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̠̠̆̒̓̃̌̆̓̒̚ ̐̔̓̆̍ ̝̐̏̒̌̆̅̏̃́̓̆̌̎̏̄̏ 
̐̑̏̒̍̏̓̑́ ̠̘̆̆̋ ̗̜̓́̂̌̉Ȣ ˪̓̏ ̙̑̆̆̎̉̆ 
̠̠̠̃̌̆̓̒ ̝̜̐̑́̃̉̌̎̍ȟ ̎̏ ̞̎̆̆̋̓̉̃̕̕Ȥ
̜̎̍ȟ ̓́̋ ̋́̋ ̠̅̌ ̐̏̉̒̋́ ̈́̐̉̒̉ȟ ̠̋̏̓̏̑́ 
̏̓̒̔̓̒̓̃̔̆̓ ̃ ̗̓́̂̌̉̆ȟ ̠̐̑̉̅̆̓̒ ̐̑̏Ȥ
̝̒̍̏̓̑̆̓ ̟̃̒ ̗̓́̂̌̉̔ȟ ́ ̏̎́ ̍̏̇̆̓ ̒̏Ȥ
̝̅̆̑̇́̓ ̝̙̂̏̌̏̆ ̘̋̏̌̉̆̒̓̃̏ ̈́̐̉̒̆̊Ȣ  
ˢ̙̆̉̑̏̃́̎̉̆ ɀ ̞̓̏ ̎́̉̂̏̌̆̆ ̞̆̋̕̕Ȥ

̜̓̉̃̎̊ ̍̆̓̏̅ ̖̠̑́̎̆̎̉ ̜̖̅́̎̎ȟ ̏̒̎̏̃Ȥ
̠̎́ ̠̉̅̆ ̋̏̓̏̑̏̄̏ ̒̏̒̓̏̉̓ ̃ ̝̉̒̐̏̌̈̏Ȥ
̃́̎̉̉ m ̝̜̖̏̓̅̆̌̎ ̒̐̉̒̋̏̃ȟ ̑́̒̐̑̆̅̆Ȥ
̌̆̎̉̆ ̐̏ ̜̋̏̓̏̑̍ ̠̠̏̒̔̆̒̓̃̌̆̓̒̚ ̖̙̆-
̗̔̎̋̉̆̊̕ȟ ̠̋̏̓̏̑́ ̐̑̆̏̂̑́̈̔̆̓ ̟̌̂̏̊ 
̜̃̏̈̍̏̇̎̊ ̟̘̋̌ K ̃ ̎̏̍̆̑ ̒̐̉̒̋́ h(K), 
̌̆̇́̉̊̚ ̃ ̅̉́̐́̈̏̎̆ ̏̓ 1 ̅ ̏ m [1]. 
ˏ̃̆̅̆̍ ̅̃̆ ̝̜̃̒̐̏̍̏̄́̓̆̌̎̆ ̓́̂Ȥ

̗̜̌̉ȡ FIRST[i]ȟ ̠̋̏̓̏̑́ ̒̏̅̆̑̇̉̓ ̠̅̌ 
̋́̇̅̏̄̏ i(1<i<mɊ ̝̔̋́̈́̓̆̌ ̎́ ̜̐̆̑̃̊ 
̞̌̆̍̆̎̓ ̃ ̒̐̉̒̋̆ i,  ̗̉̓́̂̌̉́ NEXT[j] 

(1<j<NɊȟ ̠̋̏̓̏̑́ ̜̔̋́̈̃́̆̓ ̎́ ̝̈́̐̉̒ȟ 
̟̟̒̌̆̅̔̔̚ ̈́ ̝̟̈́̐̉̒ j ̃ ̓̏̍ ̒̐̉̒̋̆ȟ 
̋̏̓̏̑̏̍̔ ̞̓́ ̝̈́̐̉̒ ̐̑̉̎́̅̌̆̇̉̓Ȣ  
ˍ̌̄̏̑̉̓̍ ̐̏̉̒̋́ ̟̘̋̌́ ̐̑̉ ̖̙̆̉Ȥ

̑̏̃́̎̉̉ ̟̒̌̆̅̔̉̊̚ȡ 
H1ȡ ˠ̝̒̓́̎̏̃̉̓ i:=h(K) ̉ j:=FIRST[i] 
H2: ˒̒̌̉ jЅπȟ ̝̠̏̒̓́̎̏̃̉̓̒ ɉˎ̆̈Ȥ

̙̜̔̒̐̆̎̊ ̐̏̉̒̋Ɋ 
H3: ˒̒̌̉ KEY[j]=Kȟ ̝̠̏̒̓́̎̏̃̉̓̒ 

ɉˠ̙̜̒̐̆̎̊ ̐̏̉̒̋Ɋ 
H4: ˠ̝̒̓́̎̏̃̉̓ i:=j, ̈́̓̆̍ j:=NEXT[i] 

̉ ̝̠̃̆̑̎̔̓̒ ̋ ̙́̄̔ H2. 
˜̑̉̒̓̔̐̉̍ ̋ ́̎́̌̉̈̔ ́̌̄̏̑̉̓̍́Ȣ 

˛̘̂̏̈̎́̉̍ ̘̆̑̆̈ S ̘̋̏̌̉̆̒̓̃̏ ̜̃̐̏̌Ȥ
̎̆̎̉̊ ̙́̄́ ˚˔Ȣ ˜̝̔̒̓ ̗̓́̂̌̉́ ̒̏̅̆̑̇̉̓ 
n-̞̌̆̍̆̎̓̏̃ȟ ̖̉ ̑́̒̐̏̌̏̇̆̎̉̆ ̈́̃̉̒̉̓ 
̝̓̏̌̋̏ ̏̓ ̟̖̒̏̏̓̃̆̓̒̓̃̔̉̚ ̖̙̆-̋̏̅̏̃ 
(h1, h2ȟȣȟhn). ˏ̜̅̃̉̎̆̍ ̐̑̆̅̐̏̌̏̇̆̎̉̆ȟ 
̘̓̏ ̃̒̆ mn ̜̖̃̏̈̍̏̇̎ ̝̐̏̒̌̆̅̏̃́̓̆̌Ȥ
̎̏̒̓̆̊ (h1, h2ȟȣȟhn) ̂̔̅̔̓ ̠̑́̃̎̏̃̆̑̏̓Ȥ
̜̎̍̉Ȣ ˞̘̠̌̔́̊̎́ ̘̃̆̌̉̉̎́ 3 ̈́̃̉̒̉̓ ̏̓ 
̞̓̏̊ ̝̐̏̒̌̆̅̏̃́̓̆̌̎̏̒̓̉Ȣ  
ˏ̠̆̑̏̓̎̏̒̓̎̏̆ ̐̑̏̒̓̑́̎̒̓̃̏ȟ ̏̓̑́Ȥ

̟̇́̆̆̚ ̐̏̃̆̅̆̎̉̆ S ̃ ̘̒̌̔́̆ ̙̂̆̈̔̒̐̆Ȥ
̎̏̄̏ ̐̏̉̒̋́ȟ ̒̏̒̓̏̉̓ ̉̈ mn+1 ̞̌̆̍̆̎̓́̑Ȥ
̜̖̎ ̜̒̏̂̓̉̊ȡ 

),h,h,...,h,h( 1nn21 +=w       (1) 

̄̅̆ hj ɀ ̖̆-̙̋̏̅ ̠̅̌ j-̄̏ ̟̘̋̌́ ̃ ̓́̂̌̉Ȥ
̗̆ȟ hn+1 ɀ ̖̆-̙̋̏̅ ̟̘̋̌́ȟ ̜̋̏̓̏̑̊ ̎̆ 
̝̔̅́̌̏̒ ̎́̊̓̉ [2] . 
˜̑̆̅̐̏̌́̄́̆̍ȟ ̘̓̏ ̖̙̆-̗̠̔̎̋̉̕ 

̜̂̌́ ̜̃̂̑́̎́ ̎́̅̌̆̇́̉̍̚ ̏̂̑́̈̏̍ȟ 
̓́̋ ̘̓̏ P(ʖ)=1/ mn+1. 
˜̝̔̒̓ Xj ̘̠̒̌̔́̊̎́ ̘̃̆̌̉̉̎́ȟ ̋̏̓̏Ȥ

̠̑́ ̑́̃̎́ [hj=hn+1]. ˟̏̄̅́ S=X1ϹȣϹXn, 
M(Xj)=1/ mȟ ̝̒̌̆̅̏̃́̓̆̌̎̏  

m

n
)X(M)X(M)X(M n1 =++= 3 .    (4) 

˜̘̏̌̔̉̌̉ȟ ̘̓̏ ̒̑̆̅̎̆̆ ̘̉̒̌̏ ̐̑̏̂ ̃ 
m ̑́̈ ̝̙̍̆̎̆ȟ ̘̆̍ ̂̆̈ ̖̙̠̆̉̑̏̃́̎̉Ȣ 
ˎ̏̌̆̆ ̓̏̄̏ȟ ̘̜̒̌̔́̊̎̆ ̘̜̃̆̌̉̉̎ Xj ̎̆Ȥ
̜̈́̃̉̒̉̍ ̉ ̟̉̍̆̓ ̟̏̅̉̎́̋̏̃̔ ̐̑̏̉̈Ȥ
̠̟̃̏̅̔̚ ̗̟̔̎̋̉̕  

 x
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m

z1m
z

m

1

m

)1m(
Xj

+-
=+

-
= .    (5) 

˞̝̌̆̅̏̃́̓̆̌̎̏, ˜ˡ˞ˏ ̠̅̌ ̏̂̆̄̏̚ 
̘̉̒̌́ ̐̑̏̂ 

n

n1
m

z1m
)z(X)...z(X)z(P öö

÷

õ
ææ
ç

å +-
== .  (6) 

˪̓̏ ̝̂̉̎̏̍̉̎́̌̎̏̆ ̑́̒̐̑̆̅̆̌̆̎̉̆ 
̒ p=1/ m ̉  q=(m-1)/ m c ̅ ̉̒̐̆̑̒̉̆̊ 

2m

)1m(n
npq)S(D

-
== .          (7) 

˒̒̌̉ m ɀ ̃̆̌̉̋̏ȟ ̓̏ D(S)Ђn/ mȟ ̓́̋ 

̘̓̏ mn)S( ºs . 

ˏ̠̆̑̏̓̎̏̒̓̎̏̆ ̐̑̏̒̓̑́̎̒̓̃̏ ̠̅̌ 
̘̠̒̌̔́ ̙̔̒̐̆̎̏̄̏ ̐̏̉̒̋́ ̟̘̋̌́ ̎̆Ȥ
̝̒̋̏̌̋̏ ̒̌̏̇̎̆̆Ȣ ˏ̜̂̆̑̆̍ ̃ ̘̋́̆̒̓̃̆ ɱ 
̍̎̏̇̆̒̓̃̏ ̞̜̖̌̆̍̆̎̓́̑̎ ̜̒̏̂̓̉̊  

ʖ=(h1,ȣ,hn;k),                       (8) 
̄̅̆ hj ɀ ̝̆̒̓ ̖̙̆-̋̏̅ ̠̅̌ j-̄̏ ̟̘̋̌́ ̃ 
̗̓́̂̌̉̆ȟ kɀ ̉̎̅̆̋̒ ̉̒̋̏̍̏̄̏ ̟̘̋̌́ ɉ̏̎ 
̉̍̆̆̓ ̖̙̆-̋̏̅ hk). 
˟́̋̉̍ ̏̂̑́̈̏̍ȟ 1ЅhjЅm ̠̅̌ 1ЅjЅn ̉ 

1ЅkЅn, ̃̒̆̄̏ ̠̉̍̆̆̓̒ mnn ̞̜̖̌̆̍̆̎̓́̑̎ 
̜̒̏̂̓̉̊Ȣ 
˜̝̔̒̓ Sjɀ ̠̝̃̆̑̏̓̎̏̒̓ ̓̏̄̏ȟ ̘̓̏ 

̠̉̆̓̒̚ j-̊ ̟̘̋̌Ȣ ˟̏̄̅́ 

n
k

m

s
)(P =w .                       (9) 

˚̆ ̠̐̑̉̃̏̅ ̜̐̏̅̑̏̂̎̆ ̜̘̠̃̉̒̌̆̎̉ȟ 
̐̏̋́̇̆̍ ̝̓̏̌̋̏ ̘̜̐̏̌̔̆̎̎̊ ̝̑̆̈̔̌̓́̓Ȣ  
˒̒̌̉ sk=1/ n ̠̅̌ 1ЅkЅn, ̓̏ ̝̟̐̏̌̎̏̒̓ 
̜̠̟̠̃̐̏̌̎̓̒ Ⱥ̘̜̒̌̔́̊̎̆Ȼ ̙̜̔̒̐̆̎̆ 
̐̏̉̒̋̉ ̒ ̑́̃̎̏̊ ̠̝̟̃̆̑̏̓̎̏̒̓ ̠̅̌ ̖̃̒̆ 
̟̘̋̌̆̊ ̃ ̗̓́̂̌̉̆ ̉ ̓̏̄̅́ 

1
m2

1n
)S(M +

-
= ,                 (10) 

222

2

m12

)5nm6)(1n(

m2

)1n)(1m(

m12

1n
)S(D

-+-
=

--
+

-
= .                          (11) 

˙̜ ̘̐̏̌̔̉̌̉ ̔̒̋̏̑̆̎̉̆ ̃ ̇̆̌́̆̍̏̊ 
̗̐̑̏̐̏̑̉̉ 1/ m. 

˒̒̌̉ mЂn/ lnn ̉ ¤n , ̓̏ ̒̑̆̅̎̆̆ 

̘̉̒̌̏ ̐̑̏̂ ̐̑̉ ̙̔̒̐̆̎̏̍ ̐̏̉̒̋̆ ̂̔̅̆̓ 
̐̑̉̍̆̑̎̏ ̑́̃̎̏ lnn/2ȟ ́ ̒̓́̎̅́̑̓̎̏̆ 
̏̓̋̌̏̎̆̎̉̆ ̘́̒̉̍̐̓̏̓̉̆̒̋̉ ̑́̃̎̏ 

12)n(ln  [3]. 

˝̜́̒̒̍̏̓̑̆̎̎̊ ̃ ̅́̎̎̏̊ ̑́̂̏̓̆ ̃̆Ȥ
̠̜̑̏̓̎̏̒̓̎̊ ́̎́̌̉̈ ́̌̄̏̑̉̓̍́ ̖̙̆̉Ȥ
̠̑̏̃́̎̉ ̜̐̏̋́̈̃́̆̓ȟ ̘̓̏ ̐̑̉ ̘̎́̉̌̔Ȥ
̙̆̊ ̗̒̉̓̔́̉̉ȟ ̋̏̄̅́ ̃̒̆ ̒̐̉̒̋̉ ̒̏̅̆̑Ȥ

̇́̓ ̏̅̉̎́̋̏̃̏̆ ̘̋̏̌̉̆̒̓̃̏ ̞̌̆̍̆̎̓̏̃ȟ 
̖̙̆̉̑̏̃́̎̉̆ ̠̐̏̈̃̏̌̆̓ ̙̝̒̏̃̆̑̉̓ 
̐̏̉̒̋ ̟̘̋̌́ ̜̂̒̓̑̆̆ ̃ m ̑ ́̈Ȣ 
 

˞̐̉̒̏̋ ̜̌̉̓̆̑́̓̔̑ 
1. ː ̞̖̑̆̍ȟ ˝Ȣ ˗̠̏̎̋̑̆̓̎́ ̍́̓̆̍́̓̉̋́Ȣ ˛̒Ȥ

̎̏̃́̎ ̉̆ ̉̎̏̑̍́̓̉̋̉̕ȡ ˜̆̑Ȣ ̒ ́̎̄̌Ȣ Ⱦ ˝Ȣ ː̖̑̆̆̍ȟ 
ˑȢ ˗̎̔̓ȟ ˛Ȣ ˜̙́̓́̎̉̋ ȾȾ MȢȡ ˙̉̑ȟ ρωωψȢ ɀ ˞ Ȣ ττψ. 

2. ̠ ̎̔̓ȟ ˑȢ ˪Ȣ ɉDonald ˎȢ KnuthɊ ˕̒̋̔̒̒̓̃̏ 
̠̐̑̏̄̑́̍̍̉̑̏̃́̎̉ ̠̅̌ ˪ˏ˙ȟ ̓̏̍ σȡ ˞̏̑̓̉Ȥ
̑̏̃̋́ ̉ ̐̏̉̒̋. ɀ ̇ Ȣȡ ˙̉̑ȟ ρωχψȢ ɀ C 780-796. 

3. ˏ ̗̝̆̎̓̆̌ȟ ˒Ȣ˞Ȣ ˟̠̆̏̑̉ ̠̃̆̑̏̓̎̏̒̓̆̊ȡ ˠ̘̆̂Ȣ 
̠̅̌ ̃̔̈̏̃Ȣ ɀ ̇ Ȣȡ ˏ̜̙̒Ȣ ̙̋Ȣȟ ρωωωȢ ɀ C. 84-103. 

 
 
 

˟˒ˢ˚˕ˤ˒˞˗˕˒ ̊ ˍˠ˗˕ 
 

ˠˑ˗ φςυ 
 
ˍ̋̉̎̉̎ ˑȢˏȢȟ ˎ̏̑̉̒̏̃ ˏȢˍȢȟ ˗̘́̈̎́̆̆̃́ ˚Ȣ˕Ȣȟ ˓̉̄́̎̏̃ ˚Ȣ˚Ȣ 
˙̏̒̋̏̃̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ ̌̆̒́ȟ ̇ ̏̒̋̃́ 

 
˚˒˗˛˟˛˝˨˒ ˏ˛˜˝˛˞˨ ˞˝ˍˏ˚˒˚˕ˬ ˢˍ˝ˍ˗˟˒˝˕˞˟˕ ̠

˜˚˒ˏ˙˛˗˛˘˒˞˚˨ˢ ˥˕˚ 

ˏ ̝̑̆̈̔̌̓́̓̆ ̐̑̏̃̆̅̆̎̎̏̄̏ ́̃̓̏̑́̍̉ ̉̒Ȥ
̠̒̌̆̅̏̃́̎̉ ̝̜̖̉̒̐̏̌̈̔̆̍ ̃̉̅̏̃ ̘̐̎̆̃̍́̓̉̆Ȥ
̖̒̋̉ ̙̉̎ ̉ ̖̉ ̠̃̌̉̎̉̆ ̎́ ̘̜̑́̈̌̉̎̆ ̖̓̆̎̏̌̏Ȥ
̘̄̉̆̒̋̉̆ ̗̜̐̑̏̆̒̒ȟ ̠̜̒̃̈́̎̎̆ ̒ ̌̆̒̏̈́̄̏̓̏̃Ȥ
̋́̍̉ ̜̐̑̉̃̆̅̆̎ ̟̒̌̆̅̔̉̆̚ ̗̑̆̋̏̍̆̎̅́̉̉. 

ˠ̝̠̅̆̌̎́ ̛̝̄̑̔̈̏̐̏̅̆̍̎̏̒̓ȟ ̜̌̆̒̏̃̏̈̎̊ 
́̃̓̏̐̏̆̈̅ȟ ̘̐̎̆̃̍́̓̉̆̒̋̉̆ ̙̜̉̎ȟ ̠̌̆̒̎́ 
̅̏̑̏̄́Ȣ 
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 ̍ ̉̑̏̃̏̊ ̐̑́̋̓̉̋̆ ̠̅̌ ̖̍̎̏̄̉ 
̜̖̋̏̌̆̒̎ ̙̍́̉̎ ɉ̜̖̌̆̄̋̏̃ ̉ 

̜̖̄̑̔̈̏̃ ́̃̓̏̍̏̂̉̌̆̊ ̘̑́̈̌̉̎̏̄̏ 
̘̠̎́̈̎́̆̎̉ȟ ̠̘̓̄́̆̊ȟ ́̃̓̏̂̔̒̏̃ȟ ̗̐̑̉̆Ȥ
̐̏̃Ɋ ̃ ̓̏̍ ̘̉̒̌̆ȟ ̠̅̌ ̙̍́̉̎ ̌̆̒̎̏̄̏ 
̋̏̍̐̌̆̋̒́ȟ ̟̖̑́̂̏̓́̉̚ ̃ ̠̖̔̒̌̏̃̉ ̌̆̒̏Ȥ
̑́̈̑́̂̏̓̏̋ȟ ̝̒̆̌̒̋̏̄̏ ̖̠̏̈̊̒̓̃́ȟ ̎́ 
̝̒̓̑̏̉̓̆̌̒̓̃̆ ̅̏̑̏̄ ̉ ̘̜̖̑́̈̌̉̎ ̛̏̂̆̋Ȥ
̓̏̃ȟ ̠̐̑̆̅̔̒̍́̓̑̉̃́̆̓̒ ̝̙̂̏̌̏̆ ̘̋̏̌̉̆Ȥ
̒̓̃̏ ̑́̈̍̆̑̏̃ ̉ ̓̉̐̏̃ ̙̉̎ȡ ̂̆̒̋́̍̆̑Ȥ
̜̖̎ȟ ̙̝̜̖̉̑̏̋̏̐̑̏̉̌̎̕ ̉ ̖̅̑̔̄̉ [1]. 
˜̑̉̍̆̎̆̎̉̆ ̋̏̌̆̒ ̒ ̘̐̎̆̃̍́̓̉̆Ȥ

̒̋̉̍̉ ̙̉̎́̍̉ ̎́ ̖̓́̋̉ ̙̖̍́̉̎́ ̐̏̈Ȥ
̠̟̃̏̌̓ ̝́̍̏̑̓̉̈̉̑̏̃́̓ ̠̋̏̌̆̂́̎̉ 
̙̜̍́̉̎ȟ ̜̜̃̈̃́̎̎̆ ̠̎̆̑̏̃̎̏̒̓̍̉ 
̖̐̏̃̆̑̎̏̒̓̉ ̘̠̋́̆̎̉ȟ ̉ ̓̆̍ ̜̒́̍̍ ̐̏Ȥ
̜̝̃̒̉̓ ̒̋̏̑̏̒̓̉ ̠̅̃̉̇̆̎̉ȟ ̘̝̈̎́̉̓̆̌Ȥ
̎̏ ̝̙̝̔̍̆̎̉̓ ̗̟̅̆̏̑̍́̉̕ ̄̑̔̎̓̏̃ ̐̏̅ 
̋̏̌̆̒́̍̉ ɉ̐̑̉̍̆̑̎̏ ̎́ υπϷ ̐̏ ̒̑́̃̎̆Ȥ
̟̎̉ ̒ ̘̍̆̓́̌̌̉̆̒̋̉̍ ̋̏̌̆̒̏̍Ɋ ̉ȟ ̒̌̆Ȥ
̝̅̏̃́̓̆̌̎̏ȟ ̝̙̝̔̍̆̎̉̓ ̖̑́̒̏̅ ̓̏̐̌̉̃́ 
ɉ̐̑̉̍̆̑̎̏ ̎́ ςυϷɊȟ ̜̝̐̏̃̒̉̓ ˗˜ˑȢ 
˚̠̆̒̍̏̓̑ ̎́ ̓̏ȟ ̘̓̏ ̃̒̆ ̌̆̒̏̈́̄̏̓̏Ȥ

̝̜̃̉̓̆̌̎̆ ̜̓̑́̋̓̏̑ȟ ̉ ̝̖̠̒̆̌̒̋̏̏̈̊Ȥ
̒̓̃̆̎̎̏̄̏ ̉ ̏̂̆̄̏̚ ̘̠̎́̈̎́̆̎̉ȟ ̋́̋ ̉ 
̅̏̑̏̇̎̏-̝̜̒̓̑̏̉̓̆̌̎̆ ̙̜̍́̉̎ȟ ̑́̂̏Ȥ
̟̓́̓ ̜̘̏̂̎̏ ̃̎̆ ̅̏̑̏̄ȟ ̃ ̝̏̓̎̏̒̉̓̆̌̎̏ 
̖̜̖̒̏̅̎ ̠̖̔̒̌̏̃̉ȟ ̙̜̉̎ ̠̅̌ ̖̎̉ ̅̆̌́Ȥ
̟̠̓̒ ̘̜̑́̈̌̉̎̆ ̋́̋ ̐̏ ̜̏̒̎̏̃̎̍ ̐́̑́Ȥ
̍̆̓̑́̍ ɉ̛̝̄̑̔̈̏̐̏̅̆̍̎̏̒̓ȟ ̜̑́̈̍̆̑ȟ ́ 
̓́̋̇̆ ̜̅̏̐̔̒̋́̆̍̆ ̒̋̏̑̏̒̓̉ ̅̃̉̇̆Ȥ
̠̎̉Ɋȟ ̓́̋ ̉ ̐̏ ̑̉̒̔̎̋̔ ̐̑̏̓̆̋̓̏̑́Ȣ ˛̛̂Ȥ
̠̠̠̒̎̆̓̒ ̞̓̏ ̓̆̍ȟ ̘̓̏ ̃̒̆ ̝̖̠̒̆̌̒̋̏̏̈̊Ȥ
̒̓ ̜̃̆̎̎̆ ̜̓̑́̋̓̏̑ ̉ ̙̜̍́̉̎ ̐̑̉ ̅̃̉Ȥ
̇̆̎̉̉ ̐̏ ̜̜̏̂̑́̂́̓̃́̆̍̍ ̠̐̏̌̍ ̎̆ 
̜̅̏̌̇̎ ̝̐̑̏̉̈̃̏̅̉̓ ̘̑̆̈̍̆̑̎̏̄̏ 
̠̔̐̌̏̓̎̆̎̉ ̘̜̐̏̃ȟ ̓́̋ ̋́̋ ̞̓̏ ̒̎̉̇́̆̓ 
̝̔̑̏̇́̊̎̏̒̓ȟ ̞̓̏ ̇̆ ̠̏̓̎̏̒̉̓̒ ̉ ̋ ̌̆̒̏Ȥ
̝̜̈́̄̏̓̏̃̉̓̆̌̎̍ ̙̍́̉̎́̍ ɍςɎȢ 
ˑ̠̌ ̌̆̒̏̃̏̈̏̃ ̉ ̖̅̑̔̄̉ ̜̖̄̑̔̈̏̃ 

́̃̓̏̍̏̂̉̌̆̊ȟ ̟̖̑́̂̏̓́̉̚ ̃ ̠̖̔̒̌̏̃̉ 
̝̠̂̆̈̅̏̑̏̇ȟ ̎́ ̖̋̏̑̏̓̋̉ ̘̖̐̌̆́ ̒̏ ̒̋̏Ȥ
̝̟̑̏̒̓ ̠̅̃̉̇̆̎̉ ̅̏ ρωȟυ ̍Ⱦ̒ ɉχπ ̋̍Ⱦ̘Ɋ 
̟̠̑̆̋̏̍̆̎̅̔̓̒ ̜̘̜̏̂̎̆ ̙̜̉̎ ̑́̈̍̆Ȥ
̑̏̍ ̏̓ ρςȟππ-ςπ ̅̏ σφȟππ-υρ ɉ̐̆̑̃̏̆ 
̘̉̒̌̏ ̒ ̠̅̃̔̍ ̠̎̔̌̍̉ ̘̏̂̏̈̎́́̆̓ ̙̉Ȥ
̑̉̎̔ ̠̐̑̏̉̌̕ ̙̜̉̎ȟ ́ ̃̓̏̑̏̆ ̘̉̒̌̏ - 
̅̉́̍̆̓̑ ̏̂̏̅́ ̋̏̌̆̒́ ̃ ̟̖̅̊̍́Ɋ ̒ ̎̏̑Ȥ
̍̏̊ ̒̌̏̊̎̏̒̓̉ ̋̏̑̅́ ̏̓ ρτ ̅̏ υψȟ ̅̏̐̔Ȥ
̒̓̉̍̏̊ ̎́̄̑̔̈̋̏̊ ̏̓ ρυȟχ ̅̏ συπ ̋˚ ̐̑̉ 
̅́̃̌̆̎̉̉ ̖̃̏̈̅̔́ ̃ ̙̉̎̆ ̏̓ πȟρχφ ̅̏ 
πȟυφ ˙˜́Ȣ ˑ̠̌ ̜̖̎̆̋̏̓̏̑ ̜̖̌̆̒̏̃̏̈̎ 
́̃̓̏̐̏̆̈̅̏̃ ̐̑̉ ̖̓̆ ̇̆ ̠̖̔̒̌̏̃̉ ̞̋̒Ȥ
̗̐̌̔́̓́̉̉ ̟̠̑̆̋̏̍̆̎̅̔̓̒ ̙̉̑̏̋̏̐̑̏Ȥ

̝̜̉̌̎̆̕ ̙̜̉̎ ̑́̈̍̆̑̏̍ ̏̓ ςπȟυ-ςυ ̅̏ 
37,5-υρ ɉ̐̆̑̃̏̆ ̘̉̒̌̏ ̒ ̠̘̅̆̒̓̉̎̏̊ 
̝̟̅̑̏̂ ̘̏̂̏̈̎́́̆̓ ̙̉̑̉̎̔ ̠̐̑̏̉̌̕ 
̙̜̉̎ȟ ́ ̃̓̏̑̏̆ ̘̉̒̌̏ - ̅̉́̍̆̓̑ ̏̂̏̅́ 
̋̏̌̆̒́ ̃ ̟̖̅̊̍́Ɋ ̒ ̎̏̑̍̏̊ ̒̌̏̊̎̏̒̓̉ 
̋̏̑̅́ ̏̓ ρς ̅̏ ρτȟ ̅̏̐̔̒̓̉̍̏̊ ̎́̄̑̔̈Ȥ
̋̏̊ ̏̓ σςȟυ ̅̏ ςςς ̋˚ ̐̑̉ ̅́̃̌̆̎̉̉ 
̖̃̏̈̅̔́ ̃ ̙̖̉̎́ ̏̓ πȟρχφ ̅̏ πȟσψφ ˙˜́Ȣ 
˜̑̉ ̏̄ ̘̑́̎̉̆̎̉̉ ̒̋̏̑̏̒̓̉ ̅̃̉̇̆Ȥ

̠̎̉ ̅̏ τψ ̋̍Ⱦ̘ȟ ̘̓̏ ̖́̑́̋̓̆̑̎̏ ̠̅̌ ̌̆Ȥ
̜̖̒̏̃̏̈̎ ́̃̓̏̐̏̆̈̅̏̃ȟ ̠̅̌ ̖̓̆ ̇̆ ̙̉̎ ̉ 
̐̑̉ ̅́̃̌̆̎̉̉ ̖̃̏̈̅̔́ ̃ ̙̖̉̎́ȟ ̅̏̐̔Ȥ
̠̒̓̉̍́ ̎́̄̑̔̈̋́ ̒̏̏̓̃̆̓̒̓̃̆̎̎̏ ̃̏̈Ȥ
̑́̒̓́̆̓ ̏̓ ρψȟυ ̅̏ τρπ ̋˚ ̉ ̏̓ σωȟς ̅̏ 
ςφψ ̋˚ ɍσɎȢ  
ˑ̠̌ ̠̘̓̄́̆̊ȟ ̟̖̑́̂̏̓́̉̚ ̃ ̜̖̄̏̑̎ 

̔̒ ̠̖̌̏̃̉ ̉ ̎́ ̜̖̌̆̒̎ ̖̑́̈̑́̂̏̓̋́ ̒̏ 
̗̝̒̐̆̉́̌̎̏ ̜̐̏̒̓̑̏̆̎̎̍̉ ̅̏̑̏̄́̍̉ ̒ 
̜̓̃̆̑̅̎̆ ̜̐̏̋̑̓̉̆̍ ̐̑̉ ̠̖̒̋̏̑̏̒̓ 
̠̅̃̉̇̆̎̉ ̅̏ ψπ ̋̍Ⱦ̘Ȣ ̠̑̆̋̏̍̆̎̅̔̆̓̒ 
̜̓̉̐̏̑́̈̍̆̑̎̊ ̠̑̅ ̙̉̎ ̒ ̘̍̆̓́̌̌̉̆Ȥ
̒̋̉̍ ̋̏̑̅̏̍ ̑́̈̍̆̑̏̍ ̏̓ χȟππ-ςπ ̅̏ 
14,0-ςυ ̒ ̎̏̑̍̏̊ ̒̌̏̊̎̏̒̓̉ ̋̏̑̅́ ̏̓ ρπ 
̅̏ ρψȟ ̅̏̐̔̒̓̉̍̏̊ ̎́̄̑̔̈̋̏̊ ̏̓ ψȟτ ̅̏ 
τσȢς ̋˚ ̐̑̉ ̅́̃̌̆̎̉̉ ̖̃̏̈̅̔́ ̃ ̙̖̉̎́ 
̏̓ πȢςψρ ̅̏ πȢφφψ ˙˜́Ȣ 
˔́ ̑̔̂̆̇̏̍ ̠̅̌ ̝̖̠̒̆̌̒̋̏̏̈̊̒̓̃̆̎Ȥ

̜̖̎ ̓̑́̋̓̏̑̏̃ ̉ ̙̍́̉̎ ̙̜̉̎ ̜̃̐̔̒Ȥ
̟̠̋́̓̒ ̃ ̘̝̏̆̎ ̙̉̑̏̋̏̍ ́̒̒̏̑̓̉̍̆̎̓̆ȟ 
̘̓̏ ̒̏̏̓̃̆̓̒̓̃̔̆̓ ̙̉̑̏̋̏̊ ̎̏̍̆̎̋̌́Ȥ
̓̔̑̆ ̖̒́̍̉ ̙̍́̉̎Ȣ ˑ̠̌ ̖̃̆̅̔̉̚ ̋̏̌̆̒ 
̝̖̠̜̖̒̆̌̒̋̏̏̈̊̒̓̃̆̎̎ ̓̑́̋̓̏̑̏̃ ̜̃Ȥ
̟̠̐̔̒̋́̓̒ ̙̜̉̎ ̑́̈̍̆̑̏̍ ̏̓ χȢυπ-ρφ ̅̏ 
28.1-ςφȟ ̘̜̑́̒̒̉̓́̎̎̆ ̎́ ̝̟̍́̋̒̉̍́̌̎̔ 
̝̒̋̏̑̏̒̓ ψȢψ ̍Ⱦ̒ ɉσς ̋̍Ⱦ̘ɊȢ ˚̏̑̍́ ̒̌̏̊Ȥ
̎̏̒̓̉ ̋̏̑̅́ ̠̅̌ ̖̓́̋̉ ̙̉̎ τȢȢȢφ ̉ ̃ ̏̓Ȥ
̝̜̖̅̆̌̎ ̘̠̖̒̌̔́ ψȢȢρςȠ ̛̄̑̔̈̏̐̏̅̆̍Ȥ
̝̎̏̒̓ σȟφ ȢȢȢ τπ ̋˚ ̐̑̉ ̅́̃̌̆̎̉̉ ̖̃̏̈̅̔́ 
̃ ̙̖̉̎́ πȟπψτȢȢȢπȟρυυ ˙˜́ ̉ ̃ ̝̜̖̏̓̅̆̌̎ 
̘̠̖̒̌̔́ ̏̋̏̌̏ πȢς ˙˜́Ȣ 
˥̜̉̎ ̒ ̜̑̆̄̔̌̉̑̔̆̍̍ ̅́̃̌̆̎̉̆̍ 

̠̟̐̏̈̃̏̌̓ ̃̏ ̠̃̑̆̍ ̠̅̃̉̇̆̎̉ ̉̈̍̆Ȥ
̠̝̎̓ ̅́̃̌̆̎̉̆ ̖̃̏̈̅̔́ ̃ ̖̎̉ ̐̑̉̍̆̑̎̏ ̒ 
πȟσυ ̅̏ πȟπυ ˙˜́ȟ ̃ ̝̑̆̈̔̌̓́̓̆ ̘̆̄̏ 
̠̏̐̏̑̎́ ̝̐̌̏́̅̚ ̙̜̉̎ ̘̠̔̃̆̌̉̉̃́̆̓̒ 
̃ ̓̑̉-̘̜̆̓̑̆ ̑́̈́ȟ ̘̠̏̂̆̒̐̆̉̃́ ̝̍̆̎Ȥ
̙̟̔ ̗̟̅̆̏̑̍́̉̕ ̄̑̔̎̓̏̃ ̐̏̅ ̋̏̌̆̒́Ȥ
̍̉Ȣ 
ˍ̘̜̑̏̎̆ ̙̜̉̎ ̘̟̠̏̓̌̉́̓̒ ̝̙̂̏̌̏̊ 

̙̉̑̉̎̏̊ ̠̐̑̏̉̌̕ȟ ̖̉ ̗̠̋̏̎̒̓̑̔̋̉ ̑́̒-
̘̒̉̓́̎́ ̎́ ̝̉̒̐̏̌̈̏̃́̎̉̆ ̎́ ̜̘̜̖̏̂̎ 
̜̖̄̑̔̈̏̃ ̠̖́̃̓̏̍̏̂̉̌Ƞ ̏̎̉ ̔̒̓́̎́̃̌̉Ȥ
̟̠̃́̓̒ ̎́ ̈́̅̎̉̊ ̍̏̒̓ ̃̈́̍̆̎ ̜̖̒̅̃̏̆̎̎ 
̋̏̌̆̒Ȣ ˚̉̈̋̏̆ ̅́̃̌̆̎̉̆ ̖̃̏̈̅̔́ ̃ ̘́̑̏Ȥ
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̜̖̎ ̙̖̉̎́ ɉπȟπυȢȢȢπȟρυ ˙˜́Ɋ ̉ ̘̅̏̒̓́̓̏̎̏ 
̜̃̒̏̋̉̆ ̗̜̄̑̔̎̓̏̈́̆̐ ̘̟̏̂̆̒̐̆̉̃́̓ 
̖̙̟̏̑̏̔ ̖̝̐̑̏̏̅̉̍̏̒̓ ́̃̓̏̍̏̂̉̌̆̊ ̒ 
̋̏̌̆̒̎̏̊ ̏̑̍̔̌̏̊̕ τØς ̐̏ ̠̍̄̋̉̍ ̔̎̕Ȥ
̓́̍ȟ ̐̆̒̋̔ȟ ̘̈́̂̏̌̏̆̎̎̏̊ ̍̆̒̓̎̏̒̓̉Ȣ ˏ ̓̏ 
̇̆ ̠̃̑̆̍ ̘̜́̑̏̎̆ ̙̜̉̎ ̎̆ ̘̜̑́̒̒̉̓́̎ 
̎́ ̝̟̅̌̉̓̆̌̎̔ ̞̗̟̋̒̐̌̔́̓́̉ ̐̏ ̅̏̑̏̄́̍ 
̒ ̜̓̃̆̑̅̍ ̜̐̏̋̑̓̉̆̍ȟ ̓Ȣ̋Ȣ ̘̎́̌̉̉̆ ̑̆̅Ȥ
̖̋̉ ̉ ̜̖̃̒̏̋̉ ̗̄̑̔̎̓̏̈́̆̐̏̃ ̐̑̉̃̏̅̉̓ ̋ 
̘̝̜̈̎́̉̓̆̌̎̍ ̗̠̅̆̏̑̍́̉̍̕ ̋́̑̋́̒́ ̉ ̋ 
̆̄̏ ̙̟̑́̈̑̔̆̎̉Ȣ 
ˏ ̆̆̚ ̝̙̂̏̌̆̊ ̒̓̆̐̆̎̉ ̖̐̑̏̏̅̉Ȥ

̝̍̏̒̓ ̜̖̋̏̌̆̒̎ ̙̍́̉̎ ̐̏ ̠̍̄̋̉̍ ̔̎̕Ȥ
̓́̍ ̘̠̔̃̆̌̉̉̃́̆̓̒ ̐̑̉ ̐̑̉̍̆̎̆̎̉̉ 
̐̎̆̃̍̏̋́̓̋̏,̃ ̟̖̉̍̆̉̚ ̅́̃̌̆̎̉̆ ̃̏̈Ȥ
̖̅̔́ πȟπρȢȢȢπȟπσυ ˙˜́ ̉ ̘̝̈̎́̉̓̆̌̎̏ 
̝̙̟̂̏̌̔ ̙̉̑̉̎̔ ̠̐̑̏̉̌̕Ȣ ˚̏ ̐̎̆̃Ȥ
̍̏̋́̓̋̉ ̍̏̄̔̓ ̠̝̠̐̑̉̍̆̎̓̒ ̝̓̏̌̋̏ ̎́ 
̗̝̒̐̆̉́̌̎̏ ̜̖̐̑̉̒̐̏̒̏̂̌̆̎̎ ̋ ̎̉̍ 
̙̍́̉̎́̍Ȣ 

˛̘̜̓̆̆̒̓̃̆̎̎̍̉ ̒̓́̎̅́̑̓́̍̉ ̑̆Ȥ
̟̠̄̌́̍̆̎̓̉̑̔̓̒ ̜̏̒̎̏̃̎̆ ̜̐́̑́̍̆̓̑ ̉ 
̖̘̓̆̎̉̆̒̋̉̆ ̠̓̑̆̂̏̃́̎̉ ̋ ̙̉̎́̍Ȣ 

 
˞̐̉̒̏̋ ̜̌̉̓̆̑́̓̔̑ 

1. ̆ ̆̒̏̓̑́̎̒̐̏̑̓ ̋́̋ ̒̉̒̓̆̍́ ̝̃̏̅̉̓̆̌ ɀ 
̝́̃̓̏̍̏̂̉̌ ɀ ̅̏̑̏̄́ - ̒̑̆̅́ȡ ̘̔̆̂Ȣ ̐̏̒̏̂̉̆ Ⱦ 
ˏȢ˗Ȣ ˗̝̠̔̑̎̏̃ȟ ˍȢˏȢ ˞̜̋̑̐̎̉̋̏̃ȟ ˏȢˍȢ ˎ̏̑̉̒̏̃Ȣ 
ɀ ̇ Ȣȡ ː˛ˠ ˏ˜˛ ˙ːˠ˘ȟ ςπρπȢ ɀ σχπ ̒Ȣ 

2. ˎ ̏̑̉̒̏̃ ˏȢˍȢȟ ˍ̋̉̎̉̎ ˑȢˏȢȟ ˗̘́̈̎́̆̆̃́ 
˚Ȣ˕Ȣȟ ˜̠̑̆̅̌̏̇̆̎̉ ̐̏ ̟̋̏̎̓̑̏̌ ̑̏̃̎̏̒̓̉ 
̜̖̅̏̑̏̇̎ ̜̐̏̋̑̓̉̊ ̜̖̌̆̒̏̃̏̈̎ ̍́̄̉̒̓̑́̌̆̊ 
˞̉̍̃̏̌ ̎́̔̋̉Ȣ ςπρυȢ ˟Ȣ ρȢ Ο 3-1 (3)Ȣ ˞Ȣ ςφ-31. 

3. ̋ ̆̈̎̉̋̏̃́ȟ ˚Ȣ˒Ȣ ˜̑̉̍̆̎̆̎̉̆ ˪ˏ˙ ̠̅̌ 
́̎́̌̉̈́ ̜̖̏̒̎̏̃̎ ̑̆̇̉̍̏̃ ̠̅̃̉̇̆̎̉ ̌̆̒̏Ȥ
̜̖̃̏̈̎ ́̃̓̏̐̏̆̈̅̏̃ Ⱦ ˚Ȣ˒Ȣ ˝̆̈̎̉̋̏̃́ȟ ˏȢˍȢ 
ˎ̏̑̉̒̏̃ ȾȾ ˚̘̜́̔̎̊ ̇̔̑̎́̌ ͼˏ ̍̉̑̆ ̘̜̖̎́̔̎ 
̜̏̓̋̑̓̉̊ͼȢ ɀ ˗̠̑́̒̎̏̑̒̋ȡ ͼ˚̘́̔̎̏-
̗̜̉̎̏̑̍́̉̏̎̎̊̕ ̝̉̈̅́̓̆̌̒̋̉̊ ̗̆̎̓̑ͼȟ ςππωȢȟ 
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FUZZY GOAL-ORIENTED SYSTEMS FOR EVALUATING THE ENVIRONMENTAL STATUS 

OF REGIONS OF THE RUSSIAN FEDERATION 

The subject of the research is the develop-
ment and application of fuzzy goal-oriented 
ÓÙÓÔÅÍÓ ÆÏÒ 2ÕÓÓÉÁÎ ÒÅÇÉÏÎÓȭ ÅÃÏÌÏÇÉÃÁÌ ÓÔÁÔÕÓ 
evaluation with the aim of supporting public 
policy in the field of environmental protection 
and decision-making on investment in the re-
gional economy. The methodological basis of the 
study is formed by the methodology of systems 
problem solving described by George Klir. The 
data source for analysis are reports of Federal 
Service of State Statistics of the Russian Federa-
tion. The authors proposed criteria for evaluation 
of the ecological status of the region. Audited 
pairwise correlation among the criteria and 
investigated the possibility of predicting their 
values using artificial neural networks. The re-
sults of the study are intended for use in complex 
examination of execution of the environmental 
legislation by regions and individual enterprises, 
the examination of execution of international, 
national and regional pollutant emission reduc-
tion plans, making decisions on state support and 
private investment in the regional economy, 
capable of fulfilling the target requirements in the 
field of environmental protection. 

