͦ ͨͪͦͨͦͤͯΊͭΈͫΎ ͍͙͙͋ͪ͊ͭ ͜ ͙ͨͦ͊͊ͭ͘͟ ͙͚ͨͦͭͪ͋ͤ͜ ͔͔ͨͪ͒ͣͭΣ ͍ͫͦͦ͡Σ ͼ͙ͺͪͯ ͊͋ͦ ͺ͎ͯͪͯ͜Φ ˽͙ͪ ͍͔ͫͭͦͪͤͤ͜ 

͍͙͙͊ͭͦ͒͒͊ͭ͟;͙ͤͻ ͎ͦͪ͜Υ ͎ͪ͊ ͫ͊ͣ͊ ͍ͤ͊;͊Ί ͙͙͒ͭͤͯΣ ͭͦ͋ͭͦ ͙ͨͪ ͔͍͙ͤͨͪ͊͡Έͤͦͣͯ ͍͙͋ͦͪ͜ ͍͍͒ͨͦ͒͜͜͜ ͙ͣͤ͘͜ ͚͍ͫ͊͒͜͡ ͔ͤ ͍͍͒͋ͯ͊͜ΊͭΈͫΎΣ 
͜ ͙͙͒ͭͤ͊ ;ͯΊ ͍͍͙͚͒ͨͦ͒ͤ͜͜ ͍͍͙͚ͯͦ͘͟ ͙͎ͫͤ͊͡ ζ͔ͤ ͍͙ͨͪ͊͡Έͤͦη ͊͋ͦ ͋͊;͙ͭΈ ͔͍͙͚ͨͤ ͊ͤͣ͊͜ͼ͚͙ͤ͜ͻ ͔ͺ͔ͭ͟Φ ́͜͡Έ͙͟ ͊͘ ͍͙ͯͣͦ 
͍͙ͨͪ͊͡Έͤͦ͝ ͍͍͒ͨͦ͒͜͜͜ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͔͔ͨͪͻ͒͜ ͒ͦ ͎ͤ͊ͫͭͯͨͤͦͦ ͍͊͒͊ͤͤ͘ΎΦ 

5. ˹͊͊͡΄͍͙ͭͯ͊ͭ ͣͤͯ͘͜ ͚͍ͫ͊͒͜͡ ͨͦ ͎͔͙ͨͪͨͦͫ͊ͤͤ͜͡ΎͣΦ ˢ͍͙ͭͦͣ͊ͭ;ͤ͊ ͣͤ͊͘͜ ͚͍ͫ͊͒͜͡ Ί ͔ͤ ͋͊͗͊ͤͦΌ ͒͡Ύ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ 
͙͙͒͒͊ͭ͟;͙ͤͻ ͎ͦͪ͜Φ ˻ ͫ͟͜͡Έ͙͟Σ ͙͙͒ͭͤ͊ ͔ͣͦ͗ ͊͟͡ͼ͙ͤͯͭ ͨͦ ͋ͯ͒Έ-Ύͦͣͯ͟ ͣͫ͜ͼ͜ ͔͔ͨͪͤͭ͊͘ͼ͜͝Σ ͚͙ͫ͊͒͡ ͣͤ͘͜ΎͭΈͫΎΦ  

6. ˽͙ͪͦ͒ͯͣ͊ͭ ͙ͫͭͣͯ͡ ͒ͦ ͍͔ͨͪͦ͒ͦ͗ͤͤΎ ͎͙ͪΣ ͍͙͊ͣ͊ͫͯ͊ͭ͘͟ ͙͙͒͒͊ͭ͟;ͤͯ ͊͒͊͘;ͯΦ 
˨͔ͯ͗ ͙ͦͪͫͤͦ͟Σ ΅ͦ͋ ͙͙͒ͭͤ͊ ͨͦ͋͊;͙͊͡ ͍͙ͨͪ͊͡Έͤͯ ͍͍͒ͨͦ͒͜͜Έ ͯ ͨͦͭͪ͋ͤͦͣͯ͜ ͨͦ͜͡Σ ͨͦͪ͊͒͊͜͡ ͊͋ͦ ͔ͤ ͍͙ͭͪ͊ͭ͊͡ ͼ͍͊ͫͭ͜͟͜Έ ͜ 

͍ͪͯ͜ ͯ ͍͙ͦͤ͊ͤͤ͟͜ ͍͊͒͊ͤͤ͘ΎΦ ˽͍͙ͦͪ͊͒ͯ͊ͭ ͜ ͨ͒͋͊͒͜Έ͙͙ͦͪͭ ͙͙͒ͭͤͯ ͣͦ͗ͤ͊ ͍͙ͫͦ͊ͣ͡-͊ͦ͘ͻͦ;͔ͤͤΎ ό˸͔ͦͦ͒͡ͼΈΗ ̒͊͟ ͪͦͯͣͤ͊͘ 
͙͙͒ͭͤ͊Η ˹͔ ͊ͫͣͯ͘;͚ͯͫΎΗ ˣͯ͒Έ ͍͙ͯ͊͗ͤͣΗύΣ ͍͙͊ͦͣ͘͟͟ ͊͋ͦ ͣͯ͡Έ͙ͭͨ͊͜͟͡ͼ͚͙͙ͤͣ͜ ͎͔ͪͦΎ͙ͣ ͭͦ΅ͦΦ 

7. ˽͙ͪ ͍͔ͫͭͦͪͤͤ͜ ͎ͦͪ͜-͔͔ͨͪͤͭ͊͘ͼ͚͜ ͔ͤͦ͋ͻ͒ͤͦ͜ ͙ͨͪͦ͒ͯͣ͊ͭ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ͨͦΎ͍͙ ͙͊ͪͭͤͦ͟͟ ͊͋ͦ ͔ͭͫͭͯ͟Φ 
˹͙͙͊ͨͫ ͍͙ͨͦͤͤ͜ ͙͋ͯͭ ͙͒ͦͫͭΈ ͍͔͙͙͙ͣ͟͡ ͜ ͪͯ͘;͙͙ͤͣ ͒͡Ύ ;͙ͭ͊ͤͤΎΦ ˽͔͔͍͙ͪͦͪͦͭΣ ͙͍ͨ͒ͫͭͪ͋ͯ͊ͤͤ͜Ύ ͍͋ͯ͟ ͜ ͍ͫ͜͡ ͭͦ΅ͦ ͔ͤ 

ͨ͒͜ͻͦ͒ΎͭΈ ͒͡Ύ ͔͚͒ͭ͜ ͣͦͦ͒͡΄͎ͦͦ ΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟Σ Ύ͙͚͟ ͨͦ;͔ͤ ͍͍͙͒ͦ͊ͭͫ͜͜͟͡Ύ ͍͒͜ ͙͙͊ͪͭͤ͟͟Φ 
8. ˽͙ͪͦ͒ͯͣ͊ͭ ͙͍ͭͪ͊ͫͭ͜͡Έ ͎͙ͪΦ ˿͍ͭͦͪΌΌ;͙ ͎ͪͯΣ ͨͪͦ͒ͯͣͯΊͣͦ ͝͝ ͙͍ͭͪ͊ͫͭ͜͡ΈΦ ˤͦͤ͊ ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͍ͯ͜͟ ͔͚͒ͭ͜Φ ̒͟΅ͦ ͼ͔ 

͙͒ͭ͜ ͪ͊ͤͤΈ͎ͦͦ ͍ͯ͜͟ όн-о ͙ͪͦ͟ύΣ ͭͦ ͎ͪ͊ ͚͔͊ͣ͘ ͔ͤ ͋͜͡Έ΄͔ о-р ͻ͍͙͙ͤ͡Φ ˨ͦ΄͟͜͡Έ͙ͤ͟ п-5 ͪ ͍ͦ͟͜ ͔ͣͦ͗ ͨͪ͊ͼΌ͍͙͊ͭ т-мл ͻ͍͙͙ͤ͡Φ ˨͡Ύ 
͔͚͒ͭ͜ с-т ͍ͪͦ͟͜ ͎ͪ͊ ͔ͤ ͍͙ͨͦͤͤ͊ ͙͍͙ͭͪ͊ͭ ͋͜͡Έ΄͔ мл-мр ͻ͍͙͙ͤ͡Φ ˨͡Ύ ͯ;͍ͤ͜ у-мл ͍ͪͦ͟͜ ͔ͤ ͔͔͍͙ͨͪ΅͍͙ͯ͊ͭ нл ͻ͍͙͙ͤ͡Φ ͔́ͪ͋͊ 
͔͔ͨͪ͒͋͊;͙͙ͭ ͍͒ͨͦ͜;͙ͤͦ͟ ͒͡Ύ ͦ;͔͚Σ ͺͯ͘͜͟͡Έͭͻ͍͙͙͙ͤ͟͡Σ ͍͍͙ͨͪ͊ ͒͡Ύ ͦ;͔͚ ͭͦ΅ͦΦ 

˾͎ͦ͘͡Ύ͔ͤͣͦ ͔ͪ͊͊͘͜͡ͼ͜Ό ͎ͦ͗ͤͦͦ͟ ͘͜ ͍ͪͦ͟͟͜ ͤ͊ ͙ͨͪ͊͒͟͜͡ ͍͔ͫͭͦͪͤͤΎ ͙͙͒͒͊ͭ͟;ͤͦ͝ ͎͙ͪ ζ˨͙ͦͨͦͣͦ͗ ˸͊΄͜ ͙͋ͪ͊ͭ͘͜ 
Ύ͋ͯ͊͟͡η ό͙ͪͫΦ мύΦ  

˽ -͔ͦͨͪ΄͔ ͍͙ͤ͊͘;͊Ίͣͦ ͍ͤ͊;͊͡Έ͔ͤ ͍͊͒͊ͤͤ͘ΎΦ ̂ ͒͊ͤͦͣͯ ͪ͊͘͜ ς ͼ͔ ͍͊ͫͦ͘ΊͤͤΎ ͙ͭ͊͋͡ͼΈ ͍͒ͦ͒͊͊ͤͤΎ ͜ ͍͒ͤͣ͊ͤͤ͜͜Ύ ͍ 
͔ͣ͗͊ͻ млΦ ́ͦ͋ͭͦ ͪͦͪͦ͋͘͡ΎΊͣͦ ͙͙͒͒͊ͭ͟;ͤͯ ͎ͪͯ ͒͡Ύ ͯ;͍ͤ͜ м ͊ͫͯ͟͡Φ  

˨͊͜͡ ͨͪͦ͒ͯͣͯΊͣͦ ͎͍͔ͪͦ͜ ͍͊͒͊ͤͤ͘ΎΦ ˹͙͊ͨͪ͊͒͟͡Σ ͎͙͒ͦͨͦͣͦͭ ˸͊΄͜ ͙͋ͪ͊ͭ͘͜ Ύ͋ͯ͊͟͡ ͯ ͦ͟΄͙͟Φ 
˽ͪͦ͒ͯͣͯΊͣͦ ͍͙ͨͪ͊͊͡Σ ͙ͤ͊ͨͪ͊͒͟͡ ͔ͤͦ͋ͻ͒ͤͦ͜ ͙͋ͪ͊ͭ͘͜ Ύ͋ͯ͊͟͡ ͘ ͍͙͙ͪ͊͊ͣ͘Σ ͤ͊͘;͔ͤͤΎ Ύ͙͟ͻ ͍͒ͦͪͤ͜ΌΌͭΈ ͨΩΎ͙ͭΦ ˨͡Ύ 

͎ͭͦͦΣ ΅ͦ͋ ͍͙ͪ͊ͭ͘͜ Ύ͋ͯͦ͟͡ ͜ ͙ͨͦ͊ͫͭ͟͡ ͚͎ͦͦ ͍ ͦ͟΄͙͟Σ ͔ͤͦ͋ͻ͒ͤͦ͜ ͙͙ͤ͊ͭͫͤͯͭ ͤ͊ ͤΈͦͣͯΦ ̂ ͪ͊͘͜Σ Ύ͟΅ͦ ͙͙ͪͦ͋͘͡ ͍͙ͨͪ͊͡Έ͙͚ͤ ͍͙͋ͪ͜Σ 
Ύ͋ͯͦ͟͡ ͔͔ͨͪͣ͜΅ͯΊͭΈͫΎ ͒ͦ ͦ͟΄͙͊͟Σ Ύ͟΅ͦ ͤ͜ ς ͨ ͊͒͊Ί ͨ͒͜ ͔͔͍͒ͪͦΦ ˨͔ͣͦͤͫͭͪͯΊͣͦ ͍͙ͦͤ͊ͤͤ͟Ύ ͍͊͒͊ͤͤ͘ΎΦ 

˨͡Ύ ͔ͪ͊͊͘͜͡ͼ͜͝ ͎͍͎ͪͦͦͦ͜ ͊͒ͯͣͯ͘ ͜ ͍͙ͨͪ͊͡ ͎͙ͪΣ ͍͊ͫͭͦͫͦͯ͘Ίͣͦ ͔ͭͻ͎ͤͦͦ͜͡;͙͚ͤ ͙͚ͨͪͦͣ ͔͔ͨͪͣ͜΅͔ͤͤΎ ͦ͋ΩΊͭ͊͟Φ ˨͡Ύ ͼΈ͎ͦͦ 
ͪͦͣ͘͜΅ͯΊͣͦ ͤ͊ ͚ͫ͊͒͜͡ ͔ͤͦ͋ͻ͒ͤ͜͜ ͦ͋ΩΊ͙ͭ͟Υ ˸͊΄ͯΣ ͔͔͍͒ͪͦΣ ͦ͟΄͙͟Σ Ύ͋ͯ͊͟͡ ό͙ͪͫΦ мύΦ 
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˾͙ͫΦ мΦ ˤ͙͎͡Ύ͒ ͚ͫ͊͒ͯ͡ ͒͡Ύ ͨͪͦͻ͔ͦ͒͗ͤͤΎ ͎͙ͪ ζ˨͙ͦͨͦͣͦ͗ ˸͊΄͜ ͙͋ͪ͊ͭ͘͜ Ύ͋ͯ͊͟͡η 
 
˨͡Ύ ͍͔ͫͭͦͪͤͤΎ Ύ͋ͯ͊͟͡ ͘ ͙͙ͤ͊ͨͫ͊ͣΣ ͎ͪͯͨͯΊͣͦ Ύ͋ͯͦ͟͡ ͜ ͙ͤ͊ͨͫΦ ˨͡Ύ ͼΈ͎ͦͦ ͍͙͒͜͡ΎΊͣͦ Ύ͋ͯͦ͟͡ ͜ ͙ͤ͊ͨͫ ͙͊ͭͫ͊͘͟Ό;͙ 

͍͊͟͜͡΄ͯ Shift ό͙ͪͫΦ нύΦ ˽ͦͭͣ͜ ͍ ͔͚ͦͤͭͫͭͤ͟͟͜ ͍͊͒͟͡ͼ͜ ̅ͦͪͣ͊ͭ ˾ͦ͋ͦͭ͊ ͘ ͣ͊͡Ό͙ͤ͊ͣ͟Σ ͙ͦ͋ͪ͊Ίͣͦ ˥͍͙ͪͯͨͯ͊ͭ ς ˥͍͙ͪͯͨͯ͊ͭ ό˾͙ͫΦ 3). 
̒͋ͯͦ͟͡ ͜ ͙ͤ͊ͨͫ ͋ͯ͒ͯͭΈ ͎͍ͪͯͨͦ͊ͤ͘͜Φ ˾͔΄ͭͯ Ύ͋ͯ͟͡ ͙ͦͭͪͣͯΊͣͦ ͍͙͘;͚͙͊ͤͣ ͦͨ͟͜Ό͍͊ͤͤΎͣΣ ͨͫ͜͡Ύ ;͎ͦͦ ͣͤ͘͜ΌΊͣͦ ͍͙ͪ͊͘ ͯ 
ͦ͗ͤͦͣͯ͟ Ύ͋ͯͯ͟͡ ͤ͊ ͙͚ͨͦͭͪ͋ͤ͜Φ 

  

˾͙ͫΦ нΦ ˤ͙͔͒ͤͤ͜͡Ύ ͦ͋ΩΊ͍ͭ͟͜ 
͒͡Ύ ͎͍ͪͯͨͯ͊ͤͤΎ 

˾͙ͫΦ оΦ ˥͍ͪͯͨͯ͊ͤͤΎ ͍͙͔͙͒ͤ͜͡ͻ ͦ͋ΩΊ͍ͭ͟͜ 

 
˨͊͜͡Σ ͨͪͦ͒ͯͣͯΊͣͦ ͔ͺ͔ͭ͟ ͊ͤͣ͊͜ͼ͜͝ ͒͡Ύ ͦ͋ΩΊ͍ͭ͟͜ ͘ ͍͙ͨͪ͊͡ΈͤͦΌ ͍͍͒ͨͦ͒͒͜͜Ό ͜ ͔͍͙ͤͨͪ͊͡ΈͤͦΌ ͍͍͒ͨͦ͒͒͜͜ΌΦ ˽͙͙ͪͨͯͫͭͣͦΣ 

͒͡Ύ Ύ͋ͯ͟͡ ͘ ͍͙ͨͪ͊͡ΈͤͦΌ ͍͍͒ͨͦ͒͒͜͜ΌΣ ͭͦ͋ͭͦ ͤ͊͘;͔ͤͤΎ ͍͙͍ͪ͊͘͜ Ύ͙͟ͻ ͔͋ͯ͒ ͨΩΎͭΈΣ ͍͊ͫͭͦͫͦͯ͘Ίͣͦ ͔ͺ͔ͭ͟ ͊ͤͣ͊͜ͼ͜͝ ͙ͭͨͯ ζ̊͡Ύͻ͙ 
͔͔ͨͪͣ͜΅͔ͤͤΎη ͜ ͊͒͊͘Ίͣͦ ͭͪ͊Ίͭͦͪ͟͜Ό ͪͯͻ ͒ͦ ͦ͟΄͙͊͟Φ ˨ͦ Ύ͋ͯ͟͡ ͘ ͔͍͙ͤͨͪ͊͡ΈͤͦΌ ͍͍͒ͨͦ͒͒͜͜Ό ͭ͊ͦ͗͟ ͍͊ͫͭͦͫͦͯ͘Ίͣͦ ͔ͺ͔ͭ͟ 
͊ͤͣ͊͜ͼ͜͝ ζ̊͡Ύͻ͙ ͔͔ͨͪͣ͜΅͔ͤͤΎηΣ ͔ͨͪͦͭ ͘ ͤ͜΄ͦΌ ͭͪ͊Ίͭͦͪ͟͜ΊΌ ͪͯͻͯ ς ͒ ͦ ͔ͦͪͤ͟Ύ ͔͔͍͒ͪ͊ ό͙ͪͫΦ пύΦ 

 

 

˾͙ͫΦ пΦ ˤ͙͎͡Ύ͒ ͚ͫ͊͒͊͡ ͘͜ ͍͙͙͊ͫͭͦͫͦ͊ͤͣ͘ ͔ͺ͔͙ͭ͊ͣ͟ ͊ͤͣ͊͜ͼ͜͝ ͒ͦ ͦ͋ΩΊ͍ͭ͟͜ ͚ͫ͊͒͊͡ 
 
˨͡Ύ ͍͒ͦ͒͊͊ͤͤΎ ͔ͺ͔ͭͯ͟ ͊ͤͣ͊͜ͼ͜͝ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͙͙͙͒ͭ͜͡ ͦ͋ΩΊͭ͟ ς Ύ͋ͯͦ͟͡ ό͊͟͡ͼ͙ͤͯͭ ͨͦ ͤΈͦͣͯ ͍ͦ͜͡Ό ͤͦͨͦ͟͟Ό ͙ͣ΄͜ύΦ 

˽ͦͭͣ͜ ͍͙͙ͦͤ͊ͭ͟ ͭ͊͟͜ ͒͜͝ ˢͤͣ͊͜ͼ͜Ύ ς ˾ͦ͘΄͙͔ͪͤ͊ ͊ͤͣ͊͜ͼ͜Ύ ς ˨͙ͦ͒͊ͭ ͊ͤͣ͊͜ͼ͜Ό ς ̊͡Ύͻ͙ ͔͔ͨͪͣ͜΅͔ͤͤΎ ς ˶ͤ͜͜ΎΦ ˽ͫ͜͡Ύ ͎ͭͦͦ Ύ͟ 
͔͋ͯ͒ ͊͒͊ͤͦ͘ ͊ͤͣ͊͜ͼ͚͙͚ͤ͜ ͔ͺ͔ͭ͟ ͔ͤͦ͋ͻ͒ͤͦ͜ ͨͦͭΎ͎͙ͤͯͭ ͊͘ ͫͭͪͯ͜͟͡Σ Ύ͊͟ ͍͊ͯ͘͟Ί ͤ͟͜ͼ͔͍ͯ ͭͦ;ͯ͟ ͭͪ͊Ίͭͦͪ͟͜͝Φ ˽͔͔͙͙ͪͣͫͭͭ͜ ͝͝ ͊͋ͦ ͯ 
ͦ͟΄͙͟ ͊͋ͦ ͨ͒͜ ͦͪͤ͟͜Έ ͔͔͍͒ͪ͊Φ ˢ͎ͤ͊ͦ͜͡;ͤͯ ͨͪͦͼ͔͙͒ͯͪ ͙͙ͨͪͦͪͦ͋ͭ ͒͡Ύ ͍ͫ͜ͻ Ύ͋ͯ͟͡Φ ˤ ͦ͋͊ͫͭ͜͡ ͊ͤͣ͊͜ͼ͜͝ ͋ͯ͒ͯͭΈ ͍͙͒ͦ͋ͪ͊͗͊ͭͫ͜Ύ 
͊ͤͣ͊͜ͼ͚ͤ͜͜ ͔ͺ͔͙ͭ͟ ͤ͊͊͡΄͍ͭͦ͊ͤ͜ ͒ͦ ͦ͋ΩΊ͍ͭ͟͜ ͚ͫ͊͒ͯ͡ ό͙ͪͫΦ пύΦ 
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˨͡Ύ ͎ͭͦͦΣ ΅ͦ͋ ͔͔ͨͪͣ͜΅͔ͤͤΎ ͦ͋ΩΊ͍ͭ͟͜Σ ͯ ͒͊ͤͦͣͯ ͪ͊͘͜Σ Ύ͋ͯ͟͡Σ ͍͍͒͋ͯ͊ͦͫ͜͡Ύ ͭ͜͡Έ͙͟ ͙ͨͪ ͙ͤ͊ͭͫ͊ͤͤ͟͜ ͤ͊ ͙ͤͻΣ ͔ͤͦ͋ͻ͒ͤͦ͜ 
͍͙͊ͫͭͦͫͯ͊ͭ͘ ͙͎͔ͭͪͪΦ ͙͎͔́ͪͪ ͍ ͔͔ͨͪ͊͒͟͜͡ ͘ ͎͚͊ͤͫ͜͡Έͦ͟͝ ǘǊƛƎƎŜǊ ͦͤ͊͘;͊Ί ͍͙͚ͫͨͯͫͦ͟ ͪ͟Ό;ͦ͟Φ ˤ aƛŎǊƻǎƻŦǘ hŦŦƛŎŜ tƻǿŜǊ Point 
͙͎͔ͭͪͪ ͼ͔ ͔ͤͫͭͪͯͣͤͭ͜Σ Ύ͙͚͟ ͍͒ͦͦ͘͡ΎΊ ͍͙͙ͫͭͦͪͭ ζ͎͊ͪΎ;ͯ ͍͊͟͜͡΄ͯη ͒͡Ύ ͙͊ͨͫͯ͘͟ ͊ͤͣ͊͜ͼ͜͝Σ ͊ͯ͒ͦ͜- ͜ ͍͔͔͒ͦ͜ͺ͔͍ͭ͟͜Φ ˽ͪͦͼ͔͒ͯͪ͊ 
͍͔ͫͭͦͪͤͤΎ ͙͎͔ͭͪͪ͊ ͍͟͡Ό;͊Ί ͭ͊͟͜ ͔͙ͭ͊ͨΥ  

1. ˤ ͦ͋͊ͫͭ͜͡ ͊ͤͣ͊͜ͼ͜Ύ ͍͙͒͜͡ΎΊͣͦ ͊ͤͣ͊͜ͼ͜ΌΣ Ύͯ͟ ͙ͣ ͙͒ͦ͒͊͡ ͒ͦ Ύ͋ͯ͊͟͡ ό͙ͪͫΦ рύΦ  
 

 

˾͙ͫΦ рΦ ˤ͙͎͡Ύ͒ ͦ͋͊ͫͭ͜͡ ͊ͤͣ͊͜ͼ͜͝ ͙ͨͪ ͍͙͔͒ͤͤ͜͜͡ ͊ͤͣ͊͜ͼ͚͎ͤͦͦ͜ ͔ͺ͔ͭͯ͟ 
 
2. ˭ ͊ͨ͊ͣΩΎ͍ͭͦͯΊͣͦ ͍ͤ͊ͯ͘Σ ͙ͤ͊ͨͪ͊͒͟͡ ζ˥ͪͯͨͨ͊ руηΦ 
оΦ ̂ aƛŎǊƻǎƻŦǘ hŦŦƛŎŜ tƻǿŜǊ tƻƛƴǘ нлмл ͜ ͍͙΅͔ ͍͙ͦͤͯ͟Ίͣͦ ͭ͊͟͜ ͒͜͝Υ ˢͤͣ͊͜ͼ͜Ύ ς ˾ͦ͘΄͙͔ͪͤ͊ ͊ͤͣ͊͜ͼ͜Ύ ς ͙͎͔́ͪͪ ς ˽ͦ 

΅͔͡;ͯ͟ ς ͦ ͙͋ͪ͊Ίͣͦ ͍ͤ͊ͯ͘Σ Ύͯ͟ ͊ͨ͊ͣ͘ΩΎ͙ͭ͊͡Σ ͯ ͒͊ͤͦͣͯ ͪ͊͘͜ ˥ͪͯͨͨ͊ ру ό͙ͪͫΦ сύΦ 
пΦ ͙͎͔́ͪͪ ͍͔ͫͭͦͪͤͦΦ ˤ ͦ͋͊ͫͭ͜͡ ͊ͤͣ͊͜ͼ͜͝ ͤ͊͒ ͔ͺ͔ͭͦͣ͟ ͊ͤͣ͊͜ͼ͜͝Σ ͒ͦ Ύ͎ͦͦ͟ ͍͊ͫͭͦͫͦ͊ͤͦ͘ ͙͎͔ͭͪͪΣ ͘ΩΎ͍͙ͭΈͫΎ ͙ͤ͊ͨͫ 

ζ͙͎͔́ͪͪη ό͙ͪͫΦ тύΣ ͤ͊͒ ͦ͋ΩΊͭͦͣ͟ ͤ͊ ͚ͫ͊͒͜͡ ͘ΩΎ͍͙ͭΈͫΎ ͨͦͤ͊͘;͊͟ Φ ̂ ͔͙ͪ͗ͣ͜ ͔͒ͣͦͤͫͭͪ͊ͼ͜͝ ͔͔ͨͪͤͭ͊͘ͼ͜͝Σ ͙ͨͪ ͍͔͔ͤ͊͒ͤ͜ 
ͯ͟ ͪͫͦͪͯ ͙ͣ΄͙͟ ͤ͊ ͦ͋ΩΊͭ͟ ͒ͦ Ύ͎ͦͦ͟ ͍͊ͫͭͦͫͦ͊ͤͦ͘ ͙͎͔ͭͪͪΣ ͯͪͫͦͪ͟ ͣͤ͘͜ΌΊ ͍͙͎͡Ύ͒ ͤ͊ ͒ͦͦͤ͡Έͯ͟Φ 

  

˾͙ͫΦ сΦ ˿͍͔ͭͦͪͤͤΎ ͙͎͔ͭͪͪ͊ ͍ aƛŎǊƻǎƻŦǘ hŦŦƛŎŜ tƻǿŜǊ tƻƛƴǘ 
нлмл ͜ ͍͙΅͔ 

˾͙ͫΦ тΦ ˤ͙͎͡Ύ͒ ͙͎͔ͭͪͪ͊ ͍ ͦ͋͊ͫͭ͜͡ ͊ͤͣ͊͜ͼ͜͝ 

 
̂ ͙͚ͭ͊͟ ͫͨͦͫ͋͜ ͍ͫͭͦͪΌΊͣͦ ͙͎͔ͭͪͪ ͒ͦ ͍ͫ͜ͻ ͊ͤͣ͊͜ͼ͚͙ͤ͜ͻ ͔ͺ͔͍ͭ͟͜Φ 
˨͡Ύ ͎͊ͨͦ͋͊ͤͤ͘͜Ύ ͙ͣͤ͘͜ ͚͍ͫ͊͒͜͡ ͨͦ ͊͟͡ͼ͊ͤͤΌ ͙ͣ΄͙͟Σ ͔ͤͦ͋ͻ͒ͤͦ͜ ͤ͘Ύ͙ͭ ͔ͨͪ͊ͨͦͪͼΈ ˽ͦ ΅͔͡;ͯ͟ ͍ ͎ͪͯͨ͜ ̉͊ͫ ͨͦ͊ͯ͘͟ 

͚͍ͫ͊͒͜͡ ͍͙͊͒͟͟͡ ˽͔͔ͪͻ͙ͦ͒ ό͙ͪͫΦ уύΦ 

 
˾͙ͫΦ уΦ ˤ͒ͣͤ͊͜͜ ͔͔ͨͪͻͦ͒ͯ ͤ͊ ͙͚ͤ͊ͫͭͯͨͤ ͚ͫ͊͒͡ ͨͦ ͊͟͡ͼ͊ͤͤΌ ͙ͣ΄͙͟ 

 
˽͔͔͍ͪͪ͜ΎΊͣͦ ͍͙ͨͪ͊͡Έͤͫͭ͜Έ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔ͺ͔͍ͭ͟͜ ͊ͤͣ͊͜ͼ͜͝ ͜ ͙͎͔͍ͭͪͪ͜ ͯ ͔͙ͪ͗ͣ͜ ͔͒ͣͦͤͫͭͪ͊ͼ͜͝ ͔͔ͨͪͤͭ͊͘ͼ͜͝Φ ˭͊ 

͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜ ͔͎ͦͪͯ͟Ίͣͦ ͤ͊͊͡΄͍ͭͯ͊ͤͤΎΦ ˹͊ ͙ͪͫΦ ф ͍͙͎͡Ύ͒ ͚ͫ͊͒͊͡ ͨͫ͜͡Ύ ͍͙ͦͤ͊ͤͤ͟Ύ ͍͊͒͊ͤͤ͘Ύ ό͙ͤ͊ͭͫͤͯͭ͜ ͍͙ͨͪ͊͡Έͤ͜ ͜ 
͔͍͙ͤͨͪ͊͡Έͤ͜ ͍͙͊ͪ͊ͤͭ͜ύΦ  

˨ͦͼ͜͡Έͤͫͭ͜Έ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍͔ͫͭͦͪͤͤΎ ͙͙͒͒͊ͭ͟;͙ͤͻ ͎ͦͪ͜ ͙͊ͫͦ͋͘ ͎͙ͨͪͦͪ͊ͣ aƛŎǊƻǎƻŦǘ hŦŦƛŎŜ tƻǿŜǊ tƻƛƴt ͍͔ͦ͋ͯͣͦͤ͊͡ 
͔ͨͪ΄͊ ͊͘ ͍͔ͫ ͙ͭͣΣ ΅ͦ ͎ͨͪͦͪ͊ͣ͊ ͍ͻ͙ͦ͒ͭΈ ͒ͦ ͦͺ͎ͫͤͦͦ͜ ͔ͨ͊ͭͯ͟ ͍͒ͦ͒͊ͭ͟͜ aƛŎǊƻǎƻŦǘ hŦŦƛŎŜΣ ͭͦͣͯ ͔ͤ ͔ͨͦͭͪ͋ͯΊ ͍͒ͦ͒͊ͭͦͦ͟͝ 
ͤͫͭ͊͜͡Ύͼ͜͝Τ ͨͦ ͎͔͒ͪͯΣ ͙͍ͦͪͫͭͯ͊͟;͊ͣ ͼΎ ͎ͨͪͦͪ͊ͣ͊ Ί ͚ͤ͊ͦͣͦ͘ΌΣ ͦͫ͟͜͡Έ͙͟ ͋͜͡Έ΄ͫͭ͜Έ ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ ͔͔ͨͪͤͭ͊͘ͼ͚͜ ͍͙͙͍ͦͪͫͭͦͯ͟Ί 
͔ͫ͊ͣ ͝͝Τ ͨͦ ͔ͭͪͭΊ ς ͪͯ͘;ͤͫͭ͜Έ ͜ ͨͪͦͫͭͦͭ͊ ͙͍ͦͪͫͭͯ͊ͤͤ͟Ύ ό͔ͤ ͔ͨͦͭͪ͋ͯΊ ͍͙͍ͤ͊͟͜ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎύΤ ͨͦ ;͔͍͔͔ͭͪͭ ς ͍͔ͫͭͦͪͤͯ 
͙͙͒͒͊ͭ͟;ͤͯ ͎ͪͯ ͙͊ͫͦ͋͊ͣ͘ ͎͙ͨͪͦͪ͊ͣ aƛŎǊƻǎƻŦǘ hŦŦƛŎŜ tƻǿŜǊ tƻƛƴt ͣ ͦ͗ͤ͊ ͍͙͙͙ͦͪͫͭ͊ͭ͟ Ύ͟ ΄͊͋ͦͤ͡Σ ͙͍ͣͤ͘͜΄͙ ͙͙ͤ͊ͨͫΦ 
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˾͙ͫΦ фΦ ˤ͙͎͡Ύ͒ ͚ͫ͊͒͊͡ ͨͫ͜͡Ύ ͨͪͦͻ͔ͦ͒͗ͤͤΎ ͎͙ͪ 
 

ˤˮ˿˹˻ˤ˴ˮ ́ˢ ˽˩˾˿˽˩˴́ˮˤˮ ˽˻˨ˢ˶̎̊˻˥˻ ˨˻˿˶˱˨ˬ˩˹˹̒  
ˤ͍͔ͨͪͦ͊͒͗ͤͤΎ ͍͙ͤͦͻ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ ͍ͦͫͭͯ͜ ͍͙ͯͣͦͦ͘͡ ͨͦΎ͍ͯ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͙͙͒͒͊ͭ͟;͙ͤͻ ͎ͦͪ͜Φ ˤ͙ͦͤ 

Ύ͍͡ΎΌͭΈ ͫͦ͋ͦΌ ͍ͤͤͦ͊͜ͼ͚͙͚ͤ͜ ͔͔͙͚ͭͪͦͤͤ͟͡ ͊ͫ͋͘͜ ͍ͤ͊;͊ͤͤΎΣ Ύ͙͚͟ ͍͍͒ͨͦ͒͊͜͜Ί ͫͯ;͙͊ͫͤͣ ͔ͨͦͭͪ͋͊ͣ ͙͔͙ͫͫͭͣ ͍͙ͦͫͭ͜Φ ˭ ͝ͻ 
͎͒ͦͨͦͣͦͦΌ ͍ͫͭͦͪΌΌͭΈͫΎ ͭ͊͟͜ ͍͙ͯͣͦΣ ͊͘ Ύ͙͟ͻ ͯ;͔ͤΈ ͙ͦͭͪͣͯΊ ͙͍ͣͦͭ͊ͼ͚ͤ͜͜ ͙͙ͫͭͣͯ͡Σ ΅ͦ ͙ͫͨͪΎΊ ͍͙ͪͦͭͯ͘͟ ͍ͭͦͪ;ͦ͝ ͙͍͊ͭͤͦͫͭ͟͜ 
͍ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ͔́ͻ͎ͤͦͦ͜͡Ύ ͍͔ͫͭͦͪͤͤΎ ͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ ͙͙͒͒͊ͭ͟;͙ͤͻ ͎ͦͪ͜ ͙͊ͫͦ͋͊ͣ͘ aƛŎǊƻǎƻŦǘ 
Office Power Point ͔͍ͨͪ͒ͫͭ͊͡ΎΊ ͫͦ͋ͦΌ ͔͙͚ͨͦͭ͊ͨͤ ͨͪͦͼ͔ͫ ͜ ͎ͪͯͤͭͯΊͭΈͫΎ ͤ͊ ͍͙͙ͦͪͫͭ͊ͤͤ͟͜ ͙ͭ͊͟ͻ ͔͍ͤͫͭͪͯͣͤͭ͜͜ Ύ͟ ͊ͤͣ͊͜ͼ͜Ύ ͜ 
͙͎͔ͭͪͪΦ 

˻;͔͍͙͒ͤͦΣ ΅ͦ ͔ͣ͊ͭͪ͊͜͡ ͫͭ͊ͭͭ͜ ͔ͤ ͍͙;͔ͪͨͯΊ ͍ͫ͜ ͙͍ͣͦ͗ͦͫͭ͜͡ ͎͙ͨͪͦͪ͊ͣ aƛŎǊƻǎƻŦǘ hŦŦƛŎŜ tƻǿŜǊ tƻƛƴt ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ 
͙͙͒͒͊ͭ͟;͙ͤͻ ͎ͦͪ͜Φ ˽͔͔͙͍͙ͪͫͨͭͤͣ͟ Ί ͎ͪͦ͘͡Ύ͒ ͤ͜΄͙ͻ ͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻ ͙͚͍ͨͪͦͣ͜ ͔͙͙͙ͣ͒͊͒͒͊ͭ͜͟͟ ͍ aƛŎǊƻǎƻŦǘ hŦŦƛŎŜ tƻǿŜǊ 
PointΣ ͔ͦͪͣ͊͘͟ ͙ͭ͊͟ͻ Ύ͟ ζ˴͔͊ͪͯͫ͡ΈηΣ ζ˿ͦͪ͋ͦͤ͊͟ηΣ ζ˥͊ͪΎ;͜ ͙ͦͤ͘ηΦ 

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 

1. ˣ͊͋͊ͤͫΈ͙͚͟ ̑Φ˴Φ ˸͔ͭͦ͒· ͦ͋ͯ;͔͙ͤΎ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ ͦ͋΅͔͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͚ͤͦ ΄͔ͦ͟͡Φ ˸ Φ Υ ˽͍͔ͪͦͫ΅͔͙͔ͤΣ мфурΦ нлу ͫΦ  
2. ˣ͙͍ͦ͟ ˤΦ ̑Φ ͔͔͙́ͦͪͭͦ͟-͔͎ͣͭͦ͒ͦͦ͜͡;ͤ͜ ͙͊ͫ͊͒͘ ͍͔ͫͭͦͪͤͤΎ ͜ ͍͙ͪͦͭͯ͘͟ ͫͯ;͙͊ͫͤͻ ͍͊ͫͦ͋͘͜ ͭ͊ ͔-͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͤ͊;͊ͤͤΎΦ 
˾͍͙ͦͭͦ͘͟ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͜ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ ͤ͊ͯ͟ ͍ ̂ͪ͊ͤ͟͜͝ мффн ς 2002Φ ͍̆͊ͪ͟͜Υ ά˻ˤ˿έΣ нллнΦ ̉ΦнΦ ˿Φ мун-199. 

3. ˣ͍͙͚ͯͪͭͦ ˿ Φ ʕ Φ ˩͡ ͔ͭͪͦͤͤ͟͜ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎ ς ͍͒͜ ͔ͭͦͪ͜͝ ͒ͦ ͙͙ͨͪ͊ͭ͟͟Φ ˸͔͙ͭͦ͒;͙͚ͤ ͙ͨͦͫ͋ͤ͜͟Φ ˴͍͎ͪͦͦͪ͊͒͜ Υ ˴˭ 
ζ˴˻˱˽˽˻ ͔ͣͤ͜͜ ˤ͙͊ͫ͡Ύ ˿ ͯͻ͙ͦͣͤͫ͡Έ͎ͦͦ͟ηΣ нлмпΦ пу ͫ Φ 

4. ˤ͔͙͙͚͟͡ ͭͯͣ͊͡;͙͚ͤ ͍͙ͫͦͤ͟͡ ͫͯ;͊ͫͤͦ͝ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦ : 250000 κ ͯ͊͒͟͡Φ ͭ͊ ͎͍ͦͦ͡Φ ͔ͪ͒Φ ˤΦ ́Φ ˣ͔ͯͫ͡Φ ˴͙͍͝Τ ˱ͪͨͤ͜ΈΥ 
˽͔ͪͯͤΣ нллрΦ мтну ͫΦ  

5. ˹͍ͦ͊ ͯͪ͊ͤͫ͟͝Έ͊͟ ΄ͦ͊͟͡Φ ˴ͦͤͼ͔ͨͭͯ͊͡Έͤ͜ ͙͊ͫ͊͒͘ ͔ͪͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔ͫͪ͒ͤΈͦ͝ ΄͙ͦ͟͡Φ ¦w[Υ ƘǘǘǇǎΥκκƴǳǎΦƻǊƎΦǳŀκǿǇ-
ŎƻƴǘŜƴǘκǳǇƭƻŀŘǎκнлмтκлтκƪƻƴŎȊŜǇŎȊƛȅŀΦǇŘŦ ό˨͊ͭ͊ ͍͔͔ͪͤͤͤ͘Ύ нмΦмлΦнлмфύ.  

6. ˿͍͊;͔ͤͦ͟ ˻Φ ̒Φ ˨͙͙͒͊ͭ͊͟͟ ͨͦ;͍͊ͭͦͦ͟͝ ΄͙ͦ͟͡ Υ ͨ͒ͪͯ͜;Φ ώ͒͡Ύ ͫͭͯ͒Φ ͔ͨ͒Φ ͺ͊ͯ͟͡ΈͭΦϐΦ ˴Φ Υ ˥͔͔ͤ͊͘Σ нллнΦ осу ͫΦ 
7. ˿͙ͪͨ͊͟͟ ˥ Φ ʕ Φ ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͭ͊ ͎͊͊͘͡Έ͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎ ͍ ˴͍͎ͪͦͦͪ͊͒ͫ͜Έ͚͟͜ ͦ͋͊ͫͭ͜͡Φ 
͔́ͻ͎ͤͦͦ͜͡Ύ ͺ͊ͻ͍ͦͦ͝ ͚͔ͣ͊ͫͭͪͤͦͫͭ͜Υ ˱˴́- ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͍ ͍ͦͫͭͤ͜͜ͻ ͨͪͦͼ͔ͫ͊ͻΥ ˸͔͙͊ͭͪ͊͜͡ ͦ͋͊ͫͤͦ͡͝ ͍ͤ͊ͯͦͦ͟-
͙ͨͪ͊ͭ͟;ͤͦ͝ ͦͤ͟ͺ͔͔ͪͤͼ͜͝Σ ͙͍ͨͪͫΎ;͔ͤͦ͝ ͨ͊ͣΩΎͭ͜ ˻Φ ̆ ͙ͣͯͪΦ ˴͍͎ͪͦͦͪ͊͒͜ Υ ˤ͙͍͙͒͊ͤͼ͍ͭͦ ͎ͦ͋͊ͫͤͦͦ͡ ͙ͤͫͭͭͯͭͯ͜ 
ͨͫ͜͡Ύ͙͒ͨͦͣͤͦ͡͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͙ͦͫͭ͜ ͔ͣͤ͜͜ ˤ͙͊ͫ͡Ύ ˿ ͯͻ͙ͦͣͤͫ͡Έ͎ͦͦ͟Σ нллтΦ ˿Φ 50-54. 

8. ͍̂ͫͦ͊ ˢΦ˽Φ ˾ͦ͡Έ ͙͎ͪ· ͍ ͍͙͙͙ͦͫͨͭ͊ͤ ͔͔͚͒ͭΦ ˸ΦΣ нллмΣ опр ͫΦ 
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CREATION OF INTERACTIVE DIDACTIC GAMES BY MEANS OF MICROSOFT OFFICE POWER POINT 
Vasko Olha  

Makarenko Sumy State Pedagogical University, Ukraine 
Abstract. 
Problem formulation. Reforming of secondary education determines changes in approaches to learning, in particular organization of the 

educational process with the use of an activity approach on an integrated-subject basis, with predominance of game teaching 
methods for elementary school. Very popular among junior pupils have become electronic didactic games, which allow to face the 
challenges of the New Ukrainian School and correspond to the current trends of education informatization. Therefore, the problem 
of creating and using interactive didactic games according to the purpose of teaching is one of the tasks of teacher training. The 
aim of the article is to highlight the technology of creating interactive didactic games for elementary school by means of Microsoft 
Office Power Point.  

Materials and methods. In the process of research, theoretical (analysis and systematization of scientific-pedagogical literature, normative-
legal documents, instructional-methodological materials) and empirical (study and generalization of domestic and foreign 
experience, substantiation of the choice of environment for creation of interactive didactic games, analysis and self-analysis of the 
process and result of their creation) research methods had been used that made it possible to determine the technology of creating 
didactic games be means of Microsoft Office Power Point.  

Results. In the study the concept of an "electronic didactic game" was clarified. On the basis of comparison of the terms "didactic game", 
"electronic learning tools" the features of electronic didactic games and their structure were established. An algorithm for creating 
interactive didactic games be means of Microsoft Office Power Point was presented. The peculiarities of work at each of its steps 
were considered. 

Conclusions. Introduction of new information technologies in education led to emergence of electronic didactic games. The technology of 
creating interactive didactic games by means of Microsoft Office Power Point is a step-by-step process that is based on such tools 
as animation and trigger. 

Keywords: didactic game, Microsoft Office Power Point, informatization of education, electronic learning tools, elementary school. 
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ͺ͙͙͘͜͟ ͤ͊ ͔ͦ͒ͤ ͘͜ ͔ͨͪ΄͙ͻ ͣͫ͜ͼΈ ͍͙ͫͭͯͨ͊Ί ͔ͨͪͦ͋ͣ͊͡ ͔͍ͨͪͦͭͯ͊ͤͤ͟ΎΦ ˤ͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͼΈ͎ͦͦΣ ͔͎͎ͨ͒͊ͦ͜;͔ͤ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ Ί 
͔͍ͤ͒͜ΩΊͣͤͦΌ ͍ͫ͊͒ͦͦ͟͡Ό ͔ͭͻ͎ͤͦͦ͊͘͜͡ͼ͜͝  ͍ͤ͊;͊ͤͤΎΦ 
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 ̂  ͚͒͊ͤ͜ ͫͭ͊ͭͭ͜ ͙ͣ ͙͙ͯͨͤͣͦͫ͘Ύ ͤ͊ ͔͎͎ͨ͒͊ͦ͜;ͤͦͣͯ ͔͍ͨͪͦͭͯ͊ͤͤ͟͜ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͤ͊ ͍ͦͫͤͦ͜ ͍ͭͦͪ;͙ͻ 
͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͙ͤͻ ͍͊͒͊ͤ͘ΈΣ ΅ͦ ͔͔ͨͪ͒͋͊;͊ΌͭΈ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͺ͙͘͜;͙ͤͻ ͦ͋ΩΊ͍ͭ͟͜ ͭ͊ ͍͙ͤ͊͘;͔ͤͤΎ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͺ͙͘͜;͙ͤͻ 
͍͔͙͡;͙ͤΣ Ύ͟͜ Ί ͝ͻ͙ͤͣ͜ ͔͙ͨ͊ͪ͊ͣͭͪ͊ͣΦ  
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ˤ ͍ͦͫͤͦͯ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔ͨͦ͊͒ͤͦ͟͡ ͔͔͙ͭͦͪͭ;ͤ͜ ͙͊ͫ͊͒͘ ͒͜Ύ͡Έ͎ͤͫͤͦͦ͜ ͨ͒͜ͻͦ͒ͯ ͒ͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ 
ό˥Φ s ͍ͭ͊ͤͦΣ ˤΦ ˨͍͙͍͊͒ͦΣ ˨Φ ˩͡Έͦͤͤ͟͜Σ ˥Φ ˴ͦͫͭΌ͟Σ  ˹Φ ͙́͊ͤ͊͘͜͡ύΤ ͔͎ͨͪͦ͋ͣͤͦͦ͡ ͍ͤ͊;͊ͤͤΎ ό˱Φ ˶͔͔ͪͤͪΣ ˻Φ ˶Ύ΄͔ͤͦ͟Σ ˻Φ ˸͊ͭΌ΄ͤ͟͜Σ 
˸Φ ˸͊ͻ͍ͣͯͭͦΣ ˶Φ ˸ͦͣͦͭύΤ ͔ͪ͊͊͘͜͡ͼ͜͝ ͙͔͎ͫͫͭͣͤͦͦ ͨ͒͜ͻͦ͒ͯ ͯ ͍ͤ͊;͊ͤͤ͜   ό˶Φ ˣ͔ͪͭ͊͊ͤ͡ͺ͜Σ ˻Φ ˥ͦͪ͋͊ͤΈΣ ˨͗Φ ˴ͪ͜͡Σ ˱Φ ˸͊͊͡ͺ͜͟͝Σ 
̑Φ ˿ ͯͪͣͤ͜Σ ˩Φ ̑͒ͤ͜ύΤ ͙ͪͦͪͦ͋͘͟ ͭ͊ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔͍͙͙ͪͫͭ;͙ͤͻ ͍͊ͫͦ͋͘͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ 
όˤΦ s ͔ͤ͒ͪΊ͍Σ ̑Φ ˴ͯ͡Όͭͤ͟͜Σ ˤΦ ˽͊͊ͣ͊ͪ͡;ͯ͟Σ   ̒Φ ˽ͦͤͦͣ͊ͪΈ͍ͦΣ ˶Φ ̅ͪ͒ͣ͊ͤ͜ύΤ ͔ͭͦͪ͜͝ ͜ ͙͙ͨͪ͊ͭ͟͟ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͍ͤ͊;͊͡ΈͤͦΌ 
͒͜Ύ͡Έͤͫͭ͜Ό ͜ ͔ͭͻ͎ͤͦͦ͊͘͜͡ͼ͜͝ ͍ͤ͊;͊ͤͤΎ όˤΦ x ͔ͨ͊͘͡Έͦ͟Σ ̐Φ ˸͊΄͙͋ͼΈΣ  ˱Φ ̒ͣ͊ͤͫ͟͜Έ͊͟Σ ˻Φ ͍͙̒ͤͦ͟;ύΤ ͔͔͙ͭͦͪͭ;ͤ͜ ͔ͨͦͦ͗ͤͤ͡Ύ 
͔͔ͦͣͨͭͤͭͤͫͤͦ͟͜ ͦͪ͘͜Ί͍͎ͤͭͦ͊ͤͦͦ ͍ͤ͊;͊ͤͤΎΣ ͍͙͔͊͒ͤ͟͜͡ ͯ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼΎͻ ˤΦ ˣ͍ͦͦͭͦ͊͡Σ ˸Φ ˥͍ͦͦ͊ͤ͡ΎΣ ˹Φ ˥ͦͤ;͍͊ͪͦͦ͝Σ 
˱Φ ̐ ͍ͪͣ͊ͦ͊͟Σ ˱Φ ˭͙ͣͤΈͦ͝Σ ˱Φ ˭Ύ͘Όͤ͊Σ ˿Φ ˴͔ͨ͊͟͡Σ ˻Φ ˶͔͔͋͒Ί͍͊Σ ˶Φ ˽͊ͪ͊΅͔ͤͦ͟Σ ˻Φ ˽ͤ͜;ͯ͟Σ ˻Φ ˽͔ͦͣͭͯͤΣ ˨͗Φ ˾͍͔͊ͤ͊Σ ˿Φ ˾͍͊ͦ͊͟Σ 
˱Φ ˾ ͙͎ͦ͒ͤͦ͜͝Σ ˻Φ ˿͍͊;͔ͤͦ͟Σ ˶Φ ˿ͦͻ͊ͤΈΣ ̑Φ ́͊ͭͯͪ͊Σ ˢΦ ͎̆ͯͭͦͪͫͦͦ͟Σ ˿Φ ͙̊΄͍ͦ͊Σ ˱Φ ̒΅ͯ͟ ͭ͊ ͤ͜Φ 

 
˸˩́˻˨ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 

˭͍͊ͫͭͦͫͯ͊ͤͤΎ ͔͍ͣͭͦ͒͜ ͔͙ͣͨͪ͜;͎ͤͦͦ ͭ͊ ͔͔͙ͭͦͪͭ;͎ͤͦͦ ͍͍ͪͤ͜͜ ͍͎ͤ͊ͯͦͦͦ͟ ͨͤ͊ͤͤ͘͜Ύ ͫ͊͒͊͟͡ΌͭΈ ͍ͦͫͤͦͯ ͔͎ͣͭͦ͒ͦͦ͜͡͝ 
ͤ͊΄͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ ͔̇  ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎ ͊͘ ͍ͦͫͭͤͣ͜͜ ͨͪͦͼ͔ͫͦͣΣ ͙͔͙͚ͫͫͭͣͤ ͊ͤ͊͘͜͡ ͍͙ͤ͊ͯͦ͟ͻ ͔͙ͭͪ͊ͭͯͪͤ͜͡ͻ ͔͔͒͗ͪ͡ ͘ 
͙ͨͫͻ͎ͦͦ͜͡͝ ͭ͊ ͙͙͙͒͒͊ͭ͟͟Σ  ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͍͎͊ͫͤͦͦ͡ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͒ͦͫ͒ͯ͜ ͭ͊ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͔͔ͨͦͨͪ͒ͤ͜ͻ ͔͔͙ͭͦͪͭ;͙ͤͻ 
͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˻͙͍͔ͫͦ͋͡ ͣͫ͜ͼ͔ ͍͍͙͒ͦ͒ͭ͜ΈͫΎ ͔͎͎ͨ͒͊ͦ͜;ͤͦͣͯ ͔ͣͦ͒͡Ό͍͊ͤͤΌ ς ͍͔ͫͭͦͪͤͤΌ ͔͒͊͜͡Έ͙ͤͻ ͔͔͚ͣͦ͒͡ ͍ͭͦͪ;ͦ͝ 
͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͘ ͺ͙͙͘͜͟ ͤ͊ ͍ͦͫͤͦ͜ ͍͙͔͔ͨͪ͒͗͊Ό;͎ͦͦ ͍͔͒ͦ͋ͪ͊͗ͤͤ͜Ύ ό͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔͍ͨͪͦͭ͟͜ύ ͭ͊ ͝ͻ ͊ͨͪͦ͋͊ͼ͜͝ ͍ 
͔ͪ͊͡Έ͙ͤͻ ͍ͯͣͦ͊ͻ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΦ 
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̒͟ ͍͒ͦͣͦ͜Σ ͍ ͔ͭͻͤ͜;͚ͤ͜ ͎͊ͯ͘͜͡ ͨ͒͜ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύͣ ͙ͭͪ͊͒ͼ͚ͤͦ͜ ͪͦͯͣ͘͜ΌͭΈ ͎͍ͨ͒ͦͭͦ͜;͙͚ ͔ͭ͊ͨ ͍͙͙ͪͦ͋ͤ;ͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ 
ͭͦ͋ͭͦ ͯ ͨͪͦͼ͔ͫ͜ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͔ͣͦ͒͡ΌΊͭΈͫΎ ͔͒Ύ͙͚͟ ͦ͋ΩΊͭ͟ ͚͒ͫͤͦͫͭ͜͜Φ ˱ͤ΄͙͙ͣ ͍͙ͫͦ͊ͣ͡Σ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ Ύ͟ 
͒͜Ύ͡Έͤͫͭ͜Έ ͘͜ ͍͔ͫͭͦͪͤͤΎ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͔͔ͨͪ͒͋͊;͍͎ͯ͊ͤͦͦ Ύ͍͙΅͊Φ ˽͔͎͎͒͊ͦ͜;͔ͤ ͔͍ͨͪͦͭͯ͊ͤͤ͟ΎΣ Ύ͟΅ͦ ͍͙ͻ͙͙ͦ͒ͭ ͘ ͙͊ͫ͟͡;͙ͤͻ 
ͯΎ͍͔ͤ͡Έ ͨͪͦ ͫͯͭͤͫͭ͜Έ ͼΈ͎ͦͦ ͨͪͦͼ͔ͫͯΣ ͣͦ͗ͤ͊ ͎ͪͦ͘͡Ύ͙͒͊ͭ Ύ͟ ͒͜Ύ͡Έͤͫͭ͜Έ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͯ ͤ͊ ͍͔ͫͭͦͪͤͤΎ ͔ͨͪͦͭͯ͟ ς 
͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ ͔ͣͦ͒͜͡ ͦ͋ΩΊͭ͊͟ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͚͒ͫͤͦͫͭ͜͜Σ Ύ͊͟ ͍ͦͦ͒͜͡Ί ͙͔͙͙ͫͫͭͣͤͣ ͍͙͍͊ͫͭͦͫͭ͡Ύ͙ͣΣ ͋͊ͯ͘ΊͭΈͫΎ ͤ͊ ͔͎͎ͨ͒͊ͦ͜;ͤͦͣͯ 
͍͙ͤ͊ͻͦ͒͜Σ ͭͦ͋ͭͦ ͍ ͍͚ͫͦ͝ ͍ͦͫͤͦ͜ ͙ͣͫͭͭ͜Έ ͍͙͚ͤͦ ͫͨͦͫ͋͜ ͍͙ͪ͜΄͔ͤͤΎ ͔͙ͨͪͦ͋ͣ͡Φ ˻͔ͭ͗Σ ͔͎͎ͨ͒͊ͦ͜;͔ͤ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ς ͼ͔ ͨͪͦͼ͔ͫ 
͍͔ͫͭͦͪͤͤΎ ͔ͨͪͦͭͯ͟Σ Ύ͙͚͟ ͍͒ͦ͋ͪ͊͗͊͜Ί ͍͙ͪ͜΄͔ͤͤΎ ͭ͜Ί͝ ;͙ ͤ͜΄ͦ͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͔͙ͨͪͦ͋ͣ͡Φ 

˻͋ΩΊͭͦͣ͟ ͤ͊΄ͦ͝ ͍͎͙ͯ͊ Ί ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͍ͭͦͪ;ͦ͝ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ ͨͪͦͼ͔ͫ͜ ͍͙͍;͔ͤͤΎ ͺ͙͙͘͜͟Φ 
˾͎ͦ͘͡Ύ͒͊Ό;͙ ͔͎͎ͨ͒͊ͦ͜;͔ͤ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ Ύ͟ ͒͜Ύ͡Έͤͫͭ͜Έ ͯ;͙͔ͭ͡ΎΣ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͙ͤ͊͘;͙͙ͭ ͝͝ ͍ͦͫͤͦͤ͜ ͔͙ͦͣͨͦͤͤͭ͟Υ ͼ͜͡ΈΣ ͦ͋ΩΊͭ͟Σ 
ͫͯ͋ΩΊͭ͟Σ ͙͊ͫͦ͋͘Σ ͨͪͦͼ͔͒ͯͪͯ ό͍ͦͫͤͦͤ͜ ͔͙ͭ͊ͨύΣ ͔ͪͯ͘͡Έͭ͊ͭ όͨͪͦ͒ͯͭ͟ύΦ 

̂ ͒͊ͤͦͣͯ ͍͙ͨ͊͒ͯ͟ ͼ͜͡͡Ό ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ Ί ͍͙ͪ͜΄͔ͤͤΎ ͙ͨͪͦͭͪ͜;Σ Ύ͟͜ ͍ͫͯͨͪͦͦ͒͗ͯΌͭΈ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ό ͍ͭͦͪ;ͦ͝ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͘ ͺ͙͙͘͜͟ ͯ ͔ͦͤͭͫͭ͟͟͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͍ ͎͊͊͘͡Έ͍͚ͤͦͦͫͭͤ͜͜ ΄ͦ͟͜͡Φ 

˻͋ΩΊͭͦͣ͟ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ Ί ͍ͭͦͪ;͊ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤ͊ ͒͜Ύ͡Έͤͫͭ͜Έ ͯ;͍ͤ͜ ͯ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟ ͍ 
͎͊͊͘͡Έ͍͚ͤͦͦͫͭͤ͜͜ ΄ͦ͟͜͡Φ ˻͋ΩΊͭ͟ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͍͙͔ͨͦͤͤ ͍͙͋ͯ͒ͯ͊ͭͫΎ ͤ͊ ͍͚ͤͦ͜ ͔͒͜͝  ͭͦͣͯΣ ΅ͦ ͔ͨͦͭͪ͋͊ ͯ ͔͍ͨͪͦͭͯ͊ͤͤ͟͜ ͍͙͙ͤ͊͟Ί 
͙͡΄͔ ͙ͨͪ ͍ͯͣͦ͜Σ ͙ͦ͟͡ ͚͔ͤ͊͒ͤ͊͘ ͍ͤͦ͊ ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͙ͪ͜΄͔ͤͤΎ ͔͙ͨͪͦ͋ͣ͡Φ ̂ ͍͙ͨ͊͒ͯ͟ ͍͔ͫͭͦͪͤͤΎ ͍͎͒ͦͣͦͦ͜ ͍͙͒ͦͣͣ͜ ͫͨͦͫͦ͋ͦͣ 
͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͍͙ͦ͒ͭ͘ΈͫΎ ͙͡΄͔ ͒ͦ ͍ͪͤ͜Ύ ͍͙͘;͚͊ͤͦ͝ ͙ͪͦͪͦ͋͘͟ ͭ͜Ί͝ ;͙ ͤ͜΄ͦ͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͦͤͫͭͪͯ͟͟ͼ͜͝Φ 

˿ͯ͋ΩΊͭͦͣ͟ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ Ί ͍;͙͔ͭ͡ΈΦ ͔̇ ͣ͊Ί ͙͋ͯͭ ͨͪͦͺ͔ͫͦͤ͊͜͡Σ Ύͦͣͯ͟ ͙ͨͪͭ͊ͣ͊ͤͤ͜ ͍ͭͦͪ;͔ ͙͔ͣͫͤͤ͡ΎΣ ͍͙ͫͦ͊͟ 
ͨͪ͊ͼ͔͒͊ͭͤͫͭ͘͜ΈΣ ͍͙ͤ͊ͻ͙͒ͤ͜ͼ͍ͭͦΣ ͒͊ͭͤͫͭ͘͜Έ ͔͔ͨͪ͒͋͊;͍͙ͯ͊ͭ ͙ͤ͊ͫ͒͜͟͡ ͔ͪ͊͊͘͜͡ͼ͜͝ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔ͨͪͦͭͯ͟ ͭ͊ ͤ͜Φ 

˭͙͊ͫͦ͋ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͣͦ͗ͤ͊ ͍ͯͣͦͤͦ ͙͙ͪͦ͒ͭ͘͜͡ ͤ͊ ͔͒͊͜͡Έͤ͜ ͭ͊ ͔ͣ͊ͭͪ͊͜͡Έͤ͜Φ ˱͔͒͊͡Έ͙͙ͤͣ ͙͊ͫͦ͋͊ͣ͘ Ί ͔͔͔͙ͣͤͭ͡ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Σ ͔͔ͤ͊ͫ͊ͣͨͪ͒ ͔͔ͨͪ͒ͣͭͤ͜ ͜ ͔͎ͣͭͦ͒ͦͦ͜͡;ͤ͜ ͤ͊ͤͤ͘ΎΣ Ύ͙͙ͣ͟ ͍ͦͦ͒͜͡Ί ͍;͙͔ͭ͡Έ ͺ͙͙͘͜͟ ͘͜ ͙ͫͯͣ͗ͤ͜ͻ 
ͤ͊ͯ͟Υ ͙͙͙͒͒͊ͭ͟͟Σ ͔͎͎͙ͨ͒͊ͦ͜͟Σ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙ͨͫͻ͎ͦͦ͜͡͝ ͭͦ΅ͦΦ ˨ͦ ͔ͣ͊ͭͪ͊͜͡Έ͙ͤͻ ͍͊ͫͦ͋͘͜ ͍͒ͤͦͫ͜ΎͭΈͫΎ ͔͒ͦͯͣͤͭ͊͟ͼ͜ΎΣ ͔ͭͻͤ͜;ͤ͜ 
͙͊ͫͦ͋͘Σ ͫͻ͔͙ͣ ͙ͭ͊͋͡ͼ͜ ͭͦ΅ͦΦ 

˸͔͙ͭͦ͒ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͙͒ͦͫͭΈ ͪͤͦͣ͊ͤͭͤ͘͜͜͜Φ ̂ ͤ͊΄ͦͣͯ ͍͙ͨ͊͒ͯ͟ ͍͙͙ͦͫͤͦͤͣ ͔͙ͣͭͦ͒͊ͣ Ί 
͔ͣͦ͒͡Ό͍͊ͤͤΎ ͭ͊ ͙͔ͫͫͭͣͤͦ-͙͚ͫͭͪͯͭͯͪͤ͟ ͊ͤ͊͘͜͡ ͦ͋ΩΊͭ͊͟Σ ͭͦ͋ͭͦ ͍ͭͦͪ;ͦ͝ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

̂ ͔ͦͤͭͫͭ͟͟͜ ͊ͤ͊͘͘;͔͙ͤͻ ͍͙΅͔ ͎͊͊͘͡Έ͙ͤͻ ͔ͨͦͦ͗ͤ͡Έ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͍ͭͦͪ;ͦ͝ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ς ͼ͔ 
͍ͭͦͪ;͊ ͒͜Ύ͡Έͤͫͭ͜Έ ͯ;͙͔ͭ͡ΎΣ ͨͪͦ͒ͯͭͦͣ͟ Ύͦ͟͝ Ί ͔͙ͣͭͦ͒;ͤ͊ ͔ͣͦ͒͡Έ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͔ͪ͊͡Έ͎ͤͦͦ ͔͍͎ͪͦ͊ͤͦͦ͟ ͨͪͦͼ͔ͫͯ ͍͙ͦͤ͊ͤͤ͟Ύ 
ͯ;ͤΎ͙ͣ ͍ͭͦͪ;͎ͦͦ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͎ͤͦͦ ͍͊͒͊ͤͤ͘ΎΦ 

˭͙͊ͫͦ͋͊ͣ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ Ί ͙͔ͫͫͭͣ͊ ͙͍͙ͭͨͦͻ ͍ͭͦͪ;͙ͻ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͙ͤͻ ͍͊͒͊ͤ͘Έ ͘ ͍͍͙͙͒ͨͦ͒ͤͣ͜͜ ͫͭͪͯͭͯͪͤͦ͟-
͎ͦ͜͡;͙͙ͤͣ ͫͻ͔͙ͣ͊ͣ ͝ͻ ͍͙ͦͤ͊ͤͤ͟ΎΤ ͙͔ͫͫͭͣ͊ ͙͙͒͒͊ͭ͟;͙ͤͻ ͍͙͎ͣͦΣ Ύ͊͟ ͣ͊Ί ͔͔͊͋ͨ͘͘;͍͙ͯ͊ͭͫΈ ͔ͨͪͦͭͦͣ͟Σ ͊ ͔ͦͭ͗ Ί ͚͎ͦͦ 
͔͔͒ͭͪͣͤͯ͜Ό;͙ͣ ;͙͙ͤͤͦͣ͟Τ ͍͍͒ͨͦ͒ͤ͜͜͜ ͔ͦͨͪ͊ͼ͚ͤͦ͜-͍ͨͤ͊͊͘͜͡Έͤ͜ ͣͦ͒ͯ͜͡Σ ΅ͦ ͨͦ͒͊ͤ͜ ͙ͤ͗;͔Φ 

˭͊ͫͦ͋ͦͣ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͜ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͍ͭͦͪ;ͦΌ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡ΈͤͦΌ ͒͜Ύ͡Έͤͫͭ͜Ό Ί ͔͍͙͙ͪͫͭ;͙͚ͤ ͣͦ͒ͯ͡Έ ͍ͭͦͪ;ͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ό˩˸́˨ύΦ ˸ͦ͒ͯ͡Έ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘ ͔͙ͦͪͣ͟ͻ ͙͙͒͒͊ͭ͟;͙ͤͻ ͔͔͔͍ͣͤͭ͜͡ ό˨˩ύΦ ˻͒ͤ͜ ͘ ͙ͤͻ Ί ͍͙͙ͤ͊ͪ͊ͤͭͤͣ͜͜Σ ͤ͜΄͜ 
͍͙͍͙͙͊ͪ͊ͭͤͣ͜Σ ͭͦ͋ͭͦ ͙͙ͭ͊ͣ͟Σ ΅ͦ ͣͦ͗ͯͭΈ ͣͤ͘͜Ό͍͙͊ͭͫΎ ͍ ͔͊͗ͤͦͫͭ͘͜͡ ͍͒͜ ͣͫͭͯ͘͜ ͔͎ͦͤͪͭͤͦͦ͟͟ ͍ͭͦͪ;͎ͦͦ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͎ͤͦͦ 
͍͊͒͊ͤͤ͘ΎΦ ˻͔ͪͣ͟͜ ͙͙͒͒͊ͭ͟;ͤ͜ ͔͔͔͙ͣͤͭ͡ Ί ͔͔ͨͪ͒ͣͭͦͣ ͍͊ͫͦ͘ΊͤͤΎ ͍ ͻͦ͒͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͎ͯ͊͊͘͡Έ͔͙ͤͤͻ 
͍ͨͤ͊͊͘͜͡Έ͙ͤͻ ͯͣͤ͜ΈΦ ˸͍ͦ͊ ͚͔͒ ͨͪͦ ͍͊ͫͦ͘ΊͤͤΎ ͯ;ͤΎ͙ͣ ͙͔͙ͫͫͭͣ ͔͎ͣͭͦ͒ͦͦ͜͡;͙ͤͻ ͤ͊ͤ͘Έ ς ͍͙ͤ͊ͯͦ͟ͻ ͔͍ͣͭͦ͒͜ ͔͙ͣͨͪ͜;͎ͤͦͦ ͜ 
͔͔͙ͭͦͪͭ;͎ͤͦͦ ͍͍ͪͤ͜͜ ͨͤ͊ͤͤ͘͜ΎΦ ˢ͔͒͗ ͨͪͦͼ͔ͫ ͍ͤ͊;͊ͤͤΎ ό͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͤ͊ͤͤ͘͜Ύύ ͙ͣ ͎ͪͦ͘͡Ύ͒͊Ίͣͦ Ύ͟ ͔ͣͦ͒͡Έ ͍ͭͦͪ;͎ͦͦ 
ͨͪͦͼ͔ͫͯ ͍͎ͤ͊ͯͦͦͦ͟ ͨͤ͊ͤͤ͘͜ΎΦ  

˩˸́˨ Ί ͊ͫͦ͋ͦͣ͘ ͍ͯͨͪ͊ͤͤ͜͡Ύ όͦͪ͜Ί͍ͤͭͯ͊͡ΈͤͦΌ ͍ͦͫͤͦͦΌύ ͍ͭͦͪ;ͦ͝ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜Φ ˽͔ͪͦͭΣ ͔ͤͦ͋ͻ͒ͤͦ͜ 
͍͙͙͊ͯ͊͗ͭ͘Σ ΅ͦ ˩˸́˨ Ί ͭ͊ͦ͗͟ ͦͪ͜Ί͍ͤͭͯ͊͡ΈͤͦΌ ͍ͦͫͤͦͦΌ ͒͡Ύ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ  

˻͙͍ͫͦ͋ͦ͡ ͼ͔ ͫͭͦͫͯΊͭΈͫΎ ͍ͤ͊ͪ͊ͤͭͤͦ͜͜͝ ͍ͫ͊͒ͦͦ͟͡͝ ͣͦ͒ͯ͡ΎΣ ͭͦ͋ͭͦ ͙ͭͻ ͙͙͒͒͊ͭ͟;͙ͤͻ ͔͔͔͍ͣͤͭ͜͡Σ Ύ͟͜ ͍͙ͤ͊͘;͊ΌͭΈ 
ͨͪͦͼ͔͒ͯͪͯ ό͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έύ ͔͍ͭ͊ͨ͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͜ Ί ͔͍͙͙ͪͫͭ;͙͙ͤͣ ͙͙͙ͨͪͨͫ͊ͣ-ͦͪ͜Ί͙͙ͤͭͪ͊ͣ ΅ͦ͒ͦ 
͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͙͚͍ͨͪͦͣ͜ ͜ ͔͍ͣͭͦ͒͜ ͨͤ͊ͤͤ͘͜ΎΦ 
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˴͙͚ͦ͗ͤ ͔͙͚ͦͪͣ͟ ͣͦ͒ͯ͡Έ Ί ͨͪͦ͒ͯͭͦͣ͟ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔͍ͨͪͦͭͯ͊ͤͤ͟ΎΣ ͍ͫͦΊͪ͒ͤͦ͜Ό ͔ͣͦ͒͡͡Ό ͍͙ͦͤ͊ͤͤ͟Ύ ͙͍͎ͭͨͦͦͦ 
͍ͭͦͪ;͎ͦͦ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͎ͤͦͦ ͍͊͒͊ͤͤ͘ΎΦ ˹͙͗;͔ ͎ͪͦ͘͡Ύ͔ͤͣͦ ˩˸́˨Σ  Ύ͙͚͟ ͔͎͔ͪ͊ͣͤͭͯ͡Ί ͍͙ͦͤ͊ͤͤ͟Ύ ͍ͭͦͪ;͙ͻ 
͔͔ͫͨ͟ ͙͔ͪͣͤͭ͊͡Έ͙ͤͻ ͍͊͒͊ͤ͘Έ ͔͍͎ͨͤͦͦ ͙ͭͨͯΥ ͍͊͒͊ͤ͘Έ ͤ͊ ͍͙ͤ͊͘;͔ͤͤΎ ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͺ͙͘͜;͙ͤͻ ͍͔͙͡;͙ͤΣ ͔͍ͨ͊ͪ͊ͣͭͪ͜ ͺ͙͘͜;͙ͤͻ 
ͦ͋ϥΊ͍ͭ͟͜Φ ˹͊ͪ͊͘͜ ͍͙͊ͯ͊͗ͣͦ͘Σ ΅ͦ ͙͚͒͊ͤ ͣͦ͒ͯ͡Έ ͔ͤ ͔ͭͪ͋͊ ͎ͪͦ͘͡Ύ͙͒͊ͭ Ύ͟ ΅ͦͫΈ ͔͔ͤͣͤͤ͘͜ ͭ͊ ͍͔ͤ͊ͪ͊ͤͭͤ͜͜Σ ͊ ͙͡΄͔Σ Ύ͟ 
ͦͪ͜Ί͍ͤͭͯ͊͡Έͤͯ ͍ͦͫͤͦͯ ͒͡Ύ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍ͭͦͪ;ͦͫͭ͜ ͘ ͎ͦ͒ͤͦͦ ͋ͦͯ͟Σ ͜ ͦͪ͜Ί͍ͤͭͯ͊͡Έͤͯ ͫͻ͔ͣͯ ͒͜Ύ͡Έͤͦͫͭ͜ ͒͡Ύ ͯ;ͤΎΦ ̋ͦ͒ͦ 
ͦͫͭ͊ͤͤΈ͎ͦͦΣ ͭͦ ͙͚͒͊ͤ ͣͦ͒ͯ͡Έ ͍͙ͫͭͯͨ͊Ί Ύ͟ ͦ͋ΩΊͭ͟ ͍͙͍;͔ͤͤΎ ͜ ͍͊ͫͦ͘ΊͤͤΎΦ   

˹ˢ˭ˤˢ ˱ ˭˸˱˿́  ˨ˮ˨ˢ˴́ˮ̉˹˻˥˻  ˩˶˩˸˩˹́ˢ ˩˸́˨ 
˨˩ ςлΦ ˸͔ͭ͊ ͜ ͍͊͒͊ͤͤ͘Ύ ͣͦ͒ͯ͡Ύ 
˸ͦ͒ͯ͡Έ ͙ͨͪͤ͊͘;͔͙͚ͤ ͒͡Ύ ͤ͊͒͊ͤͤΎ ͍ͤ͊;͊͡Έͤͦ͝ ͎͙͒ͦͨͦͣͦ ͯ;ͤΌ ͨ͒͜ ;͊ͫ ͚͎ͫ͊ͣͦͫͭͤͦͦ͜ ͍͙ͦͤ͊ͤͤ͟Ύ ͍ͭͦͪ;͙ͻ 

͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͙ͤͻ ͍͊͒͊ͤ͘Έ ͤ͊ ͍͙ͤ͊͘;͔ͤͤΎ ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ  ͅ ͙͘͜;͙ͤͻ ͍͔͙͡;͙ͤΣ ͔͍ͨ͊ͪ͊ͣͭͪ͜ ͺ͙͘͜;͙ͤͻ ͦ͋ϥΊ͍ͭ͟͜Φ 
˸͔ͭ͊ ͣͦ͒ͯ͡ΎΥ 
˻͚͔ͤ͊ͦͣͤͤ͘͡Ύ ͘ ͫͭͪͯͭͯͪͦ͟Ό ͤ͊ͤ͘Έ ͨͪͦ ͺ͙͘͜;ͤͯ ͍͔͙͡;͙ͤͯΦ 
˻͚͔ͤ͊ͦͣͤͤ͘͡Ύ ͘ ͨͪͦͼ͔͒ͯͪͦΌ ͍͙ͦͤ͊ͤͤ͟Ύ ͍ͭͦͪ;͎ͦͦ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͎ͤͦͦ ͍͊͒͊ͤͤ͘Ύ ͤ͊ ͍͙ͤ͊͘;͔ͤͤΎ ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ 

ͺ͙͘͜;ͤͦ͝ ͍͔͙͡;͙͙ͤ ς ͨ ͔͊ͪ͊ͣͭͪ͊ ͺ͙͘͜;͎ͤͦͦ ͦ͋ϥΊͭ͊͟Φ 
˻͍ͦͦ͒ͤͤ͜͡Ύ ͎ͯ͊͊͘͡Έ͔͙͙ͤͤͣ ͙͚͙ͨͪͦͣ͊ͣ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͔͍͙͙ͪͫͭ;͙͙ͤͣ ͙ͨͦͪ͊͒͊ͣ ͜ ͍͍͙͊͊ͣ͘͟͜͟ ̈́ ͦ͒ͦ ͝ͻ 

͍͊ͫͭͦͫͯ͊ͤͤ͘ΎΦ 
˻͋ϥΊͭͦͣ͟ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ Ί ͺ͙͘͜;ͤ͊ ͍͔͙͡;͙ͤ͊Σ ͔ͨ͊ͪ͊ͣͭͪ ͺ͙͘͜;͎ͤͦͦ ͦ͋ϥΊͭ͊͟ ͊͋ͦ Ύ͍͙΅͊Φ 
͎̂͊͊͘͡Έ͔ͤͤ͊ ͔ͣͭ͊ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΥ ͘ ͊ ͎͒ͦͨͦͣͦͦΌ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ͍͙ͤ͊͘;͙͙ͭ ͤ͊͘;͔ͤͤΎ ͺ͙͘͜;ͤͦ͝ ͍͔͙͡;͙͙ͤ ς 

͔ͨ͊ͪ͊ͣͭͪ͊ ͺ͙͘͜;͎ͤͦͦ ͦ͋ϥΊͭ͊͟Σ ͙͙͒ͦͫ͒ͭ͜͡ ͝͝ ͍͘ΩΎ͙͘͟ ͘ ͤ͜΄͙͙ͣ ͺ͙͘͜;͙͙ͤͣ ͍͔͙͡;͙͙ͤ͊ͣ ͊͋ͦ ͔͙ͨ͊ͪ͊ͣͭͪ͊ͣ ͼΈ͎ͦͦ ͦ͋ϥΊͭ͊͟Φ 
˨˩ ς мΦ ˿ͭͪͯͭͯͪ͊͟ ͤ͊ͤ͘Έ ͨͪͦ ͺ͙͘͜;ͤͯ ͍͔͙͡;͙ͤͯ 
͙̅͘͜;ͤ͊  ͍͔͙͡;͙ͤ͊  ς ͼ͔ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ͯ Ύͫͤͦͣͯ͟͜  ͍͒ͤͦ͜΄͔ͤͤ͜ ͫͨ͜͡Έͤ͊ ͒͡Ύ ͎͋͊͊ͭΈͦͻ ͦ͋ϥΊ͍ͭ͟͜Σ ͊ ͍ ͟͜͡Έͫͤͦͣͯ͟͜ 

͙͍ͤ͒͒ͯ͊͜͜͡Έͤ͊ ͒͡Ύ ͎ͦ͗ͤͦͦ͟ ͘ ͙ͤͻΦ 
͔͙͙̆͊ͪ͊ͭͪͫͭ͊͟͟ ς ͼ͔ ͍͙͍͔ͫͭͤͤ͜͡Ύ ͻ͔͙͊ͪ͊ͭͪͤ͟ͻΣ ͍ ͙͒ͣͤͤ͜͜ͻ ͍͙͍͔͚͊ͫͭͦͫͭ͡Σ ͙ͪͫ Ύ͍͙΅Σ ͔ͪ;͍͙ͦͤΣ ͔͔͍ͨͪ͒ͣͭ͜ ͭͦ΅ͦΦ 
˽ͪͦ ͺ͙͘͜;ͤͯ ͍͔͙͡;͙ͤͯ ͨͦͭͪ͋ͤͦ͜ ͙ͤ͊ͭ͘Υ 
1. ̒͟͜ ͍͙͍͊ͫͭͦͫͭ͜͡ ͔ͪ;͍͙ͦͤΣ ͭ͜͡ ;͙ ͤ͜΄͙ͻ ͦ͋ϥΊ͍ͭ͟͜ ͍ͦͤ͊ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊΦ 
2. ˻ͤ͊͘;͔ͤͤΎ ͺ͙͘͜;ͤͦ͝ ͍͔͙͡;͙͙ͤΦ 
3. ̒͊͟ ͼ͔ ͍͔͙͡;͙ͤ͊Υ ͍͔ͭͦͪͤ͊͟ ;͙ ͫ͊͟͡Ύͪͤ͊Κ 
4. ˿͔ͨͼ͙ͺ͜;ͤ͜ ͍͙͍͊ͫͭͦͫͭ͜͡ ͍͔͙͡;͙͙ͤΦ 
5. ̅ͦͪͣͯ͊͡Σ ΅ͦ ͍͍͒ͨͦ͒͊͜͜Ί ͦͤ͊͘;͔ͤͤΌ ͍͔͙͡;͙͙ͤΦ 
6. ˻͙͙͒ͤͼΎ ͍͙ͣͪ͜Ό͍͊ͤͤΎ ͍͔͙͡;͙͙ͤΣ ͝͝ ͦͤ͊͘;͔ͤͤΎΦ 
7. ˿͙ͨͦͫͦ͋ ͍͙ͣͪ͜Ό͍͊ͤͤΎ ͍͔͙͡;͙͙ͤ  
˨˩ -нΦ ˿ͭͪͯͭͯͪͤͦ͟-͎ͦ͜͡;ͤ͊ ͫͻ͔ͣ͊ ͍͙ͦͤ͊ͤͤ͟Ύ ͙͍͎ͭͨͦͦͦ ͍ͭͦͪ;͎ͦͦ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͎ͤͦͦ ͍͊͒͊ͤͤ͘Ύ ό́˩˭ύ 
 

 

˾͙ͫΦ мΦ ˿ͭͪͯͭͯͪͤͦ͟-͎ͦ͜͡;ͤ͊ ͫͻ͔ͣ͊ ͍͙ͦͤ͊ͤͤ͟Ύ ͙͍͎ͭͨͦͦͦ ͍ͭͦͪ;͎ͦͦ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͎ͤͦͦ ͍͊͒͊ͤͤ͘Ύ 
 

˨˩ -оΦ ˢͤ͊͘͜͡ ͣͫͭͯ͘͜ ́˩˭Φ ˴͔͙ͦͤͪͭ͊͘͟ͼ͜Ύ ͔͙ͣͭ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ 
͍̂͊͗ͤͦ ͨͪͦ;͙͚͔ͭ͊ͭ ͍ͯͣͦͯ ͍͊͒͊ͤͤ͘ΎΦ 
˽ͪͦ Ύ͙͚͟ ͺ͙͘͜;͙͚ͤ ͦ͋ϥΊͭ͟ ͚͔͒ͭΈͫΎ ͯ ͍͊͒͊ͤͤ͘͜Κ 
̒ͯ͟ ͺ͙͘͜;ͤͯ ͍͔͙͡;͙ͤͯ ͨͪͦͨͦͤͯΊͭΈͫΎ ͍͙ͤ͊͘;͙͙ͭ ;͙ ͙͙͒ͦͫ͒ͭ͜͡Κ 
͔̒͟ ͍͒ͤͦ͜΄͔ͤͤΎ ͣ͊Ί ͼΎ ͍͔͙͡;͙ͤ͊ ͒ͦ ͦ͋ϥΊ͍ͭ͟͜ ό͔͔͍ͨͪ͒ͣͭ͜Σ Ύ͍͙΅ύΣ ͨͪͦ Ύ͟͜ ͚͔͒ͭΈͫΎ ͍ ͍ͯͣͦ͜ ͍͊͒͊ͤͤ͘ΎΚ 
˽͚͔ͪͦ͊ͤ͊ͯͭ͘͜͡ ͍͙͎͙ͣͦΣ ΅ͦ ͣͫͭ͜ΎͭΈͫΎ ͯ ͔ͭͫͭ͟͜ ͍͊͒͊ͤͤ͘ΎΦ 
̉ͭͦ͜͟ ͜ ͦͪͦͭͦ͟͟ ͫͺͦͪͣͯ͡Ό͚͔ͭ ͔ͣͭͯ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ 
˨˩ пΦ ˢͤ͊͘͜͡ ͺ͙͘͜;͎ͤͦͦ ͦ͋ϥΊͭ͊͟Σ ͔ͨ͊ͪ͊ͣͭͪͦͣ Ύ͎ͦͦ͟ Ί ͍͒ͦͫ͒͗ͯ͊ͤ͊͜͡ ͍͔͙͡;͙ͤ͊ 
ˢͤ͊͘͜͡ ό͍͒͜  ͎͔ͪͼΦ ʱ˄ʱ˂ˎˋʽˌ ς ͪͦ͊͒͘͟͡Σ ͪͦ͘;͔͍ͤͯ͊ͤͤ͡Ύύ ς ͎ͦ͜͡;͙͚ͤ ͨ ͙͚ͪͦͣΣ ͔ͣͭͦ͒ ͍͎ͤ͊ͯͦͦͦ͟ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ Ύ͙͚͟ 

ͨͦ͡Ύ͎͊Ί ͯ ͭͦͣͯΣ ΅ͦ ͔͔ͨͪ͒ͣͭΣ Ύ͙͚͟ ͒ͦͫ͒͗ͯ͜͡ΊͭΈͫΎΣ ͯΎ͍ͤͦ ͊͋ͦ ͔ͪ͊͡Έͤͦ ͪͦ͒͘͜͡ΎΌͭΈ ͤ͊ ͍ͫ͊͒ͦ͟͜͡ ;͙͙͊ͫͭͤΣ ͦ͗ͤ͊͟ ͘ Ύ͙͟ͻ ͨͦͭͣ͜ 
͒ͦͫ͒͗ͯ͜͡ΊͭΈͫΎ ͔ͦͪͣͦ͟Φ 

˭ΩΎ͚͔ͫͯͭΣ ;͙ ͣͦ͗ͤ͊ ͙͚͒͊ͤ ͦ͋ϥΊͭ͟ ͎ͪͦ͘͡Ύ͙͒͊ͭ Ύ͟ ͙͔ͫͫͭͣͯ ͔͙ͦͪͣ͟ͻ ͔͔͔͍ͣͤͭ͜͡Φ 
̒͟΅ͦ ͣͦ͗ͤ͊Σ ͭͦ ͍͙͒ͭ͜͜͡Έ ͼ͜ ͔͔͔͙ͣͤͭ͡ ͜ ͍͊͗ͭ͟͜Έ ͤ͊  ͍͘ϥΎ͙͘͟Σ Ύ͟͜ ͫͤͯ͜ΌͭΈ ͣ͗͜ ͙͙ͤͣΦ 
͙͙̒ͣ͟ ͺ͙͘͜;͙͙ͤͣ ͍͙͍͊ͫͭͦͫͭ͡Ύ͙ͣ ͍ͦͦ͒͜͡Ί ͦ͋ϥΊͭ͟Κ 
̒͟ ͍͙͔ͨͤ͡ ͍͔͔͒ͦͪͣͤͤ͜͟͡Ύ ͔͍͎ͨͤͦͦ ͔͔͔ͣͤͭ͊͡ ͊͋ͦ ͎͙ͪͯͨ ͔͔͔͍ͣͤͭ͜͡ ͤ͊ ͣͤͯ͘͜ ͺ͙͘͜;͙ͤͻ ͍͙͍͔͚͊ͫͭͦͫͭ͡ ͦ͋ϥΊͭ͊͟Κ 
͙͚̒͟ ͍͙͍ͨ͡ ͤ͊ ͦ͋ϥΊͭ͟ ͣ͊ΌͭΈ ͤ͜΄͜ ͺ͙͊ͭͦͪ͟Σ ͦ͋ϥΊ͙ͭ͟Σ ΅ͦ ͍ ͊͊ͤ͘͟͜ ͍ ͍ͯͣͦ͜ ͍͊͒͊ͤͤ͘ΎΚ 
˨˩ ςрΦ  ˢͭͯ͊͊͘͟͜͡ͼ͜Ύ ͙ͦͨͦͪͤͻ ͤ͊ͤ͘Έ 
˿ͺͦͪͣͯ͡Ό͚͔ͭ ͙͊ͨͭ͊ͤͤ͘Ύ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͍ͨͯͤͭ͟͜  м-т  ͙͙͒͒͊ͭ͟;͎ͤͦͦ ͔͔͔ͣͤͭ͊͡ м ͜ ͚͔ͫͨͪͦ͋ͯͭ ͙͒͊ͭ ͤ͊ ͙ͤͻ ͍͍͒ͨͦ͒͜͜͜Φ 

ˢͤ͊͘͜͡ ͺ͙͘͜;͎ͤͦͦ ͦ͋ΩΊͭ͊͟Σ 

͔ͨ͊ͪ͊ͣͭͪͦͣ Ύ͎ͦͦ͟ Ί 

͍͒ͦͫ͒͗ͯ͊ͤ͊͜͡ ͍͔͙͡;͙ͤ͊ 

ˢͤ͊͘͜͡ ͣͫͭͯ͘͜ ͍͊͒͊ͤͤ͘ΎΦ 

˴͔͙ͦͤͪͭ͊͘͟ͼ͜Ύ ͔͙ͣͭ 

͔͒ͦͫ͒͗ͤͤ͜͡Ύ 

̅ͦͪͣͯ͡Ό͍͊ͤͤΎ ͔͙ͨͪͦ͋ͣ͡ ͯ ͍͙͎͡Ύ͒͜ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͊͒͊͘;͜ 

ˢͭͯ͊͊͘͟͜͡ͼ͜Ύ ͤ͊ͤ͘Έ ͨͪͦ ͍͒ͦͫ͒͗ͯ͊ͤͯ͜͡ ͍͔͙͡;͙ͤͯ 

͜ ͦ͋ΩΊͭ͟Σ ͔ͨ͊ͪ͊ͣͭͪͦͣ Ύ͎ͦͦ͟ ͍ ͦͤ͊ Ί 

˾ͦͪͦ͋͊͘͟ ͔͔͙ͭͦͪͭ;ͤͦ͝ ͔ͣͦ͒͜͡ ͍ͪͦ͘ΩΎͯ͘͟ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͊͒͊͘;͜ 

ˤ͙ͦͤ͊ͤͤ͟Ύ ͔͔͙͔ͫͨͪͣͤͭͯ͟Φ ˻ͺ͔ͦͪͣͤͤ͡Ύ ͜ ͊ͤ͊͘͜͡ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ 

˾ͦͪͦ͋͊͘͟ ͔ͣͦ͒͜͡ ͔͔͙͔ͫͨͪͣͤͭͯ͟ 
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˽͙͎͚͔ͪ͊͒͊ͭ ͍͒ͦͣ͜͜ ͙͊ͦͤ͘͟ ͜ ͺ͙͘͜;ͤ͜ ͺ͙ͦͪͣͯ͡Σ ͍ Ύ͙͟ͻ ͙ͨͪͫͯͭͤΎ ͍͒ͦͫ͒͗ͯ͊ͤ͊͜͡ ͍͔͙͡;͙ͤ͊Φ 
˭ Ύ͙͙ͣ͟ ͺ͙͘͜;͙͙ͤͣ ͍͔͙͡;͙͙ͤ͊ͣΣ ΅ͦ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭΈ ͍͙͚͒ͦͫ͒͗ͯ͊ͤ͜͡ ͦ͋ϥΊͭ͟Σ ͍ͨͦϥΎ͊ͤ͊͘ ͍͒ͦͫ͒͗ͯ͊ͤ͊͜͡ ͍͔͙͡;͙ͤ͊Κ 

ˤ͙Ύ͍ͭ͜Έ ͼ͜ ͍͘ϥΎ͙͘͟Σ ͙͊ͨ͘΄ͭ͜Έ ͝ͻ ͙͊ͤ͊ͭ͜͡;ͤͦ ͯ ͍͙͎͡Ύ͒͜ ͍ ͙͒ͦͣ͜ͻ ͺͦͪͣͯ͡Φ 
˿ͨ ͚͔ͪͦ͋ͯͭ ͙͙͊ͨͫ͊ͭ͘ ͔͙ͣ͊ͭͣ͊ͭ;͙͚ͤ ͍͙ͪ͊͘Σ Ύ͙͚͟ ͍͒ͦͦ͘͡ΎΊ ͍͙ͤ͊͘;͙͙ͭ ͊͋ͦ ͙͙͒ͦͫ͒ͭ͜͡ ͺ͙͘͜;ͤͯ ͍͔͙͡;͙ͤͯ ͊͘ 

͎͒ͦͨͦͣͦͦΌ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͙ͤͻ ͍͙ͣͪ͜Ό͍͊ͤΈΦ  
˭͙͊ͨ΄ͭ͜Έ ͪͦ͋ͦ;ͯ ͺͦͪͣͯͯ͡ ͺ͙͘͜;͎ͤͦͦ ͔͔͙͔ͫͨͪͣͤͭͯ͟Φ 
˨˩ ς сΦ ̅ͦͪͣͯ͡Ό͍͊ͤͤΎ ͔͙ͨͪͦ͋ͣ͡ ͯ ͍͙͎͡Ύ͒͜ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝  ͘ ͊͒͊;͜ 
мΦ ˭ͪͦ͋ͭ͜Έ ͊ͤ͊͘͜͡ ͍ͯͣͦ ͔͔͙͔ͫͨͪͣͤͭͯ͟Σ Ύ͟͜  ͨͪͦͨͦͤͯΌͭΈͫΎ  ͯ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦͣͯ ͍͊͒͊ͤͤ͘͜Φ 
нΦ ˽͚͔ͪͦ͊ͤ͊ͯͭ͘͜͡ ͪͦ͋ͦ;ͯ ͺͦͪͣͯͯ͡Σ ͊͘ Ύͦ͟Ό ˤ͙ ͔͔͋ͯ͒ͭ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ ͍͙ͤ͊͘;͙͊ͭ ό͍͙͒ͦͫ͒͗ͯ͊ͭ͜͡ύ ͺ͙͘͜;ͤͯ 

͍͔͙͡;͙ͤͯΦ 
оΦ ̒͟͜ ͺ͙͘͜;ͤ͜ ͍͔͙͡;͙͙ͤ ͨͦͭͪ͋ͤͦ͜ ͔͋ͯ͒ ͍͙ͣͪ͜Ύ͙ͭ ͍ ͻͦ͒͜ ͍͙ͦͤ͊ͤͤ͟Ύ ͔ ͔͙͔ͫͨͪͣͤͭͯ͟ ͜ Ύ͟͜ ͒͡Ύ ͼΈ͎ͦͦ ͨͦͭͪ͋ͤ͜͜ ͍͙ͯͣͦΚ 
пΦ ͔̒͟ ͍͒ͤͦ͜΄͔ͤͤΎ ͣ͗͜ ͍͙ͯͣͦ͊ͣ ͔͔͙͔ͫͨͪͣͤͭͯ͟Σ ΅ͦ ͨͪͦͨͦͤͯΌͭΈͫΎ ͯ ͍͊͒͊ͤͤ͘͜Σ ͜ ͙ͨͪ͊ͭ͟;ͤͦ ͙͍͙͙ͣͦ͗ͣ͡Κ 
рΦ ˿ͺͦͪͣͯ͡Ό͚͔ͭ ͦͪͦͭͦ͟͟ ͜ ͭͦ;ͤͦ ͔ͣͭͯ ͔͔͙͔ͫͨͪͣͤͭͯ͟Φ 
сΦ ˿ͺͦͪͣͯ͡Ό͚͔ͭ ͍͊͒͊ͤͤ͘Ύ ͯ ͍͙͎͡Ύ͒͜ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͊͒͊͘;͜Σ ͙ͣ͊ͫͣ͊͟͡Έͤͦ ͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͺ͙͘͜;ͤ͜ ͨͦͤΎͭͭΎΣ 

͍͔͙͡;͙͙ͤ ͭͦ΅ͦΦ 
тΦ ͙̉ Ί ͫͺͦͪͣͯ͡Έ͍ͦ͊ͤ͊ ˤ͙͊ͣ ͊͒͊͘;͊ ͔ͦͪͭͤͦ͟͟ΌΚ 
уΦ ͙̉ ͔ͤ ͣͦ͗ͤ͊ ͫͺͦͪͣͯ͡Ό͍͙͊ͭ ͍ͯͣͦͯ ͊͒͊͘;͜ ͨͪͦͫͭ͜΄͔Σ ͭͦ;ͤ͜΄͔Σ ͒ͦͫͭͯͨͤ͜΄͔Κ 
˨˩ ς тΦ ˾ͦͪͦ͋͊͘͟ ͔͔͙ͭͦͪͭ;ͤͦ͝ ͔ͣͦ͒͜͡ ͍ͪͦ͘ΩΎͯ͘͟ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͊͒͊͘;͜ 
˩͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͊ ͺ͙͘͜;ͤ͊ ͊͒͊͘;͊ ς ͼ͔ ͍͙͎ͣͦ͊Σ Ύ͊͟ ͊͒͊ͤ͊͘ ͔͍͙͙ͨͤͣ ͍͙ͯͣͦ͊ͣ ͜ ͔ͣͦ͗ ͙͋ͯͭ ͔͍ͪ͊ͦ͊ͤ͊͘͜͡ ͍͊͒͘Ύ͙͟ 

͍͙ͦͤ͊ͤͤ͟Ό ͺ͙͘͜;͎ͤͦͦ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ό͒ͦͫ͒ͯ͜͡ύΦ ˽͔ͪͦͭ ͫͨͦ;͊ͭͯ͟ ͨͦͭͪ͋ͤͦ͜ ͍ͪͦ͘ΩΎ͙͊ͭ͘ ͊͒͊͘;ͯ ͔͔͙ͭͦͪͭ;ͤͦΣ ͭͦ͋ͭͦ ͙͙ͪͦͪͦ͋ͭ͘ 
͔͔͙ͭͦͪͭ;ͤͯ ͔ͣͦ͒͡ΈΣ Ύ͊͟ ͍͙ͪ͊͗͊Ί ͍͘ΩΎ͙͘͟ ͣ͗͜ ͺ͙͘͜;ͤͦΌ ͍͔͙͡;͙ͤͦΌΣ Ύͯ͟ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͙ͤ͊͘;͙͙ͭΣ ͭ͊ ͤ͜΄͙͙ͣ ͺ͙͘͜;͙͙ͤͣ 
͍͔͙͡;͙͙ͤ͊ͣΣ ͍͙ͤ͊͘;͔ͤͤΎ Ύ͙͟ͻ Ί ͙͍͙ͣͦ͗ͣ͡ ͊͘ ͙͒͊ͤͻ ͍ͯͣͦΦ ̒͟ ͍͙ͨͪ͊ͦ͡Σ ͼ͔ Ί ͪͦ͋ͦ;͊ ͺͦͪͣͯ͊͡ ͤ͊ ͍ͦͫͤͦ͜ Ύͦ͟͝ ͔ͣͦ͒͡ΌΊͭΈͫΎ 
ͺ͙͘͜;͙͚ͤ ͔͔͙͔ͫͨͪͣͤͭ͟Φ ̂ ͎͊͊͘͡Έͤͦͣͯ ͍͙ͨ͊͒ͯ͟ ͔͔͙ͭͦͪͭ;ͤ͊ ͔ͣͦ͒͡Έ ͣ͊Ί ͙ͭͪ ͍ͫ͊͒ͦ͟͜͡Υ ͺ͙͘͜;ͤͯΣ ͔͙ͣ͊ͭͣ͊ͭ;ͤͯ ͭ͊ ͎ͪ͊ͺ͜;ͤͯΦ 

˨˩ ς уΦ ˾ͦͪͦ͋͊͘͟ ͔ͣͦ͒͜͡ ͔͔͙͔ͫͨͪͣͤͭͯ͟ 
1. ʕ ͙ͤ͊͘;͔ͭΣ Ύ͟͜ ͙͙ͨͪ͊͒͡ ͜ ͔͙ͣ͊ͭͪ͊͜͡ ͔ͤͦ͋ͻ͒ͤ͜͜ ͒͡Ύ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͎ͤͦͦ ͍͙ͣͪ͜Ό͍͊ͤͤΎ ͺ͙͘͜;͙ͤͻ ͍͔͙͡;͙ͤΦ 
2. ̂ Ύ͍ͭ͜Έ ͯͫ͜ ͙͍ͣͦ͗͜͡ ͍͙͊ͪ͊ͤͭ͜ ͍͙ͦͤ͊ͤͤ͟Ύ ͔͔͙͔ͫͨͪͣͤͭͯ͟Φ 
3. ʕ ͙͔͋ͪͭ͜Έ ͘ ͯͫ͜ͻ ͙͍͙ͣͦ͗͡ͻ ͍͍͊ͪ͊ͤͭ͜͜ ͚ͭͦΣ Ύ͙͚͟ Ί ͔ͭͻͤ͜;ͤͦ ͚ͤ͊ͨͪͦͫͭ͜΄͙ͣ ͜ ͍͒ͦͦ͘͡ΎΊ ͔͔͊͋ͨ͘͘;͙͙ͭ ͚͍͙ͤ͊΅ͯ ͭͦ;ͤͫͭ͜Έ 

͔ͪͯ͘͡Έ͍ͭ͊ͭ͜Φ 
4. ˿ ͊͒ͭ͟͜͡Έ ͨ͊ͤ͡ ͍͙ͦͤ͊ͤͤ͟Ύ ͔͔͙͔ͫͨͪͣͤͭͯ͟Φ 
5. ˽ ͊ͤ͡ ͍͙͔ͨͦͤͤ ͍͙͒ͦ͋ͪ͊͗͊ͭ͜ ͍ͦͫͤͦͤ͜ ͔͙ͭ͊ͨ  ͍͙ͦͤ͊ͤͤ͟Ύ ͔ ͔͙͔ͫͨͪͣͤͭͯ͟ ͜ ͙͋ͯͭ ͒ͦͫͭ͊ͭͤΈͦ ͎ͤͯ;͙ͣ͟Σ ͭͦ͋ͭͦ ͙͒ͦͨͯͫ͊ͭ͟ 

͙͍ͣͦ͗ͫͭ͜͡ΈΣ ͙ͨͪ ͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜Σ ͣͤ͘͜Ό͍͙͊ͭ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ͚͒͜ ͯ ͻͦ͒͜ ͔͔͙͔ͫͨͪͣͤͭͯ͟Φ ˽͊ͤ͡ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ͍͙͔ͨͦͤͤ ͙͙ͣͫͭͭ͜ 
͍͍͙͊͘͟͜͟ ΅ͦ͒ͦ ͍ ͙ͣͪ͜Ό͍͊ͤΈ ͜ ͦ͋;͙͔ͫͤ͡ΈΣ Ύ͟͜ ͔ͤͦ͋ͻ͒ͤͦ͜ ͚͙͙͒ͫͤͭ͘͜ ͯ ͻͦ͒͜ ͔͔͙͔ͫͨͪͣͤͭͯ͟Σ ͜ ͊͘ Ύ͙͙ͣ͟ ͺ͙ͦͪͣͯ͊ͣ͡Φ 

6. ʕ ͊͗ͭ͟͜ΈΣ Ύ͟͜ ͫͻ͔͙ͣΣ ͎ͪ͊ͺ͙͜͟Σ ͙ͭ͊͋͡ͼ͜Σ ͣ͊͡Ό͙ͤ͟ ͨͦͭͪ͋ͤͦ͜ ͍͙͙ͦͤ͊ͭ͟ ͯ ͨͪͦͼ͔ͫ͜ ͔͔͙͔ͫͨͪͣͤͭͯ͟Φ 
˨˩ ς фΦ ˤ͙ͦͤ͊ͤͤ͟Ύ ͔͔͙͔ͫͨͪͣͤͭͯ͟Φ ˻ͺ͔ͦͪͣͤͤ͡Ύ ͜ ͊ͤ͊͘͜͡ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ 
˿͊͒ͭ͟͜͡Έ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͯ ͍ͯͫͭ͊ͤͦͯ͟Φ 
˽͒͜ ;͊ͫ ͪͦͣ͘͜΅͔ͤͤΎ ͙͍ͨͪ͊͒͜͡ ͚͔ͫ͒ͯͭ͜͟͡Σ ΅ͦ͋ ͦ͒ͤ͜ ͙͙ͨͪ͊͒͡ ͔ͤ ͍͙͍͙ͨ͊͡͡ ͤ͊ ͪͦ͋ͦͭͯ ͤ͜΄͙ͻΦ 
˴͙͚ͦ͗ͤ ͙ͨͪ͊͒͡ ͣ͊Ί ͙͋ͯͭ ͪͦͣ͘͜΅͔͙͚ͤ ͯ ͔ͨͦͦ͗ͤͤ͜͡Σ Ύ͔͟ ͍͍͒ͨͦ͒͊͜͜Ί ͚͎ͦͦ ͪͦ͋ͦ;ͦͣͯ ͫͭ͊ͤͯΦ 
˥ͦͭͯΌ;͙ ͙͙ͨͪ͊͒͡ ͒ͦ ͔͔͙͔ͫͨͪͣͤͭͯ͟Σ ͔͔͍͔ͨͪͪͭ͜ ͝ͻͤΌ ͒͜ΌΣ ͔͍ͤͫͨͪ͊ͤ͜ ͙͙ͨͪ͊͒͡ ͊ͣͤͭ͘͜͜ΈΦ 
˽͒͜ ;͊ͫ ͫ͊͒͊ͤͤ͟͡Ύ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͍͙ͯͫͭ͊ͤͦ͟ ͜ ͙ͪͦ͋ͦͭ ͘ ͔ͤΌ ͔ͤͦ͋ͻ͒ͤͦ͜ ͙͍͙͒ͦͭͪͣͯ͊ͭͫΎ ͍͙ͨͪ͊͡ ͔ͭͻ͙ͤ͜͟ 

͔͔͋ͨ͘ ͙͟. 
̒͟΅ͦ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͊ ͍ͯͫͭ͊ͤͦ͊͟ ͎͍ͦͭͦ͊ ͒ͦ ͙ͪͦ͋ͦͭΣ ͭͦ ͍͙͚͔ͦͤ͊ͭ͟ ͔͔͙͔ͫͨͪͣͤͭ͟ ͎͒ͤͦ͘͜ ͨ͊ͤͯ͡Σ ͔͔ͨͦͨͪ͒ͤΈͦ 

ͨͪͦͦͤͫͯ͟͡Έ͍͍ͭͯ͊΄͙ͫΈ ͘ ͍;͙͔͔ͭͣ͡Φ 
˭͍ͭ͜ ͨͪͦ ͍͙ͦͤ͊ͤͤ͟Ύ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͎ͤͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͣ͊Ί ͙͋ͯͭ ͍͙͔͙͚͊͒ͤ͟͡ ͙ͫͭͫͦ͡ ͯ ͔͍͚͋ͦͫͦ͋ͦ͘͜ ͺͦͪͣ͜Φ 
˭ͤ͊;͔ͤͤΎ ͍͙ͣͪ͜Ό͍͙͊ͤͻ ͺ͙͘͜;͙ͤͻ ͍͔͙͡;͙ͤ ͊ͤͦͫ͘ΎͭΈͫΎ ͯ ͙ͭ͊͋͡ͼΌ ͪ ͔ͯ͘͡Έ͍ͭ͊ͭ͜ ͘ ͭͦ;ͤͦΌ ͍͍͊ͦ͘͟͜͟Ό ͙͙ͦ͒ͤͼΈ ͝ͻ 

͍͙ͣͪ͜Ό͍͊ͤͤΎΦ 
̂ ͙͊ͨͫ͊͘ͻ ͍͙ͨͦͤͤ͜ ͙͋ͯͭ ͦ͋;͙͔ͫͤͤ͡Ύ ͍͒ͦͫ͒͗ͯ͊ͤͦ͜͡͝ ͺ͙͘͜;ͤͦ͝ ͍ ͔͙͡;͙͙ͤ ͎͒ͤͦ͘͜ ͪͦ͋ͦ;ͦ͝ ͺ͙ͦͪͣͯ͡ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ 

ͺ͙͘͜;͙ͤͻ ͍͔͙͡;͙ͤΣ ͍͙ͣͪ͜Ό͍͙͊ͤͻ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͯ ͻͦ͒͜ ͔͔͙͔ͫͨͪͣͤͭͯ͟Φ 
˽͙ͪ ͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜ ͫ͒͜͡ ͔͍͙͙ͨͪ͒ͫͭ͊ͭ ͎ͪ͊ͺ͜;ͤͦ ͔͊͗ͤͫͭ͘͜͡Έ ͍͒ͦͫ͒͗ͯ͊ͤͦ͜͡͝ ͺ͙͘͜;ͤͦ͝ ͍͔͙͡;͙͙ͤ ͍͒͜ ͤ͜΄͙ͻ ͍͔͙͡;͙ͤΦ 
˻͋;͙ͫͭ͜͡Έ ͨͦͻ͙͙͋͟ ͍͙ͣͪ͜Ό͍͊ͤͤΎ ͍͒ͦͫ͒͗ͯ͊ͤͦ͜͡͝ ͺ͙͘͜;ͤͦ͝ ͍͔͙͡;͙͙ͤΦ 
˭͙͙͊ͨͫΣ ͦ͋;͙͔ͫͤͤ͡ΎΣ ͎ͪ͊ͺ͙͜͟Σ ͙ͭ͊͋͡ͼ͜Σ ͫͻ͔͙ͣ ͍͙ͨͦͤͤ͜ ͍͙͍͙ͦͤͯ͊ͭͫ͟Έ ͭ͊͟Σ ΅ͦ͋ ͙͋ͯ͡ ͪͦͯͣ͘͘͜͜͡ ͔ͣͭ͊ ͜ ͔ͪͯ͘͡Έͭ͊ͭ 

͝ͻ ͍ ͙ͦͤ͊ͤͤ͟ΎΦ 
˽ͫ͜͡Ύ ͙ͦͭͪͣ͊ͤͤΎ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͜ ͦ͋;͙͔ͫͤͤ͡Ύ ͨͦͻ͙͋ͦ͟ ͪͦ͋ͭ͘͜Έ ͝ ͻ͚ͤ͜ ͊ͤ͊͘͜͡ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͔͙ͣͭ ͍͊͒͊ͤͤ͘Ύ ͜ 

ͫͺͦͪͣͯ͡Ό͚͔ͭ ͍͙͍ͫͤͦͦ͟Φ 
˨˩ ς млΦ ˽͙ͪ͊͒͟͡ ͍͙ͦͤ͊ͤͤ͟Ύ ͙͍͎ͭͨͦͦͦ ͍͊͒͊ͤͤ͘Ύ 
˭ͣͫͭ͜ ͍͊͒͊ͤͤ͘ΎΦ 
ˤ͙ͤ͊͘;͙͙ͭ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͙ͤͣ ΄͡Ύͻͦͣ ͔͔͙ͭͪ͟͡;ͤͯ Ίͣͤͫͭ͜Έ ͔ͦͤ͒ͤͫ͊ͭͦͪ͊͟Φ 
˸͔͙ͭͦ͒;ͤ͊ ͔ͣͦ͒͡Έ ͍͙ͦͤ͊ͤͤ͟Ύ ͍͊͒͊ͤͤ͘Ύ 
˨͔͊ͤ ͍͊͒͊ͤͤ͘Ύ ͔ͣͦ͗ ͙͋ͯͭ ͔͔ͨͦ͊͒ͤ͟͡ ͍ ͍ͦͫͤͦͯ ͍͙ͦͤ͊ͤͤ͟Ύ ͺͪͦͤͭ͊͡Έͤͦ͝ ͊͋ͦͪ͊ͭͦͪͤͦ͡͝ ͙ͪͦ͋ͦͭ ͊͋ͦ ͙ͪͦ͋ͦͭ 

ͺ͙͘͜;͎ͤͦͦ ͙ͨͪ͊ͭͯͣͯ͟͟Φ ˻ͪ͜Ί͍ͤͭͦͤͦΌ ͍ͦͫͤͦͦΌ ͒͡Ύ ͚͎ͦͦ ͍͙ͦͤ͊ͤͤ͟Ύ Ί ͍͍͙͚͒ͨͦ͒ͤ͜͜ ͔͍͙͙ͪͫͭ;͙͚ͤ ͣͦ͒ͯ͡ΈΣ ͯ ͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ ͒ͦ 
Ύ͎ͦͦ͟ ͻ͒͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘ ͙ͤ͊ͫͭͯͨͤͻ ͔͍ͭ͊ͨ͜Υ 

-  ˢͤ͊͘͜͡ ͍͊͒͊ͤͤ͘ΎΦ ˴͔͙ͦͤͪͭ͊͘͟ͼ͜Ύ ͔͙ͣͭ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ 
-  ˢͭͯ͊͊͘͟͜͡ͼ͜Ύ ͤ͊ͤ͘Έ ͨͪͦ ͍͒ͦͫ͒͗ͯ͊ͤͯ͜͡ ͍͔͙͡;͙ͤͯ ͜ ͦ͋ϥΊͭ͟Σ ͔ͨ͊ͪ͊ͣͭͪͦͣ Ύ͎ͦͦ͟ Ί ͼΎ ͍͔͙͡;͙ͤ͊Φ 
-  ̅ͦͪͣͯ͡Ό͍͊ͤͤΎ ͔͙ͨͪͦ͋ͣ͡ ͯ ͍͙͎͡Ύ͒͜ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͊͒͊͘;͜Φ 
-  ˾ͦͪͦ͋͊͘͟ ͔ͣͦ͒͜͡ ͔͔͙͔ͫͨͪͣͤͭͯ͟Φ 
-  ˤ͙ͦͤ͊ͤͤ͟Ύ ͔͔͙͔ͫͨͪͣͤͭͯ͟Φ ˻ͺ͔ͦͪͣͤͤ͡Ύ ͜ ͊ͤ͊͘͜͡ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜Φ  
˭͙͙ͯͨͤͣͦͫΎ ͔͒ͭ͊͡Έͤͦ  ͤ͊  ͔͙ͦͪͣ͟ͻ ͔ͭ͊ͨ͊ͻ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ 
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мΦ ˢͤ͊͘͜͡ ͍͊͒͊ͤͤ͘ΎΦ ˴͔͙ͦͤͪͭ͊͘͟ͼ͜Ύ ͔͙ͣͭ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ 
˽ͦͭͪ͋ͤͦ͜ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ ͍͙ͤ͊͘;͙͙ͭ ͺ͙͘͜;ͤͯ ͍͔͙͡;͙ͤͯ ό͔͔ͭͪͦ͟͡Ίͣͤͫͭ͜ΈύΣ Ύ͊͟ Ί ͔ͨ͊ͪ͊ͣͭͪͦͣ ͔͎ͦͤͪͭͤͦͦ͟͟ 

ͺ͙͘͜;͎ͤͦͦ ͦ͋ΩΊͭ͊͟ ό͔ͦͤ͒ͤͫ͊ͭͦͪ͊͟ύΦ ˻ͪ͜Ί͍ͤͭͯ͊͡ΈͤͦΌ ͍ͦͫͤͦͦΌ ͒͜Ύ͡Έͤͦͫͭ͜ Ί ͍͍͙͚͒ͨͦ͒ͤ͜͜ ͔͍͙͙ͪͫͭ;͙͚ͤ ͣͦ͒ͯ͡ΈΦ 
˸͔ͦ͒͡Ό͍͊ͤͤΎ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͤ͊ ͍ͦͫͤͦ͜ ͊ͭͯ͊͊͘͟͜͡ͼ͜͝ ͤ͊ͤ͘Έ ͨͪͦ ͔ͦͤ͒ͤͫ͊ͭͦͪ͟Σ ͔͔ͭͪͦ͟͡Ίͣͤͫͭ͜ΈΣ ͝͝ ͍͘ΩΎ͙͘͟ ͘ 
ͤ͜΄͙͙ͣ ͺ͙͘͜;͙͙ͤͣ ͍͔͙͡;͙͙ͤ͊ͣΦ  

нΦ ˢͭͯ͊͊͘͟͜͡ͼ͜Ύ ͤ͊ͤ͘Έ ͨͪͦ ͍͒ͦͫ͒͗ͯ͊ͤͯ͜͡  ͍͔͙͡;͙ͤͯ ͜ ͦ͋ϥΊͭ͟Σ ͔ͨ͊ͪ͊ͣͭͪͦͣ Ύ͎ͦͦ͟ Ί ͼΎ ͍͔͙͡;͙ͤ͊Φ 
̂ͻͦ͒͜ ͼΈ͎ͦͦ ͔ͭ͊ͨͯ ͔ͭͪ͋͊ ͙͎͙ͨͪ͊͒͊ͭ ͤ͊ͫͭͯͨͤ͜ ͔ͨͦͦ͗ͤͤ͡ΎΥ 
˴͔ͦͤ͒ͤͫ͊ͭͦͪ ς ͼ͔ ͙͚ͨͪͫͭͪ͜ ͒͡Ύ ͙ͤ͊ͦͨ͟;͔ͤͤΎ ͔͔͙ͭͪ͟͡;͎ͤͦͦ ͊ͪ͘Ύ͒ͯΣ Ύ͙͚͟ Ύ͍͡ΎΊ ͫͦ͋ͦΌ ͍͒͊ ͍͙͙ͨͪͦ͒ͤ͜͟Σ ͔ͪͦ͒ͤ͘͜͜͡ 

͔͔͙͒ͭͪͦͣ͜͟͟͡Τ 
ͺ͙͘͜;ͤ͊ ͍͔͙͡;͙ͤ͊Σ Ύ͊͟ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ί ͒͊ͭͤͫͭ͘͜Έ ͔ͦͤ͒ͤͫ͊ͭͦͪ͊͟ ͙ͤ͊ͦͨ͟;͍͙ͯ͊ͭ ͔͔͙ͭͪ͟͡;͙͚ͤ ͊ͪ͘Ύ͒Σ ͙͍ͤ͊͊͘ΊͭΈͫΎ 

Ίͣͤͫͭ͜Ό ͔ͦͤ͒ͤͫ͊ͭͦͪ͊͟Τ 

͔͔ͭͪͦ͟͡Ίͣͤͫͭ͜Έ ͔ͦͤ͒ͤͫ͊ͭͦͪ͊͟ ͍͙ͪ͊͗͊ΊͭΈͫΎ ͺͦͪͣͯͦ͡ΌΥ ὅ ., ͔͒ q ς ͊ͪ͘Ύ͒ ͔ͦͤ͒ͤͫ͊ͭͦͪ͊͟Σ U ς ͤ ͎͊ͨͪͯ͊ ͤ͊ 

͔ͦͤ͒ͤͫ͊ͭͦͪ͟͜Τ  
͎ͤ͊ͨͪͯ͊ ͤ͊ ͔ͦͤ͒ͤͫ͊ͭͦͪ͟͜ ͍ͨͦΩΎ͊ͤ͊͘ ͘ ͍ͫͤͯ͊ͤͤ͜Ύ ͤ͊ ͤΈͦͣͯ ͔͔͙ͭͪ͟͡;͎ͤͦͦ ͊ͪ͘Ύ͒ͯΣ ͊ ͔ͦͭ͗Σ ͔͔ͭͪͦ͟͡Ίͣͤͫͭ͜Έ 

͔ͦͤ͒ͤͫ͊ͭͦͪ͊͟ Ί ͔ͦ͟ͺ͜ͼ͜Ίͤͭͦͣ ͨͪͦͨͦͪͼ͚ͤͦͫͭ͜͜Σ Ύ͙͚͟ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ί  ͙ͨͪ;͙ͤͤͦ-͍͙͚ͤ͊ͫ͒ͦ͜͟͡ ͍͘ΩΎͦ͘͟ ͣ͗͜ ͎ͤ͊ͨͪͯͦΌ ͜ ͊ͪ͘Ύ͒ͦͣ 

͒͡Ύ ͎͒͊ͤͦͦ ͔ͦͤ͒ͤͫ͊ͭͦͪ͊͟Υ Ὗ   ό͍͍͒ͨͦ͒ͤͦ͜͜ ή ὅὟ).  

̒͟ ͋͊;͙ͣͦΣ ͔͔ͭͪͦ͟͡Ίͣͤͫͭ͜Έ ͔ͤ ͔͙͊͗ͭ͘͡Έ ͤ͜ ͍͒͜ ͊ͪ͘Ύ͒ͯ ͤ͊ ͔ͦͤ͒ͤͫ͊ͭͦͪ͟͜Σ ͤ͜ ͍͒͜ ͎͙ͤ͊ͨͪͯ ͤ͊ ͤΈͦͣͯΦ 
˾͔ͯ͘͡Έͭ͊ͭͦͣ ͊ͭͯ͊͊͘͟͜͡ͼ͜͝ ͍͙΅͔͍͙͊͊ͤ͘͟ͻ ͔ͨͦͦ͗ͤ͡Έ ͣ͊Ί ͙͋ͯͭ ͙͚ͭ͊͟ ͍͙͍ͫͤͦͦ͟Υ ΅ͦ͋ ͍͙ͤ͊͘;͙͙ͭ ͔͔ͭͪͦ͟͡Ίͣͤͫͭ͜Έ 

͔ͦͤ͒ͤͫ͊ͭͦͪ͊͟ ͨͦͭͪ͋ͤͦ͜ ͊ͪ͘Ύ͙͙͒ͭ ͚͎ͦͦ ͙ͨͪ ͚͊͒͊ͤ͘͜ ͤ͊ͨͪͯ͘͜Σ ͊ ͨͦͭͣ͜ ͍͙ͣͪ͜Ύ͙ͭ ͊ͪ͘Ύ͒ ͤ͊ ͔ͦͤ͒ͤͫ͊ͭͦͪ͟͜Φ 
оΦ ̅ͦͪͣͯ͡Ό͍͊ͤͤΎ ͔͙ͨͪͦ͋ͣ͡ ͯ ͍͙͎͡Ύ͒͜ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͊͒͊͘;͜ 
˭͊ͪΎ͙͙͒ͭ ͔ͦͤ͒ͤͫ͊ͭͦͪ͟ ͒ͦ ͊͒͊ͤͦ͘͝ ͎͙ͤ͊ͨͪͯ ͔ͤͫ͊͒ͤͦ͟͡Υ ͒͡Ύ ͼΈ͎ͦͦ ͚͎ͦͦ ͣͦ͗ͤ͊ ͨ͒͜͟͡Ό;͙͙ͭ ͒ͦ ͔͔͒͗ͪ͊͡ ͙͍͔͗ͤͤ͡ΎΣ 

͙ͤ͊ͨͪ͊͒͟͡Σ  ˮ̏˽˽-нΣ ͔͔ͨͦͨͪ͒ͤΈͦ ͍͙͍͙͍ͫͭ͊΄͙ ͤ͊ ͙ͨͪ͊͒͜͡ ͔ͤͦ͋ͻ͒ͤͯ͜ ͎ͤ͊ͨͪͯͯΦ ˿͊͒ͤ͟͜͡΄͔ ͍͙ͤ͊͘;͙͙ͭ ͊ͪ͘Ύ͒ ͤ͊ 
͔ͦͤ͒ͤͫ͊ͭͦͪ͟͜Φ ͔̇ ͣͦ͗ͤ͊ ͙͙ͪͦ͋ͭ͘Σ ͍͙ͣͪ͜Ύ͍΄͙ ͊ͪ͘Ύ͒Σ Ύ͙͚͟ ͨͪͦͻ͙ͦ͒ͭΈ ;͔͔ͪ͘ ͔͔ͨͪͪ͘͜ ͍͙ͨͪͦ͒ͤ͊͜͟ ͊͘ ;͊ͫ ͪͦͪ͘Ύ͒͗͊ͤͤΎ 
͔ͦͤ͒ͤͫ͊ͭͦͪ͊͟Φ  

͙́͊ͣ͟ ;͙ͤͦͣΣ ͔ͨͪͦ͋ͣ͊͡ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͙ͦ͒ͭ͘ΈͫΎ ͒ͦ ͔ͦͤͪͭͤͦ͟͟͝  ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͊͒͊͘;͜Φ 
˭͊͒͊;͊Φ ʕ ͙ͤ͊͘;͙͙ͭ ͊ͪ͘Ύ͒Σ Ύ͙͚͟ ͨͪͦͻ͙ͦ͒ͭΈ ;͔͔ͪ͘ ͔͔ͨͪͪ͘͜ ͍͙ͨͪͦ͒ͤ͊͜͟ ͨ͒͜ ;͊ͫ ͪͦͪ͘Ύ͒͗͊ͤͤΎ ͔ͦͤ͒ͤͫ͊ͭͦͪ͊͟Φ  
˨͡Ύ ͯͫͨ͜΄͎ͤͦͦ ͝͝ ͍͙ͪ͜΄͔ͤͤΎ ͯ;ͤΎͣ ͤ͊͒͊ΊͭΈͫΎ ͎͒ͦͨͦͣͦ͊ ͯ ͍͙͎͡Ύ͒͜ ͙͙͒͒͊ͭ͟;͎ͤͦͦ ͔͔͔ͣͤͭ͊͡ ˨˩-тΦмΣ Ύ͙͚͟ ͒ͦ͒͊ΊͭΈͫΎ 

͒ͦ ͍͎͋͊ͦͦͦ͘ ͙͙͒͒͊ͭ͟;͎ͤͦͦ ͔͔͔ͣͤͭ͊͡ ˨˩-т ͎ͪͦ͘͡Ύ͎ͤͯͭͦͦ ͍͙΅͔ ͣͦ͒ͯ͡ΎΦ  
˨ -˩7.1. ʕ ͙ͣͪ͜Ό͍͊ͤͤΎ ͔͔͙ͭͪ͟͡;͎ͤͦͦ ͊ͪ͘Ύ͒ͯ ͙͋͊ͫͭ͜͡;͙ͤͣ ͔ͣͭͦ͒ͦͣ 

ˤ͙ͤ͊͘;͙͙ͭ ͔͔͙ͭͪ͟͡;͙͚ͤ ͊ͪ͘Ύ͒ qΣ Ύ͙͚͟ ͨͪͦͻ͙ͦ͒ͭΈ ͊͘  ;͊ͫ Dt ;͔͔ͪ͘  ͔͔ͨͪͪ͘͜ ͍͙ͨͪͦ͒ͤ͊͜͟Σ ͙ͦ͟͡ ͍ ͤΈͦͣͯ ͨͪͦͭ͊͜͟Ί 
͚͙͚ͨͦͫͭͤ͜ ͔͔͙ͭͪ͟͡;͙͚ͤ ͫͭͪͯͣΣ ͔ͤ Ί ͙ͫ͊͒ͤͣ͟͡ ͍͊͒͊ͤͤ͘ΎͣΦ ˨͡Ύ ͼΈ͎ͦͦ ͨͦͭͪ͋ͤͦ͜ ͔͔͊ͣͨͪͣͭͪͦͣ ͍͙ͣͪ͜Ύ͙ͭ ͙ͫͯ͡ ͫͭͪͯͣͯ ͍ ͦ͟͜͡ ͜ 

ͦ͋;͙͙͙ͫͭ͡ ͊ͪ͘Ύ͒ ͊͘ ͺͦͪͣͯͦ͡ΌΥ q = ˱ÖDt.   
ˢ Ύ͟ ͍͙ͤ͊͘;͙͙ͭ ͊ͪ͘Ύ͒Σ Ύ͙͚͟ ͨͪͦͻ͙ͦ͒ͭΈ ;͔͔ͪ͘ ͔͔ͨͦͨͪ;͙͚ͤ ͔͔ͨͪͪ͘͜ ͍͙ͨͪͦ͒ͤ͊͜͟Σ ͙ͦ͟͡ ;͊ͫ ͨͪͦͭ͊ͤͤ͜͟Ύ ͫͭͪͯͣͯ ͔͒ͯ͗ 

͙͚ͣ͊͡Σ ͙ͤ͊ͨͪ͊͒͟͡Σ ͨ͒͜ ;͊ͫ ͪͦͪ͘Ύ͙͒͟  ͔ͦͤ͒ͤͫ͊ͭͦͪ͊͟Κ   
˨͡Ύ ͼΈ͎ͦͦ ͒ͦͼ͜͡Έͤͦ ͙͙ͫͦͪͫͭ͊ͭͫ͟Έ ͎͊͡Έ͍͔͊ͤͦͣͭͪͦͣ ͎͔͔͙ͣ͊ͤͭͦͭͪ͜͟͡;ͤͦ͝ ͙͔͙ͫͫͭͣΦ ˽͒͜ 

;͊ͫ ͨͪͦͻ͔ͦ͒͗ͤͤΎ ͚͎ͨͦͫͭͤͦͦ͜ ͫͭͪͯͣͯ ;͔͔ͪ͘ ͪ͊ͣͯ͟ ͙ͨͪ͊͒ͯ͡ ό͙ͪͫΦ нύ ͙ͫ͊͡ ˢ͔ͣͨͪ͊ ͍ͫͭͦͪΌΊ 
͔͍͙͚ͦ͋ͪͭͦ ͔ͣͦͣͤͭΣ Ύ͙͚͟ ͨͪͦͨͦͪͼ͚͙͚ͤ͜ ͙ͫ͜͡ ͫͭͪͯͣͯΦ  

˾͊ͣ͊͟ ͭ͊ͦ͗͟  ͊ͤ͊͘͘Ί ͒͜͝ ͙͙ͫ͡ ͨͪͯ͗ͤͦͫͭ͜ ͘ ͋ͦͯ͟ ͫͨͪ͊͜͡Έͤͦ͝ ͙͙ͨͪͯ͗ͤΦ ̇Ύ ͙ͫ͊͡ ͙ͨͪͦͭ͒͜Ί 
͍͔ͨͦͪͭ͊ͤͤΌ ͙ͪ͊ͣ͟ ͜ ͨͪͦͨͦͪͼ͚ͤ͊͜ ͯͭͯ͟ ͍ͨͦͦͪͦͭͯΦ ͙́͊ͣ͟ ;͙ͤͦͣΣ ͫͭͪ͊͜͟͡ ͙ͨͪ͊͒ͯ͡ 
͍͒͜ͻ͙͡ΎΊͭΈͫΎ ͤ͊ ͯͭ͟Σ Ύ͙͚͟ ͨͪͦͨͦͪͼ͚͙͚ͤ͜ ͙ͫ͜͡ ͫͭͪͯͣͯ ͍ ͪ͊ͣͼ͜Φ 

̒͟΅ͦ ;͔͔ͪ͘ ͙ͨͪ͊͒͡ ͨͪͦͻ͙ͦ͒ͭΈ ͦͪͦͭͦ͟͟;͙͚͊ͫͤ ͫͭͪͯͣΣ ͙ͨͪ Ύͦͣͯ͟ ;͊ͫ ͨͪͦͭ͊ͤͤ͜͟Ύ Dt 
ͤ͊͘;ͤͦ ͔ͣͤ΄͙͚ ͊͘ ͔ͨͪͦ͒͜ ͍͜͡Έ͙ͤͻ ͙͍ͦ͊ͤ͟͡Έ ͪͯͻͦͣͦ͝ ͙͔͙ͫͫͭͣ ͙ͨͪ͊͒ͯ͡Σ ͭͦ  ͪͯͻͦͣ͊ ͙͔ͫͫͭͣ͊ 
όͪ͊ͣ͊͟Σ ͙ͨͪͯ͗ͤ͊Σ ͫͭͪ͊͜͟͡ύ ͊ͤ͊͘͘Ί ͘ ͋ͦͯ͟ ͎͎ͣ͊ͤͭͤͦͦ͜ ͨͦ͡Ύ άͨͦ΄͍ͭͦͻͯέΣ ΅ͦ ͍͙͙͟͡;͔ ͝͝ ͍͜͡Έͤ͜ 
͙͍ͦ͊ͤͤ͟͡ΎΦ  ˢͣͨͭͯ͒͊͜͡ ͼ͙ͻ ͙͍ͦ͊ͤ͟͡ΈΣ ͊ ͍͍͒ͨͦ͒ͤͦ͜͜ ͜ ͯͭ͟ ͍͒͜ͻ͙͔ͤͤ͡Ύ ͙ͫͭͪ͜͟͡Σ  ͨͪͦͨͦͪͼ͚ͤ͜͜ 
ͣͨͯ͜͡Έͫͯ ͙͙ͫ͡Σ ͘ Ύͦ͟Ό ͎͔ͣ͊ͤͭͤ͜ ͔ͨͦ͡ ͒͜Ί ͤ͊ ͪ͊ͣͯ͟Υ 

j ~ FDt, 

͔͒   F ς ͫ ͙͊͡ ˢ͔ͣͨͪ͊Σ Dt ς ;͊ͫ ͒͜͝ ͙͙ͫ͡Φ 

́͊͟ Ύ͟ ͙ͫ͊͡ ˢ͔ͣͨͪ͊ ͨͪͦͨͦͪͼ͚ͤ͊͜ ͙ͫ͜͡ ͫͭͪͯͣͯ ͍ ͪ͊ͣͼ͜ F ~ ˱ Σ ͭͦ ͯͭ͟ ͍͒͜ͻ͙͔ͤͤ͡Ύ ͙ͫͭͪ͜͟͡ ͨͪͦͨͦͪͼ͚͙͚ͤ͜ ͙ͫ͜͡ ͫͭͪͯͣͯ ͜ 

;͊ͫͯ ͨͪͦͭ͊ͤͤ͜͟Ύ ͫͭͪͯͣͯΣ ͭͦ͋ͭͦ ͔͔͙ͭͪ͟͡;ͤͦͣͯ ͊ͪ͘Ύ͒ͯ DǉΣ Ύ͙͚͟ ͚ͨͪͦ΄͍ͦ ;͔͔ͪ͘ ͪ͊ͣͯ͟Υ 

j ~ Dq. 
 ˻ ͔ͭ͗Σ ͊ͪ͘Ύ͒Σ Ύ͙͚͟ ͨͪͦͻ͙ͦ͒ͭΈ ͙ͨͪ ͦͪͦͭͦ͟͟;͊ͫͤͦͣͯ ͫͭͪͯͣ͜ ;͔͔ͪ͘ ͔͔ͨͪͪ͘͜ ͍͙ͨͪͦ͒ͤ͊͜͟Σ ͣͦ͗ͤ͊  ͦ͋;͙͙͙ͫͭ͡ ͊͘ ͺͦͪͣͯͦ͡ΌΥ  

Dq = kN, 
͔͒ k ς ͔ͦ͟ͺ͜ͼ͜Ίͤͭ ͨͪͦͨͦͪͼ͚ͤͦͫͭ͜͜Σ Ύ͙͚͟ ͍͙ͤ͊͘;͊Ί ͼͤͯ͜ ͙ͨͦ͒͜͟͡ ΄͙͊͟͡ ͎͚͍͎ͨͪͦͪ͊͒ͯͦ͊ͤͦͦ ͎͊͡Έ͍͔͊ͤͦͣͭͪ͊ ͍ ͙͙ͦ͒ͤͼΎͻ 
͔͔͙ͭͪ͟͡;͎ͤͦͦ ͊ͪ͘Ύ͒ͯΤ N ς ͟ ͜͡Έͫͭ͟͜Έ ͨͦ͒ͦ͜͟͡ ͙ͣ͊ͫͣ͊͟͡Έ͎ͤͦͦ ͍͒͜ͻ͙͔ͤͤ͡Ύ ͙ͫͭͪ͜͟͡ ͎͊͡Έ͍͔͊ͤͦͣͭͪ͊Φ 

̋ͦ͋ ͍͙ͤ͊͘;͙͙ͭ ͔ͦ͟ͺ͜ͼ͜Ίͤͭ k ͒͡Ύ ͎͒͊ͤͦͦ ͎͊͡Έ͍͔͊ͤͦͣͭͪ͊ ͨͦͭͪ͋ͤͦ͜ ͍͘Ύ͙ͭ ͔ͦͤ͒ͤͫ͊ͭͦͪ͟ ͘ 
͍͒ͦͣͦ͜Ό Ίͣͤͫͭ͜Ό Τ˿ ͙ͫ͊ͫͭ͟͡ ͔͔͙ͭͪ͟͡;͔ͤ ͦͦ͟͡ ό͙ͪͫΦ оΦύΤ ͊ͪ͘Ύ͙͙͒ͭ ͔ͦͤ͒ͤͫ͊ͭͦͪ͟ ͒ͦ ͎͙ͤ͊ͨͪͯ U ͜ 
ͨ͒͜͟͡Ό;͙͙ͭ ͚͎ͦͦ ͒ͦ ͎͊͡Έ͍͔͊ͤͦͣͭͪ͊Τ ͊͘ͺ͍͙ͫͯ͊ͭ͜͟ ;͙ͫͦ͡ N ͨͦ͒ͦ͜͟͡ ΄͙͊͟͡ ͍͒͜ͻ͙͔ͤͤ͡Ύ ͙ͫͭͪ͜͟͡ 
͎͊͡Έ͍͔͊ͤͦͣͭͪ͊Φ  

́͊͟ Ύ͟ Dq = CUΣ ͭͦ ͔ͦ͟ͺ͜ͼ͜Ίͤͭ ƪ ͣͦ͗ͤ͊ ͚͙ͤ͊ͭ͘  ͊͘ ͺͦͪͣͯͦ͡ΌΥ 

Ὧ . 

͙͚́͊͟ ͣ ͔ͭͦ͒ ͍͙ͣͪ͜Ό͍͊ͤͤΎ ͔͔͙ͭͪ͟͡;͎ͤͦͦ ͊ͪ͘Ύ͒ͯΣ ͊͘ ͙ͣ͊ͫͣ͊͟͡Έ͙ͤͣ ͍͒͜ͻ͙͔ͤͤ͡Ύͣ ͙ͫͭͪ͜͟͡ 
͎͊͡Έ͍͔͊ͤͦͣͭͪ͊ ͎͔͔͙ͣ͊ͤͭͦͭͪ͜͟͡;ͤͦ͝ ͙͔͙ͫͫͭͣΣ ͙͍ͤ͊͊͘ΊͭΈͫΎ ͙͋͊ͫͭ͜͡;͙ͤͣ ͔ͣͭͦ͒ͦͣΦ  
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˭͙͊ͨͭ͊ͤͤΎ ͭ͊ ͍͊͒͊ͤͤ͘Ύ ͒͡Ύ ͫ͊ͣͦͦͤͭͪͦ͟͡Ό 
1.  ̉ ͙ ͔͙͊͗ͭ͘͡Έ ͤ͊͘;͔ͤͤΎ ͔ͦ͟ͺ͜ͼ͜Ίͤͭ͊ k ͒͡Ύ ͎͒͊ͤͦͦ ͎͊͡Έ͍͔͊ͤͦͣͭͪ͊ ͍͒͜ Ίͣͤͦͫͭ͜ ͔ͦͤ͒ͤͫ͊ͭͦͪ͊͟Σ Ύ͙͚͟ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ 

͒͡Ύ ͚͎ͦͦ ͍͙ͤ͊͘;͔ͤͤΎΚ ̒͟ ͼ͔ ͣͦ͗ͤ͊ ͔͔͍͙͙ͨͪͪͭ͜ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡ΈͤͦΚ 
2.  ̂  ;ͦͣͯ ͨͦ͡Ύ͎͊Ί ͙͋͊ͫͭ͜͡;͙͚ͤ ͔ͣͭͦ͒ ͍͙ͣͪ͜Ό͍͊ͤͤΎ ͔͔͙ͭͪ͟͡;͎ͤͦͦ ͊ͪ͘Ύ͒ͯΚ 
3.  ̉ ͦͣͯ ͒͡ Ύ ͍͙ͣͪ͜Ό͍͊ͤͤΎ ͔͔͙ͭͪ͟͡;͎ͤͦͦ ͊ͪ͘Ύ͒ͯ ͙͋͊ͫͭ͜͡;͙ͤͣ ͔ͣͭͦ͒ͦͣ ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͙ͨͪ͊͒͡ 

͎͔͔͙ͣ͊ͤͭͦͭͪ͜͟͡;ͤͦ͝ ͙͔͙ͫͫͭͣΚ 
4.  ̒ ͟Σ ͙ͦͪͫͭͯ͟Ό;͙ͫΈ ͙͋͊ͫͭ͜͡;͙ͤͣ ͔ͣͭͦ͒ͦͣ ͍͙ͣͪ͜Ό͍͊ͤͤΎ ͔͔͙ͭͪ͟͡;͎ͤͦͦ ͊ͪ͘Ύ͒ͯΣ ͍͙ͤ͊͘;͙͙ͭ ͔͔ͭͪͦ͟͡Ίͣͤͫͭ͜Έ 

͔͍͎ͤ͒ͦͣͦͦ͜ ͔ͦͤ͒ͤͫ͊ͭͦͪ͊͟?  
пΦ ˾ͦͪͦ͋͊͘͟ ͔ͣͦ͒͜͡ ͔͔͙͔ͫͨͪͣͤͭͯ͟ 

˱͘ ͣͫͭͯ͘͜ ͙͙͒͒͊ͭ͟;͎ͤͦͦ ͔͔͔ͣͤͭ͊͡ ˨˩-тΦм ͫ͒ͯ͜͡ΊΣ ΅ͦ ͒͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ Ίͣͤͦͫͭ͜ ͔͍͎ͤ͒ͦͣͦͦ͜ ͔ͦͤ͒ͤͫ͊ͭͦͪ͊͟ ͣͦ͗ͤ͊ 
͍͙͙͙ͦͪͫͭ͊ͭ͟ ͔͔͒͗ͪͦ͡ ͙͍͔͗ͤͤ͡Ύ ˮ̏˽˽-нΣ ͔͋͊ͭ͊ͪΌ ͔͍ͦͤ͒ͤͫ͊ͭͦͪ͟͜Σ ͎͊͡Έ͍͔͊ͤͦͣͭͪ ό͍ͦ͡Έ͔ͭͣͭͪ ͎͔͔͙ͣ͊ͤͭͦͭͪ͜͟͡;ͤͦ͝ ͙͔͙ͫͫͭͣ 
мрˤύΦ 

˽͊ͤ͡ ͍͙ͦͤ͊ͤͤ͟Ύ ͒ͦͫ͒ͯ͜͡ 
1.  ˿ ͙͊ͫͭ͟͡ ͔͔͙ͭͪ͟͡;͔ͤ ͦͦ͟͡ ͊͘ ͫͻ͔ͣͦΌ ͤ͊ ͙ͪͫΦ оΦ 
2.  ʕ ͟͡Ό;͙͙ͭ ͔͔͒͗ͪͦ͡ ͙͍͔͗ͤͤ͡Ύ ˮ̏˽˽-нΣ ͍ͨͦ͒͊΄͙ ͤ͊ ͍͙ͻ͒͜  ͎ͤ͊ͨͪͯͯ ¦Ґпˤ.  
3.  ʕ ͍͙͙ͫͭ͊ͤͦͭ ͔͔͙ͨͪͣ͊͟; ͔͋͊ͭ͊ͪ͝ ͔͍ͦͤ͒ͤͫ͊ͭͦͪ͟͜ ͯ ͔ͨͦͦ͗ͤͤ͡Ύ мͣ̅͟Φ  
4.  ˭ ͊ ͎͒ͦͨͦͣͦͦΌ ͔͔͙ͨͪͣ͊͟;͊ ͨ͒͜͟͡Ό;͙͙ͭ ͔͋͊ͭ͊ͪΌ ͔͍ͦͤ͒ͤͫ͊ͭͦͪ͟͜ ͒ͦ ͔ͣ͟͡ ͔͔͒͗ͪ͊͡ ͙͍͔͗ͤͤ͡ΎΣ ͊ ͨͦͭͣ͜ 

͔͔ͨͪ͟͡Ό;͙͙ͭ ͝͝ ͤ͊ ͎͊͡Έ͍͔͊ͤͦͣͭͪΦ ˭͊ͺ͍͙ͫͯ͊ͭ͜͟ ;͙ͫͦ͡ N ς ͟͜͡Έͫͭ͟͜Έ ͨͦ͒ͦ͜͟͡ ͙ͣ͊ͫͣ͊͟͡Έ͎ͤͦͦ ͍͒͜ͻ͙͔ͤͤ͡Ύ ͙ͫͭͪ͜͟͡ 
͎͊͡Έ͍͔͊ͤͦͣͭͪ͊Φ 

5.  ˨ ͦͫ͒͜͡ ͍͙͙ͨͦͭͦͪͭ о ͙ͪ͊͘ ͜ ͍͙ͤ͊͘;͙͙ͭ ͔͔ͫͪ͒ͤΊ ͤ͊͘;͔ͤͤΎ Nc: 

ὔ . 

6.  ˻ ͋ͪ͊ͻ͍͙ͯ͊ͭ ͔ͦ͟ͺ͜ͼ͜Ίͤͭ ƪ ͒͡Ύ  ͎͒͊ͤͦͦ ͎͊͡Έ͍͔͊ͤͦͣͭͪ͊ ͊͘ ͺͦͪͣͯͦ͡Ό 

Ὧ . 

7.  ʕ ͟͡Ό;͙͙ͭ ͯ ͦͦ͟͡ ͊ͣͫͭ͘͜Έ ͔͋͊ͭ͊ͪ͝ ͔͍ͦͤ͒ͤͫ͊ͭͦͪ͟͜ ͔ͦͤ͒ͤͫ͊ͭͦͪ͟ ͔͍ͤ͒ͦͣͦ͜͝ Ίͣͤͦͫͭ͜Φ ˭͊ͪΎ͒͗͊Ό;͙ ͔ͦͤ͒ͤͫ͊ͭͦͪ͟ ͍͒͜ 
͔͔͒͗ͪ͊͡ ͭ͊ ͪͦͪ͘Ύ͒͗͊Ό;͙ ͚͎ͦͦ ;͔͔ͪ͘ ͎͊͡Έ͍͔͊ͤͦͣͭͪΣ ͙ͨ͒͋ͪ͊ͭ͜͜ ͭ͊ͯ͟ ͎ͤ͊ͨͪͯͯ ͤ͊ ͔͔͒͗ͪ͜͡ UxΣ ΅ͦ͋ ͫͭͪ͊͜͟͡ ͎͊͡Έ͍͔͊ͤͦͣͭͪ͊ 
͍͒͜ͻ͙͡Ύ͊ͫ͡Έ ͤ͊ ͼ͔͜͡ ;͙ͫͦ͡ Nx   ͨ ͦ͒ͦ͜͟͡Φ 

8.  ˻ ͋;͙͙͙ͫͭ͡ ͔͔ͭͪͦ͟͡Ίͣͤͫͭ͜Έ ͔͍͎ͤ͒ͦͣͦͦ͜ ͔ͦͤ͒ͤͫ͊ͭͦͪ͊͟ ͊͘ ͺͦͪͣͯͦ͡Ό 

ὅ . 

˨˩ ςммΦ ˭͍͊͒͊ͤͤΎ ͜ ͙͊ͨͭ͊ͤͤ͘Ύ ͒͡Ύ ͫ͊ͣͦͦͤͭͪͦ͟͡Ό 
1. ˹͍͊ͭ͘͜Έ ͦ͒ͤͯ ͘ ͍͙͒ͦͣ͜ͻ ˤ͊ͣ ͺ͙͘͜;͙ͤͻ ͍͔͙͡;͙ͤΦ 
2. ˿ͺͦͪͣͯ͡Ό͚͔ͭ ͙͊ͨͭ͊ͤͤ͘Ύ ΅ͦ͒ͦ ͍ͤ͊͊ͤͦ͘͝ ͍͔͙͡;͙͙ͤ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ ͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔͔͔ͣͤͭ͊͡  м ͎͒͊ͤͦͦ ͣͦ͒ͯ͡Ύ ͜ 

͙͊ͨ͘΄ͭ͜Έ ͝ͻ ͯ ͦ͘΄͙ͭΦ ˨͚͔͊ͭ ͍͍͒ͨͦ͒͜͜͜ ͤ͊ ͫͺͦͪͣͯ͡Έ͍ͦ͊ͤ͜ ͙͊ͨͭ͊ͤͤ͘ΎΦ 
3. ˹͍͊ͭ͘͜Έ ͍ͦͫͤͦͤ͜ ͔͙ͭ͊ͨ ͨͪͦͼ͔ͫͯ ͍͙ͦͤ͊ͤͤ͟Ύ ́˩˭ ͤ͊ ͍͙ͤ͊͘;͔ͤͤΎ ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͺ͙͘͜;ͤͦ͝ ͍͔͙͡;͙͙ͤ ͯ ͝ͻ ͎ͦ͜͡;͚ͤ͜ 

͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡Φ 
4. ̋ͦ ͦͤ͊͘;͊ΊΥ ͙͙ͪͦͪͦ͋ͭ͘ ͔ͣͦ͒͡Έ ͺ͙͘͜;͎ͤͦͦ ͔͔͙͔ͫͨͪͣͤͭͯ͟Κ 
5. ͙̒͟ͻ ͍͙͎ͣͦ ͨͦͭͪ͋ͤͦ͜ ͙͍͙͒ͦͭͪͣͯ͊ͭͫΈ ͨ͒͜ ;͊ͫ ͍͙ͦͤ͊ͤͤ͟Ύ ͺ͙͘͜;͎ͤͦͦ ͔ ͔͙͔ͫͨͪͣͤͭͯ͟ ͜ ͦͺ͔ͦͪͣͤͤ͜͡ ͚͎ͦͦ 

͔ͪͯ͘͡Έ͍ͭ͊ͭ͜? 
 

˻ˣ˥˻ˤ˻˾˩˹˹̒ 
 ˾ ͎ͦ͘͡Ύ͙͚ͤͯͭ ͔͍͙͙ͪͫͭ;͙͚ͤ ͣͦ͒ͯ͡Έ Ί ͙͔ͫͫͭͣͦΌ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͔͍͙͙ͪͫͭ;͙ͤͻ ͍͊ͫͦ͋͘͜ ό͙͙͍ͨͪͨͫ͜Σ ͍ͨ͊ͤ͜͡-ͦͪ͜Ί͙͍ͤͭͪ͜Σ 

ͫͭͪͯͭͯͪͤͦ͟-͎ͦ͜͡;͙ͤͻ ͫͻ͔ͣ ͭͦ΅ͦύΣ Ύ͟͜ ͔ͨͪͦͭͯ͟ΌͭΈͫΎ ͍ ͔ͦͤͭͫͭ͟͟͜ ͙͍͎ͭͨͦͦͦ ͍ͭͦͪ;͎ͦͦ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͎ͤͦͦ ͍͊͒͊ͤͤ͘Ύ ͜Σ Ύ͟ ͍͔͗ 
͊ͤ͊͘͘;͊ͦͫ͡ΎΣ Ί ͔͔ͨͪ͒ͣͭͦͣ ͍͊ͫͦ͘ΊͤͤΎ ͒͡Ύ ͯ;͍ͤ͜Φ ˸ͦ͒ͯ͡Έ ͊͒͊ͨͭͯΊͭΈͫΎ ͒ͦ ͔͎ͦͤͪͭͤͦͦ͟͟ ͍͊͒͊ͤͤ͘Ύ ͊͘ ͎͒ͦͨͦͣͦͦΌ 
͔͙͍͎ͦͨͪ͊ͭͤͦͦ ͍͙͍ͨͯ͡Σ Ύ͙͚͟ ͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͨ͒͊ͦ͘͜͟͟ ό͍͍͊ͦ͘͟͜͟Σ ͙͒ͦͨͦͣ͗ͤ͜ͻ ͙͊ͨͭ͊ͤ͘Έύ ͯ ͭͦͣͯ ;͙ͫ͜͡ ͚ 
͙͒ͦͨͦͣ͗ͤ͜ͻ ͊͒͊͘;Φ  

́ͯͭ ͔ͤͦ͋ͻ͒ͤͦ͜ ͙͋ͪ͊ͭ ͒ͦ ͍͎͙ͯ͊ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ΅ͦ͒ͦ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͙ͨ͒͊͘͜͟͟ ͭ͊ ͤͭͯ͜͝ͼ͜͝ ͯ 
͍ͪͦ͘ΩΎ͊ͤͤ͘͜ ͍ͭͦͪ;ͦ͝ ͊͒͊͘;͜ ό˽ͦͤͦͣ͊ͪΈ͍ͦΣ 1983)., ͊  ͔ͫ͊ͣΥ  

-  ͙͍ͣͦ͗ͫͭ͜͡Έ ͙͍͎ͤͭͯͭͤͦͦ͜͝ ͍ͪͦ͘ΩΎͯ͘͟ ͐ͪͯͤͭͯΊͭΈͫΎ ͙͡΄͔ ͤ͊ ͔͍͔ͤͯͫ͒ͦͣͤͦͣͯ͜͡ ͍͒ͦͫ͒͜͜Τ 
-  ͙͚ͭ͊͟ ͍͒ͦͫ͒͜ Ί ͔͔ͤͺ͔͙͍͙ͭͤͣ͟Σ Ύ͟΅ͦ ͍ͤ͜ ͔͔ͨͪ͒ͯΊ ͫͨͪͦ͋͊ͣ ͍ͪͦ͘ΩΎ͙͊ͭ͘ ͍ͭͦͪ;ͯ ͊͒͊͘;ͯΣ ͭͦ͋ͭͦ ͙ͦ͟͡ Ϧͨ͒͊͊͘͜͟͟Ϧ 

͒͊ΊͭΈͫΎ ͔͔ͨͪ͒ ͍ͪͦ͘ΩΎͦͣ͘͟ ͫ͊ͣͦ͝ ͊͒͊͘;͜Τ 
-  ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͼΈ͎ͦͦ ͍͒ͦͫ͒ͯ͜ ͍ͨͦͤͫͭ͜Ό ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͤ͊Ύ͍ͤͦͫͭ͜ ͯ ͫͯ͋ΩΊͭ͊͟ ͼ͜͡Έ͍ͦͦ͝ ͨͦ΄͍ͯͦͦ͟͝ ͙͒ͦͣͤ͊ͤͭ͜Σ ΅ͦ 

ͺͦͪͣͯΊͭΈͫΎ ͯ ͔ͪͯ͘͡Έͭ͊ͭ͜ ͔͍͙ͤ͒͊͡ͻ ͫͨͪͦ͋ ͍ͪͦ͘ΩΎ͙͊ͭ͘ ͊͒͊͘;ͯΣ ͭͦ͋ͭͦ ͙ͦ͟͡ Ϧͨ͒͊͊͘͜͟͟Ϧ ͒͊ΊͭΈͫΎ ͨͫ͜͡Ύ ͍͔ͨͦͫͭ͊ͤͦ͡͝ ͊͒͊͘;͜Τ 
-  ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͍͒ͦͫ͒ͯ͜ ͪͦ͘͜͟ ͪͦͫͭ͊͘ΊΣ ͙ͦ͟͡ ͫͯ͋ΩΊͭ͟ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ͨͦͤͫͭ͜Ό ͍͙;͔͍ͪͨ͊ ͯͫ͜ ͙͚͙ͨͪͦͣ ͍ͪͦ͘ΩΎͯ͘͟ ͊͒͊͘;͜ ΅͔ 

͙ͨͪ ͔͎ͤͨͦ͊΄͔͚ͤ͜ ͨͦ΄͍͚ͯͦ͟͜ ͒ͦͣͤ͊ͤͭ͜͜Τ 
-  ͔ͣͤ͘΄͔ͤͤΎ ͍ͣͫͭͦͤͦͫͭ͘͜͜ ͨͪΎ͎ͣͦͦ ͨͪͦ͒ͯͭͯ͟ ͒͜͝ ͍ ͙ͫͭͯ͊ͼ͜͝ Ϧ͙ͨ͒͊͘͜͟͟Ϧ ͙ͨ͒ͫ͜͡ΌΊ ͍͙͍ͨ͡ ͔͍͔͎ͤͯͫ͒ͦͣͤͦͦ͜͡ ͍͒ͦͫ͒ͯ͜Σ 

ͭͦ͋ͭͦ ;͙ͣ ͔ͣͤ΄ Ϧͼ͍͊͜͟͜΄ͦΌϦ Ί Ϧͨ͒͊͊͘͜͟͟ϦΣ ͙ͭͣ ͍ͦͤ͊ ͔ͺ͔͙͍ͭͤ͟͜΄͊; 
-  ͔ͯͫ͊͒ͤͤͤ͟͡Ύ ͙ͫͭͯ͊ͼ͜͝Σ ͍ Ύ͚͟͜ ͍ͤ͊͋ͯ͊ΊͭΈͫΎ ͔͍͔͙͚ͤͯͫ͒ͦͣͤ͜͡ ͍͒ͦͫ͒͜Σ ͔͔ͨͪ΄ͦ͒͗͊͟Ί ͚͎ͦͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟ΌΣ ͭͦ͋ͭͦ 

͍ͪͦ͘ΩΎͦ͘͟ ͒ͦͨͦͣ͗ͤͦ͜͝ ͊͒͊͘;͜-͙ͨ͒͊͘͜͟͟ ͔ͤ ͍͙͔ͨͦͤͤ ͙͋ͯͭ ͊ͤ͊͒ͭͦ͘ ͙ͫ͊͒ͤͣ͟͡Φ 
 

ˤˮ˿˹˻ˤ˴ˮ ́ˢ ˽˩˾˿˽˩˴́ˮˤˮ ˽˻˨ˢ˶̎̊˻˥˻ ˨˻˿˶˱˨ˬ˩˹˹̒ 
˭ͣͫͭ͜ ͍͙͔͎͊͒ͤͦͦ͟͡Σ ͊ ͭ͊ͦ͗͟ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͙ͨͪ͊ͭ͟;͎ͤͦͦ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͊ͤ͊͘͘;͔͙ͤͻ ͔ͣͻ͍͊ͤͣ͘͜͜ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͭ͊ 

͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͭͦͪ;ͦ͝ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͨ͒͜ ;͊ͫ ͍͙͍;͔ͤͤΎ ͺ͙͙͘͜͟ ͒͊ΌͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͔͍͙ͫͭͪ͒͗ͯ͊ͭΣ ΅ͦ ͝ͻͤ͜ 
͔ͪͯ͘͡Έ͙ͭ͊ͭ ͣ͊ΌͭΈ ͔ͺ͔͙͍͙͚ͭͤ͟ ͍͙͍ͨ͡ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͎ͣͭͦ͒ͦͦ͜͡;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͫͭ͊ͪ΄͙͍ͦ͊ͫͤ͟͟͜͡ ς ͔͎ͤͭͪ͊͜͡Έͤͦ͝Σ  ͙͔ͫͫͭͣͤͦ 
ͼͫͤͦ͜͜͡͝ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͫͯ͋ΩΊͭ͊͟ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͍͟͡Ό;͊Ό;͙ ͯͫ͜ ͝͝ ͔͙ͦͣͨͦͤͤͭ͟ ό˥͊͊ͭ͡Ό͟ϧ˥͊͊ͭ͡Ό͟Σ 
2017)Φ ˻͙͍ͫͦ͋ͦ͡ ͍͊ͪͭͦ ͍͙͙͙͒ͭ͜͡ ͙͍ͣͦͭ͊ͼ͚͙͚ͤ͜Σ ͔ͦͨͪ͊ͼ͚ͤͦ͜-͒͜Ύ͡Έ͙͚ͤͫͤ͜Τ ͔͙͍͙͚ͪ͊ͭͤ͟ ͭ͊ ͙͍͙͚ͨͪͦ͒ͯͭͤ͟ ͔͙ͦͣͨͦͤͤͭ͟Φ  
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˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 
1. ˥͊͊ͭ͡Ό͟ ̑Φ˸Σ ͙́΅ͯ͟ ˤΦ˱Φ ˨͙ͦͫ͒ͤ͜͡ͼΈ͊͟ ͪͦ͋ͦͭ͊ ͯ;͍ͤ͜ ͘ ͺ͙͙͘͜͟ ͯ ͫͭ͊ͪ΄͙ͻ ͊ͫ͊͟͡ͻ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜Έͦ͝ ΄͙ͦ͟͡Φ ˸͎ͦͤͦͪ͊ͺ͜ΎΦ 
˾͍͔ͤ͜Υ ˾˨˥̂Σ нллпΦ  нсп ͫΦ 

2. ˥͊͊ͭ͡Ό͟ ̑Φ˸Φ ͍́ͦͪ;͜ ͊͋ͦͪ͊ͭͦͪͤ͜͡ ͙ͪͦ͋ͦͭ ͺ͙͘͜;͎ͤͦͦ ͙ͨͪ͊ͭͯͣͯ͟͟Φ ̅ ͙͊͘͜͟ ͭ͊ ͊ͫͭͪͦͤͦͣ͜Ύ ͍ ΄ͦ͟͜͡. 2002. ЅнΦ ˿ Φ он-34. 
3. ˥͊͊ͭ͡Ό͟ ̑Φ˸Φ ͍́ͦͪ;͊ ͍ͨͤ͊͊͘͜͡Έͤ͊ ͒͜Ύ͡Έͤͫͭ͜Έ ͯ;͍ͤ͜Υ ˸ͦ͒ͯ͡Έ͙͚ͤ ͨ͒͜ͻ͒͜Φ ̅ ͙͊͘͜͟. 2006. Ѕ нтόнфмύΦ ˿ Φ 2-24. 
4. ˥͊͊ͭ͡Ό͟ ́ Φ ̑ ΦΣ ˥ ͊͊ͭ͡Ό͟ ̑ Φ ˸ Φ ̅ ͍ͦͪͣͯ͊ͤͤΎ ͔͎ͣͭͦ͒ͦͦ͜͡;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͯ;͍ͤ͜ ͯ ͨͪͦͼ͔ͫ͜ ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘Ύ ͍ͭͦͪ;͙ͻ ͺ͙͘͜;͙ͤͻ 
͊͒͊͘;Φ  ͙̅ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤ͊ ͍ͦͫͭ͊͜, 2017. ʕ ͙ͨͯͫ͟ нόмнύΦ ˿ Φ рм ς 56. 

5. ˱͍͙͊ͤͼΈ͙͚͟ ˻Φ˱Φ ˿ͯ;͊ͫͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟ ͍ ͔͔͚ͫͪ͒ͤ͜ ΄ͦ͟͜͡Φ ˸͎ͦͤͦͪ͊ͺ͜ΎΦ  ˭͊ͨͦͪ͗͗͜ΎΥ ˽͔ͪͣΩΊͪΣ нллмΦ нсс ͫΦ 
6. ˴͊͊ͨͯ͡΄͊ ˶Φ˾Φ ˸͔ͦ͒͡Ό͍͊ͤͤΎ ͯ ͍͙͍;͔ͤͤ͜ ͺ͙͙͘͜͟Φ ˴ ͙͍͝Σ мфунΦ мру ͫΦ 
7. ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͔ͨͪͦ͋ͣ͡ ͙ͨͫͻ͎͙͙ͦͦ͡ ͍ͭͦͪ;͔͍ͫͭ͊Υ ˿͋Φ ͫͭΦ ˢ˹ ˿˿˿˾Σ ˮͤ-ͭ ͙ͨͫͻ͎͙ͦͦ͡ κ ͨͦ͒Φ ͪ ͔͒Φ ̒ΦˢΦ ˽ ͔͍ͦͤͦͣ͊ͪ͊Φ  ˸͍ͦͫ͊͟Υ 
˹͊ͯ͊͟Σ мфуоΦ оосͫΦ  
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DESIGN OF CREATIVE ACTIVITY OF PHYSICAL TRAINING  
IN THE CONTEXT OF FORMATION OF METHODOLOGICAL CULTURE OF PUPILS 

Yurii Halatiuk, Taras Halatiuk, Mykhailo Halatiuk 
Rivne State University of Humanities, Ukraine 

Abstract. 
Formulation of the problem. The process of teaching physics in the modern school is aimed at developing the key competences of the students 

with the purpose of their successful social adaptation in the future. In this context, it is important to shape the student's 
methodological culture as a dynamic integral quality that reflects the ability to successful organization and to carry out educational 
and cognitive activities. Methodological culture is a means and product of educational activity. Therefore, the problem is the 
systematic involvement of students in creative learning activities, which is a full-fledged mechanism for forming a methodological 
culture as a whole. Creative learning activity is the object of pedagogical modeling (design). This article is devoted to the 
peculiarities and means of pedagogical designing of creative educational activity in teaching physics. 

Materials and methods. The research methodology is based on empirical and theoretical methods. These are the observation of the educational 
process, systematic analysis of scientific literature sources in psychology and didactics, pedagogical design, generalization of their 
own pedagogical experience and the results of previous theoretical studies. 

Results. The technology of pedagogical design of creative educational activity in the process of teaching physics is offered. The goals, the 
purpose, the means, the procedure of the corresponding pedagogical activity, the product of which is a methodical model of the 
future of a real controlled process of students' fulfillment of creative experimental task, are determined. Means of designing are a 
system of typical creative experimental tasks with corresponding structural-logical schemes of their execution; the didactic 
requirements system to be provided by the project and therefore its determinant; relevant heuristic modules of creative learning 
activity. 

Conclusions. The application of these mechanisms of design and organization of creative educational and cognitive activity in the study of 
physics make it possible to state that their results have an effective influence on the formation of the methodological culture of 
high school students - an integral, systemically integral characteristic of the subject of educational and cognitive activity, including 
all its components. 

Key words: physics training, creative educational activity, pedagogical design, methodological culture. 
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̂ ˹ˢˤ̉ˢ˶̎˹˻-ˤˮ̆˻ˤ˹˻˸̂ ˿˩˾˩˨˻ˤˮ̋˱ ˽˩˨ˢ˥˻˥˱̉˹˻˥˻ ˴˻˶˩˨ˬ̂ 
 

ˢ˹˻́ˢ̇˱̒  

̂ ͫͭ͊ͭͭ͜ ͨͦͪͯ΄͔ͤ͊ ͔ͨͪͦ͋ͣ͊͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͯ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤͦͣͯ ͔͔͍͙ͫͪ͒ͦ΅͜ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ 
͔ͦ͒͗ͯ͟͡Φ ˢ͍ͭͦͪͦͣ ͍͔͔ͨͪͦ͒ͤͦ ͺ͍ͦͪͣͯ͊͡Έ͙͚ͤ ͔͔͙͔ͫͨͪͣͤͭ͟ ΅ͦ͒ͦ ͔ͪ͊͊͘͜͡ͼ͜͝ ͔ͣͦ͒͜͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪΦ 
˹͎͊ͦͦ͡΄͔ͤͦ ͤ͊ ͊ͭͯ͊͟͡Έͤͦͫͭ͜ ͎͒͊ͤͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ Ύ͔͟ ͨͦ͡Ύ͎͊Ί ͯ ͍ͤ͊ͯͦͦͣͯ͟ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤ͜ ͔ͣͦ͒͜͡ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͯ 
͔ͫͨͼ͊͜͡Έͤͦ ͍͔͙ͫͭͦͪͤͻ ͍ͯͣͦ͊ͻ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔ͦ͒͗ͯ͟͡Φ ͍̂ͨͪͦ͒ͦ͗ ͯͫΈ͎ͦͦ ͺ͍ͦͪͣͯ͊͡Έ͎ͤͦͦ 
͔ͭ͊ͨͯ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ͋ͯͦ͡ ͍͔ͫͭͦͪͤͦ ͙ͫͨͪΎ͙͍͔ͭ͡ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͔ͦͤ ͔͔͍͙ͫͪ͒ͦ΅͔Φ ˻͔͒ͪ͗͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍͙͙͒ͦͦ͘͡͡ 
͍͔͙͙ͨ͒ͭͪ͒ͭ͜ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͔ͣͦ͒͜͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͯ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͔ͦͤ 
͔͔͍͙ͫͪ͒ͦ΅͔ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔ͦ͒͗ͯ͟͡Φ 

̅ͦͪͣͯ͡Ό͍͊ͤͤΎ ͔͙ͨͪͦ͋ͣ͡Φ ˹͊ ͍ͨ͒ͫͭ͊͜͜ ͔͔͙ͭͦͪͭ;͎ͤͦͦ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ ͔ͣͦ͒͜͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͯ 
͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤͦͣͯ ͔͔͍͙ͫͪ͒ͦ΅͜ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔ͦ͒͗ͯ͟͡ ͍͙ͫͭ͊ͣͦ ͫͦ͋͜ ͊͘ ͔ͣͭͯ ͙͙ͪͦͪͭ͘͟ ͝͝ ͔ͪ͊͊͘͜͡ͼ͜Ό ͨ͒͜ ;͊ͫ ͍͔͔ͨͪͦ͒ͤͤΎ 
ͺ͍ͦͪͣͯ͊͡Έ͎ͤͦͦ ͔͔͙͔ͫͨͪͣͤͭͯ͟Φ 

˸͔͙͊ͭͪ͊͜͡ ͜ ͔͙ͣͭͦ͒Φ ˹͙͊ͣ ͋ͯͦ͡ ͍͊ͫͭͦͫͦ͊ͤ͘͜ ͭ ͔͔͙ͦͪͭ;ͤ͜ ͚ ͔͙ͣͨͪ͜;ͤ͜ ͔͙ͣͭͦ͒Φ  
˾͔ͯ͘͡Έ͙ͭ͊ͭΦ ͍͔̂ͨͪͦ͊͒͗ͤͤΎ ͔ͣͦ͒͜͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͯ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͔ͦͤ ͔͔͍͙ͫͪ͒ͦ΅͔ 

͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔ͦ͒͗ͯ͟͡ ͔͔ͨͪ͒͋͊;͊ͦ͡ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͙ͦ͋͐ͪͯͤͭͦ͊ͤͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ ͍ͯͨͪͦ͒ͦ͗ ͯͫ͜ͻ ͔͍ͭ͊ͨ͜ ͔ͪ͊͊͘͜͡ͼ͜͝ 
͔ͣͦ͒͜͡Φ ˽ͪͦͼ͔ͫ ͍͔ͫͭͦͪͤͤΎ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͙ͣ ͎ͪͦ͘͡Ύ͒͊Ίͣͦ Ύ͟ ͨͪͦͼ͔ͫ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͫͯͯͨͤͦͫͭ͟͜ 
ͺ͍͊ͭͦͪ͟͜Σ ΅ͦ ͍͙͍ͨ͊͡ΌͭΈ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡Φ ˹͊ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-͙͍ͣͦͭ͊ͼ͚ͤͦͣͯ͜ 
͔ͭ͊ͨ͜ ͙͋ͯ͡ ͎͍ͦͪ͊ͤͦ͊ͤ͘͜͜ ͔ͭͦͪ͟͜͡͝Σ ͍͙͙ͨͪͦͦ͒ͫ͡Ύ ͯͪ͊ͭͦͪͫ͟Έ͟͜ ͎͙͙ͦ͒ͤΣ ͋ͯͦ͡ ͎͍ͦͪ͊ͤͦ͊ͤͦ͘͜ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙͚ͤ ͍ͫͯͨͪͦ͒͜ 
͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡Σ ͘ ͔ͣͭͦΌ ͎͙ͨͪͦͨ͊͊ͤ͒ ͍͍͙ͨͪ͊ͦͻ ͤ͊ͤ͘Έ ͒͜Ύ͙͡ ͪͤ͘͜͜ 
͔ͫͭͯ͒ͤͭͫΈ͟͜ ͦ͋ΩΊ͒ͤ͊ͤͤΎΣ ͨͪ͊ͼΌ͍͙͊͡ ͍ͤ͊ͯͦ͟͜ ͎͙ͯͪͭ͟Φ ˿͔͙ͭͯ͒ͤͭ ͙͋ͪ͊͡ ͙͍͊ͭͤͯ͟ ͯ;͊ͫͭΈ ͯ ͍ͤ͊ͯͦͦ͟-͚͒ͦͫ͒ͤ͜͜͡ ͪͦ͋ͦͭ͜Σ ͯ 
͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;͙ͤͻ ͦͤ͟ͺ͔͔ͪͤͼ͜ΎͻΦ ˤ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤͦͣͯ ͔͔͍͙ͫͪ͒ͦ΅͜ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔ͦ͒͗ͯ͟͡ ͋ͯͦ͡ ͔͍ͪ͊ͦ͊ͤͦ͘͜͡ 
ͫͦͼ͊͜͡Έͤͦ-͍͍͙͚ͨͪ͊ͦ ͔ͨͪͦͭ͟ ζ̊ͦ͊͟͡ ͍ͨͪ͊ ͚ͣ͊͋ͯͭͤ͜ͻ ͍ͦͫͭ͜Ύͤη ͙͋ͯ͡ ͔͎͍ͫͦͪͦ͊ͤ͟͜ ͍ͤ͊;͊͡Έͤ͜ ͎͙ͨͪͦͪ͊ͣ ͊͘ ͔͒Ύ͙͙ͣ͟ 
͙͒ͫͼ͙͙ͨͤ͊ͣ͜͡Φ ͍̂ͨͪͦ͒ͦ͗ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͙ͪͦ͋ͦͭ ͍͔͙͙ͨͪͦ͒ͫ͡Έ ͙͒ͫͯͫ͟͜͝Σ ͔͎͙ͭͪͤͤ͜ όζ˸͍͙͚ͦͦ͘͟ ΄ͭͯͪͣηΣ ζˢͤ͊͘͜͡ 
͍͙͍ͨ͊͒͟͜ ͍ͨͪ͊ͦͨͦͪͯ΄͔ͤΈηΣ ζ˭͚͙͊ͣ ͍͍ͨͪ͊ͦͯ ͙ͨͦ͘ͼ͜Όη ͭͦ΅ͦύΣ ͙͙͒͒͊ͭ͟;ͤ͜ ͎͙ͪ͜ ς ͍͒ͦ͜͜͡ ͭ͊ ͣͭ͊͜͜ͼ͚ͤ͜͜ όζ˽͔ͪͫ-ͦͤ͟ͺ͔͔ͪͤͼ͜ΎηΣ 
ζ˴ͦͤͯͪͫ͟ ͔͍ͦͣͤͭ͊ͭͦͪ͟͜ηΣ ζˢͯ͟ͼͦͤ͜ ͔͚͒͜ηΣ ͍͍ͨͪ͊ͦ͜ ͍͙͙ͭͦͪͤ͜͟ ͭͦ΅ͦύΦ ̂ ͍͙͒ͦ͜͡ͻ ͎ͪ͊͜ͻ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͫ͟͡Ύ ͍͍ͨͪ͊ͦ͜ ͙ͫͭͯ͊ͼ͜͝Σ 
͍͙͍͗͊ͤͤΎ ͯ ͪͤ͘͜͜ ͪͦ͜͡ όΌ͙ͪͫͭΣ ͨͪ͊ͼ͍͙ͤ͜͟ ͍ͨͪ͊ͦͦͻ͙ͦͪͦͤͤͻ ͎͍ͦͪ͊ͤ͜Σ ͍ͨͪ͊ͦͨͦͪͯ΄͙ͤ͟Σ ͫͯ͒͒ΎΣ ͙͙ͪͭ͟͟Σ ͔͔ͫͨͪͭ͟ ͭͦ΅ͦύΦ 
˾͔͙͚ͦͪͦ͋ͤ͘͡ ͜ ͍͔͙͚͊ͨͪͦ͊͒͗ͤ͘ ͔ͫͨͼͯͪͫ͟ ζ˽͍͍ͪ͊ͦ͊ ͍ͦͫͭ͊͜ ͭ͊ ͯ͟͡Έͭͯͪ͊ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύη ͙ͫͨͪΎ͍ ͺ͍ͦͪͣͯ͊ͤͤΌ ͯ 
͔͍ͫͭͯ͒ͤͭ͜ ͍͍͙ͨͪ͊ͦͻ ͤ͊ͤ͘ΈΣ ͯͣͤ͜ΈΣ ͍͙ͤ͊;ͦ͟Σ ͔ͫͯ͒͗ͤΈ ͨͪͦͺ͔͚ͫͤͦ͜-͍͍͎ͨͪ͊ͦͦͦ ͣͫͭͯ͘͜Φ ˭͜ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͍͙͙ͨͪͦͦ͒ͫ͡Έ 
͔ͪͺ͔͙͍ͫͤͦ͟͡-͍͒ͦ͜͜͡ ͎͙ͪ͜Σ ͔ͨͪͦ͋ͣͤͦ͡-͔ͪͺ͔͙͍ͫͤ͟͜͡ ͎͙ͨͦͦ͜͡͡Σ ͍͍͍͊ͫͭͦͫͦͯ͊ͫ͘Ύ ͔ͣͭͦ͒ ͊ͤ͊ͯ͘͜͡ ͔͙ͦͤͪͭͤ͟͟ͻ ͙ͫͭͯ͊ͼ͚͜Φ  

ˤ͙͍͙ͫͤͦ͟Φ ̂ ͨͪͦͼ͔ͫ͜ ͍͔͔ͨͪͦ͒ͤͤΎ ͺ͍ͦͪͣͯ͊͡Έ͎ͤͦͦ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ͋ͯͦ͡ ͍͔ͫͭͦͪͤͦ ͙ͫͨͪΎ͙͍͔ͭ͡ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͔ͦͤ ͔͔͍͙ͫͪ͒ͦ΅͔. ˭ ͼ͜ΊΌ 
͔ͣͭͦΌ ͍͙ͨͪͦͦ͒͊ͫ͡Έ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤ͊ ͪͦ͋ͦͭ͊Φ ˹͊ ͍ͨ͒ͫͭ͊͜͜ ͍͙΅͔͍͙͔͙͊͒ͤ͟͡ͻ ͔ͨͦͦ͗ͤ͡Έ ͍͙ͤ͊͘;͔ͤͦ ͨͦͤΎͭͭΎ ͍͍ͨͪ͊ͦͦ͝ 
ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡ΎΦ 

 

˴˶̑̉˻ˤ˱ ˿˶˻ˤˢΥ ͍͍ͨͪ͊ͦ͊ ͯ͟͡Έͭͯͪ͊Σ ͔ͣͦ͒͡ΈΣ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ ͔ͦ͒͗͟͡Σ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͔ͦͤ ͔͔͍͙ͫͪ͒ͦ΅͔Σ ͔͙ͫͭͯ͒ͤͭ. 

 
ˤ˿́̂˽ 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ̂ ͍ͫͨͪ͊͜ ͍͙ͨͦ͋ͯ͒ͦ ͍͍ͨͪ͊ͦͦ͝ ͔͍͙͒ͪ͗͊ ͍͙͟͡Ό;ͤͯ ͪͦ͡Έ ͍͎͒ͪ͊͜͜Ί ͣͦͦ͒͡ΈΣ ͔͊͒͗ ͔ͫ͊ͣ ͔ͣͦͦ͒͡ 
ͨͦͦͤͤ͟͜͡Ύ Ί ζ͚ͣ͊͋ͯͭͤͣ͜ ͙ͪ͊ͤ͟͝ηΦ ͍̅ͦͪͣͯ͊ͤͤΎ ͍ͫ͒ͦͣͦͫͭ͜͜ ͣͦͦ͒ͦ͡͝ ͡Ό͙͙͒ͤΣ ͯ ͭͦͣͯ ;͙ͫ͜͡ ͜ ͍͍ͨͪ͊ͦͦ͝ ͍ͫ͒ͦͣͦͫͭ͜͜Σ 
͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͯ ͍͙ͤͦͻ ͔͙͒ͣͦͪ͊ͭ͟;͙ͤͻ ͍ͯͣͦ͊ͻ ͜ ͍ ͔ͦͤͭͫͭ͟͟͜ ͙͚ͨͪͤΎ͙ͭͻ ͎͊͊͘͡ΈͤͦΊ͍͔͚ͪͦͨͫΈ͙͟ͻ ͼ͔͚ͤͤͦͫͭ͜Φ ˸ͦͦ͒͡Έ ς ͼ͔ 
͚ͤ͊͋͜͡Έ΄ ͙͍͊ͭͤ͊͟ ͫͦͼ͊͜͡Έͤͦ-͔͎͒ͣͦͪ͊ͺ͜;ͤ͊ ͎ͪͯͨ͊Σ Ύ͊͟ ͍͙͒ͪͭ͊͜͟ ͒͡Ύ ͙͚ͫͨͪͤΎͭͭΎ ͍͙ͤͦͻ ͎͔͙͍͙ͨͪͦͪͫͤͻ ͎ͨͦ͡Ύ͍͒͜ ͭ͊ ͔͚͒͜Σ ͊ 
ͭ͊ͦ͗͟ ͣ͊Ί ͔ͨͦͭͤͼ͚ͤ͜͜ ͭ ͊ ͔ͪ͊͡Έͤ͜ ͙͍ͣͦ͗ͦͫͭ͜͡ ͒͡Ύ ͍͔ͭͤͤ͜͡Ύ ͝ͻ ͯ ͙͗ͭͭΎΦ 
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ˤ ͍ͦͫͤͦ͜ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͔͗͊ͭ͡Έ ͍͍͒ͨͦ͒ͤ͜͜͜ ͤ͊ͤͤ͘Ύ Ύ͟ ͔ͪͯ͘͡Έͭ͊ͭ ͍͍ͨͪ͊ͦͦ͝ ͍͙ͦͫͭ͜Σ Ύ͊͟ ͣ͊Ί ͙͔ͫͫͭͣͤͦ 
͚͒ͫͤ͘͜Ό͍͙͊ͭͫΎ ͎͙ͦͪ͊ͤ͊ͣ ͔͍͙͒ͪ͗͊Σ ͎ͪͦͣ͊͒ͫΈ͙͙ͣ͟ ͦ͋ΩΊ͒ͤ͊ͤͤΎ͙ͣ ͭ͊ ͍͙ͦͫͭͤͣ͜͜ ͍͙ͯͫͭ͊ͤͦ͊ͣ ͙ͪͤ͘͜ͻ ͍͍ͪͤ͜͜Φ ˻ͫ͟͜͡Έ͙͟ 
͚͔͒ͫͤͤͤ͘͜Ύ ͍͍ͨͪ͊ͦͦ͝ ͍͙ͦͫͭ͜ ͭ͊ ͍͙ͻ͍ͦ͊ͤͤΎ Ί ͔͔͔͋ͨͦͫͪ͒ͤ͘ΈͦΌ ͍ͫͨͪ͊ͦΌ ͔͎͎͍ͨ͒͊ͦ͜Σ ͎ͤ͊͊͡Έ͙ͤͣ ͍͊͒͊ͤͤ͘Ύͣ ͫͭ͊Ί ͺ͍ͦͪͣͯ͊ͤͤΎ 
͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͯ ͚ͦ͗ͤ͟͜ ͊ͤ͡ͼ͜ ͙͔͙ͫͫͭͣ ͔͔͔͍ͤͨͪͪͤͦ͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͙ͦͫͭ͜Σ ͨͦ;͙ͤ͊Ό;͙ ͘ 
͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔ͦ͒͗ͯ͟͡Σ Ύ͙͚͟ Ί ͝͝ ͨͦ;͍͙͊ͭͦͣ͟ ͔͔͔ͣͤͭͦͣ͡Φ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˽ͦͤΎͭͭΎ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͭͫͤͦ͜ ͍ͨͦΩΎ͔͊ͤ͘ ͘ ͙͙ͭ͊ͣ͟ ͨͦͤΎͭͭΎ͙ͣΣ Ύ͟ 
͍͍ͨͪ͊ͦͫ͒ͦͣͫͭ͜͜ΈΣ ͍͍ͨͪ͊ͦ͊ ͍͔ͨͦ͒ͤ͊͜͟Σ ͍͍͔ͨͪ͊ͦ ͍͙ͻ͍ͦ͊ͤͤΎΣ Ύ͟͜ ͍ ͙͚ͪͤ͘͜ ;͊ͫ ͍͙͒ͦͫ͒͗ͯ͊͜͡͡ ͍ͤ͊ͯͦ͟ͼ͜ ό˴ͦ͘Ό͋ͪ͊Σ нлмрύΣ 
˥Φ ˸ ͯͪ͊΄͙ͤ ͯ ͍͍͍ͫͨ͊ͭͦͪͫͭ͜͜ ό˸ͯͪ͊΄͙ͤΣ ˴͔͡Έͣ͊ͤΣ ̆ͦͣ͊ύΣ ό˭͎͔͍͊ͪ͊Σ нллнύ ͭ͊ ͤ͜Φ ˹͍͊ͯͦ͟ͼΎ͙ͣ ͔͒ͦͫ͒͗ͤͦ͜͡ ͍͍ͨͪ͊ͦͯ ͯ͟͡Έͭͯͪͯ 
ͯ;͙͔͍ͭ͜͡ ό˭͍͋ͦͪͦ͜Σ нлмлύΣ όˣ͙ͦͪ;͔͍ͫΈ͙͚͟Σ нллфύΣ όˤ͙͙͍͊͒ͣͪͦ͊͡Σ нлллΣ нллнΣ нллоύΣ ό˥͙ͦͪͦ͒ͫΈ͙͚͟Σ нллмύΣ ό˴ͯͤͦ͟͡Σ нлмрύΣ 
ό˿͎͊ͦͯ͋͡Σ нлмсύ ͭ͊ ͤ͜Φ 

ˢͤ͊͘͜͡ ͍͙ͤ͊ͯͦ͟ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͍͙͍͒ͦͦ͘͡ ͙͙ͪͦ͋ͭ͘ ͍͙͍ͫͤͦͦ͟Σ ΅ͦ ͙ͨͦͨͪ ͤ͊͘;͙͚ͤ ͍͔ͤͫͦ͟ ͍ͤ͊ͯͦ͟ͼ͍͜ ͯ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ 
ͨͦͪͯ΄͔ͤͦ͝ ͔͙ͨͪͦ͋ͣ͡Σ ͔ͨͦͭͪ͋ͯΌͭΈ ͔͙ͦͤͪͭ͊͘͟͟ͼ͜͝ ͫͯͭͤͫͭ͜Έ ͜ ͣͫͭ͘͜ ͙ͫͭͪͯͭͯͪͤ͟ͻ ͔͍ͦͣͨͦͤͤͭ͟͜ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤ͜ͻ 
ͯ;͙͔͍ͭ͜͡Σ ͍͔ͤ͊ͯͦ͟ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ ͔ͣͦ͒͜͡ ͝͝ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͔ͫͨͼ͊͜͡Έͤͦ ͍͔͙ͫͭͦͪͤͻ ͍ͯͣͦ͊ͻ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ 
͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔ͦ͒͗ͯ͟͡Φ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜Φ ˤ͙͙͒ͦ͋ͪ͊ͭ͘͜ ͔ͪ͊͊͘͜͡ͼ͜Ό ͔ͣͦ͒͜͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͯ ͍ͤ͊;͊͡Έͤͦ-
͍͙ͻ͍ͦͤͦͣͯ ͔͔͍͙ͫͪ͒ͦ΅͜ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔ͦ͒͗ͯ͟͡Φ 
 
́˩˻˾˩́ˮ̉˹˱ ˻˿˹˻ˤˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 

ˤΦ ʕ ͙͙͍͊͒ͣͪͦ͊͡ ͫͯ͡΄ͤͦ ͊ͤ͊͘͘;͊ΊΣ ΅ͦ ͍͍͚ͨͪ͊ͦ͜ ͯ͟͡Έͭͯͪ͜ ͫͦͼ͊͜͡Έͤͦ͝ ͎͙ͪͯͨ ͍͙͍͊ͫͭ͜͡ ͔͍ͨͤ͜ ͼͤͤͦͫͭ͜͜Σ ͻ͔͊ͪ͊ͭͪͤ͟͜ ͙͙ͪͫΣ 
ͺͯͤ͟ͼ͜͝ ͭͦ΅ͦΦ ˹͊ ͯͣͯ͟͡ ͙͒ͦͫ͒ͤ͜͡ͼ͜Σ ͍͍ͨͪ͊ͦ͊ ͯ͟͡Έͭͯͪ͊ ς ͼ͔ ͔ͫ͊͒ͤ͟͡ ͔͎͍͔ͤͭͪͦ͊ͤ͜ ͚ ͙͒ͤ͊ͣ͜;͔ͤ ͍͔ͯͭͦͪͤͤΎΣ ΅ͦ ͍͊͟͜͡ͺͯ͜͟ΊͭΈͫΎ Ύ͟ 
͙͔ͫͫͭͣ͊ ͍͍͙ͨͪ͊ͦͻ ͼ͔͚ͤͤͦͫͭ͜ ͤ͊ ͍͍͒ͨͦ͒ͤͦͣͯ͜͜ ͍ͪͤ͜͜ ͍͙ͪͦͭͯ͘͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ Ύ͟͜ ͯ ͍͍͚ͨͪ͊ͦ͜ ͺͦͪͣ͜ ͍͒ͦ͋ͪ͊͗͊͜ΌͭΈ ͫͭ͊ͤ ͍͙ͫͦ͋ͦ͒ 
͙ͦͫͦ͋ ͭ͊ ͤ͜΄͜ ͫͦͼ͊͜͡Έͤ͜ ͼͤͤͦͫͭ͜͜Φ ˤͦ͒ͤͦ;͊ͫ ͍͍ͨͪ͊ͦ͊ ͯ͟͡Έͭͯͪ͊ ͍͙ͫͭͯͨ͊Ί ͍͒ͤͦͫͤͦ͜ ͚͙ͫͭͣ͜͟ ͨͦΊ͒ͤ͊ͤͤΎͣ ͍ͪͦͯͣͦͦ͘-͍ͦ͡Έ͍͙ͦͻ ͜ 
ͣͦͪ͊͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ ͔͎͍͙ͤͭͪͦ͊ͤ͜ͻ ͔͍ͦͣͨͦͤͤͭ͟͜Σ Ύ͟͜ ͎͚͊ͪͣͦͤͤͦ͜ ͍͊͘Ίͣͦ͒͜ΌͭΈ ͜ ͨͪͦΎ͍͡ΎΌͭΈͫΎ ͯ ͍͎ͫͭͦ͜͡Ύ͚͒ͤ͜Σ 
ͨͪͦͺ͔͚ͫͤͦ͜-͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͙ͦͫͦ͋ͫͭͦͣͯ ͙͗ͭͭ͜ ͡Ό͙͙͒ͤΦ ˹͊ ͼ͚͜ ͍ͨ͒ͫͭ͊͜͜ ͍͍ͨͪ͊ͦ͊ ͯ͟͡Έͭͯͪ͊ ͍;͙͔ͭ͡Ύ ͍͙ͤ͊͘;͊ΊͭΈͫΎ 
Ύ͟ ͔͍ͤ͒͜ΩΊͣͤ͊ ͍ͫ͊͒ͦ͊͟͡ ͚͎ͦͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͭ͊ ͺ͊ͻ͍ͦͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟Σ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͚͔ͣ͊ͫͭͪͤͦͫͭ͜ όˤ͙͙͍͊͒ͣͪͦ͊͡Σ нллоΥ ммύΦ  

˽͍͍ͪ͊ͦ͊ ͯ͟͡Έͭͯͪ͊ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡ΎΣ ͤ͊ ͒ͯͣͯ͟ ˸Φ ˥ ͙ͦͪͦ͒ͫΈ͎ͦͦ͟Σ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎΥ ͍ͦͦͦ͒ͤͤ͡Ύͣ ͙͔ͫͫͭͣͦΌ 
͍͍͙ͨͪ͊ͦͻ ͤ͊ͤ͘ΈΤ ͫͺ͍͙͙ͦͪͣͦ͊ͤ ͍͍͙͙ͨͪ͊ͦͣ ͔͔ͨͪͦͤ͊ͤͤ͟Ύ͙ͣ ό͍͍ͨͪ͊ͦͫ͒ͦͣͫͭ͜͜ΈύΤ ͍ͦͦͦ͒ͤͤ͜͡Ύͣ ͔͎͎ͨ͒͊ͦ͜;͙͙ͤͣ ͍ͣͤͤ͜Ύ͙ͣ 
͎͍͍͙ͦͪ͊ͤͦͯ͊ͭ͘͜ ͜ ͒ͫͤ͘͜Ό͍͙͊ͭ ͍͍͔ͨͪ͊ͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͯ ΄ͦ͟͜͡ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͔͙ͣͭ ͜ ͍͊͒͊ͤ͘Έ ͍ͦͫͭͤ͜Έͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͤ͊ ͍ͦͫͤͦ͜ 
ͦͤ͟ͼ͔ͨͼ͜͝ ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͍ ̂ͪ͊ͤ͟͜͝ ό˥͙ͦͪͦ͒ͫΈ͙͚͟Σ нллмΥ тύΦ 

ͼ͜Ί͝ ͙͒ͯͣ͟ ͙͒ͦͭͪͣͯΊͭΈͫΎ ˤΦ ˿ ͎͊ͦͯ͋͡Υ ζ͍͍ͨͪ͊ͦ͊ ͯ͟͡Έͭͯͪ͊ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍͟͡Ό;͊Ί ͍͍ͨͪ͊ͦ͜ ͤ͊ͤͤ͘ΎΣ 
ͫͦͼ͊͜͡Έͤͦ-ͼͤͤͫͤ͜͜͜ ͦͪ͜Ίͤͭ͊ͼ͜͝ ͨͦ ͍͒ͤͦ͜΄͔ͤͤΌ ͒ͦ ͍ͨͪ͊͊Σ ͍͙ͯͫͭ͊ͤͦ͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͤ͊ ͊ͦͤͦͫͯ͘͟͡ͻͤΎͤͯ ͍͔ͨͦ͒ͤͯ͜͟Σ ͤ͊ ͙͍͙͚͊ͭͤ͟ 
͊͘ͻ͙ͫͭ ͝͝ ͍ͨͪ͊ ͜ ͍ͫͦ͋ͦ͒Σ ͤ͊ ͚͔͒ͫͤͤͤ͘͜Ύ ͍ͤ͊;͊͡Έͤͦ-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͤ͊ ͍͍͚ͨͪ͊ͦ͜ ͍ͦͫͤͦ͜η ό˿͎͊ͦͯ͋͡Σ нлмсύΦ 

˹͚͊͋͜͡Έ΄ ͭͦ;ͤͯ ͻ͔͙͙͊ͪ͊ͭͪͫͭͯ͟͟ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͔͎͎ͨ͒͊ͦ͊ ͊͋ͦ ͍͍ͨͪ͊ͦͯ ͯ͟͡Έͭͯͪͯ ͚͎ͦͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͤ͊ 
ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͍͍͊ͨͪͦͨͦͤͯ͊͘ ˤΦ x ͙ͦͪ;͔͍ͫΈ͙͚Φ ˭͊ ͍͙ͤ͊͘;͔ͤΎͣ ͯ;͔͎ͤͦͦΣ ͼ͔͚ ͺ͔͔ͤͦͣͤ ͨͦΊ͒ͤͯΊ ͎͙͋ͦ͟͜͡ ͚ ͦ͋ΩΊͣͤ͜ ͤ͊ͤͤ͘Ύ 
͍͊ͦͤ͘͟͜ ͜ ͙ͨ͒͊ͦͤͤ͘͜͟ͻ ͍͊ͭ͟͜Σ ͔͔͒͗ͪ͡ ͍ͨͪ͊͊Σ ͤ͊ Ύ͟͜ ͍;͙͔ͭ͡Έ ͣ͊Ί ͙͙ͫͨͪ͊ͭͫΎ ͍ ͨͪͦͼ͔ͫ͜ ͍͔ͫͭͦͪͤͤΎ ͍ͦͫͭͤ͜Έ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊Σ 
ͪͦͯͣͤͤ͘͜Ύ ͙ͨͪͤͼ͙͍ͨ͜ ͍ͨͪ͊͊ ͯ;͙͍͊ͫͤ͟͜ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͜ ͍ͫͨͦͫͦ͋͜ ͍͍͎ͨͪ͊ͦͦͦ ͔͎ͪͯ͡Ό͍͊ͤͤΎ ͝ͻͤ͜ͻ ͍͙͒ͤͦͫͤ͜Σ 
ͨͪͦͺ͔͚͔ͫͤ͜ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͍ͨͪ͊͊ ͜ ͙͙ͨͪ͊ͭ͟͟ ͚͎ͦͦ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤͦͣͯ ͨͪͦͼ͔ͫ͜ ͍ ͍͚ͫͯͦͪ͜ ͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ ͘ 
͍͍͙͙ͨͪ͊ͦͣ ;͙ ͪͦͨͦͪ͘Ύ͒;͙͙ͣ ͙ͨͪͤͼ͙͙ͨ͊ͣ ͊ͦͤͤͦͫͭ͘͟͜ όˣ͙ͦͪ;͔͍ͫΈ͙͚͟Σ нллфΥ рнύΦ 

˾Φ ˴ ͯͤͦ͟͡ ͪͦͯͣ͘͜Ί ͍͍ͨͪ͊ͦͯ ͯ͟͡Έͭͯͪͯ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ Ύ͟ ͔͔͔ͣͤͭ͡ ͚͎ͦͦ ͎͍͙ͨ͒ͦͭͦ͜͟ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 
ˢ͍ͭͦͪ ͙ͪͦ͋ͭΈ ͫͯ͡΄͔ͤ ͍͔͊ͯ͊͗ͤͤ͘ΎΣ ΅ͦ ͍͍ͨͪ͊ͦ͊ ͯ͟͡Έͭͯͪ͊ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͔ͤ ͍͙;͔ͪͨͯΊͭΈͫΎ ͺͦͪͣ͊͡Έ͙͙ͤͣ Ό͙͙ͪ͒;͙͙ͤͣ 
ͤ͊ͤͤ͘Ύ͙ͣΣ ͊ ͨͦΊ͒ͤͯΌ ͭ͊͟͜ ͍͙͍͊ͫͭͦͫͭ͜͡Υ ͎͙͚ͯͣ͊ͤͭ͊ͪͤ͜ ͍͎ͫͭͦ͜͡Ύ͒Σ ͍͍ͨͪ͊ͦͯ ͨͦͤ͜ͺ͍ͦͪͣͦ͊ͤͫͭ͜ΈΤ ͔͔ͨͪͦͤ͊ͤͤ͟Ύ ͯ ͤ͊͘;ͯ΅ͦͫͭ͜ 
͍͊ͦͤ͘͟͜ ͜ ͍͍ͨͪ͊ͦ͊ͫͭͦͫͯ͊͘͡Έͤͦ͝ ͙͙ͨͪ͊ͭ͟͟Σ ͙͙ͦͫͦ͋ͫͭͻ ͍ͦ͋ͦΩΎ͍͘͟͜Σ ͙ͦͫͦ͋ͫͭͦ͝ ͍͍͒ͨͦ͒͊͜͜͡Έͤͦͫͭ͜ ͊͘ ͙͚ͨͪͤΎͭ͜ ͪ͜΄͔ͤͤΎ ͜ ͍͊ͫͤ͜͡ 
͍;͙͙ͤ͟Τ ͔͔͙͙ͫͭͪͦͭͨ ͍ͨͪ͊ͦͣͪͤͦ͜͝ ͍͔͙ͨͦ͒ͤ͜͟Τ ͤ͊ͤͤ͘Ύ ͙ͨͪͤͼ͙͍ͨ͜ ͜ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͍͍͙ͨͪ͊ͦ͒ͤͦͫͤ͜ ͯ ͫͯͫͨ͜͡Έ͍ͫͭ͜Τ ͎͍ͦͭͦͤͫͭ͜Έ 
͙͍͊ͭͤͦ͟ ͙͋ͪ͊ͭ ͯ;͊ͫͭΈ ͍ ͦͻͦͪͦͤ͜ ͍ͨͪ͊ͦͨͦͪΎ͒ͯ͟ ͚ ͙ͨͪͦͭ͒͜Ύ͙ͭ ͍ͨͪ͊ͦͨͦͪͯ΄͔ͤͤΎͣ ό˴ͯͤͦ͟͡Σ нлмсΥ мрлύΦ 

˻͍͋͐ͪͯͤͭͯ͊ͤͤΎ ͙ͫͭͪͯͭͯͪ͟ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͍͙͒ͦͦͦ͘͡͡ ˤΦ ˭ ͍͋ͦͪͦͯ͜ ͍͙ͤ͊͘;͙͙ͭ ͔͔ͤͭͭͯ͊͜͟͡͡ΈͤͯΣ 
͔ͣͦͼ͚ͤͦ͜-͙ͨͫͻ͎ͦͦ͜͡;ͤͯ ͚ ͒͜Ύ͡Έͤͫͤͯ͜ ͍ͫ͊͒ͦ͟͜͡ ό˭͍͋ͦͪͦ͜Σ нлмлΥ оуύΦ ˨͙ͦͫ͒ͤ͜͟͡ ͊ͤ͊͘͘;͊ΊΣ ΅ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔ͤͭͭͯ͊͜͟͡͡Έͤͦ͝ 
͍ͫ͊͒ͦͦ͟͡͝ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͍ ͎͊͊͘͡Έ͍͚ͤͦͦͫͭͤ͜͜ ΄ͦ͟͜͡Σ ͯ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻ ͤ͊ ͍ͦͫͤͦ͜ ͍͊ͫͦ͘ΊͤͤΎ 
ͤ͊ͤ͘Έ ͨͪͦ ͙͔ͫͫͭͣͯ ;͙͎ͤͤͦͦ ͍ͨͪ͊͊Σ ͊ ͭ͊ͦ͗͟ ͍͙ͨͪ͊͡Έ͎ͤͦͦ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͣͫͭͯ͘͜ ͍͍͙ͨͪ͊ͦͻ ͙͙͍ͨͪͨͫ͜Σ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͒͡Ύ ͍ͫ͒ͦͣͦ͜͝ 
͍͊͘Ίͣͦ͒͜͝ ͘͜ ͫͦͼ͊͜͡Έ͙ͤͣ ͔͔͍͙ͫͪ͒ͦ΅͔ͣ ͜ ͍͙ͦͤ͊ͤͤ͟Ύ ͙͍͙ͭͨͦͻ ͫͦͼ͊͜͡Έ͙ͤͻ ͔͚ͪͦ͡ ͎ͪͦͣ͊͒Ύ͙ͤͤ͊Τ ͍ͦͦͦ͒ͤͤ͜͡Ύ ͍ͣͤͤ͜Ύ͙ͣ 
͙͍͙ͦͭͪͣͯ͊ͭ ͭ͊ ͙͙ͪͭ͟;ͤͦ ͙͚͙ͫͨͪͣ͊ͭ ͍͍ͨͪ͊ͦͯ ͚ ͫͦͼ͊͜͡Έͤͯ ͤ͜ͺͦͪͣ͊ͼ͜ΌΣ ͍͙͊ͤ͊ͯ͊ͭ͘͜͡Σ ͙͔͙͍͙ͫͫͭͣ͊ͭͯ͊ͭ͘ ͔ͦ͒ͪ͗͊ͤ͜ ͒͊ͤ͜Τ 
͍͊ͫͦ͘ΊͤͤΎ ͍ͫͨͦͫͦ͋͜ ͍ͨͤ͊͊͘͜͡Έͤͦ͝Σ ͙͍ͦͣͯͤ͊ͭͤͦ͟͜͟͝Σ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ Ύ͟͜ ͔ͤͦ͋ͻ͒ͤ͜͜ ͒͡Ύ ͍ͨͦͤͦͼͤͤͦ͜͝ ͯ;͊ͫͭ͜ ͍ ͙͗ͭͭ͜ 
͎ͪͦͣ͊͒ΎͤͫΈ͎ͦͦ͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͜ ͍͍ͨͪ͊ͦͦ͝ ͔͍͙͒ͪ͗͊Φ  

˿ͯ͡΄ͤͦΌ ͒͡Ύ ͤ͊΄͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ Ί ͒ͯͣ͊͟ ˱Φ ˴͍͔ͦ͊ͤͦ͟͡Σ Ύ͊͟ ͍͔͒ͦ͊͡Σ ΅ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ 
͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͍͊͘Ί͍ͣͦͨͦΩΎ͙͊ͤ͘ͻ ͔͍ͦͣͨͦͤͤͭ͟͜Σ ΅ͦ ͍ͫͭ͊ͤͦ͡ΎͭΈ ͍ͦͫͤͦͯ ͍͍͎ͨͪ͊ͦͦͦ 
͍͙ͻ͍ͦ͊ͤͤΎΥ ͪ͊ͼͦͤ͊͜͡Έ͙͚ͤ ͭ͊ ͔ͣͦͼ͚͙͚ͤ͜Φ ˾͊ͼͦͤ͊͜͡Έ͙͚ͤ ͔ͦͣͨͦͤͤͭ͟ ͍͍͎ͨͪ͊ͦͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͍ͭ͜͡ΌΊͭΈͫΎ ;͔͔ͪ͘ ͍͍ͨͪ͊ͦͯ ͍ͦͫͭͯ͜ 
ό͍͙͍;͔ͤͤΎ ͍͍͙ͨͪ͊ͦͻ ͙͒ͫͼ͙ͨͤ͜͡ ͯ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻύ ͭ͊ ͍͍͙ͨͪ͊ͦͨͪͦͫͭͤ͜ͼΈͯ͟ ͒͜Ύ͡Έͤͫͭ͜Έ ό͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͭ͊ 
͍͔͔ͨͪͦ͒ͤͤΎ ͔͟͡ͼ͚͜ ͘͜ ͍͍ͨͪ͊ͦͦ͝ ͔͙͙ͭͣ͊ͭ͟Σ ͨͯ͋͜͡;ͤ͜ ͍͙͙ͫͭͯͨ ͍͙͍ͨͪ͊ͤ͟͜Σ Ό͙͙ͪ͒;ͤ͜ ͦͤͫͯ͟͡Έͭ͊ͼ͜͝Σ ͨͯ͋͜͡ͼ͙͙ͫͭ;ͤ͜ ͫͭ͊ͭͭ͜ ͘ 
͍͍ͨͪ͊ͦͦ͝ ͔͙͙ͭͣ͊ͭ͟ ͯ ͊ͫͦ͋͊͘ͻ ͍ͣ͊ͫͦͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͭ͊ ˱͔͔ͤͭͪͤͭ͜ύΦ ˩ͣͦͼ͚͙͚ͤ͜ ͔ͦͣͨͦͤͤͭ͟ ͍͍͎ͨͪ͊ͦͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͨͪͦΎ͍͡ΎΊͭΈͫΎ 
ͯ ͍ͦͪͣͯ͊ͤͤ͜ͅ ͣͦͪ͊͡Έͤͦ͝ ͭ͊ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ ͊ͭͣͦͫͺ͔͙ͪΣ Ύ͊͟ ͙ͫͨͪΎΊ ͺ͍ͦͪͣͯ͊ͤͤΌ ͍͍ͨͪ͊ͦͦ͝ ͍ͫ͒ͦͣͦͫͭ͜͜ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ 
͔͊ͪͨͤͤ͘͟͜͡Ό ͤͦͪͣ ͍ͨͪ͊͊ ͯ ͍ͤͯͭͪ͜΄͚ͤ͜ ͫͭͪͯͭͯͪ͟͜ ͙͍͍ͤ͒͒͜͜͜ ό˴͍͔ͦ͊ͤͦ͟͡Σ нлммΥ ммпςммрύΦ ˽͎ͦͦ͒͗ͯΌ;͙ͫΈ ͘͜ ͒ͯͣͦ͟Ό 
˱Φ ˴ ͍͔ͦ͊ͤͦ͟͡Σ ˥Φ ˴͍ͣͦ͊͜͡ ͒ͦ͒͊Ί ΅͔ ͚ ͔͚ͭͪͭ͜  ζ͔ͪͺ͔͙͍͙͚ͫͤ͟͡η ͔ͦͣͨͦͤͤͭ͟Σ ͯ ͨͪͦͼ͔ͫ͜ ͔ͪ͊͊͘͜͡ͼ͜͝ Ύ͎ͦͦ͟ ͔͎ͦͪͯ͟ΊͭΈͫΎ 
ͫͦͼ͊͜͡Έͤ͊ ͍͔ͨͦ͒ͤ͊͜͟ ͔͍ͫͭͯ͒ͤͭ͜ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͍͍͙ͨͪ͊ͦͻ ͙͍ͫͭͣͯ͜͡ ͜ ͍͍͙ͨͪ͊ͦͻ ͔͔ͦ͋ͣ͗ͤΈ ό˴͍ͣͦ͊͜͡Σ нлмсύΦ 
 
˸˩́˻˨ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 

͔͔͙ͭͦͪͭ;ͤ͜: ͊ͤ͊͘͜͡ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͔͙ͭͪ͊ͭͯͪ͜͡ ς ͘ ͔ͣͭͦΌ ͍͙ͤ͊͘;͔ͤͤΎ ͫͭ͊ͤͯ ͔ͪͦͪͦ͋ͤͦͫͭ͘͜͡ ͔͙ͨͪͦ͋ͣ͡ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡Τ ͍͔ͫͭ͊ͤͤ͘͜͡ΎΣ ͙͔ͫͤͭ͘Σ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎΣ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜Ύ ς ͒͡Ύ ͍ͨͦͪͤ͜ΎͤͤΎ ͙ͪͤ͘͜ͻ 
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͍͙ͤ͊ͯͦ͟ͻ ͨ͒͜ͻ͍ͦ͒͜ ͒ͦ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͍͒ͦͫ͒͗ͯ͊ͤͦ͜͡͝ ͔͙ͨͪͦ͋ͣ͡Σ ͍͙ͤ͊͘;͔ͤͤΎ ͙ͫͭͪͯͭͯͪͤ͟ͻ ͔͍ͦͣͨͦͤͤͭ͟͜ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ 
͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡ΎΤ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ς ͒͡Ύ ͙ͪͦͪͦ͋͘͟ ͔ͣͦ͒͜͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͍ 
͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤͦͣͯ ͔͔͍͙ͫͪ͒ͦ΅͜ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔ͦ͒͗ͯ͟͡Τ ͔͙ͣͨͪ͜;ͤ͜: ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ ͔͔͙͔ͫͨͪͣͤͭ͟ ς ͘ ͔ͣͭͦΌ ͔͔͍͙ͨͪͪ͜͟ 
͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͔ͣͦ͒͜͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͍ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤͦͣͯ ͔͔͍͙ͫͪ͒ͦ΅͜ 
͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔ͦ͒͗ͯ͟͡Φ 

 
˾˩˭̂˶̎́ˢ́ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 

͍͔̂ͨͪͦ͊͒͗ͤͤΎ ͔ͣͦ͒͜͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͯ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͔ͦͤ ͔͔͍͙ͫͪ͒ͦ΅͔ 
͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔ͦ͒͗ͯ͟͡ ͔͔ͨͪ͒͋͊;͊ͦ͡ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͙ͦ͋͐ͪͯͤͭͦ͊ͤͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ ͍ͯͨͪͦ͒ͦ͗ ͯͫ͜ͻ ͔͍ͭ͊ͨ͜ ͔ͪ͊͊͘͜͡ͼ͜͝ 
͔ͣͦ͒͜͡Φ ˨ͦ ͙ͭ͊͟ͻ ͍ͯͣͦ ͍͔͔͒ͤͫͤͦ͜Υ ͍͔ͫͭͦͪͤͤΎ ͯ ͔͎͎ͨ͒͊ͦ͜;ͤͦͣͯ ͔ͦ͒͗͟͜͡ ͍͍͎͒ͨͦ͒ͤͦͦ͜͜ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ 
ͫͨͪΎ͍͎ͣͦ͊ͤͦͦ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡Τ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔ͨͦͭͤͼ͊ͯ͜͡ ͍ͤ͊;͊͡Έ͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ 
ͼ͙ͯ͟͡ ͎ͯͣ͊ͤͭ͊ͪͤͦ͜͝ ͭ͊ ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟Τ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍͙ͨͪ͊ͦͻ ͦͪ͜Ίͤͭ͊ͼ͚͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ΄͡Ύͻͦͣ 
͍͔͔ͯ͒ͤͤΎ ͔ͫͨͼͯͪͫͯ͟ ζ˽͍͍ͪ͊ͦ͊ ͍ͦͫͭ͊͜ ͭ͊ ͯ͟͡Έͭͯͪ͊ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡ΎηΤ ͼ͔ͫͨͪ͜͡Ύ͍͔ͣͦ͊ͤ ͍͟͡Ό;͔ͤͤΎ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͍ 
͍ͦͫͭͤ͜Ό ͒͜Ύ͡Έͤͫͭ͜Έ ͤ͊ ͍ͨ͒ͫͭ͊͜͜ ͎͔͎ͯͦ͒͗ͤͦͦ͘ ͨͦΊ͒ͤ͊ͤͤΎ ͎ͦͪ͊ͤ͊͘͜ͼ͚͙ͤ͜ͻ ͺͦͪͣ ͭ͊ ͙͍͙͊ͭͤ͟ͻ ͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎ ͜ ͍͙ͻ͍ͦ͊ͤͤΎΣ 
ͫͨͪΎ͍͙ͣͦ͊ͤͻ ͤ͊ ͊ͭͯ͊͊͘͟͜͡ͼ͜Ό ͍͍͙ͨͪ͊ͦͻ ͺͯͤ͟ͼ͚͜Φ 

˽ͪͦͼ͔ͫ ͍͔ͫͭͦͪͤͤΎ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͙ͣ ͎ͪͦ͘͡Ύ͒͊Ίͣͦ Ύ͟ ͨͪͦͼ͔ͫ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͫͯͯͨͤͦͫͭ͟͜ 
ͺ͍͊ͭͦͪ͟͜Σ ΅ͦ ͍͙͍ͨ͊͡ΌͭΈ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡Φ ˨ͦ ͙ͭ͊͟ͻ ͺ͍͊ͭͦͪ͟͜ ͙ͣ ͍͙͒ͤͦͫͣͦ͜Υ 
ͫͦͼ͊͜͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;ͤ͜ ς ͣͦͪ͊͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;ͤ͊ ͊ͭͣͦͫͺ͔ͪ͊Σ ͍͊͘Ί͍͙͙ͣͦ͒ͤͦͫͤ͜ ͫͯ͋ΩΊ͍ͭ͟͜ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ 
ό͍͙͊͒͊͟͡;͍͜Σ ͍͙͍ͫͨͪͦ͋ͭͤ͜͜͟͜Σ ͔͍ͫͭͯ͒ͤͭ͜ύΤ ͍ͤ͊;͊͡Έͤͦ-͔ͭͻ͎ͤͦͦ͜͡;ͤ͜ ς ͍ͤ͊;͊͡Έͤͦ-͔͙ͣͭͦ͒;͔ͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍ͦͫͭͤ͜Έ͎ͦͦ 
ͨͪͦͼ͔ͫͯΣ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͣͫͭ͘͜ ͍ͤ͊;͊ͤͤΎΣ ͪͤ͘͜͜ ͺ͙ͦͪͣ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Τ ͔͔ͨͪ͒ͣͭͤͦ-͍ͨͪͦͫͭͦͪͦ͜ ς 
͙͙͚͊ͯ͒ͭͦͪͤ ͺͦͤ͒Σ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͔͙ͪͫͯͪͫΣ ͔ͣ͊ͭͪ͊͜͡Έͤͦ-͔ͭͻͤ͜;ͤ͊ ͋͊͊͘ ͭͦ΅ͦΦ 

˨͡Ύ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͙͊͊ͤ͘͟ͻ ͺ͍͊ͭͦͪ͟͜ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͍͙ͨͪͦͦ͒͊ͫ͡Έ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤ͊ ͪͦ͋ͦͭ͊ ͊͘ 
͙͙ͭ͊ͣ͟ ͤ͊ͨͪΎ͙ͣ͊ͣΥ 

-  ͍͔͔ͨͪͦ͒ͤͤΎ ͊͘ͻ͍ͦ͒͜ ͘ ͔ͣͭͦΌ ͎͔ͤ͊͊ͦ͒͗ͤͤ͡Ύ ͙ͫͨͪΎ͙͍ͭͦ͡͝Σ ͙͒ͦ͋ͪͦ͘;͙͍ͦ͡͝ ͣͦͪ͊͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ ͊ͭͣͦͫͺ͔͙ͪΣ 
͙͎ͣ͗ͦͫͦ͋ͫͭͫͤͦͦ͜͜ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͍͎͊ͫͤͦ͊ͤͦͦ͘ ͤ͊ ͙ͨͪͤͼ͙ͨ͊ͻ ͍͊͘Ί͎͙ͣͦ͒ͦͨͦͣͦΣ ͍͊͘Ί͍͎͙ͣͦͨͦ͊Σ ͔ͭͦͪ͊ͤͭͤͦͫͭ͜͡Τ 

-  ͍ͨͦ͋ͯ͒ͦ͊ ͍͊͘Ίͣͦ͒͜͝ ͯ;͙͍͊ͫͤ͟͜ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͤ͊ ͊ͫ͊͒͊͘ͻ ͔͎͎͙ͨ͒͊ͦ͜͟ ͍ͫͨͨͪ͊͜ͼ͜Σ ͍͍ͫͨͭͦͪ͜;ͦͫͭ͜Σ 
͍͍ͫͨͯͨͪ͊ͤͤ͜͜͡ΎΣ ͣͦͪ͊͡Έͤͦ͝ ͙͙ͨ͒ͭͪͣ͜͟Τ 

-  ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͫͨͪΎ͍ͣͦ͊ͤͦͫͭ͜ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯ ΄͡Ύͻͦͣ ͎͋͊͊͘;͔ͤͤΎ ͣͫͭͯ͘͜ ͎͙ͯͣ͊ͤͭ͊ͪͤ͜ͻ ͜ 
ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͍͍͙͙ͨͪ͊ͦͣ ͙ͨͭ͊ͤͤΎ͙ͣΤ 

-  ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͙ͪͤ͘͜ͻ ͺͦͪͣ ͙͊ͯ͒ͭͦͪͤͦ͝ ͭ͊ ͙ͨͦ͊͊ͯ͒ͭͦͪͤͦ͘͝ ͍͙ͻ͍ͦͤͦ͝ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜Σ ͍͙ͪͦͭͦ͘͟ ͔ͫͭͯ͒ͤͭͫΈ͎ͦͦ͟ 
͍ͫ͊ͣͦͪΎ͍͒ͯ͊ͤͤΎ ͘͜ ͙͔͙ͫͫͭͣ͊ͭ;͙ͤͣ ͊ͯ͘͡;͔ͤͤΎͣ ͚͎ͦͦ ͒ͦ ͍͙ͪ͜΄͔ͤͤΎ ͙ͨͭ͊ͤΈ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯΤ 

-  ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͦͣ͟ͺ͙ͦͪͭͤͻ ͍ͯͣͦ ͍ͤ͊;͊ͤͤΎ ͚ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͜ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙͊͒͊͟͡;͍͜ 
ό͍͔ͫͭͦͪͤͤΎ ͎͍͊ͭ͊ͦ͟͜͡ ͍ͤ͊;͊͡Έ͙ͤͻ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͍͍͙ͨͪ͊ͦͻ ͔͍ͣ͊ͭͪ͊͜͜͡ ͜ ͋͊͘ ͙͒͊ͤͻ ͙͍ͤͦͪͣ͊ͭͤͦ-͍͍͙ͨͪ͊ͦͻ ͔͍͒ͦͯͣͤͭ͟͜Τ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍ͯͣͦ ͒͡Ύ ͎͍͙ͫ͊ͣͦͨ͒ͦͭͦ͜͟ ͭͦ΅ͦύΦ 

˹͊ ͤ͜ ͺͦͪͣ͊ͼ͚ͤͦ͜-͙͍ͣͦͭ͊ͼ͚ͤͦͣͯ͜ ͔ͭ͊ͨ͜ ͔ͪ͊͊͘͜͡ͼ͜͝ ͔ͪͦͪͦ͋ͤͦ͘͡͝ ͔ͣͦ͒͜͡ ͍͙ͨͪͦͦ͒͊ͫ͡Έ ΄͙ͪͦ͊͟ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-
ͪͦ͘ ΎͫͤΌ͍͊͡Έͤ͊ ͪͦ͋ͦͭ͊ ͘͜ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͘ ͔ͣͭͦΌ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͙ͤͻ ͙͙͍͎ͨͦͭͤͦͦ͘ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜-͍͍ͨͪ͊ͦͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͙͚ͨͪͤΎͭͭΎ ͼ͔͚ͤͤͦͫͭ͜ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪΦ 

˭ ͼ͜ΊΌ ͔ͣͭͦΌ ͙ͣ ͍͙͊ͫͭͦͫͯ͊͘͡ ͭ͊ͯ͟ ͺͦͪͣͯ ͊ͤ͘ΎͭͭΎ Ύ͟ ͍ͫͭͯͨͤ͊ ͔͟͡ͼ͜ΎΦ ˽͔͔͍͎ͪ͊ͦΌ ͍ͫͭͯͨͤͦ͝ ͔͟͡ͼ͜͝ Ί ͙͍ͣͦ͗ͫͭ͜͡Έ 
͙ͤ͊͒͊ͭ ͫͯ͡ͻ͊;͊ͣ ͎͊͊͘͡Έͤ͜ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͔ͣͭͯΣ ͍͊͒͊ͤͤ͘Ύ ͭ͊ ͣͫͭ͘͜ ͔͍ͨͤͦ͝ ͙͒ͫͼ͙͙ͨͤ͜͡Σ ͙͙ͪͦͪͭ͘͟ ͝͝ ͎ͦͯ͜͟͡Σ ͫͭͪͯͭͯͪͯ͟ ͭ͊ 
͍͊͘Ί͍ͣͦ͘ΩΎͦ͘͟ ͘ ͤ͜΄͙͙ͣ ͙͒ͫͼ͙͙ͨͤ͊ͣ͜͡Φ  

˽͍͔͔ͪͦ͒ͤͤΎ ͍͙ͫͭͯͨͤͻ ͔͟͡ͼ͚͜ ͋ͯͦ͡ ͒ͦͪͯ;͔ͤͦ ͍͙͊͒͊͟͡;͊ͣ ͙͒ͫͼ͙ͨͤ͜͡ ζˤͫͭͯͨ ͒ͦ ͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ηΣ ζ˶Ό͙͒ͤ͊ ͜ ͍ͫͭ͜ηΣ 
ζ˴ͯ͡Έ͎ͭͯͪͦͦ͜͡ΎηΣ Ύ͟͜ ͒ͦ ͣͫͭͯ͘͜ ͙ͭ͊͟ͻ ͔͟͡ͼ͜͝ ͍͟͡Ό;͙͙͡ ͙ͨͭ͊ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪΦ ˭͔ͦͪͣ͊͟ ͚ͣ͊͋ͯͭͤ͜ ͍;͙͔ͭ͜͡ ͙͙ͦͭͪͣ͊͡ 
ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͫͯͭΈ ͍ͨͪ͊͊ ͜ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ Ύ͟ ͔͎ͪͯ͡Ύͭͦͪ͊ ͫͯͫͨ͜͡Έ͙ͤͻ ͍͙͒ͤͦͫͤ͜Σ ͨͪͦ ͣͫ͜ͼ͔ ͍͍͙ͨͪ͊ͦͻ ͼ͔͚ͤͤͦͫͭ͜ ͍ ͜Ίͪ͊ͪͻ͜͝ 
ͼ͔͚ͤͤͦͫͭ͜ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͭ͊ ͤ͜΄͜ ͍͒ͦͣͦͫͭ͜͜Φ 

˽͒͜ ;͊ͫ ͍͔͔ͨͪͦ͒ͤͤΎ ͊ͤ͘ΎͭΈ ͍͙͊͒͊͟͡;͜ ͎͙ͨͪ͊ͤͯ͡ ͒ͦ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͍ͨͤ͊͊͘͜͡Έ͎ͤͦͦ ͔͔ͤͭͪͫͯ͜ ΄͡Ύͻͦͣ ͍͔͔ͤ͊͒ͤͤΎ ͼ͍͙͊͜͟ͻ 
ͺ͍͊ͭ͟͜Σ ͙͍ͨͪ͊͒͟͜͡Σ ͍͔͚͒ͦͣͦͫͭ͜ ͘͜ ͙͗ͭͭΎ ͍͙͒ͦͣ͜ͻ ͡Ό͔͚͒ ͭͦ΅ͦΦ 

˹͎͔͊͊ͦ͒͗ͤͤ͡Ό ͙͙ͣ͗ͦͫͦ͋ͫͭͫͤ͜͜ͻ ͍͊͘Ί͙ͣͤ ͯ;͙͍͊ͫͤ͟͜ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͙ͫͨͪΎͦ͡ ͍͔͔ͨͪͦ͒ͤͤΎ ͯͪ͊ͭͦͪͫ͟Έ͙͟ͻ 
͎͙ͦ͒ͤΣ Ύ͟͜ ͍͙͍͙ͦͤͯ͊͟͡ ͤ͜ͺͦͪͣ͊ͼ͚ͤͯ͜Σ ͊͒͊ͨͭ͊ͼ͚ͤͯ͜Σ ͍͙ͻ͍ͦͤͯΣ ͍͙ͨͪͦͫͭͤ͜ͼΈͯ͟ ͺͯͤ͟ͼ͜͝Φ ˴ͯͪ͊ͭͦͪͫΈ͟͜ ͎͙͙ͦ͒ͤ ͍͙͙ͨͪͦͦ͒ͫ͡Έ ͯ 
ͺͦͪͣ͜ ͎͎ͪͯͦͦ͟͡ ͫͭͦͯ͡Σ ͔͙ͭͣ͊ͭ;͙ͤͻ ͍͔;͍ͦͪ͜Σ ͍͙͒ͦ͜͡ͻ ͜ ͍ͭͦͪ;͙ͻ ͯͫͭͪ͘͜;͔͚Σ ͤ͊ Ύ͟͜ ͊ͨͪͦ͘΄͍͙ͯ͊ͫ͡Έ ͔͍͙͙ͨͪ͒ͫͭ͊ͤ͟ ͊͒ͣͤͫͭͪ͊͜͜ͼ͜͝ 
͔ͦ͒͗ͯ͟͡Σ ͍͙͊͒͊͟͡;͜Σ ͍͍ͨͪ͊ͦͤ͊͘ͼ͜Σ ͔͒ ͎͍ͦ͋ͦͦͪΌ͍͙͊ͫ͡Έ ͔͙ͨͪͦ͋ͣ͡ ͍͍͎ͨͪ͊ͦͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͣͦͦ͒͜͡Φ  

ˣͯͦ͡ ͎͍ͦͪ͊ͤͦ͊ͤͦ͘͜ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙͚ͤ ͍ͫͯͨͪͦ͒͜ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͚ͣ͊͋ͯͭͤ͜ͻ 
ͯ;͙͔͍ͭ͜͡Σ ͍͊͒͊ͤͤ͘Ύ͙ͣ Ύ͎ͦͦ͟ ͋ͯͦ͡Υ ͍͙Ύ͍͔ͤͤ͡Ύ ͔ͨͦͭͪ͋ ͔͍ͫͭͯ͒ͤͭ͜Τ ͤ͊͒͊ͤͤΎ ͎͙͒ͦͨͦͣͦ ͯ ͨͦ͒ͦ͊ͤͤ͜͡ ͭͪͯ͒ͤͦ΅͍͜ ͍ͨͦΩΎ͙͊ͤ͘ͻ ͘͜ 
͍͙ͪ͜΄͔ͤͤΎͣ ͙ͨͭ͊ͤΈ ͍͍ͨͪ͊ͦͦ͝ ͍͔͙ͨͦ͒ͤ͜͟Σ ͍ͦͨ͊ͤͯ͊ͤͤΎ ͍͍͙ͨͪ͊ͦͻ ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟Τ ͤ͊͒͊ͤͤΎ ͨͦͪ͊͒ ͜ ͦͤͫͯ͟͡Έͭ͊ͼ͚͜Φ ˽͙ͪ 
͚͔͒ͫͤͤͤ͘͜͜ ͎ͭ͊ͦͦ͟ ͍ͫͯͨͪͦͦ͒ͯ ͍͙͍͙͊͗ͣ͡ ͋ͯͦ͡ ͔ͤ ͍ͤ͊ΩΎ͍ͯ͊ͤͤ͘Ύ ͍͙͊͒͊͟͡;͙͊ͣ ͍͙͊ͫͤ͡ͻ ͙ͨͦ͘ͼ͚͜Σ ͊ ͔͔ͦͪͭͤ͟͟Σ ͍͔ͦ͋͐ͪͯͤͭͦ͊ͤ 
͍͔͔͒ͦ͒ͤͤΎ ͔ͨͦͦ͗ͤ͡Έ ͍͍͙ͨͪ͊ͦͻ ͍ͫͭͦͫͯͤ͟͜ ͜ ͍͔͙ͨͦ͒ͤ͜͟Σ ͍͔ͨͦ͊͗ͤ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͒ͯͣͦ͟ ͔͍ͫͭͯ͒ͤͭ͜Σ ͍ͭ͊ͭͦͤ͊͟ ͙ͨ͒ͭͪͣ͊͜͟ ͨ͒͜ ;͊ͫ 
ͨͦ͒ͦ͊ͤͤ͡Ύ ͭͪͯ͒ͤͦ΅͍͜ ͯ ͍ͤ͊;͊ͤͤ͜Φ  

̂ ͨͪͦͼ͔ͫ͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍ͫͯͨͪͦͦ͒ͯ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͚ͣ͊͋ͯͭͤ͜ͻ 
ͯ;͙͔͍ͭ͜͡ ͯͪ͊ͻ͍͍͍ͦͯ͊ͫΎ ͚ͭͦ ͺ͊ͭ͟Σ ΅ͦ ͨͪͦͭΎ͎ͦͣ ;͙ͦͭͪΈͦͻ ͍ͪͦ͟͜ ͍ͤ͊;͊ͤͤΎ ͔͙ͫͭͯ͒ͤͭ ͤ͊͘ͻͦ͒ΎͭΈͫΎ ͯ ͍͒ͤͦͫͤͦ͜ ͚ͨͦͫͭͤͦͣͯ͜ 
ͫͦͼ͊͜͡Έͤͦͣͯ ͦͭͦ;͔ͤͤ͜Σ ΅ͦ ͙ͨͪͪͦ͒ͤͦ ͨͦͤ͊͘;͊ΊͭΈͫΎ ͤ͊ ͙͍ͦͫͦ͋ͦͫͭ͡Ύͻ ͝ͻͤΈ͎ͦͦ ͙͎ͦͫͦ͋ͫͭͫͤͦͦ͜ ͭ͊ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍͙ͪͦͭͯ͘͟Φ 
ˤͪ͊ͻ͍ͦͯΌ;͙ ͼ͔Σ ͍͙͊͒͊͟͡;͜ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͯ ͚ͭͫͤ͜͜ ͍ͫͨͨͪ͊͜ͼ͜ ͘ ͙ͯͪ͊ͭͦͪ͊ͣ͟ ͭ͊ ;͔͙ͤ͊ͣ͡ ͔ͫͭͯ͒ͤͭͫΈ͎ͦͦ͟ 
͙͍͊ͭͯ͟ ͙ͫ͊͒͊͟͡͡ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͣͦͪ͊͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ Ύ͔͚ͦͫͭ͟ ͔͍ͫͭͯ͒ͤͭ͜Φ ͔̇ ͒͊ͦ͡ ͙͍ͣͦ͗ͫͭ͜͡Έ ͤ͊ ͍ͨ͒ͫͭ͊͜͜ ͍ͪ͊ͻ͍ͯ͊ͤͤΎ 
͍͍͙ͦ͜͟ͻ ͜ ͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡Σ ͣͦͪ͊͡Έ͙ͤͻ ͍ͯͫͭ͊ͤͦͦ͟Σ ͼ͙ͤͤͫͤ͜͜ͻ ͦͪ͜Ίͤͭ͊ͼ͚͜Σ ͨͪͦͺ͔͚ͫͤͦ͜-͍͙͒ͦ͜͡ͻ Ύ͔͚ͦͫͭ͟ ͍͙ͤ͊͒͊͊ͭ 
͔ͫͭͯ͒ͤͭ͊ͣ ͍͍͒ͨͦ͒ͤͯ͜͜ ͎͒ͦͨͦͣͦͯ ͭ͊ ͙ͨ͒ͭͪͣͯ͜͟Φ ˽͔͊ͪ͊͡͡Έͤͦ ͭ͊͊͟ ͪͦ͋ͦͭ͊ ͙ͫͨͪΎ͊͡ ͫͯͭͭΊ͍ͦ ͍͙ͨ͒͜΅͙͙ͭ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ 
͍ͦͦͦ͒ͤͤ͜͡Ύ ͚͙ͣ͊͋ͯͭͤͣ͜ ͍;͙͔ͭ͡Ύ͙ͣ ͣͫͭͦͣ͘͜ ͙ͫͭͪͯͭͯͪͤ͟ͻ ͔͍ͦͣͨͦͤͤͭ͟͜ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪΦ 
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ˤ͒ͦͣͦ͜Σ ΅ͦ ͍͙ͦͤ͊ͤͤ͟Ύ ͋ͯ͒Έ-Ύͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͔ͺ͔͙͍ͭͤ͟͜΄͔Σ Ύ͟΅ͦ ͍ͦͤ͊ ͍͙͙͊͟͟͡Ί ͔ͣͦͼ͜͝ ͍͔͊͒ͦͦͤͤ͘͡ΎΦ 
̒͟΅ͦ ͙͙͍ͨͦͭͤ͘͜ ͔ͣͦͼ͜͝ ͍ ͨͪͦͼ͔ͫ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ͤ͊͋ͯ͊ΌͭΈ ͚͎ͫͭͦͦ͜͟ ͻ͔͊ͪ͊ͭͪͯ͟Σ ͼ͔ ͍ͯͣͦ͘͡ΌΊ ͍͙͙͔ͤͤͤͤ͟Ύ ͍͙ͤͦͻ ͔ͨͦͭͪ͋ ͜ 
͚͙ͫͭ͜͟ͻ ͙͍͍ͣͦͭ͜ ΅ͦ͒ͦ ͭ͊ͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

˻͒ͤ͜ΊΌ ͘ ͍͙͍͙͊͗͡ͻ ͔ͨͦͭͪ͋ ͡Ό͙͙͒ͤ Ύ͟ ͫͦͼ͊͜͡Έͤͦ͝ ͙ͫͭͦͭ͜ Ί ͔ͨͦͭͪ͋͊ ͍͙ͤ͊ͤͤ͘Ύ ͘ ͋ͦͯ͟ ͦͭͦ;͔ͤͤΎ ͝͝ ;͔ͫͤͦͭΣ ͎͊ͫͯ͘͡Σ 
͍ͭ͊͊ͤͭ͜͡Φ ̂ͪ͊ͻ͍ͦͯΌ;͙ ͼ͔Σ ͙ͣ ͍ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͚ͤ͜ ͪͦ͋ͦͭ͜ ͍͔͙ͪͤͯͫ͘͡Ύ ͒ͦ ͎ͭ͊ͦͦ͟ ͔ͣͭͦ͒ͯΣ Ύ͟ ͍͔ͫͭͦͪͤͤΎ ͙ͫͭͯ͊ͼ͚͜ ͯͫͨ͜ͻͯΦ 
˽͔͔͙͍ͪ͗͊ͤͤΎ ͨͦ;ͯͭͭΎ ͯͫͨ͜ͻͯ ͍͙ͨ͒͜΅͍ͯ͊ͦ͡ ͍ ͔͍ͫͭͯ͒ͤͭ͜ ͍ͪͯ͜ ͯ ͍͊ͫͤ͜͡ ͙͍ͣͦ͗ͦͫͭ͜͡Σ ͍͙͍ͪͦ͊ͦ͘͡ ͍ ͙ͤͻ ͍͍ͨͪ͊ͦͯ ͙͍͊ͭͤͫͭ͟͜ΈΣ 
͍͙͙͊ͦ͟͟͡͡ ͋͊͗͊ͤͤΎ ͙͋ͪ͊ͭ ͯ;͊ͫͭΈ ͯ ͍͍ͨͪ͊ͦͭͦͪ;͚͜ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͨͪͦΎ͍͙͙ͭ ͍ͫͦΌ ͎ͪͦͣ͊͒ΎͤͫΈͯ͟ ͙ͨͦ͘ͼ͜ΌΦ 

ˤ͙͍͔͊͗͡ ͤ͊͘;͔ͤͤΎ ͯ ͍͔ͫͭͦͪͤͤ͜ ͙ͫͭͯ͊ͼ͚͜ ͯͫͨ͜ͻͯ ͣ͊ͦ͡ ͦͼͤ͜Ό͍͊ͤͤΎ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͙ͪͦ͋ͦͭ ͔ͫͭͯ͒ͤͭ͊Φ ˹͍͊ͭ͜ΈΣ Ύ͟΅ͦ 
͔ͪͯ͘͡Έͭ͊ͭ ͔ͤ ͍͍͍͒ͨͦ͒͊͜͜ ͋͊͗͊ͤͦͣͯΣ ͍͙͊͒͊͟͡;Σ ͔ͤ ͨͦͪͯ΄ͯΌ;͙ ͎͊͊͘͡Έͤͦ͝ ͦ͋ΩΊ͙͍ͭͤͦͫͭ͟͜ ͦͼ͙ͤ͜͟Σ ͊͟ͼ͔͍͍ͤͭͯ͊ ͍͎ͯ͊ͯ ͭ͊ 
͙͙͍ͨͦͭͤͦ͘ ͦͼͤ͜Ό͍͍͊ ͔ͭΣ ΅ͦ ͍͒͊ͦͫ͡Ύ ͙͙ͪͦ͋ͭ͘ Ύ͚ͤ͊ͪ͊͟͟΅͔ ͊͋ͦ ͫ͊ͣ ͻ͔͊ͪ͊ͭͪ͟ ͍͙ͦͤ͊ͤͤ͟Ύ ͙ͪͦ͋ͦͭ όͫͭ͊ͪ͊ͤͤͫͭ͜ΈΣ 
͔͎͙͍ͤ͊ͨͦͫͭ͜͡͡ΈΣ ͍͙ͤ͊ͻ͙͍͒ͫͭ͜͜͡ΈΣ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ͒͜Ύ͡Έͤͦͫͭ͜ ͭͦ΅ͦύΦ 

˩ͺ͔͙͍ͭͤͦ͟Ό ͺͦͪͣͦΌ ͙ͨͦ͊͊ͯ͒ͭͦͪͤͦ͘͝ ͍͙ͻ͍ͦͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ Ί ͪͤ͘͜͜ ͔ͫͭͯ͒ͤͭͫΈ͟͜ ͦ͋ΩΊ͒ͤ͊ͤͤΎΦ ˭ ͔ͣͭͦΌ ͍͔ͫͭͦͪͤͤΎ 
͙͙͍ͨͦͭͤͦ͘͝ ͙͍ͣͦͭ͊ͼ͜͝ ͔͍ͫͭͯ͒ͤͭ͜ ͜ ͙ͫͭͣͯ͡Ό͍͊ͤͤΎ ͝ͻͤΈ͎ͦͦ ͨͪͦͺ͔͚ͫͤͦ͜-͍ͨͤ͊͊͘͜͡Έ͎ͤͦͦ ͔͔ͤͭͪͫͯ͜ ͒ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ 
ͯ͟͡Έ͙ͭͯͪ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͫ͟͡Έ ͙͍ͣͦ͗ͦͫͭ͜͡ ͙ͨͦ͊͊ͯ͒ͭͦͪͤͦ͘͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͜ ͙ͭ͊͟ͻ ͺͦͪͣ ͍͙ͻ͍ͦͤͦ͝ ͙ͪͦ͋ͦͭΣ Ύ͟ ͎ͨͪͦͨ͊͊ͤ͒͊ ͭ͊ 
͍͍ͨͪ͊ͦ͊ ͎͊ͭ͊͜ͼ͜ΎΦ ˽͙ͪ ͼΈͦͣͯ ͙͋ͯ͡ ͊͒͘͜Ύͤ͜ ͔ͤ ͭ͜͡Έ͙͟ ͫͤͯ͜Ό;͜ ͔ͫͭͯ͒ͤͭͫΈ͟͜ ͦ͋ΩΊ͒ͤ͊ͤͤΎΣ ͔͊͡ ͚ ͍ͫͭͦͪΌ͍͙͊ͫ͡Έ ͍ͤͦ͜Φ 

́͊͟Σ ͯ ͍͔͒͒ͤͤ͜͜͡Ύͻ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔ͦ͒͗ͯ͟͡ ͙͋ͯ͡ ͎͍ͦͪ͊ͤͦ͊ͤ͘͜͜ ͚ ͨͪ͊ͼΌ͍͙͊͡ ͍ͤ͊ͯͦ͟͜ ͎͙ͯͪͭ͟Σ ͯ ͪͦ͋ͦͭ͜ Ύ͙͟ͻ 
͎ͪͦ͘͡Ύ͙͒͊ͫ͡Έ ͭ͊͟͜ ͔͙ͭͣΥ 

-  ˻͍͙͚ͫͤͦͤ ͊ͦͤ͘͟ ͙̂ͪ͊ͤ͟͝Τ 
-  ˴͙ͦͤͫͭͭͯͼ͚ͤ͜͜ ͍ͨͪ͊͊Σ ͍ͦ͋ͦΩΎ͙͘͟ ͜ ͍͙ͫͦ͋ͦ͒ ͎ͪͦͣ͊͒Ύͤ ͙̂ͪ͊ͤ͟͝Τ 
-  ˽͍͍ͪ͊ͦ͊ ͙͔ͫͫͭͣ͊ ͙̂ͪ͊ͤ͟͝Τ 
-  ˭͎͊͊͡Έͤͦͫͦͼ͊͜͡Έͤ͜ ͙ͨͪͤͼ͙͙ͨ ͍ͨͪ͊͊Τ 
-  ˤ͙͙͒ ͍͍͙ͨͪ͊ͦͻ ͍͙͒ͤͦͫͤ͜Τ 
-  ˨͔͙ͣͦͪ͊ͭ͟;ͤ͜ ͍͙ͦͫͤͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͫͯͫͨ͜͡Έͤͦ-͙ͨͦͭ͜͡;͎ͤͦͦ ͙͗ͭͭΎΤ 
-  ˽͔ͪͦ͋ͣ͊͡ ͍͙ͫͦ͋ͦ͒ ͜ ͍͍͒ͨͦ͒͊͜͜͡Έͤͦͫͭ͜ ͎ͪͦͣ͊͒Ύ͙ͤͤ͊ ͔͍͙͒ͪ͗͊Τ 
-  ˽͍ͪ͊ͦ ͜ ͣͦͪ͊͡ΈΣ ͍͍ͫͨ͒ͤͦ͜͜΄͔ͤͤΎ ͔͎͚͊ͭͦͪ͟͜Φ 
˭ ͔ͣͭͦΌ ͎͙ͨͪͦͨ͊͊ͤ͒ ͍͍͙ͨͪ͊ͦͻ ͤ͊ͤ͘Έ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͙͋ͯ͡ ͎͍ͦͪ͊ͤͦ͊ͤ͘͜͜ ͔ͭͦͪ͟͜͡͝Σ ͤ͊ Ύ͙͟ͻ ͍͍͙͒͋ͯ͊ͫ͜͡Έ ͍͙͙ͫͭͯͨ 

͍;͔͙ͤͻ-͍͍ͨͪ͊ͦͤ͊͘ͼ͍͜Σ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͍ͨͪ͊ͦͦͻ͙ͦͪͦͤͤͻ ͎͍ͦͪ͊ͤ͜Σ ͍͙͙ͨͪͦͦ͒ͫ͡Έ ͙͙͒ͫͨͯͭΣ ͤ͊ Ύ͙͟ͻ ͎͍ͦ͋ͦͦͪΌ͍͙͊ͫ͡Έ ͎ͦͫͭͪ͜ 
ͫͦͼ͊͜͡Έͤ͜ ͔͙ͨͪͦ͋ͣ͡ ͯ  ͍͍͚ͨͪ͊ͦ͜ ͫͺ͔ͪ͜Σ ͔͙ͨͪͦ͋ͣ͡ ͍͍͎ͨͪ͊ͦͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͣͦͦ͒͜͡ ͭͦ΅ͦΦ 

̂ ͎ͨͪͦͨ͊͊ͤ͒͜ ͍͍͙ͨͪ͊ͦͻ ͤ͊ͤ͘Έ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͫ͟͡Έ ͙͍ͣͦ͗ͦͫͭ͜͡ ͫͯ;͙͊ͫͤͻ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͔ͣ͒͊͜-͔͍ͪͫͯͪͫ͜Σ 
͙͔ͣͫͭͼ͍ͭ͊ ͭͦ΅ͦΦ ́͊͟Σ ͔͔͙͒͗ͪ͊ͣ͡ ͍͍͙ͨͪ͊ͦͻ ͤ͊ͤ͘Έ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙͙ͫͭͯͨ͊͡Υ ͔ͨͪͫ͊Σ ͤͦ͟͜Σ ͔͔ͭ͋͊͡;͔ͤͤΎΣ ˱͔͔ͤͭͪͤͭ ͭͦ΅ͦΦ 
˭͔ͦͪͣ͊͟Σ ͤ͊ ͊ͫ͒͊ͤͤ͘͜Ύͻ ͍͙ͤ͊ͯͦ͟ͻ ͎͍ͯͪͭ͟͜ ͍͙͍;͊͊ͫ͡Έ ͍͍ͨͪ͊ͦ͊ ͔ͭͪ͊ͭͯͪ͊͜͡Σ ͍͊ͦͤͦ͒͊͘͟;͜ ͙͊ͭ͟Σ ͔͍͙͒ͣͦͤͫͭͪͯ͊ͫ͡Έ ͺ͜͡Έ͙ͣ ͚ 
͔͔ͨͪͤͭ͊͘ͼ͜͝ ͤ͊ ͍͍ͨͪ͊ͦͯ ͔͙ͭͣ͊ͭͯ͟Σ ͔͍͍͙ͪ͊ͦͯ͊ͫ͘͜͡͡Έ ͫͨ͜͡Έͤ͜ ͍ͤ͊ͯͦͦ͟-͍͍ͨͪ͊ͦ͜ ͔͙ͨͪͦͭ͟Φ 

˭ ͔ͣͦΌ ͙ͫͭͣͯ͡Ό͍͊ͤͤΎ ͍ͤ͊ͯͦͦ͟-͒ͦͫ͒ͤͦ͜͡͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͙͋ͯ͡ ͍͔͔ͨͪͦ͒ͤ͜ ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;ͤ͜ 
ͦͤ͟ͺ͔͔ͪͤͼ͜͝ ͊͘ ͭ͊ͦ͟Ό ͔͙ͭͣ͊ͣ͊ͭͦ͟ΌΥ 

-  ζ˽͍͍ͪ͊ͦ͊ ͯ͟͡Έͭͯͪ͊ Ύ͟ ͍ͫ͊͒ͦ͊͟͡ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͯ͟͡Έ͙ͭͯͪ ͍;͙͔ͭ͡ΎηΤ 
-  ζˢͭͯ͊͟͡Έͤ͜ ͔͙ͨͪͦ͋ͣ͡ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͒ͦ ͍͍͎ͨͪ͊ͦͦͦ ͍͙ͻ͍ͦ͊ͤͤΎηΤ 
-  ζ˾ͦ͡Έ ͔ͫͭͯ͒ͤͭͫΈ͎ͦͦ͟ ͍ͫ͊ͣͦͪΎ͍͒ͯ͊ͤͤΎ ͯ ͍͙ͪͦͭͯ͘͟ ͫͦͼ͊͜͡Έͤͦ͝ ͙͍͊ͭͤͦͫͭ͟͜ ͔͍ͫͭͯ͒ͤͭͫͭ͊ηΦ 
˹͍͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;ͤ͜ ͦͤ͟ͺ͔͔ͪͤͼ͜͝ ͍͙͙ͨͪͦͦ͒ͫ͡Έ ͘ ͔ͣͭͦΌ ͊ͭͯ͊͊͘͟͜͡ͼ͜͝ ͔͙ͨͪͦ͋ͣ͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ 

͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡Σ ͪͦ͘΄͙͔ͪͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ ͨͦ͡ΎΣ ͚͔ͦͤ͊ͦͣͤͤ͘͡Ύ ͘ ͍͙͙ͤ͊ͯͦͣ͟ ͒ͦͫΎ͎͔ͤͤͤΎ͙ͣ ͔͍ͫͭͯ͒ͤͭ͜ ͘ 
͍͒ͦͫ͒͗ͯ͊ͤͦ͜͡͝ ͔͙ͨͪͦ͋ͣ͡Φ 

˻ͪͣ͟͜ ͦͤ͟ͺ͔͔ͪͤͼ͚͜ ͍͙͙ͨͪͦͦ͒ͫ͡Έ ͔ͫͭͯ͒ͤͭͫΈ͟͜ ͙ͦͣͨ͊͒͜͜͡ ͘ ͍͍͍ͨͪ͊ͦͤ͊ͫͭ͊͘Σ ͔ͣͭͦΌ Ύ͙͟ͻ ͋ͯͦ͡ ͍͙ͨ͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ 
͍͍ͨͪ͊ͦͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡Σ ͍͙Ύ͍͔ͤͤ͡Ύ ͍ͦ͋͒͊ͪͦ͊ͤͦ͝ ͣͦͦ͒͜͡Σ ͍͙ͪͦͭͦ͘͟ ͍ͭͦͪ;͙ͻ ͔͚͒͋ͤͦͫͭ͘͜ ͔͍ͫͭͯ͒ͤͭ͜Φ ̂ ͼ͚͜ 
ͪͦ͋ͦͭ͜ ͙͍͊ͭͤͯ͟ ͯ;͊ͫͭΈ ͙͋ͪ͊͡ ͔͍͙͙ͨͪ͒ͫͭ͊ͤ͟ ͎͍ͦͪ͊ͤ͜ ͔ͫͭͯ͒ͤͭͫΈ͎ͦͦ͟ ͍ͫ͊ͣͦͪΎ͍͒ͯ͊ͤͤΎΦ 

ˣͯͦ͡ ͔͍ͪ͊ͦ͊ͤͦ͘͜͡ ͫͦͼ͊͜͡Έͤͦ-͍͍͙͚ͨͪ͊ͦ ͔ͨͪͦͭ͟ ζ̊ͦ͊͟͡ ͍ͨͪ͊͊ ͚ͣ͊͋ͯͭͤ͜ͻ ͍ͦͫͭ͜ΎͤηΣ ͫͨͪΎ͍͙͚ͣͦ͊ͤ ͤ͊ ͍͙ͪ͜΄͔ͤͤΎ 
ͫͦͼ͊͜͡Έͤͦ-͍͍͙ͨͪ͊ͦͻ ͍͊͒͊ͤ͘Έ ͜ ͍͙Ύ͍͔ͤͤ͡Ύ ͫͦͼ͊͜͡Έͤͦ-͍͍͙ͨͪ͊ͦͻ ͺ͍͊ͭͦͪ͟͜Σ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍͙ͤͦͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ΅ͦ ͔ͣͦ͒ͪͤͯ͘͜ΌͭΈ 
ͪͤͦͣ͊ͤͭͤ͘͜͜͜ ͺ͙ͦͪͣ ͣͦͦ͒͗ͤͦ͜͡͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ  

˾͔͊͊͘͜͡ͼ͜Ύ ͎͒͊ͤͦͦ ͔ͨͪͦͭͯ͟ ͙ͫͨͪΎ͊͡ ͍͙ͪ͜΄͔ͤͤΌ ͙ͭ͊͟ͻ ͍͊͒͊ͤ͘Έ ͙͍ͣͦͭ͊ͼ͚ͤͦ͜-ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ ͔ͭ͊ͨͯΥ 
-  ͙͔ͨͦͫͤͤ͡Ύ ͙͍ͣͦͭ͊ͼ͜͝ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͭ͊ ͍͙ͫ͊ͣͦͦͫͭ͜Τ  
-  ͙͍͊ͭ͊͘͟͜ͼ͜Ύ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͺ͍ͦͪͣͯ͊ͤͤΎ ͚͙ͫͭ͜͟ͻ ͨͪͦͺ͔͚ͫͤͦ͜-͍ͨͤ͊͊͘͜͡Έ͙ͤͻ ͔͔͍ͤͭͪͫ͜͜ ͜ 

͍͙ͤ͊;ͦ͟ ͍͔͔͒ͤͤΎ ͙͒ͫͯͫ͟͜͝Τ 
-  ͪͦ͘΄͙͔ͪͤͤΎ ͍͍͎ͨͪ͊ͦͦͦ ͍͎ͫͭͦ͜͡Ύ͒ͯΣ ͍͙ͪͦͭͦ͘͟ ͍ͭͦͪ;͙ͻ ͯͣͤ͜ΈΤ 
-  ͍͔͊͒ͦͦͤͤ͘͡Ύ ͔͙ͨͦͭͪ͋ ͯ ͎͍͚ͪͯͨͦ͜ ͔ͤ͊͗ͤͦͫͭ͜͡Φ 
˭͍͊͒͊ͤͤΎͣ ͍ͣͫͭͦͦ͘͜-͔ͣͦ͒͡Ό͍͊͡Έ͎ͤͦͦ ͔ͭ͊ͨͯ ͔ͪ͊͊͘͜͡ͼ͚͜ ͔ͪͦͪͦ͋ͤͦ͘͡͝ ͔ͣͦ͒͜͡ ͋ͯͦ͡ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍ͯͣͦ ͒͡Ύ 

͍ͦͦͦ͒ͤͤ͜͡Ύ ͚͙ͣ͊͋ͯͭͤͣ͜ ͍;͙͔ͭ͡Ύ͙ͣ ͙͔ͫͫͭͣͦΌ ͍͍͙ͨͪ͊ͦͻ ͤ͊ͤ͘ΈΣ ͯͣͤ͜ΈΣ ͍͙ͤ͊;ͦ͟Σ ͍͙ͪͦͭͦ͘͟ ͝ͻ ͙͙ͦͫͦ͋ͫͭͫͤ͜ͻ Ύ͔͚ͦͫͭ͟Φ 
ˤ͚ͪ͊͟ ͍͙͍͊͗ͦ͡Ό ͔͎͎ͨ͒͊ͦ͜;ͤͦΌ ͍ͯͣͦͦΌ ͔ͪ͊͊͘͜͡ͼ͜͝ ͔ͪͦͪͦ͋ͤͦ͘͡͝ ͔ͣͦ͒͜͡ ͤ͊ ͒͊ͤͦͣͯ ͔ͭ͊ͨ͜ ͋ͯͦ͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 

͔ͨͦͭͤͼ͊ͯ͜͡ ͍ͤ͊;͊͡Έ͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͼ͙ͯ͟͡ ͎ͯͣ͊ͤͭ͊ͪͤͦ͜͝ ͭ͊ ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟Φ ˭ ͼ͜ΊΌ ͔ͣͭͦΌ ͙͋ͯ͡ 
͔͎͍ͫͦͪͦ͊ͤ͟͜ ͍ͤ͊;͊͡Έͤ͜ ͎͙ͨͪͦͪ͊ͣ ͍͙͙͋ͪ͊ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͤ͊ ͔͔ͨͪ͒ͣͭ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͍ͨͪ͊ͦͤ͊͘;͎ͦͦ ͔ͦͣͨͦͤͤͭͯ͟ ΄͡Ύͻͦͣ 
͍͔͔ͤͫͤͤΎ ͯ ͣͫͭ͘͜ ͍ͯͪͫ͟͜ ͍͒ͦ͒͊ͭͦͦ͟͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Φ 

˹͔͔͊ͫ͊ͣͨͪ͒ ͍͔͙ͤͫ͡ ͍͒ͦ͒͊ͭͦͯ͟ ͤ͜ͺͦͪͣ͊ͼ͜Ό ΅ͦ͒ͦ ͣͫͭͯ͘͜ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͯ ͎͙ͨͪͦͪ͊ͣ 
͍ͤ͊;͊͡Έ͙ͤͻ ͍ͯͪͫ͟͜ ͘͜ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻΣ ͙ͫͭͦͪ͜;͙ͤͻ ͭ͊ ͯ͟͡Έ͎ͭͯͪͦͦ͜͡;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Φ  

˽͙͙ͪ͊͒͟͡ ͍͔͔ͤͫͤͤΎ ͍͒ͦ͒͊ͭͦͦ͟͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͯ ͣͫͭ͘͜ ͙ͯ͊͊ͤ͘͟ͻ ͙͒ͫͼ͙ͨͤ͜͡ ͔͍͔ͨͪ͒ͫͭ͊ͤͦ͡ ͍ ͙ͭ͊͋͡ͼ͜ мΦ 
˽͍͍͔ͪ͊ͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͭͫͤͦ͜ ͍ͨͦΩΎ͊ͤͦ͘ ͘ ͎ͪͦͣ͊͒ΎͤͫΈ͙ͣ͟ ͍͙ͻ͍ͦ͊ͤͤΎͣΣ Ύ͔͟ ͫͨͪΎ͍ͣͦ͊ͤͦ ͤ͊ ͍͊ͫͦ͘ΊͤͤΎ ͤ͊ͼͦͤ͊͜͡Έ͙ͤͻ 

ͼ͔͚ͤͤͦͫͭ͜Σ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͡Ό͙͒ͤͦΌ ͍͊ͫͤͦ͡͝ ͙ͨͪ;͔ͭͤͦͫͭ͜ ͒ͦ ͍ͫͦΊ͝ ͯ͟͡Έ͙ͭͯͪ ͭ͊ ͫͭͦͪ͜͜͝Φ ˭͍͊͒Ύ͙͟ ͼΈͦͣͯ ͚ͣ͊͋ͯͭͤ͜ ͍;͙͔ͭ͜͡ ͔ͤ 
ͭ͜͡Έ͙͟ ͍͊ͫͦ͘ΌΌͭΈ ͍͙ͦͫͤͦ ͤ͊ͯ͟Φ ̂ ͙ͤͻ ͺͦͪͣͯΌͭΈͫΎ ͝ͻͤ͜ ͎ͪͦͣ͊͒ΎͤͫΈ͟͜ ͨͦ;ͯͭͭΎΦ 
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˴ͯͪͫ ζ˭͎͊͊͡Έͤ͊ ͔͎͎ͨ͒͊ͦ͊͜͟η 

Ѕ ͔́ͣ͊ ˽͙ͭ͊ͤͤΎ 

1. ˽ͪͦͺ͔ͫ͜Ύ ͍;͙͔ͭ͡Ύ ͭ͊ ͚͎ͦͦ ͪͦ͡Έ ͯ ͫͯͫͨ͜͡Έ͍ͫͭ͜ ˽͙ͦͭ͜͡;ͤ͊ ͯ͟͡Έͭͯͪ͊ Ύ͟ ͍ͫ͊͒ͦ͊͟͡ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͯ͟͡Έ͙ͭͯͪ ͍;͙͔ͭ͡ΎΦ  

2. ˽͔͎͎͒͊ͦ͜;ͤ͊ ͯ͟͡Έͭͯͪ͊ ͍;͙͔ͭ͡Ύ ˭ͣͫͭ͜ ͙ͫͭͪͯͭͯͪͤ͟ͻ ͔͍ͦͣͨͦͤͤͭ͟͜ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͍;͙͔ͭ͡ΎΦ 

˴ͯͪͫ ζ˽͔͎͎͒͊ͦ͜;ͤ͊ ͚͔ͣ͊ͫͭͪͤͫͭ͜Έη 

1. ˽͔͎͎͒͊ͦ͜;͔ͤ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ̂ͣͤͤ͜Ύ ͎͔͊ͪͯͣͤͭ͊ͼ͜͝ ͚ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ ͍͙͊ͫͤ͡ͻ ͙ͨͦ͘ͼ͚͜ ͯ ͙ͫ͊͒ͤ͟͡ͻ 
͍͍͙ͨͪ͊ͦͻ ͙ͫͭͯ͊ͼ͜ΎͻΦ 
˴͙͍ͦͣͯͤ͊ͭͤ͜͟͜ ͍ͣͤͤ͜ΎΣ ΅ͦ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭΈ ͍͔ͪͤ͜Έ ͍͍͍ͨͪ͊ͦͦͦ͝ 
ͯ͟͡Έͭͯͪͯ ͍;͙͔ͭ͡ΎΦ 

2 ˽͔͎͎͒͊ͦ͜;ͤ͊ ͔ͭͻͤ͊͜͟ ˤ͙ͤ͊͘;͔ͤͤΎ ͔͎ͫͭͪ͊ͭ͜͝ ͍͍ͨͪ͊ͦͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ ͍ ͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ 
˸͙͔ͫͭͼ͍ͭͦ ͔͔ͨͪͦͤ͊ͤͤ͟ΎΣ ͯͣͤͤ͜Ύ ͍͙͙͒ͦͦ͒ͭ ͍͊ͫͤͯ͡ ͙ͨͦ͘ͼ͜Ό ͤ͊ 
͙ͨͪͤͼ͙ͨ͊ͻ ͔͙͒ͣͦͪ͊ͭͣͯ͘͟ ͜ ͔ͭͦͪ͊ͤͭͤͦͫͭ͜͡Φ 

˴ͯͪͫ ζ˱ͫͭͦͪ͜Ύ ͙̂ͪ͊ͤ͟͝η 

1. ˤ͙͒͊ͭͤ͜ ͙͙͒ͦͫ͒ͤ͜͟͡ ͫͭͦͪ͜͜͝ ͙̂ͪ͊ͤ͟͝ ͭ͊ ͝ͻ 
͎ͨͦ͡Ύ͙͒ 
 

˾ͦ͡Έ ˶͙͍ͭͦͫΈ͎ͦͦ͟ ͫͭ͊ͭͯͭͯ ͯ ͍͔ͫͭ͊ͤͦͤͤ͜͡ ͭ͊ ͍͙ͪͦͭͯ͘͟ ͍͍͎ͨͪ͊ͦͦͦ 
͍͙ͻ͍ͦ͊ͤͤΎ ͍ ̂ͪ͊ͤ͟͜͝Φ 
ζ˽͍ͦ;͊ͤͤΎη ˤ͙͙ͦͦ͒ͣͪ͊͡ ˸ͦͤͦͣ͊ͻ͊Σ ζ˿͍ͦͦ͡ ͨͪͦ ͊ͦͤ͘͟ ͜ ͎͋͊ͦ͒͊ͭ͡Έη 

˴ͯͪͫ ζ˴ͯ͡Έ͎ͭͯͪͦͦ͜͡Ύη 

1. ˤ͙͙͒ ͜ ͺ͙ͦͪͣ ͯ͟͡Έ͙ͭͯͪΦ ˽͍͍ͪ͊ͦ͊ ͯ͟͡Έͭͯͪ͊ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͝͝ ͙ͦͤ͊͘͟Σ ͫͭͪͯͭͯͪ͊͟Σ ͍͙͙͒Φ 
˽͍͍ͪ͊ͦ͊ ͯ͟͡Έͭͯͪ͊ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ  
˽͍͍ͪ͊ͦ͊ ͙͍͊ͭͤͫͭ͟͜Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ 
˽͍͍ͪ͊ͦ͊ ͯ͟͡Έͭͯͪ͊ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͎ͪͯͨ 

 
ˢͤ͊͘͜͡ ͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͊ͤ͜͡ ͜ ͎ͨͪͦͪ͊ͣ ͍ͨͦ͊͊͘͟Σ ΅ͦ ͔͔ͫͪ͒ ͍ͤ͊;͊͡Έ͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Σ Ύ͟͜ ͍ ͚ͭ͜ ;͙ ͤ͜΄͚͜ ͣͪ͜͜ ͙ͫͨͪΎΌͭΈ 

ͺ͍ͦͪͣͯ͊ͤͤΌ ͎ͪͦͣ͊͒ΎͤͫΈͦͫͭ͟͜ ͭ͊ ͍͍ͨͪ͊ͦͫ͒ͦͣͦͫͭ͜͜Σ ͤ͊͘;ͤ͜ ͙͍ͣͦ͗ͦͫͭ͜͡ ͣ͊ΌͭΈ ͭ͊͟͜ ͍ͤ͊;͊͡Έͤ͜ ͔͔͙ͨͪ͒ͣͭΥ ͍͙ͦͫͤͦ 
͍͍͍ͨͪ͊ͦͤ͊ͫͭ͊͘Σ ͫͭͦͪ͜͜Ύ ͙̂ͪ͊ͤ͟͝Σ ͍͍ͤ͊ͪͦ͒ͦͤ͊ͫͭͦ͘Σ ͍͔͍ͫͫͭͤ͜Ύ ͫͭͦͪ͜͜ΎΦ 

˨͙ͫͼ͙͙ͨͤ͜͡ ͎͎ͯͣ͊ͤͭ͊ͪͤͦͦ͜ ͭ͊ ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;͎ͤͦͦ ͼ͙͍͟͜͡ ͤ͊͒͊ΌͭΈ ͤ͊ͤͤ͘Ύ ͨͪͦ ͤ͊΄ͯ ͔͍͒ͪ͗͊ͯΣ ͚ͦͤ͊ͦͣ͘͡ΌΌͭΈ 
͘ ͫͭͦͪ͜͜ΊΌ ͙̂ͪ͊ͤ͟͝ ͍͒͜ ͍͙͙͒͊ͤͤ ͒ͦ ͫΈ͎͔ͦͦ͒ͤͤΎΣ ͔ͦͪͫ͟͡ΌΌͭΈ ͔͔͙͙ͨͪͫͨͭ͟ ͍͙ͪͦͭͯ͘͟ ͙̂ͪ͊ͤ͟͝Φ ͔̇ ͤ͊͒͊Ί ͍ͦͫͭ͜͜ ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ 
ͻ͔͊ͪ͊ͭͪͯ͟Φ 

˹͊ ͊ͤ͘ΎͭͭΎͻ ͘͜ ͙͒ͫͼ͙ͨͤ͜͡ ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;͎ͤͦͦ ͼ͙ͯ͟͡ ͔͙ͫͭͯ͒ͤͭ ͍͊ͫͦ͘Ό͍͙͊͡ ͭ͊͟͜ ͨͦͤΎͭͭΎΣ Ύ͟ ͔͍͍͔͒ͪ͗͊ͦͭͦͪͤͤΎΣ 
͎ͪͦͣ͊͒ΎͤͫΈ͔͟ ͫͯͫͨ͜͡Έ͍ͫͭͦΣ ͔͒ͣͦͪ͊ͭ͟͜ΎΣ ͍͙ͫ͊ͣͦͤ͊͘;͔ͤͤΎΣ ͍͔͔͔ͫͯͪͤͭͭ͜Σ ͍͍͊ͦͤͦ͒͊ͫͭͦ͘͟Σ ͫͯ͒ͦ;͙͍ͤͫͭͦΣ ͍͙͋ͦͪ;͊ ͙͔ͫͫͭͣ͊ 
ͭͦ΅ͦΦ ˭ͤ͊;ͤͯ ͍͎ͯ͊ͯ ͋ͯͦ͡ ͙͔ͨͪ͒ͤͦ͜͡ ͍͙͍;͔ͤͤΌ ͚͙ͣ͊͋ͯͭͤͣ͜ ͍;͙͔ͭ͡Ύ͙ͣ ˴͙ͦͤͫͭͭͯͼ͜͝ ͙̂ͪ͊ͤ͟͝Σ ͔͊͒͗ ͔ͫ͊ͣ ˻͍͙͚ͫͤͦͤ ˭͊ͦͤ͟ ς Ί 
͎͍͙ͦͦͤͣ͡ ͔͎ͪͯ͡Ύͭͦͪͦͣ ͫͯͫͨ͜͡Έ͙ͤͻ ͍͙͒ͤͦͫͤ͜Φ ˭͍͊ͫͦΊͤͤΎ ͣͫͭͯ͘͜ ͼ͙ͻ ͙͒ͫͼ͙ͨͤ͜͡ ͙ͫͨͪΎͦ͡ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ό ͔͙ͫͭͯ͒ͤͭ͊ͣ ͍ͫͦΊ͝ 
͎ͪͦͣ͊͒ΎͤͫΈͦ͟͝ ͙ͨͦ͘ͼ͜͝Σ ͍͙͍͊͗ͦͫͭ͜͡ ͙͒ͦͭͪͣ͊ͤͤΎ ͍͙͋ͯ͟ ͊ͦͤͯ͘͟Σ ͔͔ͭͦͪ͊͟͡͡Έͤͦ͝ ͍͔͙ͨͦ͒ͤ͜͟Σ ͙ͫͭͣͯ͡Ό͍͊ͦ͡ ͒ͦ ͍͟͡Ό;͔ͤͤΎ ͍ 
ͫͯͫͨ͜͡Έͤͦ-͙ͨͦͭ͜͡;ͤͯ ͒͜Ύ͡Έͤͫͭ͜Έ ͤ͊ ͍ͪͤ͜͜ ͙ͣͦͦ͒͗ͤ͜͡ͻ ͎ͦͪ͊ͤ͊͘͜ͼ͚͜ ͜ ͪͯͻ͍͜Φ 

̒͟ ͍ͫ͒͜;͊ͭΈ ͔͔͙ͭͦͪͭ;ͤ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͭ͊ ͙ͨͪ͊ͭ͊͟͟ ͍͙΅ͦ͝ ΄͙ͦ͟͡Σ ͍͙ͨ͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍ͦͫͭ͜Ύͤ 
͐ͪͯͤͭͯΊͭΈͫΎ ͤ͊ ͍͊ͫͭͦͫͯ͊ͤͤ͘͜ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͔͔ͫͪ͒ Ύ͙͟ͻ ͍͔ͨͪͦ͒ͤ͜ ͣͫ͜ͼ͔ ͚͊ͣ͊͘ΌͭΈ ͔͙͍ͤͭͪ͊ͭͤ͜͟͜ 
͔͙ͣͭͦ͒ ͍ͤ͊;͊ͤͤΎΣ ΅ͦ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭΈͫΎ ͔͙͍ͤͭͤͫͤͫͭ͜͜Ό ͍ͫͨͯ͊ͤͤ͜͟͡ΎΣ ͍͍ͪͤͦͨͪ͊ͤͫͭ͜͜Ό ͫͯ͋ΩΊ͍ͭ͟͜ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͊͘Ίͣͦ͒͜͝Σ ͝ͻ 
͙ͣ͊ͫͣ͊͟͡Έ͙ͤͣ ͊ͯ͘͡;͔ͤͤΎͣ ͒ͦ ͨͪͦͼ͔ͫͯ ͨͤ͊ͤͤ͘͜ΎΣ ͦͨͦͪͦΌ ͤ͊ ͫͯ͋ΩΊ͙͍͙͚ͭͤ͟ ͍͒ͦͫ͒͜Σ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͦΌ ͔ͪͺ͔ͫ͟͜͡ΊΌ ͍͊ͫͤͦ͡͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͒ͦͫΎ͎͔ͤͤΈ ό˽͔ͪͦͦͨͤͦ͟͟Σ нллрύΦ  

ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ ͔͍ͣͭͦ͒͜ ͜ ͺͦͪͣ ͍ͤ͊;͊ͤͤΎ ͍ͦ͋͐ͪͯͤͭͦ͊ͤͦ ͙ͭͣΣ ΅ͦ ͔͙͍͙͚ͤͭͤͫͤ͜ ͍͙ͪͦͭͦ͘͟ ͔͍ͦͣͨͦͤͤͭ͟͜ 
͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͡Ό͙͙͒ͤ Ύ͟ ͫͦͼ͊͜͡Έͤͦ͝ ͙ͫͭͦͭ͜Σ ͍͙ͪͦͭͦ͘͟ ͝͝ ͍͍ͨͪ͊ͦͫ͒ͦͣͦͫͭ͜͜Σ ͍͊ͫͦ͘ΊͤͤΎ ͔ͤΌ ͍͙ͤ͊;ͦ͟ ͍͍ͨͪ͊ͦͦ͝ ͍͔͙ͨͦ͒ͤ͜͟ 
ͫͭ͊ΌͭΈ ͙͍͙͙ͣͦ͗ͣ͡ ͭ͜͡Έ͙͟ ͍ ͨͪͦͼ͔ͫ͜ ͫͦͼ͊͜͡Έͤͦ͝ ͍͊͘Ίͣͦ͒͜͝ ͭ͊ ͊͘ ͍͙ͯͣͦ ͙͍͎͊ͭͤͦͦ͟ ͍͟͡Ό;͔ͤͤΎ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͍ ͒͜Ύ͡Έͤͫͭ͜ΈΦ 
˱͔͙͍ͤͭͪ͊ͭͤ͟͜ ͔͙ͣͭͦ͒ ͍ͤ͊;͊ͤͤΎΣ Ύ͟͜ ͐ͪͯͤͭͯΌͭΈͫΎ ͤ͊ ͔͒͜Ύͻ ͍ͫͨͨͪ͊͜ͼ͜Σ ͍ͤ͊;͊ΌͭΈ ͔͍ͫͭͯ͒ͤͭ͜ ͫͨͦͫͦ͋͊ͣ ͔ͺ͔͙͍ͭͤͦ͟͝Σ 
͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦ͝ ͍͊͘Ίͣͦ͒͜͝Φ 

˻͔ͭ͗Σ ͘ ͔ͣͭͦΌ ͙ͫͭͣͯ͡Ό͍͊ͤͤΎ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͙͍͊ͭͤͦͫͭ͟͜ ͭ͊ ͫͯ͋ΩΊ͎ͭͤͦͦ͟ ͍͔ͫͭ͊ͤͤ͡Ύ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͒ͦ ͍ͤ͊;͊ͤͤΎ 
ͦͪͣ͟͜ ͙ͭͪ͊͒ͼ͚͙ͤ͜ͻ ͔͙͍͙ͪͨͪͦ͒ͯͭͤ͟ͻ ͜ ͨͦΎͫͤΌ͍͊͡Έͤͦ-͜͡Ό͙͍͙ͫͭͪ͊ͭͤͻ ͔͍ͣͭͦ͒͜ ͍͍͙͊ͫͭͦͫͦͯ͊ͫ͘͡Έ ͔͙͍ͤͭͪ͊ͭͤ͜͟͜ ͺ͙ͦͪͣ ͜ ͔͙ͣͭͦ͒ 
͍ͤ͊;͊ͤͤΎΥ ͙͒ͫͯͫ͟͜͝Σ ͔͎͙ͭͪͤͤ͜ όζ˸͍͙͚ͦͦ͘͟ ΄ͭͯͪͣηΣ ζˢͤ͊͘͜͡ ͍͙͍ͨ͊͒͟͜ ͍ͨͪ͊ͦͨͦͪͯ΄͔ͤΈηΣ ζ˭͚͙͊ͣ ͍͍ͨͪ͊ͦͯ ͙ͨͦ͘ͼ͜Όη ͭͦ΅ͦύΣ 
͙͙͒͒͊ͭ͟;ͤ͜ ͎͙ͪ͜ ς ͍͒ͦ͜͜͡ ͭ͊ ͣͭ͊͜͜ͼ͚ͤ͜͜ όζ˽͔ͪͫ-ͦͤ͟ͺ͔͔ͪͤͼ͜ΎηΣ ζ˴ͦͤͯͪͫ͟ ͔͍ͦͣͤͭ͊ͭͦͪ͟͜ηΣ ζˢͯ͟ͼͦͤ͜ ͔͚͒͜ηΣ ͍͍ͨͪ͊ͦ͜ ͍͙͙ͭͦͪͤ͜͟ 
ͭͦ΅ͦύΦ 

ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍͍͙ͨͪ͊ͦͻ ͙ͫͭͯ͊ͼ͚͜ ͯ ͍͙͒ͦ͜͡ͻ ͎ͪ͊͜ͻΣ ͍͙͍͗͊ͤͤΎ ͯ ͪͤ͘͜͜ ͪͦ͜͡ όΌ͙ͪͫͭΣ ͨͪ͊ͼ͍͙ͤ͜͟ ͍ͨͪ͊ͦͦͻ͙ͦͪͦͤͤͻ 
͎͍ͦͪ͊ͤ͜Σ ͍ͨͪ͊ͦͨͦͪͯ΄͙ͤ͟Σ ͫͯ͒͒ΎΣ ͙͙ͪͭ͟͟Σ ͔͔ͫͨͪͭ͟ ͭͦ΅ͦύΣ  ͔ͯͫ ͼͯ ͙ͫͨͪΎͦ͡ ͪͦ͘΄͙͔ͪͤͤΌ ͍͒ͦͫ͒͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡Σ 
͎͙͋͊͊ͭͦ͘͡ ͍ͣͤͤ͜Ύ͙ͣ ͙͚͙ͨͪͣ͊ͭ ͍ͦ͋͐ͪͯͤͭͦ͊ͤ͜ ͪ͜΄͔ͤͤΎΣ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͔ͺ͔͙͍ͭͤ͟͜ ͚ ͙ͦͨͭͣ͊͡Έͤ͜ ͍͍ͨͪ͊ͦ͜ ͒͜͝Σ ͍ͤ͊;͊ͦ͡ 
͍͒ͫͭͦ͜Ό͍͙͊ͭ ͍͊ͫͤͯ͡ ͙ͨͦ͘ͼ͜ΌΣ ͍͙ͪͦ͋͡Ύ͙ͭ ͔ͫͯ͒͗ͤͤΎ ΅ͦ͒ͦ ͍͍͙ͨͪ͊ͦͻ ͙ͨͭ͊ͤΈΣ ͊ ͭ͊ͦ͗͟ ͙ͫͨͪΎͦ͡ ͺ͍ͦͪͣͯ͊ͤͤΌ ͍ ͚ͣ͊͋ͯͭͤ͜ͻ 
ͯ;͙͔͍ͭ͜͡ ͙ͭ͊͟ͻ ͨͪͦͺ͔͚ͫͤͦ͜ ͤ͊͘;ͯ΅͙ͻ Ύ͔͚ͦͫͭ͟Σ Ύ͟ ͚ͫ͊ͣͦͫͭͤͫͭ͜͜ΈΣ ͤ͜͜ͼ͙͍͊ͭͤͫͭ͜͜ΈΣ ͙͍͊ͭͤͫͭ͟͜ΈΦ  

˭͔͔͊͋ͨ͘;͔ͤͤΎ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͔͎͍ͭͪͤͤ͜͜ ͍͙͎ͣ͊͊ͦ͡ ͙͒ͦͭͪͣ͊ͤͤΎ ͙ͨͪͤͼ͙͍ͨ͜ ͚͎ͦͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͭ͊ ͍͔͔ͨͪͦ͒ͤͤΎΥ 
͔ͪͺ͔͙͍ͫͤͫͭ͟͜͡Έ ͚͒͜Τ ͎͍͔͒͊ͦͦ͜͡ ͍ͫͨͯ͊ͤͤ͜͟͡ΎΤ ͚͙͚ͨͦͫͭͤ͜ ͎͍͙͚ͪͯͨͦ ͫ͊͒͟͡Τ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͎ͦͪͦͭͤͦͦ͘ ͍͘ΩΎͯ͘͟Τ ͎͊ͪͣͦͤ͊͘͜ͼ͜Ύ 
͔ͣͦͼ͚ͤͦ͜͝ ͚ ͔͔ͤͭͭͯ͊͜͟͡͡Έͤͦ͝ ͫͺ͔ͪΤ ͍͜͡Έ͙͚ͤ ͨͪͦͫͭͪ͜ ζ͔͊ͤͯͪͤͤ͘ΎηΤ ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜Έ ͤ͊ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͔͎ͭͪͤͤͯ͜ ͍ 
ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

͍̂ͨͪͦ͒ͦ͗ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͙ͪͦ͋ͦͭ ͍͙͙ͨͪͦͦ͒ͫ͡Έ ͔͎͙ͭͪͤͤ͜ ζ̒͟ ͙͍ͦͤͫͭͪͯͭͤͦ͟͟ ͍ͪͦ͘ΩΎ͙͊ͭ͘ ͦͤ͟ͺͭͤͯ͜͟͡ 
͙ͫͭͯ͊ͼ͜ΌΚηΣ ζ̒͟ ͙ͨͦ͒ͦ͊ͭ͡ ͙ͨͫͻ͎ͦͦ͜͡;ͤ͜ ͋͊ͪΩΊ͙ͪ ͯ ͍ͫͨͯ͊ͤͤ͜͟͜͡ΚηΣ ͊ ͭ͊ͦ͗͟ ͍͍ͨͪ͊ͦ͜ ͔͎͙ͭͪͤͤ͜ ζ˽͍͍͔ͪ͊ͦ ͔͎ͪͯ͡Ό͍͊ͤͤΎ 
͍ͦͫͭͤ͜Έͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ηΣ ζ˽͍͍͔ͪ͊ͦ ͦͺ͔ͦͪͣͤͤ͡Ύ ͍͙ͭͪͯ͒ͦͻ ͍͙͒ͤͦͫͤ͜ηΣ ζ˿͙ͨͦͫͦ͋ ͊͘ͻ͙ͫͭͯ ͍ͨͪ͊ ͡Ό͙͙͒ͤηΣ ζ˭͊ͻ͙ͫͭ ͍ͨͪ͊͊ ͙͙͙͒ͭͤ 
ͤ͊ ͍ͦͫͭͯ͜ηΣ ζ˽͍ͪ͊ͦ ͤ͊ ͍ͫͦ͋ͦ͒ͯ ͍ͫͦ͊͡ηΦ 



PHYSICAL & MATHEMATICAL EDUCATION    issue 3(21), 2019 
.  

