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ͨͦͻ͙͙͋͟ ͨͦͨ͊͒͊ΌͭΈ ͍ ͦ͋͊ͫͭ͡Έ 
minK  ς ͦ͋͊ͫͭ͡Έ ͣͤͣ͊͜͜͡Έ͙ͤͻ ͔͍ͤΩΎͦ͘͟Τ ͙͋͊ͫͤ͘͜ ͍͔͙ͭͦͪ͟ ͘ ͨ͒ͨͪͦͫͭͦͪͯ͜ ˴͙͍ͪͦ͊͡Σ ͤ͊ Ύ͙͟ͻ 

͐ͪͯͤͭͯΊͭΈͫΎ ͋͗ͤͫͭ͘͜͜Έ ͔ͣͭͦ͒ͯΣ ͙ͫ͡Έͤͦ ͍͔ͯͣͦͤ͘͜͡Σ ͨͦͻ͙͙͋͟ ͦ͋;͙͔ͫͤ͡Έ ͙͍ͨͪͦ͒ΎͭΈ ͒ͦ ͔ͤ ͣͦͤͦͭͦͤͤͦͫͭ͜ ͨͪͦͼ͔ͫͯ 
͋͗ͤͦͫͭ͘͜͜Φ 

˭͍͙͚͊ͨͪͦͨͦͤͦ͊ͤ ͍͒ͦͼ͙͟͜͡;͙͚ͤ ͎͙͊ͦͪͭͣ͡ ͣ ͤͣͯ͘͜͜͜Ί ͨͦͻ͙͋ͯ͟ ͦ͋;͙͔ͫͤ͡Έ ͜ ͎ͫͭͪͦͦ ͣͦͤͦͭͦͤͤͦ ͎͋͊͘͜ΊͭΈͫΎΦ s ͎͙ͦͪͭͣ͡ 

͍͙͚͊ͫͤͦ͊ͤ͘ ͤ͊ ͍ͦͫͤͦ͜ ͙͋͊ͫͯ͘ ˴͙͍ͪͦ͊͡ { }1, ,..., m

mKr r Ar A r-= , r
C

 ς ͔͍ͤΩΎ͊͘͟ ͜ ͙͔͙ͫͫͭͣ ͍͙ͨͦͤͻ ͙͍͋͊ͫ͘͜ 

{ } {}1

11
, ,..., ,

n nm

i i i i i ii
Ke e Ae A e e-

==
= ς ͙͙ͦ͒ͤ;͙͚ͤ ͙͋͊ͫ͘Φ ˣ͙͊ͫ͘ 

mKr  ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͒͡Ύ ͍͙ͨͦ͋ͯ͒ͦ ͨͦ;͍͎͊ͭͦͦͦ͟ 

͙͔ͤ͊͋͗ͤͤ͡ΎΣ ͙͙͋͊ͫ͘ { }
1

n

i i
Ke

=  ς ͒͡Ύ ͯͭͦ;͔ͤͤͤΎ ͤ͊ͨͪΎ͎ͣͤͦͦ ͍͔ͭͦͪ͊͟ ͤ͊ ͍ͪͦ͘ΩΎͦ͘͟Σ ͯ ͚͊͒͊ͤ͘͜ όͦ͋;͙͔͚ͫͤ͜͡ύ ͭͦ;ͼ͜ (0)x Σ ΅ͦ 

͎͊ͪ͊ͤͭͯΊ ͚ͫͭͫͭ͜͟͜Έ ͨͪͦͼ͔ͫͯ ͦ͋;͙͔ͫͤ͡ΈΦ ˴͙͔͚ͪͭͪ͜ ͙͚ͨͪͤΎͭͭΎ ͙͔͎ͤ͊͋͗ͤͦͦ͡ ͪ͜΄͔ͤͤΎ ͙͔͙ͫͫͭͣ ͚͙͚ͫͭ͜͟ ͒ͦ ͨͦͻ͙͋ͦ͟Φ 
˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͎ͨͦ͊ͤͦ ͍͔ͯͣͦͤ͘͜͡ ͙ͣ͊ͭͪͼ͜Σ ͔ͭͪ͊͜ͼ͚ͤ͜͜ ͔͙ͣͭͦ͒Σ ͔ͣͭͦ͒ ͤ͊ͨͪΎ͔͎ͣͤͦͦ͡ ͨͦ΄ͯͯ͟Σ ͙͙͋͊ͫ͘ 

͙͍ͪͦͫ͟͡Έ͎ͦͦ͟ ͙ͭͨͯΦ 
 

˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˽͙ͪ ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘͜ ͍͙ͫͭͦ͜͟ͻ ͜ ͙ͪͤ͘͜ͼ͔͍͙ͻ ͍ͪͤ͜ΎͤΈ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͺ͙͙͘͜͟Σ ΅ͦ 
͙ͦͨͫͯΌͭΈ ͪͤ͘͜͜ ͔ͪ͊͡Έͤ͜ Ύ͍͙΅͊ ώп-ммϐΣ ͍͙͙ͤ͊͟ΌͭΈ ͔ͨͪͦ͋ͣͤ͜͡ ͊͒͊͘;͜ ς ͤ ͔ ͍ͪͦ͘ΩΎ͊ͤ͘͜ ͊͋ͦ ͣ͊ͦ͡ ͔͒ͦͫ͒͗ͤ͜͜͡ ͍ ͔ͭͦͪ͜͝ 
͙͔ͫͫͭͣ ͚͙ͤͤ͜͜͡ͻ ͎͔͙͊͋ͪ͡;͙ͤͻ ͍ͪͤ͜ΎͤΈΦ ˭ ͪͦͫͭͦͣ ͨͦͪΎ͒ͯ͟ ͙ͣ͊ͭͪͼ͜ ό͔ͪͦͪ͒͗ͤͦ͘͜͝Σ ͍͒ͦ͜͡Έͤͦ͝ ͙ͫͭͪͯͭͯͪ͟Σ 
͔͍͙͔ͤͪͦ͒͗ͤͦ͝ ͔͊͡ ͎ͨͦ͊ͤͦ ͍͔ͯͣͦͤͦ͘͡͝ύ ͪͦͫͭ͊͘Ί ;͙ͫͦ͡ ͍͔ͯͣͦͤͦͫͭ͘͜͡ ͙ͣ͊ͭͪͼ͜Σ ͫͨ͊͒͊Ί ΄͍͙͒ͫͭ͟͜Έ ͋͗ͤͦͫͭ͘͜͜ 
͔ͭͪ͊͜ͼ͚͙ͤ͜ͻ ͔͍ͣͭͦ͒͜Σ Ύ͊͟ ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͨͦͻ͙͋ͦ͟ ͦ͋;͙͔ͫͤ͡ΈΣ ͍͒͜ ͙ͫͭͪͯͭͯͪ͟ ͙ͣ͊ͭͪͼ͜Σ ͙͔ͪͭͪ͟͜͝ ͙͚ͨͪͤΎͭͭΎ 
͙͔͙ͤ͊͋͗ͤ͡ͻ ͪ͜΄͔ͤΈ ͫͭ͊ΌͭΈ ͔ͤ ͍͙͙͒ͦͫͭͦͪͤͣ͜Φ ˱ ͎͍͔ͦͦͤ͡Σ ;͙ ͫͤͯ͜Ί ͙ͨͪͤͼ͙͍ͨͦ͊ ͔͎ͫͭͪ͊ͭ͜Ύ ͙ͪͦͪͦ͋͘͟ ͔ͭͪ͊͜ͼ͚͙ͤ͜ͻ 
͔͍ͣͭͦ͒͜ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͍͙͊͊ͤ͘͟ͻ ͔͙ͨͪͦ͋ͣͤ͡ͻ ͊͒͊͘;Φ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˹͔͒ͦͫͭ͊ͭͤΈͦ ͔͒ͦͫ͒͗ͤͦ͜͡Ό ͔ͨͪͦ͋ͣͦ͡Ό Ί ͍͙ͤ͊͘;͔ͤͤΎ ͔͎ͫͭͪ͊ͭ͜͝ 

͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͙͔ͫͫͭͣ Ax b=  ͘ ͔͍͙͔͙͙ͤͪͦ͒͗ͤͣ ͎ͨͦ͊ͤͦ ͍͔͙͙ͯͣͦͤͣ͘͡ ͙ͣ͊ͭͪͼΎ͙ͣ ͍͔͙͙͟͡ͻ ͨͦͪΎ͍͒͟͜Φ ˹͔ ͫͤͯ͜Ί 

Ί͙͎͒ͤͦͦ ͫͨͦͫͦ͋ͯ ͍͙ͨͦ͋ͯ͒ͦ ͔ͺ͔͙͍͙ͭͤ͟ͻ ͔͍ͣͭͦ͒͜ ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘Ύ ͙ͭ͊͟ͻ ͙͔ͫͫͭͣΦ ˭ ͦ͒ͤ͜Ί͝ ͙ͫͭͦͪͦͤΣ ͤ͊ ͍ͦͫͤͦ͜ ͔ͭͦͪ͜͝ 
͔͋ͯͪͤ͘Έ ͍͙͙͍ͨ͊͡ΊΣ ΅ͦ ͍ ͍ͯͣͦ͊ͻ ͔ͪ͊͡Έ͙ͤͻ ͦ͋;͙͔ͫͤ͡Έ ς ͙ͤ͊ͦͨ͟;͔ͤͤΎ ͨͦͻ͙͋ͦ͟ ͎͔͊ͦͪͯͤͤ͘͟͡Ύ ͍ ͣ͊΄͙͚ͤͤ͜ 
͙͊ͪͺ͔͙ͣͭͼ͜Σ ͭ͊͟͜ ͙͔͙ͫͫͭͣ ͔ͤ ͙͍ͣͦ͗ͦ͡ ͍ͪͦ͘ΩΎ͍͙ͯ͊ͭ͘ ͘ ͍͒ͦͫͭͦͪͤͦ͜Ό ͭͦ;ͤͫͭ͜ΌΣ ͦͫ͟͜͡Έ͙͟ ͙ͣ͊ͭͪͼ͜ ͼ͙ͻ ͙͔ͫͫͭͣ 
͙͋͘͡Έ͟͜ ͒ͦ ͍͙͔͙ͪͦ͒͗ͤͻ ώ4,5,9,11ϐΦ ˭ ͎͒ͪͯͦ͝ ͙ͫͭͦͪͦͤΣ ͍͊ͨͪͦͨͦͤͦ͊ͤ͘͜ ͔͙ͣͭͦ͒ ͫͨͪΎ͔͙͗ͤͻΣ ͋͜-ͫͨͪΎ͔͙͗ͤͻ ͤ͊ͨͪΎ͍ͣ͜ 

͒͡Ύ ͙ͪͤ͘͜ͼ͔͍͙ͻ ͍ͪͤ͜ΎͤΈ Ax b=  ͘ ͒ͦ͒͊ͭͤͦ ͍͙ͤ͊͘;͔͙͙ͤͣ ͙͔͙ͫͣͭͪ;͙͙ͤͣ ͙ͣ͊ͭͪͼΎ͙ͣΣ ΄͙ͪͦͦ͟ ͍͊ͫͭͦͫͦͯ͘ΌͭΈͫΎ ͯ 

͙ͨͪ͊ͭ͟ͼ͜ [5,11]. ˭ ͔ͭͪͭΈͦ͝ ͙ͫͭͦͪͦͤΣ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͍͙ͫͦͦ͟;͙͍͙ͯͭ͡ͻ ͙͔ͫͫͭͣ ͙ͦ͋ͪͦ͋͟ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͔͔͔ͫͨͦͫͭͪ͗ͤΈ 
ό͔͎͔͚͙͚ͪͪͫͤ͜ ͊ͤ͊͘͜͡ ͘ ͔͔͔͍͙ͫͭͨͤͣ ͙͋͊ͫͦͣ͘Σ ͙ͣ͊ͭͪͼ͜ ˥͜͡Έ͔͋ͪͭ͊Σ ˴ͦ΄͜ ώ5,9ϐύ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔͔͙ͦ͋ͪͤͤͻ ͊͒͊͘;Σ 
͍ͨͦΩΎ͙͊ͤ͘ͻ ͘ ͔͙͒ͤͭ͜ͺ͊͜͟ͼ͜ΊΌ ͔͍ͣ͊ͭͪ͊͜͜͡ ώ6ϐΣ ͘ ͙͙͙ͨͪͪͦ͒ͤͣ ͙͊ͭ͊ͣ͊ͣ͘͟͟͜͡ ͭͦ΅ͦ ώ11ϐΣ ͍͙͎ͣ͊͊ΌͭΈ ͦͼ͙ͤ͜͟ 

͍ͪͦ͘ΩΎ͍͘͟͜ ͙͔ͫͫͭͣ Ax b=  ͘  ͎ͨͦ͊ͤͦ ͍͔͙͙ͯͣͦͤͣ͘͡ ͙ͣ͊ͭͪͼΎ͙ͣΦ 
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ˣ͜͡Έ΄ͫͭ͜Έ ͙͊ͫ͟͡;͙ͤͻ ͔ͭͪ͊͜ͼ͚͙ͤ͜ͻ ͔͍ͣͭͦ͒͜ [4-9,11] ͙ͦͨͫͯΊͭΈͫΎ ͨͪͦͼ͔͒ͯͪͦΌΥ ͙͔ͤ͊͋͗ͤͤ͡Ύ ͒ͦ ͍ͪͦ͘ΩΎͯ͘͟ 

͙͔͙ͫͫͭͣ Ax b=  ͅ ͍͙ͦͪͣͯ͊ͭ Ύ͟ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ  
 

( 1) ( ) ( )k k k

kx x ʩa+ = +  ͊ ͋ͦ 
( 1) ( ) ( )k k k k

kx B x wb+ = + , ͒ ͡Ύ 0,1,...k" =    (1) 

͔͒ ( ) ( ), ,k k kB ʩ w  ͊͒͊͘ΌͭΈͫΎ Ύ͟ ͺͯͤ͟ͼ͜͝ ό͔͙ͦͨͪ͊ͭͦͪύ ͙ͣ͊ͭͪͼ͜ A , ͍ͨͪ͊ͦ͝ ;͙͙͊ͫͭͤ bΣ ͙͔ͤ͊͋͗ͤͤ͡Ύ ͒ͦ 1 ( ) 1: kA B A- -º , 

͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ ͙͔ͤ͊͋͗ͤͤ͡Ύ ( )ix  ͘ ͊ S  ͨ ͔͔ͦͨͪ͒ͤ͜ͻ ͍ͪͦ͟͟͜Υ ( 1) ( ),...,k k Sx x- -  ͭ ͦ΅ͦΦ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜Φ мΦ ˤ͙͙ͦͤ͊ͭ͟ ͊ͤ͊͘͜͡ ͙ͨͪ;͙ͤΣ ΅ͦ ͫͭ͊ΌͭΈ ͤ͊ ͔͔ͨͪ΄ͦ͒͟͜ ͔ͭͪ͊͜ͼ͚͙ͤͣ͜ ͔ͣͭͦ͒͊ͣ ͊ͫͯ͟͡ όмύ ͙ͫͭ͊ͭ ͔ͺ͔͙͍͙͙ͭͤͣ͟Φ 

нΦ ˭͍͙͊ͨͪͦͨͦͤͯ͊ͭ ͙ͨͪͤͼ͙͍ͨͦͦ ͍ͤͦͯ ͔͎ͫͭͪ͊ͭ͜Ό ͙͍ͣͦ͗ͦͫͭ͜͡ ͍͙ͨͦ͋ͯ͒ͦ ͔ͺ͔͙͍͙ͭͤ͟ͻ ͔͍ͣͭͦ͒͜ ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘Ύ ͙͔ͫͫͭͣ Ax b=  ͘ 

͔͍͙͔͙͙ͤͪͦ͒͗ͤͣ ͎ͨͦ͊ͤͦ ͍͔͙͙ͯͣͦͤͣ͘͡ ͙ͣ͊ͭͪͼΎ͙ͣ ͍͔͙͙͟͡ͻ ͨͦͪΎ͍͒͟͜Φ 
ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˻͍͙͙ͫͤͦͤͣ ͙ͨͪ;͙͙ͤ͊ͣΣ ΅ͦ ͫͭ͊ΌͭΈ ͤ͊ ͔͔ͨͪ΄ͦ͒͟͜ ͔ͣͭͦ͒͊ͣ ͊ͫͯ͟͡ όмύ ͙͋ͯͭ 

͔ͺ͔͙͍͙͙ͭͤͣ͟ ΊΥ ͦ͋͊ͫͭ͡Έ 
minK ς ͣ ͤͣ͊͜͜͡Έ͙ͤͻ ͔͍ͤΩΎͦ͘͟Σ ͙͙͋͊ͫ͘ ͙͍ͪͦͫ͟͡Έ͎ͦͦ͟ ͙ͭͨͯΣ ͨͦͻ͙͙͋͟ ͦ͋;͙͔ͫͤ͡ΈΣ Ύ͟͜ ͙ͤ͊ͦͨ͟;ͯΌͭΈͫΎ ͍ 

͔ͭͪ͊͜ͼ͜ΎͻΦ 

мΦ ˻͋͊ͫͭ͡Έ 
minK . ˽ͪͦͫͭͪ͜ n

R ͙͍ͪͦ͋͊͘ΊͭΈͫΎ ͎͔ͨͪͨͦ͜͡΅͙͙ͤ͊ͣ , 1,...,i iA x b i n= =  (
iA ς ͍͔ͭͦͪ͟-ͪΎ͙͒͟ ͙ͣ͊ͭͪͼ͜ A

όͤͦͪͣ͊͜͡ύΣ ( ,..., )Ti nb b b= ύ ͤ͊ 2
n  ͍ͦͤͯͫ͟͜ ͘ ͍͔ͪ΄͙ͤͦΌ ͯ ͍ͪͦ͘ΩΎͯ͘͟ * 1x A b-= Φ ˴͙ͦͤͯͫΣ ΅ͦ ͣͫͭ͜ΎͭΈ ͙͎ͫͤͯ͡Ύͪͤͯ ͨͪΎͣͯ όͯ 

͎͊͊͘͡Έͤͦͣͯ ͨͦ͡΅͙ͤͯύ 
*

minx x te= +  ͯ ͍ͭͦͪΌΌͭΈ ͦ͋͊ͫͭ͡Έ ͣͤͣ͊͜͜͡Έ͙ͤͻ ͔͍ͤΩΎͦ͘͟Σ ͔͒ 
*

min x xe = -ς ͍ ͙͚͊ͫͤ͡ ͍͔ͭͦͪ͟ ͙ͣ͊ͭͪͼ͜ 

T
A A, ̈́ ͦ ͍͍͒ͨͦ͒͊͜͜Ί  min( )TA Al Φ ˻͍ͫͤͦͤ͜ ͔͒ͭ͊͜͡ ͨͦΎ͙ͫͤͣͦ ͤ͊ ͙ͨͪ͊͒͟͜͡ ͨͪͦͫͭͦͪͯ 2

R  ό͔ͤ ͍ͭͪ͊;͊Ό;͙ ͎͊͊͘͡Έͤͦͫͭ͜ύΦ 

˽͙ͪ͊͒͟͡Φ ˽͍͙ͪͦ͊ͤ͊ͯ͊ͭ͘͜͡ ͙͔ͫͫͭͣͯ 

1

2

1 1 0

1 0,9999 0,01

x

x

è øè ø è ø
=é ùé ù é ù

ê ú ê úê ú
, *

100

100
x
è ø
=é ù
-ê ú

, 
0

0,01
b
è ø
=é ù
ê ú

. 

ˤ͙͔͔͋ͪͣͦ ͍͒͜ ͨͦ;͍͊ͭͦ͟͜ ͭͦ;͙͟ 
(1)

min[150;50]x K= Î , 
(2)

min[0;0]x K= Í , 
(1) *

2
158x x- º , 

(2) *

2
14x x- º . 

˭͊ͫͭͦͫͯΊͣͦ ͙ͦ͒ͤ ͜ ͚ͭͦ ͔͗ ͔ͭͪ͊͜ͼ͚͙͚ͤ͜ ͨͪͦͼ͔ͫ ͤ͊ͨͪΎ͔͎ͣͤͦͦ͡ ͨͦ΄ͯͯ͟ ώ3]:
( ) ( ) ( )k k T k

kx x A ra= +
22

( ) ( )

2 2
/k T k

k r A ra =- , 

΅ͦ ͣͤͣͯ͘͜͜͜Ί ͤͦͪͣͯ 
2
 ͍͔ͭͦͪ͊͟ ͨͦͻ͙͙͋͟Σ ͔͒ͫͭ͊ͤͣͦ͜ 

(1)

min[49,99878739; 49,99621274]Tx K= - Í ,

(2)

min[0,0050005;0,005]Tx K= Í . 

˻͋;͙͙ͫͣͦ͡ ͔͍ͤΩΎ͙͘͟  
(1) [0,00257465;0,002425228]Tr = , 

(2) [0,010005;0]Tr = Φ ˹͔͔͊͗ͤͦ͘͡ ͍͒͜ ͎ͭͦͦΣ ΅ͦ 
(1)

minx KÎ

, 
(2)

minx KÍ Σ ͔ͭͪ͊͜ͼ͚͙͚ͤ͜ ͨͪͦͼ͔ͫ ͊ͫͯ͟͡ όмύ ͊͘ ͙ͦ͒ͤ ͪͦ͟͟ ͙͍͍ͨͪ͜ ͙͔ͤ͊͋͗ͤͤ͡Ύ ͍ ͦ͋͊ͫͭ͡Έ 
minK Σ ͙ͨͪ;ͦͣͯ  ͭͦ;͊͟ (1)x Σ ΅ͦ 

ͤ͊͘ͻ͙ͦ͒͊ͫ͡Έ ͤ͊ ͤ͊͘;͚ͤ͜ ͍͒ͫͭ͊ͤ͜͜ ͍͒͜ ͍ͪͦ͘ΩΎͯ͘͟Σ ͔͔͚ͨͪ΄͊͡ ͍ ͙͋͡΅ͯ ͭͦ;ͯ͟ 
(1)

minx KÍ  Σ ͤ͗͜ ͭͦ;͊͟ (2)x Σ Ύ͊͟ ͔ͤ͊͗͊͊͡͡ 
minK  

͜ ͤ͊͘ͻ͙ͦ͒͊ͫ͡Έ ͤ͊ ͔ͣͤ΄͚͜ ͍͒ͫͭ͊ͤ͜͜ ͍͒͜ ͍ͪͦ͘ΩΎͯ͘͟Φ ́ͦ;͊͟ (2)x  ͚͔ͣ͊͗ ͔ͤ ͙ͣͤ͊͘͜͡ ͍ͫͦΊ ͔ͨͦͦ͗ͤͤ͡ΎΣ ͔͍ͤΩΎ͙͘͟ 
(1)

r , 
(2)

r Σ Ύ͙͙ͣ͟ 

͔ͦͨͪͯΌͭΈ ͍ ͔ͣͭͦ͒͊ͻ ͊ͫͯ͟͡ όмύΣ ͤ͜Ύ͎ͦͦ͟ ͪͦ͘ΩΎ͔ͫͤͤͤΎ ͔ͤ ͍ͤͦͫΎͭΈ ͍ ͒͊ͤͯ ͙ͫͭͯ͊ͼ͜ΌΦ ˽ͪͦͼ͔ͫ ͋͗ͤͦͫͭ͘͜͜ ͍ ͦ͋͊ͫͭ͜͡ 
minK  ͘ ͍͙ͤͦͻ 

͍͙ͫͭ͊ͪͭͦͻ ͭͦ;ͦ͟ (1)x , (2)x  ͤ͊ ͙ͤ͊ͫͭͯͨͤͻ ͪͦ͊͟͟ͻ ͤ͊ͫͭ͜͡Έ͙͟ ͍ͫͨͦ͜͡Έ͙ͤͭΈͫΎΣ ΅ͦ ͚͎ͦͦ ͔ͤͦ͋ͻ͒ͤͦ͜ ͔͋ͯ͒ ͙͙͙ͯͨͤͭ͘ ͊͘ ͟͜͡Έͫͭ͟͜Ό 

͍ͪͦ͟͟͜ 500k¢ Σ ͭ͊͟ ͜ ͔ͤ ͒ͦͫΎ͎͍ͤͯ΄͙ ͺ͙͊ͭ͟;͎ͤͦͦ ͍ͪͦ͘ΩΎͯ͘͟Φ ͙̉ͫͦ͡ ͍͔ͯͣͦͤͦͫͭ͘͜͡ ͙ͣ͊ͭͪͼ͜ 

max min( ) / ( ) 12648,79453T TcondA A A A Al l= = .  

2. ˣ͙͊ͫ͘ ˴͙͍ͪͦͫ͡Έ͎ͦͦ͟ ͙ͭͨͯΦ ͔͚̇ ͙͋͊ͫ͘ Ί ͍͙ͦͫͤͦͤͣ ͍ ͔ͣͭͦ͒͊ͻ ͊ͫͯ͟͡ όмύΦ ̒͟΅ͦ ͍͔͒ͦͣ͜ ͙͔ͤ͊͋͗ͤͤ͡Ύ (0) nx RÍ ͜ 

͔͍ͤΩΎ͊͘͟  (0) (0)r Ax b= -Σ ͭͦ ͙͋͊ͫ͘ ͺͦͪͣͯΊͭΈͫΎ Ύ͟ ͙͔ͫͫͭͣ͊ { }(0) (0) 1 (0), ,..., m

mKr r Ar A r-= Φ ˿͙͔ͫͭͣ͊ 
mKr  Ί ͎ͨͦ͊ͤͦ 

͍͔ͯͣͦͤͦ͘͡ΌΣ ͭͦͣͯ ͨͪͦͼ͔ͫ ͝͝ ͎ͦͪͭͦͦͤ͊͊͘͜͡ͼ͜͝ ͔ͣͭͦ͒ͦͣ ˥ͪ͊ͣ͊-̊ͣ͒ͭ͊͜ όˢͪͤͦ͡Έ͒͜ ͊͋ͦ ˶͊ͤͼͦ΄͊ύ ͙͍͙ͨͪͦ͒ͭΈ ͒ͦ ΄͍͙͒ͦ͟͝ 
͎ͪͦͦͪͭͦͦͤ͊͊͘͘͜͡ͼ͜͝ ͍ ͙ͫͯ͡ ͨͦͻ͙͋ͦ͟ ͎͔͊ͦͪͯͤ͘͟͡ΈΦ ˻͔ͭ͗Σ ͍ ͙ͨͪ͊ͭ͟;͙ͤͻ ͦ͋;͙͔ͫͤͤ͡Ύͻ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͙͙͙͋ͪ͊ͭ m n ͭͦ͒͜ ͙͋͊ͫ͘ 

mKr  ͯ  ͨͪͦͫͭͦͪ͜ 
n

R  ͤ ͔ ͍͙͚ͨͦͤΦ 

3. ˽ͦͻ͙͙͋͟ ͦ͋;͙͔ͫͤ͡ΈΦ ˽ͦͻ͙͙͋͟ ͦ͋;͙͔ͫͤ͡Έ ͍͙͊͗͒͘ ͙ͨͪͫͯͭͤ͜ ͍ ͔ͪ͊͡Έ͙ͤͻ ͦ͋;͙͔ͫͤͤ͡Ύͻ ͍ ͣ͊΄͙͚ͤͤ͜ ͙͊ͪͺ͔͙ͣͭͼ͜Σ 
ͫ͊͒͊͟͡ΌͭΈͫΎ ͘ ͨͦͻ͙͋ͦ͟ ͎͔͊ͦͪͯͤͤ͘͟͡Ύ ͭ͊ ͍͙ͭͪ͊ͭ ͫͭ͊ͪ΄͙ͻ ͪͦͪ͘Ύ͍͒͜ ό͊ͭ͊ͫͭͪͦ͟ͺ͜;ͤ͊ ͍ͭͪ͊ͭ͊ ͭͦ;ͤͦͫͭ͜)Φ ˻͔ͭ͗Σ ͔ͨͪͦ͋ͣͤͦ͡Ό 
͊͒͊͘;͔Ό Ί ͭ͊͊͟ ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͨͪͦͼ͔ͫͯ ͦ͋;͙͔ͫͤ͡ΈΣ ΅ͦ͋ ͍͙ͣͤͣͯ͊ͭ͘͜͜͜ ͍͙͍ͨ͡ ͨͦͻ͙͋ͦ͟ ͦ͋;͙͔ͫͤ͡Έ ͤ͊ ͤ͟͜ͼ͔͍͙͚ ͔ͪͯ͘͡Έͭ͊ͭΦ 

˻͋͊ͫͭ͡Έ 
maxK Φ ̂ ͙͔ͨͪͦͭ͗ͤͫͭ͜͡Έ ͦ͋͊ͫͭ͜͡ 

minK  ͫͤͯ͜Ί ͦ͋͊ͫͭ͡Έ 
maxK  όͦ͋͊ͫͭ͡Έ ͙ͣ͊ͫͣ͊͟͡Έ͙ͤͻ ͔͍ͤΩΎͦ͘͟ύΣ ΅ͦ Ί 

ͦ͋ΩΊ͒ͤ͊ͤͤΎͣ ͍ͦͤͯͫ͟͜Σ Ύ͟͜ ͣͫͭ͜ΎͭΈ ͙͎ͫͤͯ͡Ύͪͤͯ ͨͪΎͣͯ 
*

maxx x te= + Σ ͔͒ 
maxe ς ͍͙͚͊ͫͤ͡ ͍͔ͭͦͪ͟Σ ΅ͦ ͍͍͒ͨͦ͒͊͜͜Ί max( )TA Al . 

ˤ͊ͫͤ͜͡ ͍͔͙ͭͦͪ͟ *x xe= -  ͙ͣ͊ͭͪͼ͜ 
T

A A  ͣ͊ΌͭΈ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤͯ ͍͙͍͊ͫͭͫͭ͜͡Έ ͒͡Ύ ͋͗ͤͦͫͭ͘͜͜ ͍͒ͦ͜͡Έ͎ͤͦͦ ͔ͭͪ͊͜ͼ͚͎ͤͦͦ͜ 

͔ͣͭͦ͒ͯΥ ( ) ( )* *TA A x x x xl- = - Φ ˭͍͙͒ͫ͜ ͍͙͙͍ͨ͊͡ΊΣ ΅ͦ ( )*TA r x xl= -  Ί ͙ͦͨͭͣ͊͡Έ͙ͤͣ ͍͔ͭͦͪͦͣ͟ ͤ͊ ͍ͪͦ͘ΩΎͦ͘͟Φ 
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͙́͊ͣ͟ ;͙ͤͦͣΣ ͊͒͊͘;͊ ͣͤͣ͊͊͘͜͜͜͡ͼ͜͝ ό͙ͣ͊ͫͣ͊͘͟͜ͼ͜͝ύΣ ͍͒ͤͦ͜΄͔ͤͤΎ ˾͔͔͡Ύ 2 2

2 2
/rr e=  ͤ ͊ ͫͺ͔ͪ͜ 

2 2
* (0) *

2 2
x x x x- = -  ͒ ͡Ύ 

͍͒ͦ͜͡Έͤͦ͝ ͭͦ;͙͟ (0) nx RÍ , (0) *x x̧ Σ Ί ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύͣ ͔͙ͨͪͦ͋ͣ͡ ͍͙ͨͦ͋ͯ͒ͦ ΄͍͙͙͒ͦ͋͗ͤ͘͟͜ͻ ͔ͭͪ͊͜ͼ͚͙ͤ͜ͻ ͔͍ͣͭͦ͒͜ ώ2,3]. 

˱͔ͭͪ͊ͼ͚ͤ͜͜ ͔͙ͣͭͦ͒ ͤ͊ͨͪΎ͔͎ͣͤͦͦ͡ ͨͦ΄ͯͯ͟Φ ˤ ͔ͣͭͦ͒͊ͻ ͤ͊ͨͪΎ͔͎ͣͤͦͦ͡ ͨͦ΄ͯͯ͟ ͔ͭͪ͊͜ͼ͚͙͚ͤ͜ ͨͪͦͼ͔ͫ ͣͦ͗ͤ͊ 
͎͍͙ͦͪ͊ͤͯ͊ͭ͘͜ ͤ͊ͫͭͯͨͤͦΌ ͨͪͦͼ͔͒ͯͪͦΌ ώ2,3]: 

( 1) ( ) ( )k k T k

kx x Aʩa+ = + , 
2

( ) ( ) ( )

2
( , ) /k k T k

k r c A ca =-  .    (2) 

˽͍ͦͫ͒ͦͤͫͭ͜͜͡Έ ͨͦͻ͙͋ͦ͟ ( 1) ( 1) *k kx xe + += -  ͎ͫͭͪͦͦ ͣͦͤͦͭͦͤͤͦ ͎͋͊͘͜ΊͭΈͫΎ ͍ ͊͋ͫͦ͡Όͭͤͦ ͭͦ;͚ͤ͜ ͙͊ͪͺ͔͙ͣͭͼ͜ ͒͡Ύ 

͍͒ͦ͜͡Έͤͦ͝ ͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡ ͤ͊ͨͪΎ͙ͣͤͻ ͍͔͍ͭͦͪ͟͜ ( )T kA c , ( )kc KÍ , 
( ) ( )( , ) 0k kc r ¸ Φ ͍͙̊͒ͫͭ͟͜Έ ͋͗ͤͦͫͭ͘͜ ͜

 { }
2 2( 1) 2 ( )

22
(1 cos , )k T k k

k A ce e e+ = - .     (3) 

˽͔ͪͦͭ ͍ ͙ͫͯ͡ ͨͦͻ͙͋ͦ͟ ͦ͋;͙͔ͫͤ͡ΈΣ ͨͪͦͼ͔ͫ ΄͍͙͒ͦͫͭ͟͜ ͋͗ͤͦͫͭ͘͜͜ ͔ͣͦ͗ ͤ͊͘;ͤͦ ͍ͫͨͦ͜͡Έ͙͙ͤͭͫΈ Φ 
˭͊ͨͪͦͨͦͤͯΊͣͦ ͎͙͊ͦͪͭͣ͡ ͔ͣͭͦ͒ͯ ͤ͊ͨͪΎ͎ͣͤͦͦ ͨͦ΄ͯͯ͟ ͘ ͙ͣ͊ͭͪͼΎ͙ͣ ά;͙͚ͦͪͤ Ύ΅͙͟έ ͤ͊ ͙ͨͪͤͼ͙͍ͨͦͦ ͍͚ͤͦ͜ ͔͎ͫͭͪ͊ͭ͜͝Σ 

͍͚͒ͣͤͤ͜͜͜ ͍͒͜ όмύΣ ΅ͦ ͎͊͒͗ͯ͘͡Ί ͨͦͻ͙͙͋͟ ͦ͋;͙͔ͫͤ͡ΈΣ ͎͋͊͘͜ΊͭΈͫΎ ͎ͫͭͪͦͦ ͣͦͤͦͭͦͤͤͦΦ ˭͙͊ͨ΄͔ͣͦ ͍͒ͦͼ͙͟͜͡;ͤͯ ͔ͭͪ͊͜ͼ͚ͤͯ͜ 
ͨͪͦͼ͔͒ͯͪͯΥ 

( , ) ( ) ( , )

,

k i i T k i

k ix x Aʩa= + , 
2

( ) ( , ) ( , )

,
2

( , ) /i k i T k i

k i r c A ca =- , 0,1,...,i n= , 0,1,...,k m=  (4) 

˽ͪͦͼ͔ͫ όпύ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘ ͍͒ͦͻ ͔͍ͭ͊ͨ͜Υ ͊ύ ͦ͋;͙͔ͫͤͤ͡Ύ ͨͦ;͍͎͊ͭͦͦͦ͟ ͤ͊ͨͪΎ͎ͣͤͦͦ ͍͔ͭͦͪ͊͟ (0)c  ͤ ͊ ͍ͦͫͤͦ͜ ͙͍ͪͦͫ͟͡Έ͎ͦͦ͟ 

͙͋͊ͫͯ͘ 
mKr Τ ͋ύ ͯͭͦ;͔ͤͤͤΎ ͤ͊ͨͪΎ͎ͣͤͦͦ ͍͔ͭͦͪ͊͟ ( )ic  ͨͦ ͙͔ͫͫͭͣ͜ ͍͙ͨͦͤͻ ͙͍͋͊ͫ͘͜ ͙͍ͪͦͫ͟͡Έ͎ͦͦ͟ ͙ͭͨͯ 

{ }{ }1

1
, ,...,

n
m

i i i i
i

Ke e Ae A e-

=
=  . 

˽ͦ;͍͔͊ͭͦ͟ ͙͔ͤ͊͋͗ͤͤ͡Ύ ͍͔ͭͦͪ͊͟ (0)c  ͍ ͙͋͊ͫ͘͜ 
mKr . ˹͔ͻ͚͊ ͙͚͊͒͊ͤ͘ ͍͔ͭͦͪ͟ (0)x  Σ ͔͍ͤΩΎ͊͘͟  (0) (0)r Ax b= -. 

˿ͺͦͪͣͯΊͣͦ ͙͋͊ͫ͘ { } { }(0) (0) 1 (0)

0 1 1, ,..., , ,...,m

m mKr r Ar A r u u u-

-= = .  

˾ͦͣͪͤͫͭ͘͜͜Έ m ͍͙͙͋ͪ͊ΊͭΈͫΎ ͘ ͍͙ͯͣͦΥ [ ]1,...,1,0 -Í" mj  { } sjj rArA -- -< 101,cos )0()()0()1(2 CC
 ͜ ͒͡Ύ mj =

{ } smm rArA -- -² 101,cos )0()()0()1(2 CC
1>s  ς ͼ͔͜͡ ͔͒ͦ͒͊ͭͤ ;͙ͫͦ͡Σ ͍ͨͦΩΎ͔͊ͤ͘ ͘ ͣ͊΄͙ͤͤͦΌ ͭͦ;ͤͫͭ͜Ό ό͙ͨͪ͊ͭ͟;ͤͦ ͒ͦͫͭ͊ͭͤΈͦ 

͙ͨͦ͊ͫͭ͟͡ { }10,9,8=s Φ ˻͎ͪͭͦͦͤ͊ͯ͘͜͡Ίͣͦ ͔ͣͭͦ͒ͦͣ ˥ͪ͊ͣ͊-̊ͣ͒ͭ͊͜ ͙͔ͫͫͭͣͯ mK Σ ͔͒ͫͭ͊ͤͣͦ͜ ͙͔ͫͫͭͣͯ { }110
~,...,~,~
-muuu
CCC

 ͘ ͍͔ͭͦͪ͊͟ 

{}.~
iu
C
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͙ͣ͊ͫͣͯ͘͟͜Ί { }),cos )0()0(2 e
CC

cAT
Φ ͙́͊ͣ͟ ;͙ͤͦͣΣ ͍͔ͭͦͪ͟ 

)0(c
C
Σ ͎͊͒͗ͯ͡Ί ͨͦͻ͙͋ͯ͟ ͎ͪͦͦͪͭͦͦͤ͊͊͘͘͜͡ͼ͜͝ ς ͍ ͤ͜ ͍͙͚ͨͦ͋ͯ͒ͦ͊ͤ ͤ͊ ͍ͦͫͤͦ͜ 

͙ͦͨͭͣ͊͡Έ͙ͤͻ ͔͍ͨ͊ͪ͊ͣͭͪ͜ ia ͒͡Ύ ͙͋͊ͫͯ͘ 
mKr  ͣ͊ͦ͡͝ ͪͦͣͪͤͦͫͭ͘͜͜ ,nm<<  ͔͔͊͋ͨ͘͘;ͯΊ ͎ͫͭͪͦͯ ͣͦͤͦͭͦͤͤͫͭ͜Έ ͒͡Ύ ͙ͤͦͪͣ ͍͔ͭͦͪ͊͟ 

ͨͦͻ͙͙͋͟Φ ˨͚ͫͤͦ͜Σ ͦ͋;͙͙ͫͣͦ͡ 
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OPTIMIZATION METHODS FOR SOLVING SYSTEMS Ax b=  

Vasil Abramchuk, Ihor Abramchuk, Daria Petruk, Olena Puhach 
Vinnitsa State Pedagogical University named after M. Kotsybinsky, Ukraine 

Abstract. The work proved that kind of iterative methods ,)()()()1( k
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 with ill predefined matrices 

,),( nrankARMA nn =Í ³  arbitrary structure, large orders, slowing the rate of convergence as the approach vector regulations 

while minimizing the residual error vector or fall in the set minK  - set of minimum residuals; basis vectors of Krylov subspace on 

which the convergence method, greatly due, calculation errors do not lead to monotony process of convergence. 
The proposed algorithm based dvotsyklichnyy which minimizes the error computation and strictly monotonously the same. 

The algorithm is based on the basis of the Krylov basis { }1, ,..., m

mKr r Ar A r-= , r  ς discrepancy and complete system of bases 
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the guide on the solution vector in the set (computed) point (0)x  that guarantees process stability calculations. Criterion adoption 

approximate solution of a system resistant to errors. 
Key words: a bad conditioned matrix, iterative method, method directional search bases Krylov type. 
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͔͔͙ͭͦͪͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͤ͊ ͔͔͙ͭͦͪͭͦ͟-͙ͨͪ͊͒ͤͯ͟͡ ͺ͊ͻ͍ͦͦ ͦͪ͘͜Ί͍ͤͭͦ͊ͤͯΦ ˻͙͍ͫͦ͋ͦ͡ ͼ͔ ͍͙͒ͤͦͫͭ͜ΈͫΎ ͒ͦ ͙͒ͫͼ͙ͨͤ͜͡ 
ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͎ͤͦͦ ͫͨͪΎ͍ͣͯ͊ͤͤΎΣ ͔ͦͪͣ͊͘͟ ͺ͙͙͘͜͟ Ύ͟ ͚ͤ͊͋͜͡Έ΄ ͍͔ͯͤͪͫ͊͜͡Έͤͦ͝ ͍͋͊ͦͦ͘͝Φ 

˱ͤ΄͙ͣ ͤ͊ͨͪΎͣͦͣ ͫ͒͜͡ ͍͍͙͊͗͊ͭ ͔ͤ͊ͫͪͤ͘͟͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͺ͊ͻ͍ͦͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͔͍ͫͭͯ͒ͤͭ͜ ;͔͔ͪ͘ ͺ͍͔ͫͦ͊ͤ͜͟ 
͔͎͔ͪ͊ͣͤͭͦͣ͡ ͍͙ͦͤ͊ͤͤ͟Ύ ͚͙ͫ͊ͣͦͫͭͤ͜ͻ ͜ ͙ͨͪ͊ͭ͟;͙ͤͻ ͪͦ͋ͭ͜Σ Ύ͟͜ Ί ͍͙͙ͫ͊͒ͦͣ͟͡ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͍͊͟͜͡ͺ͊͜͟ͼ͚ͤͦ͜͝ ͙ͪͦ͋ͦͭΣ 
͙͎͒ͨͦͣͤͦͦ͡ ͔ͨͪͦͭͯ͟ ό͙ͪͦ͋ͦͭύΦ ˽͙ͪ ͼΈͦͣͯ ͤ͊͘;ͤ͊ ;͙͊ͫͭͤ͊ ͎͊͋ͦͪ͊ͭͦͪͤͦͦ͡ ͙ͨͪ͊ͭͯͣͯ͟͟Σ ͙ͨͪ͊ͭ͟;͙ͤͻ ͜ ͚͙ͫ͊ͣͦͫͭͤ͜ͻ ͪͦ͋ͭ͜Σ 
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͋ͯ͒ͯͭΈ ͙͙ͤͦͫͭ ͍͔͙͚͊ͣͦͤ͘͡ ͙ͦͦͪ͒ͤ͊ͭͦͪͦͣ͟ ͍͊͟͜͡ͺ͊͜͟ͼ͚ͤͦ͜͝ ͙ͪͦ͋ͦͭ ͻ͔͊ͪ͊ͭͪ͟Σ ͙ͣ͊ͭ ͔͔͔͙ͣͤͭ͡ ͺ͊ͻ͍ͦͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͜ 
͍͎ͤ͊ͯͦͦͦ͟ ͨͦ΄ͯͯ͟Φ 

˹͔͊ͫͪͤ͘͟͜ ͍͙ͦͤ͊ͤͤ͟Ύ ͚͙ͫ͊ͣͦͫͭͤ͜ͻΣ ͙ͨͪ͊ͭ͟;͙ͤͻΣ ͺ͊ͻ͍ͦͦ ͦͪ͘͜Ί͍͙ͤͭͦ͊ͤͻ ͪͦ͋ͭ͜ ͍ͫͭͦͪΌΊ ͨ͒͐ͪͯͤͭ͜Ύ ͒͡Ύ ͙͍͊ͭͤͦ͟͝ ͜Σ 
͎͍͔ͦͦͤ͡Σ ͍͔ͯͫ͒ͦͣͤͦ͜͡͝ ͜ ͙͍ͨͪΩΎ͊ͤͦ͘͝ ͒ͦ ͍͙ͨͪ͊͡Έ͎ͤͦͦ ͍͔ͭͦͪ͊͟ ͍ͦͫͭͤ͜Έͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔ͫͭͯ͒ͤͭ͊Σ ͔ͪ͊͡Έ͎ͤͦͦ ͙͎͒ͨͦͣͤͦͦ͡ 
͔͍ͨͪͦͭͯ͊ͤͤ͟ΎΦ ˻͍͔ͫͤͦͤ ͍͊͒͊ͤͤ͘Ύ ͍ ͍ͨ͊ͤͯ͊ͤͤ͜͡ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜ ͯ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜ ͨͦ͡Ύ͎͊Ί ͍ 
͔͔͙ͭͦͪͭ;ͤͦͣͯ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤ͜ ͭ͊ ͪͦͪͦ͋͘ͼ͜ ͔ͣͦ͒͜͡ ͤ͊ͫͪͤͦ͘͟͜͝ ͙ͪͦ͋ͦͭ ͨ͒͜ ;͊ͫ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͯ ͎͙͊ͪ͊ͪͤͻ ͍ͤ͊;͊͡Έ͙ͤͻ 
͊͊͒͊͘͟͡ͻ ͊͘ ͍͙ͦͫͭͤͣ͜͜ ͔ͫͭͯͨͤΎ͙ͣ ζͣͦͦ͒͡΄͙͚ ͔ͫͨͼ͊ͫͭ͜͜͡η - ζ͍͋͊͊͊ͪ͟͡η  - ζ͔ͫͨͼ͊ͫͭ͜͜͡η ό͙ͪͫΦмύΦ 
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ʈʆɹʆʊʀ 

ʄʘʣʦʤʽʩʪʢʽ ʚʠʜʠ 

ʩʘʤʦʩʪʽʡʥʦʾ 
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ɼʠʧʣʦʤʥʠʡ 

ʧʨʦʝʢʪ 
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çʤʦʣʦʜʰʠʡ 

ʩʧʝʮʽʘʣʽʩʪè 

 

ʊʝʤʘʪʠʢʘ 

ʥʘʩʢʨʽʟʥʦʩʪʽ 

ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʈʦʟʨʘʭʫʥʢʦʚʦ-

ʛʨʘʬʽʯʥʽ  

ʨʦʙʦʪʠ 

 

ɼʦʤʘʰʥʽ ʟʘʚʜʘʥʥʷ 

 

 

ʊʚʦʨʯʽ  

ʨʦʙʦʪʠ 
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ɼʠʧʣʦʤʥʠʡ 

ʧʨʦʝʢʪ 

(ʨʦʙʦʪʘ) ʥʘ 

ʟʜʦʙʫʪʪʷ ʆʉ 

çʙʘʢʘʣʘʚʨè 

 

ʊʝʤʘʪʠʢʘ 

ʥʘʩʢʨʽʟʥʦʩʪʽ 

ʟʙʝʨʽʛʘʻʪʴʩʷ 

 

ʈʝʬʝʨʘʪʠ 

 

 

 

ʊʚʦʨʯʽ  

ʨʦʙʦʪʠ 
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ʨʦʙʦʪʠ 

 

 

ɻʨʘʬʽʯʥʽ  

ʨʦʙʦʪʠ 

 

 

 

 

 

ɼʠʧʣʦʤʥʠʡ 

ʧʨʦʝʢʪ 

(ʨʦʙʦʪʘ) ʥʘ 

ʟʜʦʙʫʪʪʷ ʆʂʈ 

çʩʧʝʮʽʘʣʽʩʪè 

ʂʫʨʩʦʚʽ  

ʨʦʙʦʪʠ  

(ʧʨʦʝʢʪʠ) 

ʊʨʘʢʪʦʨʠ ʽ 

ʘʚʪʦʤʦʙʽʣʽ 

ʉ.-ʛ. ʤʘʰʠʥʠ 

ʄʘʰʠʥʦ-

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʛʘʣʫʟʷʭ 

ɯʥʞʝʥʝʨʥʘ 

ʤʝʭʘʥʽʢʘ 

ʇʨʦʝʢʪʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʛʘʣʫʟʽ 

ʌʽʥʘʥʩʦʚʦ-ʧʨʘʚʦʚʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ 

ʂʦʤʧôʶʪʝʨʥʘ 

ʦʧʪʠʤʽʟʘʮʽʷ 

ʽʥʞʝʥʝʨʥʠʭ 

ʨʽʰʝʥʴ 

ʂʫʨʩʦʚʽ  

ʨʦʙʦʪʠ  

(ʧʨʦʝʢʪʠ) 

ʊʝʭʥʽʯʥʘ  

ʤʝʭʘʥʽʢʘ 

ʈʝʤʦʥʪ ʩ.-ʛ. 

ʪʝʭʥʽʢʠ 

ʄʘʰʠʥʦ-

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʨʦʩʣʠʥʥʠʮʪʚʽ 

  
˾͙ͫΦ мΦ ˿ ͻ͔ͣ͊ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͔͎ͤͭͪ͊͜ͼ͚ͤͦ͜-͎ͤ͊ͫͪͤͦͦ͘͟͜ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͫͭͦͪͯ  

͍ ͎͊ͪ͊ͪͤͦ-͔ͭͻͤ͜;ͤͦͣͯ ͍͔͙͔ͯͤͪͫͭͭ͜͜ 
 
˭ͤ͊;ͤ͊ ;͙͊ͫͭͤ͊ ͎͙͊ͪ͊ͪͤͻ ˤ˹˭ ͔͔͍͔ͨͪ͊͡ ͍͙ͦͤ͊ͤͤ͟Ύ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͚͙ͫ͊ͣͦͫͭͤ͜ͻ ͪͦ͋ͭ͜ ͘ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͫͭͦͪͯ͟ 

͍ͨ͊ͤͯ͊ͤͤ͡Ύ ͜ ͔ͪ͊͊͘͜͡ͼ͜͝ ͍ ͍͙͚ͤ͊ͯͦ͟Φ ͔̇ Ί ͍ͨ͒ͫͭ͊ͦ͜Ό ͒͡Ύ ͦ͋ȫΊ͒ͤ͊ͤͤΎ ͤ͊ͫͪͤͦͫͭ͘͟͜͜ ͍ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜ ͘ ͤ͊ͫͪͤͫͭ͘͟͜͜Ό ͍ 
͍͚ͤ͊ͯͦ͟͜ ͪͦ͋ͦͭ͜Φ ˨͡Ύ ͼΈ͎ͦͦ ͔ͪͦͪͦ͋ͤͤ͘͜͡ ͔͙͙ͣͭͦ͒͟ ͫ͊͒͊ͤͤ͟͡Ύ ͜ ͔ͪ͊͊͘͜͡ͼ͜͝ ͦ͋ΩΊ͙͒ͤ͊ͤͻ ͙ͤ͊ͫͪͤ͘͟͜ͻ ͫͻ͔ͣ ͍͙ͦͤ͊ͤͤ͟Ύ 
͍ͤ͊;͊͡Έͤͦ-͍͙ͤ͊ͯͦ͟ͻ ͍͊͟͜͡ͺ͊͜͟ͼ͚͙ͤ͜ͻ ͪͦ͋ͭ͜ ͙ͦ͗ͤͣ͟ ͔ͫͭͯ͒ͤͭͦͣΣ ͨͦ;͙ͤ͊Ό;͙ ͘ ͔ͨͪ΄͎ͦͦ ͯͪͫͯ͟ όͭ͊͋͡Φ мύΦ 

˻͔ͭ͗Σ ͔͎͎ͨ͒͊ͦ͜;ͤ͊ ͔ͣͦ͒͡Έ ͔͎ͤͭͪ͊͜ͼ͚ͤͦ͜-͎ͤ͊ͫͪͤͦͦ͘͟͜ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͫͭͦͪͯ ͍͙ͨͦͤͤ͊ ͍͟͡Ό;͙͊ͭ ͔ͦͣͨͫ͟͟͡ ͍ͯͣͦΣ 
ͫͨͪΎ͍͙ͣͦ͊ͤͻ ͤ͊ ͍͙ͪͦͭͦ͘͟ ͯͣͤ͜Έ ͔ͫͭͯ͒ͤͭ͊ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͍ ͋͜͡Έ΄͚͜ ;͙ ͔ͣͤ΄͚͜ ͣͪ͜͜ ͤ͊ͤͤ͘Ύ ͘ ͙ͪͤ͘͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͍ 
͚͚ͣ͊͋ͯͭͤ͜ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˾͍͙͙ͦͤͯͭ͘ ͼ͜ ͍ͣͤͤ͜Ύ ͍ ͪ͊ͣ͊͟ͻ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͣͦ͗ͤ͊ ͙͡΄͔ ͙ͨͪ 
͍͙ͦͤ͊ͤͤ͟͜ ͔ͫͨͼ͊͜͡Έ͙ͤͻ ͙͙͒͒͊ͭ͟;͙ͤͻ ͍ͯͣͦΣ ͙ͤ͊ͨͪ͊͒͟͡Σ ͙ͦ͟͡ ͔ͫͭͯ͒ͤͭ ͍͊ͫͭͦͫͦͯ͘Ί ͤ͊ͤͤ͘Ύ ͘ ͙͒ͫͼ͙͙ͨͤ͜͡Σ ͨͦ-͔ͨͪ΄͔Σ ͯ ͨͪͦͼ͔ͫ͜ 
͝͝ ͍͙͍;͔ͤͤΎ ς ͒ͦ ͦ͋ϥΊ͍ͭ͟͜Σ ͍͘ϥΎ͙͊ͤ͘ͻ ͘ ͚ͣ͊͋ͯͭͤΈͦΌ ͨͪͦͺ͔͚ͫͤͦ͜Ό ͒͜Ύ͡Έͤͫͭ͜ΌΤ ͨͦ-͎͔͒ͪͯΣ ͙ͨͪ ͍͙͍;͔ͤͤ͜ ͤ͜΄͙ͻ ͙͒ͫͼ͙ͨͤ͜͡ ς ͯ 
͍͙ͤͦͻΣ ζ͍͙ͯ͡;͔͙ͤͻη ͍͒͜ ͼ͜Ί͝ ͙͒ͫͼ͙͙ͨͤ͜͡Σ ͙ͫͭͯ͊ͼ͜Ύͻ ώмϐΦ 
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͙́͊͋͡ͼΎ мΦ 
 ˻ ͋ΩΊ͒ͤ͊ͤͤΎ ͙ͤ͊ͫͪͤ͘͟͜ͻ ͫͻ͔ͣ ͍͙ͦͤ͊ͤͤ͟Ύ ͍ͤ͊ͯͦͦ͟͝ ͭ͊ ͍͊͟͜͡ͺ͊͜͟ͼ͚ͤͦ͜͝ ͙ͪͦ͋ͦͭ 

 
ˤ ͨ͒͜ͻͦ͒͊ͻ ͍͙ͨͦ͋ͯ͒ͦ ͎ͤ͊ͫͪͤͦͦ͘͟͜ ͔͎ͤͭͪ͊͜ͼ͚͎ͤͦͦ͜ ͍ͦͫͭͤ͜Έ͎ͦͦ ͨͪͦͫͭͦͪͯ ͍ͯͯ͘ ͙ͨͪ͊ͭ͊͟͟ ό͙ͨͪ͊ͭ͟;ͤ͜ ͒͜͝ύ ͍͙ͨͦͤͤ͊ 