General systems theory; decision support 
systems; goal-oriented systems; ecological status 
of regions; artificial neural networks. 

 
n January 5, 2016 Vladimir Putin 
signed Executive Order On Holding 

the Year of the Environment in the Russian 
Federation in 2017 [1]. So much state at-
tention to the environmental problems 
requires the development and application 
of technologies of data mining and decision 
support in the field of territorial environ-
mental status evaluation. 

 The aim of this publication is to pro-
vide the decision makers with fuzzy goal-
oriented systems for evaluation and com-
parative analysis of the environmental 
status of the regions of the Central Federal 
District of the Russian Federation and 
Krasnodar region to support the federal 
and regional policies of environmental 
protection as well as making decisions on 
investments in regional economies. 

O 
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The methodological basis of the study 
is formed by the methodology of systems 
problem solving described by George Klir 
ɍςɎȢ +ÌÉÒȭÓ ÔÈÅÏÒÙȟ ÄÅÖÅÌÏÐÅÄ ÂÙ ÈÉÍ ÁÎÄ ÈÉÓ 
colleagues at the University of New York, 
the United States is aimed at formalizing 
the semantics and logic of system-wide 
concepts to determine the hierarchical 
classification of systems.  This classification 
allows us to build the universal classifica-
tion of systems problems and methods of 
their solving with the computer no matter 
the particular subject area those problems 
concern. 

As the data source for the construction 
of goal-oriented systems in our study we 
used the information provided by the Rus-
sian Federation Federal State Statistics 
Service (FSSS) in the report on environ-
mental state of Russian regions in 2005-
ςπρτ ɍσɎȢ /Î ÔÈÅ ÂÁÓÉÓ ÏÆ ÔÈÅ &333ȭÓ ÄÁÔÁ ×Å 
introduced three mediate characteristics to 
describe each region of the Central Federal 
District of Russia (CFD) and Krasnodar 
region. Those characteristics are: 

V1 ɀ the percentage of emissions of pol-
lutants into the atmosphere from station-
ary sources to the volume of capture of air 
pollutants from stationary sources; 

V2 ɀ the percentage of the volume of 
waste water discharged into surface water 
bodies to the volume of fresh water use; 

V3 ɀ the percentage of the volume of 
fresh water use to the volume of recycled 
and consistently used water. 

Note that the selected characteristics 
are not correlated with each other in most 
investigated regions. 

As a preparatory step before the crea-
tion of goal-oriented systems we investi-
gated the possibility of prediction of select-
ed indicators for the regions. 

Due to the small amount of statistical 
data and its heterogeneity we did not use 
statistical methods of time series analysis 
to predict the values of V1, V2, V3 . Instead 
we constructed artificial neural networks 
in the Matlab 7.8.0 R2009a environment 
using the Neural Network Toolbox for 
predicting V1, V2, V3. The networks con-
tained 4 layers, the number of neurons in 
the first layer was 20. The training of the 
networks was done with the method of 
back propagation. The training set consist-
ÅÄ ÏÆ ÔÈÅ ÒÅÁÌ &333ȭÓ ÄÁÔÁ ÆÏÒ ςππυ-2013, 
ÔÈÅ ÔÅÓÔ ÓÅÔ ×ÁÓ ÆÏÒÍÅÄ ÂÙ ÔÈÅ &333ȭÓ ÖÁl-
ues for 2014. 
&333ȭÓ ÄÁÔÁ ÆÏÒ ÔÈÅ ÒÅÇÉÏÎÓ ÆÏÒ ςππυ-

2013, obtained forecast for 2014, the test 
sample and the absolute prediction error 
for V1, V2, V3 are shown in Tables 1-3, re-
spectively. In bold  we mentioned the re-
gions, for which the absolute prediction 
error exceeded 20%. 

Table 1. Source data and the forecast for V1 

Region 2005 2010 2011 2012 2013 
Forecast 
(2014) 

Test 
(2014)  

Error 
(%) 

Belgorod region 11.2 17.28 17.07 15.76 13.92 17.28 18.09 4.48 
Bryansk region 6.65 6.25 7.76 7.46 6.3 6.62 7.48 11.5 

Vladimir region 322.22 250 250 246.15 228.57 232.21 221.43 4.87 

Voronezh region  123.81  150.98  138.46  161.22  143.4 161.19  80.95 99.12 
Ivanovo region  133.33  142.31  154.17  138.1  120 154.17  62.26 147.62  

Kaluga region  11.32 8.96 9.63 9.63 10.14 11.22 14.07 20.26 
Kostroma region 30.06 120 147.06 179.31 200 199 188.46 5.59 

Kursk region 103.85 102.5 91.3 100 92.68 94.03 97.3 3.36 
Lipetsk region 29.28 32.45 28.75 23.91 25.65 25.15 22.12 13.7 

Moscow region 16.18 23.48 22.33 20.02 19.43 16.18 19.9 18.69 
Orel region  260 383.33  328.57  220  480 473.22  300  57.74 

Ryazan region  31.06 24.91 24.11 26.72 20.89 29.99 16.93 77.14 

Smolensk region 23.29 42.86 52.75 51.69 57.84 54.42 49.53 9.87 
Tambov region 270 460 436.36 433.33 450 290.25 300 3.25 

Tver region 226.32 200 291.3 262.5 315.79 254.37 246.43 3.22 
Tula region 34.82 27.97 28.94 31.83 31.87 34.82 34.48 0.99 

Yaroslavl region 155 152.83 177.27 167.39 160.78 152.83 179.59 14.9 
Moscow 102.3 85.14 91.04 153.19  126.92  85.14 117.24  27.38 

Krasnodar region 20.55 19.94 24.81 15.31 15.41 15.31 15.7 2.48 
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Such a high prediction error for a 
number of regions is caused, in our opin-
ion, by an abrupt change in the economic 
situation in 2014, which affected the 
amount of air emissions in the regions. 

According to the same report of the 
FSSS, in Voronezh region in 2014 there was 
a falling in volume of shipped goods of own 
production, mining works and services on 
their own from 7982 to 5246 million ru-
bles, which is not typical for other regions 
of the Central Federal District in 2014. 

In Ivanovo region the production index 
for manufacturing industry as the percent-
age of the previous year decreased from 
113.9% in 2013 to 96.6% in 2014. 

In Kaluga region the production index 
for mining decreased from 130.3 (2013) to 
118.6% (2014). 

In Orel and Ryazan regions indexes fell 
for the production and distribution of elec-
tricity, gas and water from 101.6 and 96.0 
in 2013 to 96.3 and 89.6 in 2014, respec-
tively. 

Prediction error for Moscow, though it 
is not as high as for Ivanovo and Voronezh 
regions can be attributed to the optimiza-
tion of regional production and transfer of 
polluting factors in Moscow, which is indi-
rectly confirmed by the growth of produc-
tion indices in 2014 in Moscow against the 

falling in other regions of the Central Fed-
eral District. 

Thus, the use of the constructed artifi-
cial neural networks to predict the envi-
ronmental performance of regions is justi-
fied only if there is no significant change in 
output due to external macroeconomic 
factors, which can not be taken into ac-
count in the model at this stage. 

The V2 indicator, reflecting the ratio of 
wastewater discharge to the volume of 
fresh water use in the region yielded better 
prediction results. 

The V3 indicator experienced signifi-
cant fluctuations in 2013-2014 in a lot of 
regions that impacted on the quality of the 
forecast. 

To construct the epistemological Level 
0 systems corresponding to the regions 
studied, it is necessary to determine the 
properties of the systems being created, 
the set of their manifestations, as well as 
the base of the observations. 

As the properties of the system we 
consider the indicators V1, V2, V3. The set of 
their manifestations may be selected by an 
expert, or specified by dividing the range of 
the indicator into equal intervals (Table 4). 

As the base of the observations of the 
ÓÙÓÔÅÍȭÓ ÐÒÏÐÅÒÔÉÅÓ ÉÔ ÉÓ ÐÕÒÐÏÓÅÆÕÌ ÔÏ 
choose the year in this case (Table 5). 

Table 2. Source data and the forecast for V2 

Region 2005 2010 2011 2012 2013 
Forecast 
(2014) 

Test 
(2014) 

Error 
(%) 

Belgorod region 3.5 32.49 30.51 29.1 29.46 32.06 28.03 14.38 
Bryansk region 68.46 66.67 67.57 66.98 65.38 65.46 63.27 3.46 

Vladimir region 82.01 82.69 78.26 81.05 82.76 79.24 76.92 3.02 
Voronezh region 30.4 29.13 29.93 29.64 34.13 30.12 31.28 3.71 

Ivanovo region  66.67 60.71 63.46 70.8 68.75 70.75 52.9 33.74 

Kaluga region 68.28 71.32 69.84 68.85 78.81 78.37 79.65 1.61 
Kostroma region 4.07 2.61 2.41 2.46 2.07 2.09 1.78 17.42 

Kursk region  10.53 14.92 20.83 19.31 6.99 19.42 6.09 218.88  
Lipetsk region 50.6 49.71 48.52 52.73 48.78 52.73 50.64 4.13 

Moscow region 42.73 52.74 44.41 51.59 52.61 52.74 51.4 2.61 
Orel region 55.74 59.52 65.06 66.25 69.23 69.23 64.29 7.68 

Ryazan region 8.97 47.85 46.41 49.43 50.9 50.76 49.69 2.15 
Smolensk region 42.06 43.2 40.72 41.88 41.06 41.45 37.91 9.34 

Tambov region 31.55 13 9.29 43.3 41.05 41.56 40 3.9 
Tver region  6.13 6.63 6.2 6.58 6.43 6.63 5.51 20.33 

Tula region 70.19 69.26 69 70.08 69.52 69.42 67.59 2.71 

Yaroslavl region 85.93 86.33 90.83 101.78 94.64 91.43 91.9 0.51 
Moscow 74.37 60.76 59.58 52.5 55.65 52.73 50.5 4.42 

Krasnodar region 25.6 27.47 28.07 27.56 27.84 28.07 27.72 1.26 
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Table 3. Source data and the forecast for V3 

Region 2005 2010 2011 2012 2013 
Forecast 
(2014) 

Test 
(2014)  

Error 
(%) 

Belgorod region  19.41 14.85 13.96 14.96 14.56 19.04 14.43 31.95 
Bryansk region 216.67 148.1 108.82 185.96 266.67 265.28 280 5.26 

Vladimir region 55.92 62.9 51.27 49.04 58.47 52.49 57.66 8.97 

Voronezh region 22.03 15.03 16.11 12.78 10.91 10.93 11.75 6.98 
Ivanovo region  110.2 74.34 79.59 69.9 69.19 74.79 153.47  51.27 

Kaluga region 100 90.85 89.36 85.92 86.76 97.63 91.87 6.27 
Kostroma region  837.23  1451.61  1963.92  1478.29  783.4 814.15  493.11  65.11 

Kursk region  5.34 4.22 3.98 3.8 4.34 4.72 3.74 26.2 
Lipetsk region  12.29 8.37 8.1 7.65 7.52 9.51 7.29 30.45 

Moscow region  43.46 80.82 89.77 77.1 77.84 85.06 70.15 21.25 
Orel region  33.7 26.01 21.67 22.99 24.38 33.48 26.17 27.93 

Ryazan region 10.22 9.8 9.22 9.08 8.75 10.16 11.23 9.53 

Smolensk region  4.54 3.37 3.37 3.2 3.2 3.68 2.81 30.96 
Tambov region  73.62 44.05 42.67 44.29 42.41 72.91 42.41 71.92 

Tver region 51.69 33.13 32.67 23.2 21.92 22.87 25.36 9.82 
Tula region 12.45 12.13 12.2 12.14 10.41 10.45 12.07 13.42 

Yaroslavl region  53.78 106.92  93.75 89.64 89.6 58.23 93.33 37.61 
Moscow 44.95 25.74 27.45 38.18 38.14 44.94 40.42 11.18 

Krasnodar region 259.83 213.02 172.25 171.67 164.07 164.07 176.14 6.85 

Table 4. The set of manifestations of V1, V2, 
V3 

Manifestation of the 
system's property 

Corresponding interval 
of the indicator's val-

ues (%) 
Ȱρȱ 0-20 

Ȱςȱ 21-40 
Ȱσȱ 41-60 

Ȱτȱ 61-80 
Ȱυȱ 81-100 

Ȱφȱ over 100 

Table 5. The range of the base of the 
observations 

The value of the 
base 

The year of the observa-
tion 

Ȱρȱ 2005 

Ȱςȱ 2010 
Ȱσȱ 2011 

Ȱτȱ 2012 
Ȱυȱ 2013 

Ȱφȱ 2014 (forecast) 
Ȱχȱ 2014 (FSSS) 

 
On the basis of the initial statistical da-

ta from Tables 1-3, using the chosen corre-
spondence between the manifestations of 
ÔÈÅ ÓÙÓÔÅÍȭÓ ÐÒÏÐÅÒÔÉÅÓ ÁÎÄ ÔÈÅ ÉÎÄÉÃÁÔÏÒȭÓ 
values (Table 4), we construct a system of 
epistemological Level 2 for the studied 
regions. For Krasnodar region the episte-
mological Level 2 system is shown in Table 
6. 

Table 6. The epistemological Level 2 
system for Krasnodar region 

Base /  
property  

1 2 3 4 5 6 7 

V1 1 1 2 1 1 1 1 

V2 2 2 2 2 2 2 2 

V3 6 6 6 6 6 6 6 

 
After determining the epistemological 

Level 2 systems one should select the data 
mask, i.e. the method of generating data at 
the transition from one value of the base to 
another, which would impact on the selec-
tion of data for further analysis. The mask 
is normally selected on the basis of the 
expert knowledge of the interaction of the 
system properties. The optimization crite-
rion for the mask selection is also the min-
imum of the generating fuzziness which is 
the measure introduced by Klir on the basis 
of the Shannon entropy. 

In this research, due to the small 
amount of the source data, we used a sim-
ple solid mask formed by selective varia-
bles s1, s2, s3 corresponding to the property 
values V1, V2, V3 when moving in the direc-
tion of the increasing value of the base, i.e. 
from 2005 to 2014. The resulting data 
sample for Krasnodar region is shown in 
Table 7. 
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Table 7. The solid mask data sample for 
Krasnodar region 

Base /  
property  

1 2 3 4 5 6 7 

s1 1 1 2 1 1 1 1 

s2 2 2 2 2 2 2 2 

s3 6 6 6 6 6 6 6 

 
Similarly, the data was sampled for the 

other regions studied. 
To construct the epistemological Level 

3 system, it is necessary to determine the 
behavior function of the system, using the 
obtained data samples. The behavior func-
tion of the system can be determined with 
a variety of ways for a particular applica-
tion, however, one of the simplest and most 
informative universal ways of determining 
the behavior function is to calculate the 
probability of occurrence of a particular 
condition c of the system (as a vector 
c=(s1,s2,s3ȟȣȟsn), where si is a selective vari-
able) among all the known conditions of 
that system. To determine the behavior 
function in this manner we chose all the 
unique conditions of the system and calcu-
lated the frequency f of their occurrence in 
the data set. So that f(c) presented the 
behavior function of the system. The calcu-
lation results for Krasnodar region are 
given in Table 8. 

Table 8. The epistemological Level 3 
system for Krasnodar region 

No 
Condition of 
the system, c 

Number of 
repetitions 

f(c) 

1 (1,2,6) 6 0.86 

2 (2,2,6) 1 0.14 

 
Similarly, the epistemological Level 3 

systems were constructed for the other 
regions studied. 

To build a goal-oriented system it is 
enough to construct a system of epistemo-
logical Level 3 with the goal of the system 
defined. The goal may be set with a wide 
range of methods for a specific task, in 
which it will be a reflection of a manage-
ment or research purpose. In this study 
under the management goal we realized 
the achievement by the regions no more 
than 60% on the V1 indicator, no more than 
40% on the V2 indicator and no more than 

60% on the V3 indicator, with lower values 
of V1, V2, V3 considered as more optimal. 

Converting the management goal into 
the goal of the system (Table 9) we were 
guided by Table 4, Table 5, Table 6 and the 
selected data mask (Table 7). 

Table 9. The goal of the system 

No 
The goal condi-

tion, c 

The goal fre-
quency of occur-
rence (ÆȭɉÃɊ, %) 

1 (1,1,1) 10 

2 (1,1,2) 10 
3 (1,1,3) 9 

4 (1,2,1) 8 
5 (1,2,2) 7 

6 (1,2,3) 6 

7 (2,1,1) 5 
8 (2,1,2) 5 

9 (2,1,3) 5 
10 (2,2,1) 5 

11 (2,2,2) 5 
12 (2,2,3) 5 

13 (3,1,1) 5 
14 (3,1,2) 5 

15 (3,1,3) 4 

16 (3,2,1) 3 
17 (3,2,2) 2 

18 (3,2,3) 1 

 
The method of determining the goal of 

the system proposed by Klir, which we 
used in the study is based on the counting 
of the distance between the estimated 
system of epistemological Level 3, set in a 
form similar to Table 8 and the goal of the 
system defined in a form similar to Table 9. 

The distance ɿɉÓȟÓȭɊ between the sys-
tem s and the goal Óȭ is computed with the 
Hamming formula: 

ä -=d
ÍCc

)c('f)c(f)'s,s( ,              (1) 

where c stands for a condition of the sys-
tem, which belong to the set of the condi-
tions #ȟ ÆȭɉÃɊ is the behavior function of the 
goal Óȭ (defined for instance as the goal 
frequency of appearance of the conditions 
of the system), f(c) is the behavior function 
of the estimated system s. It is easily seen 
that ÆɉÃɊᶰɍπȠρɎȟ ÆȭɉÃɊᶰɍπȠρɎ lead to 
ɿɉÓȟÓȭɊᶰɍπȠςɎ as well as ɿɉÓȟÓȭɊЀς corre-
sponds to the case of total similarity be-
tween the goal and the set of observed 
conditions of the system.  

The level of goal-closeness ʖɉÓȟÓȭɊ of 
the system is counted with the formula: 
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It is easily seen, that ʖɉÓȟÓȭɊЀπϷ corre-
sponds to the case of total disagreement 
between the goal and the set of observed 
conditions of the system. 

In Kuban State University post-
graduate student Gusev A.A. and assistant 
professor Shvetsova N.A. designed a com-
ÐÕÔÅÒ ÐÒÏÇÒÁÍ Ȱ!ÉÍ$33ȱ ÔÏ ÁÕÔÏÍÁÔÅ ÔÈÅ 
creation and estimation of goal-oriented 
systems [4][5][6] (Figure). 

 
Figure. AimDSS user interface 

Table 10 shows the results of calcula-
tions of goal-closeness for regions studied 
using AimDSS. Only the regions with non-
zero values of the level of goal-closeness 
for the given goal (Table 9) were reflected. 

Table 10. The studied regions with non-
zero level of goal-closeness 

Ο Region 
Level of goal-
closeness (%) 

Hamming 
distance 

1 
Belgorod 

region 
59 0.82 

2 
Ryazan 
region 

52.5 0.95 

3 
Smolensk 

region 
51.5 0.97 

 

Thus, only 3 of the regions demonstrat-
ed the behavior, relatively close to the man-
agement goal we had chosen. Note that the 
10 other regions not included in the table 
although have not demonstrated purposeful 
behavior in the strict sense, nevertheless 
significantly differed in their level of close-
ness to the conditions that had been speci-
fied in the goal requirements. Accounting for 
such a proximity when calculating the goal-
closeness level is not justified in all cases. 
First of all, taking into account the proximity 
of the system conditions to the goal condi-
tions is possible, as a rule, for the quantita-
tive manifestations of the system properties. 
After all, the existence of clear boundaries, 
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dividing the set of numerical values into 
intervals of manifestations of properties of 
the system leads to the random hit of very 
close values of data into different intervals. 
However, if instead of numerical values, we 
would consider the qualitative manifesta-
tions such as "recovery" and "disability" of 
the patient in a medical institution, "ecologi-
cal balance" and "ecological catastrophe" in 
the simulation of natural territorial com-
plexes ɀ the proximity on the set of manifes-
tations could not be equally responsible for 
management purposes. 

However, in this problem it is appro-
priate to allow a fuzzy goal-setting for the 
calculation of the level of goal-closeness. 

To do this we need to make changes in 
the formula (1) in order to take into ac-
count the different values of the member-
ship function ʈA(c). The function reflects 
the level of membership of the conditions c 
of the system to the fuzzy set of desired 
conditions A, when calculating the distance 
between the goal and the estimated system. 

Determination of the membership 
function in a particular case is entirely on 
the researcher and is highly dependent on 
the characteristics of the task and domain 
restrictions. Our recommendation is to 
choose the reference conditions, the values 
of the membership functions of which are 
close to 50%, and some set of neighboring 
conditions for each reference condition, 
which will describe the possible fluctua-
tions in the goal-setting. At the same time 
the reference condition and its neighbors 
should have the same goal frequency of 
occurrence, and the sum of their member-
ship functions must be equal to 100%. 
,ÅÔȭÓ ÁÌÔÅÒ ÔÈÅ ÇÏÁÌ ÏÆ ÔÈÅ ÒÅÇÉÏÎÓ ÁÎÁÌÙȤ

sis taking into account the above-stated: 
Table 11 shows the fuzzy goal of the system. 
The reference conditions are typed in bold . 

Table 12 shows the evaluation of the 
regions studied for the given (Table 11) 
fuzzy goal. Regions having a non-zero level 
of goal-closeness even with the clear goal 
are highlighted bold .  

In conclusion, the following results 
were obtained by us in this article: 

- ×ÅȭÖÅ ÅØÁÍÉÎÅÄ ÁÎÄ ÓÕÐÐÌÅÍÅÎÔÅÄ 
the George KlÉÒȭÓ ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÏÄÅÌ ÏÆ 
goal-oriented systems with fuzzy goal set-
tings for administrative tasks; 

- ×ÅȭÖÅ ÐÒÏÐÏÓÅÄ ÒÅÌÁÔÉÖÅ ÖÁÌÕÅÓ V1, V2, 
V3 to characterize the ecological state of 
Russian regions; 

- ×ÅȭÖÅ ÉÎÖÅÓÔÉÇÁÔÅÄ ÔÈÅ ÐÏÓÓÉÂÉÌÉÔÙ of 
predicting the values of V1, V2, V3 with the 
help of artificial neural networks in Matlab 
environment; 

- ×ÅȭÖÅ ÂÕÉÌÔ ÔÈÅ ÆÕÚÚÙ ÇÏÁÌ-oriented sys-
tems to assess the ecological status of the 
regions of the Central Federal District of the 
Russian Federation and Krasnodar region 
using the AimDSS program created by us. 

Table 11. Fuzzy goal of the system 

No 
Goal 

condition, c 

Goal 
frequency 
of occur-

rence 
(ÆȭɉÃɊ, %) 

Membership 
function to the 
set of desired 
conditions A 

ʈA(c),% 

1 (1,1,1)  10 100 
2 (1,1,2)  10 100 

3 (1,1,3)  9 50 
4 (1,1,4) 9 20 

5 (1,4,5) 9 20 
6 (1,5,6) 9 10 

7 (1,2,1)  8 100 

8 (1,2,2)  7 100 
9 (1,2,3)  6 50 

10 (1,2,4) 6 10 
11 (1,2,5) 6 10 

12 (1,2,6) 6 30 
13 (2,1,1)  5 100 

14 (2,1,2)  5 100 
15 (2,1,3)  5 50 

16 (2,1,4) 5 20 

17 (2,1,5) 5 20 
18 (2,1,6) 5 10 

19 (2,2,1)  5 100 
20 (2,2,2)  5 100 

21 (2,2,3)  5 50 
22 (2,2,4) 5 20 

23 (2,2,5) 5 20 
24 (2,2,6) 5 10 

25 (3,1,1)  5 100 

26 (3,1,2)  5 100 
27 (3,1,3)  4 100 

28 (3,2,1)  3 50 
29 (4,2,1) 3 20 

30 (4,2,3) 3 20 
31 (4,3,3) 3 10 

32 (3,2,2)  2 100 
33 (3,2,3)  1 50 

34 (3,2,4) 1 20 

35 (3,3,4) 1 20 
36 (3,4,4) 1 5 

37 (3,5,4) 1 5 
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Table 12 

No Region 
Level of goal-
closeness (%) 

Hamming 
distance 

1 
Belgorod 

region  
59 0.82 

2 
Bryansk 
region 

59 0.82 

3 
Ryazan 
region  

52.5 0.95 

4 
Krasno-

dar region 
51.15 0.977 

5 
Kaluga 
region 

50.9 0.982 

6 
Smolensk 

region  
50.75 0.985 

7 
Kostroma 

region 
50.25 0.995 

 
The study, which began in the article 

will be continued in the direction of: 
- construction of fuzzy goal-oriented 

systems to assess the ecological status of 
other regions of Russia; 

- adjustment of intervals borders for 
ÐÒÏÐÅÒÔÉÅÓȭ ÍÁÎÉÆÅÓÔÁÔÉÏÎÓ ÁÎÄ ÓÅÔÔÉÎÇ 
administrative goals in accordance with 
federal and international environmental 
regulations; 

- the use of different data masks to ac-
count for the interaction of factors and the 
formation of the data samples with the new 
management and prognostic characteristics. 

The results of the study are intended 
for use in complex examination of execu-
tion of the environmental legislation by 
regions and individual enterprises, the 
examination of execution of international, 
national and regional pollutant emission 
reduction plans, making decisions on state 
support and private investment in the 

regional economy, capable of fulfilling the 
target requirements in the field of envi-
ronmental protection. 
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ˠˑ˗ φςωȢυȢπφȢππρȢςȡφςρȢφτσ 

 
ˑ̇̆̎̋̏̃́ ̋ ȢˏȢ 
ˍ̖̒̓̑́́̎̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ ˍ̖̝̒̓̑́́̎ 

 
ː˕ˎ˗ˍ ˞˕˞˟˒˙ ˞ˠˑ˛ˏ˨ˢ ˟ ˝ˠˎ˛˜˝˛ˏ˛ˑ˛ˏ 

˞ ˕˞˜˛˘˩˔˛ˏˍ˚˕˒˙ ˗˛˙˜˩˫˟˒˝˚˨ˢ ˙˛ˑ˒˘˒˖ 

˝́̈̃̉̓̉̆ ̒̏̃̑̆̍̆̎̎̏̄̏ ̠̒̔̅̏̒̓̑̏̆̎̉ ̠̒̃Ȥ
̈́̎̏ ̒ ̑̏̒̓̏̍ ̛̏̂̆̍̏̃ ̑́̂̏̓ ̉ ̜̙̐̏̃̆̎̉̆̍ 
̓̑̆̂̏̃́̎̉̊ ̋ ̖̓̆̎̏̌̏̄̉̉ ̠̉̈̄̏̓̏̃̌̆̎̉ ̉ 
̍̏̎̓́̇̔ ̜̖̒̔̅̏̃ ̓̑̔̂̏̐̑̏̃̏̅̏̃Ȣ ˏ ̠̎́̒̓̏̆̆̚ 
̠̃̑̆̍ ̠̑̅ ̐̑̏̆̋̓̎̏-̖̋̏̎̒̓̑̔̋̓̏̑̒̋̉ ̐̑̆̅Ȥ

̠̐̑̉̓̉̊ ̏̓̑́̒̌̉ ̜̑́̈̑́̂́̓̃́̆̓ ̘̜̒̂̏̑̏̎̆ 
̘̆̑̓̆̇̉ ̒ ̋̏̏̑̅̉̎́̓́̍̉ ̓̑́̒̒ ̓̑̔̂̏̐̑̏̃̏̅̏̃ȟ 
̝̜́̌̂̏̍ ̋́̑̓ ̒ ̞̒̋̉̈́̍̉ ̓̑̔̂ȟ ̎́ ̏̒̎̏̃̆ ̋̏̓̏Ȥ
̜̖̑ ̉̈̄̏̓̏̃̌̆̎̉̆ ̓̑̔̂ ̂̆̈ ̘̜̖̐̑̉̄̏̎̏̎ ̑́̂̏̓ 
̎́ ̒̔̅̎̆ ̍̏̇̆̓ ̜̝̂̓ ̏̒̔̆̒̓̃̌̆̎̏̚ȟ ̘̠̎́̉̎́ ̒ 
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̄̏̌̏̃̎̏̄̏ ̒̔̅̎́Ȣ ˜̑̉ ̞̓̏̍ ̠̅̌ ̠̐̑̏̆̋̓̉̑̏̃́̎̉ 
̓̑̔̂̏̐̑̏̃̏̅̏̃ ̉ ̜̘̃̅́̉ ̗̉̎̏̑̍́̉̉̕ ̠̅̌ 
̈́̐̔̒̋́ ̓̑̔̂ ̃ ̏̂̑́̂̏̓̋̔ ̙̉̑̏̋̏ ̠̠̐̑̉̍̆̎̆̓̒ 
̝̟̜̋̏̍̐̓̆̑̎̆ ̖̓̆̎̏̌̏̄̉̉Ȣ ˝̜́̈̑́̂̏̓́̎ ̉ 
̜̃̎̆̅̑̆̎ ̙̜̒̏̃̆̑̆̎̎̆ ̜̃̉̅ ̠̏̂̏̑̔̅̏̃́̎̉ 
̟̘̠̃̋̌́ ̘̜̓̑̔̂̏̄̉̂̏̎̆ ̒̓́̎̋̉ ̒ ̗̐̏̈̉̉̏̎Ȥ
̜̎̍ ̜̐̑̏̄̑́̍̍̎̍ ̔̐̑́̃̌̆̎̉̆̍ȟ ̘̏̂̆̒̐̆̉̃́Ȥ
̟̉̆̚ ̖̗̟̍̆́̎̉̈́̉ ̜̖̏̒̎̏̃̎ ̉ ̝̃̒̐̏̍̏̄́̓̆̌Ȥ
̜̖̎ ̗̏̐̆̑́̉̊ ̠̉̈̄̏̓̏̃̌̆̎̉ ̉ ̏̂̑́̂̏̓̋̉ ̓̑̔̂Ȣ 
˝̘́̒̒̉̓́̃ ̝̒̆̂̆̒̓̏̉̍̏̒̓ ̉ ̜̐̏̌̎̆ ̉̈̅̆̑̇̋̉ 
̜̍ ̍̏̇̆̍ ̠̎́̄̌̅̎̏ ̝̃̉̅̆̓ ̜̃̄̏̅̔ ̏̓ ̐̑̉̍̆Ȥ
̠̎̆̎̉ ̒̓́̎̋́ ̒ ˤ˜ˠȢ ˪̓̏ ̘̏̂̆̒̐̆̉̃́̆̓ ̎́̉̂̏̌̆̆ 
̞̟̆̋̓̉̃̎̔̕̕ ̑́̂̏̓̔ ̝̒̔̅̏̒̓̑̏̉̓̆̌̎̏-
̒̔̅̏̑̆̍̏̎̓̎̏̄̏ ̠̠̐̑̆̅̐̑̉̓̉ ̃ ̗̆̌̏̍Ȣ 

˟̑̔̂̏̐̑̏̃̏̅ȟ ̉̈̄̏̓̏̃̌̆̎̉̆ȟ ̍̏̎̓́̇ȟ ̒̆Ȥ
̝̂̆̒̓̏̉̍̏̒̓ȟ ̝̓̑̔̅̏̆̍̋̏̒̓Ȣ 

 
́̈̃̉̓̉̆ ̒̏̃̑̆̍̆̎̎̏̄̏ ̒̔̅̏̒̓̑̏Ȥ
̠̆̎̉ ̠̒̃̈́̎̏ ̒ ̑̏̒̓̏̍ ̛̏̂̆̍̏̃ 

̑́̂̏̓ ̉ ̜̙̐̏̃̆̎̉̆̍ ̓̑̆̂̏̃́̎̉̊ ̋ ̖̓̆Ȥ
̎̏̌̏̄̉̉ ̠̉̈̄̏̓̏̃̌̆̎̉ ̉ ̍̏̎̓́̇̔ ̒̔̅̏Ȥ
̜̖̃ ̓̑̔̂̏̐̑̏̃̏̅̏̃Ȣ ˠ̝̅̆̌̎̏̆ ̘̈̎́̆̎̉̆ 
̜̖̓̑̔̂̏̐̑̏̃̏̅̎ ̑́̂̏̓ ̎́ ̒̔̅̏̒̓̑̏̉Ȥ
̝̜̖̓̆̌̎ ̖̈́̃̏̅́ ̠̒̏̒̓́̃̌̆̓ ̏̓ ψ ̅̏ ρς 
Ϸ ̏̂̆̊̚ ̓̑̔̅̏̆̍̋̏̒̓̉ ̐̏̒̓̑̏̊̋̆ ̒̔̅̎́ 
ɍρɎȢ ˑ̠̌ ̠̉̈̄̏̓̏̃̌̆̎̉ ̓̑̔̂̏̐̑̏̃̏̅̏̃ 
̠̟̠̐̑̉̍̆̎̓̒ ̜̓̑̔̂ ̅̉́̍̆̓̑̏̍ ̏̓ φ ̅̏ 

ωςπ ̍̍ ̉ ̂̏̌̆̆ ρυ ̍́̑̏̋ ̍́̓̆̑̉́̌́ 
ɉ̑̉̒.ɊȢ ˜̗̑̏̆̒̒ ̠̉̈̄̏̓̏̃̌̆̎̉ ̉ ̍̏̎̓́̇́ 
̓̑̔̂̏̐̑̏̃̏̅̏̃ ̜̠̠̃̐̏̌̎̆̓̒ ̎́ ̖̃̒̆ 
̞̖̓́̐́ ̐̏̒̓̑̏̊̋̉ ̒̔̅̎́ȟ ̘̠̎́̉̎́ ̏̓ 
̒̂̏̑̋̉ ̗̒̆̋̉̉ ̉ ̘̠̋̏̎́ ̙̜̃́̑̓̏̃̍̉ 
̜̠̉̒̐̓́̎̉̍̉Ȣ ˛̓ ̂̆̒̐̆̑̆̂̏̊̎̏̊ ̑́̂̏Ȥ
̜̓ ̜̟̖̓̑̔̂̏̏̂̑́̂́̓̃́̉̚ ̗̖̆̏̃ ̈́̃̉Ȥ
̒̉̓ ̑́̂̏̓́ ̘̜̖̋̏̑̐̔̒̏̒̂̏̑̏̎ȟ ̝̒̓́̐̆̌Ȥ
̜̖̎ȟ ̖̜̖̍̆́̎̏̍̏̎̓́̇̎ȟ ̘̜̖̅̏̒̓̑̏̆̎ ̉ 
̖̅̑̔̄̉ ̗̖̆̏̃ ̃̆̑̉̕Ȣ 
˟̗̜̑́̅̉̉̏̎̎̆ ̖̓̆̎̏̌̏̄̉̉ ̉̈̄̏̓̏̃Ȥ

̠̌̆̎̉ ̉ ̍̏̎̓́̇́ ̒̉̒̓̆̍ ̓̑̔̂̏̐̑̏̃̏̅̏̃ 
̟̐̑̆̅̔̒̍́̓̑̉̃́̓ ̖̉ ̓̑́̒̒̉̑̏̃̋̔ ̐̏ 
̍̆̒̓̔ ̎́ ̠̠̒̓̑̏̆̍̒̚ ̛̏̂̆̋̓̆ȟ ̒ ̘̔̆̓̏̍ 
̠̑́̈̍̆̆̎̉̚ ̠̏̂̏̑̔̅̏̃́̎̉ȟ ̜̖̋̏̑̐̔̒̎ 
̗̋̏̎̒̓̑̔̋̉̊ ̉ ̘̜̖̑́̈̌̉̎ ̒̉̒̓̆̍Ȣ ˜̑̉ 
̞̓̏̍ ̖̠̎̆̏̂̏̅̉̍́ ̘̝̓̏̎̏̒̓ ̠̅̏̒̓̉̄́̆̓̒ 
̘̝̜̈̎́̉̓̆̌̎̍ ̧̛̏̂̍̏̍ ̘̜̖̐̑̉̄̏̎̏̎ 
̑́̂̏̓ȟ Ã̠̜̖̃̈́̎̎ ̒ ̉̈̍̆̎̆̎̉̆̍ ̑́̈̍̆Ȥ
̑̏̃ ̝̜̖̏̓̅̆̌̎ ̞̌̆̍̆̎̓̏̃ ̓̑̔̂ȟ ̒̂̏̑̋̏̊ 
̖̉ ̒ ̝̙̂̏̌̉̍ ̘̋̏̌̉̆̒̓̃̏̍ ̅̏̐̏̌̎̉Ȥ
̝̜̖̓̆̌̎ ̘̜̖̑̔̎ ̗̏̐̆̑́̉̊ ̐̏ ̍̆̒̓̔ȟ ́ 
̓́̋̇̆ ̒ ̐Ð̉̍̆̎̆̎̉̆̍ ̗̝̜̖̒̐̆̉́̌̎ 
̖̘̖̓̆̎̏̌̏̄̉̆̒̋̉ ̙́̂̌̏̎̏̃Ȣ 

 
˝̉̒Ȣ ˙̏̅̆̌̉̑̏̃́̎̉̆ ̒̔̅̏̃ ̐̑̉ ̐̏̍̏̉̚ ˪ˏ˙ 

˟̖̘̆̎̏̌̏̄̉̆̒̋̉̊ ̗̐̑̏̆̒̒ ̉̈̄̏̓̏̃Ȥ
̠̌̆̎̉ ̜̖̒̔̅̏̃ ̓̑̔̂̏̐̑̏̃̏̅̏̃ ̍̏̇̎̏ 
̝̑́̈̅̆̌̉̓ ̎́ ̅̃̆ ̜̄̑̔̐̐ ̗̏̐̆̑́̉̉Ȣ 
˜̟̆̑̃̔ȟ ̝̔̅̆̌̎̏̆ ̘̈̎́̆̎̉̆ ̋̏̓̏̑̏̊ 
̅̏̒̓̉̄́̆̓ υπ-φπ Ϸȟ ̠̟̒̏̒̓́̃̌̓ ̏̐̆̑́Ȥ
̗̉̉ ̐̏ ̓̑́̒̒̉̑̏̃̋̆ ̓̑̔̂̏̐̑̏̃̏̅̏̃ȟ 

̉̈̄̏̓̏̃̌̆̎̉̆ ̙́̂̌̏̎̏̃ȟ ̐̑̉̄̏̎̋̆ ̓̑̔̂ 
̐̏ ̍̆̒̓̔ ̉ ̖̉ ̑́̒̒̓́̎̏̃̋̆ ̐̏̅ ̍̏̎̓́̇ 
ɍςɎȢ ˗̏ ̃̓̏̑̏̊ ̄̑̔̐̐̆ ̠̠̏̓̎̏̒̓̒ ̏̐̆̑́Ȥ
̗̉̉ ̐̏ ̏̂̑́̂̏̓̋̆ ̓̑̔̂ ̃ ̗̖̆̆ ̒ ̝̉̒̐̏̌Ȥ
̈̏̃́̎̉̆̍ ̠̏̂̏̑̔̅̏̃́̎̉ ̠̅̌ ̑̆̈̋̉ȟ ̄̉̂Ȥ

 ̋
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̋̉ȟ ̏̂̑́̂̏̓̋̉ ̏̓̃̆̑̒̓̉̊ȟ ̒̃́̑̋̉ȟ ̄̉̅Ȥ
̘̑́̃̌̉̆̒̋̏̄̏ ̜̠̉̒̐̓́̎̉ ̉ ̓Ȣ̅Ȣ 
˜̞̏̓̏̍̔ ̙̃́̇̎̆̊̆̊ ̗̓̆̎̅̆̎̉̆̊ ̒̏Ȥ

̃̑̆̍̆̎̎̏̄̏ Ã̠̔̅̏̒̓̑̏̆̎̉ ̠̠̠̃̌̆̓̒ 
̜̙̐̏̃̆̎̉̆ ̞̆̋̓̉̃̎̏̒̓̉̕̕ ̐̑̏̉̈̃̏̅Ȥ
̒̓̃́ ̐̔̓̆̍ ̠̃̎̆̅̑̆̎̉ ̜̖̎̏̃ ̖̓̆̎̏̌̏Ȥ
̄̉̊ ̠̉̈̄̏̓̏̃̌̆̎̉ ̓̑̔̂ ̐̏ ̐̑̏̆̋̓̎̏̊ 
̗̉̎̏̑̍́̉̉̕ ̂̆̈ ̐̑̉̄̏̎̋̉ ̐̏ ̍̆Ã̓̔Ȣ 
˚̘́̌̉̉̆ ̃ ̐̑̏̆̋̓̎̏̊ ̗̅̏̋̔̍̆̎̓́̉̉ 
̅̏Ã̘̓́̓̏̎̏̊ ̗̉̎̏̑̍́̉̉̕ ̠̅̌ ̉̈̄̏̓̏̃Ȥ
̠̌̆̎̉ ̉ ̍̏̎̓́̇́ ̓̑̔̂ ̠̐̏̈̃̏̌̆̓ ̒̏̃̍̆Ȥ
̝̒̓̉̓ ̜̑́̂̏̓ ̐̏ ̐̏̒̓̑̏̊̋̆ Ã̔̅̎́ ̉ ̒̏Ȥ
̝̋̑́̓̉̓ ̒Ð̏̋̉ ̜̠̃̐̏̌̎̆̎̉ ̒̔̅̏̒̓̑̏̉Ȥ
̝̜̖̓̆̌̎ ̈́̋́̈̏̃ ɍσ-5]. 
ˏ ̠̎́̒̓̏̆̆̚ ̠̃̑̆̍ ̠̑̅ ̐̑̏̆̋̓̎̏-

̖̋̏̎̒̓̑̔̋̓̏̑̒̋̉ ̠̐̑̆̅̐̑̉̓̉̊ ̏̓̑́̒̌̉ 
̜̑́̈̑́̂́̓̃́̆̓ ̘̜̒̂̏̑̏̎̆ ̘̆̑̓̆̇̉ ̒ 
̋̏̏̑̅̉̎́̓́̍̉ ̓̑́̒̒ ̓̑̔̂̏̐̑̏̃̏̅̏̃ȟ 
̝̜́̌̂̏̍ ̋́̑̓ ̒ ̞̒̋̉̈́̍̉ ̓̑̔̂ȟ ̎́ ̏̒̎̏Ȥ
̃̆ ̜̖̋̏̓̏̑ ̉̈̄̏̓̏̃̌̆̎̉̆ ̓̑̔̂ ̂̆̈ ̐̑̉Ȥ
̘̜̖̄̏̎̏̎ ̑́̂̏̓ ̎́ ̒̔̅̎̆ ̍̏̇̆̓ ̜̝̂̓ 
̏̒̔̆̒̓̃̌̆̎̏̚ȟ ̘̠̎́̉̎́ ̒ ̄̏̌̏̃̎̏̄̏ 
̒̔̅̎́Ȣ ˜̑̉ ̞̓̏̍ ̠̅̌ ̠̐̑̏̆̋̓̉̑̏̃́̎̉ 
̓̑̔̂̏̐̑̏̃̏̅̏̃ ̉ ̜̘̃̅́̉ ̗̉̎̏̑̍́̉̉̕ 
̠̅̌ ̈́̐̔̒̋́ ̓̑̔̂ ̃ ̏̂̑́̂̏̓̋̔ ̙̉̑̏̋̏ 
̠̠̐̑̉̍̆̎̆̓̒ ̝̟̜̋̏̍̐̓̆̑̎̆ ̖̓̆̎̏̌̏Ȥ
̄̉̉Ȣ ˏ ̐̏̒̌̆̅̎̆̆ ̠̃̑̆̍ ̜̐̆̑̆̅̏̃̍̉ 
̈́̃̏̅́̍̉ ̒ ̘̔́̒̓̉̆̍ ̜̖̐̑̏̆̋̓̎ ̉ ̘̎́̔Ȥ
̎ -̝̖̏̉̒̒̌̆̅̏̃́̓̆̌̒̋̉ ̠̐̑̆̅̐̑̉̓̉̊ 
̜̃̐̏̌̎̆̎ ̝̙̂̏̌̏̊ ̛̏̂̆̍ ̑́̈̑́̂̏̓̏̋ȟ 
̜̖̎́̐̑́̃̌̆̎̎ ̎́ ̜̙̐̏̃̆̎̉̆ ̖̘̓̆̎̉̆Ȥ
̒̋̏̄̏ ̠̔̑̏̃̎ ̜̟̓̑̔̂̏̏̂̑́̂́̓̃́̆̄̏̚ 
̐̑̏̉̈̃̏̅̒̓̃́Ȣ ˝̜́̈̑́̂̏̓́̎ ̉ ̃̎̆̅̑̆̎Ȥ
̜̎ ̙̜̒̏̃̆̑̆̎̎̆ ̜̃̉̅ ̠̏̂̏̑̔̅̏̃́̎̉ 
̟̘̠̃̋̌́ ̘̜̓̑̔̂̏̄̉̂̏̎̆ ̒̓́̎̋̉ ̒ ̐̏̈̉Ȥ
̗̜̉̏̎̎̍ ̜̐̑̏̄̑́̍̍̎̍ ̔̐̑́̃̌̆̎̉̆̍ȟ 
̘̟̏̂̆̒̐̆̉̃́̉̆̚ ̖̗̟̍̆́̎̉̈́̉ ̏̒̎̏̃Ȥ
̜̖̎ ̉ ̝̜̖̃̒̐̏̍̏̄́̓̆̌̎ ̗̏̐̆̑́̉̉ ̉̈̄̏Ȥ
̠̓̏̃̌̆̎̉ ̉ ̏̂̑́̂̏̓̋̉ ̓̑̔̂ [6-10].  
˞̓́̎̋̉ ̒ ˤ˜ˠ ̜̠̟̃̐̏̌̎̓ ̄̉̂̋̔ ̓̑̔Ȥ

