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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; 

mailto:voskoglou@teipat.gr


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

8 

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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˿Φ 220-226. 
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13. ͙̇ͺ͍ͪͦ͊ ͔͊͒͗ͤ͒͊ ͙̂ͪ͊ͤ͟͝ ς нлнл όζ͙̇ͺ͍͙͚ͪͦ ͨͦͪΎ͒ͦ͟ ͔͙͚͒ͤͤη ς нлнлύΦ ˴ͦͤͼ͔ͨͭͯ͊͡Έͤ͜ ͙͊ͫ͊͒͘ ό͍͔ͪͫ͜Ύ мΦлύΦ 
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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 






























































































































































































































































