͙͍͙ͨͪͦͤͯ͊ͭ͘ ͍͔ͫΈ ͨͪͦͼ͔ͫ ͎͍͙ͨ͒ͦͭͦ͜͟ ͔ͫͭͯ͒ͤͭ͊Σ ͪͦͨͦ͘;͙ͤ͊Ό;͙ ͘ ͊͒͊ͨͭ͊ͼ͚͙ͤ͜ͻ ͨͦ;͍͙͊ͭͦ͟ͻ ͍ͯͪͫ͟͜ ͯ ͺͦͪͣ͜ ͔͔͔͙ͣͤͭ͊ͪͤ͡ͻ 
ͺͯͤ͟ͼ͚͜ ͍͙ͣͪ͜Ό͍͊ͤͤΎΣ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͔͍ͨͪ͒ͣͭ͜ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͍ͨͪͦ͒ͦ͗ͯΌ;͙ͫΈ ͤ͊ ͍͙͍͙ͨͯͫͦ͟ͻ ͯͪͫ͊͟ͻ ͍͋͊͊͊ͪͫ͟͡Έͦ͟͝ 
͎͍͙ͨ͒ͦͭͦ͜͟ ͯ ͺͦͪͣ͜ ͚͙ͫ͊ͣͦͫͭͤ͜ͻ ͪ͜΄͔ͤΈ ΅ͦ͒ͦ ͎͍͍ͦ͋ͫͯͦͯ͊ͤͤ͡ΎΣ ͎͔ͤ͊͊ͦ͒͗ͤͤ͡Ύ ͜ ͭΦ͒Φ ͔ͭͻ͙ͤ͜͟Σ ͎͍ͦͭͦͤͦͫͭ͜ ͙͋ͪ͊ͭ ͤ͊ ͔͔ͫ͋ 
͍͍͒ͨͦ͒͊͜͜͡Έͤͫͭ͜Έ ͊͘ ͔ͭͻͤ͜;ͤ͜ ͪ͜΄͔ͤͤΎΣ ͯ͒ͦͫͦͤ͊͟͡ΌΌ;͙ͫΈ ͤ͊ ͎͔ͣ͊ͫͭͪͫ͜Έͦͣͯ͟ ͼ͙͟͜͡Σ ͍͒ͦͨͦͤΌΌ;͙ ͔͔ͨͦͨͪ͒ͤ͜ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ 
͍͔ͪͤͣ͜ ͙͒ͦͫ͒ͤ͜͡ͼΈ͙͟ͻ ͯͣͤ͜ΈΣ ͔͙ͤͫͭ͊ͤ͒͊ͪͭͤͻ ͨ͒͜ͻ͍ͦ͒͜Σ ͨͦ΄ͯͦͣ͟ ͊͡Έ͔͙͍͙ͭͪͤ͊ͭͤͻ ͪ͜΄͔ͤΈ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͔ͨͪͦ͋ͣ͡Φ ˿͔͊ͣ 
͙ͨͪ͊ͭ͊͟͟Σ ͙͙͚ͨͪ͊͒ͤ͟͡ ͔͊ͫͨͭ͟ ͚͒͜ ͎ͫͯͯ͡Ί ͦ͋ΩΊ͍͒ͤͯ͊͡Έ͙ͤͣ ͔ͣͻ͊ͤͣͦͣ͘͜ ͔͎ͤͭͪ͊͜ͼ͜͝ ͔͔͎ͨͪ͒ͣͭͤͦͦ ͣͫͭͯ͘͜ ͍ͤ͊;͊͡Έ͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ 
ώнϐΦ ˾͔ͦͪͦ͋ͤ͊͘͡ ͦͤ͟ͼ͔ͨͼ͜Ύ ͍͙͙ͪͦ͋ͤ;͎ͦͦ ͍ͤ͊;͊ͤͤΎ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͎͊ͪ͊ͪͤͦ-͔͔͎ͤ͗ͤͪͤͦͦ͜ ͤ͊ͨͪΎͣͯ ͍ͪ͊ͻ͍ͦͯΊ ͫͯ;͊ͫͤ͜ 
͔͔ͭͤ͒ͤͼ͜͝ ͍͙ͪͦͭͯ͘͟ ͎͊ͪ͊ͪͤͦ-͙͍ͨͪͦͣͫͦͦ͡͝ ͫͺ͔͙ͪΤ ͫͯͭͤͫͤ͜͜ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͙ͫͭͪͯͭͯͪ͟ ͍͙͙ͪͦ͋ͤ;ͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͺ͊ͻ͍͜ͼ͍͜ 
͎͊ͪ͊ͪͤͦ-͔͔͎ͤ͗ͤͪͤͦͦ͜ ͤ͊ͨͪΎͣͯΤ ͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͊ͦͤͦͣͪͤͦͫͭ͘͟͜͜Σ ͙ͨͪͤͼ͙͙ͨ ͜ ͍͙͎͙ͣͦΣ ͔ͨͦ͊͒ͤ͟͜͡ ͍ ͍ͦͫͤͦͯ ͔ͭͦͪ͜͝ ͜ ͙͙ͨͪ͊ͭ͟͟ 
͍͙͙ͪͦ͋ͤ;͎ͦͦ ͍ͤ͊;͊ͤͤΎΤ ͍͙͍͊ͪ͊ͭͤͫͭ͜͜Έ ͔͔͚ͣͦ͒͡ ͍͙͙ͪͦ͋ͤ;͎ͦͦ ͍ͤ͊;͊ͤͤΎ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͎͊ͪ͊ͪͤͦ-͔͔͎ͤ͗ͤͪͤͦͦ͜ ͤ͊ͨͪΎͣͯ 
ό͙ͪͫΦ нΦύΦ  
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͔͙́ͣ ͍͙ͯͪͫͦ͟ͻ ͔͍ͨͪͦͭ͟͜Σ ͪͦͪ͊͘ͻ͍ͯͤͦͦ͟-͎ͪ͊ͺ͜;͙ͤͻ ͪͦ͋ͭ͜ 
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1 

˾ͦͪ͊͘ͻ͍ͯͤͦͦ͟-͎ͪ͊ͺ͜;͔ͤ ͍͊͒͊ͤͤ͘Ύ ͘ ͙͒ͫͼ͙͙ͨͤ͜͡ 
ζˤ͙΅͊ ͔͙ͣ͊ͭͣ͊ͭ͊͟η ͤ͊ ͔ͭͣͯ Ϧ˸͔͙͊ͭͣ͊ͭ;͙͚ͤ 
ͦ͋ͪ͊͘ ͔͔ͣ͡΄͊ ͔͊ͪͭͦͨͦͨ͊͟͟͡;͊Ϧ 

˻͙͍ͨͫͦ͊ ͪͦ͋ͦͭ͊ ͘ ͙͒ͫͼ͙͙ͨͤ͜͡ ζˤͫͭͯͨ ͒ͦ 
͔ͫͨͼ͊͜͡Έͤͦͫͭ͜η ͤ͊ ͔ͭͣͯ Ϧ˿͊͒͊ͤͤ͟͡Ύ ͔͔ͨͪͯ͜͟͡ 
͚͙ͫ͊ͣͦͫͭͤ͜ͻ ͪ ͦ͋ͭ͜ ͨͪͦͺ͜͡ΌΌ;͙ͻ ͙͒ͫͼ͙ͨͤ͜͡Ϧ 

˾ͦͪ͊͘ͻ͍ͯͤͦͦ͟-͎ͪ͊ͺ͜;͔ͤ ͍͊͒͊ͤͤ͘Ύ ͘ ͙͒ͫͼ͙͙ͨͤ͜͡ 
ζ˹͙͊ͪͫͤ͊ ͎͔͔ͦͣͭͪ͜Ύη ͤ͊ ͔ͭͣͯ Ϧ˽͔͍ͪͦͭͯ͊ͤͤ͟Ύ 
͍͔ͨͦͪͻͤ͜ ͔͔ͣ͡΄͊ ͔͊ͪͭͦͨͦͨ͊͟͟͡;͊Ϧ 

˾ͦͪ͊͘ͻ͍ͯͤͦͦ͟-͎ͪ͊ͺ͜;͔ͤ ͍͊͒͊ͤͤ͘Ύ ͘ ͙͒ͫͼ͙͙ͨͤ͜͡ 
ζ͔́ͻ͎ͤͦͦ͜͡Ύ ͦͤͫͭͪͯ͟͟ͼ͚͙ͤ͜ͻ ͔͍ͣ͊ͭͪ͊͜͜͡η ͤ͊ ͔ͭͣͯ 
Ϧ˾ͦͪ͊͘ͻͯͤͦ͟ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍͍͔͒ͤͦͤͤ͜͡Ύ ͔͔ͣ͡΄͊ 
͔͊ͪͭͦͨͦͨ͊͟͟͡;͊Ϧ 

2 

˴͍ͯͪͫͦ͊ ͪͦ͋ͦͭ͊ ͘ ͙͒ͫͼ͙͙ͨͤ͜͡ ζˤ˿́ˤη ͤ͊ ͔ͭͣͯ 
ζ˾ͦͪ͊͘ͻͯͤͦ͟ ͘ϥΊ͒ͤ͊ͤΈ ͪͦ͋ͦ;͙ͻ ͎͍ͦͪ͊ͤ͜ 
͔͊ͪͭͦͨͦͨ͊͟͟͡;͊η 

˻͙͍͔ͨͫͦ ͍͊͒͊ͤͤ͘Ύ ͘ ͙͒ͫͼ͙͙ͨͤ͜͡ ζ˿Φ͎Φ ͣ͊΄͙͙ͤη ͤ͊ 
͔ͭͣͯ ζ˿͊͒͊ͤͤ͟͡Ύ ͎͔͊ͪͦͭͻͤ͜;͙ͤͻ ͍͙͎ͣͦ ͭ͊ ͔ͭͻͤ͜;͎ͤͦͦ 
͍͊͒͊ͤͤ͘Ύ ͤ͊ ψͦͤͫͭͪͯ͟͟ͼ͜Όη 

ˤ͙ͫͭͯͨ ͤ͊ ͔ͫͭͯ͒ͤͭͫΈ͚͟͜ ͍͚ͤ͊ͯͦ͟͜ ͦͤ͟ͺ͔͔ͪͤͼ͜͝ 
нлмт ͪΦ 

͔́ͣ͊ ͨͯ͋͊͜͟͡ͼ͜͝ ͍ ͙͋ͪͤ͘͜͟ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼΈ 
ζ˴͔͊ͪͭͦͨͦͨ͊͟͡; ͒͡Ύ ͙ͪͦ͋ͦͭ ͤ͊ ͍͙͊͗͟ͻ ͎ͪͯͤͭ͊ͻη 
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 3 
˴͍ͯͪͫͦ͊ ͪͦ͋ͦͭ͊ ͘ ͙͒ͫͼ͙͙ͨͤ͜͡ ζ͔́ͦͪ͜Ύ ͣ͊΄͙ͤ ͜ 
͔ͣͻ͍͊ͤͣ͘͜͜η ͤ͊ ͔ͭͣͯ ζ˾ͦͪͦ͋͊͘͟ ͔ͣͻ͍͊ͤͣ͘͜͜ 
͔͊ͪͭͦͨͦͨ͊͟͟͡;η 

˾ͦͪ͊͘ͻ͍ͯͤͦͦ͟-͎ͪ͊ͺ͜;͔ͤ ͍͊͒͊ͤͤ͘Ύ ͘ ͙͒ͫͼ͙͙ͨͤ͜͡ 
ζ˻͍͙ͫͤͦ ͎͒ͪͦ͜-͙͍ͨͪͦ͒ͯη ͤ͊ ͔ͭͣͯ ζ˾ͦͪ͊͘ͻͯͤͦ͟ ͭ͊ ͍͙͋ͪ͜ 
͔͔͔͍ͣͤͭ͜͡ ͎͍͒ͪ͊͜͜͡;ͤͦ͝ ͫͻ͔͙ͣη 

4 

˴͍ͯͪͫͦ͊ ͪͦ͋ͦͭ͊ ͘ ͙͒ͫͼ͙͙ͨͤ͜͡ ζ͔́ͦͪ͜Ύ ͣ͊΄͙ͤ ͜ 
͔ͣͻ͍͊ͤͣ͘͜͜η ͤ͊ ͔ͭͣͯ ζ˾ͦͪͦ͋͊͘͟ ͔ͣͻ͍͊ͤͣ͘͜͜ 
͔͊ͪͭͦͨͦͨ͊͟͟͡;η 

˴͍ͯͪͫͦ͊ ͪͦ͋ͦͭ͊ ͘ ͙͒ͫͼ͙͙ͨͤ͜͡ ζ͙́ͪ͊ͭͦͪ͟η ͤ͊ ͔ͭͣͯ 
ζˤ͙ͤ͊͘;͔ͤͤΎ ͙͒ͤ͊ͣ͜;͙ͤͻ ͙͍ͨͦ͊ͤ͘͟͟͜ ͭͪ͊ͭͦͪ͊͟Σ ΅ͦ 
͎͔͎͊ͪ͊ͭͯΊͭΈͫΎ ͘ ͔͊ͪͭͦͨͦͨ͊͟͟͡;͔ͣη  

ˤ͙ͫͭͯͨ ͤ͊ ͔ͫͭͯ͒ͤͭͫΈ͚͟͜ ͍͚ͤ͊ͯͦ͟͜ ͦͤ͟ͺ͔͔ͪͤͼ͜͝ 
нлму ͪΦ 

мΦ ͔́ͣ͊ ͨͯ͋͊͜͟͡ͼ͜͝ ͍ ͙͋ͪͤͯ͘͜͟ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼΈ 
ζ˥͙͍͒ͪͦͨͪ͒͜͜ ͦͨ͊͟;͊η 
2. ˽ͦ͒͊;͊ ͔͍ͣ͊ͭͪ͊͜͜͡ ͍ ͔̂ͪͨ͊ͭͤͭ͟ ͤ͊ ͙ͦͭͪͣ͊ͤͤΎ 
͔ͨ͊ͭͤͭͯ ͤ͊ ͔͔͔͙ͣͤͭ͡ ͦͤͫͭͪͯ͟͟ͼ͜͝ ͔͊ͪͭͦͨͦͨ͊͟͟͡;͊ 
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5 
˴͍ͯͪͫͦ͊ ͪͦ͋ͦͭ͊ ͘ ͙͒ͫͼ͙͙ͨͤ͜͡ ζ˽͚͒ͦͣͤͦ͜-
͙ͭͪ͊ͤͫͨͦͪͭͤͻ ͣ͊΄͙ͤη ͤ͊ ͔ͭͣͯ ζ˽͔͍ͪͦͭͯ͊ͤͤ͟Ύ 
͚ͨ͒ͦͣͤͦ͜-͙ͭͪ͊ͤͫͨͦͪͭͤͻ ͔ͣͻ͍͊ͤͣ͘͜͜ ͦͨ͊͟;͊η  

˴͍ͯͪͫͦ͊ ͪͦ͋ͦͭ͊ ͘ ͙͒ͫͼ͙͙ͨͤ͜͡ ζ˨͔ͭ͊͜͡ ͣ͊΄͙ͤη ͤ͊ ͔ͭͣͯ 
ζ˴ͦͤͫͭͪͯΌ͍͊ͤͤΎ ͍͍ͯ͘͜͡ ͜ ͔͔͚͒ͭ͊͡ ͔͊ͪͭͦͨͦͨ͊͟͟͡;͊η 

6 

˴͍ͯͪͫͦ͊ ͪͦ͋ͦͭ͊ ͘ ͙͒ͫͼ͙͙ͨͤ͜͡ 
ζ˿͜͡ΈͫΈ͎ͦͦͫͨͦ͒͊ͪͫ͟Έ͟͜ ͣ͊΄͙ͤ ͤ͊ ͔ͭͣͯ 
ζ͔́ͻ͎ͤͦͦ͜͡;ͤ͊ ͪͦͪͦ͋͊͘͟ ͦͤͫͭͪͯ͟͟ͼ͚͜ 
͔͊ͪͭͦͨͦͨ͊͟͟͡;͊η 

˴͍ͯͪͫͦ͊ ͪͦ͋ͦͭ͊ ͘ ͙͒ͫͼ͙͙ͨͤ͜͡ ζ˸͔ͻ͊ͤ͊͘͜ͼ͜Ύ 
͔͔͙ͨͪͪͦ͋͟ ͭ͊ ͔͎͋ͪ͊ͤͤ͘͜Ύ ͫΦ͎Φ ͨͪͦ͒ͯ͟ͼ͜͝η ͤ͊ ͔ͭͣͯ 
˸͔ͻ͊ͤ͊͘͜ͼ͜Ύ ͔͔͙ͨͪͪͦ͋͟ ͭ͊ ͔͎͋ͪ͊ͤͤ͘͜Ύ ͊ͪͭͦͨ͟͜͡η  

ˤ͙ͫͭͯͨ ͤ͊ ͔ͫͭͯ͒ͤͭͫΈ͚͟͜ ͍͚ͤ͊ͯͦ͟͜ ͦͤ͟ͺ͔͔ͪͤͼ͜͝ 
нлмф ͪΦ 

͔́ͣ͊ ͨͯ͋͊͜͟͡ͼ͜͝ ͍ ͙͋ͪͤͯ͘͜͟ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼΈ 
ζ͔͔͙́ͦͪͭ;͔ͤ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ ͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻ 
͔͍ͨ͊ͪ͊ͣͭͪ͜ ͔͊ͪͭͦͨͦͨ͊͟͟͡;η 
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7 

˴͍ͯͪͫͦ͊ ͪͦ͋ͦͭ͊ ͘ ͙͒ͫͼ͙͙ͨͤ͜͡ ζ˸͔ͻ͊ͤ͊͘͜ͼ͜Ύ 
͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻ ͨͪͦͼ͔͍ͫ͜ ͯ ͍͙͙ͭ͊ͪͤͤͼ͍ͭ͜η ͤ͊ ͔ͭͣͯ 
ζ˸͔ͻ͊ͤ͊͘͜ͼ͜Ύ ͪͦ͋ͭ͜ ͘ ͙͎͍ͨͪͦͭͯ͊ͤͤΎ ͍ͦͪͣ͟͜ ͘͜ 
͊ͪͭͦͨ͟͜͡η 

˴͍ͯͪͫͦ͊ ͪͦ͋ͦͭ͊ ͘ ͙͒ͫͼ͙͙ͨͤ͜͡ ζ˩ͦͤͦͣ͟͜;͔ͤ 
͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ ͔͔͙ͤ͗ͤͪͤ͜ͻ ͪ͜΄͔ͤΈη ͤ͊ ͔ͭͣͯ 
ζ˩ͦͤͦͣ͟͜;͔ͤ ͍ͦ͋͐ͪͯͤͭͯ͊ͤͤΎ ͔ͺ͔͙͍ͭͤͦͫͭ͟͜ 
͍͙ͪͦ΅͍ͯ͊ͤͤΎΣ ͙͋ͪ͊ͤͤ͘Ύ ͭ͊ ͔͎͋ͪ͊ͤͤ͘͜Ύ ͊ͪͭͦͨ͟͜͡η 

8 

˴͍ͯͪͫͦ͊ ͪͦ͋ͦͭ͊ ͘ ͙͒ͫͼ͙͙ͨͤ͜͡ ζ˾͔ͣͦͤͭ ͣ͊΄͙ͤη 
ͤ͊ ͔ͭͣͯ ζ͔́ͻ͎ͤͦͦ͜͡Ύ ͔ͪͣͦͤͭͯ ͔͊ͪͭͦͨͦͨ͊͟͟͡;͍͜η 

˴͍ͯͪͫͦ͊ ͪͦ͋ͦͭ͊ ͘ ͙͒ͫͼ͙͙ͨͤ͜͡ ζ˻͍͋͐ͪͯͤͭͯ͊ͤͤΎ 
͔͍ͦͣͨͫ͟͟͜͡ ͣ͊΄͙ͤ ͯ ͙͙ͪͦͫͤͤ͡ͼ͍ͭ͜η ͤ͊ ͔ͭͣͯ 
ζ˸͊΄͙͍͙͙ͤͦͦͪͫͭ͊ͤͤ͟Ύ ͔ͭͻ͙ͤ͜͟ ͒͡Ύ ͍͙ͪͦ΅͍ͯ͊ͤͤΎΣ 
͙͋ͪ͊ͤͤ͘Ύ ͭ͊ ͔͎͋ͪ͊ͤͤ͘͜Ύ ͊ͪͭͦͨ͟͜͡η  

ˤ͙ͫͭͯͨ ͤ͊ ͔ͫͭͯ͒ͤͭͫΈ͚͟͜ ͍͚ͤ͊ͯͦ͟͜ ͦͤ͟ͺ͔͔ͪͤͼ͜͝ 
нлнл ͪΦ 

͔́ͣ͊ ͨͯ͋͊͜͟͡ͼ͜͝ ͍ ͙͋ͪͤͯ͘͜͟ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼΈ 
ζ˻͙͍ͫͦ͋ͦͫͭ͜͡ ˽ͦ͒͜͡ΈͫΈͦ͟͝ ͔ͭͻ͎ͤͦͦ͜͡͝ ͍͙ͪͦ΅͍ͯ͊ͤͤΎ 
͊ͪͭͦͨ͟͜͡η 

˭͊ͻ͙ͫͭ ͙͎͒ͨͦͣͤͦͦ͡ ͔ͨͪͦͭͯ͟ ˻˿ ζˣ͍͊͊͊ͪ͟͡η 



̅˱˭ˮ˴˻-˸ˢ́˩˸ˢ́ˮ̉˹ˢ ˻˿ˤ˱́ˢ ό̅˸˻ύ    ͍ ͙ͨͯͫ͟ 1(11), 2017 
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˾͙ͫΦ н. ˸ ͔ͦ͒͡Έ ͍͙͙ͪͦ͋ͤ;͎ͦͦ ͍ͤ͊;͊ͤͤΎ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͎͔͔͎͊ͪͦͤ͗ͤͪͤͦͦ͜ ͤ͊ͨͪΎͣͯ 
 

 

- ʤʦʪʠʚʘʮʽʡʥʘ 
ʛʦʪʦʚʥʽʩʪʴ ʜʦ  
ʚʠʢʦʥʘʥʥʷ 
ʚʠʨʦʙʥʠʯʠʭ ʜʽʡ; 
- ʫʩʪʘʥʦʚʢʘ ʥʘ 
ʧʦʟʠʪʠʚʥʠʡ  
ʚʠʨʦʙʥʠʯʠʡ 
ʨʝʟʫʣʴʪʘʪ; 
- ʧʦʟʠʪʠʚʥʝ 
ʩʪʘʚʣʝʥʥʷ ʜʦ 
ʤʘʡʙʫʪʥʴʦʾ 
ʚʠʨʦʙʥʠʯʦʾ 
ʜʽʷʣʴʥʦʩʪʽ 
 

- ʟʥʘʥʥʷ, ʚʤʽʥʥʷ ʽ 
ʧʨʘʢʪʠʯʥʽ ʥʘʚʠʯʢʠ ʟ 

ʧʠʪʘʥʴ ʙʝʟʧʝʢʠ 
ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ; 

- ʟʥʘʥʥʷ, ʚʤʽʥʥʷ ʽ 

ʧʨʘʢʪʠʯʥʽ ʥʘʚʠʯʢʠ ʟ 
ʧʠʪʘʥʴ ʦʭʦʨʦʥʠ ʧʨʘʮʽ; 

- ʟʥʘʥʥʷ, ʚʤʽʥʥʷ ʽ 

ʧʨʘʢʪʠʯʥʽ ʥʘʚʠʯʢʠ ʟ 
ʧʠʪʘʥʴ ʦʭʦʨʦʥʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ 

- ʚʦʣʦʜʽʥʥʷ 

ʟʥʘʥʥʷʤʠ 
ʪʝʦʨʽʾ ʽ 

ʧʨʘʢʪʠʢʠ  

ʚʠʨʦʙʥʠʯʦʾ ʪʘ 
ʧʨʦʬʝʩʽʡʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ 

ɺʠʨʦʙʥʠʯʝ ʥʘʚʯʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʬʘʭʽʚʮʽʚ ʘʛʨʘʨʥʦ-ʽʥʞʝʥʝʨʥʦʛʦ ʥʘʧʨʷʤʫ ʫ ɺʅɿ 

ɿ
ʤ
ʽ
ʩ
ʪ
ʦ
ʚ
ʦ

-ʧ
ʨ
ʦ
ʮ
ʝ
ʩ
ʫ
ʘ
ʣ
ʴ
ʥ
ʘ
 
ʩ
ʢ
ʣ
ʘ
ʜ
ʦ
ʚ
ʘ

 

ʤʦʪʠʚʘʮʽʡʥʠʡ ʢʦʛʥʽʪʠʚʥʠʡ ʧʨʦʮʝʩʫʘʣʴʥʦ-ʚʠʨʦʙʥʠʯʠʡ ʟʜʦʨʦʚôʷʟʙʝʨʝʞʫʚʘʣʴʥʠʡ 

- ʩʬʦʨʤʦʚʘʥʽʩʪʴ ʧʨʘʢʪʠʯʥʠʭ 
ʫʤʽʥʴ ʽ ʥʘʚʠʯʦʢ; 
- ʚʦʣʦʜʽʥʥʷ ʩʫʯʘʩʥʠʤʠ 
ʪʝʭʥʦʣʦʛʽʷʤʠ ʚʠʨʦʙʥʠʯʦʾ 
ʜʽʷʣʴʥʦʩʪʽ; 
- ʛʦʪʦʚʥʽʩʪʴ ʜʦ ʚʠʨʽʰʝʥʥʷ 
ʩʢʣʘʜʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʟʘʚʜʘʥʴ 
ʪʘ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʙʣʝʤ; 
- ʛʦʪʦʚʥʽʩʪʴ ʜʦ ʚʠʢʦʥʘʥʥʷ 
ʚʠʨʦʙʥʠʯʠʭ ʬʫʥʢʮʽʡ ʫ 
ʧʨʦʬʝʩʽʡʥʽʡ ʜʽʷʣʴʥʦʩʪʽ; 
- ʩʬʦʨʤʦʚʘʥʽʩʪʴ ʧʨʦʬʝʩʽʡʥʦ 
ʚʘʞʣʠʚʠʭ ʦʩʦʙʠʩʪʽʩʥʠʭ ʷʢʦʩʪʝʡ 

ʂ
ʨ
ʠ
ʪ
ʝ
ʨ
ʽ
ʘ
ʣ
ʴ
ʥ
ʦ

-

ʨ
ʝ
ʟ
ʫ
ʣ
ʴ
ʪ
ʘ
ʪ
ʠ
ʚ
ʥ
ʘ
 
ʩ
ʢ
ʣ
ʘ
ʜ
ʦ
ʚ
ʘ

 

ʂʨʠʪʝʨʽʾ ʦʮʽʥʶʚʘʥʥʷ 

ʄʝʪʦʜʠ ʚʠʨʦʙʥʠʯʦʛʦ ʥʘʚʯʘʥʥʷ 

 

 

ʤʦʪʠʚʘʮʽʡʥʠʡ 
 

ʢʦʛʥʽʪʠʚʥʠʡ 
ʧʨʦʮʝʩʫʘʣʴʥʦ-

ʚʠʨʦʙʥʠʯʠʡ 

 

ʟʜʦʨʦʚôʷ-

ʟʙʝʨʝʞʫʚʘʣʴʥʠʡ 

 

ʂʆʄʇʆʅɽʅʊʀ 

ʉʪʨʫʢʪʫʨʘ ʚʠʨʦʙʥʠʯʦʛʦ ʥʘʚʯʘʥʥʷ ʤʘʡʙʫʪʥʴʦʛʦ ʽʥʞʝʥʝʨʘ-ʘʛʨʘʨʽʷ 

ʃʘʙʦʨʘʪʦʨʥʽ ʨʦʙʦʪʠ ɯʥʜʠʚʽʜʫʘʣʴʥʽ ʨʦʙʦʪʠ 
ʉʝʤʽʥʘʨʩʴʢʽ 

ʟʘʥʷʪʪʷ 

ʇʨʘʢʪʠʯʥʽ 

ʟʘʥʷʪʪʷ 

ʅ
ʘ
 
ʣ
ʘ
ʙ
ʦ
ʨ
ʘ
ʪ
ʦ
ʨ
ʥ
ʠ
ʭ
 

ʩ
ʪ
ʝ
ʥ
ʜ
ʘ
ʭ

 

ʅ
ʘ
 
ʽ
ʤ
ʽ
ʪ
ʘ
ʮ
ʽ
ʡ
ʥ
ʠ
ʭ
 
ʩ
ʪ
ʝ
ʥ
ʜ
ʘ
ʭ

 

ʅ
ʘ
 
ʨ
ʝ
ʘ
ʣ
ʴ
ʥ
ʠ
ʭ
 
ʦ
ʙ
ô
ʻ
ʢ
ʪ
ʘ
ʭ
 

ʚ
ʠ
ʨ
ʦ
ʙ
ʥ
ʠ
ʮ
ʪ
ʚ
ʘ

 

ʈ
ʽ
ʰ
ʝ
ʥ
ʥ
ʷ
 
ʽ
ʥ
ʞ
ʝ
ʥ
ʝ
ʨ
ʥ
ʦ

-
ʝ
ʢ
ʦ
ʥ
ʦ
ʤ
ʽ
ʯ
ʥ
ʠ
ʭ
 
ʟ
ʘ
ʜ
ʘ
ʯ

 

ʈ
ʽ
ʰ
ʝ
ʥ
ʥ
ʷ
 
ʽ
ʥ
ʞ
ʝ
ʥ
ʝ
ʨ
ʥ
ʦ

-
ʪ
ʝ
ʭ
ʥ
ʽ
ʯ
ʥ
ʠ
ʭ
 
ʟ
ʘ
ʜ
ʘ
ʯ

 

ʆ
ʧ
ʠ
ʩ
ʦ
ʚ
ʽ
 
ʟ
ʘ
ʚ
ʜ
ʘ
ʥ
ʥ
ʷ

 

ʈ
ʽ
ʰ
ʝ
ʥ
ʥ
ʷ
 
ʩ
ʦ
ʮ
ʽ
ʘ
ʣ
ʴ
ʥ
ʠ
ʭ
 

ʟ
ʘ
ʜ
ʘ
ʯ

 

ʈ
ʽ
ʰ
ʝ
ʥ
ʥ
ʷ
 
ʽ
ʥ
ʞ
ʝ
ʥ
ʝ
ʨ
ʥ
ʦ

-
ʩ
ʦ
ʮ
ʽ
ʘ
ʣ
ʴ
ʥ
ʠ
ʭ
 
ʟ
ʘ
ʜ
ʘ
ʯ

 

ʈ
ʝ
ʬ
ʝ
ʨ
ʘ
ʪ
ʠ
 

 

ɻ
ʨ
ʘ
ʬ
ʽ
ʯ
ʥ
ʽ
 
ʟ
ʘ
ʚ
ʜ
ʘ
ʥ
ʥ
ʷ

 

 
ʈ
ʦ
ʟ
ʨ
ʘ
ʭ
ʫ
ʥ
ʢ
ʦ
ʚ
ʽ
 
ʟ
ʘ
ʚ
ʜ
ʘ
ʥ
ʥ
ʷ

 

ɼ
ʠ
ʧ
ʣ
ʦ
ʤ
ʥ
ʽ
 
ʨ
ʦ
ʙ
ʦ
ʪ
ʠ
 

(
ʧ
ʨ
ʦ
ʝ
ʢ
ʪ
ʠ
)

 

ʂ
ʫ
ʨ
ʩ
ʦ
ʚ
ʽ
 
ʨ
ʦ
ʙ
ʦ
ʪ

ʠ
 

(
ʧ
ʨ
ʦ
ʝ
ʢ
ʪ
ʠ
)

 

ʅʘʚʯʘʣʴʥʽ ʧʨʘʢʪʠʢʠ  ɺʠʨʦʙʥʠʯʽ ʧʨʘʢʪʠʢʠ  

ʋ ʥʘʚʯʘʣʴʥʦ-
ʚʠʨʦʙʥʠʯʠʭ 
ʤʘʡʩʪʝʨʥʷʭ 
ɺʅɿ  

ʅʘ 
ʚʠʨʦʙʥʠʮʪʚʽ 

ʅʘ ʙʘʟʽ 
ʥʘʚʯʘʣʴʥʦ-
ʧʨʘʢʪʠʯʥʠʭ 
ʮʝʥʪʨʽʚ  

ʇʨʝʜʤʝʪʥʽ ʄʽʞʧʨʝʜʤʝʪʥʽ ʇʨʝʜʤʝʪʥʽ ʄʽʞʧʨʝʜʤʝʪʥʽ ʇʝʨʝʜʜʠʧʣʦʤʥʽ  

ɿʘ 
ʧʨʦʛʨʘʤʘʤʠ 
ʨʦʙʽʪʥʠʯʠʭ 
ʧʨʦʬʝʩʽʡ 

ɿʘ ʨʚ̔ʥʝʤ 
çʄʦʣʦʜʰʠʡ 
ʩʧʝʮʽʘʣʽʩʪè 

ɿʘ ʨʽʚʥʝʤ 
çɹʘʢʘʣʘʚʨè 

ʆ
ʩ
ʦ
ʙ
ʣ
ʠ
ʚ
ʦ
ʩ
ʪ
ʽ
 
ʪ
ʘ
 
ʧ
ʦ
ʪ
ʨ
ʝ
ʙ
ʠ
 
ʚ
ʠ
ʨ
ʦ
ʙ
ʥ
ʠ
ʮ
ʪ
ʚ
ʘ

 

ʆʨʛʘʥʽʟʘʮʽʡʥʽ ʬʦʨʤʠ 

ʚʠʨʦʙʥʠʯʦʛʦ ʥʘʚʯʘʥʥʷ 

ʈʝʟʫʣʴʪʘʪ: ʩʬʦʨʤʦʚʘʥʽʩʪɹ ʚʠʨʦʙʥʠʯʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʤʘʡʙʫʪʥʽʭ ʬʘʭʽʚʮʽʚ ʘʛʨʘʨʥʦ-

ʽʥʞʝʥʝʨʥʦʛʦ ʥʘʧʨʷʤʫ 

ʄʝʪʘ: ʬʦʨʤʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʤʘʡʙʫʪʥʽʭ ʽʥʞʝʥʝʨʽʚ-ʘʛʨʘʨʽʾʚ 
 

ɺʠʨʦʙʥʠʯʘ ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ ʬʘʭʽʚʮʷ ʘʛʨʘʨʥʦ-ʽʥʞʝʥʝʨʥʦʛʦ ʥʘʧʨʷʤʫ 

ʎ
ʽ
ʣ
ʴ
ʦ
ʚ
ʘ
 
ʩ
ʢ
ʣ
ʘ
ʜ
ʦ
ʚ
ʘ

 

ʬʨʦʥʪʘʣʴʥʘ 

ʙʨʠʛʘʜʥʘ 

ʽʥʜʠʚʽʜʫʘʣʴʥʘ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʧʨʠʣʘʜʽʚ 

ʨʦʟʨʘʭʫʥʦʢ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ 

ʨʦʟʨʦʙʢʘ ʤʦʥʪʘʞʥʠʭ ʩʭʝʤ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ 
ʧʨʦʮʝʩʽʚ 

ʥʘʣʘʛʦʜʞʝʥʥʷ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

ʈʠʩ. 1. ʄʦʜʝʣʴ ʚʠʨʦʙʥʠʯʦʛʦ ʥʘʚʯʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʬʘʭʽʚʮʽʚ ʘʛʨʘʨʥʦ-

ʽʥʞʝʥʝʨʥʦʛʦ ʥʘʧʨʷʤʫ 
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˻;͔͍͙͒ͤͦΣ ͍͙͍͊͗ͯ͡ ͪͦ͡Έ ͙ͨͪ ͼΈͦͣͯ ͍͙ͨͦͤͤ͜ ͍͎͍͙͒ͪ͊͊ͭ͜͜ ͔͔ͣ͗ͨͪ͒ͣͭͤ͜͜ ͍͘ϥΎ͙͘͟Σ Ύ͟͜ ͨͪͦΎ͍͡ΎΌͭΈͫΎ Ύ͟ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ 
ͤ͊ͤ͘Έ ͘ ͦ͒ͤ͜Ί͝ ͙͒ͫͼ͙͙ͨͤ͜͡ ͙ͨͪ ͍͙͍;͔ͤͤ͜ ͣͫͭͯ͘͜ ͤ͜΄ͦ͝ ͘-͊͘ ͍͙ͯͣͦ ͔͔͔͋ͪ͗ͤͤ͘Ύ ͔͔͙ͭͦͪͭ;ͤͦ͝ ͜ ͙ͨͪ͊ͭ͟;ͤͦ͝ ͼͫͤͦͫͭ͜͜͜͡ ͦ͗ͤͦ͟͝ ͘ 
͙ͤͻΦ ̂ ͎͊ͪ͊ͪͤͦ-͔ͭͻͤ͜;ͤͦͣͯ ͍͙΅ͦͣͯ ͍ͤ͊;͊͡Έͤͦͣͯ ͊͊͒͘͟͜͡ ͔͙ͣͭͦ͒;ͤ͊ ͙͔ͫͫͭͣ͊ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟ ͔͍ͫͭͯ͒ͤͭ͜ ͜Ίͪ͊ͪͻ͜;ͤͦ ͍ͻ͙ͦ͒ͭΈ 
͒ͦ Ί͙͒ͤͦ͝ ͙͔͙ͫͫͭͣ ͺ͊ͻ͍ͦͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͎͔͔͍͊ͪͦͤ͗ͤͪ͜͜ ͜ ͣ͊Ί ͙ͫͨͪΎ͙ͭ ͺ͍ͦͪͣͯ͊ͤͤΌ ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͤ ͙͡΄͔ ͤ͊ͤ͘Έ ͘ ͺ͙͙͘͜͟Σ ͊ ͚ 
ͯͣͤ͜Έ ͝ͻ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͍ ͨͪͦͺ͔͚͚ͫͤ͜͜ ͒͜Ύ͡Έͤͦͫͭ͜Φ ˨͡Ύ ͍͙ͤ͊͘;͔ͤͤΎ ͣͫͭͯ͘͜ ͙͙ͨͪ͊͒ͤ͟͡ͻ ͙ͨͭ͊ͤΈ ͯͪͫͯ͟ ͍͋ͯ ͍͔͔͙͚ͨͪͦ͒ͤ ͊ͤ͊͘͜͡ 
͔͔͙ͣ͗ͨͪ͒ͣͭͤ͜ͻ ͍͘ΩΎ͍͘͟͜ ͺ͙͙͘͜͟ ͜ ͺ͊ͻ͍͙ͦͻ ͙͒ͫͼ͙ͨͤ͜͡ ώоϐΦ  

˨͡Ύ ͔͍ͫͭͯ͒ͤͭ͜ ͎͊ͪ͊ͪͤͦ-͔ͭͻͤ͜;͙ͤͻ ͍͔͙͔͍ͯͤͪͫͭͭ͜͜ ͣͫͭ͘͜ ͯͪͫͯ͟ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Σ ͔ͦͪͣ͊͘͟ ͺ͙͙͘͜͟Σ ͍͙͔ͨͦͤͤ 
͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ ͺ͊ͻ͍͔ͦ ͫͨͪΎ͍ͣͯ͊ͤͤΎ ͜ ͔͙ͣͭͦ͒;ͤͦ ͍͙͙ͪ͊͗͊ͭͫΎ ;͔͔ͪ͘Υ  

1. ͎ͪͦ͘͡Ύ͒ ͔͔͙ͭͦͪͭ;͙ͤͻ ͔͍͊ͫͨͭ͟͜ ͙͍ͨͪ͊͒͟͜͡Σ Ύ͟͜ ͍ͨͦΩΎ͊ͤ͘͜ ͘͜ ͫΦ͎ ͦ͋ΩΊ͙ͭ͊ͣ͟ ͜ ͔ͭͻ͎ͤͦͦ͜͡Ύ͙ͣ ͚ͣ͊͋ͯͭͤΈͦ͝ ͨͪͦͺ͔͚ͫͤͦ͜͝ 
͒͜Ύ͡Έͤͦͫͭ͜Τ 

2. ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘Ύ ͊͒͊͘; ͺ͙͘͜;͎ͤͦͦ ͙ͨͪ͊ͭͯͣͯ͟͟ Ύ͟ ͘ ͙ͪͤ͘͜ͻ ͍ͪͦ͒͘͜͜͡ ͺ͙͙͘͜͟Σ ͭ͊͟ ͜ ͺ͙͘͜;͙ͤͻ ͍͊͒͊ͤ͘Έ ͭ͊ ͙͊ͨͭ͊ͤ͘Έ 
ͺ͊ͻ͍͎ͦͦͦ ͫͨͪΎ͍ͣͯ͊ͤͤΎΤ 

3. ͍͙ͦͤ͊ͤͤ͟Ύ ͙͊͋ͦͪ͊ͭͦͪͤ͡ͻ ͪͦ͋ͭ͜ Ύ͟ ͤ͊ ͙ͭͪ͊͒ͼ͚͙ͤ͜ͻ ͒͡Ύ ͯͪͫͯ͟ ͺ͙͙͘͜͟ ͙ͨͪ͊͒͊͡ͻΣ ͭ͊͟ ͜ ͤ͊ ͺ͊ͻ͍ͦͦ ͫͨͪΎ͍͙ͣͦ͊ͤͻ 
͍ͯͫͭ͊ͤͦ͊͟ͻΦ 

˱͔͎͍ͤͭͪͦ͊ͤ͜ ͤ͊ͤͤ͘ΎΣ Ύ͟͜ ͒ͦ͋ͯͭ͘͜ ͔͙ͫͭͯ͒ͤͭ͊ͣ ͍ͤ͊ͫ͒ͦ͜͟͡ ͍͔ͯͫͭ͊ͤͦͤͤ͡Ύ ͔͔͙ͣ͗ͨͪ͒ͣͭͤ͜ͻ ͍͘ΩΎ͍͘͟͜Σ ͎ͫͯͯ͡ΌͭΈ ͍ͦͫͤͦͦΌ ͒͡Ύ 
͍͙ͪͦͭͯ͘͟ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͙͔ͣͫͤͤ͡Ύ ͍ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜Σ ͯͣͤͤ͜Ύ ͔ͣͦ͒͡Ό͍͙͊ͭ ͔ͪ͊͡Έͤ͜ ͙ͫͭͯ͊ͼ͜͝Σ Ύ͟͜ ͍ͨͦΩΎ͊ͤ͘͜ ͘ ͍͙ͦͤ͊ͤͤ͟Ύͣ 
ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͍͊͒͊ͤ͘ΈΦ ˽͙ͪ ͨͦΎ͔ͫͤͤͤ͜ ͙ͪͤ͘͜ͻ ͔ͭͣ ͜ ͍ͪͦ͒͘͜͜͡ ͯͪͫͯ͟ ͺ͙͙͘͜͟ ͯ ͙ͪͤ͘͜ͻ ͊͘ ͤ͊ͨͪΎͣͦͣ ͎͍͙ͨ͒ͦͭͦ͜͟ ͎ͪͯͨ͊ͻ ͨͦͭͪ͋ͤͦ͜ 
͍͙͙ͤ͊ͦ͒ͭ ͜ ͪͤ͘͜͜ ͙͙ͨͪ͊͒͟͡Σ ͍ͪ͊ͻ͍ͦͯΌ;͙ ͨͪͦͺ͜͡Έ ͚ͣ͊͋ͯͭͤΈ͎ͦͦ ͺ͊ͻͯΦ 

˭ͤ͊;ͤ͜ ͙͍ͣͦ͗ͦͫͭ͜͡ ͒͡Ύ ͺ͍ͦͪͣͯ͊ͤͤΎ ͺ͊ͻ͍ͦͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͒͊Ί ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘Ύ ͺ͙͘͜;͙ͤͻ ͊͒͊͘;Σ Ύ͟͜ ͍ͨͦΩΎ͊ͤ͘͜ ͘ 
͚ͣ͊͋ͯͭͤͣ͜ ͺ͊ͻͦͣ ώпϐΦ 

˸͙ ͍͍͊͗͊ΊͣͦΣ ΅ͦ ͍ ͔͎͎ͨ͒͊ͦ͜;ͤͯ ͔ͣͦ͒͡Έ ͍͙ͪͦͭͯ͘͟ ͺ͊ͻ͍ͦͦ͝ ͔͔ͦͣͨͭͤ͟ͼ͜͝ ͍͙ͨͦͤͤ͜ ͍ͻ͙͙ͦ͒ͭ ͚ ͤ͜΄͜ ͺ͙͊ͭͦͪ͟Φ ̒ͫͭ͟͜Έ 
ͨͪͦͺ͔͚ͫͤͦ͜͝ ͍͙ͦͫͭ͜ ͯ ˤ˹˭ ͍͙ͨ͒͜΅͙ͭΈͫΎΣ Ύ͟΅ͦ ͨ͒͜ ;͊ͫ ͍ͤ͊;͊ͤͤΎ ͙͙ͨͪͪͦ͒ͤ;͙ͻ ͙͒ͫͼ͙ͨͤ͜͡Σ ͔͔ͤ͊ͫ͊ͣͨͪ͒Σ ͺ͙͙͘͜͟Σ ͯ ͔͍ͫͭͯ͒ͤͭ͜ 
͋ͯ͒ͯͭΈ ͫͺ͍ͦͪͣͦ͊ͤ͜ ͔͔ͣ͗ͨͪ͒ͣͭͤ͜͜ ͔͔ͦͣͨͭͤ͟ͼ͜͝Φ ˤ͙ͦͤ ͫͭ͊ͤͯͭΈ ͍ͨͪͦ͒ͤͦ͜Ό ͊ͤͦ͟͡Ό ͨͪͦͼ͔ͫͯ ͺ͍ͦͪͣͯ͊ͤͤΎ ͚ͣ͊͋ͯͭͤΈͦ͝ 
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THROUGH TRAINING IN THE PROFESSIONAL COMPETENCE FORMATION FOR THE FUTURE AGRO MECHANISTS 
LΦ .ŜƴŘŜǊ͊Σ ±Φ 5ǳƘanets, L. ½ōŀǊŀǾǎƪŀΣ ˻Φ [ȅŀǎƪŀ 

Podolsky State Agricultural and Technical University, Ukraine 
Abstract. It was observed the integrated organization system, cross-cutting educational space in Agro Engineering 

education, that was aimed to the formation and different levels development and types of skills. The professional disciplines 
mastering method, the study of which was built on the integration-through-principle and was aimed at the formation and different 
levels development and types of the future engineer competence. Educational technology and breakthrough programming 
application designed universal model because of their application after updating professional content for any particular 
technological specialties, specialty "Agronomy", "Technology of production and processing of animal products" and so on. It was 
ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŜ ǎǘǳŘŜƴǘǎΩ ǊƻƭŜ ǘƘǊƻǳƎƘ ǇǊŀŎǘƛŎŀƭ ǘǊŀƛƴƛƴƎ ƛƴ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ŀƴŘ ŜǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ ǘƘŜƛǊ ǇǊƻŦŜǎǎƛƻƴŀƭƛǎƳ ŀƴŘ 
competence. The concept of industrial training future professionals agro-engineering directly takes into account current trends in 
the agro-industrial sector; Essential characteristics of the structure of production expertise of specialists agro-engineering 
direction; educational laws, principles and requirements underlying the theory and practice of industrial training; variability 
models of industrial training future professionals agro-engineering direction. 

Key words: pass-through, competence, professional orientation, physics. 
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͍͔͊͗͡ΎέΦ ͍́ͦͪ;͊ ͊͋ͦͪ͊ͭͦͪͤ͊͡ ͪͦ͋ͦͭ͊ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘ ͙ͤ͊ͫͭͯͨͤͻ ͔͔͔͍ͣͤͭ͜͡Υ ͺͦͪͣͯ͡Ό͍͊ͤͤΎ ͔͙ͨͪͦ͋ͣ͡Σ ͔͔͙ͭͦͪͭ;ͤͦ͝ 
͔ͣͦ͒͜͡ ͍ͪͦ͘ΩΎͯ͘͟ ͊͒͊͘;͜Σ ͍ͤ͊;͊͡Έͤͦ͝ ͎͙͒ͦͨͦͣͦΣ ͔ͣͦ͒͜͡ ͍͙ͦͤ͊ͤͤ͟Ύ ͔͔͙͔ͫͨͪͣͤͭͯ͟Σ ͨͪͦͼ͔͙͒ͯͪ ͔͔͙͔ͫͨͪͣͤͭͯ͟Σ ͊ͤ͊ͯ͘͜͡ 
͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ͭ͊ ͍͙͍͍ͫͤͦ͟͜Φ ˤ͒ͤ͊͘͜;͙ͣͦΣ ΅ͦ ͭ͊͟͜ ͊͋ͦͪ͊ͭͦͪͤ͜͡ ͙ͪͦ͋ͦͭ Ί ͨͪͦ͒ͯͭͦͣ͟ ͍ͭͦͪ;͎ͦͦ ͨͦ΄ͯͯ͟ 
͍;͙͔ͭ͡ΎΦ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͒͜Ύ͡Έͤͫͭ͜ΈΣ ͘ ͊͒͊;͊Σ ͊͋ͦͪ͊ͭͦͪͤ͊͡ ͪͦ͋ͦͭ͊Σ ͔ͣͦ͒͡ΈΣ ͔͔͙͔ͫͨͪͣͤͭ͟Σ ͊ͫ͋͘͜Φ 
 
˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˻ ͙͒ͤͣ ͘ ͍͙ͦͫͤͦͤͻ ͙͔͍ͨͪͦͪͭͭ͜͜ ͍ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͍ͤ͊;͊͡Έͤͦ-͍͙ͻ͍͎ͦͤͦͦ ͨͪͦͼ͔ͫͯ ͍ ͫͯ;͚͊ͫͤ͜ ΄ͦ͟͜͡ 

Ί ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͭͦͪ;ͦ͝ ͙ͦͫͦ͋ͫͭͦͫͭ͜Σ Ύ͊͟ ͍ͦͦ͒͜͡Ί ͔͙͍͙ͪ͊ͭͤͣ͟ ͙͔ͣͫͤͤ͡ΎͣΣ ͒͊ͭͤ͊͘ ͍͙͙ͫͭ͊ͭ ͜ ͍͙ͪ͜΄͍͙ͯ͊ͭ ͔͙ͨͪͦ͋ͣ͡Σ ͍ͦͦ͒͜͡Ί 
ͯ͟͡ΈͭͯͪͦΌ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ  

ˤ͙͍͙͊͗ͣ͡ Ί ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͎ͣͭͦ͒ͦͦ͜͡;͙ͤͻ ͤ͊ͤ͘ΈΣ ͚͔ͦͤ͊ͦͣͤͤ͘͡Ύ ͯ;͍ͤ͜ ͘ ͍͙͙ͤ͊ͯͦͣ͟ ͔͙ͣͭͦ͒͊ͣ ͨͤ͊ͤͤ͘͜ΎΦ ˻͙͍͔ͫͦ͋͡ 
ͣͫ͜ͼ͔Σ ͘ ͔ͣͭͦΌ ͔ͪ͊͊͘͜͡ͼ͜͝ ͼ͙ͻ ͍͊͒͊ͤ͘ΈΣ ͔͙ͤ͊͗ͭ͡Έ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦͣͯ ͔ͣͭͦ͒ͯΦ ͙̅͘͜;͙͚ͤ ͔͔͙͔ͫͨͪͣͤͭ͟ Ί ͔͙ͣͨͪ͜;ͤͦΌ 
͋͊ͦ͘Ό ͺ͙͘͜;ͤͦ͝ ͙ͤ͊ͯ͟ ͜ ͙͔ͪͭͪ͟͜Ίͣ ͙ͫͭͤͤͦͫͭ͜͜ ͔͔͙ͭͦͪͭ;͙ͤͻ ͤ͊ͤ͘ΈΦ ˭ ͎ͦ͡Ύ͒ͯ ͤ͊ ͼ͔Σ ͍ͤ͊;͊͡Έ͙͚ͤ ͺ͙͘͜;͙͚ͤ ͔͔͙͔ͫͨͪͣͤͭ͟ ͣ͊Ί 
͙͋ͯͭ ͔ͤ ͙͡΄͔ ͊ͫͦ͋ͦͣ͘ ͺ͍ͦͪͣͯ͊ͤͤΎ ͔͍͙ͨͤͻ ͙ͨͪ͊ͭ͟;͙ͤͻ ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟Σ ͔͊͡ ͚ ͊ͫͦ͋ͦͣ͘ ͍͊ͫͦ͘ΊͤͤΎ ͍͒ͦͫ͒ͯ͜ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ 
͒͜Ύ͡Έͤͦͫͭ͜ ͚ ͍͙ͪͦͭͯ͘͟ ͍ͭͦͪ;͙ͻ ͔͚͒͋ͤͦͫͭ͘͜Φ ˿͍͒͜;͔ͤͤΎͣ ͊ͭͯ͊͟͡Έͤͦͫͭ͜ ͔͙ͨͪͦ͋ͣ͡ ͔ͪ͊͊͘͜͡ͼ͜͝ ͍ͭͦͪ;ͦ͝ ͺͯͤ͟ͼ͜͝ ͍ͤ͊;͊͡Έ͎ͤͦͦ 
͔͔͙͔ͫͨͪͣͤͭͯ͟ ͍ ͔ͦͤͭͫͭ͟͟͜ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜ Ί ͫͤͯ͜Ό;͊ ͙ͨͪ͊ͭ͊͟͟ ͍ͤ͊;͊ͤͤΎΣ ͊ ͭ͊ͦ͗͟ ͍ͤͦͭͤ͜͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍ ͔ͭͦͪ͜͝ 
͚ ͔͙ͣͭͦ͒ͼ͜ ͍ͤ͊;͊ͤͤΎ ͺ͙͙͘͜͟ ώмΤ нΤ оΤ пϐΦ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ. ˻ ͔͙ͪͣͣ͟ ͙ͨͭ͊ͤͤΎͣ ͍ ͚͒͊ͤ͜ ͔͙ͨͪͦ͋ͣ͊ͭ͡ͼ͜ Ί ͎ͦͪ͊ͤ͊͘͜ͼ͜Ύ ͙͊͋ͦͪ͊ͭͦͪͤ͡ͻ ͪͦ͋ͭ͜ ώо; 4]. 
˽͙ͪ͊ͭ͊͟͟ ͍ͫ͒͜;͙ͭΈΣ ΅ͦ ͒͜Ύ͡Έͤͫͭ͜Έ ͯ;͍ͤ͜ ͨ͒͜ ;͊ͫ ͍͙ͦͤ͊ͤͤ͟Ύ ͙͊͋ͦͪ͊ͭͦͪͤ͡ͻ ͪͦ͋ͭ͜Σ Ύ͟ ͍͙ͨͪ͊ͦ͡Σ ͙ͤͦͫͭΈ ͔͙͍͙͚ͪͨͪͦ͒ͯͭͤ͟ 
ͻ͔͊ͪ͊ͭͪ͟Φ ̂;ͤΎͣ ͨͪͦͨͦͤͯΌͭΈͫΎ ͎͍ͦͭͦ͜ ͤͫͭͪͯ͜͟ͼ͜͝Σ ͊ ͭͦ ͚ ͦ͘΄͙͙ͭ ͒͡Ύ ͙͊͋ͦͪ͊ͭͦͪͤ͡ͻ ͪͦ͋ͭ͜ ͘ ;ͭͦ͜͟ ͍͙ͤ͊͘;͔ͤͦΌ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Ό 
͚͒͜Σ ΅ͦ ͣ͊ΌͭΈ ͍͙͍͙ͦͤͯ͊ͭͫ͟ΎΦ ˭ ͎ͦ͒ͤͦͦ ͋ͦͯ͟Σ ͼ͔ ͙ͫͨͪΎΊ ͺ͍ͦͪͣͯ͊ͤͤΌ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͙ͤͻ ͯͣͤ͜Έ ͙ͨͪ͊ͭ͟;͎ͤͦͦ ͻ͔͊ͪ͊ͭͪͯ͟Σ 
͙ͤ͊ͨͪ͊͒͟͡Σ ͍͙͍͙ͦͤͯ͊ͭ͟ ͍͙ͣͪ͜Ό͍͊ͤͤΎΣ ͙͙͋ͪ͊ͭ͘ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͯ ͍ͯͫͭ͊ͤͦͯ͟Σ ͔͎͙ͫͨͦͫͭͪ͊ͭ͜ ͺ͙͘͜;͔ͤ Ύ͍͙΅͔ ͭ͊ ͤ͜Φ ˭ ͤ͜΄͎ͦͦ 
͋ͦͯ͟Σ ͍͚͒ͫͯͭͤ͜͜ ͍ͭͦͪ;͙͚ ͔ͦͣͨͦͤͤͭ͟ ҍ ͒͜͝Σ ΅ͦ ͍͙ͦͤͯ͟ΌͭΈͫΎΣ ͔͒͋͘͜͡Έ΄͎ͦͦ Ί ͔͙͍͙͙ͪͨͪͦ͒ͯͭͤͣ͟Φ  

˸͔ͭ͊ ͫͭ͊ͭͭ͜ ς ͍͙͍͙͙ͫͭͭ͜͡ ͣͫͭ͘͜ ͨͪͦͼ͔͙͒ͯͪ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͍ ͔ͦͤͭͫͭ͟͟͜ ͍͙ͦͤ͊ͤͤ͟Ύ 
͊͋ͦͪ͊ͭͦͪͤͦ͡͝ ͙ͪͦ͋ͦͭΦ ˹͍͔͙͊ͫͭ ͙ͨͪ͊͒͟͡ ͍ͭͦͪ;ͦ͝ ͊͋ͦͪ͊ͭͦͪͤͦ͡͝ ͙ͪͦ͋ͦͭΣ ͔ͪͦͪͦ͋ͤͦ͘͡͝ ͤ ͊ ͍ͦͫͤͦ͜ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͊͒͊͘;͜Φ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˶͊͋ͦͪ͊ͭͦͪͤ͊ ͪͦ͋ͦͭ͊ ͔ͤ͊͋ͯ͒ ͍ͭͦͪ;͎ͦͦ ͻ͔͊ͪ͊ͭͪͯ͟Σ Ύ͟΅ͦ ͍ͦͤ͊ ͔͋ͯ͒ ͍͙͍͙ͦͤͯ͊ͭͫ͟Έ ͯ 
͔ͦͤͭͫͭ͟͟͜ ͍͙ͪ͜΄͔ͤͤΎ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͔͙ͨͪͦ͋ͣ͡Σ ͔ͣͦ͒͡͡Ό Ύͦ͟͝ Ί ͍ͭͦͪ;͊ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͊ ͺ͙͘͜;ͤ͊ ͊͒͊͘;͊Φ  

˿͙͔͙ͫͭͣ͊ͭ;͔ͤ ͜ ͔͙ͣͭͦ͒;ͤͦ ͍͔ͦ͋͐ͪͯͤͭͦ͊ͤ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ͭͦͪ;͙ͻ ͊͒͊͘; ͯ ͍ͤ͊;͊ͤͤ͜ ͺ͙͙͘͜͟ ͙ͣ͊ͫͣ͊͟͡Έͤͦ ͍͙ͨ͒͜΅ͯΊ 
͔͔ͤͭͪͫ͜ ͒ͦ ͔ͣ͊ͭͪ͊ͯ͜͡Σ ΅ͦ ͍͙͍;͊ΊͭΈͫΎΣ ͙ͫͨͪΎΊ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͜͝ ͍͎͙ͯ͊ ͤ͊ ͎ͪͦ͘͡Ύ͍͙͒ͯ͊ͤͻ ͙ͨͭ͊ͤͤΎͻΣ ͍͙ͨ͒͜΅ͯΊ ͚ͫ͊ͣͦͫͭͤͫͭ͜͜Έ ͯ;͍ͤ͜ ͜ 
͍͙͍ͪͦ͊͘Ί ͝ͻͤΌ ͍ͪͦͯͣͦͯ͘ ͒͜Ύ͡Έͤͫͭ͜ΈΣ ͍ͨͦϥΎ͊ͤͯ͘ ͘͜ ͍͟͡Ό;͔ͤͤΎͣ ͯ ͨͪͦͼ͔ͫ ͨͤ͊ͤͤ͘͜Ύ ͙ͪͤ͘͜ͻ ͎͍ͦͪ͊ͤ͜ ;ͯͭͭΎ ͯ;͍ͤ͜Σ ͍ͨͦϥΎͯ͘Ί 
͍ͤ͊͋ͯ͊ͤͤΎ ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͝ͻ ͤ͊ ͙ͨͪ͊ͭ͟ͼ͜Σ ͍͙͍ͪͦ͊͘Ί ͍ͭͦͪ;ͯΣ ͪ͊ͼͦͤ͊͊ͭͦͪͫ͘͜͜͡Έͯ͟ ͜ ͍͙ͤ͊ͻ͙͒ͤ͜ͼΈͯ͟ 
͒ͯͣͯ͟ ͯ;͍ͤ͜Φ 
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˨͍ͦͫ͒͜ ͙͔͙ͫͫͭͣ͊ͭ;͎ͤͦͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͍ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͙ͤͻ ͊͒͊͘; ͍ͭͦͪ;͎ͦͦ ͻ͔͊ͪ͊ͭͪͯ͟ ώ1; 2; рϐ ͒͊Ί 
͙͍ͣͦ͗ͫͭ͜͡Έ ͙͙ͪͦ͋ͭ͘ ͍͙͍͙ͫͤͦ͟ ͨͪͦ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͼΈ͎ͦͦ ͍͙͒ͯ ͙ͪͦ͋ͦͭ ͒͡Ύ ͍͙ͪ͜΄͔ͤͤΎ ͙ͭ͊͟ͻ ͙͙͒͒͊ͭ͟;͙ͤͻ ͊͒͊͘;Υ 