̂̏̐̑̏̃̏̅̏̃ ̐̏ ̜̒̏̈̅́̎̎̍ ̘̑́̈̑́̂̏̓̉Ȥ
̋̏̍ ̜̖̒̔̅̏̃ ̒̉̒̓̆̍ ̝̟̜̋̏̍̐̓̆̑̎̍ 
̠̍̏̅̆̌̍ȟ ̐̑̉ ̞̓̏̍ ̟̘̟̠̉̒̋̌́̓̒ ̈́̓̑́Ȥ
̜̓ ̓̑̔̅̏̆̍̋̏̒̓̉ ̎́ ̉̈̄̏̓̏̃̌̆̎̉̆ ̙́̂Ȥ
̌̏̎́Ȣ ˕̜̈̄̏̓̏̃̌̆̎̎̆ ̜̓̑̔̂ ̐̏̒̌̆ ̄̉̂̋̉ 
̜̠̟̠̃̒̓́̃̌̓̒ ̎́ ̈́̋́̈̆ ̐̏ ̜̈́̅́̎̎̍ 
̋̏̏̑̅̉̎́̓́̍ ̉ ̎̆ ̟̓̑̆̂̔̓ ̅̏̐̏̌̎̉Ȥ
̝̓̆̌̎̏̊ ̐̏̅̄̏̎̋̉Ȣ ˜̑̉ ̝̉̒̐̏̌̈̏̃́̎̉̉ 
̜̘̜̖̏̂̎ ̒̓́̎̋̏̃ ̑́̂̏̓̎̉̋̔ ̖̎̆̏̂̏̅̉Ȥ
̍̏ ̝̉̈̄̏̓́̃̌̉̃́̓ ̙́̂̌̏̎ ̓̑̔̂̏̐̑̏̃̏Ȥ
̅́Ȣ ˕̝̒̐̏̌̈̏̃́̎̉̆ ̒̓́̎̋̏̃ ̒ ˤ˜ˠ ̍̏̇̆̓ 
̝̐̏̈̃̏̌̉̓ ̝̒̏̋̑́̓̉̓ ̠̃̑̆̍ ̝̒̓́̐̆̌̎̏̄̏ 

̐̆̑̉̏̅́ ̐̏̒̓̑̏̊̋̉ ̠̋̏̑́̂̌Ȣ ˑ̠̌ ̗̏̆̎̋̉ 
̜̜̃̄̏̅ ̝̠̉̒̐̏̌̈̏̃́̎̉ ̒̓́̎̋̏̃ ̒ ˤ˜ˠ 
̐̑̏̃̆̌̉ ̝̜̒̑́̃̎̉̓̆̌̎̊ ̘̑́̒̆̓ ̒̆̂̆Ȥ
̒̓̏̉̍̏̒̓̉ ̄̉̂̋̉ ̓̑̔̂̏̐̑̏̃̏̅̏̃ ̔̋́Ȥ
̜̈́̎̎̍̉ ̍̆̓̏̅́̍̉Ȣ ˝̘́̒̒̉̓́̌̉ ̜̐̏̌̎̆ 
̉̈̅̆̑̇̋̉ȟ ̜̋̏̓̏̑̆ ̐̏̎̆̒̆̓ ̠̐̑̆̅̐̑̉Ȥ
̓̉̆ ̐̑̉ ̄̉̂̋̆ ̓̑̔̂̏̐̑̏̃̏̅̏̃Ȣ ˟́̋̉̍ 
̏̂̑́̈̏̍ȟ ̜̃̄̏̅́ ̏̓ ̠̐̑̉̍̆̎̆̎̉ ̒̓́̎̋́ 
̝̏̋́̈́̌́̒ ττππȟρφ ̑̔̂Ȣ ˗̑̏̍̆ ̓̏̄̏ ̐̑̉Ȥ
̍̆̎̆̎̉̆ ̒̓́̎̋́ ̒̎̉̇́̆̓ ̠̃̑̆̍ ̎́ ̜̃Ȥ
̐̏̌̎̆̎̉̆ ̄̉̂̋̉Ȣ ˪̓̏ ̘̏̂̆̒̐̆̉̃́̆̓ 
̎́̉̂̏̌̆̆ ̞̟̆̋̓̉̃̎̔̕̕ ̑́̂̏̓̔ ̐̑̆̅Ȥ
̠̠̐̑̉̓̉ ̃ ̗̆̌̏̍Ȣ 
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ˠˑ˗ ππτȢτς 
 
ˑ̠̏̌̄̏̃̈̏̃ ˚.̱ . 
ˏ̏̌̏̄̏̅̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎ ̉̃̆̑̒̉̓̆̓ȟ ˏ̏̌̏̄̅́ 

 
˝ˍ˔˝ˍˎ˛˟˗ˍ ː˕ˎ˝˕ˑ˚˨ˢ ̇ ˛ˎ˕˘˩˚˨ˢ ˜˝˕˘˛˓˒˚˕ ̟

ˏ ̅̏̋̌́̅̆ ̜̠̑́̒̋̑̃́̆̓̒ ̠̐̏̎̓̉̆ ̄̉̂̑̉̅Ȥ
̎̏̄̏ ̝̍̏̂̉̌̎̏̄̏ ̠̐̑̉̌̏̇̆̎̉ȟ ̜̟̠̏̐̉̒̃́̓̒ 
̆̄̏ ̝̜̐̏̌̏̇̉̓̆̌̎̆ ̉ ̗̝̜̏̓̑̉́̓̆̌̎̆ ̜̒̓̏̑̏̎ȟ 
̏̒̏̂̆̎̎̏̒̓̉ ̑́̈̑́̂̏̓̋̉ ̉ ̝̜̉̒̐̏̌̈̔̆̍̆ ̉̎Ȥ
̜̒̓̑̔̍̆̎̓ ɉ̑̆̊̍̃̏̑̋̉̕ɊȢ ˏ ̝̒̓́̓̆ ̑́̒̒̍́̓̑̉Ȥ
̠̃́̆̓̒ ̜̐̑̏̂̌̆̍ ̑́̈̑́̂̏̓̋̉ ̋̑̏̒̒̐̌́̓̏̑̕Ȥ
̜̖̍̆̎̎ ̐̑̉̌̏̇̆̎̉̊ ̉ ̐̔̓̉ ̖̉ ̙̠̑̆̆̎̉Ȣ 

ː̉̂̑̉̅̎̏̆ ̝̍̏̂̉̌̎̏̆ ̠̐̑̉̌̏̇̆̎̉ȟ 
̑̆̊̍̃̏̑̋̕ȟ ̝̋̑̏̒̒̐̌́̓̏̑̍̆̎̎̏̒̓̕Ȣ 

 
̜̏̃̑̆̍̆̎̎̆ ̜̍̉̑̏̃̆ ̗̓̆̎̅̆̎̉̉ 
̜̟̐̏̋́̈̃́̓ȟ ̘̓̏ ̜̑̎̏̋ ̝̍̏̂̉̌Ȥ

̜̖̎ ̖̓̆̎̏̌̏̄̉̊ ̉̍̆̆̓ ̏̅̉̎ ̉̈ ̜̖̒́̍ 
̜̖̃̒̏̋̉ ̓̆̍̐̏̃ ̑̏̒̓́Ȣ ˜̘̜̑̉̉̎ ̑̏̒̓́ 
̘̜̏̆̃̉̅̎ȡ ̝̐̏̌̈̏̃́̓̆̌̆̊ ̝̜̖̍̏̂̉̌̎ 
̔̒̓̑̏̊̒̓̃ ̒ ̜̋́̇̅̍ ̅̎̆̍ ̠̒̓́̎̏̃̉̓̒ ̃̒̆ 
̝̙̂̏̌̆ ̉ ̝̙̂̏̌̆ȟ ̐̏̓̏̍̔ ̘̓̏ ̒̍́̑̓̏̎̕ 
̠̒̆̄̏̅̎ ɀ ̞̓̏ ̎̆ ̐̑̏̒̓̏ ̒̑̆̅̒̓̃̏ ̠̒̃̈̉ȟ 
̎̏ ̉ ̒̃̏̊ ̝̜̐̆̑̒̏̎́̌̎̊ ̝̟̋̏̍̐̓̆̑Ȣ 
˜̞̏̓̏̍̔ ̠̋́̇̅́ ̠̋̏̍̐́̎̉ ̠̅̌ ̐̑̉̃̌̆Ȥ
̘̠̆̎̉ ̋̌̉̆̎̓̏̃ ̠̒̓́̑́̆̓̒ ̝̑́̈̑́̂̏̓́̓ 
̎̆ ̐̑̏̒̓̏ ̒́̊̓ȟ ̎̏ ̉ ̒̃̏̆ ̝̍̏̂̉̌̎̏̆ ̐̑̉Ȥ
̌̏̇̆̎̉̆Ȣ ˚̆̑̆̅̋̏ ̐̑̉ ̑́̈̑́̂̏̓̋̆ ̃̏̈̎̉Ȥ
̋́̆̓ ̃̏̐̑̏̒ȡ ˗́̋̏̆ ̐̑̉̌̏̇̆̎̉̆ ̝̒̏̈̅́̓ȡ 
̎́̓̉̃̎̏̆ ̉̌̉ ̄̉̂̑̉̅̎̏̆ȩȻ 
˞ ̘̓̏̋̉ ̠̈̑̆̎̉ ̝̐̑̏̉̈̃̏̅̉̓̆̌̎̏̒̓̉ȟ 

̜̎́̓̉̃̆ ̠̐̑̉̌̏̇̆̎̉ ̟̉̍̆̓ ̠̑̅ ̐̑̆Ȥ
̉̍̔̆̒̓̃̚Ȣ ˛̎̉ ̟̠̒̏̈̅́̓̒ ̒ ̝̟̐̏̍̏̚ 
̠̜̈̋̏̃ ̠̐̑̏̄̑́̍̍̉̑̏̃́̎̉ȟ ̔̓̃̆̑̇̅̆̎Ȥ
̜̖̎ ̘̑́̈̑́̂̏̓̉̋́̍̉ ̐̑̏̄̑́̍̍̎̏̄̏ 
̘̠̏̂̆̒̐̆̆̎̉Ȣ ˏ ̝̑̆̈̔̌̓́̓̆ ̘̟̠̐̏̌̔́̓̒ 
̜̒́̍̆  ̜̜̂̒̓̑̆ ̉ ̞̜̆̋̓̉̃̎̆̕̕ ̐̑̏̅̔̋Ȥ
̜̓ȟ ̓́̋ ̋́̋ ̏̎̉ ̜̏̐̓̉̍̉̈̉̑̏̃́̎ ̐̏̅ 
̟̒̃̏ ̗̟̏̐̆̑́̉̏̎̎̔ ̒̉̒̓̆̍̔ ̉ ̟̉̍̆̓ 
̝̜̍́̋̒̉̍́̌̎̊ ̅̏̒̓̔̐ ̋ ́̐̐́̑́̓̎̏̊ 
̘́̒̓̉ ̔̒̓̑̏̊̒̓̃ ɍρɎȢ ˛̅̎́̋̏ ̝̈̅̆̒ ̝̆̒̓ 
̜̒̔̆̒̓̃̆̎̎̊̚ ̎̆̅̏̒̓́̓̏̋ȡ ̠̅̌ ̋́̇̅̏̊ 
̗̏̐̆̑́̉̏̎̎̏̊ ̜̒̉̒̓̆̍ ɉAndroid. iOS, 
Windos Phone ̉ ̓Ȣ̅ȢɊ ̖̎̆̏̂̏̅̉̍̏ ̎́̐̉Ȥ
̝̒́̓ ̝̏̓̅̆̌̎̏̆ ̐̑̉̌̏̇̆̎̉̆Ȣ ˪̓̏ ̘̈̎́̉̓ȟ 
̠̅̌ ̑́̈̑́̂̏̓̋̉ ̖̎̆̏̂̏̅̉̍̏ ̠̝̎́̎̓ ̋̏Ȥ
̍́̎̅̔ ̗̒̐̆̉́̌̉̒̓̏̃ȟ ̜̋́̇̅̊ ̘̌̆̎ ̋̏̓̏Ȥ
̑̏̊ ̂̔̅̆̓ ̝̠̈́̎̉̍́̓̒ ̒̃̏̆̊ ̐̌́̓̏̑̍̏̊̕ȟ 
̌̉̂̏ ̏̅̉̎ ̘̑́̈̑́̂̏̓̉̋ȟ ̎̏ ̃ ̞̓̏̍ ̘̒̌̔́̆ 
̒̑̏̋̉ ̙̠̈́̃̆̑̆̎̉ ̜̑́̂̏̓ ̒̔̆̒̓̃̆̎̎̏̚ 
̜̠̠̐̏̃̒̓̒Ȣ ˕ ̃ ̓̏̍ȟ ̉ ̃ ̅̑̔̄̏̍ ̘̒̌̔́̆ȟ 
̋̏̍̐́̎̉̉ ̠̐̑̉̅̆̓̒ ̝̐̏̓̑́̓̉̓ ̍̎̏̄̏ 
̜̖̅̆̎̆̇̎ ̒̑̆̅̒̓̃ ̎́ ̑́̈̑́̂̏̓̋̔Ȣ 

ˑ̠̌ ̋̏̍̐́̎̉̊ȟ ̎̆ ̟̖̉̍̆̉̚ ̃̏̈Ȥ
̝̍̏̇̎̏̒̓ ̠̝̎́̎̓ ̋̏̍́̎̅̔ ̘̑́̈̑́̂̏̓̉Ȥ
̋̏̃ȟ ̝̆̒̓ ̝̜́̌̓̆̑̎́̓̉̃̎̊ ̃́̑̉́̎̓ ɀ 
̑́̈̑́̂̏̓̋́ ̄̉̂̑̉̅̎̏̄̏ ̠̐̑̉̌̏̇̆̎̉Ȣ ˜̏ 
̝̙̂̏̌̏̍̔ ̘̒̆̓̔ȟ ̞̓̏ ̃̆̂-̐̑̉̌̏̇̆̎̉̆ȟ 
̏̂̆̑̎̔̓̏̆ ̃ ̟̎́̓̉̃̎̔ ̘̏̂̏̌̏̋̔Ȣ ˛̎̏ 
̑́̂̏̓́̆̓ ̘̆̑̆̈ ̝̒̆̓ȟ ̠̐̆̑̆̅́̃́ ̎́ ̍̏Ȥ
̝̂̉̌̎̏̆ ̔̒̓̑̏̊̒̓̃̏ ̜̅́̎̎̆ ̒ ̃̆̂-
̑̆̒̔̑̒́Ȣ ˟́̋̏̊ ̓̉̐ ̑́̈̑́̂̏̓̋̉ ̔̒̓̔̐́̆̓ 
̎́̓̉̃̎̏̍̔ ̟̐̑̉̌̏̇̆̎̉ ̃ ̐̑̏̉̈̃̏̅̉Ȥ
̝̓̆̌̎̏̒̓̉ȟ ́ ̓́̋̇̆ ̉̍̆̆̓ ̘̠̏̄̑́̎̉̆̎̉ ̃ 
̝̉̒̐̏̌̈̏̃́̎̉̉ ̑̆̒̔̑̒̏̃ ̓̆̌̆̏̎́̕Ȣ ˚́ 
̠̙̒̆̄̏̅̎̎̉̊ ̝̅̆̎ ̝̆̒̓ ̠̑̅ ̑̆̊̍̃̏̑̕Ȥ
̋̏̃ȟ ̜̋̏̓̏̑̆ȟ ̆̒̌̉ ̉ ̎̆ ̙̟̑̆́̓ ̖̃̒̆ 
̐̑̏̂̌̆̍ȟ ̓̏ ̜̟̠̐̓́̓̒ ̝̐̑̉̂̌̉̈̉̓ ̑́̈Ȥ
̑́̂̏̓̋̔ ̋ ̟̔̑̏̃̎ ̜̖̎́̓̉̃̎ ̐̑̉̌̏̇̆Ȥ
̎̉̊Ȣ ˜̑̉̍̆̑́̍̉ ̐̑̏̅̔̋̓̏̃ ̍̏̄̔̓ ̒̌̔Ȥ
̝̇̉̓ Apache Cordova, Ionic framework, 
Intel XDK ̉  ̍̎̏̄̉̆ ̅̑̔̄̉̆Ȣ  

Apache Cordova ɀ ̐̑̏̅̔̋̓ȟ ̠̐̏̈̃̏̌Ȥ
̟̉̊̚ ̝̒̏̈̅́̓ ̝̍̏̂̉̌̎̏̆ ̐̑̉̌̏̇̆̎̉̆ 
̐̑̉ ̐̏̍̏̉̚ ̃̆̂-̖̓̆̎̏̌̏̄̉̊ ɉHTML, CSS, 
JavaScriptɊ ̠̅̌ ̖̃̒̆ ̠̜̖̐̏̐̔̌̑̎ ̝̍̏̂̉̌Ȥ
̜̖̎ ̐̌́̓̏̑̍̕Ȣ ˪̓̏̓ ̑̆̊̍̃̏̑̋̕ ̠̐̏̈̃̏̌Ȥ
̆̓ ̝̑́̂̏̓́̓ ̒ ́̋̒̆̌̏̍̆̓̑̏̍ȟ ̋́̍̆̑̏̊ȟ 
̒̐̉̒̋̏̍ ̋̏̎̓́̋̓̏̃ȟ ́̊̌̏̃̏̊̕ ̒̉̒̓̆̍̏̊ ̉ 
̅̑̔̄̉̍̉ ̗̠̔̎̋̉̍̉̕ ̝̍̏̂̉̌̎̏̄̏ ̔̒̓̑̏̊Ȥ
̒̓̃́ȟ ́ ̓́̋̇̆ ̅́̆̓ ̝̃̏̈̍̏̇̎̏̒̓ ̝̉̒̐̏̌Ȥ
̝̈̏̃́̓ HTML ̖̑́̎̉̌̉́̚ localStorage, 
Web SQL ̉  ̓Ȣ ̅Ȣ ˛̜̐̉̒́̎̎̆ ̗̔̎̋̉̉̕ ̐̑̆̅Ȥ
̠̟̒̓́̃̌̓ ̒̏̂̏̊ ̜̏̅̉̎́̋̏̃̆ JavaScript 
API ̃̎̆ ̈́̃̉̒̉̍̏̒̓̉ ̏̓ ̜̒̉̒̓̆̍ ̝̍̏̂̉̌Ȥ
̎̏̄̏ ̔̒̓̑̏̊̒̓̃́ȟ ̝̠̉̒̐̏̌̈̔ ̜̋̏̓̏̑̆ 
Cordova ̠̏̒̔̆̒̓̃̌̆̓̚ ̟̎́̓̉̃̎̔ ̒̂̏̑̋̔Ȣ 
ˑ̠́̎̎́ ̖̠̓̆̎̏̌̏̄̉ ̎̆̑̆̅̋̏ ̐̑́̋̓̉̋̔̆̓Ȥ
̠̒ ̠̅̌ ̑́̈̑́̂̏̓̋̉ ̐̑̉̌̏̇̆̎̉̊ ̐̏̅ An-
droid, iOS, Windows Phone. 

Ionic framework ɀ ̖̠̓̆̎̏̌̏̄̉ȟ ̑́̒Ȥ
̘̠̒̉̓́̎̎́ ̃ ̟̐̆̑̃̔ ̘̝̏̆̑̆̅ ̎́ ̒̏̈̅́̎̉̆ 
̜̘̏̓̈̃̉̃̏̄̏ ̠̐̑̉̌̏̇̆̎̉Ȣ ˗́̋ ̒̏̏̂́̆̓̚Ȥ
̠̒ ̎́ ̗̝̏̉̉́̌̎̏̍̕ ̒́̊̓̆ȟ )Ïnic ɀ ̞̓̏ 3$+ 
̠̅̌ ̠̒̏̈̅́̎̉ ̜̖̄̉̂̑̉̅̎ ̝̜̖̍̏̂̉̌̎ 
̐̑̉̌̏̇̆̎̉̊ȟ ̎́̂̏̑ #33 ̉ *3 ̋̏̍̐̏̎̆̎̓ȟ 
̜̒̏̈̅́̎̎̊ ̎́ ̏̒̎̏̃̆ !ÎÇÕÌÁÒ*3ȟ 3!33ȟ 
!ÐÁÃÈÅ #ÏÒÄÏÖÁ ɍςɎȢ ˜̌́̓̏̑̍́̕ ̉̍̆̆̓ ̠̑̅ 
̜̖̄̏̓̏̃ ̙̑̆̆̎̉̊ȟ ̜̋̏̓̏̑̆ ̒̔̆̒̓̃̆̎̎̏̚ 
̟̔̐̑̏́̓̚ ̑́̈̑́̂̏̓̋̔ ̅̉̈́̊̎́Ȣ 
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˝̉̒̔̎̏̋Ȣ ˗̠̑̏̒̒̐̌́̓̏̑̍̆̎̎́̕ ̑́̈̑́̂̏̓̋́ ̐̑̉ ̐̏̍̏̉̚ Apache Cordova 

˚́ ̠̙̒̆̄̏̅̎̎̉̊ ̍̏̍̆̎̓ ̋ ̄̉̂̑̉̅Ȥ
̎̏̊ ̑́̈̑́̂̏̓̋̆ ̠̠̏̓̎̏̒̓̒ ̘̅̏̒̓́̓̏̎̏ 
̘̒̋̆̐̓̉̆̒̋̉Ȣ ˜̠̑̉̌̏̇̆̎̉ ̟̑́̂̏̓́̓ 
̍̆̅̌̆̎̎̏ȟ ̟̃̏̈̎̉̋́̓ ̒̌̏̇̎̏̒̓̉ ̒ ̑́̈Ȥ
̑́̂̏̓̋̏̊ ̗̘̒̐̆̉̉̎̏̄̏̕ ̠̅̌ ̋́̇̅̏̊ 
̝̏̓̅̆̌̎̏̊ ˛˞ ̅̉̈́̊̎́ȟ ̎̆̑̆̅̋̏ ̘̒̌̔́Ȥ
̟̠̓̒ ̜̎̆̏̇̉̅́̎̎̆ ̜̐̑̏̂̌̆̍ȟ ̏̅̎́̋̏ 
̃̆̂-̖̓̆̎̏̌̏̄̉̉ ̓́̋ ̜̂̒̓̑̏ ̟̑́̈̃̉̃́̓Ȥ
̠̒ȟ ̘̓̏ ̗̜̒̐̆̉́̌̉̒̓ ̟̐̑̏̄̎̏̈̉̑̔̓ ̃ 
̂̔̅̔̆̍̚ ̜̐̏̌̎̊ ̖̐̆̑̆̏̅ ̎́ ̟̄̉̂̑̉̅̎̔ 
̏̒̎̏̃̔Ȣ ˝́̒̓̆̓ ̘̉̒̌̏ ̑̆̊̍̃̏̑̋̏̃̕ȟ ̉̒Ȥ
̝̐̏̌̈̏̃́̎̉̆ ̜̖̋̏̓̏̑ ̐̏̍̏̇̆̓ ̙̝̑̆̉̓ 

̝̜̏̓̅̆̌̎̆ ̜̐̑̏̂̌̆̍Ȣ ˗ ̓̏̍̔ ̞̓̏̓ ̃́̑̉Ȥ
́̎̓ ̞̒̋̏̎̏̍̉̓ ̒̑̆̅̒̓̃́ ̋̏̍̐́̎̉̉ȟ ̔ 
̋̏̓̏̑̏̊ ̔̇̆ ̝̆̒̓ ̜̄̏̓̏̃̊ ̒́̊̓Ȣ  
 

˞̐̉̒̏̋ ̜̌̉̓̆̑́̓̔̑ 
1. ˑ ̠̏̌̄̏̃̈̏̃ ˚ȢˍȢ ˙̝̏̂̉̌̎̏̆ ̐̑̉̌̏̇̆Ȥ

̎̉̆ ̠̅̌ ˏˠ˔́ Ⱦ ˒̠̇̆̄̏̅̎́ ̘̠̎́̔̎́ ̠̒̆̒̒̉ 
́̒̐̉̑́̎̓̏̃ ̉ ̜̖̍̏̌̏̅ ̘̜̖̔̆̎Ȣ ɀ ˏ̏̌̏̄̅́ȟ 
2015. 

2. ̨ ̗̝̜̉̉́̌̎̊̕ ̒́̊̓ Ionic Framework 
ɍ˪̜̌̆̋̓̑̏̎̎̊ ̑̆̒̔̑̒Ɏ. ɀ ˝̆̇̉̍ ̅̏̒̓̔̐́ȡ 
http://ionic -framework.ru/   

 
 
 
ˠˑ˗ φςτȢπρτ 

 
˓̉̅̋̏̃ ˗. .˒ȟ ˗̌̏̋̏̃ ˍ.ˏ .ȟ ˞̆̍̆̎̏̃ ˍ. .˞ 
˘̗̉̐̆̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ ˘̗̉̐̆̋ 

 
˗˛˚˞˟˝ˠ˗˟˕ˏ˚˨˒ ˝˒˥˒˚˕ˬ ˡ˒˝˙ 

˕˔ ˟˛˚˗˛˞˟˒˚˚˨ˢ ˢ˛˘˛ˑ˚˛ː˚ˠ˟˨ˢ ˜˝˛ˡ˕˘˒ ̟

ˏ ̅̏̋̌́̅̆ ̜̐̑̆̅̒̓́̃̌̆̎ ̜̏̒̎̏̃̎̆ ̜̓̉̐ 
̆̑̍̕ ̉̈ ̜̖̓̏̎̋̏̒̓̆̎̎ ̖̜̖̏̌̏̅̎̏̄̎̔̓ ̐̑̏Ȥ
̉̌̆̊̕Ȣ ˛̘̜̓̍̆̆̎ ̖̉ ̜̋̏̎̒̓̑̔̋̓̉̃̎̆ ̏̒̏̂̆̎Ȥ
̎̏̒̓̉ ̉ ̏̂̌́̒̓̉ ̠̐̑̉̍̆̎̆̎̉Ȣ ˜̜̑̉̃̆̅̆̎ 
̝̜̑̆̈̔̌̓́̓ ́̎́̌̉̈́ ̞̆̋̓̉̃̎̏̒̓̉̕̕ ̆̑̍̕ ̉̈ 
̜̖̓̏̎̋̏̒̓̆̎̎ ̖̜̖̏̌̏̅̎̏̄̎̔̓ ̐̑̏̉̌̆̊̕ ̐̏ 
̟̒̑́̃̎̆̎̉ ̒ ̗̜̓̑́̅̉̉̏̎̎̍̉ ̜̓̉̐̏̃̍̉ ̋̏̎Ȥ
̗̠̒̓̑̔̋̉̍̉Ȣ 

ˠ̜̈̌̏̃̆ ̠̒̏̆̅̉̎̆̎̉ȟ ̜̓̏̎̋̏̒̓̆̎̎̊ ̖̏Ȥ
̜̌̏̅̎̏̄̎̔̓̊ ̝̐̑̏̉̌̕ȟ ̞̗̋̏̉̉̆̎̓̕̕ ̞̆̋̕̕Ȥ
̓̉̃̎̏̄̏ ̝̠̉̒̐̏̌̈̏̃́̎̉Ȣ 

 

̅̎̉̍ ̉̈ ̜̖̐̆̑̒̐̆̋̓̉̃̎ 
̎́̐̑́̃̌̆̎̉̊ ̍̆̓́̌̌̏̒̓̑̏̉Ȥ

̝̓̆̌̒̓̃́ ̠̠̟̠̃̌̓̒ ̗̋̏̎̒̓̑̔̋̉̉ ̎́ ̏̒Ȥ
̎̏̃̆ ̜̖̓̏̎̋̏̒̓̆̎̎ ̖̜̖̏̌̏̅̎̏̄̎̔̓ 
̐̑̏̉̌̆̊̕ ɉ̖̠̓̆̎̏̌̏̄̉ ˘˞˟˗ɊȢ  
ˏ ̈́̃̉̒̉̍̏̒̓̉ ̏̓ ̜̖̋̏̎̒̓̑̔̋̓̉̃̎ 

̙̑̆̆̎̉̊ ̒̔̆̒̓̃̔̆̓̚ ̅̃́ ̜̖̏̒̎̏̃̎ ̓̉̐́ 
̆̑̍̕ȡ 
ρȢ ˡ̜̆̑̍ ̒ ̘̜̂̆̈́̒̏̎̏̎̍̉̕ ̔̈̌̏Ȥ

̜̃̍̉ ̠̒̏̆̅̉̎̆̎̉̍̉ ̎́ ̟̒́̍̏̎́̑̆̈́Ȥ
̖̉̚ ̠̖̒́̍̏̒̃̆̑̌̉̚ ̖̃̉̎̓́ ɉ̑̉̒Ȣ ρɊȢ 
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˜̠̟̠̑̉̍̆̎̓̒ ̐̑̉ ̖̐̑̏̌̆̓́ ̅̏ ρυ ̍ȟ ̘̓̏ 
̠̒̃̈́̎̏ ̒ ̘̏̄̑́̎̉̆̎̎̏̊ ̎̆̒̔̆̊̚ ̒̐̏Ȥ
̝̟̒̏̂̎̏̒̓ ̟̖̒́̍̏̎́̑̆̈́̉̚ ̃̉̎̓̏̃ ɉ̃ 
̒̑̆̅̎̆̍ ςππ ̋̄Ɋ ɍρȟ ςȟ σɎȢ ˞̂̏̑̋́ ̋̏̎Ȥ
̗̒̓̑̔̋̉̉ ̠̠̏̒̔̆̒̓̃̌̆̓̒̚ ̎́ ̒̓̑̏̉Ȥ
̝̓̆̌̎̏̊ ̐̌̏́̅̋̆̚ ̒ ̝̜̍̉̎̉̍́̌̎̍ ̐̑̉Ȥ
̘̃̌̆̆̎̉̆̍ ̒̑̆̅̒̓̃ ̖̗̍̆́̎̉̈́̉̉ȟ ̐̏Ȥ
̝̒̋̏̌̋̔ ̍́̒̒́ ̐̑̏̉̌̆̊̕ ̐̑̉ ̒̂̏̑̋̆ ̎̆ 
̜̙̐̑̆̃́̆̓ ςπ ̋̄Ȣ 

 
˝̉̒̔̎̏̋ ρȢ ˡ̜̆̑̍ ̒ ̜̔̈̌̏̃̍̉ 

̠̒̏̆̅̉̎̆̎̉̍̉ ̎́ ̟̖̒́̍̏̎́̑̆̈́̉̚ 
̖̃̉̎̓́ 

ςȢ ˡ̜̆̑̍ ̒ ̜̔̈̌̏̃̍̉ ̠̒̏̆̅̉̎̆̎̉̍̉ 
̞̌̆̍̆̎̓̏̃ ̎́ ̖̂̏̌̓́ ɉ̑̉̒Ȣ ςɊ ̘̟̏̓̌̉́̓Ȥ
̠̒ ̜̙̐̏̃̆̎̎̏̊ ̎̆̒̔̆̊̚ ̝̟̒̐̏̒̏̂̎̏̒̓ 
̜̖̔̈̌̏̃ ̒̏̆̅̉̎̆̎̉̊ ɍρȟ ςȟ σɎȢ ˞̏̆̅̉̎̆Ȥ
̠̎̉ ̍̏̄̔̓ ̜̠̝̠̃̐̏̌̎̓̒ ̋́̋ ̒ ́̒̏̎̋́̕Ȥ
̍ ,̉ ̓́̋ ̉ ̘̜̂̆̒́̒̏̎̏̎̍̉̕Ȣ ˛̝̂̌́̒̓ 
̠̐̑̉̍̆̎̆̎̉ ̜̖̅́̎̎ ̆̑̍̕ ɀ ̜̐̑̏̌̆̓ ̏̓ 
ρς ̅̏ ςτ ̍Ȣ  

 
˝̉̒̔̎̏̋ ςȢ ˡ̜̆̑̍ ̒ ̜̔̈̌̏̃̍̉ 
̠̒̏̆̅̉̎̆̎̉̍̉ ̎́ ̖̂̏̌̓́ 

ˎ̠̌́̄̏̅́̑ ̅̏̒̓̔̐̎̏̒̓̉ ̖̓̆̎̏̌̏̄̉̉ ̉ 
̃̏̈̍̏̇̎̏̒̓̉ ̘̠̐̏̌̔̆̎̉ ̐̑̏̉̌̆̊̕ ̑́̈Ȥ
̘̌̉̎̏̊ ̗̋̏̎̉̄̔̑́̉̉̕ ̝̉̒̐̏̌̈̏̃́̎̉̆ 
̜̖̅́̎̎ ̙̑̆̆̎̉̊ ̠̐̏̈̃̏̌̆̓ ̘̝̐̏̌̔́̓ 
̞̜̆̋̓̉̃̎̆̕̕ ̜̋̏̎̒̓̑̔̋̓̉̃̎̆ ̙̠̑̆̆̎̉ 
̠̅̌ ̘̜̖̑́̈̌̉̎ ̐̑̏̌̆̓̏̃ ̐̑̉ ̝̍̉̎̉̍́̌Ȥ
̜̖̎ ̖̈́̓̑́̓́ ̍́̓̆̑̉́̌́Ȣ ˏ ̘̋́̆̒̓̃̆ ̐̑̉Ȥ
̍̆̑́ ̃ ̗̓́̂̌̉̆ ̐̑̆̅̒̓́̃̌̆̎̏ ̒̑́̃̎̆̎̉̆ 
̜̆̑̍̕ ̉̈ ˘˞˟˗ ̒ ̜̓̉̐̏̃̍̉ ̋̏̎̒̓̑̔̋Ȥ
̜̓̉̃̎̍̉ ̙̠̑̆̆̎̉̍̉ȟ ̠̜̐̑̉̍̆̎̆̍̍̉ ̃ 
̘̜̖́̎́̌̏̄̉̎ ̠̖̔̒̌̏̃̉ ɉ̐̑̏̌̆̓ ρψ ̍ȟ ̙́̄ 
φ ̍ȟ III  ̒ ̎̆̄̏̃̏̊ ̑́̊̏̎ɊȢ 

 
˞̐̉̒̏̋ ̜̌̉̓̆̑́̓̔̑ 

ρȢ ˓̉̅̋̏̃ȟ ˗Ȣ˒Ȣ ˜̜̙̏̃̆̎̉̆ ̎̆̒̔̆̊̚ ̒̐̏Ȥ
̒̏̂̎̏̒̓̉ ̜̖̔̈̌̏̃ ̒̏̆̅̉̎̆̎̉̊ ̋̏̎̒̓̑̔̋̓̉̃Ȥ
̜̖̎ ̞̌̆̍̆̎̓̏̃ ̆̑̍̕ ɍ˟̆̋̒̓Ɏ Ⱦ ˗Ȣ˒Ȣ ˓̉̅̋̏̃ȟ 
ˏȢˏȢ ˔̃̆̑̆̃ȟ ˍȢ˞Ȣ ˞̆̍̆̎̏̃ ȾȾ ˍ̘̋́̅̆̍̉̆̒̋̉̊ 
̃̆̒̓̎̉̋ ˠ̑́̌˚˕˕̐̑̏̆̋̓ ˝ˍˍ˞˚Ȣ - 2015, ΟτȢ - 
˞Ȣ ψψ-90. 

˟̗́̂̌̉́Ȣ ˞ ̑́̃̎̆̎̉̆ ̞̆̋̓̉̃̎̏̒̓̉̕̕ ̆̑̍̕ 

N 
̐Ⱦ̐ 

˚́̉̍̆̎̏̃́̎̉̆ 
˝̖́̒̏̅ 
̍́̓̆̑̉́̌́ȟ 
̋̄Ⱦ̍2 

˗̞̗̏̉̉̆̎̓̕̕ ̞̕Ȥ
̆̋̓̉̃̎̏̄̏̕ ̝̉̒̐̏̌Ȥ

̠̈̏̃́̎̉ɕ 

1 
ˡ̆̑̍́ ̐̑̏̌̆̓̏̍ ρψ ̍ ̉̈ ˘˞˟˗ ɉ̐̑̏̉̈̃̏̅̒̓̃́ 
˛˛˛ Ⱥ˘́̒́̑Ȼȟ ̄Ȣ ˘̗̉̐̆̋Ɋ 

8,2 1 

2 
ˡ̆̑̍́ ̉̈ ̜̖̄̎̔̓̏̒̃́̑̎ ̓̑̔̂ ̠̝̐̑̍̏̔̄̏̌̎̏̄̏ 
̘̠̒̆̆̎̉ ̐̑̏̌̆̓̏̍ ρψ ̍ ɉ̠̒̆̑̉ ρȢτφπȢσ-23.98) 

9,1 1,11 

3 
ˡ̆̑̍́ ̒ ̠̐̏̒́̍̉ ̉̈ ̙̘̜̖̉̑̏̋̏̐̏̌̏̎ ̓́̃Ȥ
̑̏̃ ɉ̠̒̆̑̉ ρȢτφπȢσ-18) 

13,1 1,60 

4 
ˡ̆̑̍́ ̉̈ ̜̖̐̑̏̋́̓̎ ̔̄̏̌̋̏̃ ɉ̠̒̆̑̉ ρȢτφπȢς-
10/18 ) 

13,5 0,65 

ɕ ˗̞̗̏̉̉̆̎̓̕̕ ̞̆̋̓̉̃̎̏̄̏̕̕ ̝̠̉̒̐̏̌̈̏̃́̎̉ ̠̠̏̐̑̆̅̆̌̌̒ ̋́̋ ̙̏̓̎̏̆̎̉̆ ̖̑́̒̏̅́ ̒̓́̌̉ ̑́̒Ȥ
̒̍́̓̑̉̃́̆̍̏̊ ̜̆̑̍̕ ̋ ̖̑́̒̏̅̔ ̒̓́̌̉ ̜̆̑̍̕ ̉ ̈ ˘˞˟˗Ȣ 

 
ςȢ ˔̃̆̑̆̃ȟ ˏȢˏȢ ˏ̠̌̉̎̉̆ ̐̏̅́̓̌̉̃̏̒̓̉ 

̜̖̂̏̌̓̏̃ ̒̏̆̅̉̎̆̎̉̊ ̎́ ̝̅̆̏̑̍́̓̉̃̎̏̒̓̕ 
̜̆̑̍̕ ̉̈ ̜̖̓̏̎̋̏̒̓̆̎̎ ̜̖̄̎̔̓ ̐̑̏̉̌̆̊̕ 
ɍ˟̆̋̒̓Ɏ Ⱦ ˏȢˏȢ ˔̃̆̑̆̃ȟ ˍȢ˞Ȣ ˞̆̍̆̎̏̃ ȾȾ ˞̓̑̏̉Ȥ
̝̓̆̌̒̓̃̏ ̉ ̖́̑̉̓̆̋̓̔̑́Ȣ ˚̘̜́̔̎̊ ̃̆̒̓̎̉̋ 
̃̏̑̏̎̆̇̒̋̏̄̏ ̄̏̒̔̅́̑̒̓̃̆̎̎̏̄̏ ̖́̑̉̓̆̋̓̔̑Ȥ
̎ -̝̏̒̓̑̏̉̓̆̌̎̏̄̏ ̔̎̉̃̆̑̒̉̓̆̓́Ȣ ɀ 2008, - Ο ς 
(10). -  ˏ ̏̑̏̎̆̇ȟ ςππψȢ - ˞ Ȣ ω-17.  