44 

˸͔͙ͭͦ͒͊͟ ͍͍͙ͨͪ͊ͦͻ ͔͎͍ͭͪͤͤ͜͜ ͔͔ͨͪ͒͋͊;͊͊͡ ͭ͊͟͜ ͨͪͦͼ͔͙͒ͯͪΥ 
-  ͍͔͔ͨͪͦ͒ͤͤΎ ͙͒ͫͯͫ͟͜͝ ͘ ͦ͋ͪ͊ͤͦ͝ ͔͙ͨͪͦ͋ͣ͡ ͘ ͔ͣͭͦΌ ͍͙Ύ͍͔ͤͤ͡Ύ ͙ͪͤ͘͜ͻ ΄͡Ύͻ͍͜ ͜ ͍ͫͨͦͫͦ͋͜ ͝͝ ͍ͪͦ͘ΩΎ͊ͤͤ͘ΎΤ 
-  ͎͍ͨͪͦͪ͊͊ͤͤΎ ͙ͫͭͯ͊ͼ͚͜Σ ͍͒ͨͪ͊͜ͼΌ͍͊ͤͤΎ ͔͍͙ͨͤͻ ͍͙ͤ͊;ͦ͟Τ 
-  ͍͙ͦͤ͊ͤͤ͟Ύ ͍͍ͨͪ͊ ͜ ͍͊͒͊ͤ͘Έ ͘͜ ͔ͣͭͦΌ ͔͔͍͙ͨͪͪ͜͟ ͍͊ͫͦ͘ΊͤͤΎ ͙ͨͪ͊ͭ͟;͙ͤͻ ͯͣͤ͜ΈΤ 
-  ͚͔͒ͫͤͤͤ͘͜Ύ ͔ͪͺ͔ͫ͟͜͡͝Σ ͙ͨ͒͋ͭͭ͜Ύ ͍ͨ͒ͫͯͣ͜͟͜Φ 
˭ ͔ͣͭͦΌ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͍͍͙ͨͪ͊ͦͻ ͤ͊ͤ͘ΈΣ ͯͣͤ͜ΈΣ ͍͙ͤ͊;ͦ͟Σ ͔ͫͯ͒͗ͤΈ ͨͪͦͺ͔͚ͫͤ͜-͍͍͎ͦͨͪ͊ͦͦͦ ͣͫͭͯ͘͜ 

͋ͯͦ͡ ͔ͪͦͪͦ͋ͤͦ͘͡ ͚ ͍͔͊ͨͪͦ͊͒͗ͤͦ͘ ͔ͫͨͼͯͪͫ͟ ζ˽͍͍ͪ͊ͦ͊ ͍ͦͫͭ͊͜ ͭ͊ ͯ͟͡Έͭͯͪ͊ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡ΎηΣ ͤ͊ ͍͙͍;͔ͤͤΎ Ύ͎ͦͦ͟ ͋ͯͦ͡ 
͍͍͔͔͒͒ͤͦ͜ ос ͎͙ͦ͒ͤ όмл ͎͙ͦ͒ͤ ͔͟͡ͼ͚͜Σ мл ͎͙ͦ͒ͤ ͔ͫͣͤ͊ͪͫ͜Έͦ͟-͙ͨͪ͊ͭ͟;͙ͤͻ ͊ͤ͘ΎͭΈΣ мл ͎͙ͦ͒ͤ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭΣ п ͎͙͙ͦ͒ͤ 
͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ ͙ͪͦ͋ͦͭΣ н ͎͙͙ͦ͒ͤ ς ͘ ͊͜͟͡ύΦ 

˿͔ͨͼͯͪͫ͟ ζ˽͍͍ͪ͊ͦ͊ ͍ͦͫͭ͊͜ ͭ͊ ͯ͟͡Έͭͯͪ͊ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύη ͫ͊͒͊͟͡ΌͭΈ ͍͒͊ ͍ͣͫͭͦ͘͜͜ ͣͦ͒ͯ͜͡ ό͙͍͒Φ ͭ͊͋͡Φ нύΦ 
˭͍͊ͫͦΊͤͤΎ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͣͫͭͯ͘͜ ͔ͨͪ΄͎ͦͦ ͣͦ͒ͯ͡Ύ ͔ͫͨͼͯͪͫͯ͟ ͙ͫͨͪΎͦ͡ ͼͫͤͦͣͯ͜͜͡ ͪͦͯͣͤͤ͘͜Ό ͙͙ͤͣ ͫͯͭ͜ ͍͍ͨͪ͊ͦͦ͝ 

ͯ͟͡Έ͙ͭͯͪ Ύ͟ ͍͙͍͊͗ͦ͡͝ ͍ͫ͊͒ͦͦ͟͡͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͯ͟͡Έ͙ͭͯͪ ͍;͙͔ͭ͡ΎΣ ͙ͫͨͪΎͦ͡ ͺ͍ͦͪͣͯ͊ͤͤΌ ͙ͭ͊͟ͻ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͙ͤͻ ͍͍͙ͨͪ͊ͦͻ 
ͼ͔͚ͤͤͦͫͭ͜Σ Ύ͟ ͍ͨͪ͊͊ ͭ͊ ͍͙ͫͦ͋ͦ͒ ͡Ό͙͙͒ͤΣ ͎ͪͦͣ͊͒Ύ͙ͤͤ͊Σ ͙͍͊ͭͤ͊͟ ͎ͪͦͣ͊͒ΎͤͫΈ͊͟ ͙ͨͦ͘ͼ͜ΎΣ ͔͒ͣͦͪ͊ͭ͟͜ΎΦ 

̂ ͔ͪͯ͘͡Έͭ͊ͭ͜ ͍͙͍;͔ͤͤΎ ͎͎͒ͪͯͦͦ ͣͦ͒ͯ͡Ύ ͔ͫͨͼͯͪͫͯ͟ ͚ͣ͊͋ͯͭͤ͜ ͍;͙͔ͭ͜͡ ͍͙ͦͦͦ͒͜͡͡ ͤ͊ͤͤ͘Ύ͙ͣ ͨͪͦ ͍ͨͪ͊ͦ Ύ͟ ͍ͦͫͤͦͯ 
͔͙͒ͣͦͪ͊ͭ͟;ͤͦ͝ ͍͍ͨͪ͊ͦͦ͝ ͔͍͙͒ͪ͗͊ ͜ ͎ͪͦͣ͊͒ΎͤͫΈ͎ͦͦ͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͙͙ͦͭͪͣ͊͡ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͪͤͦͣ͊ͤͭͤ͘͜͜͜ ͎͊ͯ͘͜͡ ͍ͨͪ͊͊Σ ͨͪͦ 
͍ͦͫͭͤ͜Ί ͍͍͊ͦͤͦ͒͊ͫͭͦ͘͟ Ύ͟ ͙͍ͦͫͦ͋ͯ͡ ͔͔ͨͪ͒ͣͭͤͦ-͙ͨͪ͊ͭ͟;ͤͯ ͎͊ͯ͘͡ΈΣ ͙ͫͨͦͫͦ͋ ͔ͪ͊͊͘͜͡ͼ͜͝ ͭ͊ ͊͘ͻ͙ͫͭͯ ͍ͨͪ͊ ͜ ͍ͫͦ͋ͦ͒ ͡Ό͙͙͒ͤ ͍ 
͍͚ͦͫͭͤ͜͜ ͫͺ͔ͪ͜Σ ͨͪͦ ͪͦ͡Έ ͍͍͙ͨͪ͊ͦ͒ͤͦͫͤ͜ ͍ ͍ͦͫͭ͜͜Σ ͍͙͊ͫͦ͘͝͡ ͍͋͊ͦͯ͘ ͍͍ͨͪ͊ͦͯ ͔͎ͭͪͣͤͦͦ͜͜͡ΌΦ 

 
͙́͊͋͡ͼΎ н 

͔͙́ͣ͊ͭ;͙͚ͤ ͨ͊ͤ͡ ͔ͫͨͼͯͪͫͯ͟ ζ˽͍͍ͪ͊ͦ͊ ͍ͦͫͭ͊͜ ͭ͊ ͯ͟͡Έͭͯͪ͊ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύη 
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˸ͦ͒ͯ͡Έ мΦ ˽͍͍ͪ͊ͦ͊ ͯ͟͡Έͭͯͪ͊ Ύ͟ ͍ͫ͊͒ͦ͊͟͡ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͯ͟͡Έ͙ͭͯͪ ͍;͙͔ͭ͡Ύ 

1. ˽͍͍ͪ͊ͦ͊ ͍ͦͫͭ͊͜Σ ͝͝ ͫͯͭͤͫͭ͜ΈΦ ˿ͭͪͯͭͯͪͤͦ͟-͍ͣͫͭͦ͊͘͜ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ 2    2 

2. ˽͍͍ͪ͊ͦ͊ ͯ͟͡Έͭͯͪ͊ ͍;͙͔ͭ͡Ύ ͝͝ ͍ͫ͊͒ͦ͟͜͡ 2    

3. ˽͍͍͔ͪ͊ͦ ͍͙ͫ͊ͣͦͻ͍ͦ͊ͤͤΎ ͭ͊ ͍ͫ͊ͣͦͦͫͭ͊͜  2 2 1 

4. ˽͍͍ͪ͊ͦ͜ ͙͊ͫ͊͒͘ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜  2 2  

˸ͦ͒ͯ͡Έ нΦ ˭͍͍͊ͦͤͦ͒͊ͫͭͦ͟ ͍ ͍͚ͦͫͭͤ͜͜ ͫͺ͔ͪ͜ ͙̂ͪ͊ͤ͟͝ 

5. ˻͍ͫͭͤ͜Ί ͍͍͊ͦͤͦ͒͊ͫͭͦ͘͟ ͙̂ͪ͊ͤ͟͝ 2   1  

6. ˭͎͊͊͡Έͤ͊ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ͙͔͙ͫͫͭͣ ͍͙ͦͫͭ͜ ͍ ̂ͪ͊ͤ͟͜͝ 2    

7. ˸͔͗ͤ͊ͪͦ͒ͤ͜ ͍ͨͪ͊ͦ ͜ ͍͍͊ͦͤͦ͒͊ͫͭͦ͘͟ ͙̂ͪ͊ͤ͟͝ ͨͪͦ ͍ͨͪ͊͊ ͜ ͍͙ͫͦ͋ͦ͒ ͯ;͍ͤ͜ ͜ 
͔͎͎͍ͨ͒͊ͦ͜ 

2   1 

8. ˽͍͍͙͚ͪ͊ͦ ͫͭ͊ͭͯͫ ͊͊͒ͯ͘͟͡ ͍͙ͦͫͭ͜  2 2   

9. ˭͍͍͊ͦͤͦ͒͊ͫͭͦ͟ ͙̂ͪ͊ͤ͟͝ ͨͪͦ ͦͻͦͪͦͤͯ ͨͪ͊ͼ͜ ͯ ͫͺ͔ͪ͜ ͍͙ͦͫͭ͜  2 2 1 

10. ˹͙͍ͦͪͣ͊ͭͤͦ-͍͍͔ͨͪ͊ͦ ͔͎ͪͯ͡Ό͍͊ͤͤΎ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͭ͊ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ 
͍͙͒ͤͦͫͤ͜ 

 2 2  

 ̂ͫΈ͎ͦͦΥ 10 10 10 4 2 

 
˿͔ͣͤ͊ͪͫ͜Έͦ͟-͙ͨͪ͊ͭ͟;ͤ͜ ͊ͤ͘ΎͭͭΎ ͔ͫͨͼͯͪͫͯ͟ ͙͋ͯ͡ ͫͨͪΎ͍ͣͦ͊ͤ͜ ͤ͊ ͍͙͔ͪͦ͋ͤͤ͡Ύ ͙ͨͪ͊ͭ͟;͙ͤͻ ͯͣͤ͜Έ ͭ͊ ͍͙ͤ͊;ͦ͟Υ 
-  ͙ͨͪ͊ͭ͟;ͤͦ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͙ͦͭͪͣ͊ͤ͜ ͤ͊ͤͤ͘Ύ ͍ ͔ͪ͊͊͘͜͡ͼ͜͝ ͭ͊ ͊͘ͻ͙ͫͭ͜ ͍ͨͪ͊Σ ͍ͫͦ͋ͦ͒Σ ͙͊ͦͤͤ͘͟ͻ ͔͔͍ͤͭͪͫ͜͜Σ Ύ͟ ͍͙͊ͫͤ͡ͻ 

ͭ͊͟ ͚ ͤ͜΄͙ͻ ͯ;͙͍͊ͫͤ͟͜ ͍ͦͫͭͤ͜Έͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Τ 
-  ͦͼͤ͜Ό͍͙͊ͭ ͚ ͔͎ͪͯ͡Ό͍͙͊ͭ ͍͊͘Ί͍͙͙ͣͦ͒ͤͦͫͤ͜ ͍ ͔͙͍ͦͭ͟͟͜͡Τ 
-  ͙͙ͦ͋ͪ͊ͭ ͍͙ͨͪ͊͡Έͤ͜ ͒͜͝ ͨ͒͜ ;͊ͫ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͔͙ͨͪͦ͋ͣͤ͡ͻ ͙ͫͭͯ͊ͼ͚͜Σ ͦͪ͜ΊͤͭͯΌ;͙ͫΈ ͤ͊ ͍͍ͨͪ͊ͦ͜ ͙ͤͦͪͣΤ 
-  ͙ͫ͊͒͊ͭ͟͡ ͍ͫͯ͗͋ͦͦ͡-͍͒ͦͯ͜͡ ͔͒ͦͯͣͤͭ͊͟ͼ͜ΌΤ 
-  ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͯ ͍ͪͦ͘ΩΎ͊ͤͤ͘͜ ͍͍͙ͨͪ͊ͦͻ ͔ͨͪͦ͋ͣ͡ ͙͙ͪͭ͟;͔ͤ ͙͔ͣͫͤͤ͡ΎΣ ͍ͪͦͯͣͦ͘͜ ͔ͦͨͪ͊ͼ͜͝ ό͊ͤ͊͘͜͡Σ ͙͔ͫͤͭ͘ύΣ ͦͼͤͯ͜͟Σ 

͚͒ͫͤ͘͜Ό͍͙͊ͭ ͔ͪͺ͔ͫ͟͜͡ΌΣ ͙͍͙͒ͫͯͭͯ͊ͭ͟Φ 
˸͔ͭͦΌ ͒͜Ύ͡Έͤͫͤͦ͜-͔ͪͺ͔͙͍͎ͫͤͦͦ͟͡ ͔ͭ͊ͨͯ ͔ͪ͊͊͘͜͡ͼ͚͜ ͔ͣͦ͒͜͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ 

͔͔ͨͪ͒͋͊;͊͊͡ ͦͨͪ͊ͼΌ͍͊ͤͤΎ ͙͙ͤͣ ͍͍͙ͨͪ͊ͦͻ ͍ͫͨͦͫͦ͋͜ ͍͊͘Ίͣͦ͒͜͝Σ ͍͙͔ͪͦ͋ͤͤ͡Ύ ͒͊ͭͤͦͫͭ͘͜ ͒ͦ ͚͔͒ͫͤͤͤ͘͜Ύ ͍͍͙ͨͪ͊ͦͻ ͚͒͜Φ 
̂ ͨͪͦͼ͔ͫ͜ ͔ͪ͊͊͘͜͡ͼ͜͝ ͔ͪͦͪͦ͋ͤͦ͘͡͝ ͔ͣͦ͒͜͡ ͙ͣ ͔͍͙ͪͯ͊ͫ͟͡Ύ ͍͙͒ͦͣͣ͜ ͔͎͎ͨ͒͊ͦ͜;͙ͤͣ ͙ͨͪͤͼ͙ͨͦͣ ͍͘ΩΎͯ͘͟ ͍ͤ͊;͊ͤͤΎ ͘ 

͙͗ͭͭΎͣΣ ͎͙ͨͪ͊ͤͯ͡Σ ΅ͦ͋ ͯͫ͜ ͍͊ͫͦ͘Ίͤ͜ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͍͍ͨͪ͊ͦ͜ ͤ͊ͤͤ͘ΎΣ ͯͣͤͤ͜Ύ ͭ͊ ͍͙ͤ͊;͙͟ ͔͍͍͙ͪ͊ͦͯ͊ͫ͘͜͡͡Έ ͯ ͙ͨͪ͊ͭ͟;͚ͤ͜ 
͒͜Ύ͡Έͤͦͫͭ͜Φ 

˹͊ ͒͜Ύ͡Έͤͫͤͦ͜-͔ͪͺ͔͙͍ͫͤͦͣͯ͟͡ ͔ͭ͊ͨ͜ ͔ͪ͊͊͘͜͡ͼ͚͜ ͔ͪͦͪͦ͋ͤͦ͘͡͝ ͔ͣͦ͒͜͡ ͋ͯͦ͡ ͍͍͔ͨͪͦ͊͒͗ͤͦ ͭ͊͟͜ ͍ͤ͊;͊͡Έͤ͜ ͔͙ͣͭͦ͒ ͜ 
ͺ͙ͦͪͣ ͙ͪͦ͋ͦͭΣ Ύ͟͜ ͙ͫͭͣͯ͡Ό͍͙͊͡ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͒ͦ ͚͔͒ͫͤͤͤ͘͜Ύ ͫ͊ͣͦ͊ͤ͊ͯ͘͜͡Σ ͙ͫͨͪΎ͙͡ ͍͙͔ͪͦ͋ͤͤ͡Ό ͔͍͊͒͊ͭͤͦ͟͝ 
ͫ͊ͣͦͦͼ͙ͤ͜͟ ͍͙͊ͫͤ͡ͻ ͍͍͙ͨͪ͊ͦͻ ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ ͜ ͨͪͦͺ͔͚ͫͤͦ͜ ͤ͊͘;ͯ΅͙ͻ Ύ͔͚ͦͫͭ͟Φ ˭͔ͦͪͣ͊͟Σ ͘͜ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͍͙͙ͨͪͦͦ͒ͫ͡Έ 
͔ͪͺ͔͙͍ͫͤͦ͟͡-͍͒ͦ͜͜͡ ͎͙ͪ͜Σ ͔ͨͪͦ͋ͣͤͦ͡-͔ͪͺ͔͙͍ͫͤ͟͜͡ ͎͙ͨͦͦ͜͡͡Σ ͔͎͙ͭͪͤͤ͜Σ ͙ͨͦ͘ͼ͚ͤ͜͜ ͙͒ͫͯͫ͟͜͝Σ ͍͍͍͊ͫͭͦͫͦͯ͊ͫ͘Ύ ͔ͣͭͦ͒ ͊ͤ͊ͯ͘͜͡ 
͔͙ͦͤͪͭͤ͟͟ͻ ͙ͫͭͯ͊ͼ͚͜Φ 



̅˱˭ˮ˴˻-˸ˢ́˩˸ˢ́ˮ̉˹ˢ ˻˿ˤ˱́ˢ ό̅˸˻ύ    ͍ ͙ͨͯͫ͟ 3(21), 2019 
.  

45 

˸͔ͭͦΌ ͍͔͔ͨͪͦ͒ͤͤΎ ͔ͪͺ͔͙͍ͫͤͦ͟͡-͍͙͒ͦ͜͡ͻ ͎ͦͪ͜ ͋ͯͦ͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͍͙ͤ͊;ͦ͟ ͍͎͒ͦͦͦ͜͡ 
͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͭ͊ ͔ͪͺ͔͙͍͎ͫͤͦͦ͟͡ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͯ;͙͙͊ͫͤ͊ͣ͟ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΣ ͍͙Ύ͍͔ͤͤ͡Ύ ͔͔͙͍ͫͭͪͦͭͨ͜ ͝ͻͤΈͦ͝ ͍͔͙ͨͦ͒ͤ͜͟Φ  

˽͍͔͔ͪͦ͒ͤͤΎ ͔ͪͺ͔͙͍ͫͤͦ͟͡-͍͙͒ͦ͜͡ͻ ͎ͦͪ͜ ͙ͫͨͪΎͦ͡ ͍͙ͪ͜΄͔ͤͤΌ ͍͙͍͙͊͗͡ͻ ͍͊͒͊ͤ͘ΈΥ 
-  ͍͙͍ͨͪͦ͋ͯ͊ͤͤΎ ͭ͊ ͔͊ͪͨͤͤ͘͟͜͡Ύ ͍͍͙ͨͪ͊ͦͻ ͤ͊ͤ͘Έ ͯ ͙ͨͪ͊ͭ͟;͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜Τ 
-  ͔͊ͪͨͤͤ͘͟͜͡Ύ ͍ͣͤ͜Έ ͔͙ͦͤͪͭ͊͘͟͟ͼ͜͝ ͔͙ͨͪͦ͋ͣ͡ ͭ͊ ͊ͤ͊ͯ͘͜͡ ͍ͫ͜ͻ ͙͍͙ͣͦ͗͡ͻ ͍͍͊ͪ͊ͤͭ͜͜ ͝͝ ͍ͪͦ͘ΩΎ͊ͤͤ͘ΎΤ 
-  ͍͒ͨͪ͊͜ͼΌ͍͊ͤͤΎ ͍ͣͤ͜Έ ͎͔͍͙͊ͪͯͣͤͭͯ͊ͭ ͍͊ͫͤͯ͡ ͒ͯͣͯ͟Φ 
˾͔ͺ͔͙͍ͫͤͦ͟͡-͍͒ͦ͜͜͡ ͎͙ͪ͜ ͍͙͙ͨͪͦͦ͒ͫ͡Έ ͊͘ ͤ͊ͫͭͯͨͤͦΌ ͨͪͦͼ͔͒ͯͪͦΌΥ 
1. ̂;͙͙͊ͫͤ͟ ͦ͋ΩΊ͍͙͒ͤͯ͊ͫ͡Έ ͯ ͍͒͜ ͙ͦͣ͊ͤ͒͟ ͨͦ ͨΩΎͭΈ-͍ͫͣ͜͜ ͦͫ͋͜Φ ˥ͪ͊ ͨͦ;͙ͤ͊͊ͫ͡Έ ͘͜ ͍͔ͨͦ͒ͦͣͤͤ͜͡Ύ ͍͔͒ͯ;͙ͣ ͔͙ͣͭ ͎͙ͪ 

ͭ͊ ͺͫ͊͜͟ͼ͜͝ ͤ͊ ͒ͦ΄ͼ͜ ͔͎͔ͪ͊ͣͤͭͯ͡ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍͙͍ͫͭͯͨ͜Φ  
2. ˴͙ͦͣ͊ͤ͒ ͍͙ͪ͜΄͍͙ͯ͊͡ ͍͊͒͊ͤͤ͘ΎΣ ͎͍͙ͦͭͯ͊͡ ͍͚ͫ͜ ͍͙ͫͭͯͨ ͜ ͔͔͍͙ͨͪͤͭͯ͊͘͡ ͚͎ͦͦ ͯ ͺͦͪͣ͜ ͍͒ͦͦ͜͡͝ ͎͙ͪΦ ˤ͙͍͊͗ͦ͡Σ ΅ͦ͋ ͯ 

͎ͪ͜ ͙͋ͯ͡ ͊͒͘͜Ύͤ͜ ͍ͫ͜ ͯ;͙͙͊ͫͤ͟ ͙ͦͣ͊ͤ͒͟Φ  
3. ˽ͫ͜͡Ύ ͍͔͔ͨͪͦ͒ͤͤΎ ͔͔ͨͪͤͭ͊͘ͼ͚͜ ͍͙͍ͫͭͯͨ͜ ͦͣ͊ͤ͒͟ ͚͒ͫͤ͘͜Ό͍͍͊ͫΎ ͝ͻ ͊ͤ͊͘͜͡ ͭ͊ ͎͍͔ͦ͋ͦͦͪͤͤΎΦ 
4. ˹͙͚͊ͫͭͯͨͤ ͔ͭ͊ͨ ς ͎ͣ͊͊ͤͤ͘Ύ ͣ͗͜ ͙ͦͣ͊ͤ͒͊ͣ͟Φ ˴ͦ͗ͤ͊ ͦͣ͊ͤ͒͊͟ ͺͦͪͣͯ͡Ό͍͊͊͡ ͔ͨͪͦ͋ͣͤͯ͡ ͙ͫͭͯ͊ͼ͜Ό ͒͡Ύ ͍͎ͫͦͦ 

͔ͦͨͦͤͤͭ͊Σ ͤ͊ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ Ύͦ͟͝ ͍͍͙͒ͦ͒ͦͫ͜͡Έ ͒ͦ р ͻ͍͙͙͙ͤ͡Φ  
5. ˹͙͊ͨͪͤ͟͜ͼ͜ ͎͙ͪ ͍͔͒ͯ;͙͚ ͙͍͍ͨ͒͋͊͜ ͙ͨ͒ͫͯͣ͜͟Σ ͎ͯ͊͊͘͡ΈͤΌ͍͍͊ ͪ͜΄͔ͤͤΎ ͦͣ͊ͤ͒͟ ͭ͊ ͺͦͪͣͯ͡Ό͍͍͊ ͫͨ͜͡Έ͔ͤ ͪ͜΄͔ͤͤΎΦ 
˽͔ͪͦ͋ͣͤͦ͡-͔ͪͺ͔͙͍͙͚ͫͤ͟͡ ͎ͨͦͦ͜͡͡ ͍͙͍ͨͪͦͦ͒ͫΎ ͘ ͔ͣͭͦΌ ͊ͭͯ͊͊͘͟͜͡ͼ͜͝ ͜ ͍͙ͪͦͭͯ͘͟ ͍ͭͦͪ;͙ͻ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͔͍ͫͭͯ͒ͤͭ͜ 

΅ͦ͒ͦ ͚͎ͫ͊ͣͦͫͭͤͦͦ͜ ͙͔ͦͫͣͫͤͤ͡Ύ ͍͍͙ͨͪ͊ͦͻ ͔ͨͪͦ͋ͣ͡Σ ͙͚ͨͪͤΎͭͭΎ ͍͙ͨͪ͊͡Έ͙ͤͻ ͪ͜΄͔ͤΈΦ 
˽͔ͪͦ͋ͣͤͦ͡-͔ͪͺ͔͙͍͙͚ͫͤ͟͡ ͎ͨͦͦ͜͡͡ ͔͔ͨͪ͒͋͊;͍͊ ͭ͊͟͜ ͔͙ͭ͊ͨΥ 
1. ˽͍ͦͫͭ͊ͤͦ͊͟ ͍͍ͨͪ͊ͦͦ͝ ͔͙ͨͪͦ͋ͣ͡Σ ͍͙Ύ͍͔ͤͤ͡Ύ ͍ͫ͜ͻ ͔͍͊ͫͨͭ͟͜ ͔͙ͨͪͦ͋ͣ͡ ͙ͦ͗ͤͣ͟ ͘ ͯ;͙͍͊ͫͤ͟͜Τ 
2. ˤ͙͔ͫͯͤͤͤΎ ͔͚͒͜ ΅ͦ͒ͦ ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘Ύ ͦͤ͊͘;͔͙ͤͻ ͔ͨͪͦ͋ͣ͡Τ 
3. ˿ͨ͜͡Έ͔ͤ ͎͍͔ͦ͋ͦͦͪͤͤΎ ͭ͊ ͨͦ΄ͯ͟ ͍͙ͪͤ͜ͻ ͪ͜΄͔ͤΈΦ 
˽͔͔͍͎ͪ͊ͦΌ ͔ͨͪͦ͋ͣͤͦ͡-͔ͪͺ͔͙͍͎ͫͤͦͦ͟͡ ͎ͨͦͦͯ͜͡͡ Ί ͔ͭΣ ΅ͦ ͍ͤ͜ ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͊ͯ͘͡;͙͙ͭ ͔ͤ ͭ͜͡Έ͙͟ ͚ͤ͊͋͜͡Έ΄ ͙͍͙͊ͭͤ͟ͻ 

͚ ͙ͦ͋ͤ͊ͤ͘͜ͻ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͔͙ͨͪͦ͋ͣ͡Σ ͔͊͡ ͚ ͔ͣͤ΄ ͎͍͔͙ͨ͒ͦͭͦͤ͜͡ͻ ͜ ͙͍͙͊ͭͤ͟ͻΦ ͔͔̉ͪ͘ ζ͊͋ͦͪͦͤͯ͘ ͤ͊ ͍͔ͨͦͭͦͪͤͤΎη 
͔͚͒͜ ͤ͜΄͙ͻ ͯ;͙͍͊ͫͤ͟͜ ͒ͦͫΎ͎͍͊ͫΎ ͙ͣ͊ͫͣ͊͟͡Έ͙͚ͤ ͔ͺ͔ͭ͟ ͙͔ͦͫͣͫͤͤ͡Ύ ͊͡Έ͔͙͍͙ͭͪͤ͊ͭͤͻ ͪ͜΄͔ͤΈΦ 

˸͔ͭͦ͒ ͊ͤ͊ͯ͘͜͡ ͔͙ͦͤͪͭͤ͟͟ͻ ͙ͫͭͯ͊ͼ͚͜ ͔͔ͨͪ͒͋͊;͍͊ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͔͙ͨͪͦ͋ͣͤ͡ͻ ͙ͫͭͯ͊ͼ͚͜Σ ͯ Ύ͙͟ͻ ͔͙ͫͭͯ͒ͤͭ ͍͙ͨͦͤͤ͜ ͙͋ͯ͡Υ 
-  ͊͘ͻ͙΅͙͊ͭ ͍͊ͫͤͯ͡ ͒ͯͣͯ͟Σ ͍͙͙ͤ͊ͦ͒ͭ ͎͔͙͊ͪͯͣͤͭ ͚ ͙͒ͦ͊͘͟Τ 
-  ͺͦͪͣͯ͡Ό͍͙͊ͭ ͔ͨͪͦ͋ͣͤ͜͡ ͙͊ͨͭ͊ͤͤ͘ΎΤ 
-  ͍͙ͪ͜΄͍͙ͯ͊ͭ ͔ͨͪͦ͋ͣͤͦ͡-ͨͦ΄͍ͯͦ͟͜ ͍͊͒͊ͤͤ͘ΎΤ 
-  ͍͙͊ͤ͊ͯ͊ͭ͘͜͡ ͍͍͒ͨͦ͒͜͜͜ ͤ͜΄͙ͻ ͯ;͙͍͊ͫͤ͟͜Σ ͍͙͙ͤͦͫͭ ͔͙͍͙ͦͪͭ͟͟Τ 
-  ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͫ͊ͣͦ͊ͤ͊͘͜͡ ͚͒͜Φ 
 

˻ˣ˥˻ˤ˻˾˩˹˹̒  
͍͔̂ͨͪͦ͊͒͗ͤͤΎ ͔ͣͦ͒͜͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͯ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͔ͦͤ ͔͔͍͙ͫͪ͒ͦ΅͔ 

͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔ͦ͒͗ͯ͟͡ ͍͙͎ͣ͊͊ͦ͡ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͙ͦ͋͐ͪͯͤͭͦ͊ͤͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͯͣͦ ͍ͯͨͪͦ͒ͦ͗ ͯͫ͜ͻ ͔͍ͭ͊ͨ͜ ͔ͪ͊͊͘͜͡ͼ͜͝ ͔ͣͦ͒͜͡Φ 
˹͊ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-͙͍ͣͦͭ͊ͼ͚ͤͦͣͯ͜ ͔ͭ͊ͨ͜ ͘͜ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͍͙ͨͪͦͦ͒͊ͫ͡Έ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͪͦ͘ ΎͫͤΌ͍͊͡Έͤ͊ ͪͦ͋ͦͭ͊ ͘ ͔ͣͭͦΌ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͙ͤͻ ͙͙͍͎ͨͦͭͤͦͦ͘ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜-͍͍ͨͪ͊ͦͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͙͚ͨͪͤΎͭͭΎ ͼ͔͚ͤͤͦͫͭ͜ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪΦ  

˭͍͊͒͊ͤͤΎͣ ͍ͣͫͭͦͦ͘͜-͔ͣͦ͒͡Ό͍͊͡Έ͎ͤͦͦ ͔ͭ͊ͨͯ ͔ͪ͊͊͘͜͡ͼ͚͜ ͔ͪͦͪͦ͋ͤͦ͘͡͝ ͔ͣͦ͒͜͡ ͋ͯͦ͡ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍ͯͣͦ ͒͡Ύ 
͍ͦͦͦ͒ͤͤ͜͡Ύ ͚͙ͣ͊͋ͯͭͤͣ͜ ͍;͙͔ͭ͡Ύ͙ͣ ͙͔ͫͫͭͣͦΌ ͍͍͙ͨͪ͊ͦͻ ͤ͊ͤ͘ΈΣ ͯͣͤ͜ΈΣ ͍͙ͤ͊;ͦ͟Σ ͍͙ͪͦͭͦ͘͟ ͙͙ͦͫͦ͋ͫͭͫͤ͜ͻ Ύ͔͚ͦͫͭ͟Φ ˹͊ ͒͊ͤͦͣͯ 
͔ͭ͊ͨ͜ ͍͙͙͍͍͍ͦͪͫͭͦͯ͊ͫ͟Ύ ͙͙͒͒͊ͭ͟;͙͚ͤ ͜ ͍͙ͻ͍͙͚ͦͤ ͔ͨͦͭͤͼ͊͜͡ ͍ͤ͊;͊͡Έ͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͼ͙ͯ͟͡ ͎ͯͣ͊ͤͭ͊ͪͤͦ͜͝ ͭ͊ ͫͦͼ͊͜͡Έͤͦ-
͔ͦͤͦͣ͟͜;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟Φ ˨͡Ύ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͤͦ͋ͻ͙͙͒ͤͣ͜ ͤ͊ͤͤ͘Ύ͙ͣ ͋ͯͦ͡ ͔͎͍ͫͦͪͦ͊ͤ͟͜ ͍ͤ͊;͊͡Έͤ͜ ͎͙ͨͪͦͪ͊ͣ 
͍͙͙͋ͪ͊ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͤ͊ ͔͔ͨͪ͒ͣͭ ͊ͯ͘͡;͔ͤͤΎ ͍͍ͨͪ͊ͦͤ͊͘;͎ͦͦ ͔ͦͣͨͦͤͤͭͯ͟ ΄͡Ύͻͦͣ ͍͔͔ͤͫͤͤΎ ͯ ͣͫͭ͘͜ ͍ͯͪͫ͟͜ ͍͒ͦ͒͊ͭͦͦ͟͝ 
ͤ͜ͺͦͪͣ͊ͼ͜͝Φ ˨͡Ύ ͎͙͔ͨͦ͋ͤͤ͡͡Ύ ͤ͊ͤ͘Έ ͔͍ͫͭͯ͒ͤͭ͜ ͍͔͊ͨͪͦ͊͒͗ͤͦ͘ ͔ͫͨͼͯͪͫ͟ ζ˽͍͍ͪ͊ͦ͊ ͍ͦͫͭ͊͜ ͭ͊ ͯ͟͡Έͭͯͪ͊ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ 
͍;͙͔ͭ͡ΎηΦ 

˸͔ͭͦΌ ͒͜Ύ͡Έͤͫͤͦ͜-͔ͪͺ͔͙͍͎ͫͤͦͦ͟͡ ͔ͭ͊ͨͯ ͔ͪ͊͊͘͜͡ͼ͚͜ ͔ͣͦ͒͜͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ 
͋ͯͦ͡ ͦͨͪ͊ͼΌ͍͊ͤͤΎ ͙͙ͤͣ ͍͍͙ͨͪ͊ͦͻ ͍ͫͨͦͫͦ͋͜ ͍͊͘Ίͣͦ͒͜͝Σ ͍͙͔ͪͦ͋ͤͤ͡Ύ ͒͊ͭͤͦͫͭ͘͜ ΅ͦ͒ͦ ͚͔͒ͫͤͤͤ͘͜Ύ ͍͍͙ͨͪ͊ͦͻ ͚͒͜Σ ͔ͪͺ͔ͫ͟͜͡͝ 
͍͊ͫͤͦ͡͝ ͍͔͙ͨͦ͒ͤ͜͟ ͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˹͊ ͒͊ͤͦͣͯ ͔ͭ͊ͨ͜ ͔ͪ͊͊͘͜͡ͼ͚͜ ͔ͪͦͪͦ͋ͤͦ͘͡͝ ͔ͣͦ͒͜͡ ͋ͯͦ͡ ͍͔͊ͨͪͦ͊͒͗ͤͦ͘ ͭ͊͟͜ ͍ͤ͊;͊͡Έͤ͜ 
͔͙ͣͭͦ͒ ͜ ͺ͙ͦͪͣ ͙ͪͦ͋ͦͭΣ Ύ͟͜ ͙ͫͭͣͯ͡Ό͍͙͊͡ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͒ͦ ͫ͊ͣͦ͊ͤ͊ͯ͘͜͡Σ ͙ͫͨͪΎ͙͡ ͍͙͔ͪͦ͋ͤͤ͡Ό ͔͍͊͒͊ͭͤͦ͟͝ 
ͫ͊ͣͦͦͼ͙ͤ͜͟ ͍͙͊ͫͤ͡ͻ ͍͍͙ͨͪ͊ͦͻ ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ ͜ ͨͪͦͺ͔͚ͫͤͦ͜ ͤ͊͘;ͯ΅͙ͻ Ύ͔͚ͦͫͭ͟Φ 

͍̂ͨͪͦ͒ͦ͗ ͯͫΈ͎ͦͦ ͺ͍ͦͪͣͯ͊͡Έ͎ͤͦͦ ͔ͭ͊ͨͯ ͔͔͙͔ͫͨͪͣͤͭͯ͟Σ ͨ͒͜ ;͊ͫ ͍͔͔ͨͪͦ͒ͤͤΎ ͙ͪͤ͘͜ͻ ͺͦͪͣ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤͦ͝ 
͙ͪͦ͋ͦͭ ͤ͊͘;ͤ͊ ͍͎ͯ͊͊ ͙ͨͪ͒͜͡Ύ͊ͫ͡Έ ͺ͍ͦͪͣͯ͊ͤͤΌ ͍͙͍͙͊͗͡ͻ ͨͪͦͺ͔͚͙ͫͤ͜ͻ Ύ͔͚ͦͫͭ͟Σ Ύ͟͜ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭΈ ͙͙͚ͦͫͦ͋ͫͭͫͤ͜ 
͔ͦͣͨͦͤͤͭ͟ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡ΎΥ 

-  ͍ͨͤ͊͊͘͜͡Έͤ͜Υ ͔͔ͤͭͭͯ͊͜͟͡͡Έͤ͊ ͣͦ͋͜͡Έͤͫͭ͜ΈΣ ͍ͭͦͪ;ͫͭ͜ΈΣ ͔ͪͺ͔͙͍ͭͤͫͭ͟͜͡ΈΤ 
-  ͔͎ͪͯ͡Ύ͙͍ͭͤͦ-͍ͦ͡Έ͍ͦ͜Υ ͙͍͊ͭͤͫͭ͟͜ΈΣ ͋͊͊͘͡Έͤ͜ ͍ͦ͡Έ͍ͦ͜ Ύͦͫͭ͟͜ ό͔͔͎͚ͤͪͤͫͭ͜͜ΈΣ ͍͙͙ͭͪͣ͊͟Σ ͔ͭͪͨ͡Ύ;ͫͭ͜ΈΣ ͙͍ͫͣͫͭ͜͜͡ΈύΣ 

͙͔ͫͫͭͣͤ͜ ͍ͦ͡Έ͍ͦ͜ Ύͦͫͭ͟͜ όͤ͜͜ͼ͙͍͊ͭͤͫͭ͜͜ΈΣ ͚ͫ͊ͣͦͫͭͤͫͭ͜͜ΈΣ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͫͭ͜ΈΣ ͙ͨͪͤͼ͙͍ͨͦͫͭ͜ΈΣ ͙͒ͫͼ͙͍ͨͤͦ͊ͤͫͭ͜͜͡ΈΣ 
͔͎͙͍ͤ͊ͨͦͫͭ͜͡͡ΈΣ ͎͍ͦͪ͊ͤͦ͊ͤͫͭ͘͜͜ΈΣ ͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜ΈύΤ 

-  ͙ͨͫͻͦͫͦͼ͊͜͡Έͤ͜ Ύͦͫͭ͟͜Υ ͔ͣͦͼ͚ͤ͜͜ ό͙͙͍͒ͦͨͭͫͭ͜͡ΈΣ ͔ͣͦͼ͚ͤ͊͜ ͚ͫͭͫͭ͜͟͜ΈύΣ ͙͍ͦͣͯͤ͊ͭͤ͟͜͟͜ ό͔ͭͦͪ͊ͤͭͤͫͭ͜͡ΈΣ ͎͒͊ͦ͜͜͡;ͤͫͭ͜Έ 
͍ͫͨͯ͊ͤͤ͜͟͡Ύύ. 
 
ˤˮ˿˹˻ˤ˴ˮ ́ˢ ˽˩˾˿˽˩˴́ˮˤˮ ˽˻˨ˢ˶̎̊˻˥˻ ˨˻˿˶˱˨ˬ˩˹˹̒ 

˽͒͜ ;͊ͫ ͺ͍ͦͪͣͯ͊͡Έ͎ͤͦͦ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ͋ͯͦ͡ ͍͔ͫͭͦͪͤͦ ͙ͫͨͪΎ͙͍͔ͭ͡ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͔ͦͤ ͔͔͍͙ͫͪ͒ͦ΅͔ ΄͡Ύͻͦͣ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͺ͍͊ͭͦͪ͟͜Σ Ύ͟͜ ͍͙͍ͨ͊͡ΌͭΈ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡Υ ͫͦͼ͊͜͡Έͤͦ-
͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻΣ ͍ͤ͊;͊͡Έͤͦ-͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻΣ ͔͔ͨͪ͒ͣͭͤͦ-͍͙ͨͪͦͫͭͦͪͦͻΦ ˨͡Ύ ͼΈ͎ͦͦ ͍͙ͨͪͦͦ͒͊ͫ͡Έ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤ͊ ͪͦ͋ͦͭ͊ ͊͘ 
͙͙ͭ͊ͣ͟ ͤ͊ͨͪΎ͙ͣ͊ͣΥ ͍͔͔ͨͪͦ͒ͤͤΎ ͊͘ͻ͍ͦ͒͜ ΅ͦ͒ͦ ͎͔ͤ͊͊ͦ͒͗ͤͤ͡Ύ ͙ͫͨͪΎ͙͍ͭͦ͡͝Σ ͙͒ͦ͋ͪͦ͘;͙͍ͦ͡͝ ͣͦͪ͊͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ 
͊ͭͣͦͫͺ͔͙ͪΤ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͍͊͘Ίͣͦ͒͜͝ ͯ;͙͍͊ͫͤ͟͜ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͤ͊ ͊ͫ͊͒͊͘ͻ ͔͎͎͙ͨ͒͊ͦ͜͟ ͍ͫͨͨͪ͊͜ͼ͜Σ ͍͍ͫͨͭͦͪ͜;ͦͫͭ͜Σ 
͍͍ͫͨͯͨͪ͊ͤͤ͜͜͡ΎΣ ͣͦͪ͊͡Έͤͦ͝ ͙͙ͨ͒ͭͪͣ͜͟Τ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͫͨͪΎ͍ͣͦ͊ͤͦͫͭ͜ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯ ΄͡Ύͻͦͣ 
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͎͋͊͊͘;͔ͤͤΎ ͣͫͭͯ͘͜ ͎͙ͯͣ͊ͤͭ͊ͪͤ͜ͻ ͜ ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͍͍͙͙ͨͪ͊ͦͣ ͙ͨͭ͊ͤͤΎ͙ͣΤ ͍͔͔ͨͪͦ͒ͤͤΎ ͙ͪͤ͘͜ͻ ͺͦͪͣ 
͙͊ͯ͒ͭͦͪͤͦ͝ ͭ͊ ͙ͨͦ͊͊ͯ͒ͭͦͪͤͦ͘͝ ͍͙ͻ͍ͦͤͦ͝ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜Σ ͍͙ͪͦͭͦ͘͟ ͔ͫͭͯ͒ͤͭͫΈ͎ͦͦ͟ ͍ͫ͊ͣͦͪΎ͍͒ͯ͊ͤͤΎΦ 

˽͍͍ͪ͊ͦͯ ͯ͟͡Έͭͯͪͯ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͫ͒͜͡ ͎ͪͦ͘͡Ύ͙͒͊ͭ ͘ ͙ͨͦ͘ͼ͜͝ ͔ͨͪͦ͟ͼ͜͝ ͤ͊ ͚͎ͦͦ ͨͪͦͺ͔͚ͫͤͯ͜ ͒͜Ύ͡Έͤͫͭ͜ΈΦ ˹͊ 
͍ͨ͒ͫͭ͊͜͜ ͍͙΅͔͍͙͔͙͊͒ͤ͟͡ͻ ͔ͨͦͦ͗ͤ͡Έ ͍͍ͨͪ͊ͦͯ ͯ͟͡Έͭͯͪͯ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͍͙ͤ͊͘;͊Ίͣͦ Ύ͟ ͔͎͍͔ͤͭͪͦ͊ͤ͜ ͙͔ͦͫͦ͋ͫͭͫͤ͜ 
͍͔ͯͭͦͪͤͤΎΣ Ύ͔͟ ͨͦΊ͒ͤͯΊ ͍ ͫͦ͋͜ ͨͪͦͺ͔͚ͫͤͦ͜ ͤ͊͘;ͯ΅͜ ͍͍ͨͪ͊ͦ͜ ͯΎ͍͔ͤͤ͡ΎΣ ͚ͫͭ͜͟͜ ͎ͨͦ͡Ύ͙͒ ͭ͊ ͔͔ͨͪͦͤ͊ͤͤ͟ΎΣ ͍͔ͫ͒ͦͣ͜ ͍͔ͫͭ͊ͤͤ͡Ύ 
͒ͦ ͍͍͙ͨͪ͊ͦͻ ͤͦͪͣ ͍ͦͫͭͤ͜Έ͎ͦͦ ͍͍͊ͦͤͦ͒͊ͫͭ͊͘͟Σ ͨͪͦͺ͔͚ͫͤͦ͜ ͔ͤͦ͋ͻ͒ͤ͜͜ ͤ͊ͤͤ͘Ύ ͭ͊ ͍ͣͤͤ͜Ύ ͍ ͍͍͚ͨͪ͊ͦ͜ ͎͊ͯ͘͜͡Σ Ύ͟͜ ͔͔͊͋ͨ͘͘;ͯΌͭΈ 
͍͍ͨͪ͊ͦͯ ͍͔ͨͦ͒ͤͯ͜͟ ͔͎͎ͨ͒͊ͦ͊ ͭ͊ ͚͎ͦͦ ͔ͺ͔͙͍ͭͤͯ͟ ͒͜Ύ͡Έͤͫͭ͜Έ ΅ͦ͒ͦ ͍͍͎ͨͪ͊ͦͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ ΄ͦ͟͡Ύ͍ͪ͜Φ 

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 

1. ˣ͙ͦͪ;͔͍ͫΈ͙͚͟Σ ˤΦ ˽͔͙ͪͦ͋ͣ͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͔͎͎ͨ͒͊ͦ͊ ˤ͙ͫͤ͜͟ ˹͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͍͊͊͜ͼ͚͎ͤͦͦ͜ 
͍͔͙͔ͯͤͪͫͭͭͯ͜Φ ˿͔ͪ͜ΎΥ ˽͔͎͎͒͊ͦ͊͜͟Σ ͙ͨͫͻ͎ͦͦ͜͡ΎΦ нллфΦ Ѕ мΦ ˿Φ рм-54. 
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3. ˥͙ͦͪͦ͒ͫΈ͙͚͟Σ ˸Φ ˽͍͍ͪ͊ͦ͊ ͍ͦͫͭ͊͜ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡ΎΥ ͎ͣͦͤͦͪ͊ͺ͜Ύ κ ώ˭͊ ͔ͪ͒Φ ˸Φ ˽͔͔ͦ͒͋ͪͫ͘Έ͎ͦͦ͟ϐΦ ͍̆͊ͪ͟͜Υ ˶͔͎͊ͫΣ 
нллмΦ мну ͫΦ 

4. ˭͍͋ͦͪͦ͜Σ ˤΦ˱Φ ˻͍͋͐ͪͯͤͭͯ͊ͤͤΎ ͙ͫͭͪͯͭͯͪ͟ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ˽͔͎͎͒͊ͦ͊͜͟ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͭͦͪ;ͦ͝ 
͙ͦͫͦ͋ͫͭͦͫͭ͜ ͯ ͍͙΅͚͜ ͜ ͎͊͊͘͡Έ͍͚ͤͦͦͫͭͤ͜͜ ΄ͦ͟͡Φ нлмлΦ Ѕ мнΦ ˿Φ оуς42.  

5. ˴͍ͣͦ͊͜͡ ˥Φ ˽Φ ˽͍͍͔ͪ͊ͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͯ ͍͙΅͚͜ ΄ͦ͟͜͡ Υ ͫͯͭͤͫͭ͜Έ ͭ͊ ͔͙ͭ͊ͨ ͚͔͒ͫͤͤͤ͘͜ΎΦ URL: http://conf.nlu.edu.ua/bis-
2016/paper/viewFile/3914/601 

6. ˴ͯͤͦ͟͡Σ ˾Φ ̑Φ ̅ ͍ͦͪͣͯ͊ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ Ύ͟ ͔͔͔ͣͤͭ͡ ͎͍͙ͨ͒ͦͭͦ͜͟ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ˹͍͊ͯͦ͟͜ ͙͙͊ͨͫ͘͟ ˹͙͗ͤͫ͜Έ͎ͦͦ͟ ͔͍͎͒ͪ͗͊ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͣ͜Φ ˸͙͙ͦ͟͡ ˥͎ͦͦ͡ΎΦ ˽͙ͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;ͤ͜ 
͙ͤ͊ͯ͟Φ нлмрΦ Ѕ оΦ ˿Φ мпу-151. 

7. ˴͍͔ͦ͊ͤͦ͟͡Σ ˱Φ˽Φ ˽͍͍ͪ͊ͦ͊ ͫͦͼ͊͊͘͜͜͡ͼ͜Ύ ͙ͦͫͦ͋ͫͭͦͫͭ͜ Ύ͟ ͨͪͦͼ͔ͫ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍ͨͪ͊ͦͦ͝ ͯ͟͡Έ͙ͭͯͪ ˴ͯ͡Έͭͯͪ͊ ͙̂ͪ͊ͤ͟͝. 
нлммΦ Ѕ онΦ ˿Φ ммлς118.  

8. ˽͔ͪͦͦͨͤͦ͟͟Σ ˱Φ̅Φ ˽͔͎͎͒͊ͦ͜;ͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝Υ ˹͍͊;Φ ͙ͨͦͫ͋ͤ͜͟Φ ͍̆͊ͪ͟͜Υ ˴͔͎ͦͯͣ͜͡Σ нллрΦ ннп ͫΦ  
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REALIZATION OF THE MODEL AND PEDAGOGICAL CONDITIONS OF FORMATION OF LEGAL CULTURE OF FUTURE TEACHERS 
IN THE EDUCATIONAL AND EDUCATIONAL ENVIRONMENT OF THE PEDAGOGICAL 

L.V. Hryshchenko 
University College of the Kiev University named after Boris Grinchenko, Ukraine 

 
Abstract. The article deals with the problem of forming the legal culture of future teachers in the educational environment of a pedagogical 

college. The author conducted a formative experiment to implement a model of legal culture formation. The urgency of this 
research is emphasized, which consists in the scientific substantiation of the model of legal culture in the specially created 
conditions of the educational and educational environment of the pedagogical college. A favorable educational environment was 
created throughout the design phase of the experiment. The obtained results allowed us to confirm the effectiveness of introducing 
the model of forming the legal culture of future teachers in the educational environment of the pedagogical college. 

Formulation of the problem. On the basis of the theoretical substantiation of the model of forming the legal culture of future teachers in the 
educational environment of the pedagogical college to reveal its implementation during the conducting of the forming experiment. 
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Materials and methods. During the study, we applied theoretical and empirical methods. 
Results. The introduction of the model of forming the legal culture of future teachers in the educational environment of the Teachers College 

provided provision of sound pedagogical conditions during all stages of the model implementation. We consider the process of 
creating an educational environment as a process of providing a set of factors that influence the formation of the legal culture of 
future teachers. At the informational-motivational stage lectures were organized, curatorial hours were organized, psychological 
and pedagogical support of educational activities and independent work of future teachers were organized, various student 
associations operated, propaganda groups were organized to promote legal knowledge. Students actively participated in research 
work, in scientific and practical conferences. In the educational environment of the Pedagogical College, the social-legal project 
ά{ŎƘƻƻƭ ƻŦ [ŀǿ ƻŦ ǘƘŜ CǳǘǳǊŜ 9ŘǳŎŀǘƻǊǎέ ǿŀǎ ƛƳǇƭŜƳŜƴǘŜŘ ŀƴŘ ǘƘŜ ŎǳǊǊƛŎǳƭŀ for some disciplines were adjusted. During the 
experimental work were held discussions, trainings ("Brainstorming", "Analysis of cases of offenses", "Take a legal position", etc.), 
didactic games - business and imitation ("Press Conference", "Contest of commentators", "Auction of ideas" , legal quizzes, etc.). 
Business games used legal situations, use of various roles (lawyer, law enforcement officer, offender, judge, critic, expert, etc.). The 
special course "Legal Education and Culture of the Future Teacher" developed and introduced contributed to the formation of legal 
knowledge, skills, judgments of professional and legal content in students. Reflexive-business games, problem-reflexive polylogists 
were conducted with students, and the method of analysis of specific situations was applied. 

Conclusions. In the process of conducting the forming experiment, a favorable educational and educational environment was created by 
providing the necessary factors. For this purpose purposeful work was carried out. Based on the above provisions, we have defined 
the concept of legal culture of the future teacher. 

Keywords: legal culture, model, pedagogical college, educational environment, students. 
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̂ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͻ ͙͋ͪͭ͊ͤͫΈͦ͟͝ ͙͎͍ͦͤͫ͊ͭͤͦͦ͟͡͝ ͦͣͨ͊ͤ͟͜͝ vǳŀŎǉǳŀǊŜƭƭƛ {ȅƳƻƴŘǎ ͍͙ͤ͊͘;͔ͤͦ ͫͯ;͊ͫͤ͜ ͍͍ͫͭͦ͜͜ ͔͔ͭͤ͒ͤͼ͜͝ 
͍͙ͪͦͭͯ͘͟ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Σ Ύ͟͜ ͍͊ͯ͘͟ΌͭΈ ͤ͊ ͨΩΎͭΈ ͍͙ͦͫͤͦͤͻ ͍͙͍͒͜ ͔ͭͻ͎͚ͤͦͦ͜͡ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍ Ύ͟͜ ͨͦͭͪ͋ͤͦ͜ ͍͔͍͙ͤͫͭͯ͊ͭ͜ ό5 Types of 
Higher Education Technology You Should be Investing In, 2019). 

мΦ ˨͊ͤ͜ ͭ͊ ͤ͜ͺͦͪͣ͊ͼ͜ΎΣ ͦͪ͜Ί͍ͤͭͦ͊ͤ͜ ͤ͊ ͔͍ͫͭͯ͒ͤͭ͜Υ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͨͪͦͼ͔ͫͯ ͍ͤ͊;͊ͤͤΎ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͍͎ͪͤͦͣͪͤͦͦ͜͜ 
ͪͦͨͦ͒ͯ͘͜͡ ͍͔ͤ͊͊ͤͭ͊͗ͤͤΎΣ ͒ͦͫͭͯͨͤͫͭ͜Έ ͒ͦ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͍ͫͭͦͫͦͤͦ ͍ͫͭͪͦ͟͜ ͍͙ͦͤ͊ͤͤ͟Ύ ͍͊͒͊ͤ͘Έ ͭ͊ ͍͚ͦͪͦͭͤ͘͜ ͍͘ΩΎͦ͘͟Σ ͍ͪͭͯ͊͜͡Έ͔ͤ 
͍ͤ͊;͊͡Έ͔ͤ ͔͔͍͙ͫͪ͒ͦ΅͔ ͭ͊ ͣͦ͋͜͡Έ͙͚ͤ ͒ ͦ͒͊ͭͦ͟Φ  

нΦ ˱͍͔͙ͤͫͭͼ͜͝ ͍ ͎͔ͨͪͦͪ͊ͣͤΣ ͊ ͔ͤ ͯ ͔͊ͨ͊ͪ͊ͭͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ: ͙͒ͦ͒͊ͭ͟Σ ͍͔͋-͚͙ͫ͊ͭΣ ͎͔ͨͪͦͪ͊ͣͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͒͡Ύ 
͙ͦͭͪͣ͊ͤͤΎ ͒ͦͫͭͯͨͯ ͒ͦ ͍ͦͫͭͤ͜͜ͻ ͔͍ͪͫͯͪͫ͜ ͘͜ ͍ͫͦ͝ͻ ͙͙ͦͫͦ͋ͫͭͻ ͙͍ͨͪͫͭͪͦ͝Σ ͙͔͙ͫͫͭͣ ͒͡Ύ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͭ͊ ͍ͫͨͨͪ͊͜ͼ͜ ͯ;͙͍͊ͫͤ͟͜ 
͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΦ  

оΦ ͙̇ͺ͍͔ͪͦ ͨͦ͒͊ͤͤΎ ͭ͊ ͍͙͚ͦͪͦͭͤ͘ ͍͘ϥΎͦ͘͟: ͨͦ͒͊ͤͤΎ ͍͊͒͊ͤ͘Έ ͭ͊ ͙ͦͭͪͣ͊ͤͤΎ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͭ͊ ͍͎͍͒ͯ͜͟͜ ͯ ͼ͙ͺ͍ͪͦͦͣͯ 
͍͙͎͡Ύ͒͜Φ 

пΦ ˱͍ͤͤͦ͊ͼ͚ͤ͜͜ ͨ͒͜ͻ͙ͦ͒ ˭ˤ˻Υ ͨ͒͜ͻ͙ͦ͒ ͒ͦ ͍ͤ͊;͊ͤͤΎΣ Ύ͟͜ ͣͦ͗ͯͭ͘Έ ͍͙ͨ͒͜΅͙͙ͭ ͍͔͊͒ͦͦͤͫͭ͘͜͡Έ ͔͍ͫͭͯ͒ͤͭ͜Φ  
рΦ ˸ͦ͋͜͡Έͤ͜ ͎͙ͨͪͦͪ͊ͣ ͒͡Ύ ͍ͤ͊;͊ͤͤΎ ͨͦ ͍ͫΈͦͣͯ ͍ͫͭͯ͜: ͣ ͦ͋͜͡Έ͔ͤ ͍ͤ͊;͊ͤͤΎ ͭ͊ ͣͦ͋͜͡Έͤ͜ ͍ͤ͊;͊͡Έͤ͜ ͎͙ͪ͜Φ 
̂ ͍͘ΩΎͯ͘͟ ͘ ͼ͙ͣΣ ͨͦͫͭ͊Ί ͔ͨͪͦ͋ͣ͊͡ ͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡Ύ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͦͤͭͤͭͯ͟ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͎͊͊͘͡Έ͍͍͙ͤͦͫͭͦ͜ͻ ͔͔ͭͤ͒ͤͼ͚͜ 

ͫͨͪΎ͍͙ͣͦ͊ͤͻ ͤ͊ ͔ͫͭͯ͒ͤͭͦͼ͔͙ͤͭͪͣ͘Σ ͎ͤͯ;ͫͭ͟͜Έ ͭ͊ ͒ͦͫͭͯͨͤͫͭ͜Έ ͍͙ͦͫͭ͜Φ  
˸͔ͭ͊ ͫͭ͊ͭͭ͜Υ ͍͙͊ͨͪͦͨͦͤͯ͊ͭ͘ ͙ͫͨͦͫͦ͋ ͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡Ύ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͦͤͭͤͭͯ͟ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͫͯ;͙͊ͫͤͻ ͍ͦͫͭͤ͜͜ͻ 

͔ͭͻ͎͚ͤͦͦ͜͡ ͭ͊ ͍͍͙ͫͭͦ͜ͻ ͔͔ͭͤ͒ͤͼ͚͜ ͍͙ͪͦͭͯ͘͟ ͍͙ͦͫͭ͜Φ  
 

˸˩́˻˨ˮ ˨˻˿˶˱˨ˬ˩˹˹  ̒
˨͡Ύ ͒ͦͫΎ͎͔ͤͤͤΎ ͔͙ͣͭ ͭ͊ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͍͔͙ͨͦͫͭ͊ͤ͡ͻ ͍͊͒͊ͤ͘Έ ͍͙͙ͦͪͫͭ͊ͤͦ͟ ͔͔͙ͭͦͪͭ;ͤ͜ ͭ͊ ͔͙ͣͨͪ͜;ͤ͜ ͔͙ͣͭͦ͒ 

͔͒ͦͫ͒͗ͤͤ͜͡ΎΥ ͍͙͍;͔ͤͤΎ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼΈΣ ͊ͤ͊͘͜͡ ͍ͤ͊;͊͡Έͤͦ͝ ͜ ͔͎ͣͭͦ͒ͦͦ͜͡;ͤͦ͝ ͔͙ͭͪ͊ͭͯͪ͜͡Σ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎ ͊͘ 
ͨͪͦͼ͔ͫͦͣ ͍ͤ͊;͊ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ ˭ˤ˻Φ 

 
˾˩˭̂˶̎́ˢ́ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ ́ˢ ˲̆ ˻ˣ˥˻ˤ˻˾˩˹˹̒ 

ˤ͔͗ ͫΈ͎ͦͦ͒ͤ͜ ͔͔͍ͨͪ͊͗ͤ͊ ͋͜͡Έ΄ͫͭ͜Έ ͍ͤ͊ͯͦ͟ͼ͍͜ ͍͙͍ͫͦ͡͡ΌΊ ͒ͯͣͯ͟ ͨͪͦ ͒ͦͼ͜͡Έͤͫͭ͜Έ ζͣ͘͜΄͍ͯ͊ͤͤΎ ͔͚ͭͦͪ͜Σ ͨ͒͜ͻ͍ͦ͒͜ ͭ͊ 
͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎηΦ ˭͍͊ͫͭͦͫͯ͊ͤͤΎ ˱˴́ ͯ ͍ͤ͊;͊ͤͤ͜ ͫͭ͊ͦ͡ ͤ͊ͫͭ͜͡Έ͙͟ ͎ͦͪ͊ͤ͜;͙ͤͣ ͔͔͔ͣͤͭͦͣ͡Σ ΅ͦ ͫͯ;͙͚͊ͫͤ ͍͚ͦͫͭͤ͜͜ ͨͪͦͼ͔ͫ 
ͨͪͦͨͦͤͯΊͭΈͫΎ ͙ͪͦͯͣͭ͘͜ Ύ͟ ζͣ͘͜΄͊ͤͯ ͔ͣͦ͒͡Έη ͍ͤ͊;͊͡Έ͙ͤͻ ͙ͨͪ͊ͭ͟͟ ͜ ͔͍ͣͭͦ͒͜ ͨͦͪΎ͒ ͘͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύͣ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ 
͔ͭͻͤ͜;͙ͤͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ όˣ͎͚ͯ͊;ͯ͟Σ нлмсύΦ 

˿͔͎ͭͪ͊ͭ͜Ύ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͣ͘͜΄͎͊ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͍ ͍͚ͦͫͭͤ͜͜ ͨͪͦͼ͔ͫ ͍͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͍͔͒ͦ͋ͪ͊͗ͤ͊͜ ͯ ͪͦ͋ͦͭ͊ͻ 
˴Φ˶Φ x ͎͚ͯ͊;ͯ͊͟Σ ˢΦ̐Φ ̅͊ͤ͒ΊΊ͍ͦ͝ ͭ͊ ͤ͜Φ 

˽͔͙ͪͦ͋ͣ͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ˱˴́ ͯ ͍͙΅͚͜ ΄ͦ͟͜͡ ͍͒ͦͫ͒͗ͯ͊͊ͫ͜͡͡Έ ͯ ͨͪ͊ͼΎͻ ˤΦ ̑Φ ˣ͙͍ͦ͊͟Σ ˢΦ ˸Φ ˥ͯͪ͗͜ΎΣ ˸Φ ˱Φ ˬ͊͒͊͊͟͡Σ 
ˤΦ̅Φ ˭ ͎͊͋ͦͦͭͤͦͦ͡Σ ˶Φ ˢΦ ˴͊ͪͭ͊΄͍ͦͦ͝Σ ˤΦ ˤΦ ˶͊ͨͤͫ͜Έ͎ͦͦ͟Σ ˹Φ ˤΦ ˸͔ͦͪ͘Σ ˻Φ ˤΦ ˿͍͍ͨ͊ͦͫ͜͟Έ͎ͦͦ͟ ͭ͊ ͤ͜Φ  

˭͙͚͊ͪͯ͋͗ͤ͜ ͜ ͍ͭ͜;͙ͤ͘Ύ͙͚ͤ ͍͒ͦͫ͒͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙͔ͫͫͭͣ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͍ͤ͊;͊ͤͤΎͣ ͚ͤ͊͘΄͙͡ ͍͔͒ͦ͋ͪ͊͗ͤͤ͜Ύ ͯ ͨͪ͊ͼΎͻ 
όˤ͙΄͍ͤͫ͜Έ͎ͦͦ͟ϧ˥͔ͤ͒ͤͦ͜͟ϧ˥͚͊͒ͯͪΣ нлмпΤ ˴͍ͦ͊͡Έϧˢ͍ͪ͊ͣ;ͯ͟Σ нлмсΤ ͙́ͪͯͫϧ˥͔͙͔ͪ͊ͫͣͤͦ͟ϧ˴͍ͪ͊;ͯ͟Σ нлмнύ ͭ͊ ͤ͜Φ  

˹͊ ͒͊ͤͦͣͯ ͔ͭ͊ͨ͜ ͍ ͍ͦͫͭ͜͜ ͙ͭͪ͊͒ͼ͚ͤ͜͜ ͭ͊ ͙͒ͫͭ͊ͤͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ͤ͊;͊ͤͤΎ ͍͒ͦͨͦͤΌΌͭΈ ͦ͒ͤ͊ ͦ͒ͤͯ ͭ͊ ͔ͺ͔͙͍ͭͤͦ͟ 
ͨͦΊ͒ͤͯΌͭΈͫΎΦ ˲ͣ ͙ͨͪͭ͊ͣ͊ͤͤ͜ ͫͨ͜͡Έͤ͜ ͙͙ͪͫ ͫͯ;͊ͫͤͦ͝ ͍ͦͫͭͤ͜Έͦ͝ ͙͎͙ͨ͊ͪ͊͒ͣΣ ͦ͒ͤ͊͟ ˨˹ ͣ͊Ί ͔͍ͨͤ͜ ͔͔͍͎͙ͨͪ͊: 

-  ͙ͣ͊ͫͣ͊͟͡Έͤ͊ ͙͍ͤ͒͒ͯ͊͊͘͜͜͜͡ͼ͜Ύ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΤ 
-  ͦͪ͜Ίͤͭ͊ͼ͜Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͤ͊ ͨͪͦͼ͔ͫ ͍͙ͫ͊ͣͦͦͫͭ͜Τ 
-  ͎ͤͯ;ͫͭ͟͜Έ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜͝ ͙ͫͭͪͯͭͯͪ͟ ͍ͤ͊;͊ͤͤΎΤ 
-  ͙͍ͣͦ͗ͫͭ͜͡Έ ͔͙ͤͭͤͫ͜ͺ͊͜͟ͼ͜͝ ͨͪͦͼ͔ͫͯ ͍ͤ͊;͊ͤͤΎΤ 
-  ͍͔͍ͪͤͦͪͤͫͭ͘͜͜͜Έ ͣͫͭͯ͘͜ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΤ 
-  ͙͒ͺ͔͔ͪͤͼ͚͍͙͚ͦ͊ͤ͜ ͨ͒͜ͻ͒͜ ͒ͦ ͯ;͙͍͊ͫͤ͟͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΦ 
˱ͫͤͯΌ;͜ ͫΈ͎ͦͦ͒ͤ͜ ͍ͪͭͯ͊͜͡Έͤ͜ ͍ͤ͊;͊͡Έͤ͜ ͔͔͍͙ͫͪ͒ͦ΅͊Σ ͙ͨͪͤ͊͘;͔ͤ͜ ͒͡Ύ ͔ͪ͊͊͘͜͡ͼ͜͝ ͙͒ͫͭ͊ͤͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ 

͍͒ͦͦ͘͡ΎΌͭΈ ͎͍͙ͦͪ͊ͤͯ͊ͭ͘͜ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ ͤ͊ ͔͋ͦ͘͟΄͍͚ͭͦͤ͜ ͍ͦͫͤͦ͜ ͍ ͋ͯ͒Έ-Ύ͙͚͟ ͪͯ͘;͙͚ͤ ;͊ͫ ͒͡Ύ ͔ͫͭͯ͒ͤͭ͊Φ 
˽͙ͪ ͍͙͋ͦͪ͜ ͍ͦͫͭͤ͜Έ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͫ͒͜͡ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͤ͊ͫͭͯͨͤ͜ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟Υ 
-  ͚ͤ͊͒ͤͫͭ͜͜Έ ͍ ͔ͫͨͯ͊ͭ͊͟͡ͼ͜͝Υ ͙͍ͣͦ͗ͫͭ͜͡Έ ͔͎ͦ͟͡ ͜ ΄͍͙͒ͦ͟ ͍ͦͤͦ͡Ό͍͙͊ͭ ͭ͊ ͍͒ͦͨͦͤΌ͍͙͊ͭ ͔ͦͤͭͤͭ͟Σ ͚͒ͫͤ͘͜Ό͍͙͊ͭ 

͔͍ͪͯ͊ͤͤ͟Ύ ͙͍ͦͪͫͭͯ͊͟;͙͊ͣΤ 
-  ͔͔͋ͨ͊͘͟Τ 
-  ͫͯͣͫͤͫͭ͜͜ΈΥ ͙ͨ͒ͭͪͣ͊͜͟ ͍ͫͭ͊ͤ͒͊ͪͭ͜Τ 
-  ͪͯ͘;ͤͫͭ͜Έ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͜ ͍͊͒ͣͤͫͭͪͯ͊ͤͤ͜͜ΎΥ ͙͍ͤͭͯͭͤͦ͜͝ ͙͚ͪͦͯͣ͘͘͜͡ ͔ͤͭͪ͜ͺ͔͚ͫ ͒͡Ύ ͯ;͙͍͊ͫͤ͟͜ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΤ 
-  ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͒ͦͫͭͯͨͯΥ ͫͯͣͫͤͫͭ͜͜Έ ͘ ͯͫͣ͊͜ ͍͙͙͍͍͙͙ͦͪͫͭͦͯ͊ͤͣ͟ ͍ ͻͦ͒͜ ͍ͤ͊;͊ͤͤΎ ͎͙͙ͨͪͦͪ͊ͣͤͣ ͙ͨͪͦ͒ͯͭ͊ͣ͟Τ 
-  ͍ͫͯͨͪͦ͒͜ ͜ ͊ͨ͊ͪ͊ͭͤ͊ ;͙͊ͫͭͤ͊Υ ͔ͤͦ͋ͻ͙͚͒ͤ͜ ͍͔ͪͤ͜Έ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͭ͊ ͔͊ͨ͊ͪ͊ͭͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͒͡Ύ ͙ͪͦ͋ͦͭ ͘ ͙͔ͫͫͭͣͦΌΦ 
˻͒ͤ͜ΊΌ ͘͜ ͚ͤ͊͋͜͡Έ΄ ͨͦͨͯ͡Ύ͙ͪͤͻ ͔͋ͦ͘͟΄͍͙ͭͦͤͻ ˿̂˹ Ί aƻƻŘƭŜΦ ̇Ύ ͙͔ͫͫͭͣ͊ ͍͔͗ ͎͋͊͊ͭͦ ͍ͪͦ͟͜ ͚͊ͣ͊͘Ί ͍ͨͪͦ͒ͤͯ͜ 

͙ͨͦ͘ͼ͜Ό ͔͔ͫͪ͒ ͎͊ͤ͊ͦ͜͡;͙ͤͻ ͍͊ͫͦ͋͘͜ ͒͡Ύ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ˨˹ ͍ ͍ͦͫͭ͜͜Σ Ύ͟ ͔͔ͫͪ͒ ͔ͦͣͪ͟ͼ͚͙ͤ͜ͻΣ ͭ͊͟ ͜ ͔͔ͫͪ͒ ͍͜͡Έͤͦ 
͍ͪͦͨͦͫ͘Ό͍͙͒͗ͯ͊ͤͻ ͍ͨͪͦ͒ͯͭ͟͜Φ  

˽͔͔͍͎͙ͪ͊ aƻƻŘƭŜ  ͨͦ͡Ύ͎͊ΌͭΈ ͯ ͭͦͣͯΣ ΅ͦ ͙͔ͫͫͭͣ͊Υ 
-  ͨͦ΄͙ͪΌΊͭΈͫΎ ͯ ͍͙͒ͪͭͦͣͯ͜͟ ͍͙ͻ͒ͤͦͣͯ͜ ͦ͒͟͜Σ ͭͦ͋ͭͦ ͣ͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͨ͒͊͜͡΄͍͍͙ͭͦͯ͊ͭͫΎ ͨ͒͜ ͙͍ͦͫͦ͋ͦͫͭ͜͡ 

͔͎ͦͤͪͭͤͦͦ͟͟ ͍ͦͫͭͤ͜Έ͎ͦͦ ͔ͨͪͦͭͯ͟Σ ͙ͪͦͪͦ͋͘͟ ͍͙͒ͦ͒͊ͭͦ͟ͻ ͍ͣͦ͒ͯ͜͡Σ ͔͎ͤͭͪ͊͜ͼ͜͝ ͘ ͤ͜΄͙͙ͣ ͙͔͙ͫͫͭͣ͊ͣΤ 
-  ͍͒ͦͦ͘͡ΎΊ ͎͍͙ͦͪ͊ͤͯ͊ͭ͘͜ ͍ͤ͊;͊ͤͤΎ ͍ ͙͍͚͊ͭͤ͟͜ ͺͦͪͣ͜Σ ͨ͒͜ ;͊ͫ ͫͨ͜͡Έ͎ͤͦͦ ͍͙ͪ͜΄͔ͤͤΎ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͒͊ͤ͘ΈΣ ͍͊͘Ί͎ͣͤͦͦ 

ͦ͋ͣͤͯ͜ ͤ͊ͤͤ͘Ύ͙ͣΤ 
-  ͍͔ ͙͟͜͡ ͙͍ͣͦ͗ͦͫͭ͜͡ ͦͣͯͤ͊͟͜͟ͼ͜͝Υ ͺͦͪͯͣΣ ;͊ͭΣ ͍ͤͯͭͪ͜΄ͤΎ ͨͦ΄ͭ͊Σ ͦ͋ͣͤ͜ ͺ͚͙͊͊ͣ͡ ͋ͯ͒Έ-Ύ͙͟ͻ ͺ͍ͦͪͣ͊ͭ͜Σ ͙ͪͦͫ͊͘͟͡Σ 

͙͍ͣͦ͗ͫͭ͜͡Έ ͔ͪͼ͔͍͙ͤͯ͊ͭ͘ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜Σ ͭ͊ ͤ͜ΦΤ 
-  ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͪͤ͘͜͜ ͙͔͙ͫͫͭͣ ͦͼͤ͜Ό͍͊ͤͤΎΤ 
-  ͍ͨͦͤ͊ ͤ͜ͺͦͪͣ͊ͼ͜Ύ ͨͪͦ ͯͫͨ͜ͻ͙ ͔ͫͭͯ͒ͤͭ͊ ͜ ͚͎ͦͦ ͪͦ͋ͦͭͯΤ 
-  ͎ͨͪͦͪ͊ͣͤ͜ ͔ͤͭͪ͜ͺ͔͚͙ͫ ͍͒ͦͦ͘͡ΎΌͭΈ ͨͪ͊ͼΌ͍͙͊ͭ ͡Ό͒Ύͣ ͎ͪͤͦͦ͘͜ ͍ͦͫͭͤ͜Έ͎ͦͦ ͍ͪͤ͜ΎΣ ͺ͙͘͜;͙ͤͻ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͜ ͯ͟͡ΈͭͯͪΦ 
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˽͔͔ͪͪ͊ͻ͍ͦ͊ͤ͜ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͙͔͙ͫͫͭͣ ͔͔ͨͪ͒͋͊;͊ΌͭΈ Ύ͟ ͦͤͭ͊ͭͤͯ͟͟ ͺͦͪͣͯΣ ͭ͊͟ ͜ ͙͒ͫͭ͊ͤͼ͚ͤͯ͜Φ ́ͦͣͯΣ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
ͨ͊ͭ͡ͺ͙ͦͪͣ aƻƻŘƭŜ ͫͨͪΎ͍͔ͣͦ͊ͤ ͔ͤ ͭ͜͡Έ͙͟ ͤ͊ ͚͔ͫ͊ͣͦͫͭͤ͜ ͍ͦͦͦ͒ͤͤ͜͡Ύ ͍ͤ͊;͊͡Έ͙ͤͣ ͔ͣ͊ͭͪ͊ͦͣ͜͡ ͔͙ͫͭͯ͒ͤͭ͊ͣΣ ͊ ͜ ͤ͊ ͍ͫͯͨͪͦ͒͜ 
͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͙ͨͪ ͙ͭͪ͊͒ͼ͚ͤͦͣͯ͜ ͨ͒͜ͻͦ͒͜Φ 

ˤ͙͋ͪ͜ ͼ͜Ί͝ ͙͔͙ͫͫͭͣ Ί ͔ͤ ͍͙͍͙͚ͨ͊͒ͦ͟Σ ͦͫ͟͜͡Έ͙͟Σ ͝͝ ͤ͊͊͡΄͍ͭͯ͊ͤͤΎ ͍͒ͦͦ͘͡ΎΊ ͙͍͙ͨͪͫͭͦͫͯ͊ͭ ͔ͦ͗ͤ͟ ͯͪͫ͟ ͔ͤ ͭ͜͡Έ͙͟ ͨ͒͜ 
͙͍ͦͫͦ͋ͦͫͭ͜͡ ͔ͦͤͪͭͤͦ͟͟͝ ͙͒ͫͼ͙͙ͨͤ͜͡Σ ͔͊͡ ͜ ͍͙͎͙ͣͦ ͍͙͊͒͊͟͡;͊ ͭ͊ ͔ͫͭͯ͒ͤͭ͊Σ Ύ͙͚͟ ͔ͣͦ͗͘ ͚ͫ͊ͣͦͫͭͤͦ͜ ͍͙ͨͦ͋ͯ͒ͯ͊ͭ ͪͯ͘;ͤͯ 
ͭͪ͊Ίͭͦͪ͟͜Ό ͍ͤ͊;͊ͤͤΎΦ 

˾͎ͦ͘͡Ύ͔ͤͣͦ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡Ύ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͦͤͭͤͭͯ͟ ͯ ˿̂˹ aƻƻŘƭŜ ͤ͊ ͙ͨͪ͊͒͟͜͡ ͦ͒ͤ͜Ί͝ ͘͜ ͔ͭͣ ͯͪͫͯ͟ 
ζˤ͙΅͊ ͭ͊ ͙ͨͪ͊͒ͤ͊͟͡ ͔͙ͣ͊ͭͣ͊ͭ͊͟ηΦ 

̂ ͔ͣ͗͊ͻ ͔͙ͭͣ ͍͙͙ͦͪͫͭ͊ͤͦ͟ ͤ͊ͫͭͯͨͤ͜ ͔͔͔͙ͣͤͭ͡Υ ͔͟͡ͼ͜Ύ όͪͤ͘͜͜ ͺ͙ͦͪͣ ͨͦ͒͊;͜ύΣ ͔͍ͭͫͭͦ͜ ͍͊͒͊ͤͤ͘ΎΣ ͍ͫͯͨͪͦ͒ͤ͜͜ ͔ͣ͒͊͜-
͔͙ͣ͊ͭͪ͊͜͡Σ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤ͜ ͍͊͒͊ͤͤ͘Ύ ͘͜ ͍͔͊͒ͤͦ͟͡Ό ͍͍͒ͨͦ͒͒͜͜ΌΣ ͦͣͨ͟ΩΌ͔ͭͪͤ͜ ͔͒ͣͦͤͫͭͪ͊ͼ͚ͤ͜͜ ͔ͣͦ͒͜͡Φ ˭͍͊ͨͪͦͨͦͤͦ͊ͤ͜ ͍͙͙͒ 
ͪͦ͋ͭ͜ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͣͤͯ͘͜ ͍͙͍͒͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͨ͒͜ ;͊ͫ ͍ͤ͊;͊ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ Ύ͟ ͙͒ͫͭ͊ͤͼ͚ͤͦ͜Σ ͭ͊͟ ͜ ͨ͒͜ ;͊ͫ ͙͊ͯ͒ͭͦͪͤͦ͝ ͙ͪͦ͋ͦͭΦ  

ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔ͣ͒͊͜ ͙ͨͪͤ͊͘;͔͔ͤ ͒͡Ύ ͪ͊͟΅͎ͦͦ ͯͤ͊ͦ;͔ͤͤͤΎ ͭ͊ ͍ͯ͊͊͘͘͜͜͡ͼ͜͝ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ́͊͟͜ ͔͙͍ͤͭͪ͊ͭͤ͜͟͜ 
͔͔͔͙ͣͤͭ͡Σ Ύ͟ ͔͙ͭͫͭ ͭ͊ ͍͊͒͊ͤͤ͘Ύ ͘͜ ͍͔͊͒ͤͦ͟͡Ό ͍͍͒ͨͦ͒͒͜͜Ό ͙ͨͪͤ͊͘;͔ͤ͜ ͒͡Ύ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜Σ ͊ ͭ͊ͦ͗͟ 
͍͙ͫͭͯͨ͊ΌͭΈ Ύ͟ ͙͊ͫͦ͋͘ ͦͤͭͪͦ͟͡Ό ͭ͊ ͫ͊ͣͦͦͤͭͪͦ͟͡ΌΦ 

˭͙͙ͯͨͤͣͦͫΎ ͔͒ͭ͊͡Έͤ͜΄͔ ͤ͊ ͫͭͪͯͭͯͪͤͦͣͯ͟ ͔͔͔ͣͤͭ͜͡ ͔͟͡ͼ͜ΎΣ Ύ͙͚͟ ͔͔ͨͪ͒͋͊;͔͙͚ͤ ͒͡Ύ ͍͙͍͔ͫͭͤͤ͜͡Ύ ͔͔͙ͭͦͪͭ;͎ͤͦͦ 
͔ͣ͊ͭͪ͊ͯ͜͡Φ ̆ͭͦͫΈ ͔ͣͦ͗ ͙ͫ͊͊ͭ͘͟Σ ΅ͦ ͔͔͙ͭͦͪͭ;͙͚ͤ ͔ͣ͊ͭͪ͊͜͡ ͘͜ ͋ͯ͒Έ-Ύͦ͟͝ ͔͙ͭͣ ;͙ ͯͪͫͯ͟ Ί ͙͒ͦͫͭͯͨͤͣ ͒͡Ύ ͍ͫ͜ͻ ͙͍ͦͪͫͭͯ͊͟;͍͜ 
ͨͦ΄͍͙ͯͦ͟ͻ ͙͔ͫͫͭͣΣ ͜ ͭͯͭ ͔ͤ ͨͦͭͪ͋ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ˨˹Φ ̂ ;ͦͣͯ ͗ ͙͍ͦͫͦ͋ͫͭ͜͡Έ ͨͦ͒͊;͜ ͔͔͙ͭͦͪͭ;͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͯ aƻƻŘƭŜΚ 

 

 
˾͙ͫΦ мΦ ˩͔͔ͣͤͭ͡ ͯͪͫͯ͟ ζ˶͔͟ͼ͜Ύη ͯ ˿̂˹ aƻƻŘƭŜ 

 
˩͔͔ͣͤͭ͡ ͔͟͡ͼ͜Ύ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘͜ ͔͒͟͜͡Έͦ͟ͻ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͫͭͦͪͤͦ͜͟ ͭ͊ ͙ͫͭͦͪͤ͜͟ ͨ͊ͤͯ͡Φ ˴ͦ͗ͤ͊ ͘ Ύ͙͟ͻ ͙ͣͫͭͭ͜Έ 

͍͍͒ͨͦ͒͜͜Έ ͤ͊ ͔ͦ͒ͤ ͙͊ͨͭ͊ͤͤ͘Ύ ͨ͊ͤͯ͡ ͜ ͊ͤ͘͟͜;ͯΊͭΈͫΎ ͙ͨͭ͊ͤͤΎͣ ͤ͊ ͔͊ͪͨͤͤ͘͟͜͡Ύ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˴ͦ͗ͤ͊ ͍͍͒ͨͦ͒͜͜Έ ͤ͊ 
͙͊ͨͭ͊ͤͤ͘Ύ ͍ͨͦΩΎ͊ͤ͊͘ ͔͔ͨͪͻ͙ͦ͒͊ͣ ͤ͊ ͋ͯ͒Έ-Ύͯ͟ ͫͭͦͪͤͯ͜͟ ͔͟͡ͼ͜͝ ;͙ ͣͫͭͯ͘͜ ό͙ͪͫΦ мύΦ ˹͊͒ ͔͟͡ͼ͜ΊΌ ͣͦ͗ͤ͊ ͨͪ͊ͼΌ͍͙͊ͭ ͯ 
͙͔͒ͫͪͭͤ͟͜ ͙ͨͪͦͣ͗͜͟ ;͊ͫͯΣ ͙ͨͪ;ͦͣͯ ͫͤͯ͜Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͝͝ ͨͪͦͻ͔ͦ͒͗ͤͤΎ ͘ ͎ͭͦͦ ͣͫ͜ͼΎΣ ͤ͊ Ύͦͣͯ͟ ͙͙͙ͯͨͤͫ͘͡ΎΦ 

˱ͤͺͦͪͣ͊ͼ͚ͤ͊͜ ͫͭͦͪͤ͊͜͟ ͔͟͡ͼ͜͝ ͙ͣͫͭͭ͜Έ ͔͔͙ͭͦͪͭ;ͤ͜ ͍͒ͦͣͦͫͭ͜͜ ͊͘ ͒͊ͤͦΌ ͔ͭͣͦΌΣ ͙ͨͪ;ͦͣͯ ͔͍͙͚ͭͫͭͦ͟ ͔ͣ͊ͭͪ͊͜͡ 
͍͙͔͊͒ͤͦ͟͡ ͊ͦͤ͟͜͡;ͤͦ ͭ͊ ͍ͫͯͨͪͦͦ͒͗ͯΊͭΈͫΎ ͙͙ͪͫͯͤ͊ͣ͟Σ ͍͟͡Ό;͊Ί ͙͚͒ͦ͊͒ͤ͟͡ ͪͦ͋ͪ͘͜ ͙͍͙ͭͨͦͻ ͙͍ͨͪ͊͒͟͜͡Τ ͒͡Ύ ͔͎͎ͦͦ͟͡ 
͙͚ͫͨͪͤΎͭͭΎ ͔͟͡ͼ͚͎ͤͦͦ͜ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ͚͎ͦͦ ͙ͪͦ͋ͭͦ͘ ͤ͊ ͔͍ͭͫͭͦ͟͜ ͙ͫͭͦͪͤ͜͟ ς ͦ͒ͤ͊ ͤ͊ ͔ͪ͊ͤ͟Σ ΅ͦ ͔ͤ ͔ͨͦͭͪ͋ͯΊ ͎ͤ͊͒ͣͪͤͦͦ͜ 
ζ͔͔͙͍ͨͪͫͭͯ͊ͤͤ͡Ύη ͭ͊ ͎͙ͦͪͦͤͭ͊͘͡Έͤͦ͝ ͙ͨͪͦͪͯͭ͟͟Τ ͒͡Ύ ͪ͊͟΅͎ͦͦ ͙͚ͫͨͪͤΎͭͭΎ ͔ͭͫͭͯ͟ ͘ ͔ͪ͊ͤͯ͟ ͦͣͨ͟ΩΌ͔ͭͪ͊ ͍͙͙ͦͪͫͭ͊ͤͦ͟ 
΄͙ͪͺ͙ͭ ͔͋͘ ͤ͊ͫ͜;ͦ͟Τ ͯ ͙͚͒͊ͤ͘͜ ͔ͣ͊ͭͪ͊ͯ͜͡ ͍͙͋ͪ͊ͤͦ ͪͤ͘͜͜ ͍͔͒ͦ͋ͪ͊͗ͤͤ͜Ύ ΄͙ͪͺ͍ͭ͜ ς ͤ͊ͻ͙͡Σ ͔͔͙͚ͨ͒ͪͫͤ͜͟͡Σ ͙͙͚͗ͪͤ ͭ͊ ͝ͻ 
ͪͦͭ͊͘΄͍ͯ͊ͤͤΎΤ ͒͡Ύ ͍͙͔͒ͤͤ͜͡Ύ ͙͍ͨͪ͊͒͟͜͡Σ ͙ͨͪͣͭͦ͜͟ ;͙ ͍͔͊ͯ͊͗ͤ͘Έ ͍͙͙ͦͪͫͭ͊ͤͦ͟ ͪͤ͘͜͜ ͦ͟͡Έ͙ͦͪ ΄͙ͪͺ͍ͭ͜Σ ΅ͦ ͙ͫͨͪΎΊ 
ͦͤ͟ͼ͔ͤͭͪ͊ͼ͜͝ ͍͎͙ͯ͊ ͤ͊ ͍͙͔͙͒ͤ͜͡ͻ ͦ͋ΩΊͭ͊͟ͻΦ 

ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͯͫ͜ͻ ͔͔͔͍ͣͤͭ͜͡ Ί ͍͙ͦ͋͐ͪͯͤͭͦ͊ͤͣ ͜ ͔͋͘ ͍͙͍ͦ͗͊ͤ͘͡ΈΣ ΅ͦ ͤ͊͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͫͨͪͦ΅͔ͤͤΎ ͭ͊ ͔ͺ͔͙͍͎ͭͤͦͦ͟ 
͙͚ͫͨͪͤΎͭͭΎ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͜ ͙ͫͨͪΎΊ ͚͎ͦͦ ͪ͊͟΅ͦͣͯ ͍͊ͫͦ͘ΊͤͤΌΣ ΅ͦ ͙͙͍ͨͦͭͤͦ͘ ͍͙͍ͨ͊͡Ί ͤ͊ ͍͙ͨ͒͜΅͔ͤͤΎ ͙͍ͣͦͭ͊ͼ͜͝ 
͍ͤ͊;͊ͤͤΎΦ 

˽ͦ ͊ͤ͘͟͜;͔ͤͤ͜ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ͙ͫͭͦͪͤ͜͟ ͔͟͡ͼ͜͝ ͪͦͭ͊͘΄͍ͦ͊ͤ͜ ͙ͤͦͨ͟͟ ͔͔ͨͪͻͦ͒ͯΦ ˴͙͍ͦͪͫͭͯ͊; ͔ͣͦ͗ ͔͔͚͙ͨͪͭ ͒ͦ ͨ͊ͤͯ͡ 
͔͟͡ͼ͜͝ ͊͋ͦ ͍͍͙͒ͨͦͫͭ͜͜ ͤ͊ ͙͊ͨͭ͊ͤͤ͘ΎΣ ΅ͦ͋ ͪͯͻ͙͊ͭͫΎ ͒͊͜͡ ͨͦ ͣͫͭͯ͘͜Φ 

̂ ͪ͊͘͜ ͍͙ͨͪ͊͡Έͤͦ͝ ͍͍͒ͨͦ͒͜͜͜ ͫͤͯ͜Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͔͔͚͙ͨͪͭ ͒ͦ ͎ͤ͊ͫͭͯͨͤͦͦ ͙ͨͭ͊ͤͤΎ ͨ͊ͤͯ͡ ͔͟͡ͼ͜͝Φ ̂ ͙͔ͨͪͦͭ͗ͤͦͣͯ͡ 
͍͙ͨ͊͒ͯ͟ ς ͍ ͤ͜ ͣͯ͘΄͔͙͚ͤ ͍͔͙ͨͦͪͤͯͭͫΎ ͒ͦ ͔͔ͨͦͨͪ͒ͤΈ͎ͦͦ ͨͯͤͭͯ͟ ͍ͤͦͯ͘Φ 

͙͚́͊͟ ͨ͒͜ͻ͒͜ ͍͙͒ͦͦͭ͘͡Έ ͔ͫͭͯ͒ͤͭͯ ͦͨͪ͊ͼΌ͍͙͊ͭ ͔͔͙ͭͦͪͭ;͙͚ͤ ͔ͣ͊ͭͪ͊͜͡ ͤ͊ ͔ͤ͊͗ͤͦͣͯ͡ ͍ͪͤ͜͜Σ ͊ ͍͙͊͒͊͟͡; ͔ͣͦ͗͘ 
͍͙ͨͪͦͫ͒ͯ͊ͭ͜͟͡Σ Ύͯ͟ ;͊ͫͭͯ͟ ͔͟͡ͼ͜͝ ͚ͨͪͦ΄͍ͦ ͔ͦ͗ͤ͟ ͔ͫͭͯ͒ͤͭΣ ͜ ͚͎ͦͦ ͯͫͨ͜ͻ͙Φ 

˿͔ͭͯ͒ͤͭ ͯ ͍͜͡Έͤͦͣͯ ͔͙ͪ͗ͣ͜ ͨͪͦͻ͙ͦ͒ͭΈ ͍ͤ͊;͊͡Έ͙͚ͤ ͔ͣ͊ͭͪ͊͜͡Σ Ύ͙͚͟ ͦͼͤ͜ΌΊͭΈͫΎ ͊͘ ͔ͪͯ͘͡Έ͙ͭ͊ͭ͊ͣ ͍͙ͦͤ͊ͤͤ͟Ύ 
͍͊͒͊ͤ͘ΈΦ ˤ͙͊͒͊͟͡; ͣ͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͔͔͎ͨͪ͡Ύ͒ͯ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͨͪͦ ͚ͦͤ͊ͤ͡-͒͜Ύ͡Έͤͫͭ͜Έ ͔ͫͭͯ͒ͤͭ͊Υ ͟͜͡Έͫͭ͟͜Έ ͍͍͍͒͒ͯ͊ͤ͜͜ΈΣ ;͊ͫΣ 
͍͙ͭͪ͊;͔͙͚ͤ ͤ͊ ͍͙ͦͤ͊ͤͤ͟Ύ ͎ͦ͗ͤͦͦ͟ ͍͊͒͊ͤͤ͘ΎΣ ͙͋͊͡Σ ͭ͊ ͤ͜Φ ̇Ό ͤ͜ͺͦͪͣ͊ͼ͜Ό ͣͦ͗ͤ͊ ͙͙ͦͭͪͣ͊ͭ ;͙͔ͫ͡Έͤͦ ͊͋ͦ ͎ͪ͊ͺ͜;ͤͦΦ 

˨͡Ύ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍͙ͤ͊ͯͦ͟ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͙͒ͦͫͭΈ ͔ͺ͔͙͍͙ͭͤͣ͟ ͊ͫͦ͋ͦͣ͘ Ί ͦ͋ΩΊͭ͟ ˿̂˹ ̅ͦͪͯͣΦ ˤ͙͊͒͊͟͡; ͔ͣͦ͗ 
͔͍͙͙ͨͪ͒ͫͭ͊ͭ ͒͡Ύ ͎͍͔ͦ͋ͦͦͪͤͤΎ ͦͣͨ͟ΩΌ͔ͭͪͤͯ ͔ͣͦ͒͡Έ ͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͦ͋ΩΊͭͯ͟ ;͙ ͨͪͦͼ͔ͫͯΣ ͊ ͔͙ͫͭͯ͒ͤͭ ͍͙͙ͫͯͤͯͭ ͍ͫͦ͝ ͎͔͙ͨͦͭ͘͜Σ 
͍͔͙͒ͦͫͭ ͊͋ͦ ͍͙ͫͨͪͦͫͭͯ͊ͭ ͝ͻΦ  
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˨͔ͣͦͤͫͭͪ͊ͼ͜Ύ ͔͔͚ͣͦ͒͡ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͦ͋ΩΊ͍ͭ͟͜ Ί ͤ͊ͦ;ͤͦΌ ͦͨͦͪͦΌ ͒͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͙ͦͤͪͭͤ͟͟ͻ ͍ͦ͋ͪ͊͘͜ ͦ͋ΩΊ͍ͭ͟͜Σ 
ͤ͊ ͍ͦͫͤͦ͜ Ύ͙͟ͻ ͺͦͪͣͯΌͭΈͫΎ ͍ͤ͊ͯͦ͟͜ ͨͦͤΎͭͭΎΣ ͊ ͭ͊ͦ͗͟ Ί ͊ͫͦ͋ͦͣ͘ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͙͒ͯͣ͟ ͔ͫͭͯ͒ͤͭ͊Σ ͦͫ͟͜͡Έ͙͟ ͘ ͝ͻ ͎͒ͦͨͦͣͦͦΌ 
ͣͦ͗ͯͭΈ ͙͋ͯͭ ͪ͊͟΅͔ ͍͙͔͒ͤ͜͜͡ ͍͙͍͊ͫͭͦͫͭ͜͡ ͦ͋ΩΊͭ͊͟ ͜Σ Ύ͟ ͤ͊ͫ͒ͦ͜͟͡Σ ͪ͊͟΅͔ ͍͔͔͔ͨͪͦ͒ͤ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎΦ ˤ͙ͦͤ ͍ͫͭͦͪΌΌͭΈ ͭ͊ͦ͗͟ 
͔ͣͦͼ͚͙͚ͤ͜ ͺͦͤ ͍͊ͫͦ͘ΊͤͤΎΣ ͔͋͘ Ύ͎ͦͦ͟ ͤ͊ͤͤ͘Ύ ͔ͤ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͙͙ͪͦͯͣͣ͘͘͜͡ ͜ ͚ͤ͊͒ͤͦ͜ ͍͊ͫͦ͘Ί͙͙ͤͣ ͭ͊ ͔͔ͨͪ͒͊ΌͭΈ ͍͙͍͊ͫͭͦͫͭ͜͡ 
ͦ͋ΩΊͭ͊͟ ͯ ͍͚ͫ͜ ͝ͻ ͍ͨͦͤͦͭ͜ ͜ ͪͤͦͣ͊ͤͭͤͦͫͭ͘͜͜͜Φ  

˴ͪͣ͜ ͎ͭͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ Ί ͔ͺ͔͙͍͙ͭͤͣ͟ ͊ͫͦ͋ͦͣ͘ ͚͔͒ͫͤͤͤ͘͜Ύ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͫͨͪΎ͍ͣͦ͊ͤͦͫͭ͜ ό˥ͯͫ͊͟&˥͍ͯ͊ͭ͊͜͡Σ нлмсύΦ 
˿͒͜͡ ͊ͤ͊͘͘;͙͙ͭΣ ΅ͦ ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ ͦͣͨ͟ΩΌ͔ͭͪͤͦ͝ ͔ͣͦ͒͜͡ ͍͙͊͒͊͟͡; ͔ͣͦ͗ ͙͙ͫͦͪͫͭ͊ͭͫ͟Ύ ͋ͯ͒Έ-Ύ͙ͣ͟ ͪͯ͘;͙ͤͣ ͒͡Ύ 

ͤΈ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͔ͣΣ ͔ͦͪͣ͊͘͟Σ ͙͔͙͙ͫͫͭͣ͊ͣ ͦͣͨ͟ΩΌ͔ͭͪͤͦ͝ ͔͙͙ͣ͊ͭͣ͊ͭ͟Υ GRAN, GeoGebra, Derive, Maple, Matlab, 
aŀǘƘŜƳŀǘƛŎŀΣ aŀǘƘ/!5Σ aŀȄƛƳŀ ͭ͊ ͤ͜΄͜. 

̂ aƻƻŘƭŜ ͫͤͯ͜Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͔ͫͭͦͪͤͤΎ ͭͪΈͦͻ ͙͍ͭͨ͜ ͍ͯͪͫ͟͜Υ ͺͦͪͯͣΣ ͔͊ͤ͒͊ͪ͟͡ ό͍ͤ͊;͊͡Έͤ͜ ͣͦ͒ͯ͜͡ ͘ ͙͍ͨͪϥΎͦ͘͟Ό ͒ͦ 
͔͊ͤ͒͊ͪ͟͡ΎύΣ ͫͭͪͯͭͯͪ͊͟ ό͔͋͘ ͙͍ͨͪϥΎ͙͘͟ ͒ͦ ͔͊ͤ͒͊ͪ͟͡ΎύΦ ́͊ͦ͗͟ ͯͪͫ͟ ͔ͣͦ͗ ͙͙ͣͫͭͭ͜ ͋ͯ͒Έ-Ύͯ͟ ͟͜͡Έͫͭ͟͜Έ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͔͍ͪͫͯͪͫ͜ 
ό͍͔͋-͙ͫͭͦͪͤ͜͟Σ ͙͎͙ͤ͟Σ ͙ͨͦͫ͊ͤͤ͡Ύ ͤ͊ ͺ͚͙͊͡Σ ͎͙͊ͭ͊ͦ͟͡ύ ͜ ͍͒ͦ͜͡Έͤͯ ͟͜͡Έͫͭ͟͜Έ ͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ ͔͔͔͍ͣͤͭ͜͡ ͯͪͫͯ͟Σ ͙ͭ͊͟ͻ Ύ͟ ǿƛƪƛΣ 
͔͙͊ͤͭ͟Σ ͎͚ͦͫ͊ͪ͜͡Σ ͙͍ͦͨͭͯ͊ͤͤΎΣ ͨͦΎ͔ͫͤͤͤΎΣ ͔͙ͭͫͭΦ ̇͜ ͙͍ͣͦ͗ͦͫͭ͜͡ ͋ͯ͒ͯͭΈ ͙ͦͪͫͤ͟͜ ͔ͤ ͭ͜͡Έ͙͟ ͍͙͊͒͊͟͡;͊ͣΣ ͊ ͚ ͔ͫͭͯ͒ͤͭ͊ͣΦ 

˿͙͔͙ͫͭͣ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͍ͤ͊;͊ͤͤΎͣ ͔ͤ ͍͙͊͗͒͘ ͨͦͨͯ͡Ύͪͤ͜ ͔͔ͫͪ͒ ͔͍ͫͭͯ͒ͤͭ͜ ͘ ͪΎ͒ͯ ͙ͨͪ;͙ͤΦ ˿͔͔ͪ͒ Ύ͙͟ͻ ͔ͭͻͤ͜;ͤ͜ 
ͭͪͯ͒ͤͦ΅͜Σ ͍͒ͫͯͭͤͫͭ͜͜Έ ͚͔ͦͤ͊ͦͣͤͤ͘͡Ύ ͘ ͙͔ͫͫͭͣͦΌ ͭ͊ ͔͔͍͔ͨͪ͊ͤͭ͊͗ͤͤΎ ͙͒ͫͯͫ͟͜ΊΌΦ ˻͒ͤ͊͟ ͎͊͊ͦͣ͘͡Σ ͔͙ͫͭͯ͒ͤͭ ͍͙͍ͫͦ͡͡ΌΌͭΈ 
͙͙͍͔ͨͦͭͤ͘ ͍͔ͫͭ͊ͤͤ͡Ύ ΅ͦ͒ͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ aƻƻŘƭŜ ͍ ͍͚ͦͫͭͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ 
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͙́͊ͣ͟ ;͙ͤͦͣΣ ͍͊ͨͪͦͨͦͤͦ͊ͤ͘͜ ͨ͒͜ͻ͙ͦ͒ ͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡Ύ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͦͤͭͤͭͯ͟ ͙͊ͫͦ͋͊ͣ͘ ͙͔͙ͫͫͭͣ ͍ͯͨͪ͊ͤͤ͜͡Ύ 
͍ͤ͊;͊ͤͤΎͣ aƻƻŘƭŜ ͤ͊͘;ͤͦ ͍͙ͨ͒͜΅ͯΌͭΈ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͍ͤ͊;͊ͤͤΎΣ ͔͎ͨͦ͡΄ͯΌͭΈ ͪͦͯͣͤͤ͘͜Ύ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Σ 
͍͙ͨ͒͜΅ͯΌͭΈ ͔͔ͤͭͪͫ͜ ͒ͦ ͍͙͍;͔ͤͤΎ ͙͒ͫͼ͙͙ͨͤ͜͡ ͭ͊ ͙͙͍ͨͦͭͤͦ͘ ͍͙͍ͨ͊͡ΌͭΈ ͤ͊ ͚͎ͦͦ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͫͭ͜ΈΦ ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͼ͜Ί͝ 
͙͔͙ͫͫͭͣ ͤ͊͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͙͙ͪͦ͋ͭ͘ ͍ͤ͊;͊ͤͤΎ ͙ͨͪΊ͙ͣͤͣΣ ͍͙ͣͫͭͦͤͣ͘͜ ͜ ͍ͤ͊ͭ͜Έ ͙͙ͦͪͫͤͣ͟Σ ͍͊͗͊͘Ό;͙ ͤ͊ ͙͍ͣͦ͗ͫͭ͜͡Έ 
͍ͤ͊ͨͦͤΌ͍͊ͤͦͫͭ͜ ͙͙ͪͤͣ͘͜ ͺ͙ͦͪͣ͊ͣ ͔ͦͤͭͤͭͯ͟Φ 

˽ͦ͒͊͡Έ΄͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͫͨͪΎ͍ͣͦ͊ͤ͜ ͤ͊ ͍͙͍;͔ͤͤΎ ͤ͜΄͙ͻ ͍͙͍͒͜ ͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡Ύ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͦͤͭͤͭͯ͟ ͭ͊ 
͍ͫͨͨͪ͊͜ͼ͜ ͍͙͊͒͊͟͡;͊ ͜ ͔ͫͭͯ͒ͤͭ͊ ͙͊ͫͦ͋͊ͣ͘ ͫͯ;͙͊ͫͤͻ ͍ͦͫͭͤ͜͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ 

 

˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 
1. ˣ͎͚ͯ͊;ͯ͟ ˴Φ˶Φ ˭ͣ͜΄͔͊ͤ ͍ͤ͊;͊ͤͤΎΥ ͔͔͙ͭͦͪͭ;͙͚ͤ ͊ͤ͊͘͜͡ ͭ͊ ͔͎ͫͭͪ͊ͭ͜Ύ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ ͍͚ͦͫͭͤ͜͜ ͨͪͦͼ͔ͫ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ 
͍͊͊͒͘͟͜͡Φ ˱ͤͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͜ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎΥ ͔͔͔ͭͪͦͤͤ͟͡ ͍͔ͤ͊ͯͦ͟ ͺ͊ͻ͍͔ͦ ͍͙͒͊ͤͤΎΣ нлмс ́ͦͣ рпΦ ЅпΦ ˿Φм-18. 
URL: https://journal.iitta.gov.ua/index.php/itlt/article/view/1434 ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘ΎΥ нуΦл5.2019) 

2. ˤ͙΄͍ͤͫ͜Έ͙͚͟ ˤΦ ˤΦΣ ˥͔ͤ͒ͤͦ͜͟ ˸Φ ˽ΦΣ ˥͚͊͒ͯͪ ˥Φ ˱ΦΣ ˱͡Έͤ͝ ˻Φ ˻Φ ˻͎ͪ͊ͤ͊͘͜ͼ͜Ύ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎΦ ˿͍͔ͭͦͪͤͤΎ 
͔͔͙ͭͪͦͤͤ͟͡ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͍ͯͪͫ͟͜ ͭ͊ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͔͍ͭͫͭ͜Υ ͤ ͍͊;Φ ͨͦͫΦ ˴͙͍͝Υ ˨̂́Σ нлмпΦ мпл ͫΦ 

3. ˥ͯͫ͊͟ ˶Φ˽ΦΣ ˥͍ͯ͊ͭ͊͜͡ ˱Φ˻Φ ˸͔͙͊ͭͣ͊ͭ;͔ͤ ͔ͣͦ͒͡Ό͍͊ͤͤΎ Ύ͟ ͊ͫ͋͘͜ ͚͔͒ͫͤͤͤ͘͜Ύ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͫͨͪΎ͍ͣͦ͊ͤͦͫͭ͜ ͍ͤ͊;͊ͤͤΎ 
͔͙͙ͣ͊ͭͣ͊ͭ͟ ͤ͊ ͔ͦͤͦͣ͟͜;͙ͤͻ ͔ͫͨͼ͊͜͡ΈͤͦͫͭΎͻ ˤ˹˭Φ ˹͍͙͚͊ͯͦ͟ ͍͙ͫͤ͜͟ ͎̂͗ͦͪͦ͒ͫΈ͎ͦͦ͟ ͍͔͙͔ͯͤͪͫͭͭͯ͜Φ ˿͔ͪ͜ΎΥ ζ˽͔͎͎͒͊ͦ͊͜͟Φ 
˿ͦͼ͊͜͡Έͤ͊ ͪͦ͋ͦͭ͊ηΣ нлмсΦ ˤ͙ͨͯͫ͟ м όоуύΦ ˿. 105-107. 

4. ˥͔͍͙ͯͭ͟; ˿Φ˻ΦΣ ˻ͤ͜΅͔ͤͦ͟ ˱Φ˥Φ ˿͍͍͙͚ͭͦ͜ ͍͚ͦͫͭͤ͜͜ ͨͪͦͫͭͪ͜Υ ͔͔ͭͤ͒ͤͼ͜͝ ͭ͊ ͔͔͙͍͙ͨͪͫͨͭ͟ ͍͙ͪͦͭͯ͘͟ ͍ ͍ͯͣͦ͊ͻ ͎ͦ͋͊͊͘͜͡͡ͼ͜͝Υ 
͎ͣͦͤͦͪ͊ͺ͜ΎΦ ˴͙͍͝Υ ˹́̂̂ ζ˴˽˱ηΣ нлмпΦ нлр ͫΦ  

5. ˴͍ͦ͊͡Έ ́ΦΣ ˢ͍ͪ͊ͣ;ͯ͟ ˢΦΣ ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙͔͙ͫͫͭͣ MOODLE ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ ͣͯ͡Έ͙͔͚͙ͭͣ͒ͤ͜ͻ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍ͦͫͭͤ͜͜ͻ ͔͍ͪͫͯͪͫ͜ 
͘ ͍͙ͣͦͤͻ ͙͒ͫͼ͙ͨͤ͜͡Υ ͙͚͊ͪͯ͋͗ͤ͘͜ ͜ ͍ͭ͜;͙ͤ͘Ύ͙͚ͤ ͍͒ͦͫ͒͜Φ ˽͔͎͎͒͊ͦ͜;͙͚ͤ ͨͪͦͼ͔ͫΥ ͔ͭͦͪ͜Ύ ͜ ͙ͨͪ͊ͭ͊͟͟ ό͔ͫͪ͜ΎΥ ˽͔͎͎͒͊ͦ͊͜͟ύ, 
нлмсΦ Ѕ н όроύΦ ˿Φ фо-99. 

6. ͙́ͪͯͫ ̑Φ ˤΦΣ ˥͔͙͔ͪ͊ͫͣͤͦ͟ ˱Φ ˤΦΣ ̅ͪ͊ͤ;ͯ͟ ˤΦ ˸ΦΦ ˿͙͔ͫͭͣ͊ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͍ͤ͊;͊ͤͤΎ ˤ˹˭ ͤ͊ ͋͊͘͜ ahh5[9Υ ͔ͣͭͦ͒. ͨͦͫΦ 
͔͙̉ͪ͊ͫ͟Υ ̉˨́̂Σ нлмнΦ ннн ͫΦ  

7. 5 Types of Higher Education Technology You Should be Investing In. URL: https:// www.qs.com/ (Last accessed: 15.09.2019). 
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MODERN EDUCATIONAL TECHNOLOGIES: PECULARITIES OF INTODUCING EDUCATIONAL CONTENT 
Inna Hulivata, Iryna Nikolina 

Vinnitsa Institute of Trade and Economics of KNUTE, Ukraine 
Abstract. 
Formulation of problem. The growth of the interest in information-communication technologies (ICT) and its significant influence on the way of 

life, notably, professional work of Ukrainians from the one side and modern students, who are growing up in the information 
society, modern science technologies for distance and electronic learning, which is gaining rapid popularity in Ukraine ς from the 
other side effectively enhance the formation of the new institute of education in the field of student-sintered education and 
teaching. In the light of the above, comes the problem of introducing the educational content, taking into account new tendencies 
in the way of student-centered education, flexibility and affordability of education. 

Materials and methods. The theoretical and empirical methods of research were used to achieve and answer the problem of this article: the 
research of scientific, educational and methodological literature pedagogical monitoring and observation of the students` learning 
process in higher educational institution. 

Results. The primary outcome of the article is to show the advantages of the distance learning (DL), define the key features of the organizational 
sphere of DL of educational institutions. It is described the peculiarities of introducing the educational content with the help of 
means of organizational system of learning (OS[ύ aƻƻŘƭŜ ǳǎƛƴƎ ŀǎ ŀƴ ŜȄŀƳǇƭŜ ƻƴŜ ƻŦ ǘƘŜ ŎƻǳǊǎŜȫǎ ζCǳǊǘƘŜǊ ŀƴŘ !ǇǇƭƛŜŘ 
aŀǘƘŜƳŀǘƛŎǎη ǘƘŜƳŜΦ In the context of this topic it is proposed such elements: lecture (in different forms of teaching instruction), 
testing assessment, supplementing media-materials, personalized assessments with attached answers, demonstrational computer 
models. Proposed teaching methods are intended to change the approach to delivering learning material in distance education, but 
also in lecturing. 

Conclusions. Taking into account the functionality of OSL Moodle, specifically possibility to adapting different forms of content, the studying 
process in the outcome of learning Further Mathematics should become more understandable, enjoyable, beneficial for students, 
and the proposed approach to introducing the educational content will positively influence the understanding of educational 
material, increase students` engagement in the learning process of the course and positively influence the restiveness of the 
educational process on the account of building students` personalized trajectory of learning. 

Keywords: educational technologies, the guidance educational system, content. 
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ˤ͔ͫ ͼ͔ ͍͙͎ͣ͊͊Ί ͍͙ͨͦ͋ͯ͒ͦ ͭ͊ͦ͟͝ ͔͙ͣͭͦ͒;ͤͦ͝ ͙͔͙ͫͫͭͣΣ Ύ͊͟ ͋ͯ͒ͯΊͭΈͫΎ ͤ͊ ͙ͣ͗͒ͫ͜ͼ͙͙ͨͤ͊ͪͤ͜͡ͻ ͍͘ΩΎ͊͘͟ͻΣ Ύ͊͟ ͒͊ͭͤ͊͘ ͒ͦ 
͎ͫ͊ͣͦͦͪ͊ͤ͊͘͜ͼ͜͝ ͭ͊ ͍͔ͫ͊ͣͦ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͯ ͫͯ;͙͊ͫͤͻ ͍ͯͣͦ͊ͻ ͋ͯͭͭΎΦ ˻͒ͤ͜ΊΌ ͘ ͙ͭ͊͟ͻ ͨ͒͜ͻ͍ͦ͒͜ Ί ͙͔͎͔͙ͫͤͪͭ;͙͚ͤΣ Ύ͙͚͟ ͋͊ͯ͘ΊͭΈͫΎ 
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ͯ ͍͒ͦͣͤͯ͊ͤͤ͜͜ ͯ ͍͚ͦͫͭͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙ͫ͊ͣͦͦͫͭ͜Σ ͎ͫ͊ͣͦͦͪ͊ͤ͊͘͜ͼ͜͝Σ ͍ͫ͊ͣͦͪΎ͍͒ͯ͊ͤͤΎ ͚ ͨͦ͡Ύ͎͊Ί ͯ ͙ͫͭͣͯ͡ΌΌ;ͦͣͯ ͍͙͍ͨ͜͡ ͤ͊ 
͙ͭͻΣ ͻͭͦ ͍ͤ͊;͊ΊͭΈͫΎΣ ͘ ͔ͣͭͦΌ ͝ͻ ͍͙ͫ͊ͣͦͪͦͭͯ͘͟ ͯ ͨͪͦͼ͔ͫ͜ ͍͙ͫͨͪͦ͋ͭͤ͜͜ͼ͍ͭ͊ ͘ ͤ͜΄͙͙ͣ ͡Ό͒Έ͙ͣΣ ͙ͨͪͪͦ͒ͦΌ ͭ͊ ͙ͫ͊ͣͣ ͘ ͫͦ͋ͦΌΦ ˢ 
ͼ͔ ͍͚ͪ͊͟ ͍͙͍͊͗ͦ͡ ͒͡Ύ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͣͦͪͫΈͦ͟͝ ͎͊ͯ͘͜͡Σ ͪͦ͋ͦͭ͊ Ύ͙͟ͻ ͚ͨͦͫͭͤͦ͜ ͍͙͎ͣ͊͊Ί ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͔͙ͤͫͭ͊ͤ͒͊ͪͭͤͻ ͊͒͊͘; ͜ 
͍͙͎ͣ͊͊Ί ΄͍͙͙͒͟ͻ ͪ͊ͼͦͤ͊͜͡Έ͙ͤͻ ͪ͜΄͔ͤΈΣ ͙ͨͪ ͼΈͦͣͯ ͍ͨͦΩΎ͊ͤ͊͘ ͘ ͚͙ͨͦͫͭͤͣ͜ ͙͙ͪͦͣ͘͟Σ ͔͔͔ͤ͋ͨͦ͘͟Ό ͭ͊ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦΌ 
͎ͤ͊ͨͪͯͦΌΦ ˭͎͒ͤͦ͜ ͘ ͙͙͒͊ͤͣ ͔͒ͦͫ͒͗ͤ͜͡Έ ͜ ͙͎ͦͫͦ͋ͫͭͦͦ ͍͒ͦͫ͒ͯ͜ ͍͒ͦͫ͒͜;͔͙ͤͻ ͺ͊ͻ͍͜ͼ͍͜ ͣͦͪͫΈͦ͟͝ ͎͊ͯ͘͜͡Σ ͎͍ͦͦͤͦ͡Ό ͙ͨͪ;͙ͤͦΌ 
͍͚͊͊ͪͤͦͫͭ͜͜ ͯ ͣͦͪ͜ Ί ͡Ό͒ͫΈ͙͚͟ ͺ͊ͭͦͪ͟Φ ˿͔͊ͣ ͙͙ͨͦͣ͟͡ ͣͦͪΎ͍͟͜ ͙͍ͨͪͦ͒͘ΎͭΈ ͒ͦ ͗͊ͻ͙͍͙͡ͻ ͍͚͊͊ͪ͜ ͤ͊ ͍ͦ͒ͤͦͣͯ ͭͪ͊ͤͫͨͦͪͭ͜Σ 
͡Ό͒ͫΈ͙͟ͻ ͔͍͗ͪͭ ͭ͊ ͔͎ͦͦ͟͜͡;͙ͤͻ ͊ͭ͊ͫͭͪͦ͟ͺΦ ˭͊ ͙͙͒͊ͤͣ ͫͭͪ͊ͻ͍ͦͦ͝ ͦͣͨ͊ͤ͟͜͝ tϧL /ƭǳō ¦Y ͙͋͘͡Έͦ͟ 25% ͍ͫ͜ͻ ͊ͭ͊ͫͭͪͦ͟ͺ ͤ͊ ͣͦͪ͜ 
͍͍͒͋ͯ͊͜ΌͭΈͫΎ ͘ ͍͙͙ͤ ͍͊ͻ͍͎ͭͦͦͦ ͨͦͣ͜;͙ͤ͊͟ ͊ͨͭ͊ͤ͊͟͜Φ ˽͙ͪ ͼΈͦͣͯΣ ͙͡΄͔ ͍ н҈ ͍͙͍ͨ͊͒͟͜ ͙ͨͪ;͙͙ͤ͊ͣ ͍͊͊ͪ͜͝ ͙͍ͤ͊͊͘ΌͭΈ ͨͦͻ͙͙͋͟Σ 
͒ͦͨͯ΅͔ͤ͜ ͘ ͍͙͙ͤ ͔ͣͻ͍͊ͤ͜͟͜Φ ˤ͊ͻ͍ͭͦ͜ ͦͺ͜ͼ͔͙ͪ ͣͯ͘΄͔ͤ͜ ͙ͣ͊ͭ ͍ͫͨͪ͊ͯ ͘ ͍͔͙ͦ͟͡Ό ͟͜͡Έͫͭ͟͜Ό ͙͒ͤ͊ͣ͜;͙ͤͻ ͍͙ͦͪͦͭͤ͘ͻ ͍͘ϥΎ͍͘͟͜Σ 
͙ͨͪ͊͒ͦͣ͟͡ ͔ͣͦ͗ ͎͍͙ͫͯͯ͊ͭ͡ ͚͔͒ͫͤͤͤ͘͜Ύ ͔͍ͣ͊ͤͪͯ ͨͦ ͪͦ͋͗ͤͦͫͭ͘͜͜ ͍ͫͯ͒͜Σ ͪͯ͡Έ͍͙͚ͦ ͍͙͔ͨͦͤͤ ͔ͣͦ͒͘͡Ό͍͙͊ͭ ͍͔ͨͦ͒ͤͯ͜͟ ͔͎͙ͦ͟͡ 
͘ ͤ͜΄͎ͦͦ ͫͯ͒ͤ͊Σ ΅ͦ͋ ͙͙ͯͤͤͯͭ͟ ͙͍ͣͦ͗ͯ͡ ͍͊͊ͪ͜ΌΦ ˿͔͊ͣ ͭͦͣͯ ͔ͣͭͦΌ ͤ͊΄ͦ͝ ͫͭ͊ͭͭ͜ ͋ͯͦ͡ ͙͙ͪͦ͋ͭ͘ ͊ͤ͊͘͜͡ ͙͔͎͔͙ͫͤͪͭ;͎ͤͦͦ 
ͨ͒͜ͻͦ͒ͯ ͒ͦ ͍ͤ͊;͊ͤͤΎ Ύ͟ ͍͎ͤ͊ͯͦͦͦ͟ ͔ͣͭͦ͒ͯ ͍ͤ͊;͊ͤͤΎ ͍͙΅ͦ͝ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͍ͫͯ͒ͤͦͦ͒͜͝ ͯ ͍͙΅ͦͣͯ ͣͦͪͫΈͦͣͯ͟ 
͍ͤ͊͊͡Έͤͦͣͯ ͊͊͒͘͟͜͡Φ 

ˢͤ͊͘͜͡ ͔͒ͦͫ͒͗ͤ͜͡Έ ͭ͊ ͨͯ͋͊͜͟͡ͼ͚͜Φ ˸͔͎ͭͦ͒ͦͦ͜͡Ύ ͙͔͎͔͙͙ͫͤͪͭ͟ ͙͒ͦͫͭΈ ΄͙ͪͦͦ͟ ͍͙͍ͪͦ͊͘ΊͭΈͫΎ ͍͊͒͘Ύ͙͟ ͍͙ͤ͊ͯͦͣ͟ 
ͨͦ΄ͯ͊ͣ͟ ˤΦˢͤ͒ͪΊΊ͍͊Σ ˶Φ˭ͦͪͤͦ͜͝Σ ˤΦ˾͔͒Όͻ͙ͤͣ͜Σ ͍ͦ͒ͤͦ;͊ͫ ͍͙ͦͫͤͦ ͙͔͎͔͙͙ͫͤͪͭ͟ ͔͊͊͒ͤͦ͘͟͡ ˥Φ͔̊ͺ͔ͪͦͣΦ ˭ΩΎ͍ͫͦ͊ͤͦΣ ΅ͦ ͍ͦͫͤͦͯ 
͙͔͎͔͙͙ͫͤͪͭ͟ ͫ͊͒͊͟͡ΌͭΈ ͔ͫ͊ͣ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͜ ͔ͣͦ͒͜͡ ͯ ͙͙ͨͪͪͦ͒ͤ;͙ͻ ͭ͊ ͫͦͼ͊͜͡Έ͙ͤͻ ͔ͨͪͦ͋ͣ͊͡ͻΦ ˿͔͊ͣ ͨͦͤΎͭͭΎ ζ͙͔͎͔͙ͫͤͪͭ͊͟η 
όͯ ͔͔ͨͪ͊͒͟͜͡ ͘ ͎͔ͪͼΈͦ͟͝ ζ͙ͫͤ ˩͎ͪͦͫη ς ͫͨ͜͡Έͤ͊ ͒͜Ύύ ͯ мфто ͪͦͼ͜ ͍͍͍͜ ˥Φ͔̆͊ͤ͟Φ ˽͔ͪ΄͊ ͦͤ͟ͺ͔͔ͪͤͼ͜ΎΣ Ύ͊͟ ͋ͯ͊͡ ͙͍ͨͪͫΎ;͔ͤ͊ 
͙͔͎͔͙ͫͤͪͭ;͙ͤͣ ͨ͒͜ͻͦ͒͊ͣ ͒ͦ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͙ͣ͗͒ͫ͜ͼ͙͙ͨͤ͊ͪͤ͜͡ͻ ͔ͨͪͦ͋ͣ͡ ΄͡Ύͻͦͣ ͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͍͒͋ͯ͊ͫ͜͡Ύ 
΅͔ ͯ мфср ͪͦͼ͜Σ ͊ ͊ͭͯ͊͟͡Έͤͫͭ͜Έ ͍͔͙ͨͦͫͭ͊ͤ͡ͻ ͔ͨͪͦ͋ͣ͡ ͤ͊ ͦͤ͟ͺ͔͔ͪͤͼ͜͝ ͜ ͯ ͤ͊΄͜ ͒ͤ͜ ͙͡΄͔ ͪͦͫͭ͊͘ΊΦ 

 
˸˩́˻˨ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 

ˢͤ͊͘͜͡ ͭ͊ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜Ύ ͍ͤ͊ͯͦͦ͟-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͔͙ͭͪ͊ͭͯͪ͜͡ ΅ͦ͒ͦ ͔ͪ͊͊͘͜͡ͼ͜͝ ͙͔͎͔͙ͫͤͪͭ;͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ ͒ͦ ͍ͤ͊;͊ͤͤΎ 
͍͙΅ͦ͝ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͍ͫͯ͒ͤͦͦ͒͜͝Φ 

 
˾˩˭̂˶̎́ˢ́ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 

ˢͤ͊͘͜͡ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼΈ όˢ͔͔͍ͤ͒ͪ, 1996; ˽ ͙͎͙ͪͦ͗ͤ, 1986; ̅ ͔͍͒ͦͪͦ͊, 2004; ̆ ͔͊ͤ͟Σ мфурύ ͍ͨͦ͊͊͘͟Σ ΅ͦ ͔ͤͣ͊Ί Ί͙͎͒ͤͦͦ 
ͨ͒͜ͻͦ͒ͯ ͒ͦ ͭͯͣ͊͡;͔ͤͤΎ ͙͔͎͔͙͙ͫͤͪͭ͟Σ ͙͔͎ͫͤͪ͜͝Σ ͙͔͎͔͙ͫͤͪͭ;͎ͤͦͦ ͨ͒͜ͻͦ͒ͯΤ ;͙ͣ͊ͦ͡ ͫͨͪͦ͋ ͍͙ͤ͊͘;͙͙ͭ ͫ͊ͣ ͔͔ͨͪ͒ͣͭ 
͙͔͎͔͙͙ͫͤͪͭ͟Φ ˻͔͒ͤ ͟͡Ό;͍͔ͦ ͨͦͤΎͭͭΎΣ Ύ͔͟ ͔͙͍ͤͪͦͪͤͦ͘ ͍ͨͦΩΎ͊ͤͦ͘ ͘ ͙͔͎͔͙ͫͤͪͭͦ͟ΌΣ ͼ͔ ͙͔ͫͫͭͣ͊ ό͍͙͍ͫ͊ͣͦͪͦ͊͘Ό;͊Σ 
͍͍ͫ͊ͣͦ͒ͦͫͦͤ͊͟͡ΌΌ;͊Σ ͔͍ͫ͊ͣͦͦ͡Όͼͦͤͯ͜Ό;͊Σ ͔͚ͤͫͭ͊͜͟ύΦ ͙́ͣ ͙ͫ͊ͣͣ ͘ ͔͎ͣͭͦ͒ͦͦ͜͡;ͤͦ͝ ͙ͫͭͦͪͦͤ ͼΈ͎ͦͦ ͙ͨͭ͊ͤͤΎ ͘ 
͙͔͎͔͙ͫͤͪͭ;͙ͤͣ ͨ͒͜ͻͦ͒ͦͣ ͔͙͍ͤͪͦͪͤͦ͘ ͍ͨͦϥΎ͙͚͊ͤ͘ ͙͔͙͚ͫͫͭͣͤ ͨ͒͜ͻ͒͜Φ ˥Φ͔̆͊ͤ͟ ͍͍͒͊͊ ͍͙ͤ͊͘;͔ͤͤΎ ͙͔͎͔͙͙ͫͤͪͭ͟ Ύ͟ 
͎͔͋͊͊ͭͦͦͣͨͦͤͤͭͤͦ͟͝ ͙͔͙ͫͫͭͣΣ ΅ͦ ͍ͯͭͦͪΌΊͭΈͫΎ ͯ ͔ͪͯ͘͡Έͭ͊ͭ͜ ͙͔ͫͤͭͯ͘ ͭͪΈͦͻ ͔ͨͪ΄͔͔ͦ͒͗ͪ͡Σ ͊ ͔ͫ͊ͣΥ ͔ͣͦ͒͡Ό͍͊ͤͤΎΣ ͺͦͫͦ͜͡ͺ͜͝ 
ͭ͊ ͤ͊ͤ͘Έ ͘ ͔͍ͨͤͦ͝ ͔͔ͨͪ͒ͣͭͤͦ͝ ͙͒ͫͼ͙͙ͨͤ͜͡ ό͙ͪͫΦ мύΦ 

 
˾͙ͫΦ мΦ ˿ͭͪͯͭͯͪ͊͟ ͙͔͎͔͙͙ͫͤͪͭ͟ ͊͘ ˥Φ ͔̆͊ͤͦͣ͟ 

 
˻͙͍ͫͦ͋ͫͭ͜͡Έ ͙͔͎͔͙͙ͫͤͪͭ͟ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͙ͭͣΣ ΅ͦ ͼ͔͚ ͨ͒͜ͻ͒͜ ͍͒ͦͦ͘͡ΎΊ ͍ͪͦ͘ΩΎ͍͙ͯ͊ͭ͘ ͊͒͊͘;͜ ͙ͪͤ͘͜ͻ ͎͔͚͊ͯ͘͡ ͤ͊ͯ͟Φ ˨͡Ύ 

͙͔͎͔͙͙ͫͤͪͭ͟ ͍͙͍͙͊͗ͣ͡ Ί ;ͭ͊͜͟ ͍ͨͦͫͭ͊ͤͦ͊͟ ͍͊͒͊ͤͤ͘Ύ ό͍͊͒͊ͤͤ͘Ύ ͔ͦͪͭͤͦ͟͟ ͫͺͦͪͣͯ͡Έ͍͔ͦ͊ͤΣ ͊͒͊ͤ͊͘ ͦ;͍ͯ͊ͤ͊͜͟ ͭͦ;ͤͫͭ͜Έ 
͍͍͒ͨͦ͒͜͜͜ύΦ ˭͊ ͼ͙ͻ ͎͍͙ͦͦͤ͡ͻ ͍ͯͣͦ ͙͔͎͔͙ͫͤͪͭ͊͟ ͙͊ͫͦ͋͊ͣ͘ ͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͒͊Ί ͍͍͒ͨͦ͒͜͜Έ ͤ͊ ͋ͯ͒Έ-Ύ͙͚͟ ͙͊ͨͭ͘ 
͙ͤ͊ͯ͟Σ ͔ͭͻ͙ͤ͜͟ ͊͋ͦ ͫͦͼͯͣͯ͜Φ 

ˤ͙͍͙͊͗ͣ͡ ͔͊ͫͨͭͦͣ͟ Ί ͔ͭΣ ΅ͦ ͙͔͎͔͙ͫͤͪͭ͊͟ ͍͙ͫͭͯͨ͊Ί Ύ͟ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͊ ͙͒ͫͼ͙ͨͤ͊͜͡Φ ˸͔͙͊ͭͣ͊ͭ;͔ͤ ͔ͣͦ͒͡Ό͍͊ͤͤΎ 
͙ͫ͊͒ͤ͟͡ͻ ͦ͋ΩΊ͍ͭ͟͜Σ ͨͪͦͼ͔͍ͫ͜ ͊͋ͦ ͦ͋;͙ͫ͡Ό͍͊͡Έ͙ͤͻ ͔͔͙͔͍ͫͨͪͣͤͭ͟͜ ͙ͤͦ͜͟͡ ͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ ΄͡Ύͻͦͣ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͍ͪͤ͜ΎͤΈ ͘ 
͔͒͟͜͡Έͦͣ͊͟ ͔͍͙͙ͤ͒ͦͣͣ͜Φ 

˸͔͙͊ͭͣ͊ͭ͊͟ ͣ͊Ί ͎͙͍͙͚ͦͤͭͤ͟͜ ͔ͨͦͭͤͼ͊͜͡ ͍ ͙͙ͨͪͪͦ͒ͤ;͙ͻΣ ͔͔͙ͤ͗ͤͪͤ͜ͻΣ ͜Σ ͍ͤ͊ͭ͜ΈΣ ͯ ͎͙ͯͣ͊ͤͭ͊ͪͤ͜ͻ ͙͒ͫͼ͙ͨͤ͊͜͡ͻΦ 
˥͍͙ͦͦͤͣ͡ ͙͔ͫͭͪ͗ͤͣ ͙͔͎͔͙͙ͫͤͪͭ͟ Ί ͍ͨͦ͋ͯ͒ͦ͊ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͔ͣͦ͒͜͡ Ύ͍͙΅͊ ͯ ͍͙͎͡Ύ͒͜ ͙͒ͤ͊ͣ͜;ͤͦ͝ ͙͔͙ͫͫͭͣ ͍ͪͤ͜ΎͤΈΦ 

˿ͯ;͊ͫͤ͜ ͍;͔ͤ͜-͔͙͙ͣͭͦ͒ͫͭ ͨͪͦͨͦͤͯΌͭΈ ͙ͭͪ ͙ͫͨͦͫͦ͋ ͔ͪ͊͊͘͜͡ͼ͜͝ ͙͔͎͔͙ͫͤͪͭ;͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ ͯ ͨͪͦͼ͔ͫ͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ 
͎͍͙ͨ͒ͦͭͦ͜͟ όͯ ͤ͊΄ͦͣͯ ͍͙ͨ͊͒ͯ͟ ͺ͊ͻ͍͜ͼ͍͜ ͣͦͪͫΈͦ͟͝ ͎͊ͯ͘͜͡ύΥ 

1. ˿͙͔͎͔͙ͤͪͭ͊͟ ͒͡Ύ ͍͙ͦͫͭ͜ ό͍͍͔͔͒ͤͤΎ ͍͙ͤͦͻ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͔͎ͤͭͪ͊͜ͼ͚͙ͤ͜ͻ ͍ͯͪͫ͟͜Σ ΅ͦ ͍͟͡Ό;͊ΌͭΈ ͼ͙͟͡ ͙͒ͫͼ͙ͨͤ͜͡ 
͎͊͊͘͡Έ͍͎ͤͦͤ͊ͯͦͦͦ͟ ͭ͊ ͨ ͪͦͺ͔͚͎ͫͤͦͦ͜ ͫͨͪΎ͍ͣͯ͊ͤͤΎύΦ 

2. ˿͙͔͎͔͙ͤͪͭ͊͟ ͍͙ͦͫͭ͜ ό͙͔͎͔͙ͫͤͪͭ;ͤͫͭ͜Έ ͎ͫ͊ͣͦͦ ͨͪͦͼ͔ͫͯ ͍͙ͦͫͭ͜Σ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͭ͊ ͤ͊ͤͤ͘ΎύΦ ˭ ͙ͨͦ͘ͼ͜͝ 
͙͔͎͔͙ͫͤͪͭ;͎ͤͦͦ ͨ͒͜ͻͦ͒ͯΣ ͔ͣͭͦΌ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͫͯ;͎͊ͫͤͦͦ ͊͊͒ͯ͘͟͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͣͦͪͫΈ͎ͦͦ͟ ͫͨͪΎ͍ͣͯ͊ͤͤΎ Ί 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍͙͍ͫͦͦ͊͟͟͜͡ͺ͍͎ͦ͊ͤͦͦ͜͟ ͺ͊ͻ͍͜ͼΎΣ ΅ͦ ͍͙͍ͫ͊ͣͦͪͦ͊͘ΊͭΈͫΎΣ ͙ͦ͟͡ ͣͫͭ͘͜ ͍ͤ͊;͊͡Έͤͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͍͙͎ͣ͊͊Ί ͍͙ͤͦͻ ͙ͨͪͤͼ͙͍ͨ͜ ͍ͫͭͪͯͭͯͪͯ͊ͤͤ͟ΎΣ ΅ͦ ͍͙͍͒͋͊͜ΌͭΈ ͼͫͤͯ͜͜͡ ͙͔ͫͫͭͣͯΥ ͡Ό͙͒ͤ͊ ͭ͊ ͍ͫͭ͜ ͎͊͊ͦͣ͘͡Φ 

3. ˿͙͔͎͔͙ͤͪͭ͊͟ ͍ ͍ͦͫͭ͜͜ ό͍͟͡Ό;͔ͤͤΎ ͒ͦ ͔͙ͦͪͣ͟ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͔͍ͣ͊ͭͪ͊͜͜͡Σ Ύ͟͜ ͔͒ͣͦͤͫͭͪͯΌͭΈ ͙ͨͪͤͼ͙͙ͨ 
͙͔͎͔͙͙ͫͤͪͭ͟Τ ͍͔ͫͭͦͪͤͤΎ ͙ͣ͗͒ͫ͜ͼ͙͎ͨͤ͊ͪͤͦͦ͜͡ ͎͒͊ͦͯ͜͡Τ ͍͔ͫͭͦͪͤͤΎ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͼͫͤͫͭ͜͜͜͡Έ ͙ͤ͊ͯ͟ ͭ͊ ͤ͊ͤͤ͘ΎύΦ  

̒͟ ͨͦ͊ͯ͘͟Ί ͍͒ͦͫ͒͜ ͙ͪͦ͋ͦͭ ͯ ͍͙΅ͦͣͯ ͣͦͪͫΈͦͣͯ͟ ͊͊͒͘͟͜͡Σ ͊͒͊͘;͜Σ ͣͫͭ͘͜ Ύ͙͟ͻ ͍͍͒ͨͦ͒͊͜͜Ί ͨͪͦͺ͔͚ͫͤͦͣͯ͜ ͔͔ͤͭͪͫͯ͜ 
͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͣͦͪͫΈͦ͟͝ ͎͊ͯ͘͜͡Σ ͎͒ͦͨͦͣ͊͊ΌͭΈ ͙͙ͪͦͪͭ͘͟ ͫͯͭͤͫͭ͜Έ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͨͦͤΎͭΈΣ ͙͙͙͋ͭ͘͘͡ ͔ͭͦͪ͜Ό ͭ͊ ͙ͨͪ͊ͭͯ͟͟Σ 
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ͺ͍͙ͦͪͣͯ͊ͭ ͯ ͍ͯͪͫ͊ͤͭ͟͜ ͍͒͜;ͯͭͭΎ ͤ͊͘;ͯ΅ͦͫͭ͜ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͍ͣͭͦ͒͜Σ Ύ͟͜ ͍ͫͭͦͪΌΌͭΈ ͚͙͚ͤ͊͒ͤ͜ ͺ͔ͯͤ͒͊ͣͤͭ ͒͡Ύ ͨͦ͒͊͡Έ΄ͦ͝ 
ͯͫͨ͜΄ͤͦ͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˹͍͔͔͊͒ͣͦ ͙ͨͪ͊͒͟͡ ͔ͪ͊͊͘͜͡ͼ͜͝ ͙͔͎ͫͤͪ͜͝ Ύ͟ ͙ͣ͗͒ͫ͜ͼ͙͎ͨͤ͊ͪͤͦͦ͜͡ ͎͒͊ͦͯ͜͡ ͣ͗͜ ͔͙ͣ͊ͭͣ͊ͭͦ͟Ό 
ͭ͊ ͣͦͪͫΈͦ͟Ό ͍͎ͤ͊͊͜ͼ͜ΊΌ ΄͡Ύͻͦͣ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͙͎͔͙ͭͪͦͤͦͣͭͪ;͙ͤͻ ͊͒͊͘; ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͫͨͪΎ͍ͣͯ͊ͤͤΎ ͍ͫͯ͒ͤͦͦ͒ͤͤ͜ΎΦ 

˭͍͊ͫͭͦͫͯ͊ͤͤΎ ͙͎͔ͭͪͦͤͦͣͭͪ͜͝ ͯ ͍ͫͯ͒ͤͦͦ͒ͤͤ͜͜ ͍͎͒ͪ͊͜͜Ί ͍͚ͪ͊͟ ͍͙͍͊͗ͯ͡ ͪͦ͡ΈΣ ͭ͊͟ Ύ͟ ͪͦ͋ͦͭ͊ ͍ͫͯ͒ͤͦͦ͒͜Ύ ͍ͨͦΎ͊ͤ͊͘ ͘ 

͍͙ͣͪ͜Ό͍͊ͤͤΎͣ ͤ͊ ͔͚ͣͤ͘͜ ͍͔ͨͦͪͻͤ͜Φ ˭ ͎͔͎ͦͪ͊ͺ͜͝ ͍͒ͦͣͦ͜Σ ΅ͦ ͋ͯ͒Έ-Ύ͊͟ ͣ͊ͨ͊ - ͼ͔ ͨͦ͒͊ͤͤΎ ͤ͜ͺͦͪͣ͊͜͝ ͔͍͎ͨͤͦͦ ͻ͔͊ͪ͊ͭͪͯ͟ ΅ͦ͒ͦ 
;͙͙͊ͫͭͤ ͔ͣͤͦ͘͝ ͍͔ͨͦͪͻͤ͜Σ Ύ͊͟ ͯ ͍ͫͦΌ ;͔͎ͪͯΣ ͣ͊Ί ͫͺ͔͙ͪ;ͤͯ ͺͦͪͣͯΣ Ύͯ͟ ͔͙͍ͤͣͦ͗ͦ͡ ͎͙ͪͦͦͪͤͯͭ͘ ͔ͤ ͨͦ΄͙͍ͦ͒͟΄͙Φ ́ͦͣͯ ͫͤͯ͜Ί 

ͭ͊͊͟ ͤ͊ͯ͊͟Σ Ύ͟ ͎͊ͪͭͦͪ͊͟ͺ͜ΎΣ Ύ͊͟ ͍͙͍;͊Ί ͍͙͍͊ͫͭͦͫͭ͜͡ ͎͊ͪͭͦͪ͊͟ͺ͜;͙ͤͻ ͔ͨͪͦ͟ͼ͚͜ - ͍͙ͯͣͦͤͻ ͍ͨͦ͋ͯ͒ͦΣ ΅ͦ ͦ͋ͪ͊͗ͯ͘ΌͭΈ ͤ͊ 
ͨͦ͡΅͙ͤ͜ ͔ͤ ͭ͜͡Έ͙͟ ͔ͦͪͣ͟͜ ͔͍͙͒ͪ͗͊Σ ͊ ͚ ͼ͜͜͡ ˭͔ͣͤ͜ ͍ͨͯ͜͟͜͡Φ ˱ͫͤͯΌͭΈ ͪͤͦͣ͊ͤͭͤ͘͜͜͜ ͔ͨͪͦ͟ͼ͜͝Σ ͔͊͡ ͯ ͣͦͪͫΈ͚͟͜ ͍͎ͤ͊͊͜ͼ͜͝ 
͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ ͔ͨͪͦ͟ͼ͜͝ ͎ͦ͊ͤ͒ͫ͡Έ͎ͦͦ͟ ͎͊ͪͭͦͪ͊͟ͺ͜ ˥͔ͪ͊ͪ͒͊ ˸͔ͪ͊ͭͦͪ͊͟ όмрмн-мрфпύΦ ˤ;͔͙͚ͤ ͤ͊ ͍ͦͫͤͦ͜ ͙ͤ͊ͦͨ͟;͔͎ͤͦͦ 
͎͊ͪͭͦͪ͊͟ͺ͜;͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͍ͫ͊͟͡ ͨͪΎͣͦͯͭͤͯ͟ ͔ͨͪͦ͟ͼ͜ΌΣ ͍ Ύ͚͟͜ ͔͙͙ͣͪ͒͊ͤ͜ ͦ͋ͪ͊͗ͯ͘ΌͭΈͫΎ ͍ͪͤͦ͜ ͍͔͙͙͒͒͊ͤͣ͜͡ 
͍͔͙ͪͭ͊͟͡Έ͙͙ͤͣ ͤ͜͜͡Ύ͙ͣΣ ͊ ͔ͨ͊ͪ͊͜͡͡ ͎͙ͦͪͦͤͭ͊͘͡Ύ͙ͣΣ Ύ͟͜ ͨͦ ͣͪ͜͜ ͍͔͒͒͊ͤͤ͜͡Ύ ͍͒͜ ͔͍͊ͭͦͪ͊͟ ͙ͦ͒ͤ ͜ ͚ͭͦ ͙͚ͫ͊ͣ ͍͒ͪͦ͘͜͜͟ ͨͦ 
΄͙ͪͦͭ͜ ͨͦ͒͊ΊͭΈͫΎ ͍͒ͪͦͣ͘͜͜͟Σ ΅ͦ ΅ͦ ͣ͊Ί ͍͙͒ͦ͗ͤͯΣ ΅ͦ ͚ͨͦͫͭͤͦ͜ ͪͦͫͭ͊͘ΊΦ ͙́͊ͣ͟ ;͙ͤͦͣ ͤ͊ ͔ͨ͊ͪ͊͜͡͡ ͯ слϲ ͍ͫ͜ ͚ͤͤ͜͜͜͡ ͙ͪͦͣͪ͘͜ 
ͯ ͍ͨͦͪͤ͜Ύͤͤ͜ ͘ ͙ͪͦͣͪ͊ͣ͘͜ ͤ͊ ͔͍͊ͭͦͪ͟͜ ͋͘͜͡Έ΄͔ͤ͜ ͍ͯ͒͜;͜Σ ͊ ͨͦ͡΅͜ ͋͘͜͡Έ΄͔ͤ͜ ͯ п ͙ͪ͊͘Φ 

˽͔ͪͦ͟ͼ͜Ύ ˸͔ͪ͊ͭͦͪ͊͟ ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͯ ͣͦͪ͜ ;͔͔ͪ͘ ͔ͭΣ ΅ͦ ͙ͦ͟͡ ͔ͦͪ͊͋͟͡Έ ͙͍͔ͨ͡Σ ͭͦ ͙ͭͪͣ͊ΊͭΈͫΎ ͔͍͎ͨͤͦͦ ͯͪͫͯ͟Σ ͊ 

͊ͨͭ͊ͤ͟͜ ͦͪ͊͋͟͡Ύ ͍͙͔ͨͦͤͤ ͦ͗ͤͦ͟͝ ͙ͣͭ͜ ͙ͣ͊ͭ ͎ͣͦͯ͘ ͍͙ͤ͊͘;͙͙ͭ ͣͫ͜ͼ͔͔ͨͦͦ͗ͤͤ͡Ύ ͫͯ͒ͤ͊ ό͙͙ͦͦͪ͒ͤ͊ͭ͟ ͫͯ͒ͤ͊ - ΄͙ͪͦͭͯΣ 

͍͎͒ͦͦͭͯύΦ ̂ ͔͍͍ͣͦͪͨ͊ͫͭ͜͡ ͍͎͒ͪ͊͜͜Ί ͍͔͙͔͟͡ ͤ͊͘;͔ͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͊ ͙͍ͪ͊͟ - ͦͫͦ͒ͪͦͣ͟͜͡ΎΣ Ύ͊͟ ͔͙ͨͪͭͤ͊Ί ͍ͫ͜ ͔͙͙ͣͪ͒͊ͤ͜ ͨ͒͜ 
͚͙ͨͦͫͭͤͣ͜ ͯͭͦͣ͟Φ ˴͔ͦͪ͊͋͡ΈΣ ΅ͦ ͙ͭͪͣ͊Ί ͯͪͫ͟ ͨͦ ͦͫͦ͒ͪͦͣ͟͜͡͝Σ ͯ ͍ͫ͜ͻ ͭͦ;͊͟ͻ ΄͡Ύͻͯ ͔͎͋ͪ͊͘͜Ί ͚͙͚ͨͦͫͭͤ͜ ͤ͊ͨͪΎͣͦ͟ ό͚͙͚ͨͦͫͭͤ͜ 
ͪͯͣ͋Σ ͙͊ͣͯͭ͘ύ ͍͒ͤͦͫͤͦ͜ ͫͭͦͪͤ͜ ͍ͫͭͯ͜Φ ˹͊ ͍͔ͨͦͪͻͤ͜ ˭͔ͣ͜͡ ͦͫͦ͒ͪͦͣ͟͜͡Ύ Ύ͍͡ΎΊ ͫͦ͋ͦΌ ͫͨͪ͊͜͡ΈΣ ͊ ͤ͊ ͔ͨͪͦ͟ͼ͜͝ ˸͔ͪ͊ͭͦͪ͊͟ ͼΎ 
ͤ͜͜͡Ύ ͦ͋ͪ͊͗ͯ͘ΊͭΈͫΎ ͨͪΎͣͦΌΦ ̒͟΅ͦ ͤ͊ ͣ͊ͨ͜ ͨͦΊ͙͒ͤ͊ͭ ͭͦ;͙͟ ͍͒͋ͯͭͭ͜Ύ ͭ͊ ͙ͨͪ͋ͯͭͭΎ ͫͯ͒ͤ͊Σ ͭͦ ͯͭ͟ ͣ͗͜ ͦͫͦ͒ͪͦͣ͟͜͡ΊΌ ͜ ͋ͯ͒Έ-
Ύͦ͟Ό ͘ ͔͔͚ͨ͊ͪ͊͡͡ ͒͊Ί ͙͊ͣͯͭ͘ ͊͋ͦ ͯͪͫ͟ ͫͯ͒ͤ͊ ͍ ͔ͦ͊ͤ͟͜Φ ́ͦͣͯ ͙ͣ͊ͨΣ Ύ͟͜ ͔ͫ͊͒ͤ͟͜͡ ͯ ͔ͣͪ͊ͭͦͪͫ͟Έ͚͟͜ ͔ͨͪͦ͟ͼ͜͝ ͙͍ͤ͊͊͘Όͭ 
ͣͦͪͫΈ͙͙ͣ͟Φ 

˸ͫ͜ͼ͔ ͦͪ͊͋͟͡Ύ ͍͙ͤ͊͘;͊ΌͭΈ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͦͣͨ͊ͫ͊͟ ͊͋ͦ ͎͊͊͡ ό͙ͨͪ͊͒͡Σ Ύ͙͚͟ ͍͙ͣͪ͜ΌΊ ΄͙͒ͫͭ͟͜Έ ͻͦ͒͊ ͫͯ͒ͤ͊ύΦ ́͊͟ Ύ͟ 
ͦͫͦ͒ͪͦͣ͟͜͡Ύ ͦ͋ͪ͊͗ͯ͘ΊͭΈͫΎ ͨͪΎͣͦΌ ͤ͜͜͡ΊΌΣ ͭͦ ͘ȰΊ͍͒ͤ͊΄͙ ͭͦ;͙͟  s ͭ͊ ʕΣ ͙͙ͦͦͪ͒ͤ͊ͭ͟ Ύ͙͟ͻ ͍͒ͦͣ͜͜Σ ͙ͣ ͙ͦͭͪͣ͊Ίͣͦ 
͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͤ͊ͨͪΎͣͦ͟ ͦͫͦ͒ͪͦͣ͟͜͡͝Σ ͙ͨͪ ;ͦͣͯ ͯͭ͟ Σh ͍͔͙͚ͯͭͦͪͤ ͤ͜͜͡ΊΌ ˢ  ʕ͘ ͔͙ͣͪ͒͊ͤͦͣ͜ ˢΣ˿ ͒͊Ί ͍͔͙͡;͙ͤͯ ͙͊ͣͯͭ͊͘ 
ͦͫͦ͒ͪͦͣ͟͜͡͝Φ ˤ͍͒͊͜͟͡΄͙ ͤ͊ s ʕ͙ͫͭͤͤͯ͜ ͍͒ͫͭ͊ͤ͜Έ l ͨͦ ͦͫͦ͒ͪͣ͟͜͡͝ ͯ ͣ͊ͫ΄ͭ͊͋͜ ͜ ͍͍ͨͪͦ͜΄͙ ͔ͨ͊ͪ͊͜͡͡ ˿  ʕͭ͊ cb ͭͦ;ͦ͟  ʕͭ͊ b 
͙ͦͭͪͣ͊Ίͣͦ ͍͒͊ ͨͪΎ͙ͣͦͯͭͤ͟ͻ ͙͙͙ͭͪͯͭͤ͟͟ ˢˤ˿ ͭ ͊ Abc ό͙ͪͫΦ 2). 

 
˾͙ͫΦ нΦ ˽͔ͪͦ͟ͼ͜Ύ ˸͔ͪ͊ͭͦͪ͊͟ 

 
ˤ ͼΈͦͣͯ ͍͙ͨ͊͒ͯ͟ ͒͡Ύ ͯͪͫ͊ͤͭ͊͟ ͙͙͙ͦͪͫͤͣ͟ Ί ͚͎ͦͦ ͤ͊ͤͤ͘Ύ ͘ ͙͎͔ͭͪͦͤͦͣͭͪ͜͝Σ ͊ ͔ͫ͊ͣ ͍͍ͫͨ͒ͤͦ͜͜΄͔ͤΈ ͫͭͦͪͤ͜ ͭ͊ ͍ͯͭ͟͜ 

ͨͪΎ͎ͣͦͯͭͤͦͦ͟ ͙͙ͭͪͯͭͤ͊͟͟Υ 

cos

sin

Ac l

cb l

CB AC tg

a

a

a

= Ö

= Ö

= Ö

 

̂ ͍ͫͯ͒ͤͦͦ͒ͤͤ͜͜ ͍͔͙͟͜͡ ͍͒ͫͭ͊ͤ͜͜ ͦ͋;͙ͫ͡ΌΌͭΈ ͯ ͣͦͪͫΈ͙͟ͻ ͙ͣ͡Ύͻ όм ͣͦͪͫΈ͊͟ ͙ͣ͡Ύ ͍͒ͦͪͤ͜ΌΊ мȰ ͎͙͒ͯ ͔͍͊ͭͦͪ͊͟ύΦ ͙́͊ͣ͟ 

;͙ͤͦͣΣ ͍͒ͪͦ͘͜͜͟ ˢͫ - ͙ͫͭͤͤ͊͜ ͙ͪͤ͘͜ͼΎ ΄͙ͪͦͭ ͭͦ;ͦ͟  s͜ ʕΤ ˢ˿- ͔͙ͣͪ͒͊ͤͤ͊͜ ͙ͪͤ͘͜ͼΎ ΄͙ͪͦͭΤ ˿ˤ- ͙ͪͤ͘͜ͼΎ ͍͎͒ͦͦͭΤ ͍͒ͫͭ͊ͤ͜Έ l - 
͍ͨ͊͊ͤͤ͡ΎΤ ͙͊ͣͯͭ͘ ʰ- ͟ ͯͪͫ ͫͯ͒ͤ͊ ό͙ͪͫΦ 3). 

 
˾͙ͫΦ оΦ ˽ͦͫ͡Έ͙͚͟ ͍͎ͤ͊͊͜ͼ͚͙͚ͤ͜ ͙͙ͭͪͯͭͤ͟͟ 

 
˾͍ͦ͘ϥΎ͊ͤͤ͘Ύ ͙ͨͪ͊ͭ͟;͙ͤͻ ͊͒͊͘; ͍͎ͤ͊͊͜ͼ͜͝ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͎ͨͦͫͦͦ͟͡ ͍͎ͤ͊͊͜ͼ͚͎ͤͦͦ͜ ͙͙ͭͪͯͭͤ͊͟͟ 

˭͊͒͊;͊ мΦ ˽ͦ ͙͊͒͊ͤ͘ͻ ͙ͦͦͪ͒ͤ͊ͭ͊͟ͻ ͍ͨͦͪͭ͜ ͍͒͜ͻͦ͒ͯ ͭ͊ ͙ͨͪͻͦ͒ͯΥ ό1˒Τ1˂ύΣ ό˒2Τ2˂ύ ͍͙ͤ͊͘;͙͙ͭ ͯͪͫ͟ ʰ ͦͪ͊͋͟͡Ύ ͭ͊ 
͍ͨ͊͊ͤͤ͡Ύ l. 

˾͍ͦ͘ΩΎ͊ͤͤ͘ΎΥ 

2 2;
CA CA

tg arctg l AC CB
CB CB

a a
å õ

= Ý = = +æ ö
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˭͊͒͊;͊ нΦ ˭ ͊͒͊ͤͦ ͯͪͫ͟ ͦͪ͊͋͟͡Ύ ʰ ͭ͊ ͍ͨ͊͊ͤͤ͡Ύ l- ͍ ͙ͤ͊͘;͙͙ͭ ͣͫ͜ͼ͔͔ͨͦͦ͗ͤͤ͡Ύ ͫͯ͒ͤ͊Σ ͭͦ͋ͭͦ ͙͙ͦͦͪ͒ͤ͊ͭ͟Υ ό˒Τ˂ύΦ  
̇Ύ ͊͒͊͘;͊ ͒͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ ͔ͨͦͦ͗ͤͤ͡Ύ ͦͪ͊͋͟͡Ύ ͯ ͨͦͻͣͯͪͯ ͎ͨͦͦ͒ͯΣ ͙ͦ͟͡ ͍ͫͯ͒ͤͦͦ͒͜Ό ͍͒ͦͣ͜͜ ͙͡΄͔ ͯͪͫ͟ ͭ͊ ͍ͨ͊͊ͤͤ͡ΎΣ 

͍ͪͦ͘ΩΎͯ͘ΊͭΈͫΎ ͎͊ͤ͊ͦ͜͡;ͤͦ ͒ͦ ͔ͨͪ΄ͦ͝Φ 
˭͊͒͊;͊ оΦ ˴͔ͦͪ͊͋͡Έ ͙͍͔ͨ͡ ͨͪͦͭΎ͎ͦͣ п-ͦͻ ͎͙ͦ͒ͤ ͍͒͜ ͨͦͪͭͯ ˢ ͘͜ ΄͍͙͒ͫͭ͟͜Ό нр ͍͍ͯ͘͜͡ ͨͦ ͯͪͫͯ͟ олрϲ́Σ Ύ͟΅ͦ ΄͙ͪͦͭ͊ ˢ 

нтϲоуȰNΣ ͚͙ͤ͊ͭ͘ ΄͙ͪͦͭͯ ˤ ό͙ͪͫΦпύΦ 
˾͍ͦ͘ΩΎ͊ͤͤ͘ΎΥ 

 
˾͙ͫΦ пΦ ˱͡Όͫͭͪ͊ͼ͜Ύ ͒ͦ ͊͒͊͘;͜ о 

 

4 25 100S AB V t= = Ö = Ö = 

ˢ˿Ґ˾̊Ґ 100 cos305 57,3576436 57 21N¡Ö = =  

˭ͤ͊͟ ͒͡Ύ ˾̊ ͍͙ͤ͊͘;͙ͭΈͫΎ ͤ͊ͦͣ͘͟ cos˴ Φ ˽͙ͪ ˴ ͍ ͔ͣ͗͊ͻ ͍͒͜ лϲ ͒ͦ флϲ ͜ ͍͒͜ нтлϲ ͒ͦ ослϲ ͣ͊Ί ͙͙͍ͨͦͭͤ͘͜ ͤ͊͘;͔ͤͤΎ όҌύ ͜ 
˾̊ ͔͋ͯ͒ ͤ͊ ͍ͨͤ͜͜;Σ ͊ ͙ͨͪ ˴ ͍ ͔ͣ͗͊ͻ ͍͒͜ фл ϲ ͒ͦ нтл ϲ ͣ͊Ί ͔͎͙͍ͤ͊ͭͤ͜ (-ύ ͤ͊͘;͔ͤͤΎ ͜ ˾̊ ͔͋ͯ͒ ͤ͊ ͘Ό͚͒Φ ͙̊ͪͦͭ͊ ͨͯͤͭͯ͟ ͙ͨͪͻͦ͒ͯ 
н˒ ͍͙ͤ͊͘;͙ͭΈͫΎ ͎͔͊͋ͪ͊͡͝;ͤͦΌ ͫͯͣͦΌ ΄͙͙ͪͦͭ ͨͯͤͭͯ͟ ͍͒͜ͻͦ͒ͯ ͜ ͙ͪͤ͘͜ͼ͜ ΄͙ͪͦͭΣ ͭΦ ͔Φ 2˒ = ˒ м Ҍ ˾̊Φ 

2 1j j= +˾̊Σ ͭͦͣͯ 
2 27 38 57 21 84 59N N Nj ¡ ¡ ¡= + = . 

˭͊͒͊;͊ пΦ ˶ͭ͊͜͟ ˢ ͭ͊͘͜͡Ί ͘ ͍͎͊͊ͤͦͫͤͦͦ͜ ͔͚͔ͪͫͪ͊͟ ˤ ͭ͊ ͨͪΎͣͯΊ ͨͦ ͨͪΎ͚ͣ͜ ͤ͜͜͡͝ мн ͣͦͪͫΈ͙͟ͻ ͙ͣ͡ΈΦ ˤ ͼ͔͚ ͔ͣͦͣͤͭΣ 
͔͎ͫͨͦͫͭͪ͊͜; ͤ͊͘ͻ͙ͦ͒ͭΈͫΎ ͤ͊ ͔ͫͣͤ͜ͼ͜Σ ΅ͦ ͤ͊͘ͻ͙ͦ͒ͭΈͫΎ ͤ͊ ͍͒ͫͭ͊ͤ͜͜ р ͣͦͪͫΈ͙͟ͻ ͙ͣ͡Έ ͍͒͜ ͍͊͊ͤͦͫ͜ͼΎΣ ͪͣ͟͜ ͎ͭͦͦΣ ͯͭ͟ ͣ͗͜ 
͍͊͊ͤͦͫ͜ͼ͔ͣΣ ͔ͫͣͤ͜ͼ͔ͣ ό͍͔ͪ΄͙ͤͦΌύΣ ͜ ͭ͊ͦͣ͜͟͡ отϲΦ ̒͟ ͔͒͊ͦ͟͡ ͤ͊͘ͻ͙ͦ͒ͭΈͫΎ ͭ͊͜͟͡ ͍͒͜ ͔ͫͣͤ͜ͼΎ ό͙ͪͫΦ рύΚ 

˾͍ͦ͘ΩΎ͊ͤͤ͘ΎΥ 

 
˾͙ͫΦ 5. ˱ ͡Όͫͭͪ͊ͼ͜Ύ ͒ͦ ͊͒͊͘;͜ п 

 

sin sin sin sin37 5 sin37
sin 0,2508

5 12 12

A C A
A

a c

Ö
= Ý = Ý = =  

14,5248571AÏ =  

( )180 37 14,5248571 128,5BÏ = - + =  

sin sin sin37 sin128,5 12 sin128,5
15,6

12 sin37

C B
b

c b b

Ö
= Ý = Ý = º  

˭͊͒͊;͊ рΦ ˤ͙ͭͪ͜͡Έ͙͚ͤ ;͍͔ͦͤ ͨͪΎͣͯΊ ͨͦ ͨͪΎ͚ͣ͜ о ͙ͣ͜͡Σ ͨͦͭͣ͜ ͙ͪͦ͋ͭΈ ͍ͨͦͦͪͦͭ ͤ͊ прϲ ͭ͊ ͍͙͍ͨͪͦ͒ͦ͗ ͍͚ͫ͜ ΄͡Ύͻ ͯ ͼΈͦͣͯ 
ͤ͊ͨͪΎͣͯ͟ ΅͔ с ͙ͣ͜͡Φ ̒͟ ͔͒͊ͦ͟͡ ;͍͔ͦͤ ͚͊͘΄͍ͦ ͍͒͜ ͍͎ͫͦͦ ͨͦ;͍͎͊ͭͦͦͦ͟ ͔ͨͦͦ͗ͤͤ͡Ύ ό͙ͪͫΦ 6)? 

˾͍ͦ͘ΩΎ͊ͤͤ͘ΎΥ 

 
˾͙ͫΦ сΦ ˱͡Όͫͭͪ͊ͼ͜Ύ ͒ͦ ͊͒͊͘;͜ р 
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˭͊͒͊;͊ сΦ ˭͊͒͊;͊ ͍͙ͤ͊͘;͔ͤͤΎ ͔ͨͦͦ͗ͤͤ͡Ύ ͨͦ ͤ͊ͨͪΎͣͯ͟ ͤ͊ ͦ͋ϥΊͭ͟Σ ͔͔͎ͨͤͯ͡ όōŜŀǊƛƴƎύ ͜ ͍͒ͫͭ͊ͤ͜͜ ͒ͦ ͼΈ͎ͦͦ ͦ͋ϥΊͭ͊͟ 
ό͙ͪͫΦ 7). 

˾͍ͦ͘ΩΎ͊ͤͤ͘ΎΥ 
ˤ͒ͫͭ͊ͤ͜Έ ͒ͦ ͦͪ͜Ί͙͍ͤͭͪ͜ ͍ ͔ͣͦͪ ͔ͣͦ͗ ͙͋ͯͭ ͍͙ͣͪ͜Ύͤ͊ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͪ͊͒ͦͦ͊͜͟͡ͼ͚ͤͦ͜͝ ͫͭ͊ͤͼ͜͝Σ ͔͒͊ͦͣͪ͊͟͜͡ ͊͋ͦ 

͔ͫͫͭ͊ͤ͊͟Φ ˨͔͙͊ͦͣͪ͟͜͡Σ ΅ͦ ͍ͦͦ͒͜͡ΌͭΈ ͒ͦͫͭ͊ͭͤΈͦΌ ͭͦ;ͤͫͭ͜Ό ͍͙ͣͪ͜Ό͍͊ͤͤΎ ͍͔͚͒ͫͭ͊ͤ͜Σ ΄͙͎ͪͦͦͦ͟ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͤ͊ ͣͦͪͫΈ͙͟ͻ 
ͫͯ͒͊ͻ ͔ͤ ͙͙ͦͭͪͣ͊͡Φ ˿͔ͫͭ͊ͤ͟ Ί ͙ͨͪͦͫͭͣ ͨͦ ͍͊͡΄͍ͭͯ͊ͤͤΌ ͙ͯͭͦͣͪͤͣ͟͜ ͙ͨͪ͊͒ͦͣ͡Σ Ύ͙͚͟ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ ͒͡Ύ ͍ͯ͊͘͜͡Έ͎ͤͦͦ 
͍͙ͤ͊͘;͔ͤͤΎ ͍͔͚͒ͫͭ͊ͤ͜Φ 

 

 

˾͙ͫΦ тΦ ˱͡Όͫͭͪ͊ͼ͜Ύ ͒ͦ ͊͒͊͘;͜ с 
 

˸͊Ό;͙ ͍ ͍͙͙͒ͣͦͫͭ͜ ͦͪ͜Ί͙ͤͭͪΣ ͍͙ͫͦͭ͊ Ύ͎ͦͦ͟ ˤ˿ ς Ƙ ͍͒ͦͣ͊͜Σ ͍͙ͣͪ͜ΌΌͭΈ ͔ͫͫͭ͊ͤͦͣ͟ ͍͔͙ͪͭ͊͟͡Έ͙͚ͤ ͯͭ͟ ˤˢ˿ Ґ ʰ ͣ͗͜ ͚͎ͦͦ 
͍ͦͫͤͦͦΌ ͜ ͍͔ͪ΄͙ͤͦΌΦ ˨͙ͫͭ͊ͤͼ͜Ύ ͒ͦ ͦͪ͜Ί͙ͤͭͪͯ ˢˤ Ґ 5 ͍  ͙ͣ͡Ύͻ ͔ͣͦ͗ ͙͋ͯͭ ͪͦͪ͊͘ͻ͍ͦ͊ͤ͊ ͘ ɲˢˤ˿Υ 

a=
AB

ctg
CB

, a a= = Ö = ÖD AB CB ctg H ctg  

ˤ͙͍ͫͦ͡͡ΌΌ;͙ ˢˤ ͍ ͔ͣͭͪ͊ͻΣ ͊ 5 ͍ ͙ͣ͡Ύͻ ͙ͦͭͪͣ͊ΊͣͦΥ 
1852

a
å õ
= Öæ ö
ç ÷

h
D ctg

 
 
ˤˮ˿˹˻ˤ˴ˮ ́ˢ ˽˩˾˿˽˩˴́ˮˤˮ ˽˻˨ˢ˶̎̊˻˥˻ ˨˻˿˶˱˨ˬ˩˹˹̒ 

ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͚ͣͦ͒͡ ͙ͨͪ ͍͙͊͒͊ͤͤ͟͜͡ ͯͪͫͯ͟ ͍͙΅ͦ͝ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͯ ͍͙΅ͦͣͯ ͣͦͪͫΈͦͣͯ͟ 
͍ͤ͊;͊͡Έͤͦͣͯ ͊͊͒͘͟͜͡ ͙̂ͪ͊ͤ͟͝ ͤ͊͘;ͤͦ ͔͎ͨͦ͡΄ͯΊ ͙͚ͫͨͪͤΎͭͭΎ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͜ ͍͒ͦͦ͘͡ΎΊ ͍ͪͦ͘ΩΎ͍͙ͯ͊ͭ͘ ͊͒͊͘;͜ 
ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͭ͊ ͙͎ͨͪ͊͒ͤͦͦ͟͡ ͣͫͭͯ͘͜Σ Ύ͟͜ Ί ͍ͦͫͤͦͦΌ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͍ͫͯ͒ͤͦͦ͒͜͝ ͯͣͤ͜Έ ͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ 
͔ͣͦ͒͡Ό͍͊ͤͤΎ ͭ͊ ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͍ͤ͊ͫ͒͜͟͜͡ ͍ͫͦΊ͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

̒͟ ͍͔͗ ͊ͤ͊͘͘;͊ͦͫ͡ΈΣ ͙͔͎͔͙ͫͤͪͭ;ͤͫͭ͜Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͺ͊ͻ͍͜ͼΎ ͣͦͪͫΈͦ͟͝ ͎͊ͯ͘͜͡Σ ͊ ͔ͫ͊ͣΣ ͙ͣ͗͒ͫ͜ͼ͙ͨͤ͊ͪͤ͊͜͡ 
ͦ͋ͤ͊ͤͫͭ͘͜͜ΈΣ ͚ͫ͊ͣͦͫͭͤͫͭ͜͜ΈΣ ͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜Έ ͔͔ͨͪ͒ ͔͔ͨ͊͗ͣ͟͜Σ ͪ͊ͤͦ͟͝ΌΣ ͍ͪͦ͋ͦͭͦ͒͊ͼ͔ͣ ͭ͊Σ ͔͔ͤ͊ͫ͊ͣͨͪ͒Σ ͫͦ͋ͦΌ Ί ͔ͤ ͙͡΄͔ 
͔͍ͤ͒͜ΩΊͣͤͦΌ ͍ͫ͊͒ͦͦ͟͡Ό ͔͔ͦͣͨͭͤͭͤͫͤͦ͟͜͝ ͔ͣͦ͒͜͡ ͺ͊ͻ͍͜ͼΎ ͣͦͪͫΈͦ͟͝ ͎͊ͯ͘͜͡Σ ͊ ͣ͊Ί ͍͎͔͊ͦͣ ͫͦͼ͊͜͡Έ͔ͤ ͤ͊͘;͔ͤͤΎ ͯ ͫͯ;͊ͫͤͦͣͯ 
͍ͫͭ͜͜Φ ˨ͦ ͨͦ͒͊͡Έ΄͙ͻ ͔͙ͣͭͦ͒;͙ͤͻ ͨͦ΄͍ͯ͟͜ ͙ͣ ͍͙͒ͤͦͫͣͦ͜ ͪͦ͘΄͙͔ͪͤͤΎ ͨͦ΄͍ͯ͟͜ ͔ͪ͊͊͘͜͡ͼ͜͝ ͙͔͎͔͙ͫͤͪͭ;͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ ͙ͨͪ 
͍͙͊͒͊ͤͤ͟͜͡ ͯͪͫͯ͟ ͍͙΅ͦ͝ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͒͡Ύ ͺ͊ͻ͍͜ͼ͍͜ ͣͦͪͫΈͦ͟͝ ͎͊ͯ͘͜͡Φ 
 

˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 
1. ˢ͔͔͍ͤ͒ͪ ˤΦˮΦ ˽͔͎͎͙͒͊ͦ͊͟ ͍ͭͦͪ;͔͎ͫͦͦ͟ ͍͙͙ͫ͊ͣͦͪ͊ͭ͘ΎΦ ˴͊͊ͤ͘ΈΥ ˮ͒͘-͍ͦ ˴͎͊͊ͤͫͦͦ͘͟ ͯͤ-ͭ͊Σ мффсΦ рсу ͫΦ 
2. ˽͙͎͙ͪͦ͗ͤ ˮΦ ˽ͦͪΎ͒ͦ͟ ͙͘ ͻ͊ͦͫ͊Φ ˹͍ͦ·͚ ͙͎͒͊ͦ͡ ;͔͍͔ͦ͊͟͡ ͫ ͙͚ͨͪͪͦ͒ͦΦ ˸ΦΥ ˽͎͔ͪͦͪͫͫΣ мфусΦ пон ͫΦ 
3. ͔͍̅͒ͦͪͦ͊ ˸ΦˢΦ ˽͔͎͎͙͒͊ͦ;͔ͫ͊͟Ύ ͙͔͎͔͙ͫͤͪͭ͊͟ ͊͟͟ ͍ͦͫͤͦ͊ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͙ ͔͙ͪ͊͊͘͡ͼ͙͙ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Ύ 
͍·ͫ΄͔͚ ΄ͦ͟͡· κκ ˨͙ͫΦ Χ ͊ͤ͒͟Φ ͔ͨ͒Φ ͤ͊ͯ͟Φ ς 13.00.08. ς ͔͙ͭͦͪΎ ͙ ͔͙ͣͭͦ͒͊͟ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͎ͤͦͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΦ 
˿͍ͭ͊ͪͦͨͦ͡ΈΣ нллпΦ мсф ͫΦ 

4. ͔̆͊ͤ͟ ˥Φ ˿͙͔͎͔͙ͤͪͭ͊͟Φ ˮ͔ͪ͊ͪͻ͙͙ ͔͚ͤͯͫͭͦ;͙͍͔͚ͦͫͭ ͍ ͎͙ͫ͊ͣͦͦͪ͊ͤͯ͘Ό΅͙ͻͫΎ ͙͔ͫͫͭͣ͊ͻ ͙ ͚͍ͯͫͭͪͦͫͭ͊ͻΦ ˸ΦΥ ˸͙ͪΣ мфурΦ 
424 ͫ Φ 
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REALIZING THE SYNERGISTIC APPROACH TO LEARNING HIGHER MATHEMATICS FUTURE NAVIGATORS 
O.O. Dobroshtan, T.S. Spychak, H.O. Nazarenko 

Kherson State Maritime Academy, Ukraine 
Abstract. 
Formulation of the problem. The globalization of the modern world economy, its general informatization, imply the formation of new 

requirements for the professional competence of modern specialists in the maritime industry, the construction of a new methodical 
system for their training through the continuous development of the world navy fleet and economic relations in the maritime 
business, which, in turn, determines the purpose of viewing, tasks and nature of marine education. It is precisely in synergy that the 
ability of subjects to develop personal internal resources, which provide a certain sense of their activity, is called pedagogical self-
organization. The idea of the priority role of the personal structures of consciousness in the formation of the experience of self-
organization is based on the synergetic treatment of the phenomenon of self-realization, which consists in the ability of the system 
to self-improvement. Drivers constantly have to think strategically, operatively and tactically.They need to plan carefully every 
voyage of the ship, using all the available information, evaluats it and calculate a safe path. During the flight, the boatmaster 
controls the position of the vessel and responds promptly to any obstacles that hinder the implementation of the plan. The shipping 
industry specialist should be prepared for unforeseen situations at any time and anticipate the occurrence of such situations in 
advance. At the same time, synergetics has an interdisciplinary character that allows a future specialist toreflect on himself, the 
level of his training, his professional and social environment, to find his place in the Universe, which in turn is a system, a 
mechanism that functions with the coordination of all its components units. 

Materials and methods. Analysis and systematization of scientific and pedagogical literature on the implementation of the synergetic approach 
to the study of higher mathematics of future navigators. 

Results. Several sources have been analyzed in the course of the study, which made it possible to conclude that in recent years in the scientific-
pedagogical literature considerable attention has been paid to the problem of using synergetic ideas in education. Scientists see 
the possibilities of applying this science in various directions to improve the educational process and prepare future specialists, in 
particular the maritime industry. The article considers the main concepts ofsynergy as a pedagogical category and the possibility of 
implementing a synergetic approach to the study of higher mathematics of future navigators in a higher maritime educational 
institution. 

Conclusions. It is revealed that the synergy of the personality of the future navigator, based on interdisciplinary awareness and responsibility for 
their decisions and actions, has a significant role in the professional activity of the future seaman and has a significant social 
significance in the modern world. 

Keywords: synergetic approach to learning, higher mathematics, future navigator. 
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˸͙ ͍͔͗ ͍͔͙ͪͭ͊ͫ͘͡Ύ ͒ͦ ͼ͜Ί͝ ͔͙͙ͨͪͦ͋ͣ͊ͭ͟͡ ͜ ͍͙͊ͤ͊ͯ͊͘͜͡͡ ͣͫͭ͘͜ ͭ͊ ͍͍ͫͨ͒ͤͦ͜͜΄͔ͤͤΎ ͙ͭ͊͟ͻ ͔͎͚͊ͭͦͪ͟͜ Ύ͟ ζͤ͊ͦ;ͤͫͭ͜ΈηΣ 
ζ͍ͯ͊͊͘͘͜͜͡ͼ͜ΎηΣ ζ͍ͯ͊͘͜͡Έ͔ͤ ͙͔ͣͫͤͤ͡Ύη ό˨ͪͯ΄͡Ύ͟Σ нлмуύΣ ζ͎ͪ͊ͺ͜;ͤ͊ ͎ͪ͊ͣͦͭͤͫͭ͜ΈηΣ ζ͍ͯ͊͘͜͡Έͤ͊ ͎ͪ͊ͣͦͭͤͫͭ͜Έη ό˨ͪͯ΄͡Ύ͟Σ нлмфύΦ 
ˤͦ͒ͤͦ;͊ͫ ͍͍͊͗͊Ίͣͦ ͒ͦͼ͜͡Έ͙ͤͣ ͚͔͒ͫͤͤͤ͘͜Ύ ͔͎ͭͪͣͤͦͦ͜͜͡;͎ͤͦͦ ͊ͤ͊ͯ͘͜͡ ͙ͭ͊͟ͻ ͔͎͚͊ͭͦͪ͟͜ Ύ͟ ζ͎ͪ͊ͺ͜;ͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈηΣ 
ζ͍ͯ͊͘͜͡Έͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έη ͭ͊ ͍͙ͤ͊͘;͙͙ͭ ͝ͻ ͍͒ͣͤͤͦͫͭ͜͜͜ ͜ ͙ͪͦ͋ͪ͊ͭͫ͘͜Ύ ͘ ͝ͻ ͍͔ͤ͊ͨͦͤͤͤΎͣ ͭ͊ ͍͍ͫͨ͒ͤͦ͜͜΄͔ͤͤΎͣΦ  

̂ ͍͚ͤ͊ͯͦ͟͜ ͭ͊ ͔͙ͣͭͦ͒;ͤ͜ ͔ͭͪ͊ͭͯͪ͜͜͡ ;͊ͫͭͦ ͔͎ͫͨͦͫͭͪ͊͜ΊͭΈͫΎ ͨͦͤΎ͚͙͚ͭͤ͜ ͙͒ͫͦͤ͊ͤͫΥ ͍͙͊ͭͦͪ ;͊ͫͭͦ ͦͭͦͭͦ͗ͤΌΌͭΈ 
ͨͦͤΎͭͭΎ ζ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έη ͜ ζ͎ͪ͊ͣͦͭͤͫͭ͜ΈηΣ ͙͒ͦͭͪͣͯΌͭΈͫΎ ͎ͪͤͦͦ͘͜ ͜Ίͪ͊ͪͻ͜;͎ͤͦͦ ͍ͨͦͪΎ͍͒ͯ͊ͤͤ͟Ύ ͯ ͨͦͤΎͭͭΎͻ ζ͎ͪ͊ͣͦͭͤͫͭ͜ΈηΣ 
ζ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έη ͭ͊ ζͯ͟͡Έͭͯͪ͊ηΦ ˭͊ͤ͊͘;͙ͣͦΣ ΅ͦ ͍ ͍ͫͦΊͣͯ ͔͒ͦͫ͒͗ͤͤ͜͜͡ ͔͋ͯ͒ͣͦ ͙͍͙͒ͦͭͪͣͯ͊ͭͫΈ ͎ͫͭͪͯͭͯͪͤͦͦ͟ ͊ͤ͡ͼΌ͎͊ 
͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦͫͭ͜ ͍͙ͦͫͭ͜Σ ͍͎͊ͨͪͦͨͦͤͦ͊ͤͦͦ͘ ˣΦ ˿ Φ ˥ ͔ͪ΄ͯͤͫΈ͙ͣ͟Υ ζ͎ͪ͊ͣͦͭͤͫͭ͜Έη ς ζ͍ͦͫ͜;͔ͤͫͭ͜Έη ς ζ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έη ς 
ζͯ͟͡Έͭͯͪ͊η ς ζ͔͔ͣͤͭ͊ͭͭ͜͡η (˥͔ͪ΄͙͚ͯͤͫ͟Σ мффу). ˭͊ ˣΦ ˿ Φ ˥ ͔ͪ΄ͯͤͫΈ͙ͣ͟ ͼ͔ ͔͙ͭ͊ͨ ͔͒Ύ͎ͦͦ͟ ͔͔͔͍͎ͤͨͪͪͤͦͦ ͨͪͦͼ͔ͫͯΣ Ύ͟͜ 
ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭΈ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͜ ͔͙ͦͣͨͦͤͤͭ͟ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦͫͭ͜ ͍͙ͦͫͭ͜Φ 

˸͔ͭͦΌ ͫͭ͊ͭͭ͜ Ί ͊ͤ͊͘͜͡ ͨͦͤΎͭΈ ζ͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈηΣ ζ͎ͪ͊ͺ͜;ͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈηΣ ζ͍ͯ͊͘͜͡Έͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έη ͊͘ 
ͭͯͣ͊͡;͔ͤͤΎ͙ͣ ͍ͭ͜;͙ͤ͘Ύ͙ͤͻ ͭ͊ ͙͊ͪͯ͋͗ͤ͘͜ͻ ͙͍͒ͦͫ͒ͤ͜͟͜͡Σ ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͔ͦͪ͟͡Ύͼ͜͝ ͣ͗͜ ͙͙ͤͣ. 

 
˸˩́˻˨ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 

͔͎́ͪͣͤͦͦ͜͜͡;͙͚ͤ ͊ͤ͊͘͜͡ ͒͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ ͍͎ͣͫͭͦͦͦ͘͜ ͍͔ͤ͊ͨͦͤͤͤΎ ͨͦͤΎͭΈ ζ͎ͪ͊ͺ͜;ͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈηΣ ζ͍ͯ͊͘͜͡Έͤ͊ 
͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈηΣ ͝ͻ ͍͍ͫͨ͒ͤͦ͜͜΄͔ͤͤΎΦ 

 
˾˩˭̂˶̎́ˢ́ˮ 

˥ͪ͊ͺ͜;ͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͼ͔ ͔͎͙͍ͤͭͪ͊ͭͤ͊͜ ͒͊ͭͤͫͭ͘͜Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͒ͦ ͒͜Ύ͡Έͤͦͫͭ͜Σ ΅ͦ ͋͊ͯ͘ΊͭΈͫΎ ͤ͊ ͎ͪ͊ͺ͜;͙ͤͻ 
ͤ͊ͤͤ͘ΎͻΣ ͯͣͤͤ͜Ύͻ ͭ͊ ͍͙ͤ͊;͊͟ͻΣ ͭ͊ ͎͍ͦͭͦͤͫͭ͜Έ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͝ͻ ͯ ͎ͪ͊ͺ͜;͚ͤ͜ ͨͪͦͺ͔͚ͫͤͦ͜-ͦͪ͜Ί͍͚ͤͭͦ͊ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

ˤͯ͊͘͜͡Έͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͼ͔ ͔͎͙͍ͤͭͪ͊ͭͤ͊͜ ͒͊ͭͤͫͭ͘͜Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͍ ͍ͦͫͤͦ͜ Ύͦ͟͝ ͔͙͗ͭ͡Έ ͫͯͯͨͤͫͭ͟͜Έ ͔͔͙ͭͦͪͭ;͙ͤͻ 
ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ ͭ͊ ͍͙ͤ͊;ͦ͟ ͍ ͦ͋͊ͫͭ͜͡ ͍ͯ͊͊͘͘͜͜͡ͼ͜͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͊ ͭ͊ͦ͗͟ ͎͍ͦͭͦͤͫͭ͜Έ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͝ͻ ͯ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

ˤ͒ͣͤͤͫͭ͜͜͜Έ ͣ͗͜ ͨͦͤΎͭͭΎ͙ͣ ͎ͪ͊ͺ͜;ͤͦ͝ ͭ͊ ͍ͯ͊͘͜͡Έͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͙ͪ͟ΌͭΈͫΎ ͍ ͭͦͣͯ ͗ ͤΌ͊ͤͫ͜Σ ΅ͦ ͜ ͍͒ͣͤͤͦͫͭ͜͜͜ ͣ͗͜ 
ͨͦͤΎͭͭΎ͙ͣ ͎ͪ͊ͺ͜;ͤͦ͝ ͭ͊ ͍ͯ͊͘͜͡Έͤͦ͝ ͎ͪ͊ͣͦͭͤͦͫͭ͜Σ ͨͪͦ Ύ͙͚͟ ͙ͤ͊ͣ ͊ͤ͊͘͘;͊ͦͫ͡Ύ ͯ ό˨ͪͯ΄͡Ύ͟Σ нлмфύΦ ˤ ͦ͋ͦͻ ͍͙ͨ͊͒͊͟ͻ ͚͔͒ͭΈͫΎ 
ͨͪͦ ͪͤ͘͜͜ ͙͙ͭͨ ͤ͜ͺͦͪͣ͊ͼ͜͝Υ ͊͘ ͫͨͦͫͦ͋ͦͣ ͙͚ͫͨͪͤΎͭͭΎ ό͍ͯ͊͘͜͡Έͤ͊ύ  ς ͼ͔ ͭ͊Σ ΅ͦ ͙͚ͫͨͪͣ͊ΊͭΈͫΎ ͎͙ͦͪ͊ͤ͊ͣ ͦͪͯ͘, ͊͘ ͺͦͪͣͦΌ 
ͨͦ͒͊ͤͤΎ ό͎ͪ͊ͺ͜;ͤ͊ύ ς ͼ͔ ͤ͜ͺͦͪͣ͊ͼ͜Ύ ͯ ͍͙͎͡Ύ͒͜ ͔ͦ͋ͪ͊͗ͤ͘ΈΣ ͙ͭ͊͋͡ͼΈΣ ͫͻ͔ͣΣ ͎ͪ͊ͺ͍͜͟͜ ͭͦ΅ͦΦ 

 
˻ˣ˥˻ˤ˻˾˩˹˹̒ 

˿ͨ͜͡ΈͤͦΌ ͍ͦͫͤͦͦΌ ͨͦͤΎͭΈ ζ͎ͪ͊ͺ͜;ͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈηΣ ζ͍ͯ͊͘͜͡Έͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έη Ί ͨͦͤΎͭͭΎ ζ͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈηΦ 
́ͦͣͯ ͨͦ;͔ͤͣͦ ͔͎ͭͪͣͤͦͦ͜͜͡;͙͚ͤ ͊ͤ͊͘͜͡ ͔ͫ͊ͣ ͘ ͤΈ͎ͦͦΦ 

˴͔͔ͦͣͨͭͤͭͤͫͭ͜Έ 
˭͊ ό˥ͦͤ;͔͊ͪͤͦ͟Σ нлммύ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͍ͦͦ͒ͤͤ͜͡Ύ ͤ͊ͤͤ͘Ύ͙ͣΣ ΅ͦ ͒͊ΌͭΈ ͎ͣͦͯ͘ ͍͍͙ͪͦͣͪͦͯ͊ͭ͘͜͟ ͨͪͦ ΅ͦ-͔ͤ͋ͯ͒Έ 

͔͔ͦͣͨͭͤͭͤͦ͟Σ ͍͙͍ͫͦ͡͡Ό͍͙͊ͭ ͍͎͔͊ͦͣΣ ͍͙͔͔͊ͭͦͪͭͭͤ ͔ͫͯ͒͗ͤͤΎΦ 
˴͔͔ͦͣͨͭͤͭͤͫͭ͜Έ ς ͼ͔ ͍ͦͦ͒ͤͤ͜͡Ύ ͤ͊ͤͤ͘Ύ͙ͣΣ ͒͊ͭͤͫͭ͘͜Έ ͙͚͙ͨͪͣ͊ͭ ͪ͜΄͔ͤͤΎ ͚ ͔͙ͤͫͭ ͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜Έ ͊͘ ͝ͻ ͔ͪ͊͊͘͜͡ͼ͜Ό ͯ 

͙ͪͤ͘͜ͻ ͎͊ͯ͘͡Ύͻ ͡Ό͒ͫΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˽ͦͤΎͭͭΎ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͔͔ͨͪ͒͋͊;͊Ί ͫͯͯͨͤͫͭ͟͜Έ Ύ͔͚ͦͫͭ͟ ͡Ό͙͙͒ͤ όͺ͙͘͜;͙ͤͻ ͭ͊ 
͔͔ͤͭͭͯ͊͜͟͡͡Έ͙ͤͻύΣ ͊ ͭ͊ͦ͗͟ ͍͙͍͔͚͊ͫͭͦͫͭ͡Σ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͡Ό͙͒ͤ͜ ͒͡Ύ ͚͎ͫ͊ͣͦͫͭͤͦͦ͜ ͚ ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͍͙ͻͦ͒ͯ ͘ ͙ͪͤ͘͜ͻ ͙͗ͭͭΊ͍͙ͻ 
͙ͫͭͯ͊ͼ͚͜Σ ͒͡Ύ ͎ͭͦͦ ΅ͦ͋ ͍͙͙ͫͭͦͪͭ ͦͣ͟ͺͦͪͭͤ͜ ͍͙ͯͣͦ ͒͡Ύ ͔͔ͫ͋ ͯ ͍͊͘Ίͣͦ͒͜͝ ͘ ͤ͜΄͙͙ͣ ό˴ͦͫͭΌ;͔ͤͦ͟Σ нлмрύΦ 

̂ ό˭͙ͣͤΎΎΣ нллпύ ͨͦͤΎͭͭΎ ζ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έη ͪͦͯͣ͘͜ΊͭΈͫΎ Ύ͟ ͤ͊͋ͯͭ͊ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͔ͦͪͣ͊͘͟Σ Ύ͟ 
͒͊ͭͤͫͭ͘͜Έ ͙͚͙ͨͪͣ͊ͭ ͚ͫ͊ͣͦͫͭͤ͜͜ ͪ͜΄͔ͤͤΎ ͭ͊ ͒͜Ύ͙ͭΣ ͙ͫͨͪ͊Ό;͙ͫΈ ͤ͊ ͙ͦͭͪͣ͊ͤ͜ ͔ͤΌ ͤ͊ͤͤ͘Ύ ͜ ͍͒ͦͫ͒͜Τ ͨͦͤΎͭͭΎΣ ΅ͦ Ί ͙͋͗͡;͙ͣ ͒ͦ 
ζͤ͊͘ΌΣ Ύ͟ηΣ ͊ͤ͗͜ ζͤ͊͘ΌΣ ΅ͦηΦ 

̂ ͍ͫͦ͝ͻ ͨͪ͊ͼΎͻ ˸Φ ˥ ͍ͦͦ͊ͤ͡Έ ό˥͍ͦͦ͊ͤ͡ΈΣ нллуύ ͍͙ͤ͊ͦ͒ͭΈ ͔ͭ͊͟ ͭͯͣ͊͡;͔ͤͤΎ ͼΈ͎ͦͦ ͨͦͤΎͭͭΎΥ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͼ͔ ͦͼͤ͊͜͟ 
͒ͦͫΎ͎͔ͤͤͤΎ ό͊͋ͦ ͔ͤ ͒ͦͫΎ͎͔ͤͤͤΎύ ͔͍ͨͤͦ͝ ͙ͤͦͪͣΦ ˴͔͔ͦͣͨͭͤͼ͜Ύ ς ͼ͔ ͔͍ͨͤ͊ ͤͦͪͣ͊Σ ͒ͦͫΎ͎͔ͤͤͤΎ Ύͦ͟͝ ͔ͣͦ͗ ͍ͫ͒͜;͙͙ͭ ͨͪͦ 
͙͍ͣͦ͗ͫͭ͜͡Έ ͍͙ͨͪ͊͡Έ͎ͤͦͦ ͍͙ͪ͜΄͔ͤͤΎ Ύ͎ͦͦ͟-͔ͤ͋ͯ͒Έ ͍͊͒͊ͤͤ͘ΎΦ  

͔̆͊ͪ͊ͭͪͤͦ͟Ό ͙ͪͫͦΌ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍͍͊͗͊ΊͭΈͫΎ ͔ͦͤͭͫͭͯ͊͟͟͡Έͤͫͭ͜ΈΣ ͭͦ͋ͭͦ ͔͙͍ͤͣͦ͗ͫͭ͜͡Έ ͝͝ ͍͙͍͒ͪͯ͜ ͍͒͜ ͔ͦͤͭͫͭͯ͟͟ 
͒͜Ύ͡Έͤͦͫͭ͜Σ ͦͫ͟͜͡Έ͙͟ ͍ͦͤ͊ ͍ͨͦΩΎ͊ͤ͊͘ ͘͜ ͦͫͭ͊ͤͤΈͦΌ όSmith, 1996). 

˨͗Φ ˾ ͍͔͊ͤ ͍͙ͤ͊͘;͊Ί ͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈΣ Ύ͟ ͔ͫͨͼ͊͜͡Έͤͯ ͒͊ͭͤͫͭ͘͜ΈΣ ͔ͤͦ͋ͻ͒ͤͯ͜ ͒͡Ύ ͍͙ͦͤ͊ͤͤ͟Ύ ͔ͦͤͪͭͤͦ͟͟͝ ͒͜͝ ͍ ͔͚ͦͤͪͭͤ͟͟͜ 
͔͔͚ͨͪ͒ͣͭͤ͜ ͎͊ͯ͘͜͡Σ ΅ͦ ͙ͣͫͭͭ͜Έ ͍ͯ͘Έ͔ͦͫͨ͟ͼ͊͜͡Έͤ͜ ͤ͊ͤͤ͘ΎΣ ͙͍͎ͦͫͦ͋ͦͦ͡ ͪͦ͒ͯ ͔͔ͨͪ͒ͣͭͤ͜ ͍͙ͤ͊;͙͟Σ ͙ͫͨͦͫͦ͋ ͙͔ͣͫͤͤ͡ΎΣ ͊ ͭ͊ͦ͗͟ 
ͪͦͯͣͤͤ͘͜Ύ ͍͍͒ͨͦ͒͊͜͜͡Έͤͦͫͭ͜ ͊͘ ͍͊ͫͤ͜͡ ͒͜͝ ό˾͍͔͊ͤΣ 1999). 

˴͔͔ͦͣͨͭͤͭͤͫͭ͜Έ ς ͔ͭ͊ͦͤ͡ ͍͒ͦͫ͒ͯ͜ ͚͒͜Σ ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟Σ ͍ͭͦͪ;ͦͫͭ͜Σ ͤ͊ Ύ͙͟ͻ ͍͍ͫͭ͊ͤͦ͡ΌΊͭΈͫΎ ͫͯͫͨ͜͡Έ͍ͫͭͦ 
ό˴͊΄͊ͪ͟Έ͍ͦΣ нллфύΦ ˿Φ E ̊ ͙΄͍ͦ ͨͦͤΎͭͭΎ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͍͙ͤ͊͘;͊ΌͭΈ ;͔͔ͪ͘ ͨͦͤΎͭͭΎ ͒͊ͭͤͦͫͭ͘͜Υ ζ˴͔͔ͦͣͨͭͤͭͤͫͭ͜Έ ς ͼ͔ 
͎͊͊͘͡Έͤ͊ ͒͊ͭͤͫͭ͘͜ΈΣ Ύ͊͟ ͐ͪͯͤͭͯΊͭΈͫΎ ͤ͊ ͤ͊ͤͤ͘ΎͻΣ ͍͒ͦͫ͒͜͜Σ ͼͤͤͦͫͭ͜ΎͻΣ ͤ͊ͻ͙͊͡ͻΣ Ύ͟͜ ͍ͤ͊͋ͯ͊ΌͭΈͫΎ ͍͊͒͘Ύ͙͟ ͍ͤ͊;͊ͤͤΌη ό͙̊΄͍ͦΣ 
2002). ˿ Φ E. ̊ ͙΄͍ͦ ͭ͊ ˱Φ ˥ Φ s ͎͍͊ͨͦ ͨ͒͜ ͔͔ͦͣͨͭͤ͟ͼ͜ΊΌ ͪͦͯͣ͘͜ΌͭΈ ζ͒͊ͭͤͫͭ͘͜Έ ͜ ͎͍ͦͭͦͤͫͭ͜Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͒ͦ ͒͜Ύ͡Έͤͦͫͭ͜Σ ΅ͦ 
͐ͪͯͤͭͯΊͭΈͫΎ ͤ͊ ͤ͊ͤͤ͘Ύͻ ͜ ͍͒ͦͫ͒͜͜Σ ͙ͤ͊͋ͯͭͻ ͍͊͒͘Ύ͙͟ ͍ͤ͊;͊ͤͤΌΣ ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ͤ͊ ͚ͫ͊ͣͦͫͭͤͯ͜ ͯ;͊ͫͭΈ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͍ ͍ͤ͊;͊͡Έͤͦ-
͍ͨͤ͊͊͘͜͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜Σ ͊ ͭ͊ͦ͗͟ ͫͨͪΎ͍͙ͣͦ͊ͤͻ ͤ͊ ͯͫͨ͜΄͔ͤ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ ͚͚ͣ͊͋ͯͭͤ͜ ͍͚ͭͪͯ͒ͦ͜ ͒͜Ύ͡Έͤͦͫͭ͜η 
ό͙̊΄͍ͦϧˢ͎͍͊ͨͦΣ нллнύΦ 

˸͙ ͎ͨͦͦ͒͗ͯΊͣͦͫΈΣ ΅ͦ ͍ ͍ͦͫͭ͜͜ ͨͦͤΎͭͭΎ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍͙͙ͤͦ͟͡ Ύ͟ ͪͦͯͣͤͤ͘͜Ύ ͎ͭͦͦΣ ΅ͦ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͍͙͙ͨͯͫͤ͊͟͟ 
͊͊͒ͯ͘͟͡ ͍͙ͦͫͭ͜ ͫ͒͜͡ ͍͙͙ͨͦͫͭ͊ͭ Ύ͟ ͊͒͊͘;ͯ ͜ Ύ͟ ͍ͦ͋ͦΩΎͦ͘͟ ͍͙ͦͫͭ͜Φ ˴͔͔ͦͣͨͭͤͭͤͫͭ͜Έ ͍͙ͨͦͤͤ͊ ͔͔͊͋ͨ͘͘;͙͙ͭ ͚ͦͣͯ ͙͍ͣͦ͗ͫͭ͜͡Έ 
͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜͝ ͯ ͫͯͫͨ͜͡Έ͍ͫͭ͜Σ ͊ ͭ͊ͦ͗͟ ͙ͫͨͪΎ͙ͭ ͍͙ͪͦͭͯ͘͟ ͎ͯͣ͊ͤͣͯ͘͜Σ ͔͒ͣͦͪ͊ͭ͟͜͝Σ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͭ͊ ͎͙͔ͨͦ͋ͤͤ͡͡Ύ ͎ͪͦͣ͊͒ͫΈ͎ͦͦ͟ 
ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ 

ˢΦ ʕ Φ ̆ ͚ͯͭͦͪͫͦ͟ ό͚̆ͯͭͦͪͫͦ͟Σ нллоύ ͨͪͦͨͦͤͯΊ ͔ͤ͊ͫͭͯͨͤ ͍͙ͤ͊͘;͔ͤͤΎΦ ˴͔͔ͦͣͨͭͤͭͤͫͭ͜Έ ͍͙ͤ͊͘;͊ΊͭΈͫΎ Ύ͟ ͫͯͯͨͤͫͭ͟͜Έ 
͍͊͘Ί͍ͣͦͨͦϥΎ͙͊ͤ͘ͻ Ύ͔͚ͦͫͭ͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜ όͤ͊ͤ͘ΈΣ ͯͣͤ͜ΈΣ ͍͙ͤ͊;ͦ͟Σ ͍ͫͨͦͫͦ͋͜ ͒͜Ύ͡Έͤͦͫͭ͜ύΣ ΅ͦ ͊͒͊͘ΌͭΈͫΎ ͨͦ ͍͒ͤͦ͜΄͔ͤͤΌ ͒ͦ 
͔͍͎ͨͤͦͦ ͦ͊͟͡ ͔͔͍ͨͪ͒ͣͭ͜ ͜ ͨͪͦͼ͔͍ͫ͜Σ ͜ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͒͡Ύ Ύͫͤͦ͟͜͝ ͙͍ͨͪͦ͒ͯͭͤͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͨͦ ͍͒ͤͦ͜΄͔ͤͤΌ ͒ͦ ͙ͤͻΦ 
˴͔͔ͦͣͨͭͤͭͤͫͭ͜Έ ς ͍ͦͦ͒ͤͤ͜͡Ύ ͡Ό͙͒ͤͦΌ ͍͍͒ͨͦ͒ͤͦ͜͜Ό ͔͔ͦͣͨͭͤ͟ͼ͜ΊΌΣ ΅ͦ ͍͟͡Ό;͊Ί ͚͎ͦͦ ͙͔ͦͫͦ͋ͫͭͫͤ͜ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͔ͤ͝ ͜ 
͔͔ͨͪ͒ͣͭͯ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˽ͦͤΎͭͭΎ ζ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έη ΄͙ͪ΄͔ ͊͘ ͨͦͤΎͭͭΎ ζͤ͊ͤͤ͘ΎΣ ͯͣͤͤ͜ΎΣ ͍͙͙ͤ͊͟ηΣ ͍ͦͤͦ ͍͟͡Ό;͊Ί ͝ͻΦ 
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ˤ͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ˭͊ͦͤͯ͟ ͙̂ͪ͊ͤ͟͝ ˽ͪͦ ͍ͦͫͭͯ͜ ό˭͊ͦͤ͟ ͙̂ͪ͊ͤ͟͝ ˽ͪͦ ͍ͦͫͭͯ͜Σ нлмтύ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͙͒ͤ͊ͣ͜;ͤ͊ ͦͣ͋ͤ͊͟͜ͼ͜Ύ 
ͤ͊ͤ͘ΈΣ ͯͣͤ͜ΈΣ ͍͙ͤ͊;ͦ͟Σ ͍ͫͨͦͫͦ͋͜ ͙͔ͣͫͤͤ͡ΎΣ ͎ͨͦ͡Ύ͍͒͜Σ ͼ͔͚ͤͤͦͫͭ͜Σ ͤ͜΄͙ͻ ͙͙ͦͫͦ͋ͫͭͻ Ύ͔͚ͦͫͭ͟Σ ΅ͦ ͍͙ͤ͊͘;͊Ί ͒͊ͭͤͫͭ͘͜Έ ͫͯ͋ΩΊͭ͊͟ 
ͯͫͨ͜΄ͤͦ ͫͦͼ͍͙͊ͯ͊ͭͫ͘͜͜͡Ύ ͜ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͍ͤ͊;͊͡Έͤͯ ͒͜Ύ͡Έͤͫͭ͜ΈΦ 

˽ͦͤΎͭͭΎ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͔ͤ ͍͙ͦ͒ͭ͘ΈͫΎ ͭ͜͡Έ͙͟ ͒ͦ ͤ͊ͤ͘Έ ͜ ͍͙ͤ͊;ͦ͟Σ ͊ ͔͙ͤ͊͗ͭ͡Έ ͒ͦ ͫͺ͔͙ͪ ͙ͫ͊͒ͤ͟͡ͻ ͯͣͤ͜Έ ͜ Ύ͔͚ͦͫͭ͟ 
͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ˭͎͊͊ͦͣ͡Σ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͼ͔ ͤ͊ͤͤ͘ΎΣ ͦ͋ͤ͊ͤͫͭ͘͜͜ΈΣ ͍͙͔͊ͭͦͪͭͭͤͫͭ͜Έ ͍ Ύ͚͟͜-͔ͤ͋ͯ͒Έ ͦ͋͊ͫͭ͜͡Σ ͊ ͔͔ͦͣͨͭͤ͟ͼ͜Ύ ς ͼ͔ 
ͦͦ͟͡ ͙ͨͭ͊ͤΈΣ ͍ Ύ͙͟ͻ ͒͊ͤ͊ ͦͫͦ͋͊ ͍͙Ύ͍͡ΎΊ ͍ͫͦΌ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈΦ ˴͔͔ͦͣͨͭͤͭͤͫͭ͜Έ ͣ͊Ί ͍͙ͨͦͪͦ͒͗ͯ͊ͭ ͒͜ΌΦ ˴͔͔ͦͣͨͭͤͭͤͫͭ͜Έ 
͍͟͡Ό;͊Ί ͔ͤ ͭ͜͡Έ͙͟ ͤ͊ͤͤ͘Ύ ͜ ͙ͦͫͦ͋ͫͭͫͤ͜͜ Ύͦͫͭ͟͜ ͫͯ͋ΩΊͭ͊͟ ͍ͤ͊;͊ͤͤΎΣ ͊ ͜ ͎͍ͦͭͦͤͫͭ͜Έ ͝ͻ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͤ͊ ͙ͨͪ͊ͭ͟ͼ͜Φ ˱ͤ΄͙͙ͣ 
͍͙ͫͦ͊ͣ͡Σ ͍ͦͫͤͦͤ͊ ͍͒ͣͤͤͫͭ͜͜͜Έ ͎ͪ͊ͣͦͭͤͦͫͭ͜ ͍͒͜ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍ ͭͦͣͯΣ ΅ͦ ͎ͪ͊ͣͦͭͤ͊ ͡Ό͙͒ͤ͊ ͤ͊͘Ί ͜ ͪͦͯͣ͘͜ΊΣ ͊ ͔͔ͦͣͨͭͤͭͤ͊͟ 
͔ͣͦ͗ ͔ͺ͔͙͍ͭͤͦ͟ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͤ͊ͤͤ͘Ύ ͙ͨͪ ͍͙ͪ͜΄͔ͤͤ͜ ͔ͨͪͦ͋ͣ͡Φ 

˻͔ͭ͗Σ ͯ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͔ͭͪ͊ͭͯͪ͜͜͡ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͍͙ͤ͊͘;͊ΌͭΈ Ύ͟ ͔͎͙͍ͤͭͪ͊ͭͤ͊͜ ͒͊ͭͤͫͭ͘͜Έ 
͙ͦͫͦ͋ͫͭͦͫͭ͜ ͒ͦ ͔͒Ύͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ΅ͦ ͋͊ͯ͘ΊͭΈͫΎ ͤ͊ ͤ͊ͤͤ͘ΎͻΣ ͯͣͤͤ͜Ύͻ ͭ͊ ͍͙ͤ͊;͊͟ͻΣ ͙ͤ͊͋ͯͭͻ ͯ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎΣ ͭ͊ 
͎͍ͦͭͦͤͫͭ͜Έ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͝ͻ ͤ͊ ͙ͨͪ͊ͭ͟ͼ͜Φ 

˹͊ ͗͊͡ΈΣ ͍ ͔͒Ύ͙͟ͻ ͨͯ͋͊͜͟͡ͼ͜Ύͻ ͍͙͊ͭͦͪ ͦͭͦͭͦ͗ͤΌΌͭΈ ͨͦͤΎͭͭΎ ζ͎ͪ͊ͣͦͭͤͫͭ͜ΈηΣ ͔ͦͪͣ͊͘͟Σ ͋͜͡Έ΄ ΄͙͔ͪͦ͟ ͝͝ ͪͦͯͣͤͤ͘͜Ύ ς 
ζͺͯͤ͟ͼͦͤ͊͜͡Έͤͯ ͎ͪ͊ͣͦͭͤͫͭ͜ΈηΣ ͭ͊ ζ͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈηΦ ˨͚ͫͤͦ͜Σ ͯ ͫͯ;͙͊ͫͤͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͻ ͨͦͤΎͭͭΎ 
ζͺͯͤ͟ͼͦͤ͊͜͡Έͤ͊ ͎ͪ͊ͣͦͭͤͫͭ͜Έη ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͍ ͔ͨͪͦ͋ͣͤͦͣͯ͡ ͨͦ͜͡ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻͦ͒ͯΣ Ύ͙͚͟ ͨͦ;͍͊ ͙͍͊ͭͤͦ͟ 
ͪͦͪͦ͋͘͡Ύ͙ͭͫΎ ͍ ͍ͦͫͭ͜͜ ͍ ͍͘ϥΎͯ͘͟ ͘ ͔͔ͨͪͻͦ͒ͦͣ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͍͒͜ ͍ͦͫͭͤ͜Έͦ͝ ͙͎͙ͨ͊ͪ͊͒ͣ ζ͍ͦͫͭ͊͜ ͤ͊ ͍͔ͫ ͙͗ͭͭΎη ͒ͦ ͍ͤͦͦ͝ ͍ͦͫͭͤ͜Έͦ͝ 
͙͎͙ͨ͊ͪ͊͒ͣ ζ͍ͦͫͭ͊͜ ;͔͔ͪ͘ ͔ͯͫ ͙͗ͭͭΎηΦ ˾͍͔ͤ͜Έ ͺͯͤ͟ͼͦͤ͊͜͡Έͤͦ͝ ͎ͪ͊ͣͦͭͤͦͫͭ͜ ͍ ͪ͊ͣ͊͟ͻ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻͦ͒ͯ ͍͒ͦ͋ͪ͊͗͊͜Ί 
ͫͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ ͯͣͤ͜Έ ͒͜Ύ͙ͭ ͊͘ ͔͙͙ͯͫͭ͊ͤͣ͡ ͍ ͫͯͫͨ͜͡Έ͍ͫͭ͜ ͙ͤͦͪͣ͊ͣΣ ͍͙͙ͨͪ͊͊ͣ͡Σ ͤͫͭͪͯ͜͟ͼ͜Ύ͙ͣΣ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͒͊ͭͤͫͭ͘͜Ό 
͍͙ͪ͜΄͍͙ͯ͊ͭ ͫͭ͊ͤ͒͊ͪͭͤ͜ ͜ ͔ͤͫͭ͊ͤ͒͊ͪͭͤ͜ ͙͗ͭͭΊ͍͜ ͍͊͒͊ͤͤ͘ΎΣ ͍ͨͦϥΎ͊ͤ͘͜ ͘ ͔ͪ͊͊͘͜͡ͼ͜ΊΌ ͫƻͼ͊͜͡Έ͙ͤͻ ͺͯͤ͟ͼ͚͜ ͡Ό͙͙͒ͤ ό͍̅ͪͦͦ͊͡Σ 
нлмсύΦ ˢ͔͡ ˢΦ ʕ Φ ̆ ͯͭͦͪͫΈ͙͚͟ ͊ͤ͊͘͘;͊ΊΣ ΅ͦ ͨͦͤΎͭͭΎ ͺͯͤ͟ͼͦͤ͊͜͡Έͤͦ͝ ͎ͪ͊ͣͦͭͤͦͫͭ͜ ͔ͤ ͎͋͊͘͜ΊͭΈͫΎ ͘ ͨͦͤΎͭͭΎͣ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Φ 
ζ˴͔͔ͦͣͨͭͤͭͤͫͭ͜Έ ͍͙͊͗͒͘ ͦͪ͜Ί͍ͤͭͦ͊ͤ͊ ͤ͊ ͙ͦͭͪͣ͊ͤͤΎ ͔͎ͦͤͪͭͤͦͦ͟͟ ͔ͪͯ͘͡Έͭ͊ͭͯ ς ͨͪͦ͒ͯͭͯ͟Σ ͎ͨͦͭͪ͋ͤͦͦ͜ ͡Ό͙͒ͤ͜ ͭ͊ ͫͦͼͯͣͯ͜Φ ˢ 
ͺͯͤ͟ͼͦͤ͊͜͡Έͤ͊ ͎ͪ͊ͣͦͭͤͫͭ͜Έ ς ͤ͊ ͍ͦͦ͒ͤͤ͜͡Ύ ͔ͤͫͭͪͯͣͤͭ͊ͪ͜͜Ίͣ ͍͔ͯͤͪͫ͊͜͡Έ͙ͤͻ ͍͙͍͒͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͡Ό͙͙͒ͤ ͔͔ͤ͊͗ͤͦ͘͡ ͍͒͜ 
ͦ͋͊ͫͭ͜͡ ͝ͻ ͍͊ͫͭͦͫͯ͊ͤ͘ΈΦ ˸͔ͭ͊ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ς ͍͙͙ͫͭͦͪͭ ͔͙͚ͦͤͪͭͤ͟͟ ͔ͪͯ͘͡Έͭ͊ͭΦ ˸͔ͭ͊ ͺͯͤ͟ͼͦͤ͊͜͡Έͤͦ͝ ͎ͪ͊ͣͦͭͤͦͫͭ͜ ς 
͍͙ͦͦͦ͒ͭ͜͡ ͔ͤͫͭͪͯͣͤͭͦͣ͜η ό͚̆ͯͭͦͪͫͦ͟Σ 2016).  

˥ͪ͊ͺ͜;ͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ 
˿ͨͪͦ͋ͯΊͣͦ ͔͔ͭͨͪ ͍͙ͨͪͦ͊ͤ͊ͯ͊ͭ͘͜͡ Ύ͟ ͯ Ί͙͒ͤͯ ͔͎͊ͭͦͪ͟͜Ό ͍ͨͦΩΎͯ͘ΌͭΈͫΎ ͨͦͤΎͭͭΎ ζ͎ͪ͊ͺ͜;͙͚ͤη ͭ͊ ζ͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈηΦ 

˭͊ͤ͊͘;͙ͣͦΣ ΅ͦ ζ͎ͪ͊ͺ͜;͙͚ͤη ͘ ͍͒͊ͤΈ͎͔ͦͪͼΈͦ͟͝ ζƎǊŀǇƘƛƪƻǎη ͔͔ͨͪ͊͒͊͟͡ΊͭΈͫΎ Ύ͟ ͙͙͚ͤ͊ͪͫͤΣ ͚ͭͦΣ ΅ͦ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ 
͔͔ͪͫͤͤ͟͡ΎͣΣ ͎ͪ͊ͺͦͣ͜͟ ;͙ ͙ͪͫͯͤͦͣ͟Φ 

ˤ ͍͙ͤ͊ͯͦ͟ͻ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͻ ͎ͪ͊ͺ͜;ͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͯ ͔ͦͤͭͫͭ͟͟͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͔ͫͨͼ͍͊ͫͭ͜͜͜͡ 
͔͎ͦͤͪͭͤͦͦ͟͟ ͨͪͦͺ͜͡ΎΣ ͊ ͔ͫ͊ͣΣ ͚ͣ͊͋ͯͭͤ͜ͻ ͔ͭͻͤ͜;͙ͤͻ ͺ͊ͻ͍͜ͼ͍͜Σ ͚ͣ͊͋ͯͭͤ͜ͻ ͔͔͍ͤ͗ͤͪ͜͜-͔͎ͨ͒͊ ͎͍ͦ͜Σ ͚ͣ͊͋ͯͭͤ͜ͻ ͍;͙͔͍ͭ͜͡ ͔ͭͻ͎ͤͦͦ͜͡͝Σ 
͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͘ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟Φ 

˴Φ s Φ ʕ ͦ͡Έͻͤ͜  ͭ͊ ˴Φ ˸ Φ ˶ ͔͚͍͋ͦ ͎ͪͦ͘͡Ύ͒͊ΌͭΈ ͎ͪ͊ͺ͜;ͤͯ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͯ ͔ͦͤͭͫͭ͟͟͜ ͔͔ͤ͗ͤͪͤͦ͜-͎ͪ͊ͺ͜;ͤͦ͝ ͍͙ͦͫͭ͜Φ ̂ ͝ͻ 
ͪͦͯͣͤͤ͘͜͜ ͼ͔ ͒͊ͭͤͫͭ͘͜Έ ͔͍ͨͪ͒ͫͭ͊͡Ύ͙ͭ ͜ ͙͚͙ͫͨͪͣ͊ͭ ͎ͪ͊ͺ͜;ͤͯ ͤ͜ͺͦͪͣ͊ͼ͜ΌΣ ͍ͣͤͤ͜Ύ ͨͪ͊ͼΌ͍͙͊ͭ ͘ ͔͙ͤͫͭͪͯͣͤͭ͊ͣ͜Σ Ύ͟͜ 
͍͒ͦͦ͘͡ΎΌͭΈ ͺ͍͙ͦͪͣͯ͊ͭ ͔ͨ͊ͭ͟ ͔ͪͫ͟͡ΎͪͫΈͦ͟-ͦͤͫͭͪͯͭͦͪͫ͟͟Έ͙͟ͻ ͔͍͒ͦͯͣͤͭ͟͜ ͜ ͍͙ͨͪ͊͡Έͤͦ ͙͚͙ͫͨͪͣ͊ͭ ͔ͭͻͤ͜;ͤͯ ͤ͜ͺͦͪͣ͊ͼ͜Ό 
όˤͦ͡Έͻ͙ͤΣ ˶͔͚͍͋ͦΣ нлмнύΦ ˢ͔͡ ͭ͊͊͟ ͔͒ͺͤ͜͜ͼ͜Ύ ΄͍͙͒΄͔ ͍͙ͤ͊͘;͊Ί ͺͯͤ͟ͼͦͤ͊͜͡Έͤͯ ͎ͪ͊ͣͦͭͤͫͭ͜ΈΣ ͤ͗͜ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈΣ ͦͫ͟͜͡Έ͙͟ ͯ 
ͭ͊ͦͣͯ͟ ͭͯͣ͊͡;͔ͤͤ͜ ͍ͦͤ͊ ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ ͍ͦͦͦ͒ͤͤ͜͡Ύ ͔ͤͫͭͪͯͣͤͭ͊ͪ͜͜Ίͣ ͙ͪͦ͋ͦͭ ͘ ͎ͪ͊ͺ͜;ͤͦΌ ͤ͜ͺͦͪͣ͊ͼ͜ΊΌΦ 

˹͊ͫͭͯͨͤ͜ ͙͙͒ͦͫ͒ͤ͜͟͡ ͭ͊ͦ͗͟ ͺͦͪͣͯ͡ΌΌͭΈ ͦͤ͊͘;͔ͤͤΎ ζ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ηΣ ΅ͦ ͨͦ ͫͯͭ͜ ͎͋͊͘͜ΊͭΈͫΎ ͘ ͦͤ͊͘;͔ͤͤΎͣ 
ζ͎ͪ͊ͣͦͭͤͦͫͭ͜ηΦ 

̑Φ ̑ Φ ˴ ͦ͊͘͟ ͍͍͊͗͊ΊΣ ΅ͦ ͎ͪ͊ͺ͜;ͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͼ͔ ζͫͯͯͨͤͫͭ͟͜Έ ͍͙͋͊ͦ͘ͻ ͎ͪ͊ͺ͜;͙ͤͻ ͤ͊ͤ͘Έ ͭ͊ ͯͣͤ͜ΈΣ ͊ ͭ͊ͦ͗͟ 
͔ͣͦͼ͚ͤͦ͜͝ ͔͎͔ͤͭͤͭͤͦͫͭ͜͜͜͡ ͔͙ͨͦͣͤͦ͗ͤͻ ͤ͊ ͔͙͍ͪ͊ͭͤͫͭ͟͜Έ ͯ ͫͯͯͨͤͦͫͭ͟͜ ͘ ͍͔ͫ͊ͣͦ͒ͦͫͦͤ͊ͤͤ͟͡Ύͣ ό͍͙ͪͦͭͦͣ͘͟ύη ό˴ͦ͊͘͟Σ нлмтύΦ 
ˢ͍ͭͦͪ͊͟ ͍͙ͤ͊͘;͙͊͡ ͫͭͪͯͭͯͪͯ͟ ͎ͪ͊ͺ͜;ͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Υ ͎ͪ͊ͺ͜;ͤͦ-͔ͭͻͤ͜;ͤ͊ ͍ͫ͊͒ͦ͊͟͡ ό͍ͦͦ͒ͤͤ͜͡Ύ ͙ͨͪ͊ͭ͟;͙͙ͤͣ 
ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͙͙ͤͣ ͙ͨͪ͊ͭ͟;͙͙ͤͣ ͤ͊ͤͤ͘Ύ͙ͣ ͯ ͍͙ͤ͊͘;͔͚ͤ͜ ͫͺ͔ͪ͜ ͍͙͙ͪͦ͋ͤͼ͍ͭ͊ύ ͭ͊ ͎ͪ͊ͺ͜;ͤͦ-͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͍ͫ͊͒ͦ͊͟͡ 
ό͙͚ͫͨͪͤΎͭͭΎ ͭ͊ ͊ͤ͊͘͜͡ ͔ͭͻͤ͜;ͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Τ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎΣ ͍ͫͭͪͯͭͯͪͯ͊ͤͤ͟Ύ ͜ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜Ύ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Τ 
ͨͦ͒͊ͤͤΎ ͯ ͎ͪ͊ͺ͜;͚ͤ͜ ͺͦͪͣ͜ ͔͍ͭͫͭͦͦ͟͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Τ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͍ͫ͜ͻ ͔͍ͭ͊ͨ͜ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ 
͔ͭͻ͎͚ͤͦͦ͜͡ύΦ 

˨͍ͦ͒͊ͭͦͦ͟ ͪͦ͘ΩΎ͙ͫͤͣͦ ͣͫͭ͘͜ ͨͦͤΎͭΈ ζ͎ͪ͊ͺ͜;ͤ͜ ͤ͊ͤͤ͘ΎΣ ͍ͣͤͤ͜Ύ ͭ͊ ͍͙ͤ͊;͙͟ηΦ ˥ͪ͊ͺ͜;͔ͤ ͤ͊ͤͤ͘Ύ ς ͼ͔ ͔ͪͯ͘͡Έͭ͊ͭ 
͙͚ͫͨͪͤΎͭͭΎΣ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͚ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͎͔͔͙ͦͣͭͪ;͙ͤͻΣ ͔ͪͫ͟͡ΎͪͫΈͦ͟-͎ͪ͊ͺ͜;͙ͤͻ ͭ͊ ͤ͜΄͙ͻ ͨͦͤΎͭΈΣ ͔͔͔͍ͣͤͭ͜͡ ͎ͪ͊ͺ͜;ͤͦ͝ 
͍͙ͣͦ ͯ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͭ͊ ͍͙͙ͪͦ͋ͤ;ͦ-͙ͨͪ͊ͭ͟;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͡Ό͙͙͒ͤΣ ΅ͦ Ί ͒ͦͫͭ͊ͭͤΈͦΌ ͔͔͙ͭͦͪͭ;ͤͦΌ 
͍ͦͫͤͦͦΌ ͒͡Ύ ͯͫͨ͜΄͎ͤͦͦ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͎ͪ͊ͺ͜;͙ͤͻ ͊͒͊͘; ό˹͙΅͊͟Σ нлмпύΦ ˹͊ ͍ͦͫͤͦ͜ ͎ͪ͊ͺ͜;͙ͤͻ ͤ͊ͤ͘Έ ͺͦͪͣͯΌͭΈͫΎ ͎ͪ͊ͺ͜;ͤ͜ 
͍ͣͤͤ͜ΎΦ ˤͣͤͤ͜Ύ ͔͔ͨͪ͒͋͊;͊Ί ͔͔͙ͫͭͪͦͪ͊͘͟͜ͼ͜Ό ς ͍͔ͭͤͤ͜͡Ύ ͤ͊ͤ͘Έ ͯ ͺ͙͘͜;ͤͯ ͒͜ΌΦ ˥ͪ͊ͺ͜;ͤ͜ ͍ͣͤͤ͜Ύ ς ͼ͔ ͍͔ͫ͒ͦͣ͜ ͍ͦͦ͒ͤͤ͜͡Ύ 
͙͔ͫͫͭͣͦΌ ͙ͨͪ͊ͭ͟;͙ͤͻ ͚͒͜Σ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͒͡Ύ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͦ͝ ͎ͪ͊ͺ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˽͙ͪ ͼΈͦͣͯ ͙͔ͫͫͭͣ͊ ͙ͨͪ͊ͭ͟;͙ͤͻ ͚͒͜ 
͔͔ͨͪ͒͋͊;͊Ί ͍͒͋ͪ͜͜ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͤ͊ͤ͘ΈΣ ͍͙͔͒ͤͤ͜͡Ύ ͫͯͭͭΊ͍͙ͻ ͍͙͍͔͚͊ͫͭͦͫͭ͡Σ ͙ͨͪ͊ͭ͟;͔ͤ ͔͔͍͔ͨͪͭͦͪͤͤΎ ό͍͊ͫͭͦͫͯ͊ͤͤ͘Ύύ ͤ͊ͤ͘ΈΣ 
ͦͤͭͪͦ͟͡Έ ͜ ͙͎͍ͦͪͯ͊ͤͤ͟Ύ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͤ͜Φ ̂ͣͤͤ͜ΎΣ ΅ͦ ͔͔ͨͪ͒͋͊;͊Ί ͍͔͔ͯͫ͒ͦͣͤ͜͡ ͍͙ͦͤ͊ͤͤ͟Ύ ͒͜͝Σ ͔ͣͦ͗ ͔͔͙ͨͪͪͦͫͭ 
ͯ ͍͙ͤ͊;ͯ͟Σ Ύ͊͟ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ;͍͊ͫͭͦͦ͟Ό Ϧ͍͙͍͊ͭͦͣ͊ͭͦ͊ͤͫͭ͘͜ΌϦ ͍͙ͦͤ͊ͤͤ͟Ύ ͜ ͔͎ͪͯ͡Ύͼ͜͝ ͒͜͝Φ ˥ͪ͊ͺ͜;ͤ͜ ͍͙ͤ͊;͙͟ ς ͼ͔ 
͍͔͒ͦͫͦͤ͊ͤ͟͜͡ ͍ͣͤͤ͜Ύ ͎ͪ͊ͺ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ΅ͦ ͔ͪ͊ͯ͘͜͡ΌͭΈͫΎ ͤ͊ ͍ͪͤ͜͜ ͔͍͎ͤͫ͒ͦͣͦͦ͜ ͦͤͭͪͦ͟͡Ό ͚ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͒ͦͫΎ͎͔ͤͤͤΎ 
͚ͤ͊ͪ͊͟΅͎ͦͦ ͔ͪͯ͘͡Έͭ͊ͭͯ ͘ ͚͔ͤ͊ͣͤ΄͙ͣ ͍͙ͪͦͯͣͦͣ͘ ͔ͤ͊ͨͪͯ͗ͤͤΎͣΦ 

˥Φ ʕ Φ ̆ ͍͊ͤͦ ͭ͊ ˹Φ ʕ Φ ̅ ͔͍͒ͦͭͦ͊ ό͍̆͊ͤͦΣ ͔͍̅͒ͦͭͦ͊Σ нлмпύ ͒͊ΌͭΈ ͦͤ͊͘;͔ͤͤΎΣ ͦͪ͜Ί͍͔ͤͭͦ͊ͤ ͤ͊ ͙ͦͭͪͣ͊ͤͤΎ ͔͎ͦͤͪͭͤͦͦ͟͟ 
͔ͪͯ͘͡Έͭ͊ͭͯΣ Ύ͔͟ ͍͟͡Ό;͊Ί ͎͍ͦͭͦͤͫͭ͜Έ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͤ͊ͤͤ͘Ύ ͜ ͍ͣͤͤ͜Ύ ͫͯ͋ΩΊͭ͊͟ ͍ͤ͊;͊ͤͤΎ ͤ͊ ͙ͨͪ͊ͭ͟ͼ͜Φ ́͊͟ ͒ͦ ͨͦͤΎͭͭΎ 
ζ͎ͪ͊ͺ͜;ͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜η ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͔ͭͻͤ͜;͎ͤͦͦ ͺ͊ͻ͍͜ͼΎ ͙͙͒ͦͫ͒ͤ͜͟͡ ͍͒ͤͦͫ͜ΎͭΈ ͫͯͯͨͤͫͭ͟͜Έ ͍͊͟͜͡ͺ͊͜͟ͼ͚͙ͤ͜ͻ ͭ͊ 
ͨͪͦͺ͔͚ͫͤͦ͜-͙͙ͦͫͦ͋ͫͭͫͤ͜ͻ ͦͪ͜Ί͙͍ͤͭͪ͜ ͍ͫ͒ͦͣͦͫͭ͜͜ ͜ ͍͔͙ͨͦ͒ͤ͜͟Σ Ύ͟͜ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͎͍ͦͭͦͤͫͭ͜Έ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͤ͊ͤͤ͘ΎΣ ͍ͣͤͤ͜Ύ ͭ͊ 
͙ͦͫͦ͋ͫͭͫͤ͜͜ Ύͦͫͭ͟͜ ͒͡Ύ ͯͫͨ͜΄͎ͤͦͦ ͎͔͔͙ͦͣͭͪ;͎ͤͦͦ ͜ ͔͎ͤͭͪ͊͜ͼ͚͎ͤͦͦ͜ ͔ͣͦ͒͡Ό͍͊ͤͤΎΣ ͊ ͭ͊ͦ͗͟ ͎ͪ͊ͺ͜;͎ͤͦͦ ͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡Ύ 
͔͔͙ͤ͗ͤͪͤ͜ͻ ͦ͋ϥΊ͍ͭ͟͜Φ  

˥Φ ̑ Φ ̉ ͔͔͙ͣͪͫ ͭ͊ ˴Φ ˽ Φ ˻ ͫ͊͒;͊ ͭͪ͊ͭͯ͟ΌͭΈ ͎ͪ͊ͺ͜;ͤͯ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͍͋͊͊͊ͪ͟͜͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟Σ Ύ͟ 
͔͙͍ͤͭ͐ͪ͊ͭͤͯ͜ ͍͙͍͊ͫͭͫͭ͜͜͡Σ ΅ͦ ͍͟͡Ό;͊Ί ͍ͣͤͤ͜Ύ ͚͒ͫͤ͘͜Ό͍͙͊ͭ Ύͫͤͯ͟͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ό ͭ͊ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͎͙ͨͪͦͪ͊ͣͤͻ ͍͊ͫͦ͋͘͜Σ 
ͨͪͦͺ͔͚ͫͤͦ͜ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͫͯ;͊ͫͤ͜ ͦͣͨ͟ΩΌ͔ͭͪͤ͜ ͎ͪ͊ͺ͜;ͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͨ͒͜ ;͊ͫ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͔ͤͭͪ͜ͺ͔͚ͫͯ ͪͦͪͦ͋͘͡Ό͍͎͊ͤͦͦ 
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͎͎ͨͪͦͪ͊ͣͤͦͦ ͊ͫͦ͋ͯ͘Σ ͤ͊͘ͻ͙͙ͦ͒ͭ ͙ͦͨͭͣ͊͡Έͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͒ͦͫΎ͎͔ͤͤͤΎ ͪ͊͟΅͎ͦͦ ͔ͪͯ͘͡Έͭ͊ͭͯ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͔͎ͪͦͤͦͣ͜;͙ͤͻ 
͍͙͎ͣͦ ͤ͟͜ͼ͔͍ͦ͝ ͙͊ͯ͒ͭͦͪ͜͝Σ ͭͦ͋ͭͦ ͙͍ͦͪͫͭͯ͊͟;͍͜ ͊ͫͦ͋ͯ͘ ;͙ ͙͍ͫͨͦ͗͊;͍͜ ͨͪͦ͒ͯͭͯ͟Φ 

̆ͦ;͊ ͎ͪ͊ͺ͜;ͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈΣ ͤ͊ ͝ͻ ͒ͯͣͯ͟Σ ͔ͤ ͔͔ͨͪ͒͋͊;͊ΊΣ ΅ͦ ͚͚ͣ͊͋ͯͭͤ͜ ͍͋͊͊͊ͪ͟͡ ͘ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟ ͍ͦͦ͒͜͡Ί 
͍͙ͨͦͤͣ ͔ͫͨͭͪͦͣ͟ ͤ͊ͤ͘Έ ͍ ͯͫ͜ͻ ͔͊ͫͨͭ͊͟ͻ ͻͯ͒ͦ͗ͤΈͦ-͙͔ͣͫͭͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͎͊͊͘͡Έ͔ͤ ͪͦͯͣͤͤ͘͜Ύ ͝ͻ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͭ͊ 
͙͔ͦͫͣͫͤͤ͡Ύ ͍͙͋͊ͦ͘ͻ ͦͤ͟ͼ͔ͨͼ͚͜Σ ͙ͭ͊͟ͻΣ Ύ͟ ͙ͤ͊ͨͪ͊͒͟͡Σ ͙ͦͣͨͦ͘͟ͼ͜ΎΣ Ί ͊͋ͫͦ͡Όͭͤͦ ͔ͤͦ͋ͻ͒ͤͦ͜Ό ͍ͯͣͦͦΌ ͨͪͦͺ͔ͫͦͤ͊ͣͯ͘͜͜͡Σ 
͔͊͒͗ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͔ͤͭͪ͜ͺ͔͚ͫͯ ͔͎ͪͦͪͦ͋ͤͦͦ͘͡ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ Ί ͍͙͍͊͗ͦ͡Ό ͍ͫ͊͒ͦͦ͟͡Ό ͔ͨͪͦͭͤͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ 
͍͎͒ͪ͊͜͜Ί ͍͙͍͊͗ͯ͡ ͪͦ͡Έ ͨ͒͜ ;͊ͫ ͙ͪͦͪͦ͋͘͟ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ό͔͔͙̉ͣͪͫΣ ˻ͫ͊͒;͊Σ нлмтύΦ 

́Φ ˻ Φ ˻ ͜͡ͺ͔͔ͪͤͦ͟ ͭ͊ ˤΦ ʕ Φ ̊ ͔͍;͔ͤͦ͟ ͍͍͊͗͊ΌͭΈΣ ΅ͦ ͨ͒͜ ͎ͪ͊ͺ͜;ͤͦΌ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Ό ͫ͒͜͡ ͙ͪͦͯͣͭ͘͜ ͒͊ͭͤͫͭ͘͜Έ ό͔ͦͪͣ͊͘͟ 
ͯ;͙͔ͭ͡Ύ ͔ͭͻ͎͚ͤͦͦ͜͡ύ ͍͙͍͙ͦͤͯ͊ͭ͟ ͔ͨͪͦͭͤͯ͟ ͒͜Ύ͡Έͤͫͭ͜Έ ͯ ͔ͣ͗͊ͻ ͔͔͎ͨͪ͒ͣͭͤͦͦ ͨͦ͡Ύ ͍ͦͫͭͤ͜Έͦ͝ ͎͊ͯ͘͜͡ ζ͔́ͻ͎ͤͦͦ͜͡͝ηΦ ˤͦͤ͊ 
͍͙ͨͦͤͤ͊ ͭ͊ͦ͗͟ ͍͙͒ͦ͋ͪ͊͗͊ͭ͜ ͒͊ͭͤͫͭ͘͜Έ ͯ;͙͔ͭ͡Ύ ͎͍͙ͨͪͦͤͦͯ͊ͭ͘Σ ͍͙ͨ͊ͤͯ͊ͭ͡ ͜ ͙͎͍͙ͦͪͯ͊ͭ͟ ͍ͫͦ͝ ͒͜͝Σ ͍͙͋ͯ͒ͯ͊ͭ ͨͪͦͼ͔ͫ ͒͜Ύ͡Έͤͦͫͭ͜ 
͍ ͦ͋ͪ͊͊͘ͻΣ ͊ ͨͦͭͣ͜ ͍͔͗ ͍ͭ͜͡Ό͍͙͊ͭ ͚͎ͦͦ ͍ ͔ͪ͊͡Έͤ͜ ͒ ͜͝ ;͙ ͨͪͦͼ͔͙ͫ ͔ͨͪͦͭͤͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ό˻͜͡ͺ͔͔ͪͤͦ͟Σ ͔͍̊;͔ͤͦ͟Σ нлмрύΦ  

˿Φ ˴ ͍͔ͦ͊ͤͦ͟͡Σ ͎ͪͦ͘͡Ύ͒͊Ό;͙ ͙ͨͭ͊ͤͤΎ ͺ͍ͦͪͣͯ͊ͤͤΎ ͎ͪ͊ͺ͜;͙ͤͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͔͔͍ͤ͗ͤͪ͜͜-͍͔͋ͯ͒͜͡Έ͙͍ͤ͟͜Σ 
͊ͤ͊͘͘;͊ΊΥ ζ͍͙͍͊ͫͭͫͭ͜͡ΈΣ ΅ͦ ͍ͻ͙ͦ͒ͭΈ ͒ͦ ͫ͊͒ͯ͟͡ ͨͪͦͺ͔͚ͫͤͦ͜ ͍͙͍͙͊͗͡ͻ Ύ͔͚ͦͫͭ͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͔͔͍͒ͭͪͣͤͦ͊ͤ͊͜ ͎͙͙͙͋ͦͣ͟͡ ͜ 
ͣ͜ͼ͙͙ͤͣ ͤ͊ͤͤ͘Ύ͙ͣ ͭ͊ ͍͙ͤ͊;͙͊ͣ͟ ͍ ͎͊ͯ͘͜͡ ͎ͪ͊ͺ͜;͙ͤͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜Τ ͯͣͤͤ͜Ύ͙ͣ ͝ͻ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͯ ͍͙͙ͪͦ͋ͤ;͙ͻ 
͙ͫͭͯ͊ͼ͜ΎͻΤ ͙͙͍͙ͨͦͭͤͣ͘ ͙ͨͪ͊ͭ͟;͙ͤͣ ͍͒ͦͫ͒ͦͣ͜ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͨͪͦͺ͔͚ͫͤͦ͜ ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ͎ͪ͊ͺ͜;͙ͤͻ ͊͒͊͘;Φη ό˴͍͔ͦ͊ͤͦ͟͡Σ нлммύΦ 

ˤͫ͜ ͍ͨͪͦ͊ͤ͊ͦ͊ͤ͘͜͜͡ ͭͯͣ͊͡;͔ͤͤΎ ͨͦͤΎͭͭΎ ζ͎ͪ͊ͺ͜;ͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έη ͣ͊ΌͭΈ ͔͍ͨͤ͜ ζͤ͊΄͍͊ͪͯ͊ͤͤΎηΣ ͔ͫͨͼ͙ͺ͜;ͤ͜ ͙͙ͪͫ 
͔͍ͨͤͦ͝ ͫͺ͔͙ͪ ͒͜Ύ͡Έͤͦͫͭ͜ ;͙ ͎͍͙ͨ͒ͦͭͦ͜͟ ͔ͫͨͼ͍͊ͫͭ͜͜͜͡ ͔͎ͦͤͪͭͤͦͦ͟͟ ͨͪͦͺ͜͡ΌΣ ͍ ͔ͦͤͭͫͭ͟͟͜ Ύͦ͟͝ ͎ͪͦ͘͡Ύ͒͊ΌͭΈͫΎΦ ˢ͍ͭͦͪͯ 
͚ͤ͊͋͜͡Έ΄͔ ͣͨͦͤͯ͜Ί ͦͤ͊͘;͔ͤͤΎΣ Ύ͔͟ ͎͍͔͊͋ͫͭͪ͊ͦ͊ͤ ͍͒͜ ͔ͦͤͪͭͤͦ͟͟͝ ͫͺ͔͙ͪ ͒͜Ύ͡Έͤͦͫͭ͜Φ ͔́͊͟ ͚ͤ͊͋͜͡Έ΄ ͎͊͊͘͡Έ͔ͤ ͜ ͍͔ͯͤͪͫ͊͜͡Έ͔ͤ 
ͦͤ͊͘;͔ͤͤΎΣ ͤ͊ ͒ͯͣͯ͟ ͍͊ͭͦͪ͊Σ ͋ͯͦ͡ ͍͔͊ͨͪͦͨͦͤͦ͊ͤ͘ ˽Φ ˥ Φ x ͯΎ͍͙ͤͦͣΥ ζ͎ͪ͊ͺ͜;ͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͍͙͍͊͗͊͡ ͍͙͍͊ͫͭͫͭ͜͡Έ 
͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͍͔ͪͤ͜Έ ͍͔͎ͯͫ͒ͦͣͤͦͦ͜͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͎ͪ͊ͺ͜;͙ͤͻ ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟Σ ΅ͦ ͙ͫͨͪ͊ΌͭΈͫΎ ͤ͊ ͤ͊ͤͤ͘Ύ 
ͺͯͤ͟ͼͦͤ͊͜͡Έ͙ͤͻ ͜ ͙͍͙ͦͤͫͭͪͯͭͤ͟͟ͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͔ͭͻͤ͜;͙ͤͻ ͦ͋ΩΊ͍ͭ͟͜Σ ͍͒ͦͫ͒͜ ͎ͪ͊ͺ͜;ͤͦ͝ ͨͪͦͺ͔͚ͫͤͦ͜-ͦͪ͜Ί͍ͤͭͦ͊ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ 
͍͜͡Έͤͯ ͦͪ͜Ίͤͭ͊ͼ͜Ό ͍ ͔͔͍͙ͫͪ͒ͦ΅͜ ͎ͪ͊ͺ͜;͙ͤͻ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡η όˣͯΎ͍ͤͦΣ нлмлύΦ  

˻͔ͭ͗Σ ͎ͪ͊ͺ͜;ͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͼ͔ ͔͎͙͍ͤͭͪ͊ͭͤ͊͜ ͒͊ͭͤͫͭ͘͜Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͒ͦ ͒͜Ύ͡Έͤͦͫͭ͜Σ ΅ͦ ͋͊ͯ͘ΊͭΈͫΎ ͤ͊ 
͎ͪ͊ͺ͜;͙ͤͻ ͤ͊ͤͤ͘ΎͻΣ ͯͣͤͤ͜Ύͻ ͭ͊ ͍͙ͤ͊;͊͟ͻΣ ͭ͊ ͎͍ͦͭͦͤͫͭ͜Έ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͝ͻ ͯ ͎ͪ͊ͺ͜;͚ͤ͜ ͨͪͦͺ͔͚ͫͤͦ͜-ͦͪ͜Ί͍͚ͤͭͦ͊ͤ͜ 
͒͜Ύ͡Έͤͦͫͭ͜Φ 

ˤͯ͊͘͜͡Έͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ 
͔͔́ͨͪ ͫͨͪͦ͋ͯΊͣͦ ͔͔ͭͨͪ ͨͦΊ͙͒ͤ͊ͭ ͯ Ί͙͒ͤͯ ͔͎͊ͭͦͪ͟͜Ό ͨͦͤΎͭͭΎ ζ͍ͯ͊͘͜͡Έ͙͚ͤη ͭ͊ ζ͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈηΦ ̂ ͔͔ͨͪ͊͒͟͜͡ ͘ 

͙͊ͭͤͫ͡Έͦ͟͝ ζǾƛǎǳŀƭƛǎη ͍͙͚ͦͪͦ͘Σ ͍͙͙͙͚͒ͣΣ ͚ͭͦΣ Ύ͙͚͟ ͔͎ͫͨͦͫͭͪ͊͜ΊͭΈͫΎ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͦͦͣ͟Φ 
̂ ͍͙ͤ͊ͯͦ͟ͻ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͻ ͍ͯ͊͘͜͡Έͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͯ ͔ͦͤͭͫͭ͟͟͜ ͔ͦͤͪͭͤͦ͟͟͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍ ͪͯͫ͜͡ ͙ͭ͊͟ͻ 

ͤ͊ͨͪΎ͍ͣ͜ Ύ͟ ͔͎ͦͦ͟͜͡ΎΣ ͔͎͎ͨ͒͊ͦ͊͜͟Σ ͤ͜ͺ͙ͦͪͣ͊ͭ͊͟Σ ͙͚͒͊ͤ͘Φ 
˥Φ ʕ Φ ˱ ͡Έͤ͊͝ ͍͍͊͗͊ΊΣ ΅ͦ ͙͋ͯͭ ͍ͯ͊͘͜͡Έͤͦ ͔͔͙ͦͣͨͭͤͭͤͣ͟ ͦͤ͊͘;͊Ί ͙ͪͦͯͣͭ͘͜ ͭ͊ ͙ͦͫͣͫ͡Ό͍͙͊ͭ ͤ͜ͺͦͪͣ͊ͼ͜ΌΣ ͨͦ͒͊ͤͯ ;͔͔ͪ͘ 

͔ͦ͋ͪ͊͗ͤͤ͘ΎΣ ͍ ͨͪͦͫͭͦͪ͜ Ύ͙͟ͻ ͺͦͪͣͯΊͭΈͫΎ ͍͔ͤͦ ͤ͊ͤͤ͘Ύ ͜ ͍͔ͤͦ ͙͔ͣͫͤͤ͡Ύ ό˱͡Έͤ͊͝Σ нлмуύΦ ˢ͔͡ ͔ͭ͊͟ ͦͤ͊͘;͔ͤͤΎ ͋͜͡Έ΄ 
ͻ͔͔͊ͪ͊ͭͪͤ͟ ͒͡Ύ ͍ͯ͊͘͜͡Έͤͦ͝ ͎ͪ͊ͣͦͭͤͦͫͭ͜Φ 

˶Φ ˥ Φ ˸ ͍͊ͫͣͦ͊͜ ͍ Ύͦͫͭ͟͜ ͔͔͔͍ͣͤͭ͜͡ ͔ͣͦ͒͜͡ ͍ͯ͊͘͜͡Έͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍͙͒͜͡ΎΊΥ ͯͣͤͤ͜Ύ ͔͔͍͔͙ͨͪͫͭ ͍ͯ͊͘͜͡Έ͙͚ͤ ͦ͋ͪ͊͘ 
ͤ͊ ͍͔ͪ͋͊͡Έͤͯ ͍ͣͦͯΣ ͯͣͤͤ͜Ύ ͍͙͙ͫͭͦͪͭ ͤ͊ ͍ͦͫͤͦ͜ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ ͍͔ͪ͋͊͡Έ͙͚ͤ ͔ͭͫͭ͟Τ ͪͦͯͣͤͤ͘͜Ύ ͙͍ͫͣͦ͜͡;ͤͦ͝ ͙͙ͨͪͪͦ͒ 
͍ͯ͊͘͜͡Έ͎ͤͦͦ ͦ͋ͪ͊͊͘Τ ΧΤ ͍ͭͪ͊ͭͯ͊ͤͤ͟Ύ ͍͎ͣͫͭͦͦͦ͘͜ ͍͔ͤ͊͊ͤͭ͊͗ͤͤΎ ͙ͦͣͨͦ͘͟ͼ͜͝Τ ͪͦͪͦ͋͊͘͟ ͙͍͙ͦͣͯͤ͊ͭͤ͟͜͟ͻ ͔͚͒͜Τ ͍͔ͫͭͦͪͤͤΎ 
͍͊ͫͤͦ͡͝ ͍ͯ͊͘͜͡Έͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Τ ͯͣͤͤ͜Ύ ͙͍͍͙ͣͦͭͯ͊ͭ ͒ͦͼ͜͡Έͤͫͭ͜Έ ͺ͙ͦͪͣ ͨͦ͒͊;͜ ͤ͜ͺͦͪͣ͊ͼ͜͝ ό˸͍͊ͫͣͦ͊͜Σ нллоύΦ 

˭͊ ˻Φ ʕ Φ ́ ͚͍ͪͦͤͦͦ͜͟Ό ͍ͯ͊͘͜͡Έͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͼ͔ ͒͊ͭͤͫͭ͘͜Έ ͜ ͎͍ͦͭͦͤͫͭ͜Έ ͍͔ͯͫ͒ͦͣͤͦ͜͡ ͙͚͙ͫͨͪͣ͊ͭ ͍ͯ͊͘͜͡Έͤͯ 
ͤ͜ͺͦͪͣ͊ͼ͜Ό ͍ ͙ͪͤ͘͜ͻ ͔ͣ͒͊͜ ͔͔͒͗ͪ͊͡ͻΣ ͙͙ͪͭ͟;ͤͦ ͙ͦͫͣͫ͡Ό͍͙͊ͭ ͜ ͦͼͤ͜Ό͍͙͊ͭΣ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍ͭͦͪ;͙͚ ͨ͒͜ͻ͒͜ ͯ ͍͔ͫͭͦͪͤͤ͜ 
͍ͯ͊͘͜͡Έ͙ͤͻ ͍ͦ͋ͪ͊͘͜ ͜ ͍͔ͯͫ͒ͦͣͤͦ͜͡ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͝ͻ ͍ ͙ͨͪ͊ͭ͟ͼ͜ ͣ͗ͯ͜͟͡Έͭͯͪͤͦ͝ ͍͊͘Ίͣͦ͒͜͝ ͍ Ύͦͫͭ͟͜ ͔ͣ͒͊ͭͦͪ͊͜ ͯ͟͡Έͭͯͪ 
ό͚͙͍́ͪͦͤͦ͊͟Σ нлмсύΦ 

˻Φ s Φ ˴ ͔ͦͤ͒ͪ͊ͭͤͦ͟ ͨ͒͜ ͍ͯ͊͘͜͡ΈͤͦΌ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Ό ͍;͙͔ͭ͡Ύ ͔ͭͻ͎ͤͦͦ͜͡͝ ͭ͊ ͔͙ͦͤͦͣ͟͜͟ ͪͦͯͣ͘͜Ί ͍͙ͪͤͦ͒͘͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ 
͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Σ Ύ͊͟ ͍͒ͦͦ͘͡ΎΊ ͤ͊ ͍͙ͫͦͦͣͯ͟ ͍ͪͤ͜͜ ͍͙͙͒͋ͪ͊ͭ͜Σ ͍͙͊ͤ͊ͯ͊ͭ͘͜͡ ͍ͤ͊;͊͡Έͤͯ ͤ͜ͺͦͪͣ͊ͼ͜ΌΣ ͔͔͍ͨͪͭͦͪΌ͍͙͊ͭ ͝͝ 
͍ͯ͊͘͜͡Έ͙͙ͤͣ ͙͊ͫͦ͋͊ͣ͘Σ ζ͔͔͍͙͙ͨͪͦ͒ͭη ͍͔ͪ͋͊͡Έͤ͜ ͙͎͙ͫͤ͊͡ ͯ ͍ͯ͊͘͜͡Έͤͯ ͺͦͪͣͯΣ ͔ͺ͔͙͍ͭͤͦ͟ ͔͔͍͙ͨͪ͒͊͊ͭ ͍ͯ͊͘͜͡Έͤ͜ 
͍͔ͨͦ͒ͦͣͤͤ͜͡Ύ ͜ ͦ͋ͣͤ͜Ό͍͙͊ͭͫΎ ͙͙ͤͣ ͘ ͤ͜΄͙͙ͣ ͫͯ͋ΩΊ͙ͭ͊ͣ͟ ͍ͤ͊;͊͡Έͤͦ͝ ͍͊͘Ίͣͦ͒͜͝ ό˴͔ͦͤ͒ͪ͊ͭͤͦ͟Σ нлмпύΦ  

̒͟΅ͦ ͍ ͙ͨͦ͒͊ͤͻ ͦͤ͊͘;͔ͤͤΎͻ ͺ͙ͪ͊͘ ζ͍͔ͫͭͦͪͤͤΎ ͍͊ͫͤͦ͡͝ ͍ͯ͊͘͜͡Έͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ηΣ ζ͍͔ͯͫ͒ͦͣͤͦ͜͡ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͝ͻ ͍ 
͙ͨͪ͊ͭ͟ͼ͜ ͣ͗ͯ͜͟͡Έͭͯͪͤͦ͝ ͍͊͘Ίͣͦ͒͜͝ ͍ Ύͦͫͭ͟͜ ͔ͣ͒͊ͭͦͪ͊͜ ͯ͟͡ΈͭͯͪηΣ ζ͔ͺ͔͙͍ͭͤͦ͟ ͔͔͍͙ͨͪ͒͊͊ͭ ͍ͯ͊͘͜͡Έͤ͜ ͍͔ͨͦ͒ͦͣͤͤ͜͡Ύ ͜ 
ͦ͋ͣͤ͜Ό͍͙͊ͭͫΎ ͙͙ͤͣ ͘ ͤ͜΄͙͙ͣ ͫͯ͋ΩΊ͙ͭ͊ͣ͟ ͍ͤ͊;͊͡Έͤͦ͝ ͍͊͘Ίͣͦ͒͜͝η ͍͍͙͊͗͊ͭ Ύ͟ ͎͍ͦͭͦͤͫͭ͜Έ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͤ͊͋ͯͭ͜ ͤ͊ͤͤ͘Ύ ͜ 
͍ͣͤͤ͜Ύ ͯ ͍͚ͫͦ͝ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͭͦ ͒͊ͤ͜ ͦͤ͊͘;͔ͤͤΎ ͍ͨͦͤͦΌ ͣͪͦ͜Ό ͍͒ͦ͋ͪ͊͗͊͜ΌͭΈ ͣͫͭ͘͜ ͨͦͤΎͭͭΎ ζ͍ͯ͊͘͜͡Έͤ͊ 
͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈηΦ 

˹͊ͣ ͚ͤ͊͋͜͡Έ΄͔ ͣͨͦͤͯ͜Ί ͦͤ͊͘;͔ͤͤΎΣ ͍͔͊ͨͪͦͨͦͤͦ͊ͤ͘ ˢΦ ˥ Φ ˾ ͊ͨͯͭͦΣ Ύ͙͚͟ ͨ͒͜ ͍ͯ͊͘͜͡ΈͤͦΌ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Ό ͪͦͯͣ͘͜Ί 
͔͎͙͍ͤͭͪ͊ͭͤͯ͜ ͍͙͍͊ͫͭͫͭ͜͡Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͍ ͍ͦͫͤͦ͜ Ύͦ͟͝ ͔͙͗ͭ͡Έ ͫͯͯͨͤͫͭ͟͜Έ ͔͔͙ͭͦͪͭ;͙ͤͻ ͤ͊ͤ͘Έ ͍ ͦ͋͊ͫͭ͜͡ ͍ͯ͊͊͘͘͜͜͡ͼ͜͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ 
ͭ͊ ͍ͦͫͤͦ ͎͙͍ͦͤͭͤͦ͟͜-͍ͯ͊͘͜͡Έ͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͊ ͭ͊ͦ͗͟ ͎͍ͦͭͦͤͫͭ͜Έ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͼ͜ ͤ͊ͤͤ͘Ύ ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ ͨͪͦͺ͔͚͚ͫͤ͜͜ 
͒͜Ύ͡Έͤͦͫͭ͜ ό˾͊ͨͯͭͦΣ нллуύΦ 

˻͔ͭ͗Σ ͍ͯ͊͘͜͡Έͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͼ͔ ͔͎͙͍ͤͭͪ͊ͭͤ͊͜ ͒͊ͭͤͫͭ͘͜Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͍ ͍ͦͫͤͦ͜ Ύͦ͟͝ ͔͙͗ͭ͡Έ ͫͯͯͨͤͫͭ͟͜Έ 
͔͔͙ͭͦͪͭ;͙ͤͻ ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ ͭ͊ ͍͙ͤ͊;ͦ͟ ͍ ͦ͋͊ͫͭ͜͡ ͍ͯ͊͊͘͘͜͜͡ͼ͜͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͊ ͭ͊ͦ͗͟ ͎͍ͦͭͦͤͫͭ͜Έ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͝ͻ ͯ 
ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

 
ˤˮ˿˹˻ˤ˴ˮ 

͙́͊ͣ͟ ;͙ͤͦͣΣ ͣͦ͗ͤ͊ ͍͔͍͙ͫͭͪ͒͗ͯ͊ͭ ͔ͤ͊ͫͭͯͨͤΦ 
1. ˹͊ͪ͊͘͜ ͍ ͍ͦͫͭ͜͜ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͣͤ͊͘͜ ͍ͦͫͭͤ͜Έͦ͝ ͙͎͙ͨ͊ͪ͊͒ͣ ͘͜ ζͤ͊ͤͤ͘Ί͍ͦ͝η ͤ͊ ͔͔ͦͣͨͭͤͭͤͫͤͯ͟͜Φ ˤ͙ͤ͊͘;͊͡ΈͤͦΌ 

ͦͤ͊ͦ͘͟Ό ͔͔ͦͣͨͭͤͭͤͫͤͦ͟͜͝ ͙͎͙ͨ͊ͪ͊͒ͣ Ί ͺ͍ͦͪͣͯ͊ͤͤΎ ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟Φ ˤͭ͊͜ΊͭΈͫΎ ͤ͊͋ͯͭͭΎ ͍͒ͦͫ͒ͯ͜ ͜ ͍ͣͤͤ͜Ύ ͚͎ͦͦ 
͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ Ύ͟ ͍ ͙ͫͭ͊ͤ͒͊ͪͭͤͻΣ ͭ͊͟ ͜ ͔͙ͤͫͭ͊ͤ͒͊ͪͭͤͻ ͙ͫͭͯ͊ͼ͜ΎͻΦ ˱͘ ͔͔ͨͪͻͦ͒ͦͣ ͤ͊ ͍ͤͦͯ ͙͎ͨ͊ͪ͊͒ͣͯ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͍͔ͦͤͦͤͤ͡Ύ 
ͨͦͤΎͭͭΊ͍ͦ-͔͎ͭͪͣͤͦͦ͜͜͡;͎ͤͦͦ ͊ͨ͊ͪ͊ͭͯ ͍͙ͦͫͭ͜Φ ̂ ͍͚ͤ͊ͯͦ͟͜ ͭ͊ ͔͙ͣͭͦ͒;ͤ͜ ͔ͭͪ͊ͭͯͪ͜͜͡ ;͊ͫͭͦ ͔͎ͫͨͦͫͭͪ͊͜ΊͭΈͫΎ ͨͦͤΎ͚͙͚ͭͤ͜ 
͙͒ͫͦͤ͊ͤͫΥ ͍͙͊ͭͦͪ ;͊ͫͭͦ ͦͭͦͭͦ͗ͤΌΌͭΈ ͨͦͤΎͭͭΎ ζ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έη ͜ ζ͎ͪ͊ͣͦͭͤͫͭ͜ΈηΣ ͙͒ͦͭͪͣͯΌͭΈͫΎ ͎ͪͤͦͦ͘͜ ͜Ίͪ͊ͪͻ͜;͎ͤͦͦ 
͍ͨͦͪΎ͍͒ͯ͊ͤͤ͟Ύ ͯ ͨͦͤΎͭͭΎͻ ζ͎ͪ͊ͣͦͭͤͫͭ͜ΈηΣ ζ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έη ͭ͊ ζͯ͟͡Έͭͯͪ͊ηΦ ˭ ͔ͣͭͦΌ ͔ͯͫͯͤͤͤΎ ͙͍͙ͨͦͣͦ͟͡ͻ ͔ͫͯ͒͗ͤΈ 
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͙͍͙͔͒ͦͭͪͣͯ͊ͭͣͣͦͫΈ ͎ͫͭͪͯͭͯͪͤͦͦ͟ ͊ͤ͡ͼΌ͎͊ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦͫͭ͜ ͍͙ͦͫͭ͜Σ ͍͎͊ͨͪͦͨͦͤͦ͊ͤͦͦ͘ ˣΦ ˿ Φ ˥ ͔ͪ΄ͯͤͫΈ͙ͣ͟Υ ζ͎ͪ͊ͣͦͭͤͫͭ͜Έη ς 
ζ͍ͦͫ͜;͔ͤͫͭ͜Έη ς ζ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έη ς ζͯ͟͡Έͭͯͪ͊η ς ζ͔͔ͣͤͭ͊ͭͭ͜͡ηΦ  

2. ˴͔͔ͦͣͨͭͤͭͤͫͭ͜Έ ͍͙ͤ͊͘;͊ΌͭΈ Ύ͟ ͎͊͊͘͡Έͤͯ ͒͊ͭͤͫͭ͘͜Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͒ͦ Ύͦ͟͝-͔ͤ͋ͯ͒Έ ͒͜Ύ͡Έͤͦͫͭ͜Σ ΅ͦ ͋͊ͯ͘ΊͭΈͫΎ ͤ͊ 
ͤ͊ͤͤ͘ΎͻΣ ͯͣͤͤ͜Ύͻ ͭ͊ ͍͙ͤ͊;͊͟ͻΣ ͙ͤ͊͋ͯͭͻ ͯ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎΦ ˽ͦͤΎͭͭΎ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͔ͤ ͍͙ͦ͒ͭ͘ΈͫΎ ͭ͜͡Έ͙͟ ͒ͦ ͤ͊ͤ͘Έ ͜ 
͍͙ͤ͊;ͦ͟Σ ͊ ͔͙ͤ͊͗ͭ͡Έ ͒ͦ ͫͺ͔͙ͪ ͙ͫ͊͒ͤ͟͡ͻ ͯͣͤ͜Έ ͜ Ύ͔͚ͦͫͭ͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ  

3. ˴͔͔ͦͣͨͭͤͭͤͫͭ͜Έ ͣ͊Ί ͍͙ͨͦͪͦ͒͗ͯ͊ͭ ͒͜ΌΦ ˴͔͔ͦͣͨͭͤͭͤͫͭ͜Έ ͍͟͡Ό;͊Ί ͔ͤ ͭ͜͡Έ͙͟ ͤ͊ͤͤ͘Ύ ͜ ͙ͦͫͦ͋ͫͭͫͤ͜͜ Ύͦͫͭ͟͜ ͫͯ͋ΩΊͭ͊͟ 
͍ͤ͊;͊ͤͤΎΣ ͊ ͜ ͎͍ͦͭͦͤͫͭ͜Έ ͝ͻ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͤ͊ ͙ͨͪ͊ͭ͟ͼ͜Φ ˱ͤ΄͙͙ͣ ͍͙ͫͦ͊ͣ͡Σ ͍ͦͫͤͦͤ͊ ͍͒ͣͤͤͫͭ͜͜͜Έ ͎ͪ͊ͣͦͭͤͦͫͭ͜ ͍͒͜ 
͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍ ͭͦͣͯΣ ΅ͦ ͎ͪ͊ͣͦͭͤ͊ ͡Ό͙͒ͤ͊ ͤ͊͘Ί ͜ ͪͦͯͣ͘͜ΊΣ ͊ ͔͔ͦͣͨͭͤͭͤ͊͟ ͔ͣͦ͗ ͔ͺ͔͙͍ͭͤͦ͟ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͤ͊ͤͤ͘Ύ ͙ͨͪ 
͍͙ͪ͜΄͔ͤͤ͜ ͔ͨͪͦ͋ͣ͡Φ 

4. ˥ͪ͊ͺ͜;ͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͼ͔ ͔͎͙͍ͤͭͪ͊ͭͤ͊͜ ͒͊ͭͤͫͭ͘͜Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͒ͦ ͒͜Ύ͡Έͤͦͫͭ͜Σ ΅ͦ ͋͊ͯ͘ΊͭΈͫΎ ͤ͊ ͎ͪ͊ͺ͜;͙ͤͻ 
ͤ͊ͤͤ͘ΎͻΣ ͯͣͤͤ͜Ύͻ ͭ͊ ͍͙ͤ͊;͊͟ͻΣ ͭ͊ ͎͍ͦͭͦͤͫͭ͜Έ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͝ͻ ͯ ͎ͪ͊ͺ͜;͚ͤ͜ ͨͪͦͺ͔͚ͫͤͦ͜-ͦͪ͜Ί͍͚ͤͭͦ͊ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˤͯ͊͘͜͡Έͤ͊ 
͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͼ͔ ͔͎͙͍ͤͭͪ͊ͭͤ͊͜ ͒͊ͭͤͫͭ͘͜Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͍ ͍ͦͫͤͦ͜ Ύͦ͟͝ ͔͙͗ͭ͡Έ ͫͯͯͨͤͫͭ͟͜Έ ͔͔͙ͭͦͪͭ;͙ͤͻ ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ ͭ͊ 
͍͙ͤ͊;ͦ͟ ͍ ͦ͋͊ͫͭ͜͡ ͍ͯ͊͊͘͘͜͜͡ͼ͜͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͊ ͭ͊ͦ͗͟ ͎͍ͦͭͦͤͫͭ͜Έ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͝ͻ ͯ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˤ͒ͣͤͤͫͭ͜͜͜Έ ͣ͗͜ 
͙͙ͤͣ ͍͔ͦ͋ͯͣͦͤ͊͡ ͫͨͦͫͦ͋ͦͣ ͙͚ͫͨͪͤΎͭͭΎ ό͍ͯ͊͘͜͡Έͤ͊ύ ;͙ ͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡Ύ ό͎ͪ͊ͺ͜;ͤ͊ύΦ  

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 
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ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͨͪͦͺ͜͡ΌΦ ˹͍͊ͯͦ͟͜ ͙͙͊ͨͫ͘͟ ͔́ͪͤͦͨ͜͡ΈͫΈ͎ͦͦ͟ ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜Φ ˿͔ͪ͜ΎΥ 
͔͎͎ͨ͒͊ͦ͊͜͟Σ нлмтΦ ЅпΦ ˿Φ мру-163. 

