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Problem formulation. The pedagogical value of the Euclidian geometry is great, mainly because it cultivates the student 

cognitive skills and connects directly mathematics to the real world. However, students face many difficulties for the learning of 
the Euclidian geometry, which fluctuate from the understanding of the space to the development of geometric reasoning and 
the ability of constructing the proofs and solutions of several geometric propositions and problems. 

 The van Hiele (vH) theory of geometric reasoning [12, 13] suggests that students can progress through five levels of 
increasing structural complexity. A higher level contains all knowledge of any lower level and some additional knowledge which 
is not explicit at the lower levels, Therefore, each level appears as a meta-theory of the previous one [2]. The five vH levels 
include: 

¶ L1 (Visualization): Students perceive the geometric figures as entities according to their appearance, without 
explicit regard to their properties. 

¶ L2 (Analysis): Students establish the properties of geometric figures be means of an informal analysis of their 
component parts and begin to recognize them by their properties. 

¶ L3 (Abstraction): Students become able to relate the properties of figures, to distinguish between the necessity and 
sufficiency of a set of properties in determining a concept and to form abstract definitions. 

¶ L4 (Deduction): Students reason formally within the context of a geometric system and they gasp the significance 
of deduction as means of developing geometric theory. 

¶ L5 (Rigor): Students understand the foundations of geometry and can compare geometric systems based on 
different axioms. 

 Obviously the level L5 is very difficult, if not impossible, to appear in secondary classrooms, while level L4 also appears 
very rarely. 

 Although van Hiele [13] claimed that the above levels are discrete ς which means that the transition from a level to the 
next one does not happen gradually but all at once ς alternative researches by Burnes & Shaughnessy [1], Fuys et al. [3], Wilson 
[17], Guttierrez et al. [4] and by Perdikaris [7] suggest that the vH levels are continuous characterized by transitions between the 
ŀŘƧŀŎŜƴǘ ƭŜǾŜƭǎΦ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ŦǊƻƳ ǘƘŜ ǘŜŀŎƘŜǊΩǎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿ ǘƘŜǊŜ ŜȄƛǎǘǎ ŦǳȊȊƛƴŜǎǎ ŀōƻǳǘ ǘƘŜ ŘŜƎǊŜŜ of student acquisition 
of each vH level. Therefore, principles of Fuzzy Logic (FL) could be used for the assessment of student geometric reasoning skills. 

 Perdikaris [6] presented a fuzzy framework for the vH theory by introducing a finite absorbing Markov chain [5] on the 
fuzzy linguistic labels (characterizations) of no, low, intermediate, high and complete acquisition respectively of each vH level. He 
also used [8] the fuzzy possibilities of student profiles and the generalization in possibility theory ƻŦ ǘƘŜ ŎƭŀǎǎƛŎŀƭ {ƘŀƴƴƻƴΩǎ 
ŜƴǘǊƻǇȅ ŦƻǊ ƳŜŀǎǳǊƛƴƎ ŀ ǎȅǎǘŜƳΩǎ ǳƴŎŜǊǘŀƛƴǘȅ ǘƻ ŎƻƳǇŀǊŜ ǘƘŜ ƛƴǘŜƭƭƛƎŜƴŎŜ ƻŦ ǎǘǳŘŜƴǘ ƎǊƻǳǇǎ ƛƴ ǘƘŜ ǾI ƭŜǾŜƭ ǘƘŜƻǊȅΦ IƻǿŜǾŜǊΣ ǘhis 
method needs laborious calculations in its final application. 

 In this paper an alternative method of FL is used for the assessment of student acquisition of the vH levels, by using 
the Triangular Fuzzy Numbers (TFNs). This method is very simple in its final application and its outcomes can be easily 
interpreted. The rest of the paper is formulated as follows: In the second Section the background on TFNs which is necessary for 
ǘƘŜ ǇŀǇŜǊΩǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƛǎ ǊŜŎŀƭƭŜŘΦ Lƴ ǘƘŜ ǘƘƛǊŘ {ŜŎǘƛƻƴ ǘƘŜ ǳǘƛƭƛȊŀǘƛƻƴ ƻŦ ¢Cbǎ ŀǎ ŀƴ ŀǎǎŜǎǎƳŜƴǘ ǘƻƻƭ ƛǎ ǊŜǾƛŜǿŜŘΣ ǿƘƛƭŜ in the 
fourth Section an example is presented illustrating its applicability in the vH level theory. Finally, the fifth and last Section is 
devoted to the conclusion and to some hints for future research. 

 Triangular fuzzy numbers (TFNs). For general facts on Fuzzy Sets (FS) and Fuzzy Numbers (FNs) we refer to [16]. It is 
recalled here that a FN is a FS on the set R of the real numbers which is normal (i.e. there exists x in R such that the membership 
degree m(x) Ґ мύ ŀƴŘ ŎƻƴǾŜȄ όƛΦŜΦ ŀƭƭ ƛǘΩǎ ŀ-cuts, with a in [0, 1], are closed real intervals), while its membership function y = m(x) 
is piecewise continuous. 
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 It is also recalled that a TFN (a, b, c), with a, b, c real numbers such that a<c<b, is a FN with membership function 
defined by 
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Let A (a, b, c) and B (a1, b1, c1) be two TFNs and let k be a positive real number. Then the sum A + B=(a+a1, b+b1, c+c1) 
and the scalar product kA=(ka, kb, kc) ([16], paragraph 10). Further, given the TFNs AiΣ ƛ Ґ мΣ нΣΧΣ n , where n a non negative 

integer, n²2, their mean value is defined to be the TFN A= (A1 + A2 Ҍ ΧΦ Ҍ !n)/n. 
 Assessment of a student group performance using TFNs. First, the individual student performance is numerically 

evaluated in a climax from 0 to 100. In order to characterize it qualitatively we have introduced in [16] the fuzzy linguistic labels 
(grades) A (85-100) = excellent, B (75-84) = very good, C (60-74) = good, D(50-59) = fair and F(0-49) = non satisfactory. We have 
also assigned to each of the above grades a TFN denoted by the same letter as follows: A=(85, 92.5, 100), B=(75, 79.5, 84), C=(60, 
67, 74), D=50, 54.5, 59) and F=(0, 24,5, 48). The middle entry of each of those TFNs is equal to the mean value of the student 
scores attached to the corresponding grade. In this way a TFN can be assigned to each student assessing his/her individual 
performance. Therefore, it is logical to use the mean value M of all those TFNs for evaluating the student group overall 
performance.  

 In [16] we have used the Center of Gravity (COG) technique for the defuzzification of the TFNs. This technique leads 
to the representation of a TFN T=(a, b, c) by the x-coordinate, say x(T), of the COG of its graph. Since the graph is a triangle ABC 
with A(a, 0), B(1, b) and C(0,c) ([16], Figure 2), x(T)=(a+b+c)/3 (1)  ([16], Proposition 8].  

 In particular, if T is one of the TFNs A, B, C, D, F then b=(a+c)/2. Therefore, equality (1) gives that  

x(T)= 
6
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But M=k1A+k2B+k3C+k4D+k5F, with ki non negative real numbers, i=1, 2, 3, 4, 5. Therefore, if M(a, b, c), then obviously 
x(M)= k1x(A)+k2x(B)+k3x(C)+k4x(D)+k5x(F)=b 

 REMARK: An alternative way to defuzzify a TFN T=(a, b, c) is to use the Yager Index Y(T), introduced in [18] in terms of 
the a-cuts of T, a in [0, 1], in order to help the ordering of fuzzy sets. It can be shown ([9], p. 62) that Y(T)=(2b+a+c)/4.  

 Observe now that x(T)=Y(T)Ú (a+b+c)/3=(2b+a+c)/4Ú 4(a+b+c)=3(2b+a+c) Ú a+c=2b. The last equality is not 

true in general for a<b<c; e.g. take a=1, b=2.5 and c=3. In other words in general we have that x(T)̧ Y(T). However, since the 
middle entries of the TFNs A, B, C, D, and F have been defined to be equal to the mean values of their other two entries, the 
above equality holds for those TFNs. Therefore, since the mean value M is a linear combination of the TFNs A, B, C, D, and F, it is 
straightforward to check that x(M)=Y(M). Thus, the above two defuzzification methods provide the same assessment outcomes 
when used with those TFNs..  

 Assessing the acquisition of the van Hiele levels. Gutierrez et al. [4] presented a paradigm for evaluating the 
acquisition of the vH levels in threeςdimensional Geometry by three different groups, say G1, G2 and G3, consisting of 20, 21 and 
9 students respectively. Here, in order to illustrate the utilization of TFNs as an assessment tool in the vH level theory we shall 
use the data of this paradigm, which are depicted in Table 1.  

Table 1 
Data of the paradigm [Degree of acquisition] 

Group vH level F D C B A 

G1 L1 0 0 0 0 20 

G1 L2 1 0 3 6 10 

G1 L3 2 3 6 6 3 

G2 L1 0 0 1 2 18 

G2 L2 0 3 4 13 1 

G2 L3 9 6 5 1 0 

G3 L1 0 2 4 2 1 

G3 L2 3 4 2 0 0 

G3 L3 9 0 0 0 0 

  
 From the data of the first row of Table 1 one obtains that M=A and x(M)=92.5 for G1 in L1. Similarly, from the second 

row it is obtained that M= (F+3C+6B+10A)/20=(74, 81.38, 88.75) and x(M)=81.38 for G1 in L2. Therefore the first group 
demonstrates a very good (B) overall performance in level L2. We keep going in the same way with the remaining rows. All the 
assessment outcomes of the paradigm are depicted in Table 2. 

Table 2 
Assessment outcomes 

Group vH level M x(M) DǊƻǳǇΩǎ ǇŜǊŦƻǊƳŀƴŎŜ 

G1 L1 (85, 92.5, 100) 92.5 A 

G1 L2 (74, 81.38, 88.75) 81.38 B 

G1 L3 (60.75, 68.45, 76.15) 68.45 C 

G2 L1 (82.86, 90.05, 97.24) 90.05 A 
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Group vH level M x(M) DǊƻǳǇΩǎ ǇŜǊŦƻǊƳŀƴŎŜ 

G2 L2 (69.05, 74.17, 79.69) 74.37 C 

G2 L3 (32.14, 45.81, 59.48) 45.81 F 

G3 L1 (63.89, 69.83, 75.78) 69.84 C 

G3 L2 (35.56, 47.28, 59) 47.28 F 

G3 L3 (0, 24.5, 59) 24.5 F 

 
 Observing the values of x(M) in Table 2 it becomes evident that G1 demonstrates the best performance in all levels, 

followed by G2 and G3. Further, from the last column of Table 2 it turns out that. G1 demonstrates excellent performance in L1, 
very good in L2 and good in L3, G2 demonstrates excellent performance in L1, good in L2 and non satisfactory in L3, while G3 
demonstrates good performance in L1 and non satisfactory performance in L2 and L3. Finally, it is logical to evaluate the overall 
performance of each group in the first three vH levels by calculating the mean value of its performances in each level. Thus, G1 

demonstrated a very good ( 78.80
3

45.6838.815.92
º

++ ), G2 demonstrated a good ( 08.70
3

81.45743705.90
º

++ ) and G3 

demonstrated a non satisfactory ( 21.47
3

5.2428.4784.69
º

++ ) overall performance. 

 Conclusion and hints for future research. In this work we utilized TFNs for assessing the acquisition of the vH levels by 
students. The application of this method is very simple and its outcomes can be easily interpreted. Other fuzzy assessment 
methods have been also used in earlier works by the author, his research collaborator Prof. I. Subbotin and others, including the 
ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ŀ ǎȅǎǘŜƳΩǎ ǳƴŎŜǊǘŀƛƴǘȅ όώуΣ мпϐΣ ŜǘŎ.) and the application of the COG defuzzification technique and its variations 
([10, 11, 15], etc.). Our plans for future research include the effort to compare the outcomes of all these methods in order to 
obtain useful conclusions about their advantages and disadvantages. 
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Abstract. Voskoglou M.Gr. Use of Fuzzy Numbers for Assessing the Acquisition of the van-Hiele Levels in Geometry. 
It is generally accepted that students face many difficulties in constructing proofs of theorems and solutions of problems 

of the Euclidean Geometry. The van Hiele theory of geometric reasoning suggests that students can progress through five levels 
of increasing structural complexity. It has been also proved by other researchers that these levels are continuous characterized by 
ǘǊŀƴǎƛǘƛƻƴǎ ōŜǘǿŜŜƴ ǘƘŜ ǎǳŎŎŜǎǎƛǾŜ ƭŜǾŜƭǎΦ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ŦǊƻƳ ǘƘŜ ǘŜŀŎƘŜǊΩǎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿ ǘƘŜǊŜ ŜȄƛǎǘǎ ŦǳȊȊƛƴŜǎǎ ŀōƻǳǘ ǘƘŜ degree 
of student acquisition of each level, which suggests that principles of Fuzzy Logic could be used for the evaluation of student 
geometric reasoning skills. Here a combination of Triangular Fuzzy Numbers (TFNs) and of the Centre of Gravity (COG) 
deffuzzification technique is applied for evaluating the acquisition of the van Hielie levels by students. It is further shown that the 
use of the Yager index instead of the COG technique leads to the same assessment conclusions.  Other fizzy methods applied in 
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earlier works are also discussed and an example on high school student acquisition of 3-dimensional geometrical concepts is 
presented illustrating our results. 

Key words: van Hiele (vH) levels of geometric reasoning, fuzzy logic (FL), triangular fuzzy numbers (TFNs), centre of 
gravity (COG) defuzzification technique, Yager index. 
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͔͍͍͒ͦͦ͟͜͡͝ ͎͔͔ͦͣͭͪ͜͝Φ ͔́ͦͪ͜Ύ ͍͊ͤ ͔͔̆͜͡ ͘ ͔͔ͨͪ͒͋͊;͊ΊΣ ΅ͦ ͔͙ͫͭͯ͒ͤͭ ͨͪͦͻͦ͒ΎͭΈ ͨϥΎͭΈ ͍͍ͪͤ͜͜ ͪͦͫͭ͊͘Ό;ͦ͝ ͫͭͪͯͭͯͪͤͦ͟͝ 
ͫ͊͒ͤͦͫͭ͟͜͡Φ ˣͯͦ͡ ͍͔͔͒ͦ͒ͤͦ ͤ͜΄͙͙ͣ ͙͙͒ͦͫ͒ͤ͊ͣ͜͟͡Σ ΅ͦ ͼ͜ ͍ͪͤ͜͜ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭΈͫΎ ͔͔͔͍͙͋ͨͪͪͤͣ͘ ͔͔ͨͪͻ͙ͦ͒͊ͣ ͣ͗͜ 
͍͙͙ͨͦͫ͒ͦͤͣ͜͡ ͍ͪͤ͜Ύ͙ͣΦ ˽͙ͪͪͦ͒ͤͦΣ ͫͤͯ͜Ί ͔͒Ύ͊͟ ͔ͤ;ͭͫͭ͜͟͜Έ ͯ ͨͦ͒͊ͤͤ͜ ͍;͙͔ͭ͡Ύ ͨͪͦ ͫͭͯͨͤ͜Έ ͍͊ͫͦ͘ΊͤͤΎ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͎ͦ͗ͤͦͦ͟ 
͍ͪͤ͜ΎΣ ΅ͦ ͍ͫ͒͜;͙ͭΈ ͨͪͦ ͔ͭΣ ΅ͦ ͙ͨͪͤͼ͙͙ͨ ͔ͤ;ͭͦ͜͟͝ ͎͙ͦ͜͟͡ ͣͦ͗ͤ͊ ͋ͯͦ͡ ͋ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͒͡Ύ ͦͼ͙ͤ͜͟ ͔ͫͭͯ͒ͤͭͫΈ͙͟ͻ 
͎͔͔͙ͦͣͭͪ;͙ͤͻ ͍͙ͤ͊;ͦ͟ ͙͔ͣͫͤͤ͡ΎΦ ˴ͦͣ͋ͤ͊͜ͼ͜Ύ ͔͍ͣͭͦ͒͜ ͙͙ͭͪͯͭͤ͟ͻ ͔ͤ;͙ͭ͜͟ͻ ;͙͔ͫ͡ ό¢Cbǎύ ͜ ͔̇ͤͭͪͯ ˤ͎͙͊ ό/hDύ ͍͊ͫͭͦͫͦͤ͘͜ 
ͭͯͭ ͒͡Ύ ͦͼ͙ͤ͜͟Φ ˽ͦ͊͊ͤͦ͘͟Σ ΅ͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔ͤ͒ͫͯ͜͟ ͔̒͒͗ͪ͊ ͊ͣͫͭ͘͜Έ ͔ͣͭͦ͒ͯ /hD ͙͍͙ͨͪͦ͒ͭ͘Έ ͒ͦ ͙ͭͻ ͙ͫ͊ͣͻ ͍͙͍͍ͫͤͦ͟͜Φ 
˽͔͍͔ͪ͒ͫͭ͊ͤ͜͡ ͙͙ͨͪ͊͒͟͡ ͜͡ΌͫͭͪͯΊ ͤ͊΄͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭΦ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͍͊ͤ ͔͔̆͜͡ ͍ͪͤ͜͜ ͍ ͎͔͔ͦͣͭͪ͜͝Σ ͔ͤ;ͭ͊͜͟ ͎ͦ͊͜͟͡Σ ͙ͭͪͯͭͤ͟͜ ͔ͤ;ͭ͜͟͜ ;͙ͫ͊͡Σ ͔ͣͭͦ͒ ͔͒ͺ͊͘͘͜ͺ͊͜͟ͼ͜͝Σ 
͔ͤ͒ͫ͜͟ ͎͔̒ͪΦ 
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ˢΦˤΦ ˩ ͤͦ͟Ύͤ 

 s ͪͣΎ͙͚ͤͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͎͎͙ͨ͒͊ͦ;͔͙͚ͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ  
͙͔͙ͣͤ ̆Φ ˢ͍͋ͦΎͤ͊Σ ˾͔͙ͫͨͯ͋͊͟͡ ˢ͔͙ͪͣͤΎ  

˩ͤͦ͟Ύͤ ˢΦˤΦ 
˽˾˻ˣ˶˩˸ˢ ˹˾ˢˤ˿́ˤ˩˹˹˻˥˻ ˤ˻˿˽ˮ́ˢ˹ˮ̒ ˽˻˿˾˩˨˿́ˤ˻˸ ˸ˢ́˩˸ˢ́ˮ˴ˮ ˤ ˮ˿́˻˾ˮˮ ˢ˾˸̒˹˿˴˻˯ ˽˩˨ˢ˥˻˥ˮ˴ˮ 

 
˻͍͙͔͋ͪ͊ͦ͊ͤ͘ ͙͎͔ͪ͊ͭ ͔͙͔ͤͦͨͫͯͣͯΌ ͪͦ͡Έ ͍ ͫͦͻ͔͙͙ͪ͊ͤͤ ͙ ͨͪͦͼ͍͔͙͙ͭ͊ͤ ͡Ό͚͋ͦ ͤ͊ͼ͙͙Φ ˮͯ͘;͊Ύ ͙͙ͫͭͦͪΌ ͊ͪͣΎ͚ͤͫͦ͟ 

͔͎͎͙͙ͨ͒͊ͦ͟Σ ͣ· ͍͙͙͒ͣΣ ;ͭͦ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͍ ͍ͦͫͤͦͤͦͣ ͎͙͍ͦͪ͊ͤͦ͘·͍͊ͦͫ͡Έ ͫͦ ͫͭͦͪͦͤ· ΄ͦ͟͡Σ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͯ;͔͔͙͚ͪ͗͒ͤΣ 
ͯ;͙͙͡΅Σ ͯ ͦͭͦͪ͟·ͻ ͋·͡ ͊͟͟ ͯͫͭͤ·͚Σ ͭ͊͟ ͙ ͙ͨͫΈ͔ͣͤͤ·͚ ͙͙ͫͭͦͪ;͔͙͔ͫ͟ ͔͙ͨͪͦ͒·Φ ˴͊͟ ͍͙͙ͯ͒ͣ ͔͔͒͊͡Σ ͤ͊ ͨͪͦͭΎ͔͙͙͗ͤ ͍͔ͫͻ Ήͨͦͻ 
͙͔͙͎͔ͤͭͤ͡͡ͼ͙ΎΣ ͔͎͎͙ͨ͒͊ͦΣ ͒ͯͻ͍͙͙ͦͤ͟Σ ͊ ͔ͭ͊͗͟ ͦ͋΅͔͍͔ͫͭͤͤ·͔ ͔͒Ύ͔͙ͭ͡ ͦ͋ͪ͊΅͙͊͡ ͋ͦ͡Έ΄͔ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͤ ͭͦ͡Έͦ͟ ͤ͊ ͍ͦͨͪͦͫ· 
͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΣ ͤͦ ͙ ͍͙͙ͦͫͨͭ͊ͤΎΦ ˻͙͒ͤͣ ͙͘ ͍͎ͦͫͤͦͦͨͦ͊͊͡Ό΅͙ͻ ͍͍ͦͨͪͦͫͦ ͍͙͙ͦͫͨͭ͊ͤΎ Ύ͍͡Ύ͊ͫ͡Έ ͔ͨͪͦ͋ͣ͊͡ ͍͍͔͎ͤͪ͊ͫͭͤͤͦͦ 
͍͙͙ͦͫͨͭ͊ͤΎΥ ͊͟͟ ͙͍͙ͨͪͭΈ ͍͍͔ͤͪ͊ͫͭͤͤ·͔ ͼ͔͙ͤͤͦͫͭ ͯ;͊΅͙ͣͫΎ ͙ ͤ͊ͪͦ͒ͯΣ ͙ ͊͟͟ ͫͦ͒͊ͭ͘Έ ͍·͍͍͔͎ͫͦͦͤͪ͊ͫͭͤͤͦͦ͟ ;͔͍͔ͦ͊͟͡Κ 
˩͔͍͔ͫͭͫͭͤͤͦΣ ͍͍͔ͤͪ͊ͫͭͤͤ·͔ ͼ͔͙ͤͤͦͫͭ ͪ͊ͤ͘·ͻ Ήͨͦͻ ͍͙͙͙ͦͫͨͪͤͣ͊ͫ͡Έ ͪ͊ͤ͘·͙ͣ ͣ·͙͔ͫͭ͡͡Ύ͙ͣ ͔͙͍ͤͦ͒ͤ͊ͦͦ͟ ͙ ͔ͤͦ͒ͤͦͤ͊͘;ͤͦΣ 
͙ Ήͭͦ ͍ ͍ͦͫͤͦͤͦͣ ͋·ͦ͡ ͍͔ͦ͋ͯͫͦͤͦ͡͡ ͫͦͼ͙͊͡Έͤͦ-Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͙ ͦ͋΅͔͍͔͚ͫͭͤͤͦ ͙ͫͭͯ͊ͼ͙͔͚ ͫͭͪ͊ͤ· ͚͒͊ͤͤͦ Ήͨͦͻ͙Σ ͭ͊͟ ͔͗Σ 
͊͟͟ ͙ ͙ͨͪͤΎͭ·͙ͣ ͫͦ ͫͭͦͪͦͤ· ͦ͋΅͔͍͔͙ͫͭͤͤͦͫͭ ͍͍͔ͤͪ͊ͫͭͤͤ·͙ͣ ͙ͤͦͪͣ͊ͣΦ  

ˤ Ύ͘·;͔ͫͯ͟Ό Ήͨͦͻͯ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͍ ˢ͔͙͙ͪͣͤ ͙ͫͯ͗ͦ͡͡ ͍͔͔ͪΣ ͍ͫͨͦͫͦ͋ͫͭͯΎ ͔͔ ͍͔͙ͫͭ͊ͤͦͤ͡ΌΣ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΌΣ ͙ ͍ 
Ήͭͦͭ ͔͙ͨͪͦ͒ ͔͚͍͍͙͒ͫͭͦ͊͡ ͔͗ͪ;͔͙͔ͫ͟ ͯ;͙͙͡΅͊Σ ͎͔͒ ͦ͋ͯ;͔͙͔ͤ ͍͙ͨͪͦͦ͒ͦͫ͡Έ ͔͗ͪͼ͙͊ͣ ͙ ͍͔ͪͻ͍ͦͤ·͙ͣ ͔͗ͪͼ͙͊ͣ ώмϐΦ ˴ 
͔͙ͫͦ͗͊ͤ͡ΌΣ ͯ ͤ͊ͫ ͔ͤͭ ͙ͤͺͦͪͣ͊ͼ͙͙ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͎ͭͦͦΣ ͚͊ͦ͟͟ ͎͚ͨͪͦͪ͊ͣͣͦ ͙ ͙͙͊ͣ͟͟ ͯ;͔͙͙͋ͤ͊ͣ͟ ͍͙ͨͪͦͦ͒ͦͫ͡Έ ͦ͋ͯ;͔͙͔ͤΣ 
ͦ͒ͤ͊ͦ͟Σ ͔ͫͭΈ ͎͙͔ͨͦͭ͊͘Σ ;ͭͦ ͍ Ήͭͦͭ ͔͙ͨͪͦ͒ ͫͯ΅͔͍͍ͫͭͦ͊͊͡ ͔͗ͪ;͔ͫ͊͟Ύ ͙ͨͫΈ͔ͣͤͤͦͫͭΈ ͙ ͙͔ͭͪ͊ͭͯͪ͊͡Σ ͦͭͦͪ͟·͔ ͙ͨͪ Ήͨͦͻ͔ 
͙ͨͪͤΎ͙ͭΎ ͻ͙͙͍ͪͫͭ͊ͤͫͭ͊ ͋·͙͡ ͙ͯͤ;͔ͭͦ͗ͤ·Φ ˩͔͍͔ͫͭͫͭͤͤͦΣ ;ͭͦ ͍ ͒͊ͤͤ·͚ ͔͙ͨͪͦ͒ ͍͚ͦͫͤͦͤͦ ͼ͔͡ΈΌ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ Ύ͍͡Ύͦͫ͡Έ 
ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͙͡;͙ͤͦͫͭΣ ͨͦͦͤ͟͡ΎΌ΅͔͎ͦͫΎ ͎͋ͦ͊ͣΣ ͔ͨͪͨͦ͒ͤͦͫΎ΅͔͎ͦ ͙ͣ ͔͍͙͗ͪͭͦͨͪͤͦ΄͔͙ͤΎΣ ͙ͨͪͤͦͫΎ΅͔͎ͦ ͒͊ͪ· ͔͗ͪͼ͊ͣΦ 

ˤ ͻ͙͙ͪͫͭ͊ͤͫͯ͟Ό Ήͨͦͻͯ ͦ͋ͯ;͔͙͔ͤ ͙͍͙ͨͪͦͦ͒ͦͫ͘͡Έ ͍͔͙͊ͪ͒͊ͨͭ͊ͣΣ ͦͭͦͪ͟·͔ ͙ͫͦ͒͊͘͡ ͯ;͔͙͙͋ͤ͟ ͙ ͙ͨͦͫͦ͋ΎΣ ͫͦ͒͊ͤͤ͘·͔ 
ͤ͊ ͍͔ͦͫͤͦ ͔͔ͨͪͤΎͭ·ͻ ͙͘ ͙͊ͤͭ;͎ͤͦͦ ΄ͦ͟͡Έ͎ͤͦͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͒͡Ύ ͎͊͗͒ͦͦ͟ ͯͪͦ͊͟ ζ˿͔͙ͣ ͍ͫͦ͋ͦ͒ͤ·ͻ ͙͍ͫͯͫͫͭ͟η 
͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ ͙ ͔ͯͫͪ͒ͤͦ ͤ͊;͙͊͡ ͦ͋ͯ;͔͙͔ͤ ͍ͦ ͍͔ͫͻ ͤ͊ͯ;ͤͦ-͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͼ͔ͤͭͪ͊ͻ ώмΣ ͫͭͪΦ нруϐΦ ˮ ͔͒ͫ͘Έ ͔ͦͭͣ;͔͊ͭͫΎΣ 
;ͭͦ ͍ ͍͔ͦͫͤͦ ͍͍͔͎ͤͪ͊ͫͭͤͤͦͦ ͍͙͙ͦͫͨͭ͊ͤΎ ͍͊͒͟͡·͍͙͊ͫ͡Έ ͻ͙͙͙͔ͪͫͭ͊ͤͫ͟ ͤͦͪͣ· ͍͔͔͙ͨͦ͒ͤΎΣ ͔͔͙͒ͦ͋ͪͦ͒ͭ͡ ͙ ͙͔͚͙͔͋͋ͫ͟͡ 
͍͔͙͊ͨͦ͒͘Φ ˤ Ήͭͦͭ ͔͙ͨͪͦ͒ ͍ ͔͔͒͡ ͙ͫͦ͒͊ͤ͘Ύ ΄ͦ͟͡ ͍͚ͫͦ ͍͊͒͟͡ ͙͔ͣ͡ ˥͙͎ͪͦͪ ˶͍͙ͯͫ͊ͦͪ;Φ ˽ͦ ˶Φ˥Φ ̆͊;͔ͪΎͤ͊Σ ͍ ͎ͨͪͦͪ͊ͣͣ· ͒͊ͤͤ·ͻ 
΄ͦ͟͡ ͋·͙͡ ͍͟͡Ό;͔ͤ· ͦ͋ͯ;͔͙͔ͤ Ύ͘·͊ͣ͟Σ ͣͯ͘·͔͟Σ ͙͊ͪͺ͔͙͔ͣͭ͟Σ ͊ͯ͘;͙͍͙͊ͤΎ ˣ͙͙͙͋͡ ͤ͊ ͎͙͒ͪͯͻ Ύ͘·͊͟ͻΦ ˥͙͎ͪͦͪ ˶͍͙ͯͫ͊ͦͪ; 
͔ͯ͒͡Ύ͡ ͋ͦ͡Έ΄͔ͦ ͔ͣͫͭͦ ͙͔ͫ͡ ͙͔ͨͪͣͪ͊Υ ͦͤ ͔͒ͦ͗ͤ͡ ͋·͡ ͍͙ͫͦͣ ͍͔͔͙͔ͨͦ͒ͤͣ ͙ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌ ͙ͫͯ͗ͭ͡Έ ͙͔ͨͪͣͪͦͣ ͒͡Ύ ͍͙ͫͦͻ 
ͯ;͔͙͍ͤͦ͟ ώмϐΦ  

˭ͤ͊;͙͔ͭ͡ΈͤͯΌ ͪͦ͡Έ ͍ ͔͔͒͡ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͙ ͍͙͙ͪ͊ͭ͘Ύ ΄ͦ͟͡Έ͎ͤͦͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͍ ˢ͔͙͙ͪͣͤ ͙͎ͪ͊͡ ˹͔͔ͪͫͫ ˽͔͍͊ͪͭΣ 
ͦͭͦͪ͟·͚ ͙ͨͪͦ͒ͦ͗͡͡ ͔͒ͦ͡ ˥͙͎ͪͦͪ͊ ˶͍͙ͯͫ͊ͦͪ;͊Φ ˤ ͍ͦͫͤͦͯ ͍͙͙ͦͫͨͭ͊ͤΎ ͦͤ ͍͊͒͟͡·͍͊͡ ͍͔͒ ͼ͔͙ͤͤͦͫͭ ς ͒ ͦ͋ͪͦͭͯ ͙ ͙͔ͫͦͫͭͪ͊͒͊ͤΣ 
͙ ͍͔͔͒͘ Ήͭͦ ͍͔͍ͨͪͦͨͦ͒ͦ͊͡Φ  

˨͔ͦ͡ ͍͙ͦͫͤͦ͊ͤΎ ͙ ͍͙͙ͪ͊ͭ͘Ύ ΄ͦ͟͡ ͨͦͯ͡;͙ͦ͡ ͋ͦ͡Έ΄͚ͦ ͭͦ͡;ͦ͟ ͍ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔ͨͦͫ͡ ͙͔͔͙ͦ͋ͪͭͤ͘Ύ ͙ͨͫΈ͔͙ͣͤͤͦͫͭΦ ˤ 
Ήͭͯ Ήͨͦͻͯ ˿͊͊͟ ˽͔͍͊ͪͭΣ ˸͔ͫͪͦͨ ˸͊΄ͭͦͼ ͙ ͔͎ͦ ͯ;͔͙͙ͤ͟ ͫͦ͒͊͘Όͭ ͊ͪͣΎͤͦΎ͘·;ͤ·͔ ΄ͦ͟͡· ͍ ͪ͊ͤ͘·ͻ ͦ͋͊ͫͭ͡Ύͻ ˢ͔͙͙ͪͣͤΦ ˤ Ήͭͦͭ 
͔͙ͨͪͦ͒ ͔ͭ͊͗͟ ͋ͦ͡Έ΄͔ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύͦͫ͡Έ ͦ͋ͪ͊ͯ͘ ͯ;͙͔ͭ͡Ύ ͙ͨͪ ͦ͋ͪ͊΅͔͙͙ͤ ͟ ͍ͦͨͪͦͫ͊ͣ ͍͍͔͎ͤͪ͊ͫͭͤͤͦͦ ͍͙͙ͦͫͨͭ͊ͤΎΦ 
̂;͙͔ͭ͡Έ ͍ ͔͍ͨͪͯΌ ͦ;͔͔ͪ͒Έ ͔͒ͦ͗ͤ͡ ͫ͊ͣ ͋·ͭΈ ͍͙ͦͫͨͭ͊ͤͤ·ͣΣ ͍͔͙͍ͫͨͪ͊͒͡·ͣ ͙ ͍͙ͫͦͣ ͦ͋ͪ͊ͦͣ͘ ͙ͫͯ͗ͭ͡Έ ͙͔ͨͪͣͪͦͣ ͒͡Ύ 
ͯ;͔͙͍ͤͦ͟ ώнϐΦ  

˴͔͚ͪͯͨͤ΄͙͚ ͣ·͙͔ͫͭ͡͡Έ ͙  ͺ͙ͦͫͦ͡ͺ ͔͔͚ͨͦͫ͒ͤ͡ ͍͙ͨͦͦͤ͡· ± ͙ ͔͍͚ͨͪͦ ͍͙ͨͦͦͤ͡· ±L ͍͔͍ͦ͟ ˨͍͙͊͒ ˢͤ͊ͻͭ ͎͙͔͒ͦ͡ ͎ͦ͒· 
͙͊ͤͣ͊ͫ͘͡Ύ ͤ͊ͯ;͚ͤͦ ͙ ͔͎͎͙ͨ͒͊ͦ;͔͚ͫͦ͟ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌΦ ˻ͤΣ ͔͙͍ͨͪͦͫ͒͡ ͊͘ ΄ͦ͟͡Έͤ·ͣ ͍͙͔ͦ͋ͪ͊ͦ͊ͤͣ͘ ͙͊ͫͫ͟͡;͔͎ͫͦͦ͟ 
͎͔ͪ;͔͎ͫͦͦ͟ ͔͙ͨͪͦ͒͊Σ ͙͊ͫͫ͟͡ͺ͙ͼ͙͍ͪͦ͊͡ ͙ͤ͊ͯ͟ ͨͦ ͔͔͙ͭͦͪͭ;͔͙ͫͣ͟ ͙ ͙ͨͪ͊ͭ͟;͔͙ͫͣ͟ ͍ͯͪͦͤΎͣ ͺ͙ͦͫͦ͡ͺ͙͙Φ ˤ ͦ͋͊ͫͭ͡Έ 
͔͔͙ͭͦͪͭ;͔͎ͫͦͦ͟ ͍ͯͪͦͤΎ ͋·͙͡ ͍͟͡Ό;͔ͤ· ͔͔͍͙͔ͫͭͫͭͦͤ͊ͤ͘Σ ͔͙ͣ͊ͭͣ͊ͭ͊͟ ͙ ͔͎͙ͭͦͦ͡ΎΦ ˽͙ͪ ΉͭͦͣΣ ͔͙ͣ͊ͭͣ͊ͭ͊͟ ͔͍ͨͪ͒ͫͭ͊͊͊͡ ͍ 
͊͟;͔͍͔ͫͭ ͍ͫΎͯ͘Ό΅͔͎ͦ ͍͔ͤ͊͘ ͔ͣ͗͒ͯ ζ͔͙ͣ͊ͭͪ͊͡Έͤ·ͣη ͙ ζ͔͔͙ͤͣ͊ͭͪ͊͡Έͤ·ͣηΣ Ύ͍͡ΎΎͫΈ ͙͙͍ͦͣͣͯͤ͊ͭͤ͟͟·ͣ Ή͔͔ͣͤͭͦͣ͡ ͎ͦ͒ͤͦͦ 
ͫ ͎͙͒ͪͯͣΦ ˸͔͙͊ͭͣ͊ͭ͊͟Σ ͍ ͍ͫͦΌ ͦ;͔͔ͪ͒ΈΣ ͍͟͡Ό;͊͊͡ ͍ ͔ͫ͋Ύ ͙͊ͪͺ͔͙ͣͭͯ͟Σ ͣͯ͘·ͯ͟Σ ͎͔͔͙ͦͣͭͪΌΣ ͎͙͊ͫͭͪͦͦ͡ΌΦ ˽ͦ ͍͒͊ͭΎ͍͚ͤͦͫͦ͟ 
ͯ;͔͋ͤͦ-͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͚ͤͦ ͎͔ͨͪͦͪ͊ͣͣ ͔ͨͦͫ͡ ͔͔͙ͭͦͪͭ;͔͎ͫͦͦ͟ ͍ͯͪͦͤΎ ͙͍͙ͨͪͦͦ͒ͭͫ͘Ύ ͔͔ͨͪͻͦ͒ ͤ͊ ͙ͨͪ͊ͭ͟;͔͙͚ͫ͟ ͍͔ͯͪͦͤΈΣ 
ͦͭͦͪ͟·͚ ͍͟͡Ό;͊͡ ͍ ͔ͫ͋Ύ Ή͙ͭͯ͟Σ Ή͙ͦͤͦͣͯ͟͟ ͙ ͙͙ͨͦͭͯ͟͡ ώоϐΦ ˿͔͍͔͒ͦ͊ͭ͡͡ΈͤͦΣ ͨͦͯ͡;͔͊ͭͫΎΣ ;ͭͦ ͍ ͔ͭ;͔͙͔ͤ ͎͒͊ͤͤͦͦ ͔͙ͨͪͦ͒͊ 
͔͙ͣ͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͯ;͔͙͔ͤ ͙ Ή͙ͭ͊͟ ͔ͤ ͔͔͔͙ͨͪͫ͊ͫ͟͡Έ ͎͒ͪͯ ͫ ͎͒ͪͯͦͣΣ ͊ ͔͙ͣ͊ͭͣ͊ͭ͊͟ Ύ͍͡Ύ͊ͫ͡Έ ͍͚ͦͫͤͦͦ ͦ͋ͯ;͔͙ͤΎ Ή͙͔ͭ͟Φ  
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ˤ ͙͙͙ͫͭͦͪ ͊ͪͣΎ͚ͤͫͦ͟ ͔͎͎͙͙ͨ͒͊ͦ͟ ͔͙ͣ͊ͭͣ͊ͭ͊͟ ͙͎͒ͦͫͭ͊͡ ͍͔͎ͫͦͦ ͎͔͊ͨͦΎ ͙ͨͪ ˢ͙ͤ͊ͤΎ ͙̊ͪ͊͊͟ͼ͙ ό±LL͍ΦύΦ ˿͍͔ͦͫͭ͊ͤͤ͡·͚ 
͙ͣ ͯ;͔͙͋ͤ͟ ͙͊ͪͺ͔͙͙ͣͭ͟ ͍ ͒͊ͤͤ·͚ ͔͙ͨͪͦ͒ ͋·͡ ͔͙͍͔͒ͤͫͭͤͤ·ͣΣ ͦͭͦͪ͟·͚ ͔ͫͦ͒ͪ͗͊͡ ͍ ͔͔ͫ͋ ;͔ͭ·͔ͪ ͙͊ͪͺ͔͙ͣͭ;͔͙ͫ͟ͻ 
͔͚͍͙͒ͫͭΎΦ ˤ ͊͒͊͘;͙͔ͤ͟ ͔͙ͫͦ͒ͪ͗͊ͫ͡Έ ͙͔ͭ͊͟ ͊͒͊͘;͙Σ ͦͭͦͪ͟·͔ ͍͍͙ͫͨͦͫͦ͋ͫͭͦ͊͡ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͍ ͯ;͔͙ͤ͊͟ͻ ͙͙ͨ͊ͭͪͦͭͣ͊͘Σ 
͔ͫͣͦͫͭ͡ΈΣ ͻͪ͊͋ͪͦͫͭΈΣ ͙͔ͫͦͫͭͪ͊͒͊ͤ ͙ ͎͙͔͒ͪͯ ͼ͔͙ͤͤͦͫͭΦ ˤ ͔ͨ͊ͤ͡ ͍͍͔͎ͤͪ͊ͫͭͤͤͦͦ ͍͙͙ͦͫͨͭ͊ͤΎ ͋ͦ͡Έ΄͔ͦ ͤ͊͘;͔͙͔ͤ ͙͔͙ͣ͡ 
͙͔͊ͤͣ͊ͭ͘͡Έͤ·͔ ͊͒͊͘;͙ ͙̊ͪ͊͊͟ͼ͙Φ ˽͔͙͔ͦͫ͒ͤ͡ ͋·͙͡ ͙ͤ͊ͨͫ͊ͤ· ͔ͫͨͼ͙͊͡Έͤͦ ͒͡Ύ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͍ͦ ͍͔ͪͣΎ ͙͍ͨͪͦ ͙ 
͙͍ͨͪ͊͒ͤͦ͘͟Σ ͊ ͔ͭ͊͗͟ ͙̊ͪ͊͊͟ͼ͙ ͔͙ͫͭͪͣͫ͡Ύ ͨͦͨͯ͡Ύ͙͙͍ͪͪͦ͊ͭ͘Έ ͙͊ͪͺ͔͙ͣͭ;͔͙͔ͫ͟ ͊͒͊͘;͙ ͙ ͙ͤ͊ͤ͘Ύ ͊͟͟ ͪ͊͘ ͔͍ͨͦͫͪ͒ͫͭͦͣ 
͙͔͊ͤͣ͊ͭ͘͡Έͤ·ͻ ͊͒͊͘; ώсϐΦ 

˽͔ͦͫ͡ ̆ ͍͔͊͟ ͎͒ͪͯ ͊͘ ͎͒ͪͯͦͣ ͙ͫͭ͊͡ ͙ͨͫ͊ͭΈͫΎ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·͔ ͙͎͙ͤ͟ ͙ ͯ;͔͙͙͋ͤ͟ ͨͦ ͙͊ͪͺ͔͙͔ͣͭ͟Σ ͔͙͔ͣ͊ͭͣ͊ͭ͟Σ ;͊ͫͭΈ 
͍͍͊ͭͦͪͦ ͦͭͦͪ͊͟Ύ ͙͔ͣ͊͡ ͼ͔͡ΈΌ ͙͔͙͔ͦ͗ͤ͘͡ ͻͦ͒͊ ͯͪͦ͊͟Σ ͙͍ͦͭͦ͗͡ ͍ ͫͭͦͪͦͤͯ ͍ͦͨͪͦͫ· ͔͎͎͙͙ͨ͒͊ͦ͟Σ ͙ͨͫͻ͎͙͙ͦͦ͡ ͙ ͔͙͙ͣͭͦ͒͟Σ 
͙͊ͤͣ͊͘ΎͫΈ ͍ ͍ͦͫͤͦͤͦͣ ͙ͨͪ͊ͭ͟;͔͙͙ͫͣ͟ ͍͙ͦͨͪͦͫ͊ͣ όͫͣΦ ώфϐύΦ ˴͊͟ ͋· ͭͦ ͙ͤ ͋·ͦ͡Σ ͪͯͨͤ͟·͔ ͔͎͎͙ͨ͒͊ͦ ͔͔͍͔͍ͫͪ͒ͤͦ͟ΈΎ ͦ͋ͪ͊΅͙͊͡ 
͎͔ͦͪͦͣͤͦ ͍͙͙͔ͤͣ͊ͤ ͤ͊ ͍͙͔ͦͫͨͭ͊ͭ͡ΈͤͯΌ ͤ͊͘;͙ͣͦͫͭΈ ͦ͋ͯ;͔͙ͤΎΦ ˤ ͨͪͦͼ͔͔ͫͫ ͦ͋ͯ;͔͙ͤΎ ͙ͪ͊͘͡;ͤ·ͣ ͔͔ͨͪ͒ͣͭ͊ͣ ͙ͫͭ͊ͪ͊ͫ͡Έ 
͍͙ͦͫͨͭ͊ͭΈ ͍ ͯ;͔͙ͤ͊͟ͻ ͙͙ͨ͊ͭͪͦͭͣ͘Σ ͻͪ͊͋ͪͦͫͭΈΣ ͔ͫͣͦͫͭ͡ΈΣ ;͔ͫͭͤͦͫͭΈΣ ͍ͦͦͫͭ͟͡Έ ͙ ͭΦ͒Φ ώрΣ ͫͭͪΦ пофϐΦ  

˸͎͙͙ͤͦͣ ͔͔͍͔͍ͫͪ͒ͤͦ͟·͙ͣ ͔͎͎͙ͨ͒͊ͦ͊ͣ ͙ͤ͊ͨͫ͊ͤ· ͪΎ͒ ͍͍͔ͤͪ͊ͫͭͤͤͦ-͍͙͔ͦͫͨͭ͊ͭ͡Έͤ·ͻ ͍ͭͪ͊ͭ͊ͭͦ͟Σ ͦͭͦͪ͟·͔ ͋·͙͡ 
͍͔ͤ͊ͨͪ͊ͤ͡· ͤ͊ ͍͍͙͔ͫͨͦͫͦ͋ͫͭͦ͊ͤ ͍͍͔͎ͤͪ͊ͫͭͤͤͦͦ ͍͙͙ͦͫͨͭ͊ͤΎ ͯ;͔͙͍ͤͦ͟.  

˥͙͎ͪͦͪ ˹͔͊ͪ͊͟ͼ͙ ό̆ ͍͔͟ύ ͍ ͍͔͚ͫͦ ζ˴͙͎͔ͤη ͔ͦͭͣ;͔͊ͭΣ ;ͭͦ ͍͙͔ͦͫͨͭ͊ͭ͡Έ ͔͒ͦ͗ͤ͡ ͋·ͭΈ ͍ͦͨͦ͡΅͔͙͔ͤͣ ͒ͦ͋ͪͦͭ·Σ 
ͤ͊͘Ό΅͙ͣ ͙͗ͤ͘Έ ͙ ͙͍͔͙ͨͪͫͭ ͍͙͙ͦͫͨͭ͊ͤͤ͊͟ ͟ ͙ͫ͊ͣͦͫͦͤ͊ͤ͘ΌΣ ͍͔͔͙ͫ͊ͣͦͯͭͪ͗͒ͤΌΥ ͟ ͍͙ͨͪ͊͡Έͤͦͣͯ ͍͙ͦͫͨͪΎ͙ͭΌ ͍͔͚ͫͦ͋ͫͭͤͤͦ 
͙͡;͙ͤͦͫͭΣ ͔͔ͤͫͦͣͤͤͤͦ ͍͍͊ͫͭͯ͡Ύ ͤ͊͒ ͍͙͙ͫͦͣ ;͍͍͙ͯͫͭ͊ͣ ͫ ͨͦͣͦ΅ΈΌ ͫ͊ͣͦͦͤͭͪͦ͟͡ΎΣ ͔͎͙͍ͪͯͪͦ͊ͭ͡Έ ͍ͫͦΌ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͙ ͋·ͭΈ 
͙͔ͨͪͣͪͦͣ ͒͡Ύ ͦͪͯ͗͊͟Ό΅͙ͻ ώуΣ ͫͭͪΦ ну-нфϐΦ ˴ͪͯͨͤ·͚ ͣ·͙͔ͫͭ͡͡Έ ͦͤ͟ͼ͊ ̆ ͙ ͤ͊;͊͊͡ ̆LL ͍͔͍ͦ͟ ˥͙͎ͪͦͪ ˸͎͙͊ͫͭͪͦͫΣ ͦͭͦͪ͟·͚Σ 
͙ͫͭ͊ͭ͟Σ ͔͍ͨͪ·ͣ ͔͔͍͔ͨͪ͡ ͤ͊ ͊ͪͣΎ͙͚ͤͫ͟ Ύ͘·͟ ζ˹͊;͊͊͡η ͍͙̏͒͊͟͡Σ ͔ͯ͒͡Ύ͡ ͋ͦ͡Έ΄͔ͦ ͔ͣͫͭͦ ͍͍͔͚ͤͪ͊ͫͭͤͤͦ ͔͍ͨͪͦͦ;͔͔͙ͪ͒ͤͦͫͭΣ 
͍͔ͨͪͦͨͦ͒ͯΎ ͒ͦ͋ͪͦͭͯΣ ͍͔͙͍ͫͨͪ͊͒ͦͫͭ͡ΈΣ ͊͋ͦͭͯ͘Φ 

˹͔͔ͪͫͫ ͙̊ͤͦͪ͊͡ όммлм-ммто͎͎Φύ ͍ ͍͔ͫͦͣ ͙͍͔͔͙͙ͨͪͦ͒ͤ͘ ζ˻͔ͪͯ͗ͤͦ͟ ͙͔ͨͦͫ͊ͤ͡η ͦ͋ͪ͊΅͊ͫ͡Ύ ͟ ͒ͯͻ͍͙ͦͤ͊ͣ͟Σ 
ͫͦ͒͊ͭ͊ͣ͡Σ ͤ͟Ύ͘ΈΎͣΣ ͟ ͔͗ͤ΅͙ͤ͊ͣΣ ͺ͔͔ͪͣͪ͊ͣΣ ͙ͨͪ͘·͍͊Ύ ͙ͻ ͋·ͭΈ ͔͙͒ͤ·͙ͣΣ ͔ͫͦͫͭͪ͊͒͊ͭ͡Έͤ·ͣ ͙ ͎ͨͦͣͦ͊ͭΈ ͎͒ͪͯ ͎͒ͪͯͯΣ ͙͗ͭΈ 
͔ͤ ͍͙ͫͦ͊ͣ͡Σ ͊ ͔͙͒͊ͣ͡Σ ͍͔ͨͪ͊͒ͤͦͫͭΈΌΣ ͙͙͚ͫͭͤͦΣ ;͙͚ͫͭͦͭͦ ͯͣ͊ ͙ ͍ͫΎͭͦͫͭΈΌ ͔ͫͪ͒ͼ͊Σ ͙ͪ͊͘͡;ͤ·͙ͣ ͔͔͒ͦ͋ͪͦ͒ͭ͡Ύ͙ͣΥ ͡Ό͍͋ͦΈΌΣ 
͙͔͙͔ͫͣͪͤͣΣ ͙͔͙͔ͣͦͫͪ͒ͣ͡Σ ͔ͤͦͨ͊ͣ͘͡ΎͭͤͦͫͭΈΌ ͙͙ͨͪͤͣ͊ͭΈ ͒ͦ͋ͪͦ ͙ ͍͔͎ͦͭͪ͊ͭΈ ͦ͘͡ ώуΣ ͫͭͪΦ отϐΦ ˻ͤ ͔ͭ͊͗͟ ͍͔͔ͫͦͭͯͭ 
͍͙ͦͫͨͭ·͍͊ͭΈ ͔͔͚͒ͭ ͫ ͔͎ͪ͊ͤͤͦ ͍ͦͪ͊ͫͭ͊͘Σ ͍ͤ͊ͫͭ͊͡ΎͭΈ ͙ͻ ͙ ͍͔ͤ͒ͪΎͭΈ ͍ ͙ͻ ͔ͫͪ͒ͼ͔ ͒ͦ͋ͪͦͭͯΣ ;͔ͫͭͤͦͫͭΈ ͙ ͎ͯͣ͊ͤͤͦͫͭΈΦ ˤ Ή͙ͭ 
͍͔͔ͪͣͤ͊ ͍͚ͫͦͫͭ͊ͤͦ ;͊ͫͭΈΌ ͍͙͔ͦͫͨͭ͊ͭ͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͫ͊ Ύ͍͡Ύ͙ͫ͡Έ ͺ͙͙͘;͔͙͔ͫ͟ ͙ͤ͊͊͊ͤ͘͟ΎΣ ͙͙͔͙͋ͤ͘ΎΦ ˤ ͍ͫΎ͙͘ ͫ Ή͙ͭͣΣ ˹͔͔ͪͫͫ 
͙̊ͤͦͪ͊͡ ͍ ͍͔͚ͫͦ ͔ͪ͊͋ͦͭ ζ˹͍͔͙͔͊ͫͭ͊ͤ͡ ͦ͋ͯ;͊Ό΅͙ͣͫΎ ͔͒ͭΎͣη ͙ͤ͊ͨͫ͊͡ ͙ͫͭͻ͍͔͙ͦͭͦͪͤΎ ͦ͋ ͙͙͔͙͙͋ͤ͘ ͙ ͔͎ͦ ͎͍͋͊ͦͭͦͪͤͦͣ͡ 
͍͙͡Ύ͙͙ͤΣ ͦͤ ͎͍͙ͦͦͪ͡Σ ;ͭͦ ͻͦͭΈ ͙͙͔͙͔͋ͤ͘ - ͒ ͔ͦ͡ ͔ͭͪͯ͒ͤͦΣ ͦ͒ͤ͊ͦ͟Σ ͙ͨͪΎͭͤ· ͔͔͙͍ͨͪͫͨͭ͟· ͦ͋ͯ;͔͎ͤͤͦͦ ͙ͣ ;͔͍͔ͦ͊͟͡Σ ͔ͨͦͤ͘͡· 
͒͊ͤͤ·͔ ͙ͣ ͔ͪͯ͘͡Έͭ͊ͭ· ώпϐΦ ˿͙ͭͦͪͦͤͤͦͣ͟ ͙͙͔͙͚͋ͤ͘ ͋·͡ ͔ͭ͊͗͟ ͔͎͎ͨ͒͊ͦ ·LLL-·L± ͍͍Φ ˩͙ͫ͊ ˹΄͔ͼ͙Φ ˻ͤ ͔ͭ͊͗͟ ͍͙͎ͨͪͦ͒͊͡ ͍͔͔ͨͪ͒ 
͙ ͔͙͍ͦͣͣͤͭͪͦ͊͟͡ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·͔ ͍ͦͨͪͦͫ· ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͔͙ͫͦ͒ͪ͗͊ͤΎΣ ͨͪͦͼ͔ͫͫ͊ ͙ ͔͍ͣͭͦ͒ͦ ͍͍͔͎ͤͪ͊ͫͭͤͤͦͦ ͍͙͙ͦͫͨͭ͊ͤΎΣ 
͍͔͍ͨͪͦͨͦ͒ͦ͊͡ ͒ͦ͋ͪͦΣ ͔͔͙͒ͦ͋ͪͦ͒ͭ͡ ͙ ͫ;͙ͭ͊͡Σ ;ͭͦ ͙ͦͤ ͒ͦ͗ͤ͡· ͋·ͭΈ ͔͊ͦ͗ͤ͘͡· ͔΅͔ ͫ ͔͎ͪ͊ͤͤͦ ͍ͦͪ͊ͫͭ͊͘Σ ͭ͊͟ ͊͟͟ 
͔͔͍͙͙͔ͨͪͦͫͨͭ͊ͤ ͔ͫͭΈ ͔͔͋ͦ͡ ͫͦ͗ͤ͡·͚ ͨͪͦͼ͔ͫͫ ώуϐΦ 

˻͍͔͊ͤͤͫ ˤ͔ͦͪͦͭͤͼ͙ ό·L± ͍͔͟ύ ͤ͊ͻ͙ͦ͒͡Σ ;ͭͦ ͍͍͔ͤͪ͊ͫͭͤͤ·͚ ͙ͦ͋͟͡ ;͔͍͔ͦ͊͟͡ ͍͙͙͊ͫͭ͘ ͦͭ ͨͪͦͨͦͪͼ͙͚ ͍͔͙ͤͯͭͪͤͤͻ 
Ή͔͔͍ͣͤͭͦ͡Σ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒· ͙ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΦ ˿͔͍͔͒ͦ͊ͭ͡͡ΈͤͦΣ ͔͙ͤͦͫͨͦͪͣ ͭͦͭ ͺ͊ͭ͟Σ ;ͭͦ ͦͤ ͍ ͨͪͦͼ͔͔ͫͫ ͦ͋ͯ;͔͙ͤΎ ͔͒͊͡͡ 
ͨͦͨ·͙ͭ͟ ͍͔͙ͫͦͫͭ͊ͤ͡Ύ ͍͍͔ͤͪ͊ͫͭͤͤ·ͻ ͼ͔͔͚ͤͤͦͫͭΦ  

˥͙͎ͪͦͪ ͔͍́͊ͭ͊ͼ͙ όмопс-мплф ͎͎Φύ ͙ ˢ͔ͪ͊͟͡ ˿Ό͔ͤͼ͙ όмомо-моус ͎͎Φύ ͍  ͔ͪ͊͋ͦͭ ζ˴͙ͦͤͫͭͭͯͼ͙Ύ ͍͙͙ͦͫͨͭ͊ͤΎη ͦ͋ͫͯ͗͒͊Όͭ 
͔ͤ ͭͦ͡Έͦ͟ ͍͙ͫͦ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͍͍͔͎ͤͪ͊ͫͭͤͤͦͦ ͍͙͙ͦͫͨͭ͊ͤΎΣ ͤͦ ͙ ͔ͣͭͦ͒· ͙ͻ ͔͙ͪ͊͊͘͡ͼ͙͚Φ ́͊͟Σ ͍ ζ˴͙ͦͤͫͭͭͯͼ͙͙ 
͍͙͙ͦͫͨͭ͊ͤΎη ͔͔ͭͪ͋ͯͭͫΎΣ ;ͭͦ͋· ;͔͍͔ͦ͊͟͡ ͦ͋ͯ;͙͊͡ ;͔ͭ·͔ͪͣ ͔͔͒ͦ͋ͪͦ͒ͭ͡ΎͣΣ ͊ ͙͔ͣͤͤͦΥ ͎͙͋͊ͦͪ͊ͯͣ͘͡ΌΣ ͔͍ͣͯ͗ͫͭͯ ͙ 
͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡Σ ͼ͔͙ͦͣͯ͒ͪ͡ΌΣ ͔͊ͭͣ͘ ͍͔͙ͫͭ ͔ͤͯͫͭ͊ͤͤͯΌ ͋ͦͪΈ͋ͯ ͫ - ͨ ͙͍ͪͦͭͦͨͦͦ͗ͤ͡·͙ͣ ͙ͣ -  ͨ ͦͪͦ;ͤ·͙ͣ ;͔͙ͪͭ͊ͣ ͻ͔͊ͪ͊ͭͪ͊͟ 
;͔͍͔ͦ͊͟͡Σ ͊ ͙͔ͣͤͤͦΥ ͻ͙͙ͭͪͦͫͭΣ ͔͍͔͔͍ͤ͗ͫͭͯΣ ͔͙͒ͪͦͫͭ͘Σ ͔͔ͤͪ΄͙͔ͭ͡Έ͙ͤͦͫͭΣ ͪ͊ͫͭͦ;͙͔ͭ͡Έ͙ͤͦͫͭΣ ͨͦͻ͙ͦͭΣ ͙͗͊͒ͤͦͫͭΦ ˾͔͔͋ͤͦ͟ 
͔ͣͦ͗ͭ ͎ͣͤͦͦͣͯ ͤ͊ͯ;͙ͭΈͫΎΣ ͍͙ͯͫͦͭΈΣ ͤͦ ͤͯ͗ͤͦ ͍͔͙ͨͪͦͪͭΈΣ Ύ͍͡Ύ͔ͭͫΎ ͙͡ ͍͔͔ͯͫͦͤͤͦ ͙ͣ ͔͔͙͔ͯ͋͗͒ͤͣΣ ͙͙͡ ͊ͯ͘;͔͚ͤͤͦ ͍͔΅ΈΌΦ 
˴͔͊͗͒ͦ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘Σ ͍͙͙͔ͦͫͨͭ͊ͤΣ ͔ͦͭͦͪͦ͟ ͔͒͊ͭͫΎ ͔͔ͪ͋ͤͯ͟Σ ͍ Ήͭͦͣ ͫͣ·͔ͫ͡ ͙ ͒ͦ͗ͤͦ͡ ͍͔ͨͪͦͪΎͭΈͫΎΥ ζˤͦ-͔͍ͨͪ·ͻΣ ͔͙ͫ͡ 
͍͔͔ͯͫͦͤͤͦ ͔͔ͪ͋ͤͦͣ͟ ͔ͪͨͦ͟͟Σ ͭͦ ͍͔͙ͯͭͪ͒ͦͫ͡Έ ͙͡ ͍ ͔ͫͪ͒ͼ͔ ͍͔͔ͯͫͦͤͤͦΣ ͙͙͡ ͔ͤͭΚηΦ ́ͦ ͔ͫͭΈ ͙ͯ͘;͔͔ͤͤͦ ͔͔ͪ͋ͤͦͣ͟ ͔͍͙ͨͪͪ͊ͭͦͫ͡Έ 
͍ ͍͔͙͔ͦͪͤ͘͘ ͙͙͡ ͔ͤͭΚ ζˤ͔ͭͦͪͦΣ ͍͙͔ͯ͒ͭΈΣ ͔ͫͭΈ ͙͡ Ήͭͦ ͤ͊ ͔͔͒͡ ͙͙͡ ͤ͊ ͍ͫͦ͊͡ͻ ͙͡΄Έ ͊ͯ͘;͔ͤͦ ͙ ͔ͤ ͔͔͊ͪͨͤͦ͘͟͡ ͔͒ͦͣ͡η ώрΣ 
ͫͭͪΦ 461-пснϐΦ ˭͔͒ͫΈ ͣ· ͍͙͙͒ͣΣ ;ͭͦ ͍ ͒͊ͤͤͯΌ Ήͨͦͻͯ ͒ͦͫͭ͊ͭͦ;ͤͦ ͋ͦ͡Έ΄͔ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύͦͫ͡Έ ͔ͤ ͭͦ͡Έͦ͟ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ 
͍͍͔ͤͪ͊ͫͭͤͤ·ͻ ͼ͔͔͚ͤͤͦͫͭΣ ͤͦ ͙ ͍ͦͨͪͦͫ͊ͣ ͍͔͙ͨͪͦͪ͟ ͙ ͦͼ͔͙ͤ͟ ͔ͯ͗ ͫͺ͙͍ͦͪͣͪͦ͊ͤͤ·ͻ ͍͍͔ͤͪ͊ͫͭͤͤ·ͻ ͼ͔͔͚ͤͤͦͫͭΦ ˨͔Ύ͔ͭ͡Έ 
΄ͦ͟͡· ͨͯͫͭ·͙ͤ ̆͊ͪ͊ͤͼ ό͙͙͡ ˣͦ͡Έ΄͊Ύ ˿Ό͙ͤͫ͊͟͟Ύ ͨͯͫͭ·ͤΎύ ˸͍͔ͦͫͫ ˿Ό͔ͤͼ͙ ό˿Ό͙͙͚ͤͫ͟͟ύ ό·±LL ͍͔͟ύ ͍͔͎ͨͦ͒ͪ͊͡ ͙͙͔ͪͭ͟͟ ͔ͭͻΣ 
ͭͦ͟ ͋·͡ ͪ͊ͫͨͯ΅͔ͤΣ ͍͔͡ ͍ͪ͊ͪ͊ͭͤͯ͘Ό ͙͗ͤ͘Έ ͙ ͙ͨͦͣͣͦ ͍·͎ͦ͒· ͙ͤ;͔͎ͦ ͔ͤ ͍͙͔͒͡Φ ˻ͤ ͫ;͙ͭ͊͡ ͍͊͗ͤ·ͣ ͙͔ͫͦͫͭͪ͊͒͊ͤ ͙ ͒ͦ͋ͪͦͭͯ 
ͨͦ ͦͭͤͦ΄͔͙ͤΌ ͎͒ͪͯ ͟ ͎͒ͪͯͯ ώуϐΦ 