σȢ ˔̃̆̑̆̃ȟ ˏȢˏȢ ˪̜̆̋̓̉̃̎̆̕̕ ̜̒̐̏̒̏̂ ̒̏Ȥ
̠̆̅̉̎̆̎̉ ̞̌̆̍̆̎̓̏̃ ̗̋̏̎̒̓̑̔̋̉̊ ̉̈ ̗̏̉̎̋̏Ȥ

̃́̎̎̏̄̏ ̓̏̎̋̏̌̉̒̓̏̃̏̄̏ ̐̑̏̋́̓́ ɍ˟̆̋̒̓Ɏ Ⱦ ˏȢˏȢ 
˔̃̆̑̆̃ȟ ˗Ȣ˒Ȣ ˓̉̅̋̏̃ȟ ˚ȢˏȢ ˗̜́̐̑̉̎ ȾȾ ˍ̋̓̔Ȥ
̝̜́̌̎̆ ̜̐̑̏̂̌̆̍ ̒̏̃̑̆̍̆̎̎̏̄̏ ̝̒̓̑̏̉̓̆̌Ȥ
̒̓̃́ ̉ ̐̔̓̉ ̖̉ ̞̆̋̓̉̃̎̏̄̏̕̕ ̙̠̑̆̆̎̉Ȣ ˤ̝́̒̓ 
IȢ ˙̜́̓̆̑̉́̌ ˙̆̇̅̔̎́̑̏̅̎̏̊ ̘̎́̔̎̏-
̘̐̑́̋̓̉̆̒̋̏̊ ̗̋̏̎̆̑̆̎̉̉̕ ρπ-ρς ̠̠̏̋̓̂̑ 
ςπρς ̄Ȣ Ⱦ ˞́̎̋̓-˜̆̓̆̑̂̔̑̄̒̋̉̊ ̄̏̒̔̅́̑̒̓̃̆̎Ȥ
̜̎̊ ̖́̑̉̓̆̋̓̔̑̎ -̝̜̏̒̓̑̏̉̓̆̌̎̊ ̔̎̉̃̆̑̒̉Ȥ
̓̆̓Ȣ ɀ ˞ ́̎̋̓-˜̆̓̆̑̂̔̑̄ȟ ςπρςȢ - ˞ Ȣ χτ-77. 

http://meganorm.ru/Data2/1/4293819/4293819787.htm
http://meganorm.ru/Data2/1/4293819/4293819787.htm
http://meganorm.ru/Data2/1/4293819/4293819787.htm
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τȢ ˝̗̆̋̏̍̆̎̅́̉̉ ̐̏ ̟̐̑̏̆̋̓̉̑̏̃́̎̉ȟ ̉̈Ȥ
̟̄̏̓̏̃̌̆̎̉ ̉ ̍̏̎̓́̇̔ ̗̋̏̎̒̓̑̔̋̉̊ ̋́̑̋́̒́ 
̞̜̖̍́̌̏̓́̇̎ ̈̅́̎̉̊ ̉ ̍́̎̒́̑̅ ̉̈ ̖̏̌̏̅̎̏Ȥ

̜̖̄̎̔̓ ̝̜̖̒̓́̌̎ ̗̜̖̏̉̎̋̏̃́̎̎ ̐̑̏̉̌̆̊̕ 
̐̑̏̉̈̃̏̅̒̓̃́ ˛˛˛ Ⱥ˘́̒́̑Ȼȡ ˛˛˛ Ⱥ˘̝̆̄̒̓́̌Ȥ
̐̑̏̆̋̓ȻȠ ̉̒̐̏̌̎Ȣȡ ˫ȢːȢ ˓̔̋Ȣ - ̆ ̗̉̐̆̋ȟ ςππυȢ 

 
 
 
ˠˑ˗ φςτȢπχ  

 
˗́̑̐́̎̉̎́ ˒. .̊ 
˗̔̂́̎̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̏̌̏̄̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ ˗̑́̒̎̏̅́̑ 

 
˚˒˗˛˟˛˝˨˒ ˍ˞˜˒˗˟˨ ˙˛˚˕˟˛˝˕˚ːˍ ˏ ˍ˚˟˛ˏ˨ˢ ˗˛˚˞˟˝ˠ˗ˣ˕ ̟

ˏ ̝̒̓́̓̆ ̏̐̑̆̅̆̌̆̎́ ̝̑̏̌ ̍̏̎̉̓̏̑̉̎̄́ 
̜̖̃́̎̓̏̃ ̗̋̏̎̒̓̑̔̋̉̊Ȣ ˛̘̝̓̌̉̉̓̆̌̎̏̊ ̏̒̏Ȥ
̝̟̂̆̎̎̏̒̓ ̜̖̒̏̃̑̆̍̆̎̎ ́̒̐̆̋̓̏̃ ̍̏̎̉̓̏Ȥ
̑̉̎̄́ ̜̖̃́̎̓̏̃ ̗̋̏̎̒̓̑̔̋̉̊ ̠̠̠̃̌̆̓̒ ̐̆̑̆Ȥ
̖̏̅ ̏̓ ̓̑̆̂̏̃́̎̉̊ ̘̠̏̂̆̒̐̆̆̎̉ ̎́̅̆̇̎̏̒̓̉ ̋ 
̟̓̑̆̂̏̃́̎̉ ̘̠̏̂̆̒̐̆̆̎̉ ̃̒̆̊ ̒̏̃̏̋̔̐̎̏̒̓̉ 
̝̖̐̏̓̑̆̂̉̓̆̌̒̋̉ ̘̋́̆̒̓̃ ̒̏̏̑̔̇̆̎̉̊Ȣ ˞̏̑̕Ȥ
̜̍̔̌̉̑̏̃́̎ ̗̆̌̉ ̍̏̎̉̓̏̑̉̎̄́ ̘̝̎́́̌̎̏̄̏ ̉ 
̝̅̌̉̓̆̌̎̏̄̏ ̐̆̑̉̏̅́ ̞̗̋̒̐̌̔́̓́̉̉ ̋́̋ ̏̒Ȥ
̎̏̃̎̏̄̏ ̠̋̑̉̓̆̑̉ ̅̉́̄̎̏̒̓̉̋̉ ̞̗̋̒̐̌̔́̓́̉Ȥ
̏̎̎̏̊ ̎́̅̆̇̎̏̒̓̉ ̜̖̃́̎̓̏̃ ̗̋̏̎̒̓̑̔̋̉̊Ȣ 

˙̏̎̉̓̏̑̉̎̄ȟ ̜̃́̎̓̏̃̆ ̗̋̏̎̒̓̑̔̋̉̉ȟ ̅̉Ȥ
́̄̎̏̒̓̉̋́ȟ ́̎́̌̉̈ȟ ̐̑̏̆̋̓̉̑̏̃́̎̉̆ȟ ̞̋̒̐̌̔́Ȥ
̗̠̓́̉ȟ ̞̗̠̋̒̐̌̔́̓́̉̏̎̎́ ̝̎́̅̆̇̎̏̒̓Ȣ 

 
̜̏̃̑̆̍̆̎̎̆ ̗̓̆̎̅̆̎̉̉ ̝̉̒̐̏̌Ȥ
̠̈̏̃́̎̉ ̜̖̃́̎̓̏̃ ̗̋̏̎̒̓̑̔̋̉̊ 

̃ ̍̉̑̏̃̏̊ ̐̑́̋̓̉̋̆ ̝̒̓̑̏̉̓̆̌̒̓̃́ ̏̂̔Ȥ
̜̒̌̏̃̌̆̎ ̑́̈̎̏̏̂̑́̈̉̆̍ ̖́̑̉̓̆̋̓̔̑Ȥ
̜̖̎ ̏̕ ̑̍ ̉ ̜̖̋̏̎̒̓̑̔̋̓̉̃̎ ̙̑̆̆̎̉̊Ȣ 
ˠ̝̝̎̉̋́̌̎̏̒̓ ̝̙̜̖̂̏̌̆̐̑̏̌̆̓̎ ̒̏Ȥ
̏̑̔̇̆̎̉̊ȟ ̋́̋ ̐̑́̃̉̌̏ȟ ̉ ̠̏̐̑̆̅̆̌̆̓ 
̜̃̒̏̋̉̆ ̠̓̑̆̂̏̃́̎̉ ̋ ̅̏̌̄̏̃̑̆̍̆̎̎̏̊ȟ 
̎́̅̆̇̎̏̊ ̉ ̂̆̈̏̓̋́̈̎̏̊ ̑́̂̏̓̆ ̃́̎̓̏Ȥ
̃̏̄̏ ̜̠̐̏̋̑̓̉Ȣ 
˝̝̏̌ ̍̏̎̉̓̏̑̉̎̄́ ̠̅̌ ̜̖̃́̎̓̏̃ 

̗̋̏̎̒̓̑̔̋̉̊ ̋́̋ ̏̅̎̏̄̏ ̉̈ ̜̖̃́̇̎ 
̉̎̒̓̑̔̍̆̎̓̏̃ ̘̠̏̂̆̒̐̆̆̎̉ ̂̆̈̏̐́̒Ȥ
̎̏̒̓̉ ̠̒̏̏̑̔̇̆̎̉ ̓̑̔̅̎̏ ̗̐̆̑̆̏̆Ȥ
̝̎̉̓ȟ ̏̒̏̂̆̎̎̏ ̠̅̌ ̘̠̔̓̏̎̆̎̉ ̘̑́̒̆̓Ȥ
̜̎ ̖̍̏̅̆̌̆̊ȟ  ́̓́̋̇̆ ̠̅̌ ̗̏̆̎̋̉ ̑̆́̋Ȥ
̗̉̉ ̜̖̃́̎̓̏̃ ̗̋̏̎̒̓̑̔̋̉̊ ̉ ̝̜̖̏̓̅̆̌̎ 
̖̉ ̘́̒̓̆̊ ̎́ ̙̃̎̆̎̉̆ ̠̃̏̈̅̆̊̒̓̃̉Ȣ 
˛̜̒̎̏̃̎̆ ̠̐̏̌̏̇̆̎̉ ̅̉́̄̎̏̒̓̉̋̉ 

̠̠̒̏̒̓̏̎̉ ̗̋̏̎̒̓̑̔̋̉̊̋́̋ ̎́̉̂̏̌̆̆ 
̞̆̋̓̉̃̎̏̄̏̕̕ ̋̏̍̐̏̎̆̎̓́ ̍̏̎̉̓̏̑̉̎̄́ 
̜̖̃́̎̓̏̃ ̗̋̏̎̒̓̑̔̋̉̊ȟ ̒̏̑̍̔̌̉̑̏̃́̎̕Ȥ
̜̎̆ ̆̆̚ ̃ χπ-ψπ ̜̄̏̅ ̉ ̖̉ ̝̙̅́̌̎̆̊̆̆ 
̑́̈̃̉̓̉̆ ̃  ̙̎́̉ ̅̎̉ ̏̋́̈́̌̏ ̐ ̏̈̉̓̉̃̎̏̆ 
̠̃̌̉̎̉̆ ̎́ ̙̑̆̆̎̉̆ ̝̜̖̑̆́̌̎ ̐̑̏̂̌̆̍ 
̘̠̏̂̆̒̐̆̆̎̉ ̞̗̋̒̐̌̔́̓́̉̏̎̎̏̊ ̎́̅̆̇Ȥ
̎̏̒̓̉ȟ ̜̖̋́̋̃́̎̓̏̃ ̗̋̏̎̒̓̑̔̋̉̊ȟ ̓́̋ ̉ 
̖̅̑̔̄̉ ̋̌́̒̒̏̃ ̒̏̏̑̔̇̆̎̉̊Ȣ  

˙̏̎̉̓̏̑̉̎̄ ̜̖̃́̎̓̏̃ ̗̋̏̎̒̓̑̔̋̉̊ 
̙̃́̇̎̆̊̉̊ ́̒̐̆̋̓ ̗̖̏̆̎̋̉̉ ̠̠̒̏̒̓̏̎̉ 
̃ ̗̐̑̏̆̒̒̆ ̞̗̋̒̐̌̔́̓́̉̉Ȣ ˙̏̎̉̓̏̑̉̎̄ 
̗̋̏̎̒̓̑̔̋̉̊ȟ ̃ ̏̂̆̍̚ ̜̒̍̒̌̆ȟ ɀ ̞̓̏ 
̟̎́̂̌̅̆̎̉̆ȟ ́̎́̌̉̈ ̉ ̐̑̏̄̎̏̈Ȣ ˜̑̉ 
̞̟̓̏̍̎́̂̌̅̆̎̉̆ ̐̑̆̅̔̒̍́̓̑̉̃́̆̓ ̃̉Ȥ
̝̈̔́̌̎̏̆ ̉ ̝̉̎̒̓̑̔̍̆̎̓́̌̎̏̆ ̏̐̉̒́̎̉̆ 
̐́̑́̍̆̓̑̏̃ ̎́̄̑̔̈̏̋̉ ̃̏̈̅̆̊̒̓̃̉̊ȟ ́ 
̓́̋̇̆ ̘̒̓́̓̉̆̒̋̏̆ ̉ ̘̅̉̎́̍̉̆̒̋̏̆ ̐̏Ȥ
̃̆̅̆̎̉̆ ̠̒̏̏̑̔̇̆̎̉ ̃ ̗̆̌̏̍ ̉ ̝̏̓̅̆̌Ȥ
̜̖̎ ̆̄̏ ̞̌̆̍̆̎̓̏̃Ȣ  
ˍ̎́̌̉̈ ̐̑̆̅̐̏̌́̄́̆̓ ̒̑́̃̎̆̎̉̆ 

̘̖́̋̓̉̆̒̋̉̕ ̐́̑́̍̆̓̑̏̃ ̎́̄̑̔̈̏̋ ̉ 
̃̏̈̅̆̊̒̓̃̉̊ ̃ ̝̜̖̑̆́̌̎ ̠̖̔̒̌̏̃̉ ̞̋̒Ȥ
̗̐̌̔́̓́̉̉  ̒̉  ̖̘̜̑́̒̆̓̎̍̉ ̘̠̈̎́̆̎̉Ȥ
̍̉Ȣ ˪̓̏ ̖̎̆̏̂̏̅̉̍̏ ̠̅̌ ̘̠̔̓̏̎̆̎̉̏̂̆̒Ȥ
̘̐̆̆̎̎̏̒̓̉ ̙̖̃̎̆̎̉ ̃̏̈̅̆̊̒̓̃̉̊ ̉ 
̅̏̒̓̏̃̆̑̎̏̒̓̉ ̘̜̖̑́̒̆̓̎ ̖̒̆̍Ȣ  
˞̜̏̒̓́̃̌̆̎̎̊ ̎́ ̏̒̎̏̃̆ ̟̎́̂̌̅̆Ȥ

̎̉̊ ̉ ̗̏̆̎̏̋ ̐̑̏̄̎̏̈ ̠̠̒̏̒̓̏̎̉ ̋̏̎Ȥ
̗̒̓̑̔̋̉̊ ̉̍̆̆̓ ̏̒̏̂̏̆ ̘̈̎́̆̎̉̆  ̃̍̏Ȥ
̎̉̓̏̑̉̎̄̆Ȣ ˛  ̎ ̠̐̏̈̃̏̌̆̓̏̂̏̒̎̏̃́̎̎̏ 
̝̒̔̅̉̓ ̏  ̘̂̏̒̓́̓̏̎̏̍ ̑̆̒̔̑̒̆̋̏̎̒̓̑̔̋Ȥ
̗̉̊ ̉ ̃ ̖̜̖̎̆̏̂̏̅̉̍ ̘̠̖̒̌̔́ ́̋̓̉̃Ȥ
̠̝̎̏̃̌̉̓ ̎  ̜̙́̐̏̃̆̎̉̆ ̎́̅̆̇̎̏̒̓̉  ̃
̗̞̗̐̑̏̆̒̒̆̋̒̐̌̔́̓́̉̉Ȣ ˑ̝̏̒̓̏̃̆̑̎̏̒̓ 
̐̑̏̄̎̏̈́ ̠̏̂̔̒̌́̃̌̉̃́̆̓̒ ̘̋́̆̒̓̃̏̍ 
̜̐̑̏̄̑́̍̍ ̟̎́̂̌̅̆̎̉̊ȟ ̠̏̒̎́̆̎̉̚ 
̐̑̉̂̏̑́̍̉  ̉́̐̐́̑́̓̔̑̏̊ȟ ̒̑̆̅̒̓̃ ̏̂Ȥ
̑́̂̏̓̋̉  ̉́̎́̌̉̈́ ̝̑̆̈̔̌̓́̓̏̃ ̟̎́̂̌Ȥ
̅̆̎̉̊ ɍτȟ ̒Ȣ ψτɎȢ  
ˣ̝̆̌ ̍̏̎̉̓̏̑̉̎̄́ - ̒̂̏̑ ̉ ́̎́̌̉̈ 

̗̉̎̏̑̍́̉̉̕ ̏ ̘̐̑̏̎̏̒̓̉ȟ ̘̔̒̓̏̊̉̃̏̒̓̉ȟ 
̇̆̒̓̋̏̒̓̉ȟ ̎́̅̆̇̎̏̒̓̉ ̉ ̘̑́̒̆̓̎̏̊ 
̘̅̏̌̄̏̃̆̎̏̒̓̉ ̗̋̏̎̒̓̑̔̋̉̊ȟ ́ ̓́̋̇̆ ̏ 
̋̏̍̏̑̓̆̕ ̟̌̅̆̊ ̃ ̗̐̑̏̆̒̒̆̍̏̎̓́̇́ ̉ 
̞̗̋̒̐̌̔́̓́̉̉Ȣ  
˟́̋̉̍ ̏̂̑́̈̏̍ȟ ̠̎́̑̅̔ ̒ ̗̓̑́̅̉̉Ȥ

̜̏̎̎̍̉ ̐̑̉̈̎́̋́̍̉ ̘̋́̆̒̓̃́ ̎́̅̆̇̎̏Ȥ
̒̓̉ ɉ̝̂̆̈̏̓̋́̈̎̏̒̓ȟ ̝̂̆̈̏̐́̒̎̏̒̓ȟ ̑́̒Ȥ
̘̠̆̓̎́ ̘̝̅̏̌̄̏̃̆̎̏̒̓ȟ ̑̆̍̏̎̓̏̐̑̉̄̏̅Ȥ
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̝̎̏̒̓Ɋ ̟̠̑́̒̒̍́̓̑̉̃́̓̒  ̉ ̞̘̋̏̌̏̄̉̆Ȥ
̒̋̉̆ ̐ ̑̉̈̎́̋̉Ȣ 
˜̑̉ ̐̑̏̆̋̓̉̑̏̃́̎̉̉ ̜̖̒̌̏̇̎ ̃́̎̓̏Ȥ

̜̖̃ ̒̉̒̓̆̍ ̟̃̏̈̎̉̋́̓ ̜̃̏̐̑̏̒ȟ ̅̏̒̓̏Ȥ
̜̃̆̑̎̆ ̜̏̓̃̆̓ ̜̎́̋̏̓̏̑̆ ̍̏̇̎̏ ̐̏̌̔Ȥ
̘̝̉̓ ̝̓̏̌̋̏ ̐̑̉ ̘́̎́̌̉̈̆́̋̓̉̆̒̋̏̊̕ 
̑́̂̏̓ ̜ ̠̒̏̏̑̔̇̆̎̉ ̃ ̐̏̌̆ ̝̜̖̑̆́̌̎ 
̙̖̃̎̆̎̉ ̃̏̈̅̆̊̒̓̃̉̊ ̉ ̎́̄̑̔̈̏̋ ɍτȟ ̒Ȣ ψυɎȢ  
˜̞̏̓̏̍̔ ̍̏̎̉̓̏̑̉̎̄ ̝̙̂̏̌̆̐̑̏Ȥ

̜̖̗̌̆̓̎̋̏̎̒̓̑̔̋̉̊ ̜̖̃́̎̓̏̃ ̒̏̏̑̔̇̆Ȥ
̎̉̊ ̠̠̏̒̔̆̒̓̃̌̆̓̒̚ ̃ ̝̉̎̅̉̃̉̅̔́̌̎̏̍ 
̠̐̏̑̅̋̆Ȣ ˝̜̠́̈̑́̂́̓̃́̆̓̒ ̐̑̏̆̋̓ ̏̒̎́Ȥ
̠̆̎̉̚ ̗̋̏̎̒̓̑̔̋̉̊ ̐̑̉̂̏̑́̍̉  ̉́̐̐́Ȥ
̑́̓̔̑̏̊ȟ ̒̑̆̅̒̓̃́̍̉ ̠̒̃̈̉ ̉̋̏̍̍̔̎̉Ȥ
̗̋́̉̊ ̠̅̌ ̠̉̈̍̆̑̆̎̉ ̘̖̅̉̎́̍̉̆̒̋̉̐́Ȥ
̑́̍̆̓̑̏̃ ̜̑́̂̏̓ ̒̏̏̑̔̇̆̎̉̊ ̃ ̔̒̌̏̃̉Ȥ
̠̖ ̝̜̖̑̆́̌̎ ̘̖̍̆̓̆̏̑̏̌̏̄̉̆̒̋̉ȟ ̒̆̊Ȥ
̘̖̒̍̉̆̒̋̉ȟ ̜̖̐̏̅̃̉̇̎ ̉ ̖̘̓̆̎̏̌̏̄̉̆Ȥ
̖̒̋̉ ̎́̄̑̔̈̏̋Ȣ  
ˣ̝̆̌ ̍̏̎̉̓̏̑̉̎̄́ ̘̝̎́́̌̎̏̄̏ ̐̆Ȥ

̑̉̏̅́ ̞̗̋̒̐̌̔́̓́̉̉ȡ 
- ̔ ̘̓̏̎̆̎̉̆ ̎́̄̑̔̈̏̋ ̉ ̃̏̈̅̆̊̒̓̃̉̊Ƞ  
- ̐̑̏̃̆̑̋́ ̠̒̏̏̓̃̆̓̒̓̃̉ ̝̑̆́̌̎̏̊ 

̜̑́̂̏̓ ̗̋̏̎̒̓̑̔̋̉̊ ̠̜̐̑̉̎̓̍ ̃ ̘̑́̒̆Ȥ
̖̓́ ̠̅̏̐̔̆̎̉̍̚Ƞ  

- ́̎́̌̉̈ ̗̑̆́̋̉̊ ̗̋̏̎̒̓̑̔̋̉̊ ̎́ 
̅̆̊̒̓̃̉̆ ̝̜̖̑̆́̌̎̎́̄̑̔̈̏̋ ̉ ̃̏̈̅̆̊Ȥ
̒̓̃̉̊Ƞ ̋̏̑̑̆̋̓̉̑̏̃̋́ ̃ ̘̒̌̔́̆ ̖̎̆̏̂̏Ȥ
̅̉̍̏̒̓̉ ̘̑́̒̆̓́ ̗̋̏̎̒̓̑̔̋̉̊ȟ ́̓́̋̇̆ 
̗̉̎̒̓̑̔̋̉̉ ̐̏ ̞̗̋̒̐̌̔́̓́̉̉Ȣ  
ˏ ̗̐̑̏̆̒̒̆ ̝̅̌̉̓̆̌̎̏̊ ̞̋̒̐̌̔́̓́Ȥ

̗̉̉ ̍̏̎̉̓̏̑̉̎̄ ̠̐̏̈̃̏̌̆̓ ̗̝̏̆̎̉̓ȡ  
- ̉̈̍̆̎̆̎̉̆ ̘̖̅̉̎́̍̉̆̒̋̉ ̐́̑́Ȥ

̍̆̓̑̏̃ ̒̏̏̑̔̇̆̎̉̊ ̉ ̝̜̖̏̓̅̆̌̎ ̖̉ 
̞̌̆̍̆̎̓̏̃ ̐̑̉ ̞̗̋̒̐̌̔́̓́̉̉Ƞ  

- ̗̜̑̆̌́̋̒́̉̏̎̎̆ ̉ ̘̜̔̒́̅̏̎̆ ̐̑̏Ȥ
̗̜̆̒̒ ̖̃̍́̓̆̑̉́̌́ ̗̋̏̎̒̓̑̔̋̉̊Ƞ  

- ̝̏̂̏̒̎̏̃́̎̎̏̒̓ ̘̎́̈̎́̆̎̉̊ ̞̋̏̕Ȥ
̗̉̕ ̉̆̎̓̏̃ ̎́̅̆̇̎̏̒̓̉ ̐̏ ̎́̄̑̔̈̋̆ȟ 
̂̆̈̏̐́̒̎̏̒̓̉ȟ ̠̔̒̌̏̃̉̍ ̜̑́̂̏̓Ȣ  

˛̜̐̓ ̞̗̋̒̐̌̔́̓́̉̉ȟ ̖̍̎̏̄̏̌̆̓̎̉ 
̟̎́̂̌̅̆̎̉̊ ̉ ̅̉́̄̎̏̒̓̉̋̉ ̠̑̅́ ̔̎̉Ȥ
̝̜̖̋́̌̎ ̜̖̉̎̇̆̎̆̑̎ ̒̏̏̑̔̇̆̎̉̊ ̐̏̋́Ȥ
̜̈̃́̆̓ȟ ̘̓̏ ̘̒̉̒̓̆̍́̓̉̆̒̋̉̊ ́̎́̌̉̈ ̖̉ 
̠̠̒̏̒̓̏̎̉ ̠̐̏̈̃̏̌̆̓ ̎̆ ̝̓̏̌̋̏̒̏̅̆̑Ȥ
̝̇́̓ ̠̒̏̏̑̔̇̆̎̉ ̎́ ̓̑̆̂̔̆̍̏̍ ̔̑̏̃̎̆ȟ 
̎̏̉ ̒̃̏̆̃̑̆̍̆̎̎̏ ̠̝̏̒̔̆̒̓̃̌̓̚ ̍̆̑̏Ȥ
̠̠̐̑̉̓̉ ̘̟̐̏̏̂̆̒̐̆̆̎̉ ̞̗̋̒̐̌̔́̓́̉Ȥ
̏̎̎̏̊ ̎́̅̆̇̎̏̒̓̉ ̘̉̑́̒̆̓̎̏̊ ̅̏̌̄̏Ȥ
̘̃̆̎̏̒̓̉Ȣ  
˪̗̜̋̒̐̌̔́̓́̉̏̎̎̆ ̐̏̓̆̑̉ ̍̏̇̎̏ 

̝̒̏̋̑́̓̉̓ ̅̏ ̍̉̎̉̍̔̍́ȟ ̠̐̑̏̃̏̅ ̒̃̏̆Ȥ
̃̑̆̍̆̎̎̏̆ ̉ ̗̆̌̆̎́̐̑́̃̌̆̎̎̏̆ ̖̓̆̎̉Ȥ
̘̆̒̋̏̆ ̏̂̒̌̔̇̉̃́̎̉̆ ̎́ ̏̒̎̏̃̆ ̝̑̆̈̔̌Ȥ
̓́̓̏̃ ̍̏̎̉̓̏̑̉̎̄́ ̖̘̓̆̎̉̆̒̋̏̄̏ ̒̏̒̓̏Ȥ
̠̠̎̉ ̛̏̂̆̋̓̏̃ ̃ ̝̑̆́̌̎̏̍ ̃̑̆̍̆̎̉ȟ 
̝̠̉̒̐̏̌̈̔ ̃ ̐̏̌̎̏̊ ̍̆̑̆ ̜̈́̌̏̇̆̎̎̊ ̃ 
̖̎̉ ̑̆̒̔̑̒ȟ ̘̏̂̆̒̐̆̉̃ ̜̃̒̏̋̉̊ ̝̔̑̏̃̆̎ 
̂̆̈̏̐́̒̎̏̒̓̉ ̉ ̞̗̋̏̉̉̆̎̓̕̕ ̖̘̓̆̎̉̆Ȥ
̒̋̏̊ ̄̏̓̏̃̎̏̒̓̉Ȣ 
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̒̓ ̗̑̔̋̉̊ ̃́̎̓̏̃̏̄̏ ̜̠̐̏̋̑̓̉ɍ˟̆̋̒̓ɎȾȾ ˎ̆̑̆Ȥ
̈̏̃̒̋̉̊ ˞Ȣ˘Ȣȟ ˎ̆̑̆̈̏̃̒̋̉̊ ˘ȢˡȢȟ ˏ̘̆̎̄̑̉̎̏̃̉ 
ˏȢȟ ˡ̔̑̔̎̇̉̆̃ ˝Ȣ˕ ˍ̖̑̉̓̆̋̓̔̑́  ̝̉̒̓̑̏̉̓̆̌Ȥ
̒̓̃̏Ȣ ɀ ̇ ̎Ȣȟ 2009. ɀ Ο 12. 

2. Kazakevitch M. I. Stabilization of a Cable-
Stayed Footbridge / M. I. Kazakevitch, V. V. Kul-
yabko // P roc. IABSESymposium - 1995. ɀ San 
Francisco (USA), 1995. ɀ P. 1099-1104.  

3. Kazakevitch M. I. Monitoring of Long-Span 
Steel Structures / M. I. Kazakevitch, V. V. Kulyab-
ko // IX Int. Conf. on Metal Structures. ɀ Krakow 
(Poland), 26-30 June, 1995. ɀ P. 245-250.  

τȢ ˗̘́̈́̋̆̃̉ ˙Ȣ ˕Ȣ ˑ̘̠̉̎́̍̉̆̒̋́ ̅̉́̄̎̏Ȥ
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ˍ̃̓̏̑́̍̉ ̝̒̓́̓̉ ̐̏̅ ̑̔̋̏̃̏̅̒̓̃̏̍ ̐̑̏̕Ȣ 
˗̉̍́ ˍȢ˫Ȣ ̠̉̒̒̌̆̅̔̆̓̒ ̠̑̅ ̖̜̖̃̏̈̅̔̏̏̐̏̑̎ ̉ 
̜̖̌̉̎̈̏̏̂̑́̈̎ ̒̏̏̑̔̇̆̎̉̊ȟ ̟̖̏̂̌́̅́̉̚ 
̜̃̒̏̋̉̍̉ ̖̓̆̎̉̋̏-̞̘̋̏̎̏̍̉̆̒̋̉̍̉ ̐̏̋́̈́Ȥ

̠̓̆̌̍̉Ȣ ˤ̉̒̌̆̎̎̏̆ ̉̒̒̌̆̅̏̃́̎̉̆ ̖̓́̋̉ ̒̉Ȥ
̒̓̆̍ȟ ̐̑̏̃̏̅̉̍̏̆ ́̃̓̏̑́̍̉ ̝̒̓́̓̉ȟ ̒̏̒̓̏̉̓ ̃ 
̝̉̒̐̏̌̈̏̃́̎̉̉ ̗̉̓̆̑́̉̏̎̎̏̄̏ ̍̆̓̏̅́ ̐̑̉Ȥ
̑́̆̎̉̊̚ ̐́̑́̍̆̓̑̏̃ ̒ ̐̑̉̍̆̎̆̎̉̆̍ ̘̉̒̌̆̎Ȥ
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̎̏̊ ̗̜̐̑̏̆̅̔̑ ̎́ ̙́̄̆ ˪̊̌̆̑́-˗̙̏̉ ̋̏̍̂̉Ȥ
̜̖̎̉̑̏̃́̎̎ ̖̜̖̃̏̈̅̔̏̎̆̒̏̍ ̒̏̏̑̔̇̆̎̉̊ȟ ̓Ȣ̆Ȣ 
̘̖̐̎̆̃̍́̓̉̆̒̋̉ ̒̏̏̑̔̇̆̎̉̊ȟ ̃ ̘̜̄̆̑̍̆̓̉̎̆ 
̐̎̆̃̍̏̌̏̒̓̉ ̜̖̋̏̓̏̑ ̖̃̏̈̅̔ ̘̈́̋́́̎ ̐̏̅ 
̝̙̂̏̌̉̍ ̅́̃̌̆̎̉̆̍ȟ ̘̓̏ ̘̟̏̂̆̒̐̆̉̃́̓ ̎̆̒̔Ȥ
̟̔̚ ̝̒̐̏̒̏̂̎̏̒̓ ̠̒̏̏̑̔̇̆̎̉ ̉ ̎̆ ̓̑̆̂̔̆̓ 
̙̟̌̈̏̃ȟ ̘̓̏ ̒̎̉̇́̆̓ ̖̜̑́̒̏̅Ȣ 

 
̏̃̑̆̍̆̎̎̏̆ ̖̃̏̈̅̔̏̏̐̏̑̎̏̆ 
̘̐̎̆̃̍́̓̉̆̒̋̏̆ ̒̏̏̑̔̇̆̎̉̆ 

̒̏̅̆̑̇̉̓ ̖̝̜̃̏̈̅̔̏̎́̄̎̆̓́̓̆̌̎̊ ̃̆̎Ȥ
̠̓̉̌̓̏̑ȟ ̜̋̏̓̏̑̊ ̍̏̇̆̓ ̜̝̂̓ ̒̏̃̍̆Ȥ
̧̎̚ ̒ ̓̆̐̌̏̄̆̎̆̑́̓̏̑̏̍ȟ ̙̟̜̌̈ ̉ ̄̉̂Ȥ
̟̋̔ ̘̏̂̏̌̏̋̔ȟ ̧̟̈́̋̑̆̐̌̎̎̔ ̐̏ ̋̏̎̓̔̑̔ 
̉ ̟̟̏̂̑́̈̔̔̚ ̝̐̏̌̏̒̓ ̒ ̜̘̜̉̈̂̓̏̎̍ 
̅́̃̌̆̎̉̆̍ ̖̃̏̈̅̔́ ɉ˞̍Ȣ ̑̉̒Ȣ ρ̉ ςɊȢ 
ˏ ̜̖̌̉̎̈̏̏̂̑́̈̎ ̘̖̐̎̆̃̍́̓̉̆̒̋̉ 

̜̠̖̐̏̋̑̓̉ ̒̏̏̑̔̇̆̎̉̊ ɉ̑̉̒Ȣ ςɊ ̘̎́̌̉̉̆ 
̖̃̏̈̅̔̏̅̔̃̎̏̊ ̙̜̍́̉̎ ̓́̋̇̆ ̠̏̂̈́Ȥ
̝̓̆̌̎̏Ȣ ˛̜̘̂̎̏ ̞̓̏ ̟̑́̂̏̓́̉̊̚ ̏̓ ̆̚Ȥ
̘̌̏̎̏̄̏ ̠́̋̋̔̍̔̌̓̏̑́ ̗̜̆̎̓̑̏̂̆̇̎̊ 
̠̃̆̎̓̉̌̓̏̑ȟ ̜̋̏̓̏̑̊ ̒̌̔̇̉̓ ̠̅̌ ̐̆̑̉̏Ȥ
̘̅̉̆̒̋̏̊ ̘̐̏̅̋́̋̉ ̖̃̏̈̅̔́ ̃ ̘̄̆̑̍̆̓̉̆Ȥ
̒̋̉ ̟̈́̍̋̎̔̓̔ ̝̐̏̌̏̒̓ ̜̠̐̏̋̑̓̉Ȣ ˏ ̏̓Ȥ
̘̌̉̉̆ ̏̓ ̖̜̖̃̏̈̅̔̏̏̐̏̑̎ ̒̏̏̑̔̇̆̎̉̊ȟ ̃ 
̜̖̋̏̓̏̑ ̜̘̉̈̂̓̏̎̏̆ ̅́̃̌̆̎̉̆ ̖̃̏̈̅̔́ 
̠̒̏̈̅́̆̓̒ ̃ ̐̏̍̆̆̎̉̉̚ ̍̆̇̅̔ ̘̏̂̏̌̏̋̏̊ 
̉ ̐̏̌̏̍ȟ ̜̌̉̎̈̏̏̂̑́̈̎̆ ̠̒̏̏̑̔̇̆̎̉ ̎̆ 
̟̓̑̆̂̔̓ ̗̄̆̑̍̆̓̉̈́̉̉ ̃̎̔̓̑̆̎̎̆̄̏ 
̠̐̏̍̆̆̎̉̚ ̉ ̔̒̓̑̏̊̒̓̃́ ̙̟̌̈̏̃Ȣ ˙̆̍Ȥ
̜̂̑́̎ ̜̠̐̏̋̑̓̉ ̍̏̄̔̓ ̜̝̂̓ ̉̈̄̏̓̏̃̌̆Ȥ
̜̎ ̉̈ ̍̆̓́̌̌́ ̉̌̉ ̉̈ ̘̒̉̎̓̆̓̉̆̒̋̏̄̏ 
̘̒̃̆̓̏̐̑̏̈̑́̎̏̄̏ ̍́̓̆̑̉́̌́Ȣ ɍρȟ c.39] 

 
˝̉̒Ȣ ρȢ ˏ̖̏̈̅̔̏̎̆̒̏̍̏̆ ̒̏̏̑̔̇̆̎̉̆ 

̄́̑́̇́ 

 
˝̉̒Ȣ ς ˜̘̎̆̃̍̏̂́̌̏̎̏̆ ̖̃̏̈̅̔̏̎̆̒̏̍̏̆ 

̒̏̏̑̔̇̆̎̉̆ 

ˤ̜̉̒̌̆̎̎̊ ̍̆̓̏̅ ̐̑̉̑́̆̎̉̊̚ ̐́Ȥ
̑́̍̆̓̑̏̃ȟ ̠̜̐̑̉̍̆̎̆̍̊ ̠̅̌ ̙̠̑̆̆̎̉ 
̜̖̎̆̌̉̎̆̊̎ ̜̖̏̐̆̑́̓̏̑̎ ̔̑́̃̎̆̎̉̊ȟ 
̘̐̏̌̔̉̌ ̑́̈̃̉̓̉̆ ̃̏ ̃̓̏̑̏̊ ̐̏̌̏̃̉̎̆ 
̗̅̃́̅́̓̏̄̏ ̃̆̋́ ɍςȟ ̒ȢωσɎȢ 
ˏ ̒̆̑̆̅̉̎̆ ̠̜̖̒̆̍̉̅̆̒̓ ̙̐̑̏̌̏̄̏ 

̃̆̋́ ̐̑̉ ̉̒̒̌̆̅̏̃́̎̉̉ ̜̖̃́̎̓̏̃ ̒̉̒̓̆̍ 
̈́ ̝̜̃́̑̉̑̔̆̍̆ ̜̐́̑́̍̆̓̑ ̜̂̌̉ ̐̑̉Ȥ
̠̜̎̓ ̜̇̆̒̓̋̏̒̓̎̆ ̜̐́̑́̍̆̓̑ ̒̉̒̓̆̍ ̉ 
̟̠̒̏̏̓̃̆̓̒̓̃̔́̚ ̗̠̍̏̅̉̉̋́̉̕ ̍̆̓̏̅́ 
̗̃́̑̉́̉̉ ̐́̑́̍̆̓̑́ ̘̐̏̌̔́̆̓  
ˏ ̉̈̃̆̒̓̎̏̍ ̍̆̓̏̅̆ ̐̑̉̑́̆̎̉̊̚ ̐́Ȥ

̑́̍̆̓̑̏̃ ̝̟̠̃́̑̉̑̔̓̒ ̘̜̑́̈̌̉̎̆ ̐́̑́Ȥ
̜̍̆̓̑ȡ ̜̐́̑́̍̆̓̑ȟ ̖̟́̑́̋̓̆̑̉̈̔̉̆̚ 
̘̜̎́̄̑̔̈̏̎̆ ̠̃̏̈̅̆̊̒̓̃̉ȟ ̜̐́̑́̍̆̓̑ȟ 
̖̟́̑́̋̓̆̑̉̈̔̉̆̚ ̧̝̇̒̓̋̏̒̓ ̜̒̉̒̓̆̍ ̉ȟ 
̗̎́̋̏̎̆ȟ ̐́̑́̍̆̓̑ ̃̑̆̍̆̎̉Ȣ ˜̞̠̏̓́̐̎́ 
̗̠̌̉̎̆́̑̉̈́̉ ̜̒̉̒̓̆̍ ̜̖̎̆̌̉̎̆̊̎ 
̔̑́̃̎̆̎̉̊ ̠̐̑̏̉̈̃̏̅̉̓̒ ̐̏ ̜̃̂̉̑́̆Ȥ
̜̍̍ ̐́̑́̍̆̓̑́̍ xȢ ˔́̓̆̍ ̝̜̃́̑̉̑̔̆̍̍ 
̐́̑́̍̆̓̑́̍ ̝̐̏̒̌̆̅̏̃́̓̆̌̎̏ ̟̠̐̑̉̅́̓̒ 
̜̍́̌̆ ̠̐̑̉̑́̆̎̉̚ DxȢ ˕̖̒̏̅̎̏̆ ̠̎́̐̑Ȥ
̇̆̎̎̏-̅̆̏̑̍̉̑̏̃́̎̎̏̆̕ ̠̒̏̒̓̏̎̉̆ ̒̉Ȥ
̜̒̓̆̍ȟ ̟̒̏̏̓̃̆̓̒̓̃̔̆̆̚ ̜̎̆̋̏̓̏̑̍ 
̘̠̈̎́̆̎̉̍ xi ̝̜̖̃́̑̉̑̔̆̍ ̐́̑́̍̆̓̑̏̃ x, 
̘̠̒̉̓́̆̓̒ ̜̉̈̃̆̒̓̎̍Ȣ ˏ̒̆ ̐̏̒̌̆̅̏̃́Ȥ
̝̜̓̆̌̎̆ ̞̜̓́̐ ̘̑́̒̆̓́ ̠̒̏̒̓̏̓ ̃ ̏̐̑̆̅̆Ȥ
̌̆̎̉̉ ̠̉̈̍̆̎̆̎̉ ̠̎́̐̑̇̆̎̎̏-
̅̆̏̑̍̉̑̏̃́̎̎̏̄̏̕ ̠̠̒̏̒̓̏̎̉ ̐̑̉ ̈́̅́Ȥ
̜̖̃́̆̍ ̠̖̉̈̍̆̎̆̎̉ ̝̜̖̃́̑̉̑̔̆̍ ̐́̑́Ȥ
̍̆̓̑̏̃Ȣ ˑ̠̌ ̓̏̄̏ ̘̜̓̏̂ ̎́ ̋́̇̅̏̍ ̞̓́̐̆ 
̍̏̇̎̏ ̜̂̌̏ ̃ ̖̑́̍̋́ ̓̑̆̂̔̆̍̏̊ ̘̓̏̎̏Ȥ
̒̓̉ ̘̝̐̑̆̎̆̂̑̆ ̜̎̆̌̉̎̆̊̎̍̉ ̘̌̆̎́̍̉ ɉ̒ 
̐̑̉̍̆̎̆̎̉̆̍ ̎́ ̙́̄̆ ̘̉̒̌̆̎̎̏̊ ̗̐̑̏̆Ȥ
̜̅̔̑ ˪̊̌̆̑́Ɋȟ ̠̐̑̉̑́̆̎̉̚ Dx ̐́̑́̍̆̓Ȥ
̑̏̃ ̘̟̠̎́̈̎́́̓̒ ̘̅̏̒̓́̓̏̎̏ ̜̍́̌̍̉Ȣ ɍσɎ 
˚́ ̘̋̏̎̆̎̏̊ ̒̓́̅̉̉ ̍̏̎̓́̇́ ̒̉̒̓̆Ȥ

̍́ ̏̐̑̆̅̆̌̆̎́ȟ ̠̔̒̉̌̉ ̃ ̧̆ ̞̖̌̆̍̆̎̓́ 
̟̒̏̏̓̃̆̓̒̓̃̔̓ ̑́̃̎̏̃̆̒̎̏̍̔ ̠̒̏̒̓̏Ȥ
̟̎̉ȟ ̒̉̒̓̆̍́ ̏̂̌́̅́̆̓ ̘̅̏̒̓́̓̏̎̏̊ 
̎̆̒̔̆̊̚ ̝̟̒̐̏̒̏̂̎̏̒̓Ȣ ˚́ ̒̓́̅̉̉ ̞̋̒Ȥ
̗̐̌̔́̓́̉̉ ̋ ̒̉̒̓̆̍̆ ̍̏̄̔̓ ̜̝̂̓ ̐̑̉Ȥ
̜̌̏̇̆̎ ̘̠̐̎̆̃̍́̓̉̆̒̋́ ̎́̄̑̔̈̋́ȟ ̒̉Ȥ
̠̌̏̃́ ̎́̄̑̔̈̋́ȟ ̓̆̍̐̆̑́̓̔̑̎̏̆ ̃̏̈̅̆̊Ȥ
̒̓̃̉̆ ̉ ̘̋̉̎̆̍́̓̉̆̒̋̏̆ ̃̏̈̅̆̊̒̓̃̉̆ ̃ 
̟̜̖̌̂ ̘̠̖̒̏̆̓́̎̉Ȣ 
˚́ ̋́̇̅̏̍ ̙́̄̆ ̠̐̑̉̑́̆̎̉̚ ̐́̑́Ȥ

̍̆̓̑̏̃ ̒ ̝̟̐̏̍̏̚ ̗̜̍́̓̑̉ ̠̒̃̈́̎̎̏Ȥ
̒̓̉ ̔̈̌̏̃ ̠̏̑̍̉̑̔̆̓̒̕ ̖̠̉̒̏̅̎́ ̒̉̒̓̆Ȥ
̍́ ̞̐̏̓́̐̎̏ ̜̖̌̉̎̆́̑̉̈̏̃́̎̎ ́̌̄̆̂̑́Ȥ
̘̖̉̆̒̋̉ ̔̑́̃̎̆̎̉̊ȡ 

[rab]ʂ=(Ra), 
̄̅̆ rab ɀ ̝̠̄̌̏̂́̌̎́ ̗̍́̓̑̉́ ̇̆̒̓̋̏̒̓̉ 
̜̒̉̒̓̆̍Ƞ h ɀ ̗̍́̓̑̉́-̗̒̓̏̌̂̆ ̜̖̉̒̋̏̍ 

 ˞
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̐̆̑̆̍̆̆̎̉̊̚Ƞ ɉŔ ) ɀ ̗̍́̓̑̉́-̗̒̓̏̌̂̆ 
̜̖̒̃̏̂̏̅̎ ̘̌̆̎̏̃Ȣ 
˜̠̏̑̅̏̋ ̗̜̍́̓̑̉ ɍrabɎ ̑́̃̆̎ N=3Kɀ

dȟ ̄̅̆ d ɀ ̘̋̏̌̉̆̒̓̃̏ ̜̖̈́̅́̎̎ ̜̖̏̐̏̑̎ 
̠̒̃̈̆̊ ̜̖̈́̋̑̆̐̌̆̎̎ ̔̈̌̏̃ ̜̒̉̒̓̆̍Ȣ 
ˏ̜̘̉̒̌̉̃ ̞̗̜̋̏̉̉̆̎̓̕̕ ̜̒̉̒̓̆̍ 

̔̑́̃̎̆̎̉̊ ɉρɊ ̐̑̉ ́Ѐρȟ Kȟ ̃ ̒̏̏̓̃̆̓Ȥ
̒̓̃̉̉ ̒ ̎̏̍̆̑́̍̉ ̔̈̌̏̃ ̜̒̉̒̓̆̍ ̏̑̕Ȥ
̍̉̑̔̆̍ ̙̟̟̑́̈̑̆́̔̚ ̒̉̒̓̆̍̔ ̔̑́̃̎̆Ȥ
̎̉̊ ̍̆̓̏̅́ ̘̜̖̋̏̎̆̎ ̞̌̆̍̆̎̓̏̃ 

)Ri(x]r[ kik = , K,1i= , K,1k=  

̃ ̒̏̏̓̃̆̓̒̓̃̉̉ ̒ ̝̄̌̏̂́̌̎̏̊ ̗̎̔̍̆̑́̉Ȥ
̆̊ ̜̖̎́̌̏̇̆̎̎ ̎́ ̒̉̒̓̆̍̔ ̠̒̃̈̆̊Ȣ 
˝̙̠̆́ ̒̉̒̓̆̍̔ ̔̑́̃̎̆̎̉̊ ɉςɊȟ ̖̎́̏Ȥ

̅̉̍ ̜̉̒̋̏̍̆ ̠̐̆̑̆̍̆̆̎̉̚ xk ̉ ̑́̒̐̑̆Ȥ
̠̅̆̌̆̍ ̖̉ ̐̏ ̔̈̌́̍ ̜̒̉̒̓̆̍ȟ ̓Ȣ̆Ȣ ̏̐̑̆Ȥ
̠̅̆̌̆̍ ̜̔̈̌̏̃̆ ̠̐̆̑̆̍̆̆̎̉̚ una, vna ̉ 
wnaȟ ̘̜̐̏̌̔̆̎̎̆ ̒̉̒̓̆̍̏̊ ̎́ ̙́̄̆ n ̐̏ 
̟̎́̐̑́̃̌̆̎̉ ̏̒̆̊ ̖ȟ ̔ ̉ z. 
ˑ́̌̆̆ ̠̏̐̑̆̅̆̌̆̍ ̐̑̉̑́̆̎̉̆̚ ̐̑̏Ȥ

̝̅̏̌̎̏̄̏ ̠̔̒̉̌̉ DNab ̃ ̋́̇̅̏̍ ̒̓̆̑̇̎̆ 
b́ ̎́ ̙́̄̆ nȢ ˔̘̠̎́̆̎̉ ̋̏̏̑̅̉̎́̓ ̔̈̌̏̃ 
̜̒̉̒̓̆̍ xa, ya, za ̃ ̗̋̏̎̆ n-̄̏ ̙́̄́ ̝̃́̑Ȥ
̠̉̑̏̃́̎̉ ̐́̑́̍̆̓̑̏̃ ̠̟̠̏̐̑̆̅̆̌̓̒ ̐̏ 
̏̑̍̔̌́̍̕ 

xn+1,a = xna + una; 
yn+1,a = yna + vna; 
zn+1,a = zna + wna. 