1) ͍͙͍;͔ͤͤΎ ͺ͙͘͜;͙ͤͻ Ύ͍͙΅Σ ͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟͜ ͜ ͨͦ͊͘͟ ͝ͻͤ͜ͻ ͨͪͦΎ͍͍͜Τ 
2) ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͙ͦͫͤͦͤͻ ͺ͙͘͜;͙ͤͻ ͨͦͤΎͭΈΣ ͍͙ͪͦͭͦ͘͟ ͺ͙͘͜;͎ͤͦͦ ͍ͭͦͪ;͎ͦͦ ͙͔ͣͫͤͤ͡ΎΤ 
3) ͺ͍ͦͪͣͯ͊ͤͤΎ ͙ͨͪ͊ͭ͟;͙ͤͻ ͯͣͤ͜Έ ͜ ͍͙ͤ͊;ͦ͟Σ ͔ͭͻͤ͜;͎ͤͦͦ ͙͔ͣͫͤͤ͡Ύ ͯ;͍ͤ͜Τ 
4) ͺ͍ͦͪͣͯ͊ͤͤΎ ͍ͦͫͤͦ ͍͎ͤ͊ͯͦͦͦ͟ ͍͎ͫͭͦ͜͡Ύ͒ͯΤ 
5) ͔͔͙ͫͭͭ;͔ͤ ͍͙ͻ͍ͦ͊ͤͤΎ ͯ;͍ͤ͜Φ 
˻͙͍ͫͦ͋ͦͫͭ͜͡ ͔͙͙ͣͭͦ͒͟ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͯ ͍ͤ͊;͊͡Έͤͦͣͯ ͨͪͦͼ͔ͫ͜ ͍ͭͦͪ;͙ͻ ͊͒͊͘; ͍͙ͤ͊͘;͊ΌͭΈͫΎ ͔ͫͨͼ͙ͺͦ͜͟Ό ͍ͭͦͪ;ͦ͝ 

͒͜Ύ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜Φ 
ˤ͒ͦͣͦ͜Σ ΅ͦ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͊ ͊͒͊͘;͊ ς ͼ͔ ͊͒͊͘;͊Σ ͨͪͦͼ͔͒ͯͪ͊ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ Ύͦ͟͝ ͔͔ͨͪ͒͋͊;͊Ί ͍͙ͦͤ͊ͤͤ͟Ύ ͺ͙͘͜;͎ͤͦͦ 

͔͔͙͔ͫͨͪͣͤͭͯ͟ ό͒ͦͫ͒ͯ͜͡ύΦ ͍́ͦͪ;ͦΌ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͊ ͊͒͊͘;͊ ͍͍͊͗͊ΊͭΈͫΎ ͊͘ ͍͙ͯͣͦΣ Ύ͟΅ͦ ͯ;ͤΌ ͔͍ͤ͒ͦͣ͊͜ ͨͪͦͼ͔͒ͯͪ͊ όͫͨͦͫ͋͜ύ 
͝͝ ͍ͪͦ͘ΩΎ͊ͤͤ͘ΎΣ ͔͍ͤ͒ͦͣ͊͜ ͙͔ͫͫͭͣ͊ ͍͊ͫͦ͋͘͜Σ ͔ͤ ͍͊͊ͤͦ͘͟ ͍ͨͦͤͫͭ͜Ό ͊͋ͦ ;͍͊ͫͭͦͦ͟ ͔ͤͦ͋ͻ͔͒ͤ͜ ͦ͋͊͒ͤ͊ͤͤ͡ΎΦ  

˸ͫ͜ͼ͔ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͙ͤͻ ͊͒͊͘; ͯ ͯͪͫ͟͜ ͺ͙͙͘͜͟ ͔͔ͫͪ͒ͤΈͦ͝ ΄͙ͦ͟͡ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͙͍͙ͦͫͦ͋ͣ͡ ͤ͊͘;͔ͤͤΎͣ ͝ͻ ͒͡Ύ ͙͍͊ͭ͊͘͟͜ͼ͜͝ 
ͺͦͪͣΣ ͔͍ͣͭͦ͒͜ ͜ ͙͚͍ͨͪͦͣ͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯ [2]Φ ˸ͫ͜ͼ͔ ͝ͻ ͯ ͦ͗ͤͦͣͯ͟ ͔ͦͤͪͭͤͦͣͯ͟͟ ͍͙ͨ͊͒ͯ͟ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͎ͦͦ͜͟͡Ό ͙ͫͭͪͯͭͯͪ͟ 
ͯͪͦͯ͟ ͜ ͚͎ͦͦ ͙͙͒͒͊ͭ͟;͙͙ͤͣ ͼ͜͡Ύ͙ͣΣ ͙ͤ͊ͨͪ͊͒͟͡Υ 

мΦ ˹͊ ͯͪͦͼ͜ ͍͙͍;͔ͤͤΎ ͍͎ͤͦͦͦ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͜ ͊͒͊͘;͜ ͣͦ͗ͤ͊ ͍͙͙͙ͦͪͫͭ͊ͭ͟ ͍ ͙ͪͤ͘͜ͻ ͔͊ͫͨͭ͊͟ͻΥ 
ͤ͊ ͨͦ;͊ͭͯ͟ ͯͪͦͯ͟ ς ͒͡Ύ ͍͙͍ͫͯ͊ͤͤΎ ͔͙ͨͪͦ͋ͣ͡ ͜ ͔͋ͯ͒͗ͤͤ͘Ύ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͙͍͊ͭͤͦͫͭ͟͜ ͯ;͍ͤ͜Τ ͯ ͻͦ͒͜ ͯͪͦͯ͟ ς ͙ͨͪ ͍͙͍;͔ͤͤ͜ 
ͺ͙͘͜;͙ͤͻ ͍͙͍͔͚͊ͫͭͦͫͭ͡ ͭ͜͡ ͊͋ͦ ͔ͪ;͍͙ͦͤ ͜ ͔͒ͦͫ͒͗ͤͤ͜͜͡ ͺ͙͘͜;͙ͤͻ ͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟͜Τ ͯ ͤ͟͜ͼ͜ ͯͪͦͯ͟ ς ͒ ͡Ύ ͔͊ͪͨͤͤ͘͟͜͡Ύ ͍͙ͤͦͻ ͤ͊ͤ͘ΈΦ 

нΦ ˹͊ ͯͪͦͼ͜ ͔͊ͪͨͤͤ͘͟͜͡Ύ ͤ͊ͤ͘Έ ͜ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙ͨͪ͊ͭ͟;͙ͤͻ ͯͣͤ͜Έ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͜ ͊͒͊͘;͜ ͣͦ͗ͤ͊ ͍͙͙͙ͦͪͫͭ͊ͭ͟ ͘ ͙ͭͣΣ 
΅ͦ͋ ͍ͤ͊;͙͙ͭ ͯ;͍ͤ͜ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͍ͫͦ͝ ͤ͊ͤͤ͘Ύ ͒͡Ύ ͍ͪͦ͘ϥΎ͍ͯ͊ͤͤ͘Ύ ͙ͨͪ͊ͭ͟;͙ͤͻ ͍͊͒͊ͤ͘ΈΣ ͊͋ͦ ͍͙͍;͙͙ͭ ͍͋ͯ͒ͦͯ ͜ ͙ͨͪͤͼ͙ͨ ͒͜͝ 
͙ͨͪ͊͒ͯ͡ ͭ͊ ͍͙͙͙ͪͦ͋ͭ ͍ͣͤͤ͜Ύ ͙͍͙ͦͪͫͭͯ͊ͭͫ͟Ύ ͙ͤͣΦ 

оΦ ˹͊ ͯͪͦͼ͜ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎ ͜ ͎͙͔ͨͦ͋ͤͤ͡͡Ύ ͤ͊ͤ͘Έ ͍ͪͦ͘ϥΎ͍ͯ͊ͤͤ͘Ύ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͙ͤͻ ͊͒͊͘; ͎͍ͦͪ͊ͤͦͯ͘͜ΊͭΈͫΎ ͒͡Ύ 
͔͙ͦͤͪͭ͊͘͟͟ͼ͜͝ ͣͫͭͯ͘͜ ͍͙͍;͔͙ͤͻ ͺ͙͘͜;͙ͤͻ ͨͦͤΎͭΈ ͜ ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͍͙ͤͦͻ ͍͘ϥΎ͍͘͟͜ ͣ͗͜ ͺ͙͘͜;͙͙ͤͣ ͍͔͙͡;͙͙ͤ͊ͣΣ ͒͡Ύ ͨͦ΄͙͔ͪͤͤΎ ͍͔͗ 
͍͙͒ͦͣ͜ͻ ͊͋ͦ ͍͒͜΄ͯ͊ͤͤ͟Ύ ͍͙ͤͦͻ ͔͍ͣͭͦ͒͜ ͍͙ͣͪ͜Ό͍͊ͤͤΎ ͺ͙͘͜;͙ͤͻ ͍͔͙͡;͙ͤ ͜ ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͍͙ͤͦͻ ͍͔͚͒ͦͣͦͫͭ͜ ͨͪͦ ͍͙͍;͔͔ͤ ͺ͙͘͜;͔ͤ 
Ύ͍͙΅͔Φ 

пΦ ˹͊ ͯͪͦͼ͜ ͦͤͭͪͦ͟͡Ό ͜ ͦ͋ͯ͜͟͡ ͤ͊ͤ͘Έ ͍ͪͦ͘ϥΎ͍ͯ͊ͤͤ͘Ύ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͙ͤͻ ͊͒͊͘; ͔ͣͦ͗ ͎͙͒ͦͨͦͣͦͭ ͔͔͍͙͙ͨͪͪͭ͜ ͯͣͤͤ͜Ύ 
ͯ;͍ͤ͜ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͤ͊ͤͤ͘Ύ ͍ ͚͙ͤ͊ͦͣ͘ͻ ͜ ͔͚͙ͤͤ͊ͦͣ͘ͻ ͙ͫͭͯ͊ͼ͜ΎͻΣ ͯͣͤͤ͜Ύ ͍͙͊ͤ͊ͯ͊ͭ͘͜͡ ͺ͙͊ͭ͟ ͜ ͙͙ͪͭ͟;ͤͦ ͨ͒͜ͻ͙͙ͦ͒ͭ ͒ͦ 
͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͺ͙͘͜;͎ͤͦͦ ͔͔͙͔ͫͨͪͣͤͭͯ͟Φ 

˹͍͊;͊͡Έͤ͜ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͜ ͊͒͊͘;͜ ͣͦ͗ͯͭΈ ͙͋ͯͭ ͍͔ͨͦͫͭ͊ͤ͜͡ ͤ͊ ͋ͯ͒Έ-Ύͦͣͯ͟ ͔ͭ͊ͨ͜ ͯͪͦͯ͟Σ ͔͊͡ ͙ͨͪ ͼΈͦͣͯ ͣͤ͘͜ΌΌͭΈͫΎ 
͙͙͒͒͊ͭ͟;ͤ͜ ͺͯͤ͟ͼ͜͝ ͊͒͊͘;Σ ͔͙ͣͭͦ͒͊͟ ͍͙ͨͦͫͭ͊ͤͦ͟ ͜ ͔͙ͣͭͦ͒ ͭ͊ ͙͚͙ͨͪͦͣ ͍ͪͦ͘ϥΎ͍ͯ͊ͤͤ͘Ύ ͝ͻΦ 

˹͔ ͙ͯͨͤ͘ΎΌ;͙ͫΈ ͔͒ͭ͊͡Έͤͦ ͤ͊ ͙͊ͫ͟͡ͺ͊͜͟ͼ͜͝ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͙ͤͻ ͊͒͊͘; ͜ ͝ͻͤ͜ͻ ͙͙͒͒͊ͭ͟;͙ͤͻ ͺͯͤ͟ͼ͜Ύͻ ό͙͍͒Φ ώнϐΣ 
͍͙͊ͯ͊͗ͣͦ͘Σ ΅ͦ ͟͡Ό;͍͙ͦͣ ͔ͭ͊ͨͦͣ ͍ ͨͪͦͼ͔ͫ͜ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͍ͭͦͪ;ͦ͝ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͊͒͊͘;͜ Ί ͪͦͪͦ͋͊͘͟ ͔ͣͦ͒͜͡ 
͔͔͙͔ͫͨͪͣͤͭͯ͟Φ ˤͤ͜ ͍͟͡Ό;͊Ί ͍ ͔͔ͫ͋ ͔͔͙ͭͦͪͭ;͙͚ͤ ͔͊ͫͨͭ͟ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͊͒͊͘;͜Φ ˾͔͊͊͘͜͡ͼ͜Ύ ͗ ͔ͣͦ͒͜͡Σ ͭͦ͋ͭͦ ͍͙ͦͤ͊ͤͤ͟Ύ ͎ͫ͊ͣͦͦ 
͔͔͙͔ͫͨͪͣͤͭͯ͟ ҍ ͼ͔ ͍͔͗ ͙ͨͪ͊ͭ͟;͙͚ͤ ͔ͭ͊ͨΦ ͔͚̇ ͔ͭ͊ͨΣ ͍͔͊ͫͤ͡Σ ͚ ͔ͪ͊ͯ͘͜͡ΊͭΈͫΎ Ύ͟ ͊͋ͦͪ͊ͭͦͪͤ͊͡ ͪͦ͋ͦͭ͊Φ ̆ͦ;͊Σ ͎͍ͨ͒ͦͭͦ͊͜͟ ͒ͦ ͭ͊ͦ͟͝ 
͊͋ͦͪ͊ͭͦͪͤͦ͡͝ ͙ͪͦ͋ͦͭ Ί ͍ͭͦͪ;͙ͣ ͜ ͼ͍͙͊ͣ͜͟ ͨͪͦͼ͔ͫͦͣΣ Ύ͙͚͟ ͍͙͎ͣ͊͊Ί ͨͦ΄ͯͯ͟ ͔͒͜͝Σ Ύ͊͟ ;͊ͫͭͦ ͐ͪͯͤͭͯΊͭΈͫΎ ͤ͊ ͎͒ͦ͊͒͘ͼ͜Σ 
͎͙͋ͦͦͣͯ͟͡ ͔͔͙ͭͦͪͭ;ͤͦͣͯ ͊ͤ͊͘͜͜͡Φ 

˽͔͎͎͒͊ͦ͜;͔ͤ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͊͋ͦͪ͊ͭͦͪͤͦ͡͝ ͙ͪͦ͋ͦͭ ͤ͊ ͍ͦͫͤͦ͜ ͍ͭͦͪ;ͦ͝ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͊͒͊͘;͜ ͍͟͡Ό;͊Ί ͭ͊͟͜ ͔͙ͭ͊ͨΥ 
мΦ ˸͔ͦ͒͡Ό͍͊ͤͤΎ ͫͯ͋ΩΊͭ͊͟Σ Ύͦͣͯ͟ ͔͋ͯ͒ ͍͊ͨͪͦͨͦͤͦ͊ͤ͊͘ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͊ ͊͒͊͘;͊Φ ˸͊ΊͭΈͫΎ ͤ͊ ͍ͯ͊͘͜ ͔ͭΣ ΅ͦ ͍ͭͦͪ;͊ 

͊͒͊͘;͊ Ί ͨͦͤΎͭͭΎͣ ͫͯ͋ΩΊ͙͍͙ͭͤͣ͟Σ ͭͦͣͯ ͍;͙͔ͭ͡Έ ͍͙͔ͨͦͤͤ ͙ͣ͊ͭ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͎ͭͦͦΣ ͻͭͦ ͔͋ͯ͒ ͍ͪͦ͘ΩΎ͍͙ͯ͊ͭ͘ ͊͒͊͘;ͯΦ  
нΦ ˽͒͋ͪ͜͜ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͊͒͊͘;͜Φ  
оΦ ˤ͙ͤ͊͘;͔ͤͤΎ ͨͪͦͼ͔͙͒ͯͪ ς ͍͙ͦͫͤͦͤͻ ͔͍ͭ͊ͨ͜ ͝͝ ͍ͪͦ͘ΩΎ͊ͤͤ͘ΎΦ ˿͔͔ͪ͒ Ύ͙͟ͻ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ͜ ͚͎ͦͦ 

͙ͨͪ͊ͭ͟;ͤ͊ ͔ͪ͊͊͘͜͡ͼ͜ΎΦ 
˹͍͔͔͊͒ͣͦ ͙͙ͨͪ͊͒͟͡ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͙ͤͻ ͊͒͊͘;Σ Ύ͟͜ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͫ͟͡Ύ ͙ͤ͊ͣ ͍ ͻͦ͒͜ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͍ͭͦͪ;͙ͻ 

͙͊͋ͦͪ͊ͭͦͪͤ͡ͻ ͪͦ͋ͭ͜Φ 
˭͊͒͊;͊ мΦ ˤ͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͍͙ͣͪ͜Ό͍͊͡Έͤͯ ͚ͤͯ͜͜͟͡Σ ͍͙ͤ͊͘;͙͙ͭ ͙ͭͫ͟ ͼ͔͎͙͙ͤ͡ ͤ͊ ͎͙ͦͪͦͤͭ͊͘͡Έͤͯ ͍͔ͨͦͪͻͤΌ ͫͭͦ͊͡ ͒͡Ύ 

͎ͦ͗ͤͦͦ͟ ͘ ͭͪΈͦͻ ͔ͨͦͦ͗ͤ͡ΈΦ ˥͙ͯͫͭͤ͊ ͼ͔͎͙͙ͤ͡ мΣр ͎κͫͣ3.  
˭͊͒͊;͊ нΦ ˹͊ ͫͭͦ͜͡ ͔͙͗ͭ͡Έ ͫ͟͡Ύͤ͊ ͙ͨ͊ͫͭͤ͊͟͡ ͨͪΎͣͦͯͭͤͦ͟͝ ͺ͙ͦͪͣΣ ͤ͊ ͚ͤ͜ - ΄ͣ͊ͭͦ͟ ͍͙ͫͤͼΌΦ ̐ ͔ͣͤͯͪ͊͘͟ ͜ 

͍͙ͣͪ͜Ό͍͊͡Έͤ͊ ͚ͤ͊͜͜͟͡Φ ˤ͙ͤ͊͘;͙͙ͭ ͔͔͚ͫͪ͒ͤ͜ ͙ͭͫ͟ ͫ͟͡Ύͤͦ͝ ͙͙ͨ͊ͫͭͤ͟͡ ͤ͊ ͍͔ͨͦͪͻͤΌ ͫͭͦ͊͡Φ ό˥͙ͯͫͭͤ͊ ͫ͊͟͡ ҍ нΣс ͎κͫͣ3.) 
˭͊͒͊;͊ оΦ ˴ ͙ͦͪͫͭͯΌ;͙ͫΈ ͍͙ͣͪ͜Ό͍͊͡ΈͤͦΌ ͚ͤͦ͜͜͟͡ΌΣ ͍͙ͤ͊͘;͙͙ͭΣ ͤ͊ Ύͯ͟ ͍͔͙͡;͙ͤͯ ͙ͣͤͭ͘͜ΈͫΎ ͙ͭͫ͟ ͍͙ͦ͒ ͤ͊ ͒ͤͦ ͫ͟͡Ύ͙ͤ͟Σ 

Ύ͟΅ͦ ͍ ͍ͦ͒ͯ ͍ͨͦͤͫͭ͜Ό ͙͙͊ͤͯͪͭ͘ ;͍͊ͯͤͤͯ ͎͙ͪΌ ͣ͊ͫͦΌ рлл ͎Φ ˤ͍͒ͨͦ͒͜͜Έ ͔͔͍͙͙ͨͪͪͭ͜ ͒ͦͫ͒ͦͣ͜͡Φ 
̂;ͤ͜ ͚ͫ͊ͣͦͫͭͤͦ͜ ͪͦͪͦ͋͘͡ΎΌͭΈ ͔ͣͦ͒͡Έ ͔͔͙͔ͫͨͪͣͤͭͯ͟Φ ˴͙͚ͦ͗ͤ ͔ͭ͊ͨ ͍͙͎ͣ͊͊Ί ͍͒͜ ͯ;ͤΎ ͍͙ͦͤ͊ͤͤ͟Ύ ͔͍ͨͤͦ͝ ͫͯͯͨͤͦͫͭ͟͜ 

͚͒͜Σ Ύ͟͜ ͣͦ͗ͤ͊ ͙͙ͪͦ͒ͭ͘͜͡ ͤ͊ ͔͙͍ͪͨͪͦ͒ͯͭͤ͟͜Σ ͨͦ΄͍ͯͦ͟͜ ͜ ͍ͭͦͪ;͜Φ ˴͜͡Έͫͭ͟͜Έ ͙ͭ͊͟ͻ ͚͒͜ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ί ͍͔ͪͤ͜Έ ͫ͊͒ͤͦͫͭ͟͜͡ ͔͎ͦͪͣͦͦ͟ 
͔ͭ͊ͨͯ ͜ ͊͋ͦͪ͊ͭͦͪͤͦ͡͝ ͙ͪͦ͋ͦͭ ͍ ͼͦͣͯ͜͡Φ ˾͍͔ͤ͜Έ ͔ͨͪͦ͋ͣͤͦͫͭ͜͡ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͔͔ͫͭͯͨͤͣ ͔͍͍ͤ͒ͨͦ͒ͤͦͫͭ͜͜͜ ͤ͊ͤ͘ΈΣ ͯͣͤ͜Έ ͜ 
͙͙ͦͫͦ͋ͫͭͻ Ύ͔͚ͦͫͭ͟ ͯ;ͤΎ ͙ͭͣΣ Ύ͟͜ ͔ͤͦ͋ͻ͒ͤ͜͜ ͒͡Ύ ͍͙ͦͤ͊ͤͤ͟Ύ ͎͒͊ͤͦͦ ͔ͭ͊ͨͯΦ ˤ Ύͦͫͭ͟͜ ͦͪ͜Ί͍ͤͭͯ͊͡Έͤͦ͝ ͍͙ͦͫͤͦ ͯ;ͤΎͣ ͨͪͦͨͦͤͯΊͭΈͫΎ 
͙͙ͨͪͨͫ-ͦͪ͜Ί͙ͤͭͪΦ  

˾ͦͪͦ͋͊͘͟ ͔ͣͦ͒͜͡ ͔͔͙͔ͫͨͪͣͤͭͯ͟ 
˾͙͙ͦͪͦ͋ͭ͘ ͔ͣͦ͒͡Έ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ς ͼ͔ ͦͤ͊͘;͊Ί ͍͙ͤ͊͘;͙͙ͭΣ ΅ͦ ͨͦͭͪ͋ͤͦ͜ ͔͎͙ͫͨͦͫͭͪ͊ͭ͜Σ Ύ͟͜ ͍͔͙͡;͙͙ͤ ͍͙ͣͪ͜Ό͍͙͊ͭΣ ͍ 

Ύ͚͟͜ ͍ͨͦͫ͒ͦͤͦͫͭ͜͜͡ ͍͙͍͙ͦͤͯ͊ͭ͟ ͍ͨͦϥΎ͊ͤ͘͜ ͘ ͼ͙͙ͣ ͍͊͒͊ͤͤ͘Ύ͙ͣ ͒͜͝ ͭͦ΅ͦΦ ˨͡Ύ ͼΈ͎ͦͦ ͨͦͭͪ͋ͤͦ͜Υ 
1. ʕ ͙ͤ͊͘;͙ͭΣ͙ Ύ͟͜ ͙͙ͨͪ͊͒͡ ͜ ͔͙ͣ͊ͭͪ͊͜͡ ͔ͤͦ͋ͻ͒ͤ͜͜ ͒͡Ύ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͎ͤͦͦ ͍͙ͣͪ͜Ό͍͊ͤͤΎ ͺ͙͘͜;͙ͤͻ ͍͔͙͡;͙ͤΦ 
нΦ ̂Ύ͍͙͙ͭ ͯͫ͜ ͙͍ͣͦ͗͜͡ ͍͙͊ͪ͊ͤͭ͜ ͍͔͔ͨͪͦ͒ͤͤΎ ͔͔͙͔ͫͨͪͣͤͭͯ͟Φ 
оΦ ˤ͙͙͋ͪ͊ͭ ͘͜ ͯͫ͜ͻ ͙͍͙ͣͦ͗͡ͻ ͍͍͊ͪ͊ͤͭ͜͜ ͚ͭͦΣ Ύ͙͚͟ Ί ͔ͭͻͤ͜;ͤͦ ͚ͤ͊ͨͪͦͫͭ͜΄͙ͣ ͜ ͍͒ͦͦ͘͡ΎΊ ͔͔͊͋ͨ͘͘;͙͙ͭ ͚͍͙ͤ͊΅ͯ ͭͦ;ͤͫͭ͜Έ 

͔ͪͯ͘͡Έ͍ͭ͊ͭ͜Φ 
пΦ ˿͙͊ͫͭ͟͡ ͨ͊ͤ͡ ͍͔͔ͨͪͦ͒ͤͤΎ ͔͔͙͔ͫͨͪͣͤͭͯ͟Φ 
˽͊ͤ͡ ͍͙͔ͨͦͤͤ ͍͙͒ͦ͋ͪ͊͗͊ͭ͜ ͍ͦͫͤͦͤ͜ ͔͙ͭ͊ͨ ͍͔͔ͨͪͦ͒ͤͤΎ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ͜ ͙͋ͯͭ ͒ͦͫͭ͊ͭͤΈͦ ͎ͤͯ;͙ͣ͟Σ ͭͦ͋ͭͦ ͙͒ͦͨͯͫ͊ͭ͟Σ 

͙ͨͪ ͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜Σ ͙͍ͣͦ͗ͫͭ͜͡Έ ͣͤ͘͜Ό͍͙͊ͭ ͍ͨͦͫ͒ͦͤͫͭ͜͜͡Έ ͚͒͜ ͯ ͻͦ͒͜ ͔͔͙͔ͫͨͪͣͤͭͯ͟Φ ˽͊ͤ͡ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ͍͙͔ͨͦͤͤ ͙͙ͣͫͭͭ͜ 
͍͍͙͊͘͟͜͟Υ Ύ͟͜ ͍͙ͣͪ͜Ό͍͊ͤͤΎΣ ͦ͋;͙͔ͫͤͤ͡Ύ ͋ͯ͒ͯͭΈ ͍͙͙ͨͪͦͦ͒ͭͫΎ ͯ ͻͦ͒͜ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ͜ ͊͘ Ύ͙͙ͣ͟ ͺ͙ͦͪͣͯ͊ͣ͡Φ 
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рΦ ˤ͙͊͊ͭ͘͟Σ Ύ͟͜ ͫͻ͔͙ͣΣ ͎ͪ͊ͺ͙͜͟Σ ͙ͭ͊͋͡ͼ͜Σ ͣ͊͡Ό͙ͤ͟ ͨͦͭͪ͋ͤͦ͜ ͔͋ͯ͒ ͍͙͙ͦͤ͊ͭ͟ ͯ ͨͪͦͼ͔ͫ͜ ͔͔͙͔ͫͨͪͣͤͭͯ͟Φ 
 

˽ͪͦͼ͔͒ͯͪ͊ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͍ͤ͊;͊͡Έͤͦ-͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜  ͍  ͔ͦͤͭͫͭ͟͟͜ ͍͙ͦͤ͊ͤͤ͟Ύ ͊͋ͦͪ͊ͭͦͪͤͦ͡͝ ͙ͪͦ͋ͦͭ 
мΦ ˤ͙ͤ͊͘;͔ͤͤΎ ͔͙ͭͣ ͜ ͔͙ͣͭ ͊͋ͦͪ͊ͭͦͪͤͦ͡͝ ͙ͪͦ͋ͦͭΦ 
нΦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͫͯ͋ΩΊͭ͊͟ ͒͜Ύ͡Έͤͦͫͭ͜Φ 
оΦ ˤ͙͋ͪ͜ ͔ͨͪͦ͋ͣͤͦ͡-͍͎ͣͫͭͦͦͦ͘͜ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͯ ͍͙͎͡Ύ͒͜ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͊͒͊͘;͜Φ 
пΦ ˾ͦͪͦ͋͊͘͟ ͔͔͙ͭͦͪͭ;ͤͦ͝ ͔ͣͦ͒͜͡ ͝͝ ͍ͪͦ͘ΩΎ͊ͤͤ͘ΎΦ  
рΦ ˾ͦͪͦ͋͊͘͟ ͍ͤ͊;͊͡Έͤͦ͝ ͎͙͒ͦͨͦͣͦ ͯ ͍͙͎͡Ύ͒͜ ͙͒ͦͨͦͣ͗ͤ͜ͻ ͔͔͙ͭͦͪͭ;͙ͤͻ ͙͊ͨͭ͊ͤ͘Έ ͜ ͊͒͊͘;Φ 
сΦ ˸͔ͦ͒͡Ό͍͊ͤͤΎ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ͤ͊ ͍ͦͫͤͦ͜ ͔͔͙ͭͦͪͭ;ͤͦ͝ ͔ͣͦ͒͜͡Φ 
˹͙͗;͔ ͨͪͦͨͦͤͯΊͣͦ ͙ͨͪ͊͒͟͡ ͔ͪͦͪͦ͋ͤͦ͘͡͝ ͔ͣͦ͒͜͡ ͊͋ͦͪ͊ͭͦͪͤͦ͡͝ ͙ͪͦ͋ͦͭΦ 

 

˶͊͋ͦͪ͊ͭͦͪͤ͊ ͪͦ͋ͦͭ͊ 
͔́ͣ͊Υ ˨ ͔ͦͫ͒͗ͤͤ͜͡Ύ ͍͍͎͙ͪͤͦ͊͜ ͍͔͊͗͡ΎΦ 

1. ̅ ͦͪͣͯ͡Ό͍͊ͤͤΎ ͔͙ͨͪͦ͋ͣ͡ ͯ ͍͙͎͡Ύ͒͜ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦ͝ ͘ ͊͒͊;͜ ͤ͊ ͔͔ͨͪ͒͋͊;͔ͤͤΎ ͔ͪͯ͘͡Έͭ͊ͭͯ ͒ͦͫ͒ͯ͜͡ 
˹͊ ͍͒ͫͭ͊ͤ͜͜ нрͫͣ ͍͒͜ ͦͫ͜ ͔ͦ͋ͪͭ͊ͤͤΎ ͤ͊ ͍͚͜͜͡ ;͙͊ͫͭͤ͜ ͍͔͊͗͡Ύ ͔͊ͪͨͤͦ͘͟͜͡ ͭΎ͎͔͊ͪͼΈ ͣ͊ͫͦΌ млл͎Φ ˹͊ ͍͚ͨͪ͊͜ ;͙͊ͫͭͤ͜ 

͍͔͊͗͡Ύ ͔͊ͪͨͤ͘͟͜͜͡ ͤ͊ ͦ͒ͤͦͣͯ ͍ͨ͒ͫ͜͜͜ ͍͒͊ ͭΎ͎͊ͪͼ͜ ͨͦ млл͎Φ ͙͙̒ͣ͟ ͋ͯ͒ͯͭΈ ͔ͨ͡;͜ ͜ ͔͍ͦ͋ͪͭͦ͜ ͔͙ͣͦͣͤͭ ͙ͫ͡ ͭΎ͗ͤͤ͜ΎΣ ΅ͦ ͒͜ΌͭΈ ͊͘ 
͍͙ͯͣͦ ͍͍͎͙ͪͤͦ͊͜ ͍͔͊͗͡ΎΚ ˤ͍͒ͨͦ͒͜͜Έ ͔͔͍͔ͨͪͪͭ͜ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡ΈͤͦΦ 

нΦ ͔͔͙́ͦͪͭ;ͤ͊ ͔ͣͦ͒͡Έ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͊͒͊͘;͜ 
˨͔ͦͫ͒͗ͤͤ͜͡Ύ ͍͙͍͔͚͊ͫͭͦͫͭ͡ ͍͔͊͗͡Ύ ͍ͨͦϥΎ͊ͤͦ͘ ͘ ͍͙ͣͪ͜Ό͍͊ͤͤΎͣ ͍͙ͦͫͤͦͤͻ ͚͎ͦͦ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟Σ ͔ͦͪͣ͊͘͟ ͔ͨ͡;͔͚ ͙ͫ͡Φ 

ˤ͊͗͜͡Έ ͔͔͍ͨͪ͋ͯ͊Ί ͯ ͫͭ͊ͤ͜ ͍͍͎͙ͪͤͦ͊͜Σ Ύ͟΅ͦ ͍ͤ͜ ͔ͤ ͍͔ͨͦͪͭ͊ΊͭΈͫΎ ͨ͒͜ ͒͜ΊΌ ͙͔͙ͨͪ͊͒ͤ͟͡ͻ ͒ͦ ͤΈ͎ͦͦ ͙ͫ͡Φ ͙͚́͊͟ ͫͭ͊ͤ 
͔͎ͫͨͦͫͭͪ͊͜ΊͭΈͫΎ ͭͦ͒͜Σ ͙ͦ͟͡ ͣ͗͜ ͤ͊͘;͔ͤͤΎ͙ͣ ͙͔͙ͨͪ͊͒ͤ͟͡ͻ ͙ͫ͡ ͭ͊ ͝ͻ͙ͤͣ͜ ͔ͨ͡;͙ͣ͊ ͫͤͯ͜Ί ͔͍͔ͨͤ ͍͍ͫͨ͒ͤͦ͜͜΄͔ͤͤΎΦ ˾͍͍͎ͤͦ͊͊͜ 
͍͔͊͗͡Ύ ͔͎ͫͨͦͫͭͪ͊͜ΊͭΈͫΎ ͔ͤ ͊͘ ͋ͯ͒Έ-Ύ͙͟ͻ ͍ͯͣͦΦ ˭ͣͤ͊͜ ͦ ͎͒ͤͦͦ ͘ ͔ͨ͡;͔͚ ;͙ ͦ͒ͤ͜Ί͝ ͘͜ ͙ͫ͡ ͍͔͔͒ ͒ͦ ͙ͣͤ͘͜ ͤ͜΄͎ͦͦ ͔ͨ͡;͊ ͊͋ͦ ͙͙ͫ͡Φ 
̒͟ ͙ͫͯ͡Σ ΅ͦ ͒͜Ί ͤ͊ ͍͊͗͜͡ΈΣ ͪͯ͘;ͤͦ ͍͙͙͙ͦͪͫͭ͊ͭ͟ ͍͎͊ͯ ͍͍͊͗͟͜Σ ͍ͨ͒͜͜΄͔͙ͤͻ ͯ ͔͍͙ͨͤͻ ͣͫ͜ͼΎͻ ͒ͦ ͍͔͊͗͡ΎΦ ˭ͤ͊Ό;͙ ͣ͊ͫͯ ͍͊͗͊͟ ό͝͝ 
͊ͤ͊͘͘;͔ͤͦ ͤ͊ ͙ͫ͊ͣͻ ͍͊͗͊͟ͻ ͘ ͤ͊͋ͦͪͯύΣ ͣͦ͗ͤ͊ ͪͦͪ͊͘ͻ͍͙ͯ͊ͭ ͚͎ͦͦ ͍͎͊ͯΦ ˤ͙ͣͪ͜Ύ͙ͭ ͔ͨ͡;͔ ͦ͗ͤͦ͟͝ ͙͙ͫ͡ ͫ͊͒ͤ͟͜͡΄͔Φ ͔̇ ͙͍ͦͫͦ͋ͦ͡ 
͍͒͜;ͯͭͤͦΣ ͙ͦ͟͡ ͍͊͗͜͡Έ ͔ͤ ͎͙ͦͪͦͤͭ͊͘͡Έ͙͚ͤΦ ̒͟΅ͦ ͗ ͍ͤ͜ ͎͙ͦͪͦͤͭ͊͘͡Έ͙͚ͤΣ ͭͦ ͔ͨ͡;͔ ͣͦ͗ͤ͊ ͍͙ͣͪ͜Ύ͙ͭ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ Ύ͟ 
͍͒ͫͭ͊ͤ͜Έ ͍͒͜ ͦͫ͜ ͔ͦ͋ͪͭ͊ͤͤΎ ͍͔͊͗͡Ύ ͒ͦ ͭͦ;͙͟ ͙ͨͪ͊͒͊ͤͤ͟͡Ύ ͙͙ͫ͡Φ ̇͜ΊΌ ͭͦ;ͦ͟Ό Ί ͭͦ;͊͟ ͍ͨ͒ͫͯ͜͜ ͍͍͊͗͟͜Φ ́ͦ͒͜ ͔ͨ͡;͔ ͍͒ͦͪͤ͜ΌΊ 
͍͙͒ͦ͗ͤ͜ ;͙͙͊ͫͭͤ ͍͔͊͗͡Ύ ͍͒͜ ͦͫ͜ ͔ͦ͋ͪͭ͊ͤͤΎ ͒ͦ ͭͦ;͙͟ ͙ͨͪ͊͒͊ͤͤ͟͡Ύ ͙͙ͫ͡Φ 

ˤ͊͗͜͡Έ ͣ͊Ί ͔͍ͨͤͯ ͣ͊ͫͯΣ ͊ ͭͦͣͯ ͤ͊ ͦ͗ͤͯ͟ ͚͎ͦͦ ;͙͊ͫͭͤͯ ͒͜Ί ͙ͫ͊͡ ͭΎ͗ͤͤ͜ΎΦ ̒͟΅ͦ ͔ͪ;͍͙ͦͤ͊Σ ͘ Ύͦ͟͝ ͍͙͎͍͔ͦͭͦͤͦ͡ ͍͊͗͜͡ΈΣ 
ͦ͒ͤͦͪ͒ͤ͊͜ ͜ ͍ͨͪ͊͊ ͭ͊ ͍͊͜͡ ;͙͙͊ͫͭͤ ͚͎ͦͦ ͍ͪͤ͜͜Σ ͭͦ ͔͙ͣͦͣͤͭ ͙ͫ͡ ͭΎ͗ͤͤ͜Ύ ;͙͊ͫͭͤ ͍͔͊͗͡Ύ ͋ͯ͒ͯͭΈ ͍͙͙ͦ͒ͤ͊ͦͣ͟ ͜ 
͍͍͍͙ͪͤͦ͊͗ͯ͊ͭͣͯͭ͘͜Έ ͙ͦ͒ͤ ͎ͦ͒ͤͦͦΦ ˭͊ ͙ͭ͊͟ͻ ͍ͯͣͦ ͒ͦͫͭ͊ͭͤΈͦ ͍͙ͤ͊͘;͙͙ͭ ͙͡΄͔ ͔͙ͣͦͣͤͭ ͙ͫ͡Σ Ύ͟͜ ͒͜ΌͭΈ ͙ͨͪ ͍ͨ͒͜͜΄͍ͯ͊ͤͤ͜ 
͍͍͊͗͟͜ ͭ͊͟Σ ΅ͦ͋ ͍͊͗͜͡Έ ͍͋ͯ ͎͙ͦͪͦͤͭ͊͘͡Έ͙ͤͣΦ ˨͍͙ͦ͗ͤ͊ ͍͔͊͗͡Ύ ͍͒͜ ͦͫ͜ ͔ͦ͋ͪͭ͊ͤͤΎ ͒ͦ ͭͦ;͙͟ ͍ͨ͒ͫͯ͜͜ ͍͊͗͊͟ ͜  ͔͋ͯ͒ ͍ ͼΈͦͣͯ ͪ͊͘͜ 
͔ͨ͡;͔ͣ ͙͙ͫ͡Φ 

ˤ ͍ͯͣͦ͜ ͊͒͊͘;͜ ͔͍ͦ͋ͪͭͦ͜ ͔͙ͣͦͣͤͭ ͙ͫ͡ ͭΎ͗ͤͤ͜Ύ ͣ͊ΌͭΈ ͙͋ͯͭ ͍ͦ͒ͤ͊ͦ͟͜Υ 1˸ = 2˸, ͒  ͔ 1˸ = 1ͭgl1 , 2˸ = 2ͭgl2. ʕ ͍͒ͨͦ͒ͤͦ͜͜ 

1ͭgl1 = ͭ 2gl2, l2 = . 

˭͙ͪͦ͋ͣͦ ͦ͋ͪ͊ͻ͙ͯͤ͟Υ ˸ 1 = 0,1 ϊ 9,8 ϊ 0,25 Ғ 0,25 (˹ ͣύΦ 

ὰ
πȟρϽπȟςυ

πȟς
πȟρσ̍ Ȣ 

˹͍͊;͊͡Έͤ͊ ͎͒ͦͨͦͣͦ͊ 
˨͔ͦͨͦͣ͗ͤ͜ ͙͊ͨͭ͊ͤͤ͘Ύ мΦ 
˿ͺͦͪͣͯ͡Ό͚͔ͭ ͍ͯͣͦͯ ͍͍͎͙ͪͤͦ͊͜ ͍͔͊͗͡ΎΦ 
˨ͦͨͦͣ͗ͤ͊͜ ͔͔͙ͭͦͪͭ;ͤ͊ ͊͒͊͘;͊ мΦ 
˹  ͍͍͔͙͚͊ͪͤͦ͊͗ͤ͘͜ ͍͊͗͜͡Έ ͍ͦͪͯ͜͡; ͍͒͜ ͦͫ͜ ͔ͦ͋ͪͭ͊ͤͤΎ ͤ͊ ͍͒ͫͭ͊ͤ͜͜ нл ͫͣ ͍͙͙ͨ͒ͫ͜͜͡ ͭΎ͎͔͊ͪͼΈ ͣ͊ͫͦΌ  нлл ͎Φ ˹͊ Ύ͚͟͜ 

͍͒ͫͭ͊ͤ͜͜ ͍͒͜ ͦͫ͜ ͔ͦ͋ͪͭ͊ͤͤΎ ͔ͭͪ͋͊ ͙͙ͨͪ͊ͫͭ͟͡ ͙ͫͯ͡ м Σ˹ ΅ͦ ͍͊͗͜͡Έ ͙͊͘͡΄͍͊ͫΎ ͯ ͍͍ͪͤͦ͊͘͜͜Κ 
оΦ ˸͔ͦ͒͡Έ ͍͙ͦͤ͊ͤͤ͟Ύ ͔͔͙͔ͫͨͪͣͤͭͯ͟ 

˻͋͊͒ͤ͊ͤͤ͡Ύ ͔͔͙͔ͫͨͪͣͤͭͯ͟Υ ͡ ͙͚͊͋ͦͪ͊ͭͦͪͤ ͍͊͗͜͡ΈΣ ΄͙͍ͭ͊ͭΣ ͭΎ͎͊ͪͼ͜Σ ͍ͨ͒ͫͤ͜͜͜ ͎͊;͙͟Φ 
̆͒͜ ͔͔͙͔ͫͨͪͣͤͭͯ͟ 

мΦ ˭͙͙͊ͪͨͭ͟͜ ͍ ΄͙͍ͭ͊ͭ͜ ͙͚͊͋ͦͪ͊ͭͦͪͤ͡ ͍͊͗͜͡ΈΦ ˽͍͔ͦͪͭ͊Ό;͙ ͎͚͙͊͟ ͤ͊ ͤ͟͜ͼΎͻ ͍͔͊͗͡ΎΣ ͒ͦͫΎ͎͙ͭ ͎͙ͦͪͦͤͭ͊͘͡Έ͎ͤͦͦ 
͔ͨͦͦ͗ͤͤ͡Ύ ͍͔͊͗͡ΎΦ 

нΦ ˹͊ ͍͒ͫͭ͊ͤ͜͜ нр ͫͣ ͍ ͒͜ ͦͫ͜ ͔ͦ͋ͪͭ͊ͤͤΎ ͤ͊ ͍͚͜͜͡ ;͙͊ͫͭͤ͜ ͍͔͊͗͡Ύ ͙͙͊ͪͨͭ͘͟͜ ͙ͦ͒ͤ ͍͊͗ͦ͟ ͣ͊ͫͦΌ млл ͎Φ 
оΦ ˹͊ ͍͚ͨͪ͊͜ ;͙͊ͫͭͤ͜ ͍͔͊͗͡Ύ ͙͙͊ͪͨͭ͘͟͜ ͍͒͊ ͍͙͊͗͟ ͣ͊ͫͦΌ ͨͦ млл ͎ ͜Σ ͔͔͍ͨͪͫͯ͊Ό;͙ ͍ͨ͒ͫ͜͜ ͍͍͒ͦ͗͘ ͍͔͊͗͡ΎΣ ͒ͦͫΎ͎͙ͭ 

͎͙ͦͪͦͤͭ͊͘͡Έ͎ͤͦͦ ͔ͨͦͦ͗ͤͤ͡Ύ ͍͔͊͗͡ΎΦ 
пΦ ˤ͙ͣͪ͜Ύ͙ͭ ͔ͨ͡;͜ ͙ͫ͡ ͭ͊ ͦ͋ͪ͊ͻ͍͙ͯ͊ͭ ͔͙ͣͦͣͤͭ ͙ͫ͡Φ 

пΦ ˱͔͔ͤͭͪͨͪͭ͊ͼ͜Ύ ͜ ͊ͤ͊͘͜͡ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͔͔͙͔ͫͨͪͣͤͭͯ͟ 
мΦ ˾͔ͯ͘͡Έ͙ͭ͊ͭ ͍͙ͣͪ͜Ό͍͊ͤΈ ͦ͋ͪ͊ͻ͍ͯͤ͟͜ ͙͙͊ͨͫ͊ͭ͘ ͍ ͙ͭ͊͋͡ͼΌ мΦ 

͙́͊͋͡ͼΎ м. 

Ѕ 

˶͍͊͜ ;͙͊ͫͭͤ͊ ͍ ͔͊͗͡Ύ ˽͍ͪ͊͊ ;͙͊ͫͭͤ͊ ͍͔͊͗͡Ύ 

˸͊ͫ͊ ͍͊͗͊͟Σ 
m1Σ ͎͟ 

˿͙͊͡Σ 
F1, H 

˽͔͡;͔ 
͙͙ͫ͡Σ 
l1Σ ͣ 

˸͔ͦͣͤͭ ͙͙ͫ͡Σ 

(F1l1), HÖͣ 

˸͊ͫ͊ 
͍͊͗͊͟Σ 
m2Σ ͎͟ 

˿͙͊͡Σ 
F2, H 

˽͔͡;͔ 
͙͙ͫ͡Σ 
l2Σ ͣ 

˸͔ͦͣͤͭ 
͙͙ͫ͡Σ 

(F2l2), HÖͣ 

1.         

 
нΦ ˽͍͙ͪͦ͊ͤ͊ͯ͊ͭ͘͜͡ ͙ͦͭͪͣ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭΦ ͙̉ ͍ͨͦͤͫͭ͜Ό ͍ͫͨͨ͊͒͊͜ΌͭΈ ͍͙ͦͤ ͘ ͔͔ͨͪ͒͋͊;͍͙͙ͯ͊ͤͣ ͔ͪͯ͘͡Έ͙ͭ͊ͭ͊ͣΚ 
оΦ ̒͟΅ͦ ͔ͤ ͍ͫͨͨ͊͒͊͜ΌͭΈΣ ͭͦ ;ͦͣͯΚ ˭͙͙ͪͦ͋ͭ ͍͙͍͙ͫͤͦ͟Φ 
ˤ͙͍ͫͤͦͦ͟Φ ˾͔ͦͪͦ͋ͤ͘͜͡ ͊͋ͦͪ͊ͭͦͪͤ͜͡ ͙ͪͦ͋ͦͭ ͤ͊ ͍ͦͫͤͦ͜ ͍ͭͦͪ;͙ͻ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͙ͤͻ ͊͒͊͘;Σ Ύ͟ ͍͙ͨͪ͊ͦ͡Σ ͤͦͫΎͭΈ 

͔͍͙͙ͪͫͭ;͙͚ͤΣ ͍ͭͦͪ;͙͚ ͻ͔͊ͪ͊ͭͪ͟Φ ˤ͙ͦͤ͊ͤͤ͟Ύ ͙ͭ͊͟ͻ ͪͦ͋ͭ͜ ͙ͫͨͪΎΊ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͯ;͍ͤ͜ ͜ ͪ͊͟΅ͦͣͯ 
͍͊ͫͦ͘ΊͤͤΌ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ 
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˽͔͔͙͍͙ͪͫͨͭ͟ ͨͦ͒͊͡Έ΄͙ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͨͦ͡Ύ͎͊ΌͭΈ ͯ ͍͙͍;͔ͤͤ͜ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍ͤͦͭͤ͜͜ͻ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ 
͔ͭͻ͎͚ͤͦͦ͜͡ ͯ ͨͪͦͼ͔ͫ͜ ͍͙ͦͤ͊ͤͤ͟Ύ ͍ͭͦͪ;͙ͻ ͙͊͋ͦͪ͊ͭͦͪͤ͡ͻ ͪͦ͋ͭ͜Φ 

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 

1.  s ͤ͒ͪΊΊ͍ ˢΦ ˢΦ ˾͍͙ͦͭͦ͘͟ ͯͣͤͤ͜Ύ ͺͦͪͣͯ͡Ό͍͙͊ͭ ͜ ͍ͪͦ͘ΩΎ͍͙ͯ͊ͭ͘ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͜ ͊͒͊͘;͜ ͯ ͨͪͦͼ͔ͫ͜ ͍͙ͤ͊ͻ͙͒ͤ͜ͼΈͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜ 
ͫͭ͊ͪ΄͙͍ͦ͊ͫͤ͟͟͜͡Υ ͍͔͊ͭͦͪͺΦ ͙͒ͫΦ ͤ͊ ͒ͦ͋ͯͭͭ͘Ύ ͤ͊ͯ͟Φ ͔ͫͭͯͨͤΎ ͊ͤ͒͟Φ ͔ͨ͒Φ ͤ͊ͯ͟Υ ͔ͫͨͼΦ моΦллΦлн κ ˢΦ ˢΦ ˢͤ͒ͪΊΊ͍Φ ς ˴ΦΣ нллтΦ ς 
20 ͫ Φ 

2. ˽͍͔͊ͤͦ͟͡ ˢΦ ˱Φ ˩͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͜ ͍ͤ͊;͊͡Έͤ͜ ͊͒͊͘;͜Υ ͔͙ͨͪͦ͋ͣ͡ ͔ͭͦͪ͜͝ ͜ ͙͙ͨͪ͊ͭ͟͟ κ ˽͍͔͊ͤͦ͟͡ s Φ ˱ΦΣ ˿͔͎ͪΊΊ͍ ˻Φ ˤΦΣ ͙́΅ͯ͟ ˤΦ ˱ Φ 
κκ ͔́ͦͪ͜Ύ ͭ͊ ͔͙ͣͭͦ͒͊͟ ͍͙͍;͔ͤͤΎ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͜ ͔ͭͻͤ͜;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Φ ς ˾ ͍͔ͤ͜Υ ˾˨˥̂Σ мфффΦ ς ЅмΦς ˿  рп-58. 

3. ˥͊͊ͭ͡Ό͟ ˸Φ ̑Φ ̒͟ ͙͙ͪͦ͋ͭ͘ ͊͋ͦͪ͊ͭͦͪͤͯ͡ ͪͦ͋ͦͭͯ ͘ ͺ͙͙͘͜͟ ͍ͭͦͪ;ͦΌΚ κ ˸Φ ̑Φ ˥͊͊ͭ͡Ό͟ κκ ͔́ͦͪ͜Ύ ͭ͊ ͔͙ͣͭͦ͒͊͟ ͍͙͍;͔ͤͤΎ 
͙͙ͨͪͪͦ͒ͤ;ͦ-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͜ ͔ͭͻͤ͜;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Φ ς ˾ ͍͔ͤ͜Υ ˾˨˥̂Σ нллфΦ ҍ Ѕ моΦ ҍ ˿Φ фр-99. 

4. ˴͔ͦͭ͡Έ͍ͤͦ͜͟ ˥Φ ˻Φ ˶͊͋ͦͪ͊ͭͦͪͤ͜ ͙ͪͦ͋ͦͭ ͘ ͺ͙͙͘͜͟ ͙͒ͦͫ͒ͤ͜͡ͼΈ͎ͦͦ͟ ͻ͔͊ͪ͊ͭͪͯ͟ ͯ ͊͟͡ ͫ͊ͻ ͘ ͎͙͔͙ͨͦ͋ͤͣ͡͡ ͍͙͍;͔ͤͤΎͣ ͺ͙͙͘͜͟Υ 
͙͒ͫΦ ΦΦΦ ͙͊ͤ͒͒͊ͭ͊͟ ͔ͨ͒Φ ͤ͊ͯ͟Υ моΦллΦлн κ ˴͔ͦͭ͡Έ͍ͤͦ͜͟ ˥Φ ˻ Φ ς ˭ ͊ͨͦͪ͗͗͜ΎΣ мффтΦ ς нмо ͫΦ 

5. ˥͊͊ͭ͡Ό͟ ˸Φ ̑Φ ˽͔ͪͦ͋ͣͤͦ͡-͍͔ͣͫͭͦ͘͜ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͙ͪͦͭͯ͘͟ ͔͎ͣͭͦ͒ͦͦ͜͡;ͤͦ͝ ͯ͟͡Έ͙ͭͯͪ ͫͭ͊ͪ΄͙͍ͦ͊ͫͤ͟͟͜͡ ͯ ͨͪͦͼ͔ͫ͜ 
͍͙͍;͔ͤͤΎ ͙͙ͨͪͪͦ͒ͤ;͙ͻ ͔͔͍ͨͪ͒ͣͭ͜ κ ˸Φ ̑Φ ˥͊͊ͭ͡Ό͟Σ ́Φ ̑Φ ˥͊͊ͭ͡Ό͟Σ ̑Φ ˸Φ ˥͊͊ͭ͡Ό͟ κκ ˹͍͊ͯͦ͟͜ ͙͙͊ͨͫ͘͟Φ ς ˤ͙ͨΦ пΦ ς ̉Φ нΦ ς 
˴͍͎ͪͦͦͪ͊͒͜Υ ˴˨˽̂Σ 2013 ς ˿ Φ фф-104. 
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MODELING OF EDUCATIONAL-COGNITIVE ACTIVITY OF SENIOR PUPILS  

IN THE CONTEXT OF THE PERFORMANCE OF A CREATIVE LABORATORY WORK 
Mykhaylo Halatyuk 

Rivne State University of Humanities, Ukraine 
Abstract. The article deals the main stages of didactic modeling creative laboratory work based on experimental problems. 

The process of solving creative experimental problems requires from pupils the ability to fold the procedure for educational-
cognitive activity and simulate physical experiment. Implementation such work promotes activation educational-cognitive activity 
of pupils. Creative laboratory works facilitate familiarization with scientific methods of cognition and better mastering educational 
material. Implementation creative laboratory works directed at developing creative abilities and educational-cognitive 
competence of pupils. 

The article offers the example of the creative laboratory work of physics on the topic: άThe research of equilibrium of 
leverέ. The creative laboratory work consists of the following elements: problem Definition, Theoretical model of problem solution, 
learning help, model of the experiment, experimental procedures, analysis of experimental results and conclusions. 