ˣ͎͊͒͊ͫ͊ͪ ˨͙ͨͪ ό·±LLL ͍͔͟ύ ͙ͤ͊ͨͫ͊͡ ͪ͊͋ͦͭ· ζ˴͔ͪ͊ͭͦ͟ ͙͔͙͔ͦ͗ͤ͘͡ ͎͙͙ͦ͟͡η ͙ ζˣ͔͍͎͙͊ͪ͊ͪ͟ηΦ ˮͻ ͔͙͔ͫͦ͒ͪ͗͊ͤ 
ͨͦͯ;͙͔ͭ͡Έͤͦ ͙ ͙͔ͤ͊͒͊ͭ͘͡Έͤͦ ͒͡Ύ ͦ͋ͯ;͔͙ͤΎ ͙ͤ͊ͤ͘Ύͣ ͙ ͍͙͙ͦͫͨͭ͊ͤΎ ͍͍͔ͤͪ͊ͫͭͤͤ·ͻ ͊͟;͔͍ͫͭΦ ˻;͔ͤΈ ͍͚͊͗ͤͦ ͚ͪ͊͋ͦͭͦ ͫ ͭͦ;͙͟ 
͔͙ͪͤ͘Ύ ͍͍͔͎ͤͪ͊ͫͭͤͤͦͦ ͍͙͙ͦͫͨͭ͊ͤΎ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͪ͊͋ͦͭ͊ ˸͍͔ͦͫͫ͊ ˣ͎͊ͪ͊ͣΎͤ͊ ό·±LLL ͍͔͟ύ ζ˹͍ͦ͊Ύ ͙͎ͤ͊͟Σ ͤ͊͘·͍͔͊ͣ͊Ύ 
͍͔ͯ΅͔͍͙͔͊ͤͣηΣ ͦͭͦͪ͊͟Ύ ͍͔͍ͨͪͦͨͦ͒ͦ͊͊͡ ͔͙ͣͦͦ͒͗͡ ͙͙ͨ͊ͭͪͦͭͣ͘Σ ͍ͫͦ͋ͦ͒ͯΣ ͭͪͯ͒ͦ͡Ό͙͔͋ ͙ ͔ͦͭͣ;͊͊͡Σ ;ͭͦ  ͍ ͔͔͒͡ 
ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ Ή͙ͭͻ ͼ͔͔͚ͤͤͦͫͭ ͋ͦ͡Έ΄ͯΌ ͪͦ͡Έ ͙͎͔ͪ͊ͭ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ώуϐΦ ˤ мф ͍͔͟ ˢ͔͙ͪͣͤΎ ͤ͊ͻ͙ͦ͒͊ͫ͡Έ ͨͦ͒ ͙͎ͦͣ ˽͔͙͙ͪͫ ͙ 
́ͯͪͼ͙͙Σ ͊ ͔͊ͭͣ͘ ͨͦ͒ ͍͊ͫͭ͡ΈΌ ́ͯͪͼ͙͙ ͙ ˾͙͙ͦͫͫΣ ͋ͯ͒ͯ;͙ ͔͔ͪ͊͒ͤͤ͘͡·ͣ ͤ͊ ˤͦͫͭͦ;ͤͯΌ ͙ ˭͊ͨ͊͒ͤͯΌ ˢ͔͙͙ͪͣͤΦ ˤ ˭͚͊ͨ͊͒ͤͦ 
ˢ͔͙͙ͪͣͤΣ ͦͭͦͪ͊͟Ύ ͻͦͭΈ ͙ ͤ͊ͻ͙ͦ͒͊ͫ͡Έ ͨͦ͒ ͍͊ͫͭ͡ΈΌ ́ͯͪͼ͙͙Σ ͔͚͍͍͙͒ͫͭͦ͊͡Σ ͦ͒ͤ͊ͦ͟Σ ͊ͪͣΎ͙͔ͤͫ͟ ΄ͦ͟͡·Φ ˤ Ή͙ͭͻ ΄ͦ͊͟͡ͻ ͋ͦ͡Έ΄͔ͦ 
͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύͦͫ͡Έ ͍͍͔ͤͪ͊ͫͭͤͤͦͣͯ ͍͙͙ͦͫͨͭ͊ͤΌΦ ˿͎ͦ͊ͫͤͦ͡ ͙ͨͪͤΎͭͦͣͯ нм ͤͦΎ͋ͪΎ мфмл ͎ͦ͒͊ ͔̇ͤͭͪ͊͡Έͤ·ͣ ˹͊ͼ͙ͦͤ͊͡Έͤ·ͣ 
͍͔͙͔ͯͨͪ͊ͤͣ͡ ˴͙ͦͤͫͭ͊ͤͭͤͦͨͦ͡ΎΣ ͊ ͔ͭ͊͗͟ ˿͔ͣ΄͊ͤͤ·ͣ ˿͙͔ͦ͋ͪ͊ͤͣ ͯ;͔͋ͤͦͣͯ ͯ͊ͯ͘͟-͎͔ͨͪͦͪ͊ͣͣ ζ˻͎͙ͪ͊ͤ͊͘ͼ͙ͦͤͤ·͚ ͍ͯͫͭ͊ 
ͤ͊ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύη ͦ͋Ύ͔͊ͭ͘͡Έͤ·͙ͣ ͔͔͙ͨͪ͒ͣͭ͊ͣ ͍ ͣ͊͒͡΄͔͚ ͤ͊;͊͡Έ͚ͤͦ ΄͔ͦ͟͡ Ύ͍͡Ύ͙ͫ͡Έ ͔͙͎͙ͪ͡ΎΣ Ή͙ͭ͊͟Σ 
͙͊ͪͺ͔͙ͣͭ͊͟ ͙ Ή͔͔ͣͤͭ͊ͪͤ͊͡Ύ ͎͔͔͙ͦͣͭͪΎΦ ˨͔͔͊͡ ͍ ͍·ͫ΄͔͚ ͤ͊;͊͡Έ͚ͤͦ ΄͔ͦ͟͡ ͔ͨͪͦ͒ͦ͗͊ͭͫ͡Ύ ͔͍͙͔ͨͪͨͦ͒͊͊ͤ ͙ͭ͊͟ͻ ͔͔͍ͨͪ͒ͣͭͦΣ 
͊͟͟ ͔͙͎͙ͪ͡Ύ ͙ Ή͙ͭ͊͟Σ ͙͘ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͔͍ͨͪ͒ͣͭͦ ͨͪͦͻ͙͙ͦ͒͡ ͙ͨͪ͊ͭ͟;͔ͫͯ͟Ό ͙͊ͪͺ͔͙ͣͭͯ͟Σ ͎͔͊͋ͪͯ͡Σ ͎͔͔͙ͦͣͭͪΌ ͙ 
ͻ͎ͪͦͤͦͪ͊ͺ͙ΌΦ ˹͊ ͔ͫ͒ͯ͡Ό΅͔ͣ Ή͔ͭ͊ͨ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ - ͍ ͫͪ ͔͔͒ͤͣ ͯ;͙͙͡΅͔ - ͦ͋ͯ;͔͙͔ͤ ͍͙ͨͪͦͦ͒ͦͫ͡Έ ͍͒ͯͣΎ Ή͙ͭ͊ͨ͊ͣΥ ͍ͦ ͍͔ͪͣΎ 
͍͎ͭͦͪͦͦ ͙͔ͭͪͣͫͭͪ͊ ͍͙ͭͦͪ;͎ͤͦͦ ͦ͋ͯ;͔͙ͤΎ ͙͘ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͔͍ͨͪ͒ͣͭͦ ͨͪͦͻ͙͙ͦ͒͡ ͙͊ͪͺ͔͙ͣͭͯ͟Σ ͎͔͊͋ͪͯ͡Σ ͎͔͔͙ͦͣͭͪΌ ͙ 
͙͎͔͙ͭͪͦͤͦͣͭͪΌΦ ˢ ͔͙͎͙ͪ͡Ύ ͙ Ή͙ͭ͊͟ ͔͙͙ͫͣͤͫ͡Έ ͔͔ͨͪ͒ͣͭͦͣ ͔͙͎͙͍͔͔͙͔ͪͦ͒ͤ͡Φ ˿͔͒ͯ͡Ό΅͙͚ ͔͙ͨͪͦ͒ ς ͍͒ͯͻ͔͙͚ͭͤ͡ ͔͙ͨͪͦ͒Σ 
ͦͭͦͪ͟·͚ ͋·͡ ͔͔ͪ͊͒ͤ͘͡ ͤ͊ ;͔ͭ·͔ͪ ͍͔͍͙ͭΥ ͤ͊ͯ;ͤ·͚Σ ͙͔ͭͪ͊ͭͯͪͤ͡·͚Σ ͔͎͎͙ͨ͒͊ͦ;͔͙͚ͫ͟Σ ͎͍ͭͦͪͦ·͚Φ ˤͦ ͍͔ͫͻ ͔ͦͭͣ;͔ͤͤ·ͻ ͔ͪ͊͒͊͘͡ͻ 
Ή͙ͭ͊͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͊͡ ͚ͫͦ͋ͦ ͦ͋Ύ͔͊ͭ͘͡Έͤ·͚ ͔͔ͨͪ͒ͣͭ ͦ͋ͯ;͔͙ͤΎΣ ͤͦ ͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͔͔ͨͪ͒ͣͭ· ͔ͤ ͍ͦ ͍͔ͫͻ ͔ͪ͊͒͊͘͡ͻ ͋·͙͡ 
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ͦ͋Ύ͔͊ͭ͘͡Έͤ·Φ ˤ ͤ͊ͯ;ͤͦͣ ͔͔ͪ͊͒͘͡ ͙ͯ͘;͙͊͡ ͎͔͊͋ͪͯ͡Σ ͙͙͊ͤ͊ͭ͡;͔ͫͯ͟Ό ͎͔͔͙ͦͣͭͪΌΣ ;͔͔ͪͭ͗ͤͯΌ ͎͔͔͙ͦͣͭͪΌΣ ͍ ͎͍ͭͦͪͦͦͣ ͔͔ͪ͊͒͘͡ 
͙ͯ͘;͙͊͡ ͎͍ͭͦͪͦͯΌ ͙͊ͪͺ͔͙ͣͭͯ͟Σ ͫ;͔ͭͤͯΌ ͎͔͔͙ͦͣͭͪΌΣ ͍ ͔͎͎͙ͨ͒͊ͦ;͔ͫͦͣ͟ ς ͙͊ͪͺ͔͙ͣͭͯ͟Σ ͊ ͍ ͙͔ͭͪ͊ͭͯͪͤͦͣ͡ ͔͔ͪ͊͒͘͡ 
͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͔͔ͨͪ͒ͣͭ· ͍͍͙ͦͭͫͯͭͫͭͦ͊͡Φ ˹͊ ͤ͊;͊͡Έͤͦͣ Ή͔ͭ͊ͨ ͤ͊;͊͡Έ͎ͤͦͦ ͦ͋ͯ;͔͙ͤΎ ͙ͦ͟͡;͔͍ͫͭͦ ;͍͊ͫͦ ͍ ͔͔ͤ͒͡Ό ͙ͭ͊͟ͻ 
͍ͯͪͦͦ͟Σ ͊͟͟ ͔͙͎͙ͪ͡Ύ ͙ Ή͙ͭ͊͟Σ ͊ ͔ͭ͊͗͟ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͔͍ͨͪ͒ͣͭͦ ς ͊ ͙ͪͺ͔͙ͣͭ͊͟Σ ͎͔͊͋ͪ͊͡ ͙ Ή͔͔ͣͤͭ͊ͪͤ͊͡Ύ ͎͔͔͙ͦͣͭͪΎΣ ͋·͙͡ 
͙͍ͦ͒ͤ͊ͦ͟·ͣ ς с ;͍͊ͫͦΣ ͔͔͒͊͡ ͤ͊ Ή͔ͭ͊ͨ ͔͔͎ͫͪ͒ͤͦ ͦ͋ͯ;͔͙ͤΎ ;͊ͫ· ͔͍ͨͪ·ͻ ͔͔͍ͨͪ͒ͣͭͦ ͙ͯͫͭͯͨ͊͡ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫͣ͟ ͔͔ͨͪ͒ͣͭ͊ͣ 
͍ ͍͒͊ ͪ͊͊͘Σ ͊ ͍ ͍·ͫͦͦͣ͟ ͙ ͍·ͫ΄͔ͣ Ή͔ͭ͊ͨ ͙ͦͤ ͍ͫͦͫͭ͊͡Ύ͙͡ мκо ;͍͊ͫͦ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͔͍ͨͪ͒ͣͭͦΦ ˻͒ͤ͊ͦ͟ ͔͔ͫ͒ͯͭ͡ ͔͙ͦͭͣͭͭΈΣ 
;ͭͦ ͍͍͔͔ͤͪ͊ͫͭͤͤͦ ͍͙͙͔ͦͫͨͭ͊ͤ ͙͍͙ͨͪͦͦ͒ͦͫ͘͡Έ ͔ͤ ͭͦ͡Έͦ͟ ͔͍ͨͦͫͪ͒ͫͭͦͣ ͦ͋ͯ;͔͙ͤΎ ͔͔ͨͪ͒ͣͭ͊ͣΣ ͤͦ ͙ ͔ͭ͊͗͟ ͍͔ͤͯͪͦ;ͤ·͙ͣ ͙ 
͍ͤ ͔΄ͦ͟͡Έͤ·͙ͣ ͙ͪ͊͋ͦͭ͊ͣΦ ˸͎͙͙ͤͦͣ ͔͎͎͙ͨ͒͊ͦ͊ͣ ͊ͨ͊͒ͤͦ͘-͊ͪͣΎ͚ͤͫͦ͟ ΄ͦ͟͡· ͙ͤ͊ͨͫ͊ͤ ͪΎ͒ ͪ͊͋ͦͭΣ ͍ͨͦͫΎ΅͔ͤͤ·͚ 
͍͍͔ͤͪ͊ͫͭͤͤͦͣͯ ͍͙͙ͦͫͨͭ͊ͤΌΦ ˾Φ ˽͔͔ͪͨͪΎͤ ͙͍ͨͪ͒͊͊͡ ͔ͦͫͦ͋ͦ ͤ͊͘;͔͙͔ͤ ͙ͪͦ͡ Ή͙͙ͭ͟ ͍ ͍͙͙͙ͦͫͨͭ͊ͤ ͔͔ͪ͋ͤ͊͟Σ ͤͦ ͔ͭ͊͗͟ ͍·͔͒͡Ύ͡ 
͋ͦ͡Έ΄͔ͦ ͔ͣͫͭͦ ͙ͪͦ͡ ͙͡;͎ͤͦͦ ͙͔ͨͪͣͪ͊Σ ͙ ͨͦ ͔ͤͣͯΣ ͎͍͔͊ͤͦ͡ ͒͡Ύ ;͔͍͔ͦ͊͟͡ ς Ήͭͦ ͔͎ͦ ;͍͍ͯͫͭͦ ͎͒ͦ͊͡Φ ͙̆ͪͣΎͤ ˢ͚͙ͪ͟ ͍͙ͫͭ͊͡ ͍ 
͍ͦͫͤͦͯ ͍͍͔͎ͤͪ͊ͫͭͤͤͦͦ ͍͙͙ͦͫͨͭ͊ͤΎ ͙͔ͭ͊͟ ͼ͔͙ͤͤͦͫͭΣ ͊͟͟ ͡Ό͍͋ͦΈΣ ͍͔͍ͪ͊ͤͫͭͦΣ ͍͔͙͍ͫͨͪ͊͒ͦͫͭ͡ΈΣ ͍͋ͪ͊ͭͫͭͦΣ ͔͙͍͒ͤͫͭͦ ͙ 
;͔͍͔ͦͦ͟͡͡Ό͙͔͋Φ ˢΦ ˽͊ͪͦͤΎͤ ͍·͔͒͡Ύ͡ ͍͔͊͗ͤͦ ͔ͣͫͭͦ ͙ͭ͊ͣ͟ ͼ͔ͤͤͦͫͭΎͣΣ ͊͟͟ ͙͙ͨ͊ͭͪͦͭͣ͘ ͙ ;͔͍͔ͦͦ͟͡͡Ό͙͔͋Φ ˴͊͟ ͍͙͙͒ͣΣ ͍ 
΄ͦ͊͟͡ͻ ˭͚͊ͨ͊͒ͤͦ ˢ͔͙͙ͪͣͤ ͋ͦ͡Έ΄͔ͦ ͔ͣͫͭͦ ͔ͯ͒͡Ύ͙͡ ͍͍͔ͤͪ͊ͫͭͤͤͦͣͯ ͍͙͙ͦͫͨͭ͊ͤΌΣ ͊ ͔͎ͦ ͨͦ͒ͦ͋͊Ό΅͊Ύ ͔͙ͪ͊͊͘͡ͼ͙Ύ ͋·͊͡ ͯ 
͊ͨ͊͒ͤͦ͘-͊ͪͣΎ͙ͤͫ͟ͻ ͔͎͎͍ͨ͒͊ͦͦ ͍ ͼ͔͔ͤͭͪ ͍͙͙ͤͣ͊ͤΎΦ  

ˤ ͔͍͚ͨͪͦ ͍͙͔ͨͦͦͤ͡ ·L· ͍͔͊͟ ͍ͦͫͭͦ;ͤͦ-͊ͪͣΎ͙͔ͤͫ͟ ΄ͦ͟͡· ͍ ͍͔ͦͨͪͦͫ ͍͍͔͎ͤͪ͊ͫͭͤͤͦͦ ͍͙͙ͦͫͨͭ͊ͤΎ ͙ ͔͎ͦ ͙ͨͪͤͼ͙͍ͨͦΣ 
͔͍ͣͭͦ͒ͦΣ ͙͚ͤ͊͊͊ͤ͘͟ ͨͦ͊͟ ͔ͤ ͙ͦ͋͊͒͊͡͡ ͔͙͒ͤ·ͣ ͔͊ͦͤͦ͒͊ͭ͘͟͡Έ͍ͫͭͦͣΣ ͦ͋΅͔͚ ͙ͨͦ͘ͼ͙͚ͦͤͤͦ ͍͔ͤ͊ͨͪ͊ͤͤͦͫͭ͡ΈΌ ͙͙͡ 
͍͔͔͙͔ͨͦ͒ͤͣ ώтϐΦ ˤ ͻ͊͡ͺ͚͙͊ͫ͟ͻ ΄ͦ͊͟͡ͻ ͦ͋ͯ;͙͊͡ ͙ͨͫΈͣͯΣ ;͔͙ͭͤΌΣ ͎͔ͪ͊ͣͦͭΣ ͔ͪ͊ͫͤͦͪ͟;͙ΌΣ ͎͙͔ͦ͟͡Σ ͦ͋Ύ͔͊ͭ͘͡Έͤͦͣͯ ;͔͙ͭͤΌ 
͔͙͎͙ͪͦͤ͘͡·ͻ ͙͎ͤ͟Φ ˤ ͍͙͔ͫͪ͊ͤͭ͡Έͤͦ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙ ͎͔͋͊ͦͯͫͭͪͦͤͤ͡·ͻ ΄ͦ͊͟͡ͻ ͔ͨͦͫ͡ ͎ͪͦ͒ͤͦͦ Ύ͘·͊͟ ͙ ͔͙͎͙͙ͪ͡ ͙ͦ͒ͤͣ ͙͘ 
ͫ͊ͣ·ͻ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ ͯ;͔͋ͤ·ͻ ͔͔͍ͨͪ͒ͣͭͦ Ύ͍͡Ύ͊ͫ͡Έ ͙͊ͪͺ͔͙ͣͭ͊͟Σ ͒͡Ύ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ ͎ͦͭͦͪͦͦ͟ ͙ͫͨͦ͡Έ͍͙ͦ͊ͫ͘͡Έ 
ͫͯ΅͔͍ͫͭͯΌ΅͙͔ ͯ;͔͙͙͋ͤ͟ ͨͦ ͙͊ͪͺ͔͙͔ͣͭ͟ ͤ͊ ͪͯͫͫͦͣ͟ Ύ͘·͔͟Φ ̂ ͊ͪͣΎͤ Ή͎ͭͦͦ ͔͙ͨͪͦ͒͊ ͔͙͍͔͒ͤͫͭͤͤ·ͣ ͙͒͊ͤͤ͘·ͣ ͙ ͙͍͔ͫͭͤ͘·ͣ 
ͤ͊ͣ ͯ;͔͙͋ͤͦͣ͟ Ύ͍͡Ύͫ͡Ύ ͯ;͔͙͋ͤ͟ ˴Φ ̊͊ͻͤ͊͊ͪ͘Ύͤ͊ ζ˾͔͔ͣͫͦ͡ ͙͊ͪͺ͔͙͙ͣͭ͟ηΣ ͍·΄͔͒΄͙͚ ͍ ͍͔ͫͭ ͍ мупн ͎ͦ͒ͯ ͍ ͎͔ͦͪͦ͒ 
͙̏͒͗ͣ͊ͼ͙ͤΣ ͔͍ͨͪ͒ͫͭ͊͡ΎΌ΅͙͚ ͚ͫͦ͋ͦ ͔͔͋ͦ͡ ;͔ͣ ͍͔͍͙͔ͯ͒ͦͭͦͪͭ͡͡ΈͤͯΌ ͪ͊͋ͦͭͯ ͍ ͤ͊ͯ;ͤͦͣ ͙ ͔͙ͣͭͦ͒;͔ͫͦͣ͟ ͔͔͊ͫͨͭ͟Σ  ͍ 
ͦͭͦͪͦͣ͟ ͍͊ͭͦͪ ͒ͦͫͭͯͨͤͦ ͙ ͔͙ͣͭͦ͒;͔͙ͫ͟ ͯͣͤͦ ͙͎͔͊͊ͭ͘͡ ͙ ͦ͋ΆΎͫͤΎ͔ͭ ͔͙ͣ͊ͭͪ͊͡ ͯͪͦ͊͟ ώтΣ ͫͭͪΦ нммϐΦ ˤ Ήͭͦͭ ͔͙ͨͪͦ͒ ͔ͭ͊͗͟ 
͙ͦ͒ͤͣ ͙͘ ͺ͍͊ͭͦͪͦ͟Σ ζ͍ͫͨͦͫͦ͋ͫͭͯΌ΅͙ͻη ͍͍͔ͤͪ͊ͫͭͤͤͦͣͯ ͍͙͙ͦͫͨͭ͊ͤΌΣ ͫ;͙ͭ͊ͦͫ͡Έ ͙͙͔͙͔͋ͤ͘Σ ͺ͙͙͘;͔͙͔ͫ͟ ͙ͤ͊͊͊ͤ͘͟ΎΣ ͦͭͦͪ͟·͔ 
͔͔ͨͦͫͭͨͤͤͦ ͙ͫ;͔͙͘͡ ͟ ͦͤ͟ͼͯ ·L· ͍͔͊͟Φ  

˴ͦ ͍͚ͭͦͪͦ ͍͙͔ͨͦͦͤ͡ ·L· ͍͔͊͟ ͊ͪͣΎ͙͔ͤͫ͟ ͔͎͎͙ͨ͒͊ͦ ͔ͪ΄͙͙͡ ͍ͦͨͪͦͫ· ͔ͫͯ͟͡Ύ͙ͪ͊͘ͼ͙͙ ΄ͦ͟͡Σ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͔͗ͤ΅͙ͤΣ 
͍͔͔͙ͨͪͦ͒ͤΎ ͦ͋ͯ;͔͙ͤΎ ͤ͊ ͪͦ͒ͤͦͣ Ύ͘·͔͟ ώпΣ ͫͭͪΦ млнϐΦ ˤ Ήͭͦͭ ͔͙ͨͪͦ͒ ͔ͭ͊͗͟ ͋ͦ͡Έ΄͔ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύͦͫ͡Έ ͍͍͔ͤͪ͊ͫͭͤͤͦͣͯ 
͍͙͙ͦͫͨͭ͊ͤΌ ͯ;͊΅͙ͻͫΎΣ ;ͭͦ Ύ͍͡Ύͦͫ͡Έ ͙ͦ͒ͤͣ ͙ ͍͔͚͊͗ͤ΄͙ͻ ͊͒͊͘; ͨͪͦͼ͔ͫͫ͊ ͦ͋ͯ;͔͙ͤΎΦ ˤ тл-90-·͔ ͎ͦ͒· ͙ͦ͒ͤͣ ͙͘ ͍͔͚͊͗ͤ΄͙ͻ 
͊͒͊͘; ͍͍͔͎ͤͪ͊ͫͭͤͤͦͦ ͍͙͙ͦͫͨͭ͊ͤΎ Ύ͍͡Ύͦͫ͡Έ ͍͙͙͔ͦͫͨͭ͊ͤ ͙͙ͨ͊ͭͪͦͭͣ͊͘ ͙ ;͔͍͔ͦͦ͟͡͡Ό͙͋ΎΣ ͙ ͍ ͍ͫΎ͙͘ ͫ Ή͙ͭͣ ͊ͪͣΎ͙͔ͤͫ͟ 
͙͔͙ͨͫ͊ͭ͡ - ͔͎͎͙ͨ͒͊ͦ ͙͙ͤ͊ͨͫ͊͡ ͔͍ͣͤͦ͗ͫͭͦ ͙͍͔͔͙͚ͨͪͦ͒ͤ͘Σ ͍ ͍ͦͫͤͦͯ ͦͭͦͪ͟·ͻ ͔͎͙͡͡ ͍·΄͔ͯ͊͊ͤͤ͘͟·͔ ͼ͔͙ͤͤͦͫͭΦ ˤ ͪΎ͒ͯ ͊͒͊͘; 
͍͍͔͎ͤͪ͊ͫͭͤͤͦͦ ͍͙͙ͦͫͨͭ͊ͤΎ  ͔͎͎͙ͨ͒͊ͦ ͍͔͊͗ͤͦ ͔ͣͫͭͦ ͍·͔͙͙͒͡͡ ;͔͙ͫͭͤͦͫͭΣ ͙ͫͪͦͣͤͦͫͭ͟Σ ͻ͙ͪ͊͋ͪͦͫͭΣ ͎͙͋͊ͦ͒͊ͪͤͦͫͭ͡Σ ͊ ͔ͭ͊͗͟ 
͍͙͙ͦͫͨͭ͊ͤΌ ͎͙͒ͪͯͻ ͍͍͔ͤͪ͊ͫͭͤͤ·ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ώпϐΦ ˤ Ήͭͦͭ ͔͙ͨͪͦ͒ ͍͙͒ͤ·͔ ͔͒Ύ͔͙ͭ͡ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͫ;͙͙ͭ͊͡ ͍͊͗ͤ·ͣ ͪͦ͡Έ ͙ 
ͤ͊͘;͔͙͔ͤ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͍ ͔͔͒͡ ͍͍͔͎ͤͪ͊ͫͭͤͤͦͦ ͍͙͙ͦͫͨͭ͊ͤΎΦ ˿Φ˸͙͊ͤ͒ͤΎͤ ͫ;͙ͭ͊͡Σ ;ͭͦ ͔͙͍͔͒ͤͫͭͤͤ·ͣ ͔ͨͯͭͣ ͍͍͔͎ͤͪ͊ͫͭͤͤͦͦ 
͍͙͙ͦͫͨͭ͊ͤΎ Ύ͍͡Ύ͔ͭͫΎ ͦ͋ͯ;͔͙͔ͤΦ ˻ͤ ͔ͦͭͣ;͊͡Σ ;ͭͦ ͔͊͗͒ͦ͟ ͯ;͔͙͔ͤ ͍͙ͤͯͭͪ ͯ;͙͙͡΅͊ ͒ͦ͗ͤͦ͡ ͫ;͙ͭ͊ͭΈͫΎ ;͊ͫͭΈΌΣ ͍͔ͤͦͣ͘ ͍ 
͍͙͙͙ͪ͊ͭ͘ ͍͍͔͙ͤͪ͊ͫͭͤͤͦͫͭ ώпΣ ͫͭͪΦ мплϐΦ  ˻ͤ ͔ͭ͊͗͟ ͔͍͙͔ͨͪ͒͒͡Σ ;ͭͦ ͔͋ͯ͒ͭ ͎ͣͤͦͦ ͡Ό͔͚͒Σ ͦͭͦͪ͟·͔ ͫ͊͗ͯͭ͟Σ ;ͭͦ ͔͙ͣ͊ͭͣ͊ͭ͊͟Σ 
͎͔͎ͦͪ͊ͺ͙Ύ ͙ ͭΦ͒Φ ͔ͤ ͙͔ͣΌͭ ͦͭͤͦ΄͔͙ͤΎ ͟ ͍͍͔͙ͤͪ͊ͫͭͤͤͦͫͭΣ ;ͭͦ нҌнҐп ͔ͤ Ύ͍͡Ύ͔ͭͫΎ ͙ͤ ͍͍͔ͤͪ͊ͫͭͤͤ·ͣΣ ͙ͤ ͔͍͍͔͋ͤͪ͊ͫͭͤͤ͘·ͣΣ 
ͦ͒ͤ͊ͦ͟Σ ͦͤ ͍͍ͤͦΈ ͙͔ͤ͊ͨͦͣͤ͊ͭΣ ;ͭͦ ͒͊ͤͤͯΌ ͍ͫΎ͘Έ ͔ͤ͡Έ͘Ύ ͍͙͙ͦͫͨͪͤͣ͊ͭΈ ͤ͊ͨͪΎͣͯΌΣ ͦ͒ͤ͊ͦ͟Σ ͤͯ͗ͤͦ ͙ͨͦͣͤͭΈΣ ;ͭͦ 
ζ͍͍͔ͤͪ͊ͫͭͤͤͦͫͭΈ -  ͔ͪͯ͘͡Έͭ͊ͭ ;͔͍͔ͦ͡;͔͚ͫͦ͟ ͣ·͙ͫ͡η ώпΣ ͫͭͪΦ мплϐΦ ˤ ͔ͨ͊ͤ͡ ͔͙ͪ͊͊͘͡ͼ͙͙ ͍͍͔͎ͤͪ͊ͫͭͤͤͦͦ ͍͙͙ͦͫͨͭ͊ͤΎ ͎͙͔͒ͪͯ 
͊ͪͣΎ͙͔ͤͫ͟ ͔͎͎͙ͨ͒͊ͦ ͋ͦ͡Έ΄͔ͦ ͔ͣͫͭͦ ͔ͯ͒͡Ύ͙͡ ͔ͣͭͦ͒͊ͣ ͍͍͔͎ͤͪ͊ͫͭͤͤͦͦ ͍͙͙ͦͫͨͭ͊ͤΎΣ ͦͭͦͪ͟·͙ͣ Ύ͍͡Ύ͙ͫ͡Έ ͔ͣͭͦ͒ ͎͍ͯͦͦͪ͊Σ 
͔ͣͭͦ͒ ͙͡;͎ͤͦͦ ͙͔ͨͪͣͪ͊Σ ͔ͣͭͦ͒ ͍͍͔ͤͪ͊ͫͭͤͤ·ͻ ͔͙͚ͯͨͪ͊͗ͤͤΣ ͨͦͦ΅͔͙͔ͪͤ ͙ ͙͔ͤ͊͊͊ͤ͘͟Φ ˮ ͒͡Ύ ͎ͭͦͦΣ ;ͭͦ ͋· Ή͙ͭ ͔ͣͭͦ͒· 
͙ͦ͊͊ͫ͘͟͡Έ ͔ͨͦͤ͘͡·͙ͣΣ ͙ͦͤ ͒ͦ͗ͤ͡· ͋·ͭΈ ͙ͫͨͦ͡Έ͍ͦ͊ͤ͘· ͍ ͫͯ͡;͔͊ ͙ͤ͊͡;͙Ύ ͔ͤͦͭͦͪ͟·ͻ ͔͎͎͙ͨ͒͊ͦ;͔͙ͫ͟ͻ ͍͙͚ͯͫͦ͡Φ ˻͙͒ͤͣ ͙͘ 
͙ͭ͊͟ͻ ͍͙͚ͯͫͦ͡ Ύ͍͡Ύ͔ͭͫΎ ͡Ό͍͋ͦΈ ͍͙͔ͦͫͨͭ͊ͭ͡Ύ ͟ ͔͒ͭΎͣΣ ͙͙͍͔ͨͦͭͤͦ͘ ͦͭͤͦ΄͔͙͔ͤ ͟ ͙ͤͣΣ ͔͙͍͒ͤͫͭͦ ͔͍͙͚ͭͪ͋ͦ͊ͤ ͙ ͙͡;ͤͦͫͭΈ 
͍͙͔ͦͫͨͭ͊ͭ͡Ύ ώпϐΦ  

ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔͎ͨͪͦ͒͊ͤͤͦͦ͡ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͣ· ͙ͨͪͻ͙ͦ͒ͣ ͟ ͍·͍ͦ͒ͯΣ ;ͭͦ ͤ͊ ͨͪͦͭΎ͔͙͙͗ͤ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ ͍͔ͫͻ Ήͨͦͻ 
͊ͪͣΎ͙͔ͤͫ͟ ͔͎͎͙ͨ͒͊ͦ ͔ͯ͒͡Ύ͙͡ ͎͔ͦͪͦͣͤͦ ͍͙͙͔ͤͣ͊ͤ   ͙  ͔͙͔ͣ͊ͭͣ͊ͭ͟Σ ͙ ͍͍͔ͤͪ͊ͫͭͤͤͦͣͯ ͍͙͙ͦͫͨͭ͊ͤΌΦ ˮ͙ͣ ͔ͨͪͦ͒͊ͤ͡ ͪΎ͒ ͪ͊͋ͦͭΣ 
ͦͭͦͪ͟·͔ ͍͍͙ͫͨͦͫͦ͋ͫͭͦ͊͡ ͔ͤ ͭͦ͡Έͦ͟ ͔͙ͪ͊͊͘͡ͼ͙͙ ͍͍͔͎ͤͪ͊ͫͭͤͤͦͦ ͍͙͙ͦͫͨͭ͊ͤΎ ͯ;͊΅͙ͻͫΎΣ ͊ ͔ͭ͊͗͟ ͍͙ͨͪ͊͡Έͤͦͣͯ ͍͔͙ͯͫͦͤΌ 
͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͙͚ͤ͊ͤ͘Σ ͤͦ ͙ ͙͍ͨͪ͒͊͊ͦͫ͡Έ ͋ͦ͡Έ΄͔ͦ ͤ͊͘;͔͙͔ͤ ͔͙ͪ͊͊͘͡ͼ͙͙ ͍͍͔͎ͤͪ͊ͫͭͤͤͦͦ ͍͙͙ͦͫͨͭ͊ͤΎ ͔͍ͨͦͫͪ͒ͫͭͦͣ 
͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΦ  

 
˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍ͦ͊ͤͤ͘·ͻ ͙ͫͭͦ;͙͍ͤͦ͟ 

1. ̆͊;͔ͪΎͤ ˶Φ˥Φ ˴ ͙͙͙ͫͭͦͪ ͊ͪͣΎ͎ͤͫͦͦ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ς ͭ ͔͔͙ͦͪͭ;͔ͫ͊͟Ύ Ή͔͙ͫͨͪͭ͊͘͟Σ ͭͦͣ мΣ ˢ͙͙ͤͭ͡Ύ-˶͙͍͊ͤΣ 2000. ς ˿ Φ 372.  
2. ̆͊;͔ͪΎͤ ˶Φ˥Φ ˴ ͙͙͙ͫͭͦͪ ͊ͪͣΎ͎ͤͫͦͦ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ς ͭ ͔͔͙ͦͪͭ;͔ͫ͊͟Ύ Ή͔͙ͫͨͪͭ͊͘͟Σ ͭͦͣ нΣ ˢ͙͙ͤͭ͡Ύ-˶͙͍͊ͤΣ 2000. ς ˿ Φ 388. 
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͊ͪͣΎ͚ͤͫͦ͟ ͔͎͎͙͙ͨ͒͊ͦ͟.  
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˾ͦ͋ͦͭ͊ ͙͍ͨͪͫΎ;͔ͤ͊ ͔ͨͪͦ͋ͣ͜͡ ͣͦͪ͊͡Έ͎ͤͦͦ ͍͙ͻ͍ͦ͊ͤͤΎ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͍͙ͦͫͭ͜Φ ˾͔͔ͭ͡Έͤͦ ͍͙͍;͔ͤͦΣ 
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͔͙͙ͣ͊ͭͣ͊ͭ͟Σ ͔͙ͫ͊͒ͤ͟͡ͻ ͔͍͙͒ͪͤͣ͜ ͣͫ͜ͼ͔͍͙͙ͣ ͍͙͊ͭͦͪ͊ͣ ͘ ͍͒͊ͤ͜ͻ ;͍͊ͫ͜ ͒ͦ ·L· ͫͭͦͭͭ͜͡ΎΣ ͊ ͭ͊ͦ͗͟ ͙ͪͦ͋ͦͭΣ ͙͍ͨͪͫΎ;͔ͤ͜ 
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͙͔ͨͪ͒ͤͦ͜͡ ͎͍ͦ͋ͦͦͪΌ͍͎͊ͤͦͦ ͙ͨͭ͊ͤͤΎΣ ͊ ͭ͊ͦ͗͟ ͤ ͊Ύ͍ͤ͜ ͔͍ͨͤ ͨ͜ ͒͜ͻ͙ͦ͒ ͒ͦ ͚͎ͦͦ ͍͙ͪ͜΄͔ͤͤΎΦ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͣ ͔͙͊ͭͣ͊ͭ͊͟Σ ͍ͦͫͭ͊͜Σ ͣͦͪ͊͡Έͤ͜ ͼͤͤͦͫͭ͜͜Σ ͣͦͪ͊͡Έ͔ͤ ͍͙ͻ͍ͦ͊ͤͤΎΦ 
 

Abstract. Yenokyan A.V. The Issue Of Implementation Moral Education By Mathematics In The History Of Armenian 
Pedagogy. 

Studying history of Armenian pedagogy from the ancient times to the 19th century, we see that the issue of 
implementation moral education by mathematical education is one of the important problems of education. During this period 
the education mainly organized by schools, colleges and educational institutions, where educators paid special attention of 
education, particularly moral education. It should be mentioned, that the moral values were perceived various in different times: 
It was due to social-economics and political conditions of country and accepted moral norms of society as well.  In that period 
when Christianity accepted as a state religion of Armenia, the basis of moral education were Christian virtues and commandments 
of the Bible. In the 7th century Armenian great mathematician-educator Anania Shitakacy wrote his textbook of Mathematics. This 
manuscript includes mathematical textual problems and problems-entertainments, which devoted to the various moral values 
such as kindness, patriotism, mercy and so on. So, Anania Shirakacy offered a way of implementation moral education by solving 
textual problems of Mathematics. After that, Armenian educators of middle ages highlighted formation of moral values in the 
teaching process of school subjects too, also they wrote several manuscripts devoted to the morality: in that way they supported 
implementation moral education of learners.  In these manuscripts authors mentioned various moral values as the basis of moral 
education. In the 19th century Armenia was divided into two parts: Western Armenia and Eastern Armenia. In the Western Armenia 
there were Armenian schools, where educators paid attention of schoolchildren moral values system. The teachers sure that 
ΣΣ9ǘƘƛŎǎΩΩ ǎǳōƧŜŎǘ ǇƭŀȅŜŘ ǎƛƎƴƛŦƛŎŀƴǘ ǊƻƭŜ ƻŦ ŦƻǊƳŀǘƛƻƴ ƻŦ  ƭŜŀǊƴŜǊǎΩ ƳƻǊŀƭ ǾŀƭǳŜǎΦ !ǊƳŜƴƛŀƴ ŜŘǳŎŀǘƻǊǎ ƻŦ 9ŀǎǘŜǊƴ !ǊƳŜƴƛŀΣ ǎŀƛŘ ǘƘŀǘ 
formation of moral values is one of the essential problems of education and they thought that patriotism and humanity were the 
most important moral values. The famous educator S. Mandinyan said that it is necessary condition to formulate moral values in 
the teaching process of all school subjects, including Mathematics.  

So, as our research shows, Armenian educators from all periods, highlighted the importance of moral education by 
Mathematics, and wrote many papers, textbooks for promoting formation of moral values. 

Key words: Mathematics, education, moral values, moral education. 
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͍ͫͭ͊ͤ͒͊ͪͭ͜ ͭ͊ ͔ͪͦͪͦ͋ͤ͘͜͡ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͔͔͍͎͙ͨͪ͊ ͔ͦͤͪͭͤͦ͟͟-ͦ͋ͪ͊ͤͦ͘Ό ͙ͭͨͯ ͙͔ͣͫͤͤ͡ΎΣ ͔ͣͦͼ͚ͤͦ͜-;ͯͭͭΊ͍͎ͦͦ ͫͨͦͫͦ͋ͯ 
ͨͤ͊ͤͤ͘͜Ύ ͍ͫͭͯ͜ ͭ͊ ͤ͜΄͙ͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͯ;͍ͤ͜ ͙͒͊ͤͻ ͍͊ͫ͟͜͡Φ ̂ͣͤͤ͜Ύ ͨͪ͊ͼΌ͍͙͊ͭ ͘ ͔͍ͭͫͭͦͦ͟Ό ͤ͜ͺͦͪͣ͊ͼ͜ΊΌ ͒͡Ύ ͫͯ;͊ͫͤͦ͝ ͡Ό͙͙͒ͤ 
ͣ͊Ί ͙͍͔ͦͫͦ͋͡ ͤ͊͘;͔ͤͤΎΦ  ˹͊ ͔͔ͨͪ͒ͣͭ͊ͻ ͎͎ͯͣ͊ͤͭ͊ͪͤͦͦ͜ ͼ͙ͯ͟͡ ͯ;ͤ͜ ;͊ͫͭͦ ͨͪ͊ͼΌΌͭΈ ͘ ͔͙ͭͫͭ͊ͣ͟Σ ͦ͒ͤ͊͟ ͔͙ͭͫͭ͟Σ Ύ͟͜ ͣͫͭ͜ΎͭΈ 
͙͙ͨͪͪͦ͒ͤ;ͯ ͤ͜ͺͦͪͣ͊ͼ͜ΌΣ ͙͚ͫͨͪͣ͊ΌͭΈͫΎ ͨͦ-ͤ͜΄ͦͣͯΦ ́ͦͣͯ ͔ͤͦ͋ͻ͒ͤͦ͜ ͎͍͍͙ͦͪ͊ͤͦͯ͊ͭ͘͜ ͪͦ͋ͦͭͯ ͘ ͔͙ͭͫͭ͊ͣ͟ ͺ͙͘͜;͎ͤͦͦ ͣͫͭͯ͘͜. 

˾͍ͦ͘ΩΎ͊ͤͤ͘Ό  ͔͙ͦͪͣ͟ͻ ͍͙ͫ͊͒ͦ͟͡ͻ ͔͙ͨͪͦ͋ͣ͡ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟ ͍ ͊ͫ͊͟͡ͻ ͫͯͫͨ͜͡Έͤͦ-͎͎ͯͣ͊ͤͭ͊ͪͤͦͦ͜ ͨͪͦͺ͜͡Ό 
͙͍ͨͪͫΎ;͔ͤͦ ͙ͤ͊͘͟ ͔͒ͦͫ͒͗ͤ͜͡ΈΣ ͔ͦͪͣ͊͘͟ ˿Φ̂Φ ˥ͦͤ;͔͊ͪͤͦ͟Σ ˤΦ̅Φ ˭͎͊͋ͦͦͭͤͦͦ͡Σ ˤΦ˨Φ ̊͊ͪͦ͟Σ ́Φ˻Φ ˥ͯͪͤͦ͜͝Σ ˹Φ˻Φ ͍̅͊ͭͦͦ͜͡͝Σ    
́ΦˤΦ  ̊ ͍͊͡Έ͍ͦͦ͝Σ ˻Φ˸Φ ͔̅͒;͙΄͙ͤΣ ́Φ˥Φ ͙̉͗ͫΈͦ͟͝ ͭͦ΅ͦΦ 

˸͔ͭͦΌ ͫͭ͊ͭͭ͜ Ί ͙ͦͨͫ ͔͙ͣͭͦ͒;͙ͤͻ ͙͚͍ͨͪͦͣ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͍ͭͫͭ͟͜ ͺ͙͘͜;͎ͤͦͦ ͣͫͭͯ͘͜ Ύ͟ ͙͙͒͒͊ͭ͟;͙ͤͻ ͍͊ͫͦ͋͘͜ ͒͡Ύ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͯ;͍ͤ͜ ͯͣͤͤ͜Ύ ͨͪ͊ͼΌ͍͙͊ͭ ͘ ͍ͤ͊ͯͦͦ͟-ͨͦͨͯ͡ΎͪͤͦΌ ͤ͜ͺͦͪͣ͊ͼ͜ΊΌ ͭ͊ ͍͙͍͙ͪͦ͊ͭ͘ ͔͔ͤͭͭͯ͊͜͟͡͡Έͤ͜ ͒͋ͤͦͫͭ͘͜͜ ͯ;͍ͤ͜Φ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ  ˨͡Ύ ͎ͭͦͦΣ ΅ͦ͋ ͯ;͙͔ͭ͡Έ ͎ͣ͜ ͎͍͙ͦͪ͊ͤͯ͊ͭ͘͜ ͯ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟ ͪͦ͋ͦͭͯ ͯ;͍ͤ͜ ͘ 
͍ͤ͊ͯͦͦ͟-ͨͦͨͯ͡Ύ͙͙ͪͤͣ ͔͙ͭͫͭ͊ͣ͟Σ ͚ͦͣͯ ͔ͤͦ͋ͻ͒ͤͦ͜ ͙ͤ͊ͭ͘Σ ΅ͦ ͪͦͯͣ͘͜ΊͭΈͫΎ  ͨ͒͜ ͔ͭͪͣͤͦͣ͜ ζ͔ͭͫͭ͟ ͺ͙͘͜;͎ͤͦͦ ͣͫͭͯ͘͜ηΣ Ύ͟͜ 
ͪ͊ͼͦͤ͊͜͡Έͤ͜ ͙͚͙ͨͪͦͣΣ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͒͡Ύ ͍͙ͦͤ͊ͤͤ͟Ύ ͍͊͒͊ͤ͘Έ ͒ͦ ͍͔͔ͤ͊͒ͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͍ ͔ͭͫͭ͊͟ͻ ͺ͙͘͜;͎ͤͦͦ 
ͣͫͭͯ͘͜Φ ˻͔ͭ͗Σ ͒͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ ͨͦͤΎͭͭΎ ζ͔ͭͫͭ͟ ͺ͙͘͜;͎ͤͦͦ ͣͫͭͯ͘͜η ͘ϥΎͫͯΊͣͦΣ ΅ͦ ͔ͭ͊͟ ͔ͭͫͭ͟Σ Ύ͟͜ ͍͙͙͒ ͍ͤ͊;͊͡Έ͙ͤͻΣ ͍ͤ͊ͯͦͦ͟-
ͨͦͨͯ͡Ύ͙ͪͤͻ ͜ ͍͙ͤ͊ͯͦ͟ͻ ͔͍ͭͫͭ͟͜ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ ͤ͊ ͙ͨͪ͊ͭ͟ͼ͜ ΄͟͜͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟Φ ͔́ͫͭ͟ - ͼ͔ ͫͨͦͫ͋͜ ͔͔ͨͪ͒͊;͜ 
ͤ͜ͺͦͪͣ͊ͼ͜͝Υ ͤ͊͋ͪ͜ ͍ͨͦϥΎ͙͊ͤ͘ͻΣ ͘ϥΊ͙͒ͤ͊ͤͻ ͎͊͊͘͡ΈͤͦΌ ͎ͦͦ͜͟͡Ό ͙ͨͪͦͨͦ͘ͼ͚͜Σ Ύ͟͜ ͔ͤͫͯͭΈ ͔͍͙͚ͨͤ ͔ͫͤͫ ώоϐΦ 

˴͙͊ͫ͡ͺ͊͜͟ͼ͜Ύ ͔͍ͭͫͭ͟͜ ͅ ͙͘͜;͎ͤͦͦ ͣͫͭͯ͘͜ ͔͊͗ͤͦ͘͡ ͍͒͜ ͔ͫͭͯͨͤΎ ͝ͻ ͫ͊͒ͤͦͫͭ͟͜͡  ͍͊ͨͪͦͨͦͤͦ͊ͤ͊͘ ˶ΦˢΦ ͙́΄͔ͤͦΌ ώпϐΥ 

¶ ͔ͨͪ΄͙͚ ͍͙͒ ͔͍ͭͫͭ͟͜ ͍͒ͪͤ͘͜͜ΎΊͭΈͫΎ ͙ͭͣΣ ΅ͦ ͍ͫ͜ ͍͘ϥΎ͙͘͟ ͍ ͤΈͦͣͯ ͙ͦͨͫ͊ͤ͜ ͍͊ͭͦͪͦͣ ͔ͭͫͭͯ͟Σ ͊ ;͙ͭ͊;͔͍͜ ͨͦͭͪ͋ͤͦ͜ 
͘ϥΎ͍͙ͫͯ͊ͭ ͣͫͭ͘͜ ͔͙ͦͪͣ͟ͻ ͍ͫ͜͡ ͜ ͍͙͍͍ͫͦ͜͡Φ  ̂ ͼΈͦͣͯ ͍͙ͨ͊͒ͯ͟ ͫ͊͒ͤͫͭ͟͜͡Έ ͔ͭͫͭͯ͟ ͍͔ͯͣͦͤ͊͘͡ ͟͜͡Έͫͭ͟͜Ό ͙͒͊ͤͻΣ ͣ͗͜ Ύ͙͙ͣ͟ ͨͦͭͪ͋ͤͦ͜ 
͍͙͊ͫͦͭ͘͝ ͙͍ͦͨͫͦ͜ ͍͘ϥΎ͙͘͟Σ ͜ ͟͜͡Έͫͭ͟͜Ό ͍͘ϥΎ͍͘͟͜Σ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡ͻ ͍͊ͭͦͪͦͣΤ 

¶ ͎͙͚͒ͪͯ ͍͙͒ ͔͍ͭͫͭ͟͜ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͙ͭͣΣ ΅ͦ ͍͊ͭͦͪ ͔ͤ ͙͍ͪͦͪ͊͘͟Ί ͍ͫ͜ͻ ͙͍͙ͫͣͫͦ͡ͻ ͍͘ϥΎ͍͘͟͜Σ ͙ͨͪͨͯͫ͊͟Ό;͙Σ ΅ͦ 
͍͙ͦͤ ͍͒ͦͣ͜͜ ;͙ͭ͊;͔͍͜Φ ͙̉ͭ͊;͔͍͜ ͙͊͘͡΄͊ΊͭΈͫΎ  ͙͡΄͔ ͍͍͙͙͒ͤͦͭ͜ ͍ ͨ͊ͣϥΎͭ͜ ͼ͜ ͍͘ϥΎ͙͘͟Τ 

¶ ͔͚ͭͪͭ͜ ͍͙͒ ͔͍ͭͫͭ͟͜ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͙ͭͣΣ ΅ͦ ;͙ͭ͊;͔͍͜ ͍͙͒ͦͦ͒ͭΈͫΎ ͚ͫ͊ͣͦͫͭͤͦ͜ ͍͍ͫͭ͊ͤͦ͡Ό͍͙͊ͭ ό͊ ͔ͤ 
͍͍͒ͤͦ͜͡Ό͍͙͊ͭ ͍ ͨ͊ͣϥΎͭ͜ύ ͍͒ͫͯͭͤ͜͜ ͍͘ϥΎ͙͘͟ ΄͡Ύͻͦͣ ͎ͪͦͦͪͭ͊ͤͤ͘Ύ ͙͙ͤ͘͟ ͍͙ͪͦͯͣͦ͘ͻ ͔ͦͨͪ͊ͼ͚͜Σ ͔ͫͯ͒͗ͤΈΣ ͭͦ͋ͭͦ ͍͙͍͙ͦͤͯ͊ͭ͟ ͭͯ ͗ 
ͪͦ͋ͦͭͯΣ Ύͯ͟ ͍ͤ͜ ͍͙ͦͤͯ͟Ί ͍ ͨͪͦͼ͔ͫ͜ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͍͊͒͊ͤ͘ΈΦ 

˹͊ ͍͒ͣͤͯ͜͜ ͍͒͜ ͻͯ͒ͦ͗ͤΈͦ͝ ͔͙ͭͪ͊ͭͯͪ͜͡ ͍ ͍ͤ͊;͊͡Έ͙ͤͻΣ ͍ͤ͊ͯͦͦ͟-ͨͦͨͯ͡Ύ͙ͪͤͻ ͜ ͍͙ͤ͊ͯͦ͟ͻ ͔ͭͫͭ͊͟ͻ ͫͤͯ͜Ί ͍͚ͫ͜ ͔͔ͨͪ͒ͣͭ 
ͨͤ͊ͤͤ͘͜Ύ - ͼ͔ ͔ͤ ͙ͦ͋ͪ͊͘Σ ͊ ͍ͤ͊ͯͦ͟͜ ͨͦͤΎͭͭΎΣ ΅ͦ ͍͍͒ͨͦ͒ͤͦ͜͜ ͣͤ͘͜ΌΊ ͜ ͔ͣͭͯ ͙ͪͦ͋ͦͭ ͘ ͤ͜ͺͦͪͣ͊ͼ͜ΊΌΣ Ύ͊͟ ͔͍͔ͨͪ͒ͫͭ͊ͤ͊͡ ͍ ͔ͭͫͭ͟͜ ͜ 
ͨͦ͡Ύ͎͊Ί ͯ ͍͊ͫͦ͘Ίͤͤ͜ ͍͘ϥΎ͍͘͟͜Σ ͍͙ͦͫͤͦͤͻ ͦͤ͊͘͟ ͍͙ͤ͊ͯͦ͟ͻ ͨͦͤΎͭΈ ͭ͊ ͝ͻ ͔͔͔͍ͣͤͭ͜͡Σ Ύ͍͙΅Σ ͎͊͊͘͡Έ͙ͤͻ ͍͙͍͍ͫͤͦ͟͜Σ ͫ͊͒͊ͤͤ͟͜͡ 
͍͙͍͍ͯͣͦͦ͒͜Σ ͍͙ͻͦ͒Ύ;͙ ͘ ͍ͦͫͤͦͤͦ͝ ͙͒ͯͣ͟ ͔ͭͫͭͯ͟Φ ̂ ͍ͤ͊ͯͦͦ͟-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ Ί ;ͭͦ͜͟ ͍͙ͤ͊͘;͔ͤ͊ ͔͔ͨͪ͒ͣͭͤͫͭ͜Έ ͍͎ͤͦͦͦ 
ͤ͊ͤͤ͘Ύ ͒͡Ύ ͯ;͍ͤ͜ ώрϐΦ 
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˭ ͍͙΅͔ ͊ͤ͊͘͘;͔͎ͤͦͦ ͣͦ͗ͤ͊ ͙͙ͪͦ͋ͭ͘ ͍͙͍ͫͤͦͦ͟Σ ΅ͦ ͔ͭͫͭ͟ ͺ͙͘͜;͎ͤͦͦ ͣͫͭͯ͘͜ ς ͼ͔ ͙ͦͨͫ ͔͒Ύͦ͟͝ ͙ͫͭͯ͊ͼ͜͝ όͺ͙͘͜;͎ͤͦͦ 
Ύ͍͙΅͊ όͨͪͦͼ͔ͫͯύΣ ͔ͭͻͤ͜;͎ͤͦͦ ͙ͨͪͫͭͪͦΌύ  ͙͙ͨͪͪͦ͒ͤ;ͦ-͍ͤ͊ͯͦͦ͟Ό ͍ͣͦͦΌΦ ˤ͙͎͙ͣͦΣ ΅ͦ ͍͙͍ͫͯ͊ΌͭΈͫΎ ͒ͦ ͍ͤ͊;͊͡Έͤͦ-
͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͪͦ͋ͦͭ͜ ͘ ͤ͜ͺͦͪͣ͊ͼ͜ΊΌΣ ΅ͦ ͨͦ͒͊ͤ͊ ͍ ͔ͭͫͭ͟͜ ͺ͙͘͜;͎ͤͦͦ ͣͫͭͯ͘͜Σ ͫͨͪΎ͍ͣͦ͊ͤ͜ ͤ͊ ͍͙Ύ͍͔ͤͤ͡Ύ ͪͦͯͣͤͤ͘͜Ύ 
ͫͯͭ͜ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͪͦͣ͘͜΅͔͚ͤ͜ ͍ ͔ͭͫͭ͟͜Σ ͝͝ ͔͔͍ͨͪͦ͒ͯ͊ͤͤ͟ΎΣ ͍ͨͦͪͤ͜ΎͤͤΎ ͭͦ΅ͦ ͤ͊ ͍ͦͫͤͦ͜ ͤ͊ͤ͘Έ ͜ ͯͣͤ͜ΈΣ ΅ͦ ͺͦͪͣͯΌͭΈͫΎ ͍ ͯͪͫ͟͜ 
ͺ͙͙͘͜͟Φ 

͎̂͊͊͘͡Έ͙ͤͣͦ ͍͙͎͙ͣͦ ͒ͦ ͙ͪͦ͋ͦͭ ͘ ͤ͜ͺͦͪͣ͊ͼ͜ΊΌΣ ͔͍͔ͨͪ͒ͫͭ͊ͤͦ͡͝ ͍ ͔ͭͫͭ͟͜ ͺ͙͘͜;͎ͤͦͦ ͣͫͭͯ͘͜Υ 

¶ ͙ͨͦ͒͊ͭ ͟͜͡Έͫͤͯ͟͜ ͻ͔͙͙͊ͪ͊ͭͪͫͭͯ͟͟ ͋ͯ͒Έ-Ύ͎ͦͦ͟ ͔ͦͣͨͦͤͤͭ͊͟ ͙ͫͭͯ͊ͼ͜͝Τ 

¶ ͍͍͙͙ͫͭ͊ͤͦͭ ͤ͊Ύ͍ͤͫͭ͜Έ ͊͋ͦ ͍͒ͫͯͭͤͫͭ͜͜Έ ͔͒Ύ͙͟ͻ ͍͘ΩΎ͍͘͟͜ ͣ͗͜ ͔͙ͦͣͨͦͤͤͭ͊ͣ͟Τ 

¶ ͍͙ͤ͊͘;͙͙ͭ ͍͙͒ ͍͘ΩΎ͍͘͟͜Τ 

¶ ͍͙ͤ͊͘;͙͙ͭ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͚͒͜Τ 

¶ ͍͙͊ͫͭͦͫͯ͊ͭ͘ ͤ͜ͺͦͪͣ͊ͼ͜Ό ͘ ͔ͭͫͭͯ͟ ͺ͙͘͜;͎ͤͦͦ ͣͫͭͯ͘͜ ͍ ͔͚ͣͤͤ͘͜͜ ͙ͫͭͯ͊ͼ͜͝ ͒͡Ύ ͙ͦͭͪͣ͊ͤͤΎ ͎ͦ͜͡;͎ͤͦͦ ͍͘ϥΎͯ͘͟ 
͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ ͍͍͔͚͒ͨͦ͒͜͜ ͘ ͭͦ;͙͟ ͦͪͯ͘ ͺ͙͘͜;ͤͦ͝ ͙ͤ͊ͯ͟ ͤ͊ ͙ͨͭ͊ͤͤΎ ͒ͦ ͔ͭͫͭͯ͟Φ 

˽͒͜ ;͊ͫ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟ ͍ ΄ͦ͟͜͡ ͯ;ͤ͜ ό͍͙͙͙ͨͯͫͤ͟͟ύ ͍͙ͨͦͤͤ͜ ͍ͤ͊;͙͙ͭͫΎΥ 

¶ ͦͪ͜Ί͍͙ͤͭͯ͊ͭͫΎ ͯ ͣͫͭ͘͜͜ ͔ͭͫͭͯ͟ ͜ ͙ͪͦͯͣͭ͘͜ ͚͎ͦͦ ͼ͙͚ͫͤ͜͜͡ ͣͫͭ͘͜Τ 

¶ ͤ͊͘ͻ͙͙ͦ͒ͭ ͍ ͔ͭͫͭ͟͜ ͔ͤͦ͋ͻ͒ͤͯ͜ ͤ͜ͺͦͪͣ͊ͼ͜ΌΤ 

¶ ͍ͪͦ͘ΩΎ͍͙ͯ͊ͭ͘ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤ͜ ͭ͊ ͍ͤ͊;͊͡Έͤͦ-͙ͨͪ͊ͭ͟;ͤ͜ ͍͊͒͊ͤͤ͘ΎΣ ΅ͦ ͍͙͎ͣ͊͊ΌͭΈ ͍͎ͨͦͤͦͦ ͜ ͙͙ͪͭ͟;͎ͤͦͦ 
ͪͦͯͣͤͤ͘͜Ύ ͔ͭͫͭͯ͟Τ 

¶ ͍͙ͫͭͪͯͭͯͪͯ͊ͭ͟ ͔ͭͫͭ͟Τ 

¶ ͔͔͍ͨͪͭͦͪΌ͍͙͊ͭ ͔ͭͫͭ͟Σ ͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͍ͤͦ͜ ͺ͙ͦͪͣ ͨͦ͒͊ͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͜͝Υ ͺ͙ͦͪͣͯ͡Σ ͎ͪ͊ͺ͙͜͟Σ ͎͙͒͊ͪ͊ͣ͜Σ ͙ͭ͊͋͡ͼ͜Τ 
͔͔ͨͪͻ͙͙ͦ͒ͭ ͍͒͜ ͎ͦ͒ͤͦͦ ͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡Ύ ͙͒͊ͤͻ ͒ͦ ͤ͜΄͎ͦͦΤ 

¶ ͔͔͍͙ͤͭͪͨͪͭͯ͊ͭ͜ ͔ͭͫͭ͟Τ 

¶ ͤ͊ ͍ͦͫͤͦ͜ ͤ͊Ύ͍͙ͤͻ ͤ͊ͤ͘ΈΣ ͙͗ͭͭΊ͍͎ͦͦ ͍͒ͦͫ͒ͯ͜ ͍͙͙ͫͭ͊ͭ ͨ͒͜ ͍ͫͯͣͤ͜ ͍͒ͦͫͭͦͪͤͫͭ͜͜Έ ͤ͊Ύ͍ͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͍͙Ύ͍͡Ύ͙ͭ 
͔͍ͤ͒ͦͫͭͦͪͤͫͭ͜͜Έ ͔͍ͦ͒ͪ͗ͯ͊ͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͎͙͙ͨͪͦ͊ͤ͡ ͍ ͤ͜ͺͦͪͣ͊ͼ͜͝Τ ͤ͊͘ͻ͙͙ͦ͒ͭ ΄͡Ύͻ ͍͔ͨͦͨͦͤͤͤΎ ͼ͙ͻ ͎͙ͨͪͦ͊ͤ͡Τ 

¶ ͍ ͨͪͦͼ͔ͫ͜ ͙ͪͦ͋ͦͭ ͘ ͙ͦ͒ͤͣ ͊͋ͦ ͔͒͟͜͡Έͦͣ͊͟ ͔͔͙͒͗ͪ͊ͣ͡ ͍͙Ύ͍͡Ύ͙ͭ ͪͦͣ͘͜΅͔ͤͯ ͍ ͙ͤͻ ͔͔ͫͯͨͪ;͙͍ͯ͡ ͤ͜ͺͦͪͣ͊ͼ͜ΌΤ 

¶ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͙͙͚ͦͭͪͣ͊ͤ ͍͒ͦͫ͒͜ ͙͚ͫͨͪͤΎͭͭΎ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͦ͋ϥΊ͍ͭ͟͜ ͒͡Ύ ͎͋͊͊͘;͔ͤͤΎ ;ͯͭͭΊ͍͎ͦͦ ͍͒ͦͫ͒ͯ͜Σ 
͍͙͍ͫͦ͡͡Ό͍͙͊ͭ ͦͼͤ͜Ό͍͊͡Έͤ͜ ͔ͫͯ͒͗ͤͤΎ ͜ ͍ͫͦΌ ͭͦ;ͯ͟ ͦͪͯ͘ ͨͪͦ ͙͔ͦͭͪͣ͊ͤ ͍͔ͨͦ͒ͦͣͤͤ͜͡Ύ όͨͪͦ;͙͔ͭ͊ͤ ͍ ͔ͭͫͭ͟͜ύΦ 

͍̅ͦͪͣͯ͊ͤͤΎ ͔͔ͨͪͪ͊ͻ͍͙ͦ͊ͤͻ ͯͣͤ͜Έ ͍ͨͦϥΎ͊ͤͦ͘ ͘ ͎ͦͪ͊ͤ͊͘͜ͼ͜ΊΌ ͙ͪͦ͋ͦͭ ͘ ͔͙ͭͫͭ͊ͣ͟ ͺ͙͘͜;͎ͤͦͦ ͣͫͭͯ͘͜ ͍ ͨͪͦͼ͔ͫ͜ 
͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟Φ ˹͍͔͔͊͒ͣͦ ͙ͨͪ͊͒͟͡ ͙ͭ͊͟ͻ ͔͍ͭͫͭ͟͜ ͜ ͍͊͒͊ͤ͘Έ ͒ͦ ͙ͤͻΣ ͫͨͪΎ͍͙ͣͦ͊ͤͻ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯͣͤ͜Έ ͨͪ͊ͼΌ͍͙͊ͭ ͘ 
͔ͭͫͭͦͣ͟Φ 

͔́ͫͭ͟Σ ΅ͦ ͣͫͭ͜ΎͭΈ ͤ͜ͺͦͪͣ͊ͼ͜Ό ͨͪͦ ͺ͙͘͜;ͤ͜ ͺ͙͊ͭͦͪ͟ ͔͊͋ͪͯ͒ͤͤͤ͘Ύ ͍͙ͤ͊ͦ͟͡΄ͤΈ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͊͋ͦ ͝ͻ ͍͙͍ͨ͡ 
ͤ͊ ͙͍͗͜ ͎͙ͦͪ͊ͤͣ͘͜ ͜ ͡Ό͙͒ͤͯ 

˭͍͊͒͊ͤͤΎ ͒ͦ ͔͍ͭͫͭ͟͜ ͣͦ͗ͯͭΈ ͔͔͍ͨͪͪ͜Ύ͙ͭΥ 

¶ ͪͦͯͣͤͤ͘͜Ύ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ Ύ͊͟ ͨͦ͒͊ͤ͊ ͍ ͔ͭͫͭ͟͜Τ 

¶ ͪͦͯͣͤͤ͘͜Ύ ͫͯͭ͜ ͺ͙͘͜;͙ͤͻ ͔͍ͭͪͣͤ͜͜Σ ΅ͦ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ ͍ ͔ͭͫͭ͟͜Τ 

¶ ͯͣͤͤ͜Ύ ͦͼͤ͜Ό͍͙͊ͭ ͫͭͯͨͤ͜Έ ͍͙͍ͨͯ͡ ͺ͙͘͜;͙ͤͻ ͺ͍͊ͭͦͪ͟͜Σ Ύ͟͜ ͙ͦͨͫ͊ͤ͜ ͍ ͔ͭͫͭ͟͜Σ  ͤ͊ ͔͊͋ͪͯ͒ͤͤͤ͘Ύ ͍͒ͦ͟͜͡͡ΎΤ 

¶ ͯͣͤͤ͜Ύ ͍͙͒͜͡Ύ͙ͭ ͙͍ͣͦ͗ͦͫͭ͜͡ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͔͔͙͋ͨ͘͟ ͙͗ͭͭΊ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͍ͯͣͦ͊ͻ ͍͙͍ͨͯ͡ ͤ͊ ͡Ό͙͒ͤͯ 
͔͙ͤͫͨͪΎ͙͍͙ͭ͡ͻ ͺ͍͊ͭͦͪ͟͜Φ 

̒͟ ͜͡Όͫͭͪ͊ͼ͜Ό ͒͊ͤͦ͝ ͙͎ͭͨͦͦ͜͡͝ ͔ͭͫͭͯ͟ ͜ ͍͊͒͊ͤ͘Έ ͒ͦ ͤΈ͎ͦͦ ͍͙ͤ͊ͦ͒ͣͦ ͙͚ͤ͊ͫͭͯͨͤ ͔ͣ͊ͭͪ͊͜͡Σ Ύ͙͚͟ ͣͦ͗ͤ͊ 
͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍ ͨͪͦͼ͔ͫ͜ ͍͙͍;͔ͤͤΎ ͔͙ͭͣ ζ˭͍ͯ͟η ώмϐΦ 

̊ͯͣ ͜ ͍͒ͦͪͦ͘ϥΎ ͡Ό͙͙͒ͤ 
˿ͯ;͙͚͊ͫͤ ΄͍͙͚ͯͣͦ ͙͒ͫͦͣ͟ͺͦͪͭ ͍͙͙͊͟͟͡Ί ͯ ͙͍͙͗ͻ ͎͍ͦͪ͊ͤͣ͘͜͜ ͻ͍͙͍ͦͪͦ͋͜͡ ͔ͪ͊͟ͼ͜͝Φ ͙͚́ͪ͊ͤͫͨͦͪͭͤ ͊͋ͦ ͍͙͙ͪͦ͋ͤ;͙͚ 

΄ͯͣ ͙͎ͨͪͤ͜;ͯΊ  ͡Ό͙͒ͤͯΥ ͫͭͦͣ͡ΌΊΣ ͒ͪ͊ͭͯΊΣ ͍͊͊͗͊͘Ί ͔͔͙͙ͦͫͪ͒ͭͫ͘ΎΦ ̒͟ ͭ͜͡Έ͙͟ ͙͚ͭ͊͟ ΄ͯͣ ͙ͤ͊͘͟ΊΣ ͡Ό͙͒ͤ͊ ͍͒͜;͍ͯ͊Ί ͨͦ;ͯͭͭΎ 
͔͎ͨͦ͡΄͔ͤͤΎ ͜ ͫͨͦͦ͟ΌΦ 

˾͍͔ͤ͜Έ ΄ͯͣͯ ͍ нл-ол ͔͒ͼ͙͔͋͡ ό͒ˣύ ͙ͨͪ͊ͭ͟;ͤͦ ͔ͤ΄͙͍͙͚͒͟͜͡ ͒͡Ύ ͡Ό͙͙͒ͤΦ ͔̇ ͙͙͚ͨͪͪͦ͒ͤ ΄͍͙͚ͯͣͦ ͺͦͤΣ ͔͋͘ Ύ͎ͦͦ͟ 
͔͙͍͔ͤͣͦ͗͡ ͡Ό͒ͫΈ͔͟ ͙͗ͭͭΎΦ ˨͡Ύ ζ͎ͯ;͙ͤͻ ͍͍ͯ͘͟͜η ͎͙ͪ͊ͤ;ͤͦ ͙͒ͦͨͯͫͭͣ͊ ͔ͣ͗͊ ͙͙ͨͪ͋ͤͦ͘͡ ул-фл ͒ˣΦ ˭͍ͯ͟ ͍ мнл-130 ͒ˣ ͍͔͗ 
͍͙͙͊͟͟͡Ί ͯ ͡Ό͙͙͒ͤ ͋ͦ͡Έ͍ͦ͜ ͍͒͜;ͯͭͭΎΣ ͊ ͍ мрл ͫͭ͊Ί ͒͡Ύ ͔ͤ͝ ͔͔͙ͤͫͭͪͨͤͣΦ ˤ͙͍ͨ͡ ΄ͯͣͯ ͤ͊ ͎ͦͪ͊ͤͣ͘͜ ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͍ͯ͜͟Σ ͫͯ͡ͻ͍ͦͦ͝ 
;͙͍ͯͭͦͫͭ͜͡Σ ͙͍ͭͪ͊ͦͫͭ͜͡ ͒͜͝Φ 

˹͚͊͋͜͡Έ΄ ͎ͯ͋ͤ͘͜ ͒͡Ύ ͫͯ͡ͻͯΣ ͙͍ͭͪ͊͜͡ ͔͙ͨͪͦ͒͜ ͔͔͔͍͎͋ͨͪͪͤͦͦ͘ ͍͙͍ͨͯ͡ ΄ͯͣͯ ͍͔͙ͦ͟͡͝ ͔͙͍ͤͭͤͫͤͦͫͭ͜͜Φ ˽ͫ͜͡Ύ ͍͙͍ͨͯ͡ 
͙ͫ͡Έ͎ͤͦͦ ΄ͯͣͯ ͨͦͣͭͤͦ͜ ͍͙ͨ͒͜΅ͯΊͭΈͫΎ ͤͦͪͣ͊͡Έ͙͚ͤ ͎ͨͦͪ͜ ͫͯ͡ͻ͍͎ͦͦͦ ͙͚ͫͨͪͤΎͭͭΎΣ ͭͦ͋ͭͦ ͚͙ͤ͊ͤ͗;͙͚ ͍͔ͪͤ͜Έ ό͎ͯ;ͤͫͭ͜ΈύΣ ͙ͨͪ 
Ύͦͣͯ͟ ͒͊ͤ͊ ͡Ό͙͒ͤ͊ ΅͔ ;ͯΊ ͍ͯ͘͟ ͭ͜Ί͝ ;͙ ͤ͜΄ͦ͝ ;͙͊ͫͭͦͭΦ ˤ͙ͣͪ͜Ό͍͊ͤͤΎ ͎͍ͨͦͪͦ͜ ͫͯ͡ͻ͍͎ͦͦͦ ͙͚ͫͨͪͤΎͭͭΎ ͍ͨͪͦͦ͒ΎͭΈ ͍ ͔ͫͨͼ͊͜͡Έͤͦ 
͙ͦ͋͊͒ͤ͊ͤ͡ͻ ͙ͨͪͣ͜΅͔ͤͤΎͻ ͘ ͔͒ͯ͗ ͙ͤ͘Έ͙ͣ͟ ͍͔ͪͤͣ͜ ͍͙ͤ͊ͦ͟͡΄ͤΈ͎ͦͦ ΄ͯͣͯΣ ͨͦ͒͊Ό;͙ ͍͍ͯͦ͘͟͜ ͙͎͙ͫͤ͊͡ ;͔͔ͪ͘ ͎͍ͦͦͤ͜͡ ͔͔ͭ͡ͺ͙ͦͤΦ 
̇Ύ ͔͙ͣͭͦ͒͊͟ ͙͍ͤ͊͊͘ΊͭΈͫΎ ͔͊ͯ͒ͦͣͭͪ͜͜ΎΤ ͍ͦͤ͊ ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ  ͙͙ͦͭͪͣ͊ͭ ͙͍ͪͯ͟ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ ;͙͍ͯͭͦͫͭ͜͡ ͫͯ͡ͻͯ ͊͋ͦ 
͎͊ͯ͒ͦͪ͊ͣͯ͜Φ ˭͍͙͊͘;͚͊ ͤ͊ ͎͊ͯ͒ͦͪ͊ͣ͜͜ ͍͒ͤ͊͘͜;͊ΌͭΈ ͍͒͜ͻ͙͔ͤͤ͡Ύ ͍͒͜ ͤͦͪͣ͊͡Έͤͦ͝ ;͙͍ͯͭͦͫͭ͜͡ ͫͯ͡ͻͯ ό͙ͪͫΦ 1). 