˜̑̉ ̘̑́̒̆̓̆ ̍̆̍̂̑́̎̎̏-
̘̖̐̎̆̃̍́̓̉̆̒̋̉ ̒̉̒̓̆̍ ̐̑̏̕Ȣ ˗̉̍ ˍȢ˫Ȣ 
̐̑̆̅̌̏̇̆̎̏ ̘̜̝̔̉̓̃́̓ ̔̐̑̔̄̉̆ ̒̃̏̊Ȥ
̒̓̃́ ̖̃̏̈̅̔́ȟ ̘̈́̋́̆̎̎̏̄̏ ̃ ̘̄̆̑̍̆̓̉̆Ȥ
̒̋̉ ̟̈́̍̋̎̔̓̔ ̝̐̏̌̏̒̓ ̠̒̏̏̑̔̇̆̎̉ȟ ̓Ȣ̆Ȣ 
̘̜̝̔̉̓̃́̓ ̠̃̌̉̎̉̆ ̎́ ̅́̃̌̆̎̉̆ pn 
̖̔̐̑̔̄̉ ̐̆̑̆̍̆̆̎̉̊̚ ̠̐̏̒̏̃ ̌̉̎̈̏̏̂Ȥ
̑́̈̎̏̄̏ ̜̠̐̏̋̑̓̉Ȣ ˜̑̉ ̞̓̏̍ ̐̑̉̑́̆̚Ȥ
̎̉̆ ̛̏̂̆̍́ ̜̐̎̆̃̍̏̌̉̎̈ DV ̠̏̐̑̆̅̆̌Ȥ
̠̆̓̒ ̃ ̈́̃̉̒̉̍̏̒̓̉ ̏̓ ̠̅́̃̌̆̎̉ P ̉ 
̜̓̆̍̐̆̑́̓̔̑ T ̖̃̏̈̅̔́ ̃ ̈́̍̋̎̔̓̏̊ 
̐̏̌̏̒̓̉ ̜̐̎̆̃̍̏̌̉̎̈Ȣ 
˕̈ ̝̔̎̉̃̆̑̒́̌̎̏̄̏ ̠̔̑́̃̎̆̎̉ ̒̏Ȥ

̠̠̒̓̏̎̉ ̄́̈́ 

T

PV

T

VP

1

11 = , 

̛̠̟̏̂̆̅̉̎̆̄̏̚ ̜̉̈̃̆̒̓̎̆ ̜̈́̋̏̎ 
ˎ̠̏̊̌-˙́̑̉̏̓̓́ ̉ ː̆̊-˘̟̒̒́̋́ȟ ̃ ̋̏̓̏Ȥ
̑̏̍ ̜̐́̑́̍̆̓̑ P1, V1, T1 ̖̟́̑́̋̓̆̑̉̈̔̓ 
̒̉̒̓̆̍̔ ̎́ ̘̋̏̎̆̎̏̊ ̒̓́̅̉̉ ̍̏̎̓́̇́ȟ ̒ 
̘̔̆̓̏̍ ̈́̃̉̒̉̍̏̒̓̆̊ 

P = P1 + DP, 
V = V1 + DV, 
T = T1 + DT, 

̖̎́̏̅̉̍ȟ ̘̓̏ 

V
V

P
T

T

P
P 1 D-D=D  

ˏ̜̘̠̉̒̌̆̍ ̐̑̉̑́̆̎̉̆̚ ̛̏̂̆̍́ DV 
̈́̍̋̎̔̓̏̊ ̐̏̌̏̒̓̉ ɉ̠̐̏̍̆̆̎̉̚ȟ ̐̎̆̃Ȥ
̜̍̏̌̉̎̈ ̉̌̉ ̝̖̎̆̒̋̏̌̋̉ ̐̎̆̃̍̏̌̉̎̈ȟ 
̆̒̌̉ ̏̎̉ ̠̠̟̠̃̌̓̒ ̟̠̒̏̏̂́̉̍̉̒̚̚ 
̒̏̒̔̅́̍̉Ɋ ̃ ̈́̃̉̒̉̍̏̒̓̉ ̏̓ ̝̃̆̑̓̉̋́̌Ȥ
̜̖̎ ̐̑̏̄̉̂̏̃ ̠̐̏̒̏̃ ̜̠̐̏̋̑̓̉ ̎́ ̐̑̏Ȥ
̝̉̈̃̏̌̎̏̍ ̙́̄̆ n ̎ ̠́̄̑̔̇̆̎̉ ̜̒̉̒̓̆̍Ȣ  
˜̠̏̌́̄́ 

DP = pn, P = P ,̏ 
DV = DVn, V = V ,̏ 
DT = DTn, T = T ,̏ 

̄̅̆ P ,̏ V ,̏ T  ̏ ̖̟́̑́̋̓̆̑̉̈̔̓ ̎̆̃̏̈̍̔Ȥ
̧̎̎̏̆̚ ̠̒̏̒̓̏̎̉̆ ̜̒̉̒̓̆̍ ̎́ ̓̆̋̔̆̍̚ 
̙́̄̆ nȟ ̓Ȣ̆Ȣ 

)1c(
n

1n

1r
r1

o p5,0pPP -
-

=

+ä+= , 

)1c(
n

1n

1r
r1

o V5,0VVV -
-

=

D+ä+= , 

)1c(
n

1n

1r
r1

o T5,0TTT -
-

=

D+ä+=  

̜̃̑́̇́̆̍ ̐̑̉̑́̆̎̉̆̚ ̠̅́̃̌̆̎̉ ̃ ̈́Ȥ
̍̋̎̔̓̏̊ ̐̏̌̏̒̓̉ ̎́ ̙́̄̆ n ̘̆̑̆̈ ̐̑̉Ȥ
̠̑́̆̎̉̚ ̎́ ̙́̄̆ n ̜̓̆̍̐̆̑́̓̔̑ DTn ̉ 
̧̛̏̂̍́ DVn ̈ ́̍̋̎̔̓̏̊ ̐̏̌̏̒̓̉ 

no

1
no

o
)c(

n
)c(

n V
V

P
T

P

P
PP D-D==D . 

˔̘́̅́́ȟ ̙̠̑̆́̆̍́ ́̃̓̏̑́̍̉ ̝̒̓́̓̉ȟ 
̒̏̒̓̏̉̓ ̃ ̘̉̒̌̆̎̎̏̍ ̉̒̒̌̆̅̏̃́̎̉̉ ̉̓̆Ȥ
̗̜̑́̉̏̎̎̍ ̍̆̓̏̅̏̍ ̐̑̉̑́̆̎̉̊̚ ̐́̑́Ȥ
̍̆̓̑̏̃ ˪̊̌̆̑́-˗̙̏̉, ̋̏̍̂̉̎̉̑̏̃́̎Ȥ
̜̖̎ ̖̜̖̃̏̈̅̔̏̎̆̒̏̍ ̒̏̏̑̔̇̆̎̉̊ȟ ̓Ȣ̆Ȣ 
̘̖̐̎̆̃̍́̓̉̆̒̋̉ ̒̏̏̑̔̇̆̎̉̊ȟ ̃ ̄̆̑̍̆Ȥ
̘̜̓̉̎̆ ̐̎̆̃̍̏̌̏̒̓̉ ̜̖̋̏̓̏̑ ̖̃̏̈̅̔ 
̘̈́̋́́̎ ̐̏̅ ̝̙̂̏̌̉̍ ̅́̃̌̆̎̉̆̍ ̠̐̏̑̅Ȥ
̋́ ςπππ-ςυππ ˜́ȟ ̘̓̏ ̘̟̏̂̆̒̐̆̉̃́̓ ̆̄̏ 
̟̎̆̒̔̔̚ ̝̒̐̏̒̏̂̎̏̒̓Ȣ 

 
˞̐̉̒̏̋ ̜̌̉̓̆̑́̓̔̑ 

ρȢ ˒̑̍̏̌̏̃ ˏȢˏȢ ˏ̖̜̏̈̅̔̏̏̐̏̑̎̆ ̠̈̅́̎̉ ̉ 
̠̒̏̏̑̔̇̆̎̉Ȣ ɀ ˙Ȣȡ ˞̓̑̏̊̉̈̅́̓ȟ ρωψπȢ ɀ σπτ ̒Ȣ 

2. ˗̉̍ ˍȢ˫Ȣ ˤ̉̒̌̆̎̎̏̆ ̉̒̒̌̆̅̏̃́̎̉̆ ̎̆Ȥ
̜̖̌̉̎̆̊̎ ̍̆̍̂̑́̎̎̏-̘̖̐̎̆̃̍́̓̉̆̒̋̉ ̒̉Ȥ
̒̓̆̍Ȣ ˞ːˍˠȟ ˞́̑́̓̏̃ȟ ςππρȢ ɀ ςφσ ̒Ȣ ˙̠̏̎̏̄̑́̉̕ 
̅̆̐̏̎̉̑̏̃́̎́ ̃ ˏ˕˚˕˟˕ ˝ˍ˚ ςψȢπτȢπρ Ο ρρςς 
ɀ ˏ ςππρȢ 

σȢ ˗̉̍ ˍȢ˫Ȣȟ ˚̔̑̄́̈̉̆̃ ˝ȢˎȢ ˝̧̘́̒̓ ̐̑̏Ȥ
̜̖̒̓̑́̎̒̓̃̆̎̎ ̍̆̍̂̑́̎̎̏-̜̖̒̓̆̑̇̎̆̃ ̒̉̒̓̆̍Ȣ 
˞ːˍˠȟ ˞́̑́̓̏̃ȟ ςππρȢ ɀ ςπρ ̒Ȣ ˗̎̉̄́ ̅̆̐̏̎̉̑̏̃́Ȥ
̎́ ̃ ˏ˕˚˕˟˕ ˝ˍ˚ σρȢπψȢπρ Ο ρωρφ ɀ ˏ ςππρȢ 
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ˠˑ˗ φωȢπσσ 
 
˗̉̍ ˍ.˫., ˏ ́̌̆̓̏̃ ˙. .̞ 
˞́̑́̓̏̃̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓Ȼ ̉̍Ȣ ˫ȢˍȢ ː ́̄́̑̉̎́ȟ ˞́̑́̓̏̃ 
 

ˤ˕˞˘˒˚˚˛˒ ˕˞˞˘˒ˑ˛ˏˍ˚˕˒ ˜˚˒ˏ˙ˍ˟˕ˤ˒˞˗˕ˢ ˞˛˛˝ˠ˓˒˚˕˖ ˞  
˕˞˜˛˘˩˔˛ˏˍ˚˕˒˙ ˜˝˛ː˝ˍ˙˙˚˛ː˛ ˗˛˙˜˘˒˗˞ˍ Ⱥ˚˒˘˕˚˒˖˚ˍˬ ˙˒ˢˍ˚˕˗ˍȻ 

ˍ̜̃̓̏̑ ̝̒̓́̓̉ ̠̈̎́̋̏̍̓ ̘̉̓́̓̆̌̆̊ ̒ ̐̑̏̃̆Ȥ
̜̅̆̎̎̍ ̉̍̉ ̘̜̉̒̌̆̎̎̍ ̉̒̒̌̆̅̏̃́̎̉̆̍ ̐̎̆̃̍́Ȥ
̘̖̓̉̆̒̋̉ ̒̏̏̑̔̇̆̎̉̊ ̒ ̝̉̒̐̏̌̈̏̃́̎̉̆̍ ̐̑̏Ȥ
̄̑́̍̍̎̏̄̏ ̋̏̍̐̌̆̋̒́ Ⱥ˚̠̆̌̉̎̆̊̎́ ̖̍̆́̎̉̋́ȻȢ 
˟́̋̇̆ ́̃̓̏̑́̍̉ ̝̒̓́̓̉ ̉̈̄̏̓̏̃̌̆̎́ ̝̍̏̅̆̌ 
̍̆̍̂̑́̎̎̏-̘̐̎̆̃̍́̓̉̆̒̋̏̄̏ ̠̒̏̏̑̔̇̆̎̉ȟ ̎́ 
̋̏̓̏̑̏̊ ̐̑̏̃̆̅̆̎ ̠̑̅ ̜̏̐̓̏̃Ȣ ˜̏ ̝̑̆̈̔̌̓́̓́̍ 
̘̉̒̌̆̎̎̏̄̏ ̠̉̒̒̌̆̅̏̃́̎̉ ̉ ̐̑̏̃̆̅̆̎̎̏̄̏ ̞̋̒Ȥ
̐̆̑̉̍̆̎̓́ ̅́̎ ̠̑̅ ̗̑̆̋̏̍̆̎̅́̉̊ ̐̑̏̆̋̓̉̑̏̃Ȥ
̉̋́̍̚ ̘̖̐̎̆̃̍́̓̉̆̒̋̉ ̒̏̏̑̔̇̆̎̉̊Ȣ 

 
̒̐̉̑́̎̓́̍̉ ̜̋́̆̅̑̕ Ⱥ˟̆̏̑̉̉ 
̒̏̏̑̔̇̆̎̉̊ ̉ ̝̜̖̒̓̑̏̉̓̆̌̎ 

̗̋̏̎̒̓̑̔̋̉̊Ȼ ̐̏̅ ̘̜̎́̔̎̍ ̑̔̋̏̃̏̅Ȥ
̒̓̃̏̍ ̐̑̏̆̒̒̏̑́̕ ˗̉̍́ ˍȢ˫Ȣ ̌̆̓̏̍ ςπρυ 
̄̏̅́ ̜̑́̈̑́̂̏̓́̎ ̉ ̘̉̒̌̆̎̎̏ ̉̒̒̌̆̅̏Ȥ
̜̃́̎ ̎́ ˪ˏ˙ ̉̍ ̝̎̆̒̋̏̌̋̏ ̓̉̐̏̃ ̃̏̈̅̔Ȥ
̖̜̖̏̏̐̏̑̎ ɉ̑̉̒Ȣ ς ̉ σɊ ̉ ̜̖̌̉̎̈̏̏̂̑́̈̎ 
̍̆̍̂̑́̎̎̏-̐̎ ̘̖̆̃̍́̓̉̆̒̋̉ ̒̏̏̑̔̇̆Ȥ
̎̉̊ ̘̑́̈̌̉̎̏̄̏ ̘̠̎́̈̎́̆̎̉ȟ ̟̏̂̌́̅́Ȥ
̖̉̚ ̜̃̒̏̋̉̍̉ ̖̓̆̎̉̋̏-
̞̘̋̏̎̏̍̉̆̒̋̉̍̉ ̠̐̏̋́̈́̓̆̌̍̉Ȣ ˟́̋̇̆ 
̜̂̌́ ̒̅̆̌́̎́ ̝̍̏̅̆̌ ̌̉̎̈̏̏̂̑́̈̎̏̄̏ 
̜̠̐̆̑̆̋̑̓̉ ̘̐̎̆̃̍́̓̉̆̒̋̏̄̏ ̒̏̏̑̔̇̆Ȥ
̠̎̉ ̒̍Ȣ ̑̉̒Ȣ ρȢ ˜̏ ̉̓̏̄́̍ ̜̑́̂̏̓ ̜̂̌̉ 
̜̅́̎ ̗̑̆̋̏̍̆̎̅́̉̉ ̐̑̏̆̋̓̉̑̏̃̉̋́̍̚ 
̉ ̠̐̑̏̉̈̃̏̅̉̓̆̌̍ ̘̖̐̎̆̃̍́̓̉̆̒̋̉ 
̒̏̏̑̔̇̆̎̉̊ ɍρȟ ̒Ȣ 24]. ˞̏̃̑̆̍̆̎̎̏̆ ̃̏̈Ȥ
̖̅̔̏̏̐̏̑̎̏̆ ̘̐̎̆̃̍́̓̉̆̒̋̏̆ ̒̏̏̑̔̇̆Ȥ
̎̉̆ ̜̘̏̂̎̏ ̒̏̅̆̑̇̉̓ ̖̃̏̈̅̔̏̎́̄̎̆̓́Ȥ
̝̜̓̆̌̎̊ ̠̃̆̎̓̉̌̓̏̑ȟ ̜̋̏̓̏̑̊ ̍̏̇̆̓ 
̜̝̂̓ ̧̒̏̃̍̆̎̚ ̒ ̓̆̐̌̏̄̆̎̆̑́̓̏̑̏̍ȟ 
̙̟̜̌̈ ̉ ̟̄̉̂̋̔ ̘̏̂̏̌̏̋̔ȟ ̧̈́̋̑̆̐̌̎Ȥ
̟̎̔ ̐̏ ̋̏̎̓̔̑̔ ̉ ̟̟̏̂̑́̈̔̔̚ ̝̐̏̌̏̒̓ 
̒ ̜̘̜̉̈̂̓̏̎̍ ̅́̃̌̆̎̉̆̍ ̖̃̏̈̅̔́Ȣ 
ˏ ̜̖̌̉̎̈̏̏̂̑́̈̎ ̘̖̐̎̆̃̍́̓̉̆̒̋̉ 

̜̠̖̐̏̋̑̓̉ ̒̏̏̑̔̇̆̎̉̊ ̘̎́̌̉̉̆ ̃̏̈̅̔Ȥ
̖̏̅̔̃̎̏̊ ̙̜̍́̉̎ ̓́̋̇̆ ̠̝̏̂̈́̓̆̌̎̏Ȣ 
˛̜̘̂̎̏ ̞̓̏ ̟̑́̂̏̓́̉̊̚ ̏̓ ̘̆̌̏̎̏̄̏̚ 
̠́̋̋̔̍̔̌̓̏̑́ ̗̜̆̎̓̑̏̂̆̇̎̊ ̠̃̆̎̓̉̌Ȥ
̓̏̑ȟ ̜̋̏̓̏̑̊ ̒̌̔̇̉̓ ̠̅̌ ̘̐̆̑̉̏̅̉̆Ȥ
̒̋̏̊ ̘̐̏̅̋́̋̉ ̖̃̏̈̅̔́ ̃ ̘̄̆̑̍̆̓̉̆̒̋̉ 
̟̈́̍̋̎̔̓̔ ̝̐̏̌̏̒̓ ̜̠̐̏̋̑̓̉Ȣ ˙̆̍̂̑́Ȥ
̜̎ ̜̠̐̏̋̑̓̉ ̍̏̄̔̓ ̜̝̂̓ ̜̉̈̄̏̓̏̃̌̆̎ 
̉̈ ̍̆̓́̌̌́ ̉̌̉ ̉̈ ̘̒̉̎̓̆̓̉̆̒̋̏̄̏ ̒̃̆Ȥ
̘̓̏̐̑̏̈̑́̎̏̄̏ ̍́̓̆̑̉́̌́ ɍςȟ ̒Ȣ 115]. 

˟̠̆̏̑̉ ̘̑́̒̆̓́ ̍̆̍̂̑́̎̎̏-
̘̖̐̎̆̃̍́̓̉̆̒̋̉ ̒̉̒̓̆̍ ̃ ̠̎́̒̓̏̆̆̚ 
̠̃̑̆̍ ̜̠̑́̈̑́̂́̓̃́̆̓̒ ̃̏ ̖̍̎̏̄̉ ̒̓̑́Ȥ
̖̎́ ̍̉̑́Ȣ ˝́̈̑́̂̏̓̋̆ ̍̆̓̏̅̉̋ ̘̒̓́̓̉̆Ȥ
̒̋̏̄̏ ̉ ̘̅̉̎́̍̉̆̒̋̏̄̏ ̘̑́̒̆̓́ ̍̆̍Ȥ
̂̑́̎̎̏-̘̖̐̎̆̃̍́̓̉̆̒̋̉ ̒̉̒̓̆̍ ̒ ̧̘̔Ȥ
̓̏̍ ̜̖̎̆̌̉̎̆̊̎ ́̋̓̏̑̏̃̕ ̉ ̔̐̑̔̄̏̒̓̉ 
̘̈́̋́̆̎̎̏̄̏ ̃ ̟̈́̍̋̎̔̓̔ ̝̐̏̌̏̒̓ ̃̏̈Ȥ
̖̅̔́ȟ ̠̜̐̏̒̃̆̎̚ ̍̎̏̄̉̆ ̜̑́̂̏̓ ̏̅̎̏̄̏ 
̉̈ ́̃̓̏̑̏̃ ̝̒̓́̓̉ ɍσȟ ̒Ȣ υυɎȢ  
˙̆̓̏̅ ̝̜̖̐̏̒̌̆̅̏̃́̓̆̌̎ ̐̑̉̑́̆̚Ȥ

̎̉̊ ̐́̑́̍̆̓̑̏̃ ̒ ̞̜̐̏̓́̐̎̍ ̐̑̉̍̆̎̆Ȥ
̎̉̆̍ ̍̆̓̏̅́ ̘̜̖̋̏̎̆̎ ̞̌̆̍̆̎̓̏̃ ̐̏̈Ȥ
̠̃̏̌̆̓ ̝̉̒̒̌̆̅̏̃́̓ ̎́ ˪ˏ˙ ̝̐̑̏̉̈̃̏̌Ȥ
̜̎̆ ̍̆̍̂̑́̎̎̏-̘̐̎̆̃̍́̓̉̆̒̋̉̆ ̒̉̒̓̆Ȥ
̜̍ ̐̑̉ ̝̃́̑̉̑̏̃́̎̉̉ ̘̜̖̑́̈̌̉̎ ̐́̑́Ȥ
̍̆̓̑̏̃ ̒ ̝̟̐̏̍̏̚ ̐̑̏̄̑́̍̍̎̏̄̏ ̋̏̍Ȥ
̐̌̆̋̒́ Ⱥ˚̠̆̌̉̎̆̊̎́ ̖̍̆́̎̉̋́Ȼȟ ̑́̈̑́Ȥ
̂̏̓́̎̎̏̄̏ ́̃̓̏̑́̍̉ ̝̒̓́̓̉Ȣ 

 
˝̉̒Ȣ ρ. ̇ ̝̏̅̆̌ ̌̉̎̈̏̏̂̑́̈̎̏̄̏ 
̘̐̎̆̃̍́̓̉̆̒̋̏̄̏ ̠̒̏̏̑̔̇̆̎̉ 

˚́ ̘̋̏̎̆̎̏̊ ̍̏̎̓́̇̎̏̊ ̒̓́̅̉̉ ̒̉Ȥ
̒̓̆̍́ ̏̐̑̆̅̆̌̆̎́ȟ ̠̔̒̉̌̉ ̃ ̧̆ ̞̌̆̍̆̎Ȥ
̖̓́ ̟̒̏̏̓̃̆̓̒̓̃̔̓ ̑́̃̎̏̃̆̒̎̏̍̔ ̒̏̒̓̏Ȥ
̠̟̎̉ȟ ̒̉̒̓̆̍́ ̏̂̌́̅́̆̓ ̘̅̏̒̓́̓̏̎̏̊ 
̎̆̒̔̆̊̚ ̝̟̒̐̏̒̏̂̎̏̒̓Ȣ ˚́ ̒̓́̅̉̉ ̞̋̒Ȥ
̗̐̌̔́̓́̉̉ ̋ ̒̉̒̓̆̍̆ ̍̏̄̔̓ ̜̝̂̓ ̐̑̉Ȥ
̜̌̏̇̆̎ ̘̠̐̎̆̃̍́̓̉̆̒̋́ ̎́̄̑̔̈̋́ȟ ̒̉Ȥ
̠̌̏̃́ ̎́̄̑̔̈̋́ȟ ̓̆̍̐̆̑́̓̔̑̎̏̆ ̃̏̈̅̆̊Ȥ
̒̓̃̉̆ ̉ ̘̋̉̎̆̍́̓̉̆̒̋̏̆ ̃̏̈̅̆̊̒̓̃̉̆ ̃ 
̟̜̖̌̂ ̘̠̖̒̏̆̓́̎̉Ȣ 
˚́ ̋́̇̅̏̍ ̙́̄̆ ̠̐̑̉̑́̆̎̉̚ ̐́̑́Ȥ

̍̆̓̑̏̃ ̒ ̝̟̐̏̍̏̚ ̗̜̍́̓̑̉ ̠̒̃̈́̎̎̏Ȥ
̒̓̉ ̔̈̌̏̃ ̠̏̑̍̉̑̔̆̓̒̕ ̖̠̉̒̏̅̎́ ̒̉̒̓̆Ȥ

 ̱
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̍́ ̞̐̏̓́̐̎̏ ̜̖̌̉̎̆́̑̉̈̏̃́̎̎ ́̌̄̆̂̑́Ȥ
̘̖̉̆̒̋̉ ̔̑́̃̎̆̎̉̊ȡ 

[rab] h = (R )́,                      (1) 
̄̅̆ rab ɀ ̝̠̄̌̏̂́̌̎́ ̗̍́̓̑̉́ ̇̆̒̓̋̏̒̓̉ 
̜̒̉̒̓̆̍Ƞ h ɀ ̗̍́̓̑̉́-̗̒̓̏̌̂̆ ̜̖̉̒̋̏̍ 
̐̆̑̆̍̆̆̎̉̊̚Ƞ ɉ R  ́) - ̗̍́̓̑̉́- ̗̒̓̏̌̂̆ 
̜̖̒̃̏̂̏̅̎ ̘̌̆̎̏̃Ȣ 
˜̠̏̑̅̏̋ ̗̜̍́̓̑̉ ɍrabɎ ̑́̃̆̎ N = 3K ɀ 

d ȟ ̄̅̆ d ɀ ̘̋̏̌̉̆̒̓̃̏ ̜̖̈́̅́̎̎ ̜̖̏̐̏̑̎ 
̠̒̃̈̆̊ ̜̖̈́̋̑̆̐̌̆̎̎ ̔̈̌̏̃ ̜̒̉̒̓̆̍Ȣ 
˗̜́̇̅̊ ̞̌̆̍̆̎̓ ̗̍́̓̑̉-̗̒̓̏̌̂̏̃ 

̜̖̉̒̋̏̍ ̐̆̑̆̍̆̆̎̉̊̚ hb ̉ ̜̖̒̃̏̂̏̅̎ 
̘̌̆̎̏̃ Ŕ  ̃ ̟̒̃̏ ̘̝̏̆̑̆̅ ̒̏̒̓̏̉̓ ̉̈ 
̗̐̏̅̍́̓̑̉-̗̒̓̏̌̂̏̃ 
hb = (unb,vnb,wnb)T, R  ́= (-Ŕ x,-Ŕ y,-R ź)T, (2) 
̄̅̆ unb, vnb, wnb ɀ ̠̐̑̉̑́̆̎̉̚ ̐̆̑̆̍̆̆̚Ȥ
̎̉̊ ̔̈̌́  ̃̎́ ̓̆̋̔̆̍̚ ̙́̄̆ ̃ ̎́̐̑́̃̌̆Ȥ
̎̉̉ ̜̖̋̏̏̑̅̉̎́̓̎ ̏̒̆̊ ̖ȟ ̔ ̉ zȟ ́ R x́, Ŕ y, 
R ź ɀ ̗̑̆́̋̉̉ ̃ ̜̖̎́̌̏̇̆̎̎ ̎́ ̔̈̆̌  ́
̠̠̖̒̃̈ ̐̏ ̟̎́̐̑́̃̌̆̎̉ ̟̒̏̏̓̃̆̓̒̓̃̔Ȥ
̖̉̚ ̏̒̆̊ ̏̓ ̈́̅́̎̎̏̄̏ ̘̎́̄̑̔̈̏̎̏̄̏ 
̠̃̏̈̅̆̊̒̓̃̉Ȣ 
˜̑̉ ̖̐̆̑̆̏̅̆ ̏̓ ̗̎̔̍̆̑́̉̉ ̔̈̌̏̃ ̋ 

̝̄̌̏̂́̌̎̏̊ ̗̎̔̍̆̑́̉̉ ̜̖̎́̌̏̇̆̎̎ ̎́ 
̒̉̒̓̆̍̔ ̠̒̃̈̆̊ ̘̜̔̉̓̃́̆̍ ̈́̃̉̒̉̍̏̒̓̉ȡ 
i = 3a-2; k = 3b-2. 
˕̎̅̆̋̒́̍ ax, ay ̉ az ̟̒̏̏̓̃̆̓̒̓̃̔̓ 

̜̉̎̅̆̋̒ i, i+1, iϹςȟ ́ ̉̎̅̆̋̒́̍ bx, by, bz ɀ 
̜̉̎̅̆̋̒ k, k+1, k+2. 
ˏ̜̘̉̒̌̉̃ ̞̗̜̋̏̉̉̆̎̓̕̕ ̜̒̉̒̓̆̍ 

̔̑́̃̎̆̎̉̊ ɉρɊ ̐̑̉ ́ Ѐ ρȟ K, ̃ ̒̏̏̓̃̆̓Ȥ
̒̓̃̉̉ ̒ ̎̏̍̆̑́̍̉ ̔̈̌̏̃ ̜̒̉̒̓̆̍ ̏̑̕Ȥ
̍̉̑̔̆̍ ̙̟̟̑́̈̑̆́̔̚ ̒̉̒̓̆̍̔ ̔̑́̃̎̆Ȥ
̎̉̊ ̍̆̓̏̅́ ̘̜̖̋̏̎̆̎ ̞̌̆̍̆̎̓̏̃ 

)R(x]r[ ikik = , K,1i= , K,1k=      (3) 

̃ ̒̏̏̓̃̆̓̒̓̃̉̉ ̒ ̝̄̌̏̂́̌̎̏̊ ̗̎̔̍̆̑́̉Ȥ
̆̊ ̜̖̎́̌̏̇̆̎̎ ̎́ ̒̉̒̓̆̍̔ ̠̒̃̈̆̊Ȣ 
˝̙̠̆́ ̒̉̒̓̆̍̔ ̔̑́̃̎̆̎̉̊ ɉσɊȟ ̖̎́̏Ȥ

̅̉̍ ̜̉̒̋̏̍̆ ̠̐̆̑̆̍̆̆̎̉̚ xk ̉ ̑́̒̐̑̆Ȥ
̠̅̆̌̆̍ ̖̉ ̐̏ ̔̈̌́̍ ̜̒̉̒̓̆̍ȟ ̓Ȣ̆Ȣ ̏̐̑̆Ȥ
̠̅̆̌̆̍ ̜̔̈̌̏̃̆ ̠̐̆̑̆̍̆̆̎̉̚ una, vna ̉ 
wnaȟ ̘̜̐̏̌̔̆̎̎̆ ̒̉̒̓̆̍̏̊ ̎́ ̙́̄̆ n ̐̏ 
̟̎́̐̑́̃̌̆̎̉ ̏̒̆̊ ̖ȟ ̔ ̉ z. 
ˑ́̌̆̆ ̠̏̐̑̆̅̆̌̆̍ ̐̑̉̑́̆̎̉̆̚ ̐̑̏Ȥ

̝̅̏̌̎̏̄̏ ̠̔̒̉̌̉ DNab ̃ ̋́̇̅̏̍ ̒̓̆̑̇̎̆ 
b́ ̎́ ̙́̄̆ nȢ ˔̘̠̎́̆̎̉ ̋̏̏̑̅̉̎́̓ ̔̈̌̏̃ 
̜̒̉̒̓̆̍ xa, ya, za ̃ ̗̋̏̎̆ n-̄̏ ̙́̄́ ̝̃́̑Ȥ
̠̉̑̏̃́̎̉ ̐́̑́̍̆̓̑̏̃ ̠̟̠̏̐̑̆̅̆̌̓̒ ̐̏ 
̏̑̍̔̌́̕ ̍

xn+1,a = xna + una; 
yn+1,a = yna + vna;                     (4) 
zn+1,a = zna + wna. 

˜̑̉ ̘̑́̒̆̓̆ ̍̆̍̂̑́̎̎̏-
̘̖̐̎̆̃̍́̓̉̆̒̋̉ ̒̉̒̓̆̍ ́̃̓̏̑ ̐̑̆̇̌̏Ȥ
̇̉̌ ̘̜̝̔̉̓̃́̓ ̔̐̑̔̄̉̆ ̒̃̏̊̒̓̃́ ̃̏̈̅̔Ȥ
̖́ȟ ̘̈́̋́̆̎̎̏̄̏ ̃ ̘̄̆̑̍̆̓̉̆̒̋̉ ̈́̍̋̎̔Ȥ
̟̓̔ ̝̐̏̌̏̒̓ ̠̒̏̏̑̔̇̆̎̉ȟ ̓Ȣ̆Ȣ ̘̜̝̔̉̓̃́̓ 
̠̃̌̉̎̉̆ ̎́ ̅́̃̌̆̎̉̆ pn ̖̔̐̑̔̄̉ ̐̆̑̆̍̆Ȥ
̆̎̉̊̚ ̠̐̏̒̏̃ ̌̉̎̈̏̏̂̑́̈̎̏̄̏ ̜̠̐̏̋̑̓̉Ȣ 
˜̑̉ ̞̓̏̍ ̐̑̉̑́̆̎̉̆̚ ̛̏̂̆̍́ ̐̎̆̃̍̏Ȥ
̜̌̉̎̈ DV ̠̠̏̐̑̆̅̆̌̆̓̒ ̃ ̈́̃̉̒̉̍̏̒̓̉ ̏̓ 
̠̅́̃̌̆̎̉ P ̉ ̜̓̆̍̐̆̑́̓̔̑ T ̖̃̏̈̅̔́ ̃ 
̈́̍̋̎̔̓̏̊ ̐̏̌̏̒̓̉ ̜̐̎̆̃̍̏̌̉̎̈Ȣ 
˕̈ ̝̔̎̉̃̆̑̒́̌̎̏̄̏ ̠̔̑́̃̎̆̎̉ ̒̏Ȥ

̠̠̒̓̏̎̉ ̄́̈́ 

T

PV

T

VP

1

11 = ,                       (5) 

̛̠̟̏̂̆̅̉̎̆̄̏̚ ̜̉̈̃̆̒̓̎̆ ̜̈́̋̏̎ 
ˎ̠̏̊̌-˙́̑̉̏̓̓́ ̉ ː̆̊-˘̟̒̒́̋́ȟ ̃ ̋̏̓̏Ȥ
̑̏̍ ̜̐́̑́̍̆̓̑ P1, V1, T1 ̖̟́̑́̋̓̆̑̉̈̔̓ 
̒̉̒̓̆̍̔ ̎́ ̘̋̏̎̆̎̏̊ ̒̓́̅̉̉ ̍̏̎̓́̇́ȟ ̒ 
̘̔̆̓̏̍ ̈́̃̉̒̉̍̏̒̓̆̊ 

P = P1 + DP, 
V = V1 + DV, 
T = T1 + DT, 

̖̎́̏̅̉̍ȟ ̘̓̏ 

V
V

P
T

T

P
P 1 D-D=D               (6) 

ˏ̜̘̠̉̒̌̆̍ ̐̑̉̑́̆̎̉̆̚ ̛̏̂̆̍́ DV 
̈́̍̋̎̔̓̏̊ ̐̏̌̏̒̓̉ ɉ̠̐̏̍̆̆̎̉̚ȟ ̐̎̆̃Ȥ
̜̍̏̌̉̎̈ ̉̌̉ ̝̖̎̆̒̋̏̌̋̉ ̐̎̆̃̍̏̌̉̎̈ȟ 
̆̒̌̉ ̏̎̉ ̠̠̟̠̃̌̓̒ ̟̠̒̏̏̂́̉̍̉̒̚̚ 
̒̏̒̔̅́̍̉Ɋ ̃ ̈́̃̉̒̉̍̏̒̓̉ ̏̓ ̝̃̆̑̓̉̋́̌Ȥ
̜̖̎ ̐̑̏̄̉̂̏̃ ̠̐̏̒̏̃ ̜̠̐̏̋̑̓̉ ̎́ ̐̑̏Ȥ
̝̉̈̃̏̌̎̏̍ ̙́̄̆ n ̎ ̠́̄̑̔̇̆̎̉ ̜̒̉̒̓̆̍Ȣ 

 
˝̉̒Ȣ 2. ̨ ̜̓́̐̌̉̃́̆̍̊ ̄́̑́̇ ̄Ȣ ˎ̏̅́̊̂̏ 

 
˝̉̒Ȣ 3. ˞ ̋̌́̅ ̘̖̍̆̓́̌̌̉̆̒̋̉ ̉̈̅̆̌̉̊ 

˙̠̏̒̋̏̃̒̋́ ̝̏̂̌́̒̓ 
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˜̠̏̌́̄́ 
DP = pn, P = P ,̏ 
DV = DVn, V = V ,̏                    (7) 
DT = DTn, T = T ,̏ 

̄̅̆ P ,̏ V ,̏ T  ̏ ̖̟́̑́̋̓̆̑̉̈̔̓ ̎̆̃̏̈̍̔Ȥ
̧̎̎̏̆̚ ̠̒̏̒̓̏̎̉̆ ̜̒̉̒̓̆̍ ̎́ ̓̆̋̔̆̍̚ 
̙́̄̆ nȟ ̓Ȣ̆Ȣ 

)1c(
n

1n

1r
r1

o p5,0pPP -
-

=

+ä+= , 

)1c(
n

1n

1r
r1

o V5,0VVV -
-

=

D+ä+= ,        (8) 

)1c(
n

1n

1r
r1

o T5,0TTT -
-

=

D+ä+=  

̜̃̑́̇́̆̍ ̐̑̉̑́̆̎̉̆̚ ̠̅́̃̌̆̎̉ ̃ ̈́Ȥ
̍̋̎̔̓̏̊ ̐̏̌̏̒̓̉ ̎́ ̙́̄̆ n ̘̆̑̆̈ ̐̑̉Ȥ
̠̑́̆̎̉̚ ̎́ ̙́̄̆ n ̜̓̆̍̐̆̑́̓̔̑ DTn ̉ 
̧̛̏̂̍́ DVn ̈ ́̍̋̎̔̓̏̊ ̐̏̌̏̒̓̉ 

no

1
no

o
)c(

n
)c(

n V
V

P
T

P

P
PP D-D==D .      (9) 

˙̆̓̏̅̉̋́ȟ ̠̑́̈̑́̂̏̓́̎̎́ ́̃̓̏̑́̍̉ 
̝̒̓́̓̉, ̠̐̏̈̃̏̌̆̓ ̝̐̑̏̉̈̃̏̅̉̓ ̘̔̆̓ 

̘̄̆̏̍̆̓̑̉̆̒̋̏̊ ̎̆̌̉̎̆̊̎̏̒̓̉ ̔ ̐̎̆̃Ȥ
̘̖̍́̓̉̆̒̋̉ ̠̖̒̏̏̑̔̇̆̎̉ ̃ ̗̐̑̏̆̒̒̆ ̖̉ 
̞̗̋̒̐̌̔́̓́̉̉ȟ ̏̒̏̂̆̎̎̏ ̃ ̈̉̍̎̉̊ ̐̆̑̉Ȥ
̏̅ȟ ̐̑̉ ̜̃̐́̅̆̎̉̉ ̝̙̂̏̌̏̄̏ ̘̋̏̌̉̆Ȥ
̒̓̃́ ̒̎̆̄́Ȣ 

 
˞̐̉̒̏̋ ̜̌̉̓̆̑́̓̔̑ 

ρȢ ˗̉̍ ˍȢ˫Ȣ ˜́̓̆̎̓ ˝ˡ Ο ςπωυυστ ̏̓ 
ρπȢρρȢρωωχ ̄Ȣ ˙̆̍̂̑́̎̎̏-̋́̑̋́̒̎̏̆ ̐̎̆̃̍́Ȥ
̘̓̉̆̒̋̏̆ ̒̏̏̑̔̇̆̎̉̆Ȣ ˝˛˞˜ˍ˟˒˚˟ ˝ˡȟ ˙̏̒̋̃́ȟ 
1997. - ρφ ̒Ȣ 

ςȢ ˗̉̍ ˍȢ˫Ȣ ˝̘́̒̆̓ ̍̆̍̂̑́̎̎̏-
̘̖̐̎̆̃̍́̓̉̆̒̋̉ ̒̉̒̓̆̍ ̒ ̘̔̆̓̏̍ ̜̖̎̆̌̉̎̆̊̎ 
́̋̓̏̑̏̃̕Ȣ ˗̎̉̄́ ρȢ ˗̝̜̏̎̓̉̎̔́̌̎̆ ̘̜̑́̒̆̓̎̆ 
̖̜̒̆̍Ȣ ˞́̑́̓̏̃̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ́̄̑́̑Ȥ
̜̎̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ ˞́̑́̓̏̃ȟ ςπππȢ - ρωψ ̒Ȣ ˙̏Ȥ
̠̎̏̄̑́̉̕ ̅̆̐̏̎̉̑̏̃́̎́ ̃ ˏ˕˚˕˟˕ ˝ˍ˚ 
ςτȢπτȢππ Ο ρρτψ- ˏ ςπππȢ 

σȢ ˗̉̍ ˍȢ˫Ȣ ˝̘́̒̆̓ ̍̆̍̂̑́̎̎̏-
̘̖̐̎̆̃̍́̓̉̆̒̋̉ ̒̉̒̓̆̍ ̒ ̘̔̆̓̏̍ ̜̖̎̆̌̉̎̆̊̎ 
́̋̓̏̑̏̃̕Ȣ ˗̎̉̄́ ςȢ ˑ̜̉̒̋̑̆̓̎̆ ̘̜̑́̒̆̓̎̆ 
̖̜̒̆̍Ȣ ˞ːˍˠȟ ˞́̑́̓̏̃ȟ ςπππȢ - ρςω ̒Ȣ ˙̏̎̏̄̑́Ȥ
̠̉̕ ̅̆̐̏̎̉̑̏̃́̎́ ̃ ˏ˕˚˕˟˕ ˝ˍ˚ ςωȢπυȢππ Ο 
1547- ˏ ςπππȢ 

 
 
 
ˠˑ˗ φωȢπσσ 
 
˗̉̍ ˍ.˫., ˏ ́̌̆̓̏̃ ˙. .̞ 
˞́̑́̓̏̃̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓Ȼ ̉̍Ȣ ˫ȢˍȢ ː ́̄́̑̉̎́ȟ ˞́̑́̓̏̃ 
 
˜˝˕˙˒˚˒˚˕˒ ˜˝˛ː˝ˍ˙˙˨ Ⱥ˜˚˒ˏ˙ˍ˟˕˗ˍȻ ˑ˘ˬ ˝ˍ˞ˤ˒˟ˍ ˜˚˒ˏ˙ˍ˟˕ˤ˒˞˗˕ˢ 

˞˛˛˝ˠ˓˒˚˕˖ ̊ ˍ ˞˟ˍ˟˕ˤ˒˞˗˕˒ ˕ ˑ˕˚ˍ˙˕ˤ˒˞˗˕˒ ˚ˍː˝ˠ˔˗˕ 

ˍ̜̃̓̏̑ ̝̒̓́̓̉ ̠̈̎́̋̏̍̓ ̘̉̓́̓̆̌̆̊ ̎́ 
̐̑̉̍̆̑̆ ̍̎̏̄̏̐̑̏̌̆̓̎̏̄̏ ̌̉̎̈̏̏̂̑́̈̎̏̄̏ 
̘̐̎̆̃̍́̓̉̆̒̋̏̄̏ ̠̒̏̏̑̔̇̆̎̉ ̒ ́̌̄̏̑̉̓̍̏̍ 
̘̑́̒̆̓́ ̔̐̑̔̄̏̊ ̜̑́̂̏̓ ̖̃̏̈̅̔́ ̃̎̔̓̑̉ ̅́̎Ȥ
̎̏̄̏ ̠̒̏̏̑̔̇̆̎̉Ȣ ˝́̂̏̓́ ́̌̄̏̑̉̓̍́ ̏̒̎̏̃́̎́ 
̎́ ̙̜̖́̄̏̃ ̖̍̆̓̏̅́ ̘̑́̒̆̓́ ̉ ̠̐̑̉̍̆̎̆̎̉ ̎́ 
̙́̄̆ ˙˗˪ȟ ́ ̓́̋̇̆ ̝̔̎̉̃̆̑̒́̌̎̏̄̏ ̠̔̑́̃̎̆̎̉ 
̠̠̒̏̒̓̏̎̉ ̄́̈́Ȣ ˚́ ̏̒̎̏̃́̎̉̉ ̅́̎̎̏̄̏ ́̌̄̏Ȥ
̑̉̓̍́ ̜̂̌́ ̒̏̒̓́̃̌̆̎́ ̐̑̏̄̑́̍̍́ Ⱥ˜̎̆̃̍́Ȥ
̓̉̋́Ȼȟ ̏̒̎̏̃̎̏̆ ̘̐̑̆̅̎́̈̎́̆̎̉̆ ̋̏̓̏̑̏̊ 
̘̑́̒̆̓ ̜̖̎̆̌̉̎̆̊̎ ̍̆̍̂̑́̎̎̏-
̘̖̐̎̆̃̍́̓̉̆̒̋̉ ̒̉̒̓̆̍ ̎́ ̘̜̑́̈̌̉̎̆ ̜̃̉̅ 
̎́̄̑̔̈̋̉ȟ ̃ ̓̏̍ȟ ̘̉̒̌̆ ̎́ ̘̐̏̅̋́̋̔ ̉ ̞̋̒̓̑̆̎Ȥ
̜̎̊ ̜̖̃̏̅ ̖̃̏̈̅̔́ ̉̈ ̠̒̏̏̑̔̇̆̎̉ ̐̑̉ ́̃́Ȥ
̜̖̑̉̊̎ ̗̠̖̒̉̓̔́̉Ȣ 

 
̜́̎̎̊ ́̌̄̏̑̉̓̍ ̠̐̏̈̃̏̌̆̓ ̘̔̉Ȥ
̜̝̓̃́̓ ̝̈́̃̉̒̉̍̏̒̓ ̠̐̑̉̑́̆̎̉̚ 

̠̅́̃̌̆̎̉ ̖̃̏̈̅̔́ ̃ ̐̎̆̃̍̏̌̉̎̈̆ ̐̆̑̆Ȥ
̜̠̋̑̓̉ ̠̒̏̏̑̔̇̆̎̉ ̏̓ ̖̃̒̆ ́̋̓̏̑̏̃̕ȟ 
̖̟̖́̑́̋̓̆̑̉̈̔̉̚ ̠̒̏̒̓̏̎̉̆ ̖̃̏̈̅̔́ȟ ́ 

̉̍̆̎̎̏ ̏̓ ̜̓̆̍̐̆̑́̓̔̑ȟ ̧̛̏̂̍́ ̐̏̌̏̒̓̉ 
̉ ̏̓ ̒́̍̏̄̏ ̠̅́̃̌̆̎̉ȟ ̓Ȣ̆Ȣ ̐̏ ̏̑̍̔̌̆̕ Ў0 
Ѐ Æ ɉ6ȟ 4ȟ 0ɊȢ ˞̍̏̓̑̉ ̑̉̒Ȣ ρ ̉ ς ɍρȟ ̒Ȣ 39]. 
˕̈ ̜̃̆̒̓̎̆ ̍̆̓̏̅̉̋̉ ̘̒̓́̓̉̆̒̋̏̄̏ 

̧̘̑́̒̓́ ̙̖̐̑̏̒̓̆̊̉ ̍̆̍̂̑́̎̎̏-
̘̖̐̎̆̃̍́̓̉̆̒̋̉ ̒̉̒̓̆̍ ̜̏̒̎̏̃́̎ ̎́ 
̐̑̉̍̆̎̆̎̉̉ ̋́̋ ̌̉̎̆̊̎̏̊ȟ ̓́̋ ̉ ̎̆̌̉Ȥ
̎̆̊̎̏̊ ̜̒̉̒̓̆̍ ̉̎̓̆̄̑̏-
̗̝̜̖̅̉̆̑̆̎̉́̌̎̕̕ ̔̑́̃̎̆̎̉̊ ̑́̃̎̏̃̆Ȥ
̠̒̉ ̜̠̐̏̋̑̓̉ȟ ̎̏ ̟̐̑̆̅̐̏̌́̄́̓ ̠̐̏̒̓̏̎Ȥ
̒̓̃̏ ̠̅́̃̌̆̎̉ ̖̃̏̈̅̔́ ̃ ̐̏̌̏̒̓̉ ̐̑̉ 
̎́̄̑̔̇̆̎̉̉ȟ ̓Ȣ̆Ȣ Ð Ѐ ÃÏÎÓÔȢ ̉̌̉ȟ ̅̑̔̄̉̍̉ 
̒̌̏̃́̍̉ȟ ̟̐̑̆̅̐̏̌́̄́̓ȟ ̘̓̏ ̃ ̠̖̔̑́̃̎̆̎̉ 
6 Ѐ ÃÏÎÓÔȢȟ ̄̅̆ 6 ɀ ̧̛̏̂̍ ̈́̍̋̎̔̓̏̊ ̐̏̌̏Ȥ
̒̓̉ ̜̠̐̏̋̑̓̉Ȣ ˏ ̓̏ ̇̆ ̠̃̑̆̍ ̧̘̠̑́̒̓̎́ 
̘̃̆̌̉̉̎́ ̠̅́̃̌̆̎̉ȟ ̠̐̏̒̓̏̎̎̏̄̏ ̃ ̐̑̏Ȥ
̗̆̒̒̆ ̠̎́̄̑̔̇̆̎̉ ̜̒̉̒̓̆̍ȟ ̃ ̖̎̆̏̂̏̅̉Ȥ
̜̖̍ ̘̠̖̒̌̔́ ̝̐̑̉̎̉̍́̌́̒ ̒ ̧̘̔̓̏̍ ̓̆̍Ȥ
̜̐̆̑́̓̔̑ ̟̏̋̑̔̇́̆̊̚ ̜̒̑̆̅ ̒̏̄̌́̒̎̏ 

 ˑ
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̈́̋̏̎̔ ˥̠́̑̌ȟ ̓Ȣ̆Ȣ ̘̜̝̔̉̓̃́̌̏̒ȟ ̘̓̏ ̐̑̉ 
˟ Ѐ ςχσ ̠̏  ɍςȟ ̒Ȣ 116]. 