13. ˴͔͔͙͚ͦͣͨͭͤͭͤͫͤ͜ ͨ͒͜ͻ͒͜ ͯ ͫͯ;͚͊ͫͤ͜ ͍ͦͫͭ͜͜Υ ͍͍͙͚ͫͭͦ͜ ͍͒ͦͫ͒͜ ͭ͊ ͯͪ͊ͤͫ͟͝Έ͟͜ ͔͔͙͍͙ͨͪͫͨͭ͟Υ ͔͋͋ͦͭ͊͜͜͟͡ ͘ ͍ͦͫͭͤ͜Έͦ͝ ͙͙ͨͦͭ͜͟͡ κ 
͎͊͘Φ ͔ͪ͒Φ ˻Φ ʕ Φ ˻ ͍;͊ͪͯ͟Φ ˴͙͍͝Υ ˴Φ˱Φ˿ΦΣ нллпΦ ммнͫΦ 

14. ˴͔ͦͤ͒ͪ͊ͭͤͦ͟ ˻ Φ s Φ ˮͤͺ͎ͦͪ͊ͺ͙͊͟ ͍ ͍͔ͯ͘Υ ͺ͙͔ͦͪͣͪͯͣ ͍͙ͯ͊͘͡ΈͤͯΌ ͔͔ͦͣͨͭͤ͟ͼ͜ΌΦ ˽͔͔͙͍ͪͫͨͭ͟· ͙ͤ͊ͯ͟ ͙ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΣ 
нлмпΦ нόуύΦ ˿Φ ммл-115. 

15. ˴ͦͫͭΌ;͔ͤͦ͟ ˹Φ ̑ Φ ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ͤ͊;͊ͦ͡-͎͍͙ͪͦ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ ͨͪͦͼ͔ͫ͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ 
͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͺ͙͙͘͜͟ ͚ ͔͙͙ͣ͊ͭͣ͊ͭ͟Φ ˤ͙ͫͤ͜͟ ͔̉ͪ͊ͫ͟Έ͎ͦͦ͟ ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜Φ ˿͔ͪ͜Ύ ζ˽͔͎͎͒͊ͦ͜;ͤ͜ ͙ͤ͊ͯ͟ηΣ 
нлмрΦ ˤ͙ͨΦ Ѕ он όосрύΦ ˿Φ пф-56. 

16. ˸͍͊ͫͣͦ͊͜ ˶Φ ˥ Φ ˤͯ͊͘͜͡Έͤ͊ ͎ͪ͊ͣͦͭͤͫͭ͜Έ ͯ ͙͔ͫͫͭͣ͜ ͔͍͙ͣ͒͊ͦͫͭ͜͜Φ ̂;͔ͤ·͔ ͙͙͊ͨͫ͘͟ ͍͙́͊ͪ;͔͎ͫͦͦ͟ ͤ͊ͼ͙ͦͤ͊͡Έ͎ͤͦͦ 
͙͍͔͙͔ͯͤͪͫͭͭ͊ ͙ͣΦ ʕ Φ ˮ Φ ʕ ͔͎ͪͤ͊͒ͫͦͦ͟Σ нллоΦ ЅоΦ ˿Φ мтн-176. 

17. ˹͙΅͊͟ ˱Φ ˨ Φ ˱͔͔ͤ͗ͤͪͤͦ-͎ͪ͊ͺ͜;ͤ͜ ͤ͊ͤͤ͘ΎΣ ͯͣͤͤ͜Ύ ͭ͊ ͍͙ͤ͊;͙͟ ͍;͙͔ͭ͡Ύ ͔ͭͻ͎͚ͤͦͦ͜͡Υ ͍͔͔ͤͭͫͤ͟͜ͼ͜Ύ ͨͦͤΎͭΈΦ ˽͔͎͎͒͊ͦ͜;ͤ͜ ͙ͤ͊ͯ͟Σ 
нлмпΦ Ѕ н όссύΦ ˿Φ оср-370. 

18. ˻͜͡ͺ͔͔ͪͤͦ͟ ́Φ ˻ ΦΣ ͔͍̊;͔ͤͦ͟ ˤΦ ʕ Φ ͍̅ͦͪͣͯ͊ͤͤΎ ͎ͪ͊ͺ͜;ͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͔ͭͻ͎͚ͤͦͦ͜͡Υ ˤ͙ͤ͊͘;͔ͤͤΎ 
͙ͫͭͪͯͭͯͪͤ͟ͻ ͔͍ͦͣͨͦͤͤͭ͟͜Φ ˹͍͙͚͊ͯͦ͟ ;͙͊ͫͦͨͫ ˹˽̂ ͔ͣͤ͜͜ ˸Φ ˽Φ ˨͎͍ͪ͊ͦͣ͊ͤͦ͊Φ ˿͔ͪ͜Ύ рΥ ˽͔͎͎͒͊ͦ͜;ͤ͜ ͙ͤ͊ͯ͟Υ ͔ͪ͊͜͡͝ ͭ͊ 
͔͔͙͍͙ͨͪͫͨͭ͟Σ нлмрΦ ˤ͙ͨΦ рнΦ ˿Φ мум-188. 

19. ˾͍͔͊ͤ ˨͗Φ ˽͔͎͎͙͒͊ͦ;͔͔ͫͦ͟ ͔͙͍͙͔ͭͫͭͪͦ͊ͤΥ ˽͔ͪͦ͋ͣ͡·Σ ͔͙͊͋ͯ͗͒ͤ͘͡ΎΣ ͔͔͙͍ͨͪͫͨͭ͟·Φ ˽͙ͪͪͦ͒͊ ͔͔͙ͦͣͨͭͤͭͤͦͫͭ͟Φ 
̊ͦ͟͡Έͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Σ мфффΦ Ѕ оΦ ˿Φ мрмς175. 

20. ˾͊ͨͯͭͦ ˢΦ ˥ Φ ˹͔ͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͍ͨͦ·΄͔͙ͤΎ ͍͙ͯ͊͘͡Έ͚ͤͦ ͔͔͙ͦͣͨͭͤͭͤͦͫͭ͟ ͙ͨͪ ͙͔͔͙͙ͨͪͣͤͤ ͦͣͨ͟ΈΌ͔ͭͪͤ·ͻ ͔͍ͫͪ͒ͫͭ 
͍͙͙ͯ͊͊͘͘͡ͼ͙͙ ͯ;͔͚͋ͤͦ ͙ͤͺͦͪͣ͊ͼ͙͙Φ ̂;͔ͤ·͔ ͙͙͊ͨͫ͘͟ ˮˮ˻ ˾ˢ˻Σ нллуΦ Ѕ нуΦ ˿Φ ут-91. 

21. ˾͔͍ͯ͒ͤ͊ ˹Φ ˩ Φ ˽͔͎͎͙͒͊ͦ;͔͙͔ͫ͟ ͍͙ͯͫͦ͡Ύ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͍͙ͯ͊͘͡Έ͚ͤͦ ͔͔͙ͦͣͨͭͤͭͤͦͫͭ͟ ͋ͯ͒ͯ΅͙ͻ ͙͚͔͍͒͊ͤͪͦ͘Υ ͙͒ͫͫ ΦΦΦ 
͊ͤ͒͟Φ ͔ͨ͒ ͤ͊ͯ͟Υ моΦллΦлу κ ̂͡ΈΎ͍͙͚ͤͦͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭΦ ̂͡ΈΎ͍ͤͦͫ͟Σ нлмсΦ нптͫΦ 

22. ͚͙͍́ͪͦͤͦ͊͟ ˩Φ ʕ Φ ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͍͙ͯ͊͘͡Έ͚ͤͦ ͔͔ͦͣͨͭͤ͟ͼ͙͙ ͍ ͙͙͔͒͒͊ͭ͟͟ ͔ͣ͗ͯ͟͡Έ͚ͭͯͪͤͦ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙Φ ˸͎ͤͦͦΎ͘·;͙͔ 
͍ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤͦͣ ͍͔ͨͪͦͫͭͪ͊ͤͫͭΣ нлмсΦ ˤ͙ͨΦуΦ ˿Φ мп-20. 

23. ͍̅ͪͦͦ͊͡ ˽Φ ˮ Φ ˴ ͍ͦͨͪͦͫͯ ͦ͋ ͙͙ͫͭͦͪ;͔ͫͦͣ͟ ͍͙͙͙ͪ͊ͭ͘ ͨͦͤΎ͙ͭΎ ζͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ͊Ύ ͎ͪ͊ͣͦͭͤͦͫͭΈη ͍ ͔͎͎͙ͨ͒͊ͦ;͔͚ͫͦ͟ 
͔͙͙ͭͦͪ ͙ ͙͔ͨͪ͊ͭ͟͟Φ ˹͊ͯ͊͟ ͦ ;͔͍͔͔ͦ͟͡Υ ͎͙ͯͣ͊ͤͭ͊ͪͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΣ нлмс мόноύΦ ˿Φ мтф- 185. 

24. ͍̆͊ͤͦ ˥Φ ʕ ΦΣ ͔͍̅͒ͦͭͦ͊ ˹Φ ʕ Φ ˽͔ͪͦ͋ͣ͡· ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͎ͪ͊ͺ͙;͔͚ͫͦ͟ ͔͔͙ͦͣͨͭͤͭͤͦͫͭ͟ ͯ ͔͍ͫͭͯ͒ͤͭͦ ͫ ͙͔͊ͤ͗ͤͤ͘·ͣ 
͍͔ͯͪͦͤͣ ͎͍͙ͨͦ͒ͦͭͦ͟ ͨͦ ͎ͪ͊ͺ͙;͔͙ͫͣ͟ ͙͒ͫͼ͙͙ͨͤ͊ͣ͡Φ ˽͔͎͎͙͒͊ͦ;͔͙͔ͫ͟ ͙ͤ͊ͯ͟Φ ͔̅ͯͤ͒͊ͣͤͭ͊͡Έͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΣ нлмпΦ 
Ѕ рΦ ˿Φ отп-378. 

http://www.infed.org/biblio/b-comp.html
https://zakon.rada.gov.ua/laws/show/2145-19
https://cyberleninka.ru/journal/n/nauka-o-cheloveke-gumanitarnye-issledovaniya
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25. ͚̆ͯͭͦͪͫͦ͟ ˢΦ ʕ Φ ˴͡Ό;͔͍·͔ ͔͔ͦͣͨͭͤ͟ͼ͙͙ ͊͟͟ ͔ͦͣͨͦͤͤͭ͟ ͙͡;ͤͦͫͭͤͦ-͙͔͙͍͚ͦͪͤͭͪͦ͊ͤͤͦ ͙͎ͨ͊ͪ͊͒ͣ· ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΦ 
˹͔͊ͪͦ͒ͤͦ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘Σ нллоΦ ЅнΦ ˿Φру-64. 

26. ͚̆ͯͭͦͪͫͦ͟ ˢΦˤΦ  ͔̉ͣ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ͊Ύ ͎ͪ͊ͣͦͭͤͦͫͭΈ ͙ͦͭ͡;͔͊ͭͫΎ ͦͭ ͔͔ͦͣͨͭͤ͟ͼ͙͙Κ ˽͔ͪͫͦͤ͊͡Έͤ·͚ ͚ͫ͊ͭ ς ͙̆ͪͦͤ͊͟ ͋·͙ͭΎΤ 
ммΦлоΦнлмс ͎Φ ¦w[Υ http://khutorskoy.ru/be/2016/0311/  ό˨͊ͭ͊ ͍͔͔ͪͤͤͤ͘Ύ лоΦмлΦнлмфύΦ 

27. ͔͔͙̉ͣͪͫ ˥Φ ̑ ΦΣ ˻ͫ͊͒;͊ ˴Φ ˽ Φ ˢͤ͊͘͜͡ ͫͯͭͤͦͫͭ͜ ͨͦͤΎͭͭΎ ά͎ͪ͊ͺ͜;ͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έέ ͯ ͙͔ͫͫͭͣ͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ 
͍͋͊͊͊ͪ͊͟͡ ͘ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟Φ ¦ƪǊŀƛƴƛŀƴ WƻǳǊƴŀƭ ƻŦ 9ŘǳŎŀǘƛƻƴŀƭ {ǘǳŘƛŜǎ ŀƴŘ LƴŦƻǊƳŀǘƛƻƴ ¢ŜŎƘƴƻƭƻƎȅΣ нлмтΦ ±ƻƭΦ рΣ ЅΦ оΦ 
˿Φ от-46. 

28. ͙̊΄͍ͦ ˿Φ ˽ͦͤΎ͙͔ͭ ͔͔͙ͦͣͨͭͤͫͭͤͦͫͭ͟ ͍ ͔͔ͦͤͭͫͭ͟͟ ͊͟;͔͍ͫͭ͊ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΦ ˨͚͔͊͒͗ͫͭ ΄ͦ͊͟͡-ͨ͊ͪ͟Σ нллнΦ ЅоΦ ˿Φнл-21. 
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Abstract.  
Formulation of the problem. With the change of the educational paradigm from the "knowledge" one to the competence one there is an update 

of the conceptual-terminological educational apparatus. There are such terms as "competence", as well as more narrow terms of 
specific professional competences, in particular, in "visual" education ς "graphic competence", "visual competence". At the same 
time, in scientific and methodological literature, there is often a conceptual dissonance: the authors often identify the concept of 
"competence" and "literacy", adhere to different hierarchical ordering in the concepts of "literacy", "competence" and "culture". 
Therefore, a researcher who begins his quest for the subject cannot understand the content of categories "graphic competence" 
and "visual competence". 

Materials and methods. Analysis of the concepts of "competence", "graphic competence", "visual competence" according to the interpretations 
of national and foreign researchers, establishing correlation of these concepts with the concepts of "graphic literacy", "visual 
literacy". 

Results. The common basis for the concepts of "graphic competence", "visual competence" is the notion of "competence". Competence is 
defined as the integrative ability of an individual to some activity based on the knowledge, skills and abilities acquired during the 
learning process, and the readiness to apply them in practice. Graphic competence is the integrative ability of an individual to work 
based on graphic knowledge, skills and abilities, and readiness to use them in professional activities. Visual competence is the 
integrative ability of the individual, based on the set of theoretical knowledge, skills and abilities in the field of visualization of 
information, as well as the readiness to apply them in professional activities. The difference between the concepts of graphic and 
visual competence is in the type of information someone deals with ς the visual information (the form of perception) or graphic 
information (the form of representation). 

Conclusions. The results of this study make it possible to deal with the conceptual dissonance of the glossary of "visual" education, in particular, 
to deal with the content and correlation of the concepts of "graphic competence" and "visual competence", since in the scientific 
literature the interpretation of these concepts is heterogeneous and not always argued. 

Keywords: ƎƭƻǎǎŀǊȅ ƻŦ άǾƛǎǳŀƭέ ŜŘǳŎŀǘƛƻƴΣ competence, graphical competence, visual competence. 
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͔͙͍͎ͦͨͪ͊ͭͤͦͦ ͦͤͭͪͦ͟͡Ό ͍ͤ͊;͊͡Έ͙ͤͻ ͒ͦͫΎ͎͔ͤͤΈ ͔͍ͫͭͯ͒ͤͭ͜ ͭͦ΅ͦΦ ̂ͫͨ͜΄ͤͫͭ͜Έ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͙ͭ͊͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ ͍͚ͦͫͭͤ͜͜ ͎͊ͯ͘͜͡ 
ͤ͊͘;ͤͦΌ ͣͪͦ͜Ό ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͍ͪͤ͜Ύ ͎͍͔ͨ͒ͦͭͦͤͦͫͭ͜͜͡ ͍͙͊͒͊͟͡;͍͜ ͒ͦ ͔ͪ͊͊͘͜͡ͼ͜͝ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎΣ ͔͎ͤ͊͗ͤͦͦ͡ 
͍ͤ͊;͊͡Έͤͦ-͔͙ͣͭͦ͒;͎ͤͦͦ ͭ͊ ͔ͣ͊ͭͪ͊͜͡Έͤͦ-͔ͭͻͤ͜;͎ͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎΣ ͊ ͭ͊ͦ͗͟ ͍͒͜ ͎͍ͦͭͦͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜ ͍ͤ͊;͙͊ͭͫΎ ͍ ͍ͯͣͦ͊ͻ 
͙͒ͫͭ͊ͤͼ͚ͤͦ͜͝ ͍͙ͦͫͭ͜Φ 
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ˢͭͯ͊͟͡Έͤͫͭ͜Έ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ ˹͊ ͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜ ͙͍͎͊ͭͤͦͦ͟ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͙͒ͫͭ͊ͤͼ͚ͤͦ͜͝ ͍͙ͦͫͭ͜ Ύ͟ ͎ͦ͒ͤͦͦ ͘ ͤ͊ͨͪΎ͍ͣ͟͜ 
͔ͪͺ͍ͦͪͣͯ͊ͤͤΎ ͚ ͔͎ͫͭͪ͊ͭ͜;͎ͤͦͦ ͍͙ͪͦͭͯ͘͟ ͍ͦͫͭͤ͜Έͦ͝ ͙͔͙ͫͫͭͣ ͙̂ͪ͊ͤ͟͝ ͎ͤ͊ͦͦ͡΄ͯΊͭΈͫΎ ͯ ˹͊ͼͦͤ͊͜͡Έ͚ͤ͜ ͙͒ͦͭͪͤ͟͜ ͍͙ͪͦͭͯ͘͟ 
͍͙ͦͫͭ͜Σ ˨͔͍͚ͪ͗͊ͤ͜ ͤ͊ͼͦͤ͊͜͡Έ͚ͤ͜ ͎ͨͪͦͪ͊ͣ͜ ζ˻͍ͫͭ͊͜ηΣ ˭͊ͦͤ͊͟ͻ ͙̂ͪ͊ͤ͟͝ ζ˽ͪͦ ͍ͦͫͭͯ͜ηΣ ζ˽ͪͦ ͍͙΅ͯ ͍ͦͫͭͯ͜η ͭ͊ ͤ͜΄͙ͻ ͔͍͙͒ͪ͗͊ͤͻ 
͔͒ͦͯͣͤͭ͊͟ͻΣ ΅ͦ ͊ͭͯ͊ͯ͘͟͜͡Ί ͔ͨͪͦ͋ͣͯ͡ ͍͙͋ͦͪͯ ͔͙ͣͭͦ͒;͙ͤͻ ͨ͒͜ͻ͍ͦ͒͜ ͒ͦ ͍͙͊͒͊ͤͤ͟͡Ύ ͍ͤ͊;͊͡Έ͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͍ ͍ͯͣͦ͊ͻ 
͙͒ͫͭ͊ͤͼ͚ͤͦ͜͝ ͍͙ͦͫͭ͜Φ 

ˢͤ͊͘͜͡ ͍ͤ͊ͯͦͦ͟-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͭ͊ ͨͯ͋͊͜͟͡ͼ͚͜ ͍ͨͦ͊͊͘͟Σ ΅ͦ ͙ͨͭ͊ͤͤΎ͙ͣ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ ͍͙΅͚͜ ΄ͦ͟͜͡ ͚͊ͣ͊͘ΊͭΈͫΎ ͎͋͊͊ͭͦ ͍ͤ͊ͯͦ͟ͼ͍͜Σ ͔ͦͪͣ͊͘͟ ˢΦ ˢͤ͒ͪΊΊ͍Σ ˤΦ ˣ͙͍ͦ͟Σ ́Φ ʕ ͊ͻͪͯ΅͔͍͊Σ 
̐Φ ˨ ͙ͦͤͫ͡Έ͙͚͟Σ ˸Φ ˭͎͊ͪͤ͜Ύ͟Σ ˤΦ ˱͎͔ͤ͊ͭͤͦ͟Σ ˻Φ ˴͔͊ͪͤ͊͜͡Σ ˱Φ ˴͍ͦͯ͋ͦͫ͘Έ͊͟Σ ˤΦ ˴ͯͻ͔͊ͪͤͦ͟Σ ̐Φ ˽ͦ͊ͭ͡Σ ˻Φ ˾͙͋͊ͦ͟͡Σ ˹Φ ˿ ͙͔ͪͦͭͤͦ͟Σ 
ˢΦ ̆ ͯͭͦͪͫΈ͙͚͟Σ ˥Φ ̒ͼ͔ͤͦ͟ ͭ͊ ͤ͜΄͜Σ ͙ͨͪ;ͦͣͯ ͔ͨͪͦ͋ͣ͊͡ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͯ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ό˭ˤ˻ύ ͒ͦͫ͒͗ͯ͜͡ΊͭΈͫΎ 
͊͘ ͙͙ͭ͊ͣ͟ ͤ͊ͨͪΎ͙ͣ͊ͣ͟Υ ͙ͨͪͤͼ͙͙ͨ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ όˢΦ ˢͤ͒ͪΊΊ͍Σ ̐Φ ˽ͦ͊ͭ͡Σ ˢΦ ̆ͯͭͦͪͫΈ͙͚͟ύΤ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;ͤ͜ 
͙͊ͫ͊͒͘ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ό˱Φ ˴͍ͦͯ͋ͦͫ͘Έ͊͟Σ ˤΦ ˴ͯͻ͔͊ͪͤͦ͟Σ ̐Φ ˽ͦ͊ͭ͡ύΤ ͪͦ͋ͦͭ͊ ͍͙͊͒͊͟͡;͊ ͍ ͙͔ͫͫͭͣ͜ ͙͒ͫͭ͊ͤͼ͚ͤͦ͜͝ ͍͙ͦͫͭ͜ 
ό˹Φ ˣΊͫΊ͒ͤ͜Σ ˶Φ ˭ͤ͊;͔ͤͦ͟Σ ˤΦ ˴ͯͻ͔͊ͪͤͦ͟Σ ˻Φ ˾͙͋͊ͦ͟͡Σ ˹Φ ˿͙͔ͪͦͭͤͦ͟ύΤ ͔͙ͣͭͦ͒Σ ͺ͙ͦͪͣ ͭ͊ ͙͊ͫͦ͋͘ ͍͔ͫͭͦͪͤͤΎ ͙͒ͫͭ͊ͤͼ͚͙ͤ͜ͻ 
͍ͯͪͫ͟͜ ό̐Φ ˨͙ͦͤͫ͡Έ͙͚͟Σ ˻Φ ˴͔͊ͪͤ͊͜͡Σ ˱Φ ˴͍ͦͯ͋ͦͫ͘Έ͊͟Σ ˤΦ ˴ͯͻ͔͊ͪͤͦ͟Σ ˻Φ ˾͙͋͊ͦ͟͡Σ ˹Φ ˿͙͔ͪͦͭͤͦ͟Σ ˥Φ ̒ͼ͔ͤͦ͟ύ ͭͦ΅ͦΦ ˢ͔͡ 
͔ͨͪͦ͋ͣ͊͡ ͍͙͋ͦͪͯ ͔͙ͣͭͦ͒;͙ͤͻ ͨ͒͜ͻ͍ͦ͒͜ ͍͙͊͒͊ͤͤ͟͡Ύ ͙͙ͨͪͪͦ͒ͤ;͙ͻ ͙͒ͫͼ͙ͨͤ͜͡ ͍ ͍ͯͣͦ͊ͻ ͙͒ͫͭ͊ͤͼ͚ͤͦ͜͝ ͍͙ͦͫͭ͜ ͍͙΅͎ͦͦ 
͍ͤ͊;͊͡Έ͎ͤͦͦ ͊͊͒ͯ͘͟͡ ͔ͤ͒ͦͫͭ͊ͭͤΈͦΌ ͣͪͦ͜Ό ͔͒ͦͫ͒͗ͤ͊͜͡ ͜ ͍͙ͪ͜΄͔ͤ͊Φ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜Υ ͍͙ͦ͋͐ͪͯͤͭͯ͊ͭ ͍͙͋ͪ͜ ͔͙ͣͭͦ͒;͙ͤͻ ͨ͒͜ͻ͍ͦ͒͜ ό͋͜ͻ͔͍͙ͦͪͫͭͫ͜Έ͎ͦͦ͟Σ ͎͙͍͎ͦͤͭͤͦͦ͟͜Σ ͙͍ͦͤͫͭͪͯͭͫͭͫ͟͟͜Έ͎ͦͦ͟Σ 
͔͙͍ͦͤͭͫͭͫ͟͟͜Έ͎ͦͦ͟ύ ͒͡Ύ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͙͙ͨͪͪͦ͒ͤ;͙ͻ ͙͒ͫͼ͙ͨͤ͜͡ ͍ ͍ͯͣͦ͊ͻ ˭ˤ˻ ͭ͊ ͍͔͙ͤ͊ͫͭ ͙͙ͨͪ͊͒͟͡ ͝ͻͤΈ͎ͦͦ 
͍͊ͫͭͦͫͯ͊ͤͤ͘ΎΦ  

 
˸˩́˻˨ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 

̂ ͨͪͦͼ͔ͫ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͫ͟͡Έ ͤ͊ͫͭͯͨͤ͜ ͔͙ͣͭͦ͒ ͍͎ͤ͊ͯͦͦͦ͟ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΥ ͙͔͙͚ͫͫͭͣͤ ͊ͤ͊͘͜͡ ͍͙ͤ͊ͯͦ͟ͻ 
ͭ͊ ͔͙ͣͭͦ͒;͙ͤͻ ͔͔͒͗ͪ͡Σ ͙͍ͨͪͫΎ;͔͙ͤͻ ͔ͭͻ͎ͤͦͦ͜͡Ύͣ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ͯ ˭ˤ˻Τ ͊ͤ͊͘͜͡ ͙͒͊ͤͻΣ ͙͋ͪ͊ͤ͘͜ͻ ͤ͊ ͔͙ͭͣ͊ͭ;͙ͤͻ 
͊͘ͻͦ͒͊ͻΣ ͙͍ͨͪͫΎ;͔͙ͤͻ ͙͒ͫͭ͊ͤͼ͚ͤͦͣͯ͜ ͍ͤ͊;͊ͤͤΌΣ ͝ͻ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎΦ 

 
˾˩˭̂˶̎́ˢ́ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ ́ˢ ˲̆ ˻ˣ˥˻ˤ˻˾˩˹˹̒ 

̂ ͦͤ͟ͼ͔ͨͼ͜͝ ͍͙ͪͦͭͯ͘͟ ͙͒ͫͭ͊ͤͼ͚ͤͦ͜͝ ͍͙ͦͫͭ͜ ͍ ̂ͪ͊ͤ͟͜͝ ͍͙ͤ͊͘;͔ͤͦΣ ΅ͦ ζ͙͒ͫͭ͊ͤͼ͚ͤ͊͜ ͍ͦͫͭ͊͜ ς ͼ͔ ͺͦͪͣ͊ ͍ͤ͊;͊ͤͤΎΣ 
͍ͪͤͦ͜ͼͤͤ͊͜ ͘ ͦ;ͤͦΌΣ ͍͔;ͪͤ͜ΈͦΌΣ ͊ͦ͘;ͤͦΌ ͭ͊ ͔͔ͫͭͪͤ͊ͭͦͣ͟Σ ΅ͦ ͔ͪ͊ͯ͘͜͡ΊͭΈͫΎΣ ͍ ͍ͦͫͤͦͤͦͣͯΣ ͊͘ ͔ͭͻ͎ͤͦͦ͜͡Ύ͙ͣ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ 
͍ͤ͊;͊ͤͤΎη ό͍͔̐ͫΊ͍͊Σ нлмнύΦ ˤͦͤ͊ ͍͒ͦ͋ͪ͊͗͊͜Ί ͙͍͍͙͚ͤ͒͒ͯ͊ͦ͊ͤ͘͜͜͜͡ ͨͪͦͼ͔ͫ ͔͔͍ͨͪ͒͊͊ͤͤΎ ͜ ͍͊ͫͦ͘ΊͤͤΎ ͤ͊ͤ͘ΈΣ ͯͣͤ͜ΈΣ ͍͙ͤ͊;ͦ͟ ͜ 
͍ͫͨͦͫͦ͋͜ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͡Ό͙͙͒ͤΣ Ύ͙͚͟ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͊͘ ͔͔͍ͦͨͦͫͪ͒ͦ͊ͤͦ͟͝ ͍͊͘Ίͣͦ͒͜͝ ͍͔͙͒͒͊ͤ͜͡ͻ ͙ͦ͒ͤ ͍͒͜ ͎ͦ͒ͤͦͦ 
ͯ;͙͍͊ͫͤ͟͜ ͍ͤ͊;͊ͤͤΎ ͯ ͔ͫͨͼ͍͊ͦ͊ͤͦͣͯ͘͜͜͡ ͔͔͍͙ͫͪ͒ͦ΅͜Σ ΅ͦ ͍͔͔ͫͭͦͪͤ ͤ͊ ͍ͦͫͤͦ͜ ͫͯ;͙͊ͫͤͻ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͭ͊ 
ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ όˣ͎ͦ͊;͍ͦ͟Σ нллфΤ ˽͔ͦͦ͗ͤͤ͡ΎΣ нлмфύΦ 

˾͎ͦ͘͡Ύ͔ͤͣͦ Ύ͟ ͭͪ͊ͭͯ͟ΌͭΈ ͔͒͊ͤ ͨͦͤΎͭͭΎ ͪͤ͘͜͜ ͍ͤ͊ͯͦ͟ͼ͜Φ 
˭͊ ͍͙ͤ͊͘;͔ͤͤΎͣ ˤΦ ˣ͙͍ͦ͊͟Σ ͙͒ͫͭ͊ͤͼ͚ͤ͊͜ ͍ͦͫͭ͊͜ ς ͼ͔ ζΧ͍͙ͪͤͦ͒͘͜ ͍ͦͫͭͤ͜Έͦ͝ ͙͔͙ͫͫͭͣΣ ͍ Ύ͚͟͜ ͔͔͍ͨͪ͊͗ͤͦ 

͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ ͙͒ͫͭ͊ͤͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ͤ͊;͊ͤͤΎ ͭ͊ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΦ ˨͙ͫͭ͊ͤͼ͚ͤ͊͜ ͍ͦͫͭ͊͜ ς ͦ͒ͤ͊ ͘ ͺͦͪͣ 
͒ͦ͋ͯͭͭ͘Ύ ͍͙ͦͫͭ͜Σ ͊͘ Ύͦ͟Ό ͍ͦͨ͊ͤͯ͊ͤͤΎ ͎ͭͦͦ ͊͋ͦ ͤ͜΄͎ͦͦ ͍ͪͤ͜Ύ ͊͘ ͭ͜ΊΌ ;͙ ͤ͜΄ͦΌ ͔ͫͨͼ͊͜͡Έͤͫͭ͜Ό ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͍ ͨͪͦͼ͔ͫ͜ 
͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎη όˣ͙͍ͦ͟Σ нллуύΦ  

̐Φ ˽ͦ͊ͭ͡ ͍͍͊͗͊ΊΣ ΅ͦ ͙͒ͫͭ͊ͤͼ͚͔ͤ͜ ͍ͤ͊;͊ͤͤΎ ς ͼ͔ ͍͊͘Ίͣͦ͒͜Ύ ͤ͊ ͍͒ͫͭ͊ͤ͜͜ ͍͙͊͒͊͟͡;͊ ͭ͊ ͔ͫͭͯ͒ͤͭ͊Σ Ύ͊͟ ͣ͊Ί ͍ͫ͜ ͍͙͍͊ͫͭ͜͡ 
͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫͯ ͔͙ͦͣͨͦͤͤͭ͟ ό͔ͣͭͯΣ ͣͫͭ͘͜Σ ͔͙ͣͭͦ͒Σ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͜͜ ͺ͙ͦͪͣΣ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎύ ͜ ͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ 
͔ͫͨͼ͙ͺ͜;͙͙ͤͣ ͙͊ͫͦ͋͊ͣ͘ ˱͔͔ͤͭͪͤͭ-͔ͭͻ͎͚ͤͦͦ͜͡ ͊͋ͦ ͤ͜΄͙͙ͣ ͙͊ͫͦ͋͊ͣ͘Σ ΅ͦ ͔͔ͨͪ͒͋͊;͊ΌͭΈ ͔͙͍ͤͭͪ͊ͭͤͫͭ͜͟͜Έ ό˽ͦ͊ͭ͡Σ нллнύΦ ˹͊ 
͒ͯͣͯ͟ ˣΦ ͔͎̆ͦͣ͋ͪ͡ ͜ ˻Φ ˿ͣͨͫͦͤ͜Σ ͙͒ͫͭ͊ͤͼ͚͔ͤ͜ ͍ͤ͊;͊ͤͤΎ ς ͼ͔ ζ͍ͤͦ͊ ͔ͫͨͼ͙ͺ͜;ͤ͊ ͺͦͪͣ͊ ͍ͤ͊;͊ͤͤΎΣ Ύ͊͟ ͔͔ͨͪ͒͋͊;͊Ί 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͍͙ͨͤͻ ͨ͒͜ͻ͍ͦ͒͜Σ ͔͍ͣͭͦ͒͜Σ ͙͙͒͒͊ͭ͟;͙ͤͻ ͍͊ͫͦ͋͘͜Σ ͍͊͘Ίͣͦ͒͜͝ ͍;͙͔ͭ͡Ύ ͭ͊ ͔͍ͫͭͯ͒ͤͭ͜η όIƻƭƳōŜǊƎΣ нллрΤ {ƛƳǇǎƻƴΣ 
2002).  

˹͊ ͤ͊΄ ͎ͨͦ͡Ύ͒Σ ͙͒ͫͭ͊ͤͼ͚ͤ͊͜ ͍ͦͫͭ͊͜ Ί ͼ͔ͫͨͪ͜͡Ύ͍͙ͣͦ͊ͤͣ ͎͍͙ͦͪ͊ͤͦ͊ͤͣ͘͜ ͨͪͦͼ͔ͫͦͣ ͙͍͊ͭͤͦ͟͝ ͔͔͍ͦͨͦͫͪ͒ͦ͊ͤͦ͟͝ 
ͫͨ͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙͊͒͊͟͡;͍͜ ͜ ͔͍ͫͭͯ͒ͤͭ͜Σ ͍ ͻͦ͒͜ Ύͦ͟͝ ͚ͣ͊͋ͯͭͤ͜ ͺ͊ͻ͍͜ͼ͜ ͍ͤ͊͋ͯ͊ΌͭΈ ͤ͊ͤ͘Έ ͭ͊ ͍͙ͤ͊;ͦ͟Σ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͒͡Ύ ͝ͻͤΈͦ͝ 
͚ͣ͊͋ͯͭͤΈͦ͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ̇Ύ ͺͦͪͣ͊ ͍ͤ͊;͊ͤͤΎ ͤ͊͒͊Ί ͍ͫͦ͋ͦ͒ͯ ͍͙͋ͦͪͯ ͣͫ͜ͼΎΣ ;͊ͫͯ ͜ ͔͍ͭͣͨ͜ ͍ͤ͊;͊ͤͤΎΣ ͊ ͭ͊ͦ͗͟ 
͍͒ͦͦ͘͡ΎΊ ͙͍͙ͦͭͪͣͯ͊ͭ ͍ͦͫͭͯ͜ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͘ ͔͎͍ͪͦͤ͜͜Σ ͔͒ ͔ͤͣ͊Ί ͤ͜Ύ͙͟ͻ ͤ͜΄͙ͻ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͒͡Ύ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͊͋ͦ 
͙ͦͭͪͣ͊ͤͤΎ ͍͙ͫͦͦ͟Ύͫͤͦ͟͜͝ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Σ ͔ͤͣ͊Ί ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͎͋͊͗͊ͤͦͦ ͨͪͦͺ͜͡Ό ͭͦ΅ͦΦ ˨͙ͫͭ͊ͤͼ͚͔ͤ͜ ͍ͦͫͭ͊͜ Ύ͍͡ΎΊ ͫͦ͋ͦΌ 
ͫͯͯͨͤͫͭ͟͜Έ ͫͯ;͙͊ͫͤͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻΣ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͜ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͔͍ͣͭͦ͒͜ ͜ ͍͊ͫͦ͋͘͜Σ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΊ 
͙͍ͣͦ͗ͫͭ͜͡Έ ͍ͤ͊;͊ͤͤΎ ͔͋͘ ͍͍͍͒͒ͯ͊ͤͤ͜͜Ύ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͊͊͒ͯ͘͟͡ ͘͜ ͔͔͊͋ͨ͘͘;͔ͤͤΎͣ ͔͎ͪͯ͡Ύ͙͙ͪͤͣ ͦͤͫͯ͟͡Έͭ͊ͼ͜Ύ͙ͣ ͯ ͍͙͊͒͊͟͡;͍͜ 
͊͊͒ͯ͘͟͡ ͍͙ͦͫͭ͜Φ 

˹͊ ͒ͯͣͯ͟ ͍ͤ͊ͯͦ͟ͼ͍͜ όˣ͙͍ͦ͟Σ нллуΤ ˴ͯͻ͔͊ͪͤͦ͟Σ нллрΤ ˽ͦ͊ͭ͡Σ нллсύ ͙͍ͦͫͦ͋ͫͭ͜͡Ό ͙͒ͫͭ͊ͤͼ͚ͤͦ͜͝ ͍͙ͦͫͭ͜ Ί ͤ͊Ύ͍ͤͫͭ͜Έ 
ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ ͍ͦͫͭͤ͜Έ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊Σ ͒͡Ύ ͙ͪͦ͋ͦͭ ͯ Ύͦͣͯ͟ ͔ͫͭͯ͒ͤͭ ͍ͫͭͦͪΌΊ ͔ͨͪͫͦͤ͊͡Έ͔ͤ ͍ͤ͊;͊͡Έ͔ͤ ͔͔͍͙ͫͪ͒ͦ΅͔ ͒͡Ύ 
ͦͨͪ͊ͼΌ͍͊ͤͤΎ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͍ͪͫͯͪͫ͜Σ ͍ ͍ͦͫͤͦͯ Ύ͙͟ͻ ͔ͨͦ͊͒ͤͦ͟͡ ͭ͊͟͜ ͔͙ͣͭͦ͒;ͤ͜ ͨ͒͜ͻ͙ͦ͒ Ύ͟ ͋͜ͻ͔͍͙ͦͪͫͭͫ͜Έ͙͚͟Σ 
ͦ͟ ͎͙͍ͤͭͫͭͫ͜͜Έ͙͚͟Σ ͙͍ͦͤͫͭͪͯͭͫͭͫ͟͟͜Έ͙͚͟Σ ͔͙͍ͦͤͭͫͭͫ͟͟͜Έ͙͚͟Φ  

ˢͤ͊͘͜͡ ͍͙ͤ͊ͯͦ͟ͻ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ό5ŜƭƭƛƴƎΣ мфтрΤ IƻƭƳōŜǊƎΣ нллрΤ {ƛƳǇǎƻƴΣ нллнύ ͍͙͎ͣ͊͊Ί ͋͜͡Έ΄ 
͔͒ͭ͊͡Έ͎ͤͦͦ ͙ͦͨͫͯ ͊ͤ͊͘͘;͔͙ͤͻ ͔͙ͣͭͦ͒;͙ͤͻ ͨ͒͜ͻ͍ͦ͒͜Φ 

 ˭ ͔ͦͪͣ͊͟Σ ͋͜ͻ͔͍͙ͦͪͫͭͫ͜Έ͙͚͟ ͨ͒͜ͻ͒͜Σ ΅ͦ ͋͊ͯ͘ΊͭΈͫΎ ͤ͊ ͔͒͜Ύͻ ˨Φ ̂ͦͭͫͦͤ͊ ͚ ˣΦ ˿͔ͤͪ͊͟͜Φ ˭͎͊͊͡Έͤ͊ ͺͦͪͣͯ͊͡ ͍͊ͫͦ͘ΊͤͤΎ ͊͘ 
ͼ͜ΊΌ ͔ͭͦͪ͜ΊΌ ͙ͫͨͪ͊ΊͭΈͫΎ ͤ͊ ͍ͦͤ͘͜΄ͤ͜ ͙͙ͫͭͣͯ͡ ͚ ͣ͊Ί ͍͙͎͡Ύ͒Υ ζ͙ͫͭͣͯ͡-͔ͪ͊͟ͼ͜Ύ-͔ͨ͒ͪͨͤͤ͜͟͜͡ΎηΦ ˿͙͡ΈͤͦΌ ͫͭͦͪͦͤͦΌ 
͋͜ͻ͔͍͙ͦͪͣͯ͘͜ Ί ͍͚ͦͪͦͭͤ͘͜ ͍͘ΩΎͦ͘͟Σ Ύ͙͚͟ ͍͙͍ͨ͊͡Ί ͤ͊ ͔ͫͭͯ͒ͤͭ͊Φ ̂ ͔ͪ͊͡Έ͚ͤ͜ ͙͊ͯ͒ͭͦͪ͜͝ ͍ͤ͜ ͔͔͊͋ͨ͘͘;ͯΊͭΈͫΎ ͙͍ͣͦ͗ͫͭ͜͡Ό 
͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͍͜;-ͤ-͍͊͜; ͘͜ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͨ͒͜ ;͊ͫ ͔͟͡ͼ͚͙ͤ͜ͻ ͊ͤ͘ΎͭΈ ͭ͊ ͨ͒͜ ;͊ͫ ͍͔͔ͨͪͦ͒ͤͤΎ ͙ͨͪ͊ͭ͟;͙ͤͻ ͊ͤ͘ΎͭΈΣ ͙ͦ͟͡ ͍͙͊͒͊͟͡; 
ͣ͊Ί ͎ͣͦͯ͘ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͍͙ͫͨͯ͊ͭͫ͜͟͡Ύ ͘͜ ͔ͫͭͯ͒ͤͭͦͣΣ ͦͼͤ͜Ό͍͙͊ͭ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍ͤ͊;͊ͤͤΎΣ ͫͻ͍͙͙͊ͭ͡ ;͙ ͍͙͊͊ͭ͘͟ ͤ͊ ͔͙ͤ͒ͦ͜͟͡ ͚ 
΄͡Ύͻ͙ ͝ͻ ͔ͯͫͯͤͤͤΎΦ ˽͙ͪ ͪͦ͋ͦͭ͜ ͘͜ ͔ͫͭͯ͒ͤͭͦͣ ͙͒ͫͭ͊ͤͼ͚ͤͦ͜ ͭ͊ͦ͗͟ ͔͔͊͋ͨ͘͘;ͯΊͭΈͫΎ ͍͘ΩΎͦ͘͟ ͙ͨͪ ;͙ͭ͊ͤͤ͜ ͔͟͡ͼ͚͜ ƻƴ-line. 
˿͔͙ͭͯ͒ͤͭ ͣ͊ΌͭΈ ͎ͣͦͯ͘ ͍͙ͫͨͯ͊ͭͫ͜͟͡Ύ ͘ ͍͙͊͒͊͟͡;͔ͣ ͨ͒͜ ;͊ͫ ƻƴ-ƭƛƴŜ ͎͙͙ͦ͒ͤΣ ͙͙ͦͭͪͣ͊ͭ ͍;͊ͫͤͦ ͔ͦͣͤͭ͊ͪ͟ ͤ͊ ͍͙͔ͦͤ͊ͤ͟Φ  

ˣ͜ͻ͔͍͙ͦͪͣ͘͜ ͔͔ͨͪ͒͋͊;͊Ί ;ͭͦ͜͟ ͍͔ͫͭͪͯͭͯͪͦ͊ͤ͟ ͍ͤ͊;͊ͤͤΎ ͭ͊ ͺ͎͔ͪ͊ͣͤͭ͊ͪͤͯ ͨͦ͒͊;ͯ ͤ͊ͤ͘ΈΦ ̂ͫ͜ ͣ͊ͭΈ ͎ͣͦͯ͘ 
͚͙͙ͨͦͤ͊ͦͣͭͫ͘Ύ ͘ ͪͦ͋ͦ;ͦΌ ͎ͨͪͦͪ͊ͣͦΌ ͙͒ͫͼ͙͙ͨͤ͜͡Σ ͔͒ ͤ͊Ύ͍͔ͤ ;͔ͭ͜͟ ͔͍ͪͦͣ͗ͯ͊ͤͤ͘Ύ ͔ͣ͊ͭͪ͊ͯ͜͡ ͊͘ ͣͦ͒ͯ͡Ύ͙ͣΣ ͍͙͙ͣͫͭͦͣ͘͜ 
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ͣͦ͒ͯ͡Ύ͙ͣΣ ͔͙ͭͣ͊ͣΣ ͍͔͔ͤ͊͒ͤ͜ ͙͔ͪͭͪ͟͜͝ ͦͼͤ͜Ό͍͊ͤͤΎ ͤ͊ͤ͘Έ ͭ͊ ͍ͣͤ͜Έ ͔͍ͫͭͯ͒ͤͭ͜Φ ˴ͦ͗ͤ͊ ͔ͭͣ͊ ͔͔ͨͪ͒͋͊;͊Ί ͦͤͭͪͦ͟͡Έ ͍͊ͫͦ͘ΊͤͤΎ 
͔ͣ͊ͭͪ͊ͯ͜͡ ͯ ͍͙͎͡Ύ͒͜ ͙ͨͪ͊ͭ͟;͙ͤͻ ͍͊͒͊ͤ͘Έ ͜κ͊͋ͦ ͔͍ͭͫͭ͜Φ  

ˣ͜ͻ͔͍͙ͦͪͫͭͫ͜Έ͙͚͟ ͨ͒͜ͻ͒͜ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͍ͣ͊ ͎͋͊͊ͭͦ ͙͙͍͎ͨͦͭͤͦͦ͘Σ ͦͫ͟͜͡Έ͙͟ ͔͔͊͋ͨ͘͘;͍͍ͯ͊ ͔͍ͫͭͯ͒ͤͭ͜ ͜ ͍͙͊͒͊͟͡;͍͜ 
͔͒ͭ͊͡Έͤͦ ͔ͪͦͪͦ͋ͤͦ͘͡Ό ͪͦ͋ͦ;ͦΌ ͍ͤ͊;͊͡ΈͤͦΌ ͎ͨͪͦͪ͊ͣͦΌ ͭ͊ ͍͙͊͒͊ͤͤ͟͡Ύ ͎ͭͦͦ ;͙ ͤ͜΄͎ͦͦ ͔͔ͨͪ͒ͣͭ͊Σ ͍ Ύ͚͟͜ ͔ͣ͊ͭͪ͊͜͡ 
͎͚͍͙͚ͪ͊͒ͯͦ͊ͤ ͊͘ ͔͔ͫͭͯͨͤͣ ͫ͊͒ͤͦͫͭ͟͜͡ ͜ ͍͙͍;͊ΊͭΈͫΎ ͔͍͔͙͙͙ͤͣ͟͡ ͨͦͪͼ͜Ύ͙ͣΦ ˽ͪͦͼ͔ͫ ͍ͤ͊;͊ͤͤΎ ͍͙͎ͣ͊͊Ί ͯͪ͊ͻ͍ͯ͊ͤͤΎ 
͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͔͍ͫͭͯ͒ͤͭ͜Σ ͔͔͊͋ͨ͘͘;ͯΊ ͍͙͚ͦͪͦͭͤ͘ ͍͘ΩΎͦ͘͟Φ 

˨͎͙͚ͪͯ ͨ͒͜ͻ͒͜Σ ͦ͟ ͎͙͍ͤͭͫͭͫ͜͜Έ͙͚͟Σ ͍͙͚͊ͫͤͦ͊ͤ͘ ͤ͊ ͎͙͍͚ͦͤͭͤ͟͜͜ ͙ͨͫͻ͎ͦͦ͜͡͝ ͭ͊ ͙ͫͨͪ͊ΊͭΈͫΎ ͤ͊ ͙ͨͪͤͼ͙ͨ ͍ͫ͒ͦͣͦͫͭ͜͜ ͯ 
͍͙͊͒͊ͤͤ͟͜͡ ͭ͊ ͤ͊ ͔ͭͦͪ͜Ό ͫͦͼ͙͍ͦͦͤͫͭͪͯͭͣͯ͘͜͟͟͜Σ ͎͒ͤͦ͘͜ ͘ Ύͦ͟Ό ͔ͫͭͯ͒ͤͭ Ί ͙͍͙͊ͭͤͣ͟ ͯ;͙͊ͫͤͦͣ͟ ͨͪͦͼ͔ͫͯ ͍ͤ͊;͊ͤͤΎΣ ͊ ͔ͤ 
ͦ͋ΩΊͭͦͣ͟ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙͊͒͊͟͡;͊Φ ́ͦ͋ͭͦ ͙ͨͪ ͍ͨ͊ͤͯ͊ͤͤ͜͡Σ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͭ͊ ͍͔͔ͨͪͦ͒ͤͤ͜ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͍͙͊͒͊͟͡; 
͍͙͔ͨͦͤͤ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͪͤ͘͜͜ ͎͙͍ͦͤͭͤ͟͜͜ ͙ͫͭ͜͡Σ ͊ ͭ͊ͦ͗͟ ͍ͤ͊;͊͡Έͤ͜ ͔͎ͫͭͪ͊ͭ͜͝Σ ΅ͦ ͫͨͪΎ͍ͣͦ͊ͤ͜ ͤ͊ ͍͊ͫͦ͘ΊͤͤΎ ͍ͤ͊;͊͡Έ͎ͤͦͦ 
͔ͣ͊ͭͪ͊ͯ͜͡ ͔͙ͫͭͯ͒ͤͭ͊ͣΦ ˤ ͚͎ͦͦ ͍ͦͫͤͦͯ ͔ͨͦ͊͒ͤͦ͟͡ ͙͚ͫͨͪͤΎͭͭΎ ͍ͤ͊;͊ͤͤΎ Ύ͟ ͍ͤͯͭͪ͜΄ͤΈ͎ͦͦ ͨͪͦͼ͔ͫͯΣ ΅ͦ ͫͨͪΎ͍͙͚ͣͦ͊ͤ ͤ͊ 
͍͙ͪͦͭͦ͘͟ ͔ͫͭͯ͒ͤͭ͊Σ ͚͎ͦͦ ͍ͭͦͪ;ͫͭ͜ΈΣ ͙ͣ͗ͦͫͦ͋ͫͭͫͤ͜͜͜ ͙ͫͭͦͫͯͤ͟Σ ͨ͊ͣΩΎͭΈΣ ͙͍ͣͦͭ͊ͼ͜Ό ͭ͊ ͙͔ͣͫͤͤ͡ΎΣ Ύ͙͚͟ ͍͋͊;͊Ί ͟͜͡Έ͙͚ͫͤ͟͜ ͜ 
Ύ͙͚ͫͤ͟͜ ͍͘ΩΎͦ͘͟ ͣ͗͜ ͍͙͍;͔͙ͤͣ ͭ͊ ͒͋ͤͦͫͭ͘͜Ύ͙ͣ ͔ͫͭͯ͒ͤͭ͊Σ ͍͔ͪͤͣ͜ Ύͦͫͭ͟͜ ͭ͊ ͟͜͡Έͦͫͭ͟͜ ͒ͦͫΎ͎͔ͤͤΈ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͺ͊ͻ͍͜ͼΎ 
ό͍͔̐ͫΊ͍͊Σ нлмнύ.  

̒͟ ͍͒ͣ͜͜;͊ΌͭΈ ͍ͤ͊ͯͦ͟ͼ͜ ό˿͔ͤͪ͟͜, 2017; Delling, 1975; IƻƭƳōŜǊƎΣ нллрύΣ ͎͙͍ͦͤͭͣ͘͟͜͜ ς ͼ͔ ͨ͒͜ͻ͒͜Σ Ύ͙͚͟ ͍͙͍;͊Ί 
͙ͤ͊ͦͨ͟;͔ͤͤΎΣ ͊͒͊ͨͭ͊ͼ͜Ό ͚ ͔͎ͤͭͪ͊͜ͼ͜Ό ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͔͒ ͊͟ͼ͔ͤͭ ͙ͪͦ͋ͭΈͫΎ ͤ͊ ͫ͊ͣͦͣͯ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎΣ ͊ ͔ͤ ͭ͜͡Έ͙͟ ͤ͊ 
͙͙ͦͭͪͣ͊ͤͻ ͔ͪͯ͘͡Έͭ͊ͭ͊ͻΦ ˤͤ͜ ͍͙ͤ͊͘;͊Ί ͍͙͍͊͗ͫͭ͜͡Έ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͍͔͚͒ͣͤͤͦͫͭ͜͜ ͜ ͍͟͡Ό;͔ͤͤΎ ͙ͪͤ͘͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͎͚ͫͭͪ͊ͭ͜ ͍ 
͚ͦͤ͊ͤ͡ ͤͫͭͪͯͭ͊͗͜͟Σ ΅ͦ͋ ͙͍͙ͨͪͫͭͦͫͯ͊ͭͫΎ ͒ͦ ͙ͭ͊͟ͻ ͍͔͚͒ͣͤͤͦͫͭ͜͜Φ ˤͪ͊ͻ͍ͦͯΌ;͙ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤ͜ ͍͒ͣͤͤͦͫͭ͜͜͜ ͔ͫͭͯ͒ͤͭ͊Σ ͊͟ͼ͔ͤͭ 
͙ͪͦ͋ͭΈͫΎ ͔ͤ ͭ͜͡Έ͙͟ ͤ͊ ͦ;͍ͯ͊ͤͦͣͯ͜͟ ͔ͪͯ͘͡Έͭ͊ͭ͜Σ ͊ ͤ͊ ͫͨͦͫͦ͋͜ ͍ͤ͊;͊ͤͤΎΦ ˭͔ͦͪͣ͊͟Σ ͔ͫͭͯ͒ͤͭ͊ͣ ͍͊ͨͪͦͨͦͤͦ͊ͤ͊͘ ͨͦ͒͊;͊ 
ͤ͜ͺͦͪͣ͊ͼ͜͝ ͯ ͍͙͎͡Ύ͒͜ ͔ͭͫͭͯ͟ ͨ͒ͪͯ͜;͙ͤ͊͟Σ ͔͔ͨͪͤͭ͊͘ͼ͚͜ ͔͟͡ͼ͚͜ ͭ͊ ͔͊ͯ͒ͦ͜͟͡ͼ͚͜Φ ˤ ͔ͭͫͭ͟͜ ͒͡Ύ ͊ͯ͘͡;͔ͤͤΎ ͍͎͙ͯ͊ ͭ͊ ͙ͫͭͣͯ͡Ό͍͊ͤͤΎ 
͙͚ͫͨͪͤΎͭͭΎ Ί ͍͙͔͒ͤͤ͜͡Ύ ͚͍͙͍ͤ͊͊͗͜͡΄͎ͦͦΣ ͙ͤ͊ͨͪ͊͒͟͡Σ ͙ͨͭ͊ͤͤΎΣ Ύ͟͜ ͔ͨͦͭͪ͋ͯΌͭΈ ͍ͯ͊͊͘͘͜͜͡ͼ͜͝Σ ͤ͊͒͊ΌͭΈͫΎ ͯ ͍͙͎͡Ύ͒͜ 
ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͫͻ͔ͣΦ ˭ ͔ͣͭͦΌ ͎͙͋͡΄͎ͦͦ ͙͚ͫͨͪͤΎͭͭΎ ͭ͊ ͔͒ͭ͊͡Έͤ͜΄ͦ͝ ͙ͦ͋ͪͦ͋͟ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͚ͣ͊͋ͯͭͤ͜ ͺ͊ͻ͍͜ͼ͜ ͫ͊͒͊͟͡ΌͭΈ 
͎͙͙͊ͦͪͭͣ͡ ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͎͒͊ͤͦͯ͘͜Σ ͍ͪͦ͘ΩΎͯ͘ΌͭΈ ͍͙ͪͦͫͦͪ͒͟ ͭͦ΅ͦΦ 

ˤ͍͒ͨͦ͒ͤͦ͜͜Σ ͦͤͫͭ͟ ͙͍ͪͯͭͫͭͫ͟͜Έ͙͚͟ ͨ͒͜ͻ͒͜ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͍͔ͫͭͪ͒͗ͯΊΣ ΅ͦ ͍ͤ͊;͊ͤͤΎ ς ͼ͔ ͙͍͙͚͊ͭͤ͟ ͙͍͙͚ͦͤͫͭͪͯͭͤ͟͟ 
ͨͪͦͼ͔ͫΦ ͚́ͦΣ ͻͭͦ ͍ͤ͊;͊ΊͭΈͫΎΣ ς ͼ͔ ͦͤͫͭͪͯͭͦͪ͟͟κ͍͔ͭͦͪͼΈ ͤ͜ͺͦͪͣ͊ͼ͜͝Φ ˤͤ͜ ͍͊ͫͭͦͫͦͯ͘ΊͭΈͫΎ ͙ͨͪ ͍͙ͪ͜΄͔ͤͤ͜ ͙ͫͭͯ͊ͼ͚͙ͤ͜ͻ ͊͒͊͘; ͜ 
͍͒ͦͦ͘͡ΎΊ ͔ͨͪͫͦͤ͜ͺ͍͙ͯ͊ͭ͜͟ ͤ͊ͤͤ͘Ύ ͭ͊Σ ͍͊ͫͭͦͫͦͯ͘Ό;͙ ͝ͻΣ ͨͪ͊ͼΌ͍͙͊ͭ ͚ͫ͊ͣͦͫͭͤͦ͜Φ ˭ ͙͍͊ͦͤͫͭͪͯͭͫͭͫ͟͟͜Έ͎ͦ͟ ͦͨ͒͜ͻͦ͒ ͚ͯͤ͊͘΄͙͡ 
͍͙͒͋ͭͦ͜͟ ͍͔ͯͫ͒ͦͣͤ͊͜͡ ͍ͤ͊;͊͡Έͤ͊ ͒͜Ύ͡Έͤͫͭ͜ΈΣ ͨͦ΄͍͔ͯͦ͟ ͜ ͍ͭͦͪ;͔ ͙͔ͣͫͤͤ͡ΎΣ ͍ͪ͊ͻ͍ͯ͊ͤͤΎ ͙͙ͦͫͦ͋ͫͭͫͤ͜ͻ ͙͍͔͚ͣͦ͗ͦͫͭ͡ 
͍ͤ͊;͊ͤͤΎ ͍ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦͣͯ ͨ͒͜ͻͦ͒͜ ͭͦ΅ͦΦ ͍͙͔̊͒͟ ͪͦͫͭ͊ͤͤ͘Ύ ͦ͋ͫΎ͎͍͜ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͚Σ ͯ ͍͘ΩΎͯ͘͟ ͘͜ ͼ͙ͣΣ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͯ 
͍͙ͪͦͭͯ͘͟ ͎ͤͯ;͎ͦͦ͟ ͙͙͍͎ͫͭͯ͊ͭͤͦͦ ͙͔ͣͫͤͤ͡Ύ ͭ͊ ͍ͨͦΩΎ͊ͤͦ͘͝ ͘ ͙ͤͣ ͒͜Ύ͡Έͤͦͫͭ͜ ͙ͤ͊ͨͪͤ͟͜ͼ͜ ͙͎ͣͤͯͦͦ͡ ͫͭͦͪ͜;;Ύ ͙͍͔͙ͨͪ͘͡ ͒ͦ 
ͨͦΎ͍͙ ͔ͭͦͪ͜͝ ͙͍ͦͤͫͭͪͯͭͣͯ͘͟͟͜Φ ˽͙ͪ͋͜;͙͙ͤ͟ ͔ͭͦͪ͜͝ ͙͍ͦͤͫͭͪͯͭͣͯ͘͟͟͜ ͍͔ͫͭͪ͒͗ͯΌͭΈΣ ΅ͦ ͔͙ͫͭͯ͒ͤͭ ͪͦͯͣ͘͜ΌͭΈ ͤ͜ͺͦͪͣ͊ͼ͜Ό ͭ͊ 
ͤ͊ ͍͙ͦ͟͡΄͚ͤ͜ ͍ͫͭ͜ ͔͊͗ͤͦ͘͡ ͍͒͜ ͍ͫͦΊ͝ ͔ͨͪͫͦͤ͊͡Έͤͦ͝ ͔ͪ͊͡Έͤͦͫͭ͜Σ ͊ ͔ͦͭ͗Σ ͍;͊ͭΈͫΎ ;͔͔ͪ͘ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎΣ ͯ;͊ͫͭΈ ͭ͊ ͪͦͯͣͤͤ͘͜ΎΣ 
΅ͦ ͨͦͭͣ͜ ͔͔ͤͭͪͨͪͭͯ͜ΌͭΈ Ύ͟ ͤ͜ͺͦͪͣ͊ͼ͜Ό ͯ ͍ͫͦ͝ ͤ͊ͤͤ͘Ύ ͚ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ ͯ ͍͔͒ͦͫͦͤ͊ͤͤ͟͜͡ ͍͊ͫͤͦ͡͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˭͔ͦͪͣ͊͟Σ 
͙͚͒͊ͤ ͨ͒͜ͻ͒͜ ͍͊ͫͭͦͫͦͯ͘ΊͭΈͫΎ ͔͎ͪͯ͡Ύͪͤͦ ͨ͒͜ ;͊ͫ ͍͔͔ͨͪͦ͒ͤͤΎ ͙ͨͪ͊ͭ͟;͙ͤͻ ͭ͊ ͔ͫͣͤ͊ͪͫ͜Έ͙͟ͻ ͊ͤ͘ΎͭΈ ͙ͨͪ ͍ͪͦ͘ΩΎ͊ͤͤ͘͜ 
͙͙͍͙ͫͭͯ͊ͭͤͻ ͊͒͊͘;Φ 

͔͍͔͙͚̉ͭͪͭ ͨ͒͜ͻ͒͜Σ ͔͙͍ͦͤͭͫͭͫ͟͟͜Έ͙͚͟Σ ͔͔ͨͪ͒͋͊;͊Ί ͚ͫ͊ͣͦͫͭͤͯ͜ ͎͍ͨ͒ͦͭͦͯ͜͟ ͔͍ͫͭͯ͒ͤͭ͜Σ ͭͦ͋ͭͦ ͎͍ͨ͒ͦͭͦͯ͜͟ ͒ͦ 
͔ͫͣͤ͊ͪͫ͜Έ͙͟ͻ ͊ͤ͘ΎͭΈΣ ͍͍͒ͨͦ͒͜͜͜ ͤ͊ ͙͊ͨͭ͊ͤͤ͘ΎΣ ͔ͪͺ͔͙ͪ͊ͭ ͭ͊ ͍͒ͦͨͦ͒͜͜Σ ΅  ͙͍ͦ͊ͭͤͦ͟ ͍͊ͫͭͦͫͦͯ͘ΊͭΈͫΎ  ͙ͯ͒ͫͭ͊ͤͼ͚ͤͦͣͯ͜ ͍ͤ͊;͊ͤͤ.͜ 
˿͔͙ͭͯ͒ͤͭ ͍͙ͨͦͤͤ͜ ͍͙ͣͭ͜ ͚ͫ͊ͣͦͫͭͤͦ͜ ͤ͊͘ͻ͙͙ͦ͒ͭ ͤ͜ͺͦͪͣ͊ͼ͜Ό ͭ͊ ͦͼͤ͜Ό͍͙͊ͭ ͝͝ Ύͫͭ͟͜Έ ͭ͊ ͍͒ͦͫͭͦͪͤͫͭ͜͜ΈΣ ͍͙ͨͦͤͤ͜ ͙ͣ͊ͭ 
͙͍ͣͦ͗ͫͭ͜͡Έ ͍͙ͦͤͭ͊ͭͯ͊ͭ͟͟ ͭ͊ ͦ͋ͣͤ͜Ό͍͙͊ͭͫΎ ͤ͜ͺͦͪͣ͊ͼ͜ΊΌ ͘ ͤ͜΄͙͙ͣ ;͔͙ͤ͊ͣ͡ ͎͙ͪͯͨ ͭ͊ ͯͪͫͯ͟Φ ˻ͪͣ͟͜ ͎ͭͦͦΣ ͔͙͍ͦͤͭͣ͘͟͟͜ 
ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ί ͨͪͦͼ͔ͫ ͍ͤ͊;͊ͤͤΎ ;͔͔ͪ͘ ͫ ͍͔ͭͦͪͤͤΎ ͔ͨͪͫͦͤ͊͡Έͤͦ͝ ͔͔ͣͪ͗͜Σ ͍ Ύ͚͟͜ ͪͦͣ͘͜΅ͯΌͭΈͫΎ ͤ͊ͤͤ͘Ύ ͎ͭͦͦΣ ͻͭͦ ͍ͤ͊;͊ΊͭΈͫΎΦ  

˭͎͒ͤͦ͜ ͘ ͔ͭͦͪ͜ΊΌ ͭ͊ ͙ͨͪ͊ͭͦ͟͟Ό ͣ͘͜΄͎͊ͤͦͦ ͍ͤ͊;͊ͤͤΎ ό˴ͯͻ͔͊ͪͤͦ͟, 2016) ͙ͦͨͫ ͔͙ͣͭͦ͒;͙ͤͻ ͨ͒͜ͻ͍ͦ͒͜ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ 
͍ͤ͊;͊ͤͤΎ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͍ͦ  ͙ͭ͊͋͡ͼ͜ ό͙͍͒Φ ͭ͊͋͡Φ мΦύΦ  

͙́͊͋͡ͼΎ м 
˻͙ͨͫ ͔͙ͣͭͦ͒;͙ͤͻ ͨ͒͜ͻ͍ͦ͒͜ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ 

ˤ͙͍͊ͫͭͫͭ͜͡Έ ˣ͜ͻ͔͍ͦͪͣ͘͜͜ ˴͎͙͙͍ͦͤͭͣ͘͜ ˴͙͍ͦͤͫͭͪͯͭͣ͘͟͜ ˴͔͙͍ͦͤͭͣ͘͟͜ 

̒͟ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ 
͍ͤ͊;͊ͤͤΎ  

͙͚̉ͦͪͤ Ύ΅͙͟ ς ͦ ͍ͫͤͦͤ͊ 
͍͎ͯ͊͊ ͙ͨͪ͒͜͡ΎΊͭΈͫΎ 
͔͔͔ͫͨͦͫͭͪ͗ͤͤΌ ͊͘ 
͍͔ͨͦ͒ͤͦ͜͟Ό  

˿͍͔ͭͪͯͭͯͪͦ͊ͤ͟Σ 
͍͔ͨͦͫ͒ͦͤ͜͡  

˿ͦͼ͊͜͡Έ͔ͤΣ ͭͦ͋ͭͦ 
͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͊͘ 
͔ͨͪͫͦͤ͊͡Έͤͦ͝ ͯ;͊ͫͭ͜ 
͎ͦ͗ͤͦͦ͟ ͔ͫͭͯ͒ͤͭ͊  

˾͔ͦͨͦ͒ͤͦ͘͜͡ ͍͔͔͙ͫͪ͒ͤ͜ 
͔͔ͣͪ͗͜Σ ͫͦͼ͊͜͡Έ͔ͤΣ 
͔ͭͻ͎ͤͦͦ͜͡;ͤͦ ͦͫͤ͊΅͔͔ͤ, 
΄͡Ύͻͦͣ ͍ͪͦͨͤ͊͊ͤͤ͘͘͜Ύ ͭ͊ 
͔͔ͤͭͪͨͪͭ͊͜ͼ͜͝  

̒͟͜ ;͙͙͙ͤͤ͟ 
͍͙͍ͨ͊͡ΌͭΈ ͤ͊ 
͍ͤ͊;͊ͤͤΎ  

˭͊ͦͻͦ;͔ͤͤΎΣ ͨͦ͊ͪ͊ͤͤ͟ΎΣ 
͙ͫͭͣͯ͡  

˱ͫͤͯΌ;͊ ͫͻ͔ͣ͊Σ 
͔͔͚ͨͦͨͪ͒ͤ͜ ͍͒ͦͫ͒͜  

˭͊ͯ͡;͔ͤͤΎΣ ͙͍͊ͭͤ͊͟ 
ͯ;͊ͫͭΈΣ ͫͦͼ͊͜͡Έ͙͚ͤ ͜ 
ͯ͟͡Έ͙͚ͭͯͪͤ ;͙͙͙ͤͤ͟  

˾ͤͦͣ͊ͤͭͤͫͭ͘͜͜͜Έ ͔͔ͣͪ͗Σ 
ͣ͜ͼͤͫͭ͜Έ ͍͘ΨΎ͍͘͟͜Σ 
͔ͦͤͭͫͭ͟͟ ͍͟͡Ό;͔ͤͤΎ  

˾ͦ͡Έ ͨ͊ͣΨΎͭ͜  ˽͊ͣΨΎͭΈ ς ͼ͔ ͪͤ͘͜͜ 
ͫͨͦͯ͡;͔ͤͤΎ ͘ ͍͎ͨͦͭͦͪͤͦͦ 
͍͒ͦͫ͒ͯ͜Σ ͔͒ ͎͍ͦͦͤͯ͡ ͪͦ͡Έ 
͎ͪ͊ΌͭΈ ͊ͦ͘ͻͦ;͔ͤͤΎ ͜ 
ͨͦ͊ͪ͊ͤͤ͟Ύ  

˴͍ͦ͒ͯ͊ͤͤΎΣ 
͔͎͋ͪ͊ͤͤ͘͜ΎΣ ͨͦ΄ͯ͟ 
ͭ͊ ͍͙ͯ͡;͔ͤͤΎ  

˽͔͔ͦͨͪ͒ͤΊ ͤ͊ͤͤ͘Ύ ͍ 
ͨͦΊ͒ͤ͊ͤͤ͜ ͘ ͨͦͭͦ;͙ͤͣ 
͔ͦͤͭͫͭͦͣ͟͟  

ˢ͙͍͒͊ͨͭͤ͜ ͔ͣͦ͒͜͡Σ ΅ͦ 
͍͒ͦ͋ͪ͊͗͊͜ΌͭΈ ͨͦͭͦ;͙͚ͤ 
ͫͭ͊ͤ ͔͔ͣͪ͗͜  

̒͟ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ 
͔͔ͨͪ͒͊;͊ ͤ͊ͤ͘Έ 
κ ͍͙ͤ͊;ͦ͟  

˿͙ͭͣͯ͡Σ ͍͍͒ͨͦ͒͜͜Έ  ˴ͦͨ͜Ό͍͊ͤͤΎ 
͍ͦͤͫͭͪͯͭ͟͟͜ ͤ͊ͤͤ͘Ύ 
ζ͎ͭͦͦΣ ͻͭͦ ͤ͊͘Ίη  

˿ͦͼ͊͊͘͜͜͡ͼ͜Ύ  ˭ΨΊ͒ͤ͊ͤͤΎ ό͍͒ͦ͒͊͊ͤͤΎύ ͘ 
͍͙ͯ͊ͣ͘͡ ͜ ͋͘͜͡Έ΄͔ͤͤΎ 
͔͔ͣͪ͗͜  

˻͙͍ͨͫͯ͊ͤ͜ ͙͙ͭͨ 
͍ͤ͊;͊ͤͤΎ  

˹͍͊;͊ͤͤΎΣ ͍͔ͨͦ͋ͯ͒ͦ͊ͤ ͤ͊ 
͍͙ͦͤ͊ͤͤ͟͜ ͍͊͒͊ͤ͘Έ  

˭͍͔͊ͫͤͦ͊ͤ ͤ͊ 
͍ͣͪͯ͊ͤͤ͜͟͜Σ Ύ͙ͫͤͻ 
ͼ͜͡ΎͻΣ ͍͙ͪ͜΄͔ͤͤ͜ 
͔ͨͪͦ͋ͣ͡  

˿ͦͼ͊͜͡Έ͔ͤ ͍ͤ͊;͊ͤͤΎ 
ό͎ͨͦ͊ͤͦ ͨ͒͒͊͜ΊͭΈͫΎ 
͙ͦͨͫͯύ  

˴͔͔ͦͣͨͫͤ͟͡ ͍ͤ͊;͊ͤͤΎ ͘ 
͙͍ͣͤͦ͜͡Ό ͋͊ͦ͘Ό ͜ 
ͪͤͦͣ͊ͤͭͤͫͭ͘͜͜͜Ό ͔͔͒͗ͪ͡ 
ͤ͊ͤ͘Έ  

http://pharmel.kharkiv.edu/moodle/mod/glossary/showentry.php?eid=37146&displayformat=dictionary
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˹͊ ͊͟ͺ͔͒ͪ͜ ͋ͦ͜ͺ͙͙͘͜͟ ͭ͊ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ˹͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͺ͊ͪͣ͊ͼ͔͍͙ͭ;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͭ͊ ͊͟ͺ͔͒ͪ͜ 
͙͙ͨͪͪͦ͒ͤ;͙ͻ ͤ͊ͯ͟ ͍̆͊ͪͫ͟͜Έ͎ͦͦ͟ ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ ˤΦ˹Φ ˴͊ͪ͊ͤ͊͘͜ ͭΈΌ͙ͭͦͪ͊ͣ ͙͒ͫͭ͊ͤͼ͚͙ͤ͜ͻ ͍ͯͪͫ͟͜ ͘ 
͍ͤ͊;͊͡Έ͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ζˣͦ͜ͺ͙͊͘͜͟ ͜ ̅˸ˢηΣ ζˤ͙΅͊ ͔͙ͣ͊ͭͣ͊ͭ͊͟ ͜ ͙͙ͫͭ͊ͭͫͭ͊͟ηΣ ζ͙̅͊͘͜͟η ͭ͊ ζ˸͔͙͊ͭͣ͊ͭ͊͟η ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ 
ͦͣ͋ͤ͊͟͜ͼ͜Ό ͊ͤ͊͘͘;͔͙ͤͻ ͍͙΅͔ ͔͙ͣͭͦ͒;͙ͤͻ ͨ͒͜ͻ͍ͦ͒͜Σ ͍ͪ͊ͻ͍ͦͯΌ;͙ ͔ͭΣ ΅ͦ ͼ͜ ͙͒ͫͼ͙͙ͨͤ͜͡ Ί ͙ͣ͗͒ͫ͜ͼ͙͙͙ͨͤ͊ͪͤͣ͜͡, ͭ͊ 
͍ͨͦΩΎͯ͘ΌͭΈ ͣ͗͜ ͫͦ͋ͦΌ ͤ͊ͤͤ͘Ύ ͘ ͙ͪͤ͘͜ͻ ͔͚ͦ͋͊ͫͭ͡ ͙ͤ͊ͯ͟Φ ˽ͪ ͎ͦͪ͊ͣͤ͊ ͦ͋ͦͦͤ͊͟͡ ahh5[9 ͍͒ͦͦ͘͡ΎΊ ͔ͤ ͙͡΄͔ ͙͍͙ͦͭͪͣͯ͊ͭ 
͔ͫͭͯ͒ͤͭ͊ͣ ͔͔ͭͪͦͤͤ͟͜͡ ͔͙ͣͭͦ͒;ͤ͜ ͔͔ͪͦͣͤ͒͊͟ͼ͜͝Σ ͔͊͡ ͚ ͎͍͙ͦͪ͊ͤͯ͊ͭ͘͜ ͍͙͚ͦͪͦͭͤ͘ ͍͘ΩΎͦ͘͟ ͭ͊ ͍ͨͦͤͦͼ͙͚ͤͤ͜ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ 
͘͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͔͔͔͍͙ͣͪ͗ͻ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ  

˹͍͔͔͊͒ͣͦ ͙ͨͪ͊͒͟͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͎ͨͪͦͪ͊ͣͤͦ͝ ͙ͦ͋ͦͦͤ͟͡ ahh5[9 ͒͡Ύ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍͙͍;͔ͤͤΎ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͍͙΅ͦ͝ 
͔͙͙ͣ͊ͭͣ͊ͭ͟ ͜ ͙͙͙ͫͭ͊ͭͫͭ͟ ό˿͚͊ͭ ˹̅͊̂Σ нлмфύΦ 

˹͊ ͙ͪͫΦ м ͍͔͔ͤ͊͒ͤͦ ͙ͨͪ͊͒͟͡ ͍͙ͦͤ͊ͤͤ͟Ύ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͔ͭͫͭͯ ͘ ͊ ͔ͭͣͦΌ ζ˨͙ͺ͔͔ͪͤͼ͊͜͡Έͤ͜ ͍ͪͤ͜ΎͤͤΎηΦ 
 

 

˾͙ͫΦ мΦ ˴ͦͤͭͪͦ͡Έ͙͚ͤ ͔ͭͫͭ ͊͘ ͔ͭͣͦΌ ζ˨͙ͺ͔͔ͪͤͼ͊͜͡Έͤ͜ ͍ͪͤ͜ΎͤͤΎη 
 

˭͍͙͊ͯ͊͗ͣͦΣ ΅ͦ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͎ͨͪͦͪ͊ͣͤͦ-͔ͤͫͭͪͯͣͤͭ͊͜͡Έͤͦ͝ ͨ͊ͭ͡ͺ͙ͦͪͣ aƻƻŘƭŜ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔͙ͣͭͦ͒;͙ͤͻ 
ͨ͒͜ͻ͍ͦ͒͜ ό͋͜ͻ͔͍͙ͦͪͫͭͫ͜Έ͎ͦͦ͟Σ ͎͙͍͎ͦͤͭͤͦͦ͟͜Σ ͙͍ͦͤͫͭͪͯͭͫͭͫ͟͟͜Έ͎ͦͦ͟Σ ͔͙͍ͦͤͭͫͭͫ͟͟͜Έ͎ͦͦ͟ύ ͯ ͨͪͦͼ͔ͫ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ 
͍͙΅͎ͦͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͊͊͒ͯ͘͟͡ ͍͒ͦͦ͘͡ΎΊ ͔͍͍͙ͪ͊ͦͯ͊ͭ͘͜͡ ͍ͦͫͤͦͤ͜ ͔͙ͣͭͦ͒;ͤ͜ ͙ͨͪͤͼ͙͙ͨΥ ͚͒ͦͫͭ͊ͭͤ͜ ͙͍ͣͦͭ͊ͼ͚͙͚ͤ͜ ͔ͨͦͭͤͼ͊͜͡Σ 
͙͍ͣͦ͗ͫͭ͜͡Έ ͎͍͎͋͊͊ͭͦͪ͊ͦͦͦ͘ ͍͔ͨͦͭͦͪͤͤΎ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ͍͙΅͊ ͫͭͯͨͤ͜Έ ͔͙͍ͤͭͪ͊ͭͤͦͫͭ͜͟͜Σ ͣͦ͒ͯ͡Έͤͫͭ͜ΈΣ ͒ͦͫͭͯͨͤͫͭ͜ΈΣ 
͙͍ͤ͒͒ͯ͊͊͘͜͜͜͡ͼ͜ΎΣ ͙͍ͣͦ͗ͫͭ͜͡Έ ͚͔͒ͫͤͤͤ͘͜Ύ ͫ͊ͣͦͦͤͭͪͦ͟͡ΌΣ ͙͒ͤ͊ͣ͜;ͤͫͭ͜Έ ͒ͦͫͭͯͨͯ ͒ͦ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͤ͊ͦ;ͤͦͫͭ͜ 
͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡Ύ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͭ͊ ͦͤ͟ͺ͔͒ͤ͜ͼ͚ͤͫͭ͜͜ΈΣ ͊ ͭ͊ͦ͗͟ ͪͯ͘;ͤͫͭ͜Έ ͯ ͙͍ͦͪͫͭͯ͊ͤͤ͟͜Φ 

 
ˤˮ˿˹˻ˤ˴ˮ ́ˢ ˽˩˾˿˽˩˴́ˮˤˮ ˽˻˨ˢ˶̎̊ˮ̆ ˨˻˿˶˱˨ˬ˩˹̎ 

˨͙ͫͭ͊ͤͼ͚͔ͤ͜ ͍ͤ͊;͊ͤͤΎ ͍͙ͫͭ͊ͭΈ ͔͔ͨͪ͒ ͍͙͊͒͊͟͡;͙͊ͣ ͍ͤͦ͜ ͍͙͎͙ͣͦ ͔ͤ ͭ͜͡Έ͙͟ ͍ ͍͚ͣͫͭͦ͘͜͜ ͫͺ͔ͪ͜ ͍͙ͦͫͭ͜Σ ͊ ͚ ͯ 
͔ͭͻ͎ͤͦͦ͜͡;͚ͤ͜Φ ˤͦͤͦ ͍͙͎ͣ͊͊Ί ͍͔ͫͭͦͪͤͤΎ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͍ͣ͊ͭͪ͊͜͜͡Σ Ύ͟͜ ͣ͊ΌͭΈ ͦͪ͜Ί͍͙ͤͭͯ͊ͭͫΎ ͤ͊ ͋͜ͻ͔͍͙ͦͪͫͭͫ͜Έ͙͚͟Σ 
͎͙͍͙͚ͦͤͭͤ͟͜Σ ͙͍ͦͤͫͭͪͯͭͫ͟͟͜Έ͙͚͟ ͭ͊ ͔͙͍ͦͤͭͫͭͫ͟͟͜Έ͙͚͟ ͨ ͒͜ͻ͙ͦ͒  

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 

1. ˣ͙͍ͦ͟ ˤΦ̑Φ ˸͔ͦ͒͜͡ ͎ͦͪ͊ͤ͊͘͜ͼ͚͙ͤ͜ͻ ͙͔ͫͫͭͣ ͍͙͒ͪͭͦ͜͟͝ ͍͙ͦͫͭ͜Υ ͎ͣͦͤͦͪ͊ͺ͜ΎΦ ˴͙͍͝Υ ˢͭ͊͜͟Σ нллуΦ суп ͫΦ   
2. ͔́ͻ͎ͤͦͦ͜͡Ύ ͍͔ͫͭͦͪͤͤΎ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͯͪͫͯ͟Υ ͍ͤ͊;Φ ͨͦͫ͋͜Φ κ ˣ͙͍ͦ͟ ˤΦ̑Φ ͭ͊ ͤ͜ΦΤ ˴͙͍͝Υ ˸͔ͤͯͣ͜͜͡Σ нллуΦ онп ͫΦ  
3. ˿͚͊ͭ ˹͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͺ͊ͪͣ͊ͼ͔͍͙ͭ;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͙̂ͪ͊ͤ͟͝Φ ¦w[Υ http://pharmel.kharkiv.edu/moodle/ ό˨͊ͭ͊ 
͍͔͔ͪͤͤͤ͘Ύ: 25.06.2019). 

4. ˩͍͔͔͍ͫ͊ ˮΦˤΦ ˴͔ͦͣͨͫͤ͟͡·͔ ͔͙͙͒ͤͼ· ͎ͪͯͫͫͦͦ͟ ͍͍͙ͫͦͦͦ͋ͪ͊ͦ͊ͤ͘͡Ύ: ˴͎͙͙͍ͦͤͭͤ·͚ ͨͦ͒ͻͦ͒Υ ͎ͣͦͤͦͪ͊ͺ͙ΎΦ ˸͍ͦͫ͊͟Υ ˮ͒͘-͍ͦ 
̂˾˿˿Σ нлмнΦ омнͫΦ 

5. ˣ͎ͦ͊;͍ͦ͟ ̑Φ˸ΦΣ ˣ͙͍ͦ͟ ˤΦ̑ΦΣ ˴ͪ͊ͫͤͦ΄͊ͨ͊͟ ˤΦ˻ΦΣ ˴ͯͻ͔͊ͪͤͦ͟ ˤΦ˸ΦΣ ˽͊ͫ͜ͻ͍ͦ ̑Φ̒Φ ˴ͦͤͼ͔ͨͼ͜Ύ ͔ͨͪͦͭͯ͟ ζ˨͙ͫͭ͊ͤͼ͚͔ͤ͜ 
͍ͤ͊;͊ͤͤΎ ΄ͦ͟͡Ύ͍ͪ͜ηΦ ˱ͤͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͜ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎΦ нллфΦ Ѕ р όмоύΦ ¦w[Υ 
ƘǘǘǇΥκκǿǿǿΦƪǇƛΦƪƘŀǊƪƻǾΦǳŀκŀǊŎƘƛǾŜκ!ǊǘƛŎƭŜǎκƪǊƛƻκ.ƻƎŀŎƘƪƻǾΦǇŘŦ ό˨͊ͭ͊ ͍͔͔ͪͤͤͤ͘ΎΥ олΦлоΦнлмфύΦ  

6. ˨͙ͫͭ͊ͤͼ͚͙͚ͤ͜ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫΥ ͍ͤ͊;Φ ͨͦͫ͋͜Φ κ ˤΦ˸Φ ˴ͯͻ͔͊ͪͤͦ͟ ͭ͊ ͤ͜ΦΤ ˴͙͍͝Υ ˸͔ͤͯͣ͜͜͡Σ нллр. 292 c.  
7. ˽ͦ͊ͭ͡ ˩Φ˿Φ ˹͍ͦ·͔ ͔͎͎͙ͨ͒͊ͦ;͔͙͔ͫ͟ ͙ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͍ ͙͔͔ͫͫͭͣ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΥ ͯ;͔͋ͤΦ ͨͦͫͦ͋Φ ˸͍ͦͫ͊͟Υ 
ˢ͔͙͊͒ͣ͟ΎΦ нллнΦ нтн ͫΦ 

8. ˽ͪͦ ͍͔͔͊ͭͪ͒͗ͤͤ͘Ύ ͔ͨͦͦ͗ͤͤ͡Ύ ͨͪͦ ͙͒ͫͭ͊ͤͼ͚͔ͤ͜ ͍ͤ͊;͊ͤͤΎ. URL: http://osvita.ua/legislation/Dist_osv/2999/ ό͒͊ͭ͊ 
͍͔͔ͪͤͤͤ͘ΎΥ нрΦлсΦнлмфύΦ 

9. ˿͙͔ͤͤͪ͟ ˣΦ̅Φ ˹͊ͯ͊͟ ͙ ;͔͍͔ͦ͡;͔͔ͫͦ͟ ͍͔͔͙͔ͨͦ͒ͤΤ ͔ͨͪΦΥ ˢΦ ˢΦ ͔͍̅͒ͦͪͦ͊Σ ˢΦˮΦ ˤ͙͊ͫ͡Έ͔͍͊Φ ˹͍͙͙ͦͦͫ͋ͪͫ͟Σ нлмтΦ рмт ͫΦ  
10. ͔́ͦͪ͜Ύ ͭ͊ ͙ͨͪ͊ͭ͊͟͟ ͣ͘͜΄͎͊ͤͦͦ ͍ͤ͊;͊ͤͤΎΥ ͎ͣͦͤͦͪ͊ͺ͜Ύ κ ˤΦ˸Φ ˴ͯͻ͔͊ͪͤͦ͟ ͭ͊ ͤ͜ΦΤ ͍̆͊ͪ͟͜Υ ˹́̂ ζ̆˽˱ηΣ нлмсΦ нуп ͫΦ 
11. Delling R., Ljosa E. Distant study as an opportunity for learning. The systems of distance education. Malmo: Kesdoms, 1975.  
12. Holmberg B. The Evolution, Principles and Practices of Distance Education. Oldenburg: Bibliotheks und Informationssystem 

der Universitat Oldenburg, 2005. 57 p.  
13. Simpson O. Supporting students in online, open and distance learning. London: Kogan page LimiteŘΣ нллнΦ нот ͪΦ  
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PECULIARITIES OF THE USE OF METHODICAL APPROACHES IN THE PROCESS OF TEACHING NATURAL DISCIPLINES 

IN THE CONDITIONS OF DISTANCE EDUCATION IN HIGHER EDUCATION  
I.M. Zhovtonizhko  

National University of Pharmacy, Kharkiv, Ukraine 
E.N. Babakishieva  

Kharkiv National University named after V.N. Karazina, Ukraine 
Abstract. The article deals with the actual problem of the use of methodological approaches in the process of teaching natural sciences in the 

conditions of distance education of a higher educational institution. On the basis of scientific and pedagogical literature the 
theoretical substantiation of methodological approaches of distance learning (behaviorist, cognitive, constructivist, connexivist) is 
given and examples of their application in the study of natural sciences in higher education are given. 

Formulation of the problem. Due to the global informatization and entry of the Ukrainian higher education institution into the international 
educational space new tasks and problems of their realization in the field of higher education are emerging. One of the most 
important directions in solving this problem is the introduction of new information forms, methods of working with students of 
higher education. In particular, the effectiveness of the use of distance technologies in the educational field largely depends on the 
level of teachers' readiness for the implementation of distance learning, proper educational and methodological and logistical 
support, as well as on the readiness of students to study in the conditions of distance education. 

Materials and methods. During the research, such research methods as systematic analysis of scientific and methodological sources on the 
research problem were used; analysis of online sources on distance education of higher education institutions; analysis of data 
collected from thematic events dedicated to distance learning; compilation of these data and own experience in the distance 
learning process. 

Results. On the basis of scientific and pedagogical researches and own work experience it can be argued that the introduction of methodological 
approaches (behavioral, cognitive, constructivist, connective) in the process of distance learning of higher education allows to 
realize the basic methodological principles: sufficient motivational potential, material potential interactivity, modularity, 
accessibility, individualization, ability to exercise self-control, dynamic access to information s, providing clarity and privacy, and 
ease of use. 

Conclusions. It is determined that students are the main factor in choosing a methodological approach in terms of distance learning at a higher 
education institution, depending on which, having tested four (behavioral, cognitive, constructivist and connexivist) approaches, 
the teacher chooses the one that is more relevant in this study. The tutor cannot choose the approach to teaching that is 
interesting to him, especially in teaching natural sciences. He should closely monitor the students, their perceptions, and their 
reaction to one approach or another. After all, the main purpose of learning is the result, that is, the ability of students to perceive 
information and be able to use it outside of educational institutions. Further scientific exploration of this multifaceted problem may 
be a continuation of interesting and useful research. 

Keywords: methodical approaches, distance education, higher education, tutor, natural sciences. 
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͍͔͊ͨͪͦ͊͒͗ͤͤ͘͜ ͭ͊ ͍͙͙ͦͪͫͭ͊ͤͤ͟͜ ˱˴-͔ͭͻ͎͚ͤͦͦ͜͡ ͍ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΦ  

˸͔͙͊ͭͪ͊͜͡ ͜ ͔͙ͣͭͦ͒Φ ̂ ͔͒ͦͫ͒͗ͤͤ͜͜͡ ͙͋ͯ͡ ͍͊ͫͭͦͫͦ͊ͤ͘͜ ͔͔͙ͭͦͪͭ;ͤ͜ ͔͙ͣͭͦ͒ ͊ͤ͊ͯ͘͜͡ ͭ͊ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼΈ ͍͙ͨͪͦ͒ͤ͜ͻ 
͙͍͒ͦͫ͒ͤ͜͟͜͡Σ ΅ͦ͒ͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ˱˴-͔ͭͻ͎͚ͤͦͦ͜͡ ͙ͨͪ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΤ ͎ͪͦ͘͡Ύͤͯͭͦ ͍ͤ͊ͯͦ͟͜ ͨͯ͋͊͜͟͡ͼ͜͝ Σ ΅ͦ͒ͦ 
͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻ͒ͯ͜ ͒ͦ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Τ ͎ͪͦ͘͡Ύͤͯͭͦ ͙͍ͣͦ͗͜͡ ͔͙ͭ͊ͨ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͯ ͍͙͍ͫͨͪͦ͋ͭͤ͜͜͟͜ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͒ͪͦ͒͘͜͜͜͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͨ͒͜ ;͊ͫ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͍͍ͫͪͫ͜͜ 
Google Apps (G Suite). 

˾͔ͯ͘͡Έ͙ͭ͊ͭΦ ˾͎ͦ͘͡Ύͤͯͭͦ ͭ͊ ͍ͨͪͦ͊ͤ͊ͦ͊ͤͦ͘͜͡ ͨͦͤΎͭͭΎ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͯ ͚͊ͦͪ͒ͦͤͤ͘͟͜ ͭ͊ ͍ͭ͜;͙ͤ͘Ύ͚ͤ͜ ͍͚ͤ͊ͯͦ͟͜ ͔ͭͪ͊ͭͯͪ͜͜͡Φ 
˿͙ͨͪ͊Ό;͙ͫΈ ͤ͊ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͯ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͔ͭͪ͊ͭͯͪ͜͜͡ ͭ͊ ͍͙͚͊ͫͤ͡ ͍͒ͦͫ͒͜Σ ͔͍͒ͭ͊ͦ͊ͤ͘͜͜͡ ͫͯͭΈ ͭ͊ ͫͭͪͯͭͯͪ͊͟ 
ͨͦͤΎͭͭΎ ζ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜η ͍͙ͫͨͪͦ͋ͭͤ͊͜͜͟ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͎ͤͦͦ ͨ͒ͪͦ͒ͯ͘͜͜͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜Φ ˻ͻ͔͙͍͊ͪ͊ͭͪͦ͊ͤͦ͘͟ 
͍ͦ͋ͦΩΎ͙͘͟ ͨͪ͊ͼ͍͙ͤ͊͜͟ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͎ͤͦͦ ͨ͒ͪͦ͒ͯ͘͜͜͡Σ Ύ͟͜ ͍͙͎ͣ͊͊ΌͭΈ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͫͯ;͙͊ͫͤ͟ ˱˴-͔ͭͻ͎͚ͤͦͦ͜͡ ͭ͊ 
˱˴́-͍͊ͫͦ͋͘͜Φ ˹͊͒͊ͤͦ ͙͚ͦͪͦͭ͟͟ ͙ͦͨͫ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͔͍͍ͫͪͫ͜͜ Google Apps (G Suiteύ ͒͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ ͍ͪͤ͜Ύ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ 
˱˴́-͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͯ ͊ͤ͊͘͘;͔͙ͤͻ ͍͙͍ͫͨͪͦ͋ͭͤ͜͜͟͜Φ ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͍͍ͫͪͫ͜͜ Google Apps (G Suiteύ ͙ͨͪ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ 
͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͨͪ͊ͼ͍͙͙ͤ͊ͣ͜͟ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͙ͤͻ ͨ͒ͪͦ͒͊͘͜͜͡ͻ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͍͒ͦͦ͘͡ΎΊ ͔ͺ͔͙͍ͭͤͦ͟ ͫͺ͍͙ͦͪͣͯ͊ͭ 
˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟ΈΦ ˾͎ͦ͘͡Ύͤͯͭͦ ͙͍ͣͦ͗ͦͫͭ͜͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͍͍ͫͪͫ͜͜ Google Apps (G Suiteύ ͨ͒͜ ;͊ͫ ͒͜Ύ͡Έͤͦͫͭ͜ 
͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͒ͪͦ͒͘͜͜͜͡ ό͊ ͫΈ͎ͦͦ͒ͤ͜ ͍͙ͦͤ ͍͎͒ͪ͊͜͜ΌͭΈ ͨͦͣͭͤͯ͜ ͪͦ͡Έ ͯ ͍͙ͪͦͭͯ͘͟ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ ͍͔ͤ͊ͨͦͤͤͤΎ 
Ί͙͎͒ͤͦͦ ͍ͦͫͭͤ͜Έ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͍͔͙͔ͯͤͪͫͭͭͯ͜ύΦ 

ˤ͙͍͙ͫͤͦ͟Φ ˢͤ͊͘͜͡ ͙͙ͦͭͪͣ͊ͤͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍ͨͦ͊͊͘͟Σ ΅ͦ ͙ͨͪ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͦͣͯ ͍͙͙ͦͪͫͭ͊ͤͤ͟͜ ˱˴-͔ͭͻ͎͚ͤͦͦ͜͡Σ ͔ͦͪͣ͊͘͟ ͔͍͍ͫͪͫ͜͜ Google 
Apps (G SuiteύΣ ͍͙͙ͫͨͪͦ͋ͭͤ͊ͣ͜͜͟ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͒ͪͦ͒͘͜͜͜͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͺ͍ͦͪͣͯ͊ͤͤΎ 
˱˴́-͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟Φ 

 

˴˶̑̉˻ˤ˱ ˿˶˻ˤˢΥ Google Apps (G Suite), ͤ͜ͺͦͪͣ͊ͼ͚ͤ͊͜ ͙͔ͫͫͭͣ͊, ˱-˴͔ͭͻ͎ͤͦͦ͜͡͝, ͍͚ͦͫͭͤ͜͜ ͨͪͦͼ͔ͫ, ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͙͚ͤ ͨ͒ͪͦ͒͘͜͜͡, 
͍ͫͨͨͪ͊͜ͼΎΣ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜. 

 
ˤ˿́̂˽ 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˿ͭͪͣ͊͜͟ ͤ͜ͺ͙ͦͪͣ͊ͭ͊͘ͼ͜Ύ ͍ͣ͊ͫͦͦ͝ ͦͣͯͤ͊͟͜͟ͼ͜͝Σ ͙͍͔͊ͭͤ͟ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ˱˴́ ͯ ͍ͫ͜ ͫͺ͔͙ͪ 
͡Ό͒ͫΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ͯͣͦ͘͡ΌΌͭΈ ͨͦ΄ͯ͟ ͊͋ͫͦ͡Όͭͤͦ ͍͙ͤͦͻ ͭ͊ ͔͙͍͙ͪ͊ͭͤ͟ͻ ͨ͒͜ͻ͍ͦ͒͜ ͒ͦ ͔ͣͦ͒ͪͤ͊͘͜ͼ͜͝ ͫͯ;͊ͫͤͦ͝ ͙͔͙ͫͫͭͣ 
͍͙ͦͫͭ͜Σ ͔ͦͪͣ͊͘͟ ͯ ͤ͊ͨͪΎͣ͜ ͍͙ͨ͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͯ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ό͍͔͙͔ͯͤͪͫͭͭ͊͜ͻύΦ  

˽͒͜ ;͊ͫ ͍͔͊ͨͪͦ͊͒͗ͤͤ͘Ύ ˱˴́ ͍ ͍͚ͦͫͭͤ͜͜ ͨͪͦͼ͔ͫ ͍͙͙ͤ͊͟Ί ͙ͨͭ͊ͤͤΎ ͦ͋ͤ͊ͤͦͫͭ͘͜͜ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͍͙ͦͫͭ͜ ͘ ͫͯ;͙͙͊ͫͤͣ 
͙͊ͫͦ͋͊ͣ͘ ˱˴́ ͭ͊ ͍ͣͤͤ͜Ύͣ ͝ͻ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͨ͒͜ ;͊ͫ ͙ͪͦ͋ͦͭΦ ˴͔ͦ͗ͤ ͨͪ͊ͼ͍͙ͤ͜͟ ͍͙ͦͫͭ͜Σ ͔ͦͪͣ͊͘͟ ͨͪ͊ͼ͍͙ͤ͜͟ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-
͍ͤ͊;͊͡Έ͎ͤͦͦ ͨ͒ͪͦ͒ͯ͘͜͜͡Σ ͍͙͔ͨͦͤͤ ͍͙͒ͦ͋ͯ͊ͭ͘ ͍ͤͦ͜ ͤ͊ͤͤ͘Ύ ͨͪͦ ͫͯ;͊ͫͤ͜ ˱˴-͔ͭͻ͎ͤͦͦ͜͡͝ ͭ͊ ͍͙ͣͭ͜ ͝ͻ ͔͍͍͙ͪ͊ͦͯ͊ͭ͘͜͡ ͨ͒͜ ;͊ͫ 
͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ς ͭ ͦͣͯ ͼ͔ ͚ ͍ͦ͋ͯͣͦ͡ΌΊ ͔ͨͦͭͪ͋ͯ ͔͔͍͍͙ͨͪ͋ͯ͒ͦͯ͊ͭ ͙͔ͫͫͭͣͯ ͍͊ͫͤͦ͡͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ 
ͨͦͫͭͯͨͯ ͫͯ;͙͊ͫͤͻ ͍͊ͫͦ͋͘͜ ˱˴́Φ 

˿Έ͎ͦͦ͒ͤ͜ ͚ͤ͊ͨͦ΄͙͔ͪͤ͜΄͙ͣ ͍ ͍ͦͫͭ͜͜ Ί ͔͔͙͚ͦͣͨͭͤͭͤͫͤ͟͜ ͨ͒͜ͻ͒͜Σ Ύ͙͚͟ Ί ͍ͦͫͤͦͦΌ ͍͙ͣͫͭͦͤ͘͜ͻ ͣͤ͘͜ ΅ͦ͒ͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ 
͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ ͙͊ͨͭ͊ͣ͘ ͜ ͔ͨͦͭͪ͋͊ͣ ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ ˭ ͙ͨͦ͘ͼ͚͜ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻͦ͒ͯ ͫͯͭΈ ͍͙ͦͫͭ͜ ͨͦ͡Ύ͎͊Ί ͯ ͍͙ͪͦͭͯ͘͟ 
͔͚͒͋ͤͦͫͭ͘͜ ͒ͦ ͚͎ͫ͊ͣͦͫͭͤͦͦ͜ ͍͙ͪ͜΄͔ͤͤΎ ͍͊͒͊ͤ͘Έ ͯ ͙ͪͤ͘͜ͻ ͫͺ͔ͪ͊ͻ ͜ ͍͙͒͊ͻ ͒͜Ύ͡Έͤͦͫͭ͜ ͤ͊ ͍ͦͫͤͦ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͫͦͼ͊͜͡Έ͎ͤͦͦ 
͍͒ͦͫ͒ͯ͜Σ ͔͔͔ͣͤͭͦͣ͡ Ύ͎ͦͦ͟ ͫͭ͊Ί ͜ ͍͙͚͊ͫͤ͡ ͍͒ͦͫ͒͜ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͒ͪͦ͒͘͜͜͜͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͙ͨͪ 
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͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΦ ̂ ͙͔ͫͫͭͣ͜ ͔͔͔͍͋ͨͪͪͤͦ͘͝ ͍͙ͦͫͭ͜ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ Ί ͦ͒ͤ͜ΊΌ ͘ ͍͙ͦͫͤͦͤͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ 
͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦͫͭ͜ ͍͙ͦͫͭ͜.  

ˢͤ͊͘͜͡ ͦͫͭ͊ͤͤ͜ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͜ ͨͯ͋͊͜͟͡ͼ͚͜Φ ˢͤ͊ͯ͘͜͡Ό;͙ ͨͪ͊ͼ͜ ͍ͭ͜;͙ͤ͘Ύ͙ͤͻ ͍ͤ͊ͯͦ͟ͼ͍͜Σ ͔ͦͪͣ͊͘͟Σ ˤΦ̑Φ x ͙͍ͦ͊͟ όˣ͙͍ͦ͟Σ 
нлмсύΣ ˸Φ˱Φ ˬ ͊͒͊͊͟͡ όˬ͊͒͊͟͡Σ нлмоύΣ ͣͦ͗ͤ͊ ͍͔͍͙ͫͭͪ͒͗ͯ͊ͭΣ ΅ͦ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͊͜ ͍ͫ͊͒ͦ͊͟͡ ͍ͤ͊ͯͦͦ͟-͔͙ͣͭͦ͒;ͤͦ͝ ͙ͪͦ͋ͦͭ Ί 
͍͙͍͊͗ͦ͡Ό ͊ͤͦ͟͡Ό ͒͜Ύ͡Έͤͦͫͭ͜ ͍͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Φ  

˴͔ͦ͗ͤ ͙͚ͫͭͪͯͭͯͪͤ͟ ͨ͒ͪͦ͒͘͜͜͡ ͫͨͪΎ͍ͣͦͯΊ ͍ͫͦΌ ͪͦ͋ͦͭͯ ͤ͊ ͔͍ͨͤ͜ ͔͙͊ͫͨͭ͟ ͒͜Ύ͡Έͤͦͫͭ͜Σ Ύ͟͜ ͯ ͨ͒ͫͯͣͯ͜͟ ͍͒ͦ͋ͪ͊͗͊͜ΌͭΈ 
͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͒͜Ύ͡Έͤͦͫͭ͜ ͊͊͒ͯ͘͟͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͍ ͼͦͣͯ͜͡Φ ́ͦͣͯ ͍ ͍ͯͣͦ͊ͻ ͫΈ͎͔ͦͦ͒ͤͤΎ ͍͙͍͙͊͗ͣ͡ Ί ͨͦ΄ͯ͟ ΄͡Ύͻ͍͜ ͍͙ͨ͒͜΅͔ͤͤΎ 
͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͔ͫ͊ͣ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͍ ͍͔͙͔ͯͤͪͫͭͭ͜͜Φ 

˾͔͊͊͘͜͡ͼ͜Ύ ͔͒͜͝ Ί͙͎͒ͤͦͦ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ ͔͔͍͙ͫͪ͒ͦ΅͊ ͯ ͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͍ͦ͋ͯͣͦ͡ΌΊ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͨͦ΄ͯͯ͟ ͜ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͨͪ͊ͼ͍͙͙ͤ͊ͣ͜͟ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͒ͪͦ͒͘͜͜͜͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͺ͔͙͍͙ͭͤ͟ͻ ˱˴-͔ͭͻ͎͚ͤͦͦ͜͡Φ ˿͔͊ͣ ͭͦͣͯ 
͍͙͙ͦͣ͟͟͡ ͒͡Ύ ͋͜͡Έ΄ͦͫͭ͜ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͒ͪͦ͒͘͜͜͜͡ ͍͔͙͔͍ͯͤͪͫͭͭ͜͜ Ί ͫͺ͍ͦͪͣͦ͊ͤ͊ 
˱˴́-͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈΣ ΅ͦ ͍͜ ͍͒ͨͦ͒͊͜Ί ͍ ͙͎ͣͦ͊ͣ ͫΈ͎͔ͦͦ͒ͤͤΎ, ͭ ͊ ͪͦ͋ͦͭ͊ ͤ͊͒ ͝͝ ͍͙͔ͪͦͤͤͤ͘Ύͣ ζ͍͍ͨͪͦ͒ͦ͗ ͯͫΈ͎ͦͦ ͙͗ͭͭΎηΦ 

˱ͤͺͦͪͣ͊ͼ͚͔ͤ͜ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͍ͦͫͭͤͣ͜͜ ͨͪͦͼ͔ͫͦͣ ͒ͦͫ͒͗ͯ͜͡ΊͭΈͫΎ ͯ ͨͪ͊ͼΎͻ ͙ͭ͊͟ͻ ͍͍͊ͭͦͪ͜Σ Ύ͟Υ ˣΦ˶Φ s ͎͍͙ͪ͊ͤͦ;͊Σ 
ˢΦ˱Φ s ͍ͪ͗͊ͤͦͦ͝Σ ˻Φ˻Φ ˥ ͯ͡΅͔ͤͦ͟Σ ˥ΦˤΦ ̐ ͡Έ͍ͤͦͦ͜͟͝Σ ˹ΦˢΦ ˴ ͯ͒͊ͫΣ ˤΦ˱Φ ˸ ͍͊ͫͦ͊͡Σ ˻ΦˤΦ ˿ ͍͍ͨ͊ͦͫ͜͟Έ͎ͦͦ͟Σ ˢΦ˹Φ ́ ͙ͻ͍ͦͤͦ͊Σ 
̒ΦˣΦ ̅ ͔͍͒ͦͪͦͦ͝Φ ˤ͍͔ͨͪͦ͊͒͗ͤͤΎͣ ͔͍͍ͫͪͫ͜͜ DƻƻƎƭŜ ͯ ͍͚ͦͫͭͤ͜͜ ͨͪͦͼ͔ͫ ͚͙͊ͣ͊ͫ͘͡Έ ˹Φ˾Φ x ͙͊͟͡Σ ˹ΦˤΦ ˸ ͔ͦͪ͘Σ ˤΦ˽Φ ˻ ͔ͫ͟͡Ό͟Σ 
˸ΦˤΦ ˹ ͍ͦͫͦ͊͟Σ ˻Φ˸Φ ˿ ͨͪͤ͜͜Σ ˶ΦˤΦ ˾ ͔͍͔ͦ͗͒ͫͭͤͫΈ͊͟Σ ˸Φ˽Φ ̊ ͙΄ͤ͊͟͜Φ ͍̅ͦͪͣͯ͊ͤͤΎ ˱˴́-͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͯ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͍͊͊͒͘͟͜͡ 
͍͙΅ͦ͝ ͍͙ͦͫͭ͜Υ ˸Φ˱Φ ˬ ͊͒͊͟͡Σ ˢΦˣΦ˴͊;͊ͪΎͤΣ ˿Φ˸Φ ˱ ͍͍͊ͤͦ͊Σ ˻ΦˤΦ ˸ ͚͊ͼ͔ͤͦ͟Σ ˹ΦˤΦ ˸ ͔ͦͪ͘Σ ˻Φ˨Φ ˹ ͔͔͍ͫͭͪͦ͊Σ ˿Φ˨Φ ˽ ͔͍͙ͭͪͦ;Σ 
̑Φ˿Φ ˾ ͊ͣͫΈ͙͚͟Σ ˶Φ˶Φ ̆ ͦͪͯ͗͊ ͭ͊ ͤ͜Φ 

˽ͪͦͫͭͯ͒͜Ό͍͍͊΄͙ ͨͪ͊ͼΌ ͍ͤ͊ͯͦ͟ͼ͍͜ !Φ ˴ ͤΎ͘Ί͍͊Σ ̐Φ ˭ ͔ͣͼ͍ͦͦ͝Σ ˿Φ ˽ ͔͊͡ͼΈͦ͟͝ ό˴ͤΎ͘Ί͍ϧ˭͔ͣͼ͍ͦ͊ϧ˽͔͊͡ͼΈ͊͟Σ нллтύ 
͊ͤ͊͘͘;͙ͣͦΣ ΅ͦ ͒͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͯ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͒ͪͦ͒͘͜͜͜͡ ͔ͤͦ͋ͻ͒ͤ͜͜ 
͙͔ͪͭͪ͟͜͝ ͦͼ͙ͤ͜͟Υ ͎͍ͦͭͦͤͫͭ͜ΈΣ ͤ͊ͤͤ͘ΎΣ ͍͒ͦͫ͒͜Σ ͔͎ͪͯ͡Ύͼ͜Ύ ͭ͊ ͍͔ͫͭ͊ͤͦͤͤ͡ΎΦ 

˹Φ ˸ ͔ͦͪ͘ ͭ͊ ˻Φ ˴ ͯ͘Έͣͤͫ͜Έ͊͟ ͒͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͨͪͦͨͦͤͯΌͭΈ ͯ ͍͙ͪ͜΄͔ͤͤ͜ ͊͒͊͘; ͙͎ͨͪ͊͒ͤͦͦ͟͡ 
ͻ͔͊ͪ͊ͭͪͯ͟ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͫͯ;͊ͫͤ͜ ͙͊ͫͦ͋͘ ˱˴́Σ Ύ͟͜ ͤ͊͒͊͒ͯͭΈ ͍͔͍ͪͤͦͪͤͯ͘͜͜ ͎͒ͦͨͦͣͦͯ Ύ͟ ͒͡Ύ ͙ͦͭͪͣ͊ͤͤΎ ͎͋͊͗͊ͤͦͦ ͤ͟͜ͼ͔͍͎ͦͦ 
͔ͪͯ͘͡Έͭ͊ͭͯΣ ͭ͊͟ ͜ ͒͡Ύ ͍ͫͨͦͫͦ͋͜ ͚͎ͦͦ ͙ͦͭͪͣ͊ͤͤΎΦ ό˸͔ͦͪ͘ϧ˴ͯ͘Έͣͤͫ͜Έ͊͟Σ нллуύΦ 

˽͔ͪͦͭΣ Ύ͟ ͍͊ͫ͒͘͜;͙ͦ͡ ͤ͊΄͔ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͙ͨͭ͊ͤͤΎ ͺ͍ͦͪͣͯ͊ͤͤΎ ˱˴́-͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͯ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-
͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͒ͪͦ͒͘͜͜͜͡ ͍͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͍͙͍;͔͔ͤ ͜ ͍͙͍͔͔ͫͭͤ͜͡ ͍ ͔ͭͪ͊ͭͯͪ͜͜͡ ͔ͤ͒ͦͫͭ͊ͭͤΈͦΣ ͊ ͯ ͍͚ͫͦ͝ ͪͦ͋ͦͭ͜ ͋͜͡Έ΄ͫͭ͜Έ 
ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͒ͪͦ͒͘͜͜͜͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͙̂ͪ͊ͤ͟͝ ͍͊ͨͪͦ͊͒͗ͯ͘ΌͭΈ ͭ͊ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ ˱˴-͔ͭͻ͎ͤͦͦ͜͡͝ 
͔ͤ ͙͔ͫͫͭͣͤͦΣ ͔͙ͨͦ͒͘͜;ͤͦΣ ͔ͤ ͔ͺ͔͙͍ͭͤͦ͟ ͊͋ͦ ͔ͤ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ ͍ͦͫͣ͘͜Φ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜ ͨͦ͡Ύ͎͊Ί ͯ ͔͒ͦͫ͒͗ͤͤ͜͜͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͍͍ͫͪͫ͜͜ DƻƻƎƭŜ !ǇǇǎ όD {ǳƛǘŜύ ͍͙͙ͫͨͪͦ͋ͭͤ͊ͣ͜͜͟ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-
͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͒ͪͦ͒͘͜͜͜͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͯ ͍ͨͦͫΎ͔͚͒ͤͤ͟͜ ͪͦ͋ͦͭ͜Σ ͊ ͭ͊ͦ͗͟ ͯ ͨͪͦͼ͔ͫ͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͙ͤͻ ˱˴́-͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͊͘ 
͎͒ͦͨͦͣͦͦΌ ͊ͤ͊͘͘;͔͙ͤͻ ͍͊ͫͦ͋͘͜Φ  

˸͔ͭ͊ ͔ͦͪ͟͡ΌΊ ͍͊͒͊ͤͤ͘ΎΥ ͔͔͙ͭͦͪͭ;ͤͦ ͍͙ͦ͋͐ͪͯͤͭͯ͊ͭ ͺ͍ͦͪͣͯ͊ͤͤΎ ˱˴́-͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͯ ͍͙͍ͫͨͪͦ͋ͭͤ͜͜͟͜ 
͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͒ͪͦ͒͘͜͜͜͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͙ͨͪ ͍͙͙ͦͪͫͭ͊ͤͤ͟͜ ͔͍͍ͫͪͫ͜͜ DƻƻƎƭŜ !ǇǇǎ όD Suite). 
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˨͡Ύ ͙ͦͭͪͣ͊ͤͤΎ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͋ͯ ͍͙͙͙͚ͦͪͫͭ͊ͤ͟ ͔ͦͣͨͫ͟͟͡ ͊͘ͻ͍ͦ͒͜Υ ͊ͤ͊͘͜͡ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͻ ͔͔͒͗ͪ͡ ͘ 
͙ͨͭ͊ͤΈ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͻͣ͊ͪͦ ͦͪ͜Ί͍͎ͤͭͦ͊ͤͦͦ ͍ͦͫͭͤ͜Έ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͯ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Τ ͍͔ͯͨͪͦ͊͒͗ͤͤΎ ͜ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͻ͙ͣ͊ͪͤͻ ͔͍͍ͫͪͫ͜͜Σ ͔ͦͪͣ͊͘͟ ͔͍͍ͫͪͫ͜͜ Google Apps (G Suite) ͍ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͯ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ 
͍͙ͦͫͭ͜Τ ͔ͣͭͦ͒ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͚ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜͝ ͙͙ͦͭͪͣ͊ͤͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ  

̂ ͔͒ͦͫ͒͗ͤͤ͜͜͡ ͙͋ͯ͡ ͍͙͙ͦͪͫͭ͊ͤ͟͜ ͔͔͙ͭͦͪͭ;ͤ͜ ͔͙ͣͭͦ͒ ͊ͤ͊ͯ͘͜͡ ͭ͊ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼΈ ͍͙ͨͪͦ͒ͤ͜ͻ ͍ͤ͊ͯͦ͟ͼ͍͜Σ 
Ύ͟͜ ͎ͪͦ͘͡Ύ͙͒͊͡ ͔ͪ͊͊͘͜͡ͼ͜Ό ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻͦ͒ͯ ͯ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Σ ͔ͦͪͣ͊͘͟ ͯ ͍͙͍ͫͨͪͦ͋ͭͤ͜͜͟͜ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-
͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͒ͪͦ͒͘͜͜͜͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͨ͒͜ ;͊ͫ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΦ 

˨͔ͦͫ͒͗ͤͤ͜͡Ύ ͍͙ͨͪͦͦ͒ͦͫ͡Έ ͯ ͪ͊ͣ͊͟ͻ ͍ͤ͊ͯͦͦ͟-͒ͦͫ͒ͤͦ͜͡͝ ͙ͪͦ͋ͦͭ ͊͟ͺ͔͙͒ͪ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟ ͜ ͔͙͙ͣ͊ͭͣ͊ͭ͟ 
̅͊ͯ͟͡Έ͔ͭͭͯ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͭ͊ ͍ͯͨͪ͊ͤͤ͜͡Ύ ˴͙͍ͫ͝Έ͎ͦͦ͟ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ ˣ͙ͦͪͫ͊ ˥ͪͤ͜;͔ͤ͊͟ όЅлммсU004625 
ζ͔͔͙́ͦͪͭ;ͤ͜ ͭ͊ ͙ͨͪ͊ͭ͟;ͤ͜ ͔͙͊ͫͨͭ͟ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͍ͣͭͦ͒͜ ͭ͊ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ ͍ͦͫͭ͜͜ ͜ ͤ͊ͯͼ͜ηύΦ  
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ˤ ͍ͯͣͦ͊ͻ ͎͊͊͘͡ΈͤͦΊ͍͔͚ͪͦͨͫΈ͎ͦͦ͟ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͫͭͦͪͯ ˱˴́-͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͨͪ͊ͼ͍͙ͤ͊͜͟ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͎ͤͦͦ 
ͨ͒ͪͦ͒ͯ͘͜͜͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͍ͤ͊͋ͯ͊Ί ͍͙ͤ͊͒͘;͚͊ͤͦ ͍͙͍͎͊͗ͦͦ͡ ͤ͊͘;͔ͤͤΎΦ ˱˴́-͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ Ί ͔͍ͤ͒͜ΩΊͣͤͦΌ ͍ͫ͊͒ͦͦ͟͡Ό 
͙͔ͪͭͪ͟͜Ό ͯͫͨ͜ͻͯ ͯ ͍ͨͦͫΎ͔͚͒ͤͤ͟͜ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙ͫͨͪͦ͋ͭͤ͊͜͜͟ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͎ͤͦͦ ͨ͒ͪͦ͒ͯ͘͜͜͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜Φ 
˾͍͔ͤ͜Έ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ Ί ͦ͒ͤ͜ΊΌ ͘͜ ͍ͨ͒ͫͭ͊͜ ͒͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ ͨͪͦͺ͔ͫͦͤ͊ͣͯ͘͜͜͡ ͨͪ͊ͼ͍͙ͤ͊͜͟Φ  

˹͍͔͔͊͒ͣͦ ͔͒Ύ͟͜ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͨͦͤΎͭͭΎ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Υ ͔ͭͪͣͤ͜ ζ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έη Ί ͨͦͻ͙͒ͤͣ͜ ͍͒͜ ͍ͫͦ͊͡ 
ζ͔͔͙͚ͦͣͨͭͤͭͤ͟η ͭ͊ ͍͒͜ ͙͊ͭͤͫ͡Έ͎ͦͦ͟ ͍ͫͦ͊͡ ζͫͦmͪt͔ n͔s ό͍͍͙͚͒ͨͦ͒ͤ͜͜Σ ͙͚͒͊ͭͤ͘ύη ό͍͙ͫͦͤ͟͡ ͤ͜΄͍͙ͦͣͦͤͻ ͍ͫ͜͡Σ нлллύΦ ͔̇ 
͔͎͍ͤͭͪͦ͊ͤ͊͜ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ Ύ͔͚ͦͫͭ͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͔ͪͯ͘͡Έͭ͊ͭ ͎͍͙ͨ͒ͦͭͦ͜͟ ͨͪ͊ͼ͍͙ͤ͊͜͟ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͒ͦ ͍͙ͦͤ͊ͤͤ͟Ύ ͒͜Ύ͡Έͤͦͫͭ͜ 
͍ ͔͍͙ͨͤͻ ͫͺ͔ͪ͊ͻ ό͍͙ͫͦͤ͟͡ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦΣ мфтоύΦ  

ˢΦ˥Φ x ͔ͪͣͯͫ ͍͙͒ͦͦ͒ͭΈΣ ΅ͦ ͍ ͊͘ͻ͚͒ͤ͜͜ ͯ͟͡Έͭͯͪ͜ ͔͔͙͚ͦͣͨͭͤͭͤͫͤ͟͜ ͨ͒͜ͻ͒͜ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ Ύ͟ ͔͙ͤ͊ͫ͟͡;͙͚ͤ ͺ͔͔ͤͦͣͤ 
͔͔ͦͣͨͭͤ͟ͼ͜͝Φ ˢ͍ͭͦͪ ͊ͤ͊͘͘;͊ΊΥ ͔ͫ͊ͣ ͍͔ͪͤ͜Έ ͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ ͺ͊ͻ͍͜ͼΎ ͼ͙ͣ ͦ;͍ͯ͊ͤͤ͜͟Ύͣ Ί ͍͙ͦͫͤͦͤͣ ͙ͨͦ͊ͤͦͣ͘͟͟ 
͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Φ ˤ ͙ͨͪ͊ͭ͟ͼ͜ ͔͙͊ͣͪ͊ͤͫ͟Έͦ͟͝ ͍͙ͦͫͭ͜ ͔͔͍ͨͪ͊͗͊Ί ͒͜ΎΣ ͊ ͔ͦͨͪ͊ͼ͜͝ ͔ͤ ͍ͫͭͦͫͦͤͦ ͦ͋ΩΊͭ͊͟ ό͔ͣ͊ͭͪ͊͜͡Έ͎ͤͦͦ ;͙ 
͔͒͊͜͡Έ͎ͤͦͦύΣ ͊ ͍ͫͭͦͫͦͤͦ ͙ͫͭͯ͊ͼ͜͝Σ ͔͙ͨͪͦ͋ͣ͡Φ όˣ͔ͪͣͯͫΣ нллрύΦ 

˥ΦˤΦ ̐ ͡Έ͙͍ͤͦ͊͟ ͊ͤ͊͘͘;͊ΊΣ ΅ͦ ͍͙ͤ͊͘;͔ͤͤΎ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ Ύ͟ ͙͔͎ͫͫͭͣͤͦͦ ͍͔ͯͭͦͪͤͤΎΣ Ύ͔͟ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ί Ύͫͭ͟͜Έ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͍͒ͦͦ͘͡ΎΊ ͔͍͙ͨͪͦͭͯ͊ͭ͟ ͔͒͊͜͡Έͤͯ ͔ͣͦ͒͡Έ ͭ͊ ͍͙͙͙ͣͪͤ͜͟ ό͍͔͙͊ͣͭͪ͟͜͡;ͤ͜ ͙ͫͭ͊ͤ͒͊ͪͭύ ͨͪͦͺ͔͚ͫͤͦ͜͝ 
͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ό̐͡Έ͙͍ͤͦ͊͟Σ нлмлύΦ 

˱ΦˢΦ ˭ ͙ͣͤΎ ͍͙ͤ͊͘;͊Ί ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ Ύ͟ ͍͊ͭͯ͊ͦ͊ͤͯ͘͟͜͡Σ ͔͎͙͍ͤͭͪ͊ͭͤͯ͜Σ ͭ͊ͯ͟Σ ΅ͦ ͋͊ͯ͘ΊͭΈͫΎ ͤ͊ ͤ͊ͤͤ͘ΎͻΣ ͔͔ͤͭͭͯ͊͜͟͡͡Έͤͯ 
ͭ͊ ͫͦͼͦͯ͜͟͡Έͭͯͪͤͯ ͙ͦͫͦ͋ͫͭͫͤͯ͜ Ύͫͭ͟͜ΈΣ Ύ͊͟ ͨͪͦΎ͍͡ΎΊͭΈͫΎ ͍ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͍͔ͨͦ͒ͤ͜ͼ͜ ͡Ό͙͙͒ͤΣ ͯ ͝͝ ͍͊͘Ίͣͦ͒͜͝ ͘ ͤ͜΄͙͙ͣ ͡Ό͒Έ͙ͣ 
ͨ͒͜ ;͊ͫ ͍͙ͪ͜΄͔ͤͤΎ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ ͍͊͒͊ͤ͘Έ ό˭͙ͣͤΎΣ нлмнύΦ 
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˹͊ ͒ͯͣͯ͟ ̑Φ˥Φ ́ ͙͊ͭͯͪΣ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͼ͔ ͔͎ͤͭͪ͊͜͡Έͤ͊ ͍͙͍͊ͫͭͫͭ͜͡Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ΅ͦ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ί ͝͝ ͎͔ͨͪ͊ͤͤͤΎ ͜ 
͒͊ͭͤͫͭ͘͜Έ ό͎͍ͦͭͦͤͫͭ͜Έύ ͔͍͙ͪ͊ͯ͊ͭ͘͜͡ ͍͚ͫ͜ ͔ͨͦͭͤͼ͊͜͡ όͤ͊ͤͤ͘ΎΣ ͯͣͤͤ͜ΎΣ ͍͒ͦͫ͒͜Σ ͙ͦͫͦ͋ͫͭͫͤ͜͜ Ύͦͫͭ͟͜ ͭ͊ ͤ͜Φύ ͒͡Ύ ͯͫͨ͜΄ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ 
͍ ͔͍͚ͨͤ͜ ͎͊ͯ͘͜͡ ό́͊ͪͯͭ͊Σ нллпύΦ 

˽ͦͤΎͭͭΎ ζ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έη ͤ͊͘ͻ͙ͦ͒ͭΈͫΎ ͙ͤͤ͜ ͍ ͔ͨ͜ͼ͔ͤͭͪ͜ ͍͍ͫͭͦͦ͜͝ ͙͒ͯͣ͟Σ ͦͫ͟͜͡Έ͙͟ ͙͍ͪͦͪ͊͘͟Ί Ύͫͤͦ͟͜ ͍ͤͦ͜ 
͔͔͙͍͙ͨͪͫͨͭ͟ ͪͦͯͣͤͤ͘͜Ύ ͙͗ͭͭΊ͍͙ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍ͦͫͭͤ͜Έͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ό̆ͦͪͯ͗͊Σ нлмуύΦ ˴͔͔ͦͣͨͭͤͭͤͫͭ͜Έ ς ͼ͔ ͔͎͙͍͔ͤͭͪ͊ͭͤ͜ 
͍͔ͯͭͦͪͤͤΎ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ΅ͦ ͔͎ͤͭͪͯ͜Ί ͍ ͫͦ͋͜ ͤ͊ͤͤ͘ΎΣ ͯͣͤͤ͜ΎΣ ͍͙ͤ͊;͙͟Σ ͍͒ͦͫ͒͜ ͜ ͙ͦͫͦ͋ͫͭͫͤ͜͜ ͍͙͍͊ͫͭͦͫͭ͜͡Σ Ύ͟͜ ͍ͦ͋ͯͣͦ͡ΌΌͭΈ 
͎͔ͨͪ͊ͤͤͤΎΣ ͒͊ͭͤͫͭ͘͜Έ ͜ ͎͍ͦͭͦͤͫͭ͜Έ ͍ͪͦ͘ΩΎ͍͙ͯ͊ͭ͘ ͔͙ͨͪͦ͋ͣ͡Σ ΅ͦ ͍͙͙ͤ͊͟ΌͭΈ ͍ ͔ͪ͊͡Έ͙ͤͻ ͙͗ͭͭΊ͍͙ͻ ͭ͊ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͙ͫͭͯ͊ͼ͜ΎͻΦ  

˻͔ͭ͗Σ ͊ͤ͊͘͜͡ ͪͦ͋ͭ͜ ͍ͭ͜;͙ͤ͘Ύ͙ͤͻ ͭ͊ ͙͊ͪͯ͋͗ͤ͘͜ͻ ͙͍͒ͦͫ͒ͤ͜͟͜͡ ͘ ͔ͨͪͦ͋ͣ͡ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻͦ͒ͯ ͒͊Ί ͤ͊ͣ ͍͙ͨ͒ͫͭ͊͜ 
͙͙ͪͦ͋ͭ ͍͙͍͙ͫͤͦ͟Σ Ύ͟͜ ͎ͫͯͯ͡ΌͭΈ ͔͎ͣͭͦ͒ͦͦ͜͡;͙͙ͤͣ ͙͊ͫ͊͒͊ͣ͘ ͤ͊΄͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ 

˨͡Ύ ͋͜͡Έ΄ ;͎ͭͦͦ͜͟ ͪͦͯͣͤͤ͘͜Ύ ͨͪͦͼ͔ͫͯ ͺ͍ͦͪͣͯ͊ͤͤΎ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͯ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͙ͤͻ 
͍ͨ͒ͪͦ͒͘͜͜͜͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͨ͒͜ ;͊ͫ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͙ͨͪͦ͊ͤ͊ͯ͊ͭ͘͜͡ ͍ͦͫͤͦͤ͜ ͍͙͙͒ ͝ͻ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

˻͎ͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έͤ͜ ͙ͨ͒ͪͦ͒͘͜͜͡ ͚͒ͫͤ͘͜ΌΌͭΈ ͍ͨ͊ͤͯ͊ͤͤ͡ΎΣ ͎ͦͪ͊ͤ͊͘͜ͼ͜ΌΣ ͙͎ͣͦͤͭͦͪͤ͜Σ ͍ ͭͦͣͯ ;͙ͫ͜͡ ͜ ͦͤͭͪͦ͟͡ΈΤ 
͙ͦͦͪ͒ͤͯ͟ΌͭΈ ͪͦ͋ͦͭͯ ͙ͪͤ͘͜ͻ ͙ͫͭͪͯͭͯͪͤ͟ͻ ͍ͨ͒ͪͦ͒͘͜͜͜͡Σ ͍ ͭͦͣͯ ;͙ͫ͜͡ ͚ ͔͙ͣͭͦ͒;ͤͯΤ ͙͚ͨͪͣ͊ΌͭΈ ͯ;͊ͫͭΈ ͯ ͪͦͪͦ͋͘ͼ͜ ͔͙ͣͭͦ͒;͙ͤͻ 
͔͔ͪͦͣͤ͒͊͟ͼ͚͜Σ ͫͨͪΎ͍͙ͣͦ͊ͤͻ ͤ͊ ͪͤ͘͜͜ ͔͙͊ͫͨͭ͟ ͍ͦͫͭͤ͜Έͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Τ ͣ͊ΌͭΈ ͤ͊ ͔ͣͭ͜ ͚͔ͨͦͫͭͤ͜ ͍͔͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͍ͦͫͭͤ͜Έ͎ͦͦ 
ͨͪͦͼ͔ͫͯΦ 

ˢͤ͊ͯ͘͜͡Ό;͙ ͪͦ͋ͦͭͯ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͒ͪͦ͒͘͜͜͜͡ ͍͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ό˭ˤ˻ύΣ ͙ͣ ͍͙ͪͤ͘͜ΎΊͣͦ ͭ͊͟͜ 
͍ͦͫͤͦͤ͜ ͍͙͙͒ ͝ͻ ͒͜Ύ͡Έͤͦͫͭ͜Υ 

˻ͪ ͎͊ͤ͊͘͜ͼ͚͔ͤ͜ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨ ͪͦͼ͔ͫͯΥ 

¶ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͙ͪͦ͋ͦͭ ΅ͦ͒ͦ ͙ͪͦͪͦ͋͘͟ ͔͍ͨͪͦͭ͟͜ ͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͊ͤ͜͡Σ ͫͭͪͯͭͯͪͤͦ͟-͎ͦ͜͡;͙ͤͻ ͫͻ͔ͣ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜Σ 
͍͒ͨͪ͊͜ͼΌ͍͊ͤͤΎ ͪͦ͊͒ͯ͘͟͡ ͍ͤ͊;͊͡Έ͙ͤͻ ͊ͤ͘ΎͭΈ ͭ͊ ͤ͜΄͙ͻ ͔͍͒ͦͯͣͤͭ͟͜ ͍ͨ͊ͤͯ͊ͤͤ͡Ύ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΤ 

¶ ͍ͨ͊ͤͯ͊ͤͤ͡Ύ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙͎͊ͯ͒ͭͦͪͤͦͦ ͺͦͤ͒ͯΤ 

¶ ͍ͨ͊ͤͯ͊ͤͤ͡Ύ ͚ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͔͙ͣͭͦ͒;ͤͦ͝ ͙ͪͦ͋ͦͭ ͯ ˭ˤ˻Τ 

¶ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͍͔͔ͨͪͦ͒ͤͤΎ ͍ͨ͒ͫͯͣͦͦ͜͟͝ ͔͊ͭͫͭ͊ͼ͜͝ ͍͙͙͍ͨͯͫͤ͟͟͜ ˭ˤ˻Τ 

¶ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͊͜ ͙ͨ͒ͭͪͣ͊͜͟ ͍͔͔ͨͪͦ͒ͤͤΎ ͔͔͍͎ͫͣͫͭͪͦͦͦ ͦͤͭͪͦ͟͡ΌΦ 
˻͍ͫͭͤ͜Έͦ-͍͔ͤ͊ͯͦ͟ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨ ͪͦͼ͔ͫͯΥ 

¶ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͚ ͍͔͔ͨͪͦ͒ͤͤΎ ͍ ͔͔ͤͭͪͫ͊͜ͻ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͔͙ͣͭͦ͒;͙ͤͻ ͍͋ͦͪ͘͜Σ ͦͤ͟ͺ͔͔ͪͤͼ͚͜Σ ͔͍ͫͣͤ͊ͪ͜͜Σ 
ͣ͗͊͜͟ͺ͔͒ͪ͊͡Έ͙ͤͻ ͔͙ͣͭͦ͒;͙ͤͻ ͤ͊ͪ͊͒ ͭ͊ ͤ͜΄͙ͻ ͔͙ͣͭͦ͒;͙ͤͻ ͊͘ͻ͍ͦ͒͜Τ 

¶ ͦͤͭͪͦ͟͡Έ ͍͔͔ͨͪͦ͒ͤͤΎ ͎ͦͪ͊ͤ͊͘͜ͼ͚͙ͤ͜ͻ ͍ͦͫͭͤ͜͜ͻ ͍͋ͦͪ͘͜ ͘͜ ͔͙ͫͭͯ͒ͤͭ͊ͣΣ ͍͙͊͒͊͟͡;͙͊ͣΦ 
˭͔͔͊͋ͨ͘;͔ͤͤΎ ͔͙ͣͭͦ͒;͎ͤͦͦ ͍ͫͯͨͪͦͦ͒ͯ ͭ͊ ͔͔͍ͨͪͪ͊͜͟ Ύͦͫͭ͟͜ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΥ 

¶ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͚ ͍͔͔ͨͪͦ͒ͤͤΎ ͦͤͭͪͦ͟͡Ό ͍ͫ͜ͻ ͍͙͍͒͜ ͍ͤ͊;͊͡Έ͙ͤͻ ͊ͤ͘ΎͭΈΣ ͤ͊͒͊ͤͤΎ ͎͙͒ͦͨͦͣͦ ͍ͤ͊;͊͡Έͤͦ-͍͙ͤ͊ͯͦͣ͟ 
͙ͫͭͪͯͭͯͪͤͣ͟ ͨ͒ͪͦ͒͊ͣ͘͜͜͡ ͍ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΤ 

¶ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͚ ͍ͪͦͨͦͫ͘Ό͔͒͗ͤͤΎ ͔͔͍͎ͨͪ͒ͦͦͦ ͍͒ͦͫ͒ͯ͜ ͍ͤ͊;͊͡Έͤͦ͝ ͚ ͔͙ͣͭͦ͒;ͤͦ͝ ͙ͪͦ͋ͦͭΣ ͪͦͪͦ͋͊͘͟ ͊͘ͻ͍ͦ͒͜ ͜ 
͙ͨͪͦͨͦ͘ͼ͚͜ ΅ͦ͒ͦ ͍͔͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΤ 

¶ ͍͔͔͒ͤͤΎ ͦ͋ͯ͜͟͡ ͚ ͍͔͔ͨͪͦ͒ͤͤΎ ͊ͤ͊ͯ͘͜͡ ͨͦͭͦ;͎ͤͦͦ ͭ͊ ͍͎ͨ͒ͫͯͣͦͦͦ͜͟ ͦͤͭͪͦ͟͡Ό ͯͫͨ͜΄ͤͦͫͭ͜ ͍ͤ͊;͊ͤͤΎ ͫͯ͡ͻ͊;͍͜ ͭ͊ 
͔͍ͫͭͯ͒ͤͭ͜Σ ͪͦͪͦ͋͊͘͟ ͊͘ͻ͍ͦ͒͜ ΅ͦ͒ͦ ͍͙ͨ͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ ͝ͻ ͔͔͙ͭͦͪͭ;ͤͦ͝ ͚ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟Τ 

¶ ͦͤͭͪͦ͟͡Έ ͜ ͦ͋͜͟͡ ͍͙ͦͤ͊ͤͤ͟Ύ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͍͔ͤ͊͊ͤͭ͊͗ͤͤΎ ͍ͤ͊ͯͦͦ͟-͔͎͎ͨ͒͊ͦ͜;͙͙ͤͣ ͨͪ͊ͼ͍͙͙ͤ͊ͣ͜͟Τ 

¶ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͍ͫͭͯͨͤͦ͝ ͊ͣͨ͊ͤ͟͜͝ ͒ͦ ˭ˤ˻Τ 

¶ ͪͦͪͦ͋͊͘͟ ͔͍ͨͪͦͭ͟͜ ͍ͤ͊͊͘͟͜Σ ͦ ͎ͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͔͙ͣͭͦ͒;͙ͤͻ ͍͍͊ͦ͘͟͜͟ ͘͜ ͙ͨͭ͊ͤΈ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΦ 
˽͎͍͒ͦͭͦ͊͜͟ ͔ͫͨͼ͊͜͡Έͤͦ͝ ͔͒ͦͯͣͤͭ͊͟ͼ͜͝Υ 

¶ ͎͍ͨ͒ͦͭͦ͊͜͟ ͍͙ͨͯͫͤͦ͟͝ ͔͒ͦͯͣͤͭ͊͟ͼ͜͝Σ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͒ͪͯͯ͟Σ ͙ͦͭͪͣ͊ͤͤΎΣ ͦ͋ͯ͜͟͡ ͭ͊ ͍͙͒͊;͜ ͔͍͒ͦͯͣͤͭ͟͜ ͔͍͎͒ͪ͗͊ͤͦͦ 
ͪ͊͊͘͘͟ ͨͪͦ ͒ͦ͋ͯͭͭ͘Ύ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͍͙͙͙ͨͯͫͤ͊ͣ͟͟ ˭ˤ˻Τ 

¶ ͺ͍ͦͪͣͯ͊ͤͤΎ ͜͡ͼ͔͚͙ͤͤ͘͜ͻ ͜ ͔͙͊ͪ͒ͭ͊͟ͼ͚͙ͤ͜ͻ ͍ͫͨͪ͊ ͒ͦ ͨͪͦͼ͔͒ͯͪ ͜͡ͼ͔͍ͤͯ͊ͤͤ͘Ύ ͭ͊ ͔͙͊ͪ͒ͭ͊͟ͼ͜͝ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭ ͭ͊ 
͍ͦͫͭͤ͜͜ͻ ͎ͨͪͦͪ͊ͣΦ 

˽͎͍͒ͦͭͦ͊͜͟ ͔͒ͦͯͣͤͭ͊͟ͼ͜͝ ΅ͦ͒ͦ ͍͎͊͒ͪͦͦͦ͟Σ ͍ͤ͊ͯͦͦ͟-͔͙ͣͭͦ͒;͎ͤͦͦ ͭ͊ ͔ͣ͊ͭͪ͊͜͡Έͤͦ-͔ͭͻͤ͜;͎ͤͦͦ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ: 

¶ ͍ͨ͊ͤͯ͊ͤͤ͡Ύ ͚ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͍ͫͭ͊͗ͯ͊ͤΈ ό͙ͨͪ͊ͭ͟͟ύ ͔͍ͫͭͯ͒ͤͭ͜Σ ͍͊ͫͨͪ͊ͤͭ͜͜Σ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻΣ 
͍ͤ͊ͯͦͦ͟-͔͎͎ͨ͒͊ͦ͜;͙ͤͻΣ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜Τ 

¶ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͭ͊ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͍ͦͫͭͤ͜ΈͦΌ ͔ͭͪ͊ͭͯͪͦ͜͡ΌΤ 

¶ ͍ͨ͊ͤͯ͊ͤͤ͡Ύ ͭ͊ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͒͡Ύ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍͒ͦͭͦͪ͟͜ ͺͦͫͦ͜͡ͺ͜͝Τ 

¶ ͊͘ͻ͙ͫͭ ͙͔͒ͫͪͭ͊ͼ͚͙ͤ͜ͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΤ 

¶ ͔ͪΊͫͭͪ͊ͼ͜Ύ ͍͙ͤ͊ͯͦ͟ͻ ͔ͭͣ ͯ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͔͍͙͒ͪ͗͊ͤͻ ͍ͯͫͭ͊ͤͦ͊ͻΤ 

¶ ͎͍ͨ͒ͦͭͦ͊͜͟ ͭ͊ ͍͔͔ͨͪͦ͒ͤͤΎ ͍͔ͫͯͪ͊ͤͫ͟͝Έ͙͟ͻ ͦͣͨ͊͒͜͜͡ ͭ͊ ͦͤ͟ͺ͔͔ͪͤͼ͚͜Σ ͍ ͭͦͣͯ ;͙ͫ͜͡ ͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻΤ 

¶ ͙͎ͣͦͤͭͦͪͤ͜ ͒ͪͯͯ͟ ͔͚ͫͭ͊ͭ ͍͙͙ͫͨͪͦ͋ͭͤ͊ͣ͜͜͟ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ό͙ͤ͊ͨͪ͊͒͟͡Σ ͯ ͗ͯͪͤ͊͊͡ͻΣ ΅ͦ ͔ͤ͒ͫͯ͜͟ΌͭΈͫΎ ͯ ͍ͤ͊ͯͦͦ͟-
͔͙ͣͭͪ;͙ͤͻ ͋͊͊͘ͻ {ŎƻǇǳǎ ͜ ²Ŝō ƻŦ {ŎƛŜƴŎŜύΦ 

ˤͦ;͔͍͙͒ΈΣ ΅ͦ ͙ͨͪ ͍͙ͦͤ͊ͤͤ͟͜ ͊ͤ͊͘͘;͔͙ͤͻ ͍͙͍͒͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͨͪ͊ͼ͍͙͙ͤ͊ͣ͜͟ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͒ͪͦ͒͘͜͜͜͡ Ί 
͔ͤͦ͋ͻ͙͒ͤͣ͜Σ ͊ ͫͦͪ͟͜΄ ͊͘ ͍͔ͫ ͜ ͍ͦ͋ͦΩΎ͍͙ͦͣ͘͟ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ό˴͔͊ͪͨͤͦ͟Σ нлмсύΦ 

˽ͫ͜͡Ύ ͎ͪͦ͘͡Ύ͙ͤͯͭͻ ͙ͤ͊ͣ ͍͙ͦͫͤͦͤͻ ͍͙͍͒͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͒ͪͦ͒͘͜͜͜͡Σ ͍͙ͤ͊͘;͊Ίͣͦ ͍ͦͫͤͦͤ͜ 
͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Σ Ύ͙͙ͣ͟Σ ͤ͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͣ͊Ί ͍͙ͦͦ͒ͭ͜͡ ͨͪ͊ͼ͍͙ͤ͜͟ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨ͒ͪͦ͒ͯ͘͜͜͡ (͙͍͒Φ ͪ ͙ͫΦ 1): 

¶ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜Ύ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͒͊ͭͤͫͭ͘͜Έ ͍͙ͫͨͪͦ͋ͭͤ͊͜͜͟ ͍͙͊ͤ͊ͯ͊ͭ͘͜͡ ͭ͊ ͦͼͤ͜Ό͍͙͊ͭ ͒ͦͫΎ͎͔ͤͤͤΎ ͤ͊ͼͦͤ͊͜͡Έͤͦ͝ ͭ͊ 
͍͍ͫͭͦͦ͜͝ ͍͙ͦͫͭ͜Σ ͦͪ͜Ί͍͙ͤͭͯ͊ͭͫΎ ͍ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͫͭͦͪ͜ ͫΈ͎͔ͦͦ͒ͤͤΎΣ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͨͦ΄ͯ͟ ΄͡Ύͻ͍͜ ͔ͣͦ͒ͪͤ͊͘͜ͼ͜͝ ͣͫͭͯ͘͜ ͍͙ͦͫͭ͜Τ 

¶ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚ͤ͊͜ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͒͊ͭͤͫͭ͘͜Έ ͔͔ͦͣͨͭͤͭͤͦ͟Σ ͭͦ͋ͭͦ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͦ ͜ ͚ͫ͊ͣͦͫͭͤͦ͜Σ ͘͜ 
ͤ͊ͤͤ͘Ύͣ ͍͙͎ͣͦ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͍ͯͣͦ͊ͻ ͤ͜ͺ͙ͦͪͣ͊ͭ͊͘ͼ͜͝ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͫͭͦͪͯ ͜ ͍ͫͦ͝ͻ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͭ͊ ͔͔ͦ͋ͣ͗ͤΈ 
͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ˱˴́ ͯ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜Σ ͙ͨͪ ͔͙ͣͭͦ͒;͚ͤ͜ ͜ ͙͒ͦͫ͒ͤ͜͡ͼΈ͚͟͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͍͊ͫͤͦ͡͝ ͔͔͔͍ͤͨͪͪͤͦ͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ 
͒͜Ύ͡Έͤͦͫͭ͜Σ ͜ ͤ͊ ͍ͦͫͤͦ͜ ͊ͤ͊ͯ͘͜͡ ͙ͫͭͯ͊ͼ͚͜ ͔ͣͦ͗ ͋͊;͙͙ͭ ͜ ͺͦͪͣͯ͡Ό͍͙͊ͭ ͍͊͒͊ͤͤ͘Ύ ͭ͊ ͤ͊͘ͻ͙͙ͦ͒ͭ ͙ͦͨͭͣ͊͡Έͤ͜ ͙ͫͨͦͫͦ͋ ͝ͻ 
͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͘͜ ͙ͣ͊ͫͣ͊͟͡Έ͙ͤͣ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ˱˴́Τ 



PHYSICAL & MATHEMATICAL EDUCATION    issue 3(21), 2019 
.  

74 

 
˾͙ͫΦ мΦ ˻͍ͫͤͦͤ͜ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͨͪ͊ͼ͍͙ͤ͊͜͟ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͎ͤͦͦ ͨ͒ͪͦ͒ͯ͘͜͜͡ 

 

¶ ͙͍ͤͦͪͣ͊ͭͤͦ ͍͍ͨͪ͊ͦ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͒͊ͭͤͫͭ͘͜Έ ͍͙ͫͨͪͦ͋ͭͤ͊͜͜͟ ͦͪ͜Ί͍͙ͤͭͯ͊ͭͫΈ ͯ ͫͯͫͨ͜͡Έͤͦ-͙ͨͦͭ͜͡;ͤͦͣͯ ͨͪͦͫͭͦͪ͜ 
͔͍͙͒ͪ͗͊Σ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͙͍ͤͦͪͣ͊ͭͤͦ-͍͍ͨͪ͊ͦ͜ ͔͙͒ͦͯͣͤͭ͟ ͭ͊ ͍͊ͦͤͦ͒͊͘͟;͜ ͙͊ͭ͟ ͨ͒͜ ;͊ͫ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Τ 

¶ ͙͍ͦͣͯͤ͊ͭͤ͊͟͜͟ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͒͊ͭͤͫͭ͘͜Έ ͍͙ͫͨͪͦ͋ͭͤ͊͜͜͟ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͯ ͔ͦͤͪͭͤͦͣͯ͟͟ ͍͙͒͜ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͤ͊ͤͤ͘Ύ 
͍͙ͣͦ ͭ͊ ͤ͊ͤͤ͘Ύ ͔͙ͤͦͣͤ͘͜ͻ ͍ͣͦΣ ͙ͫͨͦͫͦ͋ ͍͊͘Ίͣͦ͒͜͝ ͘ ͡Ό͒Έ͙ͣΣ ΅ͦ ͦͭͦ;ͯΌͭΈ ͝͝ ͭ͊ ͔͔͍ͨͪ͋ͯ͊ΌͭΈ ͤ͊ ͍͒ͫͭ͊ͤ͜͜Σ ͍͙ͤ͊;͙͟ ͙ͪͦ͋ͦͭ ͯ 
͎ͪͯͨ͜Τ 

¶ ͍ͤ͊ͯͦͦ͟-͔͙ͣͭͦ͒;ͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͨͦͤ͜ͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ ͯ ͍ͤ͊ͯͦͦͣͯ͟ ͨͪͦͫͭͦͪ͜Τ ͦ͋ͤ͊ͤͫͭ͘͜͜Έ ͍͙͙ͤ͊ͯͦͣ͟ ͔ͭ;͜Ύ͙ͣ 
ͫΈ͎͔ͦͦ͒ͤͤΎΤ ͨͦͤ͜ͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ ͯ ͫͺ͔ͪ͜ ͍ͦͫͭͤ͜͜ͻ ͍ͤͤͦ͊͜ͼ͚͜Σ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͍ͦͫͭͤ͜͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͙͎ͣͦͤͭͦͪͤͯ͜ ͭ͊ 
͍ͯͨͪ͊ͤͤ͜͡Ύ ͍͙ͦͫͭͤͣ͜͜ ͨͪͦͼ͔͙ͫ͊ͣΤ  

¶ ͎ͪͦͣ͊͒ΎͤͫΈ͊͟ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͒͘ ͊ͭͤͫͭ͜Έ ͍͙ͫͨͪͦ͋ͭͤ͊͜͜͟ ͙͍͊ͭͤͦ͟Σ ͍͍͒ͨͦ͒͊͜͜͡Έͤͦ ͭ͊ ͔ͺ͔͙͍ͭͤͦ͟ ͔͍͍͙ͪ͊ͦͯ͊ͭ͘͜͡ 
͍ͨͪ͊͊ ͭ͊ ͍ͦ͋ͦϥΎ͙͘͟ ͘ ͔ͣͭͦΌ ͍͙ͪͦͭͯ͘͟ ͔͙͒ͣͦͪ͊ͭ͟;͎ͤͦͦ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͍ͦͦ͒ͤͤ͜͡Ύ ͙͙ͪͤͣ͘͜ ͫͦͼ͊͜͡Έ͙͙ͤͣ ͪͦ͡Ύ͙ͣ;  

¶ ͫͦͼ͊͜͡Έͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͒͊ͭͤͫͭ͘͜Έ ͍͙ͫͨͪͦ͋ͭͤ͊͜͜͟ ͙͍ͨͪͦ͒ͯͭͤͦ͟ ͍ͫͨͨͪ͊͜ͼΌ͍͙͊ͭ ͘͜ ͍͙͙ͫͨͪͦ͋ͭͤ͊ͣ͜͜͟  ͯͦͣ͊ͤ͒͟͜Σ 
͍͙͍͙ͦͤͯ͊ͭ͟ ͪͤ͘͜͜ ͪͦ͜͡ ͭ͊ ͺͯͤ͟ͼ͜͝ ͯ ͔͙͍ͦͭ͟͟͜͡; 

¶ ͎͙ͨͪͦͤͦͫͭ;ͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͒͊ͭͤͫͭ͘͜Έ ͒ͦ ͍͙ͤ͊͘;͔ͤͤΎ ͭ͊ ͍͔ͭͤͤ͜͡Ύ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͔͍ͨͪͦͭ͟͜Σ ͊ͤ͊ͯ͘͜͡ ͦͣͯͤ͊͟͜͟ͼ͜͝, 
͍͎͒ͦͦͦ͜͡ ͍͙ͫͨͪͦ͋ͭͤ͜͜ͼ͍ͭ͊Σ ͔͔ͨͪ͒͋͊;͔ͤͤΎ ͍ͤ͊ͫ͒͜͟͜͡ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͭ ͊ ͙ͦͫͦ͋ͫͭͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Τ 

¶ ͨͪͦͺ͔͚ͫͤ͊͜ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͍ ͙ͤ͊͘;͊ΊͭΈͫΎ ͨͦΊ͒ͤ͊ͤͤΎͣ ͯͫ͜ͻ ͊ͤ͊͘͘;͔͙ͤͻ ͍͙΅͔ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ό͚ͫ͊ͭ ˤ͔ͨ͒͜͟͜͜ΎύΦ 
 
˻ˣ˥˻ˤ˻˾˩˹˹̒ 

˩ͺ͔͙͍ͭͤͫͭ͟͜Έ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͫͯͭͭΊ͍ͦ ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͨͪͦͼ͔͙ͫ͊ͣΣ ͒͜Ύ͡Έͤͦͫͭ͜ ͺ͊ͻ͍͜ͼ͍͜ 
͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͒ͪͦ͒͘͜͜͜͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͭ͊ ͎͚͎͊ͪͣͦͤͤͦͦ͜ ͨͦΊ͒ͤ͊ͤͤΎ ͯͫ͜ͻ ͍͙΅͔͊ͤ͊͘͘;͔͙ͤͻ ͔͔ͦͣͨͭͤ͟ͼ͚͜Φ 
˽͔͔ͪ͒ͣͭͦͣ ͤ͊΄͎ͦͦ ͊ͤ͊ͯ͘͜͡ Ί ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͨͪ͊ͼ͍͙ͤ͊͜͟ ͎ͦͪ͊ͤ͊͘͜ͼͤͦ͜-͍ͤ͊;͊͡Έ͎ͤͦͦ ͨ͒ͪͦ͒ͯ͘͜͜͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜Σ Ύ͟͜ 
͔ͤͦ͋ͻ͒ͤͦ͜ ͺ͍͙ͦͪͣͯ͊ͭ ͯ ͨͪͦͼ͔ͫ͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˭͍͊͒Ύ͙͟ ͙ͭ͊ͣ͟ ͨͪͦͼ͔ͫ͊ͣ ͺͦͪͣͯΊͭΈͫΎ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͊͜ ͫͭͪͯͭͯͪ͊͟Σ ͍͙ͤ͊͘;͊ΊͭΈͫΎ 
ͤ͊͋ͪ͜ ͙͒ͦͨͦͣ͗ͤ͜ͻ ͨͪͦͼ͔͍ͫ͜ ͜ ͨͪͦͼ͔͍ͫ͜ ͍ͯͨͪ͊ͤͤ͜͡ΎΣ ΅ͦ ͯ ͍ͫͦΌ ;͔͎ͪͯ ͒͊Ί ͎ͣͦͯ͘ ͍͙͊ͤ͊ͯ͊ͭ͘͜͡ ͭ͊ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ 
ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͨ͒͜ ;͊ͫ ͍͙ͨͦ͋ͯ͒ͦ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͫͭͦͪͯ ͍͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͍ͼͦͣͯ͜͡ ͜ 
͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͒ͪͦ͒͘͜͜͜͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͦͪͣ͊͘͟Φ 

˹͊ ͫΈ͎ͦͦ͒ͤ͜ ͍ͦͫͤͦͤ͜ ͨͪͦͼ͔͙ͫ ͤ͊ͨͪΎͣͯ ͔͊͗͊ͭ͘͡Έ ͍͒͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͭ͊ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͫͯ;͙͊ͫͤͻ ͍͊ͫͦ͋͘͜ ˱˴́ ͙ͨͪ 
͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΦ ˹͊ ͍ͦͫͤͦ͜ ͨͪͦͼ͔͎ͫͤͦͦ ͨ͒͜ͻͦ͒ͯ ͨͪͦͨͦͤͯΊͣͦ ͭ͊ͯ͟ ͔ͣͦ͒͡Έ ͒͜Ύ͡Έͤͦͫͭ͜ ͨͪ͊ͼ͍͙ͤ͊͜͟ 
͎ͦͪͤ͊͘͜͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͎ͤͦͦ ͨ͒ͪͦ͒ͯ͘͜͜͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜ (͙͍͒Φ ͪ ͙ͫΦ 2): 

 

 

˾͙ͫΦ нΦ ˽ͪͦͼ͔ͫͤ͊ ͔ͣͦ͒͡Έ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙ͫͨͪͦ͋ͭͤ͊͜͜͟ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͎ͤͦͦ ͨ͒ͪͦ͒ͯ͘͜͜͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜ 

˾͔͙ͫͯͪͫ ΅ͦ ͔͔͍ͨͪͭͦͪΌΌͭΈͫΎΥ ͤ͊ͤͤ͘ΎΣ ͊͒͊͘;͜ ͭ͊ ͤ͜Φ  
 

͍̂ͨͪ͊ͤͫ͜͡Έ͟͜ ͨͪͦͼ͔͙ͫΥ 
× ͍ͯͨͪ͊ͤͤ͜͡Ύ ͒͜Ύ͡Έͤͫͭ͜ΌΤ 
× ͍ͯͨͪ͊ͤͤ͜͡Ύ ͍͙ͪͦͭͦͣ͘͟ 

˨ͦͨͦͣ͗ͤ͜͜ ͨͪͦͼ͔͙ͫΥ 
× ͙͍ͦͣͯͤ͊ͭͤ͊͟͜͟ ͒͜Ύ͡Έͤͫͭ͜ΈΤ 
× ͙͍ͤ͒͒ͯ͊͜͜͡Έͤ͊ ͒͜Ύ͡Έͤͫͭ͜Έ 

˻͔͒ͪ͗͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭΥ ͎͍͙͚ͦͪ͊ͤͦ͊ͤ͘͜ ͍͚ͦͫͭͤ͜͜ ͨͪͦͼ͔ͫΣ ͍ͦͫͭͤ͜͜ ͎͙ͨͦͫͯ͡Σ ͔ͦ͋ͪͦ͋ͤ͊͡ ͤ͜ͺͦͪͣ͊ͼ͜Ύ ͭ͊ ͤ͜Φ 

˻͍ͫͤͦͤ͜ ͨͪͦͼ͔͙ͫΥ 
× ͍ͤͤͦ͊͜ͼ͚ͤ͊͜ ͒͜Ύ͡Έͤͫͭ͜ΈΤ 
× ͍ͤ͊ͯͦ͊͟ ͒͜Ύ͡Έͤͫͭ͜ΈΤ 
× ͍ͦͫͭͤ͜Έͦ-͔͙ͣͭͦ͒;ͤ͊ ͒͜Ύ͡Έͤͫͭ͜ΈΤ 
× ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͊͜ ͒͜Ύ͡Έͤͫͭ͜Έ 
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ˤ͍͊͗͊ΊͣͦΣ ΅ͦ ͔ͫ͊ͣ ͭ͊͟͜ ͨͪͦͼ͔͙ͫ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͍͙͙ͦͫͤͦͤͣ ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ ˱˴́-͔͔ͦͣͨͭͤ͟ͼ͜͝ ͨͪ͊ͼ͍͙ͤ͊͜͟ 
͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͎ͤͦͦ ͨ͒ͪͦ͒ͯ͘͜͜͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜Φ 

ˤ͙͔͒ͤͤ͜͡Ύ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ Ύ͟ ͔ͦͪͣͦ͟͝ ͍ͫ͊͒ͦͦ͟͡͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͨͪ͊ͼ͍͙ͤ͊͜͟ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-
͍ͤ͊;͊͡Έ͎ͤͦͦ ͨ͒ͪͦ͒ͯ͘͜͜͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͍͔ͦ͋ͯͣͦͤͦ͡ ͙͍͙͊ͭͤͣ͟ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ˱˴́ ͯ ͍ͫ͜ͻ ͫͺ͔ͪ͊ͻ ͡Ό͒ͫΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͍ ͭͦͣͯ 
;͙ͫ͜͡ ͜ ͍ ͍ͦͫͭ͜͜Φ 

˨͡Ύ ͨͦ͒͊͡Έ΄͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͙ͨͪͦ͊ͤ͊ͯ͊ͭ͘͜͡ ͨͦͤΎͭͭΎ ζ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜η ͭ͊ ͎ͪͦ͘͡Ύ͙ͤͯͭ ͼ͔ ͨͦͤΎͭͭΎ ͯ 
͍͚ͤ͊ͯͦ͟͜ ͔ͭͪ͊ͭͯͪ͜͜͡Φ 

ˤ ͍͚ͤ͊ͯͦ͟͜ ͔ͭͪ͊ͭͯͪ͜͜͡ ͨͦͤΎͭͭΎ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͣ͊Ί ͔ͪͤͦͣ͊ͤͭͤ͘͜͜ ͍ͭͪ͊ͭͯ͊ͤͤ͟Ύ:  

¶ ˽ΦˤΦ x ͔͍ͫͨ͊ͦ͡ ͍͙ͤ͊͘;͊Ί ͚͎ͦͦ Ύ͟ ͔͎ͤͭͪ͊͜͡Έͤͯ ͻ͔͙͙͊ͪ͊ͭͪͫͭͯ͟͟ ͙ͦͫͦ͋Σ ΅ͦ ͙ͨͪͨͯͫ͊͟Ί ͙͍ͣͦͭ͊ͼ͜Ό ͒ͦ ͍͊ͫͦ͘ΊͤͤΎ 
͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͤ͊ͤ͘ΈΣ ͒͋ͤͫͭ͘͜͜Έ ͒ͦ ͍͙ͪ͜΄͔ͤͤΎ ͊͒͊͘; ͍ ͍ͤ͊;͊͡Έ͚ͤ͜ ͜ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͦͣͨ͟ϥΌ͔ͭͪͤͦ͝ 
͔ͭͻ͙ͤ͜͟ ͜ ͍ͦͦ͒ͤͤ͜͡Ύ ͙͚͙ͨͪͦͣ͊ͣ ͦͣͨ͟ϥΌ͔͎ͭͪͤͦͦ ͙͔ͣͫͤͤ͡Ύ όˣ͔͍ͨ͊ͦ͘͡Σ нллоύΤ  

¶ ̂ ˻Φ˸Φ ͙͍̊ͦͦ͡͝ ͭ͊ ˸ΦˣΦ ˶Ί͋Ί͒Ί͍ͦ͝ ˱˴́-͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͼ͔ ͒͊ͭͤͫͭ͘͜Έ ͙͍ͤ͒͒͊͜͜ ͍͙ͪ͜΄͍͙ͯ͊ͭ ͍ͤ͊;͊͡Έͤ͜Σ ͙͗ͭͭΊ͍͜Σ 
ͨͪͦͺ͔͚ͫͤ͜͜ ͊͒͊͘;͜ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ό͙͍̊ͦ͊͡& ˶ Ί͋Ί͒Ί͍͊Σ нллсύΦ  

͙́͊ͣ͟ ;͙ͤͦͣΣ ͎ͯ͊͊͘͡ΈͤΌΌ;͙ ͍͔͔ͤ͊͒ͤ͜ ͍͙ͤ͊͘;͔ͤͤΎΣ ͍ ͪ͊ͣ͊͟ͻ ͒͊ͤͦ͝ ͙ͪͦ͋ͦͭ ͨ͒͜ ˱˴́-͔͔ͦͣͨͭͤͭͤͫͭ͟͜Ό ͍͙ͫͨͪͦ͋ͭͤ͊͜͜͟ 
͔͋ͯ͒ͣͦ ͙ͪͦͯͣͭ͘͜ ͚͎ͦͦ ͒͊ͭͤͫͭ͘͜Έ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͜ ͦͣͯͤ͊͟͜͟ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͒͡Ύ ͚͔͒ͫͤͤͤ͘͜Ύ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ 
͒͜Ύ͡Έͤͦͫͭ͜ όͨͦ΄ͯͯ͟ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͝͝ ͍͙ͤ͊͘;͔ͤͤΎ ͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝Σ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͜ ͊ͤ͊ͯ͘͜͡Σ ͊ ͭ͊ͦ͗͟ ͝͝ ͍͔ͫͭͦͪͤͤΎ ͜ ͍ͪͦͨͦͫ͘Ό͔͒͗ͤͤΎύ ͯ 
͍͚ͫͦ͝ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͫͺ͔ͪ͜Φ ˢ ͔ͫ͊ͣΥ  

¶ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͤ͜ͺͦͪͣ͊ͼ͚ͤͯ͜ ͒͜Ύ͡Έͤͫͭ͜Έ ͨͦ ͋ͦͪͯ͘Σ ͦ͋ͪͦ͋ͼ͜Σ ͔͔ͨͪ͒͊;͜Σ ͔͔͔͋ͪ͗ͤͤ͘Ό ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ ͔ͪͫͯͪͫͯΣ ͨͦ 
͍ͨͪͦ͒ͯͯ͊ͤͤ͟Ό ͤ͜ͺͦͪͣ͊ͼ͜͝ ͘ ͔ͣͭͦΌ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͜͝ ͨͪͦͼ͔͍ͫ͜ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-͔͙ͣͭͦ͒;͎ͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎΤ  

¶ ͦͼͤ͜Ό͍͙͊ͭ ͜ ͔͍͍͙ͪ͊ͦͯ͊ͭ͘͜͡ ͙͍ͣͦ͗ͦͫͭ͜͡ ͔͔͎ͭͪͦͤͤͦͦ͟͡ ͨͪͦͫͭͦͪͯ ͍ͦͫͭͤ͜Έ͎ͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎ ͜ ͔͎ͪͦͨͦ͒ͤͦͦ͘͜͡ ͍ 
͔͔ͣͪ͗͜ ˱͔͔ͤͭͪͤͭ ͍ ͍͙͒ͨͦ͒ͤ͜͜ͻ ͜ ͤͺͦͪͣ͊ͼ͚͙ͤ͜ͻ;  

¶ ͎͍͍͙ͦͪ͊ͤͦͯ͊ͭ͘͜ ͤ͜ͺͦͪͣ͊ͼ͚ͤͯ͜ ͍͊͘Ίͣͦ͒͜Ό ͣ͗͜ ͯ;͙͙͊ͫͤ͊ͣ͟ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͜ ͔͙͍͙ͤͭͪ͊ͭͤͣ͜͟ ͙͊ͫͦ͋͊ͣ͘ Σ͙ ΅ͦ 
ͺͯͤ͟ͼͦͤͯ͜ΌͭΈ ͤ ͊ ͋͊͘͜ ͍͊ͫͦ͋͘͜ ˱˴́Τ  

¶ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͍ͦͫͭͤ͜Ό ͒͜Ύ͡Έͤͫͭ͜Έ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͍͊ͫͦ͋͘͜ ˱˴́ ͍ ͔͊ͫͨͭ͊͟ͻΣ ΅ͦ ͍͒ͦ͋ͪ͊͗͊͜ΌͭΈ ͙͍ͦͫͦ͋ͦͫͭ͜͡ 
͍͙ͨͦ͋ͯ͒ͦ Ί͙͎͒ͤͦͦ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-͍ͦͫͭͤ͜Έ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͍͔͙͔ͯͤͪͫͭͭͯ͜.  

˱˴́-͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͎͍͊ͫͯͦͯ͘͡Ί ͤ͊ ͙͍ͦͫͦ͋ͯ͡ ͍͎ͯ͊ͯ ͭͦͣͯΣ ΅ͦ ͔ͫ͊ͣ ͍ͦͤ͊ ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͙͋ͯͭ ͫͯ;͊ͫͤͦΌΣ 
͙͍͊ͭͤͦ͟ ͒͜Ύ͙ͭ ͍ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦͣͯ͜ ͔͔͍͙ͫͪ͒ͦ΅͜Σ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͚͍ͤ͊ͤͦͭͤ͜͜΄͜ ͒ͦͫΎ͎͔ͤͤͤΎ ͔ͭͻ͙ͤ͜͟ ͯ ͍͚ͫͦ͝ ͨͪͦͺ͔͚͚ͫͤ͜͜ 
͒͜Ύ͡Έͤͦͫͭ͜Φ  

˿͒͜͡ ͍͙͙͒ͣͭͭ͜͜Σ ΅ͦ ͚͔ͣ͊͗ ͍ͫ͜ ͍ͤ͊ͯͦ͟ͼ͜ ͍͙͒͜͡ΎΌͭΈ ͼΌ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ Ύ͟ ͦ͒ͤͯ ͘ ͎͍͙ͦͦͤ͡ͻ ͍͙ͫ͊͒ͦ͟͡ͻ ͯ ͍ͨͦ͋ͯ͒ͦ͜ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍͙ͫͨͪͦ͋ͭͤ͊͜͜͟ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͎ͤͦͦ ͨ͒ͪͦ͒ͯ͘͜͜͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͫΈ͎͔ͦͦ͒ͤͤΎΦ ˤ͙͍͊͗ͫͭ͜͡Έ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ˱˴́ ͎ͪ͊ͣͦͭͤͦͫͭ͜ ͔͔ͤ͊ͫͤͤ͡ΎΣ ͍͔ͫͭͦͪͤͤΎ ͔͔͔͍ͤͨͪͪͤͦ͝ ͙͔͙ͫͫͭͣ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͍ ͎͊ͯ͘͜͡ ˱˴́ ;ͭͦ͜͟ 
͍͔͒ͦ͋ͪ͊͗ͤ͊͜ ͍ ˸͚͗ͤ͊ͪͦ͒ͤ͜͜ ͎ͨͪͦͪ͊ͣ͜ ̑˹˩˿˴˻ όUNESCO ICT, 2011). 

˾͎ͦ͘͡Ύ͔ͤͣͦ ͤ͊ ͙ͨͪ͊͒͟͜͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͍͍ͫͪͫ͜͜ Google Apps (G Suiteύ ͙͍ͣͦ͗ͦͫͭ͜͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ˱˴́-
͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͯ ͍͙͍ͫͨͪͦ͋ͭͤ͜͜͟͜ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͒ͪͦ͒͘͜͜͜͡ ͍͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Φ 

˻ͫ͟͜͡Έ͙͟ ͦͣͨ͊ͤ͟͜ΊΌ Google ͋ ͯͦ͡ ͔ͣͤͤͦ͘͜ ͍ͤ͊ͯ͘ ͔͍͍ͫͪͫ͜͜ Google Apps ͤ ͊ G SuiteΣ ͊ ͙ͤ͊ͣ ͯ ͔͔ͨͦͨͪ͒ͤ͜ͻ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͻ 
͋ͯͦ͡ ͍͙͙ͦͪͫͭ͊ͤͦ͟ ͍ͤ͊ͯ͘ Google AppsΣ ͍͍͊͗͊Ίͣͦ ͊͘ ͙ͨͦͭͪ͋ͤͣ͜ ͯ ͫͭ͊ͭͭ͜ ͙͍͙ͦͨͫͯ͊ͭ ͨͪͦ͒ͯͭ͟ ͦͣͨ͊ͤ͟͜͝ ͙ͤ͊ͫͭͯͨͤͣ ;͙ͤͦͣ 
ζͫ ͔͍͙ͪͫ͜ Google Apps (G SuiteύηΦ 

˨͡Ύ ;͎ͭͦͦ͜͟ ͪͦͯͣͤͤ͘͜ΎΣ Ύ͙ͣ͟ ;͙ͤͦͣ ͨ͒͜ ;͊ͫ ͍ͦͫͭͤ͜Έͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙ͫͨͪͦ͋ͭͤ͊͜͜͟ ͎ͦͪ͊ͤ͊͘͜ͼ͚͎ͤͦͦ͜-͍ͤ͊;͊͡Έ͎ͤͦͦ 
ͨ͒ͪͦ͒ͯ͘͜͜͡ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͺ͍ͦͪͣͯ͊ͤͤΎ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Σ ͔ͤͦ͋ͻ͒ͤͦ͜ ͎ͪͦ͘͡Ύ͙ͤͯͭ ͔͍͙ͫͪͫ͜ Google Apps (G Suite). 

˽͙ͪ ͪͦ͋ͦͭ͜ ͘ ͔͍ͫͪͫͦͣ͜ Gmail Google Apps (G Suite)Σ ͙ͦͭͪͣ͟ ͙͍ͦͪͫͭͯ͊͟;Σ ͔ͦͪͣ͊͘͟ ͜ ͍͙ͫͨͪͦ͋ͭͤ͜͜͟ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-
͍ͤ͊;͊͡Έ͎ͤͦͦ ͨ͒ͪͦ͒ͯ͘͜͜͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜Σ ͣ͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͍ ͔ͣ͗͊ͻ ͍ͫͦ͝ͻ ͍͍͔ͨͦͤͦ͊͗ͤΈ ͍ͯͨͪ͊͡Ύ͙ͭ ͎ͦͪ͊ͤ͊͘͜ͼ͜ΊΌ ͍ͦͫͭͤ͜Έ͎ͦͦ 
ͨͪͦͼ͔ͫͯ ͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ˱͔͔ͤͭͪͤͭΣ ͊ ͔ͫ͊ͣ ;͔͔ͪ͘ ͍͔ͫͭͦͪͤ͜ ͍ͦ͋ͦ͜͟͜͡ ͙͙͊ͨͫ͘ ͒͡Ύ ͍ͫ͜ͻ ͍͙͍ͫͨͪͦ͋ͭͤ͜͜͟͜ ͭ͊ ͔͍ͫͭͯ͒ͤͭ͜ 
͍͔͙͔ͯͤͪͫͭͭͯ͜ ό˴͔͊ͪͨͤͦ͟, 2017). 

˭͊ ͎͒ͦͨͦͣͦͦΌ ͔͍ͫͪͫͯ͜ Google-͔͊ͤ͒͊ͪ͟͡ Google Apps (G Suiteύ ͙ͨͪ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͔ͦ͗ͤ͟ 
͍͙ͫͨͪͦ͋ͭͤ͜͜͟ ͍͙ͦͤͯ͟Ί ͍ͫͦΌ ͪͦ͋ͦͭͯ ͘ ͣͤͣ͊͜͜͡Έ͙ͤͣ ͊ͭͪ͊ͭͦͣ͘ ͦ͟΄͍ͭ͜ ͭ͊ ;͊ͫͯΦ Google-͔͊ͤ͒͊ͪ͟͡ ͙ͨ͒ͭͪͣͯ͜Ί ͍ͫ͜ ͺͯͤ͟ͼ͜͝Σ 
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¶ ͙͔ͫͫͭͣͤͦͣͯ ͍͙͙ͦͪͫͭ͊ͤͤ͟͜ ͙ͤ͊͋ͯͭͻ ͍͙ͤ͊;ͦ͟ ͯ ͨͪͦͼ͔ͫ͜ ͍ͫͦΊ͝ ͒͜Ύ͡Έͤͦͫͭ͜Τ 
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USE OF GOOGLE APPS (G SUITE) SERVICES FOR THE FORMATION OF ICT COMPETENCIES  

AMONG STAFF OF UNIVERSITY ADMINISTRATIVE AND ACADEMIC DEPARTMENTS 
ˢƴŀǎǘŀǎƛƛŀ S. ˴ ŀǊǇŜƴƪƻ 

Borys Grinchenko Kyiv University, Ukraine 
Abstract.  
Formation of the issue. The article deals with the issue of formation of ICT competencies among university staff in the introduction and use of 

ICT in the organization of educational process.  
Materials and methods. The research is based on theoretical methods of analysis and summarization of scientific papers of leading researchers 

that considered the use of ICT in the organization of educational process; the competence-based approach to students in higher 
educational institutions is considered as well as possible stages of forming the competencies among the university organizational 
and educational staff during the use of Google Apps (G Suite). 

Results. The concept of competencies in the foreign and domestic scientific literature is considered and analyzed. Based on the psychological 
and pedagogical researches and own experience, the essence and structure of the concŜǇǘ ƻŦ ΨL/¢-ŎƻƳǇŜǘŜƴŎŜΩ ƻŦ ǘƘŜ ǎǘŀŦŦ ƳŜƳōŜǊ 
of the organizational and educational division of the university are detailed. The duties of the organizational and educational staff, 
which require the use of contemporary ICT and ICT tools are considered. A brief description of features of the Google Apps (G Suite) 
is provided in order to determine the level of ICT competencies among the above staff. The use of Google Apps (G Suite) in the 
organization of educational process by the organizational and educational university staff enables ICT competence to be effectively 
formed.  

Conclusions. The possibilities of using Google Apps (G Suite) in the work of organizational and educational units, which currently play a 
significant role in the development of ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ŎƻƴǘŜƴǘ ƻŦ ǘƘŜ ǳƴƛǾŜǊǎƛǘȅΩǎ ǎƛƴƎƭŜ ŜŘǳŎŀǘƛƻƴŀƭ ǎǇŀŎŜΣ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘΦ ¢ƘŜ 
analysis of the obtained results showed that the purposeful use ICT, in particular Google Apps (G Suite) by the university 
organizational and educational staff ensures the formation of ICT competencies. 

Keywords: Google-form, Google Apps, Information System, Infotechnology, Educational Process, Organizational-Learning Unit, Collaboration. 
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˴˶̑̉˻ˤ˱ ˿˶˻ˤˢΥ ͍͙͙ͯ͊͊͘͘͡ͼ͙Ύ ͔͟͡ͼ͙͙Σ ͔͔ͨͪͤͭ͊͘ͼ͙ΎΣ ͣͯ͡Έ͙͔͙͚ͭͣ͒ͤ͊Ύ ͔͔ͨͪͤͭ͊͘ͼ͙ΎΣ ͔͟͡ͼ͙Ύ ζ˨ ͍͚͚ͦͤͦ ͙͔͎ͤͭͪ͊͡ηΣ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ 
ͦ͋ͯ;͔͙ͤΎ. 

 

ˤˤ˩˨˩˹ˮ˩ 
˽͍ͦͫͭ͊ͤͦ͊͟ ͔ͨͪͦ͋ͣ͡·Φ ˤ ͔͍͔͙͙ͨͪ͒͒ͪ ͍͎ͤͦͦͦ ͯ;͔͎͋ͤͦͦ ͎ͦ͒͊ нлмф-нлнл ͎͎Φ ͣ· ͍ͫͤͦ͊ ͦ͋͒ͯͣ·͍͔͊ͣ ͍ͦͨͪͦͫ·Σ 

͍ͫΎ͊ͤͤ͘·͔ ͫ ͔͙͚ͣͭͦ͒ͦ͟ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͍ ͍͔ͯ͘Φ ˤ ͔ͨ;͙͊ͭ ͙ ͍ LƴǘŜǊƴŜǘ ͨͦΎ͍͡ΎΌͭͫΎ ͫͭ͊ͭΈ͙ ͦ͋ ͙͎ͭͦ͊ͻ 
͍͙͔ͫͭͯͨͭ͡Έ͚ͤͦ ͙͙͊ͣͨ͊ͤ͟Σ ͯ͊͘͟·͍͊ΌͭͫΎ ͍ͯ͘·Σ ͎͔͒ ͒͡Ύ ͔͙ͨͦͫͭͯͨͤ͡Ύ ͔ͤͦ͋ͻ͙ͦ͒ͣ ͫ͊ͣ·͚ ͍·͙͚ͫͦ͟ ͋͊͡͡Σ ͔͔ͨͪ;͙ͫ͡ΎΌͭͫΎ 
΄ͦ͟͡· ͙ ͎͙͙͙ͣͤ͊͘Σ ͍·͙͙ͨͯͫͤ͟͟ ͦͭͦͪ͟·ͻ ͤ͊ ̇́ όͼ͔ͤͭͪ͊͡Έ͔ͤͦ ͔͙͍͙͔ͭͫͭͪͦ͊ͤύ ͨͦͯ͡;͙͙͡ ͙ͣ͊ͫͣ͊͟͡Έͤ·͔ млл ͍͋͊ͦ͡͡Σ ͊ ͔ͭ͊͗͟ 
͎͍͙ͦͦͪͭͫΎ ͦ ͍ͤͦ͊ͼ͙Ύͻ ͙ ͔͔͙͍ͨͪͫͨͭ͊͟ͻ ͍ ͙͔͔ͫͫͭͣ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ό˴͔͊ͪͨͤͦ͟Σ нлмф). 

̆ͦͪͦ΄͙ͣ ͙͔͙ͦͪͤͭͪͦͣ ͒͡Ύ ͤ͊ͫ ͙ͫͯ͗ͭ͡ ͔ͪͦ͘͡Όͼ͙Ύ ± ͔͚ͣ͗͒ͯͤ͊ͪͦ͒ͤͦ ͤ͊ͯ;͚ͤͦ ͦͤ͟ͺ͔͔ͪͤͼ͙͙ ζ˸͔͙͊ͭͣ͊ͭ;͔͔ͫͦ͟ 
͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘Υ ͍͔͔͔ͫͦͪͣͤͤͦ ͫͦͫͭͦΎ͙͔ͤ ͙ ͔͔͙͍ͨͪͫͨͭ͟·η ό˴͔͙͍ͦͭ͟͡͡ ͍͍͊ͭͦͪͦΣ нлмфύΦ ˤ ;͙͊ͫͭͤͦͫͭΣ ͍ ͔͚ͤ ͔ͦͭͣ;͔͊ͭͫΎΣ ;ͭͦ 

-  ͔͙ͣ͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͦ ͎͍͙ͨͦ͒ͦͭͦ͟ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡ ͒͡Ύ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͔͚ͦͭͪ͊ͫ͡ 
Ή͙͙ͦͤͦͣ͟͟ ͙ ͨͦΉͭͦͣͯ ͍ ͍͙͙͙ͪ͊ͭ͘ ͙͔ͫͫͭͣ· ͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙͔͔͍͊ͤͭͪͫͦ͊ͤ͘· ͍͔ͫ ͯ;͙͙͊ͫͭͤ͟ 
͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͫ͊ ό͊͟͟ ͯ;͔ͤ·͔ ͔͔͙͙ͭͦͪͭ͟Σ ͭ͊͟ ͙ ͯ;͙͔ͭ͡Ύ-͙͙ͨͪ͊ͭ͟͟ύΤ 

͙ ͔͔͔ͪͦͣͤ͒ͯͭͫ͟Ύ 
-  ΄͙͔ͪ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͦ͋ͯ;͔͙ͤΎ ͔͙͔ͣ͊ͭͣ͊ͭ͟Σ ͍ͫͨͦͫͦ͋ͫͭͯΌ΅͙͔ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ό 

ͯ;͙͍͊ͫͭͤͦ͟ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͫ͊Σ ͪ͊ͫ΄͙ͪΎͭΈ ͒ͦͫͭͯͨ ͟ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͣ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͣ ͔ͪͫͯͪͫ͊ͣΣ ͍ͨͦ·΄͊ͭΈ 
Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙͙͎ͣͦͤͭͦͪͤ͊ ͙ ͦͤͭͪͦ͟͡Ύ ͔͎ͦ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦΤ 
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-  ͊͟ͼ͔͙͍ͤͭͪͦ͊ͭΈ ͍͙͙͔ͤͣ͊ͤ ͤ͊ ͍͙͍ͪ͊͊͘Ό΅ͯΌ ͺͯͤ͟ͼ͙Ό ͦ͋ͯ;͔͙ͤΎΣ ͍͔ͤ͊ͨͪ͊ͤͤͯ͡ΌΣ ͔͔ͨͪ͗͒ ͍͔͎ͫͦΣ ͤ͊ ͍͙͙͔ͪ͊ͭ͘ 
͎͙ͦ͡;͔͎ͫͦͦ͟ ͣ·΄͔͙ͤ͡ΎΦ  

ˢ͙ͤ͊͘͡ ͊ͭͯ͊͟͡Έͤ·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Φ ˿͙͔ͫͭͣ͊ ͍·ͫ΄͔͎ͦ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͎ͤͦͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͔ͤ ͔ͣͦ͗ͭ ͍ͦͫͭ͊͊ͭΈͫΎ 
͔͙͔͚ͤͣͤͤͦ͘Υ ͔͙ͪ͊͊͘͡ͼ͙Ύ ͔͔͎ͦͣͨͭͤͭͤͦͫͭͤͦͦ͟ ͨͦ͒ͻͦ͒͊ ͔͙͍͔ͨͪ͒ͯͫͣ͊ͭͪ͊ͭ ΄͙͔ͪͦͦ͟ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍ ͯ;͔͋ͤͦͣ ͨͪͦͼ͔͔ͫͫ 
͙͍͊ͭͤ͟·ͻ ͙ ͙͔͙͍ͤͭͪ͊ͭͤ͟·ͻ ͺͦͪͣ ͍͔͔͙ͨͪͦ͒ͤΎ ͊ͤ͘Ύ͙͚ͭΣ ͍ͤͦ·ͻΣ ͎͔͙͍ͨͪͦͪͫͫͤ·ͻ ͔͍ͣͭͦ͒ͦ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ ͯ;͔͋ͤ·ͻ 
͙͒ͫͼ͙͙ͨͤ͡Σ ͙͔͔͙͔ͨͪͣͤͤ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤͦ-͙ͦͣͣͯͤ͊͟͟ͼ͙ͦͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Φ ˤ ͍ͫΎ͙͘ ͫ ͔ͭͣΣ ;ͭͦ ͔͟͡ͼ͙Ύ ͍ ͍͔ͯ͘ ͔ͨͪͦ͒ͦ͗͊ͭ͡ 
͍ͦͫͭ͊͊ͭΈͫΎ ͚ͦ͒ͤͦ ͙͘ ͎͍͊ͤ͡·ͻ ͺͦͪͣ ͔ͨͪ͒ΆΎ͍͔͙ͤ͡Ύ ͍͎ͤͦͦͦ ͯ;͔͎͋ͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡Σ ͍͙͔ͦͤ͊ͭ͘͟ ͔ͨͪͦ͋ͣ͊͡ ͍ͨͦ·΄͔͙ͤΎ 
Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͔͟͡ͼ͙͚Φ ˿͙͔ͫͭͣ· ͣͯ͡Έ͙͔͙ͭͣ͒͊ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͋ͦ͡Έ΄ͯΌ ͍ͫͦ͋ͦ͒ͯ ͙͡͡Ό͙͍͙ͫͭͪͪͦ͊ͤΎ ͯ;͔͎͋ͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡ 
͊͘ ͫ;͖ͭ ͙͔͔͙ͨͪͣͤͤΎ ͙ͪ͊͘͡;ͤ·ͻ ͍ͫͨͦͫͦ͋ͦ ͙ͦ͋ͪ͊͋ͦͭ͟ ͙͍͙͊ͯ͒ͦͯ͊͘͡Έ͚ͤͦ ͙ͤͺͦͪͣ͊ͼ͙͙ ό́͊ͭΈΎ͔ͤͤͦ͟Σ нлмр). 

͔̇͡Έ ͫ ͭ͊ͭΈ͙Φ ˻͔͋ͫͯ͗͒͊ͣ ͙ ͔͙͒ͣͫ͡Ύ ͦͨ·ͭͦͣ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͍͙͙ͯ͊͊͘͘͡ͼ͙͙ ͤ͊ ͔͟͡ͼ͙Ύͻ ͨͦ ͔͙͔ͣ͊ͭͣ͊ͭ͟Φ 
 

˸˩́˻˨̍ ˮ˿˿˶˩˨˻ˤˢ˹ˮ̒ 
ˤ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͔͍͔͙ͨͪͨͦ͒͊͊ͭ͡ ͍ͯ͊͘ ;͊ͫͭͦ ͙ͫͨͦ͡Έͯ͘Όͭ ͔͟͡ͼ͙͙-͔͔ͨͪͤͭ͊͘ͼ͙͙Σ ͙ ͔͎͙͔ͤͣͤͦ ͙ͫͨͦ͡Έͯ͘Όͭ 

͍͙ͦͣͦ͗ͤͦͫͭ͘ ͙͊ͤͣ͊ͼ͙͙Φ ˨͡Ύ ͔͙ͨͦͫͭͪͦͤΎ ͔͔ͨͪͤͭ͊͘ͼ͙͙ ͔͔ͭͪ͋ͯͭͫΎ ͍͔ͪͣΎΦ ˨͔͊͗ ͔͙ͫ͡ aƛŎǊƻǎƻŦǘ tƻǿŜǊtƻƛƴǘ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ 
͙͘ ͙͔͔ͤ͊͋ͦ͡ ͯ͒ͦ͋ͤ·ͻ ͙ ͨͦͨͯ͡Ύͪͤ·ͻ ͙͔͙͚ͨͪͦ͗ͤ͡Σ ͦͤ ͙͔͔ͣͭ ͎ͣͤͦͦ ͫͪ͟·ͭ·ͻ ͍͔͚ͦͣͦ͗ͤͦͫͭ͘Φ ͔͔́ͪ͋ͯͭͫΎ ͍͔ͪͣΎΣ ;ͭͦ͋· ͚͙ͤ͊ͭ 
Ή͙ͭ ͺͯͤ͟ͼ͙͙ ͙ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͙ͻ ͨͦ ͙ͣ͊ͫͣͯͣͯ͟Φ ̂;͔͋ͤ͊Ύ ͔͔ͨͪͤͭ͊͘ͼ͙Ύ ͔ͣͦ͗ͭ ͎͙ͦ͋ͦ͊ͭͭΈ ͨͪͦͼ͔ͫͫ ͍͔ͨͦͤ͊͊ͭ͘͡Έ͚ͤͦ 
͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͊͘ ͫ;͖ͭ ͍·͍͔͔͙͒ͤΎ ͍ͦ ͍͔ͤ΄͙͚ͤ ͨ͊ͤ͡ ͔ͭͻ ͍ͦ͋ͪ͊ͦ͘Σ ͦͭͦͪ͟·͔ ͫͺ͙͍͙ͦͪͣͪͦ͊ͫ͡Έ ͯ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡ΎΣ ͤͦ ͦͭͦͪ͟·͔ 
ͦ͋·;ͤ·ͣ ͍͔ͪ͋͊͡Έͤ·ͣ ͫͨͦͫͦ͋ͦͣ ͔͍ͤͦͣͦ͗ͤͦ͘ ͔͙͒ͦͤͫͭ ͒ͦ ͯ;͊΅͙ͻͫΎΦ ̏ͭ͊ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͔͙͔ͪ͊ͯͭͫ͘͡Ύ ͊͘ ͫ;͖ͭ ͙͊ͤͣ͊ͼ͙͙ ͙ 
͍͔͙ͯͨͪ͊ͤ͡Ύ Ήͪ͊ͤͦͣ͟ ό˴͍͔ͭͦ͟ & ˴͍͔͍ͦ͊ͫ͊͟͡ΎΣ нлмуύΦ ˹͊ ͙ͪͫͯͤ͊͟ͻ ͙͔ͤ͗ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡· ͚ͫ͊͒͡·-͎͍͙͊ͦͭͦ͘͟ ͒͡Ύ ͺ͎͔ͪ͊ͣͤͭ͊ 
͔͟͡ͼ͙͙ ͨͦ ͔͔ͭͣ ζ˨͍͚͚ͦͤͦ ͙͔͎ͤͭͪ͊͡ηΦ ˴͊͟ ͙͍͔ͫͭͤͦ͘Σ Ήͭ͊ ͔ͭͣ͊ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͫ͊ͣ·ͻ ͫͦ͗ͤ͡·ͻ ͔ͭͣ ͯͪͫ͊͟ ͔͙͙ͣ͊ͭͣ͊ͭ͟ 
͍·ͫ΄͔͚ ΄ͦ͟͡· ͙͘-͊͘ ͍·͚ͫͦͦ͟ ͔͔ͫͭͨͤΈ ͊͋ͫͭͪ͊͟ͼ͙͙ ͨͦͤΎ͙ͭΎ ͍͚͎͒ͦͤͦͦ ͙͔͎ͤͭͪ͊͊͡Σ ͚ͫͦ͗ͤͦ͡ ͎͙ͦ͡;͔͚ͫͦ͟ ͫͭͪͯͭͯͪ͟· 
͔͔͔͙ͦͨͪ͒ͤ͡ΎΦ ˹͊ ͙͔͔ͨͪͣͪ ͔ͪ͊ͫͫͣͦͭͪͤ ͚ͫ͊͒͡ ͔͟͡ͼ͙͙-͔͔ͨͪͤͭ͊͘ͼ͙͙ ͨͦ ͚͒͊ͤͤͦ ͔͔ͭͣΣ ͙ͭͪ ΄͎͊͊ ͎ͦͭͦͪͦͦ͟ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ 
͙͍ͨͪͦ͒Ύͭ ͟ ͨͦͤΎ͙ͭΌ ͼ͙͙͙ͤ͒ͪ͡;͔͎ͫͦͦ͟ ͔ͭ͊͡Φ 

 
˾͙ͫΦ 1. 

 
˨͔͔͊͡ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ ͙ͨͪͻ͙ͦ͒ͣ ͟ ͎͔͔͙ͦͣͭͪ;͔ͫͦͣͯ͟ ͫͣ·ͫͯ͡ ͍͚͎͒ͦͤͦͦ ͙͔͎ͤͭͪ͊͊͡Φ ˴͊͟ ͙͍͔ͫͭͤͦ͘Σ ͍͚͚͒ͦͤͦ 

͙͔͎ͤͭͪ͊͡ ͙͔͔ͣͭ ΄͙͔ͪͦͦ͟ ͙͔͔͙͔ͨͪͣͤͤ ͍ ͎͔͔͙͙ͦͣͭͪ ͒͡Ύ ͍·;͙͔͙ͫͤ͡Ύ ͦ͋Ά͖͍ͣͦ ͔ͭ͡ ͙ ͨͦ͡΅͔͚͊͒ ͙ͨͦͫ͟͡ͻ ͺ͙͎ͯͪΣ ͨͦ͡΅͔͚͊͒ 
͍͔ͨͦͪͻ͔͚ͤͦͫͭΦ ˭͊͒͊;͊ ͔ͭͦͪ͊͟͡ ͙ͫͦͫͭͦͭ ͍ ͭͦͣΣ ;ͭͦ͋· ͍ ͙͎͔ͭͦ ͫͯ͡΄͔͙͊ͭ͡ ͙ͫ͊ͣ ͔͙ͫ͒͊͡͡ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͚ ͍·͍ͦ͒ ͦ 
͎͔͔͙ͦͣͭͪ;͔ͫͦͣ͟ ͫͣ·͔ͫ͡ ͍͚͎͒ͦͤͦͦ ͙͔͎ͤͭͪ͊͊͡Φ ˻ͨ·ͭ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͔͔ͨͦ͒ͤ͘Σ ͤ͊ ͙͔ͨͪ͊ͭ͟͟Σ ͙ͨͪ ͔ͪ΄͔͙͙ͤ ͊͒͊͘;Σ ͎͔͒ 
͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͍͚͚͒ͦͤͦ ͙͔͎ͤͭͪ͊͡Σ ͙͙͡ ͔͒͊͗ ͊͒͊͘; ͤ͊ ͍·;͙͔͙͔ͫͤ͡ ͍͚͎͒ͦͤͦͦ ͙͔͎ͤͭͪ͊͊͡ ͔͋͘ ͙ͨͪ͊ͭ͟;͔͎ͫͦͦ͟ ͙͔͔͙ͨͪͣͤͤΎ ͒͡Ύ 
ͨͦͯ͡;͔͙ͤΎ ͍ͤ͊·͍ͦ͟ ͍·;͙͔͙ͫͤ͡ΎΣ ͎͔ͯ͋ͦͦ͟͡ ͙͙͔ͨͦͤͣ͊ͤ ͎͔͔͙ͦͣͭͪ;͔͎ͫͦͦ͟ ͫͣ·ͫ͊͡ ͍ͨͦ·΄͔͊ͭ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͦ͋ͯ;͔͙ͤΎΦ 
˿͔ͭͯ͒ͤͭ ͫ͊ͣ ͙͙͔͊ͤ͊ͪͯͭ͘͡ ͔ͪͯ͘͡Έͭ͊ͭΣ ͫ͊ͣ ͔͗ ͍͔ͦͭ;͔͊ͭ ͤ͊ ͎͙͔ͣͤͦ ͍ͦͨͪͦͫ·Σ ͍͙ͦͤ͊͘͟Ό΅͙͔ ͙ͨͪ ͔ͪ΄͔͙͙ͤ ͊͒͊͘; ͙ͨͪ 
ͺͦͪͣ͊͡Έͤͦͣ ͨͦ͒ͻ͔ͦ͒Φ ˹͙͔͊ͨͪͣͪΣ мύ ˸͔ͦ͗ͭ ͙͡ ͨͦͯ͡;͙ͭͫΎ ͙ͦͭͪͼ͔͊ͭ͡Έͤ·͚ ͍͔ͦͭͭ ͍ ͊͒͊͘;͔Κ нύ ˥͔͒ ͍͘ΎͭΈ ͦ͋͊ͫͭ͡Έ DΣ ͔͙ͫ͡ 
ͦͤ͊ ͔ͤ ͒͊ͤ͊ ͍ ͊͒͊͘;͔ ͤ͊ ͍·;͙͔͙͔ͫͤ͡ ͦ͋Ά͖ͣ͊ ͔ͭ͊͡Κ оύ ˴͊ͯ͟Ό ͙͘ ͔͔͔ͨͪͣͤͤ·ͻ - x ͙͙͡ y - ͍·͋ͪ͊ͭΈ ͍ ͊͟;͔͍͔ͫͭ ͍͔ͤ΄͔͚ͤ 
͔͔͔͚ͨͪͣͤͤͦ ͙͔͎͙͍͙ͤͭͪͪͦ͊ͤΎΣ ͊ ͊ͯ͟͟Ό ς ͍ ͊͟;͔͍͔ͫͭ ͍͔͔͚ͤͯͭͪͤͤ ͔͔͔͚ͨͪͣͤͤͦ ͙͔͎͙͍͙ͤͭͪͪͦ͊ͤΎΚ пύ ˤ ͚͊ͦ͟͟ ͙͔͔ͫͫͭͣ 
͙ͦͦͪ͒ͤ͊ͭ͟ ς ͔͍͚͒͊ͪͭͦͦ͟ ͙͙͡ ͨͦ͡Ύ͚ͪͤͦ ς ͔ͪ΄͊ͭΈ ͊͒͊͘;ͯ ͙ ͭ͊͟ ͔͔͒͊͡Φ ˽ͦΉͭͦͣͯ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍͙͙ͯ͊͊͘͘͡ͼ͙͙ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ 
͒͡Ύ ͍ͨͦ·΄͔͙ͤΎ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͦ͋ͯ;͔͙ͤΎΦ ˽ͪͦͼ͔ͫͫ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ ͨͦΎ͍͡Ύ͔ͭͫΎ ͤ͊ Ή͔ͪ͊ͤ͟ ͫ ͙ͪ͊͘͡;ͤ·͙ͣ 
͙͊ͤͣ͊ͼ͙ͦͤͤ·͙ͣ Ήͺͺ͔͙ͭ͊ͣ͟Φ ˭͊ ͫ;͖ͭ ͙͊ͤͣ͊ͼ͙͙ ͙͔͔ͣͭͫΎ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͍͙͙ͯ͊͊͘͘͡ͼ͙͙ ͙ͯ͘;͔͊ͣ·ͻ ͔͔͔͙͚ͦͨͪ͒ͤ͡ ͒͡Ύ 
ͯ͡;΄͔͎ͦ ͙͙ͨͦͤͣ͊ͤΎ ͙ ͙͙͊ͨͦͣͤ͊ͤ͘Ύ ͔͙ͣ͊ͭͪ͊͊͡Φ ˹͊ ͙͔ͪͫͯͤ͟ н ͙͍͔͖ͨͪ͒ͤ ͚ͫ͊͒͡Σ ͙ͭͪ ΄͎͊͊ ͎ͦͭͦͪͦͦ͟ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ 
͙͍ͨͪͦ͒Ύͭ ͟ ͦ͋Ά͖ͣͯ ͼ͙͙͙ͤ͒ͪ͡;͔͎ͫͦͦ͟ ͔ͭ͊͡Φ 
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˨͔͔͊͡Σ ͤ͊ ͙͔ͪͫͯͤ͟ о ͨͦ͊͊ͤ͘͟ ͚ͫ͊͒͡Σ ͦͭͦͪ͟·͚ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͍ͫΎ͙͘ ͦ͋Ά͖ͣ͊ ͼ͙͙͙ͤ͒ͪ͡;͔͎ͫͦͦ͟ ͔ͭ͊͡ ͙ 
͍͔͙͡;͙ͤ· ͍͚͎͒ͦͤͦͦ ͙͔͎ͤͭͪ͊͊͡Σ ͭΦ͔Φ ͟ ͎͔͔͙ͦͣͭͪ;͔ͫͦͣͯ͟ ͫͣ·ͫͯ͡Φ 

˻͔͙ͭͣͭͣ ͍͖ͫ ͔͗Σ ;ͭͦ ͨͪͦͼ͔ͫͫ ͙ͫͦ͒͊ͤ͘Ύ ͎͊͗͒ͦͦ͟ ͚ͫ͊͒͊͡ ͒ͦͫͭ͊ͭͦ;ͤͦ ͖͙͚ͭͪͯ͒ͦͣ͟Σ ͔ͤ ͫͣͦͭͪΎ ͤ͊ ͨͦͨͯ͡ΎͪͤͦͫͭΈ ͙ 
͍ͯ͒ͦ͋ͫͭͦ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͍͔ͫͣ ͎ͤ͊ͦͣͦͦ͘͟ ͔ͨ͊ͭ͊͟ PowerPointΣ ͙ ͨͦͻͦ͗ ͤ͊ ͙͔ͫͦ͒͊ͤ͘ ͼ͍͔͎ͭͤͦͦ ͣͯ͡Έͭͺ͙͡Έͣ͊Σ ͍ ͦͭͦͪͦͣ͟ 
͎͍͊ͤ͡·͚ ͎͔͚ͪͦ ς Ήͭͦ ͔͙ͣ͊ͭͣ͊ͭ;͔͙͚ͫ͟ ͦ͋Ά͔ͭ͟Σ ͊ ͫͼ͔͙ͤ͊ͪͫͭ ͙ ͔͙͔ͪ͗ͫͫͪ-͍ͨͦͫͭ͊ͤͦ΅͙͟ ς Ήͭͦ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡ΈΣ ͦͭ ͎ͦͭͦͪͦͦ͟ 
͔͔ͨͦͭͪ͋ͯͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ ͙͔ͤ͊ͤ͘ ͔͔ͨͪ͒ͣͭ͊ ͔͟͡ͼ͙͙ ͙ ͔͙͔ͯͣͤ ͍͔͊͒ͭ͡Έ ͔͍͙ͫͪ͒ͫͭ͊ͣ ͼ͙ͺ͍ͪͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͤͦ ͙ ͙͙͔ͨͦͤͣ͊ͤ 
͔ͫ͒ͯ͡Ό΅͙ͻ ͔͍ͣͦͣͤͭͦΥ мύ ͊͟͟ ͍·͋ͦͪ ͔͔͚͒ͭ͊͡Σ ͙͔ͤ͊ͨͪͣͪΣ ͎ͭͦͦ ͔͗ ͼ͍͔ͭ͊Σ ͍͙͡Ύ͔ͭ ͤ͊ ͍͙ͦͫͨͪΎ͙͔ͭ ͙ ͯ͡;΄͔͔ ͙͙͔͊ͨͦͣͤ͊ͤ͘Σ нύ 
ͫͦ͟͡Έͦ͟ ͨͦ ͙͔ͨͪͦ͒ͦ͗ͭ͡͡Έ͙ͤͦͫͭ ͤ͊͒ͦ ͨͦ͊͘͟·͍͊ͭΈ ͒͊ͤͤ·͚ ͚ͫ͊͒͡Σ оύ ͎ͦ͒͊͟ ͟ ͔ͤͣͯ ͙ͫͭͦͭ ͔΅͔ ͪ͊͘ ͍͔ͪͤͯͭΈͫΎΣ пύ ͎͔͒ ͙ͤ͊ͨͫ͊ͭΈ 
ͺͦͪͣͯͯ͡ ͙ ͊͟͟ ͔͔ ͍·͔͙͒ͭ͡ΈΣ ͙ ͭΦ ͒Φ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭͫΎ ͣ·ͫ͡Έ ͦ ͭͦͣΣ ;ͭͦΣ ͦ͋ͯ;͊Ύ ͎͙͒ͪͯͻΣ ͣ· ͦ͋ͯ;͔͊ͣ ͙ ͔ͫ͋ΎΣ 
͙ ;ͭͦ ͫͺ͔ͪ͊ ͍ͭͦͪ;͔͍ͫͭ͊ ͔ͭͦͪ͊͟͡ ͍͙ͫͭ͊ͤͦͭͫΎ ͎ͤ͊ͣͤͦͦ ΄͙͔ͪΦ 

 

 
˾͙ͫΦ 3. 

 

˾˩˭̂˶̎́ˢ́̍ ˮ˿˿˶˩˨˻ˤˢ˹ˮ̒ 
ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͣͯ͡Έ͙͔͙͚ͭͣ͒ͤ·ͻ ͔͔ͨͪͤͭ͊͘ͼ͙͚ ͤ͊ ͔͟͡ͼ͙Ύͻ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͎ͤ͊͡Ύ͒ͤͦͫͭΈΣ ͦͭͦͪ͊͟Ύ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ 

ͯ͡;΄͔ͣͯ ͙͙͊ͨͦͣͤ͊ͤ͘Ό ͙ ͔ͦͣͨͫͤͦͣͯ͟͟͡ ͍͙ͦͫͨͪΎ͙ͭΌ ͯ;͔͎͋ͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡Φ ˽͔͔ͪͤͭ͊͘ͼ͙͙ ͍ͨͦͦ͘͡ΎΌͭ ͔͎ͦ͋͡;͙ͭΈ ͨͦ͊͘͟ 
͎ͪ͊ͺ͙͍ͦ͟Σ ͙ͭ͊͋͡ͼΣ ͙͍ͪͫͯͤͦ͟Σ ͙ͨͪ Ήͭͦͣ ͙͎͔͊͊ͣ͘͡·͚ ͔͙ͣ͊ͭͪ͊͡ ͍͙͙͔ͦͫͨͪͤͣ͊ͭͫΎ ͤ͊ ͍͔ͯͪͦͤ ͦ΅ͯ΅͔͙͚ͤΣ ͔ͨͦ͒ͪͨ͟͡Ύ͔ͭͫΎ 
͙͔ͪͭ͘͡Έͤ·͙ͣ ͙ͦ͋ͪ͊͊ͣ͘Φ ˮͤͺͦͪͣ͊ͼ͙ΎΣ ͔͍͔ͨͪ͒ͫͭ͊ͤͤ͊͡Ύ ͍ ͔͔ͨͪͤͭ͊͘ͼ͙͙Σ ͔͊ͪͨ͘͟͡Ύ͔ͭͫΎ ͯ ͔͍ͫͭͯ͒ͤͭͦ ͔ͨͦ͒ͫͦͤ͊ͭ͘͡Έͤͦ ͤ͊ 
͍͔ͯͪͦͤ ͙͙ͤͭͯͼ͙͙Φ ˻͍ͫͤͦͤ·͔ ͔͙ͨͪͣͯ΅͔͍ͫͭ͊ Ή͎ͭͦͦ ͍͙͒͊ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͯ;͔͎͋ͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡ όˢ͍ͤͭͦͤͦ͊&˾͍ͦͣ͊ͤͦ͊Σ нлмуύΥ 

× ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ͊Ύ ͖ͣͦͫͭ͟Έ ς ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͍ ͚ͦ͒ͤͦ ͔͔ͨͪͤͭ͊͘ͼ͙͙ ͔͙ͪ͊ͣͫͭͭ͘Έ ͋ͦ͡Έ΄͚ͦ ͦ͋Ά͖ͣ ͎ͪ͊ͺ͙;͔͚ͫͦ͟Σ 
͔͍͚ͭͫͭͦͦ͟ ͙ ͍͍͚ͯͦͦ͘͟ ͙ͤͺͦͪͣ͊ͼ͙͙Σ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͍ ͚ͨͦͤͦ͡ ͔͔ͣͪ ͔͙͍ͨͪͦ͒ͣͦͤͫͭͪͪͦ͊ͭΈ ͋ͦ͡Έ΄ͯΌ ͨͦ ͦ͋Ά͖ͣͯ ;͊ͫͭΈ ͙͚ͤ͊ͤ͘ 
͙ͯ͘;͔͚͊ͣͦ ͙͒ͫͼ͙͙ͨͤ͡·Τ 

× Ή͙ͦͤͦͣ͟Ύ ͍͔͔͙ͪͣͤΤ 
× ͦͣͨ͊ͭͤͦͫͭ͟͟Έ ς ͍ ͊͟;͔͍͔ͫͭ ͙͔͔͚ͤͦͫͭ͡ ͎ͣͦͯͭ ͋·ͭΈ ͙ͫͨͦ͡Έ͍ͦ͊ͤ͘· ͙ͪ͊͘͡;ͤ·͔ ͙ͭͨ· ͙͍͒ͫͦ͟Σ ¦{.-͊ͪͭ͟·Τ ͤͦ 

͔͍͙͙ͤ͊ͫͣͦ͘ ͦͭ ͺͦͪͣ· ͙ ͖͙ͣͦͫͭ͟Σ ͍͔ͫ Ή͙ͭ ͙ͭͨ· ͙͔͔͚ͤͦͫͭ͡ ͙ͦͭ͡;͊ΌͭͫΎ ͍ͯ͒ͦ͋ͫͭͦͣ ͻ͔͙ͪ͊ͤͤΎΤ 
× ͙ͣͦ͋͡ΈͤͦͫͭΈ ς ͒͡Ύ ͔͒ͣͦͤͫͭͪ͊ͼ͙͙ ͔ͤͦ͋ͻ͙ͦ͒ͣ· ͙͔ͤͦͫͭ͡Έ ͙ ͦͣͨ͟ΈΌ͔ͭͪΣ ͍͙͔͔͒ͦͨͪͦͭͦͪ͟Σ ͙ͦͨͭͣ͊͡Έͤ·ͣ 

͔ͪ΄͔͙͔ͤͣ ͔ͣͦ͗ͭ ͫͭ͊ͭΈ ͔͔ͨͪͤͭ͊͘ͼ͙Ύ ͍ ͫͦ;͔͙͙ͭ͊ͤ ͫ ͤͦͯͭ͋ͯͦͣ͟Σ ;ͭͦ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͙ͨͪ ͍·͔͒ͤ͘·ͻ ͔͟͡ͼ͙ΎͻΤ 
× ͎ͣͤͦͦͺͯͤ͟ͼ͙ͦͤ͊͡ΈͤͦͫͭΈ ς ͦ͒ͤ͊͗͒· ͫͦ͒͊ͤͤ͊͘Ύ ͔͔ͨͪͤͭ͊͘ͼ͙Ύ ͔ͣͦ͗ͭ ͙͔ͣͭΈ ͒ͦ ͔͒ͫΎͭ͊͟ ͙ͪ͊͘͡;ͤ·ͻ ͍ͫͨͦͫͦ͋ͦ 

͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘ΎΣ ͤ͊;͙ͤ͊Ύ ͦͭ ͙͔͔͙ͨͪͣͤͤΎ ͣͯ͡Έ͙͔͙ͭͣ͒͊ ͒͡Ύ ͍͔͔͙ͨͪͦ͒ͤΎ ͔͟͡ͼ͙͚Σ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έ͚ͤͦ ͪ͊͋ͦͭ·Σ 
͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͙ͤͺͦͪͣ͊ͼ͙͙ ͤ͊ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ͻ ͊ͤ͘Ύ͙ͭΎͻ ͙ ͔͙ͫͣͤ͊ͪ͊ͻΣ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύͻ ͙ ͭΦ͒ΦΤ 

× Ήͣͦͼ͙ͦͤ͊͡Έͤ͊Ύ ͙͍͔͔ͨͪ͊ͭ͟͡͡ΈͤͦͫͭΈ ς ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͔͍͙ͨͪ͒ͫͭ͊ͭΈ ͙ͤͺͦͪͣ͊ͼ͙Ό ͔ͤ ͭͦ͡Έͦ͟ ͍ ͚ͯ͒ͦ͋ͤͦ ͒͡Ύ 
͍͙ͦͫͨͪΎ͙ͭΎ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭΣ ͤͦ ͙ Ήͺͺ͔ͭͤͦ͟ ͫͦ;͔ͭ͊ͭΈ ͍͍ͯͦ͘͟·͔ ͙ ͍͙ͯ͊͘͡Έͤ·͔ ͦ͋ͪ͊͘·Σ ͙ͨͦ͒͋ͪ͊ͭΈ ͙͙͒ͦͣͤͪͯΌ΅͙͔ 
ͼ͍͔ͭ͊ ͙ ͼ͍͔͍ͭͦ·͔ ͫͦ;͔͙ͭ͊ͤΎΣ ͦͭͦͪ͟·͔ ͫͦ͒͊͒ͯͭ͘ ͯ ͙͔͔͚ͪͭ͘͡ ͙͙͍͔ͨͦͭͤͦ͘ ͦͭͤͦ΄͔͙͔ͤ ͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔͚ͣͦ ͙ͤͺͦͪͣ͊ͼ͙͙Τ 

× ͎ͤ͊͡Ύ͒ͤͦͫͭΈ ς Ήͭͦ ͟͡Ό;͔͍͚ͦ ͎͔͊ͪͯͣͤͭ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͔͔ͨͪͤͭ͊͘ͼ͙͚Σ ͙ͦͭ͡;͙͔ͭ͡Έͤ·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭΣ 
ͫͨͼ͔͙ͺ͙;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊ ͙ ͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟ ͦ͋Ά͔͍ͭͦ͟ ͙͙͡ Ύ͍͔͙͚ͤ͡ ͣͦ͗ͤͦ ͔͔ͨͪ͒͡Έͤͦ ͔͙͙ͪ͊ͫͭ͡;ͤͦ ͔͙͍ͨͪͦ͒ͣͦͤͫͭͪͪͦ͊ͭΈ 
͙͔ͣͤͤͦ ͫ ͨͦͣͦ΅ΈΌ ͍͔͔ͫͦͪͣͤͤ·ͻ ͍͙͔͒ͦ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͎ͪ͊ͺ͙;͔͙ͫ͟ͻ ͙ ͣͯ͡Έ͙͔͙͚ͭͣ͒ͤ·ͻ ͔͔ͨͪͤͭ͊͘ͼ͙͚Τ 

× ͊͟;͔͍ͫͭͦ ͙͚ͤ͊ͤ͘ ς ͦͭ͊͘͟ ͦͭ ͙ͭͪ͊͒ͼ͙͎ͦͤͤͦͦ ͔ͣͻ͙͊ͤ;͔͎ͫͦͦ͟ ͙͊ͨͫ͘·͍͙͊ͤΎ ͔͟͡ͼ͙͚ ͖ͫͦ͒͊ͭ͘ ͔ͨͪ͒ͨͦͫ·͙͟͡ ͒͡Ύ 
͋ͦ͡Έ΄͔͎ͦ ͙͙ͨͦͤͣ͊ͤΎ ͙ ͍͔͙ͯͫͦͤΎ ͯ;͔͎͋ͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡Σ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͯͨͦͪΎ͒ͦ;͙ͭΈ ͣ·͙ͫ͡Σ ͙͊ͫͫ͟͡ͺ͙ͼ͙͍ͪͦ͊ͭΈ ͔͙ͣ͊ͭͪ͊͡Σ 
͍ͫͪ͟·ͭΈ ζ͙͔ͯ͘͟η ͔ͣͫͭ͊Τ ͙ͫ͟͡Ό;͔͊ͭͫΎ ͔ͭ͊͗͟ ͍͔ͪͦΎͭͤͦͫͭΈ ͦ΄͙͋ͦ;͚ͤͦ ͍͙ͭͪ͊ͭͦ͟͟ ͣ·͔͚ͫ͡ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡ΎΣ ͙ͨͪ Ήͭͦͣ ͎͍͔͊ͤͦ͡ 
͔͍͙͔ͫ͒ͫͭ͡ ς ͨ ͍ͦ·΄͔͙͔ͤ ͔͙ͣͭͦ͒;͔͎ͫͦͦ͟ ͔͍ͣ͊ͫͭͪͫͭ͊ ͎ͫ͊ͣͦͦ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡ΎΤ 

× ͙͔͙͍ͤͭͪ͊ͭͤͦͫͭ͟Έ ς ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͍͔͚͍͍ͦ͒ͫͭͦ͊ͭ͘Έ ͤ͊ ͻͦ͒ ͔͔ͨͪͤͭ͊͘ͼ͙͙Σ ;ͭͦ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ 
͍͔͚͊͗ͤ΄͙ͻ ͔͙ͨͪͣͯ΅͔͍ͫͭ ͣͯ͡Έ͙͔͙ͭͣ͒͊Τ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έͤͦ ͍·͋ͪ͊ͭΈ ͔ͤͦ͋ͻ͙ͦ͒ͣͯΌ ͫͦͪͦͫͭ͟ΈΣ Ύ͘·͟ ͔͔ͨͪͤͭ͊͘ͼ͙͙Σ 
ͤͯ͗ͤ·͚ ͒͡Ύ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͔ͪ͊͒͘͡ ͙͙͡ ͋ͦ͟͡ ͙ͤͺͦͪͣ͊ͼ͙͙ ς ͔͙͔ͤͦͫͨͦͪͣͦ ͙͍͒ͦͫͭͦͤͫͭͦ ͣͯ͡Έ͙͔͙͚ͭͣ͒ͤ·ͻ ͔͔ͨͪͤͭ͊͘ͼ͙͚Σ 
͔ͦͭͦͪͦ͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͺ͙͍ͦͯͫͪͦ͊ͭ͟Έ ͍͙͙͔ͤͣ͊ͤ ͔͔͙͍ͫͦ͋ͫ͒ͤͦ͟ ͤ͊ ͍·͋ͪ͊ͤͤ·ͻ ͙͔ͣͤͤͦ ͔͍͔͔ͨͪͨͦ͒͊͊ͭͣ͡ ͟͡Ό;͔͍·ͻ ͔ͣͦͣͤͭ͊ͻΦ 
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˻ˣ˿̂ˬ˨˩˹ˮ˩ 
˻;͔ͤΈ ;͊ͫͭͦΣ ͙ͯ͘;͊Ύ ͔͙ͣ͊ͭͣ͊ͭͯ͟Σ ͔ͫͭͯ͒ͤͭ· ͙͔͔ͤ͗ͤͪͤ·ͻ ͔ͫͨͼ͙͊͡Έ͔͚ͤͦͫͭ ͯ;͊ͭ ͺͦͪͣͯ͡·Σ ͔ͤ ͙ͨͦͤͣ͊ΎΣ ;ͭͦ ͊͘ ͙͙ͤͣ 

͙ͫͭͦͭΦ ˸͔͙͊ͭͣ͊ͭ͊͟ ͔͍ͨͪͪ͊΅͔͊ͭͫΎ ͍ ͔ͤͯ͟Ό ͊͋ͫͭͪ͊ͭͤͯ͟Ό ͤ͊ͯͯ͟Σ ͫ ͎ͦͪͦͣͤ·ͣ ͤ͊͋ͦͪͦͣ ͍͙ͨͪ͊͡Σ ͔ͤ ͙͔ͣΌ΅͙ͻ ͙͔͔͙ͨͪͣͤͤΎ ͍ 
͔ͪ͊͡Έ͚ͤͦ ͙͙͗ͤ͘Φ ˻͒ͤ͊ͦ͟ ͙͙͔ͨͦͤͣ͊ͤ ͫͣ·ͫ͊͡ ͎ͭͦͦ ͙͙͡ ͙͎ͤͦͦ ͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͦ͋Ά͔ͭ͊͟Σ ͙͔ͤ͊ͨͪͣͪΣ ͎͔͔͙ͦͣͭͪ;͔͎ͫͦͦ͟ 
ͫͣ·ͫ͊͡ ͍͚͎͒ͦͤͦͦ ͙͔͎ͤͭͪ͊͊͡Σ ͔ͭ͊͗͟ ͍͊͗ͤͦΣ ͊͟͟ ͙ ͔͙͔ͯͣͤ ͙͍͙ͨͪͦͦ͒ͭ͘Έ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͔ ͍·;͙͔͙ͫͤ͡ΎΦ ́͊͟ ͊͟͟ ͣ͊ ͔͙ͭͣ͊ͭ͊͟ 
͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͙͔͔͙ͤ͗ͤͪ͊ͣ ͍ ͊͟;͔͍͔ͫͭ ͙͔ͤͫͭͪͯͣͤͭ͊ ͒͡Ύ ͪ͊͋ͦͭ·Σ ͭͦ ͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͔ͣͭͦ͒· ͍ͫͦͫͭ͊͡ΎΌͭ ͍ͦͫͤͦͯ ͦ͋΅͔͚ 
͔͙͙ͣͭͦ͒͟ ͔ͪ΄͔͙ͤΎ ͙͔͔ͤ͗ͤͪͤ·ͻ ͊͒͊͘;Σ ͔͙ͫͦ͒ͤΎΌ΅͔͚ ͔͙ͭͦͪΌ ͙ ͙ͨͪ͊ͭͯ͟͟Φ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔͙ͣ͊ͭͣ͊ͭ;͔ͫ͊͟Ύ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ 
͔ͦ͋͊͒͊ͭ͡ ͣͦ΅ͤ·ͣ ͔ͨͦͭͤͼ͙͊ͦͣ͡ ͒͡Ύ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͙ ͍͙͙ͪ͊ͭ͘Ύ ͙͡;ͤͦͫͭͤ·ͻ ͊͟;͔͍ͫͭ ͙ ͊͟;͔͍ͫͭ ͣ·΄͔͙ͤ͡ΎΣ ͦͭͦͪ͟·͔ 
͍ͫͦͫͭ͊͡ΎΌͭ ͯ͟͡Έͭͯͪͯ ͙͔͔͎ͤ͗ͤͪͤͦͦ ͣ·΄͔͙ͤ͡Ύ ό˴͍͊ͪͨͦ͊&˸͍͔͔͍͊ͭ͊Σ нлмсύ. 

ˤ ͔͙͙ͦ͋ͫͯ͗͒ͤ ͍͙͒ͦ͋͊ͣΣ ;ͭͦ ͤ͊ ͤ͊΄͔͚ ͊͟ͺ͔͔͒ͪ ͔ͤ ͭͦ͡Έͦ͟ ͣ· ͙ͫͨͦ͡Έ͔ͯͣ͘ ͍͙͙ͯ͊͊͘͘͡ͼ͙Ό ͔͟͡ͼ͙͙Φ ˹͙͔͊ͨͪͣͪΣ ͫͣΦ 
͔͙ͣ͊ͭͪ͊͡· όˣ͔͡Έͦ͟&͙́ͯͤ;͙͟&˴͙ͪ΄͍͙ͭ͊ͨͦ;Σ нлмфύΣ ͎͔͒ ͔͍͔ͨͪ͒ͫͭ͊ͤ͊͡ ͍͙͙ͯ͊͊͘͘͡ͼ͙͙ ͔͟͡ͼ͙͙ ζ˴͙͍ͪ·͔ ͍͎ͭͦͪͦͦ ͨͦͪΎ͒͊͟ηΦ 

˸· ͔͔͗͊ͣ͡ ͨͦ͒;͔ͪͤͯͭ͟ΈΣ ;ͭͦΣ ͨͦ ͫͯ΅͔͍ͫͭͯΣ ͍͔͙͔ͯͫͦͤ ͍ͤͦ·ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͨͦͤΎ͙͚ͭ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͍͙͙͊ͫͭ͘ ͙ ͦͭ 
͔͍͔ͨͪͨͦ͒͊͊ͭ͡ΎΣ ͙ ͦͭ ͦ͋ͯ;͔͊ͣ·ͻΦ ˴͍͙͊͡ͺ͙͊͟ͼ͙Ύ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡ΎΣ ͔͎ͦ ͦͨ·ͭΣ ͔͔͙͔ͫͭͪͣͤ͡ ͔͔͒ͦͫͭͯͨͤ ͙͙ͦ͗ͭ͘͡Έ ͫͯͭΈ 
͙ͯ͘;͔͎͊ͣͦͦ ͍ͦͨͪͦͫ͊ ς Ήͭͦ ͍͊͗ͤ·͔ ͔ͣͦͣͤͭ· ͯ;͔͎͋ͤͦͦ ͨͪͦͼ͔ͫͫ͊Φ  ˹ͦ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Ό ͔ͭ͊͗͟ ͤ͊͒ͦ ͔͙ͫͭͪͣͭΈͫΎ ͍͙͍ͪ͊͊ͭ͘Έ ͯ 
͔͍ͫͭͯ͒ͤͭͦ ͙͍͔͊ͭͤͦ͟ ͍͙ͦͫͨͪΎ͙͔ͭ ͍͍͔͔͒ͤͤ·ͻ ͔͔͔͙͚ͦͨͪ͒ͤ͡Σ ͔͙͔ͯͣͤ ͍͙ͨͪ͊͡Έͤͦ ͙͔ͨͪͣͤΎͭΈ ͯ͊͊ͤͤ͘͟·͔ ͺͦͪͣͯ͡·Σ ͔͙ͫͦ͒ͤΎͭΈ 
͔ͯ͗ ͤ͊ͦͣ͘͟·͔ ͨͦ͒ͻͦ͒· ͫ ͍ͤͦ·͙ͣΣ ͍͙͍ͫͪ͊ͤ͊ͭΈ ͪ͊ͤ͘·͔ ͫͨͦͫͦ͋· ͔ͪ΄͔͙ͤΎ ͚ͦ͒ͤͦ ͊͒͊͘;͙ ͙ ͍·͙͋ͪ͊ͭΈ ͙ͦͨͭͣ͊͡Έ͔ͤͦ 
͔ͪ΄͔͙ͤΎ ͒͡Ύ ͒͊ͤͤ·ͻ ͍͙͚ͯͫͦ͡Φ ˢ ͫͦ ͫͭͦͪͦͤ· ͔͍ͫͭͯ͒ͤͭͦ ͻ͔ͦͭͦͫ͡Έ ͋· ͍͙͔͒ͭΈ ͔ͫͦͤ͊ͭ͘͡Έ͔ͤͦ ͍͟͡Ό;͔͙͔ͤ ͔ͫ͋Ύ ͍ ͯ;͔͋ͤ·͚ 
ͨͪͦͼ͔ͫͫΣ ͔͙͔ͯͣͤ ͍·͙͋ͪ͊ͭΈ ͙͙͔ͨͪͦͪͭͭ· ͙ ͔͔͙͔ͫͭͪͣͤ͡ ͍͔͔ͫͫͭͦͪͦͤͤ ͎͍͙ͦͭͦͭΈ ͔ͫ͋Ύ ͟ ͋ͯ͒ͯ΅͔͚ ͨͪͦͺ͔͙͙ͫͫΦ ˽ͦΉͭͦͣͯΣ ͍ ͚͊ͦ͟͟ 
ͺ͔ͦͪͣ ͍͙ͨͪͦͦ͒ͭΈ ͔͟͡ͼ͙ΌΣ ͊͟͟ ͨͦ͒͊ͭΈ ͙ͯ͘;͔͊ͣͯΌ ͔ͭͣͯΣ ͙͔͊͟͟ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͒͡Ύ Ή͎ͭͦͦ ͔͍ͫͪ͒ͫͭ͊ ͙ ͍͙ͯ͊͘͡Έͤ·͔ ͔͙ͣ͊ͭͪ͊͡·Σ 
͔ͪ΄͔͊ͭ ͫ͊ͣ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡ΈΦ ˻͍͔ͫͤͦͤͦ ͔͍͙͔ͭͪ͋ͦ͊ͤ ͟ ͔͟͡ͼ͙͙ - Ήͭͦ ͔͖ ͊͟;͔͍ͫͭͦΣ ͊ ͍͔ͯͫͦͪ΄͔͍͍͙͔ͤͫͭͦ͊ͤ ͙͔͙ͦ͗ͤ͘͡Ύ ͔ͤ 
͙͔͔ͣͭ ͔͔ͨͪ͒͊͡ ς Ήͭͦ ͙͔͒͊͡Σ ͟ ͦͭͦͪͦͣͯ͟ ͨ·͔ͭ͊ͭͫΎ ͔͙ͫͭͪͣͭΈͫΎ ͊͗͒͟·͚ ͙͘ ͤ͊ͫΦ ˭͔͒ͫΈ ͎ͦ͒ΎͭͫΎ ͊͟͟ ͙͊ͫͫ͟͡;͔͙͔ͫ͟ ͔ͣͭͦ͒· ς 
;͔͙͔ͭͤ ͔͟͡ͼ͙͙Σ ͙ͫͨͦ͡Έͯ͘Ύ ͒ͦͫͯ͟ ͙ ͔ͣ͡ ͙͙͡ ͺ͔ͦͣ͊ͫͭͪ͡Σ ͭ͊͟ ͙ ͍ͤͦ·͔ ͔ͣͭͦ͒· - ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͔͙͚͒ͦͫͭ͗ͤ ͍͔͔ͫͦͪͣͤͤ·ͻ 
ͼ͙ͺ͍ͪͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ό˴͔͙͍ͦͭ͟͡͡ ͍͍͊ͭͦͪͦΣ нлмфΣ ˽͙͊ͫ͊͟Σ нлмуΣ ˸͍͊ͫͦ͡Σ нлмуΣ ˶͙͍͊ͪͦͤͦ͊&˨ͦͪͦͺ͔͔͍Σ нлмсύΦ 

 
ˤ̍ˤ˻˨̍ ˮ ˽˩˾˿˽˩˴́ˮˤ̍ ˨ˢ˶̎˹˩˯̊˩˥˻ ˮ˿˿˶˩˨˻ˤˢ˹ˮ̒ 

ˤ ͙͔ͦ͗ͤͤͦͣ͘͡ ͨͦ͒ͻ͔ͦ͒ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͙͔͔͙ͨͪͣͤͤΎ ͔͍͔͔ͨͪͨͦ͒͊͊ͭͣ͡ ͤ͊ ͔͟͡ͼ͙͙ ͙͔ͫͫͭͣ· ͣͯ͡Έ͙͔͙ͭͣ͒͊ ͣ· ͍͙͙͒ͣ 
͔ͫ͒ͯ͡Ό΅͙͔ ͍͙ͦͣͦ͗ͤͦͫͭ͘Υ 

мύ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͣͯ͡Έ͙͔͙͚ͭͣ͒ͤ·ͻ ͔͔ͨͪͤͭ͊͘ͼ͙͚ ͤ͊ ͔͟͡ͼ͙Ύͻ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͎ͤ͊͡Ύ͒ͤͦͫͭΈΣ ͯ͡;΄͔͔ ͙͙͔͊ͨͦͣͤ͊ͤ͘ 
͙ ͔͔ͦͣͨͫͤͦ͟͟͡ ͍͙ͦͫͨͪΎ͙͔ͭ ͯ;͔͎͋ͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡Τ 
нύ ͍͙͙͔ͤͣ͊ͤ ͔͍ͫͭͯ͒ͤͭͦ ͺ͙͔ͦͯͫͪͯͭͫ͟Ύ ͤ͊ ͦͭͦ͋ͪ͊ͤͤ·ͻ ͙͔ͣͤͤͦ ͔͍͔͔ͨͪͨͦ͒͊͊ͭͣ͡ ͟͡Ό;͔͍·ͻ ͔͍ͣͦͣͤͭͦ ͔ͭͣ·Τ 
оύ ͍ͨͦ·΄͔͊ͭͫΎ ͔͙ͣͭͦ͒;͔͔ͫͦ͟ ͔͍ͣ͊ͫͭͪͫͭͦ ͎ͫ͊ͣͦͦ ͔ͭͦͪ͊͟͡Φ 
ˤ ͒͊͡Έ͔͚ͤ΄͔ͣ ͣ· ͙͔ͨ͊ͤͪͯͣ͡ ͪ͊ͪ͊͋ͦͭ͊ͭ͘Έ ͍͙͙ͯ͊͊͘͘͡ͼ͙Ό ͎ͨ͊ͪ͊ͪ͊ͺ͊ ζ˭͔͊ͣͤ͊ ͔͔͔ͨͪͣͤͤ·ͻ ͍ ͚ͭͪͦͤͦͣ ͙͔͎͔ͤͭͪ͊͡Φ 

ˤ·;͙͔͙͔ͫͤ͡ ͚͎ͭͪͦͤͦͦ ͙͔͎ͤͭͪ͊͊͡ ͍ ͼ͙͙͙ͤ͒ͪ͡;͔͙ͫ͟ͻ ͙ ͫͺ͔͙ͪ;͔͙ͫ͟ͻ ͙ͦͦͪ͒ͤ͊ͭ͊͟ͻη ͙ ͫͦ͒͊ͭ͘Έ ͚ͫ͊͒͡-͎͍͙͊ͦͭͦ͘͟ ͒͡Ύ ͍͒ͯͻ 
͔͟͡ͼ͙͚ ͨͦ ͔ͭͣ͊ͣ ζ˽͙͔͙ͪͦ͗ͤ͡Ύ ͍͚͎͒ͦͤͦͦ ͙ ͚͎ͭͪͦͤͦͦ ͙͔͎͍ͤͭͪ͊ͦ͡ ͟ ͊͒͊͘;͊ͣ ͎͔͔͙͙ͦͣͭͪΣ ͺ͙͙͙͘͟ ͙ ͔ͣͻ͙͙͊ͤ͟ηΦ ͔́͊͗͟ 
͙͔ͨ͊ͤͪͯͣ͡ ͦ͋ͯ;͊ͭΈ ͔͍ͫͭͯ͒ͤͭͦΣ ͎͍ͦͭͦΎ΅͙ͻ ͒ͦ͊͒͟͡ ͤ͊ ͔͔͎͗ͦ͒ͤͯΌ ͔ͫͭͯ͒ͤ;͔ͫͯ͟Ό ͦͤ͟ͺ͔͔ͪͤͼ͙Ό ˣ˥ˢ́̂Σ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ 
͍͙ͦͣͦ͗ͤͦͫͭ͘ ͙͊ͤͣ͊ͼ͙͙ ͙ ͍͔͙͔ͯͨͪ͊ͤ͡ Ήͪ͊ͤͦͣ͟ ͍ ͔͔ͨͪͤͭ͊͘ͼ͙͙ ͒ͦ͊͒͊͟͡Φ ̏ͭͦ ͔͋ͯ͒ͭ ͻͦͪͦ΄͔͚ ͙͚ͨͪ͊ͭͦ͟͟ ͍ ͍͔͙͙ͦͫͦͤ 
͔͙ͫͭͯ͒ͤͭ͊ͣ ͫ ͍͔͔ͦͪͣͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͙ͨͪ ͨͦ͒͊;͔ ͔͙ͣ͊ͭͪ͊͊͡ ͯ;͙͊ͫͭͤ͊ͣ͟ ͔͙͍ͫͣͤ͊ͪͦ ͙͙͡ ͦͤ͟ͺ͔͔ͪͤͼ͙͚Φ 

 
˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍ͦ͊ͤͤ͘·ͻ ͙ͫͭͦ;͙͍ͤͦ͟ 

1. ˴͔͊ͪͨͤͦ͟ ˮΦ ˥͍͊ͤ͊͡Ύ ͼ͔͡Έ ς ͟ ͊;͔͍ͫͭͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΦ ˿ˣΦ ˣ͔͊ͪͯͫ͡Έ ͔͎ͫͦ͒ͤΎΦ ς нлмфΣ Ѕ мрт όнртфрύ - ˿ Φ мл-11. www.sb.by 
2. ˴͔͙͍ͦͭ͟͡͡ ͍͍͊ͭͦͪͦΦ ˸͔͙͊ͭͪ͊͡· ˸͔͚͗͒ͯͤ͊ͪͦ͒ͤͦ ͤ͊ͯ;͚ͤͦ ͦͤ͟ͺ͔͔ͪͤͼ͙͙ ζ˸ ͔͙͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘: 
͍͔͔͔ͫͦͪͣͤͤͦ ͫͦͫͭͦΎ͙͔ͤ ͙ ͔͔͙͍ͨͪͫͨͭ͟·ηΦ нл-нм ͺ͔͍ͪ͊͡Ύ нлмф ͎Φ ˸͙͙͔͍ͤͫͭͪͫͭͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ˾͔͙͙ͫͨͯ͋͟͡ ˣ͔͊ͪͯͫ͡ΈΣ 
̂;͔͔͙͔ͪ͗͒ͤ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ζ˸͎͙͔͍͙͚ͦͫ͟͡ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ ͙ͣΦ ˢΦˢΦ ˴͔ͯ͡΄͍ͦ͊ηΦ ˸͎͙͔͍ͦ͡Φ нлмфΦ ς пнт ͫΦ 

3. ́͊ͭΈΎ͔ͤͤͦ͟ ˿Φ ˢΦ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤͦ-͔͙ͣͭͦ͒;͔͎ͫͦͦ͟ ͍͔͙ͫͦͨͪͦͦ͗͒ͤΎ ͤ͊ ͔͟͡ͼ͙͙ ͨͦ ͍·ͫ΄͔͚ ͔͙͔ͣ͊ͭͣ͊ͭ͟ ͍ 
͔ͭͻ͙ͤ;͔ͫͦͣ͟ ͍͔ͯ͘Φ ˴ͦͤͼ͔ͨͭΦ ς 2015. ς Ѕ ло όͣ͊ͪͭύΦ ς ART 15078. ς лΣо ͨΦ ͡Φ ς URL: http:// e-concept.ru/2015/15078.htm. 
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VISUALIZATION IN LECTURES ON ˸ˢH́˩˸ˢ́ICS FOR TECHNICAL UNIVERSITY 

Aksana Kvetko, Ela Kavaleuskaya 
Belarusian State Agrarian Technical University (BSATU), Belarus 

Abstract. In February 2019, the V international scientific conference was held at Mogilev State A. Kuleshov University. The participants discussed 
the current state of mathematical education and its prospects in Belarus and other CIS countries. 

Formulation of the problem. To train highly qualified engineers, it is necessary to improve the educational process, increase the effectiveness of 
lectures, practical exercises, and widely use modern digital technologies for training. In particular, use not only a lecture-
presentation, but also the possibility of animation during the slide show. Also, expand students' access to educational information 
resources and train students to use them in practice. 

Materials and methods. The article provides links to publications related to the use of information and methodological support of a lecture-
presentation in mathematics at a university and methodological features of the design of such a lecture. The article discusses the 
use of multimedia systems for the visualization of educational material, provides examples of slides of a lecture-presentation on 
the topic "Double Integral", created in PowerPoint application (Figures 1-3 and explanations to them). The complexity of creating 
ŜŀŎƘ ǎƭƛŘŜ ƛǎ ƴƻǘŜŘΦ Lǘ ƛǎ ŜƳǇƘŀǎƛȊŜŘ ǘƘŀǘ ǘƘŜ ǘŜŀŎƘŜǊΩǎ ǉǳŀƭƛŦƛŎŀǘƛƻƴǎΣ Ƙƛǎ ŀŎǘƛǾŜ ŘŜǎƛǊŜ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ƭŜŎǘǳǊŜΣ Ƙƛǎ ŜȄǇŜǊƛence are 
important points in the educational process. 

Results. Information capacity, time saving, compact media, mobility, multifunctionality are some of the advantages of lecture visualization. 
Note that the presentation of the material becomes more visual, contributes to a better memorization and perception by students 
of new concepts, as can be seen from a comparison of the results of students performing current tests for the last two academic 
years and exam grades. The methodological skill of the teacher himself is increasing. 

e˴ywords: visualization of the lecture, presentation, multimedia presentation, lecture "Double integral", the effectiveness of training. 
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˶͙͍͙͍ͭͤͦ͊ ˿Φ˥Φ 
ˣ˱˶˱˹˥ˤˢ˶̎˹ˮ˯ ˽˱˨̆˱˨ ̂ ̅˻˾˸̂ˤˢ˹˹˱ ˴˻˸˽˩́˩˹́˹˻˿́˩˯ ̂̉˹˱ˤ ˭ ˽˾ˮ˾˻˨˹ˮ̉˻-˸ˢ́˩˸ˢ́ˮ̉˹ˮ̆ ˽˾˩˨˸˩́˱ˤ  

˹ˢ ˭ˢ˿ˢ˨ˢ̆ ˴˻˸˽Ω̑́˩˾˹˻˥˻ ˸˻˨˩˶̑ˤˢ˹˹̒ 
 

ˢ˹˻́ˢ̇˱̒  

˸͙͎ͦͤͭͦͪͤ͜ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍ͦͤ͘͜΄ͤΈ͎ͦͦ ͔͔͎ͤ͊͗ͤͦͦ͘͡ ͦͼͤ͜Ό͍͊ͤͤΎ ͨͪͦͭΎ͎ͦͣ нлмт-нлмф ͪͪΦ ͍ͨͦ͊͊͘͟Σ ΅ͦ ͭ͊͟͜ ͍ͦͫͭͤ͜͜ ͤ͊ͨͪΎ͙ͣ Ύ͟ ͺ͙͊͘͜͟Σ 
ͻͣ͜͜ΎΣ ͎͋ͦͦ͜͜͡Ύ ͔ͤ Ί ͨͦͨͯ͡Ύ͙͙ͪͤͣ ͔͔ͫͪ͒ ͍͙͙͍ͨͯͫͤ͟͟͜ ͍͊͊͒͘͟͜͡ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜ ό˭˭˿˻ύΦ ˽ͦͪ͊͟΅͙͙ͭ ͙ͫͭͯ͊ͼ͜Ό 
ͣͦ͗ͤ͊ ΄͡Ύͻͦͣ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͍ͦͫͭͤ͜Έͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜Σ ͔ͦͪͣ͊͘͟ ͤ͊ ͊ͫ͊͒͊͘ͻ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎΦ  

̅ͦͪͣͯ͡Ό͍͊ͤͤΎ ͔͙ͨͪͦ͋ͣ͡Φ ˤ͒ͫͯͭͤͫͭ͜͜Έ ͍͙ͯͪ͊ͤͦͣͦͤ͟͝ͻ ͔͍ͪͫͯͪͫ͜ ͔ͨͦͭͪ͋ͯΊ ͚͔͒ͫͤͤͤ͘͜Ύ ͪͦͯ͟͟ ͒ͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ ͍ 
͍ͤ͊;͊ͤͤ͜ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜Φ  

˸͔͙͊ͭͪ͊͜͡ ͜ ͔͙ͣͭͦ͒Φ ̂ ͨͪͦͼ͔ͫ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͫ͟͡Ύ ͔͙ͣͭͦ͒ ͊ͤ͊ͯ͘͜͡ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝Σ ͔͙ͣͭͦ͒;ͤͦ͝ ͔͙ͭͪ͊ͭͯͪ͜͡ ͜ 
͙͔͒ͫͪͭ͊ͼ͚͙ͤ͜ͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΤ ͙͔͎ͫͫͭͣͤͦͦ ͊ͤ͊ͯ͘͜͡ ͒͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ ͙͙͒͒͊ͭ͟;͙ͤͻ ͍͙ͫ͊͒ͦ͟͡ͻ ͙͔͙ͫͫͭͣ ͍ͤ͊;͊ͤͤΎ ͤ͊ ͊ͫ͊͒͊͘ͻ 
͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͨ͒͜ͻͦ͒ͯΤ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͔͍ͭ͊ͨ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ ͍ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ 
ͯ;͍ͤ͜ ͘ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜ ͤ͊ ͊ͫ͊͒͊͘ͻ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎΦ 

˾͔ͯ͘͡Έ͙ͭ͊ͭΦ ̂ ͫͭ͊ͭͭ͜ ͍ͦ͋͐ͪͯͤͭͦ͊ͤͦ ͨͦͤΎͭͭΎ ͙͙ͨͪͪͦ͒ͤ;ͦ-͍ͤ͊ͯͦ͊͟ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ Ύ͟ ͒͊ͭͤͫͭ͘͜Έ ͙ͦͫͦ͋ ͍͙͍;͙͊ͭ ͚ ͍ͪͦ͘ΩΎ͍͙ͯ͊ͭ͘ 
͙ͨͭ͊ͤͤΎΣ ͍ͨͦΩΎ͊ͤ͘͜ ͙͙ͨͪͪͦ͒ͤ;͙͙ͣ ͙ͤ͊ͯ͊ͣ͟ ͜ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͣ ͦͨͪ͊ͼΌ͍͊ͤͤΎͣ ͙͒͊ͤͻΦ ˻͍͋͐ͪͯͤͭͦ͊ͤͦ ;͙͙ͦͭͪ ͝͝ ͙͙ͫ͊͒ͤ͟͟͡Υ 
͒͊ͭͤͫͭ͘͜Έ ͨͦΎͫͤΌ͍͙͊ͭ Ύ͍͙΅͊ ͍ͤ͊ͯͦͦ͟Σ ͒͊ͭͤͫͭ͘͜Έ ͦͼͤ͜Ό͍͙͊ͭ ͭ͊ ͪͦͪͦ͋͘͡Ό͍͙͊ͭ ͍ͤ͊ͯͦ͟͜ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͒͊ͭͤͫͭ͘͜Έ 
͍ͤ͊ͯͦͦ͟ ͔͔͍͙ͤͭͪͨͪͭͯ͊ͭ͜ ͒͊ͤ͜ ͚ ͙͒ͦ͊͘͟Σ ͒͊ͭͤͫͭ͘͜Έ ͦͨͪ͊ͼΈ͍͍͙ͦͯ͊ͭ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͒ͦͫ͒͗ͤ͜͡Έ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦΦ ̂ ͫͭ͊ͭͭ͜ 
ͯͭͦ;͔ͤͤͦ ͨͦͤΎͭͭΎ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ Ύ͟ ͙͍͔͊͒͊ͨͭͤ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔ͤͦͣͤͦ͘͜͝ ͍͙ͣͦ ͨ͒͜ ;͊ͫ ͍͙͍;͔ͤͤΎ ͙͙ͨͪͪͦ͒ͤ;ͦ-
͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜ ͘ ͔ͣͭͦΌ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔͙ͨͪ͒ͣͭͤͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͯ;͍ͤ͜Φ ˻͙ͨͫ͊ͤͦ ͙ͫͨͦͫͦ͋ ͍ͤ͊;͊ͤͤΎ ͯ;͍ͤ͜Υ 
͙͙͚ͨͪͪͦ͒ͤ ό͡Ό͙͒ͤ͊-͡Ό͙͒ͤ͊ύ ͜ ͼ͙ͺ͍͙͚ͪͦ όͣ͊΄͙ͤ͊-͡Ό͙͒ͤ͊ύΣ ͊ ͭ͊ͦ͗͟ ͺ͙ͦͪͣ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍͒ͦͻ ͍ͣͦ ό͍͔ͪ͋͊͡Έͤ͊Σ 
͙ͨͫΈ͍ͣͦ͊Σ ͍ͯ͊͘͜͡Έͤ͊Σ ͊ͯ͒͊͜͡Έͤ͊Σ ͍ͦͣ͋ͤͦ͊ͤ͊͟͜ύΦ ˻͍͋͐ͪͯͤͭͦ͊ͤͦ ͔͙ͭ͊ͨ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ ͍ ˭˭˿˻ 
ό͎͍ͨ͒ͦͭͦ͜;͙͚Σ ͚ͦͤ͊ͦͣ͘͡Ό͍͊͡Έ͙͚ͤΣ ͺ͍ͦͪͣͯ͊͡Έ͙͚ͤΣ ͍͙͚ͨ͒ͫͯͣͦ͜͟ύΦ ˤ͍͔ͫͭ͊ͤͦͤͦ͡ ͔͔͍͎͙ͨͪ͊ ͜ ͔͙ͤ͒ͦ͜͟͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ ͍ ˭˭˿˻Φ 

ˤ͙͍͙ͫͤͦ͟Φ ˣ͜͜͡ ͎͍ͤ͊͡Έ͙͚ͤ ͨ͒͜ͻ͒͜ ͍͙͒ͦͦͭ͘͡Έ ͍;͙͔ͭ͡Ύͣ ͚ ͯ;ͤΎͣ ˭˭˿˻ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͦͣͨ͟ΩΌ͔͔ͭͪͤ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͒͡Ύ ͍͙ͨ͒͜΅͔ͤͤΎ 
Ύͦͫͭ͟͜ ͍ͤ͊;͊ͤͤΎ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜Φ ˽ͦ͒͊͡Έ΄͎ͦͦ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ ͔ͨͦͭͪ͋ͯΊ ͔ͪͦͪͦ͋ͤͤ͘͡Ύ ͔͙ͣͭͦ͒;ͤͦ͝ 
͙͔͙ͫͫͭͣ ΅ͦ͒ͦ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͍ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜Φ 

 

˴˶̑̉˻ˤ˱ ˿˶˻ˤˢΥ ͦͣͨ͟ΩΌ͔͔ͭͪͤ ͔ͣͦ͒͡Ό͍͊ͤͤΎΣ ͎͍͋ͤ͊͜͜͡͡Έ͙͚ͤ ͨ͒͜ͻ͒͜Σ ͙͊͊͒͘͟͡ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜Σ ͔͙ͣͭͦ͒͊͟ ͍͍͔ͨͪͦ͊͒͗ͤͤΎΣ 
͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͘ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜. 