 

 
˾͙ͫΦ 1. s ͎ͯ͒ͦͪ͊ͣ͊͜ ͙͍͎ͭͨͦͦͦ ͪͯ͘΄͔ͤͤΎ ͎ͨͦͪͦͯ ;͙͍ͯͭͦͫͭ͜͡ ͨͫ͜͡Ύ ͦͪͦͭͦ͟͟;͎͊ͫͤͦͦ ͍͙͍ͨͯ͡ ΄ͯͣͯ 
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˭͍͊͒͊ͤͤΎ ͒ͦ ͭ ͔ͫͭͯ͟ 
мΦ ˽͎ͦͪ͜ ;͙͍ͯͭͦͫͭ͜͡ ͍͙ͤ͊͘;͊ΊͭΈͫΎ Ύ͟Υ 
мύ ͣͤͣ͊͜͜͡Έͤ͊ ;͊ͫͭͦͭ͊ ͍ͯͯ͘͟Σ Ύ͊͟ ͙͚ͫͨͪͣ͊ΊͭΈͫΎ ͡Ό͙͒ͤͦΌΤ 
нύ ͙ͣ͊ͫͣ͊͟͡Έͤ͊ ;͊ͫͭͦͭ͊ ͍ͯͯ͘͟Σ Ύ͊͟ ͙͚ͫͨͪͣ͊ΊͭΈͫΎ ͡Ό͙͒ͤͦΌΤ 
оύ ͚͍͙ͤ͊΅͙͚ ͍͔ͪͤ͜ΈΣ ͙ͨͪ Ύͦͣͯ͟ ͍ͯ͘͟ ͭ͜Ί͝ ;͙ ͤ͜΄ͦ͝ ;͙͊ͫͭͦͭ ͔ͤ ͙͍͙ͨͪͦ͒ͭ͘Έ ͒ͦ ͍͙ͭͪ͊ͭ ͫͯ͡ͻͯΤ 
пύ ͚͙ͤ͊ͤ͗;͙͚ ͪ ͍͔ͤ͜ΈΣ ͙ͨͪ Ύͦͣͯ͟ ͒͊ͤ͊ ͡Ό͙͒ͤ͊ ΅͔ ;ͯΊ ͍ͯ͘͟ ͭ͜Ί͝ ;͙ ͤ͜΄ͦ͝ ;͙͊ͫͭͦͭΦ 
нΦ ̒͟͜ ͍͔͔ͭͪ͒͗ͤͤΎΣ ͔ͪͦ͋ͤ͘͜͡ ͤ͊ ͍ͨ͒ͫͭ͊͜͜ ͎͙͊ͯ͒ͦͪ͊ͣ͜ ό͙ͪͫΦмύΣ ͍͔͙͍ͫͨͪ͊͒͜͡Κ 
ˢΦ ˸͙͊ͫͣ͊͟͡Έ͙͚ͤ ͍ͫͯ͘ ͎ͨͦͪͦͯ ;͙͍ͯͭͦͫͭ͜͡ ͍͍͒ͨͦ͒͊͜͜Ί ͙ͤ͘Έ͙ͣ͟ ;͊ͫͭͦͭ͊ͣ ό͙͙ͨͪ͋ͤͦ͘͡ ͒ͦ мллл ˥ͼύΦ 
ˣΦ ˸͙͊ͫͣ͊͟͡Έͤ͊ ͍ͭͪ͊ͭ͊ ͫͯ͡ͻͯ ͍͍͒ͨͦ͒͊͜͜Ί ;͊ͫͭͦͭ͜ пллл ˥ͼΦ 
ˤ͙͊ͪ͊ͤͭ͜ ͍͍͔͚͒ͨͦ͒͜͜Υ 
мύ ͭ͜͡Έ͙͟ ˢ    нύ ͭ͜͡Έ͙͟  x    оύ ˢ ͜ ˣ   пύ ͤ͜ ˢΣ ͤ͜ ˣ 
оΦ ˤ͙ͤ͊͘;͔ͭΣ Ύ͟͜ ͔͔͒͗ͪ͊͡ ΄ͯͣͯΣ ͔͍͔ͨͪ͒ͫͭ͊ͤ͜͡ ͍ ͙ͭ͊͋͡ͼ͜Σ ͍ͫͭͦͪΌΌͭΈ ͔͙͙ͤͨͪͨͯͫͭͣ͜ ͍ͪͤ͜͜ ΄ͯͣͯ ώсϐΦ 
 

˨͔͔͗ͪͦ͡ ΄ͯͣͯ ˾͍͔ͤ͜Έ ΄ͯͣͯ ό͒ˣύ 

ˢΦ ˽ͪ͊ͼΌΌ;͙͚ ͙ͨͦͫͦͫ͡ 40 

ˣΦ ̊ͯͣ ͍͎͊ͦͤ͊ ͍ ͔ͣͭͪͦ 70 

ˤΦ ˻͔ͪͫͭͪ͟ ͨͦͨ-͙͙ͣͯ͘͟ 110 

˥Φ ˢ͍ͭͦͣͦ͋͜͡Έ 60 

˨Φ ͔̊ͨͭ͜ ͤ͊ ͍͒ͫͭ͊ͤ͜͜ м ͣ 20 

 
ˤ͙͊ͪ͊ͤͭ͜ ͍͍͔͚͒ͨͦ͒͜͜Υ 
мύ ˤ   нύ ˤ ͜ ˣ   оύ ˤΣ ˣ ͜ ˥  пύ ˤΣ ˣΣ ˥ ͜ ˢ 
ˢͤ͊͘͜͡ ͍ͤ͊;͊͡Έ͙ͤͻ ͙͍ͨͦͫ͋ͤ͜͟͜Σ ͤ͊Ύ͍ͤͫͭ͜Έ ͙ͨͦ͒͋ͤ͜ͻ ͔͍ͭͫͭ͟͜ ͜ ͍͊͒͊ͤ͘Έ ͔ͤ ͣͫͭ͜ΎͭΈͫΎ ͍ ͨ͒ͪͯ͜;͙ͤ͊͟ͻ ͜ ͙͋ͪͤ͊͘͜͟ͻ ͊͒͊͘; ͘ 

ͺ͙͙͘͜͟Φ ˻͔ͭ͗Σ ͒͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͣͤͤ͜Ύ ͨͪ͊ͼΌ͍͙͊ͭ ͘ ͔͙ͭͫͭ͊ͣ͟ ͺ͙͘͜;͎ͤͦͦ ͣͫͭͯ͘͜ ͜ ͍͙͍͙ͦͤͯ͊ͭ͟ ͍͊͒͊ͤͤ͘Ύ ͊͘ ͙͙ͤͣ ͯ;͙͔ͭ͡Έ 
͍͙͔ͨͦͤͤ ͙ͯͣͭ͜ ͙͙ͨ͒͋ͪ͊ͭ͜ ͔ͣ͊ͭͪ͊͜͡ ͘ ͍ͤ͊ͯͦͦ͟-͍ͨͤ͊͊͘͜͡Έ͙ͤͻ ͙͎ͤ͟ ͒͡Ύ ͯ;͍ͤ͜Σ ͍ͤ͊ͯͦͦ͟-ͨͦͨͯ͡Ύ͙ͪͤͻ ͔͚ͫͭ͊ͭΣ ͔͔ͤͭͪͤͭ͜-͚͍ͫ͊ͭ͜ ͜ 
͍͙͊͒͊ͨͭͯ͊ͭ ͚͎ͦͦ ͒ͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ ώнϐΦ 

ˤ͍͔ͫͭ͊ͤͦͤͦ͡Σ ΅ͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͍ͭͫͭ͟͜ ͺ͙͘͜;͎ͤͦͦ ͣͫͭͯ͘͜ ͨ͒͜ ;͊ͫ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟ ͊ͯ͘͡;͊Ί ͯ;͍ͤ͜ ͒ͦ ;͙ͭ͊ͤͤΎΣ 
ͪͦ͘΄͙ͪΌΊ ͎ͪͯͦͪ͘͟͜Σ ͙ͫͨͪΎΊ ͍͙ͪͦͭͯ͘͟ ζͫͣ͊ͯ͟η ͒ͦ ͍͙ͤ͊ͯͦ͟ͻ ͔ͨͪͦ͋ͣ͡ ͭ͊ ͙ͨ͒ͭͪͣ͊ͤͤ͜Ό ͚͎ͨͦͫͭͤͦͦ͜ ͔͔ͤͭͪͫͯ͜ ͒ͦ ͺ͙͙͘͜͟Φ ˻͔ͭ͗Σ 
͍;͙͔ͭ͡Ύͣ ͺ͙͙͘͜͟Σ Ύ͟͜ ͍͙͊͒͊͟͡ΌͭΈ ͒͡Ύ ͯ;͍ͤ͜ ͫͯͫͨ͜͡Έͤͦ-͎͎ͯͣ͊ͤͭ͊ͪͤͦͦ͜ ͨͪͦͺ͜͡ΌΣ ͫ͒͜͡ ͙͍͊ͭͤͦ͟ ͊ͯ͘͡;͙͊ͭ ͝ͻ ͒ͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ 
ͨͪͦͼ͔ͫͯ ;͔͔ͪ͘ ͔ͯͪͤͦͣ͊ͤͭͤͤͤ͘͜͜Ύ ͔͍ͣͭͦ͒͜ ͜ ͺͦͪͣ ͍ͤ͊;͊ͤͤΎΣ ͍͔ͫͭͦͪͤͤΎ ͍ͯͣͦ ͒͡Ύ ͍͙ͪͦͭͯ͘͟ ͍ͨͤ͊͊͘͜͡Έ͎ͤͦͦ ͔͔ͤͭͪͫͯ͜ ͯ;ͤΎΦ 

ˤ͙͍͙ͫͤͦ͟Φ ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟ ͔͍ͭͫͭ͟͜ ͺ͙͘͜;͎ͤͦͦ ͣͫͭͯ͘͜ ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͯ;ͤΎͣ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ 
͙͋ͯͭ ͙͋͗͡;͙ͣ ͒ͦ ͚͎ͤ͊ͦͣͦͦ͘ ͙ͭͨͯ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͤͣ͊͘͜Ί ͋͊ͪΩΊͪ ͙͚ͫͨͪͤΎͭͭΎ ͍ͤ͊ͯͦͦ͟͝ ͭ͊ ͍ͤ͊ͯͦͦ͟-ͨͦͨͯ͡Ύͪͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͊ 
͍͊͒͊ͤͤ͘Ύ ͒ͦ ͙ͤͻ ͙ͫͨͪΎΌͭΈ Ύ͟ ͺ͍ͦͪͣͯ͊ͤͤΌΣ ͭ͊͟ ͜ ͔͔͍ͨͪͪ͜ͼ͜ ͤ͊ͤ͘Έ ͜ Ί ͨ͒͐ͪͯͤͭ͜Ύͣ  ͒͡Ύ ͨͦ͒͊͡Έ΄͎ͦͦ ͍͙ͪͦͭͯ͘͟Φ 

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 

1. ˨͍͙͔͊͒ͤͦ͟ ˢΦˢΦ ͍́ͦͪ;͊ ͒͜Ύ͡Έͤͫͭ͜Έ ͯ;͍ͤ͜ ͙ͨͪ ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘͜ ͍͙ͤ͊ͻ͙͒ͤ͜ͼΈ͙͟ͻ ͊͒͊͘;  κ ˢΦˢ ˨͍͙͔͊͒ͤͦ͟ κκ ͙̅͊͘͜͟ ͭ͊ 
͊ͫͭͪͦͤͦͣ͜ΎΦ ς 2001. ς ЅоΦ ς ˿ Φ мл-13. 

2. ˸ͦͣͦͭ ˶Φ ˶Φ ˽͔ͪͦ͋ͣͤͦ͡-ͨͦ΄͍ͯͦ͟͜ ͔͙ͣͭͦ͒ ͍ͤ͊;͊ͤͤΎ ͍ ΄ͦ͟͜͡  κ ˶Φ ˶Φ ˸ͦͣͦͭ κκ˽͙ͦͫ͋ͤ͜͟ ͒͡Ύ ͍;͙͔ͭ͡ΎΦ ς ˴ΦΥ ˾͊͒Φ ΄ͦ͊͟͡Σ 
1983. ς со ͫΦ 

3. ˾͔ͦ͋ͪͭ ˮΦˤΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͍ ͍͙͙ͦ͋ͪ͊ͦ͊ͤ͘Υ ͙͙͒͒͊ͭ͟;͔͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡·Σ ͔͔͙͍ͨͪͫͨͭ͟· 
͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ κ ˮΦˤΦ ˾͔ͦ͋ͪͭ κκ ˸͎ͦͤͦͪ͊ͺ͙ΎΦ ς ˸ ΦΥ ̊ͦ͊͟͡-˽͔ͪͫͫΣ мффпΦ ς нлр ͫΦ 

4. ̊ͦ͊͟͡ ˻ΦˤΦ ˴͙͔ͪͭͪ͜͝ ͔͙ͨͪͦ͒͊͘͜ͼ͜͝ ͭ͊ ͍ͦͫͤͦͤ͜ ͔͙ͨͪͦ͒͜ ͍͙ͪͦͭͯ͘͟ ͔͙ͣͭͦ͒;ͤͦ͝ ͙͒ͯͣ͟ ͘ ͺ͙͙͘͜͟ ͍ ̂ͪ͊ͤ͟͜͝ ώ˩͔͙͚ͭͪͦͤͤ͟͡ 
͔ͪͫͯͪͫϐ κ ˻ΦˤΦ ̊ͦ͊͟͡Φ ς ˾ ͔͙͗ͣ ͒ͦͫͭͯͨͯ Υ http://conference.mdpu.org.ua/viewtopic.php?t=56. 

5. ͙̉͗ͫΈ͊͟ ́Φ˥Φ ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͻͯ͒ͦ͗ͤΈͦ͝ ͭ͊ ͤ ͍͊ͯͦͦ͟-ͨͦͨͯ͡Ύͪͤͦ͝ ͔͙ͭͪ͊ͭͯͪ͜͡ ͨ͒͜ ;͊ͫ ͍͙ͦͤ͊ͤͤ͟Ύ ͙͊͋ͦͪ͊ͭͦͪͤ͡ͻ ͪͦ͋ͭ͜ ͘ ͺ͙͙͘͜͟ 
͍ ͊ͫ͊͟͡ͻ ͎͎ͯͣ͊ͤͭ͊ͪͤͦͦ͜ ͨͪͦͺ͜͡Ό κ ́Φ˥Φ ͙̉͗ͫΈ͊͟ κκ ˭͙͋ͪͤ͜͟ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼΈ ˴͊ͣΩΎ͔ͤͼΈ-˽ͦ͒͜͡ΈͫΈ͎ͦͦ͟ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ 
˱͍͊ͤ͊ ˻͎͜Ίͤ͊͟Φ ˿͔ͪ͜Ύ ͔͎͎ͨ͒͊ͦ͜;ͤ͊ κ - ˴͊ͣΩΎ͔ͤͼΈ-˽ͦ͒͜͡ΈͫΈ͙͚͟Υ ˴͊ͣΩΎ͔ͤͼΈ-˽ͦ͒͜͡ΈͫΈ͙͚͟ ͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˱͍͊ͤ͊ ˻͎͜Ίͤ͊͟Σ 
2015. ς ˤ͙ͨΦ нмΥ ˨͙͙͒͊ͭ͊͟͟ ͺ͙͙͘͜͟ Ύ͟ ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤ͊ ͍ͦͫͤͦ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔͙ͦͣͨͭͤͭͤͫͤ͟͜ͻ ͜ ͍͎ͫͭͦ͜͡Ύ͙͒ͤͻ Ύ͔͚ͦͫͭ͟ 
͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͺ͊ͻ͍͜ͼΎ ͺ͙ͦ͘͜͟-͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͨͪͦͺ͜͡ΌΦ ς ˿ Φ фр-97. 

6. ˭͚͊ͼ͔͍͊ ́ΦˤΦ ˿ͣ·͍͔ͫͦͦ͡ ;͔͙͔ͭͤ ͙ ͪ͊͋ͦͭ͊ ͫ ͔ͭͫͭͦͣ͟ ͤ͊ ͯͪͦ͊͟ͻ ͺ͙͙͙͘͟  ͍  ͍͙ͯͫͦ͡Ύͻ ͍͍͔͔͙͒ͤΎ ̅˥˻˿ [˩͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫϐ 
κ ́ΦˤΦ ˭͚͊ͼ͔͍͊Φ ς ˾͔͙͗ͣ ͒ͦͫͭͯͨͯΥ http://nsportal.ru/shkola/fizika/library/2013/08/26/smyslovoe-chtenie-i-rabota-s-
tekstom-na-urokakh-fiziki-v-usloviyakh. 

 
ˢͤͦͭ͊ͼ͜ΎΦ x ͙͊͋; ˱Φ˻ΦΣ ˿ͦ͋ͦ͒͡ΎͤΌ͟ ˱Φ̑Φ ͔͙́ͫͭ͟ ͺ͙͘͜;͎ͤͦͦ ͣͫͭͯ͘͜ Ύ͟ ͙͙͒͒͊ͭ͟;͙͚ͤ ͊ͫ͋͘͜ ͍ ͔͙ͣͭͦ͒;͚ͤ͜ ͙͔ͫͫͭͣ͜  

͍ͤ͊;͊ͤͤΎ  ͯ;͍ͤ͜ ͫͯͫͨ͜͡Έͤͦ-͎͎ͯͣ͊ͤͭ͊ͪͤͦͦ͜ ͨͪͦͺ͜͡ΌΦ 
ˤ ͪͦ͋ͦͭ͜ ͙ͦͨͫ͊ͤͦ ͔͙ͣͭͦ͒;ͤ͜ ͙͚͙ͨͪͦͣ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ  ͔͍ͭͫͭ͟͜ ͺ͙͘͜;͎ͤͦͦ ͣͫͭͯ͘͜ Ύ͟ ͙͙͒͒͊ͭ͟;͎ͤͦͦ ͊ͫͦ͋ͯ͘ ͒͡Ύ 

ͯ;͍ͤ͜ ͫͯͫͨ͜͡Έͤͦ-͎͎ͯͣ͊ͤͭ͊ͪͤͦͦ͜ ͨͪͦͺ͜͡ΌΦ ˽͍ͪͦ͊ͤ͊ͦ͊ͤͦ͘͜͡ ͔͒ͺͤ͜͜ͼ͜Ό ζ͔ͭͫͭ͟ ͺ͙͘͜;͎ͤͦͦ ͣͫͭͯ͘͜ηΣ ͚͎ͦͦ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͭ͊ 
͙ͨͪ͊ͭ͟;ͤͯ ͔ͪ͊͊͘͜͡ͼ͜Ό ͨ͒͜ ;͊ͫ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟Φ ͎̂͊͊͘͡Έ͔ͤͤͦ ͍͙͎͙ͣͦ ͒ͦ ͙ͪͦ͋ͦͭ ͘ ͤ͜ͺͦͪͣ͊ͼ͜ΊΌΣ Ύ͊͟ ͔͍ͨͪ͒ͫͭ͊͡ΎΊͭΈͫΎ ͍ 
͔ͭͫͭ͟͜ ͺ͙͘͜;͎ͤͦͦ ͣͫͭͯ͘͜Φ ˤ͍͔ͫͭ͊ͤͦͤͦ͡Σ ΅ͦ ͔͔ͨͪͪ͊ͻ͍ͦ͊ͤ͜ ͯͣͤͤ͜Ύ ͫͨͪΎ͍ͣͦ͊ͤ͜ ͤ͊ ͍͙Ύ͍͔ͤͤ͡Ύ ͪͦͯͣͤͤ͘͜Ύ ͫͯͭ͜ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ΅ͦ 
ͪͦͣ͘͜΅͔ͤ͊ ͍ ͔ͭͫͭ͟͜Σ ͝͝ ͔͔͍ͨͪͦ͒ͯ͊ͤͤ͟Ύ ͭ͊ ͊ͤ͊ͯ͘͜͡  ͤ͊ ͍ͦͫͤͦ͜ ͤ͊ͤ͘Έ ͜ ͯͣͤ͜ΈΣ Ύ͟͜ ͺͦͪͣͯΌͭΈͫΎ ͍ ͯͪͫ͟͜ ͺ͙͙͘͜͟Φ ˽ͦ͒͊ͤͦ ͔͔ͨͪ͜͟͡ 
ͯͣͤ͜ΈΣ Ύ͟͜ ͺͦͪͣͯΌͭΈͫΎ ͍ ͯ;͍ͤ͜ ͍ ͨͪͦͼ͔ͫ͜ ͦͨͪ͊ͼΌ͍͊ͤͤΎ ͔͍ͭͫͭ͟͜ ͘ ͍ͤ͊ͯͦͦ͟Ό ͤ͜ͺͦͪͣ͊ͼ͜ΊΌ  ͜Σ  ͺ͙͘͜;ͤͦΌ ͔ͦͪͣ͊͘͟Φ ˹͍͔͔͊͒ͣͦ 
͙ͨͪ͊͒͟͡ ͔ͭͫͭͯ͟Σ ΅ͦ ͙ͣͫͭͭ͜Έ ͤ͜ͺͦͪͣ͊ͼ͜Ό ͨͪͦ ͺ͙͘͜;ͤ͜ ͺ͙͊ͭͦͪ͟ ͔͊͋ͪͯ͒ͤͤͤ͘Ύ ͍͙ͤ͊ͦ͟͡΄ͤΈ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͊͋ͦ ͝ͻ ͍͙͍ͨ͡ 
ͤ͊ ͙͍͗͜ ͎͙ͦͪ͊ͤͣ͘͜ ͜ ͡Ό͙͒ͤͯ ͭ͊ ͍͊͒͊ͤͤ͘Ύ ͒ͦ ͤΈ͎ͦͦΣ Ύ͟͜ ͫͨͪΎ͍ͣͦ͊ͤ͜ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯͣͤ͜Έ ͨͪ͊ͼΌ͍͙͊ͭ ͘ ͔ͭͫͭͦͣ͟Φ ˭͔ͦͪͣ͊͟Σ 
͍͊͒͊ͤͤ͘Ύ ͒ͦ ͔͍ͭͫͭ͟͜ ͣͦ͗ͯͭΈ ͔͔͍ͨͪͪ͜Ύ͙ͭ ͪͦͯͣͤͤ͘͜Ύ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͨͦ͒͊ͤͦ͝ ͍ ͔ͭͫͭ͟͜Σ ͪͦͯͣͤͤ͘͜Ύ ͫͯͭ͜ ͺ͙͘͜;͙ͤͻ ͔͍ͭͪͣͤ͜͜Σ 
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΅ͦ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈͫΎ ͍ ͔ͭͫͭ͟͜Σ ͯͣͤͤ͜Ύ ͦͼͤ͜Ό͍͙͊ͭ ͫͭͯͨͤ͜Έ ͍͙͍ͨͯ͡ ͙͙ͦͨͫ͊ͤͻ ͍ ͔ͭͫͭ͟͜ ͺ͙͘͜;͙ͤͻ ͺ͍͊ͭͦͪ͟͜ ͤ͊ 
͔͊͋ͪͯ͒ͤͤͤ͘Ύ ͍͙ͤ͊ͦ͟͡΄ͤΈ͎ͦͦ ͔͔͍͙ͫͪ͒ͦ΅͊ ͭͦ΅ͦΦ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ  ͔ͭͫͭ͟ ͺ͙͘͜;͎ͤͦͦ ͣͫͭͯ͘͜Σ ͙͍ͫͣͫͦ͜͡ ͍͘ΩΎ͙͘͟Σ ͍ͤ͊ͯͦ͟͜ ͨͦͤΎͭͭΎΣ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟Σ ͫͯͫͨ͜͡Έͤͦ-
͎͙͚ͯͣ͊ͤͭ͊ͪͤ͜ ͨͪͦͺ͜͡ΈΦ 

 

ˢͤͤͦͭ͊ͼ͙ΎΦ ˣ͙͊͋; ˮΦˢΦΣ ˿ͦ͋ͦ͒͡ΎͤΌ͟ ˮΦ̑Φ ͔́ͫͭ͟· ͺ͙͙͘;͔͎ͫͦͦ͟ ͔͙ͫͦ͒ͪ͗͊ͤΎ ͍ ͊͟;͔͍͔ͫͭ ͙͙͒͒͊ͭ͟;͔͎ͫͦͦ͟ 
͔͍ͫͪ͒ͫͭ͊ ͍ ͔͙ͣͭͦ͒;͔͚ͫͦ͟ ͙͔͔ͫͫͭͣ ͦ͋ͯ;͔͙ͤΎ ͯ;͊΅͙ͻͫΎ ͦ͋΅͔͍͔ͫͭͤͤͦ-͎͙͎ͯͣ͊ͤͭ͊ͪͤͦͦ ͨͪͦͺ͙͡ΎΦ 

ˤ ͔ͪ͊͋ͦͭ ͙ͦͨͫ͊ͤͦ ͔͙ͣͭͦ͒;͔͙͔ͫ͟ ͙͔ͨͪͣ· ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͔͍ͭͫͭͦ͟ ͺ͙͙͘;͔͎ͫͦͦ͟ ͫͣ·ͫ͊͡ ͊͟͟ ͙͙͒͒͊ͭ͟;͔͎ͫͦͦ͟ 
͔͍ͫͪ͒ͫͭ͊ ͒͡Ύ ͯ;͊΅͙ͻͫΎ ͦ͋΅͔͍͔ͫͭͤͤͦ-͎͙͎ͯͣ͊ͤͭ͊ͪͤͦͦ ͨͪͦͺ͙͡ΎΦ ˽͙͙͍ͪͦ͊ͤ͊ͪͦ͊ͤ͘͡· ͔͒ͺ͙͙ͤͼ͙Ό ζ͔ͭͫͭ͟ ͺ͙͙͘;͔͎ͫͦͦ͟ 
ͫͣ·ͫ͊͡ηΣ ͔͎ͦ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙ ͙ͨͪ͊ͭ͟;͔ͫͯ͟Ό ͔͙ͪ͊͊͘͡ͼ͙Ό ͙ͨͪ ͦ͋ͯ;͔͙͙ͤ ͺ͙͙͙͘͟Φ ˻͋ͦͪ͘ ͔͍͙ͭͪ͋ͦ͊ͤΎ ͟ ͔ͪ͊͋ͦͭ ͫ 
͙ͤͺͦͪͣ͊ͼ͙͔͚Σ ͦͭͦͪ͊͟Ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭͫΎ ͍ ͔͔ͭͫͭ͟ ͺ͙͙͘;͔͎ͫͦͦ͟ ͫͣ·ͫ͊͡Φ ͍͔̂ͫͭ͊ͤͦͤͦ͡Σ ;ͭͦ ͔͔ͨͪ;͙͔ͫͤͤ͡·͔ ͔͙ͯͣͤΎ 
͍͔ͤ͊ͨͪ͊ͤ͡· ͤ͊ ͍·Ύ͍͔͙͔ͤ͡ ͙͙ͨͦͤͣ͊ͤΎ ͙ͫͯͭ ͙ͤͺͦͪͣ͊ͼ͙͙Σ ͔ͪ͊ͣ͘΅͔͚ͤͤͦ ͍ ͔͔ͭͫͭ͟Σ ͔͔ ͔͔͙͍͙ͨͪͦ͒ͪͦ͊ͤ͟Ύ ͙ ͙͊ͤ͊͊͘͡ ͤ͊ 
͍͔ͦͫͤͦ ͙͚ͤ͊ͤ͘ ͙ ͔͙͚ͯͣͤΣ ͦͭͦͪ͟·͔ ͺ͙ͦͪͣͪͯΌͭͫΎ ͍ ͔ͯͪͫ͟ ͺ͙͙͙͘͟Φ ˽͔͔ͪ;͙͔ͫͤ͡· ͔͙͚ͯͣͤΣ ͦͭͦͪ͟·͔ ͺ͙ͦͪͣͪͯΌͭͫΎ ͯ 
ͯ;͊΅͙ͻͫΎ ͍ ͨͪͦͼ͔͔ͫͫ ͙ͦ͋ͪ͊͋ͦͭ͟ ͔͍ͭͫͭͦ͟ ͫ ͤ͊ͯ;͚ͤͦ ͙ͤͺͦͪͣ͊ͼ͙͔͚ ͙Σ ͺ͙͙͘;͔͚ͫͦ͟ ;͙͊ͫͭͤͦͫͭΦ ˽ ͙͍͔͔ͪ͒ͣ ͙͔ͨͪͣͪ ͔ͭͫͭ͊͟Σ 
͔ͫͦ͒ͪ͗͊΅͙͚ ͙ͤͺͦͪͣ͊ͼ͙Ό ͦ ͺ͙͙͘;͔͙͔ͫ͟ ͺ͊ͭͦͪ͟· ͎͊ͪ͘Ύ͔͙ͤͤ͘Ύ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒· ͙͙͡ ͙ͻ ͍͙͡Ύ͙͔ͤ ͤ͊ ͙͍͗·͔ ͎͙ͦͪ͊ͤͣ͘· 
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Abstract. Babich I.O., Slobodyanyuk I.Y. Texts physical sense as a didactic tool in a methodical system of teaching 
students social and humanities. 

This paper describes the methodological techniques of physical text content as a didactic tool for students of social and 
humanities. Analyzed the definition of "physical text content", its features and practical implementation while studying physics. 
Overview of requirements for the information which appears in the text physical meaning. Established listed skills aimed at 
identifying the understanding of the information contained in the text, its conversion and analysis based on knowledge and skills, 
which are formed in the course of physics. Lists the skills that students are formed during the processing of texts and scientific 
information, including physical. Here is an example of text that contains information about the physical factors of environmental 
pollution and their effects on living organisms and human beings and tasks to it, aimed at forming skills of working with text. In 
particular, the task of the texts can check understanding information given in the text, the understanding of the physical terms 
used in the text, the ability to assess the impact described in the text of individual factors on pollution and so on. 

Key words: physical text content, semantic relations, scientific concepts, teaching physics, socio-humanitarian profile. 
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ͨͦ΄͙͔ͪͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ό˱˴́ύ ͫͨͦͤͯ͊͟Ί ͍͙͊͒͊͟͡;͍͜ ͒ͦ ͨͦ΄ͯͯ͟ ͍͙ͤͦͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ  ͙͚͍ͨͪͦͣ͜Σ 
͙ͣͤ͘͜ ͙ͫͭ͡Ό ͙ͪͦ͋ͦͭΣ ͊ ͭ͊ͦ͗͟ ͍͙͍ͨ͊͡Ί ͤ͊ ͫͭͪͯͭͯͪͤ͟͜ ͭ͊ ͔͎ͣͭͦ͒ͦͦ͜͡;ͤ͜ ͙ͣͤ͘͜ ͯ ͙͔ͫͫͭͣ͜ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ώсϐΦ ˾͊ͦͣ͘ ͘ ͙ͭͣ 
͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͎͍͙ͨ͒ͦͭͦ͜͟ ͔͍ͫͭͯ͒ͤͭ͜ ͘͜ ͙͙ͨͪͪͦ͒ͤ;͙ͻ ͙͒ͫͼ͙ͨͤ͜͡ ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͎͋͊͊ͭΈͦͻ ;͙͙͍ͤͤ͟͜ ς ͍͒͜ ͍ͪͤ͜Ύ ͝ͻͤΈͦ͝ ͍͋͊ͦͦ͘͝ 
͎͍͙ͨ͒ͦͭͦ͜͟Σ ͙͍ͣͦͭ͊ͼ͜͝Σ ͙ͨͫͻ͎ͦͦ͜͡;ͤͦ͝ ͎͍ͦͭͦͤͦͫͭ͜Σ ͤ͊ Ύ͟͜ ͯ ͭͦͣͯ ;͙ͫ͜͡ ͍͙͍ͨ͊͡Ί  ͔͔ͦͣͨͭͤ͟ͼ͜Ύ ͭ͊ ͨͪͦͺ͔͚ͫͤ͊͜ ͚͔ͣ͊ͫͭͪͤͫͭ͜Έ 
͍͙͊͒͊͟͡;͊ ˤ˹˭ ώсΤ тϐΦ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜ ͨͦ͡Ύ͎͊Ί ͯ ͙ͪͦͪͭͭ͘͟͜ ͙ͨͪ͊ͭ͟;͙ͤͻ ͔͍͊ͫͨͭ͟͜ ͔ͪ͊͊͘͜͡ͼ͜͝ ͍͊ͭͦͪͫΈ͎ͦͦ͟ ͨ͒͜ͻͦ͒ͯ ͒ͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͙ͦͫͦ͋ͫͭͫͤͦ͜ 
ͦͪ͘͜Ί͍͎ͤͭͦ͊ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟ ͯ ͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻ ͯ͟͡Έ͙ͭͯͪ ͜ ͙͔ͣͫͭͼ͍ͭ I-II ͪ ͍͍ͤ͜͜ ͔͙͊ͪ͒ͭ͊͟ͼ͜͝Φ 
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ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˣ͔͘ ͍͙͍;͔ͤͤΎ ͺ͙͙͘͜͟ ͔͙͍ͤͣͦ͗ͦ͡ ͍͙͙ͪͦͭ͘ ͭ͊͟͜ ͙ͫͭͦͪͦͤ ͙͔ͣͫͤͤ͡ΎΣ Ύ͟ ͙͊ͤ͊ͭ͜͡;͔ͤ 
ͦͼͤ͜Ό͍͊ͤͤΎΣ ͎ͯ͊͊͘͡Έ͔͔ͤͤ ͪͦͯͣͤͤ͘͜Ύ ͚͒ͫͤͦͫͭ͜͜Σ ͍͙Ύ͍͔ͤͤ͡Ύ ͙͊ͦͤͦͣͪͤ͘͟͜ͻ ͍͘ΩΎ͍͘͟͜ ͭ͊ ͤ͜Φ ́ͦ͋ͭͦ ͍͙͍͙͊͗ͣ͡ ͍͊͒͊ͤͤ͘Ύͣ 
ͯ͋͊;͊ΊͭΈͫΎ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔ͤͭͪͫͯ͜ ͒ͦ ͺ͙͙͘͜͟Φ ˤ͒ͦͣͦ͜Σ ΅ͦ ͍͎ͯ͊͊ ͔ͫͭͯ͒ͤͭ͊ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͎͍͙ͦͦͤͣ͡ ;͙ͤͦͣ ͔͔ͤͭͪͫͦͣ͜ ͒ͦ ͔͍ͨͤͦ͝ 
͙ͫͭͯ͊ͼ͜͝ ό͒ͦ ͣͫͭͯ͘͜ ͊ͤ͘ΎͭͭΎΣ ͒ͦͫ͒ͯ͜͡Σ ͙ͨͪ͊ͭ͟;͎ͤͦͦ ͍͊͒͊ͤͤ͘Ύ ͭͦ΅ͦύΦ ́ͦͣͯ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͔ͫͨͼ͊͜͡Έͤ͜ ͊͘ͻ͙ͦ͒ ͒͡Ύ 
͊ͯ͘͡;͔ͤͤΎ ͍͎͙ͯ͊ ͔ͫͭͯ͒ͤͭ͊ ͒ͦ ͍ͫ͜ͻ ͊ͤ͘ΎͭΈΣ ͝ͻ ͙͍͍ͣͦͭͯ͊ͤͤΎΦ ˨ͦ ͙ͭ͊͟ͻ ͊͘ͻ͍ͦ͒͜ ͔ͣͦ͗ͣͦ ͍͔͙͒ͤͫͭ͜ ͪͤͦͣ͊ͤͭͤ͘͜͜͜ ͔͙ͣͭͦ͒ - 
͍ͪͦͨͦ͒͘͜ΈΣ ͚ͫ͊ͣͦͫͭͤ͊͜ ͪͦ͋ͦͭ͊Σ ͔͒ͣͦͤͫͭͪ͊ͼ͜͝Σ ͊͋ͦͪ͊ͭͦͪͤ͜͡ ͙ͪͦ͋ͦͭΣ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͊͒͊͘;Σ ͍͔ͨͦ͒ͦͣͤͤ͜͡Ύ ͚ ͍͒ͦͨͦ͒͜͜ ͔͍ͫͭͯ͒ͤͭ͜Σ 
͙͍ͦͨͭͯ͊ͤͤΎ ͭͦ΅ͦΦ  

̂ ͚ͭͦ ͔͗ ;͊ͫ ͔͙ͣͭͦ͒ ͍ͤ͊;͊ͤͤΎ ͫ͒͜͡ ͙͙ͦ͋ͪ͊ͭ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ ͜ ͺ͎ͦͦ͘͜͜͜͡;͙ͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͔͍ͫͭͯ͒ͤͭ͜Φ 
˹͔ͦ͋ͻ͒ͤͦ͜ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͫͭͯͨͤ͜Έ ͍͙͍͊͗ͦͫͭ͜͡ ͔͙ͦͪͣ͟ͻ ͙ͨͭ͊ͤΈ ͯͪͫͯ͟ ͙ͨͪ ͪͦͨͦ͒͘͜͜͡ ;͊ͫͯ ͤ͊ ͨͦΎ͔ͫͤͤͤΎΣ ͔͊ͪͨͤͤ͘͟͜͡Ύ ͜ ͦͤͭͪͦ͟͡Έ 
ͤ͊ͤ͘ΈΣ ͭͦ͋ͭͦ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͙͒ͺ͔͔ͪͤͼ͚͍͙͚ͦ͊ͤ͜ ͨ͒͜ͻ͒͜Φ 

˸͔͙ͭͦ͒ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟ ͪͯ͘;ͤͦ ͙͙ͨͦ͒ͭ͜͡ ͤ͊ ͍͔ͫͦͫͤ͜͡Σ ͤ͊ͦ;ͤ͜ ͚ ͙ͨͪ͊ͭ͟;ͤ͜Φ ͎͙̅ͦͦ͊ͣ͘͜͜͡ ͨͦ͊͊ͤͦ͘͟Σ ΅ͦ ͒͡Ύ ͔͍ͣͭͦ͒͜ 
ͦ͒ͤ͜Ί͝ ͎͙ͪͯͨ ͻ͔͙͚͊ͪ͊ͭͪͤ͟ ͙ͦ͒ͤ ͜ ͚ͭͦ ͔͗ ͍͙͒ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜ όͫͯ͡ͻ͊ͤͤΎΣ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎ ͜ ͚ͫ͊ͣͦͫͭͤ͊͜ ͪͦ͋ͦͭ͊ύΣ ͔ͦͭ͗Σ ͙ͨͪ 
ͼΈͦͣͯ Ί ͍͔͙͊͊ͤͭ͊͗ͤͣ͘ ͙ͦ͒ͤ ͜ ͚ͭͦ ͔͗ ͊ͤ͊͊ͭͦͪ͘͜͡ ώтϐΦ ˭ ͔ͣͭͦΌ ͚͎ͦͦ ͍͙͍͜͡Έ͔ͤͤͤΎ ͒ͦͼ͜͡Έͤͦ ;͊ͫ ͍͒͜ ;͊ͫͯ ͣͤ͘͜Ό͍͙͊ͭ ͍͙͒ 
͒͜Ύ͡Έͤͦͫͭ͜Φ ˭ͣͫͭ͜ ͍͙͒ͯ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͚͎ͦͦ ͙͍ͭͪ͊ͫͭ͜͡ΈΣ ;͊ͫͭͦͭ͊ ͙ͣͤ͘͜ ͣ͊ΌͭΈ ͙͙ͦ͋ͪ͊ͭͫΎ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͙͙͒͒͊ͭ͟;͙ͤͻ 
ͼ͔͚͜͡Σ ͣͫͭͯ͘͜ ͍ͤ͊;͊ͤͤΎΣ ͍ͪͤ͜Ύ ͍ͪͦͯͣͦͦ͘͝ ͨͪ͊ͼ͔͒͊ͭͤͦͫͭ͘͜ ͔͍ͫͭͯ͒ͤͭ͜Φ 

˹͙͊ͣ ͋ͯͦ͡ ͔ͪͦͪͦ͋ͤͦ͘͡ ͙͍͔͍͙͚ͭͪͪͤ͜ ͨ͒͜ͻ͒͜ ͒ͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͤ͊;͊ͤͤΎ όͭ͊͋͡Φ мύΣ ΅ͦ ͦͻͦͨ͡ΌΊ ͭ͊͟͜ ͙͙͒͒͊ͭ͟;ͤ͜ ͙ͨͪͤͼ͙͙ͨ 
Ύ͟ ͒ͦͫͭͯͨͤͫͭ͜ΈΣ ͤ͊ͦ;ͤͫͭ͜ΈΣ ͍ͤ͊ͯͦͫͭ͟͜Έ ͜ ͙͔ͫͫͭͣͤͫͭ͜Έ ώтϐΦ ˽͙ͪ͊ͭ͊͟͟ ͚͎ͦͦ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͨͦ͊͊͊͘͟͡Σ ΅ͦ ͙͚ͭ͊͟ ͨ͒͜ͻ͒͜ ͙ͫͨͪΎΊ 
͚͒ͫͤͦͣͯ͜ ͪ ͦͯͣͤͤ͘͜Ό Ύ͍ ͙΅Σ ͍͙ͤ͊ͯͦ͟ͻ ͨͦͤΎͭΈ ͜ ͘ ͔͚͊ͦͤͦͣͪͤͦͫͭ͟͜Φ 

͙́͊͋͡ͼΎ м  
͙͍͔͍͙͚́ͪͪͤ͜ ͨ͒͜ͻ͒͜ ͒ͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͙ͦͫͦ͋ͫͭͫͤͦ͜ ͦͪ͘͜Ί͍͎ͤͭͦ͊ͤͦͦ ͍ͤ͊;͊ͤͤΎ 

˾͍͔ͤ͜Έ 
˨͍ͦͣͤͯ͊͜͡Έͤ͜ 
͙ͨͪͤͼ͙͙ͨ 

˻͙ͨͫ 
˨͍ͦͣͤͯ͊͜͡Έͤ͜ ͔͙ͣͭͦ͒ 

͍ͤ͊;͊ͤͤΎ 
˸͔ͭ͊ 

I. ˹ ͍͊ͯͦͦ͟-
ͨͦͨͯ͡Ύ͙͚ͪͤ  

˨ͦͫͭͯͨͤͫͭ͜ΈΣ 
͙ͨͪͤͼ͙ͨ ͙ͫͭͦͪͣͯ͘͜  

˨͔ͦͫ͒͗ͤͤ͜͡Ύ Ύ͍͙΅͊ ͤ͊ 
͔͍ͨͪͫͤͦͣͯ͜ 
͔͔͙ͭͦͪͭ;ͤͦͣͯ ͍ͪͤ͜͜ 

˿͍͔ͦͫͤ͜͡ ͭ͊ ͤ͊ͦ;ͤ͜ 
ό͔ͣͭͦ͒ ͎͚͊ͤ͊ͦ͜͡Σ  
͔͋ͫ͒͊͜Σ ͙͒ͫͯͫ͟͜ΎΣ  
͙ͨ͊͊ͭ͟͡Σ ͙͊ͫͦ͋͘ ˱˴́ύ 

ˢͭͯ͊͊͘͟͜͡ͼ͜Ύ 
͍ͨͤ͊͊͘͜͡Έ͎ͤͦͦ 
͔͔ͤͭͪͫͯ͜Σ 
ͺ͍ͦͪͣͯ͊ͤͤΎ 
͔͔͙ͭͦͪͭ;͎ͤͦͦ ͦ͋ͪ͊ͯ͘ 

IIΦ ˩͔͙ͫͨͪ͟-
͔ͣͤͭ͊͡Έ͙͚ͤ 

˹͊ͦ;ͤͫͭ͜Έ ˨͔ͣͦͤͫͭͪ͊ͼ͜Ύ 
͔͔͙͔͍ͫͨͪͣͤͭ͟͜ 
 

˹͊ͦ;ͤ͜ ό͊ͯ͒ͦ͜-͍ͯ͊͘͜͡Έͤ͜ 
͔͙ͣ͊ͭͪ͊͜͡, ͣ ͔͙͊ͭ͟Σ  
͔ͣͦ͒͜͡Σ ͙͊ͫͦ͋͘ ˱˴́ύ 

˨͍͔ͦͨͦͤͤͤΎ 
͔͔͙ͭͦͪͭ;͎ͤͦͦ ͦ͋ͪ͊ͯ͘ 
͙ͨͪ͊ͭͦ͟͟Ό  

IIIΦ ͔̅ͯͤ͒͊ͣͤ-
ͭ͊͡Έ͙͚ͤ 

˹͍͊ͯͦͫͭ͟͜ΈΣ 
͙͔ͫͫͭͣͤͫͭ͜Έ 

˾ͦͯͣͤͤ͘͜Ύ ͺ͙͘͜;͙ͤͻ 
͔͚ͭͦͪ͜ όͺ͍͊ͭ͟͜Σ ͨͦͤΎͭΈΣ 
͔͔͚ͣͦ͒͡Σ ͍͊ͦͤ͘͟͜Σ 
͙ͨͪͤͼ͙͍ͨ͜ύ 

˿͍͔ͦͫͤ͜͡ ͭ͊ ͙ͨͪ͊ͭ͟;ͤ͜ 
ό͔ͣͭͦ͒ ͔͎ͨͪͦ͋ͣͤͦͦ͡ 
͍ͤ͊;͊ͤͤΎΣ  
͊͋ͦͪ͊ͭͦͪͤ͜͡ ͙ͪͦ͋ͦͭΣ 
͙͊ͫͦ͋͘ ˱˴́ύ 

͍̅ͦͪͣͯ͊ͤͤΎ 
ͼ͎ͫͤͦͦ͜͜͡ ͪͦͯͣͤͤ͘͜Ύ 
 

 
˹͊ ͔ͨͪ΄ͦͣͯ ͍ͪͤ͜͜ ͍ͤ͊;͊ͤͤΎ ͔ͫͭͯ͒ͤͭ͊ͣ ͨͦͭͪ͋ͤͦ͜ ͙ͨͪ΅͔͙͙ͨͭ ͔͔ͤͭͪͫ͜ ͒ͦ ͺ͙͙͘͜͟Σ ͙ͨͦ͊͊ͭ͘͟ ͝͝ ͔ͫͨͼ͙ͺͯ͜͟Σ ͤ͊͘;͔ͤͤΎ 

͔͍ͭͪͣͤ͜͜ ͭͦ΅ͦΦ ˨ͦͼ͜͡Έͤͦ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͭ͊͟͜ ͔͙ͣͭͦ͒ Ύ͟ ͔͋ͫ͒͊͜Σ ͙͒ͫͯͫ͟͜ΎΣ ͎͊ͤ͊ͦ͜͡͝Φ ̂ ͺͦͪͣ͜ ͔͙͋ͫ͒͜ ͙ͦͪͫͤͦ͟ ͍͙͙ͨͪͦͦ͒ͭ 
͔͔͍ͨͪͪͯ͜͟ ͤ͊ͤ͘Έ ͔͍ͫͭͯ͒ͤͭ͜Σ ͙͍ͦͨͭͯ͊ͤͤΎΦ ˽͒͜ ;͊ͫ ͙͚͒ͫͯͫ͟͜ ͔ͭͪ͋͊ ͍ͫͭͦͪΌ͍͙͊ͭ ͭ͊͟͜ ͙ͫͭͯ͊ͼ͜͝Σ ΅ͦ͋ ͔͙ͫͭͯ͒ͤͭ ͍͙͙ͤ͊ͦ͒͡ ͙͙ͨͪ͊͒͟͡ 
͘ ͍͎͊ͫͤͦͦ͡ ͙͗ͭͭΊ͍͎ͦͦ ͍͒ͦͫ͒ͯ͜Σ ͍ͨͦϥΎ͊ͤ͘͜ ͘ ͍͙͒ͦͫ͒͗ͯ͊ͤͣ͜͡ ͙ͨͭ͊ͤͤΎͣΣ ͜ ͎͙ͤ͊ͣ͊͊ͫ͡Ύ ͝ͻ ͨͦΎ͙͙ͫͤͭ ώуϐΦ ˥͔ͪ͊ͣͦͭͤ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ 
͔͙͋ͫ͒͜ ͚ ͙͒ͫͯͫ͟͜͝ ͍͙͎ͣ͊͊Ί ͤ͊͘;ͤͦ͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍͙͊͒͊͟͡;͊Σ ͔͊͒͗ ͙ͨͭ͊ͤͤΎ ͫ͒͜͡ ͔͔ͪͭ͡Έͤͦ ͍͙ͫͨ͊ͤͯ͊ͭ͡ ͔͎͊͒͊͒͘͘͜͡ΈΣ 
͔͔ͨͪ͒͋͊;͙͙ͭ ͍ͫ͜ ͙͍ͣͦ͗͜͡ ͍͙͊ͪ͊ͤͭ͜ ͍͍͔͚͒ͨͦ͒͜͜Φ ́͊ͦ͗͟ ͒ͦͼ͜͡Έͤͦ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͙ͣ͗͒ͫ͜ͼ͙ͨͤ͊ͪͤ͜͜͡ ͙͙ͨͪ͊͒͟͡Σ Ύ͟͜ 
͔͒ͣͦͤͫͭͪͯΌͭΈ Ί͒ͤͫͭ͜Έ ͍͊ͦͤ͘͟͜ ͙͙ͨͪͪͦ͒Σ ͙͍ͪͦͪ͊͘͟ΌͭΈ ͯ ͍͚ͤͦ͜ ͙ͫͭͯ͊ͼ͜͝ ͍͒ͦͫ͒͗ͯ͊ͤ͜͜͡ ͨͦͤΎͭͭΎ ͜ ͙ͭͣ ͙ͫ͊ͣͣ ͎͙ͨͦ͋͡͡ΌΌͭΈ 
ͤ͊ͤͤ͘ΎΦ 

˭ ͔ͣͭͦΌ ͺ͍ͦͪͣͯ͊ͤͤΎ ͼ͙ͤͤͫͤ͜͜ͻ ͍͔ͫͭ͊ͤ͡Έ ͒ͦͼ͜͡Έͤͦ ͎͍͍͙ͦͪ͊ͤͦͯ͊ͭ͘͜ ͯͫͭͪ͘͜;͜ ͘ ͍;͔͙͙ͤͣ ͭ͊ ͔ͫͯͪͫ͟͟͜͝Φ ˤ͙͍͔͊͗͡ 
ͤ͊͘;͔ͤͤΎ ͣ͊Ί ͙ͨͪͤͼ͙ͨ ͙ͫͭͦͪͣͯ͘͜Σ Ύ͙͚͟ ͔͔ͨͪ͒͋͊;͊Ί ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙ͫͭͦͪ͜;͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ΅ͦ ͍͒ͦ͋ͪ͊͗͊͜Ί ͍͜ͻ͙ ͍͙ͪͦͭͯ͘͟ 
ͺ͙͙͘͜͟Σ ͚ͤ͊͋͜͡Έ΄ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ͜ ͍͙͒ͪͭͭ͜͟ΎΣ ͪͦ͡Έ ͯͪ͊ͤͫ͟͝Έ͙͟ͻ ͍;͔͙ͤͻ ͯ ͍͍͚ͫͭͦ͜͜ ͤ͊ͯͼ͜Φ ˨͙͚ͦ͋ͪ ͔ͺ͔ͭ͟ ͙͙ͨͪͤͦͫͭΈ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ͨͤ͊͊͘͜͡Έ͙ͤͻ ͍͊͒͊ͤ͘Έ ͜ ͊ͫͯ͘͡ͻ͍͍ͦͯ͊ͤͤΎ ͍͔͚͒ͦͨͦ͒͜Σ ͎͍͔͙ͨ͒ͦͭͦͤ͜͡ͻ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ 
ͣͯ͡Έ͙͔͚͙ͭͣ͒ͤ͜ͻ ͔͔ͨͪͤͭ͊͘ͼ͚͜Φ 

˽ͦͪΎ͒ ͘ ͙͒ͦͫͭͯͨͤͣ ͨͦ͒͊ͤͤΎͣ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ͔ͨͪ΄ͦͪΎ͔͒ͤ ͤ͊͘;͔ͤͤΎ ͤ͊ ͎͒ͪͯͦͣͯ ͍ͪͤ͜͜ ͨͦ;͙ͤ͊Ί 
͍͎͍͙͒ͪ͊͊ͭ͜͜ ͔͔͙͔ͫͨͪͣͤͭ͟Φ ˨͔ͣͦͤͫͭͪ͊ͼ͚ͤ͜͜ ͭ͊ ͊͋ͦͪ͊ͭͦͪͤ͜͡ ͙͒ͦͫ͒͜͡ ͣ͊ΌͭΈ ͙ͫͭͣͯ͡Ό͍͙͊ͭ ͔͍ͫͭͯ͒ͤͭ͜ ͙͙ͪͦ͋ͭ ͚ͫ͊ͣͦͫͭͤ͜͜ 
͍͙͍͙ͫͤͦ͟Φ ˹͊ ͼΈͦͣͯ ͍ͪͤ͜͜ ͣͦ͗ͤ͊ ͍͙͊ͫͭͦͫͯ͊ͭ͘ ͪͤ͘͜͜ ͙͊ͫͦ͋͘ ͤ͊ͦ;ͤͦͫͭ͜ ς ͡ ͔͊͋ͦͪ͊ͭͦͪͤ ͍ͯͫͭ͊ͭͯ͊ͤͤ͟ΎΣ ͍͔͙͙͒ͦͪͦ͜͟͡Σ ͔͔ͨͪͤͭ͊͘ͼ͜͝Σ 
͔͙͍ͤͭͪ͊ͭͤ͜͟͜ ͍͙͙ͭͦͪͤ͜͟Φ ˨͔ͯ͗ ͍͙͍͊͗ͦ͡ ͍ͤ͊;͙͙ͭ ͔͍ͫͭͯ͒ͤͭ͜ ͎ͦ͜͡;ͤͦ ͍͍͙ͦ͋͐ͪͯͤͭͦͯ͊ͭ ͍ͫͦΌ ͒ͯͣͯ͟Φ 

˹͊ ͔ͭͪͭΈͦͣͯ ͍ͪͤ͜͜ ͙͍ͦͫͦ͋ͦ͡͝ ͊ͭͯ͊͟͡Έͤͦͫͭ͜ ͍ͤ͊͋ͯ͊Ί ͔ͣͭͦ͒ ͔͎ͨͪͦ͋ͣͤͦͦ͡ ͍ͤ͊;͊ͤͤΎΣ Ύ͙͚͟ ͍͒ͦͦ͘͡ΎΊ ͍͙͙͙ͪͦ͋ͭ ͯ 
͔͍ͫͭͯ͒ͤͭ͜ ͯͣͤͤ͜Ύ ͚ͫ͊ͣͦͫͭͤͦ͜ ͍ͪͦ͘ΩΎ͍͙ͯ͊ͭ͘ ͺ͙͘͜;ͤ͜ ͊͒͊͘;͜Φ ˽͔ͪͦ͋ͣ͊͡ ͍͙ͨͦͤͤ͊ ͍͙͍͙͒ͦ͋ͯ͊ͭͫΎ ͔ͫͭͯ͒ͤͭͦͣ ͯ ͨͪͦͼ͔ͫ͜ ͍͙ͪ͜΄͔ͤͤΎ 
͍͎ͤͦͦͦ ͒͡Ύ ͔͔ͫ͋ ͍͊͒͊ͤͤ͘ΎΦ ˻͙͍͔ͫͦ͋͡ ͤ͊͘;͔ͤͤΎ ͍͎͒ͪ͊͜͜ΌͭΈ ͊͋ͦͪ͊ͭͦͪͤ͜͡ ͙ͪͦ͋ͦͭΦ ˤ͙ͦͤ ͍ ͪ͊͟΅͚͜ ͣͪ͜͜ ͙ͫͨͪΎΌͭΈ ͍͙ͪͦͭͯ͘͟ 
͙͔ͣͫͤͤ͡Ύ ͭ͊ ͍;͊ͭΈ ͍͙͊ͤ͊ͯ͊ͭ͘͜͡ Ύ͍͙΅͊Σ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͔͔͙ͭͦͪͭ;ͤ͜ ͭ͊ ͙ͨͪ͊ͭ͟;ͤ͜ ͤ͊ͤͤ͘Ύ ͜ ͍ ͍ͨͦͫͭ͊ͤͦͼ͜ ͙ͪͦ͋ͦͭΣ ͜ ͍ ͙ͦͭͪͣ͊ͤͤ͜ 
͚͙ͫ͊ͣͦͫͭͤ͜ͻ ͍͙͍͍ͫͤͦ͟͜ ώуϐΦ ˨͡Ύ ͝ͻ ͍͙ͦͤ͊ͤͤ͟Ύ ͣͦ͗ͤ͊ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ Ύ͟ ͤ͊ͭͯͪͤ͜Σ ͭ͊͟ ͜ ͤ͊ͭͯͪͤͦ-͍͙ͪͭͯ͊͡Έͤ͜ ͙͙ͨͪ͊ͭͯͣ͟͟Φ 
˿͔͔ͪ͒ ͎͙ͨͪͦͪ͊ͣͤͻ ͍͒ͦ͒͊ͭ͟͜ ͔ͦͪͣͦ͟͝ ͍͎͙ͯ͊ ͎͍͊ͫͯͦͯ͘͡ΌͭΈ ͤ͊ͫͭͯͨͤ͜Υ ͔͎͎ͨ͒͊ͦ͜;͙͚ͤ ͎͙͚ͨͪͦͪ͊ͣͤ ͊ͫ͋͘͜ ζˤͪͭͯ͊͜͡Έͤ͊ ͺ͙͘͜;ͤ͊ 
͊͋ͦͪ͊ͭͦͪ͜͡Ύ мл-мм ͟͡Φη ό͙ͪͦͪͦ͋ͤ͘͟ ς ζ˴͍͊͊ͪ͘-˸ͪͦ͜͟ηύΣ ͣͯ͡Έ͙͔͚͙͚ͭͣ͒ͤ͜ ͯͪͫ͟ ζ˻ͭͪ͟·ͭ͊Ύ ͺ͙͙͊͘͟η ό͙ͪͦͪͦ͋ͤ͘͟ ς ́˻ˤ 
ζ͙̅ͦͤ͘͜͟ηύΣ ͔͙͍͙͚ͤͭͪ͊ͭͤ͜͟ ͙ͫͣͯ͡Ύͭͦͪ tƘ9¢Σ ͔͙͚ͪͦͪͦ͋ͤ͘͡ ͍͙͙ͫͨͪͦ͋ͭͤ͊ͣ͜͜͟ ͍͔͙͔̂ͤͪͫͭͭͯ͜ ˴ͦͦͪ͊͒ͦ͡ 
(https://phet.colorado.edu/en/simulations/category/physics). 