Note that such ƭŀōƻǊŀǘƻǊȅ ǿƻǊƪ ƛǘΩǎ ǇǊƻŘǳŎǘ ƻŦ ŎǊŜŀǘƛǾƛǘȅ ƻŦ ǘŜŀŎƘŜǊǎΦ 
Key words: activity, problem, laboratory work, model, experiment, tool. 
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ˢͤͦͭ͊ͼ͜ΎΦ ˿ͭ͊ͭͭΎ ͙͍ͨͪͫΎ;͔ͤ͊ ͍͙͍;͔ͤͤΌ ͜ ͫͨͪͦ͋͜ ͨͦͨ͜͡΄͔ͤͤΎ Ύͦͫͭ͟͜ ͍͍ͯͫ͘͜Έͦ͟͝ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͍͙ͦͫͭ͜ ͙ͨͪ 
͎͍ͨ͒ͦͭͦ͜ͼ͜ ͺ͊ͻ͍͜ͼ͍͜ ͔͔ͤ͗ͤͪͤͦ͜-͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͨͪͦͺ͜͡Ό ΄͡Ύͻͦͣ ͔͎ͤͭͪ͊͜ͼ͜Ύ ͤ͊ͤ͘Έ ͔͍ͫͭͯ͒ͤͭ͜ ͘ ͙͒ͫͼ͙ͨͤ͜͡Σ ͊ ͭ͊ͦ͗͟ 
͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͔͍͙ͫͨͪͦͭͯ͊ͭ͟ ͤ͊ ͔ͫͨͼ͊͜͡Έͤͫͭ͜ΈΣ Ύͯ͟ ͔͙ͫͭͯ͒ͤͭ ͋͊͗͊ΌͭΈ ͙͙ͦͭͪͣ͊ͭΣ ͍ͫ͜ ͔͔͙ͨͪ͒ͣͭΣ ΅ͦ 
͔͔ͨͪ͒͋͊;͔ͤ͜ ͍ͤ͊;͊͡Έ͙ͤͣ ͨ͊ͤͦͣ͡Φ ͔͔́ͤ͒ͤͼ͜͝ ͍͙ͪͦͭͯ͘͟ ͫͯ;͙͊ͫͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͍͙͙ͪͦ͋ͤͼ͍ͭ͊ ͍͙͎ͣ͊͊ΌͭΈ ͍͒͜ ͔͔͙ͤ͗ͤͪͤ͜ͻ 
͍͊͒ͪ͟͜ ͍͐ͪͯͤͭͦͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͘ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ ͔͔ͤ͗ͤͪͤͦ͜͝ ͎ͪ͊ͺ͙͜͟Σ ͍͜͡Έ͎ͤͦͦ ͍ͦͦ͒ͤͤ͜͡Ύ ͦͣͨ͟ΩΌ͔ͭͪͦͣΣ ͤ͊ͤͤ͘Ύ ͔ͫͨͼ͊͜͡Έ͙ͤͻ 
͙͒ͫͼ͙ͨͤ͜͡Φ ˻͔ͭ͗Σ ͔ͨͪͦ͋ͣ͊͡ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͫͨͪΎ͍ͣͦ͊ͤͦͫͭ͜ ͍ͤ͊;͊ͤͤΎ ͍͙΅ͦ͝ ͔͙͙ͣ͊ͭͣ͊ͭ͟ Ί ͫΈ͎ͦͦ͒ͤ͜ ͍͙ͤ͊͒͘;͚͊ͤͦ 
͊ͭͯ͊͟͡ΈͤͦΌΦ 

 ˴ ͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͨͪͦͺ͔͚ͫͤ͊͜ ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜Έ ͍ͤ͊;͊ͤͤΎΣ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͊ ͍ͦͫͭ͊͜Σ ͔͔ͤ͗ͤͪ͜ ς ͔ͣͻ͊ͤ͜͟ ͻͣ͜͜;͙ͤͻ 
͍͙͙ͪͦ͋ͤͼ͍ͭΣ ͪͦͪ͊͘ͻͯͤͦ͟ ͙ͫͯ͒ͤ  

 
 ˽ ͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˽ͪ͊ͼΌΌ;͙ ͍ ͔͔ͤ͗ͤͪͤͦ͜-͔͎͎ͨ͒͊ͦ͜;͚ͤ͜ ͔͊͊͒ͣ͟͜͝Σ ͙ͣ ͣ͊Ίͣͦ ͍ͫͨͪ͊ͯ ͘ ͡Ό͒Έ͙ͣΣ Ύ͟͜ ͙͙ͪͦ͋͘͡ 

͍͙͋ͪ͜ ͤ͊ ͙ͦͪͫͭ͟Έ ͔ͭͻͤ͜;͎ͤͦͦ ͤ͊ͨͪΎͣͯ ͍ͫͦΊ͝ ͚ͣ͊͋ͯͭͤΈͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͔ͦͭ͗Σ ͍͙͙ͤ͊͟Ί ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͍ͫ͜ ͔͔͙ͨͪ͒ͣͭΣ ͔͔ͨͪ͒͋͊;͔ͤ͜ 
͍ͤ͊;͊͡Έ͙ͤͣ ͨ͊ͤͦͣ͡Σ ͔͍͙ͫͨͪͦͭͯ͊ͭ͟ ͤ͊ ͔ͫͨͼ͊͜͡Έͤͫͭ͜ΈΣ Ύͯ͟ ͔͙ͫͭͯ͒ͤͭ ͋͊͗͊ΌͭΈ ͙͙ͦͭͪͣ͊ͭΦ ˹͊΄͊ ͔͍͒ͪ͗͊͊ ͔ͨͦͭͪ͋ͯΊ ͙͍͙͊ͭͤ͟ͻ ͜ 
͍ͭͦͪ;͙ͻ ͔ͫͨͼ͍͊ͫͭ͜͜͜͡Σ Ύ͟͜Σ ͨͦ-͔ͨͪ΄͔Σ ͙ͣ͊͡ ͋ ͍͐ͪͯͤͭͦͤͯ ͔͔͙ͭͦͪͭ;ͤͯ ͜ ͙ͨͪ͊ͭ͟;ͤͯ ͎͍ͨ͒ͦͭͦͯ͜͟ ͘ ͎ͦ͋ͪ͊ͤͦͦ ͺ͊ͻͯΣ ͨͦ-͎͔͒ͪͯΣ ͙͋ͯ͡ ͋ 
ͫͨͪͦͣͦ͗ͤ͜ ͚ͫ͊ͣͦͫͭͤͦ͜ ͙͚͙ͨͪͣ͊ͭ ͪ͜΄͔ͤͤΎΣ ͍ͨͦΩΎ͊ͤ͘͜ ͘͜ ͨͪͦͺ͔͚ͫͤͦ͜Ό ͒͜Ύ͡Έͤͫͭ͜ΌΣ ͊ ͔ͦͭ͗Σ ͍ͫͭͦͪΌ͍͙͊ͭ ͍͙͙͊ͫͤͣ͡ ͙͙ͫ͊ͣ͡ ͍ͤͦ͜ 
ͼͤͤͦͫͭ͜͜Φ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˢͤ͊͘͜͡ ͍ͤ͊ͯͦͦ͟-͔͙ͣͭͦ͒;͙ͤͻ ͔͔͒͗ͪ͡ ΅ͦ͒ͦ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͤ͘Έ ͙ͨͪ 
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͔ͪ͊͡Έͤ͊ ͔ͨͦͭͪ͋͊ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͍ ͔͙͍ͤͭͤͫͤͦͣͯ͜ ͍͙ͪͦͭͯ͘͟ ͔͔ͤͭͭͯ͊͜͟͡͡Έ͎ͤͦͦ ͔ͨͦͭͤͼ͊ͯ͜͡ ͦ͗ͤͦ͟͝ ͡Ό͙͙͒ͤΦ ˱ ͚͍͙͍ͤ͊͊͗͜͡΄͊ ͪͦ͡Έ 
ͯ ͼΈͦͣͯ ͨͪͦͼ͔ͫ͜ ͔͙ͤ͊͗ͭ͡Έ ͍͙΅͙ͣ ͍ͤ͊;͊͡Έ͙ͤͣ ͊͊͒͊ͣ͘͟͡Σ ͍ͤ͊;͊ͤͤΎ ͍ Ύ͙͟ͻ ͣ͊Ί ͙͋ͯͭ ͨ͒ͨͦͪ͜Ύ͍͔͒ͦ͊ͤ͟ ͔͒͜͝ ͍͙ͪͦͭͯ͘͟ ͍ͭͦͪ;͙ͻ 
͔͚͒͋ͤͦͫͭ͘͜ ͔͍ͫͭͯ͒ͤͭ͜Σ Ύ͟͜ ͣ͊ΌͭΈ ͍ͤ͊;͙͙ͭ ͎ͦ͗ͤͦͦ͟ ͔ͫͭͯ͒ͤͭ͊ ͚ͫ͊ͣͦͫͭͤͦ͜ ͙͙͙ͣͫͭ͡Σ ͒͜Ύ͙ͭ ͍ ͙ͫͭ͊ͤ͒͊ͪͭͤͻ ͜ ͔͙ͤͫͭ͊ͤ͒͊ͪͭͤͻ 
͍ͯͣͦ͊ͻΣ ͍͙ͪ͜΄͍͙ͯ͊ͭ ͍͙͙ͪͦ͋ͤ;͜ ͫͭ͊ͤ͒͊ͪͭͤ͜ ͭ͊ ͔ͤͫͭ͊ͤ͒͊ͪͭͤ͜ ͔͙ͨͪͦ͋ͣ͡Φ  

˸͔ͭ͊ ͫͭ͊ͭͭ͜ ς ͨ ͪͦͨͦͤͯΊͭΈͫΎ ͔ͣͻ͊ͤͣ͘͜ ͨͦͨ͜͡΄͔ͤͤΎ Ύͦͫͭ͟͜ ͍͍ͯͫ͘͜Έͦ͟͝ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͍͙ͦͫͭ͜ ͙ͨͪ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͺ͊ͻ͍͜ͼ͍͜ 
͔͔ͤ͗ͤͪͤͦ͜-͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͨͪͦͺ͜͡Ό ΄͡Ύͻͦͣ ͔͎ͤͭͪ͊͜ͼ͜͝ ͤ͊ͤ͘Έ ͔͍ͫͭͯ͒ͤͭ͜ ͘ ͙͒ͫͼ͙ͨͤ͜͡Σ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ ͔͔͍ͨͪ͒ͣͭ͜Σ ͔͔ͨͪ͒͋͊;͔͙ͤͻ 
͍ͤ͊;͊͡Έ͙ͤͣ ͨ͊ͤͦͣ͡Σ ͤ͊ ͔ͫͨͼ͊͜͡Έͤͫͭ͜ΈΣ Ύͯ͟ ͔͙ͫͭͯ͒ͤͭ ͙ͦͭͪͣͯΌͭΈΦ  

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˿͔͔ͪ͒ ͤ͊ͨͪΎ͍ͣ͜Σ Ύ͟͜ ͣͦ͗ͯͭΈ ͨͦͨ͜͡΄͙͙ͭ ͍͔ͪͤ͜Έ ͜ Ύͫͭ͟͜Έ ͍͍ͯͫ͘͜Έͦ͟͝ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ 
͍͙ͦͫͭ͜Σ Ί ͔ͫ͊ͣ ͙͔ͨ͒ͫͤͤ͜͡Ύ ͝͝ ͙ͨͪ͊ͭ͟;͎ͤͦͦΣ ͙͎ͨͪ͊͒ͤͦͦ͟͡ ͭ͊ ͔ͨͦͭ͜͡ͻͤ͜;͎ͤͦͦ ͫͨͪΎ͍ͣͯ͊ͤͤΎΦ 

˽͙ͪ͊ͭ͟;͔ͤ ͫͨͪΎ͍ͣͯ͊ͤͤΎ ͔͔ͨͪ͒͋͊;͊Ί ͍͙͔ͪͦ͋ͤͤ͡Ύ ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͯͣͤ͜Έ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͒ͦ͋ͯͭ͘͜ ͤ͊ͤͤ͘Ύ ͨ͒͜ ;͊ͫ 
͍͙͍;͔ͤͤΎ Ύ͟ ͍͙΅ͦ͝ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ ͭ͊͟ ͜ ͤ͜΄͙ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͔͔͍ͨͪ͒ͣͭ͜Σ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͪ͊ͼͦͤ͊͜͡Έͤ͜ ͦ͋;͙ͫ͡Ό͍͊͡Έͤ͜ ͙͚͙ͨͪͦͣΣ 
͍ͪͦ͘ΩΎ͍͙ͯ͊ͭ͘ ͙͔͙ͫͫͭͣΣ ͙͒ͺ͔͔ͪͤͼ͚ͤ͜͜ ͍ͪͤ͜ΎͤͤΎΣ ͙͍͙ͦͪͫͭͯ͊ͭͫ͟Ύ ͦ͋;͙ͫ͡Ό͍͊͡ΈͤͦΌ ͔ͭͻͤͦ͜͟Ό ͭͦ΅ͦΦ 

˽͙͔ͪ͊͒ͤ͟͡ ͫͨͪΎ͍ͣͯ͊ͤͤΎ ͍͟͡Ό;͊Ί ͯͣͤͤ͜Ύ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ ͍͙͒ͦͫ͒͗ͯ͊ͭ͜͡ ͔ͪ͊͡Έͤ͜ Ύ͍͙΅͊Σ ͙ͫ͊͒͊ͭ͟͡ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͜ ͔ͣͦ͒͜͡ 
͊͒͊͘;Σ ͍ͪͦ͘ΩΎ͍͙ͯ͊ͭ͘ ͝ͻ ͭ͊ ͍ͫͭ͊͘͜͡Ύ͙ͭ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͘ ͔ͪ͊͡Έ͙͙ͤͣΦ 

˽͔ͦͭ͜͡ͻͤ͜;͔ͤ ͫͨͪΎ͍ͣͯ͊ͤͤΎ ͔͔ͨͪ͒͋͊;͊Ί ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͤ͘Έ ͭ͊ ͍ͣͤ͜Έ ͒͡Ύ ͨͦΎ͔ͫͤͤͤΎ ͍͙͙ͪͦ͋ͤ;͙ͻ 
ͼ͙͍͟͜͡Σ ͨͪͦͼ͔͍ͫ͜ ͎͍͍ͦ͋ͫͯͦͯ͊ͤͤ͡Ύ ͭ͊ ͔͍ͪͯ͊ͤͤ͟ΎΣ ͔͎ͨͦ͡΄͔ͤͤΎ ͤ͜΄͙ͻ ͍͙͍;͔ͤͤΎ ͔͔͍ͨͪ͒ͣͭ͜Σ ͙͍ͦͫͦ͋ͦ͡ ς ͫ ͔ͨͼ͊͜͡Έ͙ͤͻΦ 

˭͎͊͊͡Έ͔͔͙ͤͦͭͦͪͭ;ͤ͜ ͨ ͔ͦͦ͗ͤͤ͡Ύ - ͣ ͔͙ͭͦ͒ ͍͙ͨͦ͋ͯ͒ͦ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͚ͣͦ͒͡ ͔ͣͻ͍͊ͤͣ͘͜͜Σ ͣ͊΄͙ͤ ͜ ͝ͻ ͔͔͔͍ͣͤͭ͜͡Σ ͊ͤ͊͘͜͡ 
͝ͻ ͙ͪͦ͋ͦͭ ς ͭ ͫͤͦ͜ ͍ͨͦΩΎ͊ͤ͘͜ ͘ ͔͙͙ͦͤͪͭͤͣ͟͟ ͔͔͙͙ͤ͗ͤͪͤͣ͜ ͪͦͪ͊͘ͻ͙ͯͤ͊ͣ͟Σ Ύ͟͜ ͎ͯ͊͊͘͡ΈͤΌΌͭΈ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͔͙ͭͦͪͭ;͎ͤͦͦ ͊ͤ͊ͯ͘͜͡ 
͜ ͙ͨͪ͊ͭ͟;͎ͤͦͦ ͍͒ͦͫ͒ͯ͜ ͣ͊΄͙͍ͤͦ͋ͯ͒ͯ͊ͤͤΎΦ 

 ˹ ͊ ͦͫͭ͊ͤͤΈͦͣͯ ͔ͭ͊ͨ͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͔͔͍ͤ͗ͤͪ͜͜-͔ͣͻ͍͊ͤ͜͟͜ ͻͣ͜͜;͙ͤͻ ͍͙͙ͪͦ͋ͤͼ͍ͭ ͍͙͙ͤ͊͟Ί ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͍ͫͤͯ͊ͤͤ͜Ύ 
͔ͫͨͼ͊͜͡Έ͎ͤͦͦ ͯͪͫͯ͟ ͘ ͪͦͪ͊͘ͻͯͤͯ͟ ͜ ͦͤͫͭͪͯ͟Ό͍͊ͤͤΎ ͻͣ͜͜;͎ͤͦͦ ͦ͋͊͒ͤ͊ͤͤ͡ΎΣ Ύ͙͚͟ ͋͊ͯ͘ΊͭΈͫΎ ͤ͊ ͔ͨͦͦ͗ͤͤ͡Ύͻ ͍͙΅ͦ͝ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ 
͊ ͭ͊ͦ͗͟ ͺ͙͙͘͜͟Σ ͔͔͙ͭͦͪͭ;ͤͦ͝ ͔ͣͻ͙͊ͤ͜͟Σ ͦͨͦͪͯ ͔͍ͣ͊ͭͪ͊͜͜͡Σ ͔͔͚͒ͭ͊͡ ͣ͊΄͙ͤΣ ͔ͭͦͪ͜͝ ͣ͊΄͙ͤ ͜ ͔ͣͻ͍͊ͤͣ͘͜͜Σ ͔ͭͻ͎ͤͦͦ͜͡͝ 
ͦͤͫͭͪͯ͟͟ͼ͚͙ͤ͜ͻ ͔͍ͣ͊ͭͪ͊͜͜͡ ͭ͊ ͤ͜΄͙ͻ ͔͔͍ͨͪ͒ͣͭ͜Φ  
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 ˴ ͦ͗ͤ͊ ͍ͤ͊ͯͦ͊͟ ͦ͋͊ͫͭ͡Έ ͍͒ͪͤ͘͜͜ΎΊͭΈͫΎ ͔ͫͨͼ͙ͺ͜;ͤͦΌ ͫͨͪΎ͍ͣͦ͊ͤͫͭ͜ΌΣ Ύ͊͟ ͍ͯͣͦ͘͡ΌΊ ͦ͋ΩΊ͙ͭ͟ ͝͝ ͍͙͍;͔ͤͤΎΦ ˨͡Ύ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͊͘Ίͣͦͪͦͯͣͤͤ͘͜Ύ ͔ͫͨͼ͍͊ͫͭ͜͜͜͡ ͔ͤͦ͋ͻ͒ͤͦ͜ ͙ͤ͊ͭ͘ ͙͚ͨͪͤΎͭ͜ ͍͙ͤ͊͘;͔ͤͤΎ ͦ͋ΩΊ͍ͭ͟͜ ͜ ͙͚ͨͪͤΎͭͯ ͔͎ͭͪͣͤͦͦ͜͜͡ΌΦ  

́͊͟Σ ͔ͦͪͣ͊͘͟Σ ͯ ͔ͭͻͤ͜ͼ͜ ;͊ͫͭͦ ͯͫͭͪ͘͜;͊ΌͭΈͫΎ ͙͙ͫͯ͒ͤΣ ͙ͫͭͤ͜͟ Ύ͙͟ͻ ͙͚ͫͨͪͣ͊ΌͭΈ ͙ͭͫ͟ ͙ͪ͒ͤ͜Σ ͎͍͊͘͜ ͜ ͙ͫͨͯ;͙ͻ ͔ͪ;͍͙ͦͤ 
ό͔͔͍͙ͪͪͯ͊ͪ͘Σ ͙͙ͫͦͤ͡Σ ͼ͙͔͙ͫͭͪͤΣ ͍ͨ͊ͪͦ͜ ͙͊͊ͤ͘͟Σ ͪͦ͋ͦ;͜ ͔͙͊ͣͪ͟ ͍͙͎͍͒ͯͤ͜ ͭͦ΅ͦύΦ 

˽͙ͪ ͪͦͪ͊͘ͻͯͤ͊͟ͻ ͍͔ͤ͊͊ͤͭ͊͗ͤΈ ͦ͋ͦͦͤͦ͟͡ ό͙ͭͦͤͦͫͭͤͤ͟͜ͻΣ ͼ͙͙ͤ͒ͪ͜͡;͙ͤͻΣ ͫͺ͔͙ͪ;͙ͤͻΣ ͔͙ͫ͊͒ͤ͟͡ͻύ ͍͊ͫͭͦͫͦͯ͘ΌͭΈͫΎ 
͎͔͙ͨͦͭ͘͜ ˴ͪ͜ͻ͎ͦͺ͊Σ ͨͦͤΎͭͭΎ ͎͔͔͙ͦͣͭͪ;͎ͤͦͦ ͣͫ͜ͼΎ ͭͦ;ͦ͟Σ ͍͍͔͙ͪͤͦ͒͒͊ͤ͜͜͡ͻ ͍͒͜ ͍ͤͯͭͪ͜΄ͤΈͦ͝ ͜ ͍ͦͤ͘͜΄ͤΈͦ͝ ͍͔ͨͦͪͻͦͤΈΣ ͍ͪͤ͜ΎͤͤΎ 
˶͊ͨ͊ͫ͊͡Σ ͨͦͻ͙͙͋͟ ͙ͨͪ ͙͔ͤ͊͋͗ͤͤ͜͡Σ ͍͔ͨͦͪͻͤ͜ ͔ͦ͋ͪͭ͊ͤͤΎΣ ͪ͊͒ͯͫ͜ ͙͍͙͙ͪͤ͘͟ ͔͔͙ͫͪ͒ͤͤͦ͝ ͍͔ͨͦͪͻͤ͜Σ ͒͜͝ ͤ͊͒ ͍͔͙ͭͦͪ͊ͣ͟Σ ͙͔ͫͣͭͪ͜ΎΣ 
͔ͨͪͦ͟ͼ͜ΎΣ ͙͔͙ͫͫͭͣΣ ͨͦͻ͒ͤ͜͜Σ ͔͎͙ͤͭͪ͊͜͡Σ ͔͔͙ͫͭͪͣͯͣ͟Σ ͙͒ͺ͔͔ͪͤͼ͚ͤ͜͜ ͍ͪͤ͜ΎͤͤΎ ͭͦ΅ͦΦ  

˽͒͜ ͍͙͍ͨͦͣ͡ ͍ͦͤ͘͜΄ͤΈ͎ͦͦ ͍͔ͤ͊͊ͤͭ͊͗ͤͤΎ ͯ ͫͭͤ͜ͼ͜ ͍͙͙ͤ͊͟ΌͭΈ ͔ͪ͊͟ͼ͜͝ ό͙͙ͫ͡ύ ς ͦͪͯ͗ͤ͟͜Σ ͔͙ͣͪ͒ͦͤ͊͜͡Έͤ͜Σ ͦͫΈ͍ͦ͜Σ Ύ͟͜ 
͍͙͙͊͟͟͡ΌͭΈ ͍͍͒ͨͦ͒ͤ͜͜͜ ͎͙ͤ͊ͨͪͯΦ ˾͎ͦ͘͡Ύ͒͊Ό;͙ ͍͍͎ͪͤͦ͊ͯ͜ ͔͔͔ͣͤͭͯ͡ ͙ͦ͋ͦͦͤ͟͡Σ ͍͙͎ͪ͊ͤͦͦ͘͜ ͘͜ ͙͙ͫͯ͒ͤΣ ͔ͭͪ͋͊ ͍ͪ͊ͻ͍͍͙ͦͯ͊ͭ 
͎ͨͦͦͤͤ͜ ͙ͯͫ͘͡͡Ύ ͜ ͔͙ͣͦͣͤͭΥ ͤͦͪͣ͊͡Έͤ͜ ͙͙ͫ͡Σ ͔͔ͨͦͨͪ;ͤ͜Σ ͙͒ͦͭ;ͤ͜Σ ͎͙ͤ͊͘͡Έͤ͜ ͔͙ͣͦͣͤͭΣ ͔͙ͣͦͣͤͭΣ ΅ͦ ͪͯͭ͟ΎͭΈΦ 

ˤ͙ͻ͒ͤ͜͜ ͙͒ͺ͔͔ͪͤͼ͚ͤ͜͜ ͍ͪͤ͜ΎͤͤΎ ͒͡Ύ ͪͦͪ͊͘ͻͯͤͯ͟ ͦ͋ͦͦͤͦ͟͡Σ ͙ͦͭͪͣ͊ͤ͜ ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ ͯͫ͜ͻ ͼ͙ͻ ͙ͫ͡ ͜ ͔͍ͣͦͣͤͭ͜Σ 
͍͙Ύ͍͡ΎΌͭΈͫΎ ͙͙ͫ͊͒ͤͣ͟͡Φ ˱͔͎͍ͤͭͪͯ͊ͤͤΎ ͝ͻΣ Ύ͟ ͍͙ͨͪ͊ͦ͡Σ ͔ͨͦͭͪ͋ͯΊ ͤ͊͘;͙ͤͻ ͙ͯͫ͘͡ΈΦ ˢ͔͡ ͍ ͎͋͊͊ͭΈͦͻ ͍͙ͨ͊͒͊͟ͻ ͼ͜ ͍ͪͤ͜ΎͤͤΎ ͣͦ͗ͯͭΈ 
͙͋ͯͭ ͫͨͪͦ΅͔ͤ͜ΦΦΦ 

˴ͪͣ͜ ͎ͭͦͦΣ ͣ͊Ί ͤ͊͘;͔ͤͤΎ ͜ ͍͙ͯͣͦ ͍͙͎͍͔ͦͭͦͤͤ͡Ύ ͙͙ͫͯ͒ͤΣ ͜ ͔ͭΣ Ύ͙ͣ͟ ͙ͭͫͦͣ͟ ͍͔ͤ͊͊ͤͭ͊͗ͤ͊ ͦ͋ͦͦͤ͊͟͡ ό͍ͦͤ͘͜΄ͤͣ͜ ͊͋ͦ 
͍ͤͯͭͪ͜΄ͤͣ͜ ͙ͭͫͦͣ͟ύΦ ˨͔ͯ͗ ͍͙͍͙͚͊͗͡ ͪͦͪ͊͘ͻͯͤͦ͟ ͤ͊ ͚ͫͭͫͭ͜͟͜Έ ͙ͦ͋ͦͦͤ͟͡Σ ͭͦ͋ͭͦ ͤ͊ ͍͙ͯͣͦ ͣ͜ͼͤͦͫͭ͜Φ ˱ ͭͯͭ ͔ͤ ͚͙ͦ͋ͭͫ͜Έ ͔͋͘ 
͔͔͍ͫͭͪͣͯͣ͟͜Σ ͭͦ͋ͭͦ ͙͙ͪͭ͟;͙ͤͻ ͤ͊͘;͔ͤΈΦ ͔̋ ͋͜͡Έ΄͙ͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ͔ͨͦͭͪ͋ͯΌͭΈ ͔ͫ͊͒ͤ͟͜͡ ͙ͦ͋ͦͦͤ͟͡Φ 

˨͡Ύ ͙ͫͯ͒ͤ ͍͊ͫͭͦͫͦͯ͘ΌͭΈͫΎ ͫͺ͔͙ͪ;ͤ͜Σ ͔͙ͨͭ͜͡;ͤ͜Σ ͦͤ͟͜;ͤ͜ ͜ ͨͦͫ͟͜͡ ͙͒ͤ΅͊Σ Ύ͟͜ ͔ͨͦͭͪ͋ͯΌͭΈ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͙ͪͤ͘͜ͻ ͨ͒͜ͻ͍ͦ͒͜Σ 
͊ ͭͦͣͯ ͜ ͙ͪͤ͘͜ͻ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͪͦͪ͊͘ͻ͍ͯͤ͟͜Φ ˹͚͊;͊ͫͭ͜΄͔ ͍ ͻͣ͜͜;͚ͤ͜ ͙͍ͨͪͦͣͫͦͦͫͭ͜͡ ͍͊ͫͭͦͫͦͯ͘ΌͭΈ ͙͊ͨ͊ͪ͊ͭ ͘ ͼ͙͙ͤ͒ͪ͜͡;͙͙ͤͣ 
͙ͦͪͨͯͫ͊ͣ͟Σ ͙ͨͪ;ͦͣͯΣ ͔͔͍͎ͨͪ͊͊ ͤ͊͒͊ΊͭΈͫΎ ͍͔͙ͪͭ͊͟͡Έ͙ͤͣ ͼ͙͙ͤ͒ͪ͜͡;͙ͤͣ ͊ͨ͊ͪ͊ͭ͊ͣΣ ͦͫ͟͜͡Έ͙͟ ͍ ͝ͻͤ͜ͻ ͦͪͨͯͫ͊͟ͻ ͔ͤ ͍͙͙ͤ͊͟Ί 
͍͙͒ͦ͒͊ͭͦ͟ͻ ͎ͤ͊ͨͪͯ ͍͙͎͙ͤͯΣ ͍͙͙͙͊ͤ͟͟͡ͻ ͒͜ΊΌ ͙ͫ͡ ͍͎͙͊ ͊ͨ͊ͪ͊ͭ͊ ͜ ͔͔͍͙ͫͪ͒ͦ΅͊Σ ΅ͦ ͤ͊͘ͻ͙ͦ͒ͭΈͫΎ ͍ ͤΈͦͣͯΦ ˨͡Ύ ͙ͨͪ͊͒ͯ͟͡ 
͎ͪͦ͘͡Ύ͔ͤͣͦ ͪͦͪ͊͘ͻͯͤͦ͟ ͤ͟͜ͼ͔͍͙ͻ ͔͔͔͍ͣͤͭ͜͡ ͍͊ͨ͊ͪ͊ͭ͜Φ 

˴ͤ͜ͼ͔͍͜ ͔͔͔͙ͣͤͭ͡ ς ͼ ͔͙͒ͤ΅͊ ό͙ͪ͟΄͙͟ύΣ ͺ͊ͤ͡ͼ͜Σ ͎͍͙͙ͦͪͦͤ͡Σ Ύ͙͙ͣ͟ ͊ͤ͘͟͜;ͯΊͭΈͫΎ ͦͪͨͯͫ͟ ͊ͨ͊ͪ͊ͭ͊Σ ͊ ͭ͊ͦ͗͟ ͙ͦͨͦͪ ͜ 
͙ͨͪͫͭͪͦ͝ ͒͡Ύ ͔͔ͨͪͣ͜΅͔ͤͤΎΣ ͣͦͤͭ͊͗ͯ ͜ ͔ͪͣͦͤͭͯ ͊ͨ͊ͪ͊ͭ͊Φ 

ˤ ͚͒͊ͤ͜ ͔͙ͣͭͦ͒ͼ͜ ͔͔ͪͭ͡Έͤͦ ͎ͪͦ͘͡Ύ͒͊ΊͣͦΥ 
мύ ͙͊ͫ͟͡ͺ͊͜͟ͼ͜Ό ͤ͟͜ͼ͔͍͙ͻ ͔͔͔͍ͣͤͭ͜͡Τ 
нύ ͙͒ͤ΅͊ όͫͺ͔͙ͪ;ͤ͜ ς ͤ ͍͊ͨͯ͜͟͡Έ͍ͦ͜Σ ͔͙ͨͭ͜͡;ͤ͜Σ ͦͤ͟͜;ͤ͜Σ ͨͦͫ͟͜͡ύΤ 
оύ ͺ͊ͤ͡ͼ͔͍͜ ͘ΩΊ͒ͤ͊ͤͤΎΤ 
пύ ͙ͨͪͫͭͪͦ͝ ͒͡Ύ ͙ͨͪΊ͒ͤ͊ͤͤΎ ͍͍ͭͪͯ͋ͦͨͪͦͦ͒͜ ͜ ͎ͦ͡Ύ͒ͯΤ 
рύ ͔ͦͣͨͤͫ͊͟ͼ͜Ό ͔ͦͫ͊͋ͤͤ͡͡Ύ ͙ͫͭͤ͜͟ ͍ͦͭͦͪͦͣΤ 
сύ ͙ͦͨͦͪ ͍͊ͨ͊ͪ͊ͭ͜ ͜ ͙ͨͪͫͭͪͦ͝ ͒͡Ύ ͍ͫͭͪͦͨͯ͊ͤͤΎΦ 
 ́ ͙͍͙͚ͨͦ ͼ͙͙ͤ͒ͪ͜͡;͙͚ͤ ͊ͨ͊ͪ͊ͭ ͫ͊͒͊͟͡ΊͭΈͫΎ ͘Υ 

- ͦͪͨͯͫ͊͟ ό͍ͦͫͤͦͤ͊ ͚͎ͦͦ ;͙͊ͫͭͤ͊ ͔͋͘ ͙ͪ͟΄ͦ͟Σ ͯ΅͜͡ΈͤΌ͍͊͡Έ͙ͤͻ ͔͔͔͍ͣͤͭ͜͡Σ ΄͙ͨ͡Έͦ͟Σ ͤ͜΄͙ͻ ͔͔͚͒ͭ͊͡ύΤ 

-  ͟ ͙ͪ΄͙͟ ό͙͒ͤ΅͊ύΤ 

-  ͍ ͤͯͭͪ͜΄ͤ͜ͻ ͙͍ͨͪͫͭͪͦ͝ ό͙ͤ͊ͨͪ͊͒͟͡Σ ͔͙ͭͨͦͦ͋ͣͤͤ͜͡ͻύΤ 

-  ͨ ͙͍ͪͫͭͪͦ͝ ͒͡Ύ ͙ͨͪΊ͒ͤ͊ͤͤΎΣ ͍͔͔ͨ͒͒ͤͤ͜ΎΣ ͎ͦ͡Ύ͒ͯ ό΄ͭͯͼ͔ͪ͊Σ ͺ͊ͤ͡ͼ͜Σ ͍͙ͭͪͯ͋ͦͨͪͦͦ͒Σ ͡Ό͙͟Σ ͎ͦ͡Ύ͍͒ͦ͜ ͍ͤ͊͜͟ύΤ 

-  ͨ ͙͍ͪͫͭͪͦ͝ ͒͡Ύ ͍͙ͯͫͭ͊ͤͦ͟ ͍͊ͨ͊ͪ͊ͭ͜ ͤ͊ ͺ͔͙ͯͤ͒͊ͣͤͭ ͜ ͔ͤͫͯ;͜ ͦͤͫͭͪͯ͟͟ͼ͜͝ όͦͨͦͪͤ͜ ͙͊ͨ͡Σ ͔ͫ͒͜͡Έͤ͜ ͙ͦͨͦͪύΤ 

-  ͨ ͙͍ͪͫͭͪͦ͝ ͒͡Ύ ͔͔ͨͪͣ͜΅͔ͤͤΎΣ ͣͦͤͭ͊͗ͯ ͜ ͔ͪͣͦͤͭͯ ͊ͨ͊ͪ͊ͭ͊ ό͎͙͊͟Σ ͍ͯ΄͊͟Σ ͼ͊ͨͺ͙ύΦ 
 ˻ ͙͋;͚͊͊͟ - ͼ͙͙ͤ͒ͪ͜͡;͙͚ͤ όͤͦ͒͜͜ ͫͺ͔͙ͪ;͙͚ͤ ͊͋ͦ ͦͤ͟͜;͙͚ͤύ ͔͔͔ͣͤͭ͡ ͦͪͨͯͫͯ͟ ͊ͨ͊ͪ͊ͭ͊Σ ͍͙͎͍͔͙͚ͦͭͦͤ͡ ͘ ͙͍ͫͭͦͦ͡͝ ͫͭ͊͜͡Φ 
 ̅ ͊ͤ͡ͼ͜ ς ͤ ͚͊͋͜͡Έ΄ ͍ͪͦͨͦͫ͘Ό͔͒͗ͤ͜ ͪͦ͘ΩΊͣͤ͜ ͘ΩΊ͒ͤ͊ͤͤΎ ͍͊ͨ͊ͪ͊ͭ͜ ͜ ͍͍ͭͪͯ͋ͦͨͪͦͦ͒͜ όͼ͜͡Έͤ͜ ͜ ͍͜͡Έͤ͜ύΦ 
 ˨ ͡Ύ ͙ͫͯ͒ͤ ͍͊ͫͭͦͫͦͯ͘ΌͭΈͫΎ ͫͺ͔͙ͪ;ͤ͜Σ ͔͙ͨͭ͜͡;ͤ͜Σ ͦͤ͟͜;ͤ͜ ͜ ͨͦͫ͟͜͡ ͙͒ͤ΅͊Σ Ύ͟͜ ͔ͨͦͭͪ͋ͯΌͭΈ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͙ͪͤ͘͜ͻ ͨ͒͜ͻ͍ͦ͒͜Σ 

͊ ͭͦͣͯ ͜ ͙ͪͤ͘͜ͻ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͪͦͪ͊͘ͻ͍ͯͤ͟͜Φ 
˿ͺ͔͙ͪ;ͤ͜ ͙͒ͤ΅͊ 

 ˿ ͺ͔ͪ͊ ς ͔͒͊͜͡Έͤ͊ ͺͦͪͣ͊ ͒͡Ύ ͙͒ͤ΅͊Σ ͭͦͣͯΣ ΅ͦ ͍ ͚ͤ͜ ͍͒ͫͯͭͤ͜͜ ͎͙͋ͤ͘͜ ͎͙ͤ͊ͨͪͯΦ ˹͍͊ͨͯ͜͟͡Έ͍ͦ͜ όͫͺ͔͙ͪ;ͤ͜ύ ͙͒ͤ΅͊ 
͍͊ͪ͘ΌΌͭΈ ͘ ͔͙ͦͪͣ͟ͻ ΄͍͙ͭ͊ͣͨͦ͊ͤͻ ͔͔͔͍ͣͤͭ͜͡Φ ˲ͻ ͍͊ͫͭͦͫͦͯ͘ΌͭΈ ͒͡Ύ ͍͊ͨ͊ͪ͊ͭ͜ ͍͔͙͙͟͡ͻ ͔͍͒͊ͣͭͪ͜͜ ό͋͜͡Έ΄ пͣύΦ ˨͡Ύ ͍͊ͨ͊ͪ͊ͭ͜ 
͔͍͔͙͎ͤͦͦ͟͡ ͪͦͣͪͯ͘͜ ͍ͨͦͪͤ͜Ύͤͦ ͪ͒ͦ͜͟Σ ͦͫ͟͜͡Έ͙͟ ͍͙ͦͤ ͔ͤͪͯ͘;ͤ͜ ͒͡Ύ ͪͦͣ͘͜΅͔ͤͤΎ ΄ͭͯͼ͔͍ͪ͜ ͜ ͫ͊͒ͤ͟͜͡ ͯ ͍͙͎͍͔ͦͭͦͤͤ͜͡ ό͝ͻ 
͔ͤͣͦ͗ͤ͊ ΄͍͙ͭ͊ͣͨͯ͊ͭ ͘ ͼ͜͡Έ͎ͤͦͦ ͙ͫͭ͊͡Σ Ύ͟ ͔͙ͨͭ͜͡;ͤ͜ ͙͒ͤ΅͊ύΦ  

 ˾ ͦͪ͊͘ͻͯͤͦ͟ ͍ͭͦ΅͙͙ͤ ͙ͫͭͤ͜͟ ͫͺ͔͙ͪ;͎ͤͦͦ ͙͒ͤ΅͊Σ ͍͔͎ͤ͊͊ͤͭ͊͗ͤͦͦ ͍ͤͯͭͪ͜΄ͤͣ͜ ͙ͭͫͦͣ͟Σ ͔ͤ ͍͒ͪͤ͘͜͜ΎΊͭΈͫΎ ͍͒͜ ͪͦͪ͊͘ͻͯͤͯ͟ 
͍ͭͦ΅͙͙ͤ ͙ͫͭͤ͜͟ ͫͺ͔͙ͪ;ͤͦ͝ ͙ͦ͋;͚͙͊͟Σ ͜ ͍͔͔͒ͭΈͫΎ ͨͦ ͚ͭ͜ ͔͗ ͔͙ͣͭͦ͒ͼ͜Φ  

͍́ͦ΅͙ͤ͊ ͙ͫͭͤ͜͟ ͫͺ͔͙ͪ;͙ͤͻ ͍͍͙͒͋ͦͪͭͦ͊ͤ͜ͻ ͙͒ͤ΅Σ ͍͔͙ͤ͊͊ͤͭ͊͗ͤͻ ͍ͤͯͭͪ͜΄ͤͣ͜ ͙ͭͫͦͣ͟Υ  

[]4 2

p D y
ʩ

p
d

s j

Ö Ö
=

-

Σ ͔͒ ͯ ς ͟ ͔ͦͺ͜ͼ͜Ίͤͭ ͺ͙ͦͪͣ ͙͒ͤ΅͊Σ ΅ͦ ͔͙͊͗ͭ͘͡Έ ͍͒͜ ͍͒ͤͦ͜΄͔ͤͤΎ h

D

, h ς ͍ ͙ͫͦͭ͊ ͙͒ͤ΅͊. 

˩͙ͨͭ͜͡;ͤ͜ ͙͒ͤ΅͊ 
 ˸ ͔͙ͭͦ͒͊͟ ͪͦͪ͊͘ͻͯͤͯ͟ ͔͙ͨͭ͜͡;͙ͤͻ ͙͒ͤ΅ ͎͊ͤ͊ͦ͜͡;ͤ͊ ͔͙ͣͭͦ͒ͼ͜ ͪͦͪ͊͘ͻͯͤͯ͟ ͼ͙͙ͤ͒ͪ͜͡;͙ͤͻ ͙ͦ͋;͚͊ͦ͟Φ 
 ́ ͍ͦ΅͙ͤ͊ ͙ͫͭͤ͜͟ ͔͙ͨͭ͜͡;͙ͤͻ ͙͒ͤ΅Σ ͍͔͙ͤ͊͊ͤͭ͊͗ͤͻ ͍ͤͯͭͪ͜΄ͤͣ͜ ͙ͭͫͦͣ͟Υ  

[](2 )

p R
ʵ

p c
d

s j

Ö
=

- +
Σ ͔͒ 

2

4

D
R

H
=  ς ͪ ͊͒ͯͫ͜ ͙͍͙͙ͪͤ͘͟ ͯ ͍͔ͪ΄͙ͤ͜ ͙͒ͤ΅͊Φ 

˿͔͍ͭ͊͜͡ ͙͒ͤ΅͊ ͔͒͊ͣͭͪͦͣ͜ ͒ͦ мслл ͣͣ ͍͙͎͍ͦͭͦ͡ΎΌͭΈ ΄͍͙͙ͭ͊ͣͨͦ͊ͤͣ ͘ ͼ͜͡Έ͎ͤͦͦ ͙ͫͭ͊͡ όj = 1,0). 
˩͙ͨͭ͜͡;ͤ͜ ͙͒ͤ΅͊Σ ΅ͦ ͣ͊ΌͭΈ ͺͦͪͣͯ ͔ͨͫͦ͒͊͜͜͡ ͔ͦ͋ͪͭ͊ͤͤΎΣ ΄͙ͪͦͦ͟ ͍͊ͫͭͦͫͦͯ͘ΌͭΈͫΎ ͒͡Ύ ͍͊ͨ͊ͪ͊ͭ͜ ͨ͒͜ ͙ͭͫͦͣ͟Φ ˨͡Ύ ͎ͭͦͦΣ 

΅ͦ͋ ͍͔͙͚͊ͪͤ͘ ΄͍ͦ ͔ͤ ͍͍͙ͤ͊͊ͤͭ͊͗ͯ͊ͭ ͎͙ͤ͊͘͡Έ͙ͤͣ ͔ͣͦͣͤͭͦͣΣ ΄͍ͦ ͍͍͒ͦ͒͜ΎͭΈ ͍͒͜ ͣͫ͜ͼΎ ͎͔͊ͦͪͯͤͤ͘͟͡Ύ ͙͒ͤ΅͊ ΄͡Ύͻͦͣ 

͍͙ͯͫͭ͊ͤͦ͟ ͼ͙͙ͤ͒ͪ͜͡;͎ͤͦͦ ͋ͦͪͭ͊ ͍͙ͫͦͭͦΌ ō Ґ нр·рл ͣͣΦ ˤ͒ͤͦ͜΄͔ͤͤΎ ͍͙͙ͫͦͭ ͔͙ͨͭ͜͡;ͤͦ͝ ;͙͙͊ͫͭͤ ͙͒ͤ΅͊ ͒ͦ ͔͒͊ͣͭͪ͊͜Υ  

H

D
= 0,25, (D = R). 
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˾͊ͤ͜΄͔ ͊ͣͫͭ͘͜Έ ͔͙ͨͭ͜͡;͙ͤͻ ͙͒ͤ΅ ͍͍͙͊ͫͭͦͫͦͯ͊͘͡ ͍ͦͪͦ͋ͦ͟͜ όͫͺ͔͙ͪ;ͤ͜ ͍͍͒͋ͦͪͭͦ͊ͤ͜͜ύΣ ΅ͦ ͣ͊ΌͭΈ ͯ͟͡Έ͍ͦͯ ͍͔ͨͦͪͻͤΌΣ ͘ 
͍͍͙͙͒͋ͦͪͭͦ͊ͤͣ͜ ͪ͊͟Ύ͙ͣΦ ˤ͙ͦͤ ͔ͣͤ΄ ͒ͦͫͦͤ͊͟͜͡Σ ͦͫ͟͜͡Έ͙͟ ͍ ͣͫ͜ͼ͜ ͔͔ͨͪͻͦ͒ͯ ͫͺ͔͙ͪ;ͤͦ͝ ;͙͙͊ͫͭͤ ͒ͦ ͍͍͒͋ͦͪͭͦ͊ͤͦ͜͝ ͍͙͙ͤ͊͟ΌͭΈ 
͎͙ͤ͊͘Ό;͜ ͍͔ͤ͊͊ͤͭ͊͗ͤͤΎΦ 

˴ͦͤ͜;ͤ͜ ͙͒ͤ΅͊ 
 ʕ  ͊ͨ͊ͪ͊ͭ͊ͻ ͦͤ͟͜;ͤ͜ ͙͒ͤ΅͊ ͍͊ͫͭͦͫͦͯ͘ΌͭΈ Ύ͟ ͔͔ͨͪͻ͒͜ ͍͒͜ ͼ͙͙ͤ͒ͪ͜͡;ͤͦ͝ ͙ͦ͋;͚͙͊͟ ͎ͦ͒ͤͦͦ ͔͒͊ͣͭͪ͊͜ ͒ͦ ͼ͙͙ͤ͒ͪ͜͡;ͤͦ͝ 

͙ͦ͋;͚͙͊͟ ͤ͜΄͎ͦͦ ͔͒͊ͣͭͪ͊͜ ͜ ͯ ͍͔͙ͪͭ͊͟͡Έ͙ͤͻ ͊ͨ͊ͪ͊ͭ͊ͻ ς ͒͡Ύ ͔͎ͨͦ͡΄͔ͤͤΎ ͍͙͍͔͊ͤͭ͊͗ͤͤΎ ͍ΩΎͦ͘͟ ͔ͭͯ͟;͙ͻ ͜ ͙ͫͨͯ;͙ͻ ͍ͨͪͦ͒ͯͭ͟͜ 
ͨ͒͜ ͒͜ΊΌ ͙ͫ͡ ͍͎͙͊Φ ˴ͦͤ͜;ͤ͜ ͙͒ͤ΅͊ ͍͙͎͍ͦͭͦ͡ΎΌͭΈΣ Ύ͟ ͍͙ͨͪ͊ͦ͡Σ ͘ ͍͍͙͒͋ͦͪͭͦ͊ͤͣ͜ ͪ͊͟ΊͣΣ ΅ͦ ͫͭͦͭͤͦ͜ ͙ͤ͗ͯ͘Ί ͣͫ͜ͼ͔͍͜ 
͔ͤ͊ͨͪͯ͗ͤͤΎΦ 

̂ ͦͤ͟͜;͙ͤͻ ͙͒ͤ΅͊ͻ ͍͙͙ͤ͊͟ΌͭΈ ͎͙ͤ͊ͨͪͯ 
t mis s ͍ ͦͪͯ͗ͤͦͣͯ͟ ͜ ͔͙ͣͪ͒ͦͤ͊͜͡Έͤͦͣͯ ͤ͊ͨͪΎͣ͊͟ͻό͔ͭͪͭΎ ͎͍ͦͦͤ͊͡ ͎ͤ͊ͨͪͯ͊ 

ς ͍  ͦͫΈ͍ͦͦͣͯ ͤ͊ͨͪΎͣͯ͟ ς ͘ ͊ͣ͊͊͡ ͜ ͝͝ ͤ͊͘;͔ͤͤΎ ͔ͤ ͍ͪ͊ͻ͍ͦͯΌͭΈύΦ ˤ͙ͤ͊͘;͊ΌͭΈ ͔͍ͤ͒ͦͣ͜͜ 
t mis s ͜ ͘ ͍ͪͤ͜ΎͤͤΎ ˶͊ͨ͊ͫ͊͡Υ  

t
t

k

p r
s

d

Ö
=  

͜ ͍ͪͤ͜ΎͤͤΎ ͍͍͎͙ͪͤͦ͊͜ ;͙͙͊ͫͭͤ ͦͤ͟͜;͎ͤͦͦ ͙͒ͤ΅͊Σ Ύ͊͟ ͍͒ͫ͜͜;͔ͤ͊ ͎͙ͦͪͦͤͭ͊͘͡ΈͤͦΌ ͨͦ͡΅͙ͤͦΌΥ  
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m

k

Z

x
s

d a
=
Ö

, 

͔͒ 
tr ς ͫ ͔͔͚ͪ͒ͤ͜ ͪ͊͒ͯͫ͜ ͦͤͯͫ͊͟Σ ͒͡Ύ Ύ͎ͦͦ͟ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͎ͤ͊ͨͪͯ͊Φ ͻΣ ͯ ς ͟ ͙͙ͦͦͪ͒ͤ͊ͭ ͔͔ͫͪ͒ͤΈ͎ͦͦ ͪ͊͒ͯͫ͊͜ ͍ ͎͙ͦͪͦͤͭ͊͘͡Έͤͦͣͯ ͜ 

͍͔͙ͪͭ͊͟͡Έͤͦͣͯ ͤ͊ͨͪΎͣ͊͟ͻΣ a ς ͯͭ͟ ͣ͗͜ ͍ͫͫ͜Ό ͚ ͍ͯͭͦͪΌΌ;͙ͣ ͦͤͯͫͦͣ͟Φ 
2

0
2

x
px

Z p ds= Ö =ñ
 ς ͍ͪͤͦ͒͜͜Ό;͊ ͙ͫ͊͡Σ ͍͙͙͊ͤ͊͟͟͡ 

͍ͤͯͭͪ͜΄ͤͣ͜ ͙ͭͫͦͣ͟ ͘Φ 

,
cos cos

t

x y tg
x y tg

a
a r
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= Ö = = , R

b h
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˨͊͜͡ ͍͙ͤ͊ͦ͒ͣͦ ͦ͋;͙͔ͫͤͤ͡Ύ ͍ͭͦ΅͙͙ͤ ͙ͫͭͤ͜͟ ͦͤ͟͜;ͤͦ͝ ;͙͙͊ͫͭͤ ͍͍͎͒͋ͦͪͭͦ͊ͤͦͦ͜ ͦͤ͟͜;͎ͤͦͦ ͙͒ͤ΅͊Φ  

[](2 )
k

p

p c

b
d

s j

Ö
=

- +

, 

͔͒ b ς ͟ ͔ͦͺ͜ͼ͜Ίͤͭ ͺ͙ͦͪͣ ͦͤ͟͜;͎ͤͦͦ ͙͒ͤ΅͊Σ ͍͔͙͚ͦ͋ͯͣͦͤ͡ ͨͦ ͎ͤͦͣͦͪ͊ͣ͊ͻΦ 

˽ͦͫ͟͜͡ ͙͒ͤ΅͊ 
˽ͪͦͫͭ͜ ͊͘ ͦͤͫͭͪͯ͟͟ͼ͜ΊΌΦ ˨͡Ύ ͍͙͎͍͔ͦͭͦͤͤ͡Ύ ͔ͤ ͍͙͎ͣ͊͊ΌͭΈ ͔ͫͨͼ͊͜͡Έ͎ͤͦͦ ͔͍͎ͨͪͫͦͦͦ ͍ͯͫͭ͊ͭͯ͊ͤͤ͟ΎΦ ˻͒ͤ͊͟ ͙ͨͪ ͍͔͙͙͟͡ͻ 

͔͒͊ͣͭͪ͊͜ͻ ͜ ͤ͊͘;͙ͤͻ ͙ͭͫ͊͟ͻ ͝ͻ ͍ͭͦ΅͙ͤ͊ ͙͒ͦͫͭΈ ͍͔͙͊͟͡ ͜ ͭͦͣͯ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͝ͻ ͔͔͔ͦ͋ͣ͗ͤΦ 
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͔͒ ˸0 ς ͨͦ;͍͙͚͊ͭͦ͟ ͎͙ͤ͊͘͡Έ͙͚ͤ ͔ͣͦͣͤͭΣ J ς ͔ͦ͟ͺ͜ͼ͜Ίͤͭ ˽ͯ͊ͫͫͦͤ͊Σ Rpy , tpy , pjy  ς ͍ͫͯͨͪͦ͒ͤ͜͜ ͺͯͤ͟ͼ͜͝Σ Dj ς ͼ͙͙ͤ͒ͪ͜͡;ͤ͊ 
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ͫͻ͔ͣ͜Φ ̇͜ ͪͦͪ͊͘ͻ͙ͯͤ͟ ͔ͭͪ͋͊ ͍͙͍͙ͦͤͯ͊ͭ͟ ͤ͊ ˩˾˸Φ ˨͡Ύ ͼΈ͎ͦͦ ͔ͭ͗ ͔ͤͦ͋ͻ͒ͤ͜͜ ͔͎͍ͤͭͪͦ͊ͤ͜͜ ͤ͊ͤͤ͘Ύ ͨͦ ͫ͊͒͊ͤͤ͟͡Ό ͊͋ͦ ͪͦͪͦ͋͘ͼ͜ 
͎͙͍͊ͦͪͭͣ͜͡ ͍ͪͦ͘ΩΎ͊ͤͤ͘ΎΦ 

 ˭ ͍͊ͫͭͦͫͯ͊ͤͤΎ ͔͍ͣͭͦ͒͜ ͜ ͔ͭͻͤ͜;͙ͤͻ ͍͊ͫͦ͋͘͜ ͫͯ;͊ͫͤͦ͝ ͔͔͙͙͋ͪͤͭ͟͜͟ ͤ͊͘;ͤͦ ͨͦͨ͜͡΄ͯΊ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͻͣͦ͜͜͟-͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻ 
ͨͪͦͼ͔͍ͫ͜Σ ͊ ͭ͊ͦ͗͟ ͣ͊΄͙ͤ ͜ ͦ͋͊͒ͤ͊ͤͤ͡ΎΣ ΅ͦ ͍͟͡Ό;͊ΌͭΈ ͔͙ͣ͊ͭͣ͊ͭ;͔ͤ ͔ͣͦ͒͡Ό͍͊ͤͤΎΦ ˻͔ͭ͗Σ ͔͎ͤͭͪ͊͜ͼ͜Ύ ͤ͊ͤ͘Έ ͔͍ͫͭͯ͒ͤͭ͜ ͘ 
͙͒ͫͼ͙ͨͤ͜͡ ς ͤ ͔ͦ͋ͻ͒ͤ͊͜ ͍ͯͣͦ͊ Ύͫͤͦ͟͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͻͣ͜͜;͙ͤͻ ͍͙͙ͪͦ͋ͤͼ͍ͭΦ 
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˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 
1. ˿ͣͦ͡Ύ͍ͦ͟ ˿Φ˶ΦΣ ˽ͦͫͭͦͪͦͤͦ͟ ˢΦ˱ΦΣ ˥͍͊͊ͭͫ͡Έ͙͟ͻ ˱Φ˸Φ ˻͍͙ͫͤͦ ͪͦͪ͊͘ͻͯͤͯ͟ ͜ ͦͤͫͭͪͯ͟Ό͍͊ͤͤΎ ͻͣ͜͜;͎ͤͦͦ ͦ͋͊͒ͤ͊ͤͤ͡ΎΦ 
˹͍͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟Φ ς ̆ ͍͊ͪ͟͜Σ ̂˱˽ˢΣ нллрΦ ς мнс ͫΦ 

2. ˶͊΅͙͙͚ͤͫ͟ ˢΦ˥ΦΣ ́ͦ͡;͙͙͚ͤͫ͟ ˢΦˤΦ ˻͍ͫͤͦ· ͙͍͙ͦͤͫͭͪͯͪͦ͊ͤ͟Ύ ͙ ͪ͊ͫ;͖ͭ͊ ͻ͙͙ͣ;͔͚ͫͦ͟ ͊ͨͨ͊ͪ͊ͭͯͪ·Φ ˿͍ͨͪ͊ͦ;͙ͤ͟Φ ς ˶Φ: 
˸͊΄͙͔͙͔ͤͦͫͭͪͦͤΣ мффл ͎Φ ς трн ͫΦ 

3. ˴͍͙͊ͤͭͦͪͦ; ̏ΦˣΦ ˻͍ͫͤͦ· ͪ͊ͫ;͖ͭ͊ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͣ͊΄͙ͤΦ ς ˸ ΦΣ ˸͊΄͎͙͘Σ мфулΦ ς тпп ͫΦ 
4. ˤ·ͨ͊ͪͤ·͔ ͍͔͙ͪͭ͊͟͡Έͤ·͔ ͭͪͯ͋;͊ͭ·͔ ͊ͨͨ͊ͪ͊ͭ· ͦ͋΅͔͎ͦ ͤ͊ͤ͊͘;͔͙ͤΎΦ ˴͎͊ͭ͊ͦ͡ ͙͙̇ͤͭͻ͙͔ͣͤͺ͔ͭͣ͊΄͊Σ ς ˸ ΦΣ м989. 
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ONE OF THE AREAS OF QUALITY IMPROVEMENT UNIVERSITY MATHEMATICS EDUCATION 

I. Glavatskikh  
Educational Ukrainian Engineering Pedagogical Academy, Ukraine 

 Abstract. The article is devoted to studying and trying to improve the quality of higher mathematical education in the 
training of engineering-pedagogical profile through integration of students ' knowledge in the disciplines, and also addresses the 
need to design for the specialty that a student wants to obtain, all the items provided by the curriculum. Tendencies of 
development of modern production technologies requires a thorough training of engineering personnel of higher mathematics, 
engineering graphics, free computer skills, knowledge of special disciplines. So, the problem of professional orientation of teaching 
mathematics is now extremely urgent. 

