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˒ȢˍȢ ˙̔̑̈̉̎́ȟ ̋́̎̅Ȣ ̞̋̏̎Ȣ ̎́̔̋ȟ ̗̅̏̆̎̓ ɉ˝̠̏̒̒̉Ɋȟ ̖̘̓̆̎̉̆̒̋̉̊ ̑̆̅́̋̓̏̑ 
ˏȢˏȢ ˚̏̒̏̃ȟ ̅-̑Ȣ ̞̋̏̎Ȣ ̎́̔̋ȟ ̐̑̏̆̒̒̏̑̕ ɉ˝̠̏̒̒̉Ɋȟ 
˛Ȣ˚Ȣ ˗̝̏̎̅̑́̓̆̃́ȟ ̅-̑Ȣ ̉̌̕Ȣ ̎́̔̋ȟ ̗̅̏̆̎̓ ɉ˝̠̏̒̒̉Ɋȟ 
˟Ȣ˞Ȣ ˏ̏̑̏̐́̆̃́ȟ ̋́̎̅Ȣ ̖̐̒̉̏̌Ȣ ̎́̔̋ȟ ̗̅̏̆̎̓ ɉˠ̋̑́̉̎́Ɋȟ 
˗ȢˏȢ ˑ̠̟̅̎ȟ ̋́̎̅Ȣ ̟̑̉̅Ȣ ̎́̔̋ȟ ̗̅̏̆̎̓ ɉ˝̠̏̒̒̉Ɋȟ 
ˠȢˑȢ ˗̜́̅̑̏̃ȟ ̋́̎̅Ȣ ̖̐̒̉̏̌Ȣ ̎́̔̋ȟ ̗̅̏̆̎̓ ɉˠ̈̂̆̋̉̒̓́̎Ɋȟ 
˟ȢˏȢ ˬ̠̌̌̉̆̃́ȟ ̋́̎̅Ȣ ̞̋̏̎Ȣ ̎́̔̋ȟ ̗̅̏̆̎̓ ɉ˝̠̏̒̒̉Ɋȟ 
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˞˛ˑ˒˝˓ˍ˚˕˒ ˚˛˙˒˝ˍ 

ˎ̘̉̏̌̏̄̉̆̒̋̉̆ ̎́̔̋̉  
˝̝̏̌ ̞̘̋̏̌̏̄̉̆̒̋̏̊ ̝̜̋̔̌̓̔̑ ̃ ̕ ̏̑̍̉̑̏̃́̎̉̉ ̘̌̉̎̏̒̓̉ 
ːȢˎȢ ˙̔̒̌̉̍̏̃́, ˓ Ȣ˝Ȣ ˝̖́̍̏̎̏̃ 3 
ˎ̘̉̏̌̏̄̉̆̒̋̏̆ ̠̒̏̒̓̏̎̉̆ ̐̑̔̅̏̃ ̄Ȣ ˎ̖̜̔́̑ 
˥Ȣ˝Ȣ ˥ ́̑̏̐̏̃́ 6 
ˏ̏̅̏̏̂̍̆̎ ̉ ̘̝̒̏̌̆̔̒̓̏̊̉̃̏̒̓ ̒̏̑̓̏̃ ̖̘̌̏̐́̓̎̉̋́  
̃ ̠̖̔̒̌̏̃̉ ̘̐̏̃̆̎̎̏̊ ̠̈́̒̏̌̆̎̉ ̉ ̖̈́̒̔̉ 
ˍȢ˪Ȣ ˢ̏̌̌̉̆̃, ɣ Ȣ˟Ȣ ˚̏̑̂̏̆̃́, s Ȣ˙Ȣ ˕̂̑́̄̉̍̏̃ 9 
ˏ̠̌̉̎̉̆ ̉̏̎̏̃ ̍̆̅̉ ̎́ ̄̉̅̑̏̌̉̈ ̐̉̆̃̏̄̏̚ ̒̔̂̒̓̑́̓́ 
˝Ȣ˛Ȣ ˍ̓̏̆̃́ 12 
˪̋̏-̘̠̌̏̑̉̒̓̉̆̒̋́̕ ̖́̑́̋̓̆̑̉̒̓̉̋́ ̃̏̅̏̑̏̒̌̆̊ ̘̖̂̉̏̌̏̄̉̆̒̋̉  
̐̑̔̅̏̃ ̏ ̘̜̖̉̒̓̎ ̒̏̏̑̔̇̆̎̉̊  
˙Ȣ˕Ȣ ˙̔̒̓́́̆̃́̕, ˞ Ȣ˙Ȣ ː́́̑̏̃́̕ 15 
ˎ̞̘̠̉̏̋̏̌̏̄̉̆̒̋́ ̖ ́̑́̋̓̆̑̉̒̓̉̋́ ̃̏̅̏̑̏̒̌̆̊ ̘̖̂̉̏̌̏̄̉̆̒̋̉  
̐̑̔̅̏̃ ̄̏̑̏̅́ ˎ̖̜̔́̑ 
˙Ȣ˕Ȣ ˙̔̒̓́́̆̃́̕, ˞ Ȣ˙Ȣ ː́́̑̏̃́̕ 18 
˕̠̈̍̆̎̆̎̉ ̘̉̒̌̆̎̎̏̒̓̉ ̉ ̜̂̉̏̍́̒̒ ̃ ̠̒̃̈̉ ̒ ̜̒̆̈̏̎̎̍ ̉̈̍̆̎̆̎̉̆̍ ̂̉̏̐̑̔̅̏̃ 

.l̇ Ȣ ̊ ́̈́̑̏̃́, ̇ Ȣ˕Ȣ ˙̔̒̓́́̆̃́̕ 21 
˪̘̋̏̌̏̄̉̆̒̋̉̊ ́̎́̌̉̈ ̃̏̅̏̑̏̒̌̆̊ ̂̉̏̐̑̔̅̏̃ 
ˡȢ˙Ȣ ˚́̈́̑̏̃́, ̇ Ȣ˕Ȣ ˙̔̒̓́́̆̃́̕ 24 
˞̏̈̅́̎̉̆ ̠̜̖̂̌́̄̏̐̑̉̓̎ ̔ ̒̌̏̃̉̊ ̠̅̌ ̃̉̅̏̃ ̄̉̅̑̏̂̉̏̎̓̏̃ ̐̑̉ ̐̏̍̏̉̚ 
̝̗́̌̄̏̌̉̈́̉̉ 
˙Ȣ˜Ȣ ˢ̏̎̇̏̎̏̃́, ̇ Ȣ˕Ȣ ˙̔̒̓́́̆̃́̕ 27 
 

˚́̔̋̉ ̏ ˔̆̍̌̆  
˙̏̅̆̌̉̑̏̃́̎̉̆ ̓̆̍̐̆̑́̓̔̑̎̏̄̏ ̑̆̇̉̍́ ̘̜̐̏̃ 
˛ȢːȢ ˞̙̔̌̓́̏̃́, ̱ Ȣ˗Ȣ ˓̔̍́̍̂̆̓̏̃, ˬ ȢːȢ ˢ̔̅́̊̂̆̑̄̆̎̏̃, ̱ Ȣ˙Ȣ ˜̜́̌̍̏̃́ 30 
 

˟̖̘̆̎̉̆̒̋̉̆ ̎́̔̋̉  
ˍ̎ ́̌̉̈ ̐̑̏̐̔̒̋̎̏̊ ̒̐̏̒̏̂̎̏̒̓̉ ̗̜̔̌̉ ˙̉ ̑́ ̄̏̑̏̅́ ˏ̏̌̇̒̋̏̄̏  
ˍȢˏȢ ˜̏̐̏̃, ˞ ȢˍȢ ˙̉̒̉̑̏̃́ 35 
˝́̒̐̏̈̎́̃́̎̉̆ ̏̂̌́̒̓̉ ̅̏̒̋̉ ̒ ̝̟̐̏̍̏̚ ̒ ̗̝̐̆̉́̌̎̏̄̏ ̔̈̏̑́ 
˜Ȣ˗Ȣ ˠ̓̆̍̔̑́̓̏̃ȟ ˍȢ˗Ȣ ˍ̙̋́̂́̆̃ 39 
ˏ̜̏̈̍̏̇̎̆ ̜̃́̑̉́̎̓ ̝̠̉̒̐̏̌̈̏̃́̎̉ ˏ˛˘˞ ̠̅̌ ̅̏̒̓̔̐́  
 ̋̔ ̜̅́̌̆̎̎̍ ́ ̂̏̎̆̎̓́̍̉ ̃ ̜̖̄̏̑̎ ̠̖̍̆̒̓̎̏̒̓ 
˛Ȣ˙Ȣ ˙̙́́̑̉̐̏̃, ˼ Ȣ˗Ȣ ˙̧́̓̋̔̂̏̃, ̇ Ȣ˝Ȣ ˬ̎̄̉̂́̆̃́ 44 
˝́̈̑́̂̏̓̋́ ̉ ̉̒̒̌̆̅̏̃́̎̉̆ ̗̍̏̅̉̉̉̑̏̃́̎̎̏̄̏̕ ̃́̑̉́̎̓́ ̔̒̓̑̏̊̒̓̃́ 
̘̐̆̑̆̅́̉ ̒̉̄̎́̌̏̃ ̒ ̝̉̒̐̏̌̈̏̃́̎̉̆̍ ˜˘˕ȟ˞ ̜̙̟̐̏̃́̆̄̏̚ ̎ ̝́̅̆̇̎̏̒̓ ̠̒̃̈̉  
̃ ̃̏̌̏̋̏̎̎̏-̘̖̏̐̓̉̆̒̋̉ ̖̒̉̒̓̆̍́ ̠̒̃̈̉ 
˛Ȣ˙Ȣ ˙̙́́̑̉̐̏̃, ˼ Ȣ˗Ȣ ˙̧́̓̋̔̂̏̃, ̇ Ȣ˝Ȣ ˬ̎̄̉̂́̆̃́ 48 
 

˕̘̒̓̏̑̉̆̒̋̉̆ ̎́̔̋̉  
˔̘̎́̆̎̉̆ ̖̅̔̏̃̎̏̒̓̉ ̐̆̑̉̏̅́ ˟̆ ̍̔̑̉̅̏̃ ̃ ̃̏̒̐̉̓́̎̉̉ ̧̍̏̌̏̅̇̉  
˞Ȣ˟Ȣ ˎ̖̔̑́̎̏̃́ȟ !Ȣ-Ȣ ˢ̏̌̂̆̋̏̃ 53 
˞̝̓́̂̉̌̎̏̆ ̑́̈̃̉̓̉̆ ̜̙̃̒̆̄̏ ̠̏̂̑́̈̏̃́̎̉ ̋́̋ ̐̑̉̏̑̉̓̆̓̎̏̆ ̎́̐̑́̃̌̆̎̉̆ 
̄̏̒̔̅́̑̒̓̃̆̎̎̏̊ ̐̏̌̉̓̉̋̉ ˠ̈̂̆̋̉̒̓́̎́ 
ːȢ ˍ̃́̌̏̃́ 56 
˙̆̒̓̏ ̉ ̝̑̏̌ ˎ́ ̋̔ ̃̏ ̙̖̃̎̆̎̉ ̜̖̓̏̑̄̏̃ ̙̠̖̏̓̎̏̆̎̉ ˞̖̑̆̅̎̆́̈̉́̓̒̋̉ ˢ́̎̒̓̃ 
ˡȢˍȢ ˍ̅̉̌̏̃ 59 
˜̏̅̄̏̓̏̃̋́ ̗̒̐̆̉́̌̉̒̓̏̃ ̃ ̏̓̑́̒̌̉ ̑̆̍̆̒̌̆̎̎̏̄̏ ̐̑̏̉̈̃̏̅̒̓̃́  
̃ ςπ-̖ ̄̏ ̖̅́ ˢˢ ̃̆̋́ 
˝Ȣ˙Ȣ ˍ̖̍̆̅̏̃́, l ȢˍȢ ˍ̅̉̌̏̃  62 
ˍ̖̑̉̓̆̋̓̔̑̎̏̆ ̒̏̈̃̆̈̅̉̆ ˍ̍̉̑́ ˟̆̍̔̑́ ̃ ̐̉ ̝̜̖̒̍̆̎̎ ̉ ̘̖̒̓̏̎̉̋́ 
˥Ȣ˥Ȣ ˥̠́̋̔̂̏̃ȟ ˡȢˍȢ ˍ̅̉̌̏̃ 65 
 

˜̘̆̅́̄̏̄̉̆̒̋̉̆ ̎́̔̋̉  
˜̗̜̑̏̆̒̒ ̗̍̏̅̆̑̎̉̈́̉̉ ̃ ̒̉̒̓̆̍̆ ̠̏̂̑́̈̏̃́̎̉  
̉ ̉̎ ̗̜̖̏̑̍́̉̏̎̎̕ ̓ ̖̆̎̏̌̏̄̉̊ ˝̆̒̐̔̂̌̉̋̉ ˠ̈̂̆̋̉̒̓́̎ 
ˎȢ˪Ȣ ˪̌̍̔̑́̅̏̃ 68 
 

˪̘̋̏̎̏̍̉̆̒̋̉̆ ̎́̔̋̉  
˛̗̠̑̄́̎̉̈́̉ ̜̖̏̓̅́ ̅̆̓̆̊ȡ  
̎̏̑̍́̓̉̃̎̏-̐̑́̃̏̃̏̆ ̑̆̄̔̌̉̑̏̃́̎̉̆ȟ ̜̏̑̍̕ ̉ ̗̔̎̋̉̉̕ 
˛ȢˏȢ ˎ̟̔̑̅̄̏̃́ȟ ˜ȢˏȢ ˙̏̑̏̈̏̃́ 72 
˜̜̆̑̒̐̆̋̓̉̃ ̠̑́̈̃̉̓̉ ̝̐̑̏̅̏̃̏̌̒̓̃̆̎̎̏̊ ̜̙̐̑̏̍̌̆̎̎̏̒̓̉ ̃ ˠ̈̂̆̋̉̒̓́̎̆ 
ˢȢ˜Ȣ ˍ̂̔̌Ϩ̏ ̒̉̍̏̃ȟ ˟Ȣ˞Ȣ ˝́̒̔̌̏̃ȟ ˎȢ˪Ȣ ˙̖́̍́̑́̉̍̏̃ȟ ˗ȢˎȢ ˥́̑̉̐̏̃ 77 
˔̘̎́̆̎̉̆ ̜̙̐̑̏̍̌̆̎̎̏̒̓̉ ̃ ˠ̈̂̆̋̉̒̓́̎̆ 
ˍȢ˙Ȣ ˝̖́̉̍̏̃ȟ ˕Ȣ˥Ȣ ˕̖̂̑̏̉̍̏̃ 83 
 

˕̗̠̎̏̑̍́̉̕ ̠̅̌ ́̃̓̏̑̏̃ 86 
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ˠˑ ̠581.1:633.51+633.51:631.445.52  
 

˝˛˘˩ ˪˗˛˘˛ː˕ˤ˒˞˗˛˖ ˗ˠ˘˩˟ˠ˝˨ ˏ ˡ˛˝˙˕˝˛ˏˍ˚˕˕ ˘˕ˤ˚˛˞˟˕ 
 

ːȢˎȢ ˙̔̒̌̉̍̏̃́1ȟ ˓Ȣ˝Ȣ ˝̖́̍̏̎̏̃2 
  

ˍ̗̠̎̎̏̓́̉ 
 

 ˏ̝̒̓́̓̆ ̜̑́̒̋̑̃́̆̓ ̓̆̍̔ ̝̑̏̌ ̃ ̑́̈̃̉̓̉̉ ̉ ̏̑̍̉̑̏̃́̎̉̉̕ ̘̌̉̎̏̒̓̉ ̏̋Ȥ
̟̑̔̇́̆̊̚ ̜̒̑̆̅ ̉ ̖̜̏̑́̎ ̜̐̑̉̑̏̅Ȣ  

 
˗̟̘̜̌̆̃̆ ̒̌̏̃́: ̞ ̝̋̏̏̌̋̌̏̑̕ȟ ̗̝̒̏̉̏̋̔̌̓̔̑́ȟ ̞ ̗̠̋̏̌̏̄̉̈́̉ȟ ̝̝̅̏̂̑̏̅̆̓̆̌̎̏̒̓ȟ 
̋́̎̏̎Ȣ 

 
ˏ ̐̏̒̌̆̅̎̆̆ ̠̃̑̆̍ ̠̠̔̅̆̌̆̓̒ ̝̙̂̏̌̏̆ ̘̈̎́̆̎̉̆ ̞̘̋̏̌̏̄̉̆̒̋̏̊ ̐̑̏̂̌̆Ȥ

̍́̓̉̋̆ȟ ̔̐̏̑ ̠̅̆̌́̆̓̒ȟ ̎́ ̃̏̒̒̓́̎̏̃̌̆̎̉̆ ̜̖̎́̑̏̅̎ ̗̓̑́̅̉̉̊ȟ ̠̜̖̒̃̈́̎̎ ̒ ̂̆Ȥ
̜̑̆̇̎̍ ̉ ̜̄̔̍́̎̎̍ ̙̏̓̎̏̆̎̉̆̍ ̟̐̌̏̅̏̑̏̅̉ ̘̐̏̃ȟ ̇̉̃̏̓̎̏̍̔ ̉ ̝̑́̒̓̉̓̆̌Ȥ
̎̏̍̔ ̍̉̑̔Ȣ ˔́̂̏̓́ ̏ ̐̑̉̑̏̅̆ȟ ̎̑́̃̒̓̃̆̎̎̏̆ ̏̒̏̈̎́̎̉̆ ̙̠̒̌̏̇̉̃̆̊̒ ̏̂̒̓́̎̏̃Ȥ
̋̉ȟ ̞̓̉̋́ ̃ ̏̂̆̎̉̉̚ ̒ ̍̉̑̏̍ ̑́̒̓̆̎̉̆ ̉ ̜̖̇̉̃̏̓̎ ̟̐̉̓́̓ ̄̔̍́̎̉̈̍ȟ ̙̟̅̔̆̃̎̔ 
̜̘̝̏̓̈̃̉̃̏̒̓ ̉ ̟̎̑́̃̒̓̃̆̎̎̔ ̝̏̓̃̆̓̒̓̃̆̎̎̏̒̓ ̉ ̃̏ ̙̃̈́̉̍̏̏̓̎̏̆̎̉̉ ̍̆̇̅̔ 
̟̝̌̅̍̉Ȣ ˪̓̏ ̎̑́̃̒̓̃̆̎̎̏̆ ̙̏̓̎̏̆̎̉̆ ̋ ̐̑̉̑̏̅̆ ̉̍̆̆̓ ̒̃̏̉̍ ̉̒̓̏̋̏̍ ̞̋̏̌̏̄̉Ȥ
̘̟̆̒̋̔ ̝̋̔̌̓̔̑̔ ̔̈̂̆̋̒̋̏̄̏ ̎́̑̏̅́Ȣ ˚̠́̑̏̅̎́ ̞̘̠̋̏̌̏̄̉̆̒̋́ ̝̋̔̌̓̔̑́ ̜̃̂̑́̌́ 
̃ ̠̒̆̂ ̙̂̏̄́̓̆̊̆̆ ̎́̒̌̆̅̉̆ ̜̖̑́̈̎ ̘̖̉̒̓̏̑̉̆̒̋̉ ̞̖̐̏ ̉ ̠̐̑̆̅̒̓́̃̌̆̓ ̒̏̂̏̊ 
̍̎̏̄̏̄̑́̎̎̏̆ ̗̝̒̏̉́̌̎̏-̝̋̔̌̓̔̑̎̏̆ ̠̃̌̆̎̉̆ȟ ̋̏̓̏̑̏̆ ̟̘̃̋̌́̆̓ ̃ ̠̒̆̂ ̒̌̆Ȥ
̟̅̔̉̆̚ ̠̠̐̏̎̓̉ȡ ̟̎́̑̏̅̎̔ ̞̘̟̋̏̌̏̄̉̆̒̋̔ ̟̉̌̏̒̏̉̕̕ȟ ̞̝̜̋̏̋̔̌̓̔̑̎̆ ̓̑́̅̉Ȥ
̗̉̉ȟ ̞̝̋̏̏̌̋̌̏̑̕ȟ ̞̘̋̏̌̏̄̉̆̒̋̏̆ ̘̓̃̏̑̆̒̓̃̏Ȣ  

ˣ̆̌̆̎́̐̑́̃̌̆̎̎̏̆ȟ ̘̓̃̏̑̆̒̋̏̆ ̒̏̐̑̉̋̏̒̎̏̃̆̎̉̆ ̘̆̌̏̃̆̋́ ̒ ̋̑́̒̏̓̏̊ 
̜̐̑̉̑̏̅ ̠̉̈̍̆̎̆̓ ̆̄̏ ̖̜̅̔̏̃̎̊ ̍̉̑ȟ ̏̂̏̄́́̆̓̚ ̂̏̌̆̆ ̄̌̔̂̏̋̉̍ ̠̃̏̒̐̑̉̓̉̆̍ 
̖̓́̋̉ ̜̙̖̃̒̉ ̜̖̎̑́̃̒̓̃̆̎̎ ̎̏̑̍ȟ ̋́̋ ̅̏̂̑̏ȟ ̂̌́̄̏ȟ ̑́̃̆̎̒̓̃̏Ȣ ˤ̔̃̒̓̃̏ ̆̅̉̎̓̒ Ȥ
̃́ ̒ ̐̑̉̑̏̅̏̊ ̐̏̅̎̉̍́̆̓ ̘̆̌̏̃̆̋́ ̎́̅ ̜̜̏̂̅̆̎̎̍Ȣ ˜̆̑̆̃̏̅̉̓ ̃ ̠̒̏̒̓̏̎̉̆ ̃̏̈Ȥ
̜̙̃̆̎̎̏̄̏ ̠̍̉̑̏̏̔̆̎̉̚̚ȟ ̐̏̍̏̄́̆̓ ̘̝̠̒̏̒̑̆̅̏̓̏̉̓̒ ̎́ ̜̖̄̔̍́̎̉̓́̑̎ ̒̓̏̑̏Ȥ
̖̎́ ̜̠̂̓̉ ɍρɎȢ ˝̙̆̆̎̉̆ ̜̖̒̏̃̑̆̍̆̎̎ ̞̘̖̋̏̌̏̄̉̆̒̋̉ ̐̑̏̂̌̆̍ ̓̑̆̂̔̆̓ ̜̃̒̏̋̏̄̏ 
̗̑̆̅̔̋̉̏̎̉̒̓̒̋̏̄̏ ̠̒̓̉̌ ̜̙̠̍̌̆̎̉ ̔ ̘̜̖̔̆̎ȟ ̐̏̌̉̓̉̋̏̃ȟ ̜̖̏̂̆̒̓̃̆̎̎̚ ̠̅̆Ȥ
̓̆̌̆̊ȟ ̋̏̓̏̑̏̆ ̟̘̉̒̋̌́̌̏ ̜̂ ̝̐̏̓̑̆̂̉̓̆̌̒̋̏̆ ̙̏̓̎̏̆̎̉̆ ̋ ̐̑̉̑̏̅̆ ̉ ̘̆̌̏̃̆Ȥ
̋̔ ̋́̋ ̘̂̉̏̌̏̄̉̆̒̋̏̍̔ ̃̉̅̔Ȣ ˜̑̉̈̎́̎̉̆ ̖̉ ̋́̋ ̜̙̟̃̒̔ ̗̝̆̎̎̏̒̓ ̏̑̉̆̎̓̉̑̏Ȥ
̃́̎̎̏̆ ̎́ ̐̏̈̎́̎̉̆ ̇̉̈̎̉ ̋́̋ ̗̆̌̏̒̓̎̏̄̏ ̉ ̎̆̐̏̃̓̏̑̉̍̏̄̏ ̠̠̃̌̆̎̉Ȣ ˏ ̏̑̍̉̕Ȥ
̑̏̃́̎̉̉ ̓́̋̏̄̏ Ⱥ̞̘̋̏̌̏̄̉̆̒̋̏̄̏Ȼ ̜̙̠̍̌̆̎̉ ̟̃́̇̎̔ ̝̑̏̌ ̟̐̑̉̏̂̑̆̓́̓ ̂̉̏̌̏Ȥ
̘̄̉̆̒̋̉̆ ̎́̔̋̉Ȣ ˑ̠̌ ̂̉̏̌̏̄́ȟ ̠̅̌ ̎́̓̔̑́̌̉̒̓́ ̖́̑́̋̓̆̑̎́ ̈́̂̏̓́ ̏ ̖̒̏̑́̎̆̎̉̉ 
̒̃̏̆̄̏ ̛̏̂̆̋̓́ ̠̐̏̈̎́̎̉ȟ ̘̔̃̒̓̃́ȟ ̠̔̃́̇̆̎̉ȟ ̟̝̌̂̏̃ ̋ ̐̑̉̑̏̅̆ȟ ̋ ̇̉̈̎̉ȟ ̇̆̌́Ȥ
̎̉̆ ̖̐̑̆̅̏̑́̎̉̓ ̘̆̌̏̃̆̋́ ̏̓ ̧̆ ̙̠̑́̈̑̔̆̎̉Ȣ ˟́̋̏̊ ̝̒̓̉̌ ̜̙̠̍̌̆̎̉ ̠̒̌̉̃́̆̓̒ 
̒ ̜̐̑̏̄̑̆̒̒̉̃̎̍ ̘̘̏̂̆̆̌̏̃̆̆̒̋̉̍̚ ̔̍̏̎́̒̓̑̏̆̎̉̆̍Ȣ 

˒̒̌̉ ̝̠̏̂̑́̓̉̓̒ ̋ ̙̎́̆̍̔ ̖̅̔̏̃̎̏̍̔ ̟̎́̒̌̆̅̉ȟ ̓̏ ̜̍ ̖̎́̏̅̉̍ȟ ̘̓̏ ̐̏Ȥ
̎̉̍́̎̉̆ ̒̌̏̇̎̏̊ ̉ ̘̐̑̏̓̉̃̏̑̆̉̃̏̊ ̜̐̑̉̑̏̅ ̘̆̌̏̃̆̋́ȟ ̘̈̎́̉̍̏̒̓̉ ̆̆ ̂̉̏̌̏Ȥ
̘̄̉̆̒̋̏̊ ̜̒̓̏̑̏̎ ̠̅̌ ̆̄̏ ̇̉̈̎̉ȟ ̜̂̌̏ ̔ ̜̠̍̒̌̉̓̆̌ ˍ̂̔ ˚́̒̑ ˡ́̑́̂̉ ̒̑̆̅̉ ρς-
̓̉ ̘̋́̆̒̓̃ȟ ̜̋̏̓̏̑̍̉ ̅̏̌̇̆̎ ̝̏̂̌́̅́̓ ̄̌́̃́ ̝̉̅̆́̌̎̏̄̏ȟ ̝̅̏̂̑̏̅̆̓̆̌̎̏̄̏ ̄̏Ȥ
̒̔̅́̑̒̓̃́ ̃ ̘̋́̆̒̓̃̆ ̐̆̑̃̏̄̏ ̜̎́̈̃́̆̍̏̄̏ȡ Ⱥ̘̆̌̏̃̆̋ ̅̏̌̇̆̎ ̝̉̍̆̓ȟ ̃̏-̜̖̐̆̑̃ȟ 
̙̜̒̏̃̆̑̆̎̎̆ ̜̏̑̄́̎Ȼ ̠̅̌ ̜̠̃̐̏̌̎̆̎̉ ̆̄̏ ̖̎̆̌̆̄̋̉ ̗̔̎̋̉̉̕ȟ ̓Ȣ̆Ȣ ̏̎ ̅̏̌̇̆̎ 
̜̂ ̝̓ ̈̅̏̑̏̃Ȣ ɍςȟ ̒Ȣ ςςρɎȢ ˍ̠̎́̌̉̈̉̑̔ ̐̑̉̑̏̅̔ ̘̆̌̏̃̆̋ȟ ̑́̒̒̍́̓̑̉̃́̌ ̆̆ ̒ ̜̖̒́̍ 
̜̖̑́̈̎ ̒̓̏̑̏̎ȡ ̘̂̉̏̌̏̄̉̆̒̋̏̊ȟ ̘̐̏̌̉̓̉̆̒̋̏̊ȟ ̏̂̆̒̓̃̆̎̎̏̊̚ ̉ ̘̐̑̏Ȣ  