˻ͫ͟͜͡Έ͙͟ ͊͒͊͘;͜ ͘ ͺ͙͙͘͜͟ Ί ͙͙ͪͤͦͣ͊ͤͭͤͣ͘͜͜ Ύ͟ ͊͘ ͣͫͭͦͣ͘͜Σ ͭ͊͟ ͜ ͊͘ ͙͙͒͒͊ͭ͟;͙͙ͤͣ ͼ͜͡Ύ͙ͣΣ ͝ͻ ͙͊ͫ͟͡ͺͯ͜͟ΌͭΈ ͊͘ ͙͙ͪͤͣ͘͜ 
͙ͦͤ͊͊ͣ͘͟ ώфϐΦ ˹͙͊ͨͪ͊͒͟͡Σ ͊͘ ͫͨͦͫͦ͋ͦͣ ͍͙͔ͪ͊͗ͤͤΎ ͍͙ͯͣͦ ͺ͙͘͜;ͤ͜ ͊͒͊͘;͜ ͨͦ͒͜͡ΎΌͭΈ ͤ͊ ;͙͙ͦͭͪ ͍͙ͦͫͤͦͤͻ ͍͙͙͒Υ ͔͍ͭͫͭͦ͟͜Σ 
͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͜Σ ͎ͪ͊ͺ͜;ͤ͜ ͭ͊ ͊͒͊͘;͜-͙͙ͪͫͯͤ͟Φ  
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˹͊ ͙ͨͪ͊ͭ͟ͼ͜ ͚ͤ͊͋͜͡Έ΄ ;͊ͫͭͦ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ ͔͍ͭͫͭͦ͟͜ ͊͒͊͘;͜Σ ͣͫͭ͘͜ Ύ͙͟ͻ ͍͙ͪ͊͗͊ΊͭΈͫΎ ͔ͭͫͭͦͣ͟ ώмлϐΦ 
˩͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͜ ͊͒͊͘;͜ ͯ ͍ͨͦͪͤ͜Ύͤͤ͜ ͘ ͔͍͙͙ͭͫͭͦͣ͟Σ Ύ͟ ͍͙ͨͪ͊ͦ͡Σ ͔ͨͦͭͪ͋ͯΌͭΈ ͋͜͡Έ΄͔ ;͊ͫͯ ͤ͊ ͎͍ͨ͒ͦͭͦͯ͜͟ ͜ ͍ͪͦ͘ΩΎ͊ͤͤ͘ΎΣ ͊ 
ͭ͊ͦ͗͟ ͔͍͙ͨͤͻ ͍͙ͤ͊;ͦ͟ ͯ ͍ͨͦͫͭ͊ͤͦͼ͜ ͔͔͙͔ͫͨͪͣͤͭͯ͟Φ ˻͒ͤ͊͟ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͙ͭ͊͟ͻ ͊͒͊͘; ͙͙͍ͨͦͭͤͦ͘ ͍͙͍ͨ͊͡Ί ͤ͊ Ύͫͭ͟͜Έ ͍ͤ͊;͊ͤͤΎ 
ͺ͙͙͘͜͟ ώммϐΦ ˩͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͜ ͊͒͊͘;͜ ͒͜͡ΎͭΈͫΎ ͤ͊ Ύͫͤ͟͜͜ ͭ͊ ͟͜͡Έͫͤ͟͜͜Φ 

̂ Ύ͙ͫͤ͟͜ͻ ͊͒͊͘;͊ͻ ͔ͫͭͯ͒ͤͭ ͣ͊Ί ͙͙ͦͨͫ͊ͭ Ύ͍͙΅͔Σ ΅ͦ ͣ͊Ί ͍͙͒͋ͯͭͫ͜Ύ ͍ ͔ͪͯ͘͡Έͭ͊ͭ͜ ͒ͦͫ͒ͯ͜͡Σ ͊͋ͦ ͚ͫ͊ͣͦͫͭͤͦ͜ ͍͍͙͙͒ͭͦͪͭ͜ 
ͺ͙͘͜;͔ͤ Ύ͍͙΅͔ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͙͍ͨͪ͊͒͜͡Φ ˢͤ͊ͯ͘͜͡Ό;͙ ͭ͊͟͜ ͍͊͒͊ͤͤ͘ΎΣ ͔ͫͭͯ͒ͤͭ ͣ͊Ί ͍͙ͨͪͦ͊ͤ͊ͯ͊ͭ͘͜͡ ͺ͙͘͜;ͤͯ ͫͯͭͤͫͭ͜ΈΣ ͔ͤ 
͍͍͒ͦ͊͜͜͟͡Ό;͙ͫΈ ͔͙ͣ͊ͭͣ͊ͭ;͙͙ͤͣ ͪͦͪ͊͘ͻ͙ͯͤ͊ͣ͟Σ ΅ͦ ͣ͊Ί ͍͔͙͔͟͡ ͤ͊͘;͔ͤͤΎ ͒͡Ύ ͪͦͯͣͤͤ͘͜Ύ ͔͔ͨͪ͒ͣͭ͊Σ  ͍͙ͪͦͭͯ͘͟ ͙͔ͣͫͤͤ͡ΎΦ 
˿͒͜͡ ͍͙͙͊ͯ͊͗ͭ͘Σ ΅ͦ ͍͍͒ͨͦ͒͜͜͜ ͤ͊ Ύͫͤ͟͜͜ ͊͒͊͘;͜ ͔ͤ ͍͙͊͗͒͘ Ί ͦ͒ͤͦͤ͊͘;͙͙ͤͣΦ  ˽͙ͪ ͍ͪͦ͘ϥΎ͊ͤͤ͘͜ ͟͜͡Έ͙ͫͤ͟͜ͻ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͙ͤͻ 
͊͒͊͘; ͫͨͦ;͊ͭͯ͟ ͔ͤͦ͋ͻ͒ͤͦ͜ ͙͙ͪͦ͋ͭ͘ ͍͙ͣͪ͜Ό͍͊ͤͤΎΣ ͊ ͨͦͭͣ͜Σ ͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͙ͦͭͪͣ͊ͤ͜ ͒͊ͤ͜Σ ͦ͋;͙͙͙ͫͭ͡ ͊͘ ͎͒ͦͨͦͣͦͦΌ 
͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͺͦͪͣͯ͡ ͍͍͒ͨͦ͒͜͜Έ ͊͒͊͘;͜. 

̂ ͙ͨͪ͊ͭ͟ͼ͜ ͔͒ͦ͋ͪ ͔͔ͫ͋ ͔͔͍͙͊ͪͦͣͤ͒ͯ͊͘͟͡ ͊͒͊͘;͜  ˤ͙͒ͪͭͦ͜͟͝ ͙͙ͨͪͪͦ͒ͤ;ͦ͝ ͔͒ͣͦͤͫͭͪ͊ͼ͜͝ ͘ ͺ͙͙͘͜͟Σ ΅ͦ ͪͦͣ͘͜΅ͯΌͭΈͫΎ 
ͤ͊ ͚ͫ͊ͭ͜ ˤ͔ͫͯͪ͊ͤͫ͟͝Έ͎ͦͦ͟ ͭͯͪͤͪͯ͜ ͘͜ ͙͙ͨͪͪͦ͒ͤ;͙ͻ ͙͒ͫͼ͙ͨͤ͜͡ όƘǘǘǇΥκκǿǿǿΦǾǇŘΦƛƴƘƻǎǘΦŎƻƳΦǳŀύΤ ͊ ͭ͊ͦ͗͟ ͍ͪͭͯ͊͜͡Έͤ͜ ͍͊͒͊ͤͤ͘Ύ 
͊͋ͦͪ͊ͭͦͪ͜͡͝ ±ƛǊǘǳ[ŀō όƘǘǘǇΥκκǿǿǿΦǾƛǊǘǳƭŀōΦƴŜǘύΦ 

ˤ͙͍͙ͫͤͦ͟Φ ˭͍͙͚͊ͨͪͦͨͦͤͦ͊ͤ ͙ͤ͊ͣ ͙͍͔͍͙͚ͭͪͪͤ͜ ͨ͒͜ͻ͒͜ ͒ͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͙ͦͫͦ͋ͫͭͫͤͦ͜ ͦͪ͘͜Ί͍͎ͤͭͦ͊ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟ 
͙ͫͨͪΎΊ ͍͔ͫͭͦͪͤͤΌ ͍ͯͣͦ ͒͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͔͔ͤͭͭͯ͊͜͟͡͡Έ͙ͤͻ ͜ ͙ͨͪ͊ͭ͟;͙ͤͻ ͯͣͤ͜ΈΣ ͍ͭͦͪ;͙ͻ ͔͚͒͋ͤͦͫͭ͘͜Σ ͍͙ͤ͊;ͦ͟ 
͚͎ͫ͊ͣͦͫͭͤͦͦ͜ ͒ͦ͋ͯͭͭ͘Ύ  ͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͤ ͙͊ͨͪ͊ͭ͟ͼ͜ ͤ͊ͤ͘ΈΦ ˸͙͍ͦ͗ͦͫͭ͜͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͙͍ͣͦͭ͊ͼ͜͝ ͙͍ͪͦͪ͊͘͟ΌͭΈͫΎ 
ͤ͊ ͦ͗ͤͦͣͯ͟ ͍ͪͤ͜͜ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͙ͭͻ ;͙ ͙ͭͻ ͺͦͪͣ, ͣ ͔͍ͭͦ͒͜ ͜ ͍͊ͫͦ͋͘͜Σ ͯ ͭͦͣͯ ;͙ͫ͜͡ ͍͊ͫͦ͋͘͜ ˱˴́Φ  

˭͍͙͊ͯ͊͗ͣͦΣ ΅ͦ ͙͚͒͊ͤ ͨ͒͜ͻ͒͜ ͔ͣͦ͗ ͍͍͙͊ͫͭͦͫͦͯ͊ͭͫ͘Ύ ͔ͤ ͭ͜͡Έ͙͟ ͒ͦ ͍͎ͨͦͤͦͦ ͼ͙ͯ͟͡ ͍ͤ͊;͊ͤͤΎΣ ͊ ͚ ͒ͦ ͔ͦͪͣͦ͟ ͎ͦ͋ͪ͊ͤͦͦ 
͊ͤ͘ΎͭͭΎΦ ̂ ͭ͊ͦͣͯ͟ ͍͙ͨ͊͒ͯ͟ ͫͨͦ;͊ͭͯ͟ ͍ͤ͊ͯͦͦ͟-ͨͦͨͯ͡Ύͪͤͦ ͨͦΎͫͤΌΊͭΈͫΎ ͫͯͭΈ ͺ͙͘͜;͎ͤͦͦ Ύ͍͙΅͊ ό͔ͨͪ΄͙͚ ͍͔ͪͤ͜ΈύΣ ΅ͦ 
͍͒ͦͨͦͤΌΊͭΈͫΎ ͤ͊ͦ;͙͙ͤͣ ͔͒ͣͦͤͫͭͪ͊ͼ͜Ύ͙ͣ ό͎͙͚͒ͪͯ ͍͔ͪͤ͜ΈύΣ ͨͫ͜͡Ύ ;͎ͦͦ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͺ͙͘͜;ͤ͊ ͔ͭͦͪ͜Ύ ͘ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦΌ 
ͦͤͫͭͪͯ͟͟ͼ͜ΊΌ ό͔͚ͭͪͭ͜ ͍͔ͪͤ͜ΈύΦ  

̇͜ ͍ͪͤ͜͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͤ͊;͊ͤͤΎ ͙͍ͪͦͪ͊͘͟ΌͭΈͫΎ ͭͪΈͦͣ͊ ͅ ͯͤ͟ͼ͜Ύ͙ͣ ς ͍ ͙ͻ͍ͦͤͦΌΣ ͍͙͍ͪͦ͊͘͡ΈͤͦΌΣ ͍ͦͫͭͤ͜ΈͦΌ [12]:  
-  ͍͙ ͻ͍ͦͤ͊ ͺͯͤ͟ͼ͜Ύ ͨͦ͡Ύ͎͊Ί ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͎͙ͯͣ͊ͤͫͭ͜;͎ͤͦͦ ͚ ͔͙͒ͣͦͪ͊ͭ͟;͎ͤͦͦ ͍͎ͫͭͦ͜͡Ύ͒ͯΣ ͍͙͙ͫͦ͟ͻ ͣͦͪ͊͡Έ͙ͤͻ 

Ύ͔͚ͦͫͭ͟Φ ˾͔͊ͯ͘͜͡ΊͭΈͫΎ ͙͊ͫͦ͋͊ͣ͘ ͍ͤ͊;͊ͤͤΎΣ ͔͙͋ͫ͒͊ͣ͜ ͨͪͦ ͍;͔͙ͤͻΣ ͊ͯ͘͡;͔ͤͤΎͣ ͒ͦ ͨͪͦͼ͔ͫͯ ͍ͭͦͪ;͎ͦͦ ͨͦ΄ͯͯ͟Σ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͚ 
͔͔͙͔ͫͨͪͣͤͭͯ͟Τ  

-  p͍͙͍ͦ͊͘͡Έͤ͊ ͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ ΄͡Ύͻͦͣ ͍͙ͪͦͭͯ͘͟ ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͍ͭͦͪ;͎ͦͦΣ ͙͍͎ͨͪͦ͒ͯͭͤͦͦ͟ ͙͔ͣͫͤͤ͡ΎΣ ͔ͦͪͣ͊͘͟ 
͙͍͊ͭ͊͘͟͜ͼ͜͝ ͍͙ͪͦͯͣͦ͘ͻ ͔ͦͨͪ͊ͼ͚͜ ͊ͤ͊ͯ͘͜͡Σ ͙͔ͫͤͭͯ͘Σ ͍ͨͦͪͤ͜ΎͤͤΎΣ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎΣ ͊͋ͫͭͪ͊͟ͼ͚͜ ͭͦ΅ͦΤ ͍͙ͪͦͭͯ͘͟ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ 
͙͍͊ͭͤͦͫͭ͟͜ ͭ͊ ͚ͫ͊ͣͦͫͭͤͦͫͭ͜͜Σ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͔͙ͨͦͭͪ͋ ͍ ͨͤ͊ͤͤ͘͜͜Τ  

-  ͍ͦͫͭͤ͜Ύ ͨͦ͡Ύ͎͊Ί ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͙͔͙ͫͫͭͣ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ ͝ͻ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͒͡Ύ ͍ͪͦ͘ϥΎ͊ͤͤ͘Ύ 
͍ͤ͊;͊͡Έ͙ͤͻ ͊͒͊͘; Ύ͟ ͔͙͍͎ͪͨͪͦ͒ͯͭͤͦͦ͟Σ ͭ͊͟ ͜ ͍ͭͦͪ;͎ͦͦ ͻ͔͊ͪ͊ͭͪͯ͟Φ 

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 

1. ˽͙ͫͻ͎ͦͦ͜͡Ύ ͒͜Ύ͡Έͤͦͫͭ͜ ͭ͊ ͍ͤ͊;͊͡Έ͙͚ͤ ͔͔͔ͣͤ͒͗ͣͤͭ Υ ͍ͤ͊;Φ ͨͦͫ͋͜Φ κ ˸Φ ʕ Φ s ͪͭΌ΄͙ͤ͊Σ ˶Φ ˸ Φ ˬ ͍ͯͪ͊ͫΈ͊͟Σ ˶Φ s Φ ˴ ͔ͦͫͤ͜͡;͔ͤͦ͟ 
ͭ͊ ͤ͜Φ Τ ˭͊ ͎͊͘Φ ͔ͪ͒Φ ˸Φ ˤΦ ˢͪͭΌ΄͙ͤͦ͝Φ ς ˴ Φ Υ ˴˹˩̂Σ нллуΦ ς 336 ͫ Φ  

2. ˤͦͪͦͤͤ͟͜ ˻Φ ˿Φ ˽͔͙ͪͦ͋ͣ͡ ͍ͤ͊;͊ͤͤΎ ͺ͙ͦ͘͜͟-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͯ ͍͙΄͊ͻ ͯ͟͡Έ͙ͭͯͪ ͜ ͙͔ͣͫͭͼ͍ͭ κ ˻Φ ˿Φ ˤͦͪͦͤͤ͟͜ κκ 
ˢͭͯ͊͟͡Έͤ͜ ͔͙͊ͫͨͭ͟ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍ ͫͯ;͙͊ͫͤͻ ˤ˹˭Υ ͎ͨͦ͡Ύ͒ ͔͍ͫͭͯ͒ͤͭ͜ ͜ ͙ͣͦͦ͒͡ͻ ͍;͔͙ͤͻ Υ ͔͙ͣ͊ͭͪ͊͜͡ 
ˤ͔ͫͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;ͤͦ͝ ͦͤ͟ͺ͔͔ͪͤͼ͜͝ ͔͍ͫͭͯ͒ͤͭ͜ ͜ ͙ͣͦͦ͒͡ͻ ͍;͔͙ͤͻ ό͍̆͊ͪ͟͜Σ мпςмр ͍ͭͤ͟͜Ύ нлмр ͪͦͯ͟ύΦ ς ̆Φ Υ 
̆˹ˢ˨̂Σ 2016. ς ˿ Φ мнр-128. 

3. ̇͊ͨ ̑Φ ˭͔ͪ͊͊͟͡ ͒͡Ύ ͍͔͙ͫͭ͡ ώ˩͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫϐ κ ̑Φ ̇͊ͨ κκ ˭͔ͪ͊ͦ͟͡ ͔͔͙ͤ͒͡Φ ς 2013. ς ЅоΦ ς ˾͔͙͗ͣ ͒ͦͫͭͯͨͯ Υ  
http://gazeta.zn.ua/science/zerkala-dlya-svetil.html. ς ˹ ͍͊͊͘ ͘ ͔ͪ͊ͤ͊͟Φ 

4. ̆ͦͻ͍ͦ͡ ˨Φ ˾Φ ˻ ͔ͨͪͦ͋ͣ͊͡ͻ ͺ͙͙͘;͔͚ͫͦ͟ ͙ͤ͊ͯ͟ ͙ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͍ ͍͔͔ͫͦͪͣͤͤ·ͻ ͍͙ͯͫͦ͡Ύͻ ώ˩͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫϐ κ  
˨Φ ˾ Φ ̆ ͦͻ͍ͦ͡Φ ς ˾ ͔͙͗ͣ ͒ͦͫͭͯͨͯ Υ ƘǘǘǇΥκκŘŀƴǇΦǎƛƴǇΦƳǎǳΦǊǳκƻǘƘŜǊǎκŀǊǘƛŎƭŜψYƘƻƪƘƭƻǾ5wψф-06-2009.pdf. ς ˹ ͍͊͊͘ ͘ ͔ͪ͊ͤ͊͟Φ 

5. ˤͦͪͦͤͤ͟͜ ˻Φ ˿ Φ ˽͔͙ͪͦ͋ͣ͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙͙ͨͪͪͦ͒ͤ;ͦ-͍ͤ͊ͯͦͦ͟͝ ͙͙͊ͪͭͤ͟ ͍ͫͭͯ͜ ͨ͒͜ ;͊ͫ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟ κ/ ˢͭͯ͊͟͡Έͤ͜ ͙ͨͭ͊ͤͤΎ 
͎͋ͦͦ͜͜͡;ͤͦ͝ ͺ͙͙͘͜͟ ͭ͊ ͻͣ͜͜͝Φ ˣ̅̅̆ςнлмо Υ ͔ͣ͊ͭͪi͙͊͡ IX ͣ͗ͤ͊ͪ͜Φ ͤ͊ͯ͟Φ-͔ͭͻͤΦ ͦͤ͟ͺΦ ό˿͔͍͊ͫͭͦͨͦ͡ΈΣ ннςнс ͍ͭ͟͜Φ нлмо ͪΦύΦ ς 
˿͔͍͊ͫͭͦͨͦ͡Έ Υ ˿͔͍˹́̂Σ нлмоΦ ς ˿ Φ нмпς216. 

6. ˤͦͪͦͤͤ͟͜ ˻Φ ˿Φ ˨͍ͦͫ͒͜ ͍͙͊͒͊ͤͤ͟͡Ύ ͺ͙͙͘͜͟ ͍ ˶͎ͯ͊ͤͫΈͦͣͯ͟ ͔͍͒ͪ͗͊ͤͦͣͯ ͙ͤͫͭͭͯͭ͜͜ ͯ͟͡Έ͙ͭͯͪ ͜ ͙͔ͣͫͭͼ͍ͭ κ ˻Φ ˿Φ ˤͦͪͦͤͤ͟͜ κκ 
ˢͭͯ͊͟͡Έͤ͜ ͙ͨͭ͊ͤͤΎ ͎͋ͦͦ͜͜͡;ͤͦ͝ ͺ͙͙͘͜͟ ͭ͊ ͻͣ͜͜͝Φ ˣ̅̅ς̆нлмм Υ ͔ͣ͊ͭͪƛ͙͊͡ VII ˸͗ͤ͊ͪ͜Φ ͤ͊ͯ͟Φ-͔ͭͻͤΦ ͦͤ͟ͺΦ (˿͔͍͊ͫͭͦͨͦ͡Έ, 26ς
ол ͍ͭ͟͜Φ нлмм ͪ Φ). ς ˿ ͔͍͊ͫͭͦͨͦ͡Έ : ˿ ͔͍˹́̂Σ нлммΦ ς ˿ Φ оопς336. 

7. ˤͦͪͦͤͤ͟͜ ˻Φ ˿Φ ˽͔͔ͪͤͭ͊͘ͼ͜Ύ ͍͒ͦͫ͒ͯ͜ ͙ͪͦ͋ͦͭ ͔ͫ͟ͼ͜͝ ζ˩ ͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͊ ͺ͙͊͘͜͟η ˴ͦͣͯͤ͊͡Έ͎ͤͦͦ ͊͊͒ͯ͘͟͡ ζ˶ ͎ͯ͊ͤͫΈ͊͟ 
ͦ͋͊ͫͤ͊͡ ͣ͊͊͡ ͔͊͊͒ͣ͟͜Ύ ͤ͊ͯ͟ ͯ;͍ͤͫ͜Έͦ͟͝ ͣͦͦ͒͜͡ηΥ ͨͦ͊͘΄͟͜͡Έͤ͊ ͎͍ͨ͒ͦͭͦ͊͜͟ ͍ͦ͋͒͊ͪͦ͊ͤͦ͝ ͣͦͦ͒͜͡ ͒ͦ ͍ͤ͊ͯͦͦ͟-
͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͙ͪͦ͋ͦͭ κ ˻Φ ˿Φ ˤͦͪͦͤͤ͟͜ κκ ˸͔͙͊ͭͪ͊͜͡ V˱ ˸͎͗ͤ͊ͪͦ͒ͤͦͦ͜ ͺ͔͙͍ͫͭ͊͡Ό ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͤͤͦ͊͜ͼ͚͜ ό͔͙̉ͪ͊ͫ͟Σ 19ς
нл ͍͔͔ͪͫͤΎ нлмп ͪΦύΦ ς ̉ ͔͙ͪ͊ͫ͟ Υ ̉˻˽˻˽˽Σ нлмпΦ ς ˿ Φ 136ς139. 

8. ˽͔ͪ·΄͙ͤ͟ ˢΦ ˤΦ ˽͔͍͙͔ͪͨͦ͒͊͊ͤ ͺ͙͙͙͘͟ ͍ с-т ͊ͫͫ͊͟͡ͻ ͔͔͚ͫͪ͒ͤ ΄ͦ͟͡· Υ ͙͔ͨͦͫͦ͋ ͒͡Ύ ͯ;͙͔͔͚ͭ͡ κ ˢΦ ˤΦ ˽͔ͪ·́ ͙ͤ͟Σ 
˹Φ s Φ ˾ ͙ͦ͒ͤ͊Σ ̆Φ ˨ Φ ˾ ͦ΄͍ͦͫ͊͟ΎΦ ς ˸ Φ Υ ˽͍͔ͪͦͫ΅͔͙͔ͤΣ мфурΦ ς 256 ͫ Φ 

9. ˱͍͔͊ͤͤͦ͟ ˻Φ ̅Φ ˩͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͜ ͭ͊ Ύͫͤ͟͜͜ ͊͒͊͘;͜ ͘ ͺ͙͙͘͜͟Υ ͙ͨͦͫ͋ͤ͜͟ ͒͡Ύ ͍;͙͔͍ͭ͜͡ κ ˻Φ ̅Φ ˱͍͔͊ͤͤͦ͟Σ ˤΦ ˽Φ ˸͊ͻ͚͊͡Σ 
˻Φ ˱ Φ x ͎͙ͦ͊ͭͪΈ͍ͦΦ ς ˴ Φ Υ ˾͊͒ΎͤͫΈ͊͟ ΄ͦ͊͟͡Σ мфутΦ ς 144 ͫ Φ 

10. ̊͊ͣ͊΄ ˿Φ ̒Φ ˸͔͙ͭͦ͒͊͟ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ ͺ͙͙͙͘͟ ͍ ͔͔͚ͫͪ͒ͤ ΄͔ͦ͟͡Υ ˸͔ͦͯ͟͡͡Ύͪͤ͊Ύ ͺ͙͙͊͘͟Φ ͔͙͙̏ͭͪͦ͒ͤ͊ͣ͊͟͟͡ Υ ͙͔ͨͦͫͦ͋ 
͒͡Ύ ͯ;͙͔͔͚ͭ͡ κ ˿Φ ̒ Φ ̊ ͊ͣ͊΄Σ ̏Φ ˩Φ ͍͔̏ͤ;͙͟Σ ˤΦ ˢΦ ˻͍ͪͦ͡ ͙ ͒ͪΦ ς ˸ Φ Υ ˽͍͔ͪͦͫ΅͔͙͔ͤΣ 1987. ς нрс ͫΦ 

11. ˢ͙͙ͤͭͨͤ ˮΦ ˥Φ ͔͙͔̏ͫͨͪͣͤͭ͊͟͡Έͤ·͔ ͊͒͊͘;͙ ͨͦ ͺ͙͙͔͘͟ ͍ сςт ͊ͫͫ͊͟͡ͻ Υ ͙͔ͨͦͫͦ͋ ͒͡Ύ ͯ;͙͔͔͚ͭ͡ κ ˮΦ ˥Φ ˢ͙͙ͤͭͨͤΦ ς ˸Φ : 
˽͍͔ͪͦͫ΅͔͙͔ͤΣ мфтпΦ ς мнт ͫΦ 

12. ͔́ͦͪ͜Ύ ͜ ͔͙ͣͭͦ͒͊͟ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͍͙ͦͫͭ͜ Υ ͍ͤ͊;Φ ͙ͨͦͫ͋ͤ͜͟ ώ˩͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫϐ κ ˭Φ ˹Φ ˴ͯͪ͡Ύͤ͒Σ ́Φ ̑Φ ˻͙͍ͫͨͦ͊Σ ˾Φ ˿Φ ˥ͯͪͤ͜ 
ͭ͊ ͤ͜Φ Τ ͊͘ ͔ͪ͒Φ ͨͪͦͺΦ ˭Φ ˹Φ ˴ͯͪ͡Ύͤ͒Φ ς ˴Φ Υ ˭ͤ͊ͤͤΎΣ нлмнΦ ς офл ͫΦ ς ˾͔͙͗ͣ ͒ͦͫͭͯͨͯ Υ http:// pidruchniki.com/ 
1594102455048/pedagogika/pedagogichniy_protses_profesiyniy_shkoli. 

 
  



PHYSICAL & MATHEMATICAL EDUCATION    issue 4(10), 2016 
.  

24 

ˢͤͦͭ͊ͼ͜ΎΦ ˤͦͪͦͤͤ͟͜ ˻Φ ˿Φ ˻͙͍ͫͦ͋ͦͫͭ͜͡ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͙ͦͫͦ͋ͫͭͫͤͦ͜ ͦͪ͘͜Ί͍͎ͤͭͦ͊ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟ ͯ ͍͙΅͙ͻ 
͙͔ͣͫͭͼΈ͙͟ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻ I-II ͪ ͍͍ͤ͜͜ ͔͙͊ͪ͒ͭ͊͟ͼ͜͝.  

̂ ͫͭ͊ͭͭ͜ ͔͍͔ͨͪ͒ͫͭ͊ͤ͜͡ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯ ͘ ͺ͙͙͘͜͟ ͯ ͙͔ͣͫͭͼΈ͙͟ͻ ͍͙΄͊ͻ I-
II ͍͍ͪͤ͜͜ ͔͙͊ͪ͒ͭ͊͟ͼ͜͝Φ ˾͎ͦ͘͡Ύͤͯͭͦ ͙ͨͭ͊ͤͤΎ ͍͙͋ͦͪͯ ͺͦͪͣ ͜ ͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟ ͔͍ͫͭͯ͒ͤͭ͜Φ ˽ͦ͊͊ͤͦ͘͟Σ ΅ͦ ͔͙ͣͭͦ͒ 
͍ͤ͊;͊ͤͤΎ ͫ͒͜͡ ͙͙ͦ͋ͪ͊ͭ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͙ͨͫͻ͎ͦͦ͜͡;͙ͤͻ ͜ ͺ͎ͦͦ͘͜͜͜͡;͙ͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͔͍ͫͭͯ͒ͤͭ͜ ͘ ͔ͣͭͦΌ  ͺ͍ͦͪͣͯ͊ͤͤΎ 
͔͔ͤͭͪͫͯ͜ ͒ͦ ͺ͙͘͜;ͤͦ͝ ͙ͤ͊ͯ͟Φ ˭͍͊ͨͪͦͨͦͤͦ͊ͤͦ ͍͊ͭͦͪͫΈ͙͚͟ ͙͍͔͍͙͚ͭͪͪͤ͜ ͨ͒͜ͻ͒͜ ό͍ͤ͊ͯͦͦ͟-ͨͦͨͯ͡Ύ͙͚ͪͤΣ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͙͚ͤΣ 
ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͙͚ͤ ͍ͪͤ͜͜ύ ͒ͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͙ͦͫͦ͋ͫͭͫͤͦ͜ ͦͪ͘͜Ί͍͎ͤͭͦ͊ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟Σ ΅ͦ ͦͻͦͨ͡ΌΊ ͭ͊͟͜ ͙͙͒͒͊ͭ͟;ͤ͜ 
͙ͨͪͤͼ͙͙ͨ Ύ͟ ͒ͦͫͭͯͨͤͫͭ͜ΈΣ ͤ͊ͦ;ͤͫͭ͜ΈΣ ͍ͤ͊ͯͦͫͭ͟͜Έ ͜ ͙͔ͫͫͭͣͤͫͭ͜ΈΦ ˹͊ ͔ͨͪ΄ͦͣͯ ͍ͪͤ͜͜ ͔ͫͭͯ͒ͤͭ͊ͣ ͨͦͭͪ͋ͤͦ͜ ͙ͨͪ΅͔͙͙ͨͭ 
͔͔ͤͭͪͫ͜ ͒ͦ ͺ͙͙͘͜͟Σ ͙ͨͦ͊͊ͭ͘͟ ͝͝ ͔ͫͨͼ͙ͺͯ͜͟Σ ͤ͊͘;͔ͤͤΎ ͔͍ͭͪͣͤ͜͜ ͭͦ΅ͦΦ ˹͊ ͎͒ͪͯͦͣͯ ͍ͪͤ͜͜ ͔ͨͪ΄ͦͪΎ͔͒ͤ ͤ͊͘;͔ͤͤΎ ͨͦ;͙ͤ͊Ί 
͍͎͍͙͒ͪ͊͊ͭ͜͜ ͔͔͙͔ͫͨͪͣͤͭ͟ - ͊͋ͦͪ͊ͭͦͪͤ͜͡ ͙͒ͦͫ͒͜͡ ͣ͊ΌͭΈ ͙ͫͭͣͯ͡Ό͍͙͊ͭ ͔͍ͫͭͯ͒ͤͭ͜ ͙͙ͪͦ͋ͭ ͚ͫ͊ͣͦͫͭͤ͜͜ ͍͙͍͙ͫͤͦ͟Φ ˹͊ 
͔ͭͪͭΈͦͣͯ ͍ͪͤ͜͜ ͙͍ͦͫͦ͋ͦ͡͝ ͊ͭͯ͊͟͡Έͤͦͫͭ͜ ͍ͤ͊͋ͯ͊Ί ͔ͣͭͦ͒ ͔͎ͨͪͦ͋ͣͤͦͦ͡ ͍ͤ͊;͊ͤͤΎΣ Ύ͙͚͟ ͍͒ͦͦ͘͡ΎΊ ͍͙͙͙ͪͦ͋ͭ ͯ ͔͍ͫͭͯ͒ͤͭ͜ 
ͯͣͤͤ͜Ύ ͚ͫ͊ͣͦͫͭͤͦ͜ ͍ͪͦ͘ΩΎ͍͙ͯ͊ͭ͘ ͺ͙͘͜;ͤ͜ ͊͒͊͘;͜Φ ˾͙ͦ͋ͭΈͫΎ ͍͙͍ͫͤͦͦ͟Σ ΅ͦ ͤ͊ Ύͫͭ͟͜Έ ͍ͤ͊;͊ͤͤΎ ͙͙͍ͨͦͭͤͦ͘ ͍͙͍ͨ͊͡Ί 
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Abstract. Voronkin O. S. Specifics of student-centered learning on physics in creative higher educational institutions 

I-II levels of accreditation. 
The specifics of organization of teaching physics in Art educational institutions I-II levels of accreditation are presented 

in the article. The problems of the choice of forms and methods of teaching physics are considered. It is shown that teaching 
methods should be chosen taking into account the psychological and physiological characteristics of the students in order to create 
interest in the physical sciences. It is proposed a three-tiered approach (popular science level, experimental level, fundamental 
level) for the organization of student-centered learning of physics, covering the didactic principles such as accessibility, visibility, 
scientific and systematic. At the first level, students need to inculcate interest in physics, to show its specificity, the meaning of 
terms like. At the second level a paramount experiment begins to play the main role - laboratory experiments should motivate 
students to do independent conclusions. At the third level of special urgency is the method of problem-based learning, which 
allows students to develop the ability to solve physical problems independently. It is concluded that the solving experimental 
problems have positive affects on  the quality of education. 

Key words: organization of teaching physics, intersubject connections, personality-oriented education. 
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˾͔ͺ͍ͦͪͣͯ͊ͤͤΎ ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;͙ͤͻ ͍͙͒ͤͦͫͤ͜ ͦͫͭ͊ͤͤ͜ͻ ͔͒ͫΎ͙ͭͭ͜͡Έ ͙ͫͨͪΎ͙͍ͭͦ͡ ͨͦͤ͊͘;͙ͦͫ͡Ύ ͤ͊ ͍͙ͪͦͭͯ͘͟ ͙ͨͪͤͼ͙͍ͨͦͦ 
͍͙ͤͦͻ ͍ͦͫͭͤ͜͜ͻ ͫͭͪͯͭͯͪ͟ ͤ͊΄ͦ͝ ͙ͪ͊ͤ͟͝Φ ˭ϥΎ͍͙͙ͫ͡Ύ Ύͫͤͦ͟͜ ͍ͤͦ͜ ͍͙͙͒ ͜ ͺ͙ͦͪͣ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͤ͊;͊ͤͤΎΣ ͙͍ͣͤͫ͘͜Ύ ͨ͒͜ͻ͒͜ ͒ͦ 
͙ͭͪ͊͒ͼ͚͙ͤ͜ͻΦ ͍̅ͦͪͣͯ͊ͤͤΎ ͔͎ͦͤͯͪͤͭͤͦͦ͟͟ ͔͔͍͙ͫͪ͒ͦ΅͊ ͍͎͙͒ͪ͊͜͜͡ ͍͔͙ͯ͟͡ ͪͦ͡Έ ͯ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͜͝ ͫͺ͔͙ͪ ͙ͤ͊ͯ͟ ͜ ͍͙ͦͫͭ͜Φ ̂ 
ͨ͒ͫͯͣͯ͜͟ ͤ͊ ͫͯ;͊ͫͤͦͣͯ ͔ͭ͊ͨ͜ ̂ͪ͊ͤ͊͟͝ ͍͙ͻ͙ͦ͒ͭΈ ͤ͊ Ύͫͤͦ͟͜ ͍͙͚ͤͦ ͍͔ͪͤ͜Έ ͍ͦͫͭͤ͜͜ͻ ͨͪͦͼ͔͍ͫ͜Σ ΅ͦ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ 
͍͍͔ͨͪͦ͊͒͗ͤͤΎͣ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͔͍ͣͭͦ͒͜ ͭ͊ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔͍ͤͫͭͪͯͣͤͭ͜͜ ώоϐΦ 

˸͔͔ͪ͗͊ ˱͔͔ͤͭͪͤͭ ͜ ͫͯ;͊ͫͤ͜ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍͙ͦͫͭ͜ ͦͻ͙͙ͦͨ͡ ͍ͫ͜ ͍͙͔ͪͦͤͤ͘͜ ͙ͪ͊ͤ͟͝ ͍ͫͭͯ͜ ͜ ͤ͊ͤͦͫΎͭΈ ͯ͒͊ͪ ͨͦ 
͙͊ͫ͟͡;͚ͤ͜ ͙͔ͫͫͭͣ͜ ͍͙ͦͫͭ͜Φ ˿ͯ;͎͊ͫͤͦͦ ͔ͫͭͯ͒ͤͭ͊ ͍͔͗ ͔ͤ ͣͦ͗ͤ͊ ͊͘ͼ͍͙͙͊ͭ͜͟ ͙ͭͪ͊͒ͼ͚͙ͤͣ͜ ͔͔͙ͭͦͪͭ;͙ͤͣ ͯͪͫͦͣ͟Φ ˹͚͊;͊ͫͭ͜΄͔ 
͍͒͒͊͜ΊͭΈͫΎ ͔͔͍͎ͨͪ͊͊ ͔͍͙͒ͪ͗͊ͤͣ ͍͙΅͙ͣ ͍ͤ͊;͊͡Έ͙ͤͣ ͊͊͒͊ͣ͘͟͡ ͘ ͙ͭͪ͊͒ͼ͚ͤͦ͜Ό ͎ͨͪͦͪ͊ͣͦΌ ͍ͤ͊;͊ͤͤΎΦ ˢ͔͡Σ ͤ͊ ͗͊͡ΈΣ ͼΎ 
͙ͭͪ͊͒ͼ͚ͤ͊͜ ͎ͨͪͦͪ͊ͣ͊ ͍ͤ͊;͊ͤͤΎ ͔ͤ ͒͊Ί ͨͦͭͪ͋ͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͙ͣͦͦ͒͡ͻ ͔ͫͨͼ͍͊ͫͭ͜͜͜͡ [4]. 

˭ϥΊ͒ͤ͊ͤͤΎ ͔͙͍͎ͤͭͤͫͤͦͦ͜ ͜ ͔͔͙͍͎ͫͭͤͫͤͦͦ͟ ΄͡Ύͻ͍͜ ͍͙ͪͦͭͯ͘͟ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͙͔ͫͫͭͣ ͍͒ͦͦ͘͡ΎΊ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͭ͊͟ ͍͊ͤ͘͜ 
ζ͔͎͍ͤͭͪͦ͊ͤ͜͜ ͍ͤͤͦ͊͜ͼ͜͝ηΣ Ύ͟͜ ͋ͯ͒ͯΌͭΈͫΎ ͤ͊ ͙ͫͭͯ͟ ͍͙ͪͤͦͨ͊ͤͦ͘͜͡ͻΣ ͍͔͍͙ͪͤͦͪͤ͘͜͜ͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͙͔ͨ͒ͫͫͭͣ͜ ͭ͊ ͝ͻ ͔͍ͦͣͨͦͤͤͭ͟͜Φ 
˽͙͍͒ͪͨ͜͟͜΄͙ ζ͍ͯ͘Έ͟͜η ͣͫ͜ͼΎ ͍͙ͤͦͭͤͣ͜͜ ͔ͭͻ͎ͤͦͦ͜͡Ύ͙ͣΣ ͣͦ͗ͤ͊ ͍͙ͨ͒͜΅͙͙ͭ ͎͊͊͘͡Έͤͯ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͙͔͙ͫͫͭͣΦ 

˥͍͙ͦͦͤͣ͡ ͍͊͒͊ͤͤ͘Ύͣ ͍͙΅͎ͦͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͊͊͒ͯ͘͟͡ ͤ͊ ͫͯ;͊ͫͤͦͣͯ ͔ͭ͊ͨ͜ Ί ͎͍ͨ͒ͦͭͦ͊͜͟ ͺ͊ͻ͍͜ͼ͍͜Σ ͙͒͊ͭͤ͘ͻ 
͔ͤͫͭ͊ͤ͒͊ͪͭͤͦΣ ͎ͤͯ;ͦ͟ ͜ ͍ͫͦΊ;͊ͫͤͦ ͔͎͍͙ͪ͊ͯ͊ͭ ͤ͊ ͙ͣͤ͘͜Σ Ύ͟͜ ͍͍͒͋ͯ͊͜ΌͭΈͫΎ ͍ ͍ͫͭ͜͜Φ ˨ͦ ͙ͭ͊͟ͻ ͔͍ͣͭͦ͒͜ ͔͙ͤ͊͗ͭ͡Έ ͔͔ͨͪͦ͋ͣͤ͡ 
͍ͤ͊;͊ͤͤΎΣ ΅ͦ ͔͔ͨͪ͒͋͊;͊Ί ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͙ͤ͊;ͦ͟ ͒͡Ύ ͍͙ͪ͜΄͔ͤͤΎ ͔͙ͨͪͦ͋ͣͤ͡ͻ ͍͊͒͊ͤ͘ΈΣ Ύ͟͜ ͔ͤ ͣ͊ΌͭΈ ͦ͒ͤͦͤ͊͘;ͤͦ͝ ͍͍͒ͨͦ͒͜͜͜Σ 
͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͤ͊͒ ͔ͣ͊ͭͪ͊ͦͣ͜͡ ͜ ͍͙ͪͦͭͦ͘͟ ͯͣͤ͜Έ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͤ͊͋ͯͭ͜ ͤ͊ͤͤ͘Ύ ͤ͊ ͙ͨͪ͊ͭ͟ͼ͜ ώсϐΦ 

́͊ͦ͗͟ ͍ͤͤͦ͊͜ͼ͚ͤ͜͜ ͔͙ͣͭͦ͒ ͍ͤ͊;͊ͤͤΎ ͔͔ͨͪ͒͋͊;͊ΌͭΈ ͔͙͍͔ͤͭͪ͊ͭͤ͜͟ ͍ͤ͊;͊ͤͤΎΦ ˤͦͤͦ ͫͨͪΎ͍͔ͣͦ͊ͤ ͤ ͊ ͙͍͔͊ͭͤ͟ ͜ ͎͙͔͋ͦ͟͡ 
͍͊ͫͦ͘ΊͤͤΎ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ΅ͦ ͍͙͍;͊ΊͭΈͫΎΣ ͍͙ͪͦͭͦ͘͟ ͍ͣͤͤ͜Ύ ͍͙ͪ͜΄͍͙ͯ͊ͭ ͔ͦͣͨͫͤ͟͟͜͡ ͍͊͒͊ͤͤ͘ΎΦ  

˭͍͍͊ͫͭͦͫͦͯ͊ͤͤΎ ͤ͊ ͫͯ;͊ͫͤͦͣͯ ͔ͭ͊ͨ͜ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎ ͯ ͍ͯ͘͜ ͍͙͔ͨͦͤͤ ͙͋ͯͭ ͫͨͪΎ͍͔ͣͦ͊ͤ ͤ͊ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͣͦͪ͊͡Έ͙ͤͻ ͼ͔͚ͤͤͦͫͭ͜ ͜ ͙ͫͨͪΎ͙ͭ ͺ͍ͦͪͣͯ͊ͤͤΌ ͜ ͙͍ͤ͒͒ͯ͊͜͡Έ͙ͤͻ ͣͦͪ͊͡Έ͙ͤͻ ͍ͯͫͭ͊ͤͦͦ͟Σ ͍͙͊ͫͤͦ͊ͤ͘ͻ ͤ͊ ͨͪͦͺ͔͚ͫͤͯ͜ 
͔͙ͭͯ͟Σ ͍͙͔ͪͦ͋ͤͤ͡Ό ͙͙ͪͭ͟;͎ͤͦͦ ͙͔ͣͫͤͤ͡ΎΣ ͍ͣͤͤ͜Ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͙ͭ ͜ ͍͒ͫͭͦ͜Ό͍͙͊ͭ ͍͊ͫͤͯ͡ ͒ͯͣͯ͟Φ 
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̂ ͫͯ;͚͊ͫͤ͜ ͍ͦͫͭ͜͜ ͊͘ ͙ͪͦ͟ ͔͔ͤ͊͗ͤͦͫͭ͘͜͡ ͙̂ͪ͊ͤ͟͝Σ ͍͙ͤ͊͘;͙͙ͫ͡Ύ ͍ͤͦ͜ ͙͔ͨͪͦͪͭͭͤ͜͜ ͤ͊ͨͪΎ͙ͣ ͍͙ͪͦͭͯ͘͟Σ ͍͙ͫͭͦͪ͊ͫ͡Ύ 
͍͜ ͍͒ͨͦ͒ͤ͊͜ ͙͍ͤͦͪͣ͊ͭͤͦ-͍͍ͨͪ͊ͦ͊ ͋͊͊͘Σ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͙ͨͪ͊ͭ͟;͔ͤ ͔ͪͺ͍ͦͪͣͯ͊ͤͤΎ ͎͊ͯ͘͜͡Φ ˭͍͙;͚͊ͤͦΣ ͣͤ͊͘͜ ͼ͔͚͜͡Σ ͍͊͒͊ͤ͘ΈΣ ͍ͯͣͦ 
͍͙͎ͣ͊͊Ί ͍͔͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͚ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͤ͊;͊ͤͤΎ [5].  

˽ͪͦͼ͔ͫ ͤ͜ͺ͙ͦͪͣ͊ͭ͊͘ͼ͜͝ ͍͙ͦͫͭ͜ ͙͒ͦͫͭΈ ͙͚ͫ͊͒ͤ͟͡ ͭ͊ ͔ͨͦͭͪ͋ͯΊ ͔͔͙͔ͨͪͦͫͣͫͤͤ͡Ύ ͍͒ͦͫ͒ͯ͜ ͔ͪ͊͊͘͜͡ͼ͜͝ ͍ͤͦͭͤ͜͜ͻ 
ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Σ ͊ͤ͊ͯ͘͜͡ ͚ ͦͼ͙ͤ͜͟ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͝ͻ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜Σ ΅ͦ ͍ͦ͋ͯͣͦ͡ΌΊ 
͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ Ύͫͤͦ͟͜ ͍͎ͤͦͦͦ ͍ͪͤ͜Ύ ͍͙͍;͔ͤͤΎ ͍ͤ͊;͊͡Έ͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Σ ͘ ͔ͣͭͦΌ ͍͙ͪͦͭͯ͘͟ ͯ ͎ͦ͗ͤͦͦ͟ ͔ͫͭͯ͒ͤͭ͊ ͚͎ͫͭͦͦ͜͟ ͋͊͗͊ͤͤΎ 
͚ ͯͣͤͤ͜Ύ ͍;͙͙ͭͫΎΣ ͚ͫ͊ͣͦͫͭͤͦ͜ ͙͍͙ͦͭͪͣͯ͊ͭ ͤ͊ͤͤ͘ΎΣ ͍ͭͦͪ;ͦ ͨ͒͜ͻ͙͙ͦ͒ͭ ͒ͦ ͍͙ͦͤ͊ͤͤ͟Ύ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͒͊ͤ͘Έ ώмϐΦ 

SMART-͔ͭͻ͎ͤͦͦ͜͡͝ ͤ͊ ͫΈ͎ͦͦ͒ͤ͜΄͚ͤ͜ ͔͒ͤΈΣ ͍͔͗ ͔ͤ Ί ͍͙ͤͦͤͦ͟ΌΦ ˤ͙ͦͤ ΄͙ͪͦͦ͟ ͍͍ͨͪͦ͊͒͗ͯΌͭΈͫΎ ͭ͊ ͍͊ͫͭͦͫͦͯ͘ΌͭΈͫΎ ͯ 
͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͙ͨͪ͊ͭ͟ͼ͜Φ ˽͔͔ͪ͒ ͫͯ;͙͊ͫͤͣ ͍͙͊͒͊͟͡;͔ͣ ͨͦͫͭ͊Ί ͪΎ͒ ͍͙͍͙͊͗͡ͻ ͍͊͒͊ͤ͘ΈΣ Ύ͟͜ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͙ͪ͜΄͙͙ͭΣ ΅ͦ͋ ͙͙ͪͦ͋ͭ͘ 
͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ ͼ͍͙͊ͣ͜͟Σ ͍ͭͦͪ;͙ͣ ͭ͊ ͙ͭ͊ͣ͟Σ ΅ͦ ͍͊͒ͦͦ͘͡Έ͙͙ͤͭ ͍ͫ͜ ͔͙ͨͦͭͪ͋ ͫͯ;͎͊ͫͤͦͦ ͯ;ͤΎΦ ̂ ͍͘ΩΎͯ͘͟ ͘ ͼ͙ͣΣ ͍͍͒͋ͯ͊͜ΌͭΈͫΎ 
ͫͭͦͭͤ͜͜ ͙ͣͤ͘͜ ͯ ͨͪͦͼ͔ͫ͜ ͍͙͊͒͊ͤͤ͟͡Ύ ͙͒ͫͼ͙ͨͤ͜͡ ͘͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύͣ ͫͯ;͙͊ͫͤͻ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ ˽͔ͪͫͦͤ͊͡Έͤ͜ 
ͦͣͨ͟ΩΌ͔͙ͭͪΣ {a!w¢-͒ͦ΄͙͟Σ ͔͔ͣͪ͗͊ ˱͔͔ͤͭͪͤͭΣ ͫͭ͊ΌͭΈ ͔ͤͦ͋ͻ͙͙͒ͤͣ͜ ͙͊ͫͦ͋͊ͣ͘ ͯ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜Φ ˴ͪͣ͜ ͎ͭͦͦΣ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ {a!w¢-͔ͭͻ͎͚ͤͦͦ͜͡ ͍ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎ ͍͒ͦͦ͘͡ΎΊ ͋͜͡Έ΄ ΄͙ͪͦͦ͟ ͜ ͍ͨͦͤͦͼͤͤͦ͜ ͙͙ͪͦͪͭ͘͟ ͍ͭͦͪ;͙͚ ͔ͨͦͭͤͼ͊͜͡ 
͎ͦ͗ͤͦͦ͟ ͯ;ͤΎ [2, c.9].  

˻͍ͫͤͦͤ͊ ͔͔͍͎ͨͪ͊͊ {ƳŀǊǘ-͍͙ͦͫͭ͜ - ͎ͤͯ;ͫͭ͟͜ΈΣ ΅ͦ ͙ͨͪͨͯͫ͊͟Ί ͤ͊Ύ͍ͤͫͭ͜Έ ͍͔͙ͦ͟͡͝ ͟͜͡Έͦͫͭ͟͜ ͔͔͒͗ͪ͡Σ ͙ͣ͊ͫͣ͊͟͡Έͤ͊ 
ͪͤͦͣ͊ͤͭͤͫͭ͘͜͜͜Έ ͣͯ͡Έ͙͔ͭͣ͒͊͜Σ ͒͊ͭͤͫͭ͘͜Έ ΄͍͙͒ͦ͟ ͜ ͨͪͦͫͭͦ ͤ͊͊͡΄͍͙ͭͯ͊ͭͫΎ ͨ͒͜ ͍͔ͪͤ͜Έ ͜ ͔͙ͨͦͭͪ͋ ͯ;͍ͤ͜Φ 

˾͍ͦͣͪͦͯ͘͜͟Ό;͙ ͨͪͦ ͟͡Ό;͍ͦ͜ ͔͒͜͝Σ ͔ͨͦ͊͒ͤͦ͟͡͝ ͍ ͍ͦͫͤͦͯ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ͤ͊;͊ͤͤΎ ͭ͊ ͍͙ͪͦͭͯ͘͟ ς Smart Education 
͙͙ͯͨͤͣͦͫ͘Ύ ͤ͊ ͎͍͙ͦͦͤ͡ͻ ͔͔͍͎ͨͪ͊͊ͻ {ƳŀǊǘ-͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΥ 

- ͍ͤͤͦ͊͜ͼ͚͙͚ͤ͜ ͨ͒͜ͻ͒͜ ͒ͦ ͨͦ͒͊;͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Τ 

- ͙͒ͤ͊ͣ͜;͙͚ͤ ͊ͤ͊͟͡ ͍ͫͨͯ͊ͤͤ͜͟͡Ύ ͍͙͊͒͊͟͡;͊ ͭ͊ ͔ͫͭͯ͒ͤͭ͊Τ 

- ͙͒ͤ͊ͣ͜;͙͚ͤ ͣͫͭ͘͜Τ 

- ͍ͤͦ͜ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ό͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͻ͙ͣ͊ͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͔͎͋ͪ͊ͤͤ͘͜Ύ ͔ͣ͊ͭͪ͊ͯ͜͡ ͜ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͨͪͦ 
ͯͫͨ͜΄ͤͫͭ͜Έ ͔͍ͫͭͯ͒ͤͭ͜ύΦ 

˻͍͙͙ͫͤͦͤͣ ͼ͜͡Ύ͙ͣ {ƳŀǊǘ 9ŘǳŎŀǘƛƻƴ ΊΥ 

- ͍͔ͫͭͦͪͤͤΎ ͔͔͍͙ͫͪ͒ͦ΅͊Σ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΊ ͙ͣ͊ͫͣ͊͟͡Έͤͦ ͍͙͙͚ͫͦ͟ ͍͔ͪͤ͜Έ ͍͙ͦͫͭ͜Τ 

- ͍͙ͨ͒͜΅͔ͤͤΎ ͍͙ͤ͊;ͦ͟ ͜ ͤ͊ͤ͘Έ ͔ͫͭͯ͒ͤͭ͊ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͚͎ͦͦ ͟ ͔͔ͦͣͨͭͤͭͤͫͤͦ͜͝ ͔ͣͦ͒͜͡Τ 

- ͪͦͪͦ͋͊͘͟ ͔͎ͫͭͪ͊ͭ͜͝ ͍͙ͦͫͭ͜Σ Ύ͊͟ ͔͒ͦͨͦͣͦ͗ ͯ;ͤΎͣ ͍͙͊͒͊ͨͭͯ͊ͭͫΎ ͒ͦ ͔ͨͪͦ͋ͣ͡ ͜ ͭͪͯ͒ͤͦ΅͍͜ ͚ͨͦͫͭͤͦ͜ ͙͍͎ͣͤͦͦ͜͡ 
͍ͫͭͯ͜Φ 

˨ͦ ͍͙ͦͫͤͦͤͻ ͦͤ͊͘͟ {ƳŀǊǘ 9ŘǳŎŀǘƛƻƴ ͍͒ͤͦͫ͜ΎͭΈͫΎΥ 

- ͍̅ͦͪͣͯ͊ͤͤΎ ͦ͋ϥΊ͎͒ͤ͊ͤͦͦ ͔ͪ͊͡Έ͎ͤͦͦ ͭ͊ ͍ͪͭͯ͊͜͡Έ͎ͤͦͦ ͨͪͦͫͭͦͪͯΤ 

- ̐͒ͤͫͭ͜Έ ͨͪͦͺ͔ͫͦͪͫΈͦ͟-͍͙͊͒͊͟͡ͼΈ͎ͦͦ͟ ͫ͊͒ͯ͟͡Σ ͎͊͊͘͡Έ͔ͤ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-͍ͦͫͭͤ͜Ί ͔͔͍͙ͫͪ͒ͦ΅͔Τ 

- ˤ͍͔ͨͪͦ͊͒͗ͤͤΎ ͍͙ͤͦͻ ͍ͦͫͭͤ͜͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ˱˴́Φ 
˨͊͜͡ ͔͋ͯ͒ ͔͍͔ͨͪ͒ͫͭ͊ͤͦ͡ ͔͒-Ύ͟͜ ͫͣ͊ͪͭ-͔͙ͤͫͭͪͯͣͤͭ͜ ͫͯ;͎͊ͫͤͦͦ ͔͎͎ͨ͒͊ͦ͊ ͭ͊ ͝ͻ ͔͔͍͎͙ͨͪ͊Φ 

SMART Board 
SMART Board ς ͼ͔ ͪͯ͘;͙͚ͤ ͔ͤͫͭͪͯͣͤͭ͜ ͒͡Ύ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͤ͊;͊͡Έ͙ͤͻ ͊ͤ͘ΎͭΈ ͜ ͍͔͔ͨͪͦ͒ͤͤΎ ͤ͊ͪ͊͒Σ ͔͎͍ͭͪͤͤ͜͜Σ ͔͍ͫͣͤ͊ͪ͜͜Φ 
SMART Board ͍ ͙͊ͯ͒ͭͦͪ͜͝ ͔ͣͦ͗ ͦ͒ͤͦ;͊ͫͤͦ ͍͙͙ͫͭͯͨ͊ͭ Ύ͟Υ ͍͙͘;͚͊ͤ͊ ͒ͦ΄͊͟Σ ͔ͪ͊ͤ͟ ͜ ͔͙͍͙͚ͤͭͪ͊ͭͤ͜͟ ͦͣͨ͟ϥΌ͔͙͚ͭͪͤ 

ͣͦͤͭͦͪ͜Φ 
˽͔͔͍͎͙ͪ͊͊ͣ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ SMART Board ΊΥ 
1. ͔́Σ ΅ͦ ͍ͦͤ͊ ͪͦ͘΄͙ͪΌΊ ͙͍ͣͦ͗ͦͫͭ͜͡ ͜ ͍͙ͨ͒͜΅ͯΊ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ ͦ͋ͣͤͯ͜ ͣ͗͜ ͔͎͎ͨ͒͊ͦͦͣ ͜ 

͔͙ͫͭͯ͒ͤͭ͊ͣΦ 
2. SMART Board ͔ ͙ͦͤͦͣͭ͟Έ ;͊ͫ ͔͎͎ͨ͒͊ͦ͊Φ ˨ͦͫͭͯͨͤ͜ ͍͒ͦ͒͊ͭͦ͟͜ ͔͙ͪͫͯͪͫ ς ͍ ͔͙͊͟͡ ͎͔͔͊ͪ͡Ύ ͔ͦ͋ͪ͊͗ͤ͘ΈΣ ͔͋ͦ͘͟΄͍ͭͦͤ͜ 

΄͙͊͋ͦͤ͡Σ ͊ ͭ͊ͦ͗͟ ͎͍ͦͭͦ͜ ͙ͯͪͦ͟ ͍ ͔͔ͣͪ͗͜ ˱͔͔ͤͭͪͤͭ - ͨ ͔͎ͦ͡΄ͯΌͭΈ ͎͍ͨ͒ͦͭͦͯ͜͟ ͒ͦ ͊ͤ͘ΎͭͭΎΦ 
3. SMART Board ͒ ͎ͦͨͦͣ͊͊Ί ͫͺ͍͙ͦͯͫͯ͊ͭ͟ ͍͎ͯ͊ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͤ͊ ͔͎͎ͨ͒͊ͦ͜ ͜ ͍ͤ͊;͊͡Έͤͦͣͯ ͔ͣ͊ͭͪ͊͜͜͡Φ 
4. SMART Board ͨ ͍͙͒͜΅ͯΊ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯΦ 

SMART Response 
SMART Response ς ͼ͔ ͙͔ͫͫͭͣ͊ ͔͙͍͎ͤͭͪ͊ͭͤͦͦ͜͟ ͙͍ͦͨͭͯ͊ͤͤΎΦ ˭ ͝͝ ͎͒ͦͨͦͣͦͦΌ ͣͦ͗ͤ͊ ͍͙͙ͨͪͦͦ͒ͭ ͙͍ͦͨͭͯ͊ͤͤΎΣ 

͔͍ͭͫͭͯ͊ͤͤΎ ͭ͊ ͔͎͙͋ͪ͊ͭ͘͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭΦ ˽͎ͪͦ͡Ύ͙ͤͯͭ ͣͦ͗ͤ͊ Ύ͟ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͎ͦͪͣͦͦ͟ ͔ͫͭͯ͒ͤͭ͊Σ ͭ͊͟ ͜ ͎͙ͪͯͨΦ  
˨ͦ ͔ͦͣͨͭͯ͟͟͡ {a!w¢ wŜǎǇƻƴǎŜ ͍ͻͦ͒ΎͭΈΥ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤ͜ ͨͯ͡Έ͙ͭ ͒͡Ύ ͎ͦ͗ͤͦͦ͟ ͔ͫͭͯ͒ͤͭ͊Σ ͼ͔ͤͭͪ͊͡Έ͙͚ͤ ͙͚ͨͪͣ͊; ͭ͊ 

͎͔ͨͪͦͪ͊ͣͤ ͔͔͊͋ͨ͘͘;͔ͤͤΎΣ ΅ͦ ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͫ ͍ͭͦͪΌ͍͙͊ͭ ͙ͨͭ͊ͤͤΎ ͭ͊ ͙͔͙͍͙ͫͫͭͣ͊ͭͯ͊ͭ͘ ͍͍͒ͨͦ͒͜͜͜Φ 
˽͔͔͍͎͙ͪ͊ {a!w¢ wŜǎǇƻƴǎŜ ͼ͔Υ 

1. ˻͒ͤ͊ ͙͔ͫͫͭͣ͊ ͒͡Ύ ͍ͫ͜ͻ ͍͊͒͊ͤ͘Έ ό͍͙͒ͦͦͭ͘͡Έ ͍͊ͣ ͍͙͙ͨͪͦͦ͒ͭ ͙͍ͦͨͭͯ͊ͤͤΎ ͭ͊  ͭ ͔͍ͫͭͯ͊ͤͤΎΣ ΅ͦ ͋ͯ͒ͯͭΈ ͍͒ͦͨͦͤΌ͍͙͊ͭ 
͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫύΦ 

2. ˱͙͍ͤ͒͒ͯ͊͜͡Έͤͫͭ͜Έ ͍͍͔͚͒ͨͦ͒͜͜ ό˿͔ͭͯ͒ͤͭ ͔ͣͦ͗ ͙ͨͪͦͨͯͫ͊ͭ͟ ͙͊ͨͭ͊ͤͤ͘Ύ ͯ Ύ͙͟ͻ ͔ͤ ͍͔͍͔͙͚ͨͤͤ ͭ͊ ͍͔͙ͨͦͪͤͯͭͫΈ ͒ͦ ͙ͤͻ 
ͯ ͤ͟͜ͼ͜ ͔͍ͭͫͭͯ͊ͤͤΎΣ ͊͋ͦ ͙͙ͣͤͭ͘͜ ͍ͫͦΌ ͍͍͒ͨͦ͒͜͜ΈΦύΦ 

3. ˩ͫͨͦͪͭ͟ ͙͒͊ͤͻ όˤͫ͜ ͒͊ͤ͜ ͨͦ ͎ͪͯͨ͜ ͋ͯ͒ͯͭΈ ͔͔͔͋ͪ͗ͤ͘͜ ͯ ͎ͨͪͦͪ͊ͣͤͦͣͯ ͔͔͊͋ͨ͘͘;͔ͤͤ͜ ͭ͊ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͔͔͔͋ͪ͗ͤ͘͜ ͯ 
ͺͦͪͣ͊ͭ͜ ͔͔ͭͪͦͤͤͦ͟͡͝ ͙ͭ͊͋͡ͼ͜ύΦ 

4. ˸͙͍ͦ͗ͫͭ͜͡Έ ͙͙ͦ͋ͪ͊ͭ ό˨ͦͫͭͯͨͤ͜ ͙͔͙ͫͫͭͣ ͙͍ͦͨͭͯ͊ͤͤΎ ͒͡Ύ ͙ͪͤ͘͜ͻ ͔͎͚͊ͭͦͪ͟͜ ͔͍ͫͭͯ͒ͤͭ͜ύΦ 
SMART Table 

{a!w¢ ¢ŀōƭŜ Ύ͍͡ΎΊ ͫͦ͋ͦΌ ͫͭ͜͡ ͘ ͍͔ͨͦͪͻ͔ͤΌΣ ;͙͍ͯͭͦ͡͝ ͒ͦ ͙͍͒ͦͭ͟͜Σ ͔͒ ͙ͦ͒ͤ ͊͋ͦ ͎ͪͯͨ͊ ͔͍ͫͭͯ͒ͤͭ͜ ͣͦ͗ͯͭΈ ͦ͒ͤͦ;͊ͫͤͦ 
ͨͪ͊ͼΌ͍͙͊ͭ ͤ͊͒ ͔͙͍͙ͤͭͪ͊ͭͤͣ͜͟ ͍͊͒͊ͤͤ͘ΎͣΦ ˿͔͙ͭͯ͒ͤͭ ͣͦ͗ͯͭΈ ͪ͊ͦͣ͘ ͎͙ͪ͊ͭ ͍ ͍ͤ͊;͊͡Έͤ͜ ͎͙ͪ͜Σ ͍͙ͪ͜΄͍͙ͯ͊ͭ ͍͊͒͊ͤͤ͘ΎΣ 
͍͍͙͒ͨͦ͒͊ͭ͜͜ ͤ͊ ͙͊ͨͭ͊ͤͤ͘ΎΦ aǳƭǘƛǘƻǳŎƘ-͔ͭͻ͎ͤͦͦ͜͡Ύ {a!w¢ ¢ŀōƭŜ ͍͒ͦͦ͘͡ΎΊ ͔͒͟͜͡Έͦͣ͟ ͔ͫͭͯ͒ͤͭ͊ͣ ͍͙͙͙͋ͪ͊ͭ ͜ ͪͯͻ͙͊ͭ ͪͤ͘͜͜ 
ͦ͋ϥΊ͙ͭ͟Σ ͣ͊͡Ό͍͙͊ͭ ͜ ͙͙ͨͫ͊ͭ ͦ͒ͤͦ;͊ͫͤͦΣ ΄͙ͯ͊ͭ͟ ͍͙ͨͪ͊͡Έͤ͜ ͍͍͒ͨͦ͒͜͜͜ ͤ͊ ͙͊ͨͭ͊ͤͤ͘ΎΦ 

˽͔͔͍͎͙ͪ͊Υ 

1. ˾ͦ͋ͦͭ͊ ͍ ͎ͪͯͨ͊ͻ ό͍͙͍;͔ͤͤΎ ͍ͣͦΣ ͙ͨͪ͊ͭ͟;ͤ͜ ͍͊͒͊ͤͤ͘ΎύΦ 
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2. ͍͔̂ͤͪͫ͊͜͡Έ͙͚ͤ ͙͚͒͊ͤ͘ ͒͡Ύ ͍ͤ͊;͊ͤͤΎ ό͊͘ ͍͙͍ͪͦ͊͘Ό;͙ͣ ͍ͤ͊;͊͡Έ͙ͤͣ ͼ͔ͤͭͪͦͣ ͣͦ͗ͯͭΈ ͨͪ͊ͼΌ͍͙͊ͭ ͔͙ͫͭͯ͒ͤͭ ͘ 
͔͔͙͙ͦ͋ͣ͗ͤͣ ͙͍ͣͦ͗ͦͫͭ͡Ύ͙ͣύΦ 

3. ˽͍͙͒͜΅ͯΊ ͊͘ͼ͍͔͊ͤͫͭ͜͟͜͡Έ ͔͍ͫͭͯ͒ͤͭ͜Φ 
SMART kapp 

ˤ ͔ͭͻ͎ͤͦͦ͜͡͝ {a!w¢ ƪŀǇǇ ͍͔ͭͤ͊͜͡ ͔͒͜Ύ ͦ͋ϥΊ͒ͤ͊ͤͤΎ ͍ͫ͜ͻ ͫ ͔͍ͭͯ͒ͤͭ͜ ;͔͔ͪ͘ ͣͦ͋͜͡Έ͙͚ͤ ͔͔ͭ͡ͺͦͤΦ  
{a!w¢ ƪŀǇǇ ϰ ς ͼ͔ ͒ͦ΄͊͟ ͘͜ ͫ͟͡ΎͤͦΌ ͍͔ͨͦͪͻ͔ͤΌΣ Ύ͊͟ ͍͟͡Ό;͊Ί ͍ ͔͔ͫ͋ ͔ͭͻ͎ͤͦͦ͜͡Ό ͍ͨͦ͋ͯ͒ͦ͊ͤͯ ͤ͊ ͻͣ͊ͪͤͦͣͯ 

͙ͨͪͤͼ͙ͨ͜Φ ˤ͔ͫ ΅ͦ ͨͦͭͪ͋ͤͦ͜ ͒͡Ύ ͙ͪͦ͋ͦͭ ͘͜ {a!w¢ ƪŀǇǇΣ ͼ͔ ͍͙͙͊͊ͤͭ͊͗ͭ͘ ͒ͦ͒͊ͭͦ͟ {a!w¢ ƪŀǇǇΣ ͍͔͙ͨͪͦͫͭ ͫͣ͊ͪͭͺͦͤͦͣ ͋͜͡Ύ 
QR-ͦ͒ͯ͟ ͤ͊ ͒ͦ΄ͼ͜ ͜ ͣͦ͋͜͡Έ͙͚ͤ ͙͚ͨͪͫͭͪ͜ ͨ͒͜͟͡Ό;͔ͤͦΦ ˤ͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͋ͯ͒Έ-Ύ͙͚͟ ͔ͣ͊ͪͪ͟ ͣͦ͗ͤ͊ ͙͙ͨͫ͊ͭΣ ͣ͊͡Ό͍͙͊ͭΣ 
͔͙͙ͪͫͭ͟͡ ͤ͊ ͍͔ͨͦͪͻͤ͜ ͒ͦ΄͙͟Σ ͊͘ ͎͊ͤ͊ͦ͜͡ΊΌ ͘͜ ͫͭ͊ͪͦͣͦ͒ͤͦΌ ͔ͣ͊ͪͪͤͦ͟Ό ͒ͦ΄ͦ͟ΌΣ ͜ ͍͔ͫ ͼ͔ ͔͋ͯ͒ ͍ ͔ͪ͊͡Έͤͦͣͯ ͔͙ͪ͗ͣ͜ ;͊ͫͯ 
͍͙͒ͦ͋ͪ͊͗͊ͭͫ͜Ύ ͤ͊ ͣͦ͋͜͡Έͤͦͣͯ ͙ͨͪͫͭͪͦ͝Φ 

ˤ ͔͙ͪ͗ͣ͜ ͔ͪ͊͡Έ͎ͤͦͦ ;͊ͫͯ ͔͎͎ͨ͒͊ͦ ͔ͣͦ͗ ͙͙ͨͦ͒ͭͫ͜͡Ύ ͙͙ͤ͊ͨͫ͊ͤͣ ͘ ͍͔͙ͦ͟͡Ό ͟͜͡Έͫͭ͟͜Ό ͔ͨͪͫͦͤ͊͡Έ͙ͤͻ ͙͍ͨͪͫͭͪͦ͝ ͊͋ͦ 
͔͔͎͙͋ͪͭ͘ ͤ͊ ͺ͔͡΄ͯ͟Σ ͍͍͙͍ͫͭ͊΄͙ ͝͝ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͍ ͒ͦ΄ͯ͟Φ ́͊͟ ͍ͫ͜ ͔͙ͫͭͯ͒ͤͭ ͣͦ͗ͯͭΈ ͙͋ͪ͊ͭ ͯ;͊ͫͭΈ ͍ͤ͊;͊ͤͤ͜Σ ͍͙ͣͦͦ͘͟ͻ 
΄ͭͯͪͣ͊ͻΣ ͊͋ͦ ͔͔ͨͪͤͭ͊͘ͼ͜͝ ͜ ͔ͤ ͍͙͍͊͗ͦ͡ ͔͒ ͻͭͦ ͤ͊͘ͻ͙ͦ͒ͭΈͫΎ . 