 

ˤ˿́̂˽  
˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˿ ͍͔ͭ͊ͤͤ͡Ύ ͍͙͙͍ͨͯͫͤ͟͟͜ ͒ͦ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͍͙ͦͫͭ͜Φ 
ˤ ˱ͤ;ͻͦͤͫΈ͚͟͜ ͔͒͊ͪ͊͟͡ͼ͜͝ όнлмрύ ͜ ˾͍͚͊ͣͦ͟͜ ͎ͨͪͦͪ͊ͣ͜ ͚͒͜ ζ˻͍ͫͭ͊͜ нлолη ͔ͪ͊͊͘͜͡ͼ͜Ύ ͼ͜͜͡ п ͍͙ͤ͊͘;͊Ί ͙͔͙ͨͪͦͪͭͭͤͣ͜ 

ͤ͊ͨͪΎͣͦͣ͟ ͍͙ͪͦͭͦ͘͟ ͍͙ͦͫͭ͜ ͍ ͚͙ͤ͊͋͗͡;͜ мр ͍ͪͦ͟͜ ͜ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͎͊͊͘͡Έͤͦ͝ ͤ͜͟͡Ό͙͍ͤͦ͘͝Σ ͍͔͙͍ͫͨͪ͊͒ͦ͡͝ Ύͫͤͦ͟͜͝ ͍͙ͦͫͭ͜ ͜ 
͍ͤ͊;͊ͤͤΎ ͨͪͦͭΎ͎ͦͣ ͯͫΈ͎ͦͦ ͙͗ͭͭΎΣ ΅ͦ ͣ͊Ί ͎͍͙͊ͪ͊ͤͭͯ͊ͭ мн-ͪ͜;ͤͯ ͔͋ͦ͘͟΄͍ͭͦͤͯ Ύͫͤͯ͟͜ ͍ͦͫͭͯ͜ ͘ ͣͤͣ͊͜͜͡Έ͙ͤͣ ͍ͦ͋ͦϥΎ͍͙ͦͣ͘͟ 
͔ͭͪͣͤͦͣ͜ ͍ͤ͊;͊ͤͤΎ ͔ͤ ͔ͣͤ΄͔ ͔͍͒ϥΎ͙ͭ ͍ͪͦ͟͜Φ ˭͍͊͒͊ͤͤΎͣ пΦс ˾͍͊ͣͦͦ͟͝ ͎͙ͨͪͦͪ͊ͣ ͚͒͜ ͘ ͔ͪ͊͊͘͜͡ͼ͜͝ ˱ͤ;ͻͦͤͫΈͦ͟͝ ͔͒͊ͪ͊͟͡ͼ͜͝ 
͍͙ͤ͊͘;͔ͤͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͒ͦ нлол ͪͦͯ͟ ͔͎ͦͤͪͭͤͦͦ͟͟ ͔ͪͯ͘͡Έͭ͊ͭͯΣ ͊ ͔ͫ͊ͣΣ ΅ͦ͋ ζΧ ͍ͫ͜ ͣͦͦ͒͜͡ ͡Ό͙͒ ͚ ͤ͊͘;ͤ͊ ;͊ͫͭ͊͟ 
͎͒ͦͪͦͫͦͦ͡ ͔͔ͤ͊ͫͤͤ͡ΎΣ Ύ͟ ;͍͍ͦͦ͜͟͜͡Σ ͭ͊͟ ͜ ͗ͤͦ͜͟Σ ͍͙ͣ͜͡ ;͙͙ͭ͊ͭΣ ͙͙ͨͫ͊ͭ ͚ ͪ͊ͻ͍͙ͯ͊ͭΧη [20]. 

ˢ͔͡ ͍͍ͫͭͦ͊͜ ͜ ͍ͭ͜;͙ͤ͘Ύͤ͊ ͔ͦͤͦͣ͊͟͜͟ ͣ͊ΌͭΈ ͙͙͊ͨͭ͘ ͤ͊ ͎͍ͨ͒ͦͭͦͯ͜͟ ͍͙͍ͫͦͦ͊͟͟͜͡ͺ͍͙ͦ͊ͤ͜͟ͻ ͔ͫͨͼ͍͊ͫͭ͜͜͜͡ ͍ ͎͊ͯ͘͡Ύͻ 
ͺ͙͙͘͜͟Σ ͻͣ͜͜͝Σ ͎͋ͦͦ͜͜͡͝Σ ΅ͦ ͔ͨͦͭͪ͋ͯΊ ͎͙͔͎ͨͦ͋ͤͦͦ͡͡ ͍͙͍;͔ͤͤΎ ͔͔͍ͨͪ͒ͣͭ͜ ͙͙ͨͪͪͦ͒ͤ;͎ͦͦ ͼ͙ͯ͟͡Φ ˭͊ͤ͊͘;͙ͣͦΣ ΅ͦ ͼ͜ ͍ͦͫͭͤ͜͜ 
ͤ͊ͨͪΎ͙ͣ ͔ͤ Ί ͨͦͨͯ͡Ύ͙͙ͪͤͣ ͔͔ͫͪ͒ ͍͙͙͍ͨͯͫͤ͟͟͜ ͍͊͊͒͘͟͜͡ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜ ό˭˭˿˻ύΦ 

́͊͟ ͯ нлмт ͪͦͼ͜ ͍ ͍ͦͤ͘͜΄ͤΈͦͣͯ ͔͔ͤ͊͗ͤͦͣͯ͘͡ ͦͼͤ͜Ό͍͊ͤͤ͜ ό˭˹˻ύ ͘ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦ ͭ͊ ͔͙ͭͪ͊ͭͯͪ͜͡ ͍͘Ύ͙͡ ͯ;͊ͫͭΈ 
нмнрфф ͯ;͍ͤ͜ όͭ͊͋͡Φ мύΦ ˤ͘͜Έ͔ͣͣͦ ͼΌ ͟͜͡Έͫͭ͟͜Έ ͊͋ͭͯͪ͜͜Ί͍ͤͭ͜ ͊͘ млл҈Φ 
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͙́͊͋͡ͼΎ м 
ˤ͙͋ͪ͜ ͍͙͙͙ͨͯͫͤ͊ͣ͟͟ ͍͊͊͒͘͟͜͡ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ 

 ͨ ͔͔͍ͪ͒ͣͭ͜ ͒͡Ύ ͒͊͘;͜ ͔͍ͭͫͭ͜ ˭˹˻ 

˽͔͔ͪ͒ͣͭ 2017, 
ͦͫ͋͜ 

2018, 
ͦͫ͋͜ 

2019, 
ͦͫ͋͜ 

̂ͪ͊ͤͫ͟͝Έ͊͟ ͍ͣͦ͊ ͜ ͔ͭͪ͊ͭͯͪ͊͜͡ 212599 276466 285772 

˸͔͙͊ͭͣ͊ͭ͊͟ 88827 86710 127104 

ˣ͎ͦͦ͜͜͡Ύ 72177 70143 69261 

˥͔͎ͦͪ͊ͺ͜Ύ 61572 65491 67216 

͙̅͊͘͜͟ 18260 17332 18203 

̆ͣ͜͜Ύ 17647 17608 11828 

 
́ͦ͒͜ ͘ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͙ͨͦ͒ͦ͊͡͡ ͎ͨͦͪ͜ ς пмΣу҈ ͯ;͍ͤ͜Σ ͘ ͎͔͎ͦͪ͊ͺ͜͝ ς нуΣф҈Σ ͎͋ͦͦ͜͜͡͝ - ооΣф ҈Σ ͺ͙͙͘͜͟ ς уΣр҈ ͜ ͻͣ͜͜͝ ς 8%. 

˭͊ͫͭͦͫͯΊͣͦ ͼ͔͚ ͨ͒͜ͻ͒͜ ͒ͦ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ нлму ͜ нлмф ͤΦͪΦ ό͙ͪͫΦмύΦ ˹͚͊ͨͦͨͯ͡Ύͪͤ͜΄͜ ͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ Ύ͟͜ ͙ͦ͋ͪ͊͡ ͊͋ͭͯͪ͜͜Ί͙ͤͭ ͯ нлму 
ͪͦͼ͜Υ ͍ͨͪ͊ͦΣ ͺ͎ͦͦ͜͜͡͡ΎΣ ͔͔ͫͪ͒ͤΎ ͍ͦͫͭ͊͜Σ ͔͔͔ͣͤ͒͗ͣͤͭ ͭ͊ ͔͙ͣ͒ͼ͙ͤ͊Φ ̂ нлмф ͪͦͼ͜ ͍͒ͫͦͭͦ͜͟ ͍͙͙͍ͨͯͫͤ͟͟͜Σ Ύ͟͜ ͙ͦ͋ͪ͊͡ 
͙͙ͨͪͪͦ͒ͤ;͙͚ ͤ͊ͨͪΎͣ ς ͔ͣͤ͘΄͙͍ͫΎΣ ͊ ͦ͋ͪ͊ͤ͜ ͚ͤ͊ͨͦͨͯ͡Ύͪͤ͜΄͜ ͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ ͙͊͘͡΄͙͙ͫ͡Ύ ͙͙ͭ͊ͣ͟Υ ͺ͎ͦͦ͜͜͡͡ΎΣ ͍ͨͪ͊ͦΣ 
͔͔͔ͣͤ͒͗ͣͤͭΣ ͦͣͨ͟ϥΌ͔ͭͪͤ͜ ͙ͤ͊ͯ͟ ͭ͊ ͔͔ͫͪ͒ͤΎ ͍ͦͫͭ͊͜ όhttp://testportal.gov.ua). 

ˤ͙ͤΎͭͦͣ͟ Ί ͔͔ͨͪ͒ͣͭ ͔͙ͣ͊ͭͣ͊ͭ͊͟Σ Ύ͙͚͟ ͯ нлмф ͪͦͼ͜ ͎͙͙ͦͦͦͫ͡͡ ͍ͦ͋ͦΩΎ͍͙ͦͣ͘͟ ͒͡Ύ ͯͫ͜ͻ ͍͙͙͍ͨͯͫͤ͟͟͜ ˭˭˿˻Φ 
 

 
˾͙ͫΦ мΦ ˸͙͎ͦͤͭͦͪͤ͜ ͍͙͋ͦͪͯ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜  
͍͙͙͙ͨͯͫͤ͊ͣ͟͟ ˭˭˿˻ ͒͡Ύ ͒͊͘;͜ ͔͍ͭͫͭ͜ ˭˹˻ нлмт-нлмф ͤΦͪΦ ό ҈ύ 

 
˨͡Ύ ͨ͒ͤ͜ΎͭͭΎ ͔͙ͨͪͫͭ͗ͯ ͙͙ͨͪͪͦ͒ͤ;͙ͻ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭ ͚ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜ ͨ͒͜ ;͊ͫ ͍͙͍;͔ͤͤΎ 

͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜ ͯ;͙͔ͭ͡Έ ͔ͣͦ͗ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍ͤͤͦ͊͜ͼ͚ͤ͜͜ ͨ͒͜ͻ͙ͦ͒ ͭ͊ ͙͊ͫͦ͋͘Σ ͔ͦͪͣ͊͘͟ ͙͔͙ͫͫͭͣ 
ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ό˶͙͍͙͍ͭͤͦ͊Σ нлмуύΣ ό˽ͤ͜;ͯ͟ϧ˿ͦͦ͟͡Ό͟Σ нлмуύΦ ˢ͔͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ 
͔ͣͦ͒͡Ό͍͊ͤͤΎ ͍ ͙͔ͫͫͭͣ͜ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜ ͨͦ΄͙ͪΌΊͭΈͫΎ ͔͒ͯ͗ ͍ͨͦ͜͡ΈͤͦΣ ͤ͊ ΅ͦ ͍͙͍ͨ͊͡ΌͭΈ ͭ͊͟͜ ͺ͙͊ͭͦͪ͟Υ ͙ͤ͘Έ͙͚͟ 
͍͔ͪͤ͜Έ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜ ͘ ͙ͨͭ͊ͤͤΎ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎΣ ͔͙͊͋ͤͭ͟͜ 
͙͙ͨͪͪͦ͒ͤ;͙ͻ ͔͔͍ͨͪ͒ͣͭ͜ ͋͜͡Έ΄ͦΌ ͣͪͦ͜Ό ͔ͤ ͨ͒͜͟͡Ό;͔ͤ͜ ͒ͦ ͔͔ͣͪ͗͜ ˱͔͔ͤͭͪͤͭΣ ͪͦ͋ͦ;͜ ͣͫ͜ΎͼΎ ͍;͙͔͍ͭ͜͡ ͔ͤ ͦͫͤ͊΅͔ͤ͜ 
ͦ͟ ͣͨΩΌ͔ͭͪͤͦΌ ͔ͭͻͤͦ͜͟ΌΣ ͍͒ͫͯͭͤ͜Ί ͍ͤ͊ͯͦͦ͟-͔͙ͣͭͦ͒;͔ͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͒͡Ύ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͚ ͍͔͔ͨͪͦ͒ͤͤΎ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͍ͯͪͦ͟͜Φ 
˥͍ͦͦͤͦ͡Ό ͔ͨͪͦ͋ͣͦ͡Ό ͙ͣ ͍͍͊͗͊Ίͣͦ ͍͒ͫͯͭͤͫͭ͜͜Έ ͍͙ͯͪ͊ͤͦͣͦͤ͟͝ͻ ͔͍ͪͫͯͪͫ͜Σ ͔ͦͪͣ͊͘͟ ͙͔ͫͫͭͣ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎΣ 
Ύͯ͟ ͣͦ͗ͤ͊ ͍͙ͪ͜΄͙͙ͭ ͘ ͍͔ͯͨͪͦ͊͒͗ͤͤΎͣ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ ͨ͒͜ ;͊ͫ ͍͙͍;͔ͤͤΎ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜Φ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˾͔ͯ͘͡Έ͙ͭ͊ͭ ͊ͤ͊ͯ͘͜͡ ͎͊ͦͪ͒ͦͤͤͦͦ͘͟ ͍͒ͦͫ͒ͯ͜ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ 
͙ͪͦͪͭͦ͘͟ ͍ ͪͦ͋ͦͭ͊ͻ ͙ͭ͊͟ͻ ͙͍͒ͦͫ͒ͤ͜͟͜͡Υ ˱Φ ˻Φ ˣ͔͜͡ͼΈ͊͟ όˣ͔͜͡ͼΈ͊͟Σ нлмнύΣ ˱Φ ̐ ˭ͦͯ͘͡Ύ ό˭ͦͯ͘͡ΎΣ нлмтύΦ ˭͔ͦͪͣ͊͟ ˻Φ ˥ Φ ̋ ͙ͪͤ͜ 
ό͙̊ͪͤ͜Σ нллтύ ͔͙͍ͦͪͫ͟͡ ͎͊͊͘͡Έͤ͜ ͨ͒͜ͻ͙ͦ͒ ͜ ͍͙ͦ͋͐ͪͯͤͭͯ͊͡ ͍ͦͫͤͦͤ͜ ͔ͣͦ͒͜͡ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͍ ˭˭˿˻Φ ˻͙͍ͫͦ͋ͦͫͭ͜͡ 
͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͍ ͫͯ;͚͊ͫͤ͜ ͯͪ͊ͤͫ͟͝Έ͚͟͜ ΄ͦ͟͜͡ ͙ͪͦͪͭͦ͘͟ ͍ ͪͦ͋ͦͭ͜ ́Φ ʕ Φ x ͦͤ͒͊ͪ;ͯ͟ όˣͦͤ͒͊ͪ;ͯ͟Σ нлмоύ Ύ͊͟ ͊ͤ͊͘͘;͊ΊΣ 
΅ͦ ͍ ̂ ͪ͊ͤ͟͜͝ ͫ ͍͔ͭͦͪͤ͜ ͤ ͔͊͗ͤ͜͡ ͍͙ͯͣͦ ͒͡Ύ ͍͙ͪͦͭͯ͘͟ ͎͍͋ͤ͊͜͜͡͡Έͤͦ͝ ͍͙ͦͫͭ͜Σ ͔͊͡ ͫͤͯ͜Ί ͔ͨͪͦ͋ͣ͊͡ ΅ͦ͒ͦ ͙ͪͦͪͦ͋͘͟ ͭ͊ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍ͤ͊;͊͡Έͤͦπ͔͙ͣͭͦ͒;͙͙ͤͣ ͔͙ͣ͊ͭͪ͊͊ͣ͜͡ ͍͒ͦ͋ͯ͊͘;͍͜ ͍͙ͦͫͭ͜ ˭˭˿˻Φ ˽͒͜ͻ͙ͦ͒ ͒ͦ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ 
͍͙ͤ͊͘;͔ͤ͜ ͙͒ͦͫ͒ͤ͜͡ͼ͔Ό ˤΦ s Φ ˥͊ͣ͊ͤΌ͟Σ Ύ͊͟ ͍ͦ͋͐ͪͯͤͭͯ͊͊͡ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͎͍͋ͤ͊͜͜͡͡Έ͙ͤͻ ͍ͣͦ͒ͯ͜͡ ͍ ͨͪͦͼ͔ͫ ͍ͤ͊;͊ͤͤΎ ͯ;͍ͤ͜ 
ό˥͊ͣ͊ͤΌ͟Σ нлмоύΦ ̂;͔͙͙ͤͣ ˢΦ ˸ Φ ˥ͯͫ͊͟ ͜ ˢΦ ˻ Φ ˴͍ͦ͊͡Έ;ͯ͟ ͎ͯ͊͊͘͡Έ͔ͤͤͦ ͎͋͊͊ͭͦͪ͜;͙͚ͤ ͍͒ͦͫ͒͜ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟Σ 
͔ͪͯ͘͡Έ͙ͭ͊ͭ Ύ͎ͦͦ͟ ͙ͨͦ͊͊͘͟͡Σ ΅ͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͎ͭ͊ͦͦ͟ ͍ͤ͊;͊ͤͤΎ ͙ͫͨͪΎΊ ͪͦͫͭ͊ͤͤ͘Ό ͍ͫ͊ͣͦͫ͒ͦͣͦͫͭ͜͜Σ ͪͦ͘΄͙͔ͪͤͤΌ 
͍͎ͫͭͦ͜͡Ύ͒ͯ ͯ;͍ͤ͜Σ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͍ͤͯͭͪ͜΄ͤΈͦ͝ ͙͍ͣͦͭ͊ͼ͜͝ ͯ;͍ͤ͜ ͒ͦ ͍ͤ͊;͊ͤͤΎΣ ͙͔ͨͦͫͤͤ͡Ό ͍͘ΩΎ͍͘͟͜ 
ͣͫͭͯ͘͜ ͍ͤ͊;͊ͤͤΎ ͘͜ ͫͯ;͙͙͊ͫͤͣ ͍͙͎͙ͣͦ͊ͣ ͙ͪͤͯ͟ ͨͪ͊ͼ͜ (˥ͯͫ͊͟ϧ˴͍ͦ͊͡Έ;ͯ͟Σ нлммύΦ ˻͔ͪͣ͟͜ ͔͙͊ͫͨͭ͟ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ 
ͺ͙͙͘͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͍;͙͔͍ͭ͜͡ ˭˭˿˻ ͙͙ͪͦͪ͘͟͡ ˶ Φ ˱ Φ x ͔ͦͤ͒͊ͪͤͦ͟ ͜ ˴Φ ˥ Φ ̉ ͚ͦͪͤͦ͋͊ όˣ͔ͦͤ͒͊ͪͤͦ͟ϧ͔͚̉ͪͤͦ͋͊Σ нлмуύΦ 

̂;͔ͤ͜ ˻Φ ʕ Φ ˸ ͙͔͊ͪͭͤͤͦ͟ ͜ ̒Φ ˻ Φ ̉ ͊ͤ͊͟ ό˸͙͔͊ͪͭͤͤͦ͟ϧ̉͊ͤ͊͟Σ нлмуύ ͊ͤ͊͘͘;͊ΌͭΈΣ ΅ͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͎ͦͫ͊ͪ͜͡Ό ͯ ͨͪͦͼ͔ͫ͜ 
͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ Ί ͔ͺ͔͙͍͙ͭͤͣ͟ ͔͙ͣͭͦ͒;͙ͤͣ ͊ͫͦ͋ͦͣ͘Σ ͔ͤͦ͋ͻ͙͒ͤͣ͜ ͙ͨͪ ͺ͍ͦͪͣͯ͊ͤͤ͜ 
͙ͦ͗ͤͣ͟ ͔ͫͭͯ͒ͤͭͦͣ ͍ͫͦΊ͝ ͔͎ͭͪͣͤͦͦ͜͜͡;ͤͦ͝ ͙͋͊͘ ͭ͊ ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͍͎ͫͦͦ ͍͎͊ͫͤͦͦ͡ ͔ͭͣͨͯ ͍ͤ͊;͊ͤͤΎΦ  

ζ˹͍͊;͊ͤͤΎ ͯ;͍ͤ͜ ͫͭ͊ͪ΄͙ͻ ͍͊ͫ͟͜͡ ͤ͊ ͎͍͋ͤ͊͜͜͡͡Έ͚ͤ͜ ͍ͦͫͤͦ͜ ͙ͫͨͪΎΊ ͍͙ͪͦͭͯ͘͟ ͝ͻ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ηΣ ͍͒ͦͨͦͤΌΊ 
˹Φ ˱ Φ x ͍͊ͭͪͦ͊Φ ˤͦͤ͊ ͊ͤ͊͘͘;͊ΊΥ ζ̒͟΅ͦ ͨͪͦͼ͔ͫ ͍ͤ͊;͊ͤͤΎΣ ͙͙͔ͫͨͪ͊ͭͣͭΈͫΎ ͤ͊ ͙ͨͪͤͼ͙ͨ ͔͎ͤͭͪ͊͜ͼ͜͝ ͔ͤͦͣͤͦ͘͜͝ ͍͙ͣͦ ͚ 
͔͔͎ͨͪ͒ͣͭͤͦͦ ͣͫͭͯ͘͜ ͍ͤ͊;͊͡Έͤͦ͝ ͙͒ͫͼ͙͙ͨͤ͜͡Σ ͭͦ ͔ͭ͊͟ ͍ͤ͊;͊ͤͤΎ ͙ͫͨͪΎ͙͔ͭͣ ͍͙ͪͦͭͯ͘͟ ͍ ͯ;͍ͤ͜ ͫͭ͊ͪ΄͙ͻ ͍͊ͫ͟͜͡ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ 
ͭ͊ ͎͍ͤͦ͜͡-ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Σ Ύ͟ ͔͙ͣͭ ͍ͤ͊;͊ͤͤΎ ͤ͊ ͎͍͋ͤ͊͜͜͡͡Έ͚ͤ͜ ͍ͦͫͤͦ͜η όˣ͍͊ͭͪͦ͊Σ нлмп). 

http://testportal.gov.ua/
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˾͊ͦͣ͘ ͘ ͙ͭͣΣ ˻Φ ˿ Φ ˽ ͍͍͊ͦͦ͡Ό ͍͙Ύ͍͔ͤͦ͡ ͙͙͙ͪ͘͟ ͍ͤ͊;͊ͤͤΎ ͤ͊ ͎͍͋ͤ͊͜͜͡͡Έ͚ͤ͜ ͍ͦͫͤͦ͜Σ ͊ ͔ͫ͊ͣΥ ͔ͣͦͼ͚͔ͤ͜ ͔ͤ͊ͨͪͯ͗ͤͤΎΣ 
͍͒ͫͯͭͤͫͭ͜͜Έ ͍ ͯ;͍ͤ͜ ͎͍ͦͭͦͤͦͫͭ͜ ͙͚͙ͫͨͪͣ͊ͭ ͍͔ͤͦΣ ͔͍͔͍͔ͤͨͤͤͫͭ͜Έ ͍ ͍ͫͦ͝ͻ ͙ͫ͊͡ͻ ͜ ͒͋ͤͦͫͭ͘͜ΎͻΣ ͫ͊͋͊͟͡ ͍ͪ͊͜ ͍ ͯͫͨ͜ͻ ͍ͫͦΊ͝ ͍͙ͫͨͪ͊ ͘ 
͔ͣͭͦΌ ͎͊ͨͦ͋͊ͤͤ͘͜Ύ Ύ͙͟ͻ ͯ;͙͔ͭ͡Έ ͣ͊Ί ͍͙͍͔͊͗ͤͦ ͙͙ͨ͒͋ͪ͊ͭ͜ ͔͙ͣͭͦ͒Σ ͔͙ͣͭͦ͒;ͤ͜ ͙͚͙ͨͪͦͣΣ ͙͊ͫͦ͋͘ ͭ͊ ͺ͙ͦͪͣ ͙ͪͦ͋ͦͭ ͯ 
͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ ͘ ͙͍ͣͦ͗ͦͫͭ͡Ύ͙ͣ ͯ;͍ͤ͜Φ ˸͗͜ ͔͎͎ͨ͒͊ͦͦͣ ͜ ͊ͫͦͣ͟͡ ͣ͊Ί ͍ͫͭͦͪΌ͍͙͊ͭͫΎ ͙͙͍͙͚ͨͦͭͤ͘ ͔ͣͦͼ͚͙͚ͤ͜ ͺͦͤΣ ͊ͭͣͦͫͺ͔ͪ͊ 
͍͊͘Ίͣͦͪͦͯͣͤͤ͘͜Ύ ͜ ͍͙͒ͦͪ͜ ό˽͍͍͊ͦͦ͡ΌΣ нлммύ. 

˻͎ͪ͊ͤ͊͘͜ͼ͚ͤ͜͜ ͨͪͦͼ͔͙ͫ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜ ͤ͊ ͯͪͦ͊͟ͻ ͺ͙͙͘͜͟ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͙͔ͫͫͭͣ 
ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͍ͦ͋͐ͪͯͤͭͦ͊ͤͦ ͍ ͨͪ͊ͼΎͻ ˻Φ ˽ Φ ˽ ͤ͜;ͯ͟ ͜ ˻Φ ˸ Φ ˿ ͦͦ͟͡Ό͟ ό˽ͤ͜;ͯ͟ϧ˿ͦͦ͟͡Ό͟Σ нлмуύΦ  

͙́͊ͣ͟ ;͙ͤͦͣΣ ͙ͣ ͘ΩΎ͍͙ͫͯ͊͡Σ ΅ͦ ͔ͤ ͫͤͯ͜Ί ͼͫͤͦ͜͜͡͝ ͦͤ͟ͼ͔ͨͼ͜͝ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ 
͔͔͍ͨͪ͒ͣͭ͜ ͒͡Ύ ˭˭˿˻Φ ˹͊Ύ͍ͤ͜ ͤ͊ ͙͚͒͊ͤ ͔ͣͦͣͤͭ ͍ͤ͊ͯͦ͟͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͜ ͙ͪͦ͋ͦͭ ͦͻͦͨ͡ΌΌͭΈ ͙͡΄͔ ͔ͦͪͣ͟͜ ͙ͨͪ͊ͭ͟;ͤ͜ 
͔͔ͪͦͣͤ͒͊͟ͼ͜͝ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͦ͒ͤ͜Ί͝ ͔ͤͦͣͤͦ͘͜͝ ͍͙ͣͦ ͨ͒͜ ;͊ͫ ͙͋ͤ͊ͪͤ͜ͻ ͍ͯͪͦ͟͜ ͊͋ͦ ͍ ͨͦ͊ͯͪͦ͘;͙͚ͤ ;͊ͫΦ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜Φ ˭ ͎ͦ͡Ύ͒ͯ ͤ͊ ͼ͔ ͔ͣͭͦΌ ͫͭ͊ͭͭ͜ Ί ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ ͍ ͺ͍ͦͪͣͯ͊ͤͤ͜ 
͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͯ;͍ͤ͜ ͘ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜ ͤ͊ ͊ͫ͊͒͊͘ͻ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ. 

 
˸˩́˻˨ˮ ˨˻˿˶˱˨ˬ˩˹˹̒  

̂ ͨͪͦͼ͔ͫ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͫ͟͡Έ ͔͙ͣͭͦ͒ ͊ͤ͊ͯ͘͜͡ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝Σ ͔͙ͣͭͦ͒;ͤͦ͝ ͔͙ͭͪ͊ͭͯͪ͜͡ ͚ ͙͔͒ͫͪͭ͊ͼ͚͙ͤ͜ͻ 
͔͒ͦͫ͒͗ͤ͜͡ΈΤ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍ͭ͜;͙ͤ͘Ύ͎ͤͦͦ ͜ ͎͊ͦͪ͒ͦͤͤͦͦ͘͟ ͍͒ͦͫ͒ͯ͜Τ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ ͨͪͦΊ͍ͭͯ͊ͤͤ͟Ύ ͔͍ͭ͊ͨ͜ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ ͍ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͯ;͍ͤ͜ ͘ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜ ͤ͊ 
͊ͫ͊͒͊͘ͻ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎΤ ͙͔͎ͫͫͭͣͤͦͦ ͊ͤ͊ͯ͘͜͡ ͒͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ ͙͙͒͒͊ͭ͟;͙ͤͻ ͍͙ͫ͊͒ͦ͟͡ͻ ͙͔͙ͫͫͭͣ ͍ͤ͊;͊ͤͤΎ ͤ͊ 
͊ͫ͊͒͊͘ͻ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͨ͒͜ͻͦ͒ͯΦ 

 
˾˩˭̂˶̎́ˢ́ˮ ˨˻˿˶˱˨ˬ˩˹˹̒  

͔͔͙́ͦͪͭ;ͤ͜ ͙͊ͫ͊͒͘ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͯ;͍ͤ͜ ͘ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜ 
˹͍͊ͯͦ͊͟ ͎ͪ͊ͣͦͭͤͫͭ͜Έ όScience LƛǘŜǊŀŎȅύ Ί ͙ͦ͒ͤͣ ͘ ͔͍ͦͣͨͦͤͤͭ͟͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ tL{! όtǊƻƎǊŀƳƳŜ ŦƻǊ LƴǘŜǊƴŀǘƛƻƴŀƭ 

{ǘǳŘŜƴǘ !ǎǎŜǎǎƳŜƴǘύΦ ζ͔̇ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙ͫͨͪΎΊ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ό ͣͫ͜ͼΎ ͙͙ͨͪͪͦ͒ͤ;ͦ-͍͙ͤ͊ͯͦ͟ͻ ͙͒ͫͼ͙ͨͤ͜͡ ͍ ͯͪ͊ͤͫ͟͝Έ͚͟͜ ΄ͦ͟͜͡ 
ͭ͊ ͝ͻͤΈ͎ͦͦ ͣͫͭͯ͘͜Σ ͔͊͒͗ ͪͦͯͣͤͤ͘͜Ύ ͙͙ͨͪͪͦ͒ͤ;ͦ-͍ͤ͊ͯͦͦ͟͝ ͍ͦͫ͜;͔ͤͦͫͭ͜ Ύ͟ ͦ͒ͤ͜Ί͝ ͘ ͟͡Ό;͍͙ͦͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͔ͤ ͍ ͍͚ͨͦͤ͜ 
ͣͪ͜͜ ͍͍͒ͨͦ͒͊͜͜Ί ͔͚ͯͫͭ͊ͤ͜͡ ͍ ̂ͪ͊ͤ͟͜͝ ͙ͭͪ͊͒ͼ͜͝ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟Σ ͻͣ͜͜͝Σ ͎͋ͦͦ͜͜͡͝Σ ͎͔͎ͦͪ͊ͺ͜͝ ͚ ͊ͫͭͪͦͤͦͣ͜͝ ͍ ΄ͦ͟͜͡η 
όˤ͔͊ͯͤͦ͟͟͡ϧ˶͍͙ͦͣ͊ͦ͟;ϧ͔͔́ͪ΅͔ͤͦ͟ϧ˹͍͍ͦͦ͊͜͟Σ нлмуύΦ 

˶Φ ˶Φ ˿͔͊͡ͻ͍ͦ͊ ͍͙ͤ͊͘;͊Ί ͔ͭͪͣͤ͜ ζ͎ͪ͊ͣͦͭͤͫͭ͜Έη Ύ͟ ͍ͣͤͤ͜Ύ ;͙͙ͭ͊ͭΣ ͙͙ͨͫ͊ͭ ͚ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍ͣͦͯ ό˿͔͊͡ͻ͍ͦ͊Σ нллпύΦ 
˻͒ͤ͊͟ ͔͔͙ͫͨͪͭ͟ ˻͎ͪ͊ͤ͊͘͜ͼ͜͝ ˻͋ϥΊ͙͒ͤ͊ͤͻ ˹͊ͼ͚͜ ͘ ͙ͨͭ͊ͤΈ ͍͙ͦͫͭ͜Σ ͙ͤ͊ͯ͟ ͜ ͯ͟͡Έ͙ͭͯͪ ό̑˹˩˿˴˻ύ ͍͙͊ͨͪͦͨͦͤͯ͊͘͡ ͍͙ͤ͊͘;͙͙ͭ 
͎ͪ͊ͣͦͭͤͫͭ͜Έ Ύ͟ ζ͒͊ͭͤͫͭ͘͜Έ ͔͙͒ͤͭ͜ͺ͍͙ͯ͊ͭ͜͟Σ ͙ͪͦͯͣͭ͘͜Σ ͔͔͍͙ͤͭͪͨͪͭͯ͊ͭ͜Σ ͍ͫͭͦͪΌ͍͙͊ͭΣ ͍͙ͫͨͯ͊ͭͫ͜͟͡Ύ ͜ ͦ͋;͙ͫ͡Ό͍͙͊ͭΣ 
͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͍͒ͪͯͦ͊ͤ͟͜ ͭ͊ ͙ͨͫΈ͍ͣͦ͜ ͔͙ͣ͊ͭͪ͊͜͡Σ ͍ͨͦϥΎ͊ͤ͘͜ ͘ ͙͙ͪͤͣ͘͜ ͔͙ͦͤͭͫͭ͊ͣ͟͟ηΦ ˩͔͙ͫͨͪͭ͟ ͍͒ͤ͊͘͜;͊ΌͭΈΥ 
ζ˥ͪ͊ͣͦͭͤͫͭ͜Έ ς ͼ͔ ͒͊ͭͤͫͭ͘͜Έ ;͙͙ͭ͊ͭ  ͚͙͙ͨͫ͊ͭ ͘ ͪͦͯͣͤͤ͘͜Ύͣ ͎ͨͪͦͫͭͦͦ ͍͔͔ͭͪ͒͗ͤͤΎΣ ͍ͨͦϥΎ͎͊ͤͦͦ͘ ͘ ͍ͨͦͫΎ͔͙͒ͤͤͣ͟ ͙͗ͭͭΎͣΦ 
ˤͦ ͤ͊ ͦ ͻͦͨ͡ΌΊ ͔ͤ ͭ͜͡Έ͙͟ ͍͙ͤ͊;͙͟ ;͙ͭ͊ͤͤΎ  ͚ͨ ͙Έͫͣ͊Σ ͊ ͚ ͍͋͊ͦ͘͜ ͙͊ͪͺ͔͙ͣͭ;ͤ͜ ͍͙ͤ͊;͙͟ όͪ͊ͻͯͤͦ͟ύη [22]. 

 ˴ ͦͤͼ͔ͨͼ͜Ύ ͍ͤ͊ͯͦͦ͟͝ ͎ͪ͊ͣͦͭͤͦͫͭ͜ ͫͭͦͫͯΊͭΈͫΎ Ύ͟ ͤ͊ͤ͘Έ ͨͪͦ ͤ͊ͯͯ͟Σ ΅ͦ ͍͙͍;͊Ί ͙ͨͭ͊ͤͤΎ ͍͔ͫͭͦͪͤͤΎΣ ͍͙ͪͦͭͯ͘͟ ͜ 
͔͔͔͋ͪ͗ͤͤ͘Ύ ͙͙ͨͪͪͦ͒ ͍ͫͭͯ͜Σ ͭ͊͟ ͜ ͤ͊ͤ͘Έ ͨͪͦ ͍ͤ͊ͯͦ͟͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ΅ͦ ͫͨͪΎ͍ͣͦ͊ͤ͜ ͤ͊ ͒ͦͫΎ͎͔ͤͤͤΎ ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ 
͔ͪ͊͡Έ͙ͤͻ ͙͗ͭͭΊ͍͙ͻ ͔ͨͪͦ͋ͣ͡Φ ˽͔ͪͦͭ ͔͔͙ͫͨͪͭ͊ͣ͟ ̑˹˩˿˴˻ όнлму ͪΦύ ͍͙ͤ͊͘;͊ΌͭΈͫΎ ͔ͦͪͣͦ͟ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͯ ͙͙ͨͪͪͦ͒ͤ;͙ͻΣ 
ͭͦ;͙ͤͻ ͤ͊ͯ͊͟ͻ ͭ͊ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈΦ 

˴͔͔ͦͣͨͭͤͭͤͫͭ͜Έ ͯ ͭͦ;͙ͤͻ ͤ͊ͯ͊͟ͻ ς ͼ͔ ͒͊ͭͤͫͭ͘͜Έ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͤ͊ͤͤ͘Ύ ͜ ͔͎ͣͭͦ͒ͦͦ͜͡͝ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͡Ό͒ͫΈ͙͟ͻ 
͔ͨͦͭͪ͋ ͜ ͋͊͗͊ͤΈΦ ˴͔͔ͦͣͨͭͤͭͤͫͭ͜Έ ͯ ͙͙ͨͪͪͦ͒ͤ;͙ͻ ͤ͊ͯ͊͟ͻ ͔͔ͨͪ͒͋͊;͊Ί ͪͦͯͣͤͤ͘͜Ύ ͣͤ͘͜Σ ͙ͫͨͪ;͙͔͙ͤͤͻ ͡Ό͒ͫΈͦ͟Ό ͒͜Ύ͡Έͤͫͭ͜Ό ͜ 
͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜Έ ͎ͦ͗ͤͦͦ͟ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͎ͤͦͦ ͎ͪͦͣ͊͒Ύ͙ͤͤ͊ όˤ͔͊ͯͤͦ͟͟͡ϧ˶͍͙ͦͣ͊ͦ͟;ϧ͔͔́ͪ΅͔ͤͦ͟ϧ˹͍͍ͦͦ͊͜͟Σ нлмуύΦ 

̂ ˨͔͍ͪ͗͊ͤͦͣͯ ͫͭ͊ͤ͒͊ͪͭ͜ ͨͦ;͍͊ͭͦͦ͟͝ ͎͊͊͘͡Έͤͦ͝ ͍͙ͦͫͭ͜ όнлму ͪΦύ ͒͊ͤͦ ͍͙ͤ͊͘;͔ͤͤΎ ͔͔ͨͪ͒ͣͭͤͦ͝ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ 
͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ Ύ͟ ζ͙͔ͦͫͦ͋ͫͭͫͤ͜ ͍͔ͯͭͦͪͤͤΎΣ ΅ͦ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ί ͒͊ͭͤͫͭ͘͜Έ ͯ;ͤΎ όͯ;͔͙ͤͼ͜ύ ͍ͫͭͦͪΌ͍͙͊ͭ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͜ ͔ͣͦ͒͜͡ 
ͨͪͦͼ͔͍ͫ͜ ͍͙ͤ͊ͦ͟͡΄ͤΈ͎ͦͦ ͍ͫͭͯ͜Σ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͍͒ͦͫ͒͜ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͨ͒͜ ;͊ͫ ͍ͪͦ͘ϥΎ͍ͯ͊ͤͤ͘Ύ ͍ͤ͊;͊͡Έͤͦ-
͍ͨͤ͊͊͘͜͡Έ͙ͤͻ ͜ ͙ͨͪ͊ͭ͟;ͤͦ ͦͪ͘͜Ί͍͙ͤͭͦ͊ͤͻ ͊͒͊͘;ηΦ 

́ͦͣͯΣ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͘ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜ ͍͙ͤ͊͘;͙ͣͦ Ύ͟ ͒͊ͭͤͫͭ͘͜Έ ͙ͦͫͦ͋ ͍͙͍;͙͊ͭ ͚ 
͍ͪͦ͘ΩΎ͍͙ͯ͊ͭ͘ ͙ͨͭ͊ͤͤΎΣ ͍ͨͦΩΎ͊ͤ͘͜ ͙͙ͨͪͪͦ͒ͤ;͙͙ͣ ͙ͤ͊ͯ͊ͣ͟ ͜ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͣ ͦͨͪ͊ͼΌ͍͊ͤͤΎͣ ͙͒͊ͤͻΦ 

˴͔͔ͦͣͨͭͤͭͤͫͭ͜Έ ͘ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜ ͍͟͡Ό;͊Ί ;͙͙ͦͭͪ ͙͙ͫ͊͒ͤ͟͟͡Υ ͒͊ͭͤͫͭ͘͜Έ ͨͦΎͫͤΌ͍͙͊ͭ 
Ύ͍͙΅͊ ͍ͤ͊ͯͦͦ͟Σ ͒͊ͭͤͫͭ͘͜Έ ͦͼͤ͜Ό͍͙͊ͭ ͭ͊ ͪͦͪͦ͋͘͡Ύ͙ͭ ͍ͤ͊ͯͦ͟͜ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͒͊ͭͤͫͭ͘͜Έ ͍ͤ͊ͯͦͦ͟ ͔͔͍͙ͤͭͪͨͪͭͯ͊ͭ͜ ͒͊ͤ͜ 
͚ ͙͒ͦ͊͘͟Σ ͒͊ͭͤͫͭ͘͜Έ ͦͨͪ͊ͼΈ͍͍͙ͦͯ͊ͭ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͒ͦͫ͒͗ͤ͜͡Έ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦΦ 

˭͒͊ͭͤͫͭ͜Έ ͨͦΎͫͤΌ͍͙͊ͭ Ύ͍͙΅͊ ͍ͤ͊ͯͦͦ͟Σ ͍͙ͪͦͨͤ͊͊ͭ͘͘͜Σ ͍͙ͨͪͦͨͦͤͯ͊ͭ ͚ ͦͼͤ͜Ό͍͙͊ͭ ͨͦΎ͔ͫͤͤͤΎ ͙ͪͤ͘͜ͻ ͙͙ͨͪͪͦ͒ͤͻ ͜ 
͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻ Ύ͍͙΅Σ ͔͒ͣͦͤͫͭͪͯΌ;͙ ͒͊ͭͤͫͭ͘͜ΈΥ 

-  ͎͍͙͊͒ͯ͊ͭ͘ ͚ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͍ͤ͊ͯͦ͟͜ ͤ͊ͤͤ͘Ύ ͨͪͦ ͙ͨͪͪͦ͒ͤ͜ Ύ͍͙΅͊ ͜ ͨͪͦͼ͔͙ͫΤ 
-  ͍͙Ύ͍͡Ύ͙ͭΣ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͚ ͍͍͙ͦ͋͐ͪͯͤͭͦͯ͊ͭ ͙ͨͪͪͦ͒ͤ͜ ͊ͦͤͦͣͪͤͦͫͭ͘͟͜͜ ͭ͊ ͔͍ͨͪ͒ͫͭ͊͡Ύ͙ͭ ͔ͪͯ͘͡Έ͙ͭ͊ͭΤ 
-  ͙͙ͪͦ͋ͭ ͍͍͒ͨͦ͒ͤ͜͜͜ ͎͙ͨͪͦͤͦ͘Τ 
-  ͍͙ͨͪͦͨͦͤͯ͊ͭ ;͍͊ͫͭͦ͟͜ ͎͔͙ͨͦͭ͘͜Τ 
-  ͨͦΎͫͤΌ͍͙͊ͭ ͔ͨͦͭͤͼ͚ͤ͜͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍͙ͤ͊ͯͦ͟ͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ  
˭͒͊ͭͤͫͭ͜Έ ͦͼͤ͜Ό͍͙͊ͭ ͭ͊ ͪͦͪͦ͋͘͡Ύ͙ͭ ͍ͤ͊ͯͦ͟͜ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͙͍͙ͦͨͫͯ͊ͭ ͚ ͦͼͤ͜Ό͍͙͊ͭ ͍ͤ͊ͯͦ͟͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͚ 

͍͙ͨͪͦͨͦͤͯ͊ͭ ΄͡Ύͻ͙ ͎ͪͦ͘͡Ύ͒ͯ ͙ͨͭ͊ͤΈ ͘͜ ͍ͤ͊ͯͦͦ͟͝ ͙ͨͦ͘ͼ͜͝Σ ͔͒ͣͦͤͫͭͪͯΌ;͙ ͒͊ͭͤͫͭ͘͜ΈΥ 
-  ͍͙Ύ͍͡Ύ͙ͭ ͔ͨͪͦ͋ͣͤ͜͡ ͙ͨͭ͊ͤͤΎ ͍ ͔ͦͤͪͭͤͦͣͯ͟͟ ͍ͤ͊ͯͦͦͣͯ͟ ͔͒ͦͫ͒͗ͤͤ͜͜͡Τ 
-  ͍͙ͪͦͨͤ͊͊ͭ͘͘͜ ͙ͨͭ͊ͤͤΎΣ Ύ͟͜ ͣͦ͗ͤ͊ ͍͙͍;͙͙ͭ ͘ ͍ͤ͊ͯͦͦ͟͝ ͭͦ;͙͟ ͦͪͯ͘Τ 
-  ͍͙ͨͪͦͨͦͤͯ͊ͭ ͙ͫͨͦͫͦ͋ ͍͙͍;͔ͤͤΎ ͍͎͒ͦͫ͒͗ͯ͊ͤͦͦ͜͡ ͙ͨͭ͊ͤͤΎ ͘ ͍ͤ͊ͯͦͦ͟͝ ͭͦ;͙͟ ͦͪͯ͘Τ 
-  ͦͼͤ͜Ό͍͙͊ͭ ͙ͫͨͦͫͦ͋ ͍͙͍;͔ͤͤΎ ͍͎͒ͦͫ͒͗ͯ͊ͤͦͦ͜͡ ͙ͨͭ͊ͤͤΎ ͘ ͍ͤ͊ͯͦͦ͟͝ ͭͦ;͙͟ ͦͪͯ͘Τ 
-  ͙͍͙ͦͨͫͯ͊ͭ ͚ ͦͼͤ͜Ό͍͙͊ͭ ͚ͤ͊͒ͤͫͭ͜͜Έ ͙͒͊ͤͻΣ ͝ͻ ͦ͋ΩΊ͙͍ͭͤͫͭ͟͜Έ ͚ ͎ͯ͊͊͘͡Έ͔ͤͤ͜ ͨͦΎ͔ͫͤͤͤΎΦ 
˭͒͊ͭͤͫͭ͜Έ ͍ͤ͊ͯͦͦ͟ ͔͔͍͙ͤͭͪͨͪͭͯ͊ͭ͜ ͒͊ͤ͜ ͚ ͙͒ͦ͊͘͟Σ ͍͙͊ͤ͊ͯ͊ͭ͘͜͡ ͚ ͦͼͤ͜Ό͍͙͊ͭ ͍ͤ͊ͯͦ͟͜ ͒͊ͤ͜Σ ͍͔͔ͭͪ͒͗ͤͤΎ ͚ 

͎͔͙͊ͪͯͣͤͭ ͍ ͙ͪͤ͘͜ͻ ͺͦͪͣ͊ͻ ͔͔͔ͪͨͪͤͭ͊͘ͼ͜͝ ͭ͊ ͙͙ͪͦ͋ͭ ͍͍͒ͨͦ͒ͤ͜͜͜ ͍͙͍͙ͫͤͦ͟Σ ͔͒ͣͦͤͫͭͪͯΌ;͙ ͒͊ͭͤͫͭ͘͜ΈΥ 
-  ͔͔͙͙ͨͪͤͦͫͭ ͒͊ͤ͜ ͘ ͦ͒ͤ͜Ί͝ ͺ͙ͦͪͣ ͨͦ͒͊ͤͤΎ ͍ ͤ͜΄ͯΤ 

https://en.wikipedia.org/wiki/Literacy#cite_note-7
https://en.wikipedia.org/wiki/Literacy#cite_note-7
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-  ͍͙͊ͤ͊ͯ͊ͭ͘͜͡ ͚ ͔͔͍͙ͤͭͪͨͪͭͯ͊ͭ͜ ͒͊ͤ͜ ͭ͊ ͙͙ͪͦ͋ͭ ͍͍͒ͨͦ͒ͤ͜͜͜ ͍͙͍͙ͫͤͦ͟Τ 
-  ͍͒ͪͤ͘͜͜Ύ͙ͭ ͎͔͙͊ͪͯͣͤͭΣ ͔ͪͦ͋ͤ͘͜͡ ͤ͊ ͍ͦͫͤͦ͜ ͍͙ͤ͊ͯͦ͟ͻ ͍͒ͦ͊͘͟͜ ͜ ͤ͊ ͍ͦͫͤͦ͜ ͔ͭͦͪ͜͝Σ ͍͒͜ ͙ͭͻΣ ΅ͦ ͐ͪͯͤͭͯΌͭΈͫΎ ͤ͊ ͤ͜΄͙ͻ 

͍ͣͪͯ͊ͤͤ͜͟ΎͻΤ  
-  ͦͼͤ͜Ό͍͙͊ͭ ͍ͤ͊ͯͦ͟͜ ͎͔͙͊ͪͯͣͤͭ ͚ ͙͒ͦ͊͘͟ ͘ ͙ͪͤ͘͜ͻ ͔͔͒͗ͪ͡ ό͙ͤ͊ͨͪ͊͒͟͡Σ ͘ ͎͔͙͊ͭ͘Σ ͍͗ͯͪͤ͊͜͡Σ ˱͔͔ͤͭͪͤͭͯ ͭͦ΅ͦύ 

όˤ͔͊ͯͤͦ͟͟͡ϧ˶͍͙ͦͣ͊ͦ͟;ϧ͔͔́ͪ΅͔ͤͦ͟ϧ˹͍͍ͦͦ͊͜͟Σ нлмуύΦ 
˭͒͊ͭͤͫͭ͜Έ ͦͨͪ͊ͼΈ͍͍͙ͦͯ͊ͭ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͒ͦͫ͒͗ͤ͜͡Έ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦΥ  
-  ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍ͤͤͦ͊͜ͼ͚ͤ͜͜ ͭ͊ ͜ ͤͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͒͡Ύ ͚͔͒ͫͤͤͤ͘͜Ύ ͪͦͪ͊͘ͻ͍ͯͤ͟͜ ͭ͊ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͙͒͊ͤͻΤ  
-  ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͎ͦͦ͜͟͡-͔͙ͣ͊ͭͣ͊ͭ;͔ͤ ͙͔ͣͫͤͤ͡Ύ ͒͡Ύ ͍͙ͪ͜΄͔ͤͤΎ ͔ͨͪͦ͋ͣ͡ ͯ ͍ͨͦͫΎ͔͒ͤͤͦͣͯ͟ ͙͗ͭͭ͜Σ ͔ͦͪͣ͊͘͟ 

͍͔ͨͪͦͫͭͦͪͦ ͙͔ͣͫͤͤ͡Ύ ͜ ͔͙ͣ͊ͭͣ͊ͭ;͙͚ͤ ͊ͨ͊ͪ͊ͭ όͺ͙ͦͪͣͯ͡Σ ͔ͣͦ͒͜͡Σ ͦͤͫͭͪͯ͟͟ͼ͜͝Σ ͎ͪ͊ͺ͙͜͟Σ ͎͙͒͊ͪ͊ͣ͜ύΤ  
-  ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ ͍͍͙ͦ͋͐ͪͯͤͭͦͯ͊ͭΣ ͙ͪͦͯͣͭ͘͜ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͜ ͙͒ͦ͊͘͟Τ 
-  ͙͙͒ͦ͋ͪ͊ͭ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͜ ͙͊ͫͦ͋͘ ͒͡Ύ ͦͨͪ͊ͼΌ͍͊ͤͤΎ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜Τ 
-  ͍͙ͫͨͯ͊ͭͫ͜͟͡Ύ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦΌ ͍ͣͦͦΌ ώноϐΦ 
˩ͺ͔͙͍͔ͭͤ͟ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͘ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜ ͔ͣͦ͗ ͚͒ͫͤ͘͜Ό͍͙͊ͭͫΎ ͘ 

͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͔ͫͨͼ͊͜͡Έ͎ͤͦͦ ͚͍͎ͦͤ͊ͤͦͦͦ͡ ͔͔͍͙ͫͪ͒ͦ΅͊ ό˶͙͍͙͍ͭͤͦ͊Σ нлмлύ ͜ ͫͯ;͙͊ͫͤͻ ͔͍͍ͫͪͫ͜͜ ό˶͙͍͙͍ͭͤͦ͊Σ нлмпύ ͭ͊ ͙͔ͫͫͭͣ 
ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ (˶͙͍͙͍ͭͤͦ͊Σ нлмуύΣ ό˽ͤ͜;ͯ͟ϧ/ͦͦ͟͡Ό͟Σ нлмуύΦ 

˹͊Ύ͍ͤͫͭ͜Έ ͙͊ͦͪ͒ͦͤͤ͘͟ͻ ͙͔ͫͫͭͣ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ό˿˴˸ͦ͒ύ ͨͪͦͼ͔͚ͫ͜ ͚ ͦ͋ΩΊ͍ͭ͟͜ ͙ͭ͊͟ͻΣ Ύ͟ ¸Ŝƴƪŀ 
(http://www.yenka.com/), CK-12 (https://www.ck12.ƻǊƎύΣ tƘŜǘ όƘǘǘǇǎΥκκǇƘŜǘΦŎƻƭƻǊŀŘƻΦŜŘǳύΣ ˤͪͭͯ͊͜͡Έͤ͊ ͻͣ͜͜Ύ 
όƘǘǘǇΥκκǿǿǿΦŎƘŜƳΦƻȄΦŀŎΦǳƪκǾǊŎƘŜƳƛǎǘǊȅκύΣ ˤͪͭͯ͊͜͡Έͤ͊ ͻͣ͜͜Ύ όƘǘǘǇΥκκǾƛǊǘǳŀƭŎƘŜƳƛǎǘǊȅΦƻǊƎκύΣ h[!.{ όƘǘǘǇΥκκǿǿǿΦƻƭŀōǎΦŜŘǳΦƛƴκύΣ 
ah½!LY ŜŘǳŎŀǘƛƻƴ όƘǘǘǇǎΥκκǿǿǿΦƳƻȊŀǿŜōΦŎƻƳύ ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͯ;ͤΎͣ ͍͙ͨ͒͜΅͙͙ͭ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͘ ͙͙ͨͪͪͦ͒ͤ;ͦ-
͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜Σ ͔ͨͪͦͭ ͔͔ͨͪ͊͒͟͡ ͼ͙ͻ ͔͍ͪͫͯͪͫ͜ ͯͪ͊ͤͫ͟͝Έͦ͟Ό ͍ͣͦͦΌ ͋͜͡Έ΄ͦΌ ͣͪͦ͜Ό ͍͚͒ͫͯͭͤ͜͜Σ ΅ͦ Ί ͍ͨ͒ͫͭ͊ͦ͜Ό ͒͡Ύ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͔͔͚ͣͦ͒͡ ͍ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜ ͤ͊ ͊ͫ͊͒͊͘ͻ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ ό͙ͪͫΦ 2-3). 
 

 

˾͙ͫΦ 2. ˴ ͦͣͨΩΌ͔͔ͭͪͤ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͤ͊ ͚ͫ͊ͭ͜ ǇƘŜǘΦŎƻƭƻǊŀŘƻΦŜŘǳ ό͎͍͙͚͊ͤͦͣͦͤ͡ ͚ͫ͊ͭύ 
 

 

˾͙ͫΦ 3Φ ˴ͦͣͨΩΌ͔͔ͭͪͤ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͤ͊ ͚ͫ͊ͭ͜ ǿǿǿΦŎƪмнΦƻǊƎ ό͎͍͙͚͊ͤͦͣͦͤ͡ ͚ͫ͊ͭύ 
 

ˣ͎͍ͤ͊͜͜͡͡Έ͙͚ͤ ͨ͒͜ͻ͒͜ ͯ ͍͙͙ͦͪͫͭ͊ͤͤ͟͜ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͒͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͯ;͍ͤ͜ ͘ 
͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜ 

˿Έ͎ͦͦ͒ͤ͜ ͤ͊ͤͤ͘Ύ ͔ͤͦͣͤͦ͘͜͝ ͍͙ͣͦΣ ͔ͦͪͣ͊͘͟ ͎͚͊ͤͫ͜͡Έͦ͟͝ ͍ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͫͭͦͪ͜ Ί ͔ͤͦ͋ͻ͒ͤͦ͜Ό ͍ͯͣͦͦΌ ͒͡Ύ ͚͔͒ͫͤͤͤ͘͜Ύ 
ͯͫͨ͜΄ͤͦ͝ ͍ͤ͊;͊͡Έͤͦ͝Σ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͯ͟͡Έ͎ͭͯͪͤͦͦ ͍͙ͪͦͭͯ͘͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ ˤ ˾͍͚͊ͣͦ͟͜ ͎ͨͪͦͪ͊ͣ͜ ͚͒͜ ζ˻͍ͫͭ͊͜ нлолη 
͍ ͊͒͊͘;͜ пΦм ͍͙ͤ͊͘;͔ͤͦ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͣ͘͜ͼ͔ͤͤͤΎ ͍͍͒ͦͣͦͤͦ͝ ͜ ͎͍͋͊͊ͭͦͣͦͤͦ͝ ͍͙ͦͫͭ͜ ͍ ͎͍͋͊͊ͭͦͣͦͤͦͣͯ ͔ͦͤͭͫͭ͟͟͜ [20]. 

ˤͪ͊ͻ͍ͦͯΌ;͙ ͍͒ͫͯͭͤͫͭ͜͜Έ ͍ͭ͜;͙ͤ͘Ύ͙ͤͻ ͍͙ͯͪ͊ͤͦͣͦͤ͟͝ͻ ˱͔͔ͤͭͪͤͭ-͍ͨͦͪͭ͊͜͡ ͜ ͼ͙ͺ͍͙ͪͦͻ ͙͔ͫͫͭͣ ͘ ͦͣͨ͟ΩΌ͔͙͙ͭͪͤͣ 
͔ͣͦ͒͡Ύ͙ͣΣ ΅ͦ ͍͍͒ͨͦ͒͊͜͜ΌͭΈ ͎ͨͪͦͪ͊ͣ͜ ΄͟͜͡Έ͎ͤͦͦ ͯͪͫͯ͟ ͘ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜ ͍͍͔͔͒ͤͤΎ ͍͍͎͒ͦͣͦͤͦͦ 
ό͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦύ ͨ͒͜ͻͦ͒ͯ ͍ ͍ͤ͊;͊ͤͤ͜ Ί ͊ͭͯ͊͟͡Έ͙ͤͣΣ ΅ͦ ͫͺ͍ͦͪͣͯ͊ͦ͡ ͍͙͚ͤͦ ͤ͊ͨͪΎͣ ͍ ͎͍͋ͤ͊͜͜͡͡Έ͚ͤ͜ ͍ͦͫͭ͜͜Φ 
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͔́ͦͪ͜Ύ ͎͍͋ͤ͊͜͜͡͡Έͤͦ͝ ͍͙ͦͫͭ͜ ͔͙͍ͤͭͤͫͤͦ͜ ͍͙͍ͪͦ͊͘ΊͭΈͫΎ Ύ͟ ͍ ̂ͪ͊ͤ͟͜͝Σ ͭ͊͟ ͜ ͊͘ ͦͪ͒ͦͤͦͣ͟Φ ˤ͔ͫ ͋͜͡Έ΄͔ ͙͍͒ͦͫ͒ͤ͜͟͜͡ ͯ ͍ͫͦ͝ͻ 
ͪͦ͋ͦͭ͊ͻ ͚ͨ͒ͣ͊͜͜ΌͭΈ ͙ͨͭ͊ͤͤΎ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔ͤͦͣͤͦ͘͜͝ ͍͙ͣͦ ͒͡Ύ ͍͙͍;͔ͤͤΎ ͔͔͍ͨͪ͒ͣͭ͜ ΄͟͜͡Έ͎ͤͦͦ ͯͪͫͯ͟ ͔ͤͦͣͤͦ͘͜Ό ͍ͣͦͦΌ ͜ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͝͝ Ύ͟ ͔ͤͫͭͪͯͣͤͭͯ͜ ͍ͤ͊;͊ͤͤΎ ό˽͍͍͊ͦ͊͡Σ нлммύΦ  

˾͎ͦ͘͡Ύ͔ͤͣͦ ͍ͦͫͤͦͤ͜ ͨͦͤΎͭͭΎ ͜ ͔͙ͭͪͣͤ͜ ͼΈ͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ ˣ͎͍ͤ͜͜͡ ς ͡Ό͙͒ͤ͊Σ Ύ͊͟ ͍͜͡Έͤͦ ͍ͦͦ͒͜͡Ί ͍͒ͦͣ͊ ͍͙ͣͦ͊ͣ 
ό˿͔ͣͦͭΌ͟Σ нллуύΦ 

ˣ͎͍ͤ͊͜͜͡͡Έͤ͊ ͍ͦͫͭ͊͜ όBilingual Education) ς ͼ͔ ͨͪͦͼ͔ͫ ͒ͦ͋ͯͭͭ͘Ύ ͍͙ͦͫͭ͜ ͍͒ͦͣ͊ ͍͙ͣͦ͊ͣΥ ͪ͒ͤͦ͜Ό ό͔ͨͪ΄͊ύ ͭ͊ ͔ͤͦͣͤͦ͘͜Ό 
ό͎͒ͪͯ͊ύΦ ˤͦͤ͊ Ί ͨͪͦͼ͔ͫͦͣ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͍͒ͦͻ ͍ͣͦΣ Ύ͟ ͔ͤͫͭͪͯͣͤͭͯ͜ ͍ͤ͊;͊ͤͤΎ ͒͡Ύ ͦ͒ͤ͜Ί͝ ͚ ͭ͜Ί͝ ͗ ͍͙͙͋ͪ͜͟ ͯ;͍ͤ͜ ͊͘ 
͎͒ͦͨͦͣͦͦΌ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣΣ Ύ͟͜ ͦͻͦͨ͡ΌΌͭΈ ͍͔ͫΈ ͍ͤ͊;͊͡Έ͙͚ͤ ͨ͊ͤ͡Σ ͊͋ͦ ͚͎ͦͦ ;͙͊ͫͭͤͯΦ ́͊͊͟ ͎ͨͪͦͪ͊ͣ͊ ͍͙͍ͪͦ͊͘Ί ͯ 
͔͚͒ͭ͜ ͎ͦͪ͒ͫͭ͜Έ ͊͘ ͙ͨͪ;͔ͭͤͫͭ͜Έ ͒ͦ ͍͒ͦͻ ͯ͟͡ΈͭͯͪΦ ˣ͎͍ͤ͊͜͜͡͡Έ͔ͤ ͍ͤ͊;͊ͤͤΎ ς ͼ͔ ͙ͤ͊͘͟ ͔͔͚ͣͦ͒͡ ͭ͊ ͎ͨͪͦͪ͊ͣΣ ͦ͋ΩΊ͙͒ͤ͊ͤͻ Ί͙͙͒ͤͣ 
͙ͨͪͤͼ͙ͨͦͣΥ ͯ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎ ͍͙͍͗͊ΌͭΈͫΎ ͍͒͜ ͍͙ͣͦ όˣͦͤ͒͊ͪ;ͯ͟Σ нлмоύΦ 

ˣ͎͍ͤ͊͜͜͡͡Έ͔ͤ ͍ͤ͊;͊ͤͤΎ Ί ͊ͫͦ͋ͦͣ͘ ͒ͦ͋ͯͭͭ͘Ύ ͍͙ͦͫͭ͜ ͍͒ͦͣ͊ ͍͙ͣͦ͊ͣ ͭ͊ ͨͪͦͼ͔ͫͦͣ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͍͙͒ͪͭͦ͜͟͝ 
͒ͦ ͍͊͘Ίͣͦ͒͜͝ ͘ ͍͙ͤ͊ͦ͟͡΄ͤͣ͜ ͍ͫͭͦͣ͜Φ ̂ ͨͪͦͼ͔ͫ͜ ͎ͭ͊ͦͦ͟ ͍ͤ͊;͊ͤͤΎ ͔ͤͦͣͤͯ͘͜ ͍ͣͦͯ ͎ͪͦ͘͡Ύ͒͊ΌͭΈ ͔ͤ ͙͡΄͔ Ύ͟ ͊ͫ͋͘͜ ͍ͨͦͫΎ͔͒ͤͤͦ͟͝ 
ͦͣͯͤ͊͟͜͟ͼ͜͝Σ ͔͊͡ ͜ Ύ͟ ͔ͤͫͭͪͯͣͤͭ͜ ͨͤ͊ͤͤ͘͜Ύ ͍ͫͭͯ͜Σ ͙ͦͭͪͣ͊ͤͤΎ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͤ͊ͤ͘ΈΣ ͒ͦͫΎ͎͔ͤͤͤΎ ͍͙͎ͫͦͦͦ͟ ͔͎͙͍͎ͤͭͪ͊ͭͤͦͦ͜ ͍ͪͤ͜Ύ 
͍ͣͦͤͦ͝ ͭ͊ ͔͔ͨͪ͒ͣͭͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Φ  

˻Φ ˥ Φ ͙̊ͪͤ͜ ͊ͤ͊͘͘;͊ΊΣ ΅ͦ ͎͍͋ͤ͊͜͜͡͡Έ͔ͤ ͍ͤ͊;͊ͤͤΎ ͣͦ͗ͤ͊ ͎ͪͦ͘͡Ύ͙͒͊ͭ Ύ͟ ͍͊͘Ί͍͙͎ͣͦ͒ͤͯ͜ ͒͜Ύ͡Έͤͫͭ͜Έ ͍͒ͦ͋ͯ͊͘;͍͜ ͍͙ͦͫͭ͜ ͜ 
͔͎͎ͨ͒͊ͦ͊ ͯ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎ ͔͙ͦͪͣ͟ͻ ͔͔͍ͨͪ͒ͣͭ͜ ͪ͒ͤͦ͜Ό ͚ ͔ͤͦͣͤͦ͘͜Ό ͍͙ͣͦ͊ͣ ͘ ͔ͣͭͦΌ ͎͙͔ͨͦ͋ͤͤ͡͡Ύ ͍ͦͫͭͤ͜Έ͎ͦͦ ͣͫͭͯ͘͜ ͘ 
͔͔ͨͪ͒ͣͭ͊Σ ΅ͦ ͍͙͍;͊ΊͭΈͫΎ ό͙̊ͪͤ͜Σ нллтύΦ 

˹͊ ͒ͯͣͯ͟ ˶Φ ˶ Φ ˿ ͔͊͡ͻ͍ͦͦ͝Σ ͯ ͔ͪͯ͘͡Έͭ͊ͭ͜ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͙͔ͫͤͭ͘ ͙͍ͦͣͯͤ͊ͭͤͦ͟͜͟͝ ͜ ͔͔ͨͪ͒ͣͭͤͦ͝ 
͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟Φ ˽͙ͪ ͼΈͦͣͯ ͨͦΎͫͤΌΊͭΈͫΎ ͙͍ͣͦ͗ͫͭ͜͡Έ ͎͔ͯͦ͒͗ͤͤ͘ΎΣ ͍͊ͤ͊ͯ͊ͤͤ͘͜͡ΎΣ ͍ͫͦͪͭͯ͊ͤͤΎ ͭ͊ ͦͼͤ͜Ό͍͊ͤͤΎ ͦ͋ϥΊ͍ͭ͟͜ 
͔͒ͦͫ͒͗ͤͤ͜͡Ύ ό˿͔͊͡ͻ͍ͦͦ͝Σ нллпύΦ ͙́͊ͣ͟ ;͙ͤͦͣΣ ͔͍ͪ͊ͦͯ͘͜͡ΊͭΈͫΎ ͙͍ͣͦ͗ͫͭ͜͡Έ ͯͫͨ͜΄ͤͦ͝ ͔͎ͤͭͪ͊͜ͼ͜͝ ͒ͦ ͍ͯͣͦ ͍͍͎ͫͭͦͦͦ͜ ͍ͦͫͭͤ͜Έ͎ͦͦ 
ͨͪͦͫͭͦͪͯΦ 

ˤͪ͊ͻ͍ͦͯΌ;͙ ͙͙͍͙͚ͨͦͭͤ͘ ͍͒ͦͫ͒͜ ͯ;͔͙ͤͻ ˻Φ ʕ Φ ˸ ͙͔͊ͪͭͤͤͦ͟ ͜ ̒Φ ˻ Φ ̉ ͊ͤ͊͟ ΅ͦ͒ͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͎ͦͫ͊ͪ͜͡Ό ͯ ͨͪͦͼ͔ͫ͜ 
͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ ͔͙ͦͪͫͣͦ͟͡ ͼ͔͚ ͨͪͦͼ͔ͫ Ύ͟ ͍ͫ͊͒ͦͯ͟͡ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ 
͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͯ;͍ͤ͜ ͘ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜ ͤ͊ ͊ͫ͊͒͊͘ͻ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ 
ό˸͙͔͊ͪͭͤͤͦ͟ϧ̉͊ͤ͊͟Σ нлмуύ. 

ˣ͎͍ͤ͊͜͜͡͡Έ͙͚ͤ ͨ͒͜ͻ͒͜ ς ͍ͦͦ͒ͤͤ͜͡Ύ ͜ ͔͔͔ͨͦͨͪͣͤͤ͜ ͙͍ͦͪͫͭͯ͊ͤͤ͟Ύ ͭ͜ΊΌ ͫ͊ͣͦΌ ͦͫͦ͋ͦΌ ͊͋ͦ ͔͙͍ͦͭͦͣ͟͟͡ ͍͒ͦͻ ͙ͪͤ͘͜ͻ 
͍ͣͦ ͊͋ͦ ͙ͪͤ͘͜ͻ ͔͍͒͊ͭ͜͟͜͡ ͭ͜Ί͝ ͫ͊ͣͦ͝ ͍͙ͣͦ ό˥ͯͫ͊͟Σ нлммύΦ 

˹͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͎͍͋ͤ͊͜͜͡͡Έ͙͚ͤ ͨ͒͜ͻ͒͜ ς ͼ͔ ͙͍͔͊͒͊ͨͭͤ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔ͤͦͣͤͦ͘͜͝ ͍͙ͣͦ ͨ͒͜ ;͊ͫ ͍͙͍;͔ͤͤΎ 
͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜ ͘ ͔ͣͭͦΌ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔͙ͨͪ͒ͣͭͤͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͯ;͍ͤ͜Φ 

˹͍͊;͊ͤͤΎ ͍͒ͦͣ͊ ͍͙ͣͦ͊ͣ ͣͦ͗ͤ͊ ͚͙͙͒ͫͤͭ͘͜ ͍͒ͦͣ͊ ͙ͫͨͦͫͦ͋͊ͣΥ ͨ ͙͙ͪͪͦ͒ͤͣ ό͡Ό͙͒ͤ͊-͡Ό͙͒ͤ͊ύ ͜ ͼ͙ͺ͍͙ͪͦͣ όͣ͊΄͙ͤ͊-
͡Ό͙͒ͤ͊ύΦ  

͙̅ͦͪͣ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍͒ͦͻ ͍ͣͦ ͣͦ͗ͤ͊ ͍͙ͤ͊͘;͙͙ͭ ͭ͊͟͜Υ ͍͔ͪ͋͊͡Έͤ͊Σ ͙ͨͫΈ͍ͣͦ͊Σ ͍ͯ͊͘͜͡Έͤ͊Σ ͊ͯ͒͊͜͡Έͤ͊Σ ͍ͦͣ͋ͤͦ͊ͤ͊͟͜Φ 
ˤ͔ͪ͋͊͡Έͤ͊ ς ͦ ͋ͣͤ͜ ͜ ͙͚ͫͨͪͤΎͭͭΎ ͍͔͙ͫͦͫͤ͡ͻ ͍͔ͨͦ͒ͦͣͤ͜͡ΈΦ 
˽͙ͫΈ͍ͣͦ͊ ς ͦ ͋ͣͤ͜ ͜ ͙͚ͫͨͪͤΎͭͭΎ ͙ͨͫΈ͍͙ͣͦͻ ͍͔ͨͦ͒ͦͣͤ͜͡ΈΦ 
ˤͯ͊͘͜͡Έͤ͊ ς ͫ ͙͚ͨͪͤΎͭͭΎ ͍ͯ͊͘͜͡Έ͙ͤͻ ͔ͦ͋ͪ͊͗ͤ͘ΈΣ ͍ͤ͊͘͟͜Σ ͍ͦ͋ͪ͊͘͜ ͍ͯ͊͘͜͡Έͤͦ͝ ͍͙ͣͦΦ 
ˢͯ͒͊͜͡Έͤ͊ ς ͫ ͙͚ͨͪ ͤΎͭͭΎ ͍͍ͯͦͦ͘͟͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ό͔͙ͭͫͭ͟ ͭͦ΅ͦύΦ 
˴͍ͦͣ͋ͤͦ͊ͤ͊͜ ό͊ͯ͒ͦ͜-͍͔ͪ͋͊͡Έͤͦ-͍ͯ͊͘͜͡Έͤ͊ύ ς Ύ͍͡ΎΊ ͫͦ͋ͦΌ ͙͔ͫͤͭ͘ ͍͔ͪ͋͊͡Έͤͦ͝ ό͙ͨͫΈ͍ͣͦͦ͝ύΣ ͍ͯ͊͘͜͡Έͤͦ͝ ό͙ͫͭ͊ͭ;ͤͦ͝ ͚ 

͙͒ͤ͊ͣ͜;ͤͦ͝ύ ͭ͊ ͊ͯ͒͊͜͡Έͤͦ͝ όͯͫͤͦ͝ύ ͺͦͪͣ ͦ͋ͣͤͯ͜ ͭ͊ ͙͚ͫͨͪͤΎͭͭΎ ͍͔ͨͦ͒ͦͣͤ͜͡Έ ό͍́͊ͪ͊ͫͦ͊Σ нлмпύΦ 
ˤ͙͒͜͡ΎΌͭΈ ;͙͙ͦͭͪ ͔ͣͦ͒͜͡ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͘ ͭͦ;͙͟ ͦͪͯ͘ ͍͍ͫͨ͒ͤͦ͜͜΄͔ͤͤΎ ͪ͒ͤͦ͜͝ ͜ ͔ͤͦͣͤͦ͘͜͝ ͍͙ͣͦ ό͙̊ͪͤ͜Σ 

2007): 
мύ ͒ͯ͋͡Ό͍͊͡Έͤ͊Σ Ύ͊͟ ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͤ͊ ͨͦ;͍͊ͭͦͦͣͯ͟ ͔ͭ͊ͨ͜ ͍ͤ͊;͊ͤͤΎ ͜ ͊͘ Ύͦ͟͝ ͨͪͦͨͦͤͯΊͭΈͫΎ ͍͙͍;͔ͤͤΎ ͦ͒ͤ͜Ί͝ ͜ ͭ͜Ί͝ 

͗ ͙͙ͦ͒ͤͼ͜ ͣͫͭͯ͘͜ ͪ͒ͤͦ͜Ό ͭ͊ ͔ͤͦͣͤͦ͘͜Ό ͍͙ͣͦ͊ͣΤ 
нύ ͙͙͍͊͒ͭͤ͊Σ ͊͘ Ύͦ͟͝ ͍͙͍;͔ͤͤΎ ͔ͤͦͣͤͦ͘͜Ό ͍ͣͦͦΌ ͍͒ͦ͒͊ͭͦͦ͟͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ Ύ͊͟ ;͍͊ͫͭͦͦ͟ ͊͋ͦ ͫͯͭͭΊ͍ͦ ͎͋͊͊͘;ͯΊ ͣͫͭ͘͜ 

͔ͣ͊ͭͪ͊ͯ͜͡Σ ΅ͦ ͍͙͍;͊ΊͭΈͫΎ ͪ͒ͤͦ͜Ό ͍ͣͦͦΌΤ 
оύ ͙͔ͨ͊ͪͭͭͤ͊Σ ͊͘ Ύͦ͟͝ ͪ͒ͤ͊͜ ͜ ͔ͤͦͣͤ͊͘͜ ͍ͣͦ͊ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ ͍ͪͤͦͣͪͤͦ͜͜ ͍ ͙ͪͦͪͭͭ͘͟͜ ͣͫͭͯ͘͜ ͙͙ͨͪͪͦ͒ͤ;ͦ-

͔ͣ͊ͭͣ ͙͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜Τ 
пύ ͒ͦͣͤ͊ͤͭͤ͊͜Σ ͊͘ Ύͦ͟͝ ͦ͋ͫΎ͎ ͔ͤͦͣͤͦ͘͜͝ ͍͙ͣͦ ͔͔͍͙ͨͪ΅ͯΊ ͪ͒ͤͯ͜Φ 
ˤ͙͔͙ͦͪͣͣͦ͟ ͍͙͙͒ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͒ͦ͋ͯ͊͘;͍͜ ͍͙ͦͫͭ͜ ͯ ͨͪͦͼ͔ͫ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͤ͊ ͊ͫ͊͒͊͘ͻ 

͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͨ͒͜ͻͦ͒ͯΥ 
-  ;͙ͭ͊ͤͤΎ ͭ͊ ͪͦͯͣͤͤ͘͜Ύ ͨͪͦ;͙͎ͭ͊ͤͦͦΥ ;͙ͭ͊ͤͤΎ ͍ͫ͜͡Σ ͔͍ͭͪͣͤ͜͜Σ ͍ͤ͊͘ ͦ͋ΩΊ͍ͭ͟͜Σ ͔͍ͭͫͭ͟͜ ͍͊͒͊ͤ͘Έ ͎͚͊ͤͫ͜͡Έͦ͟Ό ͍ͣͦͦΌΤ 
-  ͫͯ͡ͻ͊ͤͤΎ ͭ͊ ͪͦͯͣͤͤ͘͜ΎΥ ͊ͯ͒ͦ͜ ͍ͫͯͨͪͦ͒͜ ͔͔͙͔ͫͨͪͣͤͭͯ͟Σ ͊ͯ͒ͦ͜ ͙ͨ͒͊͘͜͟͟ ͎͚͊ͤͫ͜͡Έͦ͟Ό ͍ͣͦͦΌΤ  
-  ͙ͨͫΈͣͦΥ ͍͔͔͒ͤͤΎ ͎ͦͫ͊ͪ͜͡ΌΣ ͍͙͍ͫͦͤ͟͜͡Σ ͔͔ͨͪ͊͒͟͡ ͔͍ͭͫͭ͟͜ ͍͊͒͊ͤ͘Έ ͭͦ΅ͦΦ 
˭͍͊ͫͭͦͫͯ͊ͤͤΎ ͭ͊ͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜ Ύ͟ ͎͍ͦͦͪͤͤ͜Ύ ͤ͊ ͼΈͦͣͯ ͔ͭ͊ͨ͜ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͍ ͣͤͣ͊͜͜͡Έ͙ͤͻ ͦ͋ͫΎ͎͊ͻΦ ˨͡Ύ 

͔ͪ͊͊͘͜͡ͼ͜͝ ͍ͨͦͤͦͼ͎ͤͤͦͦ͜ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͍;͙͔ͭ͡Έ-͔͔͙ͨͪ͒ͣͭͤ͟ ͣ͊Ί ͍͙ͦͦ͒ͭ͜͡ ͔ͤͦͣͤͦ͘͜Ό ͍ͣͦͦΌ ͤ͊ ͍͋͊ͦͦͣͯ͘ ͍ͪͤ͜͜Φ 
ˤ͙͙͒ ͙͙͒͒͊ͭ͟;͙ͤͻ ͔͍ͣ͊ͭͪ͊͜͜͡ ͭ͊ ͝ͻͤΎ ͍ͣͦ͊ ͔ͤ ͔͎͔ͪ͊ͣͤͭͯ͡ΌͭΈͫΎΣ ͔͊͡ ͝ͻ͚ͤ͜ ͍͔ͪͤ͜Έ ͣ͊Ί ͍͍͙͒ͨͦ͒͊ͭ͜͜ ͔͔͚ͫͪ͒ͤ͜ ͍͚ͣͦͤ͜ 

͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͔͙ͦͤͪͭͤ͟͟ͻ ͯ;͍ͤ͜Φ  
̂ ͨͪͦͼ͔ͫ͜ ͍͙͍;͔ͤͤΎ ͍͒ͦͫ͒ͯ͜ ͍ͤ͊;͊ͤͤΎ ό˽͍͍͊ͦ͊͡Σ нлммύΣ ͍ͪ͊ͻ͍ͦͯΌ;͙ ͍͒ͦͫ͒͜ ͍͊ͭͦͪ͊ ͍͙ͤ͊͘;͔ͤͦΣ ΅ͦ ͎͍͋ͤ͊͜͜͡͡Έ͙͚ͤ 

ͨ͒͜ͻ͒͜ ͒͡Ύ ͍ͤ͊;͊ͤͤΎ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜ ͤ͊ ͊ͫ͊͒͊͘ͻ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ 
ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͙͙ͭ͊ͣ͟ ͙͍ͦͫͦ͋ͦͫͭ͡Ύ͙ͣ:  

мύ ͍͊ͫͭͦͫͦͯ͘ΌͭΈͫΎ ͔ͫͨͼ͊͜͡Έͤ͜ ͎͍͋ͤ͊͜͜͡͡Έͤ͜ ͔͙ͣͭͦ͒;ͤ͜ ͙͚͙ͨͪͦͣ ͜ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎΤ  
нύ ͍͊ͫͭͦͫͦͯ͘ΌͭΈͫΎ ͍͒ͦ͒͊ͭͦ͟͜ ͍͍͒ͦͣͦͤ͜ ͔͔͒͗ͪ͊͡ ͒͡Ύ ͍͙͍;͔ͤͤΎ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜ ό͍͊͒͊ͨͭͦ͊ͤ͜ 

͔͙ͭͫͭ͟Σ ͍͊͒͊ͤͤ͘ΎΣ ͊͒͊͘;͜Σ ͍͙͙ͫͦͤ͟͡Σ ͔͙ͭ͊ͯͪͯͫ͘ύΤ  
оύ ͍͊ͫͭͦͫͦͯ͘ΌͭΈͫΎ ͪͤ͘͜͜ ͺ͙ͦͪͣ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͎͍͋ͤ͊͜͜͡͡Έͤͦ͝ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͙͔ͫͫͭͣ 

ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎΤ  
пύ ͍͊ͫͭͦͫͦͯ͘ΌͭΈͫΎ ͎͍͋ͤ͊͜͜͡͡Έͤ͜ ͔͙ͣͭͦ͒ ͍ͤ͊;͊ͤͤΎ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͙͔ͫͫͭͣ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎΤ  
рύ ͍ͫͭͦͪΌΌͭΈͫΎ ͍͙ͯͣͦ ͒͡Ύ ͙͍͎͊ͭͤͦͦ͟ ͍͟͡Ό;͔ͤͤΎ ͯ;͍ͤ͜ ͍ ͚ͫ͊ͣͦͫͭͤͯ͜ ͪͦ͋ͦͭͯ ͘ ͍͍͙͒ͦͣͦͤͣ ͍ͤ͊;͊͡Έ͙ͤͣ ͔ͣ͊ͭͪ͊ͦͣ͜͡Τ  
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сύ ͍ͫͭͦͪΌΌͭΈͫΎ ͍͙ͯͣͦ ͒͡Ύ ͔͙͍͎ͤͭͪ͊ͭͤͦͦ͜͟ ͍͟͡Ό;͔ͤͤΎ ͯ;͍ͤ͜ ͍ ͚ͫ͊ͣͦͫͭͤͯ͜ ͪͦ͋ͦͭͯ ͘ ͙͔͙ͫͫͭͣ͊ͣ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ 
͔ͣͦ͒͡Ό͍͊ͤͤΎ ͊͋ͦ ͍͙͙͒ͦ͒͊ͭͦͣ͟ ͔͙ͪͫͯͪͫ͊ͣ ͔͔ͣͪ͗͜ ˱͔͔ͤͭͪͤͭΦ  

˩͙ͭ͊ͨ ͔ͪ͊͊͘͜͡ͼ͜͝ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ ͯ ͍ͤ͊;͊ͤͤ͜ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜ ͤ͊ ͊ͫ͊͒͊͘ͻ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙͔ͫͫͭͣ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͔͔͚ͣͦ͒͡ 

̂ ˭˭˿˻ ͎͍͋ͤ͊͜͜͡͡Έ͙͚ͤ ͨ͒͜ͻ͒͜ ͨ͒͜ ;͊ͫ ͍͙͊͒͊ͤͤ͟͡Ύ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͍ ;͙͙ͦͭͪ 
͔͙ͭ͊ͨΥ ͎͍ͨ͒ͦͭͦ͜;͙͚Σ ͚ͦͤ͊ͦͣ͘͡Ό͍͊͡Έ͙͚ͤΣ ͺ͍ͦͪͣͯ͊͡Έ͙͚ͤΣ ͍͙͚ͨ͒ͫͯͣͦ͜͟ ό͙ͪͫΦ 4). 
 

 

˾͙ͫΦ 4Φ ˩͙ͭ͊ͨ ͔ͪ͊͊͘͜͡ͼ͜͝ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ 
 

˽͎͍͒ͦͭͦ͜;͙͚ ͔ͭ͊ͨ ͨ ͔͔ͪ͒͋͊;͊Ί ͭ͊͟͜ ͒͜͝ ͍;͙͔ͭ͡ΎΥ 
-  ͊ͤ͊͘͜͡ ͣͫͭͯ͘͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͊ͭͯ͊͟͡Έͤͦ͝ ͒͡Ύ ͍͙͍;͔ͤͤΎ ͔͙ͭͣ ͘ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜Τ 
-  ͒ͦ͋ͪ͜ ͔͔͙ͭͦͪͭ;͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͒͡Ύ ͍͊ͫͦ͘ΊͤͤΎ ͯ;ͤΎ͙ͣΤ 
-  ͒ͦ͋ͪ͜ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͔͔͚ͣͦ͒͡ ͒͡Ύ ͯͤ͊ͦ;͔ͤͤͤΎ ͜ ͍͊ͫͦ͘ΊͤͤΎ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͯ;ͤΎ͙ͣΤ 
-  ͪͦͪͦ͋͊͘͟ ͍ͨͤ͊͊͘͜͡Έ͙ͤͻ ͊͒͊͘; ͜ ͒ͦ͋ͪ͜ ͒ͦ ͙ͤͻ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͔͔͚ͣͦ͒͡Τ 
-  ͪͦͪͦ͋͊͘͟ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͍͙ͫͦͤ͊͟͡ ͒ͦ ͊ͭͯ͊͟͡Έͤͦ͝ ͒͡Ύ ͍͙͍;͔ͤͤΎ ͔͙ͭͣ ͘ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜Φ 
˻͚ͤ͊ͦͣ͘͡Ό͍͊͡Έ͙͚ͤ ͔ͭ͊ͨ ͨ ͍ͦϥΎ͙͚͊ͤ͘ ͘͜ ͙͚ͫͨͪͤΎͭͭΎͣ ͍͎ͤͦͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ͙ͨͪ ͼΈͦͣͯ ͯ;͔ͤΈ ͚͒ͫͤ͘͜ΌΊ ͭ͊͟͜ ͒͜͝Υ 

-  ͙ͦͭͪͣͯΊ ͍͒ͦͣͦͫͭ͜͜ ͘ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜ ͪ͒ͤͦ͜Ό ͍ͣͦͦΌΤ  
-  ͎͍͋ͤ͊͜͜͡͡Έͤͦ όͭͦ͋ͭͦ ͪ͒ͤͦ͜Ό ͭ͊ ͔ͤͦͣͤͦ͘͜Ό ͍ͣͦͦΌύ ͊ͪͨ͘͟͜͡ΌΊ ͍ͦͫͤͦͤ͜ ͔͙ͭͪͣͤ͜ ͜ ͨͦͤΎͭͭΎΤ  
-  ͚ͦͤ͊ͦͣ͘͡ΌΊͭΈͫΎ ͘ ͦͣͨ͟ΩΌ͔͙͙ͭͪͤͣ ͔ͣͦ͒͡Ύ͙ͣΣ ͝ͻ ͍͙͙ͦͫͤͦͤͣ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͊ͣ͟͟Σ ͺͯͤ͟ͼͦͤ͊ͦͣ͜͡ ͭ͊ 

ͨͦͤ͊͘;͔ͤͤΎ͙ͣΦ 
-  ͍͙ͦͤͯ͟Ί ͪͦ͋ͦͭͯ ͘͜ ͍͙ͫͦͤͦͣ͟͡ ό͎ͦͫ͊ͪ͜͡ΊͣύΣ ͎͙ͪ͊ͣ͊ͭ;͙ͤͣ ͍͙͒ͦ͒ͤͦͣ͜͟ ͊͋ͦ ͙͙͒͒͊ͭ͟;͙ͤͣ ͔ͣ͊ͭͪ͊ͦͣ͜͡ ͒͡Ύ ͨͦ΄ͯͯ͟ 

͔͍͙ͤ͒ͦͣ͜ͻ ͔͙ͫ͟͡;͙ͤͻ ͙͙ͦ͒ͤͼΈ ͜ ͎͙ͪ͊ͣ͊ͭ;͙ͤͻ ͦͤͫͭͪͯ͟͟ͼ͚͜ όͭ͊͋͡Φ нύΦ 
͙́͊͋͡ͼΎ н 

˭ͪ͊ͦ͘͟ ͍͙ͫͦͤ͊͟͡ ͒ͦ ͯͪͦͯ͟ 

͔́ͪͣͤ͜ ͎͚͊ͤͫ͜͡Έͦ͟Ό ͍ͣͦͦΌ ͙́ͪ͊ͤͫͪͨ͟ͼ͜Ύ ͔́ͪͣͤ͜ ͯͪ͊ͤͫ͟͝Έͦ͟Ό ͍ͣͦͦΌ ˽͙͙ͪͣͭ͜͟ 

Wire ώ ǿŀ⅝₳r] ˨ͪͭ͜  

Battery ώ ōŋǘǊƛϐ ˢͯͣͯ͟͡Ύͭͦͪ  

Light Bulb [la⅝t] [b│lb] ˶͊ͣͨͦ;͊͟  

Switch [sw⅝t≡] ˤ͙͙ͣ͊͟;  

Electrons [⅝lek.tr€n] ˩͔͙ͭͪͦͤ͟͡  

Χ    

    
 

͍̅ͦͪͣͯ͊͡Έ͙͚ͤ ͔ͭ͊ͨ ͔͔ͨͪ͒͋͊;͊ΊΣ ΅ͦ ͯ;ͤ͜Υ 
-  ͍͙ͦͤͯ͟ΌͭΈ ͙ͨͪ͊ͭ͟;ͤ͜ ͍͊͒͊ͤͤ͘Ύ ͪ͒ͤͦ͜Ό ͍ͣͦͦΌ όͨ͒ͪͯ͜;͙ͤ͟Σ ͙ͨͦͫ͋ͤ͜͟Σ ͪͦ͋ͦ;͙͚ ͦ͘΄͙ͭύΤ 
-  ͍͙ͦͤͯ͟ΌͭΈ ͍ͨͤ͊͊͘͜͡Έͤ͜ ͍͊͒͊ͤͤ͘Ύ ͤ͊ ͊ͫ͊͒͊͘ͻ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ 

͔ͣͦ͒͡Ό͍͊ͤͤΎ ό͙ͪͫΦ 5); 
-  ͎͍ͦ͋ͦͦͪΌΌͭΈ ͙ͦͭͪͣ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭΣ ͍͙͍ͫͯ͊ΌͭΈ ͜ ͍͒ͫͭͦ͜ΌΌͭΈ ͍ͫͦΌ ͭͦ;ͯ͟ ͦͪͯ͘Σ ͔͋ͪͯͭΈ ͯ;͊ͫͭΈ ͯ ͙͒ͫͯͫ͟͜ΎͻΤ 
-  ͔͋ͪͯͭΈ ͯ;͊ͫͭΈ ͯ ͺ͍ͦͪͣͯ͊͡Έͤͦͣͯ ͦͼͤ͜Ό͍͊ͤͤ͜Υ ͍͙ͦͤ͊ͤͤ͟Ύ ͙ͨͫΈ͍͙ͣͦͻ ͔͍ͭͫͭ͜Σ ͙͍͒ͭ͊ͤͭ͟͜Σ ͍͍ͨͪ͊Σ ͍͊͒͊ͤ͘ΈΦ 
˽͍͙͚͒ͫͯͣͦ͜͟ ͔ͭ͊ͨ ͔͔ͨͪ͒͋͊;͊ΊΥ 

-  ͔ͨͪͦͣ͗ͤ͜ ͦͤͭͪͦ͟͡Έ͔ͤ ͦͼͤ͜Ό͍͊ͤͤΎ ͍ͪͤ͜Ύ ͍ͤ͊;͊͡Έ͙ͤͻ ͒ͦͫΎ͎͔ͤͤΈ ͯ;͍ͤ͜Τ 
-  ͍ͨ͒ͫͯͣͦͯ͜͟ ͦͤͭͪͦ͟͡Έͤͯ ͪͦ͋ͦͭͯΤ 
-  ͍͙ͦͤ͊ͤͤ͟Ύ ͣͤ͜͜-͔ͨͪͦͭͯ͟ ͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ ͣͫͭͯ͘͜ ͭͦ΅ͦΦ 

 

 

˾͙ͫΦ 5Φ ˽͍ͦ͋ͯ͒ͦ͊ ͔͔͙ͭͪ͟͡;ͤͦ͝ ͫͻ͔͙ͣ ͯ;ͤΎ͙ͣ ό͘ ͔͒ͣͦͤͫͭͪ͊ͼ͜ΊΌ ͪͯͻͯ ͔͔͍ͭͪͦͤ͟͜͡ύ  

IV. ˽ ͍͙͚͒ͫͯͣͦ͜͟ ˱Φ˽͎͍͒ͦͭͦ͜;͙͚

˱˱˱Φ͍̅ͦͪͣͯ͊͡Έ͙͚ͤ˱˱Φ˻͚ͤ͊ͦͣ͘͡Ό͍͊͡Έ͙͚ͤ

˩́ˢ˽ˮ



PHYSICAL & MATHEMATICAL EDUCATION    issue 3(21), 2019 
.  

90 

˻ˣ˥˻ˤ˻˾˩˹˹̒  
˹͔͚͒ͦͫͭ͊ͭͤ͜ ͍͔ͪͤ͜Έ ͤ͊ͤ͘Έ ͯ;͍ͤ͜ ͍͙ͦͫͤͦͤͻ ͨͦͤΎͭΈΣ ͙ͨͪͤͼ͙͍ͨ͜Σ ͍͊ͦͤ͘͟͜ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜ 

΄͟͜͡Έ͎ͤͦͦ ͯͪͫͯ͟Σ Ί ͦ͒ͤ͜ΊΌ ͘ ͍͙ͦͫͤͦͤͻ ͙ͨͪ;͙ͤ ͙ͤ͘Έ͎ͦͦ͟ ͍ͪͤ͜Ύ ͊͘ͼ͍͔͊ͤͦͫͭ͜͟͜͡ ͍͒ͦ͋ͯ͊͘;͍͜ ͍͙ͦͫͭ͜ ͙͙ͭ͊ͣ͟ ͔͔͙ͨͪ͒ͣͭ͊ͣΣ Ύ͟ 
ͺ͙͊͘͜͟Σ ͻͣ͜͜ΎΣ ͎͋ͦͦ͜͜͡ΎΦ ˴ͦͣͨΩΌ͔͔ͭͪͤ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͙͙ͨͪͪͦ͒ͤͻ ͨͪͦͼ͔͍ͫ͜ ͜ ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘Ύ ͊͒͊͘; ͎ͪͤͦͦ͘͜ ͙ͭͨͯ ͙ͫͨͪΎ͙͔ͭͣ 
͍͙ͪͦͭͯ͘͟ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͯ;͍ͤ͜Σ ΅ͦΣ ͯ ͍ͫͦΌ ;͔͎ͪͯΣ ͔͔͊͋ͨ͘͘;͙ͭΈ ͤ͊͒͊͜͡ ͯͫͨ͜΄͔ͤ ͍ͦͨ͊ͤͯ͊ͤͤΎ 
ͣͫͭͯ͘͜ ͘ ͙ͭ͊͟ͻ ͔͔͍ͨͪ͒ͣͭ͜Σ Ύ͟ ͺ͙͊͘͜͟Σ ͻͣ͜͜ΎΣ ͎͋ͦͦ͜͜͡ΎΣ ͔͙ͣ͊ͭͣ͊ͭ͊͟Φ  

˹͔ͦ͋ͻ͒ͤͦ͜ ͍͒ͤ͊͘͜;͙͙ͭΣ ΅ͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ ͯ ͨͪͦͼ͔ͫ ͍ͤ͊;͊ͤͤΎ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ 
͔͔͍ͨͪ͒ͣͭ͜ Ί ͍ͤͤͦ͊͜ͼ͚͙ͤͣ͜ ͚ ͊ͭͯ͊͟͡Έ͙ͤͣΣ ͦ͒ͤ͊͟ ͍ͤ͜ ͔ͨͦͭͪ͋ͯΊ ͔ͫͨͼ͊͜͡Έͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͔͎͎͍ͨ͒͊ͦ͜ ˭˭˿˻Σ ͔ͦͪͣ͊͘͟ ͘ ͙ͨͭ͊ͤΈ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙͔ͫͫͭͣ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͭ͊ ͤ͊ͤͤ͘Ύ ͍͙͋͊ͦ͘ͻ ͔͍ͭͪͣͤ͜͜ ͔ͤͦͣͤͦ͘͜Ό ͍ͣͦͦΌΦ 

˨͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ ͎͍͋ͤ͊͜͜͡͡Έͤͦ-͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͔͎͎͍ͨ͒͊ͦ͜ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͍͙͙ͨͪͦ͊͒ͭ ͤ͊ 
ͯͪͫ͊͟ͻ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͭ͊ ͍ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͣͦ͒ͯ͡ΈΣ ΅ͦ ͦͻͦͨ͡Ό͍͍͊ ͙͋ ͭ͊͟͜ ͔͙ͭͣΥ 

-  ͙͔͙ͫͫͭͣ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͍ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜Τ 
-  ͍ͨͤ͊͊͘͜͡Έͤ͜ ͍͊͒͊ͤͤ͘Ύ ͒͡Ύ ͍͙ͪͦͭͯ͘͟ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͯ;͍ͤ͜Τ 
-  ͎͍͋ͤ͊͜͜͡͡Έ͙͚ͤ ͨ͒͜ͻ͒͜ ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͯ;͍ͤ͜ ͘ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜Τ 
-  ͍ͤ͊ͯͦͦ͟-͔͙ͣͭͦ͒;͔ͤ ͚ ͙͙͒͒͊ͭ͟;͔ͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ˭˭˿˻ ͤ͊ ͎͍͋ͤ͊͜͜͡͡Έ͚ͤ͜ ͍ͦͫͤͦ͜Τ 
-  ͙͔ͪͭͪ͟͜͝ ͦͼͤ͜Ό͍͊ͤͤΎ ͎͍͋ͤ͊͜͜͡͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜ ͤ͊ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔ͨͪ͒ͣͭ͊ͻΦ 
˭͊ͤ͊͘;͔ͤ͊ ͔͙ͭͣ͊ͭ͊͟ ͔ͣͦ͗ ͙͋ͯͭ ͍ͦͨ͊ͤͦ͊ͤ͊ ͍;͙͔͔ͭͣ͡ ͍ ͪ͊ͣ͊͟ͻ ͔ͤͺͦͪͣ͊͡Έͤͦ͝ ͭ͊ ͤ͜ͺͦͪͣ͊͡Έͤͦ͝ ͍͙ͦͫͭ͜Φ ˻͙͍ͫͦ͋ͯ͡ 

͍͎ͯ͊ͯ ͨͦͭͪ͋ͤͦ͜ ͙͙͙ͨͪ͒ͭ͜͡ ͙ͭ͊ͣ͟ ͍͙ͫ͊͒ͦͣ͟͡ Ύ͟Υ ͪͦͪͦ͋͊͘͟ ͍͙͍ͫͦͤ͟͜͡Σ ͎͍ͦͫ͊ͪ͜͡͝Σ ͎͍͋ͤ͊͜͜͡͡Έ͙ͤͻ ͊ͪͭͦ͟͟Σ ͍ͨͤ͊͊͘͜͡Έ͙ͤͻ 
͍͊͒͊ͤ͘ΈΦ 

 
ˤˮ˿˹˻ˤ˴ˮ ́ˢ ˽˩˾˿˽˩˴́ˮˤˮ ˽˻˨ˢ˶̎̊˻˥˻ ˨˻˿˶˱˨ˬ˩˹˹̒ 

˱ͤͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͜ ͤ͊ͤͤ͘Ύ ͎͚͊ͤͫ͜͡Έͦ͟͝ ͍͙ͣͦ ͔͔͊͋ͨ͘͘;͊ͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ ΄͍͙͎͒ͦͦ͟ ͔͎͍ͤͭͪͯ͊ͤͤ͜Ύ 
͍͒ͦ͋ͯ͊͘;͍͜ ͍͙ͦͫͭ͜ ͍ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-͍ͦͫͭͤ͜Ί ͔͔͍͙ͫͪ͒ͦ΅͔Σ ΅ͦ ͍͙͒ͦͦͭ͘͡Έ ͔͙͍ͦͨͪ͊ͭͤͦ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͫͯ;͊ͫͤ͜ ˱͔͔ͤͭͪͤͭ-
͔͙ͪͫͯͪͫ ͍ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜Σ ͍ ͭͦͣͯ ;͙ͫ͜͡ ͦͣͨ͟ΩΌ͔͔ͭͪͤ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͒͡Ύ ͍͙ͨ͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ ͍ͤ͊;͊ͤͤΎ ͙͙ͨͪͪͦ͒ͤ;ͦ-
͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜Φ 

˴ͦͣͨΩΌ͔͔ͭͪͤ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͦ͋ΩΊ͍ͭ͟͜ ͜ ͨͪͦͼ͔͍ͫ͜ ͤ͊ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔ͨͪ͒ͣͭ͊ͻ ͒͊ͫͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ ͯ;ͤΎͣ 
˭˭˿˻ ͎͙͋͡΄͔ ͙ͪͦͯͣͭ͘͘͜ ͙ͨͪͪͦ͒ͯ ͍ͫͭͯ͜Σ ͍͙͍͙ͪͦ͊ͭ͘ Ύ͟ ͍ͭͦͪ;͜Σ ͭ͊͟ ͜ ͙͒ͦͫ͒ͤ͜͡ͼΈ͟͜ ͍͙ͤ͊;͙͟Σ ͍͙͊ͫͦͭ͘͝ ͨͪͦͼ͔ͫ ͙ͪͦͪͦ͋͘͟ 
͔͔͙͔ͫͨͪͣͤͭͯ͟Φ ˢ͙͍ͭ͊͘͟͜ͼ͜Ύ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜ ͯ ͼΈͦͣͯ ͤ͊ͨͪΎͣͯ͟ ͒͊ͫͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͙ͨ͒͜΅͙͙ͭ ͔͔ͤͭͪͫ͜ ͯ;͍ͤ͜ ͒ͦ ͙͙ͨͪͪͦ͒ͤ;ͦ-
͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜Φ 

˭͊ ͎͔ͨͦͦ͒͗ͤͤΎͣ ͘ ͊͒ͣͤͫͭͪ͊͜͜ͼ͜ΊΌ ͊͊͒ͯ͘͟͡ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜ ͒ͦͼ͜͡Έͤͦ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ Ύ͟ ͎͍͋ͤ͊͜͜͡͡Έ͙͚ͤ 
ͨ͒͜ͻ͒͜Σ ͭ͊͟ ͜ ͒ͯ͋͡Ό͍͊͡Έͤͯ ͚ ͙͙͍͊͒ͭͤͯ ͔ͣͦ͒͜͡ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͘ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜Φ ͔̇ ͒͊ͫͭΈ 
͙͍ͣͦ͗ͫͭ͜͡Έ ͔ͤ ͭ͜͡Έ͙͟ ͎͙͙͋͊͊ͭͭ͘ ͍͙͍͙͚ͫͦͤͦ͟͡ ͊ͨ͊ͫ͘ ͯ;͍ͤ͜Σ ͊ ͚ ͍͙ͨ͒͜΅͙͙ͭ ͝ͻ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͘ ͔ͤͦͣͤͦ͘͜͝ ͍͙ͣͦΦ ͔͚̇ ͍͙͋ͪ͜ 
͍͙ͤ͊͘;͊ΊͭΈͫΎ ͍ͣͦͤͦΌ ͎͍ͨ͒ͦͭͦͦ͜͟Ό ͯ;͍ͤ͜Σ ͊ ͭ͊ͦ͗͟ ͋͊͗͊ͤͤΎͣ ͔ͤ ͤ͊΄͙͙ͦ͒ͭ͟ ͯ;ͤΎͣ ͍ ͍͊ͫͦ͘Ίͤͤ͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ  

˨ͦ ͔ͨ ͔͍͎ͪ͊ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ ͣͦ͗ͤ͊ ͍͔͙͒ͤͫͭ͜ ς ͪͦ͟͟ ͍ ͤ͊ͨͪΎͣͯ͟ ͍͙ͪͦͭͯ͘͟ ͙͙ͨͪͪͦ͒ͤ;ͦ-
͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͍͙ͦͫͭ͜ ͟͜͡Έͦͣ͊͟ ͍͙ͣͦ͊ͣ όͣͯ͡Έ͙ͭͯ͟͡Έͭͯͪͤ͊ ͍ͦͫͭ͊͜ύΦ ˹͔͙͒ͦ͜͟͡ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ ͍ͨͦΩΎ͊ͤ͘͜ ͘ ͙ͭͣΣ ΅ͦ 
͔ͤͦͣͤ͊͘͜ ͍ͣͦ͊ ͣ͊Ί ͙͋ͯͭ ͍͍͔͔͒ͤ͊ ͍ ͍ͤ͊;͊ͤͤΎ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜Φ ˣ͎͍ͤ͊͜͜͡͡Έ͔ͤ ͍ͤ͊;͊ͤͤΎ ͔ͨͦͭͪ͋ͯΊ 
͔ͫͨͼ͊͜͡Έͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜Σ ͨ͒ͪͯ͜;͙͍ͤ͟͜Σ ͪͦ͋ͦ;͙ͻ ͦ͘΄͙͍ͭ͜Φ ˣ͎͍ͤ͊͜͜͡͡Έ͙͚ͤ 
ͨ͒͜ͻ͒͜ ͔ͨͦͭͪ͋ͯΊ ͙ͪͦͪͦ͋͘͟ ͔͙ͭͣ͊ͭ;͙ͤͻ ͎͍ͦͫ͊ͪ͜͡͝Σ ͍͙͍ͫͦͤ͟͜͡Φ  

˭͊ͤ͊͘;͙ͣͦΣ ΅ͦ ͔ͪͦͪͦ͋ͤͤ͘͡Ύ ͭ͊ ͯͤ͜ͺ͊͜͟ͼ͜Ύ ͎ͨͪͦͪ͊ͣ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͒͡Ύ ˭˭˿˻ Ί ͔ͨͪ΄ͦ;͔͎͍͙ͪͦͣ 
͍͊͒͊ͤͤ͘ΎͣΦ ˤ͙͍͊͗ͦ͡Ό ͙͊͘͡΄͊ΊͭΈͫΎ ͨͪͦͼ͔͒ͯͪ͊ ͊ͨͪͦ͋͊ͼ͜͝ ͨ͒ͪͯ͜;͙͍ͤ͟͜ ͜ ͙͍ͨͦͫ͋ͤ͜͟͜Φ 

˽ͦ͒͊͡Έ΄͎ͦͦ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ ͔ͨͦͭͪ͋ͯΊ ͔ͪͦͪͦ͋ͤͤ͘͡Ύ ͔͙ͣͭͦ͒;͙ͤͻ ͔͔ͪͦͣͤ͒͊͟ͼ͚͜ ΅ͦ͒ͦ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ 
ͨ͒͜ͻͦ͒ͯ ͤ͊ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔ͨͪ͒ͣͭ͊ͻ ͍ ˭˭˿˻ ͘ ͔ͣͭͦΌ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͯ;͍ͤ͜ ͤ͊ ͊ͫ͊͒͊͘ͻ 
ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ. 

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 

1. ˣ͍͊ͭͪͦ͊ ˹Φ ˮΦ ˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ ͨͪͦͼ͔ͫͫ͊ ͦ͋ͯ;͔͙ͤΎ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤͦ-͙ͦͣͣͯͤ͊͟͟ͼ͙ͦͤͤ·ͣ ͔ͭͻ͎͙ͤͦͦ͡Ύͣ ͯ;͊΅͙ͻͫΎ 
ͫͭ͊ͪ΄͙ͻ ͍͊ͫͫͦ͟͡ ͤ͊ ͙͙͎͍͋ͤ͊͡͡Έ͚ͤͦ ͍͔ͦͫͤͦ Υ ͙͒ͫΦ Χ ͟-ͭ͊Φ ͔ͨ͒Φ ͤ͊ͯ͟ Υ моΦллΦлм κ ˸͙͚͙͚͊ͪͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ 
͙͍͔͙͔ͯͤͪͫͭͭΦ ˯ͦ΄͊ͪ͟-˻͊͡Σ нлмпΦ мтс ͫΦ  
˿͔͊͡ͻ͍ͦ͊ ˶Φ ˶Φ ͔͙́ͦͪΎ ͙ ͙ͨͪ͊ͭ͊͟͟ ͍͙͙ͪ͊ͭ͘Ύ ΄ͦ͟͡ ͫ ͙͙͎͍͋ͤ͊͡͡Έͤ·ͣ ͦ͋ͯ;͔͙͔ͤͣΦ ˴͊͊ͤ͘ΈΥ ˴͊͊ͤͫ͘͟Φ ̂ͤ-ͭΣ нллпΦ нлп ͫΦ 

2. ˣ͔͜͡ͼΈ͊͟ ˱Φ ˻Φ ˨͍͍ͦͣͦͤ͊ ͍ͦͫͭ͊͜ ͯ ͔͔ͫͪ͒ͤ͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻ ˿̊ˢ Υ ͫͭͦͪ͜͜Ύ ͍͔ͫͭ͊ͤͦͤͤ͡ΎΦ ˹͍͊ͯͦ͟͜ ͙͙͊ͨͫ͘͟. 
˴͍͎ͪͦͦͪ͊͒͜Υ ˾ˤˤ ˴˨˽̂ ͣ͜Φ ʕ Φ ʕ ͙͙ͤͤ;͔ͤ͊͟Σ нлмнΦ ˤ͙ͨΦ млп όнύΦ ˿Φ мпς18. 

3. ˣͦ͒ͤ͊ͪ;ͯ͟ ́Φ ˤΦ ˻͙͍ͫͦ͋ͦͫͭ͜͡ ͍͙ͪͦͭͯ͘͟ ͎͍͋ͤ͊͜͜͡͡Έͤͦ͝ ͍͙ͦͫͭ͜ ͯ ͫͯ;͚͊ͫͤ͜ ͯͪ͊ͤͫ͟͝Έ͚͟͜ ΄ͦ͟͜͡Φ ˽͔͎͎͒͊ͦ͊͜͟Φ ˾ͦ͒͘͜͡ мΥ ͋͘Φ ͤ͊ͯ͟Φ 
ͨͪ͊ͼΈΦ ˴͙͍͝Σ нлмоΦ ˤ͙ͨΦ мпΦ ˿Φ от-42. 

4. ˣ͔ͦͤ͒͊ͪͤͦ͟ ˶Φ ˱ ΦΣ ͚̉ͦͪͤͦ͋͊ ˴Φ ˥ Φ ˣ͎͍ͤ͊͜͜͡͡Έ͔ͤ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟ ͙ͨͪ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͯ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ 
͍͙ͦͫͭ͜Φ ͙̅ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤ͊ ͍ͦͫͭ͊͜Φ нлмуΦ ˤ͙ͨͯͫ͟ нόмсύΦ ˿Φ но-26. 

5. ˥͊ͣ͊ͤΌ͟ ˤΦ s Φ ˽͒͜ͻ͙ͦ͒ ͒ͦ ͎͍͋ͤ͊͜͜͡͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͯ  ͦ ͍ͫͭ͜͜ ̅˾˹Φ ˨ͯͻ͍ͦͤͫͭ͜Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜Υ ͔͎ͣͭͦ͒ͦͦ͜͡ΎΣ ͔ͭͦͪ͜Ύ ͜ 
͙ͨͪ͊ͭ͊͟͟Φ нлмоΦ ˤ͙ͨΦ оΦ ˿Φ ом-40. 

6. ˥ͯͫ͊͟ ˢΦ ˸ ΦΣ ˴͍ͦ͊͡Έ;ͯ͟ ˢΦ ˻ Φ ˣ͎͍ͤ͊͜͜͡͡Έ͙͚ͤ ͨ͒͜ͻ͒͜ ͒ͦ ͍͙͊͒͊ͤͤ͟͡Ύ ͺ͙͙͘͜͟ ͯ  ͫ ͯ;͚͊ͫͤ͜ ΄ͦ͟͜͡Φ ˾͒ͤ͊͜ ́ ͦ͊͟͡Φ нлммΦ Ѕ 10. 
˿Φ 48-50. 

7. ˭ͦͯ͘͡Ύ ˱Φ ̐Φ ˣ͎͍ͤ͊͜͜͡͡Έ͔ͤ ͍ͤ͊;͊ͤͤΎ ͍ ͔ͦͤͭͫͭ͟͟͜ ͫͯ;͙͊ͫͤͻ ͔͎ͤͭͪ͊͜ͼ͚͙ͤ͜ͻ ͦͤ͟ͼ͔ͨͼ͚͜ ͍͙ͦͫͭ͜Φ ˸͔͙͊ͭͪ͊͜͡ ·[±L ͍ͤ͊ͯͦͦ͟-
͔ͭͻͤ͜;ͤͦ͝ ͦͤ͟ͺ͔͔ͪͤͼ͜͝ ͍ͨ͒ͪͦ͒͘͜͜͜͡ ˤ˹́̂. ˤ͙ͤͤ͜ͼΎΣ нлмтΦ ¦w[Υ https://conferences.vntu.edu.ua/index.php/all-hum/all-
hum-2017/paper/view/2186 ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘Ύ нлΦлуΦнлмфύ 

8. ˶͙͍͙͍ͭͤͦ͊ ˿Φ ˥ Φ ˤͪͭͯ͊͜͡Έ͙͚ͤ ͊ͫ͟͡ Ύ͟ ͦͣͨ͟ϥΌ͔ͭͪͤͦ ͦͪ͜Ί͍͔ͤͭͦ͊ͤ ͍ͤ͊;͊͡Έ͔ͤ ͔͔͍͙ͫͪ͒ͦ΅͔ ͍;͙͔ͭ͡Ύ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜Έ͎ͦͦ 
͍ͤ͊;͊͡Έ͎ͤͦͦ ͊͊͒ͯ͘͟͡Φ ˱ͤͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͜ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎΦ нлммΦ Ѕн όннύΦ ¦w[Υ 
ƘǘǘǇǎΥκκƧƻǳǊƴŀƭΦƛƛǘǘŀΦƎƻǾΦǳŀκƛƴŘŜȄΦǇƘǇκƛǘƭǘκŀǊǘƛŎƭŜκǾƛŜǿκоомκоут ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘Ύ нлΦлуΦнлмфύΦ 

9. ˶͙͍͙ͭ ͍ͤͦ͊ ˿Φ ˥ Φ ˻͋͊͡;ͤͦ ͙͔͙͍ͦͪͤͭͪͦ͊ͤͤ͊Ύ ͯ;͔͋ͤ͊Ύ ͔ͫͪ͒͊ ΄ͦ͟͡·Υ ͦͭ ͙͔͊͋ͤͭ͊͟ ͒ͦ ͍͙ͪͭͯ͊͡Έͤ·ͻ ͔͙ͣͭͦ͒;͔͙ͫ͟ͻ 

https://conferences.vntu.edu.ua/index.php/all-hum/all-hum-2017/paper/view/2186
https://conferences.vntu.edu.ua/index.php/all-hum/all-hum-2017/paper/view/2186
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͔͔ͨͪ͒ͣͭͤ·ͻ ͦ͋Ά͔͙͔͙͚͒ͤͤ ͯ;͙͔͔͚ͭ͡Φ ˻ ͍͔͋ͪ͊ͦ͊ͭ͘͡Έͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙ ͦ͋΅͔͍ͫͭͦΦ нлмпΦ ЅмόмтύΦ ˿Φпрт-468.  
10. ˶͙͍͙͍ͭͤͦ͊ ˿Φ ˥ Φ ͍̅ͦͪͣͯ͊ͤͤΎ hƴ-ƭƛƴŜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͍ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻΦ ˴ͦͣͨΩΌ͔ͭͪ ͯ 
΄ͦ͟͜͡ ͭ͊ ͫͣ͜Ω͝Φ нлмлΦ Ѕ уΦ ˿Φ нр-26. 

11. ˶͙͍͙͍ͭͤͦ͊ ˿Φ˥Φ /͙͔ͫͭͣ͊ ͦͣͨ͟ΩΌ͔͎ͭͪͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͦ͋ΩΊ͍ͭ͟͜ ͜ ͨͪͦͼ͔͍ͫ͜ ͭ͊ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͝͝ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ 
͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜ ͍͊͊͒͘͟͜͡ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜Φ ˱ͤͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͜ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎΦ нлмуΦ ́ͦͣ спΦ 
Ѕ 2. C. 48-65. URL: https://journal.iittŀΦƎƻǾΦǳŀκƛƴŘŜȄΦǇƘǇκƛǘƭǘκŀǊǘƛŎƭŜκǾƛŜǿκнмммκмоол ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘ΎΥ нлΦлуΦнлмфύΦ 

12. ˸͙͔͊ͪͭͤͤͦ͟ ˻Φ ʕ ΦΣ ̉͊ͤ͊͟ ̒Φ ˻ Φ ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͎ͦͫ͊ͪ͜͡Ό ͙ͨͪ ͎͍͋ͤ͊͜͜͡͡Έͤͦͣͯ ͍ͤ͊;͊ͤͤ͜ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ 
͔͙ͤͦͣͤ͘͜ͻ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍͔͙͔ͯͤͪͫͭͭ͊͜ͻΦ ˸͔͙͊ͭͪ͊͜͡ ˱˱˱ ˸͗ͤ͊ͪͦ͒ͤͦ͜͝ ͍ͤ͊ͯͦͦ͟-͔͙ͣͭͦ͒;ͤͦ͝ ͦͤ͟ͺ͔͔ͪͤͼ͜͝ 
ζ˱́˸ϝͨ͡Όͫ ς нлмуηΦ ˿͙ͯͣΣ нлмуΦ ˿Φ ммп-115. 

13. ˽͍͍͊ͦ͊͡ ˻Φ˿Φ ˸͔͙ͭͦ͒͊͟ ͙͙͎͍͋ͤ͊͡͡Έ͎ͤͦͦ ͦ͋ͯ;͔͙ͤΎ ͻ͙͙͙ͣ ͯ;͊΅͙ͻͫΎ ͍͚ͦͫͤͦͤͦ ΄ͦ͟͡·Υ ͍͔͊ͭͦͪͺΦ ͙͒ͫΦ ͤ͊ ͙ͫͦͫ͟Φ ͤ͊ͯ;Φ 
͔͔͙ͫͭͨͤ ͟-ͭ͊ ͔ͨ͒Φ ͤ͊ͯ͟Φ Υ моΦллΦлн κ ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΣ нлммΦ но ͫΦ 

14. ˽ͤ͜;ͯ͟ ˻Φ˽ΦΣ ˿ͦͦ͟͡Ό͟ ˻Φ˸Φ ˹͍͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤ͊ ͒͜Ύ͡Έͤͫͭ͜Έ ͯ;͍ͤ͜ ͍ ͍ͯͣͦ͊ͻ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͔ͤͭͪͤͭ͜ ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ 
͍ͦͫͭͤ͜͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ ˻͙͒ͤ͊͒ͼΎͭ͊ ͣ͗ͤ͊ͪͦ͒ͤ͊͜ ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;ͤ͊ ͦͤ͟ͺ͔͔ͪͤͼ͜Ύ ˱˻˹-2018Φ ˤ͙ͤͤ͜ͼΎΣ нлмуΦ /Φ нсс-267. 

15. ˽ͤ͜;ͯ͟ ˻Φ˽ΦΣ ˶͙͍͙͍ͭͤͦ͊ ˿Φ˥ΦΣ ˣ͍ͯͪͦ ˻Φ̑Φ ˿͙͔͙ͤͭͭ;͔ͤ ͍ͤ͊;͊͡Έ͔ͤ ͔͔͍͙ͫͪ͒ͦ΅͔ ς ͪͦ͟͟ ͒ͦ ͍ͤͦͦ͝ ͍͙ͦͫͭ͜Φ ˱ͤͺͦͪͣ͊ͼ͚ͤ͜͜ 
͔ͭͻ͎ͤͦͦ͜͡͝ ͜ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎΦ нлмтΦ ˤ͙ͨΦ п όслύΦ ˿Φ ну-45. URL: http:// lib.iitta.gov.ua/709301/1/1831-7809-1-PB-
C%D0%B8%D0%BD%D1%82%D0%B5%D1%82%D0%B8%D1%87%D0%BD%D0%B5.pdf ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘Ύ нлΦлуΦнлмфύΦ 

16. ˿͔͊͡ͻ͍ͦ͊ ˶Φ ˶Φ ͔͙́ͦͪΎ ͙ ͙ͨͪ͊ͭ͊͟͟ ͍͙͙ͪ͊ͭ͘Ύ ΄ͦ͟͡ ͫ ͙͙͎͍͋ͤ͊͡͡Έͤ·ͣ ͦ͋ͯ;͔͙͔ͤͣΦ ˴͊͊ͤ͘ΈΥ ˴͊͊ͤͫ͘͟Φ ̂ͤ-ͭΣ нллпΦ нлп ͫΦ 
17. ˿͔ͣͦͭΌ͟ ˻Φ˽Φ ˿ͯ;͙͚͊ͫͤ ͍͙ͫͦͤ͟͡ ͤ͜΄͍͙ͦͣͦͤͻ ͍ͫ͜͡Φ ͍̆͊ͪ͟͜Υ ˤ͔ͫͭ͊Σ нллуΦ ˿Φ фмΦ 
18. ͍́͊ͪ͊ͫͦ͊ ˹Φ ˿Φ ˴͙͊ͫ͡ͺ͊͜͟ͼ͜Ύ ͺͦͪͣ ͦͣͯͤ͊͟͜͟ͼ͜͝ ͍ ͔ͨͦͻͯ ͍ͨ͊ͤͯ͊ͤͤΎ ͍ͯ͊͘͜͡Έ͙ͤͻ ͍ͦ͋ͪ͊͘͜Φ ˤ͙ͫͤ͜͟ ͍̆͊ͪͫ͟͜Έ͎ͦͦ͟ 
ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ ˤΦ˹Φ ˴͊ͪ͊ͤ͊͘͜Σ нлмпΦ Ѕ ммннΦ ˿Φ оо-38. 

19. ͙͙̊ͪͤ ˢΦ ˥Φ ˣ͙͙͎͍ͤ͊͡͡Έ͔ͤͦ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͍ ͔ͦͭ;͔͍͔͚ͫͭͤͤͦ ͙ ͔͚͊ͪͯ͋͗ͤͦ͘ ͔͎͎͙͔ͨ͒͊ͦ͟Υ ͍͔͊ͭͦͪͺΦ ͙͒ͫΦ ͤ͊ ͙ͫͦͫ͟Φ ͤ͊ͯ;Φ 
͔͔͙ͫͭͨͤ ͒-ͪ͊ ͔ͨ͒Φ ͤ͊ͯ͟Φ Υ моΦллΦлм κ ˤ͔͙͙͚͟͡ ˹͍͎ͦͦͪͦ͒Σ нллтΦ рп ͫΦ 

20. Education 2030: Incheon Declaration and Framework for Action for the implementation of Sustainable Development Goal 
4: Ensure inclusive and equitable quality education and promote lifelong learning... URL: 
https://unesdoc.unesco.org/ark:/48223/pf0000245656_rus ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘Ύ нлΦлуΦнлмфύΦ 

21. tL{!Υ ͙͙ͨͪͪͦ͒ͤ;ͦ-͍ͤ͊ͯͦ͊͟ ͎ͪ͊ͣͦͭͤͫͭ͜Έ κ  ͯ͊͒͟͡Φ  ́Φ ˿Φ ˤ͔͊ͯͤͦ͟͟͡Σ  ˿Φ ˤΦ ˶͍͙ͦͣ͊ͦ͟;Σ ˤΦ ˸ Φ ́ ͔͔ͪ΅͔ͤͦ͟Σ ˿Φ s Φ ˹ ͍͍ͦͦ͊͜͟Τ 
͔͔ͨͪ͟͡Φ ˴Φ ̐Φ ͍̊ͯͣͦ͊Φ ˴͙͍͝ Υ ̂̇˻̒˻Σ нлмуΦ ммф ͫΦ 

22. The Plurality of Literacy and its implications for Policies and Programs. URL: 
https://unesdoc.unesco.org/ark:/48223/pf0000136246 (͒͊ͭ͊ ͘ ͍͔͔ͪͤͤͤΎ 20.08.2019). 

23. UNESCO ICT Competency Framework for Teachers, 2018. URL: 
https://www.gcedclearinghouse.org/sites/default/files/resources/190056eng.pdf ό͒͊ͭ͊ ͍͔͔ͪͤͤͤ͘Ύ нлΦлуΦнлмфύΦ 

 
References 

1. Batrova N. I. (2014). Modelirovanie processa obuchenija informacionno-kommunikacionnym tehnologijam uchashhihsja 
starshih klassov na bilingval'noj osnove [Bilingual modeling of the process of teaching information and communication 
technologies for high school students]. 9ȄǘŜƴŘŜŘ ŀōǎǘǊŀŎǘ ƻŦ 5ƻŎǘƻǊΩǎ ǘƘŜǎƛǎ. Yoshkar-Ola: Mari State University [in Russian].  

2. Biletska I. O. (2012). Dvomovna osvita u serednikh navchalnykh zakladakh SShA : istoriia stanovlennia. [Bilingual education in 
US secondary schools: a history of becoming]. Naukovi zapysky KDPU im. V. Vynnychenka ς Proceedings KSPU them. 
V .Vinnichenko, 104 (2), 14ς18 [in Ukrainian].  

3. Bodnarchuk T. V. (2013). Osoblyvosti rozvytku bilinhvalnoi osvity u suchasnii ukrainskii shkoli. [Features of development of 
bilingual education in the modern Ukrainian school]. Pedahohika ς Pedagogy, 14, 37-42 [in Ukrainian].  

4. Bondarenko L. I. & Chornobai K. H. (2018). Bilinhvalne navchannia fizyky pry pidhotovtsi maibutnikh fakhivtsiv u zakladakh 
vyshchoi osvity. [Bilingual training in physics in the preparation of future specialists in higher education institutions]. Fizyko-
matematychna osvita ς Physical and mathematical education, 2(16), 23-26 [in Ukrainian]. 

5. Hamaniuk V. A. (2013). Pidkhody do bilinhvalnoho navchannia u osviti FRN. [Approaches to bilingual education in German 
education]. Dukhovnist osobystosti: metodolohiia, teoriia i praktyka ς Personality spirituality: methodology, theory and 
practice, 3, 31-40 [in Ukrainian]. 

6. Husak A. M. & Kovalchuk A. O. (2011). Bilinhvalnyi pidkhid do vykladannia fizyky u suchasnii shkoli [A bilingual approach to 
teaching physics in a modern school]. Ridna shkola ς Home school, 10, 48-50 [in Ukrainian]. 

7. Zozulia I. Ye. (2017). Bilinhvalne navchannia v konteksti suchasnykh intehratsiinykh kontseptsii osvity. [Bilingual learning in 
the context of modern integration concepts of education.]. Materialy XLVI naukovo-tekhnichnoi konferentsii pidrozdiliv 
VNTU ς Proceedings of the XLVI Scientific and Technical Conference of VNTU divisions. Retrieved from 
https://conferences.vntu.edu.ua/index.php/all-hum/all-hum-2017/paper/view/2186 [in Ukrainian]. 

8. Lytvynova S. H. (2011). Virtualnyi klas yak kompiuterno oriientovane navchalne seredovyshche vchytelia zahalnoosvitnoho 
navchalnoho zakladu. [Virtual Classroom as Computer-Oriented Educational Environment for Primary School Teacher]. 
Informatsiini tekhnolohii i zasoby navchannia ς Information technology and learning tools, 2(22). Retrieved from 
https://journal.iitta.gov.ua/index.php/itlt/article/view/331/387 [in Ukrainian]. 

9. [ȅǘǾȅƴƻǾŀ {Φ IΦ όнлмпύΦ hōƭŀŎƘƴƻ ƻǊȅŜƴǘȅǊƻǾŀƴƴŀƛŀ ǳŎƘŜōƴŀƛŀ ǎǊŜŘŀ ǎƘƪƻƭ·Υ ƻǘ ƪŀōȅƴŜǘŀ Řƻ ǾȅǊǘǳŀƭƴ·ƪƘ ƳŜǘƻŘȅŎƘŜǎƪȅƪƘ 
ǇǊŜŘƳŜǘƴ·ƪƘ ƻōΆŜŘȅƴŜƴȅƛ ǳŎƘȅǘŜƭŜƛΦ ώ/loud-oriented learning environment of the school: from the classroom to the 
virtual methodological subject associations of teachers]. hōǊŀȊƻǾŀǘŜƭƴ·Ŝ ǘŜƪƘƴƻƭƻƘȅȅ ȅ ƻōǎƘŎƘŜǎǘǾƻ ς Educational 
technologies and society, 1(17), 457-468 [in Ukrainian].  

10. Lytvynova S. H. (2010). Formuvannia On-line navchalnoho seredovyshcha v zahalnoosvitnikh navchalnykh zakladakh. 
[Formation of On-line learning environment in secondary schools]. Kompiuter u shkoli ta simi ς Computer at school and 
family, 8, 25-26 [in Ukrainian]. 

11. Lytvynova S. H. (2018). Cystema kompiuternoho modeliuvannia obiektiv i protsesiv ta osoblyvosti yii vykorystannia v 
navchalnomu protsesi zakladiv zahalnoi serednoi osvity. [Computer simulation of objects and processes and peculiarities of 

https://unesdoc.unesco.org/ark:/48223/pf0000245656_rus
http://unesdoc.unesco.org/images/0013/001362/136246e.pdf
https://unesdoc.unesco.org/ark:/48223/pf0000136246
https://www.gcedclearinghouse.org/sites/default/files/resources/190056eng.pdf


PHYSICAL & MATHEMATICAL EDUCATION    issue 3(21), 2019 
.  

92 

their use in the educational process of general secondary education institutions]. Informatsiini tekhnolohii i zasoby 
navchannia ς Information technology and learning tools, 2(64), 48-65. Retrieved from 
https://journal.iitta.gov.ua/index.php/itlt/article/view/2111/1330 [in Ukrainian].  

12. Martynenko O. V. & Chkana Ya. O. (2018). Vykorystannia hlosariiu pry bilinhvalnomu navchanni matematychnykh dystsyplin 
inozemnykh studentiv u pedahohichnykh universytetakh. [Use of glossary in bilingual teaching of mathematical disciplines 
of foreign students in pedagogical universities]. Materialy III Mizhnarodnoi naukovo-metodychnoi konferentsii "ITM*plius ς 
2018" ς Proceedings of the Third International Scientific and Methodological Conference "ITM*Plus ς 2018". (pp. 114-115). 
Sumy [in Ukrainian]. 

13. Pavlova O. S. (2011). Metodika bilingval'nogo obuchenija himii uchashhihsja osnovnoj shkoly. [Methods of bilingual 
ŎƘŜƳƛǎǘǊȅ ŜŘǳŎŀǘƛƻƴ ƛƴ ǇǊƛƳŀǊȅ ǎŎƘƻƻƭ ǎǘǳŘŜƴǘǎϐΦ 5ƻŎǘƻǊΩǎ ǘƘŜǎƛǎΦ {ŀƴƪǘ-Peterburg [in Russian]. 

14. Pinchuk O. P. & Sokolyuk O. M. (2018). Navchal"no-piznaval"na diyal"nist" uchniv v umovax vykorystannya internet 
oriyentovanyx osvitnix texnolohij. [Teaching and learning activities of students in the use of Internet-oriented educational 
technologies] Odynadcyata mizhnarodna naukovo-praktychna konferenciya "ION-2018" ς Eleventh International Scientific 
and Practical Conference "IES-2018" (pp. 266-267) [in Ukrainian]. 

15. Pinchuk O. P., Lytvynova S. H. & Burov O. Yu. (2017). Syntetychne navchal"ne seredovyshhe ς krok do novoyi osvity. 
[Synthetic learning environment ς a step towards new education] Informacijni texnolohiyi i zasoby navchannya ς 
Information Technology and Learning Tools, 4 (60). 28-45. Retrieved from http://lib.iitta.gov.ua/709301/1/1831-7809-1-PB-
C%D0%B8%D0%BD%D1%82%D0%B5%D1%82%D0%B8%D1%87%D0%BD%D0%B5.pdf [in Ukrainian]. 

16. Salehova L. L. (2004). Teorija i praktika razvitija shkol s bilingval'nym obucheniem [Theory and practice of developing schools 
with bilingual education]. Kazan': Kazansk. Un-t [in Russian]. 

17. Semotiuk O. P. (2008). Suchasnyi slovnyk inshomovnykh sliv. [Modern dictionary of foreign words]. Xarkiv: Vesta [in 
Ukraine]. 

18. Tarasova N. S. (2014). Klasyfikatsiia form komunikatsii v epokhu panuvannia vizualnykh obraziv. [Classification of forms of 
communication in the era of the dominance of visual images]. Visnyk Kharkivskoho natsionalnoho universytetu imeni 
V. N. Karazina - Bulletin of the V. N. Kharkiv National University Karazin, 1122, 33-38 [in Ukrainian].  

19. Shirin A. G. (2007). Bilingval'noe obrazovanie v otechestvennoj i zarubezhnoj pedagogike. [Bilingual education in domestic 
ŀƴŘ ŦƻǊŜƛƎƴ ǇŜŘŀƎƻƎȅϐΦ 9ȄǘŜƴŘŜŘ ŀōǎǘǊŀŎǘ ƻŦ 5ƻŎǘƻǊΩǎ ǘƘŜǎƛǎΦ ±ŜƭƛƪƛƧ bƻǾƎƻǊƻŘ ώƛƴ wǳǎǎƛŀƴϐΦ 

20. Education 2030: Incheon Declaration and Framework for Action for the implementation of Sustainable Development Goal 4: 
Ensure inclusive and equitable quality education and promote lifelong learning... (2016). Retrieved from 
https://unesdoc.unesco.org/ark:/48223/pf0000245656 

21. ±ŀƪǳƭŜƴƪƻ ¢Φ {ΦΣ  [ƻƳŀƪƻǾƛŎƘ {Φ ±ΦΣ ¢ŜǊŜǎƘƘŜƴƪƻ ±Φ aΦ ϧ bƻǾ͜ƪƻǾŀ {Φ !Φ όнлмуύΦ PISA: pryrodnycho-naukovŀ ƘǊŀƳƻǘƴƛǎǘ 
[PISA: science and ƭƛǘŜǊŀŎȅϐ ό{ƘǳƳƻǾŀ YΦ ̐Φ ¢ǊŀƴǎΦύΦ YȅƛǾΥ ¦¢{hL!h ώƛƴ ¦ƪǊŀƛƴƛŀƴϐΦ 

22. The Plurality of Literacy and its implications for Policies and Programs. (2004). Retrieved from 
https://unesdoc.unesco.org/ark:/48223/pf0000136246 

23. UNESCO ICT Competency Framework for Teachers, (2018). Retrieved from 
https://www.gcedclearinghouse.org/sites/default/files/resources/190056eng.pdf 

 
BILINGUAL APPROACH IN FORMING STUDENTS' COMPETENCE IN NATURAL MATHEMATICAL SUBJECTS  

BASED ON COMPUTER MODELING 
Lytvynova Svitlana 

Institute of Information Technologies and Learning Tools of National Academy of Education Sciences of Ukraine 
 
Abstract. The monitoring of the results of the external independent evaluation during 2017-2019 showed that such educational fields as physics, 

chemistry, biology are not popular among graduates of general secondary education institutions (GSEI). The situation can be 
improved by activating students' educational activities, in particular applying computer modeling. 

Problem formulation. The lack of Ukrainian language studying resources requires a step towards the bilingual approach implementation in 
natural mathematical sciences teaching. 

Materials and methods. The methods of pedagogical and methodological literature as well as dissertation work analysis were used in the 
research process; the methods of systematic analysis were used to determine the didactic components of the bilingual learning 
system; designing the stages of the bilingual approach use in the formation of natural ς ƳŀǘƘŜƳŀǘƛŎŀƭ ǎǳōƧŜŎǘǎ ǎǘǳŘŜƴǘǎΩ 
competences on the basis of computer modeling. 

Results. The article substantiates the notion of natural science competence as the ability of a person to study and solve questions related to 
science and ideas about science. Its three components are substantiated: the ability to explain phenomena scientifically, the ability 
to evaluate and develop scientific research, the ability to scientifically interpret data and evidence. The article clarifies the notion of 
the bilingual approach as an adaptive use of a foreign language in the study of mathematics based on the use of computer 
modeling. The following ways of teaching students are described: natural (human-human) and digital (machine-human), as well as 
bilingual forms (verbal, written, visual, audial, combined). The stages of implementation of the bilingual approach in the GSEI 
(preparatory, introductory, formative, final) are substantiated. The advantages and disadvantages of using the bilingual approach 
in the GSEI are identified. 

Conclusions. The use of bilingual approach will allow GSEI teachers and students to use computer simulation to improve natural ς mathematical 
subjects learning. The development of a methodological system for the use of computer simulation in the educational process 
requires further justification. 

Keywords: computer simulation, bilingual approach, general secondary education institutions, implementation stages, scientific competence, 
CMODS. 
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͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜Φ ̂ ͨͪ͊ͼΎͻ ́Φ ˣ͊΄͙ͤͫΈͦ͟͝Σ ˶Φ ˣͦͭΈͦ͟Σ ́Φ ˤ͍ͦͦͫ͟͡Έͦ͟͝Σ ˻Φ ˴͔͙ͦͨͪͤ͊͟Σ ˻Φ ˽ Ίͻ͙ͦͭΣ ˿Φ ˿͙ͫͦΊ͍ͦ͝Σ ˭Φ ́͊ͪ͊ͤ ͭ͊ 
ͤ͜Φ ͔ͣͭͦ͒ ͔͍ͨͪͦͭ͟͜ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ Ύ͟ ͊ͫ͋͘͜ ͔ͪ͊͊͘͜͡ͼ͜͝ ͙ͦͫͦ͋ͫͭͫͤͦ͜ ͦͪ͜Ί͍͎ͤͭͦ͊ͤͦͦ ͍ͤ͊;͊ͤͤΎΦ 

˸͔ͭͦ͒ ͔͍ͨͪͦͭ͟͜ Ύ͟ ͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͔ͭͻ͎ͤͦͦ͜͡Ύ ͙͍ͪͦͪ͊͘͟ΊͭΈͫΎ ͯ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼΎͻ ˶Φ ˶ ͯ͟ΩΎ͍ͤͦͦ͝Σ ̐Φ ˽ ͦ͊ͭ͡Σ ˻Φ ˽ ͔ͦͣͭͯͤΣ 
˶Φ ˽ ͙͔ͪͦ͗ͤͦ͟Σ ˻Φ ˾͙͋ͤͦ͜͝Σ ˿Φ ˿͙ͫͦΊ͍ͦ͝Σ ͭ͊ ͤ͜Φ ˭͔ͦͪͣ͊͟Σ ͨͦ͒͊ΊͭΈͫΎ ͍͙ͤ͊͘;͔ͤͤΎ ͔ͣͭͦ͒ͯ ͔͍ͨͪͦͭ͟͜ Ύ͟ ͔͎ͦͣͨͫͤͦͦ͟͟͡ 
͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣͭͦ͒ͯ όˣΦ ˥͔ͪ΄ͯͤͫΈ͙͚͟Σ ˤΦ ˸͙͎͍ͯͤͦΣ ˽Φ ˽͔ͭͪΎ͍ͦ͟Σ ˢΦ ˴ ͊ͪ͊;͔͍Σ ˹Φ ˸ ͊ͭΎ΄Σ ˥Φ ˿ ͔͔͍ͦ͟͡Σ ˿Φ ˿ ͙ͫͦΊ͍͊ ͭ͊ ͤ͜ΦύΤ Ύ͟ 
͔ͣͭͦ͒ͯ ͍ͤ͊;͊ͤͤΎ ͙͍͎ͨͪͦ͒ͯͭͤͦͦ͟ ͍ͪͤ͜Ύ ό˱Φ ˣ͔ͣΣ ˢΦ ̆ͯͭͦͪͫΈ͙͚͟Σ ˯Φ ͚͔̊ͤ͊͒ͪύΦ 

˴Φ ˣ͊ͻ͍͊ͤͦΣ ˤΦ ˥ͯ͘ΊΊ͍Σ ˢΦ ˴͔͊ͫͨͪͫΈ͙͚͟Σ ˻Φ ˽Ίͻͦͭ͊Σ ̐Φ ˽ͦ͊ͭ͡Σ ˻Φ ˽͔ͦͣͭͯͤΣ ˻Φ ˿͍͊;͔ͤͦ͟Σ ˥Φ ˿͔͔͍ͦ͟͡Σ ˶Φ ˿͔͎ͪΊΊ͍͊Σ 
˸Φ ˿ ͊ͭͤ͊͟͟͜Σ ˩Φ ˸͙ͻ͚͍͊ͦ͊͡ ͭ͊ ͤ͜΄͜ ͔͎͎͙ͨ͒͊ͦ ͙͍ͪͦͪ͊͘͟ΌͭΈ ͔ͫͨͼ͙ͺͯ͜͟ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͚͎ͦͦ ͯ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜Φ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜Φ ˸͔ͭͦΌ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ Ί ͙ͪͦͪͭͭ͘͟Ύ ͎͙͊ͦͪͭͣͯ͡ ͔ͨͪͦͭͤͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ ͨͪͦͼ͔ͫ͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜͝ 
͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͺ͙͙͘͜͟ ͤ͊ ͔ͣ͊ͭͪ͊͜͜͡ ͔͋ͦͣ͜ͻ͙͊ͤ͜͟Φ 

 
˸˩́˻˨ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 

͔͔͙́ͦͪͭ;͙͚ͤ ͊ͤ͊͘͜͡ ό͍͙ͤ͊͘;͔ͤͤΎ ͍ͨͪͦ͒ͤͦ͜͝ ͔͒͜͝ ͭ͊ ͪͦͪͦ͋͊͘͟ ͎͔͙ͨͦͭ͘͜ ͔͒ͦͫ͒͗ͤͤ͜͡ΎύΤ ͫͭͪͯͭͯͪͤͦ͟-͎ͦ͜͡;͙͚ͤ ͊ͤ͊͘͜͡ 
ͣͫͭͯ͘͜ ͜ ͙ͫͭͪͯͭͯͪ͟ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΤ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎΦ 

 
˾˩˭̂˶̎́ˢ́ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 

˽͔ͪͦͭͤ͊͟ ͒͜Ύ͡Έͤͫͭ͜Έ ͔͍ͫͭͯ͒ͤͭ͜ ς ͼ͔ ͦͅ ͪͣ͊ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͙͍͊ͭͤͦͫͭ͟͜Σ ΅ͦ ͨͦ͡Ύ͎͊Ί ͯ ͙͍ͣͦͭ͊ͼ͚ͤͦͣͯ͜ 
͒ͦͫΎ͎͔ͤͤͤ͜ ͍ͫ͒ͦͣͦ͜ ͍͔ͨͦͫͭ͊ͤͦ͡͝ ͔͙ͣͭ ͨͦ ͍͔ͫͭͦͪͤͤΌ ͍ͭͦͪ;͙ͻ ͔͍ͨͪͦͭ͟͜Σ ͣ͊Ί ͔͙͚ͦͣͨͫͤ͟͟͡ ͻ͔͊ͪ͊ͭͪ͟Σ ͔͔͊͋ͨ͘͘;ͯΊ ͙͍͙͚͊ͭͤ͟ 
ͨͪͦͼ͔ͫ ͒͜͝ ͔ͫͭͯ͒ͤͭ͊ ͘ ͍ͤ͊;͊͡Έ͙ͤͣ ͔ͣ͊ͭͪ͊ͦͣ͜͡ ͜ Ί ͊ͫͦ͋ͦͣ͘ ͍͙ͪͦͭͯ͘͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ Ύ͟ ͫͯ͋ϥΊͭͯ͟ ͍ͤ͊;͊ͤͤΎΦ 

˹͍͊;͊͡Έ͙͚ͤ ͔ͨͪͦͭ͟ ς ͔ͦͣͨͫ͟͟͡ ͨͦ΄͍͙ͯͦ͟ͻΣ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻΣ ͎ͦͪ͊ͤ͊͘͜ͼ͚͙ͤ͜ͻ ͭ͊ ͤ͜΄͙ͻ ͍͙͍͒͜ ͪͦ͋ͭ͜Σ ΅ͦ ͚ͫ͊ͣͦͫͭͤͦ͜ 
͍͙ͦͤ͊ͤ͟͜ ͔ͫͭͯ͒ͤͭͦͣ ό͍ ͨ͊ͪ͊ͻΣ ͎ͪͯͨ͜ ;͙ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦύ ͘ ͔ͣͭͦΌ ͙ͨͪ͊ͭ͟;͎ͤͦͦ ͊͋ͦ ͔͔͙ͭͦͪͭ;͎ͤͦͦ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͤ͊͘;͙ͣͦ͝ 
͔͙ͨͪͦ͋ͣ͡Φ 

˽͔ͪͦͨͪͦͭͤ͊͟ όζͪǊͦηΦΦΦ ͊ͭ͡Φ ΅ͦ ͦͤ͊͘;͊Ί ζ͒͡ΎηΣ ζ͍ ͔͔ͤͭͪͫ͊͜ͻηύ ͍ͤ͊;͊͡Έͤ͊ ͒͜Ύ͡Έͤͫͭ͜ΈΣ ς ͼ͔ ͔͒͋͘͜͡Έ΄͎ͦͦ ͍͍͔͒ͭͦͪͤͤ͜Ύ 
͙ͭͪ͊͒ͼ͚ͤͦ͜͝ ͨͪͦͼ͔͙͒ͯͪ ͔͔ͨͪ͒͊;͜ ͭ͊ ͍͊ͫͦ͘ΊͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͤ͊ ͔͙͍ͪͨͪͦ͒ͯͭͤͦͣͯ͟ ͍ͪͤ͜͜Φ ˢ͔͡ ͍͔͗ ͭͯͭ ͔͙ͨͪͦ͋ͣ͊ͭͯ͘͡ΌͭΈͫΎ ͚ 
͔ͦͪͫ͟͡ΌΌͭΈͫΎ ͔͔͔͙ͣͤͭ͡ ͔ͨͪͦͭͤͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Υ ͔ͣͦ͒͡ΌΌͭΈͫΎ ͒͜͝Σ ͎͍ͦ͋ͦͦͪΌΌͭΈͫΎ ͔͔͙ͭͦͪͭ;ͤ͜ ͙ͨͭ͊ͤͤΎ ͜ ͔͙ͨͪͦ͋ͣ͡Σ ͍ ͍ͦͫͤͦ͜ 
Ύ͙͟ͻ ͍͙Ύ͍͡ΎΌͭΈͫΎ ͙ͨͪͦͭͪ͜;;Ύ ό˽ͦ͜͡ͻͯͤΣ нллсύΦ 

˽͍ͪͦ͒ͤ͜͜ ͙ͦͤ͊͘͟ ͔ͨͪͦͭͤͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͣͦ͗ͤ͊ ͍͙ͤ͊͘;͙͙ͭ Ύ͟Υ ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜Έ ͤ͊ ͍͙ͪͦͭͦ͘͟ ͍ͨͤ͊͊͘͜͡Έ͙ͤͻ ͍͙ͤ͊;ͦ͟Σ 
ͯͣͤ͜Έ ͚ͫ͊ͣͦͫͭͤͦ͜ ͦͤͫͭͪͯ͟Ό͍͙͊ͭ ͍ͫͦ͝ ͤ͊ͤͤ͘ΎΣ ͦͪ͜Ί͍͙ͤͭͯ͊ͭͫΎ ͍ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦͣͯ͜ ͨͪͦͫͭͦͪ͜Σ ͎ͯ͊͊͘͡ΈͤΌ͍͙͊ͭ ͭ͊ ͔͎͍͙ͤͭͪͯ͊ͭ͜ 
ͤ͊ͤͤ͘ΎΣ ͙ͦͭͪͣ͊ͤ͜ ͘ ͙ͪͤ͘͜ͻ ͔͔͒͗ͪ͡ ͯ ͨͪͦͼ͔ͫ͜ ͔͔͙ͭͦͪͭ;͎ͤͦͦ ͜ ͙ͨͪ͊ͭ͟;͎ͤͦͦ ͍ͤ͊;͊ͤͤΎΦ ˻ͪͣ͟͜ ͎ͭͦͦΣ ͊ͯ͘͡;͔ͤͤΎ ͯ;͍ͤ͜ ό͔͍ͫͭͯ͒ͤͭ͜ύ 
͒ͦ ͔ͨͪͦͭͤͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͙ͫͨͪΎΊ ͍͙ͪͦͭͯ͘͟ ͤ͜͜ͼ͙͍͙͊ͭ͜Σ ͙͍ͦͣͯͤ͊ͭͤͦͫͭ͟͜͟͜Σ ͎ͦͪ͊ͤ͊ͭͦͪͫ͘͜Έ͙͟ͻ ͜ ͍ͭͦͪ;͙ͻ ͔͚͒͋ͤͦͫͭ͘͜Σ ͤ͊͒͊Ί 
͙͍ͣͦ͗ͫͭ͜͡Έ ͍ͫ͊ͣͦ͒ͦͫͦͤ͊͟͡Ό͍͙͊ͭͫΎΣ ͊ ͭ͊ͦ͗͟ ͍͙͍͒ͪ͊͜͟Ί ͙͍ͣͦ͗ͦͫͭ͜͡ ͍͙͋ͦͪͯ ͙ͦͫͦ͋ͫͭͦ͝ ͪͦ͜͡ ͍ ͙͔ͫͫͭͣ͜ ͍͙͒ͤͦͫͤ͜ ͯ ͔͙͍ͦͭ͟͟͜͡ 
ͯ;͙͍͊ͫͤ͟͜ ͔ͨͪͦͭͯ͟ ό͍͊ͭͦͪ ͔͚͒͜Σ ͍͙͍͔ͦͤ͊͟ͼΈΣ ͯ;͙͊ͫͤ͟Σ ͎ͦͪ͊ͤ͊ͭͦͪ͘͜ύΣ ͊͋ͦ ͙͊͘͡΄͊Ί ͍ͨͪ͊ͦ ͍͙͋ͦͪͯ ͤ͊ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͯ ͪͦ͋ͦͭͯΣ ͜ ͍ 
ͼΈͦͣͯ ͪ͊͘͜ ͍͙͍͔ͦͤ͊͟ͼΈ ͔ͨͪͦͭͯ͟ ͨͦΊ͒ͤͯΊ ͍ͫ͜ ͪͦ͜͡ ͍ ͚ͦ͒ͤ͜ ͦͫͦ͋͜Φ 

͍͙͎̊͒ͦͦ͟ ͨͦ΄͙͔ͪͤͤΎ ͍ͤ͊͋ͯ͊Ί ͙ͤͤ͜ ͔ͣͭͦ͒ ͔͍ͨͪͦͭ͟͜Σ ͒ͦͼ͜͡Έͤͫͭ͜Έ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ Ύ͎ͦͦ͟ ͨͦΎͫͤΌΊͭΈͫΎ ͔ͤ ͭ͜͡Έ͙͟ ͚͎ͦͦ 
͔͎͎ͨ͒͊ͦ͜;ͤͦΌ ͒ͦͼ͜͡Έͤͫͭ͜ΌΣ ͊ ͚ ͫͦͼ͊͜͡Έ͙ͤͣ ͨ͒͐ͪͯͤͭ͜ΎͣΦ ˭͔ͦͪͣ͊͟Σ ͙͍ͣͦ͗ͫͭ͜͡Ό ͎͔ͤ͊͊ͦ͒͗ͤͤ͡Ύ ΄͙͙ͪͦ͟ͻ ͫͯͫͨ͜͡Έ͙ͤͻ 
͍ͦͤͭ͊ͭ͟͟͜Σ Ύ͔͟ ͫͨͦͤͯ͊͟Ί ͒ͦ ͚͔ͦͤ͊ͦͣͤͤ͘͡Ύ ͘ ͙͙ͪͤͣ͘͜ ͍͍͙͙ͫͭͦͣ͜ ͯ͟͡Έ͙ͭͯͪ͊ͣΣ ͊ ͍͍͒ͨͦ͒ͤͦ͜͜ ͚ ͙͙ͪͤͣ͘͜ ͎ͨͦ͡Ύ͙͒͊ͣ ͤ͊ 
͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͔͙ͨͪͦ͋ͣ͡Τ ͤ͊͋ͯͭͭΎͣ ͍͙ͤ͊;ͦ͟ ͚͎ͫ͊ͣͦͫͭͤͦͦ͜ ͍͒ͦ͋ͯ͊ͤͤ͘Ύ ͤ͊ͤ͘Έ ͜ ͍͙ͤ͊͘;͔ͤͤΎ ͙͍ͣͦ͗ͦͫͭ͜͡ ͝ͻ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έ͎ͦͦ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͤ͊ ͙ͨͪ͊ͭ͟ͼ͜Τ ͊ͭͯ͊͟͡Έͤͫͭ͜Ό ͍͙ͪͦͭͯ͘͟ ͙͊ͤ͊ͭ͜͡;͙ͤͻ ͔͚͒͊ͭͤͦͫͭ͘Σ Ύ͟͜ ͔ͤͦ͋ͻ͒ͤ͜͜ ͒͡Ύ ͦͨͪ͊ͼΌ͍͊ͤͤΎΣ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ 
ͤ͊͋ͯͭͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͭ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͙͍͍ͫͤͦ͟͜ ͜ ͺͦͪͣͯ͡Ό͍͊ͤͤΎ ͎͔ͨͦͭ͘͜Φ 

̇ͦ͜͟͡ ͣ ͦ;͔͍͙͒ͤͦΣ ΅ͦ ͔ͣͭͦ͒ ͔͍ͨͪͦͭ͟͜ Ύ͟ ͔͙͚ͦͣͨͫͤ͟͟͡ ͔ͣͭͦ͒ ͔͔ͨͪ͒͋͊;͊Ί ͊͘ ͍ͫͦΊΌ ͫͯͭͭΌ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ΄͙͎ͪͦͦͦ͟ 
͔ͫͨͭͪͯ͟ ͤ͜΄͙ͻ ͔͙ͨͪͦ͋ͣͤ͡ͻ ͔͍ͣͭͦ͒͜ ό͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻΣ ͨͦ΄͍͙ͯͦ͟ͻΣ ͍ͤ͊;͊ͤͤΎ ͍ ͍ͫͨͨͪ͊͜ͼ͜ύΣ ͊ ͍͒ͭ͊͜͟ ͙͚͒͊ͭͤ͘ ͍ͪͦ͘ϥΎ͍͙ͯ͊ͭ͘ 
ͼ͙͚͜͡ ͔ͦͣͨͫ͟͟͡ ͍͊͒͊ͤ͘ΈΣ ͍ͨͦϥΎ͙͊ͤ͘ͻ ͘ ͙ͦͨͭͣ͊͘͜ͼ͜ΊΌ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͊͘ ͍͙ͯͣͦ ͙͒ͦͭͪͣ͊ͤͤΎ ͨΩΎ͙ͭ ͍͙ͦͫͤͦͤͻ ͍͙͎ͣͦΣ 
͔ͦͪͣ͊͘͟Υ 

-  ͍͙͔͔ͦͪͣͤͤ͟͡Ύ ͍͎͊ͦͣͦ͝Σ ͯ ͙͒ͦͫ͒ͤ͜͡ͼΈͦͣͯ͟ ͜ ͍ͨͤ͊͊͘͜͡Έͤͦͣͯ ͨ͊ͤ͜͡ ͔͙ͨͪͦ͋ͣ͡Σ Ύ͊͟ ͍͙͎ͣ͊͊Ί ͔͎͍͎ͤͭͪͦ͊ͤͦͦ͜ ͤ͊ͤͤ͘Ύ 
ό΅ͦ Ί ͙͍ͦͫͦ͋ͦ͡ ͍͙͍͙͊͗ͣ͡ ͒͡Ύ ͍͎ͫ͒ͦͣͦͦ͜ ͍͊ͫͦ͘ΊͤͤΎ ͤ͊ͤ͘ΈύΤ 

-  ͤ͊Ύ͍ͤͫͭ͜Έ ͔͔͙ͭͦͪͭ;ͤͦ͝Σ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͭ͊ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͤ͊͘;ͯ΅ͦͫͭ͜ ͔͔ͨͪ͒͋͊;͍͙ͯ͊ͤͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜Τ 
-  ͚͔͒ͫͤͤͤ͘͜Ύ ͚ͫ͊ͣͦͫͭͤͦ͜-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Τ 
-  ͍ͫͭͪͯͭͯͪͯ͊ͤͤ͟Ύ ͍ͣͫͭͦͤͦ͘͜͝ ͍ͫ͊͒ͦͦ͟͡͝ ͔ͨͪͦͭͯ͟ ͘ ͔͙ͨͦͭ͊ͨͤͣ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎͣ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜Τ 
-  ͙ͦͨͪ͡Ό͔͒ͤͤͤΎ ͜ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͙͙ͦͭͪͣ͊ͤͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ό˶ͯ͟ΩΎ͍ͤͦ͊Σ нллфύΦ 
˧ͪͯͤͭͯΌ;͙ͫΈ ͤ͊ ͼ͙ͻ ͍͙͎ͣͦ͊ͻ ͙ͤ͊ͣ ͔ͪͦͪͦ͋ͤͦ͘͡ ͎͙͊ͦͪͭͣ͡ ͙ͪͦ͋ͦͭ ͤ͊͒ ͔ͨͪͦͭͦͣ͟Φ ˽͒͜ ͎͙͊ͦͪͭͣͦͣ͡ ͙ͣ ͪͦͯͣ͘͜Ίͣͦ 

͙͙ͨͪͨͫΣ ͙ͦͪͫͭͯ͟Ό;͙ͫΈ Ύ͙ͣ͟ ͣͦ͗ͤ͊ ͍͙͙ͦͤ͊ͭ͟ ͔͍͙͚ͨͤ ͍͙͒ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͍ ͒͊ͤͦͣͯ ͍͙ͨ͊͒ͯ͟ ς ͔ͨͪͦͭͤͯ͟Φ ˨͊ͤ͜ ͍͍͙͊͘͟͜͟ Ί 
͎͙͊ͦͪͭͣͦͣ͡Σ ͋ͦ ͍͊͒ͦͦ͘͡ΈͤΎΌͭΈ ͭ͊͟͜ ͍͙͎͙ͣͦΥ 

1) ͨͦͭͪ͋ͤͦ͜ ͔͔ͨͪ͜͡;͙͙ͭ ͍ͫ͜ ͔ͦͨͪ͊ͼ͜͝ ͭ͊ ͨͦͪΎ͒ͦ͟ ͍͙ͦͤ͊ͤͤ͟Ύ ͝ͻΤ 
2) ͦ͗ͤͯ͟ ͔ͦͨͪ͊ͼ͜Ό ͦ͒ͤͦͤ͊͘;ͤͦ ͍͙͙ͦͤ͊ͭ͟Τ 
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3) ͔ͫͭͯ͒ͤͭ ͍͙͔ͨͦͤͤ ͍͙ͦͦ͒ͭ͜͡ ͍ͫͣ͊͜ ͔ͦͨͪ͊ͼ͜Ύ͙ͣΣ ΅ͦ͋ ͍͙͙ͦͤ͊ͭ͟ ͼΌ ͒͜Ύ͡Έͤͫͭ͜ΈΦ 
˾͔͙͚ͦͪͦ͋ͤ͘͡ ͙ͤ͊ͣ ͎͙͊ͦͪͭͣ͡ ͍͟͡Ό;͊Ί ;͙͙ͦͭͪ ͍͙ͦͫͤͦͤͻ ͔͙ͭ͊ͨΦ 
˱Φ ˻͎ͪ͊ͤ͊͘͜ͼ͜Ύ ͔ͨͪͦͭͯ͟Υ 

1) ͍͙ͤ͊͘;͔ͤͤΎ ͔͙ͭͣ ͭ͊ ͔͙ͣͭ ͔ͨͪͦͭͯ͟Τ 
2) ͍͔ͫͭͦͪͤͤΎ ͔ͨͪͦ͋ͣͤͦ͡͝ ͙ͫͭͯ͊ͼ͜͝Σ ͍͙͔͒ͤͤ͜͡Ύ ͙ͨͪͦͭͪ͜;;ΎΣ ͺͦͪͣͯ͡Ό͍͊ͤͤΎ ͔͙ͨͪͦ͋ͣ͡Τ 
3) ͨͦ΄ͯ͟ ͍͍͊ͪ͊ͤͭ͜͜ ͪ͜΄͔ͤͤΎ ό͍͙͔ͫͯͤͤͤΎ ͎͔͙ͨͦͭ͘͜ύΤ 
4) ͎͍͔ͦ͋ͦͦͪͤͤΎ ͔͍ͣͭͦ͒͜ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ 
˱˱Φ ˽͍͊ͤͯ͊ͤͤ͡Ύ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔ͨͪͦͭ͟͜ ό͙͊ͤ͊ͭ͜͡;͙͚ͤ ͔ͭ͊ͨύ ς ͨ ͦ΄ͯ͟ ͙ͦͨͭͣ͊͡Έ͎ͤͦͦ ͫͨͦͫͦ͋ͯ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΤ 

1) ͍͙ͤ͊͘;͔ͤͤΎ ͔͔͒͗ͪ͡ ͤ͜ͺͦͪͣ͊ͼ͜͝Τ 
2) ͙ͦͨͫ ͤ͟͜ͼ͔͍͎ͦͦ ͔ͪͯ͘͡Έͭ͊ͭͯΤ 
3) ͪͦͨͦ͒͘͜͡ ͍͊͒͊ͤ͘ΈΤ 
4) ͺͦͪͣͯ͡Ό͍͊ͤͤΎ ͨ͊ͤͯ͡ ͙ͪͦ͋ͦͭΦ 
˱˱˱Φ ˨͔ͦͫ͒͗ͤͤ͜͡Ύ ͔͙ͭͣ ͔ͨͪͦͭͯ͟ ό͙͒ͦͫ͒ͤ͜͡ͼΈ͊͟Σ ͨͦ΄͍ͯͦ͊͟Σ ͔ͨͪͦͭͤ͊͟ ͒͜Ύ͡Έͤͫͭ͜ΈύΥ 

1) ͋ͪ͘͜ ͭ͊ ͊ͤ͊͘͜͡ ͋ͪ͊ͤͦ͘͜͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Τ 
2) ͍͙ͦͤ͊ͤͤ͟Ύ ͙ͪͦ͋ͦͭ ͊͘ ͨ͊ͤͦͣ͡Τ 
3) ͺͦͪͣͯ͡Ό͍͊ͤͤΎ ͍͙͍͍ͫͤͦ͟͜ ͜ ͙ͨͪͦͨͦ͘ͼ͚͜Φ 

V˱. ˴ ͦͤͭͪͦ͡ΌΌ;͙͚ ͔ͭ͊ͨΥ 
1) ͦͺ͔ͦͪͣͤͤ͡Ύ ͔ͪͯ͘͡Έͭ͊ͭͯΤ 
2) ͊͘ͻ͙ͫͭ ͔ͨͪͦͭͯ͟Τ 
3) ͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͍͙ͤͦͻ ͔ͨͪͦ͋ͣ͡Φ 
˽͔ͦ͊͗ͣͦ͟ Ύ͟ ͨͪ͊ͼΌΊ ͼ͔͚ ͎͙͊ͦͪͭͣ͡ ͤ͊ ͙ͨͪ͊͒͟͜͡ ͍͙͍;͔ͤͤΎ ͔͋ͦͣ͜ͻ͙͊ͤ͜͟Φ 
˽͎ͪͦͪ͊ͣͦΌ ͘ ͺ͙͙͘͜͟ ͒͡Ύ ͍ͦͫͤͦͤͦ͝ ΄͙ͦ͟͡ ͨͪͦͨͦͤͯΌͭΈͫΎ ͔͙ͭͣ ͔͍ͨͪͦͭ͟͜Σ ͍ͨͦΩΎ͊ͤ͘͜ ͘ ͋ͦ͜ͺ͙ͦ͘͜͟ΌΦ ˸͚͚͊͋ͯͭͤ͜ ͯ;͙͔ͭ͡Έ 

ͺ͙͙͘͜͟ ͣ͊Ί ͙ͤ͊ͭ͘ Ύ͟ ͨͪ͊ͼΌ͍͙͊ͭ ͘ ͙͙ͭ͊ͣ͟ ͔͙ͨͪͦͭ͊ͣ͟Φ 
ˤ͙͍;͔ͤͤΎ ͍ͦͫͤͦ ͔͋ͦͣ͜ͻ͙͊ͤ͜͟ ͦͨͦͪͤͦ-ͪͯͻ͍͎ͦͦͦ ͊ͨ͊ͪ͊ͭͯ ͣ͊Ί ͍͔͙͔͟͡ ͤ͊͘;͔ͤͤΎ ͒͡Ύ ͙ͭ͊͟ͻ ͤ͊ͨͪΎ͍ͣ͟͜ ͔͙ͣ͒ͼ͙͙ͤΣ Ύ͟ 

ͻ͎ͪͯͪ͜͜ΎΣ ͔ͦͪͭͦͨ͒͜Ύ ͜ ͍͎ͭͪ͊ͣ͊ͭͦͦ͜͡ΎΣ ͙͍ͫͨͦͪͭͤ͊ ͜ ͦͫͣ͟͜;ͤ͊ ͔͙ͣ͒ͼ͙ͤ͊Σ ͍͔͎͊ͦͦ͜͡͡ΎΣ ͎ͫͭͦͣ͊ͭͦͦ͜͡ΎΣ ͍ͫͯ͒ͦ͊ ͔͙ͣ͒ͼ͙ͤ͊Φ ˻͍ͫͤͦͤ͜ 
͔ͨͦͦ͗ͤͤ͡Ύ ͔͋ͦͣ͜ͻ͙͊ͤ͜͟ ͒͊ΌͭΈ ͙͍ͣͦ͗ͫͭ͜͡ΈΥ ͙͍͙ͦͨͭͣͯ͊ͭ͘͜ ͍͙ͦͤ͊ͤͤ͟Ύ ͪͯͻ͍͜ ͜ ͍͙͙͙ͪͦ͋ͭ ͤ͊ ͼ͚͜ ͍ͦͫͤͦ͜ ͔͔ͪͦͣͤ͒͊͟ͼ͜͝ ͒͡Ύ 
͙͍͙ͫͨͦͪͭͤͻ ͔͍ͭͪͤͯ͊ͤΈ ͜ ͍ͯ͊͜͟͡͡Έͤͦ͝ ͺͯ͘͜͟͡Έ͙ͭͯͪΤ ͍͙͊ͤ͊ͯ͊ͭ͘͜͡ ͪͯͻ͙ ͯ ͻ͍͙ͦͪͻ ͘ ͔ͣͭͦΌ ͎͙͙͒͊ͤͦͫͭ͜͟ ͺͯͤ͟ͼͦͤ͊͜͡Έ͙ͤͻ 
ͨͦͪͯ΄͔ͤΈΤ ͍͙͊ͤ͊ͯ͊ͭ͘͜͡ ͙͍ͣͦ͗͜͡ ͙ͤ͊ͫ͒͜͟͡ ͍͙ͨ͊ͤͦ͊ͤ͡ͻ ͔͙͍͙ͦͨͪ͊ͭͤͻ ͣͤ͘͜ ͯ ͪͯͻ͍͚ͦ͜ ͙͔ͫͫͭͣ͜ ͻ͍͎ͦͪͦͦ ͙ͨͪ ͔ͦͪ͟͟ͼ͜͝ ͪͯͻ͍͙ͦͻ 
͚͊ͤͦͣ͊͜͡Τ ͙͍͙ͦͨͭͣͯ͊ͭ͘͜ ͦͤͫͭͪͯ͟͟ͼ͜͝ ͭ͊ ͙͔͙ͫͫͭͣ ͍͙ͭΎ͙͗͟ ͫͭͦ͟͜͟ ͭ͊ ͦͤͫͭͪͯ͟Ό͍͙͊ͭ ΄ͭͯ;ͤ͜ ͪͯͻͦͣ͜ ͙͊ͤ͟͡ ͔͍ͨͪͦͭ͘͜Τ ͍ͫͭͦͪΌ͍͙͊ͭ 
ͣ͊ͤͨͯ͜͡Ύ͙ͭͦͪ ͚ ͪͦͯ͟͟Ό;͜ ͙͊ͨ͊ͪ͊ͭ ό͔ͪͦ͋ͦͭͦͭͻͤ͊͜͟ ͤ͊ ͍ͦͫͤͦ͜ ͙͋ͦͤ͜͜͟ύΦ 

ˣ͔ͦͣ͜ͻ͊ͤ͊͜͟ ό͍͒͜ ͋ͦ͜ ͜ ͔ͣ ͻ͊ͤ͊͜͟) ς ͪͦ͒͘͜͡ ͋ͦ͜ͺ͙͙͘͜͟Σ ΅ͦ ͍͙͍;͊Ί ͔ͣͻ͊ͤ͜;ͤ͜ ͍͙͍͊ͫͭͦͫͭ͜͡ ͙͍͙͗ͻ ͙ͭ͊ͤͤ͟Σ ͎͍ͦͪ͊ͤ͜ ͜ 
͎ͦͪ͊ͤͣͯ͘͜ ͍ ͼͦͣͯ͜͡Σ ͊ ͭ͊ͦ͗͟ ͔ͣͻ͊ͤ͜;ͤ͜ Ύ͍͙΅͊Σ ΅ͦ ͍͍͒͋ͯ͊͜ΌͭΈͫΎ ͍ ͙ͤͻΦ ˥͍ͦͦͤͦ͡Ό ͍ͫ͊͒ͦͦ͟͡Ό ͔͋ͦͣ͜ͻ͙͊ͤ͜͟ Ί ͔͋ͦͣ͜ͻ͊ͤ͊͜͟ 
ͦͨͦͪͤͦ-ͪͯͻ͍͎ͦͦͦ ͊ͨ͊ͪ͊ͭͯ ͡Ό͙͙͒ͤ (˱΅͔͚ͤ͊͟͜ϧ˸͔͊͊ͪͤͦ͟͟ϧ́ͪͦͤΈ, 2012). 

˻͙͒ͤͣ ͘ ͍͙ͦͫͤͦͤͻ ͨͦͤΎͭΈ Ύ͟ ͺ͙͙͘͜͟ ͭ͊͟ ͜ ͔͋ͦͣ͜ͻ͙͊ͤ͜͟ Ί ͣͦ͒ͯ͡Έ ͎̑ͤ͊Φ ˾͎ͦͦͪͭ͊ͤͤ͘Ύ ͔ͨͪͦͭͤͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔ͨͦ͊͗ͣͦ͟ 
ͤ͊ ͙ͨͪ͊͒͟͜͡ ͍͙ͤ͊͘;͔ͤͤΎ ͼ͜Ί͝ ͺ͙͘͜;ͤͦ͝ ͍͔͙͡;͙͙ͤΦ 

˸͔ͭ͊ ͔ͨͪͦͭͯ͟Υ ͍ͤ͊;͙͙ͭͫΎ ͍͙ͤ͊͘;͙͊ͭ ͣͦ͒ͯ͡Έ ͎̑ͤ͊ Ύ͟ ͍͙͍͊͗ͯ͡ ͻ͔͙͙͊ͪ͊ͭͪͫͭͯ͟͟ ͔͋ͦͣ͜ͻ͙͊ͤ͜͟ ͙͍͙͗ͻ ͎͍ͦͪ͊ͤͣ͘͜͜Φ 
̒͟΅ͦ ͤ͊ ͭͦ͜͡Σ ͙ͤ͊ͨͪ͊͒͟͡Σ ͤ͊ ͍͔͙ͪͭ͊͟͡Έͤͦ ͍ͨ͒͜͜΄͔͙͚ͤ ͔͔͍͙͚ͣͭ͊͡ ͙͔ͫͭͪ͗ͤΈΣ ͒͜Ί ͙ͫ͊͡Σ ͭͦ ͚͎ͦͦ ͍͙͒ͦ͗ͤ͊ ͣͤ͘͜ΌΊͭΈͫΎΦ 

˨͍ͦͫ͒͜ ͨͦ͊ͯ͘͟ΊΣ ΅ͦ Ύ͟΅ͦ ͣͤ͊͘͜ ͍͙͙͒ͦ͗ͤ ҟƭ ͣ͊͊͡ ͍ ͍ͨͦͪͤ͜Ύͤͤ͜ ͘ ͍͙͒ͦ͗ͤͦΌ ͭ͊͜͡Σ ͭͦ ͼΎ ͣͤ͊͘͜ ͨͪͦͨͦͪͼ͚ͤ͊͜ ͙͔͚ͨͪ͊͒ͤ͟͜͡ ͙ͫ͜͡ 
ό͍ ͒͊ͤͦͣͯ ͍͙ͨ͊͒ͯ͟ ͍͊͘͜ ͍ͨ͒͜͜΄͔͎ͤͦͦ ͭ͊͜͡ύΦ ˹͊ ͼ͔ ͍͔ͨͪ΄͔ ͍͔͍ͪͤͯ͘ ͍͎ͯ͊ͯ ˾͔ͦ͋ͪͭ ˥ͯ͟ όмсор-мтлоύΦ ́͊ͯ͟ ͨͪͦͨͦͪͼ͚ͤͫͭ͜͜Έ ͣͦ͗ͤ͊ 
͙͙͊ͨͫ͊ͭ͘ ͯ ͍͙͎͡Ύ͒͜ ͍͍ͫͨ͒ͤͦ͜͜΄͔ͤͤΎΣ Ύ͔͟ ͤͦ͒͜͜ ͙͍ͤ͊͊͘ΌͭΈ ͊ͦͤͦͣ͘͟ ˥ͯ͊͟Υ 

Ὂ ὯЎὰ. 
́ͯͭ F ς ͙ͫ͊͡Σ ΅ͦ ͪͦͭ͘Ύ͎ͯΊ ͭͦ͜͡ ό͔ͦͪͣ͊͘͟Σ ͍͎͊͊ ͤ͜΄͎ͦͦ ͭ͊͜͡ύΣ ҟƭ ς ͙ͨͪͪͫͭ͜ ͍͙͙͒ͦ͗ͤΣ ͊ k ς ͔ͦ͟ͺ͜ͼ͜Ίͤͭ ͨͪͦͨͦͪͼ͚ͤͦͫͭ͜͜Φ 

˿͍͍ͨ͒ͤͦ͜͜΄͔ͤͤΎ ͍͔͙͍͔ͫͨͪ͊͒͡ ͚͔ͣ͊͗ ͒͡Ύ ͋ͯ͒Έ-Ύ͎ͦͦ͟ ͍͔͎ͭͪ͒ͦͦ ͭ͊͜͡Σ ;͙ ͭͦ ͙͚͊ͤ͘͘͜͡ ͙͔ͫͭͪ͗ͤΈ ;͙ ͫͭ͊͟͜͟Σ ͔͊͡ ͙͡΄͔ ͒ͦ ͔͍ͨͤͦ͝ 
͔ͣ͗͜Φ ̒͟΅ͦ ͙ͫ͊͡ ͊ͤ͊͒ͭͦ͘ ͍͔͙͊͟͡Σ ͭͦ ͭͦ͜͡ ͙ͦͭͪͣ͊Ί ͤ͊ͫͭ͜͡Έ͙͟ ͙ͫ͡Έ͔ͤ ͪͦͭ͘Ύ͎͔ͤͤͤΎΣ ΅ͦ ͔ͪ͘΄ͭͦΌ ͍͔ͪͦͪͭ͘͜ΈͫΎ ό˨͗͊ͤͦ͟͜͡Σ 
1989). 

˨͡Ύ ͍͔ͫͭͦͪͤͤΎ ͔ͨͪͦ͋ͣͤͦ͡͝ ͙ͫͭͯ͊ͼ͜͝ ͣͦ͗ͤ͊ ͍͙͙͙ͦͪͫͭ͊ͭ͟ ͊͒͊͘;͜ ͔͔͎ͣ͗ͨͪ͒ͣͭͤͦͦ͜ ͣͫͭͯ͘͜ ό˸͔͊͊ͪͤͦ͟͟ 
&˸͔͊͊ͪͤͦ͟͟&˸͔͊͊ͪͤͦ͟͟, 2018). 

˭͊͒͊;͊Φ ˿ͯͻ͙ͦ͗͡͡Ύ ͍͙͙ͭ͊ͪͤ ͍͙͒ͦ͗ͤͦΌ мс ͫͣ ͨ͒͜ ͒͜ΊΌ ͙͙ͫ͡ мнΣп ˹ ͍ͨͦ͒ͦ͗ͯΊͭΈͫΎ ͤ͊ оΣо ͣͣΦ ˿ͯͻ͙ͦ͗͡͡Ύ ͣͦ͗ͤ͊ 
͍͍͙͊͗͊ͭ ͎͙ͪͯͣ͟͡ ͯ ͔͔ͨͪͪ͘͜͜ ͘ ͔͒͊ͣͭͪͦͣ͜ уΣс ͣͣΦ ˾ͦͪ͊͘ͻ͚͔ͯͭ ͣͦ͒ͯ͡Έ ͨͪͯ͗ͤͦͫͭ͜ ͼΈ͎ͦͦ ͫͯͻ͙ͦ͗͡͡ΎΦ 

˾͍ͦ͘ΩΎ͊ͤͤ͘ΎΥ 
˭͊ ͦͤ͊͘;͔ͤͤΎͣ ͔ͣͻ͊ͤ͜;ͤ͊ ͎ͤ͊ͨͪͯ͊ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͊͘ ͺͦͪͣͯͦ͡ΌΥ 

„ , 

͔͒ F ς ͫ ͙͊͡Σ ͙͔ͨͪ͊͒ͤ͊͟͡ ͒ͦ ͫͯͻ͙ͦ͗͡͡ΎΣ S ς ͨ ͦ͡΅͊ ͚͎ͦͦ ͔͔ͨͦͨͪ;͎ͤͦͦ ͔͔ͨͪͪͯ͘͜Φ 
˭͎͒ͤͦ͜ ͘ ͊ͦͤͦͣ͘͟ ˥ͯ͊͟Υ 

Ὁ
Ў

, 

͔͒ l ς ͨ ͦ;͍͊ͭͦ͊͟ ͍͙͒ͦ͗ͤ͊ ͫͯͻ͙ͦ͗͡͡ΎΣ ͊ ҟƭ ς ͘ ͣͤ͊͜ ͚͎ͦͦ ͍͙͙͒ͦ͗ͤ ͨ͒͜ ͒͜ΊΌ ͙͔ͨͪ͊͒ͤͦ͟͡͝ ͙͙ͫ͡ F. ˴ ͔ͦͺ͜ͼ͜Ίͤͭ ͨͪͦͨͦͪͼ͚ͤͦͫͭ͜͜  ˩
͍͙͚͒ͦͣ͜ Ύ͟ ͣͦ͒ͯ͡Έ ͨͪͯ͗ͤͦͫͭ͜Σ ͊͋ͦ ͣͦ͒ͯ͡Έ ͎̑ͤ͊Φ 

˭͍͙͒ͫ͜Σ 

Ὂ Ὁ
Ў

. 

˻͔ͭ͗Σ ͣͦ͒ͯ͡Έ ͎̑ͤ͊Υ 

Ὁ
Ў Ў

. 

͔͒ d ς ͒ ͔͊ͣͭͪ͜ ͫͯͻ͙ͦ͗͡͡Ύ ό˨͗͊ͤͦ͟͜͡, 1989). 
̇Ύ ͊͒͊͘;͊ ͔ͤ ͍ͪͦ͘ΩΎͯ͘ΊͭΈͫΎ ͊͘ ͊ͦͤͦͣ͘͟ ˥ͯ͊͟Σ ͙ͨͦ͊͊ͤͣ͘͟ ͍͙΅͔Φ ˤ͙͙ͤ͊͟Ί ͙ͨͪͦͭͪ͜;;Ύ ͣ͗͜ ͤ͊ͤͤ͘Ύ͙ͣΣ Ύ͟͜ ͍͔͗ ͍͒ͦͣ͜͜Σ ͜ 

͍͙͙ͤͦͣΦ 
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ˤ͙͍͔͒ͦ͗ͤͤΎ ͭ͊͜͡ ͼ͙͙ͤ͒ͪ͜͡;ͤͦ͝ ͺ͙ͦͪͣ ͔͙͊͗ͭ͘͡Έ ͔ͤ ͭ͜͡Έ͙͟ ͍͒͜ ͙͔ͨͪ͊͒ͤͦ͟͡͝ ͙͙ͫ͡Σ ͊ ͚ ͍͒͜ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ͘ Ύ͎ͦͦ͟ ͍ͦͤͦ 
͍͙͎͍͔͔ͦͭͦͤ͡Σ ͊ ͭ͊ͦ͗͟ ͍͒͜ ͚͎ͦͦ ͎͔͔͙ͦͣͭͪ;͙ͤͻ ͍ͪͦͣͪ͘͜͜Φ ̇͜ ;͙͙͙ͤͤ͟ ͣͦ͗ͤ͊ ͍ͪ͊ͻ͍͙ͯ͊ͭ ͯ ͺͦͪͣͯ͜͡Σ Ύ͟΅ͦ ͍͟͡Ό;͙͙ͭ ͝ͻ ͍ 
͚ͨͦͫͭͤͯ͜ kΦ ˽͍ͦͪͤ͜ΌΌ;͙ ͭ͊͜͡ ͼ͙͙ͤ͒ͪ͜͡;ͤͦ͝ ͺ͙ͦͪͣΣ ͍͙͎͍͔ͦͭͦͤ͜͡ ͘ ͎ͦ͒ͤͦͦ ͜ ͎ͭͦͦ ͗ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ͔͊͡ ͪͤͦ͘͜͝ ͍͙͙͒ͦ͗ͤ ͚ 
͔͔ͨͦͨͪ;͎ͤͦͦ ͔͔ͨͪͪͯ͘͜ ͍͙Ύ͍͙ͣͦΣ ΅ͦ ͙ͨͪ ͚ͦ͒ͤ͜ ͜ ͚ͭ͜ ͔͗ ͙͔͚ͨͪ͊͒ͤ͟͜͡ ͙ͫ͜͡ ͍͙͍͔͒ͦ͗ͤͤΎ όΎ͔͟ Ύ͟ ͜ ͪ͊ͤ͜΄͔ ͔͔ͨͪ͒͋͊;͊ΊͭΈͫΎ 
͙ͣ͊ͣ͡ ͍ ͍ͨͦͪͤ͜Ύͤͤ͜ ͘ ͚͎ͦͦ ͍͙͒ͦ͗ͤͦΌύ ͨͪͦͨͦͪͼ͚͔ͤ͜ ͨͦ;͍͚͊ͭͦ͟͜ ͍͙͒ͦ͗ͤ͜ ͚ ͔͔ͦ͋ͪͤͤͦ ͨͪͦͨͦͪͼ͚͔ͤ͜ ͨͦ͡΅͜ ͔͔ͨͦͨͪ;͎ͤͦͦ 
͔͔ͨͪͪͯ͘͜ ͭ͊͜͡Φ ˱ͤ΄͙͙ͣ ͍͙ͫͦ͊ͣ͡Σ ;͙ͣ ͍͒ͦ΄͔ ͭͦ͜͡Σ ͙ͭͣ ͋͜͡Έ΄͔ ͍ͦͤͦ ͍͙ͨͦ͒ͦ͗ͭΈͫΎ ͙ͨͪ ͚͊͒͊ͤ͘͜ ͍͔͙͡;͙ͤ͜ ͙͙ͫ͡Σ ͊ ;͙ͣ ͍ͭͦ΅͔ 
ͭͦ͜͡Σ ͙ͭͣ ͔ͣͤ΄͔ ͚͎ͦͦ ͍͙͍͔͒ͦ͗ͤͤΎΦ ̇͜ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͜ ͺ͙͊ͭ͟ ͚ ͍͙͔ͪ͊͗ͤ͜ ͍ ͨͪͦͼ͔ͫ͜ ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘Ύ ͊͒͊͘;͜ ό˨͗͊ͤͦ͟͜͡Σ 
1989). 

˸ͦ͗ͤ͊ ͍͙ͤ͊͘;͙͙ͭ ͣͦ͒ͯ͡Έ ͎̑ͤ͊ ͍͙͙͍ͦͪͫͭ͊͟΄͙ ͺͦͪͣͯͯ͡Σ ͍͙͍͔͔͒ͤͯ ͍ ͨͪͦͼ͔ͫ͜ ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘Ύ ͊͒͊͘;͜Σ ͔͊͡ ͼ͔ ͔ͤ 
͎͙͙ͨͦ͋ͭ͡Έ ͤ͊ͤ͘Έ ͔͍ͫͭͯ͒ͤͭ͜ ͘ ͔͋ͦͣ͜ͻ͙͊ͤ͜͟Φ ˴ ͪ͊΅͔ ͍͙͙͙ͦͪͫͭ͊ͭ͟ ͔ͣͭͦ͒ ͭͪΈͦͻ ͭͦ;͍͎ͦͦͦ͟ ͎͙ͤͯ͘Φ 

̅ͦͪͣͯ͡ΌΊͭΈͫΎ ͎͔ͨͦͭ͊͘͜Φ ̒͟΅ͦ ͍͙ͤ͊͘;͙͙ͭ ͣͦ͒ͯ͡Έ ͎̑ͤ͊ ͍ͫͭͦͦ͟͜͟͝ ͙͙ͭ͊ͤͤ͟ ͔ͣͭͦ͒ͦͣ ͭͪΈͦͻ ͭͦ;͍͎ͦͦͦ͟ ͎͙ͤͯ͘Σ ͭͦ ͼ͔ 
͎͙͙ͨͦ͋ͭ͡Έ ͤ͊ͤͤ͘Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͘ ͔͋ͦͣ͜ͻ͙͊ͤ͜͟Σ Ύ͟͜ ͣ͝ ͔ͤͦ͋ͻ͒ͤ͜͜ ͒͡Ύ ͙ͪͦ͋ͦͭ ͤ͊͒ ͔͙ͨͪͦͭ͊ͣ͟ ͍ ΄ͦ͟͜͡Φ 

͙̇ͣ ͙ͫ͊ͣͣ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͔ͣͭͦ͒ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΥ ͔ͣͭͦ͒ ͭͪΈͦͻ ͭͦ;͍͎ͦͦͦ͟ ͎͙ͤͯ͘Φ 
˽͔͔ͪͻ͙ͦ͒ͣͦ ͒ͦ ͎͎͒ͪͯͦͦ ͔ͭ͊ͨͯ ͙ͪͦ͋ͦͭ ͤ͊͒ ͔ͨͪͦͭͦͣ͟Υ 
1) ͔͔͙͒͗ͪ͊ͣ͡ ͤ͜ͺͦͪͣ͊ͼ͜͝ Ί ͨ͒ͪͯ͜;͙͙ͤ͟ ͘ ͋ͦ͜ͺ͙͙͘͜͟ ό̐ͣ;͙͟ϧ˴ͣͭ͜Σ нллоΤ ͙͚̉͊͡Σ нлмтΤ ˴͎͍ͤ͊ͦ͜͟Σ нлмл); 
2) ͤ͊͘;͔ͤͤΎ ͣͦ͒ͯ͡Ύ ͎̑ͤ͊ ͒͡Ύ ͙ͫͭ͟͜͟ ͍͙ͤ͊͘;͙͙ͭ ͘ ͙ͭ͊͋͡ͼ͜Τ 
3) ͪͦͨͦ͒͘͜͡ ͍͊͒͊ͤͤ͘Ύ ͣͦ͗ͤ͊ ͚͙͙͒ͫͤͭ͘͜ ͎͍͙ͪͯͨͦͣ ͔ͣͭͦ͒ͦͣΦ 
˥͍ͪͯͨͦ͊ ͍ͤ͊;͊͡Έͤ͊ ͒͜Ύ͡Έͤͫͭ͜Έ ͍͙ͦͤͯ͟Ί ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͯ͜ ͺͯͤ͟ͼ͜ΌΦ ˽ͦ͡Ύ͎͊Ί ͍ͦͤ͊ ͍ ͭͦͣͯΣ ΅ͦ ͔͙ͫͭͯ͒ͤͭ ͍ͤ͊;͊ΌͭΈͫΎ 

ͪͦͨͦ͒͘͜͡Ύ͙ͭ ͍ͦ͋ͦΩΎ͙͘͟Σ ͍͙ͫͨͯ͊ͭͫ͜͟͡Ύ ͙ͦ͒ͤ ͘ ͙ͦ͒ͤͣΣ ͍ͪͦ͘ΩΎ͍͙ͯ͊ͭ͘ ͦͤ͟ͺ͙ͭ͜͟͡Σ ΅ͦ ͍͙͙ͤ͊͟ΌͭΈ ͯ ͫͨ͜͡Έ͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˤ 
͎͍͚ͪͯͨͦ͜ ͪͦ͋ͦͭ͜ ͔ͦ͗ͤ͟ ͘͜ ͙ͤͻ ͔͔͋ͪ ͤ͊ ͔͔ͫ͋ ͺͯͤ͟ͼ͜͝ ͍͙͊͒͊͟͡;͊ ͜ ͍͙ͦͤͯ͟Ί ͺ͊ͻ͍ͦ͜ ͍͙͙͒ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

˻͎ͪ͊ͤ͊͘͜ͼ͜Ύ ͙ͪͦ͋ͦͭ ͍ ͎ͪͯͨ͊ͻ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͙͙ͭ͊ͣ͟ ͙͍ͦͫͦ͋ͦͫͭ͡Ύ͙ͣΥ ͔͙ͫͭͯ͒ͤͭ ͪͦ͒͘͜͡ΎΌͭΈͫΎ ͤ͊ ͎͙ͪͯͨ ͒͡Ύ 
͍͙ͪ͜΄͔ͤͤΎ ͔͙ͦͤͪͭͤ͟͟ͻ ͍͊͒͊ͤ͘ΈΤ ͦ͗ͤ͊͟ ͎ͪͯͨ͊ ͙ͦͭͪͣͯΊ ͔͍͔ͨͤ ͍͊͒͊ͤͤ͘Ύ ό͍͔ͦ͒ͤ͊ͦ͟ ͊͋ͦ ͙͒ͺ͔͔ͪͤͼ͚͍͔ͦ͊ͤ͜ύ ͜ ͍͙ͦͤͯ͟Ί ͚͎ͦͦ 
ͨ͒͜ ͔͍͙ͪͤ͟͜ͼ͍ͭͦͣ ͔͒ͪ͊͜͡ ͎͙ͪͯͨΤ ͎͙ͪͯͨ ͍͙ͦͤͯ͟ΌͭΈ ͍͊͒͊ͤͤ͘Ύ ͙ͭ͊ͣ͟ ;͙ͤͦͣΣ ΅ͦ͋ ͣͦ͗ͤ͊ ͋ͯͦ͡ ͍ͪ͊ͻ͍͙ͯ͊ͭ ͚ ͦͼ͙͙ͤͭ͜ ͔ͦͪͣͦ͟ 
͍͊͒͟͡ ͎ͦ͗ͤͦͦ͟ ;͔ͤ͊͡ ͎͙ͪͯͨΤ ͨ͒͋ͪ͜͜ ͎͙ͪͯͨ ͨͪͦͻ͙ͦ͒ͭΈ ͭ͊͟Σ ΅ͦ͋ ͘ ͙ͣ͊ͫͣ͊͟͡ΈͤͦΌ ͔ͺ͔͙͍ͭͤͫͭ͟͜Ό ͔͍͙ͪ͊ͯ͊ͭ͘͜͡ ͍ͦͫͭͤ͜͜ 
͙͍ͣͦ͗ͦͫͭ͜͡ ͎ͦ͗ͤͦͦ͟ ;͔ͤ͊͡ ͎͙ͪͯͨΦ ˨ͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͎͍ͪͯͨͦͦ͝ ͺ͙ͦͪͣ ͙ͪͦ͋ͦͭ ͤ͊ ͊ͤ͘Ύͭͭ͜ ͍͙ͨͪͦͦ͒ͭΈͫΎ ͍͍͒ͨͦ͒ͤ͊͜͜ ͎͍ͨ͒ͦͭͦ͜;͊ 
ͪͦ͋ͦͭ͊Σ ͊ ͔ͫ͊ͣΥ ͊ͤ͊͘͜͡ ͣͫͭͯ͘͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ͔͔ͨͪ͜͟͡ ͍͙͋͊ͦ͘ͻ ͤ͊ͤ͘Έ ͜ ͍ͣͤ͜ΈΣ ͎͍ͨ͒ͦͭͦͯ͜͟ ͍͊͒͊ͤ͘Έ ͒͡Ύ ͎͍ͪͯͨͦͦ͝ 
͙ͪͦ͋ͦͭ (˸͔͊͊ͪͤͦ͟͟Σ нлмт). 

˥͍ͪͯͨͦ͊ ͪͦ͋ͦͭ͊ ͍͟͡Ό;͊ΊͭΈͫΎ ͯ  ͫͭͪͯͭͯͪͯ͟ ͙͊͋ͦͪ͊ͭͦͪͤ͡ͻ ͊ͤ͘ΎͭΈΦ 
˻ͪ͜Ί͍ͤͭͦͤ͊ ͫͭͪͯͭͯͪ͊͟ ͎͊͋ͦͪ͊ͭͦͪͤͦͦ͡ ͊ͤ͘ΎͭͭΎ ͘ ͙͒ͫͼ͙ͨͤ͜͡ ͙͙ͨͪͪͦ͒ͤ;ͦ-͍͎ͤ͊ͯͦͦͦ͟ ͼ͙ͯ͟͡ ͘͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ 

͎͍ͪͯͨͦͦ͝ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͝͝ ͣͫͭ͘͜ ͍͟͡Ό;͊ΌͭΈΥ 
мύ ͎͍ͨ͒ͦͭͦ͜;͙͚ ͔ͭ͊ͨ ς ͦͤͭͪͦ͟͡Έ ͨͦ;͍͎͊ͭͦͦͦ͟ ͍ͪͤ͜Ύ ͤ͊ͤ͘ΈΣ ͯͭͦ;͔ͤͤͤΎΣ ͍͔͒ͦͨͦͤͤͤΎΣ ͊ ͒͡Ύ ͔͙ͦͪͣ͟ͻ ͔͍ͫͭͯ͒ͤͭ͜ ς 

͔͍͙͔ͨͪͤͤ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔͙ͭͦͪͭ;͙ͤͻ ͤ͊ͤ͘Έ ό͎͍ͪͯͨͦ͜ Ί͙͒ͤ͜ ͭ͊ ͙͒ͺ͔͔ͪͤͼ͚͍ͦ͊ͤ͜͜ύΤ 
нύ ͍͙͚ͦͫͤͦͤ ͔ͭ͊ͨ ς ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͙ͦͤͪͭͤ͟͟ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͯͣͤ͜ΈΣ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͣ͜ͼ͎ͤͦͦΣ ͍͎ͫ͒ͦͣͦͦ͜ ͍͊ͫͦ͘ΊͤͤΎ ͤ͊ͤ͘Έ 

΄͡Ύͻͦͣ ͍͔͔ͨͪͦ͒ͤͤΎ ͊ͤ͊ͯ͘͜͡ ͚ ͎͍͔ͦ͋ͦͦͪͤͤΎ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͔͒ͦͫ͒͗ͤ͜͡ΈΣ ͍͙ͪ͜΄͔ͤͤΎ ͍ͭͦͪ;͙ͻ ͭ͊ ͨͦ΄͍͙ͯͦ͟ͻ ͍͊͒͊ͤ͘Έ ͊͘ ͔ͭͣͦΌ 
͊ͤ͘ΎͭͭΎ ό͎͍ͪͯͨͦ͜ Ί͙͒ͤ͜ ͚ ͙͒ͺ͔͔ͪͤͼ͚͍ͦ͊ͤ͜͜ύΤ 

оύ ͊͘͟͡Ό;͙͚ͤ ͔ͭ͊ͨ ς ͦͼͤ͜Ό͍͊ͤͤΎ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͙ͪͦ͋ͦͭΣ ͦͤͭͪͦ͟͡Έ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͎͍͎ͪͯͨͦͦͦ ͍ͤ͊;͊ͤͤΎΣ ͍͔ͨͦ͒ͦͣͤͤ͜͡Ύ 
͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ό͙͍ͤ͒͒ͯ͊͜͜͡Έͤ͜ ͍͊͒͊ͤͤ͘Ύ Ί͙͒ͤ͜ ͜ ͙͒ͺ͔͔ͪͤͼ͚͍ͦ͊ͤ͜͜ύ (˸͔͊͊ͪͤͦ͟͟Σ нлмт). 

̇͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͔ͨͦͭͪ͋ͯΌͭΈ ͭ͊͟͜ ͍͙͙͒ ͔͙ͣͭͦ͒;͎ͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎΥ ͔ͨͪͦ͋ͣͤͦ͡-ͨͦ΄͍ͯͦ͟͜ ͙ͫͭͯ͊ͼ͜͝ ͎ͪͤͦͦ͘͜ ͍ͪͤ͜Ύ 
ͫ͊͒ͤͦͫͭ͟͜͡Τ ͔ͨͪͦ͋ͣͤͦ͡-ͨͦ΄͍ͯͦ͟͜ ͍͊͒͊ͤͤ͘Ύ ό͙͍ͤ͒͒ͯ͊͜͜͡Έͤ͜Σ ͎͍ͪͯͨͦ͜ύΤ ͔ͨͪͦ͋ͣͤͦ͡-ͨͦ΄͍ͯͦ͟͜ ͙͊ͨͭ͊ͤͤ͘ΎΤ ͍ͨ͒ͫͯͣͦ͜͟͜ ͙ͭ͊͋͡ͼ͜Τ 
ͫͭͪͯͭͯͪͤ͟͜ ͋ͦ͟͡-ͫͻ͔͙ͣΤ ͍͙ͪͦͫͦͪ͒͟Τ ͔͙ͭͫͭ ό͙͙ͦ͒ͤ;ͤ͜Σ ͙ͣͤͦ͗ͤͤ͜Σ ͊͡Έ͔͙͍ͭͪͤ͊ͭͤ͜ύΤ ͍͊ͤͦͭͯ͊ͤͤΎ ͍͙ͤ͊ͯͦ͟ͻ ͔͚ͫͭ͊ͭ όрςс ͘ ͦ͒ͤ͜Ί͝ 
͔͙ͭͣ ͯͪͫͯ͟ύΣ ͙͎͙ͤ͟ ͊͋ͦ ͔͙ͦͪͣ͟ͻ ͝͝ ͍ͪͦ͒͘͜͜͡Σ ΅ͦ ͭͫͤͦ͜ ͍ͨͦΩΎ͊ͤ͘͜ ͘ ͔ͭͣͦΌΤ ͨͦ΄ͯ͟ ͍ͤ͊ͯͦͦ͟͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Τ ͙ͤ͊ͨͫ͊ͤͤΎ ͔ͪͺ͔͍ͪ͊ͭ͜Σ 
͍͒ͦͨͦ ͔͚͒͜Σ ͔ͭ͘Σ ͔͚ͫͭ͊ͭΣ ͍͙ͤ͊ͯͦ͟ͻ ͪͦ͋ͭ͜ ͊͘ ͊ͤ͊͘͘;͔͙͙ͤͣ ͔͙ͭͣ͊ͣ ͙͒ͫͼ͙͙ͨͤ͜͡ ͭͦ΅ͦΦ 
пύ ˽͊ͤ͡ ͙ͪͦ͋ͦͭ ͍͍͒ͨͦ͒͊͜͜Ί ͤͫͭͪͯ͜͟ͼ͜͝ ͒ͦ ͊͋ͦͪ͊ͭͦͪͤͦ͡͝ ͙ͪͦ͋ͦͭΦ 

͔́ͣ͊Υ ˤ͙ͤ͊͘;͔ͤͤΎ ͣͦ͒ͯ͡Ύ ͎̑ͤ͊ ͙ͫͭ͟͜͟Φ 
˸͔ͭ͊Υ ͤ ͍͊;͙͙ͭͫΎ ͍͙ͤ͊͘;͙͊ͭ ͣͦ͒ͯ͡Έ ͎̑ͤ͊ ͍ͫͭͦͦ͟͜͟͝ ͙͙ͭ͊ͤͤ͟ ͔ͣͭͦ͒ͦͣ ͭͪΈͦͻ ͭͦ;͍͎ͦͦͦ͟ ͎͙ͤͯ͘Φ 
˻͋͊͒ͤ͊ͤͤ͡ΎΥ ͟ ͫͭ͊͜͟ ͤ͊ ͍͒ͦͻ ͦͨͦͪ͊ͻΣ ΄͎͔ͭ͊ͤͤͼ͙ͪͯ͟͡ΈΣ ͔͙ͣͪͦͣͭͪ͜͟;͙͚ͤ ͙ͤ͒͊ͭͦͪ͜͟Σ ͤ͊͋ͪ͜ ͭΎ͎͊ͪͼ͍͜Φ 
˽ͦͪΎ͒ͦ͟ ͍͙ͦͤ͊ͤͤ͟Ύ ͙ͪͦ͋ͦͭ 
1. ˤ͙ͣͪ͜Ύ͙ͭ ͍͒ͫͭ͊ͤ͜Έ ͣ͗͜ ͙ͦͨͦͪ͊ͣ ͣ͊ͫ΄ͭ͊͋ͤͦΌ ͚ͤͦ͜͜͟͡ΌΦ 
2. ˤ͙ͣͪ͜Ύ͙ͭ ͍ͭͦ΅͙ͤͯ ͭ͊ ΄͙͙ͪͤͯ ͙ͫͭ͟͜͟ ͙ͨͦ͋ͯ͘͡ ͼ͔ͤͭͪ͊͡Έͤͦ͝ ͝͝ ;͙͙͊ͫͭͤ ͊͘ ͎͒ͦͨͦͣͦͦΌ ΄͎͔ͭ͊ͤͤͼ͙ͪͯ͟͡ΎΦ 
3. ˭͙͙͊ͪͨͭ͟͜ ͔͙ͣͪͦͣͭͪ͜͟;͙͚ͤ ͙͚ͨͪͫͭͪ͜ ͔͔͙ͨͦͫͪ͒ͤ͜ ͙ͫͭ͟͜͟ ͭ͊ ͍͍͙͙ͫͭ͊ͤͦͭ ͍ ͤͯ͡Έ͍͔ͦ ͔ͨͦͦ͗ͤͤ͡Ύ ͚͎ͦͦ ͫͭͪͯ͜͟͡Φ 
4. ˽͍͙͍͒ͫ͜͜΄͙ ͔͍͔͙͙͚ͤ͟͡ ͭΎ͎͔͊ͪͼΈΣ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͙ͤ͒͊ͭͦͪ͊͜͟ ͍͙ͤ͊͘;͙͙ͭ ͫͭͪͯ͜͡ ͎͙ͨͪͦͤͯ ͙ͫͭ͟͜͟Φ ό˽ͪͦͼ͔͒ͯͪͯ 

͍͙͙ͨͦͭͦͪͭ ͔͒͟͜͡Έ͊͟ ͍ͪ͊͘͜ ͙ͨͪ ͙ͪͤ͘͜ͻ ͍͔ͤ͊͊ͤͭ͊͗ͤͤΎͻύΦ 

5. ˾ͦͪ͊͘ͻ͍͙ͯ͊ͭ ͣͦ͒ͯ͡Έ ͎̑ͤ͊ ͊͘ ͺͦͪͣͯͦ͡Ό Ὁ
ȟ

 ͒͡Ύ ͭͪΈͦͻ ͍͙͍ͨ͊͒͟͜ ͜ ͦ͋;͙͙͙ͫͭ͡ ͔͔ͫͪ͒ͤΊ ͤ͊͘;͔ͤͤΎΦ 

˾͔ͯ͘͡Έ͙ͭ͊ͭ ͍͙ͣͪ͜Ό͍͊ͤΈ ͜ ͦ͋;͙͔ͫͤ͡Έ ͔͙͊ͤͫͭ͘ ͍ ͙ͭ͊͋͡ͼΌΦ 
6. ˽͍ͦͪͤ͜Ύ͙ͭ ͙͔ͦͭͪͣ͊ͤ ͤ͊͘;͔ͤͤΎ ͣͦ͒ͯ͡Ύ ͎̑ͤ͊ ͍ͫͭͦͦ͟͜͟͝ ͙͙ͭ͊ͤͤ͟ ͘ ͙ͭ͊͋͡;͙͙ͤͣ ͙͙͒͊ͤͣΦ ˿ͺͦͪͣͯ͡Ό͍͙͊ͭ ͍͙͍ͫͤͦͦ͟ 

(˱΅͔͚ͤ͊͟͜&˸͔͊͊ͪͤͦ͟͟&́ͪͦͤΈΣ нлмн). 
͔͚́ͪͭ͜ ͔ͭ͊ͨ ͔ͤ ͔ͨͦͭͪ͋ͯΊ ͔͍ͦͣͤͭ͊ͪ͟͜Σ ͦͫ͟͜͡Έ͙͟ Ί ͔͔͔͋ͨͦͫͪ͒ͤ͘ΈͦΌ ͪͦ͋ͦͭͦΌ ͤ͊͒ ͔ͨͪͦͭͦͣ͟Φ 
ˤ͙͍͊͗ͦ͡ ͙͙͙ͯͨͤͭͫ͘Ύ ͤ͊ ͔͒Ύ͙͟ͻ ͍͙͍ͫͤͦ͊͟ͻ ͜ ͙ͨͪͦͨͦ͘ͼ͜ΎͻΦ 
˹͊ ͔ͭ͊ͨ͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͒ͦ ͔ͨͪͦͭͤͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙͍͙͚͊͗͡ ͙͙͚ͦͫͦ͋ͫͭͫͤ͜ ͨ͒͜ͻ͒͜Σ ͔ͪ͊͊͘͜͡ͼ͜Ύ Ύ͎ͦͦ͟ ͙͍ͣͦ͗͊͡ ΄͡Ύͻͦͣ 

͙͒ͺ͔͔ͪͤͼ͊͜ͼ͜͝ ͍͊͒͊ͤ͘ΈΦ ˹͊ ͎͒ͪͯͦͣͯ ͔ͭ͊ͨ͜ ͙ͪͦ͋ͦͭ ͤ͊͒ ͔ͨͪͦͭͦͣ͟ ͍͙͍͊͗ͦ͡ ͎͍͙ͦͪ͊ͤͯ͊ͭ͘͜ ͎͍͔ͪͯͨͦ ͍ͤ͊;͊ͤͤΎΦ ̂ ͨͪͦͼ͔ͫ͜ 
͍͙ͦͤ͊ͤͤ͟Ύ ͊͋ͦͪ͊ͭͦͪͤͦ͡͝ ͙ͪͦ͋ͦͭ ͍͙͙͙ͤ͊͟͡ ͭͪͯ͒ͤͦ΅͜ ͍ͨͦΩΎ͊ͤ͘͜ ͘ ͯͣͤͤ͜Ύ͙ͣ ͔͍ͫͭͯ͒ͤͭ͜ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͍͙ͣͪ͜Ό͍͊ͤͤΎ ͭ͊ 
ͦ͋;͙͔ͫͤͤ͡ΎΦ 

͔͍͔͙͚̉ͭͪͭ ͔ͭ͊ͨ ͍͟͡Ό;͊ΊΥ 
1) ͦͺ͔ͦͪͣͤͤ͡Ύ ͔ͪͯ͘͡Έͭ͊ͭͯ ό͍͔͊ͨͦͤͤͤ͘Ύ ͙ͭ͊͋͡ͼ͜Σ ͦ͋;͙͔ͫͤͤ͡Ύ ͨͦͻ͙͋ͦ͟ ͍ͨͦͪͤ͜ΎͤͤΎ ͤ͊͘;͔ͤͤΎ ͣͦ͒ͯ͡Ύ ͎̑ͤ͊ 

͍ͫͭͦͦ͟͜͟͝ ͙͙ͭ͊ͤͤ͟ ͘ ͙ͭ͊͋͡;͙͙ͤͣ ͙͙͒͊ͤͣΣ ͺͦͪͣͯ͡Ό͍͊ͤͤΎ ͍͙͍ͫͤͦͯ͟Σ ͍ Ύͦͣͯ͟ ͍͙͊͊ͭ͘͟ ͔͔͒͗ͪ͊͡ ͨͦͻ͙͋ͦ͟); 
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2) ͊͘ͻ͙ͫͭ ͔ͨͪͦͭͯ͟ ό͔͔ͨͪͤͭ͊͘ͼ͜Ύ ͊͋ͦ ͙ͤ͊ͨͫ͊ͤͤΎ ͫͭ͊ͭͭ͜ύΤ 
3) ͍ͤͦ͜ ͔͙ͨͪͦ͋ͣ͡ ͘ ͔͋ͦͣ͜ͻ͙͊ͤ͜͟ ό͙ͤ͊ͨͪ͊͒͟͡Σ ͋ͦ͜ͺ͙͘͜;ͤ͊ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ͫͦͪͦ͟;͍ͯ͊͡Έ͙ͤͻ ͍͋͜͟͜͡Σ ͔ͣͦͯ͟͡͡Ύͪͤ͜ 

͔ͣͻ͙͊ͤͣ͘͜ ͣΩΎ͍͎ͦͦͦ͘ ͫͦͪͦ͟;͔ͤͤΎΣ ͚͎ͦͦ ͔͎ͪͯ͡Ύͼ͜ΎύΦ 
 

˻ˣ˥˻ˤ˻˾˩˹˹̒ 
˿͔͔͔ͨͦͫͭͪ͗ͤͤΎ ͊͘ ͨͪͦͼ͔ͫͦͣ ͚͔͒ͫͤͤͤ͘͜Ύ ͔ͨͪͦͭͤͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͍͒ͦͦ͘͡ΎΌͭΈ ͤ͊ͣ ͍͙͙͙ͪͦ͋ͭ 

͔͔ͪͦͣͤ͒͊͟ͼ͜͝ ΅ͦ͒ͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔ͪͦͪͦ͋ͤͦ͘͡͝ ͔͙͙ͣͭͦ͒͟ ͤ͊ ͦ͗ͤͦͣͯ͟ ͘ ͔͍ͭ͊ͨ͜Φ ˹͊ ͔ͨͪ΄ͦͣͯ ͔ͭ͊ͨ͜ ͍͙͍͙͊͗ͣ͡ Ί 
͙͙͚ͦͫͦ͋ͫͭͫͤ͜ ͨ͒͜ͻ͒͜Σ ͔ͪ͊͊͘͜͡ͼ͜Ύ Ύ͎ͦͦ͟ ͙͍ͣͦ͗͊͡ ΄͡Ύͻͦͣ ͙͒ͺ͔͔ͪͤͼ͊͜ͼ͜͝ ͍͊͒͊ͤ͘ΈΦ 

˹͊ ͎͒ͪͯͦͣͯ ͔ͭ͊ͨ͜ ͙ͪͦ͋ͦͭ ͤ͊͒ ͔ͨͪͦͭͦͣ͟ Ί ͍͙͍͊͗ͦ͡Ό ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͎͍͎ͪͯͨͦͦͦ ͍ͤ͊;͊ͤͤΎΦ ˽ͦ͡Ύ͎͊Ί ͍ͦͤ͊ ͍ ͭͦͣͯΣ ΅ͦ 
͔͙ͫͭͯ͒ͤͭ ͍ͤ͊;͊ΌͭΈͫΎ ͪͦͨͦ͒͘͜͡Ύ͙ͭ ͍ͦ͋ͦΩΎ͙͘͟Σ ͍͙ͫͨͯ͊ͭͫ͜͟͡Ύ ͙ͦ͒ͤ ͘ ͙ͦ͒ͤͣΣ ͍ͪͦ͘ΩΎ͍͙ͯ͊ͭ͘ ͦͤ͟ͺ͙ͭ͜͟͡Σ ΅ͦ ͍͙͙ͤ͊͟ΌͭΈ ͯ 
ͫͨ͜͡Έ͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˽͙ͪ ͼΈͦͣͯ ͎͍ͪͯͨͦ͊ ͍ͤ͊;͊͡Έͤ͊ ͒͜Ύ͡Έͤͫͭ͜Έ ͍͙ͦͤͯ͟Ί ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͯ͜ ͺͯͤ͟ͼ͜ΌΦ ˤ ͎͍͚ͪͯͨͦ͜ ͪͦ͋ͦͭ͜ ͔ͦ͗ͤ͟ ͘͜ 
͙ͤͻ ͔͔͋ͪ ͤ͊ ͔͔ͫ͋ ͺͯͤ͟ͼ͜͝ ͍͙͊͒͊͟͡;͊ ͜ ͍͙ͦͤͯ͟Ί ͺ͊ͻ͍ͦ͜ ͍͙͙͒ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˨͔ͭ͊͡Έͤ͜ ͔͔ͪͦͣͤ͒͊͟ͼ͜͝ ΅ͦ͒ͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͙ͪͦ͋ͦͭ ͍ 
͎ͪͯͨ͊ͻΣ ͙ͦͨͫ͊ͤ͜ ͍ ͙ͨͦͫ͋ͤͯ͜͟ ό˸͔͊͊ͪͤͦ͟͟Σ нлмтύΦ 

̂ ͨͪͦͼ͔ͫ͜ ͍͙ͦͤ͊ͤͤ͟Ύ ͊͋ͦͪ͊ͭͦͪͤͦ͡͝ ͙ͪͦ͋ͦͭ ͍͙͙͙ͤ͊͟͡ ͭͪͯ͒ͤͦ΅͜ ͍ͨͦΩΎ͊ͤ͘͜ ͘ ͯͣͤͤ͜Ύ͙ͣ ͔͍ͫͭͯ͒ͤͭ͜ ͚͒ͫͤ͘͜Ό͍͙͊ͭ 
͍͙ͣͪ͜Ό͍͊ͤͤΎ ͭ͊ ͦ͋;͙͔ͫͤͤ͡ΎΦ ˽͙ͪ ͦͺ͔ͦͪͣͤͤ͜͡ ͔ͪͯ͘͡Έͭ͊ͭͯ ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙͙͙ͤ͊͟͡ ͔͍ͨͤ͜ ͭͪͯ͒ͤͦ΅͜Σ ͍ͨͦΩΎ͊ͤ͘͜ ͘ ͙͙ͭ͊ͣ͟ 
͍͙͙͒͊ͣ ͒͜Ύ͡Έͤͦͫͭ͜Σ Ύ͟Υ ͦ͋;͙͔ͫͤͤ͡Ύ ͨͦͻ͙͋ͦ͟Σ ͍ͨͦͪͤ͜ΎͤͤΎ ͤ͊͘;͔ͤͤΎ ͍͙ͣͪ͜Ό͍͊ͤͦ͝ ͍͔͙͡;͙͙ͤ ͘ ͙ͭ͊͋͡;͙͙ͤͣ ͙͙͒͊ͤͣ ͭ͊ 
ͺͦͪͣͯ͡Ό͍͊ͤͤΎ ͍͙͍ͫͤͦͯ͟Φ ˹͙͊ͨͪ͊͒͟͡Σ ͙ͨͪ ͺͦͪͣͯ͡Ό͍͊ͤͤ͜ ͍͙͍͍ͫͤͦ͟͜ ͔ͤ ͍͍͙͊ͯ͊ͫ͘͟͡Ύ ͔͔͒͗ͪ͊͡ ͨͦͻ͙͋ͦ͟Φ 

˹͊ ͦͤͭͪͦ͟͡ΌΌ;ͦͣͯ ͔ͭ͊ͨ͜ ͊͘ͻ͙ͫͭ ͔ͨͪͦͭͯ͟ ͔͔ͪͦͣͤ͒ͯ͟ΊͭΈͫΎ ͍͙͙ͨͪͦͦ͒ͭ ͯ ͺͦͪͣ͜ ͔͔ͨͪͤͭ͊͘ͼ͜͝ ͊͋ͦ ͙ͤ͊ͨͫ͊ͤͤΎ ͫͭ͊ͭͭ͜Φ ̒͟ 
ͨͦ͊ͯ͘͟Ί ͙ͨͪ͊ͭ͊͟͟Σ ͍͔ͫͭͦͪͤͤΎ ͔͔ͨͪͤͭ͊͘ͼ͜͝ ͔ͤ ͍͙͙͊͟͟͡Ί ͤ͊͘;͙ͤͻ ͭͪͯ͒ͤͦ΅͍͜ ͤ͊ ͍͒ͣͤͯ͜͜ ͍͒͜ ͙ͤ͊ͨͫ͊ͤͤΎ ͫͭ͊ͭͭ͜Φ ˿͔͍ͭͯ͒ͤͭ͜ ͒ͦ 
ͼΈ͎ͦͦ ͨͦͭͪ͋ͤͦ͜ ͎͍͙ͦͭͯ͊ͭ ͔ͫͨͼ͊͜͡Έͤͦ ͍ ͔͙ͨͪͦ͋ͣͤ͡ͻ ͎ͪͯͨ͊ͻΦ 

ˢ͎ͤ͊ͦ͜͡;ͤͦ ͔ͨͪͦͭͤͯ͟ ͒͜Ύ͡Έͤͫͭ͜Έ ͣͦ͗ͤ͊ ͎͍͙ͦͪ͊ͤͯ͊ͭ͘͜ ͎ͪͦ͘͡Ύ͒͊Ό;͙ ͭ͊͟͜ ͔͙ͨͪͦ͋ͣ͡ ͘ ͔͋ͦͣ͜ͻ͙͊ͤ͜͟Σ Ύ͟ ͋ͦ͜ͺ͙͘͜;ͤ͊ 
ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ͫͦͪͦ͟;͍ͯ͊͡Έ͙ͤͻ ͍͋͜͟͜͡Σ ͔ͣͦͯ͟͡͡Ύͪͤ͜ ͔ͣͻ͙͊ͤͣ͘͜ ͣΩΎ͍͎ͦͦͦ͘ ͫͦͪͦ͟;͔ͤͤΎΣ ͚͎ͦͦ ͔͎ͪͯ͡Ύͼ͜ΎΣ ͭͦ΅ͦΦ 
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͙́͊ͣ͟ ;͙ͤͦͣΣ Ύ͟ ͔ͪͯ͘͡Έͭ͊ͭ ͍͔͔͎ͨͪͦ͒ͤͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙ͤ͊ͣ ͔͙͚ͪͦͪͦ͋ͤ͘͡ ͎͙͊ͦͪͭͣ͡ ͔ͨͪͦͭͤͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ ͨͪͦͼ͔ͫ͜ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͺ͙͙͘͜͟ ͤ͊ ͔ͣ͊ͭͪ͊͜͜͡ ͔͋ͦͣ͜ͻ͙͊ͤ͜͟Φ ˹͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͔ͨͪͦͭͤ͊͟ 
͒͜Ύ͡Έͤͫͭ͜Έ ͔͍ͫͭͯ͒ͤͭ͜ Ί ͍͙͍͙͊͗ͣ͡ ͔ͦͣͨͦͤͤͭͦͣ͟ ͙͍ͨͪͦ͒ͯͭͤͦ͟͝ ͍͙ͦͫͭ͜Φ ˤͦͤ͊ ͍͟͡Ό;͊Ί ;͙͙ͦͭͪ ͔͙ͭ͊ͨΥ ͎ͦͪ͊ͤ͊͘͜ͼ͚͙͚ͤ͜Σ 
͙͊ͤ͊ͭ͜͡;͙͚ͤΣ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͚͟ ͜ ͦͤͭͪͦ͟͡ΌΌ;͙͚Σ ͤ͊ ͦ͗ͤͦͣͯ͟ ͘ Ύ͙͟ͻ ͚͚ͣ͊͋ͯͭͤ͜ ͯ;͙͔ͭ͡Έ ͍͙͍ͪͦ͊͘Ί ͍͍͒ͨͦ͒ͤ͜͜͜ ͔͔ͦͣͨͭͤ͟ͼ͜͝Φ 
˴͔ͦ͗ͤ ͘͜ ͙ͤͻ ͍͟͡Ό;͊Ί ͔͍͙͚ͨͤ ͫͨͦͫ͋͜ ͚͒͜Σ Ύ͙͚͟ ͍͙͎ͣ͊͊Ί ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͙͔ͣͫͤͤ͡Ί͍͙ͻ ͔ͦͨͪ͊ͼ͚͜Σ ͍ͤ͊ͫ͒ͦ͜͟͡ ͙͍͊ͭ͊͘͟͜ͼ͜͝ Ύ͙͟ͻΣ 
͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ ͎͍ͦͪ͊ͤͦͯ͘͜ΊͭΈͫΎ ͍ ͔͙ͤͭͪ͊͒ͼ͚͙͚ͤ͜ ͫͨͦͫ͋͜Φ ˸͔ͭͦ͒ ͔͍ͨͪͦͭ͟͜ Ύ͟ ͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͔ͭͻ͎ͤͦͦ͜͡Ύ ͔͔ͨͪ͒͋͊;͊Ί 
ͫͯͯͨͤͫͭ͟͜Έ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻΣ ͨͦ΄͍͙ͯͦ͟ͻ ͜ ͔͙ͨͪͦ͋ͣͤ͡ͻ ͔͍ͣͭͦ͒͜Φ ˤͤ͜ ͎ͦͪ͊ͤ͜;ͤͦ ͨͦΊ͒ͤͯΊͭΈͫΎ ͘ ͎͍͙ͪͯͨͦͣ ͨ͒͜ͻͦ͒ͦͣ ͒ͦ 
͍ͤ͊;͊ͤͤΎΦ 

͔͚̇ ͨ͒͜ͻ͒͜ ͣͦ͗ͤ͊ ͍͙͙͙ͦͪͫͭ͊ͭ͟ ͔ͤ ͙͡΄͔ ͒͡Ύ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͺ͙͙͘͜͟Σ ͎ͪͦ͘͡Ύ͒͊Ό;͙ ͔͙ͨͪͦ͋ͣ͡ 
͔͋ͦͣ͜ͻ͙͊ͤ͜͟Φ ˢ͎ͤ͊ͦ͜͡;ͤͦ ͔ͨͪͦͭͤͯ͟ ͒͜Ύ͡Έͤͫͭ͜Έ ͣͦ͗ͤ͊ ͎͍͙ͦͪ͊ͤͯ͊ͭ͘͜ ͨ͒͜ ;͊ͫ ͍͙͍;͔ͤͤΎ ͤ͜΄͙ͻ ͙͙ͨͪͪͦ͒ͤ;͙ͻ ͙͒ͫͼ͙ͨͤ͜͡Φ 

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 

1. ˨͙͗͊ͤͦ͟͡ ˨Φ ͙͙̅͊͘͟Υ ͍ н ͭΦ κ ͔ͪ͒Φ ̑Φ ˥Φ ˾͚ͯ͒ͦΤ ͔ͨͪΦΥ ˢΦ ˨͍͙͚ͦ͋ͪͦͫ͊ͫ͟͡Σ ˻Φ ˴͔ͦͭ͡Έ͙͍ͤͦ͊͟Σ ˸Φ ˿ͯͻ͍͊ͤͦ͊Φ ˸͍ͦͫ͊͟Υ ˸͙ͪΣ 
мфуфΦ ́Φ мΦ срф ͫΦ 

2. ̐ͣ;͙͟ ˶Φ ̅ΦΣ ˴ͣͭ͜ ̒Φ˸Φ ˸͔͙͒;ͤ͊ ͜ ͎͋ͦͦ͜͜͡;ͤ͊ ͺ͙͊͘͜͟Υ ͨ͒ͪͯ͜;͙ͤ͟Φ ˶Έ͍͍͜Υ ˿͍ͭ͜Σ нллоΦ рфн ͫΦ 
3. ˱΅͔͚ͤ͊͟͜ ̑Φ˻ΦΣ ˸͔͊͊ͪͤͦ͟͟ ˤΦ ˱ΦΣ ́ͪͦͤΈ ˹Φ ˤΦ ˸͔͙͒;ͤ͊ ͜ ͎͋ͦͦ͜͜͡;ͤ͊ ͺ͙͊͘͜͟Υ ͍ͤ͊;Φ ͨͦͫ͋͜Φ ˽͍ͦͭ͊͊͡Υ ͔͍̊;͔ͤͦ͟ ˾Φ ˤΦ нлмнΦ 
орн ͫΦ 

4. ˶ͯ͟ΩΎ͍ͤͦ͊ ˶Φ ˣΦ ͔́ͻ͎ͤͦͦ͜͡Ύ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͔ͨͪͦͭͤͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˱ͣ͒͗͜ ͫͯ;͎͊ͫͤͦͦ ͔͎͎ͨ͒͊ͦ͊Φ нллфΦ ˤ͙ͨͯͫ͟ мл όффύΦ ˿Φ мс-21. 
5. ˸͔͊͊ͪͤͦ͟͟ ˴Φ ˿ΦΣ ˸͔͊͊ͪͤͦ͟͟ ˤΦ ˱ΦΣ ˸͔͊͊ͪͤͦ͟͟ ˻Φ ʕ Φ ˿͙͔ͫͭͣ͊ ͔͎͍͙ͤͭͪͦ͊ͤ͜ͻ ͊͒͊͘; ͯ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͺ͙͙͘͜͟Φ 
͙̅ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤ͊ ͍ͦͫͭ͊͜Φ нлмуΦ ˤ͙ͨͯͫ͟ п όмуύΦ ˿Φ млм-105. 

6. ˸͔͊͊ͪͤͦ͟͟ ˻Φ ˤΦ ˸͔͙ͭͦ͒͊͟ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͊ͪ͜͟͜͡ ͯ ͨͪͦͼ͔ͫ͜ ͍͙͍;͔ͤͤΎ 
͙͙ͨͪͪͦ͒ͤ;͙ͻ ͙͒ͫͼ͙ͨͤ͜͡: ͤ ͍͊;Φ-͔ͣͭͦ͒Φ ͨͦͫ͋͜Φ ˽͍ͦͭ͊͊͡Υ ͔͍̊;͔ͤͦ͟ ˾Φ ˤΦΣ нлмтΦ млп ͫΦ 

7. ˸͔͙͒;ͤ͊ ͭ͊ ͎͋ͦͦ͜͜͡;ͤ͊ ͺ͙͊͘͜͟Υ ͤ͊ͼΦ ͨ͒ͪͯ͜;͙ͤ͟ ͒͡Ύ ͫͭͯ͒Φ ͍͙΅Φ ͔ͣ͒Φ όͺ͊ͪͣΦύ ͍ͤ͊;Φ ͊͊͒͘͟͡Φ LLL-L± ͪΦ ͔͊ͪ͒͟Φ κ ͊͘ ͔ͪ͒ΦΥ 
˻Φ ʕ Φ ̉ ͎͊ͦͦ͡Φ н-͎͔ ͍͙͒Φ ˤ͙ͤͤ͜ͼΎΥ ˹͍ͦ͊ ˴͙͎ͤ͊Σ нлмтΦ рну ͫΦ 

8. ˸͔͙͒;ͤ͊ ͭ͊ ͎͋ͦͦ͜͜͡;ͤ͊ ͺ͙͘͜͟Υ͊ ͨ͒ͪͯ͜;͙ͤ͟ ͒͡Ύ ͫͭͯ͒Φ ͔ͣ͒Φ ˤ˹˭ κ ˻Φ ˱Φ ˢͤͭΌͺΊΊ͍͊Σ ˶Φ ˤΦ ˣ͊ͭΌ͟Σ ˸Φ s Φ x ͔ͦͤ͒͊ͪͤͦ͟ ͭ͊ ͤ͜ΦΤ 
͊͘ ͔ͪ͒ΦΥ ˤΦ ˥Φ ˴͎͍ͤ͊͊͜͟Φ ͍̆͊ͪ͟͜Υ ̆˹˸̂Σ нлмлΦ отл ͫΦ 

9. ˽ͦ͜͡ͻͯͤ ˹Φ ˱Φ ͍̅ͦͪͣͯ͊ͤͤΎ ͔ͨͪͦͭͤͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͫͭ͊ͪ΄͙͍ͦ͊ͫͤ͟͟͜͡ ͯ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟Φ ˭͙͋ͪͤ͜͟ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼΈ 
˴͊ ͣΩΎ͔ͤͼΈ-˽ͦ͒͜͡ΈͫΈ͎ͦͦ͟ ͔͍͎͒ͪ͗͊ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜Φ ˿͔ͪ͜Ύ ͔͎͎ͨ͒͊ͦ͜;ͤ͊Υ ζ˽͔͙ͪͦ͋ͣ͡ ͙͙͙͒͒͊ͭ͟͟ ͺ͙͙͘͜͟ ͭ͊ ΄͟͜͡Έ͎ͤͦͦ 
ͨ͒ͪͯ͜;͙ͤ͊͟ ͺ͙͙͘͜͟ ͍ ͍ͫͭ͜͜͡ ͫͯ;͊ͫͤͦ͝ ͍ͦͫͭͤ͜Έͦ͝ ͙͎͙ͨ͊ͪ͊͒ͣηΦ нллсΦ ˤ͙ͨΦ мнΦ ˿Φ рф-62. DOI 10.31110/2413-1571-2018-018-4-
016. 
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PROJECT ACTIVITY OF FUTURE PHYSICS TEACHERS 
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Matiash Liudmyla 
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Abstract. 
Formulation of the problem. The purpose of the study is to discover the algorithm of project activity in the process of forming the professional 

competence of future physics teachers on the material of biomechanics. 
Materials and methods. The theoretical analysis, structural and logical analysis of the content and structure of the educational process and 

observation was used in this study. 
Results. In particular, an algorithm for project work is presented, which includes four stages: organizational, analytical, research and controlling. 

The authors disclose what is meant by each stage, give examples of the disclosure of each stage on the material of biomechanics 
and features of the effective functioning of the developed algorithm in the teaching of physics, in particular, in combination with 
the group method. In this case, group learning activities perform an organizational function. Students learn to share 
responsibilities, to communicate with one another, to resolve conflicts that arise in a collaborative activity. In group work, each of 
them takes on the functions of a teacher and performs professional activities. At the first stage the theme and purpose of the 
project is defined, a problematic situation is created, contradictions are identified, the problem is formulated, solutions are 
searched for and research methods are discussed. At the second stage the sources of information are identified, the end result and 
the distribution of tasks as well as formulating of a work plan are described. The third stage involves getting and analyzing the 
information collected, performing the work as planned, formulating conclusions and proposals. At the monitoring stage, the results 
are presented, the project is defended and new problems are predicted.  

Conclusions. Project method as a pedagogical technology involves a set of research, search and problematic methods. It is organically combined 
with a group approach to learning. This approach can be used not only to train future physics teachers, but also to organize 
similarly project-based activities when studying other natural sciences. 

Key words: project method, biomechanics, project activity, future physics teachers, algorithm. 
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˾͔ͯ͘͡Έ͙ͭ͊ͭΦ ˽ ͍͔͔ͪͦ͒ͤͦ ͊ͤ͊͘͜͡ ͔͔͙ͭͦͪͭ;͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͍͙͍ͨͯ͡ ͙͍ͦͣͯͤ͊ͭͤͦ͟͜͟͝ ͔͙ͦͣͨͦͤͤͭ͟ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ 
͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ Ύ͊͟ Ί ͔ͤͦ͋ͻ͒ͤͦ͜Ό ͍ͯͣͦͦΌ ͝ͻ ͯͫͨ͜΄ͤͦ͝ ͺ͊ͻ͍ͦͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˤ͙ͤ͊͘;͔ͤͦ ͣͫ͜ͼ͔Σ ͫͭͪͯͭͯͪͯ͟ 
ͭ͊ ͣͫͭ͘͜ ͙͍͎ͦͣͯͤ͊ͭͤͦͦ͟͜͟ ͔ͦͣͨͦͤͤͭͯ͟Σ ͚͎ͦͦ ͍͙͍ͨ͡ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͤ͜΄͙ͻ ͔͍ͦͣͨͦͤͤͭ͟͜ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͯ;͙͔͍ͭ͜͡ 
͔͙͙ͣ͊ͭͣ͊ͭ͟ ͒͡Ύ ͙ͪͦ͋ͦͭ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͫͯ;͙͊ͫͤͻ ͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎΦ 

ˤ͙͍͙ͫͤͦ͟. ˴ ͙͍ͦͣͯͤ͊ͭͤ͊͜͟ ͔ͦͣͨͦͤͤͭ͊͟ Ί ͔͍ͤ͒͜ΩΊͣͤͦΌ ͍ͫ͊͒ͦͦ͟͡Ό ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͯ;͙͔ͭ͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ Ύ͊͟ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ 
͍͙͍ͨ͊͡Ί ͤ͊ ͨͪͦͼ͔ͫ ͺ͍ͦͪͣͯ͊ͤͤΎΦ ˴͙͍ͦͣͯͤ͊ͭͤ͊͜͟ ͔ͦͣͨͦͤͤͭ͊͟ Ί ͙ͭͣ ͔ͤͫͭͪͯͣͤͭͦͣ͜Σ Ύ͙͚͟ ͦ͒ͤͦ;͊ͫͤͦ ͍͙͍ͨ͊͡Ί ͤ͊ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͤ͜΄͙ͻ ͔͍ͦͣͨͦͤͤͭ͟͜ ͜ ͙ͨͪ ͼΈͦͣͯ ͯ͒ͦͫͦͤ͊͟͡ΌΌͭΈͫΎ ͯͣͤͤ͜Ύ ͜ ͍͙ͤ͊;͙͟ ͔ͪ͊͊͘͜͡ͼ͜͝ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͨͦͭͪ͋Σ ΅ͦ 
͎͋͊͊͘;ͯΊ ͍͒ͦͫ͒͜ ͙ͦͫͦ͋ͫͭͦͫͭ͜Φ 

 

˴˶̑̉˻ˤ˱ ˿˶˻ˤˢΥ ͦͣͯͤ͊͟͜͟ͼ͚͙͚ͤ͜Σ ͙͍͙͚ͦͣͯͤ͊ͭͤ͟͜͟Σ ͙͍ͦͣͯͤ͊ͭͤͫͭ͟͜͟͜ΈΣ ˱˴́-͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈΣ ˱˴́-͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͯ;͙͔ͭ͡Ύ 
͔͙͙ͣ͊ͭͣ͊ͭ͟Σ ͔͎͍ͤͭͪͦ͊ͤ͊͜ Ύͫͭ͟͜Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͨͪͦͺ͔͚ͫͤ͊͜ ͒͜Ύ͡Έͤͫͭ͜ΈΣ ͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͒͜Ύ͡Έͤͫͭ͜Έ. 

 
ˤ˿́̂˽ 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˽͎͍͒ͦͭͦ͊͜͟ ͯ;͙͔ͭ͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͙͚ͫ͊͒ͤ͟͡Σ ͎͋͊͊ͭͦͺ͙͚͊ͭͦͪͤ͟ ͜ ͍͒ͦͦ͜͡ ͔ͫͨͼ͙ͺ͜;͙͚ͤ ͨͪͦͼ͔ͫΦ 
˹͊ ͼ͔͚ ͨͪͦͼ͔ͫ ͍͙͍ͨ͊͡Ί ͤ͊͘;ͤ͊ ͟͜͡Έͫͭ͟͜Έ ͺ͍͊ͭͦͪ͟͜Σ Ύ͟͜ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭΦ ˨ͦ ͙ͭ͊͟ͻ ͺ͍͊ͭͦͪ͟͜ ͍͙͒ͤͦͫͭ͜ΈͫΎ ͙ͤ͘Έ͊͟ 
ͨͦͨͯ͡Ύͪͤͫͭ͜Έ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͤ͘Έ ͯ ͫͯͫͨ͜͡Έ͍ͫͭ͜Φ ˢ͔͡ ͔ͦͤͦͣ͟͜;ͤ͜ ͨͪͦͼ͔͙ͫ ͙ͪ͊ͤ͟͝ ͔ͨͦͭͪ͋ͯΌͭΈ ͤ͊Ύ͍ͤͦͫͭ͜ ͤ͊͘;ͤͦ͝ ͟͜͡Έͦͫͭ͟͜ 
͡Ό͔͚͒Σ Ύ͟͜ ͯͣ͜ΌͭΈ ͔͍͙ͦͨͪͯ͊ͭ ͔͙ͣ͊ͭͣ͊ͭ;͙͙ͤͣ ͤ͊ͤͤ͘Ύ͙ͣΦ ˱ ͒͡Ύ ͍͙ͪ͜΄͔ͤͤΎ ͼ͜Ί͝ ͔͙ͨͪͦ͋ͣ͡ ͨͦͭͪ͋ͤ͊͜ ͎͍ͨ͒ͦͭͦ͊͜͟ ͯ;͙͔ͭ͡Ύ 
͔͙͙ͣ͊ͭͣ͊ͭ͟Σ Ύ͙͚͟ ͔ͤ ͭ͜͡Έ͙͟ ͔ͦͨͪͯΊ ͫͯͣͦΌ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͤ͘ΈΣ ͊ ͜ ͯͣ͜Ί ͙ͨͦ͊͊ͭ͘͟ ͙ͫͨͦͫͦ͋ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͼ͙ͻ ͤ͊ͤ͘Έ ͯ 
͙ͨͪ͊ͭ͟;͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˹͊ ͙͚͒͊ͤ ;͊ͫ ͭ͊͟͜ ͙͍ͣͦ͗ͦͫͭ͜͡ ͤ͊͒͊ΌͭΈ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚ͤ͜͜ ͙͊ͫͦ͋͘Φ 

˻͍͙ͫͤͦͤͣ ͙ͨͪ ͍͙ͪ͜΄͔ͤͤ͜ ͔ͨͪͦ͋ͣ͡Σ ΅ͦ ͨͦͫͭ͊ΌͭΈ ͔͔ͨͪ͒ ͍͙΅ͦΌ ͔͎͎ͨ͒͊ͦ͜;ͤͦΌ ͍ͦͫͭͦ͜Ό Ί ͙͔ͦͫͣͫͤͤ͡Ύ ͍ͤ͊;͊͡Έͤͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ Ύ͟ ͨͪͦͼ͔ͫͯ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͍;͙͔ͭ͡Ύ-ͨͪͦͺ͔ͫͦͤ͊͊͜͡Σ Ύ͙͚͟ ͯͣ͜Ί Ύͫͤͦ͟͜ ͍͙͍͙ͦͤͯ͊ͭ͟ ͫͦͼ͊͜͡Έ͔ͤ 
͍͔͊ͣͦͤͤ͘͡ΎΦ ˹͔ͦ͋ͻ͒ͤͦ͜ ͙ͣ͊ͭ ͤ͊ ͍ͯ͊͘͜Σ ΅ͦ ͨͪͦͼ͔ͫ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍;͙͔ͭ͡Ύ ͣ͊Ί ͍͍͙͒͋ͯ͊ͭͫ͜Ύ ͤ͊ 
͍ͦͫͤͦ͜ ͙͔ͫͫͭͣͤͦ ͍͙͍͙͋ͯ͒ͦ͊ͤͻ ͨ͒͜ͻ͍ͦ͒͜Σ Ύ͟͜ ͍͒ͦͦ͘͡ΎΌͭΈ ͎ͪͦ͘͡Ύ͙͒͊ͭ ͋ͯ͒Έ-Ύ͟͜ ͙͊ͫͦ͋͘ Ύ͟ ͭ͊͟͜Σ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͺ͊ͻ͍ͦͦ͝ 
͎͍͙ͨ͒ͦͭͦ͜͟Φ ˽͙ͭ͊ͤͤΎ ͍͙ͨ͒͜΅͔ͤͤΎ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͍ͤ͊;͊ͤͤΎ ͯ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍͔͙͔ͯͤͪͫͭͭ͊͜ͻ ͨͦͭͪ͋ͤͦ͜ ͎ͪͦ͘͡Ύ͙͒͊ͭ ͯ ͔ͦͤͭͫͭ͟͟͜ 
͍ͪͦ͘ϥΎ͊ͤͤ͘Ύ ͔ͨͪͦ͋ͣ͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜-ͤ͊͘;͙͙ͣͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟Φ  
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˭͔ͦͪͣ͊͟Σ ͙ͨͪ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ ͔ͨͪͦ͋ͣ͊͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͔͔͍ͨͪ͋ͯ͊Ί ͔ͤ 
ͤ͊ ͦͫͭ͊ͤͤΈͦͣͯ ͣͫ͜ͼ͜Φ ͔̇ ͍ͨͦΩΎ͊ͤͦ͘ ͘ ͔ͪ͊͊͘͜͡ͼ͜ΊΌ ͔͙ͣͭ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͔ͫͨͼ͍͊ͫͭ͜͜͜͡Σ Ύ͊͟ ͔͔ͨͪ͒͋͊;͊Ί ͔ͤ 
ͭ͜͡Έ͙͟ ͍ͦͦ͒ͤͤ͜͡Ύ ͫͯͣͦΌ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͤ͘ΈΣ ͊ ͭ͊ͦ͗͟ ͍͒ͦͦ͘͡ΎΊ ͔ͫͭͯ͒ͤͭ͊ͣ ͨͫ͜͡Ύ ͊ͤ͘͟͜;͔ͤͤΎ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͊͊͒ͯ͘͟͡ 
͚͒ͫͤ͘͜Ό͍͙͊ͭ ͍ͫ͜ ͺͯͤ͟ͼ͜͝ ͍;͙͔ͭ͡Ύ ͯ ͨͪͦͺ͔͚ͫͤͦ͜-͍͚ͭͪͯ͒ͦ͜ ͭ͊ ͫͦͼ͊͜͡Έͤͦ-ͯ͟͡Έ͚ͭͯͪͤ͜ ͫͺ͔ͪ͊ͻ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˤ͙͙ͤ͊͟Ί ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ 
͔͒ͭ͊͡Έ͎ͤͦͦ ͎ͪͦ͘͡Ύ͒ͯ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟ Ύ͟ ͫ͊͒ͤͦ͟͡͝ ͭ͊ ͎͋͊͊ͭͦͺͯͤ͟ͼͦͤ͊͜͡Έͤͦ͝ ͙͔͙ͫͫͭͣΣ 
΅ͦ ͺͦͪͣͯΊͭΈͫΎ ͍ ͨͪͦͼ͔ͫ͜ ͺ͊ͻ͍ͦͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟Φ ˹͔͒ͦͫͭ͊ͭͤΎ ͔͒ͦͫ͒͗ͤͫͭ͜͜͡Έ ͪͦ͜͡ ͙͍͎ͦͣͯͤ͊ͭͤͦͦ͟͜͟ ͔ͦͣͨͦͤͤͭͯ͟Σ ΅ͦ Ί 
͍͙͍͊͗ͦ͡Ό ͍ͫ͊͒ͦͦ͟͡Ό ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͭ͊ ͍͙ͦͤͯ͟Ί ͔͎ͤͭͪͯ͜Ό;ͯ ͺͯͤ͟ͼ͜Ό ͍͙ͤ͊͘;͙͙͡ 
͊ͭͯ͊͟͡Έͤͫͭ͜Έ ͤ͊΄͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ  

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˹͍͊ͯͦ͟ͼ͜ ˤΦ ˣ͙͍ͦ͟Σ ˶Φ ˥ ͙ͪͯͤ͘Σ ˸Φ ˨ ͯ΄͡Ύ͟Σ ˹Φ ˸ ͔ͦͪ͘Σ ̑Φ ˾ ͊ͣͫΈ͙͚͟Σ ˻Φ ˿ ͔͔ͣͤ͜ͻͤ͊͜Σ 
˻Φ ˿ ͍͍ͨ͊ͦͫ͜͟Έ͙͚͟Σ ̑Φ ́ ͪͯͫ͜ ͭ͊ ͤ͜΄͜ ͨͪ͊ͼΌΌͭΈ ͤ͊͒ ͔͙ͨͪͦ͋ͣ͊ͣ͡ ͍͔ͯͨͪͦ͊͒͗ͤͤΎ ˱˴́ ͍ ͍͚ͦͫͭͤ͜͜ ͨͪͦͼ͔ͫ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ 
ͯ;͙͔͍ͭ͜͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟Φ ˤ ͝ͻ ͨͪ͊ͼΎͻ ͎ͤ͊ͦͦ͡΄ͯΊͭΈͫΎΣ ΅ͦ ͍͙ͤ͊͒͘;͚͊ͤͦ ͙͚ͫͭͪͣ͜͟ ͍͙ͪͦͭͦ͘͟ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ 
͔ͭͻ͎͚ͤͦͦ͜͡ ͍͙͍ͨ͊͡Ί ͤ͊ ͪͦͫͭ͊ͤͤ͘Ύ ͪͦ͜͡ ͦͫͭ͊ͤͤ͜ͻ ͍ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦͣͯ͜ ͫͯͫͨ͜͡Έ͍ͫͭ͜ ͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ 
ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟ Ί ͎ͤ͊͊͡ΈͤͦΌ ͔ͨͪͦ͋ͣͦ͡ΌΦ ˻͒ͤ͊͟ ͔ͨͪͦ͋ͣ͊͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ˱˴́-
͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͭ͊ ͔͍ͦͣͨͦͤͤͭ͟͜ ͼΈ͎ͦͦ ͨͪͦͼ͔ͫͯ ͯ ͙͚͒͊ͤ ;͊ͫ ͍͙͍͔ͫͭͤ͊͜͡ ͔ͤ͒ͦͫͭ͊ͭͤΈͦΦ 

͔͙͙̆͊ͪ͊ͭͪͫͭ͊͟͟ ͙͍͎ͦͣͯͤ͊ͭͤͦͦ͟͜͟ ͔ͦͣͨͦͤͤͭͯ͟ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͔ͨͦͭͪ͋ͯΊ 
͍͔͙ͪͺ͊͜͟ͼ͜͝ ͔͍ͭͪͣͤ͜͜ ζ͙͍͙͚ͦͣͯͤ͊ͭͤ͟͜͟η ͭ͊ ζͦͣͯͤ͊͟͜͟ͼ͚͙͚ͤ͜ηΦ  

̂ ͔͊͊͒ͣ͟͜;ͤͦͣͯ ͭͯͣ͊͡;ͤͦͣͯ ͍͙ͫͦͤͯ͟͡ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦ ͍ мм ͭͦͣ͊ͻ ͔ͤ ͪͦͪͤ͘͘͜ΎΌͭΈͫΎ ͼ͜ ͨͦͤΎͭͭΎΣ ͍͙ͤ͊͘;͊ΌͭΈͫΎ Ύ͟ 
͙͔͙͙ͨͪͣͭͤ͟͟ ͒ͦ ͍ͫͦ͊͡ ζͦͣͯͤ͊͟͜͟ͼ͜Ύη ͜ ͭͪ͊ͭͯ͟ΌͭΈͫΎ Ύ͟ ΄͡Ύͻ͙ ͫͨͦͯ͡;͔ͤͤΎΣ ͤ͜͜͡͝ ͍͘ΩΎͯ͘͟ ͭͦ΅ͦ όˣͦ͒͒͜͜͡Σ мфтоύΦ ˭͊ 
͍͙ͤ͊͘;͔ͤͤΎͣ ͘ ˤ͔͙͎ͦͦ͟͡ ͭͯͣ͊͡;͎ͤͦͦ ͍͙ͫͦͤ͊͟͡ ͫͯ;͊ͫͤͦ͝ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦ ͨ͒͜ ͔ͪ͒͊͟ͼ͜ΊΌ ͔͎͊ͭͦͪ͟͜Ύ ζ͙͍ͦͣͯͤ͊ͭͤͫͭ͟͜͟͜Έη 
͍͙ͤ͊͘;͊ΊͭΈͫΎ Ύ͟ ͒͊ͭͤͫͭ͘͜Έ ͒ͦ ͍ͫͨͯ͊ͤͤ͜͟͡ΎΣ ͍ͦͤͭ͊ͭ͟͟͜ ͣ͗͜ ͙ͣ͟-͔ͤ͋ͯ͒ΈΣ ͊ ζͦͣͯͤ͊͟͜͟ͼ͚͙͚ͤ͜η ͫͭͦͫͯΊͭΈͫΎ ς ΄͡Ύͻ͍͜ ͫͨͦͯ͡;͔ͤͤΎΣ 
͚ͤ͜͜͡ ͍͘ΩΎͯ͘͟ όˣ͔ͯͫ͡Σ нллрύΦ  

̂ ͍͙ͫͦͤͯ͟͡ ͍ͨ͊ͪͦͤͣ͜͜ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦ ͍͊͊ͤͦ͘͟ ͤ͊ ͍͒ͣͤͤͫͭ͜͜͜Έ ͭͯͣ͊͡;͔ͤΈ ͼ͙ͻ ͍ͫ͜͡Υ ͙͍͙͚ͦͣͯͤ͊ͭͤ͟͜͟ ς ͫͭͦͫͯΊͭΈͫΎ 
ͦͣͯͤ͊͟͜͟ͼ͜͝ Ύ͟ ͍ͫͨͯ͊ͤͤ͜͟͡ΎΣ ͦ͋ͣͤͯ͜ ͤ͜ͺͦͪͣ͊ͼ͜ΊΌΤ ͦͣͯͤ͊͟͜͟ͼ͚͙͚ͤ͜ ς ͫͭͦͫͯΊͭΈͫΎ ΄͡Ύͻ͍͜ ͫͨͦͯ͡;͔ͤͤΎΣ ͭͪ͊ͤͫͨͦͪͭͯΣ ͚ͤ͜͜͡ 
͍͘ΩΎͯ͘͟ ό˥͙ͪͤ;͙΄͙ͤ ϧ ˿͔͔ͪ͋ͤͫΈ͊͟Σ нллуύΦ 

̂ ͍͙ͫͦͤͯ͟͡ ͤ͜΄͍͙ͦͣͦͤͻ ͍ͫ͜͡ ͨ͒͜ ͔ͪ͒͊͟ͼ͜ΊΌ ͍͊ͯ͘͟ΊͭΈͫΎ ͤ͊ ͙͊ͭͤͫ͡Έ͔͟ ͨͦͻ͔ͦ͒͗ͤͤΎ ͍ͫͦ͊͡ ͦͣͯͤ͊͟͜͟ͼ͜Ύ όŎƻƳƳǳƴƛŎƻύ ͚ 
͍͔͙ͯͭͦͪͤͻ ͍͒͜ ͤΈ͎ͦͦ ͙͔͙͍ͨͪͣͭͤ͟͟͜Υ ͙͍͙͚ͦͣͯͤ͊ͭͤ͟͜͟ ς ͤ ͔͙͊͗ͭ͡Έ ͒ͦ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͣ͗͜ ͡Ό͒Έ͙ͣΣ ͙ͤ͊ͪͦ͒͊ͣΤ ͦͣͯͤ͊͟͜͟ͼ͚͙͚ͤ͜ ς 
͔͙ͤ͊͗ͭ͡Έ ͒ͦ ΄͡Ύͻ͍͜ ͫͨͦͯ͡;͔ͤͤΎ ͣ͗͜ ͙͙ͪͤͣ͘͜ ;͙͙͊ͫͭͤ͊ͣ ͙ͪ͊ͤ͟͝ ͭ͊ ͔͍͙͒ͪ͗͊͊ͣ ό˸͔͡Έ͙ͤ;ͯ͟Σ мфурύΦ  

˨͙ͦͫ͒ͤ͜͟͡ ̅Φ ̊ ͍͊ͪͦ͟ ͔ͭ͗ ͍͍͊͗͊ΊΣ ΅ͦ ͍͙͋͊ͦͣ͘ ͍ ͔͔ͤͭͪͨͪͭ͊͜ͼ͜͝ ͔͍ͭͪͣͤ͜͜ ζͦͣͯͤ͊͟͜͟ͼ͚͙͚ͤ͜η ͭ͊ ζ͙͍͙͚ͦͣͯͤ͊ͭͤ͟͜͟η Ί 
͔͎͊ͭͦͪ͟͜Ύ ζͦͣͯͤ͊͟͜͟ͼ͜ΎηΣ ͔͊͡ ͘ ͎ͦ͒ͤͦͦ ͋ͦͯ͟Σ Ύ͟ ͙ͫͭͪͯͭͯͪ͟Σ ͙͔͙ͫͫͭͣΣ ͘ ͤ͜΄ͦ͝ ς Ύ͟ ͨͪͦͼ͔ͫͯΦ ˤͤ͜ ͊ͤ͊͘͘;͊ΊΣ ΅ͦ ͙ͨͪ ͎ͪͦ͘͡Ύ͒͜ 
ͦͣͯͤ͊͟͜͟ͼ͜͝ Ύ͟ ͙ͫͭͪͯͭͯͪ͟ ͍ͣͦ͊ ͍͙ͨͦͤͤ͊ ͚͙ͭ ͨͪͦ ͦͣͯͤ͊͟͜͟ͼ͚ͤ͜͜ ͙͔͙ͫͫͭͣΣ ͊ Ύ͟΅ͦ ͎ͨͦ͡Ύ͙ͤͯͭ ͤ͊ ͨͦͤΎͭͭΎ ζͦͣͯͤ͊͟͜͟ͼ͜Ύη Ύ͟ 
ͨͪͦͼ͔ͫ όͭͦ͋ͭͦΣ ͨͪͦͼ͔ͫ ͍ͫͨͯ͊ͤͤ͜͟͡ΎύΣ ͭͦ ͋͜͡Έ΄ ͍ͪͤͦ͜ ͎͍͙͙ͦͦͪͭ ͨͪͦ ͙͍ͦͣͯͤ͊ͭͤ͟͜͟͜ ͍͘ΩΎ͙͘͟ ό͍̊͊ͪͦ͟Σ нллоύΦ 

˻͔ͭ͗Σ ͊ͤ͊͘͘;͔ͤ͜ ͔͙ͭͪͣͤ͜ ͨͦͻͦ͒ΎͭΈ ͍͒͜ ͤ͜΄͍͎ͦͣͦͤͦͦ ͍ͫͦ͊͡ ͦͣͯͤ͊͟͜͟ͼ͜ΎΦ ͔́ͪͣͤ͜ ζ͙͍͙͚ͦͣͯͤ͊ͭͤ͟͜͟η Ύ͙͚͟ ͍ͨͦΩΎͯ͘ΌͭΈ 
͘͜ ͍ͫͨͯ͊ͤͤ͜͟͡Ύͣ ͣ͗͜ ͡Ό͒Έ͙ͣ ͋ͯ͒Έ-Ύ͙͙ͣ͟ ͙͊ͫͦ͋͊ͣ͘ ͭ͊ ͍ ͋ͯ͒Έ-Ύ͚͟͜ ͺͦͪͣ͜Σ ͊ ͤ͊͘;͔ͤͤΎ ͔ͭͪͣͤͯ͜ ζͦͣͯͤ͊͟͜͟ͼ͚͙͚ͤ͜η 
͍ͨͦΩΎͯ͘ΌͭΈ ͘ ͺ͙͘͜;ͤͦ ͫͤͯ͜Ό;͙͙ͣ ͤ͜͜͡Ύ͙ͣ ͍͘ΩΎͯ͘͟Σ ͎͙͒ͦͪͦ͊ͣ ͭͦ΅ͦΦ  

̂ ͫͯ;͚͊ͫͤ͜ ͙ͨͫͻ͎ͦͦ͜͡;͚ͤ͜ ͤ͊ͯͼ͜ ͔͎͊ͭͦͪ͟͜Ό ͙͍ͦͣͯͤ͊ͭͤͫͭ͟͜͟͜Έ ͭͪ͊ͭͯ͟ΌͭΈ Ύ͟ ͦ͒ͤͯ ͘͜ ͍͙ͦͫͤͦͤͻ ͫͦͼ͊͜͡Έ͙ͤͻ 
͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟Φ  

˿Φ ˥ ͦͤ;͔͊ͪͤͦ͟ ͭͪ͊ͭͯ͟Ί ͙͍ͦͣͯͤ͊ͭͤͫͭ͟͜͟͜Έ Ύ͟ ͙ͪͫͯ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͒͊ͭͤͫͭ͘͜Έ ͝͝ ͒ͦ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͘ ͤ͜΄͙͙ͣ ͡Ό͒Έ͙ͣΣ ΅ͦ 
ͺͦͪͣͯΊͭΈͫΎ ͯ ͨͪͦͼ͔ͫ͜ ͙͗ͭͭΎ ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͡Ό͙͙͒ͤ ͍ ͫͦͼ͊͜͡Έ͚ͤ͜ ͎ͪͯͨ͜ ό˥ͦͤ;͔͊ͪͤͦ͟Σ мффтύΦ 

ˣΦ ˶ ͍ͦͣͦ ͊ͤ͊͘͘;͊ΊΣ ΅ͦ ͍͊͒͘Ύ͙͟ ͙͍͙ͦͣͯͤ͊ͭͤͣ͟͜͟ ͨͪͦͼ͔ͫ͊ͣ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͍͊͘Ί͙͚ͣͤ ͦ͋ͣͤ͜ ͤ͜ͺͦͪͣ͊ͼ͜ΊΌ ͣ͗͜ 
͙͍͙ͤ͒͒͊ͣ͜͜Σ ͍ͨ͊ͤͯ͊ͤͤ͡Ύ ͫͨ͜͡Έ͙ͤͻ ͚͒͜Σ ͪͦͨͦ͒͘͜͡ ͺͯͤ͟ͼ͚͜Σ ͙ͦͦͪ͒ͤ͊͟ͼ͜Ύ ͍ͫͨͪ͊Σ ͍͊͘Ί͔ͣͤ ͙ͫͭͣͯ͡Ό͍͊ͤͤΎΣ ͍͊͘Ί͙͚ͣͤ ͦͤͭͪͦ͟͡Έ 
ͭ͊ ͤ͜΄͜ ό˶͍ͦͣͦΣ мфупύΦ  

˶Φ ˻ ͪ͋͊ͤ-˶͔͙ͣ͋ͪ͟ ͭͯͣ͊͡;͙ͭΈ ͨͦͤΎͭͭΎ ͦͣͯͤ͊͟͜͟ͼ͜͝ Ύ͟ ͙͚ͫ͊͒ͤ͟͡ ͨͪͦͼ͔ͫΣ ͯ ͻͦ͒͜ Ύ͎ͦͦ͟ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͔ͤ ͙͡΄͔ ͦ͋ͣͤ͜ 
ͤ͜ͺͦͪͣ͊ͼ͜ΊΌΣ ͊ ͜ ͔ͭΣ Ύ͟ ͍ͦͤ͊ ͺͦͪͣͯΊͭΈͫΎΣ ͍͍͒ͨͪ͊͜͡ΎΊͭΈͫΎΣ ͙ͦͭͪͣͯΊͭΈͫΎΣ ͯͭͦ;ͤΎΊͭΈͫΎΣ ͔͔ͨͪͪͦ͋͡ΎΊͭΈͫΎΣ ͎͍ͦ͋ͦͦͪΌΊͭΈͫΎΣ 
͍͙͍ͪͦ͊͘ΊͭΈͫΎΣ ͊ ͭ͊ͦ͗͟ ͎ͤ͊͊ͦ͒͗ͯ͡ΊͭΈͫΎ ͫͨ͜͡Έͤ͊ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͊͜ ͒͜Ύ͡Έͤͫͭ͜Έ ό˻ͪ͋͊ͤ-˶͔͙ͣ͋ͪ͟Σ нллпύΦ 

ˢ͎ͤ͊ͦ͜͡;ͤͦ͝ ͙͒ͯͣ͟ ͘ ͙ͨͭ͊ͤͤΎ ͍͔͙ͪͺ͊͜͟ͼ͜͝ ͨͦͤΎͭͭΎ ͙͍ͦͣͯͤ͊ͭͤͦͫͭ͟͜͟͜ ͙͒ͦͭͪͣͯΌͭΈͫΎ ͍;͔ͤ͜Υ ˸Φ s ͍ͤ͒ͪ͊ͤͦ͜Σ ˱Φ ˥ ͔͍ͦͪͦ͡Σ 
˱Φ ˭ ͙ͣͤΎΣ ˤΦ ˴ ͊ͤ-˴͊͜͟͡Σ ˢΦ ˴ ͊ͨͫΈ͊͟Σ ˤΦ ˶ ͊͋ͯͤͫΈ͊͟Σ ˻Φ ˶ ͔ͦͤͭΈΊ͍Σ ˤΦ ˸ ͍ͦͪͦͦ͘Σ ˬΦ ˽ ͔͊͗͜Σ ˤΦ ˾ ͯ͋ͼ͍ͦΣ ˤΦ ̊ ͍͊͒ͪͦ͜͟ ͭ͊ ͤ͜Φ  

˴͙͍ͦͣͯͤ͊ͭͤͫͭ͜͟͜Έ ς ͦ͒ͤ͊ ͘ ͚͍͙͍ͤ͊͊͗͜͡΄͙ͻ ͺͯͤ͟ͼ͚͜ ͙͗ͭͭΊ͒͜Ύ͡Έͤͦͫͭ͜ ͡Ό͙͙͒ͤΦ ˣ͜͡Έ΄ͫͭ͜Έ ͍ͤ͊ͯͦ͟ͼ͍͜ ͒͡Ύ ͊ͤ͊͘͘;͔ͤͦ͝ 
ͺͯͤ͟ͼ͜͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͍͙͒͜͡ΎΌͭΈ ͍͒͊ ͍ͦͫͤͦͤ͜ ͔͙͊ͫͨͭ͟Υ ͍͔͊͒ͦͦͤͤ͘͡Ύ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͨͦͭͪ͋Σ ͒͊ͭͤͫͭ͘͜Έ ͔ͺ͔͙͍ͭͤͦ͟ 
ͦͪ͜Ί͍͙ͤͭͯ͊ͭͫΎ ͍ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ ͙ͫͭͯ͊ͼ͜Ύͻ ͍ͫͨͯ͊ͤͤ͜͟͡ΎΣ ͨͦ͊͒͊͟͡Ό;͙ͫΈ ͤ͊ ͙ͦͭͪͣ͊ͤ͜ ͤ͊ͤͤ͘Ύ ͭ͊ ͍͙͚͊ͫͤ͡ ͙͗ͭͭΊ͍͙͚ ͍͒ͦͫ͒͜ ͯ 
ͫͦͼ͊͜͡Έ͙ͤͻ ͍ͯͣͦ͊ͻΣ Ύ͟͜ ͙͒ͤ͊ͣ͜;ͤͦ ͣͤ͘͜ΌΌͭΈͫΎΦ ˴͙͍ͦͣͯͤ͊ͭͤͫͭ͜͟͜Έ Ύ͟ ͔ͦͣͨͦͤͤͭ͟ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͯ;͙͔ͭ͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟ 
͍ͨͦͤͫͭ͜Ό ͔ͪ͊ͯ͘͜͡Ί ͼ͜ ͍͒͜ ͺͯͤ͟ͼ͜͝ ;͔͔ͪ͘ ͔͔ͭͪͦͤͤ͟͜͡ ͙͊ͫͦ͋͘ ͦͣͯͤ͊͟͜͟ͼ͜͝Φ  

˭͍͔͊͒ͦͦͤͤ͡Ύ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͨͦͭͪ͋ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͍͔ͯͫ͒ͦͣͤͦ͜͡Ό ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Ό ͙͍͙ͦͭͪͣͯ͊ͭ ͤ͜ͺͦͪͣ͊ͼ͜Ό ͒͡Ύ 
ͯͫͨ͜΄͎ͤͦͦ ͍͙ͦͤ͊ͤͤ͟Ύ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͍ͦ͋ͦΩΎ͍͘͟͜ ͯ;͙͔ͭ͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͭ͊ ͒ͦͫΎ͎͔ͤͤͤΎ ͤ͜΄͙ͻ ͼ͔͚͜͡Φ ˽͙ͪ;͙ͤͦΌ ͍͙͙͔ͤͤͤͤ͟Ύ 
͔͙ͨͦͭͪ͋ ͍ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͔ͣͦ͗ ͙͋ͯͭ ͔͚ͤ͒ͦͫͭ͊ͭͤ͜ ͒͡Ύ ͙͚ͨͪͤΎͭͭΎ ͪ͜΄͔ͤͤΎΣ ͊͋ͦ ͍͙ͦͤ͊ͤͤ͟Ύ ͒͜͝ ͟͜͡Έͫͭ͟͜Έ ͤ͊ͤ͘Έ ͊ ͋ͦ ͔͍͔͍͔ͤͨͤͤͫͭ͜Έ 
ͯ ͍͒ͦͫͭͦͪͤͦͫͭ͜͜ ͤ͊Ύ͍ͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Φ ˨͔͔͙͗ͪ͊ͣ͡ ͍͔͊͒ͦͦͤͤ͘͡Ύ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͨͦͭͪ͋ ͣͦ͗ͯͭΈ ͙͋ͯͭΥ ͨͦ΄͙ͪΌ͍͊ͤ͜ ͤ͊ 
˱͔͔ͤͭͪͤͭ-͔ͪͫͯͪͫ͊ͻ ͔ͨͪ΄͔͔ͦ͒͗ͪ͊͡ ͍ͤ͊ͯͦͦ͟͝Σ ͍ͤ͊;͊͡Έͤͦ͝Σ ͍͍͒ͦ͒ͦͦ͜͟͝ ͭ͊ ͔͙ͣͭͦ͒;ͤͦ͝ ͔͙ͭͪ͊ͭͯͪ͜͡Τ ͙ͫͭͦͪͤ͜͟ ͔͎ͦ͟͡ ͯ ͫͦͼ͊͜͡Έ͙ͤͻ 
͔͔ͣͪ͗͊ͻΤ ζ͍͍͙͍ͫͨͭͦ͊ͪͫͭ͊͜ ͤ͊ͤ͘Έη ͭ͊ ͤ͜Φ 

˭͒͊ͭͤͫͭ͜Έ ͍͜͡Έͤͦ ͔͍͙ͦͨͪͯ͊ͭ ͙͙͙ͨͪ͊͒ͤͣ͟͡ ͎͙ͨͪͦͪ͊ͣ͊ͣΣ ͍͙͍͙ͦͤͯ͊ͭ͟ ͭ͊ ͍͙͊ͤ͊ͯ͊ͭ͘͜͡ ͔ͦͤͭͤͭ͟ Web-͔͍ͪͫͯͪͫ͜ ͍͒ͦͦ͘͡ΎΊ 
͔ͺ͔͙͍ͭͤͦ͟ ͦͪ͜Ί͍͙ͤͭͯ͊ͭͫΎ ͍ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ ͙ͫͭͯ͊ͼ͜Ύͻ ͍ͫͨͯ͊ͤͤ͜͟͡ΎΦ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜Φ ˻͍͙͋͐ͪͯͤͭͯ͊ͭ ͍͙͍͊͗ͫͭ͜͡Έ ͙͍͎ͦͣͯͤ͊ͭͤͦͦ͟͜͟ ͔ͦͣͨͦͤͤͭͯ͟ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͯ;͙͔͍ͭ͜͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͒͡Ύ 
͝ͻ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͙͙ͦͨͫ͊ͭ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍ͪͤ͜Ύ ͚͎ͦͦ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜Φ 

 
˸˩́˻˨ˮ ˨˻˿˶˱˨ˬ˩˹˹̒  

͔͔͙́ͦͪͭ;͙͚ͤ ͊ͤ͊͘͜͡ ͭ͊ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜Ύ ͍ͤ͊ͯͦͦ͟-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝Σ ͔͙ͣͭͦ͒;ͤͦ͝ ͭ͊ ͍͍͒ͦ͒ͦͦ͜͟͝ ͔͙ͭͪ͊ͭͯͪ͜͡ ͘ ͔ͨͪͦ͋ͣ͡ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Σ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔͔͒͗ͪ͡ ͒͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ ͔͙ͣͭͦ͒͟ ͦͼ͙ͤ͜͟ ͍͍ͪͤ͜͜ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ 
͙͍͎ͦͣͯͤ͊ͭͤͦͦ͟͜͟ ͔ͦͣͨͦͤͤͭͯ͟Φ  
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˾˩˭̂˶̎́ˢ́ˮ ˨ ˻˿˶˱˨ˬ˩˹˹̒ 
̂ͣͤͤ͜Ύ ͜ ͙ͨͪ͊ͭ͟;͙͚ͤ ͍͒ͦͫ͒͜ ͯ;͙͔͍ͭ͜͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ˱˴́ ͯ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͤ͊͘;ͤͦΌ ͣͪͦ͜Ό 

͔͙͊͗ͭ͘͡Έ ͍͒͜ ͫͺ͍ͦͪͣͦ͊ͤͦ͝ ͯ ͨͪͦͼ͔ͫ͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍͍͒ͨͦ͒ͤͦ͜͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Φ ˽͒͜ ˱˴́-͔͔ͦͣͨͭͤͭͤͫͭ͟͜Ό ͯ;͙͔ͭ͡Ύ 
͔͙͙ͣ͊ͭͣ͊ͭ͟ ͔͋ͯ͒ͣͦ ͙ͪͦͯͣͭ͘͜ ͔͎͙͍ͤͭͪ͊ͭͤͯ͜ Ύͫͭ͟͜Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ Ύ͊͟ ͨͦΊ͒ͤͯΊ ͍ͫ͒ͦͣͯ͜ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͍͙͒ͦ͋ͯ͊ͭ͘ ͍ͤͦ͜ ͤ͊ͤͤ͘Ύ ͭ͊ 
͍͒ͦͫ͒͜ ͯ ͎͊ͯ͘͜͡ ͤ͜ͺ͙ͦͪͣ͊ͭ;͙ͤͻ ͜ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Σ ͯͣͤͤ͜ΎΣ ͍͙ͤ͊;͙͟Σ ͒͊ͭͤͦͫͭ͘͜ ͜ ͍͒ͦͫ͒͜ ͪ͊ͼͦͤ͊͜͡Έͤͦ ͍͙͙͒͋ͪ͊ͭ͜ ͚ 
͍ͫ͒ͦͣͦ͜ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ;͙͔ͭ͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ό˽͔͔ͭͪͤͦ͟ 
2018). 