                                                           
1˙̔̒̌̉̍̏̃́ ːȢˎȢ ɀ ̐̑ ̝̆̐̏̅́̃́̓̆̌ ̝́̋̔̌̓̆̓́̕ ˒̜̖̒̓̆̒̓̃̆̎̎ ̎́̔̋ȟ ˎ̖̔́̑̒̋̉̊ ̄̏̒̔Ȥ

̜̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 
2˝̖́̍̏̎̏̃ ˓Ȣ˝Ȣ ɀ c̓̔̅̆̎̓ ̝́̋̔̌̓̆̓́̕ ˒̜̖̒̓̆̒̓̃̆̎̎ ̎́̔̋ȟ ˎ̖̔́̑̒̋̉̊ ̄̏̒̔̅́̑̒̓Ȥ

̜̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 
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ˏ̆̌̉̋̉̊ ˕̂̎ ˞̉̎́ ̃ ̒̃̏̆̊ ̑́̂̏̓̆ Ⱥ˗́̎̏̎ ̘̃̑́̆̂̎̏̊ ̎́̔̋̆Ȼ ̝̃̆̒̍́ ̐̏̅Ȥ
̑̏̂̎̏ ̉̒̒̌̆̅̔̆̓ ̠̃̌̉̎̉̆ ̋̌̉̍́̓́ȟ ̍̆̒̓̏ ̝̇̉̓̆̌̒̓̃̏ȟ ̐̉̉̚ȟ ́ ̓́̋̇̆ ̖̓́̋̉ ̞̌̆Ȥ
̍̆̎̓̏̃ ̟̏̋̑̔̇́̆̊̚ ̜̒̑̆̅ȟ ̋́̋ ̖̃̏̈̅̔ȟ ̃̏̅́ȟ ̘̐̏̃́ ̎́ ̝̈̅̏̑̏̃̆ ̘̆̌̏̃̆̋́Ȣ ˏ ̑́Ȥ
̂̏̓̆ ̐̑̉̒̔̓̒̓̃̔̆̓ ̜̝̍̒̌ ̒̏̄̌́̒̎̏ȟ ̋̏̓̏̑̏̍̔ ̝̈̅̏̑̏̃̆ ̘̆̌̏̃̆̋́ ̈́̃̉̒̉̓ ̏̓ ̒̏Ȥ
̠̒̓̏̎̉̆ ̆̄̏ ̝̈̅̏̑̏̃̆ ̉ ̔̍̆̎̉̆ ̆̄̏ ̖̒̏̑́̎̉̓Ȣ ɉσɊ ˑ̔̍́̆̍ȟ ̘̓̏ ̃̏̈̑̏̇̅̆̎̉̆ ̐̏Ȥ
̜̖̅̏̂̎ ̉̅̆̊ ̉ ̖̉ ̑́̈̃̉̓̉̆ ̂̔̅̆̓ ̝̒̐̏̒̏̂̒̓̃̏̃́̓ Ⱥ̞̗̋̏̌̏̄̉̈́̉̉Ȼ ̠̒̓̉̌ ̜̙̍Ȥ
̠̌̆̎̉ ̘̜̖̔̆̎Ȣ 

˜̑̉ ̏̐̑̆̅̆̌̆̎̉̉ ̖̐̑̉̑̏̅̏̏̑́̎̎̏̊ ̐̏̌̉̓̉̋̉ ̄̏̒̔̅́̑̒̓̃́ ̞̘̠̋̏̌̏̄̉̆̒̋́ 
̝̋̔̌̓̔̑́ ̓́̋̇̆ ̅̏̌̇̎́ ̝̉̄̑́̓ ̏̅̎̔ ̉̈ ̖̃̆̅̔̉̚ ̑̏̌̆̊ȟ ̐̏̓̏̍̔ ̘̓̏ ̂̆̈ ̞̋̏̌̏̄̉Ȥ
̘̆̒̋̏̊ ̝̜̋̔̌̓̔̑ ̎̆̃̏̈̍̏̇̎́ȟ ̝̒̏̑̍̉̑̏̃́̓̕ ̞̘̟̋̏̌̏̄̉̆̒̋̔ ̝̏̓̃̆̓̒̓̃̆̎̎̏̒̓Ȣ 
˪̘̠̋̏̌̏̄̉̆̒̋́ ̝̏̓̃̆̓̒̓̃̆̎̎̏̒̓ ̏̓̑́̇́̆̓ȟ ̝̎́̒̋̏̌̋̏ ̒̏̈̎́̎̉̆ȟ ̠̝̝̅̆̓̆̌̎̏̒̓ ̉ 
̝̋̔̌̓̔̑́ ̠̐̏̃̆̅̆̎̉ ̟̌̅̆̊ ̃ ̏̂̌́̒̓̉ ̙̃̈́̉̍̏̏̓̎̏̆̎̉̊ ̍̆̇̅̔ ̏̂̆̒̓̃̏̍̚ ̉ 
̐̑̉̑̏̅̎̏̊ ̟̒̏̏̓̃̆̓̒̓̃̔̓ ̋̏̍̐̌̆̋̒̔ ̓̑̆̂̏̃́̎̉̊ȟ ̜̖̏̂̔̒̌̏̃̌̆̎̎ ̗̝̒̏̉́̌̎̏-
̞̘̋̏̎̏̍̉̆̒̋̏̊ ̉ ̖̘̓̆̎̉̆̒̋̉̍ ̠̔̑̏̃̎̍ ̠̑́̈̃̉̓̉ ̉ ̠̒̏̒̓̏̎̉̆̍ ̜̂̉̏̒̆̑̕Ȣ ˪̋̏Ȥ
̘̠̌̏̄̉̆̒̋́ ̝̏̓̃̆̓̒̓̃̆̎̎̏̒̓ ̅̏̌̇̎́ ̜̝̂̓ ̠̒̃̈́̎́ ̒ ̐̑́̃̏̃̏̊ ̏̓̃̆̓̒̓̃̆̎̎̏Ȥ
̝̟̒̓Ȣ ˜̗̑̏̆̒̒ ̗̅̆̓̆̑̍̉̎́̉̉ ̞̘̋̏̌̏̄̉̆̒̋̏̊ ̐̑̏̃̉̅̆̎̉̉ ̃̒̆̄̅́ ̠̏̐̑̆̅̆̌̆̓ 
̐̑́̃̉̌́ȟ ̞̘̋̏̌̏̄̉̆̒̋̉ ̘̈̎́̉̍̏̄̏ ̠̐̏̃̆̅̆̎̉ ̜̈́̋̑̆̐̌̆̎̎̆ ̜̔̄̏̌̏̃̎̍ ̋̏̅̆̋Ȥ
̒̏̍Ȣ ˪̓́ ̐̑́̃̉̌́ ̈́̉́̆̓̚̚ ̗̆̎̎̏̒̓̉ȟ ̝̍́̋̒̉̍́̌̎̏ ̠̜̏̅̏̂̑̆̍̆ ̏̂̆̒̓̃̏̍̚ȟ ̏̎̉ 
̍̏̄̔̓ ̖̝̠̎́̏̅̉̓̒ ̝̙̂̏̌̆̍ ̉̌̉ ̝̙̍̆̎̆̍ ̒̏̏̓̃̆̓̒̓̃̉̉ ̒ ̉̎̓̆̑̆̒́̍̉ ̏̂̆̒̓̃́̚ 
̉ ̝̜̖̏̓̅̆̌̎ ̗̝̜̖̒̏̉́̌̎ ̄̑̔̐̐ȟ ̜̅̆̓̆̑̍̉̎̉̑̏̃́̎ ̐̏ ̒̃̏̆̍̔ ̛̏̂̆̋̓̉̃̎̏̍̔ 
̟̒̏̅̆̑̇́̎̉ ̉ ̛̒̔̂̆̋̓̉̃̎̏̊ ̜̃̑́̇̆̎̎̏̒̓̉ȟ ̟̐̑̆̅̐̏̌́̄́̓ ̖̉ ̟̒̏̂̌̅̆̎̉̆ ̎́ 
̏̒̎̏̃̆ ̃̏̌̆̃̏̄̏ ̜̃̂̏̑́Ȣ  

˜̑̉ ́̎́̌̉̈̆ ̜̖̐̑́̃̏̃ ̃̏̐̑̏̒̏̃ ̞̘̋̏̌̏̄̉̆̒̋̏̊ ̝̜̋̔̌̓̔̑ ̖̎̆̏̂̏̅̉̍̏ ̏̒Ȥ
̜̝̠̎̏̃̃́̓̒ ̎́ ̖̈́̋̏̎́ Ⱥ˛̂ ̖̏̑́̎̆ ̜̐̑̉̑̏̅Ȼȟ Ⱥ˛ ̃̏̅̆ ̉ ̝̃̏̅̏̐̏̌̈̏̃́̎̉̉Ȼȟ 
Ⱥ˛̒̏̂̏ ̖̠̜̖̏̑́̎̆̍ ̜̖̐̑̉̑̏̅̎ ̓̆̑̑̉̓̏̑̉̉ȻȢ ˪̓̉ ̜̈́̋̏̎ ̜̟̏̓̋̑̃́̓ ̃̏̈̍̏̇Ȥ
̝̎̏̒̓ ̠̅̌ ̐̌́̎̏̍̆̑̎̏̊ȟ ̗̆̌̆̎́̐̑́̃̌̆̎̎̏̊ ̉ ̟̘̑̉̅̉̆̒̋̏̊ ̏̂̏̒̎̏̃́̎̎̏̊ ̑́̂̏Ȥ
̜̓ ̐̏ ̟̏̈̅̏̑̏̃̌̆̎̉ ̞̘̋̏̌̏̄̉̆̒̋̏̊ ̏̂̒̓́̎̏̃̋̆ ̃ ̑̆̄̉̏̎̆Ȣ ˛̎̉ ̟̒̏̈̅́̓ ̖̏̑̏Ȥ
̙̉̊ ̔̎̅́̍̆̎̓̕ ̠̅̌ ̠̏̑̍̉̑̏̃́̎̉̕ ̞̘̋̏̌̏̄̉̆̒̋̏̊ ̝̜̋̔̌̓̔̑ ̠̎́̒̆̌̆̎̉ ̙̎́̆̊ 
̑̆̒̐̔̂̌̉̋̉Ȣ ˍ ̠̅̌ ̓̏̄̏ȟ ̘̜̓̏̂ ̝̔̒̋̏̑̉̓ ̗̐̑̏̆̒̒ ̜̃̑́̂̏̓̋̉ ̝̋̔̌̓̔̑̎̏-
̎̑́̃̒̓̃̆̎̎̏̄̏ ̙̠̏̓̎̏̆̎̉ ̋ ̐̑̉̑̏̅̆ȟ ̖̎̆̏̂̏̅̉̍̏ ̘̏̂̆̒̐̆̉̓ȡ 

 ɀ ̒ ̠̏̈̅́̎̉ ̜̖̎̏̃ ̞ ̘̖̋̏̌̏̄̉̆̒̋̉ ̖̓̆̎̏̌̏̄̉̊Ƞ  
 ɀ ̒ ̙̏̃̆̑̆̎̒̓̃̏̃́̎̉̆ ̞̘̋̏̌̏̄̉̆̒̋̏̄̏ ̠̃̏̒̐̉̓́̎̉ ̉ ̠̏̂̑́̈̏̃́̎̉Ƞ  
 ɀ ̕ ̝̏̑̍̉̑̏̃́̓ ̝̋̔̌̓̔̑̎̏-̞̘̖̋̏̌̏̄̉̆̒̋̉ ̗̓̑́̅̉̉̊Ƞ 
 ɀ ̔ ̒̉̌̆̎̉̆ ̞̘̋̏̌̏̄̉̆̒̋̏̊ ̜̐̑̏̐́̄́̎̅Ƞ 
 ɀ ̃ ̜̑́̂̏̓̋̔ ̔ ̟̌̅̆̊ ̞̘̋̏̌̏̄̉̆̒̋̏̊ ̏̓̃̆̓̒̓̃̆̎̎̏̒̓̉Ȣ  
˞̗̝̜̏̉̏̋̔̌̓̔̑̎̆ ̜́̋̓̏̑̕ ̟̏̂̔̒̌́̃̌̉̃́̓ ̉ ̏̒̏̂̆̎̎̏̒̓̉ ̠̠̃̏̒̐̑̉̓̉ 

̘̆̌̏̃̆̋̏̍ ̟̏̋̑̔̇́̆̊̚ ̐̑̉̑̏̅̎̏̊ ̜̒̑̆̅Ȣ ˏ̎̉̍́̎̉̆ ̅̏̌̇̎̏ ̜̝̂̓ ̏̂̑́̆̎̉̆̚ 
̎́ ̃̏̐̑̏̒ ̏ ̓̏̍ȟ ̋́̋̉̆ ̜́̋̓̏̑̕ ̉ ̃ ̋́̋̏̊ ̒̓̆̐̆̎̉ ̠̟̏̐̑̆̅̆̌̓ ̒̓̆̑̆̏̓̉̐ ̃̏̒Ȥ
̠̠̐̑̉̓̉ ̘̆̌̏̃̆̋̏̍ ̐̑̉̑̏̅̎̏̊ ̜̒̑̆̅Ȣ ˍ ̓́̋̇̆ ̎́ ̃̏̐̑̏̒ ̏ ̓̏̍ȟ ̋́̋̉̍ ̏̂̑́̈́̍ 
̝̉̈̍̆̎̉̓ ̖̟̐̒̉̏̌̏̄̉ ̟̌̅̆̊ȟ ̝̎́̐̑́̃̉̓ ̖̉ ̃̎̉̍́̎̉̆ ̎́ ̗̆̌̏̒̓̎̏̆ ̠̃̏̒̐̑̉̓̉̆ 
̙̏̋̑̔̇́̃̆̄̏ ̋́̋ ̘̆̌̏̃̆̋́ ɀ ̐̑̉̑̏̅̎̏̄̏ ̋̏̍̐̌̆̋̒́ȟ ̋́̋ ̘̏̑̄́̎̉̆̒̋̉ ̑́̈̃̉Ȥ
̟̠̃́̆̊̒̚ ̜̒̉̒̓̆̍Ȣ ˪̓̏̓ ́̒̐̆̋̓ ̐̑̏̂̌̆̍́̓̉̋̉ ̙̎́̆̌ ̏̓̑́̇̆̎̉̆ ̃ ̎́̉̂̏̌̆̆ 
̑́̈̃̆̑̎̔̓̏̊ ̏̑̍̆̕ ̃ ̠̖̉̒̒̌̆̅̏̃́̎̉ ̐̏ ̞̘̋̏̌̏̄̉̆̒̋̉̍ ̐̑̏̂̌̆̍́̍ ̒̏̃̑̆̍̆̎̎̏Ȥ
̒̓̉Ȣ ˛̅̎̉̍ ̉̈ ̙̖̃́̇̎̆̊̉ ̎́̐̑́̃̌̆̎̉̆ ̄̏̒̔̅́̑̒̓̃ ˣ̝̆̎̓̑́̌̎̏̊ ˍ̈̉̉ȟ ̋́̋ ̎́̍ 
̠̠̐̑̆̅̒̓́̃̌̆̓̒ȟ ̠̠̠̃̌̆̓̒ ̜̃̂̏̑ ̘̎́̔̎̏ ̜̖̏̂̏̒̎̏̃́̎̎ ̏̑̉̆̎̓̉̑̏̃ ̞̘̋̏̌̏̄̉̆Ȥ
̒̋̏̊ ̠̝̅̆̓̆̌̎̏̒̓̉ ̃ ̑̆̄̉̏̎̆Ȣ 

ˏ̜̂̏̑ ̒̓̑́̓̆̄̉̉ ̉ ̏̐̑̆̅̆̌̆̎̉̆ ̘̖̓́̋̓̉̆̒̋̉ ̘̈́̅́ ̃ ̞̓̏̊ ̏̂̌́̒̓̉ ̠̒̃̈́Ȥ
̜̎ ̒ ̐̑̏̄̑́̍̍́̍̉ ̞̘̋̏̌̏̄̉̆̒̋̏̄̏ ̉ ̗̝̒̏̉́̌̎̏-̘̐̏̌̉̓̉̆̒̋̏̄̏ ̠̑́̈̃̉̓̉ ̒̓̑́̎ȟ 
̒ ̖̉ ̜̒̏̃̍̆̒̓̎̍̉ ̠̔̒̉̌̉̍̉ ̐̏ ̙̟̑̆̆̎̉ ̞̘̋̏̌̏̄̉̆̒̋̏̊ ̐̑̏̂̌̆̍Ȣ ˏ̍̆̒̓ ̆̒ ̓̆̍ȟ 
̃ ̈̎ ̘̝́̉̓̆̌̎̏̊ ̍̆̑̆ ̞̘̠̋̏̌̏̄̉̆̒̋́ ̠̝̝̅̆̓̆̌̎̏̒̓ ̟̠̏̂̔̒̌̏̃̌̉̃́̓̒ ̗̝̒̏̉̏̋̔̌Ȥ
̜̓̔̑̎̍̉ ́̋̓̏̑́̍̉̕ ̖̉ ̠̑́̈̃̉̓̉Ȣ ˡ̝̏̑̍̉̑̏̃́̓ ̉ ̝̑́̈̃̉̃́̓ ̋́̇̅̏̍̔ ̞̋̏̌̏̄̉Ȥ
̘̟̆̒̋̔ ̝̋̔̌̓̔̑̔ ̉ ̠̠̝̐̑̏̃̌̓ ̝̏̓̃̆̓̒̓̃̆̎̎̏̒̓ ̏̂ ̖̏̑́̎̆ ̐̑̉̑̏̅̆ ̠̠̠̃̌̆̓̒ ̉̈ 
̜̖̄̌́̃̎ ̘̈́̅́ ̠̅̌ ̋́̇̅̏̄̏ ̇̉̃̔̆̄̏̚ ̎́ ̞̓̏̊ ̈̆̍̌̆Ȣ ˙̜ ̜̅̏̌̇̎ ̃̒̆̄̅́ ̐̏̍Ȥ
̝̎̉̓ȟ ̘̓̏ ˙́̓-̝˜̑̉̑̏̅́ ̝̠̈́̂̏̓̉̓̒ ̏ ̎́̒ȟ ̐̏̋́ ̜̍ ̂̔̅̆̍ ̘̝̂̆̑̆ ̆̆ ̋́̋ ̗̈̆̎̉̔ 
̉ ̏̋́Ȣ  

 
˞̐̉̒̏̋ ̜̌̉̓̆̑́̓̔̑ 
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Abstract . There were considered the basic biological and ecological features of 

Profenusa pygmaea in this article. Also there was identified the morphological characters for all 
ages. The voracity of larvae was identifiedby age per night and for the entire period of its 
development (average for 2014). Compiled development fenokalendar of Profenusa pygmaea 
for 2 years. 
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 ˎ ˠˢ˛˝˛ ˥ˍ̱׳ ׳̨ ˝ ˏˠ˔˘ˍ˝˕˚˕˚ː  
ˎ˕-̨˪˗˛˘˛ː˕˗ ̨׳ ˘ˍ˟˕ ˏˍ ˠ˘ˍ˝˚˕˚ː ˍ̱׳ ˙˕ˬ˟˕  

 
˥Ȣ˝Ȣ ˥ ́̑̏̐̏̃́1 

  
ˍ̗̠̎̎̏̓́̉ 
 

״̏-̉̂́˘ ̃̔̈̅́ ̈̏̏̐̌́̎̋̓̏̎̎̉̎̄ ςχ ̓̔̑̉ȟ ˎ̏̌̏̏״ ̃̔̈̅́ ̈̏̏̐̌́̎̋̓̏̎̎̉̎̄ 
ρσ ̓̔̑̉ ̃́ ˞̏̍̏̎̉̊̌́̑ ̏״ ̃̔̈̉̅́ ςφ ̓̔̑ ̘̙̔̑́̉ ́̎̉̌ץ ́̎̅̉Ȣ ˠ̘́̌́ ̏״ ̃̔̈̌́̑ 
״́̉̇ ̋̉̄̏̌̏̉̂̏̑̅̉̄ ́̃ ̠̖̊̉̃̉̍̉̏̑̅̉̄ ̓̅́̎ ςπρσ-ςπρυ ̊̉̌̌́̑ ̅́̃̏̍̉̅́ 
״́̌̓ ץ̉ ̌̉ ̌̉̎̅̉Ȣ  

 
˗́̌̉̓ ̰̒̈̌́̑ȡ ̠̄̉̅̑̏̂̉̏̌̏̄̉ȟ ̈̏̏̐̌́̎̋̓̏̎ȟ ̓̔̑̌́̑ ̖̉̌̍́-̖̉̌̌̉̄̉ȟ ̏̈̔́ץ  
̒̐̆̋̓̏̑̉ȟ ̂̉̏̍́̒̒́Ȣ  