˹͙͊ͨͪͤ͟͜ͼ͜ ͫ͒͜͡ ͊ͤ͊͘͘;͙͙ͭΣ ΅ͦ ͼ͔ ͙͡΄͔ ;͙͊ͫͭͤ͊ ͍͔͙͎ͦͦ͟͡ ͪͤͦͣ͊ͤͭͭ͘͜͜Ύ ͫͣ͊ͪͭ-͔͍ͤͫͭͪͯͣͤͭ͜͜Σ ΅ͦ ͣͦ͗ͯͭΈ 
͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭͫ͟Ύ ͍ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜Φ ˱ͫͤͯΌͭΈ ͭ͊ͦ͗͟ ͫͣ͊ͪͭ-ͨ͊ͤ͡΄͔͙ͭΣ ͫͣ͊ͪͭ-͙͔͒ͫͨ͡͝Σ ͫͣ͊ͪͭ-͔͙ͨͪͦͭͦͪ͟Σ ͔͙͊ͣͪ͟ ͭ͊ 
͎͋͊͊ͭͦ ͤ͜΄͎ͦͦΦ 

˻͔ͭ͗Σ ͍ ͍ͯͣͦ͊ͻ ͚͎ͨͦͫͭͤͦͦ͜ ͪͦͫͭ͊ͤͤ͘Ύ ͜ ͍͔ͦͤͦͤͤ͡Ύ ͤ͊ͤ͘Έ ͔͔͔͍͙͚͋ͨͪͪͤ͘ ͍͙ͪͦͭͦ͘͟ ͔͔ͦͣͨͭͤ͟ͼ͚͜ ͨͪͦͭΎ͎ͦͣ ͍ͫ͜Ί͝ 
͊ͪ͟ϥΊ͙ͪ ͫͭ͊Ί ͚ͤ͊͋͜͡Έ΄ ͊ͭͯ͊͟͡Έ͙ͤͣ ͍ ͙͔ͫͫͭͣ͜ ͫͯ;͊ͫͤͦ͝ ͍͙ͦͫͭ͜Φ ˹͔ͦ͋ͻ͒ͤͦ͜ ͣͤ͘͜Ό͍͙͊ͭ ͔ͫ͊ͣ ͍ͦͫͭͤ͜Ί ͔͔͍͙ͫͪ͒ͦ΅͔Σ ͔ͤ ͨͪͦͫͭͦ 
ͤ͊ͪͦ΅͍͙ͯ͊ͭ ͦ͋ͫΎ͎͙ ͍͙ͦͫͭ͜ ͍͙ͭͪͯ͒ͦͻ ͔͍ͪͫͯͪͫ͜Σ ͔ͭͪ͋͊ Ύͫͤͦ͟͜ ͙͙ͣͤͭ͘͜ ͫ͊ͣ ͣͫͭ͘͜ ͍͙ͦͫͭ͜Σ ͚͎ͦͦ ͔͙ͣͭͦ͒Σ ͔͙ͤͫͭͪͯͣͤͭ͜ ͭ͊ 
͔͔͍͙ͫͪ͒ͦ΅͊Σ ͔ͤͦ͋ͻ͙͚͒ͤ͜ ͔͔ͨͪͻ͒͜ ͒ͦ {a!w¢-͍͙ͦͫͭ͜Φ 

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 
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Abstract. Belousova L.I., Dekhtiaryova Y.O. Smart tools in the modern professional activity of teacher. 
On different stages of development, society makes growing demands on the work force. This necessitates the 

development of the education system at each new stage. One means of this development is innovative technology; it is 
fundamentally new ways, methods and tools of interaction of teachers and students, which ensure the effective achievement of 
pedagogical activity results. In addition, innovative teaching methods include interactive learning. It is aimed at active and deep 
learning. The use of innovative teaching methods at the present stage in the institutions of higher education establishments should 
focus on the formation of moral values and promote the formation of individual moral principles based on professional ethics, the 
development of critical thinking, the ability to present and defend their own opinions. Using the SMART-technologies in the 
learning process allows more widely and fully unlock the creative potential of each student. 

The article explores existing innovative tools that teachers can use as part of their teaching activities, is disclosed the 
essence of such tools as SMART Board, SMART Responce, SMART Table, SMART Kapp and benefits of their use in the educational 
process. 

The authors found that the use of innovative teaching tools in educational activities is a very important issue in terms of 
constant growth and renewal of knowledge, despite the fact that the continuous development of competencies throughout their 
career become more relevant in the modern education system. 

Key words: innovative pedagogical tools, SMART-technology, SMART Board, SMART Responce, SMART Table, SMART 
Kapp, smart technologies, modern educational process. 
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̂˨˴ ллпΦфпҌллмΥотнΦун 

Φ˿˱Φ ˬ ͙͒;͔ͤͦ͟, ́ Φ˸Φ ˨ ͍͙ͯ͋ͦ͟  
̂ͪ͊ͤͫ͟͝Έ͙͚͟ ͔͍͙͚͒ͪ͗͊ͤ ͻͣͦ͜͜͟-͔ͭͻ͎ͤͦͦ͜͡;͙͚ͤ ͍͔͙͔ͯͤͪͫͭͭ͜Σ ̂ͪ͊ͤ͊͟͝ 
ˬ͙͒;͔ͤͦ͟ ˿Φ˱ΦΣ ˨͍͙ͯ͋ͦ͟ ́Φ˸Φ 

˾˻˭˾˻ˣ˴ˢ ˽˾˻˥˾ˢ˸˹˻˥˻ ˸˻˨̂˶̒ ˸˻˹˱́˻˾ˮ˹˥̂ ˭ˢ˶ˮ̊˴˻ˤˮ̆ ˭˹ˢ˹̎ ˿́̂˨˩˹́˱ˤ  
˭ ˨ˮ˿̇ˮ˽˶˱˹ ˴ˢ̅˩˨˾ˮ ˿˽˩̇˱ˢ˶˱˭˻ˤˢ˹ˮ̆ ˴˻˸˽Ω̑́˩˾˹ˮ̆ ˿ˮ˿́˩˸ 

 
˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˸͙͎ͦͤͭͦͪͤ͜ ς ͼ͔ ͔ͫͨͼ͊͜͡Έͤͦ ͎͍͙͚ͦͪ͊ͤͦ͊ͤ͘͜Σ ͚͙͚ͨͦͫͭͤ͜Σ ͼ͜͡Έ͍͙͚ͦ ͦͤͭͪͦ͟͡Έ ͜ ͎͙͒͊ͤͦͫͭ͊͜͟ 

ͫͭ͊ͤͯ ͍͙ͦͫͭ͜ ͤ͊ ͋͊͘͜ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͜͝ ͫͤͯ͜Ό;͙ͻ ͔͔͒͗ͪ͡ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͊ ͭ͊ͦ͗͟ ͔ͫͨͼ͊͜͡Έͤͦ ͎͍͙ͦͪ͊ͤͦ͊ͤ͘͜ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͜ 
͍͙ͣͪ͜Ό͍͊ͤΈ ͘ ͔ͣͭͦΌ ͍ͨͦͪͤ͜ΎͤͤΎ ͔ͪ͊͡Έ͎ͤͦͦ ͫͭ͊ͤͯ ͘ ͦ;͍͙͙ͯ͊ͤͣ͜͟ ͔ͪͯ͘͡Έ͙ͭ͊ͭ͊ͣΣ ͍͔͔͒ͫͭ͗ͤͤ͜Ύ ͻͦ͒ͯ ͋ͯ͒Έ-Ύ͙͟ͻ ͨͪͦͼ͔͍ͫ͜ ͊͘ 
;ͭͦ͜͟ ͍͙ͤ͊͘;͔͙ͤͣ ͙ͨͦ͊ͤͦͣ͘͟͟ ώмϐΦ 

˸͔ͭ͊ ͙͎ͣͦͤͭͦͪͤͯ͜ ς ͦ͋ΩΊ͙͍͔ͭͤ͟Σ ͤ͜ͺͦͪͣ͊ͼ͚͔ͤ͜ ͍͔͒ͦ͋ͪ͊͗ͤͤ͜Ύ ͫͭ͊ͤͯ ͚ ͙͙͒ͤ͊ͣ͜͟ Ύͦͫͭ͟͜ ͍͙ͦͫͭ͜Σ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ 
͍ͯͨͪ͊ͤͤ͜͡ΎΣ Ύͦͫͭ͟͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͍ ͍͔͙͔ͯͤͪͫͭͭ͜͜ ώмϐΦ 

˸͙͎ͦͤͭͦͪͤ͜ Ύͦͫͭ͟͜ ͤ͊ͤ͘Έ ͔͍ͫͭͯ͒ͤͭ͜ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͘ ͔ͣͭͦΌ ͍͙Ύ͍͔ͤͤ͡Ύ ͔ͪ͊͡Έ͎ͤͦͦ ͍ͪͤ͜Ύ ͍ͤ͊;͊͡Έ͙ͤͻ ͒ͦͫΎ͎͔ͤͤΈ 
͔ͫͭͯ͒ͤͭ͊ ͜ ͔͔ͨͪ͒͋͊;͊Ί ͭ͊͟͜ ͨͪͦͼ͔͙͒ͯͪΣ Ύ͟ ͎͙͒͊ͤͦͫͭ͊͜͟ ͍ͻ͎͒ͤͦͦ͜ ͍ͪͤ͜Ύ ͤ͊ͤ͘Έ ͔͍ͫͭͯ͒ͤͭ͜Σ ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͍͙͒ͤͦͫͤ͜ͻ ͙͍ͨͦ͊ͤ͘͟͟͜ 
͍ͤ͊;͊͡Έ͙ͤͻ ͒ͦͫΎ͎͔ͤͤΈΣ ͍ͪͤ͜Ύ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͔͙ͦͣͨͫͤ͟͟͡ͻ ͔͔ͦͣͨͭͤ͟ͼ͚͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜Σ ͊ ͭ͊ͦ͗͟ ͍͙ͣͪ͜Ό͍͊ͤͤΎ 
͙͊͘͡΄͍͙ͦ͟ͻ ͤ͊ͤ͘Έ ͔͍ͫͭͯ͒ͤͭ͜ ώмϐΦ 

˹͊ ͍ͦͫͤͦ͜ ͙͎ͣͦͤͭͦͪͤͯ͜ ͜ ͊ͤ͊ͯ͘͜͡ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍͍ͫͭ͊ͤͦ͡ΌΊͭΈͫΎ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͫͭ͜Έ ͍ͤ͊;͊͡Έͤͦ͝ ͙ͪͦ͋ͦͭ [2]. 
͔͍́ͫͭͯ͊ͤͤΎ Ύ͟ ͦ͒ͤ͊ ͘ ͺͦͪͣ ͙͎ͣͦͤͭͦͪͤͯ͜ Ύͦͫͭ͟͜ ͤ͊ͤ͘Έ ͔͍ͫͭͯ͒ͤͭ͜ [3]. 
͔͍́ͫͭͯ͊ͤͤΎ Ί ͦ͒ͤ͜ΊΌ ͘ ͚ͤ͊͋͜͡Έ΄ ͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻ ͺͦͪͣ ͍͔͔ͨͪͦ͒ͤͤΎ ͦͤͭͪͦ͟͡Ό ͘ ͔͍͙͙ͪͦ͊ͤͣ͟ ͔͙ͨ͊ͪ͊ͣͭͪ͊ͣ Ύͦͫͭ͟͜Φ ˤ 

ͼΈͦͣͯ ͔ͫͤͫ͜ ͗ͦ͒ͤ͊ ͘ ͍͙͒ͦͣ͜ͻ ͺͦͪͣ ͦͤͭͪͦ͟Ό ͤ͊ͤ͘Έ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͤ ͔ͣͦ͗ ͍ͪͤ͘͜Ύ͙ͭͫΎ ͫ ͔͍ͭͫͭͯ͊ͤͤΎͣΦ ˽͍͙ͪ͊͡Έͤͦ ͍͙͚ͨͦ͋ͯ͒ͦ͊ͤ ͜ 
͔͒ͦ͋ͪ ͔͙͚ͫ͊͒ͤ͟͡ ͔ͭͫͭΣ ΅ͦ ͍͍͒ͨͦ͒͊͜͜Ί ͔ͤ ͭ͜͡Έ͙͟ ͔͔ͨͪ͒ͣͭͯ ͍ͤ͊;͊ͤͤΎΣ ͔͊͡ ͜ ͚͎ͦͦ ͍͊͒͊ͤͤ͘ΎͣΣ ͔ͣͦ͗ ͙ͫͭ͊ͭ ͙ͦ͒ͤͣ ͘ ͍͙ͦͫͤͦͤͻ 
͔͍ͤͫͭͪͯͣͤͭ͜͜ ͍͙ͣͪ͜Ό͍͊ͤͤΎ ͔͊͊͒ͣ͟͜;͙ͤͻ ͒ͦͫΎ͎͔ͤͤΈ ͔͍ͫͭͯ͒ͤͭ͜ [3].  

͔͙́ͫͭ ς ͼ͔ ͙͍ͫͭ͊ͤ͒͊ͪͭͦ͊ͤ͘͜ ͔͙͙ͣͭͦ͒͟ ͙ͨͫͻ͎͙͙ͦ͒͊ͤͦͫͭ͜͟Σ ΅ͦ ͍͒ͦͦ͘͡ΎΌͭΈ ͙͙ͦͭͪͣ͊ͭ ͍ͨͦͪͤ͜Ύ͡Έͤ͜ ͟͜͡Έͫͤ͟͜͜ ͭ͊ Ύͫͤ͟͜͜ 
͙͙ͨͦ͊ͤ͘͟͟ ͔ͫͭͯͨͤΎ ͍͙͔ͪͦͤͤͦͫͭ͘͜ ͍͙͒ͦͫ͒͗ͯ͊ͤ͜͡ͻ ͍͙͍͔͚͊ͫͭͦͫͭ͡Φ ˿͙͍ͭ͊ͤ͒͊ͪͭͦ͊ͤͫͭ͘͜Έ ͔͙͙ͣͭͦ͒͟ ͦͤ͊͘;͊ΊΣ ΅ͦ ͍ͦͤ͊ ͍͙ͨͦͤͤ͊ 
͍͍͙͊ͫͭͦͫͦͯ͊ͭͫ͘Ύ ͍͙͊͗͒͘ ͜ ͫͪ͘͟͜Έ ͍͙ͦ͒ͤ͊ͦͣ͟ ;͙ͤͦͣΣ ͍͒͜ ͨͦ;͊ͭͯ͟ ͙ͫͭͯ͊ͼ͜͝ ͒ͦ ͫͨͦͫͦ͋ͯ ͔͔ͤͭͪͨͪͭ͊͜ͼ͜͝ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜Φ 

͔͙́ͫͭ ͣͦ͗ͤ͊ ͙͊ͫ͟͡ͺ͍͙ͯ͊ͭ͜͟ ͨͦ ͪͤͦͣͯ͘͜Σ ͍ ͔͊͗ͤͦͫͭ͘͜͡ ͍͒͜ ͎ͭͦͦΣ Ύ͊͟ ͦͤ͊͊͘͟ ͔͋ͯ͒ ͍͘Ύͭ͊ ͊͘ ͍ͦͫͤͦͯ ͨͦ͒ͯ͜͡ [4]. 
˸͔ͭ͊ ͫͭ͊ͭͭ͜Φ ˸͔ͭͦΌ ͎͒͊ͤͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ Ί ͪͦͪͦ͋͊͘͟ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͣͦ͒ͯ͡Ύ ͙͎ͣͦͤͭͦͪͤͯ͜ ͙͊͘͡΄͍͙ͦ͟ͻ ͤ͊ͤ͘Έ 

͔͍ͫͭͯ͒ͤͭ͜ ͘ ͙͒ͫͼ͙ͨͤ͜͡ ͊͟ͺ͔͙͒ͪ ͔ͫͨͼ͍͙͊ͦ͊ͤ͘͜͜͡ͻ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͙͔ͫͫͭͣ ό˿˴˿ύΦ ˨͡Ύ ͔ͪ͊͊͘͜͡ͼ͜͝ ͎͒͊ͤͦͦ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͣͦ͒ͯ͡Ύ 
͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͔ͤͭ͟͜͡-͔͍͔͙͚ͫͪͪͤ ͒ͦ͒͊ͭͦ͟Σ ͘ ͔͍͔ͫͪͪͦͣ ͤ͊ WŀǾŀ ͭ͊ ͟͜͡Ίͤͭͦͣ !ƴdroid. 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˾ͦͪͦ͋͊͘͟ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͣͦ͒ͯ͡Ύ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘͜ ͍͔ͫͭͦͪͤͤΎ ͔ͤͭ͟͜͡-͔͍͔͎ͫͪͪͤͦͦ 
͒ͦ͒͊ͭͯ͟ ͘ ͔͍͔ͫͪͪͦͣ WŀǾŀ ͭ͊ ͟͜͡Ίͤͭͦͣ !ƴŘǊƻƛŘΦ 

ˢͪͻ͔ͭͭͯͪ͊͜͟ ͟͜͡Ίͤͭ-͔͍͔ͫͪͪ Ί ͙ͦ͒ͤͣ ͘͜ ͊ͪͻ͔͙ͭͭͯͪͤ͜͟ͻ ΄͍͊͋ͦͤ͜͡ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͭ͊ Ί ͒ͦͣͤͯ͜Ό;ͦΌ 
ͦͤ͟ͼ͔ͨͼ͜ΊΌ ͯ ͍͔ͫͭͦͪͤͤ͜ ͔͙ͪͦͨͦ͒ͤ͘͜͡ͻ ͔͔͙ͣͪ͗ͤͻ ͘ ͍͊ͫͭͦͫͯͤ͟͜ ͜  ͔͔ͨͪ͒͋͊;͊Ί ͍͊͘Ίͣͦ͒͜Ό ͭ͊ ͦ͋ͣͤ͜ ͙͙͒͊ͤͣ ͣ͗͜ ͙͙ͤͣ ώрϐΦ  

ˤͦͤ͊ ͔͔ͨͪ͒͋͊;͊Ί ͭ͊͟͜ ͍ͦͫͤͦͤ͜ ͔͙ͦͣͨͦͤͤͭ͟Υ 

¶ ͔͍͔ͫͪͪΣ ͒͡Ύ ͤ͊͒͊ͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͊͋ͦ ͤ͜΄͜ ͎͙ͨͦͫͯ͡ ͎ͨͪͦͪ͊ͣ͊ͣΣ Ύ͟͜ ͍͔ͪͭ͊͘ΌͭΈͫΎ ͒ͦ ͔͍͔ͫͪͪ͊Τ 

¶ ͤ͊͋ͪ͜ ͟ ͜͡Ί͍ͤͭ͜Σ Ύ͟͜ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ ͔͍͙ͫͪͫ͜Σ ΅ͦ ͤ͊͒͊ΌͭΈͫΎ ͔͍͔ͫͪͪͦͣΤ 

¶ ͔͔ͣͪ͗͊Σ Ύ͊͟ ͔͔͊͋ͨ͘͘;ͯΊ ͍͊͘Ίͣͦ͒͜Ό ͣ͗͜ ͟͜͡Ί͙ͤͭ͊ͣ ͭ͊ ͔͍͔ͫͪͪͦͣΦ 
˿͔͍͔ͪͪ Ί ͔͔͙͙ͤ͊͗ͤͣ͘͡Φ ˴͜͡Ί͙ͤͭ ͭ͊ͦ͗͟ ͺͯͤ͟ͼͦͤͯ͜ΌͭΈ ͔ͨ͊ͪ͊͡͡Έͤͦ ͜ ͔͔ͤ͊͗ͤͦ͘͡ ͙ͦ͒ͤ ͍͒͜ ͎ͦ͒ͤͦͦΦ ˹͔ͣ͊Ί ͗ͦͪͫͭͦ͟͝ 

͙͍ͨͪϥΎ͙͘͟ ͟͜͡Ί͍ͤͭ͜ ͒ͦ ͔͍͔ͫͪͪ͊Φ ˣ͜͡Έ΄ ͤ͗͜ ͙͍ͭͨͦͦΌ Ί ͙ͫͭͯ͊ͼ͜ΎΣ ͙ͦ͟͡ ͙ͦ͒ͤ ͔͍͔ͫͪͪ ͦ͒ͤͦ;͊ͫͤͦ ͦ͋ͪͦ͋͡ΎΊ ͙͙͊ͨͭ͘ ͍͒͜ ͙ͪͤ͘͜ͻ 
͟͜͡Ί͍ͤͭ͜Τ ͘ ͤ͜΄͎ͦͦ ͋ͦͯ͟Σ ͟͜͡Ίͤͭ ͔ͣͦ͗ ͍͔͙ͪͭ͊ͭͫ͘Ύ ͭͦ ͒ͦ ͎ͦ͒ͤͦͦ ͔͍͔ͫͪͪ͊Σ ͭͦ ͒ͦ ͤ͜΄͎ͦͦΦ ˴͜͡Ί͙ͤͭ ͣ͊ΌͭΈ ͙ͤ͊ͭ͘ ͨͪͦ ͒ͦͫͭͯͨͤ͜ 
͔͍͔͙ͫͪͪΣ ͔͊͡ ͣͦ͗ͯͭΈ ͔ͤ ͙ͣ͊ͭ ͎͗ͦ͒ͤͦͦ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͍ͫͤͯ͊ͤͤ͜Ύ ͤ͜΄͙ͻ ͟͜͡Ί͍ͤͭ͜ [5].  
˽͙ͪ͊͒͟͡ ͔ͤͭ͟͜͡-͔͍͔ͫͪͪͤͦ͝ ͊ͪͻ͔͙ͭͭͯͪ͜͟ ͔ͦ͋ͪ͊͗ͤͦ͘ ͤ͊ ͙ͪͫͯͤͯ͟ мΦ 
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˾͙ͫΦ м. ˴ ͜͡Ίͤͭ-͔͍͔ͫͪͪͤ͊ ͊ͪͻ͔ͭͭͯͪ͊͜͟ 

 
˿͔͍͔ͪͪ ͎͒͊ͤͦͦ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͣͦ͒ͯ͡Ό ͔͍͙͚ͪ͊ͦ͊ͤ͘͜͡ ͍ͣͦͦΌ WŀǾŀ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ {ǇǊƛƴƎ framework [6].  
Spring framework - ͼ͔ ͍͜͡Έͤͦ ͨͦ΄͙ͪΌ͍͙͚͊ͤ ͺ͔͚͍ͪͣͦͪ͟Σ ͍͔͙͚ͫͭͦͪͤ ˾ͦ͒ͦͣ ˨͗ͦͤͫͦͤͦͣ όwƻŘ WƻƘƴǎƻƴύΦ ˤͤ͜ ͍͋ͯ 

͍͔͙͚ͫͭͦͪͤ ͘ ͔ͣͭͦΌ ͙ͯͫͯͤͯͭ ͫ͊͒ͤͦ͟͡΅͜ ͙ͪͦͪͦ͋͘͟ ͙͍͙ͦͪͨͦͪ͊ͭͤ͟ͻ ͍͒ͦ͒͊ͭ͟͜ ͜ ͙͙ͪͦ͋ͭ͘ ͙͍͙ͣͦ͗ͣ͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙ͨͪͦͫͭͻ 
͔͍ͦͣͨͦͤͤͭ͟͜ WŀǾŀ.ŜŀƴΦ ˻͒ͤ͊͟ ͦ͋͊ͫͭ͡Έ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ {ǇǊƛƴƎ ͔ͤ ͔ͦ͋ͣ͗ͯΊͭΈͫΎ ͪͦͪͦ͋ͦ͘͟Ό ͎͙ͨͪͦͪ͊ͣͤͻ ͔͍ͦͣͨͦͤͤͭ͟͜Σ ΅ͦ 
͍͙ͦͤͯ͟ΌͭΈͫΎ ͤ͊ ͫͭͦͪͦͤ͜ ͔͍͔ͫͪͪ͊Φ ˣͯ͒Έ-Ύ͙͚͟ WŀǾŀ-͒ͦ͒͊ͭͦ͟ ͔ͣͦ͗ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͔͔͍͎͙ͨͪ͊ ͺ͔͚͍ͪͣͦͪ͊͟ ͍ ͨ͊ͤ͜͡ ͙ͨͪͦͫͭͦͭΣ 
͔͍ͭͫͭͦ͊ͤͦͫͭ͜ ͜ ͫ͊͋ͦ͟͡Ό ͍ͨͦϥΎ͊ͤͦͫͭ͘͜ [6]. 

{ǇǊƛƴƎ CǊŀƳŜǿƻǊƪ ͔͔͊͋ͨ͘͘;ͯΊ ͍͙ͪ͜΄͔ͤͤΎ ͎͋͊͊ͭΈͦͻ ͍͊͒͊ͤ͘ΈΣ ͙ͨͪ ͍͔ͫͭͦͪͤͤ͜ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜͝ ͙͔͙ͫͫͭͣΣ ͍͚͊ͫͤͦ͊ͤ͘͜ ͤ͊ 
ͨ͊ͭ͡ͺͦͪͣ͜ WŀǾŀΦ ͔͔̉ͪ͘ ΄͙ͪͦͯ͟ ͺͯͤ͟ͼͦͤ͊͜͡Έͤͦͫͭ͜ ͍͊͗ͦ͟ ͍͙ͤ͊͘;͙͙ͭ ͚ͤ͊͋͜͡Έ΄ ͤ͊͘;ͯ΅͜ ͫͭͪͯͭͯͪͤ͟͜ ͔͔͔͙ͣͤͭ͡Σ ͘ Ύ͙͟ͻ ͍ͤ͜ 
ͫ͊͒͊͟͡ΊͭΈͫΎΦ 

{ǇǊƛƴƎ CǊŀƳŜǿƻǊƪΣ ͚͍ͣͦͪͤͦ͜Σ ͚ͤ͊͋͜͡Έ΄ ͍͙͚͒ͦͣ͜ Ύ͟ ͔͔͒͗ͪͦ͡ ͪͦ͘΄͙͔ͪͤΈ όŦŜŀǘǳǊŜǎύΣ ͙ͨͦͭͪ͋ͤ͜ͻ ͒͡Ύ ͔ͺ͔͙͍ͭͤͦ͟͝ 
ͪͦͪͦ͘ ͙͋͟ ͙ͫ͊͒ͤ͟͡ͻ ͔͋ͤͫ͘͜-͍͒ͦ͒͊ͭ͟͜ ͨͦ͊͘ ͍͔͙͍͎͍͙ͦ͊ͦ͟͡ͻ ͎͙ͨͪͦͪ͊ͣͤͻ ͔͔͚ͣͦ͒͡Φ  

͔͚̇ ͺ͔͚͍ͪͣͦͪ͟ ͨͪͦͨͦͤͯΊ ͍ͨͦͫ͒ͦͤͯ͜͡ ͔ͣͦ͒͡Έ ͜ ͙ͪͦ͋ͭΈ ͝͝ ͙ͨͪ͒͊ͭͤͦΌ ͒ͦ ͋͜͡Έ΄ͦͫͭ͜ ͙͍ͭͨ͜ ͍͒ͦ͒͊ͭ͟͜Σ Ύ͟͜ ͍͔͗ ͍͔ͫͭͦͪͤ͜ 
ͤ͊ ͍ͦͫͤͦ͜ ͨ͊ͭ͡ͺ͙ͦͪͣ WŀǾŀΦ   

ˤ͍͊͗͊ΊͭΈͫΎΣ ΅ͦ {ǇǊƛƴƎ CǊŀƳŜǿƻǊƪ ͔ͪ͊ͯ͘͜͡Ί ͔ͣͦ͒͡Έ ͙ͪͦͪͦ͋͘͟Σ ͍͊ͫͤͦ͊ͤͯ͘ ͤ͊ ͪ͊͟΅͙ͻ ͫͭ͊ͤ͒͊ͪͭ͊ͻ ͤ͒ͯͫͭͪ͜͜͝Σ ͜ ͙ͪͦ͋ͭΈ 
͝͝ ͒ͦͫͭͯͨͤͦΌ ͍ ͎͋͊͊ͭΈͦͻ ͦ͋͊ͫͭ͡Ύͻ WŀǾŀ ώсϐΦ 

ζ˴͜͡Ίͤͭη ͔͍ͪ͊ͦ͊ͤͦ͘͜͡ ͤ͊ !ƴŘǊƻƛŘΦ ˹͊ ͫΈ͎ͦͦ͒ͤ͜΄͚ͤ͜ ͔͒ͤΈ ͋͜͡Έ΄ͫͭ͜Έ ͫͣ͊ͪͭͺ͍ͦͤ͜ ͭ͊ ͨ͊ͤ͡΄͔͍ͭ͜ ͍͙ͨͯͫ͊͟ΌͭΈͫΎ ͤ͊ ͋͊͘͜ 
͔ͦͨͪ͊ͼ͚ͤͦ͜͝ ͙͔͙ͫͫͭͣ ό˻˿ύ !ƴŘǊƻƛŘ ώтϐΦ  

˻͍ͫͤͦͤ͜ ͙ͨͪ;͙͙ͤ ͨͦ΄͙͔ͪͤͤΎ ͒͊ͤͦ͝ ͔ͦͨͪ͊ͼ͚ͤͦ͜͝ ͙͔͙ͫͫͭͣ ͨͦ͡Ύ͎͊ΌͭΈ ͍ ͤ͊ͫͭͯͨͤͦͣͯΥ 

¶ AƴŘǊƻƛŘ ͙ͨ͒ͭͪͣͯ͜Ί ͍͔͙ͯ͟͡ ͟͜͡Έͫͭ͟͜Έ ͙͍ͨͪͫͭͪͦ͝ ͙ͪͤ͘͜ͻ ͍͙͙͍ͪͦ͋ͤ͟͜Τ 

¶ AƴŘǊƻƛŘ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͍͙ͫͦͦ͟Ό ͒ͦͫͭͯͨͤͫͭ͜Ό ͍͊ͫͦ͋͘͜ ͙ͪͦͪͦ͋͘͟Τ 

¶ ͋͜͡Έ΄ͫͭ͜Έ ͙͍ͨͪͫͭͪͦ͝ ͣ͊ΌͭΈ ͙͍͙͍ͨͪ͊͋ͯ͡ ͒͡Ύ ͙͍ͦͪͫͭͯ͊͟;͊ ͍͊ͪͭͫͭ͜ΈΤ 

¶ ͙͊ͫͦ͋͘ ͙ͪͦͪͦ͋͘͟ ͒͡Ύ ͨ͊ͭ͡ͺ͙ͦͪͣ Android ͔͋ͦ͘͟΄͍ͭͦͤ͜Σ ͭͦ͒͜ Ύ͟ ͪͦͪͦ͋͊͘͟Σ ͙ͤ͊ͨͪ͊͒͟͡Σ ͨ͒͜ iPhone ό͍͒͜ ͦͣͨ͊ͤ͟͜͝ 
Appleύ ͍͙͎ͣ͊͊Ί ;͙͙ͣ͊͡ͻ ͨͦ;͍͙͊ͭͦ͟ͻ ͺ͍͙ͤ͊ͤͫͦ͜ͻ ͍͔͊͒ͤ͟͡ΈΦ  

˴ͪͣ͜ ͎ͭͦͦΣ ͔͔͍͎ͨͪ͊ͦΌ ˻˿ Android Ί ͤ͊Ύ͍ͤͫͭ͜Έ ͔͋ͦ͘͟΄͍͙ͭͦͤͻ ͔͋͋ͦͭ͜͜͟͡ ͒͡Ύ ͙ͪͦ͋ͦͭ ͘͜ ͙ͫͭͦͪͦͤͤͣ͜ ͔͙ͪͫͯͪͫ͊ͣ όYandex 
MapKit, Google Map APIΣ ͤ͜ΦύΣ ͯ ͚ͭͦ ;͊ͫ Ύ͟ ͒͡Ύ Windows Phone Mobile ͭ ͊͟͜ ͔͙͋͋ͦͭ͜͜͟͡ ͔ͤ ͨͦ΄͙͔ͪͤ͜ ώтϐΦ 

˹͊ ͙ͪͤͯ͟ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͫͤͯ͜Ί ͼ͊͜͡ ͙ͣͤͦ͗ͤ͊ ͙͔ͫͫͭͣ  ͔͍ͭͫͭͯ͊ͤͤΎ ͤ͊ͤ͘Έ ͔͍ͫͭͯ͒ͤͭ͜Σ ͦ͗ͤ͊͟ ͘ ͙ͤͻ ͣ͊Ί 
͔͔͍͎͙ͨͪ͊ ͭ͊ ͔͙ͤ͒ͦ͜͟͡Φ ˨ͦ ͔͔͍͎ͨͪ͊ ͔͎ͪͦͪͦ͋ͤͦͦ͘͡ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͣͦ͒ͯ͡Ύ ͙͎ͣͦͤͭͦͪͤͯ͜ ͙͊͘͡΄͍͙ͦ͟ͻ ͤ͊ͤ͘Έ ͔͍ͫͭͯ͒ͤͭ͜ 
͍͒ͤͦͫ͜ΎͭΈͫΎΥ 

¶ ˿͔͍͔ͪͪͤ͊ ;͙͊ͫͭͤͯ  ͣ͊Ί ŀǇƛΣ ͔ͦ͒͗ ͣͦ͗ͤ͊ ͍͙͙ͫͭͦͪͭ ͟͜͡Ίͤͭ ͤ͊ ͋ͯ͒Έ-Ύͯ͟ ͨ͊ͭ͡ͺͦͪͣͯΥ ²ŜōΣ ƛƻǎΣ !ƴŘǊƻƛŘΦ 

¶  ˽ ͍ͦͪͤ͜Ύͤͦ ͘ ͤ͜΄͙͙ͣ ͎͙ͨͪͦͪ͊ͣ͊ͣ ͔͍ͭͫͭͯ͊ͤͤΎΣ ͔͙͚ͪͦͪͦ͋ͤ͘͡ ͎͙͚ͨͪͦͪ͊ͣͤ ͣͦ͒ͯ͡Έ ͣ͊Ί  ͙͚ͨͪͦͫͭ ͔ͤͭͪ͜ͺ͔͚ͫ ͜ ͔ͤ 
͔ͨͦͭͪ͋ͯΌͭΈ ͎͋͊͊ͭͦ ;͊ͫͯ ͤ͊ ͍ͦͦͦ͒ͤͤ͜͡Ύ ͔͙ͤͫͭͪͯͣͤͭ͊ͣ͜ ͭ͊ ͔͙ͣͭͦ͒;͙͙ͤͣ ͙͚͙ͨͪͦͣ͊ͣ ͙ͪͦ͋ͦͭ ͘ ͙͙ͤͣΦ 

¶  ˸ ͙͚͊͡ ͪͦͣͪ͘͜ ͤͫͭ͊͜͡Ύͼ͚͎ͤͦͦ͜ ͺ͚͊ͯ͡Φ 

¶  ˸ ͦ͒ͯ͡Έ ͍͒ͦͦ͘͡ΎΊ ͪͯ͘;ͤͦ ͜ ΄͍͙͒ͦ͟ ͔͔ͨͪ͟͡Ό;͙͊ͭͫΎ ͣ͗͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ͊ͣ ͙ͪͤ͘͜ͻ ͔͍ͭͫͭͯ͊ͤΈΣ ΄͍͙͒ͦ͟ ͤ͊͘ͻ͙͙ͦ͒ͭ 
͔ͤͦ͋ͻ͒ͤͯ͜ ͤ͜ͺͦͪͣ͊ͼ͜ΌΣ 

¶ ˿͙͙ͭ͊ͭͫͭ͊͟ ͔͍ͭͫͭͯ͊ͤΈ ͔͍͔ͨͪ͒ͫͭ͊ͤ͊͡ ͍ ͪͯ͘;ͤͦͣͯ ͒͡Ύ ͪͦͯͣͤͤ͘͜Ύ ͍͙͎͡Ύ͒͜Φ 
˹͔͙͒ͦ͊ͣ͜͟͡ ͙͔͙ͫͫͭͣ ΊΥ  

¶ ͔͙͍ͤͣͦ͗ͫͭ͜͡Έ ͊͒͊ͤͤ͘Ύ ͍ͪͤ͜Ύ ͫ͊͒ͤͦͫͭ͟͜͡ ͙͊ͨͭ͊ͤ͘ΈΣ  

¶ ͚͍ͣͦͪͤͫͭ͜͜Έ ͍͙͍͎ͨ͊͒ͦͦͦ͟ ͍͙͋ͦͪͯ ͍͙ͨͪ͊͡Έͤͦ͝ ͍͍͒ͨͦ͒͜͜͜Τ 
˿͍͔ͭͦͪͤͤΎ ͭ͊ ͨͪͦͻ͔ͦ͒͗ͤͤΎ ͔͍ͭͫͭ͜ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ  ͦ͒ͤ͜ΊΌ ͘ ͔͚ͪͦ͡Υ ͍͙͊͒͊͟͡; ;͙ ͔ͫͭͯ͒ͤͭΦ ˤ͙͊͒͊͟͡;  ͔ͣͦ͗ ͍ͫͭͦͪΌ͍͙͊ͭ 

͎͙ͪͯͨΣ ͋͊ͯ͘ ͙ͨͭ͊ͤΈ ͭ͊ ͦͤͭͪͦ͟͡Ό͍͙͊ͭ ͨͪͦͼ͔ͫ ͔͍ͭͫͭͯ͊ͤͤΎΦ ˾ͦ͡Έ ˿͔ͭͯ͒ͤͭ͊  ͤ͊͒͊Ί ͙͍ͣͦ͗ͦͫͭ͜͡ ͘͜ ͨͪͦͻ͔ͦ͒͗ͤͤΎ ͔͍ͭͫͭ͜ ͭ͊ 
͔͔͎ͨͪ͡Ύ͒ͯ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͔͍ͭͫͭͯ͊ͤͤΎΦ ˨͙͚͊ͤ ͣͦ͒ͯ͡Έ ͔͔ͨͪ͒͋͊;͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͔ͫͭͦͪͤͤΎ ͔͍ͭͫͭ͜ ͙ͭ͊͟ͻ ͔͎͚͊ͭͦͪ͟͜Υ ͙ͨͭ͊ͤͤΎ ͘ 
ͦ͒ͤ͜ΊΌ ;͙ ͔͒͟͜͡Έͦͣ͊͟ ͍͙ͨͪ͊͡Έ͙͙ͤͣ ͍͍͒ͨͦ͒͜͜Ύ͙ͣ ͭ͊ ͍͍͔͔͒ͤͤΎ ͍͍͒ͨͦ͒͜͜͜ ͘ ͍͙͊͊ͭͯͪ͟͜͡Φ  

ˤ͙͍͙ͫͤͦ͟Φ ˾͔ͦͪͦ͋ͤͦ͘͡ ͎͙͚ͨͪͦͪ͊ͣͤ ͣͦ͒ͯ͡Έ ͙͎ͣͦͤͭͦͪͤͯ͜ ͙͊͘͡΄͍͙ͦ͟ͻ ͤ͊ͤ͘Έ ͔͍ͫͭͯ͒ͤͭ͜ ͘ ͙͒ͫͼ͙ͨͤ͜͡ ͊͟ͺ͔͙͒ͪ 
͔ͫͨͼ͍͙͊ͦ͊ͤ͘͜͜͡ͻ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͙͔ͫͫͭͣΦ ˨͡Ύ ͔ͪ͊͊͘͜͡ͼ͜͝ ͎͒͊ͤͦͦ ͎͎ͨͪͦͪ͊ͣͤͦͦ ͣͦ͒ͯ͡Ύ ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͔ͤͭ͟͜͡-͔͍͔͙͚ͫͪͪͤ 
͒ͦ͒͊ͭͦ͟ ͘ ͔͍͔ͫͪͪͦͣ ͤ͊ WŀǾŀ ͭ͊ ͟͜͡Ίͤͭͦͣ !ƴŘǊƻƛŘΦ 

˾͔ͯ͘͡Έ͙ͭ͊ͭ ͎͒͊ͤͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͣͦ͗ͯͭΈ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭͫ͟Ύ ͒͡Ύ ͦͼ͙ͤ͜͟ ͙͊͘͡΄͍͙ͦ͟ͻ ͤ͊ͤ͘Έ  ͔͍ͫͭͯ͒ͤͭ͜Φ ˤ͙ͪ͋͜Σ Ύ͙͚͟ 
ͨͪͦͨͦͤͯΊͭΈͫΎΣ Ί ͔͍͙ͭͫͭͦͣΦ ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͎͙ͨͪͦͪ͊ͣͤͻ ͍ͨͪͦ͒ͯͭ͟͜ ͍͙͊ͭͦͣ͊ͭͯ͘Ί ͨͪͦͼ͔ͫ ͔͍ͭͫͭͯ͊ͤͤΎ ͭ͊ ͊ͤ͊ͯ͘͜͡ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜Φ 
˽͔ͦͭͤͼ͚͙ͤͣ͜ ͍͙͊ͣͦͤͦͣ͘͟ ͔ͣͦ͗ ͍͙͙ͫͭͯͨ͊ͭ ͋ͯ͒Έ-Ύ͊͟ ͍ͤ͊;͊͡Έͤ͊ ͎ͦͪ͊ͤ͊͘͜ͼ͜ΎΦ 

˽͎͙͚ͪͦͪ͊ͣͤ ͔ͦͣͨͫ͟͟͡ ͣ͊Ί ͍ͤ͊;͊͡Έͤͯ ͫͺ͔ͪͯ ͍͊ͫͭͦͫͯ͊ͤͤ͘ΎΦ ˻͙͒ͤͣ ͘ ͔ͺ͔͙͍͙ͭͤ͟ͻ ͍ͫͨͦͫͦ͋͜ ͍͙ͪ͜΄͔ͤͤΎ ͔͙ͨͪͦ͋ͣ͡ 
͍͙͊ͭͦͣ͊ͭ͊͘ͼ͜͝ ͔͔͍͙ͨͪͪ͜͟ ͙͊͘͡΄͍͙ͦ͟ͻ ͤ͊ͤ͘Έ ͔͍ͫͭͯ͒ͤͭ͜ Ί ͍͔ͫͭͦͪͤͤΎ ͎͙ͨͪͦͪ͊ͣΣ ΅ͦ ͍͒ͦͦ͘͡ΎΊ ͍ͫͭͦͪΌ͍͙͊ͭ ͔͙ͭͫͭΣ ͨͪͦͻ͙͙ͦ͒ͭ ͝ͻ 
ͭ͊ ͍͙͊ͤ͊ͯ͊ͭ͘͜͡ ͔ͪͯ͘͡Έ͙ͭ͊ͭΦ ˽͙ͪͤͼ͙ͨ ͝ͻ ͙ͪͦ͋ͦͭ ͨͦ͡Ύ͎͊Ί ͯ ͍͙͙ͦͪͫͭ͊ͤͤ͟͜ ͟͜͡Ίͤͭ-͔͍͔͙ͫͪͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͒͡Ύ ͍͙͍ͦͤͯ͊ͤͤ͟Ύ 
͔͔ͨͪͪ͊ͻ͍͙ͦ͊ͤͻ ͍͙΅͔ ͔ͦͨͪ͊ͼ͚͜Φ ˤ͙͎͙ͣͦΣ ΅ͦ ͔ͨͪ͒ϥΎ͍͡ΎΌͭΈͫΎ ͒ͦ ͎͙ͨͪͦͪ͊ͣͤͻ ͔͍ͦͣͨͫ͟͟͜͡Υ 

¶ ͙͚ͣ͊͡ ͪͦͣͪ͘͜ ͤͫͭ͊͜͡Ύͼ͚͎ͤͦͦ͜ ͺ͚͊ͯ͡Τ 
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¶ ͙͍ͤͭͯͭͤͦ͜͝ ͙͚ͪͦͯͣ͘͘͜͡ ͔ͤͭͪ͜ͺ͔͚ͫΤ 

¶ ΄͍͙͒ͫͭ͟͜Έ ͙ͪͦ͋ͦͭΦ 
˹͚͊͋͜͡Έ΄͙͚ ͙ͨͦͨͭ ͤ͊ ͎͙͚ͨͪͦͪ͊ͣͤ ͣͦ͒ͯ͡Έ ͍  ͎͊ͯ͘͜͡ ͍͙ͦͫͭ͜Φ ˿͔͍͔ͪͫͤ͜ ͎͍͍ͦ͋ͫͯͦͯ͊ͤͤ͡Ύ ͨͦͭͪ͋ͤͦ͜ ͒͡Ύ ͦͣͨ͟ϥΌ͔ͭͪ͊Σ ΅ͦ 

͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͯ Ύͦͫͭ͟͜ ͔͍͔ͫͪͪͯΦ 
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Abstract. Zhidchenko S. I. Dubovik T.N. Development of the module monitoring residual knowledge of students from 

disciplines specialized computer systems. 
The relevance of the material presented in the article, due to the needs of vocational training in conducting monitoring 

studies, as they are one of the ways of improving access to the European education and student mobility. 
Development of software module consists of the creation of a client-server application to a server in Java using the 

Spring framework and client Android. 
 Using the developed software module for monitoring of residual knowledge of students of specialized computer systems 

contribute to its effective functioning and optimal solution to the question about the quality of training of future specialists. 
In the process, it developed a package of tests for the monitoring of residual knowledge in the disciplines of information 

technology course. 
Key words: monitoring, software development module, client, server, Android. 
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11-ͣͯ ͊ͫ͟͜͡Φ ˭͊ ͍͍͔͔͒͒ͤͯ͜ ͯ ͍ͤ͊;͊͡Έͤͦͣͯ ͨ͊ͤ͜͡ ͟͜͡Έͫͭ͟͜Έ ͎͙ͦ͒ͤ ͤ͊ ͍͙͍;͔ͤͤΎ ͊ͫͭͪͦͤͦͣ͜͝ ͍;͙͔ͭ͡Έ ͣ͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͔͙ͨͪͦͫͭ 
͙͡΄͔ ͍͔ͨͦͪͻ͔͍͔ͤ ͚͍ͤ͊ͦͣͫͭͦ͘ όζͨͦ͒͋ͤͦ͜ ͒ͦ ͔ͫͯͪͫ͟͟͜͝ηύ ͘ ͊ͫͭͪͦͤͦͣ͜;ͤͦΌ ͤ͊ͯͦ͟ΌΦ 

̂ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;ͤͦͣͯ ͪͦͯͣͤͤ͘͜͜Σ ͍ͤ͊;͊ͤͤΎ ς ͨͪͦͼ͔ͫ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙͚ͤΦ ́ͦͣͯ ͒͡Ύ ͒ͦ͋ͯͭͭ͘Ύ ͙ͨͪͻ͙͡Έͤͦͫͭ͜ 
͙ͣ͊ͫͣ͊͟͡Έͤͦ͝ ͟͜͡Έͦͫͭ͟͜ ͯ;͍ͤ͜ ͒ͦ ͊ͫͭͪͦͤͦͣ͜͝Σ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍ͫͭͦͪΌ͍͙͊ͭ ͭ͊ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͫͯ;͊ͫͤ͜ ͔͙ͣͭͦ͒ ͭ͊ ͙͊ͫͦ͋͘ ͍͙͍ͨͯ͡ ͤ͊ 
͙ͦͫͦ͋ͫͭͫͭ͜ΈΦ  ˢ ͼ͔ ͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍͊ͫͦ͋͘͜ ͫͯ;͊ͫͤͦ͝ ͔ͭͻ͙ͤ͜͟ ό͔͔͙ͭͪͦͤ͟͜͟͡ύΣ ͜ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͔͙͙ͣͭͦ͒͟ ͍ͤ͊;͊ͤͤΎ ͭ͊ ͍͔ͫͭͦͪͤͤΎ 
͍ͯͣͦ ͙ͪͦ͋ͦͭ ͘ ͯ;ͤΎ͙ͣ ͯ ͙͔ͤ͊͋͗ͤͦ͡ ͍͙͘;ͤͦͣͯ ͒͡Ύ ͙ͤͻ ͔͔͍͙ͫͪ͒ͦ΅͜Φ 

˴ͪͣ͜ ͍͙͒ͦͣ͜ͻ ͔ͨͪͦ͋ͣ͡ ͙͙͙͒͒͊ͭ͟͟ ͊ͫͭͪͦͤͦͣ͜͝ ͦ͒ͤ͜ΊΌ ͘ ͟͡Ό;͍͙ͦͻ ͤ͊ ͫΈ͎ͦͦ͒ͤ͜ Ί ͨͦͨͯ͡Ύ͙ͪ͊͘ͼ͜Ύ ͍͔͊ͫͤ͡ ͊ͫͭͪͦͤͦͣ͜͝ 
Ύ͟ ͙ͤ͊ͯ͟Σ ͔ͦͪͣ͊͘͟ ͎ͪͦ͘͡Ύ͒ ͭ͊ ͍͙͍;͔ͤͤΎ ͍͙͒ͦͫͭͦͪͤ͜ͻ ͍͙ͤ͊ͯͦ͟ͻ ͺ͍͊ͭ͟͜Φ ˻ͫ͟͜͡Έ͙͟Σ ͔͍ͤ͊͗͊͘Ό;͙ ͤ͊ ͍͔ͫ͋͜;ͤͯ ͙͍͙͍ͨͪ͊͋ͫͭ͜͡Έ ͭ͊ 
͒ͦͼ͜͡Έͤͫͭ͜Έ ͍͙ͨ͒͜΅͔ͤͤΎ ͔͔ͤͭͪͫͯ͜ ͒ͦ ͊ͫͭͪͦͤͦͣ͜͝Σ ς ͯ ͫͯͫͨ͜͡Έ͍ͫͭ͜ ͔͔͍ͨͪ͊͗͊ΌͭΈ ͍ͦͫͣ͘͜ ͔ͤ ͍ͤ͊ͯͦ͟͜ ͤ͊ͤͤ͘ΎΦ ˹͊͗͊͡ΈΣ ͋͜͡Έ΄ͫͭ͜Έ 
͡Ό͔͚͒ ͪ͊͟΅͔ ͦͪ͜ΊͤͭͯΌͭΈͫΎ ͍ ͙͔ͫͫͭͣ͜ ͭ͊͟ ͍͙͊ͤ͘ͻ ζ͍ͤ͊͘͟͜ ͦ͒͊ͯ͘͜͟ηΣ ͤ͗͜ ͯ ͦ͒͊͊͘͜͟͡Έ͙ͤͻ ͫͯͪ͘͜ΩΎͻ ;͙ ͔ͨ͊ͤͭ͊͡ͻ ˿ͦͤΎ;ͤͦ͝ ͙͔͙ͫͫͭͣΦ 
˹͊ ͍͒ͣͤͯ͜͜ ͍͒͜ ͙ͤ͊ͯ͟ ͨͦ͒͋ͤ͜͜ ͤ͊ͤͤ͘Ύ ͨͦ͒͊ΌͭΈͫΎ ͯ ͍͙͎͡Ύ͒͜ ͔͎ͦ͟͡͝ ͒͡Ύ ͙͚ͫͨͪͤΎͭͭΎ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͭ͊ ͔ͤ ͣ͊ΌͭΈ ͔͚ͭͦͪ͜ ;͙ 
͔͍͙͍ͤ;͔͙ͤͻ ͦ͋ΩΊ͍ͭ͟͜Σ ͭͦ͋ͭͦΣ ͔ͤ ͍ͫͭ͊͡ΎͭΈͫΎ ͨ͒͜ ͍ͫͯͣͤ͜ ͜ ͍ͤ͊ΩΎͯ͘ΌͭΈͫΎ Ύ͟ ͙͊ͫͦͣ͟͜Φ ́͊͟͜ ͍͙͙ͦ͋ͫͭ͊ͤ ͍ͫͨͦͭͦͪΌΌͭΈ ͍ͤ͊ͯͦͯ͟ 
͙͊ͪͭͤͯ͟ ͍ͫͭͯ͜Σ Ύ͊͟ ͺͦͪͣͯΊͭΈͫΎ ͍ ͯΎ͍͜ ͯ;ͤΎΦ 

˻͙͒ͤͣ ͘ ͔ͺ͔͙͍͙ͭͤ͟ͻ ͍͊ͫͦ͋͘͜ ͔͔͊͋ͨ͘͘;͔ͤͤΎ Ύͦͫͭ͟͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͯ;͍ͤ͜ Ί ͍͔ͫͭͦͪͤͤΎ ͭ͊ͦ͟͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͔ͭͻ͎ͤͦͦ͜͡͝Σ Ύ͊͟ 
͋ ͎͍͊ͪ͊ͤͭͯ͊͊͡ ͔͔ͨͪ͊͒͟͡ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͘ ͦ͋ϥΊͭͯ͟ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͒͜͝ ͍ ͫͯ͋ϥΊͭ͟ ͍͙ͫ͊ͣͦͦͫͭ͜ ͜ ͍͙ͫ͊ͣͦͻ͍ͦ͊ͤͤΎΦ ˿͍͔ͭͦͪͤͤΎ 
ͫͯ;͙͊ͫͤͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͔͔ͨͪ͒͋͊;͊Ί ͨ͒͜ͻ͒͜ ͒ͦ ͍ͤ͊;͊ͤͤΎ Ύ͟ ͒ͦ ͨͪͦͼ͔ͫͯ ͍ͯͨͪ͊ͤͤ͜͡ΎΦ ˽͒͜ ;͊ͫ ͍͙ͨͦ͋ͯ͒ͦ ͙͔͙ͫͫͭͣ 
͍ͯͨͪ͊ͤͤ͜͡Ύ ͙ͦ͒ͤͣ ͘ ͎͍͙ͦͦͤ͡ͻ ͙͔͍ͫͫͭͣͦͭͦͪ;͙ͻ ;͙͙͍ͤͤ͟͜ Ί ͔ͪͯ͘͡Έͭ͊ͭΣ Ύ͙͚͟ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͭ͊ ͦͼͤ͜ΌΊͭΈͫΎ ͍͊͒͘Ύ͙͟ ͚ͭ͊͟͜ ͺͯͤ͟ͼ͜͝ 
͍ͯͨͪ͊ͤͤ͜͡ΎΣ Ύ͟ ͦͤͭͪͦ͟͡ΈΦ ̂ ͪͦ͜͡ ͭΎ͎͍͎ͦͦͦ ͔ͣͻ͊ͤͣͯ͘͜ ͔͎ͫ͊ͣͦͪͯ͡Ύͼ͜͝ ͯ;ͤΎ ͍͊ͫͤͦ͡͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͜ ͍͔͙ͨͦ͒ͤ͜͟ ͍͙ͫͭͯͨ͊Ί 
ͫ͊ͣͦͦͤͭͪͦ͟͡ΈΦ ˿͊ͣͦͦͤͭͪͦ͟͡Έ ͫ͒͜͡ ͎ͪͦ͘͡Ύ͙͒͊ͭ Ύ͟ ͔ͤͦ͋ͻ͙͚͒ͤ͜ ͔͔͔ͣͤͭ͡ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͯ;͍ͤ͜Σ ͭͦͣͯ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͙͔͙ͫͫͭͣ 
ͫ͊ͣͦͦͤͭͪͦ͟͡Ό ͤ͊ͤ͘Έ ͭ͊ ͯͣͤ͜Έ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͍ ͔ͦͤͭͫͭ͟͟͜ ͙͡΄͔ ͙ͭͻ ͺͦͪͣ ͙ͪͦ͋ͦͭΣ Ύ͟͜ ͙ͨͪ͊ͭͯ͟͟ΌͭΈͫΎ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͍ͦͫͭͤ͜͜ͻ 
͎ͨͪͦͪ͊ͣΦ ˤ ͚ͭͦ ͔͗ ;͊ͫ ͫͤͯ͜ΌͭΈ ͎͊͊͘͡Έͤ͜ ͙ͨͪͤͼ͙͙ͨ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͫ͊ͣͦͦͤͭͪͦ͟͡ΌΣ Ύ͟͜ ͍͒ͦͦ͘͡ΎΌͭΈ ͎ͪͦ͘͡Ύ͙͒͊ͭ ͝ͻ Ύ͟ ͔͍ͨͤͯ ͙͔ͫͫͭͣͯΦ  

˨͡Ύ ͔͔͍͙ͨͪͪ͜͟ ͍ͪͤ͜Ύ ͍ͤ͊;͊͡Έ͙ͤͻ ͒ͦͫΎ͎͔ͤͤΈΣ ͍͊ͫͦ͘ΊͤͤΎ ͯ;ͤΎ͙ͣ ͤ͊ͤ͘ΈΣ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͍ͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟ ͔ͪͦͪͦ͋ͤͦ͘͡ 
͔͙ͣͭͦ͒ ͦͤͭͪͦ͟͡Ό ͜ ͫ͊ͣͦͦͤͭͪͦ͟͡ΌΦ 

˸͔ͭͦ͒ ͫ͊ͣͦͦͤͭͪͦ͟͡Ό ͫͨͪΎ͍͙͚ͣͦ͊ͤ ͤ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͣͤͤ͜Ύ ͍͔ͯͫ͒ͦͣͤͦ͜͡ ͔͎ͪͯ͡Ό͍͙͊ͭ ͍͊ͫͤͯ͡ ͍ͤ͊;͊͡Έͤͯ ͒͜Ύ͡Έͤͫͭ͜ΈΣ 
ͯ͒ͦͫͦͤ͊͟͡Ό͍͙͊ͭ ͝͝Σ ͎͙͊ͨͦ͋͊ͭ͘͜ ͙ͨͦͣ͊ͣ͟͡ ͜ ͔ͤͭͦ;ͤͦͫͭΎͣΦ ˤ͙͍͙͙͊͗ͣ͡ ͙͊ͫͦ͋͊ͣ͘ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͯ;͍ͤ͜ ͯͣͤ͜Έ ͫ͊ͣͦͦͤͭͪͦ͟͡Ό Ί 
͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͍͙ͨͪ͊͡Έͤͦͫͭ͜ ͔ͦͨͪ͊ͼ͚͜ ͜ ͚͒͜Σ ͫ͊͒͊ͤͤ͟͡Ύ ͨ͊ͤͯ͡ ͍͍͔͚͒ͨͦ͒͜͜Σ ͔͔ͨͪ͊͘͟ ͍͙ͦͫͤͦͤͻ ͒ͯͣͦ͟Σ ͪͦ͋ͦͭ͊ ͘ ͦͤͭͪͦ͟͡Έ͙͙ͤͣ 
͙͊ͨͭ͊ͤͤ͘Ύ͙ͣΣ ͦͤͭͪͦ͟͡Έ ͘ ͋ͦͯ͟ ͍;͙͔ͭ͡ΎΣ ͫ͊ͣͦͦͼͤ͜Ό͍͊ͤͤΎ ό͙͙ͪͭ͟;͔ͤ ͍͔ͫͭ͊ͤͤ͡Ύ ͯ;ͤΎ ͒ͦ ͍ͫͦ͝ͻ ͔͚͒͋ͤͦͫͭ͘͜ ͜ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͭ͊ 
ͦ͋ϥΊ͙͍͔ͭͤ͟ ͦͼͤ͜Ό͍͊ͤͤΎ ͍͙͊ͫͤ͡ͻ ͯͫͨ͜ͻ͍͜ ͯ ͍ͤ͊;͊ͤͤ͜ύ ώнϐΦ 