ˢͤ͊͘͜͡ ͣͫͭͯ͘͜ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͯ;͙͔ͭ͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͔͒ͣͦͤͫͭͪͯΊ ͫ͊͒ͤͫͭ͟͜͡ΈΣ ͎͎͋͊͊ͭͦͪ͊ͤͤͫͭ͜Έ ͼΈ͎ͦͦ ͺ͔͔ͤͦͣͤͯΦ  
ˤ͍͊͗͊Ίͣͦ ͊͘ ͔ͨͦͭͪ͋ͤ͜ ͍͙͙͙͒ͭ͜͡ ͨΩΎͭΈ ͍͙ͦͫͤͦͤͻ ͔͍ͦͣͨͦͤͤͭ͟͜ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Υ ͎͙͍͙͚ͦͤͭͤ͟͜Σ ͒͜Ύ͡Έ͙͚ͤͫͤ͜Σ 

͙͍ͣͦͭ͊ͼ͚͙͚ͤ͜Σ ͔ͪͺ͔͚͙͚ͫͤ͟͜͡ ͜ ͙͍͙͚ͦͣͯͤ͊ͭͤ͟͜͟ ό͙ͪͫΦ мύΦ  

 
˾͙ͫΦ мΦ ˿ͭͪͯͭͯͪ͊͟ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͯ;͙͔ͭ͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟ 

 
̂ͫ͜ ͔͙ͦͣͨͦͤͤͭ͟ ͙͍͊ͭͤͦ͟ ͍͊͘Ίͣͦ͒͜ΌͭΈ ͙ͦ͒ͤ ͘ ͙ͦ͒ͤͣΣ ͍ͯͭͦͪΌΌ;͙ Ί͙͙͚͒ͤ ͨͪͦͼ͔ͫΦ ˾͍͙ͦͭͦ͘͟ ͎ͦ͗ͤͦͦ͟ ͔ͦͣͨͦͤͤͭͯ͟ 

˱˴ς́͟ ͔͔ͦͣͨͭͤͭͤͦͫͭ͜ ͔͒ͯ͗ ͭͫͤͦ͜ ͍ͨͦΩΎ͙͚͊ͤ͘ ͘ ͍͙ͪͦͭͦͣ͘͟ ͤ͜΄͙ͻ ͔͍ͦͣͨͦͤͤͭ͟͜ ͜ ͺ͍ͦͪͣͯ͊ͤͤΎͣ ͚͎ͦͦ ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͺ͍ͦͪͣͯ͊ͤͤΎ 
ͤ͜΄͙ͻ ͔͍ͦͣͨͦͤͤͭ͟͜ Ύ͟ ;͙͙͊ͫͭͤ ͼͫͤͦ͜͜͡͝ ͙͔͙ͫͫͭͣΦ ̋ͦ ͜ ͍͙ͤ͊͘;͊Ί ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͍͙ͨͪͦ͊ͤ͊ͯ͊ͭ͘͜͡ ͣͫ͜ͼ͔ ͜ ͪͦ͡Έ ͎ͦ͗ͤͦͦ͟ ͘͜ 
͔͍ͦͣͨͦͤͤͭ͟͜ ͯ ͎͊͊͘͡Έ͚ͤ͜ ͫͭͪͯͭͯͪ͟͜ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͯ;͙͔ͭ͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟Φ ̂ ͤ͊΄͚͜ ͪͦ͋ͦͭ͜ ͍͔͔ͪͤͣͦ͘ ͍͎ͯ͊ͯ ͤ͊ ͤ͊͘;͔ͤͤΎ 
͙͍͎ͦͣͯͤ͊ͭͤͦͦ͟͜͟ ͔ͦͣͨͦͤͤͭͯ͟ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͯ;͙͔ͭ͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͭ͊ ͣͫ͜ͼ͔ ͼΈ͎ͦͦ ͔ͦͣͨͦͤͤͭͯ͟ ͯ 
ͫͭͪͯͭͯͪ͟͜ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͯ;͙͔ͭ͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟Φ 

˨͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ ͍ͪͤ͜Ύ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͙͍͎ͦͣͯͤ͊ͭͤͦͦ͟͜͟ ͔ͦͣͨͦͤͤͭͯ͟ ͯ ͫͭͪͯͭͯͪ͟͜ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍͍͍͊ͫͭͦͫͦͯ͊ͫ͘Ύ 
͔ͭͫͭ ζ˴˻˿-нηΣ ͍͙͚͊ͨͪͦͨͦͤͦ͊ͤ͘ ˤΦ ˿ ͙ͤΎ͍ͫΈ͙ͣ͟ ͜ ˣΦ ͔̅͒ͦͪ͜΄͙͙ͤͣ ͜ ͍͙͚͊͒͊ͨͭͦ͊ͤ ͒ͦ ͙ͫͭͪͯͭͯͪ͟ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ό͔̅ͭͫ͜͟͜ ,ͤ 
2002). 

̂ ͔͒ͦͫ͒͗ͤͤ͜͜͡ ͙͋ͪ͊͡ ͯ;͊ͫͭΈ мрф ͔͍ͫͭͯ͒ͤͭ͜ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͺ͊ͯ͟͡Έ͔ͭͭͯ ˿ͯͣͫΈ͎ͦͦ͟ ͔͍͎͒ͪ͗͊ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ 
͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ ˢΦ˿Φ ˸ ͔͊͊ͪͤ͊͟͟Σ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͺ͊ͯ͟͡Έ͔ͭͭͯ ˽͍ͦͭ͊ͫ͡Έ͎ͦͦ͟ ˹͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ 
͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ ˤΦ˥Φ ˴ ͔ͦͪͦͤ͊͟͡Σ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͺ͊ͯ͟͡Έ͔ͭͭͯ ͔͎͍̉ͪͤͫ͜͜Έ͎ͦͦ͟ ˹͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ 
͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ ́Φ˥Φ ̊ ͔͍;͔ͤ͊͟Σ ͺ͊ͯ͟͡Έ͔ͭͭͯ ͙͙ͨͪͪͦ͒ͤ;ͦ͝ ͜ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͍͙ͦͫͭ͜ ˥ͯ͡ͻ͍ͫ͜Έ͎ͦͦ͟ ˹͊ͼͦͤ͊͜͡Έ͎ͤͦͦ 
͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ ˻ ͔ͫ͊ͤ͒ͪ͊͟͡ ˨͍͔ͦ͗ͤ͊͟ ͜ ˨͔͍͎ͪ͗͊ͤͦͦ ͍͙΅͎ͦͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͊͊͒ͯ͘͟͡ ζ˨ͦͤ͋͊ͫΈ͙͚͟ 
͔͍͙͚͒ͪ͗͊ͤ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ ͍͔͙͔ͯͤͪͫͭͭ͜ηΦ ˿͔͔ͪ͒ ͔͍ͫͭͯ͒ͤͭ͜ ͋ͯͦ͡ ͍͔͔ͨͪͦ͒ͤͦ ͔͍ͭͫͭͯ͊ͤͤΎ ͤ͊ ͍ͦͤͫͭ͊ͭͯ͊͟͡Έͤͦͣͯ ͜ 
ͺ͍ͦͪͣͯ͊͡Έͤͦͣͯ ͔ͭ͊ͨ͊ͻ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͙ͪͦ͋ͦͭΦ ˾͔ͯ͘͡Έ͙ͭ͊ͭ ͔͍ͭͫͭͯ͊ͤͤΎ ͔͍͔ͨͪ͒ͫͭ͊ͤͦ͡ ͯ ͙ͭ͊͋͡ͼ͜ мΦ 

͙́͊͋͡ͼΎ м 
˩͙ͣͨͪ͜;ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍͙ͤ͊͘;͔ͤͤΎ ͍ͪͤ͜Ύ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͙͍͎ͦͣͯͤ͊ͭͤͦͦ͟͜͟ ͔ͦͣͨͦͤͤͭͯ͟ 

˩ͭ͊ͨ ͔͔͙͔ͫͨͪͣͤͭͯ͟ 
˾͍ͤ͜͜ ͫͺ͍ͦͪͣͪ͊ͤͦͫͭ͜ 

ˢ͙͍͙͚ͭͤ͟ ˧͍͙͚ͪͯͤͭͦͤ ˩͔͔͙͚ͣͤͭ͊ͪͤ͡ ˽ͦ;͍͙͚͊ͭͦ͟ 

˴͍ͦͤͫͭ͊ͭͯ͊͡Έ͙͚ͤ 6 21 114 18 

͍̅ͦͪͣͯ͊͡Έ͙͚ͤ 33 90 36 0 

 
˽͍ͦͪͤ͜Ύ͡Έ͙͚ͤ ͊ͤ͊͘͜͡ ͙͍ͨͦ͊ͤ͘͟͟͜ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͍ ͻͦ͒͜ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ͍͒ͦͦ͘͡ΎΊ ͍͙ͨͪͦͫ͒ͦ͊ͭ͜͟͡ 

͙͙͍ͨͦͭͤͯ͘ ͙͒ͤ͊ͣͯ͜͟ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͍͎ͦͣͯͤ͊ͭͤͦͦ͟͜͟ ͔ͦͣͨͦͤͤͭͯ͟ ͍ ͫͭͪͯͭͯͪ͟͜ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͚ͤ͜ ͎ͪͯͨ͜Φ 
 

˻ˣ˥˻ˤ˻˾˩˹˹̒ 
˴͙͍͙͚ͦͣͯͤ͊ͭͤ͜͟ ͔ͦͣͨͦͤͤͭ͟ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͯ;͙͔ͭ͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͔͔ͨͪ͒͋͊;͊Ί ͍ͦͦ͒ͤͤ͜͡Ύ 

͙͙ͪͤͦͣ͊ͤͭͤͣ͘͜͜ ͺ͙ͦͪͣ͊ͣ ͜ ͙͊ͫͦ͋͊ͣ͘ ͔͔ͨͪ͒͊;͜ ͭ͊ ͙ͦͭͪͣ͊ͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͍ͤ͊ͫ͒ͦ͜͟͡ Ύ͎ͦͦ͟ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͙ͤ͊ͦͨ͟;͔ͤͤΎ 
ͤ͊ͤ͘ΈΣ ͔͔ͨͪͦͼͤ͊͜͟ ͤ͊Ύ͍͎ͤͦͦ ͍͒ͦͫ͒ͯ͜Σ ͍ͦͨ͊ͤͯ͊ͤͤΎ ͍͙͙ͤͦͣ ͍͙͙͒͊ͣ ͜ ͔͙͙ͣͭͦ͒͊ͣ͟ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͎͔͔ͤͪ͊ͼ͜Ύ 
͍͙ͤͦͻ ͔͚͒͜ ͤ͊ ͍ͦͫͤͦ͜ ͍͎͊ͫͤͦͦ͡ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͒ͦͫ͒ͯ͜ ͭ͊ ͍͒ͦͫ͒ͯ͜ ͔͎ͦ͟͡Φ  

˴͙͍ͦͣͯͤ͊ͭͤ͊͜͟ ͍ͫ͊͒ͦ͊͟͡ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͯ;͙͔ͭ͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͒͊ͭͤͫͭ͘͜Ό ͒ͦ 
͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͙͊ͫͦ͋͊ͣ͘ ˱˴́Σ ͍ͨ͊ͤͯ͊ͤͤ͡Ύ ͍ͫͨͪ͊Σ ͙ͦͦͪ͒ͤ͊͟ͼ͜Ό ͫͨ͜͡Έ͙ͤͻ ͚͒͜ ͭ͊ ͪͦͨͦ͒͘͜͡ ͺͯͤ͟ͼ͚͜ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͭ͊ ͊͘ 
͎͒ͦͨͦͣͦͦΌ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍͘ΩΎͯ͘͟Φ  

˿ͺ͍ͦͪͣͦ͊ͤ͊ ͙͍ͦͣͯͤ͊ͭͤ͊͟͜͟ ͍ͫ͊͒ͦ͊͟͡ ˱˴́-͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͯ;͙͔ͭ͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͔͔ͨͪ͒͋͊;͊ΊΥ ͙ͦͭͪͣ͊ͤ͜ 
ͤ͊ͤͤ͘ΎΣ ͫͺ͍ͦͪͣͦ͊ͤ͜ ͍͙ͤ͊;͙͟ ͜ ͤ͊ͨͪ͊ͼΈ͍͙͚ͦ͊ͤ ͍͒ͦͫ͒͜Σ Ύ͟͜ ͔͔͊͋ͨ͘͘;͊ͭΈ ͚͎ͦͦ ͔ͺ͔͙͍ͭͤͯ͟ ͙ͨͪ͊ͭ͟;ͤͯ ͒͜Ύ͡Έͤͫͭ͜Έ ͜ ͨͦ͒͊͡Έ΄͔ 
ͨͪͦͺ͔͚͔ͫͤ͜ ͪͦͫͭ͊ͤͤ͘ΎΦ ̂ ͫͺ͔ͪ͜ ͦͣͯͤ͊͟͜͟ͼ͜͝ ͣ ͚͚͊͋ͯͭͤ͜ ͯ;͙͔ͭ͡Έ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͍͙͔ͨͦͤͤ ͙͋ͯͭ ͙͒͊ͭͤͣ͘Υ  

-  ͤ͊͘ͻ͙͙ͦ͒ͭΣ ͍͙͊ͤ͊ͯ͊ͭ͘͜͡ ͜ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͯ ͍͚ͫͦ͝ ͙ͨͪ͊ͭ͟;͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͔ͪͦͪͦ͋ͤ͘͜͡ ͙͙͒͒͊ͭ͟;ͤ͜ ͔͙ͣ͊ͭͪ͊͜͡ ͜ 
ͪͤͦͣ͊ͤͭͤ͘͜͜͜ ²Ŝō-͔͙ͪͫͯͪͫΤ 
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-  ͍͙͙ͤ͊ͦ͒ͭ ͔ͦͤͪͭͤ͟͟͜ ͙͙ͨͪ͊͒͟͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ˱͔͔ͤͭͪͤͭ-͔͍ͪͫͯͪͫ͜Τ  
-  ͍͙͍͙ͦͤͯ͊ͭ͟ ͤ͜ͺͦͪͣ͊ͼ͚͙͚ͤ͜ ͨͦ΄ͯ͟ ͔ͨͪ΄͔͔ͦ͒͗ͪ͡ ͍ͤ͊ͯͦͦ͟͝ ͭ͊ ͍ͤ͊;͊͡Έͤͦ͝ ͔͙ͭͪ͊ͭͯͪ͜͡ ͘ ͍͒ͦͫ͒͗ͯ͊ͤͦ͜͡͝ ͔͙ͨͪͦ͋ͣ͡ 

͍ ͔͋͋ͦͭ͊͜͜͟͡ͻ ͭ͊ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͔͔ͣͪ͗͊ͻΤ 
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THE ROLE OF COMMUNICATIVE COMPONENT  

IN THE FORMATION OF THE ICT COMPETENCE OF A TEACHER OF MATHEMATICS  
S. Petrenko 

A.S. Makarenko's Sumy State Pedagogical University, Ukraine 
Abstract. The article deals with theoretical aspects of the influence of the communicative component on the formation of the ICT competence of 

a teacher of mathematics and the place of this component in the structure of the ICT competence of a teacher of mathematics. 
Problem formulation. The system of professional training of future teachers of mathematics involves not only the acquisition of the sum of 

mathematical knowledge, but also the formed set of abilities to effectively carry out all functions of a teacher in the professional 
and socio-cultural spheres of activity. These tasks substantiate the need for a comprehensive analysis of the structure of 
professional competencies. Among such competencies there is the need to analyze the structure of the ICT competence of future 
teachers of mathematics as a complex and multifunctional system that characterizes motives, goals, the need for conscious study 
of the possibilities of technical and software tools, self-improvement, motives and needs of self-development in the professional 
activities of a teacher of mathematics, awareness of the significance of applying the ICT in the pedagogical practice of a teacher of 
ƳŀǘƘŜƳŀǘƛŎǎΣ ŎǊŜŀǘƛǾŜ ŀǇǇǊƻŀŎƘ ǘƻ ŀƴȅ ƪƛƴŘ ƻŦ ƻƴŜΩǎ ŀŎǘƛǾƛǘȅΦ 

Materials and methods. Theoretical analysis and systematization of scientific-pedagogical, methodical and reference literature to form the ICT 
competence of future teachers of mathematics and influence this process of communicativeness as a component of the ICT 
competence of a teacher of mathematics. 

Results. The analysis of theoretical studies of the influence of the communicative component on the formation of the ICT competence of future 
teachers of mathematics has been conducted, which is a prerequisite for their successful professional activity. The place, structure 
and content of the communicative component, its influence on the formation of other components of the ICT competence of 
teachers of mathematics to use modern teaching methods have been determined. 

Conclusions The communicative component is an integral part of the ICT competence of a teacher of mathematics, which directly affects the 
process of formation. The communicative component is the tool that simultaneously affects the formation of other components, 
while improving the skills and abilities of the implementation of information needs, enriching the experience of the personality. 

Key words: communication, communicative, communicativeness, ICT-competence, ICT-competence of a teacher of mathematics, integrated 
quality of a personality, professional activity, pedagogical activity. 
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˽ͪͦͫͯͪ͊͟ ˿Φ˶Φ  
˸˻˨˩˶̎ ̅˻˾˸̂ˤˢ˹˹̒ ˽˾˻̅˩˿˱˯˹˻˲ ˴˻˸˽˩́˩˹́˹˻˿́˱ ˸ˢ˯ˣ̂́˹˱̆ ˣˢ˴ˢ˶ˢˤ˾˱ˤ ˴˻˸˽Ω̑́˩˾˹ˮ̆ ˹ˢ̂˴ 

 

ˢ˹˻́ˢ̇˱̒  

̅ͦͪͣͯ͡Ό͍͊ͤͤΎ ͔͙ͨͪͦ͋ͣ͡.  ˽͙ͭ͊ͤͤΎ ͍͙ͪͦͭͯ͘͟ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͔͍ͫͭͯ͒ͤͭ͜ ͘ ͍ͣͦ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͊ͭͯ͊͟͡Έ͔ͤ ͒͡Ύ ͍ͫ͜ͻ ͍͊͊͒͘͟͜͡ 
͍͙΅ͦ͝ ͍͙ͦͫͭ͜Σ ͦͫ͟͜͡Έ͙͟ ͍͙ͪͦͭͦ͘͟ ͼ͙ͺ͍͎ͪͦͦͦ ͨͪͦͫͭͦͪͯ ͙̂ͪ͊ͤ͟͝ ͔ͨͦͭͪ͋ͯΊ ͤ͊͘;ͤͦ͝ ͟͜͡Έͦͫͭ͟͜ ͺ͊ͻ͍͜ͼ͍͜Σ Ύ͟͜ ͋ ͚͙͙͒ͫͤ͘͜͡ 
͔͔͍͔͔ͨͪ͒ͤͤΎ ͯ ͼ͙ͺ͍͙͚ͪͦ ͺͦͪͣ͊ͭ ͙ͭͻ ͎͍͙͊ͤ͊ͦͦ͡ͻ ͙͔ͫͫͭͣΣ ͍͙ͪͦͭͦ͘͟ ͭ͊ ͙ͨ͒ͭͪͣ͊͜͟ Ύ͙͟ͻ Ί ͦ;͔͍͙͒ͤͦ ͔͍͙͎͙͙ͤ͒ͤͣ͜ ͭ͊ 
͔͔ͤͺ͔͙͍͙͙ͭͤͣ͟Φ ˴ͪͣ͜ ͎ͭͦͦ ͔ͦͤͦͣ͊͟͜͟ ͙̂ͪ͊ͤ͟͝ ͔ͨͦͭͪ͋ͯΊ ͔ͪͦͪͦ͋ͤͤ͘͡Ύ ͍ͤͦͭͤ͜Έ͎ͦͦ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͒͡Ύ 
͍͙ͪͦͭͯ͘͟ ͯͫ͜ͻ ͎͔͚͊ͯ͘͡ ͔͙ͦͤͦͣ͟͜͟Σ ͍͙ͦͫͭ͜Σ ͔͙ͣ͒ͼ͙͙ͤ ͭ͊ ͫ͜͡ΈͫΈ͎ͦͦ͟ ͎͍ͦͫͨͦ͒͊ͪͫͭ͊Φ ˿͔͊ͣ ͼ͙ͺ͍ͪͦ͊͘͜ͼ͜Ύ ͨͪͦͼ͔͍ͫ͜ ͭ͊ ͦ͋ΩΊ͍ͭ͟͜ 
ͫͭ͊Ί ͍ͦͫͤͦͦΌ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ ͭ͊ ͍͙ͪͦͭͯ͘͟ ͎͋͊͊ͭΈͦͻ ͙͔ͫͫͭͣΣ ͫͺ͔ͪΣ ͎ͦͪ͊ͤ͊͘͜ͼ͚͜Σ ͚ͤ͒ͯͫͭͪ͜͜ ͭ͊ ͔ͦͤͦͣ͟͜͟Φ ό́ͦͪͯ 
˱͚ͦͫ͜͜ϧˤ·͒͗͊Ύ ˴ͯͣ͊ͪ͊ΣнллфύΦ   

˸͔͙͊ͭͪ͊͜͡ ͜ ͔͙ͣͭͦ͒Φ ˹͊ͨͪΎ͙ͣ ͼ͙ͺ͍͎ͪͦͦͦ ͍͙ͪͦͭͯ͘͟ ͙̂ͪ͊ͤ͟͝ ͎ͯͦ͒͗ͯ͘ΌͭΈͫΎ ͘ ͙͙ͭ͊ͣ͟ Ί͍͔͚ͪͦͨͫΈ͙͙ͣ͟ ͔͙͒ͦͯͣͤͭ͊ͣ͟Σ Ύ͟ ζ͙̇ͺ͍͙͚ͪͦ 
ͨͦͪΎ͒ͦ͟ ͔͙͚͒ͤͤ ͒͡Ύ ͍͙̐ͪͦͨη ό5ƛƎƛǘŀƭ !ƎŜƴŘŀ ŦƻǊ 9ǳǊƻǇŜύ όƘǘǘǇǎΥκκǿǿǿΦŘŎŎŀŜΦƎƻǾΦƛŜκŜƴ-ie/communications/topics/Digital-
Agenda-for-9ǳǊƻǇŜκtŀƎŜǎκŘŜŦŀǳƭǘΦŀǎǇȄύΣ ζ͙͙͚̐͒ͤ ͼ͙ͺ͍͙͚ͪͦ ͨͪͦͫͭͪ͜η ό5ƛƎƛǘŀƭ {ƛƴƎƭŜ aŀǊƪŜǘύ 
όƘǘǘǇΥκκǿǿǿΦǾƛǎƴǳƪΦŎƻƳΦǳŀκǳŀκǇǳōǎκƛŘκфлллопртύΣ ˽͎͙ͪͦͪ͊ͣ ̐˿ ΅ͦ͒ͦ ͍͙ͪ͜΄͔ͤͤΎ ͔͔͔ͤͭͪͦͨͪ͊͋͜͡Έͤͦͫͭ͜ Ί͍͔͚ͪͦͨͫΈ͙͟ͻ 
ͨͯ͋͜͡;͙ͤͻ ͊͒ͣͤͫͭͪ͊͜͜ͼ͚͜ όLƴǘŜǊƻǇŜǊŀōƛƭƛǘȅ {ƻƭǳǘƛƻƴǎ ŦƻǊ 9ǳǊƻǇŜŀƴ tǳōƭƛŎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴǎύ όƘǘǘǇǎΥκκŜŎΦeuropa.eu/isa2/home_en), 
͔͍ͨͪͦͭ͟͜ Ŝ-CODEX, e-LƴǾƻƛŎƛƴƎΣ ͊ ͭ͊ͦ͗͟ ͤ͜͜ͼ͙͍͙͊ͭ͜ {ƛƴƎƭŜ 5ƛƎƛǘŀƭ DŀǘŜǿŀȅ όƘǘǘǇǎΥκκŜŎΦŜǳǊƻǇŀΦŜǳκƎǊƻǿǘƘκǎƛƴƎƭŜ-market/single-
digital-ƎŀǘŜǿŀȅψŜƴύΦ ˢ ͎͍ͨ͒ͦͭͦ͊͜͟ ͍͙͍ͫͦͦ͊͟͟͜͡ͺ͍͙ͦ͊ͤ͜͟ͻ ͔ͫͨͼ͍͊ͫͭ͜͜͜͡ ͒͡Ύ ͔ͪ͊͊͘͜͡ͼ͜͝ ͙ͨͭ͊ͤΈ ͼ͙ͺ͍ͪͦ͊͘͜ͼ͜͝ ͍ ̂ͪ͊ͤ͟͜͝ ͫͭ͊Ί ͍͔ͫ 
͋͜͡Έ΄ ͊ͭͯ͊͟͡ΈͤͦΌΦ ̂ ͨͪͦͼ͔ͫ͜ ͙ͤ͊ͨͫ͊ͤͤΎ ͫͭ͊ͭͭ͜ ͍͍͙͊ͫͭͦͫͦͯ͊ͫ͘͡Έ ͔͙ͣͭͦ͒ ͙͔͒ͫͪͭ͊ͼ͚͙ͤ͜ͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΣ ͔͙ͣͭͦ͒;ͤͦ͝ Σ 
͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͭ͊ ͍ͤ͊ͯͦͦ͟͝ ͔͙ͭͪ͊ͭͯͪ͜͡Τ ͚͒ͫͤ͘͜Ό͍͊ͦͫ͡Ύ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͨͪͦͼ͔ͫͯ ͎͍͙ͨ͒ͦͭͦ͜͟  ͚ͣ͊͋ͯͭͤ͜ͻ ͍͍͋͊͊͊ͪ͟͜͡ 
ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ²9.-ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ  

 ˾ ͔ͯ͘͡Έ͙ͭ͊ͭΦ ˭͍͊ͨͪͦͨͦͤͦ͊ͤ͊ ͔ͣͦ͒͡Έ ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͙͙͙ͦͪͫͭ͊ͭ͟ ͫͯ;͊ͫͤ͜ ²9.-ͦͪ͜Ί͍ͤͭͦ͊ͤ͜ ͔ͺ͔͙͍ͭͤ͟͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͒͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ 
ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͍͍͋͊͊͊ͪ͟͜͡ ͦͣͨ͟Ό͔͙ͭͪͤͻ ͤ͊ͯ͟Φ ˽ͦ͒͊͡Έ΄͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔ͨͦͭͪ͋ͯΊ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ 
͙ͪͦͪͦ͋͘͟ ͍͊͒͊ͤ͘Έ ͔͔͍͙ͨͪͪ͜͟ ͤ͊ͤ͘Έ ͔͍ͫͭͯ͒ͤͭ͜-͎͍ͨͪͦͪ͊ͣͫͭ͜͜Σ Ύ͟͜ ͨͦ͒͜͡ΎΌͭΈͫΎ ͤ͊  ΄ͫͭ͜Έ  ͍͍ͪͤ͜͜ ͫ͊͒ͤͦͫͭ͟͜͡Σ ͯ ͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ 
͒ͦ ͭ͊ͫͦͤͦͣ͟͜͝ ˣͯͣ͊͡Φ 

ˤ͙͍͙ͫͤͦ͟Φ ˿͙͚ͭͪͣ͜͟ ͍͙ͪͦͭͦ͘͟ ͼ͙ͺ͍͎ͪͦͦͦ ͨͪͦͫͭͦͪͯ ͙̂ͪ͊ͤ͟͝ ͔ͨͦͭͪ͋ͯΊ ͔͔͙ͦͣͨͭͤͭͤ͟ͻ ͍͙͙͍ͨͯͫͤ͟͟͜ ͒͡Ύ ͙͙ͨ͒ͭͪͣ͜͟ ͼΈ͎ͦͦ ͨͪͦͼ͔ͫͯΦ 
ˣ͍͊͊͊ͪ͟͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟ ͘ ͫͺ͍͙͙ͦͪͣͦ͊ͤͣ ͨͪͦͺ͔͚͙͙ͫͤͣ͜ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟Ύ͙ͣ Ί ͔͙ͦͤͯͪͭͤͦͫͨͪͦͣͦ͗ͤͣ͟͟ ͤ͊ ͙ͪͤͯ͟ 
ͨͪ͊ͼ͜ ͙̂ͪ͊ͤ͟͝Φ ˭͍͊͒͊ͤͤΎΣ Ύ͟͜ ͣͦ͗ͯͭΈ ͍͙͙ͦͤ͊ͭ͟ ͭ͊͟͜ ͺ͊ͻ͍͜ͼ͜ ͍͊͒ͦͦ͘͡ΈͤΎ͙ͭͣͯͭΈ ͤ͊͘;ͤ͜ ͔͙ͨͦͭͪ͋ ͍ ͙ͪͤ͘͜ͻ ͫͺ͔ͪ͊ͻ ͡Ό͒ͫΈͦ͟͝ 
͒͜Ύ͡Έͤͦͫͭ͜Σ ͊ ͔ͫ͊ͣΥ ͔͎ͦͦ͟͜͡ΎΣ ͔ͦͤͦͣ͊͟͜͟Σ ͔͙ͣ͒ͼ͙ͤ͊Σ ͍ͦͫͭ͊͜Σ ͙͍ͨͪͦͣͫͦͫͭ͜͡ΈΣ ͫ͜͡ΈͫΈ͔͟ ͎͍ͦͫͨͦ͒͊ͪͫͭͦΦ 

 

˴˶̑̉˻ˤ˱ ˿˶˻ˤˢΥ ͍͋͊͊͊ͪ͟͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟Σ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΣ ͔ͣͦ͒͡Έ ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Σ ͭ͊ͫͦͤͦͣ͟͜Ύ 
ˣͯͣ͊͡. 

 
ˤ˿́̂˽ 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡. ˽͎͍͒ͦͭͦ͊͜͟ ͍͍͋͊͊͊ͪ͟͜͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟ ͚͒ͫͤ͘͜ΌΊͭΈͫΎΣ ͍ ͍ͦͫͤͦͤͦͣͯΣ ͍ ͔ͭͻͤ͜;͙ͤͻ 
͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Φ ˤ ͙͔ͫͫͭͣ͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͙ͭ͊͟ͻ ͔ͫͨͼ͍͊ͫͭ͜͜͜͡ ͣ͊ΌͭΈ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭͫ͟Ύ Ύ͟ ͊ͭͯ͊͟͡Έͤ͜ ͍͙ͣͦ 
͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΣ ͭ͊͟ ͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ΅ͦ ͍͍͒ͨͦ͒͊͜͜ΌͭΈ ͫͭ͊ͤͯ ͍͙ͪͦͭͯ͘͟ ˱́-͎͊ͯ͘͜͡ ͍ ̂ͪ͊ͤ͟͜͝Σ Ί͍͔͚ͪͦͨͫΈ͙͟ͻ ͭ͊ ͫͻ͙͒ͤ͜ͻ ͔͍͒ͪ͗͊͊ͻ 
όˣ͙͍ͦ͟ΣнллфύΦ   

ˤ͙͍͙͊͗ͣ͡ ͺ͊ͭͦͪͦͣ͟ ͯ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͍͋͊͊͊ͪ͟͜͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟ Ί ͤ͊Ύ͍ͤͫͭ͜Έ ͨͪͦ͒ͯͣ͊ͤͤͦ͝Σ 
͍͒ͨͪ͊͜ͼΈ͍ͦ͊ͤͦ͝Σ ͨͪ͊ͼ͔͒͊ͭͤͦ͘͝ ͔ͣͦ͒͜͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍͙͙͍ͨͯͫͤ͟͟͜Φ ˭͔͔͊͋ͨ͘;͔ͤͤΎ ͒ͦͫͭͯͨͯ 
͔͍ͫͭͯ͒ͤͭ͜-͎͍ͨͪͦͪ͊ͣͫͭ͜͜ ͒ͦ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͔͍ͪͫͯͪͫ͜Σ ͯ ͚ͭ͊͟͜ ͔ͣͦ͒͜͡Σ ͣ͊Ί ͚͒ͫͤ͘͜Ό͍͙͊ͭͫΎ ͤ͊ ͊ͫ͊͒͊͘ͻ ²9.-ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ 
͔ͭͻ͎͚ͤͦͦ͜͡Σ Ύ͟ ͎ͨͦͭͯ͗ͤͦͦ ͔ͤͫͭͪͯͣͤͭͯ͜ ͍ͨͦͫΌ͎͒ͤͦͦ ͒ͦͫͭͯͨͯ ͒ͦ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͜ ͎͙ͨͪͦͪ͊ͣͤͻ ͙͔ͫͫͭͣΦ 
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˿͒͜͡ ͍͙͙͊ͯ͊͗ͭ͘Σ ΅ͦ ͪͦͪͦ͋͊͘͟ ͼ͜Ί͝ ͔ͣͦ͒͜͡ ͍͙ͨͦͤ͊ ͚͒ͫͤ͘͜Ό͍͙͊ͭͫΈ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͍͔͔͎͊ͭͪ͒͗ͤͦͦ͘ ͫͭ͊ͤ͒͊ͪͭͯ ͍͙΅ͦ͝ 
͍͙ͦͫͭ͜ ͊͘ ͔ͫͨͼ͊͜͡Έͤͫͭ͜Ό мнн ζ˴ͦͣͨΩΌ͔ͭͪͤ͜ ͙ͤ͊ͯ͟η ͎͊ͯ͘͜͡ ͤ͊ͤ͘Έ мн ζ˱ͤͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝η ͒͡Ύ ͔ͨͪ΄͎ͦͦ 
ό͍͋͊͊͊ͪͫ͟͡Έ͎ͦͦ͟ύ ͍ͪͤ͜Ύ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ όƘǘǘǇǎΥκκƳƻƴΦƎƻǾΦǳŀκǎǘƻǊŀƎŜκŀǇǇκƳŜŘƛŀκǾƛǎƘŎha-
osvita/zatverdzeni%20standarty/2019/07/12/122-kompyuterni-nauki-ōŀƪŀƭŀǾǊΦǇŘŦύΣ ͊ ͔ͫ͊ͣΥ  

-  ͍͙ͤ͊͘;͔ͤͤΎ ͙ͨͪͤͼ͙͍ͨ͜ ͜ ͨͪͦͼ͔͒ͯͪ ͔͔͊͋ͨ͘͘;͔ͤͤΎ Ύͦͫͭ͟͜ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Τ 
-  ͚͔͒ͫͤͤͤ͘͜Ύ ͙͎ͣͦͤͭͦͪͤͯ͜ ͭ͊  ͨ ͔͙ͪͦ͒͜;͎ͤͦͦ ͔͔͎ͨͪ͡Ύ͒ͯ ͍ͦͫͭͤ͜͜ͻ ͎ͨͪͦͪ͊ͣΤ 
-  ΅ͦͪ͜;͔ͤ ͦͼͤ͜Ό͍͊ͤͤΎ ͍͒ͦ͋ͯ͊͘;͍͜ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Σ ͍ͤ͊ͯͦͦ͟-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͜ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͍͙΅͎ͦͦ ͊͊͒ͯ͘͟͡ 

͍͙ͦͫͭ͜ ͭ͊ ͔͎ͪͯ͡Ύ͔ͪͤ ͙ͦͨͪ͡Ό͔͒ͤͤͤΎ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͙ͭ͊͟ͻ ͦͼͤ͜Ό͍͊ͤΈ ͤ͊ ͦͺ͜ͼ͚ͤͦͣͯ͜ ͍͔͋-͚ͫ͊ͭ͜ ͍͙΅͎ͦͦ ͊͊͒ͯ͘͟͡ ͍͙ͦͫͭ͜Τ 
-  ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻΣ ͍͙ͤ͊ͯͦ͟ͻ ͜ ͍ͤ͊ͯͦͦ͟-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜Τ 
-  ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͤ͊Ύ͍ͤͦͫͭ͜ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͔͍ͪͫͯͪͫ͜ ͒͡Ύ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΣ ͍ ͭͦͣͯ ;͙ͫ͜͡ ͚ͫ͊ͣͦͫͭͤͦ͜͝ 

͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜ ͊͘ ͍ͦͫͭͤ͜ΈͦΌ ͎ͨͪͦͪ͊ͣͦΌ ζ˴ͦͣͨΩΌ͔ͭͪͤ͜ ͙ͤ͊ͯ͟η Τ 
-  ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͤ͊Ύ͍ͤͦͫͭ͜ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͙͔ͫͫͭͣ ͒͡Ύ ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͍ͦͫͭͤͣ͜͜ ͨͪͦͼ͔ͫͦͣΤ 
-  ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͨͯ͋͜͡;ͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͨͪͦ ͍ͦͫͭͤ͜͜ ͎͙ͨͪͦͪ͊ͣΣ ͔ͫͭͯͨͤ͜ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͭ͊ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝Τ 
-  ͍͙ͪͦͭͦ͘͟ ͙͙ͨͪ͊ͭ͟͟ ͔͊͊͒ͣ͟͜;ͤͦ͝ ͒ͦ͋ͪͦ;͔ͫͤͦͫͭ͜ ͭ͊ ͔͔͔͊͋ͨͫͨ͘͘;͔ͤͤΎ ͔ͺ͔͙͍ͭͤͦ͟͝ ͙͔͙ͫͫͭͣ ͎͊ͨͦ͋͊ͤͤ͘͜Ύ ͭ͊ 

͍͙Ύ͍͔ͤͤ͡Ύ ͔͊͊͒ͣ͟͜;͎ͤͦͦ ͎ͨ͊͊ͭͯ͜͡ ͯ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼΎͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͍͙΅͙ͻ ͊͊͒͊͘͟͡ͻ ͍͙ͦͫͭ͜ ͜ ͍͒ͦ͋ͯ͊͘;͍͜ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Φ 
ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ̂ ͪ͊ͣ͊͟ͻ ͼΈ͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͎ͪͦ͘͡Ύ͔ͤͣͦ ͭ͊ ͯͭͦ;͔ͤͣͦ ͭ͊͟͜ ͍ͦͫͤͦͤ͜ ͨͦͤΎͭͭΎΣ Ύ͟ 

ζ͔ͣͦ͒͡ΈηΣ ζ͔ͣͦ͒͡Ό͍͊ͤͤΎηΣ ζͨͪͦͺ͔͚ͫͤ͊͜ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͍͋͊͊͊ͪ͊͟͡ ͦͣͨ͟ϥΌ͔͙ͭͪͤͻ ͤ͊ͯ͟ηΦ 
͔́ͪͣͤ͜ ζ͔ͣͦ͒͡Έη ͣ͊Ί ͎͋͊͊ͭͦ ͭͯͣ͊͡;͔ͤΈΣ ͙ͨͪ;ͦͣͯ ͔͊͗ͤͦ͘͡ ͍͒͜ ͙ͫͭͯ͊ͼ͜͝ ͍ ͤΈ͎ͦͦ ͍͊͒͊͟͡ΊͭΈͫΎ ͙͚ͪͤ͘͜ ͣͫͭ͘͜Φ ˿͍ͦͦ͡ 

ζ͔ͣͦ͒͡Έη ͨͦͻ͙ͦ͒ͭΈ ͍͒͜ ͙͊ͭͤͫ͡Έ͎ͦͦ͟ ζƳƻŘǳƭǳǎηΣ ΅ͦ ͦͤ͊͘;͊Ί ͪ͊ͦ͘͘͟Σ ͤͦͪͣ͊Σͣͪ͊͜Σ ͙ͣͪͦ͜͡Φ ̂ ͚ͤ͊΄͙ͪ΄ͦͣͯ ͔ͫͤͫ͜ ͨ͒͜ ͍ͫͦͦͣ͡ 
ζ͔ͣͦ͒͡Έη ͪͦͯͣ͘͜ΌͭΈ ͔͒Ύ͙͚͟ ͦ͋ͪ͊͘ ͦ͋ΩΊͭ͊͟ ό͔ͦͪͣ͊͘͟Σ ͍͙͚ͯͣͦͤ ;͙ ͯΎ͍͙͚ͤύΣ ΅ͦ ͤ͊ͫ ͼ͍͙͊ͭ͜͟ΈΣ ͊͋ͦΣ ͍͙ͤ͊ͨ͊͟ τ ͨͪͦͦ͋ͪ͊͘ 
͔͒Ύ͎ͦͦ͟ ͦ͋ΩΊͭ͊͟ ;͙ ͙͔͙ͫͫͭͣ ͦ͋ΩΊ͍ͭ͟͜Φ όƘǘǘǇǎΥκκōǳƪƭƛōΦƴŜǘκōƻƻƪǎκнпупсκύΦ ̂ ͤ͊΄ͦͣͯ ͍͙ͨ͊͒ͯ͟Υ ͔ͣͦ͒͡Έτͼ͔ ͔͒Ύ͙͚͟ ͦ͋ΩΊͭ͟-
͙͊ͣͤͤ͘͜͟ ͦ͋ΩΊͭ͊͟-͙͎ͦͪͤ͊ͯ͜͡ ό͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯύΣ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΊ ͍͙͍;͔ͤͤΎ ͔͒Ύ͙͟ͻ ͙ͫͭͦͭͤ͜ͻΣ ͘ ͎ͨͦ͡Ύ͒ͯ ͙͒ͦͫ͒ͤ͊͜͟͡Σ 
͍͙͍͔͚͊ͫͭͦͫͭ͡ ͙͎ͦͪͤ͊ͯ͜͡Σ ͊ ͔ͫ͊ͣΥ ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍͍͋͊͊͊ͪ͟͜͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟ ͤ͊ ͊ͫ͊͒͊͘ͻ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ²9.-ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ 

˭͊ͣ͜΅͔ͤͤΎ ͎ͦ͒ͤͦͦ ͦ͋ΩΊͭ͊͟ ͤ͜΄͙ͣ ͘͜ ͔ͣͭͦΌ ͒ͦ͋ͯͭͭ͘Ύ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͨͪͦ ͚͍͙͍ͤ͊͊͗͜͡΄͜ ͍͙͍͊ͫͭͦͫͭ͜͡ ͦ͋ΩΊͭ͊͟-͙͎ͦͪͤ͊ͯ͜͡ ͊͘ 
͎͒ͦͨͦͣͦͦΌ ͦ͋ΩΊͭ͊͟-͔ͣͦ͒͜͡ ͙͍ͤ͊͊͘ΊͭΈͫΎ ͔ͣͦ͒͡Ό͍͊ͤͤΎͣ όƘǘǘǇǎΥκκōǳƪƭƛōΦƴŜǘκōƻƻƪǎκнпупсκύΦ ˸͔ͦ͒͡Ό͍͊ͤͤΎ όͺͪΦ- ͪ͊ͦ͘͘͟Σ 
ͨͪͦͦ͋ͪ͊͘ύ ͼ͔͍͍͔͒ͭͦͪͤͤ͜Ύ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͔͍͎ͨͤͦͦ ͦ͋ϥΊͭ͊͟ ͤ͊ ͤ͜΄ͦͣͯ ͦ͋ϥΊͭ͟͜Σ ͔ͫͨͼ͊͜͡Έͤͦ ͍͔ͫͭͦͪͤͦͣͯ ͒͡Ύ ͝ͻ ͍͙͍;͔ͤͤΎΦ 
˸͔ͦ͒͡Έ Ί ͙ͤ͋͜ ͣͦͫͭͦͣ ͣ͗͜ ͔ͭͦͪ͜ΊΌ ͭ͊ ͙ͨͪ͊ͭͦ͟͟Ό όˢͤ͜΅͔ͤͦ͟Σ нллрύΦ 

́͊͟Σ ͯ ͍ͫͦ͝ͻ ͪͦ͋ͦͭ͊ͻ ˶Φ ˭͙ͯ͋͟ ͍͍͊͗͊ΊΣ ΅ͦ ͙ͦ͒ͤͣ ͘ ͍͙ͦͫͤͦͤͻ ͫͯ;͙͊ͫͤͻ ͔͍ͣͭͦ͒͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ Ί ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͙͔ͫͫͭͣΣ 
Ύ͔͟ ͍͙͊͘͘;͚͊ ͔͔ͨͪ͒͋͊;͊Ί ͍͔ͫͭͦͪͤͤΎ ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤͦ͝ ͔ͣͦ͒͜͡ ͦ͋ΩΊͭ͊͟ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͝͝ ͺͦͪͣ͊͊͘͜͡ͼ͜Ό ͭ͊ ͔͔͍͔ͨͪͭͦͪͤͤΎ ͯ 
͔͙ͣ͊ͭͣ͊ͭ;ͤͯ ͊͋ͦ ͦͣͨ͟ΩΌ͔ͭͪͤͯ ͘ ͤ͊ͫͭͯͨͤͦΌ ͔͔͍ͨͪͪͦ͜͟Ό ͔͍͊͒͊ͭͤͦͫͭ͟͜ ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͣ ͙͊ͫͦ͋͊ͣ͘ ͙͊ͤ͊ͭ͜͡;͙ͤͻ ͊͋ͦ 
;͙Ҙ͔ͫ͡Έ͙ͤͻ ͔͍ͣͭͦ͒͜ ͜ ͫͯ;͙͊ͫͤͻ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͜ ͊ͤ͊͘͘;͊ΊΣ ΅ͦ ͔ͣͭͦ͒ ͔ͣͦ͒͡Ό͍͊ͤͤΎ Ί ͔͔ͨͪ͒ͣͭͦͣ ΄͙͎ͪͦͦͦ͟ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ ͫͯ;͙͊ͫͤͻ ͍ͤ͊ͯͦͦ͟-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔͒ͦͫ͒͗ͤͤ͜͡ΎͻΥ ˤΦ ˥͙ͪͤΈ͍ͦ͊Σ ˻Φ ˨ͯ͋͊- ͔ͫͤΌ͟Σ ˻Φ ˴͔͊ͪͨͤͦ͟Σ ˿Φ ˿͙ͫͦΊ͍͊Σ ˤΦ 
͚̉͊͊͟Σ ˶Φ ͍̒͒ͪ͜΄ͫ͜ ͭ͊ ͤ͜΄͜ ό ˭͙ͯ͋͟ΣнлмсύΦ  

˸͔ͦ͒͡Ό͍͊ͤͤΎ ͨͪͦͼ͔ͫͯ ͎͍͙ͨ͒ͦͭͦ͜͟ ˱-́ͺ͊ͻ͍͜ͼ͍͜ ͍ ͍ͯͣͦ͊ͻ ͍͔͙͔ͯͤͪͫͭͭͫ͜Έͦ͟͝ ͍͙ͦͫͭ͜ ͍͙͔ͨͦͤͤ ͚͒ͫͤ͘͜Ό͍͙͊ͭͫΎ 
͔͎͍ͤͭͪͦ͊ͤͦ͜Σ ͘ ͨͦΊ͒ͤ͊ͤͤΎͣ ͣͫͭͯ͘͜ ͔ͭͻͤ͜;͎ͤͦͦ ͜ ͍ͯͨͪ͊ͤͫ͜͡Έ͎ͦͦ͟ ͤ͊ͨͪΎͣͯΦ ˥ͤͯ;͊͟ ͜ ͍͍͒ͨͦ͒ͤ͊͜͜ ͒ͦ ͣͤ͘͜ ͤ͊ ͍ͦͫͭͤ͜Έͦͣͯ ͙ͪͤͯ͟ ͜ 
͙ͪͤͯ͟ ͨͪ͊ͼ͜ ͎͍ͨ͒ͦͭͦ͊͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͣ͊Ί ͍͙͙ͨͪͦͦ͒ͭͫΎ ͎͔ͯͦ͒͗ͤͦ͘ ͜ ͼ͙͟͜͡;ͤͦ ͤ͊ ͍ͫ͜ͻ ͍ͦͫͭͤ͜Έͦ-͍͊͟͜͡ͺ͊͜͟ͼ͚͙ͤ͜ͻ ͍ͪͤ͜Ύͻ ό˻˴˾ύ 
ό˭͙ͯ͋͟Σ 2016). 

͙́͊ͣ͟ ;͙ͤͦͣΣ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͨͦ͡Ύ͎͊Ί ͍ ͊ͣͤ͘͜͜ ͦ͋ΩΊͭ͊͟ ͔ͣͦ͒͡͡Ό ͘ ͔ͣͭͦΌ ͙͒ͫͭ͊ͭ͜ ͤ͜ͺͦͪͣ͊ͼ͜Ό ͨͪͦ ͼ͔͚ ͦ͋ΩΊͭ͟Σ 
͍͙ͦͤͯ͟Ό;͙ ͔͔͙͔͙ͫͨͪͣͤͭ͟ ͘ ͚͎ͦͦ ͔ͣͦ͒͡͡ΌΦ ̒͟΅ͦ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͍͔ͨ͒ͭͪ͒͗ͯ͜ΌͭΈͫΎ ͜ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͍ͦͫͤͦͦΌ ͒͡Ύ 
͎͍ͨͪͦͤͦͯ͊ͤͤ͘Ύ ͨͪͦͼ͔͍ͫ͜Σ ΅ͦ ͍͍͒͋ͯ͊͜ΌͭΈͫΎ ͍ ͦ͋ΩΊͭ͟͜-͙͎ͦͪͤ͊͜͜͡Σ ͭͦ ͎͍ͦͦͪΎͭΈΣ ΅ͦ ͔ͣͦ͒͡Έ ͔͍͊͒͊ͭͤ͊͟ ͦ͋ΩΊ͍ͭͦ͟͜Φ ˽͙ͪ ͼΈͦͣͯ 
͔͍͊͒͊ͭͤͫͭ͟͜Έ ͔ͣͦ͒͜͡ ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͔͙ͣͭ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͜ ͙͚ͨͪͤΎ͙ͭͻ ͙͔͍ͪͭͪ͟͜͝ όƘǘǘǇǎΥκκōǳƪƭƛōΦƴŜǘκōƻƻƪǎκнпупсκύΦ ̂ ͤ͊΄ͦͣͯ 
͍͙ͨ͊͒ͯ͟ ͔ͣͭͦΌ ͔ͣͦ͒͡Ό͍͊ͤͤΎ Ί ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍͍͋͊͊͊ͪ͟͜͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟ ͤ͊ ͊ͫ͊͒͊͘ͻ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ²9.-ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ 

˹͊ ͍ͨ͒ͫͭ͊͜͜ ͍͙͍;͔ͤͤΎ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍͙ͤ͊ͯͦ͟ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͘͜ ͔͙ͨͪͦ͋ͣ͡ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͺ͊ͻ͍͜ͼ͍͜ ͎͊ͯ͘͜͡ 
ͤ͊ͤ͘Έ ζ˱ͤͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝η ͋ͯͦ͡ ͍͙ͤ͊͘;͔ͤͦΣ ΅ͦ ͨ͒͜ ͨͪͦͺ͔͚ͫͤͦ͜Ό ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Ό ͍͋͊͊͊ͪ͊͟͡ ͦͣͨ͟ϥΌ͔͙ͭͪͤͻ ͤ͊ͯ͟ ͙ͣ 
ͪͦͯͣ͘͜Ίͣͦ ͒͊ͭͤͫͭ͘͜Έ ͍͙͙ͨͪͦͦ͒ͭ ͔͔͙ͭͦͪͭ;ͤ͜ ͭ͊ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍ ͎͊ͯ͘͜͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟Τ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ 
͔͙ͣ͊ͭͣ͊ͭ;ͤ͜ ͔͙ͣͭͦ͒ ͚ ͎͙͊ͦͪͭͣ͜͡;ͤ͜ ͙ͨͪͤͼ͙͙ͨ ͍ ͔ͣͦ͒͡Ό͍͊ͤͤ͜Σ ͔͍ͨͪͦͭͯ͊ͤͤ͟͜Σ ͪͦͪͦ͋͘ͼ͜ ͭ͊ ͍ͫͯͨͪͦͦ͒͜ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ 
͔ͭͻ͎͚ͤͦͦ͜͡Τ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͪͦͪͦ͋ͯ͘͟Σ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͜ ͍ͫͯͨͪͦ͒͜ ͔͔ͤͭͭͯ͊͜͟͡͡Έ͙ͤͻ ͙͔ͫͫͭͣ ͊ͤ͊ͯ͘͜͡ ͚ ͙ͦ͋ͪͦ͋͟ ͙͒͊ͤͻ 
͎ͦͪ͊ͤ͊͘͜ͼ͚͙ͤ͜ͻΣ ͔ͭͻͤ͜;͙ͤͻΣ ͙͙ͨͪͪͦ͒ͤ;͙ͻ ͜ ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;͙ͤͻ ͙͔ͫͫͭͣ ό˽ͪͦͫͯͪ͊͟ϧ˶͙͍͙͍ͭͤͦ͊Σ нлмфύΦ 

˹͍͔͊ͯͦ͟ͼΈ ˿ͭͪΌ͟ ˴Φ ˸Φ ͯ ͍ͫͦ͝ͻ ͪͦ͋ͦͭ͊ͻ ͔͍ͨͪ͒ͫͭ͊͡ΎΊ ͼ͔ ͍͙ͤ͊͘;͔ͤͤΎ Ύ͟ ͔͎ͤͭͪ͊͜͡Έͤͯ ͻ͔͙͙͊ͪ͊ͭͪͫͭͯ͟͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜ 
͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͺ͊ͻ͍͜ͼΎΣ Ύ͊͟ ͨͦΊ͒ͤͯΊ ͤ͊Ύ͍ͤͫͭ͜Έ ͤ͊ͤ͘ΈΣ ͍ͣͤ͜Έ ͭ͊ ͍͙ͤ͊;ͦ͟ ͯ ͎͊ͯ͘͜͡ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͭ͊ ͦ͋;͙ͫ͡Ό͍͊͡Έͤͦ͝ ͔ͭͻ͙ͤ͜͟ ͭ͊ 
ͨͪͦͺ͔͚ͫͤͦ͜ ͍͙͍͙͊͗͡ͻ Ύ͔͚ͦͫͭ͟Σ Ύ͟͜ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͔ͺ͔͙͍͔ͭͤ͟ ͍͙ͦͤ͊ͤͤ͟Ύ ͙ͤͣ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͭ͊ ͎ͤ͊ͦͦ͡΄ͯΊΣ ΅ͦ ͒͡Ύ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͋ͯ͒Έ-Ύͦ͟͝ ͎͊ͯ͘͜͡ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͙͍ͭͨͦ͜ ͊͒͊͘;͜ ͭ͊ 
͍͙͙ͪͦ͋ͤ;͜ ͺͯͤ͟ͼ͜͝Υ ͙͒ͦͫ͒ͤ͜͡ͼΈ͟͜Σ ͔͍ͨͪͦͭͯ͊͟͡Έͤ͊Σ ͔ͭͻͤ͜;ͤ͊ ό˿ͭͪΌ͟ΣнлмуύΦ 

˭͊ͯ͡;͔ͤͤΎ ͒ͦ ͔ͣͦ͒͜͡ ²9.-ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͤ͊͒͊Ί ͯ ͤ͊΄͔ ͪͦͨͦͪ͘Ύ͔͒͗ͤͤΎ ͙͚ͨͦͭͯ͗ͤ ͔͚ͤͫͭͪͯͣͤͭ͊ͪ͜͜ ͒͡Ύ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍ͦͤͦ͝ ͙ͪͦ͋ͦͭ ͯ ͔ͭͻͤ͜;ͤͦͣͯ ˤ˭˻Φ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜Φ ˾͙͙ͦͪͦ͋ͭ͘ ͔ͣͦ͒͡Έ ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍͍͋͊͊͊ͪ͟͜͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟ ͤ͊ 
͊ͫ͊͒͊͘ͻ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ²9.-ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ 

 
˸˩́˻˨ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 

̂ ͨͪͦͼ͔ͫ͜ ͙ͤ͊ͨͫ͊ͤͤΎ ͫͭ͊ͭͭ͜ ͍͍͙͊ͫͭͦͫͦͯ͊ͫ͘͡Έ ͔͙ͣͭͦ͒ ͙͔͒ͫͪͭ͊ͼ͚͙ͤ͜ͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΣ ͔͙ͣͭͦ͒;ͤͦ͝Σ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͭ͊ 
͍ͤ͊ͯͦͦ͟͝ ͔͙ͭͪ͊ͭͯͪ͜͡Τ ͚͒ͫͤ͘͜Ό͍͊ͦͫ͡Ύ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͨͪͦͼ͔ͫͯ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͍͋͊͊͊ͪ͟͜͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟ ͘ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ²9.-ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ 
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˾˩˭̂˶̎́ˢ́ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 
̂ ͔ͪͯ͘͡Έͭ͊ͭ͜ ͍͔͔ͨͪͦ͒ͤͤΎ ͙͔͒ͫͪͭ͊ͼ͚͙ͤ͜ͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΣ ͙ͦ͒ͤͣ ͘͜ ͔͍͊ͫͨ͟͜ Ύ͙͟ͻ Ί ͊ͤ͊͘͜͡ ͍ͪͤ͜Ύ ͍͙͊͒͊ͤͤ͟͡Ύ ͙͒ͫͼ͙ͨͤ͜͡ 

͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ ͘ ͤ͊ͨͪΎͣͯ͟ мнн ζ˴ͦͣͨΩΌ͔ͭͪͤ͜ ͙ͤ͊ͯ͟ηΣ ͭ͊ ͊ͤ͊͘͜͡ ͍ͪͤ͜Ύ ͍͔͊ͫͦͤͤ͘Ύ ͔͔͙ͭͦͪͭ;͙ͤͻ ͭ͊ ͙ͨͪ͊ͭ͟;͙ͤͻ ͤ͊ͤ͘Έ ͭ͊ 
͍͙ͤ͊;ͦ͟ ͔͍ͫͭͯ͒ͤͭ͜-͎͍ͨͪͦͪ͊ͣͫͭ͜͜Σ ͋ͯ͊͡ ͍͔ͫͭͦͪͤ͊ ͔ͣͦ͒͡Έ ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍͍͋͊͊͊ͪ͟͜͡ 
ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟ ͤ͊ ͊ͫ͊͒͊͘ͻ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ WEB-ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ό͙ͪͫΦ 1). 

 

˸͔ͭ͊:  ͍ ͙͙ͦͪͫͭ͊ͤͤ͟Ύ WEB-ͦͪ ͜Ί͍͙ͤͭͦ͊ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͒͡Ύ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ  ͍͍͋͊͊͊ͪ͟͜͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟

˭͍͊͒͊ͤͤΎ: cͺ͍͙ͦͪͣͯ͊ͭ ͨͪͦͅ ͔͚ͫ͜ ͤ͜ ͟ ͔͔ͦͣͨͭͤͭͤͦͫͭ ͣ͜ ͚͊͋ͯͭͤ͜ͻ ͍͍͋͊͊͊ͪ͟͜͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟ ͘ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ

˽͙ͪͤͼ͙͙ͨ:   
͍͙͒ͪͭͦ͜͟͝ ͍͙ͦͫͭ͜, ͤ ͍͊ͯͦͦͫͭ͟͜,  ͫ ͙͔͙ͫͭͣ͊ͭ;ͤͦͫͭ͜ ͚ ͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡ ͍ͤ͊;͊ͤͤΎ, ͒ ͦͫͭͯͨͤͦͫͭ͜ 
͍ͤ͊;͊ͤͤΎ, ͘ '͍Ύͯ͘͟ ͍ͤ͊;͊ͤͤΎ ͘ ͙͗ͭͭΎͣ,  ͫ ͍͒ͦͣͦͫͭ͜͜ ͚ ͙͍͊ͭͤͦͫͭ͟͜ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͍ͤ͊;͊ͤͤ͜ 
͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ,  ͤ ͊ͦ;ͤͦͫͭ͜ ͍ ͍ͤ͊;͊ͤͤ͜,  ͣ ͜ͼͤͦͫͭ͜ ͍͊ͫͦ͘ΊͤͤΎ ͤ͊ͤ͘Έ, ͯ ͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟.

˽˱ ͒ͻ͙ͦ͒:
 ͒ ͙ͺ͔͔ͪͤͼ͚͍͙͚ͦ͊ͤ͜, ͫ ͙͔͙͚ͫͭͣͤ , 
͔͔͙͚ͦͣͨͭͤͭͤͫͤ͟͜,  ͟ ͎͙͍͙͚ͦͤͭͤ͜, 
͔͎͙͍͙͚ͤͭͪ͊ͭͤ͜, ͜ ͙͍ͤ͒͒ͯ͊͜͡Έ͙͚ͤ.

̅ͦ ͙ͪͣ:
ͣ͘ ͜΄͔͊ͤ ͭ͊ ͙͒ͫͭ͊ͼ͚͔ͤ͜ ͍ͤ͊;͊ͤͤΎ, 
͚͍͙͚ͦͤ͊ͤͦ͡ ͔ͫͣͤ͊ͪ͜, ͍ ͔͔͒ͦ͜͟͡ͼ͜Ύ, 
͍͔͋ͤ͊ͪ͜, ͦ ͚͍ͤ͊ͤͦ͊͡ ͦͣͨ͊͒͊͜͜͡, 
͍ͪͭͯ͊͜͡Έ͙͚ͤ ͊ͫ͟͡, ͨ ͙ͪ͊ͭ͟;ͤ͊ ͭ͊  
͚ͫ͊ͣͦͫͭͤ͊͜ ͙ͪͦ͋ͦͭ, ͜ ͔͔ͤͭͪͤͭ -
͙ͦͤͯͪͫ͟͟ .   

˸͔͙ͭͦ͒:
-ͨͦ ΎͫͤΌ͍͊͡Έͤͦ-           
͜͡Ό͙͍͙͚ͫͭͪ͊ͭͤ,
-͔͙͍͙͚ͪͨͪͦ͒ͯͭͤ͟,
-͔͍͙ͪ͊ͫͭ;͙͚ͤ, 
-ͨͦ ΄͍͙͚ͯͦ͟.

˭ͣͫͭ͜ ͍ͤ͊;͊ͤͤΎ: 
-ͦͫ ͍ͭ͜ ͤ͜ ͒ ͔͍ͪ͗͊ͤ˱ ͙ͫͭ͊ͤ͒͊ͪͭ,
-ͨͪͦͺ͔͚ͫ͜ ͤ˱ ͙ͫͭ͊ͤ͒͊ͪͭ,
-͍ͤ͊;͊͡Έ͙͚ͤ ͨ͊ͤ͡,
-͍ͦͫͭͤ͜Ύ ͍ͤ͊;͊͡Έͤ͊ 
͎ͨͪͦͪ͊ͣ͊,
-ͪͦ͋ͦ;͊ ͍ͤ͊;͊͡Έͤ͊ 
͎ͨͪͦͪ͊ͣ͊,

-͎͙ͨͪͦͪ͊ͣ ͙ͨͪ͊ͭ͟͟.

˭͊ ͙ͫͦ͋:
-web-ͦͪ͜Ί͍ͤͭͦ͊ͤ͜ ͟ ͦͣͨ͜͡Ύ͙ͭͦͪ,
-web-ͦͪ͜Ί͍ͤͭͦ͊ͤ͜ ͜ ͔͔ͤͭͭ͟͡-͙͊ͪͭ͟,
-web-ͦͪ͜Ί͍ͤͭͦ͊ͤ͜ ͊ ͍͙͍ͭͦͣ͊ͭͦ͊ͤ͘͜
 ͫ ͙͔͙ͫͭͣ ͔͔͍͙ͨͪͪ͜͟ ͤ͊ͤ͘Έ,
-ͻͣ͊ͪͦ-ͦͪ͜Ί͍ͤͭͦ͊ͤ͜ ͭ ͔ͻ͎ͤͦͦ͜͡͝.

͙̅ͦͪͣ 
͎ͦͪ͊ͤ͊͘͜ͼ͜͝ 
͍ͤ͊;͊ͤͤΎ:
-ͺͪ ͦͤͭ͊͡Έͤ,͊
 -͎ͪ ͍ͯͨͦ,͊
 -͙͍ͤ͒͒ͯ͊͜͜͡Έͤ͊,
 -͙ͦͣͨ͊͒͜͜͡,
 -͙ͦͤͯͪͫ͟͟.
 

ʂʦʤʧʝʪʝʥʪʥʦʩʪʽ ʟ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ:

-ʟʜʘʪʥʽʩʪʴ ʧʨʦʝʢʪʫʚʘʪʠ 
ʪʘ ʨʦʟʨʦʙʣʷʪʠ 
ʧʨʦʛʨʘʤʥʝ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʟ 
ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʽʟʥʠʭ 
ʧʘʨʘʜʠʛʤ 
ʧʨʦʛʨʘʤʫʚʘʥʥʷ: 
ʩʪʨʫʢʪʫʨʥʦʛʦ, 
ʦʙô̒ʢʪʥʦ-ʨʽʻʥʪʦʚʘʥʦʛʦ,
 ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 
ʤʦʜʝʣʷʤʠ, ʤʝʪʦʜʘʤʠ 
ʪʘ ʘʣʛʦʨʠʪʤʘʤʠ 
ʦʙʯʠʩʣʝʥʴ, 
ʩʪʨʫʢʪʫʨʘʤʠ ʜʘʥʠʭ ʽ 
ʤʝʭʘʥʽʟʤʘʤʠ 
ʫʧʨʘʚʣʽʥʥʷ. ( ʉ/ ʉ+, 
C#, Python, Java, 
JavaScript) 

ɿʜʘʪʥʽʩʪʴ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʣʦʛʽʯʥʦʛʦ ʤʠʩʣʝʥʥʷ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʫʚʘʥʥʷ 
ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʟʦʢʨʝʤʘ ʜʠʩʢʨʝʪʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʦʙˇʨʫʥʪʦʚʫʚʘʥʥʷ  ʚʠʙʦʨʫ 
ʤʝʪʦʜʽʚ ʽ ʧʽʜʭʦʜʽʚ ʜʣʷ ʨʦʟʚô̫ʟʫʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʚ ʛʘʣʫʟʽ ʢʦʤʧôʁʪʝʨʥʠʭ ʥʘʫʢ, 
ʽʥʪʝʨʧʨʝʪʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.

ɿʜʘʪʥʽʩʪʴ ʜʦ ʚʠʷʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʠʧʘʜʢʦʚʠʭ ʷʚʠʱ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʩʪʘʪʠʩʪʠʯʥʦʾ 
ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʩʪʦʭʘʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ.

ɿʜʘʪʥʽʩʪʴ ʦʧʘʥʫʚʘʪʠ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙô̒ʢʪʽʚ, ʧʨʦʮʝʩʽʚ ʽ ʷʚʠʱ, 
ʨʦʟʨʦʙʣʷʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʤʦʜʝʣʽ ʪʘ ʘʣʛʦʨʠʪʤʠ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚô̫ʟʘʥʥʷ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 
ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʭʠʙʦʢ ʥʘʙʣʠʞʝʥʦʛʦ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚô̫ʟʘʥʥʷ ʧʨʦʬʝʩʽʡʥʠʭ ʟʘʜʘʯ

ɿʜʘʪʥʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʬʦʨʤʘʣʽʟʦʚʘʥʠʡ ʦʧʠʩ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʚ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ 
ʽ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʚʠʟʥʘʯʘʪʠ ʾʭ ʦʧʪʠʤʘʣʴʥʽ ʨʽʰʝʥʥʷ, ʙʫʜʫʚʘʪʠ 
ʤʦʜʝʣʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʙʦʨʫ  ʫʧʨʘʚʣʽʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥ ʧʘʨʘʤʝʪʨʽʚ ʝʢʦʥʦʤʽʯʥʦʾ ʩʠʪʫʘʮʽʾ, 
ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʫʧʨʘʚʣʽʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʨʽʚʥʷ ʽʻʨʘʨʭʽʾ.

ɿʜʘʪʥʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʦʩʥʦʚʠ ʤʝʪʦʜʦʣʦʛʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʤʦʜʝʣʶʚʘʥʥʷ, 
ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʧʦʚʝʜʽʥʢʠ ʩʢʣʘʜʥʠʭ 
ʦʙ'ʻʢʪʽʚ ʽ ʩʠʩʪʝʤ, ʧʨʦʚʦʜʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟʘ ʧʨʦʛʨʘʤʦʶ ʤʦʜʝʣʶʚʘʥʥʷ  ʟ ʦʙʨʦʙʢʦʶ ʡ ʘʥʘʣʽʟʦʤ 
ʨʝʟʫʣʴʪʘʪʽʚ.

ɿʜʘʪʥʽʩʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʽ ʘʨʭʽʪʝʢʪʫʨʠ ʢʣʽʻʥʪ-ʩʝʨʚʝʨ, 
ʚʢʣʶʯʘʶʯʠ ʙʘʟʠ ʜʘʥʠʭ, ʩʭʦʚʠʱʘ ʜʘʥʠʭ ʽ ʙʘʟʠ ʟʥʘʥʴ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʨʝʙ  
ʙʘʛʘʪʴʦʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʦʙʨʦʙʢʠ ʪʨʘʥʟʘʢʮʽʡ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʥʘ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʘʭ.

˴˻˸˽˩́˩˹́˹˱˿˹ˮ˯ ˣ˶˻˴

˭˸˱˿́˻ˤ˻-́˩̆˹˻˶˻˥˱̉˹ˮ˯   x ˶˻˴

˴˻˹̇˩˽́̂ˢ˶̎˹ˮ˯   x ˶˻˴

Web-ͦͪ͜Ί͍ͤͭͦ͊ͤ͜ ͭ ͔ͻ͎ͤͦͦ͜͡͝ 

˽ͪͦͺ͔͚ͫͤ͜͜  ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜˭͎͊͊͡Έͤ͜ 
͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜

-͒͊ͭͤͫͭ͘͜Έ ͒ͦ 
͎͊͋ͫͭ͊ͭͤͦͦ͟ 
͙͔ͣͫͤͤ͡Ύ, 
-͒͊ͭͤͫͭ͘͜Έ 
ͨͦ΄ͯͯ͟, ͊ ͤ͊ͯ͘͜͡ 
ͭ͊ ͙͔ͫͤͭͯ͘,
  -͒͊ͭͤͫͭ͘͜Έ 
͙͚͙ͨͪͣ͊ͭ 
͎͍ͦ͋ͪͯͤͭͦ͊ͤ͜ 
ͪ͜΄͔ͤͤΎ, 
-  ͘ ͒͊ͭͤͫͭ͜Έ 
͎͔͔͍͙ͤͪͯ͊ͭ ͍ͤͦ͜ 
͔͒͜͝,
- ͘ ͒͊ͭͤͫͭ͜Έ 
ͨͪ͊ͼΌ͍ ͙͊ͭ ͍ 
ͦͣ͊ͤ͒͟͜.

˭͍͊͒͊ͤͤΎ 1 ͪ ͍ͤ͜Ύ ˭͍͊͒͊ͤͤΎ 2 ͪ ͍ͤ͜Ύ ˭͍͊͒͊ͤͤΎ 3 ͪ ͍ͤ͜Ύ ˭͍͊͒͊ͤͤΎ 4 ͪ ͍ͤ͜Ύ ˭͍͊͒͊ͤͤΎ 5 ͪ ͍ͤ͜Ύ˭͍͊͒͊ͤͤΎ 6 ͪ ͍ͤ͜Ύ

˴˻˹́˾˻˶̎˹˻-˻̇˱˹̑ˤˢ˶̎˹ˮ˯ ˣ˶˻˴

˻͙͍ͨͭͯ͊ͤͤΎ ͔͍́ͫͭͯ͊ͤͤΎ ˭͊͜͟͡ ˩͔͊ͣͤ͘͟ ˽͔ͪͦͭ͟

˴˻˸˽˩́˩˹́˹˱˿˹ˮ˯    x ˶˻˴

̅˻˾˸̂ʕs ˶̎˹˻- ˻ ̇˱˹̑ˤˢ˶̎˹ˮ˯ ˣ˶˻˴ ˭ˢ ́ˢ˴˿˻˹˻˸˱̐̑ ˣ˶̂˸ˢ

˴˻˹́˾˻˶̎˹˻- ˻ ̇˱˹̑ˤˢ˶̎˹ˮ˯  ˣ˶˻˴

˿̅˻˾˸˻ˤˢ˹˱ ˽˾˻̅˩˿˱˯˹˱ ˴˻˸˽˩́˩˹́˹˻˿́˱  ˸ˢ˯ˣ̂́˹̎˻˥˻ ˣˢ˴ˢ˶ˢˤ˾ˢ ˴˻˸Ω˽̑́˩˾˹ˮ̆ ˹ˢ̂˴

˴˻˹̇˩˽́̂ˢ˶̎˹ˮ˯   x ˶˻˴

 
 

˾͙ͫΦ мΦ ˸͔ͦ͒͡Έ ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍͍͋͊͊͊ͪ͟͜͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟ 
ͤ͊ ͊ͫ͊͒͊͘ͻ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ²9.-ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ 
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˽ͪͦͼ͔ͫ ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍͍͋͊͊͊ͪ͟͜͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟ ͍͟͡Ό;͊Ί ͭ͊͟͜ ͍ͫ͊͒ͦ͟͜͡Υ 
ͦͤ͟ͼ͔ͨͭͯ͊͡Έ͙͚ͤ ͋ͦ͟͡Σ ͍ͣͫͭͦͦ͘͜-͔ͭͻ͎ͤͦͦ͜͡;͙͚ͤ ͋ͦ͟͡Σ ͔͔͙͚ͦͣͨͭͤͭͤͫͤ͟͜ ͋ͦ͟͡Σ ͺͦͪͣͯΌ;ͦ-ͦͼͤ͜Ό͍͊͡Έ͙͚ͤ ͋ͦ͟͡Σ ͦͤͭͪͦ͟͡Έͤͦ-
ͦͼͤ͜Ό͍͊͡Έ͙͚ͤ ͋ͦ͟͡Φ 

˴ͦͤͼ͔ͨͭͯ͊͡Έ͙͚ͤ ͋ͦ͟͡ ͍͒ͦ͋ͪ͊͗͊͜Ί ͙ͨͪͤͼ͙͙ͨΣ ͤ͊ Ύ͙͟ͻ ͐ͪͯͤͭͯΊͭΈͫΎ ͎͍ͨ͒ͦͭͦ͊͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͍͋͊͊͊ͪ͟͜͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ 
ͤ͊ͯ͟Φ ͔̇ ͙ͨͪͤͼ͙͙ͨΥ  

1) ͍͙͒ͪͭͦ͜͟͝ ͍͙ͦͫͭ͜ Ύ͟ ͍͙͎͒ͪͭͦͦ͜͟ ͒ͦͫͭͯͨͯ ͒ͦ ΄͙͎ͪͦͦͦ͟ ͔ͫͨͭͪͯ͟ ͍ͤ͊;͊͡Έ͙ͤͻ ͜ ͍ͦͫͭͤ͜͜ͻ ͔͍ͣ͊ͭͪ͊͜͜͡ ͭ͊ ͔͍ͤͫͭͪͯͣͤͭ͜͜ 
͔ͤ ͭ͜͡Έ͙͟ ͒͡Ύ ͨͯ͋͊͜͟͡ͼ͜͝ ͜ ͔͎͋ͪ͊ͤͤ͘͜Ύ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͍ͣ͊ͭͪ͊͜͜͡Σ ͊ ͚ ͍͙͎ͪͦͤͯͭͦͦ͘ ͔ͦͣͨͫͯ͟͟͡ ͍͊ͫͦ͋͘͜ ͔͙͍ͦͭͤͦ͟͟͡͝ ͙ͪͦ͋ͦͭ ͘ 
ͼ͙͙ͣ ͔͙ͣ͊ͭͪ͊͊ͣ͜͡ ͊͘ ;ͭͦ͜͟ ͍͙ͤ͊͘;͔͙͙ͤͣ ͙͔ͪͭͪ͟͜Ύ͙ͣ ͍ ͪ͊ͣ͊͟ͻ ͍ͦͫͭͤ͜͜ͻ ͙͔ͫͫͭͣ Ύ͟ ͍ ͙ͫ͊ͣͻ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Σ ͭ͊͟ ͜ ͨͦ͊͘ 
͙͙ͤͣ ό́ͦͪͯ ˱͚ͦͫ͜͜ ϧ ˤ͒͗͊͜Ύ ˴ͯͣ͊ͪ͊ΣнллфύΤ 

2)  ͤ ͍͊ͯͦͦͫͭ͟͜ Ύ͟ ͍͘ϥΎͯ͘͟ ͣ͗͜ ͤ͊ͯͦ͟Ό ͜ ͍ͤ͊;͊͡Έ͙ͤͣ ͔͔ͨͪ͒ͣͭͦͣΣ ͒͡Ύ ͍͊ͫͦ͘ΊͤͤΎ ͚͙ͣ͊͋ͯͭͤͣ͜ ͍͙͋͊͊͊ͪ͊ͣ͟͡ ͍ͤ͊ͯͦͦ͟ 
͍͙ͦ͋͐ͪͯͤͭͦ͊ͤͻ ͔ͨͦͦ͗ͤ͡ΈΣ ͒͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͙͙ͤ͊ͯͦͣ͟ ͔͙ͣͭͦ͒͊ͣ ͎͙͙͋ͦ͟͡ͻ ͔͚͙͒ͤ͜ͻ ͔͔ͨͪͦͤ͊ͤ͟ΈΣ ͔͔͊͋ͨ͘͘;͔ͤͤΎ Ί͒ͤͦͫͭ͜ 
͒͜Ύ͡Έͤͦͫͭ͜ ͜ ͍ͫ͒ͦͣͦͫͭ͜͜Φ ˽͙ͪ͊ͭ͊͟͟ ͫͯ;͙͊ͫͤͻ ͍͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͍͙͙ͪͦ͋͊͡ ͙ͤͯ͘͟ ͍͙ͨͪ͊͡ ͯͫͨ͜΄ͤͦ͝ ͔ͪ͊͊͘͜͡ͼ͜͝ ͍͙͎ͣͦ ͼΈ͎ͦͦ 
͙ͨͪͤͼ͙ͨͯΥ ͙͔͙ͫͫͭͣ͊ͭ;ͤͦ ͤ͜ͺ͍͙ͦͪͣͯ͊ͭ ͔͍ͫͭͯ͒ͤͭ͜ ͨͪͦ ͍ͤͦ͜ ͒ͦͫΎ͎͔ͤͤͤΎ ͍ ͙ͪͤ͘͜ͻ ͎͊ͯ͘͡Ύͻ ͙ͤ͊ͯ͟Σ ͯ͟͡Έ͙ͭͯͪΣ ͍͙͙ͪͦ͋ͤͼ͍ͭ͊ 
ͫͯͫͨ͜͡Έ͎ͤͦͦ ͙͗ͭͭΎΣ ͍ͨͦϥΎ͊ͤ͘͜ ͘ ͪͦͪͦ͋ͦ͘͟Ό ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎΤ ͙͍͙ͪͦͪ͊ͭ͘͟ ͔ͫͭͯ͒ͤͭ͊ͣ ͔͙ͣͭͦ͒ ͍͎ͤ͊ͯͦͦͦ͟ 
͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͊ ͭ͊ͦ͗͟ ͔͊͗ͤͫͭ͘͜͡Έ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͒͜ ͔͍ͣͭͦ͒͜Τ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͚͍ͤ͊ͤͦ͜΄ͯ ͍ͤ͊ͯͦͯ͟ ͔͎ͭͪͣͤͦͦ͜͜͡ΌΣ 
΅ͦ ͍͍͙ͦ͒ͭΈͫΎ ͘ ͍͙ͪͦͭͦͣ͘͟ ͍ͣͦ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͜ ͊͒͊͘;Σ ΅ͦ ͍͙ͪ͜΄ͯΌͭΈͫΎ ͘ ͝ͻ ͎͒ͦͨͦͣͦͦΌΤ ͙͍͙ͪͦͪ͊ͭ͘͟ ͔͔ͨͪ͒ ͔͙ͫͭͯ͒ͤͭ͊ͣ 
͎͍ͦͦͤ͜͡ ͔͒͜͝ ͍͙ͤ͊ͯͦ͟ͻ ͒ͦͫΎ͎͔ͤͤΈΣ ͙ͨͪ͒͜͡Ύ͙ͭ ͍͎ͯ͊ͯ ͟͡Ό;͍͙ͦͣ ͍͙ͤ͊ͯͦͣ͟ ͔ͨͪͦ͋ͣ͊ͣ͡Σ ͙͍ͨͪ;͙͊ͭ ͝ͻ ͔͙͙ͫͭ͗ͭ ͊͘ ͍͙͙ͤ͊ͯͦͣ͟ 
͔ͪͯ͘͡Έ͙ͭ͊ͭ͊ͣ ό͙ͪͦͪͦ͋͊ͣ͘͟ύΤ ͍͙͍͙ͪͦ͊ͭ͘ ͍͙͚ͤ͊ͯͦ͟ ͍͎ͫͭͦ͜͡Ύ͒Τ 

3) ͙͔͙ͫͫͭͣ͊ͭ;ͤͦͫͭ͜ ͚ ͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡ ͍ͤ͊;͊ͤͤΎΣ ΅ͦ ͙ͫͨͪ͊ΊͭΈͫΎ ͤ͊ ͊ͦͤͦͣͪͤͦͫͭ͘͟͜͜ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ ͙ͤ͊ͯ͟ ͨͪͦ ͔ͭΣ ΅ͦ 
ͨ͒͜ ;͊ͫ ͙͒ͦͭͪͣ͊ͤͤΎ ͎ͦ͜͡;͙ͤͻ ͍͘ϥΎ͍͘͟͜ ͍ͤ͊;͊͡Έ͙͚ͤ ͔ͣ͊ͭͪ͊͜͡ ͊ͨ͊ͣ͘ϥΎ͍ͭͦͯΊͭΈͫΎ ͍ ͋͜͡Έ΄ͦͣͯ ͦ͋ͫΎ͘͜ ͜ ͋͜͡Έ΄ ͣ͜ͼͤͦΦ ˹͍͊;͊͡Έ͙͚ͤ 
͔ͣ͊ͭͪ͊͜͡ ͣ͊Ί ͍͙ͨͦ͒͊͊ͭͫΎ ͍ͨͦͫ͒ͦͤͦ͜͡Σ ͙͔ͫͫͭͣͤͦΣ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͍͍͙ͦ͜͟ͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͔͍ͫͭͯ͒ͤͭ͜Υ ͍͒͜ ͎ͨͪͦͫͭͦͦ τ ͒ͦ 
͎ͫ͊͒ͤͦͦ͟͡Σ ͍͒͜ ͙ͤ͗;͎ͦͦ ͍ͪͤ͜Ύ ͫ͊͒ͤͦͫͭ͟͜͡ τ ͒ͦ ͍͙΅͎ͦͦ ͍ͪͤ͜ΎΣ ͍͒͜ ͔͔ͨͦͨͪ͒ͤΈ͎ͦͦ τ ͒ͦ ͎ͤ͊ͫͭͯͨͤͦͦΦ ˽͙ͪ͊ͭ͊͟͟ ͫͯ;͙͊ͫͤͻ 
͍͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͍͙͙ͪͦ͋͊͡ ͙ͤͯ͘͟ ͍͙ͨͪ͊͡ ͯͫͨ͜΄ͤͦ͝ ͔ͪ͊͊͘͜͡ͼ͜͝ ͍͙͎ͣͦ ͙ͨͪͤͼ͙ͨͯ ͙͔͙ͫͫͭͣ͊ͭ;ͤͦͫͭ͜ ͚ ͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡ 
͍ͤ͊;͊ͤͤΎΣ ͊ ͔ͫ͊ͣΥ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͫͭͪͯͭͯͪͤͦ͟-͎ͦ͜͡;ͤ͜ ͫͻ͔͙ͣΣ ͦͨͦͪͤ͜ ͔͙ͦͤͫͨͭ͟͟Σ ͤ͜ͺ͎ͦͪ͊ͺͯ͜͟Σ ͫͻ͔͙ͣΣ ͔ͦͪͣ͊͘͟ ͔͔ͤͭͭ͜͟͡-͙͊ͪͭ͟ 
͒͡Ύ ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͍͊ͫͦ͘ΊͤͤΎ ͚͙ͣ͊͋ͯͭͤͣ͜ ͍͙͋͊͊͊ͪ͊ͣ͟͡ ͙͔͙ͫͫͭͣ ͤ͊ͤ͘ΈΤ ͪͦ͒͘͜͡Ύ͙ͭ ͣͫͭ͘͜ ͍ͤ͊;͊ͤͤΎ ͤ͊ ͎ͦ͜͡;ͤͦ ͍͔͊ͪ͘΄͔ͤ͜ 
;͙͙͊ͫͭͤ ς ͙͋ͦ͟͡Σ ͣͦ͒ͯ͜͡Τ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ Ύ͍ͫͪ͊͟͜ ͺ͙͊ͭ͟ ͘ ͙͗ͭͭΎΣ ͔͙ͭͪ͊ͭͯͪ͜͡Σ ͤͦ͟͜Σ ͔͔ͭ͋͊͡;͔ͤͤΎΣ ͍͙͙ͤ͊ͦ͒ͭ ͙͙ͨͪ͊͒͟͡ 
͎͊ͪͯ͋͗ͤͦͦ͘͜ ͍͒ͦͫ͒ͯ͜Τ ͨͦΊ͍͙͒ͤͯ͊ͭ ͣͫͭ͘͜Σ ΅ͦ ͍͙͍;͍͊ͫΎ ͪ͊ͤ͜΄͔Σ ͘ ͍͙ͤͦͣ ͔ͣ͊ͭͪ͊ͦͣ͜͡ ͤ͊ ͊ͫ͊͒͊͘ͻ ͍͙ͨͦ͋ͯ͒ͦ ͍ͤͦͦ͝ ͙͔͙ͫͫͭͣ 
͍͘ϥΎ͍͘͟͜Τ ͙͔ͨͪ͒ͤͤ͜͡Ύ ͙͍ͦͫͦ͋ͦ͡͝ ͍͎͙ͯ͊ ͨͦΎ͔ͫͤͤͤΌ ͔ͫͭͯ͒ͤͭ͊ͣ ΅ͦ͒ͦ ͍͙͍͊͗ͦͫͭ͜͡ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͯ ͍ͤ͊;͊ͤͤ͜Σ ͙ͭͣ ͙ͫ͊ͣͣ 
͍ͫͭͦͪΌΌ;͙ ͍͙ͯͣͦ ͒͡Ύ ͍ͪͦ͘ϥΎ͊ͤͤ͘Ύ ͋͜͡Έ΄ ͙ͫ͊͒ͤ͟͡ͻ ͍͊͒͊ͤ͘ΈΣ ͙͔͙ͫͫͭͣ͊ͭ;͎ͤͦͦ ͊ͤ͊ͯ͘͜͡ ͙ͨͦͣͦ͟͡Σ Ύ͟ ͍͎ͦͫͤͦͤͦͦ ͪͦ͋ͦ;͎ͦͦ 
͔ͤͫͭͪͯͣͤͭ͊ͪ͜͜Ό ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍͋͊͊͊ͪ͊͟͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟Τ 

4) ͒ͦͫͭͯͨͤͦͫͭ͜ ͍ͤ͊;͊ͤͤΎ Ύ͟ ͎͍ͦͭͦͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜ ͙͚͙ͫͨͪͣ͊ͭ ͜ ͍͍͙ͦͨ͊ͤͦͯ͊ͭ ͍͙͚ͤͦ ͍ͤ͊;͊͡Έ͙͚ͤ ͔ͣ͊ͭͪ͊͜͡Σ ͭ͊͟ ͜ 
͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͜͜ ͙͊ͫ͊͒͘Σ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͒ͦͫͭͯͨ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͍ͦͫͭͤ͜͜ͻ ͔͍ͣ͊ͭͪ͊͜͜͡ ͋ͯ͒Έ-͔͒ ͜ ͋ͯ͒Έ-͙ͦ͟͡Φ ˹͙ͤ͜ ͔ͪͦͪͦ͋ͤͦ͘͡ ͭ͊͟͜ 
͍͙ͨͪ͊͊͡ ͔ͪ͊͊͘͜͡ͼ͜͝ ͙ͨͪͤͼ͙ͨͯ ͒ͦͫͭͯͨͤͦͫͭ͜ ͍ͤ͊;͊ͤͤΎΥ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͍͒ͦͫ͒͜ ͔͍ͫͭͯ͒ͤͭ͜Σ ͝ͻͤ͜ ͔͔͙ͤͭͪͫ͜Σ ͙͙͊ͨͭ͘Τ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ 
͍ͤͤͦ͊͜ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ͤ͊;͊ͤͤΎΤ ΄͙ͪͦͦ͟ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍ͤͦͭͤ͜Ί ͎͔ͨͪͦͪ͊ͣͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͒͡Ύ ͍͙ͨ͒͜΅͔ͤͤΎ ͍ͪͤ͜Ύ  
͍͙͊͒͊ͤͤ͟͡ΎΤ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͎͊ͤ͊ͦ͜͡ΌΣ ͍ͨͦͪͤ͜ΎͤͤΎΣ ͍͔ͫͭ͊ͤͤ͘͜͡ΎΣ ͙͍͔ͨͪͦͭͫͭ͊ͤͤ͡ΎΣ ͍͙͒͊͊ͭ ͨͦ΄͍ͭͦͻ ͒ͦ ͍ͭͦͪ;ͦͫͭ͜Σ ͔ͦͪͣ͊͘͟ 
͔ͪ͊͊͘͜͡ͼ͜͝ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͔͍ͨͪͦͭ͟͜ ό˶͙͍͙͍ͭͤͦ͊Σ нлмлΤ ˶͙͍͙͍ͭͤͦ͊Σ нлмпύΤ 

5) ͍͘ϥΎͯ͘͟ ͍ͤ͊;͊ͤͤΎ ͘ ͙͗ͭͭΎͣΣ Ύ͙͚͟ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͍͍͒ͨͦ͒ͤͦ͜͜ ͣͫͭͯ͘͜ ͍ͤ͊;͊ͤͤΎ ͭ͊ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ό ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΦ 
͙̅ͦͪͣ ͜ ͔͙ͣͭͦ͒ ͍ͤ͊;͊ͤͤΎ ͔͊͗͊ͭ͘͡Έ ͍͒͜ ͍͍͙ͦ͜͟ͻ ͭ͊ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͔͍ͫͭͯ͒ͤͭ͜ όͣ͊ΌͭΈ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭͫΎ 
͔ͤͦ͋ͻ͒ͤ͜͜ ͍͙ͯͣͦ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͘ ͙͍͙͙ͦͫͦ͋ͣ͡ ͔͙ͨͦͭͪ͋͊ͣύΦ ˾͎ͦ͘͡Ύ͔ͤͣͦ ͍ͦͫͤͦͤ͜ ͙͊ͫ͊͒͘ ͔ͪ͊͊͘͜͡ͼ͜͝ ͙ͨͪͤͼ͙ͨͯ ͍͘ϥΎͯ͘͟ 
͍ͤ͊;͊ͤͤΎ ͘ ͙͗ͭͭΎͣΥ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͚ͭͦ ͺ͊ͭ͟Σ ΅ͦ ͫͯͫͨ͜͡Έ͍ͫͭͦ ͜ ͫͯ;͔͊ͫͤ ͍͙͙ͪͦ͋ͤͼ͍ͭͦ ͍͙͍ͪͦ͊͘ΌͭΈͫΎ ͫͭͪͣͦ͜͟Σ ͪͦͫͭ͊͘Ί 
ͤ͜ͺ͍ͦͪͣͦ͊ͤͫͭ͜ΈΣ ͜ ͔ͭΣ ;͎ͦͦ ͔ͤ ͙ͤ͊͘͡ ͙ͦ͟͡΄ͤ͜ ͔͙ͫͭͯ͒ͤͭΣ ͔ͣͦ͗ ͙͋ͯͭ ͍͙͒ͦͣͣ͜ ͙ͤͤ͜΄ͤͣ͜Σ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͙͗ͭͭΊ͍͙͚ ͍͒ͦͫ͒͜ 
͔͍ͫͭͯ͒ͤͭ͜Σ ͍͙͙ͤ͊ͦ͒ͭ ͔ͦͤͪͭͤ͟͟͜ ͙͙ͨͪ͊͒͟͡ ό͍ͤ͊ͯͦ͟͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭΣ ͒͊ͤ͜ ͘ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͚͍ͫ͊ͭ͜Σ ͍͙ͭ͘͜ ˱́-͚ͦͣͨ͊ͤ͟͜ύΣ ͺ͍͙ͦͪͣͯ͊ͭ 
͙͒ͯͣ͟ ͜ ͎ͨͦ͡Ύ͙͒Σ ΅ͦ ͤ͊ͯ͊͟ ͍͙͍ͪͦ͊͘ΊͭΈͫΎ ͨ͒͜ ͍͙͍ͨͦͣ͡ ͙ͨͪ͊ͭ͟;͙ͤͻ ͔ͨͦͭͪ͋ ͫͯͫͨ͜͡Έ͍ͫͭ͊Σ ͔͍͙ͨͪͦͭͯ͊ͭ͟ ͪͦ͋ͦͭͯ ͔͍ͫͭͯ͒ͤͭ͜ ͘ 
ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͍ͤͦͭͤ͜͜ͻ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͎͔͙͍͙ͨͪͦͪͫͤͻ ͺͦͪͣ ͜ ͔͍ͣͭͦ͒͜ ͨͪ͊ͼ͜Σ ͫͯ;͊ͫͤ͜ ͍͙͙ͪͦ͋ͤ;͙ͻ ͍͙͒ͤͦͫͤ͜Φ 

˿͔͔ͪ͒ ͨ͒͜ͻ͍ͦ͒͜ ό̅͜ͼͯ͊͡ΣнллнύΣ Ύ͟͜ ͣͦ͗ͤ͊ ͍͙͊ͫͭͦͫͯ͊ͭ͘ ͍ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜ ͒ͦͼ͜͡Έͤͦ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͭ͊͟͜Υ  
1) ͔͔͙͚ͦͣͨͭͤͭͤͫͤ͟͜ ͨ͒͜ͻ͒͜ ͔͔ͨͪ͒͋͊;͊Ί ͍͙ͨ͒͜΅͔ͤͤΎ ͙͍ͣͦͭ͊ͼ͚ͤͦ͜͝Σ ͎͙͍ͦͤͭͤͦ͟͜͝Σ ͔ͪͺ͔͚ͫͤͦ͟͜͡͝Σ ͔ͦͨͪ͊ͼ͚ͤͦ͜-

͔ͭͻ͎ͤͦͦ͜͡;ͤͦ͝ ͭ͊ ͚ͫ͊ͣͦͫͭͤͦ͜-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͫͭ͜͜Σ ͤ͊͋ͯͭͭΎ ͔͚͒͊ͭͤͦͫͭ͘ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͊͘ ͪ͊ͻͯͤͦ͟  ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ²Ŝō-
ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Τ  

2) ͙͔͙͚ͫͫͭͣͤ ͨ͒͜ͻ͒͜ ͦͪ͜ΊͤͭͯΊ ͤ͊ ͍͙ͤ͊͘;͔ͤͤΎ ͨͪͦͼ͔ͫͯ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ²Ŝō-ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ Ύ͟ 
ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͦ͝ ͍ͭͦͪ;ͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜Σ Ύ͟ ͼͫͤͦ͜͜͡͝ ͙͔͙ͫͫͭͣΤ  

3) ͒͜Ύ͡Έ͙͚ͤͫͤ͜ ͨ͒͜ͻ͒͜ ͫͨͪΎ͍͙͚ͣͦ͊ͤ ͤ͊ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ό ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ²Ŝō-ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ 
͔ͭͻ͎͚ͤͦͦ͜͡Σ ͔͒ ͍ͤ͜ ͍͋ͯ ͙͋ ͙͍͙͊ͭͤͣ͟ ͯ ͍ͫͦΊͣͯ ͍͙ͪͦͭͯ͘͟Σ ͨͤ͊ͤͤ͘͜͜Σ ͍ͫͨͯ͊ͤͤ͜͟͜͡Τ  

4) ͙͒ͺ͔͔ͪͤͼ͚͍͙͚ͦ͊ͤ͜ ͨ͒͜ͻ͒͜Σ ͎ͪͦ͘͡Ύ͒͊Ίͣͦ Ύ͟ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍ͨͪ͊ ͔͍ͫͭͯ͒ͤͭ͜ ͤ͊ ͙ͦͭͪͣ͊ͤͤΎ ͒ͦͫͭͯͨͯ ͒ͦ Ύ͙ͫͤ͟͜ͻ 
͍ͦͫͭͤ͜͜ͻ ͎ͨͦͫͯ͡ ͘͜ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͝ͻͤ͜ͻ ͔͚͒͋ͤͦͫͭ͘͜ ͭ͊ ͤ͜ΦΤ  

5) ͙ͦͫͦ͋ͫͭͫͤͦ͜ ͦͪ͜Ί͍͙͚ͤͭͦ͊ͤ ͨ͒͜ͻ͒͜ ͐ͪͯͤͭͯΊͭΈͫΎ ͤ͊ ͍͙ͤ͊ͤͤ͘͜ ͯͤ͊͜͟͡Έͤͦͫͭ͜ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͔ͫͭͯ͒ͤͭ͊Σ ΅ͦ ͔͔ͨͪ͒͋͊;͊Ί 
ͨͪͦͼ͔ͫ ͍͙ͫ͊ͣͦͪͦͭͯ͘͟ ͔͚͒͋ͤͦͫͭ͘͜Σ ͍͙ͫ͊ͣͦͤ͊͘;͔ͤͤΎΣ ͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜ΌΣ ͍͔͔ͫ͊ͣͦͫͭͪ͒͗ͤͤΎΣ ͍͔ͫͭͦͪͤͤΎ ͒͡Ύ ͼΈ͎ͦͦ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ 
͍ͯͣͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ²Ŝō-ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Τ  

6) ͍ͤͤͦ͊͜ͼ͚͙͚ͤ͜ ͨ͒͜ͻ͒͜ ͦͤ͊͘;͊Ί ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ²Ŝō-ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΊ ͔͊͊͒ͣ͟͜;ͤͯ 
ͣͦ͋͜͡Έͤͫͭ͜Έ ͔͍ͫͭͯ͒ͤͭ͜Σ ͔ͣͦ͒ͪͤ͊͘͜ͼ͜Ό ͔͍ͣͭͦ͒͜ ͜ ͺͦͪͣ ͍ͤ͊;͊ͤͤΎΣ ͍͙ͨ͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ ͍ͦͫͭͤ͜͜ͻ ͎ͨͦͫͯ͡Φ 

˹͙ͤ͜ ͙ͨͭ͊ͤͤΎ ͣͫͭͯ͘͜ ͍ͤ͊;͊ͤͤΎ ͍͍͋͊͊͊ͪ͟͜͡ ˱́-͎͊ͯ͘͜͡ ͍͔͊ͭͪ͒͗ͯ͘ΌͭΈͫΎ ˸͔͍ͤͫͭͪͪͫͭͦͣ͜͜ ͍͙ͦͫͭ͜Σ ͍ͪ͊ͻ͍ͦͯΌ;͙ 
͔͔ͪͦͣͤͭ͊͟ͼ͜͝  ˱́-͚ͦͣͨ͊ͤ͟͜ ͭ͊ ͍͙ͨͪͦ͒ͤ͜ͻ Ί͍͔͚ͪͦͨͫΈ͙͟ͻ ͍͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Σ ͨͪͦ ΅ͦ ͊ͤ͊͘͘;͔ͤͦ ͍ ͪͦ͋ͦͭ͊ͻ 
ό˴͍ͦ͊͡Ό͟ϧ˽͊ͫ͜;͙ͤ͟ϧ ˴͔ͯͤ͊ͤͼΈΣнлмтύΣ ό˴ͯͻ͔͊ͪͤͦ͟ϧˣ͔͔͔ͪͤͫ͘Έ͊͟Σ &ˣ͎͚ͯ͊;ͯ͟Σ нлмсύΣ ͭͦͣͯ ͍ͣͫͭͦͦ͘͜-͔ͭͻ͎ͤͦͦ͜͡;͙͚ͤ ͋ͦ͟͡ 
͍͟͡Ό;͊Ί ͭ͊͟͜ ͍ͦͫͤͦͤ͜ ͍ͫ͊͒ͦ͟͜͡Σ Ύ͟ ͣͫͭ͘͜Σ ͺ͙ͦͪͣ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͤ͊;͊ͤͤΎΣ ͺ͙ͦͪͣ ͙ͪͦ͋ͦͭ ͘ ͚͙ͣ͊͋ͯͭͤͣ͜ ͍͙͋͊͊͊ͪ͊ͣ͟͡ ͚ 
͔ͺ͔͙͍ͭͤ͟͜ WEB-ͦͪ͜Ί͍ͤͭͦ͊ͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ Ύ͟͜ ͍͙͊͒͊͟͡; ͔ͣͦ͗ ͍͙͊ͫͭͦͫͯ͊ͭ͘ ͍ ͍ͤ͊;͊ͤͤ͜. 
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˭ͣͫͭ͜ ͍ͤ͊;͊ͤͤΎ ͣ͊Ί ͍͍͙͒ͨͦ͒͊ͭ͜͜ ͍ͦͫͭͤͣ͜͜ ͔͍͙͒ͪ͗͊ͤͣ ͫͭ͊ͤ͒͊ͪͭ͊ͣΣ ͨͪͦͺ͔͚͙ͫͤͣ͜ ͫͭ͊ͤ͒͊ͪͭ͊ͣΣ ͍ͤ͊;͊͡Έ͙ͤͣ 
ͨ͊ͤ͊ͣ͡Σ ͍ͦͫͭͤͣ͜͜ ͍ͤ͊;͊͡Έ͙ͤͣ ͎ͨͪͦͪ͊ͣ͊ͣΣ ͪͦ͋ͦ;͙ͣ ͍ͤ͊;͊͡Έ͙ͤͣ ͎ͨͪͦͪ͊ͣ͊ͣΣ ͜ ͎ͨͪͦͪ͊ͣ͊ͣ ͙ͪͤ͘͜ͻ ͍͊͟͜͡ͺ͊͜͟ͼ͚͙ͤ͜ͻ ͙ͨͪ͊ͭ͟͟Σ 
΅ͦ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ ͜ ͪͦͪͦ͋͘͡ΌΌͭΈͫΎ ͍ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Φ 

̂ ͨͪͦͼ͔ͫ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ WEB-ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͤ͊ ͙ͪͤ͘͜ͻ ͔ͭ͊ͨ͊ͻ ͍ͤ͊;͊ͤͤΎ ͣͦ͗ͤ͊ ͔͍͙ͪ͊ͯ͊ͭ͘͜͡ ͭ͊͟͜  ͺ͙ͦͪͣ 
͙ͪͦ͋ͦͭ ͘ ͚͙ͣ͊͋ͯͭͤͣ͜ ͍͙͋͊͊͊ͪ͊ͣ͟͡: ͅ ͪͦͤͭ͊͡Έͤ͊Σ ͎͍ͪͯͨͦ͊Σ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤ͊Σ ͙ͦͣͨ͊͒͜͜͡Σ ͙ͦͤͯͪͫ͟͟Σ ͔͙ͨͪͦͭ͟ ͭ͊ ͤ͜Φ 

̅ͪ ͦͤͭ͊͡Έͤ͊ ͺͦͪͣ͊ ͙ͪͦ͋ͦͭΦ ˤ͙͊͒͊͟͡; ͍͙ͫͭ͊ͭΈ ͔ͨͪͦ͋ͣͤ͜͡ ͙͊ͨͭ͊ͤͤ͘Ύ ͊͋ͦ ͺͦͪͣͯ͡ΌΊ ͍ͨͤ͊͊͘͜͡Έͤ͜ ͍͊͒͊ͤͤ͘ΎΣ ͯ 
͍͙ͪ͜΄͔ͤͤ͜ Ύ͙͟ͻ ͔͋ͪͯͭΈ ͯ;͊ͫͭΈ ͍ͫ͜ ͔͙ͫͭͯ͒ͤͭΦ ˤ͙ͦͤ ͨͪͦͨͦͤͯΌͭΈ ͪͤ͘͜͜ ͍͙͊ͪ͊ͤͭ͜ ͍ͪͦ͘ϥΎ͊ͤͤ͘ΎΣ ͔͔͍ͨͪͪ͜ΎΌͭΈ ͝ͻΣ ͍ͦ͋͐ͪͯͤͭͦͯΌͭΈΣ 
͍͙͍ͪͦ͊͘ΌͭΈ ͚͍ͤ͊͒͊͜͡΄͜ ͺ͙ͦͪͣΣ ͍͙͒͒͊͜͟ΌͭΈ ͔͍͙ͤͨͪ͊͡Έͤ͜Φ ˤ͙͊͒͊͟͡; ͔ͪͯ͟Ί ͔͙͍͙ͦͭͤͣ͟͟͡ ͨͦ΄ͯͦͣ͟Σ ͫͨͪΎ͍ͣͦͯΊ ͝ͻ 
͍ͨͤ͊͊͘͜͡Έͤͯ ͙͍͊ͭͤͫͭ͟͜ΈΦ ́͊͊͟ ͪͦ͋ͦͭ͊ ͔͔͊͋ͨ͘͘;ͯΊ ͦ͒ͤͦ;͔͊ͫͤ ͔͍͙ͪͤ͟͜ͼ͍ͭͦ ͍ͫͣ͊͜ ͔͙ͫͭͯ͒ͤͭ͊ͣΣ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͙͚ͫͨͪͣ͊ͤͤΎͣ 
ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͝͝ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜ΊΌ ͜ ͔͊ͪͨͤͤ͘͟͜͡ΎͣΦ 

˥ͪ ͍ͯͨͦ͊ ͺͦͪͣ͊ ͙ͪͦ͋ͦͭ ͨͦ͡Ύ͎͊Ί ͯ ͍ͫͨͨͪ͊͜ͼ͜ ͔͍ͫͭͯ͒ͤͭ͜ ΅ͦ͒ͦ ͍͙ͪ͜΄͔ͤͤΎ ͍͔͙ͨͦͫͭ͊ͤ͡ͻ ͍͙͊͒͊͟͡;͔ͣ ͍͊͒͊ͤ͘ΈΣ ͔ͦͪͣ͊͘͟ 
͍ͤ͊;͊͡Έ͙ͤͻ ͔͍ͨͪͦͭ͟͜Σ ͍͙͋ͪ͜ ͍ͫͨͦͫͦ͋͜ ͍ͪͦ͘ϥΎ͊ͤͤ͘Ύ ͙ͨͪ͊ͭ͟;͙ͤͻ ͍͊͒͊ͤ͘ΈΣ ͍͊͘Ί͎ͣͦ͒ͦͨͦͣͦ͊ ͭ͊ ͍ͫͨͨͪ͊͜ͼΎΣ ͍͊͘Ίͣͦͦͤͭͪͦ͟͡Έ ͜ 
͍͊͘Ίͣͦͦͼͤ͜Ό͍͊ͤͤΎ ͊͘ ͍͙ͤ͊͘;͔͙͙ͤͣ ͙͔ͪͭͪ͟͜Ύ͙ͣΦ ˭͊ ;͙͔ͫ͡Έͤͫͭ͜Ό ͎͙ͪͯͨ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͍͒͜ о ͒ͦ т ͦͫ͋͜Φ  

˱ͤ ͙͍͒͒ͯ͊͜͡Έͤ͊ ͒͊Ί ͎ͣͦͯ͘ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͔͙ͭͣͨ ͙ͪͦ͋ͦͭ ͎ͦ͗ͤͦͦ͟ ͔ͫͭͯ͒ͤͭ͊Σ ͚͎ͦͦ ͎͍͔ͨ͒ͦͭͦͤͫͭ͜͜͡ΈΣ ͍ͫͭͦͪΌΊ ͙͍ͣͦ͗ͦͫͭ͜͡ 
͒͡Ύ ͙͒ͺ͔͔ͪͤͼ͊͜ͼ͜͝ ͍ͤ͊;͊ͤͤΎ ͜ ͍͍͒ͨͦ͒ͤͦ͜͜ ͍͙ͦͤ͊ͤͤ͟Ύ ͍͊͒͊ͤ͘Έ ͙ͪͤ͘͜ͻ ͍͍ͪͤ͜͜ ͫ͊͒ͤͦͫͭ͟͜͡Σ ͦͤͭͪͦ͟͡Ό ͚ ͦͼͤ͜Ό͍͊ͤͤΎ 
͔ͪͯ͘͡Έ͍ͭ͊ͭ͜Σ ͔͔͊͋ͨ͘͘;ͯΌ;͙ ͍͒ͤͦͫͤͯ͜ ͚ͫ͊ͣͦͫͭͤͫͭ͜͜ΈΦ  

͙̅ͦͪͣ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͤ ͍͊;͊ͤͤΎ ͘ ͚͙ͣ͊͋ͯͭͤͣ͜ ͍͙͋͊͊͊ͪ͊ͣ͟͡ ͒ͦͼ͜͡Έͤͦ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍ͤͤͦ͊͜ͼ͚ͤ͜͜Σ ͔ͦͪͣ͊͘͟Υ 
-  ͣ͘͜΄͔͊ͤ ͍ͤ͊;͊ͤͤΎΣ Ύ͟ ͔͎͍ͤͭͪͦ͊ͤͯ͜ ͺͦͪͣͯΣ ͊͘ Ύͦ͟͝ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͨͦΊ͒ͤ͊ͤͤΎ ͚͍͎ͦͤ͊ͤͦͦͦ͡ ͍ͤ͊;͊ͤͤΎΣ ͙ͭͪ͊͒ͼ͚͎ͤͦͦ͜ 

ͭ͊ ͚͎ͫ͊ͣͦͫͭͤͦͦ͜ ͍ͤ͊;͊ͤͤΎ ό˴ͯͻ͔͊ͪͤͦ͟ϧˣ͔͔͔ͪͤͫ͘Έ͊͟Σ ϧˣ͎͚ͯ͊;ͯ͟ΣΣнлмсύΤ  
-  ͙͒ͫͭ͊ ͤͼ͚͔ͤ͜ ͍ͤ͊;͊ͤͤΎ Ύ͟ ͺͦͪͣͯΣ ͊͘ Ύͦ͟͝ ͔ͫͭͯ͒ͤͭ ͍ͤ͊;͊ΊͭΈͫΎ ͚ͫ͊ͣͦͫͭͤͦ͜ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͫͯ;͙͊ͫͤͻ 

ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ό͙ͫͤͻͪͦͤͤͦ ͊͋ͦ ͙͊ͫͤͻͪͦͤͤͦύ ό˴ͯͻ͔͊ͪͤͦ͟ΣнлмнύΤ   
-  ͍͔͔͒ͦ͜͟͡ͼ͜͝ ς ͍ͦͫͤͦͤ͊ ͺͦͪͣ͊ ͍͔͔ͨͪͦ͒ͤͤΎ ͍ͤ͊;͊͡Έ͙ͤͻ ͊ͤ͘ΎͭΈ ͍ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Σ ͙ͨͪͤ͊͘;͔ͤ͊ ͒͡Ύ ͨͦ͒͊;͜ ͜ 

͎͍͔ͦ͋ͦͦͪͤͤΎ ͍͎ͤͦͦͦ ͔͔͙ͭͦͪͭ;͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Τ  
-  ͍ͪͭͯ͊͜͡Έ͙͚ͤ ͊ͫ͟͡ Ύ͟ ͙͍͔ͦͫͦ͋͡ ͍ͤ͊;͊͡Έ͔ͤ ͔͔͍͙ͫͪ͒ͦ΅͔Σ ͯ Ύͦͣͯ͟ ͍ͤ͊;͊ͤͤΎ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͯ ͔ͪ͊͡Έͤͦͣͯ ;͊ͫ͜Σ 

͔͎ͤͭͪͯ͜Ό;͙ ˱͔͔ͤͭͪͤͭ ͭ͊ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͜ Ύ͔͟ ͦ͋ΩΊ͒ͤͯΊ ͫͨ͜͡Έͤ͜ ͍ͦͫͭͤ͜͜ ͼ͜͜͡ ͭ͊ ͊͒͊͘;͜ ͍͙͊͒͊͟͡;͊ ͜ 
͔͍ͫͭͯ͒ͤͭ͜ ό˶͙͍͙͍ͭͤͦ͊ΣнлммΤ˶͙͍͙͍ͭͤͦ͊ΣнлммύΦ 

˽͒͜ ͔ͭͻ͎ͤͦͦ͜͡ΊΌ ͍ͤ͊;͊ͤͤΎ ͙ͣ ͪͦͯͣ͘͜Ίͣͦ ͺ͙ͦͪͣΣ ͔͙ͣͭͦ͒ ͜ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͍͋͊͊͊ͪ͟͜͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ 
ͤ͊ͯ͟Φ 

˽͒͜ Web-ͦͪ͜Ί͍͙͙ͤͭͦ͊ͤͣ ͭ ͔ͻ͎ͤͦͦ͜͡Ύ͙ͣ ͍ͤ͊;͊ͤͤΎ ͙ͣ ͪͦͯͣ͘͜Ίͣͦ ͺ͙ͦͪͣΣ ͔͙ͣͭͦ͒ ͜ ²Ŝō-ͦͪ͜Ί͍ͤͭͦ͊ͤ͜ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎ 
͚ͣ͊͋ͯͭͤ͜ͻ ͍͍͋͊͊͊ͪ͟͜͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟Φ 

͙̅ͦͪͣ ͍ͤ͊;͊ͤͤΎ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͍͋͊͊͊ͪ͟͜͡ ͣͦ͗ͤ͊ ͍͙ͤ͊͘;͙͙ͭ ͭ͊͟͜Υ 
-  ͚͍͙͚ͦͤ͊ͤͦ͡ ͔ͫͣͤ͊ͪ͜ ς ͔͙ͭͣ͊ͭ;͙͚ͤ ͔ͫͣͤ͊ͪ͜ ͍ ͚͍ͦͤ͊ͤͦͦͣͯ͡ ͔͙ͪ͗ͣ͜ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ˱͔͔ͤͭͪͤͭ-͔͍ͪͫͯͪͫ͜Σ 

͔͙ͫͭͯ͒ͤͭ ͪͦ͋͡ΎͭΈ ͦͪͦͭ͟͟͜ ͍͒ͦͨͦ͒͜͜ ͨͦ ͔ͭͣ͜Σ ΅ͦ ͍͙͍;͊ΊͭΈͫΎΤ 
-  ͍͔͒ͦ͜-͔͟͡ͼ͜Ύ ς ͔͟͡ͼ͜Ύ ͙͊ͨͫ͊ͤ͊͘ ͍͙͊͒͊͟͡;͔ͣ ͜ ͪͦͣ͘͜΅͔ͤ͊ ͤ͊ ͨͦͪͭ͊͜͡ ¸ƻǳ¢ǳōŜΣ ͔͙ͫͭͯ͒ͤͭ ͣͦ͗ͯͭΈ ͝͝ ͨͪͦͫͯ͡ͻ͙͊ͭ ͍ 

ͪͯ͘;ͤͦͣͯ ͒͡Ύ ͙ͤͻ ͣͫ͜ͼ͜ ͜ ͍ ͪͯ͘;͙͚ͤ ;͊ͫΤ 
-  ͍͔͋ͤ͊ͪ͜ ς ͺͦͪͣ͊ ͍ͤ͊;͊ͤͤΎΣ ΅ͦ ͔͔ͨͪ͒͋͊;͊Ί ͍͒ͦͨͦ͒͜͜Σ ͔͔ͨͪͤͭ͊͘ͼ͜Ό ͙ͨͪ͊ͭ͟;͎ͤͦͦ ͍͒ͦͫ͒ͯ͜Σ ͔͙ͪ͗ͣ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ 

͙ͨͭ͊ͤͤΎ-͍͍͒ͨͦ͒͜͜͜Τ  
-  ͙ͨͪ͊ͭ͟;ͤ͊ ͪͦ͋ͦͭ͊ ς ͨ ͔͔ͪ͒͋͊;͊Ί Ύ͟ ͙͍ͤ͒͒ͯ͊͜͜͡ΈͤͯΣ ͭ͊͟ ͜ ͎͍ͪͯͨͦͯ ͪͦ͋ͦͭͯ ͔͍ͫͭͯ͒ͤͭ͜ ͤ͊͒ ͔͙ͦͤͪͭͤͣ͟͟ ͍͊͒͊ͤͤ͘ΎͣΤ  
-  ͚ͫ͊ͣͦͫͭͤ͊͜ ͪͦ͋ͦͭ͊ ς ͍ ͙ͦͤ͊ͤͤ͟Ύ ͍͊͒͊ͤͤ͘Ύ ͊͋ͦ ͔ͨͪͦͭͯ͟ ͔ͫͭͯ͒ͤͭͦͣ ͚ͫ͊ͣͦͫͭͤͦ͜Τ 
-  ͙ͦͣͨ͊͒͜͜͡ ς ͊ͯ͘͡;͔ͤͤΎ ͍͙ͦ͋͒͊ͪͦ͊ͤͻ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͎ͣ͊͊ͤ͘Έ ͤ͊ ͙ͪͤ͘͜ͻ ͍ͪͤ͜Ύͻ ό˭ˤ˻Σ ͔͎ͪͦͤ͊͜͡Έ͙͚ͤΣ 

͙͚ͣ͗ͤ͊ͪͦ͒ͤ͜ύΤ  
-  ͙ͦͤͯͪͫ͟͟ ς Ύ͟ ͍͙ͨͪ͊ͦ͡Σ ͼ͔ ͔͙ͭͣ͊ͭ;ͤ͜ ͙ͪͦ͋ͦͭ ͊͋ͦ ͔ͫͨͼ͊͜͡Έͤ͜ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜Σ Ύ͟͜ ͦͼͤ͜ΌΌͭΈͫΎ ͔͔ͫͨͪͭͤͦ͟Ό 

ͦͣͫ͟͜͜ΊΌ ό͔ͦͪͣ͊͘͟ ͔͍͙͙ͨͪ͒ͫͭ͊ͤ͊ͣ͟ ˱́-͚ͦͣͨ͊ͤ͟͜ύΤ  
-  ͔͙ͨͪͦͭ͟ ς ͔ͣͦ͗ ͙͋ͯͭ ͍ͫͨͨͪ͊͜ͼΎ ˭ˤ˻ ͘ ˱́-ͦͣͨ͊ͤ͟͜ΊΌ ͘ ͙ͨͭ͊ͤΈ ͔ͪ͊͊͘͜͡ͼ͜͝ ͍͊͒͊ͤ͘Έ ͔͎ͦͤͪͭͤͦͦ͟͟ ͔ͨͪͦͭͯ͟ ͘ 

͊ͯ͘͡;͔ͤͤΎͣ ͔͍ͫͭͯ͒ͤͭ͜Φ  
˸͔͙ͭͦ͒ ͍ͤ͊;͊ͤͤΎ ͙͊͘͡΄͊ΌͭΈͫΎ ͎͊͊͘͡Έ͍͙͙͙ͤͦͤ͊ͤͣ͘Σ ͔͔ͫͪ͒ Ύ͙͟ͻ ͔ͺ͔͙͍͙͙ͭͤͣ͟ ΊΥ ͨͦΎͫͤΌ͍͊͡Έͤͦ-͜͡Ό͙͍͙͚ͫͭͪ͊ͭͤΣ 

͔͙͍͙͚ͪͨͪͦ͒ͯͭͤ͟Σ ͔͍͙͙ͪͫͭ;͙͚ͤ ͜ ͨͦ΄͍͙͚ͯͦ͟Φ ̇͜ ͔͙ͣͭͦ͒ ͣ͊ΌͭΈ ΄͙͔ͪͦ͟ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͯ ͪͦ͋ͦͭ͜ ͍͙ͨͪͦ͒ͤ͜ͻ ͍͙͊͒͊͟͡;͍͜  ͍͙΅͙ͻ 
͍͊͊͒͘͟͜͡ ͍͙ͦͫͭ͜Σ 

˭͙͊ͫͦ͋ ͍ͤ͊;͊ͤͤΎ ͍͍͋͊͊͊ͪ͟͜͡Σ ͎͍ͨ͒ͦͭͦ͊͜͟ Ύ͙͟ͻ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͊͘ ͤ͊ͨͪΎͣͦͣ͟ ζ˴ͦͣͨΩΌ͔ͭͪͤ͜ ͙ͤ͊ͯ͟η ͣ͊Ί ͍ͦ͋ͦΩΎ͍ͦͦ͘͟ 
͍͟͡Ό;͙͊ͭ ͭ͊͟͜Υ  

-  web-ͦͪ͜Ί͍ͤͭͦ͊ͤ͜ ͦͣͨ͟͜͡Ύ͙ͭͦͪ ς ͼ͔ ͎͙͚ͨͪͦͪ͊ͣͤ ͊ͫ͋͘͜Σ ͪͦͣ͘͜΅͔͙͚ͤ ͍ ͔͔ͣͪ͗͜ ˱͔͔ͤͭͪͤͭΣ ͊͘ ͎͒ͦͨͦͣͦͦΌ Ύ͎ͦͦ͟ ͍ 
͚͍ͦͤ͊ͤͦͦͣͯ͡ ͔͙ͪ͗ͣ͜ ͣͦ͗ͤ͊ ͚͙͙͒ͫͤͭ͘͜ ͦͣͨ͟͜͡Ύͼ͜Ό ό͙ͤ͊ͨͪ͊͒͟͡Σ hƴƭƛƴŜŎƻƳǇƛƭŜǊΣ LŘŜƻƴŜΦŎƻƳΣ /ǇǇΦ{ƘΣ {ǘŀŎƪŜŘ-crooked.com, 
Codepad.org, WandBox, Codechef, TutoriaƭǎǇƻƛƴǘΦŎƻƳύ όˤ͊͊͟͡Ό͟ΣнлмуΤ ˽ͪͦͫͯͪ͊͟ϧ˶͙͍͙͍ͭͤͦ͊ΣнлмуύΤ 

-  web-ͦͪ͜Ί͍ͤͭͦ͊ͤ ͔͔ͤͭͭ͜͟͡-͙͊ͪͭ͟ - ͼ͔ ͙͊ͤ͊ͭ͜͡;͙͚ͤ ͔ͤͫͭͪͯͣͤͭ͜Σ ͪͦͣ͘͜΅͔͙͚ͤ ͍ ͔͔ͣͪ͗͜ ˱͔͔ͤͭͪͤͭΣ ΅ͦ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ 
͘ ͔ͣͭͦΌ ͨͦ΄ͯͯ͟ ͙ͣ͊ͫͣ͊͟͡Έͤͦ ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͍͙ͪ͜΄͔ͤͤΎ ͊͒͊͘;͜ ͊͋ͦ ͔͒ͭ͊͊͘͜͡ͼ͜͝ ͨͪͦͼ͔͍ͫ͜ ό͙ͤ͊ͨͪ͊͒͟͡Σ .ǳōōƭΦǳǎ 
(https://bubbl.us). Mindomo  (www.mindomo.com/ru), Mindmeister(www.mindmeister.com/ru) ό˽ͪͦͫͯͪ͊͟ΣнлмтύΤ 

-  web-ͦͪ͜Ί͍ͤͭͦ͊ͤ͜ ͍͙͍͊ͭͦͣ͊ͭͦ͊ͤ͘͜ ͙͔͙ͫͫͭͣ ͔͔͍͙ͨͪͪ͜͟ ͤ͊ͤ͘Έ ς ͼ͔ ͎͙͚ͨͪͦͪ͊ͣͤ ͊ͫ͋͘͜Σ ͪͦͣ͘͜΅͔͙͚ͤ ͍ ͔͔ͣͪ͗͜ 
˱͔͔ͤͭͪͤͭ ͜ ͊͘ ͎͙͒ͦͨͦͣͦ Ύ͎ͦͦ͟ ͍ ͚͍ͦͤ͊ͤͦͦͣͯ͡ ͔͙ͪ͗ͣ͜ ͣͦ͗ͤ͊ ͚͙͙͒ͫͤͭ͘͜ ͔͔͍ͨͪͪͯ͜͟ ͤ͊ͤ͘Έ ͔ͫͭͯ͒ͤͭ͊ ͘ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ 
ό͙ͤ͊ͨͪ͊͒͟͡Σ Ŝ-olymp, NetOI Olympiad,, codeforce.ru, hackerrank, LeetCode, InterviewBi, Codekata, hackerRank, CodeForces; 
(Proskura, Lytvynova, 2017) 

-  ͻͣ͊ͪͦ-ͦͪ͜Ί͍ͤͭͦ͊ͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ς ͎ͨͪͦͪ͊ͣͤ͜ ͭ͊ ͊ͨ͊ͪ͊ͭͤ͜ ͙͊ͫͦ͋͘Σ ͙͊ͤ͊͟͡ ͍͘ϥΎͯ͘͟Σ ΅ͦ ͤ͊͒͊ΌͭΈͫΎ ͜ ͔ͭͻͤ͜;ͤͦ 
ͪͦͣ͘͜΅ͯΌͭΈͫΎ ͍ ͔͔ͣͪ͗͜ ˱͔͔ͤͭͪͤͭ ͜ ͙ͨ͒ͭͪͣͯ͜ΌͭΈͫΎ ͤ͊ ͍͙͎ͣͦͯ ͙͍ͦͪͫͭͯ͊͟;͊ ό͔ͫͭͯ͒ͤͭ͊ ͊͋ͦ ͍͙͊͒͊͟͡;͊ύ ό˶͙͍͙͍ͭͤͦ͊Σ нлмрΤ 
˶͙͍͙͍ͭͤͦ͊Σ нлмлύΦ 

˻͎͍ͪ͊ͤͦͯ͘͜Ό;͙ ͍͚ͦͫͭͤ͜͜ ͨͪͦͼ͔ͫ ͒͡Ύ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͍͋͊͊͊ͪ͟͜͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟ ͤ͊ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͊ͫ͊͒͊͘ͻΣ ͙͙ͦͨͫ͊ͤͻ 
͍͙΅͔Σ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͺ͍ͦͪͣͯ͊ͤͤΎ ͝ͻ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟Σ ͊ͤ͊͘͘;͔͙ͤͻ ͍ ͔͔ͦͣͨͭͤͭͤͫͤͦͣͯ͟͜ ͋ͦ͡ͼ͜Φ 

˭͎͊͊͡Έͤ͜ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ Ύ͟͜ ͙ͨͪͭ͊ͣ͊ͤͤ͜ ͦ͗ͤͦͣͯ͟ ͍͋͊͊͊ͪͯ͟͡ ˱́-͎͊ͯ͘͜͡ ς ͼ͔Υ 

https://bubbl.us/
http://(www.mindomo.com/ru)
http://www.mindmeister.com/ru
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-  ͒͊ͭͤͫͭ͘͜Έ ͒ͦ ͎͊͋ͫͭͪ͊ͭͤͦͦ͟ ͙͔ͣͫͤͤ͡ΎΤ  
-  ͒͊ͭͤͫͭ͘͜Έ ͒ͦ ͨͦ΄ͯͯ͟Σ ͊ͤ͊ͯ͘͜͡ ͭ͊ ͙͔ͫͤͭͯ͘Τ 
-  ͒͊ͭͤͫͭ͘͜Έ ͙͚͙ͨͪͣ͊ͭ ͍ͦ͋͐ͪͯͤͭͦ͊ͤ͜ ͪ͜΄͔ͤͤΎΤ  
-  ͒͊ͭͤͫͭ͘͜Έ ͎͔͔͍͙ͤͪͯ͊ͭ ͍ͤͦ͜ ͔͒͜͝Τ 
-  ͒͊ͭͤͫͭ͘͜Έ ͨͪ͊ͼΌ͍͙͊ͭ ͍ ͦͣ͊ͤ͒͟͜Φ 
˽ͪͦͺ͔͚ͫͤ͜͜ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͍͋͊͊͊ͪ͟͜͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟ ͣ͊ΌͭΈ ͍ͫͦ͝ ͙͍ͦͫͦ͋ͦͫͭ͜͡Σ ͔ͦͪͣ͊͘͟Υ ͚ͣ͊͋ͯͭͤ͜ 

͍͙͋͊͊͊ͪ͟͡ ͣ͊ΌͭΈ ͙ͤ͊ͭ͘ ͍͙ͦͫͤͦ ͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͊ͤ͊ͯ͘͜͡Σ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͙͙͙ͫͭ͊ͭͫͭ͟Σ ͫͭͦͻ͙͙͊ͫͭ͟Σ ;͙͔ͫ͡Έͤ͜ ͔͙ͣͭͦ͒Σ 
͔͍͙ͨͪͦͭͯ͊ͭ͟ ͜ ͔ͣͦ͒͡Ό͍͙͊ͭ ͎͍͔͍͋͊͊ͭͦͪͤ͜͜ ͦ͋;͙ͫ͡Ό͍͊͡Έͤ͜ ͔ͣͦ͒͜͡ ͭͦ΅ͦ ό˽ͪͦͫͯͪ͊͟ϧ˶͙͍͙͍ͭͤͦ͊ΣнлмуύΦ  

́͊͟ ͔͔ͫͪ͒ ͺ͊ͻ͍͙ͦͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟Σ ͒ͦ Ύ͙͟ͻ ͤ͊ ͍ͪͤ͜͜ ͙ͨͪ͊ͭ͟;͙ͤͻ ͜ ͍͙ͯͪͫͦ͟ͻ ͪͦ͋ͭ͜ ͔͎ͤͭͪͯ͜ΌͭΈͫΎ ͍͙ͣͦ 
͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΣ ͣͦ͗ͤ͊ ͍͙͔͙͙ͦͪͣͭ͟ ͭ͊͟͜Υ 

-  ͒͊ͭͤͫͭ͘͜Έ ͒ͦ ͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͭ͊ ͎ͦ͜͡;͎ͤͦͦ ͙͔ͣͫͤͤ͡ΎΣ ͺͦͪͣͯ͡Ό͍͊ͤͤΎ ͭ͊ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͚ͣͦ͒͡Σ 
͔ͦͪͣ͊͘͟ ͙͔͙͒ͫͪͭͤ͟ͻ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͚ͣͦ͒͡Σ ͍͍ͦ͋͐ͪͯͤͭͦͯ͊ͤͤΎ ͍͙͋ͦͪͯ ͔͍ͣͭͦ͒͜ ͜ ͨ͒͜ͻ͍ͦ͒͜ ͒͡Ύ ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘Ύ ͔͔͙ͭͦͪͭ;͙ͤͻ 
͜ ͙͙ͨͪ͊͒ͤ͟͡ͻ ͊͒͊͘; ͍ ͎͊ͯ͘͜͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟Σ ͔͔͍ͤͭͪͨͪͭͯ͊ͤͤ͜Ύ ͙͙ͦͭͪͣ͊ͤͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜Τ 

-  ͒͊ͭͤͫͭ͘͜Έ ͒ͦ ͍͙Ύ͍͔ͤͤ͡Ύ ͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟͜ ͍͙͍͙ͨ͊͒ͦ͟ͻ Ύ͍͙΅Σ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔͍ͣͭͦ͒͜ ͙͙ͫͭ͊ͭͫͭ;ͤͦ͝ ͙ͦ͋ͪͦ͋͟ ͙͒͊ͤͻ 
ͭ͊ ͦͼͤ͜Ό͍͊ͤͤΎ ͫͭͦͻ͙͊ͫͭ;͙ͤͻ ͨͪͦͼ͔͍ͫ͜ ͔ͪ͊͡Έ͎ͤͦͦ ͍ͫͭͯ͜Τ 

-  ͒͊ͭͤͫͭ͘͜Έ ͍͙ͦͨ͊ͤͯ͊ͭ ͫͯ;͊ͫͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͦ͋ΩΊ͍ͭ͟͜Σ ͨͪͦͼ͔͍ͫ͜ ͜ Ύ͍͙΅Σ ͪͦͪͦ͋͘͡Ύ͙ͭ 
ͦ͋;͙ͫ͡Ό͍͊͡Έͤ͜ ͔ͣͦ͒͜͡ ͭ͊ ͎͙͙͊ͦͪͭͣ͡ ;͙͔ͫ͡Έ͎ͤͦͦ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͊͒͊͘; ͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͨͦͻ͙͋ͦ͟ 
͙͔͎ͤ͊͋͗ͤͦͦ͡ ;͙͔ͫ͡Έ͎ͤͦͦ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͊͒͊͘;Τ 

-  ͒͊ͭͤͫͭ͘͜Έ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͺ͍͙͚ͦͪͣ͊ͦ͊ͤ͘͜͡ ͙ͦͨͫ ͊͒͊͘; ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔ͦͨͪ͊ͼ͚͜ ͍ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͔ͭͻͤ͜;͙ͤͻ ͜ 
ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;͙ͤͻ ͙͔ͫͫͭͣ͊ͻ ͎ͪͤͦͦ͘͜ ͙ͨͪͤ͊͘;͔ͤͤΎΣ ͍͙ͤ͊͘;͙͊ͭ ͝ͻ ͙ͦͨͭͣ͊͡Έͤ͜ ͪ͜΄͔ͤͤΎΣ ͍͙͋ͯ͒ͯ͊ͭ ͔ͣͦ͒͜͡ ͙ͦͨͭͣ͊͡Έ͎ͤͦͦ 
͍͙͋ͦͪͯ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͣͤ͘͜ ͔͍ͨ͊ͪ͊ͣͭͪ͜ ͔ͦͤͦͣ͟͜;ͤͦ͝ ͙ͫͭͯ͊ͼ͜͝Σ ͙͍͙ͦͨͭͣͯ͊ͭ͘͜ ͨͪͦͼ͔͙ͫ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͍ ͙͔ͫͫͭͣ͊ͻ 
͎ͪͤͦͦ͘͜ ͙ͨͪͤ͊͘;͔ͤͤΎ ͭ͊ ͍ͪͤ͜Ύ ͜Ίͪ͊ͪͻ͜͝Τ 

-  ͒͊ͭͤͫͭ͘͜Έ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͔͔͙ͭͦͪͭ;ͤ͜ ͭ͊ ͙ͨͪ͊ͭ͟;ͤ͜ ͍͙ͦͫͤͦ ͔͎ͣͭͦ͒ͦͦ͜͡͝ ͭ͊ ͔ͭͻ͎ͤͦͦ͜͡͝ ͔ͣͦ͒͡Ό͍͊ͤͤΎΣ ͔͍͍͙ͪ͊ͦͯ͊ͭ͘͜͡ 
͎͙͙͊ͦͪͭͣ͡ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͒͡Ύ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͜ ͍͔͙ͨͦ͒ͤ͜͟ ͙ͫ͊͒ͤ͟͡ͻ ͦ͋ϥΊ͍ͭ͟͜ ͜ ͙͔ͫͫͭͣΣ ͍͙͙ͨͪͦͦ͒ͭ 
͔͔͙͔͙ͫͨͪͣͤͭ͟ ͊͘ ͎ͨͪͦͪ͊ͣͦΌ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͘ ͦ͋ͪͦ͋ͦ͟Ό ͚ ͊ͤ͊ͦͣ͘͜͡ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜Τ 

-  ͒͊ͭͤͫͭ͘͜Έ ͔͍͙ͪ͊ͯ͊ͭ͘͜͡ ͎͍͔͍͋͊͊ͭͦͪͤͯ͜ ͦ͋;͙ͫ͡Ό͍͊͡Έͤͯ ͔ͣͦ͒͡Έ ͤ͊ ͍ͦͫͤͦ͜ ͊ͪͻ͔͙ͭͭͯͪ͜͟ ͟͜͡Ίͤͭ-͔͍͔ͫͪͪΣ ͍͟͡Ό;͊Ό;͙ 
͙͋͊͘ ͙͒͊ͤͻΣ ͫͻ͍͙ͦ΅͊ ͙͒͊ͤͻ ͜ ͙͋͊͘ ͤ͊ͤ͘ΈΣ ͒͡Ύ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͦ͋;͙ͫ͡Ό͍͊͡Έ͙ͤͻ ͔ͨͦͭͪ͋ ͎͋͊͊ͭΈͦͻ ͙͍ͦͪͫͭͯ͊͟;͍͜Σ ͙ͦ͋ͪͦ͋͟ 
ͭͪ͊ͤ͊͘͟ͼ͚͜Σ ͯ ͭͦͣͯ ;͙ͫ͜͡ ͤ͊ ͻ͙ͣ͊ͪͤͻ ͔͍ͫͪͫ͊͜ͻΦ 

˴ͪͣ͜ ͎ͭͦͦ ͯ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͍͋͊͊͊ͪ͟͜͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟ ͨͪͦͭΎ͎ͦͣ ͍ͫΈ͎ͦͦ ;͊ͫͯ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺͦͪͣͯΌͭΈͫΎ 
͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͘ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͙ͪͤ͘͜ͻ ͙͎ͨ͊ͪ͊͒ͣ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΥ ͎ͫͭͪͯͭͯͪͤͦͦ͟Σ ͦ͋ΩΊͭͤͦ͟-ͦͪ͜Ί͍͎ͤͭͦ͊ͤͦͦΣ ͘ ͍͍͙͙͒ͨͦ͒ͤͣ͜͜ 
͔ͣͦ͒͡Ύ͙ͣΣ ͔͙ͣͭͦ͒͊ͣ ͭ͊ ͎͙͙͊ͦͪͭͣ͊ͣ͡ ͦ͋;͙͔ͫͤ͡ΈΣ ͙ͫͭͪͯͭͯͪ͊ͣ͟ ͙͒͊ͤͻ ͜ ͔ͣͻ͙͊ͤͣ͊ͣ͘͜ ͍ͯͨͪ͊ͤͤ͜͡Ύ ό˿κ˿ҌΣ /ІΣ tȅǘƘƻƴΣ WŀǾŀΣ 
JavaScript) ͜  ͒͘ ͊ͭͤͫͭ͜Έ ͔͍͙ͨͪͦͭͯ͊ͭ͟ ͭ͊ ͪͦͪͦ͋͘͡Ύ͙ͭ ͎͔ͨͪͦͪ͊ͣͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎΦ 

˻͙͍ͫͦ͋ͦ͡͝ ͍͎͙ͯ͊ ͙ͣ ͙ͨͪ͒͜͡ΎΊͣͦ ͺͦͪͣͯΌ;ͦͣͯ ͦͼͤ͜Ό͍͊ͤͤΌΦ ˤͪ͊ͻ͍ͦͯΌ;͙ ͙͙͍͙͚ͨͦͭͤ͘ ͍͒ͦͫ͒͜ ό˴ͯͻ͔͊ͪͤͦ͟Σнлмсύ 
΅ͦ͒ͦ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͭ͊ͫͦͤͦͣ͟͜͝ ˣͯͣ͊͡ ͍ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Σ ͊ͫͭͦͫͯ͘Ίͣͦ ͼ͔͚ ͨ͒͜ͻ͒͜ ͒͡Ύ ͍ͤ͊;͊ͤͤΎ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͍͋͊͊͊ͪ͟͜͡ 
ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟Φ ̂ ͺ͍ͦͪͣͯ͊͡Έͤͦ-ͦͼͤ͜Ό͍͊͡Έͤͦͣͯ ͋ͦ͡ͼ͜ ͙ͣ ͨͪͦͨͦͤͯΊͣͦ ͍͙ͦͤ͊ͤͤ͟Ύ ͍͊͒͊ͤ͘Έ ΄͔͙ͫͭ ͍͍ͪͤ͜͜ ͫ͊͒ͤͦͫͭ͟͜͡ 
ό͊͘ ͭ͊ͫͦͤͦͣ͟͜ΊΌ ˣͯͣ͊͡ύΦ ˨͡Ύ ͙ͨͪ͊͒ͯ͟͡ ͎ͪͦ͘͡Ύ͔ͤͣͦ ͙ͨͪ͊ͭ͟;ͤ͜ ͍͊͒͊ͤͤ͘Ύ ͘ ͙͒ͫͼ͙͙ͨͤ͜͡ ζˢ͎͙ͦͪͭͣ͊͘͜͡ͼ͜Ύ ͜ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎη 
ό͍ͣͦ͊ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ˿ҌҌύ ͨͦ ͔ͭͣ͜ ζ˻͍͙͒ͤͦͣͪͤ͜͜ ͙͍͙ͣ͊ͫη ͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ ζ˴ͦͣͨΩΌ͔ͭͪͤ͜ ͙ͤ͊ͯ͟ηΣ Ύ͊͟ ͍͙͍;͊ΊͭΈͫΎ ͤ͊ 
͔ͨͪ΄ͦͣͯ ͯͪͫ͟͜ ͚͙ͣ͊͋ͯͭͤͣ͜ ͍͙͋͊͊͊ͪ͊ͣ͟͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟Φ 

˽͙ͪ͊͒͟͡ ͍͊͒͊ͤͤ͘Ύ м ͍ͪͤ͜Ύ 
ˤ ͍͙ͦ͒ͤͦͣͪͤͦͣͯ͜ ͙͍ͣ͊ͫ͜ ͙ͨͦ͊͊ͭ͘͟ ͙͙ͨͪ͊͒͟͡ ͍͙͋͊ͦ͘ͻ ͔ͦͨͪ͊ͼ͚͜ ͙ͦ͋ͪͦ͋͟ ͍͙͎ͦ͒ͤͦͣͪͤͦͦ͜ ͙͍ͣ͊ͫͯ όͤ͜͜ͼ͊͊͘͜͜͡ͼ͜͝Σ 

͍͙͍͔͔͒ͤͤΎΣ ͤ͊͘ͻ͔ͦ͒͗ͤͤΎ ͣͤͣ͊͜͜͡Έ͎ͤͦͦό͙ͣ͊ͫͣ͊͟͡Έ͎ͤͦͦύ ͔͔͔ͣͤͭ͊͡Σ ͙ͫͯͣ ό͒ͦ͋ͯͭͯ͟ύ ͔͔͔͍ͣͤͭ͜͡Σ ͔͔ͫͪ͒ͤΈͦ-͙͊ͪͺ͔͙ͣͭ;͎ͤͦͦ 
ͤ͊͘;͔ͤͤΎ ͔͔͔͍ͣͤͭ͜͡  ͍͙͎ͦ͒ͤͦͣͪͤͦͦ͜ ͙͍ͣ͊ͫͯΦ ˤ͙͍͔͙ͫͭ ͙ͦͭͪͣ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͤ͊ ͔ͪ͊ͤ͟Φ ˽͙͙ͪ͊͒͟͡ ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍͊͒͊ͤͤ͘Ύ 
͔͍͙͙ͨͪ͒ͫͭ͊ͭ ͯ ͍͙͎͡Ύ͒͜ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͦ͒ͯ͟ ό ͎͙ͨͪͦͪ͊ͣύΦ ˨͙͙ͦͭͪͣ͊ͭͫΈ ͫͭ͊ͤ͒͊ͪͭͯ ͦͺ͔ͦͪͣͤͤ͡Ύ ͦ͒ͯ͟Σ ͙ͨͪ ͍͔ͫͭͦͪͤͤ͜ 
͎͎ͨͪͦͪ͊ͣͤͦͦ ͦ͒ͯ͟Φ 

˽͙ͪ͊͒͟͡ ͍͊͒͊ͤͤ͘Ύ н ͍ͪͤ͜Ύ 
ˤ  ͍͙ͦ͒ͤͦͣͪͤͦͣͯ͜  ͙͍ͣ͊ͫ͜ ͨͦͪ͊ͻ͍͙ͯ͊ͭ ͟͜͡Έͫͭ͟͜Έ ͍͒͜ΩΊͣͤ͜ͻ ͔͔͔͍ͣͤͭ͜͡ ͭ͊  ͫͯͣͯ ͒ͦ͒͊ͭͤ͜ͻ ͔͔͔͍ͣͤͭ͜͡Φ ̂ͨͦͪΎ͍͙͒ͯ͊ͭ͟ 

͙͍ͣ͊ͫ ͊͘ ͪͦͫͭ͊ͤͤ͘Ύͣ ͔ͣͭͦ͒ͦͣ ͔͔ͨͪ͋ͦͪͯΦ ˤ͙͍͔͙ͫͭ ͤ͊ ͔ͪ͊ͤ͟ ͍ͻ͙͚͒ͤ͜ ͭ͊ ͍͙ͻ͙͚͒ͤ͜ ͙͍ͣ͊ͫΦ ˱ͤ͜ͼ͊͊͘͜͜͡ͼ͜Ό ͔͔͔͍ͣͤͭ͜͡ ͙͍ͣ͊ͫͯ 
͍͙͙ͦͤ͊ͭ͟ ͎͔͔ͤͪ͊ͭͦͪͦͣ ͍͙͍͙ͨ͊͒ͦ͟ͻ ;͙͔ͫ͡ ͯ ͒͊ͨ͊ͦͤ͘͜͜ ͍͒͜ -50 ͒ ͦ ҌрлΦ  

˿͙͊ͫͭ͟͡  ͋ͦ͟͡-ͫͻ͔ͣͯ  ͎͙͊ͦͪͭͣͯ͡ ͭ͊  ͔͍͙ͪ͊ͯ͊ͭ͘͜͡  ͼ͔͚ ͎͙͊ͦͪͭͣ͡ ͯ ͍͙͎͡Ύ͒͜ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͦ͒ͯ͟ Φ ˨͙͙ͦͭͪͣ͊ͭͫΈ 
ͫͭ͊ͤ͒͊ͪͭͯ ͦͺ͔ͦͪͣͤͤ͡Ύ ͦ͒ͯ͟Σ ͙ͨͪ ͍͔ͫͭͦͪͤͤ͜ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͦ͒ͯ͟Φ 

˽͙ͪ͊͒͟͡ ͍͊͒͊ͤͤ͘Ύ о ͍ͪͤ͜Ύ 
˭͙͚͊͒͊ͤ ͍͙͙͚ͦ͒ͤͦͣͪͤ͜ ͙͍ͣ͊ͫ ˢΣ ͟͜͡Έͫͭ͟͜Έ ͔͔͔͍ͣͤͭ͜͡ Ύ͎ͦͦ͟ ͊͒͊ͤ͊͘ ͙͍ͦͪͫͭͯ͊͟;͔ͣΦ ˽͍͙ͦ͋ͯ͒ͯ͊ͭ ͙͍ͣ͊ͫ ˤΣ ͙͚ͦ͗ͤ͟ 

͔͔͔ͣͤͭ͡ Ύ͎ͦͦ͟ ͦ͋;͙ͫ͡ΌΊͭΈͫΎ ͊͘ ͺͦͪͣͯͦ͡Ό-͔͒ Bi=Amaxς Ai, ͒  ͔ Amax - ͙ͣ͊ͫͣ͊͟͡Έ͙͚ͤ ͔͔͔ͣͤͭ͡ ͙͍ͣ͊ͫͯ ˢΦ ˹͍͙͊͒ͪͯͯ͊ͭ͟ 
͍ͻ͙͚͒ͤ͜ ͭ͊ ͍͙ͻ͙͚͒ͤ͜ ͙͍͙ͣ͊ͫΦ 

˿͙͊ͫͭ͟͡  ͋ͦ͟͡-ͫͻ͔ͣͯ  ͎͙͊ͦͪͭͣͯ͡ ͭ͊ ͔͍͙ͪ͊ͯ͊ͭ͘͜͡ ͼ͔͚ ͎͙͊ͦͪͭͣ͡ ͯ ͍͙͎͡Ύ͒͜ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͦ͒ͯ͟Φ ˨͙͙ͦͭͪͣ͊ͭͫΈ ͫͭ͊ͤ͒͊ͪͭͯ 
ͦͺ͔ͦͪͣͤͤ͡Ύ ͦ͒ͯ͟Σ ͙ͨͪ ͍͔ͫͭͦͪͤͤ͜ ͎͙ͨͪͦͪ͊ͣΦ 

˽͙ͪ͊͒͟͡ ͍͊͒͊ͤͤ͘Ύ п ͍ͪͤ͜Ύ 
˨͊ͤͦ ͙ͭͪ ͙͍ͣ͊ͫ͊Φ ˽͔ͪ΄͙͚ ͭ͊ ͎͙͚͒ͪͯ ͙͍͙ͣ͊ͫ - ͍͙͙͊ͨͦͤͭ͘ ͤ͊͘;͔ͤͤΎ͙ͣ ͍͒͜ -ол ͒ͦ ҌолΣ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͎͔͔ͤͪ͊ͭͦͪ͊ 

͍͙͍͙ͨ͊͒ͦ͟ͻ ;͙͔ͫ͡Φ ˩͔͔͙ͣͤͭ͊ͣ͡ ͔ͭͪͭΈ͎ͦͦ ͙͍ͣ͊ͫͯ Ί ͙ͫͯͣ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͔͔͔͍ͣͤͭ͜͡ ͔ͨͪ΄͙ͻ ͍͒ͦͻ ͙͍͍ͣ͊ͫ͜Φ ό˹͙͊ͨͪ͊͒͟͡Υ 
͔͔͔ͣͤͭ͡ ͘ ͔ͤ͒ͫͦͣ͜͟ ͤͯ͡Έ ͔ͭͪͭΈ͎ͦͦ ͙͍ͣ͊ͫͯ ͙ͣͫͭͭ͜Έ ͫͯͣͯ ͤͯ͡Έ͍͙ͦͻ ͔͔͍ͦͫͪ͒͟͜ ͔ͨͪ΄͎ͦͦ ͜ ͎͎͒ͪͯͦͦ ͙͍͍ͣ͊ͫ͜ ͜ ͭ͊͟ ͒͊͜͡ύΦ  

̂ͨͦͪΎ͍͙͒ͯ͊ͭ͟ ͔͔͔͙ͣͤͭ͡ ͔ͭͪͭΈ͎ͦͦ ͙͍ͣ͊ͫͯ ͍͒ͦͣ͊ ͙ͫͨͦͫͦ͋͊ͣΦ ˽ͦΎ͙͙ͫͤͭ Ύ͙͚͟ ͫͨͦͫ͋͜ ͪ͊͟΅͔ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͜ 
ͨͦΎ͙͙ͫͤͭ ;ͦͣͯΦ ˭͚͙ͤ͊ͭ ͔͔ͫͪ͒ͤΊ ͙͊ͪͺ͔͙ͣͭ;͔ͤ ͔͔͔͍ͣͤͭ͜͡ ͔ͭͪͭΈ͎ͦͦ ͙͍ͣ͊ͫͯΣ ͙ͣ͊ͫͣ͊͟͡Έ͔ͤ ͤ͊͘;͔ͤͤΎ ͜ ͣͤͣ͊͜͜͡Έ͔ͤ ͤ͊͘;͔ͤͤΎΣ 
Ύ͟͜ ͍ͤ͜ ͔͎͋ͪ͊͘͜ΊΦ 

ˤ͙͙ͦͤ͊ͭ͟ ͔͙͒ͦͣͨͦ͘͟ͼ͜Ό ͍͊͒͊ͤͤ͘ΎΦ ˿͙͊ͫͭ͟͡ ͋ͦ͟͡-ͫͻ͔ͣͯ ͎͙͊ͦͪͭͣͯ͡ ͭ͊ ͔͍͙ͪ͊ͯ͊ͭ͘͜͡ ͼ͔͚ ͎͙͊ͦͪͭͣ͡ ͯ ͍͙͎͡Ύ͒͜ 
͎͎ͨͪͦͪ͊ͣͤͦͦ ͦ͒ͯ͟Σ ͘ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύͣ ͺͯͤ͟ͼ͚͜Φ ˨͙͙ͦͭͪͣ͊ͭͫΈ ͫͭ͊ͤ͒͊ͪͭͯ ͦͺ͔ͦͪͣͤͤ͡Ύ ͦ͒ͯ͟Σ ͙ͨͪ ͍͔ͫͭͦͪͤͤ͜ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͦ͒ͯ͟Φ 
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˽͙ͪ͊͒͟͡ ͍͊͒͊ͤͤ͘Ύ р ͍ͪͤ͜Ύ 
ˤ ͍͙ͦ͒ͤͦͣͪͤͦͣͯ͜ ͙͍ͣ͊ͫ͜ ͦ͋;͙͙͙ͫͭ͡ ͟͜͡Έͫͭ͟͜Έ ͔͔͔͍ͣͤͭ͜͡ ͯ ͚͍ͤ͊͒ͦ΄͚͜ ͔ͫͪ͜͝Φ ˿͔ͪ͜Ύ τ ͼ͔ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ͍͙ͦ͒ͤ͊ͦ͟ͻ 

͔͔͔͍ͣͤͭ͜͡Σ ͪͦͭ͊͘΄͍͙ͦ͊ͤͻ ͨͦͪΎ͒Φ ́͊ͦ͗͟ ͍͙ͤ͊͘;͙͙ͭ ͟͜͡Έͫͭ͟͜Έ ͙ͭ͊͟ͻ ͔͚ͫͪ͜Φ ˿͍͙͙ͭͦͪͭ ͍͙͚ͤͦ ͙͍ͣ͊ͫΣ ͔͔͔͙ͣͤͭ͡ Ύ͎ͦͦ͟ Ί 
͔͔͔͙ͣͤͭ͡ ͔ͨͪ΄͎ͦͦ ͙͍ͣ͊ͫͯ ͔͋͘ ͤ͊Ύ͍ͤͦͫͭ͜ ͙ͭ͊͟ͻ ͔͚ͫͪ͜Φ 

˿͍͙͙ͭͦͪͭ ͋ͦ͟͡-ͫͻ͔ͣͯ ͎͙͊ͦͪͭͣͯ͡ ͼΈ͎ͦͦ ͍͊͒͊ͤͤ͘ΎΣ ͍͊ͫͭͦͫͦͯ͘Ό;͙ ͔͙͒ͦͣͨͦ͘͟ͼ͜Ό ͍͊͒͊ͤͤ͘ΎΦ ˾͔͍͙͊ͯ͊ͭ͘͜͡ ͼ͔͚ ͎͙͊ͦͪͭͣ͡ 
ͯ ͍͙͎͡Ύ͒͜ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͦ͒ͯ͟Σ ͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͺͯͤ͟ͼ͜͝Σ͙͙ͨͪͦͭͦͭͨ Ύ͙͟ͻ ͋ͯ͒ͯͭΈ ͪͦͣ͘͜΅͔ͤͤ͜ ͍ .h-ͺ͚͊͊͡ͻΣ ͊ ͔ͪ͊͊͘͜͡ͼ͜Ύ ς ͍ 
.cpp-ͺ͚͊͊͡ͻ. 

˽͙ͪ͊͒͟͡ ͍͊͒͊ͤͤ͘Ύ с ͍ͪͤ͜Ύ 
̂ ͔͔ͤ͊ͫͤͦͣͯ͡ ͨͯͤͭ͟͜ ͨͪͦ͊͒͊͟͡ΌͭΈ ͔͔ͭ͡ͺ͙͚ͦͤͤ ͍͘ΩΎͦ͘͟Φ b ͙͍͋ͯ͒ͤ͟͜ ͪͦͭ͊͘΄͍ͦ͊ͤ͜ ͍ͯ͒ͦ͗͘ ͨͪΎͣͦ͝ ͎͙͒ͦͪͦ ͘ ͦ͒ͤ͜Ί͝ 

͙ͫͭͦͪͦͤ ͤ͊ ͍͙ͪͤ͜ͻ ͍͒ͫͭ͊ͤ͜ΎͻΣΦ ˭͊ͤ͊͘;͔ͤͦΣ ͫ͟͜͡Έ͙͟ ͔͔ͭ͡ͺ͙ͦͤͤͻ ͍͊ͨ͊ͪ͊ͭ͜ ͔ͭͪ͋͊ ͍͍͙͙ͫͭ͊ͤͦͭ ͍ ͦ͗ͤͦͣͯ͟ ͙͋ͯ͒ͤͯ͟Φ ˴͔ͦ͗ͤ 
͔͔ͭ͡ͅ ͦͤ ͣ͊Ί ͙͋ͯͭ ͘ΩΊ͙͚͒ͤ͊ͤ ͘ ˢ́˿ ͔͙ͦͪͣͣ͟ ͔͔͊͋ͣ͟͡Φ ˤ͙ͤ͊͘;͙͙ͭΣ ͍ Ύͦͣͯ͟ ͙͋ͯ͒ͤͯ͟ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͍͙͙ͫͭ͊ͤͦͭ ˢ́˿Σ ΅ͦ͋ 
ͫͯͣ͊ͪͤ͊ ͍͙͒ͦ͗ͤ͊ ͔͍͊͋͟͜͡ ͋ͯ͊͡ ͣͤͣ͊͜͜͡ΈͤͦΌΦ 

˿͙͊ͫͭ͟͡ ͋ͦ͟͡-ͫͻ͔ͣͯ ͎͙͊ͦͪͭͣͯ͡ ͼΈ͎ͦͦ ͙ͨͪ͊͒ͯ͟͡Σ ͍͊ͫͭͦͫͦͯ͘Ό;͙ ͔͙͒ͦͣͨͦ͘͟ͼ͜Ό ͍͊͒͊ͤͤ͘ΎΦ ˾͔͍͙͊ͯ͊ͭ͘͜͡ ͼ͔͚ ͎͙͊ͦͪͭͣ͡ 
ͯ ͍͙͎͡Ύ͒͜ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͦ͒ͯ͟Σ ͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͺͯͤ͟ͼ͜͝Σ͙͙ͨͪͦͭͦͭͨ Ύ͙͟ͻ ͋ͯ͒ͯͭΈ ͪͦͣ͘͜΅͔ͤͤ͜  ͍ .h-ͺ͚͊͊͡ͻΣ ͊ ͔ͪ͊͊͘͜͡ͼ͜Ύ ς ͍ 
.cpp-ͺ͚͊͊͡ͻΦ 

˴͔ͦ͗ͤ ͍͔ͪͤ͜Έ ͦͼͤ͜ΌΊͭΈͫΎ ͟͜͡Έͫͭ͟͜Ό ͍͋͊͜͡Σ Ύ͟͜ ͙͍͔͔ͨͪ͒ͤ͜ ͯ ͙ͭ͊͋͡ͼ͜ мΦ  
͙́͊͋͡ͼΎ м  

˻ͼͤ͜Ό͍͊ͤͤΎ ͍ͪͤ͜Ύ ͤ͊ͤ͘Έ ͍͍͋͊͊͊ͪ͟͜͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟ ͊͘ ͙ͣͦ͒ͺ͍ͦ͊ͤͦ͜͟Ό ͭ͊ͫͦͤͦͣ͟͜ΊΌ ˣͯͣ͊͡ 

˹͔ͦͣͪ ͍ͪͤ͜Ύ ˾͍ͤ͜͜ ͙ͣͦ͒ͺ͍ͦ͊ͤͦ͜͟͝ ͭ͊ͫͦͤͦͣ͟͜͝ ˣͯͣ͊͡ ˣ͙͊͡ 

6 ˾͍͔ͤ͜Έ ͍͔ͫͭͦͪͤͤΎ  /ǊŜŀǘƛƴƎ 95-100 

5 ˾͍͔ͤ͜Έ  ͦͼͤ͜Ό͍͊ͤͤΎ 9ǾŀƭǳŀǘƛƴƎ 85-95 

4 ˾͍͔ͤ͜Έ ˢ͍ͤ͊ͯ͊ͤͤ͘͜͡Ύ ό!ƴŀƭȅǎƛƴƎ ύ 75-85 

3 ˾͍͔ͤ͜Έ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ό!ǇǇƭȅƛƴƎύ 70-75 

2 ˾͍͔ͤ͜Έ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ό¦ƴŘŜǊǎǘŀƴŘƛƴƎύ 65-70 

1 ˾͍͔ͤ͜Έ ͙͎͍ͨͪ͊͒ͯ͊ͤͤΎ όwŜƳŜƳōŜǊƛƴƎύ 60-65 

 
˸͚͚͊͋ͯͭͤ͜ ͍͋͊͊͊ͪ͟͡ ͔ͣͦ͗ ͍͙͙͙͋ͪ͊ͭ ͜ ͍͙͍͙ͦͤͯ͊ͭ͟ ͍͊͒͊ͤͤ͘Ύ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͍͙͎͋ͪ͊ͤͦͦ ͍ͪͤ͜Ύ ͚͎ͦͦ ͤ͊ͤ͘ΈΦ ͔̇ 

ͫͨͦͤͯ͊͟Ί ͚͎ͦͦ ͒ͦ ͍͙ͫ͊ͣͦͪͦͭͯ͘͟Σ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙ͫͭ͡Ό ͍ͤ͊;͊ͤͤΎΦ ˹͊ ͼΈͦͣͯ ͔ͭ͊ͨ͜ ͍ͤ͜ ͍͙͊͗͒͘ ͔ͣͦ͗ ͍͙ͨ͒͜΅͙͙ͭ ͍͚ͫ͜ 
ͨͪͦͺ͔͚͙͚ͫͤ͜ ͍͔ͪͤ͜ΈΣ ͍͔͙ͨͦͪͤͯͭͫΎ ͒͡Ύ ͍͒ͨͪ͊͜ͼΌ͍͊ͤͤΎ ͋͜͡Έ΄ ͎ͫ͊͒ͤͦͦ͟͡ ͍͊͒͊ͤͤ͘Ύ ͊͋ͦ ͙͙͊ͪͨͭ͘͟͜ ͫ͊͒ͤ͟͜͡ ͔͙ͣͦͣͤͭ ͍ 
͍ͪͦ͘ΩΎ͊ͤͤ͘͜ ͍͊͒͊ͤ͘Έ ͙ͤ͗;͙ͻ ͍͍ͪͤ͜͜ ͜ ͭΦͨΦ 

˴ͦͤͭͪͦ͡Έͤͦ-ͦͼͤ͜Ό͍͊͡Έ͙͚ͤ ͋ͦ͟͡Φ ˹͊ ͼΈͦͣͯ ͔ͭ͊ͨ͜ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͦͤͭͪͦ͟͡Έ ͍ͪͤ͜Ύ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ 
͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍͋͊͊͊ͪ͊͟͡ ͤ͊ ͔͍ͨͤͦͣͯ ͔ͭ͊ͨ͜ ͚͎ͦͦ ͍͙ͪͦͭͯ͘͟Φ ˨͡Ύ ͼΈ͎ͦͦ ͍͊ͫͭͦͫͦͯ͘ΌͭΈͫΎ ͎͊͊͘͡Έ͙͚ͤͦͨͪͤΎͭ͜ ͺ͙ͦͪͣΥ 
ͺͪ ͦͤͭ͊͡Έ͔ͤ ͙͍ͦͨͭͯ͊ͤͤΎΣ ͔͍ͭͫͭͯ͊ͤͤΎ ό͔͔͔ͭͪͦͤͤ͟͡ύΣ ͊͘͜͟͡Σ ͔͔͊ͣͤ͘͟Σ ͔ͨͪͦͭ͟Φ 

̂ ͨͪͦͼ͔ͫ͜  ͔ͪ͊͊͘͜͡ͼ͜͝ ͍͊ͭͦͪͫΈͦ͟͝ ͔ͣͦ͒͜͡ ͯ ͍͍͋͊͊͊ͪ͟͜͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟ ͺͦͪͣͯΌͭΈͫΎ ͨͪͦͺ͔͚ͫͤ͜͜ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Σ 
΅ͦ ͯ ͨͦ͒͊͡Έ΄ͦͣͯ ͒͊ͫͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ ͚ͣ͊͋ͯͭͤΈͦͣͯ ͍͙͙ͨͯͫͤͯ͟͟ ͍͙΅͎ͦͦ ͊͊͒ͯ͘͟͡ ͍͙ͦͫͭ͜ ͙͋ͯͭ ͔͙ͦͤͯͪͭͤͦͫͨͪͦͣͦ͗ͤͣ͟͟ ͤ͊ ˱́-
͙ͪͤͯ͟ ͨͪ͊ͼ͜ 
 
˻ˣ˥˻ˤ˻˾˩˹˹̒ 

ˤ ͨͪͦͼ͔ͫ͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͍͋͊͊͊ͪ͟͜͡ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͤ͊ͯ͟ ͔͒ͯ͗ ͍͙͍͊͗ͦ͡ 
ͦͼͤ͜Ό͍͙͊ͭ ͍͔ͪͤ͜Έ ͤ͊ͤ͘Έ ͔ͤ ͭ͜͡Έ͙͟ ͍ ͤ͟͜ͼ͜ ͯͪͫͯ͟ ό͙ͫͨͭ͜Σ ͙͊͘͜͟͡ ͙͊͋ͦͪ͊ͭͦͪͤ͡ͻ ͪͦ͋ͭ͜ύΣ ͔͊͡ ͨͪͦͭΎ͎ͦͣ ͯͪͫͯ͟ ͍ͤ͊;͊͡Έͤͦ͝ 
͙͒ͫͼ͙͙ͨͤ͜͡Φ ˻ͼͤ͜Ό͍͊ͤͤΎ ͍ͪͤ͜Ύ ͤ͊ͤ͘Έ ͔͙ͫͭͯ͒ͤͭ͊ͣ-͎͙ͨͪͦͪ͊ͣͫͭ͊ͣ͜ ͙͍ͣͦ͗ͦ͡ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͭ͊ͫͦͤͦͣ͟͜͝ ˣͯͣ͊͡Σ Ύ͊͟ ͙ͣͫͭͭ͜Έ 
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THE MODEL OF PROFESSIONAL COMPETENCY FORMATION FOR FUTURE BACHELORS OF COMPUTER SCIENCES 
S.L. Proskura 

bŀǘƛƻƴŀƭ ¢ŜŎƘƴƛŎŀƭ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¦ƪǊŀƛƴŜ άLƎƻǊ {ƛƪƻǊǎƪȅ YȅƛǾ tƻƭȅǘŜŎƘƴƛŎ LƴǎǘƛǘǳǘŜέ, Ukraine 
Abstract.  
Problem formation. The issue of developing students' competences in programming languages is relevant for all higher education institutions, 

since UkrŀƛƴŜΩǎ ŘƛƎƛǘŀƭ ǎǇŀŎŜ ŘŜǾŜƭƻǇƳŜƴǘ ǊŜǉǳƛǊŜǎ ŀ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ǎǇŜŎƛŀƭƛǎǘǎ ǘƻ ŘƛƎƛǘƛȊŜ ǘƘƻǎŜ ŀƴŀƭƻƎǳŜ ǎȅǎǘŜƳǎ ǘƘŜ 
development and support of which obviously appears unprofitable and inefficient. Moreover, Ukrainian economy needs to develop 
the latest software to ensure progress of all sectors of economy, education, medicine and agriculture. It is the digitization of 
processes and objects that underpins the functioning and development of many systems, spheres, organizations, industries and 
ŜŎƻƴƻƳƛŜǎΦ ό́ͦͪͯ ˱͚ͦͫ͜͜ϧ ˤ͒͗͊͜Ύ ˴ͯͣ͊ͪ͊ΣнллфύΦ  

Materials and methods. Ukraine's digital development trends are in line with European documents such as Digital Agenda for Europe, Digital 
Single Market, EU Interoperability Solutions for European Public Administrations, e-CODEX projects, e-Invoicing, and Single Digital 
Gateway initiatives. Thus the matter of training highly qualified experts becomes more relevant in the process of digitalization 
issues implementation in Ukraine. Dissertation research methods, as well as methodological, pedagogical and scientific literature 
analysis were used within the scope of this article; the process of future bachelors of computer science preparing using WEB-
oriented technologies was modeled. 

 Research results The model proposed makes it possible to use modern effective technologies to shape the professional competencies of 
bachelors of computer science, for who programming is a key competence.  Further research is needed to substantiate the 
development of six-level tasks using the Bloom taxonomy. 

Conclusions. The rapid way of Ukraine's digital space development requires competent graduates to support this process.  A Bachelor of 
Computer Science with established professional competencies appears to be competitive in the Ukrainian labor market.  The tasks 
that such specialists can fulfill will meet considerable needs in various fields of human activity, namely: ecology, economics, 
medicine, education, industry, agriculture. 

Key words:  Bachelor of Computer Science, Programming, Professional Competency Modeling, the Bloom Taxonomy. 
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ͯͪͫ͟͜ ͍ͤ͊;͊ͤͤΎΦ ˤͦ͒ͤͦ;͊ͫ ͋͜͡Έ΄ͫͭ͜Έ ͍͙͍ͫͭͯͨͤ͟͜ ͯ ͍͙΅͜ ͔͙ͣ͒;ͤ͜ ͙͊͊͒͘͟͡ ͙̂ͪ͊ͤ͟͝ ͣ͊ΌͭΈ ͙ͤ͘Έͯ͟ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤͯ 
͎͍ͨ͒ͦͭͦͯ͜͟Φ ͙̉ ͒͊ͭͤ͘͜ ͫͯ;͊ͫͤ͜ ͔͙ͫͭͯ͒ͤͭ-͔͙͙ͣ͒͟ ͍͙͍͙ͦͤͯ͊ͭ͟ ͫ͊͒ͤ͟͜͡ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͜ ͍͊͒͊ͤͤ͘Ύ ͜ ;͙ ͊͘ͼ͍͔͊ͤ͜͟͜͡ ͍͙ͦͤ ͯ 
͙ͭ͊͟ͻ ͍͊͒͊ͤͤ͘ΎͻΚ 

˸͔͙͊ͭͪ͊͜͡ ͜ ͔͙ͣͭͦ͒Φ ̂ ͻͦ͒͜ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͋ͯͦ͡ ͚͔͒ͫͤͤͦ͘͜ ͊ͤ͊͘͜͡ ͔͙ͭͪ͊ͭͯͪ͜͡ ͘ ͔͎͎͙ͨ͒͊ͦ͜͟ ͭ͊ ͙͙͙ͫͭ͊ͭͫͭ͟Φ ˻͔͋ͪͦ͋ͤͯ͡ 
͔͔͙ͭͦͪͭ;ͤͯ ͤ͜ͺͦͪͣ͊ͼ͜Ό ͘͜ ͙͙͙ͫͭ͊ͭͫͭ͟ ͍ͫͭͦͫͦͤͦ ͙͔ͪͭͪ͟͜Ό ͻ͜-͍͊͒ͪ͊ͭ͟ ͍͙͙ͦͪͫͭ͊ͤͦ͟ ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ ͔͎ͨͪͦ͋ͣͤͦͦ͡ 
͍͊͒͊ͤͤ͘Ύ ͘ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜ ͘ ͔͙ͣ͒;ͤͦ͝ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Φ ˨͍ͦ͒͊ͭͦͦ͟ ͍͙͙ͦͪͫͭ͊ͤͦ͟ ͎ͨͪͦͪ͊ͣͯ 
MS Excel ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ ͔͒ͣͦͤͫͭͪ͊ͼ͚͙ͤ͜ͻ ͔͍ͣ͊ͭͪ͊͜͜͡ ΅ͦ͒ͦ ͪͦͪ͊͘ͻ͍ͯͤ͟͜ ͔͙ͣͨͪ͜;͎ͤͦͦ ͤ͊͘;͔ͤͤΎ ͔ͦ͟ͺ͜ͼ͜Ίͤͭ͊ ͻ͜-͍͊͒ͪ͊ͭ͟Φ 
˹͊ ͊͘͟͡Ό;ͤͦͣͯ ͔ͭ͊ͨ͜ ͚͔͒ͫͤͤͦ͘͜ ͔͔͍ͨͪͪͯ͜͟ ͍͙͙ͦͤ͊ͤ͟ͻ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͍͊͒͊ͤ͘Έ ͭ͊ ͊ͤ͊͘͜͡ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙ͫͭͯ͊ͼ͜͝ ΅ͦ͒ͦ 
͍͔͔ͨͪͦ͒ͤͦ͝ ͙ͪͦ͋ͦͭΦ 

˾͔ͯ͘͡Έ͙ͭ͊ͭΦ ˢ͎͍ͤͦͣͦͤ͜͡ ͔͙ͫͭͯ͒ͤͭ-͔͙͙ͣ͒͟ ͎͎͒ͪͯͦͦ ͯͪͫͯ͟ ͍ͯ͊͜͟͡͡Έ͎ͤͦͦ ͺ͊ͯ͟͡Έ͔ͭͭͯ ͍͙͙ͦͤ͊͟͡ ͍͔͔ͨͦͫͭ͊ͤ͡ ͔͔ͨͪ͒ ͙͙ͤͣ ͍͊͒͊ͤͤ͘Ύ 
ͤ͊͘;ͤͦ ΄͍͙͒΄͔Σ ͤ͗͜ ͙ͣ ͙͙ͨͪͨͯͫ͊͟͡Φ ˽͒͜ ;͊ͫ ͍͙ͦͤ͊ͤͤ͟Ύ ͔͍ͨͪͦ͒ͣͦͤͫͭͪͦ͊ͤͦ ͙͒ͦͫͭΈ ͍͙͙͚ͫͦ͟ ͍͔ͪͤ͜Έ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͤ͘ΈΣ 
ͯͣͤ͜Έ ͭ͊ ͍͙ͤ͊;ͦ͟Σ ͊ ͭ͊ͦ͗͟ ͊͘ͼ͍͔͊ͤͫͭ͜͟͜͡Έ ͯ ͍͙ͦͤ͊ͤͤ͟͜ ͍͊͒͊ͤͤ͘ΎΦ ˿͔͙ͭͯ͒ͤͭ ͔͍͙͙ͨͪ͒ͫͭ͊͡ ͍͒͊ ͙ͪͤ͘͜ͻ ͍͔͔͒ͦ͒ͤͤΎ ͍ͪͤͦͫͭ͜͜ 
͍͒ͦͻ ͺͦͪͣͯ͡Σ ͙͙͊ͨͫ͊ͤ͘ͻ ͯ ͍͊͒͊ͤͤ͘͜Σ ͍ͫͭͦͫͦͤͦ ͙͔ͪͭͪ͟͜Ό ͻ͜-͍͊͒ͪ͊ͭ͟Φ ˤ͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͙ͫͨͦͫͦ͋ ͍͔͔͒ͦ͒ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜Σ 
ͣͦ͗ͤ͊ ͍͙͍͔͙ͫͭ ͺͦͪͣͯͯ͡ ͒͡Ύ ͪͦͪ͊͘ͻͯͤͯ͟ ͔͙ͣͨͪ͜;͎ͤͦͦ ͤ͊͘;͔ͤͤΎ ͔ͦ͟ͺ͜ͼ͜Ίͤͭ͊ ͻ͜-͍͊͒ͪ͊ͭ͟ ͒͡Ύ ͭͪΈͦͻ ͍͙͋ͪͦ͜͟Σ Ύͯ͟ ͭ͊ͦ͗͟ 
͔͍͔ͨͪ͒ͫͭ͊ͤͦ͡ ͯ ͼ͚͜ ͫͭ͊ͭͭ͜Φ 

ˤ͙͍͙ͫͤͦ͟Φ ˽͍͔͔ͪͦ͒ͤ͊ ͚ͫ͊ͣͦͫͭͤ͊͜ ͪͦ͋ͦͭ͊ ͔͍ͫͭͯ͒ͤͭ͜-͔͙͍ͣ͒͟͜Σ ͘ ͎ͦ͒ͤͦͦ ͋ͦͯ͟Σ ͔͍ͨͪͦ͒ͣͦͤͫͭͪͯ͊͊͡ ͎͍ͦͭͦͤͫͭ͜Έ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͊ͪ͜͟͜͡ ͒ͦ 
͍͙ͪ͜΄͔ͤͤΎ ͔͙ͤͫͭ͊ͤ͒͊ͪͭͤͻ ͒͡Ύ ͝ͻͤΈ͎ͦͦ ͨͪͦͺ͜͡Ό ͍͊͒͊ͤ͘ΈΣ Ύ͟͜ ͍͙͎ͣ͊͊ΌͭΈ ͎͙͔͎ͨͦ͋ͤͦͦ͡͡ ͍ͪͤ͜Ύ ͤ͊ͤ͘Έ ͘͜ ͔͙͙ͣ͊ͭͣ͊ͭ͟Φ ˭ 
ͤ͜΄͎ͦͦ ͋ͦͯ͟Σ ͣͫͭ͘͜ ͍͊͒͊ͤ͘Έ ͭ͊ ͔͍͔ͨͪ͒ͫͭ͊ͤ͜͡ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͍͔͔͒ͦ͒ͤͤΎ ͒͊ΌͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ ͎͙͋͡΄͔ ͙ͪͦ͋ͪ͊ͭͫ͘͜Ύ ͘ 
͍͙͙͋ͪ͊ͤͣ ͙͙ͫͭ͊ͭͫͭ;͙ͤͣ ͔ͣͭͦ͒ͦͣ ͭ͊ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͙ͦͭͪͣ͊ͤ͜ ͤ͊ͤͤ͘Ύ ͤ͊ ͙ͨͪ͊ͭ͟ͼ͜Φ 

 

˴˶̑̉˻ˤ˱ ˿˶˻ˤˢΥ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤ͊ ͚ͫ͊ͣͦͫͭͤ͊͜ ͪͦ͋ͦͭ͊ ͔͍ͫͭͯ͒ͤͭ͜Σ ͔͙ͣ͒;ͤ͊ ͤ͜ͺ͙ͦͪͣ͊ͭ͊͟Σ ͚ͣ͊͋ͯͭͤ͜ ͊ͪ͜͟͜͡Σ ͙͔͚ͪͭͪ͟͜ ͻ͜-͍͊͒ͪ͊ͭ͟ 
ό͙͔͚ͪͭͪ͟͜ ˽ͪͫͦͤ͊͜ύΣ ͺͦͪͣͯ͊͡ ͙͙͙ͫͭ͊ͭͫͭ͟ ͻ͜-͍͊͒ͪ͊ͭ͟. 

 

ˤ˿́̂˽ 
˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˭͒͊ͭͤͫͭ͜Έ ͒ͦ ͎͊͋ͫͭͪ͊ͭͤͦͦ͟ ͙͔ͣͫͤͤ͡ΎΣ ͊ͤ͊ͯ͘͜͡ ͭ͊ ͙͔ͫͤͭͯ͘Σ ͒͊ͭͤͫͭ͘͜Έ ͍;͙͙ͭͫΎ ͜ ͍͍͙ͦͦͦ͒͊ͭ͜͡ 

ͫͯ;͙͙͊ͫͤͣ ͤ͊ͤͤ͘Ύ͙ͣΣ ͍͙ͤ͊;͙͟ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͜ ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͒͊ͭͤͫͭ͘͜Έ ͒ͦ ͍͔͔ͨͪͦ͒ͤͤΎ 
͔͔͎ͨ͒ͣͦͦ͜͜͜͡;͙ͤͻ ͭ͊ ͔͙ͣ͒ͦ͟-͙͙ͫͭ͊ͭͫͭ;͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͍͒ͦͪͦ͘ΩΎ ͔͔ͤ͊ͫͤͤ͡Ύ ͭ͊ ͙ͤͯ͘͟ ͤ͜΄͙ͻ ͍͙ͫ͊͒ͦ͟͡ͻ ͨͪͦͺ͔͚ͫͤͦ͜͝ 
ͯ͟͡Έ͙ͭͯͪ ͊ͪ͜͟͡Ύ ͫͯ;͊ͫͤ͜ ͔͙ͫͭͯ͒ͤͭ-͔͙͙ͣ͒͟ ͣ͊ΌͭΈ ͍͙͙ͪͦͤͯͭ͘ ͨ͒͜ ;͊ͫ ͍ͤ͊;͊ͤͤΎ ͯ ͍͙΅͚͜ ͔͙ͣ͒;͚ͤ͜ ΄ͦ͟͜͡Σ ΅ͦ͋ ͙͋ͯͭ 
͔͙͙ͦͤͯͪͤͭͦͫͨͪͦͣͦ͗ͤͣ͟͟ ͤ͊ ͙ͪͤͯ͟ ͨͪ͊ͼ͜ ό˥͔͍͙͚͊ͯ͘͡ ͫͭ͊ͤ͒͊ͪͭΣ нлмсύΦ ˢͤ͊͘͜͡ ͔͙ͭͪ͊ͭͯͪͤ͜͡ͻ ͔͔͒͗ͪ͡Σ ͪͦ͋ͦͭ͊ ͤ͊͒ 
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ͨͪͦΊ͙ͭ͊ͣ͟Σ ͔͍͔͙ͤ͟͜͡ ͊͘ ;͊ͫͦͣ ͭ͊ ͦ͋ͫΎ͎ͦͣ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͘͜ ͙͙ͫͭ͊ͭͫͭ;ͤͦΌ ͦ͋ͪͦ͋ͦ͟Ό ͙͒͊ͤͻ ͭͦ΅ͦ ς ͼ͔ ͍͊͒͊ͤͤ͘ΎΣ ͍͙͘;ͤ͜ ͒͡Ύ 
͋͜͡Έ΄ͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜Φ ˽͙ͪ ͼΈͦͣͯ ͍͔ͪͤ͜Έ ͍ͤ͊;͊͡Έͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͦͫͭ͊ͤͤ͜ͻ ͍ ͔͔ͫͪ͒ͤΈͦͣͯ ͙ͤ͗ͯ͘ΊͭΈͫΎ ͘ ͙ͦ͗ͤͣ͟ ͪͦͦͣ͟ 
όˣ͔ͯ͋͘͘Τ ˱΅͔͚ͤ͊͟͜ϧ˿͍ͦ͊͜͟͡Σ нлммΤ ˸˻˭ ͙̂ͪ͊ͤ͟͝ύΦ ͍͙̇͊ͣ͜͟ ͒͡Ύ ͚ͣ͊͋ͯͭͤ͜ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ Ί ͙ͨͭ͊ͤͤΎ ͨͪͦ ͔ͭΣ ;͙ Ί ͫͯ;͙͚͊ͫͤ 
͍͔ͪͤ͜Έ ͤ͊ͤ͘Έ ͜ ͍͙ͤ͊;ͦ͟ ͔͍ͫͭͯ͒ͤͭ͜ ͺ͊ͭͦͪͦͣ͟Σ Ύ͙͚͟ ͙ͯͨͤ͘ΎΊ ͍͙͊͒͊͟͡;͊ ͍ͫͭͦͪΌ͍͙͊ͭ ͍͊͒͊ͤͤ͘Ύ ͍͙ͫͦͦ͟͝ ͫ͊͒ͤͦͫͭ͟͜͡ ͒͡Ύ 
͔͍ͫͭͯ͒ͤͭ͜Φ ˱ͤ΄͙͙ͣ ͍͙ͫͦ͊ͣ͡Σ ;͙ ͎͍ͦͭͦ͜ ͔͙ͫͭͯ͒ͤͭ ͍͙͍͙ͦͤͯ͊ͭ͟ ͫ͊͒ͤ͟͜͡ ͍͊͒͊ͤͤ͘Ύ ͜ ;͙ Ί ͭ͊͟͜ ͍͊͒͊ͤͤ͘Ύ ͔͍͙͍͙͙ͤͦͤͯ͊ͤͣ͟ ͒͡Ύ 
͙ͤͻΦ ˾͍͙ͦͭͦ͘͟ ͊ͪ͜͟͡ΎΣ ͙͚ͦͭͪ͟ ͙͙ͣͫͭ͡Έ ͍ͭͦͪ;ͦ ͜ ͣ͊Ί ͍͙͙͚ͫͦ͟ ͍͔ͪͤ͜Έ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͯ͟͡Έ͙ͭͯͪΣ ͔ͨͦͭͪ͋ͯΊ ͔ͫ͊ͣ ͔͙ͤͫͭ͊ͤ͒͊ͪͭͤͻ 
͍͊͒͊ͤ͘ΈΦ ˤ͒ͭ͊͜͟ ͨͪͦ ͒͊ͭͤͫͭ͘͜Έ ͫͯ;͙͊ͫͤͻ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙͙ͦͤ͊ͭ͟ ͔͍͔ͨͤ ͍͊͒͊ͤͤ͘Ύ ͣͦ͗ͤ͊ ͎͍͙͙ͦͦͪͭ ͨͫ͜͡Ύ ͙ͦͭͪͣ͊ͤͤΎ 
͍͍͎͒ͨͦ͒ͤͦͦ͜͜ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͒ͦͫ͒ͯ͜Φ 

ˢͭͯ͊͟͡Έͤͫͭ͜Έ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ ˽͙ͭ͊ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͊ͪ͜͟͜͡ ͍͙͒ͦͫ͒͗ͯ͊͜͡͡ ͭ͊ ͙͍͙ͪͦͪ͊͘͟͡ ͯ 
͍ͫͦ͝ͻ ͨͪ͊ͼΎͻ ˱Φ ̐ Φ x ͯ͊͡ͻΣ ̑Φ ʕ Φ ʕ ͔ͦͪͦͤͤͦ͟Σ ˱Φ s Φ ˥ ͍͍ͦͦ͊ͤͦ͊͡Σ ˿Φ ˿ Φ ˴ ͙͔͊ͫͤͼΈΣ ˴Φ ˥ Φ ˸ ͎͍͊ͪ͊ͣͦ͊͡Σ ˸Φ ˾ Φ ˸ ͎ͪͯ͊Σ  ̒ Φ ʕ Φ ̇ ͔ͻ͔ͣͫͭͪ͜Σ 
˴Φ ˽ Φ ̆ ͔ͦͣͤͦ͟Σ ˻Φ ˥ Φ ̊ ͔͔ͪ͊͟ ͭͦ΅ͦΦ ˭͔ͦͪͣ͊͟Σ ΄͡Ύͻ͙ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜ ͙ͨͪ ͍͙͍;͔ͤͤ͜ ͙͒ͫͼ͙ͨͤ͜͡ 
͔͔͙ͭͦͪͭ;͎ͤͦͦ ͭ͊ ͤ͟͜͜͡;͎ͤͦͦ ͨͪͦͺ͜͡Ό ͙͙ͦͨͫ͊͡ ˢΦ ˸ Φ ˥ ͎ͦͦ͡ΈΣ ́Φ ˸ Φ ˥ ͍ͦͤͭͦ͊Σ ˱Φ s Φ ˴ ͙ͦͫͤ͜͟͡Σ ˴Φ ˽ Φ ˶ ͔ͦͫ͟Σ ˹Φ ʕ Φ ˽ ͊ͫΊ;ͦ͟Σ 
˶Φ ʕ Φ ˾ ͔͊͒ͼΈ͊͟Σ ˱Φ ʕ Φ ̊ ͔͍͙ͣ͜͟͡; ͭͦ΅ͦΦ ˾ͦͪͦ͋ͦ͘͟Ό ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͒͊ͤ͘Έ ͘͜ ͔͙ͣ͒;ͤͦ͝ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͒͡Ύ ͚ͫ͊ͣͦͫͭͤͦ͜͝ 
όͨͦ͊͘ύ͙͊ͯ͒ͭͦͪͤͦ͝ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜-͔͙͍ͣ͒͟͜ ͘ ͔ͣͭͦΌ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͍͙ͨͤͻ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͚͙͊ͣ͊ͫ͘͡Ύ 
˻Φ ʕ Φ x ͚ͦͦ͟Σ ˢΦ ˸ Φ ˨ ͍ͦ͋ͪͦͦ͡ΈͫΈ͊͟Σ ˤΦ ˱ Φ ˨ ͦͼ͔ͤͦ͟Σ ˤΦ ˽ Φ ˸ ͊ͪͼ͔ͤΌ͟Σ ˿Φ ˴ Φ ˸ ͙͍ͫͦͫ͡Έ͊͟Σ ˥Φ ̑ Φ ˸ ͦͪͦͻ͍͔ͦͼΈΣ ˿Φ ̑ Φ ˻ ͔͔ͤ͡ͼΈΣ 
˿Φ ʕ Φ ˾ ͙ͤ͘͜;ͦ͟ ͭ͊ ͤ͜΄͜Φ 

˽͔͙ͪͦ͋ͣ͡ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͘ ͍͙͍;͔ͤͤΎ ͙ͨͭ͊ͤΈ ͙͙͙ͫͭ͊ͭͫͭ͟ ͭ͊ ΄͡Ύͻ͍͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ 
͚ͣ͊͋ͯͭͤ͜ͻ ͍͊ͪ͜͟͜͡ ͯ ͎͊ͯ͘͜͡ ͙͙ͫͭ͊ͭͫͭ;ͤͦ͝ ͙ͤ͊ͯ͟ ͙͍͙ͪͦͪ͊͘͟͡ ˤΦ s Φ ˻ ͎ͤΊ͍Σ ́Φ ˸ Φ ˶ ͍͍ͭͤͦ͊͜͜Σ ˻Φ ˱ Φ ˽ ͊ͤ;͔ͤͦ͟Σ ˻Φ ̐ Φ ˽ ͪͦͦͨ͟;͔ͤͦ͟Σ 
˻Φ ʕ Φ ˿ ͍ͦ͊͜͟͡Σ ˹Φ ʕ Φ ˿ ͭͯ;͙ͤͫΈ͊͟ ͭͦ΅ͦΦ ˣ͔͔͔ͨͦͫͪ͒ͤ͘Έͦ ͍ ͨͯ͋͊͜͟͡ͼ͜Ύͻ ͣͦ͗ͤ͊ ͚͙ͤ͊ͭ͘ ͤ͜ͺͦͪͣ͊ͼ͜Ό ΅ͦ͒ͦ ͍͙͊͒͊ͤͤ͟͡Ύ ͔͍͙ͨͤͻ 
͔ͭͣ ͘͜ ͙͙͙ͫͭ͊ͭͫͭ͟ ͤ͊ ͔ͨͪ΄͙ͻ ͯͪͫ͊͟ͻ ͨ͒͜ ;͊ͫ ͍͙͍;͔ͤͤΎ ͔͙ͣ͒;ͤͦ͝ ͜ ͎͋ͦͦ͜͜͡;ͤͦ͝ ͺ͙͙͘͜͟ ͭ͊ ͔͙ͣ͒;ͤͦ͝ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͍͍͒ͨͦ͒ͤͦ͜͜ 
͒ͦ ͍ͤ͊;͊͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣΦ ˽͙ͪ ͼΈͦͣͯ ͙ͣ ͔ͤ ͯͫͭͪ͘͜;͙͊͡ ͍͙ͤ͊ͯͦ͟ͻ ͪͦ͋ͭ͜Σ ͯ Ύ͙͟ͻ ͙ͦͨͫͯΌͭΈͫΎ ͍͊͒͊ͤͤ͘Ύ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭ͜-͔͙͍ͣ͒͟͜Σ 
ͫͨͪΎ͍ͣͦ͊ͤ͜ ͤ͊ ͎͙͋͡΄͔ ͍͙͍;͔ͤͤΎ ͙͙͙ͫͭ͊ͭͫͭ͟ ͍ ͙͙͚ͨͦ͊͊ͯ͒ͭͦͪͤ͘ ;͊ͫΦ ̂ ͚ͭͦ ͔͗ ;͊ͫ ͔͍ͨͤ͜ ͔͙ͣͭͦ͒;ͤ͜ ͙ͪͦͪͦ͋͘͟ ͊͋ͦ ͎͍͊͒ͯ͊ͤͤ͘Ύ 
ͨͪͦ ͙ͤͻ ͣͦ͗ͤ͊ ͚͙ͤ͊ͭ͘ ͤ͊ ͚ͫ͊ͭ͊ͻ ͊͟ͺ͔͒ͪ ͔͙ͣ͒;ͤͦ͝ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͭ͊ ͺ͙͙͘͜͟Φ ˹͙͊ͨͪ͊͒͟͡Σ ͤ͊ ͚ͫ͊ͭ͜ ͊͟ͺ͔͙͒ͪ ͔͙ͣ͒;ͤͦ͝ 
ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͔́ͪͤͦͨ͜͡ΈͫΈ͎ͦͦ͟ ͔͍͎͒ͪ͗͊ͤͦͦ ͔͙ͣ͒;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͣ͜Φ ˱ Φ ̒ Φ ˥ ͦͪ͋͊;͔͍ͫΈ͎ͦͦ͟ ͍ ͪͦ͒͘͜͜͡ ζ˱͍ͤͤͦ͊ͼ͜͝Σ ͙͒ͦ͋ͯͭ͘͟η 
ͤ͜ͺͦͪͣͯΊͭΈͫΎ ͨͪͦ ͔ͪͦͪͦ͋ͤͯ͘͡ ͔͙ͣͭͦ͒;ͤͯ ͍͍͊ͯ͘͟͜͟ ͤ͊ ͔ͭͣͯ ζ˨͙͔͚͙͚ͫͨͪͫͤ͜ ͊ͤ͊͘͜͡ ͯ ͺ͊ͪͣ͊ͼ͔͍͙ͭ;͙ͤͻ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͻη ͘ 
͙͒ͫͼ͙͙ͨͤ͜͡ ζˤ͙΅͊ ͔͙ͣ͊ͭͣ͊ͭ͊͟η ͭ͊ ͔͙ͣͭͦ͒;ͤͯ ͍͍͊ͯ͘͟͜͟ ζ˽͍ͦ͋ͯ͒ͦ͊ ͔ͦͪ͟͡Ύͼ͚͙ͤ͜ͻ ͔͍ͨͦͪͭͪͭ͜Χη ͘ ͙͒ͫͼ͙͙ͨͤ͜͡ ζ˸͔͙͒;ͤ͊ 
ͤ͜ͺ͙ͦͪͣ͊ͭ͊͟η ͘ ͪͦ͒ͯ͘͜͡ ζ˸͔͙ͭͦ͒ ͙͙͙͋ͦͫͭ͊ͭͫͭ͜͟Φ ˿͙͙ͭ͊ͭͫͭ;͙͚ͤ ͊ͤ͊͘͜͡ ͙͒͊ͤͻη 
(https:// medinf.tdmu.edu.ua/education/ innovaciie-zdobutkiύΦ ˾͊ͤ͜΄͔ ͤ͊ ͚ͫ͊ͭ͜ ͼ͜Ί͝ ͗ ͊͟ͺ͔͙͒ͪ ͣͦ͗ͤ͊ ͋ͯͦ͡ ͚͙ͤ͊ͭ͘ ͤ͜ͺͦͪͣ͊ͼ͜Ό 
ͨͪͦ ͙͍ͣͦ͗ͫͭ͜͡Έ ͙ͤ͊͋ͯͭ ͯͣͤͤ͜Ύ ͭ͊ ͍͙ͤ͊;͙͟ ͘ ͙ͦ͋ͪͦ͋͟ ͙͙ͫͭ͊ͭͫͭ;͙ͤͻ ͙͒͊ͤͻ ͍ ͔͔͍͙ͫͪ͒ͦ΅͜ R ͒ ͡Ύ ͍ͫ͜ͻ ͦͻͦ;͙ͻ ͔͍ͫͭͯ͒ͤͭ͜Φ 

ˤ͊ͪͭͦ ͍͔͙ͪͤͯͭ͘ ͍͎ͯ͊ͯ ͤ͊ ͔ͭΣ ΅ͦ ͦ͒ͤ͜ΊΌ ͘ ͙ͨͪ;͙ͤ ͋ͪ͊ͯ͟ ͍ͤ͊ͯͦͦ͟͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͍ ͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͎͊ͯ͘͜͡ ͘ ͍͙͍;͔ͤͤΎ 
͙͒ͫͼ͙ͨͤ͜͡ ͯ ͔͙ͣ͒;͚ͤ͜ ͍͙΅͚͜ ΄ͦ͟͜͡ Ί ͤ͊ͨͪΎ͙ͣ͟ ͍͙ͤ͊ͯͦ͟ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͍͙͊͒͊͟͡;͍͜Φ ˭ͪͦͯͣͦ͘͜͡Σ ΅ͦ ͋͜͡Έ΄ͫͭ͜Έ ͘ ͙ͤͻ ͨͪ͊ͼΌΊ ͯ 
͎͊ͯ͘͜͡ ͔͙ͣ͒ͼ͙͙ͤΦ ̒͟΅ͦ ͍͘Ύ͙ͭ ͊͟ͺ͔͙͒ͪ ͔͙ͣ͒;ͤͦ͝ ͺ͙͙͘͜͟ ͭ͊ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Σ Ύ͟͜ ;͊ͫͭͦ ͦ͋ΩΊ͒ͤ͊ͤ͜ ͍ ͦ͒ͤͯ ͍ ͔͙ͣ͒;͙ͤͻ 
͍͔͙͔ͯͤͪͫͭͭ͊͜ͻΣ ͭͦ ͤ͊͘;ͤ͊ ͟͜͡Έͫͭ͟͜Έ ͍͙͊͒͊͟͡;͍͜ ͣ͊Ί ͍͙͚ͤ͊ͯͦ͟ ͫͭͯͨͤ͜Έ ͍ ͎͊ͯ͘͜͡ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻΣ ͎͋ͦͦ͜͜͡;͙ͤͻΣ ͔ͭͻͤ͜;͙ͤͻ 
ͤ͊ͯ͟Σ ͜Σ ͍͍͒ͨͦ͒ͤͦ͜͜Σ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͝ͻͤ͜ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͙ͦͣͤ͊ΌͭΈ ͤ͊ͨͪΎͣͦ͟ ͔͎͎͙ͨ͒͊ͦ͜͟Φ ˨ͦ ͎ͭͦͦ ͗ ͔͒͊ͦ͟͡ ͔ͤ ͍͙͊͗͒͘ ͤ͊ ͚ͫ͊ͭ͊ͻ 
͊͟ͺ͔͒ͪ ͣͦ͗ͤ͊ ͨͦ͋͊;͙͙ͭ ͤ͜ͺͦͪͣ͊ͼ͜Ό ͨͪͦ ͍ͤ͊;͊͡Έͤͦ-͔͙ͣͭͦ͒;ͤ͜ ͙͙ͨͦͫ͋ͤ͜͟Σ ͊ ͙͍ͦͫͦ͋ͦ͡ ς ͝ͻ ͣͫͭ͘͜Φ ˤͤ͊ͫ͒ͦ͜͟͡ ͼΈ͎ͦͦ 
͔ͣͦ͗ͣͦ ͎͍͙͙ͦͦͪͭ ͨͪͦ ͔ͤ͒ͦͫͭ͊ͭͤΌ ͔͒ͦͫ͒͗ͤͫͭ͜͜͡Έ ͙ͨͭ͊ͤͤΎ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯ ͯ ͍͙΅͙ͻ ͍ͦͫͭͤ͜͜ͻ ͔͙ͣ͒;͙ͤͻ 
͊͊͒͊͘͟͡ͻΣ ͍ ͭͦͣͯ ;͙ͫ͜͡ ς ͨ ͙ͪ ͍͙͍;͔ͤͤ͜ ͔͙ͣ͒;ͤͦ͝ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Φ 

˽͍͔ͦͪͭ͊Ό;͙ͫΈ ͒ͦ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜Σ ͍͒ͤ͊͘͜;͙ͣͦΣ ΅ͦ ͍ ͔͔ͨͦͨͪ͒ͤ͜ͻ ͤ͊΄͙ͻ ͨͯ͋͊͜͟͡ͼ͜Ύͻ 
ό˽͍ͯ͒ͦ͊ϧˤͦΊ͍ͦ͒͊Σ нлмуύ ͙ͣ ͎͍͙͊͒ͯ͊͘͡Σ ͔ͦͪͣ͊͘͟Σ ͨͪͦ ͙͍ͣͦ͗͜͡ ΄͡Ύͻ͙ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͊ͪ͜͟͜͡ ͘͜ 
͙ͨͭ͊ͤΈ ͙͙͙͋ͦͫͭ͊ͭͫͭ͜͟ ͤ͊ ͊ͤ͘ΎͭͭΎͻ ͘ ͔͙ͣ͒;ͤͦ͝ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͭ͊ ͙͙ͭͨ ͍͊͒͊ͤ͘ΈΣ Ύ͟͜ ͍͙ͦͤͯ͟ΌͭΈ ͤ͊΄͜ ͔͙ͫͭͯ͒ͤͭΦ ˿͔͔ͪ͒ ͙ͭ͊͟ͻ 
͍͊͒͊ͤ͘Έ ͊ͤ͊͘͘;͍͊ͫΎ ͨͦ΄ͯ͟ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͨͪͦ ͔͍͙͚ͨͤ ͙͙ͫͭ͊ͭͫͭ;͙͚ͤ ͔ͣͭͦ͒ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͍͔͔ͤ͊͒ͤͤΎ ͙͍ͨͪ͊͒͟͜͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
͍͙͎͋ͪ͊ͤͦͦ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͔ͣͭͦ͒ͯ ͍ ͔͙ͣ͒;͚ͤ͜ ͙ͨͪ͊ͭ͟ͼ͜Τ ͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡Ύ ͎ͦ͒ͤͦͦ ͘͜ ͍ͫͨͦͫͦ͋͜ ͙ͦ͋ͪͦ͋͟ ͙͒͊ͤͻ ͍ ͚ͦ͒ͤ͜ ͘͜ 
ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͎ͨͪͦͪ͊ͣ ό˽͍ͯ͒ͦ͊&ˤͦΊ͍ͦ͒͊Σ нлмуύ. ˽͍ͪͦ͒ͦ͗ͯΌ;͙ ͨͪ͊ͼΌ͍͙͊ͭ ͯ ͼΈͦͣͯ ͤ͊ͨͪΎͣͯ͟Σ ͯ нлму-нлмф ͍ͤ͊;͊͡Έͤͦͣͯ 
ͪͦͼ͜ ͙ͣ ͍͙ͪ͜΄͙͙͡ ͙͙ͯͪͤͦͣ͊ͤͭͤͭ͘͜͜ ͍͊͒͊ͤͤ͘Ύ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͭ͊ ͭͪͦͻ͙ ͎͙͙͙͊͋ͭͫ͘͡Ύ ͍ ͙ͦ͒ͤ ͘͜ ͙͙ͫͭ͊ͭͫͭ;͙ͤͻ ͔͍ͣͭͦ͒͜ ς 
͙͔͚ͪͭͪ͟͜ ˽ͪͫͦͤ͊͜ ό͙͔͚ͪͭͪ͟͜ ͻ͜-͍͊͒ͪ͊ͭ͟ύΦ ˸͔ͭͦ͒ ͍ͨͦͪͤ͜ΎͤͤΎ ͍ͪͦͨͦ͒͘͜͜͡ ͦ͋ΩΊ͍ͭ͟͜ ͍͒ͦͻ ͜ ͋͜͡Έ΄͔ ͍͙͋ͪͦ͜͟ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ ͔ͤ 
͙͡΄͔ ͍ ͔͙ͣ͒;͚ͤ͜Σ ͊ ͚ ͯ ͋ͯ͒Έ-Ύ͚͟͜ ͤ͜΄͚͜ ͎͊ͯ͘͜͡Φ ˹͙͊ͨͪ͊͒͟͡Σ ͍ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͻ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͼΈ͎ͦͦ 
͔ͣͭͦ͒ͯ ͍͙͒ͦͦ͒ͭΈͫΎ ͍ͨͦͪͤ͜Ό͍͙͊ͭ ͔ͪͯ͘͡Έ͙ͭ͊ͭΣ ͙ͦͭͪͣ͊ͤ͜ ͍ ͦͤͭͪͦ͟͡Έ͚ͤ͜ ͭ͊ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͚ͤ͜ ͎ͪͯͨ͜Φ ͙́͊ͣ͟ ;͙ͤͦͣΣ ͍͊͒͊ͤͤ͘Ύ 
͘ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜-͔͙͍ͣ͒͟͜Σ ͨͪͦ Ύ͔͟ ͚͙͔ͭͣͭΈͫΎ ͍ ͼ͚͜ ͫͭ͊ͭͭ͜Σ ͊ ͙͍ͦͫͦ͋ͦ͡ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍͙ͦͤ͊ͤͤ͟Ύ 
ͼΈ͎ͦͦ ͍͊͒͊ͤͤ͘Ύ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͼ͍͙͙͊ͣ͜͟ ͭ͊ͦ͗͟ ͒͡Ύ ͙ͤͤ͜΄ͤ͜ͻ ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͔͎͎͍ͨ͒͊ͦ͜Φ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜ ς ͍͔͙ͤ͊ͫͭ ͙ͨͪ͊͒͟͡ ͍͊͒͊ͤͤ͘Ύ ͒͡Ύ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜-͔͙͍ͣ͒͟͜ ͘ ͙ͨͭ͊ͤΈ 
͙͙͙͋ͦͫͭ͊ͭͫͭ͜͟ ͙ͨͪ ͍͙͍;͔ͤͤ͜ ͔͙ͣ͒;ͤͦ͝ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Σ ͊ ͭ͊ͦ͗͟ ͔͍͙͙ͨͪ͒ͫͭ͊ͭ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͼΈ͎ͦͦ ͍͊͒͊ͤͤ͘ΎΣ ͔ͤ͊͒͊ͤ 
͔͙ͫͭͯ͒ͤͭ͊ͣΦ 
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̂ ͍͚ͤ͊ͯͦ͟͜ ͔ͭͪ͊ͭͯͪ͜͜͡ ͣͦ͗ͤ͊ ͙ͯͫͭͪͭ͘͜ ͔͒͟͜͡Έ͊͟ ͺͦͪͣͯ͡Σ Ύ͟͜ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ ͒͡Ύ ͦ͋;͙͔ͫͤͤ͡Ύ ͔͙ͣͨͪ͜;͎ͤͦͦ 
ͤ͊͘;͔ͤͤΎ ͔ͦ͟ͺ͜ͼ͜Ίͤͭ͊ ͻ͜-͍͊͒ͪ͊ͭ͟ ό͙͙͙ͫͭ͊ͭͫͭ͟ ͟ ͙͔ͪͭͪ͜Ό ͻ͜-͍͊͒ͪ͊ͭ͟ύΦ ˭͔ͦͪͣ͊͟Σ ͍͒͜ ͘ ͙ͤͻ ͣ͊ΌͭΈ ͙͚ͤ͊ͫͭͯͨͤ ͍͙͎͡Ύ͒Υ 
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͔͒ r ς ͟͜͡Έͫͭ͟͜Έ ͍͙͋ͪͦ͜͟ ͊͋ͦ ͟͜͡Έͫͭ͟͜Έ ͪΎ͒ͦ;͍͟͜ ͯ ͙ͭ͊͋͡ͼ͜ ͫͨͪΎ͔͗ͤͦͫͭ͜Σ c ς ͟͜͡Έͫͭ͟͜Έ ͔͎͚͊ͭͦͪ͟͜ ͊͋ͦ ͟͜͡Έͫͭ͟͜Έ ͍ͫͭͦͨ;͙͍͟͜ ͯ 
͙ͭ͊͋͡ͼ͜ ͫͨͪΎ͔͗ͤͦͫͭ͜Σ Oi,j ς ͔͙ͣͨͪ͜;ͤ͊ ;͊ͫͭͦͭ͊ ͊͋ͦ ;͙ͫͦ͡Σ Ύ͔͟ ͔͎ͫͨͦͫͭͪ͊͜ΊͭΈͫΎ ό͙͔ͦͭͪͣ͊ͤ ͍ ͔͒ͦͫ͒͗ͤͤ͜͜͡ύΣ ͯ ͙ͭͤ͟͜͡ͼ͜ ͙ͭ͊͋͡ͼ͜ 
ͫͨͪΎ͔͗ͤͦͫͭ͜Σ Ei,j ς ͔͔͙ͭͦͪͭ;ͤ͊ ;͊ͫͭͦͭ͊ ͊͋ͦ ͦ;͍͔ͯ͊ͤ͜͟ ;͙ͫͦ͡ ͍ ͚ͭ͜ ͔͗ ͙ͭͤ͟͜͡ͼ͜ ͙ͭ͊͋͡ͼ͜ ό˥͊ͤ͡ͼΣ мфффΣ C. 142; 
˥ͪ͊͋͊ͪΈϧ˴ͪ͊ͫͤΎͤͫ͊͟ΎΣ мфттΣ C. фтΤ ˿ͯͻͦ͒ͦ͡ΈͫΈ͙͚͟Σ мффуΣ C. нупΤ ˿͙ͭ͊ͪ;͔ͤͦ͟Σ нллпΣ ˿Φ рфΤ ́ͦ͊͟͡;͔͍Σ нлмтΣ ˿Φ 14; 
Franke,Ho&Christie, 2012, P 449; Harris&Fu, 2018, P. 8; Hugh, 2013, P. 145; Onchiri, 2013, P. 1234; Pandis, 2016, P. 898; 
Rana&Singhal, 2019, P. 69; Ugoni&WalkerΣ мффр ͭ͊ ͤ͜ΦύΤ 

 Ⱶ
▪Ͻ▪

В
▪Ͻ╞ȟ▒▪Ͻ╞ȟ▒

╞ȟ▒╞ȟ▒

╬
▒   (2), 
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͔͒ n1 ς ͪͦͣͪ͘͜ ͔ͨͪ΄ͦ͝ ͍͙͙͋ͪ͜͟Σ n2 ς ͪͦͣͪ͘͜ ͎͒ͪͯͦ͝ ͍͙͙͋ͪ͜͟ ό˥ͪ͊͋͊ͪΈϧ˴ͪ͊ͫͤΎͤͫ͊͟ΎΣ мфттΣ ˿Φ млмΤ ˹͙͙͊͋ͯͤ͊͡Σ нлмрΣ ˿Φ 190; 
˿͙ͭ͊ͪ;͔ͤͦ͟Σ нллпΣ C. слΤ ˹͍͙͍ͦͦ͟, 2004, C. 52Τ ͭ͊ ͤ͜ΦύΦ  

̅ͦͪͣͯ͊͡ όмύ Ί ͎͊͊͘͡ΈͤͦΌ ͒͡Ύ ͙͔ͪͭͪ͟͜Ό ˽ͪͫͦͤ͊͜Σ ͭͦ͋ͭͦ ͔ͣͦ͗ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭͫ͟Ύ ͙ͨͪ ͟͜͡Έͦͫͭ͟͜ ͍͙͋ͪͦ͜͟ ͋͜͡Έ΄͔ ͍͒ͦͻΣ 
ͭͦ͒͜ Ύ͟ ͺͦͪͣͯ͊͡ όнύ ͔͔ͨͪ͒͋͊;͊Ί ͪͦ͋ͦͭͯ ͘ ͙͙͒͊ͤͣ ͨͦ ͍͒ͦͻ ͍͙͋ͪ͊͜͟ͻΦ ˤ ͎͍͙͊ͤͦͣͦͤ͡ͻ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͻ ͍͙͊͘͘;͚͊ 
͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ ͺͦͪͣͯͯ͡ όмύ ό˥͊ͤ͡ͼΣ мфффΣ C. 142; Franke,Ho&Christie, 2012, P 449; Harris&Fu, 2018, P. 8; Hugh, 2013, P. 145; 
Onchiri, 2013, P. 1234; Pandis, 2016, P. 898; Rana&Singhal, 2019, P. 69; Ugoni&WalkerΣ мффрΤ ͭ͊ ͤ͜ΦύΣ ͭͦ͒͜ Ύ͟ ͍ ͍͙ͯͪ͊ͤͦͣͦͤ͟͝ͻ 
ͭ͊ ͚ͪͦͫͫ͜Έ͍͙ͦͣͦͤ͟ͻ ͫͭ͊ͭͭΎͻΣ ͔ͦͪͣ͊͘͟Σ ͘ ͔͎͎͙ͨ͒͊ͦ͜͟Σ ͣͦ͗ͤ͊ ͚͙ͤ͊ͭ͘ ͺͦͪͣͯͯ͡ όнύΣ Ύͯ͟ ͙͊ͨͫͯ͘ΌͭΈ ͭ͊ͦ͗͟ ͯ ͨ͒ͪͯ͜;͙͙ͤ͟ ͭ͊ 
͍ͤ͊;͊͡Έͤ͜ ͙͙ͨͦͫ͋ͤ͜͟ ό˥ͪ͊͋͊ͪΈϧ˴ͪ͊ͫͤΎͤͫ͊͟ΎΣ мфттΣ ˿Φ млмΤ ˹͙͙͊͋ͯͤ͊͡Σ нлмрΣ ˿Φ мфлΤ ˿͙ͭ͊ͪ;͔ͤͦ͟Σ нллпΣ C. слΤ ˹͍͙͍ͦͦ͟Σ 
2004, C. рнΤ ͭ͊ ͤ͜ΦύΦ 

˴ͪͣ͜ ͎ͭͦͦΣ ͣͦ͗ͤ͊ ͙ͯͫͭͪͭ͘͜ ͤ͜ͺͦͪͣ͊ͼ͜ΌΣ ΅ͦ ͎͒ͪͯ͊ ͺͦͪͣͯ͊͡ ͍͙͙͍ͨ͊͡Ί ͘ ͔ͨͪ΄ͦ͝Σ ͭͦ͋ͭͦ ͍͙ͦͤ Ί ͍͊͘Ί͙͙ͣͦ͊ͣͤͤͣ͘͜ ͒͡Ύ 
͍͙ͨ͊͒ͯ͟ ͘ ͍͒ͦͣ͊ ͍͙͙͋ͪ͊ͣ͜͟ ό˥ͪ͊͋͊ͪΈϧ˴ͪ͊ͫͤΎͤͫ͊͟ΎΣ мфттΣ ˿Φ млмύΦ ˽͙ͪ ͼΈͦͣͯ ͍ ͨ͒ͪͯ͜;͙ͤ͊͟ͻ ͭ͊ ͫͭ͊ͭͭΎͻ ͙ͣ ͔ͤ ͚ͤ͊͘΄͙͡ 
͍͔͔͒ͦ͒ͤͤΎ ͼΈ͎ͦͦ ͺ͊ͭͯ͟Σ ͭͦ͋ͭͦ ͍ͤ͜ ͔ͤ ͤ͊͘ͻ͙ͦ͒ͭΈͫΎ ͤ͊ ͍͔ͨͦͪͻͤ͜Φ ˻͒ͤ͊͟ ͙͚ͭ͊͟ ͺ͊ͭ͟ Ί ͼ͍͙͊ͣ͜͟ ͒͡Ύ ͙͍͒ͦͫ͒ͤ͜͟͜͡Σ ͦͫ͟͜͡Έ͙͟Σ 
͍ͦͦ͒͜͡Ό;͙ ͼ͜ΊΌ ͤ͜ͺͦͪͣ͊ͼ͜ΊΌ ͭ͊ ͤ͊͘Ό;͙Σ Ύ͟ ͨͪ͊ͼΌ͍͙͊ͭ ͘ ͺ͙ͦͪͣͯ͊ͣ͡Σ ͣͦ͗ͤ͊ ͔͋͘ ͙͗ͦ͒ͤͻ ͍͍ͫͯͣͤ͜͜ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͋ͯ͒Έ-
Ύͯ͟ ͘ ͙ͤͻ ͨ͒͜ ;͊ͫ ͙ͦ͋ͪͦ͋͟ ͙͙ͫͭ͊ͭͫͭ;͙ͤͻ ͙͒͊ͤͻΦ 

 

˸˩́˻˨ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 
˨͔ͦͫ͒͗ͤͤ͜͡Ύ ͍ͯͣͦͤͦ ͣͦ͗ͤ͊ ͙͙ͪͦ͒ͭ͘͜͡ ͤ͊ ͍͒͊ ͔͙ͭ͊ͨΦ ˽͔ͪ΄͙͚ ͔ͭ͊ͨ ͍ͨͦΩΎ͙͚͊ͤ͘ ͘ ͪͦ͋ͦͭͦΌ ͍͙͊͒͊͟͡;͊Σ ͙ͦ͟͡ 

͚͔͒ͫͤͤͦ͘͜ ͊ͤ͊͘͜͡ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͔͙ͭͪ͊ͭͯͪ͜͡ ͘ ͍͙ͤ͊͘;͔ͤͦ͝ ͔͙ͭͣ ͭ͊ ͊ͤ͊͘͜͡ ͍͙ͤ͊ͯͦ͟ͻ ͪͦ͋ͭ͜ ͍ ͤ͊ͨͪΎͣͯ͟ ͙͙͙ͫͭ͊ͭͫͭ͟ ͍ͫͭͦͫͦͤͦ 
͙͔ͪͭͪ͟͜Ό ͻ͜-͍͊͒ͪ͊ͭ͟Φ ˻͔͋ͪͦ͋ͤͯ͡ ͔͔͙ͭͦͪͭ;ͤͯ ͤ͜ͺͦͪͣ͊ͼ͜Ό ͘͜ ͙͙͙ͫͭ͊ͭͫͭ͟ ͍͙͙ͦͪͫͭ͊ͤͦ͟ ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ ͍͊͒͊ͤ͘Έ ͘ 
͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͒͡Ύ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͊ͪ͜͟͜͡ ͘ ͔͙ͣ͒;ͤͦ͝ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Φ ˨͍ͦ͒͊ͭͦͦ͟ ͍͙͙ͦͪͫͭ͊ͤͦ͟ ͎ͨͪͦͪ͊ͣͯ 
MS Excel ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ ͔͒ͣͦͤͫͭͪ͊ͼ͚͙ͤ͜ͻ ͔͍ͣ͊ͭͪ͊͜͜͡ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ ΅ͦ͒ͦ ͚͔͒ͫͤͤͤ͘͜Ύ ͪͦͪ͊͘ͻ͍ͯͤ͟͜ ͔͙ͣͨͪ͜;͎ͤͦͦ ͤ͊͘;͔ͤͤΎ 
͙͙͙ͫͭ͊ͭͫͭ͟ ͻ͜-͍͊͒ͪ͊ͭ͟ ͊͘ ͍͒ͦͣ͊ ͍͙͙͙͋ͪ͊ͤͣ ͺ͙ͦͪͣͯ͊ͣ͡Φ ˨͎͙͚ͪͯ ͔ͭ͊ͨ ͍͟͡Ό;͊Ί ͪͦ͋ͦͭͯ ͔͍ͫͭͯ͒ͤͭ͜ ͘ ͍͙ͦͤ͊ͤͤ͟Ύ 
͔͎ͪͦͪͦ͋ͤͦͦ͘͡ ͍͊͒͊ͤͤ͘ΎΣ ͔͔͍ͨͪͪͯ͜͟ ͚͎ͦͦ ͍͙͊͒͊͟͡;͔ͣΣ ͊ ͭ͊ͦ͗͟ ͊ͤ͊͘͜͡ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙ͫͭͯ͊ͼ͜͝ ΅ͦ͒ͦ ͍͔͔ͨͪͦ͒ͤͦ͝ ͙ͪͦ͋ͦͭΦ 

˭͍͊͒͊ͤͤΎ ͘ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜ ͔͍ͨͦͭͪ͋ͯ͊ͦ͡ ͍͔͔͒ͦ͒ͤͤΎ ͍ͪͤͦͫͭ͜͜ ͍͒ͦͻ ͺͦͪͣͯ͡Σ ͎͙͊͒͊ͤ͘ͻ 
͍͙΅͔Φ ˽͔͔ͪ͒ ͍͙ͦͤ͊ͤͤ͟Ύͣ ͍͊͒͊ͤͤ͘Ύ ͔͙ͫͭͯ͒ͤͭ ͙͋ͯ͡ ͚͔ͦͤ͊ͦͣͤ͘͜͡ ͘Υ мύ ͫ ͯͭͭΌ ͙͙ͫͭ͊ͭͫͭ;͎ͤͦͦ ͔ͣͭͦ͒ͯ ͍ͨͦͪͤ͜ΎͤͤΎ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ 
͍͒ͦͻ ͔͔͙ͤ͊͗ͤ͘͡ͻ ͍͙͋ͪͦ͜͟ ͊͘ ͙͔ͪͭͪ͟͜Ίͣ ͻ͜-͍͊͒ͪ͊ͭ͟Τ нύ ͪ ͦͪ͊͘ͻ͍͙͙ͯͤͦͣ͟ ͺ͙ͦͪͣͯ͊ͣ͡Σ ͍͟͡Ό;͊Ό;͙ ͝ͻ ͙͊ͨͫ͘Σ ͨͦΎ͔ͫͤͤͤΎΣ 
͙ͨͪ͊͒͟͡ ͪͦͪ͊͘ͻͯͤͯ͟ ͊͘ ͦ͗ͤͦ͟Ό ͘ ͙ͤͻΤ оύ ͘ ͙͊ͨͫͦͣ ͙͙ͫͭ͊ͭͫͭ;ͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͯ ͍͙͎͡Ύ͒͜ ͙ͭ͊͋͡ͼ͜ ͒͡Ύ ͼ͙ͻ ͺͦͪͣͯ͡Φ ˴ͪͣ͜ ͎ͭͦͦΣ ͤ͊ 
͔͒ ͟͜͡Έͦ͟ͻ ͙ͨͪ͊͒͊͟͡ͻ ͋ͯͦ͡ ͔͍ͨͪͦ͒ͣͦͤͫͭͪͦ͊ͤͦ ͔͙͒ͤͭ͜;ͤͫͭ͜Έ ό͒ͦ ͋ͯ͒Έ-Ύ͎ͦͦ͟ ͤ͊ͯ͘͟ ͨͫ͜͡Ύ ͙ͦͣ͟ύ ͙͙ͦͭͪͣ͊ͤͻ ͔͙ͣͨͪ͜;͙ͤͻ 
ͤ͊͘;͔ͤΈ ͔ͦ͟ͺ͜ͼ͜Ίͤͭ͊ ͻ͜-͍͊͒ͪ͊ͭ͟ ͊͘ ͍͒ͦͣ͊ ͍͙͙͊ͨͪͦͨͦͤͦ͊ͤͣ͘ ͺ͙ͦͪͣͯ͊ͣ͡ ͍ ͎ͨͪͦͪ͊ͣ͜ MS Excel. 

 

˾˩˭̂˶̎́ˢ́ˮ ˨˻˿˶˱˨ˬ˩˹˹̒  
̂ нлму-нлмф ͍ͤ͊;͊͡Έͤͦͣͯ ͪͦͼ͜ ͙ͣ ͨͪ͊ͼΌ͍͙͊͡ ͍ ͎͍͙͊ͤͦͣͦͤ͡ͻ ͎ͪͯͨ͊ͻΣ ͭͦͣͯ ͔͍͙ͨͪ͒ͫͭ͊ͣͦ ͍͊͒͊ͤͤ͘Ύ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͭ͊ 

͚͎ͦͦ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͎͚͊ͤͫ͜͡Έͦ͟Ό ͍ͣͦͦΌΦ 
Problem (task) for students. Prove the equality of the two formulas (1) and (2): 

1) Ⱶ В В
╞░ȟ▒╔░ȟ▒

╔░ȟ▒

╬
▒

►
░  ς general formula of chi-square test,  

where ► ς number of rows, ╬ ς number of columns, ╞░ȟ▒ ς observed value of two nominal variables, ╔░ȟ▒ς expected value 

of two nominal variables, 

 Ὁȟ
   

 
  (3); 

2) Ⱶ
▪Ͻ▪

В
▪Ͻ╞ȟ▒▪Ͻ╞ȟ▒

╞ȟ▒╞ȟ▒

╬
▒  ς formula of chi-square test when ὶ ς, where ▪ς size of the first sample, ▪  ς 

size of the second sample.  
Examples of using formulas: 
The first table shows the empirical frequencies (observed values) ς the data are based on the conducted experiment 

(e.g., survey). 
Table 1 

Empirical frequencies 

Sample/category Category 1 Category 2 Category 3 ΦΧ Category k Totally (in sum) 

The first sample ὕȟ ὕȟ ὕȟ Χ ὕȟ ὲ
ὕȟ ὕȟ Ễ ὕȟ 

The second 
sample 

ὕȟ ὕȟ ὕȟ Χ ὕȟ ὲ
ὕȟ ὕȟ Ễ ὕȟ 

Totally (in sum) ά ὕȟ ὕȟ ά ὕȟ ὕȟ ά ὕȟ ὕȟ Χ ά ὕȟ ὕȟ ὲ ὲ ὲ ά ά
Ễ
ά  

 
We can use the data from the Table 1 to calculate … by the second formula. For example, we write the observed values 

in the Table 2 and calculate the value …. 
Table 2 

Empirical frequencies (observed values) from the experiment 

Sample 
Point 

Totally 
1 2 3 Χ k-1 k 

Sample 1 20 42 12 Χ 74 95 456 

Sample 2 25 40 17 Χ 88 96 502 

Totally 45 82 29 Χ 162 191 958 
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Ⱶ
▪ Ͻ▪

▪ Ͻ╞ȟ▒ ▪ Ͻ╞ȟ▒

╞ȟ▒ ╞ȟ▒

╬

▒

Ễ

Ȣ  

 
Create a Table 3 of theoretical frequencies (expected values) to calculate … by the first formula. 

Table 3 
Theoretical frequencies 

Sample/category Category 1 Category 2 Category 3 Χ Category k 
Totally 

(in sum) 

The first sample 
Ὁȟ

ὲ ά

ὲ
 Ὁȟ

ὲ ά

ὲ
 Ὁȟ

ὲ ά

ὲ
 
Χ 

Ὁȟ
ὲ ά

ὲ
 

ὲ 

The second sample 
Ὁȟ

ὲ ά

ὲ
 Ὁȟ

ὲ ά

ὲ
 Ὁȟ

ὲ ά

ὲ
 
Χ 

Ὁȟ
ὲ ά

ὲ
 

ὲ 

Totally (in sum) ά Ὁȟ Ὁȟ ά Ὁȟ Ὁȟ ά Ὁȟ Ὁȟ Χ ά Ὁȟ Ὁȟ ὲ 

 
Create a Table 4 of the theoretical frequencies according to our example. 

Table 4 
Calculated theoretical frequencies 

Sample 
Point 

Totally 
1 2 3 Χ k-1 k 

Sample 1 τυφzτυ

ωυψ
ςρȢτς 

τυφzψς

ωυψ
σωȢπσ 

τυφzςω

ωυψ
ρσȢψπ 

Χ τυφzρφς

ωυψ
χχȢρρ 

τυφzρωρ

ωυψ
ωπȢωρ 

456 

Sample 2 υπςzτυ

ωυψ
ςσȢυψ 

υπςzψς

ωυψ
τςȢωχ 

υπςzςω

ωυψ
ρυȢςπ 

Χ υπςzρφς

ωυψ
ψτȢψω 

υπςzρωρ

ωυψ
ρππȢπω 

502 

Totally 45 82 29 Χ 162 191 958 

 
We use the data in Table 2 and the data in Table 4 to calculate … by the first formula (1). For example: 

Ⱶ
╞░ȟ▒ ╔░ȟ▒

╔░ȟ▒

╬

▒

►

░

Ȣ

Ȣ

Ȣ

Ȣ

Ȣ

Ȣ
Ễ

Ȣ

Ȣ

Ȣ

Ȣ
Ȣ

Ȣ

Ȣ

Ȣ
Ễ

Ȣ

Ȣ

Ȣ

Ȣ
Ȣ  

 
Proof from Shaimaa Metwally, Egypt. 

From formula (3) and Table 1, expected value is Ὁȟ
Ͻ ȟ ȟ

 when Ὥ ρ. 

Find the difference ὕȟ Ὁȟ . 

ὕȟ Ὁȟ ὕȟ
Ͻ ȟ ȟ Ͻ ȟ Ͻ ȟ ȟ ȟ ȟ ȟ ȟ ȟ ȟ

 . 

Find the ratio 
ȟ ȟ

ȟ
 . 

ȟ ȟ

ȟ

ȟ ȟ Ͻ ȟ ȟ ȟ ȟ

Ͻ ȟ ȟ

ȟ ȟ

Ͻ Ͻ ȟ ȟ
 . (4) 

Similar to the previous one we have: 

Ὁȟ
Ͻ ȟ ȟ

 is expected value when Ὥ ς. 

Find the difference ὕȟ Ὁȟ . 

ὕȟ Ὁȟ ὕȟ
Ͻ ȟ ȟ Ͻ ȟ Ͻ ȟ ȟ ȟ ȟ ȟ ȟ ȟ ȟ

 . 

Find the ratio 
ȟ ȟ

ȟ
 . 

ȟ ȟ

ȟ

ȟ ȟ Ͻ ȟ ȟ ȟ ȟ

Ͻ ȟ ȟ

ȟ ȟ

Ͻ Ͻ ȟ ȟ
 . (5) 

Taking into account formulas (4) and (5), we write formula (1) for the case when r= 2. 
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Ⱶ
╞░ȟ▒ ╔░ȟ▒

╔░ȟ▒

╬

▒

►

░

ὕȟ Ὁȟ

Ὁȟ

ὕȟ Ὁȟ

Ὁȟ

╬

▒

ὲὕȟ ὲὕȟ

ὲϽὲ ὲ Ͻὕȟ ὕȟ

ὲὕȟ ὲὕȟ

ὲϽὲ ὲ Ͻὕȟ ὕȟ

╬

▒

ὲϽὲὕȟ ὲὕȟ ὲϽὲὕȟ ὲὕȟ

ὲϽὲϽὲ ὲ Ͻὕȟ ὕȟ

ὲ ὲ Ͻὲὕȟ ὲὕȟ

ὲϽὲϽὲ ὲ Ͻὕȟ ὕȟ

ὲὕȟ ὲὕȟ

ὲὲ ὕȟ ὕȟ ἶ Ͻἶ

▪╞ȟ▒ ▪╞ȟ▒

╞ȟ▒ ╞ȟ▒

╬

▒

 

Thus formula (1) is equal to formula (2). 
Hence proved. 
 
Proof from Giridhar Solasa, India. 
We know that ὲ ὕȟ ὕȟ Ễ ὕȟ; ὲ ὕȟ ὕȟ Ễ ὕȟ; ά ὕȟ ὕȟ; ά ὕȟ ὕȟ;  

Ὁȟ  . 

Taking ὶ ὧ ρȟς we have 

 Ⱶ В В
╞░ȟ▒╔░ȟ▒

╔░ȟ▒

╬
▒

►
░

╞ȟ ╔ȟ

╔ȟ

╞ȟ ╔ȟ

╔ȟ

╞ȟ ╔ȟ

╔ȟ

╞ȟ ╔ȟ

╔ȟ

╞ȟȟ
▪ □

▪
▪ □

▪

╞ȟ
▪ □

▪
▪ □

▪

╞ȟ
▪ □

▪
▪ □

▪

╞ȟ
▪ □

▪
▪ □

▪

▪Ͻ╞ȟ ▪□

▪Ͻ▪□

▪Ͻ╞ȟ ▪□

▪Ͻ▪□

▪Ͻ╞ȟ ▪□

▪Ͻ▪□

▪Ͻ╞ȟ ▪□
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▪ ▪ ▪ ╞ȟ ▪ ╞ȟ ╞ȟ ▪ ▪ ▪ ╞ȟ ▪ ╞ȟ ╞ȟ

▪Ͻ▪▪□

▪ ▪ ▪ ╞ȟ ▪ ╞ȟ ╞ȟ ▪ ▪ ▪ ╞ȟ ▪ ╞ȟ ╞ȟ

▪Ͻ▪▪□

▪ ▪╞ȟ ▪╞ȟ ▪ ▪╞ȟ ▪╞ȟ

▪Ͻ▪▪□

▪ ▪╞ȟ ▪╞ȟ ▪ ▪╞ȟ ▪╞ȟ

▪Ͻ▪▪□

▪ ▪ ▪╞ȟ ▪╞ȟ

▪ ▪ ▪▪ ╞ȟ ╞ȟ

▪ ▪ ▪╞ȟ ▪╞ȟ

▪ ▪ ▪▪ ╞ȟ ╞ȟ

▪▪

▪╞ȟ ▪╞ȟ

╞ȟ ╞ȟ

▪╞ȟ ▪╞ȟ

╞ȟ ╞ȟ ▪▪
В

▪╞ȟ▒▪╞ȟ▒

╞ȟ▒╞ȟ▒
▒  

If the above said equation is said to be true for two rows and two columns (i.e., O1,1, O2,1, O1,2, O2,2), it should be equal 
for infinite series. 

…
ρ

ὲϽὲ

ὲϽὕȟ ὲϽὕȟ

ὕȟ ὕȟ
 

Hence proved. 
 
˻ˣ˥˻ˤ˻˾˩˹˹̒ 

˸͙ ͍͔ͨ͒ͭͪ͒͗ͯ͜Ίͣͦ ͺ͊ͭ͟Σ ͎͙͚͊͒͊ͤ͘ ͯ ͍ͫͭͯͨ͜ ͫͭ͊ͭͭ͜Σ ΅ͦ͒ͦ ͎͊͊͘͡Έ͎ͤͦͦ ͙ͤ͘Έ͎ͦͦ͟ ͍ͪͤ͜Ύ ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ ͭ͊ ͍͙ͤ͊;ͦ͟ 
ͯͪ͊ͤͫ͟͝Έ͙͟ͻ ͔͍ͫͭͯ͒ͤͭ͜Σ ͔ͦͪͣ͊͘͟Σ ͤ͊ ͔ͨͪ΄͙ͻ ͯͪͫ͊͟ͻ ͯ ͤ͊ͨͪΎͣͯ͟ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟Φ ˤͦ͒ͤͦ;͊ͫ ͦͤͫͭ͊ͭͯ͟ΊͣͦΥ 
΅ͦͪͦͯ͟ ͤ͊ ͍ͯ͊͜͟͡͡Έ͙͚ͤ ͺ͊ͯ͟͡Έ͔ͭͭ ͍ͫͭͯͨ͊ΌͭΈ ͔ͦͪͣ͟͜ ͊͋ͭͯͪ͜͜Ί͙ͤͭΣ ͙͒ͦͫͭΈ ͔͒ͦ͋ͪ ͎͍͔ͨ͒ͦͭͦͤ͜͜͡ ͘ ͙ͪͤ͘͜ͻ ͙͒ͫͼ͙ͨͤ͜͡Φ ˴ͪͣ͜ ͎ͭͦͦΣ 
ͤ͊͘ΊͣͦΣ ΅ͦ ͭ͊͟͜ ͔͙ͫͭͯ͒ͤͭ ΅͔ ͒ͦ ͍ͫͭͯͨͯ ͍ ͍͔͙͔ͯͤͪͫͭͭ͜ ͚͒ͫͤ͘͜Ό͍͙͊͡ ͔͍ͨͤ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͙͙ͫͭ͊ͭͫͭ;ͤͦ͝ 
͙ͦ͋ͪͦ͋͟ ͙͒͊ͤͻΦ ˨͔Ύ͟͜ ͔ͤͦͣͤ͘͜͜ ͔͙ͫͭͯ͒ͤͭ ͒ͦ ͍ͫͭͯͨͯ ͍ ͍͔͙͔ͯͤͪͫͭͭ͜ ͚ͨͪͦ΄͙͡ ͍ͤ͊;͊͡Έͤ͜ ͙ͯͪͫ͟ ͘͜ ͙͙͙ͫͭ͊ͭͫͭ͟Φ ͙́͊ͣ͟ ;͙ͤͦͣΣ 
ͣ͊Ίͣͦ ͔͍͙͚ͨͤ ͍͒ͫͦͭͦ͜͟ ͔͍ͫͭͯ͒ͤͭ͜-͔͙͍ͣ͒͟͜Σ Ύ͙ͣ͟ ͔ͣͦ͗ ͙͋ͯͭ ͼ͍͊ͦ͜͟ ͎͙͙͙͊͋ͭͫ͘͡Ύ ͍ ͙ͨͭ͊ͤͤΎ ͙͙͙ͫͭ͊ͭͫͭ͟ ͭ͊ 
͔͍͙ͨͪͦ͒ͣͦͤͫͭͪͯ͊ͭ ͍ͫͦ͝ ͒͋ͤͦͫͭ͘͜͜Φ ˱ͤ΄͜ ͗ ͣͦ͗ͯͭΈ ͚͙͙ͦͤ͊ͦͣͭͫ͘Ύ ͘ ͔ͪͯ͘͡Έ͙ͭ͊ͭ͊ͣ ͍͙͎ͦͤ͊ͤͦͦ͟ ͍͊͒͊ͤͤ͘Ύ ͭ͊ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ 
ͤ͜ͺͦͪͣ͊ͼ͜Ό ΅ͦ͒ͦ ͙͔ͪͭͪ͟͜Ό ͻ͜-͍͊͒ͪ͊ͭ͟Φ 

˭͍͊͒͊ͤͤΎ ͋ͯͦ͡ ͎ͦͦͦ͡΄͔ͤͦ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͯͫ͜ͻ ͎͍͙͊ͤͦͣͦͤ͡ͻ ͎ͪͯͨ ͍ͯ͊͜͟͡͡Έ͎ͤͦͦ ͺ͊ͯ͟͡Έ͔ͭͭͯ ό͚͔ͣ͊͗ 2рл ͔͍ͫͭͯ͒ͤͭ͜ύ ͍ 
ͤ͟͜ͼ͜ ͍͗ͦͭͤΎ нлму ͪͦͯ͟Φ ˽͍͙ͪͦͨͦͤͯ͊͡ ͍͙͙ͦͤ͊ͭ͟ ͚͎ͦͦ ͒ͦ ͨͦ;͊ͭͯ͟ ͡Ό͎ͭͦͦ нлмф ͪͦͯ͟ ό͒ͦ ͨͦ;͊ͭͯ͟ ͎ͤ͊ͫͭͯͨͤͦͦ ͔͔ͫͣͫͭͪͯύΣ ͔͊͡ 
͔ͤ ͔͍͙ͦ͋ͣ͗ͯ͊͡ ͼ͙ͣ ͔ͭͪͣͤͦͣ͜Σ ͦͫ͟͜͡Έ͙͟ ͙ͣ ͙͙ͨͪͨͯͫ͊͟͡Σ ΅ͦ ͍͙ͦͤ͊ͤͤ͟Ύ ͔ͣͦ͗ ͚͊ͤ͘Ύ͙ͭ ͙͍͙͚ͭͪ͊͡ ;͊ͫΦ ˹͎͊͊͒͊ΊͣͦΣ ΅ͦ ͍ 
͎͍͙͊ͤͦͣͦͤ͡ͻ ͔͔͒͗ͪ͊͡ͻ ͨͦ΄͙͔͙ͪͤͣ Ί ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͎͊͊͘͡Έͤͦ͝ ͺ͙ͦͪͣͯ͡ ͒͡Ύ ͦ͋;͙͔ͫͤͤ͡Ύ ͔͙ͣͨͪ͜;͎ͤͦͦ ͤ͊͘;͔ͤͤΎ ͻ͜-
͍͊͒ͪ͊ͭ͟Σ ͜ ͚͙ͤ͊ͭ͘ ͎͍ͦͭͦͯ ͍͍͒ͨͦ͒͜͜Έ ͤ͊ ͤ͊΄͔ ͍͊͒͊ͤͤ͘Ύ ς ͔ͤ ͭ͊͟ ͔͎ͦ͟͡Φ ˽ͦ΄ͯ͟ ͍͍͒ͨͦ͒͜͜͜ ͯ ͙ͤ͗͊͟͟ͻ ͭ͊ ͫͭ͊ͭͭΎͻ ͒͡Ύ 
͍͙ͯͪ͊ͤͦͣͦͤ͟͝ͻ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͭ͗ ͔ͤ Ί ͙ͨͪͦͫͭͣ ͜ ͔ͨͦͭͪ͋ͯΊ ͦͨͪ͊ͼΌ͍͊ͤͤΎ ͤ͊͘;ͤͦ͝ ͟͜͡Έͦͫͭ͟͜ ͍͙͒ͪͯͦ͊ͤ͟ͻ ͨͪ͊ͼΈΦ 

˾͔ͯ͘͡Έͭ͊ͭͦͣ ͍͙ͦͤ͊ͤͤ͟Ύ ͍͊͒͊ͤͤ͘Ύ ͍͍͊͗͊ͦͫ͡Ύ ͍͔͊ͫͤ͡ ͔͙ͣ͊ͭͣ͊ͭ;͔ͤ ͍͔͔͒ͦ͒ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ ͊͋ͦ ͍͔͔͒ͦ͒ͤͤΎΣ ͚͔͔ͤ͊͒ͤ͘ 
͍ ͔͙ͭͪ͊ͭͯͪͤ͜͡ͻ ͔͔͒͗ͪ͊͡ͻΣ ͘ ͙ͨͦͫ͊ͤͤ͡Ύͣ ͤ͊ ͔͔͒͗ͪͦ͡Φ ˽͔͍͔ͪ͒ͫͭ͊ͤͤ͡Ύ ͔ͪͯ͘͡Έͭ͊ͭͯ ͯ ͍͙͎͡Ύ͒͜ ͍͎͊ͫͤͦͦ͡ ͍͔͔͒ͦ͒ͤͤΎ 
ͦͪ͜Ί͍͔ͤͭͦ͊ͤ ͤ͊ ͔͍ͫͭͯ͒ͤͭ͜ ͘ ͙ͫ͡ΈͤͦΌ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦΌ ͎͍ͨ͒ͦͭͦͦ͜͟ΌΦ ˽ͦ΄ͯ͟ ͍͔͔͒ͦ͒ͤͤΎ ͍ ͔͙ͭͪ͊ͭͯͪͤ͜͡ͻ ͔͔͒͗ͪ͊͡ͻ ͋͘͜͡Έ΄ͯΊ 
ͦͦ͟͡ ͔͍ͫͭͯ͒ͤͭ͜Σ Ύ͟͜ ͋͊͗͊ΌͭΈ ͍͙͙ͦͤ͊ͭ͟ ͍͊͒͊ͤͤ͘Ύ ͜ ͒͊ͭͤ͘͜ ͼ͔ ͙͙ͪͦ͋ͭ͘Φ ˿͔ͭͯ͒ͤͭ͊ͣ ͋ͯͦ͡ ͍͔͒ͦͦͤͦ͘͡ ͨͪ͊ͼΌ͍͙͊ͭ ͍ ͨ͊ͪ͊ͻΦ 

˹͊ ͒ͦ͒͊;ͯ ͒ͦ ͎͙͊͒͊ͤ͘ͻ ͍ͯͣͦ ͋ͯͦ͡ ͍͙͙ͦͪͫͭ͊ͤͦ͟ ͔͔͔ͣͤͭ͡ ͎ͣ͊͊ͤͤ͘ΎΣ Ύ͙͚͟Σ ͤ͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͍ͣ͊ ͔ͣͤ͘΄͙͙ͭ ͙͍ͭͪ͊ͫͭ͜͡Έ 
͍͙ͦͤ͊ͤͤ͟Ύ ͍͊͒͊ͤͤ͘Ύ ͭ͊ ͔͙͙ͦ͋ͣ͗ͭ ͟͜͡Έͫͭ͟͜Έ ͍͍ͨͦͭͦͪ͜ ͯ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡ͻ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͍͍͒ͨͦ͒͜͜ΎͻΦ ˭͍͊͒͊ͤͤΎ ͊ͪ͊͘ͻ͍͍ͦͯ͊ͦͫ͡Έ 
ͭͦͣͯ ͍͙͍ͦͤ͊͟ͼΌΣ Ύ͙͚͟ ͔͍͙͍ͨͪ͒ͫͭ͊ ͔͍͙͚ͨͤ ͔ͣͭͦ͒ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͔ͨͪ΄͙ͣΦ ̒͟΅ͦ ͤ͜΄͙͚ ͍͙͍͔ͦͤ͊͟ͼΈ ͍͍ͤ͊͒͊͊ ͔ͭ͊͟ ͔ͫ͊ͣ 
͍ͪͦ͘ΩΎ͊ͤͤ͘ΎΣ ͭͦ ͍͊͒͊ͤͤ͘Ύ ͚ͦͣͯ ͔ͤ ͊ͪ͊͘ͻ͍͍ͦͯ͊ͦͫ͡ΈΦ ͙́͊ͣ͟ ;͙ͤͦͣΣ ͍ͪͦ͘ΩΎ͍͘͟͜ ͍͊͒͊ͤͤ͘Ύ ͎ͣͦͦ͡ ͙͋ͯͭ ͔͒͟͜͡Έ͊͟Σ ͔͊͡ ͍͙ͦͤ ͙ͣ͊͡ 
͙͋ͯͭ ͪͤ͘͜͜Φ ͙͚́͊͟ ͨ͒͜ͻ͒͜ ͭ͊ͦ͗͟ ͘ ͔ͣͤ΄͙͍ ͚͍ͣͦͪͤͫͭ͜͜Έ ͔͔ͨͪ͒͊;͜ ͍͍͔͚͒ͨͦ͒͜͜ ͍͒͜ ͙ͦ͒ͤͻ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͤ͜΄͙ͻΦ 

˹͔͍͙ͫͨͦ͒͊ͤͣ͜ ͒͡Ύ ͤ͊ͫ ͍͙Ύ͍͙͍ͫΎ ͺ͙͊ͭ͟;͙͚ͤ ;͊ͫ ͍͙ͦͤ͊ͤͤ͟Ύ ͍͊͒͊ͤͤ͘ΎΦ ˤ͊ͫͤ͜͡ ͍͔͔͒ͦ͒ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ ͙͋ͯ͡ 
͔͍͔ͨͪ͒ͫͭ͊ͤ͜͡ ͨͪͦͭΎ͎ͦͣ ͍͒ͦͻ ͙͍ͭ͗ͤ͜Σ ͭͦ͋ͭͦ ͎ͤ͊͋͊͊ͭͦ ͪ͊ͤ͜΄͔Σ ͤ͗͜ ͙ͣ ͦ;͍͙ͯ͊͜͟͡Φ ͔͚̇ ͺ͊ͭ͟ ͍͔͙͍ͨ͒ͭͪ͒͜ ͔ͭΣ ΅ͦ Ί ͔͙ͫͭͯ͒ͤͭΣ Ύ͟͜ 
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ͣ͊ΌͭΈ ͙ͫ͡Έͤͯ ͔͙ͣ͊ͭͣ͊ͭ;ͤͯ ͎͍ͨ͒ͦͭͦͯ͜͟ ͚ ͊͘ͼ͍͔͊ͤ͜͟͜͡ ͍ ͍͙ͪͤͦͨ͊ͤͦ͘͜͡ͻ ͍͊͒͊ͤͤ͘ΎͻΦ ˨͍͔͔ͦ͒ͤͤΎ ͺͦͪͣͯ͡Σ Ύ͔͟ ͤ͊Ύ͍͔ͤ ͍ 
͔͙ͭͪ͊ͭͯͪͤ͜͡ͻ ͔͔͒͗ͪ͊͡ͻΣ ͔ͤ ͋ͯͦ͡ ͔͍͔ͨͪ͒ͫͭ͊ͤͦ͡Φ 

˽͍͔ͦͪͭ͊Ό;͙ͫΈ ͒ͦ ͍͔͔͒ͦ͒ͤΈ ͔͍ͫͭͯ͒ͤͭ͜Σ ͍͔͔ͪͤͣͦ͘ ͍͎ͯ͊ͯΣ ΅ͦΣ ͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͙ͦ͒ͤ ͘͜ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡ͻ ͍ͫͨͦͫͦ͋͜ 

͍͔͔͒ͦ͒ͤͤΎΣ ͣͦ͗ͤ͊ ͍ ͙͍͙͙ͦ͒ͭ ͺ͙ͦͪͣͯ͡ Ⱶ  ;͔͔ͪ͘ ▪ ͭ  ͊╞░ȟ▒ ͒ ͡Ύ ͭͪΈͦͻ ͜ ͋͜͡Έ΄͔ ͍͙͋ͪͦ͜͟Φ ˹͙͊ͨͪ͊͒͟͡Σ ͙ͦ͟͡ n=3Σ ͣ͊ΊͣͦΥ 

… В ȟ ȟ ȟ ȟ ȟ ȟ ȟ ȟ ȟ

ȟ ȟ ȟ
 ͊ ͋ͦ 

… В ȟ ȟ ȟ ȟ ȟ ȟ

ȟ ȟ ȟ
 . 

˻͒ͤ͊͟ ͍͊ͪͭͦ ͊ͤ͊͘͘;͙͙ͭΣ ΅ͦΣ ͨͦ-͔ͨͪ΄͔Σ ͺ͙ͦͪͣͯ͡ ͫͭ͊ΌͭΈ ͎͙͙ͪͦͣ͒ͣ͘͜͟Σ ͨͦ-͎͔͒ͪͯΣ ͍ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͻ ͍͙͊͘͘;͚͊ 
͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ ͍͒͜ ͍͙͙͋ͪ͜͟ ό͙ͤ͊ͨͪ͊͒͟͡Σ ͦͤͭͪͦ͟͡Έͤ͊ ͭ͊ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͊ ͎͙ͪͯͨύΦ 

 
ˤˮ˿˹˻ˤ˴ˮ ́ˢ ˽˩˾˿˽˩˴́ˮˤˮ ˽˻˨ˢ˶̎̊ˮ̆ ˨˻˿˶˱˨ˬ˩˹̎ 

˽͍͔͔ͪͦ͒ͤ͊ ͚ͫ͊ͣͦͫͭͤ͊͜ ͪͦ͋ͦͭ͊ ͔͍ͫͭͯ͒ͤͭ͜-͔͙͍ͣ͒͟͜ ͨͦ͊ͯ͘͟ΊΣ ΅ͦ ͔͔ͫͪ͒ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͊ͪ͜͟͜͡ Ί ͔͍͙͙ͨͪ͒ͫͭ͊ͤ͟Σ ͎͍ͦͭͦ͜ ͚ 
͒͊ͭͤ͘͜ ͍͙͍͙ͦͤͯ͊ͭ͟ ͍͊͒͊ͤͤ͘Ύ ͍͙ͫͦͦ͟͝ ͫ͊͒ͤͦͫͭ͟͜͡Σ ͔ͦͪͣ͊͘͟Σ ͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͻ͔͊ͪ͊ͭͪͯ͟Φ ˴ͪͣ͜ ͎ͭͦͦΣ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͊ͤ͊ͯ͘͜͡ 
͔͙ͭͪ͊ͭͯͪͤ͜͡ͻ ͔͔͒͗ͪ͡ ͒͡Ύ ͍͙ͪ͜΄͔ͤͤΎ ͍͔ͨͦͫͭ͊ͤͦ͡͝ ͔͙ͨͪͦ͋ͣ͡ ͔ͣͦ͗ ͋͘͜͡Έ΄͙͙ͭ ͟͜͡Έͫͭ͟͜Έ ͔͍ͫͭͯ͒ͤͭ͜Σ ͦͻͦ;͙ͻ ͍͙͍͙ͦͤͯ͊ͭ͟ 
͍͊͒͊͘ ͤͤΎΣ ͤ͊͒͊Ό;͙ ͙͍ͣͦ͗ͫͭ͜͡Έ ͙ͭͣΣ ͻͭͦ ͣ͊Ί ͫ͊͋͡΄ͯ ͔͙ͣ͊ͭͣ͊ͭ;ͤͯ ͎͍ͨ͒ͦͭͦͯ͜͟Φ ˽͔͍͔ͪ͒ͫͭ͊ͤ͜͡ ͍͊͒͊ͤͤ͘Ύ ͭ͊ ͍͔͔͒ͦ͒ͤͤΎ ͒͊ΌͭΈ 
͎ͣͦͯ͘ ͎͙͋͡΄͔ ͙ͪͦ͋ͪ͊ͭͫ͘͜Ύ ͘ ͍͙͙͋ͪ͊ͤͣ ͙͙ͫͭ͊ͭͫͭ;͙ͤͣ ͔ͣͭͦ͒ͦͣ ͭ͊ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͙ͦͭͪͣ͊ͤ͜ ͤ͊ͤͤ͘Ύ ͤ͊ ͙ͨͪ͊ͭ͟ͼ͜Φ 

˸͙ ͙ͨͪ͊ͭͯ͟͟Ίͣͦ ͪͤ͘͜͜ ͍͙͙͒ ͍͊͒͊ͤ͘Έ ͒͡Ύ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜Φ ˭͍͊͒͊ͤͤΎ ͎ͨͦ͒͋ͤͦͦ͜ ͙ͭͨͯΣ 
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S. Pudova, G. Solasa, S. Metwally 
National Pirogov Memorial Medical University, Vinnytsa, Ukraine 

Abstract. 
Formulation of the problem. According to the curriculum, future doctors begin to learn the elements of statistics from the first courses of study. 

In particular, they study biostatistics methods in medical informatics classes in the second year of study. At the same time, most 
applicants to higher medical institutions in Ukraine have low physical and mathematical training. Are modern medical students 
capable of performing complex mathematical problems and are they interested in such tasks? 

Materials and methods. In the process of the pedagogical study, the literature on pedagogy and statistics was analyzed. Processed theoretical 
information from statistics on the chi-square test was used to create a problematic task for individual independent work of 
students in medical informatics. MS Excel was additionally used to create demo materials for calculating the empirical value of the 
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chi-square coefficient. At the final stage, the completed tasks were checked and the pedagogical situation regarding the work done 
was analyzed. 

Results. English-speaking second year medical students of the Faculty of Medicine have completed their task much faster than we had assumed. 
During the task performance, students demonstrated a fairly high level of mathematical knowledge, skills and interest in the task. 
Future medical doctors presented two different proofs of the equality of the two formulas (written in the task) for calculation 
empirical value of the chi-square coefficient. Using student proof ways, it is possible to derive the formula for calculating the 
empirical value of the chi-square coefficient for three samples, which is also presented in this article. 

Conclusions. On the one hand, individual independent work of medical students demonstrated the willingness of future doctors to solve 
problems that are not standard for their profile and have an immersion in the mathematics. On the other hand, the content of the 
task and the mathematical proofs of the students make it possible to understand more deeply the chosen statistical method and to 
use the acquired knowledge in practice. 