 Key words: professional directivity of education, mathematics education, mechanical engineer, chemical production, 
calculation of vessels. 
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͎͔͔͔͙ͭͪͦͫ͒͊ͫͭ͟;ͤͫͭ͜Έ ͊͘ ͎͒ͦͨͦͣͦͦΌ m-͙͔ͪͭͪ͟͜ΌΣ ˽͔͙͊ͪ͊ͣͭͪ;͙͚ͤ ͔ͭͫͭ ˥ͦ͡Έ͒ͺ͔͡Έ͒͊ς˴ ͍͊ͤ͒ͭ͊Σ ͔͔͙ͤͨ͊ͪ͊ͣͭͪ;͙͚ͤ 

͔ͭͫͭ ˥ͦ͡Έ͒ͺ͔͡Έ͒͊ς˴ ͍͊ͤ͒ͭ͊Σ ͍͔͊ͭͦͦͪ͟͡Ύͼ͜Ό ͊͘ ͎͒ͦͨͦͣͦͦΌ ͔ͭͫͭͯ ˨͊ͪ͋ͤ͊͜-̂ͦͭͫͦͤ͊Σ ͙͔ͪͭͪ͟͜Ό ͺͦͤ ˹͔͚ͣ͊ͤ͊Σ 
͔ͤͼ͙͟͜͡;͎ͤͦͦ ͔ͦ͟ͺ͜ͼ͜Ίͤͭͯ ͔ͦͪ͟͡Ύͼ͜͝ ͭ͊ ͍͙ͤ͊͘;͔ͤͤΎ ͭͦ;͍͎ͦͦͦ͟ ͭ͊ ͔͍ͤͭͪ͊͜͡Έ͎ͤͦͦ ͎͍ͨͪͦͤͦ͘͜Φ ˹͊ ͙ͨͪ͊͒͟͜͡ ͔ͦͤͪͭͤͦ͟͟͝ 
͊͒͊͘;͜ ͨͪͦ͜͡Ό͍ͫͭͪͦ͊ͤͦ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ ͔ͪ͊͊͘͜͡ͼ͜͝ ͫͻ͔͙ͣ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔͔͙ͦͤͦͣͭͪ͟;ͤͦ͝ ͔ͣͦ͒͜͡ ͙ͣͤͦ͗ͤͤͦ͝ ͔͎͔ͪͪͫ͜͝Φ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͔ͦͤͦͣͦ͟͜͟-͔͙ͣ͊ͭͣ͊ͭ;͔ͤ ͔ͣͦ͒͡Ό͍͊ͤͤΎΣ ͔͔͙ͦͤͦͣͭͪ͟;ͤ͊ ͔ͣͦ͒͡ΈΣ ͙ͣͤͦ͗ͤͤ͊ ͔͎͔ͪͪͫ͜ΎΣ 
ͣͯ͡Έ͙͔ͭͦͤ͊ͪͤͫͭ͟͜͜͡ΈΣ ͎͔͔͔͙ͭͪͦͫ͒͊ͫͭ͟;ͤͫͭ͜ΈΣ ͍͔͊ͭͦͦͪ͟͡Ύͼ͜ΎΦ 

 
˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ̂  ͔ͦͤͭͫͭ͟͟͜ ͫͯ;͎͊ͫͤͦͦ ͍͙ͪͦͭͯ͘͟ ͔͙ͦͤͦͣ͟͜͟ ͙̂ͪ͊ͤ͟͝ ͙͍ͦͫͦ͋͊͡ ͍͎ͯ͊͊ ͙ͨͪ͒͜͡ΎΊͭΈͫΎ ͍͙ͪ͜΄͔ͤͤΌ 

͙ͫ͊͒ͤ͟͡ͻ ͔͔͙ͭͦͪͭͦ͟-͙͙ͨͪ͊͒ͤ͟͡ͻ ͊͒͊͘;Σ Ύ͟͜ ͟͜͡Έͫͤͦ͟͜ ͭ͊ Ύͫͤͦ͟͜ ͙ͦͨͫͯΌͭΈ ͍͊͘Ί͍ͣͦ͘ΩΎ͙͘͟ ͣ͗͜ ͙͙ͪͤͣ͘͜ ͔ͦͤͦͣ͟͜;͙͙ͤͣ 
ͦ͋ΩΊ͙ͭ͊ͣ͟Φ ͔̇ ͍ͯͣͦ͘͡ΌΊ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͙ͪͦͪͦ͋͘͟ ͭ͊ ͍͙͍;͔ͤͤΎ ͍͙ͤͦͻ ͤ͊ͨͪΎ͍ͣ͟͜ ͔ͦͤͦͣ͟͜;ͤͦ͝ ͔ͭͦͪ͜͝ ͭ͊ ͍ͨͦΩΎ͙͊ͤ͘ͻ ͘ ͔ͤΌ 
͍͙ͤ͊ͯͦ͟ͻ ͙͒ͫͼ͙ͨͤ͜͡Φ ˹͔͔͊ͫ͊ͣͨͪ͒Σ ͍͙͙ͤ͊͟Ί ͔ͨͦͭͪ͋͊ ͯ ͍͙ͪͦͭͯ͘͟ ͭ͊ ͍͍͔ͨͪͦ͊͒͗ͤͤ͜ ͍ͤ͊;͊͡Έ͙ͤͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͭ͊ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ 
͔͍ͣͭͦ͒͜ ͍ͤ͊;͊ͤͤΎΣ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ Ύ͙͟ͻ ͒͊ͦ͡ ͋ ͙͍ͣͦ͗ͫͭ͜͡Έ ͫͺ͍͙ͦͪͣͯ͊ͭ ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͍͔ͤͦ ͔ͦͤͦͣ͟͜;͔ͤ ͙͔ͣͫͤͤ͡Ύ ͭ͊ ͪͦͯͣͤͤ͘͜Ύ 
ͫͯͭͤͦͫͭ͜ ͔ͦͤͦͣ͟͜;͙ͤͻ ͨͪͦͼ͔͍ͫ͜ ;͙ Ύ͍͙΅Σ ͙͙ͦͭͪͣ͊ͭ ͍͍͒ͨͦ͒ͤ͜͜͜ ͍ͣͤͤ͜Ύ ͭ͊ ͍͙ͤ͊;͙͟ ΅ͦ͒ͦ ͔͎ͪͯ͡Ό͍͊ͤͤΎ ͭ͊ ͔͍ͪͯ͊ͤͤ͟Ύ ͙͙͒͊ͤͣ 
ͨͪͦͼ͔͙ͫ͊ͣ ͤ͊ ͋ͯ͒Έ-Ύͦͣͯ͟ ͍ͪͤ͜͜ ͫ͊͒ͤͦͫͭ͟͜͡Σ ͎͍͙ͨͪͦͤͦͯ͊ͭ͘ ͝ͻ ͍͙ͪͦͭͦ͘͟Φ ˤͦ;͔͍͙͒Έ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͍͙ͤ͊͘;͔͙ͤͻ ͊͒͊͘; ͔͙͍͔ͤͣͦ͗͡ 
͔͋͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͎ͪͤͦͣ͊ͤͭͤͦͦ͘͜͜ ͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͊ͨ͊ͪ͊ͭͯΦ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˸ ͔ͭͦ͒ ͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ς ͦ ͙͒ͤ ͘ ͚ͤ͊ͨͦ΄͙͔ͪͤ͜΄͙ͻ ͔͍ͣͭͦ͒͜ ͍͎ͤ͊ͯͦͦͦ͟ 
ͨͤ͊ͤͤ͘͜ΎΦ ˤͤ͜ ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͙ͨͪ ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘͜ ͊͒͊͘; ͔͙ͦͤͦͣ͟͜͟Σ ͫͦͼ͎ͦͦ͜͜͡͝Σ ͔͙ͣ͒ͼ͙͙ͤΣ ͍ ͙͙ͨͪ͊͒ͤ͟͡ͻ ͤ͊ͯ͊͟ͻΦ ́͊ͣΣ ͔͒ 
͔ͣͭͦ͒ ͍͎ͤ͊ͯͦͦͦ͟ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎ ͭ͊ ͔ͣͭͦ͒ ͍͎ͤ͊ͯͦͦͦ͟ ͔͔͙͔ͫͨͪͣͤͭͯ͟ ͔ͤ ͒͊ΌͭΈ ͍͒͜;͙ͯͭͤͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ό͍ͤ͊ͫ͒ͦ͜͟͡ 
͍͎͙͍͒ͦͦͭͪ͊ͦͫͭ͜͡ ͔͍͙ͨͤͻ ͨͪͦͼ͔͍ͫ͜ ;͙ Ύ͍͙΅Σ ΅ͦ ͒ͦͫ͒͗ͯ͜͡ΌͭΈͫΎΣ ͊͋ͦ ͔͙͍ͤͣͦ͗ͦͫͭ͜͡ ͍͔͔ͨͪͦ͒ͤͤΎ ͎͋͊͊ͭͦͣ͊ͫ΄͙ͭ͊͋ͤͻ 
͔͔͙͔͍ͫͨͪͣͤͭ͟͜ ͒͡Ύ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͍͙͒ͦͫͭͦͪͤ͜ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ύ ͤ͊ ͎͒ͦͨͦͣͦͯ ͙ͨͪͻ͙ͦ͒ͭΈ ͔ͣͭͦ͒ ͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎΦ 

ˤ͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ ͍ ͙ͪͤ͘͜ͻ ͎͊ͯ͘͡Ύͻ ͙ͤ͊ͯ͟ ͍͒ͦͦ͘͡ΎΊ ͎͙͙͙ͨͦ͋ͭ͡ ͟͜͡Έ͙͚ͫͤ͟͜ ͭ͊ Ύ͙͚ͫͤ͟͜ 
͊ͤ͊͘͜͡Σ ͪͦ͘΄͙͙͙ͪͭ ͦ͋͊ͫͭ͡Έ ͙ͦͭͪͣ͊ͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͙͙͙ͨͪͫͦͪͭ͟ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͜ ͪͦͪ͊͘ͻ͙ͯͤ͟Φ 

˽͙ͪ ͔͒ͦͫ͒͗ͤͤ͜͜͡ ͫͦͼ͊͜͡Έͤͦ-͔ͦͤͦͣ͟͜;͙ͤͻ Ύ͍͙΅ ͜ ͨͪͦͼ͔͍ͫ͜Σ Ύ͟͜ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭΈ ͚ͭͦ ;͙ ͤ͜΄͙͚ ͔ͭ͊ͨ ͍͙ͪͦͭͯ͘͟ ͔͙ͦͤͦͣ͟͜͟ 
͙͍ͪͤ͟͜Σ ͍͙͒ͦͦ͒ͭΈͫΎ ͙ͣ͊ͭ ͍ͫͨͪ͊ͯ ͘ ͙͙ͪͤͦͣ͊ͤͭͤͣ͘͜͜ ͍͙͙ͣ͊ͫͦͣ Ύ͍͙΅͙͊ͣΣ ͍͙Ύ͍͡Ύ͙ͭ ͤ͊Ύ͍ͤ͜ ͭ͊ͣ ͊ͦͤͦͣͪͤͦͫͭ͘͟͜͜ ͭ͊ 
͍͍ͫͭ͊ͤͦ͡Ό͍͙͊ͭ ͤ͊ͨͪΎ͙ͣ ͝ͻ ͍͙ͪͦͭͯ͘͟Φ ˭͊͒͊;ͯ ͍͙͍;͔ͤͤΎ ͟͜͡Έ͙ͫͤ͟͜ͻ ͫͭͦͪͤ͜ ͍͙ͣ͊ͫͦͻ Ύ͍͙΅ ͭ͊ ͨͪͦͼ͔͍ͫ͜ ͯ ͔͙͍ͤͪͦͪͤͦͣͯ͘ ͍͘ΩΎͯ͘͟ 
͘ ͝ͻ Ύͫͤͦ͟͜Ό ͫͭͦͪͦͤͦΌ ͍͙ͪ͜΄ͯΊ ͔͔ͤ͊ͫ͊ͣͨͪ͒ ͔͔ͦͤͦͣͭͪ͟͜ΎΣ Ύ͊͟ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͍͎ͫͦͦ ͔ͤͫͭͪͯͣͤͭ͊͜͡Έͤͦ-͔͔͙ͭͦͪͭ;͎ͤͦͦ ͊ͨ͊ͪ͊ͭͯ 
͍͍ͫͭ͊ͤͦ͡ΌΊ ͙ͨͪ;͙ͤͤͦ-͍ͤ͊ͫ͒ͦ͜͟͜͡ ͍͘ΩΎ͙͘͟ ͍ ͍͙͒ͦͫ͒͗ͯ͊ͤ͜͡ͻ ͔ͦͤͦͣ͟͜;͙ͤͻ ͙͔ͫͫͭͣ͊ͻ ͘ ͔ͣͭͦΌ ͍͔͔ͨͪͦ͒ͤͤΎ ͝ͻ ͊ͤ͊ͯ͘͜͡Σ ͙͔ͫͤͭͯ͘Σ 
͎͍͒͊ͤͦͫͭͯ͊ͤͤ͜Ύ ͔ͨͪͦ͋ͣ͡ ͜ ͨͦ΄ͯͯ͟ ΄͡Ύͻ͍͜ ͝ͻ ͨͦ͒ͦ͊ͤͤ͡Ύ ώнϐΦ 

˻͍͙ͫͤͦͤͣ ͍͊͒͊ͤͤ͘Ύͣ ͔͔ͦͤͦͣͭͪ͟͜͝ Ί ͪͦͪͦ͋͊͘͟ ͭ͊ ͊ͤ͊͘͜͡ ͔ͦͤͦͣͦ͟͜͟-͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͚ͣͦ͒͡Σ ͍ Ύͦͫͭ͟͜ Ύ͙͟ͻ ͍͙ͫͭͯͨ͊ΌͭΈ 
͔͍ͨͤ͜ ͊͋ͫͭͪ͊ͭͤ͟͜ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͜ ͍͍ͫͨ͒ͤͦ͜͜΄͔ͤͤΎ ό͍ͪͤ͜ΎͤͤΎ ;͙ ͙͔͙ͫͫͭͣ ͍ͪͤ͜ΎͤΈύΦ ˽͍ͦ͋ͯ͒ͦ͊ͤ͊ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͊ ͔ͣͦ͒͡Έ ͣ͊Ί 
͍͊͒ͦͦ͘͡ΈͤΎ͙ͭ ͪΎ͒ ͍͙͎ͣͦΥ ͨͦ-͔ͨͪ΄͔Σ ͍ͦͤ͊ ͣ͊Ί ͔͍͊͒͊ͭͤͦ͟ ͍͙͒ͦ͋ͪ͊͗͊ͭ͜ ͨͪͦͼ͔ͫ ;͙ Ύ͍͙΅͔Σ ΅ͦ ͒ͦͫ͒͗ͯ͜͡ΊͭΈͫΎΤ ͨͦ-͎͔͒ͪͯΣ ͙͋ͯͭ 
Ύ͎ͦͣͦ͊͟ ͨͪͦͫͭ͜΄ͦΌΦ ́ͦͣͯ ͍͙͍;͔ͤͤΎ ͒͊ͤͦ͝ ͙͒ͫͼ͙͙ͨͤ͜͡ ͪͦͨͦ͘;͙ͤ͊ΊͭΈͫΎ ͘ ͔ͣͦ͒͜͡ ͨ͊ͪͤͦ͝ ͔͎͔ͪͪͫ͜͝Φ ̆ͦ;͊ ͤ͊ ͙ͨͪ͊ͭ͟ͼ͜ ͔͊͗ͤͫͭ͘͜͡Έ 
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͙͡΄͔ ͍͒ͦͻ ͙͍ͨͦ͊ͤ͘͟͟͜ ͯͫͭͪ͘͜;͊ΊͭΈͫΎ ͔͒ͯ͗ ͪ͒ͦ͜͟Σ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͒͊ͤͦ͝ ͔ͣͦ͒͜͡ ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͙ͪͦͯͣͭ͘͘͜ ͫͯͭͤͫͭ͜Έ ͎͋͊͊ͭΈͦͻ 
ͨͪͦͼ͔͍ͫ͜ ͭ͊ ͙͙͒ͦͫ͒ͭ͜͡ ͝ͻΦ ˭͍͙͊͘;͚͊ ͔ͣͦ͒͡Έ ͨ͊ͪͤͦ͝ ͔͎͔ͪͪͫ͜͝ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ ͭͦ͒͜Σ ͙ͦ͟͡ ͘ ͯͫ͜ͻ ͺ͍͊ͭͦͪ͟͜Σ Ύ͟͜ ͍͙͍ͨ͊͡ΌͭΈ ͤ͊ 
͔ͪͯ͘͡Έͭ͊ͭΣ ͣͦ͗ͤ͊ ͍͙͔͙͙ͦͪͣͭ͟ ͚͍͙͍͍ͤ͊ͨͦ͜͡΄͙͚Σ Ύ͙͚͟ ͜ ͙ͦ͋ͪ͊ΌͭΈ ͊͘ ͺ͊ͭͦͪͤͯ͟ ͣͤͤͯ͘͜Φ  

ˢΦ ˩͚ͤ΄͔͚ͭͤ ͍ͫ͊͊͘͟Υ ζ˸͔ͦ͒͜͡ ͣ͊ΌͭΈ ͙͋ͯͭ ͤ͊ͫͭ͜͡Έ͙͟ ͙͙ͨͪͦͫͭͣΣ ͤ͊ͫ͟͜͡Έ͙͟ ͙͍ͣͦ͗ͦ͡Σ ͔͊͡ ͔ͤ ͨͪͦͫͭ͜΄͔η [3]. ́ͦͣͯ 
͔͍ͤ͊͗͊͘Ό;͙ ͤ͊ ͔ͭΣ ΅ͦ ͨ͊ͪͤ͊ ͔͎͔ͪͪͫ͜Ύ ͔͎ͦ͟͡ ͒ͦͫ͒͗ͯ͜͡ΊͭΈͫΎ ͜ ͔͔ͤͭͪͨͪͭͯ͜ΊͭΈͫΎΣ ͙ͨͪ͊ͭ͟;͔ͤ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͝͝ ͔͔͔ͦ͋ͣ͗ͤΦ 
˹͚͊;͊ͫͭ͜΄͔ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ ͔ͣͦ͒͜͡ ͙ͣͤͦ͗ͤͤͦ͝ ͔͎͔ͪͪͫ͜͝Σ Ύ͟͜ ͒͊ΌͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ ͍ͪ͊ͻ͍͙ͯ͊ͭ ͍͙͍ͨ͡ ͍ͫ͜ͻ ͺ͍͊ͭͦͪ͟͜ ͤ͊ 
͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͯ ͣͤͤͯ͘͜Φ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜Φ ˾ ͎ͦ͘͡Ύ͙ͤͯͭ ͔͔͙ͦͤͦͣͭͪ͟;ͤͯ ͔ͣͦ͒͡Έ Ύ͟ ͔͙͚ͦͪͣ͟ ͊ͫ͟͡ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͚ͣͦ͒͡Σ ΅ͦ ͙ͦͨͫͯΌͭΈ ͔ͦͤͦͣ͟͜;ͤ͜ 
ͨͪͦͼ͔͙ͫ ;͙ Ύ͍͙΅͊Σ ͍͙͍͙͙ͫͭͭ͜͡ ͭ͊ ͨͪͦ͜͡Ό͍͙ͫͭͪͯ͊ͭ ͎͙͊ͦͪͭͣ͡ ͍͙ͨͦ͋ͯ͒ͦ ͭ͊ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔͔͙ͦͤͦͣͭͪ͟;ͤͦ͝ ͔ͣͦ͒͜͡ ͙ͣͤͦ͗ͤͤͦ͝ 
͔͎͔ͪͪͫ͜͝Φ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ˽ ͔͍͙ͪ͒ͫͭ͊ͣͦ ͍͙͔ͪͦͤͤͯ͘ ͫͻ͔ͣͯΣ Ύ͊͟ ͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ ͒͡Ύ ͍͙ͨͦ͋ͯ͒ͦ ͭ͊ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ 
͔͔͙ͦͤͦͣͭͪ͟;ͤͦ͝ ͔ͣͦ͒͜͡ ͙ͣͤͦ͗ͤͤͦ͝ ͔͎͔ͪͪͫ͜͝Φ 

1. ˹͊ ͍ͦͫͤͦ͜ ͙͋ͪ͊ͤ͘͜ͻ ͙͙ͫͭ͊ͭͫͭ;͙ͤͻ ͙͒͊ͤͻ ͒͡Ύ ͙ͦ͋ͪ͊ͤͻ ͦ͋ΩΊ͍ͭ͟͜ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͍͙ͨͪͦͦ͒ͣͦ ͔ͫͨͼ͙ͺ͊͜͟ͼ͜Ό ͔ͣͦ͒͜͡Σ 
ͭͦ͋ͭͦ ͍͙ͤ͊͘;͊Ίͣͦ ͺͦͪͣͯ ͍ͪͤ͜ΎͤͤΎ ͔͎͔ͪͪͫ͜͝. 

2. ˭͚͒ͫͤ͜ΌΊͣͦ ͔͔͍ͨͪͪͯ͜͟ ͤ͊ ͣͯ͡Έ͙͔ͭͦͤ͊ͪͤͫͭ͟͜͜͡ΈΣ ͔͊͒͗ ͤ͊Ύ͍ͤͫͭ͜Έ ͍͙͎ͫͦͦͦ͟ ͔ͫͭͯͨͤΎ ͔ͦͪ͟͡Ύͼ͜͝ ͣ͗͜ ͺ͙͙͊ͭͦͪͤͣ͟ 
͙͙ͣͤͤͣ͘͜ ͔ͣͦ͗ ͙͍͔͙ͨͪͫͭ͘ ͒ͦ ͣ͘͜΅͔ͤͤΎ ͦͼͤͦ͜͟ ͔͍ͨ͊ͪ͊ͣͭͪ͜ ͔͔͙ͦͤͦͣͭͪ͟;ͤͦ͝ ͔ͣͦ͒͜͡Σ ͋͘͜͡Έ΄͔ͤͤΎ ͍͒ͦͪ͜;͙ͻ ͔͍͍ͤͭͪ͊͜͜͡ ͭ͊ 
͍͙ͭͪ͊ͭ ͙͍ͣͦ͗ͦͫͭ͜͡ ͔͔͍͙͙ͨͪͪͭ͜ ͦͼ͙ͤ͜͟ ͔͍ͨ͊ͪ͊ͣͭͪ͜ ͤ͊ ͙͙ͫͭ͊ͭͫͭ;ͤͯ ͤ͊͘;ͯ΅ͫͭ͜ΈΦ  

ˤ͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͍͙͚ͨͦͪͦͦ͟͟ ͎͙͊ͦͪͭͣ͡ ̅͊ͪͪ͊ͪ͊-˥͔ͦ͋ͪ͊͡Σ Ύ͙͚͟ ͍͊ͫͭͦͫͦͯ͘Ί ͙ͭͪ ͍͙͙͒ ͙͙ͫͭ͊ͭͫͭ;͙ͤͻ ͙͔͍ͪͭͪ͟͜͝Υ ͍ͫΈ͎ͦͦ 

͙͍ͣ͊ͫͯ ͔͔͙ͤ͊͗ͤ͘͡ͻ ͙ͣͤͤ͘͜ͻΣ ͦ͗ͤͦ͟͝ ͔͔ͤ͊͗ͤͦ͘͡͝ ͣͤͤͦ͘͜͝ ͘ ͔ͪ΄ͭͦΌ ͙ͣͤͤ͘͜ͻ ͭ͊ ͦ͗ͤͦ͟͝ ͙ͨ͊ͪ ͔͔͙ͤ͊͗ͤ͘͡ͻ ͙ͣͤͤ͘͜ͻ ͊͘ 2
c ,  

F - ͙͔ͪͭͪ͟͜Ίͣ ͭ͊ t-͙͔ͪͭͪ͟͜Ίͣ ͍͍͒ͨͦ͒ͤͦ͜͜Σ ͚͙͒ͫͤͣͦ͘͜ ͔͔͍ͨͪͪͯ͜͟ ͤ͊ ͤ͊Ύ͍ͤͫͭ͜Έ ͣͯ͡Έ͙͔ͭͦͤ͊ͪͤͦͫͭ͟͜͜͡ ͣ͗͜ ͺ͙͙͊ͭͦͪͤͣ͟ 
͙͙ͣͤͤͣ͘͜Φ  

3. ̒͟΅ͦ ͔͔͍ͨͪͪ͊͜͟Σ ͊͘ ͍͙͊͊ͤͣ͘͟ ͎͙͊ͦͪͭͣͦͣ͡Σ ͔ͤ ͍͙Ύ͍͙͊͡ ͣͯ͡Έ͙͔ͭͦͤ͊ͪͤͦͫͭ͟͜͜͡ ͔͔ͫͪ͒ ͎͊͒͊ͤͦͦ͘ ͙͍ͣ͊ͫͯ ͺ͙͊ͭͦͪͤ͟ͻ 
͙ͣͤͤ͘͜ͻ ς ͭͦ͒͜ ͦͼͤ͜ΌΊͣͦ ͔͙ͨ͊ͪ͊ͣͭͪ ͔͔͙ͦͤͦͣͭͪ͟;ͤͦ͝ ͔ͣͦ͒͜͡ ͤ͊ ͍ͦͫͤͦ͜ ͔ͣͭͦ͒ͯ ͚͔ͤ͊ͣͤ΄͙ͻ ͍͍͊͒ͪ͊ͭ͟͜ ό˸˹˴ύΦ ˤ ͤ͜΄ͦͣͯ 
͍͙ͨ͊͒ͯ͟ ς ͫͨͪͦ͋ͯΊͣͦ ͍͙͙ͨͦ͋͊ͭͫ͘Ύ ͣͯ͡Έ͙͔ͭͦͤ͊ͪͤͫͭ͟͜͜͜͡ ͔͔ͫͪ͒ ͺ͙͊ͭͦͪͤ͟ͻ ͙ͣͤͤ͘͜ͻ ͭ͊ ͭ͜͡Έ͙͟ ͨͫ͜͡Ύ ͼΈ͎ͦͦ ͚͙͙͒ͫͤͭ͘͜ 
͔͙ͨ͊ͪ͊ͣͭͪ͊͘ͼ͜Ό ͔ͣͦ͒͜͡ ͤ͊ ͍ͦͫͤͦ͜ ˸˹˴Φ ̒͟΅ͦ ͫͨͪͦ͋͊ ͍͙Ύ͍͙ͭΈͫΎ ͔͍ͤ͒͊ͦ͡ΌΣ ͭͦ ͒͡Ύ ͦͼͤ͜Ό͍͊ͤͤΎ ͔͍ͨ͊ͪ͊ͣͭͪ͜ ͒ͦͼ͜͡Έͤͦ 
͍͙͊ͫͭͦͫͯ͊ͭ͘ ͔ͣͭͦ͒ ͎͍͙ͦͦͤ͡ͻ ͔ͦͣͨͦͤͤͭ͟Φ 

4. ˽͍͙ͪͦͦ͒ͣͦ ͊ͤ͊͘͜͡ Ύͦͫͭ͟͜ ͙͎ͦͭͪͣ͊ͤͦͦ ͍ͪͤ͜ΎͤͤΎΦ ˨͡Ύ ͼΈ͎ͦͦ ͍͙ͤ͊͘;͙ͣͦ ͔ͦ͟ͺ͜ͼ͜Ίͤͭ ͔ͦͪ͟͡Ύͼ͜͝Σ Ύ͙͚͟ ͔͒ͣͦͤͫͭͪͯΊ 
΅͜͡Έͤͫͭ͜Έ ͍͘ΩΎͯ͘͟ ͣ͗͜ ͺ͙͙͊ͭͦͪͤͣ͟ ͙͙ͣͤͤͣ͘͜ ͭ͊ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦΌΣ ͭ͊ ͔ͦ͟ͺ͜ͼ͜Ίͤͭ ͔͔͒ͭͪͣͤ͊͜ͼ͜͝Σ Ύ͙͚͟ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ί Ύͦ͟Ό ͣͪͦ͜Ό 
͍͊ͪ͊͜ͼ͜Ύ ͔͊͗ͤͦ͘͡͝ ͣͤͤͦ͘͜͝ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͍͊ͪ͊͜ͼ͜ΊΌ ͔͔͙ͤ͊͗ͤ͘͡ͻ ͙ͣͤͤ͘͜ͻΦ ˨͊͜͡ ͔͔͍ͨͪͪ͜ΎΊͣͦ ͍ͨͦ͋ͯ͒ͦ͊ͤͯ ͔ͣͦ͒͡Έ ͤ͊ 
͔͍͊͒͊ͭͤͫͭ͟͜Έ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͔͔ͫͪ͒ͤΈ͎ͦͦ ͤ͊͘;͔ͤͤΎ ͍͒ͤͦͫͤͦ͜͝ ͨͦͻ͙͙͋͟Φ ˸͔ͦ͒͡Έ ͍͍͊͗͊ΊͭΈͫΎ ͔͍ͤ͒͊ͦ͡ΌΣ Ύ͟΅ͦ ͔͔ͫͪ͒ͤΊ 
ͤ͊͘;͔ͤͤΎ ͍͒ͤͦͫͤͦ͜͝ ͨͦͻ͙͙͋͟ ͔͔͍͙ͨͪ΅ͯΊ мл҈Φ ˤ ͼΈͦͣͯ ͍͙ͨ͊͒ͯ͟ ͔ͤͦ͋ͻ͒ͤͦ͜ ͔͔͎ͨͪ͡Ύ͙ͤͯͭ ͔ͫͨͼ͙ͺ͊͜͟ͼ͜Ό ͔ͣͦ͒͜͡Φ ˤ ͤ͜΄ͦͣͯ 
͍͙ͨ͊͒ͯ͟ ς Ύ͟΅ͦ ͔͔ͫͪ͒ͤΊ ͤ͊͘;͔ͤͤΎ ͍͒ͤͦͫͤͦ͜͝ ͨͦͻ͙͙͋͟ ͤ͊͘ͻ͙ͦ͒ͭΈͫΎ ͍ ͔ͣ͗͊ͻ у-мл҈ΦΣ ͭͦ ͔͔ͨͪͻ͙ͦ͒ͣͦ ͒ͦ ͎ͤ͊ͫͭͯͨͤͦͦ ͪͦͯ͟͟ 
͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔ͣͦ͒͜͡ ς ͨ ͔͔͍͙ͪͪ͜͟ ͤ͊ ͎͔͔͔͙ͭͪͦͫ͒͊ͫͭ͟;ͤͫͭ͜ΈΦ 

5. ͍͙̒΅͔ ͎͔͔͔͙ͭͪͦͫ͒͊ͫͭ͟;ͤͦͫͭ͜ ͨͦͪͯ΄ͯΊ ͦ͒ͤͯ ͘ ͍ͯͣͦ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔ͣͭͦ͒ͯ ͚͔ͤ͊ͣͤ΄͙ͻ ͍͍͊͒ͪ͊ͭ͟͜Σ ͦͫ͟͜͡Έ͙͟ 
͙͔͒ͫͨͪͫ͜Ύ ͙͊͘͡΄͍͟͜ ͒͡Ύ ͔͙ͦͪͣ͟ͻ ͎ͪͯͨ ͔͔͔ͫͨͦͫͭͪ͗ͤΈ ͔͋ͯ͒ ͣͤ͘͜Ό͍͙͊ͭͫΎΦ ˱ͫͤͯΊ ͎͋͊͊ͭͦ ͔͍ͭͫͭ͜ ͭ͊ ͙͔͍ͪͭͪ͟͜͝Σ Ύ͟͜ ͒͊ΌͭΈ 

͙͍ͣͦ͗ͫͭ͜͡Έ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͤ͊ ͤ͊Ύ͍ͤͫͭ͜Έ ͎͔͔͔͙ͭͪͦͫ͒͊ͫͭ͟;ͤͦͫͭ͜Σ ͔͔ͫͪ͒ Ύ͙͟ͻΥ m-͙͔͚ͪͭͪ͟͜Σ ˽͔͙͊ͪ͊ͣͭͪ;͙͚ͤ ͔ͭͫͭ 

˥ͦ͡Έ͒ͺ͔͡Έ͒͊ς˴ ͍͊ͤ͒ͭ͊Σ ͔͔͙ͤͨ͊ͪ͊ͣͭͪ;͙͚ͤ ͔ͭͫͭ ˥ͦ͡Έ͒ͺ͔͡Έ͒͊ς˴ ͍͊ͤ͒ͭ͊ ͭͦ΅ͦΦ ̒͟΅ͦ ͙ͨͪ ͔͔͍ͨͪͪ͜ͼ͜ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͎ͦ͒ͤͦͦ ͘ 
͍͙͊͊ͤ͘͟ͻ ͔͍ͭͫͭ͜ ͍͙Ύ͍͔ͤͦ͡ ͎͔͔͔͙ͭͪͦͫ͒͊ͫͭ͟;ͤͫͭ͜ΈΣ ͭͦ ͔ͤͦ͋ͻ͒ͤͦ͜ ͙ͯͫͯͤͯͭ ͼ͔ Ύ͍͙΅͔ ΄͡Ύͻͦͣ ͍ͭͪ͊ͤͫͨͦͤͯ͊ͤͤΎ ͨͦ;͍͊ͭͦͦ͟͝ 
͔ͣͦ͒͜͡Σ ͙ͭ͊ͣ͟ ;͙ͤͦͣΣ ΅ͦ͋ ͙͊͘͡΄͙͟ ͙ͣ͊͡ ͫͭ͊ͯ͡ ͙͔͒ͫͨͪͫ͜ΌΦ ̒͟΅ͦ Ύ͍͙΅͔ ͎͔͔͔͙ͭͪͦͫ͒͊ͫͭ͟;ͤͦͫͭ͜ ͔ͤ ͍͙Ύ͍͔ͤͦ͡Σ ͭͦ͒͜ ͔͔ͨͪͻͦ͒ΎͭΈ 
͒ͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͤ͊ ͍͔͊ͭͦͦͪ͟͡Ύͼ͜ΌΦ 

6. ˽͔͔͍͙͙ͪͪͭ͜ ͤ͊ ͍͔͊ͭͦͦͪ͟͡Ύͼ͜ΌΣ ΅ͦ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΊͭΈͫΎ ͔ͦͪ͟͡Ύͼ͚ͤͦ͜Ό ͔͊͗ͤͫͭ͘͜͡Ό ͣ͗͜ ͍͙͙ͨͦͫ͒ͦͤͣ͜͡ ͤ͊͘;͔ͤͤΎ͙ͣ 
͙͊͘͡΄͍͟͜ ͦ͒ͤ͜Ί͝ ͍͙͙͋ͪ͜͟ ͙͙ͣͤͦ͗ͤΣ ΅ͦ ͔͎ͫͨͦͫͭͪ͊͜ΌͭΈͫΎ ;͔͔ͪ͘ ͔͒Ύ͙͚͟ ͔ͨͪͦ͒͜ ;͊ͫͯΣ ͭ͊ Ύ͊͟ ͔ͣͦ͗ ͙͍͔͙ͨͪͫͭ͘ ͒ͦ ͣ͘͜΅͔ͤͤΎ 
ͦͼͤͦ͜͟ ͔͍ͨ͊ͪ͊ͣͭͪ͜ ͔ͣͦ͒͜͡Σ ͔ͤ͒ͦͼ͜͡Έͤͦͫͭ͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͙͙ͫͭ͊ͭͫͭ;͙ͤͻ ͙͔͍ͪͭͪ͟͜͝ ͒͡Ύ ͊ͤ͊ͯ͘͜͡ ͔ͣͦ͒͜͡Σ ͔͔ͤͺ͔͙͍ͭͤͦͫͭ͟͜ 
͎͍͎ͨͪͦͤͦͦ͊ͤͦͦ͘ ͤ͊͘;͔ͤͤΎ ͊͘ ͍ͨͦ͋ͯ͒ͦ͊ͤͦΌ ͔͔͙ͦͣͤͦͣͭͪ͟;ͤͦΌ ͔ͣͦ͒͡͡ΌΣ ͣͦ͗ͤ͊ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͔ͭͫͭͯ ˨͊ͪ͋ͤ͊͜-̂ͦͭͫͦͤ͊Σ 
͙͔ͪͭͪ͟͜Ό ͺͦͤ ˹͔͚ͣ͊ͤ͊Σ ͔ͤͼ͙͟͜͡;͎ͤͦͦ ͔ͦ͟ͺ͜ͼ͜Ίͤͭͯ ͔ͦͪ͟͡Ύͼ͜͝Φ ˨͡Ύ ͦͼͤ͜Ό͍͊ͤͤΎ ͔͍ͨ͊ͪ͊ͣͭͪ͜ ͔ͣͦ͒͜͡ ͘ ͍͔͊ͭͦͦͪ͟͡Έ͍͙͙ͦ͊ͤͣ 
͙͊͘͡΄͙͊ͣ͟ ͍͙͙͍ͦͪͫͭͦͯ͟ΌͭΈ ͔͙ͣͭͦ͒Υ ˩͚͔ͭͤ͊͟Σ ͔͔͍͔ͨͪͭͦͪͤͤΎ ͍͙ͻ͒ͤͦ͜͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ˴ͦ;͔ͪͤ͊-˻ͪ͊ͭͭ͊͟Σ ˨͊ͪ͋ͤ͊͜Φ ̒͟΅ͦ ͨͫ͜͡Ύ 
͔͔͍͙ͨͪͪ͜͟ ͊ͤ͊͘͘;͔͙͙ͤͣ ͙͔ͪͭͪ͟͜Ύ͙ͣ ͔ͤ ͍͙Ύ͍͔ͤͦ͡ Ύ͍͙΅͊ ͍͔͊ͭͦͦͪ͟͡Ύͼ͜͝Σ ͭͦ ͣͦ͗ͤ͊ ͔͔ͨͪͻ͙͙ͦ͒ͭ ͒ͦ ͙ͤ͊ͫͭͯͨͤͻ ͔͍ͭ͊ͨ͜ 
͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔͔͙ͦͤͦͣͭͪ͟;ͤͦ͝ ͔ͣͦ͒͜͡ 

7. ˭ ͚͙͙͒ͫͤͭ͜ ͭͦ;͍͙͚ͦ͟ ͭ͊ ͔͍ͤͭͪ͊͜͡Έ͙͚ͤ ͎͙ͨͪͦͤͦ͘Φ  
˾͎ͦ͘͡Ύ͔ͤͣͦ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͎͒͊ͤͦͦ ͎͙͊ͦͪͭͣͯ͡ ͤ͊ ͙ͨͪ͊͒͟͜͡ ͔ͦͤͪͭͤͦ͟͟͝ ͙ͨͪ͊͒ͤͦ͟͡͝ ͊͒͊͘;͜Φ  
˭͊͒͊;͊Φ ˽͍͙ͦ͋ͯ͒ͯ͊ͭ ͭ͊ ͙͙͒ͦͫ͒ͭ͜͡ ͔͔͙ͦͤͦͣͭͪ͟;ͤͯ ͔ͣͦ͒͡ΈΣ Ύ͊͟ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ί ͔͊͗ͤͫͭ͘͜͡Έ ͺ͍͎ͤ͊ͤͫͦͦͦ͜ ͔ͪͯ͘͡Έͭ͊ͭͯ 

͙ͨ͒ͨͪ͜Ί͍ͣͫͭ͊Σ Ύ͔͟ ͔ͪ͊ͯ͘͜͡Ί ͨͪͦ͒ͯ͟ͼ͜ΌΣ ΅ͦ ͔͙ͤ͊͗ͭ͡Έ ͒ͦ ͔͎͊ͭͦͪ͟͜͝ ͍ͨͪͦ͒ͦͦ͡Έ;͙ͻ ͍͍ͭͦ͊ͪ͜ YΣ ͍͒͜ ͍ͪͤ͜Ύ ͍͊ͪͭͦͫͭ͜ ;͙͙ͫͭͻ ͙͍͍͊ͭ͟͜ 
X1Σ ͍͎͊ͫͤͦͦ͡ ͊ͨͭ͊ͯ͟͜͡ X2Σ ͍͊ͨ͊ͫ͘͜ X3, ͎ ͍͙ͦͭ͜͟ X4 ͜  ͨͦͭͦ;͙ͤͻ ͍ͦ͋ͦ͘ΩΎ͊ͤ͘Έ X5. 

˿͙͙ͭ͊ͭͫͭ;ͤͯ ͤ͜ͺͦͪͣ͊ͼ͜ΌΣ ΅ͦ ͍͙͙͍͍ͦͪͫͭͦͯ͊͊ͫ͟͡Έ ͒͡Ύ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͨͦ͒͊ͤͦ ͯ ͙ͭ͊͋͡ͼ͜ 1. 
1. ˭͊ ͎͒ͦͨͦͣͦͦΌ ͎ͪ͊ͺ͜;͎ͤͦͦ ͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡Ύ ͙͙ͫͭ͊ͭͫͭ;͙ͤͻ ͙͒͊ͤͻ ͭ͊ ͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ό͒͡Ύ ͦͤͭͪͦ͟͡Ό Ύͦͫͭ͟͜ 

͔͒ͦͫ͒͗ͤͤ͜͡Ύύ ͤ͜͜͡͝ ͔ͭͪͤ͒ͯΣ ͍͙͙͋ͪ͊Ίͣͦ ͺͦͪͣͯ ͍ͪͤ͜ΎͤͤΎ ͙ͣͤͦ͗ͤͤͦ͝ ͔͎͔ͪͪͫ͜͝  
. 

ˤ͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͔ͦ͟ͺ͜ͼ͜Ίͤͭ ͍͊ͪ͊͜ͼ͜͝ Σ ͚͒ͫͤ͘͜ΌΊͣͦ ͍͒͋ͪ͜͜ ͺ͙͊ͭͦͪͤ͟ͻ ͙ͣͤͤ͘͜ͻΦ ˻͋;͙͙ͫͣͦ͡ . 

˻ͫ͟͜͡Έ͙͟ Σ ͭͦ ͍ͫ͜ ͣͤͤ͘͜͜ ͙͊͘͡΄͊ΌͭΈͫΎ ͒͡Ύ ͨͦ͒͊͡Έ΄͎ͦͦ ͊ͤ͊ͯ͘͜͡Φ 
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͙́͊͋͡ͼΎ м. 

˨͊ͭ͊ Y X1 X2 X3 X4 X5 

п ͍͔͔ͪͫͤΎ 44,3 1690,8 241,3 122,1 74,4 336 

п ͍͗ͦͭͤΎ 42,1 1730,2 241,3 123,5 142,6 784 

п ͙ͫͭͦͨ͊͒͊͡ 46,8 1940,1 241,3 124,4 37,2 168 

п ͎ͪͯ͒ͤΎ 38,9 1560,3 269,4 138,9 80,6 470,4 

р ͫ͜;ͤΎ 43,7 1640,1 269,1 136,4 161,2 694,4 

р ͡Ό͎ͭͦͦ 45,9 1640,8 269,1 132,1 31 201,6 

р ͔͔͋ͪͤ͘Ύ 48,4 1630,9 270,5 129,4 198,4 728 

р ͍ͭͤ͟͜Ύ 44,2 1610,2 270,9 111,5 173,6 739,2 

р ͍ͭͪ͊ͤΎ 49,7 1610,2 272,3 118,7 99,2 224 

р ;͔͍ͪͤΎ 48,1 1600,3 274,5 122,1 130,2 392 

р ͙ͨͤ͡Ύ 50,1 1440,5 274,5 124,5 49,6 257,6 

р ͔ͫͪͨͤΎ 50,7 1440,5 238,1 129,6 55,8 156,8 

р ͍͔͔ͪͫͤΎ 52,4 1430,2 236,2 144,4 62 336 

р ͍͗ͦͭͤΎ 48,9 1470,2 241,1 146,2 68,2 280 

р ͙ͫͭͦͨ͊͒͊͡ 56,3 1420,4 241,1 142,1 86,8 336 

р ͎ͪͯ͒ͤΎ 54,4 1420,1 249,7 136,5 117,8 392 

 
2. ˭͊ ͎͒ͦͨͦͣͦͦΌ ͎͙͊ͦͪͭͣͯ͡ ̅͊ͪͪ͊ͪ͊ ς ˥͔ͦ͋ͪ͊͡ ͚͒ͫͤ͘͜ΌΊͣͦ ͔͔͍ͨͪͪͯ͜͟ ͤ͊ ͣͯ͡Έ͙͔ͭͦͤ͊ͪͤͫͭ͟͜͜͡ΈΦ ˣ͊;͙ͣͦΣ ΅ͦ ͣ͗͜ 

͔͔͙ͦͤͦͣͭͪ͟;͙ͤͣ ͙ͨͦ͊ͤͦͣ͘͟͟ Y ͜ ͦ͗ͤͦ͟Ό ͺ͊ͭͦͪͤͦ͟Ό ͣͤͤͦ͘͜ΌΥ ͍ͪͤ͜Ύ ͍͊ͪͭͦͫͭ͜ ;͙͙ͫͭͻ ͙͍͍͊ͭ͟͜ X1Σ ͍͎͊ͫͤͦͦ͡ ͊ͨͭ͊ͯ͟͜͡  
X2Σ ͍͊ͨ͊ͫ͘͜ X3Σ ͎͍͙ͦͭ͜͟ X4 ͜ ͨͦͭͦ;͙ͤͻ ͍ͦ͋ͦ͘ΩΎ͊ͤ͘Έ X5 ͫͤͯ͜Ί ͚͙͚ͤͤ͜͜͡ ͍͘ϥΎͦ͘͟Φ ˭͍͙͒ͫ͜Σ ͍͍͔͒ͨͦ͒ͤ͜͜ ͍ͪͤ͜ΎͤͤΎ ͔͎͔ͪͪͫ͜͝ ͔ͤ͊͋ͯ͒ 
͍͙͎͡Ύ͒ͯΥ  

uXaXaXaXaXaaY ++++++= 55443322110 . 

˹͊ ͪͦ͟ͼ͜ о ͎͙͊ͦͪͭͣͯ͡ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͤ͊ ͣͯ͡Έ͙͔ͭͦͤ͊ͪͤͫͭ͟͜͜͡Έ ͤ͊͘ͻ͙ͦ͒ͣͦ ͤ͊͘;͔ͤͤΎ 2
c -͙͔ͪͭͪ͟͜ΌΣ Ύ͔͟ ͍͔ͪͤ͜ нфΣптΣ ͭ͊ 

͍ͨͦͪͤ͜ΌΊͣͦ ͙͔ͦͭͪͣ͊ͤ ͤ͊͘;͔ͤͤΎ  ͘ ͙ͭ͊͋͡;͙ͤͣ 2

tablc  ͙ͨͪ 
1

( 1)
2

m m-  ͔͔ͫͭͨͤΎͻ ͍͜͡Έͤͦͫͭ͜ ͜ ͊͒͊ͤͦͣͯ͘ ͍ͪͤ͜͜ ͤ͊͘;ͯ΅ͦͫͭ͜ a: 

2

tablc  Ґ муΣоΦ ˻ͫ͟͜͡Έ͙͟2 2

tablc c> Σ ͭͦ ͍͙͒ͣͭͣͦ͜͜Σ ΅ͦ ͯ ͙͍ͣ͊ͫ͜ ͺ͙͊ͭͦͪͤ͟ͻ ͙ͣͤͤ͘͜ͻ ͫͤͯ͜Ί ͣͯ͡Έ͙͔ͭͦͤ͊ͪͤͦͫͭ͟͜͜͡ ͨͦ ͫͯͯͨͤͦͫͭ͟͜ 

͙͒͊ͤͻΦ  
˹͊ ͪͦ͟ͼ͜ р ͎͙͊ͦͪͭͣͯ͡ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͤ͊ ͣͯ͡Έ͙͔ͭͦͤ͊ͪͤͫͭ͟͜͜͡Έ ͪͦͪ͊͘ͻ͍ͦͯΊͣͦ F -͙͔ͪͭͪ͟͜͝Φ ˻͙ͭͪͣ͊ΊͣͦΥ 

 

 0,4 

 0,3 

kF =  0,6 

 3,5 

 3,2 

˨͊͜͡ ͙ͦͭͪͣ͊ͤͤΎ ͤ͊͘;͔ͤͤΎ kF  ͨ ͍ͦͪͤ͜ΌΊͣͦ ͘ ͙ͭ͊͋͡;͙ͤͣ tablF  ͨ ͙ͪ ( )n m-  ͭ ͊ ( 1)m-  ͫ ͔͔ͭͨͤΎͻ ͍͜͡Έͤͦͫͭ͜ ͜ ͊͒͊ͤͦͣͯ͘ 

͍ͪͤ͜͜ ͤ͊͘;ͯ΅ͦͫͭ͜ a: 
tabl 5,94F = Φ ˻ͫ͟͜͡Έ͙͟ 

tablkF F< Σ ͭͦ ͔ͣͦ͗ͣͦ ͙͙ͪͦ͋ͭ͘ ͍͙͍ͫͤͦͦ͟Σ ΅ͦ ͔ͤ ͫͤͯ͜Ί ͔͊͗ͤͦͫͭ͘͜͡ ͦ͗ͤͦ͟͝ 

ͺ͊ͭͦͪͤͦ͟͝ ͣͤͤͦ͘͜͝ ͍͒͜ ͫͯͯͨͤͦͫͭ͟͜ ͤ͜΄͙ͻ ͙ͣͤͤ͘͜ͻΦ 
˹͊ ͪͦ͟ͼ͜ т ͎͙͊ͦͪͭͣͯ͡ ͪͦͪ͊͘ͻ͍ͦͯΊͣͦ t -͙͔͚ͪͭͪ͟͜Φ ˻͙ͭͪͣ͊ΊͣͦΥ 

 

   0,44 2,22 0,95 1,07 

 0,44   1,15 0,71 0,27 

t = 2,22 1,15   0,96 0,84 

 0,95 0,71 0,96   6,52 

 1,07 0,27 0,84 6,52   

 

˽͍ͦͪͤ͜ΌΊͣͦ ͙ͦͭͪͣ͊ͤ͜ ͤ͊͘;͔ͤͤΎ k jt  ͘ ͙ͭ͊͋͡;͙͙ͤͣ tablt  ͙ͨͪ ( )n m-  ͔͔ͫͭͨͤΎͻ ͍͜͡Έͤͦͫͭ͜ ͭ͊ ͊͒͊ͤͦͣͯ͘ ͍ͪͤ͜͜ 

ͤ͊͘;ͯ΅ͦͫͭ͜ a: tablt  = 2,2Φ ˻ͫ͟͜͡Έ͙͟ 43 tablt t> Σ ͭͦ ͣ͗͜ ͍͍͙͙͒ͨͦ͒ͤͣ͜͜ ͙ͨ͊ͪ͊ͣ ͔͔͙ͤ͊͗ͤ͘͡ͻ ͙ͣͤͤ͘͜ͻ X3, X4 ͫͤͯ͜Ί 

ͣͯ͡Έ͙͔ͭͦͤ͊ͪͤͫͭ͟͜͜͡ΈΦ ́ͦͣͯ ͨ͊ͪͯ ͔͔͙ͤ͊͗ͤ͘͡ͻ ͙ͣͤͤ͘͜ͻ X3, X4  ͍ ͙͟͡Ό;͊Ίͣͦ ͘ ͎ͪͦ͘͡Ύ͒ͯ ͺ͍͊ͭͦͪ͟͜ ͒͡Ύ ͍͙ͨͦ͋ͯ͒ͦ ͔ͣͦ͒͜͡Φ 
˭͚͔ͤ͊͒ͣͦ ͦͼ͙ͤ͜͟ ͔͍ͨ͊ͪ͊ͣͭͪ͜ ͔ͣͭͦ͒ͦͣ ͚͔ͤ͊ͣͤ΄͙ͻ ͍͍͊͒ͪ͊ͭ͟͜ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͔ͨ͊ͭͯ͟ ͊ͤ͊ͯ͘͜͡Φ ˻͙ͭͪͣ͊ΊͣͦΥ 

Y = 92,1 ς 0,02X1 ς 0,06X2 ς 0,01X5Φ ˽ͪͦ͊ͤ͊ͯ͘͜͡Ίͣͦ ͤ͊͘;͔ͤͤΎ ͦͼͤͦ͜͟ ͔͍ͨ͊ͪ͊ͣͭͪ͜ ͔͎͔͚͎ͪͪͫͤͦͦ͜ ͍ͪͤ͜ΎͤͤΎΦ ˻ͫ͟͜͡Έ͙͟ ͤ͊͘;͔ͤͤΎ 

0a Ί ͒ͦ͒͊ͭͤͦΌ ͍͔͙͡;͙ͤͦΌΣ ͭͦ ͔ͪͯ͘͡Έͭ͊ͭ ͣͤ͘͜ΌΊͭΈͫΎ ͍ͨͦ͜͡Έͤ͜΄͔ ͤ͗͜ ͺ͙͊ͭͦͪ͟Φ ́ͦ͋ͭͦ ͎͊͊͘͡Έ͙͚ͤ ͺ͍͙͚ͤ͊ͤͫͦ͜ ͔ͪͯ͘͡Έͭ͊ͭ 

͙ͨ͒ͨͪ͜Ί͍ͣͫͭ͊ ͣͤ͘͜ΌΊͭΈͫΎ ͤ͗͜ ͍͔ͪͤ͜Έ ͍͊ͪͭͦͫͭ͜ ;͙͙ͫͭͻ ͙͍͍͊ͭ͟͜ ͭ͊ ͍͎͊ͫͤͦͦ͡ ͊ͨͭ͊ͯ͟͜͡Φ ˽͔͊ͪ͊ͣͭͪ 1a  ͔͒ͣͦͤͫͭͪͯΊΣ ΅ͦ ͎͊͊͘͡Έ͙͚ͤ 

ͺ͍͙͚ͤ͊ͤͫͦ͜ ͔ͪͯ͘͡Έͭ͊ͭ ͙ͨ͒ͨͪ͜Ί͍ͣͫͭ͊ ͙ͣͤͭ͘͜ΈͫΎ ͤ͊ лΣлнΣ Ύ͟΅ͦ ͍͔ͪͤ͜Έ ͍͊ͪͭͦͫͭ͜ ;͙͙ͫͭͻ ͙͍͍͊ͭ͟͜ όX1ύ ͋͘͜͡Έ΄͙ͭΈͫΎ ό͔ͣͤ͘΄͙ͭΈͫΎύ 

2
c
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ͤ͊ ͙͙ͦ͒ͤͼΌΦ ˽͔͊ͪ͊ͣͭͪ 2a  ͔͒ͣͦͤͫͭͪͯΊΣ ΅ͦ ͺ͍͙͚ͤ͊ͤͫͦ͜ ͔ͪͯ͘͡Έͭ͊ͭ ͙ͨ͒ͨͪ͜Ί͍ͣͫͭ͊ ͙ͣͤͭ͘͜ΈͫΎ ͤ͊ лΣлсΣ Ύ͟΅ͦ ͍͙͚͊ͫͤ͡ ͊ͨͭ͊͟͜͡ 

(X2ύ ͋͘͜͡Έ΄͙ͭΈͫΎ ό͔ͣͤ͘΄͊ͭΈͫΎύ ͤ͊ ͙͙ͦ͒ͤͼΌΦ ˽͔͊ͪ͊ͣͭͪ 3a  ͔͒ͣͦͤͫͭͪͯΊΣ ΅ͦ ͺ͍͙͚ͤ͊ͤͫͦ͜ ͔ͪͯ͘͡Έͭ͊ͭ ͙ͨ͒ͨͪ͜Ί͍ͣͫͭ͊ ͙ͣͤͭ͘͜ΈͫΎ 

ͤ͊ лΣлмΣ Ύ͟΅ͦ ͨͦͭͦ;ͤ͜ ͍ͦ͋ͦ͘ΩΎ͊ͤͤ͘Ύ όX5ύ ͋͘͜͡Έ΄͙ͭΈͫΎ ό͔ͣͤ͘΄͊ͭΈͫΎύ ͤ͊ ͙͙ͦ͒ͤͼΌΦ 
3. ˭͊ ͎͒ͦͨͦͣͦͦΌ ͺͦͪͣͯ͡ ͚͙͒ͫͤͣͦ͘͜ ͪͦͪ͊͘ͻͯͤͦ͟ ͔ͦ͟ͺ͜ͼ͜Ίͤͭͯ ͔͔͒ͭͪͣͤ͊͜ͼ͜͝Σ Ύ͙͚͟ ͍͒ͦͪͤ͜ΌΊ лΣрмΦ ˨͊͜͡ ͔͔͍ͨͪͪ͜ΎΊͣͦ 

͔ͣͦ͒͡Έ Y = 92,1 ς 0,02X1 ς 0,06X2 ς 0,01X5 ͤ͊ ͔͍͊͒͊ͭͤͫͭ͟͜Έ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͔͔ͫͪ͒ͤΈ͎ͦͦ ͤ͊͘;͔ͤͤΎ ͍͒ͤͦͫͤͦ͜͝ ͨͦͻ͙͙͋͟ 
͙͊ͨͪͦͫͣ͊͟ͼ͜͝Σ Ύ͔͟ ͍͒ͦͪͤ͜ΌΊ р҈Φ ˻ͫ͟͜͡Έ͙͟ ͔͔ͫͪ͒ͤΊ ͤ͊͘;͔ͤͤΎ ͍͒ͤͦͫͤͦ͜͝ ͨͦͻ͙͙͋͟ ͙͊ͨͪͦͫͣ͊͟ͼ͜͝ ͔ͤ ͔͔͍͙ͨͪ΅ͯΊ мл҈Σ ͭͦ ͔ͣͦ͗ͣͦ 
͙͙ͪͦ͋ͭ͘ ͍͙͍ͫͤͦͦ͟Σ ΅ͦ ͍ͨͦ͋ͯ͒ͦ͊ͤ͊ ͔ͣͦ͒͡Έ Ί ͍͒͊ͦ͡ ͨ͒͋ͪ͊ͤͦ͜͜ΌΦ 

4. ˽ ͔͔͍͙ͪͪͣͦ͜ ͨ ͍ͦ͋ͯ͒ͦ͊ͤͯ ͔ͣͦ͒͡Έ ͤ͊ ͤ͊Ύ͍ͤͫͭ͜Έ ͎͔͔͔͙ͭͪͦͫ͒͊ͫͭ͟;ͤͦͫͭ͜ ͊͘ ͎͒ͦͨͦͣͦͦΌ m-͙͔ͪͭͪ͟͜ΌΦ ˽ͫ͜͡Ύ ͍͔͔ͨͪͦ͒ͤͤΎ 

͙͙ͤ͘͟ ͪͦͪ͊͘ͻ͍ͯͤ͟͜ ͙ͦͭͪͣ͊ΊͣͦΥ 4,79m= Φ ˭͚͔ͤ͊͒ͣͦ 2

tabl 0,35c = Φ ˻ͫ͟͜͡Έ͙͟ 
2

tablm c> Σ ͭͦ ͙ͨͪ ͊͒͊ͤͦͣͯ͘ ͍ͪͤ͜͜ ͤ͊͘;ͯ΅ͦͫͭ͜ 

лΣфр ͭ͊ о ͔ͫͭͯͨͤΎͻ ͍͜͡Έͤͦͫͭ͜ ͍͔ͨ͒ͭͪ͒͗ͯ͜Ίͣͦ ͎͔ͨͦͭͯ͘͜ ͨͪͦ ͤ͊Ύ͍ͤͫͭ͜Έ ͎͔͔͔͙ͭͪͦͫ͒͊ͫͭ͟;ͤͦͫͭ͜Φ ˻͔ͭ͗Σ ͔ͣͦ͗ͣͦ ͍͔͍͙ͫͭͪ͒͗ͯ͊ͭΣ ΅ͦ 
͍ ͚͒͊ͤ͜ ͔ͣͦ͒͜͡ ͫͤͯ͜Ί ͔͍ͤͪ͊ͻ͍͙͚ͦ͊ͤ ͫͯͭͭΊ͍͙͚ ͺ͊ͭͦͪ͟Σ Ύ͙͚͟ ͍͙͍ͨ͊͡Ί ͤ͊ ͺ͍͙͚ͤ͊ͤͫͦ͜ ͔ͪͯ͘͡Έͭ͊ͭ ͙ͨ͒ͨͪ͜Ί͍ͣͫͭ͊ ͜ ͔ͤ ͔ͣͦ͗ ͙͋ͯͭ 
͔͙͚ͯͫͯͤͤ ͊͘ ͪ͊ͻͯͤͦ͟ ͍͜͡Έ͎ͤͦͦ ;͔ͤͯ͡ ͔ͣͦ͒͜͡Φ ˻ͫ͟͜͡Έ͙͟ ͨͦͪͯ΄ͯΊͭΈͫΎ ͎͒ͪͯ͊ ͍ͯͣͦ͊ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ˸˹˴Σ ͭͦͣͯ ͒ͦͼ͜͡Έͤͦ ΄͙ͯ͊ͭ͟ 
ͤ͜΄͙͚ ͔ͣͭͦ͒ ͒͡Ύ ͍͙ͨͦ͋ͯ͒ͦ ͎͋͊͊ͭͦͺ͊ͭͦͪͤͦ͟͝ ͚ͤͤͦ͜͜͡͝ ͔ͣͦ͒͜͡Φ 

˽͍͔͔ͪͦ͒ͣͦ ͊ͤ͊͘͜͡ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͔͙ͨ͊ͪ͊ͣͭͪ;͎ͤͦͦ ͔ͭͫͭͯ ˥ͦ͡Έ͒ͺ͔͡Έ͒͊-˴͍͊ͤ͒ͭ͊ ͤ͊ ͍͙Ύ͍͔ͤͤ͡Ύ ͺ͊ͭͦͪͤͦ͟͝ ͣͤͤͦ͘͜͝Σ Ύ͊͟ 
͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ ͙ͫͨͪ;͙ͤΎΊ ͎͔͔͔͙ͭͪͦͫ͒͊ͫͭ͟;ͤͫͭ͜Έ ͙͊͘͡΄͍͟͜Φ ˽ͫ͜͡Ύ ͍͔͔ͨͪͦ͒ͤͤΎ ͙͙ͤ͘͟ ͪͦͪ͊͘ͻ͍ͯͤ͟͜ ͙ͭ͊ͣ͟ ͺ͊ͭͦͪͦͣ͟ 
͍͙Ύ͍͙͙ͫ͡ΈΥ ͎͍ͦͭ͊͜͟ X4 Σ Ύͯ͟ ͙ͣ ͍͙͟͡Ό;͙͙͡ ͘ ͔͔ͨͪͯ͜͟͡ ͺ͍͊ͭͦͪ͟͜Σ ͦͫ͟͜͡Έ͙͟ ͒͊ͤ͊ ͺ͊ͭͦͪͤ͟͜ ͣͤͤ͊͘͜Σ ΅͔ ͚ ͙ͫͨͪ;͙ͤΎΊ 
ͣͯ͡Έ͙͔ͭͦͤ͊ͪͤͫͭ͟͜͜͡ΈΦ 

5. ˽͔͔͍͙ͪͪͣͦ͜ ͍ͨͦ͋ͯ͒ͦ͊ͤͯ ͔͔͙ͦͤͦͣͭͪ͟;ͤͯ ͔ͣͦ͒͡Έ ͤ͊ ͤ͊Ύ͍ͤͫͭ͜Έ ͍͔͊ͭͦͦͪ͟͡Ύͼ͜͝ ͙͊͘͡΄͍͟͜ ͊͘ ͙͔ͪͭͪ͟͜Ίͣ ˨͊ͪ͋ͤ͊͜-

̂ͦͭͫͦͤ͊Φ ˻͋;͙ͫ͡ΌΊͣͦ ͤ͊͘;͔ͤͤΎ d-͙͙͙ͫͭ͊ͭͫͭ͟Φ ˻͙ͭͪͣ͊Ίͣͦ .,DWd 72==  ̒͟ ͋͊;͙ͣͦ ͘͜ ͙ͦͤ͘ ͍͔͊ͭͦͦͪ͟͡Ύͼ͚͎ͤͦͦ͜ ͍͘ΩΎͯ͘͟ 

͊͘ ͙͔ͪͭͪ͟͜Ίͣ ˨͊ͪ͋ͤ͊͜-̂ͦͭͫͦͤ͊ ͣ͊Ίͣͦ ͍͙͚ͫͯͣͤͤ͜ ͍͙ͨ͊͒ͦ͟ όDWͨͦͭͪ͊ͨ͡ΎΊ ͍ ͦͤͯ͘ ͔͍͙ͤͤ͊͘;͔ͤͦͫͭ͜ύΦ ́ͦͣͯ ͔ͤ ͔ͣͦ͗ͣͦ 

͙͙ͪͦ͋ͭ͘ ͍͙͍ͫͤͦͦ͟ ͤ͜ ͨͪͦ ͤ͊Ύ͍ͤͫͭ͜ΈΣ ͤ͜ ͨͪͦ ͍͒ͫͯͭͤͫͭ͜͜Έ ͍͔͊ͭͦͦͪ͟͡Ύͼ͜͝Φ ˻͔ͭ͗Σ ͔͔͍͙ͨͪͪͣͦ͜ ͔ͪͯ͘͡Έͭ͊ͭ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͙͔ͪͭͪ͟͜Ό 

ͺͦͤ ˹͔͚ͣ͊ͤ͊Φ ˤ͒͜ΩΊ͔ͣͤ ͤ͊͘;͔ͤͤΎ ͔ͦ͟ͺ͜ͼ͜Ίͤͭͯ 4100 ,r -= ͍ͫ͒͜;͙ͭΈ ͨͪͦ ͍͒͜ΩΊͣͤͯ ͔ͦͪ͟͡Ύͼ͜Ό ͙͊͘͡΄͍͟͜Φ ˨͊͜͡ ͦͼ͙ͤͣͦ͜ 

͔͙ͨ͊ͪ͊ͣͭͪ ͔ͣͦ͒͜͡ ͊͘ ͎ͯ͊͊͘͡Έ͔͙ͤͤͣ ˸˹˴Φ ˽ͫ͜͡Ύ ͍͔͔͙ͨͪͦ͒ͤͻ ͪͦͪ͊͘ͻ͍ͯͤ͟͜ ͔ͣͦ͒͡Έ ͔͋ͯ͒ ͙ͣ͊ͭ ͍͙͎͡Ύ͒Υ  
Y = 97,67 ς 0,01 ϊ X1 ς 0,12 ϊ X2 ς 0,03 ϊ X3. 