 
˝̉̒Ȣ ρȢ ˏ̖̏̈̅̔̏̏̐̏̑̎̏̆ ̒̏̏̑̔̇̆̎̉̆ 
̒̐̏̑̓̉̃̎̏̄̏ ̘̠̎́̈̎́̆̎̉ ̄Ȣ ˗́̌̔̄́ 

˜̏ ̜̉̈̃̆̒̓̎̍ ̍̆̓̏̅̉̋́̍ ̧̘̑́̒̓́ 
̗̋̏̎̒̓̑̔̋̉̊ ̍̆̓̏̅̏̍ ̘̜̖̋̏̎̆̎ ̞̌̆Ȥ
̍̆̎̓̏̃ ̜̑́̈̑́̂̏̓́̎ ̜̐̑̏̄̑́̍̍̎̆ ̋̏̍Ȥ
̜̐̌̆̋̒ ̧̘̑́̒̓́ ̗̋̏̎̒̓̑̔̋̉̊ ̎́ ˪ˏ˙ ̋́̋ 
̃ ˝̏̒̒̉̉ȟ ̓́̋ ̉ ̈́ ̑̔̂̆̇̏̍Ȣ ˗ ̓́̋̉̍ 
̋̏̍̐̌̆̋̒́̍ ̠̠̏̓̎̏̒̓̒ȟ ̎́̐̑̉̍̆̑ȟ Ⱥ˞̔Ȥ
̐̆̑Ȼȟ Ⱥ˘̉̑́Ȼȟ Ⱥ˙̉̑́̇Ȼȟ Ⱥ#ÏÓÍÏÓȻ ̉ ̍̎̏Ȥ
̄̉̆ ̅̑̔̄̉̆Ȣ ˛̅̎́̋̏ȟ ̞̓̉ ̜̋̏̍̐̌̆̋̒ ̎̆ 
̝̒̏̈̅́̃́̌̉̒ ̠̅̌ ̧̘̑́̒̓́ ̒̉̒̓̆̍ȟ ̃ ̋̏̓̏Ȥ
̜̖̑ ̘̜̄̆̑̍̆̓̉̎̆ ̐̏̌̏̒̓̉ ̒̔̆̒̓̃̆̎̎̏̚ 
̠̟̠̉̈̍̆̎̓̒ ̃ ̧̛̏̂̍̆ ̏̓ ̠̅̆̊̒̓̃̉ 
̎́̄̑̔̈̏̋ ̉ ̔̇̆ ̞̐̏̓̏̍̔ ̎̆ ̍̏̄̔̓ ̜̝̂̓ 
̜̐̑̉̍̆̎̆̎ ̠̅̌ ̧̘̑́̒̓́ ̖̄̉̂̋̉ ̍̆̍Ȥ
̂̑́̎̎̏-̘̖̐̎̆̃̍́̓̉̆̒̋̉ ̒̉̒̓̆̍Ȣ ˝́̈̔̍̆Ȥ
̠̆̓̒ȟ ̜̎̆̋̏̓̏̑̆ ̉̈ ̑́̎̆̆ ̜̖̒̏̈̅́̎̎ 
̜̖̐̑̏̄̑́̍̍̎ ̋̏̍̐̌̆̋̒̏̃ȟ ̎́̐̑̉̍̆̑ȟ 
̠́̍̆̑̉̋́̎̒̋́ ̐̑̏̄̑́̍̍́ Ⱥ˗̏̒̍̏̒Ȼȟ 
̘̜̟̔̉̓̃́̓ ̝̈́̃̉̒̉̍̏̒̓ ̠̅́̃̌̆̎̉ ̄́̈́ ̃ 
̘̄̆̑̍̆̓̉̎̏̊ ̐̏̌̏̒̓̉ ̏̓ ̜̓̆̍̐̆̑́̓̔̑Ȣ 
˛̅̎́̋̏ ̉̈̃̆̒̓̎̏ȟ ̘̓̏ȟ ̒̏̄̌́̒̎̏ ̈́̋̏̎̔ 
ˎ̠̏̊̌-˙́̑̉̏̓̓́ȟ ̅́̃̌̆̎̉̆ ̖̃̏̈̅̔́ ̃ 
̈́̍̋̎̔̓̏̊ ̐̏̌̏̒̓̉ ̈́̃̉̒̉̓ ̓́̋̇̆ ̏̓ 
̧̛̏̂̍́ ̐̏̌̏̒̓̉ ̐̏ ̏̑̍̔̌̆̕ȡ 

V

VP
P 00Ö=  ̐ ̑̉ ˟Ѐconst,          (1) 

̄̅̆ Ў6 Ѐ 6ɀVoȟ ́ Vo ɀ ̧̛̏̂̍ ̈́̍̋̎̔̓̏̊ 
̐̏̌̏̒̓̉ ̜̠̐̏̋̑̓̉ ̐̑̉ ̝̎̏̑̍́̌̎̏̍ 
̅́̃̌̆̎̉̉ 0o ̉  ̝̎̏̑̍́̌̎̏̊ ̓̆̍̐̆̑́̓̔̑̆Ȣ 
ˍ̃̓̏̑́̍̉ ̝̒̓́̓̉ ̒ ̘̉̈̉̆̒̋̏̊̕ ̘̓̏Ȥ

̋̉ ̠̈̑̆̎̉ȟ ̘̜̠̔̉̓̃́̆̓̒ ̎̆̌̉̎̆̊̎̏-
̠̔̐̑̔̄́ ̑́̂̏̓́ ̖̃̏̈̅̔́ ̐̎̆̃̍̏̐̏̌̏̒̓̉ 
̜̠̐̏̋̑̓̉ 

ñ xD+=
V
0 dV)PP(A ,              (2) 

̄̅̆ ˍ ɀ ̑́̂̏̓́ ̖̃̏̈̅̔́ ̐̑̉ ̒̇́̓̉̉ȟ ʊ ɀ
̞̘̍̐̉̑̉̆̒̋̉̊ ̞̗̋̏̉̉̆̎̓̕̕ȟ ̎́ ̏̒̎̏̃̆ 
̝̔̎̉̃̆̑̒́̌̎̏̄̏ ̠̔̑́̃̎̆̎̉ ̠̠̒̏̒̓̏̎̉ 
̄́̈́Ȣ  

˝́̒̒̍̏̓̑̉̍ ̜̐̏̋̑̓̉̆ȟ ̜̃̐̏̌̎̆̎Ȥ
̎̏̆ ̃ ̃̉̅̆ ̜̐̎̆̃̍̏̌̉̎̈ ɉ̉̌̉ ̃ ̃̉̅̆ 
̋́̋̏̊-̓̏ ̅̑̔̄̏̊ ̈́̍̋̎̔̓̏̊ ̐̏̌̏̒̓̉ɊȢ 
˜̝̔̒̓ ̛̏̂̆̍ȟ ̓̆̍̐̆̑́̓̔̑́ ̉ ̅́̃̌̆̎̉̆ 
̖̃̏̈̅̔́ ̜̐̎̆̃̍̏̌̉̎̈ ̖̟̠́̑́̋̓̆̑̉̈̔̓̒ 
̐́̑́̍̆̓̑́̍̉ 6ȟ 4 ̉ 0 ̒̏̏̓̃̆̓̒̓̃̆̎̎̏Ȣ 
˝́̒̒̍́̓̑̉̃́̆̍ ̟̒̌̆̅̔̉̆̚ ̒̓́̅̉̉ 

̍̆̍̂̑́̎̎̏-̘̐̎̆̃̍́̓̉̆̒̋̏̊ ̜̒̉̒̓̆̍Ȣ 
ρɊ ˗̘̠̏̎̆̎́ ̠̒̓́̅̉ ̍̏̎̓́̇́ȟ ̖́̑́̋Ȥ

̠̓̆̑̉̈̔̆̍́ ̐́̑́̍̆̓̑́̍̉ V1, T1, P1. 
ςɊ ˝̘̠́̒̆̓̎́ ̠̒̓́̅̉ ̞̗̋̒̐̌̔́̓́̉̉ȟ 

̖̠́̑́̋̓̆̑̉̈̔̆̍́ ̐́̑́̍̆̓̑́̍̉ V, T, P. 
σɊ ˚̝̜̏̑̍́̌̎̆ ̜́̓̍̏̒̆̑̎̆̕ ̔̒̌̏Ȥ

̠̃̉ȟ ̖̜́̑́̋̓̆̑̉̈̔̆̍̆ ̐́̑́̍̆̓̑́̍̉ Vo, 
To, Po, ̐̑̉ PoЀρπρωσχ ˜́ ɉ̉̌̉ χφπ ̍̍ ̑̓Ȣ 
̒̓̏̌̂́ɊȠ To=273 K ɉ̉̌̉ π˞ɊȠ Vo ɀ ̛̏̂̆̍ 
̖̃̏̈̅̔́ ̃ ̖̐̎̆̃̍̏̌̉̎̈́ ̐̑̉ Po ̉  To. 

 
˝̉̒Ȣ ς. ̃ ̘̎̆̃̍́̓̉̆̒̋̏̆ ̒̏̏̑̔̇̆̎̉̆ ̒ 

̜̌̉̎̈̏̏̂̑́̈̎̍ ̜̐̏̋̑̓̉̆̍ 

˔̝̅̆̒ ̜̃̃̆̅̆̎ ̘̠̏̂̏̈̎́̆̎̉ȡ V1, T1, 
P1 ɀ ̛̏̂̆̍ȟ ̓̆̍̐̆̑́̓̔̑́ ɉ̐̏ ˗̝̆̌̃̉̎̔Ɋ ̉ 
̅́̃̌̆̎̉̆ȟ ̘̈́̋́̆̎̎̏̄̏ ̃ ̐̎̆̃̍̏̌̉̎̈̔ 
̖̃̏̈̅̔́ ̎́ ̘̋̏̎̆̎̏̊ ̒̓́̅̉̉ ̍̏̎̓́̇́ 
̜̒̉̒̓̆̍Ƞ V, T, P ɀ ̛̏̂̆̍ȟ ̓̆̍̐̆̑́̓̔̑́ ̉ 
̅́̃̌̆̎̉̆ ̘̈́̋́̆̎̎̏̄̏ ̃ ̐̎̆̃̍̏̌̉̎̈̔ 
̖̃̏̈̅̔́ ̎́ ̘̑́̒̆̓̎̏̊ ̒̓́̅̉̉ ̞̋̒̐̌̔́̓́Ȥ
̗̉̉ ̜̒̉̒̓̆̍Ƞ Vo, To, Po - ̝̜̎̏̑̍́̌̎̆ 
̛̏̂̆̍ȟ ̓̆̍̐̆̑́̓̔̑́ ̉ ̅́̃̌̆̎̉̆ ̖̃̏̈̅̔́ 
̜̐̎̆̃̍̏̌̉̎̈Ȣ 
˛̐̑̆̅̆̌̉̍ ̐̑̉̑́̆̎̉̆̚ ̛̏̂̆̍́ 

̜̐̎̆̃̍̏̌̉̎̈ DV ̃ ̈́̃̉̒̉̍̏̒̓̉ ̏̓ ̅́̃Ȥ
̠̌̆̎̉ P ̉ ̜̓̆̍̐̆̑́̓̔̑ T ̖̃̏̈̅̔́ ̃ ̈́Ȥ
̍̋̎̔̓̏̊ ̐̏̌̏̒̓̉ ̜̐̎̆̃̍̏̌̉̎̈ ̎́ ̒̓́Ȥ
̅̉̉ ̞̗̋̒̐̌̔́̓́̉̉ ̠̒̏̏̑̔̇̆̎̉Ȣ 
˕̈ ̝̔̎̉̃̆̑̒́̌̎̏̄̏ ̠̔̑́̃̎̆̎̉ ̒̏Ȥ

̒̓ ̠̠̏̎̉ ̄́̈́  

T

PV

T

VP

1

11 =                        (3) 

̛̠̟̏̂̆̅̉̎̆̄̏̚ ̜̉̈̃̆̒̓̎̆ ̜̈́̋̏̎ 
ˎ̠̏̊̌-˙́̑̉̏̓̓́ ̉ ː̆̊-˘̟̒́̋́ȟ ̃ ̋̏̓̏Ȥ
̑̏̍ ̜̐́̑́̍̆̓̑ P1, V1, T1 ̖̟́̑́̋̓̆̑̉̈̔̓ 
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̒̉̒̓̆̍̔ ̎́ ̘̋̏̎̆̎̏̊ ̒̓́̅̉̉ ̍̏̎̓́̇́ȟ ̒ 
̘̔̆̓̏̍ ̈́̃̉̒̉̍̏̒̓̆̊ 

P = P1 + DP, 
V = V1 + DV,                         (4) 
T = T1 + DT, 

̖̎́̏̅̉̍ȟ ̘̓̏ 

V
V

P
T

VT

VP
P 1

1

11 D-D=D              (5) 

̉̌̉ 

V
V

P
T

T

P
P 1 D-D=D                 (6) 

ˏ̜̘̠̉̒̌̆̍ ̐̑̉̑́̆̎̉̆̚ ̛̏̂̆̍́ DV 
̈́̍̋̎̔̓̏̊ ̐̏̌̏̒̓̉ ɉ̠̐̏̍̆̆̎̉̚ȟ ̐̎̆̃Ȥ
̜̍̏̌̉̎̈ ̉̌̉ ̝̖̎̆̒̋̏̌̋̉ ̐̎̆̃̍̏̌̉̎̈ȟ 
̆̒̌̉ ̏̎̉ ̠̠̟̠̃̌̓̒ ̟̒̏̏̂́̉̍̉̚̚ ̒̏̒̔Ȥ
̅́̍̉Ɋ ̃ ̈́̃̉̒̉̍̏̒̓̉ ̏̓ ̝̜̖̃̆̑̓̉̋́̌̎ 
̐̑̏̄̉̂̏̃ ̠̐̏̒̏̃ ̜̠̐̏̋̑̓̉ ̎́ ̐̑̏̉̈Ȥ
̝̃̏̌̎̏̍ ̙́̄̆  n  ̠̎́̄̑̔̇̆̎̉ ̜̒̉̒̓̆̍ 
[3, c. 46]. 
˜̠̏̌́̄́ 

DP = pn, P = P ,̏ 
DV = DVn, V = V ,̏                    (7) 
DT = DTn, T = T ,̏ 

̄̅̆ P ,̏ V ,̏ T  ̏ ̖̟́̑́̋̓̆̑̉̈̔̓ ̎̆̃̏̈̍̔Ȥ
̧̎̎̏̆̚ ̠̒̏̒̓̏̎̉̆ ̜̒̉̒̓̆̍ ̎́ ̓̆̋̔̆̍̚ 
̙́̄̆ nȟ ̓Ȣ̆Ȣ 

)1c(
n

1n

1r
r1

o p5,0pPP -
-

=

+ä+= , 

)1c(
n

1n

1r
r1

o V5,0VVV -
-

=

D+ä+= ,        (8) 

)1c(
n

1n

1r
r1

o T5,0TTT -
-

=

D+ä+=  

̜̃̑́̇́̆̍ ̐̑̉̑́̆̎̉̆̚ ̠̅́̃̌̆̎̉ ̃ ̈́Ȥ
̍̋̎̔̓̏̊ ̐̏̌̏̒̓̉ ̎́ ̙́̄̆ n ̘̆̑̆̈ ̐̑̉Ȥ
̠̑́̆̎̉̚ ̎́ ̙́̄̆ n ̜̓̆̍̐̆̑́̓̔̑ DTn ̉ 
̧̛̏̂̍́ DVn ̈ ́̍̋̎̔̓̏̊ ̐̏̌̏̒̓̉ 

no

1
no

o
)c(

n
)c(

n V
V

P
T

P

P
PP D-D==D .      (9) 

ˍ̜̃̓̏̑ ̅́̎̎̏̊ ̝̒̓́̓̉ ̟̠̎́̅̆̓̒ȟ 
̘̓̏ ̜̅́̎̎̊ ́̌̄̏̑̉̓̍ ̉ ̐̑̏̄̑́̍̍́ 
Ⱥ˜̎̆̃̍́̓̉̋́Ȼ ̂̔̅̔̓ ̜̃̏̒̓̑̆̂̏̃́̎ ̐̑̏Ȥ
̆̋̓̉̑̏̃̉̋́̍̉̚ ̘̖̐̎̆̃̍́̓̉̆̒̋̉ ̒̏Ȥ
̏̑̔̇̆̎̉̊ȟ ̜̋̏̓̏̑̆ ̘̝̏̆̎ ̞̜̆̋̓̉̃̎̕̕ ̃ 
̞̖̐̏̔ ̍̉̑̏̃̏̄̏ ̞̘̋̏̎̏̍̉̆̒̋̏̄̏ ̋̑̉̈̉Ȥ
̒́ ̉ ̜̖̈́̐́̅̎ ̗̒́̎̋̉̊ ̐̑̏̓̉̃ ˝̏̒̒̉̊Ȥ
̒̋̏̊ ˡ̗̆̅̆̑́̉̉ ̈́ ̘̒̆̓ ̍́̌̏̄̏ ̃̑̆̍̆̎̉ 
̠̃̏̈̃̆̅̆̎̉ ̉ ̜̎̆̃̒̏̋̏̊ ̗̜̆̎Ȣ 

 
˞̐̉̒̏̋ ̜̌̉̓̆̑́̓̔̑ 

ρȢ ː̗̏̑̏̅̆̋̉̊ ˍȢ˞Ȣ ̉ ̅̑Ȣ ˙̆̓̏̅ ̘̜̖̋̏̎̆̎ 
̞̌̆̍̆̎̓̏̃ ̃ ̐̑̏̆̋̓̉̑̏̃́̎̉̉ ̜̖̓̑́̎̒̐̏̑̓̎ 
̒̏̏̑̔̇̆̎̉̊Ȣ - ̇ Ȣȡ ˟̑́̎̒̐̏̑̓ȟ ρωψρȢ - ρτσ ̒Ȣ 

ςȢ ˑ́̃̉̅̆̎̋̏ ˑȢˡȢ ˛ ̐̑̉̍̆̎̆̎̉̉ ̍̆̓̏̅́ 
̗̃́̑̉́̉̉ ̐́̑́̍̆̓̑́ ̋ ̟̐̏̒̓̑̏̆̎̉ ̗̉̓̆̑́̉Ȥ
̜̖̏̎̎ ̏̑̍̔̌̕ ̜̙̐̏̃̆̎̎̏̊ ̘̓̏̎̏̒̓̉ ̠̅̌ 
̠̏̐̑̆̅̆̌̆̎̉ ̘̜̖̉̒̌̆̎̎ ̙̑̆̆̎̉̊ ̎̆̌̉̎̆̊Ȥ
̜̖̎ ̝̜̖̉̎̓̆̄̑́̌̎ ̔̑́̃̎̆̎̉̊Ȣ - ˑ̏̋̌Ȣ ˍ˚ 
˞˞˞˝ȟ ̓Ȣ ρφςȟ ˙Ȣȟ ρωφυȢ ̒Ȣ χψ-85. 

σȢ ˗̉̍ȟ ˍȢ˫Ȣ ˝̘́̒̆̓ ̍̆̍̂̑́̎̎̏-
̘̖̐̎̆̃̍́̓̉̆̒̋̉ ̒̉̒̓̆̍ ̒ ̘̔̆̓̏̍ ̜̖̎̆̌̉̎̆̊̎ 
́̋̓̏̑̏̃̕ Ⱦ ˍȢ˫Ȣ ˗̉̍ ɀ ˞́̑́̓̏̃Ȣȡ ˞ːˍˠ ̉̍Ȣ 
ˏ́̃̉̌̏̃́ ˚Ȣ˕Ȣȟ ˙̠̏̎̏̄̑́̉̕ ̅̆̐̏̎̉̑̏̃́̎́ ̃ 
ˏ˕˚˕˟˕ ˝ˍ˚ ςτȢπτȢππ Ο ρρτψ-  ˏςπππȢ ςπππȢ 
ɂρωψ ̒Ȣ 

 
 
 
ˠˑ˗ φωȢπσσ 
 
˗̉̍ ˍ.˫., ˏ ́̌̆̓̏̃ ˙. .̞ 
˞́̑́̓̏̃̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓Ȼ ̉̍Ȣ ˫ȢˍȢ ː ́̄́̑̉̎́ȟ ˞́̑́̓̏̃ 
 
˜˝˕˙˒˚˒˚˕˒ ˤ˕˞˘˒˚˚˨ˢ ̇ ˒˟˛ˑ˛ˏ ˑ˘ˬ ˝ˍ˞ˤ˒˟ˍ ̃ ˚˒ˏ˙ˍ˟˕ˤ˒˞˗˕ˢ 

˞˛˛˝ˠ˓˒˚˕˖ ˚ˍ ː˒˛˙˒˟˝˕ˤ˒˞˗ˠ˫ ˚˒˘˕˚˒˖˚˛˞˟˩ 

ˍ̜̃̓̏̑ ̅́̎̎̏̊ ̝̒̓́̓̉ ̠̈̎́̋̏̍̓ ̘̉̓́̓̆Ȥ
̌̆̊ ̎́ ̐̑̉̍̆̑̆ ̘̐̎̆̃̍́̓̉̆̒̋̏̄̏ ̠̒̏̏̑̔̇̆̎̉ 
̒ ̘̐̏̌̔́̎́̌̉̓̉̆̒̋̉̍ ̍̆̓̏̅̏̍ ̘̑́̒̆̓́ ̎̆̌̉Ȥ
̜̖̎̆̊̎ ́̋̓̏̑̏̃̕Ȣ ˝́̂̏̓́ ́̌̄̏̑̉̓̍́ ̏̒̎̏̃́̎́ 
̎́ ̙̜̖́̄̏̃ ̖̍̆̓̏̅́ ̘̑́̒̆̓́ ̉ ̠̐̑̉̍̆̎̆̎̉ ̎́ 
̙́̄̆ ̍̆̓̏̅́ ̘̜̖̋̏̎̆̎ ̞̌̆̍̆̎̓̏̃ȟ ́ ̓́̋̇̆ ̒ 
̐̑̉̍̆̎̆̎̉̆̍ ̗̉̓̆̑́̉̊ ̎́ ̙́̄̆ ̠̅̌ ̅̏̒̓̉̇̆Ȥ
̠̎̉ ̈́̅́̎̎̏̊ ̘̓̏̎̏̒̓̉ ̘̑́̒̆̓́Ȣ ˚́ ̏̒̎̏̃́̎̉̉ 
̅́̎̎̏̄̏ ́̌̄̏̑̉̓̍́ ̜̂̌́ ̒̏̒̓́̃̌̆̎́ ̐̑̏Ȥ
̄̑́̍̍́ Ⱥ˜̎̆̃̍́̓̉̋́Ȼȟ ̏̒̎̏̃̎̏̆ ̐̑̆̅̎́̈̎́Ȥ
̘̆̎̉̆ ̋̏̓̏̑̏̊ ̘̑́̒̆̓ ̜̖̎̆̌̉̎̆̊̎ ̍̆̍̂̑́̎Ȥ

̎ -̘̖̏̐̎̆̃̍́̓̉̆̒̋̉ ̒̉̒̓̆̍ ̎́ ̘̜̑́̈̌̉̎̆ 
̜̃̉̅ ̎́̄̑̔̈̋̉ȟ ̃ ̓̏̍ȟ ̘̉̒̌̆ ̎́ ̘̐̏̅̋́̋̔ ̉ 
̞̜̋̒̓̑̆̎̎̊ ̜̖̃̏̅ ̖̃̏̈̅̔́ ̉̈ ̠̒̏̏̑̔̇̆̎̉ ̐̑̉ 
̘̜̖̑́̈̌̉̎ ̗̠̖̒̉̓̔́̉Ȣ 

 
̜̃̓̏̑ ̅́̎̎̏̊ ̝̒̓́̓̉ ̠̐̑̉̍̆̎Ȥ
̟̓ ̘̐̏̌̔́̎́̌̉̓̉̆̒̋̉̊ ̙̜́̄̏̃̊ 

̍̆̓̏̅ ̐̑̉̑́̆̎̉̊̚ ̐́̑́̍̆̓̑̏̃ ̒ ̉̓̆̑́Ȥ
̗̉̏̎̎̏̊ ̗̐̑̏̆̅̔̑̏̊ ̎́ ̙́̄̆ ̠̅̌ ̘̑́̒̆Ȥ
̓́ ̜̖̎̆̌̉̎̆̊̎ ̒̏̏̑̔̇̆̎̉̊ ̒ ̝̟̐̏̍̏̚ 

 ̱
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̐̑̏̄̑́̍̍̎̏̄̏ ̋̏̍̐̌̆̋̒́ Ⱥ˜̎̆̃̍́̓̉̋́Ȼȟ 
̑́̈̑́̂̏̓́̎̎̏̄̏ ̠̅̌ ̘̑́̒̆̓́ ̎̆̌̉̎̆̊Ȥ
̜̖̎ ̘̖̐̎̆̃̍́̓̉̆̒̋̉ ̒̏̏̑̔̇̆̎̉̊Ȣ ˞̍̏̓Ȥ
̑̉ ̑̉̒Ȣ ρ ̉ ςȢ 

 
˝̉̒Ȣ 1. ˏ ̎̔̓̑̆̎̎̉̊ ̃̉̅ ̖̃̏̈̅̔̏̏̐̏̑̎̏̄̏ 
̠̈̅́̎̉ ̒̐̏̑̓̉̃̎̏̄̏ ̘̠̎́̈̎́̆̎̉ 

˝́̒̒̍̏̓̑̉̍ ̘̒̎́́̌́ ̟̉̅̆̊̎̔ ̒̓̏Ȥ
̑̏̎̔ ̉̈̃̆̒̓̎̏̄̏ ̍̆̓̏̅́ ̝̐̏̒̌̆̅̏̃́̓̆̌Ȥ
̜̖̎ ̎́̄̑̔̇̆̎̉̊ ̎́ ̐̑̉̍̆̑̆ ̐̑̏̉̈Ȥ
̝̃̏̌̎̏̊ ̄̉̂̋̏̊ ̜̒̉̒̓̆̍ȟ ̃ ̋̏̓̏̑̏̊ ̐̑̉ 
̅̆̊̒̓̃̉̉ ̝̜̖̐̑̏̉̈̃̏̌̎ ̘̖̒̓́̓̉̆̒̋̉ 
̎́̄̑̔̈̏̋ ̠̠̟̠̐̑̏̃̌̓̒ ̜̎̆̌̉̎̆̊̎̆ 
̜́̋̓̏̑̕Ȣ ɍρȟ ̒ȢψφɎȢ 
˜̝̔̒̓ ̠̎́̐̑̇̆̎̎̏-̅̆̏̑̍̉̑̏̃́̎̎̏̆̕ 

̠̒̏̒̓̏̎̉̆ ̝̐̑̏̉̈̃̏̌̎̏̊ ̄̉̂̋̏̊ ̜̒̉̒̓̆̍ 
̜̠̏̐̉̒̃́̆̓̒ ̜̎̆̋̏̓̏̑̍ ̜̎̆̌̉̎̆̊̎̍ 
̗̔̎̋̉̏̎́̌̏̍̕ ˍȟ 

A(x,y)=0,                        (1) 
̜̋̏̓̏̑̊ ̟̘̃̋̌́̆̓ ̃ ̠̒̆̂ ̜̎̆̐̑̆̑̃̎̏ 
̈́ ̠̃̉̒̉̆̚ ̏̓ ̍̎̏̇̆̒̓̃́ ̐́̑́̍̆̓̑̏̃ x 
̜̒̉̒̓̆̍ ̗̔̎̋̉̉̕ ̎́̋̏̐̌̆̎̉̊ yṒZȟ ̏̓Ȥ
̟̑́̇́̉̆̚ ̉̈̍̆̎̆̎̉̆ ̇̆̒̓̋̏̒̓̉ ̒̉̒̓̆Ȥ
̜̍ ̃ ̗̐̑̏̆̒̒̆ ̧̆ ̠̅̆̏̑̍̉̑̏̃́̎̉̕ȟ ̉ 
̜̉̒̋̏̍̆ ̗̔̎̋̉̉̕ Zȟ ̜̟̃̑́̇́̉̆̚ ̒̏̂̏̊ 
̠̐̆̑̆̍̆̆̎̉̚ȟ ̗̅̆̏̑̍́̉̉̕ ̉ ̠̎́̐̑̇̆Ȥ
̠̎̉ ̃ ̒̉̒̓̆̍̆Ȣ 

 
˝̉̒Ȣ 2. ̱ ̘̑̏̎̏-̋́̑̋́̒̎̏̆ 

̘̐̎̆̃̍́̓̉̆̒̋̏̆ ̒̏̏̑̔̇̆̎̉̆ ̄Ȣ ˙̏̒̋̃́ 

˒̒̌̉ ̞̓̉ ̗̔̎̋̉̉̕ ̜̜̎̆̐̑̆̑̃̎ ̉ 
̗̜̅̉̆̑̆̎̉̑̔̆̍̕̕ ̐̏ ˡ̙̑̆̆ ̃ ̘̓̏̋̆ x, 

̔ȟ ̓̏ ̐̑̉ ̘̅̏̒̓́̓̏̎̏ ̍́̌̏̊ ̘̃̆̌̉̉̎̆ Dx, 
̓Ȣ̆Ȣ ̐̑̉ ||ɝØȿȿЅɿ, ̒ ̐̑́̃̆̅̌̉̃̏ ̑́̃̆̎̒̓̃̏ȡ 
!ɉØϹɝØȟÙϹɝÙɊɀ!ɉØȟÙɊЀ!ȭɉØȟÙɊɝØϹ/ȿȿɝØȿȿ, 
̄̅̆ Aȭɉx,y) ɀ ̠̐̑̏̉̈̃̏̅̎́ ˡ̙̑̆̆ ̔̎̋̕Ȥ
̗̉̏̎́̌́ ˍ ̃ ̘̓̏̋̆ ̖ȟ ̔Ƞ Aȭɉx,y)ɝØ ɀ ̅̉̕Ȥ
̗̆̑̆̎̉́̌̕ ˡ̙̑̆̆Ƞ ||  || ɀ ̎ ̏̑̍́Ȣ 
ˏ̠̃̏̅ ̘̏̂̏̈̎́̆̎̉̆ 

)y,x(A
x

Z
nm

m

n ¡=
µ

µ
,                 (3)  

̙̈́̐̉̆̍ ̎́ ̏̒̎̏̃́̎̉̉ ̑́̃̆̎̒̓̃́ ɉςɊ 
̙̑̆̆̎̉̆ ̠̔̑́̃̎̆̎̉ 

A(x,y)=0,                       (4) 
̐̏ ̍̆ ̓̏̅̔ ̝̜̖̐̏̒̌̆̅̏̃́̓̆̌̎ ̎́̄̑̔̇̆Ȥ
̎̉̊ ̒ ̐̑̉̍̆̎̆̎̉̆̍ ̘̉̒̌̆̎̎̏̊ ̗̐̑̏̆Ȥ
̜̅̔̑ ̍̆̓̏̅́ ˪̊̌̆̑́ ̐̆̑̃̏̄̏ ̠̐̏̑̅̋́ 
̘̓̏̎̏̒̓̉ȟ ̜̃̐̆̑̃̆ ̧̐̑̉̍̆̎̎̎̏̊ ̐̑̏̕Ȣ 
˜̜̆̓̑̏̃̍ ˏȢˏȢ ɍςȟ ̒Ȣ ρρχɎȡ 

)y,x(AxZ 1n,1nnn -m-nmmn ¡ÖD=D ,  (5) 

̄̅̆ȡ n ɀ ̎̏̍̆̑ ̓̆̋̔̆̄̏̚ ̙́̄́Ƞ ɝxÎʈ ɀ 
̐̑̉̑́̆̎̉̆̚ ̐́̑́̍̆̓̑́ xm ̎́ ̙́̄̆ n; xn-

ρȟʈ ɀ ̘̈̎́̆̎̉̆ m-̄̏ ̐́̑́̍̆̓̑́ ̜̒̉̒̓̆̍ ̃ 
̗̋̏̎̆ ̜̐̑̆̅̅̔̆̄̏̚ ̙́̄́ n-1; yn-1 ɀ ̈̎́Ȥ
̘̆̎̉̆ ̗̔̎̋̉̉̕ ̎́̋̏̐̌̆̎̉̊ y ̃ ̗̋̏̎̆ 
̜̐̑̆̅̅̔̆̄̏̚ ̙́̄́ nɀ1. 
˝̙̆̆̎̉̆ ̃ ̘̝̎́́̌̎̏̊ ̘̓̏̋̆ xπȟʈ,y0 

̘̒̉̓́̆̍ ̜̉̈̃̆̒̓̎̍Ȣ ˜̙̝̏̄̑̆̎̏̒̓ ̑̆Ȥ
̙̠̆̎̉ ̎́ ̙́̄̆ n ̃ ̅́̎̎̏̍ ̘̒̌̔́̆ ̒̏Ȥ
̠̒̓́̃̌̆̓ O(hɊȟ ̄̅̆ h=ɝxÎʈ. 
˔́̍̆̓̉̍ȟ ̘̓̏ ̃ ̜̙̜̖̃̆̐̑̉̃̆̅̆̎̎ 

̖̏̑̍̔̌́̕ ̗̔̎̋̉̉̕ ̎́̋̏̐̌̆̎̉̊ y ̑́̈Ȥ
̘̜̄̑́̎̉̆̎ ̒ ̜̉̒̋̏̍̍̉ ̗̠̔̎̋̉̍̉̕ Z.  
ˍ̌̄̏̑̉̓̍ ̍̆̓̏̅́ ̝̜̖̐̏̒̌̆̅̏̃́̓̆̌̎ 

̎́̄̑̔̇̆̎̉̊ ̒ ̞̜̐̏̓́̐̎̍ ̐̑̉̍̆̎̆̎̉̆̍ 
̗̉̓̆̑́̉̏̎̎̏̊ ̗̜̐̑̏̆̅̔̑ ˪̊̌̆̑́-˗̙̏̉ȟ 
̜̃̐̆̑̃̆ ̧̐̑̉̍̆̎̎̎̏̊ ̃ ̙̜̖́̄̏̃ ̘̑́̒̆Ȥ
̖̓́ ̐̑̏̕Ȣ ˗̉̍̏̍ ˍȢ˫Ȣȟ ̟̘̃̋̌́̆̓ ̃ ̠̒̆̂ 
̟̟̒̌̆̅̔̔̚ ̝̝̐̏̒̌̆̅̏̃́̓̆̌̎̏̒̓ ̏̐̆̑́Ȥ
̗̉̊ȡ 
ρȢ ˝̙̆̆̎̉̆ ̘̈́̅́̉ ̃ ̐̆̑̃̏̍ ̐̑̉Ȥ

̂̌̉̇̆̎̉̉ȟ ̓Ȣ̆Ȣ ̍̆̓̏̅̏̍ ̐̑̉̑́̆̎̉̊̚ 
̐̆̑̃̏̄̏ ̠̐̏̑̅̋́ ̘̓̏̎̏̒̓̉ ̒ ̐̑̉̍̆̎̆̎̉Ȥ
̆̍ ̜̏̑̍̔̌̕ ˪̊̌̆̑́ȡ 

ä ¡ÖD=D
m=m

=m
-m-nmmn

1
1n,1nn

)1(
n )y,x(AxZ . 

ςȢ ˝̙̆̆̎̉̆ ̘̈́̅́̉ ̃ ̒-̏̍ ̐̑ ̉̂̌̉̇̆Ȥ
̎̉̉ ̐̏ ̏̑̍̔̌̆̕ȡ 

ä
D
+

D
+¡ÖD=D

m=m

=m

-

-
m

m-nmmn
1

)1c(
n

1n
n

,1nn
)˞(

n )
2

y
y,

2

x
x(AxZ ,                  (6) 

̄̅̆ ̒ > 2. 
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˔́̍̆̓̉̍ȟ ̘̓̏ ̐̑̉ ̙̑̆̆̎̉̉ ̘̈́̅́̉ ̃̏ 
̃̓̏̑̏̍ ̐̑̉̂̌̉̇̆̎̉̉ ɉ̒ Ѐ ςɊ ̏̑̍̔̌́̕ 
ɉφɊ ̞̋̃̉̃́̌̆̎̓̎́ ̏̑̍̔̌̆̕ ̍̆̓̏̅́ ˝̔̎Ȥ
̄-̆ ˗̔̓̓́ ̃̓̏̑̏̄̏ ̠̐̏̑̅̋́ ̘̓̏̎̏̒̓̉Ȣ 
˜̑̉ ̞̓̏̍ ̠̐̑̉̑́̆̎̉̚ ̗̔̎̋̉̊̕ ̎́̋̏̐Ȥ
̌̆̎̉̊ Dyn ̠̟̠̏̒̑̆̅̎̓̒ ̘̉̒̌̆̎̎̏̊ ̐̑̏Ȥ
̗̆̅̔̑̏̊ ˝̔̎̄̆-˗̔̓̓́ ̃ ̖̐̑̆̅̆̌́ ̙́̄́Ȣ 
˜̑̉ ̘̅̏̒̓́̓̏̎̏ ̝̙̂̏̌̏̍  ̘̒̑́̒̆̓Ȥ

̠̎́ ̏̑̍̔̌́̕ ɉφɊ ̗̉̓̆̑́̉̏̎̎̏̄̏ ̍̆̓̏̅́ 
̝̜̖̐̏̒̌̆̅̏̃́̓̆̌̎ ̎́̄̑̔̇̆̎̉̊ ̘̉̒̆̑Ȥ
̜̐̃́̆̓ ̟̒̃̏ ̘̝̓̏̎̏̒̓ȟ ̠̅́̃́ ̎́ ̙́̄̆ 
̙̝̐̏̄̑̆̎̏̒̓ ̃ ̝̖̑̆̈̔̌̓́̓́ ̘̒̆̓́ ̝̓̑̆̓Ȥ
̆̄̏ ̠̐̏̑̅̋́ȟ ̓Ȣ̆Ȣ ˛ɉh3). 
ˑ̝̙́̌̎̆̊̉̍ ̙̔̒̏̃̆̑̆̎̒̓̃̏̃́̎̉̆̍ 

̙́̄̏̃̏̄̏ ̗̉̓̆̑́̉̏̎̎̏̄̏ ̍̆̓̏̅́ ̠̠̃̌Ȥ
̠̆̓̒ ̜̑́̈̑́̂̏̓́̎̎̊ ˗̉̍̏̍ ˍȢ˫Ȣ ̉̓̆̑́Ȥ

̗̜̉̏̎̎̊ ̘̐̏̌̔́̎́̌̉̓̉̆̒̋̉̊ ̍̆̓̏̅ 
̝̜̖̐̏̒̌̆̅̏̃́̓̆̌̎ ̎́̄̑̔̇̆̎̉̊Ȣ  
˕̗̜̓̆̑́̉̏̎̎̊ ̘̐̏̌̔́̎́̌̉̓̉̆̒̋̉̊ 

̍̆̓̏̅ ̝̜̖̐̏̒̌̆̅̏̃́̓̆̌̎ ̎́̄̑̔̇̆̎̉̊ 
̎́ ̝̐̑̏̉̈̃̏̌̎̏̍ ̙́̄̆ n ̟̘̃̋̌́̆̓ ̃ 
̠̒̆̂ ̟̟̒̌̆̅̔̔̚ ̝̝̐̏̒̌̆̅̏̃́̓̆̌̎̏̒̓ 
̗̏̐̆̑́̉̊ȡ 
ρȢ ˝̙̆̆̎̉̆ ̘̈́̅́̉ ̃ ̐̆̑̃̏̍ ̐̑̉Ȥ

̂̌̉̇̆̎̉̉ȟ ̓Ȣ̆Ȣ ̍̆̓̏̅̏̍ ̐̑̉̑́̆̎̉̊̚ 
̐̆̑̃̏̄̏ ̠̐̏̑̅̋́ ̘̓̏̎̏̒̓̉ ̒ ̐̑̉̍̆̎̆̎̉Ȥ
̆̍ ̜̏̑̍̔̌̕ ˪̊̌̆̑́ȡ 

ä ¡ÖD=D
m=m

=m
-m-nmmn

1
1n,1nn

)1(
n )y,x(AxZ . 

ςȢ ˝̙̆̆̎̉̆ ̘̈́̅́̉ ̃ ̒-̏̍ ̐̑̉̂̌̉̇̆Ȥ
̎̉̉ ̐̏ ̏̑̍̔̌̆̕ȡ 

ä
D
+

D
+

D
+¡ÖD=D

m=m

=m

-

-
m

m-nmmn
1

)1c(
n

)1(
n

1n
n

,1nn
)˞(

n )
3

y

6

y
y,

2

x
x(AxZ ,        (7) 

̄̅̆ ̒ ² 2. 

˜̠̠̑̉̍̆̎ ̟̐̏̅̃̉̇̎̔ ̒̉̒̓̆̍̔ ̋̏Ȥ
̏̑̅̉̎́̓ȟ ̘̓̏̋́ ̘̏̓̒̆̓́ ̋̏̓̏̑̏̊ ̒̏̃̐́Ȥ
̅́̆̓ ̒ ̘̎́́̌̏̍ ̓̆̋̔̆̄̏̚ ̙́̄́ n ɉ̒̍Ȣ ̑̉̒Ȣ 
σɊȟ ̘̜̋̃́̅̑́̓̉̎̊ ̘̍̎̏̄̏̌̆̎ ̐̑̉̎̉̍́Ȥ
̆̍ ̃ ̃̉̅̆ȡ 

nn
2

n CxBxA)x(y ++= , 

̄̅̆ mD¢¢ ,nXx0
                                     

(8) 

˛̠̠̐̑̆̅̆̌ ̞̗̜̋̏̉̉̆̎̓̕̕ ̋̃́̅̑́Ȥ
̘̓̉̎̏̄̏ ̘̍̎̏̄̏̌̆̎́ ̉̈ ̘̜̖̄̑́̎̉̎ 
̔̒̌̏̃̉̊ ̜̐́̑́̂̏̌ ̎́ ̙́̄̆ n: 

0)0x(y == ; 

mD

D
=a==

,n

)1(
n

X

Y
tg)0x('y , 

)1c(
n,n Y)Xx(y -

m D=D= , 

̘̐̏̌̔̉̍ 

[ ]( )2,n
)1(

n
)1c(

nn X/Y)YA m
- DD-D= ; 

( )( )mDD= ,n
)1(

nn X/YB ; 

0Cn= . 