 
״̙̑́ ̖̏̑̏̔ˎ ́̅̑́̌̑̒́ ̉̄̎̉̅̌̏ ́̃ ̎́̄̓˼ ״̏ ́̅̉ ̃̔̈̌́̑ ̒̏̎̉ ̰̋̐ ̰̂̌̄́̎ȟ 

״̏ ץ̌́̒ ̘̉̒́̓̔ ̞́̒ ́̅̎̔̋ ̉̄̑̉̈ ́̎̄́̎Ȣ ˎ̔̌́̑ Ȱ˘́̂̉-̏״ ̃̔̈ȱȟ Ȱˎ̏̌̏-̏״ ̃̔̈ȱ ̃́ 
Ȱ˞̏̍̏̎̉̊̌́̑ ̂̏̉ס ״̏  ̃̔̈̉ȱȢ ˎ̘́̑́ ̏״ ̃̔̈̌́̑ ̅́̃̌́̓ ̎́̈̏̑́̓̉̅́ȟ ˠ̘́̌́ ̏״ ̃̔̈̌́̑ 
̆̑̄́ ̋́̃̌́̎̄́̎ ̰̂̌̉̂ȟ ́̓̑̏̉̕ ̙̓̏̌́̑ ̂̉̌́̎ ̰̑́̌̄́̎Ȣ Ȱ˘́̂̉-̏״ ̃̔̈ȱ ˎ̖̔̏̑̏ 
̙ ״́̑ ̉̎̉̎̄ ̍́̑̋́̈̉̅́ ̙̇̏̊̌́̄́̎Ȣ ˥́̋̌̉ ̰̋̐ ̘̂̔̑́̋̌̉ ̐̑̉̈̍́̄́ ̰̖̙́̊̅̉Ȣ 
ˤ ץ̔̔ ̑̌̉̄̉ υ ̍̆̓̑ȟ ̍́̊̅̏̎̉ ωππ ̍ȟ ́״ ס̉̉̒ ̃̔̒ ̧̉̋ ̉̍̇ ̍̉ τυππ-υπππ ̍ύȢ ˞̔̃ 
̛̍́̎̂́̉ Ȱ˥̖̏̑̔̅ȱ ̋́̎́̌̉Ȣ ˎ̖̔̏̑̏ ̠̃̉̌̏̓̉ ρωχπ-ρωψπ ̊̉̌̌́̑̅́̎ ̙̂̏̌́̂ 
ˍ̧̍̔̅́̑̅́̎ ˍˎ˙˗-)ȟ ˍˎ˙˗- )) ̃́ ˍ̍̔-̏פ ץ́̑̏ ̉̑́̌̒̏̒́̎ ̰̌̋́̑ ̌̉ ̒̔̃ ̂̉̌́̎ 
ץ̛̅̏̍̎́̌̎̉̍́̓ ́ȟ ˍ̝̐̑̆̌ ̏̊̉̅́̎ ̙̂̏̌́̂ ̠̎̄̉ ̒̔̃ ̔ץ ̊̉̌́̅̉ȟ ́̍̍̏ ̒̔̃ 
̘ ץ̉̍ ́̊̅̉Ȣ ˥̔ ̒́̂́̂̌̉ ̧̈ ̐́̊̓̉̅́ ̒̔̃ ́̊̎̉̊̅̉ ̃́ ̖̙̎̏̔ ̉״ ץ́̑́̓ ̅ ̓́̅̉Ȣ Ȱ˘́̂̉-
״̏ ̃̔̈ȱ ̅́̍ ̘̏̌̔̃̉̌́̑ ̂̉̌́̎ ̰̓̌́ȟ ́̊̎̉̒ץ ́ ̧̈ ̐́̊̓̉̅́Ȣ ˥̔ ̒́̂́̂̌̉ ́̃̏̑́̌́̑̕ 
̙̉̌́̊̅̉Ȣ Ȱˎ̏̌̏-̏״ ̃̔̈ȱ ́ס ̑̂ ̓̏̍̏̎̅-́ˍ̑̋̎̉̎̄ ̰̑̐́̑́̒̉̅́ȟ ˙̘́̉̓̉ ̂̏̌̏̏״ ̃̔̈ȟ 
ץ́ ץ́-́̍́̑ ̙̑̉̒̉̅́ ̙̇̏̊̌́̄́̎Ȣ ˙́̊̅̏̎̉ φςυ̍όȟ ̘̔̔ץ ̑̌̉̄̉ τȢπ ̍ȟ ̒̔̃ ̘̉̉ס ̍-̉
ςυππ̍όȟ ̂̔ ̏״ ״́ ̎́̅̈̔̃ ץ̘̍̉ ̃̔̒ ̍ ́̊̅̉Ȣ ˳̈ ̃́ ̋̔̈̅́ ̒̔̃ ̙́̊̎̉̉ ̓̆̈-̓̆̈ ̒̏̅̉̑ 
̰̂̌́̅̉ȟ ́̊̎̉̒ץ ́ ˚Ϝ3 ɉ́̊̎̉̄́̎ ̖̓̔̔̍ ̉״ ̅̉Ɋ ̙́̇̑́̓̉̌̉ ̒̆̈̉̌́̅̉Ȣ ˙̘́̉̓̉ 
̂̏ ״̏̏̌ ״́ ́̅̈̔̃ ץ̰̉ ̈̏̍́̎ ̑́̌̍́̅̏ ̟̂́̌̈ ̉̎̔̋ ̑ ̊̅̉̌́̑ȟ ̧̒́̊̌״ ́̑ ̰̋̐ ̰̂̌́̅̉Ȣ ˎ̔ 
״̏ ̃̔̈ ́̍ Ȱ˥̖̏̑̔̅ȱ ̋́̎́̌̉̅́̎ ̒̔̃ ̏̌́̅̉ȢȰ˞̏̍̏̎̉̊̌́̑ ̂̏̉ס ״̏  ̃̔̈̉ȱ ̠̎́̅́ ́ס ̑̂ 
ץ̂́̍ ̊̉̎̏̍̏˞ ́̅̎̏̍̏̓ ́̑́̒̉ ̂̉̌́̎ ̧̎̍́-̧̎ ̙̇̏̊̌́̄́̎Ȣ ˙̆̍״ ̏̎̌́̑ȟ ̧̒́̊̌״ ́̑ 
̂̉̌́̎ ̄̏̃̇̔̍Ȣ ˙́̊̅̏̎̉ τππ ̍όȟ ̘̔̔ץ ̑̌̉̄̉ ςȢυ-σȢπ ̍̆̓̑ȟ ̒̔̃ ̒̉̉ס ̍̉ ρςππ ̍όȟ ˗̔̈ 
ץ̉ ́̃ ̙̅́ ̒̔̃ ̰̂̌̍́̊̅̉Ȣ ˞̔̃ ̛̍́̎̂́̒̉ Ȱ˥̖̏̑̔̅ȱ ̋́̎́̌̉̅̉̑Ȣˎ̖̔̏̑̏ ̙́̑״ ̉̅́̄̉ 
״̏ ̅̔̇̃́̍ ס̰̑̓ ̉̍̉̇̆̑ ̋̉̄̏̌̏̉̂̏̑̅̉̄ ̧̉̋ ̞̋̉̄̏̌̏̋-̏̉̂ ̄̎̉̎̑́̌̈̔̃ ̉̒̉̅́ 
̙̘̓̔̔̎́̄́ ̞̄́ ̰̙̂̌̉ ̘̔̔̎ ˕ȢˍȢ ˗̧̉̒̆̌̃ ɉρωσπɊȟ ˒Ȣ˕Ȣ ˗̧̉̒̆̌̃́ ɉρω31), 
ˍȢˏȢ ɣ ̘̌̉̓̆̃́ ɉρωσχɊȟ ˕Ȣ˕Ȣ˞̏̋̏̌̏̃ ɉρωσρɊȟ ˍȢ˜Ȣ ˡ̘̆̅̆̎̋̏ ɉρψφωɊȟ ˑȢ˞Ȣ ˚̧̉̈̏̃ ̃́ 
˞́̉̅̏̃ ˍȢˢȢ ɉρωψτɊ ̌́̑̎̉̎̄ ̙̉̌́̑̉ ̍́̃̇̔̅Ȣ ̏׳ ̃̔̈̌́̑̎̉̎̄ ̒̔̃ ̂̉̌́̎ ̰̙̓̌̉̉ 
ץ̔ ̘̊̉̅́̄̉́ ́̍́̌̄́ ̙̏̉̑̉̌́̅̉Ȣ ˞̔̃ ̘̋̔̌̉ ̏̉ץ ̍ ̂̉̌́̎ȟ ̧̋̉ ́̃̏̑́̕ ̙̉̌́̄́̎̅́ 
̠̎̄̉ ̒̔̃ ̂̉̌́̎ ̞̒̋̉ ̒̔̃ ̰̈́̑̏ ̙́̑́̌́́̅̉Ȣ ˚́̓̉̇́̅́ ̒̔̃ ̓̔̂̉ ̰ץ ס̈́ ̌́̅̉ ̃́ ̒̔̃ 
ץ̉ ץ́̊̏̌ ̎́̍̒ ̌́̎́̅̉Ȣ ˎ̔ ̅́̃̑̅́ ̄̉̅̑̏̂̌́̎̓̌́̑ ̃́̓ץ ̘̉̎́̌̉̋ ̠̋́̍́̅̉Ȣ ˛̑́̅́̎ ψ-
ρπ ̒̏́̓ ̰̓̄́̎̅́̎ ̋̆̊̉̎ ̌̏̊́ץ ״́ ́̃ ̙̉̅́̔̓ ̰̘́̄́̍̋  ̧̓ ̰̈ ̠́̏̌̉̓̉̎̉̕ ̅́̃̏̍ 
̞̓̓̉̑́̅̉Ȣ ˎ̔ ̙̉ ̓̆̈-̓̆̈ ̓́̋̑̏̑̌́̎́̅̉Ȣ ˥̔ ̒́̂́̂̌̉ ̒̔̃ ̓̉̎̉̌ץ ̉̄̉ 0.5-πȢχ ̘̄́́ 
̠̐́̒́̅̉ȟ ̉ץ ̙̅́ ρψπ ̒̍ȟȟ Ȱ˥̖̏̑̔̅ȱ ̋́̎́̌̉̅́ ̓̉̎̉̌ץ ̉̋ ρπ-ρυ ̒̍Ȣ ˞̔̃ ́״ ̑̏̑́̓̉ 
̟̉̌̅́ -ςψ ˞ȟ ̉ץ ̙̅́ ̰̘̋̐̉̎́ Ϲς ˞ȟ ̰̘̋̐̉̎́ ̉ץ ̙̅́ ̍̔̈̌́̊̅̉Ȣ ˞̔̃̅́̄̉ ̞̑̉̄́̎ 
ץ̅̉̍ ̅̏̑̏̌̒̉̋ ״́ ̉̑̏ ס̌̏̂ ̙́̄̉̉̑̔̓ ̂̉̑̉̋ ̃̔̒ ̍ ץ́̊̏̌ ̂̉̑̉̋ ̃̔˞ Ȣץ̉ ̌́̎̄́̎̅́ 
ץ̅̉̍ ̅̏̑̏̌̒̉̋ ̏̑̉ ̠̋́̍́̅̉Ȣ ˗̉̒̌̏̑̏̅ ̑̆̇̉̍̉̄́ ̗̒̔̃̅́̄̉ ̂̉̏̌̏̄̉̋ 
̧̇́̑́̎̌́̑̎̉̎̄ ̛̓́̒̉̑̉ ̋́̓̓́Ȣ ˞̔̃̅́ ̉̓̏̐̌́̎̆̓́̎̕ ̍̉̅ץ ̏̑̉ ̋́̍́̊̒́ȟ ̞̑̉̄́̎ 
ץ̅̉̍ ̅̏̑̏̌̒̉̋ ״́ ̉̑̏ ̍ ̠̋́̍́̅̉Ȣ ˖̉̌ ̅́̃̏̍̉̅́ ̒̔̃̅́̄̉ ̋̉̒̌̏̑̏̅̎̉̎̄ ̝̟́̂̒̏̌̓ 
̰̘̋̑̒́̓̄̉̉ ττ ̅́̎ ̓̏ ωπ Ϸ ̎̏̑̍́̌ ̰̙̓̊̉̎̉ ̰̘̋̑̒́̓̄̉̉Ȣ˞̔̃̅́̄̉ ̍̔̉״ ̓ ɉ˝˚Ɋ 
̰̘̋̑̒́̓̄̉̉ Ȱ˘́̂̉-̏׳ ̃̔̈ȱȟ Ȱ˞̏̍̏̎̉̊̌́̑ ̂̏̉ס ״̏  ̃̔̈ȱ̉̅́ χȢφ-ψȢς ̄́ ̓̆̎̄ȟ 
Ȱˎ̏̌̏̏״ ̃̔̈ȱ̅́ ̂̔ ̰̘̋̑̒́̓̄̉ φȢφ-φȢψ ̄́ ̓̆̎̄ȟ ̒̔̃ ̑́̎̄̉ ˡ́̑̆̌-ˠ̌̆ ̙̋́̌́̒̉ ̰̘̂̊̉́ 
ˢ6 )))-ˢ)ˢ ́̒̑̄́ ̓̆̎̄ ɉ̋̔̈̅́ɊȢ ˞ ̔̃̅́̄̉ ̞̑̉̄́̎ ̍̉̎̆̑́̌ ̍̏̅̅́̌́̑ ̰̘̋̑̒́̓̄̉̉ 
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Ȱ˥̖̏̑̔̅ȱ ̋́̎́̌̉ ̏̑́ץ ס̌̏̂ ́̄̉̂̉̋̑́̓ ̃̔̒ ̎́̄̉̅́̌̆̋ ̉̌ ״̏̏̌̏ˎȟ Ȱץ̉ ̃̔̈ȱ ̒̔̃̉̅́ 
̎́̓̑̉̊ ̝̒̔̌́̓̉̕ȟ ̍́̄̎̉̊ ̝̒̔̌́̓̉̕ȟ ̝̗̋́̌̉̊ ̋́̑̂̏̎́̓̉ȟ ̍́̄̎̉̊ ̋́̑̂̏̎́̓̉ 
̔̒̓̔̎̌̉̋ ̖̠̔̒̔̒̉̓̉̄́ ̞̄́ȟ ̖̌̏̑̉̅̌́̑ ̞̒́ ̋́̍ ̍̉̅ץ ̏̑̅́ ̘̔̑́̊̅̉Ȣ ˙̉̎̆̑́̌ 
ץ̅̉̍ ̄̎̉̎̑́̌́̅̅̏̍ ̏̑̉ τππ-φππ ˙̄Ⱦ̌Ȣ ː̖̠̉̅̑̏̉̍̉̃̉̊ ̇̉́״ ״̏ ̘́̌́̔ ̎́̅̓ ̃̔̈ 
״́ ״̉̔̍ ̙̙̠́ ̄̎̉̎̑́̌̓̎́̌̂̏̑̅̉̄ ̍ ץ̠̌̏̑ ́̅̉̓́̉̒̕ ̉̓ ̉ȟ ́́̕ץ ̓ Ȱˎ̏̌̏̏״ ̃̔̈ȱ 
̎̉̒̂́̓́̎ ̙̅̉̒̓̑̏̌́̄́̎̕ ̰̘̋̑̒́̓̄̉ ̞̌̆̍̆̎̓̌́̑̉ ̂̏̑Ȣρψχς ̊̉̌̅́ ˍȢ˜Ȣ ˡ̘̆̅̆̎̋̏ 
̙̑̉̓́-$ÒÁÃÕÎÃÕÌÕÓ ÍÅÄÉÎÁÎÓÉÓ ̠̂̉̏̌̏̄̉̒̉̎̉ ̰̑̄́̎́̅̉Ȣ ˠ Ȱ˘́̂̉-̏׳ ̃̔̈ȱ ̒̔̃̉̅́̄̉ 
ץ̉ ץ̉ ̛̌̏̍̆̓̒̉ ́̅̋̉̌́̄̑̉̂ ̎́̌̉̂ ̃̔̒ ̉̎̎̏̌̋ ץ̟̓ ̙̉̎́̓̉̑ ̰́̄̉̈ ́̃ ̉̅́̌ ̉̑́̅̉Ȣ 
ץ́̑̏ ̉̒́̂̉̑̇́̓ ̈˼ ̌̉ ̙̑̉̓́ ̠̂̉̏̌̏̄̉̒̉̄́ ́̒̏̒ ̒̏̌́̅̉Ȣ ˝̙̉̓́̎̉ ̓́̑́ץ ̘̓̔̃̉̒̉ 
״̏ ̘̙̎̏̉ ̞́̄̉̄̉̌̎́̋ ̗̎̏̌̋̉ ץ̉ ̌̉̒ ̌́̅̉Ȣρωςτ-1926-̊̉̌̌́̑̅́̎ ̙̂̏́̂ ̙̑̉̓́ ̃́ 
̂̆̈̄́̋ ɉˍ̎̏̆̌̏̄̆̎̕Ɋ ̋́̂̉ ̐́̑́̈̉̓̌́̑̎̉ ̠̂̉̏̌̏̄̉̒̉̎̉ ̰̙̑̄́̎̉ ̍́̒ץ ́̅̉̅́ 
״̙̑́ ̖̏̑̏̔ˎ ״̏ ̘́̑́̂ ̉̄́̅̉ ̃̔̈̌́̑̎̉̎̄ ̠̄̉̅̑̏̂̉̏̌̏̄̉̒̉ ̰̑̄́̎̉̌̄́̎Ȣ ˍȢ˕Ȣ 
˗̧̉̒̆̌̃ ɉρωςφɊ ̊̉̌̅́ χψ ̓́ ̏״ ̃̔̈̎̉ ̰̑̄́̎́̅̉ ̃́ ςςφ ̓́ ̍̉̋̑̏̒̋̏̐̉̋ ̒̔̃ ̰̓̌́̑̉ȟ 
ρς ̓́ 2ÅÔÁÔÏÒÉÁ ȟ υ ̓́ #ÌÁÄÏÃÅÒÁ ̃́ τ ̓́ #ÏÐÅÒÏÄÁ ̓̔̑̌́̑̉̎̉ ́̎̉̌ץ ́̊̅̉ ̃́ 
ץ́̑́̓ ̙̉̎́̓̉̑ ץ̉̌̎́ ̞̉̎̉̄̉̌̎́̋ ̑̏̌̒̔˞ ̘̉̒̉̃̔̓ ́̊̅̉Ȣ ˚́̓̉̇́̅́ ρωςφ ̊̉̌̅́̎ 
״̙̑́ ̖̏̑̏̔ˎ ̙̂́̌̏̂ ״̏́ ̉ ץ̉ ̛̌̏̍̆̓̒̉ ̉̎̉̃̔̒ ̅̏̃̏̑̐̏̅̏̃ ̉̒̉̌ ̌́ ̙̂̏̌́̊̅̉Ȣ 
׳̏ ץ̉ ̛̌̏̍̆̓̒̉ ̃̔̒ ̎́̅̑́̌̈̔̃ ץ̌ץ̛̉́̓ ̙̉̌ ́̎́̅̉Ȣ ˥̔̎̅́̊ ̉ץ ̌̉̂ ̙̑̉̓́ ρωσς 
ץ̰̏̊ ̍̏̍́̓́̂ ́̅̌̉̊ ̓̉̌́̅̉ȟ ̏״ ״́ ̄̎̉̎̑́̌̈̔̃ ̧̓̉̎̉ ̰̙̑̄́̎̉ ̅́̃̏̍ ̞̓̓̉̑̉̌̅̉Ȣ 
ρωσρ ̊̉̌̅́ ˕ȢˍȢ ˗̧̉̒̆̌̃- 2ÏÔÁÔÏÒÉÁ ̎̉̎̄ σπ ̓́ ̓̔̑̉̎̉ 0ÒÏÔÏÚÁ̎̉̎̄ ρπ ̓́ ̓̔̑̉̎̉ 
%ÎÔÏÍÏÓÔÒÁÃÁ ̎̉̎̄ ςφ ̓́ ̓̔̑̉̎̉ ́̎̉̌ץ ́̄́̎Ȣ ˜ȢˑȢ ˝̆̈̃̏̊ ɉρωσφɊ Ȱ˘́̂̉-̏״ ̃̔̈ȱ ̃́ 
Ȱˎ̏̌̏̏״ ̃̔̈ȱ̅́ ̂̔̌̔̓̌́̑ ɉ3ÐÏÎÇÉÙÁɊ ̎̉̎̄ %ÐÈÙÄÁÔÉÁ ÆÌÕÖÉÁÔÉÌÉÓ ÖÁ 3ÐÏÎÇÉÁ #ÁÒÔÅÒÉ 
ץ̌̉̎́ ̉̎̉̑́̌̑̔̓ ́̄́̎Ȣ ̏׳ ״́ ̑́̌̈̔̃ ̧̓̉ 1937-ρωτπ ̘̊̉̌̌́̑̄́́ ̰̑̄́̎̉̌̄́̎Ȣ 
˛̑́̅́̎ χτ ̊̉̌ ̰̓̄́̎̅́̎ ̋̆̊̉̎ ˎ̖̔̏̑̏ ̙́̑״ ̉̎̉̎̄ ̠̄̉̅̑̏̂̉̏̌̏̄̉̒̉ ̰̑̄́̎̉̌́ 
̙̂̏̌́̎̅̉Ȣ ˍ̒̏̒̉̊ ̝̏̂̆̋̓ ̰̂̌̉̂ Ȱ˘́̂̉-̏״ ̃̔̈ȱȟ Ȱˎ̏̌̏̏״ ̃̔̈ȱ ̃́ Ȱ˞̏̍̏̎̉̊̌́̑ ̂̏̉ס ȱ 
״̉ ̉̋̑́̐ ̒̏̂̌́̎́̅̉Ȣ ˠ̘́̌́ ̏״ ̃̔̈̌́̑ ̖̠̄̉̅̑̏̉̍̉̃̉̊ ̃́ ̄̉̅̑̏̂̉̏̌̏̄̉̋ 
̇ ״̉́ ̓̅́̎ ς013-ςπρυ ̊̉̌̌́̑ ̅́̃̏̍̉̅́ ̓́̌״ ץ̉ ̌̉ ̌̉̎̅̉Ȣ ˓́̍̉ ̰̂̌̉̂ ςω ̓̔̑ 
ץ̌̉̎́ ̘̉̄̉̌̎́̄́̑̔ ́̎̅̉Ȣ  
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״̙́́ ̖̏̑̏̔ˎ ״̏ ̑ ץ̅̉̍ ̄̎̉̎̉̑́̌̈̔̃ ̏̑̉ ɉ̍̉̎̄ ̞̋̈Ȣɉ̍σɊ ̃́ ̂̉̏̍́̒̒́̒̉ 

ɉ̄Ⱦ̍σɊȟ ̅̉̎́̍̉̋́̒̉ ɉςπρσ-ςπρυ ̊̊ȢɊ ̇́̅̃́̌-2 
ˍ̄́̑̅́ ς-̘̉ ̇́̅̃́̌̄́ ̛̞̓̉̂̏̑ ̂̆̑̒́̎̄̉̈ ̞̎̄ ̒̆̑̍́̒״ ̔̌ ̰̂̌̉̂ȟ 

ס̉̏̂ ̑́̌̊̉̎̏̍̏˞ ״̏ ̉̄́̅ ״̉ ̈̔̃ ̒̏̂̌́̎́̅̉Ȣ ˳̈̅́ ̈̏̏̐̌́̎̋̓̏̎ ̰̘̋̑̒́̓̄̉̉ 
ץ̔ ̘̊̉̅́̄̉́Ȣ ˙̉̅ץ ̏̑̉ φρȢτ ̍̉̎̄ ̞̋̈Ⱦ̍όȟ ̂̉̏̍́̒̒́ ̞̒́ σȢρ ̄Ⱦ̍ύȢ ˎ̔ ̏״ ̃̔̈̅́ 
̔̒̓̔̎̌̉̋̄́ ̞̄́Ȣ ˪̎̄ ̐́̒̓ ̰̘̋̑̒́̓̄̉ ̂̔ Ȱˎ̏̌̏̏״ ̃̔̈ȱ̄́ ̖̏̒Ȣȟ ̧̈̅́ ςρȢχ ̍̉̎̄ ̞̋̈Ⱦ̍ύȢ 
ˎ̉̏̍́̒̒́ ρȢρ ̄Ⱦ̍ύ ̄́ ̓̆̎̄ ̃́ Ȱ˞̏̍̏̎̉̊̌́̑ ̂̏̉ס ״̏  ̃̔̈̉ȱ ̍̆̈́̓̑̏̕ ɉςȢω-σȢρ ̄Ⱦ̍ύɊ 
̓̉̐̅́̌̉̄̉ ̝̍́̌̔̍ ̰̂̌̅̉Ȣ 

״̙̑́ ̖̏̑̏̔ˎ ״̏ ̉̄́̅̉ ץ́́́̎̕ ̑́̌̈̔̃ ״́́ ̊̉̌́̍́-̊̉̍̌̉ ̓ ̠̍̉̓̄́ ̞̄́ ̂́̌̋̉̍ 
״́̉̇ ̞̋̉̄̏̌̏̋ ״́ ̎́̅̓ ״́́ ̍ ̠̍̉̓̌̉̅̉̑Ȣ ̏׳ ״̙́́ ̑́̌̈̔̃ ̑ ̰̋̑̋̉̄́ ̰̋̑̋ 
ס́̉̂ ̙̌́̊̅̉Ȣ ́׳ ס̌̔̂ ̉̎̃̔̒ ́̅̉̓̊́̐ ץ̉̒̒̉ ̄̎̉̎̏̃ ״́ ̂̉̑̉̓̎́ ̃̏ ̎́̍̌̉̄̉̎̉ 
ץ̌̉̏̑̋̉̍ ́̃ ̛̙̰̉̅́̑̉̓́̌̌̉̅́̓̍ ״̏ ̍̉ ץ̉ ̌̉̒ ̌́̅̉Ȣ ˎ̔ ̏״ ״̍̆̍ ̑́̌̈̔̃ ̏̎ ̃́ 
״̧̌̊́̒ ץ̉ ̂̌́̇ ̉̎̉̓ץ́ץ̉̅ ̄̎̉̎̑́ ̌́̅̉Ȣ ˤ̔̎̋̉ ̂̔̎̅́̊ ̙́́״ ̑ ̓̉̐̉̅́̄̉ 
״̏ ץ̉ ̙̉̐̏̓ ̉̎̑́̌̈̔̃ ̊̉̎Ȣ ˥̔ ̍̔̎̏̒́̂́̓ ̂̉̌́̎ ̂̔ ̏״ ̃̔̈̌́̑̎̉̎̄ ̞̋̏̌̏̄̉̋ 
״̏ ̌́̓̉̎̉ ̠̖̙̙̉̌́ȟ ̔̎̉̎̄ ̂̉̏̌̏̄̉̋ ̓̏̈́̌̉̄̉̄́ ̛̞̓̉̂̏̑̌̉ ̰̙̂̌̉̉̍̉̈ ̋̆̑́̋Ȣ 
״́ ̘́̉̑̏̂ ̉̇̏̌̉ ̘̎̔̔ ̄̎̉̎̔ˎ ץ̒̉̎̊́ ̉̌̉̊ ̑ ץ̉ ́ ̙ ́̒̌̉̅́̕ ̒̔̃ ̓̔̂̉̎̉ 
ץ̘̅̉̌́̂ ץ̒́̍ ̙́̌́̈̏̓ ̎́ ס̉̉̑́ Ȣ Ȱ˥̖̏̑̔̅ȱץ̉̏̃̔̍̕ ́̄̅́ ץ́̊̏̌ ̉̃̔̒  Ȣ ́׳ ̑ ̂̉̑ 
̌̉̓̑̉̅́ ρπ-ρυ ̄Ȣ ˤ̉̉ץ ̎̅̉ ̰̂̌́̅̉Ȣ ̏׳ ץ́ ץ̘̉̌́̂ ̊́̅̎̔̂ ́̅̎̔̋ ̉̄̑̉̈ ̌̉̎̌̉̄̉ ρȢυ-
ςȢπ ̍̆̓̑̎̉ ̙̓́̋̉̌ ̉ץ ̌́̅̉Ȣ ˍ̄́̑̅́ ̓̆̈-̓̆̈ ̘̂́̌̉̅ץ ́̎ ̓̏̈́̌́̒́̋ȟ ̏״ ̃̔̈̌́̑ 
״̏ ̖̉̎̑́̌̅̉ ̙̖̔̏̎ ́̃ ̙̰̉̎̉̉̌̉̍̋ ̒̉̌ ̰̙̂̌̉̉̎̉ ̏̌̅̉̎̉ ̏̌́̍̉̈Ȣ̏׳ ̃̔̈̌́̑̅́̄̉ 
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̉̓̏̐̌́̎̋̓̏̎̕ȟ ̈̏̏̐̌́̎̋̓̏̎ ̍́̒״ ץ̒́̍ ̙̉̎́̌́̅̊̏̕ ̎́̅̉̄̉̌̑̏̅̌̔ ́̅̉̅́ ̃́ 
̍ ״̆̍ ̏̎̌́̑ȟ ̧̒́̊̌״ ץ̉ ̂̌́̇ ̠́̅́̎ ̛̞̉̎̉̑̏̂̉̓ ̓ץ́ץ̉̅ ̄̎̉̎̑́ ץ̒́̍ ̙̉̌ ́̅̉̅́ 
ץ̌̉̌́̂ ̉̄́̅̃̔̒ ́̑ȟ ̏ץ ̰̙̅̎̄̐̆̏̎́ ɀ̊ ̔̑̏̑ ÎÔÈÁÌÍÉÃÈÔÈÙÓ ÍÏÌÉÔÒØ ɉ6ÁÌÅÎɊ ̘̉̐̏̑ 
̰̙̅̎̄̐̆̏̎́- ˚̔̑̏̑ ÎÔÈÁÌÍÉÃÈÔÈÙÓ ÎÏÂÉÌÉÓ ɉ6ÁÌÅÎɊ ̂̉̌́̎ ̂́̌̉̌ץ ́̎̓̉̑̉̌̒́ȟ 
״̏ ̃̔̈̌́̑̎̉ ̰̋̑̋̉ ̠̎́̅́ ̙̏́̑ ̞̅̉Ȣ ˎ̔ ̂́̌̉̌ץ ́̑ ̰̓̅́ ̰̂̌̉̂ ̒̔̃ ̟̈́̒̉̄́ ̒̔̈̉̂ 
ץ̉ ̂̌́̇ ̰́̄̉̈ ̛̞̉̎̉̑̏̂̉̓ ̓ץ́ץ̉̅ ̉̎̑́̌̍́̅̏ ́̃ ̟̉̅́̑ ̌́̅̉Ȣ ˙̉̌̌̉̊ 
״̙̑́ ̖̏̑̏̔ˎ ̰̎́̄̌̂ ̈̉̍̉̄̉̌̊̏̂ ״̏ ̅̔̇̃́̍ ̉̄́̅̉ ̃̔̈̌́̑̎̉ ́̒̑́̊̌̉̋ ̃́ 
ץ̰ ̰̌̊ ̙́̄̉̉̎́̌̒̏̌̉̕ ̊̍́̊̌̉̋Ȣ 
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SIGNIFICANCE AND BIO-ECOLOGICAL  

CIRCUMSTANCE OF PONDS IN BUKHARA CITY 
 

Sh.R. Sharopova 
 

ḇstact . 4Ï ÏÒÇÁÎÉÚÅ ÅØÃÕÒÓÉÏÎ ÏÎ ÔÈÅ ÔÈÅÍÅ ÏÆ Ȱ)ÎÖÉÓÉÂÌÅ ÃÒÅÁÔÕÒÅÓȱ ÆÏÒ ÔÈÅ ÓÔÕÄÅÎÔÓ 
and pupils of school, college and lyciums and using it practically. 27 species of zooplanktons in 
Labixovuz, 13 species in Boloxovuz, 26 types in Samanids ponds were investigated. 

Keywords : hydrobiology, zooplankton, different species, food spectrum, biomass. 
 