̂ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻ Ύ͟ ͔ͣͭͦ͒Σ ͫ͊ͣͦͦͤͭͪͦ͟͡Έ ͙ͨͪ͊ͭ͟;ͤͦ ͔ͤ ͔͍͙͚͊ͭͪ͋ͯ͊ͤ͘Φ ͔̇ Ί ͔ͪͯ͘͡Έͭ͊ͭͦͣ 
͎͋͊͊ͭΈͦͻ ͫͯ͋ΩΊ͙͍͙ͭͤ͟ͻ ͭ͊ ͦ͋ΩΊ͙͍͙ͭͤ͟ͻ ͙ͨͪ;͙ͤΦ ˤͪ͊ͻ͍ͦͯΌ;͙Σ ΅ͦ ͫ͊ͣͦͦͤͭͪͦ͟͡Έ Ί ͍ͫ͊͒ͦͦ͟͡Ό ͨͪͦͼ͔ͫͯ ͍͙ͫ͊ͣͦͦͫͭ͜Σ ͍ͤ͜ ͣ͊Ί 
͍͍͙͒͋ͯ͊ͭͫ͜Έ Ύ͟ ͣͤͣͯͣ͜͜ ͍͒ͦ͋ͪͦ͜͡ΈͤͦΣ ͊ ͪ͊͟΅͔ ͙͍͍ͣͦͭͦ͊ͤͦΦ ˭͊ͤ͊͘;͙ͣͦΣ ΅ͦ ͙ͨͭ͊ͤͤΎ ͍͙ͪͦͭͯ͘͟ όͺ͍ͦͪͣͯ͊ͤͤΎύ ͔͚͒͋ͤͦͫͭ͘͜ ͒ͦ 
͍͙ͫ͊ͣͦͦͫͭ͜ ͤ͊ ͫΈ͎ͦͦ͒ͤ͜ ͍͔͡Έ͙ͣ ͊ͭͯ͊͟͡Έ͔ͤΣ ͦͫ͟͜͡Έ͙͟ ͯ;ͤ͜  ͍͙͍;͊ΌͭΈ ͊ͫͭͪͦͤͦͣ͜Ό ͯ ͍͙ͨͯͫͤͦͣͯ͟ ͊ͫ͟͜͡ ͜ ͨͦ͒͊͡Έ΄͔ ͍ͤ͊;͊ͤͤΎ ͯ 
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͍͙΅͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻ ͍͔ͨͦ͋ͯ͒ͦ͊ͤ ͯ ͤ͊͘;͚ͤ͜ ͣͪ͜͜ ͤ͊ ͚ͫ͊ͣͦͫͭͤͦͣͯ͜ ͍͒ͦ͋ͯ͊ͤͤ͘͜ ͤ͊ͤ͘Έ ό͒ͦ рл҈ ͎͙ͦ͒ͤ ͔͔ͨͪ͒͋͊;͔͙ͤͻ ͯ 
͍ͤ͊;͊͡Έ͙ͤͻ ͨ͊ͤ͊͡ͻ ͒͡Ύ ͍͙͍;͔ͤͤΎ ͙͒ͫͼ͙ͨͤ͜͡ ͍͙ͤ͊͘;͔ͤ͜ ͒͡Ύ ͚͎ͫ͊ͣͦͫͭͤͦͦ͜ ͍ͦͨ͊ͤͯ͊ͤͤΎύΦ 

̒͟ ͨͦ͊͊ͦ͘͟͡ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͍͙͍͙͊͗ͣ͡ Ί ͍͔ͫͭͦͪͤͤΎ ͍ͯͣͦ ͊͘ Ύ͙͟ͻ ͯ;͔ͤΈ ͨ͒͜ ;͊ͫ ͯͫ͜ͻ ͔͍ͭ͊ͨ͜ ͨͪͦͼ͔ͫͯ ͍ͤ͊;͊ͤͤΎ 
ͨͦ;͍ͯ͊ΊͭΈͫΎ ͦͣ͟ͺͦͪͭͤͦ ͭ͊ ͔͍͙ͤͣͯ΄͔ͤͦΦ ˭ ͤ͊΄͎ͦͦ ͎ͨͦ͡Ύ͒ͯΣ ͼ͔ Ί ͦ͒ͤ͜ΊΌ ͘ ͍͙ͦͫͤͦͤͻ ͔͔͍ͨͪ͒ͯͣͦ ͨͦΎ͍͙ ͙͍ͣͦͭ͊ͼ͜͝ ͍ͤ͊;͊ͤͤΎΦ 
˹͚͊͋͜͡Έ΄ ζ͔ͤ ͦͣ͟ͺ͙ͦͪͭͤͣη ͒͡Ύ ͯ;͍ͤ͜ Ί ͦͤͭͪͦ͟͡Έ ͍ͤ͊;͊͡Έ͙ͤͻ ͒ͦͫΎ͎͔ͤͤΈ ͜ ͍ͤ͜ ͍͋ͯ ͙͋ ͚͍ͤ͊͒ͦͫͭͦͪͤ͜͜΄͙ͣ Ύ͙͋͟ ͍͙͍ͨͪͦͦ͒ͫΎ 
͙͔͙ͫͫͭͣ͊ͭ;ͤͦ ͍ͯͨͪͦ͒ͦ͗ ͯͫΈ͎ͦͦ ͨͪͦͼ͔ͫͯΣ ͊ ͔ͤ ͔͙͙ͦͪͣͣ͟ ͙ͪ͊ͣ͘͘͜Φ  

˿͊ͣͦͦͤͭͪͦ͟͡Έ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͘ ͊ͫͭͪͦͤͦͣ͜͝ ͙͍ͦͫͦ͋ͦ͡ ͙͙͚ͦͪͫͤ͟ ͭ͊ ͔ͤͦ͋ͻ͙͚͒ͤ͜Σ ͦͫ͟͜͡Έ͙͟ ͔͔ͨͪ͒ͣͭ 
͍͙͍;͊ΊͭΈͫΎ ͍͔ͨͪ΄͔ ͭ͊ ͨͪͦͭΎ͎ͦͣ ͎ͦ͒ͤͦͦ ͍ͨͪ͜͜;;ΎΦ  

˭ ͔ͣͭͦΌ ͤ͊͘;͎ͤͦͦ ͍͙͍ͨͯ͡ ͤ͊ ͙ͦͫͦ͋ͫͭͫͭ͜ΈΣ ͊͒͘͜ΎͤͤΎ ͙ͣ͊ͫͣ͊͟͡Έͤͦ͝ ͟͜͡Έͦͫͭ͟͜ ͎͍ͦͪ͊ͤ͜ ;ͯͭͭΎ ͭ͊ ͍͔͎ͯͫ͒ͦͣͤͦͦ͜͡ 
͙͚ͫͨͪͤΎͭͭΎ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͨ͒͜ ;͊ͫ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͍͍͙ͨͪͦ͊͒͗ͯ͊ͫ͡Έ ͔͔ͭͪͦͤͤ͟͜͡ ͍ͦͫͭͤ͜͜ ͔͙ͪͫͯͪͫ ό˩˻˾ύΦ ̂ tƻǿŜǊtƻƛƴǘ ͔͔ͨͪ͒͋͊;͔ͤ͊ 
͙ͤ͊͘͟ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ ͔ͺ͔͙͍͙ͭͤ͟ͻ ͜ ͼ͍͙͊͜͟ͻ ͔͔ͨͪͤͭ͊͘ͼ͚͜Σ ͊ ͙ͨͪͤ͊͘;͔͙͚ͤ ͒͡Ύ ͙͍ͦͪͫͭͯ͊͟;͊ ͔ͤͭͪ͜ͺ͔͚ͫ ͎͙ͨͪͦͪ͊ͣ 
͍͒ͦͦ͘͡ΎΊ ͘ ͔͎ͫͭ͟͜͡Ό ͙͙ͫͦͪͫͭ͊ͭͫ͟Ύ ͼ͙͙ͣ ͙͍ͣͦ͗ͦͫͭ͡Ύ͙ͣΦ ˻͒ͤ͊͟Σ ͔͍ͤ͊͗͊͘Ό;͙ ͤ͊ ͎͙͚͋͊͊ͭ ͤ͊͋ͪ͜ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͎ͫͭ͊ͤ͒͊ͪͭͤͦͦ 
͙ͨͪͤ͊͘;͔͎ͤͦͦ ͒͡Ύ ͙͍ͦͪͫͭͯ͊͟;͊ ͔ͤͭͪ͜ͺ͔͚ͫͯ tƻǿŜǊtƻƛƴǘΣ ͔ͣͦ͗ ͙͙ͤ͊͒ͦ͋ͭͫ͘Ύ ͚͙ͤ͊ͭ͘ ͔͙͚ͤͫ͊͒ͤ͟͡ ͫͨͦͫ͋͜ ͍͙͍͙ͦͤͯ͊ͭ͟ ͪͤ͘͜͜ 
͍͊͒͊ͤͤ͘ΎΦ ±.! ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͙͍͙ͦͤͯ͊ͭ͟ ͙ͣ͊ͪͦͫ͟ - ͍ͨͦͪͦͦ͟͟͜ ͨͪͦͼ͔͙͒ͯͪΣ ͙ͤ͊ͨͫ͊ͤ͜ ͤ͊ ͍ͣͦ͜ ±ƛǎǳŀƭ .ŀǎƛŎΦ ˹͍͊;͙͙ͭͫΎ ͝ͻ 
͎͍͙ͨͪͦͪ͊ͣͯ͊ͭ ͔ͤ ͭ͊͟ ͫ͊͒ͤͦ͟͡Σ Ύ͟ ͒͊͘ΊͭΈͫΎΦ 

ˣ͔͔͔ͨͪ͘;ͤͦΣ ͚ͤ͊ͨͦ΄͙͔ͪͤ͜΄͊ ͙ͨͪ;͙ͤ͊ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ±.! ͍ tƻǿŜǊtƻƛƴǘ - ͼ͔ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͜͝ ͍͊͒͊ͤ͘ΈΣ 
Ύ͟͜ ͍ͨͦͭͦͪΌΌͭΈͫΎΦ ˨͙ͦͨͯͫͭͣͦΣ ͍͊΄͊ ͔͔ͨͪͤͭ͊͘ͼ͜Ύ ͙ͣͫͭͭ͜Έ ͍͔͙ͯ͟͡ ͟͜͡Έͫͭ͟͜Έ ͨͦͪͦ͗ͤ͜ͻ ͔͍͙ͭͫͭͦ͟ͻ ͍ͨͦ͜͡Σ Ύ͟͜ ͔ͤͦ͋ͻ͒ͤͦ͜ 
͍͙͙͙͒͊ͭ͡Φ ˭͊ͣͫͭ͜Έ ͎ͭͦͦΣ ΅ͦ͋ ΄͙ͯ͊ͭ͟Σ ͍͙͙͙͋ͪ͊ͭ ͜ ͍͙͒͊͡Ύ͙ͭ ͔ͦ͗ͤ͟ ͨͦͪͦ͗ͤΊ ͔͍͔ͭͫͭͦ͟ ͔ͨͦ͡ ͍ ͦ͗ͤͦͣͯ͟ ͔ͦͪͣͦͣͯ͟ ͚ͫ͊͒͜͡Σ 
ͣͦ͗ͤ͊ ͙͙ͪͦ͋ͭ͘ ͭ͊͟Σ ΅ͦ͋ ͯͫΌ ͼΌ ͪͦ͋ͦͭͯ ͍͙͍͍ͦͤͯ͊͟ ͒͡Ύ ͍͊ͫ ͣ͊ͪͦͫ͟ ±.! ͍ tƻǿŜǊtƻƛƴǘΦ 

˱ͤ΄͊ ͨͦ΄͙͔ͪͤ͊ ͙ͨͪ;͙ͤ͊ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ±.! ͍ tƻǿŜǊtƻƛƴǘ - ͼ͔ ͍͒ͦ͒͊͊ͤͤΎ ͍͙ͤͦͻ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͍ tƻǿŜǊtƻƛƴǘΦ 
˹͙͊ͨͪ͊͒͟͡Σ ͍͙ ͔͔ͣͦ͗ͭ ͍͙͙ͫͭͦͪͭ ͣ͊ͪͦͫ͟ ±.!Σ Ύ͙͚͟ ͍͙͍͙͔ͦͤͯ͊ͭͣͭ͟ΈͫΎ ͨͪΎͣͦ ͔͔ͨͦͫͪ͒ ͔͔ͨͪͤͭ͊͘ͼ͜͝ ͔͔ͤ͊͗ͤͦ͘͡ ͍͒͜ ͟͜͡Έͦͫͭ͟͜ 
͚͍ͫ͊͒͜͡ ͜ ͍͙͍͙͙ͦ͒ͭ ͫͨͦͯ͡;͔ͤͤΎ ͘ ͍͍͊ͦ͘͟͜͟Ό ;͊ͫͯΣ ΅ͦ ͙͊͘͡΄͙͍ͫΎ ͤ͊ ͨͦ͊͘͟ ͔͔ͨͪͤͭ͊͘ͼ͜͝ ώоϐΦ 

ˤ͒ͦͣͦ͜Σ ΅ͦ ͋ͯ͒Έ-Ύ͙͚͟ ͍ͤ͊;͊͡Έ͙͚ͤ ͼ͙͟͡ ͔͔ͨͪ͒͋͊;͊Ί ͍͙ͤ͊͘;͔ͤͤΎ ͍ͪͤ͜Ύ ͍ͤ͊;͊͡Έ͙ͤͻ ͒ͦͫΎ͎͔ͤͤΈ ͯ;͍ͤ͜Φ ˭ ͼ͜ΊΌ ͔ͣͭͦΌ 
͍͊ͨͪͦͨͦͤͦ͊ͤ͊͘ ͙͔ͫͫͭͣ͊ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍ͦͫͭͤ͜͜ͻ ͔͍ͪͫͯͪͫ͜ ͍͔͒ͦͨͦͤͤ͊ ͔͔͔͙ͣͤͭ͊ͣ͡ ͦͤͭͪͦ͟͡Ό ͙ͤ͊͋ͯͭͻ ͔͔ͦͣͨͭͤ͟ͼ͚͜Φ ˨͡Ύ 
͍͔͒ͦͨͦͤͤͤΎ ͔ͦͣͨͫͯ͟͟͡ ˩˻˾ ͔͔͔͙ͣͤͭ͊ͣ͡ ͦͤͭͪͦ͟͡Ό ͙ͣ ͍͙͙ͫͭͦͪ͡ ͔͙͍ͤͭͪ͊ͭͤ͜͟͜ ͔͙ͭͫͭ ͯ ͔͔͍͙ͫͪ͒ͦ΅͜ a{ tƻǿŜǊtƻƛƴǘΦ ˿͔͔ͪ͒ 
͙͍͙ͣͦ͗͡ͻ ͍͍͊ͪ͊ͤͭ͜͜ ͋ͯͦ͡ ͦ͋ͪ͊ͤͦ ͔͙͍͙͚ͤͭͪ͊ͭͤ͜͟ ͎ͪ͊ͺ͜;͙͚ͤ ͙ͭͨ ͔͍ͭͫͭ͜ ͭ͊ ͍͒͊ ͤ͊ͨͪΎ͙ͣ͟ - ͒͡Ύ ͔͔͍͙ͫ͊ͣͦͨͪͪ͜͟ ͭ͊ ͦͤͭͪͦ͟͡Ό 
ͤ͊ͤ͘ΈΦ ̂ ͔ͭͫͭ͊ͻ ͒͡Ύ ͔͔͍͙ͫ͊ͣͦͨͪͪ͜͟ ͔ͤ ͍͔͔͒ͭΈͫΎ ͜͡;͋͊ ͔ͪͯ͘͡Έͭ͊ͭͯΣ ͙͡΄͔ ͍͙͍ͫͭ͜͡ΌΊͭΈͫΎ ͍͙ͨͪ͊͡Έͤ͊ ;͙ ͔ͤ ͍͙ͨͪ͊͡Έͤ͊ ͍͍͒ͨͦ͒͜͜Έ 
ό͙ͪͫΦ мΦύΦ ˿͍ͭͦͪΌΌͭΈͫΎ ͭ͊͟͜ ͔͙ͭͫͭ ͙͒ͦͫͭΈ ͨͪͦͫͭͦ ͘ ͭͦ;͙͟ ͦͪͯ͘ ͔ͭͻ͙ͤ͜͟ ͍͙ͦͤ͊ͤͤ͟ΎΦ ˴ͦͣͨͦͤͯΌͭΈͫΎ ͚͙ͫ͊͒͡ ͘ ͔͙ͭͫͭ͊ͣΣ ͭͦ͋ͭͦ ͘ 
ͤ͊͋ͦͪͦͣ ͙͊ͪͭͤͦ͟͟Σ ͭ͊ ͍͒͊ ͚͙ͫ͊͒͡ ζ͍͙ͨͪ͊͡Έͤͦη ͜ ζ͔ͤ ͍͙ͨͪ͊͡Έͤͦη ώсϐΦ ˨͊͜͡ ͣ͗͜ ͙͙ͤͣ ͍ͫͭͦͪΌΌͭΈͫΎ ͎͔͙ͨͪͨͦͫ͊ͤͤ͜͡Ύ ͜ 
͙͊ͨͭ͊ͤͤ͘Ύ ͔ͭͫͭͯ ͎͍͔ͦͭͦΦ  

˱͔͙͍ͤͭͪ͊ͭͤ͟͜ ͎ͪ͊ͺ͜;ͤ͜ ͔͙ͭͫͭ ͒͡Ύ ͦͤͭͪͦ͟͡Ό ͤ͊ͤ͘Έ ͯ a{ tƻǿŜǊtƻƛƴǘ ͋͊ͯ͘ΌͭΈͫΎ ͤ͊ ͍͙͙ͦͪͫͭ͊ͤ͟͜ ±ƛǎǳŀƭ .ŀǎƛŎ ŦƻǊ 
!ǇǇƭƛŎŀǘƛƻƴ ό±.!ύΦ ˨͡Ύ ͊ͨͯͫͯ͘͟ ͦͤͫͭͪͯͭͦͪ͊͟͟ ͔͍ͭͫͭ͜ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͙͙ͣͤͯͭ͟ ͍ͤͯͭͪ͜΄ͤΌ ͙͔ͫͫͭͣͯ ͔͔͙͋ͨ͘͟ ͭ͊ ͙͙͊ͨͯͫͭͭ͘ 
όζ͍͙͙͒ͦͦͭ͘͡ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύηύ ͙ͣ͊ͪͦͫ͟ ό͙ͪͫΦ н-4.).  

 

 

˾͙ͫΦ мΦ  ˽͙ͪ͊͒͟͡ ͔͙͍͎ͤͭͪ͊ͭͤͦͦ͜͟ ͎ͪ͊ͺ͜;͎ͤͦͦ ͔͍͎ͭͫͭͦͦͦ ͙͊ͨͭ͊ͤͤ͘Ύ ͒͡Ύ ͫ ͔͔͍͙͊ͣͦͨͪͪ͜͟ 
 

 

˾͙ͫΦ нΦ ͎͔̅ͪ͊ͣͤͭ ͔͙͍͎ͤͭͪ͊ͭͤͦͦ͜͟ ͎ͪ͊ͺ͜;͎ͤͦͦ ͔ͭͫͭͯ ͒͡Ύ ͦͤͭͪͦ͟͡Ό ͤ͊ͤ͘ΈΦ ͔́ͣ͊ ζ˽͔͙͊ͤͭ͡ ˿ͦͤΎ;ͤͦ͝ ͙͔͙ͫͫͭͣη 
 
˾͎ͦ͘͡Ύ͔ͤͣͦ ͙͍ͣͦ͗ͦͫͭ͜͡ ͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ ͔͍ͭͫͭ͜ ͯ ͔͔͍͙ͫͪ͒ͦ΅͜ a{ tƻǿŜǊtƻƛƴǘΦ  
˭͊ ͎͒ͦͨͦͣͦͦΌ ͎͙ͨͪͦͪ͊ͣ ͘ΩΎ͍͡ΎΊͭΈͫΎ ͙͍ͣͦ͗ͫͭ͜͡Έ ͍͔ͫͭͦͪͤͤΎ Ύ͟ ͔͔͍͙ͨͪͪͤ͜ͻ ͔͍͙ͭͫͭͦͻ ͍͊͒͊ͤ͘ΈΣ ͭ͊͟ ͜ ͍ͤ͊;͊͡Έͤͦ-

ͦͤͭͪͦ͟͡ΌΌ;͙ͻ ͔͍ͪͫͯͪͫ͜Φ ͔́ͫͭ ͔ͣͦ͗ ͙͙ͣͫͭͭ͜ ͭ͊͟͜ ͙͙ͭͨ ͍͊͒͊ͤ͘ΈΥ ͘ ͍͙͋ͦͪͦͣ Ί͙͒ͤͦ͝ ͍͙ͨͪ͊͡Έͤͦ͝ ͍͍͒ͨͦ͒͜͜͜Τ ͘ ͍͙͋ͦͪͦͣ ͟͜͡Έͦ͟ͻ 
͍͙ͨͪ͊͡Έ͙ͤͻ ͍͍͔͚͒ͨͦ͒͜͜Τ ͤ͊ ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͍͍͔͚͒ͨͦ͒ͤͦͫͭ͜͜Τ ͤ͊ ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͍͙ͨͪ͊͡Έͤͦ͝ ͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡Φ 
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̂ ͋ͯ͒Έ-Ύ͙͚͟ ͔ͣͦͣͤͭ ͙ͪͦͪͦ͋͘͟ ͔ͭͫͭͯ ͙͍ͣͦ͗ͦ͡ ͍͙͒ͦ͒͊͊ͭ ͊͋ͦ ͍͙͒͊͡Ύ͙ͭ ͚͙ͫ͊͒͡ ͘͜ ͍͊͒͊ͤͤ͘Ύ͙ͣ ͭ͊ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ 
͚͙ͫ͊͒͡Σ ͍͒ͦ͜͡Έͤͦ ͣͤ͘͜Ό͍͙͊ͭ ͨͦͪΎ͒ͦ͟ ͝ͻ ͨͦΎ͍͙Φ 

 

 
˾͙ͫΦ оΦ ˱͔͙͍ͤͭͪ͊ͭͤ͟͜ ͎ͪ͊ͺ͜;ͤ͜ ͔͙ͭͫͭ ͒͡Ύ ͦͤͭͪͦ͟͡Ό ͤ͊ͤ͘ΈΦ ͔́ͣ͊ ζ˽͔͙͊ͤͭ͡ ˿ͦͤΎ;ͤͦ͝ ͙͔͙ͫͫͭͣη 

 
˴͜͡Έͫͭ͟͜Έ ͍͍͊ͪ͊ͤͭ͜͜ ͍͍͔͚͒ͨͦ͒͜͜ ͒͡Ύ ͍͙͋ͦͪͯ - ͍͒͜ ͍͒ͦͻ ͒ͦ ΄͔͙ͫͭΣ ͊ ͤ͊ ͚ͫ͊͒͊͡ͻ ͘ ͔͔ͨͪͣ͜΅͍͙͙ͯ͊ͤͣ ͦ͋ϥΊ͙ͭ͊ͣ͟ - ͒ͦ 

͔͒ͫΎ͙ͭΣ ͜ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͙͙ͪͤͣ͘͜ ͤ͊ ͙ͪͤ͘͜ͻ ͚ͫ͊͒͊͡ͻΦ 
 

 
˾͙ͫΦ пΦ ͎͔̅ͪ͊ͣͤͭ ͔͙͍͎ͤͭͪ͊ͭͤͦͦ͜͟ ͎ͪ͊ͺ͜;͎ͤͦͦ ͔ͭͫͭͯ ͒͡Ύ ͦͤͭͪͦ͟͡Ό ͤ͊ͤ͘ΈΦ  

͔́ͣ͊ ζ˸͔͙ͭͦ͒ ͭ͊ ͙͊ͫͦ͋͘ ͊ͫͭͪͦͤͦͣ͜;͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έη 
 

ˤͫ͜ ͔͔͔͙ͣͤͭ͡ ͚͍ͫ͊͒͜͡ ͦͤͫͭͪͯͭͦͪ͊͟͟ όͯ ͭͦͣͯ ;͙ͫ͜͡ ͔͔͙ͨͪͣ͊͟;͜ ͭ͊ ͨͪ͊ͨͦͪͼ͜ύ ͙͍͊ͭͤ͟͜Σ ͒ͦͨͯͫ͊͟ΊͭΈͫΎ ͔͔ͨͪͣ͜΅͔ͤͤΎΣ 
ͣͤ͊͘͜ ͝ͻ ͨͦͪΎ͒ͯ͟Σ ͍ͪͦͣͪ͘͜͜Σ ͦ͟͡Έͦͪͯ ͍ͦͤͭͯͪ͟͜ ͜ ͙͍͙͊͘͟͡Σ ͺ͍ͦͪͣ͊ͭͯ͊ͤͤΎ ΄͙ͪͺͭΣ ͔͎͍ͪ͒͊ͯ͊ͤͤΎ ͔ͭͫͭͯ͟Φ ˨ͦͨͯͫ͊͟ΊͭΈͫΎ ͍͙͔͒͊ͤͤ͡Ύ 
͋͜͡Έ΄ͦͫͭ͜ ͦ͋ϥΊ͍ͭ͟͜ ͤ͊ ͚ͫ͊͒͜͡Σ ͊͘ ͍͙ͤΎͭͦͣ͟ ͔͔͎ͦ͋ͣ͗ͤͦͦ ͤ͊͋ͦͪͯΣ ;͙͊ͫͭͤ͊ ͔͔͔͍ͣͤͭ͜͡ Ύ͎ͦͦ͟ ͔ͣͦ͗ ͙͋ͯͭ ͙ͨͪͻ͍ͦ͊ͤ͊ ͊͘ 
͎͒ͦͨͦͣͦͦΌ ͤ͊͊͡΄͍ͭͯ͊ͤΈΦ ˤ͔͔͒ͭΈͫΎ ͦ͋͜͟͡ ;͊ͫͯΣ ͊ͭͪ͊͘;͔͎ͤͦͦ ͤ͊ ͍͙ͦͤ͊ͤͤ͟Ύ ͔ͭͫͭͯΣ Ύ͙͚͟ ͣͦ͗ͤ͊ ͔͙͙ͦ͋ͣ͗ͭΣ ͍͍͍ͣͤͯ͜͟΄͙ 
͚͔ͭ͊ͣͪ ͍͎ͦͪͦͭͤͦͦ͘ ͍͒ͯ͜͜͟͡Φ ˤ͒͜͜͟͡ ;͊ͫͯ ͤ͊ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͚ͫ͊͒͊͡ͻ ͣͦ͗ͤ͊ ͙͙͙ͯͨͤͭ͘Φ ˨ͦ ͊ͤ͘͟͜;͔ͤͤΎ ;͊ͫͯ ͔͍ͭͫͭͯ͊ͤͤΎ ͣͦ͗ͤ͊ 
͍͔͙ͨͦͪͤͯͭͫΎ ͒ͦ ͔͔ͨͦͨͪ͒ͤ͜ͻ ͚͍ͫ͊͒͜͡ ͭ͊ ͍͙͍͙͙ͨͪ͊ͭ ό͙͙ͣͤͭ͘͜ύ ͪ͊ͤ͜΄͔ ͍͊͊ͤͯ͘͟ ͍͍͒ͨͦ͒͜͜ΈΦ 

˭͍͙͊͘;͚͊ ͙ͭͪ͊͒ͼ͚ͤ͜͜ ͙͚͙ͨͪͦͣ ͦͤͭͪͦ͟͡Ό ͤ͊ͤ͘Έ ͙͚ͫͨͪͣ͊ΌͭΈͫΎ ͯ;ͤΎ͙ͣ ͔͎͙͍ͤ͊ͭͤͦΦ ˢ ͎ͪ͊ͺ͜;ͤ͜ ͔͙ͭͫͭΣ Ύ͟ ͙ͦ͒ͤ ͘ ͍͙͍͒͜ 
˩˻˾ ͔͍ͨͪ͒ͫͭ͊͡ΎΊͭΈͫΎ ͍ ͯΎ͍͜ ͯ;ͤΎ ͔͔͔ͣͤͭͦͣ͡ ͎͙ͪ ͜ ͔ͤ ͍͙͙͊͟͟͡Ί ͔͎͙͍͙ͤ͊ͭͤͻ ͔ͣͦͼ͚͜Φ ˽͒͜ ;͊ͫ ͍͔͔ͨͪͦ͒ͤͤΎ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͯ;ͤ͜ ͘͜ 
͊͘ͻ͔ͦͨͤͤ͡Ύͣ ͨͪͦͻ͙͙ͦ͒͡ ͎ͪ͊ͺ͜;ͤ͜ ͔͙ͭͫͭΦ ́ͦͣͯ ͣͦ͗ͤ͊ ͍͙ͦͤͫͭ͊ͭͯ͊ͭ͟Σ ΅ͦ ͎ͪ͊ͺ͜;ͤ͜ ͔͔͔͙ͣͤͭ͡ ͦͤͭͪͦ͟͡Ό ͋͜͡Έ΄ ͙ͫͨͪΎ͙͍ͭͦ͡ 
͙͚ͫͨͪͣ͊ΌͭΈͫΎ ͯ;ͤΎ͙ͣΣ ͍͊͒͘Ύ͙͟ ;ͦͣͯ ͦͤͭͪͦ͟͡Έ ͍ͤ͊;͊͡Έ͙ͤͻ ͒ͦͫΎ͎͔ͤͤΈ ͙͍͊ͭͯ͘͟͜Ί ͍ͨͤ͊͊͘͜͡Έͤͯ ͒͜Ύ͡Έͤͫͭ͜Έ ͯ;͍ͤ͜ ͭ͊ ͍͙ͨ͒͜΅ͯΊ ͝ͻ 
͔͔ͤͭͪͫ͜ ͒ͦ ͍͙͍;͔ͤͤΎ ͊ͫͭͪͦͤͦͣ͜͝Φ  

˥ͪ͊ͺ͜;ͤ͜ ͔͙͍ͤͭͪ͊ͭͤ͜͟͜ ͭ͊ ͍͙͘;͚͊ͤ͜ ό͙͊ͫ͟͡;ͤ͜Σ ͙ͭͪ͊͒ͼ͚ͤ͜͜ύ ͔͙ͭͫͭ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͫ͟͡Ύ ͯ ΄͔͙ͫͭ ͍͙͙ͨͯͫͤ͟ͻ ͊ͫ͊͟͡ͻ [6]. 
˩͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͔ͤ ͔͍ͭͫͭͯ͊ͤͤΎ ͍͙ͨͪͦͦ͒ͦͫ͡Έ ͯ ͍͒͊ ͔͙ͭ͊ͨΦ ˽͔ͪ΄͙͚Σ ͔͙ͭͫͭ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͫ͟͡Ύ ͯ;ͤΎ͙ͣ ͒͡Ύ ͫ͊ͣͦͦͤͭͪͦ͟͡ΌΦ 
˭͍͙͊͘;͚͊ ͯ;ͤ͜ ͔ͤ ͍͙ͦͤͯ͟ΌͭΈ ͍͍ͨͪ͊ ͒͡Ύ ͫ͊ͣͦͦͤͭͪͦ͟͡ΌΣ Ύ͟͜ ͔͔ͨͪ͒͋͊;͔ͤ͜ ͨͫ͜͡Ύ ͎ͦ͗ͤͦͦ͟ ͎ͨ͊ͪ͊ͪ͊ͺ͊ ͯ ͨ͒ͪͯ͜;͙ͤ͊͟ͻ ͘ ͊ͫͭͪͦͤͦͣ͜͝ 
ͭ͊ ͚ ͤ͜΄͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜Σ ͦͪͣ͟͜ ͍͙͍ͨ͊͒͟͜ ;͎ͭͦͦ͜͟ ͦͤͭͪͦ͟͡Ό ͋ͦͯ͘͟ ͍;͙͔ͭ͡ΎΦ ˭͍͊ͨͪͦͨͦͤͦ͊ͤ͜ ͔͙ͭͫͭ ͍ͨͦͤͫͭ͜Ό 
͍͔͙͙ͨ͒ͭͪ͒͜͡ ͍ͫͦΌ ͍ͤ͊ͯ͘ ͭ͊ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͫ͟͡Ύ ͯ;ͤΎ͙ͣ ͚ͫ͊ͣͦͫͭͤͦ͜Σ ͍ͤ͊ͭ͜Έ ͯ ͨͦ͊ͯͪͦ͘;͙͚ͤ ;͊ͫΦ ˩͔͙͔ͫͨͪͣͤͭ͟ ͍͙Ύ͍͙͍ 
͍͙ͨ͒͜΅͔ͤͤΎ ͔͔ͤͭͪͫͯ͜ ͒ͦ ͍͙͊ͨͪͦͨͦͤͦ͊ͤ͘ͻ ͔͔͔͍ͣͤͭ͜͡ ͫ͊ͣͦͦͤͭͪͦ͟͡Ό ͤ͊ͤ͘Έ ͔͔ͫͪ͒ ͯ;͍ͤ͜Φ 

˹͊ ͎͒ͪͯͦͣͯ ͔ͭ͊ͨ͜ ͍͙ͨͪͦͨͦͤͯ͊ͫ͡Έ ͎ͪ͊ͺ͜;ͤ͜ ͔͙͍ͤͭͪ͊ͭͤ͜͟͜ ͔͙ͭͫͭ ͒͡Ύ ͦͼͤ͜Ό͍͊ͤͤΎ ͤ͊ͤ͘Έ ͜ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͫ͟͡Έ Ύ͟ 
͍͙͚ͨ͒ͫͯͣͦ͜͟ ͍͙͒ ͦͤͭͪͦ͟͡ΌΦ ˥ͪ͊ͺ͜;ͤ͜ ͔͙͍ͤͭͪ͊ͭͤ͜͟͜ ͭ͊ ͍͙͘;͚͊ͤ͜ ό͙͊ͫ͟͡;ͤ͜ύ ͔͙ͭͫͭ ͍͍͙͊ͫͭͦͫͦͯ͊ͫ͘͡Έ ͦ͒ͤͦ;͊ͫͤͦΣ ͦ͒ͤ͊͟ 
͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍͙Ύ͍͙͙ͫ͡Έ ͔͒΅ͦ ͙͙ͪͤͣ͘͜Φ ˹͊ ͙ͪͫΦ рΦ ͔ͦ͋ͪ͊͗ͤͦ͘ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͎ͪ͊ͺ͜;͙ͤͻ ͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ ͭ͊ ͍͙͘;͚͙͊ͤͻ 
ό͙͊ͫ͟͡;͙ͤͻύ ͔͍ͭͫͭ͜ ͨ͒͜ ;͊ͫ ͍ͤ͊;͊ͤͤΎ ͊ͫͭͪͦͤͦͣ͜͝Φ ̂ ͍ͫ͜ͻ ΄͔͙ͫͭ ͊ͫ͊͟͡ͻ ͦͼ͙ͤ͜͟ ͊͘ ͍͙ͦͤ͊ͤͤ͟Ύ ͎ͪ͊ͺ͜;͙ͤͻ ͔͍ͭͫͭ͜ ͍͙΅͜ ͤ͗͜ ͊͘ 
͍͙͘;͚͊ͤ͜ ό͙͊ͫ͟͡;ͤ͜ύ ͔͙ͭͫͭΦ  

 
˾͙ͫΦ рΦ ˨͎͊ͪ͊ͣ͊͜ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͎ͪ͊ͺ͜;͙ͤͻ ͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻ ό͔ͭͫͭ нύ ͭ͊ ͍͙͘;͚͙͊ͤͻ ό͔ͭͫͭ мύ ͔͍ͭͫͭ͜  

ͨ͒͜ ;͊ͫ ͍ͤ͊;͊ͤͤΎ ͊ͫͭͪͦͤͦͣ͜͝ 
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˭ͤ͊;ͤͯ ͍͒ͣͤͤͫͭ͜͜͜Έ ͦͼͤͦ͜͟ ͙͙ͪͤͦͭͨͤ͘͜ͻ ͔͍ͭͫͭ͜ ͙ͣ ͨͦΎͫͤΌΊͣͦΣ Ύ͟ ͔ͪͯ͘͡Έͭ͊ͭ ͍͙͍ͨͯ͡ ͤ͊ ͍͙͒ ͦ͋ͪ͊ͤͦ͘͝ ͨ͊ͣϥΎͭ͜Σ ͊ ͔ͫ͊ͣ 
͍ͦͪͦͯ͘ ͨ͊ͣϥΎͭΈΣ Ύ͊͟ ͍ͨͦϥΎ͊ͤ͊͘ ͘͜ ͔͔͔͋ͪ͗ͤͤ͘Ύͣ ͜ ͍͍͔͒ͭͦͪͤͤ͜Ύͣ ͍͙ͦͪͦ͘ͻ ͍ͦ͋ͪ͊͘͜Φ ̂;ͤ͜ ͋͊;͙͙͡ ͍͊ͨͪͦͨͦͤͦ͊ͤ͘͜ ͙͙͊ͪͭͤ͟͟ 
ͪ͊ͤ͜΄͔ ͭ͊ ͪ͊͟΅͔ ͍͍͙͙͒ͭͦͪ͜͡ ͝ͻ ͨ͒͜ ;͊ͫ ͔͍ͭͫͭͯ͊ͤͤΎΦ ͔̇ ͍͔ͯͣͦͤͦ͘͡ ͙͍ͦͫͦ͋ͦͫͭ͡Ύ͙ͣ ͍͙ͪͦͭͯ͘͟ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͤ͊ ͫͯ;͊ͫͤͦͣͯ ͔ͭ͊ͨ͜Σ 
ͦͫ͟͜͡Έ͙͟ ͍͔ͫͦͫͤͦ͡-͎ͦ͜͡;ͤ͊ ͨ͊ͣϥΎͭΈΣ ΅ͦ ͭͫͤͦ͜ ͍ͨͦϥΎ͊ͤ͊͘ ͘͜ ͍ͫͦͦͣ͡Σ ͒ͯͣͦ͟Ό ͜ ͎ͦͦ͜͟͡Ό ͔ͣͤ΄͔ ͍͙͔ͪͦͤͤ͊͘ ͍ ͯ;͍ͤ͜ ͤ͗͜ ͦ͋ͪ͊ͤ͊͘Φ 
ˤ͍͊͗͊Ίͣͦ ͊͘ ͒ͦͼ͜͡Έ͔ͤ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͎ͪ͊ͺ͜;͙ͤͻ ό͍ͯ͊͘͜͡Έ͙ͤͻύ ͔͍ͭͫͭ͜ ͒͡Ύ ͨͦ͒͊͡Έ΄͎ͦͦ ͍͙ͪͦͭͯ͘͟ ͯͫ͜ͻ ͍͙͍͒͜ ͎͙͍ͦͤͭͤͦ͟͜͝ ͨ͊ͣϥΎͭ͜Φ  

˾͔ͯ͘͡Έ͙ͭ͊ͭ ͍͔͔͎ͨͪͦ͒ͤͦͦ ͔͍ͭͫͭͯ͊ͤͤΎ ͍͊ͯ͘͟ΌͭΈ ͤ͊ ͔͔͙͍ͨͪͫͨͭͤͫͭ͟͜Έ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͙ͪͦ͋ͦͭ ͯ ͤ͊ͨͪΎͣͯ͟ ͨͦΊ͒ͤ͊ͤͤΎ 
˩˻˾ ͭ͊ ͔͔͔͍ͣͤͭ͜͡ ͦͤͭͪͦ͟͡Ό ͤ͊ͤ͘Έ ͯ;͍ͤ͜ ͘ ͊ͫͭͪͦͤͦͣ͜͝Φ ͙́͊ͣ͟ ;͙ͤͦͣΣ ͤ͊ ͍͔͊ͪ͘΄͊͡Έ͚ͤ͜ ͫͭ͊͒͜͝ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͙ͪͦ͋ͦͭ ͋ͯͦ͡ 
͍͍͔ͫͭ͊ͤͦͤͦ͡Σ ΅ͦ ͔ͪͦͪͦ͋ͤ͘͜͡ ͔͔ͭͪͦͤͤ͟͜͡ ͍ͦͫͭͤ͜͜ ͔͙ͪͫͯͪͫ ͒͡Ύ ͔ͪ͊͊͘͜͡ͼ͜͝ ͊ͫͭͪͦͤͦͣ͜;͎ͤͦͦ ͔ͦͣͨͦͤͤͭͯ͟ ͍ͦͫͭͤ͜Έͦ͝ ͎͊ͯ͘͜͡ 
ζ˽͙͍͍ͪͪͦ͒ͦͤ͊ͫͭͦ͘ηΣ ͊ ͭ͊ͦ͗͟ ͔͙ͣͭͦ͒;ͤ͜ ͨ͒͜ͻ͙ͦ͒ ͒ͦ ͝ͻ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ Ί ͔͎͎ͨ͒͊ͦ͜;ͤͦ ͒ͦͼ͜͡Έ͙͙ͤͣΣ ͦͫ͟͜͡Έ͙͟  ͔͔͊͋ͨ͘͘;ͯΌͭΈ 
͙͙͍ͨͦͭͤ͘͜ ͙ͣͤ͘͜ ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͊ͫͭͪͦͤͦͣ͜;͙ͤͻ ͤ͊ͤ͘Έ ͯ;͍ͤ͜ ͭ͊ ͝ͻ ͙͍ͣͦͭ͊ͼ͜͝ ͒ͦ ͍͙͍;͔ͤͤΎ ͊ͫͭͪͦͤͦͣ͜͝Σ ͊ ͔ͦͭ͗Σ ͙ͫͨͪΎΌͭΈ 
͍͙ͨ͒͜΅͔ͤͤΌ ͍ͪͤ͜Ύ ͔͔ͨͪ͒ͣͭͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͍͙͙͍ͨͯͫͤ͟͟͜ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ͭ͊ ͺ͍ͦͪͣͯ͊ͤͤΌ ͫͯ;͊ͫͤͦ͝ 
͍ͤ͊ͯͦͦ͟͝ ͺ͙͘͜;ͤͦ͝ ͙͙͊ͪͭͤ͟ ͍ͫͭͯ͜Φ 

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 

1. ˴͙ͦͤͫͭͭͯͼ͜Ύ ͙̂ͪ͊ͤ͟͝ ͍͒͜ ну ;͔͍ͪͤΎ мффс ͪͦͯ͟ κκ ˤ͒ͦͣͦͫͭ͜͜ ˤ͔ͪͻ͍ͦͤͦ͝ ˾͙͊͒Φ ς 1996. ς Ѕ олΦ ς ˿ Φ мпмΦ 
2. ͚̉͊͊͟ ˤΦ ˸Φ ˻͍͙ͫͤͦ ͙͙͙͒͒͊ͭ͟͟Υ ͍ͤ͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟ κ ˤΦ ˸Φ ͚̉͊͊͟Φ ς ˴ ͙͍͝ Υ ˢ͔͍͙͍͊͒ͣ͒͊͟Σ нлммΦ ς ноу ͫΦ 
3. ˹͊;͊ͦ͡ ͪ͊͋ͦͭ· ͫ ±.! ͍ tƻǿŜǊtƻƛƴǘ ώ˩͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫϐΦ ς ˾͔͙͗ͣ ͒ͦͫͭͯͨͯΥ ƘǘǘǇǎΥκκƳǎŘƴΦƳƛŎǊƻǎƻŦǘΦŎƻƳκǳƪ-

ua/library/office/ee814734(v=office.14).aspx 
4. ˸͙ͫ͜͡ͼΈ͊͟ ˹Φ ˢΦ ˩͔ͭͪͦͤͤ͟͜͡ ͍͙͒͊ͤͤΎ Ύ͟ ͔͔͒͗ͪ͊͡ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͒͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ ͊ͫͭͪͦͤͦͣ͜;͙ͤͻ ͤ͊ͤ͘Έ κ ˹Φ ˢΦ ˸͙ͫ͜͡ͼΈ͊͟Σ 
˻Φ ˤΦ ˴ͯ͘Έ͙ͣͤͫΈ͙͚͟Σ ˴Φ ˱Φ ̉ͯͪΌ͍ͣͦ κκ ˤ͙ͫͤ͜͟ ͔͎͍̉ͪͤͫ͜͜Έ͎ͦͦ͟ ͔͍͎͒ͪ͗͊ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜Φ ˿͔ͪ͜Ύ Υ ˽͔͎͎͒͊ͦ͜;ͤ͜ 
͙ͤ͊ͯ͟ κ ͔͎͍̉ͪͤͫ͜͜Έ͙͚͟ ͔͒ͪ͗Φ ͔ͨ͒Φ ͯͤ-ͭ ͣ͜Φ ́Φ ˥Φ ͔͍̊;͔ͤ͊͟Φ ς ̉ ͔͎͍ͪͤ͜͜Σ нлмлΦ ς ʕ ͙ͨΦ ттΦ ς ˿ Φ ммл-114. 

5. ˴ͯ͘Έ͙ͣͤͫΈ͙͚͟ ˻ΦˤΦ ˿ͯ;͊ͫͤ͜ ͙͊ͫͦ͋͘ ͤ͊ͦ;ͤͦͫͭ͜ ͤ͊ ͯͪͦ͊͟ͻ ͊ͫͭͪͦͤͦͣ͜͝ κ ˴ͯ͘Έ͙ͣͤͫΈ͙͚͟ ˻ΦˤΦ  κκ ˭͋Φ ͤ͊ͯ͟Φ ͨͪ͊ͼΈ ˴͊ͣΩΎ͔ͤͼΈς
˽ͦ͒͜͡ΈͫΈ͎ͦͦ͟ ͤ͊ͼͦͤ͊͜͡Έ͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ ͔ͣͤ͜͜ ˱͍͊ͤ͊ ˻͎͜Ίͤ͊͟Φ ˿͔ͪ͜Ύ ͔͎͎ͨ͒͊ͦ͜;ͤ͊Φ ς ˴ ͊ͣΩΎ͔ͤͼΈ-˽ͦ͒͜͡ΈͫΈ͙͚͟ Υ ˴͊ͣΩΎ͔ͤͼΈ-
˽ͦ͒͜͡ΈͫΈ͙͚͟ ͤ͊ͼͦͤ͊͜͡Έ͙͚ͤ ͍͔͙͔ͯͤͪͫͭͭ͜ ͔ͣͤ͜͜ ˱͍͊ͤ͊ ˻͎͜Ίͤ͊͟Σ нлммΦ ς ˤ͙ͨΦ мтΥ ˱͍ͤͤͦ͊ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍ͯͨͪ͊ͤͤ͜͡Ύ 
͔͔ͦͣͨͭͤͭͤͫͤͦ͟͜-͍͎ͫͭͦ͜͡Ύ͙͒ͤͣ ͍͔ͫͭ͊ͤͦͤͤ͡Ύͣ ͯ;͙͔ͭ͡ΎΥ ͺ͙͊͘͜͟Σ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͊ͫͭͪͦͤͦͣ͜ΎΦ ς ˿ Φ 220ς222. 

6. ˴ͯ͘Έ͙ͣͤͫΈ͙͚͟ ˻Φ ˤΦ ͍̅ͦͪͣͯ͊ͤͤΎ ͊ͫͭͪͦͤͦͣ͜;͙ͤͻ ͤ͊ͤ͘Έ ͯ;͍ͤ͜ ͍ͦͫͤͦͤͦ͝ ͭ͊ ͫͭ͊ͪ΄ͦ͝ ΄͙ͦ͟͡ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͔͔͙ͭͪͦͤͤ͟͡ͻ 
͍ͦͫͭͤ͜͜ͻ ͔͍ͪͫͯͪͫ͜ Υ ͙͒ͫΦ ͊ͤ͒͟Φ ͔ͨ͒Φ ͤ͊ͯ͟ Υ моΦллΦлн κ ˴ͯ͘Έ͙ͣͤͫΈ͙͚͟ ˻͔ͫ͊ͤ͒ͪ͟͡ ˤ͙͙͍͙ͦͦ͒ͣͪͦ͡; ς ˴ ͙͍͝Σ нлмсΦ ς нмр ͫΦ 

 
ˢͤͦͭ͊ͼ͜ΎΦ ˭͙͚͊͋ͦͦͭͤ͡ ˤΦ̅ΦΣ ˴ͯ͘Έ͙ͣͤͫΈ͙͚͟ ˻ΦˤΦ ˩͔ͭͪͦͤͤ͟͜͡ ͙͊ͫͦ͋͘ ͫ͊ͣͦͦͤͭͪͦ͟͡Ό ͍ͤ͊;͊͡Έ͙ͤͻ ͒ͦͫΎ͎͔ͤͤΈ 

ͯ;͍ͤ͜ ͘ ͊ͫͭͪͦͤͦͣ͜͝Φ 
ˢ͍͙ͭͦͪ ͊ͤ͊͘͘;͊ΌͭΈΣ ΅ͦ ͫΈ͎ͦͦ͒ͤ͜ ͊ͫͭͪͦͤͦͣ͜;ͤ͊ ͎͍ͨ͒ͦͭͦ͊͜͟ ͯ ͋͜͡Έ΄ͦͫͭ͜ ͍͙͍ͨ͊͒͟͜ Ί ͔ͤΎͫͤͦ͟͜ΌΣ ͔ͤͼ͍͊ͦ͜͟Ό ͒͡Ύ 

ͯ;͍ͤ͜ ͭ͊ ͔͙ͣͭͦ͒;ͤͦ ͔ͤ͒ͦͫͦͤ͊ͦ͟͡ΌΦ ˾͍ͦ͘ΩΎ͊ͤͤ͘Ύ ͔ͨͪͦ͋ͣ͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ ͯ;͍ͤ͜ ͊ͫͭͪͦͤͦͣ͜;͙ͤͻ ͤ͊ͤ͘Έ ͍͙͎ͣ͊͊ΊΣ 
͔͔ͤ͊ͫ͊ͣͨͪ͒Σ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͒ͦͫͭͯͨͯ ͯ;͍ͤ͜ ͜ ͍;͙͔͍ͭ͜͡ ͒ͦ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-͔͙ͣͭͦ͒;͙ͤͻ ͔͍ͪͫͯͪͫ͜Σ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ Ύ͙͟ͻ 
͔͔͊͋ͨ͘͘;͙ͭΈ ͍͙ͨ͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ ͊ͫͭͪͦͤͦͣ͜;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟Σ ͊ ͔ͦͭ͗Σ ͍ͪͤ͜Ύ ͔͔ͨͪ͒ͣͭͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͯ;͍ͤ͜ ͘ 
͊ͫͭͪͦͤͦͣ͜͝Φ 

˾͔ͯ͘͡Έ͙ͭ͊ͭ  ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ͜ ͍ͤ͊;͊͡Έͤ͜ ͒ͦͫΎ͎͔ͤͤͤΎ ͯ;͍ͤ͜ ͒͊ΌͭΈ ͍͙ͨ͒ͫͭ͊͜ ͍͔͍͙ͫͭͪ͒͗ͯ͊ͭΣ ΅ͦ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍ͦͫͭͤ͜͜ͻ ͔͍ͪͫͯͪͫ͜ ό˩˻˾ύ ͒͡Ύ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͔͔͍͙ͫ͊ͣͦͨͪͪ͜͟ ͍ͤ͊;͊͡Έ͙ͤͻ ͒ͦͫΎ͎͔ͤͤΈΥ 

- ͙͍͊ͭͯ͘͟͜ΌͭΈ ͍ͨͤ͊͊͘͜͡Έͤͯ ͒͜Ύ͡Έͤͫͭ͜Έ ͯ;͍ͤ͜Τ 

- ͣͦ͋ͯ͘͜͜͡ΌͭΈ ͙ͨͫͻ͜;ͤͯ ͙͍͊ͭͤͫͭ͟͜Έ ͯ;͍ͤ͜Τ 

- ͺͦͪͣͯΌͭΈ ͼͫͤ͜͜͜͡Σ ͔͍͊͒͊ͭͤ͟͜ ͚͒ͫͤͦͫͭ͜͜ ͙ͦ͋ͪ͊͘ ό͋͘͜͡Έ΄͔ͤͤΎ ͙͍ͣͦ͗ͦͫͭ͜͡ ͙͍ͣͣͦ͜͡Έ͎ͤͦͦ ͊ͨ͊ͣ͘ϥΎ͍͍ͭͦͯ͊ͤͤΎ 
͔ͣ͊ͭͪ͊ͯ͜͡ύΤ 

- ͍͙ͨ͒͜΅ͯΊ ͒ͦͫͭͯͨͤͫͭ͜Έ ͍ͤ͊;͊ͤͤΎ ͭ͊ ͍͍͔͔͒ͤͤΎ ͍͙͙ͤͦͤ͘ ͯ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫΤ 

- ͪͦ͘΄͙ͪΌΌͭΈ ͦ͋ͫΎ͎ ͍͊ͫͦ͘Ό͍͎͊ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Τ 

- ͍͙ͨ͒͜΅ͯΌͭΈ ͔͔ͤͭͪͫ͜ ͯ;͍ͤ͜Φ 
˾͔ͦͪͦ͋ͤͦ͘͡ ͎ͪ͊ͺ͜;ͤ͜ ͔͙ͭͫͭΣ Ύ͟ ͙ͦ͒ͤ ͘ ͍͙͍͒͜ ˩˻˾Φ ˭ ͔ͣͭͦΌ ͍͙ͤ͊͘;͔ͤͤΎ ͍ͪͤ͜Ύ ͍ͤ͊;͊͡Έ͙ͤͻ ͒ͦͫΎ͎͔ͤͤΈ ͯ;͍ͤ͜ 

͙͔ͫͫͭͣ͊ ˩˻˾ ͍͔͒ͦͨͦͤͤ͊ ͔͔͔͙ͣͤͭ͊ͣ͡ ͦͤͭͪͦ͟͡Ό ͙ͤ͊͋ͯͭͻ ͔͔ͦͣͨͭͤ͟ͼ͚͜Φ ˱͔͙͍ͤͭͪ͊ͭͤ͟͜ ͔͙ͭͫͭ ͍͔ͫͭͦͪͤͦ ͯ ͔͔͍͙ͫͪ͒ͦ΅͜ 
a{ tƻǿŜǊtƻƛƴǘΦ ˿͔͔ͪ͒ ͙͍͙ͣͦ͗͡ͻ ͍͍͊ͪ͊ͤͭ͜͜ ͦ͋ͪ͊ͤͦ ͎ͪ͊ͺ͜;͙͚ͤ ͙ͭͨ ͔͍ͭͫͭ͜Φ 

˻ͫ͟͜͡Έ͙͟ ͊ͫͭͪͦͤͦͣ͜Ύ Ύ͟ ͍ͤ͊;͊͡Έ͙͚ͤ ͔͔ͨͪ͒ͣͭ ͍͙͍;͊͊ͫ͡Ύ ͯ;ͤΎ͙ͣ ͍͔ͨͪ΄͔Σ ͔ͤ ͣ͊Ί ͙͍ͣͦ͗ͦͫͭ͜͡ ͍ͨͦͪͤ͜Ύ͙ͭ 
͍ͤ͊;͊͡Έͤ͜ ͒ͦͫΎ͎͔ͤͤͤΎ ͤ͊ ͨͦ;͍͊ͭͦͦͣͯ͟ ͦͤͫͭ͊ͭͯ͟Ό;ͦͣͯ ͔ͭ͊ͨ͜Φ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͔͔ͭͪͦͤͤ͟͜͡ ͍ͦͫͭͤ͜͜ ͔͙ͪͫͯͪͫΣ ͔͔ͨͪ͒ͣͭͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜Έ ͘ ͊ͫͭͪͦͤͦͣ͜͝Σ ͣ͊ͪͦͫ͟Σ ͍ͫ͊ͣͦͦͫͭ͊͜Σ 
ͫ͊ͣͦͦͤͭͪͦ͟͡ΈΣ ͎ͪ͊ͺ͜;ͤ͜ ͔͙͍ͤͭͪ͊ͭͤ͜͟͜ ͔͙ͭͫͭΦ 

 
ˢͤͤͦͭ͊ͼ͙ΎΦ ˭͊͋ͦͦͭͤ͡·͚ ˤΦ̅ΦΣ ˴ͯ͘Έ͙͙͚ͣͤͫ͟ ˢΦˤΦ ͔̏ͭͪͦͤͤ͟͡·͔ ͔͍ͫͪ͒ͫͭ͊ ͫ͊ͣͦͦͤͭͪͦ͟͡Ύ ͯ;͔͋ͤ·ͻ 

͙͔͙͚͒ͦͫͭ͗ͤ ͯ;͔͙͍ͤͦ͟ ͨͦ ͙͙͊ͫͭͪͦͤͦͣΦ 
ˢ͍ͭͦͪ· ͔ͦͭͣ;͊ΌͭΣ ;ͭͦ ͔͎ͫͦ͒ͤΎ ͙͊ͫͭͪͦͤͦͣ;͔ͫ͊͟Ύ ͎͍ͨͦ͒ͦͭͦ͊͟ ͯ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͫͯ͡;͔͍͊ Ύ͍͡Ύ͔ͭͫΎ 

͔ͤ͊͟;͔͍͔͚ͫͭͤͤͦΣ ͔͙͔͔͚ͤͤͭͪͫͤͦ ͒͡Ύ ͯ;͔͙͍ͤͦ͟ ͙ ͔͙ͣͭͦ͒;͔͙ͫ͟ ͔͍͔ͤͫͦͪ΄͔͚ͤͤͦΦ ˾͔΄͔͙͔ͤ ͔ͨͪͦ͋ͣ͡ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͯ 
ͯ;͔͙͍ͤͦ͟ ͙͊ͫͭͪͦͤͦͣ;͔͙ͫ͟ͻ ͙͚ͤ͊ͤ͘ ͔͔ͭͪ͋ͯͭΣ ͍ ͔͍ͨͪͯΌ ͦ;͔͔ͪ͒ΈΣ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͒ͦͫͭͯͨ͊ ͯ;͔͙͍ͤͦ͟ ͙ ͯ;͙͔͔͚ͭ͡ ͟ 
͙ͤͺͦͪͣ͊ͼ͙ͦͤͤͦ-͔͙ͣͭͦ͒;͔͙ͫͣ͟ ͔ͪͫͯͪͫ͊ͣΣ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͦͭͦͪ͟·ͻ ͔͔ͦ͋ͫͨ;͙ͭ ͍ͨͦ·΄͔͙͔ͤ ͊͟;͔͍ͫͭ͊ ͙͊ͫͭͪͦͤͦͣ;͔͚ͫͦ͟ 
͎͍͙ͨͦ͒ͦͭͦ͟Σ ͊ ͔͍͔ͫ͒ͦ͊ͭ͡͡ΈͤͦΣ ͍ͯͪͦͤΎ ͔͔͚ͨͪ͒ͣͭͤͦ ͔͔͙ͦͣͨͭͤͭͤͦͫͭ͟ ͯ;͔͙͍ͤͦ͟ ͨͦ ͙͙͊ͫͭͪͦͤͦͣΦ 

˾͔ͯ͘͡Έͭ͊ͭ· ͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ Ή͔͙͔ͫͨͪͣͤͭ͊͟ ͙ ͯ;͔͋ͤ·͔ ͙͔͙͒ͦͫͭ͗ͤΎ ͯ;͔͙͍ͤͦ͟ ͒͊Όͭ ͍͙ͦͫͤͦ͊ͤΎ ͍͔ͯͭͪ͗͒͊ͭΈΣ 
;ͭͦ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ Ή͔ͭͪͦͤͤ͟͡·ͻ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͔͍ͪͫͯͪͫͦ ό˩˻˾ύ ͒͡Ύ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͍͔͙ͫ͊ͣͦͨͪͦͪ͟ ͯ;͔͋ͤ·ͻ 
͙͔͙͚͒ͦͫͭ͗ͤΥ 

- ͙͍͙͙͊ͭͪͯ͘͟Όͭ ͍͔ͨͦͤ͊͊ͭ͘͡ΈͤͯΌ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͯ;͔͙͍ͤͦ͟Τ 

- ͙͙͙ͣͦ͋ͪͯ͘͡Όͭ ͙ͨͫͻ͙;͔ͫͯ͟Ό ͙͍͊ͭͤͦͫͭ͟Έ ͯ;͔͙͍ͤͦ͟Τ 
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- ͺ͙ͦͪͣͪͯΌͭ ͼ͔ͦͫͭͤ͡·͔Σ ͔͍͊͒͊ͭͤ͟·͔ ͔͚͍͙͔͒ͫͭͭ͡Έ͙ͤͦͫͭ ͙ͦ͋͒· ό͍͔͙ͯ͡;͔͙͔ͤ ͍͙ͦͣͦ͗ͤͦͫͭ͘ 
͔͙͍ͤͨͪͦͦ͘͡Έ͎ͤͦͦ ͙͙͊ͨͦͣͤ͊ͤ͘Ύ ͔͙ͣ͊ͭͪ͊͊͡ύΤ 

- ͍ͨͦ·΄͔͊ͭ ͒ͦͫͭͯͨͤͦͫͭΈ ͯ;͔͋· ͙ ͍͍͔͔͙͒ͤΎ ͍͙ͤͦͤ͘· ͍ ͯ;͔͋ͤ·͚ ͨͪͦͼ͔ͫͫΤ 

- ͪ͊ͫ΄͙ͪΎΌͭ ͦ͋Ά͔ͣ ͍ͯͫͦΎ͔͎ͣͦͦ ͔͙ͣ͊ͭͪ͊͊͡Τ 

- ͍ͨͦ·΄͊Όͭ ͙͔͔ͤͭͪͫ ͯ;͔͙͍ͤͦ͟Φ 
˾͊ͪ͊͋ͦͭ͊ͤ͘· ͎ͪ͊ͺ͙;͔͙͔ͫ͟ ͔ͭͫͭ·Σ ͊͟͟ ͙ͦ͒ͤ ͙͘ ͍͙͍͒ͦ ˩˻˾Φ ˿ ͼ͔͡ΈΌ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͍ͯͪͦͤΎ ͯ;͔͋ͤ·ͻ ͙͔͙͚͒ͦͫͭ͗ͤ 

ͯ;͔͙͍ͤͦ͟ ͙͔ͫͫͭͣ͊ ˩˻˾ ͔͒ͦͨͦͤͤ͊͡ Ή͔͔͙ͣͤͭ͊ͣ͡ ͦͤͭͪͦ͟͡Ύ ͙͔͔ͨͪͦ͋ͪͭͤͤ·ͻ ͔͔ͦͣͨͭͤ͟ͼ͙͚Φ ˮ͔͙͍ͤͭͪ͊ͭͤ͟·͔ ͔ͭͫͭ· 
ͫͦ͒͊ͤ͘· ͍ ͔͔ͫͪ͒ a{ tƻǿŜǊtƻƛƴǘΦ ˿͔͙ͪ͒ ͍ͦͣͦ͗ͤ͘·ͻ ͍͙͍͊ͪ͊ͤͭͦ ͙͋ͪ͊ͤ͘ ͎ͪ͊ͺ͙;͔͙͚ͫ͟ ͙ͭͨ ͔͍ͭͫͭͦΦ 

˽ͦͫͦ͟͡Έͯ͟ ͙͊ͫͭͪͦͤͦͣΎ ͊͟͟ ͯ;͔͋ͤ·͚ ͔͔ͨͪ͒ͣͭ ͙ͯ͘;͊͊ͫ͡Έ ͯ;͔͙͙ͤ͊ͣ͟ ͍͔͍ͨͪ·͔Σ ͔ͤ ͙͔͔ͣͭ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͍͙ͫͪ͊ͤͭΈ 
ͯ;͔͋ͤ·͔ ͙͔͙͒ͦͫͭ͗ͤΎ ͤ͊ ͤ͊;͊͡Έͤͦͣ ͙ͦͤͫͭ͊ͭͪͯ͟Ό΅͔ͣ Ή͔ͭ͊ͨΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ Ή͔ͭͪͦͤͤ͟͡·͔ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͔ ͔ͪͫͯͪͫ·Σ ͔͔ͨͪ͒ͣͭͤ͊Ύ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟Έ ͙͘ ͙͙͊ͫͭͪͦͤͦͣΣ 
ͣ͊ͪͦͫ͟Σ ͍͙͔ͫ͊ͣͦͦ͋ͪ͊ͦ͊ͤ͘Σ ͫ͊ͣͦͦͤͭͪͦ͟͡ΈΣ ͎ͪ͊ͺ͙;͔͙͔ͫ͟ ͙͔͙͍ͤͭͪ͊ͭͤ͟·͔ ͔ͭͫͭ·Φ 

 
Abstract. Zabolotnyy V.F., Kuzmynskyi ˻ΦV. Electronic facilities of self-control of educational achievements of 

students are from astronomy. 
Authors mark that today astronomic preparation most cases have off-grade, uninteresting for students and 

methodically imperfect. The decision of forming problems requires for the students of astronomic knowledge, first of all, providing 
of access of students and teachers to the informatively-methodical resources, the use of that will provide upgrading of astronomic 
preparation, and thus, level of subject competence of students from astronomy. 

The results of pedagogical experiment and educational achievements of students ground to assert that the use of 
ŜƭŜŎǘǊƻƴƛŎ ŜŘǳŎŀǘƛƻƴŀƭ ǊŜǎƻǳǊŎŜǎ ό˩˻˾ύ ŦƻǊ ǇǊƻǾƛŘƛƴƎ ƻŦ ǎŜƭŦ ŎƻƴǘǊƻƭ ƻŦ ŜŘǳŎŀǘƛƻƴŀƭ ŀŎƘƛŜǾŜƳŜƴǘǎ Υ 

- activate cognitive activity of students; 

- mobilize psychical activity of students; 

- form integral, adequate to reality offenses (increase of possibility of the involuntary memorizing of material); 

- promotes availability of studies and introduction of novelty in an educational process; 

- extend the volume of assimilable material; 

- promote interest. 
DǊŀǇƘƛŎ ǘŜǎǘǎ ŀǊŜ ǿƻǊƪŜŘ ƻǳǘΣ ŀǎ ƻƴŜ ƻŦ ǘȅǇŜǎ ƻŦ ˩˻˾Φ ²ƛǘƘ ǘƘŜ ŀƛƳ ƻŦ ŘŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ƭŜǾŜƭ ƻŦ ŜŘǳŎŀǘƛƻƴŀƭ ŀŎƘƛŜǾŜƳŜƴǘǎ 

ƻŦ ǎǘǳŘŜƴǘǎ ǘƘŜ ǎȅǎǘŜƳ ˩˻˾ ƛǎ ŎƻƳǇƭŜƳŜƴǘŜŘ ōȅ ǘƘŜ ŜƭŜƳŜƴǘǎ ƻŦ ŎƻƴǘǊƻƭ ƻŦ ǘƘŜ purchased competenses. Interactive tests are 
created in the environment of MS PowerPoint. Among possible variants the graphic type of tests is select. 