ˤ͙͍͙ͫͤͦ͟Φ ˤ͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͍͙͔ͪͦͤͤͯ͘ ͎͊͊͘͡Έͤͯ ͫͻ͔ͣͯ ͍͙ͨͦ͋ͯ͒ͦ ͭ͊ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔͔͙ͦͤͦͣͭͪ͟;͙ͤͻ ͔͔͚ͣͦ͒͡ 
͙ͣͤͦ͗ͤͤͦ͝ ͔͎͔ͪͪͫ͜͝Σ ͋ͯͦ͡ ͍͍͔ͫͭ͊ͤͦͤͦ͡Σ ΅ͦ ͔͊͗ͤͫͭ͘͜͡Έ ͣ͗͜ ͍͍͙͙͒ͨͦ͒ͤͣ͜͜ ͔ͦͤͦͣ͟͜;͙͙ͤͣ ͔͙ͨ͊ͪ͊ͣͭͪ͊ͣ ͍͔͔ͤ͊͒ͤͦ͝ ͍͙΅͔ 
͊͒͊͘;͜ Ί ͚ͤͤͦ͜͜͡ΌΣ ͙ͨͪ;ͦͣͯ ͒͊ͤ͊ ͔ͣͦ͒͡Έ Ί ͔͍͊͒͊ͭͤͦ͟Ό ͭ͊ ͙͙ͫͭ͊ͭͫͭ;ͤͦ ͤ͊͘;ͯ΅ͦΌΦ ˻ͪͣ͟͜ ͎ͭͦͦΣ ͋ͯͦ͡ ͨͪͦ͜͡Ό͍ͫͭͪͦ͊ͤͦΣ ΅ͦ 
͍͙͚͊ͨͪͦͨͦͤͦ͊ͤ͘ ͎͙͊ͦͪͭͣ͡ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔͔͙ͦͤͦͣͭͪ͟;͙ͤͻ ͔͔͚ͣͦ͒͡ ͙ͣͤͦ͗ͤͤͦ͝ ͔͎͔ͪͪͫ͜͝ Ί ͙͍͙ͦͤͫͭͪͯͭͤͣ͟͟ ͭ͊ ͪͯ͘;͙ͤͣ ͯ 
͍͙͙ͦͪͫͭ͊ͤͤ͟͜Φ 

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 

1. ˬ͔͋͊͟ ʕ Φ ʕ Φ ˴ͯͪͫ ͔͟͡ͼ͚͜ ͘ ͔͔ͦͤͦͣͭͪ͟͜͝Υ ˹͍͊;Φ ͨͦͫ͋͜Φ ͒͡Ύ ͫͭͯ͒Φ ͍͙΅Φ ͍ͤ͊;Φ ͊͘͟͡Φ κ ˤΦ ʕ Φ ˬ ͔͋͊͟Σ ˱Φ ˱ Φ ̑ ͙ͪͭͤΣ ˻Φ ˻ Φ ̑ ͤΈ͍ͦ͊͟Φ ς 
˴ΦΥ ́ͪ͊ͤͫͨͦͪͭ ͙̂ͪ͊ͤ͟͝Σ нллтΦ ς моу ͫΦ 

2. ˴ͦͪͦ͡Έ͍ͦ ˻Φ ˢΦ ˽͙ͪ͊ͭͯͣ͟͟ ͘ ͔͔ͦͤͦͣͭͪ͟͜͝Φ ͙̉͊ͫͭͤ͊ мΦ ˾͔͎͔͚͙͚ͪͫͤ͜ ͊ͤ͊͘͜͡Υ ͍ͤ͊;Φ ͙ͨͦͫ͋ͤ͜͟Φ κ ˻Φ ˢΦ ˴ͦͪͦ͡Έ͍ͦΣ 
ˤΦ ʕ Φ ˾ Ύ͊ͤ͘ͼ͔͍͊Φ ς ˴ ͙͍͝Υ ͍͙͒-͍ͦ ͍̐ͪͦͨΦͯͤ-ͭͯΣ нллнΦ ς нрл ͫΦ 

3. ˶͔΅͙ͤͫΈ͙͚͟ ˻ Φ ˶ Φ ˩͔ͦͤͦͣͭͪ͟͜Ύ κ˻Φ ˶ Φ ˶ ͔΅͙ͤͫΈ͙͚͟Σ ˤΦ ʕ Φ ˾ Ύ͊ͤ͘ͼ͔͍͊Σ ˻Φ ˻ Φ ̑ ͤΈ͍ͦ͊͟Φ ς ˴ ΦΥ ˸ˢ̂˽Σ нллоΦ ς нлу ͫΦ 
4. ˶͎ͯͤͤ͜͜ ˻ Φ ̐ Φ ˩͔͙ͦͤͦͣͭͪ͊͟͟Υ ͍ͤ͊;͊͡Έ͙͚ͤ ͙ͨͦͫ͋ͤ͜͟ κ ˻Φ ̐ Φ ˶ ͎ͯͤͤ͜͜ ώͭ͊ ͤ͜ΦϐΦ ς ̆ ͔ͪͫͦͤΥ ˻˶˨˱-ͨ͡ΌͫΣ нлмпΦ ς омф ͫΦ 
5. ˹͔͊ͦͤ͟;͙͚ͤ ˿ Φ ˱ Φ ˩͔ͦͤͦͣͭͪ͟͜ΎΥ ˽͒ͪͯ͜;͙ͤ͟Φ κ ˿Φ ˱ Φ ˹ ͔͊ͦͤ͟;͙͚ͤΣ ́Φ ˻ Φ ́ ͔͔ͪ΅͔ͤͦ͟Σ ́Φ ˽ Φ ˾ ͦͣ͊ͤΌ͟Φ ς ˴ ΦΥ ˴˹˩̂Σ нлллΦ ς нфс ͫΦ 
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ECONOMIC-MATHEMATICAL MODELING IS A PROMISING AREA OF APPLIED MATHEMATICS  
˻Φ Glushak, S. Semenyaka 

Boris Grinchenko Kyiv University, Ukraine 
Abstract. In this paper, the need to use mathematical modeling in the study of economic processes and the relevance of 

studying the relevant academic disciplines is disclosed. A constructive scheme for constructing and investigating the econometric 
model of multiple regression is formulated and justified. Demonstrate basic stages of construction and study multiple regression 
model, collection and preliminary processing of statistical data-sheet model parameterization models, check for multicollinearity 

using step-Hlobera Farrar algorithm, which uses three types of statistical criteria (,2c F-criterion and t-test) adequacy using 

correlation coefficients, determination and the mean relative error., heteroskedasticity using m-kryteriy, parametric test 

Holdfelda-Kvandta, nonparametric test Holdfelda-Kvandta, using autocorrelation Durbin-Watson test, criterion of von Neumann, 
non-cyclic correlation coefficient and determination and point interval forecasts. Using the example of a specific task, the 
effectiveness of scheme for investigating the econometric model of multiple regression implementation is illustrated. 

Key words: economic-mathematical modeling, econometric model, multiple regression, multicollinearity, 
heteroskedasticity, autocorrelation.  
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͍͙͊͒͊͟͡ΊΦ ̇Ό ͔͗ ͔ͭͯ͘ ͍͔ͨ͒ͭͪ͒͗ͯ͜ΌͭΈ ͙͙͒ͦͫ͒ͤ͜͟͡Σ ͍͊ͯ͊͗ͯ͘Ό;͙Σ ΅ͦ ͙͍ͣͦ͗ͫͭ͜͡Έ ͨͪ͊ͼΌ͍͙͊ͭ ͯ ͋͜͡Έ΄ͦͫͭ͜ ͎͔͚͊ͯ͘͡ ͔ͣͦ͗ 
͔͍͙ͪ͊ͯ͊ͭͫ͘͜͡Ύ ͊͘ ͤ͊Ύ͍ͤͦͫͭ͜ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͯΎ͍͔ͤ͡Έ ͭ͊ ͍͙ͤ͊;ͦ͟ ͙ͪͦ͋ͦͭ ͯ ͔͔ͣͪ͗͜ ώмоΣ ͫΦсϐΦ ̋ͦ ͫͭͦͫͯΊͭΈͫΎ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ 
ͤ͊ͨͪΎͣͯ͟ ͼ͜Ί͝ ͔͙ͨͪͦ͋ͣ͡Σ ͭͦ ͨͦͤΎͭͭΎ ζͤ͜ͺ͙ͦͪͣ͊ͭ;ͤ͜ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ηΣ ζ͍ͤͤͦ͊͜ͼ͚ͤ͊͜ ͒͜Ύ͡Έͤͫͭ͜ΈηΣ ζͫͯ;͙͚͊ͫͤ ͯ;͙͔ͭ͡Έη 
ͦͫͭ͊ͤͤͣ͜ ;͊ͫͦͣ ͍͙͍͗͊ΌͭΈͫΎ ͪ͊ͦͣ͘ ͘ ͯͣͤͤ͜Ύ͙ͣ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͔͍͙ͫͪͫ͜ ͎ͦ͋͊͡͡Έͤͦ͝ ͔͔ͣͪ͗͜Σ ͍ͫͭͦͪΌ͍͙͊ͭ ͭ͊ ͍ͤ͊ͨͦͤΌ͍͙͊ͭ 
͔ͦͤͭͤͭ͟ ͎͋ͦͯ͡Σ ͚ͫ͊ͭͯ ͭͦ΅ͦΦ ́ͦͣͯ ͍ͤ͊;͊ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭ ͍͔ͫͭͦͪͤͤΌΣ ͍͔ͤ͊ͨͦͤͤͤΌ ͭ͊ ͙ͨ͒ͭͪͣ͜ͼ͜ 
͚͍ͫ͊ͭ͜ Ί ͊ͭͯ͊͟͡Έ͙ͤͣ ͙ͨͭ͊ͤͤΎͣ ͤ͊ ͙͚͒͊ͤ ;͊ͫΦ ˽͙ͪ ͼΈͦͣͯ ͼ͔ ͫͭͦͫͯΊͭΈͫΎ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͍ͫ͜ͻ ΄͟͜͡Έ͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Σ ͊ 
͙͍ͦͫͦ͋ͦ͡ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟Φ  

ˤ͔͗ ͍͙͘;͙ͤͣ Ί ͚ͭͦ ͺ͊ͭ͟Σ ΅ͦ ͔ͦ͗ͤ͟ ͍;͙͔ͭ͡Έ ͍͙͔ͨͦͤͤ ͙ͣ͊ͭ ͍͙͚͊ͫͤ͡ ͎͋ͦ͡Σ ͙͙͚ͦͫͦ͋ͫͭ ͚ͫ͊ͭΣ ͔͒ ͍ͤ͜ ͨͪͦͨͦͤͯΊ ͔͙ͣͭͦ͒;ͤ͜ 
͔͙ͣ͊ͭͪ͊͜͡ ͒͡Ύ ͯ;͍ͤ͜Σ ͔͎ͦ͟͡ ;͙ ͤ͜ͺͦͪͣ͊ͼ͚ͤ͜͜ ͍͔ͨͦ͒ͦͣͤͤ͜͡Ύ ͒͡Ύ ͋͊ͭΈ͍͟͜Φ ́͊͟Σ ͙ͨͪ ͍͔͔ͨͪͦ͒ͤͤ͜ ͦͤͯͪͫͯ͟͟ ζ̂;͙͔ͭ͡Έ ͪͦͯ͟ нлмтη 
͔ͤͦ͋ͻ͒ͤͦ͜ ͋ͯͦ͡ ͔͍͙͙ͨͪ͒ͫͭ͊ͭ ͍͙͚͊ͫͤ͡ ͍͔͋-͔ͪ ͫͯͪͫΦ ˭ ͎ͦ͡Ύ͒ͯ ͤ͊ ͼ͔ ͍͙͍͙͊͗ͣ͡ Ί ͍ͤ͊;͙͙ͭ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͍͙ͨͪ͊͡Έͤͦͣͯ 
ͺ͍ͦͪͣ͊ͭͯ͊ͤͤΌ ͭ͊ ͍͔ͤ͊ͨͦͤͤͤΌ ͚͍ͫ͊ͭ͜Φ ˻͍ͫͭͤ͜͜ ͍͔͋-͔͙ͪͫͯͪͫ ͣͦ͗ͯͭΈ ͍ͫͭͦͪΌ͍͙͊ͭͫΎ ͔͎͎͙ͨ͒͊ͦ͊ͣ ͜ ͨͪͦͺ͔ͫͦͤ͊͜͡Έ͙͙ͤͣ ͍͔͋-
͙͙ͪͦͪͦ͋ͤ͊ͣ͘͟Φ ̂ ͔ͨͪ΄ͦͣͯ ͍͙ͨ͊͒ͯ͟ ͙ͨͪ Ύͫͤͦͣͯ͟͜ ͔͙ͣͭͦ͒;ͤͦͣͯ ͍͔ͤ͊ͨͦͤͤͤ͜ ͭ͊ ͙͙ͦͪͫͤ͟ͻ ͔ͣ͊ͭͪ͊͊͜͡ͻ ͙͍ͣͦ͗͊͡ ͙ͤ͘Έ͊͟ Ύͫͭ͟͜Έ 
ͺͯͤ͟ͼͦͤ͊͜͡Έ͎ͤͦͦ ͍͔ͤ͊ͨͦͤͤͤΎΦ ̂ ͤ͜΄͚͜ ͙ͫͭͯ͊ͼ͜͝ ͔ͣͦ͗ ͔͎͙ͫͨͦͫͭͪ͊ͭͫ͜Ύ ͙ͤ͘Έ͊͟ Ύͫͭ͟͜Έ ͔͎͎ͨ͒͊ͦ͜;͎ͤͦͦ ͍ͪͤ͜ΎΣ ͊ ͔ͫ͊ͣΣ ͔ͤ 
͙ͨͪ͒͜͡ΎΊͭΈͫΎ ͍͎ͯ͊͊ ͔͙ͣͭͦ͒ͼ͜ ͍ͤ͊;͊ͤͤΎ ͔͔ͨͪ͒ͣͭͯΣ ͔͎͎ͨ͒͊ͦ͜;͙ͤͣ ͍͙͎ͣͦ͊ͣ ͭ͊ ͼ͜͡Ύͣ ͍ͤ͊;͊ͤͤΎ ώмпΣ ͫΦппϐΦ ́ͦͣͯ ͊ͭͯ͊͟͡Έ͙ͤͣ Ί 
͍ͤ͊;͙͙ͭ ͔ͫ͊ͣ ͔͍ͫͭͯ͒ͤͭ͜ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭ ͍ͦͫͤͦ͊ͣ ͍͙ͣͦ I¢a[ ͭ͊ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ό ͙ͭ͊͋͡ͼΈ ͙͊ͫ͊͒ͤ͟͟ͻ ͙͍ͫͭ͜͡ /{{Φ ˱ 
ͫ͒͜͡ ͍͙͙͊ͯ͊͗ͭ͘Σ ΅ͦ Ύ͟ ͜ ͙ͨͪ ͍͔ͫͭͦͪͤͤ͜ ͍͔͋-ͫͭͦͪͤͦ͜͟Σ ͭ͊͟ ͜ ͙ͨͪ ͔͎͍ͪ͒͊ͯ͊ͤͤ͜ ͍͔͗ ͎͍͙ͦͭͦͻ ΄͍͊͋ͦͤ͜͡ ͍ ͙ͭͻ ͔ͪͫͯͪͫ͊ͻΣ Ύ͟͜ ͤ͊͒͊ΌͭΈ 
͙͍ͣͦ͗ͫͭ͜͡Έ ͔͎͍͙ͪ͒͊ͯ͊ͭ ͦ͒͟ ͙ͫͭͦͪͤ͜͟Σ ͊ͭͯ͊͟͡Έ͙ͤͣ Ί ͎ͦ͜͡;͔ͤ ͺ͍ͦͪͣ͊ͭͯ͊ͤͤΎ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͍͋ͦ͟͜͡Φ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˢͤ͊͘͜͡ ͔͒ͦͫ͒͗ͤ͜͡Έ ͘ ͒͊ͤͦ͝ ͔͙͙ͭͣ͊ͭ͟ ͒͊Ί ͍͙ͨ͒ͫͭ͊͜ ͍͔͍͙ͫͭͪ͒͗ͯ͊ͭ ͨͪͦ ͍͎ͯ͊ͯ ͒ͦ ͒͊ͤͦ͝ 
͔͙ͨͪͦ͋ͣ͡Φ ˤ͙͍;͔ͤͤΎ ͍͔͋-͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟ ͯ;͙͔ͭ͡Ύ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ Ύ͟ ͍ͫ͊͒ͦͦ͟͡͝ ͤ͜ͺ͙ͦͪͣ͊ͭ;ͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͙͍ͨͪͫΎ;͔ͤͦ 
͙ͪͦ͋ͦͭ ˻Φ˭͊ͻ͊ͪΣ ˶ΦˢΦ ˴ͯ͜͡΄Σ ́ΦˢΦ ˴͔ͪ͊ͣ͊ͪͤͦ͟ ͭ͊ ͤ͜΄͜Φ ˢ͙͍͔ͭͤ͟ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ ͯ ͍ͦͫͭͤ͜Έͦͣͯ ͨͪͦͼ͔ͫ͜ 
͍͙͊͒͊͟͡;͔ͣ ;͙ ͯ ͍ͤ͊;͊͡Έͤͦͣͯ ς ͍;͙͔͔ͭͣ͡ ͋ͯͦ͡ ͍͔ͯͣͦͤͦ͘͡ ΄͍͙͙͒ͣ͟ ͍͙ͪͦͭͦͣ͘͟ ͭ͊ ͚͙ͨͦͫͭͤͣ͜ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ύͣ 
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ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͦͣͯͤ͊͟͜͟ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ ˭ ͎ͦ͡Ύ͒ͯ ͤ͊ ͼ͔ ͔ͦͪͣͦ͟Ό ͍ͫ͊͒ͦͦ͟͡Ό ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͔͎͎ͨ͒͊ͦ͊ 
͍͍͊͗͊ΊͭΈͫΎ ͤ͜ͺ͙ͦͪͣ͊ͭ;ͤ͊ ͔͔ͦͣͨͭͤͭͤͫͭ͟͜ΈΦ ˽͙ͪ ͼΈͦͣͯ ͍͔ͪͤ͜Έ ͤ͜ͺ͙ͦͪͣ͊ͭ;͙ͤͻ ͔͔͔͚ͦͣͨͭͭͤͦͫͭ͟ ͍;͙͔͍ͭ͜͡ ͙ͪͤ͘͜ͻ ͙͒ͫͼ͙ͨͤ͜͡ 
ͣ͊Ί ͍͒ͪͤ͘͜͜Ύ͙ͭͫΎ ͊͘ ͣͫͭͦͣ͘͜ ώтΣ ͫΦ со-спϐΦ ́͊͟Σ ͣ͊Ίͣͦ ͎ͣͦͯ͘ ͚͙͙ͦͤ͊ͦͣͭͫ͘Ύ ͘ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ͙ͣΣ ΅ͦ ͫͭͦͫͯΌͭΈͫΎ ͙ͫͭͪͯͭͯͪ͟ ͍͔͋-
͔͔͔͚ͦͣͨͭͭͤͦͫͭ͟ ͔ͫͭͯ͒ͤͭ͊ ώмлΣ ͫΦуϐΦ ˽ͦͫͭ͊Ί ͔ͨͪͦ͋ͣ͊͡ ͔͙͙ͣͭͦ͒͟ ͍ͤ͊;͊ͤͤΎ ͚ͣ͊͋ͯͭͤ͜ͻ ͯ;͙͔͍ͭ͜͡ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͯ ͎͊ͯ͘͜͡ 
͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍͔͋-͔ͭͻ͎͚ͤͦͦ͜͡Σ ͔ͦͭ͗ ͤ͊͘ͻ͙ͦ͒ͣͦ ͔͒ͦͫ͒͗ͤͤ͜͡ΎΣ ͙͍ͨͪͫΎ;͔ͤ͜ ͍͙͍;͔ͤͤΌ ͔ͭͻ͎͚ͤͦͦ͜͡ ͨͦͦͤͤ͟͜͡Ύ ˤ͔͋ нΦл 
͎ͪͦ͘͡Ύ͙͒͊͡ ˻ΦˤΦ ˱͎͔ͤ͊ͭͤͦ͟Σ ˹ΦˤΦ˸͔ͦͪ͘Σ ˱Φ̒Φ ˭͍ͦͦͭͤͦ͜͟͡Σ ̑Φ˿Φ ˾͊ͣͫΈ͙͚͟Σ ˱Φ˿Φ ˱͍͊ͫΈ͍͟͜Σ ˻Φ̑Φ ˹ͦ͊͜͟͡Ίͤͦ͟ ˱Φ˸Φ ˿ͦͦ͟͡ ͭ͊ ͤ͜΄͜Φ ˢ 
ͭ͊ͦ͗͟ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͙ͪͤ͘͜ͻ ͍͔͋-͔ͭͻ͎͚ͤͦͦ͜͡Σ ˱͔͔ͤͭͪͤͭ-͔͍ͪͫͯͪͫ͜Σ ͍͙ͣͦ I¢aL ͍  ͔ͦͤͭͫͭ͟͟͜ ͙͒ͫͭ͊ͤͼ͚͎ͤͦͦ͜ ͍ͤ͊;͊ͤͤΎΣ ͍͔ͫͭͦͪͤͤΎ 
͔͔͙ͭͪͦͤͤ͟͡ͻ ͨ͒ͪͯ͜;͙͍ͤ͟͜ ͭ͊ ͙͍ͨͦͫ͋ͤ͜͟͜ ͔͔͚͙ͨͪͣ͊ͫ͡Ύ ˱ΦˤΦ ˥͔͙͔ͪ͊ͫͣͤͦ͟Σ ˤΦˤΦ ˤ͙΄͍ͤͫ͜Έ͙͚͟Σ ˸Φ˽Φ ˥͔ͤ͒ͤͦ͜͟Σ ˥Φ˱Φ ˥͚͊͒ͯͪΣ 
˻Φ˻Φ ˱ ͡Έͤ͝Σ ˻Φ˸Φ ͍͙̂͒ͦ;͔ͤͦ͟ ͭ͊ ͤ͜΄͜Φ 

˸͔ͭ͊ ͫͭ͊ͭͭ͜: ͎ͪͦ͘͡Ύ͙ͤͯͭ ͔͙ͣͭͦ͒;ͤ͜ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͍ͤ͊;͊ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ ͙ͦͨͫͯ ͔͔͔͍ͣͤͭ͜͡Σ ͍͙͙͍ͦͪͫͭͦͯ͟Ό;͙ ͙ͭ͊͋͡ͼ͜ 
͙͊ͫ͊͒ͤ͟͟ͻ ͙͍ͫͭ͜͡Σ ͤ͊ ͙ͨͪ͊͒͟͜͡ ͺ͍ͦͪͣͯ͊ͤͤΎ ͙ͫͭͪͯͭͯͪ͟ ͍͔͋-͙ͫͭͦͪͤ͜͟ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͍͋ͦ͟͜͡Φ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡. ˾͎ͦ͘͡Ύ͒͊Ό;͙ ͔ͭͣͯ ͍͔ͫͭͦͪͤͤΎ ͚ͫ͊ͭ ͯͫͨͦ;͊ͭͯ͟ ͔͙ͫͭͯ͒ͤͭ ͚ͦͤ͊ͦͣ͘͡ΌΌͭΈͫΎ ͘ ͚͎ͦͦ 
ͫͭͪͯͭͯͪͦ͟ΌΦ ˶͎ͦ͜;͔ͤ ͺ͍ͦͪͣ͊ͭͯ͊ͤͤΎ ͙ͫͭͪͯͭͯͪ͟ ͚ͫ͊ͭͯ ͊͘ ͦͫͭ͊ͤͤ͜ ͍͒͊ ͔͒ͫΎ͙ͭͪ͜;;Ύ ͊ͤ͊ͦ͘͘͡ ͣͤ͘͜Φ ˽͔͍͙͚ͤ ;͊ͫ ͋ͯͦ͡ ͨͦͨͯ͡Ύ͙ͪͤͣ 
͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͺ͔͚͍ͪͣ͜ ͭ͊ ͙ͭ͊͋͡;͙ͤͻ ͫͭͪͯͭͯͪ͟Φ ˽ͤ͘͜͜΄͔Σ ͍͊͒͘Ύ͙͟ ͪͦ͘΄͙͔ͪͤͤΌ ͙ͦͨͫͯ ͔ͯ͗ ͫͤͯ͜Ό;͙ͻ ͭ͊ ͍͍͔͔͒ͤͤΌ ͍͙ͤͦͻ 
͔͔͔͍ͣͤͭ͜͡ ͯ ͦͫͭ͊ͤͤΌ ͍͔ͪͫ͜Ό ͍͙ͣͦ ͎͔͔͍ͨͪͭͫͭͦͦ͜͟͝ ͙ͪͦͣͭ͘͜͟Υ ғheader>, <footer>, <div>, <nav>, <article>, <section>, <aside> ς 
͙ͫͭ͊͡ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭͫ͟Ύ ͋ͦ͡;ͤ͜ ͔͔͔͙ͣͤͭ͡Φ ˱ ͔ͫ͊ͣ ͚ͭ͊͟͜ ͍ͨͦ͋ͯ͒ͦ͜ ͚ͫ͊ͭͯ ͍͙͍͊͗ͦ͡ ͍ͤ͊;͙͙ͭ ͫΈ͎ͦͦ͒ͤ͜΄ͤ͜ͻ ͔͍ͫͭͯ͒ͤͭ͜Φ  

˽͙ͪ ͺ͍ͦͪͣͯ͊ͤͤ͜ ͙ͨͪ͊ͭ͟;͙ͤͻ ͍͙ͤ͊;ͦ͟ ͒ͦͼ͜͡Έͤͦ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͔͙͍ͪͨͪͦ͒ͯͭͤͯ͟ ͒͜Ύ͡Έͤͫͭ͜ΈΣ ͒͜Ύ͡Έͤͫͭ͜Έ ͊͘ ͎͊ͤ͊ͦ͜͡ΊΌ 
ͭ͊ ͍ͭͦͪ;ͯ ͒͜Ύ͡Έͤͫͭ͜Έ ͔ͫͭͯ͒ͤͭ͊Φ ́͊͟Σ ͍͙͍;͊Ό;͙ ͦͤͫͭͪͯ͟Ό͍͊ͤͤΎ ͍͔͋-͙ͫͭͦͪͤ͜͟Σ ͍͍͊͗͊Ίͣͦ ͒ͦͼ͜͡Έ͙ͤͣ ͍͙ͨͪͦͨͦͤͯ͊ͭ ͍ͪͦ͘ΩΎ͍͙ͯ͊ͭ͘ 
͍͊͒͊ͤͤ͘ΎΣ ͎͊ͤ͊ͦ͜͡;ͤ͜ ͔͍͔͙ͨͪ͒ͫͭ͊ͤͣ͡ ͙ͤ͗;͔Φ ˿͒͜͡ ͍͙͙͊ͯ͊͗ͭ͘Σ ΅ͦ ͔͙ͫͭͯ͒ͤͭ ͔͔ͨͪ͒ ͙ͦͭͪͣ͊ͤͤΎͣ ͎ͭ͊ͦͦ͟ ͍͊͒͊ͤͤ͘Ύ ͍͔͗ ͍͙͍;͙͊͡ 
͜ ͙ͭ͊͋͡ͼ͜ ͙͊ͫ͊͒ͤ͟͟ͻ ͙͍ͫͭ͜͡Σ ͜ ͪͦ͋ͦͭͯ ͘ ͔ͭͫͭͦͣ͟ ͭ͊ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ͙ͣΦ 

˭͍͊͒͊ͤͤΎ ˱Φ ˾͙ͦ͋ͭͭ͘Ύ ͙ͫͭͦͪͤ͜͟ ͤ͊ ͙͋ͦ͟͡Φ 
мΦ ˾͙͙ͦ͋ͭ͘ ͫͭͦͪͤͯ͜͟ ͤ͊ ͊ͤ͊͘͘;͔ͤͯ ͔ͭͣͯ ͊͘ ͍͊ͪ͊ͤͭͦͣ͜Φ 

ˤ͊ͪ͊ͤͭ͜ мΦ ˶͎ͦ͜;ͤ͜ ͊͒͊͘;͜ 
ˤ͊ͪ͊ͤͭ͜ нΦ ̆ͭͦ ˤ͙ ͍ͫͦ͊ ;͙ ͚͍͗͊ͦͪͦͤͦ͟Κ 

нΦ ˿͍͙͙ͭͦͪͭ ͙ͪͦ͋ͭͭ͘Ύ ͙ͫͭͦͪͤ͜͟ ͤ͊ о ;͙͙͊ͫͭͤΥ 

- ͔ͨͪ΄ͯ ;͙͊ͫͭͤͯ ͪͦͭ͊͘΄͍͙ͯ͊ͭ ͍͎ͦͪ͜ - ͘ ͙͙ͪͦ͋ͭ ͋ͦ͟͡ ͘ ͍ͤ͊ͦ͘Ό ͔͙ͭͣ ͭ͊ ͔͔ͣ͋ͣͦ͡ΌΤ 

- ͼ͔ͤͭͪ͊͡Έͤͯ ;͙͊ͫͭͤͯ ͍͙͙͊ͨͦͤͭ͘ ͔ͭͫͭͦͣ͟ ͊͘ ͔ͭͣͦΌΣ ͙ͨ͒͋ͪ͊ͭ͜͜ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ ͭ͊ ͍͍͙͙ͫͭ͊ͭ ͝ͻ ͤ͊ ͫͭͦͪͤͯ͜͟Τ 

- ͔ͭͪͭΌ ;͙͊ͫͭͤͯ ͪͦͭ͊͘΄͍͙ͯ͊ͭ ͍͙ͤͯ͘ ͙ͫͭͦͪͤ͜͟ ς ͙͙ͪͦ͋ͭ͘ ͋ͦ͟͡ ͘ ͪͯͻ͙ͦͣͣ ͪΎ͒ͦͣ͟ ό͊ͺ͙ͦͪͣ͘ ΅ͦ ͨ͒͜ͻ͙ͦ͒ͭΈ 
͒ͦ ͔͙ͭͣΥ ζ˶͎ͦ͊͜͟ ͔ͣͦ͗ ͙͍͔͙ͨͪͫͭ ͍͊ͫ ͍͒͜ ͨͯͤͭͯ͟ ˢ ͒ͦ ͨͯͤͭͯ͟ ˣΣ ͊ ͯΎ͍͊ ς ͙ͯ͒͟ ͍͎͊ͦ͒ͤͦ͘ηΣ ζ˴͙͚ͦ͗ͤ ͪ͊ͤͦ͟ 
ς ͼ͔ ;͊ͫ ͨͦ;͙͊ͭ ͍͔ͤͦ ͙͗ͭͭΎη ͊͋ͦ ͋ͯ͒Έ-Ύ͚͟͜ ͤ͜΄͙͚ ͘ ͊ͤ͊͘͘;͔ͤͤΎͣ ͍͙ͨͪ͘͜΅͊ ͍͊ͭͦͪ͊ύΦ 

˭͍͊͒͊ͤͤΎ ˱˱. ˻ ͺ͔ͦͪͣͤͤ͡Ύ ͙ͫͭͦͪͤ͜͟ ͊͘ ͪ͊ͦͣ͘͘͟Φ 
мΦ ˿͍͙͙ͭͦͪͭ ͫͭͦͪͤͯ͜͟ ͘ ͙ͨͪ͊͒ͦͣ͟͡ ͋ͦͯ͟͡  
όͦͺ͔ͦͪͣͤͤ͡Ύ ͙ͫͭͦͪͤ͜͟ ͍͊ͨͪͦͨͦͤͦ͊ͤͦ͘ ƘǘǘǇΥκκǊǳǎŜƭƭŜǊΦŎƻƳκǎŜǊǾƛŎŜΦǇƘǇΚǊǳōҐмфϧƛŘҐнфтлύ 
нΦ ͔́ͫͭ͟ ͦ͒ͯ͟ ͣͦ͗ͤ͊ ͦͨ͟͜Ό͍͙͊ͭΦ ˤ͙͙ͦͤ͊ͭ͟ ͭ͊͟͜ ͔͔͍͔ͨͪͭͦͪͤͤΎΥ 

- ͋͘͜͡Έ΄͙͙ͭ ͭ͊ ͔ͣͤ͘΄͙͙ͭ ͋ͦ͟͡Τ 

- ͙͙ͣͤͭ͘͜ ͣ͊͡Όͤͦ͟Σ 

- ͙͙ͣͤͭ͘͜ ͔ͭͫͭ͟Τ 

- ͙͙ͣͤͭ͘͜ ͺͦͤ ͍ͫ͜Ί͝ ͙ͫͭͦͪͤ͜͟Φ 
˭͍͊͒͊ͤͤΎ ˱˱˱. ˾͙ͦ͋ͭͭ͘Ύ ͙ͫͭͦͪͤ͜͟ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͙ͭ͊͋͡ͼΈ ͙͊ͫ͊͒ͤ͟͟ͻ ͙͍ͫͭ͜͡ ͭ͊ ͍͊ͫ͟͜͡Φ ˻͙͚͔ͨͭͣͯͭ͘͜ ͍͙͚͊ͫͤ͡ ͍͊ͪ͊ͤͭ͜ 

͙ͪͦ͋ͭͭ͘Ύ ͙ͫͭͦͪͤ͜͟Σ ͍͙͔ͦͤ͊ͤ͟ ͯ ͍͊͒͊ͤͤ͘͜ ˱Σ ͍͊ͫͭͦͫͦͯ͘Ό;͙ ͙ͨͪ͊͒͟͡ ͭ͊ ͙ͦͨͫ ͙͍ͫͭ͜͡ ͒͡Ύ ͍͙ͤ͊͘;͔͙ͤͻ ͍͋ͦ͟͜͡Φ 
 
ˣͦ͟͡ ς ͼ͔ ͔͔͔ͣͤͭ͡ ͍͔͋-͙ͫͭͦͪͤ͜͟Σ ΅ͦ ͍͒ͦ͋ͪ͊͗͊͜ΊͭΈͫΎ ͍͙͊͘͘;͚͊ ͨͪΎͣͦͯͭͤͦ͟Ό ͦ͋͊ͫͭ͡ΌΦ ̒͟ ͍͒ͦͣͦ͜Σ ͋ͦ͡;͙͚ͤ ͔͔͔ͣͤͭ͡ 

͚͊ͣ͊͘Ί ͍͔ͫΈ ͨͪͦͫͭͪ͜ ͯ ΄͙͙ͪͤͯ ͙ͫͭͦͪͤ͜͟Σ ͨͪͦͫͭͪ͜ ͯ ͍͙ͫͦͭͯ ͍͙ͤ͊͘;͊ΊͭΈͫΎ ͔ͦͤͭͤͭͦͣ͟Φ ˤ͙͎͡Ύ͒ ͋ͦͯ͟͡ ͙ͦͨͫͯΊͭΈͫΎ ͙ͭ͊͋͡ͼΎ͙ͣ 
͙͊ͫ͊͒ͤ͟͟ͻ ͙͍ͫͭ͜͡Φ ˨ͦ ͔͙͍͒ͫͪͨͭͦͪ͟͜ ͙ͦͨͫͯ ͋ͦ͡;͙ͤͻ ͔͔͔͍ͣͤͭ͜͡ ͍͒ͤͦͫ͜ΎͭΈͫΎ <p>, <h1>, <div> ͭ ͊ ͤ͜΄͜Φ 

˭͍͊͒͊ͤͤΎ ˱ ͦͪ͜Ί͍ͤͭͦ͊ͤͦ ͤ͊ ͍͙ͦͤ͊ͤͤ͟Ύ ͙ͪͦ͋ͦͭ ͊͘ ͪ͊ͦͣ͘͘͟Σ ͎ͪͦ͘͡Ύ͙ͤͯͭͣ ͤ͊ ͔͟͡ͼ͜͝Φ ˿͔ͭͯ͒ͤͭ ͣ͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ 
͔͔͍͙͙ͨͪͪͭ͜ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔͙͍͒ͫͪͨͭͦͪ͟͜ ͍͊ͫͤͦͪͯ͡;Σ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͙ͤͣ ΄͡Ύͻͦͣ ͍͙ͤ͊͘;͙͙ͭ ͒ͦͼ͜͡Έͤͫͭ͜Έ ͪͦͭ͊͘΄͍ͯ͊ͤͤΎ 
͍͋ͦ͟͜͡Σ ͍͍͙͙ͫͭ͊ͤͦͭ ͝ͻ ͙ͦͨͭͣ͊͡Έ͙͚ͤ ͪͦͣͪ͘͜Φ ́͊ͦ͗͟ ͙͚ͦ͗ͤ͟ ͘͜ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͪ͊ͯ͘͜͡Ί ͍͔͊ͫͤ͡ ͯΎ͍͔ͤͤ͡Ύ ΅ͦ͒ͦ ͪͦͣͪͯ͘͜Σ ͙͍͙͊͘͟͡Σ 
ͺͦͪͣͯ ͍͋ͦ͟͜͡ ͭ͊ ͤ͜΄͙ͻ ͝ͻ ͍͙͍͔͚͊ͫͭͦͫͭ͡Φ ˹͍͔͔͊͒ͣͦ ;͙͊ͫͭͤͯ ͔ͣ͊ͭͪ͊ͯ͜͡ ΅ͦ͒ͦ ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͺ͍͎ͦͤͦͦͦ ͦ͟͡ΈͦͪͯΣ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ 
ͭ͊ ͚͎ͦͦ ͍͙͍͔͚͊ͫͭͦͫͭ͡Σ ΅ͦ ͍ͨͪͦͨͦͤͯ͊ͦͫ͡Ύ ͤ͊ ͔͟͡ͼ͜͝Φ  

͙́͊͋͡ͼΎ мΦ  
˾ͦͣͭ͊͘͜͟ ͺ͍͎ͦͤͦͦͦ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ ͍͋ͦ͟͜͡ ͙͊ͫͦ͋͊ͣ͘ /{{ 

˿͔͔ͭͦͪ͟͡ 
˽͙ͪͤ͊͘;͔ͤͤΎ 
͔͔ͫͭͦͪͯ͟͡ 

˽͙ͪ͊͒͟͡ ͍͙͍͊ͫͭͦͫͭ͜͡ ˤ͙͊ͪ͊ͤͭ͜ ͙ͦͨͫͯ ͍͙͍͊ͫͭͦͫͭ͜͡ 

background-
color  

˻͙ͨͫ ͺ͍͎ͦͤͦͦͦ 
ͦ͟͡Έͦͪͯ ͔͔͔ͣͤͭ͊͡  

body 
{ background-color: #7CFC00; 
 } 

transparent ς ͨ ͪͦͦͪͫͭ͘͜Έ ͺͦͤͯ 
inherit ς ͘ ͊͒͊ΊͭΈͫΎ ͙ͨͪ ͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜ 
͍͍͙͙ͫͭ͊ͤͦͭ ͍ͤ͊ͫ͒ͯ͊ͤͤ͜͡Ύ ͺͦͤͯ 
͋͊ͭΈ͍ͫ͟͜Έ͎ͦͦ͟ ͔͔͔ͣͤͭͯ͡ 

background-
image: url 

ˤ͍͔ͫͭ͊ͤͦͤͤ͡Ύ 
ͺ͍͎ͦͤͦͦͦ 
͔ͦ͋ͪ͊͗ͤͤ͘Ύ 

body { 
 background-image: 
http://oboi20.ru/wallpaper-
3405/;  
} 

none ς ͨ ͙ͪ ͙ͦͨͫ͜ ͙ͤ͊ͫͭͯͨͤͻ ͔͔͔͍ͣͤͭ͜͡ 
͍͒ͣͤ͜͜ΎΊ ͺ͍͔ͦͤͦ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ 
inherit ς ͨ ͙ͪ ͙ͦͨͫ͜ ͙ͤ͊ͫͭͯͨͤͻ ͔͔͔͍ͣͤͭ͜͡ 
ͤ͊ͫ͒ͯ͜͡Ί ͔ͦ͋ͪ͊͗ͤͤ͘Ύ ͋͊ͭΈ͍ͫ͟͜Έ͎ͦͦ͟ 
͔͔͔ͣͤͭͯ͡ 

background-
position 

˾ͦͭ͊͘΄͍ͯ͊ͤͤΎ 
ͺ͍͎ͦͤͦͦͦ 
͔ͦ͋ͪ͊͗ͤͤ͘Ύ 

body { 
 background-position: left center; 
} 

[left | center | right μ ғͨͪͦͼ͔ͤͭ·Ҕ μ 
ғͤ͊͘;͔͙͔ͤҔϐ μμ  
 [top | center | bottom 
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˿͔͔ͭͦͪ͟͡ 
˽͙ͪͤ͊͘;͔ͤͤΎ 
͔͔ͫͭͦͪͯ͟͡ 

˽͙ͪ͊͒͟͡ ͍͙͍͊ͫͭͦͫͭ͜͡ ˤ͙͊ͪ͊ͤͭ͜ ͙ͦͨͫͯ ͍͙͍͊ͫͭͦͫͭ͜͡ 

background-
attachment 

˻͙ͨͫ ͍͍͊ͪ͊ͤͭ͜͜ 
ͪͯͻͦͣͦͫͭ͜ ͺ͍͎ͦͤͦͦͦ 
͔ͦ͋ͪ͊͗ͤͤ͘Ύ 

body 
{ background-attachment:  
scroll; 
} 

fixed ς ͤ ͔ͪͯͻ͔ͦͣ ͺ͍͔ͦͤͦ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ 
scroll ς ͘ ͔ͦ͋ͪ͊͗ͤͤΎ ͪͯͻ͊ΊͭΈͫΎ ͪ͊ͦͣ͘ ͘ 
͔ͦͤͭͤͭͦͣ͟ ͙ͫͭͦͪͤ͜͟ 
local ς ͅ ͍͔ͦͤͦ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ ͔͋ͯ͒ 
ͪͯͻ͙͊ͭͫΎ ͊͘ ͍͙ͯͣͦ ͪͯͻͦͣͦͫͭ͜ ͔͔͔ͣͤͭ͊͡Σ 
͒ͦ Ύ͎ͦͦ͟ ͍ͤ͜ ͍͙͒ͤͦͫͭ͜ΈͫΎ 

background-
repeat 

˽͍͔ͦͭͦͪͤͤΎ 
ͺ͍͎ͦͤͦͦͦ 
͔ͦ͋ͪ͊͗ͤͤ͘Ύ 

body  {  
background-image: 
http://oboi20.ru/wallpaper-
3405/;  
background-repeat:  
repeat-x; 
} 

repeat-x  ς ͨ ͍͔ͦͭͦͪͤͤΎ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ ͨͦ 
͎͙ͦͪͦͤͭ͊͘͜͡ 
repeat-y ς  ͨ ͍͔ͦͭͦͪͤͤΎ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ ͨͦ 
͍͔͙ͪͭ͊͟͜͡ 
space ς ͘ ͔ͦ͋ͪ͊͗ͤͤΎ ͍ͨͦͭͦͪΌΊͭΈͫΎΣ 
͍͊ͨͦͤ͘ΌΌ;͙ ͍͔ͫΈ ͨͪͦͫͭͪ͜Σ ͙ͨͪ 
͔ͤͦ͋ͻ͒ͤͦͫͭ͜͜ ͣ͗͜ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ͙ͣ 
͒ͦ͒͊ΊͭΈͫΎ ͨͦͪͦ͗ͤΊ ͣͫ͜ͼ͔ 
round ς  ͘ ͔ͦ͋ͪ͊͗ͤͤΎ ͍ͨͦͭͦͪΌΊͭΈͫΎ ͼ͔͜͡ 
;͙ͫͦ͡ ͪ͊͘ 
no-repeat ς ͘ ͔ͦ͋ͪ͊͗ͤͤΎ ͔ͤ 
͍ͨͦͭͦͪΌΊͭΈͫΎ 

 
˭͍͊͒͊ͤͤΎ ˱˱ ͫͨͪΎ͍ͣͦ͊ͤͦ ͤ͊ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔ͣͭͦ͒ͯ ͒͜Ύ͡Έͤͦͫͭ͜ ͊͘ ͎͊ͤ͊ͦ͜͡ΊΌΦ ˽͙ͪ ͍͙͍;͔ͤͤ͜ ͔͙͍͒ͫͪͨͭͦͪ͟͜ ͍͙ͣͦ I¢a[ 

͙ͦͨͫ ͺ͍͎ͦͤͦͦͦ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ ͊͒͊͘ΊͭΈͫΎ ͙͙ͨ͊ͪͤͣ ͔͎͙ͭ͊ͣ ōŀŎƪƎǊƻǳƴŘΣ ͙ͦͨͫ ͦ͟͡Έͦͪͯ ς ŎƻƭƻǊΣ ͍͍ͫͭ͊͊͟ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ ς ƛƳŀƎŜΦ ˽͙ͪ 
ͪͦͣͭ͘͜ͼ͜ ͍͋ͦ͟͜͡ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͙ͭ͊͋͡ͼΈ ͙͊ͫ͊͒ͤ͟͟ͻ ͙͍ͫͭ͜͡ ͍͊͊ͤ͘͟͜ ͔͙͙͒ͫͪͨͭͦͪ͟ ͍͔͗ Ί ͍͙͍͊ͫͭͦͫͭ͡Ύ͙ͣ ͔͔ͫͭͦͪ͊͟͡ body. 
˾͎ͦ͘͡Ύ͒͊Ό;͙ ͎͍͙͚ͦͭͦ ͍͊ͪ͊ͤͭ͜Σ͔ͫͭͯ͒ͤͭ ͚ͦͤ͊ͦͣ͘͡ΌΊͭΈͫΎ ͘ ͙͙ͨͪ͊͒͊ͣ͟͡Φ ͙́͊ͣ͟ ;͙ͤͦͣ ͔͒ͣͦͤͫͭͪͯΊͣͦ ͍ͪͦ͘ΩΎ͍ͯ͊ͤͤ͘Ύ 
͙͊ͫ͟͡;͙ͤͻ ͊͒͊͘; ͤ͊ ͎ͦ͜͡;ͤͯ ͪͦͣͭͯ͘͜͟ ͍͔͋-͙ͫͭͦͪͤ͜͟Φ ˹͍͊ͭ͜ΈΣ Ύ͟΅ͦ ͍͙͊͒͊͟͡; ͔ͤ ͣ͊Ί ͙͍ͣͦ͗ͦͫͭ͜͡ ͚͙͙ͦͤ͊ͦͣͭ͘ ͔͍ͫͭͯ͒ͤͭ͜ ͘ ͯͫͣ͊͜ 
͍͙͙ͦͫͤͦͤͣ ͔͎͙ͭ͊ͣΣ ͭͦ ͙͙ͨͪ͊͒͟͡ Ί ͙͍ͤͭͯͭͤͦ͜͝-͙͙ͪͦͯͣͣ͘͘͜͡Σ ͦͫ͟͜͡Έ͙͟ ͣͫͭ͜ΎͭΈ ͙ͦͨͫ ͍͙͍͔͚͊ͫͭͦͫͭ͡ ͔͔͍ͫͭͦͪ͟͜͡Σ ΅ͦ Ί 
͎͊ͤ͊ͦ͜͡;͙͙ͤͣ ͒ͦ ͍ͤ͊͘ ͔͙͍͒ͫͪͨͭͦͪ͟͜Φ ́ͦͣͯ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͙ͭ͊͟ͻ ͍͙͍͔͚͊ͫͭͦͫͭ͡ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͊͘ ͎͊ͤ͊ͦ͜͡ΊΌ ͍͔͗ ͚͙ͤ͊ͦͣ͘ͻ 
͔͍ͫͭͯ͒ͤͭͦ͜ ͍ͤ͊͘Φ ́͊ͦ͗͟ ͙ͦͪͫͤͦ͟ ͍͙ͨͪͦͨͦͤͯ͊ͭ ͔͒͟͜͡Έ͊͟ ͎͍ͫͭͤ͜͜͜͡ ͙ͦͨͫͯ ͔͍ͨͤͦ͝ ͙ͪͦͣͭ͘͜͟ ͍͋ͦ͟͜͡Σ ͊ ͔ͫͭͯ͒ͤͭ ͦͼͤ͜ΌΊ ͝ͻ ͜ ͙ͦ͋ͪ͊Ί 
ͤ͊ ͚͎ͦͦ ͒ͯͣͯ͟ ͪ͊͟΅͙͚Φ ˽͙ͪ ͼΈͦͣͯ ͙͙͊ͭͪ͋ͯͭ ͔͙͍͒ͫͪͨͭͦͪ͟͜ ͭ͊ ͍͙͍͊ͫͭͦͫͭ͜͡ ͔͔͍ͫͭͦͪ͟͜͡ ͭ͊ͦ͗͟ Ί ͎͊ͤ͊ͦ͜͡;͙͙ͤͣ ͊͘ ͙ͤ͊ͨͫͦͣ ͭ͊ 
ͺͯͤ͟ͼ͜Ύ͙ͣΦ 

˻͔ͪͣ͟͜ ͒͜͝Σ Ύ͟͜ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͙͙ͦͤ͊ͭ͟ ͍ ͔ͦͤͭͫͭ͟͟͜ ͎͒͊ͤͦͦ ͍͊͒͊ͤͤ͘ΎΣ ͙͍ͨͪͫΎ;͔ͤͦ ͍ͦͨ͊ͤͯ͊ͤͤΌ ͙ͪͦ͋ͦͭ ͘ ͙͙ͭ͊ͣ͟ 
͔͔͙ͫͭͦͪ͊ͣ͟͡ ͭ͊ ͝ͻ ͍͙͍͊ͫͭͦͫͭ͡Ύ͙ͣΣ Ύ͟Υ ōƭƻŎƪΤ ǿƛŘǘƘΤ ōŀŎƪƎǊƻǳƴŘΤ ǇŀŘŘƛƴƎΤ ǇŀŘŘƛƴƎ-ǊƛƎƘǘ ͭ͊ ͎͊ͤ͊ͦ͜͡;ͤ͜Τ ōƻǊŘŜǊΥ ǎƻƭƛŘ ͭ͊ 
͎͊ͤ͊ͦ͜͡;ͤ͜Τ ŦƭƻŀǘΥ ƭŜŦǘ ͭ͊ ͎͊ͤ͊ͦ͜͡;ͤ͜Φ ˽͙ͪ͊͒͟͡ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ ͊͘ ͙ͨͦͫ͊ͤͤ͡Ύͣ ͜ ͨͪͦͨͦͤͯΊͭΈͫΎ ͔ͫͭͯ͒ͤͭ͊ͣ ͍͙͙ͦͤ͊ͭ͟ ͙ͣͤ͘͜Φ 
˽ͦ;͙ͤ͊Ό;͙ ͘ ͚ͤ͊ͨͪͦͫͭ͜΄͙ͻ ͍ͪͦ͟͟͜Υ ͙͊ͣͤ͘͜ ͙͙͊ͪͭͤ͟͟ ͭ͊ ͔ͭͫͭͯ͟ ς ͣ͊Ίͣͦ ͔ͯ͗ ͎͍͔ͦͭͦ ͍͔͔ͨ͒ͭͪ͒͗ͤͤ͜ΎΣ ΅ͦ ͔͙ͫͭͯ͒ͤͭ ͪͦͯͣ͘͜ΌͭΈ 
͙͍ͦͫͦ͋ͦͫͭ͜͡ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͔͙͍͒ͫͪͨͭͦͪ͟͜Φ ˽ͦ͒͊͡Έ΄͊ ͣͤ͊͘͜ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͯ ͦͺ͔ͦͪͣͤͤ͜͡ ͺͦͤͯΣ ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ 
͍ͨͦ͜͡Σ ͍͍͒ͫͭͯͨ͜͜ ͯ ͋ͦ͊͟͡ͻΦ ˽͍ͦͫͭͯͨͦͦ ͔ͫͭͯ͒ͤͭ ͪͦͯͣ͘͜Ί ͤ͊ ͙ͭ͊͟ͻ ͙ͨͪ͊͒͊͟͡ͻΣ Ύ͙ͣ͟ ;͙ͤͦͣ ͒ͦͫΎ͎͙ͭ ͙ͦͨͭͣ͊͡Έ͎ͤͦͦ 
͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡Ύ ͙͒͊ͤͻ ͯ ͋ͦ͊͟͡ͻΦ  