 ˥ ́̑̏̐̏̃́ ˥ Ȣ˝Ȣȟ ςπρφ 
 

 
ˠˑ˗ 597.0/5(575.1)  

ˎ˕˛˘˛ː˕ˤ˒˞˗˛˒ ˞˛˞˟˛ˬ˚˕˒ ˜˝ˠˑ˛ˏ ːȢ ˎˠˢˍ˝˨ 
 

˥Ȣ˝Ȣ ˥ ́̑̏̐̏̃́ 
 
ˍ̗̠̎̎̏̓́̉ȡ ˞̝̠̓́̓ ̠̐̏̒̃̆̎́̚ ̐̑̉̍̆̑̔ ̗̏̑̄́̎̉̈́̉̉ ̘̓̆̍́̓̉̆̒̋̏̊ ̞̋̒̋̔̑̒̉̉ ̎́ 

̓̆̍̔ Ȱ˚̆ ̃̉̅̉̍̏̆ ̒̔̆̒̓̃̏̚ȱ ̠̅̌ ̒̓̔̅̆̎̓̏̃ ̉ ̘̖̠̔́̉̒̚ ̃ ̙̖̋̏̌́ȟ ̖̋̏̌̌̆̅̇́Ȣ ˏ ̖̏̅̆ ̞̋̒Ȥ
̋̔̑̒̉̉ ̍̏̇̎̏ ̝̉̒̒̌̆̅̏̃́̓ 2χ ̃̉̅̏̃ ̈̏̏̐̌́̎̋̓̏̎́ ̃ ˘̠̂̉-̖́̔̈ȟ ρσ ̃̉̅̏̃ ̃ ˎ̏̌̏- ̖́̔̈ȟ ςφ 
̃̉̅̏̃ ̃ ˞́̍́̎̉̅̏̃ ̖̐̑̔̅́Ȣ 

˗̟̘̜̌̆̃̆ ̒̌̏̃́ȡ ̄ ̠̉̅̑̏̂̉̏̌̏̄̉ȟ ̈̏̏̐̌́̎̋̓̏̎ȟ ̠̑́̈̎̏̏̂̑́̈̉ ̃̉̅̏̃ȟ ̂̉̏̍́̒̒́Ȣ  
 

΄ ˥Ȣ˝Ȣ˥́̑̏̐̏̃́ȟ ςπρφ 
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ˠˑ˗ 581.1:633.51+633.51:631.445.52 
 

ˏ˛ˑ˛˛ˎ˙˒˚ ˕ ˞˛˘˒ˠ˞˟˛˖ˤ˕ˏ˛˞˟˩ ˞˛˝˟˛ˏ  
ˢ˘˛˜ˤˍ˟˚˕˗ˍ ˏ ˠ˞˘˛ˏ˕ˬˢ ˜˛ˤˏ˒˚˚˛˖ ˔ˍ˞˛˘˒˚˕ˬ ˕ ˔ˍ˞ˠˢ˕ 

 
 ̱ Ȣ˪Ȣ s ̏̌̌̉̆̃1ȟ ˠȢ˟Ȣ ̊ ̏̑̂̏̆̃́2ȟ ˢȢ˙Ȣ ̞ ̂̑́̄̉̍̏̃3 

 
ˍ̗̠̎̎̏̓́̉ 
 

˜̑̉̃̆̅̆̎ ̜ ̝̜̑̆̈̔̌̓́̓ ̜̏̐̓̏̃ ̠̠̃̌̉̎̉ ̘̐̏̃̆̎̎̏̊ ̠̈́̒̏̌̆̎̉ ̉ ̖̈́̒̔̉ ̎́ 
̃̏̅̏̏̂̍̆̎ ̉ ̘̝̒̏̌̆̔̒̓̏̊̉̃̏̒̓ ̒̏̑̓̏̃ ̖̘̌̏̐́̓̎̉̋́ ˎ̖̔́̑́-φȟ ˎ̖̔́̑́-102, ̱ ̋̅́Ȥ
̝̠̑-φ ̉ ˞-6524. ˜̑̉ ̞̓̏̍ ̔̒̓́̎̏̃̌̆̎̏ ̘̎̆̏̅̎̏̈̎́̎̏̆ ̉̈̍̆̎̆̎̉̆ 
̘̖̉̈̉̏̌̏̄̉̆̒̋̉̕ ̐́̑́̍̆̓̑̏̃ ̃ ̈́̃̉̒̉̍̏̒̓̉ ̏̓ ̒̓̆̐̆̎̉ ̘̐̏̃̆̎̎̏̊ ̈́̒̏̌̆̎̉̉ ̉ 
̖̈́̒̔̉. ̋ ̗̆́̋̉̉ ̗́̅́̐̓́̉̉ ̘̜̖̉̈̔̆̎̎ ̒̏̑̓̏̃ ̖̘̌̏̐́̓̎̉̋́ ̋ ̟̈́̒̏̌̆̎̉ ̉ ̖̈́̒̔̉ 
̘̜̐̏̃ ̘̑́̈̌̉̎̏̊ ̒̓̆̐̆̎̉ ̈́̃̉̒̆̌̉ ̏̓ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̜̖̒̏̑̓̏̃ ̏̒̏̂̆̎̎̏̒̓̆̊ 
̑́̒̓̆̎̉̊ ̖̘̌̏̐́̓̎̉̋́Ȣ 
 
˗̟̘̜̌̆̃̆ ̒̌̏̃́ȡ ̃̏̅̏̏̂̍̆̎ȟ ̘̝̒̏̌̆̔̒̓̏̊̉̃̏̒̓ȟ ̖̈́̒̔́ȟ ̗̠̓̑́̎̒̐̉̑́̉ȟ ̏̃̏̅̎̆̎Ȥ
̝̎̏̒̓ȟ ̅ ̗̆̉̉̓̕ȟ ̖̌̏̑̏̉̌̌̕ȟ ̜̃̏̅̎̊ ̗̐̏̓̆̎̉́̌ȟ ̔ ̑̏̇́̊Ȣ 

 
ˑ̗̆̉̉̓̕ ̜̃̏̅ ̃ ̘̐̏̃̆ ɉ̘̠̐̏̃̆̎̎́ ̖̈́̒̔́Ɋȟ ̜̠̃̒̏̋́ ̓̆̍̐̆̑́̓̔̑́ ̖̃̏̈̅̔́ȟ 

̏̒̏̂̆̎̎̏ ̃ ̌̆̓̎̉̊ ̐̆̑̉̏̅ ɉ40-450˞Ɋ ̉ ̠̎̉̈̋́ ̝̠̏̓̎̏̒̉̓̆̌̎́ ̝̃̌́̇̎̏̒̓ (10-
ςπϷɊ ɉ̠́̓̍̏̒̆̑̎́̕ ̖̈́̒̔́)ȟ ̝̈́̒̏̌̆̎̎̏̒̓ ̘̜̐̏̃ ɉ̘̠̉̈̉̏̌̏̄̉̆̒̋́̕ ̖̈́̒̔́Ɋ ̉ 
̅̑̔̄̉̆ ̞̘̋̏̌̏̄̉̆̒̋̉̆ ̜́̋̓̏̑̕ ̗̝̏̓̑̉́̓̆̌̎̏ ̠̟̃̌̉̓ ̎́ ̑́̒̓̆̎̉̊ ̖̘̌̏̐́̓̎̉̋Ȣ 
ˏ̒̆ ̜̙̘̜̃̆̐̆̑̆̉̒̌̆̎̎̆ ̜̒̓̑̆̒̒̏̃̆ ̠̔̒̌̏̃̉ ̖̠̠̐̑̉̏̅̓̒ ̎́ ̘̋̑̉̓̉̆̒̋̉̊ ̐̆̑̉Ȥ
̏̅ ̐̏̓̑̆̂̎̏̒̓̉ ̖̘̌̏̐́̓̎̉̋́ ̃ ̃̏̅̆ȟ ́ ̉̍̆̎̎̏ ̎́ ̐̆̑̉̏̅ ̗̠̃̆̓̆̎̉Ȣ  

˔́̒̏̌̆̎̉̆ ̘̜̐̏̃ ̠̃̌̉̆̓ ̎́ ̠̑́̒̓̆̎̉ ̅̃̔̒̓̏̑̏̎̎̆ȡ ̃̏-̜̖̐̆̑̃ȟ ̘̔̃̆̌̉̆Ȥ
̎̉̆ ̘̏̒̍̏̓̉̆̒̋̏̄̏ ̠̅́̃̌̆̎̉ ̘̐̏̃̆̎̎̏̄̏ ̑́̒̓̃̏̑́ ̃̆̅̆̓ ̋ ̟̈́̓̑̔̅̎̆̎̉ ̐̏̒̓̔̐Ȥ
̠̌̆̎̉ ̜̃̏̅ ̃ ̠̑́̒̓̆̎̉ȟ ̃̏-̜̖̃̓̏̑ȟ ̜̉̈̂̓̏̋ ̒̏̌̉ ̝̄̔̂̉̓̆̌̎̏ ̠̃̌̉̆̓ ̎́ ̑́̒̓̆Ȥ
̠̎̉ [1]. 

ˏ̒̌̆̅̒̓̃̉̆ ̠̈́̒̏̌̆̎̉ ̘̜̐̏̃ ̙̟̠̎́̑̔́̓̒ ̗̜̐̑̏̆̒̒ ̃̏̅̎̏̄̏ ̑̆̇̉̍́ ̑́̒Ȥ
̓̆̎̉̊ȟ ̠̉̈̍̆̎̆̓ ̗̜̐̑̏̆̒̒ ̑̏̒̓́ ̉ ̠̑́̈̃̉̓̉ȟ ̠̒̎̉̇́̆̓̒ ̝̐̑̏̅̔̋̓̉̃̎̏̒̓ȟ ̖̔̔̅Ȥ
̙̠́̆̓̒ ̘̋́̆̒̓̃̏ ̠̔̑̏̇́ [2,3,4]. 

ˏ ̞̓̏̊ ̠̒̃̈̉ ̉̒̒̌̆̅̏̃́̎̉̆ ̘̖̉̈̉̏̌̏̄̉̆̒̋̉̕ ̉ ̖̘̖̂̉̏̉̍̉̆̒̋̉ ̏̒̏̂̆̎̎̏Ȥ
̒̓̆̊ȟ ̖̟̖́̑́̋̓̆̑̉̈̔̉̚ ̝̒̓̆̐̆̎ ̘̔̒̓̏̊̉̃̏̒̓̉ ̉ ̐̑̏̅̔̋̓̉̃̎̏̒̓̉ ̑́̊̏̎̉̑̏̃́̎Ȥ
̜̖̎ ̜̖̎̏̃ ̒̏̑̓̏̃ ̖̘̌̏̐́̓̎̉̋́ ̉ ̜̠̃̒̎̆̎̉̆ ̜̖̒̃̏̆̏̂̑́̈̎ ̗̜̖́̅́̐̓́̉̏̎̎ ̏̓Ȥ
̜̖̃̆̓̎ ̗̑̆́̋̉̊ ̒̏̑̓̏̃ ̃ ̠̖̔̒̌̏̃̉ ̜̖̈́̒̏̌̆̎̎ ̘̐̏̃ ˎ̖̔́̑̒̋̏̊ ̏̂̌́̒̓̉ȟ ̎̆̒̏Ȥ
̍̎̆̎̎̏ȟ ̠̐̑̆̅̒̓́̃̌̆̓ ̝̙̂̏̌̏̊ ̘̜̎́̔̎̊ ̉ ̘̐̑́̋̓̉̆̒̋̉̊ ̉̎̓̆̑̆̒Ȣ 

ˣ̟̆̌ ̉̒̒̌̆̅̏̃́̎̉̊ ̠̝̃̉̌̏̒ ɀ ̘̠̉̈̔̆̎̉ ̏̒̏̂̆̎̎̏̒̓̆̊ ̃̏̅̎̏̄̏ ̏̂̍̆̎́ ̉ 
̘̒̏̌̆̔̒̓̏̊̉̃̏̒̓̉ ̒̏̑̓̏̃ ̖̘̌̏̐́̓̎̉̋́ ̃ ̠̖̔̒̌̏̃̉ ̘̑́̈̌̉̎̏̊ ̒̓̆̐̆̎̉ ̈́̒̏̌̆̎Ȥ
̎̏̒̓̉ ̘̐̏̃ ˎ̖̔́̑̒̋̏̄̏ ̠̃̉̌̏̓́Ȣ ˛̛̂̆̋̓́̍̉ ̉̒̒̌̆̅̏̃́̎̉̊ ̠̝̃̉̌̏̒ ɀ ̒̑ ̆̅̎̆̃̏Ȥ
̜̌̏̋̎̉̒̓̆ ̒̏̑̓́ (Gossypiym hirsutum L.) ̖̘̌̏̐́̓̎̉̋́ ˎ̖̔́̑́-φȟ ˎ̖̔́̑́-ρπςȟ ˍ̋Ȥ
̝̠̅́̑-φ ̉ ˞-6524. 

ˑ̠̌ ̘̠̉̈̔̆̎̉ ̠̠̃̌̉̎̉ ̠̈́̒̏̌̆̎̉ ̘̜̐̏̃ ̎́ ̜̃̏̅̎̊ ̏̂̍̆̎ ̉ ̘̒̏̌̆̔̒̓̏̊̉Ȥ
̝̃̏̒̓ ̒̏̑̓̏̃ ̖̘̌̏̐́̓̎̉̋́ ̜̂̌̉ ̜̐̑̏̃̆̅̆̎ ̜̌́̂̏̑́̓̏̑̎̆ȟ ̗̜̃̆̄̆̓́̉̏̎̎̆ ̉ 
̜̐̏̌̆̃̆ ̞̜̋̒̐̆̑̉̍̆̎̓Ȣ ˏ ̜̖̌́̂̏̑́̓̏̑̎ ̉ ̗̜̖̃̆̄̆̓́̉̏̎̎ ̜̖̏̐̓́ ̗̋̏̎̆̎̓̑́Ȥ
̗̠̉ l˞ Ϻ ̒̏̒̓́̃̉̌́ ̉̈ ̘̑́̒̆̓́ ̎́ ρππ ̄Ȣ ̙̃̏̈̅̔̎̏-̖̒̔̏̊ ̘̜̐̏̃ȡ πȟπρς-0,014% 
ɉ̒̌́̂̏̆ ̈́̒̏̌̆̎̉̆ɊȠ πȟπρω-πȟπςπϷ ɉ̒̑̆̅̎̆̆ ̈́̒̏̌̆̎̉̆ɊȠ πȟπσπ-πȟπσσϷ ɉ̝̒̉̌̎̏̆ 
̈́̒̏̌̆̎̉̆ɊȢ ˑ̠̌ ̠̒̏̈̅́̎̉ ̒̌́̂̏̊ȟ ̒̑̆̅̎̆̊ ̉ ̝̒̉̌̎̏̊ ̒̓̆̐̆̎̉ ̠̈́̒̏̌̆̎̉ ̘̜̐̏̃ 
̝̉̒̐̏̌̈̏̃́̌̉ NaCl. ˏ ̜̖̐̏̌̆̃ ̜̖̏̐̓́ ̘̐̏̃́ ̖̝́̑́̋̓̆̑̉̈̏̃́̌́̒ ̙̜̒̍̆́̎̎̍ 
̝̒̔̌́̓̎̏̕-̖̜̌̏̑̉̅̎̍ ̓̉̐̏̍ ̠̈́̒̏̌̆̎̉ ̒ ̐̑̆̏̂̌́̅́̎̉̆̍ ̖̌̏̑̉̅̎̏̄̏ ̈́̒̏̌̆Ȥ
̠̎̉ȟ ̘̓̏ ̖́̑́̋̓̆̑̎̏ ̠̅̌ ˎ̖̔́̑̒̋̏̄̏ ̠̃̉̌̏̓́Ȣ ˝̠́̈̎́ ̝̃̌́̇̎̏̒̓ ̘̜̐̏̃ ɉχπϷȟ 
50%, σπϷɊ ̝̒̏̈̅́̃́̌́̒ ̖̠̉̒̏̅ ̉̈ ̐̏̌̎̏̊ ̃̌́̄̏̆̍̋̏̒̓̉ ̘̜̐̏̃ ɉ˜ˏɊȢ 

                                                           
1˚̏̑̂̏̆̃́ ˠ̍̉̅́ ˟̙̏̓̆̍̉̑̏̃́ ɀ ̋ ́̎̅̉̅́̓ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̎́̔̋ȟ ̗̅̏̆̎̓ȟ ˎ ̖̔́̑̒̋̉̊ 

̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 
2ˢ̏̌̌̉̆̃ ˍ̒̋́̑ ˪̙̘̑̄́̏̃̉ ɀ ̋́̎̅̉̅́̓ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̎́̔̋ȟ ̗̅̏̆̎̓ȟ ˎ̖̔́̑̒̋̉̊ ̄̏Ȥ

̜̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 
3˕̂̑́̄̉̍̏̃ ˢ̔̅̏̊̂̆̑̅̉ ˙̘̔̒̏̃̉ ɀ ̒̓̔̅̆̎̓ȟ ˎ̖̔́̑̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉Ȥ

̓̆̓ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 
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ˏ ̖̏̅̆ ̉̒̒̌̆̅̏̃́̎̉̊ ̜̠̜̃̃̌̆̎ ̠̉̈̍̆̎̆̎̉ ̉̎̓̆̎̒̉̃̎̏̒̓̉ ̠̉̒̐́̑̆̎̉ ̃̏Ȥ
̜̅ ̃ ̈́̃̉̒̉̍̏̒̓̉ ̏̓ ̗̗̋̏̎̆̎̓̑́̉̉ ̒̏̌̆̊ ̃ ̘̐̏̃̆ ̉ ̃̌́̇̎̏̒̓̉ ̔ ̘̜̖̉̈̔̆̎̎ ̒̏̑Ȥ
̓̏̃ ̖̘̌̏̐́̓̎̉̋́Ȣ ˕̝̎̓̆̎̒̉̃̎̏̒̓ ̗̓̑́̎̒̐̉̑́̉̉ ̔ ̖̃̒̆ ̒̏̑̓̏̃ȟ ̋́̋ ̃ ̝̋̏̎̓̑̏̌Ȥ
̜̖̎ȟ ̓́̋ ̉ ̜̜̖̏̐̓̎ ̖̃́̑̉́̎̓́ ̜̂̌́ ̎̉̈̋̏̊ ̃ ̔̓̑̆̎̎̉̆ ̘̜́̒ȟ ̅̎̆̃̎̏̆ ̠̃̑̆̍ 
̒́̍̏̊ ̜̃̒̏̋̏̊ ̉ ̃ ̘̃̆̆̑̎̆̆ ̠̃̑̆̍ ̒̔̓̏̋ ̒̎̏̃́ ̎̉̈̋̏̊Ȣ  

ˏ ̏̎̓̏̄̆̎̆̈̆ ̒̏̑̓̏̃ ̖̘̌̏̐́̓̎̉̋́ ̠̒́̍́ ̜̠̃̒̏̋́ ̗̠̓̑́̎̒̐̉̑́̉ ̟̎́̂̌̅́Ȥ
̝̌́̒ ̃ ́̈̆̕ ̗̠̃̆̓̆̎̉ ̑́̒̓̆̎̉̊Ȣ ˏ ́̈̔̕ ̙̠̐̌̏̅̏̎̏̆̎̉ ̉̒̐́̑̆̎̉̆ ̜̃̏̅ ̔ ̘̉̈̔̆̎Ȥ
̜̖̎ ̒̏̑̓̏̃ ̠̒̎̉̇́̆̓̒Ȣ ˪̓̏ ̠̠̠̃̌̆̓̒ ̒̌̆̅̒̓̃̉̆̍ ̠̐̏̎̉̇̆̎̉ ̜̓̆̍̐̆̑́̓̔̑ ̃̏̈Ȥ
̖̅̔́ ̉ ̠̒̎̉̇̆̎̉ ̠̐̏̓̑̆̂̌̆̎̉ ̜̃̏̅ ̠̑́̒̓̆̎̉̍̉Ȣ ˛̜̂̎́̑̔̇̆̎̎̆ ̈́̋̏̎̏̍̆̑̎̏Ȥ
̒̓̉ ̉̎̓̆̎̒̉̃̎̏̒̓̉ ̗̓̑́̎̒̐̉̑́̉̉ ̃ ́̈̆̕ ̗̂̔̓̏̎̉̈́̉̉ ̟̠̐̑̏̒̌̆̇̉̃́̓̒ ̉ ̃ ̐̆Ȥ
̜̑̉̏̅ ̗̠̃̆̓̆̎̉ ̉ ̙̠̐̌̏̅̏̎̏̆̎̉Ȣ ˞́̍̏̆ ̄̌́̃̎̏̆ ɀ ̒̏̃̍̆̒̓̎̏̆ ̅̆̊̒̓̃̉̆ ̈́̒̏̌̆Ȥ
̠̎̉ ̘̜̐̏̃ ̉ ̖̈́̒̔̉ ̜̏̋́̈̃́̆̓ ̝̒̉̌̎̏̆ ̎̆̄́̓̉̃̎̏̆ ̠̃̌̉̎̉̆ ̎́ ̜̃̏̅̎̊ ̏̂̍̆̎ȟ ̉ȟ 
̋́̋ ̒̌̆̅̒̓̃̉̆ȟ ̒̎̉̇́̆̓ ̝̉̎̓̆̎̒̉̃̎̏̒̓ ̗̓̑́̎̒̐̉̑́̉̉Ȣ ˏ ̞̖̓̉ ̠̖̔̒̌̏̃̉ ̒̏̑̓ ˎ̔Ȥ
̖́̑́-φ ̐̏ ̟̒̑́̃̎̆̎̉ ̒ ̅̑̔̄̉̍̉ ̒̏̑̓́̍̉ ̝̙̂̏̌̆ ̠̉̒̐́̑̆̓ ̜̃̏̅ȟ ̉̈-̈́ ̘̆̄̏ ́̋̓̉Ȥ
̟̠̃̉̑̔̓̒ ̘̍̆̓́̂̏̌̉̆̒̋̉̆ ̗̜̐̑̏̆̒̒Ȣ ˜̏ ̉̎̓̆̎̒̉̃̎̏̒̓̉ ̗̓̑́̎̒̐̉̑́̉̉ ̒̏̑̓ ˍ̋Ȥ
̝̠̅́̑-φ ̈́̎̉̍́̆̓ ̐̏̒̌̆̅̎̆̆ ̍̆̒̓̏Ȣ 

ˏ̏ ̟̠̅̏̔̅̆̑̇̉̃́́̚ ̝̒̐̏̒̏̂̎̏̒̓ ̝̌̉̒̓̆̃ ̘̜̖̉̈̔̆̎̎ ̒̏̑̓̏̃ ̖̘̌̏̐́̓̎̉̋́ 
̃̏ ̍̎̏̄̏̍ ̈́̃̉̒̆̌́ ̏̓ ̈́̒̏̌̆̎̎̏̒̓̉ ̘̜̐̏̃ ̉ ̒̓̆̐̆̎̉ ̃̌́̇̎̏̒̓̉Ȣ ˜̠̏̓̆̑ ̜̃̏̅ ̔ 
̖̃̒̆ ̒̏̑̓̏̃ ̉ ̃́̑̉́̎̓̏̃ ̝̙̝̔̍̆̎́̌́̒ ̒ ̜́̈̕ ̗̂̔̓̏̎̉̈́̉̉ ̅̏ ̙̠̐̌̏̅̏̎̏̆̎̉ȟ ̃ 
̓̏ ̇̆ ̠̃̑̆̍ ̟̠̃̏̅̏̔̅̆̑̇̉̃́́̚ ̝̒̐̏̒̏̂̎̏̒̓ ̃̏̈̑́̒̓́̌́Ȣ 

ˏ ̐̆̑̉̏̅ ̗̂̔̓̏̎̉̈́̉̉ ̠̑́̒̓̆̎̉ ̠̓̆̑̌̉ ̘̆̑̆̈ ̝̠̌̉̒̓ ̅̏ ρρ-ρψ Ϸ ̜̃̏̅ ̃ 
̜̐̆̑̃̆ ς ̘́̒́Ȣ ˏ ̝̙̅́̌̎̆̊̆̍ ɉσȟ τ ̘̜́̒Ɋ ̐̏̓̆̑̉ ̜̃̏̅ ̐̏̒̓̆̐̆̎̎̏ ̝̙̝̔̍̆̎́̌̉̒Ȣ 
˟̠́̋́ ̇̆ ̝̈́̋̏̎̏̍̆̑̎̏̒̓ ̔ ̒̏̑̓̏̃ ̖̘̌̏̐́̓̎̉̋́ ̟̝̎́̂̌̅́̌́̒ ̉ ̃ ̖́̈́̕ ̗̃̆̓̆Ȥ
̠̎̉ ̉ ̙̠̐̌̏̅̏̎̏̆̎̉Ȣ ˜̏ ̟̒̑́̃̎̆̎̉ ̒ ̋̏̎̓̑̏̌̆̍ ̝̠̌̉̒̓ ̑́̒̓̆̎̉̊ ̃ ̠̖̔̒̌̏̃̉ 
̠̈́̒̏̌̆̎̉ ̝̙̍̆̎̆ ̠̓̆̑̌̉ ̃̏̅̔Ȣ 

ˑ̜́̎̎̆ ̐̏ ̟̃̏̅̏̔̅̆̑̇̉̃́̆̊̚ ̒̐̏̒̏̂̎̏̒̓̉ ̝̌̉̒̓̆̃ ̜̟̐̏̋́̈̃́̓ ̑́̈̌̉Ȥ
̘̠̉ ̘̜̖̉̈̔̆̎̎ ̒̏̑̓̏̃ ̏̓ ̒̓̆̐̆̎̉ ̠̈́̒̏̌̆̎̉Ȣ ˞̏̑̓ ˎ̖̔́̑́-φ ̘̠̏̓̌̉́̆̓̒ ̏̓ ̅̑̔Ȥ
̖̄̉ ̒̏̑̓̏̃ ̜̃̒̏̋̏̊ ̟̃̏̅̏̔̅̆̑̇̉̃́̆̊̚ ̝̟̒̐̏̒̏̂̎̏̒̓ ̐̑̉ ̝̏̐̓̉̍́̌̎̏̊ ̃̌́̇Ȥ
̎̏̒̓̉ ̉ ̠̖̔̒̌̏̃̉ ̖̈́̒̔̉ ̃̏ ̖̃̒̆ ̠̖̒̓́̅̉ ̠̑́̈̃̉̓̉Ȣ  

ˏ ́̈̔̕ ̗̂̔̓̏̎̉̈́̉̉ ̒̏̅̆̑̇́̎̉̆ ̒̃̏̂̏̅̎̏̊ȟ ̘̍̆̓́̂̏̌̉̆̒̋̏̊ ̉ ̠̒̃̈́̎̎̏̊ 
̜̃̏̅ ̃ ̝̠̖̌̉̒̓ ̘̠̑́̈̌̉́̆̓̒ ̃ ̈́̃̉̒̉̍̏̒̓̉ ̏̓ ̒̓̆̐̆̎̉ ̠̈́̒̏̌̆̎̉ ̘̜̐̏̃ȟ ̒̏̃̍̆Ȥ
̒̓̎̏̄̏ ̠̠̃̌̉̎̉ ̖̈́̒̔̉ ̉ ̠̈́̒̏̌̆̎̉Ȣ ˞ ̜̙̐̏̃̆̎̉̆̍ ̒̓̆̐̆̎̉ ̠̈́̒̏̌̆̎̉ ̃̏ ̖̃̒̆ 
̖̒̏̑̓́ ̟̠̎́̂̌̅́̆̓̒ ̘̔̃̆̌̉̆̎̉̆ ̘̋̏̌̉̆̒̓̃́ ̏̂̆̊̚ ̜̃̏̅ ̃ ̖̏̂̏̉ ̠̖̔̒̌̏̃̉ ̔̃Ȥ
̠̌́̇̎̆̎̉Ȣ ˜̖̑̏̉̒̏̅̉̓ ̝̙̔̍̆̎̆̎̉̆ ̠̒̏̅̆̑̇́̎̉ ̘̍̆̓́̂̏̌̉̆̒̋̏̊ ̜̃̏̅ ̉ ̔̃̆̌̉Ȥ
̘̆̎̉̆ ̘̋̏̌̉̆̒̓̃́ ̠̒̃̈́̎̎̏̊ ̜̃̏̅Ȣ ˜̑̉ ̒̏̃̍̆̒̓̎̏̍ ̅̆̊̒̓̃̉̉ ̠̈́̒̏̌̆̎̉ ̉ ̘̐̏Ȥ
̃̆̎̎̏̊ ̖̈́̒̔̉ ̔ ̖̃̒̆ ̒̏̑̓̏̃ ̘̋̏̌̉̆̒̓̃̏ ̠̒̃̈́̎̎̏̊ ̜̃̏̅ ̘̠̔̃̆̌̉̉̃́̆̓̒ ̐̏ ̒̑́̃Ȥ
̟̎̆̎̉ ̒ ̠̑́̒̓̆̎̉̍̉ ̃ ̃ ̖́̑̉́̎̓́ χπ Ϸ ̠̔̃̌́̇̎̆̎̉Ȣ 

ˑ̎̆̃̎̏̊ ̉ ̘̜̏̒̓́̓̏̎̊ ̜̃̏̅̎̊ ̗̅̆̉̉̓̕ ̃ ̝̠̖̌̉̒̓ ̒̏̑̓̏̃ ̖̘̌̏̐́̓̎̉̋́ ̃̏ 
̖̃̒̆ ̖̃́̑̉́̎̓́ ̜̙̠̐̏̃́̆̓̒ ̒ ̜́̈̕ ̗̂̔̓̏̎̉̈́̉̉ ̅̏ ̙̠̐̌̏̅̏̎̏̆̎̉Ȣ ˢ́̑́̋̓̆̑̎̏ȟ 
̘̓̏ ̃̒̌̆̅̒̓̃̉̆ ̒̏̃̍̆̒̓̎̏̄̏ ̠̅̆̊̒̓̃̉ ̘̐̏̃̆̎̎̏̊ ̖̈́̒̔̉ ̉ ̠̈́̒̏̌̆̎̉ ̘̃̆̌̉̉̎́ 
̞̖̓̉ ̐̏̋́̈́̓̆̌̆̊ ̘̝̏̆̎ ̜̃̒̏̋́ ̐̏ ̟̒̑́̃̎̆̎̉ ̒ ̠̑́̒̓̆̎̉̍̉ ̃ ̠̖̔̒̌̏̃̉ ̏̐̓̉Ȥ
̝̍́̌̎̏̊ ̔̃̌́̇̎̆̎̎̏̒̓̉Ȣ ˞ ̜̙̐̏̃̆̎̉̆̍ ̈́̒̏̌̆̎̎̏̒̓̉ ̘̜̐̏̃ ̐̏̋́̈́̓̆̌̉ ̅̎̆̃Ȥ
̎̏̄̏ ̉ ̘̏̒̓́̓̏̎̏̄̏ ̃̏̅̎̏̄̏ ̗̅̆̉̉̓́̕ ̘̟̠̔̃̆̌̉̉̃́̓̒Ȣ ˚̟̝́̂̌̅́̌́̒ ̓́̋̇̆ ̑́̈Ȥ
̗̎̉́ ̐̏ ̃̏̅̎̏̍̔ ̗̅̆̉̉̓̔̕ ̃ ̝̠̖̌̉̒̓ ̐̏ ̒̏̑̓́̍ ̖̘̌̏̐́̓̎̉̋́Ȣ ˞̜́̍̊ ̝̙̂̏̌̏̊ 
̅̎̆̃̎̏̊ ̉ ̘̜̏̒̓́̓̏̎̊ ̗̅̆̉̉̓̕ ̟̠̎́̂̌̅́̌̒ ̃ ̖̃́̑̉́̎̓́ ̒ ̜̃̒̏̋̏̊ ̝̟̒̓̆̐̆̎ 
̠̈́̒̏̌̆̎̉Ȣ ˞ ̐̏̎̉̇̆̎̉̆̍ ̒̓̆̐̆̎̉ ̠̈́̒̏̌̆̎̉ ̟̝̎́̂̌̅́̌̏̒ ̒̎̉̇̆̎̉̆ ̘̜̃̆̌̉̉̎ 
̞̖̓̉ ̐̏̋́̈́̓̆̌̆̊Ȣ 

˞̜́̍̊ ̎̉̈̋̉̊ ̝̐̏̋́̈́̓̆̌ ̜̂̌ ̘̏̓̍̆̆̎ ̃ ̖̃́̑̉́̎̓́ ̒ ̎̆̈́̒̏̌̆̎̎̏̊ ̘̐̏Ȥ
̃̏̊Ȣ ˞̜́̍̊ ̜̃̒̏̋̉̊ ̅̎̆̃̎̏̊ ̉ ̘̜̏̒̓́̓̏̎̊ ̜̃̏̅̎̊ ̗̅̆̉̉̓̕ ̟̠̎́̂̌̅́̌̒ ̃ ̃́Ȥ
̖̑̉́̎̓́ ̒ σπϷ ̝̟̃̌́̇̎̏̒̓ ̉ ̜̃̒̏̋̏̊ ̝̟̒̓̆̐̆̎ ̠̈́̒̏̌̆̎̉Ȣ ˚̝̙́̉̂̏̌̆̆ ̉̈̍̆Ȥ
̎̆̎̉̆ ̅̎̆̃̎̏̄̏ ̉ ̘̏̒̓́̓̏̎̏̄̏ ̃̏̅̎̏̄̏ ̗̅̆̉̉̓́̕ ̟̝̎́̂̌̅́̌̏̒ ̔ ̒̏̑̓́ ˍ̝̠̋̅́̑-
φȟ ̝̙̎́̉̍̆̎̆̆ ɀ ̔  ˎ̖̔́̑́-6. 