As astronomy as educational object was studied by students first, does not have the opportunity to compare educational 
achievements on the initial establishing stage. 

Key words: electronic educational resources, subject competence from astronomy, macro, self-education, self-control, 
graphic interactive tests. 
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ˤ˽˾˻ˤˢ˨ˬ˩˹˹̒ ˽˾˻̅˱˶̎˹˻˥˻ ˹ˢˤ̉ˢ˹˹̒ ̂ ˿́ˢ˾̊˱˯ ̊˴˻˶˱ ς s ˴́̂ˢ˶̎˹˩ ˽ˮ́ˢ˹˹̒ ˿̎˻˥˻˨˩˹˹̒  
 
˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˻͒ͤ͜ΊΌ ͘ ͚ͤ͊ͫ͊͒ͤ͟͜͡΄͙ͻ ͔ͨͪͦ͋ͣ͡Σ ΅ͦ ͨͦͫͭ͊ΌͭΈ ͔͔ͨͪ͒ ͫͭ͊ͪ΄͙͙ͦ͊ͫͤ͊ͣ͟͟͡ Ί ͍͙͋ͪ͜ 

͚ͣ͊͋ͯͭͤΈͦ͝ ͨͪͦͺ͔ͫ͜͝Σ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ Ύͦ͟͝ Ί ͍͙͍͙͊͗ͣ͡ ͪͦͦͣ͟͟ Ύ͟ ͒͡Ύ ͨ͒ͭ͊͜͜͟͡Σ ͭ͊͟ ͜ ͒͡Ύ ͋͊ͭΈ͍͟͜ ͭ͊ ͍;͙͔͍ͭ͜͡Σ ͔͊͒͗ ͍͒͜ 
͍͙ͨͪ͊͡Έ͎ͤͦͦ ͍͙͋ͦͪͯ ͨͪͦͺ͔ͫ͜͝ ͔͙͊͗ͭ͘͡Έ ͯͫͨ͜ͻ ͡Ό͙͙͒ͤ ͍ ͙͗ͭͭ͜Σ ͝͝ ͔ͫ͊ͣͦͪ͊͊͘͜͡ͼ͜ΎΦ  

˿Έ͎ͦͦ͒ͤ͜ ͙͙ͣͤͫ͘͜͡Ύ ͍͊͒͊ͤͤ͘ΎΣ Ύ͟͜ ͍͙͍ͫͯ͊ΌͭΈͫΎ ͔͔ͨͪ͒ ΄ͦͦ͟͡Ό ͭ͊ ͯ;͙͔ͭ͡Ύ͙ͣΦ ͙́ͪ͊͒ͼ͚ͤ͊͜ ͔ͣͦ͒͡Έ ͍͙ͦͫͭ͜Σ Ύ͊͟ ͋ͯ͊͡ 
ͫͨͪΎ͍ͣͦ͊ͤ͊ ͙͡΄͔ ͤ͊ ͔͔ͨͪ͒͊;ͯ ͚ͣ͊͋ͯͭͤΈͦͣͯ ͔ͫͨͼ͊ͫͭͯ͜͜͡ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟Σ ͍͙ͭͪ͊ͭ͊͡ ͍ͫͦΌ 
͔͔͙͍ͨͪͫͨͭͤͫͭ͟͜ΈΣ ͍͙͙ͤ͊͟Ί ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͙ͣͤ͘͜ ͔͎ͫͭͪ͊ͭ͜;͙ͤͻΣ ͎ͦ͋͊͡͡Έ͙ͤͻ ͼ͔͚͜͡ ͍͙ͦͫͭ͜Σ ͔͔͍͙ͨͪͫͭ͊ͤͦ͟ ͊͟ͼ͔ͤͭͯ ͘͜ ͤ͊ͤ͘Έ 
͔ͫͨͼ͊ͫͭ͊͜͜͡ ͤ͊ ͚͎ͦͦ ͡Ό͒ͫΈ͟͜Σ ͙ͦͫͦ͋ͫͭͫͤ͜͜ Ύͦͫͭ͟͜Σ Ύ͟͜ ͨͦͫͭ͊ΌͭΈ ͍ͦ͒ͤͦ;͊ͫ ͜ Ύ͟ ͼ͜͡ΈΣ ͜ Ύ͟ ͊ͫ͋͘͜ ͚͎ͦͦ ͎͍͙ͨ͒ͦͭͦ͜͟ ͒ͦ ͚ͣ͊͋ͯͭͤΈͦ͝ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ  

ˢͤ͊͘͜͡ ͔͔ͨͦͨͪ͒ͤ͜ͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˹͙ͤ͜ ͔ͨͪͦ͋ͣ͊͡ ͨͪͦͺ͜͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͍ͨͪͦ͒ͦ͗ͯΊ ͔͔͍͙ͨͪ͋ͯ͊ͭ ͍ ͼ͔ͤͭͪ͜ ͍͎͙ͯ͊ 
͍ͭ͜;͙ͤ͘Ύ͙ͤͻ ͍ͤ͊ͯͦ͟ͼ͍͜Φ ˭ͤ͊;͙͚ͤ ͍͔ͤͫͦ͟ ͯ ͝͝ ͍ͪͦ͘ȫΎ͊ͤͤ͘Ύ ͪͦ͋͡ΎͭΈ ˤΦ ˴͙͔ͤͦ͘͟Σ ˻Φ ˴͍ͦͪͫ͊ͦ͊͟Σ ˹Φ ͙̊ΎͤΣ ˹Φ ˣ͋͜͜͟ΦΣ ˹Φ ʕ ͙͔͊ͫͤͦ͟͡Σ 
ˤΦ ˤ͍ͦ͊ͤͦ͊͟͡Σ ˻Φ ˴͍ͦͭͦ͊Σ ˢΦ ˶ͦͨͯͻ͍ͫ͜Έ͊͟Σ ˬΦ ˻͙͔ͫͨͤͦ͟Σ ˿Φ ˿ͯ΄ͦ͟Σ ˱Φ ͔̒ͪͣͦ͟ ͭ͊ ͤ͜΄͜Φ 

˸͔ͭͦΌ ͫͭ͊ͭͭ͜ Ί ͎ͦ͡Ύ͒ ͔͔͙ͭͦͪͭ;͙ͤͻ ͔͍͊ͫͨͭ͟͜ ͨͪͦͺ͜͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎΣ ͍͙ͤ͊͘;͔ͤͤΎ ͤ͊͘;͙ͣͦͫͭ͜Σ ͙͔͍ͨͪͦͪͭͭ͜͜ ͭ͊ 
͔ͨͪͦ͋ͣ͡ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͚͎ͦͦ ͯ ͙͔ͫͫͭͣͯ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜Φ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˽ͪͦͺ͜͡Έ͔ͤ ͍ͤ͊;͊ͤͤΎ ς ͍ ͙͒ ͙͒ͺ͔͔ͪͤͼ͊͜ͼ͜͝ ͚ ͙͍ͤ͒͒ͯ͊͊͘͜͜͜͡ͼ͜͝ ͍ͤ͊;͊ͤͤΎΣ ΅ͦ ͒͊Ί ͎ͣͦͯ͘ 
͊͘ ͪ͊ͻͯͤͦ͟ ͣͤ͘͜ ͯ ͫͭͪͯͭͯͪ͟͜Σ ͣͫͭ͘͜͜ ͚ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͼ͔ͫͯ ͍ͨͦͤ͜΄͔ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͔͔͙ͤͭͪͫ͜Σ ͤ͊ͻ͙͙͡ ͜ ͒͋ͤͦͫͭ͘͜͜ ͯ;͍ͤ͜Σ 
͝ͻ ͙͍ͣͦ͗ͦͫͭ͜͡Σ ͍ͫͭͦͪΌ͍͙͊ͭ ͍͙ͯͣͦ ͒͡Ύ ͍ͤ͊;͊ͤͤΎ ͫͭ͊ͪ΄͙͍ͦ͊ͫͤ͟͟͜͡ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͝ͻͤ͜ͻ ͍ͦͫͭͤ͜͜ͻ ͜ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͔͔͍ͤͭͪͫ͜͜ ͜ 
͍ͤ͊ͣͪ͜͜ ΅ͦ͒ͦ ͫͦͼ͊͜͡Έ͎ͤͦͦ ͜ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍͙ͫ͊ͣͦͤ͊͘;͔ͤͤΎΦ  

˸͔ͭͦΌ ͨͪͦͺ͜͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ Ί ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍ͯͣͦ ͒͡Ύ Ύͫͤͦ͟͜͝ ͍͙ͦͫͭ͜ ͫͭ͊ͪ΄͙͍ͦ͊ͫͤ͟͟͜͡ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͝ͻ 
͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͤ͊ͻ͙͍͜͡Σ ͙͍͔͚ͣͦ͗ͦͫͭ͡Σ ͔͚͒͋ͤͦͫͭ͘͜ ͜ ͔ͨͦͭͪ͋Σ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͦͪ͜Ίͤͭ͊ͼ͜͝ ͯ;͍ͤ͜ ͤ͊ ͚ͣ͊͋ͯͭͤΌ 
͒͜Ύ͡Έͤͫͭ͜ΈΣ Ύ͊͟ ͙ͦͪͫͭͯ͟ΊͭΈͫΎ ͙ͨͦͨͭͦͣ ͤ͊ ͙ͪͤͯ͟ ͨͪ͊ͼ͜Σ ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͤ͊ͫͭͯͨͤͦͫͭ͜ ͣ͗͜ ͎͊͊͘͡ΈͤͦΌ ͔͔ͫͪ͒ͤΈͦΌ ͜ ͨͪͦͺ͔͚ͫͤͦ͜Ό 
͍ͦͫͭͦ͜ΌΣ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͚͎ͨͦͫͭͤͦͦ͜ ͒ͯͻ͍͎ͦͤͦͦ ͍͔ͫ͊ͣͦ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͔͔ͤͭͭͯ͊͜͟͡͡Έ͎ͤͦͦ ͭ͊ ͯ͟͡Έ͎ͭͯͪͤͦͦ ͔ͨͦͭͤͼ͊ͯ͜͡ Ύ͟ ͚͍͙ͤ͊΅ͦ͝ ͼͤͤͦͫͭ͜͜ ͤ͊ͼ͜͝Φ ˽ͪͦͺ͜͡Έͤ͊ ΄ͦ͊͟͡ Ί ͙ͤͫͭͭͯ͜ͼ͚ͤͦ͜Ό ͺͦͪͣͦΌ 
͔ͪ͊͊͘͜͡ͼ͜͝ ͼ͜Ί͝ ͔͙ͣͭ ώмϐΦ 

˽ͪͦͺ͜͡Έͤ͊ ΄ͦ͊͟͡ ͔͔ͨͪ͒͋͊;͊Ί ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍ͯͣͦ ͒͡Ύ Ύͫͤͦ͟͜͝ ͍͙ͦͫͭ͜ ͫͭ͊ͪ΄͙͍ͦ͊ͫͤ͟͟͜͡ ͯ ͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ ͘ ͝ͻ͙ͤͣ͜ 
͙͍ͤ͒͒ͯ͊͜͜͡Έ͙͙ͤͣ ͤ͊ͻ͙͙͊ͣ͡Σ ͙͍ͣͦ͗ͦͫͭ͡Ύ͙ͣΣ ͒͋ͤͦͫͭ͘͜Ύ͙ͣ ͜ ͔͙ͨͦͭͪ͋͊ͣΣ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͦͪ͜Ίͤͭ͊ͼ͜͝ ͯ;͍ͤ͜ ͤ͊ 
͚ͣ͊͋ͯͭͤΌ ͒͜Ύ͡Έͤͫͭ͜ΈΣ Ύ͊͟ ͙ͦͪͫͭͯ͟ΊͭΈͫΎ ͙ͨͦͨͭͦͣ ͤ͊ ͙ͪͤͯ͟ ͨͪ͊ͼ͜Σ ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͤ͊ͫͭͯͨͤͦͫͭ͜ ͣ͗͜ ͎͊͊͘͡ΈͤͦΌ ͔͔ͫͪ͒ͤΈͦΌ ͜ 
ͨͪͦͺ͔͚ͫͤͦ͜Ό ͍ͦͫͭͦ͜ΌΣ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͚͎ͨͦͫͭͤͦͦ͜ ͒ͯͻ͍͎ͦͤͦͦ ͍͔ͫ͊ͣͦ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ ͺ͍ͦͪͣͯ͊ͤͤΎ 
͔͔ͤͭͭͯ͊͜͟͡͡Έ͎ͤͦͦ ͭ͊ ͯ͟͡Έ͎ͭͯͪͤͦͦ ͔ͨͦͭͤͼ͊ͯ͜͡ Ύ͟ ͚͍͙ͤ͊΅ͦ͝ ͼͤͤͦͫͭ͜͜ ͤ͊ͼ͜͝Φ 

˽ͪͦͺ͜͡Έ͔ͤ ͍ͤ͊;͊ͤͤΎ ͍ ΄ͦ͟͜͡ ͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ˽ͦ ͔ͦ͗ͤͤ͡Ύ ͤ͊ͼͦͤ͊͜͡Έͤͦ͝ ͙͙͒ͦͭͪͤ͟ ͍͙ͪͦͭͯ͘͟ ͍͙ͦͫͭ͜ 
͙̂ͪ͊ͤ͟͝ ̆̆˱ ͫͭΦΣ ˭͊ͦͤͯ͟ ͙̂ͪ͊ͤ͟͝ ζ˽ͪͦ ͎͊͊͘͡Έͤͯ ͔͔ͫͪ͒ͤΌ ͍ͦͫͭͯ͜ηΣ ˴ͦͤͼ͔ͨͼ͜͝ ͎͊͊͘͡Έͤͦ͝ ͔͔ͫͪ͒ͤΈͦ͝ ͍͙ͦͫͭ͜Σ ˴ͦͤͼ͔ͨͼ͜͝ 
ͨͪͦͺ͜͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎΣ ˴ͦͤͼ͔ͨͼ͜͝ ͍͙ͪͦͭͯ͘͟ ΄͙ͦ͟͡ ͤ͊ нлмл ς нлмр ͤΦ ͪΦΣ ˽͎͙ͪͦͪ͊ͣ ͍͙ͪͦͭͯ͘͟ ΄͙ͦ͟͡ ͤ͊ н010 ς нлмр ͤΦ ͪΦΣ 
˽͎͙ͪͦͪ͊ͣ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͒ͦͨͪͦͺ͜͡Έͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͭ͊ ͨͪͦͺ͜͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͯ;͍ͤ͜ ΄͙ͦ͟͡Φ 

˻͍͙͙ͫͤͦͤͣ ͍͊͒͊ͤͤ͘Ύ͙ͣ ͘ ͍͔͊ͨͪͦ͊͒͗ͤͤΎ ͨͪͦͺ͜͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͍ ΄ͦ͟͜͡ ΊΥ 
-  ͍͔ͫͭͦͪͤͤΎ ͍ͯͣͦ ͒͡Ύ ͍ͤ͊;͊ͤͤΎ ͫͭ͊ͪ΄͙͍ͦ͊ͫͤ͟͟͜͡ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͝ͻ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͍͙ͫ͊ͣͦͤ͊͘;͔ͤͤΎΤ 
-  ͪͦ͋ͦͭ͊ ͘ ͍͙͙ͦ͋͒͊ͪͦ͊ͤͣ ͒ͭ͜Έ͙ͣΤ 
-  ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͜ ͍͔͔ͨͪͦ͒ͤͤΎ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͨͦ΄͍ͯͦͦ͟͝ ͙ͪͦ͋ͦͭΣ ͍ͦͦ͒ͤͤ͜͡Ύ ͔͙͍͙͙ͤͭͪ͊ͭͤͣ͜͟ ˱˴́Τ 
-  ͍ͣͤͤ͜Ύ ͎͍͍͙ͦͪ͊ͤͦͯ͊ͭ͘͜ ͍ͤ͊;͊ͤͤΎ ͤ͊ ͍ͦͫͤͦ͜ ͍ͫͨͨͪ͊͜ͼ͜Σ ͍͔ͫͭͦͪͤͤΎ ͙ͫͭͯ͊ͼ͜͝ ͯͫͨ͜ͻͯΤ 
-  ͯ;͊ͫͭΈ ͯ;͍ͤ͜ ͍ ͦͣͨ͊͒͊͜͜͡ͻΣ ͦͤͯͪͫ͊͟͟ͻΣ ˸ˢ˹ Σ ͭ ͯͪͤͪ͊͜ͻΤ 
-  ͍ͦͦͦ͒ͤͤ͜͡Ύ ͔͙ͣͭͦ͒ͦ͟Ό ͍͙͊͒͊ͤͤ͟͡Ύ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͨͪͦͺ͜͡Ό ͍ͤ͊;͊ͤͤΎΤ 
-  ͔ͤͦ͋ͻ͔͒ͤ͜ ͤ͊ͤͤ͘Ύ ͍;͙͔͔ͭͣ͡ ͍͍ͦͦ͜͟͝ ͙ͨͫͻ͎ͦͦ͜͡͝Τ 
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-  ͒ͦ͋ͯͭͭ͘Ύ Ύͫͤͦ͟͜͝ ͍͙ͦͫͭ͜Σ Ύ͊͟ ͍͍͒ͨͦ͒͊͜͜Ί ͝ͻ ͨͪͦͺ͜͡Ό ώнϐΦ 
̇Έͦͣͯ ͙ͫͨͪΎΌͭΈ ͊͘ͻ͙ͦ͒ ΅ͦ͒ͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͨͪͦͺ͜͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎΣ Ύ͟͜ ͔ͪ͊ͯ͘͜͡ΌͭΈͫΎ ͯ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ 

͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻΣ ͔ͦͪͣ͊͘͟Υ 
-  ͙͎͍ͣͦͤͭͦͪͤͦ͜͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͙͍͊ͨͭ͘͜ ͯ;͍ͤ͜ ΅ͦ͒ͦ ͍͔͊͒ͦͦͤͤ͘͡Ύ ͍ͦͫͭͤ͜͜ͻ ͔ͨͦͭͪ͋Τ  
-  ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͍͙ͨͪͦͫͭͤ͜ͼΈͦ͟͝ ͙ͪͦ͋ͦͭ ͔͔ͫͪ͒ ͯ;͍ͤ͜ ͭ͊ ͝ͻͤ͜ͻ ͋͊ͭΈ͍͟͜ ͨͪͦ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͔ͣͪ͗͜ ͨͪͦͺ͜͡Έ͙ͤͻ ͍͊ͫ͟͜͡Τ 
-  ͍͔͔ͨͪͦ͒ͤͤΎ ͨͪͦͺͦͪ͜Ίͤͭ͊ͼ͚ͤͦ͜͝ ͪ ͙ͦ͋ͦͭ ͔͔ͫͪ͒ ͯ;͍ͤ͜ уςф ͍͊ͫ͟͜͡Τ 
-  ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͭ͊ ͔͙ͣͭͦ͒;͎ͤͦͦ ͍ͫͯͨͪͦͦ͒ͯ ͯ;͍ͤ͜Σ ͋͊ͭΈ͍͟͜ ͭ͊ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ 
΅ͦ͒ͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͨͪͦͺ͜͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎΤ 

-  ͍͔ͨͦͨͦͤͤͤΎ ͍ͤ͊;͊͡Έͤͦ-͔͙ͣͭͦ͒;ͤͦ͝ ͭ͊ ͔ͣ͊ͭͪ͊͜͡Έͤͦ͝ ͙͋͊͘ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͍͊͋ͤͭ͟͜͜ ͘ ͔͔͍ͨͪ͒ͣͭ͜ ͎͙͔͎ͨͦ͋ͤͦͦ͡͡ 
͍͙͍;͔ͤͤΎ ͭ͊ ͨͪͦͺ͜͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎΤ 

-  ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͔͙͋͋ͦͭ͜͜͟͡ ΄͙ͦ͟͡ ͔͙ͦͣͨͭ͊ͣ͟͟͡ ͍ͤ͊ͯͦͦ͟͝Σ ͍͍͒ͦ͒ͦͦ͜͟͝Σ ͍ͤ͊ͯͦͦ͟ ς ͨͦͨͯ͡Ύͪͤͦ͝ ͔͙ͭͪ͊ͭͯͪ͜͡ ͭ͊ 
͎͙͙ͨͪͦͪ͊ͣͤͣ ͙͊ͫͦ͋͊ͣ͘ ͍ͤ͊;͊ͤͤΎΤ 

-  ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͙ͪͦ͋ͦͭ ͘ ͔̇ͤͭͪͦͣ ͚͊ͤ͘Ύͭͦͫͭ͜ ͎͙͙͒͊ͤͦͫͭ͜͟ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͫͨͪΎ͍ͣͯ͊ͤͤΎ ͯ;͍ͤ͜Τ 
-  ͍͔͊ͨͪͦ͊͒͗ͤͤ͘Ύ ͯ уςф ͊ͫ͊͟͡ͻ ͔͔͍ͨͪ͒ͣͭ͜ ͎͙͔͎ͨͦ͋ͤͦͦ͡͡ ͍͙͍;͔ͤͤΎΣ ͍͔͔͒ͤͤΎ ͍ͯͪͫ͟͜ ͊͘ ͍͙͋ͦͪͦͣΣ ͦͤͫͯ͟͡Έͭ͊ͼ͚͜ ͭ͊ 
ͺ͊ͯ͟͡Έ͙͍͍ͭ͊ͭ͜Σ ΅ͦ ͔͔͊͋ͨ͘͘;ͯΌͭΈ ͎͙͔ͨͦ͋ͤͤ͡͡Ύ ͔͔͍ͨͪ͒ͣͭ͜ ͚ͣ͊͋ͯͭͤΈͦ͝ ͨͪͦͺ͊͘͜͜͡ͼ͜͝Τ 

-  ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͙͒ͦͭͪͣ͊ͤͤΎ ͤ͊ͫͭͯͨͤͦͫͭ͜ ͣ͗͜ ͒ͦͨͪͦͺ͜͡ΈͤͦΌ ͎͍ͨ͒ͦͭͦͦ͜͟Ό ͭ ͊ ͨͪͦͺ͜͡Έͤͫͭ͜Ό ͍ͤ͊;͊ͤͤΎ ώнϐΦ 
˨͡Ύ ͯͫͨ͜΄ͤͦ͝ ͔ͪ͊͊͘͜͡ͼ͜͝ ͨͪͦͺ͜͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͊͒ͣͤͫͭͪ͊͜͜ͼ͜Ύ ΄͙ͦ͟͡ ͨ ͍͙ͦͤͤ͊ ͫͨͪΎ͍͙ͣͯ͊ͭ ͍ͫͦΌ ͒͜Ύ͡Έͤͫͭ͜Έ ͤ͊Υ 

-  ͍͙͍;͔ͤͤΎ ͭ͊ ͙͒ͦͭͪͣ͊ͤͤΎ ͙͍ͤͦͪͣ͊ͭͤͦ-͍͍ͨͪ͊ͦͦ͝ ͔͒ͦͯͣͤͭ͊͟ͼ͜͝ ΅ͦ͒ͦ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͨͪͦͺ͜͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͭ͊ 
͒ͦͨͪͦͺ͜͡Έͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟Τ 

-  ͪͦͪͦ͋ͯ͘͟ ͪͦ͋ͦ;͎ͦͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨ͊ͤͯ͡Τ 
-  ͯ͊͒͊ͤͤ͟͡Ύ ͯͫͤͦ͝ ͭ͊ ͙ͨͫΈ͍ͣͦͦ͝ ͎͙ͯͦ͒ ͨͪͦ ͍ͫͨͨͪ͊͜ͼΌ ͘ ˤ˹˭ ό˱-˱± ͍ͪͤ͜Ύ ͔͙͊ͪ͒ͭ͊͟ͼ͜͝ύΤ 
-  ͊ͤ͊͘͜͡ ͍͎͊͒ͪͦͦͦ͟ ͔͔͊͋ͨ͘͘;͔ͤͤΎΦ 
ˤ͙ͤ͊͘;͔ͤͦ ͍͙͎͙ͣͦ ͒  ͍ͦ ;͙͔ͭ͡ΎΣ Ύ͙͚͟ ͨͪ͊ͼΌΊ ͯ ͨͪͦͺ͜͡Έ͙ͤͻ ͟ ͊ͫ͊͡ͻΥ 

-  ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͍͙ͨ͒͜΅͔ͤͤΎ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ͤ͊ ͋͊͘͜ ͦ ͎͋͊ͫͤͦͦ͡ ͔͙ͣͭͦ͒;͎ͤͦͦ ͙ͤͫͭͭͯͭͯ͜ ͍ͦͫͭͤ͜͜͝ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜Τ 
-  ͯ;͊ͫͭΈ ͍ ͙ͦ͋͊ͫͤ͡ͻ ͔ͫͣͤ͊ͪ͊͜ͻΣ ͦͤ͟ͺ͔͔ͪͤͼ͜ΎͻΣ ;͙ͭ͊ͤͤΎͻΤ 
-  ͍ͫ͊ͣͦͦͫͭ͊͜Τ 
-  ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͯ ͪͦ͋ͦͭ͜ ͍͙ͤͦͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻΣ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Τ 
-  ͎͙͒͊ͤͦͫͭ͊͜͟ ͨͪͦͺ͜͡Έ͙ͤͻ ͔͔͍ͤͭͪͫ͜͜ ͯ;͍ͤ͜Τ 
-  ͎͍ͨ͒ͦͭͦ͊͜͟ ͍;͙͔͍ͭ͜͡ ͒ͦ ͙ͪͦ͋ͦͭ ͊͘ ͍͔͍͙͙ͪͤͦͪͤͣ͘͜͜ ͍ͤ͊;͊͡Έ͙͙ͤͣ ͎͙ͨͪͦͪ͊ͣ͊ͣΤ 
-  ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔ͭͻ͎͚ͤͦͦ͜͡ ͙ͦͫͦ͋ͫͭͫͤͦ͜-ͦͪ͜Ί͍͎ͤͭͦͤͦͦ ͍ͤ͊;͊ͤͤΎΤ 
-  ͍͔ͫͭͦͪͤͤΎ ͍ͯͣͦ ͒͡Ύ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͪͦͫͭͯ ͍;͙͔ͭ͡ΎΤ 
-  Ŏ͍͔ͭͦͪͤͤΎ ͔͍͊͋ͤͭ͟͜͜ ς ͭ ͍ͦͪ;͙ͻ ͚͊͋ͦͪ͊ͭͦͪ͜͡ ͍͍͒ͨͦ͒ͤͦ͜͜ ζ˽͔ͦͦ͗ͤͤ͡Ό ͨͪͦ ͍ͤ͊;͊͡Έͤ͜ ͔͙͊͋ͤͭ͟͜ηΤ 
-  ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͫͯ;͙͊ͫͤͻ ͦͣͨ͟ΩΌ͔͙ͭͪͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͭ͊ ˱͔͔ͤͭͪͤͭΤ 
-  ͯ;͊ͫͭΈ ͯ ͔͙ͣͭͦ͒;͙ͤͻ ͊͘ͻͦ͒͊ͻ ͘ ͔ͨͪͦ͋ͣ͡ ͨͪͦͺ͜͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎΦ  
͔̂͒ͦͫͦͤ͊ͤͤ͟͡Ό ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯ ͭ͊ͦ͗͟ ͙ͫͨͪΎΊ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͍ͦͫͭͤ͜͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͊ ͔ͫ͊ͣΥ 

-  ͔͎ͨͪͦ͋ͣͤͦͦ͡ ͍͙͍ͪͦ͊͘͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎΤ 
-  ͔͙͍͙ͤͭͪ͊ͭͤ͜͟ͻΣ ͔͙ͨͪͦͭͤ͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Τ 
-  ͔ͭͻ͎ͤͦͦ͜͡͝ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΤ 
-  ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ  
ˤ ͔͙ͦͪͣ͟ͻ ΄ͦ͊͟͡ͻ ͍͍ͨͪͦ͊͒͗ͯΊͭΈͫΎ ͎͙͔͔ͨͦ͋ͤ͡͡ ͍͙͍;͔ͤͤΎ ͔͔͍ͨͪ͒ͣͭ͜Σ ͒ͦͨͪͦͺ͜͡Έͤ͊ ͎͍ͨ͒ͦͭͦ͊͜͟ ͯ;͍ͤ͜Φ ˨ͦͨͪͦͺ͜͡Έ͔ͤ 

͍ͤ͊;͊ͤͤΎ ͍ ͍͚ͦͫͤͦͤ͜ ΄ͦ͟͜͡ ͍͙ͨͪͦͦ͒ͭΈͫΎ ͯ уςф ͊ͫ͊͟͡ͻΦ ˩ͺ͔͙͍ͭͤͫͭ͟͜Έ ͒ͦͨͪͦͺ͜͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͍͙͎ͣ͊͊Ί ͎͔ͤ͊͊ͦ͒͗ͤͤ͡Ύ ͒͜Ί͍ͦ͝ 
͎͙͙͒͊ͤͦͫͭ͜͟ ͍ͪͤ͜Ύ ͍ͤ͊;͊͡Έ͙ͤͻ ͒ͦͫΎ͎͔ͤͤΈ ͯ;͍ͤ͜ ͍ͦͫͤͦͤͦ͝ ΄͙ͦ͟͡Σ ͨͪͦͺͦͤͫͯ͟͡Έͭ͊ͼ͚ͤͦ͜͝ ͙ͨͫͻ͎͙͙ͦ͒͊ͤͦͫͭ͜͟ ͘ ͔ͣͭͦΌ 
͍͙ͤ͊͘;͔ͤͤΎ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͔͔͍ͤͭͪͫ͜͜ ͜ Ύ͔͚ͦͫͭ͟ ͯ;͍ͤ͜ ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ ͙ͦ͒ͤͦͪ͒ͤ͜ͻ ͊͘ ͎͍͔ͨ͒ͦͭͦͤͫͭ͜͜͡Ό ͭ͊ ͔͔͙ͤͭͪͫ͊ͣ͜ 
͔͙͍͍ͣͪͦͦͭ͜͟͟͟͜͡ ό͍͊ͫ͟͜͡Σ ͎ͪͯͨύΦ  

̒͟ ͙ͨͪ͊͒͟͡Σ ͯ у ͊ͫ͟͜͡ ͒ͦͨͪͦͺ͜͡Έͤ͊ ͎͍ͨ͒ͦͭͦ͊͜͟ ͨͦ͡Ύ͎͊Ί ͯ ͍͙ͤ͊͘;͔ͤͤ͜ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ 
͔͔ͤͭͭͯ͊͜͟͡͡Έ͎ͤͦͦ ͭ͊ ͙͎ͦͫͦ͋ͫͭͫͤͦͦ͜ ͍͙ͪͦͭͯ͘͟Σ ͍͙Ύ͍͔ͤͤ͜͡ ΄͟͜͡Έͤͦ͝ ͔͒͊͒͊ͨͭ͊͘ͼ͜͝Σ ͙ͨͪ;͙ͤ ͔ͤͯͫͨ͜΄͎ͤͦͦ ͍ͤ͊;͊ͤͤΎΣ ͎͒ͦͨͦͣͦ͊ ͍ 
ͦͼͤ͜ͼ͜ ͍ͫͦ͝ͻ ͔͚͒͋ͤͦͫͭ͘͜ ͜ ͤ͊ͻ͙͍͜͡Σ ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͔͍͊͒͊ͭͤͦ͟͝ ͫ͊ͣͦͦͼ͙ͤ͜͟Σ ͍ͨͤ͊͊͘͜͡Έ͙ͤͻ ͔͔͍ͤͭͪͫ͜͜ ͜ ͙͍͍ͣͦͭ͜ ͨͤ͊ͤͤ͘͜ΎΣ 
͙ͫͨͪΎͤͤΌ ͍͔ͫͭͦͪͤͤΎ ͙͒ͦ͋ͪͦ͘;͙͍͎ͦͦ͡ ͣ͊ͭͯ͟͜͡ ͍ ͯ;͍ͤͫ͜Έͦͣͯ͟ ͔͙͍ͦͭ͟͟͜͡Φ ̂ ф ͊ͫ͟͜͡ - ͨ ͦ͡Ύ͎͊Ί ͯ ͍͙ͪͦͭͯ͘͟ ͫͻ͙͡Έ͔͚ͤͦͫͭ Ύ͟ ͍͙ͯͣͦ 
ͨͦ͒͊͡Έ΄͎ͦͦ ͍͙ͪͦͭͯ͘͟ ͔͚͒͋ͤͦͫͭ͘͜Σ ͍͔ͫͭ͊ͤͦͤͤ͜͡ ͨͪͦͺ͜͡Έ͙ͤͻ ͍ͤ͊ͣͪ͜͜ ͭ͊ ͎͙͔ͨͦ͋ͤ͜͡͡ ͨͪͦͺͦͪ͜Ίͤͭ͊ͼ͜͝ ͯ;͍ͤ͜Σ ͒ͦͨͦͣͦ͘͜ ͍ 
͍͙ͫ͊ͣͦͤ͊͘;͔ͤͤ͜Φ ˤ͔͙͎ͦͦ͟͡ ͤ͊͘;͔ͤͤΎ ͍ͤ͊͋ͯ͊Ί ͔ͪ͊͊͘͜͡ͼ͜Ύ ͙ͨͪ͊͒ͤͦ͟͡͝ ͫͨͪΎ͍ͣͦ͊ͤͦͫͭ͜ ΄͟͜͡Έ͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜Σ ͍͔͍͔ͪͤͦͪͤ͘͜͜ 
͍͙͍;͔ͤͤΎ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ ͍ͯͪͫ͟͜Σ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͯ;͍ͤ͜ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͝ͻͤ͜ͻ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͤ ͊ͻ͙͍͜͡ ώоϐΦ 

͙̅ͦͪͣ ͝͝ ͔ͪ͊͊͘͜͡ͼ͜͝ ς ͍͍͔͔͒ͤͤΎ ͍ͯͪͫ͟͜ ͊͘ ͍͙͋ͦͪͦͣΣ ͺ͊ͯ͟͡Έ͙͍͍ͭ͊ͭ͜Σ ͦͤͫͯ͟͡Έͭ͊ͼ͚͜Σ ͎͍ͯͪͭ͟͜Σ ͎͙͔͎ͨͦ͋ͤͦͦ͡͡ ͍͙͍;͔ͤͤΎ 
͔͙ͦͪͣ͟ͻ ͔͔͍ͨͪ͒ͣͭ͜ ό͎͋ͦͦ͜͜͡͝Σ ͻͣ͜͜͝Σ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ ͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍͙ͣͦ ͭ͊ ͔͙ͭͪ͊ͭͯͪ͜͡Σ ͎͚͊ͤͫ͜͡Έͦ͟͝ ͍͙ͣͦύΦ ˨ͦͼ͜͡Έͤͦ ͊ͯ͘͡;͙͊ͭ 
͍͙ͦ͋͒͊ͪͦ͊ͤͻ ͯ;͍ͤ͜ ͒ͦ ͔͔͙ͨͪ͒ͣͭͤͻ ͦͣͨ͊͒͜͜͡Σ ͍͔ͫͯͪ͊ͤͫ͟͝Έ͙͟ͻ ͍ͦͤͯͪͫ͟͟͜ ζ˴͔͎ͤͯͪͯηΣ ζ˴ͦͦͫͦ͟͡ηΣ ζ˽͊ͭͪͦͭ͜ηΣ ζ˴͔͍͔ͪ͡ηΣ 
ζˣ͔ͦ͋ͪηΣ ζ˶͔͍͔ͤΎη ͭͦ΅ͦΦ  

̂ мл-ͣͯ ͊ͫ͟͜͡ ͔ͣͭͦΌ ͨͪͦͺ͜͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ Ί ͍͔ͫͭͦͪͤͤΎ ͍ͯͣͦ ͒͡Ύ ͍͙ͻ͍ͦ͊ͤͤΎ ͙ͦͫͦ͋ͫͭͦͫͭ͜ ͘ ͍͙͔ͪͦͤͤͦ͘Ό 
͍ͫ͊ͣͦͫ͒ͦͣͫͭ͜͜Ό, ͍ͫͯͨͪͦ͒͜ ͊͒͊ͨͭ͊ͼ͚͎ͤͦͦ͜ ͔ͨͪͦ͒ͯ͜ ͫͭ͊ͪ΄͙͍ͦ͊ͫͤ͟͟͜͡ ͙ͨͪ ͺ͍ͦͪͣͯ͊ͤͤ͜ мл-ͻ ͍͊ͫ͟͜͡Σ ͦͫ͟͜͡Έ͙͟ ͍ ͼ͔͚ ͔ͨͪͦ͒͜ 
͔͎ͫͨͦͫͭͪ͊͜ΌͭΈͫΎ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤ͜ ΄͡Ύͻ͙ ͊͒͊ͨͭ͊ͼ͜͝ ͎ͦ͗ͤͦͦ͟ ͯ;ͤΎ ͒ͦ ͎ͦ͋ͪ͊ͤͦͦ ͨͪͦͺ͜͡Ό ͍ͤ͊;͊ͤͤΎΦ ̂ ͎͒ͪͯͦͣͯ ͍ͨͪ͜͜;;͜ ͔ͣͦ͗ ͙ͣ͊ͭ 
ͣͫ͜ͼ͔ ͙ͣͤ͘͜ ͨͪͦͺ͜͡Ό ͔͙͙ͦͪͣͣ͟ ͯ;ͤΎ͙ͣΦ 

̂ мм-ͣͯ ͊ͫ͟͜͡ ͤ͊ ͔ͨͪ΄͙͚ ͨ͊ͤ͡ ͍͙ͻ͙ͦ͒ͭΈ ͍͙ͤ͊͘;͔ͤͤΎ ͍ͪͤ͜Ύ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͙͗ͭͭΊ͍͙ͻ ͭ͊ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͍ͨ͊ͤ͜͡Σ 
͍͙Ύ͍͔ͤͤ͡Ύ ͒͊ͨ͊ͦͤͯ͘͜ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͔͔͍ͤͭͪͫ͜͜Σ ͙ͫͨͪΎͤͤΎ ͍ͫ͒ͦͣͦͣͯ͜ ͍͙͋ͦͪͯ ͯ;ͤΎ͙ͣ ͫͺ͔͙ͪ ͚ͣ͊͋ͯͭͤΈͦ͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ 
͒͜Ύ͡Έͤͦͫͭ͜Σ ͙ͨͫͻ͎ͦͦ͜͡;ͤ͊ ͙ͨ͒ͭͪͣ͊͜͟ ͯ;͍ͤ͜ ͯ ͔ͨͪͦ͒͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͭ͊ ͨͪͦͻ͔ͦ͒͗ͤͤΎ ͍ͦͤ͘͜΄ͤΈ͎ͦͦ ͔͔͎ͤ͊͗ͤͦͦ͘͡ ͦͼͤ͜Ό͍͊ͤͤΎ ώ4]. 

ˤ͍͔ͨͪͦ͊͒͗ͤͤΎ ͨͪͦͺ͜͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͙ͫͨͪΎΊ ͔͔͊͋ͨ͘͘;͔ͤͤΌ ͍͎ͪͤͦͦ͜ ͒ͦͫͭͯͨͯ ͒ͦ Ύͫͤͦ͟͜͝ ͍͙ͦͫͭ͜Σ ͍͔ͫͭͦͪͤͤΎ ͍ͯͣͦ 
͍͜͡Έ͎ͤͦͦ ͍͙͋ͦͪͯ ͯ ͍ͨͦ͋ͯ͒ͦ͜ ͍ͦͫͭͤ͜Έͦ͝ ͭͪ͊Ίͭͦͪ͟͜͝ ͯ;͍ͤ͜ ͫͭ͊ͪ΄ͦ͝ ΄͙ͦ͟͡ ͔͔ͤ͊͗ͤͦ͘͡ ͍͒͜ ͍ͯͣͦ ͍ͦͫͭͤ͜Έ͎ͦͦ ͫ ͔͔͍͙ͪ͒ͦ΅͊Φ 

̒͟ ͍ͫ͒͜;͊ͭΈ ͙͍ͦͨͭͯ͊ͤͤΎ ͯ;͙͔͍ͭ͜͡Σ ͍͙͙ͦͫͤͦͤͣ ͭͪͯ͒ͤͦ΅͙͊ͣ ͒͡Ύ ͍͔͊ͨͪͦ͊͒͗ͤͤ͘Ύ ͒ͦͨͪͦͺ͜͡Έͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍ 
͍͚ͦͫͤͦͤ͜ ΄ͦ͟͜͡ ΊΥ 
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-  ͋ͪ͊͟ ;͊ͫͯ ͭ͊ ΄͍͙͙͚͒͟ ͔ͭͣͨ ͍ͤ͊;͊ͤͤΎΤ 
-  ͔͔͙ͨͪͤ͊ͫ;͔ͤͫͭ͜Έ ͤ͜ͺͦͪͣ͊ͼ͜ΊΌ ͍ͤ͊;͊͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣ ͜ ͦ͋ͣ͊͡Έ ͎͙ͦ͒ͤ ͒͡Ύ ͍͙͍;͔ͤͤΎ ͎ͫ͊͒ͤͦͦ͟͡ ͔ͣ͊ͭͪ͊ͯ͜͡Τ 
-  ͍͒ͫͯͭͤͫͭ͜͜Έ ͯ ͨ͒ͪͯ͜;͙ͤ͊͟ͻ ;͎ͭͦͦ͜͟ ͨͦ͒ͯ͜͡ ͍͊͒͊ͤ͘Έ ͎ͪͤͦͦ͘͜ ͍ͪͤ͜Ύ ͫ͊͒ͤͦͫͭ͟͜͡Τ 
-  ͋ͪ͊͟ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ ώнϐΦ 
˨ͦ ͎ͭͦͦ ͗Σ ͍;͙͔ͭ͜͡ ͊ͤ͊͘͘;͊ΌͭΈΣ ΅ͦ Ί ͭͪͯ͒ͤͦ΅͜ ͘ ͔͙ͣͭͦ͒;ͤͦΌ ͔ͭͪ͊ͭͯͪͦ͜͡ΌΦ 
ˤ͙͍͙ͫͤͦ͟. ˭͍͔͊ͨͪͦ͊͒͗ͤͤΎ ͨͪͦͺ͜͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͍ ͎͊͊͘͡Έ͍͚ͤͦͦͫͭͤ͜͜ ΄ͦ͟͜͡ ͍͙͙͊͟͟͡Ί ͙ͤͯ͘͟ ͔ͨͪͦ͋ͣ͡Φ ˥͍ͦͦͤ͊͡ ͘ 

͙ͤͻ - ͨͪͦͺ͊͘͜͜͡ͼ͜Ύ ͔͔ͫͯͨͪ;͙ͭΈ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤͦͣͯ ͙ͨͪͤͼ͙ͨͯ ζ͍͙͚ͪͤ͜ ͒ͦͫͭͯͨ ͒ͦ Ύͫͤͦ͟͜͝ ͍͙ͦͫͭ͜ηΦ ˭͍͙;͚͊ͤ͊ ΄ͦ͊͟͡ ͔ͣͦ͗ 
͍͙͊ͨͪͦͨͦͤͯ͊ͭ͘ ͍ͫͦͣ͝ ͫͭ͊ͪ΄͙ͦ͊ͫͤ͊ͣ͟͟͡ ͙ͦ͒ͤΣ ͙ͣ͊ͫͣͯͣ͟ ͍͒͊ ͨͪͦͺ͜͜͡Φ ˹͍͊ͭ͜Έ ͍͙͍;͙͍΄͙ ͙͙͊ͨͭ͘ ͯͫ͜ͻ ͯ;͍ͤ͜Σ ΄ͦ͊͟͡ ͙ͦ͋ͪ͊Ί 
ͨͪͦͺ͜͡Έ ͊͘ ͋͜͡Έ΄ͫͭ͜Ό ͎͍ͦͦͫ͜͡ ͭ͊ ͍͙͙͊ͫͤͣ͡ ͙͍ͣͦ͗ͦͫͭ͡Ύ͙ͣΦ ˱ͤ΄͜ ͍͙ͨͦͤͤ͜ ͋ͯ͒ͯͭΈ ͍͙͍;͙͊ͭ ͎͙͔ͨͦ͋ͤͦ͡͡ ͭ͜ ͔͔͙ͨͪ͒ͣͭΣ Ύ͟͜ ͣ͝ ͍ 
ͭ͊ͦͣͯ͟ ͦ͋ͫΎ͘͜ ͔ͤ ͒ͦͼ͜͡Έͤͦ ͍͙͍;͙͊ͭ ͯ ͍͘ΩΎͯ͘͟ ͘ ͍͙͋ͦͪͦͣ ͤ͜΄͙ͻ ͔͔͍ͨͪ͒ͣͭ͜ ͒͡Ύ ͒͊͘;͜ ˭˹˻Φ ́ͦͣͯ ͍͙͙ͨͯͫͤ͟͟ ΄͙ͦ͟͡ ͔ͤ ͔ͣͦ͗ 
͍ͪͤͦ͜ͼͤͤͦ͜ ͍͙ͦͤͯͪͯ͊ͭ͟͟ ͘ ͍͙͙͙ͨͯͫͤ͊ͣ͟͟ ͣͫ͜Έ͙͟ͻ ͨͪͦͺ͜͡Έ͙ͤͻ ͍͊ͫ͟͜͡Σ ͦͪͣ͟͜ ͎ͭͦͦΣ ͍ͤ͜ ͍͙͔ͨͦͤͤ ͍͙ͭͪ͊;͙͊ͭ ͍͚ͫ͜ ;͊ͫ ͜ ͙ͯͫ͘͡͡Ύ ͤ͊ 
͍͙͍;͔ͤͤΎ ͎͙͔ͨͦ͋ͤͦ͡͡ ͙ͭͻ ͔͔͍ͨͪ͒ͣͭ͜Σ Ύ͟͜ ͔ͤ Ί ͍͙ͤ͊͘;͊͡Έ͙͙ͤͣ ͒͡Ύ ͍ͫͭͯͨͯ ͯ ˤ˹˭Φ  

˭ ͤ͜΄͎ͦͦ ͋ͦͯ͟Σ ͨͪͦͺ͜͡Έͤ͊ ΄ͦ͊͟͡ ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͦ͗ͤͦͣͯ͟ ͯ;͔͍ͤ͜ ͔͍͙ͪ͊ͯ͊ͭ͘͜͡ ͙͙͚ͦͫͦ͋ͫͭͫͤ͜ ͔ͨͦͭͤͼ͊͜͡ ͜ ͔͔͍͙ͪͪ͘Φ 
ˢ͔͡ ͒͡Ύ ͔ͪ͊͊͘͜͡ͼ͜͝ ͨͪͦͺ͜͡Έͤͦ͝ ͍͙ͦͫͭ͜ ΄ͦ͊͟͡ ͍͙ͨͦͤͤ͊ ͙ͣ͊ͭ ͍͍͒ͨͦ͒ͤͯ͜͜ ͔ͣ͊ͭͪ͊͜͡Έͤͯ ͋͊ͯ͘Σ ͚͔ͣ͊ͫͭͪͤ͜Σ ͙ͯ͋͟͡Σ ͙͍ͫͨͦͪͭͤ͜ ͙͊͘͡Φ 
˨͜Ύ͡Έͤͫͭ͜Έ ͔͎͎͍ͨ͒͊ͦ͜-͍͍ͤͦ͊ͭͦͪ͜ ͍͙ͨͦͤͤ͊ ͍͍͙ͫͯͨͪͦͦ͒͗ͯ͊ͭͫΎ ͚͙ͨͦͫͭͤͣ͜ ͍ͤ͊ͯͦͦ͟-͔͙ͣͭͦ͒;͙ͤͣ ͨͦ΄ͯͦͣ͟Φ ˽ͪͦͺ͜͡Έ͙͚ͤ 
ͻ͔͊ͪ͊ͭͪ͟ ͍͙ͨͦͤͤ͊ ͙ͣ͊ͭ ͭ͊ͦ͗͟ ͨͦ͊ͯͪͦ͘;ͤ͊ ͍͙ͻ͍ͦͤ͊ ͪͦ͋ͦͭ͊Σ Ύ͊͟ ͍͒ͦͨͦͤΌΊ ͍ͤ͊;͊͡Έͤͯ ͜ ͔͔͍ͨͪͭͦͪΌΊ ͝͝ ͯ ͼ͙͚ͫͤ͜͜͡ ͍͚ͦͫͭͤ͜͜ 
ͨͪͦͼ͔ͫΦ ˾ͦ͡Έ ͯ;͙͔ͭ͡Ύ ͨͪͦͺ͜͡Έ͎ͤͦͦ ͔͔ͨͪ͒ͣͭ͊ Ί ͍͙ͪ͜΄͊͡ΈͤͦΌΣ ͋ͦ ͍;͙͔ͭ͡Έ ͫͯͭͭΊ͍ͦ ͍͙͍ͨ͊͡Ί ͤ͊ ͍͙͋ͪ͜ ͯ;͔ͤͣ ͚ͣ͊͋ͯͭͤΈͦ͝ 
ͨͪͦͺ͔ͫ͜͝Φ ́ͦͣͯ ͼ͔ ͣ͊Ί ͙͋ͯͭ ͍ͭͦͪ;͊ ͙ͦͫͦ͋ͫͭͫͭ͜ΈΣ ΅ͦ ͚ͨͦͫͭͤͦ͜ ͨͪ͊ͼΌΊ ͤ͊͒ ͫͦ͋ͦΌΣ ΄ͯ͊͟Ί ͍ͤͦ͜ ͨ͒͜ͻ͙ͦ͒Σ ͍ͦͤͦ͡ΌΊ ͍͙͍͊ͪ͊ͭͤͯ͜ 
;͙͊ͫͭͤͯ ͣͫͭͯ͘͜ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ͔͙͍ͦͨͪ͊ͭͤͦ ͔͎ͪ͊ͯΊ ͤ͊ ͔͙ͨͦͭͪ͋ ͔͎ͪͦͤͯ͜Σ ͚ͨͦͫͭͤͦ͜ ͯ͒ͦͫͦͤ͊͟͡ΌΊ ͺ͙ͦͪͣ ͜ ͔͙ͣͭͦ͒ ͍ͤ͊;͊ͤͤΎΦ 

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 

1. ˴ͦͤͼ͔ͨͼ͜Ύ ͨͪͦͺ͜͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͍ ͫͭ͊ͪ΄͚͜ ΄ͦ͟͜͡Σ ͍͔͔͊ͭͪ͒͗ͤ͊͘ ͪ͜΄͔ͤͤΎͣ ͔͎ͦ͟͜͡͝ ˸˻˹ ͙̂ͪ͊ͤ͟͝ Ѕмлκн-н ͍͒͜ нрΦлфΦнлло 
ͪͦͯ͟ ό͍ͤͦ͊ ͔ͪ͒͊͟ͼ͜ΎΣ ͍͔͔͊ͭͪ͒͗ͤ͊͘ ͤ͊͊ͦͣ͘͟ ͣͤͫͭͪ͊͜͜ ͍͙ͦͫͭ͜ ͜ ͙ͤ͊ͯ͟ ͙̂ͪ͊ͤ͟͝Σ ͤ͊͊͘͟ Ѕ урпͭ ͍͒͜ ммΦлфΦнллф ͪ ΦύΦ 

2. ˣ͎͍͔ͦͦͫ͊͡ͼΈ ˥Φ ˱Φ ˽ͪͦͺ͜͡Έ͔ͤ ͍ͤ͊;͊ͤͤΎ ͫͭ͊ͪ΄͙͍ͦ͊ͫͤ͟͟͜͡ ς ͫ ͍͊͒ͦ͟͜͡ ͍͙͋ͦͪͯ κ ˥Φ ˱Φ ˣ͎͍͔ͦͦͫ͊͡ͼΈΦ ς ̉ ͔ͪ͊͟ ͙ͫΣ нлмоΦ ς 65ͫ Φ 
3. ˶ͦͨͯͻ͍ͫ͜Έ͊͟ ˢΦ ˤΦ ˨ͦͨͪͦͺ͜͡Έͤ͊ ͎͍ͨ͒ͦͭͦ͊͜͟ ͯ;͍ͤ͜ ͍ͦͫͤͦͤͦ͝ ΄͙ͦ͟͡ /  s ΦˤΦ ˶ ͦͨͯͻ͍ͫ͜Έ͊͟ κκ ˿͜͡ΈͫΈ͊͟ ΄ͦ͊͟͡ ͙̂ͪ͊ͤ͟͝Φ ς 2006. ς 
Ѕт ς ˿ Φ нн-25. 

4. ˴͙͔ͤͦ͘͟ ˤΦ ˱Φ ͍̅ͦͪͣͯ͊ͤͤΎ ͜ ͔ͪ͊͊͘͜͡ͼ͜Ύ ͨͪͦͺ͍͜͜͡ ͍ͤ͊;͊ͤͤΎ ͍ ͫͭ͊ͪ΄͚͜ ΄ͦ͟͜͡ Υ ώ͔͙ͭ͘ ͒ͦͨΦ ͍͊͘Φ ͊͋͡Φ ͙͙͙͒͒͊ͭ͟͟ ˱ͤ-ͭͯ 
͔͎͎͙ͨ͒͊ͦ͜͟ ˢ˽˹ ͙̂ͪ͊ͤ͟͝ ʕ Φ ˴͙͔ͤ͊͘͟ ͤ͊ ͍ͭ͘͜Φ ͤ͊ͯ͟Φ ͦͤ͟ͺΦ ˱ͤ-ͭͯ ͔͎͎͙ͨ͒͊ͦ͜͟ϐ κ ˤ͙͊ͫ͡Έ ˴͙͔ͤͦ͘͟ κκ ˽͔͒Φ ͎͔͊ͭ͊͘Φ ς 2009. ς ́ ͍ͪ͊Φ 
όЅ рύΦ ς ˿ Φ оΦ 

 
 s ͤͦͭ͊ͼ͜ΎΦ ˭͙͚͊͋ͦͦͭͤ͡ ˤΦ̅ΦΣ ˿͊ͪͫ͟͜Ύͤ ˻Φˢ. ˤ͍͔ͨͪͦ͊͒͗ͤͤΎ ͨͪͦͺ͜͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͯ ͫͭ͊ͪ΄͚͜ ΄ͦ͟͜͡ ς 

͊ͭͯ͊͟͡Έ͔ͤ ͙ͨͭ͊ͤͤΎ ͫΈ͎͔ͦͦ͒ͤͤΎΦ  
̂ ͫͭ͊ͭͭ͜ ͎ͪͦ͘͡Ύͤͯͭͦ ͫͯ;͙͚͊ͫͤ ͫͭ͊ͤ ΄͟͜͡Έͤͦ͝ ͍͙ͦͫͭ͜ ͍ ͤ͊ͨͪΎͣͯ͟ ͔ͪ͊͊͘͜͡ͼ͜͝ ͨͪͦͺ͜͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎΦ ˾͙ͦͪͭͦ͘͟ 

ͫͯͭͤͫͭ͜Έ ͨͦͤΎͭͭΎ ζͨͪͦͺ͜͡Έ͔ͤ ͍ͤ͊;͊ͤͤΎηΣ ͍͙ͤ͊͘;͔ͤͦ ͤ͊͘;ͯ΅ͫͭ͜Έ ͭ͊ ͙͔͙ͨͪͦͪͭͭ͜ ͼΈ͎ͦͦ Ύ͍͙΅͊ ͯ ͙͔ͫͫͭͣ͜ ͫΈ͎ͦͦ͒ͤ͜΄ͤΈͦ͝ 
͍͙ͦͫͭ͜Φ ˤ͙͔͔ͦͪͣͤͦ͟͡ ͍ͦͫͤͦͤ͜ ͍͊͒͊ͤͤ͘Ύ ͍͔͊ͨͪͦ͊͒͗ͤͤ͘Ύ ͨͪͦͺ͜͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͍ ΄ͦ͟͜͡ ͭ͊ ͍͒ͤ͊͘͜;͔ͤͦ ͔ͦͪͣ͟͜ ͊͘ͻ͙ͦ͒Σ Ύ͟͜ 
͙ͫͨͪΎΌͭΈ ͚͎ͦͦ ͍͍͔ͨͪͦ͊͒͗ͤͤΌΦ ˤ͙ͤ͊͘;͔ͤͦ ͍͙͎͙ͣͦ ͒  ͍ͦ ;͙͔ͭ͡ΎΣ Ύ͙͚͟ ͨͪ͊ͼΌΊ ͯ ͨͪͦͺ͜͡Έ͙ͤͻ ͟ ͊ͫ͊͡ͻΦ ˭͔͔͔ͦͫͪ͒͗ͤ͊ ͍͎ͯ͊͊ ͤ͊ 
͙ͨͭ͊ͤͤΎͻ ͒ͦͨͪͦͺ͜͡Έͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͯ;͍ͤ͜ ͍ ͍͚ͦͫͤͦͤ͜ ΄ͦ͟͜͡Φ ˭͔ͦͪͣ͊͟ ͘ΩΎ͍ͫͦ͊ͤͦΣ ΅ͦ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͒ͦͨͪͦͺ͜͡Έ͎ͤͦͦ 
͍ͤ͊;͊ͤͤΎ ͍͙͎ͣ͊͊Ί ͎͔ͤ͊͊ͦ͒͗ͤͤ͡Ύ ͒͜Ί͍ͦ͝ ͎͙͙͒͊ͤͦͫͭ͜͟ ͍ͪͤ͜Ύ ͍ͤ͊;͊͡Έ͙ͤͻ ͒ͦͫΎ͎͔ͤͤΈ ͯ;͍ͤ͜ ͍ͦͫͤͦͤͦ͝ ΄͙ͦ͟͡Σ 
ͨͪͦͺͦͤͫͯ͟͡Έͭ͊ͼ͚ͤͦ͜͝ ͙ͨͫͻ͎͙͙ͦ͒͊ͤͦͫͭ͜͟ ͘ ͔ͣͭͦΌ ͍͙ͤ͊͘;͔ͤͤΎ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͔͔͍ͤͭͪͫ͜͜ ͜ ͙͍͊ͨͭ͘͜ ͯ;͍ͤ͜ ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ 
͙ͦ͒ͤͦͪ͒ͤ͜ͻ ͊͘ ͎͍͔ͨ͒ͦͭͦͤͫͭ͜͜͡Ό ͭ͊ ͔͔͙ͤͭͪͫ͊ͣ͜ ͔͙͍͍ͣͪͦͦͭ͜͟͟͟͜͡ ό͍͊ͫ͟͜͡Σ ͎ͪͯͨύΦ ˤ͍͔ͫͭ͊ͤͦͤͦ͡Σ ΅ͦ ;͙͎ͣ͊ͦͦ͡ ͤ͊͘;͔ͤͤΎ 
͍ͤ͊͋ͯ͊Ί ͔ͪ͊͊͘͜͡ͼ͜Ύ ͙ͨͪ͊͒ͤͦ͟͡͝ ͫͨͪΎ͍ͣͦ͊ͤͦͫͭ͜ ΄͟͜͡Έ͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜Σ ͍͔͍͔ͪͤͦͪͤ͘͜͜ ͍͙͍;͔ͤͤΎ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ ͍ͯͪͫ͟͜Σ 
͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͯ;͍ͤ͜ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͝ͻͤ͜ͻ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͤ͊ͻ͙͍͜͡Φ ˭͊ͤ͊͘;͔ͤͦ ͍ͦͫͤͦͤ͜ ͔͙ͨͪͦ͋ͣ͡ 
͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͨͪͦͺ͜͡Έ͎ͤͦͦ ͍ͤ͊;͊ͤͤΎ ͯ ͫͭ͊ͪ΄͚͜ ΄ͦ͟͜͡ ͭ͊ ͙͍ͣͦ͗͜͡ ΄͡Ύͻ͙ ͝ͻ ͔ͯͫͯͤͤͤΎΦ 
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Abstract. Zabolotny V., Sargsyan O. Introduction of profile studies at senior school is pressing question of present time. 
The article examined the current state of school education in the direction of realization of profile training. The essence 

of the concepts "Learning profylnoe" is disclosed, defined the importance and priorities of this phenomenon in today's system of 
education. The basic task of introduction of profile education at school and noted individual actions that contribute to its 
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introduction. The requirements for the teachers who work in specialized classes is determined. It focuses on the issue of pre 
training of pupils in basic school. In particular found that the effectiveness of pre-profile training required to establish an effective 
diagnostic level of educational achievements of primary school pupils, prof consulting psychodiagnostics to determine the 
students' professional interests and requests for the creation of similar interests and readiness for micro groups (classes, groups). 
It is established that considerable importance is the realization of an applied orientation of school subjects, multilevel study of the 
different courses, the organization of independent work of pupils in accordance with their individual inclinations. The main 
problems of introduction of profile training in high school and possible ways to address them are shown. 