 
˝̉̒Ȣ σ. ː ̑́̉̋̕ ̘̐̏̌̔́̎́̌̉̓̉̆̒̋̏̄̏ 
̙̠̑̆̆̎̉ ̍̆̓̏̅́ ˝̔̎̄̆-˗̔̓̓́ 

˕̠̎̓̆̄̑̉̑̔ ̠̐̑̉̎̓̏̆ ̘́̎́̌̉̓̉̆Ȥ
̒̋̏̆ ̙̑̆̆̎̉̆ yn(xɊ ̉ ̠̠̏̒̑̆̅̎ ̝̑̆̈̔̌̓́̓ 
̐̏ ̅̌̉̎̆ ̙́̄́ DXn,mȟ ̘̐̏̌̔́̆̍ȡ 

( )
2

XB

3

XA
dxCxBxA

X

1
y

,nn,nn
X

0
nn

2
n

,n
n

,n
mm

D

m

D
+

D
=ñ ++

D
=D

m

 

̉̌̉ 

3

Y

6

Y
y

)1c(
n

)1(
n

n

-D
+

D
=D .    (9) 

˜̑̉ ̙̑̆̆̎̉̉ ̘̈́̅́̉ ̃̏ ̃̓̏̑̏̍ ̐̑̉Ȥ
̂̌̉̇̆̎̉̉ ɉ̒ЀςɊ ̏̑̍̔̌́̕ ɉωɊ ̞̋̃̉̃́̌̆̎̓Ȥ
̎́ ̏̑̍̔̌̆̕ ̍̆̓̏̅́ ˝̔̎̄̆-˗̔̓̓́ ̃̓̏̑̏̄̏ 
̠̐̏̑̅̋́ ̘̓̏̎̏̒̓̉Ȣ ˜̑̉ ̞̓̏̍ ̠̐̑̉̑́̆̎̉̚ 

̗̔̎̋̉̊̕ ̎́̋̏̐̌̆̎̉̊ Dɣ n ́̐̐̑̏̋̒̉̍̉Ȥ
̟̠̑̔̓̒ ̜̌̉̎̆̊̎̍ ̘̍̎̏̄̏̌̆̎̏̍ ̘̓̏̎̏Ȥ
̝̟̒̓ -̒̄̏ ̠̐̏̑̅̋́Ȣ ˜̗̑̉̎̉̐ ̞̋̃̉̃́̌̆̎̓Ȥ
̎̏̊ ̗̌̉̎̆́̑̉̈́̉̉ ̎̆̌̉̎̆̊̎̏̊ ̘̈́̅́̉ 
̠̐̏̈̃̏̌̆̓ ̝̐̑̉̍̆̎̉̓ ̎́ ̋́̇̅̏̊ ̉̓̆̑́Ȥ
̗̉̉ ̙́̄́ ̗̐̑̉̎̉̐ ̗̒̔̐̆̑̐̏̈̉̉̉ ɍσȟ c. 
78]. ˜̑̉̍̆̎̆̎̉̆ ̅́̎̎̏̄̏ ̐̏̌̔́̎́̌̉̓̉Ȥ
̘̆̒̋̏̄̏ ̙́̄̏̃̏̄̏ ̍̆̓̏̅́ ̠̐̏̈̃̏̌̆̓ ̐̑̏Ȥ



34 

̉̈̃̆̒̓̉ ̘̑́̒̆̓ ̘̖̐̎̆̃̍́̓̉̆̒̋̉ ̒̏̏̑̔Ȥ
̇̆̎̉̊ ̎́ ̒̓́̅̉̉ ̞̗̋̒̐̌̔́̓́̉̉ ̎́ ̄̆̏Ȥ
̘̟̍̆̓̑̉̆̒̋̔ ̝̎̆̌̉̎̆̊̎̏̒̓ ̉ ̝̠̅̏̂̉̓̒ 
̜̃̒̏̋̏̊ ̘̓̏̎̏̒̓̉ ̘̑́̒̆̓́Ȣ 

 
˞̐̉̒̏̋ ̜̌̉̓̆̑́̓̔̑ 

ρȢ ˑ́̃̉̅̆̎̋̏ ˑȢˡȢ ˛̂ ̏̅̎̏̍ ̎̏̃̏̍ ̍̆̓̏̅̆ 
̘̉̒̌̆̎̎̏̄̏ ̙̠̑̆̆̎̉ ̒̉̒̓̆̍ ̜̖̎̆̌̉̎̆̊̎ 
̔̑́̃̎̆̎̉̊Ȣ Ⱦ ˑ̏̋̌Ȣ ˍ˚ ˞˞˞˝ȟ ̓Ȣ ψψȟ Ο τȟ ˙Ȣȟ 
ρωυσȟ ̒Ȣ φςρ ɀ 632. 

ςȢ ˜̆̓̑̏̃ ˏȢˏȢ ˙̆̓̏̅ ̝̜̖̐̏̒̌̆̅̏̃́̓̆̌̎ 
̎́̄̑̔̇̆̎̉̊ ̃ ̎̆̌̉̎̆̊̎̏̊ ̓̆̏̑̉̉ ̐̌́̒̓̉̎̏̋ ̉ 
̘̏̂̏̌̏̆̋Ȣ ɀ ˞ ́̑́̓̏̃ȡ ˕̈̅-̃̏ ˞ːˠȟ ρωχυȢ ɀ ρρψ ̒Ȣ 

σȢ ˗̉̍ ˍȢ˫Ȣ ˝̘́̒̆̓ ̍̆̍̂̑́̎̎̏-
̘̖̐̎̆̃̍́̓̉̆̒̋̉ ̒̉̒̓̆̍ ̒ ̘̔̆̓̏̍ ̜̖̎̆̌̉̎̆̊̎ 
́̋̓̏̑̏̃̕Ȣ ˗̎̉̄́ ρȢ ˗̝̜̏̎̓̉̎̔́̌̎̆ ̘̜̑́̒̆̓̎̆ 
̖̜̒̆̍Ȣ ˞́̑́̓̏̃̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ́̄̑́̑Ȥ
̜̎̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ ˞́̑́̓̏̃ȟ ςπππȢ - ρωψ ̒Ȣ ˙̏Ȥ
̠̎̏̄̑́̉̕ ̅̆̐̏̎̉̑̏̃́̎́ ̃ ˏ˕˚˕˟˕ ˝ˍ˚ 
ςτȢπτȢππ Ο ρρτψ- ˏ ςπππȢ 

 
 
 
ˠˑ˗ φωȢπσσ 
 
˗̉̍ ˍ.˫., ˏ ́̌̆̓̏̃ ˙. .̞ 
˞́̑́̓̏̃̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓Ȼ ̉̍Ȣ ˫ȢˍȢ ː ́̄́̑̉̎́ȟ ˞́ ̑́̓̏̃ 
 

˝ˍ˞ˤ˒˟ ˥˕˝˛˗˛˔ˍˢˏˍ˟˚˨ˢ ˑ˛˓ˑ˒ˏˍ˘˩˚˨ˢ ˞˕˞˟˒˙ ˞ ˜˛˙˛˦˩˫ 
˜˝˛ː˝ˍ˙˙˚˛ː˛ ˗˛˙˜˘˒˗˞ˍ Ⱥ˚˒˘˕˚˒˖˚ˍˬ ˙˒ˢˍ˚˕˗ˍȻ 

ˍ̜̃̓̏̑ ̅́̎̎̏̊ ̝̒̓́̓̉ ̐̏̒̓́̃̉̌̉ ̒̃̏̆̊ 
̗̝̟̆̌ ̝̏̈̎́̋̏̍̉̓ ̘̉̓́̓̆̌̆̊  ̒̐̑̉̍̆̎̆̎̉̆̍ 
́̌̄̏̑̉̓̍́ ̘̑́̒̆̓́ ̙̖̜̖̉̑̏̋̏̈́̃́̓̎ ̅̏̇̅̆Ȥ
̝̜̖̃́̌̎ ̙̍́̉̎ȟ ̏̒̎̏̃́̎̎̏̍ ̎́ ̙̜̖́̄̏̃ ̍̆̓̏Ȥ
̖̅́ ̉ ̐̑̏̃̆̅̆̎̎̏̍ ̜̘̝̃̉̒̌̉̓̆̌̎̏̍ ̞̋̒̐̆̑̉Ȥ
̍̆̎̓̆ ̎́ ̒̏̈̅́̎̎̏̍ ́̃̓̏̑́̍̉ ̐̑̏̄̑́̍̍̎̏̍ 
̋̏̍̐̌̆̋̒̆ Ⱥ˚̠̆̌̉̎̆̊̎́ ̖̍̆́̎̉̋́ȻȢ ˛̛̂̆̋̓̏̍ 
̉̒̒̌̆̅̏̃́̎̉̊ ̠̠̝̃̌̌̉̒ ̜̎̏̃̆ ̗̜̒̓́̉̏̎́̑̎̆ 
̙̖̜̉̑̏̋̏̈́̃́̓̎̆ ̖̅̃̔ ̝̜̋̏̎̒̏̌̎̆ ̅̏̇̅̆Ȥ
̝̜̃́̌̎̆ ̜́̄̑̆̄́̓ ̋̑̔̄̏̃̏̄̏ ̠̅̆̊̒̓̃̉Ȣ 

 
́̈̃̉̓̉̆ ̝̒̆̌̒̋̏̄̏ ̖̠̏̈̊̒̓̃́ 
˝̏̒̒̉̉ ̒ ̘̔̆̓̏̍ ̜̖̒̏̃̑̆̍̆̎̎ 

̅̏̒̓̉̇̆̎̉̊ ̃ ̏̂̌́̒̓̉ ̎́̔̋̉ ̉ ̖̓̆̎̉̋̉ 
̓̑̆̂̔̆̓ ̜̙̠̐̏̃̆̎̉ ̞̆̋̓̉̃̎̏̒̓̉̕̕ 
̠̜̖̐̑̉̍̆̎̆̍ ̃ ̗̍̆̌̉̏̑́̉̉ ̙̉̑̏̋̏̈́Ȥ
̖̜̖̃́̓̎ ̝̜̖̅̏̇̅̆̃́̌̎ ̒̉̒̓̆̍ ̐̑̉ ̞̋̏Ȥ
̎̏̍̉̉ ̈́̓̑́̓ ̈́ ̘̒̆̓ ̠̃̎̆̅̑̆̎̉ ̐̑̏̄̑̆̒Ȥ
̜̖̒̉̃̎ ̗̋̏̎̒̓̑̔̋̉̊ȟ ̠̒̎̉̇̆̎̉ ̍́̓̆̑̉Ȥ
́̌̏̆̍̋̏̒̓̉ ̉ ̘̙̠̔̌̔̆̎̉ ̞̗̋̒̐̌̔́̓́̉Ȥ
̜̖̏̎̎ ̘̋́̆̒̓̃ ̝̅̏̇̅̆̃́̌̎̏̊ ̖̓̆̎̉̋̉Ȣ 
˗ ̜̐̑̏̄̑̆̒̒̉̃̎̍ ̝̜̅̏̇̅̆̃́̌̎̍ 

̙̍́̉̎́̍ȟ ̋́̋ ̐̏̋́̈́̌ ̜̏̐̓ȟ ̎́̋̏̐̌̆̎Ȥ
̜̎̊ ̃ ̘̓̆̆̎̉̆ ̖̐̏̒̌̆̅̎̉ ̠̅̆̒̓̉̌̆̓̉̊ ̃ 
̏̂̌́̒̓̉ ̗̄̉̅̑̏̍̆̌̉̏̑́̉̉ȟ ̠̠̏̓̎̏̒̓̒ȟ 
̠̜̐̑̉̍̆̎̆̍̆ ̃ ˝̏̒̒̉̉ ̓́̋̉̆ ̙̉̑̏̋̏̈́Ȥ
̖̜̃́̓̎̆ ̝̜̅̏̇̅̆̃́̌̎̆ ̜̒̉̒̓̆̍ȟ ̋́̋ 
Ⱥˏ̏̌̇́̎̋́Ȼȟ Ⱥˑ̎̆̐̑Ȼȟ Ⱥˡ̑̆̄́̓ȟ Ⱥˎ̑̉Ȥ
̄́̎̓̉̎́Ȼȟ Ⱥ˗̝̔̂́̎Ȼ ̉ ̅̑̔̄̉̆Ȣ  
ˏ ςπρτ-ςπρφ ̖̄̏̅́ ̃ ˞ː˟ˠ ̉̍̆̎̉ ː́Ȥ

̄́̑̉̎́ ˫ȢˍȢ ̜̂̌̉ ̜̐̑̏̃̆̅̆̎ ̉̒̒̌̆̅̏Ȥ
̠̃́̎̉ ̙̖̜̖̉̑̏̋̏̈́̃́̓̎ ̝̜̖̅̏̇̅̆̃́̌̎ 
́̄̑̆̄́̓̏̃ ̐̑̏̕Ȣ ˗̉̍̏̍ ˍȢ˫Ȣ ̉ ̆̄̏ ́̒̐̉Ȥ
̑́̎̓́̍̉ ̃ ̒̏̏̓̃̆̓̒̓̃̉̉ ̒ ̋̏̍̐̌̆̋̒̎̏̊ 
̓̆̍̏̊ ˚˕˝ ˞ː˟ˠȢ  

˕̖ ̘̑́̒̆̓ ̠̐̑̏̉̈̃̏̅̉̌̒ ̒ ̝̟̐̏̍̏̚ 
̐́̋̆̓́ ̜̖̐̑̉̋̌́̅̎ ̐̑̏̄̑́̍̍ Ⱥ˚̆̌̉Ȥ
̠̎̆̊̎́ ̖̍̆́̎̉̋́Ȼȟ ̒̏̈̅́̎̎̏̄̏ ̎́ ̏̒̎̏̃̆ 
̜̖̑́̈̑́̂̏̓́̎̎ ́̃̓̏̑́̍̉ ̍̆̓̏̅̉̋ ̒̓́Ȥ
̘̓̉̆̒̋̏̄̏ ̉ ̘̅̉̎́̍̉̆̒̋̏̄̏ ̘̑́̒̆̓́ 
̗̋̏̎̒̓̑̔̋̉̊ ̝̜̖̅̏̇̅̆̃́̌̎ ̒̉̒̓̆̍ ̒ 
̧̘̔̓̏̍ ̜̖̎̆̌̉̎̆̊̎ ́̋̓̏̑̏̃̕ ̐̑̉ ̅̆̊Ȥ
̒̓̃̉̉ ̎́ ̖̎̉ ̘̜̖̑́̈̌̉̎ ̎́̄̑̔̈̏̋Ȣ 
ˏ ̝̑̆̈̔̌̓́̓̆ ̜̖̐̑̏̃̆̅̆̎̎ ̉̒̒̌̆̅̏Ȥ

̃́̎̉̊ ̜́̃̓̏̑ ̈́̐̑̏̆̋̓̉̑̏̃́̌̉ ̉ ̘̉̒Ȥ
̌̆̎̎̏ ̉̒̒̌̆̅̏̃́̌̉ ̜̎̏̃̆ ̗̜̒̓́̉̏̎́̑̎̆ 
̙̖̜̉̑̏̋̏̈́̃́̓̎̆ ̖̅̃̔ ̝̜̋̏̎̒̏̌̎̆ ̅̏̇Ȥ
̝̜̅̆̃́̌̎̆ ̜́̄̑̆̄́̓ ̋̑̔̄̏̃̏̄̏ ̠̅̆̊̒̓̃̉Ȣ 
˚́ ̑̉̒Ȣ ρ ̐̏̋́̈́̎ ̗̜̒̓́̉̏̎́̑̎̊ 

̝̜̅̏̇̅̆̃́̌̎̊ ́̄̑̆̄́̓ ̒ ̝̄̏̑̉̈̏̎̓́̌Ȥ
̜̎̍̉ ̜̎̆̑́̈̑̆̈̎̍̉ ̜̒̓̆̑̇̎̆̃̍̉ 
̆̑̍́̍̉̕ȟ ̜̐̏̅̅̆̑̇̉̃́̆̍̍̉ ̖̃̆̑̎̉̍̉ 
̜̃́̎̓̏̃̍̉ ̞̌̆̍̆̎̓́̍̉ȟ ̜̜̃̐̏̌̎̆̎̎̍̉ 
̃ ̃̉̅̆ ̖̠̖̎̉̒̏̅̉̚ ̑́̒̋̏̒̏̃Ȣ 
˚́ ̑̉̒Ȣ ς ̉ σ ̜̐̏̋́̈́̎ ̜̑́̄̍̆̎̓̕ 

̜̖̐̏̌̆̃ ̜̉̒̐̓́̎̉̊ȟ ̜̖̐̑̏̃̆̅̆̎̎ ̒ 
̝̅̏̇̅̆̃́̌̎̏̊ ̙̍́̉̎̏̊ ̋̑̔̄̏̃̏̄̏ ̅̆̊Ȥ
̠̒̓̃̉ Ⱥˡ̑̆̄́̓Ȼ ɉ̏̐̑̆̅̆̌̆̎̉̆ ̐̆̑̆̍̆Ȥ
̆̎̉̊̚ ̝̜̖̏̓̅̆̌̎ ̘́̒̓̆̊ ̙̜̍́̉̎ ̒ 
̝̟̐̏̍̏̚ ̎̉̃̆̌̉̑́ɊȢ 
˝̝̜̆̈̔̌̓́̓ ̘̉̒̌̆̎̎̏̄̏ ̉̒̒̌̆̅̏̃́Ȥ

̠̎̉ ̎́ ˪ˏ˙ ̗̜̖̒̓́̉̏̎́̑̎ ̖̅̃̔ ̋̏̎Ȥ
̝̜̖̒̏̌̎ ̙̖̜̖̉̑̏̋̏̈́̃́̓̎ ̝̅̏̇̅̆̃́̌Ȥ
̜̖̎ ́̄̑̆̄́̓̏̃ ̐̏̈̃̏̌̉̌̉ ́̃̓̏̑́̍ȟ ̒ 
̘̔̆̓̏̍ ̜̏̐̓́ȟ ̎́̋̏̐̌̆̎̎̏̄̏ ̃ ˝̏̒̒̉̉ ̉ 
̖̅̑̔̄̉ ̖̒̓̑́̎́ ̍̉̑́ȟ ̝̑́̈̑́̂̏̓́̓ ̞̕Ȥ
̜̆̋̓̉̃̎̆̕ ̜̋̏̎̒̓̑̔̋̓̉̃̎̆ ̜̏̑̍̕ 
̐̏̌̉̃̎̏̊ ̖̓̆̎̉̋̉ ̉ ̘̝̐̏̌̔̉̓ ̐́̓̆̎̓ 
˝ˡ Ο φχσψφ ɍρɎȢ 

 ̋
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˝̉̒Ȣ ρ. ˞ ̗̜̓́̉̏̎́̑̎̊ ̝̜̅̏̇̅̆̃́̌̎̊ 
́̄̑̆̄́̓ ̋̑̔̄̏̃̏̄̏ ̠̅̆̊̒̓̃̉ 

 
˝̉̒Ȣ 2. ̞ ̈̍̆̑̆̎̉̆ ̐̑̏̄̉̂̏̃ 

̓̑̔̂̏̐̑̏̃̏̅́ ̝̅̏̇̅̆̃́̌̎̏̊ ̙̜̍́̉̎ 

 
˝̉̒Ȣ 3. l ̑́̄̍̆̎̓ ̠̐̑̏̃̆̅̆̎̉ ̜̖̐̏̌̆̃ 

̜̉̒̐̓́̎̉̊ 

˟̖̘̆̎̉̆̒̋̏̊ ̘̈́̅́̆̊ ̐́̓̆̎̓́ ˝ˡ Ο 
φχσψφ ̠̠̠̃̌̆̓̒ ̓́̋̏̆ ̜̙̐̏̃̆̎̉̆ ̘̐̑̏Ȥ
̎̏̒̓̉ȟ ̧̇̒̓̋̏̒̓̉ ̉ ̘̔̒̓̏̊̉̃̏̒̓̉ ̋̏̎Ȥ
̗̒̓̑̔̋̉̉ ̙̖̉̑̏̋̏̈́̃́̓̎̏̄̏ ̖̅̃̔ ̋̏̎Ȥ
̝̒̏̌̎̏̄̏ ̝̅̏̇̅̆̃́̌̎̏̄̏ ́̄̑̆̄́̓́ ̋̑̔Ȥ
̄̏̃̏̄̏ ̠̅̆̊̒̓̃̉ȟ ̋̏̓̏̑̏̆ ̐̑̉ ̘̙̔̌̔̆Ȥ
̎̉̉ ̖̓̆̎̉̋̏-̞̗̜̖̋̒̐̌̔́̓́̉̏̎̎ ̐̏̋́̈́Ȥ
̓̆̌̆̊ ̝̅̏̇̅̆̃́̌̎̏̄̏ ́̄̑̆̄́̓́ ̠̐̏̈̃̏̌Ȥ
̆̓ ̘̝̔̃̆̌̉̉̓ ̙̉̑̉̎̔ ̖̈́̃́̓́ ̐̏̌̉̃̎̏Ȥ
̄̏ ̔̒̓̑̏̊̒̓̃́ ̠̅̌ ̠̏̒̔̆̒̓̃̌̆̎̉̚ ̜̃̒̏Ȥ
̋̏̒̋̏̑̏̒̓̎̏̄̏ ̐̏̌̉̃́ ̙̜̖̏̑̏́̆̍ ̐̏Ȥ
̌̆̊ ̒ ̝̙̂̏̌̉̍̉ ̔̋̌̏̎́̍̉Ȣ 

 
˞̐̉̒̏̋ ̜̌̉̓̆̑́̓̔̑ 

ρȢ ˗̉̍ ˍȢ˫Ȣȟ ˙̙́̓́̋̏̃ ˍȢ˜Ȣ ̉ ̅̑Ȣ ˑ̖̃̔̋̏̎Ȥ
̝̜̒̏̌̎̊ ̝̜̅̏̇̅̆̃́̌̎̊ ́̄̑̆̄́̓ ȾȾ ˜́̓̆̎̓ ˝ˡ 
̎́ ̟̐̏̌̆̈̎̔ ̝̍̏̅̆̌ Ο φχσψφ Ⱦ ˎ̟̌Ȣ Ο σπ ̏̓ 
27.10.2014. ɀ σ ̒Ȣ 

΄ ˗̉̍ ˍȢ˫Ȣȟ ςπρφ 
 
 
 
ˠˑ˗ φςρȢχσυȢσς-52  
˗̏̑̏̂̏̃ .˞̱ . 
˘̗̉̐̆̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ ˘̗̉̐̆̋ 

 
˟ˏ˒˝ˑ˛˟˒˘˩˚˛˒ ˙˛ˑ˒˘˕˝˛ˏˍ˚˕˒ ˕ ˍ˚ˍ˘˕˔ ˑ˕˚ˍ˙˕˗˕ ˙˒ˢˍ˚˕˔˙˛ˏ 

˜˒˝˒˙˒˦˒˚˕ˬ ˞˘ˬˎ˛ˏ ˏ ̇ ˒˟˛ˑ˕ˤ˒˞˗˕ˢ ˜˒ˤˍˢ 

ˏ ̅̏̋̌́̅̆ ̐̑̆̅̒̓́̃̌̆̎́ ̍̆̓̏̅̉̋́ ̐̑̏̆̋Ȥ
̠̓̉̑̏̃́̎̉ ̖̍̆́̎̉̈̍̏̃ ̓̑́̎̒̐̏̑̓̉̑̏̃̋̉ 
́̃̓̏̍́̓̏̃ ̉ ̜̖́̃̓̏̍́̓̉̈̉̑̏̃́̎̎ ̌̉̎̉̊ ̎́ 
̐̑̉̍̆̑̆ ̖̍̆́̎̉̈̍̏̃ ̠̐̆̑̆̍̆̆̎̉̚ ̠̒̌̂̏̃ ̃ 
̘̖̍̆̓́̌̌̔̑̄̉̆̒̋̉ ̘̖̐̆́Ȣ  

˟̝̃̆̑̅̏̓̆̌̎̏̆ ̍̏̅̆̌̉̑̏̃́̎̉̆ȟ ̍́̒̒́ȟ 
̧̝̇̒̓̋̏̒̓Ȣ 

 
 ̑ ́̂̏̓̆ ̟̠̑́̒̒̍́̓̑̉̃́̓̒ ̖̍̆́Ȥ
̜̎̉̈̍ ̓̑́̎̒̐̏̑̓̉̑̏̃̋̉ ́̃̓̏Ȥ

̍́̓̏̃ ̉ ̘̖́̃̓̏̍́̓̉̆̒̋̉ ̌̉̎̉̊ȟ ̃ ̘́̒̓Ȥ

̎̏̒̓̉ȟ ̖̜̍̆́̎̉̈̍ ̓̑́̎̒̐̏̑̓̉̑̏̃̋̉ 
̒̌ ̠̂̏̃ ̃ ̘̖̍̆̓̏̅̉̆̒̋̉ ̘̖̐̆́ ̍̆̓́̌̌̔̑Ȥ
̘̄̉̆̒̋̏̄̏ ̐̑̏̉̈̃̏̅̒̓̃́ ɉ̒̍Ȣ ̑̉̒Ȣ ρɊȢ  
ˏ ̒̉̌̔ ̔̐̑̔̄̏̒̓̉ ̉ ̗̉̎̆̑̉̏̎̎̏̒̓̉ 

̝̈̃̆̎̆̃ȟ ̃ ̞̖̓̉ ̖̖̍̆́̎̉̈̍́ ̟̠̑́̈̃̉̃́̓̒ 
̝̜̋̏̌̆̂́̓̆̌̎̆ ̗̜̐̑̏̆̒̒ȟ ̜̋̏̓̏̑̆ ̃̏ 
̍̎̏̄̏̍ ̠̟̏̐̑̆̅̆̌̓ ̧̝̎́̅̇̎̏̒̓ ̉ ̐̑̏Ȥ
̝̝̉̈̃̏̅̉̓̆̌̎̏̒̓ ̜̒̉̒̓̆̍ ̓̑́̎̒̐̏̑̓̉Ȥ
̑̏̃̋̉ ɍρ ɀ 5].  ˏ
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˝̉̒Ȣ ρȢ ˙̖̆́̎̉̈̍ ̠̐̆̑̆̍̆̆̎̉̚ ̠̒̌̂̏̃ ̃ ̘̖̍̆̓̏̅̉̆̒̋̉ ̘̖̐̆́ 

1 ɀ ̄ ̗̉̅̑̏̉̌̉̎̅̑ ̛̐̏̅̆̍́ȟ ς ɀ ̑́̍́ ̛̐̏̅̆̍́ȟ σ ɀ ̑ ́̍́ ̠̐̆̑̆̍̆̆̎̉̚,4 ɀ ̄ ̗̉̅̑̏̉̌̉̎̅̑ 
̠̐̆̑̆̍̆̆̎̉̚ȟ υ ɀ ̋̏̌̆̒̏ ̛̐̏̅̆̍́ȟ φ ɀ ̠̟̠̎́̐̑́̃̌́̚ȟ χ ɀ ̋ ̏̌̆̒̏ ̠̐̆̑̆̍̆̆̎̉̚ 

ˏ̜̏̐̑̏̒ȟ ̠̜̒̃̈́̎̎̆ ̒ ̘̔̆̓̏̍ ̔̐̑̔Ȥ
̄-̗̜̖̏̉̎̆̑̉̏̎̎ ̒̃̏̊̒̓̃ ̖̍̆́̎̉̈̍̏̃, 
̖̠̎́̏̅̓ ̙̑̆̆̎̉̆ ̐̑̉ ̑́̈̑́̂̏̓̋̆ ̑́̈Ȥ
̘̜̖̌̉̎ ̍̆̓̏̅̉̋ ̖̉ ̘̅̉̎́̍̉̆̒̋̏̄̏ ́̎́Ȥ
̌̉̈́ ̉ ̒̉̎̓̆̈́ȟ ̠̟̖̅̏̐̏̌̎̉̚ ̗̓̑́̅̉̉Ȥ
̜̏̎̎̆ ̘̋̉̎̆̍́̓̉̆̒̋̉̆ ̉ ̘̜̐̑̏̎̏̒̓̎̆ 
̘̜̑́̒̆̓Ȣ ˛̂̉̍̚ ̠̅̌ ̖̃̒̆ ̞̖̓̉ ̍̆̓̏̅̉̋ 
̠̠̠̃̌̆̓̒ ̧̓̑̔̅̏̍̋̉̊ ̗̐̑̏̆̒̒ ̜̘̃̉̒̌̆Ȥ
̠̎̉ ̇̆̒̓̏̋̏̒̓̆̊ȟ ̍̏̍̆̎̓̏̃ ̗̉̎̆̑̉̉ ̉ 
̍́̒̒ ̝̈̃̆̎̆̃ ̖̍̆́̎̉̈̍̏̃ȟ ̜̋̏̓̏̑̊ ̐̑̉Ȥ
̖̠̏̅̉̓̒ ̠̝̐̏̃̓̏̑̓ ̈́̎̏̃̏ ̐̑̉ ̃̎̆̒̆̎̉̉ 
̜̖̋̏̎̒̓̑̔̋̓̉̃̎ ̉̈̍̆̎̆̎̉̊Ȣ 
ˍ̃̓̏̑̏̍ ̠̐̑̆̅̌́̄́̆̓̒ ̝̝̉̒̐̏̌̈̏̃́̓ 

̠̅̌ ̠̐̑̏̆̋̓̉̑̏̃́̎̉ ̖̍̆́̎̉̈̍̏̃ ̐̑̏Ȥ
̄̑ ́̍̍̎̏̆ ̙̑̆̆̎̉̆ ̜̉̑̍̕ Autodesk ɀ 
Inventor ProfessionalȢ ˪̓̏ ̠̐̏̈̃̏̌̆̓ ̎̆ 
̝̓̏̌̋̏ ̒̔̆̒̓̃̆̎̎̏̚ ̝̔̐̑̏̒̓̉̓ ̒̏̈̅́̎̉̆ 
̋̏̎̒̓̑̔̋̓̏̑̒̋̏̊ ̗̅̏̋̔̍̆̎̓́̉̉ȟ ̎̏ ̎́ 
̏̒̎̏̃̆ ̖̜̖̓̑̆̍̆̑̎ ̍̏̅̆̌̆̊ ̜̝̃̐̏̌̎̉̓ 
̘̜̐̑̏̎̏̒̓̎̆ ̘̜̑́̒̆̓ ̉ ̜̘̝̃̉̒̌̉̓ ̔̐̑̔Ȥ
̄-̗̜̏̉̎̆̑̉̏̎̎̆ ̒̃̏̊̒̓̃́ ̞̌̆̍̆̎̓̏̃ 
̖̍̆́̎ ̉̈̍̏̃Ȣ ˞̌̆̅̔̆̓ ̝̏̓̍̆̓̉̓ȟ ̘̓̏ ̠̅̌ 
Inventor Professional ̜̐̑̏̂̌̆̍ ̏̐̑̆̅̆Ȥ
̠̌̆̎̉ ̗̜̖̉̎̆̑̉̏̎̎ ̖́̑́̋̓̆̑̉̒̓̉̋ ɉ̍́̒̒ 
̉ ̍̏̍̆̎̓̏̃ ̗̉̎̆̑̉̉Ɋ ̎̆ ̒̔̆̒̓̃̔̆̓̚Ȣ  
ˠ̐̑̔̄̉̆ ̖́̑́̋̓̆̑̉̒̓̉̋̉ ̝̈̃̆̎̆̃ ̉ 

̖̉ ̒̏̆̅̉̎̆̎̉̊ ̍̏̇̎̏ ̝̏̐̑̆̅̆̌̉̓ȟ ̃̏̒Ȥ
̝̙̝̐̏̌̈̏̃́̃̉̒ ̍̏̅̔̌̆̍ Ȱˍ̎́̌̉̈ 
̠̎́̐̑̇̆̎̉̊ȱ Autodesk Inventor Profes-
sionalȟ ̐̏ ̍̆̓̏̅̉̋̆ȟ ̐̑̆̅̌̏̇̆̎̎̏̊ ̃ 
̖̑́̂̏̓́ ɍςȟ φɎȢ 
˚́ ̑̉̒Ȣ ς ̉̈̏̂̑́̇̆̎́ ̠̒̓̑̔̋̓̔̑̎́ 

̖̒̆̍́ ́̃̓̏̍́̓̉̈̉̑̏̃́̎̎̏̄̏ ̐̑̏̆̋̓̉̑̏Ȥ

̠̃́̎̉ ̖̍̆́̎̉̈̍̏̃ ̠̐̆̑̆̍̆̆̎̉̚ ̠̒̌̂̏̃Ȣ 
˗́̋ ̃̉̅̎̏ ̉̈ ̑̉̒̔̎̋́ȟ ̖̜̓̑̆̍̆̑̎̆ ̍̏Ȥ
̅̆̌̉ ̝̈̃̆̎̆̃ ̜̟̠̑́̈̑́̂́̓̃́̓̒ ̎́ ̏̒̎̏Ȥ
̃̆ ̘̋̉̎̆̍́̓̉̆̒̋̏̊ ̖̜̒̆̍ȟ ̈́̓̆̍ ̒̌̆̅̔Ȥ
̆̓ ̉̒̒̌̆̅̏̃́̎̉̆ ̅̉̎́̍̉̋̉ ̖̍̆́̎̉̈̍́ 
[7 ɀ ρρɎ ̉ȟ ̆̒̌̉ ̆̄̏ ̘̋̉̎̆̍́̓̉̆̒̋̉̆ ̖́Ȥ
̑́̋̓̆̑̉̒̓̉̋̉ ̝̜̔̅̏̃̌̆̓̃̏̑̉̓̆̌̎ȟ ̜̃Ȥ
̠̟̠̐̏̌̎̓̒ ̘̜̑́̒̆̓ ̎́ ̘̝̐̑̏̎̏̒̓ȟ ̅̏̌Ȥ
̘̝̄̏̃̆̎̏̒̓ ̉ ̅̑̔̄̉̆ȟ ̘̐̑̉̆̍ ̒ ̅̏̒̓́Ȥ
̘̓̏̎̏ ̜̋̏̑̑̆̋̓̎̍ ̘̔̆̓̏̍ ̎́̄̑̔̈̏̋Ȣ 
˜̏̒̌̆̅̎̉̊ ̙́̄ ɀ ̒̏̈̅́̎̉̆ ̋̏̎̒̓̑̔̋̓̏̑Ȥ
̒̋̏̊ ̗̅̏̋̔̍̆̎̓́̉̉Ȣ ˏ ̒̉̒̓̆̍̆ Autodesk 
Inventor ̞̓̏̓ ̗̐̑̏̆̒̒ ̎̆ ̜̜̃̈̃́̆̓ ̈́Ȥ
̓̑̔̅̎̆̎̉̊ ɍρςɎȢ 
˛̒̎̏̃̎̏̆ ̔̒̌̏̃̉̆ ̖̉ ̑́̂̏̓̏̒̐̏̒̏̂Ȥ

̎̏̒̓̉ ɀ ̘̠̓̏̎́ ̔̒̓́̎̏̃̋́ ̈́̄̏̓̏̃̏̋ 
̐̑̏̓̉̃ ̏̒̆̊ ̙̘̜̖̓́̍̐̏̃̏̎ ̗̐̏̈̉̉̊ȡ 

ɿ=|XɀA|<[ɿ], 
̄̅̆ X ɀ ̐̆̑̆̍̆̆̎̉̆̚ ̝̉̒̐̏̌̎̉̓̆̌̎̏̄̏ 
̈̃̆̎́ ̖̍̆́̎̉̈̍́ ̐̆̑̆̎̏̒́ ɉ̋́̑̆̓̋̉ɊȠ ̱  ɀ 
̠̑́̒̒̓̏̎̉̆ ̍̆̇̅̔ ̙̘̜̓́̍̐̏̃̏̎̍̉ 
̗̠̐̏̈̉̉̍̉Ƞ ɿ, [ɿ] ɀ ̘̠́̋̓̉̆̒̋́̕ ̉ ̅̏̐̔Ȥ
̠̒̓̉̍́ ̝̎̆̒̏̏̒̎̏̒̓ ̏̒̆̊ ̈́̄̏̓̏̃̏̋ ̉ 
̙̘̜̖̓́̍̐̏̃̏̎ ̗̐̏̈̉̉̊Ȣ 
˗̑̏̍̆ ̓̏̄̏ȟ ̝̙̂̏̌̏̆ ̘̈̎́̆̎̉̆ ̠̅̌ 

̗̏̆̎̋̉ ̎́̅̆̇̎̏̒̓̉ ̖̍̆́̎̉̈̍̏̃ ̟̉̍̆̓ 
̜̏̂̔̒̌̏̃̌̆̎̎̆ ̘̅̉̎́̍̉̆̒̋̉̍̉ ̗̐̑̏̆̒Ȥ
̒́̍̉ ̘̜̒̑̆̅̎̆̋̃́̅̑́̓̉̎̆ ̠̏̓̋̌̏̎̆̎̉ 
̈́̋̏̎̏̃ ̠̐̆̑̆̍̆̆̎̉̚ȟ ̒̋̏̑̏̒̓̉ ̉ ̔̒̋̏Ȥ
̠̑̆̎̉ ̋́̑̆̓̋̉ ̐̆̑̆̎̏̒́ ̏̓ ̐̑̏̆̋̓̉̑̔̆Ȥ
̜̖̍ ̉ ̧̆ ̝̍́̋̒̉̍́̌̎̏̆ ̘̈̎́̆̎̉̆ ̔̒̋̏̑̆Ȥ
̠̎̉ȡ  

],X[X;dt)XX(
T

1
;dt)XX(

T

1
;dt)XX(

T

1
maxmax

T

0

2
̉3

T

0

2
̉2

T

0

2
̉1

¶¶¶¶¶¶¶¶¶¶

=ñ -=sñ -=sñ -=s  

̄̅̆ T ɀ ̉̎̓̆̑̃́̌ ̃̑̆̍̆̎̉ ̜̑́̂̏̓ ̖̍̆́̎̉̈̍́Ƞ X, X̉ ɀ ̠̐̆̑̆̍̆̆̎̉̚ȟ ̟̒̏̏̓̃̆̓̒̓̃̔Ȥ
̉̆̚ ̝̑̆́̌̎̏̍̔ ̉ ̈́̐̑̏̆̋̓̉̑̏̃́̎̎̏̍̔ ̈́̋̏̎̔ ̠̅̃̉̇̆̎̉ ɍυɎȢ 
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˝́̈̑́̂̏̓̋́ 
̗̅̏̋̔̍̆̎̓́̉̉

˗̘̠̉̎̆̍́̓̉̆̒̋́ ̖̒̆̍́

˙̏̅̆̌̉̑̏̃́̎̉̆ ̝̈̃̆̎̆̃ ̉ 
̘̑́̒̆̓ ̖̉ ̔̐̑̔̄̏-
̗̜̖̉̎̆̑̉̏̎̎ 
̖́̑́̋̓̆̑̉̒̓̉̋

˔̃̆̎̏ 1 ˔̃̆̎̏ 2 ...

ˑ̘̉̎́̍̉̆̒̋̉̊ ́̎́̌̉̈

˜̘̜̑̏̎̏̒̓̎̆ ̘̜̑́̒̆̓

ˑˍ

˚˒˟

˗̗̠̏̎̒̓̑̔̋̉ 
̐̑̉̆̍̌̆̍́

 
˝̉̒Ȣ ςȢ ˞̠̓̑̔̋̓̔̑̎́ ̖̒̆̍́ ́̃̓̏̍́̓̉̈̉̑̏̃́̎̎̏̄̏ ̠̐̑̏̆̋̓̉̑̏̃́̎̉ ̖̍̆́̎̉̈̍̏̃ 

̠̐̆̑̆̍̆̆̎̉̚ ̠̒̌̂̏̃ 

˚̠̆̉̈̃̆̒̓̎́ ̗̠̔̎̋̉̕ X ̉ ̧̆ ̐̑̏̉̈Ȥ
̜̃̏̅̎̆ ̃ ̖̏̑̍̔̌́̕ ̠̈́̃̉̒̓ ̏̓ ̔̐̑̔̄̏-
̗̜̖̉̎̆̑̉̏̎̎ ̒̃̏̊̒̓̃ ̞̌̆̍̆̎̓̏̃ ̖̍̆́Ȥ
̎̉̈̍̏̃ȟ ̈́̈̏̑̏̃ ̃ ̘̖̋̉̎̆̍́̓̉̆̒̋̉ ̖̐́̑́ 
̉ ̠̟̠̏̐̑̆̅̆̌̓̒ ̉̈ ̙̠̑̆̆̎̉ ̔̑́̃̎̆̎̉̊ 
̠̅̃̉̇̆̎̉ ̍́̒̒ ̘̅̉̎́̍̉̆̒̋̏̊ ̍̏̅̆̌̉  

 
˞̐̉̒̏̋ ̌ ̜̉̓̆̑́̓̔̑ 

ρȢ ˟̆̌̆̄̉̎ ˏȢˏȢ ˕̒̒̌̆̅̏̃́̎̉̆ ̠̠̃̌̉̎̉ ̖́Ȥ
̑́̋̓̆̑́ ̠̉̈̍̆̎̆̎̉ ̖̘̓̆̎̏̌̏̄̉̆̒̋̏̄̏ ̠̔̒̉̌̉ 
̙̓́̍̐̏̃̋̉ ̎́ ̅̉̎́̍̉̋̔ ̙̋̑̉̃̏̉̐̎̏̄̏ ̠̄̏̑Ȥ
̘̙̘̆̓́̍̐̏̃̏̎̏̄̏ ̐̑̆̒̒́ ɍ˟̆̋̒̓Ɏ Ⱦ ˏȢˏȢ ˟̆̌̆Ȥ
̄̉̎ȟ ˍȢ˕Ȣ ˏ̏̌̏̅̉̎ȟ ˙Ȣ˚Ȣ ˍ̖̂̅̔̌̌́ ȾȾ ˏ̆̒̓̉ 
̜̙̖̃̒̉ ̘̜̖̔̆̂̎ ̈́̃̆̅̆̎̉̊ ˤ̝̠̆̑̎̏̈̆̍Ȣ ɀ 
ςππωȢ Ο ςȢ ˞Ȣ χψ-82. 

ςȢ ˟̆̌̆̄̉̎ ˏȢˏȢ ˟̖̠̆̎̏̌̏̄̉ ̗̜̖̉̑̏̃̕ 
̐̑̏̓̏̓̉̐̏̃ ̃ ̘̖̈́̅́́ ̠̉̒̒̌̆̅̏̃́̎̉ ̅̉̎́̍̉̋̉ 
̘̋̔̈̎̆̎̏-̜̖̐̑̆̒̒̏̃ ̙̍́̉̎ ɍ˟̆̋̒̓Ɏ Ⱦ ˏȢˏȢ 
˟̆̌̆̄̉̎ ȾȾ ˕̠̈̃̆̒̓̉ ˞́̍́̑̒̋̏̄̏ ̘̎́̔̎̏̄̏ 
̗̆̎̓̑́ ˝̏̒̒̉̊̒̋̏̊ ́̋́̅̆̍̉̉ ̎́̔̋Ȣ ɀ ςπρςȢ ˟Ȣ 
ρτȢ Ο τ-υȢ ˞Ȣ ρσπφ-1309. 

σȢ ˟̆̌̆̄̉̎ ˏȢˏȢ ˍ̎́̌̉̈ ̅̉̎́̍̉̋̉ ̗̉̋̌̏Ȥ
̜̖̃ ̖̍̆́̎̉̈̍̏̃ ̎́ ̂́̈̆ ̖̉ ̝̜̖̓̃̆̑̅̏̓̆̌̎ 
̍̏̅̆̌̆̊ ɍ˟̆̋̒̓Ɏ Ⱦ ˏȢˏȢ ˟̆̌̆̄̉̎ȟ ˞ȢˍȢ ˗̏̑̏̂̏̃ ȾȾ 
˞̜̏̃̑̆̍̆̎̎̆ ̗̓̆̎̅̆̎̉̉ ̠̑́̈̃̉̓̉ ̎́̔̋̉ ̉ 
̖̓̆̎̏̌̏̄̉̊Ȣ ɀ ςπρυȢ Ο τ-ρȢ ˞Ȣ ρτπ-144.  

τ ˟̆̌̆̄̉̎ ˕ȢˏȢ ˑ̘̉̎́̍̉̆̒̋̉̆ ̜́̒̐̆̋̓ ̑̆Ȥ
̗́̌̉̈́̉̉ ̖̘̖̓̆̎̏̌̏̄̉̆̒̋̉ ̗̐̑̏̆̒̒̏̃ ̠̘̄̏̑̆̊ 
̧̛̏̂̍̎̏̊ ̙̓́̍̐̏̃̋̉ ̎́ ̙̜̖̋̑̉̃̏̉̐̎ ̠̄̏̑Ȥ
̘̙̘̜̖̆̓́̍̐̏̃̏̎ ̖̐̑̆̒̒́ ɍ˟̆̋̒̓Ɏ Ⱦ ˕ȢˏȢ ˟̆̌̆Ȥ
̄̉̎ ȾȾ ˞̜̏̃̑̆̍̆̎̎̆ ̗̓̆̎̅̆̎̉̉ ̠̑́̈̃̉̓̉ 
̎́̔̋̉ ̉ ̖̓̆̎̏̌̏̄̉̊Ȣ ɀ ςπρυȢ Ο τ-ρȢ ˞Ȣ ρτυ-148. 