Key words: individual independent work of students, medical informatics, future doctors, chi-ǎǉǳŀǊŜ ǘŜǎǘ όtŜŀǊǎƻƴΩǎ ŎƘƛ-squared test), chi-square 
statistic formula. 
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˻͙͒ͤͣ ͘͜ ΄͡Ύͻ͍͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͍ͣͤ͜Έ ͍͙͙͒ͦͦ͒ͭ ͔͔͙ͭͦͪͣ Ί ͍͙͔͒ͤͤ͜͡Ύ ͎ͯ͊͊͘͡ΈͤΌΌ;͙ͻ 
ͯͣͤ͜Έ ͦͨͪ͊ͼΌ͍͊ͤͤΎ ͣͫͭͯ͘͜ ͭ͊ ͍͔͔͒ͦ͒ͤͤΎ ͔͔ͭͦͪͣ ΄͟͜͡Έ͎ͤͦͦ ͯͪͫͯ͟ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͭ͊ ͍͙ͦͤ͊ͤͤ͟Ύ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͍ͨͤ͊͊͘͜͡Έ͙ͤͻ 
͍͊͒͊ͤ͘ΈΣ ͫͨͪΎ͍͙ͣͦ͊ͤͻ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͯͣͤ͜Έ. 

 

˴˶̑̉˻ˤ˱ ˿˶˻ˤˢΥ ͍͔͔͒ͦ͒ͤͤΎ ͔͔ͭͦͪͣΣ ͚ͣ͊͋ͯͭͤ͜ ͍;͙͔ͭ͜͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ ͎ͯ͊͊͘͡ΈͤΌΌ;͜ ͍ͣͤͤ͜ΎΣ ͍ͨͤ͊͊͘͜͡Έͤ͜ ͍͊͒͊ͤͤ͘Ύ. 
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ˤ˿́̂˽ 
˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˻͍͙͙ͫͤͦͤͣ ͍͙͙͒͊ͣ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎ ͔͙͙ͣ͊ͭͣ͊ͭ͟ Ί ͍͊ͫͦ͘ΊͤͤΎ 

͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͨͦͤΎͭΈΣ ͍͔͔͒ͦ͒ͤͤΎ ͔͔ͭͦͪͣ ͭ͊ ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘Ύ ͊͒͊͘;Φ ˽͙ͪ ͍͙͍;͔ͤͤ͜ ͔͔ͭͦͪͣ ͭ͊ ͝ͻ ͍͔͔͒ͦ͒ͤΈ ͍͙͍ͪͦ͊͘ΊͭΈͫΎ 
͎ͦ͜͡;͔ͤ ͙͔ͣͫͤͤ͡ΎΣ ͺͦͪͣͯΌͭΈͫΎ ͔͍͙͙ͪͫͭ;ͤ͜ ͙͚͙ͨͪͦͣ ͍ͪͦͯͣͦͦ͘͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͙͙͍ͨͦͭͤ͘͜ Ύͦͫͭ͟͜ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͔ͦͪͣ͊͘͟ 
͍ͦ͋͐ͪͯͤͭͦ͊ͤͫͭ͜Έ ͔ͫͯ͒͗ͤΈ ͭ͊ ͙͙ͪͭ͟;͔ͤ ͙͔ͣͫͤͤ͡ΎΦ ˴͚ͦ͗ͤ͜ ͡Ό͙͒ͤ͜ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͙ͣͭ͜ ͍͙ͣͪͯ͊ͭ͜͟Σ ͍͙͊ͤ͊ͯ͊ͭ͘͜͡Σ ͍͙͙͒ͦͦ͒ͭ ͭ͜ ;͙ 
ͤ͜΄͜ ͍͔͔ͭͪ͒͗ͤͤΎΦ ˨͔͊ͦ͟͡ ͔ͤ ͍ͫ͜ ͍͙͙͙ͨͯͫͤ͟͟ ΄͙ͦ͟͡ ͭ͊ ͍͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͯ ͍ͫͦΊͣͯ ͙͗ͭͭ͜ ͋ͯ͒ͯͭΈ ͙ͣ͊ͭ ͍ͫͨͪ͊ͯ ͘ 
͔͙ͣ͊ͭͣ͊ͭ;͙͙ͤͣ ͍͔͔͒ͦ͒ͤͤΎ͙ͣΣ ͘ ͍͔͔͒ͦ͒ͤͤΎ͙ͣ ͤ͊ ͍ͦͫͤͦ͜ ͺͦͪͣ͊͡Έͤͦ͝ ͎͙ͦ͜͟͡Φ ˾͊ͦͣ͘ ͘ ͙ͭͣΣ ͦ͗ͤͦͣͯ͟ ͨͦͭͪ͋ͤͦ͜ ͍͙ͣͭ͜ 
͍͒ͫͭͦ͜Ό͍͙͊ͭ ͍ͫͦΌ ͙ͨͦ͘ͼ͜ΌΣ ͍͙͙͒ͦͦ͒ͭ ͍͙ͨͪ͊͡Έͤͫͭ͜Έ ͍ͫͦΊ͝ ͙͒ͯͣ͟Σ ͍͍͙ͦ͋͐ͪͯͤͭͦͯ͊ͭ ͔͍ͨͤ͜ ͍͙͍͙ͫͤͦ͟ ͭͦ΅ͦΦ ̇͜ ͍ͣͤͤ͜Ύ 
͍͙͍ͪͦ͊͘ΌͭΈͫΎ ͔ͫ͊ͣ ͯ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ ͔ͦͪͣ͊͘͟ ͙ͨͪ ͍͔͔͒ͦ͒ͤͤ͜ ͔͔ͭͦͪͣΦ ˨͍͔͔ͦ͒ͤͤΎ ͔͔ͭͦͪͣ Ί ͙ͦ͒ͤͣ ͘ ͍͙ͦͫͤͦͤͻ 
͍͙͍͒͜ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ ͨͪͦͼ͔ͫ͜ ͍͊ͫͦ͘ΊͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͤ͘ΈΦ ˸͚͚͊͋ͯͭͤ͜ ͯ;͙͔ͭ͡Έ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͣ͊Ί 
͙͋ͯͭ ͎͍͙ͦͭͦͣ ͒ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͯ;͍ͤ͜ ͯͣͤ͜Έ ͍͙͙͒ͦͦ͒ͭ ͔͔͙ͭͦͪͣΦ ˾͊ͦͣ͘ ͘ ͙ͭͣΣ ͍͒ͦͫ͒͜ ͍͙͊͒͊͟͡ͼΈͦ͟͝ ͙ͪͦ͋ͦͭ ͭ͊ ͔ͪͯ͘͡Έ͙ͭ͊ͭ 
͔͍͊ͤͭͯ͊ͤͤ͟Ύ ͍͒ͦͦ͘͡ΎΌͭΈ ͙͙ͪͦ͋ͭ͘ ͍͙͍ͫͤͦͦ͟ ͨͪͦ ͔ͭΣ ΅ͦ ͍͔ͪͤ͜Έ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͍ͣͤ͜Έ ͍͙͙͒ͦͦ͒ͭ ͔͔͙ͭͦͪͣ ͯ ͔͍ͫͭͯ͒ͤͭ͜ 
͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍͔͙͔͍ͯͤͪͫͭͭ͜͜ Ί ͤ ͔͒ͦͫͭ͊ͭͤͣ͜ ͒͡Ύ ͝ͻ ͚ͣ͊͋ͯͭͤΈͦ͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˽͔ͪͦ͋ͣͯ͡ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͍͙͍;͊ΌͭΈ ͔͎͎͙ͨ͒͊ͦΣ 
͙ͨͫͻ͎͙ͦͦ͡ ͭ͊ ͔͙͙ͣͭͦ͒ͫͭΦ ˹͚͊͋͜͡Έ΄ ͍͎͙͙͊ͦͣͣ Ί ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍͙ͤ͊ͯͦ͟ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͔͙͍ͣ͊ͭͣ͊ͭ͟͜-͔͙͍ͣͭͦ͒ͫͭ͜ ˱Φ s ͔ͯ͟͡ ͤͦ͟ 
όнлмоύΣ ˹Φ s ͍ͣͣͦͫͦͦ͝ όмфффύΣ ˻Φ ˨ ͔ͯ͋͊ͫͤΌ͟ όнллоύΣ ˸Φ ˬ ͊͒͊͊͟͡ όмфуфύΣ ˻Φ ˸ ͊ͭΎ΄ όнлмоύΣ ˥Φ ˸ ͙ͻ͊ͤ͊͜͡ όнлмпύΣ ˤΦ ˸ ͦͭͦͪͤͦ͜͝ 
όнллрύΣ ˻Φ ˿ ͊͟ͺ͙ όнллпύΣ ˻Φ ˿ ͍͍ͨ͊ͦͫ͜͟Έ͎ͦͦ͟ όнллоύΣ ̑Φ ́ ͙ͪͯͫ͊ όнллрύ ͭ͊ ͤ͜΄͙ͻΦ ˤ ͙͔ͫͫͭͣ͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔ͭ͡Ύ 
͔͙͙ͣ͊ͭͣ͊ͭ͟ ͍͙͔ͦͪͣ͟͡ΌΌͭΈ ͙ͭͪ ͍ͫ͊͒ͦ͟͜͡Υ ͍ͣͫͭͦͯ͘͜ ό͍ͦͦͦ͒ͤͤ͜͡Ύ ͔ͫͨͼ͊͜͡Έ͙͙ͤͣ ͔͙ͣ͊ͭͣ͊ͭ;͙͙ͤͣ ͤ͊ͤͤ͘Ύ͙ͣΣ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͔͔ͦͣͨͭͤ͟ͼ͜͝ύΤ ͔ͭͻ͎ͤͦͦ͜͡;ͤͯ ό͍ͦͦͦ͒ͤͤ͜͡Ύ ͤ͊ͤͤ͘Ύ͙ͣ ͘ ͔͙͙ͣͭͦ͒͟ ͍ͤ͊;͊ͤͤΎ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͣͤ͜Έ 
͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͼ͜ ͤ͊ͤͤ͘Ύ ͤ͊ ͙ͨͪ͊ͭ͟ͼ͜ύΤ ͙ͦͫͦ͋ͫͭͫͤͯ͜ όͤ͊Ύ͍ͤͫͭ͜Έ ͙͙ͦͫͦ͋ͫͭͫͤ͜ͻ Ύ͔͚ͦͫͭ͟Σ Ύ͟͜ Ί ͔ͤͦ͋ͻ͙͙͒ͤͣ͜ ͒͡Ύ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ 
͍;͙͔ͭ͡ΎύΦ ˽͔͔ͪ͒ͣͭͦͣ ͤ͊΄͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ Ί ͔ͭͻ͎ͤͦͦ͜͡;ͤ͊ ͍ͫ͊͒ͦ͊͟͡ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ 
͔͙͙ͣ͊ͭͣ͊ͭ͟Σ ͊ ͔ͫ͊ͣ ͍ͣͤͤ͜Ύ ͍͙͙͒ͦͦ͒ͭ ͔͔͙ͭͦͪͣ ͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͯͣͤ͜Έ ͯ ;͍ͤ͜ ͯ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎ ͝ͻ ͎͔͔ͦͣͭͪ͜͝Φ 

˨͍ͦͫ͒͜ ͍͙͊͒͊ͤͤ͟͡Ύ ͯͪͫͯ͟ ζ˸͔͙ͭͦ͒͊͟ ͍ͤ͊;͊ͤͤΎ ͔͙͙ͣ͊ͭͣ͊ͭ͟η ͔ͫͭͯ͒ͤͭ͊ͣ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͍͒ͦͦ͘͡ΎΊ 
͙͙ͪͦ͋ͭ͘ ͍͙͍ͫͤͦͦ͟ ͨͪͦ ͔ͭΣ ΅ͦ ͼ͔͚ ͍͙͒ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙͙͊͟͟͡Ί ͤ͊͘;ͤ͜ ͔ͯͭͪͯ͒ͤͤͤΎΦ ˭ ͔ͣͭͦΌ ͘ΩΎ͍ͫͯ͊ͤͤΎ ͙ͨͪ;͙ͤ ͭ͊ͦ͟͝ ͙ͫͭͯ͊ͼ͜͝ ͭ͊ 
ͨͦ΄ͯͯ͟ ΄͡Ύͻ͍͜ ͝͝ ͍͙ͪ͜΄͔ͤͤΎ ͙ͤ͊ͣ ͤ͊ ͋͊͘͜ ˿ͯͣͫΈ͎ͦͦ͟ ͔͍͎͒ͪ͗͊ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ ˢΦ˿Φ ˸ ͔͊͊ͪͤ͊͟͟ ͋ͯͦ͡ 
͍͔͔ͨͪͦ͒ͤͦ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͔ͤ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ ˿͔ͭͯ͒ͤͭ͊ͣ ͔ͨͪ΄͎ͦͦ ͭ͊ ͎͎͒ͪͯͦͦ ͍ͯͪͫ͟͜ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͺ͊ͯ͟͡Έ͔ͭͭͯ 
͋ͯͦ͡ ͍͊ͨͪͦͨͦͤͦ͊ͤͦ͘ ΄ͫͭ͜Έ ͍͊͒͊ͤ͘Έ ͎ͪͤͦͦ͘͜ ͙ͭͨͯΣ Ύ͟͜Σ ͤ͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͍͒ͦͦ͘͡ΎΌͭΈ ͔͍ͨͤͦΌ ͣͪͦ͜Ό ͍͙ͤ͊͘;͙͙ͭ ͫͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ 
ͯͣͤ͜Έ ͍͙͙͒ͦͦ͒ͭ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͜ ͍͔͔ͭͪ͒͗ͤͤΎΦ ˢ ͔ͫ͊ͣΥ  

1.  ˨ ͚͔͊ͭ ͍͍͒ͨͦ͒͜͜Έ ͤ͊ ͙ͨͭ͊ͤͤΎΥ 
1.1. ̋ ͦ ͔ͭ͊͟ ͊ͫͦͣ͊͟͜Κ 
1.2. ̋ ͦ ͔ͭ͊͟ ͔͔ͭͦͪͣ͊Κ 

2.  ˿ ͺͦͪͣͯ͡Ό͚͔ͭ ͔͔ͭͦͪͣͯ ͨͪͦ ͍͔͙ͪͭ͊͟͡Έͤ͜ ͙ͯͭ͟ όζˤ͔͙ͪͭ͊͟͡Έͤ͜ ͙ͯͭ͟ ͍ͪͤ͜͜ηύ ͯ ͺͦͪͣ͜ ζ̒͟΅ͦΧΣ ͭͦΧ ηΦ 
3.  ˿ ͺͦͪͣͯ͡Ό͚͔ͭ ͍͔͔ͭͪ͒͗ͤͤΎΣ ͔͔͔ͦ͋ͪͤͤ ͒ͦ ͔͔͙ͭͦͪͣ ͨͪͦ ͍͔͙ͪͭ͊͟͡Έͤ͜ ͙ͯͭ͟Φ ˻͚͔͋͐ͪͯͤͭͯͭ ͚͎ͦͦ ͙ͫͭͤͤͫͭ͜͜Έ ͊͋ͦ 

ͻ͙͋ͤͫͭ͜ΈΦ 
4.  ˿ ͺͦͪͣͯ͡Ό͚͔ͭ ͍͔͔ͭͪ͒͗ͤͤΎΣ ͙͔͔ͨͪͦͭ͗ͤ͡ ͔͔ͭͦͪͣ͜ ͨͪͦ ͍͔͙ͪͭ͊͟͡Έͤ͜ ͙ͯͭ͟Φ ˻͚͔͋͐ͪͯͤͭͯͭ ͚͎ͦͦ ͙ͫͭͤͤͫͭ͜͜Έ ͊͋ͦ 

ͻ͙͋ͤͫͭ͜ΈΦ 
5.  ʕ ͒ͦͣͦ͜Σ ΅ͦ ͙͚ͦ͗ͤ͟ ͍͊͒ͪ͊ͭ͟ Ί ͨͪΎ͙ͣͦͯͭͤ͟͟ ͜ ͯ ͦ͗ͤͦͣͯ͟ ͨͪΎ͙ͣͦͯͭͤͯ͟͟ ͎͒͊ͦͤ͊͜͜͡ ͍ͪͤ͜͜Φ ͙͚̒͟ ͍͙͍ͫͤͦͦ͟ ͣͦ͗ͤ͊ 

͙͙ͪͦ͋ͭ͘Κ 
6.  ʕ ͒ͦͣͦ͜Σ ΅ͦ ;͔͔ͪ͘ ͭͦ;ͯ͟Σ Ύ͊͟ ͔͙͗ͭ͡Έ ͨͦ͊͘ ͨͪΎͣͦΌΣ ͣͦ͗ͤ͊ ͍͔͙ͨͪͦͫͭ ͔ͤ ͋͜͡Έ΄ Ύ͟ ͦ͒ͤͯ ͨͪΎͣͯ ͔ͨ͊ͪ͊͡͡Έͤͯ ͚͒͊ͤ͜ 

ό͊ͫͦͣ͊͟͜ ͔ͨ͊ͪ͊͡͡Έ͙ͤͻύΦ ˸͔ͭͦ͒ͦͣ ͍͒͜ ͙͍͎ͫͯͨͪͦͭͤͦͦ ͍͔͒ͦ͒ͭ͜Έ ͍͔͔ͭͪ͒͗ͤͤΎ ͨͪͦ ͔ͭΣ ΅ͦ ͙ͦ͟͡ ͨͪΎͣ͊ ͔͔͙ͨͪͭͤ͊Ί ͦ͒ͤͯ ͘ ͍͒ͦͻ 
͔ͨ͊ͪ͊͡͡Έ͙ͤͻ ͨͪΎ͙ͣͻΣ ͭͦ ͍ͦͤ͊ ͔͔͙ͨͪͭͤ͊Ί ͜ ͎͒ͪͯͯ ͨͪΎͣͯΦ 

ˤ ͙͍ͦͨͭͯ͊ͤͤ͜ ͙͋ͪ͊͡ ͯ;͊ͫͭΈ ут ͔͍ͫͭͯ͒ͤͭ͜ ͪ ͙ͤ͘͜ͻ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭΦ ˾͔ͯ͘͡Έ͙ͭ͊ͭ ͙͍ͦͨͭͯ͊ͤͤΎ ͍͔͔ͤ͊͒ͤ͜ ͍ ͙ͭ͊͋͡ͼ͜ мΦ 
͙́͊͋͡ͼΎ м 

˾͔ͯ͘͡Έ͙ͭ͊ͭ ͙͍ͦͨͭͯ͊ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ 

Ѕ ͍͊͒͊ͤͤ͘Ύ 
˾͔ͯ͘͡Έ͙ͭ͊ͭ ͍͔͔ͤ͊͒ͤ͜ ͍ ҈Φ 

ˤ͍͒ͨͦ͒͜͜Έ ͍͙ͨͪ͊͡Έͤ͊Σ 
͍ͨͦͤ͊ 

ˤ͍͒ͨͦ͒͜͜Έ ͍͙ͨͪ͊͡Έͤ͊Σ 
͔͍ͤͨͦͤ͊ 

ˤ͍͒ͨͦ͒͜͜Έ 
͔͍͙ͤͨͪ͊͡Έͤ͊ 

ˤ͍͒ͨͦ͒͜͜Έ ͍͒ͫͯͭͤ͜Ύ 

1 
1.1. 74,7 8 2,3 15 

1.2. 73,6 4,5 1,2 20,7 

2 25,3 26,4 16 32,3 

3 23 20,7 6,9 49,4 

4 13,8 11,5 9,2 65,5 

5 62 2,3 5,8 29,9 

6 13,8 25,3 12,6 48,3 

 
˭͊ ͔ͪͯ͘͡Έ͙ͭ͊ͭ͊ͣ ͍͔͔͎ͨͪͦ͒ͤͦͦ ͙͍ͦͨͭͯ͊ͤͤΎ ͣͦ͗ͤ͊ ͙͙ͪͦ͋ͭ͘ ͤ͊ͫͭͯͨͤ͜ ͍͙͍͙ͫͤͦ͟Φ ˿͔͙ͭͯ͒ͤͭ ͚ͤ͊ͦͣ͘͜ ͘ ͨͦͤΎͭͭΎ͙ͣ 

͊ͫͦͣ͊͟͜Σ ͔͔ͭͦͪͣ͊Σ ͔͊͡ ͙ͨͪ ͼΈͦͣͯ ͣ͊ΌͭΈ ͔͚ͤ͒ͦͫͭ͊ͭͤ͜ ͍͔ͪͤ͜Έ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͍ͣͤͤ͜Ύ ͍͙͙͒ͦͦ͒ͭ ͍͔͔ͭͪ͒͗ͤͤΎΦ ˸͔ͤ΄͔ ол ҈ 
͔͍ͫͭͯ͒ͤͭ͜ ͍͙ͨͪ͊͡Έͤͦ ͜ ͍ͨͦͤͦ ͍͙͙ͦͤ͊͟͡ н ͜ о ͍͊͒͊ͤͤ͘ΎΣ ͜ ͍ͤ͊ͭ͜Έ ͔ͣͤ΄͔ ͤ͗͜ мр ҈ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙͙ͫͨͪ͊ͫ͡Έ ͘ ͍͙ͦͤ͊ͤͤ͟Ύͣ пΣ рΣ с 
͍͊͒͊ͤ͘ΈΦ ͙́͊ͣ͟ ;͙ͤͦͣΣ ͍͔͔͒ͦ͒ͤͤΎ ͍͔͔ͭͪ͒͗ͤΈ ͒͡Ύ ͋͜͡Έ΄ͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜ Ί ͔ͨͪͦ͋ͣͦ͡ΌΣ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ Ύͦ͟͝ ͔ͨͦͭͪ͋ͯΊ 
͍͒ͦ͒͊ͭͦͦ͟͝ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͦ͝ ͙ͪͦ͋ͦͭ ͍͙͊͒͊͟͡;͊Φ  

˻͒ͤ͜ΊΌ ͘ ͙ͨͪ;͙ͤ ͎ͭ͊ͦͦ͟ ͫͭ͊ͤͯ Ί ͔ͤ͒ͦͫͭ͊ͭͤΎ ΄͟͜͡Έͤ͊ ͎͍ͨ͒ͦͭͦ͊͜͟ ͍͙͙͍ͨͯͫͤ͟͟͜Φ ˽͔ͪͦ͋ͣ͊͡ ͙ͨͦͫ͡ΌΊͭΈͫΎ ͙ͭͣΣ ΅ͦ 
͍ͦͤ͘͜΄ͤΊ ͔͔͔ͤ͊͗ͤ͘͡ ͦͼͤ͜Ό͍͊ͤͤΎ ͤ͊ͤ͘ΈΣ ͒ͦ Ύ͎ͦͦ͟ ͎ͦͭͯΌͭΈͫΎ ͯ;ͤ͜Σ ͚͔ͣ͊͗ ͔ͤ ͔͔ͨͪ͒͋͊;͊Ί ͍͙ͦͤ͊ͤͤ͟Ύ ͍͊͒͊ͤ͘ΈΣ ͫͨͪΎ͍͙ͣͦ͊ͤͻ 
ͤ͊ ͔͔͍ͨͪͪͯ͜͟ ͍ͣͤ͜Έ ͯ;͍ͤ͜ ͍͙͙͒ͦͦ͒ͭ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͜ ͍͔͔ͭͪ͒͗ͤͤΎΦ ˤ;͙͔ͭ͡Έ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͔ͣͦ͗ ͫͺ͍͙ͦͪͣͯ͊ͭ ͍ ͯ;͍ͤ͜ ͍ͣͤͤ͜Ύ 
͍͙͙͒ͦͦ͒ͭ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͜ ͍͔͔ͭͪ͒͗ͤͤΎ ͭ͜͡Έ͙͟ ͊͘ ͍͙ͯͣͦ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͯ ͤΈ͎ͦͦ ͎ͫ͊ͣͦͦ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͯͣͤ͜ΈΦ ́ͦͣͯ ͍͍͊͗͊Ίͣͦ ͊͘ 
͔ͤͦ͋ͻ͔͒ͤ͜ ͙ͨͪ͒͜͡Ύ͙ͭ ͔ͫͨͼ͊͜͡Έͤͯ ͍͎ͯ͊ͯ ͼ͚͜ ͔ͨͪͦ͋ͣ͜͡ ͤ͊ ͊ͤ͘ΎͭͭΎͻ ͘ ζ˸͔͙͙ͭͦ͒͟ ͍ͤ͊;͊ͤͤΎ ͔͙͙ͣ͊ͭͣ͊ͭ͟ηΦ 



̅˱˭ˮ˴˻-˸ˢ́˩˸ˢ́ˮ̉˹ˢ ˻˿ˤ˱́ˢ ό̅˸˻ύ    ͍ ͙ͨͯͫ͟ 3(21), 2019 
.  

123 

˸͔ͭ͊ ͫͭ͊ͭͭ͜ ͨͦ͡Ύ͎͊Ί ͯ ͪͦͪͦ͋͘ͼ͜ ΄͡Ύͻ͍͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͍ͣͤ͜Έ ͍͙͙͒ͦͦ͒ͭ ͔͔͙ͭͦͪͣ ͯ 
ͨͪͦͼ͔ͫ͜ ͝ͻ ͺ͊ͻ͍ͦͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ό͍͙͍;͔ͤͤΎ ͍ͯͪͫ͟͜ ͺ͊ͻ͍͎ͦͦͦ ͫͨͪΎ͍ͣͯ͊ͤͤΎύΦ 

 
˸˩́˻˨ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 

̂ ͻͦ͒͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͫͭ͊ͭͭ͜ ͙͋ͯ͡ ͍͙͙ͦͪͫͭ͊ͤ͟͜ ͭ͊͟͜ ͔͙ͣͭͦ͒ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΥ ͍ͨͦͪͤ͜Ύ͡Έ͙͚ͤ ͊ͤ͊͘͜͡ ͔͔͙ͭͦͪͭ;͙ͤͻ ͔ͨͦͦ͗ͤ͡ΈΣ 
͙͙ͪͦͪͭ͘͟ͻ ͯ ͍͚ͤ͊ͯͦ͟͜ ͭ͊ ͍ͤ͊;͊͡Έͤͦ-͔͙ͣͭͦ͒;͚ͤ͜ ͔ͭͪ͊ͭͯͪ͜͜͡Τ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎ ͊͘ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͙ͦͤͣ ͨͪͦͼ͔ͫͦͣ ͎͍͙ͨ͒ͦͭͦ͜͟ 
͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟Τ ͔͍͊ͤͭͯ͊ͤͤ͟Ύ ͭ͊ ͔͙͋ͫ͒͜ ͘͜ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͭ͊ ͍͙͙͙ͨͯͫͤ͊ͣ͟͟ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭ 
͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍͊͊͒͘͟͜͡ ͍͙ͦͫͭ͜Τ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͍͎͊ͫͤͦͦ͡ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͒ͦͫ͒ͯ͜ ͘ ͍͙͊͒͊ͤͤ͟͡Ύ ͯͪͫͯ͟ ζ˸͔͙ͭͦ͒͊͟ ͍ͤ͊;͊ͤͤΎ 
͔͙͙ͣ͊ͭͣ͊ͭ͟ηΦ 

 
˾˩˭̂˶̎́ˢ́ˮ ́ˢ ˻ˣ˥˻ˤ˻˾˩˹˹̒ 

˹͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͙ͦ͒ͤͣ ͘͜ ΄͡Ύͻ͍͜ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͒͊ͤͦ͝ ͔͙ͣͭͦ͒;ͤͦ͝ ͔͙ͨͪͦ͋ͣ͡ Ί ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͣͤ͜Έ ͎ͯ͊͊͘͡ΈͤΌ͍͙͊ͭ 
ͤ͊ͤͤ͘ΎΣ Ύ͔͟ ͙͍͙ͨͪͦ͒ͭΈ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͙ͪͦͪͭͭ͘͟Ύ ͍͎ͤͦͦͦ ͎͊͊͘͡Έ͎ͤͦͦ ͨͦͤΎͭͭΎΣ ͒ͦ ͍͔͔ͨ͒͒ͤͤ͜Ύ ͎͒͊ͤͦͦ ͔͔ͨͪ͒ͣͭ͊ ͨ͒͜ ͎͊͊͘͡Έ͔ͤ 
ͨͦͤΎͭͭΎ ͊͋ͦ ͒ͦ ͔͙ͦͤͪͭ͊͘͟͟ͼ͜͝ ͎͊͊͘͡Έ͎ͤͦͦ ͨͦͤΎͭͭΎ ͤ͊ ͔͙ͦͪͣ͟ͻ ͍͙ͨ͊͒͊͟ͻΦ 

͍̅ͦͪͣͯ͊ͤͤΎ ͯͣͤ͜Έ ͎ͯ͊͊͘͡ΈͤΌ͍͙͊ͭ ͔ͤ ͭ͜͡Έ͙͟ ͍͙ͨ͒͜΅ͯΊ ͍͔ͪͤ͜Έ ͎ͯ͊͊͘͡ΈͤΌΌ;ͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜Σ ΅ͦ ͙͙͍ͨͦͭͤͦ͘ 
͍͙͍ͨ͊͡Ί ͤ͊ ͍͔ͫΈ ͨͪͦͼ͔ͫ ͍ͤ͊;͊ͤͤΎΣ ͔͊͡ ͚ ͙ͫͨͪΎΊΣ ͍ ͙ͫͯ͡ ͍ͫͦ͝ͻ ͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡Σ ͋͜͡Έ΄ ͎͙͋ͦͦͣͯ͟͡ ͍͊ͫͦ͘ΊͤͤΌ 
͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͤ͘ΈΦ  

˨͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ ͭ͊ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͍ͣͤ͜Έ ͔͍ͫͭͯ͒ͤͭ͜ ͙͙ͪͦ͋ͭ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͨͦͭͪ͋ͤ͜͜ ͔ͤ ͭ͜͡Έ͙͟ ͪͦ͘ΩΎ͔ͫͤͤͤΎ ͫͯͭ͜ ͼΈ͎ͦͦ 
͙͚ͨͪͦͣͯ ͍ͪͦͯͣͦͦ͘͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͔͊͡ ͚ ͔ͫͨͼ͊͜͡Έͤ͜ ͍͍͙ͨͪ͊Σ Ύ͟͜ ͍ͨ͒ͦ͒͜ΎͭΈ ͒ͦ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͜ ͫͨͪΎ͍ͣͦ͊ͤ͜ ͤ͊ ͒ͦͫΎ͎͔ͤͤͤΎ 
͔͍͎ͨͤͦͦ ͍ͪͤ͜Ύ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎΦ  

˸͙ ͨͪͦͨͦͤͯΊͣͦ ͍͙͙͙͒ͭ͜͡ ͎ͯ͊͊͘͡ΈͤΌΌ;͜ ͍ͣͤͤ͜Ύ ͙ͨͪ ͦͨͪ͊ͼΌ͍͊ͤͤ͜ ͺͦͪͣͯ͡Ό͍͊ͤͤΎ ͭ͊ ͍͔͔͒ͦ͒ͤͤΎ ͔͔ͭͦͪͣ ΄͟͜͡Έ͎ͤͦͦ 
ͯͪͫͯ͟ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ό͝ͻ ͍͙͍;͔ͤͤΎ ͔͔ͨͪ͒͋͊;͔ͤͦ ͎ͨͪͦͪ͊ͣͦΌ ͯͪͫͯ͟ ζ˸͔͙ͭͦ͒͊͟ ͍ͤ͊;͊ͤͤΎ ͔͙͙ͣ͊ͭͣ͊ͭ͟ηύ ͭ͊ ͙͙ͪͦͪͦ͋ͭ͘ 
͔ͫͨͼ͊͜͡Έͤͯ ͙͔ͫͫͭͣͯ ͍ͨͤ͊͊͘͜͡Έ͙ͤͻ ͍͊͒͊ͤ͘ΈΣ ͫͨͪΎ͍͙ͣͦ͊ͤͻ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͯͣͤ͜Έ ͔͍ͫͭͯ͒ͤͭ͜Φ  

˨͍͔͙ͦͫͭ ͔͔ͭͦͪͣͯ τ ͼ͔ ͦͤ͊͘;͊Ί ͙ͨͦ͊͊ͭ͘͟Σ ΅ͦ ͍ͦͤ͊ Ύ͟ ͔ͤͦ͋ͻ͙͚͒ͤ͜ ͎ͦ͜͡;͙͚ͤ ͤ͊ͫ͒ͦ͜͟͡ ͍͙͙͍ͨ͊͡Ί ͘ ͤ͜΄͙ͻ ͍͔͔ͭͪ͒͗ͤΈΣ 
͍͔͙͍ͫͨͪ͊͒ͫͭ͜͡Έ Ύ͙͟ͻ ͔ͯ͗ ͍͍͔ͫͭ͊ͤͦͤ͊͡Φ ˿͍ͦͦ͡ ζ͍͔͔͒ͦ͒ͤͤΎη ͍͙͍͗͊ΌͭΈ ͯ ͍͒ͦͻ ͤ͊͘;͔ͤͤΎͻΦ ́͊͟ ͙͍ͤ͊͊͘ΌͭΈ ͜ ͨͪͦͼ͔ͫ 
ͦ͋͐ͪͯ ͍ͤͭͯ͊ͤͤΎΣ ͜ ͔͒Ύͯ͟ ͎ͦ͜͡;ͤͯ ͦͤͫͭͪͯ͟͟ͼ͜ΌΣ ͔ͪͯ͘͡Έͭ͊ͭ ͎ͭ͊ͦͦ͟ ͨͪͦͼ͔ͫͯ όˣ͔͍͘Σ мфуфύΦ 

̋ͦ ͦͤ͊͘;͊Ί ζ͍ͤ͊;͊ͤͤΎ ͍͔͔͒ͦ͒ͤͤΎͣηΚ ˹͔ͪ͒ͦ͜͟ ͼ͙ͣ ͔ͭͪͣͤͦͣ͜ ͙͍ͤ͊͊͘ΌͭΈ ͭ͜͡Έ͙͟ ͨͦ΄ͯ͟Σ ͍͙͒ͪͭͭ͜͟Ύ ͜ ͍ͨͦ͋ͯ͒ͦͯ 
͍͔͔͒ͦ͒ͤͤΎ ͔͙ͫͭͯ͒ͤͭ͊ͣΦ ́͊͊͟ ͍ͭͪ͊ͭͦ͊͟͟ ͔͍͙͍ͤͨͪ͊͒͊ͤͦ ͍ͯ͗ͯ͘Ί ͔ͨͪͦ͋ͣͯ͡Φ ˹͍͊;͊Ό;͙ ͍͔͔͒ͦ͒ͤͤΎͣΣ ͔͔ͤ͊ͫ͊ͣͨͪ͒ ͔ͭͪ͋͊ ͍;͙͙ͭ 
͍͍͒ͭͦͪ͜Ό͍͙͊ͭ ͜ ͊ͨ͊ͣ͘ϥΎ͍͍͙ͭͦͯ͊ͭ ͎͍ͦͭͦ͜ ͍͔͔͒ͦ͒ͤͤΎ ͔͔ͭͦͪͣΣ ͔͔ͨͪ͒͋͊;͔͙ͤͻ ͎ͨͪͦͪ͊ͣͦΌΦ ́͜͡Έ͙͟ ͨͫ͜͡Ύ ͎ͭͦͦΣ ͙ͦ͟͡ ͔͙ͫͭͯ͒ͤͭ 
͙ͤ͊ͭͣͯͭ͘Έ ͜ ͣͦ͗ͯͭ͘Έ ͍͍͒ͭͦͪ͜Ό͍͙͊ͭ ͔ͦͤͪͭͤ͟͟͜ ͙͙ͨͪ͊͒͟͡ ͍͔͔͒ͦ͒ͤΈΣ ͒ͦͼ͜͡Έͤͦ ͍͙ͨͪͦͨͦͤͯ͊ͭ ͣ͝ ͤ͊͘ͻ͙͙ͦ͒ͭ ͍ͫͦ͝ ͙ͫͨͦͫͦ͋ 
͍͔͔͒ͦ͒ͤͤΎ ͔͔ͭͦͪͣ ͜ ͚ͫ͊ͣͦͫͭͤͦ͜ ͍ͪͦ͘ϥΎ͍͙ͯ͊ͭ͘ ͊͒͊͘;͜ ͤ͊ ͍͔͔͒ͦ͒ͤͤΎΦ  

˸͔͙͙ͭͦ͒ͫͭ͊ͣ ͍ͦ͋͐ͪͯͤͭͦ͊ͤͦ ό˿͡Ίͨ͊ͤ͟ΈΣ нлллύΣ ΅ͦ ͯͣͤͤ͜Ύ ͍͙͙͒ͦͦ͒ͭ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͜ ͍͔͔ͭͪ͒͗ͤͤΎ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘ 
;͙ͦͭͪΈͦͻ ͍͙ͦͫͤͦͤͻ ͔͍ͦͣͨͦͤͤͭ͟͜Υ 

1) ͒͜Ύ ͍͔͔ͨ͒͒ͤͤ͜Ύ ͦ͋ϥΊͭ͊͟ ͨ͒͜ ͨͦͤΎͭͭΎΤ 
2) ͍ͦͦ͒ͤͤ͜͡Ύ ͔ͤͦ͋ͻ͙͙͒ͤͣ͜ ͜ ͙͒ͦͫͭ͊ͭͤͣ͜ ͙ͦͤ͊͊ͣ͘͟ ͨͦͤΎͭΈΣ ͨͪͦ Ύ͟͜ ͚͔͒ͭΈͫΎ ͯ ͍͙͍ͫͤͦͯ͟Τ 
3) ͒͜Ύ ͍͙͋ͦͪͯ ͦͤ͊͘͟ ͨͦͤΎͭΈΣ Ύ͟͜ ͍͍͒ͨͦ͒͊͜͜ΌͭΈ ͙͒͊ͤͣ ͍ͯͣͦ͊ͣΤ 
4) ͒͜Ύ ͎ͪͦͦͪͭ͊ͤͤ͘Ύ ͍ͯͣͦΦ 
˸͙ ͨͪͦͨͦͤͯΊͣͦ ͙ͨͪ ͪͦ͋ͦͭ͜ ͤ͊͒ ͔͔͙ͭͦͪͣ͊ͣ ͔ͦͪͣͦ͟ ͍͙͒͜͡Ύ͙ͭ ͎͙ͪͯͨ ͎ͯ͊͊͘͡ΈͤΌΌ;͙ͻ ͯͣͤ͜Έ ͙ͨͪ ͍͊ͫͦ͘Ίͤͤ͜ 

ͺͦͪͣͯ͡Ό͍͊ͤͤΎ ͔͔͙ͭͦͪͣ ͜ ͙ͨͪ ͍͙͍;͔ͤͤ͜ ͍͔͔͒ͦ͒ͤͤΎ ͔͔͙ͭͦͪͣ. 
˽͙ͪ ͍͊ͫͦ͘Ίͤͤ͜ ͣͫͭͯ͘͜ ͔͔͙ͭͦͪͣ ͎ͯ͊͊͘͡ΈͤΌΌ;͙͙ͣ ͍ͣͤͤ͜Ύ͙ͣ Ί ͭ͊͟͜Υ 
1) ͍͙͔͒ͤͤ͜͡Ύ ͫͯͭͭΊ͍͎ͦͦΣ ͎͊͊͘͡Έ͎ͤͦͦ ͍ ͍ͯͣͦ͜ ͔͔͙ͭͦͪͣΤ 
2) ζ͍ͪͦͨͤ͊͊ͤͤ͘͘͜Ύη ͍͙ͯͣͦ ͔͔͙ͭͦͪͣ ͍ ͙͊͒͊ͤ͘ͻ ͔͙ͦͤͪͭͤ͟͟ͻ ͍͙ͨ͊͒͊͟ͻΤ 
3) ζͦͤͫͭͪͯ͟Ό͍͊ͤͤΎη ͍͙ͯͣͦ ͔͔͙ͭͦͪͣΣ ΅ͦ ͙ͫͨͪΎΊ ͺ͍ͦͪͣͯ͊ͤͤΌ ͍ͣͤ͜Έ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͔͔ͭͦͪͣͯΦ 
ˤ͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͎ͦ͗ͤͦͦ͟ ͎ͯ͊͊͘͡ΈͤΌΌ;͎ͦͦ ͍ͣͤͤ͜Ύ ͙ͣ ͨͪͦͨͦͤͯΊͣͦ ͍ͨͤ͊͊͘͜͡Έͤ͜ ͍͊͒͊ͤͤ͘ΎΣ Ύ͟͜Σ ͤ͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ 

͙ͫͨͪΎΌͭΈ ͝ͻ ͺ͍ͦͪͣͯ͊ͤͤΌΥ 
˱Φ ʕ ͙͔͒ͤͤ͜͡Ύ ͫͯͭͭΊ͍͎ͦͦΦ 
мΦ ˤ͙͙͙͒ͭ͜͡ ͍ͯͣͦͯ ͭ͊ ͍͙͍ͫͤͦͦ͟ ͔͔͙ͭͦͪͣΦ 
нΦ ˹͍͙͊͊ͭ͘ ͎͔͔͙ͦͣͭͪ;ͤ͜ ͦ͋ΩΊ͙ͭ͟Σ ͨͪͦ Ύ͟͜ ͚͔͒ͭΈͫΎ ͍ ͔͔ͭͦͪͣ͜Φ 
оΦ ˹͍͙͊͊ͭ͘ ͍͙͎ͣͦͯΣ ͊͘ Ύͦ͟͝ ͍͙ͦͤͯ͟ΊͭΈͫΎ ͍͙͍ͫͤͦͦ͟ ͔͔͙ͭͦͪͣΦ 
пΦ ˤ͙͙͙͒ͭ͜͡ ͔ͤͫͯͭͭΊ͍͔ ͍ ͍ͯͣͦ͜ ͔͔͙ͭͦͪͣ Κ 
˱˱Φ ˾ ͍ͦͨͤ͊͊ͤͤ͘͘͜ΎΦ 
1. ͙̂͊͊ͭ͘͟ ͤ͊ ͣ͊͡Όͤͯ͟ ό͍ͯͣͦ͊ ͘͜ ͫͦͪͦ͟;͔͙ͤͣ ͙͊ͨͫͦͣ͘ύ ͭ͜ ͎͔͔͙ͦͣͭͪ;ͤ͜ ͦ͋ΩΊ͙ͭ͟Σ ͒͡Ύ Ύ͙͟ͻ ͍͙ͦͤͯ͟ΊͭΈͫΎ ͍ͯͣͦ͊ 

͔͔͙ͭͦͪͣΦ ˭͙͊ͨ΄ͭ͜Έ ͍͙͍ͫͤͦͦ͟ ͔͔͙ͭͦͪͣ ͒͡Ύ ͎͒͊ͤͦͦ ͔͎ͦͤͪͭͤͦͦ͟͟ ͍͙ͨ͊͒ͯ͟Φ 
2. ˭͊͒͊ͤͦ ͔͒͟͜͡Έ͊͟ ͔͙ͦͤͪͭͤ͟͟ͻ ͍ͯͣͦΦ ˤ͙͙͋ͪ͊ͭ ͭ͜ ͘ ͙ͤͻΣ ͒͡Ύ Ύ͙͟ͻ ͍͔͙͍ͫͨͪ͊͒͊͡ ͔͔ͭͦͪͣ͊Φ ˭͙͙ͪͦ͋ͭ ͍͙͍ͫͤͦͦ͟Σ Ύ͙͚͟ 

͍͍͒ͨͦ͒͊͜͜Ί ͍ ͙͍ͫͤͦͯ͟ ͔͔͙ͭͦͪͣΦ 
˱˱˱Φ ˴ͦͤͫͭͪͯΌ͍͊ͤͤΎΦ 
1.  ˭ ͙͙ͦ͋ͪ͊ͭ͘ ͎͔͔͙ͦͣͭͪ;ͤ͜ ͺ͎͙ͯͪ͜Σ ͨͪͦ Ύ͟͜ ͚͔͒ ͍ͣͦ͊ ͍ ͔͔ͭͦͪͣ͜ ͭ͊͟Σ ΅ͦ͋ ͍͙͍ͦͤͯ͊͊ͫ͟͡Έ ͍ͯͣͦ͊ ͔͔͙ͭͦͪͣΦ ˭͙͙ͪͦ͋ͭ 
͍͙͍ͫͤͦͦ͟Σ Ύ͙͚͟ ͍͍͒ͨͦ͒͊͜͜Ί ͍͙͍ͫͤͦͯ͟ ͔͔͙ͭͦͪͣΦ 

2.  ˭ ͙͙ͦ͋ͪ͊ͭ͘ ͭ͜ ͗ ͎͔͔͙ͦͣͭͪ;ͤ͜ ͺ͎͙ͯͪ͜Σ ͔͊͡ ͭ͊͟Σ ΅ͦ͋ ͍͙͍ͫͤͦͦ͟ ͔͔͙ͭͦͪͣ ͍͋ͯ ͔͍͙ͤͪͤͣ͜Φ ˤ͙ͤ͊͘;͙͙ͭ Ύ͊͟ ͘ ͍͙͎ͣͦ ͍͙ͯͣͦ 
͔ͭ ͔͙ͦͪͣ ͔ͤ ͍͙ͦͤͯ͟ΊͭΈͫΎΚ 
˽͔ͪͦ͒ͣͦͤͫͭͪͯΊͣͦ ͍͙΅͔͊ͤ͊͘͘;͔͔ͤ ͤ͊ ͙ͨͪ͊͒͟͜͡ ͤ͊ͫͭͯͨͤͦ͝ ͔͔͙ͭͦͪͣ ΄͟͜͡Έ͎ͤͦͦ ͯͪͫͯ͟ ͎͔͔ͦͣͭͪ͜͝ ό˽͎ͦͦͪΊ͍ͦ͡Σ нллпύΦ 

˭͍͙͊ͯ͊͗ͣͦΣ ΅ͦ ͍ ͔͒Ύ͙͟ͻ ͙ͨͦͫ͋ͤ͊͜͟ͻ ͍ͦͤ͊ ͨͦ͒͊ͤ͊ Ύ͟ ͊͒͊͘;͊ ͤ͊ ͍͔͔͒ͦ͒ͤͤΎ ό˴ͯ΄ͤͪ͜Σ мффпύΦ  
̅ͦͪͣͯ͡Ό͍͊ͤͤΎΥ ̒͟΅ͦ ͨͪΎͣ͊Σ Ύ͊͟ ͔ͤ ͨͪͦͻ͙ͦ͒ͭΈ ͤ͜ ;͔͔ͪ͘ ͦ͒ͤͯ ͘ ͍͔ͪ΄͙ͤ ͙͙ͭͪͯͭͤ͊͟͟Σ ͔͔͙ͨͪͭͤ͊Ί ͦ͒ͤͯ ͘ ͚͎ͦͦ ͫͭͦͪͤ͜Σ 

ͭͦ ͍ͦͤ͊ ͔͔͙ͨͪͭͤ͊Ί ͭ͜͡Έ͙͟ ͦ͒ͤͯ ͘ ͍͒ͦͻ ͤ͜΄͙ͻ ͚͎ͦͦ ͫͭͦͪͤ͜Φ 
˱Φ ʕ ͙͔͒ͤͤ͜͡Ύ ͫͯͭͭΊ͍͎ͦͦΦ 
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1. ˭͙͙ͦ͋ͪ͊ͭ͘ ͙͙ͭͪͯͭͤ͟͟Τ ͙͙ͦ͋ͪ͊ͭ͘͘ ͨͪΎͣͯ ͭ͊͟Σ ΅ͦ͋ ͍ͦͤ͊ ͔ͤ ͨͪͦͻ͙ͦ͒͊͡ ͤ͜ ;͔͔ͪ͘ ͦ͒ͤͯ ͘ ͍͔ͪ΄͙ͤ ͙͙ͭͪͯͭͤ͊͟͟ ͜ 
͔ͨ ͔͙ͪͭͤ͊͊͡ ͦ͒ͤͯ ͘ ͚͎ͦͦ ͫͭͦͪͤ͜ όͫ͟͜͡Έ͙͟ ͙ͭ͊͟ͻ ͨͪΎ͙ͣͻ ͣͦ͗ͤ͊ ͍͔͙ͨͪͦͫͭΚύΦ 

2. ͙̉ ͔͔͙ͨͪͭͤ͊Ί ͼΎ ͨͪΎͣ͊ ΅͔ ͦ͒ͤͯ ͫͭͦͪͦͤͯ ͙͙ͭͪͯͭͤ͊͟͟Κ ˨͍͜ ͤ͜΄͜ ͙ͫͭͦͪͦͤ ͼΈ͎ͦͦ ͙͙ͭͪͯͭͤ͊͟͟Κ ˭͙͙ͪͦ͋ͭ ͍͙͍ͫͤͦͦ͟Φ 
͙̉ ͍͙͚ͪͤ͜ ͍͙͍ͫͤͦͦ͟ ͔͔͙ͭͦͪͣ ͒͡Ύ ͍͙ͨ͊͒ͯ͟Σ ͔͎ͦ͋ͪ͊͗ͤͦͦ͘ ͍͙͊ͣ ͤ͊ ͣ͊͡Όͤͯ͟Κ 

3. ˭͙͙ͦ͋ͪ͊ͭ͘ ͙͙ͭͪͯͭͤ͟͟ ͜ ͨͪΎͣͯΣ Ύ͊͟ ͨͪͦͻ͙ͦ͒ͭΈ ;͔͔ͪ͘ ͦ͒ͤͯ ͘ ͚͎ͦͦ ͍͔ͪ΄͙ͤ ͜ ͔͔͙ͨͪͭͤ͊Ί ͦ͒ͤͯ ͘ ͚͎ͦͦ ͫͭͦͪͤ͜Φ ͙̉ 
͍͙ͦͤͯ͟ΊͭΈͫΎ ͙ͨͪ ͼΈͦͣͯ ͍͙͍ͫͤͦͦ͟ ͔͔͙ͭͦͪͣ Κ ̒͊͟ ͘ ͍ͯͣͦ ͔͔͙ͭͦͪͣ ͔ͤ ͍͙ͦͤͯ͟ΊͭΈͫΎ Κ 

4. ˭͙͙ͦ͋ͪ͊ͭ͘ ͙͙ͭͪͯͭͤ͟͟ ͜ ͨͪΎͣͯΣ Ύ͊͟ ͔ͤ ͨͪͦͻ͙ͦ͒ͭΈ ͤ͜ ;͔͔ͪ͘ ͦ͒ͤͯ ͘ ͚͎ͦͦ ͍͔ͪ΄͙ͤ ͜ ͔ͤ ͔͔͙ͨͪͭͤ͊Ί ͤ͜ ͦ͒ͤͯ ͘ ͚͎ͦͦ 
ͫͭͦͪͤ͜Φ ͙̉ ͍͙ͦͤͯ͟ΊͭΈͫΎ ͍͙͍ͫͤͦͦ͟ ͔͔͙ͭͦͪͣ Κ ̒͊͟ ͘ ͍ͯͣͦ ͔͔͙ͭͦͪͣ ͔ͤ ͍͙ͦͤͯ͟ΊͭΈͫΎ Κ 

˱˱Φ ˾͍ͦͨͤ͊͊ͤͤ͘͘͜ΎΦ 
ζˤ͙ͨͤ͊ͭ͘͜η ͣ͊͡Όͤͦ͟Σ Ύ͙͚͟ ͍͍͒ͨͦ͒͊͜͜Ί ͍͚ͤ͊͊ͤ͘͜ ͔͔ͭͦͪͣ͜Φ ̋ͦ ͫͨ͜͡Έ͎ͤͦͦ ͤ͊ ͍͙͊͊ͤ͘͟ͻ ͍͙͊ͣ ͣ͊͡Όͤ͊͟ͻ Κ ͙̉ͣ ͍͙ͦͤ 

͍͒ͪͤ͘͜͜ΎΌͭΈͫΎ ό͔ͨͦͦ͗ͤͤ͡Ύͣ ͤ͊ ͨͦ͡΅͙ͤ͜Σ ͍͊͘Ί͙ͣͤͣ ͪͦͣ͘͜΅͔ͤͤΎͣ ͎͔͔͙ͦͣͭͪ;͙ͤͻ ͦ͋ΩΊ͍ͭ͟͜ ͭͦ΅ͦύΚ ˸͊͡Ό͙ͤ͟ ͊͒͊͘ΌͭΈͫΎ 
͍͙͊͒͊͟͡;͔ͣΦ 

˱˱˱Φ ˴ͦͤͫͭͪͯΌ͍͊ͤͤΎΦ 
мΦ ˹͊ ͍͙͊͊ͤ͘͟ͻ ͍͙͊ͣ ͣ͊͡Όͤ͊͟ͻ ͍͍͔͙ͫͭ ͨͦͤ͊͘;͔ͤͤΎ ͭ͊ ͙͙͊ͨͫ͊ͭ͘ ͍ ͼ͙ͻ ͨͦͤ͊͘;͔ͤͤΎͻ ͍ͯͣͦͯ ͜ ͍͙͍ͫͤͦͦ͟ ͎ͪͦ͘͡Ύͤͯͭͦ͝ 

͔͔͙ͭͦͪͣΦ 
нΦ ˭͙͙ͦ͋ͪ͊ͭ͘ ζ͍͚ͫ͜η ͣ͊͡Όͤͦ͟Σ Ύ͙͚͟ ͍͍͒ͨͦ͒͊͜͜Ί ͎ͪͦ͘͡Ύ͚ͤͯͭ͜ ͔͔ͭͦͪͣ͜Φ ˿ͺͦͪͣͯ͡Ό͍͙͊ͭ ͔͔ͭͦͪͣͯΤ ͍͙͙͙͒ͭ͜͡ ͫͯͭͭΊ͍͔ ͍ 

͍ͯͣͦ͜ ͔͔͙ͭͦͪͣΦ 
˽͙ͪ ͪͦ͋ͦͭ͜ ͤ͊͒ ͍͔͔͒ͦ͒ͤͤΎͣ ͔͔͙ͭͦͪͣ ͙ͣ ͍͙͒͜͡ΎΊͣͦ ͙ͨ͊ͪ ͙͍͙ͤ͒ͯͭͤ͜͟ͻ ͭ͊ ͔͙͍͙͒͒ͯͭͤ͟ͻ ͎ͯ͊͊͘͡ΈͤΌΌ;͙ͻ ͯͣͤ͜Έ. 
1. ˤͣͤͤ͜Ύ ͍͙͒͜͡Ύ͙ͭ ͜ ͔͒Ό ͍͔͔͒ͦ͒ͤͤΎΣ ͙ͫ͊͒͊ͭ͟͡ ͎ͯ͊͊͘͡Έ͔͙͚ͤͤ ͨ͊ͤ͡ ͍͔͔͒ͦ͒ͤͤΎΦ 
2. ˾͍͙ͦͨͤ͊͊ͭ͘͘͜ ͔ͣͭͦ͒ ͜ ͍͙͋ͯ͒ͯ͊ͭ ͍͔͔͒ͦ͒ͤͤΎ ͔͔͙ͭͦͪͣ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͍͎͊͊ͤͦͦ͘͟ ͔ͣͭͦ͒ͯΦ 
˽͔ͪͦͭ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͙ͤ͊͊ͤ͘ͻ ͯͣͤ͜ΈΣ ͍͙ͦͤ͊ͤͤ͟Ύ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͍͊͒͊ͤ͘Έ ͍͙͙͊͟͟͡Ί ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͪΎ͒ ͭͪͯ͒ͤͦ΅͍͜Φ 

˹͔ͦ͋ͻ͒ͤ͊͜ ͎͍ͨ͒ͦͭͦ͜;͊ ͪͦ͋ͦͭ͊Σ ͍͟͡Ό;͊Ό;͙ ͨͦΎ͔ͫͤͤͤΎ ͍͙͊͒͊͟͡;͊ ͭ͊ ͊ͤ͊͘͜͡ ͙͍ͨͪ͊͒͟͜͡ ͯ͊͊ͤͦ͘͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˽ͦ;͙͙ͤ͊ͭ 
͔ͤͦ͋ͻ͒ͤͦ͜ ͘ ͙ͨͪͦͫͭͻΣ ͙ͪͦͯͣ͘͘͜͡ͻ ͔ͫͭͯ͒ͤͭ͊ͣ ͍͔͔͒ͦ͒ͤΈΦ 

˽͍ͤ͊͊͘͜͡Έ͙͙ͤͣ ͍͊͒͊ͤͤ͘Ύ͙ͣΣ ΅ͦ ͙ͫͨͪΎΌͭΈ ͺ͍ͦͪͣͯ͊ͤͤΌ ͍͙͔͙͒ͤ͜͡ͻ ͯͣͤ͜Έ ͭ͊ ͎͙ͨͦ͋͡͡ΌΌͭΈ ͪͦͯͣͤͤ͘͜Ύ ͫͯͭ͜ 
͍͔͔͒ͦ͒ͤͤΎ ͔͔͙ͭͦͪͣΣ ͤ͊ ͤ͊΄ͯ ͒ͯͣͯ͟Σ Ί ͭ͊͟͜Υ 

1) ͍͔͙͒ͦͫͭ ͔͔ͭͦͪͣͯ ͊͘ ͔͙ͣͤͤͣ͘͜ ͣ͊͡Όͤͦͣ͟ ό͔ͣͤͤͦ͘͜ ͔ͨͦͦ͗ͤͤ͡Ύ ͍  ͨͪͦͫͭͦͪ͜Σ ͍͍͔͔͒ͤͦ ͍ͤͦ͜ ͨͦͤ͊͘;͔ͤͤΎύΤ 
2) ͍ͨͦͪͤ͜Ύ͙ͭ ͍͔͔͒ͦ͒ͤͤΎ ͍͒ͦͻ ͔͔ͭͦͪͣΦ ̋ͦ ͍ ͙ͤͻ ͫͨ͜͡Έ͎ͤͦͦ Κ ˿͙͊ͫͭ͟͡ ͙͚ͭ͊͟ ͨ͊ͤ͡Σ ͊͘ Ύ͙ͣ͟ ͣͦ͗ͤ͊ ͍͔͙͒ͦͫͭ ͙͍ͦ͋͒͜ 

͎ͪͦ͘͡Ύͤͯͭ͜ ͔͔͙ͭͦͪͣ όΎ͟΅ͦ ͼ͔ ͙͍ͣͦ͗ͦ͡ύΤ 
3) ͙ͫͭͫͦ͡ ͔͔͍͙ͨͪͨͦͫͭ͜ ͍͔͔͒ͦ͒ͤͤΎ ͔͔͙ͭͦͪͣΤ 
4) ͍͙͙͙͒ͭ͜͡ ͔ͦͪͣ͟͜ ͔͙ͭ͊ͨΣ ͙ͪͦ͟͟ ͍͔͔͒ͦ͒ͤͤΎΦ 
́͊͟Σ ͙ͤ͊ͨͪ͊͒͟͡Σ ͨͫ͜͡Ύ ͍͙͍;͔ͤͤΎ ͔͔͙ͭͦͪͣ ͨͪͦ ͍͙͒ͦ͗ͤͯ ͊ͣ͊ͤͦ͡͝ όΎ͊͟ ͯ ͨ͒ͪͯ͜;͙ͤͯ͟ ͍͙͒ͦͦ͒ͭΈͫΎ ͒͡Ύ ͍͙ͨ͊͒ͯ͟ ὲ 

͊ͤͦ͟͡ύΣ ͣͦ͗ͤ͊ ͘ ͍͙͊ͨͪͦͨͦͤͯ͊ͭ ͭ͊͟͜ ͍͊͒͊ͤͤ͘ΎΥ 
1) ͫͺͦͪͣͯ͡Ό͚͔ͭ ͔͔ͭͦͪͣͯ ͨͪͦ ͍͙͒ͦ͗ͤͯ ͊ͣ͊ͤͦ͡͝Φ ˭͊ ͎͒ͦͨͦͣͦͦΌ ͨ͒ͪͯ͜;͙ͤ͊͟ ͍͍͒ͤͦͭ͜͜Έ ͍ ͨ͊ͣΩΎͭ͜ ͍͔͔͒ͦ͒ͤͤΎ ͼ͜Ί͝ 

͔͔͙ͭͦͪͣΤ 
2) ͤ͊ ͣ͊͡Όͤͯ͟ ͔ͦ͋ͪ͊͗ͤ͘͜ ͪͤ͘͜͜ ͊ͣ͊ͤ͜͡Φ ˭͙͊ͨ΄ͭ͜Έ ͔͔ͭͦͪͣͯ ͒͡Ύ ͙͒͊ͤͻ ͔͙ͦͤͪͭͤ͟͟ͻ ͍͙͍ͨ͊͒͟͜Τ 
3) ͯ ;ͦͣͯ ͨͦ͡Ύ͎͊Ί ͔͒͜Ύ ͍͔͔͒ͦ͒ͤͤΎ ͎ͪͦ͘͡Ύͤͯͭͦ͝ ͔͔͙ͭͦͪͣΚ 
4) ͍͔͒ͦ͒ͭ͜Έ ͔͔ͭͦͪͣͯ ͒͡Ύ ͍͙ͨ͊͒ͯ͟ ὲ = 6 (ὲ ς ;͙ͫͦ͡ ͍͔ͪ΄͙ͤ ͊ͣ͊ͤͦ͡͝ύΦ 
˹  ͊ͤ͊΄ͯ ͒ͯͣͯ͟Σ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͙͍͙ͤ͒ͯͭͤ͜͟ͻ ͭ͊ ͔͙͍͙͒͒ͯͭͤ͟ͻ ͯͣͤ͜Έ ͍͙ͨͦͤͤͦ ͚͙ͭ ͔ͨ͊ͪ͊͡͡ΈͤͦΦ ˽͒͜ ;͊ͫ 

͙ͪͦ͋ͦͭ ͤ͊͒ ͔͔͙ͭͦͪͣ͊ͣ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍;͙͙ͭ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͤ ͭ͜͡Έ͙͟ ͍͙͒͜͡Ύ͙ͭ ͔͒͜ΌΣ ͦͪ͜Ί͙͙ͤͭͪΣ ͙ͫ͊͒͊ͭ͟͡ ͫͻ͔͙ͣ ͭ͊ ͙ͨ͊ͤ͡ 
͍͔͔͒ͦ͒ͤͤΎΣ ͔͊͡ ͚ ͎͙ͪͦͦͪͭ͊ͭ͘ ͤ͊ ͝ͻ ͍ͦͫͤͦ͜ ͍͔ͨͦͤ ͍͔͔͒ͦ͒ͤͤΎ ͔͔͙ͭͦͪͣΦ ́ͦͣͯ ͒ͦͼ͜͡Έͤͦ ͨͦͪΎ͒ ͘ ͍͊͒͊ͤͤ͘Ύ͙ͣ ͤ͊ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ 
͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍͊͒͊ͤͤ͘Ύ ͤ͊ ͔͙ͦͤͪͭ͊͘͟͟ͼ͜Ό ͤ͊ͤ͘ΈΣ ͊ ͔ͫ͊ͣΥ 

1) ͍͔͙͒ͦͫͭ ͔͔ͭͦͪͣͯ ͊͘ ͍͒ͦͣͦ͜Ό ͫͻ͔ͣͦΌ Τ 
2) ͙ͦͪͫͭͯ͟Ό;͙ͫΈ ͎͊͊͘͡Έ͙ͤͣ ͨ͊ͤͦͣ͡Σ ͍͔͙͒ͦͫͭ ͔͔ͭͦͪͣͯ ͒͡Ύ ͔͎ͦͤͪͭͤͦͦ͟͟ ͍͙ͨ͊͒ͯ͟Σ ͔͎ͦ͋ͪ͊͗ͤͦͦ͘ ͤ͊ ͣ͊͡Όͤͯ͟Τ 
3) ͍͔͙͒ͦͫͭ ͍͔͔ͭͪ͒͗ͤͤΎΣ Ύ͔͟ Ί ;͍͙͊ͫͭͦͣ͟ ͍͙ͨ͊͒ͦͣ͟ ͍͙͍;͔ͤͦ͝ ͔͔͙ͭͦͪͣΦ 

˭ ͔ͣͭͦΌ ͍͙͔͒ͤͤ͜͡Ύ ͭ͊ ͍͊ͫͦ͘ΊͤͤΎ ͫͯͭͤͦͫͭ͜ ͍͔͔͒ͦ͒ͤͤΎ ͎ͪͦ͘͡Ύͤͯͭͦ͝ ͔͔͙ͭͦͪͣ ͔͔ͨͪ͒ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͣͦ͗ͤ͊ ͍͙͙ͨͦͫͭ͊ͭ ͭ͊͟͜ 
͙͊ͨͭ͊ͤͤ͘ΎΥ 

1. ̋ͦ ͎͍͔ͦͦͤ͡ ͍ ͍͔͔͒ͦ͒ͤͤ͜ ͔͔͙ͭͦͪͣΚ 
2. ̋ͦ ͨͦͭͪ͋ͤͦ͜ ͊ͨ͊ͣ͘ΩΎ͙ͭ͊ͭΣ ΅ͦ͋ ͍͔͙͒ͦͫͭ ͔͔ͭͦͪͣͯ ͚ͫ͊ͣͦͫͭͤͦ͜Κ 
˹͊ ͙ͨͪ͊ͭ͟ͼ͜ ͙ͣ ͔͔͙ͨͪͦͤ͊ͫ͟͡Ύ ͍ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͦͨͪ͊ͼΌ͍͊ͤͤΎ ͙͔͙ͫͫͭͣ͊ͭͯ͘Ό;͙ͻ ͙ͭ͊͋͡ͼΈ ό˸͔͒Ύ͙ͤ͟Σ мфупύΣ Ύ͟͜ ͣͦ͗ͤ͊ 

͙ͫ͊ͫͭ͟͡ ͨͫ͜͡Ύ ͍͙͍;͔ͤͤΎ ͼ͎ͦͦ͜͡ ͪͦ͒ͯ͘͜͡ ό͊͋ͦ ͔͙ͭͣΣ Ύ͊͟ ͙ͣͫͭͭ͜Έ ͒ͦͫͭ͊ͭͤΈͦ ͍͔͙ͯ͟͡ ͟͜͡Έͫͭ͟͜Έ ͔͔ͭͦͪͣύΦ ˽͙ͪ͊͒ͦͣ͟͡ ͭ͊ͦ͟͝ 
͙ͭ͊͋͡ͼ͜ Ί ͙ͭ͊͋͡ͼΎ н ό˽͎ͦͦͪΊ͍ͦ͡Σ нллпύΦ 

͙́͊͋͡ͼΎ н 
˻͍ͫͤͦͤ͜ ͔͔͙ͭͪͣ ΄͟͜͡Έ͎ͤͦͦ ͯͪͫͯ͟ ͎͔͔ͦͣͭͪ͜͝ όт ͊ͫ͟͡ύ 

Ѕ ̅ͦͪͣͯ͡Ό͍͊ͤͤΎ ͔͔͙ͭͦͪͣ ˤ͙͔͒ͤͤ͜͡Ύ ͎͍͎ͦͦͤͦͦ͡ ͍ ͍͔͔͒ͦ͒ͤͤ͜ ͔͔͙ͭͦͪͣ 

1 
˿ͯͣ͊ ͙ͫͯͣ͗ͤ͜ͻ ͍ͯͭ͟͜ мул0 ˽ͦͭͪ͋ͤͦ͜ ͍ͨͦͪͤ͜Ύ͙ͭ ͼΌ ͫͯͣͯ ͘ ͍͔͙͡;͙ͤͦΌ ͎͎ͪͦͦͪͤͯͭͦͦ͘ ͯͭ͊͟ ͊͋ͦ ͙ͨͦ͊͊ͭ͘͟Σ 

΅ͦ ͫͯͣ͊ ͙ͫͯͣ͗ͤ͜ͻ ͍ͯͭ͟͜ ͍͒ͦͪͤ͜ΌΊ ͎ͪͦͦͪͤͯͭͦͣͯ͘ 

2 
ˤ͔͙ͪͭ͊͟͡Έͤ͜ ͙ͯͭ͟ ͍ͪͤ͜͜ ˽ͦͭͪ͋ͤͦ͜ ͍͙͙͙͒ͭ͜͡ ͍͒͜ ͙ͨ͊ͪ ͙ͫͯͣ͗ͤ͜ͻ ͍ͯͭ͟͜Σ ͍ Ύ͙͟ͻ ͙ͦ͒ͤ ͯͭ͟ ͍ͨͦͭͦͪΌΊͭΈͫΎΣ ͜ 

͙͙ͫͦͪͫͭ͊ͭͫ͟Ύ ͝ͻ ͍͙͍͊ͫͭͫͭ͜͡Ό Υ ͫͯͣ͊ ͙ͫͯͣ͗ͤ͜ͻ ͍ͯͭ͟͜ ͍͒ͦͪͤ͜ΌΊ мул0 

3 

͔͔̉ͪ͘ ͦ͗ͤͯ͟ ͭͦ;ͯ͟ ͤ͊ ͨͪΎ͚ͣ͜ ͣͦ͗ͤ͊ 
͍͔͙ͨͪͦͫͭ ͔͔͙ͨͪͨͤ͒ͯ͟͡Ύͪͤͯ ͚͝ ͨͪΎͣͯ 
͜ ͭ͜͡Έ͙͟ ͦ͒ͤͯ 

˽͊ͤ͡ ͍͔͔͒ͦ͒ͤͤΎΥ 
1) ͍ ͙͊͊ͭ͘͟ ͫͨͦͫ͋͜ ͍͙ͨͦ͋ͯ͒ͦ ͨͪΎͣͦ͝Σ Ύ͊͟ Ί ͔͔͙ͨͪͨͤ͒ͯ͟͡ΎͪͤͦΌ ͒ͦ ͒͊ͤͦ͝Σ 
2) ͣ ͔ͭͦ͒ͦͣ ͍͒͜ ͙͍͎ͫͯͨͪͦͭͤͦͦ ͍͔͙͒ͦͫͭΣ ΅ͦ ͭ͊͊͟ ͨͪΎͣ͊ ͙͡΄͔ ͦ͒ͤ͊ 

4 
ˤ ͍͔͔ͪͤͦ͋͒ͪͤͦͣͯ͜ ͙͙ͭͪͯͭͤͯ͟͟ ͙ͯͭ͟ 
͙ͨͪ ͍ͦͫͤͦ͜ ͍ͪͤ͜͜ 

˽ͦͭͪ͋ͤͦ͜ ͍͙͙͙͒ͭ͜͡ ͍ͪͤ͜͜ ͙͙͙ͭͪͯͭͤ͟͟ ό͊͘ ͔ͨͪ΄ͦΌ ͦͤ͊ͦ͘͟Όύ ͜ ͙͙ͫͦͪͫͭ͊ͭͫ͟Ύ 
ͦͤ͊͘;͔ͤͤΎͣ ͍͙ͪͤ͜ͻ ͙͙͍ͭͪͯͭͤ͟͟͜ 

5 
̒͟΅ͦ ͍ ͙͙ͭͪͯͭͤͯ͟͟ ͍͒͊ ͙ͯͭ͟ ͍ͪͤ͜͜Σ ͭͦ 
͍ͤ͜ ͍͔͔͙͚ͪͤͦ͋͒ͪͤ͜ 

˽ͦͭͪ͋ͤͦ͜ ͍͙͙͙͒ͭ͜͡ ͍ͪͤ͜͜ ͙͙͙ͭͪͯͭͤ͟͟ ό͊͘ ͎͒ͪͯͦΌ ͦͤ͊ͦ͘͟Όύ ͜ ͙͙ͫͦͪͫͭ͊ͭͫ͟Ύ 
ͦͤ͊͘;͔ͤͤΎͣ ͍͙ͪͤ͜ͻ ͙͙͍ͭͪͯͭͤ͟͟͜ 
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˽͍͔ͪͦ͒ͦ͗ͤͤΎ ͭ͊͋͡Φ н 

Ѕ ̅ͦͪͣͯ͡Ό͍͊ͤͤΎ ͔͔͙ͭͦͪͣ ˤ͙͔͒ͤͤ͜͡Ύ ͎͍͎ͦͦͤͦͦ͡ ͍ ͍͔͔͒ͦ͒ͤͤ͜ ͔͔͙ͭͦͪͣ 

6 
ˤ ͍͔͔ͪͤͦ͋͒ͪͤͦͣͯ͜ ͙͙ͭͪͯͭͤͯ͟͟ 
͔ͣ͒͊ͤ͊͜Σ ͍͔͔ͨͪͦ͒ͤ͊ ͒ͦ ͍͙ͦͫͤͦΣ Ί 
͔͙͋ͫͭͪͫͦ͜͟Ό ͜ ͍͙ͫͦͭͦΌ 

˽ͦͭͪ͋ͤͦ͜ ͍͙͙͙͒ͭ͜͡ ͍ͪͤ͜͜ ͙͙͙ͭͪͯͭͤ͟͟ ό͊͘ ͔ͨͪ΄ͦΌ ͦͤ͊ͦ͘͟Όύ ͜ ͙͙ͫͦͪͫͭ͊ͭͫ͟Ύ ͝ͻ 
ͦͤ͊͘;͔ͤͤΎͣ ͭ͊ ͍͙͍͊ͫͭͫͭ͜͡Ό ͙ͫͯͣ͗ͤ͜ͻ ͍ͯͭ͟͜ 

7 
˨͍͜ ͨͪΎͣ͜Σ ͔ͨ͊ͪ͊͡͡Έͤ͜ ͔͚ͭͪͭ͜Σ 
͔ͨ͊ͪ͊͡͡Έͤ͜ ͣ͗͜ ͫͦ͋ͦΌ 

˨͍͙ͦͦ͒ͭΈͫΎ ͔ͣͭͦ͒ͦͣ ͍͒͜ ͙͍͎ͫͯͨͪͦͭͤͦͦ 

8 

̒͟΅ͦ ͍ͤͯͭͪ͜΄ͤ͜ ͪͤͦͫͭͦͪͦͤͤ͘͜͜ ͙ͯͭ͟ 
͍ͪͤ͜͜ ͊͋ͦ ͫͯͣ͊ ͍ͤͯͭͪ͜΄ͤ͜ͻ 
ͦ͒ͤͦͫͭͦͪͦͤͤ͜ͻ ͍ͯͭ͟͜ ͍͒ͦͪͤ͜ΌΊ мул0 , 
ͭͦ ͨͪΎͣ͜ ͔ͨ͊ͪ͊͡͡Έͤ͜ 

˨͍͙ͦͦ͒ͭΈͫΎ ͔ͣͭͦ͒ͦͣ ͍͒͜ ͙͍͎ͫͯͨͪͦͭͤͦͦ 

9 
˿ͯͣ͊ ͍ͯͭ͟͜ ͙͙ͭͪͯͭͤ͊͟͟ ͍͒ͦͪͤ͜ΌΊ мул0 ˽͙ͪ ͍͔͔͒ͦ͒ͤͤ͜ ͨͦͭͪ͋ͤͦ͜ ͙͙͊ͣͤͭ͘͜ ͫͯͣͯ ͍ͯͭ͟͜ ͙͙ͭͪͯͭͤ͊͟͟ ͫͯͣͦΌ ͍ͤͯͭͪ͜΄ͤ͜ͻ 

ͦ͒ͤͦͫͭͦͪͦͤͤ͜ͻ ͍ͯͭ͟͜ ͙ͨͪ ͔͒Ύ͙͟ͻΣ ͔ͫͨͼ͊͜͡Έ͙ͤͣ ;͙ͤͦͣ ͍͙ͨͦ͋ͯ͒ͦ͊ͤͻΣ 
͔ͨ͊ͪ͊͡͡Έ͙ͤͻ ͭ͊ ͫ͜;͚ͤ͜ 

10 
˭͍ͦͤ͜΄͚ͤ͜ ͯͭ͟ ͙͙ͭͪͯͭͤ͊͟͟ ͍͒ͦͪͤ͜ΌΊ 
ͫͯͣ͜ ͍͒ͦͻ ͍ͤͯͭͪ͜΄ͤ͜ͻ ͍ͯͭ͟͜Σ ͔ͤ 
͙ͫͯͣ͗ͤ͜ͻ ͘ ͙ͤͣ 

˿͙͙ͦͪͫͭ͊ͭͫ͟Έ ͍͙͍͊ͫͭͫͭ͜͡Ό ͍ͤͯͭͪ͜΄ͤ͜ͻ ͍ͯͭ͟͜ ͙͙ͭͪͯͭͤ͊͟͟ 

11 

˭ ͋ͯ͒Έ-Ύͦ͟͝ ͭͦ;͙͟Σ Ύ͊͟ ͔ͤ ͔͙͗ͭ͡Έ ͤ͊ 
͚͊͒͊ͤ͘͜ ͨͪΎ͚ͣ͜Σ ͣͦ͗ͤ͊ ͙͙ͦͨͯͫͭͭ ͤ͊ 
ͼΌ ͨͪΎͣͯ ͔͔͙ͨͪͨͤ͒ͯ͟͡ΎͪΣ ͜ ͭ͜͡Έ͙͟ 
͙ͦ͒ͤ 

˽͊ͤ͡ ͍͔͔͒ͦ͒ͤͤΎΥ 
1) ͍ ͙͊͊ͭ͘͟ ͫͨͦͫ͋͜ ͍͙ͨͦ͋ͯ͒ͦ ͔͔͙ͨͪͨͤ͒ͯ͟͡Ύͪ͊ ͒ͦ ͨͪΎͣͦ͝Σ Ύ͙͚͟ ͨͪͦͻ͙ͦ͒ͭΈ 
;͔͔ͪ͘ ͭͦ;ͯ͟Σ ΅ͦ ͔ͤ ͔͙͗ͭ͡Έ ͤ͊ ͚͊͒͊ͤ͘͜ ͨͪΎ͚ͣ͜Σ 
2) ͣ ͔ͭͦ͒ͦͣ ͍͒͜ ͙͍͎ͫͯͨͪͦͭͤͦͦ ͍͔͙͒ͦͫͭΣ ΅ͦ ͙͚ͭ͊͟ ͔͔͙ͨͪͨͤ͒ͯ͟͡Ύͪ ͙͡΄͔ ͙ͦ͒ͤ 

 
˸ͦ͗ͤ͊ ͭ͊ͦ͗͟ ͍͙͊ͨͪͦͨͦͤͯ͊ͭ͘ ͒͡Ύ ͒ͦͣ͊΄ͤΈ͎ͦͦ ͍͊͒͊ͤͤ͘Ύ ͙ͭ͊͋͡ͼΌΣ Ύ͊͟ ͙ͣͫͭͭ͜Έ ͺͦͪͣͯ͡Ό͍͊ͤͤΎ ͔͔ͭͦͪͣΣ ͙͔ͫͭͫ͡ ͝ͻ 

͍͔͔͒ͦ͒ͤͤΎ ͭ͊ ͔͙͚ͣͤͤ͘͜ ͣ͊͡Όͤͦ͟Σ ͊͘ Ύ͙ͣ͟ ͔ͤͦ͋ͻ͒ͤͦ͜ ͎͙ͪͦͦͪͤͯͭ͘ ͍͔͔͒ͦ͒ͤͤΎ ͔͔͙ͭͦͪͣΦ ˤ͙͙ͦͤ͊ͭ͟ ͼ͔ ͍͊͒͊ͤͤ͘Ύ ͒ͦͼ͜͡Έͤͦ ͤ͊ 
͔ͦͪͣͦͣͯ͟ ͊ͪͯ͟΄͜Σ ΅ͦ͋ ͍͙͊͒͊͟͡; ͔͎ͦ͟͡ ͎ͣ͜ ͦͤͭͪͦ͟͡Ό͍͙͊ͭ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͫͯͭ͜ ͍͔͔͒ͦ͒ͤͤΎ ͍͙͍;͔ͤͦ͝ ͔͔͙ͭͦͪͣΦ  

 
ˤˮ˿˹˻ˤ˴ˮ ́ˢ ˽˩˾˿˽˩˴́ˮˤˮ ˽˻˨ˢ˶̎̊˻˥˻ ˨˻˿˶˱˨ˬ˩˹˹̒ 

̂ͣͤͤ͜Ύ ͍͙͙͒ͦͦ͒ͭ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͜ ͍͔͔ͭͪ͒͗ͤͤΎ ͯ ͍͙͙͍ͨͯͫͤ͟͟͜ ͔͔ͫͪ͒ͤ͜ͻ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ΄͟͜͡ ͫͺ͍ͦͪͣͦ͊ͤ͜ ͔ͤ͒ͦͫͭ͊ͭͤΈͦΦ 
ˤ͙ͪ͜΄͙͙ͭ ͼΌ ͔ͨͪͦ͋ͣͯ͡ ͔ͣͦ͗ ͭ͜͡Έ͙͟ ͍;͙͔ͭ͡ΈΣ Ύ͙͚͟ ͣ͊Ί ͚͒ͦͫͭ͊ͭͤ͜ ͍͔ͪͤ͜Έ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͯͣͤ͜ΈΦ  ́ͦͣͯ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͍ͣͤ͜Έ ͍͙͙͒ͦͦ͒ͭ ͔͔͙ͭͦͪͣ Ί ͙ͦ͒ͤͣ ͘͜ ͍͊͒͊ͤ͘Έ ͝ͻ ͺ͊ͻ͍ͦͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟Φ ˻͙͒ͤͣ 
͘͜ ΄͡Ύͻ͍͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͍ͣͤ͜Έ ͍͙͙͒ͦͦ͒ͭ ͔͔͙ͭͦͪͣ Ί ͍͙͔͒ͤͤ͜͡Ύ ͎ͯ͊͊͘͡ΈͤΌΌ;͙ͻ ͯͣͤ͜Έ 
ͦͨͪ͊ͼΌ͍͊ͤͤΎ ͣͫͭͯ͘͜ ͭ͊ ͍͔͔͒ͦ͒ͤͤΎ ͔͔ͭͦͪͣ ΄͟͜͡Έ͎ͤͦͦ ͯͪͫͯ͟ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͭ͊ ͍͙ͦͤ͊ͤͤ͟Ύ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͍ͨͤ͊͊͘͜͡Έ͙ͤͻ ͍͊͒͊ͤ͘ΈΣ 
ͫͨͪΎ͍͙ͣͦ͊ͤͻ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͯͣͤ͜ΈΦ ˾͊ͦͣ͘ ͘ ͙ͭͣΣ ͔ͨͦͭͪ͋ͯΊ ͨͦ͒͊͡Έ΄͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͎͍ͦͭͦͤͫͭ͜Έ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ 
͍;͙͔ͭ͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͎͍͍͙ͦͪ͊ͤͦͯ͊ͭ͘͜ ͍͍͒ͨͦ͒ͤͯ͜͜ ͍ͤ͊;͊͡Έͤͯ ͒͜Ύ͡Έͤͫͭ͜Έ ͯ;͍ͤ͜Φ 

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 
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FORMING THE KNOWLEDGE TO PROOF THEOREMS FOR FUTURE TEACHERS OF MATHEMATICS 

A.O.Rozumenko  
Makarenko Sumy State Pedagogical University, Ukraine 

A.M.Rozumenko  
Sumy National Agrarian University, Ukraine 

Abstract. 
Formulation of the problem. The quality problem of preparation future teachers of mathematics is considered in the article. It is stated that the 

level of skills to prove theorems that students of mathematical specialties of pedagogical universities have is insufficient for their 
future professional activity. 

Materials and methods. During the article preparation, the following research methods were used: comparative analysis of theoretical 
provisions revealed in the scientific and educational and methodical literature; observing the educational process of training future 
teachers of mathematics; questionnaires and interviews with students and graduates of mathematical specialties of pedagogical 
educational institutions; generalization of owned pedagogical experience in teaching the course "Methods of teaching 
mathematics". 

Results. One way to solve this problem is to develop the ability to summarize knowledge for future teachers of mathematics. Formation of 
ƎŜƴŜǊŀƭƛȊŀǘƛƻƴ ǎƪƛƭƭǎ ƴƻǘ ƻƴƭȅ ƛƴŎǊŜŀǎŜǎ ǘƘŜ ƭŜǾŜƭ ƻŦ ǎǘǳŘŜƴǘǎΩ ƎŜƴŜǊŀƭƛȊƛƴƎ ŀŎtivity, which positively influences the whole learning 
process, but also contributes, due to their psychological characteristics, to a deeper assimilation of mathematical knowledge. 
CƻǊƳƛƴƎ ŀƴŘ ƛƳǇǊƻǾƛƴƎ ǎǘǳŘŜƴǘǎΩ ability to generalize requires not only explaining the essence of this method of thinking, but also 
special exercises that are generalizable and aimed at achieving a certain level of generalization. We propose to 
underline separate groups of generalizing abilities during formulating theorems and learning to prove theorems. We 
believe that while learning the content of the theorem, it is advisable to distinguish the following generalizing skills: the allocation 
of a substantial, general conditions of the theorem; "Recognizing" the conditions of the theorem in given specific cases; 
"Constructing" the conditions of the theorem. During the work on the theorem proof, we distinguish pairs of inductive and 
deductive generalizing skills: the ability to highlight the idea of proof, making a generalized plan of proof; recognizing the method 
and constructing the proof of the theorem by the specified method. According to each generalization skill we offer a system of 
special cognitive tasks aimed at their formation. 

Conclusions. The ability to prove mathematical statements in for graduates of secondary schools is insufficient. Only a teacher who has a 
sufficient level of relevant skills can solve this problem. Therefore, forming the ability of future teachers of mathematics to prove 
theorems is one of the tasks of their professional training. One way to develop the ability of teachers of mathematics to prove 
theorems is to allocate generalizing skills of content processing and to prove the theorems of school mathematical course and to 
perform special cognitive tasks aimed at the formation of appropriate skills. 

Keywords: proving the theorem, future teachers of mathematics, generalizing skills, cognitive tasks. 
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͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ΅ͦ ͍͙ͤ͊͘;͊Ί ͝͝ ͎͍ͦͭͦͤͫͭ͜Έ ͜ ͒͊ͭͤͫͭ͘͜Έ ͒ͦ ͔͎ͨͦͭ͊ͨͤͦͦ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͊͒͊͘;Σ Ύ͟͜ ͍͙͙ͤ͊͟ΌͭΈ ͯ 
͔ͪ͊͡Έ͙ͤͻ ͙͗ͭͭΊ͍͙ͻ ͙ͫͭͯ͊ͼ͜ΎͻΣ ͯ ͙ͪͤ͘͜ͻ ͫͺ͔ͪ͊ͻ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͤ͊ ͍ͦͫͤͦ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͤ͊ͤ͘Έ ͭ͊ ͯͣͤ͜Έ ͘ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͚ 
͙͗ͭͭΊ͍͎ͦͦ ͍͒ͦͫ͒ͯ͜ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͫͺ͍ͦͪͣͦ͊ͤͦ͝ ͙͔͙ͫͫͭͣ ͎͊͊͘͡Έͤͦͯ͟͡Έ͙ͭͯͪͤͻ ͭ͊ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͼ͔͚ͤͤͦͫͭ͜ ͘ ͔ͣͭͦΌ 
͙ͦͭͪͣ͊ͤͤΎ ͍͙ͤͦͻ ͤ͊ͤ͘Έ ΄͡Ύͻͦͣ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔͍ͣͭͦ͒͜ ͍͎ͤ͊ͯͦͦͦ͟ ͨͤ͊ͤͤ͘͜ΎΦ 

ˤ͙͍͙ͫͤͦ͟Φ ͍̅ͦͪͣͯ͊ͤͤΎ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͔͍ͫͭͯ͒ͤͭ͜ ͍͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͙̂ͪ͊ͤ͟͝ ͯ ͨͪͦͼ͔ͫ͜ ͺ͊ͻ͍ͦͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ 
͍͙ͨͦͤͤͦ ͙ͫͭ͊ͭ ͙ͦ͒ͤͣ ͘ ͍͙ͨͪͦ͒ͤ͜ͻ ͙͔͍ͨͪͦͪͭͭ͜͜ ͫͯ;͊ͫͤͦ͝ ͙͔͙ͫͫͭͣ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͙ͪ͊ͤ͟͝Σ ͍͙ͪ͜΄͔ͤͤΎ Ύ͎ͦͦ͟ ͍͙͎ͣ͊͊Ί 
͔ͦͣͨͫͯ͟͟͡ ͊͘ͻ͍ͦ͒͜ Ύ͟ ͎͊͊͘͡Έͤͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͭ͊ ͙͙͒͒͊ͭͦ͟͟-͔͙ͣͭͦ͒;͎ͤͦͦΣ ͭ͊͟ ͜ ͎ͦͪ͊ͤ͊͘͜ͼ͚͎ͤͦͦ͜ ͻ͔͊ͪ͊ͭͪͯ͟. 

 

˴˶̑̉˻ˤ˱ ˿˶˻ˤˢΥ ͙͒ͦͫ͒ͤ͜͡ͼΈ͊͟ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈΣ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Σ ͙͔ͫͫͭͣ͊ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Σ ͨͪͦͺ͔͚ͫͤ͊͜ 
͎͍ͨ͒ͦͭͦ͊͜͟Σ ͔͙ͫͭͯ͒ͤͭ ͍͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜. 

 
ˤ˿́̂˽ 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˽͔ͪ΄ͦ;͔͎͍͙ͪͦͣ ͙͔ͨͪͦͪͭͭͦͣ͜ ͫͯ;͎͊ͫͤͦͦ ͍ͤ͊;͊ͤͤΎ ͜ ͍͙ͻ͍ͦ͊ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ 
͍͙ͦͫͭ͜ ͙̂ͪ͊ͤ͟͝ Ί ͍͙ͪͦͭͦ͘͟ ͍ͭͦͪ;͎ͦͦ ͔ͨͦͭͤͼ͊ͯ͜͡ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͺ͊ͻ͍͜ͼΎΣ ͎͒͊ͭͤͦͦ͘ ͒ͦ ͔͔͍͔ͨͪͭͦͪͤͤΎ ͫͦͼͯͣͯ͜ ͜ ͍͙ͨͦ͋ͯ͒ͦ ͍͙ͤͦͻ 
ͺͦͪͣ ͫͯͫͨ͜͡Έ͎ͤͦͦ ͙͗ͭͭΎΣ ͔͎ͤͫͭ͊ͤ͒͊ͪͭͤͦͦ ͍͙ͦͤ͊ͤͤ͟Ύ ͍͙͊ͫͤ͡ͻ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͺͯͤ͟ͼ͚͜Φ ˾͔͊͊͘͜͡ͼ͜Ύ ͼΈ͎ͦͦ ͍͊͒͊ͤͤ͘Ύ ͍͙͎ͣ͊͊Ί ͍͒͜ 
͍ͤ͊ͯͦͦ͟-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͫͯ;͙͊ͫͤͻ ͍͙΄͍͜ ͙̂ͪ͊ͤ͟͝ ͪͦͯͣͤͤ͘͜Ύ ͔͎ͣͭͦ͒ͦͦ͜͡;͙ͤͻ ͜ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔͍͊ͫͨͭ͟͜ 
͍ͤ͊;͊͡Έͤͦ͝Σ ͍ͤ͊ͯͦͦ͟-͒ͦͫ͒ͤͦ͜͡͝ ͭ͊ ͍ͭͪͯ͒ͦͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͎͙ͦ͜͟͡ ͍ͤ͊;͊͡Έ͙ͤͻ ͚͒͜ ͘ ͍͙ͪͦͭͯ͘͟ ͙͍͙ͨͪͦ͒ͯͭͤ͟ͻ ͔͚͒͋ͤͦͫͭ͘͜ 
͙ͦͫͦ͋ͫͭͦͫͭ͜ ͔ͫͭͯ͒ͤͭ͊Φ 

˽͙ͪ ͼΈͦͣͯ ͺ͍ͦͪͣͯ͊ͤͤΎ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͺ͊ͻ͍͜ͼΎ ͔͔ͨͪ͒͋͊;͊ΊΣ ͔͔ͤ͊ͫ͊ͣͨͪ͒Σ ͦͨͦͪͯ ͤ͊ ͍͙ͫ͊ͣͦͪͦͭͦ͘͟ ͍͊͒͊ͭ͘͟͜ ͜ 
͍ͭͦͪ;͎ͦͦ ͔ͨͦͭͤͼ͊ͯ͜͡ ͙͍ͤ͒͒͊͜͜Σ ΅ͦ ͍͙͎ͣ͊͊Ί ͍͔ͫͭͦͪͤͤΎ ͒͡Ύ ͼΈ͎ͦͦ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͍ͯͣͦ όˤΦ s ͤ͒ͪΊΊ͍ύΣ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΌͭΈ 
͙ͦͭͪͣ͊ͤͤΎ ͍͎ͤͦͦͦ ͤ͊ͤͤ͘ΎΣ ͚͎ͦͦ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͊͘ ͺͯͤ͟ͼͦͤ͊͜͡Έ͙ͤͣ ͙ͨͪͤ͊͘;͔ͤͤΎͣΣ Ύ͔͟ ͔ͤ ͍͙;͔ͪͨͯΊͭΈͫΎ 
ͭ͜͡Έ͙͟ ͍ͨͤ͊͊͘͜͡Έ͙ͤͣ ͔͊ͫͨͭͦͣ͟ όˢ͔ͤ͒ͪΊ͍Σ мфумύΦ ˽͙ͪͪͦ͒ͤͦΣ ΅ͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͊͊͒͊͘͟͡ͻ 
͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͙̂ͪ͊ͤ͟͝ ͣ ͊Ί ͍͙͋ͯ͒ͯ͊ͭͫΎ ͔ͤ ͭ͜͡Έ͙͟ ͊͘ ͎ͦͦ͜͟͡Ό ͔͔ͨͪ͒ͣͭ͊Σ ͊ ͚ ͊͘ ͎ͦͦ͜͟͡Ό ͚ͣ͊͋ͯͭͤΈͦ͝ ͺ͊ͻ͍ͦͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

˻͔ͭ͗Σ ͔ͤͦ͋ͻ͒ͤͦ͜Ό ͍ͯͣͦͦΌ Ύͫͤͦ͟͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͙̂ͪ͊ͤ͟͝ Ί ͺ͍ͦͪͣͯ͊ͤͤΎ ͒͊ͭͤͦͫͭ͘͜ 
͒ͦ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˨͙ͦͫ͒ͤ͜͡ͼΈ͙͚͟ ͻ͔͊ͪ͊ͭͪ͟ ͍ͤ͊;͊ͤͤΎ ͔͔͊͋ͨ͘͘;ͯΊ ͍͙͙͚ͫͦ͟ ͍͔ͪͤ͜Έ ͚ͫ͊ͣͦͫͭͤͦͫͭ͜͜Σ 
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͍ͫͭͦͪΌΊ ͍͙ͯͣͦ ͒͡Ύ ͍ͫͨͨͪ͊͜ͼ͜Σ ͍͍ͫͨͭͦͪ͜;ͦͫͭ͜ ͍͙͊͒͊͟͡;͊ ͜ ͔͍ͫͭͯ͒ͤͭ͜Σ ͙ͫͨͪΎΊ ͺ͍ͦͪͣͯ͊ͤͤΌ ͦͫͭ͊ͤͤ͜ͻ ͍͙ͤ͊;ͦ͟ ͚ͫ͊ͣͦͫͭͤͦ͜͝ 
͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͙͍͊ͭͤͦͫͭ͟͜Φ 

˹͊ ͗͊͡ΈΣ ͍͙͚ͣͫͭͦ͘͜ ͔ͦͣͨͦͤͤͭ͟ ͍ͭ͜;͙ͤ͘Ύͤͦ͝ ͍͙΅ͦ͝ ΄͙ͦ͟͡ ͫΈ͎ͦͦ͒ͤ͜ ͋͜͡Έ΄ ͦͪ͘͜Ί͍͙͚ͤͭͦ͊ͤ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͔͍ͫͭͯ͒ͤͭ͜ 
ͯ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͙̂ͪ͊ͤ͟͝ ͎͊ͫͭ͊ͪͦͦ͘͜͡ ͔͔͙ͫͭͪͦͭͨͯ ͦ;͍ͯ͊ͤͤ͜͟Ύ  Ϧ͋͊ͭΈ͍ͫ͟͜Έͦ͟͝ ͙ͦͨ͜͟Ϧ ͘ ͋ͦͯ͟ ͔͍͙͒ͪ͗͊ ͜ ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ ͔̇ 
Ί ͦ͒ͤ͜ΊΌ ͘ ͙ͨͪ;͙ͤ ͍͒ͫͯͭͤͦͫͭ͜͜ ͯ ͍͙͙ͨͯͫͤ͊͟͟ ͍͙΄ͯ ͙͍ͣͦͭ͊ͼ͜͝ ͜ ͒͊ͭͤͦͫͭ͘͜ ͒ͦ ͙͍͊ͭͤͦ͟͝ ͍͊ͫͤͦ͡͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ 
͔ͤͫͨͪͦͣͦ͗ͤͫͭ͜Έ ͒ͦ ͔͍͊͒͊ͭͤͦ͟͝ ͫ͊ͣͦͦͼ͙ͤ͜͟ ͜ ͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜͝Φ ˤͦ͒ͤͦ;͊ͫ ͔͙͍͙͚ͤͭͤͫͤ͜ ͍͙ͪͦͭͦ͘͟ ͫͯ;͙͊ͫͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ 
͍͊ͭͦͪͫΈ͙͟ͻ ΄͟͜͡Σ ͊͡Έ͔͙͍͙ͭͪͤ͊ͭͤͻ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-͙͍͙ͦͣͯͤ͊ͭͤ͟͜͟ͻ ͙͔ͫͫͭͣ ͍͙͎ͣ͊͊Ί ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼΎ ͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ 
ͻ͔͊ͪ͊ͭͪͯ͟Σ ͙͍͎͊ͭͤͦͦ͟Σ ͎͒͊ͭͤͦͦ͘ ͒ͦ ͍͎ͤ͊ͯͦͦͦ͟ ͨͦ΄ͯͯ͟Σ Ύ͟ ͍͙ͦͫͤͦ ͚͎ͦͦ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍͙ͫ͊ͣͦͪͦͭͯ͘͟ ͜ ͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜͝Φ ˴ͪͣ͜ 
͎ͭͦͦΣ ͊ͤ͊͘͜͡ ͍͙ͤ͊ͯͦ͟ͻ ͔ͨͪ΄͔͔ͦ͒͗ͪ͡ ͍͍͒ͦ͜Σ ΅ͦ ͺ͔͔ͤͦͣͤ α͙͒ͦͫ͒ͤ͜͡ͼΈ͊͟ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έέ ͔ͤ ͍͙͊͗͒͘ ͦ͒ͤͦͤ͊͘;ͤͦ 
ͭͪ͊ͭͯ͟ΊͭΈͫΎΦ ́͊͟Σ ͤ͊ ͒ͯͣͯ͟Σ Ύ͟ ͍ͭ͜;͙ͤ͘Ύ͙ͤͻ όˣΦ s ͤ͒ͪ͜Ί͍ͫΈ͙͚͟Σ ˤΦ x ͦͤ͒͊ͪΣ ˤΦ ˥ ͙͊ͯͤͫ͘͡Έ͙͚͟Σ ˸Φ ̐ ͍ͭͯͻΣ ˿Φ ˥ ͦͤ;͔͊ͪͤͦ͟Σ 
˶Φ ˴ ͍ͦͪ͗ͦ͊Σ ˻Φ ˾ ͙ͯ͒ͤͼΈ͊͟ύΣ ͭ͊͟ ͜ ͙͊ͪͯ͋͗ͤ͘͜ͻ ό˶Φ s ͔ͤ͒ͪΊ͍͊Σ  ˾Φ ˥ͦͪͦͻ͍ͦ͊Σ ˱Φ ˭ ͍͔͔͍ͪΣ ˹Φ ˹ ͍͊ͤ͒ͪͦ͜͟Σ ˨Φ ́ ͍ͯͪͫͯͤͦύ ͍ͤ͊ͯͦ͟ͼ͍͜Σ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͯͣͤ͜Έ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͫͭ͊Ί ͙ͦ͒ͤͣ ͘ ͍͙ͨͪͦ͒ͤ͜ͻ ͙͔͍ͨͪͦͪͭͭ͜͜ ͫͯ;͊ͫͤͦ͝ ͙͔͙ͫͫͭͣ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Σ 
͍͙ͪ͜΄͔ͤͤΎ Ύ͎ͦͦ͟ ͍͙͎ͣ͊͊Ί ͔ͦͣͨͫͯ͟͟͡ ͊͘ͻ͍ͦ͒͜ Ύ͟ ͎͊͊͘͡Έͤͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͭ͊ ͙͙͒͒͊ͭͦ͟͟-͔͙ͣͭͦ͒;͎ͤͦͦΣ ͭ͊͟ ͜ ͎ͦͪ͊ͤ͊͘͜ͼ͚͎ͤͦͦ͜ 
ͻ͔͊ͪ͊ͭͪͯ͟Φ 

͙́͊ͣ͟ ;͙ͤͦͣΣ ͫΈ͎ͦͦ͒ͤ͜Σ ͔ͤ ͍͊͗͊͘Ό;͙ ͤ͊ ͤ͊͘;ͤͯ ͟͜͡Έͫͭ͟͜Έ ͔͒ͦͫ͒͗ͤ͜͡Έ ͼΈ͎ͦͦ ͤ͊ͨͪΎͣͯ͟Σ ͙͊͘͡΄͊ΌͭΈͫΎ ͊ͭͯ͊͟͡Έ͙͙ͤͣ 
͙ͨͭ͊ͤͤΎ ΅ͦ͒ͦ ;͎ͭͦͦ͜͟ ͪͦͯͣͤͤ͘͜Ύ ͨͪͦͼ͔ͫͯ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ 
͙̂ͪ͊ͤ͟͝. 

ˢͤ͊͘͜͡ ͦͫͭ͊ͤͤ͜ͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ͔͔͙́ͦͪͭ;ͤ͜ ͔͙͊ͫͨͭ͟ ͔͎ͤͭͪ͊͜ͼ͜͝ ͍ͤ͊;͊͡Έͤͦ͝ ͭ͊ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜ ͯ 
͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͙̂ͪ͊ͤ͟͝ ͙ͫͭ͊͡ ͔͔ͨͪ͒ͣͭͦͣ ͔͒ͦͫ͒͗ͤ͜͡Έ ͙͙ͤ͘͟ ͔͎͎͍ͨ͒͊ͦ͜-͙͍͒ͦͫ͒ͤ͜͟͜͡Σ Ύ͟͜ ͙͙ͪͦͪ͘͟͡Υ 

-  ͙͙͒͒͊ͭ͟;ͤ͜ ͍͙ͯͣͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ ͨ͒͜ͻͦ͒ͯ ͍ ͍ͤ͊;͊ͤͤ͜ ό˽Φ ˶ ͯ͊ͤ͘Σ ˤΦ s ͤ͒ͪΊΊ͍Σ ˢΦ ˨ Έͦͣͤ͜Σ ˤΦ x ͔ͫͨ͊͡Έͦ͟Σ 
˸Φ ˴ͤΎ͘ΎͤΣ ̐Φ ˴͙ͯ͟͡Σ ˹Φ ˥ ͍͙ͦͤ͡Σ ˤΦ ˴͔ͯ͡΄͍ͦ͊Σ ˻Φ ˾͎ͦͦͤ͊͘͜ύΤ 

-  ͙͙͒͒͊ͭ͟;ͤ͜ ͔͙͊ͫͨͭ͟ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͭ͊ ͔͔ͭͤ͒ͤͼ͜͝ ͍͙ͪͦͭͯ͘͟ ͎͊͋ͦͪ͊ͭͦͪͤͦͦ͡ ͙ͨͪ͊ͭͯͣͯ͟͟ ͘ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ 
ό̑Φ ˶͔͍ͦͤͦΣ ˿Φ ˥ ͔͍͙ͯͪ;Σ ˱Φ ˻ ͙͍ͫͨͦ͊Σ ˢΦ ˴ ͔ͯͤ͘ͼ͍ͦΣ ˻Φ ˥ͦͪ͋͊ͤΈ ͭ͊ ̑Φ ˤ͙ͫͦͼΈ͙͚͟ύΤ 

-  ͍͙ͯͣͦ ͍͙ͪͦͭͯ͘͟ ͍ͭͦͪ;͎ͦͦ ͙͔ͣͫͤͤ͡Ύ ͭ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͯͣͤ͜Έ ͨ͒͜ ;͊ͫ ͎͊͋ͦͪ͊ͭͦͪͤͦͦ͡ ͙ͨͪ͊ͭͯͣͯ͟͟ 
ό˶Φ ˥ ͦ͡Έ͒ͤ͜Σ ˴Φ ˴͔͍ͦͪͭͤΣ ˶Φ ˴ ͍ͪ͊;͔ͤͦ͟Σ ˸Φ ˢ͔ͫ͟͡ΊΊ͍ύΤ 

-  ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ͪͭͯ͊͜͡Έ͙ͤͻ ͚͊͋ͦͪ͊ͭͦͪ͜͡ ͍ ͙͚͊͋ͦͪ͊ͭͦͪͤ͡ ͙ͨͪ͊ͭͯͣ͟͟ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ 
ό˻Φ ̉ ͙͚ͦͪͤΣ ˨Φ ˾ͦ͒Έͤ͟͜Σ ˿Φ ˻͋ͯͻ͍ͦΣ ˢΦ ʕ ͙͊ͫ͡Έ͔͍Σ ˱Φ ˿͙͊ͨͪͤ͟͜Σ ˱Φ ˽ͦͤͦͣ͊ͪΈ͍ͦΣ ˢΦ ˿͍͍ͦͦͦ͡Σ ˣΦ ˴ͪ͊ͯͫύΦ 

-  ͔͔͙ͭͦͪͭ;ͤ͜ ͙͊ͫ͊͒͘ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͭ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͯͣͤ͜Έ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-͙͍͙ͦͣͯͤ͊ͭͤ͟͜͟ͻ 
͔ͭͻ͎͚ͤͦͦ͜͡ ό˿Φ ˾ ͍͊ͦ͟Σ ̑Φ ́ ͙ͪͯͫΣ ˻Φ ˴ ͔͍͊ͤͫΈ͊͟Σ ́Φ ˿ ͙͔͒ͦͪͤͦ͟ύΤ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜Φ ˥͍ͦͦͤ͊͡ ͔ͣͭ͊ ͼ͜Ί͝ ͙ͪͦ͋ͦͭ ς ͍͙͍͙͙ͫͭͭ͜͡ ͭ͊ ͍͙ͨͪͦ͊ͤ͊ͯ͊ͭ͘͜͡ ͔͒Ύ͟͜ ͔͙͊ͫͨͭ͟ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ 
͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͍͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͙̂ͪ͊ͤ͟͝ ͯ ͨͪͦͼ͔ͫ͜ ͺ͊ͻ͍ͦͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ 

 
˾˩˭̂˶̎́ˢ́ˮ ́ˢ ˱̆ ˻ˣ˥˻ˤ˻˾˩˹˹̒ 

̂ͪ͊ͤͫ͟͝Έ͔͟ ͫͯͫͨ͜͡Έ͍ͫͭͦ ͫΈ͎ͦͦ͒ͤ͜ ͔͔͍ͨͪ͋ͯ͊Ί ͤ͊ ͔ͭ͊ͨ͜ ͙ͪ͘͟Σ ͫͦͼ͊͜͡Έͤͦ͝ ͔ͤ͊ͨͪͯ͗ͤͦͫͭ͜ ͭ͊ ͔͍͙ͤͤ͊͘;͔ͤͦͫͭ͜Σ ͻ͙͊ͦͭ;ͤͦͫͭ͜ 
ͨͦ͒͊͡Έ΄͎ͦͦ ͍͙ͪͦͭͯ͘͟Φ ˹͊ ͺͦͤ͜ ͤ͊ͪͦͫͭ͊Ό;ͦ͝ ͍͒͜;͔ͯ͗ͤͦͫͭ͜ ͯ ͫͭͦͫͯͤ͊͟ͻ ͣ͗͜ ͡Ό͒Έ͙ͣΣ ͣͤ͘͜ΌΊͭΈͫΎ ͜ ͍ͫ͒ͦͣͫͭ͜͜Έ ͫͯ;͊ͫͤͦ͝ 
͙͙͙͒ͭͤΣ ͝͝ ͙͚ͫͨͪͤΎͭͭΎ ͍͙ͤ͊ͦ͟͡΄ͤΈ͎ͦͦ ͍ͫͭͯ͜Σ ͙ͨͫͻ͎ͦͦ͜͡Ύ ͍͔͙ͨͦ͒ͤ͜͟Φ ̂ ͍͘ΩΎͯ͘͟ ͘ ͼ͙ͣ ͒͡Ύ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͙͔͙ͫͫͭͣ ͍͙ͦͫͭ͜ 
͔͙͙ͦͪͫͫ͟͡͡Έ ;͙͙ͦͭͪ ͍ͦͫͤͦͤ͜ ͍͙͙͙͟͟͡ ;͊ͫͯΣ Ύ͟͜ ͨͪΎͣͦ ;͙ ͔͔͍ͦͨͦͫͪ͒ͦ͊ͤͦ͟ ͍͙͍ͨ͊͡ΌͭΈ ͤ͊ ͝͝ ͫͭ͊ͤ ͜ ͔͔͙͍͙ͨͪͫͨͭ͟ ͍͙ͪͦͭͯ͘͟, 
͔͔ͫͪ͒ Ύ͙͟ͻΥ  

- ͎ͦ͋͊͊͘͜͡͡ͼ͜Ύ ό͔͋ͤͫ͘͜ ͔͋͘ ͍ͦͪ͒ͦͤ͟͜Σ ͍͙͒ͪͭ͊͜͟ ͍ͦͫͭ͊͜Σ ͗ͦͪͫͭ͊͟ ͔ͦͤͯͪͤ͟͟ͼ͜Ύ ͤ͊ ͙ͪͤͯ͟ ͨͪ͊ͼ͜ ͜ ͍ͦͦ͒ͤͤ͜͡Ύ ͔͔͙͒͗ͪ͊ͣ͡ 
͔͔͎ͤͪ͜͝ύΤ 

- ͔͎͒ͣͦͪ͊ͺ͜;ͤ͊ ͙ͪ͊͘͟ ό͔ͣͤ͘΄͔ͤͤΎ ͡Ό͒ͫΈ͙͟ͻ ͔͍ͪͫͯͪͫ͜Σ ͫͭ͊ͪͤͤ͜Ύ ͔͔ͤ͊ͫͤͤ͡ΎΣ ͍͒ͭ͜͜͟ ͒͋ͤͦ͘͜͝ ͣͦͦ͒͜͡ύ ͍͙͎ͣ͊͊Ί ͨͦ΄ͯͯ͟ 
΄͡Ύͻ͍͜ ͙ͦͨͭͣ͊͘͜ͼ͜͝ Ύͦͫͭ͟͜ ͍͙ͦͫͭ͜Σ ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ͦͫͭͤ͜Έ͎ͦͦ ͜ ͍͙͙ͪͦ͋ͤ;͎ͦͦ ͔ͨͦͭͤͼ͍͊͜͜͡Τ 

- ͍ͤͤͦ͊͜ͼ͜͝ ͍ ͍ͤ͊ͯͦͦ͟-͔ͭͻͤ͜;͚ͤ͜ ͫͺ͔ͪ͜ ό˱˴́Σ ͔ͤ͊ͤͦͭͻ͎ͤͦͦ͜͡͝Σ ͔͋ͦͭ͜ͻ͎ͤͦͦ͜͡͝ ͭͦ΅ͦύ ͍ͯͣͦ͘͡ΌΌͭΈ ͔͙ͨͦͭͪ͋ ΄͍͙͙͒͟ͻ ͜ 
͍ͤ͊ͯͦͦ͟ ͍͙ͦ͋͐ͪͯͤͭͦ͊ͤͻ ͣͤ͘͜ ͯ ͣͫͭ͘͜͜ ͜ ͔͙ͣͭͦ͒͊͟ͻ ͍ͤ͊;͊ͤͤΎΤ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͡Ό͔͚͒ ͒͋ͤͦͫͭ͘͜͜ ͍ͤ͊;͙͊ͭͫΎ ͍͍ͨͪͦ͒ͦ͗ ͙͗ͭͭΎΤ 

- ΄͍͙͒ͫͭ͟͜Έ ͜ ;͊ͫͭͦͭ͊ ͦͣͯͤ͊͟͜͟ͼ͚͜ ͯ ͙ͪͤ͘͜ͻ ͫͺ͔ͪ͊ͻ ͫͯͭͭΊ͍ͦ ͣͤ͘͜ΌΌͭΈ ͍ͤ͊;͊͡Έ͔ͤΣ ͯ͟͡Έ͔ͭͯͪͤ ͔͔͍͙ͫͪ͒ͦ΅͔Σ 
ͤ͜ͺͦͪͣ͊ͼ͚͙͚ͤ͜ ͜ ͔ͦͪͣ͊͘͟ ͍͚ͦͫͭͤ͜͜ ͨͪͦͫͭͪ͜ ͙ͪ͊ͤ͟͝έ ό˿͍͊;͔ͤͦ͟ΣнлммύΦ 

˿ͭ͊Ί ͦ;͔͍͙͙͒ͤͣΣ ΅ͦ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͍͙΅͔͊ͤ͊͘͘;͔͙ͤͻ ͎ͦ͋͊͡͡Έ͙ͤͻ ͔ͨͪͦ͋ͣ͡ ͎ͫͭ͊ͦͦ͡ ͍͙ͪͦͭͯ͘͟ ͤ͊΄ͦ͝ ͙ͪ͊ͤ͟͝ 
͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͍ͨͦΩΎ͊ͤ͘͜ ͘ ͨͦ΄ͯͦͣ͟ ͍͙ͤͦͻ ͍ͪ͘͜ͼ͍͜ ͣͫͭͯ͘͜ ͭ͊ ͺͦͪͣ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜Σ ΅ͦ ͦͪ͜Ί͍ͤͭͦ͊ͤ͜ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔ͣͦ͒͜͡ 
Ύͫͤͦ͟͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͔͙ͦͤͯͪͤͭͦͫͨͪͦͣͦ͗ͤ͟͟ͻ ͤ͊ ͍͍ͫͭͦͦͣͯ͜ ͙ͪͤͯ͟ ͨͪ͊ͼ͜ ͺ͊ͻ͍͜ͼ͍͜ ͤ͊ ͍ͦͫͤͦ͜ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͍ͫͭ͊ͤ͒͊ͪͭ͜ 
͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Φ 

̂ ͍͘ΩΎͯ͘͟ ͘ ͼ͙ͣ ͍͊͒͊ͤͤ͘Ύ ͍͔͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͍ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜, 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͝ͻ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟Σ ͍͙͍ͫͯ͊ΊͭΈͫΎ ͍ Ύͦͫͭ͟͜ ͙͔͎ͨͪͦͪͭͭͤͦͦ͜ ͤ͊ͨͪΎͣͯ Ύ͟ ͎͙ͨͪͦͪ͊ͣ ͨͦ͒͊͡Έ΄͎ͦͦ 
͍͙ͪͦͭͯ͘͟ ͙͔͙ͫͫͭͣ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͙̂ͪ͊ͤ͟͝Σ ͭ͊͟ ͜ ͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͍ͤͦͦ͝ ͍ͦͫͭͤ͜Έͦ͝ ͙͎͙ͨ͊ͪ͊͒ͣ ͙ͪ͊ͤ͟͝Φ 

˹͔͍͙ͤ͊͘;͔ͤͫͭ͜Έ ͫͯ;͎͊ͫͤͦͦ ͨͦͫͭͤ͒ͯͫͭͪ͊͜͜͡Έ͎ͤͦͦ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͍ͯͣͦ͘͡ΌΊ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍͔ͯͤͪͫ͊͜͡Έ͙ͤͻ 
͙͍ͪͦ͋ͭͤ͜͟͜Σ Ύ͟͜ ͍ͦͦ͒͜͡ΌͭΈ ͎ͯ͊͊͘͡Έ͔͙͙ͤͤͣ ͙͊ͫͦ͋͊ͣ͘ ͍͙ͦͤ͊ͤͤ͟Ύ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͺͯͤ͟ͼ͚͜Σ ͣ͊ΌͭΈ αͨͦͪͭͺ͔͡Έ ͔͔ͦͣͨͭͤ͟ͼ͚͜έ ͜ 
ͨͪͦͺ͔͚ͫͤͦ͜ ͤ͊͘;ͯ΅͜ Ύͦͫͭ͟͜ ό˭͔͔ͪΣ нллтύΦ 

̒ͫͤ͊͟͜ ͍ͦͫͭ͊͜ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͙ͤ͊ͣ ͫΈ͎ͦͦ͒ͤ͜ Ύ͟ ͔ͺ͔͙͍͙͚ͭͤ͟ ͔ͤͫͭͪͯͣͤͭ͜ ͙ͨͪͦͭͫͭͦΎͤͤΎ ͍͙͙͊ͣ͟͟͡ ;͊ͫͯ ͯ ͍͙ͣͪ͜͜ 
͍ͨͪͦ͒ͯͯ͊ͤͤ͟Ύ ͔͙ͦͤͯͪͤͭͦͫͨͪͦͣͦ͗ͤ͟͟ͻ ͍͙͍ͫͦͦ͊͟͟͜͡ͺ͍͙ͦ͊ͤ͜͟ͻ ͺ͊ͻ͍͜ͼ͍͜Σ ΅ͦ ͍ͦͦ͒͜͡ΌͭΈ ͔ͤͦ͋ͻ͙͙͒ͤͣ͜ ͍͊͟͜͡ͺ͊͜͟ͼ͜Ύ͙ͣ ͭ ͊
͔͔ͦͣͨͭͤͭͤͦͫͭ͟Ύ͙ͣ. 

˭͍͊͒Ύ͙͟ ͭͦͣͯΣ ΅ͦ ͍ ͦͫͭ͊ͤͤ͜ ͙ͪͦ͟ ͘ΩΎ͍͙͊ͫ͡Ύ ͙ͤ͊͘͟ ͙͙͒͒͊ͭ͟;͙ͤͻ ͨͪ͊ͼΈ ͘ ͔ͭͦͪ͜͝ ͍ͤ͊;͊ͤͤΎΣ ͍͒͋ͯͦͫ͜͡Ύ ͯͨͦͪΎ͍͒ͯ͊ͤͤ͟Ύ 
͔͎ͭͪͣͤͦͦ͜͜͡;͎ͤͦͦ ͨͦ͡Ύ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻͦ͒ͯΦ ˭͔ͦͪͣ͊͟Σ ͍ ͯͪ͊ͤͫ͟͝Έ͚͟͜ ͙͙͒͒͊ͭ͟ͼ͜ ͍͔͗ Ί ;ͭ͜͟͜Σ ͦ͒ͤͦͤ͊͘;ͤ͜ ͭͯͣ͊͡;͔ͤͤΎ 
͍͙͋͊ͦ͘ͻ ͨͦͤΎͭΈ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻͦ͒ͯΥ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈΣ ͟͡Ό;͍ͦ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈΣ ͔͔ͨͪ͒ͣͭͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͜  
͔͔ͦͣͨͭͤ͟ͼ͜͝Φ ́ͦͣͯΣ ͫΈ͎ͦͦ͒ͤ͜Σ ͔ͤ ͫ͒͜͡ ͒ͦ ͙ͤͻ ΅ͦͫΈ ͍͙͒ͦ͒͊͊ͭ ;͙ ͍͍͙ͣͨͪͦͯ͊ͭ͘͜͜Σ ͔ͭͪ͋͊ ͙͙ͤͣ ͎ͪ͊ͣͦͭͤͦ ͙͍͙ͦͪͫͭͯ͊ͭͫ͟ΎΣ ͊ 
͍͙ͤͦͤͯ͘ ͍͙Ύ͍͡Ύ͙ͭ ͯ ͝ͻ ͔ͨͪͦ͟ͼ͜͝ ͤ͊ ͦ͋ΩΊͭ͟ ͜ ͔͔ͨͪ͒ͣͭ ͤ͊΄͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ς ͺ͍ͦͪͣͯ͊ͤͤ͜ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ 
͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͯ ͙͔ͫͫͭͣ͜ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͙̂ͪ͊ͤ͟͝Φ 
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˹͍͔͔͊͒ͣͦ ͍ͭͪ͊ͭͯ͊ͤͤ͟Ύ ͔͍ͭͪͣͤ͜͜ ͍ͭ͜;͙ͤ͘Ύ͙ͤͻ ͜ ͙͊ͪͯ͋͗ͤ͘͜ͻ ͍ͤ͊ͯͦ͟ͼ͍͜Σ Ύ͟͜ ͍͙ͫͭͯͨ͊ΌͭΈ ͯ ͔ͦͤͭͫͭ͟͟͜ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ 
ͨ͒͜ͻͦ͒ͯΥ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͎͊͊͘͡Έͤ͜ ͊͋ͦ ͟͡Ό;͍ͦ͜ ͍ͣͤͤ͜ΎΣ ͍͋͊ͦ͘͜ ͍ͣͤͤ͜ΎΣ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ͜ ΄͡Ύͻ͙ ͍ͤ͊;͊ͤͤΎΣ ͟͡Ό;͍ͦ͜ 
͍͊͟͜͡ͺ͊͜͟ͼ͜͝Σ ͍ͪͦͫͤ͊͟;͊͡Έͤ͜ ͍ͣͤͤ͜Ύ ͊͋ͦ ͍͙ͤ͊;͙͟Σ ͟͡Ό;͍ͦ͜ ͯΎ͍͔ͤͤ͡ΎΣ ͙ͦͨͦͪ ͊͋ͦ ͦͨͦͪͤ͜ ͤ͊ͤͤ͘Ύ ό͍͙ͤ͊͘;͔ͤͤΎ ˸͗ͤ͊ͪͦ͒ͤͦ͜͝ 
ͦͣͫ͟͜͜͝ ˾͙͊͒ ͍͙̐ͪͦͨύΤ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͫͨͪͦͣͦ͗ͤͫͭ͜Έ ͍͊͟͜͡ͺ͍ͦ͊ͤͦ͜͟ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͒͜Ύ͡Έͤͫͭ͜ΈΣ ͍͙͍͙ͦͤͯ͊ͭ͟ ͍͊͒͊ͤͤ͘Ύ ͊͋ͦ 
ͪͦ͋ͦͭͯΤ ͤ͊͋ͪ͜ ͤ͊ͤ͘Έ ͜ ͍͙͍ͤ͊͟͜Σ ΅ͦ ͒͊ΌͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͔ͺ͔͙͍ͭͤͦ͟ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͒͜Ύ͡Έͤͫͭ͜Έ ͊͋ͦ ͍͙͍͙ͦͤͯ͊ͭ͟ ͭ͊͟͜ 
ͺͯͤ͟ͼ͜͝Σ ͊͘ ͎͒ͦͨͦͣͦͦΌ Ύ͙͟ͻ ͒ͦͫΎ͎͊ΌͭΈͫΎ ͔͍ͨͤ͜ ͙ͫͭ͊ͤ͒͊ͪͭ ͍ ͚ͦ͋ͪ͊ͤ͜ ͨͪͦͺ͔ͫ͜͝ ͊͋ͦ ͍͙͒͜ ͒͜Ύ͡Έͤͦͫͭ͜ ό͍͙ͤ͊͘;͔ͤͤΎ 
˸͎͗ͤ͊ͪͦ͒ͤͦͦ͜ ͔͔͒ͨ͊ͪͭ͊ͣͤͭͯ ͍ͫͭ͊ͤ͒͊ͪͭ͜ ͒͡Ύ ͍ͤ͊;͊ͤͤΎΣ ͒ͦͫΎ͎͔ͤͤͤΎ ͚ ͍͙ͦͫͭ͜ύ ό˻͍;͊ͪͯ͟Σ нллоύϐΤ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς 
͍͔ͣͫͭͦͤ͘͜ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͔͔͙ͭͦͪͭ;͙ͤͻ ͭ͊ ͔͙ͣͨͪ͜;͙ͤͻ ͤ͊ͤ͘ΈΣ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡ͻ ͯ ͺͦͪͣ͜ ͨͦͤΎͭΈΣ ͙ͨͪͤͼ͙͍ͨ͜Σ ͙͍ͫͣͫͦͯͭͦͪ͡ΌΌ;͙ͻ 
͔ͨͦͦ͗ͤ͡Έ ό˩Φ ˭ ͔ΊͪύΤ ͔͔ͦͣͨͭͤ͟ͼ͜Ύς ͎ͯ͊͊͘͡Έ͔͙͚ͤͤ ͫͨͦͫ͋͜ ͚͒͜Σ Ύ͟͜ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͙͍͔ͨͪͦ͒ͯͭͤ͟ ͍͙ͦͤ͊ͤͤ͟Ύ ͨͪͦͺ͔͚ͫͤͦ͜͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ό˭͔͔ͪΣ нллтύ; ͔͔ͦͣͨͭͤ͟ͼ͜Ύ ς ͔͎͍͙͚ͤͭͪͦ͊ͤ͜ ͔ͪͯ͘͡Έͭ͊ͭ ͍ͤ͊;͊ͤͤΎΣ Ύ͙͚͟ ͍͙ͪ͊͗͊ΊͭΈͫΎ ͯ ͒͊ͭͤͦͫͭ͘͜ ͫͯ͋ΩΊͭ͊͟ 
͔ͺ͔͙͍ͭͤͦ͟ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍ͤͯͭͪ͜΄ͤ͜ ͭ͊ ͍ͦͤ͘͜΄ͤ͜ ͔͙ͪͫͯͪͫ ͒͡Ύ ͍͙ͦͤ͊ͤͤ͟Ύ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ 
͍͍͔͙ͫͭ͊ͤͦͤ͡ͻ ͍͙͎ͣͦ ό˭͔͔ͪΣ нллтύ. 

˻͔ͭ͗Σ ͊ͤ͊͘͜͡ ͍͔͔͙ͤ͊͒ͤͻ ͦͤ͊͘;͔ͤΈ ͨͦͤΎͭΈ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͜ ͔͔ͦͣͨͭͤ͟ͼ͜Ύ ͒͊ΌͭΈ ͎ͣͦͯ͘ ͚͙͒ͭ͜ ͍͙͍ͫͤͦͯ͟Σ ΅ͦ ͯ 
͋͜͡Έ΄ͦͫͭ͜ ͍͙͍ͨ͊͒͟͜ ͨ͒͜ ͔͔ͦͣͨͭͤ͟ͼ͜ΊΌ ͪͦͯͣ͘͜ΌͭΈ ͍͙͎ͣͦͯΣ ͤͦͪͣͯ ͍ͦͫͭͤ͜Έͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼΎΣ ͊ ͨ͒͜ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Ό ς 
͙ͦͫͦ͋ͫͭͫͤͯ͜ Ύͫͭ͟͜ΈΣ ΅ͦ ͍͔͗ ͫ͊͊ͫ͟͡͡ΎΦ ˿ͯͭͤͫͭ͜Έ ͨͦͤΎͭͭΎ α͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έέ ͙ͣ ͎ͪͦ͘͡Ύ͒͊Ίͣͦ ͯ ͚ͭ͊͟͜ ͍ͭͪ͊ͭͦ͟ͼ͜Υ 
͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ς ͔͎͍ͤͭͪͦ͊ͤ͊͜ Ύͫͭ͟͜Έ όͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ύ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ Ύ͊͟ ͍͙ͤ͊͘;͊Ί ͝͝ ͒͊ͭͤͫͭ͘͜Έ ͍ͪͦ͘ΩΎ͍͙ͯ͊ͭ͘ 
͔͙ͨͪͦ͋ͣ͡ ͭ͊ ͍͙ͪ͜΄͍͙ͯ͊ͭ ͪͤͦͣ͊ͤͭͤ͘͜͜͜ ͍͊͒͊ͤͤ͘ΎΣ ΅ͦ ͍͙͙ͤ͊͟ΌͭΈ ͯ ͔ͪ͊͡Έ͙ͤͻ ͙͗ͭͭΊ͍͙ͻ ͙ͫͭͯ͊ͼ͜ΎͻΣ ͯ ͙ͪͤ͘͜ͻ ͫͺ͔ͪ͊ͻ 
͒͜Ύ͡Έͤͦͫͭ͜Σ ͤ͊ ͍ͦͫͤͦ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͤ͊ͤ͘Έ ͭ͊ ͯͣͤ͜Έ ͘ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͚ ͙͗ͭͭΊ͍͎ͦͦ ͍͒ͦͫ͒ͯ͜ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͫͺ͍ͦͪͣͦ͊ͤͦ͝ 
͙͔͙ͫͫͭͣ ͎͊͊͘͡Έͤͦͯ͟͡Έ͙ͭͯͪͤͻ ͭ͊ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͼ͔͚ͤͤͦͫͭ͜Φ  

ˢͤ͊͘͜͡ ͨͯ͋͊͜͟͡ͼ͚͜ ͍ͤ͊ͯͦ͟ͼ͍͜Σ ͔͔ͨͪ͒ͣͭͦͣ ͍͎ͤ͊ͯͦͦͦ͟ ͨͦ΄ͯͯ͟ ͙ͫͭ͊͡ ͪͤ͘͜͜ ͔͙͊ͫͨͭ͟ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͒ͦ 
͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͍͊ͫ͒͘͜;ͯΊ ͍͒ͫͯͭͤͫͭ͜͜Έ Ί͙͎͒ͤͦͦ ͍͙ͤ͊͘;͔ͤͤΎ ͼΈ͎ͦͦ ͨͦͤΎͭͭΎΦ ́͊͟Σ ͙ͤ͊ͨͪ͊͒͟͡Σ ˩Φ ˭ ͊ͪ͝-ˣ͔͟ ͜ 
̑Φ ˿ ͦ͡Ύ͙͍ͤͦ͟ ͪͦ͒͘͜͡ΎΌͭΈ ͍͙ͤ͊͘ α͙͒ͦͫ͒ͤ͜͡ͼΈ͊͟ ͪͦ͋ͦͭ͊έ όͺͦͪͣ͊ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍͎ͤ͊ͯͦͦͦ͟ ͜ ͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ ͨͦ΄ͯͯ͟ύ ͜ 
α͒ͦͫ͡ ͙͒ͤ͜ͼΈ͊͟ ͒͜Ύ͡Έͤͫͭ͜Έέ όͨͪͦͼ͔ͫΣ ΅ͦ ͦͻͦͨ͡ΌΊ ͍ͫ͜ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͒͜Ύ͡Έͤͦͫͭ͜ ͘ ͙ͦͭͪͣ͊ͤͤΎΣ ͙ͦ͋ͪͦ͋͟ ͚ ͍ͪͦͨͦͫ͘Ό͔͒͗ͤͤΎ 
͍͎ͤͦͦͦ ͤ͊ͤͤ͘ΎύΦ ́ͦͣͯ α͙͒ͦͫ͒ͤ͜͡ͼΈ͊͟ ͒͜Ύ͡Έͤͫͭ͜Έέ Ί ͋͜͡Έ΄ ΄͙ͪ΄͙ͣ ͨͦͤΎͭͭΎͣΣ Ύ͔͟ ͍͟͡Ό;͊Ί Ϧ͙͒ͦͫ͒ͤ͜͡ͼΈͯ͟ ͪͦ͋ͦͭͯϦ ώсΣ ͫΦ 96].  

ˤ͙͚͒ͦͣ͜ ͍͔ͤ͊ͯͦ͟ͼΈ ˤΦ ˭ ͎͍͊Ύͤͫ͘͜Έ͙͚͟ ͎ͤ͊ͦͦ͡΄ͯΊΣ ΅ͦ ͦͫ͟͜͡Έ͙͟ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ ͍͙͊͗͒͘ ͊͘ ͍ͫͦΊΌ ͫͯͭͤͫͭ͜Ό Ί 
͙͒ͦͫ͒ͤ͜͡ͼΈ͙ͣ͟Σ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͙ͦͦ͒ͭ͜͡ ͔͙ͣͭͦ͒ͦ͟Ό ͨͦ΄͍ͯͦͦ͟͝ ͙ͪͦ͋ͦͭΣ ΅ͦ ͍ ͍ͯͣͦ͊ͻ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻͦ͒ͯ Ί ͙ͦ͒ͤͣ ͘ 
͍͙ͦͫͤͦͤͻ ͙͔͍ͪͭͪ͟͜͝ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͔ͫͨͼ͊ͫͭ͊͜͜͡Φ  ˨͙ͦͫ͒ͤ͜͡ͼΈ͙͚͟ ͔͔͔ͣͤͭ͡ ϦΦΦΦ  ͍͋ͯΣ  Ί ͜ ΅͔ ͯ ͋͜͡Έ΄͚͜ ͣͪ͜͜ ͔͋ͯ͒ ͔͔͔ͣͤͭͦͣ͡  
͙ͨͪ͊ͭ͟;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͎͎ͨ͒͊ͦ͊Ϧ ό˭͎͍͊Ύ͙͙͚ͤͫ͘͟Σ мфулύΦ 

͎̂͊͊͘͡ΈͤΌΌ;͙ ͎ͨͦ͡Ύ͙͒ ͤ͊ ͙͒ͦͫ͒ͤ͜͡ͼΈ͟͜ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Σ ΅ͦ ͫͤͯ͜ΌͭΈ ͍ ͫͯ;͚͊ͫͤ͜ ͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͔ͭͦͪ͜͝Σ ͍͔͔ͤ͊͒ͣͦ 
͔͒͟͜͡Έ͊͟ ͨ͒͜ͻ͍ͦ͒͜ ͒ͦ ͝ͻ ͍͙ͤ͊͘;͔ͤͤΎΦ ˹͔͔͊ͫ͊ͣͨͪ͒Σ ͯ ͨͪͦͼ͔ͫ͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍ͤ͊ͯͦ͊͟ ͒͜Ύ͡Έͤͫͭ͜Έ ͔ͣͦ͗ ͎ͪͦ͘͡Ύ͙͒͊ͭͫΎ 
ͦ͒ͤ͜ΊΌ ͘ ͍͙ͦͫͤͦͤͻ ͍͙͍͒͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͙ͦͫͦ͋ͫͭͫͤ͜ͻ ͜ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͺ͊ͻ͍͜ͼΎΦ ́͊͟Σ ͤ͊ ͒ͯͣͯ͟ 
ˤΦ ˥ ͔ͦͪͦ͒ͼΈ͎ͦͦ͟Σ ͺ͊ͻ͍ͦ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ  ς ͼ͔ ͔ͦͣͨͫ͟͟͡ ͔͍͙ͨͤͻ ͤ͊ͤ͘ΈΣ  ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟Σ Ύ͟͜ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͍ͦͦ͒ͤͤ͜͡Ύ 
͔ͦͤͪͭͤͦ͟͟Ό ͨͪͦͺ͔͚ͫͤͦ͜Ό ͔ͭͻ͎ͤͦͦ͜͡ΊΌΣ ͯ ͭͦͣͯ ;͙ͫ͜͡ ͚ ͚͔͒ͫͤͤͤ͘͜Ύ ͒ͦͫ͒ͤͦ͜͡-͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͎ͤͦͦ ͨͦ΄ͯͯ͟ ͍ͤͦͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ 
ό˥͔ͦͪͦ͒ͼ͙͚͟Σ нллуύΦ 

ˤΦ ˶ ͊ͨͭΊ͍Σ ͍͍͊͗͊ΊΣ ΅ͦ ͙͒ͦͫ͒ͤ͜͡ͼΈ͊͟ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͣ͊Ί ͍͙ͤ͊͘;͙͊ͭͫΎ Ύ͟ ͦ͒ͤ͊ ͘ ͟͡Ό;͍͙ͦͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ 
ͨͪͦͺ͔ͫͦͤ͊ͣͯ͘͜͜͡Σ Ύ͟ ͔͍ͤ͒͜ϥΊ͙͚ͣͤ ͔ͦͣͨͦͤͤͭ͟ ͎͊͊͘͡Έͤͦ͝ ͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͯ͟͡Έ͙ͭͯͪ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͺ͊ͻ͍͜ͼΎΣ ΅ͦ ͍ͦͦ͒͜͡Ί ͍͙ͤ͊ͯͦͣ͟ 
͊ͨ͊ͪ͊ͭͦͣ ͔͔͙ͭͦͪͭ;ͤͦ͝ ͜ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͨͪͦͺ͔͚ͫͤͦ͜-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ό˶͔͍͊ͨͭΣ нллмύΦ 

˾͊ͦͣ͘ ͘ ͙ͭͣ ͙ͣ ͍ͯͨͦͤ͜ ͎ͨͦͦ͒͗ͯΊͣͦͫΎ ͘ ͙ͨͦ͘ͼ͜ΊΌ ̑Φ ˿ ͦ͡Ύ͍ͤͦ͊͜͟Σ Ύ͙͚͟ ͙͒ͦͫ͒ͤ͜͡ͼΈͯ͟ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ 
͔͍ͨͪ͒ͫͭ͊͡ΎΊ ;͔͔ͪ͘ ͙ͨͪͣͯ͘ ͟͡Ό;͍͙ͦͻΣ ͍͙͋͊ͦ͘ͻ ͜ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͔͔ͦͣͨͭͤ͟ͼ͚͜Σ Ύ͟͜ ͍ͣͫͭͦͤͦ͘͜ ͝͝ ͍ͤ͊ͨͦͤΌΌͭΈΦ ˹͍͔͊ͯͦ͟ͼΈ 
͊͟ͼ͔ͤͭͯΊ ͍͎ͯ͊ͯ ͤ͊ ͭͦͣͯΣ ͍ ͫͯ;͙͊ͫͤͻ ͍ͯͣͦ͊ͻ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͼ͜ ͍͙͙͒ ͔͔ͦͣͨͭͤ͟ͼ͚͜ ͭͫͤͦ͜ ͣ͗͜ ͫͦ͋ͦΌ ͍͘ϥΎ͊ͤ͘͜Σ 
͊ ͝ͻ ͔͍ͪͦͣ͗ͯ͊ͤͤ͘Ύ ͔ͣͦ͗ ͙͋ͯͭ ͙͡΄͔ ͍͙ͯͣͦͤͣ ώсϐΦ 

ˣ͜͡Έ΄ ΄͙͔ͪͦ͟ ͪͦͯͣͤͤ͘͜Ύ ͨͦͤΎͭͭΎ α͙͒ͦͫ͒ͤ͜͡ͼΈ͊͟ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έέ ͔͒ͣͦͤͫͭͪͯΊ ̐Φ ˭ ͊ͪ͝-ˣ͔͟Φ ˤͤ͜ ͔͔ͦͫͪ͒͗ͯ͘Ί ͍͎ͯ͊ͯ 
ͤ͊ ͤ͊Ύ͍ͤͦͫͭ͜ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͤ͊ͤ͘Έ ͜ ͫͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͯͣͤ͜ΈΣ ͒͊ͭͤͦͫͭ͘͜ ͒ͦ ͔͍͊͒͊ͭͤͦ͟͝ ͫ͊ͣͦͦͼ͙ͤ͜͟Σ  ͍͙͔ͪͦͤͤͦͫͭ͘͜ 
͍͔ͯͫ͒ͦͣͤͦ͜͡͝ ͔ͫ͊ͣͦͺ͔͙͍ͭͤͦͫͭ͟͜Σ ͊͘ ͪ͜΄͔ͤͤΎͣ ͍͊͒͊ͤ͘Έ ͯ ͔ͪ͊͡Έͤͦͣͯ ͔͔͍͙ͫͪ͒ͦ΅͜ ͍͙ͦͫͭ͜Σ ͙͍ͣͦͭ͊ͼ͜͝ ͒ͦ ͍ͤ͊ͯͦͦ͟͝ ͙ͪͦ͋ͦͭ 
ό˭͙͊ͪ-ˣ͔͟Σ нлллύΦ  

͙́͊ͣ͟ ;͙ͤͦͣ ͯ ͔ͦͤͭͫͭ͟͟͜ ͤ͊΄͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙͒ͦͫ͒ͤ͜͡ͼΈͯ͟ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͺ͊ͻ͍͜ͼΎ ͙ͣ ͔͋ͯ͒ͣͦ 
͎ͪͦ͘͡Ύ͙͒͊ͭ Ύ͟ ͔͎͍ͤͭͪͦ͊ͤͯ͜ Ύͫͭ͟͜Έ όͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ύ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ Ύ͊͟ ͍͙ͤ͊͘;͊Ί ͝͝ ͎͍ͦͭͦͤͫͭ͜Έ ͜ ͒͊ͭͤͫͭ͘͜Έ ͒ͦ 
͔͎ͨͦͭ͊ͨͤͦͦ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͊͒͊͘;Σ Ύ͟͜ ͍͙͙ͤ͊͟ΌͭΈ ͯ ͔ͪ͊͡Έ͙ͤͻ ͙͗ͭͭΊ͍͙ͻ ͙ͫͭͯ͊ͼ͜ΎͻΣ ͯ ͙ͪͤ͘͜ͻ ͫͺ͔ͪ͊ͻ 
͒͜Ύ͡Έͤͦͫͭ͜Σ ͤ͊ ͍ͦͫͤͦ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͤ͊ͤ͘Έ ͭ͊ ͯͣͤ͜Έ ͘ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͚ ͙͗ͭͭΊ͍͎ͦͦ ͍͒ͦͫ͒ͯ͜ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͫͺ͍ͦͪͣͦ͊ͤͦ͝ 
͙͔͙ͫͫͭͣ ͎͊͊͘͡Έͤͦͯ͟͡Έ͙ͭͯͪͤͻ ͭ͊ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͼ͔͚ͤͤͦͫͭ͜ ͘ ͔ͣͭͦΌ ͙ͦͭͪͣ͊ͤͤΎ ͍͙ͤͦͻ ͤ͊ͤ͘Έ ΄͡Ύͻͦͣ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ 
͔͍ͣͭͦ͒͜ ͍͎ͤ͊ͯͦͦͦ͟ ͨͤ͊ͤͤ͘͜ΎΦ  

˽͔͔͍ͪ͊͗ͤ͊ ͋͜͡Έ΄ͫͭ͜Έ ͙͍͒ͦͫ͒ͤ͜͟͜͡ ͍͔ͫͭͪ͒͗ͯΊΣ ΅ͦ ͍ͤ͊ͯͦͦ͟-͒ͦͫ͒ͤ͊͜͡ ͒͜Ύ͡Έͤͫͭ͜Έ ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ ͔ͦ͒ͪ͗͊ͤͤΎ 
ͫͯͫͨ͜͡Έͤͦ ͤ͊͘;ͯ΅͙ͻ ͍͙ͤͦͻ ͤ͊ͤ͘Έ ͨͪͦ ͔͍ͨͤ͜ ͦ͋ΩΊ͙ͭ͟Σ ͨͪͦͼ͔͙ͫ ͊͋ͦ Ύ͍͙΅͊ ͜ ͣ͊Ί ͯ ͍ͫͦΊͣͯ ͨͪͦͼ͔ͫ͜ ͔͍ͨͤ͜ ͔͙ͭ͊ͨ όͫͭ͊͒͜͝ύΥ ͔ͭ͊ͨ 
͍ͨ͊ͤͯ͊ͤͤ͡Ύ ό͔͍ͨͪͦͭͯ͊ͤͤ͟Ύύ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ, ͔ͭ ͊ͨ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔͍ͣͭͦ͒͜ ͒ͦ ͦ͋ΩΊͭ͊͟ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͘ ͔ͣͭͦΌ ͙ͦͭͪͣ͊ͤͤΎ 
͙ͨͦͭͪ͋ͤ͜ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜, ͔ ͭ͊ͨ ͺͦͪͣͯ͡Ό͍͊ͤͤΎ ͭ͊ ͔͔ͤͭͪͨͪͭ͊͜ͼ͜͝ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ. 

͙́͊ͣ͟ ;͙ͤͦͣΣ ͫ͊ͣ͊ ͨͦ ͫͦ͋͜ ͍ͤ͊ͯͦͦ͟-͒ͦͫ͒ͤ͊͜͡ ͒͜Ύ͡Έͤͫͭ͜Έ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͙̂ͪ͊ͤ͟͝ ͍͙ͨͦͤͤ͊ 
͙ͣͫͭ͜ ͙ͭ ͭ͊͟͜ ͔͙ͦͣͨͦͤͤͭ͟: 

ς ͔͍ͨͪͦͭͯ͊͟͡Έ͙͚ͤ ͔ͦͣͨͦͤͤͭ͟Σ Ύ͙͚͟ ͔͔ͨͪ͒͋͊;͊Ί ͤ͊Ύ͍ͤͫͭ͜Έ ͯ ͔ͫͭͯ͒ͤͭ͊ ͯͣͤ͜ΈΣ ͍͙ͤ͊;ͦ͟ ͭ͊ ͔͚͒͊ͭͤͦͫͭ͘ ͍͙Ύ͍͡Ύ͙ͭ ͭ͊ 
ͺͦͪͣͯ͡Ό͍͙͊ͭ ͍ͤ͊ͯͦ͟͜ ͔͙ͨͪͦ͋ͣ͡Σ ͍͙ͤ͊͘;͙͊ͭ ͦ͋ΩΊͭ͟ ͭ͊ ͔͔ͨͪ͒ͣͭ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͺͦͪͣͯ͡Ό͍͙͊ͭ ͔ͣͭͯ ͭ͊ ͎͔ͨͦͭͯ͘͜ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ 
͍͙ͤ͊͘;͙͊ͭ ͍ͦͫͤͦͤ͜ ͨͦͤΎͭͭΎΤ 

ς ͤ͜ͺͦͪͣ͊ͼ͚͙͚ͤ͜ ͔ͦͣͨͦͤͤͭ͟Σ Ύ͙͚͟ ͔͔ͨͪ͒͋͊;͊Ί ͍ͦͦ͒ͤͤ͜͡Ύ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͔͙ͣͭͦ͒͊ͣ ͙͋ͪ͊ͤͤ͘Ύ ͙͒͊ͤͻ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ 
͍͙͙ͫͯͤͯͭͻ ͎͔ͨͦͭ͘͜Σ ͍͔ͫͭͦͪͤͤΎ ͋͊͘ ͔͙ͣͨͪ͜;͙ͤͻ ͙͒͊ͤͻΣ ͦͨͪ͊ͼΌ͍͊ͤͤΎ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ ͔ͨͪ΄͔͔ͦ͒͗ͪ͡ ͭͦ΅ͦΤ 

ς ͙͊ͤ͊ͭͦ͜͟͡-͙͔͙ͫͤͭͭ;͙͚ͤ ͔ͦͣͨͦͤͤͭ͟Σ Ύ͙͚͟ ͔͔ͨͪ͒͋͊;͊Ί ͒͊ͭͤͫͭ͘͜Έ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͍͙͋ͦͪͯ ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
͍͔ͯͤͪͫ͊͜͡Έ͙ͤͻ ͭ͊ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͔͍ͣͭͦ͒͜ ͍͎ͤ͊ͯͦͦͦ͟ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͤ͊Ύ͍ͤͫͭ͜Έ ͍ ͙ͤͻ ͍͙͎ͪͦͤͯͭͦͦ͘ ͎ͦ͜͡;͎ͤͦͦ ͙͔ͣͫͤͤ͡ΎΣ ͍ͭͦͪ;͙ͻ 
͔͚͒͋ͤͦͫͭ͘͜ ͜ Ύ͔͚ͦͫͭ͟ όͤͭͯ͜͝ͼ͜ΎΣ ͒͊ͭͤͫͭ͘͜Έ ͒ͦ ͚ͤͫ͊ͭͯ͜Σ ͍͙͒ͪͭͭ͜͟ΎΣ ͙͍͎ͨͪͦ͒ͯͭͤͦͦ͟ ͙͔ͣͫͤͤ͡ΎύΤ 
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ς ͙ͨͪ͊ͭ͟;͙͚ͤ ͔ͦͣͨͦͤͤͭ͟Σ Ύ͙͚͟ ͔͔ͨͪ͒͋͊;͊Ί ͍͔ͫͭͦͪͤͤΎΣ ͔͔͍ͨͪ͒͊͊ͤͤΎ ͭ͊ ͍͔ͯͨͪͦ͊͒͗ͤͤΎ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍͎ͤ͊ͯͦͦͦ͟ 
͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͯ ͙ͨͪ͊ͭͯ͟͟Φ 

˻͔ͭ͗Σ ͍ͦͫͤͦͯ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͙̂ͪ͊ͤ͟͝ ͫ͊͒͊͟͡ΌͭΈ ͯͣͤͤ͜Ύ 
͍͙Ύ͍͡Ύ͙ͭ ͔ͨͪͦ͋ͣͯ͡Σ ͺͦͪͣͯ͡Ό͍͙͊ͭ ͎͔ͨͦͭͯ͘͜Σ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͒ͦ͋ͪ͜ ͚ ͊ͤ͊͘͜͡ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͙͒͊ͤͻ ͒͡Ύ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͙͙ͨ͒͋ͪ͊ͭ͜ 
͍͍͒ͨͦ͒ͤ͜͜͜ ͔͙ͣͭͦ͒ ͍͔͔ͨͪͦ͒ͤͤΎ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͭ͊ ͙ͦ͋ͪͦ͋͟ ͙͒͊ͤͻΣ ͺ͍͙ͫͯ͊ͭ͜͟ ͨͪͦͣ͗ͤ͜͜ ͭ͊ ͦͫͭ͊ͭͦ;ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ 
͍͙͙ͨͪͦͦ͒ͭ ͎͍͔ͦ͋ͦͦͪͤͤΎ ͭ͊ ͔͔ͤͭͪͨͪͭ͊͜ͼ͜Ό ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͝ͻ ͤ͊ ͙ͨͪ͊ͭ͟ͼ͜Φ 

͙́͊ͣ͟ ;͙ͤͦͣΣ ͨͪͦͼ͔ͫ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͙̂ͪ͊ͤ͟͝ ͍ 
͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦͣͯ͜Σ ͍ͣͫͭͦͤͦͣͯ͘͜  ͜ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦͣͯ ͔͊ͫͨͭ͊͟ͻ ͔͔ͨͪ͒͋͊;͊Ί ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͔͙ͦͤͪͭͤ͟͟ͻ ͍͊͒͊ͤ͘Έ, 
͚͍͙͍ͤ͊͊͗͜͡΄͙͙ͣ ͔͔ͫͪ͒ Ύ͙͟ͻ ΊΥ  

- ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͙ͤͻΣ ͔͔͙ͭͦͪͭ;͙ͤͻΣ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͙ͤͻ ͙͙ͨͪ͊͒ͤ͟͡ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͯ ͙ͪͤ͘͜ͻ ͎͊ͯ͘͡Ύͻ 
ͤ͊ͯ͟ ͎͒ͤͦ͘͜ ͘ ͫͤͯ͜Ό;͙͙ͣ ͙ͨ͊ͤ͊ͣ͡ ͊͟ͺ͔͒ͪΤ  

- ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͚͙ͫͭ͜͟ͻ ͍͘ΩΎ͍͘͟͜ ͍ͤ͊ͯͦͦ͟-͒ͦͫ͒ͤͦ͜͡͝ ͙ͪͦ͋ͦͭ ͘ ͍ͤ͊;͊͡Έ͙ͤͣ ͨͪͦͼ͔ͫͦͣ ͯ ͫͯ;͙͊ͫͤͻ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ 
͍͙ͦͫͭ͜ ͙̂ͪ͊ͤ͟͝Τ 

 - ͍ ͍͔ͨͪͦ͊͒͗ͤͤΎ ͍͙ͤ͊ͯͦ͟ͻ ͪͦͪͦ͋ͦ͘͟ ͯ ͍ͨͦͫΎ͔͒ͤͤͯ͟ ͙ͨͪ͊ͭͯ͟͟ ͍͙΅ͦ͝ ΄͙ͦ͟͡Σ ͊ ͭ͊ͦ͗͟ ͯ ͪͤ͘͜͜ ͎͊ͯ͘͜͡ ͙ͤ͊ͯ͟ ͜ ͔ͭͻ͙ͤ͜͟Τ  

- ͘ ͊ͯ͡;͔ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ ͯͫ͜ͻ ͺͦͪͣ ͍ͤ͊;͊ͤͤΎ ͒ͦ ͍ͤ͊ͯͦͦ͟-͒ͦͫ͒ͤͦ͜͡͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ  
˿Έ͎ͦͦ͒ͤ͜ ͔͔͍ͨͪ͊͗ͤ͊ ͋͜͡Έ΄ͫͭ͜Έ ͙͍͒ͦͫ͒ͤ͜͟͜͡Σ ͙͊ͫ͟͡ͺͯ͜͟Ό;͙ ͍ͤ͊ͯͦͦ͟-͒ͦͫ͒ͤͯ͜͡ ͒͜Ύ͡Έͤͫͭ͜Έ ͔͍ͫͭͯ͒ͤͭ͜Σ ͍͙͔ͦͪͣ͟͡ΌΊ ͍͒͊ 

͍͊͘Ί͍ͣͦͨͦΩΎ͊ͤ͘͜ ͤ͊ͨͪΎ͙ͣ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Υ ΄͡Ύͻͦͣ ͍ͤ͊;͊ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ ͔͔͔͍ͣͤͭ͜͡ 
͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͭ͊ ͔͙͙ͣͭͦ͒͟ ͍ͤ͊ͯͦͦ͟͝ ͍ͭͦͪ;ͦͫͭ͜ ͭ͊ ΄͡Ύͻͦͣ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ͝ ͯ;͊ͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜ ͯ 
͍͙ͤ͊ͯͦ͟ͻ ͔͒ͦͫ͒͗ͤͤ͜͡ΎͻΣ ΅ͦ ͚͒ͫͤ͘͜ΌΌͭΈͫΎ ͨ͒͜ ͔͍͙ͪͤ͟͜ͼ͍ͭͦͣ ͨͪͦͺ͔͍ͫͦͪ͜ ͜ ͍͙͊͒͊͟͡;͍͜ ͊͘ ͎͊͊͘͡Έͤͦ͊͟ͺ͔͒ͪ͊͡ΈͤͦΌΣ 
͎͊͊͘͡Έͤͦͺ͊ͯ͟͡Έ͔ͭͭͫΈͦ͟Ό ;͙ ͎͊͊͘͡ΈͤͦΌ ͒͡Ύ ͍͙΄ͯ ͍ͤ͊ͯͦͦ͟Ό ͔ͨͪͦ͋ͣͦ͡ΌΦ 

ˢ͔͡Σ ͤ͊͗͊͡ΈΣ ͍ͤ͊ͯͦͦ͟-͒ͦͫ͒ͤ͊͜͡ ͪͦ͋ͦͭ͊ ͯ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͙̂ͪ͊ͤ͟͝ ͍͙ͨͪͦͦ͒ͭΈͫΎ ͍͔͔͒ͦͪͣͤͦ͜͟͡ ͍͒͜ ͤ͜΄͙ͻ 
ͤ͊ͨͪΎ͍ͣ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜Φ ˿͔͊ͣ ͭͦͣͯΣ ͤ͊ ͍͒ͣͤͯ͜͜ ͍͒͜ ͍ͤ͊;͊͡Έͤͦ͝ ͙ͪͦ͋ͦͭΣ ͔ͤΌ ͦͻ͔ͦͨͤͦ͡ ͙͡΄͔ ;͙͊ͫͭͤͯ ͙ͭͻΣ ͻͭͦ 
͍ͤ͊;͊ΊͭΈͫΎ ͯ ͍͙΄͜Φ ˢ ͍͒ͭ͊͜͟Σ ͣͦ͗ͤ͊ ͍͙ͦͤͫͭ͊ͭͯ͊ͭ͟Σ ΅ͦ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͍ͤ͊ͯͦͦ͟-͒ͦͫ͒ͤͦ͜͡͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͊͊͒͊͘͟͡ͻ 
͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͙̂ͪ͊ͤ͟͝ ͙͊͘͡΄͊ΊͭΈͫΎ ͔͍͙ͤͫͦͦ͟ΌΣ Ύ͟ ͜ ͍͔ͪͤ͜Έ ͝ͻ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Φ 

˻͔ͭ͗Σ ͍ͤ͊ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈ͊͟ ͪͦ͋ͦͭ͊ Ί ͙ͭͣ ͍͙͍͙͊͗ͣ͡ ͔ͦͣͨͦͤͤͭͦͣ͟ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙͊͒͊͟͡;͍͜ ͭ͊ 
͔͍ͫͭͯ͒ͤͭ͜Σ Ύ͊͟ ͫͨͪΎ͍ͣͦͯΊ ͝ͻ ͍ͭͦͪ;͙͚ ͨͦ΄ͯ͟ ͤ͊ ͪͦͪͦ͋ͯ͘͟ ͍͙ͤͦͻ ͔͔͙ͭͦͪͭ;͙ͤͻ ͦͤ͟ͼ͔ͨͼ͚͜Σ ͍ͦͫͭͤ͜͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͔ͺ͔͙͍͙ͭͤ͟ͻ 
͔͙ͣͭͦ͒͟ ͜ ͔͍ͣͭͦ͒͜ ͭͦ΅ͦΦ ͍͔̂ͨͪͦ͊͒͗ͤͤΎ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍ͤ͊ͯͦͦ͟-͒ͦͫ͒ͤͦ͜͡͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍͙͊͒͊͟͡;͍͜ ͯ ͙ͨͪ͊ͭͯ͟͟ ͊͊͒ͯ͘͟͡ ͍͙΅ͦ͝ 
͍͙ͦͫͭ͜ ͍͒ͦͦ͘͡ΎΊ ͍͙ͨ͒͜΅͍͙ͯ͊ͭ Ύͫͭ͟͜Έ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜Φ  

 
ˤˮ˿˹˻ˤ˴ˮ  

˿͔͊ͣ ͭͦͣͯΣ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͔͍ͫͭͯ͒ͤͭ͜ ͍͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͙̂ͪ͊ͤ͟͝ ͯ ͨͪͦͼ͔ͫ͜ ͺ͊ͻ͍ͦͦ͝ 
͎͍͙ͨ͒ͦͭͦ͜͟ ͍͙ͨͦͤͤͦ ͙ͫͭ͊ͭ ͙ͦ͒ͤͣ ͘ ͍͙ͨͪͦ͒ͤ͜ͻ ͙͔͍ͨͪͦͪͭͭ͜͜ ͫͯ;͊ͫͤͦ͝ ͙͔͙ͫͫͭͣ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͙ͪ͊ͤ͟͝Σ ͍͙ͪ͜΄͔ͤͤΎ Ύ͎ͦͦ͟ ͍͙͎ͣ͊͊Ί 
͔ͦͣͨͫͯ͟͟͡ ͊͘ͻ͍ͦ͒͜ Ύ͟ ͎͊͊͘͡Έͤͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͭ͊ ͙͙͒͒͊ͭͦ͟͟-͔͙ͣͭͦ͒;͎ͤͦͦΣ ͭ͊͟ ͜ ͎ͦͪ͊ͤ͊͘͜ͼ͚͎ͤͦͦ͜ ͻ͔͊ͪ͊ͭͪͯ͟Φ ͙́͊ͣ͟ ;͙ͤͦͣΣ 
ͫΈ͎ͦͦ͒ͤ͜Σ ͔ͤ ͍͊͗͊͘Ό;͙ ͤ͊ ͤ͊͘;ͤͯ ͟͜͡Έͫͭ͟͜Έ ͍͙ͤ͊ͯͦ͟ͻ ͍ͪͦ͒ͦ͘͜͟ ΅ͦ͒ͦ ͼΈ͎ͦͦ ͤ͊ͨͪΎͣͯ͟Σ ͙͊͘͡΄͊ΌͭΈͫΎ ͊ͭͯ͊͟͡Έ͙͙ͤͣ ͙ͨͭ͊ͤͤΎ 
΅ͦ͒ͦ ;͎ͭͦͦ͜͟ ͪͦͯͣͤͤ͘͜Ύ ͎͙͊ͦͪͭͣͯ͡ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͨͪͦͼ͔ͫͯ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͔͍ͫͭͯ͒ͤͭ͜ ͍͊͊͒͘͟͜͡ 
͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͙̂ͪ͊ͤ͟͝ ͯ ͨͪͦͼ͔ͫ͜ ͺ͊ͻ͍ͦͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟Φ 

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 

1. ˢ͔͔͍ͤ͒ͪ ˤΦˮΦ ͍͙͙̏ͪͫͭ;͔͔ͫͦ͟ ͎͙͍͙͔ͨͪͦͪ͊ͣͣͪͦ͊ͤ ͯ;͔͋ͤͦ-͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͚ͫͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΥ ˸͔͙ͭͦ͒;͔͔ͫͦ͟ ͙͔ͨͦͫͦ͋Φ 
˸ΦΥ ˤ·ͫ΄͊Ύ ΄ͦ͊͟͡Σ мфумΦ нплΦ ͫΦ 

2. ˣ͋͜͜͟ ˹Φ ˸ΦΣ ͍̐ͪͣ͊ͦ͟ LΦ ˥ΦΣ ˻͍;͊ͪͯ͟ ˻Φ ˤΦ ˴͔͔ͦͣͨͭͤͭͤͫͤ͊͜ ͍ͦͫͭ͊͜ ς ͍ ͒͜ ͔ͭͦͪ͜͝ ͒ͦ ͙͙ͨͪ͊ͭ͟͟Φ ˴Φ Υ ˽͔͡Ύ͒͊Σ нллрΦ мнл ͫΦ 
3. ˤ͔͙ͭ͡;͔ͤͦ͟ ˶Φ˴ΦΣ ˽ͦ͒΄͙͍͊ͤ͊͟͜͡ ˤΦ˱Φ ˸͔͎ͭͦ͒ͦͦ͜͡;ͤ͜ ͭ͊ ͔͔͙ͭͦͪͭ;ͤ͜ ͔͙ͨͪͦ͋ͣ͡ ͙ͨͫͻ͎ͦͦ͜͡͝Φ ˻͔͒ͫ͊Υ ˿ˤ˨ ͔͍̉ͪ͊ͫͦ͟Σ нллфΦ 
нтф ͫΦ 

4. ˥͔ͦͪͦ͒ͼ͙͚͟ ˤΦˤΦ ͙͍͙͔̅ͦͪͣͪͦ͊ͤ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·ͻ ͔͔ͦͣͨͭͤ͟ͼ͙͚ ͊͟͟ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎͙ͨ͒͊ͦ;͔ͫ͊͟Ύ ͔ͨͪͦ͋ͣ͊͡. 
˥͙ͯͣ͊ͤͭ͊ͪͤ·͔ ͙ͤ͊ͯ͟Υ ώͫ͋Φ ͤ͊ͯ;ͤΦ ͭͪͯ͒Φ ˿͔͍Φ ˴͍͊͟Φ ˥́̂ϐΦ нллуΦ ЅсΦ ˿Φ пс-52. 

5. ˭͎͍͊Ύ͙͙͚ͤͫ͘͟ ˤΦˮ. ̂ ;͙͔ͭ͡Έ ͊͟͟ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡ΈΦ ˸ΦΥ ˮ͒͘-͍ͦ Ϧ˭͙͔ͤ͊ͤϦΣ мфул. фс ͫΦ 
6. ˭͙͊ͪ-ˣ͔͟ ˩Φ˿Φ, ˿ͦ͡Ύ͙͍ͤͦ͟ ̑ΦˤΦ ͔́ͻ͎͙͙ͤͦͦ͡ ͦ͋ͯ;͔͙ͤΎ ͤ͊ͯ;ͤͦ-͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͚ͫͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͊͟͟ ͺ͊ͭͦͪ͟ 
͊͟;͔͍͔͚ͫͭͤͤͦ ͎͍͙ͨͦ͒ͦͭͦ͟ ͤ͊ͯ;ͤ·ͻ ͍͊͒ͪͦ͟ ͍ ͔͎͎͙ͨ͒͊ͦ;͔ͫͦͣ͟ ͙͍͔͙͔͔ͯͤͪͫͭͭ κ ˽͎͍ͦ͒ͦͭͦ͊͟ ͔ͫͨͼ͙͙͊ͫͭ͊͡ ͍ ͙ͦ͋͊ͫͭ͡ 
͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΥ ˹͊ͯ;ͤͦ- ͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤ·͔ ͔ͨͪͦ͋ͣ͡· ͎͍͙ͨͦ͒ͦͭͦ͟ ͍͊͒ͪͦ͟ ͍·ͫ΄͔͚ ͍͙͊͟͡ͺ͙͊͟ͼ͙͙ : ˴͔͙͍ͦͭͤ͊͟͡͡Ύ 
͎ͣͦͤͦͪ͊ͺ͙Ύ. ˿ ˽͋Φ Υ ˮ͒͘-͍ͦ ˾˥˽̂Σ нлллΦ ˿Φ фм-144. 

7. ˭͔͔ͪ ̏Φ ̅Φ ˻͍͔͙͔͋ͤͦͤ͡ ͍͎͋͊ͦͦͦ͘ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͎ͤͦͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͤ͊ ͍͔ͦͫͤͦ ͔͔͎ͦͣͨͭͤͭͤͦͫͭͤͦͦ͟ ͨͦ͒ͻͦ͒͊. 
˽ͪͦͺ͔͙ͫͫͦͤ͊͡Έ͔ͤͦ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘Φ ˿͙ͭͦ͡ͼ͊Φ нллтΦ ЅпΦ ˿Φ ф-10. 

8. ˭͙ͣͤΎΎ ˮΦ ˢΦ ˴͡Ό;͔͍·͔ ͔͔͙ͦͣͨͭͤͭͤͦͫͭ͟ ͊͟͟ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦ-ͼ͔͔͍͊͡Ύ ͍ͦͫͤͦ͊ ͔͔͎ͦͣͨͭͤͭͤͦͫͭͤͦͦ͟ ͨͦ͒ͻͦ͒͊ ͍ 
͍͙͙ͦ͋ͪ͊ͦ͊ͤ͘Φ ˸Φ Υ ˮ͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͙͚ͫ͟ ͼ͔ͤͭͪ ͔ͨͪͦ͋ͣ͡ ͊͟;͔͍ͫͭ͊ ͎͍͙ͨͦ͒ͦͭͦ͟ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡Σ нллпΦ пн ͫ Φ 

9. ˴͔͍͙͚ͪ͊ͫ͟ ˤΦˤΦ ˸͔͎͙ͭͦ͒ͦͦ͡Ύ ͔͎͎͙͙ͨ͒͊ͦ͟Υ ͨͪͦ΄͔ͦ͡ ͙ ͤ͊ͫͭͦΎ΅͔͔. ˽ ͔͎͎͙͒͊ͦ͊͟Φ нллнΦ ЅмΦ ˿ Φ 3-10. 
10. ˶͔͍͊ͨͭ ˤΦˤΦ ˹͊ͯ;ͤ·͚ ͨͦ͒ͻͦ͒ ͟ ͔͙ͨͦͫͭͪͦͤΌ ͎ͨͪͦͪ͊ͣͣ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͊͟;͔͍ͫͭ͊ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ κ͔͙ͣͦ͒ͪͤ͊͘ͼ͙͙ ͦ͋΅͔͎ͦ 
͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͤ͊ ͔͔ͪͯ͋͗ ͍͔͍ͦ͟ Υ ͙ͫ͋ͦͪͤ͟ ͤ͊ͯ;ͤ·ͻ ͍ͭͪͯ͒ͦΦ ˿˽͋ΦΥ ˮ͒͘-͍ͦ ˾˥˽̂ ͙ͣΦ ˢΦˮΦ ˥͔ͪͼ͔ͤ͊Σ нллмΦ ˿Φ о-10. 

11. ˻͍;͊ͪͯ͟ ˻Φ ˴͔͔ͦͣͨͭͤͭͤͦͫͭ͜ Ύ͟ ͟͡Ό; ͒ͦ ͍͔ͦͤͦͤͤ͡Ύ ͣͫͭͯ͘͜ ͍͙ͦͫͭ͜. ˿͔͎ͭͪ͊ͭ͜Ύ ͔ͪͺ͍ͦͪͣͯ͊ͤͤΎ ͍͙ͦͫͭ͜ ͍ ̂ͪ͊ͤ͟͜͝Υ 
˾͔͔ͦͣͤ͒͊͟ͼ͜͝ ͘ ͍ͦͫͭͤ͜Έͦ͝ ͙͙ͨͦͭ͜͟͡Φ ˴ ΦΥ ́˿Φ˱Φ˿ΦϦΣ нллоΦ ˿Φ мо-42. 

12. ˽͔ͦͣͭͯͤ ˻Φ ˱Φ ˾͍͙ͦͭͦ͘͟ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻͦ͒ͯΥ ͔͎ͫͭͪ͊ͭ͜;ͤ͜ ͦͪ͜Ί͙͙ͤͭͪ ͫͯ;͊ͫͤͦ͝ ΄͙ͦ͟͡. ˾͔͊͊͘͜͡ͼ͜Ύ Ί͍͔͚ͪͦͨͫΈ͎ͦͦ͟ 
͍͒ͦͫ͒ͯ͜ ͔͔͎ͦͣͨͭͤͭͤͫͤͦͦ͟͜ ͨ͒͜ͻͦ͒ͯ ͯ ͍͙΅͙͚ ΄ͦ͟͜͡ ͙̂ͪ͊ͤ͟͝Φ ˴ Φ Υ ˽͔͒Φ ͒ͯͣ͊͟Σ нллфΦ ˿Φ оон-334. 

13. ˽ͯͻ͍ͦͫΈ͊͟ ˶Φ ˴͔͔͙͚ͦͣͨͭͤͭͤͫͤ͜ ͨ͒͜ͻ͒͜ ͯ ͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͍ͦͫͭ͜͜Υ Ί͍͔͚ͪͦͨͫΈ͙͚͟ ͍͒ͦͫ͒͜Φ ˽ͫ͜͡Ύ͙͒ͨͦͣͤ͊͡ ͍ͦͫͭ͊͜ ͍ ̂ͪ͊ͤ͟͜͝. 
нлмлΦ Ѕ нΦ ˿Φ тс-80. 

14. ˿͍͊;͔ͤͦ͟ ˻Φ ˴͡Ό;͍ͦ͜ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ς ͜ ͍ͤͤͦ͊ͼ͚͙͚ͤ͜ ͔ͪͯ͘͡Έͭ͊ͭ ΄͟͜͡Έͤͦ͝ ͍͙ͦͫͭ͜Φ ˾͒ͤ͊͜ ΄ͦ͊͟͡Φ нлммΦ Ѕ уςфΦ ˿Φ 4-8. 
15. ͔́ͪͭΎ͟ ˸ΦˤΦ ̅ ͍ͦͪͣͯ͊ͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͨͪͦͼ͔ͫ͜ ͍͙͍;͔ͤͤΎ ͔ͭͦͪ͜͝ ͙ͣͪ͜ ͜ ͔͎ͤͭͪ͊͊͜͡ ͍ ͔͎͎ͨ͒ͨͦ͜;͙ͤͻ ͭ͊ 
͙͊ͫ͟͡;͙ͤͻ ͍͔͙͔ͯͤͪͫͭͭ͊͜ͻ Υ ͍͔͊ͭͦͪͺ͔ͪ͊ͭ ͙͒ͫΦ ΦΦΦ ͊ͤ͒͟Φ ͔ͨ͒Φ ͤ͊ͯ͟ Υ моΦллΦлн Ϧ͔́ͦͪ͜Ύ ͭ͊ ͔͙ͣͭͦ͒͊͟ ͍ͤ͊;͊ͤͤΎ ό͔͙ͣ͊ͭͣ͊ͭ͊͟ύϦ 



̅˱˭ˮ˴˻-˸ˢ́˩˸ˢ́ˮ̉˹ˢ ˻˿ˤ˱́ˢ ό̅˸˻ύ    ͍ ͙ͨͯͫ͟ 3(21), 2019 
.  

131 

κ ͔́ͪͭΎ͟ ˸͙ͦ͊͟͡ ˤ͙͊ͫ͡Έ͍͙ͦ; Τ ˸-͍ͦ ͍͙ͦͫͭ͜ ͜ ͙ͤ͊ͯ͟ ͙̂ͪ͊ͤ͟͝Σ ͔̉ͪ͊ͫ͟Φ ͤ͊ͼΦ ͯͤ-ͭ ͣ͜Φ ˣ͎ͦ͒͊ͤ͊ ͔̆ͣ͡Έ͙ͤͼΈ͎ͦͦ͟Φ ͔͙̉ͪ͊ͫ͟Σ 
нлмпΦ нл ͫ. 

16. ̉ͯ͋ ˩Φ ˤΦ ˴ ͔͔ͦͣͨͭͤͭͤͦͫͭͤ·͚ ͨͦ͒ͻͦ͒ ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΌΦ ˮ͍ͤͤͦ͊ͼ͙͙ ͍ ͍͙͙ͦ͋ͪ͊ͦ͊ͤ͘Φ нллуΦ Ѕ оΦ ˿Φ нм-27. 
17. ͙͍̊͊͒ͪͦ͟ ˤΦ ˨Φ ˹͍ͦ͊Ύ ͔ͣͦ͒͡Έ ͔ͫͨͼ͙͙͊ͫͭ͊͡Υ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ͊Ύ ͎͍ͨͦ͒ͦͭͦ͊͟ ͙ ͔͔ͦͣͨͭͤͭͤͦͫͭͤ͟·͚ ͨͦ͒ͻͦ͒. ˤ·ͫ΄͔͔ 
͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͔͎ͫͦ͒ͤΎΦ нллпΦ Ѕ пΦ ˿Φ нс-34. 

18. ͙̑͒ͤ ̏Φ ˥Φ ˸ ͔͎͙ͭͦ͒ͦͦ͡;͔͙͚ͫ͟ ͙͊ͤ͊͘͡ ͊͟͟ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡ ͙ͯ͘;͔͙ͤΎ ͙ͤ͊ͯ͟Φ ˸Φ Υ ˹͊ͯ͊͟Σ мфусΦ нсм ͫΦ 
19. Key Competences for Lifelong Learning. A European Reference Framework. Brussels : European Commission, 2005. URL: 

http://ec.europa.eu/education/policies/2010/doc/  
 

References 
1. Andreev, V.I. (1981) ̏vrystycheskoe prohrammyrovanye uchebno-yssledovatelskoi deiatelnosty [Heuristic programming of 

research activities]: Moskva, Publ.,Methodical manual, Higher school, p.240. [In Russian] 
2. Bibik, N. M., Yermakov, I. G., Ovcharuk, O. V. (2005) Kompetentnisna osvita ς vid teoriyi do praktiki [tekst] [Competent 

education - from theory to practice]: Pleyada, 2005. 120p. [In Ukrainian] 
3. Velitchenko, L.K., Podshivalkina, V.I. (2009) Metodologichni ta teoretichni problemi psihologiyi [Methodological and 

theoretical problems of psychology]. Odessa: SVD Cherkassov. 279 p. [In Ukrainian] 
4. Gorodeckij, V.V. (2009) Formirovanie professionalnyh kompetencij kak psihologo-pedagogicheskaya problema [Formation 

of professional competences as a psychological-pedagogical problem] Humanities: [sb. nauchn. trud. {ŜǾΦ YŀǾƪΦ D¢¦ϐΣ ЅсΣ 
p. 46-52. [In Russian] 

5. Zahviazynskyi, V.Y. (1980) Uchitel kak issledovatel [Teacher as a researcher] Moskva, Publ., Izd-vo " Znanie ", p. 96 [In 
Russian]. 

6. Zair-Bek, E.S, Solianykov, Y.V. (2000) Tekhnologii obucheniia nauchno-issledovatelskoi deiatelnosti kak faktor kachestvennoi 
podgotovki nauchnykh kadrov v pedagogicheskom universitete [Technologies of teaching of research activity as a factor of 
the high-quality training of scientific personnels is in a pedagogical university] Podgotovka spetsialista v oblasti 
obrazovaniia: Nauchno- organizatsionnye problemy podgotovki kadrov vysshei kvalifikatsii [Kollektivnaia monografiia] ς 
SPb. : Izd-vo of RGPU, pp. 91-144. [In Russian] 

7. Zeer, E. F. (2007) Obnovlenie bazovogo professionalnogo obrazovaniya na osnove kompetentnostnogo podhoda [Updating 
basic vocational education on the basis of a competency approach] Professionalnoe obrazovanie. {ǘƻƭƛŎŀΣ ЅпΦ ǇΦф-10. [In 
Russian] 

8. Zimnaya, I.A. (2004) Klyuchevye kompetentnosti kak rezultativno-celevaya osnova kompetentnostnogo podhoda v 
obrazovanii [Key competencies as a result-based basis of the competence approach in education], M. p.42. [In Russian]  

9. Kraevskij, V.V. (2002) Metodologiya pedagogiki: proshloe i naǎǘƻȅŀǎƘŜŜ ώaŜǘƘƻŘƻƭƻƎȅ ƻŦ tŜŘŀƎƻƎȅΥ tŀǎǘ ŀƴŘ tǊŜǎŜƴǘϐ ЅмΦ 
p.3ς10. [In Russian] 

10. Laptev, V.V. (2001) Nauchnyi podkhod k postroeniiu programm issledovaniia kachestva obrazovaniia /modernizatsii 
obshchego obrazovaniia na rubezhe vekov [A scientific approach to the construction of programs to study the quality of 
education / modernization of general education at the turn of the century] Publ. SPb.: Izd-vo of RGPU im. A.I. Hertsena, 
pp. 3-10. [In Russian] 

11. Ovcharuk, O. (2001) Kompetentnosti yak klyuch do onovlennya zmistu osviti. Strategiya reformuvannya osviti v Ukrayini 
[Competencies as a key to updating the content of education. The strategy of reforming education in Ukraine] 
Rekomendaciyi z osvitnoyi politiki - K .: TSIIS, p.13-42. [In Ukrainian] 

12. Pometun, O.I. (2009) Rozvitok kompetentnisnogo pidhodu: strategichni oriyentiri suchasnoyi shkoli [Development of the 
competence approach: strategic orientations of the modern school], Realization of the European experience of the 
competence approach in the higher school of Ukraine. K.: Ped. Opinion, p. 332ς334. [In Ukrainian] 

13. Puhovska, L. (2010) Kompetentnisnij pidhid u pedagogichnij osviti: yevropejskij dosvid [Competent approach in pedagogical 
ŜŘǳŎŀǘƛƻƴΥ 9ǳǊƻǇŜŀƴ ŜȄǇŜǊƛŜƴŎŜϐΣ ώǘŜȄǘϐ tƛǎƭȅŀŘƛǇƭƻƳƴŀ ƻǎǾƛǘŀ Ǿ ¦ƪǊŀȅƛƴƛΣ Ѕ 2, p. 76-80. [In Ukrainian] 

14. Savchenko, O. (2010) Klyuchovi kompetentnosti ς innovacijnij rezultat shkilnoyi osviti [Key competencies - innovative result 
ƻŦ ǎŎƘƻƻƭ ŜŘǳŎŀǘƛƻƴϐ bŀǘƛǾŜ {ŎƘƻƻƭΣ Ѕ у-9. p.4-8. [In Ukrainian] 

15. Tretyak, M.V. (2014) Formuvannya matematichnoyi kulturi studentiv u procesi vivchennya teoriyi miri i integrala v 
pedpgogichnih ta klasichnih universitetah [Formation of students' mathematical culture in the process of studying the 
theory of measure and integral in pedagogical and classical universities: dissertation author's abstract]  Cand. ped. Sciences: 
13.00.02 "Teoriya ta metodika navchannya (matematika)" , M-vo osviti i nauki Ukrayini, Cherkas. nac. un-t im. Bogdana 
Hmelnickogo. Cherkasi, p.20. [In Ukrainian] 

16. Chub, E.V. (2008) Kompetentnostnyj podhod k obrazovaniyu [The Competence Approach to Education], Innovacii v 
ƻōǊŀȊƻǾŀƴƛƛ Ѕ оΦΣ ǇΦ нмς27. [In Russian] 

17. Shadrikov, V.D. (2004) Novaya model specialista: innovacionnaya podgotovka i kompetentnostnyj podhod [New Specialist 
Model: LƴƴƻǾŀǘƛǾŜ ¢ǊŀƛƴƛƴƎ ŀƴŘ /ƻƳǇŜǘŜƴŎŜ !ǇǇǊƻŀŎƘϐ ±ȅǎǎƘŜŜ ƻōǊŀȊƻǾŀƴƛŜ ǎŜƎƻŘƴȅŀΣ Ѕ пΦΣ ǇΦ 26ς34. [In Russian] 

18. Yudin, E. G. (1986) Metodologicheskij analiz kak napravlenie izucheniya nauki [Methodological analysis as a direction of the 
study of science], M., Nauka, p.26. [In Russian] 

19. Key Competences for Lifelong Learning. A European Reference Framework. Brussels : European Commission, 2005.  URL:  
http://ec.europa.eu/education/policies/2010/doc/ 

 
  



PHYSICAL & MATHEMATICAL EDUCATION    issue 3(21), 2019 
.  

132 

SOME ASPECTS OF FORMATION OF RESEARCH COMPETENCE OF STUDENTS OF HIGHER EDUCATION INSTITUTIONS  
OF UKRAINE IN THE PROCESS OF PROFESSIONAL TRAINING 

S.V. Sapozhnikov 
Alfred Nobel University, Dnipro, Ukraine 

Abstract. 
Formulation of the problem. The article attempts to highlight and analyze the main aspects of forming the research competence of students of 

higher education institutions of Ukraine in the process of professional training. 
Materials and methods. Analysis and generalization of scientific intelligence for solving the problem of formation of research competence with 

the separation of the main components of students' research activities, terminological analysis to clarify the term "research 
competence". 

Results. The publication outlines and analyzes the main components of students' research activities (design, which involves the student's ability, 
skills and abilities to identify and formulate scientific problems, determine the object and subject of research, formulate the 
purpose and hypothesis of the study, determine the basic concepts; information , which involves students' possession of methods of 
data collection according to hypotheses, creation of empirical data bases, processing of various primary sources, etc.; ny, which 
implies the students' ability to choose and use universal and special methods of scientific research, the presence of developed 
logical thinking, creative abilities and qualities (intuition, ability to insight, discovery, productive thinking); practical, which involves 
the creation, transmission and implementation the results of scientific research into practice, etc.). The author clarifies the concept 
of "research competence of the future specialist" as an integrated quality (characteristic) of the individual, which determines his 
willingness and ability to gradually solve research problems that arise in real life situations in different fields of activity, based on 
the use of knowledge and skills educational and life experience in accordance with the established system of general cultural and 
professional values in order to gain new knowledge through the application of methods of scientific knowledge. 

Conclusions. Formation of research competence of students of higher education institutions of Ukraine in the process of professional 
preparation should become one of the leading priorities of the modern higher education system of Ukraine, which requires a set of 
measures of general pedagogical, methodological and organizational character. 

Keywords: formation of research competence, higher education system, professional training, students of higher education institutions. 
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ˤ͙͍͙ͫͤͦ͟Φ  ʕ ͍ͯͣͦ͊ͻ ͔ͪͺ͍ͦͪͣͯ͊ͤͤΎ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜ ͚ ͍͔͔ͯͭͪ͒͗ͤͤΎ ͙ͦͫͦ͋ͫͭͫͤͦ͜ ͦͪ͜Ί͍ͤͭͦ͊ͤͦ͝ ͔ͣͦ͒͜͡ ͍͙ͦͫͭ͜ 
͊ͭͯ͊ͯ͘͟͜͡ΊͭΈͫΎ ͔ͨͦͭͪ͋͊ ͍͔͔ͯ͒ͤͤΎ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜ ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻΣ ͔͙ͣͭͦ͒;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͍ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ 
͍͙ͦͫͭ͜ ͔͙ͭͣ ζ˴͡Ό;͍ͦ͜ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ΄ͦ͟͡Ύͪ͊ ˹͍ͦͦ͝ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ΄͙ͦ͟͡ηΣ ͘-ͨͦͣ͗͜ Ύ͙͟ͻ ͍͙͍͔͊͗͡ ͣͫ͜ͼ͔ ͍͍͔͔͒͒ͤͦ͜ 
͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈ͚͟͜ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͊͋ͦ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ζͤ͜͜ͼ͙͍͊ͭͤͫͭ͜͜Έ ͜ ͙ͨ͒ͨͪ͜Ί͙͍ͣͫͭ͜͡ΈηΦ ˽͔͔͙͍͙ͪͫͨͭͤͣ͟ ͤ͊ͨͪΎͣͦͣ 
ͨͦ͒͊͡Έ΄͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔͋ͯ͒ ͊ͤ͊͘͜͡ ͍͙͙ͦͤ͊ͤ͟ͻ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͔͍ͨͪͦͭ͟͜Σ ͫͨͪΎ͍͙ͣͦ͊ͤͻ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͯ;͍ͤ͜ ͍ͦͫͤͦ 
͙ͨ͒ͨͪ͜Ί͙͍ͣͦͫͭ͜͡ ͭ͊ ͤ͜͜ͼ͙͍͊ͭͤͦͫͭ͜͜. 

 

˴˶̑̉˻ˤ˱ ˿˶˻ˤˢΥ ͍ͣͦͤͦ-͔͙ͣͭͦ͒;͙͚ͤ ͯͪͫ͟Σ ͚͚ͣ͊͋ͯͭͤ͜ ͯ;͙͔ͭ͡Έ-͍͔͙ͫͦͫͤ͟͡Σ ͔ͫͭͯ͒ͤͭΣ ͯ;͔ͤΈΣ ͫͭ͊ͪ΄͊ ΄ͦ͊͟͡Σ ͯͪͦ͟ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦΣ 
͊͊͒͘͟͡ ͍͙΅ͦ͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͙ͦͫͭ͜Σ ΄͟͜͡Έͤ͊ ͎ͨͪͦͪ͊ͣ͊Σ ͨ͒ͪͯ͜;͙ͤ͟ ͘ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦΣ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈ͊͟ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ 
ͯ;ͤΎΣ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ζ ͙ͨ͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έ ͭ͊ ͤ͜͜ͼ͙͍͊ͭͤͫͭ͜͜Έη. 

 
ˤ˿́̂˽ 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˤ͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͫͭ͊ͭͭ͜ мн ˭͊ͦͤͯ͟ ͙̂ͪ͊ͤ͟͝ ζ˽ͪͦ ͍ͦͫͭͯ͜η όнлмтύ ό˽ͪͦ ͍ͦͫͭͯ͜Σ нлмтύ ͔ͣͭͯ ͍ͨͦͤͦ͝ 
͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜ ͍͙ͤ͊͘;͔ͤͦ Ύ͟ ͍͔ͫ͋͜;͙͚ͤ ͍͙ͪͦͭͦ͘͟Σ ͍͙ͻ͍ͦ͊ͤͤΎ ͜ ͫͦͼ͊͊͘͜͜͡ͼ͜Ύ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ Ύ͊͟ ͒͊ͭͤ͊͘ ͒ͦ ͙͗ͭͭΎ ͍ 
ͫͯͫͨ͜͡Έ͍ͫͭ͜ ͭ͊ ͼ͙͍͍ͦ͊ͤͦ͘͜͜͡͝ ͍͊͘Ίͣͦ͒͜͝ ͘ ͙ͨͪͪͦ͒ͦΌΣ ͣ͊Ί ͎͔ͨͪ͊ͤͤͤΎ ͒ͦ ͍͔ͫ͊ͣͦ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͜ ͍ͤ͊;͊ͤͤΎ ͍͍ͨͪͦ͒ͦ͗ ͙͗ͭͭΎΣ 
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͎͍ͦͭͦ͊ ͒ͦ ͍͎ͫ͒ͦͣͦͦ͜ ͙͗ͭͭΊ͍͎ͦͦ ͍͙͋ͦͪͯ ͭ͊ ͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜͝Σ ͍͍͒ͨͦ͒͊͜͜͡Έͤͦͫͭ͜Σ ͍ͭͪͯ͒ͦͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͎ͪͦͣ͊͒ΎͤͫΈͦ͟͝ 
͙͍͊ͭͤͦͫͭ͟͜Φ ˨ͦͫΎ͎͔ͤͤͤΎ ͔͙ͣͭ ͔͔͊͋ͨ͘͘;ͯΊͭΈͫΎ ;͔͔ͪ͘ ͤ͊ͫͪͤ͘͟͜͜ ͒͡Ύ ΄͟͜͡Έ͙ͤͻ ͎ͨͪͦͪ͊ ͍ͣͫ͜ͻ ͤ͊;͊͡Έ͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜ ͍ͣͫͭͦ͘͜͜ 
ͤ͜͜͡͝Σ ΅ͦ ͍͙ͫͭͯͨ͊ΌͭΈ ͊ͫͦ͋ͦͣ͘ ͔͎ͤͭͪ͊͜ͼ͜͝ ͟͡Ό;͍͙ͦͻ ͜ ͎͊͊͘͡Έ͔͔͙ͤͦͨͪ͒ͣͭͤͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟Σ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜ ͭ͊ 
͔͔͙ͨͪ͒ͣͭͤͻ ͼ͙͍͟͜͡. ˭͔ͦͪͣ͊͟Σ ͍͙͍;͔ͤͤΎ ͤ͊ͫͪͤͦ͘͟͜͝ ͤ͜͜͡͝ ζ˽͙͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έ ͜  ͅ ͍ͤ͊ͤͫͦ͊͜ ͎ͪ͊ͣͦͭͤͫͭ͜ΈηΣ ͊ͤ͊͘͘;͊ΊͭΈͫΎ ͍ 
͔͒ͦͯͣͤͭ͟͜Σ ͔͔͊͋ͨ͘͘;͙ͭΈ ͪ͊͟΅͔ ͪͦͯͣͤͤ͘͜Ύ ͙ͣͦͦ͒ͣ͡ ͨͦͦͤͤ͟͜͡Ύͣ ͯͪ͊ͤ͟͝ͼ͍͜ ͙ͨͪ͊ͭ͟;͙ͤͻ ͔͍͊ͫͨͭ͟͜ ͺ͍͙ͤ͊ͤͫͦ͜ͻ ͙ͨͭ͊ͤΈ 
ό͚͔͒ͫͤͤͤ͘͜Ύ ͊ͦ͘΅͔͊͒͗ͤΈΣ ͍͔͍ͤͫͭͯ͊ͤͤ͜ΎΣ ͙͊ͨͦ͘͘;͔ͤͤΎΣ ͫͭͪ͊ͻ͍ͯ͊ͤͤΎΣ ͔͙͍ͪ͒ͭͯ͊ͤͤ͟Ύ ͭͦ΅ͦύΤ ͙ͫͨͪΎ͙͔ͭͣ ͍͙͍ͪͦͭͦ͘͟͜ 
͔͒ͪͫ͜͡Έ͙͟ͻ ͤ͜͜ͼ͙͍͊ͭ͜Σ ͒͊ͭͤͦͫͭ͘͜ ͯͫͨ͜΄ͤͦ ͒͜Ύ͙ͭ ͍ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦͣͯ ΄͍͙͒ͦͣͤͤͦͣͯ͘͟͜ ͔͔͍͙ͫͪ͒ͦ΅͜Φ 

˾͔͍͙͊ͯ͊ͭ͘͜͡ ͤ͊ͫͪͤ͘͟͜͜ ͍ͣͫͭͦ͘͜͜ ͤ͜͜͡͝ ͨͪͦͨͦͤͯΊͭΈͫΎ ΄͡Ύͻͦͣ ͺ͍ͦͪͣͯ͊ͤͤΎ ͟͡Ό;͍͙ͦͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟Σ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ 
͒͡Ύ ͯͫͨ͜΄ͤͦ͝ ͙͗ͭͭΊ͒͜Ύ͡Έͤͦͫͭ͜Σ ͘-ͨͦͣ͗͜ Ύ͙͟ͻ ͍͙ͤ͊͘;͊ΌͭΈ ͜ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ζͤ͜͜ͼ͙͍͊ͭͤͫͭ͜͜Έ ͜ ͙ͨ͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έη Ύ͟ ͯͣͤͤ͜Ύ 
͎͔͔͍͙ͤͪͯ͊ͭ ͍ͤͦ͜ ͔͒͜͝ ͚ ͤ͜͜ͼ͙͍͙͊ͭ͜ ͭ͊ ͍ͭ͜͡Ό͍͙͊ͭ ͝ͻ ͯ ͙͗ͭͭΎ ͘ ͔ͣͭͦΌ ͍͙ͨ͒͜΅͔ͤͤΎ Ύ͟ ͍͎͊ͫͤͦͦ͡ ͫͦͼ͊͜͡Έ͎ͤͦͦ ͫͭ͊ͭͯͫͯ ͭ͊ 
͒ͦ͋ͪͦ͋ͯͭͯΣ ͭ͊͟ ͜ ͍͙ͪͦͭͯ͘͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͜ ͔͍͙͒ͪ͗͊Τ ͍ͣͤͤ͜Ύ ͪ͊ͼͦͤ͊͜͡Έͤͦ ͍͔͙ͫͭ ͔͔ͫ͋ Ύ͟ ͙͍ͫͨͦ͗͊;Σ ͔ͺ͔͙͍ͭͤͦ͟ 
͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤ͜ ͊ͦ͘΅͔͊͒͗ͤͤΎΣ ͙͚͙ͨͪͣ͊ͭ ͒ͦͼ͜͡Έͤ͜ ͪ͜΄͔ͤͤΎ ͯ ͫͺ͔ͪ͜ ͚͊ͤ͘Ύͭͦͫͭ͜Σ ͺ͍ͤ͊ͤͫ͜͜ ͭͦ΅ͦΦ ˭͊ ͙ͫͦ͋͊ͣ 
͎ͦ͗ͤͦͦ͟ ΄͟͜͡Έ͎ͤͦͦ ͔͔ͨͪ͒ͣͭͯ ͯ;͙͔ͭ͡Έ ͣ͊Ί ͎͍͙ͦͭͯ͊ͭ ͯ;͍ͤͫ͜Έͯ͟ ͣͦͦ͒͡Έ ͒ͦ ͙͍͎͊ͭͤͦͦ͟ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͙͗ͭͭΎΣ ΅ͦ ͙ͫͨͪΎ͙͔ͭͣ 
͍͙ͨ͒͜΅͔ͤͤΌ ͝ͻͤΈͦ͝ ͔ͦͤͯͪͤͭͦͫͨͪͦͣͦ͗ͤͦͫͭ͟͟͜ ͤ͊ ͙ͪͤͯ͟ ͨͪ͊ͼ͜Φ ́͊͟͜ ͍͙͎͙ͣͦ ͔ͨͦͭͪ͋ͯΌͭΈ ͍͒͜ ͯ;͙͔͍ͭ͜͡ ͙ͪͤ͘͜ͻ ͔͔͍ͨͪ͒ͣͭ͜ 
͚͎ͨͦͫͭͤͦͦ͜ ͙͎ͦͫͦ͋ͫͭͫͤͦͦ͜ ͜ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍͙ͪͦͭͯ͘͟ ͚ ͍͙ͫ͊ͣͦͪͦͭͯ͘͟Σ ΅ͦ ͤ͊ ͔ͭ͊ͨ͜ ͍ͤ͊;͊ͤͤΎ ͍ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ 
͍͙ͦͫͭ͜ ͔͔͊͋ͨ͘͘;ͯΊͭΈͫΎ ͍͔͔ͯ͒ͤͤΎͣ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜ ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻΣ ͔͙ͣͭͦ͒;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͔ͭͣ ζ˴͡Ό;͍ͦ͜ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ 
΄ͦ͟͡Ύͪ͊ ˹͍ͦͦ͝ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ΄͙ͦ͟͡ηΦ 

˸͔ͭ͊ ͤ͊ͫͪͤͦ͘͟͜͝ ͤ͜͜͡͝ ζ˽͙͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έ ͜ ͺ͍ͤ͊ͤͫͦ͊͜ ͎ͪ͊ͣͦͭͤͫͭ͜Έη ς ͍ͤ͊;͊ͤͤΎ ͎ͣͦͦ͒ͦͦ͡ ͨͦͦͤͤ͟͜͡Ύ ͯͪ͊ͤ͟͝ͼ͍͜ 
ͦ΅͙͍͊͒ͦͫͭ͜͡Σ ͪ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͦ͟΄͍ͭ͜Σ ͍ͨ͊ͤͯ͊ͤͤ͡Ύ ͍͙ͭͪ͊ͭΣ ͙ͫͭͣͯ͡Ό͍͊ͤͤΎ ͯ ͙ͤͻ ͔͒ͪͫ͜͡Έ͙͟ͻ ͤ͜͜ͼ͙͍͊ͭ͜Σ 
͎͔ͨͪ͊ͤͤͤΎ ͯͫͨ͜΄ͤͦ ͒͜Ύ͙ͭ ͍ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦͣͯ ΄͍͙͒ͦͣͤͤͦͣͯ͘͟͜ ͔͔͍͙ͫͪ͒ͦ΅͜Σ - ;͙ͭ͊Ίͣͦ ͯ ΄͟͜͡Έ͚ͤ͜ ͎ͨͪͦͪ͊ͣ͜ ͘ ͯͪ͊ͤͫ͟͝Έͦ͟͝ 
͍͙ͣͦ ͒͡Ύ ͯ;͍ͤ͜ р-ф ͍͊ͫ͟͜͡ ό̂ͪ͊ͤͫ͟͝Έ͊͟ ͍ͣͦ͊Φ р-ф ͙͊ͫ͟͡Σ нлмсύΦ ̂ ͔͒ͦͯͣͤͭ͟͜ ͎ͤ͊ͦͦ͡΄ͯΊͭΈͫΎ ͤ͊ ͍͙͍͊͗ͦͫͭ͜͡ 
ͯͣͤ͜Έ ͨ ͔͔͍͙ͪͤͭͯ͊ͭ͘ ͍͊ͫͤ͜͡ ͔͒͜͝ ͭ͊ ͤ͜͜ͼ͙͍͙͊ͭ͜ ͪͦͯͣͦ͘͘͜͡Σ ͎ͪ͊ͣͦͭͤͦΣ ͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͒ͦͼ͜͡Έͤ͜ ͍͙ͪ͊͗͊͡Έͤ͜ ͍ͣͦͤ͜ ͙͊ͫͦ͋͘Τ 
͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͔ͺ͔͙͍ͭͤ͟͜ ͙͍ͦͣͯͤ͊ͭͤ͟͜͟͜ ͔͎ͫͭͪ͊ͭ͜͝ ͒͡Ύ ͺͦͪͣͯ͡Ό͍͊ͤͤΎ ͍͙͊ͫͤ͡ͻ ͙ͨͪͦͨͦ͘ͼ͚͜Τ ͎͍͍͙ͫ͊ͣͦͦͪ͊ͤͦͯ͊ͭͫ͘͜ΎΤ 
ͦͼͤ͜Ό͍͙͊ͭ ͔ͦͤͦͣ͟͜;ͤ͜ ͤ͜͜ͼ͙͍͙͊ͭ͜ ͭ͊ ͔ͦͤͦͣ͟͜;ͤͯ ͒͜Ύ͡Έͤͫͭ͜ΈΣ ͨͪͦΎ͍͡Ύ͙ͭ ͎͍ͦͭͦͤͫͭ͜Έ ͙͋ͪ͊ͭ ͤ͊ ͔͔ͫ͋ ͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜ΈΤ 
ͪͦͯͣͤͤ͘͜Ύ ͪͦ͜͡ ͙͍͙ͦͣͯͤ͊ͭͤ͟͜͟ͻ ͯͣͤ͜Έ ͒͡Ύ ͯͫͨ͜΄ͤͦ͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͊ͪ͟ΩΊ͙ͪΦ ˭ ͼ͜ΊΌ ͔ͣͭͦΌ ͨͪͦͨͦͤͯΌͭΈͫΎΣ ͔ͦͪͣ͊͘͟Σ ͭ͊͟͜ 
ͤ͊ ͍;͊͡Έͤ͜ ͔͙ͪͫͯͪͫΣ Ύ ͭ͟ ͔͙ͫͭ͟Σ ΅ͦ ͣͫͭ͜ΎͭΈ ͔ͣͦ͒͜͡ ͤ͜͜ͼ͙͍͊ͭͤͦͫͭ͜͜Τ ͍͒ͦ͜͜͡ ͔͙ͨ͊ͨͪ όͨ͊ͤ͡ ͙ͪͦ͋ͦͭΣ ͍ͭ͘͜Σ ͔ͪ͘Ό͔ͣΣ ͊͘Ύ͍͊ ͭͦ΅ͦύΣ 
͔͔ͫ͊ͣͦͨͪͤͭ͊͘ͼ͜ΎΣ ͙ͪ͊͘͘͟ ͔͙ͪ͊ͣ͟͡Φ ̂ ͎ͨͪͦͪ͊ͣ͊ͻ ͘ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦ ͒͡Ύ ͫͭ͊ͪ΄͙ͻ ͍͊ͫ͟͜͡ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ζͤ͜͜ͼ͙͍͊ͭͤͫͭ͜͜Έ ͜ 
͙ͨ͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έη ͦͻ͔͙͍͊ͪ͊ͭͪͦ͊ͤͦ͘͟ Ύ͟ ͯͣͤͤ͜Ύ ͎͔͔͍͙ͤͪͯ͊ͭ ͍ͤͦ͜ ͔͒͜͝ ͚ ͤ͜͜ͼ͙͍͙͊ͭ͜ ͭ͊ ͍ͭ͜͡Ό͍͙͊ͭ ͝ͻ ͯ ͙͗ͭͭΎ ͘ ͔ͣͭͦΌ 
͍͙ͨ͒͜΅͔ͤͤΎ Ύ͟ ͍͎͊ͫͤͦͦ͡ ͫͦͼ͊͜͡Έ͎ͤͦͦ ͫͭ͊ͭͯͫͯ ͭ͊ ͒ͦ͋ͪͦ͋ͯͭͯΣ ͭ͊͟ ͜ ͍͙ͪͦͭͯ͘͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͜ ͔͍͙͒ͪ͗͊Τ ͍ͣͤͤ͜Ύ ͪ͊ͼͦͤ͊͜͡Έͤͦ 
͍͔͙ͫͭ ͔͔ͫ͋ Ύ͟ ͙͍ͫͨͦ͗͊;Σ ͔ͺ͔͙͍ͭͤͦ͟ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤ͜ ͊ͦ͘΅͔͊͒͗ͤͤΎΣ ͙͚͙ͨͪͣ͊ͭ ͒ͦͼ͜͡Έͤ͜ ͪ͜΄͔ͤͤΎ ͯ ͫͺ͔ͪ͜ 
͚͊ͤ͘Ύͭͦͫͭ͜Σ ͺ͍ͤ͊ͤͫ͜͜ ͭͦ΅ͦΣ ͊ ͒ͦ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͍ͪͫͯͪͫ͜ ͍͔͔͒ͤͫͤͦ͜ ͔͙ͭͫͭ͟ ͦͺ͜ͼ͚ͤͦ͜-͍͎͒ͦͦͦ͜͡ ͙ͫͭ͡Ό ό͔ͪ͘Ό͔ͣΣ ͒ͦͪͯ;͔ͤͤΎ 
ͭͦ΅ͦύΣ ͔͔ͫ͊ͣͦͨͪͤͭ͊͘ͼ͜͝Σ ͙ͪ͊͘͘͟ ͔͙ͪ͊ͣ͟͡Σ ͔ͭͪ͊ͭͯͪͤ͜͜͡ ͍͙ͭͦͪΣ Ύ͟͜ ͣͫͭ͜ΎͭΈ ͔ͣͦ͒͜͡ ͤ͜͜ͼ͙͍͊ͭͤͦͫͭ͜͜Φ ˾ͦ͋ͦͭ͊ ͘͜ ͔͙ͭͫͭ͊ͣ͟ ͤ͊͘;ͤͦΌ 
ͣͪͦ͜Ό ͙ͫͨͪΎΊ ͺ͍ͦͪͣͯ͊ͤͤΌ ͍ͦͫͤͦ ͨ͜ ͙͒ͨͪΊ͙ͣͤͼΈͦ͟͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͯ;͍ͤ͜ ͔ͦͤͭͫͭ͟͟͜ ͫͯ;͙͊ͫͤͻ ͍͙͎ͣͦ ͒ͦ ͍ͣͦͤͦ͝ ͍͙ͦͫͭ͜Φ  

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˢͭͯ͊͟͡Έͤ͜ ͔͙ͨͪͦ͋ͣ͡ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͜ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈͦ͟͝ ͎͍͙ͨ͒ͦͭͦ͜͟Σ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈͦ͟͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍ ͯͪ͊ͤͫ͟͝Έ͚͟͜ ͍ͦͫͭ͜͜ ͍ ͦͫͭ͊ͤͤ͜ ͙ͪͦ͟ Ί ͔͔ͨͪ͒ͣͭͦͣ ͔͒ͦͫ͒͗ͤ͜͡Έ ˤΦ s ͍ͤ͒ͪ͊ͤͦͦ͜͝Σ 
˭Φ ˥ ͔ͨͭͪͫ͜Σ ˥Φ ˹ ͔͊͊ͪͤͦ͘͟Σ ˤΦ ˸ ͚͍͊ͦͫ͟Έͦ͟͝Σ ˻ Φ ˾ ͍ͦͣ͊ͤͦͫΈ͎ͦͦ͟Σ ˤΦ ̊ ͍͊͋͊ͤͦͦ͝ ͭ͊ ͤ͜Φ ˽͙ͭ͊ͤͤΎ ͍ͣͦͤͦ-͔͙ͣͭͦ͒;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ 
͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡-͍͔͙͍ͫͦͫͤ͟͜͡ ͒ͦͫ͒͗ͯ͜͡ΌͭΈ ˸Φ ʕ ͊΄͔ͯͤͦ͟͡Σ ˻Φ ˥ ͦͪͦ΄ͤ͊͟͜Σ ˶Φ ˸ ͊ͼΈͦ͟Σ ˢΦ ˹ ͭͤ͊͜͟͜͜Σ ˿Φ ˴ ͊ͪ͊ͣ͊ͤΣ 
ˤΦ ˸ ͔͡Έ͙ͤ;͚͊ͦ͟Σ ˿Φ ˻ ͔ͣ͡Έ;ͯ͟Σ ˹Φ ˻ ͔ͫͭ͊ͨͤͦ͟Σ ˸Φ ˽ ͔͙ͤͭ͡Ό͟Σ ́Φ ˿ ͙͔ͣͦͤͤͦ͟Σ ˶Φ ˿ ͎͔ͭͪͯ͊ͤͼΈ ͭ͊ ͤ͜Φ ˾͎ͦ͘͡Ύ͒ ͔͙ͦͪͣ͟ͻ ͙ͨͭ͊ͤΈ 
͙ͪͦ͋ͦͭ ͍;͙͔͍ͭ͜͡-͍͔͙͍ͫͦͫͤ͟͜͡ ͘ ͒ͭ͜Έ͙ͣ ΅ͦ͒ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͙ͤͻ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈͦ͟͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Σ ͍͔͔ͨͪͦ͒ͤͤΎ ͍ͯͪͦ͟͜ ͘ 
͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈ͙ͣ͟ ͭͦͣ͡ ͔͍͔ͨͪ͒ͫͭ͊ͤͦ͡ ͯ ͫͭ͊ͭͭ͜ ˶Φ ˥ ͦͤ;͔͊ͪͤͦ͟ ό˥ͦͤ;͔͊ͪͤͦ͟ ˶Φ ˢΦΣ нлмс). ˸͔͙ͭͦ͒;ͤ͜ ͙ͨͦͪ͊͒ ΅ͦ͒ͦ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͦͫͤͦ ͨ͜ ͙͒ͨͪΊ͙ͣͤͼΈͦ͟͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͯ;͍ͤ͜ ͤ͊ ͯͪͦ͊͟ͻ ͔͙ͦͤͦͣ͟͜͟Σ ͍ͦͫͤͦ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼ͍ͭ͊Σ ͎͋ͦͦ͜͜͡͝Σ ͻͣ͜͜͝Σ 
ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦΣ ͍ͦ͋ͪ͊ͦͭͦͪ͘;͎ͦͦ ͙͔ͣͫͭͼ͍ͭ͊ ͭͦ΅ͦΣ ͔͙ͦͤͫͨͭ͟͟ ͍ͯͪͦ͟͜ ͘͜ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈ͙ͣ͟ ͭͦͣ͡Σ ΅ͦ ͝ͻ ͙͙ͪͦͪͦ͋͘͡ 
ͯͪ͊ͤͫ͟͝Έ͟͜ ͍;͙͔ͭ͜͡ ͍ ͪ͊ͣ͊͟ͻ ͯͪ͊ͤͫ͟͝Έͦ͟-ͨͦ͡ΈͫΈ͎ͦͦ͟ ͔ͨͪͦͭͯ͟ ζ͙̂ͪͦ͟ ͘ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈ͙ͣ͟ ͭͦͣ͡η όнлмп ͪΦύΣ ͔͍͔ͨͪ͒ͫͭ͊ͤͦ͡ ͍ 
͙ͨͦͫ͋ͤ͊͜͟ͻ ό˹͔͊͊ͪͤͦ͘͟ ˥Φ ˢΦΣ нлмпΤ ͙̂ͪͦ͟ ͘ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈ͙ͣ͟ ͭͦͣ͡Σ нлмп)Φ ˻ͤ͊͘;͔ͤ͜ ͙ͨͭ͊ͤͤΎ Ί ͔͔ͨͪ͒ͣͭͦͣ ͎͍͔ͦ͋ͦͦͪͤͤΎ ͤ͊ 
ͦͤ͟ͺ͔͔ͪͤͼ͜Ύͻ ͭ͊ ͔ͫͣͤ͊ͪ͊͜ͻΦ ˹͊ͨͪ͊ͼΈ͍͙͚ͦ͊ͤ ͔͔͙ͭͦͪͭ;͙͚ͤ ͜ ͙ͨͪ͊ͭ͟;͙͚ͤ ͍͒ͦͫ͒͜ ͎ͫͯͯ͡Ί ͨ͒͐ͪͯͤͭ͜Ύͣ ͔͙ͣͭͦ͒;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ 
͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡-͍͔͙͍ͫͦͫͤ͟͜͡ ͯ ͊͊͒͊͘͟͡ͻ ͍͙΅ͦ͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͙ͦͫͭ͜ ͒ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͯ;͍ͤ͜ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͘ ͍ͦͫͤͦ 
͙ͨ͒ͨͪ͜Ί͙͍ͣͦͫͭ͜͡ ͭ͊ ͤ͜͜ͼ͙͍͊ͭͤͦͫͭ͜͜Φ  

˸͔ͭ͊ ͫͭ͊ͭͭ͜Φ ̂ ͔ͣ͗͊ͻ ͫͭ͊ͭͭ͜ ͊͟ͼ͔ͤͭͯΊͣͦ ͙͒ͦͫ͒ͤ͜͡ͼΈͯ͟ ͍͎ͯ͊ͯ ͤ͊ ͔ͦͪͣ͟͜ ͔͙͊ͫͨͭ͟ ͔͙ͣͭͦ͒;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ 
ͯ;͙͔͍ͭ͜͡-͍͔͙͍ͫͦͫͤ͟͜͡ ͒ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͯ;͍ͤ͜ ͍ͦͫͤͦ ͙ͨ͒ͨͪ͜Ί͙͍ͣͦͫͭ͜͡ ͭ͊ ͤ͜͜ͼ͙͍͊ͭͤͦͫͭ͜͜Τ ͎ͯ͊͊͘͡Έ͙ͤͣͦ Ί͍͔͚ͪͦͨͫΈ͟͜ ͭ͊ 
ͯͪ͊ͤͫ͟͝Έ͟͜ ͍͊ͦͤͦ͒͊͘͟;ͦ-͙͍ͤͦͪͣ͊ͭͤ͜ ͍ͦͫͭͤ͜͜ ͔͙͒ͦͯͣͤͭ͟Σ ͚͙͒ͫͤͣͦ͘͜ ͎ͦ͡Ύ͒ ΄͟͜͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣ ͭ͊ ͔͙ͣͭͦ͒;͎ͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ 
͔͒Ύ͙͟ͻ ΄͟͜͡Έ͙ͤͻ ͨ͒ͪͯ͜;͙͍ͤ͟͜ ͘ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦ ͒͡Ύ ͯ;͍ͤ͜ мл ͊ͫͯ͟͡Σ ͍͎͊ͨͪͦͨͦͤͦ͊ͤͦͦ͘ ͒͡Ύ ͔ͪ͊͊͘͜͡ͼ͜͝ ͤ͊ͫͪͤͦ͘͟͜͝ ͤ͜͜͡͝ 
ζ˽͙͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έ ͜ ͺ͍ͤ͊ͤͫͦ͊͜ ͎ͪ͊ͣͦͭͤͫͭ͜Έη ͭ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ζͤ͜͜ͼ͙͍͊ͭͤͫͭ͜͜Έ ͜ ͙ͨ͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έη ͤ͊ ͯͪͦ͊͟ͻ 
ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦΦ  

 
˸˩́˻˨ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 

˨͡Ύ ͒ͦͫΎ͎͔ͤͤͤΎ ͔͙ͣͭ ͍͙͙ͦͪͫͭ͊ͤͦ͟ ͭ͊͟͜ ͔͙ͣͭͦ͒Υ ͊ͤ͊͘͜͡Σ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎΣ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜Ύ ͍͙ͤ͊ͯͦ͟ͻ ͔͔͒͗ͪ͡ ͭ͊ 
͔͙ͣͭͦ͒;͎ͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͘ ͔ͣͭͦΌ ͍͙Ύ͍͔ͤͤ͡Ύ ͫͭ͊ͤͯ ͔ͪͦͪͦ͋ͤͦͫͭ͘͜͡ ͔͙ͨͪͦ͋ͣ͡ ͍ͣͦͤͦ-͔ͣ ͙ͭͦ͒;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ 
ͯ;͙͔͍ͭ͜͡-͍͔͙͍ͫͦͫͤ͟͜͡ ͒ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͯ;͍ͤ͜ ͍ͦͫͤͦ ͙ͨ͒ͨͪ͜Ί͙͍ͣͦͫͭ͜͡ ͭ͊ ͤ͜͜ͼ͙͍͊ͭͤͦͫͭ͜͜Φ 

 
˾˩˭̂˶̎́ˢ́ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 

˭͊ͤ͊͘;͙ͣͦΣ ΅ͦ ͯ ͫͭ͊ͭͭ͜ ό˿͔͔͎ͣͤͦ ˻ Φ˸ΦΣ нлмуύ ͙ͤ͊ͣ ͚͔͒ͫͤͤͦ͘͜ ͎ͦ͡Ύ͒ ͍͙ͤ͊ͯͦ͟ͻ ͤ͊ͨͪ͊ͼΌ͍͊ͤΈ ΅ͦ͒ͦ ͦͤ͟ͼ͔ͨͭͯ 
ζ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈ͊͟ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έη ͤ͊ ͊ͫ͊͒͊͘ͻ ͎͍͔͎ͤͦͨͪ͊ͫͦͦ͜͟͜͡͡;͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ. ˹͊ ͍ͦͫͤͦ͜ ͊ͤ͊ͯ͘͜͡ ͍͙͍͙͒ͦ͒ͤͦ͜͟ͻ ͭ͊ 
͍͙ͤ͊ͯͦ͟ͻ ͔͔͒͗ͪ͡ ͪ͘͟͜Έ ͙ͨͪͣͯ͘ ͎͍͔͎ͤͦͨͪ͊ͫͦͦ͜͟͜͡͡͝ ͔͔ͦͪͫͤͦ͟͡ ͨͦͤΎͭͭΎ ζ͙ͨ͒ͨͪ͜Ί͙ͣͤͼ͍ͭͦηΣ ζ͙ͨ͒ͨͪ͜Ί͙͍ͣͫͭ͜͡ΈηΣ ζ͔͋ͤͫ͘͜ηηΣ 
ζ͙ͨ͒ͨͪ͜Ί͔ͣͼΈηΣ ζͯͫͨ͜΄ͤ͊ ͡Ό͙͒ͤ͊ηΦ ˢ͟ͼ͔͍ͤͭͦ͊ͤͦ ͍͎ͯ͊ͯ ͤ͊ ͙ͦͫͦ͋ͫͭͫͤͦ͜-͙͍ͦͣͯͤ͊ͭͤͦͣͯ͟͜͟ ͔ͦͣͨͦͤͤͭ͟͜ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈͦ͟͝ 
͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Φ ˱͔͒ͭΈͫΎΣ ͔ͦͪͣ͊͘͟Σ ͨͪͦ ͍ͣͤͤ͜Ύ ͎͍͙ͤ͊͊ͦ͒͗ͯ͊ͭ͡ ͦͤͭ͊ͭ͟͟ ͘ ͟͜͡Ί͙ͤͭ͊ͣΣ ͍͙͋ͪ͜ ͒ͦͼ͜͡Έ͎ͤͦͦ ͍͊ͪ͊ͤͭ͊͜ ͍͔ͣͦͤͤ͡Ί͍ͦ͝ 
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͍͔͙ͨͦ͒ͤ͜͟Τ ͦͪ͜Ί͍͙ͤͭͯ͊ͭͫΎ ͍ ͙͍͙ͭͨͦͻ ͜ ͔͙͍͙ͤͭͨͦͻ ͙ͫͭͯ͊ͼ͜Ύͻ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍ͫͨͯ͊ͤͤ͜͟͡ΎΣ ͨͪͦ ͯ͟͡Έͭͯͪͯ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼ͍ͭ͊Σ ΅ͦ Ί 
͙͙ͫ͊͒ͤ͊ͣ͟͟͡ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦ͜͝ ͎͍͙͙ͤͫͭ͜͜͟͡Φ ˴͔ͪͯΊͣͦͫΈ ͭ͊ͦ͟Ό ͻ͔͙͙͊ͪ͊ͭͪͫͭͦ͟͟Ό ͜ ͍ ͼΈͦͣͯ ͔͒ͦͫ͒͗ͤͤ͜͜͡Φ 

˹͊ ͊ͤ͘ΎͭͭΎͻ ͘ ͍ͣͦͤͦ-͔͙ͣͭͦ͒;͙ͤͻ ͍ͯͪͫ͟͜ ͯ ͍͙΅͚͜ ΄ͦ͟͜͡ ͘ϥΎ͍ͫͦͯΊͣͦΣ ͔ͦͪͣ͊͘͟Σ ͫͯͭͤͫͭ͜Έ ͨͦͤΎͭͭΎ ζͤ͜͜ ͼ͙͍͊ͭͤͫͭ͜͜Έ ͜ 
͙ͨ͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έη ͯ Ί͍͔͚ͪͦͨͫΈ͙͟ͻ ͔͒ͦͯͣͤͭ͊͟ͻΦ ̒͟ ͨͦ͊ͯ͘͟Ί ͊ͤ͊͘͜͡ ˾͔͔ͦͣͤ͒͊͟ͼ͚͜ ͍͔̐ͪͦͨ͊ͪ͊ͣͤͭͯ͡ ͜ ˾͙͊͒ ͍͙̐ͪͦͨ ζ˴͡Ό;͍ͦ͜ 
͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͒͡Ύ ͍ͤ͊;͊ͤͤΎ ͍͍ͨͪͦ͒ͦ͗ ͙͗ͭͭΎ όKey Competences for Lifelong Learning A European Reference Framework, 
2006)Σ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈͯ͟ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ όEntrepreneurship competence) ͊͋ͦ ͤ͜͜ͼ͙͍͊ͭͤͫͭ͜͜Έ ͜ ͙ͨ͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έ ͯ нллс ͪΦ 
͍͔͔ͯ͒ͤͦ ͒ͦ ͔͔ͨͪͯ͜͟͡ ͟͡Ό;͍͙ͦͻ ͜ ͍͙ͤ͊͘;͔ͤͦ Ύ͟ ͒͊ͭͤͫͭ͘͜Έ ͍ͭ͜͡Ό͍͙͊ͭ ͔͒͜͝Σ ΅ͦ ͎͔͔ͤͪͯΌͭΈ ͼͤͤͫͭ͜͜Έ ͒͡Ύ ͤ͜΄͙ͻΣ ͊ ͔ͤ ͙͡΄͔ ͒͡Ύ 
͔͔ͫ͋ ͎ͫ͊ͣͦͦΣ ͍ ͔͍ͨͤ͜ ͒͜͝Σ Ύ͟ ͤ͊ͫͪͤͯ͘͟͜ ͟͡Ό;͍ͦͯ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈΣ ͔ͤͦ͋ͻ͒ͤͯ͜ ͦ͗ͤͦͣͯ͟ ͎ͪͦͣ͊͒Ύ͙ͤͤͯ ͒͡Ύ ͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜͝ ͭ͊ 
͍͙ͪͦͭͯ͘͟Σ ͙͍͊ͭͤͦ͟͝ ͎ͪͦͣ͊͒ΎͤͫΈͦ͟͝ ͙ͨͦ͘ͼ͜͝Σ ͫͯͫͨ͜͡Έͤͦ͝ ͔͎ͤͭͪ͊͜ͼ͜͝ ͭ͊ ͚͊ͤ͘Ύͭͦͫͭ͜ ͍ ͫͯͫͨ͜͡Έ͍ͫͭ͜Σ ΅ͦ ͐ͪͯͤͭͯΊͭΈͫΎ ͤ͊ ͤ͊ͤͤ͘ΎͻΦ  

̂ ˭͍ͭ͜͜ Eurydice ΅ͦ ͒ͦ ζ˹͍͊;͊ͤͤΎ ͙ͨ͒ͨͪ͜Ί͙͍ͣͦͫͭ͜͡ ͯ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻη όнлмсύ ͎ͯ͊͊͘͡Έ͔ͤͤͦΣ ΅ͦ ͙͋͘͡Έͦ͟ 
͍͙͙ͨͦͦͤ͡ ͪ͊ͤ͟͝ ͍͙̐ͪͦͨ ͙ͦͪͫͭͯ͟ΌͭΈͫΎ ͍͙ͤ͊͘;͔ͤͤΎͣ ͙ͨ͒ͨͪ͜Ί͙͍ͣͦͫͭ͜͡Σ ͙ͨͦ͒͊ͤͣ ͍͙΅͔Τ ͔͙ͭͪͭͤ͊ ͪ͊ͤ͟͝ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ 
͍͔͊ͫͤ͡ ͤ͊ͼͦͤ͊͜͡Έ͔ͤ ͍͙ͤ͊͘;͔ͤͤΎΣ ͊ мл ͪ͊ͤ͟͝ ͔ͤ ͣ͊ΌͭΈ ͎͔͎ͯͦ͒͗ͤͦͦ͘ ͍͙ͤ͊͘;͔ͤͤΎ ͤ͊ ͤ͊ͼͦͤ͊͜͡Έͤͦͣͯ ͍ͪͤ͜͜ όͼ͙ͭΦ ͊͘ 
Bacigalupo M., Kampylis P., Punie Y., Van den Brande G., 2016ύΦ ̂ ͍ͭ͘͜͜ ͊ͤ͊͘͘;͔ͤͦ ͍͒ͫͯͭͤͫͭ͜͜Έ ͍͔ͫͦͻ͙ͦͨͤͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ 
͍ͤ͊;͊ͤͤΎ ͙ͨ͒ͨͪ͜Ί͙͍ͣͦͫͭ͜͡ Ύ͟ ͦ͒ͤͯ ͘ ͍͙ͦͫͤͦͤͻ ͔͔ͨͪ΄ͦ͒͟ ͒͡Ύ ͍͙ͪͦͭͯ͘͟ ͍ͤ͊;͊ͤͤΎ ͙ͨ͒ͨͪ͜Ί͙͍ͣͦͫͭ͜͡ ͍ ͍̐ͪͦͨ͜Σ ͭͦͣͯ ͦ͒ͤ͜ΊΌ ͘ 
͟͡Ό;͍͙ͦͻ ͼ͔͚͜͡ EntreComp Ί ͪͦͪͦ͋͊͘͟ ͫͨ͜͡Έ͎ͤͦͦ ͦͤ͟ͼ͔ͨͭͯ͊͡Έ͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ ͒ͦ ͍͙ͪͦͭͯ͘͟ ͙ͨ͒ͨͪ͜Ί͙͍ͣͦͫͭ͜͡ ͤ͊ 
Ί͍͔͚ͪͦͨͫΈͦͣͯ͟ ͍ͪͤ͜͜Φ ͍͔͚̐ͪͦͨͫΈ͊͟ ͫͨ͜͡Έͤͦͭ͊ ͙ͦͪͫͭͯ͟ΊͭΈͫΎ ͜ ͔ͭͪͣͤͦͣ͜ ζ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͙ͨ͒ͨͪ͜Ί͙͍ͣͦͫͭ͜͡ηΦ ˭͔ͦͪͣ͊͟Σ 
EntreComp ͍͙ͤ͊͘;͊Ί ͙ͨ͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έ Ύ͟ ͨͦͤΎͭͭΎΣ ΅ͦ ͐ͪͯͤͭͯΊͭΈͫΎ ͤ͊ ͍͔ͫͭͦͪͤͤ͜ ͯ͟͡Έͭͯͪͤͦ͝Σ ͫͦͼ͊͜͡Έͤͦ͝ ;͙ ͔ͦͤͦͣ͟͜;ͤͦ͝ 
ͼͤͤͦͫͭ͜͜Σ ͍͙͒͜͡ΎΊ ͪͤ͘͜͜ ͍͙͙͒ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼ͍ͭ͊Σ ͯ ͭͦͣͯ ;͙ͫ͜͡ ͍ͤͯͭͪ͜΄ͤΈ͎ͦͦͪ͊ͤ͊͘͜ͼ͚͔ͤ͜Σ ͫͦͼ͊͜͡Έ͔ͤΣ ζ͔͔͔ͤ͘͡η 
͙ͨ͒ͨͪ͜Ί͙ͣͤͼ͍ͭͦΣ ͊ ͭ͊ͦ͗͟ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼ͍ͭͦ ͯ ͫͺ͔ͪ͜ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ ˾͊ͣ͊͟ 9ƴǘǊŜ/ƻƳǇΣ ͔͍͔ͨͪ͒ͫͭ͊ͤ͊͡ ͯ 
͔͒ͦͯͣͤͭ͟͜Σ ͐ͪͯͤͭͯΊͭΈͫΎ ͤ͊ ΄͙ͪͦͦͣͯ͟ ͪͦͯͣͤͤ͘͜͜ ͙ͨ͒ͨͪ͜Ί͙͍ͣͦͫͭ͜͡Σ Ύ͔͟ ͍ ͟͡Ό;͊Ί ͍ ͔͔ͫ͋ ζͤ͜͜ͼ͙͍͊ͭͤͫͭ͜͜Έη. 

 ʕ ͍ͯͣͦ͊ͻ ͔ͪͺ͍ͦͪͣͯ͊ͤͤΎ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜ ζ˹͍ͦ͊ ͯͪ͊ͤͫ͟͝Έ͊͟ ΄ͦ͊͟͡ηΣ ͍͔͔ͯͭͪ͒͗ͤͤΎ ͙ͦͫͦ͋ͫͭͫͤͦ͜ 
ͦͪ͜Ί͍ͤͭͦ͊ͤͦ͝ ͔ͣͦ͒͜͡ ͍͙ͦͫͭ͜ ͊ͭͯ͊ͯ͘͟͜͡ΊͭΈͫΎ ͔ͨͦͭͪ͋͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ;͍ͤͫ͜Έͦ͟͝ ͣͦͦ͒͜͡ Ύ͟ ͊͟ ͙͍͙ͭͤͻΣ ͙ͨ͒ͨͪ͜Ί͙͍͙ͣ͡ͻ ͜ 
͍͍͒ͨͦ͒͊͜͜͡Έ͙ͤͻ ͎ͪͦͣ͊͒ΎͤΦ ˤ͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ˨͔͍͎ͪ͗͊ͤͦͦ ͫͭ͊ͤ͒͊ͪͭͯ ͍͋͊ͦͦ͘͝ ͜ ͍ͨͦͤͦ͝ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜ ό˨͔͍͙͚ͪ͗͊ͤ 
ͫͭ͊ͤ͒͊ͪͭ ͍͋͊ͦͦ͘͝ ͜ ͍ͨͦͤͦ͝ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜Σ нлммύ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈͦ͟͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͔͔ͨͪ͒͋͊;͔ͤͦ ͍ 
͔ͪ͊͊͘͜͡ͼ͜͝ ͒͊ͭͤͦͫͭ͘͜ ͯ;͍ͤ͜ ͍͍͙͙ͫͨ͒ͤͦͫͭ͜͜ ͍͊ͫͤ͜͡ ͔ͦͤͦͣ͟͜;ͤ͜ ͔͔͙ͤͭͪͫ͜ ͚ ͔͙ͨͦͭͪ͋ ͘ ͤ͊Ύ͍͙͙ͤͣ ͔͙ͪͫͯͪͫ͊ͣΣ ͔͔͙ͤͭͪͫ͊ͣ͜ ͜ 
͔͙ͨͦͭͪ͋͊ͣ ͤ͜΄͙ͻ ͡Ό͔͚͒ ͭ͊ ͫͯͫͨ͜͡Έ͍ͫͭ͊Τ ͎͍͍͙ͦͪ͊ͤͦͯ͊ͭ͘͜ ͍͊ͫͤͯ͡ ͍ͭͪͯ͒ͦͯ ͭ͊ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈͯ͟ ͒͜Ύ͡Έͤͫͭ͜Έ ͭ͊ ͨͪ͊ͼΌ ͔͙͍ͦͭͯ͟͟͡Σ 
ͦͪ͜Ί͍͙ͤͭͯ͊ͭͫΎ ͍ ͤͦͪͣ͊ͻ ͜ ͔͙ͭͼ͜ ͍͙ͭͪͯ͒ͦͻ ͍͙͒ͤͦͫͤ͜Τ ͍͙͊ͤ͊ͯ͊ͭ͘͜͡ ͚ ͦͼͤ͜Ό͍͙͊ͭ ͍͊ͫͤ͜͡ ͨͪͦͺ͔͚ͫͤ͜͜ ͙͍ͣͦ͗ͦͫͭ͜͡Σ ͒͋ͤͦͫͭ͘͜͜ ͚ 
͍͍͙͙ͫͨ͒ͤͦͫͭ͜͜ ͝ͻ ͘ ͔͙ͨͦͭͪ͋͊ͣ ͙ͪͤͯ͟ ͨͪ͊ͼ͜Τ ͙ͫ͊͒͊ͭ͟͡Σ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͚ ͦͼͤ͜Ό͍͙͊ͭ ͙ͨ͊ͤ͡ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ 
͙ͦͫͦ͋ͫͭ͜ ͔͋ͤͫ͘͜-͔͙ͨͪͦͭ͟Τ ͔͔͍͙ͨͪͤͭͯ͊ͭ͘ ͭ͊ ͨͦ΄͙ͪΌ͍͙͊ͭ ͤ͜ͺͦͪͣ͊ͼ͜Ό ͨͪͦ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍͊ͫͤͦ͡͝ ͔ͦͤͦͣ͟͜;ͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ 
͒͜Ύ͡Έͤͦͫͭ͜ ͔͙͍ͦͭͯ͟͟͡Φ  

̂ ͔ͨͪͦͭ͟͜ ˨͔͍͎ͪ͗͊ͤͦͦ ͫͭ͊ͤ͒͊ͪͭͯ ͍͋͊ͦͦ͘͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜ όнлмфύ ό˨͔͍͙͚ͪ͗͊ͤ ͫͭ͊ͤ͒͊ͪͭ ͍͋͊ͦͦ͘͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜Σ 
нлмфύΣ ΅ͦ ͤ͊ͪ͊͘͜ ͎͍ͦ͋ͦͦͪΌΊͭΈͫΎΣ ͤ͊ ͨͦͤ͊͘;͔ͤͤΎ ͟͡Ό;͍ͦͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͙͍͙͚ͯ͗͊ͤ ͔ͭͪͣͤ͜ ζ͙ͨ͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έ ͭ͊ 
ͺ͍ͤ͊ͤͫͦ͊͜ ͎ͪ͊ͣͦͭͤͫͭ͜ΈηΤ ͔͒ͭ͜ΈͫΎ ͨͪͦ ͤ͜͜ͼ͙͍͊ͭͤͫͭ͜͜ΈΣ ͫͨͪͦͣͦ͗ͤͫͭ͜Έ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͙͍ͣͦ͗ͦͫͭ͜͡ ͭ͊ ͔͍͍͙ͪ͊ͦͯ͊ͭ͘͜͡ ͔͒͜͝Σ 
͔͔͍ͨͪͭͦͪΌΌ;͙ ͝ͻ ͤ͊ ͼͤͤͦͫͭ͜͜ ͒͡Ύ ͤ͜΄͙ͻΣ ͯͣͤͤ͜Ύ ͍͙ͪ͜΄͍͙ͯ͊ͭ ͔͙ͨͪͦ͋ͣ͡Σ ͎͍ͦͭͦͤͫͭ͜Έ ͙͋ͪ͊ͭ ͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜Έ ͊͘ ͍͊ͫͤ͜͡ 
ͪ͜΄͔ͤͤΎΣ ͒͊ͭͤͫͭ͘͜Έ ͨͪ͊ͼΌ͍͙͊ͭ ͍ ͦͣ͊ͤ͒͟͜ ͙͊ͪ͊͒͘ ͍ͨ͊ͤͯ͊ͤͤ͡Ύ ͭ͊ ͚͔͒ͫͤͤͤ͘͜Ύ ͨͪͦΊ͍ͭ͟͜Σ Ύ͟͜ ͣ͊ΌͭΈ ͯ͟͡ΈͭͯͪͤͯΣ ͫͯͫͨ͜͡Έͤͯ ͊͋ͦ 
͔ͦͣͪ͟ͼ͚ͤͯ͜ ͼͤͤͫͭ͜͜ΈΦ 

˹͊ ͙ͨͪ͊ͭ͟;͙ͤͻ ͊ͤ͘ΎͭͭΎͻ ͘ ͍ͣͦͤͦ-͔͙ͣͭͦ͒;͙ͤͻ ͍ͯͪͫ͟͜ ˿ͯͣͫΈ͎ͦͦ͟ ͔͍͎͒ͪ͗͊ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ 
ˢΦ˿Φ ˸ ͔͊͊ͪͤ͊͟͟ ͘͜ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͭ͊ ͎͙ͣ͊ͫͭͪ͊ͤͭ͊ͣ͜ ͎ͯ͊͊͘͡ΈͤΌΊͣͦ Ί͍͔͚ͪͦͨͫΈ͟͜ ͭ͊ ͯͪ͊ͤͫ͟͝Έ͟͜ ͍͊ͦͤͦ͒͊͘͟;ͦ-͙͍ͤͦͪͣ͊ͭͤ͜ ͍ͦͫͭͤ͜͜ 
͔͙͒ͦͯͣͤͭ͟Σ ͚͒ͫͤ͘͜ΌΊͣͦ ͭ͊ͦ͗͟ ͎ͦ͡Ύ͒ ΄͟͜͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣ ͭ͊ ΄͟͜͡Έ͙ͤͻ ͨ͒ͪͯ͜;͙͍ͤ͟͜ ͘ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦΣ ͍͎͊ͨͪͦͨͦͤͦ͊ͤͦͦ͘ ͒͡Ύ 
͔ͪ͊͊͘͜͡ͼ͜͝ ͤ͊ͫͪͤͦ͘͟͜͝ ͤ͜͜͡͝ ζ˽͙͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έ ͜ ͺ͍ͤ͊ͤͫͦ͊͜ ͎ͪ͊ͣͦͭͤͫͭ͜Έη ͭ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ζͤ͜͜ͼ͙͍͊ͭͤͫͭ͜͜Έ ͜ 
͙ͨ͒ͨͪ͜Ί͙͍ͣͫͭ͜͡ΈηΣ ͍͙͍;͊Ίͣͦ ͍͒ͦͫ͒͜ ͔͎͎͍ͨ͒͊ͦ͜Σ Ύ͟͜ ͙͍͊ͭͤͦ͟ ͤ͊ͨͪ͊ͼΈ͍ͦͯΌͭΈ ͔͙ͣͭͦ͒;͔ͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͘ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ 
΄ͦ͟͡Ύ͍ͪ͜ ͙ͨ͒ͨͪ͜Ί͙͍ͣͦͫͭ͜͡ ͭ͊ ͺ͍ͤ͊ͤͫͦͦ͜͝ ͎ͪ͊ͣͦͭͤͦͫͭ͜Φ ͔̇ ͙ͫͨͪΎΊΣ Ύ͟ ͨͦ͊ͯ͘͟ΌͭΈ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͊ͤ͘ΎͭΈ ͜ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙͙ͨͪ͊ͭ͟͟Σ 
͍͙ͪͦͭͯ͘͟ ͚ ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͜ ͎͍ͣ͊ͫͭͪ͊ͤͭ͜͜ ͯͣͤ͜Έ ͎͔͔͍͙ͤͪͯ͊ͭ ͍ͤͦ͜ ͔͒͜͝ ͚ ͤ͜͜ͼ͙͍͙͊ͭ͜ ͭ͊ ͍ͭ͜͡Ό͍͙͊ͭ ͝ͻ ͯ ͙͗ͭͭΎ ͘ ͔ͣͭͦΌ ͍͙ͨ͒͜΅͔ͤͤΎ Ύ͟ 
͍͎͊ͫͤͦͦ͡ ͫͦͼ͊͜͡Έ͎ͤͦͦ ͫͭ͊ͭͯͫͯ ͭ͊ ͒ͦ͋ͪͦ͋ͯͭͯΣ ͭ͊͟ ͜ ͍͙ͪͦͭͯ͘͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͜ ͔͍͙͒ͪ͗͊Τ ͯͣͤ͜Έ ͙͍ͦͤͫͭͪͯͭͤͦ͟͟ ͍͙ͫͨͯ͊ͭͫ͜͟͡Ύ ͍ 
͔͙͍ͦͭ͟͟͜͡Σ ͨͪͦΎ͍͡Ύ͙ͭ ͔͒ͪͫ͜͡Έ͟͜ Ύͦͫͭ͟͜Τ ͔͎͍͙ͪ͊ͯ͊ͭ ͍͙͙ͣͦͤͣ ͙͊ͫͦ͋͊ͣ͘ ͤ͊ ͔ͫͨͭͪ͟ ͫͦͼ͊͜͡Έ͙ͤͻ ͜ ͯ͟͡Έ͙ͭͯͪͤͻ Ύ͍͙΅Σ 
͔͔͍͙ͨͦͨͪ͒͗ͯ͊ͭ ͜ ͍ͪͦ͘ΩΎ͍͙ͯ͊ͭ͘ ͦͤ͟ͺ͙ͭ͜͟͡Σ ͒ͦͫΎ͎͙͊ͭ ͍ͦͣͨͪͦͣͫ͟͜͜Τ ͙͍ͦͤͫͭͪͯͭͤͦ͟͟ ͔͍͙ͪͯ͊ͭ͟ ͔ͣͦͼ͜Ύ͙ͣΤ ͍͍͙͊͒͊ͨͭͦͯ͊ͭͫΎ ͒ͦ 
͍͙ͤͦͻ ͍ͯͣͦΣ ͍͙ͪ͜΄͍͙ͯ͊ͭ ͔ͤͫͭ͊ͤ͒͊ͪͭͤ͜ ͍͊͒͊ͤͤ͘ΎΤ ͨͪ͊ͼΌ͍͙͊ͭ ͍ ͎ͪͯͨ͜Σ ͍ ͦͣ͊ͤ͒͟͜Φ 

 
˻ˣ˥˻ˤ˻˾˩˹˹̒ 

˽͙ͭ͊ͤͤΎ ͔͙ͣͭͦ͒;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡-͍͔͙͍ͫͦͫͤ͟͜͡ ͒ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͯ;͍ͤ͜ ͍ͦͫͤͦ ͙ͨ͒ͨͪ͜Ί͙͍ͣͦͫͭ͜͡ ͭ͊ 
ͤ͜͜ͼ͙͍͊ͭͤͦͫͭ͜͜Σ ΄͟͜͡Έͤ͜ ͎͙ͨͪͦͪ͊ͣ ͭ͊ ͔͙ͣͭͦ͒;͔ͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ΄͟͜͡Έ͙ͤͻ ͨ͒ͪͯ͜;͙͍ͤ͟͜ ͘ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦΣ ͍͎͊ͨͪͦͨͦͤͦ͊ͤͦͦ͘ 
͒͡Ύ ͔ͪ͊͊͘͜͡ͼ͜͝ ͤ͊ͫͪͤͦ͘͟͜͝ ͤ͜͜͡͝ ζ˽͙͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έ ͜ ͺ͍ͤ͊ͤͫͦ͊͜ ͎ͪ͊ͣͦͭͤͫͭ͜Έη ͭ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ζͤ͜͜ͼ͙͍͊ͭͤͫͭ͜͜Έ ͜ 
͙ͨ͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έη ͤ͊ ͯͪͦ͊͟ͻ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦΣ ͎͍ͦ͋ͦͦͪΌ͍͊ͦͫ͡Έ ͤ͊ ͊ͫ͒͊ͤͤ͘͜Ύͻ ͔͎ͪͫͯͪͫͤͦͦ ͼ͔ͤͭͪͯ ͊͟ͺ͔͙͒ͪ ͯͪ͊ͤͫ͟͝Έͦ͟͝ 
͍͙ͣͦ ͜ ͔͙ͭͪ͊ͭͯͪ͜͡ ˿ͯͣͫΈ͎ͦͦ͟ ͔͍͎͒ͪ͗͊ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ ˢΦ˿Φ˸͔͊͊ͪͤ͊͟͟Φ ͚̒ͫͤ͟͜͜ ͪͦ͋ͦͭ͜ ͤ͊ ͊ͤ͘ΎͭͭΎͻ 
͙ͫͨͪΎΊ ͜ ͪͦ͋ͦͭ͊ ͍͊ͫͨͪ͊ͤͭ͜͜ ͭ͊ ͍͒ͦͭͦͪ͊ͤͭ͟͜ ͊͟ͺ͔͙͒ͪ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦ ͜ ͔͙ͭͪ͊ͭͯͪ͜͡Σ ͔ͦͪͣ͊͘͟ ˤΦ˸͚͍͊ͦͫ͟Έͦ͟͝ όˤΦ˸͚͍͊ͦͫ͟Έ͊͟Σ 
нлмтύΦ ˨͙ͦͫ͒ͤ͜͡ͼΎ ͙͔͙͍ͫͫͭͣ͊ͭͯ͊͊͘͡ ͔͙ͣͭͦ͒;͔ͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͜ ͍ͨͪͦ͊ͤ͊ͯ͊͊͘͜͡͡ ͎͙ͨͪͦͪ͊ͣ ͍ͯͪͫ͟͜ ͒͡Ύ ͯ;͍ͤ͜ ͣͦͦ͒͡΄͎ͦͦ 
΄͟͜͡Έ͎ͤͦͦ ͍ͯ͜͟ όζ˽ͦ;͙͊ͭ͟ ͔͙ͦͤͦͣ͟͜͟ηΣ ζ˾ͦ͋ͦ;͙͚ ͦ͘΄͙ͭ ͘ ͔͙ͦͤͦͣ͟͜͟η ό͙ͪͦͪͦ͋ͤ͘͟ ς ˻Φ ʕ ͔͊ͪͼΈ͊͟ύΤ ζ͍̇͊͊͜͟ ͔ͦͤͦͣ͊͟͜͟η 
ό˶Φ ˴ ͊΄ͯ͋͊ύΤ ζ̊ͦ͊͟͡ ͔͋ͤͫͯ͘͜Υ м-п ͊ͫ͟͡η όˤΦ s ͯͤ͊͟͜͡Σ ˹Φ ˴ ͊ͨͤͯͫ͜Σ ˻Φ ˴ ͯͪͨͦ͜͟Σ ˶Φ ́͊͟;ύΣ ΅ͦ ͎͍͔ͨ͒ͦͭͦͤ͜͜͡ ͘ ͔ͣͭͦΌ ͺ͍ͦͪͣͯ͊ͤͤΎ 
ͯͣͤ͜Έ ͪ͊ͼͦͤ͊͜͡Έͤͦ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͔ͣ͊ͭͪ͊͜͡Σ ͦ͋ΩΊ͙͍ͭͤͦ͟ ͦͼͤ͜Ό͍͙͊ͭ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͨͪ͊ͼ͜Σ ;͔ͫͤͦ ͭ͊ ͫͯͣͤͤͦ͜͡ ͍͙͙ͫͭ͊ͭͫΎ ͒ͦ 
͍ͫͦ͝ͻ ͍ͦ͋ͦΩΎ͍͘͟͜Σ ͊ ͙ͦ͒ͤͣ ͘͜ ͍͊ͫͦ͋͘͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈͦ͟͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͣͦͦ͒͡΄͙ͻ ΄ͦ͟͡Ύ͍ͪ͜ Ί ͎͍ͨ͒ͦͭͦ͊͜͟ ͜ 
͍͔͔ͨͪͦ͒ͤͤΎ ͔͙ͦͣͨͫͤ͟͟͡ͻ ͍ͤ͊;͊͡Έͤͦ-͔ͦͤͦͣ͟͜;͙ͤͻ ͔͚ͫͯͪͫ͟͟͜ ͒ͦ ͔ͦͣͪ͟ͼ͚͙ͤ͜ͻ ͫͯ͋ΩΊ͍ͭ͟͜ ͙ͪͤͯ͟ ό˸͚͍͊ͦͫ͟Έ͊͟ ˤΦ ˱ΦΣ нлмтύ. ˨ ͡Ύ 
ͯ;͍ͤ͜ ͍ͦͫͤͦͤͦ͝ ͭ͊ ͫͭ͊ͪ΄ͦ͝ ΄͙ͦ͟͡Σ ͊ͤ͊͘͘;͊Ί ˤΦ˸͚͍͊ͦͫ͟Έ͊͟Σ ͍͊ͨͪͦͨͦͤͦ͊ͤͦ͘ ζ˽ͦ;͙͊ͭ͟ ͔͙ͦͤͦͣ͟͜͟η ό͙ͪͦͪͦ͋ͤ͘͟ ς 
˻Φ ʕ ͔͊ͪͼΈ͊͟ύΤ ζ˩ͦͤͦͣ͊͟͜͟η ό̑Φ ˶ ͔͡Ό͟Σ ˻Φ ˾ ͔΄͔ͭͤΎ͟Σ ˱Φ ́ ͙ͣ;͔ͤͦ͟Σ ́Φ ̉ ͦͪͤ͊ύΤ ζ˩ͦͤͦͣ͊͟͜͟η όˣΦ x ͍ͦ͋ͪͦΣ ˥Φ ˴ ͍ͦ͊͡Έ;ͯ͟Σ 
ˤΦ ˸ ͔͡Έ͙ͤ;ͯ͟Σ ˤΦ ˻ ͎͔͍ͤΩΌ͟Σ ˻Φ ̉ ͙͍͊ͫͤͦ͊͟ύΤ ζ˥͔͎ͦͪ͊ͺ͜Ύ ͍͍͎ͫͭͦͦͦ͜ ͎͍ͦͫͨͦ͒͊ͪͫͭ͊ ͘ ͍͙ͦͫͤͦ͊ͣ ͔͙ͦͤͦͣ͟͜͟η ͒͡Ύ ͯ;͍ͤ͜ мм ͊ͫͯ͟͡η 
ό˥Φ ˴ ͍ͦ͊͡Έ;ͯ͟ύΤ ζ˴͔ͦͣͪͼ͚ͤ͊͜ ͎͔͎ͦͪ͊ͺ͜Ύη ό˸Φ ˿ ͦͪͦ͊͟ύΤ ζ͍̅ͤ͊ͤͫͦ͊͜ ͔͙ͣ͊ͭͣ͊ͭ͊͟η ό̑Φ x ͙ͼΌͪ͊ύΤ ζ͍͔́ͪͯ͒ͦ ͍ͤ͊;͊ͤͤΎΦ ˻͍͙ͫͤͦ 
͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜η ό˻Φ ˥ ͪΊ͋Ί͍ͤͤͦ͊͜͟ ͭ͊ ˶Φ ̒ ͼͯͤΈύΣ ζ˻͍͙ͫͤͦ ͔͔͔ͣͤ͒͗ͣͤͭͯη ό˥Φ ˥ ͔ͦͪͤͦ͟͡ύΣ ζ˴͜͡Ίͤͭ ͋͊ͤͯ͟η 
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ό˥Φ ˥ ͔ͦͪͤͦ͟͡Σ ˴Φ ˥ ͔ͦͪͤͦ͟͡ύΦ ˭͎͊͊ͦͣ͡Σ ͫͯ͡΄ͤͦ ͍͊ͯ͊͗ͯ͘Ί ˤΦ˸͚͍͊ͦͫ͟Έ͊͟Σ ͔͙͙ͣͭͦ͒͟ ͺ͍ͦͪͣͯ͊ͤͤΎ ͺ͊ͻ͍ͦͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͘ 
͍ͦͫͤͦ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼ͍ͭ͊ ͨͪͦͨͦͤͯΌͭΈͫΎ ͔͔͍ͨͪ͊͗ͤͦ ͒͡Ύ ͚ͣ͊͋ͯͭͤ͜ͻ ͍;͙͔͍ͭ͜͡ ͔ͭͻ͎͚ͤͦͦ͜͡ ͭ͊ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͜ ͎͊͊ͦͣ͘͡ ͍͒ͫͯͭͤ͜͜ ͒͡Ύ 
͍;͙͔͍ͭ͜͡ ͎͙ͯͣ͊ͤͭ͊ͪͤ͜ͻ ͙͒ͫͼ͙ͨͤ͜͡Φ  

˭͜ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͊ͤ͊ͯ͘͜͡Ίͣͦ ΄͟͜͡Έͤ͜ ͎͙ͨͪͦͪ͊ͣ ͘ ͊͟ͼ͔ͤͭͦͣ ͤ͊ ͔ͪ͊͊͘͜͡ͼ͜Ό ͤ͊ͫͪͤͦ͘͟͜͝ ͤ͜͜͡͝ ζ˽͙͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έ ͜ 
ͺ͍ͤ͊ͤͫͦ͊͜ ͎ͪ͊ͣͦͭͤͫͭ͜Έη ͭ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ζͤ͜͜ͼ͙͍͊ͭͤͫͭ͜͜Έ ͜ ͙ͨ͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έη ͤ͊ ͯͪͦ͊͟ͻ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦΦ 
˭͔ͦͪͣ͊͟Σ ͎ͨͪͦͪ͊ͣ͊ ͒͡Ύ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ͘ ͯͪ͊ͤͫ͟͝Έͦ͟Ό ͍ͣͦͦΌ ͍ͤ͊;͊ͤͤΎ ό͍͔ͪͤ͜Έ ͫͭ͊ͤ͒͊ͪͭͯΣ  
10-мм ͙͊ͫ͟͡Τ ͍͙͊ͭͦͪ ς ˥ͦͯ͋͡ ˹ΦˣΦΣ ˴͔ͦͭͯͫͤͦ͟ ˻Φ̑ΦΣ ˥ͦͪͦ΄ͤ͊͟͜ ˻Φ˸ΦΣ ˹͍ͦͦͫΈ͍ͦͦ͊͡ ˤΦ˱ ͭ͊ ͤ͜Φύ ό˽͎ͪͦͪ͊ͣ͊ ζ̂ͪ͊ͤͫ͟͝Έ͊͟ ͍ͣͦ͊Φ 
10-мм ͙͊ͫ͟͡ηΦ ͍͔ͪͤ͜Έ ͫͭ͊ͤ͒͊ͪͭͯΣ нлмуύ ͨͪͦͨͦͤͯΊ ͔ͣͭͯ ͤ͊ͫͪͤͦ͘͟͜͝ ͤ͜͜͡͝ ζ˽͙͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έ ͜ ͺ͍ͤ͊ͤͫͦ͊͜ ͎ͪ͊ͣͦͭͤͫͭ͜Έη 
ͫͨͪΎ͍͙ͣͯ͊ͭ ͤ͊ ͍ͤ͊;͊ͤͤΎ ͎ͣͦͦ͒ͦͦ͡ ͨͦͦͤͤ͟͜͡Ύ ͯͪ͊ͤ͟͝ͼ͍͜ ͦ΅͙͍͊͒ͦͫͭ͜͡Σ ͪ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͦ͟΄͍ͭ͜Σ ͍ͨ͊ͤͯ͊ͤͤ͡Ύ 
͍͙ͭͪ͊ͭΣ ͙ͫͭͣͯ͡Ό͍͊ͤͤΎ ͯ ͙ͤͻ ͔͒ͪͫ͜͡Έ͙͟ͻ ͤ͜͜ͼ͙͍͊ͭ͜Σ ͎͔ͨͪ͊ͤͤͤΎ ͯͫͨ͜΄ͤͦ ͒͜Ύ͙ͭ ͍ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦͣͯ ΄͍͙͒ͦͣͤͤͦͣͯ͘͟͜ 
͔͔͍͙ͫͪ͒ͦ΅͜Σ ͊ ͟͡Ό;͍ͦͯ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ζ˱ͤ͜ͼ͙͍͊ͭͤͫͭ͜͜Έ ͜ ͙ͨ͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έη ͎ͪͦ͘͡Ύ͙͒͊ͭ Ύ͟ ͔͎͍ͤͭͪͦ͊ͤͯ͜ Ύͫͭ͟͜Έ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ 
΅ͦ ͋͊ͯ͘ΊͭΈͫΎ ͤ͊ ͔͙͍ͪ͊ͭͤͦͫͭ͟͜Σ ͍ͭͦͪ;ͦͫͭ͜Σ ͍ͤͤͦ͊͜ͼ͚ͤͦͫͭ͜͜Σ ͒͊ͭͤͦͫͭ͘͜ ͒ͦ ͙͙ͪͯ͘͟Σ ͫͨͪͦͣͦ͗ͤͦͫͭ͜ ͍͙ͨ͊ͤͯ͊ͭ͡Σ 
͎͍͍͙ͫ͊ͣͦͦͪ͊ͤͦͯ͊ͭͫ͘͜Ύ ͚ ͎͍͍͙ͦͪ͊ͤͦͯ͊ͭ͘͜ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈͯ͟ ͒͜Ύ͡Έͤͫͭ͜ΈΣ ͯͭ͜͡Ό͍͙͊ͭ ͔͒͜͝ ͯ ͫͺ͔ͪͯ ͔ͦͤͦͣ͟͜;͎ͤͦͦ ͙͗ͭͭΎΣ 
͍ͪͦ͘ΩΎ͍͙ͯ͊ͭ͘ ͦͤ͟ͺͭͤ͜͟͜͡ ͙ͫͭͯ͊ͼ͜͝Σ ͙͚͙ͨͪͣ͊ͭ ͪ͜΄͔ͤͤΎΣ ͙͋ͪ͊ͭ ͤ͊ ͔͔ͫ͋ ͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜ΈΣ ͺ͍͙ͦͪͣͯ͊ͭ ͔ͣͦ͒͜͡ ͍͔͙ͨͦ͒ͤ͜͟Σ 
͔ͤͦ͋ͻ͒ͤ͜͜ ͒͡Ύ ͯͫͨ͜΄͎ͤͦͦ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͎ͤ͊͊͡Έ͙ͤͻ ͍͙͙ͪͦ͋ͤ;͙ͻ ͔ͨͪͦ͋ͣ͡Φ 

̂͊͒͊͟͡;͜ ͎͙ͨͪͦͪ͊ͣ ͨͪͦͨͦͤͯΌͭΈ ͙͍͊ͭͤ͟͜΄͔ ͊ͯ͘͡;͙͊ͭ ͯ;͍ͤ͜ ͒ͦ ͍͊͒͊ͤ͘ΈΣ ΅ͦ ͙ͫͭͣͯ͡ΌΌͭΈ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯͣͤ͜Έ 
͔͔͍͙ͨͪͤͭͯ͊ͭ͘ ͍͊ͫͤ͜͡ ͔͒͜͝ ͭ͊ ͤ͜͜ͼ͙͍͙͊ͭ͜ ͪͦͯͣͦ͘͘͜͡Σ ͎ͪ͊ͣͦͭͤͦΣ ͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͒ͦͼ͜͡Έͤ͜ ͍ͣͦͤ͜ ͙͊ͫͦ͋͘Τ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ 
͙͍ͦͣͯͤ͊ͭͤ͟͜͟͜ ͔͎ͫͭͪ͊ͭ͜͝ ͒͡Ύ ͺͦͪͣͯ͡Ό͍͊ͤͤΎ ͍͙͊ͫͤ͡ͻ ͙ͨͪͦͨͦ͘ͼ͚͜ ͜ ͪ͜΄͔ͤΈ ͜ ͍͙Ύ͍͔ͤͤ͡Ύ ͔͒ͪͫ͜͡Έ͙͟ͻ Ύ͔͚ͦͫͭ͟Τ ͦͼͤ͜Ό͍͙͊ͭ 
͔ͦͤͦͣ͟͜;ͤ͜ ͤ͜͜ͼ͙͍͙͊ͭ͜ ͭ͊ ͔ͦͤͦͣ͟͜;ͤͯ ͒͜Ύ͡Έͤͫͭ͜ΈΤ ͨͪͦΎ͍͡Ύ͙ͭ ͎͍ͦͭͦͤͫͭ͜Έ ͙͋ͪ͊ͭ ͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜Έ ͊͘ ͔͔ͫ͋ ͭ͊ ͤ͜΄͙ͻΦ ˨͡Ύ ͯ;͍ͤ͜ 
мл ͊ͫͯ͟͡ ͔ͯ͊͒ͤͦ͟͡ ͭ͊͟͜ ͫͦͼͦͯ͜͟͡Έͭͯͪͤ͜ ͔͙ͭͣΥ ˽͍ͯ͊ͤͤ͜͟͡Ύ ͨͪͦ ͍͙͚͊ͫͤ͡ ͍͙ͪͦͭͦ͘͟Τ ˢ͙͍ͭͤ͊͟ ͯ;͊ͫͭΈ ͯ ͙͗ͭͭ͜ ͫͯͫͨ͜͡Έ͍ͫͭ͊Τ 
̅ͦͪͣͯ͊͡ ͯͫͨ͜ͻͯ ͡Ό͙͙͒ͤΤ ˨ͦ͋ͪͦ;͙ͤͤͫͭ͜Έ Ύ͟ ͚ͤ͊͋͜͡Έ΄͊ ͼͤͤͫͭ͜͜Έ ͜ ΄͍͊ͤͦ͊ͤ͊ ͙ͪͫ͊ ͔͒ͪ͊͜͡Τ ˽͍͊ͤͯ͊ͤͤ͡Ύ ͺ͍͎ͤ͊ͤͫͦͦͦ͜ 
͒ͦ͋ͪͦ͋ͯͭͯΤ ˽͔͔͍͎͙ͪ͊Σ ͎͙͊ͪͦ͘͘Σ ͔͙ͤ͒ͦ͜͟͡ ͯ͡Ό͔͋ͤͦ͡͝ ͍͙ͫͨͪ͊Τ ͍͙͚̅ͤ͊ͤͫͦ͜ ͦͤͭͪͦ͟͡ΈΤ ˤ͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜Έ ͊͘ ͺ͍ͤ͊ͤͫͦ͜͜ 
͔͙ͨͪͦ͋ͣ͡ ͍ ͙ͪͦ͒ͤ͜Τ ˽͍ͯ͊ͤͤ͜͟͡Ύ ͨͪͦ ͍͙ͫ͊ͣͦͪͦͭͦ͘͟ Ύ͟ ͙͍͙͚͊ͭͤ͟ ͍͔ͤͫͦ͟ ͯ ͍͙ͪͦͭͦ͘͟ ͫͯͫͨ͜͡Έ͍ͫͭ͊Τ ̒͟ ͊ͪͦ͋͘͡Ύ͙ͭ ͎ͪͦ΄͜ ͯ 
΄͟͜͡Έͤͦͣͯ ͍͜ͼ͜Τ ˤ;͙͙ͭͫΎ ͪͦͨͦͪ͘Ύ͙͒͗͊ͭͫΎ ͎ͪͦ΄͙ͣ͊Τ ˣ͎͍ͦͪͦ͊ ͨ͊ͫͭ͊͟Τ ˸ͦ͝ ͊ͦ͘΅͔͊͒͗ͤͤΎΤ ͍̅ͤ͊ͤͫͦ͊͜ ͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜Έ 
͎ͦ͗ͤͦͦ͟Τ ˽͍͊ͤͯ͊ͤͤ͡Ύ ͍͎͊ͫͤͦͦ͡ ͋Ό͔͒͗ͭͯΤ ˽͍͊ͤͯ͊ͤͤ͡Ύ ͋Ό͔͒͗ͭͯ ͔͙͍ͦͭͤͦ͟͟͡͝ ͍͙ͣ͊ͤ͒ͪ͜͟Τ ˽͔ͭͪͦ ̒ͼ͙͟ ς ͔ͯͪ͊ͤ͟͝ͼΈΣ Ύ͙͚͟ 
͍͍͙͍͒ͣͦͫ͜Ύ ͙͋ͯͭ ͙͋͒ͤͣ͜Τ ˾ͦͯͣͤͤ͘͜Ύ ͎͍͋͊͊ͭͫͭ͊ ͜ ͋͒ͤͦͫͭ͜͜Τ ˤ͙ͤ͊ͤͤ͘Ύ ͍ͨͪ͊͊ ͍͊ͫͤͦͫͭ͜͡ ͚ ͍͎ͨͦ͊͊ ͒ͦ ͤΈ͎ͦͦΤ ˱ͤ͜ͼ͙͍͊ͭͤͫͭ͜͜Έ Ύ͟ 
͒͊ͭͤͫͭ͘͜Έ ͡Ό͙͙͒ͤ ͚ͫ͊ͣͦͫͭͤͦ͜ ͊ͨͦ͘;͍͙͊ͭͯ͊ͭ͟ ͍ͫͦΌ ͍ͫͨͪ͊ͯΤ ˸͚͙͊ͫͭͪ ͍ͫͦΊ͝ ͍͙ͫͨͪ͊Τ ͍̅ͤ͊ͤͫͦ͜͜ ͊ͦ͘΅͔͊͒͗ͤͤΎ Ύ͟ ͦͤ͊͊͘͟ 
ͺ͍ͤ͊ͤͫͦͦ͜͝ ͎ͪ͊ͣͦͭͤͦͫͭ͜Τ ˿ͨ͜͡Έͤ͊ ͒͜Ύ͡Έͤͫͭ͜ΈΤ ˾ͦͨͦ͒͘͜͡ ͍ͦ͋ͦΩΎ͍͘͟͜ ͜ ͍͍͒ͨͦ͒͊͜͜͡Έͤͦͫͭ͜Φ  

˨͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ζͤ͜͜ͼ͙͍͊ͭͤͫͭ͜͜Έ ͜ ͙ͨ͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έη ͤ͊ ͯͪͦ͊͟ͻ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦ ͍ мм ͊ͫ͟͜͡ 
͙ͨͪͤ͊͘;͔ͤͦ ͔͙ͭͣ ˸͍͙͚ͦͤ ͔͙͔ͭͭ͟ ͺ͊ͻ͍͜ͼΎΤ ˱ͫͭͦͪ͜Ύ ͎ͦ͒ͤͦͦ ͯͫͨ͜ͻͯΤ ˤ͙ͻ͍ͦ͊ͤͤΎ ͔͙ͨͦͭͪ͋ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͔͔͙ͤͭͪͫ͜ ͚ ͙͍ͦͫͦ͋ͦͫͭ͜͡ 
͍ͫͦ͝ͻ ͔͍ͨ͊ͪͭͤͪ͜Τ ˱͍ͤͤͦ͊ͼ͚ͤͫͭ͜͜Έ ͜ ͍ͭͦͪ;ͫͭ͜Έ ς ͔͔͍ͨͪ͒ͯͣͦ͊ ͯͫͨ͜ͻͯΤ ˽͍͎ͦ͊͊ ͒ͦ ;ͯ͗ͦ͝ ͍͊ͫͤͦͫͭ͜͡Τ ˽͙͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έ ͯ ͙ͨͪ͊͊͘͟͟ͻ 
͍ͤ͊ͪͦ͒͜ ͍ͫͭͯ͜Τ ˽͙͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έ ͔͙ͭͪ͊ͭͯͪͤ͜͡ͻ ͎͔͍ͪͦ͝Τ ˽͙͒ͨͪ͜Ί͙͍ͣͫͭ͜͡ΈΣ ͎͒ͤ͊͜ ͍ͤ͊ͫ͒ͯ͊ͤͤ͜͡ΎΤ ˴͙ͦͪͫͤ͜ ͍͙͘;͙͟ ͚ ͼͤͤ͜͜ ͙͙ͪͫ 
͙ͨ͒ͨͪ͜Ί͙͍ͣͦ͡͝ ͡Ό͙͙͒ͤΤ ˿͙ͨͦͫͦ͋ ͍͙ͻͦ͒ͯ ͘ ͦͤ͟ͺ͍ͭ͜͟͜͡Τ ˿͍͔ͭ͊ͤͤ͡Ύ ͒ͦ ͔͍ͤ͒͊;Τ ˣ͔͘ ͍͙͒ͦͪ͜ ͔͋ͤͫ͘͜ ͔ͤ ͍͙͍ͪͦ͊͘ΊͭΈͫΎΤ ˽͙ͦͪ͊͘͟ ͍ 
͔͋ͤͫ͘͜͜ ͣ͊ΌͭΈ ͎͍͍͙͊͊ͪͭͦͯ͊ͭ͘ ͜ ͙ͫͨͦͤͯ͊ͭ͟ ͙͙͙ͣͫͭ͡ ͚ ͍ͤ͊;͙͊ͭͫΎΤ ˥͊ͪͤ͜ ͙ͫͭͦͫͯͤ͟ ͘ ͡Ό͒Έ͙ͣ ς ͊ͨͦͪͯ͊͘͟ ͯͫͨ͜ͻͯΤ ˤ;͙ͣͦͫΎ 
ͨͪ͊ͼΌ͍͙͊ͭ ͔ͺ͔͙͍ͭͤͦ͟ ͚ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦΤ ˽͙͒ͨͪ͜Ί͙ͣͤͼΈ͊͟ ͙ͫͨͪͭͤͫͭ͜ΈΤ ˽ͯͤͭͯ͊͟͡Έͤͫͭ͜Έ Ύ͟ ͙ͪͫ͊ ͙ͨ͒ͨͪ͜ΊͣͼΎΤ ̂ͣͤͤ͜Ύ ͙͙ͪͦ͋ͭ 
͍͙͍͙ͫͤͦ͟ ͘ ͙ͨͦͣͦ͟͡Φ 

˽͎ͪͦͪ͊ͣ͊ ͒͡Ύ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ͘ ͯͪ͊ͤͫ͟͝Έͦ͟Ό ͍ͣͦͦΌ ͍ͤ͊;͊ͤͤΎ όͺ͎ͦͦ͜͜͡͡;͙͚ͤ ͤ͊ͨͪΎͣΣ 
ͨͪͦͺ͜͡Έ ς ͯͪ͊ͤͫ͟͝Έ͊͟ ͺ͎ͦͦ͜͜͡͡ΎΣ мл-мм ͙͊ͫ͟͡Τ ͍͙͊ͭͦͪ ς ˸͊ͼΈͦ͟ ˶Φ˱ΦΣ ˥ͪͯ͋͊ ́Φ˶ΦΣ ˿͔͔͎ͣͤͦ ˻Φ˸ΦΣ ˿͙͔ͣͦͤͤͦ͟ ́ΦˤΦύ ό̂ͪ͊ͤͫ͟͝Έ͊͟ 
͍ͣͦ͊Φ мл-мм ͙͊ͫ͟͡Σ нлмтύ ͍͙ͤ͊͘;͊Ί ͔ͨͦͭͪ͋ͯ ͍ ͍ͦͨ͊ͤͯ͊ͤͤ͜ ͯ;ͤΎ͙ͣ ͙ͭ͊͟ͻ ͔ͭͣΣ Ύ͟ ˨ͦ͋ͪͦ;͙ͤͤͫͭ͜Έ Ύ͟ ͼͤͤͫͭ͜͜ΈΤ ͍͙͚̅ͤ͊ͤͫͦ͜ 
͒ͦ͋ͪͦ͋ͯͭΤ ͍̅ͤ͊ͤͫͦ͊͜ ͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜Έ ͎ͦ͗ͤͦͦ͟Τ ˿͍͙͊ͣͦͪͦͭͦ͘͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜Τ ˽͍͊ͤͯ͊ͤͤ͡Ύ ͋Ό͔͒͗ͭͯ ͔͙͍ͦͭͤͦ͟͟͡͝ ͍͙ͣ͊ͤ͒ͪ͜͟Τ 
͍̅ͤ͊ͤͫͦ͜͜ ͊ͦ͘΅͔͊͒͗ͤͤΎ Ύ͟ ͦͤ͊͊͘͟ ͺ͍ͤ͊ͤͫͦͦ͜͝ ͎ͪ͊ͣͦͭͤͦͫͭ͜Τ ˿ͨ͜͡Έͤ͊ ͒͜Ύ͡Έͤͫͭ͜Έ όмл ͊ͫ͟͡ύΤ ˱͍ͤͤͦ͊ͼ͚ͤͫͭ͜͜Έ ͜ ͎ͯͣ͊ͤͤͫͭ͜Έ Ύ͟ 
͔͔͍ͨͪ͒ͯͣͦ͊ ͯͫͨ͜ͻͯΤ ˴͙ͦͪͫͤ͜ ͍͙͘;͙͟Τ ˽͙͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έ ͜ ͍͒ͦͪ͊͜Τ ͨͯͤͭͯ͊͟͡Έͤͫͭ͜Έόмм ͊ͫ͟͡ύΦ 

˨͡Ύ ͒ͦͫΎ͎͔ͤͤͤΎ ͍͙͊ͨ͊ͤͦ͊ͤ͘͡ͻ ͍͊͒͊ͤ͘ΈΣ ͫͯ͡΄ͤͦ ͍͊ͯ͊͗ͯ͘Ί ˥ͦͤ;͔͊ͪͤͦ͟ ˶Φ ό˥ͦͤ;͔͊ͪͤͦ͟ ˶ΦΣ нлмпύΣ ͔͎͎͙ͨ͒͊ͦ ͣͦ͗ͯͭΈ 
͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͪͤ͘͜͜ ͍͊͒͊ͤͤ͘ΎΥ ͍͙͙ͫͭͦͪͭ ͔ͪ͊ͣͯ͟͡ ͍ͭͦ͊ͪͯΣ ͙͙ͤ͊ͨͫ͊ͭ ͔ͪ͘Ό͔ͣ ͜ ͊͘Ύ͍ͯ ͤ͊ ͍͊͡΄͍ͭͯ͊ͤͤΎ ͤ͊ ͪͦ͋ͦͭͯΣ ͤ͊ ͯͪͦ͊͟ͻ 
͍͘ΩΎ͎ͤͦͦ͘ ͍͔ͣͦͤͤ͡Ύ ͒ͦͼ͜͡Έ͙͙ͤͣ Ί ͔ͭͻ͙ͤ͜͟ ζ͍͎ͣͦͦͦͦ͘͟ ΄ͭͯͪͣͯηΣ ͙ͪͦ͋ͦͭ ͍ ͎ͪͯͨ͜Σ ͨ͊ͪ͜Σ ͔͔ͨͪͤͭ͊͘ͼ͜͝Σ ΅ͦ ͫͨͪΎ͍ͣͦ͊ͤ͜ ͤ͊ 
͍͙ͪͦͭͦ͘͟ ͤ͊ͤ͘ΈΣ ͯͣͤ͜ΈΣ ͍͙ͤ͊;ͦ͟Σ ͼ͔͚ͤͤͦͫͭ͜Σ ͙͙ͦͫͦ͋ͫͭͫͤ͜ͻ Ύ͔͚ͦͫͭ͟Φ ˹͊ ͙ͨͪ͊ͭ͟;͙ͤͻ ͊ͤ͘ΎͭͭΎͻ ͘͜ ͔͙ͫͭͯ͒ͤͭ͊ͣ ˿ͯͣͫΈ͎ͦͦ͟ 
͔͍͎͒ͪ͗͊ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ ˢΦ˿Φ ˸͔͊͊ͪͤ͊͟͟ ͊ͤ͊ͯ͘͜͡Ίͣͦ ΄͟͜͡Έͤ͜ ͨ͒ͪͯ͜;͙͙ͤ͟ ͨ͒͜ ͯͭͦͣ͟ ͔ͪ͊͊͘͜͡ͼ͜͝ 
ͤ͊ͫͪͤͦ͘͟͜͝ ͤ͜͜͡͝ ζ˽͙͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έ ͜ ͺ͍ͤ͊ͤͫͦ͊͜ ͎ͪ͊ͣͦͭͤͫͭ͜Έη ͭ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ζͤ͜͜ͼ͙͍͊ͭͤͫͭ͜͜Έ ͜ 
͙ͨ͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έη ͤ͊ ͯͪͦ͊͟ͻ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦΦ 

˽͍͔͔͙͚ͪͦ͒ͤ ͊ͤ͊͘͜͡ ͨ͒ͪͯ͜;͙ͤ͊͟ ζ̂ͪ͊ͤͫ͟͝Έ͊͟ ͍ͣͦ͊Φ ͍͔ͪͤ͜Έ ͫͭ͊ͤ͒͊ͪͭͯ ό͍͙͊ͭͦͪ - ˭͙͚͊͋ͦͦͭͤ͡ ˻ΦˤΦΣ ˭͙͚͊͋ͦͦͭͤ͡ ˤΦˤΦύ 
͒͡Ύ ͯ;͍ͤ͜ мл ͊ͫͯ͟͡ ͍͊͊͒͘͟͜͡ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜ ό˭͙͚͊͋ͦͦͭͤ͡ ˻ΦˤΦΣ ˭͙͚͊͋ͦͦͭͤ͡ ˤΦˤΦΣ нлмуύ ͍͊ͫ͒͘͜;ͯΊ ͤ͊Ύ͍ͤͫͭ͜Έ 
͍͍ͨͪ͊Σ ΅ͦ ͔͔ͨͪ͒͋͊;͊ΌͭΈ ͪͦ͋ͦͭͯ ͘͜ ͍͙͙ͫͦͤ͊ͣ͟͡Σ ͻ͔͙͙͊ͪ͊ͭͪͫͭͯ͟͟ ͔͙ͦͪͣ͟ͻ ͨͦͤΎͭΈ ͤ͊ͫͪͤͦ͘͟͜͝ ͤ͜͜͡͝ ζ˽͙͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έ ͜ 
ͺ͍ͤ͊ͤͫͦ͊͜ ͎ͪ͊ͣͦͭͤͫͭ͜Έη:  

- ˭͜ ͍͔ͫͭ͊ͭ ͨͦ͒͊ͤ͜ ͭͯͣ͊͡;͔ͤͤΎ ͍ͫ͜͡ ͔͋ͤͫ͘͜, ͔͔͋ͤͫͣͤ͘͜Σ ͯ͘Ύͭ͜ ͘ ͙ͪͤ͘͜ͻ ͔͙͎ͫͦͪ͊͟͟͡ͺ͜;͙ͤͻ ͔͔͒͗ͪ͡Φ ˽͚͔ͦͣͪͯͭ͜͟Σ 
Ύ͟͜ ͘͜ ͼ͙ͻ ͭͯͣ͊͡;͔ͤΈ ͍͙͙ͨͫ͊ͤͦ ͘͜ ζ˿͍͙ͦͤ͊͟͡ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦη ͍ мм-͙ͭ ͭͦͣ͊ͻ όмфтлςмфулύΣ ͊ Ύ͟͜ ς ͘͜ ζ˿͍͙ͦͤ͊͟͡ 
ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦη ͍ нл-͙ͭ ͭͦͣ͊ͻ όнлмлςнлмтύΦ ˤ͍͒ͨͦ͒͜͜Έ ͚͔ͦ͋͐ͪͯͤͭͯͭ. 