˞̏̅̆̑̇́̎̉̆ ̏̂̆̄̏̚ ̖̌̏̑̏̉̌̌́̕ ̜̂̌̏ ̜̃̒̏̋̉̍ ̃̏ ̖̃̒̆ ̖̃́̑̉́̎̓́ ̃ ́̈̆̕ 
̗̠̃̆̓̆̎̉Ȣ ˛̘̓̍̆̆̎̏ȟ ̘̓̏ ̃ ̝̜̖̋̏̎̓̑̏̌̎ ̖̃́̑̉́̎̓́ ̞̓̏̓ ̝̐̏̋́̈́̓̆̌ ̜̂̌ ̜̙̃̆ 
̐̏ ̟̒̑́̃̎̆̎̉ ̒ ̜̜̏̐̓̎̍̉ ̃́̑̉́̎̓́̍̉Ȣ ˞ ̜̙̐̏̃̆̎̉̆̍ ̒̓̆̐̆̎̉ ̠̈́̒̏̌̆̎̉ ̘̐̏Ȥ
̜̃ ̒̏̅̆̑̇́̎̉̆ ̏̂̆̄̏̚ ̖̌̏̑̏̉̌̌́̕ ̃̏ ̖̃̒̆ ̖̃́̑̉́̎̓́ ̜̏̐̓́ ̠̐̏̎̉̇́̆̓̒Ȣ ˏ ̑̆Ȥ
̝̈̔̌̓́̓̆ ̗̝̏̓̑̉́̓̆̌̎̏̄̏ ̒̏̃̍̆̒̓̎̏̄̏ ̠̅̆̊̒̓̃̉ ̠̈́̒̏̌̆̎̉ ̘̜̐̏̃ ̉ ̖̈́̒̔̉ ɉσπϷ 
̝̃̌́̇̎̏̒̓Ɋ ̟̝̎́̂̌̅́̌̏̒ ̑̆̈̋̏̆ ̝̙̔̍̆̎̆̎̉̆ ̘̋̏̌̉̆̒̓̃́ ̏̂̆̄̏̚ ̖̌̏̑̏̉̌̌́̕.  
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˝̗̆́̋̉̉ ̗́̅́̐̓́̉̉ ̘̜̖̉̈̔̆̎̎ ̒̏̑̓̏̃ ̖̘̌̏̐́̓̎̉̋́ ɉˎ̖̔́̑́ɀφȟ ˍ̝̠̋̅́̑-6, 
ˎ̖̔́̑́-ρπςȟ ˞-φυςτɊ ̋ ̟̈́̒̏̌̆̎̉ ̘̜̐̏̃ ̘̑́̈̌̉̎̏̊ ̒̓̆̐̆̎̉ ̈́̃̉̒̆̌ ̉ ̏̓ ̂̉̏̌̏Ȥ
̘̖̄̉̆̒̋̉ ̏̒̏̂̆̎̎̏̒̓̆̊ ̞̖̓̉ ̒̏̑̓̏̃Ȣ ˜̑̉ ̞̓̏̍ ̝̒̓̆̐̆̎ ̘̔̒̓̏̊̉̃̏̒̓̉ ̒̏̑̓̏̃ ̈́Ȥ
̃̉̒̆̌́ ̏̓ ̃̏̅̎̏̄̏ ̏̂̍̆̎́ ̉ ̠̑̅́ ̘̖̉̈̉̏̌̏̄̉̆̒̋̉̕ ̗̐̑̏̆̒̒̏̃Ȣ ˜̑̉ ̒̏̃̍̆̒̓̎̏̍ 
̃̏̈̅̆̊̒̓̃̉̉ ̠̈́̒̏̌̆̎̉ ̘̜̐̏̃ ̉ ̖̈́̒̔̉ ̟̝̎́̂̌̅́̌̏̒ ̒̎̉̇̆̎̉̆ ̃ ̑́̈̎̏̊ ̒̓̆̐̆̎̉ 
̗́̅́̐̓́̉̏̎̎̏̄̏ ̗̐̏̓̆̎̉́̌́ ̘̜̖̉̈̔̆̎̎ ̒̏̑̓̏̃ȟ ̘̓̏ ̝̏̓̑́̇́̌̏̒ ̃ ̝̙̔̍̆̎̆̎̉̉ 
̘̋̏̌̉̆̒̓̃́ ̠̔̑̏̇́ ̖̌̏̐̋́-̜̗̒̑́ ̉ ̒̎̉̇̆̎̉̉ ̆̄̏ ̘̋́̆̒̓̃́Ȣ 

ˏ ̠̖̔̒̌̏̃̉ ̠̈́̒̏̌̆̎̉ ̘̜̐̏̃ ̃̏ ̖̃̒̆ ̜̖̏̐̓́ ̝̒̑́̃̎̉̓̆̌̎̏ ̜̃̒̏̋̉̊ ̉ ̋́Ȥ
̘̜̆̒̓̃̆̎̎̊ ̔̑̏̇́̊ ̘̐̏̌̔̆̎ ̔ ̒̏̑̓̏̃ ˎ̖̔́̑́-φ ̉ ˎ̖̔́̑́-ρπςȢ ˜̑̉ ̈́̒̏̌̆̎̉̉ 
̘̜̐̏̃ȟ ̏̒̏̂̆̎̎̏ ̆̄̏ ̒̏̃̍̆̒̓̎̏̍ ̅̆̊̒̓̃̉̉ ̒ ̖̈́̒̔̏̊ȟ ̜̠̃̃̌̆̎̏ ̑̆̈̋̏̆ ̒̎̉̇̆̎̉̆ 
̠̔̑̏̇́ ̉ ̆̄̏ ̘̋́̆̒̓̃́ ̔ ̒̏̑̓̏̃ ˞-φυςτ ̉ ˍ̝̠̋̅́̑-6. 

˚́  ̏̒̎̏̃̆ ̘̠̉̈̔̆̎̉ ̠̑̅́ ̘̖̉̈̉̏̌̏̄̉̆̒̋̉̕ ̐̏̋́̈́̓̆̌̆̊ ̜̂̌̉ ̜̏̐̑̆̅̆̌̆̎ 
̜̎̏̑̍ ̗̑̆́̋̉̊ ̜̖̎̏̃ ̜̖̑́̊̏̎̉̑̏̃́̎̎ ̒̏̑̓̏̃ ̖̘̌̏̐́̓̎̉̋́ ̎́ ̝̒̓̆̐̆̎ ̈́̒̏̌̆Ȥ
̠̎̉ ̘̐̏̃ ̃ ̠̖̔̒̌̏̃̉ ˎ̖̔́̑̒̋̏̊ ̏̂̌́̒̓̉Ȣ ˜̏̋́̈́̎̏ ̝̙̔̍̆̎̆̎̉̆ ̉̎̓̆̎̒̉̃̎̏̒̓̉ 
̗̓̑́̎̒̐̉̑́̉̉ȟ ̘̔̃̆̌̉̆̎̉̆ ̟̃̏̅̏̔̅̆̑̇̉̃́̆̊̚ ̒̐̏̒̏̂̎̏̒̓̉ ̉ ̗̅̆̉̉̓́̕ ̜̃̏̅ȟ 
̒̎̉̇̆̎̉̆ ̠̒̏̅̆̑̇́̎̉ ̖̌̏̑̏̉̌̌̏̃̕ ̉ ̉̎̓̆̎̒̉̃̎̏̒̓̉ ̏̓̏̒̉̎̓̆̈́̕ ̐̏̅ ̠̃̌̉̎̉Ȥ
̆̍ ̠̈́̒̏̌̆̎̉ ̘̜̐̏̃Ȣ ˜̑̉ ̞̓̏̍ ̜̠̃̃̌̆̎́ ̜̠̃̒̏̋́ ̘̝̔̒̓̏̊̉̃̏̒̓ ̋ ̟̈́̒̏̌̆̎̉ 
̘̜̐̏̃ ̒̏̑̓̏̃ ̖̘̌̏̐́̓̎̉̋́ ˎ̖̔́̑́-φ ̉ ˎ̖̔́̑́-ρπςȢ ˝̆̈̋̉̆ ̠̉̈̍̆̎̆̎̉ ̉̈̉̏̌̏̕Ȥ
̘̖̄̉̆̒̋̉ ̉ ̖̘̖̂̉̏̉̍̉̆̒̋̉ ̐̏̋́̈́̓̆̌̆̊ ̔ ̘̜̖̉̈̔̆̎̎ ̒̏̑̓̏̃ ̖̘̌̏̐́̓̎̉̋́ ̎́Ȥ
̟̝̂̌̅́̌̉̒ ̎́ ̏̎̆̕ ̒̏̃̍̆̒̓̎̏̄̏ ̠̅̆̊̒̓̃̉ ̘̐̏̃̆̎̎̏̊ ̖̈́̒̔̉ ̉ ̠̈́̒̏̌̆̎̉ȟ ̏̒̏Ȥ
̂̆̎̎̏ ̃ ̠̖̔̒̌̏̃̉ ̝̒̉̌̎̏̄̏ ̠̈́̒̏̌̆̎̉Ȣ ˞̏̑̓́ ˎ̖̔́̑́-φ ̉ ˎ̖̔́̑́-ρπς ̍̏̇̎̏ ̠̝̒̆̓ 
̎́ ̒̌́̂̏ȟ ̒̑̆̅̎̆ ɀ ̉ ̝̜̖̒̉̌̎̏̈́̒̏̌̆̎̎ ̘̖̐̏̃́ ˎ̖̔́̑̒̋̏̄̏ ̑̆̄̉̏̎́ ̉ ̘̝̐̏̌̔́̓ 
̜̃̒̏̋̉̊ ̔̑̏̇́̊Ȣ ˜̑̉ ̐̏̒̆̃̆ ̅́̎̎̏̄̏ ̒̏̑̓́ ̎́ ̝̜̖̒̉̌̎̏̈́̒̏̌̆̎̎ ̘̖̐̏̃́ ̓̑̆̂̔Ȥ
̠̆̓̒ ̘̜́̒̓̊ ̐̏̌̉̃ ̒ ̍́̌̏̊ ̎̏̑̍̏̊ ̜̃̏̅Ȣ  
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WATER AND SALT TOLERANCE OF COTTON VARIETIES  

IN TERME OF SOIL SALINIZATION AND DROUGHT 
 

A.E. Kholliev, U.T. Khorboeva, Kh.M. Ibragimov 
 

Abstract:  He results of the experiments the impact of soil salinity and drought on water 
exchange and salt tolerance varieties of cotton Bukhara-6. Bukhara-102, Akdarya-6, and C-
6524, it was found ambiguaces change of phusiological parameters, depending on the degree of 
soil salinity and drought. Adaptation reactions studied varieties of cotton to salinity and 
drought soils varying degrees dependent on biological and varietal characteristics of cotton 
plant. 

Keywords : water exchange, salt tolerance, drought, transpiration, water content, water 
scarcity, chlorofhyll, water potential, harvest. 
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˙˕˞ ̨̞ ˚˘ˍ˝˕˚˕˚ː ˛˔ˠ̱פ  ˞ˠˎ˞˟˝ˍ˟˘ˍ˝ ː˕ˑ˝˛˘˕˔˕ːˍ ˟ˍ˩˞ ˕˝˕  
 

˝Ȣ˛Ȣ ̱ ̓̏̆̃́1 
 
ˍ̗̠̎̎̏̓́̉ 

 
˗̔̈́̓̔̃ ̎́̓̉̇́̌́̑̉̍̉̈̄́ ̰̋̑́ȟ ̍̉̒ ̉̏̎̌́̑̉ ̛̓́̒̉̑̉̅́ ̋́̑̂̏̄̉̅̑́̈́̌́̑ 

(ɻ-́̍̉̌́̈́ȟ ̟̒̆̌̌̌́̈́Ɋ ̎̉̎̄ ́̏̌̌̉̄̉̕ ̙̋́̍́̊̉̉ȟ ̌̉̐̉̅̌́̑ ́̏̌̌̉̄̉̕ ̙̏̑̓̉̉ȟ 
́̍̍̏ ̔̍̔̍̉̊ ̐̑̏̓̆̏̌̉̓̉̋ ́̏̌̌̉̄̉̅́̕ ̰̙̈̄́̑̉̌́̑ ̋̔̈́̓̉̌̍́̅̉Ȣ 
 
˗́̌̉̓ ̰̒̈̌́̑ȡ ̍̉̒ ̉̏̎̌́̑̉, ɻ-́̍̉̌́̈́ȟ ̗̟̆̌̌̌̏̈́ȟ ̌̉̐́̈́ȟ ̐̑̏̓̆́̈́ ̋̏̍̐̌̆̋̒,̉ 
ץ̏ ́̓̓́̋ ̑̉̎ ̙́̑́̌́̍́̒̉Ȣ 

 
˙̛́̌̔̍̋̉ȟ ̍̉̒ ̏̑̄́̎̉̈̍̅́̄̉ ̂̉̑ ́ץ ̓̏̑ ̧̂̉̏̋̉̍̃̉̊ ̃́ ̂̉̏̉̈̉̋́̃̉̊̕ 

̧̇́̑́̎̌́̑̅́ ̙̉̓̉̑̏̋ ̞̓́̅̉ ɍρɎȢ ˙̉̒ ̘̉̋̉ ̍̔̉״ ץ̌́̒ ̉̎̉̈́̓̒̏̆̍̏̄ ̓ ̙́̅́ȟ 
״̏ ̞̑́̌̓̉̒̓̏̑̓̉̑ ́̃ ̎̉̂̏̌̄̏̍̆̄ ̧̛̊̉̑̆̍ ̠̠̉̎̉̒̉̒̓̌̉̍̉̒̒́ ̑́̌́̅̅̏̍ ̒̉̌ 
ץ̰̉̓ ̠̋̔̒ ́̃ ̙̰̉̉̌̂ ̍́̌́̑̉̎̉̎̄ ̧̛̍̆̑̉̊ ̙̑̉̃̏̇̌́̎̉̉̎̉ ̛̓́̍̉̎̌́̊̅̉ ɍρɎȢ  

ץ́ ̑̉̂̉ ̞̓̎̆̍̆̌ ̒̉˙ ̘̎́ ̆̑̍̆̎̓̌́̑̕ ̒̓̑̔̋̓̔̑́̒̉̎̉̎̄ ̙̙́̋̌̌́̎̉̉̅́ 
״́  ̙̍̉̓̉̑̏̋ ̞̓́̅̉Ȣ ˙́̒́̌́̎ȟ ̖̒̉̓̏̑̏̍-̏̋̒̉̅́̈́ ̔״ ץ́̑̏ ̉̑́̌́̎́̑̂̍̆̍ ́̑̊́̇ ̌̉ 
̋̉̒̌̏̑̏̅ ̓̑́̎̒̐̏̑̓̉̎̉ ̛̓́̍̉̎̌́̊̅̉̄́̎ȟ ̓̉̑̏̈̉̎́̈́ ̘̒̏ ɉ̇̔̎Ɋ̅́̄̉ ̏ץ ̑́ 
̐̉̄̍̆̎̓ ɉ̍̆̌́̎̉̎Ɋ̎̉ ̙̒̉̎̓̆̈̌́̎̉̉̅́ ́ץ ̙̓̎́́̅̉̄́̎Ƞ ̌̉̈̉̌-̏̋̒̉̅́̈́ ̋ ̏̌̌́̄̆̎ 
ץ̌́̒ ̠̉̎̉̓̉̌̏́̕ ̌́̎̏̉̒̋̎̔̕ ̉̄́̅̉̒́̑̏ ̑́̌́̌̏̓ ץ̙́̏̂ ́̃ ̙̔ ̎́̄̉̅́̑̔̓ ̂́  
̆̑̍̆̎̓̌́̑̕ ̓́̑̋̉̂̉̄ ́̋ ̉̑́̅̉ ɍςɎȢ 

˥̔̎̉̎̄ ̘̔̔̎ȟ ̍̉̒ ̙̘̆̓̉̍̏̃̉̌̉̄̉, ̰̂̊ ̰̙̒̉̉̎̉̎̄ ̙̙̒̆̋̉̎̌́̉̉ ɍσɎȟ 
̟̑́̋ ̙̘̆̓̉̍̏̃̉̌̉̄̉ ɍτɎȟ ̠̒̔̋ ̰̙̍̑̓̌́̔̃̉ȟ ̠̅̉́̑̆ȟ ̑̆̐̑̏̅̔̋̓̉̃ ̏ץ ̠̂̉̌̉̓̎̉̎̄ 
ץ́ ̑̉̂ ̉̂́̋ ̙̉̉̊́̒́̐ ץ̘́̉ ̂̉̑̉̓̌̆̋ ̉̎̑́̌̋̉̌̌́̒́̋ ̑̏̓ ̑́̅̉Ȣ 

פ̉ ״́́ ̊̉̌́̍́ ̘̎̔̔ ̰̖̉̄̉̌́̇ ץ̙̏̌ ״́ ̰̎́̄̌̂ ̞́̄ ̠́̄̓̉̍ ̊̃̏̎̌́̑̎̉̎̄ 
̍ ״́̒ ̔̌̅̏̑̌̉̄̉̎̉ ̙̙̏̉̑̉ ̘̔̔̎ȟ ̏̈̔́ץ  ̃́ ̒̔̃ ̂̉̌́̎ ̍̉̒ ̉̏̎̌́̑̉ ̙̋́̃ 
ץ́ ״́ ̘̄̎̉̎̑́̌̉̃̔̑́̓̊ ץ̏ ́̓̓́̋ ̰̎́̄̌̂ ̉̑̏̓̋́̆̑ ̍̈ ץ́ ̙̙́̄̉̉̔̓ ́̄̉̎̑ ̑́̍́̊ȟ 
״́ ̈̍ ̧̇́̑́̎̉̅́ ̙̉̓̉̑̏̋ ̞̘̓̔̃̉ ̆̑̍̆̎̓̌́̑̕ ́̏̌̌̉̄̉̄́̕ ̛̓́̒̉̑̉ ̠̅̆̑̌̉ 
̰̑̄́̎̉̌̍́̄́̎Ȣ ˙́̈̋̔̑ ̙̉̎̉̎̄ ̍́̒ץ ́̅̉ ɀ ̍̉̒ ̉̏̎̌́̑̉̎̉̎̄ ̏̈̔́ץ  ̍̏̅̅́̌́̑ 
̄̉̅̑̏̌̉̈̉̄́ ̛̓́̒̉̑̉̎̉ ̰̙̑̄́̎̉̅̉̑Ȣ 

˙́̓̆̑̉́̌ ̃́ ̔̒̌̔̂̌́̑ȡ ̞̋̒̐̆̑̉̍̆̎̓̌́̑ in vitro ̙́̑̏̉̓̉̅́ ̏̌̉̂ ̂̏̑̉̌̅̉Ȣ 
ˡ̆̑̍̆̎̓́̓̉̃ ́̏̌̕ ̍́̓̆̑̉́̌ ̒̉́̓̉̅́̕ ̉פ ץ̏ ̉̌̓̏̈ ̙̓́̅̌̉̈ ̑́̍̏̌ ̋́̓̓́ 
ץ̏ ̑̎̉̅́̎ ̏̌̉̎̄́̎ ̙́̑́̌́̍́̅́̎ ̏̊̅́̌́̎̉̌̅̉̕Ȣ ˬ̎̄̉ ̰̒̊̉̌̄́̎ ̏ץ ̑́̍̏̌̅́̎ 
ץ̏ ́̓̓́̋ ̎́̄̎̉̌̏ ̑̉̎ ̙́̑́̌́̍́̒̉ ̠̌́̂́̑̏̓̏̑̉̄́ ̓̆̑̍̏̒̅́ ̋̆̌̓̉̑̉̌̄́̎̅́̎ 
̋̆̊̉̎ȟ τ ́ץ ̃́̓̌̉ ̐̑̏̌̏̎ ̉̌̓̑̅́̎̕ ̰̓̋́̈̉̌̅̉Ȣ ˡ̉̌̓̉̑́̓ ρȡρ ̎̉̒̂́̓̅́ ̑̉̎̄̆̑ 
̞̑̉̑̍́̒̉ ̂̉̌́̎ ̟̒̔̌̓̉̑̉̌̅̉Ȣ ˛̌̉̎̄́̎ ̉̌̓̑́̓̄́̕ ςπ ̍̋̄/   ̠̌̋̏̎̒̆̎̓̑́̓̒̉̌̉ 
̍̉̒ ̉̏̎̌́̑̉ ɉ̍̉̒ ̖̌̏̑̉̅ ̓́̑̋̉̂̉̅́Ɋ ̰ץ ץ̔́̈̏ ץ̉̏̃̔̍̕ ̙́̄́̍́̌́̑́ ́̃ ̙̉̅̌̉  σχ 
ΞC ̒̔̂̒̓̑́̓̌́̑̉ ̂̉̌́̎ ̠̉̎̋̔̂́̓̒̉ ̉ץ ̌̉̎̅̉Ȣ ˎ̘́̑́ ̰ץ ̌̌́̎̉̌̄́̎ ̍̉̒ ̋̏̎̒̆̎Ȥ
̠̓̑́̓̒̉̌́̑̉ ̉̈̉̏̌̏̄̉̋̕ ̧̛̍̆̑̌́̑ ̘̆̄́̑́̒̉̅́ ̰̂̌̉̂ȟ ́״ ̊̃̏̎̌́̑̎̉̎̄ ̔̎̋̒̉̏̕Ȥ
״̏ ̌́̎ ̑ ץ̉̏̃̔̍̕ ́̄̉̓́̌ ץ̰ ̙́̅̉̃́ ̌̌́̎̉̌́̅̉Ȣ  

˕̠̎̋̔̂́̓̒̉̅́̎ ̋̆̊̉̎ ̍́̈̋̔̑ ̙́̑́̌́̍́̅́ ̄̉̅̑̏̌̉̓̉̋ ̆̑̍̆̎̓̌́̑̎̉̎̄̕ 
ץ̌̉̎́ ̉̄̉̌̌̏́̕ ́̎̅̉Ȣ ɻ-ˍ̍̉̌́̈́ ́̏̌̌̉̄̉̕ ˍȢ˙Ȣ ˠ̄̏̌̆̃ ɉρωφωɊ ɍυɎȟ ̟̒̆̌̌̌́̈́ 
́̏̌̌̉̄̉̕ ˍȢ $ÁÈÌÖÉÓÔ ɉρωψτɊ ɍφɎȟ ̌̉̐́̈́ ́̏̌̌̉̄̉̕ .Ȣ7Ȣ 4ÉÅÔÚ ̃́ !Ȣ!Ȣ &ÉÅÒÅÅË ɉρωφωɊ 
ɍχɎȟ ̔̍̔̍̉̊ ̐̑̏̓̆́̈́̌́̑ ́̏̌̌̉̄̉̕ ̞̒́ ˍȢ˙Ȣ ˠ̄̏̌̆̃ ̃́ ˚Ȣ˚Ȣ ˟ ̉̍̏̆̆̃́̌́̑̎̉̎̄̕ ɍψɎ 
ץ̌̉̎́ ̘̰́̉̊̂ ̉̑́̌̌̔̒̔ ́̎̅̉Ȣ ˞̓́̓̉̒̓̉̋ ̓́̌״ ̉̌ Ȱ˞̓̔̅̆̎̓ȱ ̔̒̔̌̉ ̰̘̂̊̉́ ̏̌̉̂ 
̂̏̑̉̌̅̉Ȣ  

˚́̓̉̇́̌́̑ ̃́ ̔̌́̑̎̉̎̄ ̍̔ϲ̏ ̋́̍́̒̉ȡ ˕̙̉̍̉̈̎̉̎̄ ̘̂̉̑̉̎̉ ̉ץ ̒̍̉̅́ȟ #Õ+2 
ɉςπ ̍̋̄Ⱦ̌Ɋ ̄̉̅̑̏̌̉̓̉̋ ̆̑̍̆̎̓̌́̑̄́̕ ̛̓́̒̉̑̉ ̰̑̄́̎̉̌̅̉Ȣ ˚́̓̉̇́̌́̑ ̇́̅̃́̌̅́ 
̧̈̉̌̉̂ȟ ̎́̈̏̑́̓ ̒̉̎̏̃̌́̑̉̅́̄̉ ̔̄̌̆̃̏̅ ̃́ ̧̌ס ́̑̎̉̎̄ ̄̉̅̑̏̌̏̈̉̅́ ̙̉̓̉̑̏̋ 
ץ̟̏ ̘́̎́ ̉̄̉̌̌̏́̕ ̑́̌̓̎̆̍̑̆̕ ̘̞̉̃̔̓ ̑̉ ̞̋́̎̌̉̄̉ ̉̏̅́̌́̎̄́̎̕Ȣ ˥̔ ̂̉̌́̎ ̂̉̑ 
ץ́ ̓̏̑̅́ȟ ̏̒ץ ̉̌̌́̑̎̉̎̄ ̄̉̅̑̏̌̉̈̉̅́ ̙̉̓̉̑̏̋ ̞̘̓̔̃̉ ̆̑̍̆̎̓̌́̑̕ ́̏̌̌̉̄̉̕ 