˭͙͊ͫͦ͋͊ͣ ͎ͦ͋͊͡͡Έͤͦ͝ ͔͔ͣͪ͗͜ ͣͦ͗ͤ͊ ͚͙ͤ͊ͭ͘ ͍͔͙ͯ͟͡ ͟͜͡Έͫͭ͟͜Έ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͔͔͒͗ͪ͡ Ύ͟ ͤ͊ ͦͺ͜ͼ͚͙ͤ͜ͻ ͚ͫ͊ͭ͊ͻ ͍͙΅͙ͻ 
͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ͭ͊͟ ͜ ͤ͊ ͍͙͊ͫͤ͡ͻ ͚ͫ͊ͭ͊ͻ ͙͍ͦͪͫͭͯ͊͟;͍͜Σ ͔͒ ͙ͦͨͫͯΌͭΈͫΎ ͎͙͙͊ͦͪͭͣ͡ ͍͔ͫͭͦͪͤͤΎ ͭ͊ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔͙ͦͪͣ͟ͻ 
͔͙͍͒ͫͪͨͭͦͪ͟͜Σ ͝ͻ ͙͍͊ͭͪ͋ͯͭ͜Σ ͔͔͍ͫͭͦͪ͟͜͡ ͭ͊ ͍͙͍͔͚͊ͫͭͦͫͭ͡Σ ͊ ͚͎͍ͤ͊ͦͦͤ͜͡΄͔ ͙͍ͨͪ͊͒͟͜͡ ώмΤнΤ сΤ фΤ ммϐΦ  

͔̇ ͍͔ͨ͒ͭͪ͒͗ͯ͜Ί ͔ͭͯ͘ ͨͪͦ ͍͙͒ͪͭͫͭ͜͟͜Έ ͍͔ͤ͊ͨͦͤͤͤΎ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ ͔͍͍ͫͪͫ͜͜Σ ΅ͦ Ί ͟͡Ό;͍͙ͦͣ ͺ͊ͭͦͪͦͣ͟ ͫͯ;͙͊ͫͤͻ ͍͔͋-
͔ͭͻ͎͚ͤͦͦ͜͡ ώуΣ ͫΦмсϐΦ ́ͦͣͯ ͍ͤ͊;͙͊ͭͫΎ ͦͺͦͪͣ͡Ό͍͙͊ͭ ͔͍ͨͤ͜ ͔͔͔͙ͣͤͭ͡ ͙͒ͦͫͭΈ ͪͯ͘;ͤͦ ͤ͊ ͎͍͙ͦͭͦͻ ͪͦͪͦ͋͊͘͟ͻΣ ΅ͦ ͨͪͦͨͦͤͯΌͭΈͫΎ 
͝ͻ ͍͙͊ͭͦͪ͊ͣΦ ˨͙͙ͦͫ͒ͤ͜͟͡ ͭ͊ ͔͙͙ͣͭͦ͒ͫͭ ͊ͤ͊͘͘;͊ΌͭΈΣ ΅ͦ ͍͙͍͊͗ͯ͡ ͪͦ͡Έ ͙ͨͪ ͍͙ͪ͜΄͔ͤͤ͜ ͔͍͎ͨͤͦͦ ͍͊͒͊ͤͤ͘Ύ ͯ ͡Ό͙͙͒ͤ ͍͎͒ͪ͊͜͜ΌͭΈ 
͊ͫͦͼ͊͜ͼ͜͝ ͭ͊ ͎͊ͤ͊ͦ͜͡Ύ Ύ͟ ͔͙ͣͭͦ͒ ͍ͪͦͯͣͦͦ͘͝ ͒͜Ύ͡Έͤͦͫͭ͜ ώмнΣ ͫΦрϐΦ ̒͟ ͊ͤ͊͘͘;͊Ί ͯ ͍ͫͦΊͣͯ ͔͒ͦͫ͒͗ͤͤ͜͜͡ ˤ͍ͦ͟ ˶Φ˱ΦΣ ζͯ ͨͤ͊ͤͤ͘͜͜ 
͎͊ͤ͊ͦ͜͡Ύ ς ͭ ͙͚͊͟ ͍͙͒ ͍ͪͦͯͣͦͦ͘͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ Ύ͙͚͟ ͤ͊ ͍ͦͫͤͦ͜ ͍͍͔ͫͭ͊ͤͦͤͤ͡Ύ ͨͦ͒͋ͤͦͫͭ͜͜ ͚ ͍͒ͣͤͤͦͫͭ͜͜͜ ͎ͦ͒ͤͦͦ ͔͔ͨͪ͒ͣͭ͊ ͘ ͤ͜΄͙ͣ 
͜ ͍͙͍;͔ͤͤΎ ͎ͦ͒ͤͦͦ ͘ ͙ͤͻ ͙͍͙ͨͪͦ͒ͭΈ ͒ͦ ͤ͊͋ͯͭͭΎ ͍͎ͤͦͦͦ ͤ͊ͤͤ͘Ύ ͨͪͦ ͔͔ͨͪ͒ͣͭΣ ΅ͦ ͍͙͍;͊ΊͭΈͫΎΣ ͜ ͒͊Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͤ͊ͦ;ͤͦ 
͍͙ͦ͋͐ͪͯͤͭͯ͊ͭ Ύ͔͟-͔ͤ͋ͯ͒Έ ͍͙͍͔͔ͫͦͤ͡͡ ͔ͨͦͦ͗ͤͤ͡Ύη ώпΣͫΦнтϐΦ  

˾͍ͦͯͣͦ͘͜ ͔ͦͨͪ͊ͼ͜͝ ͊ͤ͊ͯ͘͜͡Σ ͙͔ͫͤͭͯ͘Φ ˽͍ͦͪͤ͜ΎͤͤΎΣ ͎ͯ͊͊͘͡Έ͔ͤͤͤΎΣ ͎͍͊͋ͫͭͪ͊ͯ͊ͤͤΎ ͍͙ͤ͊͘;͊Ί ͍ͦͫͤͦͦΌ ͍ͣͪͯ͊ͤ͜͟Έ ͊͘ 
͎͊ͤ͊ͦ͜͡ΊΌ ˥ͦͪ͒͜Ίͤͦ͟ ˱ΦˤΦ ώрΣ ͫΦооϐ Φ 

˹͊ ͊ͤ͘Ύͭͭ͜ ͘ ͔ͣͭͦΌ ͊͘ͼ͍͔͊ͤͤ͜͟͡Ύ ͨͪͦͨͦͤͯΊͣͦ ͜ ͙͙ͨͪ͊͒͟͡ ͙ͦͨͫͯ ͪͯͻ͙ͦͣͻ ͪΎ͍͒͟͜Υ 
мύ Χ <div style="height:64px; width:512px; margin: auto; background-color: #ff543d; font-size: 44px; color: white;" align= 

"center"">  
<marquee behavior="alternate" direction="right"> 
͔́ͫͭ͟ ͒͡Ύ ͪͯͻ͎ͦͣͦͦ ͪΎ͒͊͟ 
</marquee>  

</div> Χ 
 
нύ Χ <div style="height:76px; width:512px; margin: auto; background-color:#EDEDED; border-left:4px solid #8B8B8B;" 

align="center">  
<marquee behavior="scroll" direction="left"> <p style="color: Green"> 
͔́ͫͭ͟ ͒͡Ύ ͪͯͻ͎ͦͣͦͦ ͪΎ͒͊͟ </p> 
</marquee> 

</divҔ Χ 
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˱ ͍ͤͦͯ͘ ͔ͫͭͯ͒ͤͭ ͙ͨͪ ͍͊ͫͭͦͫͯ͊ͤͤ͘͜ ͙ͪͤ͘͜ͻ ͔͙͍͒ͫͪͨͭͦͪ͟͜ ͣ͊Ί ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͙͙͊ͭͪ͋ͯͭΣ ͎͊ͤ͊ͦ͜͡;ͤ͜ ͔͔ͨͦͨͪ͒ͤͣ͜ ͍͔͗ 
͍͙͍;͔͙ͤͣΦ ˻͔ͭ͗Σ ͣ͊Ίͣͦ ͍͙ͨ͒ͫͭ͊͜ ͍͔͍͙ͫͭͪ͒͗ͯ͊ͭΣ ΅ͦ ͔ͣͭͦ͒ ͎͚͊ͤ͊ͦ͜͡ ͙ͨͪ ͤ͊͋ͯͭͭ͜ ͙ͨͪ͊ͭ͟;͙ͤͻ ͍͙ͤ͊;ͦ͟ ͎ͦ͜͡;͎ͤͦͦ 
ͺ͍ͦͪͣ͊ͭͯ͊ͤͤΎ ͍͔͋-͙ͫͭͦͪͤ͜͟ Ί ͒ͦͼ͜͡Έ͙ͤͣ ͭ͊ ͊ͭͯ͊͟͡Έ͙ͤͣΦ 

˭͍͊͒͊ͤͤΎ ˱˱˱ ͍͔ͨͦͪͭ͊Ί ͔ͫͭͯ͒ͤͭ͊ ͒ͦ ͍͙ͦͤ͊ͤͤ͟Ύ ͔ͨͪ΄͙ͻ ͍ͪͦ͟͟͜Φ ́ͯͭ ͤ͊͒͊ΊͭΈͫΎ ͙͍ͣͦ͗ͫͭ͜͡Έ ͙ͨͪ ͍͙͍;͔ͤͦͣͯ ͭ͊ ͍͔͗ 
͍͊ͫͭͦͫͦ͊ͤͦͣͯ͘ ͔ͣ͊ͭͪ͊͜͜͡ ͪͦ͘΄͙͙͙ͪͭ ͦͺ͔ͦͪͣͤͤ͡Ύ ͍͊ͫͤͦ͡͝ ͙ͪͦ͋ͦͭΦ ͙́͊ͣ͟ ;͙ͤͦͣ ͙ͫͨͪΎΊͣͦ ͎͔ͨͪͦͪͫͯ ͍ͤ͊;͊ͤͤΎ ͔͎ͦͪͣͦͦ͟ 
͔ͫͭͯ͒ͤͭ͊Φ ˤ͙͍͔ͨͪ͊ͤͤ͡Ύ ͊͋ͦ ͔ͯ͒ͦͫͦͤ͊ͤͤ͟͡Ύ ͍͊͒͊ͤͤ͘Ύ ˱ ͤ͊͒͊Ί ͔ͫͭͯ͒ͤͭͯ ͙͍ͣͦ͗ͫͭ͜͡Έ ͚͙ͨ͒ͭ͜͜ ͍ͭͦͪ;ͦΣ ͍͙Ύ͍͙͙ͭ ͔͙͍͙͚ͪ͊ͭͤ͟ 
ͨ͒͜ͻ͒͜ ͒ͦ ͦͺ͔ͦͪͣͤͤ͡Ύ ͔ͦͪͣͦ͟͝ ;͙͙͊ͫͭͤ ͍͎͊ͫͤͦͦ͡ ͚ͫ͊ͭͯΦ 

ˤ͙͍͙ͫͤͦ͟ ͭ͊ ͤ͊ͨͪΎ͙ͣ ͨͦ͒͊͡Έ΄͙ͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˻͔ͭ͗Σ ͒ͦ ͔͙ͣͭͦ͒;͙ͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͙ͨͪ͊ͭ͟;͎ͤͦͦ ͍ͦͨ͊ͤͯ͊ͤͤΎ 
͔͙ͫͭͯ͒ͤͭ͊ͣ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͙ͭ͊͋͡ͼΈ ˿{{ ͤ͊ ͙ͨͪ͊͒͟͜͡ ͙ͪͦͪͦ͋͘͟ ͔͙ͦͪͣ͟ͻ ͔͔͔͍ͣͤͭ͜͡ ͚ͫ͊ͭͯ ͍͒ͤͦͫ͜ΎͭΈͫΎ ͔͙͍ͪͨͪͦ͒ͯͭͤ͊͟ 
͒͜Ύ͡Έͤͫͭ͜Έ ͔͍ͫͭͯ͒ͤͭ͜Σ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔ͣͭͦ͒ͯ ͎͚͊ͤ͊ͦ͜͡ ͭ͊ ͍ͭͦͪ;͊ ͒͜Ύ͡Έͤͫͭ͜ΈΦ ˾͔ͯ͘͡Έ͙ͭ͊ͭ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͒͊ΌͭΈ ͍͙ͨ͒ͫͭ͊͜ 
͍͔͍͙ͫͭͪ͒͗ͯ͊ͭΥ 

1. ˽͎͍͒ͦͭͦ͊͜͟ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͍͔ͫͭͦͪͤͤΎ ͍͙͊ͫͤ͡ͻ ͭ͊ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͎͍͙ͦͭͦͻ ͍͔͋-͔͍ͪͫͯͪͫ͜ ͯ ͍ͨͦͤͦͣͯ ͦ͋ͫΎ͘͜ 
ͪͦͨͦ͘;͙ͤ͊ΊͭΈͫΎ ͯ ͍͙΅ͦͣͯ ͍ͤ͊;͊͡Έͤͦͣͯ ͊͊͒͘͟͜͡Φ ˽͎ͪͦͪ͊ͣ͊ ͒͡Ύ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ΄͟͜͡ ͘ ͤ͜ͺ͙͙ͦͪͣ͊ͭ͟ ͙ͣͫͭͭ͜Έ ͔ͭͣͯ ͙͡΄͔ ͒͡Ύ 
͚͔ͦͤ͊ͦͣͤͤ͘͡Ύ ͘ ͍ͣͦͦΌ ͎͔͔͍ͨͪͭͫͭͦͦ͜͟͝ ͙ͪͦͣͭ͘͜͟Φ 

2. ˽͙ͪ ͦͺ͔ͦͪͣͤͤ͜͡ ͍͎͊ͫͤͦͦ͡ ͔ͦͤͭͤͭͯ͟ ͙ͪͦͪͦ͋ͤ͘͟ ͍͙͔ͨͦͤͤ ͙ͣ͊ͭ ͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡Ύ ͨͪͦ ͍͔͗ ͎͍ͦͭͦ͜ ͙ͪͦ͋ͦͭ ͒͡Ύ ͋͜͡Έ΄ 
͙͍ͨͪͦ͒ͯͭͤͦ͟͝ ͭ͊ ͍ͭͦͪ;ͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Φ 

3. ˹͊ ͒͊ͤͤΎ ͙͍͔͚ͣͦ͗ͦͫͭ͡ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ΄͍͊͋ͦͤ͜͡ ͒͡Ύ ͙ͪͦͪͦ͋͘͟ ͍͊ͫͤͦ͡͝ ͍͔͋-͙ͫͭͦͪͤ͜͟ ͭ͊ͦ͗͟ ͣ͊Ί ͜ ͍͙ͻ͍͔ͦͤ 
ͤ͊͘;͔ͤͤΎΥ ͍͙͊͒͊͟͡; ͍͙͔ͨͦͤͤ ͎͙ͤ͊͊͒͊ͭ ͨͪͦ ͍͊ͭͦͪͫΈ͔͟ ͍ͨͪ͊ͦΣ ͔͙͙ͤͨͪͨͯͫͭͣͫͭ͜Έ ͎ͨ͊͊ͭͯ͜͡ ͭͦ΅ͦΦ 

4. ˸͔ͭͦ͒ ͎͚͊ͤ͊ͦ͜͡ Ί ͒ͦͼ͜͡Έ͙ͤͣ ͜ ͊ͭͯ͊͟͡Έ͙ͤͣ ͙ͨͪ ͍͙͍;͔ͤͤ͜ ͍͙ͣͦ I¢a[ ͭ͊ ͙ͭ͊͋͡ͼΈ CSS. 
5. ˽͙ͪ ͨͦ͒͊͡Έ΄ͦͣͯ ͔͒ͦͫ͒͗ͤͤ͜͜͡ ͔͙ͣͭͦ͒;͙ͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͍ͤ͊;͊ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ ͫ͒͜͡ ͙͙͙ͨͪ͒ͭ͜͡ ͍͎ͯ͊ͯ ͍͙͍;͔ͤͤΌ 

͍͊ͫ͟͜͡Σ ͔͍͍ͨͫ͒ͦ͊ͫ͟͜͡ ͭ͊ ͝ͻ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ό ͒͡Ύ  ͎ͦ͜͡;͎ͤͦͦ ͺ͍ͦͪͣ͊ͭͯ͊ͤͤΎ ͍͔͋-͙ͫͭͦͪͤ͜͟Φ ́͊ͦ͗͟ ͊ͭͯ͊͟͡Έ͙ͤͣ ͭ͊ ͔ͤ ͯ ͍͚ͨͦͤ͜ ͣͪ͜͜ 
͍͙͒ͦͫ͒͗ͯ͊ͤͣ͜͡ ͙ͨͭ͊ͤͤΎͣ Ί ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͍ͤ͊;͊ͤͤΎ ͔͍ͫͭͯ͒ͤͭ͜ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭ ͺ͙͘͜;ͤͦͣͯ ͺ͍ͦͪͣ͊ͭͯ͊ͤͤΌ 
͔͙ͦͪͣ͟ͻ ͔͔͔͍ͣͤͭ͜͡ ͍͔͋-ͫͭͦͪͤͦ͜͟Φ  

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 

1. ˣ͙͊͟͡ ˹Φ˾Φ ˢ͙͍͔ͭͤ͟ ͍ͤ͊;͊ͤͤΎ ͘ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͔ͭͻ͎͚ͤͦͦ͜͡ ˤ͔͋ нΦл Υ ͍ͤ͊;Φ ͙ͨͦͫ͋ͤ͜͟ κ ˹Φ˾Φ ˣ͙͊͟͡Σ  ˻Φ˻Φ ˶Ύ͙͟͡Φ ς ́ ͔ͪͤͦͨ͜͡ΈΥ 
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STUDENTS TEACHING METHODS PECULIARITIES OF MARKING UNITS  THE STUDY OF CASCADING STYLE SHEETS 

Nelia Dehtiarova  
Sumy Makarenko State Pedagogical University, Ukraine 

Abstract. The article is devoted to methods of teaching students to hypertext markup language and cascading style sheets. 
The author talks about the relevance of the study of HTML language despite the large number of CMS. The emphasis is on web-
competencies, which are a part of it-competence of future teachers of Informatics. 

The article discusses the gradual acquiring skills when working with blocks. Students study HTML at the University. In 
school students learn possibility only about this. The teacher must be able to work with the sites ready and establish. The unit is 
part of the logical structure of the web page. So the modern approach to logical markup of the web page. Reproductive method 
and the method of analogies is a necessary method in arkticheskih works.  

An example is given of practical work. The teacher should remind about copyright when using ready-made solutions. The 
author cites the example design of mobile line for interested students and their work. Examples of design elements are placed on 
the pages of a global network of electronic resource. 

Key words: block marking, website, logical site structure, methods of teaching science, method of analogies, reproductive 
method. 
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hǊƎŀƴƛȊŀǘƛƻƴύΦ ˽͍ͪͦ͊ͤ͊ͦ͊ͤͦ͘͜͡ ͍͔ͪͤ͜Έ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͯ ͍͙΅͙ͻ ͣͦͪͫΈ͙͟ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻ ͙̂ͪ͊ͤ͟͝ ͭ͊ 
͍ͫͭͯ͜Φ ˨͔ͦͫ͒͗ͤͦ͜͡ ͍͍͒ͨͦ͒ͤͫͭ͜͜͜Έ ͍ͪͤ͜Ύ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍ͯͪͫ͊ͤͭ͟͜ ͔̆ͪͫͦͤͫΈͦ͟͝ ͔͍͒ͪ͗͊ͤͦ͝ ͣͦͪͫΈͦ͟͝ ͔͊͊͒ͣ͟͜͝ 
͒ͦ ͙ͣ͗ͤ͊ͪͦ͒ͤ͜ͻ ͍ͫͭ͊ͤ͒͊ͪͭ͜ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͣͦͪͫΈͦ͟͝ ͎͊ͯ͘͜͡Φ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡: LƴǘŜǊƴŀǘƛƻƴŀƭ aŀǊƛǘƛƳŜ hǊƎŀƴƛȊŀǘƛƻƴ ό˱˸˻ύΣ Lah-͔ͣͦ͒͡ΈΣ ͣ͗ͤ͊ͪͦ͒ͤ͜͜ ͙ͫͭ͊ͤ͒͊ͪͭ LahΣ 
͔͙ͣ͊ͭͣ͊ͭ;ͤ͊ ͎͍ͨ͒ͦͭͦ͊͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͍ͫͯ͒ͤͦͦ͒͜͝Φ 

 
˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ˻͍ͫͤͦͤͦΌ ͊͒͊͘;͔Ό ͍͙΅͎ͦͦ ͣͦͪͫΈ͎ͦͦ͟ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͊͊͒ͯ͘͟͡ όˤ˸˹˭ύ ͙ͨͪ ͎͍ͨ͒ͦͭͦ͜ͼ͜ 

͚ͣ͊͋ͯͭͤ͜ͻ ͨͪ͊ͼ͍͙͍ͤ͜͟͜ ͣͦͪͫΈͦ͟͝ ͎͊ͯ͘͜͡ ό͍͍ͫͯ͒ͤͦͦ͒͜͝Σ ͍͙ͫͯ͒ͤͦͻ ͔ͣͻ͍͊ͤ͜͟͜Σ ͔͔͔ͭͪͦͣ͟͡ͻ͍͊ͤ͜͟͜ύ Ί ͎͍ͨ͒ͦͭͦ͊͜͟ ͺ͊ͻ͍͜ͼ͍͜Σ ͙͒͊ͭͤ͘ͻ 
ͭ͊ ͎͍͙ͦͭͦͻ ͍ͯͨͪ͊͡Ύ͙ͭ ͫͯ;͙͙͊ͫͤͣ ͔ͭͻͤ͜;͙͙ͤͣ ͙͊ͫͦ͋͊ͣ͘ ͜ ͡Ό͒Έ͙ͣΣ ͦͪ͜Ί͍͙ͤͭͯ͊ͭͫΎ ͍ ͋ͯ͒Έ-Ύ͙͟ͻΣ ͯ ͭͦͣͯ ;͙ͫ͜͡ ͜ ͔͔ͫͭͪͣ͊͟͡Έ͙ͤͻΣ 
͙ͫͭͯ͊ͼ͜ΎͻΣ ͙͚͙ͨͪͣ͊ͭ ͍͙ͨͪ͊͡Έͤ͜Σ ͔ͺ͔͙͍ͭͤ͟͜ ͪ͜΄͔ͤͤΎΦ ˹͔͍͊͗͊͘Ό;͙ ͤ͊ ͚͙͚ͨͦͫͭͤ͜ ͙͚ͫͭͪͣ͜͟ ͍͙ͪͦͭͦ͘͟ ͔ͭͻ͙ͤ͜͟ ͯ ͣͦͪ͜Σ 
͔͍ͣͦͪͨ͊͊ͤͤ͡Ύ ͜ ͯ ͤ͊΄͜ ͒ͤ͜ Ύ͍͡ΎΊ ͫͦ͋ͦΌ ͫͺ͔ͪͯ ͍͙ͨ͒͜΅͔ͤͦ͝ ͔͔͔͙ͤ͋ͨ͘͟ ͒͡Ύ ͡Ό͔͚͒Σ ͔͎ͦͦ͟͜͡͝ ͭ͊ ͔ͭͻ͙ͤ͜͟Φ ˿͔͊ͣ ͭͦͣͯ ͔ͫͨͼ͙ͺ͊͜͟ 
ͨͪͦͺ͔͚ͫͤͦ͜ ͍͙͍͙͊͗͡ͻ Ύ͔͚ͦͫͭ͟ ͣͦͪͫΈ͙͟ͻ ͔͔͍ͤ͗ͤͪ͜͜ ͨͦ͡Ύ͎͊Ί ͔ͤ ͭ͜͡Έ͙͟ ͍ ͤ͊Ύ͍ͤͦͫͭ͜ ͣ͜ͼ͙ͤͻ ͔͔͙ͭͦͪͭ;͙ͤͻ ͜ ͙ͨͪ͊ͭ͟;͙ͤͻ ͤ͊ͤ͘ΈΣ ͊ 
͚ ͯ ͒͊ͭͤͦͫͭ͘͜ ΄͍͙͒ͦ͟ ͜ ͎ͪ͊ͣͦͭͤͦ ͔͎͍͙ͪ͊ͯ͊ͭ ͤ͊ ͣͤͯ͘͜ ͙ͫͭͯ͊ͼ͜͝Σ ͙ͨͪͦͭͫͭͦΎ͙ͭ ͔͔͔ͤ͋ͨ͘;͙ͤͣ ͍͙͍ͨ͊ͣ͡Σ ͔ͫͭͪͫ͊ͣΣ ͎͍͍͙ͦͪ͊ͤͦͯ͊ͭ͘͜ 
ͦͣ͊ͤ͒ͯ͟ ͒͡Ύ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͔ͤͫͭ͊ͤ͒͊ͪͭͤͦ͝ ͊͒͊͘;͜Φ ˨͡Ύ ͼΈ͎ͦͦ ͣͦͪͫΈ͙͚͟ ͔͔ͤ͗ͤͪ͜ ͍͙͔ͨͦͤͤ ͙͙ͦͭͪͣ͊ͭ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤͯ ͍ͦͫͭͯ͜Σ ͊ 
͔ͤ ͍͔ͨͦͪͻ͍ͦͦ ͚͙͙ͨͦͤ͊ͦͣͭͫ͘Ύ ͘ ;͙͔͙͙ͫͤͤͣ͡ ͫͯ;͙͙͊ͫͤͣ ͔ͭͻͤ͜;͙͙ͤͣ ͙͊ͫͦ͋͊ͣ͘ ͤ͊ ͦͪ͊͋͟͜͡Σ ͔ͤ ͪͦͯͣ͘͜Ό;͙ ͫͯͭ͜ ͨͪͦͼ͔͍ͫ͜Σ ΅ͦ 
͍͍͒͋ͯ͊͜ΌͭΈͫΎ ͯ ͚͎ͦͦ ͪͦ͋ͦͭ͜Φ ˽͙ͪͤͼ͙ͨ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤͦͫͭ͜ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͍͙͍ͫͯ͊Ί ͤ͊ ͔ͨͪ΄͔ ͣͫ͜ͼ͔ ͔ͫ͊ͣ ͔͙ͣ͊ͭͣ͊ͭ;ͤͯ 
͎͍ͨ͒ͦͭͦͯ͜͟ ͣͦͪͫΈ͙͟ͻ ͔͔͍ͤ͗ͤͪ͜͜Φ ˤͦ͒ͤͦ;͊ͫΣ ͍͙͙͙ͨͯͫͤ͟͟ ˤ˸˹˭ ͣ͊ΌͭΈ ͙͍ͣͦ͗ͫͭ͜͡Έ ͨͪ͊ͼ͔͍͊͡΄͍͙ͭͯ͊ͭͫΎ ͯ ͔͙ͤͦͣͤ͘͜ͻ 
ͦͣͨ͊ͤ͟͜ΎͻΣ ͭͦͣͯ ͍͙ͨͦͤͤ͜ ͙͋ͯͭ ͔͙͙ͦͤͯͪͤͭͦͫͨͪͦͣͦ͗ͤͣ͟͟ ͤ͊ ͍͍ͫͭͦͦͣͯ͜ ͙ͪͤͯ͟ ͨͪ͊ͼ͜Φ ͙́͊ͣ͟ ;͙ͤͦͣΣ ͨͪͦͺ͔͚ͫͤ͊͜ ͎͍ͨ͒ͦͭͦ͊͜͟ 
͎͊͊ͦͣ͘͡Σ ͜ ͔͙ͣ͊ͭͣ͊ͭ;ͤ͊ Ύ͟ ͝͝ ͍ͫ͊͒ͦ͊͟͡Σ ͍͙ͨͦͤͤ͊ ͍͍͙͒ͨͦ͒͊ͭ͜͜ ͍͙͎ͣͦ͊ͣ ˸͗ͤ͊ͪͦ͒ͤͦ͜͝ ͣͦͪͫΈͦ͟͝ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ όLƴǘŜǊƴŀǘƛƻƴŀƭ 
aŀǊƛǘƛƳŜ hǊƎŀƴƛȊŀǘƛƻƴύΦ ˹͊ ͍ͦͫͤͦ͜ ͍͙΅͔ ͊ͤ͊͘͘;͔͎ͤͦͦ ͍͙͙ͤ͊͟͡ ͦ͋ΩΊ͙͍ͭͤ͊͟ ͔ͤͦ͋ͻ͒ͤͫͭ͜͜Έ ͍ͤͦͦ͝ ͤ͊ͼͦͤ͊͜͡Έͤͦ͝ ͍ͦͫͭͤ͜Έͦ͝ 
͙͙͒ͦͭͪͤ͟Σ ΅ͦ ͍͙ͦ͋ͯͣͦͦ͡ ͊ͭͯ͊͟͡Έͤͫͭ͜Έ ͔͙ͨͪͦ͋ͣ͡ ͎͊͊͘͡Έͤͦ͝ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤͦ͝Σ ͔ͦͪͣ͊͘͟ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝Σ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ 
ͣͦͪͫΈͦ͟͝ ͎͊ͯ͘͜͡Φ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˽ͪ ͔ͦ͋ͣ͊͡ ͍͙ͨ͒͜΅͔ͤͤΎ ͍ͪͤ͜Ύ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍ͯͪͫ͊ͤͭ͟͜ ˤ˸˹˭ ͔ͤ Ί ͍ͤͦͦΌΦ 
˽͙ͭ͊ͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͣͦͪͫΈͦ͟͝ ͍͙ͫͨͪ͊ ͭ͊ ͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͙ͣ͗ͤ͊ͪͦ͒ͤͣ͜ 
ͫͭ͊ͤ͒͊ͪͭ͊ͣ ͙͋ͯ͡ ͙͍ͨͪͫΎ;͔ͤ͜ ͍ͤ͊ͯͦ͟͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ̑ Φˤ͔͜͡;ͦ͟ ώоϐΣ ˿Φ ˥ ͪͯ΄͔͍ͦ͝ ώрϐΣ ˤΦ ˴ͤ͒ͯ͜͡ͻ͍ͦͦ͝ ώфϐΣ ́Φ ˽͍ͦͨͦͦ͝ ώуϐΣ ́Φ ˿͙ͨ;͊͟ ώмлϐ 
ͭͦ΅ͦΦ 

˸͔ͭͦΌ ͤ͊΄͎ͦͦ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͋ͯͦ͡ ͍͙͍;͙͙ͭ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͯ ͍͍͚ͫͭͦ͜͜ ͍͙΅͚͜ ͣͦͪͫΈ͚͟͜ ΄ͦ͟͜͡ ͭ͊ 
͘ΩΎ͍͙ͫͯ͊ͭ ͍͔ͪͤ͜Έ ͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ ͙ͣ͗ͤ͊ͪͦ͒ͤͣ͜ ͍͙͎ͣͦ͊ͣ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍ͯͪͫ͊ͤͭ͟͜ ͍͙΅͎ͦͦ ͣͦͪͫΈ͎ͦͦ͟ 
͍ͤ͊;͊͡Έ͎ͤͦͦ ͊͊͒ͯ͘͟͡ ͙̂ͪ͊ͤ͟͝Σ ͊ ͔ͫ͊ͣΣ ͔̆ͪͫͦͤͫΈͦ͟͝ ͒ ͔͍ͪ͗͊ͤͦ͝ ͣͦͪͫΈͦ͟͝ ͔͊͊͒ͣ͟͜͝Φ ˨ͦͫΎ͎͔ͤͤͤΎ ͔͙ͣͭ ͔͔ͨͪ͒͋͊;͊ͦ͡ ͍͙ͦͤ͊ͤͤ͟Ύ 
͙ͤ͊ͫͭͯͨͤͻ ͊͒͊͘; ͔͒ͦͫ͒͗ͤͤ͜͡ΎΥ ͤ͊ ͍ͦͫͤͦ͜ ͊ͤ͊ͯ͘͜͡ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼΈ ͙͙͒ͦͫ͒ͭ͜͡ ͍ͦͫͤͦͤ͜ ͔͔ͭͤ͒ͤͼ͜͝ ͫͯ;͊ͫͤͦ͝ ͍͙΅ͦ͝ ͣͦͪͫΈͦ͟͝ 
͍͙ͦͫͭ͜ ͯ ͍ͫͭ͜͜Τ ͍͙ͨͪͦ͊ͤ͊ͯ͊ͭ͘͜͡ ͍͔ͪͤ͜Έ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͯ ˤ˸˹˭ ͙̂ͪ͊ͤ͟͝ ͭ͊ ͍ͫͭͯ͜ ͭ͊ ͙͒ͫͭ͊ͭ͜ ͍͙͍͍ͫͤͦ͟͜ ΅ͦ͒ͦ ͍ͪͤ͜Ύ 
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͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍ͯͪͫ͊ͤͭ͟͜ ͔̆ͪͫͦͤͫΈͦ͟͝ ͔͍͒ͪ͗͊ͤͦ͝ ͣͦͪͫΈͦ͟͝ ͔͊͊͒ͣ͟͜͝ ͭ͊Σ Ύ͟ ͤ͊ͫ͒ͦ͜͟͡Σ ͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ ͙ͣ͗ͤ͊ͪͦ͒ͤͣ͜ 
ͫͭ͊ͤ͒͊ͪͭ͊ͣ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͣͦͪͫΈͦ͟͝ ͎͊ͯ͘͜͡Φ 

ˤ͙͊͒͟͡ ͍͎ͦͫͤͦͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡Φ ͔͔̉ͪ͘ ͔ͤͫͭ͊;ͯ ͍ͭ͜;͙ͤ͘Ύ͎ͤͦͦ ͺͦͭͯ͡ ͋͜͡Έ΄ͫͭ͜Έ ͍͙͙͍ͨͯͫͤ͟͟͜ ͣͦͪͫΈ͙͟ͻ ͍͍ͯ͘͜ ͙̂ͪ͊ͤ͟͝ 
ͣͯ͘΄͔ͤ͜ ΄͙ͯ͊ͭ͟ ͪͦ͋ͦͭͯ ͤ͊ ͫͯ͒ͤ͊ͻΣ ΅ͦ ͍ͨ͊͊͡ΌͭΈ ͨ͒͜ ͨͪ͊ͨͦͪͦͣ ͤ͜΄͙ͻ ͪ͊ͤ͟͝Φ ̂ ͚ͭͦ ͔͗ ;͊ͫ ͔͚ͫͪͦͤͦ͘Ό ͔ͨͪͦ͋ͣͦ͡Ό 
͙͊͘͡΄͊ΊͭΈͫΎ ͙ͨͭ͊ͤͤΎ ͫͦͼ͊͜͡Έ͎ͤͦͦ ͊͘ͻ͙ͫͭͯ ͣͦͪΎ͍͟͜Φ ́ͦͣͯΣ ͍ ͍ͯͣͦ͊ͻ Ί͙͎͒ͤͦͦ ͍͍͎ͫͭͦͦͦ͜ ͙ͪͤͯ͟ ͨͪ͊ͼ͜ ͊ͭͯ͊͟͡ΈͤͦΌ ͫͭ͊Ί 
Ί͍͔͚ͪͦͨͫΈ͊͟Σ ͭ͊ ͎͊͊ͦͣ͘͡Σ ͍͍ͫͭͦ͊͜ ͦͪ͜Ίͤͭ͊ͼ͜Ύ ͍ ͍ͦͫͭ͜͜Φ ˤ͙΅͊ ͍ͦͫͭ͊͜Σ ͯ ͤ͊΄ͦͣͯ ͍͙ͨ͊͒ͯ͟ ͣͦͪͫΈ͊͟Σ ͍͙ͨͦͤͤ͊ ͙͋ͯͭ 
͍͙͍ͫͦͦ͊͟͟͜͡ͺ͍ͦ͊ͤͦ͜͟Ό ͭ͊ ͙ͫ͊͒͊ͭ͟͡ ͍ͦͫͤͦͯ ΅ͦ͒ͦ ͨͦ͒͊͡Έ΄͎ͦͦ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͪͦͫͭ͊ͤͤ͘Ύ ͫͯ͋ΩΊ͍ͭ͟͜ ͍ͤ͊;͊ͤͤΎΦ ˤ͙΅͊ ͍ͦͫͭ͊͜ ͯ 
͍̐ͪͦͨ͜ ͤ͊͘ͻ͙ͦ͒ͭΈͫΎ ͤ͊ ͔ͭ͊ͨ͜ ͚ͤ͊͋͜͡Έ΄ ΄͙͙ͪͦ͟ͻ ͭ͊ ͫͯͭͭΊ͍͙ͻ ͔ͪͺͦͪͣΦ ˢͤ͊͘͜͡ ͪΎ͒ͯ ͍͙ͤ͊ͯͦ͟ͻ ͨͪ͊ͼΈ ώм-млϐ ͍͙͍͒ͦͦ͘͡ ͍͙͙͙͒ͭ͜͡ 
͔͔ͫͪ͒ ͫͯ;͙͊ͫͤͻ Ί͍͔͚ͪͦͨͫΈ͙͟ͻ ͔ͪͺͦͪͣ ͯ ͍͙΅͚͜ ͍ͦͫͭ͜͜ ͤ͊ͫͭͯͨͤ͜ ͔͔ͭͤ͒ͤͼ͜͝Υ ͯ ͨͪͦͼ͔ͫ͜ ͦͤͫͭͪͯ͟Ό͍͊ͤͤΎ ͍͎͋͊ͦͦͦ͘ ͣͫͭͯ͘͜ ͍͙ͦͫͭ͜ 
͙͍ͦͫͦ͋͊͡ ͍͎ͯ͊͊ ͙ͨͪ͒͜͡ΎΊͭΈͫΎ ͔͙ͣ͊ͭͣ͊ͭ;͚ͤ͜Σ ͙͙ͨͪͪͦ͒ͤ;͚͜ ͭ͊ ͔ͭͻ͎ͤͦͦ͜͡;͚ͤ͜ ͍ͦͫͭ͜͜Τ ͍͚ͦͫͭͤ͜͜ ͨͪͦͼ͔ͫ ͫͨͪΎ͍͙͚ͣͦ͊ͤ ͤ͊ ͍ͭͦͪ;͔ 
͍͊ͫͦ͘ΊͤͤΎ ͤ͊ͤ͘ΈΣ Ύ͔͟ ͊͊͒͊͘͟͡Ί ͋͊ͯ͘ ΅ͦ͒ͦ ͍ͤ͊ͯͦͦ͟-͒ͦͫ͒ͤͦ͜͡͝ ͜ ͦͤͫͭͪͯͭͦͪͫ͟͟Έͦ͟-͔ͨͪͦͭͤͦ͟͝ ͒͜Ύ͡Έͤͦͫͭ͜Τ ͦͪ͜Ίͤͭ͊ͼ͜Ύ ͤ͊ ͪͤ͘͜͜ 
͔͎͊ͭͦͪ͟͜͝ ͔ͫͭͯ͒ͤͭͫΈͦ͟͝ ͙͊ͯ͒ͭͦͪ͜͝Σ ͪͦͪͦ͋͊͘͟ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͭͪ͊Ί͚ͭͦͪ͟͜ ͍ͤ͊;͊ͤͤΎΤ ͨͦ΄ͯ͟ ͍͙ͤͦͻ ͔͙ͣͭͦ͒;͙ͤͻ ͙͔ͫͫͭͣΣ 
ͦͪ͜Ί͍͙ͤͭͦ͊ͤͻ ͤ͊ ͔͔͍͔ͨͪͭͦͪͤͤΎ ͫͯ͋ΩΊͭ͊͟ ͍ͤ͊;͊ͤͤΎ ͘ ͙͍͎ͨ͊ͫͤͦͦ ͤ͊ ͙͍͎͊ͭͤͦͦ͟ ͯ;͙͊ͫͤ͊͟ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͯΤ ͍͔ͯͨͪͦ͊͒͗ͤͤΎ 
͙ͨͪͤͼ͙͍ͨ͜ ͔͔͔͍ͤͨͪͪͤͦ͝ ͍͙ͦͫͭ͜Φ 

˾͍ͦ͘ΩΎ͊ͤͤ͘Ύ ͔ͨͪ΄͎ͦͦ ͍͊͒͊ͤͤ͘Ύ ͔͔ͨͪ͒͋͊;͊ͦ͡ ͍͔͔ͨͪͦ͒ͤͤΎ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍ͫͭͦͫͦͤͦ ͍ͪͤ͜Ύ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ 
͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͣͦͪͫΈͦ͟͝ ͎͊ͯ͘͜͡ ͙ͪͤ͘͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ͍ͫͭͯ͜Φ ˹͊ ͍ͦͫͤͦ͜ ͊ͤ͊ͯ͘͜͡ ͍͍͎ͫͭͦͦͦ͜ ͍͒ͦͫ͒ͯ͜ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ 
͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͣͦͪͫΈͦ͟͝ ͎͊ͯ͘͜͡ ͣͦ͗ͤ͊ ͙͙ͪͦ͋ͭ͘ ͭ͊͟͜ ͍͙͍͙ͫͤͦ͟Υ 

1. ̂ ˿̊ˢ ͔͙ͣ͊ͭͣ͊ͭ͊͟ ͍ͻ͙ͦ͒ͭΈ ͒ͦ ͋ͦͯ͟͡ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͙ͤͻ ͤ͊ͯ͟ όпл҈ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͍͔ͤ͊͊ͤͭ͊͗ͤͤΎύ ͜ ͍͙͍;͊ΊͭΈͫΎ 
ͨͪͦͭΎ͎ͦͣ ͔ͨͪ΄͙ͻ ͍͒ͦͻ ͍ͪͦ͟͜Φ ˴ͯͪͫ ͙ͨͪͤ͊͘;͔͙͚ͤ ͒͡Ύ ͍ͤ͊;͊ͤͤΎ ͍͙ͦͫͤͦͤͻ ͨͦͤΎͭΈΣ Ύ͟͜ ͋ͯ͒ͯͭΈ ͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͎͔͙͙͊ͪ͒ͣ͊ͪͤ 
ͯ ͙ͤ͊ͫͭͯͨͤͻ ͯͪͫ͊͟ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͎ͨͪͦͪ͊ͣ ͣͦͪͫΈ͙͟ͻ ͔͔͍͔͔ͨͪͤ͘ΈΦ ˴ͯͪͫ ͭ͊ͦ͗͟ ͔͔͊͋ͨ͘͘;ͯΊ ͣ͜ͼͤͯ ͍ͤ͊ͯͦͯ͟ ͍ͦͫͤͦͯ ͺͦͤͯ 
͍͙͎ͣ͊͊ΊͭΈͫΎ ͍͒͜ ͯͫ͜ͻ ͍ͦͫ͜;͔͙ͤͻ ͡Ό͔͚͒ ͯ ͤ͊΄ͦͣͯ ͍ͫͭ͜͜ ͍͙͙ͫͦ͟ͻ ͔ͭͻ͎͚ͤͦͦ͜͡Φ ˭ͣͫͭ͜ ͍ͤ͊;͊͡Έ͙ͤͻ ͍ͯͪͫ͟͜ ͘ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͯ ͍ͯ͊͘ͻ ˿̊ˢ 
͍͍͒ͨͦ͒͊͜͜Ί ˱˸˻-͔ͣͦ͒͜͡ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͣͦͪͫΈͦ͟͝ ͎͊ͯ͘͜͡Φ ˹͔͍͊͗͊͘Ό;͙ ͤ͊ ͚ͫͭͯ͜͟ ͔͔ͭͤ͒ͤͼ͜Ό ͒ͦ ͙͔ͨͦͫͤͤ͡Ύ 
ζ͙͎ͨͪ͊͒ͤͦͦ͟͡ ͔ͦͣͨͦͤͤͭ͊͟η ͣͫͭͯ͘͜ ͍ͤ͊;͊ͤͤΎΣ ͔͙͊ͣͪ͊ͤͫ͟Έ͟͜ ͍͔͙͔͙ͯͤͪͫͭͭ͜ ͎ͤ͊ͣ͊͊ΌͭΈͫΎ ͔͎͙͋ͪ͊ͭ͘͜ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤͫͭ͜Έ 
͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͣͦͪͫΈͦ͟͝ ͎͊ͯ͘͜͡Φ ˿͔͙ͭͯ͒ͤͭ ͍͙͍;͊ΌͭΈ ͍͙ͦͫͤͦ ͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͊ͤ͊ͯ͘͜͡Σ ͎͔͊͋ͪͯ͡Σ 
͎͔͔ͦͣͭͪ͜Ό ͭ͊ ͙͎͔ͭͪͦͤͦͣͭͪ͜ΌΣ ͪͣ͟͜ ͎ͭͦͦ ͔͙ͫͭͯ͒ͤͭ ͙ͦ͋ͪ͊ΌͭΈ ͙ͦ͒ͤ ͘ ͍͙͒ͦ͒͊ͭͦ͟ͻ ͍ͯͪͫ͟͜ ͔͙͙ͣ͊ͭͣ͊ͭ͟Φ ͙́͊ͣ͟ ;͙ͤͦͣΣ ͔͙ͫͭͯ͒ͤͭ 
͍͙͍;͊ΌͭΈ ͙͙͚ͨͪ͊͒ͤ͟͡ ͻ͔͊ͪ͊ͭͪ͟ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͤ͊ͯ͟Φ ˿͙͔ͫͭͣ͊ ͔͔ͤ͗ͤͪͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͤ͊͒͊Ί ͔ͫͭͯ͒ͤͭ͊ͣ ͙͍ͣͦ͗ͫͭ͜͡Έ ͯ ͤ͟͜ͼ͜ ͔ͨͪ΄͎ͦͦ 
ͪͦͯ͟ ͍ͤ͊;͊ͤͤΎ ͍ ͍͋͊͊͊ͪ͊ͭ͟͜͡ ͍͙͙͋ͪ͊ͭ ͤ͊ͨͪΎͣͦ͟ ͔ͫͨͼ͊͊͘͜͜͡ͼ͜͝ ͜ ͙ͫ͊ͫͭ͟͡ ͙͙͙͚ͨͪ͋ͤ͘͡ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙͚ͤ ͨ͊ͤ͡ ͤ͊ ͍͔ͫΈ ͔ͨͪͦ͒͜ ͍ͤ͊;͊ͤͤΎΣ 
͊͋ͦ ͤ͊ ͪ͜͟Σ ͔ͨͪͦͭΣ ͔ͫͨͼ͊͜͡Έͤ͜ ͔͔͙ͨͪ͒ͣͭ ͘ΩΎ͍͡ΎΌͭΈͫΎ ͭ͜͡Έ͙͟ ͤ͊ ͔ͭͪͭΈͦͣͯ ͜ ;͔͍͔ͭͪͭͦͣͯ ͪͦͼ͜ ͍ͤ͊;͊ͤͤΎΦ ˽͔ͪ΄͜ ͍͒͊ ͙ͯͪͫ͟ ͍ͤ͊;͊ͤͤΎ ͒͊ΌͭΈ 
ͪͦ͘΄͙͔ͪͤͯ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤͯ ͺ͙ͦ͘͜͟-ͣ ͔͙͊ͭͣ͊ͭ;ͤͯ ͜ ͻͣ͜͜;ͤͯ ͎͍ͨ͒ͦͭͦͯ͜͟Σ ΅ͦ Ί ͍ͦ͋ͦϥΎ͍ͦͦ͘͟Ό ͒͡Ύ ͍ͫ͜ͻΦ ˤ͙΅͊ ͍ͦͫͭ͊͜ ˿̊ˢ ͫͨͪΎ͍ͣͦ͊ͤ͊ ͤ͊ 
͍͙Ύ͍͔ͤͤ͡Ύ ͙͍ͤ͒͒ͯ͊͜͜͡Έ͙ͤͻ ͙͍͔͚ͦͫͦ͋ͦͫͭ͡ ͭ͊ ͔͔͍ͤͭͪͫ͜͜ ͫͯ͋ΩΊ͍ͭ͟͜ ͍ͤ͊;͊ͤͤΎ ΅ͦ͒ͦ ͨͦ͒͊͡Έ΄ͦ͝ ͯͫͨ͜΄ͤͦ͝ ͍͙ͨͦ͋ͯ͒ͦ ͫͻ͔͙ͣ ͝ͻ ͊ͪ͟ΩΊ͎ͪͤͦͦ 
ͪͦͫͭ͊ͤͤ͘ΎΦ ˹͍͊;͊ͤͤΎ ͍ ˢ͔͙ͣͪͼ͜ ͤ͊ͼ͔͔ͤ͜͡ ͤ͊ ͙ͦͭͪͣ͊ͤͤΎ ͭ ͔͔͙ͦͪͭ;͎ͤͦͦ ͎͋͊͊͗ͯ ͤ͊ͤ͘ΈΣ Ύ͙͚͟ ͔ͤͦ͋ͻ͒ͤͦ͜ ͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͙ͨͪ ͍ͪͦ͘ΩΎ͊ͤͤ͘͜ 
ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͍͊͒͊ͤ͘Έ ͭ͊ ͯ ͫͯͫͨ͜͡Έͤͦͣͯ ͙͗ͭͭ͜Φ ˭͍͊ͫͭͦͫͦͯΌ;͙ ͔͙ͫͣͤ͊ͪ͜Σ ͔͎͙ͭͪͤͤ͜ ͭ͊ ͤ͜΄͜ ͔ͤͫͭ͊ͤ͒͊ͪͭͤ͜ ͍͙͙͒ ͍ͤ͊;͊͡Έͤͦ͝ ͙ͪͦ͋ͦͭ 
͙ͨͪ΅͔ͨ͡ΌΌͭΈ ͔ͫͭͯ͒ͤͭ͊ͣ ͡Ό͍͋ͦ ͒ͦ ͍ͫͦΊ͝ ͚ͣ͊͋ͯͭͤΈͦ͝ ͙ͪͦ͋ͦͭΦ ˤ͙ͤ͊͘;͊͡Έ͙ͤͣ ͺ͊ͭͦͪͦͣ͟ ͯ ͎͍ͨ͒ͦͭͦ͜ͼ͜ ͺ͊ͻ͍͜ͼ͍͜ ͘ ͍͙΅ͦΌ ͍ͦͫͭͦ͜Ό ͯ ˿̊ˢ 
Ί ͍͔ͪͦ͋ͦͭͦ͒͊ͼΈΦ ˤ͙ͯ͘ ͍͎͒ͪ͊͜͜ΌͭΈ ͒ͦͨͦͣ͗ͤͯ͜ ͪͦ͡ΈΣ ͎ͤͯ;ͦ͟ ͔͎ͪ͊ͯΌ;͙ ͤ͊ ͔ͦͤͦͣ͟͜;ͤͯ ͙ͫͭͯ͊ͼ͜ΌΦ ˴ͦ͗ͤ͜ ͨϥΎͭΈ ͍ͪͦ͟͜ ͍ͤ͊;͊͡Έͤ͜ ͙ͯͪͫ͟ ͜ 
͎͙ͨͪͦͪ͊ͣ ͔͔͎ͨͪ͡Ύ͒͊ΌͭΈͫΎ ͦͣͫ͟͜͜Ύ͙ͣ ͺ͊ͻ͍͜ͼ͍͜Φ ͙́͊ͣ͟ ;͙ͤͦͣ ͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͦ͋ͣͤ͜ ͍͒ͦͫ͒ͦͣ͜ ͙ͪͦ͋ͦͭ ͨͦ ͫ͊͒͊ͤͤ͟͡Ό ͎ͨͪͦͪ͊ͣ ͔͔ͫͪ͒ 
͍;͔͙ͤͻΣ ͍͙͊͒͊͟͡;͍͜ ͜ ͍ͪͦ͋ͦͭͦ͒͊ͼ͍͜Φ  

нΦ ˤ ˱ͫͨ͊ͤ͜͝ ˸͔͍ͤͫͭͪͫͭͦ͜͜ ͍͙ͦͫͭ͜ ͍͍ͫͭ͊ͤͦ͡ΌΊ ͔͍͒ͪ͗͊ͤͯ ͎ͨͪͦͪ͊ͣͯ ͍ͤ͊;͊ͤͤΎΣ ͊ ͎ͦ͒ͦͣ͘ ͤ͊ ͝͝ ͍ͦͫͤͦ͜ ͦ͗ͤ͊͟ ͍͊ͭͦͤͦͣͤ͊ 
ͫͨ͜͡Έͤͦͭ͊ ͦͨͪ͊ͼΈ͍ͦͯΊ ͍͊ͫͤͯ͡ ͎ͨͪͦͪ͊ͣͯΦ ˸͔͙͊ͭͣ͊ͭ;ͤ͊ ͎͍ͨ͒ͦͭͦ͊͜͟ ͣͦͪͫΈ͙͟ͻ ͺ͊ͻ͍͜ͼ͍͜ ͯ ͔ͭͻͤ͜;͙ͤͻ ͍ͯ͊͘ͻ ˱ͫͨ͊ͤ͜͝ ͍͒ͤ͊͘͜;͊ΊͭΈͫΎ 
͒ͦͫͭ͊ͭͤͣ͜ ͍͔ͪͤͣ͜ ͍ͫͦΊ͝ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤͦͫͭ͜Φ ˴͙ͯͪͫ͊ͤͭ ͙ͦͭͪͣͯΌͭΈ ͍͙΅ͯ ͣͦͪͫΈͯ͟ ͍ͦͫͭͯ͜ ͤ͊ ͋͊͘͜ ͍͐ͪͯͤͭͦͤͦ͝ ͙͋͊͘ 
ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Σ ͔ͦͪͣ͊͘͟Σ ͔͙͙ͣ͊ͭͣ͊ͭ͟Φ ͍̅ͦͪͣͯ͊ͤͤΎ ͍͙ͤ͊;ͦ͟ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟ Ί ͙ͦ͒ͤͣ ͘͜ ͎͍͙ͦͦͤ͡ͻ 
͍͊͒͊ͤ͘Έ ͍ͤ͊;͊ͤͤΎ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͯ ˱ͫͨ͊ͤ͜͝Φ ˾͙͊͒͊͟͡Έ͙ͤͣ ͊ͫͦ͋ͦͣ͘ ͔ͪ͊͊͘͜͡ͼ͜͝ ͙ͨͪ͊͒ͤͦ͟͡͝ ͫͨͪΎ͍ͣͦ͊ͤͦͫͭ͜ ͯͪͫͯ͟ ͍͙΅ͦ͝ 
͔͙͙ͣ͊ͭͣ͊ͭ͟ ͒͡Ύ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͍ͫͯ͒ͤͦͦ͒͜͝ Ί ΄͙͔ͪͦ͟ ͙͔͙ͫͫͭͣ͊ͭ;͔ͤ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͔ͣͭͦ͒ͯ ͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͔ͣͦ͒͡Ό͍͊ͤͤΎ 
͍ͯͨͪͦ͒ͦ͗ ͯͫΈ͎ͦͦ ͯͪͫͯ͟Φ ͔̇ ͫͭͦͫͯΊͭΈͫΎ ͍͍͔͔͒ͤͤΎ ͨͦͤΎͭΈΣ ͍͙Ύ͍͔ͤͤ͡Ύ ͍͘ΩΎ͍͘͟͜ ͣ͗͜ ͙͙ͤͣΣ ͻ͔͊ͪ͊ͭͪͯ͟ ͜͡Όͫͭͪ͊ͼ͚͜Σ ͍͔͔͒ͦ͒ͤΈΣ 
͙͔͙ͫͫͭͣ ͍͍ͨͪ͊ ͜Σ ͔ͤ͊ͪ΄ͭ͜Σ ͙͔͙ͫͫͭͣ ͦͤͭͪͦ͟͡ΌΦ ˱ͤ͊͟΄͔ ͊͗ͯ͟;͙Σ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͔ͭͪ͋͊ ͭ͊͟ ͍ͤ͊;͙͊ͭΣ ΅ͦ͋ ͙ͯͪͫ͊ͤͭ͟ ͍͙ͣ͜͡ ͝͝ 
͍͍͙͊ͫͭͦͫͦͯ͊ͭ͘ ͙ͨͪ ͍ͪͦ͘ΩΎ͊ͤͤ͘͜ ͍͎ͤ͊͊͜ͼ͚͙ͤ͜ͻ ͊͒͊͘;Φ ˭͔͔͊͋ͨ͘;͔ͤͤΎ ͙ͨͪ͊͒ͤͦ͟͡͝ ͫͨͪΎ͍ͣͦ͊ͤͦͫͭ͜ ͍͙͊͒͊ͤͤ͟͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟ 
͙ͫͨͪΎΊ ͺ͍ͦͪͣͯ͊ͤͤΌ ͚͙ͫͭ͜͟ͻ ͙͍͍ͣͦͭ͜ ͒ͦ ͍ͤ͊;͊ͤͤΎ ͎͊͊ͦͣ͘͡ ͜ ͍ͤ͊;͊ͤͤΎ ͍͙΅ͦ͝ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͔ͦͪͣ͊͘͟Φ ˤ ˱ͫͨ͊ͤ͜͝ ͒ͦ ͎͙ͨͪͦͪ͊ͣ 
͍͟͡Ό;͔ͤ͜ ͭ͊͟͜ ͒͜͝Σ Ύ͟ ͔ͪͺ͔ͫ͟͜͡ΎΣ ͍ͨͦ͋ͯ͒ͦ͊ ͨ͊ͤͯ͡ ͚͒͜Σ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͚͎ͦͦ ͭͦ΅ͦΦ  