ˣ͔ͤͫ͘͜... ͪ ͦͣ͘Φ ˴͔ͦͣͪͼ͚ͤ͊͜Σ ͍͋ͪ͗ͦ͊͜ ͊͋ͦ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈ͊͟ ͒͜Ύ͡Έͤͫͭ͜Έ Ύ͟ ͔͔͒͗ͪͦ͡ ͙͍͙ͤ͊͗ΦΦΦ 
ˣ͔͔ͤͫͣͤ͘͜ΦΦΦ ˤ͔͙͙͚͟͡ ͒ͦ͜͟͡Σ ͔ͦͣͪͫ͊ͤͭ͟Σ ͙ͨ͒ͨͪ͜Ί͔ͣͼΈΦΦΦ 
ˣ͔ͤͫ͘͜ΦΦΦ мΦ ˽͙͒ͨͪ͜Ί͙ͣͤͼΈ͊͟ ͒͜Ύ͡Έͤͫͭ͜ΈΣ ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ ͙ͦͭͪͣ͊ͤͤΎ ͙ͨͪ͋ͯͭͯ͟ΦΦΦ нΦ ͋ͪͤ͘͜Φ ˣ͔͔͙ͤͫͣͤ͘͜Σ ͙ͨ͒ͨͪ͜Ίͣͼ͜ΦΦΦ 

˭͙͙ͪͦ͋ͭ ͔͋ͤͫ͘͜ΦΦΦ 
ˣ͔͔ͤͫͣͤ͘͜ΦΦΦ ˶Ό͙͒ͤ͊Σ Ύ͊͟ ͚͊ͣ͊͘ΊͭΈͫΎ ͔ͦͣͪ͟ͼ͚ͤͦ͜Ό ͒͜Ύ͡Έͤͫͭ͜ΌΣ ͋ ͔ͤͫͦͣ͘͜Τ ͙ͨ͒ͨͪ͜Ί͔ͣͼΈΦΦΦ 

- ˽ͪͦ;͙͚͔ͭ͊ͭ ͔ͭͫͭ͟Φ ͙̉ ͎ͦ͒ͤ͘͜ ͍͙ ͘ ͍͙͍͔ͫͦͤͤ͡͡Ύͣ ˨͙͗ͣ͊ ˾ͦͤ͊Κ ˻͚͔͋͐ͪͯͤͭͯͭ ͍ͫͦΌ ͒ͯͣͯ͟Φ 
˸ˢ˾˴˩́ˮ˹˥ 

˭͊ ͍͙͍͔ͫͦͤͤ͡͡Ύͣ ͍͎͒ͦͣͦͦ͜ ͙ͨͫͻ͎ͦͦ͊͡Σ ͺͦͫͦ͜͡ͺ͊ ͯ ͫͺ͔ͪ͜ ͔͋ͤͫͯ͘͜ ˨͙͗ ͣ͊ ˾ͦͤ͊Σ ͯͫͨ͜ͻ ͫ͊͒͊͟͡ΊͭΈͫΎ ͤ͊ нл ҈ ͘͜ ͍͊΄͎ͦͦ 
͍͒ͦͫ͒ͯ͜ ͚ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͭ͊ ͤ͊ ул ҈ ς ͘͜ ͍͙͋ͪ͊ͤͦ͝ ͍͙͊ͣ ͔͎ͫͭͪ͊ͭ͜͝ ͚͒͜Φ ̂ͫͨ͜ͻ ͔͙͎͍ͣ͊ͪͭͤͦͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͤ͊͘;ͤͦΌ ͣͪͦ͜Ό ͔͙͊͗ͭ͘͡Έ 
͍͒͜ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͔͙͎͍͙ͣ͊ͪͭͤͦ͟ͻ ͫͯ͗͋͡Σ Ύ͟͜ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͦͤͭ͊ͭͯ͟͟ΌͭΈ ͘ ͨͦͯͨ͟ͼΎ͙ͣΦ ͙͙̒ͣ͟ ͗ Ύͦͫͭ͟Ύ͙ͣ ͣ͊ΌͭΈ ͙͋ͯͭ 
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͔ͤ͊͒ͤ͜͜͡ ͼ͜ ͨͪ͊ͼ͍͙͙ͤ͜͟Κ ˸͔͎͙͊ͪͭͦͦ͟͡ ͍͙͒͜͡ΎΌͭΈ ͭ͊͟͜Υ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͫͭ͜ΈΣ ͔͔͎͚ͤͪͤͫͭ͜͜ΈΣ ͔͎͙͍ͤ͊ͨͦͫͭ͜͡͡ΈΣ ͍͙͔͙͚ͪͦͤͤ͘ 
͔͔ͤͭͭ͜͟͡Σ ͙͒ͦ͋ͪͦ͘;͙͍ͫͭ͜͡ΈΣ ͯͣͤͤ͜Ύ ͍͙ͫͨͯ͊ͭͫ͜͟͡Ύ ͘ ͡Ό͒Έ͙ͣΣ ͒͊ͭͤͫͭ͘͜Έ ͔͔͚͙ͨͪͣ͊ͭͫΎ ͨͦ;ͯͭͭΎ͙ͣ ͟͜͡Ί͍ͤͭ͜Σ ͔ͦͪͭͤͫͭ͟͟͜ΈΣ ͯͣͤͤ͜Ύ 
ͦ͒Ύ͎͙͊ͭͫΎ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͍͙ͦ͋ͫͭ͊ͤΦΦΦ 

̋ͦ ͗ ͻͦ;ͯͭΈ ͨͦͯͨ͟ͼ͜ ͍͒͜ ͍ͨͪͦ͒͊ͼ͍͜Σ ͊ ͪ͊ͦͣ͘ ͘ ͙͙ͤͣ ͚ ͍͒͜ ͍͙͙͍ͪͦ͋ͤ͟͜Κ ˽ͦ-͔ͨͪ΄͔Σ ͙ͨͪ͒͋͊ͤͤΎ Ύ͎ͫͤͦͦ͟͜ ͍ͭͦ͊ͪͯ ͊͘ 
͙͚ͨͪͤΎ͙͙ͭͤͣ ͼ͙ͤ͊ͣ͜Σ ͍͙ͪͦ͋ͯ ͎ͣͦ͒ͤͦͦΣ ͚͎ͤ͊͒ͤͦͦ͜Σ ͍͎͍͒ͦͦ͜;͎ͤͦͦΣ ͪͯ͘;͎ͤͦͦ ͍ ͙͍ͦͪͫͭͯ͊ͤͤ͟͜Σ ͔͔͋ͨ͘;͎ͤͦͦΣ ͘ ͎͙͊ͪͤͣ 
͙͚͒͊ͤͦͣ͘ ͜ ͍ͯͨ͊ͦͦ͟͟ΌΦ ˽ͦ-͎͔͒ͪͯΣ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Σ ͍͎ͯ͊͗ͤͦͦ ͜ ͍͍͜;͙͍͎ͦͦ͡ ͍͔ͫͭ͊ͤͤ͡Ύ ͒ͦ ͔͔ͫ͋ ͨ͒͜ ;͊ͫ ͍͙͋ͦͪͯ ͍ͭͦ͊ͪͯΦ ˽ͦ-
͔ͭͪͭΊΣ ͙ͣ͊ͭ ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͔͙ͨͦͪͤͯͭ ͍͙͚͋ͪ͊ͦ͊ͤ͟ ͍͙ͪ͋͜ ͘ ͣͤͣ͊͜͜͡Έ͙͙ͤͣ ͔ͣ͊ͭͪ͊͜͡Έ͙͙ͤͣ ͚ ͣͦͪ͊͡Έ͙͙ͤͣ ͍͙ͭͪ͊ͭ͊ͣ ό˱͘ 
͗ͯͪͤ͊ͯ͡). 

̂;ͤΎͣ ͨͪͦͨͦͤͯΌͭΈ ͯΎ͍͙ͭΣ͙ ΅ͦ ͍͙ͦͤ ͨͪ͊ͼΌΌͭΈ ͤ͊ ͨͦͫ͊͒͜ ͙͔͒ͪͭͦͪ͟ ͙͍͎͊ͨͪͦͣͫͦͦͦ͡ ͙ͨ͒ͨͪ͜Ί͍ͣͫͭ͊ ;͙ ͔͎ͪ͊ͣͤͦͦ͟͡ 
͎͔͍͊ͤͭͫͭ͊Φ  

˨ͦ ͍͊ͫ ͤ͊ ͙͚ͨͪͦͣ ͙͚ͨͪ΄͙͡ ͔͍͙͙ͪͤ͟͜͟ ͙ͫͭͪͯͭͯͪͤ͟ͻ ͍ͨ͒ͪͦ͒͘͜͜͜͡ ό͍͍͒͒͜͜͜͡Σ ͼ͔ͻ͍͜ύ ͒͡Ύ ͍͙ͪ͜΄͔ͤͤΎ ͍͙͙ͪͦ͋ͤ;͙ͻ 
͙ͨͭ͊ͤΈΦ ˭͍͔͊ͪ΄ͭ͜Έ ͯͫͤͦ ͍͊ͨͪͦͨͦͤͦ͊ͤ͘͜ ͪ ͔͙ͨ͜͟͡Φ 

 ̒  ͍͍ͫͨͦ͒͊ͫ͜Ύ ͨͦ;͙ͯͭ ͍͒͜ ͍͊ͫΦΦΦ 
 ̒  ͙ͨ͒ͭͪͣͯ͜Ό ͍͊ͫ ͜ ͻ͍ͦͭ͜ ͙͋ΦΦΦ 
 ˾ ͙͍͊͒ ͙͋ ͍͊ͣΦΦΦ 
 ˸ ͔ͤ͜ ͒͊͘ΊͭΈͫΎΣ ΅ͦΦΦΦ 
 ˸ ͔ͤ͜ ΄ͦ͒͊͟Σ ͔͊͡ΦΦΦ 

 ˸ ͔ͤ͜ ͔ͤ ͨͦ͒ͦ͋͊ΊͭΈͫΎΣ ΅ͦ ͍͙ΦΦΦ 
 ʕ ͙͋͊;͔ͭΣ ͔͊͡ Ύ ͣͯ΄ͯΦΦΦ 
 ʕ ͍͍͊͗͊ ͙͋ ͊͘ ͔ͤͦ͋ͻ͔͒ͤ͜ ͎͙ͤ͊͊͒͊ͭ ͍͊ͣΦΦΦ 
 ̋ ͔ ͪ͊ ͘ ͒Ύͯ͟Ό ͜ ͍͙͍ͫͦ͡͡ΌΌ ͤ͊͒͜ΌΦΦΦ 
 ʕ ͙͋͊;͔ͭΣ Ύ ͔ͤ ͼͦͣ͜͟͡ ͔͍͔͙͚ͯͨͤͤΦΦΦ 

̂;ͤ͜ ͔ͣͦ͒͡ΌΌͭΈ ͫ ͙ͭͯ͊ͼ͜͝ ͍͎͒ͦͦͦ͜͡ ͍ͫͨͯ͊ͤͤ͜͟͡ΎΣ ͯ Ύ͙͟ͻ ͙͋ͯ͡ ͋ ͣ ͙͍͙͙ͦ͗ͣ͡ ͔͒Ύ͟͜ ͘ ͍͔͔͙ͤ͊͒ͤͻ ͔ͪͨ͜͟͡Φ 

- ˤ͙ ͔ͫͨͼ͊ͫͭ͜͜͡ ͺ͍͎ͤ͊ͤͫͦͦͦ͜ ͍͒͒ͯ͜͜͡ ͙ͨ͒ͨͪ͜Ί͍ͣͫͭ͊Φ ˤ͊ͣ ͒ͦͪͯ;͙͙͡ ͍͙͙ͨͦ͒ͦͣͭ͜ ͍͎͒ͦͦͦ͜͡ ͔ͨ͊ͪͭͤͪ͊ ͨͪͦ 
͔͔͔͔ͨͪͤͫͤͤΎ ͙͒͊ͭ ͪͦͪ͊͘ͻͯͤͯ͟ ͊͘ ͍͙͔ͦͤ͊ͤ͟ ͍͔͊ͣͦͤͤ͘͡Ύ ͤ͊ ͔͒ͫΎͭΈ ͍͒ͤ͜ ͘ ͔͔͙ͤ͊͗ͤ͘͡ͻ ͍͒͜ ͙ͨ͒ͨͪ͜Ί͍ͣͫͭ͊ ͙ͨͪ;͙ͤΦ ͔̇ 
ͨͦͭͪ͋ͤͦ͜ ͙͙ͪͦ͋ͭ͘ ͔ͦͪͭͤͦ͟͟Σ ΅ͦ͋ ͍͙͚͒ͦ͜͡ ͔ͨ͊ͪͭͤͪ ͔ͤ ͍͍͙͍͒ͣͦͫ͜Ύ ͍͒͜ ͨͦ͒͊͡Έ΄ͦ͝ ͫ ͍ͨͨͪ͊͜ͼ͜Φ  

- ˿͊͒ͭ͟͜͡Έ ͎͒͊ͦ͜͡ ͘ ͍͙͒ͦͣ͜͡ ͔ͨ͊ͪͭͤͪͦͣ ͨ͒͜ ;͊ͫ ͯͫͭͪ͘͜;͜ ͍ ͦͺͫ͜͜ ͍͊΄͎ͦͦ ͙ͨ͒ͨͪ͜Ί͍ͣͫͭ͊ όсςу ͔ͪͨ͜͟͡ύΦ  

- ˿͊͒ͭ͟͜͡Έ ͎͒͊ͦ͜͡ ͘ ͍͙͒ͦͣ͜͡ ͨ ͔͊ͪͭͤͪͦͣ ͨ͒͜ ;͊ͫ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͘ ͙ͤͣ ͨͦ ͔͔ͭ͡ͺͦͤͯ όсςу ͔ͪͨ͜͟͡ύΦ 
˽͍͔͔͙͚ͪͦ͒ͤ ͊ͤ͊͘͜͡ ͨ͒ͪͯ͜;͙ͤ͊͟ ζ̂ͪ͊ͤͫ͟͝Έ͊͟ ͍ͣͦ͊Φ ͍͔ͪͤ͜Έ ͫͭ͊ͤ͒͊ͪͭͯ ό ͍͊ͭͦͪ - ˢ͍͔ͪ͊ͣͤͦ͟ ˻Φύ ͒͡Ύ ͯ;͍ͤ͜ мл ͊ͫͯ͟͡ 

͍͊͊͒͘͟͜͡ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜ όˢ͍͔ͪ͊ͣͤͦ͟ ˻ΦΣ нлмуύ ͍͊ͫ͒͘͜;ͯΊ ͤ͊Ύ͍ͤͫͭ͜ΈΣ ͔ͦͪͣ͊͘͟Σ ͙ͭ͊͟ͻ ͍͍ͨͪ͊-͔͔͔ͫͨͦͫͭͪ͗ͤΈΥ 

- ˽ͪͦ;͙͚͔ͭ͊ͭ ͎͒͊ͦ͜͡ ͜ ͪͦ͊͗ͭ͘͟͜ΈΣ ;͔͔ͪ͘ ΅ͦ ͍͙͙ͤͦ͟͡ ͔ͤͨͦͪͦͯͣͤͤ͘͜ΎΦ 
̂ ͙͟ ͍ͫ͝Έͦͣͯ͟ ͔͔ͫͯͨͪͣ͊ͪͭ͟͜Φ 
˴͙͊ͫͪ͊͟Υ ˭ ˤ͊ͫ сфл ͍ͪͯ͋͜͡Φ 
˽͔ͦͯͨ͟ͼΈ ό͎͔ͪͦͯ͋ͤͦ͘͡ύΥ ˢ͔͡ Ύ ͔ͤ ͣ͊Ό ͍ͪͯ͋͜͡ΦΦΦ 
˴͙͊ͫͪ͊͟ ό͘ ͡ΌͭͭΌ ͍ ͎ͦͦͫ͜͡ύΥ ˢ Ύ͟ ͣͦ͗ͤ͊ ͚͙ͭ ͒ͦ ͎͙ͣ͊͊ͤͯ͘ ͔͋͘ ͎ͪͦ΄͔͚Κ 
˽͔ͦͯͨ͟ͼΈ ό͍͙͍͗͊ͪͭͦ͜͡ύΥ ˢ ͎͙͍ͪͤΎ͙ͣ ͪͦͪ͊͘ͻ͍͙ͯ͊ͭͫΎ ͣͦ͗ͤ͊Κ 
˴͙͊ͫͪ͊͟ ό͘ ͔ͦ͋ͯͪͤͤΎͣύΥ ˤ͙ ͤͯ͘΅͊Ί͔ͭͫΎΚ ˨͍͚͔͊͊ͭ ͎͙͍ͪͤ͜ ͚ ͔ͤ ͣͦͪͦ;͔ͭ ͔ͣͤ͜ ͎͍ͦͦͯ͡Η 

- ˾͎ͦ͘͡ΎͤΈ͔ͭ ͍͙͙ͫͭͤ͜͡ ͘ ͍͙ͤ͊͊ͣ͘ ͙͍ͫ͟͝Έ͙͟ͻ ͍͊͟ΩΎ͔ͪͤΈ ͜ ͍͙͚͔ͦͤ͊ͭ͟ ͍͊͒͊ͤͤ͘ΎΦ 
ˢΦ ˽͚͔ͦͣͪͯͭ͜͟Σ ;ͦͣͯ ͯͪ͊ͤͫ͟͝Έ͟͜ ͙ͨ͒ͨͪ͜Ίͣͼ͜ ͒͊ΌͭΈ ͍ͫͦͣ͝ ͊͊͒͊ͣ͘͟͡ ͎ͪͦͣ͊͒ͫΈ͎ͦͦ͟ ͻ͊ͪ;͍ͯ͊ͤͤΎ ͔͔͍ͨͪ͊͗ͤͦ ͤ͜΄͍ͦͣͦͤ͜ 

͍͙ͤ͊͘Φ ˽͙ͪ;͙ͤͦΌ ͫͻ͙͡ΎͤͤΎ ͔͔ͨͪ͒ ;͔͙ͯ͗ͦͣͤͣ͘Σ ͤ͊ ͍͊΄ͯ ͒ͯͣͯ͟Σ Ί ͪ͊͋ͫΈ͊͟ ͙ͨͫͻ͎ͦͦ͜͡Ύ ͍͙͍͊ͫͤ͟͜͡Σ ͝ͻ͚ͤ͜ ͔ͦͣͨͫ͟͟͡ 
͔ͣͤ΄͍ͦ͊ͪͭͦͫͭ͜ ;͙Σ ͔ͣͦ͗Σ ΅ͦͫΈ ͤ͜΄͔Κ ˤ͙͊͒ͭ͟͜͡Έ ͍ͫͦ͝ ͙ͪͦ͒ͯͣ͘ ͙ͨͫΈ͍ͣͦͦ όͨΩΎͭΈςͫ ͣ͜ ͔ͪ;͔ͤΈύ. 

ˣΦ ˭͚͔͊ͨͪͦͨͦͤͯͭ ͍ ͪͦ͒ͯͣ͘͜ ͍ͫͦ͝ ͍͙ͤ͊͘ ͍͊͟ΩΎ͔ͪͤΈΣ ͍͙͙͍ͦͪͫͭ͊͟΄͙ ͍͔͊ͫͤ͡ ͯͪ͊ͤͫ͟͝Έͯ͟ ͔͙ͫͯ͟͟͡Φ 
˭ ͚͙ͣ͊͋ͯͭͤͣ͜ ͍;͙͔ͭ͡Ύ͙ͣ ͎͍ͦ͋ͦͦͪΌΊͣͦ ͪͤ͘͜͜ ͍͙͊ͪ͊ͤͭ͜ ͍͙ͦͤ͊ͤͤ͟Ύ ͨͦ΄͍ͯͦͦ͟-͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻΣ ͍ͭͦͪ;͙ͻ ͍͊͒͊ͤ͘ΈΣ 

͙͒ͦ͋ͪ͊Ίͣͦ ͔͔͙͍ͨͪͦͤ͟͜͡ ͎͔͙͊ͪͯͣͤͭ ͒͡Ύ ͍͔͔͒ͦ͒ͤͤΎ ͍͊ͫͤͦ͡͝ ͙͒ͯͣ͟Σ ͍ͤ͊;͊ΊͣͦͫΎ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͤ͊͋ͯͭ͜ ͯͣͤͤ͜Ύ ͍ ͙ͪͤ͘͜ͻ 
͙͗ͭͭΊ͍͙ͻ ͜ ͍ͤ͊;͊͡Έ͙ͤͻ ͙ͫͭͯ͊ͼ͜Ύͻ ͍ͫͨͯ͊ͤͤ͜͟͡ΎΣ ͒ͦͼ͜͡Έͤͦ ͙͍͙ͦͪͫͭͯ͊ͭͫ͟Ύ ͙͍͙͙ͦͣͯͤ͊ͭͤͣ͟͜͟ ͔͎ͫͭͪ͊ͭ͜Ύ͙ͣ ͭ͊ ͔͎ͫͭͪ͊ͭ͜Ύ͙ͣ 
͍ͫͨͨͪ͊͜ͼ͜Σ ͍͙͍;͊Ίͣͦ ͍͒ͦͫ͒͜ ͔͎͎͍ͨ͒͊ͦ͜Φ ˻Φ˥͚͊͊ͣ͊͡Σ ͯ;͙͔ͭ͡Έ͊͟ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦ ͭ ͔͙͊ͭͪ͊ͭͯͪ͜͡ ˹ˤ˴ ζ̊ͦ͊͟͡-͎ͣͤ͊͘͜͜Ύ -˱˱˱˱ 
͔͍ͫͭͯͨͤ͜ ͣ͜Φ ˣ͔͎͊͗ͤͤͦͦ͡ ˴͙͔ͣͤͭ͜͡Ύ  ͜ˢ͔ͤ͒ͪΎ ͔͙̊ͨͭͼΈ͙͟ͻηΣ ͣΦ ˶Έ͍͍ͦ͊ (͙̂ͪͦ͟ ͘ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈ͙ͣ͟ ͭͦͣ͡Σ нлмпύΣ ͙ͤ͊ͨͪ͊͒͟͡Σ 
͚ͦͤ͊ͦͣ͘͡ΌΊ ͯ;͍ͤ͜ ф ͊ͫͯ͟͡ ͘ ͔ͭͫͭͦͣ͟ ͨͪͦ ͍͙ͤ͊͘;͎ͤͦͦ ͙ͨ͒ͨͪ͜ΊͣͼΎ ͭ͊ ͔ͣͼ͔ͤ͊ͭ͊Σ ͨͦ;͔͎ͫͤͦͦ ͎ͪͦͣ͊͒Ύ͙ͤͤ͊ ͣΦ ˶Έ͍͍ͦ͊ 
ˤ͙͙ͦͦ͒ͣͪ͊͡ ˴͊΄͙ͼΈ͎ͦͦ͟ ͭ͊ ͚͎ͦͦ ͙͗ͭͭΊ͍͙͚ ͯͫͨ͜ͻΦ ˤͤ͜ ͔͔ͨͪ͝ͻ͍͊ ͒ͦ ˶Έ͍͍ͦ͊ мффн ͪͦͯ͟Σ ͍͙͍͒ͪ͜͟΄͙ ͭͯͭ ͨ͜ͼ͔ͪ͜Ό ͜ ͍͊͟ΩΎͪͤΌ 
ζ˴͔͊ͫͭ͡Ύͪ͜ηΦ ˨ͦ͊͡Ό;͙ ͭͪͯ͒ͤͦ΅͜Σ ͍͙͍ͪͦͤͯ͘ ͍ͫͦΊ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼ͍ͭͦΣ ͍ͫͭ͊ ͙ͦ͒ͤͣ ͘͜ ͚ͤ͊͋͜͡Έ΄͙ͻ ͯͪ͊ͤͫ͟͝Έ͙͟ͻ ͔ͣͼ͔͍ͤ͊ͭ͜Σ 
͔ͪ͊ͯ͘͜͡Ό;͙ ͍ͫͦΊ ͔ͪ͒ͦ͟Υ ζ˭͊ͪͦ͋͡ΎΌΣ ΅ͦ͋ ͍͙͒͊͊ͭηΦ ˽͙͍͍͒ͭͪͣͯ͊͜ ͯͪ͊ͤͫ͟͝Έ͟͜ ͯ͟͡Έͭͯͪͤ͜ ͊͘ͻ͙ͦ͒Σ ͎ͪͦͣ͊͒ͫΈ͟͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ 
ό˹͙͚͊ͪͦ͒ͤ ˾ͯͻ ͙̂ͪ͊ͤ͟͝Σ ͺ͔͙͍ͫͭ͊͡Έ ζ͔͍̉ͪͦͤ͊ ͪͯͭ͊ηΣ ͍͙͍ͭͦ͊ͪͫͭͦ ζ˹͊͒ͫΎͤͤΎη ͭ͊ ͤ͜ΦΦύΦ ͍͍̅ͤ͊ͤͫͯ͊͜ ͍͙͒͊ͤͤΎ ͨͦͤ͊͒ ол ͙ͤ͗ͦ͟͟Τ 
͍͍ͨͦ͒͊ͪͯ͊ ͒͡Ύ ΄͙ͦ͟͡ ͙͍͋͊ͤ͒ͯͪͫͭ͜ ͙͋ͯ͒ͤͦ͟ ͯ ͣΦ˱ͪͨͤ͜Έ ͨ͒͜ ˴͙Ί͍ͦͣΦ ˽͙͍͍͒ͭͪͣͯ͊͜ ͔ͣ͊ͭͪ͊͜͡Έͤͦ ͙ͭͻΣ ͻͭͦ ͍͋ͯ ͯ ͔ͨͦͭͪ͋͜Φ 
˴͊΄͙ͼΈ͙͚͟ ͡Ό͙͍͋ ͍ͨͦͭͦͪΌ͍͙͊ͭΣ ΅ͦ ͒ͦͫΎ͎͊Ί ͯͫͨ͜ͻͯΣ ͭͦͣͯ ΅ͦ ͍ͤ͜ ͔ͯͪ͊ͤ͟͝ͼΈΦ ζ˱ͫͭͦͪ͜Ύ ͙̂ͪ͊ͤ͟͝ ͒͊Ί ͔͋͘͜͡; ͙͍ͨͪ͊͒͟͜͡Σ ͙ͦ͟͡ 
͎ͦͪͯ ͋ͪ͊͊͡ ͔ͤ ͙ͫ͊͡ ͣΩΎ͍͘͜Σ ͊ ͙ͫ͊͡ ͒ͯͻͯΣ ͔͔͎ͤͪ͜Ύ ͙͒ͯͣ͟η. 

˹Φ ˨͙͍͊ͤ͜͡Σ ͯ;͙͔ͭ͡Έ͊͟ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦ ͭ ͔͙͊ͭͪ͊ͭͯͪ͜͡ ͣΦ ˶Έ͍͍ͦ͊ (͙̂ͪͦ͟ ͘ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈ͙ͣ͟ ͭͦͣ͡Σ нлмпύ, ͫͨ ͦͤͯ͊͟Ί 
ͯ;͍ͤ͜ ͒ͦ ͍͙͍;͔ͤͤΎ ͜ ͍͔ͨͦͭͦͪͤͤΎ ͍͔͔͙͒ͦͪͣͤ͜͟͡ͻ ;͔͍ͤ͜͡ ͔ͪ;͔ͤͤΎ ͭ͊ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͨͯ͋͜͡ͼ͙͙ͫͭ;͎ͤͦͦ ͙ͫͭ͡Ό ͍͔ͣͦͤͤ͡Ύ ;͔͔ͪ͘ 
ͫ͊͒͊ͤͤ͟͡Ύ ͔͔ͨͪͤͭ͊͘ͼ͜͝ ͔͙ͪ͊ͣ͟͡ ͫͯ;͎͊ͫͤͦͦ ͣͦ͋͜͡Έ͎ͤͦͦ ͔͔ͭ͡ͺͦͤ͊ ͊͋ͦ ͔͙ͨͦͭͪ͋ ͍͙ͫͦͪͭͯ͊ͭ ͫͣͭͭ͜ΎΦ ˻͔ͭ͗Σ ͫͯ͡΄ͤͦ ͍͊ͯ͊͗ͯ͘Ί 
˱Φ˿͙ͤΎ (͙̂ͪͦ͟ ͘ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈ͙ͣ͟ ͭͦͣ͡Σ нлмпύ, ͯͪ ͙ͦ͟ ͘ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈ͙ͣ͟ ͭͦͣ͡ - ͼ͔ ζ͒͜Ί͍͙͚ ͔ͣͭͦ͒ ͍͙ͪͦͭͯ͘͟ 
͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͔͚͒͋ͤͦͫͭ͘͜ ͯ;͍ͤ͜Σ ͙ͫͨͪΎΊ ͙͋ͯͭ ͯͫͨ͜΄͙͙ͤͣΣ ͙͍͙͙ͣͭͣ͟͜͡Σ ͍ͭͦͪ;ͦ ͙͙͙ͣͫͭ͡Σ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍͊ͫͤ͜͡ 
͙͍ͦͣͯͤ͊ͭͤ͟͜͟͜ ͍͙ͤ͊;͙͟ ͒͡Ύ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͪͦͫͭ͊ͤͤ͘ΎΣ ͊ ͭ͊ͦ͗͟ ͍͒͜;͍͙ͯ͊ͭ ͣ͜ͼͤ͜ ͍͘ΩΎ͙͘͟ ͣ͗͜ ΄ͦͦ͟͡Ό ͜ ͔͙ͨͦͭͪ͋͊ͣ ͫΈ͎͔ͦͦ͒ͤͤΎ 
όͼΈ͎ͦͦΣ ͎ͨͦͦ͒Έ͔ͭͫΎΣ ͔ͤ ͍͙ͫͭ͊;͊Ί ͯͪ͊ͤͫ͟͝Έ͚͟͜ ͍ͦͫͭ͜͜ύΦ ˢ ͍;͙͔ͭ͡ΈΣ ͍ͫͦΊΌ ;͔͎ͪͦΌΣ ͙ͦͪͫͭ͊͟Ό;͙ ͘ ͙͔͎ͫͤͪ͜͝ ͨͦΊ͒ͤ͊ͤͤΎ ͍͙ͣͦ κ 
͔͙ͭͪ͊ͭͯͪ͜͡ ͚ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼ͍ͭ͊Σ ͔ͣͦ͗͘ Ύͫͤ͟͜͜΄͔ ͔͍͙ͪ͊ͯ͊ͭ͘͜͡ ͔ͣͭͯ ͭ͊ ͍͔ͨͦͫͭ͊ͤ͜͡ ͼ͜͜͡Σ ͙͍͍͙͊ͭͯ͊ͭ͘͟͜ ͊͘ͼ͍͔͊ͤͤ͜͟͡Ύ ͔͚͒ͭ͜ ͒ͦ 
͍͎͊ͫͤͦͦ͡ ͔͔ͨͪ͒ͣͭͯηΦ 
 
ˤˮ˿˹˻ˤ˴ˮ ́ˢ ˽˩˾˿˽˩˴́ˮˤˮ ˽˻˨ˢ˶̎̊˻˥˻ ˨˻˿˶˱˨ˬ˩˹˹̒ 

˽͍͔͔͔ͪͦ͒ͤ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͒͊Ί ͍͙ͨ͒ͫͭ͊͜ ͙͙ͪͦ͋ͭ͘ ͭ͊͟͜ ͍͙͍͙ͫͤͦ͟Φ ˤ ͍ͯͣͦ͊ͻ ͔ͪͺ͍ͦͪͣͯ͊ͤͤΎ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜ 
͚ ͍͔͔ͯͭͪ͒͗ͤͤΎ ͙ͦͫͦ͋ͫͭͫͤͦ͜ ͦͪ͜Ί͍ͤͭͦ͊ͤͦ͝ ͔ͣͦ͒͜͡ ͍͙ͦͫͭ͜ ͊ͭͯ͊ͯ͘͟͜͡ΊͭΈͫΎ ͔ͨͦͭͪ͋͊ ͍͔͔ͯ͒ͤͤΎ ͒ͦ ͨͪͦͺ͔͚ͫͤͦ͜ ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻΣ 
͔͙ͣͭͦ͒;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͔͙ͭͣ ζ˴͡Ό;͍ͦ͜ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ΄ͦ͟͡Ύͪ͊ ˹͍ͦͦ͝ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ΄͙ͦ͟͡ηΣ ͘-ͨͦͣ͗͜ Ύ͙͟ͻ ͍͙͍͔͊͗͡ ͣͫ͜ͼ͔ 
͍͍͔͔͒͒ͤͦ͜ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈ͚͟͜ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͊͋ͦ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ζͤ͜͜ͼ͙͍͊ͭͤͫͭ͜͜Έ ͜ ͙ͨ͒ͨͪ͜Ί͙͍ͣͫͭ͜͡ΈηΦ ̂ ͍ͣͦͤͦ-͔͙ͣͭͦ͒;͚ͤ͜ 
͎͍ͨ͒ͦͭͦ͜ͼ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡-͍͔͙͍ͫͦͫͤ͟͜͡ ͍͙͍͊͗ͦ͡ ͊͟ͼ͔͍͙ͤͭͯ͊ͭ ͍͎ͯ͊ͯ ͤ͊ Ί͍͔͚ͪͦͨͫΈ͟͜ ͭ͊ ͯͪ͊ͤͫ͟͝Έ͟͜ ͍͊ͦͤͦ͒͊͘͟;ͦ-
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͙͍ͤͦͪͣ͊ͭͤ͜ ͍ͦͫͭͤ͜͜ ͔͙͒ͦͯͣͤͭ͟ ΄͟͜͡Έͤ͜ ͎͙ͨͪͦͪ͊ͣ ͭ͊ ͔͙ͣͭͦ͒;͎ͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍ͯͪͦ͟͜ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦΣ ͍͎͊ͨͪͦͨͦͤͦ͊ͤͦͦ͘ 
͒͡Ύ ͔ͪ͊͊͘͜͡ͼ͜͝ ͤ͊ͫͪͤͦ͘͟͜͝ ͤ͜͜͡͝ ζ˽͙͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έ ͜ ͺ͍ͤ͊ͤͫͦ͊͜ ͎ͪ͊ͣͦͭͤͫͭ͜Έη ͭ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ζͤ͜͜ͼ͙͍͊ͭͤͫͭ͜͜Έ ͜ 
͙ͨ͒ͨͪ͜Ί͙͍ͣͫͭ͜͡ΈηΦ  

ˤ Ί͍͔͚ͪͦͨͫΈ͙͟ͻ ͔͒ͦͯͣͤͭ͊͟ͻ ͔ͨ͒ͪͫ͜͟͡ΌΊͭΈͫΎ ͔ͨͦͭͪ͋͊ ͍ ͪͦͪͦ͋͘ͼ͜ ͫͨ͜͡Έ͎ͤͦͦ ͦͤ͟ͼ͔ͨͭͯ͊͡Έ͎ͤͦͦ ͨ͒͜ͻͦ͒ͯ ͙ͪͤ͘͜ͻ ͪ͊ͤ͟͝ 
΅ͦ͒ͦ ͨͦͤΎͭͭΎ ͙ͨ͒ͨͪ͜Ί͙͍ͣͦͫͭ͜͡ ͤ͊ Ί͍͔͚ͪͦͨͫΈͦͣͯ͟ ͍ͪͤ͜͜ Ύ͟ ͨͦͤΎͭͭΎΣ ΅ͦ ͐ͪͯͤͭͯΊͭΈͫΎ ͤ͊ ͍͔ͫͭͦͪͤͤ͜ ͯ͟͡Έͭͯͪͤͦ͝Σ ͫͦͼ͊͜͡Έͤͦ͝ ;͙ 
͔ͦͤͦͣ͟͜;ͤͦ͝ ͼͤͤͦͫͭ͜͜Φ ˤ ͯͪ͊ͤͫ͟͝Έ͙͟ͻ ͍͊ͦͤͦ͒͊͘͟;ͦ-͙͍͙ͤͦͪͣ͊ͭͤͻ ͍ͦͫͭͤ͜͜ͻ ͔͒ͦͯͣͤͭ͊͟ͻ ͭ͊ ΄͟͜͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣ͊ͻ ͙͍ͯ͗͊ͤ͜ 
͔͙ͭͪͣͤ͜ ζ͙ͨ͒ͨͪ͜Ί͙͍ͣͫͭ͜͡Έ ͭ͊ ͺ͍ͤ͊ͤͫͦ͊͜ ͎ͪ͊ͣͦͭͤͫͭ͜ΈηΣ ζͤ͜͜ ͼ͙͍͊ͭͤͫͭ͜͜Έ ͜ ͙ͨ͒ͨͪ͜Ί͙͍ͣͫͭ͜͡ΈηΤ ͔͒ͭ͜ΈͫΎ ͨͪͦ ͤ͜͜ͼ͙͍͊ͭͤͫͭ͜͜ΈΣ 
ͫͨͪͦͣͦ͗ͤͫͭ͜Έ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͙͍ͣͦ͗ͦͫͭ͜͡ ͭ͊ ͔͍͍͙ͪ͊ͦͯ͊ͭ͘͜͡ ͔͒͜͝Σ ͔͔͍ͨͪͭͦͪΌΌ;͙ ͝ͻ ͤ͊ ͼͤͤͦͫͭ͜͜ ͒͡Ύ ͤ͜΄͙ͻΣ ͯͣͤͤ͜Ύ 
͍͙ͪ͜΄͍͙ͯ͊ͭ ͔͙ͨͪͦ͋ͣ͡Σ ͎͍ͦͭͦͤͫͭ͜Έ ͙͋ͪ͊ͭ ͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜Έ ͊͘ ͍͊ͫͤ͜͡ ͪ͜΄͔ͤͤΎΣ ͒͊ͭͤͫͭ͘͜Έ ͨͪ͊ͼΌ͍͙͊ͭ ͍ ͦͣ͊ͤ͒͟͜ ͙͊ͪ͊͒͘ 
͍ͨ͊ͤͯ͊ͤͤ͡Ύ ͭ͊ ͚͔͒ͫͤͤͤ͘͜Ύ ͨͪͦΊ͍ͭ͟͜Σ Ύ͟͜ ͣ͊ΌͭΈ ͯ͟͡ΈͭͯͪͤͯΣ ͫͯͫͨ͜͡Έͤͯ ͊͋ͦ ͔ͦͣͪ͟ͼ͚ͤͯ͜ ͼͤͤͫͭ͜͜ΈΤ ͒ͦ  ͍ͤ͊;͊͡Έ͙ͤͻ ͔͍ͪͫͯͪͫ͜ 
͍͔͔͒ͤͫͤͦ͜ ͔͙ͭͫͭ͟ ͦͺ͜ͼ͚ͤͦ͜-͍͎͒ͦͦͦ͜͡ ͙ͫͭ͡Ό ό͔ͪ͘Ό͔ͣΣ ͒ͦͪͯ;͔ͤͤΎ ͭͦ΅ͦύΣ ͔͔ͫ͊ͣͦͨͪͤͭ͊͘ͼ͜͝Σ ͙ͪ͊͘͘͟ ͔͙ͪ͊ͣ͟͡Σ ͔ͭͪ͊ͭͯͪͤ͜͜͡ 
͍͙ͭͦͪΣ Ύ͟͜ ͣͫͭ͜ΎͭΈ ͔ͣͦ͒͜͡ ͤ͜͜ͼ͙͍͊ͭͤͦͫͭ͜͜Φ ˽͍͔͔͙͚ͪͦ͒ͤ ͊ͤ͊͘͜͡ ͍͊ͫ͒͘͜;ͯΊΣ ΅ͦ ͔͙͙ͣͭͦ͒͟ ͺ͍ͦͪͣͯ͊ͤͤΎ ͺ͊ͻ͍ͦͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ 
͘ ͍ͦͫͤͦ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼ͍ͭ͊ ͨͪͦͨͦͤͯΌͭΈͫΎ ͔͔͍ͨͪ͊͗ͤͦ ͒͡Ύ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͔ͭͻ͎͚ͤͦͦ͜͡ ͭ͊ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͜ ͎͊͊ͦͣ͘͡ ͍͒ͫͯͭͤ͜͜ 
͒͡Ύ ͍;͙͔͍ͭ͜͡ ͎͙ͯͣ͊ͤͭ͊ͪͤ͜ͻ ͙͒ͫͼ͙ͨͤ͜͡Φ 

˹͊ ͍ͦͫͤͦ͜ ͒ͦͫ͒ͤͦ͜͡͝ ͙ͪͦ͋ͦͭΣ ΅ͦ ͍͙ͨͪͦͦ͒ͭΈͫΎ ͘͜ ͔͙ͫͭͯ͒ͤͭ͊ͣΣ ͘ϥΎ͍ͫͦ͊ͤͦΣ ΅ͦ ͍ ͔͒Ύ͙͟ͻ ͨ͒ͪͯ͜;͙ͤ͊͟ͻ ͘ ͯͪ͊ͤͫ͟͝Έͦ͟͝ 
͍͙ͣͦ ͒͡Ύ ͯ;͍ͤ͜ мл ͊ͫͯ͟͡ ͤ͊Ύ͍ͤ͜ ͍͊͒͊ͤͤ͘Ύ ό͍͙ͦͤ͊ͤͤ͟Ύ ͔͔͙ͣ͗ͨͪ͒ͣͭͤ͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͍ͨͪͦͭ͟͜Σ ͪͦ͋ͦͭ͊ ͘ ͙͙ͪͤͣ͘͜ ͔͔͙͒͗ͪ͊ͣ͡ 
ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͪͦ͋ͦͭ͊ ͘ ͔ͭͫͭͦͣ͟Σ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎΣ ͎͙͒͊ͦ͜͡ύΣ ͔ͣͭ͊ ͍͙ͦͤ͊ͤͤ͟Ύ - ͙ͫͨͪΎ͙ͭ ͺ͍ͦͪͣͯ͊ͤͤΌ ͯͣͤ͜Έ ͎͔͔͍͙ͤͪͯ͊ͭ ͍ͤͦ͜ ͔͒͜͝ 
͚ ͤ͜͜ͼ͙͍͙͊ͭ͜ ͭ͊ ͍ͭ͜͡Ό͍͙͊ͭ ͝ͻ ͯ ͙͗ͭͭΎ ͘ ͔ͣͭͦΌ ͍͙ͨ͒͜΅͔ͤͤΎ Ύ͟ ͍͎͊ͫͤͦͦ͡ ͫͦͼ͊͜͡Έ͎ͤͦͦ ͫͭ͊ͭͯͫͯ ͭ͊ ͒ͦ͋ͪͦ͋ͯͭͯΣ ͭ͊͟ ͜ ͍͙ͪͦͭͯ͘͟ 
ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͜ ͔͍͙͒ͪ͗͊Τ ͔ͺ͔͙͍ͭͤͦ͟ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤ͜ ͊ͦ͘΅͔͊͒͗ͤͤΎΣ ͙͚͙ͨͪͣ͊ͭ ͒ͦͼ͜͡Έͤ͜ ͪ͜΄͔ͤͤΎ ͜ ͙͋ͪ͊ͭ ͤ͊ 
͔͔ͫ͋ ͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜ΈΣ ͺ͍͙ͦͪͣͯ͊ͭ ͔ͣͦ͒͜͡ ͍͔͙ͨͦ͒ͤ͜͟Σ ͔ͤͦ͋ͻ͒ͤ͜͜ ͒͡Ύ ͯͫͨ͜΄͎ͤͦͦ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͎ͤ͊͊͡Έ͙ͤͻ ͍͙͙ͪͦ͋ͤ;͙ͻ 
͔ͨͪͦ͋ͣ͡Φ ˤ͙͍;͔ͤͤΎ ͍͒ͦͫ͒ͯ͜ ͍;͙͔͍ͭ͜͡ ͔͔ͨͪͦͤͯ͟ΊΣ ΅ͦ ͭ͊͟͜ ͙ͯͪͦ͟ Ί ͒͜Ί͍͙ͣ ͔ͣͭͦ͒ͦͣ ͍͙ͪͦͭͯ͘͟ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͔͚͒͋ͤͦͫͭ͘͜ 
ͯ;͍ͤ͜Σ ͺ͍ͦͪͣͯ͊ͤͤΎ ͣ͜ͼ͙ͤͻ ͍͘ΩΎ͍͘͟͜ ͣ͗͜ ΄ͦͦ͟͡Ό ͜ ͔͙ͨͦͭͪ͋͊ͣ ͫΈ͎͔ͦͦ͒ͤͤΎΦ 

˽͔͔͙͍͙ͪͫͨͭͤͣ͟ ͤ͊ͨͪΎͣͦͣ ͨͦ͒͊͡Έ΄͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔͋ͯ͒ ͊ͤ͊͘͜͡ ͍͙͙ͦͤ͊ͤ͟ͻ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͔͍ͨͪͦͭ͟͜Σ ͫͨͪΎ͍͙ͣͦ͊ͤͻ ͤ͊ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͯ;͍ͤ͜ ͍ͦͫͤͦ ͙ͨ͒ͨͪ͜Ί͙͍ͣͦͫͭ͜͡ ͭ͊ ͤ͜͜ͼ͙͍͊ͭͤͦͫͭ͜͜Φ  

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 

1. ˥ͦͤ;͔͊ͪͤͦ͟ ˶Φ ˢΦ ˽͎͍͒ͦͭͦ͊͜͟ ͍;͙͔͍ͭ͜͡-͍͔͙͍ͫͦͫͤ͟͜͡ ͒ͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͯ;͍ͤ͜ ͙ͨ͒ͨͪ͜Ί͙ͣͤͼΈͦ͟͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Φ 
͍͚́͊ͪͫ͜Έ͙͚͟ ͍͙ͫͤ͜͟ ͍͙ͦͫͭ͜Φ нлмсΦ Ѕ н όрпύΦ ˿Φ тпς77. 

2. ˨͔͍͙͚ͪ͗͊ͤ ͫͭ͊ͤ͒͊ͪͭ ͍͋͊ͦͦ͘͝ ͜ ͍ͨͦͤͦ͝ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜Φ ¦w[Υ ƘǘǘǇΥκκȊŀkon2.rada.gov.ua/laws/show/1392-
2011.  

3. ˨͔͍͙͚ͪ͗͊ͤ ͫͭ͊ͤ͒͊ͪͭ ͍͋͊ͦͦ͘͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜Φ ˽͔ͪͦͭ͟Φ ¦w[Υ ƘǘǘǇǎΥκκƳƻƴΦƎƻǾΦǳŀκǳŀκƴŜǿǎκƳƛƴƛǎǘŜǊǎǘǾƻ-osviti-i-nauki-
ukrayini-proponuye-dlya-gromadskogo-obgovorennya-proyekt-derzhavnogo-standartu-bazovoyi-serednoyi-osviti. 
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METHODICAL PREPARATION OF FUTURE LANGUAGE-TEACHERS  

Chw ¢I9 {¢¦59b¢{Ω 9b¢w9tw9b9¦w{ILt !b5 LbL¢L!¢L±9 .!{L{ Chwa!¢Lhb 
Olena Semenog 

A.S. Makarenko Sumy State Pedagogical University, Ukraine 
Abstract. The scientific researches on methodical preparation of future language-ǘŜŀŎƘŜǊǎ ŦƻǊ ǊŜŀƭƛȊŀǘƛƻƴ ǘƘŜ ŎƻƴǘŜƴǘ ƭƛƴŜ ά9ƴǘǊŜǇǊŜƴŜǳǊǎƘƛǇ ŀƴŘ 

ŦƛƴŀƴŎƛŀƭ ƭƛǘŜǊŀŎȅέ ŀǘ ǘƘŜ ƭŜǎǎƻƴǎ ƻŦ ǘƘŜ ¦ƪǊŀƛƴƛŀƴ ƭŀƴƎǳŀge at the high school is carried out in the article. Also, the article deals with 
the formation of one of the key competences of entrepreneurship. 

Formulation of the problem. !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ !ǊǘƛŎƭŜ мн ƻŦ ǘƘŜ [ŀǿ ƻŦ ¦ƪǊŀƛƴŜ ά!ōƻǳǘ 9ŘǳŎŀǘƛƻƴέ όнлмтύΣ ǘƘŜ Ǉurpose of complete secondary 
education is defined as the comprehensive development, education and socialization of a person who is able to live in society and 
civilized interaction with nature, has a desire for self-improvement and lifelong learning, conscious life choices and self-fulfillment, 
responsibility, work and civic activity. The achievement of the goal is ensured through the content lines of school curricula with all 
ǇǊƛƳŀǊȅ ǎǳōƧŜŎǘǎΣ ƛƴŎƭǳŘƛƴƎ ά9ƴǘǊŜǇǊŜƴŜǳǊǎƘƛǇ ŀƴŘ CƛƴŀƴŎƛŀƭ [ƛǘŜǊŀŎȅέΦ Lǘ ƛǎ ǇǊƻǇosed to implement the defined cross-cutting content 
line by forming one of the key competencies necessary for successful life ς ǘƘŜ άƛƴƛǘƛŀǘƛǾŜ ŀƴŘ ŜƴǘǊŜǇǊŜƴŜǳǊǎƘƛǇ ŎƻƳǇŜǘŜƴŎŜέΦ ¢ƘŜ 
implementation of the cross-ŎǳǘǘƛƴƎ ŎƻƴǘŜƴǘ ƭƛƴŜ ά9ƴǘǊŜǇǊŜƴŜǳǊǎƘƛǇ ŀƴŘ ŦƛƴŀƴŎƛŀƭ ƭƛǘŜǊŀŎȅέ ƛƴǘƻ ǎǳŎƘ ǎǳōƧŜŎǘǎ ŀǎ ά¦ƪǊŀƛƴƛŀƴ 
ƭŀƴƎǳŀƎŜέ ŀƴŘ ά¦ƪǊŀƛƴƛŀƴ ƭƛǘŜǊŀǘǳǊŜέ ƛƴǾƻƭǾŜǎ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ŎǊƻǎǎ-curricular educational projects, the students work with 
different sources of information to form clearly speaking skills, present their plans, resolve conflict situations, make decisions, take 
responsibility, and formulate the behaviors needed to successfully solve industrial problems. Such requirements require from 
language-teachers constant personal and professional development and self-development, which at the stage of study in higher 
pedagogical education institutions is ensured by introducing into the vocationally-oriented and methodical subjects the topics like 
άYŜȅ ŎƻƳǇŜǘŜƴŎŜǎ ƻŦ ǘƘŜ ǎǘǳŘŜƴǘ ƻŦ ǘƘŜ bŜǿ ¦ƪǊŀƛƴƛŀƴ {ŎƘƻƻƭέΦ 

Materials and methods. Theoretical and empirical methods: analysis, generalization and systematization of reference, scientific sources in order 
to clarify the essence of key concepts, identify the state of problem development. 

Results. Emphasis is placed on particular aspects of the methodological preparation of future language-teachers for the formation of the basics 
of entrepreneurship and initiative. European and Ukrainian legislative and normative educational documents were summarized. 
School programs and methodological papers of some Ukrainian textbooks for 10th grade students offered for the implementation 
ǘƘŜ ƭƛƴŜ ά9ƴǘǊŜǇǊŜƴŜǳǊǎƘƛǇ ŀƴŘ ŦƛƴŀƴŎƛŀƭ ƭƛǘŜǊŀŎȅέ ŀƴŘ ŦƻǊƳŀǘƛƻƴ ƻŦ άƛƴƛǘƛŀǘƛǾŜ ŀƴŘ ŜƴǘǊŜǇǊŜƴŜǳǊǎƘƛǇέ ŎƻƳǇŜǘŜƴŎŜ ǿŜǊŜ ŀƴŀƭȅȊŜd. 

Conclusions. In the context of reforming general secondary education and the adoption of a personally oriented model of education, it is 
ŀŎǘǳŀƭƛȊŜŘ ǘƘŜ ƴŜŜŘ ǘƻ ƛƴǘǊƻŘǳŎŜ ƛƴǘƻ ǘƘŜ ǾƻŎŀǘƛƻƴŀƭƭȅ ƻǊƛŜƴǘŜŘΣ ƳŜǘƘƻŘƛŎŀƭ ŘƛǎŎƛǇƭƛƴŜǎ ǘƘŜ ǘƻǇƛŎ άYŜȅ ŎƻƳǇŜǘŜƴŎŜǎ ƻŦ ŀ student of 
ǘƘŜ bŜǿ ¦ƪǊŀƛƴƛŀƴ {ŎƘƻƻƭέΣ ŀƳƻƴƎ ǿƘƛŎƘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ άŜƴǘǊŜǇǊŜƴŜǳǊƛŀƭ ŀƴŘ ƛƴƛǘƛŀǘƛǾŜέ ŎƻƳǇŜǘŜƴŎŜ ŀǊŜ ǾŜǊȅ ƛƳǇƻǊǘŀƴǘΦ  

Key words: language-methodical course, future language-teachers, student, high school, lesson of Ukrainian language, institution of higher 
pedagogical education, school program, textbook on Ukrainian language, entrepreneurial competence of the student, competence 
άŜƴǘǊŜǇǊŜƴŜǳǊǎƘƛǇ ŀƴŘ ƛƴƛǘƛŀǘƛǾŜέΦ  
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͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͍ͪͦ͋ͦͭ͜ όThe Future of Jobs Report, 2018). 

ˤ͙΅͔͊ͤ͊͘͘;͔ͤ͜ ͺ͙͊ͭͦͪ͟ ͙ͫͨͪΎΌͭΈ ͪͦͫͭ͊ͤͤ͘Ό ͨͦͨͯ͡Ύͪͤͦͫͭ͜ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ Ύ͟ ͍ͦͫͭͤ͜Έ͎ͦͦ ͔ͭͪͤ͒ͯ ͍ ̂ͪ͊ͤ͟͜͝ ͭ͊ ͍ͫͭ͜͜Φ 
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ͭ͊ ͋͊ͯ͘ΊͭΈͫΎ ͤ͊ ͙͍͊ͭͤͦͣͯ͟ ͍͙͙ͦͪͫͭ͊ͤͤ͟͜ ͫͯ;͙͊ͫͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ ͍͙͙ͪͦ͋ͤͼ͍ͭ͜Σ ˱˴́ ͚ ͍͙ͫͦͦͣͯ͟ ͔͔ͤͭͭͯ͊͜͟͡͡Έͤͦͣͯ ͍ͪͤ͜͜ 
ͺ͊ͻ͍͜ͼ͍͜Σ Ύ͟͜ ͋ͯ͒ͯͭΈ ͨͪ͊ͼΌ͍͙͊ͭ ͍ ͍ͯͣͦ͊ͻ ͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ ͔͙ͦͤͦͣ͟͜͟ ό˸͔ͦͪ͘ϧ˿͙ͭͪͯͭͤͫΈ͊͟ϧ͙̂ͣͪ͟Σ нлму; ˿ ͙ͭͪͯͭͤͫΈ͊͟Σ нлмф). 

˨͡Ύ ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͯ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ ͍ ̂ͪ͊ͤ͟͜͝ ͍͙͍͙͊͗ͣ͡ Ί ͍͙͍;͔ͤͤΎ 
͎͊ͪͯ͋͗ͤͦͦ͘͜ ͍͒ͦͫ͒ͯ͜ ͝͝ ͍ͤ͊;͊ͤͤΎ ͯ;͍ͤ͜ ͭ͊ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͍;͙͔͍ͭ͜͡ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Σ ͤ͊ ΅ͦ ͚ ͫͨͪΎ͍͔ͣͦ͊ͤ ͔͒͊ͤ 
͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ 

ˢͭͯ͊͟͡Έͤͫͭ͜Έ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ ˽͎͍͒ͦͭͦ͊͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͯ ͎͊ͯ͘͜͡ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͔ͨͦͭͪ͋ͯΊ ͍͔ͦͤͦͤͤ͡Ύ ͣͫͭͯ͘͜ 
͍ͤ͊;͊ͤͤΎ ΄͟͜͡Έͤͦ͝ ͭ͊ ͍͔͙͔ͯͤͪͫͭͭͫ͜Έͦ͟͝ ͍͙ͦͫͭ͜ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͍͙͎ͣͦ ͫΈ͎͔ͦͦ͒ͤͤΎΦ ̒͟ ͍͒ͦͣͦ͜Σ ͔ͪͦ͋ͦͭͦͭͻͤ͊͜͟ Ί ͔ͺ͔͙͍͙ͭͤͣ͟ 
͊ͫͦ͋ͦͣ͘ ͔͔ͤ͗ͤͪͤͦ͜͝ ͍͙ͦͫͭ͜ ΄ͦ͟͡Ύ͍ͪ͜ ͯ ͍ͫΈͦͣͯ ͍ͫͭ͜͜Φ ˨͡Ύ ͊ͯ͘͡;͔ͤͤΎ ͔͚͒ͭ͜ ͒ͦ ͔ͭͻͤ͜;ͤͦ͝ ͍ͭͦͪ;ͦͫͭ͜ ͜ ͙ͫͭͣͯ͡Ό͍͊ͤͤΎ ͍͙ͪͦͭͯ͘͟ 
͔͔͎ͤ͗ͤͪͤͦͦ͜ ͙͔ͣͫͤͤ͡Ύ ͔ͤͦ͋ͻ͒ͤ͜͜ ͍͊͟͜͡ͺ͍ͦ͊ͤ͜͟͜ ͍;͙͔ͭ͜͡Σ ͔͔ͦͣͨͭͤͭͤ͟͜ ͔ͤ ͭ͜͡Έ͙͟ ͘ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΣ ͺ͙͙͘͜͟Σ ͔͔͙ͭͪͦͤ͟͜͟͡Σ ͊ ͚ 
͘ ͔͙͙ͣͭͦ͒͟ ͍ͤ͊;͊ͤͤΎΣ ͔͎͎͙ͨ͒͊ͦ͜͟Σ ͙ͨͫͻ͎ͦͦ͜͡͝ ό˱ͦͤͤ͊͟͜Σ нлмуύΦ ́ͦͣͯ ͍͊͒͊ͤͤ͘Ύͣ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍͔͙͔͍ͯͤͪͫͭͭ͜͜ Ί ͎͍ͨ͒ͦͭͦ͊͜͟ 
͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͒͡Ύ ͙ͪͦ͋ͦͭ ͘͜ ΄ͦ͟͡Ύ͙ͪ͊ͣ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͫͯ;͙͊ͫͤͻ ͔͔ͭͤ͒ͤͼ͚͜Σ ͍ͫͭ͊ͤ͒͊ͪͭ͜ ͜ ͍͙͎ͣͦ ͫΈ͎͔ͦͦ͒ͤͤΎΣ ͍ ͭͦͣͯ 
;͙ͫ͜͡ ͚ ͚ͣ͊͋ͯͭͤ͜ͻ ͍;͙͔͍ͭ͜͡ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Φ 

͙́͊ͣ͟ ;͙ͤͦͣ ͤ͊ ͫΈ͎ͦͦ͒ͤ͜ ͙͍͎ͦͫͦ͋ͦͦ͡ ͤ͊͘;͔ͤͤΎ ͍ͤ͊͋ͯ͊ΌͭΈ ͙ͨͭ͊ͤͤΎ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͯ ͍ͤ͊;͊͡Έ͙͚ͤ 
ͨͪͦͼ͔ͫ ͍͊͊͒͘͟͜͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ Ύ͟ ͍ͦ͋ͦϥΎ͍ͦͦ͘͟͝ ͍ͫ͊͒ͦͦ͟͡͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ό˿͙ͭͪͯͭͤͫΈ͊͟Σ нлмфύΦ 

˽͙ͭ͊ͤͤΎ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡Σ Ύ͟͜ ͣͦ͗ͯͭ͘Έ ͍ͤ͊;͙͊ͭ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Σ ͎ͪͦ͘͡Ύ͒͊ΌͭΈͫΎ ͍ ͪͦ͋ͦͭ͊ͻ 
˹ΦˤΦ ˸ ͔ͦͪ͘Σ ˻Φ˿Φ ˸ ͙͊ͪͭͤΌ͊͟Σ ˾Φ˿Φ x ͔͔͘͡ͼΈ͎ͦͦ͟Σ ˸ΦˢΦ ˥ ͊͒ͯͤ͡Σ ˻ΦˤΦ ˭ ͊͒ͦͪͦ͗ͤͦ͝Σ ̑Φ˥Φ ˴ ͍ͦ͊͡Έ͍ͦ͊Σ ˤΦˢΦ ˴ ͦͪ͊͋͡Έ͍ͦ͊Σ 
́Φ˶Φ ˸ ͊ͯͪͦ͘͟Σ ˿Φ˿Φ ˽ ͊ͻ͊;ͯ͊͟Σ ˤΦˤΦ ̉ ͔͙ͪͤͻ ͭ͊ ͤ͜Φ 

ˤ ̂ͪ͊ͤ͟͜͝ ͙ͨͭ͊ͤͤΎͣ ͍͙ͪͦͭͯ͘͟ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ͪ͊ͣ͊͟ͻ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͍ ΄ͦ͊͟͡ͻ ͙ͨͪ͒͜͡ΎΊͭΈͫΎ ͔ͤ͒ͦͫͭ͊ͭͤΈͦ 
͍͎͙ͯ͊Φ ˲͝ ͍ͤ͊;͊ͤͤΎ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͔͙ͨͦ͒͘͜;ͤͦΥ ͯ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Σ ˱˴́Σ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͍ ͨͦ͊͘΄͟͜͡Έ͚ͤ͜ ͍ͦͫͭ͜͜Σ ͔͊͡ ͤ͊ 
ͼ͔͚ ;͊ͫ ͙͔͙͚ͫͫͭͣͤ ͨ͒͜ͻ͒͜ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ͯͪ͊ͤͫ͟͝Έ͙͟ͻ ΄ͦ͊͟͡ͻ ͍͚͒ͫͯͭͤ͜͜Φ ͔̇ ͍ͨͦϥΎ͊ͤͦ͘ ͘ ͙ͭͣΣ ΅ͦ ͊͘ 
͔͍͙͒ͪ͗͊ͤͣ ͫͭ͊ͤ͒͊ͪͭͦͣ ͍͙ͦͫͭ͜ ͤ͊ ͫΈ͎ͦͦ͒ͤ͜ ͔ͤ ͫͤͯ͜Ί ͔ͦͪͣͦ͟͝ ͍ͦͫͭͤ͜Έͦ͝ ͎͊ͯ͘͜͡ Ϧ˾͔ͦ͋ͦͭͦͭͻͤ͊͜͟Ϧ ό˿͙ͭͪͯͭͤͫΈ͊͟ϧˣ͍͊ͪ͊ͤͦ, 
2019). 

˻͒ͤ͊͟Σ ͙͍ͣͦ͗ͦͫͭ͜͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͯ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜ ΄͟͜͡Έ͙ͤͻ ͭ͊ ͨͦ͊͘΄͟͜͡Έ͙ͤͻ 
͍͊͊͒͘͟͜͡ ͍͙ͦͫͭ͜ ͎ͪͦ͘͡Ύ͒͊ΌͭΈ ͭ͊͟͜ ͍ͤ͊ͯͦ͟ͼ͜ ͭ͊ ͙͙ͨͪ͊ͭ͟͟Σ Ύ͟ ˹ΦˤΦ ˸ ͔ͦͪ͘Σ ˱Φ˻Φ s ͔ͪͫͤΈΊ͍Σ ˿Φ˿Φ x ͍͊ͪ͊ͤͦΣ ˢΦ˨Φ ʕ ͙͊ͫ͡Ό͟Σ 
˸ΦˢΦ ˥ ͊͒ͯͤ͡Σ ˱ ΦˤΦ ˴ ͭ͜Σ ˻Φ˥Φ ˴ ͭ͜Σ ˻Φ˸Φ ˴ ͙͍ͪͦͤͦͫΣ ˤΦ̑Φ ˶ ͯͼ͔ͤͦ͟Σ .˱ .˻ ˽ ͙ͻͭͤ͊͜Σ ˱ΦˣΦ ˿ ͔ͭͼ͔ͤͦ͟Σ ˹ΦˢΦ ̆ ͊ͪ͊͒͗Ύͤ ͭ ͊ ͤ͜Φ 

˨͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ ͔ͺ͔͙͍͙ͭͤ͟ͻ ΄͡Ύͻ͍͜ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ΄͙ͦ͟͡ ͭ͊ ͍͔͙͔͙ͯͤͪͫͭͭ͜ ͙̂ͪ͊ͤ͟͝ 
͍͙͍͙͊͗ͣ͡ ͺ͊ͭͦͪͦͣ͟ Ί ͍͙͍;͔ͤͤΎ ͍͍͎͒ͨͦ͒ͤͦͦ͜͜ ͎͊ͪͯ͋͗ͤͦͦ͘͜ ͍͒ͦͫ͒ͯ͜ ͝͝ ͍ͤ͊;͊ͤͤΎ ͭ͊ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡Φ ˹͊ ͔͔ͭͨͪ͜΄͚ͤ͜ ;͊ͫ 
ͼ͙ͣ ͙ͨͭ͊ͤͤΎͣ ͔͔ͫͪ͒ ͙͍͒ͦͫ͒ͤ͜͟͜͡ ͙͔ͨͪ͒ͤͦ͜͡ ͔ͤ͒ͦͫͭ͊ͭͤΈͦ ͍͎͙ͯ͊Φ ́ͦͣͯ ͊ͤ͊͘͘;͔ͤ͜ ͍ͣͪͯ͊ͤͤ͜͟Ύ ͜ ͍͙ͤ͊͘;͊ΌͭΈ ͊ͭͯ͊͟͡Έͤͫͭ͜Έ 
͎͒͊ͤͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ 

˸͔ͭͦΌ ͙ͤ͊ͨͫ͊ͤͤΎ ͫͭ͊ͭͭ͜ Ί ͍͙͍;͔ͤͤΎ ͎͊ͪͯ͋͗ͤͦͦ͘͜ ͍͒ͦͫ͒ͯ͜ ͍ͤ͊;͊ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ͊͊͒͊͘͟͡ͻ ΄͟͜͡Έͤͦ͝ ͭ͊ 
ͨͦ͊͘΄͟͜͡Έͤͦ͝ ͍͙ͦͫͭ͜Σ ͊ ͭ͊ͦ͗͟ ͍͒ͦͫ͒ͯ͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Τ ͘ϥΎ͍ͫͯ͊ͤͤΎ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͼΈ͎ͦͦ 
͍͒ͦͫ͒ͯ͜ ͒͡Ύ ͍ͤ͊;͊ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͯͪ͊ͤͫ͟͝Έ͙͟ͻ ΄ͦ͟͡Ύ͍ͪ͜ ͭ͊ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡Σ Ύ͟͜ ͋ͯ͒ͯͭΈ ͍ͤ͊;͙͊ͭ ͍ͦͫͭͤ͜Έͦ͝ 
͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Φ 

 
˸˩́˻˨ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 

̂ ͨͪͦͼ͔ͫ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͫ͟͡Έ ͭ͊͟͜ ͔͙ͣͭͦ͒ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ Ύ͟ ͙͔͙͚ͫͫͭͣͤ ͊ͤ͊͘͜͡ ͍͙ͤ͊ͯͦ͟ͻ ͜ ͔͙ͣͭͦ͒;͙ͤͻ 
͔͔͒͗ͪ͡ ͘ ͔͙ͨͪͦ͋ͣ͡ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͊ͤ͊͘͜͡ ͨͦͨͯ͡Ύͪͤͦͫͭ͜ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ Ύ͟ ͙ͨͪ͊͒ͤͦ͟͡͝ ͎͊ͯ͘͜͡ ͭ͊ ͍ͦͫͭͤ͜Έ͎ͦͦ ͔ͭͪͤ͒ͯΣ ͊ͤ͊͘͜͡ 
͔͒ͦͫ͒͗ͤ͜͡Έ ˤ͔͍ͫͫͭͤ͜Έ͎ͦͦ ͔ͦͤͦͣ͟͜;͎ͤͦͦ ͺͦͪͯͣͯ όWorld Economic Forum - ²9Cύ ͍ͫͭͦͫͦͤͦ ͍͙ͪͦͭͯ͘͟ ͨͪͦͺ͔͚ͫ͜ ͚ͣ͊͋ͯͭͤΈ͎ͦͦΤ 
͊ͤ͊͘͜͡ ˱͔͔ͤͭͪͤͭ-͔͔͒͗ͪ͡Σ ͙͍ͨͪͫΎ;͔͙ͤͻ ͍ͤ͊;͊ͤͤΌ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ̂ͪ͊ͤ͟͜͝ ͚ ͊͘ ͦͪ͒ͦͤͦͣ͟ ͭ͊ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͍;͙͔͍ͭ͜͡ 
͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Τ ͍ͨͦͪͤ͜ΎͤͤΎ ͙͊ͪͯ͋͗ͤ͘͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣ ͘ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ͊͊͒͊͘͟͡ͻ ΄͟͜͡Έͤͦ͝Σ ͨͦ͊͘΄͟͜͡Έͤͦ͝ 
ͭ͊ ͍͔͙͔ͯͤͪͫͭͭͫ͜Έͦ͟͝ ͍͙ͦͫͭ͜Φ 

 
˾˩˭̂˶̎́ˢ́ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 

˹͊ ͫΈ͎ͦͦ͒ͤ͜ ͔ͪͦ͋ͦͭͦͭͻͤ͊͜͟ Ί ͙ͦ͒ͤͣ ͘ ͚͍͙͍ͤ͊͊͗͜͡΄͙ͻ ͤ͊ͨͪΎ͍ͣ͜ ͍͍ͫͭͦͦ͜͝ ͤ͒ͯͫͭͪ͜͜͝Φ ˢͭͯ͊͟͡Έͤͫͭ͜Έ ͝͝ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ 
͍ͦͫͭͤ͜Ό ͎͊ͯ͘͡Έ ͍͔ͯͣͦͤ͊͘͡ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Ό ͎͍͙ͨ͒ͦͭͦ͜͟ ͔͔ͤ͗ͤͪͤͦ͜-͔ͭͻͤ͜;͙ͤͻ ͍͊͒ͪ͟͜ ͒͡Ύ ͙͍͙ͨͪͦͣͫͦ͡ͻ ͎͔͚͊ͯ͘͡Φ ˤ͙ ͙ͦͪͫͭ͊ͤͤ͟Ύ 
͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜ ͫͭ͊Ί ͍͔ͫ ͔͍͊ͭͪ͋ͯ͊ͤ͘͜΄͙ͣ ͔͔ͫͪ͒ ͍͊͊͒͘͟͜͡ ͍͙ͦͫͭ͜Σ ͨͪͦ ΅ͦ ͔͒ͭ͊͡Έͤͦ 
͎ͪͦ͘͡Ύͤͯͭͦ ͯ ό˿͙ͭͪͯͭͤͫΈ͊͟Σ нлмф). 

˻͍ͫͭͤ͜Ύ ͔ͪͦ͋ͦͭͦͭͻͤ͊͜͟ (educational robotics) ς ͔͔͙͚ͣ͗ͨͪ͒ͣͭͤ͜ ͤ͊ͨͪΎͣ ͍ͤ͊;͊ͤͤΎ ͯ;͍ͤ͜Σ ͯ ͨͪͦͼ͔ͫ͜ Ύ͎ͦͦ͟ 
͔͎ͤͭͪͯ͜ΌͭΈͫΎ ͤ͊ͤͤ͘Ύ ͘͜ STEM-͔͔͍ͨͪ͒ͣͭ͜ όͺ͙͙͘͜͟Σ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͔͙͙ͣ͊ͭͣ͊ͭ͟ύΣ ͊ ͭ͊ͦ͗͟ ͔͔͙͙͋ͪͤͭ͟͜͟Σ ͔ͣͻ͙͊ͭͪͦͤ͜͟ ͭ͊ 
ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ό˸͔ͦͪ͘ϧ˿͙ͭͪͯͭͤͫΈ͊͟ϧ͙̂ͣͪ͟Σ 2018)Φ ˹͍͊;͊ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍͍͒ͨͦ͒͊͜͜Ί ͔͒͜Ύͣ ͍͙͔͔ͨͪ͒͗͊͡Έ͎ͤͦͦ 
͍ͤ͊;͊ͤͤΎ ό͍ͤ͊;͊ͤͤΎ ͔ͭͻ͎͚ͤͦͦ͜͡Σ Ύ͟͜ ͋ͯ͒ͯͭΈ ͨͦͭͪ͋ͤ͜͜ ͍ ͚ͣ͊͋ͯͭͤΈͦͣͯύ ͜ ͍͒ͦͦ͘͡ΎΊ ͊ͯ͘͡;͙͙ͭ ͯ;͍ͤ͜ ͎ͪͤͦͦ͘͜ ͍ͯ͜͟ ͒ͦ ͨͪͦͼ͔ͫͯ 
͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ ͭ͊ ͍͎ͤ͊ͯͦͦͦ͟-͔ͭͻͤ͜;ͤͦ͝ ͍ͭͦͪ;ͦͫͭ͜Φ 

˾͎ͦ͘͡Ύ͔ͤͣͦ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍ͫͭͦͫͦͤͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ͙ͪͤ͘͜ͻ ͪ͊ͤ͊͟͝ͻ ͍ͫͭͯ͜ ͭ͊ 
͙͍ͦͫͦ͋ͦͫͭ͜͡ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡Σ Ύ͟͜ ͣͦ͗ͯͭΈ ͍ͤ͊;͙͊ͭ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Φ 

͍͔͚̐ͪͦͨͫΈ͟͜ ͙ͪ͊ͤ͟͝Φ ˻͙͒ͤͣ ͘ ͔ͨͪ΄͙ͻ ͍͙͐ͪͯͤͭͦͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͍ ͍̐ͪͦͨ͜Σ ͙͍ͨͪͫΎ;͔͙ͤͻ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͍;͙͔͍ͭ͜͡ 
͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Σ ͍͋ͯ ͔ͨͪͦͭ͟ TERECoP (Teacher Education in Robotics-enhanced Constructivist Pedagogical Methods), 
(www.terecop.eu). 

͍͔͚̐ͪͦͨͫΈ͙͚͟ ͔ͨͪͦͭ͟ ¢9w9/ƻt ς ͼ͔ ͔ͨͪͦͭ͟ ͣ͗͜ ͍͔͙͔͙ͯͤͪͫͭͭ͊ͣ͜ ˥͔ͪͼ͜͝Σ ˱ͭ͊͜͡͝Σ ̅ͪ͊ͤͼ͜͝Σ ˱ͫͨ͊ͤ͜͝Σ ͔̉ͻ͜͝ ͭ͊ ˾ͯͣͯͤ͜͝Σ Ύ͙͚͟ 
͙͍͍ͭͪ͊ ͨͪͦͭΎ͎ͦͣ 2006-нллф ͪͪΦ ˸͔ͭͦΌ ͔ͨͪͦͭͯ͟ ¢9w9/ƻt ͋ͯ͊͡ ͪͦͪͦ͋͊͘͟ ͍ͯͪͫ͟͜ ͒͡Ύ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡ ΄͡Ύͻͦͣ ͤ͊͒͊ͤͤΎ 
ͣ͝ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͍͍͍͙ͨͪͦ͊͒͗ͯ͊ͭ ͔͒͜͝ ͙͍ͦͤͫͭͪͯͭͫͭͫ͟͟͜Έ͎ͦͦ͟ ͍ͤ͊;͊ͤͤΎ ;͔͔ͪ͘ ͍ͦͫͭͤ͜Ό ͔ͪͦ͋ͦͭͦͭͻͤͯ͜͟Φ 

˭͊ ͔ͪͯ͘͡Έ͙ͭ͊ͭ͊ͣ ͎͒͊ͤͦͦ ͔ͨͪͦͭͯ͟ ͍ ͍ͤ͊;͊͡Έͤ͜ ͎͙ͨͪͦͪ͊ͣ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͍;͙͔͍ͭ͜͡ ͔͔ͫͪ͒ͤΈͦ͝ ͔ͭͻͤ͜;ͤͦ͝ ͍͙ͦͫͭ͜ 
ό͙͍ͭͪ͊ͫͭ͜͡Ό м ͪ͜͟ύ ͙̊ͦ͟͡ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͭ͊ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦ͝ ͍͙ͦͫͭ͜ ό˽͊ͭͪ͊ͫΣ ˥͔ͪͼ͜ΎύΣ ͨͦ;͙ͤ͊Ό;͙ ͘ нлмл-нлмм ͍ͤ͊;͊͡Έ͎ͤͦͦ ͪͦͯ͟Σ 
͍ ͯͪͫ͟ ͘ ͍ͦͫͭͤ͜͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍͍͔͙͚ͨͪͦ͊͒͗ͤ ͣͦ͒ͯ͡Έ ͘ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Φ ˴ͪͣ͜ ͎ͭͦͦΣ ͍ ͎ͨͪͦͪ͊ͣͯ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ 
͙ͨͪ͊ͭͯ͟͟Ό;͙ͻ ͍;͙͔͍ͭ͜͡ ͺ͙͙͘͜͟Σ Ύ͟͜ ͨͪͦͻ͙͙ͦ͒͡ ͔͔͎͍ͨͪͨ͒ͦͭͦͯ͜͟ ͍ ˢͺͤͫ͜Έͦͣͯ͟ ͍͔͙͔ͯͤͪͫͭͭ͜͜ ͯ нлмм ͪΦΣ ͋ͯͦ͡ ͭ͊ͦ͗͟ ͍͟͡Ό;͔ͤͦ 
͔ͪͦ͋ͦͭͦͭͻͤͯ͜͟Φ ͔͙́ͣ ͘ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ όмл ͎ͦ͒Φύ ͙͋ͯ͡ ͙͍ͨͪͫΎ;͔ͤ͜ ͺ͙͘͜;͙ͤͣ ͍ͦͫͤͦ͊ͣ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ό͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
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͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ Ύ͟ ͔ͤͫͭͪͯͣͤͭͯ͜ ͒͡Ύ ͍͙͍;͔ͤͤΎ Ύ͍͙΅ ͪͯͻͯ ͭ͊ ͍͙ͦͫͤͦͤͻ ͔͙ͤͣ͊ͭ͟͜;͙ͤͻ ͨͦͤΎͭΈΥ ;͊ͫΣ ͍͒ͫͭ͊ͤ͜ΈΣ ΄͍͙͒ͫͭ͟͜ΈΣ ͪͯͻ ͘ 
͚ͨͦͫͭͤͦ͜Ό ΄͍͙͒ͫͭ͟͜ΌΣ ͪͯͻ ͘͜ ͙͔ͨͪͫͦͪͤͦ͟Ό ΄͍͙͒ͫͭ͟͜Ό ͭͦ΅ͦύΣ ό!ƭƛƳƛǎƛǎΣ нлмнύΦ 

˽͍͙͚ͪͦ͊ͤ͊ͦ͊ͤ͘͜͡ ͙͚͊ͪͯ͋͗ͤ͘͜ ͍͒ͦͫ͒͜ ό5Ŝǘǎƛƪŀǎϧ!ƭƛƳƛǎƛǎΣ нлммΤ !ƭƛƳƛǎƛǎΣ нлмоΤ [ƛǘƛƴŀǎϧ!ƭƛƳƛǎƛǎΣ нлмоύ ͍ͨͦ͊͊͘͟Σ ΅ͦ ͍ 
Ί͍͔͚ͪͦͨͫΈ͙͟ͻ ͪ͊ͤ͊͟͝ͻ ͔ͤ ͫͤͯ͜Ί ͙͔͙ͫͫͭͣ͊ͭ;͎ͤͦͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ΄͟͜͡Έͤ͜ ͍ͤ͊;͊͡Έͤ͜ ͎͙ͨͪͦͪ͊ͣΦ ˣ͜͡Έ΄ͫͭ͜Έ 
͔͔͙͔͍ͫͨͪͣͤͭ͟͜Σ ͍ͨͦΩΎ͙͊ͤ͘ͻ ͘ ͍͍͔ͨͪͦ͊͒͗ͤͤΎͣ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫΣ ͙ͨͦ͊͊͘͟͡Σ ΅ͦΣ Ύ͟ ͍͙ͨͪ͊ͦ͡Σ ͝͝ ͔ͤ 
͔͎ͤͭͪͯ͜ΌͭΈ ͍ ͍͙͘;͚͊ͤ͜ ͙ͯͪͦ͟ ͍ ͊ͫ͟͜͡Φ ˭͊ͤΎͭͭΎ ͘ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ͍ͦͫͤͦͤͦͣͯ ͍ͨͪͦͦ͒ΎͭΈͫΎ ͨͫ͜͡Ύ ΄͙ͦ͟͡Σ ͯ ͍͙ͻ͒ͤ͜͜ ͒ͤ͜ ͊͋ͦ ͍ 
ͭͤ͜͜͡ͻ ͭ͊͋ͦͪ͊ͻ ό.ŜƴƛǘǘƛΣ нлмнύΦ ˻͒ͤ͊͟ ͎͋͊͊ͭͦ;͙͔ͫͤͤ͜͡ ͔ͪͦ͋ͦͭͦͭͻͤ͜;ͤ͜ ͙ͦͤͫͭͪͯͭͦͪ͟͟Σ ͔ͪͦͪͦ͋ͤ͘͜͡ ͍ нллл-ͻ ͪͦ͊͟ͻ ͜ 
͔ͯ͒ͦͫͦͤ͊ͤ͟͜͡ ͤ͊ ͫΈ͎ͦͦ͒ͤ͜ ό[9Dh aƛƴŘǎǘƻǊƳǎ b·¢Σ !ǊŘǳƛƴƻΣ /ǊƛŎƪŜǘǎ ͭ͊ ͤ͜ΦύΣ ͎͍͙ͨ͒ͦͭͯ͊͜͡ ͐ͪͯͤͭ ͒͡Ύ ͨͦͨͯ͡Ύ͙ͪ͊͘ͼ͜͝ ͍ͦͫͭͤ͜Έͦ͝ 
͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͔͔ͫͪ͒ ͯ;͍ͤ͜ ͜ ͔͍ͫͭͯ͒ͤͭ͜ ͋ͯ͒Έ-Ύ͎ͦͦ͟ ͍ͯ͜͟Φ 

̂ ͪͦ͋ͦͭ͜ (Alimisis, 2013) Ί͍͔͚ͪͦͨͫΈ͟͜ ͙͙͒ͦͫ͒ͤ͜͟͡ ͎ͯ͊͊͘͡Έ͙͙ͤ͡ ͍͒ͦͫ͒͜ ͍ͤ͊;͊ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Φ ˭͔ͦͪͣ͊͟Σ 
͙͙ͤͣ ͍͙͒͜͡ΎΌͭΈͫΎ ͭ͊͟͜ ͍ͦͫͤͦͤ͜ ͨ͒͜ͻ͙ͦ͒ ͒ͦ ͝͝ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ (Alimisis, 2009; Eguchi, 2010; 
Detsikas&Alimisis, 2011; Litinas&Alimisis, 2013; Alimisis, 2013): 

¶ ͔͙́ͣ͊ͭͦ͟-ͦͪ͜Ί͍͙͚ͤͭͦ͊ͤ ͨ͒͜ͻ͒͜ (Theme-Based Curriculum ApproachύΥ ͔͙ͦͣͨͦͤͤͭ͟ ͍ͤ͊;͊͡Έͤͦ͝ ͎͙ͨͪͦͪ͊ͣ 
͔͎͍ͤͭͪͦ͊ͤ͜͜ ͍ͤ͊ͦͦ͟͡ ͔ͫͨͼ͊͜͡Έͤͦ͝ ͍ͤ͊;͊͡Έͤͦ͝ ͔͙ͭͣ ͭ͊ ͍͙͍;͊ΌͭΈͫΎ ͔͒͋͘͜͡Έ΄͎ͦͦ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙ͣ͟ ΄͡ΎͻͦͣΦ 

¶ ˽͔ͪͦͭͤͦ͟-ͦͪ͜Ί͍͙͚ͤͭͦ͊ͤ ͨ͒͜ͻ͒͜ (Project-Based ApproachύΥ ͯ;ͤ͜ ό͔͙ͫͭͯ͒ͤͭύ ͨͪ͊ͼΌΌͭΈ ͯ ͎ͪͯͨ͊ͻ ͒͡Ύ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ 
͔ͨͪͦ͋ͣ͡ ͔ͪ͊͡Έ͎ͤͦͦ ͍ͫͭͯ͜Φ ˽͙͙ͪ͊͒͟͡ ͎ͭ͊ͦͦ͟ ͨ͒͜ͻͦ͒ͯ ͎ͪͦ͘͡Ύͤͯͭ͜ ͍ͤ͊ͯͦ͟ͼΎ͙ͣ ͯ Ί͍͔͚ͪͦͨͫΈͦͣͯ͟ ͔ͨͪͦͭ͟͜ TERECoP 
(Alimisis&Arlegui&Fava&Frangou&Ionita&Menegatti&Monfalcon&Moro&Papanikolaou&Pina, 2010). 

¶ ̇͜͡Έ͍͙͚ͦ ͨ͒͜ͻ͒͜ (Goal-Oriented ApproachύΥ ͙͒ͭ͜ ͎ͣ͊͊͘ΌͭΈͫΎ ͤ͊ ͦͤͯͪͫ͊͟͟ͻΣ ͭͯͪͤͪ͊͜ͻΣ ͺ͔͙͍ͫͭ͊͡Ύͻ ͘ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Σ 
Ύ͟͜ ͨͪͦͻͦ͒ΎͭΈ ͍ ͨͦ͊͘΄͟͜͡Έͤͦͣͯ ͺͦͪͣ͊ͭ͜ ό͙ͤ͊ͨͪ͊͒͟͡Σ FIRST Lego League (http://www.firstlegoleague.org), RoboCupJunior 
(http://www.robocupjunior.org), World Robotics hƭȅƳǇƛŀŘ ͭ͊ ͤ͜Φύ 

˱ͫͨ͊ͤ͜ΎΦ Crea Robotics Education (CREA) ς ͼ͔ ͫͨ͊ͤͫ͜Έ͊͟ ͦͣͨ͊ͤ͟͜ΎΣ Ύ͊͟ ͍͙ͨͪͦͦ͒ͭΈ ͙ͯͪͫ͟ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡ 
͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͭ͊ о5-͍͒ͪͯͯ͊ͤͤ͟ΎΣ ͍ͫͭͦͪΌΊ ͍ͤ͊;͊͡Έ͙͚ͤ ͔ͦͤͭͤͭ͟ ͜ ͎ͦͭͯΊ ͔͔͍ͭͪͤͪ͜ ͒͡Ύ ͎͍͙ͨ͒ͦͭͦ͜͟ ͒ͦ ͔ͪͦ͋ͦͭͦͭͻͤ͜;͙ͤͻ 
͎ͣ͊͊ͤ͘ΈΦ /w9! ͍͊ͫͤͦ͊ͤ͊͘ ˨͔͔ͨ͊ͪͭ͊ͣͤͭͦͣ ͔͔͙ͤ͗ͤͪͤ͜ͻ ͙͔ͫͫͭͣ ͜ ͍͙͙͊ͭͦͣ͊ͭ͟ ˸͙͊͒ͪ͒ͫΈ͎ͦͦ͟ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ˴͊ͪͦͫ͊͡ LLL ͍ 
ͪ͊ͣ͊͟ͻ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͎͙ͪͯͨ wƻōƻǘƛŎǎ[ŀōΦ ˴ͪͣ͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡ ͦͣͨ͊ͤ͟͜Ύ ͎͍ͦͪ͊ͤͦͯ͘͜Ί ͨͦ͊ͯͪͦ͘;ͤ͜ ͙ͯͪͫ͟Σ ͭͤ͜͜͡ ͊͘ͻ͙ͦ͒ ͘ 
͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͭ͊ о5-͍͒ͪͯͯ͊ͤͤ͟ΎΣ ͊ͤ͘ΎͭͭΎ ͒͡Ύ ͔͚͒ͭ͜ ͜ ͍ͨ͒ͭ͜͜͟͜͡Σ ͊ ͭ͊ͦ͗͟ ͍͙ͨͪͦͦ͒ͭΈ ͎͍ͨ͒ͦͭͦͯ͜͟ ͍ͤͫͭͪͯͭͦͪ͜͟͜ ͘ ͔͙ͭͣ 
Ϧ͔́ͻ͎ͤͦͦ͜͡͝Σ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͜ ͔ͪͦ͋ͦͭͦͭͻͤ͊͜͟ϦΦ ˴ͦͣͨ͊ͤ͜Ύ ͨͪ͊ͼΌΊ ͯ ͍ͫͨͨͪ͊͜ͼ͜ ͘ wƻōƻŎŀƳǇŜƻƴŜǎ ς ͔ͫͭͯ͒ͤͭͫΈ͙ͣ͟ 
͔ͪͦ͋ͦͭͦͭͻͤ͜;͙ͤͣ ͭͯͪͤͪͦͣ͜Σ ͊ ͭ͊ͦ͗͟ ͦͤͫͦͪ͟ͼͯͣͦͣ͜ wƻōƻŎƛǘȅнлол όǿǿǿΦrobocity2030.org) ς ͍ͤ͊ͯͦͦ͟Ό ͎ͦͪ͊ͤ͊͘͜ͼ͜ΊΌΣ ͔ͣͭͦΌ 
͒͜Ύ͡Έͤͦͫͭ͜ Ύͦ͟͝ Ί ͍͙ͪ͜΄͔ͤͤΎ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ ͍͊͒͊ͤ͘Έ ͍ͨͦͫΎ͔͎͒ͤͤͦͦ͟ ͙͗ͭͭΎ ͘ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔͔ͤͭͭͯ͊͜͟͡͡Έ͙ͤͻ ͍ͪͦ͋ͦͭ͜ ό/ǊŜŀ 
Robotica Educativa, RoboCity2030). 

RoboCity2030 ς ͼ͔ ͚ͤ͊͋͜͡Έ΄͙͚ ͔ͪͦ͋ͦͭͦͭͻͤ͜;͙͚ͤ ͔͊ͫͭͪ͟͡ ͍ ͍̐ͪͦͨ͜Σ Ύ͙͚͟ ͨͪ͊ͼΌΊ ͘ нллс ͪͦͯ͟Φ ˴ͦͤͫͦͪͼͯͣ͜ 
͍͔͙͚ͯͭͦͪͤ ΄ͫͭ͜Έͣ͊ ͍͙͙ͨͪͦ͒ͤͣ͜ ͍ͤ͊ͯͦͦ͟-͙͙͒ͦͫ͒ͤͣ͜͡ ͼ͔͙ͤͭͪ͊ͣ ˸͙͊͒ͪ͒͊ ͘ ͋͜͡Έ΄Σ ͤ͗͜ млл ͙͙͒ͦͫ͒ͤ͊ͣ͜͟͡ ͍ ͼ͚͜ ͎͊ͯ͘͜͡Φ 
˻͎ͪ͊ͤ͊͘͜ͼ͜Ύ ͺͤ͊ͤͫͯ͜ΊͭΈͫΎ ˸͙͊͒ͪ͒ͫΈͦ͟Ό ͎ͪͦͣ͊͒ͦΌ ͭ͊ ˿͙͙ͭͪͯͭͯͪͤͣ͟ ͺ͙ͦͤ͒͊ͣ ͍͔͚̐ͪͦͨͫΈ͎ͦͦ͟ ˿ͦΌͯ͘Φ ˻͍͙͙ͫͤͦͤͣ ͔͙ͭͣ͊ͣ 
͒͡Ύ ͍͙͍;͔ͤͤΎ Ί ͔͔͋ͨ͊͘͟ ͍ͪͦ͋ͦͭ͜Σ ͫͦͼ͊͜͡Έͤ͜Σ ͨͦ͡Έ͍ͦ͜Σ ͪΎ͍ͭͯ͊͡Έͤ͜ ͙ͪͦ͋ͦͭΣ ͙ͪͦ͋ͦͭ ͒͡Ύ ͍͙ͤ͊ͦ͟͡΄ͤΈ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͚ 
͍͊ͭͦͤͦͣͤ͜ ͭͪ͊ͤͫͨͦͪͭͤ͜ ͙͊ͫͦ͋͘Φ ˹͍͊ͯͦ͟͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͤ͊ ͋͊͘͜ wƻōƻŎƛǘȅнлол ͍ͨͪͦͦ͒ΎͭΈ ͍ͨͪͦ͒ͤ͜͜ ͫͨ͊ͤͫ͜Έ͟͜ ͍͔͙͔͙ͯͤͪͫͭͭ͜ ͒͡Ύ 
͎͍͙ͨ͒ͦͭͦ͜͟ ͍͙΅͙ͻ ͍͙ͤ͊ͯͦ͟ͻ ͍͊͒ͪ͟͜ (http://www .robocity2030.org/mision). 

˨͊ͤ͜ΎΦ ˨͊ͭͫΈ͊͟ ͦͣͨ͊ͤ͟͜Ύ [ŜƎƻ ς ͍͙͚ͨͪͦ͒ͤ͜ ͍͍͙͚ͫͭͦ͜ ͍͙͙ͪͦ͋ͤ͟ ͙͒ͭΎ;͙ͻ ͍ͦͤͫͭͪͯͭͦͪ͟͟͜Φ ̂ мфул ͪͦͼ͜ ͦͣͨ͊ͤ͟͜ΊΌ ͋ͯͦ͡ 
͍͔ͫͭͦͪͤͦ ͨ͒ͪͦ͒͘͜͜͡ Ϧ9ŘǳŎŀǘƛƻƴϦ ͒͡Ύ ͙ͪͦ͋ͦͭ ͍ ͎͊ͯ͘͜͡ ͍͙ͦͫͭ͜Σ ͔ͣͭͦΌ ͒͜Ύ͡Έͤͦͫͭ͜ Ύ͎ͦͦ͟ ͋ͯ͊͡ ͪͦͪͦ͋͊͘͟ ͍͙ͤͦͻ ͔ͭͻ͎͚ͤͦͦ͜͡ 
͍ͤ͊;͊ͤͤΎ ͜ ͍ͫͯͨͪͦ͒ͤͦ͜͝ ͨͪͦ͒ͯ͟ͼ͜͝ ͒͡Ύ ΄͟͜͡Σ ͒ͦ΄͟͜͡Έ͙ͤͻ ͍ͯͫͭ͊ͤͦ ͜ ͍͊͊͒͘͟͜͡ ͍͒ͦ͒͊ͭͦͦ͟͝ ͍͙ͦͫͭ͜Φ ˭͊ ол ͍ͪͦ͟͜ ͒͜Ύ͡Έͤͦͫͭ͜ 
͊ͤ͊͘͘;͔͎ͤͦͦ ͨ͒ͪͦ͒ͯ͘͜͜͡ ͋ͯ͊͡ ͔ͪͦͪͦ͋ͤ͊͘͡ ͼͫͤ͊͜͜͡ ͦͤ͟ͼ͔ͨͼ͜Ύ ͍ͤ͊;͊ͤͤΎΣ ͙͊ͫͦ͋͘ ͍ͤ͊;͊ͤͤΎ ͭ͊ ͔͙ͣͭͦ͒;ͤ͜ ͔͙ͣ͊ͭͪ͊͜͡Φ ˹͊ 
͔͔ͭͨͪ͜΄͚ͤ͜ ;͊ͫ ͒͜Ύ͡Έͤͫͭ͜Έ [ŜƎƻ Educatiƻƴ ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͔͚͒ͭ͜ ͍ͭͦͪ;͙ͻ ͍͙ͤ͊;ͦ͟Σ ͍͔ͫͭͦͪͤͤΎ ͙͙ͤͣ ͔͙ͨͪͦͭͤ͟ͻ 
ͪͦ͋ͭ͜Σ ͍ͫͨͨͪ͊͜ͼΌ ͍ ͦͣ͊ͤ͒͟͜Φ ˴ͪͣ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙ͫ͊ͣͻ ͍ͦͤͫͭͪͯͭͦͪ͟͟͜Σ ͦͣͨ͊ͤ͟͜ΊΌ ͔ͪͦͪͦ͋ͤͦ͘͡ ͙͙ͨͦͫ͋ͤ͜͟ ͒͡Ύ ͍;͙͔͍ͭ͜͡Σ 
ͪͦ͋ͦ;͜ ͦ͘΄͙͙ͭΣ ͍͙͙͒ͦ͒ͤ͜͟ ͭ͊ ͍͍͔͒ͨͦ͒ͤ͜͜ ͎͔ͨͪͦͪ͊ͣͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎΦ 

˭ ͔͔͙͙ͫͪ͒ͤ мффл-ͻ ͍ͪͦ͟͜ ͙ͪͦ͋ͦͭ [ŜƎƻ aƛƴŘǎǘƻǊƳ ͍ͫͭͦͪΌ͍͙͊ͫ͡Ύ ͯ ͍͙ͫͨͪͦ͋ͭͤ͜͜ͼ͍ͭ͜ ͘ ͊͋ͦͪ͊ͭͦͪ͜͡ΊΌ aŜŘƛŀ[ŀō 
˸͊ͫͫ͊;͔ͯͫͭͫΈ͎ͦͦ͟ ͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͙ͤͫͭͭͯͭͯ͜ όaL¢ύ ͍ ˿̊ˢ ͒͡Ύ ͍ͤ͊;͊ͤͤΎ ͭ͊ ͔͎͍ͭͪͤͤ͜͜Φ ˽͔͔ͦͨͪ͒ͤ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͙͍ͨͪͦͦ͒ 
ͨͪͦͺ͔ͫͦͪ ˿Φ ˽ ͔͚͔ͨͪͭΣ ͍͍͙ͫͨ͊ͫͤͦͤ͘͜͟ ͊͋ͦͪ͊ͭͦͪ͜͡͝ ΄ͭͯ;͎ͤͦͦ ͔͔ͤͭͭͯ͜͟͡ aL¢Φ ˨͔ͦͫ͒͗ͤͤ͜͡Ύ ͍ͤ͊ͯͦ͟ͼΎ ͭ͊ ͚͎ͦͦ ͍͙͍ͫͨͪͦ͋ͭͤ͜͜͟͜ 
͙ͨͦ͊͊͘͟͡Σ ΅ͦ ͯ ͍ͤ͊;͊͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣ͊ͻ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͍ͪͦ͋ͦͭ͜ ͯ;ͤ͜ ͔ͤ ͭ͜͡Έ͙͟ ͍ͤ͊͋ͯ͊ΌͭΈ ͎͋͊͊ͭΈͦͻ ͟͡Ό;͍͙ͦͻ ͍͙ͤ͊;ͦ͟Σ 
͙͍ͦͫͦ͋ͦ͡ ͍ ͎͊ͯ͘͜͡ ͔͙͍͎ͪ͊ͭͤͦͦ͟ ͭ͊ ͙͙ͪͭ͟;͎ͤͦͦ ͙͔ͣͫͤͤ͡ΎΣ ͊ ͚ Ϧ͔͎͙͍͙ͣͭ͊ͦͤͭͤ͟͜ͻ ͍͙ͤ͊;ͦ͟ϦΣ ͍;͊ͭΈͫΎ ͍;͙͙ͭͫΎΦ ˴ͪͣ͜ ͎ͭͦͦΣ ͍ ͙ͤͻ 
ͺͦͪͣͯΌͭΈͫΎ ͭ͊͟͜ ͔ͤͦ͋ͻ͒ͤ͜͜ Ύͦͫͭ͟͜ ͫͯ;͎͊ͫͤͦͦ ͺ͊ͻ͍͜ͼΎΣ Ύ͟ ͒͊ͭͤͫͭ͘͜Έ ͒ͦ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͜ ͔ͦͦͨͪ͊͟ͼ͜͝Φ ́͊͊͟ ͦͤ͟ͼ͔ͨͼ͜Ύ ͍ͤ͊;͊ͤͤΎ 
͙͍ͤ͊͊͘ΊͭΈͫΎ ͦͤͫͭͪͯ͟͟ͼͦͤͣͦͣ͘͜͜ (Papert, 1980; Papert, 1991). 

˹͊ ͔͔ͭͨͪ͜΄͚ͤ͜ ;͊ͫ ͍ͤ͊;͊͡Έ͙͚ͤ ͔ͪͦ͋ͦͭͦͭͻͤ͜;ͤ͜ ͙ͦͤͫͭͪͯͭͦͪ͟͟ [9Dh aƛƴŘǎǘƻǊƳǎ ͔͎͍ͤͭͪͦ͊ͤ͜͜ ͍ ͍ͤ͊;͊͡Έͤ͜ ͎͙ͨͪͦͪ͊ͣ 
͎͋͊͊ͭΈͦͻ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻ ͯͫΈ͎ͦͦ ͍ͫͭͯ͜Σ ͍͟͡Ό;͊Ό;͙ aL¢ ό˿̊ˢύΣ .Ǌƻǿƴ ¦ƴƛǾŜǊǎƛǘȅ ό˿̊ˢύΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aŀǊȅƭŀƴŘ 
ό˿̊ˢύΣ ¢ǳŦǘǎ ¦ƴƛǾŜǊǎƛǘȅ ό˿̊ˢύΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ŀǊƘǳǎ ό˨͊ͤ͜ΎύΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¦ǘǊŜŎƘǘ ό˹͔͙͒ͪ͊ͤ͒͜͡ύΣ ¢Ǌƛƴƛǘȅ /ƻƭƭŜƎŜ 5ǳōƭƛƴ 
ό˱ͪ͊ͤ͒͜͡ΎύΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aŀƴŎƘŜǎǘŜǊ όˤ͔͙͙ͦ͋ͪͭ͊ͤ͟͜͡Ύύ όˢ͔ͤ͒ͪΊ͍Σ нлмр) 

͔̉ͻ͜Ύ. ˨͍ͦͫ͒͜ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ͨͪͦͼ͔ͫ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͍;͙͔͍ͭ͜͡ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-
ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ό˱˴́ύ ͎ͪͦ͘͡Ύͤͯͭͦ ͯ ͔͒ͦͫ͒͗ͤͤ͜͜͡ ό¢ƻŎƘłőŜƪϧ[ŀǇŜǑΣ нлмнύΣ όнлмн ͪΦΣ ͊͟ͺ͔͒ͪ͊ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ 
͔ͭͻ͎͚ͤͦͦ͜͡ ͭ͊ ͍͙ͦͫͭ͜ ͺ͊ͯ͟͡Έ͔ͭͭͯ ͍͙ͦͫͭ͜ ˴͍͎͊ͪͦͦͦ͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͍ ˽ͪ͊͘͜ύΦ ˩͙ͣͨͪ͜;ͤ͊ ;͙͊ͫͭͤ͊ ͔ͨͪͦͭͯ͟ ͫ͊͒͊͊ͫ͟͡͡Έ ͘ 
͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͙ͤͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͍ͯͪͫ͟͜ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͤ͊ ͍ͦͫͤͦ͜ ͔͎ͣͭͦ͒ͦͦ͜͡͝ ͔ͨͪͦͭͯ͟ ¢9w9/ƻt ό!ƭƛƳƛƴƛǎΣ нллфύ ͍ 
͔͔ͫͪ͒ͤ͜ͻ ΄ͦ͊͟͡ͻ ͭ͊ ͤ͊ ͯͪͫ͊͟ͻ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͘ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͒͡Ύ ͍;͙͔͍ͭ͜͡ ˱˴́Φ ˾͔ͯ͘͡Έ͙ͭ͊ͭ ͔ͨͪͦͭͯ͟ ͙ͣ͊͡ 
͙͙͍͙͚ͨͦͭͤ͘ ͍͙͍ͨ͡ ͤ͊ ͯ;͙͍͊ͫͤ͟͜Σ ͍ͤ͊ͫ͒ͦ͜͟͡ ;͎ͦͦ ͘ϥΎ͍͙͙ͫ͡Έ ͙ͨͪͦͨͦ͘ͼ͜͝ ͨͪͦ ͍͔͔ͤͫͤͤΎ ͣͤ͘͜ ͒ͦ ͎͙ͨͪͦͪ͊ͣ ͎͍͙ͨ͒ͦͭͦ͜͟ 
͚ͣ͊͋ͯͭͤ͜ͻ ͍;͙͔͍ͭ͜͡ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͔͔͙͔ͫͨͪͣͤͭͯ͟Φ ˻͒ͤ͊͟Σ ͔ͨͪͦͭ͟ ͍͋ͯ ͦͪ͜Ί͍͙͚ͤͭͦ͊ͤ ͙͡΄͔ ͤ͊ ͎͊͊͘͡Έͤ͜ ͔͙͊ͫͨͭ͟ 
͍ͤ͊;͊ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Φ ˴͔͙ͦͤͪͭͤ͟ͻ ͙ͨͪͦͨͦ͘ͼ͚͜ ΅ͦ͒ͦ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͜͝ ;͔ͫΈͦ͟͝ ͍ͦͫͭͤ͜Έͦ͝ ͙͔͙ͫͫͭͣ ͭ͊ ͍ͯͣͦ 
ͺ͙͊ͭ͟;͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͍ ΄ͦ͊͟͡ͻ ͍͔͔ͤͫͤͦ ͔ͤ ͋ͯͦ͡ ό¢ƻŎƘłőŜƪϧ[ŀǇŜǑΣ нлмнύΦ 

˽ͪͦͭΎ͎ͦͣ нлмп ͪΦ ͊͟ͺ͔͒ͪ͊ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͭ͊ ͍͙ͦͫͭ͜ ͍͙ͨͪͦ͒ͦ͗͊͡ ͔͔͙͔ͫͨͪͣͤͭ͟ ͘ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ 
͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Σ ͒ͦͯ͡;͙͍΄͙ͫΈ ͒ͦ ͎͍͎ͪ͊ͤͭͦͦͦ ͔ͨͪͦͭͯ͟ ˴͍͎͊ͪͦͦͦ͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͍ ˽ͪ͊͘͜Φ ˸͔ͭͦΌ ͔ͨͪͦͭͯ͟ ͋ͯͦ͡ 
͍͟͡Ό;͔ͤͤΎ ͍ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ ͯ;͍ͤ͜Σ ͍͙͊͒͊͟͡;͍͜ ͭ͊ ͍;͙͔͍ͭ͜͡ ͔͔ͫͪ͒ͤΈͦ͝ ΄͙ͦ͟͡ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͤ͊ ͍ͦͫͤͦ͜ 
͙͍ͦͤͫͭͪͯͭͫͭͫ͟͟͜Έ͎ͦͦ͟ ͨ͒͜ͻͦ͒ͯ ͍ ͍ͦͫͭ͜͜Φ ˾͔͊͊͘͜͡ͼ͜Ύ ͔ͨͪͦͭͯ͟ ͋ͯ͊͡ ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ ͘ϥΎ͍ͫͯ͊ͤͤΎ ͔͍͊ͫͨͭ͟͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ͦͫͭͤ͜Έͦ͝ 
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͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜ ͔͔ͫͪ͒ͤ͜ͻ ΄͟͜͡ ͘ ͔ͣͭͦΌ ͍͙ͪͦͭͯ͘͟ ͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻ ͤ͊ͤ͘Έ ͭ͊ ͍͙ͤ͊;ͦ͟ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͍ 
ͯ;͍ͤ͜ ͔͔ͫͪ͒ͤ͜ͻ ΄͟͜͡ ͘͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύͣ ͙ͨͪ͊ͭ͟;ͤͦ-ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎ ͭ͊ ͍͍͒ͨͦ͒ͤͦ͜͜ ͔͍͊ͫͨͭ͟͜ ͎͍͙ͨ͒ͦͭͦ͜͟ 
͍;͙͔͍ͭ͜͡ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Φ 

˹͊ ͨͦ;͊ͭͯ͟ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͋ͯ ͔͙͚ͪͦͪͦ͋ͤ͘͡ ͍ͤ͊;͊͡Έ͙͚ͤ ͨ͊ͤ͡ ͯͪͫͯ͟ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ό͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ 
͔͔͙ͭͦͪͭ;͙ͤͻ ͍ͦͫͤͦ ͨͪ͊ͼΈ ˬΦ ˽͔͊͗͜Σ ˿Φ ˽͔͚͔ͨͪͭ͊ ͭ͊ ͤ͜ΦύΦ ˹͊ ͎͒ͪͯͦͣͯ ͔ͭ͊ͨ͜ ͍ ͯͫ͜ͻ ͨ͒ͪͦ͒͊͘͜͜͡ͻΣ Ύ͟͜ ͙͋ͪ͊͡ ͯ;͊ͫͭΈ ͯ 
͔͒ͦͫ͒͗ͤͤ͜͜͡Σ ͋ͯͦ͡ ͍͍͔ͨͪͦ͊͒͗ͤͦ ͔ͪͦͪͦ͋ͤͯ͘͡ ͙͔ͫͫͭͣͯ ͍ͯͪͫ͟͜ ͒͡Ύ ͯ;͍ͤ͜Σ ͍͙͊͒͊͟͡;͍͜ ͭ͊ ͍;͙͔͍ͭ͜͡ ͔͔ͫͪ͒ͤΈͦ͝ ΄͙ͦ͟͡Σ ͊ ͭ͊ͦ͗͟ 
͍͔͔ͨͪͦ͒ͤͦ ͝ͻ ͔͒ͭ͊͡Έ͙͚ͤ ͊ͤ͊͘͜͡Φ ˹͙͊ͫͭͯͨͤͣ ͪͦͦͣ͟͟ ͋ͯ͊͡ ͎͍ͨ͒ͦͭͦ͊͜͟ ͍͙͒ͪͯͦ͊ͤ͟ͻ ͭ͊ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͙͍ͨͦͫ͋ͤ͜͟͜ ͯͪͫͯ͟Σ 
ͪͦͪͦ͋͊͘͟ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͍ͣ͊ͭͪ͊͜͜͡Σ ͙͙͒͒͊ͭ͟;͙ͤͻ ͍͊ͫͦ͋͘͜ ͭ͊ ͍ͤ͊;͊͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣ ͒͡Ύ ͍ͯͪͫ͟͜ ͘ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ 
ό¢ƻŎƘłőŜƪϧ[ŀǇŜǑϧCǳƎƭƝƪΣ нлмтύΦ 

͙̂ͪͦ͟ ͨͪͦͻ͙͙ͦ͒͡ ͯ ͔ͫͨͼ͍͚͊ͦ͊ͤ͘͜͜͜͡ ˱˴́-͊͋ͦͪ͊ͭͦͪ͜͡͝ ͊͟ͺ͔͙͒ͪ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͭ͊ ͍͙ͦͫͭ͜ ˴͍͎͊ͪͦͦͦ͡ 
͍͔͙͔ͯͤͪͫͭͭͯ͜ ͍ ˽ͪ͊͘͜ ͭ͊ ͯ ΄ͦ͊͟͡ͻ-͔ͨ͊ͪͭͤͪ͊ͻΦ ˨ͦ ͔ͨͪͦͭͯ͟ ͋ͯͦ͡ ͊ͯ͘͡;͔ͤͦ мм ͍͙͊͒͊͟͡;͍͜Σ мф ͍;͙͔͍ͭ͜͡-͔͍ͫͭ͊͗ͪ͜Σ о ͔͔͙ͭͪͤͪ-
͙͙͒ͦͫ͒ͤ͜͟͡ ͭ͊ тф ͯ;͍ͤ͜ ͔͔ͫͪ͒ͤΈͦ͝ ΄͙ͦ͟͡Φ 

˾͔ͯ͘͡Έ͙ͭ͊ͭ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͔͙͙ͨ͒ͭͪ͒͜͡ ͎͔ͨͦͭͯ͘͜ ͨͪͦ ͔ͭΣ ΅ͦ ͍ͤ͊;͊͡Έͤ͜ ͔͙ͨͪͦͭ͟ ͘ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ Ί ͍͙͍͙͊͗ͣ͡ 
͔͎͎ͨ͒͊ͦ͜;͙ͤͣ ͔ͤͫͭͪͯͣͤͭͦͣ͜Σ Ύ͙͚͟ ͔ͣͦ͗ ͙͋ͯͭ ͍͙͙͙͚ͦͪͫͭ͊ͤ͟ ͒͡Ύ ͍͊ͫͦ͘ΊͤͤΎ ͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻ ͤ͊ͤ͘Έ ͭ͊ ͍͙ͪͦͭͯ͘͟ ͍͙ͤ͊;ͦ͟ 
͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͯ;͍ͤ͜ ͔͔ͫͪ͒ͤΈͦ͝ ΄͙ͦ͟͡Φ ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͍ͨͪͦͭ͟͜ ͘ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͙͍͔ͨͪͦ͘͡ ͒ͦ ͍͙ͨ͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ 
͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͍ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜ ό¢ƻŎƘłőŜƪϧ[ŀǇŜǑϧCǳƎƭƝƪΣ нлмтύΦ 

͍͔͚̊ͼ͊ͪ͜Ύ. ̂ ͍͔͚̊ͼ͊ͪ͜͝ ͘ нлмп ͪΦ ͨͦ нлму ͪΦ ͙͍͍ͭͪ͊ ͔ͨͪͦͭ͟ ¢Ƙƻƻƭ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ͪͦ͋ͦͭ͜ ¢ILaLh ͍ ΄ͦ͟͜͡Φ ˸͔ͭͦΌ 
͔ͨͪͦͭͯ͟ ͋ͯ͊͡ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͭ͊ ͍͔͔ͨͪͦ͒ͤͤΎ ͍ͦͫͭͤ͜͜ͻ ͊͘ͻ͍ͦ͒͜ ͒͡Ύ ͔͍͙͒ͪ͗͊ͤͻ ͜ ͙͍͙ͨͪ͊ͭͤͻ ΄͟͜͡ ͤ͊ ͍ͦͫͤͦ͜ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Φ ˽͔ͪͦͭ͟ 
ͺ͍͍ͤ͊ͤͫͯ͊ͫ͜Ύ ͍͔͚̊ͼ͊ͪͫΈ͙ͣ͟ ͤ͊ͼͦͤ͊͜͡Έ͙ͤͣ ͍͙ͤ͊ͯͦͣ͟ ͺͦͤ͒ͦͣ ό{b{Cύ ͍ ͪ͊ͣ͊͟ͻ ͎͙ͨͪͦͪ͊ͣ ˢgora ͜ ͍͋ͯ ͔͙͚ͪͦͪͦ͋ͤ͘͡ ͍ 
͊͋ͦͪ͊ͭͦͪ͜͡͝ ͔ͪͦ͋ͦͭͦͭͻͤ͜;͙ͤͻ ͙͔ͫͫͭͣ ό[{whύ ͔ͨͦͭ͜͡ͻͤ͜;ͤͦ͝ ΄͙ͦ͟͡ ͙͔ͣͫͭͼ͍ͭ ˶͙ͦ͊ͤͤ͘Φ ˽͔ͪͦͭ͟ Ϧ˾͙ͦ͋ͦͭ ͍ ͊ͫ͟͜͡Ϧ ͙ͨͪͤ͊͘;͔͙͚ͤ 
͒͡Ύ ͍ͤ͊;͊ͤͤΎ ͍;͙͔͍ͭ͜͡ ͭ͊ ͍͙ͨ͒͜΅͔ͤͤΎ ͝ͻ ͙͍ͣͦͭ͊ͼ͜͝ ΅ͦ͒ͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ΄ͦ͊͟͡ͻΦ ˨͡Ύ ͼΈ͎ͦͦ ͍͙͊͒͊͟͡;͊ͣ 
ˢ͔͊͒ͣ͟͜͝ ͔ͭͻͤ͜;͙ͤͻ ͤ͊ͯ͟ {!¢² ͍͙ͨͪͦͨͦͤͯ͊ͫ͡Έ ͔͎͙ͭͪͤͤ͜ ͭ͊ ͙ͯͪͫ͟Σ Ύ͟͜ ͚ͤ͊͘΄͙͡ ΄͙ͪͦͯ͟ ͙ͨ͒ͭͪͣͯ͜͟ ͯ ͺ͍͙ͪ͊ͤͦͣͦͤ͟ͻ ͪ͊ͤ͊͟͝ͻ 
͍͙̐ͪͦͨ όCƻƴŘǎ bŀǘƛƻƴŀƭ {ǳƛǎǎŜύΦ 

͔̋ ͙ͦ͒ͤͣ ͔ͨͪͦͭͦͣ͟ ͘ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ͍͔͚̊ͼ͊ͪ͜͝ ͍͋ͯ ͔ͨͪͦͭ͟ twŜ{hΦ ͔̇ ͙͚ͨͦͭͤ͜͡ ͔ͨͪͦͭ͟ 
͘ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Σ Ύ͙͚͟ ͙͍͍ͭͪ͊ ͘ нлмр ͪΦ ͨͦ нлмт ͪΦ ˤ ͤΈͦͣͯ ͍͘Ύͦ͡ ͯ;͊ͫͭΈ мт ͍;͙͔͍ͭ͜͡ ͒ͦ΄͟͜͡Έ͙ͤͻ ͭ͊ 
ͨͦ;͍͙͊ͭͦ͟ͻ ΄͟͜͡ ˽͍͔͒ͤͤͦ͜͝ ͍͔͚̊ͼ͊ͪ͜͝Φ ˻͍ͫͤͦͤͦΌ ͔ͣͭͦΌ ͔ͨͪͦͭͯ͟ ͋ͯͦ͡ ͍͙ͨ͒͜΅͔ͤͤΎ ͔͔ͤͭͪͫͯ͜ ͔͚͒ͭ͜ ͒ͦ ͍͙͍;͔ͤͤΎ ˱˴́ ͭ͊ 
STEM-͔͔͍ͨͪ͒ͣͭ͜ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Φ ˻͒ͤ͊͟Σ ͍͍͍͙ͨͪͦ͊͒͗ͯ͊ͭ ͔ͪͦ͋ͦͭͦͭͻͤͯ͜͟ ͍ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ ΄͙ͦ͟͡ 
͒ͦͫͭ͊ͭͤΈͦ ͫ͊͒ͤͦ͟͡ ͊͘ ͍ͯͣͦ ͺ͙͊ͭ͟;ͤͦ ͍͒ͫͯͭͤͦͫͭ͜͜ ͙͙͒͒͊ͭ͟;͙ͤͻ ͔͍ͣ͊ͭͪ͊͜͜͡Φ ˴ͪͣ͜ ͎ͭͦͦΣ ;͊ͫͭͦ ͍;͙͔ͭ͜͡ ͙͚ͫͨͪͣ͊ΌͭΈ 
͔ͪͦ͋ͦͭͦͭͻͤͯ͜͟ Ύ͟ ΅ͦͫΈ ͊ͤ͊͒ͭͦ͘ ͍͔͊͗͟Φ ˨͡Ύ ͨͦ͒ͦ͊ͤͤ͡Ύ ͼ͙ͻ ͔͔ͨͪ΄ͦ͒͟ ͜ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ΄͙ͦ͟͡ 
͒ͦ ͙ͫ͒ͤ͜͡ͼΈ͊͟ ͎ͪͯͨ͊ ͙ͪͦͪͦ͋͊͘͡ ͦͤ͟ͼ͔ͨͼ͜Ό ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡ ͘ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͭ͊ ͎͍ͨ͒ͦͭͯ͊͊͜͡ мт ͍;͙͔͍ͭ͜͡Φ ˽ͪͦ 
͙͙͍ͨͦͭͤ͘͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ͍ͫ͒͜;͙ͭΈ ͔ͭΣ ΅ͦ ͋͜͡Έ΄ͫͭ͜Έ ͍;͙͔͍ͭ͜͡-ͯ;͙͍͊ͫͤ͟͜ ͍͟͡Ό;͙͙͡ ͔ͪͦ͋ͦͭͦͭͻͤͯ͜͟ ͍ ͍ͫͦ͝ 
͍ͤ͊;͊͡Έͤ͜ ͎͙ͨͪͦͪ͊ͣ (Negrini, 2019). 

ˢ͍ͫͭͪ͜ΎΣ ˹͔ͣ͜;;͙ͤ͊Φ ˤ͙͍;͔ͤͤΎ ͍͒ͦͫ͒ͯ͜ ͍ͤ͊;͊ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ˢ͍ͫͭͪ͜͝ ͭ͊ ˹͔ͣ͜;;͙ͤ͜ ͨͦ͊͊ͦ͘͟͡Σ ΅ͦ ͍ ͼ͙ͻ 
ͪ͊ͤ͊͟͝ͻ ͔ͤͣ͊Ί ͙͔͙ͫͫͭͣ͊ͭ;͎ͤͦͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͯ ͍ͤ͊;͊͡Έͤ͜ ͎͙ͨͪͦͪ͊ͣ ͍͊͊͒͘͟͜͡ ͍͙ͦͫͭ͜Φ ˴ͪͣ͜ ͎ͭͦͦΣ ͨ͒͜ͻ͙ͦ͒ ͒ͦ 
͍ͤ͊;͊ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͣ͊ΌͭΈ ͔͙͔͙͚ͤͫͫͭͣͤ ͻ͔͊ͪ͊ͭͪ͟Σ ͍ ͍ͦͫͤͦͤͦͣͯΣ ͎͍ͦͪ͊ͤͦ͊ͤ͘͜͜ Ύ͟ ͙ͯͪͫ͟ ͒͡Ύ ͯ;͍ͤ͜ ͭ͊ ͍;͙͔͍ͭ͜͡ 
ͯ ͨͦ͊͘΄͟͜͡Έͤͦͣͯ ͺͦͪͣ͊ͭ͜Φ ˻͒ͤ͊͟Σ ͍ ͔͒Ύ͙͟ͻ ΄ͦ͊͟͡ͻ ͔ͪͦ͋ͦͭͦͭͻͤͯ͜͟ ͨͦ;͙ͤ͊ΌͭΈ ͔͎͍͙ͤͭͪͯ͊ͭ͜ ͍ ͍͙͘;͚͊ͤ͜ ͍ͤ͊;͊͡Έͤ͜ ͎͙ͨͪͦͪ͊ͣ 
(Bredenfeld&Hofmann&Steinbauer, 2010). 

˿͍ͦ͊͟͜͡ΎΦ ˽͙ͪ͊ͭ͊͟͟ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ͍ͦͫͭ͜͜ ͍ ˿͍ͦ͊͟͜͡͝ ͨͦ͒͋ͤ͊͜ ͒ͦ ˢ͍ͫͭͪ͜͝ ͭ͊ ˹͔ͣ͜;;͙͙ͤΦ ́͊͟Σ 
͙ͤ͊ͨͪ͊͒͟͡Σ ͤ͊ ͍ͦͫͤͦ͜ ͍ͫͨͨͪ͊͜ͼ͜ ͍ͤ͊ͯͦ͟ͼ͍͜ ͘ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ˴͔ͦͣͤͫΈ͎ͦͦ͟ ͭ͊ ˿͍ͦ͊͡ͼΈ͎ͦͦ͟ ͔ͭͻͤ͜;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͍ ͔͔͚ͫͪ͒ͤ͜ 
΄ͦ͟͜͡ ˣ͙͍͙ͪ͊ͭͫ͊͡ ͍͋ͯ ͎͍͙͚ͦͪ͊ͤͦ͊ͤ͘͜ ͨͦ͊ͯͪͦ͘;͙͚ͤ ͯ͋͟͡ ͘ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Σ ͨͫ͜͡Ύ ;͎ͦͦ ΄ͦ͊͟͡ ͍͙ͪ͜΄͙͊͡ ͍͟͡Ό;͙͙ͭ ͣͦ͒ͯ͡Έ ͘ 
͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ͍ͤ͊;͊͡Έͤͯ ͎ͨͪͦͪ͊ͣͯ ͘ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Φ ˭͔ͦͪͣ͊͟Σ ͯ ͊ͤ͊͘͘;͔ͤͦͣͯ ͣͦ͒ͯ͜͡ ͔͔ͨͪ͒͋͊;͔ͤͦ ͍͙͍;͔ͤͤΎ ͙ͭ͊͟ͻ 
͍͙ͦͫͤͦͤͻ ͔ͭͣΣ Ύ͟ ͚͔ͦͤ͊ͦͣͤͤ͘͡Ύ ͘ ͙ͨͪͤͼ͙͙ͨ͊ͣ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Τ ͍ͨͦ͋ͯ͒ͦ͊ ͔͔͚ͣͦ͒͡ ͘ ͙͙ͪͤͣ͘͜ ͒͊ͭ;͙͙͊ͣ͟Τ ͪͯͻ ͪͦ͋ͦͭ͊ ͨͦ 
ͤ͜͜͡͝Τ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͪͦ͋ͦͭ͊-ͺͯͭ͋ͦͫͭ͊͜͡ ͚ ͤ͜Φ (tŜǘǊƻǾƛőϧ.ŀƭƻƎƘΣ нллу) 

˻͒ͤ͊͟Σ ͍ ͼͦͣͯ͜͡ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ ΄͙ͦ͟͡ ˿͍ͦ͊͟͜͡͝ ͙ͨͦ͟ ΅ͦ ͔ͤ ͎͍ͦͭͦ͜ ͒ͦ ΄͙͎ͪͦͦͦ͟ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ 
͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫΦ 

͍͔͚̐ͪͦͨͫΈ͙͚͟ ͔ͨͪͦͭ͟ woboESLΦ ˽͔ͪͦͭ͟ woboESL (Robotics-based learning intervention for prevention school failure 
and Early School Leaving), (www.roboesl.eu) ς ͼ͔ ͔ͨͪͦͭ͟ 9w!{a¦{Ҍ ͘ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͊͘ ͯ;͊ͫͭΌ ͍͔͙͔͍ͯͤͪͫͭͭ͜͜ 
˥͔ͪͼ͜͝Σ ˱ͭ͊͜͡͝ ͭ͊ ˶͍͊ͭ͜͝Φ ˤͤ͜ Ί ͍ͤͤͦ͊͜ͼ͚͙ͤͣ͜ ͍ ͭͦͣͯ ͔ͫͤͫ͜Σ ΅ͦ ͔ͪͦ͋ͦͭͦͭͻͤ͊͜͟ ͍͙ͫͭͯͨ͊Ί ͔ͤͫͭͪͯͣͤͭͦͣ͜ ͍ͤ͊;͊ͤͤΎ ͒͡Ύ ͔͚͒ͭ͜Σ Ύ͟͜ 
͙͙ͪͯ͘͟ΌͭΈ ͙͙͙͙ͨͪͨͤͭ ͍ͤ͊;͊ͤͤΎ ͍ ΄ͦ͟͜͡ ͍͒ͦͫͭͪͦͦͦ͟Φ ˸͔ͭͦΌ ͔ͨͪͦͭͯ͟ ͋ͯͦ͡ ͊ͯ͘͡;͔ͤͤΎ ͭ͊ͦ͟͝ ͔͎͊ͭͦͪ͟͜͝ ͯ;͍ͤ͜ ͒ͦ ͒ͪͯ͗ͤΈ͎ͦͦ 
͍ͤ͊;͊͡Έ͎ͤͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊Σ Ύ͔͟ ͔ͣͦ͗ ͍͍͙͙͒ͤͦͭ͜ ͝ͻ ͍͔͍͔ͨͤͤͫͭ͜ΈΣ ͍͙ͨ͒͜΅͙͙ͭ ͫ͊ͣͦͦͼͤͯ͜͟Σ ͫͺ͍͙ͦͪͣͯ͊ͭ ͙͙͍ͨͦͭͤ͘͜ ͫͦͼ͊͜͡Έͤ͜ 
͍͙ͤ͊;͙͟ ͭ͊ ͍͙͊ͨͪͦͨͦͤͯ͊ͭ͘ ΄͡Ύͻ͙ ͒ͦ ͍͔ͨͪͦ͒ͦ͗ͤͤΎ ͍ͤ͊;͊ͤͤΎ ͍ ΄ͦ͟͜͡Φ ˽͔ͪͦͭ͟ ͙͍͍ͭͪ͊ ͘ нлмр ͪ Φ ͨͦ нлмт ͪΦ ˭͔ͦͪͣ͊͟ ͍ 
ͪ͊ͣ͊͟ͻ ͚͎ͦͦ ͔ͪ͊͊͘͜͡ͼ͜͝ ͋ͯͦ͡ ͔ͪͦͪͦ͋ͤͦ͘͡ ͍ͤ͊;͊͡Έͤͯ ͎ͨͪͦͪ͊ͣͯ ͒͡Ύ ͍;͙͔͍ͭ͜͡Σ Ύ͟͜ ͋ͯ͒ͯͭΈ ͍ͤ͊;͙͊ͭ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ 
(Alimisis, 2019). 

͙́ͪ ͨͦͭͤ͜͜͡ ͍ͤ͊;͊͡Έͤ͜ ͙ͯͪͫ͟ ͘ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍͍͙ͫͯͨͪͦͦ͒͗ͯ͊ͫ͡Έ ͙ͪͦ͋ͦͭ͊ͣ ͍ ΄͟͜͡Έ͙ͤͻ ͊ͫ͊͟͡ͻ ͯͫ͜ͻ ͭͪΈͦͻ ͪ͊ͤ͟͝-
ͯ;͙͊ͫͤͼΈΦ ˽͙ͪ ͼΈͦͣͯΣ ͍͙͊͒͊͟͡;͜ ͙ͣ͊͡ ͙͍ͣͦ͗ͫͭ͜͡Έ ͔͍͙ͪ͊ͯ͊ͭ͘͜͡ ͔͙͚ͪͦͪͦ͋ͤ͘͡ ͨ͒͜ͻ͒͜ wobo9{[ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͘͜ 
͍͙ͫͦͣ͝ ͯ;ͤΎ͙ͣ ό͍ͦͣ͜͟ мо-мт ͍ͪͦ͟͜ύΦ 

͙́͊ͣ͟ ;͙ͤͦͣΣ ͍ͦͫͭͤ͜Ύ ͔ͪͦ͋ͦͭͦͭͻͤ͊͜͟ ͍ͨͦͫͭͯͨͦͦ ͍ͻ͙ͦ͒ͭΈ ͯ ͍ͤ͊;͊͡Έͤ͜ ͎͙ͨͪͦͪ͊ͣ Ί͍͔͚ͪͦͨͫΈ͙͟ͻ ΄͟͜͡Φ 
˿̊ˢΦ ˽͙ͭ͊ͤͤΎͣ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ͍ͦͫͭ͜͜ ͍ ˿ͨͦͯ͡;͔͙ͤͻ ̊ͭ͊ͭ͊ͻ ˢ͔͙͙ͣͪ͟ ͙ͨͪ͒͜͡ΎΊͭΈͫΎ ͤ͊͘;ͤ͊ ͍͎ͯ͊͊Φ 

˹͊ͪ͊͘͜ ͋͜͡Έ΄ͫͭ͜Έ ͊ͤ͘ΎͭΈ ͘ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ Ί ͙͙ͨͦ͊͊ͫͤͣ͘͟͡ όͭͦ͋ͭͦ ͨͪͦͻͦ͒ΎͭΈ ͍ ͙͙͚ͨͦ͊͊ͯ͒ͭͦͪͤ͘ ;͊ͫύ ͊͋ͦ ͔͍ͪ͊ͦͯ͘͜͡ΌͭΈͫΎ ͍ 
ͭͤ͜͜͡ͻ ΄ͦ͊͟͡ͻΦ 

̂ нллл ͪͦͼ͜ ͍ ˿̊ˢ ˹͊ͼͦͤ͊͜͡Έ͙͚ͤ ͔͔͙͚ͤ͗ͤͪͤ͜ ͼ͔ͤͭͪ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ όbw9/ύ ͯ ͫ͊͒͟͜͡ ˢ͔͊͒ͣ͟͜͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ 
˴͔͎͊ͪͤ͜-˸͔ͦͤ͊͡͡Σ ͨͪͦͺ͍͙͚ͤ͊ͤͫͦ͊ͤ͜ b!{!Σ ͙͍ͪͦͪͦ͋͘ ͔ͨͪͦͭ͟ ͭ͊͋ͦͪͯ ͘ ͔ͪͦ͋ͦͭͦͭͻͤͦ͜͟Ό ͒͡Ύ ͔͚͒ͭ͜Φ ˱͔͒Ύ ͍͙Ύ͍͙͊ͫ͡Ύ 
͒ͦͫͭ͊ͭͤΈͦ͝ ͍͒͊ͦ͡ΌΣ ͭͦͣͯ ͙͔͒ͪͭͦͪ͟ bw9/ ˨Φ ˣ͔͊ͪͫ ͍͙ͪ͜΄͙͍ ͍͙͙ͫͭͦͪͭ ˢ͔͊͒ͣ͟͜Ό ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ˱͙ͤͫͭͭͯͭͯ ˴͔͎͊ͪͤ͜-˸͔ͦͤ͊͡͡ 
(CMRA - /ŀǊƴŜƎƛŜ aŜƭƭƻƴΩǎ wƻōƻǘƛŎǎ !ŎŀŘŜƳȅύΣ όǿǿǿΦŎƳǳΦŜŘǳκǊƻōƻǘƛŎǎŀŎŀŘŜƳȅύΦ ˸͔ͭͦΌ ͺͯͤ͟ͼ͍ͦͤͯ͊ͤͤ͜Ύ /aw! ͋ͯͦ͡ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙͍ͣͦͭ͊ͼ͚͙ͤ͜ͻ ͔͍͊ͫͨͭ͟͜ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͒͡Ύ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ΄ͦ͟͡Ύ͍ͪ͜ ͜ 
͊ͯ͘͡;͔ͤͤΎ ͝ͻ ͒ͦ {¢9a-͍͙ͦͫͭ͜ ό˱ͦͤͤ͊͟͜Σ нлмуύΦ 
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˽͔͊ͪ͊͡͡Έͤͦ ͘ ͪͦ͋ͦͭͦΌ ͘͜ ΄ͦ͟͡Ύ͙ͪ͊ͣ ˢ͔͊͒ͣ͟͜Ύ ͫͨ͜͡Έͤͦ ͘ ͍͙͊͒͊͟͡;͙͊ͣ ˱͙ͤͫͭͭͯͭͯ ˴͔͎͊ͪͤ͜-˸͔ͦͤ͊͡͡ ͪͦͪͦ͋͘͡Ύ͊͡ 
͎͙ͨͪͦͪ͊ͣ ͎͍͙ͨ͒ͦͭͦ͜͟ ͔͎͎͍ͨ͒͊ͦ͜ ͘ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Φ ˤ ͤ͊ͫͭͯͨͤ͜ ͙ͪͦ͟ /aw! ͋ͯͦ͡ ͔ͪͦͪͦ͋ͤͦ͘͡ ͔ͦͣͨͫ͟͟͡ ͍ͤ͊;͊͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣ 
͒͡Ύ ͯ;͍ͤ͜ ͍͒͜ мл ͒ͦ мт ͍ͪͦ͟͜Σ Ύ͙͚͟ ͍͟͡Ό;͍͊ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͍ͪͦ͋ͦͭ͜ ͒͡Ύ ͙͊ͨ͊ͪ͊ͭͤͻ ͨ͊ͭ͡ͺͦͪͣ [9DhΣ ±9· ͜ !ǊŘǳƛƴƻΣ 
͍ͤ͊;͊͡Έͤ͜ ͔͙ͣ͊ͭͪ͊͜͡ ͘ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͍͙ͣͦ͊ͣ [9Dh wh.h[!. ϰΣ [9Dh b·¢-Graphical, LEGO EV3-Graphical, ROBOTC, 
ROBOTC Graphicaƭ ͜ [ŀō±L9²Φ /aw! ͭ͊ͦ͗͟ ͋ͯͦ͡ ͔ͪͦͪͦ͋ͤͦ͘͡ ͔͙ͣ͊ͭͪ͊͜͡ ͭ͊ ͔͔ͪͦͣͤ͒͊͟ͼ͜͝ ͒͡Ύ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͭ͊͋ͦͪͯ ͘ 
͔ͪͦ͋ͦͭͦͭͻͤͦ͜͟ΌΣ ͊ ͭ͊ͦ͗͟ ͍͔͔ͨͪͦ͒ͤͦ ͎͋͊͊ͭͦ ͦͤ͟ͺ͔͔ͪͤͼ͚͜ ͒͡Ύ ͍;͙͔͍ͭ͜͡ ό!ǘǿƻƻŘΣ нлмлύΦ 

˨ͦ ͔͔ͭͨͪ͜΄ͤΈ͎ͦͦ ;͊ͫͯ /aw! ͎͍ͦͪ͊ͤͦͯ͘͜Ί ͔ͪͦ͋ͦͭͦͭͻͤ͜;ͤ͜ ͎ͣ͊͊ͤͤ͘ΎΣ ͍͙ͨͪͦͦ͒ͭΈ ͙ͯͪͫ͟Σ ͔͎͙ͭͪͤͤ͜ ͭ͊ ͦͤ͟ͺ͔͔ͪͤͼ͜͝ ͒͡Ύ 
͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Σ ͪͦͪͦ͋͘͡ΎΊ ͍ͤ͊;͊͡Έͤ͜ ͙ͨ͊ͤ͡ ͭ͊ ͔͙ͣ͊ͭͪ͊͜͡Φ ˢ͔͊͒ͣ͟͜Ύ ͫͨ͜͡Έͤͦ ͘ ͔͙ͨ͊ͪͭͤͪ͊ͣ ͍͙ͨͪͦͦ͒ͭΈ 
͙͒ͦͫ͒ͤ͜͡ͼΈͯ͟ ͪͦ͋ͦͭͯ ΅ͦ͒ͦ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͒͡Ύ ͊ͯ͘͡;͔ͤͤΎ ͍ {¢9aΦ ˹͊ ͙͚͒͊ͤ ;͊ͫ /aw! ͔ͭͪͤͯΊ ͜ ͔͙ͫͪͭͺͯ͜͟Ί 
͋͜͡Έ΄͔ млл ллл ͍;͙͔͍ͭ͜͡ ͨ͒͜ ;͊ͫ ͍͔͔ͨͪͦ͒ͤͤΎ ͙͔͍͙ͭ͗ͤͻ ͭͤ͜͜͡ͻ ͍ͭ͊͋ͦͪ͜ ͜ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͚ͦͤ͊ͤ͡-͍ͯͪͫ͟͜Φ 

 ˭2015 ͪΦ ͨͦ нлму ͪΦ ͍ /aw! ͊͘ ͙͙ͨ͒ͭͪͣ͜͟ ˹͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͍͎ͤ͊ͯͦͦͦ͟ ͺͦͤ͒ͯ ͙͍͍ͭͪ͊ ͔ͨͪͦͭ͟ Ϧ˭ͣͤ͊͜ ͯ͟͡Έ͙ͭͯͪ ͍ ͊ͫ͊͟͡ͻ 
͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Ϧ ό//w/ύΣ ͍ͦͫͤͦͤͦΌ ͔ͣͭͦΌ Ύ͎ͦͦ͟ ͋ͯͦ͡ ͨͦΊ͒ͤ͊ͤͤΎ ͔ͪͦ͋ͦͭͦͭͻͤ͜;͙ͤͻ ͎ͣ͊͊ͤ͘Έ ͘ ͍ͤ͊;͊͡Έ͙͙ͤͣ ͎͙ͨͪͦͪ͊ͣ͊ͣ ͒͡Ύ 
͎͍͙ͨ͒ͦͭͦ͜͟ ͯ;͙͔͍ͭ͜͡ ͒͡Ύ ͍ͤ͊;͊ͤͤΎ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͤ͊ ͯͪͦ͊͟ͻ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Φ 

ˤ ͤ͜΄͙ͻ ͍͔͙͔ͯͤͪͫͭͭ͊͜ͻ ͔ͪͦ͋ͦͭͦͭͻͤ͊͜͟ ͍ ͍ͦͫͤͦͤͦͣͯ ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͘ ͙͙ͫͯͣ͗ͤͣ͜ ͙ͯͪͫ͊ͣ͟ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͭ͊κ͊͋ͦ 
͔ͭͻ͙ͤ͜͟ όEguchi, 2014). 

˹͙͊ͨͪ͊͒͟͡Σ ͔͙͊ͣͪ͊ͤͫ͟Έ͟͜ ͙͙͒ͦͫ͒ͤ͜͟͡ WΦ Flot, C. Schunn, A. Lui, R. {ƘƻƻǇ ͍ ͍ͫͦ͝ͻ ͍͙ͤ͊ͯͦ͟ͻ ͨͯ͋͊͜͟͡ͼ͜Ύͻ ͎ͪͦ͘͡Ύ͒͊ΌͭΈ 
͙͍ͣͦ͗ͦͫͭ͜͡ ͔͎ͤͭͪ͊͜ͼ͜͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͘ ͤ͜ͺ͙ͦͪͣ͊ͭͦ͟ΌΦ ˨͙͙ͦͫ͒ͤ͜͟͡ ͍͍͊͗͊ΌͭΈΣ ΅ͦ ͙ͪͦ͋ͦͭ ς ͔ͺ͔͙͍͙͚ͭͤ͟ ͔ͤͫͭͪͯͣͤͭ͜ ͒͡Ύ 
͍ͤ͊;͊ͤͤΎ ͍͙͋͊ͦ͘ͻ ͙ͨͪͤͼ͙͍ͨ͜ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Σ ͔ͦͪͣ͊͘͟ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ όCƭƻǘϧ{ŎƘǳƴƴϧ[ǳƛϧ{ƘƻƻǇΣ нлмнύΦ 

˾ͤ͘͜͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍ ˿̊ˢ ͫͨͪΎ͍ͣͦ͊ͤ͜ ͤ͊ ͍͙͍;͔ͤͤΎ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͯ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎ 
͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΣ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ ͺ͙͙͘͜͟Σ ͎͔͔ͦͣͭͪ͜͝ ͭͦ΅ͦΦ ˭͔ͦͪͣ͊͟Σ ͍͘ϥΎ͙͘͟ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͘ ͔͙ͣ͊ͭͣ͊ͭͦ͟Ό ͎ͪͦ͘͡Ύͤͯͭ͜ ͍ 
͙͔͒ͫͪͭ͊ͼ͚͚ͤ͜͜ ͪͦ͋ͦͭ͜ 9ΦaΦ {ƛƭƪ ό¦ƴƛǾŜǊǎƛǘȅ ƻŦ tƛǘǘǎōǳǊƎƘύΣ ͍ Ύ͚͟͜ ͍͊ͭͦͪͦͣ ͋ͯͦ͡ ͔͒ͦͫ͒͗ͤͦ͜͡ ΄͡Ύͻ͙ ͔͎ͤͭͪ͊͜ͼ͜͝ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͘ 
͔ͪͦ͋ͦͭͦͭͻͤͦ͜͟ΌΣ ͊ ͭ͊ͦ͗͟ ͎ͪͦ͘͡Ύͤͯͭͦ ͔͙ͪͫͯͪͫ ͒͡Ύ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎ ͍ͪͦ͋ͦͭ͜ ό{ƛƭƪΣ нлммύΦ 

˱͔͎ͤͭͪ͊ͼ͜Ό ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͘͜ STEM-͔͔͙ͨͪ͒ͣͭ͊ͣ ͯ ͨͪͦͼ͔ͫ͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡ ͔͒ͦͫ͒͗ͤͦ͜͡ ͯ ͪͦ͋ͦͭ͜ ώолϐΦ 
˭͔ͦͪͣ͊͟Σ ͔͙ͭͣ͊ͭ;ͤ͜ ͣͦ͒ͯ͜͡ ͘ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͨͪͦͨͦͤͯΊͭΈͫΎ ͍͍͍͙͋ͯ͒ͦͯ͊ͭ ͍ ͔͙ͣ͊ͭͣ͊ͭͯ͟Σ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎΣ ͔͔͔ͤ͗ͤͪͤ͜ 
͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͭ͊ ͔ͨͪͦ͋ͣͤͦ͡-ͦͪ͜Ί͍͔ͤͭͦ͊ͤ ͍ͤ͊;͊ͤͤΎΦ 

˾ͦͫ͜ΎΦ ˹͊ ͨͦ;͊ͭͦ͟ нлмф-нлнл ͍ͤ͊;͊͡Έ͎ͤͦͦ ͪͦͯ͟ ͍ ͚ͪͦͫͫ͜Έ͙͟ͻ ΄ͦ͊͟͡ͻ ͔ͤͣ͊Ί ͔͎ͦͪͣͦͦ͟ ͔͔ͨͪ͒ͣͭͯ Ϧ˾͔ͦ͋ͦͭͦͭͻͤ͊͜͟ϦΦ 
˽͙ͦ͟ ΅ͦ ͔ͪͦ͋ͦͭͦͭͻͤ͊͜͟ ͨͦ΄͙͔ͪͤ͊Σ ͍ ͍ͦͫͤͦͤͦͣͯΣ Ύ ͍͒ͦ͒͊ͭͦ͟͟ ͍͊ͦͫͭ͊͜ ͍ ͨͦ͊͘΄͟͜͡Έͤͦͣͯ ͺͦͪͣ͊ͭ͜Φ ˢ͔͡ ͊͘ ͔ͨͪͦͭͦͣ͟ ͍͎ͤͦͦͦ 
͔͍͎͒ͪ͗͊ͤͦͦ ͍ͦͫͭͤ͜Έ͎ͦͦ ͫͭ͊ͤ͒͊ͪͭͯ ͝͝ ͨ͊ͤͯ͡ΌͭΈ ͍͍͙͙ͨͪͦ͊͒ͭ ͍ ͍ͦͫͭͤ͜Ό ͎͊ͯ͘͡Έ Ϧ͔́ͻ͎ͤͦͦ͜͡͝ϦΦ 

˭͎͒ͤͦ͜ ;͙ͤͤͦ͝ ͍ͦͫͭͤ͜Έͦ͝ ͎͙ͨͪͦͪ͊ͣ ͔͔ͫͪ͒ͤΈͦ͝ ͎͊͊͘͡Έͤͦ͝ ͍͙ͦͫͭ͜Σ ΅ͦ ͒͜Ί ͍ ˾ͦͫ͜͝ ͘ нлмр ͪΦΣ ͍ͤ͊;͊ͤͤΎ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ 
͔͔ͨͪ͒͋͊;͔ͤͦ ͔͙͙ͦͪͣͣ͟ ͔͙ͭͣ͊ͣ ͍ ͯͪͫ͟͜ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ όͯ ͍͚ͣͫͭͦ͘͜͜ ͤ͜͜͡͝ Ϧˢ͎͙͙ͦͪͭͣ͡ ͭ͊ ͔͔͔͙ͣͤͭ͡ ͎͍ͨͪͦͪ͊ͣͯ͊ͤͤΎϦύ ͭ͊ 
͔ͭͻ͎͚ͤͦͦ͜͡ όͯ ͍͚ͣͫͭͦ͘͜͜ ͤ͜͜͡͝ Ϧ˿ͯ;͊ͫͤ͜ ͔ͣ͊ͭͪ͊͜͡Έͤ͜Σ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͭ͊ ͎ͯͣ͊ͤͭ͊ͪͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͭ͊ ͔͔͙͍͙ͨͪͫͨͭ͟ ͝ͻ ͍͙ͪͦͭͯ͘͟ϦύΣ 
ό˽͙͔ͪͣͪͤ͊Ύ ͍ͦͫͤͦͤ͊Ύ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ͊Ύ ͎ͨͪͦͪ͊ͣͣ͊ ͔͔͎ͫͪ͒ͤͦ ͦ͋΅͔͎ͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΣ нлмрύΦ ˭͔ͦͪͣ͊͟Σ ͘ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ 
͔͔ͨͪ͒͋͊;͔ͤͦ ͍͙͍;͔ͤͤΎ ͙ͭ͊͟ͻ ͔ͭͣΣ Ύ͟ ͍͊ͭͦͤͦͣͤ͜ ͙ͪͦ͋ͦͭ ͜ ͍͙͍͊ͭͦͣ͊ͭͦ͊ͤ͘͜ ͔͙ͦͣͨͫ͟͟͡Τ ͔ͣͪͦͦͤͭͪͦͪ͜͟͟͡Σ ͙͎ͫͤ͊͡Σ ͍͙͚ͦͪͦͭͤ͘ 
͍͘ϥΎͦ͘͟Υ ͙ͦͭͪͣ͊ͤͤΎ ͙͎͍ͫͤ͊͜͡ ͍͒͜ ͼ͙ͺ͍͙ͪͦͻ ͒͊ͭ;͙͍͟͜ όͭͦͪ͊ͤͤ͟ΎΣ ͍͒ͫͭ͊ͤ͜͜Σ ͍ͫͭ͊͜͡Σ ͍ͯͯ͘͟ ͭ͊ ͤ͜ΦύΤ ͎ͪͦ͘͡Ύ͒ ͙͍ͨͪ͊͒͟͜͡ 
͙͍͙ͪͦ͋ͦͭͦ͊ͤ͘ͻ ͙͔ͫͫͭͣ ͜ ͍͙͊ͭͦͤͦͣͤͻ ͪͯͻ͙ͦͣͻ ͍ͪͦ͋ͦͭ͜Τ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͒͡Ύ ͙ͪͦͪͦ͋͘͟ ͎ͨͪͦͪ͊ͣ ͍ͯͨͪ͊ͤͤ͜͡Ύ 
ͪͯͻ͙͙ͦͣͣ ͙ͪͦ͋ͦͭ͊ͣ ͭ͊ ͔ͪ͊͊͘͜͡ͼ͜Ύ ͔͒Ύ͙͟ͻ ͎͙͍͊ͦͪͭͣ͜͡ ͝ͻ ͙ͪͦ͋ͦͭ ό͙ͤ͊ͨͪ͊͒͟͡Σ Ϧͪͯͻ ͒ͦ ͔͔ͨͪ΄͙ͦ͒͟ϦΣ Ϧͨͪͦͻ͔ͦ͒͗ͤͤΎ ͍͍͒ͦ͗͘ 
ͤ͜͜͡͝Ϧ ͜ ͭΦͨΦύΣ ͎͔ͤ͊͊ͦ͒͗ͤͤ͡Ύ ͎͙ͨͪͦͪ͊ͣ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͪͦ͋ͦͭͦͣ ͭ͊ ͤ͜Φ 

˴ͪͣ͜ ͎ͭͦͦΣ ͍ ˾ͦͫ͜͝ ͒͜Ί ͔ͦͣͨͫͤ͊͟͟͡ ͎ͨͪͦͪ͊ͣ͊ Ϧ˾͍͙ͦͭͦ͘͟ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͜ ͔͔͔͍ͤͨͪͪͤͦ͝ L¢-͍͙ͦͫͭ͜ϦΣ 
͍͔͔͊ͭͪ͒͗ͤ͊͘ ˢ͍ͭͦͤͦͣͤͦΌ ͔͔ͤͦͣͪ͟ͼ͚ͤͦ͜Ό ͎ͦͪ͊ͤ͊͘͜ͼ͜ΊΌ Ϧˢ͎͔͍ͤͭͫͭͦ ͍ͤͤͦ͊͜ͼ͚͎ͤͦͦ͜ ͍͙ͪͦͭͯ͘͟Ϧ ͍ нлмп ͪΦ ˽͎ͪͦͪ͊ͣ͊ 
ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ ͍͙ͪͦͭͦ͘͟ ͍ ͪ͊ͤ͟͜͝ ͙͔͙ͫͫͭͣ ͔͔͔͍ͤͨͪͪͤͦ͝ ͍͙ͦͫͭ͜ ͍ ͎͊ͯ͘͜͡ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͦͣͨ͟ϥΌ͔͎ͭͪͤͦͦ 
͔ͣͦ͒͡Ό͍͊ͤͤΎΣ ͔ͣͻ͙͊ͭͪͦͤ͜͟Σ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͭ͊ ͍ͤ͊ͯͦͦ͟-͔ͭͻͤ͜;ͤͦ͝ ͍ͭͦͪ;ͦͫͭ͜ ό˴ͯ͘Έͣͤ͊͜Σ нлмтύΦ 

˹͊ ͫΈ͎ͦͦ͒ͤ͜΄͚ͤ͜ ͔͒ͤΈ ͍ ˾ͦͫ͜͝ ͔ͤͣ͊Ί ͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ Ϧ͔͎͎ͨ͒͊ͦ ͘ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Ϧ ͜ ͔ͤ ͫͤͯ͜Ί ͍͍͒ͨͦ͒ͤͦ͜͜͝ ͎͙ͨͪͦͪ͊ͣ 
͎͍͙ͨ͒ͦͭͦ͜͟ ͒͡Ύ ͍͋͊͊͊ͪ͊ͭͯ͟͡Φ ˻͒ͤ͊͟Σ ͪΎ͒ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍͔͙͔͍ͯͤͪͫͭͭ͜͜ ͔ͯ͗ ͍͍͔͙͡ ͍ ͒͜Ό ͎ͨͪͦͪ͊ͣͯ ͎͔ͣ͊ͫͭͪͫ͜Έͦ͟͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͊͘ 
ͤ͊ͨͪΎͣͦͣ Ϧ˾͔ͦ͋ͦͭͦͭͻͤ͊͜͟Σ ͔ͣͻ͊ͭͪͦͤ͊͜͟ ͜ ͔͔ͭͪͦͤ͊͟͜͟͡ ͍ ͍ͦͫͭ͜͜ϦΦ ˢ͔͡ ͔ͤ ͔ͦ͗ͤ͟ ͯ;͙͔ͭ͡Έ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͊͋ͦ ͺ͙͙͘͜͟ ͎͍͙͚ͦͭͦ 
͍͙ͫͭͯͨ͊ͭ ͒ͦ ͎͙ͣ͊ͫͭͪ͊ͭͯͪ͜Σ ͔͊͒͗ ͭ͊͊͟ ͎͍ͨ͒ͦͭͦ͊͜͟ ͍͙͎ͣ͊͊Ί ͎͋͊͊ͭͦ ;͊ͫͯ ͜ ͙ͫ͡ ͍͒͜ ͍;͙͔ͭ͡ΎΣ Ύ͙͚͟ ͜ ͭ͊͟ Ί ͊ͤ͊͒ͭͦ͘ 
͔͔͍͔͙ͨͪ͊ͤͭ͊͗ͤͣ ό˱ͦͤͤ͊͟͜Σ нлмуύΦ 

˹͊ ͙͚͒͊ͤ ͔ͣͦͣͤͭ ͚ͤ͊ͣ͊ͫ΄ͭ͊͋ͤ͜΄ͦΌ ͎ͨͪͦͪ͊ͣͦΌ ͘ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͯ ͎͊ͯ͘͜͡ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ Ί ͎ͨͪͦͪ͊ͣ͊ 
Ϧ˾͔ͦ͋ͦͭͦͭͻͤ͊͜͟Φ ˱͔͔ͤ͗ͤͪͤͦ-͔ͭͻͤ͜;ͤ͜ ͙͊͒ͪ͟ ͍ͤͤͦ͊͜ͼ͚ͤͦ͜͝ ˾ͦͫ͜͝ϦΦ ˽͎ͪͦͪ͊ͣ͊ ͍͍͔ͨͪͦ͊͒͗ͤ͊ ͘ нллу ͪΦ ˢ ͔ͫ͊ͣ ͤ͊ ͋͊͘͜ ͨ͊͊͡ͼ͍͜ 
͙͒ͭΎ;ͦ͝ ͍ͭͦͪ;ͦͫͭ͜ ͍ͫͭͦͪΌΌͭΈͫΎ ͔͎ͪͦͤ͊͜͡Έͤ͜ ͔ͪͫͯͪͫͤ͜ ͼ͔͙ͤͭͪΣ Ύ͟͜ ͔͔͊͋ͨ͘͘;ͯΌͭΈͫΎ ͔ͤͦ͋ͻ͙͒ͤͣ͜ ͦ͋͊͒ͤ͊ͤͤ͡Ύͣ ͭ͊ ͍ͤ͊;͊͡Έͤͦ-
͔͙ͣͭͦ͒;͙͙ͤͣ ͔͙ͣ͊ͭͪ͊͊ͣ͜͡Φ ˽͍͙ͪͦͦ͒ͭΈͫΎ ͍͔͙͊͟͡ ͟͜͡Έͫͭ͟͜Έ ͣͫ͜ͼ͔͍͙ͻ ͜ ͔͎ͪͦͤ͊͜͡Έ͙ͤͻ ͎ͣ͊͊ͤ͘Έ ͘ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Σ Ύ͟͜ 
͍͔͊ͪ͘΄ͯΌͭΈͫΎ ͍͔͚ͫͪͦͫͫ͜Έ͙ͣ͟ ͔ͪͦ͋ͦͭͦͭͻͤ͜;͙ͤͣ ͺ͔͙͍͔ͫͭ͊ͣ͡ Ϧ˾͔ͦ͋ͦ̅ͫͭϦ όˤ͔͎͔ͤͪΣ нлмоύΦ 

́͊ͦ͗͟ ͯ ˾ͦͫ͜͝Σ ͨͦ;͙ͤ͊Ό;͙ ͘ нлмн ͪͦͯ͟Σ ͔͎ͪͯ͡Ύͪͤͦ ͍ͨͪͦͦ͒ΎͭΈͫΎ ͪͤͦͣ͊ͤͭͤ͘͜͜͜ ͙ͯͪͫ͟ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͒͡Ύ 
͍;͙͔͍ͭ͜͡Σ Ύ͟͜ ͎͍ͦͪ͊ͤͦͯ͘͜ΌͭΈͫΎ ˾͚ͦͫͫ͜Έͦ͟Ό ͎ͦͪ͊ͤ͊͘͜ͼ͜ΊΌ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ό˱ͦͤͤ͊͟͜Σ нлмуύΦ 

ˢ͊ͭͫ͘͜Έ͟͜ ͙ͪ͊ͤ͟͝Φ ̂ ˽͍͔͚͒ͤͤ͜͜ ˴͔ͦͪ͝Σ ̒ͨͦͤ͜͝ ͭ͊ ˴͙ͭ͊͝ Ί ͙͙ͨͦͫ͋ͤ͜͟ ͘ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͒͡Ύ ͍;͙͔͍ͭ͜͡Σ ͔ͪͦͪͦ͋ͤ͘͜͡ ͒͡Ύ 
͎͙͒ͦͨͦͣͦ ͍;͙͔ͭ͡Ύͣ ͙ͨͪ ͪͦ͋ͦͭ͜ ͍ ͊ͫ͟͜͡ ό9ƎǳŎƘƛΣ нлмпύΦ 

˿͎ͤ͊ͨͯͪ͜Φ ̂ ˿͎ͤ͊ͨͯͪ͜͜ ͔ͪͦ͋ͦͭͦͭͻͤͯ͜͟ ͍͟͡Ό;͔ͤͦ Ύ͟ ͝ͻ ͯ ͺͦͪͣ͊͡Έͤ͜Σ ͭ͊͟ ͜ ͔ͤͺͦͪͣ͊͡Έͤ͜ ͍ͤ͊;͊͡Έͤ͜ ͎͙ͨͪͦͪ͊ͣΦ ˿͎ͤ͊ͨͯͪ͜ 
͊͊͒͊͘͟͡Ί ͍ͦͫͤͦͯ ͒͡Ύ ͍͙ͪͦͭͯ͘͟ ΄ͭͯ;͎ͤͦͦ ͔͔ͤͭͭͯ͜͟͡ ;͔͔ͪ͘ ͍ͦͫͭͯ͜Φ ̂ ͪ͊ͣ͊͟ͻ ͎͙ͨͪͦͪ͊ͣ ¢ŜŎƘ{ƪƛƭƭǎ !ŎŎŜƭŜǊŀǘƻǊ ͯͪΎ͒ ͙ͪ͊ͤ͟͝ 
͚͒ͫͤ͘͜ΌΊ ͍͒͜ ͤ͜͜ͼ͙͍͙͊ͭ͜ ͒͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻ ͍͙ͤ͊;ͦ͟Σ Ύ͟͜ ͙ͫͨͪΎ͙ͭͣͯͭΈ ͍͙ͪͦͭͯ͘͟ ͣͫ͜ͼ͔͍ͦ͝ ͔͙͔͙ͦͫͫͭͣ͟Φ 
˾͔ͦ͋ͦͭͦͭͻͤ͊͜͟ Ί ;͙͊ͫͭͤͦΌ ͼ͜Ί͝ ͎͙ͨͪͦͪ͊ͣΦ ˻͒ͤ͜ΊΌ ͘ ͙ͭ͊͟ͻ ͤ͜͜ͼ͙͍͊ͭ͜ Ί ͪͦͪͦ͋͊͘͟ ͒͡Ύ ͎ͪͦͣ͊͒ͫΈͦͫͭ͟͜ ͔͋ͦ͘͟΄͍͙ͭͦͤͻ ͎ͨͪͦͪ͊ͣ 
͒͡Ύ ͚͔ͦͤ͊ͦͣͤͤ͘͡Ύ ͝ͻ ͘ ͔ͨͦͭͤͼ͊ͦͣ͜͡ ͔ͭͻ͎͚ͤͦͦ͜͡ ΄ͭͯ;͎ͤͦͦ ͔͔ͤͭͭͯ͜͟͡Φ ˹͙͊ͨͪ͊͒͟͡Σ ͔ͨͪͦͭ͟ Ϧ!L ŦƻǊ 9ǾŜǊȅϦ όϦ̊ͭͯ;͙͚ͤ ͔͔ͤͭͭ͜͟͡ 
͒͡ Ύ ͍ͫ͜ͻϦύ ͫͨͪΎ͍͙͚ͣͦ͊ͤ ͤ͊ ͊ͯ͘͡;͔ͤͤΎ мл ллл ͫͯ͡ͻ͊;͍͜Σ ͍͟͡Ό;͊Ό;͙ ͯ;͍ͤ͜ ͔͔ͫͪ͒ͤΈͦ͝ ΄͙ͦ͟͡ ͭ͊ ͨͪ͊ͼΌΌ;͙ͻ ͙͒ͦͪͦͫ͡ͻΦ 

˴͙͚ͭ͊Φ ˾͔ͦ͋ͦͭͦͭͻͤ͊͜͟ ͍ ˴͙ͭ͊͝ ͔͒ͯ͗ ͨͦͨͯ͡Ύͪͤ͊ ͜ ͤ͊ ͦͫͤ͊΅͔ͤͤΎ ͍͊ͫ͟͜͡ ͍͙ͭͪ͊;͊ΊͭΈͫΎ ͙͋͘͡Έͦ͟ ͣ͜͡ΈΎͪ͒͊ Ί͍ͪͦ ͤ͊ ͪ͜͟Φ ˤ 
нлмп ͪͦͼ͜ ͍ ͍͔ͨ͒ͤͤͦ͜-͙͚ͭ͊ͫ͟Έͦͣͯ͟ ˿͊ͤ͜͜Σ Ύ͙͚͟ Ί ͼ͔ͤͭͪͦͣ ͍͊͊ͦͫͣ͜͟͜;ͤͦ͝ ͙͍ͨͪͦͣͫͦͦͫͭ͜͡ ˴͙ͭ͊ΌΣ ͤ͊ ͍ͦͫͤͦ͜ ͎͙ͨͪͦͪ͊ͣΣ 
͔ͪͦͪͦ͋ͤͦ͘͡͝ ˱͙ͤͫͭͭͯͭͦͣ ˴͔͎͊ͪͤ͜-˸͔ͦͤ͊͡͡ ό˿̊ˢύΣ ͋ͯ͊͡ ͍͊ͫͤͦ͊ͤ͊͘ ͦͣͨ͊ͤ͟͜Ύ /Ƙƛƴŀ wƻōƻǘ/Φ ˻͒ͤ͜ΊΌ ͘͜ ͍͊͒͊ͤ͘Έ ͦͣͨ͊ͤ͟͜͝ ς 
͍ͤ͊;͊ͤͤΎ ΄ͦ͟͡Ύ͍ͪ͜ ͜ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Σ ͊ ͭ͊ͦ͗͟ ͎͍ͨ͒ͦͭͦ͊͜͟ ͍͙͊͒͊͟͡;͍͜ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͒͡Ύ ΄͟͜͡ ͜ ͔͍ͦ͒͗͟͜͡Φ 
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˽͎͍͒ͦͭͦ͊͜͟ ͍;͙͔͍ͭ͜͡ ͍͟͡Ό;͊Ί ͍ ͔͔ͫ͋ ͦ;ͤ͜ ͙ͯͪͫ͟ ͭ͊ ͚ͦͤ͊ͤ͡ ͍ͤ͊;͊ͤͤΎ ͒͡Ύ ͫͯ͡ͻ͊;͍͜ ͘ ͍͔͙͒͒͊ͤ͜͡ͻ ͚͍ͪ͊ͦͤ͜ ˴͙ͭ͊Ό ό˱ͦͤͤ͊͟͜Σ 
2018). 

˨͡Ύ ͍ͤ͊;͊ͤͤΎ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͯͪΎ͒ ˴͙ͭ͊Ό ͘ нлму ͪΦ ͍͍͍͜ ͨ͒ͪͯ͜;͙ͤ͟ ͘ ͍ͦͫͤͦ ΄ͭͯ;͎ͤͦͦ ͔͔ͤͭͭͯ͜͟͡ ͯ ΄ͦ͊͟͡ͻ ͜ ͔ͦ͒͗͊͟͡ͻΦ 
˩͔͙͔ͫͨͪͣͤͭ͟ ͍͙ͨͪͦͦ͒ͭΈͫΎ ͍ пл ͔͔ͫͪ͒ͤ͜ͻ ΄ͦ͊͟͡ͻΦ ˽͒ͪͯ͜;͙ͤ͟ ͍͋ͯ ͙͙͚ͤ͊ͨͫ͊ͤ ͤ͊ ͍͔͊ͣͦͤͤ͘͡Ύ ͯͪΎ͒ͯ ˴͙ͭ͊Ό ͒͡Ύ ͍͟͡Ό;͔ͤͤΎ 
͒͊ͤͦ͝ ͙͒ͫͼ͙͙ͨͤ͜͡ ͍ ͯͪͫ͟ ͨͦ;͍͊ͭͦͦ͟͝ ͭ͊ ͔͔ͫͪ͒ͤΈͦ͝ ΄͙ͦ͟͡Φ 

 
˻ˣ˥˻ˤ˻˾˩˹˹̒ 

˻͔ͭ͗Σ ͍͙͍;͔ͤͤΎ ͎͊ͪͯ͋͗ͤͦͦ͘͜ ͍͒ͦͫ͒ͯ͜ ͍ͤ͊;͊ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ͊͊͒͊͘͟͡ͻ ΄͟͜͡Έͤͦ͝ ͭ͊ ͨͦ͊͘΄͟͜͡Έͤͦ͝ 
͍͙ͦͫͭ͜Σ ͊ ͭ͊ͦ͗͟ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍;͙͔͍ͭ͜͡ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͨͦ͊͊ͦ͘͟͡Σ ΅ͦΥ 

1. ˹͊ ͔ͭ ͔ͨͪ͜΄͚ͤ͜ ;͊ͫ ͔ͪͦ͋ͦͭͦͭͻͤ͊͜͟ Ί ͍͍͙ͫͭͦͣ͜ ͍ͦͫͭͤͣ͜͜ ͔ͭͪͤ͒ͦͣΦ 
2. ˻͍ͫͭͤ͜Ύ ͔ͪͦ͋ͦͭͦͭͻͤ͊͜͟ ͊͘ ͦͪ͒ͦͤͦͣ͟ Ί ͙ͦ͒ͤͣ ͘ ͨͦͨͯ͡Ύ͙ͪͤͣ ͤ͊ͨͪΎͣͦͣ ͯ ͊͊͒͊͘͟͡ͻ ͨͦ͊͘΄͟͜͡Έͤͦ͝ ͍͙ͦͫͭ͜Σ ΅ͦ 

͍ͨͦϥΎ͊ͤͦ͘ ͘ ͙ͭͣΣ ΅ͦΣ ͍ ͍ͦͫͤͦͤͦͣͯΣ ͔ͤ ͫͤͯ͜Ί ͙͔͙ͫͫͭͣ͊ͭ;͎ͤͦͦ ͝͝ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ ΄͟͜͡Έͤ͜ ͍ͤ͊;͊͡Έͤ͜ ͎͙ͨͪͦͪ͊ͣΦ 
3. ˽͒͜ͻ͙ͦ͒ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͣ͊ΌͭΈ ͔͙͔͙͚ͤͫͫͭͣͤ ͻ͔͊ͪ͊ͭͪ͟Σ ͍ ͍ͦͫͤͦͤͦͣͯΣ ͎͍ͦͪ͊ͤͦ͊ͤ͘͜͜ ͍ 

ͨͦ͊ͯͪͦ͘;͙͚ͤ ;͊ͫ Ύ͟ ͙ͯͪͫ͟ ͒͡Ύ ͯ;͍ͤ͜Σ ͭͤ͜͜͡ ΄͙ͦ͟͡Σ ͙ͭ͊͋ͦͪΣ ͍ ͭΦ;Φ ͒͡Ύ ͎͍͙ͨ͒ͦͭͦ͜͟ ͒ͦ ͎ͣ͊͊ͤ͘Έ ͘ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Φ 
4. ˨͡Ύ ͊ͯ͘͡;͔ͤͤΎ ͔͚͒ͭ͜ ͒ͦ ͔ͭͻͤ͜;ͤͦ͝ ͍ͭͦͪ;ͦͫͭ͜ ͭ͊ ͙ͫͭͣͯ͡Ό͍͊ͤͤΎ ͍͙ͪͦͭͯ͘͟ ͔͔͎ͤ͗ͤͪͤͦͦ͜ ͙͔ͣͫͤͤ͡Ύ ͔ͤͦ͋ͻ͒ͤ͜͜ 

͍͊͟͜͡ͺ͍ͦ͊ͤ͜͟͜ ͍;͙͔ͭ͜͡Σ Ύ͟͜ ͣͦ͗ͯͭΈ ͍ͤ͊;͙͊ͭ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Φ ˲ͻ ͎͍ͨ͒ͦͭͦ͊͜͟ ͍ ͔͒Ύ͙͟ͻ ͪ͊ͤ͊͟͝ͻ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͍ ͪ͊ͣ͊͟ͻ 
͎͔ͣ͊ͫͭͪͫ͜Έ͙͟ͻ ͎ͨͪͦͪ͊ͣΣ ͍ Ύ͟͜ ͔ͪͦ͋ͦͭͦͭͻͤ͊͜͟ ͔͎ͤͭͪͯ͜ΊͭΈͫΎ Ύ͟ ͔ͦͪͣ͟͜ ͣͦ͒ͯ͜͡ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͭ͊κ͊͋ͦ STEM-͔͔͍ͨͪ͒ͣͭ͜Φ 

5. ˤ ͎͋͊͊ͭΈͦͻ ͙͊ͪͯ͋͗ͤ͘͜ͻ ͪ͊ͤ͊͟͝ͻ ͎͍ͦͪ͊ͤͦ͊ͤ͘͜͜ ͪͤͦͣ͊ͤͭͤ͘͜͜͜ ͙ͯͪͫ͟Σ ͔͎͙ͭͪͤͤ͜Σ ͔͙ͫͣͤ͊ͪ͜Σ ͍͔͙͋ͤ͊ͪ͜ ͘ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ 
͒͡Ύ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͙ͨͪ͊ͭͯ͟͟Ό;͙ͻ ͍;͙͔͍ͭ͜͡Φ 

˭͊ ͔ͪͯ͘͡Έ͙ͭ͊ͭ͊ͣ ͍͙͍;͔ͤͤΎ ͎͊ͪͯ͋͗ͤͦͦ͘͜ ͍͒ͦͫ͒ͯ͜ ͍ͤ͊;͊ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͤ͊ ͔͔ͭͨͪ͜΄͚ͤ͜ ;͊ͫ ͭ͊͟͜ ͙ͨͭ͊ͤͤΎ Ί 
͙͚͙͙͒ͫͯͫͤͣ͟͜Υ 

¶ ;͙ ͍͊ͪͭͦ ͍͙͒͜͡Ύ͙ͭ ͍ͦͫͭͤ͜Ό ͔ͪͦ͋ͦͭͦͭͻͤͯ͜͟ ͍ ͔͙͚ͦͪͣ͟ ΄͟͜͡Έ͙͚ͤ ͔͔ͨͪ͒ͣͭΤ 

¶ Ύ͟΅ͦ ͍ͦͫͭͤ͜Ό ͔ͪͦ͋ͦͭͦͭͻͤͯ͜͟ ͔͎͍͙ͤͭͪͯ͊ͭ͜ ͍ STEM-͔͔͙ͨͪ͒ͣͭΣ ͭͦ ͍ Ύ͙͚͟ ͔͔ͨͪ͒ͣͭ ͒ͦͼ͜͡Έͤ͜΄͔ ͝͝ ͍͟͡Ό;͙͊ͭΤ Ύ͟΅ͦ ͝͝ 
͍͟͡Ό;͙͊ͭ Ύ͟ ͣ ͦ͒ͯ͜͡ ͍ STEM-͔͔͙ͨͪ͒ͣͭΣ ͭͦ ͍ Ύͦͣͯ͟ ͍͍ͫͨ͒ͤͦ͜͜΄͔ͤͤ͜Τ 

¶ ͒͡Ύ ͍;͙͔͍ͭ͜͡ Ύ͙͟ͻ ͔͔͍ͨͪ͒ͣͭ͜ ͒ͦͼ͜͡Έͤͦ ͍͟͡Ό;͙͊ͭ ͍ͦͫͭͤ͜Ό ͔ͪͦ͋ͦͭͦͭͻͤͯ͜͟ Ύ͟ ͍ͫ͊͒ͦͯ͟͡ ͎͙ͨͪͦͪ͊ͣ ͝ͻ ͎͍͙ͨ͒ͦͭͦ͜͟Φ 
͙́͊ͣ͟ ;͙ͤͦͣΣ ͊ͤ͊͘͘;͔ͤ͜ ͙͚͒ͫͯͫͤ͟͜͜ ͙ͨͭ͊ͤͤΎ ͍͍ͫͨͯ͘͜;ͤ͜ ͘ ͎͊ͤ͊ͦ͜͡;͙͙ͤͣ ͔͙ͨͪͦ͋ͣ͊ͣ͡ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ 

͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ͙͊͊͒͘͟͡ ͍͙ͦͫͭ͜ ͍ ̂ͪ͊ͤ͟͜͝Φ 
 

ˤˮ˿˹˻ˤ˴ˮ ́ˢ ˽˩˾˿˽˩˴́ˮˤˮ ˽˻˨ˢ˶̎̊ˮ̆ ˨˻˿˶˱˨ˬ˩˹̎ 
̒͟ ͍ͨͦ͊͊͘͟ ͊ͤ͊͘͜͡ ͎͊ͪͯ͋͗ͤͦͦ͘͜ ͍͒ͦͫ͒ͯ͜ ͍ͤ͊;͊ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ͼͦͣͯ͜͡Σ ͍ ͍̐ͪͦͨ͜ ͭ͊ ˿̊ˢ ͍ͦͤ͊ ͔ͤ 

͍͍͔ͨͪͦ͊͒͗ͤ͊ ͍ ΄ͦ͊͟͡ͻ Ύ͟ ͔͙͚ͦͪͣ͟ ͍ͤ͊;͊͡Έ͙͚ͤ ͔͔ͨͪ͒ͣͭΦ ˤ͔͙͊͟͡ ͍͎ͯ͊͊ ͙͙͊ͪͯ͋͗ͤͣ͘͜ ͙͙͒ͦͫ͒ͤ͊ͣ͜͟͡ ͙ͨͪ͒͜͡ΎΊͭΈͫΎ 
͔͎ͤͭͪ͊͜ͼ͜͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͘ ͍ͤ͊;͊͡Έ͙͙ͤͣ ͙͒ͫͼ͙͙ͨͤ͊ͣ͜͡ ͜ ͎͙ͨͪͦͪ͊ͣ͊ͣ {¢9a-͍͙ͦͫͭ͜Φ ˹͙͊ͨͪ͊͒͟͡Σ ͔ͪͦ͋ͦͭͦͭͻͤ͊͜͟ ͍͟͡Ό;͊ΊͭΈͫΎ 
͍ ͭ͊͟ ͍͊ͤ͘͜ {¢9a-͙ͯͪͦ͟ ͘͜ ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜Ό ͤ͊ ͔͙ͣ͊ͭͣ͊ͭͯ͟ ͭ͊ ͙͙ͨͪͪͦ͒ͤ;͜ ͙ͤ͊ͯ͟Φ ˭͔ͦͪͣ͊͟Σ ͋͜͡Έ΄ͫͭ͜Έ ͙͊ͦͪ͒ͦͤͤ͘͟ͻ 
͍ͤ͊;͊͡Έ͙ͤͻ ͍ͯͫͭ͊ͤͦ ͫͨͪΎ͍ͣͦ͊ͤ͜ ͤ͊ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙͍ͣͦͭ͊ͼ͚͙ͤ͜ͻ ͔͍͊ͫͨͭ͟͜ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͒͡Ύ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͍ͤ͊;͊͡Έͤͦ-
͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ΄ͦ͟͡Ύ͍ͪ͜ ͭ͊ ͊ͯ͘͡;͔ͤͤΎ ͝ͻ ͒ͦ {¢9a-͍͙ͦͫͭ͜Φ 

ˤ͙͍;͔ͤͤΎ ͎͊ͪͯ͋͗ͤͦͦ͘͜ ͍͒ͦͫ͒ͯ͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Σ ͨͦ͊͊ͦ͘͟͡Σ ΅ͦ ͝ͻ ͎͍ͨ͒ͦͭͦ͊͜͟ ͍ ͔͒Ύ͙͟ͻ 
ͪ͊ͤ͊͟͝ͻ ͍ ͍ͦͫͤͦͤͦͣͯ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ΄͡Ύͻͦͣ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͙ͨͪ͊ͭͯ͟͟Ό;͙ͻ ͯ;͙͔͍ͭ͜͡ ͤ͊ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ ͯͪͫ͊͟ͻΣ 
͔͎ͭͪͤͤ͊͜ͻΣ ͔ͫͣͤ͊ͪ͊͜ͻ ͜ ͭΦ͒Φ ˤ ͔͒Ύ͙͟ͻ ͪ͊ͤ͊͟͝ͻ ͍ͦͤ͊ ͍͟͡Ό;͔ͤ͊ ͍ ͎͙ͨͪͦͪ͊ͣ ͎͍͙ͨ͒ͦͭͦ͜͟ ͎͍ͣ͊ͫͭͪ͜͜Φ 

ˣ͎͊͊ͭͦ ͚ͦͣͨ͊ͤ͟͜Σ Ύ͟͜ ͍͙ͪͦ͋͡ΎΌͭΈ ͔ͪͦ͋ͦͭͦͭͻͤ͜;ͤ͜ ͙ͦͤͫͭͪͯͭͦͪ͟͟ ͭ͊ ͦ͋͊͒ͤ͊ͤͤ͡ΎΣ ͔ͤ ͭ͜͡Έ͙͟ ͨͪͦ͒͊ΌͭΈ ͝ͻ ό͙ͤ͊ͨͪ͊͒͟͡Σ 
LegoύΣ ͊ ͚Σ ͎ͦͭͯΌͭΈ ͔͙ͣͭͦ͒;ͤ͜ ͭ͊ ͍ͤ͊;͊͡Έͤ͜ ͔͙ͣ͊ͭͪ͊͜͡ ͒͡Ύ ͔ͪ͊͊͘͜͡ͼ͜͝ ͔ͭͻ͎͚ͤͦͦ͜͡ {¢9a-͍͙ͦͫͭ͜Σ ͊ ͭ͊ͦ͗͟ ͍ͫͭͦͪΌΌͭΈ 
͔͔ͭͪͦͤͤ͟͜͡ ͍ͦͫͭͤ͜͜ ͔͙ͪͫͯͪͫΣ ͍ͤ͊;͊͡Έͤ͜ ͎͙ͨͪͦͪ͊ͣΣ ͚ͦͤ͊ͤ͡-͙ͯͪͦ͟Σ ͦͼͤͦ͜;ͤ͜ ͔͙ͣ͊ͭͪ͊͜͡ ͭ͊ ͤ͜Φ ˹͍͊;͊ͤͤΎ ͔͎͎͍ͨ͒͊ͦ͜ ͜ ΄ͦ͟͡Ύ͍ͪ͜ 
͋͊ͯ͘ΊͭΈͫΎ ͙ͨͪ ͼΈͦͣͯ ͤ͊ ͦ͋͊͒ͤ͊ͤͤ͜͡Σ Ύ͔͟ ͍͙ͪͦ͋͡ΎΌͭΈ ͼ͜ ͦͣͨ͊ͤ͟͜͝Φ 

˽͎͍͒ͦͭͦ͊͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͯ ͎͊ͯ͘͜͡ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͔ͨͦͭͪ͋ͯΊ ͍͔ͦͤͦͤͤ͡Ύ ͣͫͭͯ͘͜ ͍ͤ͊;͊ͤͤΎ ΄͟͜͡Έͤͦ͝ ͭ͊ 
͍͔͙͔ͯͤͪͫͭͭͫ͜Έͦ͟͝ ͍͙ͦͫͭ͜ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͍͙͎ͣͦ ͫΈ͎͔ͦͦ͒ͤͤΎΦ ́ͦͣͯ ͤ͊ ͫΈ͎ͦͦ͒ͤ͜ ͙͍͎ͦͫͦ͋ͦͦ͡ ͤ͊͘;͔ͤͤΎ ͍ͤ͊͋ͯ͊ΌͭΈ ͙ͨͭ͊ͤͤΎ 
͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͯ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ ͍͊͊͒͘͟͜͡ ͍͙ͦͫͭ͜ Ύ͟ ͍ͦ͋ͦϥΎ͍ͦͦ͘͟͝ ͍ͫ͊͒ͦͦ͟͡͝Φ ˤ͙͍;͔ͤͤΎ ͭ͊ ͊ͤ͊͘͜͡ ͍͒ͦͫ͒ͯ͜ 
͙͊ͪͯ͋͗ͤ͘͜ͻ ͪ͊ͤ͟͝ ͘ ͙ͨͭ͊ͤΈ ͍ͤ͊;͊ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍͙͒ͦͦͭ͘͡Έ ͍͙͙͙ͦͪͫͭ͊ͭ͟ ͪ͊͟΅͜ ͔͙͙ͣͭͦ͒͟ ͍ ̂ͪ͊ͤ͟͜͝ ͒͡Ύ 
͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡Σ Ύ͟͜ ͋ͯ͒ͯͭΈ ͍ͤ͊;͙͊ͭ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Φ 

˨͡Ύ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Σ Ύ͟͜ ͋ͯ͒ͯͭΈ ͍ͤ͊;͙͊ͭ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟Σ ͤ͊ ͺ͊ͯ͟͡Έ͔ͭͭ͜ 
ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ˹͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ ˸Φ˽Φ ˨ ͎͍ͪ͊ͦͣ͊ͤͦ͊ ͍ нлму ͪΦ ͔ͪͦͪͦ͋ͤͦ͘͡ ͭ͊ ͍͍͔͔͒ͤͦ ͍ ͒͜Ό 
͍ͦͫͭͤ͜Έͦ-ͨͪͦͺ͔͚ͫͤ͜͜ ͎͙ͨͪͦͪ͊ͣ ͒͡Ύ ͍͍͋͊͊͊ͪ͟͜͡ ͭ͊ ͎͍ͣ͊ͫͭͪ͜͜ ͊͘ ͔ͫͨͼ͊͜͡Έͤͫͭ͜Ό лмпΦлф Ϧ˿͔͔ͪ͒ͤΎ ͍ͦͫͭ͊͜ όͤ͜ͺ͙ͦͪͣ͊ͭ͊͟ύϦ ͘͜ 
͔ͫͨͼ͊͊͘͜͜͡ͼ͜ΊΌ Ϧ˻͍ͫͭͤ͜Ύ ͔ͪͦ͋ͦͭͦͭͻͤ͊͜͟ϦΦ ˹͊ ͔͔ͭͨͪ͜΄͚ͤ͜ ;͊ͫ ͒͡Ύ ͔͔͊͋ͨ͘͘;͔ͤͤΎ Ύͫͤͦ͟͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ 
͍ͦͤͦ͡ΌΌͭΈͫΎ ͍͍͒ͨͦ͒ͤ͜͜͜ ͍ͤ͊;͊͡Έͤͦ-͔͙ͣͭͦ͒;ͤ͜ ͔͙ͦͣͨͫ͟͟͡ ͙͒ͫͼ͙ͨͤ͜͡ ͔ͫͨͼ͊͊͘͜͜͡ͼ͜͝ Ϧ˻͍ͫͭͤ͜Ύ ͔ͪͦ͋ͦͭͦͭͻͤ͊͜͟ϦΣ ͍ ͭΦ;Φ ͘ 
ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͍͙͍;͔͎ͤͦͦ ͎͊ͪͯ͋͗ͤͦͦ͘͜ ͍͒ͦͫ͒ͯ͜Φ ˤ ͔͔͙͍ͨͪͫͨͭ͊͟ͻ ͨͦ͒͊͡Έ΄͙ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ς ͍͍͍͒ͫ͒ͦͯ͊ͤͤ͜͜͟͡Ύ ͔͍ͭͪͤ͒͜ ͯ ͎͊ͯ͘͜͡ 
͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͒͡Ύ ͍͔ͦͤͦͤͤ͡Ύ ͣͫͭͯ͘͜ ͍ͤ͊;͊ͤͤΎ ͍ͦͫͭͤ͜Έͦ͝ ͔ͪͦ͋ͦͭͦͭͻ͙ͤ͜͟ ͍ ͔͎͎ͨ͒͊ͦ͜;ͤͦͣͯ ͍͔͙͔ͯͤͪͫͭͭ͜͜Φ 
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FOREIGN EXPERIENCE IN TEACHING OF THE EDUCATIONAL ROBOTICS 

O.V. Strutynska 
National Pedagogical Dragomanov University, Ukraine 

Abstract. The paper examines of the foreign experience of teaching educational robotics in educational institutions, as well as the experience of 
training teachers of robotics. The popularity of educational robotics is related to the expansion of the use of robots. 

Formulation of the problem. The rapid development of the robotics industry necessitates the training of appropriately qualified specialists, as 
there is already an urgent need for specialists in the design, construction and programming of robots. This contributes to the 
growing popularity of robotics as an educational trend in Ukraine and the world. For the effective implementation of the 
educational robotics into the learning process in Ukraine, it is important to study the foreign experience of teaching students and 
training of the future robotics teachers. 

Materials and methods. The study are used research methods such as systematic analysis of scientific and methodological sources on the 
research problem, analysis of the popularity of robotics as an applied industry and educational trend, comparison of foreign 
educational robotics curriculums of schools, out-of-schools and universities. 

Results. Studying of the the foreign experience in teaching of the educational robotics in school and out-of-school education, as well as training 
of robotics teachers, has showed that educational robotics abroad is a popular trend in out-of-school educational institutions, due 
to the fact that there is no systematic implementation of it into school curricula. The approaches to its teaching are non-systemic in 
nature, mainly organized as an after school courses for students, summer schools, camps, incl. the preparation for robotics 
competitions. Preparation of future robotics teachers in some countries is part of master's programs that it is integrated of the 
educational robotics as separate modules of Computer Science and/or STEM subjects. However, in many foreign countries, various 
courses, trainings, seminars, and webinars on robotics are organized to enhance the qualifications of in-service teachers. 

Conclusions. The training of future specialists in the field of robotics requires updating the content of school and university education in 
accordance with the requirements of today. Therefore, the importance of implementation robotics into the learning process of 
educational institutions as a mandatory component is of particular importance today. Studying and analyzing the foreign countries 
experience in educational robotics training will allow the use of the best techniques in Ukraine for the preparation of future 
teachers who will teach educational robotics. 

Key words: educational robotics, learning of the educational robotics, teaching of the educational robotics, training robotics teachers, foreign 
experience. 
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͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͺ͊ͯ͟͡Έ͔ͭͭͯΦ ˻͋ͪͦ͋͊͟ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍͙ͨͪͦͦ͒͊ͫ͡Ύ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͎͙ͨͪͦͪ͊ͣ ϦaƛŎǊƻǎƻŦǘ 9ȄŎŜƭϦΦ 

˾͔ͯ͘͡Έ͙ͭ͊ͭΦ мΦ ˻͎ͪ͊ͤ͊͘͜ͼ͚ͤ͜͜ ͺ͙ͦͪͣ ͍ͤ͊;͊ͤͤΎ ͯ ͍͙΅͚͜ ΄ͦ͟͜͡ ͍ͫͭͦͪΌΌͭΈ ͔͍ͨͤ͜ ͭͪͯ͒ͤͦ΅͜ ͙ͨͪ͊ͭ͟;ͤͦ ͒͡Ύ ͍ͫ͜ͻ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͨͪ΄͎ͦͦ 
ͯͪͫͯ͟Φ ˹͚͊͋͜͡Έ΄͜ ͫ͊͒ͤͦͫͭ͟͜͡ ͒͡Ύ ͍ͫ͜ͻ ͔͙͒ͦͫ͒͗ͤ͜͡ͻ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙͙͊͟͟͡ΌͭΈ ͔ͫͣͤ͊ͪͫ͜Έ͟͜ ͊ͤ͘ΎͭͭΎΦ ˭͊ ͍ͫͣ͊͜ ͍͙͙͒͊ͣ 
͍ͤ͊;͊͡Έͤͦ͝ ͙ͪͦ͋ͦͭ ͋͜͡Έ΄͔ ͭͪͯ͒ͤͦ΅͍͜ ͊ͤ͊͘͘ΌͭΈ ͍͙͙͙ͨͯͫͤ͟͟ ͫ͜͡ΈͫΈ͙͟ͻ ΄͟͜͡ ͜ ͭ͜Σ ͻͭͦ ͙͍͗ͯͭΈ ͍ ͎͙ͯͪͭͦ͗ͭͯ͟Φ ˥͔͔ͤ͒ͪͤ͜ 
͍͒ͣͤͤͦͫͭ͜͜͜Υ ͤ͊ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤͦͣͯ ͺ͊ͯ͟͡Έ͔ͭͭ͜ ͘ ͍͔͙͙͙ͣ͟͡ ͭͪͯ͒ͤͦ΅͙͊ͣ ͙ͫͭ͊͟ΌͭΈͫΎ ͙͗ͤ͜͟Σ ͊ ͍ ͙ͤͫͭͭͯͭ͜͜ ͫͭͦͪ͜͜͝ ͜ 
ͺͦͫͦ͜͡ͺ͜͝ ς ;͍͙ͦͦ͜͟͡Φ нΦ ˶͔͟ͼ͚ͤ͜͜ ͊ͤ͘ΎͭͭΎ ͍ͫ͜ ͔ͨͪ΄͙͙ͦͯͪͫͤ͟͟ ͍͍͒͒ͯ͜͜ΌͭΈ ͍͊͒ͦ͘͜͡ΈͤͦΣ ͔͊͡ ͙͔͙ͫͫͭͣ͊ͭ;ͤͦ ͤ͊͒ ͔͟͡ͼ͚͙ͤͣ͜ 
͔ͣ͊ͭͪ͊ͦͣ͜͡ ͨͪ͊ͼΌΌͭΈ ͍͙͟͡Ό;ͤͦ ͣ͊ͦ͡Φ оΦ ˨ͦ ͙ͨͪ͊ͭ͟;͙ͤͻ ͭ͊ ͔ͫͣͤ͊ͪͫ͜Έ͙͟ͻ ͊ͤ͘ΎͭΈ ͔͔͍ͨͪ͊͗ͤ͊ ͋͜͡Έ΄ͫͭ͜Έ ͔͍ͫͭͯ͒ͤͭ͜ 
͎ͦͭͯΌͭΈͫΎ ͔ͤ ͔͎͊͒͊͒͘͘͜͡ΈΣ ͊ ͔͔ͤ͊ͨͪ͒ͦ͒ͤ͜Φ пΦ ˽͙ͪ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͒ͦ ͊ͤ͘ΎͭΈ ͭ͊ ͙͍ͫͨͭ͜͜ ͔ͨͪ΄͙͙ͦͯͪͫͤ͟͟ ͍ ͔ͨͪ΄ͯ ;͔͎ͪͯ 
͙ͦͪͫͭͯ͟ΌͭΈͫΎ ͔͙ͣ͊ͭͪ͊͊ͣ͜͡ ˱͔͔ͤͭͪͤͭͯΦ ˹͊ ͎͒ͪͯͦͣͯ ͣͫ͜ͼ͜ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͺ͊ͯ͟͡Έ͔ͭͭͯ ς ͍͊ͫͤ͜͡ 
͔͙ͦͤͫͨͭ͟͟Σ ͊ ͙ͤͫͭͭͯͭͯ͜ ͫͭͦͪ͜͜͝ ͜ ͺͦͫͦ͜͡ͺ͜͝ ς ͔͔͍ͪͦͣͤ͒ͦ͊ͤ͟͜ ͨ͒ͪͯ͜;͙͙ͤ͟Φ рΦ ˿͚͚͊ͣͦͫͭͤ͜͜ ͪͦ͋ͦͭ͜ ͍ͫ͜ ͔ͨͪ΄͙͙ͦͯͪͫͤ͟͟ 
͙ͨͪ͒͜͡ΎΌͭΈ ͔ͤͤ͊͘;ͤͯ ͍͎ͯ͊ͯΣ ͍ͨͦϥΎͯ͘Ό;͙ ͝͝ ͍ ͍ͦͫͤͦͤͦͣͯ ͘ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Ό ͎͍͙ͦͭͯ͊ͭͫΎ ͒ͦ ͙ͨͪ͊ͭ͟;͙ͤͻ ͭ͊ ͔ͫͣͤ͊ͪͫ͜Έ͙͟ͻ 
͊ͤ͘ΎͭΈΦ 

ˤ͙͍͙ͫͤͦ͟Φ ˻͙ͭͪͣ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍ͫ͒͜;͊ͭΈ ͨͪͦ ͔ͤ͒ͦͫͭ͊ͭͤΌ ͍͊͒͊ͨͭͦ͊ͤͫͭ͜Έ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ ͒ͦ ͍͙ͦͫͤͦͤͻ ͎ͦͪ͊ͤ͊͘͜ͼ͚͙ͤ͜ͻ 
ͺͦͪͣ ͍ͤ͊;͊ͤͤΎ ͯ ͍͙΅͚͜ ΄ͦ͟͜͡Φ ˹͔ͦ͋ͻ͒ͤͦ͜Υ мύ ͍͙͙ͨͪͦ͒ͦ͗ͭ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ΅ͦ͒ͦ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͍ͤ͊;͊͡Έ͙ͤͻ 
͔͔ͤͭͭͯ͊͜͟͡͡Έ͙ͤͻ ͍͙ͤ͊;ͦ͟Σ ͙ͫͭͪͯͭͯͪ͟ ͍ͤ͊;͊͡Έͤͦ͝ ͙͍ͣͦͭ͊ͼ͜͝ ͭ͊ ͔ͣͦͼ͚͎ͤͦͦ͜ ͫͭ͊ͤͯ ͔͍ͫͭͯ͒ͤͭ͜Τ нύ ͊͟ ͙͍͍͙ͭͯ͊ͭ͘͜ ͪͦ͋ͦͭͯ 
ͨͦ ͤ͊͒͊ͤͤΌ ͔ͫͭͯ͒ͤͭ͊ͣ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ ͔ͤͦ͋ͻ͒ͤͦ͜͝ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͎͙͒ͦͨͦͣͦΦ 

 

˴˶̑̉˻ˤ˱ ˿˶˻ˤˢΥ ͍͙΅͊ ΄ͦ͊͟͡Σ ͔͙ͫͭͯ͒ͤͭ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟Σ ͊͒͊ͨͭ͊ͼ͜Ύ ͒ͦ ͍ͤ͊;͊ͤͤΎΣ ͍͙͙͒ ͊͒͊ͨͭ͊ͼ͜͝ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜Σ ͍ͤ͊;͊͡Έͤͦ-
ͨͪͦͺ͔͚ͫͤ͊͜ ͒͜Ύ͡Έͤͫͭ͜ΈΣ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤ͜͜ ͺ͙ͦͪͣ ͨͪͦͼ͔ͫͯ ͍ͤ͊;͊ͤͤΎ. 

 
ˤ˿́̂˽ 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˤͫͭͯͨ ͒ͦ ͊͊͒ͯ͘͟͡ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ό˭ˤ˻ύ ς ͤ͊͘;ͤ͊ ͨͦ͒͜Ύ ͍ ͙͗ͭͭ͜ ͣͦͦ͒ͦ͡͝ ͡Ό͙͙͒ͤΣ ΅ͦ ΊΣ ͘ 
͎ͦ͒ͤͦͦ ͋ͦͯ͟Σ ͎ͦ͜͡;͙ͤͣ ͨ͒ͫͯͣͦͣ͜͟ ͎͋͊͊ͭͦͪ͜;ͤͦ͝ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͦ͝ ͍ͤ͊;͊͡Έͤͦ͝ ͨͪ͊ͼ͜ ͭ͊ ͍͙ͫ͊ͣͦͻ͍ͦ͊ͤͤΎΣ ͊ ͘ ͤ͜΄͎ͦͦ ς 
͍͙͍͒ͪ͊͜͟Ί ͍͙͚ͤͦΣ ͔͔͙͍͙͚ͨͪͫͨͭͤ͟ ͜ ͍͍͒ͨͦ͒͊͜͜͡Έ͙͚ͤ ͔ͭ͊ͨ ͯ ͙͗ͭͭ͜Φ ˽͔͔͍ͪ͊͗ͤ͊ ͋͜͡Έ΄ͫͭ͜Έ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͍ ͔ͨͪ΄͜ ͙ͭ͗ͤ͜ 
͍ͤ͊;͊ͤͤΎ ͔͔͙͍ͨͪ͗͊ΌͭΈ ͋ͯͪͻ͙͍͜͡ ͙͙͍ͨͦͭͤ͘͜ ͨͦ;ͯͭͭΎ ͍ ͍͘ϥΎͯ͘͟ ͘ ͒ͦͫΎ͎͔ͤͤͤΎͣ ͍͙͍͊͗ͦ͡͝ ͔͙ͣͭ ͜ ͍͒͜;͍ͯ͊ΌͭΈ ͔͚ͫͪͦͤͯ͘ ͤ͊͒͜Ό 
ͤ͊ ͔ͭΣ ΅ͦ ͣͦ͗ͯͭ͘Έ ͔ͺ͔͙͍ͭͤͦ͟ ͍ͤ͊;͙͊ͭͫΎΣ ͎ͦͭͯΌ;͙ͫΈ ͒ͦ ͦ͋ͪ͊ͤͦ͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͊ ͭ͊ͦ͗͟ ͼ͍͊ͦ͜͟ ͜ ͍ͣͫͭͦͤͦ͘͜ 
͍͙͙ͨͪͦͦ͒ͭ ͍͒ͦ͘͜͡͡Ύ ͍ ͔ͫͭͯ͒ͤͭͫΈͦͣͯ͟ ͔͔͍͙ͫͪ͒ͦ΅͜Φ ˻͒ͤ͊͟Σ ;͔͔ͪ͘ ͔͒Ύ͙͚͟ ;͊ͫ όΎ͟ ͨͦ͊ͯ͘͟ΌͭΈ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͚ͤ͊;͊ͫͭ͜΄͔ ;͔͔ͪ͘ 
͍͒͊-͙ͭͪ ͣͫ͜Ύͼ͜ύ ͤ͊͘;ͤ͊ ͟͜͡Έͫͭ͟͜Έ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͨͦ;͙ͤ͊ΌͭΈ ͔͔͙͍͙ͨͪ͗͊ͭ ͙͒ͫͦͣ͟ͺ͙͚ͦͪͭͤ ͫͭ͊ͤΣ ͍ͨͦϥΎ͙͚͊ͤ͘ Ύ͟ ͘ 
ͭͪͯ͒ͤͦ΅͙͊ͣ ͍ ͍ͤ͊;͊ͤͤ͜Σ ͭ͊͟ ͜ ͘ ͔͙ͨͪͦ͋ͣ͊ͣ͡ ͍ͻ͔ͦ͒͗ͤͤΎ ͍ ͫͦͼ͊͜͡Έͤͯ ͫͺ͔ͪͯ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͊͊͒ͯ͘͟͡Σ ΅ͦ ͍ͫ͒͜;͙ͭΈ ͨͪͦ ͔͍ͤ͒͊;͜Σ 
ͫ͊͒ͤͦ͟͡΅͜ ͜ ͔͙ͤ͒ͦ͜͟͡ ͍ ͨͪͦͼ͔ͫ͜ ͊͒͊ͨͭ͊ͼ͜͝ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͍ ˭ˤ˻. ˢ͒͊ͨͭ͊ͼ͜Ύ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͍ 
˭ˤ˻Σ ͔͋͘ ͔͔ͨͪ͋͜͡Έ΄͔ͤͤΎΣ Ί ͊ͨͦͪͯͦ͘͟Ό ͯͫͨ͜΄ͤͦͫͭ͜Σ Ύ͟ ͍ͤ͊;͊ͤͤΎΣ ͭ͊͟ ͜ ͍ͨͦ͊ͤ͊͘;͊͡Έ͎ͤͦͦ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͔͍ͫͭͯ͒ͤͭ͜Φ ̒͟ ͨͦ͊ͯ͘͟ΌͭΈ 
͜ ͔ͫͨͼ͊͜͡Έͤ͜ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͜ ͨͪͦͺ͔͚ͫͤ͜͜ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎ ͍͙͊͒͊͟͡;͍͜ ͙ͪͤ͘͜ͻ ˭ˤ˻ ͊͒͊ͨͭ͊ͼ͜Ύ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͒ͦ ͍ͤ͊;͊ͤͤΎ 
͔͒͊ͦ͟͡ ͔ͤ ͍͙͊͗͒͘ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͯͫͨ͜΄ͤͦΣ ͯ ͎͋͊͊ͭΈͦͻ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙͙ͤ͊͟ΌͭΈ ͔͒͊͒͊ͨͭ͊͘ͼ͚ͤ͜͜ ͙ͫͭ͊ͤΣ Ύ͟͜ ͍ ͪΎ͒͜ ͍͙͍ͨ͊͒͟͜ 
͍ͤ͊͋ͯ͊ΌͭΈ ͻͪͦͤ͜;ͤͦ͝ ͺ͙ͦͪͣΦ ˽͙ͪ ͼΈͦͣͯ ͦ;͔͍͙͒ͤͦΣ ΅ͦ ͨͪͦͼ͔ͫ ͊͒͊ͨͭ͊ͼ͜͝ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͔ͤ ͍͙͔ͨͦͤͤ 
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ͨͪͦͻ͙͙ͦ͒ͭ ͙ͫͭͻ͚ͤͦ͜Σ ͚ͤ͊;͊ͫͭ͜΄͔ ͍ͤ͜ ͍͙͎ͣ͊͊Ί ͙͍͎͊ͭͤͦͦ͟ ͍͙͍ͨͯ͡ ͜ ͍ͯͨͪ͊ͤͤ͜͡ΎΦ ˽͙ͪͪͦ͒ͤͦΣ ΅ͦ ͎͒ͦͨͦͣͦ͊ ͔ͨͪ΄͙ͦͯͪͫͤ͊ͣ͟͟ ͍ 
͝ͻ ͍ͻ͔ͦ͒͗ͤͤΎ ͍ ͍ͤͦͯ ͙ͫͭͯ͊ͼ͜Ό ͒͜Ύ͡Έͤͦͫͭ͜ ͜ ͙͗ͭͭΎ ͍ ͍ͯͣͦ͊ͻ ˭ˤ˻ ͚ͤ͊͋͜͡Έ΄ ͒͜Ί͍ͦΌ ͜ ͙͍ͨͪͦ͒ͯͭͤͦ͟Ό ͔͋ͯ͒ ͊͘ ͍͙ͯͣͦ ͤ͊ͤͤ͘Ύ 
͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡Σ ͺ͍͊ͭͦͪ͟͜ ͜ ͍ͯͣͦ ͊͒͊ͨͭ͊ͼ͚͎ͤͦͦ͜ ͨͪͦͼ͔ͫͯΦ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˢ͒͊ͨͭ͊ͼ͜ΎΣ Ύ͟ ͙͍ͨͪͫͭͦͫͯ͊ͤͤΎ ͡Ό͙͙͒ͤ ͒ͦ ͍͙ͤͦͻ ͒͡Ύ ͔ͤ͝ ͍ͯͣͦ ͙͗ͭͭΎ ͜ ͒͜Ύ͡Έͤͦͫͭ͜Σ 
Ύ͍͡ΎΊ ͫͦ͋ͦΌ ͔ͫ͊͒ͤ͟͡ ͎͍͔͍͔͋͊͊ͭͦͪͤ͜ Ύ͍͙΅͔Σ ΅ͦ ͦͻͦͨ͡ΌΊ ͙ͨͪ͊ͭ͟;ͤͦ ͍ͫ͜ ͨͪͦΎ͍͙ ͙ͦͫͦ͋ͫͭͦͫͭ͜Υ ͍͒͜ ͙ͨͫͻͦͺ͎ͦͦ͘͜͜͜͡;͙ͤͻ ͒ͦ 
ͫͦͼ͊͜͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻΦ ̂ͫͨ͜΄ͤ͊ ͜ ͙͒ͦͫͭΈ ΄͍͙͒͊͟ ͊͒͊ͨͭ͊ͼ͜Ύ ͔͔͊͋ͨ͘͘;ͯΊ ͡Ό͙͒ͤ͜ ͍͙ͫͦͯ͟ ͙͍ͨͪͦ͒ͯͭͤͫͭ͟͜Έ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ 
͔ͣͦͼ͚͙͚ͤ͜ ͦͣ͟ͺͦͪͭ ͍ ͍͙ͤͦͻ ͒͡Ύ ͤΈ͎ͦͦ ͍ͯͣͦ͊ͻΦ 

˽͙ͪ ͎ͪͦ͘͡Ύ͒͊ͤͤ͜ ͔ͨͪͦ͋ͣ͡ ͊͒͊ͨͭ͊ͼ͜͝ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͍ ˭ˤ˻ ͙͙͒ͦͫ͒ͤ͜͟͡ ͍͙͒͜͡ΎΌͭΈ ͪͤ͘͜͜ ͝͝ ͤ͊ͨͪΎ͙ͣ͟ ͭ͊ 
͔͙͊ͫͨͭ͟Φ ́͊͟Σ ͙͙͒ͦͫ͒ͤ͜͟͡ ό˨ΈΎ;͔ͤͦ͟Σϧ˴͊ͤ͒·͍͙͋ͦ;Σ 2006.ύ ͍͊ͯ͘͟ΌͭΈ ͤ͊ ͙ͭͪ ͍͊͘Ί͍ͣͦͨͦϥΎ͊ͤ͘͜ ͔͙͊ͫͨͭ͟ ͊͒͊ͨͭ͊ͼ͜͝ 
͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͍ ˭ˤ˻Υ ͋ͦ͜ͺ͎ͦͦ͘͜͜͜͡;͙͚ͤΣ ͙ͨͫͻ͎ͦͦ͜͡;͙͚ͤΣ ͫͦͼ͊͜͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;͙͚ͤΦ 

ˣͦ͜ͺ͎ͦͦ͘͜͜͜͡;͙͚ͤ ͔͊ͫͨͭ͟ ͊͒͊ͨͭ͊ͼ͜͝ ͍ ͔ͨͪ΄ͯ ;͔͎ͪͯ ͍ͨͦϥΎ͙͚͊ͤ͘ ͘͜ ͙ͣͤ͊ͣ͘͜ ͍ ͍͙͘;ͤͦͣͯ ͙ͪͭͣ͜ ͙͗ͭͭΎ ͜ ͍ͪͤ͜͜ 
͍͔ͤ͊͊ͤͭ͊͗ͤͤΎΦ ̒͟ ͍͙ͨͪ͊ͦ͡Σ ͔͔ͨͪͻ͒͜ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͍ ˭ˤ˻ Ϧ͊͒͊͘ΊϦ ͍͙͚ͤͦ ͔͙ͪ͗ͣ ͒ͤΎ ͜ ͍͙͎ͣ͊͊Ί ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͙ͤͦͻ ;͍͙͊ͫͦͻ 
͔͔͙͍ͫͭͪͦͭͨ͜Φ ˹͚͊;͊ͫͭ͜΄͔ ͭͪͯ͒ͤͦ΅͜ ͔͔͍͙ͨͪ͋ͯ͒ͦ ;͍͙͊ͫͦͻ ͔͔͙͍ͫͭͪͦͭͨ͜ ͍ͨͦϥΎ͊ͤ͘͜ ͘ ͔͔ͨͪͻͦ͒ͦͣ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͍ ͤ͜΄ͯΣ ͤ͗͜ ͍ 
΄ͦ͟͜͡ ͣͤͯ͘͜Φ ˹͍͊;͊ͤͤΎ ͍ ˭ˤ˻ ͪͦ͘͜͟ ͍͙ͨ͒͜΅ͯΊ ͍͔ͪͤ͜Έ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͍͔ͤ͊͊ͤͭ͊͗ͤͤΎΦ ̂ ͔ͨͪ΄͜ ͙ͭ͗ͤ͜ ͔ͨͪ΄͙ͦͯͪͫͤ͟͟ ͍͒͜;͍ͯ͊Ί 
͍͋ͯ͊͟͡Έͤͦ Ϧ͍ͦ͋͊͡Ϧ ͍͙ͤͦͻ ͍͙͍͒͜ ͙ͪͦ͋ͦͭΣ ͊ͤ͘ΎͭΈΣ ͍͊͒͊ͤ͘ΈΣ ͋͜͡Έ΄ͫͭ͜Έ ͘ Ύ͙͟ͻ Ί ͙ͨͪ͊ͭ͟;ͤͦ ͔ͤ ͚͙͙ͤ͊ͦͣͣ͘Φ ˿͔ͭͯ͒ͤͭ ͨͦ;͙ͤ͊Ί 
ͺ͙͘͜;ͤͦ ͜ ͙ͨͫͻ͜;ͤͦ ͍ͭͦͣ͡Ό͍͙͊ͭͫΎΣ ΅ͦ ͙͍ͦͫͦ͋ͦ͡ Ύ͍ͫͪ͊ͦ͟ ͨͪͦΎ͍͡ΎΊͭΈͫΎ ͯ ͙ͭͻ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜Σ Ύ͟͜ ͙͙ͨͦͤͯ͟͡ ͪ͒ͤͯ͜ ͍͒ͦͣͯ͜͟ ͜ 
ͨͦ;͙͊͡ ͚͔ͫ͊ͣͦͫͭͤ͜ ͙͗ͭͭΎ ͍ ͎͙ͯͪͭͦ͗ͭͯ͟Φ ˸ͦ͗ͤ͊ ͘ ͔͍͔ͯͨͤͤͫͭ͜Ό ͍͔͍͙ͫͭͪ͒͗ͯ͊ͭΣ ΅ͦ ͯͫͨ͜΄ͤͫͭ͜Έ ͋ͦ͜ͺ͎ͦͦ͘͜͜͜͡;ͤͦ͝ ͊͒͊ͨͭ͊ͼ͜͝ 
͔͍ͫͭͯ͒ͤͭ͜-͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͎͋͊͊ͭͦ ͍ ;ͦͣͯ ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͯͫͨ͜΄ͤͦͫͭ͜ ͝ͻ ͊͒͊ͨͭ͊ͼ͜͝ ͜ ͒ͦ ͍͙ͤͦͻ ͍ͯͣͦ ͍͙ͦͤ͊ͤͤ͟Ύ ͍ͦͫͤͦͤͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͔ͫͭͯ͒ͤͭ͊ ς ͤ ͍͊;͊͡Έͤͦ-ͨͪͦͺ͔͚ͫͤͦ͜͝ ͭͦ͋ͭͦ ͊͒͊ͨͭ͊ͼ͜͝ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝Φ 

˽͙ͫͻ͎ͦͦ͜͡;ͤ͊ ͊͒͊ͨͭ͊ͼ͜Ύ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜Σ ͤ͊ ͒ͯͣͯ͟ ͙͍͒ͦͫ͒ͤ͜͟͜͡ όˣ͍͊ͪ͊ͤͦͫΈ͊͟Σ 2015.; ˽ͦ͒ͦ͡Ύ͟ϧ̑ͪ;͔ͤͦ͟ΣнллсΦ) 
ͨͦ͡Ύ͎͊Ί ͍ ͙͍͊ͭͤͦͣͯ͟ ͍ͦͫͦΊͤͤ͜ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͙ͨͦ͘ͼ͜͝ ͫͯ͋ϥΊͭ͊͟ ͍ͤ͊;͊͡Έͤͦ-ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ˭ˤ˻Φ ˽͙ͪ ͼΈͦͣͯ ͍͒ͦͫ͒͜ 
΄͟͜͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͔͒͊ͦ͟͡ ͔ͤ ͍͙͊͗͒͘ ͍͙Ύ͍͡ΎΊͭΈͫΎ ͙͙ͨͪ͒͊ͭͤͣΦ ˭͔ͦͪͣ͊͟Σ ͔͔͚ͫͪ͒ͤ͜ ΄ͦ͟͜͡ ͔ͤ ͍͒͊ΊͭΈͫΎ ͫͺ͍͙ͦͪͣͯ͊ͭ ͤ͊ 
͒ͦͫͭ͊ͭͤΈͦͣͯ ͍ͪͤ͜͜ ͍͙ͤ͊;͙͟Σ ͔ͤͦ͋ͻ͒ͤ͜͜ ͒͡Ύ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ˭ˤ˻Υ ͔͍ͦͤͫͨͭͯ͊ͤͤ͟͟Ύ ͔͟͡ͼ͚͜ ͜ ͔ͨͪ΄͔͔ͦ͒͗ͪ͡Σ ͙ͪͦ͋ͦͭ ͘ 
͍͙͙ͤ͊ͯͦͣ͟ ͔͙ͭͫͭ͊ͣ͟ ͔ͤ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͻ͔͊ͪ͊ͭͪͯ͟Σ ͦͪ͜Ίͤͭ͊ͼ͜͝ ͍ ͔͋͋ͦͭ͜͜͡;͙ͤͻ ͺͦͤ͒͊ͻΣ ͍ͣͤͤ͜Ύ ͙͔ͦͫͣͫͤͦ͡Σ ͊ ͔ͤ ͔ͣͻ͊ͤ͜;ͤͦ 
͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͤ͜ͺͦͪͣ͊ͼ͜Ό ͔͔ͣͪ͗͜ ˱͔͔ͤͭͪͤͭ ͜ ͭΦ͒Φ 

˻͒ͤ͊͟ ͍ͦͦͦ͒ͤͤ͜͡Ύ ͔͙ͫͭͯ͒ͤͭ͊ͣ-͔ͨͪ΄͙͙ͦͯͪͫͤ͊ͣ͟͟ ͙ͨͦ͘ͼ͜ΊΌ ͫͯ͋ϥΊͭ͊͟ ͍ͤ͊;͊͡Έͤͦ-ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ˭ˤ˻ 
͔͔ͨͪ͒͋͊;͊Ί ͔ͤ ͭ͜͡Έ͙͟ Ύ͚ͤ͊͟΄͍͙͒΄͔ ͍͙͔ͪͦ͋ͤͤ͡Ύ ͙ͨͦ͒͋ͤ͜ͻ ͍͙͍͙͊͗͡ͻΣ ͔͊͡ ͨͦ ͍͚ͫͦ͝ ͫͯͭ͜ Ϧ͔ͭͻͤ͜;͙ͤͻϦ ͍͙ͤ͊;ͦ͟Σ ͊ ͚ ͍͙ͪͦͭͦ͘͟Σ ͜ 
ͣ͘͜ͼ͔ͤͤͤΎ ͙ͫ͊͒ͤ͟͡ͻ ͔͔ͤͭͭͯ͊͜͟͡͡Έ͙ͤͻ ͍͙ͤ͊;ͦ͟ ͍ ͫͭͪͯͭͯͪ͟͜ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˨ͦ ͙ͭ͊͟ͻ ͍͙ͤ͊;ͦ͟ ͍ ͔ͨͪ΄ͯ ;͔͎ͪͯ ͫ͒͜͡ 
͍͔͒ͤ͜ ͙ͫͭ ͒͜͝ ͨͦ ͍ͤ͊;͊͡Έͤͦͣͯ ͼ͔ͨͦ͊͒͊ͤͤ͜͟͡͡ΌΣ ͫ͊ͣͦͦͤͭͪͦ͟͡Ό ͜ ͫ͊ͣͦͦͼͤ͜Ό͍͊ͤͤΌΦ ˹͊ ͒ͯͣͯ͟ ͙ͨͫͻ͎͍ͦͦ͜͡Σ Ύ͟͜ ͨͪ͊ͼΌΌͭΈ ͍ 
͎͊ͯ͘͜͡ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙ͨͫͻ͎ͦͦ͜͡͝ ͍͙΅ͦ͝ ΄͙ͦ͟͡ ό˨ΈΎ;͔ͤͦ͟Σϧ˴͊ͤ͒·͍͙͋ͦ;Σ 2006.; ˽ͦ͒ͦ͡Ύ͟ϧ̑ͪ;͔ͤͦ͟ΣнллсΦ; ˿͍͊;͙ͤΣ 2007.), 
͍͙ͤ͊;͙͟ ͔ͫ͊ͣ ͙ͭ͊͟ͻ ͚͒͜ Ί ͚͍͙͍ͤ͊͊͗͜͡΄͙͙ͣ ͙ͨͫͻ͎ͦͦ͜͡;͙͙ͤͣ ͔͙ͦͣͨͦͤͤͭ͊ͣ͟ ͯͣͤͤ͜Ύ ͍;͙͙ͭͫΎ ͚ͫ͊ͣͦͫͭͤͦ͜Φ ˽͙ͫͻ͎ͦͦ͜͡;ͤ͊ 
͊͒͊ͨͭ͊ͼ͜Ύ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͫͭͦͫͯΊͭΈͫΎ ͜ ͫͺ͔͙ͪ ͍͔͊ͫͤ͡ ͍ͨͤ͊͊͘͜͡Έ͙ͤͻ ͨͪͦͼ͔͍ͫ͜Φ ˭ͣͫͭ͜ ͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͊ͤ͜͡ ͜ ͍ͤ͊;͊͡Έ͙ͤͻ 
͎ͨͪͦͪ͊ͣ ͫͯ;͙͊ͫͤͻ ˭ˤ˻ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͍͙ͫͦͦ͟Ό Ϧͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ΅͜͡Έͤͫͭ͜ΌϦ ͜ ͍͙͙ͫͦͣ͟ ͔͔ͫͭͯͨͤͣ ͔͔͙ͭͦͪͭ;ͤͦ͝ 
͎ͯ͊͊͘͡Έ͔ͤͤͦͫͭ͜Σ ΅ͦ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͙͎ͣ͊͊Ί ͍͒͜ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͤ͊͘;͎ͤͦͦ ͍ͪͤ͜Ύ ͍͙ͪͦͭͯ͘͟ ͎͊͋ͫͭͪ͊ͭͤͦͦ͟Σ ͔͔͙ͭͦͪͭ;͎ͤͦͦ 
͙͔ͣͫͤͤ͡ΎΦ ˴ͪͣ͜ ͎ͭͦͦΣ ͍ͤ͊;͊ͤͤΎ ͍ ˭ˤ˻Σ ΅ͦ ΊΣ ͨͦ ͫͯͭ͜Σ ͍ͤ͊;͊ͤͤΎͣ ͨͪͦͺ͔͚͙ͫͤͣ͜Σ ͦͪ͜Ί͍͔ͤͭͦ͊ͤ ͔͔͍ͨͪ͊͗ͤͦ ͤ͊ ͍͙ͪͦͭͦ͘͟ 
͙͍͎͊ͭͤͦͦ͟Σ ͚͎ͫ͊ͣͦͫͭͤͦͦ͜ ͍ͭͦͪ;͎ͦͦ ͙͔ͣͫͤͤ͡ΎΣ ͊ ͍ ͙ͭͪ͊͒ͼ͜Ύͻ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜ ͒ͦ ͙ͫͻ ͨͪ͜Σ ͤ͊ ͔͍͔͙͙͚ͨͪ͟͡ ͗͊͡ΈΣ ͔͔͍ͨͪ͊͗͊Ί 
ͦͪ͜Ίͤͭ͊ͼ͜Ύ ͤ͊ ͎͙͊ͦͪͭͣ͜͡;͔ͤΣ ͔͙͍͔ͪͨͪͦ͒ͯͭͤ͟ ͙͔ͣͫͤͤ͡ΎΦ ́ͦͣͯ ͔͒ͯ͗ ͎͋͊͊ͭͦ ͔͍ͫͭͯ͒ͤͭ͜ ͍͒͜;͍ͯ͊ΌͭΈ ͭͪͯ͒ͤͦ΅͜ ͍ ͍ͤ͊;͊͡Έ͙ͤͻ 
͙ͫͭͯ͊ͼ͜ΎͻΣ ΅ͦ ͍͙͎ͣ͊͊ΌͭΈ ͔͎ͤͫͭ͊ͤ͒͊ͪͭͤͦͦ ͨ͒͜ͻͦ͒ͯΣ ͍͜͡Έ͎ͤͦͦ ͍͙͍ͫͦ͡͡Ό͍͊ͤͤΎ ͍͙͊ͫͤ͡ͻ ͒ͯͣͦ͟Σ ͙͍͊ͭͤͦ͟͝ ͯ;͊ͫͭ͜ ͍ ͙͒ͫͯͫ͟͜Ύͻ ͜ 
ͭΦ͒ΦΣ ό˥͙ͦͪͦ͒ͫΈ͊͟Σ ˽͊ͤͭΌ͟Σϧ˸͜͡ΎΊ͍͊Σ 2014.; ˴ ͊ͨͤͫ͜͡Έ͙͚͟Σ 2015.). 