υȢ ˟̆̌̆̄̉̎ ˏȢˏȢ ˑ̉̎́̍̉̋́ ̖̍̆́̎̉̈̍̏̃ 
̗̜̖̍̎̏̄̏̐̏̈̉̉̏̎̎ ̖̙̘̜̖̏̌̏̅̎̏̓́̍̐̏̃̏̎ 

́̃̓̏̍́̓̏̃ȡ ̠̍̏̎̏̄̑́̉̕ ɍ˟̆̋̒̓Ɏ Ⱦ ˏȢˏȢ ˟̆̌̆̄̉̎ 
ȾȾ ˘̗̉̐̆̋ȟ ςππφȢ ςπτ ̒Ȣ 

φȢ ˗̏̑̏̂̏̃ ˞ȢˍȢ σ$-̍̏̅̆̌̉̑̏̃́̎̉̆ ̃ ̈́̅́Ȥ
̘̖́ ̙̠̒̏̃̆̑̆̎̒̓̃̏̃́̎̉ ̗̋̏̎̒̓̑̔̋̉̊ ̒̉̒̓̆̍ 
̐̑̉̃̏̅̏̃ ̉ ̅̆̓́̌̆̊ ̙̍́̉̎ ɍ˟̆̋̒̓Ɏ Ⱦ ˞ȢˍȢ ˗̏Ȥ
̑̏̂̏̃ ȾȾ ˏ̆̒̓̎̉̋ ̘̜̖̎́̔̎ ̗̋̏̎̆̑̆̎̉̊̕Ȣ ɀ 
ςπρφȢ Ο ς-φ ɉφɊȢ ˞Ȣ υχ-60.  

7Ȣ ˟̆̌̆̄̉̎ ˏȢˏȢ ˕̒̒̌̆̅̏̃́̎̉̆ ̠̠̃̌̉̎̉ 
̘̓̏̎̏̒̓̉ ̠̉̈̄̏̓̏̃̌̆̎̉ ̘̋̔̌́̋̏̃ ̎́ ̅̉̎́̍̉Ȥ
̋̔ ̖̍̆́̎̉̈̍̏̃ ̙̍́̉̎-́̃̓̏̍́̓̏̃ ɍ˟̆̋̒̓Ɏ Ⱦ 
ˏȢˏȢ ˟̆̌̆̄̉̎ȟ ˞ȢˍȢ ˗̏̑̏̂̏̃ ȾȾ ˞̜̏̃̑̆̍̆̎̎̆ 
̎́̔̋̏̆̍̋̉̆ ̖̓̆̎̏̌̏̄̉̉Ȣ ɀ ςπρυȢ Ο ρς-ςȢ ˞Ȣ 
263-267.  

ψȢ ˟̆̌̆̄̉̎ ˏȢˏȢ ˛̛̂̆̋̓̎̏-̏̑̉̆̎̓̉̑̏̃́̎̎̏̆ 
̐̑̆̅̒̓́̃̌̆̎̉̆ ̖̍̆́̎̉̈̍́Ȣ ˕̒̒̌̆̅̏̃́̎̉̆ ̛̏̂Ȥ
̆̋̓́ Ȱˏ̟̠̑́́̉̊̒̚̚ ̜̘̑́̄ȱ ɍ˟̆̋̒̓Ɏ Ⱦ ˏȢˏȢ ˟̆̌̆Ȥ
̄̉̎ȟ ˞ȢˍȢ ˗̏̑̏̂̏̃ ȾȾ ˏ ̒̂̏̑̎̉̋̆ȡ ˜̜̆̑̒̐̆̋̓̉̃ 
̠̑́̈̃̉̓̉ ̖̓̆̎̏̌̏̄̉̊ ̏̂̑́̂̏̓̋̉ ̉ ̏̂̏̑̔̅̏̃́Ȥ
̠̎̉ ̃ ̙̍́̉̎̏̒̓̑̏̆̎̉̉ ˞̂̏̑̎̉̋ ̘̜̖̎́̔̎ ̒̓́Ȥ
̓̆̊ ˙̆̇̅̔̎́̑̏̅̎̏̊ ̘̎́̔̎̏-̘̐̑́̋̓̉̆̒̋̏̊ 
̗̋̏̎̆̑̆̎̉̉̕Ȣ ˛̜̓̃̆̓̒̓̃̆̎̎̊ ̑̆̅́̋̓̏̑ ː̏̑̏Ȥ
̖̏̃ ˍȢˍȢ ɀ ςπρφȢ ˞Ȣ ψφ-91. 

ωȢ ˟̆̌̆̄̉̎ ˏȢˏȢ ˜̏̒̓̑̏̆̎̉̆ ̗̉̍̉̓́̉̏̎Ȥ
̜̖̎ ̍̏̅̆̌̆̊ ̃ ̘̖̈́̅́́ ̠̉̒̒̌̆̅̏̃́̎̉ ̅̉̎́̍̉Ȥ
̋̉ ̖̘̖̍̆́̎̉̆̒̋̉ ̒̉̒̓̆̍ ɍ˟̆̋̒̓Ɏ Ⱦ ˏȢˏȢ ˟̆̌̆Ȥ
̄̉̎ȟ ˞ȢˍȢ ˗̏̑̏̂̏̃ ȾȾ ˡ̝̜̔̎̅́̍̆̎̓́̌̎̆ ̉̒̒̌̆Ȥ
̠̅̏̃́̎̉Ȣ ɀ ςπρτȢ Ο ρς-ρπȢ ˞Ȣ ςρςυ-2130.  

ρπȢ ˟̆̌̆̄̉̎ ˏȢˏȢ ˝́̈̑́̂̏̓̋́ ̉ ̓̆̒̓̉̑̏̃́Ȥ
̎̉̆ ̛̏̂̆̋̓́ ̜̒̉̒̓̆̍ ̘̅̉̎́̍̉̆̒̋̏̄̏ ́̎́̌̉̈́ 
̖̍̆́̎̉̈̍̏̃ ɉ$!-Ɋ ɍ˟̆̋̒̓Ɏ Ⱦ ˏȢˏȢ ˟̆̌̆̄̉̎ ȾȾ 
˕̠̈̃̆̒̓̉ ˞́̍́̑̒̋̏̄̏ ̘̎́̔̎̏̄̏ ̗̆̎̓̑́ ˝̏̒Ȥ
̒̉̊̒̋̏̊ ́̋́̅̆̍̉̉ ̎́̔̋Ȣ ɀ ςπρρȢ ˟Ȣ ρσȢ Ο τ-τȢ ˞Ȣ 
1115-1118. 
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ρρȢ ˟̆̌̆̄̉̎ ˏȢˏȢ ˞̏̈̅́̎̉̆ ̍̏̅̆̌̆̊ ̖̍̆́Ȥ
̘̖̎̉̆̒̋̉ ̒̉̒̓̆̍ ɍ˟̆̋̒̓Ɏ Ⱦ ˏȢˏȢ ˟̆̌̆̄̉̎ ȾȾ 
Actualscience. ɀ ςπρυȢ ˟Ȣ ρȢ Ο υ ɉυɊȢ ˞Ȣ φσ-64. 

ρςȢ ˟̆̌̆̄̉̎ ˏȢˏȢ ˗̔̑̒ Ȱ˕̠̎̇̆̎̆̑̎́ ̄̑́Ȥ
̉̋́̕ȱ ̎́ ̂́̈̆ !ÕÔÏÄÅÓË )ÎÖÅÎÔÏÒ 0ÒÏÆÅÓÓÉÏÎÁÌ 

ɍ˟̆̋̒̓Ɏ Ⱦ ˏȢˏȢ ˟̆̌̆̄̉̎ȟ ˍȢ˞Ȣ ˞̓̆̐́̎̏̃ ȾȾ ˏ ̒̂̏̑Ȥ
̎̉̋̆ȡ ˚́̔̋́ ̉ ̏̂̑́̈̏̃́̎̉̆ ̃ 88) ̃̆̋̆ ̒̂̏̑̎̉̋ 
̘̜̖̎́̔̎ ̓̑̔̅̏̃ ̐̏ ̍́̓̆̑̉́̌́̍ ˙̆̇̅̔̎́̑̏̅Ȥ
̎̏̊ ̘̎́̔̎̏-̘̐̑́̋̓̉̆̒̋̏̊ ̗̋̏̎̆̑̆̎̉̉̕ȡ ̃ ρχ 
̘̠̖́̒̓Ȣ ςπρτȢ ˞Ȣ ρτχ-148. 

 
 
 

ˠˑ˗ φςρȢωρȢπς 
 
˗̜̑̌̏̃ ˒.ː .ȟ ˗̘̔́ ˑ ̜  ̠̋ ̏̎̄ 
ˏ̏̌̄̏̄̑́̅̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ ˏ̏̌̄̏̄̑́̅ 

 
˝ˍ˔˝ˍˎ˛˟˗ˍ ˞˕˞˟˒˙˨ ˛˜˟˕˙˕˔ˍˣ˕˛˚˚˛ː˛ ˏ˨ˎ˛˝ˍ ˛˞˚ˍ˞˟˗˕ ˑ ˘ˬ 

ˍ˞˟˜˜ ˙ˍ˥˕˚˛˞˟˝˛˕˟˒˘˩˚˛ː˛ ˜˝˒ˑ˜˝˕ˬ˟˕ˬ 

ˏ ̅̏̋̌́̅̆ ̜̐̑̏́̎́̌̉̈̉̑̏̃́̎ ̜̏̒̎̏̃̎̆ 
̜́̋̓̏̑̕ȟ ̠̟̃̌̉̉̆̚ ̎́ ̗̝̜̑́̉̏̎́̌̎̊ ̜̃̂̏̑ 
̑̆̇̔̆̄̏̚ ̉̎̒̓̑̔̍̆̎̓́ ̠̅̌ ́̃̓̏̍́̓̉̈̉̑̏̃́̎Ȥ
̎̏̄̏ ̠̏̂̏̑̔̅̏̃́̎̉Ȣ ˜̑̆̅̌̏̇̆̎́ ̍̆̓̏̅̉̋́ 
̑́̈̑́̂̏̓̋̉ ̜̒̉̒̓̆̍ ̗̏̐̓̉̍̉̈́̉̏̎̎̏̄̏ ̜̃̂̏Ȥ
̑́ ̏̒̎́̒̓̋̉ ̠̅̌ ̠̒̏̋̑́̆̎̉̚ ̜̖̓̑̔̅̏̃ ̉ ̍́̓̆Ȥ
̝̜̖̑̉́̌̎ ̈́̓̑́̓ȟ ̠̜̖̒̃̈́̎̎ ̒ ̜̃̂̏̑̏̍ ̑̆̇̔Ȥ
̆̄̏̚ ̉̎̒̓̑̔̍̆̎̓́ ̃ ̍̎̏̄̏̎̏̍̆̎̋̌́̓̔̑̎̏̍ 
̐̑̏̉̈̃̏̅̒̓̃̆Ȣ 

˙̎̏̄̏̎̏̍̆̎̋̌́̓̔̑̎̏̆ ̐̑̏̉̈̃̏̅̒̓̃̏ȟ 
̏̒̎́̒̓̋́ȟ ̑̆̇̔̉̊̚ ̉̎̒̓̑̔̍̆̎̓ȟ ̗̠̏̐̓̉̍̉̈́̉Ȣ 

 
̠̌ ̙̝̜̖̍́̉̎̏̒̓̑̏̉̓̆̌̎ ̐̑̆̅Ȥ
̠̐̑̉̓̉̊ ̝̜́̋̓̔́̌̎ ̘̈́̅́̉ ̒̎̉Ȥ

̠̇̆̎̉ ̓̑̔̅̏̆̍̋̏̒̓̉ ̗̏̐̆̑́̉̊ ̉ ̒̆̂̆Ȥ
̒̓̏̉̍̏̒̓̉ ̠̉̈̄̏̓̏̃̌̆̎̉ ̅̆̓́̌̆̊ ̒ 
̘̏̂̆̒̐̆̆̎̉̆̍ ̜̖̈́̅́̎̎ ̐̏̋́̈́̓̆̌̆̊ 
̘̋́̆̒̓̃́Ȣ ˪̓̉̍ ̏̂̔̒̌̏̃̌̆̎ ̠̜̐̏̒̓̏̎̎̊ 
̐̏̉̒̋ ̐̔̓̆̊ ̙̠̒̏̃̆̑̆̎̒̓̃̏̃́̎̉ ̖̓̆̎̏Ȥ
̘̖̌̏̄̉̆̒̋̉ ̗̐̑̏̆̒̒̏̃ ̠̉̈̄̏̓̏̃̌̆̎̉ 
̅̆̓́̌̆̊ ̒ ̘̔̆̓̏̍ ̃̏̈̍̏̇̎̏̒̓̆̊ȟ ̐̑̆̅̏Ȥ
̠̜̖̒̓́̃̌̆̍ ̜̒̏̃̑̆̍̆̎̎̍ ̏̂̏̑̔̅̏̃́Ȥ
̎̉̆̍ ̉ ̉̎̒̓̑̔̍̆̎̓̏̍ȟ ̗̉̎̏̑̍́̉̏̎̕Ȥ
̜̎̍ ̉ ̜̐̑̏̄̑́̍̍̎̍ ̘̏̂̆̒̐̆̆̎̉̆̍. ˏ 
̘̉̒̌̆ ̙̜̖̑̆́̆̍ ̜̖̐̑̏̆̋̓̎ ̘̈́̅́ ̈̎́Ȥ
̘̝̠̉̓̆̌̎́ ̝̑̏̌ ̠̏̓̃̏̅̉̓̒ ̏̂̏̒̎̏̃́̎Ȥ
̎̏̍̔ ̜̃̂̏̑̔ ̋̏̍̐̏̎̆̎̓̏̃ ́̃̓̏̍́̓̉̈̉Ȥ
̜̖̑̏̃́̎̎ ̘̜̖̒̓́̎̏̎ ̒̉̒̓̆̍ ɀ ̏̒̎̏̃̎̏Ȥ
̄̏ ̠̏̂̏̑̔̅̏̃́̎̉ȟ ̝̉̎̒̓̑̔̍̆̎̓́̌̎̏̊ 
̏̒̎́̒̓̋̉ȟ ̖̜̖̈́̃́̓̎ ̉ ̜̖̓̑́̎̒̐̏̑̓̎ 
̔̒̓̑̏̊̒̓̃ȟ ̑̆̇̔̆̄̏̚ ̉̎̒̓̑̔̍̆̎̓́Ȣ  
˞ ̘̈́̅́̆̊ ̐̏ ̟̏̐̑̆̅̆̌̆̎̉ ̐̏̓̑̆̂Ȥ

̎̏̒̓̆̊ ̃ ̖̒̑̆̅̒̓̃́ ̖̘̓̆̎̏̌̏̄̉̆̒̋̏̄̏ 
̠̏̒̎́̆̎̉̚ ̟̠̒̓́̌̋̉̃́̓̒ ̐̑̉ ̘̖̑́̒̆̓́ 
̐̑̏̉̈̃̏̅̒̓̃̆̎̎̏̊ ̍̏̎̏̒̓̉̚ ̅̆̊̒̓̃̔Ȥ
̟̆̄̏̚ ̘̔́̒̓̋́ ̉̌̉ ̗̖̆́ȟ ̗̏̑̄́̎̉̈́̉̉ 
̎̏̃̏̄̏ ̐̑̏̉̈̃̏̅̒̓̃́ȟ ̐̑̉̏̂̑̆̓̆̎̉̉ 
̠̏̂̏̑̔̅̏̃́̎̉ȟ ̑́̈̑́̂̏̓̋̆ ̖̘̓̆̎̏̌̏̄̉̆Ȥ
̖̒̋̉ ̗̐̑̏̆̒̒̏̃Ȣ ˏ ̠̒̃̈̉ ̒ ̖̐̆̑̆̏̅̏̍ 
̍̎̏̄̉ ̖ ̠̐̑̆̅̐̑̉̓̉̊ ̎́ ̜̃̐̔̒̋ ̐̑̏̅̔̋Ȥ

̗̉̉ ̒̑̆̅̎̆̊ ̉ ̍́̌̏̊ ̒̆̑̉̊̎̏̒̓̉ ̞̕Ȥ
̆̋̓̉̃̎̏̆̕ ̗̔̎̋̉̏̎̉̑̏̃́̎̉̆̕ ˍ˞˟˜˜ ̃ 
̖̎̉ ̎̆̃̏̈̍̏̇̎̏ ̂̆̈ ̝̠̉̒̐̏̌̈̏̃́̎̉ 
̜̖́̃̓̏̍́̓̉̈̉̑̏̃́̎̎ ̒̉̒̓̆̍ ̉ ̐̆̑̆̅̏Ȥ
̜̖̃ ̗̜̖̉̎̏̑̍́̉̏̎̎̕ ̖̓̆̎̏̌̏̄̉̊ ɍρɎȢ 
ˏ ̍̎̏̄̏̎̏̍̆̎̋̌́̓̔̑̎̏̍ ̐̑̏̉̈̃̏̅Ȥ

̒̓̃̆ ̘̈̎́̉̍̏̊ ̠̠̠̃̌̆̓̒ ̘̈́̅́́ ̍̎̏̄̏Ȥ
̝̋̑̉̓̆̑̉́̌̎̏̄̏ ̜̃̂̏̑́ ̑̆̇̔̆̄̏̚ ̉̎Ȥ
̒̓̑̔̍̆̎̓́ȟ ̖̝̎̆̏̂̏̅̉̍̏̒̓ ̙̠̑̆̆̎̉ 
̋̏̓̏̑̏̊ ̜̃̈̃́̎́ ̙̉̑̏̋̏̊ ̎̏̍̆̎̋̌́̓̔Ȥ
̑̏̊ ̠̐̑̉̍̆̎̆̍̏̄̏ ̉̎̒̓̑̔̍̆̎̓́ ̠̅̌ 
̜̖̓̉̐̏̃ ̖̘̖̓̆̎̏̌̏̄̉̆̒̋̉ ̗̐̑̏̆̒̒̏̃ 
̖̘̍̆́̎̉̆̒̋̏̊ ̏̂̑́̂̏̓̋̉ ̅̆̓́̌̆̊ ɍςɎȢ 
ˍ̎́̌̉̈ ̜̐̑̏̂̌̆̍ ̝̒̑́̃̎̉̓̆̌̎̏̄̏ ̗̏̆Ȥ
̠̎̉̃́̎̉ ̜̖̑́̈̎ ̉̎̒̓̑̔̍̆̎̓̏̃ ̠̅̌ ̏̅̉Ȥ
̜̖̎́̋̏̃ ̖̘̖̓̆̎̏̌̏̄̉̆̒̋̉ ̔̒̌̏̃̉̊ ̏̂Ȥ
̑́̂̏̓̋̉ ̓̑̆̂̔̆̓ ̠̑́̒̒̍̏̓̑̆̎̉ ̟̒̌̆̅̔Ȥ
̖̉̚ ̃̏̐̑̏̒̏̃ȡ  
ρɊ ̒̏̒̓́̃̌̆̎̉̆ ̠̏̐̉̒́̎̉ ̘̉̈̉̆̕Ȥ

̒̋̏̊ ̒̔̎̏̒̓̉̚ ̑̆̇̔̆̄̏̚ ̉̎̒̓̑̔̍̆̎̓́ ̃ 
̃̉̅̆ ̍̎̏̇̆̒̓̃́ ̐́̑́̍̆̓̑̏̃Ƞ  
ςɊ ̐̏̒̓́̎̏̃̋́ ̗̏̐̓̉̍̉̈́̉̏̎̎̏̊ ̈́Ȥ

̘̅́̉ ̜̃̂̏̑́Ƞ 
σɊ ̏̑̍̉̑̏̃́̎̉̆̕ ̗̜̐̑̏̆̅̔̑ ̍̎̏̄̏Ȥ

̝̋̑̉̓̆̑̉́̌̎̏̄̏ ̜̃̂̏̑́Ȣ 
ˏ ̉̓̏̄̆ ̠̏̂́̚ ̠̏̑̍́̌̉̈̏̃́̎̎́̕ 

̍̆̓̏̅̉̋́ ̜̃̂̏̑́ ̗̝̑́̉̏̎́̌̎̏̄̏ ̑̆̇̔Ȥ
̆̄̏̚ ̉̎̒̓̑̔̍̆̎̓́ ̍̏̇̆̓ ̜̝̂̓ ̐̑̆̅Ȥ
̒̓́̃̌̆̎́ ̃ ̃̉̅̆ ̎́̂̏̑́ ̗̏̐̆̑́̉̊ ɍσȟ τɎȡ 
ρɊ ̒̏̒̓́̃̌̆̎̉̆ ̖̘̖̓̆̎̏̌̏̄̉̆̒̋̉ 

̓̑̆̂̏̃́̎̉̊ȟ ̛̠̠̜̖̐̑̆̅̃̌̆̍ ̋ ̏̒̎̏̃Ȥ
̜̎̍ ̖́̑́̋̓̆̑̉̒̓̉̋́̍ ̑̆̇̔̆̄̏̚ ̉̎Ȥ
̒̓̑̔̍̆̎̓́ȟ ̜̋̏̓̏̑̆ ̜̟̠̏̐̉̒̃́̓̒ ̎̆Ȥ
̘̜̉̒̌̏̃̍̉ ̐́̑́̍̆̓̑́̍̉Ƞ  
ςɊ ̜̃̅̆̌̆̎̉̆ ̉̈ ̖̉̒̏̅̎̏̄̏ ̍̎̏̇̆Ȥ

̒̓̃́ ̖̃̒̆ ̜̖̃̏̈̍̏̇̎ ̉̎̒̓̑̔̍̆̎̓̏̃ D  ˞= 
{d }̒ ̍̎̏̇̆̒̓̃́ ̉̎̒̓̑̔̍̆̎̓̏̃-
̐̑̆̓̆̎̅̆̎̓̏̃ D  ̱ = {daɒȟ ̜̖̐̑̉̄̏̅̎ ̠̅̌ 
̝̠̉̒̐̏̌̈̏̃́̎̉Ƞ 

 ˑ
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σɊ ̘̠̍́̓̆̍́̓̉̆̒̋́ ̏̂̑́̂̏̓̋́ ̋̏̌̉Ȥ
̘̜̖̆̒̓̃̆̎̎ ̐́̑́̍̆̓̑̏̃ ̍̎̏̇̆̒̓̃́ 
̉̎̒̓̑̔̍̆̎̓̏̃-̐̑̆̓̆̎̅̆̎̓̏̃ D  ̱ ̐̔̓̆̍ 
̗̎̏̑̍́̌̉̈́̉̉ ̜̜̖̃̂̑́̎̎ ̐́̑́̍̆̓̑̏̃ 
{piHɒ ̉ ̠̐̑̉̒̃̏̆̎̉ ̋́̇̅̏̍̔ ̐́̑́̍̆̓̑̔ 
̃̆̒̏̃̏̄̏ ̞̗̋̏̉̉̆̎̓́̕̕ vi;  
τɊ ̜̘̃̉̒̌̆̎̉̆ ̠̅̌ ̋́̇̅̏̄̏ ̞̋̈̆̍Ȥ

̠̐̌̑́ ̍̎̏̇̆̒̓̃́ ̉̎̒̓̑̔̍̆̎̓̏̃-
̐̑̆̓̆̎̅̆̎̓̏̃ D  ̱̘̠̈̎́̆̎̉ ̧̏̂̏̂̎̎̏̄̏̚ 
̠̒̋́̌̑̎̏̄̏ ̠̐̏̋́̈́̓̆̌ R̊  ̞̆̋̓̉̃̎̏̕̕Ȥ
̒̓̉ ̍̆̓̏̅̏̍ ̌̉̎̆̊̎̏̄̏ ̧̜̠̒̃̑̓̃́̎̉ 
̃̆̋̓̏̑̎̏̊ ̍̏̅̆̌̉ ̘̐́̑́̍̆̓̑̉̆̒̋̏̄̏ 
̠̏̐̉̒́̎̉ȟ ̞̌̆̍̆̎̓́̍̉ ̋̏̓̏̑̏̄̏ ̠̠̃̌Ȥ
̟̠̓̒ ̠̐̑̏̉̈̃̆̅̆̎̉ ̎̏̑̍̉̑̏̃́̎̎̏̄̏ 
̐́̑́̍̆̓̑́ ̎́ ̃̆̒̏̃̏̊ ̞̗̋̏̉̉̆̎̓̕̕Ƞ  
υɊ ̑́̎̇̉̑̏̃́̎̉̆ ̍̎̏̇̆̒̓̃́ ̐̏̋́Ȥ

̈́̓̆̌̆̊ R̊  ̞̆̋̓̉̃̎̏̒̓̉̕̕ ̉̎̒̓̑̔̍̆̎̓́ 
̉ ̜̃̂̏̑ ̃́̑̉́̎̓́ȟ ̠̠̟̠̃̌̆̄̏̒̚ ̎́̉̂̏Ȥ
̌̆̆ ̘̝̐̑̆̅̐̏̓̉̓̆̌̎̏̊ ̝́̌̓̆̑̎́̓̉̃̏̊ 
da

opt ̠̅̌ ̜̖̈́̅́̎̎ ̖̘̖̓̆̎̏̌̏̄̉̆̒̋̉ 
̔̒̌̏̃̉̊Ȣ 
˝́̈̑́̂̏̓̋́ ̗̉̎̏̑̍́̉̏̎̎̏̊̕ ̒̉Ȥ

̜̒̓̆̍ȟ ̝̟̉̒̐̏̌̈̔̆̊̚ ̒̓̑̔̋̓̔̑̉̑̏̃́̎Ȥ
̟̎̔ ̂́̈̔ ̜̖̅́̎̎ ̐́̑́̍̆̓̑̏̃ ̖̑̆̇̔̉̚ 
̉̎̒̓̑̔̍̆̎̓̏̃ ̉ ̋̏̍̐̌̆̋̒ ̋̑̉̓̆̑̉̆̃ 
̗̏̐̓̉̍̉̈́̉̉ ̒ ̝̟̃̏̈̍̏̇̎̏̒̓ ̆̆ ̉̎̓̆Ȥ
̗̄̑́̉̉ ̃ ˍ˞˟˜˜ ̠̠̐̑̆̅̐̑̉̓̉ȟ ̐̏̈̃̏̌̉̓ 

̝̍̉̎̉̍̉̈̉̑̏̃́̓ ̜̓̑̔̅̏̃̆ ̉ ̍́̓̆̑̉Ȥ
̝̜́̌̎̆ ̜̈́̓̑́̓ ̐̑̉ ̜̃̂̏̑̆ ̎̏̍̆̎̋̌́Ȥ
̜̓̔̑ ̑̆̇̔̆̄̏̚ ̉̎̒̓̑̔̍̆̎̓́Ȣ 

 
˞̐̉̒̏̋ ̜̌̉̓̆̑́̓̔̑ 

ρȢ ˗̜̑̌̏̃ȟ ˒Ȣ ːȢ ˍ̗̠̃̓̏̍́̓̉̈́̉ ̗̏̑̄́̎̉̈́̉Ȥ
̏̎̎̏-̖̘̓̆̎̏̌̏̄̉̆̒̋̏̊ ̐̏̅̄̏̓̏̃̋̉ ̑̆̇̔̆̄̏̚ 
̉̎̒̓̑̔̍̆̎̓́ ɍ˟̆̋̒̓Ɏ Ⱦ ˒Ȣ ːȢ ˗̜̑̌̏̃ȟ ˍȢ ˙Ȣ ˙́̋́Ȥ
̑̏̃ȟ ˚Ȣ ˏȢ ˗̗̏̈̌̏̃̆̃́ ȾȾ ˕̠̈̃̆̒̓̉ ˏ̏̌̄ː˟ˠȢ ˞̆̑Ȣ 
˜̜̑̏̄̑̆̒̒̉̃̎̆ ̖̓̆̎̏̌̏̄̉̉ ̃ ̙̍́̉̎̏̒̓̑̏̆̎̉̉Ȣ - 
ˏ̏̌̄̏̄̑́̅ȟ ςπρυȢ - Ο ρ ɉρυφɊȢ - C. 59-61. 

ςȢ ˗̜̑̌̏̃ȟ ˒Ȣ ːȢ ˝̗̝̜́̉̏̎́̌̎̊ ̜̃̂̏̑ ̑̆̇̔Ȥ
̆̄̏̚ ̉̎̒̓̑̔̍̆̎̓́ ̃ ́̃̓̏̍́̓̉̈̉̑̏̃́̎̎̏̍ ̐̑̏Ȥ
̉̈̃̏̅̒̓̃̆ ɍ˟̆̋̒̓Ɏ Ⱦ ˒Ȣ ːȢ ˗̜̑̌̏̃ȟ ˫Ȣ ˜Ȣ ˞̆̑̅̏̂̉̎Ȥ
̗̆̃ ȾȾ ˍ̗̠̃̓̏̍́̓̉̈́̉ ̉ ̜̒̏̃̑̆̍̆̎̎̆ ̖̓̆̎̏̌̏Ȥ
̄̉̉Ȣ - 2014. - Ο ρπȢ - C. 3-6. 

3. ˗̜̑̌̏̃ȟ ˒Ȣ ːȢ ˡ̗̠̏̑̍́̌̉̈́̉ ̗̜̐̑̏̆̅̔̑ 
̝̍̎̏̄̏̋̑̉̓̆̑̉́̌̎̏̄̏ ̜̃̂̏̑́ ̑̆̇̔̆̄̏̚ ̉̎Ȥ
̒̓̑̔̍̆̎̓́ ̃ ˍ˞˟˜˜ ɍ˟̆̋̒̓Ɏ Ⱦ ˒Ȣ  ːȢ ˗̜̑̌̏̃ȟ ˫Ȣ ˜Ȣ 
˞̗̆̑̅̏̂̉̎̆̃ ȾȾ ˞˟˕˚Ȣ - 2015. - Ο σȢ - C. 5-9. 

τȢ ˛̗̠̑̄́̎̉̈́̉ ̗̉̎̏̑̍́̉̏̎̎̏̄̏̕ ̏̂̆̒̐̆Ȥ
̘̠̆̎̉ ̜̒̉̒̓̆̍ ̝̏̐̓̉̍́̌̎̏̄̏ ̜̃̂̏̑́ ̖̑̆̇̔̉̚ 
̉̎̒̓̑̔̍̆̎̓̏̃ ɍ˟̆̋̒̓Ɏ Ⱦ ˒Ȣ ːȢ ˗̜̑̌̏̃ȟ ˚Ȣ ˏȢ ˗̏̈Ȥ
̗̌̏̃̆̃́ȟ ˑ̜̋ ˗̏̎̄ ˗̘̔́ȟ ˞̔́̎ ˚́̍ ˗̘̔́ ȾȾ ˝́̈̃̉Ȥ
̓̉̆ ̎́̔̋̉ ̉ ̠̏̂̑́̈̏̃́̎̉ ̃ ̒̏̃̑̆̍̆̎̎̏̍ ̍̉̑̆ȡ 
̒̂Ȣ ̘̎́̔Ȣ ̓̑Ȣ ̐̏ ̍́̓̆̑Ȣ ̍̆̇̅̔̎́̑Ȣ ̘̎́̔Ȣ-̐̑́̋̓Ȣ 
̋̏̎̕Ȣ ɉσρ ̍́̑̓́ ςπρυ ̄ȢɊȢ ˏ φ ̘Ȣ ˤȢ σ Ⱦ Ⱥˍ˝-
˗̏̎̒́̌̓ȻȢ - ̇ ̏̒̋̃́ȟ ςπρυȢ - C. 58-59. 

 
 
 
ˠˑ˗ φςρȢωρȢπς 
 
˗̜̑̌̏̃ ˒.ː .1ȟ ˗̘̔́ ˑ ̜  ̠̋ ̏̎̄1ȟ ˗̗̏̈̌̏̃̆̃́ ˚.ˏ .2 
1ˏ̏̌̄̏̄̑́̅̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ ˏ̏̌̄̏̄̑́̅ 
2˙̏̒̋̏̃̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̏̌̏̄̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˞ ˟ˍ˚˗˕˚Ȼȟ ˙̏̒̋̃́ 

 
ˑ˕˚ˍ˙˕ˤ˒˞˗˛˒ ˙˛ˑ˒˘˕˝˛ˏˍ˚˕˒ ˞˕˞˟˒˙ ˕˚˞˟˝ˠ˙˒˚˟ˍ˘˩˚˛ː˛ 

˛ˎ˒˞˜˒ˤ˒˚˕ˬ ˞  ˕˞˜˛˘˩˔˛ˏˍ˚˕˒˙ UML 

ˏ ̅̏̋̌́̅̆ ̜̐̑̏́̎́̌̉̈̉̑̏̃́̎ ̜̏̒̎̏̃̎̆ 
̠̓̑̆̂̏̃́̎̉ȟ ̛̠̠̜̐̑̆̅̃̌̆̍̆ ̋ ̜̑́̈̑́̂́̓̃́̆Ȥ
̜̍̍ ̒̉̒̓̆̍́̍ ̝̉̎̒̓̑̔̍̆̎̓́̌̎̏̄̏ ̘̏̂̆̒̐̆̆Ȥ
̠̎̉Ȣ ˜̑̆̅̌̏̇̆̎̏ ̝̝̉̒̐̏̌̈̏̃́̓ ̛̏̂̆̋̓̎̏-
̏̑̉̆̎̓̉̑̏̃́̎̎̏̆ ̐̑̏̆̋̓̉̑̏̃́̎̉̆ ̐̑̉ ̒̏̈̅́Ȥ
̎̉̉ ̖̓́̋̉ ̒̉̒̓̆̍ȟ ̒ ̗̝̟̆̌ ̝̙̠̔̍̆̎̆̎̉ ̓̑̔Ȥ
̅̏̆̍̋̏̒̓̉ ̉ ̘̋̏̌̉̆̒̓̃́ ̙̏̉̂̏̋Ȣ 

˙̎̏̄̏̎̏̍̆̎̋̌́̓̔̑̎̏̆ ̐̑̏̉̈̃̏̅̒̓̃̏ȟ 
̑̆̇̔̉̊̚ ̉̎̒̓̑̔̍̆̎̓ȟ ̍̏̅̆̌̉̑̏̃́̎̉̆ȟ UML. 

 
̑̉ ̒̏̈̅́̎̉̉ ̒̏̃̑̆̍̆̎̎̏̊ ̒̉Ȥ
̜̒̓̆̍ ̝̉̎̒̓̑̔̍̆̎̓́̌̎̏̄̏ 

̘̠̏̂̆̒̐̆̆̎̉ ɉ˞˕˛Ɋ ̖̎̆̏̂̏̅̉̍̏ ̘̜̔̉̓Ȥ
̝̃́̓ ̟̒̌̆̅̔̉̆̚ ̠̓̑̆̂̏̃́̎̉ȟ ̛̠̐̑̆̅̃Ȥ
̠̜̌̆̍̆ ̋ ̗̝̔̎̋̉̏̎́̌̎̏̒̓̉̕ ̉ ̖́̑́̋̓̆Ȥ
̑̉̒̓̉̋́̍ ̖̓́̋̉ ̒̉̒̓̆̍ȡ 

- ̍ ̝̝̏̅̔̌̎̏̒̓ ̉ ̛̠̏̂̆̋̓̎́ ̏̑̉̆̎Ȥ
̝̓̉̑̏̃́̎̎̏̒̓ ̠̐̏̒̓̑̏̆̎̉ ̘̍̆̓̏̅̉̆̒̋̏Ȥ
̄̏ȟ ́̐̐́̑́̓̎̏̄̏ ̉ ̐̑̏̄̑́̍̍̎̏̄̏ ̏̂̆̒̐̆Ȥ
̘̠̆̎̉Ƞ 

- ̞ ̘̠̋̏̎̏̍̉̆̒̋́ ̞̝̆̋̓̉̃̎̏̒̓̕̕Ƞ  
- ̝̄̉̂̋̏̒̓ȟ ̝̃̏̈̍̏̇̎̏̒̓ ̙̑́̒̉̑̆Ȥ

̠̎̉ ̉ ̗̍̏̅̉̉̋́̉̉̕Ƞ 
- ̧̝̎́̅̇̎̏̒̓ ̋́̋ ̒̏̏̓̃̆̓̒̓̃̉̆ ̈́Ȥ

̅́̎̎̏̍̔ ́̌̄̏̑̉̓̍̔Ƞ 
- ̈́̉̓́̚ ̏̓ ̙̠̑́̈̑̔̆̎̉ ̉ ̗̎̆̒́̎̋̉Ȥ

̏̎̉̑̏̃́̎̎̏̄̏ ̅̏̒̓̔̐́ ̋ ̐̑̏̄̑́̍̍́̍ ̉ 
̜̅́̎̎̍Ȣ 
ˏ̜̐̏̌̎̆̎̉̆ ̜̖̅́̎̎ ̓̑̆̂̏̃́̎̉̊ 

̃̏̈̍̏̇̎̏ ̐̑̉ ̝̉̒̐̏̌̈̏̃́̎̉̉ ̎́ ̒̓́̅̉̉ 
̠̐̑̏̆̋̓̉̑̏̃́̎̉ ̠̍̏̅̆̌̉̑̏̃́̎̉ ̒ ̐̏̍̏Ȥ

 ̃



40 

̝̟̚ UMLȢ ˪̓̏ ̐̏̈̃̏̌̉̓ ̝̒̉̎̓̆̈̉̑̏̃́̓ 
̗̐̑̏̆̒̒ ̛̏̂̆̋̓̎̏̊ ̗̅̆̋̏̍̐̏̈̉̉̉ ̉ ̐̑̉Ȥ
̜̆̍ ̠̐̑̆̅̒̓́̃̌̆̎̉ ̘̌̏̄̉̆̒̋̏̊ ̉ ̉̈̉̕Ȥ
̘̆̒̋̏̊ȟ ́ ̓́̋̇̆ ̘̒̓́̓̉̆̒̋̏̊ ̉ ̘̅̉̎́̍̉̆Ȥ
̒̋̏̊ ̍̏̅̆̌̆̊ ̐̑̏̆̋̓̉̑̔̆̍̏̊ ̜̒̉̒̓̆̍Ȣ  
˟̖̠̆̎̏̌̏̄̉ ̠̐̑̏̆̋̓̉̑̏̃́̎̉ ˞˕˛ 

̘̠̎́̉̎́̆̓̒ ̒ ́̎́̌̉̈́ ̓̑̆̂̏̃́̎̉̊ȟ 
̛̠̠̜̖̐̑̆̅̃̌̆̍ ̋ ̎̆̊ȟ ̉ ̠̐̏̒̓̑̏̆̎̉ 
̅̉́̄̑́̍̍ ̋̌́̒̒̏̃ ̉ ̗̐̑̆̆̅̆̎̓̏̃Ȣ ˝́̒Ȥ
̒̍̏̓̑̉̍ ̐̑̉̍̆̎̆̎̉̆ ˛˛˜ ̎́ ̐̑̉̍̆̑̆ 
̜̐̏̅̒̉̒̓̆̍ ̗̝̑́̉̏̎́̌̎̏̄̏ ̜̃̂̏̑́ ̉ 
̠̋̏̎̓̑̏̌ ̑̆̇̔̆̄̏̚ ̉̎̒̓̑̔̍̆̎̓́Ȣ 
˞̝̌̏̇̎̏̒̓ ̙̠̑̆̆̎̉ ̜̐̑̏̂̌̆̍ ̑́Ȥ

̗̝̉̏̎́̌̎̏̄̏ ̠̋̏̍̐̌̆̋̓̏̃́̎̉ ̜̒̉̒̓̆̍ 
̝̉̎̒̓̑̔̍̆̎̓́̌̎̏̄̏ ̘̠̏̂̆̒̐̆̆̎̉ ̅̏̒̓́Ȥ
̘̓̏̎̏ ̜̃̒̏̋́ȟ ̓́̋ ̋́̋ ̓̑̆̂̔̆̓ ̒̏̃̍̆̒̓Ȥ
̎̏̄̏ ̘̔̆̓́ ̠̑̅́ ̋̏̎̒̓̑̔̋̓̉̃̎̏-
̖̘̖̓̆̎̏̌̏̄̉̆̒̋̉ȟ ̞̘̖̋̏̎̏̍̉̆̒̋̉ ̉ ̏̑Ȥ
̗̜̖̄́̎̉̈́̉̏̎̎ ́̋̓̏̑̏̃̕ ɍςɎȢ 
˚̉̇̆ ̐̑̆̅̒̓́̃̌̆̎́ ̅̉́̄̑́̍̍́ ̐̑̆Ȥ

̗̆̅̆̎̓̏̃ ɉ̑̉̒ȢɊȟ ̋́̋ ̝̑̆̈̔̌̓́̓ ̘̝̎́́̌Ȥ
̎̏̄̏ ̞̓́̐́ ̠̐̑̏̆̋̓̉̑̏̃́̎̉ ̜̒̉̒̓̆̍ 
̝̉̎̒̓̑̔̍̆̎̓́̌̎̏̄̏ ̘̠̏̂̆̒̐̆̆̎̉Ȣ ˪̓́ 

̅̉́̄̑́̍̍́ ̏̓̑́̇́̆̓ ̙̠̏̓̎̏̆̎̉ ̍̆̇̅̔ 
̧́̋̓̑́̍̉  ̉ ̗̐̑̆̆̅̆̎̓́̍̉ ̉ ̠̠̠̃̌̆̓̒ 
̒̏̒̓́̃̎̏̊ ̘̝̟́̒̓ ̍̏̅̆̌̉ ̗̐̑̆̆̅̆̎̓̏̃, 
̠̟̐̏̈̃̏̌̆̊̚ ̝̏̐̉̒́̓ ̒̉̒̓̆̍̔ ̎́ ̋̏̎Ȥ
̗̝̆̐̓̔́̌̎̏̍ ̔̑̏̃̎̆ ɍρɎȢ ˑ̜̉́̄̑́̍̍ 
̗̐̑̆̆̅̆̎̓̏̃ ̟̉̄̑́̓ ̟̏̒̎̏̃̎̔ ̝̑̏̌ ̃ 
̍̏̅̆̌̉̑̏̃́̎̉̉ ̠̐̏̃̆̅̆̎̉ ̜̒̉̒̓̆̍ȟ 
̜̐̏̅̒̉̒̓̆̍ ̉̌̉ ̋̌́̒̒́Ȣ 
˜̗̑̆̆̅̆̎̓ ɀ ̞̓̏ ̏̐̉̒́̎̉̆ ̅̆̊̒̓̃̉̊ȟ 

̜̠̜̖̃̐̏̌̎̆̍ ̒̉̒̓̆̍̏̊ ̠̅̌ ̓̏̄̏ȟ ̘̜̓̏̂ 
́̋̓̆̑ ̍̏̄ ̘̝̐̏̌̔̉̓ ̜̏̐̑̆̅̆̌̆̎̎̊ ̑̆Ȥ
̝̈̔̌̓́̓Ȣ ˍ̋̓̆̑ ̠̐̑̆̅̒̓́̃̌̆̓ ̒̏̂̏̊ 
̠̒̃̈̎̏̆ ̍̎̏̇̆̒̓̃̏ ̑̏̌̆̊ȟ ̜̋̏̓̏̑̆ 
̝̐̏̌̈̏̃́̓̆̌̉ ̗̐̑̆̆̅̆̎̓̏̃ ̠̟̉̒̐̏̌̎̓ 
̃̏ ̠̃̑̆̍ ̠̃̈́̉̍̏̅̆̊̒̓̃̉ ̒ ̎̉̍̉Ȣ ˍ̋̓̆̑ 
˟˒ˢ˚˛˘˛ː ̜̠̃̐̏̌̎̆̓ ̜̏̒̎̏̃̎̆ ̔̎̋̕Ȥ
̗̉̉ȡ ̃̃̏̅̉̓ ̜̅́̎̎̆ȟ ̜̃̂̉̑́̆̓ ̉̎̒̓̑̔Ȥ
̍̆̎̓ȟ ̐̑̏̒̍́̓̑̉̃́̆̓ ̘̜̏̓̆̓Ȣ ˞˟ˍ˚˛˗ ˞ 
ˤ˜ˠ ̏̑̍̉̑̔̆̓̕ ̜̅́̎̎̆ ̏̂ ̏̂̑́̂̏̓̋̆ȟ 
̏̑̍̉̑̔̆̓̕ ̒̓́̓̉̒̓̉̋̔Ȣ ˞˗˘ˍˑ ̜̃̐̏̌Ȥ
̠̎̓ ̜̏̒̎̏̃̎̆ ̗̔̎̋̉̉̕ȡ ̃̃̏̅ ̜̖̅́̎̎ ̏ 
̘̎́̌̉̉̉ȟ ̅́̓̔ ̐̏̒̓́̃̋̉Ȣ 

 
˝̉̒̔̎̏̋Ȣ ˑ̉́̄̑́̍̍́ ̗̐̑̆̆̅̆̎̓̏̃ 

  






























































































































































































































































































