оΦ ˸͔ͭͦΌ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͣͦͪͫΈ͎ͦͦ͟ ͨͪͦͺ͜͡Ό ͯ ˽ͦ͡Έ΅͜ ͍͋͊;͊ΊͭΈͫΎ ͙ͨͪ͊ͭ͟;ͤͦ 
͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͍ͫͦ͝ ͤ͊ͤͤ͘Ύ ͍ ͦ͋͊ͫͭ͜͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ΅ͦ͒ͦ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͍͊͒͊ͤͤ͘Ύ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͻ͔͊ͪ͊ͭͪͯ͟Φ ˴ͪͣ͜ ͎ͭͦͦΣ ͍͜͡Έͤͦ 
͍͙͙͍͍͙ͦͪͫͭͦͯ͊ͭ͟ ͤ͊ͤͤ͘Ύ ͘ ͎͔͙͊͋ͪ͡Σ ͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͊ͤ͊ͯ͘͜͡Σ ͚͍ͣͦͪͤͦͫͭ͜͜Σ ͔͔͔͍ͣͤͭ͜͡ ͙͔͒ͫͪͭͤͦ͟͝ ͜ ͙ͨͪ͊͒ͤͦ͟͡͝ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ ͯ 
ͭͦͣͯ ;͙ͫ͜͡ ;͙͔ͫ͡Έͤ͜ ͔͙ͣͭͦ͒Φ ˽ͦ͡ΈͫΈ͟͜ ͔ͭͻͤ͜;ͤ͜ ͍͙ͯ͘ ͔͔ͨͪ͒͋͊;͊ͭΈ ͍͐ͪͯͤͭͦͤͯ ͍ͤ͊ͯͦͯ͟ ͭ͊ ͔ͭͻͤ͜;ͤͯ ͎͍ͨ͒ͦͭͦͯ͜͟ ͍ͫͦ͝ͻ 
͍͙͙͍ͨͯͫͤ͟͟͜Σ ͣͫͭ͘͜ ͍ͤ͊;͊ͤͤΎ ͍ͯͪͫ͟͜ ͙͙ͨͪͪͦ͒ͤ;ͦ-͔͔͙ͣͭͣ͊ͭ;͎ͤͦͦ ͼ͙ͯ͟͡ ͣ͊Ί ͍͙͙͚ͫͦ͟ ͍͔ͪͤ͜Έ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤͦͫͭ͜Φ 

пΦ ˭ͣͫͭ͜ ͯͪͫͯ͟ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͯ ͍ͯ͊͘ͻ ˸͚͊͊͘͜͡͝ ͍͍͒ͨͦ͒͊͜͜Ί ͣͤͣ͊͜͜͡Έ͙ͤͣ ͍͙͎ͣͦ͊ͣ ˱˸˻ ͒ͦ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͣͦͪͫΈͦ͟͝ 
͎͊ͯ͘͜͡Φ 

рΦ ̂ ˤ͔͙͙ͦ͋ͪͭ͊ͤ͟͜͡͝ ͫ͊ͣͦͦͼͤ͊͜͟ ͔͍ͫͭͯ͒ͤͭ͜ ͎ͪͦ͘͡Ύ͒͊ΊͭΈͫΎ Ύ͟ ͦ͒ͤ͊ ͘͜ ͎͍͙ͦͦͤ͡ͻ ͔͚͒͜ ͍ͤ͊;͊ͤͤΎΦ ˾Ύ͒ ͍͍ͯ͘͜ ͍ͫͭͯ͜Σ ͔ͦͪͣ͊͘͟ 
NŀǳǘƛŎŀƭ /ŀƳǇǳǎ ˣ͔ͨͯ͟͡͡ ͜ CȅƭŘŜ /ƻƭƭŜƎŜ ͯ ˤ͔͙͙ͦ͋ͪͭ͊ͤ͟͜͡͝Σ ͨͪͦͨͦͤͯΌͭΈ ͎͙ͨͪͦͪ͊ͣ ͎͍͙ͨ͒ͦͭͦ͜͟ ͣͦͪͫΈ͙͟ͻ ͺ͊ͻ͍͜ͼ͍͜ ͤ͊ ͍ͦͫͤͦ͜ 
͔ͭͻ͎͚ͤͦͦ͜͡ ͍͎ͦͣ͋ͤͦ͊ͤͦͦ͟͜ ͍ͤ͊;͊ͤͤΎ ό.ƭŜƴŘŜŘύΦ ˸ͦͪͫΈ͙͚͟ ͙ͤͫͭͭͯͭ͜ ͯ ˶ͦͤ͒ͦͤ͜ ͨ͒ͤͦ͜͡ ͍͍ͨͪͦ͊͒͗ͯΊ ͯ ͍ͤ͊;͊͡Έ͙͚ͤ ͨͪͦͼ͔ͫ ͔-
͍͎ͤ͊͊͜ͼ͜ΌΦ ˸͔͙ͭͦ͒͊͟ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͍ͫͯ͒ͤͦͦ͒͜͝ ͘ ͍͔ͯͨͪͦ͊͒͗ͤͤΎͣ ͔ͭͻ͎͚ͤͦͦ͜͡ ͔-͍͎ͤ͊͊͜ͼ͜͝ ͣ͊Ί ͙ͫͨͪΎ͙ͭ ͎͍ͦͭͦͤͦͫͭ͜ 
͍ͯͪͫ͊ͤͭ͟͜ ͒ͦ ͍͙ͦͤ͊ͤͤ͟Ύ ͨͪͦͺ͔͚͙ͫͤ͜ͻ ͍ͦ͋ͦΩΎ͍͘͟͜Σ ͊ ͔ͫ͊ͣΥ ͋ͪ͘͜Σ ͦ͋ͣͤ͜Σ ͨͦ͒͊ͤͤΎ ͭ͊ ͊ͤ͊͘͜͡ ͣͦͪͫΈͦ͟͝ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͤ͊ ͋ͦͪͭͯ ͜ ͤ͊ 
͔͔͋ͪ͘͜ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͍͊ͫͦ͋͘͜ ͒͡Ύ ͍͙ͨ͒͜΅͔ͤͤΎ Ύͦͫͭ͟͜ ΄͍͍͊ͪͭͯ͊ͤͤΎ ͒ͦ ͙ͨͪ;͊ͯ͡Τ ͍͎ͤ͊͊͜ͼ͜͝ ͘ ͔ͣͭͦΌ ͔͔͊͋ͨ͘͘;͔ͤͤΎ 
͔͔͙͋ͨ͘͟ ͤ͊ ͣͦͪ͜ ͜ ͊͘ͻ͙ͫͭͯ ͣͦͪͫΈ͎ͦͦ͟ ͔͔͍͙ͫͪ͒ͦ΅͊Φ ͔͚̇ ͍͒ͦͫ͒͜ ͙͋ͪͭ͊ͤͫΈ͙͟ͻ ͍͍ͯ͘͜ ͙͒ͦͫͭΈ ͯͫͨ͜΄ͤͦ ͍ͯͨͪͦ͊͒͗ͯΊͭΈͫΎ ͜ ͍ 
ͯͪ͊ͤͫ͟͝Έ͙͟ͻ ͣͦͪͫΈ͙͟ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻΦ  

сΦ ˤ ˱ͪ͊ͤ͒͜͡͝ ͔͔ͪͦͣͤ͒ͯ͟ΊͭΈͫΎ ͍ͤ͊;͊ͤͤΎ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͤ͊ ͔͙ͦͤͪͭͤ͟͟ͻ ͙ͨͪ͊͒͊͟͡ͻΣ ΅ͦ͋ ͔͙ͫͭͯ͒ͤͭ ͎͙ͣͦ͡ ͍͙͙ͪͦͤͯͭ͘ Ύ͟ 
͍͒ͦͣͦͫͭ͜͜ ͘ ͔͔ͨͪ͒ͣͭͯΣ ͭ͊͟ ͜ ͍ͣͤͤ͜Ύ ͍ͪͦ͘ΩΎ͍͙ͯ͊ͭ͘ ͊͒͊͘;͜Φ  
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тΦ ̂ ˣ͔͡Έ͎͜͝ ͭ͊ͦ͗͟ ͙͍͔͊ͭͤ͟ ͍ͤ͊;͊ͤͤΎ ͭͪ͊ͭͯ͟ΊͭΈͫΎ Ύ͟ ͍͙͍͙͚͊͗͡ ͔͔͔ͣͤͭ͡ ͍͙ͪͦͭͯ͘͟ ͍͔͍͔ͨͤͤͦͫͭ͜Σ ͚ͫ͊ͣͦͫͭͤͦͫͭ͜͜ ͭ͊ 
͔͙͍ͪ͊ͭͤͦͫͭ͟͜ ͔͍ͫͭͯ͒ͤͭ͜Φ ˤ͙͊͒͊͟͡;͜ ͒͊ΌͭΈ ͔ͫͭͯ͒ͤͭ͊ͣ ;͊ͫ ͤ͊ ͍͔͊ͫͤ͡ ͙͔ͦͫͣͫͤͤ͡ΎΣ ΅ͦ ͍͙͍ͪͦ͊͘Ί ͍ ͙ͤͻ ͙͙ͪͭ͟;͔ͤ ͍͔ͫͭ͊ͤͤ͡Ύ ͭ͊ 
͊ͦ͘ͻͦ;ͯΊ ͒ͦ ͋͜͡Έ΄ ͙͔͙ͫͫͭͣ͊ͭ;͎ͤͦͦ ͍ͣͪͯ͊ͤͤ͜͟ΎΣ ΅ͦ Ί ͔͒ͯ͗ ͔͒ͦͪ;͙ͤͣ ͙ͨͪ ͍͙͍;͔ͤͤ͜ ͍͙΅ͦ͝ ͔͙͙ͣ͊ͭͣ͊ͭ͟Φ  

˽ͪͦͼ͔ͫ ͔ͪͺ͍ͦͪͣͯ͊ͤͤΎ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͍͙ͦͫͭ͜Σ ͔ͦͪͣ͊͘͟ ͣͦͪͫΈͦ͟͝Σ ͯ Ί͍͔͚ͪͦͨͫΈ͙͟ͻ ͪ͊ͤ͊͟͝ͻ Ί ͫͨͪͦ͋ͦΌ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍͙ͤͦͻ ͺͦͪͣ 
͙ͪͦ͋ͦͭ ͯ ͔ͣ͗͊ͻ ͙ͭͪ͊͒ͼ͚ͤͦ͜͝ ͙͔͙ͫͫͭͣΦ ˹͍ͦ͜ ͍ͦͫͭͤ͜͜ ͔ͭͻ͎ͤͦͦ͜͡͝Σ ͫͯ;͊ͫͤ͜ ͔͙ͣͭͦ͒ ͭ͊ ͺ͙ͦͪͣ ͍ͤ͊;͊ͤͤΎ ͯ ͼ͚͜ ͎͊ͯ͘͜͡ ͦͪ͜Ί͍ͤͭͦ͊ͤ͜ ͤ͊ 
͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͍͙͍͎͊͗ͦͦ͡ ͍͊͒͊ͤͤ͘Ύ-ͫ ͍͔ͭͦͪͤͤΎ ͍ͯͣͦ ͒͡Ύ ͔͔͊͋ͨ͘͘;͔ͤͤΎ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍͊͟͜͡ͺ͍͙ͦ͊ͤ͜͟ͻ ͺ͊ͻ͍͜ͼ͍͜ ͣͦͪͫΈͦ͟͝ ͎͊ͯ͘͜͡ ͊͘ ͍ͯͣͦ 
ͫͯ;͎͊ͫͤͦͦ ͍͍͎ͫͭͦͦͦ͜ ͤ͜ͺͦͪͣ͊ͼ͚ͤͦ͜-ͭ ͔ͻͤ͜;͎ͤͦͦ ͎͔ͨͪͦͪͫͯΦ ˴ͪͣ͜ ͎ͭͦͦΣ ͪͦͨͦ͒͘͜͡ ͍ͤ͊;͊͡Έ͙ͤͻ ͎͙ͦ͒ͤ ͯ ͪͦ͋ͦ;͙ͻ ͎ͨͪͦͪ͊ͣ͊ͻ ͍ͤ͊;͊ͤͤΎ 
͔͙͙ͣ͊ͭͣ͊ͭ͟ ͯ ͍ͯ͊͘ͻ ͣͦͪͫΈ͎ͦͦ͟ ͫͨͪΎ͍ͣͯ͊ͤͤΎ ͙͒ͦͫͭΈ ͫͭͦͭͤͦ͜ ͪͦͪͤ͘͘͜ΎΌͭΈͫΎ ͙ͪ͊ͤ͟͝ ͒ͦ ͙ͪ͊ͤ͟͝Σ ͜ ͍ͤ͊ͭ͜Έ ͫ ͔͔ͪ͒ ͙ͪͤ͘͜ͻ ͍͍ͯ͘͜ ͎ͦ͒ͤͦͦ ͔͎ͪͦͤͯ͜Φ 

˾͍ͦ͘ΩΎ͊ͤͤ͘Ύ ͎͎͒ͪͯͦͦ ͍͊͒͊ͤͤ͘Ύ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͔͔ͨͪ͒͋͊;͊ͦ͡ ͤ͊ ͍ͦͫͤͦ͜ ͊ͤ͊ͯ͘͜͡ ͪͦ͋ͦ;͙ͻ ͎ͨͪͦͪ͊ͣ ͯͪͫͯ͟ ͍͙΅ͦ͝ 
͔͙͙ͣ͊ͭͣ͊ͭ͟ ͭ͊ ͍͙͎ͣͦ ˸͗ͤ͊ͪͦ͒ͤͦ͜͝ ͣͦͪͫΈͦ͟͝ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͒ͦ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͣͦͪͫΈͦ͟͝ ͎͊ͯ͘͜͡Σ 
͙͒ͫͭ͊ͭ͜ ͍͙͍͍ͫͤͦ͟͜ ΅ͦ͒ͦ ͍ͪͤ͜Ύ ͝ͻ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͭ͊Σ Ύ͟ ͤ͊ͫ͒ͦ͜͟͡Σ ͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ ͙ͣ͗ͤ͊ͪͦ͒ͤͣ͜ ͫͭ͊ͤ͒͊ͪͭ͊ͣ 
͎͍͙ͨ͒ͦͭͦ͜͟Φ ˤ ͻͦ͒͜ ͊ͤ͊ͯ͘͜͡ ͙͍͙ͤͦͪͣ͊ͭͤͻ ͔͍͒ͦͯͣͤͭ͟͜ ΅ͦ͒ͦ ͍ͣͫͭͦͦ͘͜͝ ͍ͫ͊͒ͦͦ͟͡͝ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͣͦͪͫΈͦ͟͝ 
͎͊ͯ͘͜͡ ͯ ͍͙΅ͦͣͯ ͣͦͪͫΈͦͣͯ͟ ͊͊͒͘͟͜͡ ͙̂ͪ͊ͤ͟͝Σ ͊ ͔ͫ͊ͣΣ ͯ ͔̆ͪͫͦͤͫΈ͚͟͜ ͔͍͚͒ͪ͗͊ͤ͜ ͣͦͪͫΈ͚͟͜ ͔͊͊͒ͣ͟͜͝Σ ͋ͯͦ͡ ͍͍͔ͫͭ͊ͤͦͤͦ͡Σ ΅ͦ 
ͨͪ ͙ͤͼ͙ͨ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤͦͫͭ͜ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͍͙͍ͫͯ͊Ί ͤ͊ ͔ͨͪ΄͔ ͣͫ͜ͼ͔ ͔ͫ͊ͣ ͔͙ͣ͊ͭͣ͊ͭ;ͤͯ ͎͍ͨ͒ͦͭͦͯ͜͟ ͣͦͪͫΈ͙͟ͻ ͦͺ͜ͼ͔͍ͪ͜Φ ́ͦͣͯ 
ͪͦ͋ͦ;͊ ͎ͨͪͦͪ͊ͣ͊ ͯͪͫͯ͟ ͍͙΅ͦ͝ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͒͡Ύ ͍ͯͪͫ͊ͤͭ͟͜ ͔̆ͪͫͦͤͫΈͦ͟͝ ͔͍͒ͪ͗͊ͤͦ͝ ͣͦͪͫΈͦ͟͝ ͔͊͊͒ͣ͟͜͝ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ 
ͫͨͪΎ͍ͣͯ͊ͤͤΎ ζ˿͍ͯ͒ͤͦͦ͒ͤͤ͜ΎηΣ ζ˩ͫͨͯ͊ͭ͊͟͡ͼ͜Ύ ͍͙ͫͯ͒ͤͦͻ ͔͔͎͔͙ͤͪͭ;͙ͤͻ ͍ͯͫͭ͊ͤͦͦ͟ηΣ ζ˩ͫͨͯ͊ͭ͊͟͡ͼ͜Ύ ͔͔ͭͪͦͦ͋͊͒ͤ͊ͤͤ͟͡͡Ύ ͜ 
͍͊ͫͦ͋͘͜ ͍͙͙͊ͭͦͣ͊ͭ͟ ͫͯ͒ͤ͊η ͍ͨͦ͋ͯ͒ͦ͊ͤ͊ ͔ͫ͊ͣ ͤ͊ ͙ͨͪͤͼ͙ͨ͜ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤͦͫͭ͜ ͭ͊ ͔͔ͨͪ͒͋͊;͊Ί ͍͙͍;͔ͤͤΎ ͙ͯͪͫ͊ͤͭ͊ͣ͟ 
͙ͤ͊ͫͭͯͨͤͻ ͍͙ͣͫͭͦ͘͜ͻ ͍ͣͦ͒ͯ͜͡ ͯͪͫͯ͟ ͍͙΅ͦ͝ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͭ͊ ͺ͍ͦͪͣͯ͊ͤͤΎ ͍͍͙͒ͨͦ͒ͤ͜͜ͻ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟Σ ͊ ͔ͫ͊ͣΣ 
͚ͤͤ͊͜͜͡ ͎͔͊͋ͪ͊͡Σ ͍͔ͭͦͪͤ͊͟ ͎͔͊͋ͪ͊͡Σ ͙͊ͤ͊ͭ͜͡;ͤ͊ ͎͔͔ͦͣͭͪ͜ΎΣ ͍ͫͭͯͨ ͒ͦ ͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͊ͤ͊ͯ͘͜͡Σ ͙͒ͺ͔͔ͪͤͼ͊͜͡Έ͔ͤ ;͙͔ͫͤͤ͡Ύ 
ͺͯͤ͟ͼ͜͝ ͦ͒ͤ͜Ί͝ ͣͤͤͦ͘͜͝Σ ͔͎ͤͭͪ͊͜͡Έ͔ͤ ;͙͔ͫͤͤ͡Ύ ͺͯͤ͟ͼ͜͝ ͦ͒ͤ͜Ί͝ ͣͤͤͦ͘͜͝Σ ͙͒ͺ͔͔ͪͤͼ͊͜͡Έͤ͜ ͍ͪͤ͜ΎͤͤΎΣ ͙͒ͺ͔͔ͪͤͼ͊͜͡Έ͔ͤ ;͙͔ͫͤͤ͡Ύ 
ͺͯͤ͟ͼ͜͝ ͎͋͊͊ͭΈͦͻ ͙ͣͤͤ͘͜ͻΣ ͔͎ͤͭͪ͊͜͡Έ͔ͤ ;͙͔ͫͤͤ͡Ύ ͺͯͤ͟ͼ͜͝ ͎͋͊͊ͭΈͦͻ ͙ͣͤͤ͘͜ͻΣ ;͙͍ͫͦ͜͡ ͭ͊ ͺͯͤ͟ͼͦͤ͊͜͡Έͤ͜ ͪΎ͙͒Φ ˴ͯͪͫ ͍͙΅ͦ͝ 
͔͙͙ͣ͊ͭͣ͊ͭ͟ ͒͡Ύ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͍ͫͯ͒ͤͦͦ͒͜͝ ͭ͊ͦ͗͟ ͍͟͡Ό;͊Ί ͍͙͚ͣͫͭͦ͘͜ ͣͦ͒ͯ͡Έ ζ˿ͺ͔͙ͪ;ͤ͜ ͙͙͙ͭͪͯͭͤ͟͟ηΣ ͊ ͎ͨͪͦͪ͊ͣ͊ ͯͪͫͯ͟ 
͍͙ͫͯ͒ͤͦͻ ͔ͣͻ͍͊ͤ͜͟͜ ͭ͊ ͔͔͔ͭͪͦͣ͟͡ͻ͍͊ͤ͜͟͜ ͍͔͒ͦͨͦͤͤ͊ ͍͙͙ͣͫͭͦͣ͘͜ ͣͦ͒ͯ͡Ύ͙ͣΥ ͍ͪͤ͜ΎͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͺ͙͙͘͜͟Σ ͔͔͔͙ͣͤͭ͡ ͔ͭͦͪ͜͝ 
͚͍ͣͦͪͤͦͫͭ͜͜ ͭ͊ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͙͙͙ͫͭ͊ͭͫͭ͟Σ ͔͔͔͙ͣͤͭ͡ ͔ͭͦͪ͜͝ ͨͦ͡ΎΦ ˭ нллф ͪͦͯ͟ ͒ͦ ͍ͤ͊;͊͡Έ͙ͤͻ ͍ͨ͊ͤ͜͡ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ 
͚ͣ͊͋ͯͭͤ͜ͻ ͣͦͪͫΈ͙͟ͻ ͔͔͍ͤ͗ͤͪ͜͜ ͋ͯͦ͡ ͍͟͡Ό;͔ͤͦ ˱˸˻-͔ͣͦ͒͡ΈΣ Ύ͊͟ ͊͘ ͙͙ͣ͗ͤ͊ͪͦ͒ͤͣ͜ ͙ͫͭ͊ͤ͒͊ͪͭ͊ͣ ͍͙ͤ͊͘;͊Ί ͣͤͣ͊͜͜͡Έ͙͚ͤ 
ͦ͋ͫΎ͎ ͤ͊ͤ͘Έ ͜ ͍ͣͤ͜Έ ͘ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ Ύ͙͙ͣ͟ ͣ͊Ί ͍͙ͦͨ͊ͤͯ͊ͭ ͚͚ͣ͊͋ͯͭͤ͜ ͍͋͊͊͊ͪ͟͡ ͨͪͦͺ͔͚͎ͫͤͦͦ͜ ͫͨͪΎ͍ͣͯ͊ͤͤΎ ζ˿͍ͯ͒ͤͦͦ͒ͤͤ͜ΎηΣ 
ζ˩ͫͨͯ͊ͭ͊͟͡ͼ͜Ύ ͍͙ͫͯ͒ͤͦͻ ͔͔͎͔͙ͤͪͭ;͙ͤͻ ͍ͯͫͭ͊ͤͦͦ͟η ͭ͊ ζ˩ͫͨͯ͊ͭ͊͟͡ͼ͜Ύ ͔͔ͭͪͦͦ͋͊͒ͤ͊ͤͤ͟͡͡Ύ ͜ ͍͊ͫͦ͋͘͜ ͍͙͙͊ͭͦͣ͊ͭ͟ ͫͯ͒ͤ͊η ώм-2].  

̂ ͻͦ͒͜ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͔ͭͪͭΈ͎ͦͦ ͍͊͒͊ͤͤ͘Ύ ΅ͦ͒ͦ ͍ͪͤ͜Ύ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͍ͯͪͫ͊ͤͭ͟͜ ͔̆ͪͫͦͤͫΈͦ͟͝ ͔͍͒ͪ͗͊ͤͦ͝ 
ͣͦͪͫΈͦ͟͝ ͔͊͊͒ͣ͟͜͝ ͭ͊ ͍͍͒ͨͦ͒ͤͦͫͭ͜͜͜ ͙ͣ͗ͤ͊ͪͦ͒ͤͣ͜ ͫͭ͊ͤ͒͊ͪͭ͊ͣ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼ͍͜ ͣͦͪͫΈͦ͟͝ ͎͊ͯ͘͜͡ ͙ͤ͊ͣ ͋ͯͦ͡ ͍͔͔ͨͪͦ͒ͤͦ 
͊ͤ͊͘͜͡ ͍͙ͦͤ͊ͤͤ͟Ύ ͙ͯͪͫ͊ͤͭ͊ͣ͟ ͦͤͭͪͦ͟͡Έͤͦ͝ ͙ͪͦ͋ͦͭΣ ͍͊ͨͪͦͨͦͤͦ͊ͤͦ͘͝ ͦͣͨ͊ͤ͟͜ΊΌ Marlow Navigation. ˸ ͔ͭͦΌ ͔͍ͭͫͭͯ͊ͤͤΎ ͋ͯͦ͡ 
͔͔͍͙͙ͨͪͪͭ͜ ͍͔ͪͤ͜Έ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͍͍ͫͯ͒ͤͦͦ͒͜͝Σ ͍͙ͫͯ͒ͤͦͻ ͔ͣͻ͍͊ͤ͜͟͜ ͭ͊ 
͔͔͔ͭͪͦͣ͟͡ͻ͍͊ͤ͜͟͜Σ ΅ͦ͒ͦ ͍ͤͯͭͪ͜΄ͤΈ͎ͦͦ ͍͒͋ͦͪͯ͜ ͙͎͔ͦͤͭͤͤͭͯ͟ ͍ͯͪͫ͊ͤͭ͟͜ ͒ͦ ͔͊͒ͭͫ͟Έͦ͟͝ ͎͙ͨͪͦͪ͊ͣ ͯ ͪ͟Ό͎͍͚ͤͦ͜͜ ͦͣͨ͊ͤ͟͜͝ Marlow 
bŀǾƛƎŀǘƛƻƴΦ ́͊͟ Ύ͟Σ ͚͍͙͍ͤ͊͊͗͜͡΄ͦΌ ;͙͊ͫͭͤͦΌ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͙ͤͻ ͤ͊ͤ͘ΈΣ ͊Σ ͔ͦͭ͗Σ ͜ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͺ͊ͻ͍͜ͼΎ ͣͦͪͫΈ͎ͦͦ͟ 
ͭͪ͊ͤͫͨͦͪͭͯ Ί ͍͙΅͊ ͔͙ͣ͊ͭͣ͊ͭ͊͟Φ ˭ͣͫͭ͜ ͍͊͒͊ͤ͘Έ ͍͎ͨ͒ͫͯͣͦͦͦ͜͟ ͔ͭͫͭͯ ͘ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ 
ͣͦͪͫΈ͎ͦͦ͟ ͭͪ͊ͤͫͨͦͪͭͯΣ ͍͙͚͊ͨͪͦͨͦͤͦ͊ͤ͘ ͦͣͨ͊ͤ͟͜ΊΌ aŀǊƭƻǿ bŀǾƛƎŀǘƛƻƴ ͫͨͪΎ͍͙͚ͣͦ͊ͤ ͤ͊ ͔͔͍ͨͪͪͯ͜͟ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ 
͙ͤ͊ͫͭͯͨͤͻ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͔͔͔͚ͦͣͨͭͤͭͤͦͫͭ͟Υ ͔ͭͫͭ ͒͡Ύ ͍ͯͪͫ͊ͤͭ͟͜ м-͎ͦ ͪͦͯ͟ ͍ͤ͊;͊ͤͤΎ όͣͫͭ͘͜ ͍͊͒͊ͤ͘Έ ͍͍͒ͨͦ͒͊͜͜Ί ˱˸˻-
͔ͣͦ͒͡Έͤͦͣͯ ͯͪͫͯ͟ ͔͙͙ͣ͊ͭͣ͊ͭ͟ύΤ ͔ͭͫͭ ͒͡Ύ ͍ͯͪͫ͊ͤͭ͟͜ н-͎ͦ ͪͦͯ͟ ͍ͤ͊;͊ͤͤΎ όͣͫͭ͘͜ ͍͊͒͊ͤ͘Έ ͍͍͒ͨͦ͒͊͜͜Ί ˱˸˻-͔ͣͦ͒͡Έͤͦͣͯ ͯͪͫͯ͟ 
͔͙͙ͣ͊ͭͣ͊ͭ͟ύΥ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͙͙͍ͭͪͯͭͤ͟͟͜ ͤ͊ ͨͦ͡΅͙ͤ͜Τ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͨͪΎ͎ͣͦͯͭͤͦͦ͟ ͭ͊ ͫͺ͔͙ͪ;͎ͤͦͦ ͙͙ͭͪͯͭͤ͊͟͟Τ ͤ͊͘ͻ͔ͦ͒͗ͤͤΎ 
͙ͪͤ͘͜ͼ͜ ΄͙ͪͦͭ ͭ͊ ͍͎͒ͦͦͭ ͍ͨͯͤͭ͟͜ ͍͒͋ͯͭͭ͜Ύ ͭ͊ ͙ͨͪ͋ͯͭͭΎ ͫͯ͒ͤ͊Τ ͤ͊͘ͻ͔ͦ͒͗ͤͤΎ ͍͔͚͒ͫͭ͊ͤ͜ ͯ ͣͦͪ͜ ͭ͊ ͙͍͊ͣͯͭ͘͜ ͍ͨͦͪͭ͜ ͘ ͦͪ͊͋͟͡ΎΤ 
ͤ͊͘ͻ͔ͦ͒͗ͤͤΎ ͚ͤ͊ͦͪͦͭ͟΄ͦ͝ ͍͒ͫͭ͊ͤ͜͜ ͣ͗͜ ͙ͨͦͪͭ͊ͣ όͦͪͭͦ͒ͪͦͣ͜͝ύΣ ͊͒͊͘;͜ ͤ͊ ͪͦͪ͊͘ͻͯͤͦ͟ ΅͜͡Έͤͦͫͭ͜ ͪͦ͘;͙͍ͤ͜Σ ͍͙ͭͪ͊ͭ ͙͍ͨ͊͊͡ 
ͭͦ΅ͦΤ ͔ͭͫͭ ͒͡Ύ ͍ͯͪͫ͊ͤͭ͟͜ о-͎ͦ ͪͦͯ͟ ͍ͤ͊;͊ͤͤΎ όͣͫͭ͘͜ ͍͊͒͊ͤ͘Έ ͍͍͒ͨͦ͒͊͜͜Ί ˱˸˻-͔ͣͦ͒͡Έͤͦͣͯ ͯͪͫͯ͟ ͔͙͙ͣ͊ͭͣ͊ͭ͟ύΥ ͤ͊͘ͻ͔ͦ͒͗ͤͤΎ 
͙͎ͫͭͤͤͦͦ͜ ͯͪͫͯ͟ ͜ ͍͒ͫͭ͊ͤ͜͜Σ Ύͯ͟ ͍ͨͦ͒ͦ͊͡ ͔ͦͪ͊͋͟͡ΈΣ Ύ͟΅ͦ ͍͒ͦͣ͊͜ ͙ͪͤ͘͜ͼΎ ΄͙ͪͦͭΤ ͤ͊͘ͻ͔ͦ͒͗ͤͤΎ ΄͙͙ͪͦͭ ͔ͨ͊ͪ͊͜͡͡Τ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ 
͙͙͍ͭͪͯͭͤ͟͟͜ ͤ͊ ͨͦ͡΅͙ͤ͜ ͭ͊ ͫͺ͔͙ͪ;͙ͤͻ ͙͙͍ͭͪͯͭͤ͟͟͜Τ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͨͪͦͨͦͪͼ͜͝ ͒ͦ ͍ͪͦ͘ΩΎ͊ͤͤ͘Ύ ͊͒͊͘; ͍͚͎ͫͯ͒ͤͦͦ͒ͤͦͦ͜ ͭ͊ 
͔ͣͻ͊ͤ͜;͎ͤͦͦ ͫͨͪΎ͍ͣͯ͊ͤͤΎΦ 

̂Ύ͍ͯ ͍ͪͤ͜Ύ ͍͙ͦͤ͊ͤͤ͟Ύ ͙ͯͪͫ͊ͤͭ͊ͣ͟ ͦͤͭͪͦ͟͡Έ͎ͤͦͦ ͔͍ͭͫͭͯ͊ͤͤΎ ͒͊ΌͭΈ ͤ͊ͫͭͯͨͤ͜ ͎͙͒͊ͪ͊ͣ͜ ό͙ͪͫΦмΣнύΦ 
 

 
˾͙ͫΦ мΦ ̒ͫͭ͟͜Έ ͤ͊ͤ͘Έ ͍ͯͪͫ͊ͤͭ͟͜ ͊͘ ͔ͪͯ͘͡Έ͙ͭ͊ͭ͊ͣ ͍͙ͦͤ͊ͤͤ͟Ύ ͦͤͭͪͦ͟͡Έ͎ͤͦͦ ͔͍ͭͫͭͯ͊ͤͤΎ  

ͦͣͨ͊ͤ͟͜ΊΌ Marlow Navigation 
 

˭ ͎͒͊ͪ͊ͣ͜ ό͙ͪͫΦмΣ нύ ͍͙͒ͤͦΣ΅ͦ ͍͔ͪͤ͜Έ ͍͙ͦͤ͊ͤͤ͟Ύ ͪͦ͋ͭ͜ ͙͒ͦͫͭΈ ͍͙͙͚ͫͦ͟Φ ̒ͫͭ͟͜Έ ͤ͊ͤ͘Έ ͍ͯͪͫ͊ͤͭ͟͜ ͊͘ ͔ͪͯ͘͡Έ͙ͭ͊ͭ͊ͣ ͦͤͭͪͦ͟͡Έ͎ͤͦͦ 
͍͙͍ͨͪͦ͋ͯ͊ͤͤΎ ͫΎ͎͊Ί млл҈Σ ͣͤͣ͊͜͜͡Έ͙͚ͤ ͙ͨͦ͊ͤ͘͟͟ ͯ ͼ͚͜ ͔͎͊ͭͦͪ͟͜͝ ͫΎ͎͊Ί пт҈Φ ̂ͫͨ͜΄ͤͫͭ͜Έ ͍ͯͪͫ͊ͤͭ͟͜ ͍͊ͪ͜ΌΊͭΈͫΎ ͯ ͔ͣ͗͊ͻ ͍͒͜ тф҈ ͒ͦ млл҈Φ 
˾͔ͯ͘͡Έ͙ͭ͊ͭ ͔͍ͭͫͭͦͦ͝ ͔͔͍͙ͨͪͪ͜͟ ͍ͪͤ͜Ύ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͯͪͫ͊ͤͭͫ͟Έ͎ͦͦ͟ ͙͊ͯ͒ͭͦͪ͜͝ ͙ͨͦ͊͊͘͟͡Σ ΅ͦ ͯ ͋͜͡Έ΄ͫͭ͜Έ 
͍ͯͪͫ͊ͤͭ͟͜ ͣ͊ΌͭΈ ͍͙͙͚ͫͦ͟ ͍͔ͪͤ͜Έ ͫͺ͍ͦͪͣͦ͊ͤͦͫͭ͜ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜Σ ͒͊ͭͤ͘͜ ͭ͊ ͎͍ͦͭͦ͜ ͙͙ͦͭͪͣ͊ͭ ͤ͊ͤͤ͘ΎΣ ͍ͣͤͤ͜Ύ ͭ͊ ͍͙ͤ͊;͙͟ 
͔ͫͨͼ͊͜͡Έ͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡ ͭ͊Σ ͍͍͒ͨͦ͒ͤͦ͜͜Σ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟͜ ͺ͊ͻ͍͜ͼ͍͜ ͣͦͪͫΈͦ͟͝ ͎͊ͯ͘͜͡Φ ˭͎͒ͤͦ͜ ͼΈ͎ͦͦΣ ͣͦ͗ͤ͊ ͙͙ͪͦ͋ͭ͘ 
͍͙͍ͫͤͦͦ͟Σ΅ͦ ͙ͯͪͫ͊ͤͭ͟ ͣ͊ΌͭΈ ͔͙ͣ͊ͭͣ͊ͭ;ͤͯ ͎͍ͨ͒ͦͭͦͯ͜͟Σ ΅ͦ ͍͍͒ͨͦ͒͊͜͜Ί ͙ͣ͗ͤ͊ͪͦ͒ͤͣ͜ ͫͭ͊ͤ͒͊ͪͭ͊ͣΦ 
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˾͙ͫΦ нΦ ̂ͫͨ͜΄ͤͫͭ͜Έ ͍ͯͪͫ͊ͤͭ͟͜ ͊͘ ͔ͪͯ͘͡Έ͙ͭ͊ͭ͊ͣ ͍͙ͦͤ͊ͤͤ͟Ύ ͦͤͭͪͦ͟͡Έ͎ͤͦͦ ͔͍ͭͫͭͯ͊ͤͤΎ  

ͦͣͨ͊ͤ͟͜ΊΌ Marlow Navigation 
 
ˤ͙͍͙ͫͤͦ͟Φ ˹͊ ͍ͦͫͤͦ͜ ͍͙΅͔ ͊ͤ͊͘͘;͔͎ͤͦͦΣ ͣͦ͗ͤ͊ ͙͙ͪͦ͋ͭ͘ ͍͙͍ͫͤͦͦ͟Υ ͙͔͙ͨͪͦͪͭͭͤͣ͜ ͍͊͒͊ͤͤ͘Ύͣ ͫͯ;͙͊ͫͤͻ ͍͙΅͙ͻ 

ͣͦͪͫΈ͙͟ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͊͒͘͟͜͡ ͫ͒͜͡ ͍͍͙͊͗͊ͭ ͙͔ͨ͒ͫͤͤ͜͡Ύ ͔͙ͣ͊ͭͣ͊ͭ;͎ͤͦͦ ͔ͦͣͨͦͤͤͭͯ͟ ͎͔͍͎͊ͯͦͦ͘͡ ͫͭ͊ͤ͒͊ͪͭͯΣ ͔ͪ͊͊͘͜͡ͼ͜Ύ 
Ύ͎ͦͦ͟ Ί ͙͒ͦͫͭΈ ͍͙͍͊͗ͦ͡Ό ͘ ͎ͦ͡Ύ͒ͯ ͤ͊ ͣ͗ͤ͊ͪͦ͒ͤ͜͜ ͍͙͎͙ͣͦ ͒ͦ ͔͙ͣ͊ͭͣ͊ͭ;ͤͦ͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͣͦͪͫΈ͙͟ͻ ͦͺ͜ͼ͔͍ͪ͜Φ  

 
˿͙ͨͫͦ͟ ͍͙͙͙ͦͪͫͭ͊ͤ͟ͻ ͔͔͒͗ͪ͡ 

1. International Convention on Standards of Training, Certification and Watchkeeping for Seafarers as amended, including the 
1995 and 2010 Manila Amendments. STCW Convention and STCW Code. 2011 edition. Language(s): ENG, FRE, SPA, RUS, CHI, 
ARA (IMO-IC938). 

2. MO Model Course 7.02 On officer in charge of a navigational watch. Subcommittee on standards of training and 
watchkeeping. STW 44/WP.6/Add.1 2 May 2013. 

3. ˤ͔͜͡;ͦ͟ ̑ΦˢΦ ˸͔͙͊ͭͣ͊ͭ;ͤ͊ ͍ͫ͊͒ͦ͊͟͡ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͚ͣ͊͋ͯͭͤ͜ͻ ͺ͊ͻ͍͜ͼ͍͜ ͍͍ͫͯ͒ͤͦͦ͒͜͝Υ ͙͒ͫΦ ΦΦΦ ͊ͤ͒͟Φ ͔ͨ͒Φ ͤ͊ͯ͟ Υ 
13.00.08 ς ͭ ͔ͦͪ͜Ύ ͭ͊ ͔͙ͣͭͦ͒͊͟ ͨͪͦͺ͔͚ͫͤͦ͜͝ ͍͙ͦͫͭ͜ ό͔͙ͣ͊ͭͣ͊ͭ͊͟ύ κ ˤ͔͜͡;ͦ͟ ͚̑ͪ͜ ˢ͚͍͙ͤ͒ͪͦ͜;Τ ˹͍͙ͦͦͫ͋ͪͫ͜Έ͙͚͟ ͔͍͙͚͒ͪ͗͊ͤ 
͔͎͎ͨ͒͊ͦ͜;͙͚ͤ ͍͔͙͔ͯͤͪͫͭͭ͜Φ ς ˹ ͍͙ͦͦͫ͋ͪͫ͜Έ͟Σ нллуΦ ς 183 ͫ Φ 

4. ˥͔͍͙͚͊ͯ͘͡ ͫͭ͊ͤ͒͊ͪͭ ͍͙΅ͦ͝ ͍͙ͦͫͭ͜ ͙̂ͪ͊ͤ͟͝Φ ˻͍ͫͭͤ͜Έͦ-ͨͪͦͺ͔͚ͫͤ͊͜ ͎ͨͪͦͪ͊ͣ͊ ͎͍͙ͨ͒ͦͭͦ͜͟ ͣͦͦ͒͡΄͎ͦͦ ͔ͫͨͼ͊ͫͭ͊͜͜͡ 
͔ͫͨͼ͊͜͡Έ͔͚ͤͦͫͭ рΦлтлмлплм ά˿͍ͯ͒ͤͦͦ͒ͤͤ͜Ύ ͤ͊ ͣͦͪͫΈ͙͟ͻ ΄͡Ύͻ͊ͻέΣ рΦлтлмлпло ά˩ͫͨͯ͊ͭ͊͟͡ͼ͜Ύ ͍͙ͫͯ͒ͤͦͻ ͔͔͎͔͙ͤͪͭ;͙ͤͻ 
͍ͯͫͭ͊ͤͦͦ͟έΣ рΦлтлмлплт ά˩ͫͨͯ͊ͭ͊͟͡ͼ͜Ύ ͔͔ͭͪͦͦ͋͊͒ͤ͊ͤͤ͟͡͡Ύ ͭ͊ ͍͙͙͊ͭͦͣ͊ͭ͟ ͔ͫͯ͒ͤέΣ ͍͊͟͜͡ͺ͊͜͟ͼ͜͝ ΄ͭͯͪͣ͊ͤΣ ͔ͣͻ͊ͤ͜͟ 
ό͍͙͚ͫͯ͒ͤͦύΣ ͔͔͔ͭͪͦͣ͟͡ͻ͊ͤ͜͟ ό͍͙͚ͫͯ͒ͤͦύΦ ˸͔͍ͤͫͭͪͫͭͦ͜͜ ͍͙ͦͫͭ͜ ͜ ͙ͤ͊ͯ͟Σ ͣͦͦ͒͜͡ ͭ͊ ͫͨͦͪͭͯ ̂ͪ͊ͤ͟͜͝Φ ς ˴ ΦΣ нлмоΦ 

5. ˥ͪͯ΄͔͍͊Ύ ˹Φ˹Φ ˽ͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ͊Ύ ͍͔ͤ͊ͨͪ͊ͤͤͦͫͭ͡Έ ͔͙ͣ͊ͭͣ͊ͭ;͔͚ͫͦ͟ ͎͍͙ͨͦ͒ͦͭͦ͟ ͍ͯͪͫ͊ͤͭͦ͟ ͍͙͔ͫͯ͒ͦͦ͒ͭ͡Έ͎ͫͦͦ͟ ͔͔͙ͦͭ͒ͤ͡Ύ 
͔ͪ;ͤ·ͻ ͯ;͙͙͡΅ Υ ͙͒ͫͫΦ Χ ͊ͤ͒͟Φ ͔ͨ͒Φ ͤ͊ͯ͟Υ моΦллΦлн κ ˥ͪͯ΄͔͍͊Ύ ˹͊ͭ͊͡ΈΎ ˹͙͔͍ͦ͊ͤ͊͟͡Φ - s ͫͭͪ͊ͻ͊ͤΈΣ нллуΦ-мфф ͫΦ 
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MODERN DEMANDS TO THE MATHEMATICAL PREPARATION OF FUTURE SPECIALISTS  

OF THE MARITIME INDUSTRY ACCORDING TO INTERNATIONAL STANDARDS 
Elena Dobroshtan 

Kherson State Maritime Academy, Ukraine 
Abstract. The article reflects the results of a research of the main tendencies of modern higher Maritime education in the world. 

It is established that in the conditions of transition to new quality of education mathematical training of future specialists of sea branch 
should be oriented at the formation of readiness and ability of students to use mathematical knowledge and skills to the solution of 
professional tasks, wish and readiness use of ICT to the solution tasks educational, applied and professional content. The role of 
mathematical training of future navigator in higher education marine profile. The peculiarities of teaching of higher mathematics with 
the international standards of the IMO (International Maritime Organization). Analyzed the level of mathematical training at a higher 
Maritime educational institutions of Ukraine and the world. Investigated the accordance levels of mathematical preparation of students 
of Kherson State Maritime Academy with the international standards of training for the Maritime industry. 

Key words: LƴǘŜǊƴŀǘƛƻƴŀƭ aŀǊƛǘƛƳŜ hǊƎŀƴƛȊŀǘƛƻƴ ό˱˸˻ύΣ IMO-model, international standards IMO, mathematical training of 
future navigators. 
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͔ͪͯ͘͡Έ͍ͭ͊ͭ͜ ͙͊ͪͺ͔͙ͣͭ;͙ͤͻ ͚͒͜ ͤ͊͒ ͍͒ͦͣ͊ ͎ͣͤͦͦ;͔͙ͤ͊ͣ͡ ͘ ͟͜͡ΈͼΎ ͎ͣͤͦͦ;͔͍ͤ͜͡ []Q x  ͊͋ͦ ()[]GF p x . ˨͍͔͔ͦ͒ͤͦΣ ΅ͦ 

͍͊ͫͭͦͫͯ͊ͤͤ͘Ύ ͍͊ͨͪͦͨͦͤͦ͊ͤͦ͘͝ ͙ͨͪ͊͒ͤͦ͟͡͝ ͎͙ͨͪͦͪ͊ͣ ͍͒ͦͦ͘͡ΎΊ ͍͙ͪ͜΄͙͙ͭ ͊͒͊͘;ͯ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ 
͔͍ͫͭͯ͒ͤͭ͜ ΄͡Ύͻͦͣ ͙͍ͤ͒͒ͯ͊͊͘͜͜͜͡ͼ͜͝ ͍ͤ͊;͊ͤͤΎΦ ͙͚́͊͟ ͨ͒͜ͻ͒͜ ͔ͣͦ͗ ͙͋ͯͭ ͍͙͙͙͚ͦͪͫͭ͊ͤ͟ ͍ ͙͒ͫͼ͙ͨͤ͊͜͡ͻΣ Ύ͟͜ ͒ͦͨͯͫ͊͟ΌͭΈ 
ͺͦͪͣ͊͊͘͜͡ͼ͜Ό ͦͤͭͪͦ͟͡Έ͙ͤͻ ͔͍ͣ͊ͭͪ͊͜͜͡Φ 

˴͡Ό;͍ͦ͜ ͍ͫͦ͊͡Υ ͚ͫ͊ͣͦͫͭͤ͊͜ ͪͦ͋ͦͭ͊ ͔͍ͫͭͯ͒ͤͭ͜Σ ͙͍ͤ͒͒ͯ͊͊͘͜͜͜͡ͼ͜Ύ ͍ͤ͊;͊ͤͤΎΣ ͎͔͔ͤͪ͊ͭͦͪ ͍ͤ͊;͊͡Έ͙ͤͻ ͍͊͒͊ͤ͘ΈΣ 
͎͍͋͊͊ͭͦ͊ͪ͊ͤͭͤ͊͜ ͊͒͊͘;͊Σ ͦͣͨ͟ΩΌ͔ͭͪͤ͊ ͎ͨͪͦͪ͊ͣ͊Φ 

 
˽͍ͦͫͭ͊ͤͦ͊͟ ͔͙ͨͪͦ͋ͣ͡Φ ̂ ͫͯ;͙͊ͫͤͻ ͍ͯͣͦ͊ͻ ͤ͜ͺ͙ͦͪͣ͊ͭ͊͘ͼ͜͝ ͫͯͫͨ͜͡Έ͍ͫͭ͊ ͔ͨͪͦ͋ͣ͊͡ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͒͜Ύ͡Έͤͦͫͭ͜ 

͔͍ͫͭͯ͒ͤͭ͜ ͍͙΅ͦ͝ ΄͙ͦ͟͡ ͤ͊͋ͯ͊͡ ͍͙ͤͦͻ ͔͍͊ͫͨͭ͟͜Σ ͊ͭͯ͊͟͡Έ͙ͤͻ ͯ ͍͘ΩΎͯ͘͟ ͘ ͔ͺ͔͙͍͙ͭͤͣ͟ ͍͊ͫͭͦͫͯ͊ͤͤ͘Ύͣ ͤ͜ͺͦͪͣ͊ͼ͚͙ͤ͜ͻ ͔ͭͻ͎͚ͤͦͦ͜͡ 
ͯ ͍ͤ͊;͊͡Έ͚ͤ͜ ͒͜Ύ͡Έͤͦͫͭ͜ ͚ͣ͊͋ͯͭͤ͜ͻ ͔͔͍ͤ͗ͤͪ͜͜Φ  

˸͔ͭ͊ ͫͭ͊ͭͭ͜ ς ͍͙ͨͪͦ͊ͤ͊ͯ͊ͭ͘͜͡ ͍͒ͦͫ͒͜ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜ ό˿˾˿ύ ˨͔͍͎ͪ͗͊ͤͦͦ ͍͔͙͔ͯͤͪͫͭͭͯ͜ 
͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚͜ ͯ ͨͪͦͼ͔ͫ͜ ͍͙͍;͔ͤͤΎ ͔͙ͣ͊ͭͣ͊ͭ;͙ͤͻ ͙͒ͫͼ͙ͨͤ͜͡Φ 

ˢͤ͊͘͜͡ ͊ͭͯ͊͟͡Έ͙ͤͻ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˹͙ͤ͜ ͔ͤͣ͊ ͔͙ͨͦͭͪ͋ ͔͔͍͙ͨͪͦͤͯ͊ͭ͟ ͍͙͊͒͊͟͡;͍͜ ͨͪͦ ͤ͊͘;ͯ΅ͫͭ͜Έ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͯ 
͍ͤ͊;͊ͤͤ͜Φ ̂ ͔͎͎ͨ͒͊ͦ͜;͙ͤͻ ͍͙ͤ͊ͯͦ͟ͻ ͔͒ͦͫ͒͗ͤͤ͜͡Ύͻ ό˿͡Ίͨ͊ͤ͟Έ ˭Φ˱ΦΣ ˶͍ͦͦ͊͘ ˤΦ˱ΦΣ ˿͔ͦ͒͊ͭͤͦ͟͡ ˸Φ˸ΦΣ ˢͪͻ͎͔͊ͤ͡ΈͫΈ͙͚͟ ˿Φ˱ΦΣ 
˽͙͙͚͒͊ͫͫͭ͜͟ ˽Φ˱ΦΣ ͙͍̐ͫͨͦ ˣΦ˽ΦΣ ˴͍ͦ͊ͦ͘͟ ˤΦˢΦΣ ˩͡Έͦͤͤ͟͜ ˨ΦˣΦΣ ˨͍͙͍͊͒ͦ ˤΦˤΦ ͭ͊ ͤ͜΄͜ύ ͤ͊͘;ͤ͊ ͍͎ͯ͊͊ ͙ͨͪ͒͜͡ΎΊͭΈͫΎ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͭ͊ 
͔͙ͣͭͦ͒;ͤͦͣͯ ͔͔͊͋ͨ͘͘;͔ͤͤΌ ˿˾˿Σ ͎ͪͦ͘͡Ύ͒͊ΌͭΈͫΎ ͙ͨͫͻ͎ͦͦͦ͡-͔͎͎ͨ͒͊ͦ͜;ͤ͜ ͍͙ͦͫͤͦ ͍ͨͤ͊͊͘͜͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜Σ ͨ͒ͤͣ͊͜͜ΌͭΈͫΎ 
ͭ͊ͦ͗͟ ͔͙ͨͪͦ͋ͣ͡ ͙͍͊ͭ͊͘͟͜ͼ͜͝ ˿˾˿ ͊͘ ͎͒ͦͨͦͣͦͦΌ ͎͍͎ͨͪͦͪ͊ͣͦ͊ͤͦͦ ͍ͤ͊;͊ͤͤΎΣ ͔ͭͻͤ͜;͙ͤͻ ͍͊ͫͦ͋͘͜Φ ˢͭͯ͊͟͡Έ͙ͤͣ Ί ͔ͪͦͪͦ͋ͤͤ͘͡Ύ 
͔͙ͦͣͨͫͤ͟͟͡ͻ ͙͔ͫͫͭͣ ͍ͯͨͪ͊ͤͤ͜͡Ύ ͚ͫ͊ͣͦͫͭͤͦ͜Ό ͪͦ͋ͦͭͦΌΦ  

˿͚͊ͣͦͫͭͤͯ͜ ͍ͤ͊;͊͡Έͤͯ ͪͦ͋ͦͭͯ ͣͦ͗ͤ͊ ͍͙ͤ͊͘;͙͙ͭ ζΎ͟ ͫͯͯͨͤͫͭ͟͜Έ ͙ͪͤͦͣ͊ͤͭͤ͘͜͜ͻ ͍͙͍͒͜ ͙͍ͤ͒͒ͯ͊͜͜͡Έͤͦ͝ ͜ ͔͙͍ͦͭͤͦ͟͟͡͝ 
͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͔͍ͫͭͯ͒ͤͭ͜Σ Ύ͊͟ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͙͙ͤͣ ͤ͊ ͊ͤ͘ΎͭͭΎͻ ͊͋ͦ ͍͒ͦͣ͊ ͊͘ ͍͊͒͊ͤͤ͘Ύͣ ͍͙͊͒͊͟͡;͊Σ ͨ͒͜ ͚͎ͦͦ 
͔͍͙ͪͤ͟͜ͼ͍ͭͦͣΣ ͔ͨͪͦͭ ͔͋͘ ͚͎ͦͦ ͔͔͔͋ͨͦͫͪ͒ͤ͘Έͦ͝ ͯ;͊ͫͭ͜η ώнΣ нфтϐΦ ˸͙ ͎ͨͦͦ͒͗ͯΊͣͦͫΎ ͘ ͙͙ͭͣ ͙͙͒ͦͫ͒ͤ͊ͣ͜͟͡Σ Ύ͟͜ ͎ͪͦ͘͡Ύ͒͊ΌͭΈ 
͔ͨͪͦ͋ͣͯ͡ ͎͍͙ͨ͒ͦͭͦ͜͟ ͔͍ͫͭͯ͒ͤͭ͜ ͒ͦ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͜ ͔͍͙ͪͤ͟͜ͼ͍ͭ͊ ͔ͤΌ ͍͙͊͒͊͟͡ͼΈ͙ͣ͟ ͫ͊͒ͦͣ͟͡ ͤ͊ ͙͍ͣͦͭ͊ͼ͚ͤͦͣͯ͜Σ 
͔ͭͻ͎ͤͦͦ͜͡;ͤͦͣͯ ͭ͊ ͎ͦͪ͊ͤ͊͘͜ͼ͚ͤͦͣͯ͜ ͍ͪͤ͜ΎͻΦ ˱ͤ΄͙͙ͣ ͍͙ͫͦ͊ͣ͡Σ мύ ͫͺ͍͙ͦͪͣͯ͊ͭ ͯ ͔͍ͫͭͯ͒ͤͭ͜ ͙͍ͣͦͭ͊ͼ͜Ό ͒ͦ ͚͎ͫ͊ͣͦͫͭͤͦͦ͜ 
͍͙͍;͔ͤͤΎ ͍ͤ͊;͊͡Έ͎ͤͦͦ ͔ͣ͊ͭͪ͊ͯ͜͡ ͭ͊ нύ ͔͔͊͋ͨ͘͘;͙͙ͭ ͍͍͔ͨͪͦ͊͒͗ͤͤΎ ͔ͭͻ͎ͤͦͦ͜͡͝ ͘ ͋ͦͯ͟ ͍͙͊͒͊͟͡;͍͜Σ ͍ͪ͊ͻ͍ͦͯΌ;͙ ͙ͨͪ ͼΈͦͣͯ 
͙͍ͤ͒͒ͯ͊͜͜͡Έͤ͜ ͙ͨͫͻ͎ͦͦ͜͡;ͤ͜ ͍͙͍͊ͫͭͦͫͭ͜͡ ͔ͫͭͯ͒ͤͭ͊Φ 

˻͎ͪ͊ͤ͊͘͜ͼ͜Ό ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭ ͔͍ͫͭͯ͒ͤͭ͜ Ύ͟ ͍ͫ͊͒ͦͯ͟͡ ͍ͤ͊;͊͡Έͤͦ͝ ͒͜Ύ͡Έͤͦͫͭ͜ ͫͻ͔͙ͣ͊ͭ;ͤͦ ͣͦ͗ͤ͊ ͔͍͙͙ͨͪ͒ͫͭ͊ͭ ͙ͭ͊ͣ͟ 
;͙ͤͦͣΥ ͍͔ͯͫ͒ͦͣͤͤ͜͡Ύ ͼ͔͚͜͡ ͭ͊ ͊͒͊͘; Ÿ ͙͍͙ͣͦͭ Ÿ ͙ͫͨͦͫͦ͋ Ÿ ͦͤͭͪͦ͟͡Έ ͭ͊ ͫ͊ͣͦͦͤͭͪͦ͟͡Έ Ÿ ͦͼͤ͜Ό͍͊ͤͤΎ Ÿ ͔ͪͯ͘͡Έͭ͊ͭ ώрϐΦ 
ˤ͙ͻͦ͒Ύ;͙ ͘ ͼΈ͎ͦͦΣ ͒͡Ύ ͯͫͨ͜΄ͤͦ͝ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͪͦ͋ͦͭ͜ ͔͍ͫͭͯ͒ͤͭ͜ ͍ ͙͊͒͊͟͡; ͣ͊Ί ͍͙͙ͦͤ͊ͭ͟ ͪΎ͒ ͊͘ͻ͍ͦ͒͜Υ 

мύ ͍͍͙͙ͫͭ͊ͤͦͭ ͍͊͒͊ͤͤ͘Ύ ͍ͫͭͦͫͦͤͦ ͚ͫ͊ͣͦͫͭͤͦ͜͝ ͙ͪͦ͋ͦͭΤ  
нύ ͔͔͊͋ͨ͘͘;͙͙ͭ ͔͍ͫͭͯ͒ͤͭ͜ ͔ͤͦ͋ͻ͒ͤͦ͜Ό ͍ͤ͊;͊͡ΈͤͦΌ ͭ͊ ͔͙ͣͭͦ͒;ͤͦΌ ͔ͭͪ͊ͭͯͪͦ͜͡ΌΤ  
оύ ͙͙ͪͦͪͦ͋ͭ͘ ͭ͊ ͍͔͙͒ͦͫͭ ͒ͦ ͔͍ͫͭͯ͒ͤͭ͜ ͔͔ͪͦͣͤ͒͊͟ͼ͜͝ ΅ͦ͒ͦ ͍͙͍;͔ͤͤΎ ͔ͭͦͪ͜͝Τ  
























































































































































