                                                           
1ˍ̓̏̆̃́ ˝̖̔̒̏̑́ ˛̅̉̌̏̃̎́ ɀ ̝̐̑̆̐̏̅́̃́̓̆̌ ̝́̋̔̌̓̆̓́̕ ˒̜̖̒̓̆̒̓̃̆̎̎ ̎́̔̋ȟ ˎ̖̔́̑Ȥ

̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 
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ץ́ ̠̉̌̑̆̅ ̊̅ ̞̓̉̌̍́̅̉Ȣ ˑ̆̍́̋ȟ ̋́̓̓́ ̏ץ ̑̉̎ ̙́̑́̌́̍́̒̉̅́ ̉̎̅̔̓̒̉̑̌́̎̄́̎ ̃́ 
״́ ̰̎́̄̌̂ ̞́̄ ́̄̓́̉̂́̓ ̋̉̓̏̉̂̍̉̒ ̈̍ ̧̇́̑́̎̌́̑̉ ̒̏̅̉̑ ̰̂̌́̅̉ ɍωɎȢ 

˟́̇̑̉̂́ ̒̉̎̏̃̌́̑̉̅́ȟ ̛̠̎̉̊ ̉̎̋̔̂́̓̒̉̏̎ ̍̔̉״ ̓̄́ ̍̉̒ ̉̏̎̌́̑̉ 
ץ̰ ̙̉̌̄́̎̅́ȟ ɻ ɀ ́̍̉̌́̈́ ́̏̌̌̉̄̉̕ ςςȟυ Ϸ ̄́Ƞ  ̟̒̆̌̌̌́̈́ ́̏̌̌̉̄̉̕ ̞̒́ υυȟτ Ϸ ̄́ 
̠̋́̍́̅̉Ȣ ˑ̆̍́̋ȟ ̍̉̒ ̋́̓̓́ ̏ץ ״̉̔̍ ̉̄́̅̎̉̑ ס̙̉̎́̌̏̂ ̄̎̉̎̑́̌̅̏̃̆̌̄̔ ́̅̓ ̘ 
̄̉̅̑̏̌̉̈̉̎̉ ̋́̍́̊̓̉̑́̅̉Ȣ  

 
˟̗́̂̌̉́ ρ 

״́ ̄̎̉̎̉̑́̌̎̏̉ ̒̉˙ ̈̍̅́̄̉ ̄̉̅̑̏̌́̈́ ̆̑̍̆̎̓̌́̑̕  
́̏̌̌̉̄̉̄́̕ ̛̓́̒̉̑̉ ɉ˙ϻÍȠ ÎЀφɊ 

 

ʂʘʪʪʘ ץʦʨʠʥʜʘʛʠ ʬʝʨʤʝʥʪʣʘʨ 

ʬʘʦʣʣʠʛʠ 
ʅʘʟʦʨʘʪ ʊʘʞʨʠʙʘ* t*  P*  %  

Ŭ-ɸʤʠʣʘʟʘ (ʤʛ/ʤʠʥ/ ʤʣ) 8,0Ñ0,4 6,2Ñ0,3 3,61 <0,005 77,5 

ʉʝʣʣʶʣʘʟʘ(ʤʢʤʦʣ/ʤʠʥ/ʤʣ) 1,2Ñ0,1 0,5Ñ0,04 6,51 <0,001 45,5 

ʃʠʧʘʟʘ (ʤʢʤʦʣ/ʤʠʥʫʪ/ʤʣ) 1,5Ñ0,05 1,7Ñ0,11 2,6 <0,05 113,3 

ʇʨʦʪʝʘʟʘ (ʤʢʤʦʣ/ʤʠʥ/ʤʣ) 0,04Ñ0,01 0,038Ñ0,004 0,14 >0,5 95,0 

*  ɀ ̉ ̎̋̔̂́̓̒̉̏̎ ̍̔ϲ̉ ̓̄́ CuCl2 ̎ ̉̎̄ φτ ̍̋̄\̌ Ϩ̰ ̙̉̌̄́̎̅́;         
** ɀ ̒ ̓̔̅̆̎̓ ̋̏̉̓̒̉̆̎̓̉̕̕Ƞ 
** ɀ ̒ ̓́̓̉̒̓̉̋ ̇̉ϲ́ ̓̅́̎ ̎́̓̉̇́̌́̑̎̉̎̄ ̎́̈̏̑́̓̄́ ̎̉̒̂́̓́̎ ̙̘̉̏̎̌̉̌̉̋ 

̰̘̋̑̒́̓̋̉̉Ȣ 

 
ס̙̉̎́̌̏̂ ̄̎̉̎̑́̌̅̉̐̉˘ ̘ ̄̉̅̑̏̌̉̈̉̅́ ̙̉̓̉̑̏̋ ̞̘̓̔̃̉ ̌̉̐́̈́̎̉̎̄ ́̕Ȥ

״̉̔̍ ̎̏̉̒̓́̂̔̋̎̉ ̉̄̉̌̌̏ ̓̅́̄̉ ̍̉̒ ̉̏̎̌́̑̎̉̎̄ ̛̓́̒̉̑̉̅́ ̋́̑̂̏̄̉̅̑́̈́̌́̑Ȥ
ץ̌̑́̕ ̎́̅  ́̅́̇́̑́̅ ̙̉̌̑́̎̏̉ ́̄ ȟ ̘́̋̒̉̎́ ρρȟσ Ϸ̉̋̌́̂ ̉̅́̍̊́̍́̋ ,ץ̰̏̑́̌̉ 
̙̏̅̉Ȣ ˥̔ ̂̉̌́̎ ̂̉̑̄́ȟ ̔̍̔̍̉̊ ̐̑̏̓̆́̈́̌́̑̎̉̎̄ ́̏̌̌̉̄̉̕ ̍̉̒ ̉̏̎̌́̑̉̎̉̎̄ 
״̆ ̛́̅̉̑̉̒́̓ ץ́ ̘ ̎̅́̊ ̰̙̈̄́̑̉̌́̑̄́ ̘̔̑́̍́̅̉Ȣ ˚́̈̏̑́̓ ̃́ ̓́̇̑̉̂́ ̒̉̎̏̃̌́̑̉̅́ 
̔̍̔̍̉̊ ̐̑̏̓̆́̈́ ́̏̌̌̉̄̉̕ ̂̉̑ ̖̉̌ ̅ ץ́ ́̅́̇́̑́ ̊̅ ̞̓̉̌̅̉Ȣ 

ץ̉ ̊́̅̎̔˥ ̌̉̂ȟ ̎́̓̉̇́̌́̑̉̍̉̈ ̙̔̎̉ ̰̋̑̒́̓̅̉̋̉ȟ ̔̄̌̆̃̏̅ȟ ̧ץ̒̏ ́̃ ס ̉̌̌́̑ 
״̉̔̍ ̎̏̉̒̓́̂̔̋̎̉ ̉̄̉̌̌̏́̕ ̄̎̉̎̑́̌̓̎̆̍̑̆̕ ̘̞̉̃̔̓ ̙̋̏̑̉̓̉ ́̅̉̈̉̌̏̑̅̉̄ ̓̄́ 
ץ̰ ̉̑́̌̎̏̉ ̒̉̍ ̙̉̌̄́̎̅́ ̘̓̔̑̌̉́ ̰̈̄́̑́̅̉Ȣ ˙̉̒ ̰ץ ״̉̔̍ ̙̎́̄̌̉ ̓̅́ ̋́̑̂̏̄̉̅̑́Ȥ
̈́̌́̑ ́̏̌̌̉̄̉̕ ɉɻ-́̍̉̌́̈́ȟ ̟̒̆̌̌̌́̈́Ɋ ̠̋́̍́̅̉ȟ ̌̉̐̉̅̌́̑ ́̏̌̌̉̄̉̕ ̙̏́̅̉ ̃́ 
̔̍̔̍̉̊ ̐̑̏̓̆̏̌̉̓̉̋ ́̏̌̌̉̄̉̕ ̞̒́ ̰̈̄́̑̍́̊̅̉Ȣ 

˚́̓̉̇́̌́̑ ̍̔ϲ̏ ̋́̍́̒̉ȡ ˗̔̈́̓̔̃ ̎́̓̉̇́̌́̑̉̍̉̈̄́ ̰̋̑́ȟ ̍̉̒ ̉̏̎̌́̑̉ 
ץ̏ ץ̏ ́̓̓́̋ ̌̏̍́̑ ̑̎̉̅́̄̉ ̔̄̌̆̃̏̅ȟ ̧ץ̒̏ ́̃ ס ̉̌ ̋́̂̉ ̄̉̅̑̏̌̉̓̉̋ ̆̑̍̆̎̓̌́̑̕ ́̕Ȥ
ץ̌̉̎́ ̙̞̉̉̓ ̛̑̉̒́̓ ́̅́̇́̑́̅ ̉̌̑́̌̉̈̆̒ ́̄̉̄̉̌̌̏ ́̎̅̉Ȣ ˎ̔̎̅́ ̋́̑̂̏̄̉̅̑́̈́̌́̑ 
(ɻ-́̍̉̌́̈́ȟ ̟̒̆̌̌̌́̈́Ɋ ̎̉̎̄ ́̏̌̌̉̄̉̕ ̍̉̒ ̉̏̎̉ ̛̓́̒̉̑̉̅́ ̙̋́̍́̊̉̉ ̟̈ ̂̆̑́Ȥ
̅̉Ȣ ɻ-ˍ̍̉̌́̈́ ́̏̌̌̉̄̉̎̉̎̄̕ ̙̋́̍́̊̉̉̅́ȟ ̟̒̆̌̌̌́̈́ ́̏̌̌̉̄̉̎̉̎̄̕ ̠̑̆̐̑̆̒̒̉Ȥ
ץ̑̌́̎̕ ́̅̉̒ ̉ ̙̑́̃̉̅́ȟ ̍̉̒ ̉̏̎̉̄́ ̎̉̒̂́̓́̎ ̋̏̎̒̆̎̓̑́̓̒̉̏̎ ̂̏̌ס ץ̉̌ ̉̋ ̋̔̈́Ȥ
̓̉̌́̅̉Ȣ ˥̔ ̂̉̌́̎ ̂̉̑ ́ץ ̓̏̑̅́ȟ ̍̉̒ ̉̏̎̌́̑̉ ̛̓́̒̉̑̉̅́ ̌̉̐̉̅̌́̑ ́̏̌̌̉̄̉̕ ̏̑Ȥ
̓́̅̉ȟ ́̍̍̏ ̔̍̔̍̉̊ ̐̑̏̓̆̏̌̉̓̉̋ ́̏̌̌̉̄̉̅́̕ ̰̙̈̄́̑̉̌́̑ ̋̔̈́̓̉̌̍́̅̉Ȣ 

ץ̏ ́̓̓́̋ ̧̑́̌̎́̑́̇ ̑̔̋̈́˙ ̑̉̎̅́̄̉ ̔̄̌̆̃̏̅̌́̑ ̠̠́̒̒̉̍̉̌̓̒̉̒̉̎̉̎̄ ̐́Ȥ
̒́̊̄́̎̌̉̄̉̅́̎ ̅́̌̏̌́̓ ̂̆̑́̅̉Ȣ ˙̉̒ ̉̏̎̉̄́ ̇́̃̏̂́̎ ̓̔̑̌̉ ̄̉̅̑̏̌̉̓̉̋ ̆̑̕Ȥ
ץ́ ̑̉̂ ̙̰̉̉̑́̄̈ ̘́̉̌̑̔̓ ̄̎̉̎̉̄̉̌̌̏́̕ ̑́̌̓̎̆̍ ץ̏ץ̉̅́̓ ̑̏̓ ״́ ̙́̅̉̑́̌̉ ̓ ̍ 
̋̔̈́̓̉̌̄́̎ [9ɎȢ ˎ̔ ̆̎̏̍̆̎̕ ̓̔̑̌̉ ̆̑̍̆̎̓̌́̑̎̉̎̄̕ ̙̓̔̈̉̌̉ ̃́ ̖̏̒̒́̌́̑̉̎̉̎̄ 
ס̌̏̂ ̎́̌̉̂ ̰̉̄̉̌̒́̍̌̂ ̖̌̉ ̑̉̂ ץ̉̅ ̉̑Ȣ 

ץ̏ ̛́̅̉̑̉̒́̓ ̉̑́̌̎̏̉ ̒̉˙ ץ́̔̈̏ ̄̎̉̎̑́̌̌̏̍́̑ ̒̉̅́ ̍́̃̇̔̅ ́̒̏̒̉̊ ̋̏̍Ȥ
̐̏̎̆̎̓̅́̄̉ ̔̄̌̆̃̏̅̌́̑ ̄̉̅̑̏̌̉̈̉̎̉̎̄ ̙̐́̒́̊̉̉ ̓̔́̊̌̉̕ȟ ̍̉̒ ̓̔̈̌́̑̉̎̉ ̐̆Ȥ
̑̏̑́̌ ̰̊̌ ̂̉̌́̎ ̞̍́̒ȟ ̂́̌̋̉ ̐́̑̉̆̎̓́̌ ̰̊̌ ̂̉̌́̎ ̙̂̆̑̉̌̉̉ ̍́̒ץ ́̅̄́ 
ץ̅̉̏̃̔̍̕ ̉̑Ȣ ˎ̔̎̅́̎ ̙̓́́ץ ̑̉ȟ ̔̄̌̆̃̏̅̌́̑ ̄̉̅̑̏̌̉̈̉̎̉̎̄ ̙̋́̍́̊̉̉̎̉ ̏̌̅̉̎̉ 
ץ̏ ́̓̓́̋ ̉̎̉̑́̌̈̔̓ ̒̉̍ ̘̎̔̔ ̙̉̌̏ ̑̉̎̅́ ̞̑̉̍́̊̅̉̄́̎ ̋́̐̒̔̌́ ̙́̋̌̉̅́ ̧̋̉ ̏̑Ȥ
ץ̏ ́̅̉̂̉̋̑́̓ ̑́̌̈̔̓ ̋̉̎́̄ ץ́̔̈̏ ̄̎̉̎̑́̌̌̏̍́̑ ץ̰ ́̄̉̒ ̙̙̉ ̒́̍́̑́̌̉ ̎́̓̉̇́ 
̙̂̆̑̉̉ ̍̔̍̋̉̎Ȣ ˙̉̒̎̉̎̄ ̏̑̄́̎̉̋ ̙́̋̌̌́̑̉̅́̎ ̙̏̊̅́̌́̎̉̕ȟ ̔̎̉̎̄ ̎̏̏̑̄́̎̉̋ 
ץ̟̏ ̠̠̄̎̉̎̉̒̉̒̓̌̔̍̔̋́̏̉̂ ̎́̓́̂̒̉̎ ́̄̉̑́̌̈̔̓ ס̌̏̂ ̎́̌̉̂ ̞̉̄̉̌̎́̋ ̉̑  .[10] ץ̉
״̉̔̍ ̑̉̂ ̠́̎ ̙̄̎̉̎̉̎́̌́̅̊̏̕ ̙̎́̅̉̑́̌̌̋́ ̋̉̎́̄̑̏ ́̃ ̎́̄̎́̌̔̒̐́̋ ̄̎̉̎̒̉˙ ̍ 
̓̏̍̏̎̉ ̙̔̎̅́̋̉ȟ ̋́̓̓́ ̏ץ ״́ ́̃ ̎̉̑ ס̙̰̉̉̌̂ ̍̈ ץ̏ ̄̎̉̎ ץ̉ ̎́̄̌ ̒̍̉̅́ ̍̉̒̎̉̎̄ 
́̎̓́̄̏̎̉̒̓ ̂̉̑̉̋̍́̌́̑̉̎̉̎̄ ̛̓́̒̉̑̉ ̠̋́̍́̅̉ ɍ10]. 
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ˏ ̝̒̓́̓̆ ̜̐̑̉̃̆̅̆̎ ̞̘̋̏̌̏̑̉̒̓̉̆̒̋̉̊̕ ́̎́̌̉̈ ̐̑̉̑̏̅̎̏̄̏ ̃̏̅̏̑̏̒̌̆Ȥ

̃̏̄̏ ̠̎́̒̆̌̆̎̉ ̃̏̅̏̆̍̏̃ȟ ̝̜̖̉̒̐̏̌̈̔̆̍ ̃ ̘̋́̆̒̓̃̆ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̐̑̔̅̏̃ ɀ ̎́ Ȥ
̋̏̐̉̓̆̌̆̊ȟ ̏̓̒̓̏̊̎̉̋̏̃Ȣ 
 
˗̟̘̜̌̆̃̆ ̒̌̏̃́ȡ ̐̑̔̅ȟ ̝̃̏̅̏̑̏̒̌ȟ ̌̏̑́̕ȟ ̝́̌̄̏̌̏̑́̕ȟ ̝̒́̐̑̏̂̎̏̒̓ȟ ̒̉̒̓̆̍́̓̉̋́ȟ 
̝̗̠̉̌̓̑́̉̕ȟ ̒̆̈̏̎Ȣ 
 

ˏ̏̅̏̑̏̒̌̉ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̐̑̔̅̏̃ ̘̜̖̏̉̒̓̎ ̒̏̏̑̔̇̆̎̉̊ ̄Ȣ ˎ̖̔́̑́ ̎́̍̉ 
̘̉̈̔̆̎́ ̜̃̐̆̑̃̆Ȣ ˜̏ ̙̎́̉̍ ̟̠̎́̂̌̅̆̎̉̍ ̃ ̗̖̐̑̏̆̒̒́ ̘̠̒́̍̏̏̉̆̎̉̚ ̘̜̖̒̓̏̎ 
̃̏̅ ̃ ̑́̈̎̏̊ ̒̓̆̐̆̎̉ ̘̟̔́̒̓̃̔̓ ̐̑̆̅̒̓́̃̉̓̆̌̉ ̖̃̒̆ ̘̖̒̉̒̓̆̍́̓̉̆̒̋̉ ̄̑̔̐̐ ̃̏Ȥ
̅̏̑̏̒̌̆̊ȟ ̟̖̠̑́̈̃̉̃́̉̒̚ ̃ ̓̏̍ ̉̌̉ ̉̎̏̍ ̃̏̅̏̆̍̆Ȣ ˑ́̇̆ ̜̃̉̅ ̏̅̎̏̄̏ ̉ ̓̏̄̏ ̇̆ 
̑̏̅́  ̖̟̠́̑́̋̓̆̑̉̈̔̓̒ ̜̑́̈̎̍̉ ̒̐̏̒̏̂́̍̉Ȣ ˪̓̏ ̝̒̃̉̅̆̓̆̌̒̓̃̔̆̓ ̏ ̖̎̆̏̂̏̅̉̍̏Ȥ
̒̓̉ ̖̃̒̆̒̓̏̑̏̎̎̉ ̉ ̖̄̌̔̂̏̋̉ ̘̖̌̏̑̉̒̓̉̆̒̋̉̕ ̉̒̒̌̆̅̏̃́̎̉̊ ̐̑̉̑̏̅̎̏̄̏ ̃̏̅̏Ȥ
̑̏̒̌̆̃̏̄̏ ̠̎́̒̆̌̆̎̉ ̃̏̅̏̆̍̏̃ȟ ̝̜̖̉̒̐̏̌̈̔̆̍ ̃ ̘̋́̆̒̓̃̆ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̐̑̔̅̏̃ 
ɀ ̎́̋̏̐̉̓̆̌̆̊ȟ ̏̓̒̓̏̊̎̉̋̏̃ ̉ ̐̏̌̆̊ ̝̗̉̌̓̑́̉̉̕Ȣ ˜̏̍̉̍̏ ̘̎́̔̎̏̄̏ ̉̎̓̆̑̆̒́ 
̓́̋̉̆ ̉̒̒̌̆̅̏̃́̎̉̆ ̟̉̍̆̓ ̘̉̒̓̏ ̘̐̑́̋̓̉̆̒̋̏̆ ̘̈̎́̆̎̉̆ȟ ̓́̋ ̋́̋ ̏̒̏̂̆̎̎̏̒̓̉ ̉ 
̜̒̆̈̏̎̎̆ ̠̉̈̍̆̎̆̎̉ ̃̉̅̏̃̏̄̏ ̒̏̒̓́̃́ ̝̜́̌̄̏̌̏̑̕ȟ ̍̏̄̔̓ ̜̝̂̓ ̝̜̉̒̐̏̌̈̏̃́̎ 
̠̅̌ ̠̏̂̏̄́̆̎̉̚ ̆̄̏ ̎́̉̂̏̌̆̆ ̝̜̇̆̌́̓̆̌̎̍̉ ̃ ̅́̎̎̏̍ ̘̒̌̔́̆ ̃̉̅́̍̉Ȣ ˑ̏ ̘̎́́Ȥ
̌́ ̝̗́̌̄̏̌̏̈́̉̉ ̜̍ ̉̒̒̌̆̅̏̃́̌̉ ̃̉̅̏̃̏̊ ̒̏̒̓́̃ ̐̑̉̑̏̅̎̏̊ ̜̌̏̑̕ ̃̏̅̏̑̏̒̌̆̊ 
̉ ̖̉ ̑́̒̐̑̆̅̆̌̆̎̉̆ ̐̏ ̂̉̏̐̑̔̅́̍ȟ ̜̂̌̏ ̜̠̃̃̌̆̎̏ ρςπ ̃̉̅̏̃ȟ ̑́̈̎̏̃̉̅̎̏̒̓̆̊ ̉ 
̏̑̍̕ ̃̏̅̏̑̏̒̌̆̊ȟ ̖̜́̑́̋̓̆̑̎̆ ̠̅̌ ̠̜̖̈́̄̑̈̎̆̎̎ ̃̏̅̏̆̍̏̃Ȣ 

˜̑̉ ̑́̈̃̉̓̉̉ ̜̖̃̎̆̒̆̎̎ ̏̑̄́̎̉̈̍̏̃ ̃ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̑̔̅́ ̐̏̒̓̆̐̆̎̎̏ 
̟̠̒̏̈̅́̓̒ ̠̜̂̌́̄̏̐̑̉̓̎̆ ̠̔̒̌̏̃̉ ̠̅̌ ̖̍̎̏̄̉ ̟̖̒̏̐̔̓̒̓̃̔̉̚ ̃̉̅̏̃ ̄̉̅̑̏Ȥ
̂̉̏̎̓̏̃ ɍρȟ cȢ ρυɎȢ ˚̜̆̋̏̓̏̑̆ ̜̃̎̆̒̆̎̎̆ ̃̏̅̏̑̏̒̌̉ ̅́̌̉ ́̋̓̉̃̎̏̆ ̑́̈̃̉̓̉̆ ̃ 
̖̐̑̔̅́Ȣ ˪̓̏ ̒̐̏̒̏̂̒̓̃̏̃́̌̉ ̟̒̎̉̇̆̎̉ ̒̏̅̆̑̇́̎̉̆ ̘̏̑̄́̎̉̆̒̋̏̄̏ ̠̒̏̆̅̉̎̆̎̉ 
̜̃̏̅ ̉ ̅́̌̉ ̘̓̏̌̏̋ ̘̟̔̃̆̌̉̆̎̉ ̘̋̏̌̉̆̒̓̃́ ̑́̒̓̃̏̑̆̎̎̏̄̏ ̃ ̃̏̅̆ ̋̉̒̌̏̑̏̅́Ȣ ˏ 
̜̖̐̑̉̂̑̆̇̎ ̘̠̖́̒̓ ̃̏ ̖̃̒̆ ̖̐̑̔̅́ ̘́̒̓̏ ̘̝̃̒̓̑̆́̌̉̒ ̠̒̋̏̐̌̆̎̉ ̘̜̖̎̉̓́̓ ̃̏Ȥ
̠̖̅̏̑̏̒̌ȟ ̠̖̒̏̒̓̏̉̚ ̜̃̏̅ ̑̏̅̏̃ Stigeolonium, Cladophora, Spirogyra ̉ ̅̑̔̄̉̆Ȣ 
˚̠́̑̅̔ ̒ ̎̉̍̉ ̉̈̑̆̅̋́ ̝̐̏̐́̅́̌̉̒ ̒̉̎̆-̜̈̆̌̆̎̎̆ȟ ̜̅̉́̓̏̍̏̃̆ ̉ ̅̑̔̄̉̆ ̃̏̅̏Ȥ
̑̏̒̌̉Ȣ ˞̑̆̅̉ ̖̎̉ ̝̎̆̒̋̏̌̋̏ ̜̠̝̃̅̆̌̌̉̒ Oscillatoria tenuis, O.sancta, Phormidium 
foveolarum lungbya aestuari ̉  ̓Ȣ̐Ȣ 

˚́ ̖̐̏̃̆̑̎̏̒̓̉ ̘̜̖̑́̈̌̉̎ ̜̖̐̏̅̃̏̅̎ ̐̑̆̅̍̆̓̏̃ ɉ̃̆̓̋̉ȟ ̅̏̒̋̉ȟ ̋́̍̎̉Ɋ 
̟̝̎́̂̌̅́̌̉̒ ̠̏̂̑́̒̓́̎̉ȟ ̠̒̏̒̓̏̉̆̚ ̉̈ Stigeoelonium tenueȟ ̠̎́̑̅̔ ̒ ̎̉̍̉ ̐̑̉Ȥ
̝̌̆̐̉̌̉̒ ̎̉̓̆̊ Oscillatoria brevis, O.irrigua , O.limosa, O.tenuis ́ ̎́ ̖̐̏̃̆̑̎̏̒̓̉ 
̎̉̓̆̊ ̞̜̐̉̉̓̎̆̕ ̜̃̉̅ ̜̖̅̉́̓̏̍̏̃ Cocconeis placentula, Navicula tryptocophala 
̉ ̍̎̏̄̏̆ ̅̑̔̄̏̆Ȣ 

˟́̋̉̍ ̏̂̑́̈̏̍ȟ ̐̏̒̌̆ ̝̗́̌̄̏̌̉̈́̉̉ ̜̉̓̏̐̌́̎̋̓̏̎̎̆̕ ̉ ̜̉̓̏̂̆̎̓̏̒̎̆̕ 
̄̑̔̐̐̉̑̏̃̋̉ ̝̏̂̏̄́́̌̉̒̚ ̃ ̘̋́̆̒̓̃̆̎̎̏̍ ̉ ̘̋̏̌̉̆̒̓̃̆̎̎̏̍ ̙̏̓̎̏̆̎̉̉ ̂̉̏Ȥ
̘̖̌̏̄̉̆̒̋̉ ̐̑̔̅̏̃ ̘̜̖̏̉̒̓̎ ̒̏̏̑̔̇̆̎̉̉ ̄Ȣ ˎ̖̔́̑́Ȣ ˠ̘̃̆̌̉̆̎̉̆ ̃̉̅̏̃̏̄̏ ̒̏̒̓́Ȥ
̃́ ̃̏̅̏̑̏̒̌̆̊ ̅̏ συχ ̓́̋̒̏̎̏̃ ̉ ̖̉ ̗̠́̅́̐̓́̉ ̃ ̖̂̉̏̐̑̔̅́ ̐̏̈̃̏̌̉̌̉ ̐̑̏̅̏̌Ȥ
̝̇̉̓ ̜̑́̂̏̓ ̐̏ ̜̠̠̃̃̌̆̎̉ ̑̏̌̉ ̃̏̅̏̑̏̒̌̆̊ ̃ ̘̏̉̒̓̋̆ ̘̜̖̒̓̏̎ ̃̏̅Ȣ ˏ̘̟̒̓̑̆́Ȥ
̉̆̚ ̃̏̅̏̑̏̒̌̆̊ ̃ ̏̒̎̏̃̎̏̍ ̠̠̒̏̒̓́̃̌̆̓̒ ̝́̌́̕ ɀ ̂̆̓́ ɀ ̜̍̆̈̏̒́̐̑̏̂Ȣ ˞̏̅̆̑̇́Ȥ
̎̉̆ ̃ ̃̏̅̆ ̑́̒̓̃̏̑̆̎̎̏̄̏ ̋̉̒̌̏̑̏̅́ ̠̠̠̃̌̆̓̒ ̏̅̎̉̍ ̉̈ ̜̖̃́̇̎ ́̋̓̏̑̏̃̕ ̒́̍̏Ȥ
̘̠̏̉̆̎̉̚ ̜̃̏̅Ȣ ˜̏ ̍̆̑̆ ̘̠̔̃̆̌̉̆̎̉ ̘̋̏̌̉̆̒̓̃̏ ̑́̒̓̃̏̑̆̎̎̏̄̏ ̋̉̒̌̏̑̏̅́ȟ ̔̒Ȥ
̠̠̋̏̑̆̓̒ ̗̐̑̏̆̒̒́ ̘̠̒́̍̏̏̉̆̎̉̚Ȣ ˏ ̃̆̒̆̎̎̉̊ ̐̆̑̉̏̅ ̐̑̉ ̜̙̐̏̃̆̎̉ ̉̓̆̍̐̆̑́Ȥ
̜̓̔̑ ̜̃̏̅ ̉ ̘̒̏̌̎̆̎̏̊ ̞̎̆̑̄̉̉ ̃ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̑̔̅́ ̟̟̠̎́̂̌̅́̓̒ ̉̎̓̆̎Ȥ