Key words: profile training, profile, profile school, pre-profile training. 
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͔͔͙ͭͦͪͭ;͙ͤͻ ͭ͊ ͙ͨͪ͊ͭ͟;͙ͤͻ ͔͍͊ͫͨͭ͟͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͒ͦ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ 
͔ͭͻ͎͚ͤͦͦ͜͡Σ ͔ͦͪͣ͊͘͟ ͫͦͼ͊͜͡Έ͙ͤͻ ͔͍͍ͫͪͫ͜͜ ˤ͔͋ нΦлΣ ͙͍ͨͪͫΎ;͔ͤͦ ͎͋͊͊ͭͦ ͫͯ;͙͊ͫͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ό˹Φ ˣ͙͊͟͡Σ ˹Φ ˨͔ͣͤͭ͜͜Ί͍ͫΈ͊͟Σ 
˸Φ ˭ͦͦ͡;͔͍ͫΈ͊͟Σ ˸Φ ˬ͊͒͊͟͡Σ ˹Φ ˸͔ͦͪ͘Σ ̐Φ ˽͊ͭ͊ͪ͊ͤ͟͜Σ ˹Φ̆ͣ͜͡ΈΣ wƛŎƘŀǊŘ 9ΦCŜǊŘƛƎΣ YŀȅŜ 5Φ ¢ǊŀƳƳŜƭƭ ͭ͊ ͤ͜΄͜ύΦ ˻͙͒ͤͣ ͘͜ 
ͨͦͨͯ͡Ύ͙ͪͤͻ ͍͊ͫͦ͋͘͜ ͔͔ͫͪ͒ ͫͯ;͙͊ͫͤͻ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍ͤ͊;͊ͤͤΎ Ί ͚ͦͤ͊ͤ͡-͔͍͙ͫͪͫ͜Σ ͔ͦͪͣ͊͘͟ ͭ͜Σ ΅ͦ ͍͒ͦͦ͘͡ΎΌͭΈ 
͙͍ͦͪͫͭͯ͊͟;͊ͣ ͍ͫͭͦͪΌ͍͙͊ͭ ͫͭͪ͜;͙͟ ;͊ͫͯΦ ˻͒ͤ͊͟Σ ͔͍ͤ͊͗͊͘Ό;͙ ͤ͊ ͪͤͦͣ͊ͤͭͭ͘͜͜Ύ ͨͪ͊ͼΈ ΅ͦ͒ͦ ͍ͯ͊͊͘͘͜͜͡ͼ͜͝ ͍ͤ͊;͊͡Έͤͦ͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ 
ͯ ͍͚ͤ͊ͯͦ͟͜ ͔ͭͪ͊ͭͯͪ͜͜͡ ͔͒ͦͫ͒͗ͤͤ͜͡ΎͣΣ ͯ Ύ͙͟ͻ ͙ͪͦͪͭͦ͘͟ ͔͙ͣͭͦ͒ͯ͟ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͍͙ͤ͊;ͦ͟ ͙ͪͦ͋ͦͭ ͘͜ 
ζͫͭͪ͜;͙͊ͣ͟ ;͊ͫͯηΣ ͙͔ͨͪ͒ͤͦ͜͡ ͔ͤ͒ͦͫͭ͊ͭͤΈͦ ͍͎͙ͯ͊Φ 

˴ͪͣ͜ ͎ͭͦͦΣ ͙ͨͪ͊ͭ͟;͙͚ͤ ͍͒ͦͫ͒͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͔͎͎͍ͨ͒͊ͦ͜ ͍ͫ͒͜;͙ͭΈΣ ΅ͦ ͋͜͡Έ΄ͫͭ͜Έ ͘͜ ͙ͤͻ ͔ͤ ͪͦͯͣ͘͜ΌͭΈ 
͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ;͍͙͊ͫͦͻ ΄͊͟͡Σ ͚ ͙ͭͣ ͙ͫ͊ͣͣ ͍͙ͦͤ ͭ͊͟ ͜ ͙͊͘͡΄͊ΌͭΈͫΎ ͔͒͋͘͜͡Έ΄͎ͦͦ ͔͍ͤ͊ͫͦ͘Ί͙͙ͤͣ ͭ͊ 
͔͔͍͙͙ͤ͊ͭͪ͋ͯ͊ͤͣ͘Φ ́͊ͦ͗͟ ͫ͒͜͡ ͍͔͙ͪͤͯͭ͘ ͍͎ͯ͊ͯ ͤ͊ ͔͍ͨͤ͜ ͔͔ͨͪ΄͙ͦ͒͟Σ ΅ͦ ͙ͫͭͪͣͯΌͭΈ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔͎͎͙ͨ͒͊ͦ͊ͣ ͔ͭͻ͎͚ͤͦͦ͜͡ 
ˤ͔͋ нΦлΣ ͔ͦͪͣ͊͘͟ ͫͭͪ͜;ͦ͟ ;͊ͫͯΣ ͯ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͊ ͫ ͔͊ͣΥ  

ï ͔͍͙͙͚ͤͫͦ͟ ͍͔ͪͤ͜Έ ͝ͻ ͙͍ͣͦͭ͊ͼ͜͝ ͭ͊ ˱˴́-͔͔ͦͣͨͭͤ͟ͼ͜͝Τ 
ï ͔ͤ͒ͦͫͭ͊ͭͤΎ ͔͙ͣͭͦ͒;ͤ͊ ͙ͨ͒ͭͪͣ͊͜͟ ό͔ͤͦ͋ͤ͊ͤͫͭ͘͜͜Έ ΅ͦ͒ͦ ͫͤͯ͜Ό;͙ͻ ͍͔͋-͔͍ͪͫͯͪͫ͜ ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ ͫͭͪ͜;ͦ͟ ;͊ͫͯΣ 

͚͔ͣ͊͗ ͍͒ͫͯͭͤ͜͜ ͙͙ͦͨͫ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͙ͪͦ͋ͦͭ ͘ ͙͙ͤͣΣ ͝ͻ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔͔͍͎ͨͪ͊ ͭ͊ ͔͍ͤ͒ͦ͜͟͜͡ ͭͦ΅ͦύΤ 
ï ͍͙͙͚ͫͦ͟ ͫͭͯͨͤ͜Έ ͍͙ͭͪͯ͒ͦͭͪ͊ͭ ͍;͙͔͍ͭ͜͡ ͤ͊ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ό ͜ ͙ͨ͒ͭͪͣͯ͜͟ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΤ 
ï ͔ͤͫͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ ͙ͨͪ͊ͭ͟;͙ͤͻ ͍͙ͤ͊;ͦ͟ ͜ ͍͒ͦͫ͒ͯ͜ ͙ͪͦ͋ͦͭ ͘ ͙͙ͤͣ ͭͦ΅ͦΦ   
˸͔ͭ͊ ͫͭ͊ͭͭ͜Φ ˭ ͎ͦ͡Ύ͒ͯ ͤ͊ ͼ͔ ͍͙͙ͤ͊͟Ί ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͯ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͎͍ͦͭͦͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͤ͊;͊͡Έ͙ͤͻ 

͍͊͊͒͘͟͜͡ ͒ͦ ͙ͪͦ͋ͦͭ ͘͜ ζͫͭͪ͜;͙͊ͣ͟ ;͊ͫͯη ͤ͊ ͙ͪͤ͘͜ͻ ͔ͭ͊ͨ͊ͻ ͯͪͦͯ͟Σ ͒͡Ύ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͨ͒͜ 
;͊ͫ ͍͙ͻ͍͙ͦͤͻ ͊͘ͻ͍ͦ͒͜ ͭͦ΅ͦΦ ˸͔ͭ͊ ͒͊ͤͦ͝ ͙ͪͦ͋ͦͭ ͨͦ͡Ύ͎͊Ί ͯ ͍͙͍͔ͫͭͤͤ͜͜͡ ͙ͤ͊ͦͨ͟;͔͎ͤͦͦ ͍͒ͦͫ͒ͯ͜ ͍ͤ͊;͊ͤͤΎ ͚ͣ͊͋ͯͭͤ͜ͻ ͔͎͎͍ͨ͒͊ͦ͜ 
͍ͫͭͦͪΌ͍͙͊ͭ ζͫͭͪ͜;͙͟ ;͊ͫͯη ͒͡Ύ ͨͦ͒͊͡Έ΄͎ͦͦ ͝ͻ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜Φ 
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ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ̂ ͨͪͦͼ͔ͫ͜ ͙͚ͫͨͪͤΎͭͭΎ ͡Ό͙͒ͤͦΌ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͔ͦͪͣ͊͘͟ ͍ͤ͊;͊͡Έͤͦ͝Σ ͙͍͔ͦͫͦ͋͡ 
ͤ͊͘;͔ͤͤΎ ͣ͊Ί ͝͝ ͍ͯ͊͊͘͘͜͜͡ͼ͜ΎΦ ˻ͫ͟͜͡Έ͙͟Σ ͊͘ ˸Φ˭ͯ͋͊ͪΊ͍ͦΌΣ ͯ ͨͪͦͼ͔ͫ͜ ͨͤ͊ͤͤ͘͜Ύ ͍͙ͤ͊ͦ͟͡΄ͤΈ͎ͦͦ ͍ͫͭͯ͜ ͎͍ͦͦͤͯ͡ ͪͦ͡Έ ͍͎͒ͪ͊͜͜Ί 
͍͔ͦͪͦ͘ ͙͚ͫͨͪͤΎͭͭΎΣ ͔͊͒͗ ул҈ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͡Ό͙͒ͤ͊ ͙ͦͭͪͣͯΊ ;͔͔ͪ͘ ͍ͦͪͦ͘͜ ͍͒͜;ͯͭͭΎΣ ͊ ;͊ͫΣ ͔ͤͦ͋ͻ͙͚͒ͤ͜ ͒͡Ύ ͍͙͙͔ͤͤͤͤ͟Ύ ͦ͋ͪ͊ͯ͘ 
͙ͨͪ ͍ͦͪͦͦͣͯ͘ ͙͚ͫͨͪͤΎͭͭ͜Σ ͔͒ͯ͗ ͙͚ͣ͊͡ ς ͋ ͙͘͡Έͦ͟ лΣо ͔͙ͫͯͤ͒͟ ώ2ϐΦ ˭͊ͤ͊͘;͔ͤ͜ ͺ͎ͦͦ͘͜͜͜͡;ͤ͜ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͚ ͍͙ͤ͊͘;͊ΌͭΈ ͍ͨͪͦ͒ͤͯ͜ 
ͪͦ͡Έ ͍ͯ͊͘͜͡Έ͎ͤͦͦ ͙͔ͣͫͤͤ͡Ύ ͍ ͒͜Ύ͡Έͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡Φ ˤͯ͊͊͘͘͜͜͡ͼ͜Ύ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͔͔ͨͪ͒͋͊;͊Ί ͔͔͍͔ͨͪͭͦͪͤͤΎ ͙͊͋ͫͭͪ͊ͭͤ͟ͻ 
͙͒͊ͤͻ ͜ ͨͦ͒͊ͤͤΎ ͝ͻ ͯ ͺͦͪͣ͜Σ Ύ͊͟ ͨͦͪ͊͟΅͙ͭΈ ͝ͻ ͙͚ͫͨͪͤΎͭͭΎ ͚ ͪͦͯͣͤͤ͘͜Ύ ͡Ό͒Έ͙ͣ ώ3ϐΦ ˨͡Ύ ͼΈ͎ͦͦ ͣͦ͗ͤ͊ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͭ͊͟͜ 
͙͊ͫͦ͋͘Σ Ύ͟ ͪͤ͘͜͜ ͍͙͙͒ ͎ͪ͊ͺ͍͜͟͜ ͭ͊ ͎͒͊ͪ͊ͣ͜Σ ΅ͦ ͋͊ͯ͘ΌͭΈͫΎ ͤ͊ ˱͔͔ͤͭͪͤͭ-͔ͭͻ͎ͤͦͦ͜͡ΎͻΦ  

˻͙͍ͫͦ͋ͦ͡͝ ͍͎͙ͯ͊ ͎͍͊ͫͯͦͯ͘͡Ί ͎ͪͦ͘͡Ύ͒ ͎ͭ͊ͦͦ͟ ͔͎ͤͫͭ͊ͤ͒͊ͪͭͤͦͦ ͍͙͒ͯ ͎͙͒͊ͪ͊ͣ͜Σ Ύ͟ ͫͭͪ͜;͊͟ ;͊ͫͯ ό;͍͊ͫͦ͊ ΄͊͊͟͡Σ 
͚͚ͭ͊ͣ͊ͤ͡Σ ͤ͜͜͡Ύ ;͊ͫͯΣ ͻ͎ͪͦͤͦͦ͜͡;ͤ͊ ͤ͜͜͡Ύ ͭͦ΅ͦύΣ Ύ͊͟ ͨͦ͊ͯ͘͟Ί ͤ͊͘;͔ͤͤΎ ͘ ͤ͊͋ͦͪͯ ͙͒͊ͤͻ ͤ͊ ͎͙ͦͪͦͤͭ͊͘͡Έ͚ͤ͜ ͦͫ͜Σ Ύ͊͟ ͍͍͒ͨͦ͒͊͜͜Ί 
;͊ͫͯΦ ˤ͙͒ͪ͘͜͜͟ ͣ͗͜ ͤ͊͘;͔ͤͤΎ͙ͣ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͋ͯ͒Έ-Ύͦ͟͝ ͍͔͙͡;͙͙ͤΦ ˭ ͎͒ͦͨͦͣͦͦΌ ͭ͊ͦ͟͝ ͍ͯ͊͊͘͘͜͜͡ͼ͜͝Σ ͙ͤ͊ͨͪ͊͒͟͡Σ ͍͙͍ͫͭ͜͡ΌΊͭΈͫΎ 
ͫͭͦͪ͜͜Ύ ͍͙͙͔ͤͤͤͤ͟Ύ ͨͦͤΎͭͭΎ ;͙ Ύ͍͙΅͊Σ ΅ͦ ͍͙͍;͊ΊͭΈͫΎ ώ3]. 

̂ ͙ͭͪ͊͒ͼ͚͚ͤ͜͜ ͔͎͎ͨ͒͊ͦ͜ͼ͜ ;͍͊ͫͦ͊ ΄͊͊͟͡ Ί ͤ͊ͦ;͙ͤͣ ͙͙͒͒͊ͭ͟;͙ͤͣ ͊ͫͦ͋ͦͣ͘Φ ˿ͯ;͊ͫͤ͜ ͗ ͝͝ ͎͙͊ͤ͊ͦ͡ ͯ ͪ͊ͣ͊͟ͻ ͔ͭͻ͎ͤͦͦ͜͡͝ 
ˤ͔͋ нΦл ς ͍͔͋-͒ͦ͒͊ͭͦ͟Σ Ύ͙͚͟ ͍͒ͦͦ͘͡ΎΊ ͙͍ͦͪͫͭͯ͊͟;͊ͣ ͔͔͎ͨͪ͡Ύ͙͒͊ͭΣ ͍ͫͭͦͪΌ͍͙͊ͭΣ ͦ͋ͣͤ͜Ό͍͙͊ͭͫΎ ͜ ͍ͨͦͪͤ͜Ό͍͙͊ͭ ͔͙͍ͤͭͪ͊ͭͤ͜͟͜ 
͎ͪ͊ͺ͙͜͟Φ ˿͍͔ͭͦͪͤͤΎ ͻ͙ͪͦͤ͜͟ ς ͼ  ͔ͯ ͍͔ͤͪͫ͊͜͡Έ͙͚ͤ ͫͨͦͫ͋͜ ͎͍͙ͦͪ͊ͤͯ͊ͭ͘͜ ͋ͯ͒Έ-Ύͯ͟ ͤ͜ͺͦͪͣ͊ͼ͜ΌΦ ˹͍ͦ͜ ͔͙ͤͫͭͪͯͣͤͭ͜ ͦ͋ϥΊ͒ͤͯΌͭΈ ͤ͊ 
͚ͦ͒ͤ͜ ͫͭͦͪͤ͜ͼ͜ ͔͍ͭͫͭͦ͟͜ ͔ͦͣͤͭ͊ͪ͟͜Σ ͊ͯ͒ͦ͜-Σ ͍͔͔͙͒ͦͣ͊ͭͪ͊͜͜͡Σ ͺ͎ͦͭͦͪ͊ͺ͜͝Σ ͎͔͙ͨͪͨͦͫ͊ͤͤ͜͡Ύ ͍ ͻ͎ͪͦͤͦͦ͜͡;ͤͦͣͯ ͨͦͪΎ͒ͯ͟ ͜ ͍͙͊͗͒͘ 
͍ͪͦͨͦ͒͊͘͜ΌͭΈ ͯͤ͊͜͟͡Έͤͯ ͫͭͦͪ͜͜ΌΦ  

˭͊ ͪ͊ͻͯͤͦ͟ ͤ͊ͦ;͎ͤͦͦ ͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡Ύ ͚ͨͦ͒͜ ͔͎ͨͦ͡΄ͯΊͭΈͫΎ ͊ͨ͊ͣ͘ϥΎ͍͍ͭͦͯ͊ͤͤΎ ͔ͣ͊ͭͪ͊ͯ͜͡ ͒͡Ύ ζ͍͍ͯ͊͘͜͜͡ηΦ ̂ ͔ͨͪ΄ͯ 
;͔͎ͪͯΣ ͙͚ͭ͊͟ ͍͙͒ ͒͜Ύ͡Έͤͦͫͭ͜ ͔ͣͦ͗ ͙͋ͯͭ ͙͙͙ͦͪͫͤͣ͟ ͒͡Ύ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͫͭͦͪ͜͜͝Σ ͎͔͎ͦͪ͊ͺ͜͝Σ ͔͙ͭͪ͊ͭͯͪ͜͡Σ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Σ ͔͒ 
͔͙ͨͪͦ͒͊͘͜ͼ͜Ύ ͜ ͍͔ͫͭ͊ͤͤ͘͜͡Ύ ͚ͨͦ͒͜ Ί ͙ͦ͒ͤͣ ͘ ͦ͋ϥΊ͍ͭ͟͜ ͍͙͍;͔ͤͤΎ [1ϐΦ ˴ͪͣ͜ ͎ͭͦͦΣ ͫͭͪ͜;͙͟ ;͊ͫͯ ͒ͦͼ͜͡Έͤͦ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ Ύ͟ 
͙͚͒ͦͨͦͣ͗ͤ͜ ͔ͤͫͭͪͯͣͤͭ͜ ͨ͒͜ ;͊ͫ ͍͔͔ͨͪͦ͒ͤͤΎ ͍͙ͻ͍͙ͦͤͻ ͊͘ͻ͍ͦ͒͜Σ ͙ͤ͊ͨͪ͊͒͟͡Σ ͙͍ͨͪͫΎ;͔͙ͤͻ ͫͭͦͪ͜͜͝ ͍͎ͫͦͦ ͣͫͭ͊͜Σ ͍͙΄ͯΣ ͨͦ͒͜ΎͣΣ 
Ύ͟͜ ͍ͨͦΩΎ͊ͤ͘͜ ͘ ͯ͟͡ΈͭͯͪͦΌ ͭ͊ ͍͙ͪͦͭͦͣ͘͟ ͙ͪ͊ͤ͟͝ ͭͦ΅ͦΦ 

ˤ͙ͪ͜΄͔ͤͤΎ ͔͔͙ͦͪͫͤ͟͡ͻ ͔͔ͨͪ΄ͦ͒͟Σ ΅ͦ ͙ͫͭͪͣͯΌͭΈ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ;͍͙͊ͫͦͻ ΄͊͟͡ ͔͎͎͙ͨ͒͊ͦ͊ͣ ͯ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜ 
ό͔͍͙͙͚ͤͫͦ͟ ͍͔ͪͤ͜Έ ͝ͻ ͙͍ͣͦͭ͊ͼ͜͝ ͭ͊ ˱˴́-͔͔ͦͣͨͭͤ͟ͼ͜͝Σ ͔ͤ͒ͦͫͭ͊ͭͤΎ ͔͙ͣͭͦ͒;ͤ͊ ͙ͨ͒ͭͪͣ͊͜͟Σ ͔ͤͫͺ͍ͦͪͣͦ͊ͤͫͭ͜Έ ͔ͤͦ͋ͻ͙͒ͤ͜ͻ 
͙ͨͪ͊ͭ͟;͙ͤͻ ͍͙ͤ͊;ͦ͟ ͜ ͍͒ͦͫ͒ͯ͜ ͙ͪͦ͋ͦͭ ͘ ͙͙ͤͣ ͭͦ΅ͦύ ͙ͫͨͪΎ͙͔ͭͣ ͋͜͡Έ΄ ΄͍͙͒ͦͣͯ͟ ͨͦ΄͙͔ͪͤͤΌ ͊ͤ͊͘͘;͔͎ͤͦͦ ͊ͫͦ͋ͯ͘ ͍ͯ͊͊͘͘͜͜͡ͼ͜͝ 
͍ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜Φ 

˾͎ͦ͘͡Ύ͔ͤͣͦ ͫͯͭͤͫͭ͜Έ ͨ͒͜ͻͦ͒ͯΣ ͔͍͎ͪ͊ͦ͊ͤͦͦ͘͜͡ ͙ͤ͊ͣ ͍ ͍ͤ͊;͊ͤͤ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͔͎͎͍ͨ͒͊ͦ͜ ΅ͦ͒ͦ ͍͔ͫͭͦͪͤͤΎ ͭ͊ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ζͫͭͪ͜;ͦ͟ ;͊ͫͯη ͍ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜Σ ͭ͊ ͍ͦͫͤͦͤ͜ ͚͎ͦͦ ͔ͨͦͦ͗ͤͤ͡ΎΦ 

˽ -͔ͦͨͪ΄͔Σ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͤͦ͋ͻ͒ͤͦ͜ ͚͙͙ͦͤ͊ͦͣͭ͘ ͘ ͨͦͤΎͭͭΎͣ ζͫͭͪ͜;͊͟ ;͊ͫͯηΣ ͙͙ͪͦͪͭ͘͟ ͝͝ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͙͍ͣͦ͗ͦͫͭ͜͡Φ ˭ 
͔ͣͭͦΌ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͔ͭΣ Ύ͟ ͣͦ͗ͤ͊ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͼ͔͚ ͊ͫ͋͘͜ ͯ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͍;͙͔ͭ͡ΎΣ ͍͙͍͊͗ͦ͡ 
͔͍͙ͨͪͦ͒ͣͦͤͫͭͪͯ͊ͭ ͙ͪ͊͘͘͟ ͫͭͪ͜;ͦ͟ ;͊ͫͯ ͤ͊ ͙ͨͪ͊͒͟͜͡ ͙ͪͤ͘͜ͻ ͔͔͍ͨͪ͒ͣͭ͜ ͭ͊ ͍͙ͻ͍͙ͦͤͻ ͊͘ͻ͍ͦ͒͜Φ 

˽ -͎͔ͦ͒ͪͯΣ ͒ͦͼ͜͡Έͤͦ ͙ͨͦ͊͊ͭ͘͟ ͔ͫͭͯ͒ͤͭ͊ͣ ͫͭͪ͜;͙͟ ;͊ͫͯ ͙ͪͤ͘͜ͻ ͙͍ͭͨ͜ ͍͍͒ͨͦ͒ͤͦ͜͜ ͒ͦ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͝ͻ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͯ 
͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜ ͭ͊ ͚ͤ͊͋͜͡Έ΄ ͨͦͨͯ͡Ύͪͤ͜ ͍͔͋-͔͙ͪͫͯͪͫ ͒͡Ύ ͝ͻ ͍͔ͫͭͦͪͤͤΎΣ Ύ͙͟ͻ ͯ ͔͔ͣͪ͗͜ ˱͔͔ͤͭͪͤͭ ͫͤͯ͜Ί ͤ͊͘;ͤ͊Υ 

ï TimeRime ς www.timerime.com; 
ï Dipity ς www.dipity.com; 
ï TimeToast ς http://www.timetoast.com; 
ï MyHistro ς http://www.myhistro.com/; 
ï Ourstory ς http://www.ourstory.com/; 
ï Capzles ς http://www.capzles.com/; 
ï Tiki-Toki ς http://www.tik i-ǘƻƪƛΦŎƻƳκ ͭͦ΅ͦΦ 
˹͔ͦ͋ͻ͒ͤͦ͜ ͊͟ͼ͔͍͙ͤͭͯ͊ͭ ͍͎ͯ͊ͯ ͤ͊ ͭͦͣͯΣ ΅ͦ ͯ ͦ͗ͤͦͣͯ͟ ͘͜ ͊ͤ͊͘͘;͔͙ͤͻ ͔͍͍ͫͪͫ͜͜ ζͫͭͪ͜;ͦ͟ ;͊ͫͯη Ί ͔͍͙͚ͨͤ ͤ͊͋ͪ͜ 

͔͍ͤͫͭͪͯͣͤͭ͜͜Σ Ύ͟͜ ͣͦ͗ͤ͊ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͯ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜Σ ͔͋ͦ͘͟΄͍ͭͦͤͯ ͨͪͦ͋ͤͯ ͍͔ͪͫ͜ΌΦ ˽͔͎͎͒͊ͦ ͍͙͊͗͒͘ ͣ͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ 
͙ͦ͋ͪ͊ͭ ͙͚ͨͦͭͪ͋ͤ͜ ͔͍ͫͪͫ͜ ͘͜ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͍͍͙ͦ͜͟ͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͯ;͍ͤ͜ ͜ ͔͙ͣͭ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͊ͤ͘ΎͭͭΎ ͊͋ͦ ͍͙ͻ͍͎ͦͤͦͦ ͊͘ͻͦ͒ͯΦ 

˽ -͔ͦͭͪͭΊΣ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍ͤ͊;͙͙ͭ ͔͍ͫͭͯ͒ͤͭ͜ ͙͍͙ͦͪͫͭͯ͊ͭͫ͟Ύ ͋ͯ͒Έ-Ύ͙ͣ͟ ͘͜ ͊ͤ͊͘͘;͔͙ͤͻ ͔͍͍ͫͪͫ͜͜Φ ˭͎͊͊ͦͣ͡ ͨͪͦͼ͔ͫ 
͍͔ͫͭͦͪͤͤΎ ͫͭͪ͜;ͦ͟ ;͊ͫͯ Ί ͙͒ͦͫͭΈ ͙ͨͪͦͫͭͣΣ ͙͒ͦͫͭͯͨͤͣΦ ˹͙͊ͨͪ͊͒͟͡Σ ͍͊ͪͭͦ ͍͔͙ͪͤͯͭ͘ ͍͎ͯ͊ͯ ͤ͊ ¢ƛƪƛ-¢ƻƪƛΣ Ύ͙͚͟ ͣ͊Ί ͙͎ͦͪͤ͊͜͡Έ͙͚ͤ 
ͭ͊ ͙͍͙͚ͤͭͯͭͤ͜͝ ͔ͤͭͪ͜ͺ͔͚ͫΦ ˾͎ͦ͘͡Ύ͔ͤͣͦ ͎͙͊ͦͪͭͣ͡ ͍͔ͫͭͦͪͤͤΎ ͫͭͪ͜;͙͟ ;͊ͫͯ ͘ ͚͎ͦͦ ͎͒ͦͨͦͣͦͦΌΥ 

мΦ ˭͍͙͙͊͊ͤͭ͊͗ͭ ͚ͫ͊ͭ όƘǘǘǇΥκκǿǿǿΦǘƛƪƛ-ǘƻƪƛΦŎƻƳύΣ ͨͫ͜͡Ύ ;͎ͦͦ ͔͊ͪ͘Ί͍͙ͫͭͪͯ͊ͭͫΎ ͊͋ͦ ͍͚͙ͯͭ͜ ͒ͦ ͍͔͗ ͫͤͯ͜Ό;͎ͦͦ ͍͎ͦ͋ͦͦͦ͜͟͡ 
͙͊ͨͫͯ͘Φ ̋ͦ͋ ͍͙͙ͫͭͦͪͭ ͊͊ͯͤͭ͟Σ ͔ͤͦ͋ͻ͒ͤͦ͜ ͤ͊ ͎͍͚ͦͦͤ͜͡ ͫͭͦͪͤ͜ͼ͜ ͙͙ͤ͊ͭͫͤͯͭ ͤ͊ ͤͦͨͯ͟͟ {ƛƎƴ ǳǇ ƴƻǿΣ ͍͍͔͙ͫͭ ͯ ͺͦͪͣͯ ͎ͦͤ͜͡Σ 
͔͔ͭͪͦͤͤͯ͟͡ ͨͦ΄ͭͯ ͭ͊ ͨ͊ͪͦ͡ΈΣ ͊ ͭ͊ͦ͗͟ ͎͙͙ͨͦͦ͒ͭͫΎ ͘ ͜͡ͼ͔͚ͤͤͦ͘͜Ό ͎ͯͦ͒ͦΌΦ ˹͊ ͎͍͚ͦͦͤ͜͡ ͫͭͦͪͤ͜ͼ͜ ͣͦ͗ͤ͊ ͍͙͙͊͊ͤͭ͊͗ͭ͘ ͒ͦ͒͊ͭͦ͟ 
͒͡Ύ ²ƛƴŘƻǿǎΣ Ύ͙͚͟ ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͨͪ͊ͼΌ͍͙͊ͭ ͘ ͔͍ͫͪͫͦͣ͜ ͍ ͍͊ͭͦͤͦͣͤͦͣͯ ͔͙ͪ͗ͣ͜Φ ˿͒͜͡ ͊ͤ͊͘͘;͙͙ͭΣ ΅ͦ ͙͍ͦ͋͒͜ ͍͔ͪͫ͜͝ ͔͍ͫͪͫͯ͜Σ 
Ύ͟ ͚ͦͤ͊ͤ͡Σ ͭ͊͟ ͜ ͒ͦ͒͊ͭͦ͟ ͒͡Ύ ²ƛƴŘƻǿǎΣ ͣ͊ΌͭΈ ͔͒Ύ͟͜ ͔͔ͦ͋ͣ͗ͤͤΎΣ Ύ͟͜ ͣͦ͗ͤ͊ ͍͙ͪͦ͋ͦͯ͊ͭ͘͟͡ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͙ͨͪ͒͋͊ͤͤΎ ͍ͨͦͤͦ͝ 
͍͔ͪͫ͜͝ ͒͊ͤͦ͝ ͎͙ͨͪͦͪ͊ͣΦ 

нΦ ˽ͫ͜͡Ύ ͍͔ͫͭͦͪͤͤΎ ͊͊ͯͤͭͯ͟ ͭ͊ ͍͔͙ͪͺ͊͜͟ͼ͜͝ ͙͍ͦͪͫͭͯ͊͟;͊ ¢ƛƪƛ-¢ƻƪƛ ͨͪͦͨͦͤͯΊ ͦ͒ͪ͊ͯ͘ ͍͙͙ͫͭͦͪͭ ͍͊΄ͯ ͔ͨͪ΄ͯ ͫͭͪ͜;ͯ͟ 
;͊ͫͯΦ ̂ ͔͍͙ͨͪͤͤͦͣͯ ͤ͊͊͡΄͍ͭͯ͊ͤͤ͜ ͍͙ ͔͔ͣͦ͗ͭ ͙ͦ͋ͪ͊ͭ ͨͦ;͍͊ͭͦͯ͟ ͭ͊ ͤ͟͜ͼ͔͍ͯ ͒͊ͭͯΣ ͦͪ͟͜͡ ͺͦͤͯ ͭ͊ ͔͍͙ͭͫͭͦ͟ͻ ͍͔ͨͦ͒ͦͣͤ͜͡ΈΦ 

оΦ ˨͊͜͡ ͍͙ ͔͔ͣͦ͗ͭ ͍͙͒ͦ͒͊͊ͭ ͨͦ͒͜͝ ͤ͊ ͍ͫͦΌ ͻ͎ͪͦͤͦͦ͜͡;ͤͯ ͤ͜͜͡ΌΣ ͣͤ͘͜Ό͍͙͊ͭ ͝ͻ ͍͔͒ͦ͋ͪ͊͗ͤͤ͜Ύ όн5 ;͙ о5ύΣ 
͍͍͙͊͊ͤͭ͊͗ͯ͊ͭ͘ ͔ͣ͒͊͜ͺ͚͙͊͡Σ ͭͦ΅ͦΦ ˨͡Ύ ͼΈ͎ͦͦ ͔͍ͫͪͫ͜ ¢ƛƪƛ-¢ƻƪƛ ͣ͊Ί ͍͔͙ͯ͟͡ ͊ͤͯ͟͡ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ ͔͍ͤͫͭͪͯͣͤͭ͜͜ ͜ ͤ͊͊͡΄͍ͭͯ͊ͤΈΦ 

̂ ͨͪͦͼ͔ͫ͜ ͍ͤ͊;͊ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͤͦ͋ͻ͒ͤͦ͜ ͔͍͍͙ͪ͊ͦͯ͊ͭ͘͜͡ ͔͔ͣ͗ͨͪ͒ͣͭͤ͜͜ ͜ ͍ͤͯͭͪ͜΄ͤΈ͔͔ͦͨͪ͒ͣͭͤ͜ ͍͘ΩΎ͙͘͟ ͭ͊ 
͒͜Ύ͡Έ͙͚ͤͫͤ͜ ͨ͒͜ͻ͒͜Φ ˽ͪͦͼ͔ͫ ͍͔ͫͭͦͪͤͤΎ ͫͭͪ͜;͙͟ ;͊ͫͯ ͍͙͔ͨͦͤͤ ͻ͔͙͍͙͊ͪ͊ͭͪͯ͊ͭͫ͘͟Ύ ͍ͫͭͪͯͭͯͪͦ͊ͤͫͭ͟͜ΌΣ ͙͔ͫͫͭͣͤͫͭ͜ΌΣ ;ͭͫͭ͜͟͜ΌΣ 
͊ͦͤ͟͜͡;ͤͫͭ͜ΌΣ ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͫͭ͜ΌΣ ͍ͨͦͤͦͭͦΌΣ ͨͪͦͫͭͦͭͦΌΣ ͊ͫͦͼ͙͍͊ͭͤͫͭ͜͜ΌΦ 

˽ -ͦ;͔͍͔͔ͭͪͭΣ ͍͙͍͊͗ͦ͡ ͔͍͙ͨͪͦ͒ͣͦͤͫͭͪͯ͊ͭ ͔ͫͭͯ͒ͤͭ͊ͣ ͔͙ͣͭͦ͒;ͤ͜ ͙͚͙ͨͪͦͣ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ζͫͭͪ͜;ͦ͟ ;͊ͫͯη ͤ͊ ͙ͪͤ͘͜ͻ 
͔ͭ͊ͨ͊ͻ ͯͪͦͯ͟Σ ͒͡Ύ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͨͦ΄͍ͯͦͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͨ͒͜ ;͊ͫ ͍͙ͻ͍͙ͦͤͻ ͊͘ͻ͍ͦ͒͜ ͭͦ΅ͦΦ ́͊͟Σ ͤ͊ ͙ͨͪ͊ͭ͟;͙ͤͻ ͊ͤ͘ΎͭͭΎͻ 
͔ͫͭͯ͒ͤͭ͊ͣ ͍͙ͨͪͦͨͦͤͯ͊ͫ͡Ύ Ύ͟ ͎͍ͦͭͦ͜ ͔ͪͦͪͦ͋ͤ͘͜͡ ͔͎͊͒͊͒͘͘͜͡Έ ͍͙͊͒͊͟͡;͔ͣ ζͫͭͪ͜;͙͟ ;͊ͫͯη ͒͡Ύ ͔͒ͣͦͤͫͭͪ͊ͼ͜͝ ͍ͤ͊;͊͡Έ͎ͤͦͦ 
͔ͣ͊ͭͪ͊ͯ͜͡Σ ͭ͊͟ ͜ ͍͙ͨͪͦͨͦͤͯ͊ͫ͡Έ ͪͤͦͣ͊ͤͭͤ͘͜͜͜ ͍͊͒͊ͤͤ͘ΎΥ ͨͦ΄ͯ͟ ͭ͊ ͍͔͒ͦͨͦͤͤͤΎ ͨͪͦͨͯ΅͔͙ͤͻ ͙͒͊ͤͻ ͤ͊ ΄͊͟͜͡Σ ͍ͨ͊ͤͯ͊ͤͤ͡Ύ 
͔͍ͨͪͦͭ͟͜ ͪͤͦ͘͜͝ ͫ͊͒ͤͦͫͭ͟͜͡Σ ͍ͫͭͪͯͭͯͪͯ͊ͤͤ͟Ύ ͜ ͦͨͪ͊ͼΌ͍͊ͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͙ͪͦͪͦ͋͘͟ ͔͔ͨͪͤͭ͊͘ͼ͜͝Σ ͚ͭ͊ͣ-͔͔͔ͣͤ͒͗ͣͤͭͯ ͭͦ΅ͦΦ 
ˤ͙΅͙ͣ ͔͔ͫͭͯͨͤͣ ͔͙͍ͪ͊ͭͤͦͫͭ͟͜ ͭ͊ ͊ͯ͘͡;͔ͤͤΎ ͒ͦ ͍͙ͪ͜΄͔ͤͤΎ ͊͒͊ͤͦ͘͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͙ͨͪͦ͋ͣ͡ Ί ͍͊͒͊ͤͤ͘Ύ ͤ͊ ͚͔ͫ͊ͣͦͫͭͤ͜ ͊͋ͦ 
͔͙͍͔ͦͭͤ͟͟͡ ͍͔ͫͭͦͪͤͤΎ ͍͊ͫͤͦ͡͝ ΄͙͊͟͡ ;͊ͫͯΦ ˾͎ͦ͘͡Ύ͔ͤͣͦ ͔͒Ύ͟͜ ͙ͨͪ͊ͭ͟;ͤ͜ ͍͊͒͊ͤͤ͘ΎΣ Ύ͟͜ ͍͙ͨͪͦͨͦͤͯ͊ͫ͡Έ ͔ͫͭͯ͒ͤͭ͊ͣ 
͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ ζ˱ͤͺ͙ͦͪͣ͊ͭ͊͟ηΦ 

http://www.timerime.com/
http://www.dipity.com/
http://www.timetoast.com/
http://www.myhistro.com/
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˭͍͊͒͊ͤͤΎ 1. ˾ͦ͋ͦͭ͊ ͘ ͔͍ͫͪͫͦͣ͜ ¢ƛƪƛ-¢ƻƪƛ ό͔ͪΊͫͭͪ͊ͼ͜Ύ ͤ͊ ͔͍ͫͪͫ͜͜Σ ͦͺ͔ͦͪͣͤͤ͡Ύ ͫͭͪ͜;͙͟Σ ͍͔ͫͭͦͪͤͤΎΣ ͔͎͍ͪ͒͊ͯ͊ͤͤΎ ͭ͊ 
͍͙͔͒͊ͤͤ͡Ύ ͚ͨͦ͒͜Σ ͤ͊͊͡΄͍ͭͯ͊ͤͤΎ ͒ͦͫͭͯͨͯ ͙͍ͦͪͫͭͯ͊͟;͍͜ ͒ͦ ͫͭͪ͜;͙͟ ;͊ͫͯΣ ͫͨ͜͡Έ͔ͤ ͝͝ ͍͔ͤ͊ͨͦͤͤͤΎ ͔͙ͣ͊ͭͪ͊͊ͣ͜͡ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ 
ͫͨͪΎ͍ͣͯ͊ͤͤΎύΦ  

˭͍͊͒͊ͤͤΎ 2. ˭ ͚͙ͤ͊ͭ ͭ͊ ͒ ͍͙͙ͦͨͦͤͭ ͒͊ͤ͜, Ύ͟͜ ͨͪͦͨͯ΅͔ͤ ͤ͜ ͊ ͫͭͪ͜;ͼ͜Φ ́͊͟Σ ͨ͒͜ ;͊ͫ ͙ͨͪ͊ͭ͟;͎ͤͦͦ ͊ͤ͘ΎͭͭΎ ζˤ͔͋-͔͙͋ͪ͊ͯͪ͘η 
͔͙ͫͭͯ͒ͤͭ ͨ ͍͙ͦͤͤ͜ ͙͋ͯ͡ ͚͙ͤ͊ͭ͘ ͍ͤ͊ͯ͘ ͭ͊ ͎͙ͦͦͭͨ͡ ͔͋ͪ͊ͯͪ͊͘Σ Ύ͙͚͟ ͍ͫͭ͊ ͯ мффр ͪͦͼ͜ ͦ͒ͤ͜ΊΌ ͘͜ ͙ͫͭ͊ͤ͒͊ͪͭͤͻ ͙͙ͨͪ͊͒ͤ͟͡ͻ ͎ͨͪͦͪ͊ͣ 
͔ͦͨͪ͊ͼ͚ͤͦ͜͝ ͙͔͙ͫͫͭͣ Windows 95. ˭ͪ͊ͦ͘͟ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍͙ͦͤ͊ͤͦ͟͝ ͫͨ͜͡Έͤͦ͝ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ ζ˱ͤͺ͙ͦͪͣ͊ͭ͊͟η 
͔͍͔ͨͪ͒ͫͭ͊ͤͦ͡ ͤ͊ ͙ͪͫͯͤͯ͟ 1. 

 

 
˾͙ͫΦ 1Φ ˩ͪ͊ͤͤ͊͟ ͦͨ͟͜Ύ ͫͭͪ͜;͙͟ ;͊ͫͯ ζˤ͔͋-͔͙͋ͪ͊ͯͪ͘η 

 
˨͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͚͙ͫͭ͜͟ͻ ͍͙ͤ͊;ͦ͟ ͙ͪͦ͋ͦͭ ͘͜ ;͍͙͙͊ͫͦͣ ΄͙͊͊ͣ͟͡ ͨ͒͜ ;͊ͫ ͙ͨͪ͊ͭ͟;͙ͤͻ ͊ͤ͘ΎͭΈ 

͍ͦ͋ͦΩΎ͍͙ͦͣ͘͟ Ί ͍͙ͦͤ͊ͤͤ͟Ύ ͤ ͙͙ͣ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭΦ ˣͯͦ͡ ͍͊ͨͪͦͨͦͤͦ͊ͤͦ͘ ͤ͊ͫͭͯͨͤ͜ ͍͊͒͊ͤͤ͘ΎΥ 
1) ͙͙ͪͦͪͦ͋ͭ͘ ͍ͤ͊;͊͡Έ͔ͤ ͊ͤ͘ΎͭͭΎ ό͍͙ͻ͍͙͚ͦͤ ͊͘ͻ͒͜ύ ͘͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύͣ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͫͭͪ͜;͙͟ ;͊ͫͯΣ ͍͙͙ͫͭͦͪͭ 
͔ͤͦ͋ͻ͒ͤͯ͜ ͤ͊ͦ;ͤͫͭ͜Έ ͯ ͦ͋ͪ͊ͤͦͣͯ ͔͍ͫͪͫ͜͜Φ 

2) ͎͍͙ͨ͒ͦͭͯ͊ͭ͜ ͫͨ͜͡Έͤͯ ͫͭͪ͜;ͯ͟ ;͊ͫͯ ͙͊ͫͦ͋͊ͣ͘ ͔͍ͫͪͫͯ͜ ¢ƛƪƛ-¢ƻƪƛ ͤ͊ ͦ͒ͤͯ ͘ ͔ͭͣΥ ζ˱ͫͭͦͪ͜Ύ ͍͙ͪͦͭͯ͘͟ ˩˻˸ηΣ ζˣ͎ͦͪ͊͜ͺ͜Ύ 
˿͍ͭ͊͜ ˨͗ͦ͋ͫ͊η ͭͦ΅ͦΦ 

˽ͫ͜͡Ύ ͔ͦ͒ͪ͗͊ͤͤΎ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͤͫͭͪͯ͜͟ͼ͚͜ ͔ͫͭͯ͒ͤͭͫΈ͊͟ ͎ͪͯͨ͊ ͋ͯ͊͡ ͔ͪͦͨͦ͒ͤ͊͘͜͡ ͤ͊ ͟͜͡Έ͊͟ ͎ͣͪͦͪͯͨ͜͟Φ ˨͜Ύ͡Έͤͫͭ͜Έ 
͚ͣ͊͋ͯͭͤ͜ͻ ͔͎͎͍ͨ͒͊ͦ͜ ͋ͯ͊͡ ͍ͭͦͪ;ͦΌ ͚ ͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟ΌΦ ˥͍͙ͦͭͦͻ ͍͍͔͚͒ͨͦ͒͜͜ ͤ͊ ͍͔ͨͦͫͭ͊ͤ͜͡ ͙͊ͨͭ͊ͤͤ͘Ύ ͔ͤ ͍ͨͪͦͨͦͤͯ͊ͦͫ͡ΎΣ ͍͙ͦͤ 
͍͙ͨͦͤͤ͜ ͙͋ͯ͡ ͝ͻ ͚͙ͤ͊ͭ͘ ͫͨ͜͡Έ͙͙ͤͣ ͙ͯͫ͘͡͡Ύ͙ͣ ͔͋͘ ͎͙͒ͦͨͦͣͦ ͍͙͊͒͊͟͡;͊Φ ̂ͫͨ͜ͻ ͍͙ͦͤ͊ͤͤ͟Ύ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͨͦ΄͍ͯͦͦ͟͝ ͙ͪͦ͋ͦͭ 
͔͍͊͗͊͘͡ ͍͒͜ ͔͔ͤͭͭͯ͊͜͟͡͡Έ͎ͤͦͦ ͍͔ͤͫͯ͟ ͎ͦ͗ͤͦͦ͟ ͝͝ ͯ;͙͊ͫͤ͊͟Φ ˭ͪ͊ͦ͘͟ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍͙ͦͤ͊ͤͦ͟͝ ͙ͪͦ͋ͦͭ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͔ͫͨͼ͊͜͡Έͤͦͫͭ͜ 
ζ˱ͤͺ͙ͦͪͣ͊ͭ͊͟η ͔͍͔ͨͪ͒ͫͭ͊ͤͦ͡ ͍͍͒ͨͦ͒ͤͦ͜͜ ͤ͊ ͙ͪͫͯͤͯ͟ н ͭ͊ ͙ͪͫͯͤͯ͟ оΦ 

˻;͔͍͙͙͒ͤͣ Ί ͫͦͼ͊͜͡Έ͔ͤ ͤ͊͘;͔ͤͤΎ ͭ͊ͦ͟͝ ͔ͣͦ͒͜͡ ͍ͤ͊;͊ͤͤΎΥ ͊͟ͼ͔ͤͭͯΊͭΈͫΎ ͪͦ͡Έ ͎ͦ͗ͤͦͦ͟ ͔ͫͭͯ͒ͤͭ͊ ͯ ͍͙ͦͤ͊ͤͤ͟͜ 
͎͊͊͘͡Έ͎ͤͦͦ ͍͊͒͊ͤͤ͘ΎΣ ͺͦͪͣͯΊͭΈͫΎ ͎͍ͪͯͨͦ͊ ͍ͫ͒ͦͣͫͭ͜͜ΈΣ ͙͙͍ͨͦͭͤ͊͘ ͍͊͘Ί͔ͣͦ͊͗ͤͫͭ͘͜͡ΈΣ ͙͍ͦͣͯͤ͊ͭͤ͟͜͟͜ ͍͙ͤ͊;͙͟Φ ˴ͪͣ͜ ͎ͭͦͦΣ 
͍͙ͨ͒͜΅ͯΊͭΈͫΎ ͚͔ͣ͊ͫͭͪͤͫͭ͜Έ ͭ͊ Ύͫͭ͟͜Έ ͍ͤ͊;͔ͤͦͫͭ͜ ͯͫ͜ͻ ͯ;͙͍͊ͫͤ͟͜ ͎͙ͪͯͨΦ 

 

 
˾͙ͫΦ 2Φ ˩ͪ͊ͤͤ͊͟ ͦͨ͟͜Ύ ͫͭͪ͜;͙͟ ;͊ͫͯ ζ˱ͫͭ ͦͪ͜Ύ ͍͙ͪͦͭͯ͘͟ ˩˻˸η 

 

 
˾͙ͫΦ оΦ ˩ͪ͊ͤͤ͊͟ ͦͨ͟͜Ύ ͫͭͪ͜;͙͟ ;͊ͫͯ ζ˿͍ͭ͜ ˨͗ͦ͋ͫη 
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ˤ͙͍͙ͫͤͦ͟Φ ˻͔ͭ͗Σ ͨͫ͜͡Ύ ͊ͤ͘͟͜;͔ͤͤΎ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͙ͨͪ͊ͭ͟;͙ͤͻ ͊ͤ͘ΎͭΈ ͔͙ͫͭͯ͒ͤͭ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ 
͍͙ͦͨ͊ͤͯ͊͡ ͍͙ͤ͊;͙͟ ͙ͪͦͪͦ͋͘͟ ζͫͭͪ͜;ͦ͟ ;͊ͫͯη ͭ͊ ͔͙ͣͭͦ͒;ͤ͜ ͙͚͙ͨͪͦͣ ͝ͻ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ Ύ͟ ͎ͦ͒ͤͦͦ ͘ ͔͔͙͍͙ͨͪͫͨͭͤ͟ͻ ͍͊ͫͦ͋͘͜ 
͍ͤ͊;͊ͤͤΎ ͭ͊ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͎͍ͪͯͨͦͦ͝ ͙ͪͦ͋ͦͭ ͯ;͍ͤ͜Σ ΅ͦ ͙ͫͨͪΎ͙͔ͭͣ ͺ͍ͦͪͣͯ͊ͤͤΌ ͍ ͙ͤͻ ͨͦ΄͍͙ͯͦ͟ͻΣ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻΣ 
͙͍͙ͦͣͯͤ͊ͭͤ͟͜͟ͻΣ ͔ͪͺ͔͙͍͙ͫͤ͟͡ͻ ͯͣͤ͜ΈΣ ͍͙ͤ͊;ͦ͟ ͍͙ͫͨͪͦ͋ͭͤ͜͜ͼ͍ͭ͊Τ ͙ͫͭͣͯ͡Ό͍͙͔͊ͭͣ ͝ͻ ͍ͨͤ͊͊͘͜͡Έ͙͚ͤ ͔͔ͤͭͪͫ͜ ͭͦ΅ͦΦ ˹͊͋ͯͭͭΎ 
͚͙ͣ͊͋ͯͭͤͣ͜ ͔͎͎͙ͨ͒͊ͦ͊ͣ ͎͍ͦͭͦͤͦͫͭ͜ ͒ͦ ͙ͪͦ͋ͦͭ ͘͜ ζͫͭͪ͜;͙͊ͣ͟ ;͊ͫͯη ͤ͊ ͙ͪͤ͘͜ͻ ͔ͭ͊ͨ͊ͻ ͯͪͦͯ͟Σ ͒͡Ύ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͚ͫ͊ͣͦͫͭͤͦ͜͝ 
͙͒ͦͫ͒ͤ͜͡ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͨ͒͜ ;͊ͫ ͍͙ͻ͍͙ͦͤͻ ͊͘ͻ͍ͦ͒͜ ͭͦ΅ͦ ͣ͊Ί ͍͙͍͔͊͗͡ ͤ͊͘;͔ͤͤΎ ͯ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͎͍ͨ͒ͦͭͦ͜ͼ͜Φ  

ˤ͙͍͔͙͚ͫͭͤ͜͡ ͍͒ͦͫ͒͜ ͍ͤ͊;͊ͤͤΎ ͚ͣ͊͋ͯͭͤ͜ͻ ͔͎͎͍ͨ͒͊ͦ͜ ͍ͫͭͦͪΌ͍͙͊ͭ ͭ͊ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ζͫͭͪ͜;͙͟ ;͊ͫͯη ͔ͤ ͍͙;͔ͪͨͯΊ ͍ͫ͜ͻ 
͔͍͊ͫͨͭ͟͜ ͨͦͪͯ΄͔ͤͦ͝ ͔͙ͨͪͦ͋ͣ͡Σ ͔ͦͪͣ͊͘͟ ͔͔͙͍͙ͨͪͫͨͭͤͣ͟ ͤ͊ͨͪΎͣͦͣ ͨͦ͒͊͡Έ΄͙ͻ ͪͦͪͦ͋ͦ͘͟ Ί ͍͙͍͔ͫͭͤͤ͜͡Ύ ͔͙͙ͣͭͦ͒͟ ͝ͻ 
͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻΣ ͔ͦͪͣ͊͘͟ ͯ ͍͙ͻ͍͚ͦͤ͜ ͪͦ͋ͦͭ͜Φ 

 

˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 
1. ˴͙͔ͫ͡Έ͍ͦ͊ ˻ΦˣΦ ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͍ͫͪͫͯ͜ ζͫͭͪ͜;͊͟ ;͊ͫͯη ͯ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜ ώ˩͔͙͚ͭͪͦͤͤ͟͡ ͔ͪͫͯͪͫϐ κ ˻ΦˣΦ ˴͙͔ͫ͡Έ͍ͦ͊Σ 
˨Φ˻Φ ͍̐͊͡ͻ͍ͦΣ ˶ΦˤΦ ͔̋ͪ͋͊͟ κκ ˸͔͊ͭͪΦ ˤ͔ͫͯͪ͊ͤͫ͟͝Έͦ͟͝ ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;ͤͦ͝ I͔͔ͤͭͪͤͭ-ͦͤ͟ͺ͔͔ͪͤͼ͜͝ ώαˢ͍͙ͭͦͣ͊ͭ͊͘ͼ͜Ύ ͭ͊ 
ͦͣͨ͟ΩΌ͔ͭͪͤͦ-͔͎͍ͤͭͪͦ͊ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͯ ͍͙͙ͪͦ͋ͤͼ͍ͭ͜ ͭ͊ ͍ͦͫͭ͜͜Υ ͫͭ͊ͤΣ ͒ͦͫΎ͎͔ͤͤͤΎΣ ͔͔͙͍͙ͨͪͫͨͭ͟ ͍͙ͪͦͭͯ͘͟έϐΣ ό͔͙̉ͪ͊ͫ͟Σ мп-20 
͔͔͋ͪͤ͘Ύ нлмс ͪΦύΦ ς ̉ ͔͙ͪ͊ͫ͟Σ нлмсΦ ς ˾ ͔͙͗ͣ ͒ͦͫͭͯͨͯΥ http:// conference.ikto.net/public/accepted/ . ς ˿ Φмнт-129. 

2. ˭͔͍ͯ͋͊ͪ͊ ˸ΦˢΦ ˾ͦ͡Έ ͍͙ͯ͊͘͡Έ͎ͤͦͦ ͣ·΄͔͙ͤ͡Ύ ͍ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤͦͣ ͨͪͦͼ͔͔ͫͫ ͤ͊ ͍͔͔ͫͦͪͣͤͤͦͣ Ή͔ͭ͊ͨ κ ˸ΦˢΦ ˭͔͍ͯ͋͊ͪ͊ κκ 
˽͔ͪͦ͋ͣ͡· ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͙͚͎ͪͦͫͫͫͦͦ͟ ͦ͋΅͔͍ͫͭ͊ Υ ˹͊ͯ;ͤͦ-͙ͨͪ͊ͭ͟;͔͙͚ͫ͟ ͗ͯͪͤ͊͡Φ ς ˿͔ͣͦͤͫ͟͡Σ ˻˻˻ ζ́˸ ˨͙͙͒͗ͭ͊͡ηΣ 
2013. ς ЅнκоΦ ς ˿ Φ 131-142. 

3. ˻ͫ͊͒;͙͚ ˤΦ ˱ͤͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚ͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͯ ͨͪͦͼ͔ͫ͜ ͍͙ͪͦͭͯ͘͟ ͍ͯ͊͘͜͡Έ͎ͤͦͦ ͙͔ͣͫͤͤ͡Ύ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ κ 
ˤΦ ˻ͫ͊͒;͙͚Σ ˴Φ˻ͫ͊͒;͊ κκ ˹͍͙͚͊ͯͦ͟ ͍͙ͫͤ͜͟ ˸͔ͭͦͨͦ͜͡͡ΈͫΈ͎ͦͦ͟ ͔͍͎͒ͪ͗͊ͤͦͦ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜Υ ͋͘Φ ͤ͊ͯ͟Φ ͨͪ͊ͼΈΦ 
˿͔ͪ͜ΎΥ ˽͔͎͎͒͊ͦ͊͜͟Φ  ς ЅмόмнύΦ ς 2014. . ς ˿ Φмну-133. 

 

ˢͤͦͭ͊ͼ͜ΎΦ ˴͙͔ͫ͡Έ͍ͦ͊ ˻ΦˣΦ ͍̅ͦͪͣͯ͊ͤͤΎ ͍ ͚ͣ͊͋ͯͭͤ͜ͻ ͔͎͎͍ͨ͒͊ͦ͜ ͍͙ͤ͊;ͦ͟ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ζͫͭͪ͜;ͦ͟ ;͊ͫͯη ͍ 
͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜.  

˻͙͒ͤͣ ͘͜ ͍͙ͨͪͦ͒ͤ͜ͻ ͍͊͒͊ͤ͘Έ ͍͙΅ͦ͝ ͔͎͎ͨ͒͊ͦ͜;ͤͦ͝ ͍͙ͦͫͭ͜ Ί ͎͍ͨ͒ͦͭͦ͊͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡Σ ͙͒͊ͭͤ͘ͻ ͒ͦ ͍ͦͦ͒ͤͤ͜͡Ύ 
͍ͤͤͦ͊͜ͼ͚͙͙ͤͣ͜ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙͙ͤͣ͜ ͔ͭͻ͎ͤͦͦ͜͡Ύ͙ͣΣ ͍͔ͫͭͦͪͤͤΎ ͊͋ͦ ͍͙͙͒ͦͣͤ͘͜ ͫͤͯ͜Ό;͙ͻ ͔͍ͣͭͦ͒͜ ͭ͊ ͙͚͍ͨͪͦͣ͜ 
͙ͪͦ͋ͦͭ ͘ ͙͙ͤͣΦ ˻͙͍ͫͦ͋ͦ͡͝ ͊ͭͯ͊͟͡Έͤͦͫͭ͜ ͊ͤ͊͘͘;͔ͤ͊ ͔ͨͪͦ͋ͣ͊͡ ͍ͤ͊͋ͯ͊Ί ͍ ͍ͯͣͦ͊ͻ ͙͒ͤ͊ͣ͜;͎ͤͦͦ ͍͙ͪͦͭͯ͘͟ ͤ͜ͺͦͪͣ͊ͼ͚͎ͤͦͦ͜ 
ͫͯͫͨ͜͡Έ͍ͫͭ͊Φ ̂ ͫͭ͊ͭͭ͜ ͙ͪͦͪͭͦ͘͟ ͫͯͭͤͫͭ͜Έ ͭ͊ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟;ͤ͜ ͙ͦͤ͊͘͟ ͎ͭ͊ͦͦ͟ ͙͙͒͒͊ͭ͟;͎ͤͦͦ ͊ͫͦ͋ͯ͘ Ύ͟ ζͫͭͪ͜;͊͟ ;͊ͫͯηΣ 
΅ͦ ͙ͫͨͪΎΊ ͺ͍ͦͪͣͯ͊ͤͤΌ Ύ͟ ͍ ͯ;͍ͤ͜Σ ͭ͊͟ ͜ ͍ ͔͍ͫͭͯ͒ͤͭ͜ ͨͦ΄͍͙ͯͦ͟ͻΣ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻΣ ͔ͪͺ͔͙͍͙ͫͤ͟͡ͻ ͯͣͤ͜ΈΣ ͍͙ͤ͊;ͦ͟ 
͍͙ͫͨͪͦ͋ͭͤ͜͜ͼ͍ͭ͊Σ ͙ͫͭͣͯ͡ΌΊ ͍ͨͤ͊͊͘͜͡Έ͙͚ͤ ͔͔ͤͭͪͫ͜Φ ˽͔͍͔ͪ͒ͫͭ͊ͤͦ͡ ˱͔͔ͤͭͪͤͭ-͔͍͙ͫͪͫ͜ ͒͡Ύ ͍͔ͫͭͦͪͤͤΎ ͫͭͪ͜;ͦ͟ ;͊ͫͯΣ 
͍ͦͫͤͦͤ͜ ͙ͨͪͤͼ͙͙ͨ ͙ͪͦ͋ͦͭ ͘ ͙͙ͤͣΣ ͔͙ͣͭͦ͒;ͤ͜ ͙͚͙ͨͪͦͣ ͝ͻ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ Ύ͟ ͎ͦ͒ͤͦͦ ͘ ͔͔͙͍͙ͨͪͫͨͭͤ͟ͻ ͍͊ͫͦ͋͘͜ ͍ͤ͊;͊ͤͤΎ ͭ͊ 
͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͎͍ͪͯͨͦͦ͝ ͙ͪͦ͋ͦͭ ͯ;͍ͤ͜Φ ˤ͙͔͔ͦͪͣͤͦ͟͡ ͍ͦͫͤͦͤ͜ ͔ͨͦͦ͗ͤͤ͡Ύ ͨ͒͜ͻͦ͒ͯΣ ͔͍͎ͪ͊ͦ͊ͤͦͦ͘͜͡ ͍ ͍ͤ͊;͊ͤͤ͜ ͚ͣ͊͋ͯͭͤ͜ͻ 
͔͎͎͍ͨ͒͊ͦ͜Σ ΅ͦ͒ͦ ͍͔ͫͭͦͪͤͤΎ ͭ͊ ͨͦ͒͊͡Έ΄͎ͦͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͫͭͪ͜;ͦ͟ ;͊ͫͯ ͍ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜Φ ˤ͙͍͔ͫͭͤͦ͜͡ ͍͒ͦͫ͒͜ 
ͺ͍ͦͪͣͯ͊ͤͤΎ ͯ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͍͙ͤ͊;ͦ͟Φ ˹͍͔͔͊͒ͤͦ ͙ͨͪ͊ͭ͟;ͤ͜ ͍͊͒͊ͤͤ͘Ύ ͭ͊ ͙ͪ͊͘͘͟ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍͙ͦͤ͊ͤͦ͟͝ 
ͫͨ͜͡Έͤͦ͝ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜ ΅ͦ͒ͦ ͍͔ͫͭͦͪͤͤΎ ͫͭͪ͜;ͦ͟ ;͊ͫͯΦ ˭͍͔ͪͭ͊ΊͭΈͫΎ ͍͎ͯ͊͊ ͤ͊ ͔͙ͨͪͦ͋ͣ͡Σ ΅ͦ ͙ͫͭͪͣͯΌͭΈ ͚ͣ͊͋ͯͭͤ͜ͻ 
͔͎͎͍ͨ͒͊ͦ͜ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ζͫͭͪ͜;͙͟ ;͊ͫͯη ͯ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜Φ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͫͦͼ͊͜͡Έͤ͜ ͔͔͔͍ͣͪ͗͜ ͔͍͙ͫͪͫ͜Σ ͫͭͪ͜;͊͟ ;͊ͫͯΣ ͨͪͦͺ͔͚ͫͤ͊͜ ͎͍ͨ͒ͦͭͦ͊͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͔͎͎͍ͨ͒͊ͦ͜Φ 
 

ˢͤͤͦͭ͊ͼ͙ΎΦ ˴͙͔͔͍ͫ͊͡ ˻ΦˣΦ ͙͍͙͔̅ͦͪͣͪͦ͊ͤ ͯ ͋ͯ͒ͯ΅͙ͻ ͔͎͎͍ͨ͒͊ͦͦ ͍ͤ͊·͍ͦ͟ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ζ͔ͤͭ͡ ͍͔͔͙ͪͣͤη ͍ 
͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤͦͣ ͨͪͦͼ͔͔ͫͫ. 

˻͚͒ͤͦ ͙͘ ͍͔͒ͯ΅͙ͻ ͊͒͊͘; ͍·ͫ΄͔͎ͦ ͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ Ύ͍͡Ύ͔ͭͫΎ ͎͍ͨͦ͒ͦͭͦ͊͟ ͋ͯ͒ͯ΅͙ͻ ͯ;͙͔͔͚ͭ͡Σ 
ͫͨͦͫͦ͋ͤ·ͻ ͟ ͍͔͙͊͒ͤ͡Ό ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·͙ͣ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤͦ-͙ͦͣͣͯͤ͊͟͟ͼ͙ͦͤͤ·͙ͣ ͔ͭͻ͎͙ͤͦͦ͡Ύ͙ͣΣ ͙ͫͦ͒͊ͤ͘Ό ͙͙͡ 
͍͙͙͔͔͙͒ͦͣͤͤ͘Ό ͫͯ΅͔͍ͫͭͯΌ΅͙ͻ ͔͍ͣͭͦ͒ͦ ͙ ͙͔͍ͨͪͣͦ ͪ͊͋ͦͭ· ͫ ͙͙ͤͣΦ ˻ͫͦ͋ͯΌ ͊ͭͯ͊͟͡ΈͤͦͫͭΈ Ήͭ͊ ͔ͨͪͦ͋ͣ͊͡ ͙͔͔ͨͪͦ͋ͪͭ͊ͭ 
͍ ͍͙ͯͫͦ͡Ύͻ ͙͙͒ͤ͊ͣ;͎ͤͦͦ ͍͙͙ͪ͊ͭ͘Ύ ͙ͤͺͦͪͣ͊ͼ͙͎ͦͤͤͦͦ ͦ͋΅͔͍ͫͭ͊Φ ˤ ͫͭ͊ͭΈ͔ ͪ͊ͫͪ͟·ͭ· ͫͯ΅ͤͦͫͭΈ ͙ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟;͔͙͔ͫ͟ 
͙͙ͨͪͤ͊͘͟ ͎ͭ͊ͦͦ͟ ͙͙͒͒͊ͭ͟;͔͎ͫͦͦ͟ ͔͍ͫͪ͒ͫͭ͊ ͊͟͟ ζ͔ͤͭ͊͡ ͍͔͔͙ͪͣͤηΣ ͍ͫͨͦͫͦ͋ͫͭͯΌ΅͊Ύ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͯ ͯ;͊΅͙ͻͫΎ ͙͍ͨͦͫͦ͟·ͻΣ 
͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͙ͫ͟ͻΣ ͔ͪͺ͔͙͍ͫͤ͟͡·ͻ ͔͙͚ͯͣͤΣ ͍ͤ͊·͍ͦ͟ ͙ͫͦͭͪͯ͒ͤ;͔͍ͫͭ͊Σ ͙͙ͫͭͣͯͪͯ͡Ό΅͊Ύ ͍͔ͨͦͤ͊͊ͭ͘͡Έͤ·͚ ͙͔͔ͤͭͪͫΦ 
˽͔͍͔ͪ͒ͫͭ͊ͤ͡· ˮ͔͔ͤͭͪͤͭ-͔͍͙ͫͪͫ· ͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ ͔ͤͭ͡ ͍͔͔͙ͪͣͤΣ ͍ͦͫͤͦͤ·͔ ͙ͨͪͤͼ͙ͨ· ͪ͊͋ͦͭ· ͫ ͙͙ͤͣΣ ͔͙ͣͭͦ͒;͔͙͔ͫ͟ 
͙͔ͨͪͣ· ͙ͻ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͍ ͊͟;͔͍͔ͫͭ ͎ͦ͒ͤͦͦ ͙͘ ͔͔͙͍ͨͪͫͨͭͤ͟·ͻ ͔͍ͫͪ͒ͫͭ ͦ͋ͯ;͔͙ͤΎ ͙ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͎͍͚ͪͯͨͨͦͦ ͪ͊͋ͦͭ· 
ͯ;͊΅͙ͻͫΎΦ ˤ·͔͔͒ͤ͡· ͍ͦͫͤͦͤ·͔ ͔͙ͨͦͦ͗ͤ͡Ύ ͨͦ͒ͻͦ͒͊Σ ͔͙͍͎ͪ͊ͦ͊ͤͤͦͦ͘͡ ͍ ͦ͋ͯ;͔͙͙ͤ ͋ͯ͒ͯ΅͙ͻ ͔͎͎͍ͨ͒͊ͦͦΣ ͨͦ ͙ͫͦ͒͊ͤ͘Ό ͙ 
͒͊͡Έ͔͚ͤ΄͔ͣͯ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ό ͔ͤͭ͡ ͍͔͔͙ͪͣͤ ͍ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤͦͣ ͨͪͦͼ͔͔ͫͫΦ ˻͍͔ͫ΅͔ͤ ͦͨ·ͭ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͯ ͋ͯ͒ͯ΅͙ͻ 
ͯ;͙͔͔͚ͭ͡ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ ͍ͤ͊·͍ͦ͟Φ ˽͔͍͔ͪ͒ͫͭ͊ͤ͡· ͙ͨͪ͊ͭ͟;͔͙͔ͫ͟ ͙͊͒͊ͤ͘Ύ ͙ ͦ͋ͪ͊͘ͼ· ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͍·͔͚ͨͦͤͤͤͦ͡ 
͍͔͚ͫͦͣͫͭͤͦ ͪ͊͋ͦͭ· ͔͍ͫͭͯ͒ͤͭͦ ͨͦ ͙ͫͦ͒͊ͤ͘Ό ͔ͤͭ͡ ͍͔͔͙ͪͣͤΦ ˻͋ͪ͊΅͔͊ͭͫΎ ͍͙͙͔ͤͣ͊ͤ ͤ͊ ͔ͨͪͦ͋ͣ͡·Σ ͦͭͦͪ͟·͔ ͔͙͍ͫ͒ͪ͗͊Όͭ 
͋ͯ͒ͯ΅͙ͻ ͔͎͎͍ͨ͒͊ͦͦ ͙͔ͨͪͣͤΎͭΈ ζ͔ͤͭ͡· ͍͔͔͙ͪͣͤη ͍ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤͦͣ ͨͪͦͼ͔͔ͫͫΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ ͫͦͼ͙͊͡Έͤ·͔ ͔͔͍ͫͭ·͔ ͔͍͙ͫͪͫ·Σ ͔ͤͭ͊͡ ͍͔͔͙ͪͣͤΣ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ͊Ύ ͎͍ͨͦ͒ͦͭͦ͊͟ ͋ͯ͒ͯ΅͙ͻ ͔͎͎͍ͨ͒͊ͦͦΦ 
 
Abstract. Kyselyova O.B. Formation at future teachers skills to use "tapes of time" in the educational process. 
One of the main objectives of higher pedagogical education is the training of future teachers capable to owning to 

innovative information and communication technologies, to creation or modification of existing methods and receptions working 
with them. Special urgency this problem acquires in the dynamic of Development of Information society. The article reveals the 
essence and characteristic features of such a didactic tool as "tape of time", that promotes forming in students abilities of search, 
research, reflexion and skills of cooperation, stimulates cognitive interest. Internet services are presented to create tapes of time, 
the basic principles of working with them, teaching methods of their use as one of the most promising means of teaching and the 
organization of group work of students. Identified the main position of the approach implemented in the training of future 
teachers, for the creation and further use of the time tapes in the educational process. The experience of formation at the future 
teachers of appropriate skills is lighted up. Presented practical exercises and examples of the results of teamwork students to 
create tapes of time. Attention is paid to the problems that restrain teachers to apply tapes of time in the learning process. 

Key words: social networking services, tapes of time, professional training future teachers.  
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