˻͍ͦͦ͒ͤͤ͜͡Ύ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͙ͨͦ͘ͼ͜ΊΌ ͫͯ͋ϥΊͭ͊͟ ͍ͤ͊;͊͡Έͤͦ-ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ˭ˤ˻ ͨͦ ͫͯͭ͜ Ύ͍͡ΎΊ ͫͦ͋ͦΌ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͣͤͤ͜Ύ ͍;͙͙ͭͫΎ ͚ͫ͊ͣͦͫͭͤͦ͜Σ ͍͍͙ͦͨ͊ͤͦͯ͊ͭ ͤ͊ͤͤ͘Ύ ͔ͤ ͫͭ͜͡Έ͙͟ ͍ ͍ͯͣͦ͊ͻ ͍ͦͤ͘͜΄ͤΈ͎ͦͦ ͦͤͭͪͦ͟͡Ό ͜ ͦͼ͙ͤ͜͟Σ ͫ͟͜͡Έ͙͟ 
͍ ͍ͯͣͦ͊ͻ ͫ͊ͣͦͦͤͭͪͦ͟͡Ό ͜ ͫ͊ͣͦͦͼ͙ͤ͜͟Φ ˽͙ͫͻ͎ͦͦ͜͡;ͤ͊ ͫͭͪͯͭͯͪ͊͟ ͍ͣͤͤ͜Ύ ͍;͙͙ͭͫΎΣ ͤ͊ ͒ͯͣͯ͟ ͎͋͊͊ͭΈͦͻ ͍͍͊ͭͦͪ͜ 
όˣ͍͊ͪ͊ͤͦͫΈ͊͟Σ нлмрΦΤ ˴͊ͨͤͫ͜͡Έ͙͚͟Σ нлмрΦΤ ˽ͦ͒ͦ͡Ύ͟ϧ̑ͪ;͔ͤͦ͟ΣнллсΦΤ ˿͍͊;͙ͤΣ нллтΦύ Ί ͙͒ͦͫͭΈ ͙ͫ͊͒ͤͣ͟͡ ͍͔ͯͭͦͪͤͤΎͣΣ ΅ͦ 
͍͟͡Ό;͊Ί ͒ͦ ͔͔ͫ͋ ͔ͤ ͭ͜͡Έ͙͟ ͍͔͗ ͎͍͊͒ͯ͊ͤ͘͜ ͔͔ͤͭͭͯ͊͜͟͡͡Έͤ͜ ͍͙ͤ͊;͙͟Σ ͊ ͚ ͙͒ͦͫͭΈ ͍͙͙͚ͫͦ͟ ͍͔ͪͤ͜Έ ͍ͦ͡Έ͍ͦͦ͝ ͔͎ͫ͊ͣͦͪͯ͡Ύͼ͜͝Φ 
˿͔ͭͯ͒ͤͭͯ-͔ͨͪ΄͙ͦͯͪͫͤͯ͟͟ ͔ͤͦ͋ͻ͒ͤͦ͜ ͔ͤ ͭ͜͡Έ͙͟ ͣ͘͜ͼ͙͙ͤͭ ͜ ͍͙͙ͪͦͤͯͭ͘ ͍ͫͦ͝ ͤ͊ͤͤ͘ΎΣ ͔͔ͤͭͭͯ͊͜͟͡͡Έͤ͜ ͍ͣͤͤ͜Ύ ͜ ͍͙ͤ͊;͙͟ ͍ ͍ͯͣͦ͊ͻ 
͍ͤ͊;͊ͤͤΎ ͍ ˭ˤ˻Σ ͊ ͚ ͙ͯͣͭ͘͜ Ύ͎ͦͣͦ͊͟ ΄͍͙͒΄͔ ͜ ͯͫͨ͜΄ͤ͜΄͔ ͦͪ͘͜Ί͍͙ͤͭͯ͊ͭͫΎ ͍ ͨͦͭͦͼ͜ ͍͙ͤͦͻ ͺͦͪͣ ͒͜Ύ͡Έͤͦͫͭ͜ ͜ ͍͙ͤͦͻ ͍͔ͪ͊͗ͤΈΦ 
́ͦ͋ͭͦΣ ͔ͨͪ΄͙ͦͯͪͫͤͯ͟͟ ͔ͤͦ͋ͻ͒ͤͦ͜ ͙͍͊ͭͤͦ͟ ͍͙ͦͦͦ͒ͭ͜͡ ͫͦͼ͊͜͡ΈͤͦΌ ͪͦ͡͡Ό Ϧ͔ͫͭͯ͒ͤͭϦΣ ΅ͦ ͔͔ͨͪ͒͋͊;͊Ί ͔ͤ ͭ͜͡Έ͙͟ ͍͊ͫͤͯ͡ 
͙ͨͫͻ͎ͦͦ͜͡;ͤͯΣ ͊ ͚ ͫͦͼ͊͜͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;ͤͯ ͊͒͊ͨͭ͊ͼ͜ΌΦ 

˿ͦͼ͊͜͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;ͤ͊ ͊͒͊ͨͭ͊ͼ͜ΎΣ Ύ͟ ͍͒ͦͣͦ͜Σ ͔͔ͨͪ͒͋͊;͊Ί ͺ͍ͦͪͣͯ͊ͤͤΎ ͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ ͔ͣͻ͍͊ͤͣ͘͜͜Σ ͍͊͒͘Ύ͙͟ Ύ͙ͣ͟ 
͙ͦͫͦ͋ͫͭͫͭ͜Έ ͔͔͊͋ͨ͘͘;ͯΊ ͫͦ͋͜ ͔͔͋ͨͯ͘͟ ͜ ͔͍͊͒͊ͭͤͯ͟ ͦͪ͜Ίͤͭ͊ͼ͜Ό ͍ ͍͚ͤͦ͜ ͫͦͼ͊͜͡Έ͚ͤ͜ ͙ͫͭͯ͊ͼ͜͝Σ ͔͔͊͋ͨ͘͘;ͯΊ ͙͍ͣͦ͗ͫͭ͜͡Έ 
͙ͣ͊ͫͣ͊͟͡Έͤͦ ͯͫͨ͜΄ͤͦ ͍͙͍͙ͫ͊ͣͦͪͦ͊ͭͫ͘Ύ ͔͋͘ ͙ͤ͊͒ͣͪͤ͜ͻ ͙ͯͫ͘͡ΈΦ ̂ ͔ͦͤͭͫͭ͟͟͜ ͊͒͊ͨͭ͊ͼ͜͝ ͔ͨͪ΄͙ͦͯͪͫͤ͊͟͟ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͍ ˭ˤ˻ 
ͫͦͼ͊͜͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;ͤ͊ ͊͒͊ͨͭ͊ͼ͜Ύ Ύ͍͡ΎΊ ͫͦ͋ͦΌ ͙͍͔͊ͭͤ͟ ͍͟͡Ό;͔ͤͤΎ ͔ͫͭͯ͒ͤͭ͊ ͍ ͫͦͼ͊͜͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;͙͚ͤ ͨͪͦͫͭͪ͜ ˭ˤ˻ 
όˣ͊ͪ ͍͊ͤͦͫΈ͊͟Σ нлмрΦΤ ˨ΈΎ;͔ͤͦ͟Σϧ˴͊ͤ͒·͍͙͋ͦ;Σ нллсΦΤ ˽ͦ͒ͦ͡Ύ͟ϧ̑ͪ;͔ͤͦ͟ΣнллсΦύΣ ͍ͦͦͦ͒ͤͤ͜͡Ύ ͍͍͙͙͒ͨͦ͒ͤͣ͜͜ ͼͤͤͦͫͭ͜Ύ͙ͣ ͜ 
ͫͦͼ͊͜͡Έ͙͙ͤͣ ͙ͤͦͪͣ͊ͣΦ ˿ͦͼ͊͜͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;ͤ͊ ͊͒͊ͨͭ͊ͼ͜Ύ ͔ͨͪ΄͙ͦͯͪͫͤ͊͟͟ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͍ ˭ˤ˻ ͍ ͔ͨͪ΄ͯ ;͔͎ͪͯ ͔͔ͨͪ͒͋͊;͊Ί 
͍͙͔ͪͦ͋ͤͤ͡Ύ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͍͙ͤ͊;ͦ͟ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͘ ͍͙͊͒͊͟͡;͙͊ͣΣ ͤ͊ Ύ͔͟ ͙͍͙͚ͦͫͦ͋͡ ͍͙͒͋ͭͦ͜͟ ͤ͊͊͒͊͟͡Ί ͔͔͍ͨͪ͊͗͊ͤͤΎ 
͚͙ͫ͊ͣͦͫͭͤ͜ͻ ͺͦͪͣ ͍ͤ͊;͊͡Έͤͦ͝ ͙ͪͦ͋ͦͭΦ ˨͍ͦͫ͒͜ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͘ ͯ;͙͔ͭ͡Ύ͙ͣ ͔͔ͫͪ͒ͤΈͦ͝ ΄͙ͦ͟͡Σ ͍ͤ͊ͭ͜Έ Ύ͟΅ͦ ͍ͤ͜ ͍ͫ͊͒͊ͫ͟͡Ύ 
͙͒ͦͫͭΈ ͙͙͍ͨͦͭͤͦ͘Σ ͔͒͊ͦ͟͡ ͔ͤ ͍͙͊͗͒͘ ͔͔͊͋ͨ͘͘;ͯΊ ͯͫͨ͜΄ͤͫͭ͜Έ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͔ͨͪ΄͙ͦͯͪͫͤ͊͟͟ ͘ ͍͙͊͒͊͟͡;͙͊ͣ ˭ˤ˻Φ ͙͚́͊͟ ͫͭ͊ͤ 
ͨͦΎͫͤΌΊͭΈͫΎ ͙ͭͣΣ ΅ͦ ͎͙͙͋ͤͤ͊͡ ͙ͨͫͻ͎ͦͦ͜͡;ͤ͊ ͫͯͭͤͫͭ͜Έ ͨͪͦͼ͔ͫͯ ͍ͤ͊;͊ͤͤΎ ͍ ͔͔͚ͫͪ͒ͤ͜ ΄ͦ͟͜͡ ͨͦ͡Ύ͎͊Ί ͯ ͍͊͘Ίͣͦ͒͜͝ ͍;͙͔ͭ͡Ύ ͜ 
ͯ;ͤΎΣ ͯ ͍͊͘Ίͣͤͦͣͯ ͔͔͔͔ͨͪͨͭͤͤ͜͡ ͝ͻ ͒͜Ύ͡Έ͔͚ͤͦͫͭ ς ͍͙͊͒͊ͤͤ͟͡Ύ ͜ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͍ ͚ͭͦ ;͊ͫ Ύ͟ ͨͪͦͼ͔ͫ ͍ͤ͊;͊ͤͤΎ ͯ 
͍͙΅͚͜ ΄ͦ͟͜͡ ͋ͯ͒ͯΊͭΈͫΎ ͔͔͍ͨͪ͊͗ͤͦ Ύ͟ ͫͨ͜͡Έͤ͊ ͒͜Ύ͡Έͤͫͭ͜Έ ͍͙͊͒͊͟͡;͊ ͜ ͔ͫͭͯ͒ͤͭ͊Φ ̂ ˭ˤ˻Σ ͙͍ͦͫͦ͋ͦ͡ ͍ ͫͺ͔ͪ͜ ͍ͤ͊ͯͦͦ͟͝ ͙ͪͦ͋ͦͭ 
͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͜ ͍͙͊͒͊͟͡;͍͜ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͍ ͪ͊ͣ͊͟ͻ ͫͨ͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ΅ͦ ͣ͊Ί ͎͊͊͘͡Έͤ͜ ͒͡Ύ ͙ͤͻ ͼ͜͜͡Σ ͔͒ͯ͗ ͙͋͘͡Έ͟͜Σ 
͙ͨͪ͊ͭ͟;ͤͦ Ί͙͒ͤ͜ ͙͍͙ͣͦͭ ͜ ͍͊͒͊ͤͤ͘ΎΦ ͙͚́͊͟ ͍͔ͪͤ͜Έ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͍͙͙͊͟͟͡Ί ͯ ͎͋͊͊ͭΈͦͻ ͔͍ͫͭͯ͒ͤͭ͜Σ ͙͍ͦͫͦ͋ͦ͡ ͣͦͦ͒͡΄͙ͻ ͍ͯͪͫ͟͜ 
ͤ͊͘;ͤ͜ ͭͪͯ͒ͤͦ΅͜ ͜ ͍ͫͭͦͪΌΊ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͙͍͊ͭͤͦ͟͝ ͊͒͊ͨͭ͊ͼ͜͝Φ 

˿ͦͼ͊͜͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;ͤ͊ ͊͒͊ͨͭ͊ͼ͜Ύ ͔͔ͨͪ͒͋͊;͊Ί ͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ό ͙ͦͨͭͣ͊͡Έ͎ͤͦͦ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͘ ͙ͦ͒ͤͦͭ͊ͣ͜͟͡Σ 
͔͙ͫͭͯ͒ͤͭ͊ͣ-͙͙ͦ͒ͤͦͯͪͫͤ͊ͣ͟͟Φ ˨͡Ύ ͔ͨͪ΄͙ͦͯͪͫͤ͊͟͟ ͼ͔ ͔ͨͪͦ͋ͣ͊͡ ͍͚ͨͦ͒ͤͦ͜͝ ͫ͊͒ͤͦͫͭ͟͜͡Σ ͭ͊͟ Ύ͟ ͔͔ͨͪ͒͋͊;͊Ί ͦ͒ͤͦ;͔͊ͫͤ ͜ 
͍ͻ͔ͦ͒͗ͤͤΎ ͔ͫͭͯ͒ͤͭ͊ ͍ ͎ͪͯͨͯ ͜ ͍͔ͫͭͦͪͤͤΎ ͼ͜Ί͝ ͎͙ͪͯͨΤ ͍͊ͫͦ͘ΊͤͤΎ ͼ͜ΊΌ ͎ͪͯͨͦΌ ͫͦͼ͊͜͡Έ͙ͤͻ ͤͦͪͣ ͜ ͼ͔͚ͤͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭͫͭ͊ ˭ˤ˻ ͜ 
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͍͙͔ͪͦ͋ͤͤ͡Ύ ͍ͫͦ͝ͻ ͍ͤͯͭͪ͜΄ͤΈ͎͍͙ͦͪͯͨͦͻ ͤͦͪͣΦ ˿ͦͼ͊͜͡Έͤͦ-͙ͨͫͻ͎ͦͦ͜͡;ͤ͊ ͊͒͊ͨͭ͊ͼ͜Ύ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͔͔ͨͪ͒͋͊;͊Ί ͜ ͍ͣͤͤ͜Ύ 
͙ͨͪͦͭͫͭͦΎ͙ͭΣ ͙ͨͪͦͭ͒͜Ύ͙ͭ ͍ͫͦΊͪ͒ͤͦͣͯ͜ ͍͍͒ͦ͊͜͜͟͡Ό;ͦͣͯ ͜ ͪͦͫ͊͋͘͡͡ΌΌ;ͦͣͯ ͍͙͍ͨͯ͡ ͙͍ͨͦͣͦͦ͟͡ ͪͦͯͣͦ͘͘͜͡͝ Ϧ͙͙ͪͦͣ͊ͤͭ͟ 
͔ͫͭͯ͒ͤͭͫΈ͎ͦͦ͟ ͙͗ͭͭΎϦΦ ˽͔͔ͪ͒ ͙ͦ͗ͤͣ͟ ͔ͨͪ΄͙ͦͯͪͫͤͦͣ͟͟ ͍ͫͭ͊Ί ͔ͨͪͦ͋ͣ͊͡ ͪ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͍͍ͫͨ͒ͤͦ͜͜΄͔ͤͤΎ ͍ͤ͊;͊ͤͤΎΣ 
͎ͪͦͣ͊͒ͫΈͦ͟͝ ͙ͪͦ͋ͦͭ ͭ͊ ͍͎ͪͦ͊͘ ͜Σ Ύ͟ ͍ͫ͒͜;͊ͭΈ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͔ͤ ͍ͫͣ͜ ͍͒͊ΊͭΈͫΎ ͯͫͨ͜΄ͤͦ ͍͙ͪ͜΄͙͙ͭ ͼΌ ͔ͨͪͦ͋ͣͯ͡Φ 

͙́͊ͣ͟ ;͙ͤͦͣΣ ͊͒͊ͨͭ͊ͼ͜Ύ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͍ ˭ˤ˻ ς Ύ͍͙΅͔ ͔ͫ͊͒ͤ͟͡ ͜ ͎͎͔͋͊͊ͭͦͪ͊ͤͤΣ Ύ͔͟ ͔ͤ ͍͙͊͗͒͘ 
ͨͪͦͻ͙ͦ͒ͭΈ ͯͫͨ͜΄ͤͦ ͜ ͍ͨͦϥΎ͔͊ͤ͘ ͘ ͪΎ͒ͦͣ ͭͪͯ͒ͤͦ΅͍͜Φ ̂ ͪΎ͒͜ ͪͦ͋ͭ͜ ό˨ΈΎ;͔ͤͦ͟Σϧ˴͊ͤ͒·͍͙͋ͦ;Σ нллсΦΤ ˽ͦ͒ͦ͡Ύ͟ϧ̑ͪ;͔ͤͦ͟,2006.) 
ͨͦ͊͊ͤͦ͘͟Σ ΅ͦ ͒ͦ ͤ͟͜ͼΎ ͔ͨͪ΄͎ͦͦ ͪͦͯ͟ ͍ͤ͊;͊ͤͤΎ ͍ ͔͔ͫͪ͒ͤΈͦͣͯ мκо ͔͍ͫͭͯ͒ͤͭ͜ ͔ͤ ͣͦ͗ͯͭΈ ͍ͨͦͤͦΌ ͣͪͦ͜Ό ͍͟͡Ό;͙͙ͭͫΎ ͍ 
ͨͪͦͼ͔ͫ ͍ͤ͊;͊ͤͤΎ ͍ ˭ˤ˻ ͜ ͍͒͜;͍ͯ͊ΌͭΈ ͪͤͦͣ͊ͤͭͤ͘͜͜͜ ͭͪͯ͒ͤͦ΅͜Φ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜Φ ̂ ͚͒͊ͤ͜ ͫͭ͊ͭͭ͜ ͔͍͔ͨͪ͒ͫͭ͊ͤ͊͡ ;͙͊ͫͭͤ͊ ͙͒͊ͤͻΣ ΅ͦ ͫͭͦͫͯΌͭΈͫΎ ͫͭ͊ͤͯ ͊͒͊ͨͭ͊ͼ͜͝ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͒ͦ 
͍ͤ͊;͊ͤͤΎ ͍ ˭ˤ˻Σ ͔ͦͪͣ͊͘͟ ς ͊ ͒͊ͨͭ͊ͼ͜͝ ͒ͦ ͍͙ͦͫͤͦͤͻ ͎ͦͪ͊ͤ͊͘͜ͼ͚͙ͤ͜ͻ ͺͦͪͣ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΦ 

 
˸˩́˻˨ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 

˨͔͊ͤ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙͍ͨͪͫΎ;͔͔ͤ ͔ͨͪͦ͋ͣ͊ͣ͡ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ ͊͒͊ͨͭ͊ͼ͜͝ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͍ ˭ˤ˻ ͜ ͤ͊΄͔ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͨͪ΄͎ͦͦ 
ͯͪͫͯ͟ ͎͊ͯ͘͜͡ ͤ͊ͤ͘Έ лм ˻͍ͫͭ͊͜κ˽͔͎͎͒͊ͦ͊͜͟ ͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ лмп ͔͔ͫͪ͒ͤΎ ͍ͦͫͭ͊͜Υ ͫͭͦͪ͜͜Ύ ό͙ͤͫͭͭͯͭ͜ ͫͭͦͪ͜͜͝ ͜ ͺͦͫͦ͜͡ͺ͜͝ύ ͭ͊ 
͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭ лмп ͔͔ͫͪ͒ͤΎ ͍ͦͫͭ͊͜Υ ͺ͙͊͘͜͟ ͜ ͔͙ͣ͊ͭͣ͊ͭ͊͟ όͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͙͚ͤ ͺ͊ͯ͟͡Έ͔ͭͭύ ˿ͯͣͫΈ͎ͦͦ͟ ͔͍͎͒ͪ͗͊ͤͦͦ 
͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ ˢΦ˿Φ ˸ ͔͊͊ͪͤ͊͟͟Φ ˽͙ͪ ͼΈͦͣͯ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͫ͡Ύ Ύ͟ ͔͔͔ͯͫͪ͒ͤͤ͜ ͒͊ͤ͜Σ ͭ͊͟ ͜ ͍͙͒͜͡Ύ͙ͫ͡Ύ 
͙͙ͨͦ͊ͤ͘͟͟ ͙ͪͤ͘͜ͻ ͔͎͚͊ͭͦͪ͟͜ ͔͍ͫͭͯ͒ͤͭ͜Σ ͍ ͔͊͗ͤͦͫͭ͘͜͡ ͍͒͜ ͎͔͔ͤ͒ͪͤͦ͝ ͙͔ͨͪͤ͊͗ͤͦͫͭ͜͡Τ ΄͙ͦ͟͡ όͣͫ͜Έͦ͟͝ ;͙ ͫ͜͡ΈͫΈͦ͟͝ύΣ Ύͯ͟ ͍͙ͦͤ 
͊ͤ͘͟͜;͙͙͡Τ ͍͙ͦͫͤͦ ͍ͤ͊;͊ͤͤΎ ό͔͒ͪ͗͋Ό͔͒͗ͭͤ͊ ͊͋ͦ ͔ͦͣͪ͟ͼ͚ͤ͊͜ύ ͜ ͍ͯͣͦ ͙͍ͨͪͦ͗͊ͤͤΎ ό͘ ͋͊ͭΈ͙͊ͣ͟ ͊͋ͦ ͍ ͎͙ͯͪͭͦ͗ͭͯ͟ύΦ ˸͔ͭ͊ 
ͼΈ͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͨͦ͡Ύ͎͊͊͡ ͍ ͭͦͣͯΣ ΅ͦ͋ ͍͙ͤ͊͘;͙͙ͭ ͫͭ͊ͤ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ ͊͒͊ͨͭ͊ͼ͜͝ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ ͒ͦ 
͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͎ͦͪ͊ͤ͊͘͜ͼ͚͙ͤ͜ͻ ͺͦͪͣ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͯ ˭ˤ˻Φ ˨ͦͫΎ͎͔ͤͤͤΎ ͼ͜Ί͝ ͔͙ͣͭ ͔͔ͨͪ͒͋͊;͊ͦ͡ ͍͙ͪ͜΄͔ͤͤΎ ;͙ͦͭͪΈͦͻ 
͍͊͘Ί͍ͣͦͨͦϥΎ͙͊ͤ͘ͻ ͍͊͒͊ͤ͘ΈΥ 

мύ ͍͙Ύ͍͙͙ͭ ͙ͨͦ͊ͤ͘͟͟ ͫͯ͋ϥΊ͙͍͎ͭͤͦͦ͟ ͦͼͤ͜Ό͍͊ͤͤΎ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ ͭͪͯ͒ͤͦ΅͍͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͍ ˭ˤ˻Τ 
нύ ͍͙Ύ͍͙͙ͭ ͨ ͙͙ͦ͊ͤ͘͟͟ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ ͊͒͊ͨͭ͊ͼ͜͝ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ ͒ͦ ͔͟͡ͼ͚͙ͤ͜ͻ ͊ͤ͘ΎͭΈΤ 
оύ ͍͙Ύ͍͙͙ͭ ͙͙ͨͦ͊ͤ͘͟͟ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ ͊͒͊ͨͭ͊ͼ͜͝ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ ͒ͦ ͙ͨͪ͊ͭ͟;͙ͤͻ ͭ͊ ͔ͫͣͤ͊ͪͫ͜Έ͙͟ͻ ͊ͤ͘ΎͭΈ 
пύ ͍͙Ύ͍͙͙ͭ ͙͙ͨͦ͊ͤ͘͟͟ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ ͊͒͊ͨͭ͊ͼ͜͝ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ ͒ͦ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͍ͤ͊;͊͡Έͤͦ-ͨͪͦͺ͔͚ͫͤͦ͜͝ 

͒͜Ύ͡Έͤͦͫͭ͜ 
˻͍͙ͫͤͦͤͣ ͔ͣͭͦ͒ͦͣ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͙͙͍ͫͭͯͨ ͍͊ͭͦͪͫΈ͙͚͟ ͙͍ͦͨͭͯ͊͡Έ͙ͤ͟Σ ΅ͦ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘ мт ͙ͨͭ͊ͤΈ Ύ͟ ͍͙͎͒ͪͭͦͦ͜͟Σ 

ͭ͊͟ ͜ ͙͎͊ͪͭͦͦ͘͟ ͙ͭͨͯΦ ˻͙͍ͨͭͯ͊ͤͤΎ ͍͙ͨͪͦͦ͒ͦͫ͡Ύ ͍͒͊ ͍ͤ͊;͊͡Έͤ͜ ͙ͪͦ͟ ͨͦͫͨ͜͡Έ ͍ ͍͗ͦͭͤ͜ ͣͫ͜Ύͼ͜Σ ͊ͤͦͤͣͤͦ͜Σ ͍ ͤΈͦͣͯ ͍͘Ύ͙͡ 
ͯ;͊ͫͭΈ ус ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ˹˹˱ ͫͭͦͪ͜͜͝ ͜ ͺͦͫͦ͜͡ͺ͜͝ ͭ͊ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͺ͊ͯ͟͡Έ͔ͭͭͯΦ ˻͋ͪͦ͋͊͟ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍͙ͨͪͦͦ͒͊ͫ͡Ύ ͘ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͎͙ͨͪͦͪ͊ͣ ϦaƛŎǊƻǎƻŦǘ 9ȄŎŜƭϦ 

 
˾˩˭̂˶̎́ˢ́ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ ́ˢ ˻ˣ˥˻ˤ˻˾˩˹˹̒  

˻͙ͭͪͣ͊ͤ͜ ͙ͤ͊ͣ ͔ͪͯ͘͡Έ͙ͭ͊ͭΣ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͍͔͙ͨͦͫͭ͊ͤ͡ͻ ͍͊͒͊ͤ͘ΈΣ ͨͦ͡Ύ͎͊ΌͭΈ ͯ ͤ͊ͫͭͯͨͤͦͣͯΦ 
1. ˽͙ͦ͊ͤ͘͟͟ ͫͯ͋ϥΊ͙͍͎ͭͤͦͦ͟ ͦͼͤ͜Ό͍͊ͤͤΎ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͭͪͯ͒ͤͦ΅͍͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͍ ˭ˤ˻ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͤ͊ 

͙ͪͫͯͤͯ͟ мΦ 
ˤ͙ͻͦ͒Ύ;͙ ͘͜ ͫͯͭͤͦͫͭ͜ ͊͒͊ͨͭ͊ͼ͜͝Σ ͙ͣ ͦ͋ͪͦ͋͡Ύ͙͡ ͔ͪͯ͘͡Έ͙ͭ͊ͭΣ ͍͙͒͜͡ΎΌ;͙ ͍ ͔ͨͪ΄ͯ ;͔͎ͪͯ ͍͍͒ͨͦ͒͜͜͜ ͔͔͍ͪͫͨͦͤ͒ͤͭ͜ ͔ͫ͊ͣ 

ͨͪͦ ͍͒ͫͯͭͤͫͭ͜͜Έ ͔ͨͪͦ͋ͣ͡ ͜ ͭͪͯ͒ͤͦ΅͍͜ ͍ ͍ͤ͊;͊ͤͤ͜Φ 
 

 
˾͙ͫΦ мΦ ˴͜͡Έͫͭ͟͜Έ όͯ ҈ύ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟Σ  

Ύ͟͜ ͍͙͊͊͘͟͡ ͤ͊ ͍͒ͫͯͭͤͫͭ͜͜Έ ͭͪͯ͒ͤͦ΅͍͜ ͯ ͍ͤ͊;͊͡Έ͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜ 
 
̒͟ ͍͙͒ͤͦΣ ͒͡Ύ ͯͫ͜ͻ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͦ͋ͦͻ ͚͔ͤ͊ͣͤ΄ͯ ͭͪͯ͒ͤͫͭ͜Έ ͫ͊͒͊͟͡ΌͭΈ ͦͤͫͯ͟͡Έͭ͊ͼ͜͝Σ ͊ ͚ͤ͊͋͜͡Έ΄ͯ ς ͔ͫͣͤ͊ͪͫ͜Έ͟͜ 

͊ͤ͘ΎͭͭΎΦ ˽͙ͪ ͼΈͦͣͯΣ Ύ͟΅ͦ ͙͍ͦͫͦ͋ͦ͡ ͍͙͙͙͒ͭ͜͡ ͍͔͍͔ͨͤͤͦ ͍͔ͫͭͪ͒ͤ͜ ͍͍͒ͨͦ͒͜͜͜Σ ͭͦ ͟͜͡Έͫͭ͟͜Έ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜Σ Ύ͟͜ ͊ͤ͊͘͘ΌͭΈ 
ͭͪͯ͒ͤͦ΅͍͜ ͯ ͍͘ϥΎͯ͘͟ ͘ ͔͙ͫͣͤ͊ͪ͊ͣ͜ ͍͙Ύ͍͙ͭΈͫΎ ͙ͨͪ͊ͭ͟;ͤͦ ͍ п ͙ͪ͊͘ ͋͜͡Έ΄͔ ͤ͊ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤͦͣͯ ͺ͊ͯ͟͡Έ͔ͭͭ͜ όрпΣр҈ύΣ ͤ͗͜ 
͍ ͙ͤͫͭͭͯͭ͜͜ ͫͭͦͪ͜͜͝ ͜ ͺͦͫͦ͜͡ͺ͜͝ όмоΣл҈ ύΦ ˽͙ͪ͊ͭ͟;ͤ͜ ͊ͤ͘ΎͭͭΎ ͔ͤ ͍ͫͭͦͪΌΌͭΈ ͭͪͯ͒ͤͦ΅͜ ͭͪͦͻ͙ ͋͜͡Έ΄͔Σ ͤ͗͜ ͒͡Ύ ͔͙͙ͭͪͭͤ ͔͍ͫͭͯ͒ͤͭ͜ 
͔͙͒ͦͫ͒͗ͤ͜͡ͻ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭΣ ͔͊͡ ͙ͭͻΣ ͻͭͦ ͍͔͍͔ͨͤͤͦ ͍͍͊͊͘͟ ͤ͊ ͤ͊Ύ͍ͤͫͭ͜Έ ͙ͭ͊͟ͻ ͭͪͯ͒ͤͦ΅͍͜ ͤ͊ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤͦͣͯ 
ͺ͊ͯ͟͡Έ͔ͭͭ͜ όом҈ύ ͍ ͙ͭͪ ͙ͪ͊͘ ͋͜͡Έ΄͔Σ ͤ͗͜ ͍ ͙ͤͫͭͭͯͭ͜͜ ͫͭͦͪ͜͜͝ ͜ ͺͦͫͦ͜͡ͺ͜͝ όфΣо҈ύ Φ ˱ ͔͟͡ͼ͜͝ ͋͜͡Έ΄ͦΌ ͣͪͦ͜Ό ͍ͫͭͦͪΌΌͭΈ ͭͪͯ͒ͤͦ΅͜ 
͒͡Ύ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͺ͊ͯ͟͡Έ͔ͭͭͯ όсмΣр҈ύ ͤ͗͜ ͔͍ͫͭͯ͒ͤͭ͜ ͍ ͙ͤͫͭͭͯͭ͜͜ ͫͭͦͪ͜͜͝ ͜ ͺͦͫͦ͜͡ͺ͜͝ όоуΣн҈ύΦ ̇͜ ͒͊ͤ͜ 
͍ͫ͒͜;͊ͭΈ ͨͪͦ ͔ͭΣ ΅ͦ ͍ ͼͦͣͯ͜͡ ͔͙ͫͭͯ͒ͤͭ ͔ͨͪ΄͙͙ͦͯͪͫͤ͟͟ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͺ͊ͯ͟͡Έ͔ͭͭͯ ͍͒͜;͍ͯ͊ΌͭΈ ͔͒΅ͦ ͋͜͡Έ΄͜ 
ͭͪͯ͒ͤͦ΅͜Σ ͤ͗͜ ͔ͨͪ΄͙͙ͦͯͪͫͤ͟͟ ͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ Ϧͫͭͦͪ͜͜ΎϦΦ ˻͒ͤ͊͟ ͍͙͍͊͗ͦ͡Σ ΅ͦ ͪͣ͟͜ ͼ͙ͻ ͍͙ͨͦ͊ͦ͘͟ͻΣ ͔͊͡ ͍͔͡Έ͙ͣ ͔͔͔͙ͯͫͪ͒ͤͤͻ 
͙͒͊ͤͻΣ ͔͙ͫͭͯ͒ͤͭ ͙ͪͤ͘͜ͻ ͔͎͚͊ͭͦͪ͟͜ ͙ͨͦ͊͊͘͟͡ ͙͒ͦͫͭΈ ͔ͫͨͼ͙ͺ͜;ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭΣ Ύ͟͜ ͍͔͔ͤ͊͒ͤ͜ ͍ ͙ͭ͊͋͡ͼ͜ мΦ 
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͙́͊͋͡ͼΎ м 
˴͜͡Έͫͭ͟͜Έ ͔͍ͫͭͯ͒ͤͭ͜-͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͙ͪͤ͘͜ͻ ͔͎͚͊ͭͦͪ͟͜Σ  

Ύ͟͜ ͍͙͊͊͘͟͡ ͤ͊ ͍͒ͫͯͭͤͫͭ͜͜Έ ͭͪͯ͒ͤͦ΅͍͜ ͯ ͍ͤ͊;͊͡Έ͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜ όͯ ҈ύ 

͙̅ͦͪͣ 
͍ͤ͊;͊͡Έͤͦ͝ 
͙ͪͦ͋ͦͭ 

˿͔ͨͼ͊͜͡Έͤͫͭ͜Έ 
˿ͭ͊ͭΈ ˭͊ͤ͟͜;͙͍ ΄ͦͯ͟͡ ˻͍ͫͤͦ͊ ͍ͤ͊;͊ͤͤΎ ˸ͫ͜ͼ͔ ͙͍ͨͪͦ͗Φ 

̉Φ ˬΦ ˿͜͡ΈͫΈͯ͟ ˸ͫ͜Έͯ͟ ˴ͦͣΦ ˨Φ͋Ό͒͗ ˨ͦͣΦ ˥ͯͪͭͦ͗Φ 

˶͔͟ͼ͜͝ 
̅͘͜-ͣ͊ͭ 42,9 36,6 44,0 63,3 33,3 41,2 41,6 31,7 

˱ͫͭͦͪ͜Ύ 66,7 60,6 45,0 73,7 43,8 61,2 69,6 58,0 

˽͙ͪ͊ͭ͟;ͤ͜ 
̅͘͜-ͣ͊ͭ 42,9 31,7 24,0 43,3 14,3 47,1 52.6 25,0 

˱ͫͭͦͪ͜Ύ 23,8 48,5 20,0 50,0 34,6 46,4 52,2 29,0 

˿͔͙ͣͤ͊ͪ͜ 
̅͘͜-ͣ͊ͭ 14,3 7,1 4,0 26,7 9,5 20,6 36,8 5,6 

˱ͫͭͦͪ͜Ύ 23,8 51,5 10,0 53,1 30,8 46,4 69,9 19,3 

˴ͦͤͫͯ͡Έͭ͊ͼ͜͝ 
̅͘͜-ͣ͊ͭ 64,3 63,2 52,0 86,7 61,9 76,4 73,7 69,4 

˱ͫͭͦͪ͜Ύ 76,2 87,7 75,0 88,4 80,8 82,2 91,4 74,2 

 
ˤ ͼͦͣͯ͜͡Σ Ύ͟ ͍͙͒ͤͦΣ ͎͊͊͘͡Έͤ͜ ͙͍ͦͫͦ͋ͦͫͭ͜͡Σ ΅ͦ ͊ͤ͊͘͘;͔ͤ͜ ͍͙΅͔Σ ͔͎͋ͪ͊͘͜ΌͭΈͫΎ ͍ ͙ͪͤ͘͜ͻ ͔͎͊ͭͦͪ͟͜Ύͻ ͔͍ͫͭͯ͒ͤͭ͜-

͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜Σ ͦ͒ͤ͊͟Σ Ύͫͤͦ ͎ͨͪͦ͡Ύ͒͊ΌͭΈͫΎ ͜ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͦ͗ͤͦ͟͝ ͘ ͼ͙ͻ ͔͎͚͊ͭͦͪ͟͜Φ ́͊͟Σ ͍ ͍ͦͦͦ͒ͤͤ͜͜͡ ͍͙͙ͤͦͣ ͺ͙ͦͪͣ͊ͣ 
͍ͤ͊;͊͡Έͤͦ͝ ͙ͪͦ͋ͦͭ ͍ ˭ˤ˻ ͤ͊ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤͦͣͯ ͺ͊ͯ͟͡Έ͔ͭͭ͜ ͋͜͡Έ΄͔ ͭͪͯ͒ͤͦ΅͍͜ ͊ͤ͊͘͘ΌͭΈ ͙͗ͤ͜͟ ό͊͘ ͍͙ͤΎͭͦͣ͟ 
ͦͤͫͯ͟͡Έͭ͊ͼ͚͜ύΣ ͊ ͍ ͙ͤͫͭͭͯͭ͜͜ ͫͭͦͪ͜͜͝ ͜ ͺͦͫͦ͜͡ͺ͜͝ ς ;͍͙ͦͦ͜͟͡ ό͊͘ ͍͙ͤΎͭͦͣ͟ ͔͟͡ͼ͚͜ύΦ ˥͔͔ͤ͒ͪͤ͜ ͍͒ͣͤͤͦͫͭ͜͜͜ ͔ͤ ͍͙Ύ͍͙͙ͫ͡Ύ Ί͙͙͒ͤͣ 
͒͡Ύ ͍ͫ͜ͻ ͔͙͒ͦͫ͒͗ͤ͜͡ͻ ͔͍ͫͭͯ͒ͤͭ͜Σ ͔͊͡ ͤ͜΄͜ ͔͎͊ͭͦͪ͟͜͝ ͔͍ͫͭͯ͒ͤͭ͜-͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͨͪͦΎ͍͙͙͡ ͔͒ͯ͗ ͨͦ͒͋ͤ͜͜ ͔͔ͭͤ͒ͤͼ͜͝ ͤ͊ ͍ͫ͜ͻ 
͔ͫͨͼ͊͜͡ΈͤͦͫͭΎͻΦ ́͊͟Σ ͋͜͡Έ΄͔ ͭͪͯ͒ͤͦ΅͍͜ ͍ ͍ͦͦͦ͒ͤͤ͜͜͡ ͍͙͙ͤͦͣ ͺ͙ͦͪͣ͊ͣ ͍ͤ͊;͊͡Έͤͦ͝ ͙ͪͦ͋ͦͭ ͍ ˭ˤ˻ ͍͒ͤ͊͘͜;͙͙͡ ͍͙͙͙ͨͯͫͤ͟͟ 
ͫ͜͡ΈͫΈ͙͟ͻ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ΄͟͜͡Σ ͤ͗͜ ͣͫ͜Έ͙͟ͻΤ ͭ͜Σ ͻͭͦ ͍ͤ͊;͊ΊͭΈͫΎ ͤ͊ ͔ͦͣͪ͟ͼ͚͚ͤ͜͜ ͍ͦͫͤͦ͜Σ ͤ͗͜ ͔͙ͫͭͯ͒ͤͭΣ ΅ͦ ͍ͤ͊;͊ΌͭΈͫΎ ͤ͊ 
͔͒ͪ͗͋Ό͔͙͒͗ͭͤͻ ͣͫ͜ͼΎͻΤ ͭ͜Σ ͻͭͦ ͙͍͔͗ ͍ ͎͙ͯͪͭͦ͗ͭͯ͟ ͤ͗͜ ͭ͜Σ ͻͭͦ ͙͍͔͗ ͍͒ͦͣ͊ ͘ ͋͊ͭΈ͙͊ͣ͟Φ ˽͙ͪ ͼΈͦͣͯΣ ͚ͤ͊͋͜͡Έ΄ Ύ͍ͫͪ͊͟͜ 
͍͒ͣͤͤͦͫͭ͜͜͜ ό͍͒͜ мл҈ ͒ͦ рл҈ ͙͙ͦͨͭ͊ͤͻ ͔͍ͫͭͯ͒ͤͭ͜ύ ͫͭͦͫͯΌͭΈͫΎ ͚ͤ͊͋͜͡Έ΄ ͫ͊͒ͤͦ͟͡͝ ͒͡Ύ ͙ͤͻ ͺ͙ͦͪͣ ͍ͤ͊;͊͡Έͤͦ͝ ͙ͪͦ͋ͦͭ ς 
͔ͫͣͤ͊ͪͫ͜Έ͙͟ͻ ͊ͤ͘ΎͭΈΦ ˻;͔͍͙͒ͤͦΣ ΅ͦ ͙ͨͭ͊ͤͤΎ ͨͪͦ ͻ͔͊ͪ͊ͭͪ͟ ͼ͙ͻ ͭͪͯ͒ͤͦ΅͍͜ ͍͙ͻ͙ͦ͒ͭΈ ͊͘ ͙ͪ͊ͣ͟ ͒͊ͤͦ͝ ͙ͪͦ͋ͦͭ ͜ ͍͙͎ͣ͊͊Ί 
͍͙͒ͦ͒͊ͭͦ͟ͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˻͒ͤ͊͟Σ ͔͒Ύ͟͜ ͙ͨͪ;͙͙ͤ ͭͪͯ͒ͤͦ΅͍͜ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͍ ͍ͦͦͦ͒ͤͤ͜͜͡ ͍ͤ͊;͊͡Έͤͦ-ͨͪͦͺ͔͚ͫͤͦ͜Ό 
͒͜Ύ͡Έͤͫͭ͜Ό ͍ ˭ˤ˻ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͙ͪͦͪͭ͘͟͜ ͙ͨͪ ͨͦ͒͊͡Έ΄ͦͣͯ ͎ͪͦ͘͡Ύ͒͜ ͙͙ͦͭͪͣ͊ͤͻ ͙ͤ͊ͣ ͙͒͊ͤͻ ͔͍͊ͤͭͯ͊ͤͤ͟Ύ ΅ͦ͒ͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ 
͔ͨͪ΄͙͙ͦͯͪͫͤ͊ͣ͟͟ ͍ͫͦΊ͝ ͍ͤ͊;͊͡Έͤͦ͝ ͙ͪͦ͋ͦͭ ͍ ˭ˤ˻Φ 

2. ˿͔͔ͪ͒ ͙͍ͨͦ͊ͤ͘͟͟͜ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ ͊͒͊ͨͭ͊ͼ͜͝ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ ͒ͦ ͔͟͡ͼ͚͙ͤ͜ͻ ͊ͤ͘ΎͭΈ ͚͍͙͍ͤ͊͊͗͜͡΄͙͙ͣ Ί 
͙͙ͨͦ͊ͤ͘͟͟ ͍͍͍͒͒ͯ͊ͤͤ͜͜Ύ ͔͟͡ͼ͚͜ ͜ ͍ͤ͊;͊͡Έͤͦ͝ ͙ͪͦ͋ͦͭ ͤ͊͒ ͔͟͡ͼ͚͙ͤͣ͜ ͔ͣ͊ͭͪ͊ͦͣ͜͡Φ ̒͟ ͍ͫ͒͜;͊ͭΈ ͍͍͒ͨͦ͒͜͜͜Σ ͔͔͍ͨͪ͊͗ͤ͊ 
͋͜͡Έ΄ͫͭ͜Έ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ ͎ͤ͊ͣ͊͊ΊͭΈͫΎ ͔͟͡ͼ͜͝ ͔ͤ ͙ͨͪͦͨͯͫ͊ͭ͟Σ ͜ ͭ͜͡Έ͙͟ рΣс҈ ͔͍ͫͭͯ͒ͤͭ͜-͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͙ͤͫͭͭͯͭͯ͜ 
ͫͭͦͪ͜͜͝ ͜ ͺͦͫͦ͜͡ͺ͜͝ ͍͒ͤ͊͘͜;͙͙͡Σ ΅ͦ ͔͟͡ͼ͜͝ ͍͍͒͒ͯ͜͜ΌͭΈ ͪ͒ͦ͜͟Σ ͊ ͤ͊ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤͦͣͯ ͺ͊ͯ͟͡Έ͔ͭͭ͜ ͙ͭ͊͟ͻ ͔͍ͫͭͯ͒ͤͭ͜ ͍͎͊͊͘͜͡ 
͔ͤ ͍͙Ύ͍͔ͤͦ͡Φ ˻͒ͤ͊͟ ͍͙͊͗͒͘ ͍͍͒͒ͯ͜͜ΌͭΈ ͔͟͡ͼ͜͝ ͔͒΅ͦ ͋͜͡Έ΄͊ ͟͜͡Έͫͭ͟͜Έ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͙ͤͫͭͭͯͭͯ͜ ͫͭͦͪ͜͜͝ ͜ ͺͦͫͦ͜͡ͺ͜͝ όртΣп҈ύ 
ͤ͗͜ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͺ͊ͯ͟͡Έ͔ͭͭͯ όпмΣу҈ύΦ ˽͙ͪ ͎ͪͦ͘͡Ύ͒͊ͤͤ͜ ͍͍͍͒͒ͯ͊ͤͦͫͭ͜͜͜ ͔͟͡ͼ͚͜ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͙ͪͤ͘͜ͻ ͔͎͚͊ͭͦͪ͟͜ ;ͭͦ͜͟ 
͍͙͒ͤͦΣ ΅ͦ ͔͍ͫͭͯ͒ͤͭ͜Σ Ύ͟͜ ͍͙͊͗͒͘ ͍͍͒͒ͯ͜͜ΌͭΈ ͔͟͡ͼ͜͝ Ύ͍ͤͦ ͋͜͡Έ΄͔ ͔͔ͫͪ͒ ͍͙͙͍ͨͯͫͤ͟͟͜ ͫ͜͡ΈͫΈ͙͟ͻ ΄͟͜͡Σ ͤ͗͜ ͣͫ͜Έ͙͟ͻ ό͙͙ͨͪ͋ͤͦ͘͡ 
ͤ͊ нл-нр҈ύ ͜ ͙ͭͻΣ ͻͭͦ ͙͍͔͗ ͍ ͎͙ͯͪͭͦ͗ͭͯ͟Σ ͤ͗͜ ͙ͭͻΣ ΅ͦ ͙͍͗ͯͭΈ ͍͒ͦͣ͊ ͘ ͋͊ͭΈ͙͊ͣ͟ ό͙͙ͨͪ͋ͤͦ͘͡ ͤ͊ мн -мр҈ύΦ ˱͙ͫͭͦͭͤͻ 
͍͔͚͒ͣͤͤͦͫͭ͜͜ ͍ ͍͍͍͒͒ͯ͊ͤͦͫͭ͜͜͜ ͔͟͡ͼ͚͜ ͔͙ͫͭͯ͒ͤͭ͊ͣΣ Ύ͟͜ ͍ͤ͊;͊ΌͭΈͫΎ ͍ ˭ˤ˻ ͤ͊ ͚ͪͤ͘͜͜ ͍ͦͫͤͦ͜ ͔ͤ ͔͎ͫͨͦͫͭͪ͊͜ΊͭΈͫΎΦ ˽͙ͪ ͼΈͦͣͯ ͍ 
͙ͤͫͭͭͯͭ͜͜ ͫͭͦͪ͜͜͝ ͜ ͺͦͫͦ͜͡ͺ͜͝ ͍͙͊͗͒͘ ͍͍͒͒ͯ͜͜ΌͭΈ ͔͟͡ͼ͜͝ ;͍͙ͦͦ͜͟͡ ͤ͊ мл҈ ͋͜͡Έ΄͔Σ ͤ͗͜ ͙͗ͤ͜͟Σ ͊ ͤ͊ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤͦͣͯ 
͍͙ͤ͊ͨ͊͟Σ ͙͗ͤ͜͟ ͤ͊ мт҈ ͋͜͡Έ΄͔ ͤ͗͜ ;͍͙ͦͦ͜͟͡Φ 

̋ͦ ͗ Ί ͚ͤ͊͋͜͡Έ΄ ;͙͙͊ͫͭͣ ͙ͨͪ;͙͙ͤ͊ͣ ͍ͨͪͦͨͯͫ͟͜ ͔͟͡ͼ͚͜Κ ˾͔ͯ͘͡Έ͙ͭ͊ͭ ͍͍͔͚͒ͨͦ͒͜͜ ͤ͊ ͼ͔ ͙͊ͨͭ͊ͤͤ͘Ύ ͔͍͔ͨͪ͒ͫͭ͊ͤ͜͡ ͤ͊ 
͙ͪͫͯͤͯ͟ нΦ 

 
˾͙ͫΦ нΦ ˽͙ͪ;͙͙ͤ ͨͪͦͨͯͫͯ͟ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ ͔͟͡ͼ͚͜ όͯ ҈ύ 

 
̒͟ ͍͙͒ͤͦΣ ͤ͊ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤͦͣͯ ͺ͊ͯ͟͡Έ͔ͭͭ͜ ͍͙͙ͨͪͦ͒ͤͣ͜ ͙ͨͪ;͙͙ͤ͊ͣ ͍ͨͪͦͨͯͫ͟͜ ͔͟͡ͼ͚͜ ͘ϥΎ͍͙͊ͫ͡Ύ ͚͊ͤ͘Ύͭͫͭ͜Έ 

͒ͦͣ͊΄͙ͤͣ͜ ͍͙ͫͨͪ͊͊ͣ ͜ ͤ͜΄͙͙ͣ ͍ͤ͊;͊͡Έ͙͙ͤͣ ͔͔͙ͨͪ͒ͣͭ͊ͣ ό͘ ͔ͤͤ͊͘;͙ͤͣ ͙͍ͪͦͪͦͣ͘ ͯ ͟͜͡Έͦͫͭ͟͜ ͔͍ͫͭͯ͒ͤͭ͜ ΅ͦ ͝ͻ ͍͙ͤ͊͊͘͡ύΦ 
˨͍͜ ͤ͜΄͜ ͙ͨͪ;͙͙ͤ ͙͙ͦͭͪͣ͊͡ ͍ͪͤͯ͜ ͟͜͡Έͫͭ͟͜Έ ͎͍ͦͦͫ͜͡ όмсΣп҈ύ ͜ ͙ͨͦͫ͜͡ ͔ͭͪͭΊ ͣͫ͜ͼ͔Φ ˤ ͙ͤͫͭͭͯͭ͜͜ ͫͭͦͪ͜͜͝ ͜ ͺͦͫͦ͜͡ͺ͜͝ ͔ͭ͗ 
͍͙͒͜͡ΎΌͭΈͫΎ ͍͒͜ ͍ͨͪͦ͒ͤ͜͜ ͙ͨͪ;͙͙ͤ ͍ͨͪͦͨͯͫ͟͜Σ Ύ͟͜ ͔ͤ ͙͒͊͡ ͍͔͙ͦ͟͡͝ ͙ͪͤ͘͜ͼ͜ ͍ ͟͜͡Έͦͫͭ͟͜ ͔͍ͫͭͯ͒ͤͭ͜Σ ΅ͦ ͝ͻ ͍͙ͤ͊͊͘͡Υ ͚͊ͤ͘Ύͭͫͭ͜Έ 
ͤ͜΄͙͙ͣ ͍ͤ͊;͊͡Έ͙͙ͤͣ ͔͔͙ͨͪ͒ͣͭ͊ͣ ͜ ͤ͜͡ΈΣ ͔ͤ͋͊͗͊ͤͤΎΦ ˹͊ ͔ͭͪͭΈͦͣͯ ͣͫ͜ͼ͜ ς ͚͊ͤ͘Ύͭͫͭ͜Έ ͒ͦͣ͊΄͙ͤͣ͜ ͍͙ͫͨͪ͊͊ͣ ͜ ͤ͊ 
;͔͍͔ͭͪͭͦͣͯ ͣͫ͜ͼ͜ ͘ ͍͍͒ͫͭ͊͊ͤͤ͜Ύͣ ͚͔ͣ͊͗ ͍ н ͙ͪ͊͘ ς ͎ͨͦ͊ͤ͊ Ύͫͭ͟͜Έ ͔͟͡ͼ͚͜Φ ˽͙ͪ ͊ͤ͊͘͜͜͡ ͙ͨͪ;͙ͤ ͨͪͦͨͯͫͯ͟ ͔͟͡ͼ͚͜ ͙͙ͪͤͣ͘͜ 
͔͎͊ͭͦͪ͟͜Ύ͙ͣ ͔͍ͫͭͯ͒ͤͭ͜ ͤ͊͘;ͯ΅͜ ͍͒ͣͤͤͦͫͭ͜͜͜ ͨͦͣ͜;͔ͤ͜ ͙͡΄͔ ͨͦ ͔͒Ύ͙͟ͻ ͙ͨͦ͘ͼ͜ΎͻΦ ́͊͟Σ ͯ ͍ͫ͜ͻ ͙͙ͦͨͭ͊ͤͻ ͚͊ͤ͘Ύͭͫͭ͜Έ ͒ͦͣ͊΄͙ͤͣ͜ 
͍͙ͫͨͪ͊͊ͣ Ύ͟ ͙ͨͪ;͙ͤ͊ ͨͪͦͨͯͫͯ͟ ͔͟͡ͼ͚͜ ͙͗ͤ͊ͣ͜͟ ͙͍ͤ͊͊͘ΊͭΈͫΎ ͙͙ͨͪ͋ͤͦ͘͡ ͍ ͍͒͊ ͙ͪ͊͘ ;͊ͫͭ͜΄͔Σ ͤ͗͜ ;͍͙ͦͦ͊ͣ͜͟͡Φ ˭͚͊ͤΎͭͫͭ͜Έ 
ͤ͜΄͙͙ͣ ͍ͤ͊;͊͡Έ͙͙ͤͣ ͔͔͙ͨͪ͒ͣͭ͊ͣ ͤ͊ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤͦͣͯ ͺ͊ͯ͟͡Έ͔ͭͭ͜ ͍͒͜ ͔͟͡ͼ͚͜ ͍͍͒ͦ͊͜͜͟͡ΌͭΈ ;͊ͫͭ͜΄͔ ͗ͤͦ͜͟ όппΣм҈ύ 
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ͤ͗͜ ;͍͍ͦͦ͜͟͜͡ όнуΣс҈ύΣ ͊ ͍ ͙ͤͫͭͭͯͭ͜͜ ͫͭͦͪ͜͜͝ ͜ ͺͦͫͦ͜͡ͺ͜͝Σ ͍͙ͤ͊ͨ͊͟Σ ͤ͊ ͼΌ ͍͙ͦ͋ͫͭ͊ͤͯ ;͊ͫͭ͜΄͔ ͫ͊ͪ͗͊ͭ͟ΈͫΎ ;͍͙ͦͦ͜͟͡ όооΣо҈ύΣ ͤ͗͜ 
͙͗ͤ͜͟ όмрΣн҈ύΦ ˴ͪͣ͜ ͼΈ͎ͦͦ ͤ͊ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤͦͣͯ ͺ͊ͯ͟͡Έ͔ͭͭ͜ ;͍͙ͦͦ͜͟͡ ͋͜͡Έ΄͔ ͤ͗͜ ͙͗ͤ͜͟ ͤ͊͘͘͜ΌͭΈͫΎ ͍ ͤ͜͜͡ Ύ͟ ͙ͨͪ;͙͙ͤ 
͍ͨͪͦͨͯͫ͟͜ ͔͟͡ͼ͚͜ ό;͍͙ͦͦ͜͟͡ ς мпΣо҈Σ ͙͗ͤ͜͟ ς нΣп҈ύΦ ˨͡Ύ ͍ͫ͜ͻ ͙͙ͦͨͭ͊ͤͻ ͒ͦͣ͊΄ͤ͜ ͍͙ͫͨͪ͊ ͍͍͒ͦ͊͜͜͟͡ΌͭΈ ͍͒͜ ͔͟͡ͼ͚͜ ͍͙͙͍ͨͯͫͤ͟͟͜ 
ͣͫ͜Έ͙͟ͻ ΄͟͜͡Σ ͋͜͡Έ΄ͦΌ ͣͪͦ͜ΌΣ ͤ͗͜ ͫ͜͡ΈͫΈ͙͟ͻΣ ͊ ͍͔͊͊ͤͭ͊͗ͤͫͭ͘͜Έ ͤ͜΄͙͙ͣ ͍ͤ͊;͊͡Έ͙͙ͤͣ ͔͔͙ͨͪ͒ͣͭ͊ͣΣ ͍͙ͤ͊ͨ͊͟Σ ͋͜͡Έ΄͔ 
͍͊͊͗͊͘Ί ͣͫ͜Έ͙ͣ͟ ΄ͦ͟͡Ύ͙ͪ͊ͣΣ ͤ͗͜ ͫ͜͡ΈͫΈ͙ͣ͟Φ ˱ͤ΄͜ ͪͦ͘ͻ͔ͦ͒͗ͤͤΎ ͔ͤ Ί ͒ͦͫͭ͊ͭͤΈͦ ͍͎͙͙͊ͦͣͣ ͭͦͣͯ ͙͍ͦ͊͟͡ΌͭΈͫΎ ͍ ͔ͣ͗͊ͻ т-
у҈Φ ˻͔ͭ͗Σ ͍ ͼͦͣͯ͜͡ ͍͍͍͒͒ͯ͊ͤͫͭ͜͜͜Έ ͔͟͡ͼ͚͜ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ ͣͦ͗ͤ͊ ͍͙͙ͤ͊ͭ͘ ͍͊͒ͦ͘͜͡ΈͤͦΌΣ ͊ ͙ͨͪ;͙͙ͤ ͝ͻ ͍ͨͪͦͨͯͫ͟͜ 
͙͙ͪͦͯͣͣ͘͘͜͡Σ ͔ͨͪͦͭΣ ͍͙͎ͣ͊͊ΌͭΈ ͨͦ͒ͦ͊ͤͤ͡ΎΦ 

͔͔́ͨͪ ͍͙͍͊͗ͦ͡ ͘ϥΎ͍͙ͫͯ͊ͭΣ Ύ͟ ͨͪ͊ͼΌΌͭΈ ͔ͨͪ΄͙͙ͦͯͪͫͤ͟͟ ͘ ͍ͤ͊;͊͡Έ͙ͤͣ ͔ͣ͊ͭͪ͊ͦͣ͜͡Σ ͙͙ͦͭͪͣ͊ͤͣ ͤ͊ ͔͟͡ͼ͜ΎͻΦ 
˾͔ͯ͘͡Έ͙ͭ͊ͭ ͍͍͔͚͒ͨͦ͒͜͜ ͤ͊ ͍͍͔͒ͨͦ͒ͤ͜͜ ͙͊ͨͭ͊ͤͤ͘Ύ ͙͒ͦͫͭΈ ͦ͒ͤͦͤ͊͘;ͤͦ ͍ͫ͒͜;͊ͭΈΣ ΅ͦ ͔͔͍ͨͪ͊͗ͤ͊ ͋͜͡Έ΄ͫͭ͜Έ ͔͍ͫͭͯ͒ͤͭ͜-
͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͨͪ͊ͼΌΌͭΈ ͤ͊͒ ͔ͣ͊ͭͪ͊ͦͣ͜͡ ͔͟͡ͼ͚͜ ͭ͜͡Έ͙͟ ͙ͨͪ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͒ͦ ͔ͫͣͤ͊ͪͫ͜Έ͙͟ͻ ͊͋ͦ ͙ͨͪ͊ͭ͟;͙ͤͻ ͊ͤ͘ΎͭΈΣ 
͙ͨͪ;ͦͣͯ рΣр҈ ͙͙ͦͨͭ͊ͤͻ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͙ͤͫͭͭͯͭͯ͜ ͫͭͦͪ͜͜͝ ͜ ͺͦͫͦ͜͡ͺ͜͝ ͜ нΣу҈ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͺ͊ͯ͟͡Έ͔ͭͭͯ ͔ͤ 
ͨͪ͊ͼΌΌͭΈ ͘ ͔͟͡ͼ͜Ύ͙ͣ ͍ͤ͊ͭ͜Έ ͍ ͼΈͦͣͯ ͍͙ͨ͊͒ͯ͟Φ ˻͒ͤ͊͟ ͤͦ͒͜͜ ͘ ͔͟͡ͼ͚͙͙ͤͣ͜ ͔͙ͣ͊ͭͪ͊͊ͣ͜͡ ͍ ͚ͭͦ ͔͗ ͔͒ͤΈ ͍͔ͫ ͗ ͨͪ͊ͼΌΌͭΈ 
рпΣс҈ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͺ͙͘͜͟-͔͙ͦͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͺ͊ͯ͟͡Έ͔ͭͭͯ ͜ ͙͡΄͔ нфΣс҈ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ ͙ͤͫͭͭͯͭͯ͜ ͫͭͦͪ͜͜͝ ͜ 
ͺͦͫͦ͜͡ͺ͜͝Φ ˽͔ͪ΄͙͙ͦͯͪͫͤ͟͟ ͙ͪͤ͘͜ͻ ͔͎͚͊ͭͦͪ͟͜ ͙ͨͦ͊͊͘͟͡ ͔͒Ύ͟͜ ͎͊͊͘͡Έͤ͜ ͔͔ͭͤ͒ͤͼ͜͝ ͍ ͪͦ͋ͦͭ͜ ͤ͊͒ ͔͟͡ͼ͜Ύ͙ͣΣ Ύ͟͜ ͔ͤ ΊΣ ͦ͒ͤ͊͟ 
͙͒ͦͫͭΈ Ύ͍ͫͪ͊ͦ͟ ͍͙͔͙͙ͪ͊͗ͤͣ ό͍͒ͣͤͤͦͫͭ͜͜͜ ͯ ͍͍͒ͨͦ͒͜͜Ύͻ мл-17҈ύΦ ́͊͟ ͤ͊ ͭ͜͡ ͎͊͊͘͡Έ͎ͤͦͦ ͔ͤ͒ͦͫͭ͊ͭͤΈ͎ͦͦ ͍ͪͤ͜Ύ ͙ͪͦ͋ͦͭ ͘ 
͔͟͡ͼ͚͙͙ͤͣ͜ ͔͙ͣ͊ͭͪ͊͊ͣ͜͡ ͍͔ͫ-͙ͭ͊͟ ͭͪͦͻ͙ ͋͜͡Έ΄ͯ ͙͍͊ͭͤͫͭ͟͜Έ ͨͪͦΎ͍͙͙͡ ͍͙͙͙ͨͯͫͤ͟͟ ͫ͜͡ΈͫΈ͙͟ͻ ΄͟͜͡ ͜ ͔͙ͫͭͯ͒ͤͭΣ Ύ͟͜ 
͍ͤ͊;͊ΌͭΈͫΎ ͤ͊ ͔͒ͪ͗͋Ό͔͚͒͗ͭͤ͜ ͍ͦͫͤͦ͜Φ ˥͔͔͙ͤ͒ͪͤͻ ͍͔͚͒ͣͤͤͦͫͭ͜͜ ͜ ͍͔͚͒ͣͤͤͦͫͭ͜͜Σ ͍ͨͦϥΎ͙͊ͤ͘ͻ ͘ ͍͙͙ͨͦ͋ͯͭͦͣ ͍͙ͯͣͦ͊ͣ 
όͣͫ͜ͼ͔ͣ ͙͍ͨͪͦ͗͊ͤͤΎύ ͔ͤ ͍͙Ύ͍͔ͤͦ͡Φ 

3. ˽͙͙ͦ͊ͤ͘͟͟ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ ͊͒͊ͨͭ͊ͼ͜͝ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ ͒ͦ ͙ͨͪ͊ͭ͟;͙ͤͻ ͭ͊ ͔ͫͣͤ͊ͪͫ͜Έ͙͟ͻ ͊ͤ͘ΎͭΈ ͙͋ͯ͡ 
͍ͨͪͦ͊ͤ͊ͦ͊ͤ͘͜͜͡ ͊͘ ͍͒ͦͣ͊ ͔͙ͨ͊ͪ͊ͣͭͪ͊ͣΥ ͊͘ ͍͒ͤͦ͜΄͔ͤͤΎͣ ͒ͦ ͔͔ͨͦͨͪ͒ͤΈͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͒ͦ ͊ͤ͘ΎͭΈ ͜ ͊͘ ͙͙ͦ͋ͪ͊ͤͣ ͔͔͙͒͗ͪ͊ͣ͡ 
ͤ͜ͺͦͪͣ͊ͼ͜͝ ͙ͨͪ ͼ͚͜ ͎͍ͨ͒ͦͭͦ͜ͼ͜Φ ˾͔ͯ͘͡Έ͙ͭ͊ͭΣ ͙ͦͭͪͣ͊ͤ͜ ͊͘ ͔ͨͪ΄͙ͣ ͔ͨ͊ͪ͊ͣͭͪͦͣΣ ͔͍͔ͨͪ͒ͫͭ͊ͤ͜͡ ͤ͊ ͙ͪͫͯͤͯ͟ оΦ 

 
˾͙ͫΦ оΦ ˿͍͔ͭ͊ͤͤ͡Ύ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͒ͦ ͔͔ͨͦͨͪ͒ͤΈͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͒ͦ ͔ͫͣͤ͊ͪͫ͜Έ͙͟ͻ ͜ ͙ͨͪ͊ͭ͟;͙ͤͻ ͊ͤ͘ΎͭΈ όͯ %) 
 
̒͟ ͍͙͒ͤͦ ͔ͨͪ΄͙͙ͦͯͪͫͤ͟͟ ͙ͤͫͭͭͯͭͯ͜ ͫͭͦͪ͜͜͝ ͜ ͺͦͫͦ͜͡ͺ͜͝ ͔͒΅ͦ ;͊ͫͭ͜΄͔Σ ͤ͗͜ ͔͙ͫͭͯ͒ͤͭ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ ͺ͙ͦ͘͜͟-

͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͺ͊ͯ͟͡Έ͔ͭͭͯ ͫͻ͙͡Έͤ͜ ͔͎͊͒͊͒͘͘͜͡Έ ͎͍͙ͦͭͯ͊ͭͫΎ ͒ͦ ͔ͫͣͤ͊ͪͫ͜Έ͙͟ͻ ͜ ͙ͨͪ͊ͭ͟;͙ͤͻ ͊ͤ͘ΎͭΈΦ ˤ ͪ͊ͣ͊͟ͻ ͼ͜Ί͝ ͎͊͊͘͡Έͤͦ͝ 
͔͔ͭͤ͒ͤͼ͜͝ ͨͪͦΎ͍͡ΎΌͭΈͫΎ ͜ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͙ͪͤ͘͜ͻ ͔͎͚͊ͭͦͪ͟͜ ͔͍ͫͭͯ͒ͤͭ͜Φ ́ͯͭ ͚ͤ͊͋͜͡Έ΄ ͍͙͍͊͗ͦ͡ ͘ϥΎ͍͙ͫͯ͊ͭΣ ͻͭͦ ͗ ͋͜͡Έ΄͔ ͍ͫ͜ͻ ͔ͤ 
ͫͻ͙͡Έ͙͚ͤ ͔͎͊͒͊͒͘͘͜͡Έ ͎͍͙ͦͭͯ͊ͭͫΎ ͒ͦ ͔ͫͣͤ͊ͪͫ͜Έ͙͟ͻ ͜ ͙ͨͪ͊ͭ͟;͙ͤͻ ͊ͤ͘ΎͭΈ ͜ ͍͍͊͗͊Ί ͊͘ ͪ͊͟΅͔ ͍͊ͪ͊͡ ͔͔ͤ͊ͨͪ͒ͦ͒ͤ͜ ό͊ ͔ͣͦ͗ ͙͋ͯͭΣ 
͍͎͊͊͘͜͡ ͔ͤ ͎ͦͭͯΊͭΈͫΎύΦ ˴͜͡Έͫͭ͟͜Έ ͔͎͙͍͙ͤ͊ͭͤͻ ͍͍͔͚͒ͨͦ͒͜͜ ͔͔͍ͪͫͨͦͤ͒ͤͭ͜ ͤ͊ ͙͊ͨͭ͊ͤͤ͘Ύ ;͙ ͎ͦͭͯΌͭΈͫΎ ͍͙ͦͤ ͔͎͊͒͊͒͘͘͜͡Έ ͒ͦ 
͙ͨͪ͊ͭ͟;͙ͤͻ ͭ͊ ͔ͫͣͤ͊ͪͫ͜Έ͙͟ͻ ͊ͤ͘ΎͭΈ ͔͍͔ͨͪ͒ͫͭ͊ͤ͊͡ ͍ ͙ͭ͊͋͡ͼ͜ нΦ 

͙́͊͋͡ͼΎ н 
˴͜͡Έͫͭ͟͜Έ ͔͍ͫͭͯ͒ͤͭ͜ ͙ͪͤ͘͜ͻ ͔͎͚͊ͭͦͪ͟͜Σ Ύ͟͜ ͔ͤ ͎ͦͭͯΌͭΈͫΎ ͒ͦ ͔ͫͣͤ͊ͪͫ͜Έ͙͟ͻ ͜ ͙ͨͪ͊ͭ͟;͙ͤͻ ͊ͤ͘ΎͭΈ ͔͎͊͒͊͒͘͘͜͡Έ όͯ ҈ύ 

˿͔ͨͼ͊͜͡Έͤͫͭ͜Έ ˤͫΈ͎ͦ 
˿ͭ͊ͭΈ ˭͊ͤ͟͜;͙͍ ΄ͦͯ͟͡ ˻͍ͫͤͦ͊ ͍ͤ͊;͊ͤͤΎ ˸ͫ͜ͼ͔ ͙͍ͨͪͦ͗Φ 

̉Φ ˬΦ ˿͜͡ΈͫΈͯ͟ ˸ͫ͜Έͯ͟ ˴ͦͣΦ ˨Φ͋Ό͒͗ ˨ͦͣΦ ˥ͯͪͭͦ͗Φ 

̅͘͜-ͣ͊ͭ 12,7 35,7 4,9 2,0 13,4 14,8 7,6 24,8 11,1 

˱ͫͭͦͪ͜Ύ 5,6 4,7 3,1 0,0 14,7 11,6 0,0 8,7 3,2 

 
͙́͊͋͡ͼΎ Ύͫͤͦ ͨͦ͊ͯ͘͟ΊΣ ΅ͦ ͯ ͍ͫ͜ͻ ͔͍ͫͭͯ͒ͤͭ͜ ͍͙Ύ͍͡ΎΌͭΈͫΎ ͎͊͊͘͡Έͤ͜ ͔͔ͭͤ͒ͤͼ͜͝Σ ͔͊͡ ͫͭͯͨͤ͜Έ ͝ͻ ͍͙͔ͪ͊͗ͤͦͫͭ͜ ͪͤ͊͘͜Φ ́͊͟Σ 

;͍͙ͦͦ͜͟͡ ͔ͣͤ΄ͦΌ ͣͪͦ͜ΌΣ ͤ͗͜ ͙͗ͤ͜͟ ͫͻ͙͡Έͤ͜ ͎͍͙ͦͭͯ͊ͭͫΎ ͔͎͊͒͊͒͘͘͜͡ΈΣ ͙ͨͪ;ͦͣͯ ͤ͊ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤͦͣͯ ͺ͊ͯ͟͡Έ͔ͭͭ͜ 
͙͍ͦͫͦ͋ͦ͡Φ ˸͔ͤ΄͔ ͎ͤͦͪͯ͜ΌͭΈ ͔͔ͨͦͨͪ͒ͤΌ ͎͍ͨ͒ͦͭͦͯ͜͟ ͍͙͙͙ͨͯͫͤ͟͟ ͫ͜͡ΈͫΈ͙͟ͻ ΄͟͜͡Σ ͔͙ͫͭͯ͒ͤͭΣ Ύ͟͜ ͍ͤ͊;͊ΌͭΈͫΎ ͤ͊ 
͔͒ͪ͗͋Ό͔͚͒͗ͭͤ͜ ͍ͦͫͤͦ͜ ͜ ͭ͜Σ ͻͭͦ ͙͍͗ͯͭΈ ͍ ͎͙ͯͪͭͦ͗ͭͯ͟Φ 

4. ˽͙͙ͦ͊ͤ͘͟͟ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ ͊͒͊ͨͭ͊ͼ͜͝ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ ͒ͦ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͍ͤ͊;͊͡Έͤͦ-ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 
˨͙͚͊ͤ ͔͊ͫͨͭ͟ ͔͋͘ ͔͔ͨͪ͋͜͡Έ΄͔ͤͤΎ ͣͦ͗ͤ͊ ͍͍͙͊͗͊ͭ ͙͔͍͙ͫͭͪ͗ͤͣΣ ͭ͊͟ Ύ͟ ͍ͤ͊;͊͡Έͤͦ-ͨͪͦͺ͔͚ͫͤ͊͜ ͒͜Ύ͡Έͤͫͭ͜Έ ͍ ˭ˤ˻ ͊͘ ͍ͫͦΊΌ 
ͫͯͭͭΌ Ί ͔͔͍ͨͪ͊͗ͤͦ ͪͦ͋ͦͭͦΌ ͚ͫ͊ͣͦͫͭͤͦ͜ΌΦ ˤ͍͒ͨͦ͒͜͜͜ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͤ͊ ͍͍͒ͨͦ͒ͤ͜͜͜ ͙͊ͨͭ͊ͤͤ͘Ύ ͔͙͊ͤͭ͟ ͍ͫ͒͜;͊ͭΈ ͨͪͦ ͔ͭΣ ΅ͦ 
ͤ͊͘;͙ͣͫͭ͜Έ ͜ ͍͙͍͊͗ͫͭ͜͡Έ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͍͙ͤ͊͘ΌͭΈ ͍ ͔͔ͫͪ͒ͤΈͦͣͯ ͙͡΄͔ рп҈ ͍ͫ͜ͻ ͙͙ͦͨͭ͊ͤͻ ͔͍ͫͭͯ͒ͤͭ͜Σ ΅ͦ ͤ͜Ύ͟ ͔ͤ ͔ͣͦ͗ 
͙͋ͯͭ ͍͙͙ͤ͊ͤͣ͘ ͍͊͒ͦ͘͜͡Έ͙ͤͣΦ ˢ Ύ͟ ;͊ͫͭͦ ͔͙ͫͭͯ͒ͤͭ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ ͚͊ͣ͊͘ΌͭΈͫΎ ͚ͫ͊ͣͦͫͭͤͦ͜Ό ͍ͤ͊;͊͡ΈͤͦΌ ͒͜Ύ͡Έͤͫͭ͜ΌΚ 
ˤ͍͒ͨͦ͒͜͜͜ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͤ͊ ͔͒͊ͤ ͙͊ͨͭ͊ͤͤ͘Ύ ͔͍͔ͨͪ͒ͫͭ͊ͤ͜͡ ͍ ͎ͯ͊͊͘͡Έ͔͚ͤͤ͜ ͙ͭ͊͋͡ͼ͜ оΦ 

͙́͊͋͡ͼΎ о 
̉͊ͫͭͦͭ͊ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜-͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ όͯ ҈ύ 

˭͚͊ͣ͊ΌͭΈͫΎ ͚ͫ͊ͣͦͫͭͤͦ͜Ό ͍ͤ͊;͊͡ΈͤͦΌ 
͒͜Ύ͡Έͤͫͭ͜Ό 

̅͘͜-ͣ͊ͭ ˱͙ͫͭͦͪΎ 

̉͊ͫͭͦ ˱͙ͤͦ͟͡ ˹ ͜ ̉͊ͫͭͦ ˱͙ͤͦ͟͡ ˹ ͜

˽͔͊ͪ͊͡͡Έͤͦ ͒ͦ ͔͟͡ͼ͚͎ͤͦͦ͜ ͯͪͫͯ͟ 20,0 43,6 36,4 3,7 37,0 59,3 

̂ ͍͙ͻ͒ͤ͜͜ ͒ͤ͜ 54,6 30,9 14,5 50,0 35,2 14,8 

˽͔͔ͪ͒ ͔ͫͣͤ͊ͪͫ͜Έ͙͙ͣ͟ ͜ ͙ͨͪ͊ͭ͟;͙͙ͤͣ 
͊ͤ͘ΎͭͭΎ͙ͣ 

56,4 18,2 25,4 59,3 27,8 12,9 
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˾͔ͯ͘͡Έ͙ͭ͊ͭ ͔͔͙͍ͨͪͦͤͦ͟͡ ͨͦ͊ͯ͘͟ΌͭΈΣ ΅ͦ ͔ͨ͊ͪ͊͡͡Έͤͦ ͘ ͔͟͡ͼ͚͙ͤͣ͜ ͯͪͫͦͣ͟ ͔͙ͫͭͯ͒ͤͭ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ ͍ ͼͦͣͯ͜͡ 
ͨͪ͊ͼΌΌͭΈ ͔ͤ͒ͦͫͭ͊ͭͤΈͦΣ ͔͊͡ ͍͔ͫ ͗ ͔ͨͪ΄͙͙ͦͯͪͫͤ͟͟ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͺ͊ͯ͟͡Έ͔ͭͭͯ ;͊ͫͭ͜΄͔ ͤ͗͜ ͔͙ͫͭͯ͒ͤͭ-͙͙ͫͭͦͪ͜͟ 
͚͊ͣ͊͘ΌͭΈͫΎ ͚ͫ͊ͣͦͫͭͤͦ͜Ό ͪͦ͋ͦͭͦΌ ͔ͨ͊ͪ͊͡͡Έͤͦ ͘ ͔͟͡ͼ͜Ύ͙ͣΦ ̂ ͍͙ͻ͒ͤ͜͜ ͒ͤ͜ ͭ͊ ͯ ͍͘ΩΎͯ͘͟ ͘ ͎͍ͨ͒ͦͭͦͦ͜͟Ό ͒ͦ ͔ͫͣͤ͊ͪͫ͜Έ͙͟ͻ ͜ 
͙ͨͪ͊ͭ͟;͙ͤͻ ͊ͤ͘ΎͭΈ ͍ͫ͜ ͔ͨͪ΄͙͙ͦͯͪͫͤ͟͟ ͚ͫ͊ͣͦͫͭͤͦ͜ ͨͪ͊ͼΌΌͭΈ ͙ͨͪ͊ͭ͟;ͤͦ ͘ ͍ͦ͒ͤ͊ͦͦ͟Ό ;͊ͫͭͦͭͦΌΦ ˿͔͙ͭͯ͒ͤͭ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ 
ͪͤ͘͜ ͙ͻ ͔͎͚͊ͭͦͪ͟͜ ͍ ͼͦͣͯ͜͡ ͙ͨͦ͊͊͘͟͡ ͭ͊͟͜ ͗ ͎͊͊͘͡Έͤ͜ ͔͔ͭͤ͒ͤͼ͜͝Σ ͔͊͡ Ί ͜ ͔͒Ύ͟͜ ͔ͫͨͼ͙ͺ͜;ͤ͜ ͙͍ͦͫͦ͋ͦͫͭ͜͡Σ Ύ͟͜ ͣͦ͗ͤ͊ ͤ͊ͦ;ͤͦ 
͔͍͙͙ͨͪ͒ͫͭ͊ͭΣ ͍͙͙͍͒͜͡΄͙ ͍ ͔ͦͪͣͯ͟ ͙ͭ͊͋͡ͼΌ ό͙ͭ͊͋͡ͼΎ пύ ͟͜͡Έͫͭ͟͜Έ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟Σ Ύ͟͜ ͍͍͙͒ͨͦ͜͜͡Σ ΅ͦ ͍͙ͦͤ 
͚͊ͣ͊͘ΌͭΈͫΎ ͚ͫ͊ͣͦͫͭͤͦ͜Ό ͪͦ͋ͦͭͦΌΦ 

͙́͊͋͡ͼΎ п 
˴͜͡Έͫͭ͟͜Έ ͔͍ͫͭͯ͒ͤͭ͜-͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͙ͪͤ͘͜ͻ ͔͎͚͊ͭͦͪ͟͜Σ ΅ͦ ͚͊ͣ͊͘ΌͭΈͫΎ ͚ͫ͊ͣͦͫͭͤͦ͜Ό ͪͦ͋ͦͭͦΌ όͯ ҈ύ 

˭͚͊ͣ͊ΌͭΈͫΎ 
͚ͫ͊ͣͦͫͭͤͦ͜Ό 

͍ͤ͊;͊͡ΈͤͦΌ ͒͜Ύ͡Έͤͫͭ͜Ό ˿
ͨ
͔
ͼ
͜

͊
͡
Έ
ͤ
͜

ͫ
ͭ
Έ

 ˿ͭ͊ͭΈ ˭͊ͤ͟͜;͙͍ ΄ͦͯ͟͡ ˻͍ͫͤͦ͊ ͍ͤ͊;͊ͤͤΎ ˸ͫ͜ͼ͔ ͙͍ͨͪͦ͗Φ 

̉Φ ˬΦ ˿͜͡ΈͫΈͯ͟ ˸ͫ͜Έͯ͟ ˴ͦͣΦ ˨Φ͋Ό͒͗ ˨ͦͣΦ ˥ͯͪͭͦ͗Φ 

˽͔͊ͪ͊͡͡Έͤͦ ͒ͦ 
͔͟͡ͼ͚͎ͤͦͦ͜ ͯͪͫͯ͟ 

̅͘͜-ͣ͊ͭ 64,3 65,6 66,0 70,0 76,8 67,6 68,4 65,0 

˱ͫͭͦͪ͜Ύ 61,9 27.5 30,0 41,2 42,3 43,5 52,1 41,9 

̂ ͍͙ͻ͒ͤ͜͜ ͒ͤ͜ 
̅͘͜-ͣ͊ͭ 50,0 95,3 72,0 93,3 71,5 82,4 89,5 80,6 

˱ͫͭͦͪ͜Ύ 88,0 87,9 75,0 76,4 76,9 92,8 85,2 90,4 

˽͔͔ͪ͒ ͔ͫͣͤ͊ͪͫ͜Έ͙͙ͣ͟ ͜ 
͙ͨͪ͊ͭ͟;͙͙ͤͣ ͊ͤ͘ΎͭͭΎ͙ͣ 

̅͘͜-ͣ͊ͭ 85,7 90,7 82,0 73,3 76,7 79,4 73,7 87,8 

˱ͫͭͦͪ͜Ύ 88,7 87,9 100,0 85,3 88,5 89,7 80,9 96,8 

 
̒͟ ͍͙͒ͤͦΣ ͯ ͍ͫ͜ͻ ͙͙ͦͨͭ͊ͤͻ ͔͍ͫͭͯ͒ͤͭ͜ ͔͎ͫͨͦͫͭͪ͊͜ΌͭΈͫΎ ͙͒ͦͫͭΈ ͨͦ͒͋ͤ͜͜ ͔͔ͭͤ͒ͤͼ͜͝Φ ˽͔͊ͪ͊͡͡Έͤͦ ͘ ͔͟͡ͼ͚͙ͤͣ͜ ͯͪͫͦͣ͟ 

͋͜͡Έ΄ ͔͙͍ͤͭͤͫͤͦ͜ ͚ͫ͊ͣͦͫͭͤͦ͜ ͨͪ͊ͼΌΌͭΈ ͍͙͙͙ͨͯͫͤ͟͟ ͣͫ͜Έ͙͟ͻ ΄͟͜͡Σ ͯ ͍͙ͻ͒ͤ͜͜ ͍ͦ͜͡ΌͭΈ ͚ͫ͊ͣͦͫͭͤͦ͜ ͍;͙͙ͭͫΎ ͙͗ͤ͜͟Σ 
͍͙͙͙ͨͯͫͤ͟͟ ͣͫ͜Έ͙͟ͻ ΄͟͜͡ ͜ ͭ͜Σ ͻͭͦ ͍ͤ͊;͊ΊͭΈͫΎ ͤ͊ ͔͒ͪ͗͋Ό͔͚͒͗ͭͤ͜ ͍ͦͫͤͦ͜Φ ˽͔͔ͪ͒ ͔ͫͣͤ͊ͪͫ͜Έ͙͙ͣ͟ ͜ ͙ͨͪ͊ͭ͟;͙͙ͤͣ ͊ͤ͘ΎͭͭΎ͙ͣ 
͋͜͡Έ΄ͦΌ ͣͪͦ͜Ό ͚͊ͣ͊͘ΌͭΈͫΎ ͚ͫ͊ͣͦͫͭͤͦ͜Ό ͍ͤ͊;͊͡ΈͤͦΌ ͪͦ͋ͦͭͦΌ ͍͙͙͙ͨͯͫͤ͟͟ ͫ͜͡ΈͫΈ͙͟ͻ ΄͟͜͡Τ ͭ͜Σ ͻͭͦ ͍ͤ͊;͊ΊͭΈͫΎ ͤ͊ 
͔͒ͪ͗͋Ό͔͚͒͗ͭͤ͜ ͍ͦͫͤͦ͜ ͜ ͔ͨͪ΄͙͙ͦͯͪͫͤ͟͟Σ Ύ͟͜ ͙͍͗ͯͭΈ ͍ ͎͙ͯͪͭͦ͗ͭͯ͟Φ ́͊͟͜ ͍ ͼͦͣͯ͜͡ ͙͒ͦͫͭΈ ͔͍͙ͤͫͦ͟͜ ͙͙ͨͦ͊ͤ͘͟͟ ͚͊ͤ͘Ύͭͦͫͭ͜ 
͔͍ͫͭͯ͒ͤͭ͜-͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͚ͫ͊ͣͦͫͭͤͦ͜Ό ͍ͤ͊;͊͡ΈͤͦΌ ͪͦ͋ͦͭͦΌ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͍ͨͦϥΎ͊ͤ͘͜ ͘ ͔ͤ͒ͦͫͭ͊ͭͤΈͦΌ ͙ͫͭͣͯ͡Ύͼ͜ΊΌ ͒ͦ ͼ͜Ί͝ 
͙ͪͦ͋ͦͭΣ ΅ͦ ͍͙͎ͣ͊͊Ί ͍͎͒ͦ͒͊ͭͦͦͦ͟ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΦ 

̋ͦ ͗Σ ͤ͊ ͒ͯͣͯ͟ ͔͍ͫͭͯ͒ͤͭ͜Σ ͔ͣͦ͗ ͨͦͨ͜͡΄͙͙ͭ ͝ͻ ͚ͫ͊ͣͦͫͭͤͯ͜ ͪͦ͋ͦͭͯΚ ˤ͍͒ͨͦ͒͜͜͜ ͤ͊ ͍͍͒ͨͦ͒ͤ͜͜͜ ͙͊ͨͭ͊ͤͤ͘Ύ ͔͙͊ͤͭ͟ Ύͫͤͦ 
͍ͫ͒͜;͊ͭΈΣ ΅ͦ ͍ͫ͜ ͔ͨͪ΄͙͙ͦͯͪͫͤ͟͟ ͔ͨͪ΄ͦͪΎ͙͙͒ͤͣ ͙ͫͨͦͫͦ͋͊ͣ ͍͍͊͗͊ΌͭΈ ͪ͊͟΅͔ ͍ͨ͊ͤͯ͊ͤͤ͡Ύ ͍͎ͫͦͦ ;͊ͫͯ ό͙͙ͨͪ͋ͤͦ͘͡ фл҈ 
͙͙ͦͨͭ͊ͤͻύ ͜ ͍͙ͨ͒͜΅͔ͤͤΎ ͫ͊ͣͦͦͤͭͪͦ͟͡Ό ͊͘ ͍͔ͪͤͣ͜ ͤ͊ͤ͘Έ ͜ ͯͣͤ͜Έ ό͙͙ͨͪ͋ͤͦ͘͡ ур҈ ͙͙ͦͨͭ͊ͤͻύΦ ˽͙͔ͦͫͤͤ͡Ύ ͦͤͭͪͦ͟͡Ό ͘ ͋ͦͯ͟ 
͍͙͊͒͊͟͡;͍͜ ͍͔ͫ ͙ͦͨͭ͊ͤ͜ ͔͙ͫͭͯ͒ͤͭ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ ͔ͤ ͍͍͊͗͊ΌͭΈ ͙͒ͦͫͭΈ ͒͜Ί͍͙ͣ ͺ͊ͭͦͪͦͣ͟Φ ͔̇ ͙͍ͦͫͦ͋ͦ͡ Ύ͍ͫͪ͊ͦ͟ ͍͙͔ͪ͊͗ͤͦ ͍ 
͙ͤͫͭͭͯͭ͜͜ ͫͭͦͪ͜͜͝ ͜ ͺͦͫͦ͜͡ͺ͜͝Σ ͔͒ ррΣс҈ ͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͘ ͙͍ͨͪͦ͒ͯ ͙͔ͨͦͫͤͤ͡Ύ ͦͤͭͪͦ͟͡Ό ͘ ͋ͦͯ͟ ͍͙͊͒͊͟͡;͍͜ ͍͍͙͒ͨͦ͜͜͡ 
͔͎͙͍ͤ͊ͭͤͦ όͤ͊ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤͦͣͯ ͺ͊ͯ͟͡Έ͔ͭͭ͜ ͙ͭ͊͟ͻ ͍͍͔͚͒ͨͦ͒͜͜ опΣр҈ύΦ ˭ ͙ͨͭ͊ͤͤΎ ͨͪͦ ͺ͙͊ͭͦͪ͟ ͨͦͨ͜͡΄͔ͤͤΎ ͚ͫ͊ͣͦͫͭͤͦ͜͝ 
͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜ όΎ͟ ͤ͜ ͍ Ύ͚͟͜ ͤ͜΄͚͜Ηύ ͔ͨͪ΄͙͙ͦͯͪͫͤ͟͟ ͙ͪͤ͘͜ͻ ͔͎͚͊ͭͦͪ͟͜ ͍͙͍͙͙ͫͦ͡͡ Ί͙͒ͤͯ ͒ͯͣͯ͟ ͜ ͤ͊͘;ͯ΅͙ͻ ͍͔͚͒ͣͤͤͦͫͭ͜͜ ͍ 
͝ͻ ͍͍͒ͨͦ͒͜͜Ύͻ ͔ͤ ͍͙Ύ͍͔ͤͦ͡Φ 

 
ˤˮ˿˹˻ˤ˴ˮ ́ˢ ˽˩˾˿˽˩˴́ˮˤˮ ˽˻˨ˢ˶̎̊˻˥˻ ˨˻˿˶˱˨ˬ˩˹˹̒ 

˻͔ͭ͗Σ ͎ͯ͊͊͘͡ΈͤΌΌ;͙ ͙ͦͭͪͣ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭΣ ͣͦ͗ͤ͊ ͍͙͙͙͒ͭ͜͡ ͪΎ͒ ͍͙ͨͪͦ͒ͤ͜ͻ ͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͊͒͊ͨͭ͊ͼ͜͝ 
͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͙ͤͫͭͭͯͭͯ͜ ͫͭͦͪ͜͜͝ ͜ ͺͦͫͦ͜͡ͺ͜͝ ͜ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͺ͊ͯ͟͡Έ͔ͭͭͯ ˿ͯͣ˨˽̂ ͣ͜Φ ˢΦ˿Φ ˸͔͊͊ͪͤͦ͟͟ ͒ͦ 
͎ͦͪ͊ͤ͊͘͜ͼ͚͙ͤ͜ͻ ͺͦͪͣ ͍ͤ͊;͊͡Έͤͦ-ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

мΦ ˻͎ͪ͊ͤ͊͘͜ͼ͚ͤ͜͜ ͺ͙ͦͪͣ ͍ͤ͊;͊ͤͤΎ ͍ ˭ˤ˻Σ ΅ͦ Ί ͙ͨͪ͊ͭ͟;ͤͦ ͍͙͙ͤͦͣΣ ͍ͫͭͦͪΌΌͭΈ ͔͍ͨͤ͜ ͭͪͯ͒ͤͦ΅͜ ͚͔ͣ͊͗ ͒͡Ύ ͍ͫ͜ͻ 
͔͍ͫͭͯ͒ͤͭ͜ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟Φ ˻͒ͤ͊͟Σ ͚ͤ͊͋͜͡Έ΄͜ ͫ͊͒ͤͦͫͭ͟͜͡ ͒͡Ύ ͍ͫ͜ͻ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ ͍͙͙͊͟͟͡ΌͭΈ ͔ͫͣͤ͊ͪͫ͜Έ͟͜ ͊ͤ͘ΎͭͭΎΦ 
˭͊ ͍ͫͣ͊͜ ͍͙͙͒͊ͣ ͍ͤ͊;͊͡Έͤͦ͝ ͙ͪͦ͋ͦͭ ͍ ˭ˤ˻ ͍͔͙͟͜͡ ͭͪͯ͒ͤͦ΅͜ ͍͒ͤ͊͘͜;͊ΌͭΈͫΎ ͯ ͍͙͙͍ͨͯͫͤ͟͟͜ ͫ͜͡ΈͫΈ͙͟ͻ ΄͟͜͡Τ ͙ͭͻΣ ͻͭͦ 
͍ͤ͊;͊ΊͭΈͫΎ ͤ͊ ͔ͦͣͪ͟ͼ͚͚ͤ͜͜ ͍ͦͫͤͦ͜Σ ͜ ͙͍͗ͯͭΈ ͍ ͎͙ͯͪͭͦ͗ͭͯ͟Φ ˥͔͔ͤ͒ͪͤ͜ ͍͒ͣͤͤͦͫͭ͜͜͜ ͔ͤ ͍ͦ͒ͤ͊ͦ͟͜Υ ͤ͊ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤͦͣͯ 
ͺ͊ͯ͟͡Έ͔ͭͭ͜ ͘ ͤ͊͘;͙͙ͤͣ ͭͪͯ͒ͤͦ΅͙͊ͣ ͙ͫͭ͊͟ΌͭΈͫΎ ͙͗ͤ͜͟Σ ͊ ͍ ͙ͤͫͭͭͯͭ͜͜ ͫͭͦͪ͜͜͝ ͜ ͺͦͫͦ͜͡ͺ͜͝ ς ;͍͙ͦͦ͜͟͡Φ 

нΦ ˶͔͟ͼ͚ͤ͜͜ ͊ͤ͘ΎͭͭΎ ͍ͫ͜ ͔ͨͪ΄͙͙ͦͯͪͫͤ͟͟ ͍͍͒͒ͯ͜͜ΌͭΈ ͍͊͒ͦ͘͜͡ΈͤͦΣ ͔͊͡ ͙͔͙ͫͫͭͣ͊ͭ;ͤͦ ͤ͊͒ ͔͟͡ͼ͚͙ͤͣ͜ ͔ͣ͊ͭͪ͊ͦͣ͜͡ 
ͨͪ͊ͼΌΌͭΈ ͍͙͟͡Ό;ͤͦ ͣ͊ͦ͡Φ ˢ͔͡ ͍͔ͫ ͗ ͔ͨͪ΄͙͙ͦͯͪͫͤ͟͟ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͺ͊ͯ͟͡Έ͔ͭͭͯ ͙͔͙ͫͫͭͣ͊ͭ;͚ͤ͜ ͪͦ͋ͦͭ͜ ͤ͊͒ 
͔͟͡ͼ͚͙ͤͣ͜ ͔ͣ͊ͭͪ͊ͦͣ͜͡ ͙ͨͪ͒͜͡ΎΌͭΈ ͔͒΅ͦ ͋͜͡Έ΄ͯ ͍͎ͯ͊ͯ ͤ͗͜ ͔͙ͫͭͯ͒ͤͭ-͙͙ͫͭͦͪ͜͟Φ ˽͙ͪ ͼΈͦͣͯ ͜ ͤ͊ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;ͤͦͣͯ 
ͺ͊ͯ͟͡Έ͔ͭͭ͜ ͜ ͍ ͙ͤͫͭͭͯͭ͜͜ ͫͭͦͪ͜͜͝ ͜ ͺͦͫͦ͜͡ͺ͜͝ ͍͙͙͙ͨͯͫͤ͟͟ ͫ͜͡ΈͫΈ͙͟ͻ ΄͟͜͡ ͜ ͔͙ͫͭͯ͒ͤͭΣ Ύ͟͜ ͍ͤ͊;͊ΌͭΈͫΎ ͤ͊ ͔͒ͪ͗͋Ό͔͚͒͗ͭͤ͜ ͍ͦͫͤͦ͜ 
ͭ͊͟ ͫ͊ͣͦ ͨͪ͊ͼΌΌͭΈ ͔͙͍ͤͭͤͫͤ͜͜΄͔Φ 

оΦ ˨ͦ ͙ͨͪ͊ͭ͟;͙ͤͻ ͭ͊ ͔ͫͣͤ͊ͪͫ͜Έ͙͟ͻ ͊ͤ͘ΎͭΈ ͔͔͍ͨͪ͊͗ͤ͊ ͋͜͡Έ΄ͫͭ͜Έ ͔͍ͫͭͯ͒ͤͭ͜ ͎ͦͭͯΌͭΈͫΎ ͔ͤ ͔͎͊͒͊͒͘͘͜͡ΈΣ ͊ ͔͔ͤ͊ͨͪ͒ͦ͒ͤ͜Φ 
ˢ͔͡ ͔͔ͫͪ͒ ͯͫ͜ͻ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ ͔ͣͤ΄ ͫͻ͙͡Έͤ͜ ͒ͦ ͍͊ͪ͊ͯ͡ ͙͗ͤ͜͟Σ ͍͙͙͙ͨͯͫͤ͟͟ ͫ͜͡ΈͫΈ͙͟ͻ ΄͟͜͡Σ ͔ͨͪ΄͙͙ͦͯͪͫͤ͟͟Σ ΅ͦ 
͍ͤ͊;͊ΌͭΈͫΎ ͤ͊ ͔͒ͪ͗͋Ό͔͚͒͗ͭͤ͜ ͍ͦͫͤͦ ͜ ͭ͜Σ ͻͭͦ ͙͍͔͗ ͍ ͎͙ͯͪͭͦ͗ͭͯ͟ 

пΦ ˽͙ͪ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͒ͦ ͊ͤ͘ΎͭΈ ͭ͊ ͙͍ͫͨͭ͜͜ ͔ͨͪ΄͙͙ͦͯͪͫͤ͟͟ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͺ͊ͯ͟͡Έ͔ͭͭͯ ͍ͦ͜͡ΌͭΈ ͙͍͙ͦͪͫͭͯ͊ͭͫ͟Ύ 
͍͙͙͊ͫͤͣ͡ ͔͙ͦͤͫͨͭ͊ͣ͟͟Σ ͊ ͔͙ͫͭͯ͒ͤͭ ͙ͤͫͭͭͯͭͯ͜ ͫͭͦͪ͜͜͝ ͜ ͺͦͫͦ͜͡ͺ͜͝ ς ͔͔͍͙͙ͪͦͣͤ͒ͦ͊ͤͣ͟ ͨ͒ͪͯ͜;͙͙ͤ͊ͣ͟Φ ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
͔͍ͦͤͫͨͭ͟͟͜ ͜ ͪͦͪͦ͋ͦ͘͟ ͤ͜΄͙ͻ ͔͍ͫͭͯ͒ͤͭ͜Σ ͻͦ; ͜ ͍͙Ύ͍͙ͦͫ͡Ύ ͤ͊ ͦͫͭ͊ͤͤΈͦͣͯ ͣͫ͜ͼ͜Σ ͨͦ ͔͙ͦͤͪͭͤͣ͟͟ ͼ͙ͺͪ͊ͣ ͍͊ͫͭͦͫͦͯ͘ΌͭΈͫΎ 
͔ͨͪ΄͙͙ͦͯͪͫͤ͊ͣ͟͟ ͔ͤͪ͒ͦ͜͟Σ ΅ͦ ͋͜͡Έ΄͔ ͙͔ͨͪͭ͊ͣ͊ͤͤ ͔ͨͪ΄͙͙ͦͯͪͫͤ͊ͣ͟͟ ͙ͤͫͭͭͯͭͯ͜ ͫͭͦͪ͜͜͝ ͜ ͺͦͫͦ͜͡ͺ͜͝Σ ͤ͗͜ ͺ͙ͦ͘͜͟-
͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͺ͊ͯ͟͡Έ͔ͭͭͯΦ ˽͙ͪ ͼΈͦͣͯ ;͊ͫͭ͜΄͔ ͍͒͊ΌͭΈͫΎ ͒ͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ;ͯ͗ͦ͝ ͨͪ͊ͼ͜ ͍͙͙͙ͨͯͫͤ͟͟ ͫ͜͡ΈͫΈ͙͟ͻ ΄͟͜͡Τ 
ͫͭ ͔͙ͯ͒ͤͭΣ ΅ͦ ͍ͤ͊;͊ΌͭΈͫΎ ͤ͊ ͔ͦͣͪ͟ͼ͚͚ͤ͜͜ ͍ͦͫͤͦ͜ ͜ ͭ͜Σ ͻͭͦ ͙͍͔͗ ͍ ͎͙ͯͪͭͦ͗ͭͯ͟Φ ˿͔͔ͪ͒ ͯͫ͜ͻ ͙͙ͦͨͭ͊ͤͻ ͍͙͙͙ͨͯͫͤ͟͟ ͫ͜͡ΈͫΈ͙͟ͻ 
΄͟͜͡ ͔ͣͤ΄͔Σ ͤ͗͜ ͍͙͙͙ͨͯͫͤ͟͟ ͣͫ͜Έ͙͟ͻ ͦͪ͜Ί͍ͤͭͦ͊ͤ͜ ͤ͊ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙ͨͪ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͍͙͊ͫͤ͡ͻ ͔͍ͦͤͫͨͭ͟͟͜Φ ˾͔͔͍͙͙ͦͣͤ͒ͦ͊ͤͣ͟ 
ͨ͒ͪͯ͜;͙͙ͤ͊ͣ͟ ͍͒͒͊͜ΌͭΈ ͔͔͍͎ͨͪ͊ͯ ͙͗ͤ͜͟Φ 

рΦ ˿͚͚͊ͣͦͫͭͤ͜͜ ͪͦ͋ͦͭ͜ ͍ͫ͜ ͙ͦͨͭ͊ͤ͜ ͔ͨͪ΄͙͙ͦͯͪͫͤ͟͟ ͍ ͼͦͣͯ͜͡ ͙ͨͪ͒͜͡ΎΌͭΈ ͔ͤͤ͊͘;ͤͯ ͍͎ͯ͊ͯΣ ͍ͨͦϥΎͯ͘Ό;͙ ͝͝ ͍ ͍ͦͫͤͦͤͦͣͯ ͘ 
Ϧ͙͍ͨͪͣͯͫͦͦ-͔͙͙͙ͪ͗ͣͤͣϦ ͍ͣͪͯ͊ͤͤ͜͟Ύ͙ͣ ς ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Ό ͎͍͙ͦͭͯ͊ͭͫΎ ͒ͦ ͙ͨͪ͊ͭ͟;͙ͤͻ ͭ͊ ͔ͫͣͤ͊ͪͫ͜Έ͙͟ͻ ͊ͤ͘ΎͭΈΦ ˭͊ ͺ͙͊ͭͦͪ͟ 
ͨͦͨ͜͡΄͔ͤͤΎ Ύͦͫͭ͟͜ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͍ͫ͜ ͔ͨͪ΄͙͙ͦͯͪͫͤ͟͟ ͔ͨͪ΄ͦͪΎ͙͙͒ͤͣ ͍͍͊͗͊ΌͭΈ ͫ͊ͣͦͦͤͭͪͦ͟͡Έ ͜ ͎ͫ͊ͣͦͦͪ͊ͤ͊͘͜ͼ͜ΌΦ 

˻͙ͭͪͣ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍͒ͦͦ͘͡ΎΌͭΈ ͙͙ͪͦ͋ͭ͘ ͍͙͍ͫͤͦͦ͟Σ ΅ͦ ͨͪͦͼ͔ͫ ͊͒͊ͨͭ͊ͼ͜͝ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ ͒ͦ 
͎ͦͪ͊ͤ͊͘͜ͼ͚͙ͤ͜ͻ ͺͦͪͣ ͍ͤ͊;͊͡Έͤͦ-ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ ͍͙΅͚͜ ΄ͦ͟͜͡ ͤ͊͘ͻ͙ͦ͒ͭΈͫΎ ͍ ͫͭ͊ͤ͜ ͍͔ͫͭ͊ͤͦͤͤ͡ΎΦ ˽͙ͪ ͼΈͦͣͯ 
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͊͒͊ͨͭ͊ͼ͚ͤ͜͜ ͨͪͦͼ͔͙ͫ ͔͍ͤ͋͊͊ͤͫͦ͊ͤ͘͜͡ ͜ ͨͦ ͍͒ͤͦ͜΄͔ͤͤΌ ͒ͦ ͙ͪͤ͘͜ͻ ͺͦͪͣ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ͜ ͨͦ ͍͒ͤͦ͜΄͔ͤͤΌ ͒ͦ ͙ͪͤ͘͜ͻ 
͔͎͚͊ͭͦͪ͟͜ ͔͍ͫͭͯ͒ͤͭ͜Φ ̂ ͍͘ϥΎͯ͘͟ ͘ ͼ͙ͣ ͍͍͊͗͊Ίͣͦ ͊͘ ͔ͤͦ͋ͻ͔͒ͤ͜Σ ͨͦ-͔ͨͪ΄͔Σ ͍͙͙ͨͪͦ͒ͦ͗ͭ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͨͪͦͼ͔ͫͯ ͊͒͊ͨͭ͊ͼ͜͝ 
͔ͨͪ΄͙͍ͦͯͪͫͤ͟͟͜ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͍ ˭ˤ˻ ΅ͦ͒ͦ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͔ͤͭͭͯ͊͜͟͡͡Έ͙ͤͻ ͍͙ͤ͊;ͦ͟Σ ͙ͫͭͪͯͭͯͪ͟ ͍ͤ͊;͊͡Έͤͦ͝ 
͙͍ͣͦͭ͊ͼ͜͝ ͭ͊ ͔ͣͦͼ͚͎ͤͦͦ͜ ͫͭ͊ͤͯ ͔͍ͫͭͯ͒ͤͭ͜Φ ˱Σ ͨͦ-͎͔͒ͪͯΣ ͙ͨͫͻ͎ͦͦ͜͡;͚ͤ͜ ͭ͊ ͫͦͼ͊͜͡Έͤͦ-͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͫͯ͗͋͊ͣ͡ ͍͔͙͔ͯͤͪͫͭͭͯ͜Σ 
͔͍͙ͪͤ͟͜ͼ͍ͭͯ ͍ͤ͊;͊͡Έ͙͙ͤͣ ͙ͨ͒ͪͦ͒͊ͣ͘͜͜͡ ͨͦͭͪ͋ͤͦ͜ ͙͍͍͙͊ͭͯ͊ͭ͘͟͜ ͪͦ͋ͦͭͯ ͘ ͤ͊͒͊ͤͤΎ ͔ͫͭͯ͒ͤͭ͊ͣ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ ͔ͤͦ͋ͻ͒ͤͦ͜͝ 
͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͎͙͒ͦͨͦͣͦΦ 

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 

1. ˣ͍͊ͪ͊ͤͦͫΈ͊͟ ˶Φ ˤΦ ˽͔͎͎͒͊ͦ͊͜͟ ͭ͊ ͙ͨͫͻ͎ͦͦ͜͡Ύ ͍͙΅ͦ͝ ΄͙ͦ͟͡Φ  ˴Φ Υ ˹ˢ̂Σ нлмрΦ нпл ŎΦ 
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4. ˴͊ͨͤͫ͜͡Έ͙͚͟ ˤΦˤΦ ˸͔͙ͭͦ͒͊͟ ͍͙͊͒͊ͤͤ͟͡Ύ ͯ ͍͙΅͚͜ ΄ͦ͟͜͡Φ ˤ͙ͤͤ͜ͼΎΥ ́˻ˤ Ϧ˹͊ͤ͒͜͡ ˶́˨ϦΣ нлмрΦ ннп ͫΦ 
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ADAPTATION OF FIRST YEAR STUDENTS TO ORGANIZATIONAL FORMS OF HIGHER EDUCATION 
T.B. Tarasova 

Sumy State Pedagogical University named after A. Makarenko 
Abstract. 
Formulation of the problem. Adaptation to higher education is one of the decisive conditions for the success of educational and professional 

activities of the student and professional training of the future specialist. The article presents data concerning the state of the 
adaptation of first-year students to the main organizational forms of the educational process. 

Materials and methods. The main method of research was the author's questionnaire consisting of 17 questions of both open and closed type. 
The study involved 86 first-year students of the Institute of history and philosophy and the faculty of physics and mathematics. The 
results were processed using the program "Microsoft Excel". 

Results. 1. New forms of study in higher education create certain difficulties for almost all first-year students. The greatest difficulties for all the 
studied students are caused by seminars. Graduates of rural schools and those who live in dormitories experience more difficulties 
in all forms of educational work. Gender differences: at the faculty of physics and mathematics, women face great difficulties, and 
at the Institute of history and philosophy-men. 2. All first-year students attend lectures satisfactorily, but systematically work on 
lecture material only a little. 3. The vast majority of students prepare for practical and seminar classes not in advance, but on the 
eve. 4. When preparing for classes and exams, first-year students primarily use Internet materials. In second place for students of 
the faculty of physics and mathematics-their own notes, and the Institute of history and philosophy are recommended textbooks. 
5. Independent work all first-year students pay little attention, linking it mainly with the need to prepare for practical and seminar 
classes.  

Conclusions. The obtained results indicate the lack of adaptation of first-year students to the main organizational forms of education in higher 
education. Necessary: 1. to continue research on the structure of educational motivation and emotional state of students. 2. To 
intensify the work to provide first-year students with the necessary psychological and pedagogical assistance. 

Keywords: higher school, first-year students, adaptation to learning, types of adaptation of first-year students, educational and professional 
activities, organizational forms of the learning process. 
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͔ͦ͋ͪ͊͗ͤͤ͘Ύ ͚͙͒ͫͤ͜ͻ ;͙͔ͫ͡Φ ˨͔Ύ͟͜ ͘ ͙ͤͻ ͣ͊ΌͭΈ ͫͤ͟͜;͔͙͚ͤͤ ͊͡ͺ͍͊ͭ͜Σ ͊ ͔͒Ύ͟͜ ς ͔ͤͫͤ͟͜;͔͙͚ͤͤΦ ˢ͔͡ ͯ ͋͜͡Έ΄ͦͫͭ͜ ͍͙͍ͨ͊͒͟͜ ͚͔͒ͫͤ͜ 
;͙ͫͦ͡ ͔ͣͦ͒͡ΌΊͭΈͫΎ ͘ ;͙ͫ͊͡ ͤ͊ͭͯͪ͊͡Έ͎ͤͦͦΦ ˴͙͊ͫ͡;͙ͤͣ ͨ͒͜ͻͦ͒ͦͣ ͒ͦ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ ͍͒ͪͦ͋ͦͦ͝ ;͙͙͊ͫͭͤ ͚͎͒ͫͤͦͦ͜ ;͙ͫ͊͡ Ί 
͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡Ύ ;͙ͫ͊͡ ͯ ͺͦͪͣ͜ ͙ͫͯͣ ͪΎ͒ͯ ͘ ;͙͔ͫ͡Σ ͔͔͙ͦ͋ͪͤͤͻ ͒ͦ ͤ͊ͭͯͪ͊͡Έ͙ͤͻΦ ˽͙ͪͪͦ͒ͤΈͦ ͍͙͙ͤ͊͟Ί ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ 
͙͔͙͍͙ͫͫͭͣ͊ͭͯ͊ͭ͘Σ ;ͭͦ͜͟ ͍͙͙͙͒ͭ͜͡ ;͙ ͙͙ͪͦͪͦ͋ͭ͘ ͔͙͍ͪͯͪͫͤ͟͜ ͎͙͙͊ͦͪͭͣ͡ ͍ͪͦ͊͒͘͟͜͡ ͚͎͒ͫͤͦͦ͜ ;͙ͫ͊͡ ͍ ͪΎ͙͒ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͍͙͍͒͜Φ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˨͔ͦͫ͒͗ͤͤ͜͡Ύ ͙͔ͫͫͭͣ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ ͚͙͒ͫͤ͜ͻ ;͙͔ͫ͡Σ Ύ͟ ͔ͺ͔͙͍͎ͭͤͦͦ͟ ͊ͨ͊ͪ͊ͭ͊ 
͔ͣͦ͒͡Ό͍͊ͤͤΎΣ ͊͒͊ͤͤ͘Ύ ͜ ͍͙͍;͔ͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͦ͋ΩΊ͍ͭ͟͜ ͘ ͔͙͍ͤͭͪ͊͜͡Έ͙͙ͤͣ ͦ͊͟͡͡Έ͙͙ͤͣ ͎ͭͦͨͦͦ͜͡;͙͙ͤͣ ͜ ͔͙ͣͭͪ;͙͙ͤͣ 
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͍͙͍͊ͫͭͦͫͭ͡Ύ͙ͣΣ Ί ͙ͦ͒ͤͣ ͘͜ ͍͊͒͊ͤͤ͘Ύͣ ͍͒ͦͣͦ͜͝ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ΄͙ͦ͟͡ ˽ͪ͊ͼΈ͍͙͎ͦͭͦͦ ˸͙͙ͦ͟͡ ˤ͍͙ͭͦͪͦ͜͟;͊Φ ˭͔ͦͪͣ͊͟Σ ͍ͤ͜ ͪ͊ͦͣ͘ ͘͜ 
͍͙ͫͦͣ͝ ͯ;ͤΎ͙ͣ ͙͙͒ͦͫ͒͜͡͡ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ ͚͙͒ͫͤ͜ͻ ;͙͔ͫ͡ ǎ-͙͊͒;͙͙ͤͣ ͪΎ͙͒͊ͣ ό˽ͪ͊ͼΈ͍͙͙͚ͦͭΣ мффуύΣ ͪΎ͙͒͊ͣ ˻͎ͫͭͪͦͪ͊͒ͫΈ͎ͦͦ͟ м-͎ͦ 
͍͙͒ͯ όˣ͍͊ͪ͊ͤͦͫΈ͙͚͟ϧ˽ͪ͊ͼΈ͍͙͙͚ͦͭϧ́ͦͪ͋ͤ͜Σ нлммύΣ ͪΎ͙͒͊ͣ ˩͎͔ͤ͡Ύ ό˽ͪ͊ͼΈ͍͙͙͚ͦͭϧ˥͔ͭΈͣ͊ͤΣ нллс), ), ͪ Ύ͙͒͊ͣ ˻͎ͫͭͪͦͪ͊͒ͫΈ͎ͦͦ͟ 
2-͎ͦ ͍͙͒ͯ ό˽ͪ͊ͼΈ͍͙ͦͭ͊Σ нллуύΣ ͙͙ͤ͊ͦ͒ͦ͒͊ͭͤͣ͘͟ ͪΎ͙͒͊ͣ ˶Όͪͦͭ͊ όˬ͙ͻ͔͍͊ͪ͊ϧ˽ͪ͊ͼΈ͍͙͙͚ͦͭΣ нллуύΣ ͙ͤ͊ͦͣͤͤͣ͘͘͟͜ ͪΎ͙͒͊ͣ 
˶Όͪͦͭ͊ ό˽ͪ͊ͼΈ͍͙͙͚ͦͭϧ͍̆ͦͪͦͫͭͤ͊͜Σ нлмоύ ͭ͊ ͝ͻ ͍͊ͫͭͦͫ͊ͤͤ͘͜ΎͣΦ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜Φ ˸͔ͭͦΌ ͫͭ͊ͭͭ͜ Ί ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜Ύ ͨ͒͜ͻͦ͒ͯ ͒ͦ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ ;͙͔ͫ͡ ͔͒Ύ͙͙ͣ͟ ͪΎ͙͒͊ͣ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͍͙͍͒͜Σ ;ͭͦ͜͟ 
͍͙͙͙͒ͭ͜͡ ͔͙͍ͪͯͪͫͤ͟͜ ͙ͪͦ͟͟ ͎͙͊ͦͪͭͣͯ͡ ͪͦ͊͒ͯ͘͟͡ ;͙͔ͫ͡ ͯ ǎ-͙͊͒;ͤ͜ ͪΎ͙͒Σ ͪΎ͒ ˩͎͔ͤ͡ΎΣ ͚ͤ͊ͦ͒ͦ͒͊ͭͤ͘͟͜ ͭ͊ ͙͚ͤ͊ͦͣͤͤ͘͘͟͜ ͪΎ͙͒ 
˶Όͪͦͭ͊Σ ͪΎ͙͒ ˻͎ͫͭͪͦͪ͊͒ͫΈ͎ͦͦ͟ м-͎ͦ ͭ͊ н-͎ͦ ͍͙͍͒͜Φ ˨͜Ό ͎ͦ͗ͤͦͦ͟ ͘ ͎͙͍͊ͦͪͭͣ͜͡ ͍͙͊ͫͭͦͫͯ͊ͭ͘ ͒ͦ ͎ͦ͒ͤͦͦ ͜ ͎ͭͦͦ ͗ ͎ͫ͊ͣͦͦ 
ͪ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ;͙ͫ͊͡ ͘ ͨͪͦͣ͗ͯ͜͟ πȠρ. 
 
́˩˻˾˩́ˮ̉˹˱ ˻˿˹˻ˤˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 

ˤ ͍ͦͫͤͦͯ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙͋ͯ͡ ͔ͨͦ͊͒ͤ͟͜͡ ͔ͭͦͪ͜Ύ ͙͋͗ͤ͘͜ͻ ͪΎ͍͒͜ ͭ͊ ͔͙ͣͭͪ;ͤ͊ ͔ͭͦͪ͜Ύ ;͙͔ͫ͡Φ  
 
˸˩́˻˨ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 

˽͍͔͔ͪͦ͒ͤͦ ͙͔͙͚ͫͫͭͣͤ ͊ͤ͊͘͜͡ ͍͙ͤ͊ͯͦ͟ͻ ͔͔͒͗ͪ͡ ΅ͦ͒ͦ ͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡Ύ ;͙͔ͫ͡ ͔͒Ύ͙͙ͣ͟ ͪΎ͙͒͊ͣ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͍͙͍͒͜ ͒͡Ύ 
͍͙ͤ͊͘;͔ͤͤΎ ͚ͤ͊͋͜͡Έ΄ ͍͙͍͙͊͗͡ͻ ͤ͊ͨͪΎ͍ͣ͟͜ ό͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͜ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜ΎΤ ͊ͤ͊͘͜͡ ͜ ͙͔ͫͤͭ͘Τ ͤ͒ͯ͜͟ͼ͜Ύ ͜ ͔͒͒ͯ͟ͼ͜ΎΤ ͍ͨͦͪͤ͜ΎͤͤΎ ͭ͊ 
͙͍͔ͨͪͦͭͫͭ͊ͤͤ͡ΎύΦ ˽͙ͪ ͔͒ͦͫ͒͗ͤͤ͜͜͡ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͫ͟͡Έ ͔͙ͣͭͦ͒ ͭ͊ ͙͊ͫͦ͋͘ ͔͙ͣͭͪ;ͤͦ͝ ͔ͭͦͪ͜͝ ;͙͔ͫ͡Σ ͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͊ͤ͊ͯ͘͜͡ ͭ͊ 
͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͙ͦ͜͟͡Φ  
 
˾˩˭̂˶̎́ˢ́ˮ ˨˻˿˶˱˨ˬ˩˹˹̒ 

˻ͤ͊͘;͔ͤͤΎ м. ˹ ͔ͻ͚͊ s ς͒ ͔Ύ͔͟ ͺ͍͔ͫͦ͊ͤ͜͟ ͤ͊ͭͯͪ͊͡Έ͔ͤ ;͙ͫͦ͡ ͋͜͡Έ΄͔ мΦ ˾ͦ͊͒͘͟͡ ;͙ͫ͊͡ ὼɴ πȠρ ͍  ͪΎ͒   

ὼ
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ί
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ί
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ί
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ί
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ȟ 

͒  ͔‌ ᶰὃ πȟρȟȣȟί ρ, ͤ ͙͍͊͊͘ΊͭΈͫΎ s-͍͙ͦͣ͟ ͪͦ͊͒ͦͣ͘͟͡ ;͙ͫ͊͡. ̋ ͦ ͙͍ͫͣͦ͜͡;ͤͦ ͦ͋ͪ͊͗ͯ͘ΊͭΈͫΎ ͯ ͍͙͎͡Ύ͒͜ Ў ȣ ȣ ͜  

͙͍ͤ͊͊͘ΊͭΈͫΎ s-͍͙ͦͣ͟ ͔ͦ͋ͪ͊͗ͤͤ͘Ύͣ ;͙ͫ͊͡ ὼ ό͔ͦ͋ͪ͊͗ͤͤ͘Ύͣ ;͙ͫ͊͡ ͍ ͙͔ͫͫͭͣ͜ ;͙͔ͫͤͤ͡Ύ ͘ ͍ͦͫͤͦͦΌ s). [5]. 
ˢ͎͙ͦͪͭͣ͡ ͪͦ͊͒ͯ͘͟͡ ;͙ͫ͊͡ ͍ ǎ-͙͊͒;͙͚ͤ ͪΎ͒Φ ˹͔ͻ͚͊ ὼ ͒ ͍ͦ͜͡Έ͔ͤ ͚͔͒ͫͤ͜ ;͙ͫͦ͡ ͘ πȠρ i 
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‌ Ὓὼ ȟ ὼ Ὓὼ
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Ὓ
Ȣ 

ˢ͎͙ͦͪͭͣ͡ ͙ͯͨͤ͘ΎΊ ͒͜Ό ͙ͨͪ ὼ πΣ ͍ ͤ͜΄ͦͣͯ ͍͙ͨ͊͒ͯ͟ ͒͜Ύ ͎͙͊ͦͪͭͣͯ͡ Ί ͔ͤͫͤ͟͜;͔ͤͤͦΌΦ  

˽͙ͪ͊͒͟͡ мΦ ˾͙ͦ͊ͫͭ͘͟͡ ;͙ͫͦ͡   ͯ  ͍͚͍͒ͦͯ͜͟ ͙͔ͫͫͭͣͯ ;͙͔ͫͤͤ͡ΎΦ 
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 Ў  

˽͙ͪ͊͒͟͡ 2. ˾ ͙ͦ͊ͫͭ͘͟͡ ;͙ͫͦ͡   ͯ  ͚͍ͭͪͦͯ͜͟ ͙͔ͫͫͭͣͯ ;͙͔ͫͤͤ͡ΎΦ 
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˻ͤ͊͘;͔ͤͤΎ нΦ ͙͍͙̉ͫͦͣ͡ ͙ͤ͊ͦ͒ͦ͒͊ͭͤͣ͘͟ ͪΎ͒ͦͣ ˶Όͪͦͭ͊ ͤ ͙͍͊͊͘ΊͭΈͫΎ ͍͙ͪ͊͘ ͍͙͒ͯ  

ὼ
ρ

Ὠ ρ

ρ

Ὠ Ὠ ρȣὨ Ὠ ρ Ὠ ρ
 ȟ Ὠ ᴓɴȟ 

͔͒ Ὠҍ ͅ ͍͙͚ͫͦ͊ͤ͜͟ ͔ͤͫͤ͟͜;͔͙͚ͤͤ ͤ͊͋ͪ͜ ͤ͊ͭͯͪ͊͡Έ͙ͤͻ ;͙͔ͫ͡Φ ͙̉ͫͦ͡ Ὠ  ͤ ͙͍͙͔͊͊ͭͣͣͦ͘ n-͙ͭͣ ͔͔͔ͣͤͭͦͣ͡ ͤ͊ͦ͒ͦ͒͊ͭͤ͘͟Έ͎ͦͦ 
ͪΎ͒ͯ ˶Όͪͦͭ͊Φ  

˽͙͙ͪ͊͒͊ͣ͟͡ ͪΎ͍͒͜ ˶Όͪͦͭ͊ Ί ͤ͊ͫͭͯͨͤ͜ ͪΎ͙͒Υ 
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ÓÓ ρ ρ
Ƞ 

3. ̒ ͟΅ͦ Ὠ ὲΣ ͭͦ  
ρ

ς

ρ

ρϽςϽσ

ρ

ρϽςϽσϽτ
ȢȢȢ

ρ

ρϽςϽσϽȣϽÎ ρ ϽÎϽÎ ρ
ȢȢȢ 

͔͔́ͦͪͣ͊ мΦ [2]. ˴ ͔ͦ͗ͤ ;͙ͫͦ͡ ὼɴ πȠρ Ί͙͙͒ͤͣ ;͙ͤͦͣ ͪͦ͊͒͊͘͟͡ΊͭΈͫΎ ͍ ͚ͤ͊ͦ͒ͦ͒͊ͭͤ͘͟͜  ͪΎ͒ ˶Όͪͦͭ͊Σ ͭͦ͋ͭͦ ͒͡Ύ 
;͙ͫ͊͡ ὼ ͜ ͫͤͯΊ Ί͙͒ͤ͊ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ͤ͊ͭͯͪ͊͡Έ͙ͤͻ ;͙͔ͫ͡ Ὠ , Ὠ Ὠ ὼΣ ͭ͊͊͟Σ ΅ͦ 

ὼ
ρ

Ὠ ρ

ρ

Ὠ Ὠ ρȣὨ Ὠ ρ Ὠ ρ
ḳЎ ȣ ȣȢ 

ˤ͙ͪ͊͘ Ў ȣ ȣ ͤ ͙͍͊͊͘ΊͭΈͫΎ ὒ ς ͘ ͔ͦ͋ͪ͊͗ͤͤΎͣ ͒ ͚͎ͫͤͦͦ͜ ;͙ͫ͊͡ ὼɴ πȠρ.  

ˢ͎͙ͦͪͭͣ͡ ͪͦ͊͒ͯ͘͟͡ ;͙ͫ͊͡ ͍ ͚ͤ͊ͦ͒ͦ͒͊ͭͤ͘͟͜ ͪΎ͒ ˶Όͪͦͭ͊Φ ˹͔ͻ͚͊ ὼ ͒ ͍ͦ͜͡Έ͔ͤ ͚͔͒ͫͤ͜ ;͙ͫͦ͡ ͘ πȠρ i 

Ὠ
ρ

ὼ
ȟ     ὼ ὼ

ρ

Ὠ ρ
Ὠ Ὠ ρ 

Ὠ
ρ

ὼ
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ρ

Ὠ ρ
Ὠ Ὠ ρ 

́ͦ͒͜ ͔͙͍ͪͯͪͫͤͦ͟ ͊͒͊ͣͦ͘ 

Ὠ
ρ

ὼ
ȟ ὼ ὼ

ρ

Ὠ ρ
Ὠ Ὠ ρȢ 

ˢ͎͙ͦͪͭͣ͡ ͙ͯͨͤ͘ΎΊ ͒͜Ό ͙ͨͪ ὼ πΣ ͍ ͤ͜΄ͦͣͯ ͍͙ͨ͊͒ͯ͟ ͒͜Ύ ͎͙͊ͦͪͭͣͯ͡ Ί ͔ͤͫͤ͟͜;͔ͤͤͦΌΦ  

˽͙ͪ͊͒͟͡ оΦ ˾͙ͦ͊ͫͭ͘͟͡ ;͙ͫͦ͡    ͍  ͙͚ͤ͊ͦ͒ͦ͒͊ͭͤ͘͟ ͪΎ͒ ˶Όͪͦͭ͊Φ  
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Ὠ ρ ρȟ ὼ ρ
ρ

ρ ρ
 ρ ρ ρ ρ

ρ

ς
 ρ ς ρȢ 

σ

ψ
ὒ ςȠτȠρ Ȣ 

˻ͤ͊͘;͔ͤͤΎ оΦ ˭ ͙͚ͤ͊ͦͣͤͤ͘͟͜ ͪΎ͒ ͍͙͎͡Ύ͒ͯ 

ρ

ὥ

ρ

ὥ ὥ ρȣὥ ὥ ρὥ
 ȟ ὥ ᴓɴ 

͙͍ͤ͊͊͘ΊͭΈͫΎ ͙ͤ͊ͦͣͤͤͣ͘͘͟͜ ͪΎ͒ͦͣ ˶Όͪͦͭ͊Σ ͊ ;͙ͫͦ͡ ὥ  ͚ ͎ͦͦ ὲ-͙ͭͣ ͔͔͔ͣͤͭͦͣ͡Φ 
˹͚͊ͨͪͦͫͭ͜΄͙͙ͣ ͙͙ͨͪ͊͒͊ͣ͟͡ ͙ͤ͊ͦͣͤͤ͘͘͟͜ͻ ͪΎ͒ͯ ˶Όͪͦͭ͊ Ί ͤ͊ͫͭͯͨͤ͜ ͪΎ͙͒ 
1) ὥ ρȟᶅ ὲᶰὔ 
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2) ὥ ὥȟᶅ ὲᶰὔȟ̅  ̆ὥɴ ὔ 
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͔͔́ͦͪͣ͊ нΦ [3].˨͡Ύ ͒ ͍ͦ͜͡Έ͎ͤͦͦ ͚͎͒ͫͤͦͦ͜ ;͙ͫ͊͡ ὼɴ πȠρ ͜ ͫͤͯΊ ͫͤ͟͜;͔͙͚ͤͤ ͤ͊͋ͪ͜ ͤ͊ͭͯͪ͊͡Έ͙ͤͻ ;͙͔ͫ͡ ὥȟὥȟȣȟὥ  
͊͋ͦ ͔ͤͫͤ͟͜;͔ͤͤ͊ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ὥ  ͙ͭ͊͟ͻΣ ΅ͦ 

ὼ
ρ

ὥ

ρ

ὥ ὥ ρὥ
Ễ

ρ

ὥ ὥ ρȣὥ ὥ ρὥ
ȢȢȢ Ў ȣ ȣȢ 

ˤ͙ͪ͊͘ Ў ȣ ȣ ͤ ͙͍͊͊͘ΊͭΈͫΎ ὒ ς ͘ ͔ͦ͋ͪ͊͗ͤͤΎͣ ͒ ͚͎ͫͤͦͦ͜ ;͙ͫ͊͡ ὼɴ πȠρ. 

˨͔Ύ͟͜ ;͙ͫ͊͡ ͣ͊ΌͭΈ ͍͒͊ ͙ͪͤ͘͜ͻ ὒ-͔ͦ͋ͪ͊͗ͤͤ͘ΎΣ ͦͫ͟͜͡Έ͙͟ ͯ ͍͙ͨ͊͒ͯ͟ ὥ ρȟ ͣ ͙ ͔͋ͯ͒ͣͦ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͊ͣͤͯ͘͜ 

͔ͦ͋ͪ͊͗ͤͤ͘Ύ Ў ȣ  ͔ͦ͋ͪ͊͗ͤͤ͘Ύͣ Ў ȣ Σ ͔͒ ὥ ρ ͼ͙ͺͪ͊ ͔ͦ͋ͪ͊͗ͤͤ͘ΎΦ 

ˢ͎͙ͦͪͭͣ͡ ͪͦ͊͒ͯ͘͟͡ ;͙ͫ͊͡ ͍ ͙͚ͤ͊ͦͣͤͤ͘͘͟͜ ͪΎ͒ ˶Όͪͦͭ͊Φ ˹͔ͻ͚͊ ὼ ͒ ͍ͦ͜͡Έ͔ͤ ͚͔͒ͫͤ͜ ;͙ͫͦ͡ ͘ πȠρ i 

ὥ
ρ
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ȟ     ὼ
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ὥ
ὼὥ ὥ ρ 

ὥ
ρ

ὼ
ȟ     ὼ

ρ

ὥ
ὼ ὥ ὥ ρ 

́ͦ͒͜ ͔͙͍ͪͯͪͫͤͦ͟ ͊͒͊ͣͦ͘ 

ὥ
ρ

ὼ
ȟ ὼ

ρ

ὥ
ὼ ὥ ὥ ρȢ 

ˢ͎͙ͦͪͭͣ͡ ͙ͯͨͤ͘ΎΊ ͒͜Ό ͙ͨͪ ὼ πΣ ͍ ͤ͜΄ͦͣͯ ͍͙ͨ͊͒ͯ͟ ͒͜Ύ ͎͙͊ͦͪͭͣͯ͡ Ί ͔ͤͫͤ͟͜;͔ͤͤͦΌΦ  

˽͙ͪ͊͒͟͡ 4. ˾ ͙ͦ͊ͫͭ͘͟͡ ;͙ͫͦ͡  ͍  ͙͚ͤ͊ͦͣͤͤ͘͘͟͜ ͪΎ͒ ˶Όͪͦͭ͊Φ 
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ρ
ςȟ ὼ

ρ

ς

ρ

ς
ς ς ρ

ρ

ς

ρ

ς
ςσ πȢ 

σ

ψ
ὒ ςȠρȠςȢ 

˻ͤ͊͘;͔ͤͤΎ пΦ ˾ Ύ͒ͦͣ ˩͎͔ͤ͡Ύ ͤ ͙͍͊͊͘ΊͭΈͫΎ ͍͙ͪ͊͘ ͍͙͒ͯ 
ρ

ή ρ

ρ

ή ρ ή ρ

ρ

ή ρ ή ρ ή ρ
ȢȢȢ 

͔͒ ή ς ͤ ͊ͭͯͪ͊͡Έͤ͜ ;͙ͫ͊͡Σ ͙ͨͪ;ͦͣͯ ή ή ᶅὯᶰὔΣ ͙ͨͪ ͼΈͦͣͯ ;͙ͫ͊͡ ή ͙͍ͤ͊͊͘ΌͭΈͫΎ ͚͎ͦͦ ͔͔͔͙ͣͤͭ͊ͣ͡Φ  

˽͙͙ͪ͊͒͊ͣ͟͡ ͪΎ͍͒͜ ˩͎͔ͤ͡Ύ ΊΥ 

1. ä
¤

=1 3

1

k
uk
Σ ͔͒ ό ͙͊ͫ͟͡;ͤ͊ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ̅͋ͦͤ͊͜;;͜ ͔͋͘ ͔ͨͪ΄͎ͦͦ ;͔ͤ͊͡Σ ͭͦ͋ͭͦ ό ρȟό ςȟό ό

ό Ƞ  

2.ä
¤

=
+++

1
...21

1

k
mmm ks

, ͒  ͔ί  ͅ ͍͔ͫͦ͊ͤ͜͟ ͤ͊ͭͯͪ͊͡Έ͔ͤ ;͙ͫͦ͡Σ ͋͜͡Έ΄͔ ͊͘ мΣ ά  ͤ ͔ͫͨ͊͒ͤ͊ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ͤ͊ͭͯͪ͊͡Έ͙ͤͻ 

;͙͔ͫ͡Τ 

σȢ
ρ

ὯȦ
 

͔͔́ͦͪͣ͊ оΦ [4]. ˨ ͍ͦ͜͡Έ͔ͤ ;͙ͫͦ͡ ὼɴ πȠρ Ί͙͙͒ͤͣ ;͙ͤͦͣ ͪͦ͊͒͊͘͟͡ΊͭΈͫΎ ͍ ͪΎ͒ ˩͎͔ͤ͡ΎΣ ͭͦ͋ͭͦ ͫͤͯ͜Ί ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ 
ͤ͊ͭͯͪ͊͡Έ͙ͤͻ ;͙͔ͫ͡ ή  ͭ͊͊͟Σ ΅ͦ ή ή ͜  

ὼ
ρ

ή ρ ή ρȣ ή ρ
 ḳЎ ȣ ȣ   

ˢ͎͙ͦͪͭͣ͡ ͪͦ͊͒ͯ͘͟͡ ;͙ͫ͊͡ ͍ ͪΎ͒ ˩ ͎͔ͤ͡ΎΦ ˹͔ͻ͚͊ ὼ ͒ ͍ͦ͜͡Έ͔ͤ ͚͔͒ͫͤ͜ ;͙ͫͦ͡ ͘ πȠρ i 
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́ͦ͒͜ ͔͙͍ͪͯͪͫͤͦ͟ ͊͒͊ͣͦ͘ 
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ρ

ή ρ
ή ρȢ 

ˢ͎͙ͦͪͭͣ͡ ͙ͯͨͤ͘ΎΊ ͒͜Ό ͙ͨͪ ὼ π, ͍  ͤ͜΄ͦͣͯ ͍͙ͨ͊͒ͯ͟ ͒͜Ύ ͎͙͊ͦͪͭͣͯ͡ Ί ͔ͤͫͤ͟͜;͔ͤͤͦΌΦ  

˽͙ͪ͊͒͟͡ рΦ ˾͙ͦ͊ͫͭ͘͟͡ ;͙ͫͦ͡  ͍  ͘ ͪΎ͒ ˩͎͔ͤ͡ΎΦ 
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ψ ρ
ψ ρ
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ψ
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ω
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ψ
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σ

ψ
ὉςȠψ Ȣ 

˻ͤ͊͘;͔ͤͤΎ рΦ ˾Ύ͒ͦͣ ˻͎ͫͭͪͦͪ͊͒ͫΈ͎ͦͦ͟ м-͎ͦ ͍͙͒ͯ ͤ ͙͍͊͊͘ΊͭΈͫΎ ͫͤ͟͜;͔͙͚ͤͤ ͊͋ͦ ͔ͤͫͤ͟͜;͔͙͚ͤͤ ͍͙ͪ͊͘ ͍͙͎͡Ύ͒ͯ 
ρ

ή

ρ

ήή
Ễ

ρ

ήήȣή
Ễ ὕ ήȟήȟȣȟήȟȣ ȟ 

͔͒ ή ς ͤ ͊ͭͯͪ͊͡Έͤ͜ ;͙ͫ͊͡ ͜ ή ή  ͒ ͡Ύ ͋ͯ͒Έ-Ύ͎ͦͦ͟ ὲᶰᴓΦ ͙̉ͫ͊͡ ή ͤ ͙͍͊͊͘ΌͭΈͫΎ ͔͔͔͙ͣͤͭ͊ͣ͡ ͪΎ͒ͯ ˻͎ͫͭͪͦͪ͊͒ͫΈ͎ͦͦ͟ м-͎ͦ 
͍͙͒ͯΦ  

 
͔͔́ͦͪͣ͊ пΦ [1].˨͡Ύ ͍͒ͦ͜͡Έ͎ͤͦͦ ͚͎͒ͫͤͦͦ͜ ;͙ͫ͊͡ ὼɴ πȠρ ͜ ͫͤͯΊ ͫͤ͟͜;͔ͤͤ͊ ;͙ ͔ͤͫͤ͟͜;͔ͤͤ͊ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ͤ͊ͭͯͪ͊͡Έ͙ͤͻ 

;͙͔ͫ͡ ή  ͭ ͊͊͟Σ ΅ͦ ͜ ή ή ͜   

ὼ
ρ

ή

ρ

ήή
Ễ

ρ

ήήȣή
Ȣ 

˶͔ͣ͊ мΦ ˨ ͡Ύ ͋ͯ͒Έ-Ύ͎ͦͦ͟ ͤ͊͋ͦͪͯ ͤ͊ͭͯͪ͊͡Έ͙ͤͻ ;͙͔ͫ͡ ήȟή ήȟ ͣ ͊Ί ͣͫ͜ͼ͔ ͍ͪͤͫͭ͜͜Έ 
ὼ ὕ ήȟήȟȣȟή ȟή ὕ ήȟήȟȣȟή ȟή ρȟή Ȣ 

ˢ͎͙ͦͪͭͣ͡ ͪͦ͊͒ͯ͘͟͡ ;͙ͫ͊͡ ͍ ͪΎ͒ ˻͎ͫͭͪͦͪ͊͒ͫΈ͎ͦͦ͟ м-͎ͦ ͍͙͒ͯΦ ˹͔ͻ͚͊ Ø ͒ ͍ͦ͜͡Έ͔ͤ ͚͔͒ͫͤ͜ ;͙ͫͦ͡ ͘ πȠρ i 

ή
ρ

ὼ
ȟ     ὼ ρ ήὼ 

ή
ρ

ὼ
ȟ     ὼ ρ ήὼ 
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́ͦ͒͜ ͔͙͍ͪͯͪͫͤͦ͟ ͊͒͊ͣͦ͘ 
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ˢ͎͙ͦͪͭͣ͡ ͙ͯͨͤ͘ΎΊ ͒͜Ό ͙ͨͪ ὼ πΣ ͍ ͤ͜΄ͦͣͯ ͍͙ͨ͊͒ͯ͟ ͒͜Ύ ͎͙͊ͦͪͭͣͯ͡ Ί ͔ͤͫͤ͟͜;͔ͤͤͦΌΦ  

˽͙ͪ͊͒͟͡ сΦ ˾͙ͦ͊ͫͭ͘͟͡ ;͙ͫͦ͡  ͍  ͘ ͪΎ͒ ˻͎ͫͭͪͦͪ͊͒ͫΈ͎ͦͦ͟ м-͎ͦ ͍͙͒ͯΦ 
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σ

ψ
ὕ ςȠτȢ 

˻ͤ͊͘;͔ͤͤΎ сΦ ̉ ͙͍͙͚ͫͦ͡ ͪΎ͒ ͍͙͒ͯ 

ρ

ή

ρ

ή

ρ

ή
Ễ

ρ

ή
Ễḳ

ρ

ή
 

͔͒ ή ς ͤ ͊ͭͯͪ͊͡Έͤ͜ ;͙ͫ͊͡Σ ͙ͨͪ;ͦͣͯ ή ή ή ρ ᶅὯɴ ὔ,͙͍ͤ͊͊͘ΊͭΈͫΎ ͪΎ͒ͦͣ ˻͎ͫͭͪͦͪ͊͒ͫΈ͎ͦͦ͟ н-͎ͦ ͍͙͒ͯ. 

͔͔́ͦͪͣ͊ р. [6].˴͔ͦ͗ͤ ͚͔͒ͫͤ͜ ;͙ͫͦ͡ ὼɴ πȟρ  ͪ ͦ͊͒͊͘͟͡ΊͭΈͫΎ ͍ ͪΎ͒ ˻͎ͫͭͪͦͪ͊͒ͫΈ͎ͦͦ͟ н-͎ͦ ͍͙͒ͯΣ ͭͦ͋ͭͦ  ͒͡Ύ 
͍͒ͦ͜͡Έ͎ͤͦͦ ὼɴ πȟρ ͜ ͫͤͯΊ ͫ ͤ͟͜;͔͙͚ͤͤ ͤ͊͋ͪ͜ ήȟήȟȣȟή  ͊ ͋ͦ ͤ ͔ͫͤ͟͜;͔ͤͤ͊ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ͤ͊ͭͯͪ͊͡Έ͙ͤͻ ;͙͔ͫ͡ (ή)Σ ͭ͊͊͟Σ 
΅ͦ  

ή ή ή ρ ̨ ὼ
ρ

ή

ρ

ή

ρ

ή
Ễ

ρ

ή
ὼ᷉ḳ

ρ

ή
Ȣ 

˾ͦ͊͒͘͟͡ ;͙ͫ͊͡ ὼ ͍  ͪΎ͒ ˻͎ͫͭͪͦͪ͊͒ͫΈ͎ͦͦ͟ н-͎ͦ ͍͙͒ͯ ͙͍ͫͣͦ͜͡;ͤͦ ͙͍͙͔͊ͨͫͯ͊ͭͣͣͦ͘ ὼ ὕ ήȟήȟȣȟή  ͊ ͋ͦ 
ὼ  ὕ ήȟήȟȣȟήȟȣ Φ ˽͍ͪ͊͜ ;͙͙͊ͫͭͤ ͦͫͭ͊ͤͤ͜ͻ ͍͒ͦͻ ͍͔͚ͪͤͦͫͭ͜ ͙͍ͤ͊͊͘ΌͭΈͫΎ / -͔ͦ͋ͪ͊͗ͤͤ͘Ύͣ ;͙ͫ͊͡ ὼ. 

˶͔ͣ͊ нΦ ˨ ͔Ύ͟͜ ;͙ͫ͊͡ ͣ͊ΌͭΈ ͙͚ͨͪͤ͊ͣͤ͜ ͍͒͊ ͙ͪͤ͘͜ͻ / -͔ͦ͋ͪ͊͗ͤͤ͘ΎΣ ͦͫ͟͜͡Έ͙͟  
ὕ ήȟήȟȣȟή ȟή ὕ ήȟήȟȣȟήȟή ή ρ Ȣ 

ˢ͎͙ͦͪͭͣ͡ ͪͦ͊͒ͯ͘͟͡ ;͙ͫ͊͡ ͍ ͪΎ͒ ˻͎ͫͭͪͦͪ͊͒ͫΈ͎ͦͦ͟ н-͎ͦ ͍͙͒ͯΦ ˹͔ͻ͚͊ ὼ ͒ ͍ͦ͜͡Έ͔ͤ ͚͔͒ͫͤ͜ ;͙ͫͦ͡ ͘ πȠρ i 
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́ͦ͒͜ ͔͙͍ͪͯͪͫͤͦ͟ ͊͒͊ͣͦ͘ 
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ή
ὼȢ 

ˢ͎͙ͦͪͭͣ͡ ͙ͯͨͤ͘ΎΊ ͒͜Ό ͙ͨͪ ὼ πΣ ͍ ͤ͜΄ͦͣͯ ͍͙ͨ͊͒ͯ͟ ͒͜Ύ ͎͙͊ͦͪͭͣͯ͡ Ί ͔ͤͫͤ͟͜;͔ͤͤͦΌΦ  

˽͙ͪ͊͒͟͡ тΦ ˾͙ͦ͊ͫͭ͘͟͡ ;͙ͫͦ͡  ͍  ͘ ͪΎ͒ ˻ ͎ͫͭͪͦͪ͊͒ͫΈ͎ͦͦ͟ н-͎ͦ ͍͙͒ͯΦ 

ὼ
σ

ψ
 

ή
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σ
ςȟ ὼ

ρ

ς

σ

ψ
  
τ σ

ψ

ρ

ψ
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ή
ψ

ρ
ψȟ ὼ
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ψ
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ψ
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σ

ψ
ὕ ςȠψȢ 

 
˻ˣ˥˻ˤ˻˾˩˹˹̒  

˻͔͒ͪ͗͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͒ͣͦͤͫͭͪͯΌͭΈ ͍ͫͤͯ͊ͤͤ͜Ύ ͫͤ͟͜;͔͙ͤͤͻ ͜ ͔ͤͫͤ͟͜;͔͙ͤͤͻ ͔͙͍͙ͪͯͪͫͤ͟ͻ ͎͙͍͊ͦͪͭͣ͜͡ ͪͦ͊͒ͯ͘͟͡ ͚͎͒ͫͤͦͦ͜ 
;͙ͫ͊͡ ͍ ͔͒Ύ͟͜ ͪΎ͙͒ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͍͙͍͒͜Σ ͊ ͤ͊͘;͙ͭΈ ͨͦ͊ͯ͘͟ΌͭΈ ;ͭ͜͟͜ ͙ͪͦ͟͟ ͔͔ͨͪͻͦ͒ͯ ͍͒͜ ͔͒ͫΎ͍͎ͭͦͦͦ͟ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ ͚͎͒ͫͤͦͦ͜ ;͙ͫ͊͡ 
͒ͦ ͦ͘ ͔͋ͪ͊͗ͤͤΎ ;͙͔ͫ͡ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͪΎ͍͒͜Φ ͔̇ ͍ ͍ͫͦΌ ;͔͎ͪͯ Ί ͔͔͍ͨͪ͒ͯͣͦͦΌ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͦ͋ΩΊ͍ͭ͟͜ ͘ 
͔͙͍ͤͭͪ͊͜͡Έ͙͙ͤͣ ͦ͊͟͡͡Έ͙͙ͤͣ ͎ͭͦͨͦͦ͜͡;͙͙ͤͣ ͜ ͔͙ͣͭͪ;͙͙ͤͣ ͍͙͍͊ͫͭͦͫͭ͡Ύ͙ͣΣ ͔ͦͪͣ͊͘͟ ͺ͍ͪ͊ͭ͊͟͜͡Σ ͔͙ͤ͒ͺ͔͔ͪͤͼ͚͍͙ͦͤ͜ͻ ͭ͊ 
͙͎ͫͤͯ͡Ύ͙ͪͤͻ ͺͯͤ͟ͼ͚͜Φ 

 
ˤˮ˿˹˻ˤ˴ˮ ́ˢ ˽˩˾˿˽˩˴́ˮˤˮ ˽˻˨ˢ˶̎̊˻˥˻ ˨˻˿˶˱˨ˬ˩˹˹̒ 

̂ ͔ͪͯ͘͡Έͭ͊ͭ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͋ͯͦ͡ ͙͔͙͍ͫͫͭͣ͊ͭͦ͊ͤͦ͘ ͨ͒͜ͻ͒͜ ͒ͦ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ ;͙͔ͫ͡ ͔͒Ύ͙͙ͣ͟ ͪΎ͙͒͊ͣΣ ;ͭͦ͜͟ ͍͙͔͒ͤͦ͜͡ 
͔͙͍ͪͯͪͫͤ͟͜ ͙ͪͦ͟͟ ͫͤ͟͜;͔͎ͤͤͦͦ ;͙ ͔ͤͫͤ͟͜;͔͎ͤͤͦͦ ͎͙͊ͦͪͭͣͯ͡ ͔͔ͨͪͻͦ͒ͯ ͍͒͜ ͔͒ͫΎ͍͎ͭͦͦͦ͟ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ ͚͎͒ͫͤͦͦ͜ ;͙ͫ͊͡ ͒ͦ 
͔ͦ͋ͪ͊͗ͤͤ͘Ύ ;͙͔ͫ͡ ǎ-͙͊͒;͙͙ͤͣ ͪΎ͙͒͊ͣΣ ͪΎ͒ͦͣ ˩͎͔ͤ͡ΎΣ ͙ͤ͊ͦ͒ͦ͒͊ͭͤͣ͘͟ ͭ͊ ͙ͤ͊ͦͣͤͤͣ͘͘͟͜ ͪΎ͙͒͊ͣ ˶Όͪͦͭ͊Σ ͪΎ͙͒͊ͣ 
˻͎ͫͭͪͦͪ͊͒ͫΈ͎ͦͦ͟ м-͎ͦ ͭ͊ н-͎ͦ ͍͙͍͒͜Φ ˨͜Ό ͎ͦ͗ͤͦͦ͟ ͘ ͎͙͍͊ͦͪͭͣ͜͡ ͋ͯͦ͡ ͍͊ͫͭͦͫͦ͊ͤͦ͘ ͒ͦ ͎ͦ͒ͤͦͦ ͜ ͎ͭͦͦ ͗ ͎ͫ͊ͣͦͦ ͪ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ 
;͙ͫ͊͡ ͘ ͨͪͦͣ͗ͯ͜͟ πȠρ ͜  ͍͙Ύ͍͔ͤͦ͡Σ ΅ͦ ͔ͦ͒ͤ ͜ ͔ͭ ͗ ͔ͫ͊ͣ ;͙ͫͦ͡ ͔ͣͦ͗ ͙ͣ͊ͭ ͍ ͙ͪͤ͘͜ͻ ͙͔ͫͫͭͣ͊ͻ ͫͤ͟͜;͔͔ͤͤ ͊͋ͦ ͔ͤͫͤ͟͜;͔͔ͤͤ 
͔͙ͨͪͦ͒͜;͔ͤ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ. 

˭͍͊͒Ύ͙͟ ͫ͊ͣͦͨͦ͒͋ͤͦͫͭ͜͜ ͙ͫͭͪͯͭͯͪ͟ ͔͒Ύ͙͟ͻ ͙͋͗ͤ͘͜ͻ ͙ͤ͊ͦ͒ͦ͒͊ͭͤ͘͟ͻ ;͙ ͙ͤ͊ͦͣͤͤ͘͘͟͜ͻ ͪΎ͍͒͜Σ ͍͒͊ͦͫ͡Ύ ͍͙͙͙͒ͭ͜͡ ;ͭ͜͟͜ 
͔͙͍ͪͯͪͫͤ͟͜ ͙ͪͦ͟͟ ͔͔ͨͪͻͦ͒ͯ ͍͒͜ ͔͒ͫΎ͍͎ͭͦͦͦ͟ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ ͚͎͒ͫͤͦͦ͜ ;͙ͫ͊͡ ͒ͦ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͼ͙ͻ ͪΎ͍͒͜Φ ˹͙͊ͫͭͯͨͤͣ 
͔ͭ͊ͨͦͣ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔ͣͦ͗ ͙͋ͯͭ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͎͙͊ͦͪͭͣ͜͡;͎ͤͦͦ ͨ͒͜ͻ͒ͯ͜ ͒ͦ ͍ͪͦ͊͒͘͟͜͡ ͚͙͒ͫͤ͜ͻ ;͙͔ͫ͡ ͯ ͪΎ͙͒ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͍͙͍͒͜Φ 
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˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 
1. ˣ͍͊ͪ͊ͤͦͫΈ͙͚͟ ˻Φ˸Φ ˾Ύ͙͒ ˻͎͎ͫͭͪͦͪ͊͒ͫͦͦ͟ м-͎ͦ ͍͙͒ͯ ͭ͊ ͝ͻ ͍͊ͫͭͦͫͯ͊ͤͤ͘ΎΦ ˴͙͍͝Υ ˤ͙͒-͍ͦ ˹˽̂ ͔ͣͤ͜͜ ˸Φ˽Φ ˨͎͍ͪ͊ͦͣ͊ͤͦ͊Σ 
нлммΦ муу ͫΦ 

2. ˬ͙ͻ͔͍͊ͪ͊ ̑Φ˱Φ ˭͔ͦ͋ͪ͊͗ͤͤΎ ;͙͔ͫ͡ ͙͙ͤ͊ͦ͒ͦ͒͊ͭͤͣ͘͟ ͪΎ͙͒͊ͣ ˶Όͪͦͭ͊Υ ͍͙ͦͫͤͦ ͔͙ͣͭͪ;ͤͦ͝ ͔ͭͦͪ͜͝Φ ˹͊ͯ͟Φ ;͊ͫΦ ˹˽̂ 
ͣ͜Φ ˸ Φ ˽ Φ ˨ ͎͍ͪ͊ͦͣ͊ͤͦ͊Φ ˿͔ͪ͜Ύ мΦ ̅͘͜-ͣ͊ͭΦ ͙ͤ͊ͯ͟Φ ˴ΦΥ ˹˽̂ ͣ͜Φ ˸Φ ˽ Φ ˨ ͎͍ͪ͊ͦͣ͊ͤͦ͊Σ нллуΦ ˿Φ нлл-211. 

3. Khvorostina Yu. Topological and metric properties of distributions of random variables represented by the alternating 
[ǸǊƻǘƘ ǎŜǊƛŜǎ ǿƛǘƘ ƛƴŘŜǇŜƴŘŜƴǘ ŜƭŜƳŜƴǘǎΦ wŀƴŘƻƳ hǇŜǊators and Stochastic Equations, 2013. Vol. 21, no. 4. P. 385ς401. 

4. ˽ͪ͊ͼΈ͍͙͙͚ͦͭ ˸ΦˤΦ ˾Ύ͙͒ ˩͎͔ͤ͡Ύ ͭ͊ ͝ͻ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ Φ ˹͊ͯ͟Φ ;͊ͫͦͨΦ ˹˽̂ ƛͣΦ ˸Φ ˽Φ ˨͎͍ͪ͊ͦͣ͊ͤͦ͊Φ ˿͔ͪΦ мΣ ̅ƛ͘Φ-ͣ͊ͭΦ ˹͙͊ͯ͟Σ 
нллсΦ Ѕ тΦ ˿Φ млрς116. 

5. ˽ͪ͊ͼΈ͍͙͙͚ͦͭ ˸ΦˤΦ ̅ͪ͊ͭ͊͟͡Έ͙͚ͤ ͨ͒͜ͻ͒͜ ͯ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͻ ͙͎ͫͤͯ͡Ύ͙ͪͤͻ ͍ͪͦͨͦ͒͘͜͜͡Φ ˴͙͍͝Υ ˤ͙͒-͍ͦ ˹˽̂ ͔ͣͤ͜͜ 
˸Φ˽Φ ˨ ͎͍ͪ͊ͦͣ͊ͤͦ͊Σ мффуΦ нфс ͫΦ 

6. ˽ͪ͊ͼΈ͍͙ͦͭ͊ LΦ ˸Φ ˾͙ͦ͊͒͘͟͡ ͒ƛ͚͙ͫͤͻ ;͙͔ͫ͡ ͍ ͪΎ͙͒ ˻͎ͫͭͪͦͪ͊͒ͫΈ͎ͦͦ͟ н-͎ͦ ͍͙͒ͯΣ ͝ͻ ͎͔͔ͦͣͭͪƛΎ ͭ͊ ͍͊ͫͭͦͫͯ͊ͤͤ͘ΎΦ ˹͍͙͚͊ͯͦ͟ 
;͙͊ͫͦͨͫ ˹˽̂ ƛ͔ͣͤƛ ˸Φ˽Φ˨͎͍ͪ͊ͦͣ͊ͤͦ͊Φ ˿͔ͪƛΎ мΦ ̅ƛ͙ͦ͘͟-͔͙ͣ͊ͭͣ͊ͭ;ͤƛ ͙ͤ͊ͯ͟Φ ˴ΦΥ ˹˽̂ ƛ͔ͣͤƛ ˸Φ˽Φ˨͎͍ͪ͊ͦͣ͊ͤͦ͊Σ нллуΦ Ѕ 9. 
˿Φ 128ς147. 
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RECURSIVE ALGORITHMS OF DECREASE OF A FRACTIONAL PART OF A REAL NUMBER 

IN SOME SPECIES OF SPECIAL TYPES 
 Yu. V. Khvorostina, K.M. Stetsenko 

Makarenko Sumy State Pedagogical University, Ukraine 
Abstract. 
Formulation of the problem. In recent years, mathematicians have become increasingly interested in objects with non-trivial metric and topological 

properties. One of the most effective tools for assigning and researching such objects is a usage of the real numbers representation 
system. Also, the real number is a fundamental concept of number theory, continuous mathematics, and probability theory.  
Nowadays, different systems of the real numbers representation are extensively used in mathematics. Some of them have a finite 
alphabet and some have an infinite. But in most cases a real number is modeled from the natural number. The classical approach to the 
representation of the fractional part of a real number is to represent a number in the form of number series sum inverted to natural.  In 
this regard, there is a need to systematize, clearly distinguish, or develop recursive algorithms for the real numbers distribution into 
series of special types. 

Materials and methods. A systematic analysis of scientific sources on the numbers representation by some series of special types to determine the 
most important areas is carried out. Methods and means of metric number theory, mathematical analysis, and mathematical logic 
were applied in the study. 

Results. The study systematized the approach to the numbers representation in some series, clearly distinguished the recursive steps of a finite or 
infinite algorithm for the transition from a decimal image of a real number to an image of numbers with s-adic series, Engel series, 
positive terms and alternate series of Lurots, Ostrogradskyi series of the 1st type and of the 2nd type. The action of each algorithm was 
applied to the same rational number from the interval (0; 1) and it was found that the same number can have a finite or infinite 
periodic representation in different systems. 

Conclusions. Taking into account the self-similar structure of some converging positive or alternating series, it is possible to obtain clear recursive 
steps of the transition from a decimal representation of a real number to a representation using the series. 

Key words: number representation, system fractions, Engel series, positive terms and alternate series of Lurots, Ostrogradskyi series of the 1st type, 
Ostrogradskyi series of the 2nd type. 
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ˤ ͫͭ͊ͭΈ͔ ͨͦ͒ͤΎͭ ͍ͦͨͪͦͫ ͔͙ͣ͗͒ͫͼ͙͙͙ͨͤ͊ͪͤͦͫͭ͡ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊ ͙͚ͤ͊ͤ͘ ͔͙͔͚͚ͤͤͤͦ͡ ͊ͪͻ͙͔ͭͭͯͪ͟·Σ ͔͙ͫͪ͒ ͦͭͦͪ͟·ͻ ͍·͔͔͒ͤ͡· 
͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͔ͣͭͦ͒· ͙ ͔͙ͣͦ͒͡Φ ˽͔͔ͪ͒ͦ͗ͤ͡· ͨͦ͒ͻͦ͒· ͍͟͡Ό;͔͙ͤΎ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͙͚ͤ͊ͤ͘ ͍ 
͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͚ ͨͪͦͼ͔ͫͫ  ͖ͨͯͭͣ ͍͔͔͙ͤ͒ͪͤΎ ͙͔͎͙͍ͤͭͪ͊ͭͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Φ  

͙͍͙͔̅ͦͪͣͯͪͦ͊ͤ͡ ͔ͨͪͦ͋ͣ͡·Φ ˾͊͋ͦͭ͊ ͍͔ͤ͊ͨͪ͊ͤ͊͡ ͤ͊ ͔͙͔ͯͫͭͪ͊ͤͤ ͙͍͔ͨͪͦͭͦͪ;͙͚Σ ͍ͫΎ͊ͤͤ͘·ͻ ͫ ͔͍͔͍͙͔ͤͫͦͦͭͭͫͭͣ ͔͙ͫͦ͒ͪ͗͊ͤΎ 
͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͔͍ͫͭͯ͒ͤͭͦ ͊ͪͻ͙͔ͭͭͯͪͤ͟·ͻ ͔ͫͨͼ͙͊͡Έ͔͚ͤͦͫͭ ͔͍͙ͭͪ͋ͦ͊ͤΎͣ ͍͔͔͎ͫͦͪͣͤͤͦͦ 
͊ͪͻ͙͔͎ͭͭͯͪͤͦͦ͟ ͔͙͍͙ͨͪͦͭͪͦ͊ͤ͟ΎΦ  

˸͔͙͊ͭͪ͊͡· ͙ ͔ͣͭͦ͒·Φ ˤ ͔ͪ͊͋ͦͭ ͙ͫͨͦ͡Έ͍ͦ͊ͤ͘· ͔ͫ͒ͯ͡Ό΅͙͔ ͔ͣͭͦ͒·Υ ͫ͋ͦͪΣ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͙ΎΣ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͙ ͦ͋ͦ͋΅͔͙͔ͤ 
͙ͤͺͦͪͣ͊ͼ͙͙ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͍͔͚ͨͦͫͭ͊ͤͤͦ͡ ͔ͨͪͦ͋ͣ͡·Σ ͍͙͔ͫͪ͊ͤͭ͡Έͤ·͚ ͙͊ͤ͊͘͡ ͪ͊ͤ͘·ͻ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͨͦ͒ͻ͍ͦ͒ͦΣ ͙͔ͫͤͭ͘ ͙ 
͙͊ͤ͊͘͡ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͍͔͚ͫͦ͋ͫͭͤͤͦ ͔͎͎͙ͨ͒͊ͦ;͔͚ͫͦ͟ ͙͔͎͙͍͚ͤͭͪ͊ͭͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ   

˾͔ͯ͘͡Έͭ͊ͭ·Φ  ˤ ͫͭ͊ͭΈ͔ ͍ͦ͋ͦͫͤͦ͊ͤͦΣ ;ͭͦ ͔͙͔͚ͤͤͤ͊͡Ύ ͊ͪͻ͙͔ͭͭͯͪ͊͟ ͙ͤͦͫͭ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͡·͚ ͻ͔͊ͪ͊ͭͪ͟ ͙ ͍ Ήͭͦͣ ͍͔ͨͪͦͫͭͪ͊ͤͫͭ 
ͦ͒ͤͯ ͙͘ ͍͔͒ͯ΅͙ͻ ͔͚ͪͦ͡ ͙͎ͪ͊Όͭ ͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͔ͣͭͦ͒· ͙ ͔͙ͣͦ͒͡Φ ˿͔͙ͪ͒ ͍ͦͫͤͦͤ·ͻ ͔͍ͣͭͦ͒ͦ ͍·͔͔͒ͤ͡· ͔ͣͭͦ͒· 
ͺͪ͊ͭ͊͟͡Έ͎ͤͦͦΣ ͎͔͔͙ͦͣͭͪ;͔͎ͫͦͦ͟ ͙ ͔͙ͨ͊ͪ͊ͣͭͪ;͔͎ͫͦͦ͟ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡ΎΣ ͙ͨͪ;͖ͣ ͯ͊͊ͤͦ͘͟ ͤ͊ ͭͦΣ ;ͭͦ ͍ͦ ͎͙ͣͤͦͻ ͫͯ͡;͊Ύͻ 
͙ͦ͋͊ͫͭ͡ ͙ͻ ͙͔͔͙ͨͪͣͤͤΎ ͔͔͔ͨͪͫ͊͟ΌͭͫΎΦ ͚́͊ͦ͟ ͻ͔͊ͪ͊ͭͪ͟ ͊ͪͻ͙͔͚ͭͭͯͪͤͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͍ͦ͋ͦͫͤͦ·͍͔͊ͭ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ 
͙ͫͦ͒͊ͤ͘Ύ ͍͙͚ͯͫͦ͡ ͒͡Ύ ͙͔͔͙ͨͪͦ͋ͪͭͤΎ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͡·ͻ ͙͚ͤ͊ͤ͘Σ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ ͔͍͙ͭͪ͋ͦ͊ͤΎͣ 
͍͔͔͎ͫͦͪͣͤͤͦͦ ͔͙͍͙ͨͪͦͭͪͦ͊ͤ͟ΎΦ ̏ͭͯ ͊͒͊͘;ͯ ͔͔ͨͪ͒ͦ͗ͤͦ͡ ͔ͪ΄͊ͭΈ ͤ͊ ͍͔ͦͫͤͦ  ͙͔͎͙͍ͤͭͪͪͦ͊ͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͖ͨͯͭͣ 
͙ͪ͊ͪ͊͋ͦͭ͘͟ ͙ ͍͔͔͙ͤ͒ͪͤΎ ͔ͫͨͼ͍ͯͪͫͦ͟ ͙͚ͨͪ͊͒ͤͦ͟͡ ͍͔͙ͤ͊ͨͪ͊ͤͤͦͫͭ͡Φ ˻ͨ·ͭ ͚ͭ͊ͦ͟ ͪ͊͋ͦͭ· ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ 
ͦ͋Ά͔͙͔͙͒ͤͤΎ ͙͙͚ͯͫ͡  ͔͙͍ͣ͊ͭͣ͊ͭͦ͟Σ ͊ͪͻ͙͔͍ͭͭͦͪͦ͟ ͙ I -͔́ͫͨͼ͙͙͍͊ͫͭͦ͡Φ ˤ ͊͟;͔͍͔ͫͭ ͊͡Έ͔͙͍͎ͭͪͤ͊ͭͤͦͦ ͙ͨͯͭ ͔ͪ΄͔͙ͤΎ 
͍͔͚ͨͦͫͭ͊ͤͤͦ͡ ͊͒͊͘;͙ ͔͎͔ͨͪ͒͊͊ͭͫ͡Ύ ͪ͊͋ͦͭ͊ ͍ ͪ͊ͣ͊͟ͻ ͔ͫͭͯ͒ͤ;͔͎ͫͦͦ͟ ͤ͊ͯ;͎ͤͦͦ ͦ͋΅͔͍ͫͭ͊Σ ͙ͨͪ;͖ͣ ͯ͊͊ͤͦ͘͟ ͤ͊ ͭͦΣ ;ͭͦ 
ͦͨ·ͭ ͚ͭ͊ͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͙͔ͨͦͦ͗ͭ͡͡Έͤ·͚ ͔ͪͯ͘͡Έͭ͊ͭΦ 

ˤ·͍ͦ͒·Φ ˤ͔͔͙͔ͤ͒ͪͤ ͙͔͎͙͍ͤͭͪ͊ͭͤ·ͻ ͺͦͪͣ ͦ͋ͯ;͔͙ͤΎ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͙͔͔͙ͨͪͦ͋ͪͭͤΌ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͡·ͻ ͙͚ͤ͊ͤ͘Σ ;ͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ 
͙͙ͦͨͭͣ͊͘ͼ͙͙ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͫ͊Φ 

 

˴˶̑̉˻ˤ˱ ˿˶˻ˤˢΥ ͔͙͔͚ͤͤͤ͊͡Ύ ͊ͪͻ͙͔ͭͭͯͪ͊͟Σ ͺͪ͊ͭ͊͟͡Έ͔ͤͦ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡Σ ͔͙ͨ͊ͪ͊ͣͭͪ;͔͔ͫͦ͟ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡Σ ͎͔͔͙ͦͣͭͪ;͔͔ͫͦ͟ 
͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡Σ ͙͔͎͙͍͔ͤͭͪͪͦ͊ͤͤͦ ͦ͋ͯ;͔͙͔ͤ. 

 
ˤˤ˩˨˩˹ˮ˩ 

ˢͪͻ͙͔ͭͭͯͪͤ͟·͔ ͺͦͪͣ· ͤ͊ ͨͪͦͭΎ͔͙͙͗ͤ ͎͙ͣͤͦͻ ͍͔͍ͦ͟ ͔͔ͦͨͪ͒͡Ύ͙ͫ͡Έ ό͔͙͍͙ͨͪͦͭͪͦ͊ͫ͟͡Έύ ͤ͊ Ύ͘·͔͟ ͎͔͔͙͙ͦͣͭͪΦ 
˸͔͙͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͔͙ͣͦ͒͡Σ ͙ͦͨͫ·͍͊Ό΅͙͔ ͎͔͔͙ͦͣͭͪ;͔͙͔ͫ͟ ͺ͙͎ͯͪ·Σ ͙͙ͦ͗ͫ͡͡Έ ͍ ͍ͦͫͤͦͯ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͊ͪͻ͙͔ͭͭͯͪͤ͟·ͻ ͺͦͪͣΦ  
˿ ͨͦΎ͍͔͙͔ͤͣ͡ ͙ ͍͙͙͔ͪ͊ͭͣ͘ ͦͣͨ͟ΈΌ͔ͭͪͤ·ͻ ͤ͊ͯ͟ ͭͪ͊ͤͫͺ͙͍͙ͦͪͣͪͦ͊ͫ͡Έ ͙  ͔ͣͭͦ͒·  ͺ͍͙ͦͪͣͦͦ͋ͪ͊ͦ͊ͤ͘Ύ ͊ͪͻ͙͔ͭͭͯͪͤ͟·ͻ 
ͦ͋Ά͔͍ͭͦ͟Φ ˿͍͔͔ͦͪͣͤͤ·͔ ͦͣͨ͟ΈΌ͔ͭͪͤ·͔  ͔ͣͭͦ͒· ͔͙͍͙ͨͪͦͭͪͦ͊ͤ͟Ύ ͺͦͪͣ· ͙ͦͨͪ͊ΌͭͫΎ ͤ͊ Ύ͘·͟ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͺͦͪͣͯ͡ ͙ 
͎͔͔͙ͦͣͭͪ;͔͙ͫ͟ͻ ͔͙͚ͨͦͫͭͪͦͤΦ  

͔͙́ͪͣͤ ζ͔͙͔͚ͤͤͤ͊͡Ύ ͊ͪͻ͙͔ͭͭͯͪ͊͟η ͨͦΎ͍͙ͫ͡Ύ ͍ ͦͤ͟ͼ͔ ͨͪͦ΄͎ͦͦ͡ ͍͔͊͟Φ ˾͍͙͙͔͊ͭ͘ Ή͎ͭͦͦ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͍ͫΎ͘·͍͊Όͭ ͫ 
͍͔͙͔ͦͫͦͤͣ ͍ͤͦ·ͻ ͙͙͒ͤ͊ͣ;͔͙ͫ͟ͻ ͙ͨͪͤͼ͙͍ͨͦ ͺ͍͙ͦͪͣͦͦ͋ͪ͊ͦ͊ͤ͘ΎΣ ͍ ͍͔ͦͫͤͦ ͦͭͦͪ͟·ͻ ͔͊ͦ͗ͤ͊͘͡ ͔͙ͣ͊ͭͣ͊ͭ;͔ͫ͊͟Ύ ͙͎ͨ͊ͪ͊͒ͣ͊ 
͔͙͔͚͙ͤͤͤͦͫͭ͡Φ ˽ͦΎ͍͔͙ͤ͡Ό ͎ͭ͊ͦͦ͟  ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͦ͡  ͍͙͙͔ͪ͊ͭ͘Σ ͊͟͟ ͦͣͨ͟ΈΌ͔ͭͪͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͭ͊͟ ͙  ͙ͭ͊͟ͻ 
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ͤ͊ͯ͟ ͦ  ͫͦ͗ͤ͡·ͻ ͙͔ͫͫͭͣ͊ͻ όsciences of complexityύΣ ͊͟͟ ͺͪ͊ͭ͊͟͡Έͤ͊Ύ ͎͔͔͙ͦͣͭͪΎΣ ͔͙͔͚ͤͤͤ͊͡Ύ ͙͙͒ͤ͊ͣ͊͟Σ ͔͙ͭͦͪΎ ͙ͫͦ͗ͤͦͫͭ͡ 
ό͍͙ͦͫͤͦͦͨͦͦ͗ͤ͟͡ ˮΦ ˽͙͎͙ͪͦ͗ͤύΣ ͻ͊ͦͫ͊ ό͍͙ͦͫͤͦͦͨͦͦ͗ͤ͟͡ ̏Φ ˶͔ͦͪͤͫύΣ ͊ͭ͊ͫͭͪͦ͟ͺ ͙ ͒ͪΦ  

˻͒ͤ͊ͦ͟ ͙ͤ͊͡;͙͔ ͍ ͊ͪͻ͙͔ͭͭͯͪͤͦͣ͟ ͔͙͍͙͙ͨͪͦͭͪͦ͊ͤ͟ ͙ͭ͊͟ͻ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͡·ͻ ͔͚ͦ͋͊ͫͭ͡ ͙͚ͤ͊ͤ͘ 
͙ͤ͊͟͟ ͔ͤ ͔ͦͭͪ͊͗ͤͦ ͍ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤͦͣ ͨͪͦͼ͔͔ͫͫ ͔͍ͫͭͯ͒ͤͭͦΦ ˤ͟͡Ό;͔͙͔ͤ ͍ͤͦ·ͻ ͊ͭͯ͊͟͡Έͤ·ͻ ͙͚ͤ͊ͤ͘ ͍ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͔ 
͎ͨͪͦͪ͊ͣͣ· ͤ͊ ͍͔ͦͫͤͦ ͙͔͎͙͍ͤͭͪ͊ͭͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͦ͋ͯ;͔͙ͤΎ ͎ͣͦͯͭ ͦͭͪ͟·ͭΈ ͍ͤͦ·͔ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͍ͨͦ·΄͔͙ͤΎ ͊͟;͔͍ͫͭ͊ 
͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͔͍ͫͭͯ͒ͤͭͦ-͊ͪͻ͙͔͍ͭͭͦͪͦ͟Φ ˢͭͯ͊͟͡ΈͤͦͫͭΈ ͚ͭ͊ͦ͟ ͪ͊͋ͦͭ· ͍͔ͦ͋ͯͫͦͤ͊͡͡ ͍͔͙͔ͤ͊ͨͪ͊ͤͣ͡ ͤ͊ ͙͙ͦͨͭͣ͊͘ͼ͙Ό 
͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͫ͊ ͖ͨͯͭͣ ͔͙ͯͫͭͪ͊ͤͤΎ ͙͍͔ͨͪͦͭͦͪ;͙͚Σ ͍ͫΎ͊ͤͤ͘·ͻ ͫ ͔͍͔͍͙͔ͤͫͦͦͭͭͫͭͣ ͔͙ͫͦ͒ͪ͗͊ͤΎ 
͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͔͍ͫͭͯ͒ͤͭͦ ͊ͪͻ͙͔ͭͭͯͪͤ͟·ͻ ͔ͫͨͼ͙͊͡Έ͔͚ͤͦͫͭ ͔͍͙ͭͪ͋ͦ͊ͤΎͣ ͍͔͔͎ͫͦͪͣͤͤͦͦ ͊ͪͻ͙͔͎ͭͭͯͪͤͦͦ͟ 
͔͙͍͙ͨͪͦͭͪͦ͊ͤ͟Ύ ό͔͍̋ͯͤͦ͊͟͡Σ нлммύΦ  

˾͍͙͙͔͊ͭ͘ ζ͔͙͔͚͚ͤͤͤͦ͡ ͊ͪͻ͙͔ͭͭͯͪ͟·ηΣ ͍͔͙͔ͫͭ͊ͤͦͤ͡ ͚ͦͭͦͪͦ͟ ͦͭͤͦͫΎͭ ͟ ͦͤ͟ͼͯ ̆̆ ͍͔͊͟Σ ͍ͫͦͨͪͦͦ͗͒͊ͦͫ͡Έ 
͔͙͍͙͔ͣͦ͒ͪͦ͊ͤͣ͡ ͪ͊ͤ͘·ͻ ͙͍͙͔͚ͪͦͤͤ͟͡·ͻ ͦͤͫͭͪͯ͟͟ͼ͙͚Φ ˽ͦ ͍͔͙ͫͪ͊ͤͤΌ ͫ ͙͊ͫͫ͟͡;͔͙͙ͫͣ͟ ͊ͪͻ͙͔ͭͭͯͪͤ͟·͙ͣ ͺ͙ͦͪͣ͊ͣ Ή͙ͭ 
ͦͤͫͭͪͯ͟͟ͼ͙͙   ͍ͦ ͎͙ͣͤͦͻ ͫͯ͡;͊Ύͻ ͍·Ύ͍͡Ύ͙ͫ͡Έ ͔͔͋ͦ͡ Ήͺͺ͔͙͍ͭͤ͟·͙ͣΦ ˾͔;Έ ͙͖͒ͭΣ ͙͔ͤ͊ͨͪͣͪΣ ͦ ͙͙͙ͣͤͣ͊͘ͼ͙͙ ͪ͊ͫͻͦ͒ͤ·ͻ 
͔͙͍ͣ͊ͭͪ͊ͦ͡ ͙͙͡ ͍ͨͦ·΄͔͙͙ͤ  ͚ͯͫͭͦ;͙͍͙ͦͫͭ ͦͤͫͭͪͯ͟͟ͼ͙͙Φ  ˽͙ͪ Ήͭͦͣ ͨͪͦͼ͔ͫͫ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͙͔͋͊ͪͯͭͫ͘Ύ ͤ͊ 
͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͎͙͊ͦͪͭͣ͊͡ͻΣ ͔͗͊͡΅͙ͻ ͍ ͍͔ͦͫͤͦ ͎͔͔͙ͦͣͭͪ;͔͙ͫ͟ͻΣ ͔͙ͨ͊ͪ͊ͣͭͪ;͔͙ͫ͟ͻΣ ͎͙͙͊ͦͪͭͣ͡;͔͙ͫ͟ͻ ͙ ͎͙͒ͪͯͻ ͔͍ͣͭͦ͒ͦ  
͔͙͍͙ͨͪͦͭͪͦ͊ͤ͟ΎΦ 

˿͔͎ͦ͒ͤΎ ͫͯ΅͔͍͔ͫͭͯͭ ͔ͤͣ͊ͦ͡ ͙ͨͯ͋͊͟͡ͼ͙͚Σ ͍ͫΎ͊ͤͤ͘·ͻ ͫ ͔͔͔͙͔ͦͨͪ͒ͤͣ͡ ͎ͪͯ͊͟ ͊͒͊͘; ͊ͪͻ͙͔ͭͭͯͪ͟· ͙ 
͎͙͔ͪ͊͒ͦͫͭͪͦͭ͡Έ͍ͫͭ͊Σ ͔ͪ΄͔͙͔ͤ ͦͭͦͪ͟·ͻ ͙͔͋͊ͪͯͭͫ͘Ύ ͤ͊  ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͍ͣͭͦ͒ͦ ͙ ͔͔͚ͣͦ͒͡Φ ˤ Ή͙ͭͻ 
͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύͻ ͨͦΎ͍͙ͫ͡Ύ ͔͙ͭͪͣͤ ζ͊ͪͻ͙͔ͭͭͯͪͤ͊͟Ύ ͔͙ͣ͊ͭͣ͊ͭ͊͟ηΦ  ˻͒ͤ͊ͦ͟ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͙ ͫͭͪͯͭͯͪ͊͟ Ή͎ͭͦͦ ͨͦͤΎ͙ͭΎ ͦͫͭ͊ΌͭͫΎ 
͔͔͔͔ͤͦͨͪ͒ͤͤ͡·͙ͣΣ ͨͦͫͦ͟͡Έͯ͟ ͙ͤͺͦͪͣ͊ͼ͙Ύ ͦ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔ͣͭͦ͒͊ͻ ͙ ͔ͣͦ͒͡Ύͻ ͍ ͊ͪͻ͙͔ͭͭͯͪͤͦ͟-͎͙͔ͪ͊͒ͦͫͭͪͦͭ͡Έͤͦͣ 
͔͙͍͙͙ͨͪͦͭͪͦ͊ͤ͟ ͒ͦ ͙ͫͻ ͨͦͪ Ύ͍͡Ύ͔ͭͫΎ ͔͚ͪ͊ͪͦͤͤͤͦ͘͘ ό͔͍̋ͯͤͦ͊͟͡Σ нлммύΦ 

ˤ͟͡Ό;͔͙͔ͤ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͙͚ͤ͊ͤ͘ ͍ ͫͭͪͯͭͯͪͯ͟ ͊ͪͻ͙͔͎ͭͭͯͪͤͦͦ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͫͦ͗ͤͯ͡ΌΣ 
͎͎ͣͤͦͦͪ͊ͤͤͯΌ ͙ ͊͘;͊ͫͭͯΌ ͙͍͔ͨͪͦͭͦͪ;͙͍ͯΌ ͙͔ͫͫͭͣͯΦ ˤ ;͙͊ͫͭ ͍͍ͯͦ͘ ͔͍͙͔ͨͪͨͦ͒͊͊ͤ ͍·ͫ΄͔͚ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͎͙ͦͪ͊ͤ;͙͍͔͊ͭͫΎ 
͔ͤ͋ͦ͡Έ΄͙ͣ ͍͋͊ͦ͘·ͣ ͯͪͫͦͣ͟Σ ͦ͋Ά͖ͣ ͎ͦͭͦͪͦͦ͟ ͍ ͔͙͔ͨͦͫ͒ͤ͡ ͎ͦ͒· ͨͦͫͭͦΎͤͤͦ ͔ͯͣͤΈ΄͔͊ͭͫΎΦ ˽ͦ ͔͙ͣͤͤΌ ͍͍͊ͭͦͪͦΣ ͍ 
ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͍ͦ ͎͙ͣͤͦͻ ͍ͯ͊͘ͻ ͦ͋Ά͖ͣ ͯ;͔͎͋ͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡Σ ͍͟͡Ό;͖͎ͤͤͦͦ ͍ ͪ͊͋ͦ;͙͔ ͎ͨͪͦͪ͊ͣͣ· ͙͒ͫͼ͙͙ͨͤ͡· ζˤ·ͫ΄͊Ύ 
͔͙ͣ͊ͭͣ͊ͭ͊͟ηΣ  Ύ͍͡Ύ͔ͭͫΎ ͍͔ͫͦͪ΄͔ͤͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤ·ͣΣ ͨͦͫͦ͟͡Έͯ͟ ͍ ͔ͤͣ ͔ͤ ͯ;͔ͭͤ· ͍ͤͦ·͔ ͔ͪ͊͒͘͡· ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ ͔ͣͭͦ͒· 
ͦͭͦͪ͟·ͻ ͙͔ͨͪͣͤΎΌͭͫΎ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ ͙͔ͨͪ͊ͭ͟͟ ͊ͪͻ͙͔͎ͭͭͯͪͤͦͦ͟ ͔͙͍͙ͨͪͦͭͪͦ͊ͤ͟Ύ ͙ ͎͙͔ͪ͊͒ͦͫͭͪͦͭ͡Έ͍ͫͭ͊Φ  

˽ͪͦͼ͔ͫͫ ͙͔͎ͤͭͪ͊ͼ͙͙ ͍ ͍͙͙ͦ͋ͪ͊ͦ͊ͤ͘ ͙ ͔ͤ͊ͯ͟ ͊͟͟ ͤ͊ͯ;͔ͤͦ ͨͦͤΎ͙͔ͭ ͨͦΎ͍͙ͫ͡Ύ ͍  ͦ͟ ͤͼ͔ ͨͪͦ΄͎ͦͦ͡ ͔͙ͫͭͦͭ͡ΎΣ ͙ Ύ͍͡Ύ͔ͭͫΎ 
͍͔͒ͯ΅͔͚ ͔͔ͭͤ͒ͤͼ͙͔͚ ͔͙ͨͦͫ͒ͤ͡ͻ ͔ͭ͡Φ ͔̇͡ΈΌ ͙͔͎ͤͭͪ͊ͼ͙͙ ͍ ͍͙͙ͦ͋ͪ͊ͦ͊ͤ͘ Ύ͍͡Ύ͔ͭͫΎ ͔͙͔ͨͦͫͭͪͦͤ ͙ͭ͊͟ͻ ͍͙͍͊ͣͦͫ͘Ύ͔͚͘ 
Ή͔͔͍ͣͤͭͦ͡ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͫ͊Σ ͦͭͦͪ͟·͔ ͋· ͙ͫͦ͒͊͘͡ ͔͎ͦ  ͨͦͤͦͭͯ͡ ͙ ͼ͔ͦͫͭͤͦͫͭ͡ΈΦ 

ˢͭͯ͊͟͡ΈͤͦͫͭΈ ͨͦΎ͍͔͙ͤ͡Ύ ͍ͫΎ͚͊ͤͤͦ͘ ͫ ͨͦͤΎ͙͔ͭͣ ͙͔͎ͤͭͪ͊ͼ͙͙ ͙͔͎͙͍͚ͤͭͪ͊ͭͤͦ ͔͎͎͙ͨ͒͊ͦ;͔͚ͫͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ 
͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͙͡;͔͚ͤͦͫͭ ͫ ͙ͨͦ͡ͺ͙ͦͤ;͔͙ͫͣ͟ ͣ·΄͔͙͔ͤͣ͡ ͊͟͟ ͍͙ͯͫͦ͡Ύ ͎͎ͯ͋ͦͦͦ͟͡ 
͙͙ͨͦͤͣ͊ͤΎ ͍͙͍͊ͣͦͫ͘Ύ͔͚͘ ͍ ͨͪͦͼ͔ͫͫ͊ͻ ͦͪͯ͗͊͟Ό΅͔͎ͦ ͙ͣͪ͊Φ 

ˮ͔ͤͫͭͪͯͣͤͭͦͣ ͦͫͯ΅͔͍͔͙ͫͭͤ͡Ύ ͙͔͎͙͍ͤͭͪ͊ͭͤͦ-͔͎͎͙ͨ͒͊ͦ;͔͚ͫͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ Ύ͍͡ΎΌͭͫΎ ͙͔͎͙͍ͤͭͪ͊ͭͤͦ-
͔͎͎͙ͨ͒͊ͦ;͔͙͔ͫ͟ ͔ͭͻ͎͙͙ͤͦͦ͡Σ ͦͭͦͪ͟·͔ ͙͋͊ͪͯ͘ΌͭͫΎ ͤ͊ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ ͦͤ͟ͼ͔ͨͼ͙ΎͻΦ  

˿ͯ΅͔͍ͫͭͯΌͭ ͪ͊ͤ͘·͔ ͨͦ͒ͻͦ͒· ͟ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͙͔͎͙͍͚ͤͭͪ͊ͭͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͍ ͙͔͔ͫͫͭͣ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΦ ˿͔͙ͪ͒ 
͍ͦͫͤͦͤ·ͻ ͔͖ ͍͙͍͒ͦ όͺͦͪͣύ ͣͦ͗ͤͦ ͍·͔͙͒ͭ͡Έ ͙͙ͨͦͫ͟ ͍ ͙ͦ͋͊ͫͭ͡ ͍͙͔͔͚ͤͯͭͪͨͪ͒ͣͭͤͦ ͙ ͔͔͔͚ͣ͗ͨͪ͒ͣͭͤͦ ͙͔͎ͤͭͪ͊ͼ͙͙ ͫ ͼ͔͡ΈΌ  
͙͙ͦͨͭͣ͊͘ͼ͙͙ ͯ;͔͎͋ͤͦͦ ͨͪͦͼ͔ͫͫ͊Φ ˻͍ͫͤͦ͊ ͚ͭ͊ͦ͟ ͙͔͎͙͍ͤͭͪ͊ͭͤͦ-͔͎͎͙ͨ͒͊ͦ;͔͚ͫͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͙͔͋͊ͪͯͭͫ͘Ύ ͤ͊ ͦͤ͟ͼ͔ͨͼ͙Ύͻ 
͍͙͔͔͚ͤͯͭͪͨͪ͒ͣͭͤͦ όˤΦˮΦ ˭͎͍͊Ύ͙͙͚ͤͫ͘͟ύ ͙ ͔͔͔͚ͣ͗ͨͪ͒ͣͭͤͦ ͙͔͎ͤͭͪ͊ͼ͙͙ ͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͙ͤ͊ͤ͘Ύ ό͍͙ͦͫͤͦͦͨͦͦ͗ͤ͟͡ ˨͗ͦͤ 
˨ΈΌ͙ύ, ͙ ͔͎ͤͭͪ͊ͼ͙͙ ͦ͋΅͔͎ͦ ͙ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͎ͤͦͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ό˸Φ˹Φ ˣ͔͍ͪͯͦ͊͡Σ ̑Φ˿Φ ́Ό͙͍ͤͤͦ͟ύ ͙ ͒ͪΦ 

˻͔ͫͦ͋ͤͤͦͫͭΈ ͔͔͔͚ͣ͗ͨͪ͒ͣͭͤͦ ͙͔͎ͤͭͪ͊ͼ͙͙ ͙ͫͦͫͭͦͭ ͍ ͭͦͣΣ ;ͭͦ ͦͤ͊ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͚ͭ͊ͦ͟ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͯ;͔͎͋ͤͦͦ 
ͨͪͦͼ͔ͫͫ͊Σ ͙ͨͪ ͦͭͦͪͦͣ͟ ͍͙͔͚͍͊ͣͦ͒ͫͭͯ͘Όͭ ͪ͊ͤ͘·͔ ͯ;͔͋ͤ·͔ ͙͒ͫͼ͙͙ͨͤ͡·Σ ͙ͨͪ;͖ͣ ͍͙͔͔ͤͯͭͪͨͪ͒ͣͭͤ͊Ύ ͙͔͎ͤͭͪ͊ͼ͙Ύ ͔ͭ͊͗͟ 
͍͟͡Ό;͔ͤ͊ ͍ Ήͭͯ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΦ  

ˢ͍͙ͭͦͪ͊ͣ ͙ͯ͘;͔ͤ ͦͨ·ͭ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ ͍·ͫ΄͔͚ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͍ ͍͔ͪͦ͒ͫͭͤͤ·ͻ ͍ͯ͊͘ͻΦ ˤ ͔ͤͦͭͦͪ͟·ͻ ͙͘ ͙ͤͻ ͦ͋ͯ;͔͙͔ͤ 
͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫͣ͟ ͔ͣͭͦ͒͊ͣ ͔͍ͫͭͯ͒ͤͭͦ-͊ͻ͙͔͍ͪͭͭͦͪͦ͟ ͙͔ͦͨͪ͊ͭͫΎ ͤ͊ ͫͦͻ͔͙͔ͪ͊ͤͤ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͙ͭͪ͊͒ͼ͙͚ ͫ ͍͔͙͔ͦ͋ͤͦͤͣ͡ 
͔ͤͦͭͦͪ͟·ͻ ͍͋ͦͦ͟͡Φ  

ˮ͔͔͔ͤͭͪͫͤ ͦͨ·ͭ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ ͍·ͫ΄͔͚ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͍ ̂ͪ͊͡Έ͚ͫͦ͟ ͎͍͔͚ͦͫͯ͒͊ͪͫͭͤͤͦ ͊ͪͻ͙͔ͭͭͯͪͤͦ͟-ͻ͔͍͔͚ͯ͒ͦ͗ͫͭͤͤͦ 
͔͙͙͊͊͒ͣ͟Φ ́ͯͭ ͦͫͯ΅͔͍͔ͫͭͤͦ͡ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡ ͪ͊ͤ͘·ͻ ͔͚ͦ͋͊ͫͭ͡Σ ;ͭͦ ͍͙ͨͦͦͦ͘͡͡ ͔ͪ΄͊ͭΈ ͊͒͊͘;͙ ͨͦ ͙͊ͤ͊ͯ͘͡ 
͊ͪͻ͙͔ͭͭͯͪͤ͟·ͻ ͙ͫͭͯ͊ͼ͙͚ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͍ͣͭͦ͒ͦΦ  ˻͍ͫͤͦͤ·ͣ ͤ͊ͯ;ͤͦ-͔͙ͣͭͦ͒;͔͙ͫͣ͟ ͍͔͙͔ͤ͊ͨͪ͊ͤͣ͡  
Ύ͍͡Ύ͔ͭͫΎ ͪ͊ͪ͊͋ͦͭ͊͘͟ ͍ͤͦ·ͻ ͔͍ͣͭͦ͒ͦ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͙ ͦͣͨ͟ΈΌ͔ͭͪͤ·ͻ ͙͒ͫͼ͙͙ͨͤ͡ ͙͔͙͔ͨͪͣͤͭ͡Έͤͦ ͟ 
͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ό ͊ͪͻ͙͔͍ͭͭͦͪͦ͟ ͙ ͙͚͔͍͒͊ͤͪͦ͘ ό͔͍̋ͯͤͦ͊͟͡, 2011). 

͔̇͡ΈΌ ͚͒͊ͤͤͦ ͪ͊͋ͦͭ· Ύ͍͡Ύ͔ͭͫΎ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͙ͦ͋͊ͫͭ͡ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͙ ͔͙͔͚͚ͤͤͤͦ͡ ͊ͪͻ͙͔ͭͭͯͪ͟· 
͊͟͟ ͍ͫͦͫͭ͊͡ΎΌ΅͔͚ ͙͔ͫͫͭͣ· ͙͔͎͙͍͎ͤͭͪ͊ͭͤͦͦ ͦ͋ͯ;͔͙ͤΎ ό͍ ͔͔ͦͤͭͫͭ͟͟ ͙͔͔͙ͨͪͣͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͍ͣͭͦ͒ͦ ͙ ͔͔͚ͣͦ͒͡Σ ͊ 
͊ͪͻ͙͔ͭͭͯͪͤͦ͟-͎͙͔ͪ͊͒ͦͫͭͪͦͭ͡Έ͚ͤͦ ͙͔ͨͪ͊ͭ͟͟ύΦ ́͊͊͟Ύ ͪ͊͋ͦͭ͊ Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͦ ͒͡Ύ ͙͔͎͙͍͚ͤͭͪ͊ͭͤͦ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͚ͤͦ 
͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͍͔͚ͤ͊ͨͪ͊ͤͤͦ͡ ͤ͊ ͔͙ͪ͊͊͘͡ͼ͙Ό ͔͔͔ͣ͗ͨͪ͒ͣͭͤ·ͻ ͍ͫΎ͔͚͘Φ  

ˢ͍ͭͦͪ· ͔͔ͦͨͪ͒͡ΎΌͭ ͔ͫ͒ͯ͡Ό΅͙͔ ͊͒͊͘;͙ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΥ 1ύ ͙ͯ͘;͔͙͔ͤ ͦͨ·ͭ͊ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ ͍·ͫ΄͔͚ ͔͙͙ͣ͊ͭͣ͊ͭ͟ 
͔ͫͭͯ͒ͤͭ͊ͣ ͊ͪͻ͙͔ͭͭͯͪͤ͟·ͻ ͔ͫͨͼ͙͊͡Έ͔͚ͤͦͫͭ ͍ ͍͔ͪͦ͒ͫͭͤͤ·ͻ ͍ͯ͊͘ͻΤ 2ύ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͍ͦͫͤͦͤ·ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͍ͣͭͦ͒ͦ ͙ 
͔͔͚ͣͦ͒͡Σ ͙͔ͨͪͣͤΎ͔ͣ·ͻ  ͍ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙͔͚͚ͤͤͤͦ͡ ͊ͪͻ͙͔͔ͭͭͯͪ͟Τ 3ύ ͍·Ύ͍͔͙͔ͤ͡ ͍ͦͫͤͦͤ·ͻ ͙ͨͪͤͼ͙͍ͨͦ ͺͪ͊ͭ͊͟͡Έ͎ͤͦͦΣ 
͔͙ͨ͊ͪ͊ͣͭͪ;͔͎ͫͦͦ͟ ͙ ͎͔͔͙ͦͣͭͪ;͔͎ͫͦͦ͟ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ό͍ͦͫͤͦ͊ͤͤ·ͻ ͤ͊ ͤ͊ͯ͊͟ͻ ͦ ͫͦ͗ͤ͡·ͻ ͙͔ͫͫͭͣ͊ͻύ ͙ͨͪ ͙͙ͫͦ͒͊ͤ͘ 
͊ͪͻ͙͔ͭͭͯͪͤ͟·ͻ ͦ͋Ά͔͍ͭͦ͟Τ 4ύ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͨͦ͒ͻ͍ͦ͒ͦ ͟ ͍͔͔͙ͤ͒ͪͤΌ ͍ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͔ͤͦ ͍ͨͪͦͫͭͪ͊ͤͫͭͦ ͔͍ͫͭͯ͒ͤͭͦ 
͊ͪͻ͙͔ͭͭͯͪͤ͟·ͻ ͔ͫͨͼ͙͊͡Έ͔͚ͤͦͫͭ ͔͙ͣ͗͒ͫͼ͙͙͎ͨͤ͊ͪͤͦͦ͡ ͙ͨͪͤͼ͙ͨ͊ ͦ͋ͯ;͔͙ͤΎ ό͍ ͔͔ͦͤͭͫͭ͟͟ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ 
͙͒ͫͼ͙͙ͨͤ͡ύΦ 
 
˸˩́˻˨̍ ˮ˿˿˶˩˨˻ˤˢ˹ˮ̒ 

ˤ ͔ͪ͊͋ͦͭ ͙ͫͨͦ͡Έ͍ͦ͊ͤ͘· ͔ͫ͒ͯ͡Ό΅͙͔ ͔ͣͭͦ͒·Υ ͫ͋ͦͪΣ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͙ΎΣ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͙ ͦ͋ͦ͋΅͔͙͔ͤ ͙ͤͺͦͪͣ͊ͼ͙͙ 
͙͔ͦͭͤͦͫͭ͡Έͤͦ ͍͔͚ͨͦͫͭ͊ͤͤͦ͡ ͔ͨͪͦ͋ͣ͡·Σ ͍͙͔ͫͪ͊ͤͭ͡Έͤ·͚ ͙͊ͤ͊͘͡ ͪ͊ͤ͘·ͻ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͨͦ͒ͻ͍ͦ͒ͦΣ ͙͔ͫͤͭ͘ ͙ ͙͊ͤ͊͘͡ 
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͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͍͔͚ͫͦ͋ͫͭͤͤͦ ͔͎͎͙ͨ͒͊ͦ;͔͚ͫͦ͟ ͙͔͎͙͍͚ͤͭͪ͊ͭͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΤ ͦͫͯ΅͔͍ͫͭ͡Ύͦͫ͡Έ ͦ͋ͦ͋΅͔͙͔ͤ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ 
͔ͦͭ;͔͍͔͎ͫͭͤͤͦͦ ͙ ͔͎͊ͪͯ͋͗ͤͦͦ͘ ͦͨ·ͭ͊Φ   
 
˾˩ ˭̂˶̎́ˢ́̍ ˮ˿˿˶˩˨˻ˤˢ˹ˮ̒ 

ˢ͍ͭͦͪ· ͤ͊ ͨͪͦͭΎ͔͙͙͗ͤ ͎͙ͣͤͦͻ ͔ͭ͡ ͙͊ͤͣ͊͘ΌͭͫΎ ͙ͨͦͫͦͣ͟ ͨͦ͒ͻ͍ͦ͒ͦ ͟ ͍͟͡Ό;͔͙ͤΌ ͍ͤͦ·ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͙͚ͤ͊ͤ͘ ͍ 
͙͔ͫͫͭͣͯ ͎͍͙ͨͦ͒ͦͭͦ͟ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡-͊ͪͻ͙͔͍ͭͭͦͪͦ͟Φ ˾͔΄͔͙͔ͤ Ή͚ͭͦ ͊͒͊͘;͙ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͖ͨͯͭͣ ͙ͪ͊ͪ͊͋ͦͭ͘͟ Ή͔͙͍ͭͤ͟͡·ͻ 
͍ͯͪͫͦ͟Σ ͔ͨͪ͒ͤ͊ͤ͊͘;͔ͤͤ·ͻ ͒͡Ύ ͎͙͍ͣ͊ͫͭͪͦ ͙ ͔͍ͫͭͯ͒ͤͭͦ ͫͭ͊ͪ΄͙ͻ ͍ͯͪͫͦ͟Φ ͙͔́͊͟ ͔ͫͨͼͯͪͫ͟· ͔ͫͦ͒ͪ͗͊ͭ ͙͔͎͙͔ͤͭͪͪͯͣ·͔ ͙͋ͦ͟͡ 
͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻΣ ͦͣͨ͟ΈΌ͔ͭͪͤ·ͻ ͙ ͊ͪͻ͙͔ͭͭͯͪͤ͟·ͻ ͙͚ͤ͊ͤ͘Φ  

˻͔ͫͦ͋ͤͤͦͫͭΈΌ ͎ͭ͊ͦͦ͟ ͨͦ͒ͻͦ͒͊ Ύ͍͡Ύ͔ͭͫΎ ͯͨͦͪ ͤ͊ ͙ͨͪ͊͒ͤͯ͟͡Ό ͍͔ͤ͊ͨͪ͊ͤͤͦͫͭ͡Έ ͔͙ͫͦ͒ͪ͗͊ͤΎ ͯ;͔͎͋ͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡Φ 
˽͙ͦͣͣͦ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͍ͦͫͤͦ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͚ ͔͙͙ͭͦͪ  ͔͙ͭͣ͊ͭ;͔͙͚ͫ͟ ͨ͊ͤ͡ ͔ͫͨͼͯͪͫ͊͟ ͦ͋Ύ͔͊ͭ͘͡Έͤͦ ͔͙ͫͦ͒ͪ͗ͭ  
͍ͦͫͤͦͤ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ  ͙ͨͪ͊ͭ͟;͔͎ͫͦͦ͟ ͙͔͔͙ͨͪͣͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͍ͣͭͦ͒ͦ ͍ ͊ͪͻ͙͔ͭͭͯͪͤͦ͟-͎͙͔ͪ͊͒ͦͫͭͪͦͭ͡Έ͚ͤͦ 
͙͔ͨͪ͊ͭ͟͟Φ  

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͦͣͨ͟ΈΌ͔ͭͪͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ ͺ͍͙͙ͦͪͣͦͦ͋ͪ͊ͦ͊ͤ͘ ͙͍͔ͨͪͦ͡ ͟ ͨͦͤΎ͙ͭΌ ͙͎͙͒ͭ͊͡Έ͚ͤͦ ͊ͪͻ͙͔ͭͭͯͪ͟·Σ 
ͫͦ͒͊͘Ό΅͔͚ ͍·;͙͙͔ͫͭ͡͡Έͤ·͔ ͊ͪͻ͙͔ͭͭͯͪͤ͟·͔ ͦ͋Ά͔ͭ͟·Φ  ˢ͙ͤ͊͘͡ ͙͔ͭͪ͊ͭͯͪ͡· ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ ͦ ͙ͤ͊͡;͙͙ ͪ͊ͤ͘·ͻ ͨͦ͒ͻ͍ͦ͒ͦ ͟ 
͙͙ͦͨͫ͊ͤΌ ͙ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͙͙ ͔͍ͣͭͦ͒ͦ ͦͣͨ͟ΈΌ͔͎ͭͪͤͦͦ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͍ ͔͙͔͚͚ͤͤͤͦ͡ ͊ͪͻ͙͔͔ͭͭͯͪ͟Φ ́͊͟Σ ͍·͔͒͡ΎΌͭ ͙͔ͭ͊͟ 
΄͙ͪͦͦ͟ ͙ͫͨͦ͡Έ͔ͯͣ͘·͔   ͍ ͍͔͔͚ͫͦͪͣͤͤͦ  ͊ͪͻ͙͔͚ͭͭͯͪͤͦ͟ ͙͔ͨͪ͊ͭ͟͟ ͔ͣͭͦ͒·Σ ͊͟͟  ͦͣͨ͟ΈΌ͔͔ͭͪͤͦ ͔͙ͨ͊ͪ͊ͣͭͪ;͔͔ͫͦ͟Σ 
ͺͪ͊ͭ͊͟͡Έ͔ͤͦΣ  ͎͙͙͊ͦͪͭͣ͡;͔͔ͫͦ͟Σ ͎͔͔͙ͦͣͭͪ;͔͔ͫͦ͟ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡  ͙ ͙ͻ ͙ͦͣ͋ͤ͊͟ͼ͙͙ ό͔͍̋ͯͤͦ͊͟͡ &˩͔ͣͼΣ нлмфύΦ ˻͙͋͊ͫͭ͡ 
͙͔͔͙ͨͪͣͤͤΎ Ή͙ͭͻ ͔͍ͣͭͦ͒ͦ ;͊ͫͭͦ ͔͔͔ͨͪͫ͊͟ΌͭͫΎΣ ͎͋͊ͦ͒͊ͪ͡Ύ ͍͔͙ͫͦͨ͊͒ͤΌ ͙ͨͪͤͼ͙͍ͨͦΣ ͤ͊ ͦͭͦͪ͟·ͻ ͙ͦͤ ͙͋͊ͪͯ͘ΌͭͫΎΦ 

ˤ͖ͫ ͍·΄͔͔ͫ͊͊ͤͤͦ͘͟ ͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͡·͚ ͻ͔͊ͪ͊ͭͪ͟ ͍͔͔͚ͫͦͪͣͤͤͦ ͊ͪͻ͙͔͚ͭͭͯͪͤͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ 
͔́͊ͦ͟ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡ ͔͔ͭͪ͋ͯͭ ͔͙ͦͭͪ͊͗ͤΎ ͍ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤͦͣ ͨͪͦͼ͔͔ͫͫ ͖ͨͯͭͣ ͙ͫͦ͒͊ͤ͘Ύ ͍͙͚ͯͫͦ͡ ͒͡Ύ ͙͔͎͙͍͚ͤͭͪ͊ͭͤͦ 
͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡ ͪ͊ͤ͘·ͻ ͔͚ͦ͋͊ͫͭ͡Φ  

˸͔ͭͦ͒ ͎͔͔͙ͦͣͭͪ;͔͎ͫͦͦ͟ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͍ ͊ͪͻ͙͔ͭͭͯͪͤͦ͟-͎͙͔ͪ͊͒ͦͫͭͪͦͭ͡Έ͚ͤͦ ͙͔ͨͪ͊ͭ͟͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͙ͨͦͫͭͪͦͭΈ 
͎͔͔͙ͦͣͭͪ;͔͙͚ͫ͟ ͦ͋Ά͔ͭ͟ ͨͦ ͊͒͊ͤͤ͘·ͣ ͍͚͍ͫͦͫͭ͊ͣ ͙ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊ͣ͟͟ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͦͣͨ͟ΈΌ͔ͭͪͤ·ͻ ͎ͨͪͦͪ͊ͣͣΦ ˤ 
͍͔͔͚ͫͦͪͣͤͤͦ ͔͚ͨͪͦͭͤͦ͟ ͙͔ͨͪ͊ͭ͟͟ ͙ͫͨͦ͡Έͯ͘Όͭ ͔͍ͣͤͦ͗ͫͭͦ  ͔͍ͨ͊ͭͦ͟ ͙ͨͪ͊͒ͤ͟͡·ͻ ͎ͨͪͦͪ͊ͣͣ ό!ǊŎƘƛ/!5Σ !ǳǘƻ/!5Σ ˴ͦͣͨ͊ͫΣ 
˶͙ͪ͊Σ aƛŎǊƻCŜΣ !b{¸{ ͙ ͎͙͔͒ͪͯύΣ ͦ͒ͤ͊ͦ͟Σ ͔͊ͦ͗ͤͤ͘͡·͔ ͍ ͙ͤͻ ͎͙͊ͦͪͭͣ͡· ͚ͨͦͪͦ ͔ͭͪ͋ͯΌͭ ͙͒ͦͪ͊͋ͦͭ͟ ͨͦ͒ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·͔ 
͔ͨ͊ͪ͊ͣͭͪ·Φ ˤ͔͔ͣͫͭ ͫ ͔ͭͣΣ ͙͔͔͙͔ͨͪͣͤͤ ͙ͭ͊͟ͻ ͙͍͔ͯͤͪͫ͊͡Έͤ·ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͎ͨͪͦͪ͊ͣͣͤ·ͻ ͍ͨͪͦ͒ͯͭͦ͟Σ ͊͟͟ Mathematica, 
Maple, Mathlab, Mathcad, ͣ ͔ͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͔͙ͨͦͫͭͪͦͤΌ ͔͍ͣͤͦ͗ͫͭ͊ ͙ͪ͊͘͡;ͤ·ͻ ͍͔ͨͦͪͻ͔͚ͤͦͫͭ ͫ ͨͦͣͦ΅ΈΌ ͙͔͔͙ͣͤͤ͘Ύ 
͔͍ͨ͊ͪ͊ͣͭͪͦ ͙ͻ ͙͙͊ͤ͊ͭ͡;͔͎ͫͦͦ͟ ͙͊͒͊ͤ͘ΎΦ  

ˤ ͔͙͔͚͚ͤͤͤͦ͡ ͊ͪͻ͙͔͔ͭͭͯͪ͟ ͍͔͊͗ͤͦ ͔ͣͫͭͦ ͙͊ͤͣ͊͘Όͭ ͎͙͊ͦͪͭͣ͡· ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ ͊ͪͻ͙͔͚ͭͭͯͪͤͦ͟ 
ͺͦͪͣ·Φ ˢ͍ͭͦͪ· ͫ;͙ͭ͊Όͭ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͣ ͙ͨͦͫ͟ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͍ͤ͊ͦͣͫͭ͊͘͟ ͔͍ͫͭͯ͒ͤͭͦ ͫ ͔͙ͣ͊ͭͣ͊ͭ;͔͙͙ͫͣ͟ ͍͙ͦͫͤͦ͊ͣ 
͎͔͔͙ͦͣͭͪ;͔͎ͫͦͦ͟ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡ΎΦ ˾͔;Έ ͙͖͒ͭ ͦ͋  ͙͙͊ͤ͊ͭ͡;͔͙ͫ͟ͻ ͔ͣͭͦ͒͊ͻ ͙ ͎͙͊ͦͪͭͣ͊͡ͻ ͔͙ͨͦͫͭͪͦͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ 
͔͔͚ͣͦ͒͡ ͍͔ͨͦͪͻ͔͚ͤͦͫͭ ͙ ͙ͻ ͍͖ͪ͊ͪͭͦ͘͟ ό͍͊ͪ͊ͫͦ͟͟Σ ͦ͋ͦͦ͡;͔͟Σ ͍͍ͫͦ͒ͦ ͙ ͒ͪΦύΦ ˻͒ͤ͊ͦ͟Σ ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͫͯ΅͔͍ͫͭͯΌ΅͙͙ͣ 
͎͙ͨͪͦͪ͊ͣͣ͊ͣ ͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͔͍ͫͭͯ͒ͤͭͦ-͊ͪͻ͙͔͍ͭͭͦͪͦ͟ ͔͙͍͔͚͒ͤͫͭͤͤͦ ͚͋͊ͦ͘ ͒͡Ύ ͎ͭ͊ͦͦ͟ ͙ͯ͘;͔͙ͤΎ Ύ͍͡Ύ͔ͭͫΎ 
΄ͦ͟͡Έͤ͊Ύ ͔͍͙͍͒ͦ͊͟͡  ͙ ͙͙͊ͤ͊ͭ͡;͔ͫ͊͟Ύ ͎͔͔͙͙ͦͣͭͪΦ 

˽ͦ ͔͙ͣͤͤΌ ͍͍͊ͭͦͪͦΣ ͔ͫͭͯ͒ͤͭ͊ͣ ͊ͪͻ͙͔ͭͭͯͪͤ͟·ͻ ͺ͊ͯ͟͡Έ͔͍ͭͭͦ ͔ͨͦͤͦ͘͡Σ ͙͔͔ͤͭͪͫͤͦ ͙ ͍͊͗ͤͦ ͔͎ͨͪ͒͊͊ͭ͡Έ ͔ͫͨͼͯͪͫ͟· 
ͨͦ ͙͙͊ͤ͊ͭ͡;͔͙ͫͣ͟ ͍͔ͨͦͪͻͤͦͫͭΎͣΣ ͤ͊΄͔͒΄͙ͣ ͙͔͔͙͔ͨͪͣͤͤ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ ͊ͪͻ͙͔ͭͭͯͪͤͦ͟-͙͔ͫͭͪͦͭ͡Έ͚ͤͦ ͙͔ͨͪ͊ͭ͟͟Φ  
ˮͯ͘;͔͙͔ͤ ͙ͪ͊ͤͦͦ͋ͪ͊͘͘Ύ ͙ ͍͚͍ͫͦͫͭ ͙ͭ͊͟ͻ ͍͔ͨͦͪͻ͔͚ͤͦͫͭΣ ͤ ͊ ͤ͊΄ ͍͎͘͡Ύ͒Σ ͔ͣͦ͗ͭ ͨͦͣͦ;Έ  ͋ͯ͒ͯ΅͙ͣ ͦͤͫͭͪͯͭͦͪ͊ͣ͟͟ ͍  ͙ͨͦͫ͊͟ͻ 
͍ͤͦ·ͻ ͺͦͪͣ ͍ ͊ͪͻ͙͔͔ͭͭͯͪ͟Φ ˽ͦ ͔͙ͣͤͤΌ ͙͍͔͎ͫͭͤͦͦ͘ ͊ͪͻ͙͔ͭͭͦͪ͊͟ ͙ ͙͔͔ͤ͗ͤͪ͊ ̏Φ ́ͦͪͪͦͻ͊, ͙ ͔ͣͤͤͦ ͺͦͪͣ͊Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͊Ύ 
͖ͤ͊͒͗ͤͦͫͭΈ ͔͙ͫͦͦͪͯ͗ͤΎΣ Ύ͍͡Ύ͔ͭͫΎ ͙͔͙͔ͪͭͪͣ͟ ͔͎ͦ ͊͟;͔͍ͫͭ͊Φ  

˿ͯ΅͔͍͔ͫͭͯͭ ͍ͫͨͪ͊ͦ;ͤ͊Ύ ͙ Ήͤͼ͙͔͙ͦͨ͒͟͡;͔ͫ͊͟Ύ ͙͔ͭͪ͊ͭͯͪ͊͡ ͨͦ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ό ͙͙͊ͤ͊ͭ͡;͔͙ͫ͟ͻ ͍͔ͨͦͪͻ͔͚ͤͦͫͭ ͍ 
͊ͪͻ͙͔ͭͭͯͪͤͦ͟-͎͙͔ͪ͊͒ͦͫͭͪͦͭ͡Έ͚ͤͦ ͙͔ͨͪ͊ͭ͟͟ ό˴͙͍ͪͦ΄͊ͨͦ͟ϧˮ͍͍͊ͤͦ, 2010)Φ ˢ͍ͭͦͪ· ͙͙͒͊ͤ͘Ύ ͍·͔͒͡ΎΌͭ ͋ͦ͡Έ΄͔ͦ 
͙ͦ͟͡;͔͍ͫͭͦ ͍͊ͫͫͦ͟͡ ͙ ͍ͨͦ͒͊ͫͫͦ͟͡ ͍͔ͨͦͪͻ͔͚ͤͦͫͭΣ ͔͙ͫͪ͒ ͦͭͦͪ͟·ͻ ͍ ͍͋͊ͦͦͣ͘ ͔ͯͪͫ͟ ͙͒ͫͼ͙͙ͨͤ͡· ζˤ·ͫ΄͊Ύ ͔͙ͣ͊ͭͣ͊ͭ͊͟η ͒͡Ύ 
͊ͪͻ͙͔ͭͭͯͪͤ͟·ͻ ͔ͫͨͼ͙͊͡Έ͔͚ͤͦͫͭ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͭͦ͡Έͦ͟ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͍͎ͭͦͪͦͦ ͨͦͪΎ͒͊͟Σ ͼ͙͙͙ͤ͒ͪ͡;͔͙͔ͫ͟ ͙ ͍͔ͨͦͪͻ͙ͤͦͫͭ 
͍ͪ͊΅͔͙ͤΎΦ ˿͍͔ͦͫͣ ͔ͤ ͍͟͡Ό;͔ͤ· ͍ ͎ͨͪͦͪ͊ͣͣͯ ͍͊͗ͤ·͔ ͔ͭͣ·Σ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤͣ͡ ͍͔ͨͦͪͻ͔͚ͤͦͫͭ ͍ͪ͊΅͔͙ͤΎ ͫ 
͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͍ ͊͟;͔͍͔ͫͭ ͦ͋ͪ͊ͯ͘Ό΅͙ͻ ͙ ͍ͤ͊ͨͪ͊͡ΎΌ΅͙ͻ ͔ͤ ͭͦ͡Έͦ͟ ͨͪͦͫͭ·ͻ ͎͔͔͙ͦͣͭͪ;͔͙ͫ͟ͻ ͍ͦ͋ͪ͊ͦ͘ όͨͪΎ͚ͣͦ ͙͙͙ͤ͡Σ 
͎͙͒ͯ ͙ͦͪͯ͗ͤͦͫͭ͟Σ Ή͙ͨͫ͊͡͡Σ ͨ͊ͪ͊͋ͦ͡·Σ ͎͙͔ͨͪ͋ͦ͡·ύΣ ͤͦ ͙ ͎͙͒ͪͯͻ ͙͍ͨͪͦͦ͘͡Έͤ·ͻ  ͙͍ͪ͟·ͻΦ ˢ ͚ͭ͊ͦ͟ ͨͦ͒ͻͦ͒ ͔͍ͨͪ͒ͦͫͭ͊͡Ύ͔ͭ  
͔͎͙ͤͦͪ͊ͤ;͔ͤͤ·͔  ͍͙ͦͣͦ͗ͤͦͫͭ͘  ͍  ͺ͍͙͙ͦͪͣͦͦ͋ͪ͊ͦ͊ͤ͘ ό͙͔ͤ͊ͨͪͣͪΣ ͍ͯͨͦͦ͟͡ ͙ ͍͍ͫͦ͒ͦύΣ ;ͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͙͔͙͒ͦͫͭ͗ͤΌ 
͊ͪͻ͙͔͚ͭͭͯͪͤͦ͟ ͍·͙͔ͪ͊ͭ͘͡Έ͙ͤͦͫͭ ͦͤͫͭͪͯ͟͟ͼ͙͚ ό˥ͯ΅͙ͤ͊, 2016).  

˭͊ ͔͔͙ͨͪ͒͊ͣ͡ ͍͙͙ͤͣ͊ͤΎ ͔͍ͫͭͯ͒ͤͭͦ ͦͫͭ͊ΌͭͫΎ ͙͔ͭ͊͟ ͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·͔ ͍ ͊ͪͻ͙͔͚ͭͭͯͪͤͦ͟ ͙͔ͨͪ͊ͭ͟͟ ͍͔ͨͦͪͻ͙ͤͦͫͭΣ ͊͟͟ 
ͼ͔ͨͤ·͔Σ ͙ͫͨͪ͊͡Έͤ·͔Σ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͍·ͫ΄͙ͻ ͨͦͪΎ͍͒ͦ͟Φ ͔́͊͗͟ ͔ͤ ͍͟͡Ό;͔ͤ· ͍ ͎ͨͪͦͪ͊ͣͣͯ ͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙ 
Ή͔͔ͣͤͭ͡· ͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έ͚ͤͦ ͎͔͔͙͙ͦͣͭͪΣ ͊ ͤ͊͘;͙ͭΣ ͦͫͭ͊ΌͭͫΎ ͔͙ͤͯ͘;͔ͤͤ·͙ͣ ͦ͊͟͡͡Έͤ·͔ ͍͚͍ͫͦͫͭ͊ ͎͔͔͙ͦͣͭͪ;͔͙ͫ͟ͻ ͦ͋Ά͔͍ͭͦ͟Φ 

́ͪ͊ͤͫͺͦͪͣ͊ͼ͙Ό ͍͔ͨͦͪͻ͔͚ͤͦͫͭΣ ͊͒͊ͤͤ͘·ͻ ͙͙͊ͤ͊ͭ͡;͔͙ͫ͟Σ ͣͦ͗ͤͦ ͦͫͯ΅͔͍ͫͭ͡ΎͭΈ ͫ ͨͦͣͦ΅ΈΌ ͙͔͔͙ͨͪͣͤͤΎ ͊͟͟ 
͙͔͚ͤͤ͡·ͻΣ ͭ͊͟ ͙ ͔͙͔͚ͤͤͤ͡·ͻ ͔͍͙͚ͨͪͦ͋ͪ͊ͦ͊ͤ͘Φ ˹͊ ͙ͪͫΦ м ͙͍͔͔ͨͪ͒ͤ· ͦ͋ͪ͊͘· Ή͙͙ͨͫͦ͒͊͡͡Σ ͨͦͯ͡;͔ͤͤ·͔ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ  
͔͍͙͚ͨͪͦ͋ͪ͊ͦ͊ͤ͘Σ ͊͒͊ͤͤ͘·ͻ ͪ͊ͤ͘·͙ͣ ͙ͣ͊ͭͪͼ͙͊ͣΦ 

ˮ͔͔ͤͭͪͫͤ·͙ͣ ͙ ͔ͨͦͤ͘͡·͙ͣ Ύ͍͡ΎΌͭͫΎ ͍ͦͨͪͦͫ· ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͍ͫͦͫͭ͊ͤ·ͻ ͦͤͫͭͪͯ͟͟ͼ͙͚Σ ͊͗͒͟·͚ Ή͔͔ͣͤͭ͡ ͚ͦͭͦͪͦ͟ 
͔ͣͦ͗ͭ ͋·ͭΈ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͪ͊ͤ͘·͙ͣ ͙͙͊ͤ͊ͭ͡;͔͙͙ͫͣ͟ ͍·͔͙ͪ͊͗ͤΎ͙ͣ ό͙ͪͫΦ нύΦ ˣ͎͊ͦ͒͊ͪ͡Ύ ͍ͦͣͦ͗ͤͦͫͭ͘Ύͣ ͎͔͔͙ͦͣͭͪ;͔͎ͫͦͦ͟ 
͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͦͫͯ΅͔͍ͫͭ͡ΎΌͭ ͦ͋Ά͔͙͔͙͔͒ͤͤ Ή͙ͭͻ ;͔͚͊ͫͭ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͎ͪͯͨͨ· ͊ͺͺ͙ͤͤ·ͻ ͔͍͙͚ͨͪͦ͋ͪ͊ͦ͊ͤ͘ 
͍͙͔͙͒͗ͤΎΣ ͟  ͦͭͦͪ͟·ͣ ͦͭͤͦͫΎͭͫΎ ͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘Ύ ͍ͨͦͦͪͦͭ͊ ͙ ͔ͨ͊ͪ͊͡͡͡Έ͎ͤͦͦ ͔͔ͨͪͤͦͫ͊ όˣ͔͡Ύ͔͍͊Σ нлмрύΦ 

˿͔͙ͪ͒ ͊ͭͯ͊͟͡Έͤ·ͻ ͍ ͊ͪͻ͙͔͚ͭͭͯͪͤͦ͟ ͙͔ͨͪ͊ͭ͟͟ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͙͚ͤ͊ͤ͘ ͣͦ͗ͤͦ ͍·͔͙͒ͭ͡Έ ͔ͣͭͦ͒· ͺͪ͊ͭ͊͟͡Έ͚ͤͦ 
͎͔͔͙͙ͦͣͭͪΣ ͦͭͦͪ͟·͔ ͔͎ͫͦ͒ͤΎ ͙͔ͨͪͦ͋ͪͭ͊Όͭ ͍͖ͫ ͋ͦ͡Έ΄͔͔ ͤ͊͘;͔͙͔ͤ ͍ ͙ͨͪ͊͒ͤ͟͡·ͻ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎͻΦ ˴ ͍ͦͫͤͦͤ·ͣ ͍͚͍ͫͦͫͭ͊ͣ 
ͺͪ͊ͭ͊͟͡Έͤ·ͻ ͫͭͪͯͭͯͪ͟ ͍ ͊ͪͻ͙͔͔ͭͭͯͪ͟ ͙ ͎͙͔ͪ͊͒ͦͫͭͪͦͭ͡Έ͍͔ͫͭ ͣͦ͗ͤͦ ͔͙ͦͭͤͫͭ ͔ͫ͒ͯ͡Ό΅͙͔Υ ͙͔ͫ͊ͣͦͨͦ͒ͦ͋Σ ͫͨͦͫͦ͋ͤͦͫͭΈ ͟ 
͍͙͙ͪ͊ͭ͘Ό ͙ ͔͔ͤͨͪͪ·͍ͤͦͣͯ ͍͙͔͙͒͗ͤΌΣ ͒ͪͦ͋ͤ͊Ύ ͔ͪ͊ͣͪͤͦͫͭ͘ΈΣ ͨͪͦΎ͍͔͙͔ͤ͡ ͻ͊ͦͫ͊ ͙ ͨͦͪΎ͒͊͟ ͍͔͔ͦ͒ͤͦͪͣͤͤͦΦ 

˿͔͔͒ͯͭ͡ ͔͙ͦͭͣͭͭΈΣ ;ͭͦ ͺͪ͊ͭ͊͟͡Έͤ͊Ύ ͎͔͔͙ͦͣͭͪΎ ͔ͤ ͍͟͡Ό;͔ͤ͊ ͔ͤ ͭͦ͡Έͦ͟ ͍ ͪ͊͋ͦ;͙͔ ͎ͨͪͦͪ͊ͣͣ· ͙͒ͫͼ͙͙ͨͤ͡ 
͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͼ͙͊͟͡Σ ͤͦ ͙ ͍ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͔ ͫͭ͊ͤ͒͊ͪͭ· ͦ͋ͯ;͔͙ͤΎΦ ˢ Ήͭͦ ͦͤ͊͘;͔͊ͭΣ ;ͭͦ ͋ͯ͒ͯ΅͙͔ ͦͤͫͭͪͯͭͦͪ͟͟· ͍ 
ͨͪͦͼ͔͔ͫͫ ͦ͋ͯ;͔͙ͤΎ ͍ ͙͍͔͙͔͔ͯͤͪͫͭͭ ͔ͤ ͙͔ͣΌͭ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͙͔͔͙ͨͪͦ͋ͪͭͤΎ ͍͋͊ͦ͘·ͻ ͍ͦͫͤͦ ͨͦ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ό ͔ͣͭͦ͒͊ 
ͺͪ͊ͭ͊͟͡Έ͎ͤͦͦ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͍ ͋ͯ͒ͯ΅͔͚ ͔͚ͨͪͦͭͤͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ  
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˾͙ͫΦ мΦ ́ͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ Ή͙͙ͨͫͦ͒͊͡͡ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͎͙͊͒͟͡ͻ ͔͙͔͚ͤͤͤ͡·ͻ ͔͍͙͚ͨͪͦ͋ͪ͊ͦ͊ͤ͘ ώˣ͔͡Ύ͔͍͊Σ нлмрϐ 
 

 
˾͙ͫΦ н. ˿ ͍ͦͫͭ͊ͤ͊Ύ ͍͔ͨͦͪͻͤͦͫͭΈ ͙͘ Ή͔͔͍ͣͤͭͦ͡ ͍ ͺ͔ͦͪͣ ͎͙͍ͨ͊ͪͦ ώˣ͔͡Ύ͔͍͊Σ нлмрϐ 

 
˨͡Ύ ͔͙ͯͫͭͪ͊ͤͤΎ ͎ͭ͊ͦͦ͟ ͪ͊ͪ͘·͍͊ ͔ͣ͗͒ͯ ͔͙͚ͣ͊ͭͣ͊ͭͦ͟-͙͒ͫͼ͙͙͚ͨͤͦ͡ ͙ ͔͙͚ͣ͊ͭͣ͊ͭͦ͟-͚ͤ͊ͯͦ͟ ͍͊ͭͦͪ· ͙ͪ͊ͪ͊͋ͦͭ͊͘͡ 

͙͔͎͙͍ͤͭͪͪͦ͊ͤͤ·͚ ͔ͫͨͼͯͪͫ͟ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭͦ ͫͭ͊ͪ΄͙ͻ ͍ͯͪͫͦ͟ ͙ ͎͙͍ͣ͊ͫͭͪ͊ͤͭͦ ζ̅ͪ͊ͭ͊͟͡Έͤ͊Ύ ͎͔͔͙ͦͣͭͪΎ ͙ ͊ͪͻ͙͔͔ͭͭͯͪͤͦ͟ 
͔͙͍͙͔ͨͪͦͭͪͦ͊ͤ͟η ό͔͍̋ͯͤͦ͊͟͡Σ 2017ύΦ ˿ͭͪͯͭͯͪ͊͟ ͙ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͍͚͊ͭͦͪͫͦ͟ ͎ͨͪͦͪ͊ͣͣ·  ͔ͫͨͼͯͪͫ͊͟ ͦͭͪ͊͗͊Όͭ ͙ͨͦͫ͟ 
͍͔͚ͦͣͦ͗ͤͦͫͭ͘ ͙͔͔͙ͨͪͦ͋ͪͭͤΎ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͍ͤ͊·͍ͦ͟ ͔͙ͨͦͫͭͪͦͤΎ ͺ͍ͪ͊ͭ͊ͦ͟͡ ͫ ͨͦͣͦ΅ΈΌ ͎ͨͪͦͪ͊ͣͣͤ·ͻ ͔͍ͫͪ͒ͫͭΦ ˢ͍ͭͦͪ· 
ͪ͊ͫͫ;͙ͭ·͍͊ΌͭΣ ;ͭͦ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͚ͭ͊ͦ͟ ͪ͊͋ͦͭ· ͋ͯ͒ͯ΅͙͔ ͔ͫͨͼ͙͙͊ͫͭ͡· ͙͔ͨͪͦ͋ͪͭͯͭ ͦͨ·ͭ ͍͔͔ͫͦͪͣͤͤ·ͻ ͍͙͍͒ͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ 
͙ ͪ͊ͫ΄͙ͪΎͭ ͍͙ͫͦ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͍ ͙ͦ͋͊ͫͭ͡ ͙ͫͦ͒͊ͤ͘Ύ ͙ͪ͊͘͡;ͤ·ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͔͚ͣͦ͒͡ ͍ ͊ͪͻ͙͔ͭͭͯͪͤͦͣ͟ 
͔͙͍͙͙ͨͪͦͭͪͦ͊ͤ͟Φ 

ˤ ͎͔ͨͪͦͪ͊ͣͣ ͔ͫͨͼͯͪͫ͊͟ ͙͔͎͙͍ͤͭͪͪͦ͊ͤ· ͙͋ͦ͟͡ ͙͚ͤ͊ͤ͘ ͙͘ ͺͪ͊ͭ͊͟͡Έ͚ͤͦ ͎͔͔͙͙ͦͣͭͪΣ ͦͣͨ͟ΈΌ͔͚ͭͪͤͦΣ ͍ ;͙͊ͫͭͤͦͫͭΣ 
ͺͪ͊ͭ͊͟͡Έ͚ͤͦ ͎ͪ͊ͺ͙͙͟Σ ͙  ͙͙ͨͪ͊ͭ͟͟ ͊ͪͻ͙͔͎ͭͭͯͪͤͦͦ͟ ͔͙͍͙ͨͪͦͭͪͦ͊ͤ͟ΎΦ ˽͔ͪͦ͋ͣ͊͡ ͍·͋ͦͪ͊ ͙͔͎͙͍ͤͭͪ͊ͭͤ·ͻ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ 
ͺͦͪͣ ͍ͫΎ͊ͤ͊͘ ͫ ͔͙͔ͨͦͫͭͪͦͤͣ ͔͙ͣͦ͒͡ ͍͔͙ͯͫͭ͊ͤͦͤ͡ΎΣ ͔͔ͨͪ͗͒ ͍͔͎ͫͦ ͔͔͔ͣ͗ͨͪ͒ͣͭͤ·ͻ ͍ͫΎ͔͚͘Φ ˽͔͔͙͍ͪͫͨͭͤ͟·͙ͣ 
͔͍ͨͪ͒ͫͭ͊͡ΎΌͭͫΎΣ ͭ͊͟ ͤ͊͘·͍͔͊ͣ·͔ ͔ͨͪ͒΄͔͍ͫͭͯΌ΅͙͔ ͍ͫΎ͙͘Σ ͙ͨͪ ͦͭͦͪ͟·ͻ ͍ ͊ͤ͘Ύ͙͔ͭ ͍͟͡Ό;͔͊ͭͫΎ ͔͙ͣ͊ͭͪ͊͡Σ ͔͔ͪ͊ͤ 
͙ͯ͘;͔ͤͤ·͚ ͍ ͎͚͒ͪͯͦ ͙͒ͫͼ͙͙͔ͨͤ͡ ͙  ͍ͫͦͨͯͭͫͭͯΌ΅͙͔ ͍ͫΎ͙͘Σ ͙ͨͪ ͦͭͦͪ͟·ͻ ͔͙ͣ͊ͭͪ͊͡ ͙͘ ͪ͊ͤ͘·ͻ ͙͒ͫͼ͙͙ͨͤ͡ ͙ͯ͘;͔͊ͭͫΎ ͍ ͦ͒ͤͦ 
͙ ͭͦ ͔͗ ͍͔ͪͣΎΦ 

˻͔ͫͦ͋ͤͤͦͫͭΈΌ ͔͙ͨͦͫͭͪͦͤΎ ͙͔͎͙͍͎ͤͭͪͪͦ͊ͤͤͦͦ ͔ͫͨͼͯͪͫ͊͟ Ύ͍͡Ύ͔ͭͫΎ ͙͔ͫͦ͒͊ͤ͘ ͎ͨͪͦͪ͊ͣͣͤͦ-͔͙ͣͭͦ͒;͔͎ͫͦͦ͟ 
͔͔ͦ͋ͫͨ;͔͙ͤΎΥ ͙͔͎͙͍ͤͭͪͪͦ͊ͤͤ·ͻ ͙͍͔ͯͤͪͫ͊͡Έͤ·ͻ ͔ͫͪ͒Σ ͙͚ͨͦͫͦ͋Σ ͔͔ͨͪͤͭ͊͘ͼ͙͚Φ ˹͙͔͊ͨͪͣͪΣ ͒͡Ύ ͪ͊ͫͪ͟·͙ͭΎ ͔ͭͣ·  
ζˢ͎͙ͦͪͭͣ͡· ͔͙ͨͦͫͭͪͦͤΎ ͺ͍ͪ͊ͭ͊ͦ͟͡η ͎͍͔ͨͦ͒ͦͭͦͤ͡· ͔͔ͨͪͤͭ͊͘ͼ͙͙ ͤ͊ ͔ͭͣ· ζ˽ ͔͙͔ͦͫͭͪͦͤ ͺ͍ͪ͊ͭ͊ͦ͟͡ ͫ ͨͦͣͦ΅ΈΌ L-͙͔ͫͫͭͣηΣ 
ζ˽͔͙͔ͦͫͭͪͦͤ ͺ͍ͪ͊ͭ͊ͦ͟͡ ͤ͊ ͔͚ͦͣͨͫͤͦ͟͟͡ ͙ͨͦͫͦͫͭ͟͡ηΣ ζ˽͔͙͔ͦͫͭͪͦͤ ͺ͍ͪ͊ͭ͊ͦ͟͡ ͫ ͨͦͣͦ΅ΈΌ ͊ͺͺ͙ͤͤ·ͻ ͔͍͙͚ͨͪͦ͋ͪ͊ͦ͊ͤ͘ηΦ 
˽͙ͪ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ L-͙͔ͫͫͭͣ ͍ ͊͟;͔͍͔ͫͭ ͙͔ͨͦ͒ͫͫͭͣ ͍·͍ͦ͒͊ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͔ͭͪͭ͡-͎ͪ͊ͺ͙͊͟Φ 

 ˴ ͊͟ ͔ͯ͗ ͔ͦͭͣ;͊ͦͫ͡ΈΣ ͔ͦͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͍ ͚ͭ͊ͦ͟ ͙͔͎͙͍͚ͤͭͪ͊ͭͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔ͯ͒͡Ύ͔ͭͫΎ ͙ͨͪ͊͒ͤ͟͡·ͣ ͍ͦͨͪͦͫ͊ͣΦ 
ˢ͍ͭͦͪ· ͙ͯ͘;͙͙͡ ͪ͊͋ͦͭ·Σ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͙͊ͤ͊ͦͣ͘͡ ͙͔͔͙ͨͪͣͤͤΎ ͺͪ͊ͭ͊͟͡Έͤ·ͻ ͫͭͪͯͭͯͪ͟ ͍ ͊ͪͻ͙͔ͭͭͯͪͤͦͣ͟ ͔͙͍͙͙ͨͪͦͭͪͦ͊ͤ͟Φ 
́͊͟Σ ͨͦ ͔͙ͣͤͤΌ ͒ͦͭͦͪ͊͟ ͊ͪͻ͙͔ͭͭͯͪ͟· ˿ΦˣΦ ˽͍ͦͣͦͪͦ͊Σ ͫͯ΅͔͍͔ͫͭͯͭ ͍͒͊ ͙ͨͯͭ ͒͡Ύ ͙͔͔͙ͨͪͣͤͤΎ ͺͪ͊ͭ͊͟͡Έͤ·ͻ ͫͭͪͯͭͯͪ͟ ͍ 
͊ͪͻ͙͔͚ͭͭͯͪͤͦ͟ ͔͚ͨͪͦͭͤͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ ˽͔͍ͪ·͚ ͨͯͭΈ ͍ͫΎ͊ͤ͘ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͙͍͔ͫͭͤ͘·ͻ ͺͪ͊ͭ͊͟͡Έͤ·ͻ ͔͔͚ͣͦ͒͡Σ 
ͪ͊ͪ͊͋ͦͭ͊ͤͤ͘·ͻ ͙͍͔ͫͭͤ͘·͙ͣ ͯ;͔ͤ·͙ͣΦ ˴ ͙ͭ͊ͣ͟ ͫͭͪͯͭͯͪ͊ͣ͟ ͣͦ͗ͤͦ ͔͙ͦͭͤͫͭ ͫ͊͡ͺ͔ͭͯ͟ ˿͔͙͎ͪͨͤͫͦͦ͟Σ ͎ͯ͋ͯ͟ ˸͔͎͔ͪ͊Σ 
͔͍ͣͤͦ͗ͫͭͦ ˴͔͊ͤͭͪ͊Σ ͙͍ͪͯ͟Ό ˴ͦͻ͊ ͙ ͒ͪΦ ́͊͟Σ ͙͔ͤ͊ͨͪͣͪΣ ͺͪ͊ͭ͊͟͡Έͤ·͔ ͫͭͪͯͭͯͪ͟· ͍ ͺ͔ͦͪͣ ͫ͊͡ͺ͔͙ͭ͟ ͙ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ 
˿͔͙͎ͪͨͤͫͦͦ͟ ͣͦ͗ͤͦ ͙ͦ͋ͤ͊ͪͯ͗ͭΈ ͍ ͔ͪ͊͡Έ͚ͤͦ ͔͚ͨͪͦͭͤͦ͟ ͙͔ͨͪ͊ͭ͟͟Υ ͪ͊͋ͦͭ͊ͻ ˹ͦͪͣ͊ͤ͊ ͔̅ͦͫͭͪ͊ όHearst Tower), ˴͔ͤ͒ͦ͘ 
͎͔́͊ͤ ό˭͙͔͒͊ͤ ΄ͭ͊͋-͍͙͊ͪͭͪ͟· CǳƧƛ ¢± ͤ͊ ͍͔ͦͫͭͪͦ ˻͚͒͊͋͊ύ ͙ ͎͙͒ͪͯͻ όͭ͊͋͡ΦмύΦ 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͊ͪͻ͙͔ͭͭͯͪ͊͟ ͙͚͒͊ͤ͘ ͙ ͔͙͚ͫͦͦͪͯ͗ͤΣ ͍ͦͫͤͦ͊ͤͤ͊Ύ ͤ͊ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͍͙͊͘͟ͺ͍ͪ͊ͭ͊ͦ͟͡ ͙ 
ͣͯ͡Έ͙ͭͺ͍ͪ͊ͭ͊ͦ͟͡ ό͔͔ͦͨͪ͒͡ΎΌ΅͙ͻͫΎ ͔ͤͫͦ͟͡Έ͙͙ͣ͟ ͎͙͙͊ͦͪͭͣ͊ͣ͡ύΣ ͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͔͍ͣͤͦ͗ͫͭͦ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·ͻ ͺͦͪͣΥ ͦͭ 
͙ͨͪͪͦ͒ͤ·ͻ ό͔͍͙͊ͨ͒ͤ͟͡·ͻΣ ͍ͦͤͦͦ͋ͪ͊ͤ͘͡·ͻύ ͒ͦ ͍͔ͫͦͪ΄͔ͤͤͦ ͙ͨͪ;͙͍ͯ͒͡·ͻΦ 

ˤ͚ͭͦͪͦ ͨͯͭΈ ς ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͎͙͊ͦͪͭͣ͊͡ ͙ͨͪͪͦ͒ͤ·ͻ ͙͔ͫͫͭͣ ͍ ͍͔ͫͦ͒͊͊ͣͦͣ͘ ͊ͪͻ͙͔ͭͭͯͪͤͦͣ͟ ͔͔ͨͪͦͭ͟Φ ̏ͭͦͭ ͨͯͭΈ 
͔͔ͭͪ͋ͯͭ ͦͣͨ͟ΈΌ͔͎ͭͪͤͦͦ ͎͎ͨͪͦͪ͊ͣͣͤͦͦ ͔͔ͦ͋ͫͨ;͔͙ͤΎΣ ͍ͦ-͔͍ͨͪ·ͻΣ ͒͡Ύ ͔͙ͦ͋ͤ͊ͪͯ͗ͤΎ ͎͒͊ͤͤͦͦ ͎͙͊ͦͪͭͣ͊͡ ͍ ͙ͨͪͪͦ͒ͤ·ͻ 
ͦΆ͔͋ͭ͊͟ͻ ͫ ͨͦͣͦ΅ΈΌ ͦͣͨ͟ΈΌ͔͎ͭͪͤͦͦ ͙͊ͤ͊͊͘͡Σ ͍ͦ-͍ͭͦͪ·ͻΣ ͒͡Ύ ͙͔͔͙ͨͪͣͤͤΎ ͎͙͊ͦͪͭͣ͊͡ ͍ ͔͙͍͙͙ͨͪͦͭͪͦ͊ͤ͟ ό˽͍ͦͣͦͪͦ & 
ˢ͡Έ͙͒ͤ, 2014). 
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͙́͊͋͡ͼ͊ м 
ˢͪͻ͙͔ͭͭͯͪͤ͟·͔ ͙͔ͨͪͣͪ· ͺͪ͊ͭ͊͟͡Έͤ·ͻ ͫͭͪͯͭͯͪ͟ (Patrik Schumacher, 2008) 

Ѕ ̅ͪ͊ͭ͊͟͡Έͤ·͔ ͫͭͪͯͭͯͪ͟· ˽͙͔ͪͣͪ· ͙͔͔͙ͨͪͣͤͤΎ 

1 

 

͔͎́ͪͯͦ͡Έ͙ͤ͟ ˿͔͙͎ͪͨͤͫͦͦ͟ 

 

͖̆ͪͫͭ-ͭ͊ͯΉͪ όHearst Tower) ς ͘ ͙͔͒͊ͤΣ 

 ͫ ͔͙͍͔ͨͪͦͭͪͦ͊ͤͤͦ͟ ˹ͦͪͣ͊ͤͦͣ ͔̅ͦͫͭͪͦͣ 

 
˽ͦΎ͍͔͙͔ͤ͡ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͔͚ͣͦ͒͡ ͎͍ͦͪͦ͒ͦ ͫ ͙͙͒ͤ͊ͣ;͔͚ͫͦ͟ ͚ͫͭͪͯͭͯͪͦ͟ ͊͟͟ ͚ͫͦ͗ͤͦ͡ ͎͙͍͚ͫ͊ͣͦͦͪ͊ͤͦ͊ͤͤͦ͘ 

͙͔ͫͫͭͣ· όͦͭͻͦ͒ ͦͭ ͙ͫͭ͊ͭ;ͤ·ͻ ͔͔͚ͣͦ͒͡ύ Ύ͍͙ͦͫ͡Έ ͔ͪͯ͘͡Έͭ͊ͭͦͣ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͺͪ͊ͭ͊͟͡Έ͎ͤͦͦ ͙ͨͪͤͼ͙ͨ͊ ͔͙ͨͦͫͭͪͦͤΎ ͍ 
͎͙͔ͪ͊͒ͦͫͭͪͦͭ͡Έ͍͔ͫͭΦ ˽ͦͫͦ͟͡Έͯ͟ ͍͚͍ͫͦͫͭͦ ζ͙͔ͫ͊ͣͦͨͦ͒ͦ͋η ͍ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔ͣͦ͒͡Ύͻ ͔͙͔ͪ͊ͯͭͫ͘͡Ύ ;͔͔ͪ͘ ͔͙͍ͪͯͪͫͤ͟·͔ 
ͺͦͪͣͯ͡·Σ ͭͦ ͍ ͊͗͒ͦͣ͟ ͺ͔ͪ͊ͭ͊͟͡ ͍ ͡Ό͋ͦͣ ͣ͊ͫ΄͔ͭ͊͋ ͣͦ͗ͤͦ ͍͙͍͙ͦͫͨͪͦͦ͒ͭ͘Έ ͔͎͙ͤͦͪ͊ͤ;͔͔ͤͤͦ ;͙ͫͦ͡ ͎͙͊ͤ͊ͦ͡;ͤ·ͻ 
ͺͪ͊ͭ͊͟͡Έͤ·ͻ ͫͭͪͯͭͯͪ͟ ό͔͍̋ͯͤͦ͊͟͡&˩͔ͣͼ, 2019ύΦ ͚́͊ͦ͟ ͨͦ͒ͻͦ͒ ͍ ͔͙͍͙͙ͨͪͦͭͪͦ͊ͤ͟ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͙ͤ͊͡;͙͔ 
͔͙ͣ͗͒ͫͼ͙͙͚ͨͤ͊ͪͦͤͦ͡ ͎͍͙ͫͦ͊ͫͦ͊ͤͤͦͫͭ͡ Ή͔͔͍ͣͤͭͦ͡ ͎͙͔ͪ͊͒ͦͫͭͪͦͭ͡Έ͚ͤͦ ͙͔ͫͫͭͣ·Φ 

˽͙ͪͤͼ͙ͨ· ͺͪ͊ͭ͊͟͡Έ͚ͤͦ ͎͔͔͙͙ͦͣͭͪ ͙ͫͦ͒͊͘͡ ͍ͤͦ·͔ ͔͔͙͍ͨͪͫͨͭͤ͟·͔ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͔ͤ ͭͦ͡Έͦ͟ ͍ ͔͙͍͙͙ͣͦ͒ͪͦ͊ͤ͡ 
͎͚ͦͪͦ͒ͫͦ͟ ͔ͫͪ͒·Σ ͤͦ ͙ ͍ ͙ͯ͘;͔͙͙ͤ ͊ͪͻ͙͔ͭͭͯͪͤ͟·ͻ ͙ͦͣͨͦ͘͟ͼ͙͚ ͙͚͒͊ͤ͘Σ ;ͭͦ ͔ͦͫͦ͋ͤͤͦ ͼ͔ͤͤͦ ͍ ͦͭͤͦ΄͔͙͙ͤ ͯ͟͡Έ͎ͭͯͪͤͦͦ 
͔͙ͤ͊ͫ͒͡ΎΦ  

˻͚͒ͤͦ ͙͘ ͍ͦͫͤͦͤ·ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͺͪ͊ͭ͊͟͡Έ͚ͤͦ ͎͔͔͙͙ͦͣͭͪ Ύ͍͡Ύ͔ͭͫΎ ͺͪ͊ͭ͊͟͡Έͤ͊Ύ ͔ͪ͊ͣͪͤͦͫͭ͘ΈΣ ͦͭͦͪ͊͟Ύ ͙ͫͯ͗ͭ͡ 
͔͚ͣͪͦ ͙͍͙ͫͭͪͯͭͯͪͪͦ͊ͤͤͦͫͭ͟ ͙ ͙ͫ͊ͣͦͨͦ͒ͦ͋Ύ ͦ͋Ά͔ͭ͊͟Φ  

˻͋͊ͫͭ͡Έ ͙͔͔͙ͨͪͣͤͤΎ ͺͪ͊ͭ͊͟͡Έ͎ͤͦͦ ͙͊ͤ͊͊͘͡ ͔͙ͪ͊ͣͪͤͦͫͭ͘ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ ͊ͪͻ͙͔͚ͭͭͯͪͤͦ͟ ͙͔ͨͪ͊ͭ͟͟ ͙ 
͎͙͔ͪ͊͒ͦͫͭͪͦͭ͡Έ͍͔ͫͭ ͍͟͡Ό;͔͊ͭ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͨ͊ͣΎ͙͍ͭͤͦ͟ ͊ͪͻ͙͔ͭͭͯͪ͟·Σ ;ͭͦ ͎͔ͨͦͣͦ͊ͭ ͪ͊ͫͪ͟·ͭΈ ͔ͫͨͼ͙ͺ͙ͯ͟ ͙ͻ 
ͺ͍͙ͦͪͣͦͦ͋ͪ͊ͦ͊ͤ͘ΎΣ ͍·Ύ͍͙ͭΈ ͍ͤͦ·͔ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟Σ ͙͍͊͒͊ͨͭͪͦ͊ͭΈ ͦͨ·ͭ ͦ͒͘;͔͍ͫͭ͊ ͨͪͦ΄͎ͦͦ͡ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ 
͊ͪͻ͙͔ͭͭͯͪͤͦͣ͟ ͙ ͎͙͔ͪ͊͒ͦͫͭͪͦͭ͡Έͤͦͣ ͔͙͍͙͙ͨͪͦͭͪͦ͊ͤ͟ ό;ͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ Ήͺͺ͔͙͍ͭͤͦͣͯ͟ ͍͔͔͙ͨͪͦ͒ͤΌ ͔͍ͪͫͭ͊ͪ͊ͼ͙ͦͤͤ·ͻ 
ͪ͊ ͋ͦͭύ όSchumacher, 2008). 

˹͙͔͊ͨͪͣͪΣ ͍ ͙͙͔ͤͫͭͭͯͭ ͊ͪͻ͙͔ͭͭͯͪ͟· ͙ ͙͚͒͊ͤ͊͘ ̅˥ˣ˻̂ ˤ˽˻ ζˢ͚͙͚ͭ͊ͫ͟͡ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔ͭͻ͙ͤ;͔͙͚ͫ͟ 
͙͍͔͙͔ͯͤͪͫͭͭ ͙ͣΦ ˮΦˮΦ ˽͍ͦͯͤͦ͊͘͡η ͍͙ͨͪͦͦ͒ͫ͡Ύ ͺͪ͊ͭ͊͟͡Έͤ·͚ ͙͊ͤ͊͘͡ мт-͙ͭ ͨ͊ͣΎ͙͍ͭͤͦ͟ ͙͚ͫ͊ͣͫͦ͟͡ ͊ͪͻ͙͔ͭͭͯͪ͟·Σ 
͔ͪ͊ͫͨͦͦ͗ͤͤ͡·ͻ ͍ ͪ͊ͤ͘·ͻ ͫͭͪ͊ͤ͊ͻ ͙ ͫͦ͒͊ͤͤ͘·ͻ ͍ ͔ͪ͊ͤͦ͘ ͍͔ͪͣΎ όˮ͙ͫͣ͊͡ ͔̆͊͒͡., 2013). ˤ͔͍ͨͪ·͔ ͋·͡ ͦͫͯ΅͔͍͔ͫͭͤ͡ 
ͺͪ͊ͭ͊͟͡Έͤ·͚ ͙ͦͣͨͦ͘͟ͼ͙ͦͤͤ·͚ ͙͊ͤ͊͘͡ ͨ͊ͣΎ͙͍ͭͤͦ͟ ͔͔͍͔͍͚ͫͪ͒ͤͦͦ͟ ͯ͟͡Έͭͯͪ·Υ ́͊͒͗-˸͊ͻ͊͡ ͍ ˮ͙͙ͤ͒Σ ͔ͣ;͔ͭΈ ˿ͯͭ͊ͤ͊͡ 
ˢͻͣ͊͒͊ ͍ ́ͯͪͼ͙͙Σ ͔ͣ;͔ͭΈ ˢ͡Έ͒͗ͯͣͣ͊ ͍ ˮ͔ͪ͊ͤΣ ͙́͡͡Ύ ˴͙͊ͪ ˸͔͔͔͒ͪͫ ͍ ͔͔̂͋ͫͭ͊ͤ͘͟ ͙ ͎͙͔͒ͪͯΦ 

ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͋·͊͡ ͍ͦ͋ͦͫͤͦ͊ͤ͊ ͨͪΎͣ͊Ύ ͍͙͙͊ͫͣͦͫͭ͘Έ ͍·͚ͫͦͦ͟ ͔͔͙ͫͭͨͤ ͺͪ͊ͭ͊͟͡Έ͙ͤͦͫͭ ͨ͊ͣΎ͙͍ͭͤͦ͟ 
͙͚ͫ͊ͣͫͦ͟͡ ͊ͪͻ͙͔ͭͭͯͪ͟· ͙ ͙ͻ ͻ͔͍͔ͯ͒ͦ͗ͫͭͤͤ·ͻ ͊͟;͔͍ͫͭΦ ̅ͪ͊ͭ͊͟͡ΈͤͦͫͭΈ ͍·͙ͫͭͯͨ͊͡ ͙ͦ͒ͤͣ ͙͘ ͍͔͚͊͗ͤ΄͙ͻ ͔͍ͫͪ͒ͫͭ 
ͪ͊ͫͪ͟·͙ͭΎ ͙ͦͣͨͦ͘͟ͼ͙͚ͦͤͤͦ ͎͍͙ͫͦ͊ͫͦ͊ͤͤͦͫͭ͡ ;͔͚͊ͫͭ ͙͚͒͊ͤ͘Σ ͊ ͔ͭ͊͗͟ ͔͙͍͒ͤͫͭ͊ ͫͭͪͯͭͯͪ͟ ͨ͊ͣΎ͙ͭͤ͊͟ ͊ͪͻ͙͔ͭͭͯͪ͟· ͙ 
ͦͪͯ͗͊͟Ό΅͔͎ͦ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊Φ 

ˤ ͙͔͊ͤ͊͘͡ ͍ͦͫͤͦͤ·ͻ ͔ͨͪͦ͟ͼ͙͚ ́͊͒͗-˸͊ͻ͊͊͡ ͺͪ͊ͭ͊͟͡Έͤ͊Ύ ͔ͪ͊ͣͪͤͦͫͭ͘Έ ͨ͊ͤ͊͡ ͎ͦͪͦ͒͊Σ ͊ͤ͒͡΄͊ͺ͎ͭͤͦͦ ͨ͊ͤ͊͡Σ 
ͺ͊ͫ͊͒͊Σ ͔ͪ͊ͪ͊͘͘ ͙ ͔ͦͪͤ͊ͣͤͭ͊ ͍·ͫͦ͊͟Ύ ͙ ͙ͦͨͫ·͍͔͊ͭͫΎ ͔ͫ͒ͯ͡Ό΅͙ͣ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫͣ͟ ͦͭͤͦ΄͔͙͔ͤͣ мғ 5ғнΦ ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ 
͔͎ͦͣͨͫͤͦͦ͟͟͡ ͺͪ͊ͭ͊͟͡Έ͎ͤͦͦ ͙͊ͤ͊͊͘͡ ́͊͒͗-˸͊ͻ͊͊͡ ͍·Ύ͍͙͊ͫ͡Έ ͍·ͫͦ͊͟Ύ ͔͔ͫͭͨͤΈ ͺͪ͊ͭ͊͟͡Έ͎ͤͦͦ ͎͍͙ͫͦ͊ͫͦ͊ͤ͡Ύ ͤ͊ 
͎͙͔ͪ͊͒ͦͫͭͪͦͭ͡Έͤͦͣ ͙ ͤ͊ ͊ͪͻ͙͔ͭͭͯͪͤͦͣ͟ ͍ͯͪͦͤΎͻΦ ˽ͦ ͔͙ͣͤͤΌ ͍͍͊ͭͦͪͦΣ Ήͭͦ ͔͒͊ͭ ͦ͒ͤͦ ͙͘ ͍ͦͣͦ͗ͤ͘·ͻ ͦ͋ΆΎ͔͙͚ͫͤͤ 
ͼ͔͙ͦͫͭͤͦͫͭ͡Σ ͔͙͍͒ͤͫͭ͊Σ ͍·͚ͫͦͦ͟ ͻ͔͍͔͚ͯ͒ͦ͗ͫͭͤͤͦ ͍·͙͔ͪ͊ͭ͘͡Έ͙ͤͦͫͭ ͊ͤͫ͊ͣ͋͡Ύ ́͊͒͗-˸͊ͻ͊͡ όˮ͙ͫͣ͊͡ ͔̆͊͒͡Σ нлмоύΦ 

˿ ͨͦͣͦ΅ΈΌ ͔͍ͣͭͦ͒ͦ ͺͪ͊ͭ͊͟͡Έ͚ͤͦ ͎͔͔͙͙ͦͣͭͪ ͔ͭ͊͗͟ ͍ͦͣͦ͗ͤ͊͘ ͦͼ͔ͤ͊͟ ͙ ͎͙͍͙͔ͨͪͦͤͦͪͦ͊ͤ͘ ͙͍ͨ͊ͤͪͦͦ͡;ͤ·ͻ 
ͫͭͪͯͭͯͪ͟ ͤ͊ ͎ͦͪͦ͒ͫͦͣ͟ ͙ ͎͔͊ͦͣͪ͊͡ͼ͙ͦͤͤͦͣ ͍ͯͪͦͤΎͻΦ ͚́͊ͦ͟ ͨͦ͒ͻͦ͒ ͍ͨͦͦ͘͡Ύ͔ͭ ͯ;͔ͫͭΈ ͙͔ͪ͊ͤͦͦ͋ͪ͊͘͘ ͙ ͫͦ͗ͤͦͫͭ͡Έ 
ͺ͍͊ͭͦͪͦ͟Σ ͍͙͡ΎΌ΅͙ͻ ͤ͊ ͎͔͔͙ͦͣͭͪΌ ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤ·ͻ Ύ͍͔͙͚ͤ͡Σ ͍ ͙ͦͭ͡;͙͔ ͦͭ ͔͔͚ͣͦ͒͡ ͎͚ͦͪͦ͒ͫͦ͟ ͙͍͙ͨ͊ͤͪͦ͟͡Σ 
͙͋͊ͪͯ͘Ό΅͙ͻͫΎ ͤ͊ ͊ͦͤ͊͘͟ͻ ͔͍͙͍͚͒ͦͦ͟͡ ͎͔͔͙͙ͦͣͭͪΦ ̅ͪ͊ͭ͊͟͡Έͤ·͚ ͙͊ͤ͊͘͡ ͎͔ͨͦͣͦ͊ͭ ͍ ͔͙͍͙͙ͨͪͦͭͪͦ͊ͤ͟ ͭͪ͊ͤͫͨͦͪͭͤ·ͻ ͔͔͚ͫͭΣ 
͙͔ͫͫͭͣ· ͔ͪ͊ͣ͘΅͔͙ͤΎ ͔͚ͨͦͭͤͦͫͭ͡ ͔͔͙ͤ͊ͫͤ͡ΎΣ ͦ͋΅͔͎͙ͦͪͦ͒ͫ͟ͻ ͨͦ͒ͼ͔͍ͤͭͪͦΣ ͔ͣͫͭ ͙͔͙ͨͪͦ͗ͤ͡Ύ ͭͪͯ͒͊ ͙ ͒ͪΦ ό˥ͯ΅͙ͤa, 2016). 
͚́͊ͦ͟ ͨͦ͒ͻͦ͒ ͙͍ͨͪ͊ͤ͘ ͙͙͙͍ͣ͊ͫͣͪͦ͊ͭ͘͟Έ ͙͔͎͔͙ͫͤͪͭ;͔͙͚ͫ͟ Ήͺͺ͔ͭ͟ ͦͭ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ;͔͚͊ͫͭ ͎͚ͦͪͦ͒ͫͦ͟ ͎͔͊ͦͣͪ͊͡ͼ͙͙Φ 

˸͔ͭͦ͒ ͔͙ͨ͊ͪ͊ͣͭͪ;͔͎ͫͦͦ͟ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͔ͯ͗ ͒ͦͫͭ͊ͭͦ;ͤͦ ͍͒͊ͤͦ ͨͦͯ͡;͙͡ ΄͙͔ͪͦͦ͟ ͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ ͍ 
͊ͪͻ͙͔͚ͭͭͯͪͤͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ ˿͍Ύ͊ͤͦ͘ Ήͭͦ ͫͦ ͤ͊͘;͙͔ͭ͡Έͤͦ ͋ͦ͡Έ΄͙͙ͣ ͍ͦͣͦ͗ͤͦͫͭ͘Ύ͙ͣΣ ͍͙ͦͤ͊͘͟Ό΅͙͙ͣ ͍ ͨͪͦͼ͔͔ͫͫ ͎ͭ͊ͦͦ͟ 
ͨͦ͒ͻͦ͒͊ ͍ ͔͙͍͙͙ͨͪͦͭͪͦ͊ͤ͟Σ ͨͦ ͍͔͙ͫͪ͊ͤͤΌ ͫ ͙ͭͪ͊͒ͼ͙ͦͤͤ·͙ͣ ͔͙ͣͭͦ͒͊ͣΦ ˽͔͙͊ͪ͊ͣͭͪ;͔͔ͫͦ͟ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ 
͔͙͍͙͔ͨͪͦͭͪͦ͊ͤ͟ ͤ͊ ͍͙͙ͦͫͤͦ͊ͤ ͎͙͊ͦͪͭͣ͊͡ ͎͙ͫ͊ͣͦͦͪ͊ͤ͊͘ͼ͙͙ ͺͦͪͣ·Σ ͯ;͙ͭ·͍͊Ό΅͔͎ͦ ͔ͨ͊ͪ͊ͣͭͪ· Ή͔͔͍ͣͤͭͦ͡ ͔͙ͣͦ͒͡ ͙ ͙ͻ 
ͫͦͦͭͤͦ΄͔͙͚ͤΦ ˿ ͨͦͣͦ΅ΈΌ ͍͊ͪΈ͙͍͙ͪͦ͊ͤΎ ͔͍ͨ͊ͪ͊ͣͭͪͦ ͣͦ͗ͤͦ ͒ͦͫͭ͊ͭͦ;ͤͦ ͋·ͫͭͪͦ ͨͦͯ͡;͊ͭΈ ͔͍ͣͤͦ͗ͫͭͦ ͙ͪ͊͘͡;ͤ·ͻ 
͙͍ͦͤͫͭͪͯͭͤ͟͟·ͻ ͔ͪ΄͔͙͚ͤΦ  

˻͍͚ͫͤͦͦ ͍͔͔͎ͫͦͪͣͤͤͦͦ ͔͙ͨ͊ͪ͊ͣͭͪ;͔͎ͫͦͦ͟ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ Ύ͍͡ΎΌͭͫΎ .La ͔ͭͻ͎͙͙ͤͦͦ͡Φ .La ό.ǳƛƭŘƛƴƎ LƴŦƻǊƳŀǘƛƻƴ 
Modeling) ς Ήͭͦ ͙ͤͺͦͪͣ͊ͼ͙͔ͦͤͤͦ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ ͙͒͊ͤ͘ΎΣ ͔ͦͫͦ͋ͤͤͦͫͭΈΌ ͎ͦͭͦͪͦͦ͟ Ύ͍͡Ύ͔ͭͫΎ ͭͦΣ ;ͭͦ ͦ͋Ά͔ͭ͟ ͔͙͔ͨͪͦͭͪͯͭͫ͟Ύ 
ͺ͙͊ͭ͟;͔͙ͫ͟ ͊͟͟ ͔͙͔͒ͤͦ ͼ͔͔ͦ͡Φ ˽͙ͪ;͖ͣ ͔͙͔ͣͦ͒ͪͯͣ͡·͔ ͫͦ͗ͤ͡·͔ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͙͋͊ͪͯ͘ΌͭͫΎ ͤ͊ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔ͣͦ͒͡ΎͻΣ 
͍͟͡Ό;͊Ό΅͙ͻ ͔͙ͨ͊ͪ͊ͣͭͪ;͔͙͔ͫ͟ ͍͔͙ͯͪ͊ͤͤΎΦ 

˿͔͙ͪ͒ ͍ͦͫͤͦͤ·ͻ ͙͖͍ͨͪͣͦ ͔͙ͨ͊ͪ͊ͣͭͪ;͔͎ͫͦͦ͟ ͔ͣͭͦ͒͊ ͍·͔͒͡ΎΌͭ ͙͔ͫͦ͒͊ͤ͘ ͔͙ͫͭ͟Φ ̏ͭͯ ͔ͫͭͯ͟ ͫͦ͒͊͘Όͭ ;͔͔ͪ͘ 
͍ͦͫͭ͊͡ΎΌ΅͙͔ ͔͖ ͭͦ;͙͟ ͫ ͍ͦͣͦ͗ͤͦͫͭ͘ΈΌ ͒͊͡Έ͔͚ͤ΄͔͚  ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ ͙ͪ͊͘͡;ͤ·͙ͣ ͙ͫͨͦͫͦ͋͊ͣ ό͍·ͭΎ͔͙͔͗ͤΣ ͍͍͙͍͙͔͒͊͊ͤ͡Σ 
͙͎͙͙͔͋͊ͤ͘ύ ͙ ͙ͨͪ Ήͭͦͣ ͡Ό͔͋ͦ ͍·͔͔ͨͦͤͤͤͦ͡ ͔͚͍͙͔͒ͫͭ  ͔͙ͨ͊ͪ͊ͣͭͪͯ͘ΌͭΦ ˨͡Ύ ͙ͭ͊͟ͻ ͙͖͍ͨͪͣͦ ͫͯ΅͔͍͔ͫͭͯͭ ͔ͭͻ͎͙ͤͦͦ͡Ύ a9{IΣ 
͔͊ͦ͗ͤͤ͊͘͡Ύ ͍ͦ ͎͙ͣͤͦͻ ͎ͨͪͦͪ͊ͣͣͤ·ͻ ͔ͨ͊ͭ͊͟ͻΣ ͍ ͚ͦͭͦͪͦ͟ ;͔͔ͪ͘ ͔͎͙͊ͭͦͪ͟Ό ͔͔͚ͫͭ ͎͔͔͙͔ͤͪͪͯͭͫΎ ͡Ό͋͊Ύ ͺͦͪͣ͊Φ ˴ ͙ͭ͊ͣ͟ 
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͎ͨͪͦͪ͊ͣͣͤ·ͣ ͔ͫͪ͒͊ͣ ͦͭͤͦͫΎͭͫΎ /ƻǊŜƭ 5ǊŀǿΣ DǊŀǎǎƘƻǇǇŜǊΣ /!¢L!Σ о5 aŀȄΦ ˤ ͙ͤͻ ͡Ό͋ͯΌ ͺͦͪͣͯ ͣͦ͗ͤͦ ͔͍ͨͪͦ͋ͪ͊ͦ͊ͭ͘Έ ͍ 
͙ͭ͊͟ͻ ͙͔ͤͫͭͪͯͣͤͭ͊ͻ ͊͟͟ 9ŘƛǘŀōƭŜ aŜǎƘ ό˾͔͙͔͒͊ͭͪͯͣ͊͟Ύ ͍͔ͨͦͪͻͤͦͫͭΈύΣ /ǊŜŀǘƛƻƴ aŜǎƘ ό˿͙͔ͦ͒͊ͤ͘ ͍͔ͨͦͪͻ͙ͤͦͫͭύ ͙ ͔ͣͤΎͭΈ 
ͺͦͪͣͯΣ ͙͔ͣͤ͘ΎΎ ͙ͦͦͪ͒ͤ͊ͭ͟· ͙ ͍͚͍ͫͦͫͭ͊ ͚͊͗͒ͦ͟ ͭͦ;͙͟ ͍͔ͨͦͪͻ͙ͤͦͫͭΦ ͔́͊͗͟ ͎͔͔ͤͪ͊ͼ͙Ό ͫͦ͗ͤ͡·ͻ ͺͦͪͣ ͍ 
͔͙ͨ͊ͪ͊ͣͭͪ;͔ͫͦͣ͟ ͔͔ͣͭͦ͒ ͣͦ͗ͤͦ ͦͫͯ΅͔͍ͫͭ͡ΎͭΈ ͤ͊ ͍͔ͦͫͤͦ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͔ͤͦ͒ͤͦͪͦ͒ͤ·ͻ ͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻ .-͚͍ͫͨ͊ͤͦ͡ 
όb¦w.{ύ ͙ ͤ͊ ͍͔ͦͫͤͦ ͨͦͪͼ͙͚ ͍͔ͨͦͪͻ͔͚ͤͦͫͭ ˣ͔͘Έ͔ όEditable Patch) (ʕͦ͡·͍ͤͫͦ͟, 2012). 

˿͔͔͒ͯͭ͡ ͔͙ͦͭͣͭͭΈΣ ;ͭͦ ͍ ͔͙͔͚͚ͤͤͤͦ͡ ͊ͪͻ͙͔͔ͭͭͯͪ͟ ͦͤ͟ͼ͔ͨͼ͙͙ ͔͙ͨ͊ͪ͊ͣͭͪ;͔͎ͫͦͦ͟ ͔͙͍͙ͨͪͦͭͪͦ͊ͤ͟Ύ ͙͔͔ͨͪͦ͋ͪͭ͊ͭ ͍͖ͫ 
͋ͦ͡Έ΄͔͔ ͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ ͙ ͎ͣͦͯͭ ͔͔͔ͨͪͫ͊ͭ͟ΈͫΎ ͫ ͺͪ͊ͭ͊͟͡Έͤ·ͣ ͔͙͍͙͔ͨͪͦͭͪͦ͊ͤͣ͟Φ 
 
˻ˣ˿̂ˬ˨˩˹ˮ˩  

˽͔͔ͪ͒ͦ͗ͤͤ͡·͚ ͍ ͚͒͊ͤͤͦ ͔ͪ͊͋ͦͭ ͨͦ͒ͻͦ͒ ͨͦ ͫͦͪ͊͟΅͔͙ͤΌ ͪ͊ͪ͘·͍͊ ͔ͣ͗͒ͯ ͔͙͚ͣ͊ͭͣ͊ͭͦ͟-͚ͤ͊ͯͦ͟ ͙ ͔͙ͣ͊ͭͣ͊ͭ;͔͚ͫͦ͟ 
͙͒ͫͼ͙͙͚ͨͤͦ͡ ͍ ͨͪͦͼ͔͔ͫͫ ͦ͋ͯ;͔͙ͤΎ ͔͍ͫͭͯ͒ͤͭͦ-͊ͪͻ͙͔͍ͭͭͦͪͦ͟ ͔͔ͭͪ͋ͯͭ ͍͔ͫͦͣͫͭͤ·ͻ ͙͙͚ͯͫ͡ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡ ͔ͤͫͦ͟͡Έ͙͟ͻ 
͔͚ͦ͋͊ͫͭ͡Σ ͊ ͔ͭ͊͗͟ ͎͍͙ͫͦ͊ͫͦ͊ͤ͡Ύ ͤ͊ ͪ͊ͤ͘·ͻ ͍ͯͪͦͤΎͻΦ  

˽ͪͦͼ͔ͫͫ ͙ͫͦ͒͊ͤ͘Ύ ͙ ͍͔͔͙ͤ͒ͪͤΎ ͡Ό͎͋ͦͦ ͍͎ͤͦͦͦ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͎ͤͦͦ ͯͪͫ͊͟ ͔͔ͭͪ͋ͯͭ ͎͙͒ͦ͡ͻ ͙ ͙͍ͪͦͨͦͭ͟͡·ͻ ͙͙͚ͯͫ͡Φ 
˴͔ͪͦͣ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͔͙ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͨ͊ͤ͊͡ ͙ ͔͙ͣͭͦ͒;͔͎ͫͦͦ͟ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͙͒ͫͼ͙͙ͨͤ͡·Σ ͍͙͔ͦͤ͊ͭ͘͟ ͔ͨͪͦ͋ͣ͊͡ ͙ͨͦͫ͊͟ 
͍͔͚ͦͣͦ͗ͤͦͫͭ͘ ͍͟͡Ό;͔͙ͤΎ ͍͎ͤͦͦͦ ͯͪͫ͊͟ ͍ ͯ;͔͋ͤ·͚ ͨͪͦͼ͔ͫͫΦ  

ˢ͍ͭͦͪ·Σ ͍ ͊͟;͔͍͔ͫͭ ͎ͦ͒ͤͦͦ ͙͘ ͍ͦͣͦ͗ͤ͘·ͻ ͍͔͙͚ͤ͊ͨͪ͊ͤ͡ ͍͔͔͙ͤ͒ͪͤΎ ͍ͤͦ·ͻ ͙͚ͤ͊ͤ͘ ͍ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͚ ͨͪͦͼ͔ͫͫ 
͔͍ͫͭͯ͒ͤͭͦ ͊ͪͻ͙͔ͭͭͯͪͤ͟·ͻ ͔ͫͨͼ͙͊͡Έ͔͚ͤͦͫͭΣ  ͔͎ͨͪ͒͊͊͡Όͭ ͪ͊͋ͦͭͯ ͍ ͪ͊ͣ͊͟ͻ ͔ͫͭͯ͒ͤ;͔͎ͫͦͦ͟ ͤ͊ͯ;͎ͤͦͦ ͦ͋΅͔͍ͫͭ͊Φ ˮ ͦͨ·ͭ ͚ͭ͊ͦ͟ 
͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͙͔ͨͦͦ͗ͭ͡͡Έͤ·͚ ͔ͪͯ͘͡Έͭ͊ͭΦ ˿͔ͭͯ͒ͤͭ·Σ ͍͔͍ͨͪ·͔ ͙͍ͦͤ͊ͦͣ͘͟΄͙ͫΈ ͫ ͙ͨͪͤͼ͙͙ͨ͊ͣ ͺͪ͊ͭ͊͟͡Έ͚ͤͦ 
͎͔͔͙͙ͦͣͭͪΣ ͎͍ͦͦͪΎͭ ͦ ͭͦͣΣ ;ͭͦ Ήͭͦ ͍͔ͤͦͦ ͙͔ͤ͊ͤ͘ ͔ͣͤΎ͔ͭ ͍͖ͫ ͙ͻ ͔͍͔͙͔ͨͪ͒ͫͭ͊ͤ͡ ͦ ͙͔ͣͪΦ ͔́͊͗͟Σ ͨͦ ͔͙ͣͤͤΌ ͍͍͊ͭͦͪͦΣ ͭ͊ͯ͟Ό 
ͪ͊͋ͦͭͯ ͼ͔͔ͫͦͦ͋ͪ͊ͤͦ͘͡ ͍͙ͨͪͦͦ͒ͭΈ ͙ ͤ͊ ͫͭ͊ͪ΄͙ͻ ͯͪͫ͊͟ͻΦ 

ˢ͍ͭͦͪ· ͫ;͙ͭ͊ΌͭΣ ;ͭͦ ͍͒͊ͤͦ ͔ͤ͊ͪ͊͘͡ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͔͔ͨͪͫͣͦͭͪ͊ ͔͙ͫͦ͒ͪ͗͊ͤΎ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͎ͨͪͦͪ͊ͣͣ ͒͡Ύ 
͔͍ͫͭͯ͒ͤͭͦ ͔ͫͨͼ͙͊͡Έ͙ͤͦͫͭ ζˢͪͻ͙͔ͭͭͯͪ͊͟ ͙ ͎͙͔ͪ͊͒ͦͫͭͪͦͭ͡Έ͍ͫͭͦηΦ 
 
ˤ̍ ˤ˻˨̍ ˮ ˮ ˽˩˾˿˽˩˴́ˮˤ̍ ˨ˢ˶̎˹˩˯̊˩˥˻ ˮ˿˿˶˩˨˻ˤˢ˹ˮ̒ 

мΦ ˻͍͋ͦͫͤͦ͊ͤ͊ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͔͙ͯͫͭͪ͊ͤͤΎ ͪ͊ͪ͘·͍͊ ͔ͣ͗͒ͯ ͔͙͚ͣ͊ͭͣ͊ͭͦ͟-͙͒ͫͼ͙͙͚ͨͤͦ͡ ͙ ͔͙͚ͣ͊ͭͣ͊ͭͦ͟-͚ͤ͊ͯͦ͟ ͍ 
͔͔ͦͤͭͫͭ͟͟ ͫͯ΅͔͍ͫͭͯΌ΅͔͎ͦ ͔͍͔͍͙ͤͫͦͦͭͭͫͭΎ ͔͙ͫͦ͒ͪ͗͊ͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͔͍ͫͭͯ͒ͤͭͦ ͊ͪͻ͙͔ͭͭͯͪͤͦ͟-
͎͙͔ͪ͊͒ͦͫͭͪͦͭ͡Έ͚ͤͦ ͔ͫͨͼ͙͊͡Έ͙ͤͦͫͭ  ͔͍͙ͭͪ͋ͦ͊ͤΎͣ ͍͔͔͎ͫͦͪͣͤͤͦͦ ͔͙͍͙ͨͪͦͭͪͦ͊ͤ͟ΎΦ 

нΦ ̂͊͊ͤͦ͘͟ ͤ͊ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͡·͚ ͻ͔͊ͪ͊ͭͪ͟ ͔͙͔͚͚ͤͤͤͦ͡ ͊ͪͻ͙͔ͭͭͯͪ͟·Σ ͙ͨͪͤͼ͙ͨ· ͙ ͍͙ͨͪ͊͊͡ ͚ͦͭͦͪͦ͟ ͙͋͊ͪͯ͘ΌͭͫΎ 
ͤ͊ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔ͣͭͦ͒͊ͻ ͙ ͔ͣͦ͒͡ΎͻΣ ͙͔ͨͪͦ͋ͪͭ͊Ό΅͙ͻ ͍͖ͫ ͋ͦ͡Έ΄ͯΌ ͤ͊͘;͙ͣͦͫͭΈ ͍ ͨͪͦͼ͔͔ͫͫ ͔͙͍͙ͨͪͦͭͪͦ͊ͤ͟ΎΦ ˤ͖ͫ Ήͭͦ 
͍ͦ͋ͦͫͤͦ·͍͔͊ͭ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͙ͫͦ͒͊ͤ͘Ύ ͍͙͚ͯͫͦ͡ ͒͡Ύ ͨͦͯ͡;͔͙ͤΎ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͡·ͻ ͙͚ͤ͊ͤ͘ ͖ͨͯͭͣ 
͍͔͔͙ͤ͒ͪͤΎ ͙͔͎͙͍ͤͭͪͪͦ͊ͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Φ 

оΦ ˻͔͔͔ͨͪ͒ͤ͊͡ ͦ͋͊ͫͭ͡Έ ͍ͦͫͤͦͤ·ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͍ͣͭͦ͒ͦ ͙ ͔͔͚ͣͦ͒͡Σ ͙͔ͨͪͣͤΎ͔ͣ·ͻ  ͍ ͍͔͔͚ͫͦͪͣͤͤͦ 
͔͙͔͚͚ͤͤͤͦ͡ ͊ͪͻ͙͔͔ͭͭͯͪ͟Σ ͍·Ύ͍͔ͤ͡· ͍ͦͫͤͦͤ·͔ ͙ͨͪͤͼ͙ͨ· ͺͪ͊ͭ͊͟͡Έ͎ͤͦͦΣ ͎͔͔͙ͦͣͭͪ;͔͎ͫͦͦ͟ ͙ ͔͙ͨ͊ͪ͊ͣͭͪ;͔͎ͫͦͦ͟ 
͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͊ͪͻ͙͔ͭͭͯͪͤ͟·ͻ ͦ͋Ά͔͍ͭͦ͟Φ 

пΦ ̂͊͊ͤͦ͘͟ ͤ͊ ͎͙ͦͪ͊ͤ;͔ͤͤ·͚ ͻ͔͊ͪ͊ͭͪ͟  ͙͍͙ͨͪͫͯͭͫͭΎ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͙͚ͤ͊ͤ͘ ͍ ͫͯ΅͔͍ͫͭͯΌ΅͙ͻ 
͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͎ͨͪͦͪ͊ͣͣ͊ͻ ͙ ͙͔͍ͫͫ͒ͦ͊ͤ͡· ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͍͔͔͙ͤ͒ͪͤΎ Ή͙ͭͻ ͙͚ͤ͊ͤ͘ ͍ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͚ ͨͪͦͼ͔ͫͫΦ 

рΦ ˽͔͔ͪ͒ͦ͗ͤ͡· ͨͦ͒ͻͦ͒·Σ ͍͔ͤ͊ͨͪ͊ͤͤ͡·͔ ͤ͊ ͙͔͔͙͔ͨͪͦ͋ͪͭͤ ͋ͯ͒ͯ΅͙͙ͣ ͔͙͍ͨͪͦͭͪͦ͟΅͙͙͊ͣ͟  ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͡·ͻ 
͙͚ͤ͊ͤ͘ ͖ͨͯͭͣ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͤ͊ͯ;͚ͤͦ ͪ͊͋ͦͭ· ͍ ͪ͊ͣ͊͟ͻ ͔ͫͭͯ͒ͤ;͔͙ͫ͟ͻ ͤ͊ͯ;ͤ·ͻ ͦ͋΅͔͍ͫͭΣ ͊ ͔ͭ͊͗͟ ͍͔͔͙ͤ͒ͪͤΎ ͔ͫͨͼ͍ͯͪͫͦ͟ 
͙͚ͨͪ͊͒ͤͦ͟͡ ͍͔͙ͤ͊ͨͪ͊ͤͤͦͫͭ͡ ͤ͊ ͍͔ͦͫͤͦ ͙͔͎͙͍ͤͭͪ͊ͭͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Φ 

˿͔͔͒ͯͭ͡ ͔͙ͦͭͣͭͭΈΣ ;ͭͦ ͡Ό͚͋ͦ ͍ͤͦ·͚ ͯͪͫ͟ ͔͒ͦ͗ͤ͡ ͍ͦ͋ͪ͊ͦ͘·͍͊ͭΈ ͼ͔ͦͫͭͤͯ͡Ό ͔͎͎͙ͨ͒͊ͦ;͔ͫͯ͟Ό ͙͔ͫͫͭͣͯΦ 
˽͔͔ͪ͒ͦ͗ͤͤ͊͡Ύ ͍ ͫͭ͊ͭΈ͔ ͦͤ͟ͼ͔ͨͼ͙Ύ ͨͦ ͙ͫͦ͒͊ͤ͘Ό ͔ͫͨͼ͍ͯͪͫͦ͟  ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡  ͔͔ͨͪͫͣͦͭͪ ͨͦ͒ͻ͍ͦ͒ͦ ͟ ͦͭ͋ͦͪͯΣ 
͔͙ͪ͊ͫͨͦͦ͗ͤ͡Ό ͯ;͔͎͋ͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡Σ ͊ ͔ͭ͊͗͟ ͍·͋ͦͪ͊ ͙ͫͭ͡Ύ ͔͍͙ͨͪͨͦ͒͊͊ͤΎΣ ;ͭͦΣ ͍ ͔͍ͨͪͯΌ ͦ;͔͔ͪ͒ΈΣ ͍ͫΎ͊ͤͦ͘ ͫ ͙͚ͨͪ͊͒ͤͦ͟͡ 
͍͔ͤ͊ͨͪ͊ͤͤͦͫͭ͡ΈΌ ͙ͭ͊͟ͻ ͍ͯͪͫͦ͟Φ 

˿ ͯ;͖ͭͦͣ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͔ͭͤ͒ͤͼ͙͚Σ ͍ͫΎ͊ͤͤ͘·ͻ ͫ ͙͔͙͔ͯͫͤͣ͡ ͔͙ͣ͗͒ͫͼ͙͙͎ͨͤ͊ͪͤͦͦ͡ ͻ͔͊ͪ͊ͭͪ͊͟ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͎ͤͦͦ 
ͨͪͦͼ͔ͫͫ͊Σ ͒͡Ύ ͎͙ͦͪ͊ͤ;͎ͤͦͦ ζ͍͔͔͙ͨͭͤ͡Ύη ͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͙ͤ͊ͤ͘Ύ ͍ ͯ;͔͔͋ͤͦ ͔͙͍͙͔ͨͪͦͭͪͦ͊ͤ͟ ͔ͤͦ͋ͻ͙ͦ͒ͣ· ͍͔ͫͦͣͫͭͤ·͔ 
͙͙ͯͫ͡Ύ  ͔͙͍ͣ͊ͭͣ͊ͭͦ͟Σ ͊ͪͻ͙͔͍ͭͭͦͪͦ͟ ͙ I -͔́ͫͨͼ͙͙͍͊ͫͭͦ͡Φ  

 
˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍ͦ͊ͤͤ͘·ͻ ͙ͫͭͦ;͙͍ͤͦ͟ 

1. ˣ͔͡Ύ͔͍͊ ˭ΦˤΦ ˥͔͔͙ͦͣͭͪ;͔͔ͫͦ͟ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤ·ͻ ͦͤͫͭͪͯ͟͟ͼ͙͚Υ ͙͒ͫͫΦ Χ ͊ͤ͒͟Φ ͔ͭͻͤΦ ͤ͊ͯ͟Υ лрΦмоΦму κ 
̂ͪ̅̂ ͙͔͙ͣͤ ͔͍͎ͨͪͦͦ ͔͙͔ͨͪ͒ͤͭ͊͘ ˾͙͙ͦͫͫ ˣΦ˹Φ ˩͡Έͼ͙ͤ͊Φ ˩͔͙͎͊ͭͪͤ͋ͯͪ͟Σ нлмрΦ мтр ͫΦ 

2. ˤͦ͡·͍ͤͫͦ͟ ̏ΦˤΦ ˮͤͺͦͪͣ͊ͼ͙ͦͤͤͦ-͔ͭͻ͎͙ͤͦͦ͡;͔͙͔ͫ͟ ͔ͣͭͦ͒· ͔͙͍͙ͨͪͦͭͪͦ͊ͤ͟Ύ ͍ ͊ͪͻ͙͔ͭͭͯͪͤͦͣ͟ ͺ͍͙͙ͦͪͣͦͦ͋ͪ͊ͦ͊ͤ͘Υ 
͍͔͊ͭͦͪͺΦ ͙͒ͫͫΦ Χ ͊ͤ͒͟Φ ͊ͪͻΦΥ лрΦноΦнлκ  ˸ˢͪͻˮΦ ˸͍ͦͫ͊͟Σ  нлмнΦ  нр ͫΦ 

3. ˥ͯ΅͙ͤ͊ ˩Φ˿ΦΣ ˿͎͍ͣͦͯͤͦ ˤΦˤΦ ̅ͪ͊ͭ͊͟͡Έͤ͊Ύ ͔ͪ͊ͣͪͤͦͫͭ͘Έ ͍ ͦͼ͔͔ͤ͟ ͙͍ͨ͊ͤͪͦͦ͡;͚ͤͦ ͫͭͪͯͭͯͪ͟· ͎ͪͯͨͤͦͦ͟ ͎ͦͪͦ͒͊κ 
˿͍͔͔ͦͪͣͤͤ·͔ ͤ͊ͯ;ͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙ ͙͍ͤͤͦ͊ͼ͙͙Σ нлмсΦ Ѕ нΦ ˿Φ ммл- 116.  

4. ˴͙͍ͪͦ΄͊ͨͦ͟ ˿Φ˹ΦΣ ˮ͍͍͊ͤͦ ˤΦ˹Φ ̏ͤͼ͙͔͙ͦͨ͒͟͡Ύ ͙͙͊ͤ͊ͭ͡;͔͙ͫ͟ͻ ͍͔ͨͦͪͻ͔͚ͤͦͫͭΦ ˸͍ͦͫ͊͟Υ ˴͙ͤ͗ͤ·͚ ͒ͦͣ Ϧ˶ˮˣ˾˻˴˻˸ϦΣ 
нлмлΦ  ррс ͫΦ 

5. ˽͍ͦͣͦͪͦ ˿ΦˣΦΣ ˮ͙ͫͣ͊͡ ͔̆͊͒͡ ˨Φ ˢ͡Έ͙͒ͤΦ ͔͙͎͙́ͪͣͤͦͦ͡Ύ ͔͙͔͚͚ͤͤͤͦ͡ ͊ͪͻ͙͔ͭͭͯͪ͟· ͙ ͔͊ͫͨͭ͟· ͔͖ ͙͔͔͙ͨͪͣͤͤΎΦ ˤ͔͙ͫͭͤ͟ 
́˥ˢ˿̂. ́ ͦͣͫ͟Σ  нлмпΦ Ѕ оΦ ту-87 ͫ . 

6. Patrik Schumacher. Parametricism - A New Global Style for Architecture and Urban Design. AD Architectural Design - Digital 
Cities. 2009.  VolΦ тфΦ ЅпΦ P. 14-23. 

7. ˮ͙ͫͣ͊͡ ̆Φ˨ΦˢΦ ̅ͪ͊ͭ͊͟͡Έͤ·͔ ͔͙ͨͦͫͭͪͦͤΎ ͍ ͙ͦͣͨͦ͘͟ͼ͙͙ ͊ͪͻ͙͔ͭͭͯͪͤ͟·ͻ ͦ͋Ά͔͍ͭͦ͟ όͤ͊ ͙͔͔ͨͪͣͪ ͨ͊ͣΎ͙͍ͭͤͦ͟ ͙͚ͫ͊ͣͫͦ͟͡ 
͊ͪͻ͙͔ͭͭͯͪ͟·Υ ͙͒ͫͫΦ Χ ͊ͤ͒͟Φ ͊ͪͻΦΥ лрΦноΦнлκˢ͚͙͚ͭ͊ͫ͟͡ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔ͭͻ͙ͤ;͔͙͚ͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͙ͣΦ ˮΦˮΦ ˽͍ͦͯͤͦ͊͘͡Φ 
ˣ͊ͪͤ͊ͯ͡Σ нлмоΦ нлн ͫΦ  

8. ͔͍̋ͯͤͦ͊͟͡ ˶Φ˱ΦΣ ̊ͯ͡Έ͎͙ͤ͊ ˿Φ˿Φ ˽ͪͦ ͨ͒͜ͻ͙ͦ͒ ͒ͦ ͍͔͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͣͫͭͯ͘͜ ͍ͤ͊;͊͡Έͤͦ͝ ͙͒ͫͼ͙͙ͨͤ͜͡ ζˤ͙΅͊ ͔͙ͣ͊ͭͣ͊ͭ͊͟η ͒͡Ύ 
͔͍ͫͭͯ͒ͤͭ͜ ͊ͪͻ͔͙ͭͭͯͪͤ͜͟ͻ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭκ ͔́ͦͪ͜Ύ ͭ͊ ͔͙ͣͭͦ͒͊͟ ͍ͤ͊;͊ͤͤΎ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ ͺ͙͙͘͜͟Σ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Φ ˴͙͍͙͚ͪ 
˾͎͜Υ ˤ͙͒Φ ͍͒͒͜͜͡ ˹˸͔ͭˢ̂Σ нлммΦ ˤ͙ͨΦ IXΦ ˿Φ нмн-215. 
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9. ͔͍̋ͯͤͦ͊͟͡ ˶ΦˮΦ ˨͙ͺͺ͔͔ͪͤͼ͙͊͡Έͤ͊Ύ ͎͔͔͙ͦͣͭͪΎ ͙ ͺͪ͊ͭ͊͟͡Έͤ·͚ ͙͊ͤ͊͘͡ ͍ ͊ͪͻ͙͔ͭͭͯͪͤͦͣ͟ ͔͙͍͙͙ͨͪͦͭͪͦ͊ͤ͟κ ˹͊ͯ;ͤͦ-
͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͙͔ͫ͟ ͙ͨͯ͋͊͟͡ͼ͙͙Φ ˸͔͗͒ͯͤ͊ͪͦ͒ͤ͊Ύ ͤ͊ͯ;ͤͦ-͙ͨͪ͊ͭ͟;͔ͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ ζ˹͊ͯ͊͟ ͍ ̆̆˱ ͍͔͔͟Υ ˽͔ͪͦ͋ͣ͡· ͙ 
͔͔͙͍ͨͪͫͨͭ͟· ͍͙͙ͪ͊ͭ͘Ύη ό͎Φ ˤ͔ͦͪͦͤ͗Σ нл-нн ͺ͔͍ͪ͊͡ΎΣ нлмтύΦ ˤ͔ͦͪͦͤ͗Σ нлмтΦ ЅнόплύΦ ˿Φ со-69. 

10. ͔͍̋ͯͤͦ͊͟͡ ˶ΦˮΦΣ ˩͔ͣͼ ˸Φ˿Φ ̅ͪ͊ͭ͊͟͡Έͤ·͚ ͙͊ͤ͊͘͡ ͙͙͙͒ͤ͊ͣ͟ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·ͻ ͙ͨͪ͋·͙͚ͭ ͍ ͙͔ͭͯͪͣ͘ κ ˣ͙͔ͤͫ͘ ˮͤͺͦͪͣ.  
нлмфΦ   ЅмΦ  .˿ 178-183. 
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MATHEMATICAL METHODS AND NONLINEAR ARCHITECTURE IN THE SYSTEM OF INTEGRATIVE LEARNING 

Lyubov Shchelkunova, Mariia Yemets 
Kharkiv National University of Construction and Architecture, 

Odessa National Academy of Food Technologies 
Abstract. The article raised the issue of interdisciplinarity of the knowledge space of nonlinear architecture, among which mathematical 

methods and models are highlighted. The approaches to the inclusion of modern mathematical knowledge in the educational 
process through the introduction of integrative technologies are proposed. 

Formulation of the problem. The work is aimed at eliminating the contradictions associated with the mismatch of the content of the 
mathematical education of students of architectural specialties with the requirements of modern architectural design. 

Materials and methods. The following methods were used in the work: collection, systematization, classification and generalization of 
information regarding the problem posed, a comparative analysis of different pedagogical approaches, synthesis and analysis of 
the results of one's own pedagogical integrative activity. 

Results. The article substantiates that nonlinear architecture is interdisciplinary in nature and in this space one of the leading roles is played by 
mathematical methods and models. Among the main methods, the methods of fractal, geometric and parametric modeling are 
highlighted, and it is indicated that in many cases their fields of application intersect. This nature of architectural activity justifies 
the need to create conditions for students to acquire interdisciplinary knowledge that meets the requirements of modern design. 
Authors propose to solve this problem on the basis of integrated technologies by developing and implementing special courses of 
applied orientation. The experience of such work indicates the necessity of combining the efforts of mathematicians, architects and 
IT specialists. As an alternative way to solve the problem, it is proposed to work within the framework of the student scientific 
society, and it is indicated that the experience of such activities demonstrates a positive result. 

Conclusions. The introduction of integrative forms of learning contributes to the acquisition of interdisciplinary knowledge, which helps to 
optimize the educational process. 

Keywords: nonlinear architecture, fractal modeling, parametric modeling, geometric modeling, integrated learning. 
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