                                                           
1˙̔̒̓́́̆̃́̕ ˙́̍̌́̋́̓ ˕̒̍́̉̌̏̃̎́ ɀ ̋́̎̅̉̅́̓ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̎́̔̋ȟ ̗̅̏̆̎̓ 

̋́̆̅̑̕ ̜̂ ̉̏̌̏̄̉̉ȟ ˎ̖̔́̑̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 
2ː́́̑̏̃́̕ ˞́̉̅́ ˙̖̔́̍̆̅̇́̎̏̃̎́ ɀ ̙̒̓́̑̉̊ ̝̐̑̆̐̏̅́̃́̓̆̌ ̜̋́̆̅̑̕ ̂̉̏̌̏̄̉̉ȟ 

ˎ̖̔́̑̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 
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̒̉̃̎̏̄̏ ̠̑́̈̃̉̓̉ ̉̓̏̐̌́̎̋̓̏̎̏̃̕Ȣ ˜̏ ̍̆̑̆ ̠̑́̈̃̉̓̉ ̍̉̋̑̏̃̏̅̏̑̏̒̌̆̊ ̃ ̃̏̅̆ 
̘̠̔̃̆̌̉̉̃́̆̓̒ ̘̋̏̌̉̆̒̓̃̏ ̑́̒̓̃̏̑̆̎̎̏̄̏ ̋̉̒̌̏̑̏̅́ ̅̏ σȟπ-τȟπ ̍̄Ⱦ̌Ȣ ˠ̝̙̍̆̎́Ȥ
̠̆̓̒ ̘̋̏̌̉̆̒̓̃̏ ̘̖̏̑̄́̎̉̆̒̋̉ ̃̆̆̒̓̃̚ ̐̏ ˎ˜˗5 ̅̏ ττȟπ-υπȟψ ̍̄ ˛2Ⱦ̌Ȣ ˚̟́̂̌̅́Ȥ
̠̆̓̒ ̝̙̔̍̆̎̆̎̉̆ ̘̋̏̌̉̆̒̓̃̏ ̝̜̖̍̉̎̆̑́̌̎ ̞̌̆̍̆̎̓̏̃Ȣ 

ˏ ̌̆̓̎̉̊ ̐̆̑̉̏̅ ̓̆̍̐̆̑́̓̔̑́ ̜̃̏̅ ̜̙̠̐̏̃́̆̓̒ ̅̏ ςυ-30 Ξ˞Ȣ ˜̑̉ ̖̓́̋̉ 
̜̖̓̆̍̐̆̑́̓̔̑̎ ̠̖̔̒̌̏̃̉ ̉ ̘̒̏̌̎̆̎̏̄̏ ̒̃̆̓́ ̃̏ ̖̃̒̆ ̖̂̉̏̐̑̔̅́ ̟̠̎́̂̌̅́̆̓̒ 
̍́̒̒̏̃̏̄̏ ̠̑́̈̃̉̓̉ ̉̓̏̐̌́̎̋̓̏̎̏̃̕Ȣ ˜̑̉ ̍́̒̒̏̃̏̄̏ ̠̑́̈̃̉̓̉ ̃̏̅̏̑̏̒̌̆̊ ̃ 
̘̜̖̒̓̏̎ ̖̃̏̅́ ̘̠̔̃̆̌̉̉̃́̆̓̒ ̘̋̏̌̉̆̒̓̃̏ ̑́̒̓̃̏̑̆̎̎̏̄̏ ̋̉̒̌̏̑̏̅́ ̅̏ ω ɀ 10 
̍̄Ⱦ̌Ȣ ˏ̘̆̌̉̉̎́ ˎ˜˗5 ̝̙̠̔̍̆̎́̆̓̒ ̅̏ ρρȟτ-ρυȟς ̍̄ ˛2Ⱦ̌Ȣ ˗̘̏̌̉̆̒̓̃̏ ́̍̍̉́̋́ȟ 
̎̉̓̑̉̓̏̃ ̉ ̎̉̓̑́̓̏̃ ̎̆ ̟̠̎́̂̌̅́̆̓̒ȟ ̓́̋ ̋́̋ ̃̏̅̏̑̏̒̌̉ ̖̉ ̐̏̄̌̏́̆̓̚ ̠̅̌ ̑̏̒Ȥ
̓ ́̉  ̠̑́̈̃̉̓̉Ȣ  

˜̏̒̌̆ ̝̗́̌̄̏̌̉̈́̉̉ ̂̉̏̐̑̔̅̏̃ȟ ̘̝̈̎́̉̓̆̌̎̏ ̘̠̔̃̆̌̉̉̃́̆̓̒ ̘̋̏̌̉̆̒̓̃̏ 
̉̓̏̐̌́̎̋̓̏̎̏̃̕ ̉ ̜̙̠̐̏̃́̆̓̒ ̘̝̏̉̒̓̉̓̆̌̎̏̊ ̞̆̋̓̉̃̎̏̒̓̉̕̕ ̃̏̅̏̑̏̒̌̆̊ ̃ 
̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̑̔̅́Ȣ  

˚́ ̏̒̎̏̃́̎̉̉ ̜̖̒̏̂̑́̎̎ υςπ ̝̘̖́̌̄̏̌̏̄̉̆̒̋̉ ̜̐̑̏̂ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̐̑̔Ȥ
̖̅́ ̄Ȣ ˎ̖̔́̑́ ̉ ̃ ̝̑̆̈̔̌̓́̓̆ ̏̂̑́̂̏̓̋̉ ̔̒̓́̎̏̃̌̆̎̏ συχ ̓́̋̒̏̎̏̃ ̃̏̅̏̑̏̒̌̆̊ȟ 
̠̖̠̏̓̎̏̒̉̒̚ ̋ υ ̘̒̉̒̓̆̍́̓̉̆̒̋̉̍̉ ̄̑̔̐̐́̍̉ȟ ̓́̋̉̆ ̝̏̋́̈́̌̉̒Ƞ ̜̒̉̎̆̈̆̌̆̎̎̆ ɀ 
ρπυȟ ̜̅̉́̓̏̍̏̃̆ ɀ ρππȟ ̜̅̉̎̏̉̓̏̃̆̕ ɀ ρπȟ ̞̜̃̄̌̆̎̏̃̆ ɀ σπȟ ̜̈̆̌̆̎̆ ɀ 112. ̊ ́̉Ȥ
̝̙̂̏̌̆ ̘̝̃̒̓̑̆́̆̍̏̒̓ ̟̠̎́̂̌̅́̆̓̒ ̐̑̆̏̂̌́̅́̎̉̆̍ ̜̖̈̆̌̆̎ ̃̏̅̏̑̏̒̌̆̊ȟ ̈́̓̆̍ 
̜̒̉̎̆̈̆̌̆̎̆ ̉ ̜̅̉́̓̏̍̏̃̆ ̃̏̅̏̑̏̒̌̉Ȣ ˙́̌̏̆ ̘̋̏̌̉̆̒̓̃̏ ̠̠̠̃̌̆̓̒ ̞̜̃̄̌̆̎̏̃̆ 
̉ ̜̅̉̎̏̉̓̏̃̆̕Ȣ ˗́̋ ̃̉̅̎̏ ̃̉̅̏̃̏̆ ̑́̈̎̏̏̂̑́̈̉̆ ̂ ̉̏̐̑̔̅̏̃ ̃ ̆̌̉̋́Ȣ 

ˎ̘̉̏̌̏̄̉̆̒̋̉̆ ̜̐̑̔̅ ̠̒̏̒̓̏̓  ̉̈ ̖̓̑̆ ̗̒̆̋̉̉ȟ ́ ̜̋́̇̅̊ ̗̠̒̆̋̉ ̉̈ ̖̓̑̆ 
̐̑̔̅̏̃Ȣ ˞̘̠̓̏̎́ ̃̏̅́ ̐̏̒̓̔̐́̆̓ ρ-̐̑̔̅ȟ ̘̆̑̆̈ ̎̆̆ ̋̏ ̃̓̏̑̏̍̔ȟ ̈́̓̆̍ ̝̓̑̆̓̆̍̔ 
̅́̌̆̆ ̠̏̓̃̏̅̉̊̚ ̋́̎́̌Ȣ ˕̖ ̝̐̌̏́̅̚ ̏̓ τȟυ-ρυ ̄́ȟ ̝̠̍́̋̒̉̍́̌̎́ ̄̌̔̂̉̎́ ̐̑̔̅̏̃ 
̏̓ ρȟυ ɀ σȟυ ̍Ȣ ˕̘̈̔̆̎̉̆ ̒̆̈̏̎̎̏̊ ̅̉̎́̍̉̋̉ ̉̓̏̐̌́̎̋̓̏̎̏̃̕ ̃ ̘̖̂̉̏̌̏̄̉̆̒̋̉ 
̖̐̑̔̅́ ̐̏̋́̈́̌̏ȟ ̘̓̏ ̟̌̉̍̉̓̉̑̔̉̍̉̚ ́̋̓̏̑́̍̉̕ ̠̑́̈̃̉̓̉ ̃̏̅̏̑̏̒̌̆̊ ̉ ̏̑̕Ȥ
̠̍̉̑̏̃́̎̉ ̜̖̒̆̈̏̎̎ ̋̏̍̐̌̆̋̒̏̃ ̠̠̟̠̃̌̓̒ ̓̆̍̐̆̑́̓̔̑́ȟ ̒̃̆̓ȟ ̝̒̏̌̆̎̏̒̓ȟ ̐̑̏Ȥ
̘̝̈̑́̎̏̒̓ȟ ́ ̘̋̏̌̉̆̒̓̃̆̎̎̏̆ ̖̉ ̑́̈̃̉̓̉̆ ̠̠̏̐̑̆̅̆̌̆̓̒ ̘̎́̌̉̉̆̍ ̃ ̃̏̅̆ ̂̉̏Ȥ
̜̖̄̆̎̎ ̞̌̆̍̆̎̓̏̃ ̉ ̜̖̑́̒̓̃̏̑̆̎̎ ̄́̈̏̃Ȣ 

ˏ̆̒̎̏̊ ɉ̍́̑̓-̍́̊Ɋ ̓̆̍̐̆̑́̓̔̑́ ̜̃̏̅ ̠̐̏̋́̈́̌̒ ̏̓ ψ ̅̏ ςπΞ ˞ȟ ̓̆̍̐̆̑́̓̔Ȥ
̑́ ̖̃̏̈̅̔́ ρυ-ςωΞ ˞Ȣ ˏ ̑́̎̆̆ ̃̆̒̆̎̎̉̊ ̐̆̑̉̏̅ ̓̆̍̐̆̑́̓̔̑́ ̜̃̏̅ ̆̆̚ ̠̎̉̈̋́ ψ-
ρτΞ ˞Ȣ ˏ ̞̓̏ ̠̃̑̆̍ ̒̏̒̓́̃ ̃̏̅̏̑̏̒̌̆̊ ̘̝̎̆̈̎́̉̓̆̌̎̏ȟ ̜̂̌̏ ̏̂̎́̑̔̇̆̎̏ ̃ ̏̒̎̏̃Ȥ
̎̏̍ ̖̜̏̌̏̅̎̏̃̏̅̎̆ ̜̅̉́̓̏̍̏̃̆ ̉ ̟̒̏̐̔̓̒̓̃̔̉̍̚ ̜̎̆̋̏̓̏̑̆ ̜̈̆̌̆̎̆ ̃̏̅̏Ȥ
̑̏̒̌̉Ȣ ˟́̋̉̆ȟ ̎́̐̑̉̍̆̑ Cyclotella operculata, Diatoma vulgare, D. vulgare 
var.productum, D.elongatum, Synedra ulna, S. pulchella, Stephanodiscus hantzschii, 
S. astraea var. minutilis , Rhoicopsphenia curvata ̉ ̅̑̔̄̉̆ ̉̈ ̜̖̅̉́̓̏̍̏̃ȟ 
Chlamydomonas ehrenbergii, Ch. reinhardii , Chlorella vulgaris, Scenedesmus 
guadricauda, Stigeoclonium tenue ̉  ̅̑̔̄̉̆ ̉̈ ̜̖̈̆̌̆̎̎ ̃̏̅̏̑̏̒̌̆̊Ȣ    

ˏ ̍́̆ ̜̅̉́̓̏̍̏̃̊ ̋̏̍̐̌̆̋̒ ̉̓̏̐̌́̎̋̓̏̎́̕ ̝̙̠̔̍̆̎́̆̓̒ȟ ̘̋̏̌̉̆̒̓̃̆̎̎̏ 
̘̠̔̃̆̌̉̉̃́̆̓̒ ̜̈̆̌̆̎̆ȟ ̜̒̉̎̆̈̆̌̆̎̆ȟ ̞̜̃̄̌̆̎̏̃̆ ̉ ̜̎̆̋̏̓̏̑̆ ̜̅̉̎̏̉̓̏̃̆̕ 
̃̏̅̏̑̏̒̌̉Ȣ ˏ ̞̓̏ ̠̃̑̆̍ ̉̓̏̐̌́̎̋̓̏̎̕ ̠̏̂̏̄́́̆̓̒̚ Chlamydomonas globosa, 
Palmellocystis planctonica, Oocystis marssonii, Coelastrum microporum, 
Scenedesmus acuminatus, Ankistrodesmus acicularis, Gomphosphaeria aponina, 
Coelosphaerium kuetzingianum ̉ ̅̑̔̄̉̆ ̉̈ ̜̖̈̆̌̆̎Ȣ ˚̠́̑̅̔ ̒ ̎̉̍ ̓́̋̇̆ ̘̏̓̌̉̆Ȥ
̎̏ Trachelomonas volvocina, Euglena aculeata, E. caudata, E. bucharica ̉ ̅̑̔̄̉̆ ̉̈ 
̞̜̖̃̄̌̆̎̏̃Ȣ ˚̠́̑̅̔ ̒ ̎̉̍̉ ̠̠̟̠̐̏̃̌̓̒ ̝̐̑̆̏̂̌́̅́̓̆̌̎̏ ̜̎̆̋̏̓̏̑̆ ̟̓̆̐̌̏̌Ȥ
̜̂̉̃̆ ̜̅̉́̓̏̍̏̃̆ ̃̏̅̏̑̏̒̌̉ ̋́̋Ƞ Melosira granulata, Cyclotella kuetzingiana, 
Cocconeis placentula, Mastogloia baltica, Caloneis amphisbaena, Navicula 
cryptocephala, Amphora veneta, Nitzshia hungarica, N. linearis  ̉ ̅̑̔̄̉̆Ȣ ˕̈ ̅̉́̓̏Ȥ
̜̖̍̏̃ ̠̠̟̠̐̏̃̌̓̒ Glenodinium penardii, G. cospicumȟ ̉̈ ̜̖̐̉̑̑̏̉̓̏̃̕ 
Peridinium cinctum, P. inconspicuum ̉  ̅̑̔̄̉̆Ȣ 

˪̓̏ ̜̙̃̆̔̋́̈́̎̎̏̆  ̃̆̒̆̎̎̆̆ ̏̂̏̄́̆̎̉̆̚ ̜̖̈̆̌̆̎ȟ ̜̖̒̉̎̆̈̆̌̆̎ ̉ ̎̆̋̏Ȥ
̜̖̓̏̑ ̜̖̅̉́̓̏̍̏̃ ̉ ̖̅̑̔̄̉ ̃̏̅̏̑̏̒̌̆̊ ̝̙̂̏̌̉̎̒̓̃̏ ̉̈ ̖̎̉ ̠̠̟̠̃̌̓̒ ̅̏̍̉Ȥ
̎́̎̓́̍ ̃̆̒̎̏̊Ȣ  

˚́ ̏̒̎̏̃́̎̉̉ ̜̙̃̆ ̉̈̌̏̇̆̎̎̏̄̏ ̍̏̇̎̏ ̝̒̅̆̌́̓ ̟̒̌̆̅̔̉̆̚ ̜̜̃̃̏̅ȡ 
ρȢˏ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̑̔̅́ ̘̝̜̖̏̉̒̓̉̓̆̌̎ ̒̏̏̑̔̇̆̎̉̊ ̄Ȣ ˎ̖̔́̑́ ̃ ̃̆̒̆̎Ȥ

̎̆̊-̌̆̓̎̏-̏̒̆̎̎̉̊ ̜̐̆̑̉̏̅ȟ ̏̂̎́̑̔̇̆̎̏ ̝̙̂̏̌̆̆  ̘̋̏̌̉̆̒̓̃̏ ̃̉̅̏̃, ̘̆̍ ̈̉Ȥ
̍̏̊Ȣ ˏ̆̒̎̏̊ ̃ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̑̔̅́ ̘̝̜̖̏̉̒̓̉̓̆̌̎ ̒̏̏̑̔̇̆̎̉̊ ̜̂̌̏ ̎́̊̅̆̎̏ 
ɀ ςστȟ ̌̆̓̏̍ ɀ ςφχȟ ̝̟̏̒̆̎ ɀ ςυτȟ ̈̉̍̏̊ ɀ 65. 



ˠ̘̜̆̎̊ 88) ̃̆̋́ Ɇ ςπρ6 Ɇ Ο 5-4 (18)  
 

 

17 

ςȢ˞̜̆̈̏̎̎̆ ̉̈̍̆̎̆̎̉ ̠̃̏̅̏̑̏̒̌̆̊ ̃ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̑̔̅́ ̠̃́̇̎́ ̝̑̏̌ 
̐̑̉̎́̅̌̆̇̉̓ ̓̆̍̐̆̑́̓̔̑̆ȟ ̒̃̆̓̔ȟ ̜̂̉̏̄̆̎̎̍ ̃̆̆̒̓̃́̍̚ȟ ̘̐̑̏̈̑́̎̏̒̓̉ȟ ̄́̈̔ȟ 
̑˚ȟ ̘̟̓̆̆̎̉ ̉ ̅̑̔̄̉̍ ́̋̓̏̑́̍̕Ȣ ˞ ̉̈̍̆̎̆̎̉̆̍ ̞̖̓̉ ́̋̓̏̑̏̃̕ ̠̠̉̈̍̆̎̓̒ ̉ 
̘̝̃̒̓̑̆́̆̍̏̒̓ ̃̏̅̏̑̏̒̌̆̊Ȣ 

σȢ˚̝̙́̉̂̏̌̏̆ ̘̋̏̌̉̆̒̓̃̏ ̃̏̅̏̑̏̒̌̆̊ ̘̠̃̒̓̑̆́̆̓̒ ̃ ̃̆̒̆̎̎̆-̌̆̓̎̆-
̏̒̆̎̎̉̊ ̐̆̑̉̏̅Ȣ ˏ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̑̔̅́ ̟̐̑̆̏̂̌́̅́̓ ̐̑̆̅̒̓́̃̉̓̆̌̉ ̜̖̈̆̌̆̎ȟ 
̒̉̎̆-̜̖̈̆̌̆̎ ̉ ̜̖̅̉́̓̏̍̏̃ ̃̏̅̏̑̏̒̌̆̊Ȣ  ˏ̆̒̎̏̊ ̃ ̅́̎̎̏̍ ̐̑̔̅̆ ̘̟̠̃̒̓̑̆́̓̒ 
̜̈̆̌̆̎̆ȟ ̜̅̉́̓̏̍̏̃̆ ̉ ̒̉̎̆ ɀ ̈ ̜̆̌̆̎̆ ̃̏̅̏̑̏̒̌̉Ȣ 

τȢ˚́ ̏̒̎̏̃́̎̉̉ ̘̜̖̐̏̌̔̆̎̎ ̝̑̆̈̔̌̓́̓̏̃ ̉ ̖̉ ́̎́̌̉̈́ ̐̏̋́̈́̎̏ȟ ̘̓̏ ̎́̉Ȥ
̝̙̂̏̌̆̆ ̘̉̒̌̏ ̖̜̖̒̏̅̎ ̃̉̅̏̃ ̘̏̓̍̆̆̎̏ ̃ ̗̋̏̎̆ ̜̃̆̒̎ȟ ̌̆̓̏̍ ̉ ̃ ̘̎́́̌̆ ̏̒̆̎ ,̉ 
̖̜̒̏̅̎̆ ̠̟̒̏̒̓́̃̌̓ ɀ ρρω ̓́̋̒̏̎̏̃ȟ ̝̙̎́̉̍̆̎̆̆ ̘̉̒̌̏ ̖̜̖̒̏̅̎ ̃̉̅̏̃ ̃̆̒̎̏̊ȟ 
̌̆̓̏̍ȟ ̝̟̏̒̆̎ ̉ ̈̉̍̏̊ ɀ 48. 

 
˞̐̉̒̏̋ ̜̌̉̓̆̑́̓̔̑ 
 

1. ˜̌̉̓̍́̎ ˞Ȣ˕Ȣ ˗̠̏̍̐̌̆̋̒̎́ ̗̏̆̎̋́ ̘̟̒́̍̏̏̉́̆̊̚̚ ̒̐̏̒̏̂̎̏̒̓̉ ̃̏̅̏̆̍̏̃Ȣ ː̉̄Ȣ 
̉ ̒́̎̉̓Ȣ ɀ ρωωρȟ . σȟ ̒Ȣ ρυ ̉ ρφȢ 

2. ˏ́̒̒̆̑ ˞Ȣ˜Ȣȟ ˗̝̏̎̅̑́̓̆̃ ˚ȢˏȢ ̉ ̅̑Ȣ ˏ̏̅̏̑̏̒̌̉Ȣ ˞̘̐̑́̃̏̎̉̋Ȣ ɀ ̠ ̉̆̃ȡ ˚́̔̋̏̃́ ˑ̔̍̋́ȟ 
ρωψωȟ φπψ ̒Ȣ 

3. ˡ̆̅̏̑̏̃ ˏȢˑȢ ˛ ̖̍̆̓̏̅́ ̘̠̉̈̔̆̎̉ ̉̓̏̐̌́̎̋̓̏̎́̕ ̉ ̆̄̏ ́̋̓̉̃̎̏̒̓̉Ȣ ˙.: ˙ː,ɣ 
1979. 168 ̒ . 2.  

 
 

΄ ˙Ȣ˕Ȣ ˙̔̒̓́́̆̃́̕ȟ ˞Ȣ˙Ȣ ː́́̑̏̃́̕ȟ ςπρφ 
 

 

UDC 504.4.062.2 
 

ECO FLORAL CHARACTERISTICS OF ALGAE  
TREATMENT PLANTS BIOLOGICAL PONDS 

 
M.I. Mustafayeva, S.M. Gafarova 

 
Abstract . This article discusses the ecological ɀ floral analysis of natural population of 

algal ponds used as biological ponds ɀ reservoirs, clarifiers. In biological treatment plants ponds 
Bukhara in the spring ɀ summer ɀ autumn periods, found a large number of species than in win-
ter. Spring ponds in biological treatment plants have been found ɀ 234 in the summer ɀ 267, in 
the fall ɀ 254, in the winter  ɀ 65. Seasonal variation in biological algae ponds important role 
belongs to temperature, light , nutrients , transparency, gas, pH, flow, and other factors. With the 
change of these factors will change and the occurrence of algae. 

Keywords:  pond, algae, flora, alǋgoflora, saprobity, systematic, filtering, season. 
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ˠˑ˗ υπτȢτȢπφςȢς 
 

ˎ˕˛˪˗˛˘˛ː˕ˤ˒˞˗ˍˬ s ˍ˝ˍ˗˟˒˝˕˞˟˕˗ˍ ˏ˛ˑ˛˝˛˞˘˒˖  
ˎ˕˛˘˛ː˕ˤ˒˞˗˕ˢ ˜˝ˠˑ˛ˏ ː˛˝˛ˑˍ ˎˠˢˍ˝˨ 

 
˙Ȣ˕Ȣ ˙̔̒̓́́̆̃́̕1ȟ ˞Ȣ˙Ȣ ː́́̑̏̃́̕2 

 
ˍ̗̠̎̎̏̓́̉ȡ ˏ ̝̒̓́̓̆ ̜̐̑̉̃̆̅̆̎ ̜̅́̎̎̆ ̏̂ ̘̏̉̒̓̋̆ ̘̜̖̒̓̏̎ ̃̏̅ ̂̉̏̌̏Ȥ

̘̖̄̉̆̒̋̉ ̐̑̔̅̏̃ ̄Ȣˎ̖̜̔́̑ ̐̑̉ ̐̏̍̏̉̚ ̝̜́̌̄̏̌̏̑̕ȟ ̜̋̏̓̏̑̆ ̝̟̠̉̒̐̏̌̈̔̓̒ ̃ 
̘̋́̆̒̓̃̆ ̂̉̏̉̎̅̉̋́̓̏̑̏̃Ȣ  

˗̟̘̜̌̆̃̆ ̒̌̏̃́ȡ ̐̑̔̅ȟ ̝̃̏̅̏̑̏̒̌ȟ ̌̏̑́̕ȟ ̝́̌̄̏̌̏̑́̕ȟ ̝̒́̐̑̏̂̎̏̒̓ȟ ̉̎Ȥ
̝̅̉̋́̓̏̑̎̏̒̓ȟ ̝̗̠̉̌̓̑́̉̕ȟ ̒̆̈̏̎ 

 
˚́ ̒̏̃̑̆̍̆̎̎̏̍ ̞̓́̐̆ ̠̅̌ ̘̏̉̒̓̋̉ ̜̃̏̅ ̙̉̑̏̋̏ ̠̟̠̐̑̉̍̆̎̓̒ ̉̎̅̔̒̓̑̉Ȥ

̝̜́̌̎̆ ̜̍̆̓̏̅ȟ ̋́̋ ̖̘̉̍̉̆̒̋̉̊ȟ ̉̈̉̋̏̕-̖̘̉̍̉̆̒̋̉̊Ȣ ˎ̝̙̏̌̉̎̒̓̃̏ ̞̖̓̉ ̓̑́Ȥ
̗̜̖̅̉̉̏̎̎ ̍̆̓̏̅̏̃ȟ ̠̏̂̌́̅́ ̘̅̏̒̓́̓̏̎̏̊ ̞̝̟̆̋̓̉̃̎̏̒̓̕̕ȟ ̠̜̒̏̐̑̇̆̎ ̓́̋̇̆ 
̉ ̒ ̖̝̟̎̆̏̂̏̅̉̍̏̒̓ ̙̠̑̆̆̎̉ ̠̑̅́ ̐̑̏̂̌̆̍ȟ ̋́̋ ̎́̐̑̉̍̆̑ȟ ̜̃̒̏̋̉̆ ̞̎̆̑̄̏̈́Ȥ
̜̓̑́̓ȟ ̜̙̜̐̏̃̆̎̎̆ ̠̓̑̆̂̏̃́̎̉ ̋ ̟̏̂̏̑̔̅̏̃́̎̉ȟ ̝̒̌̏̇̎̏̒̓ ̃ ̞̗̋̒̐̌̔́̓́̉̉ȟ 
̝̜̅̏̐̏̌̎̉̓̆̌̎̆ ̖̘̉̍̉̆̒̋̉̆ ̏̂̑́̂̏̓̋̉ ̉ ̓Ȣ̅Ȣȟ ̘̓̏ ̐̑̉̃̏̅̉̓ ̋ ̘̝̈̎́̉̓̆̌̎̏̍̔ 
̘̟̔̃̆̌̉̆̎̉ ̒̆̂̆̒̓̏̉̍̏̒̓̉ ̏̂̑́̂̏̓̋̉ ̜̃̏̅Ȣ ˜̞̏̓̏̍̔ ̂̏̌̆̆ ̜̐̆̑̒̐̆̋̓̉̃̎̍ ̃ 
̘̏̉̒̓̋̆ ̜̃̏̅ ̏̓ ̠̈́̄̑̈̎̆̎̉̊ ̍̏̇̆̓ ̜̝̂̓ ̓́̋̇̆ ̘̂̉̏̌̏̄̉̆̒̋̉̊ ̍̆̓̏̅ȟ ̏̒̎̏Ȥ
̜̃́̎̎̊ ̎́ ̝̉̒̐̏̌̈̏̃́̎̉̉ ̜̖̐̑̉̑̏̅̎ ̖̍̆́̎̉̈̍̏̃ ̞̗̌̉̍̉̎́̉̉ ̜̖̎̏̑̍̉̑̔̆̍ 
̉̎̄̑̆̅̉̆̎̓̏̃Ȣ ˏ ̞̓̏̍ ̍̆̓̏̅̆ ̃̏̆̅̉̎̏ ̛̜̏̂̆̅̉̎̆̎ ̘̝̜̏̉̒̓̉̓̆̌̎̆ ̒̐̏̒̏̂̎̏̒̓̉ 
̘̐̏̃̏̄̑̔̎̓̏̃ȟ ̒̏̏̂̆̒̓̃̚ ̍̉̋̑̏ ̉ ̍́̋̑̏̉̓̏̃̕ȟ ̜̍̉̋̑̏̌̏̑̕ ̉ ̜́̔̎̕Ȣ ˛̘̝̆̎ 
̈́̍̆̓̆̎ ̉̎̓̆̑̆̒ ̋ ̗̆̌̆̎́̐̑́̃̌̆̎̎̏̍̔ ̝̟̉̒̐̏̌̈̏̃́̎̉ ̜̖̃̏̅̎ ̑́̒̓̆̎̉̊ ̉ ̃̏Ȥ
̅̏̑̏̒̌̆̊ ̃ ̘̙̔̌̔̆̎̉̉ ̘̋́̆̒̓̃́ ̜̃̏̅ ̃ ̧̖̃̏̅̏̍́Ȣ 

˛̜̒̎̏̃̎̍ ́̋̓̏̑̏̍̕ȟ ̠̟̃̌̉̆̄̏̚ ̎́ ̉̈̍̆̎̆̎̉̆ ̘̋́̆̒̓̃̆̎̎̏̄̏ ̠̐̏̋́̈́̓̆̌ 
̧̃̏̅̏̍̏̃ȟ ̠̠̠̃̌̆̓̒ ̝̋̏̍̍̔̎́̌̎̏-̜̜̂̓̏̃̆ ̒̓̏̋̉Ȣ ˏ ̘̝̜̏̉̒̓̉̓̆̌̎̆ ̠̒̏̏̑̔̇̆̎̉  
̄Ȣ ˎ̖̜̔́̑ ̆̇̆̅̎̆̃̎̏ ̜̜̠̃̂̑́̒̃́̆̓̒ ̏̋̏̌̏ ςπ ̜̓̒Ȣ ̍3 ̒̓̏̋̏̃ȟ ̜̋̏̓̏̑̆ ̐̑̉̃̆̅̔̓ 
̋ ̟̉̈̍̆̎̆̎̉ ̖̘̉̍̉̆̒̋̏̄̏ȟ ̓́̋ ̉ ̘̂̉̏̌̏̄̉̆̒̋̏̄̏ ̒̏̒̓́̃́ ̜̃̏̅Ȣ ˜̑̉ ̞̓̏̍ ̏̓̒̔̓Ȥ
̒̓̃̔̆̓ ̠̐̏̌̎́ ̋́̑̓̉̎́ ̠̑́̒̐̑̆̅̆̌̆̎̉ ̃̏̅̏̑̏̒̌̆̊ ̉ ̖̉ ̝̑̏̌ ̃ ̏̐̑̆̅̆̌̆̎̉̉ 
̞̋̏̌̏̄̏-̒́̎̉̓́̑̎̏̄̏ ̠̠̒̏̒̓̏̎̉ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̐̑̔̅̏̃ ̘̝̏̉̒̓̉̓̆̌̎̏̄̏ ̒̏̏̑̔Ȥ
̠̇̆̎̉ ̄Ȣ ˎ̖̜̔́̑ȟ ̘̓̏ ̉ ̐̑̏̂̔̅̉̌̏ ̎́̒ ̋ ̟̉̒̒̌̆̅̏̃́̎̉ ̞̖̓̉ ̜̖̃́̇̎ ̐̑̏̂̌̆̍Ȣ  

˜̏̌̎̏̆ ̠̒̃̆̅̆̎̉ ̏ ̘̌̏̑̉̒̓̉̆̒̋̏̍̕ ̒̏̒̓́̃̆ ̃̏̅̏̑̏̒̌̆̊ ̘̝̜̖̏̉̒̓̉̓̆̌̎ 
̒̏̏̑̔̇̆̎̉̊ ̄Ȣ ˎ̖̜̔́̑ ̉ ̏ ̠̖̈́̋̏̎̏̍̆̑̎̏̒̓ ̖̉ ̠̑́̈̃̉̓̉ ̅̏ ̙̎́̆̄̏ ̃̑̆̍̆̎̉ ̏̓Ȥ
̟̒̔̓̒̓̃̔̓Ȣ ˛̘̝̜̉̒̓̉̓̆̌̎̆ ̠̒̏̏̑̔̇̆̎̉ ̄Ȣ ˎ̖̜̔́̑ ̑́̒̐̏̌̏̇̆̎́ 2-̏̊ ̌̆̃̏̂̆̑̆̇Ȥ
̎̏̊ ̓̆̑̑́̒̆ ̜̅̏̌̉̎ ̑̆̋̉ ˔̙̆̑́́̎̕ȟ ̃ ςȟψ ̋̍ ̟̇̎̆̆ ̗̜̄̑́̎̉ ̄̏̑̏̅́ ˎ̖̜̔́̑ ̉ 
̠̑́̈̍̆́̆̓̒̚ ̃ ρψπ-ςππ ̖̍̆̓̑́ ̋ ̟̄̔ ̏̓ ̇̆̌̆̈̎̏̊ ̅̏̑̏̄̉ ˗́̄́̎-ˍ̙̖́̂́̅Ȣ ˏ τψπ-
χυπ ̖̍̆̓̑́ ̈́̐́̅̎̆̆ ̐̌̏́̅̏̋̚ ̘̜̖̏̉̒̓̎ ̒̏̏̑̔̇̆̎̉̊ ̖̐̑̏̏̅̉̓ ̋̏̌̌̆̋̓̏̑ ̉̍Ȣ 
˞̘́̋̏̃̉́Ȣ ˠ̘́̒̓̏̋ ̉̍̆̆̓ ̏̑̍̔̕ ̠̝̐̑̍̏̔̄̏̌̎̉̋́ȟ ̜̠̃̓̎̔̓̏̄̏ ̒ ̒̆̃̆̑́ ̎́ ̟̄Ȣ 
˝̝̆̌̆̕ ̐̌̏́̅̋̉̚ ̜̒̐̏̋̏̊̎̊ ̒ ̘̝̜̎̆̈̎́̉̓̆̌̎̍ ̐́̅́̎̉̆ ̍̒ ̒̆̃̆̑̏-̃̏̒̓̏̋́ ̎́ 
̟̄-̏̈́̐́̅Ȣ 

˗́̎́̌̉̈̏̃́̎̉̆ ̄̏̑̏̅́ ̠̠̏̒̔̆̒̓̃̌̆̓̒̚ ̒̉̒̓̆̍̏̊ ̘̜̖̒́̍̏̓̆̎ ̋̏̌̌̆̋̓̏Ȥ
̑̏̃ȟ ̜̄̌́̃̎̍̉ ̉̈ ̜̖̋̏̓̏̑ ̠̠̟̠̃̌̓̒ ˔̜́̐́̅̎̊ȟ ˣ̝̜̆̎̓̑́̌̎̊ȟ ˫̜̇̎̊Ȣ ˛̘̉̒̓̋́ 
̒̓̏̋̏̃ ̠̐̑̉̎̓́ ̠̐̏̌̎́ ̘̠̂̉̏̌̏̄̉̆̒̋́ ̃ ̉̒̋̔̒̒̓̃̆̎̎̏ ̜̖̒̏̈̅́̎̎ ̠̖̔̒̌̏̃̉ɉ̎́ 
̞̖́̑̏̓̆̎̋́Ɋ ̒ ̘̅̏̏̉̒̓̋̏̊ ̎́ ̖̂̉̏̐̑̔̅́Ȣ 

˛̘̝̜̉̒̓̉̓̆̌̎̆ ̠̒̏̏̑̔̇̆̎̉ ̠̒̏̒̓́̃̌̆̓ ̂̏̌̆̆ φπ ̄́Ȣ ˟̠̆̑̑̉̓̏̑̉ ̒̌̏̇̆̎́ȟ 
̃ ̏̒̎̏̃̎̏̍ȟ ̟̝́̌̌̃̉́̌̎̏-̝̜̅̆̌̓̏̃̍̉ ̠̏̓̌̏̇̆̎̉̍̉Ȣ ˏ ̘̝̜̏̉̒̓̉̓̆̌̎̆ ̒̏̏̑̔Ȥ
̠̇̆̎̉ ̄Ȣ ˎ̖̜̔́̑ ̆ ̇̆̅̎̆̃̎̏ ̜̜̠̃̂̑́̒̃́̆̓̒ ̏ ̋̏̌̏ ςππ ̜̓̒Ȣ ̍3 ̒ ̓̏̋̏̃ ̃ ̒̔̓̋̉ȟ ̄̅̆ 
̘̝̐̆̑̃̏̎́́̌̎̏ ̉̅̆̓ ̘̏̉̒̓̋́ ̃ ̜̜̖̈́̋̑̓ ̖̔̒̓̑̏̊̒̓̃́ ɀ ̞̖́̑̏̓̆̎̋́Ȣ ˏ ̞́̑̏̓̆̎̋̆ȟ 
̟̑́̂̏̓́̆̍̔̚ ̐̏ ̓̉̐̔ ̞̝́̑̏̉̌̓̑́̕ȟ ̘̠̒̓̏̎́ ̃̏̅́ ̐̏̒̓̔̐́̆̓ ̎́ ̖̝̐̏̃̆̑̎̏̒̓ ̈́Ȥ
̘̄̑̔̈̏̎̏̄̏ ̍́̓̆̑̉́̌́ ̉ ̐̏ ̠̆̌̍̚ȟ ̟̠̉̍̆̉̍̒̚ ̃ ̎̆̍ȟ ̒̓̆̋́̆̓ ̃̎̉̈ȟ ́ ̘̎́̃̒̓̑̆̔ 
̆̊ ̠̅̃̉̇̆̓̒ ̜̃̅̔̃́̆̍̊ ̒̎̉̈̔ ̖̃̏̈̅̔Ȣ ˔̝̅̆̒ ̉̅̆̓ ̞́̑̏̂̎̏̆ ̏̋̉̒̌̆̎̉̆ȟ ̜̋̏̓̏̑̆ 
̟̠̏̒̃̏̂̏̇̅́̓̒ ̏̓ ̃̈̃̆̒̆̊ȟ ̈́ ̘̒̆̓ ̠̝̅̆̓̆̌̎̏̒̓̉ ̘̜̖̑́̈̌̉̎ ̍̉̋̑̏ȟ ̉ ̍́̋̑̏̏̑Ȥ
̄́̎̉̈̍̏̃ Ⱥ̜́̋̓̉̃̎̊ ̉̌Ȼȟ ̜̋̏̓̏̑̍ ̠̅̌ ̘̠̏̂̆̒̐̆̆̎̉ ̝̍́̋̒̉̍́̌̎̏̊ ̘̉̒̌̆̎̎̏̒̓̉ 
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̟̠̒̏̈̅́̓̒ ̃̏̈̍̏̇̎̏ ̘̙̌̔̉̆ ̠̔̒̌̏̃̉ ̠̒̔̆̒̓̃̏̃́̎̉̚Ȣ ˞̏̈̅́̎̉̆ ̏̑̄́̎̉̈̍́̍ 
̘̠̏̉̒̓̉̓̆̌̍ ̠̜̖̂̌́̄̏̐̑̉̓̎ ̜̖̋̉̒̌̏̑̏̅̎ ̔̒̌̏̃̉̊ ̠̅̏̒̓̉̄́̆̓̒ ̐̑̏̅̔̃́̎̉̆̍ 
̝̒̋̃̏̈ ̘̟̒̓̏̎̔ ̝̇̉̅̋̏̒̓ ̖̃̏̈̅̔́ȟ ̏̓̓̏̋ ̍̆̓́̂̏̌̉̓̏̃ ɀ ̓ ̏̋̏̍ ̒́̍̏̊ ̘̏̉́̆̍̏̊̚ 
̇̉̅̋̏̒̓̉ȟ ́ ̜̓̆̍̐̆̑́̓̔̑̎̆ ̉ ̜̎̆̋̏̓̏̑̆ ̅̑̔̄̉̆ ̠̔̒̌̏̃̉ ̌̆̄̋̏ ̟̋̏̎̓̑̏̌̉̑̔̓Ȥ
̠̒Ȣ ˕̈ ̞́̑̏̓̆̎̋́ ̜̃̏̅ ̐̏̒̓̔̐́̆̓ ̃ ̏̓̒̓̏̊̎̉̋ȟ ̠̋̏̓̏̑́ ̠̐̏̅̃̆̑̄́̆̓̒ ̞́̎́̑̏̂̎̏̊ 
̏̂̑́̂̏̓̋̆Ȣ ˏ ̝̑̆̈̔̌̓́̓̆ ̠̝̇̉̈̎̆̅̆̓̆̌̎̏̒̓̉ ̞̜̖́̎́̑̏̂̎ ̂́̋̓̆̑̉̊ ̖̐̑̏̉̒̏̅̉̓ 
̑́̒̐́̅ ̂̆̌̋̏̃ ̅̏ ́̍̉̎̏̋̉̒̌̏̓ ̉ ́̍̍̉́̋́ ̒ ̜̃̅̆̌̆̎̉̆̍ ̒̆̑̏̃̏̅̏̑̏̅́ȟ ́ ̓́̋̇̆ 
̒̂̑́̇̉̃́̎̉̆ ̜̖̇̉̑̎ ̋̉̒̌̏̓ ̒ ̏̂̑́̈̏̃́̎̉̆̍ ̔̄̌̆̋̉̒̌̏̓́ȟ ̍̆̓́̎́ ̉ ̒̆̑̏̃̏̅̏Ȥ
̑̏̅́Ȣ  

ˎ̠̌́̄̏̅́̑ ̠̝̇̉̈̎̆̅̆̓̆̌̎̏̒̓̉ ̜̖̃̏̅̎ ̏̑̄́̎̉̈̍̏̃ ̟̠̏̑̍̉̑̔̓̒̕ ̖̘̉̍̉̆Ȥ
̒̋̉̊ ̒̏̒̓́̃ ̜̃̏̅ȟ ̉ ̓̆̍ ̜̒́̍̍ ̠̠̏̐̑̆̅̆̌̆̓̒ ̆̆ ̘̋́̆̒̓̃̏Ȣ 

˕̈ ̏̓̒̓̏̊̎̉̋́ ̃̏̅́ ̐̏̒̓̔̐́̆̓ ̃ ̘̂̉̏̌̏̄̉̆̒̋̉̆ ̜̐̑̔̅Ȣ ˎ̘̉̏̌̏̄̉̆̒̋̉̆ 
̜̐̑̔̅ ̘̐̏̌̔̉̌̉ ̙̉̑̏̋̏̆ ̑́̒̐̑̏̒̓̑́̎̆̎̉̆ȟ ̋́̋ ̃ ̙̎́̆̊ ̒̓̑́̎̆ȟ ̓́̋ ̉ ̈́ ̑̔̂̆Ȥ
̇̏̍Ȣ ˛̎̉ ̝̟̠̉̒̐̏̌̈̔̓̒ ̠̅̌ ̘̏̉̒̓̋̉ ̘̜̖̒̓̏̎ ̃̏̅ ̜̖̎́̒̆̌̆̎̎ ̐̔̎̋̓̏̃ȟ ̖̉ ̜̎́̈Ȥ
̟̃́̓ ̘̂̉̏̌̏̄̉̆̒̋̉̆ȟ ̗̜̒̓́̂̉̌̉̈́̉̏̎̎̆ȟ ̝̜̏̋̉̒̌̉̓̆̌̎̆ ̉̌̉ ̜̂̔̆̑̎̆̕Ȣ ˏ ̎́Ȥ
̠̒̓̏̆̆̚ ̠̃̑̆̍ ̠̏̂́̚ ̝̐̌̏́̅̚ ̂̉̏̐̑̔̅̏̃ ̒̏̒̓́̃̉̓ υρ ̄́Ȣ 

ˎ̘̉̏̌̏̄̉̆̒̋̉̆ ̜̐̑̔̅ ̘̐̏̌̔̉̌̉ ̙̉̑̏̋̏̆ ̑́̒̐̑̏̒̓̑́̎̆̎̉̆ȟ ̋́̋ ̃ ̙̎́̆̊ 
̒̓̑́̎̆ȟ ̓́̋ ̉ ̈́ ̑̔̂̆̇̏̍Ȣ ˛̎̉ ̝̟̠̉̒̐̏̌̈̔̓̒ ̠̅̌ ̘̏̉̒̓̋̉ ̘̜̖̒̓̏̎ ̃̏̅ ̎́̒̆̌̆̎Ȥ
̜̖̎ ̐̔̎̋̓̏̃ȟ ̖̉ ̜̟̎́̈̃́̓ ̘̂̉̏̌̏̄̉̆̒̋̉̆ȟ ̗̜̒̓́̂̉̌̉̈́̉̏̎̎̆ȟ ̝̜̏̋̉̒̌̉̓̆̌̎̆ 
̉̌̉ ̜̂̔̆̑̎̆̕Ȣ  

 ̇ ̉̋̑̏̌̏̑́̕ ̃̏̅̏̆̍̏̃ ̜̠̃̐̏̌̎̆̓ ̗̟̔̎̋̉̕ ̘̐̆̑̃̉̎̏̄̏ ̠̏̋̉̒̌̉̓̆̌ ̉̌̉ 
̠̃̏̒̒̓́̎̏̃̉̓̆̌ ̟̖̐̏̒̓̔̐́̉̚ ̃ ̃̏̅̏̆̍ ̠̠̟̖̈́̄̑̈̎̉̚ ̃̆̆̒̓̃̚Ȣ 

ˍ̝̜̌̄̏̌̏̑̕ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̐̑̔̅̏̃ ̘̜̖̏̉̒̓̎ ̒̏̏̑̔̇̆̎̉̊ ̄Ȣ ˎ̖̔́̑́ ̎́̍̉ 
̘̉̈̔̆̎́ ̜̃̐̆̑̃̆Ȣ ˜̏ ̙̎́̉̍ ̟̠̎́̂̌̅̆̎̉̍ ̃ ̗̖̐̑̏̆̒̒́ ̘̠̒́̍̏̏̉̆̎̉̚ ̘̜̖̒̓̏̎ 
̃̏̅ ̃ ̑́̈̎̏̊ ̒̓̆̐̆̎̉ ̘̟̔́̒̓̃̔̓ ̐̑̆̅̒̓́̃̉̓̆̌̉ ̖̃̒̆ ̘̖̒̉̒̓̆̍́̓̉̆̒̋̉ ̄̑̔̐̐ ̃̏Ȥ
̅̏̑̏̒̌̆̊ȟ ̟̖̠̑́̈̃̉̃́̉̒̚ ̃ ̓̏̍ ̉̌̉ ̉̎̏̍ ̃̏̅̏̆̍̆Ȣ ˑ́̇̆ ̜̃̉̅ ̏̅̎̏̄̏ ̉ ̓̏̄̏ ̇̆ 
̑̏̅́  ̖̟̠́̑́̋̓̆̑̉̈̔̓̒ ̜̑́̈̎̍̉ ̒̐̏̒̏̂́̍̉Ȣ ˪̓̏ ̝̒̃̉̅̆̓̆̌̒̓̃̔̆̓ ̏ ̖̎̆̏̂̏̅̉̍̏Ȥ
̒̓̉ ̖̃̒̆̒̓̏̑̏̎̎̉ ̉ ̖̄̌̔̂̏̋̉ ̘̖̌̏̑̉̒̓̉̆̒̋̉̕ ̉̒̒̌̆̅̏̃́̎̉̊ ̐̑̉̑̏̅̎̏̄̏ ̃̏̅̏Ȥ
̑̏̒̌̆̃̏̄̏ ̠̎́̒̆̌̆̎̉ ̃̏̅̏̆̍̏̃ȟ ̝̜̖̉̒̐̏̌̈̔̆̍ ̃ ̘̋́̆̒̓̃̆ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̐̑̔̅̏̃ 
ɀ ̎́̋̏̐̉̓̆̌̆̊ȟ ̏̓̒̓̏̊̎̉̋̏̃ ̉ ̐̏̌̆̊ ̝̗̉̌̓̑́̉̉̕Ȣ ˜̏̍̉̍̏ ̘̎́̔̎̏̄̏ ̉̎̓̆̑̆̒́ 
̓́̋̉̆ ̉̒̒̌̆̅̏̃́̎̉̆ ̟̉̍̆̓ ̘̉̒̓̏ ̘̐̑́̋̓̉̆̒̋̏̆ ̘̈̎́̆̎̉̆ȟ ̓́̋ ̋́̋ ̏̒̏̂̆̎̎̏̒̓̉ ̉ 
̜̒̆̈̏̎̎̆ ̠̉̈̍̆̎̆̎̉ ̃̉̅̏̃̏̄̏ ̒̏̒̓́̃́ ̝̜́̌̄̏̌̏̑̕ȟ ̍̏̄̔̓ ̜̝̂̓ ̝̜̉̒̐̏̌̈̏̃́̎ 
̠̅̌ ̠̏̂̏̄́̆̎̉̚ ̆̄̏ ̎́̉̂̏̌̆̆ ̝̜̇̆̌́̓̆̌̎̍̉ ̃ ̅́̎̎̏̍ ̘̒̌̔́̆ ̃̉̅́̍̉Ȣ ˑ̏ ̘̎́́Ȥ
̌́ ̝̗́̌̄̏̌̏̈́̉̉ ̜̍ ̉̒̒̌̆̅̏̃́̌̉ ̃̉̅̏̃̏̊ ̒̏̒̓́̃ ̐̑̉̑̏̅̎̏̊ ̜̌̏̑̕ ̃̏̅̏̑̏̒̌̆̊ 
̉ ̖̉ ̑́̒̐̑̆̅̆̌̆̎̉̆ ̐̏ ̂̉̏̐̑̔̅́̍ȟ ̜̂̌̏ ̜̠̃̃̌̆̎̏ ρςπ ̃̉̅̏̃ȟ ̑́̈̎̏̃̉̅̎̏̒̓̆̊ ̉ 
̏̑̍̕ ̃̏̅̏̑̏̒̌̆̊ȟ ̖̜́̑́̋̓̆̑̎̆ ̠̅̌ ̠̜̖̈́̄̑̈̎̆̎̎ ̃̏̅̏̆̍̏̃Ȣ 

˜̑̉ ̑́̈̃̉̓̉̉ ̜̖̃̎̆̒̆̎̎ ̏̑̄́̎̉̈̍̏̃ ̃ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̑̔̅́ ̐̏̒̓̆̐̆̎̎̏ 
̟̠̒̏̈̅́̓̒ ̠̜̂̌́̄̏̐̑̉̓̎̆ ̠̔̒̌̏̃̉ ̠̅̌ ̖̍̎̏̄̉ ̟̖̒̏̐̔̓̒̓̃̔̉̚ ̃̉̅̏̃ ̄̉̅̑̏ Ȥ
̂̉̏̎̓̏̃Ȣ ˚̜̆̋̏̓̏̑̆ ̜̃̎̆̒̆̎̎̆ ̃̏̅̏̑̏̒̌̉ ̅́̌̉ ́̋̓̉̃̎̏̆ ̑́̈̃̉̓̉̆ ̃ ̖̐̑̔̅́Ȣ 
˪̓̏ ̒̐̏̒̏̂̒̓̃̏̃́̌̉ ̟̒̎̉̇̆̎̉ ̒̏̅̆̑̇́̎̉̆ ̘̏̑̄́̎̉̆̒̋̏̄̏ ̠̒̏̆̅̉̎̆̎̉ ̜̃̏̅ ̉ 
̅́̌̉ ̘̓̏̌̏̋ ̘̟̔̃̆̌̉̆̎̉ ̘̋̏̌̉̆̒̓̃́ ̑́̒̓̃̏̑̆̎̎̏̄̏ ̃ ̃̏̅̆ ̋̉̒̌̏̑̏̅́Ȣ ˏ ̐̑̉Ȥ
̜̖̂̑̆̇̎ ̘̠̖́̒̓ ̃̏ ̖̃̒̆ ̖̐̑̔̅́ ̘́̒̓̏ ̘̝̃̒̓̑̆́̌̉̒ ̠̒̋̏̐̌̆̎̉ ̘̜̖̎̉̓́̓ ̃̏̅̏Ȥ
̠̖̑̏̒̌ȟ ̠̖̒̏̒̓̏̉̚ ̜̃̏̅ ̑̏̅̏̃ Stigeolonium, Cladophora, Spirogyra ̉ ̅̑̔̄̉̆Ȣ ˚́Ȥ
̠̑̅̔ ̒ ̎̉̍̉ ̉̈̑̆̅̋́ ̝̐̏̐́̅́̌̉̒ ̒̉̎̆-̜̈̆̌̆̎̎̆ȟ ̜̅̉́̓̏̍̏̃̆ ̉ ̅̑̔̄̉̆ ̃̏̅̏̑̏̒Ȥ
̌̉Ȣ ˞̑̆̅̉ ̖̎̉ ̝̎̆̒̋̏̌̋̏ ̜̠̝̃̅̆̌̌̉̒ Oscillatoria tenuis, O.sancta, Phormidium 
foveolarum lungbya aestuari ̉  ̓Ȣ̐ȢȢ 

˟́̋̉̍ ̏̂̑́̈̏̍ȟ ̐̏̒̌̆ ̝̗́̌̄̏̌̉̈́̉̉ ̜̉̓̏̐̌́̎̋̓̏̎̎̆̕ ̉ ̜̉̓̏̂̆̎̓̏̒̎̆̕ 
̄̑̔̐̐̉̑̏̃̋̉ ̝̏̂̏̄́́̌̉̒̚ ̃ ̘̋́̆̒̓̃̆̎̎̏̍ ̉ ̘̋̏̌̉̆̒̓̃̆̎̎̏̍ ̙̏̓̎̏̆̎̉̉ ̂̉̏Ȥ
̘̖̌̏̄̉̆̒̋̉ ̐̑̔̅̏̃ ̘̜̖̏̉̒̓̎ ̒̏̏̑̔̇̆̎̉̉ ̄Ȣ ˎ̖̔́̑́Ȣ ˠ̘̃̆̌̉̆̎̉̆ ̃̉̅̏̃̏̄̏ ̒̏̒̓́Ȥ
̃́ ̃̏̅̏̑̏̒̌̆̊ ̅̏ συχ ̓́̋̒̏̎̏̃ ̉ ̖̉ ̗̠́̅́̐̓́̉ ̃ ̖̂̉̏̐̑̔̅́ ̐̏̈̃̏̌̉̌̉ ̐̑̏̅̏̌Ȥ
̝̇̉̓ ̜̑́̂̏̓ ̐̏ ̜̠̠̃̃̌̆̎̉ ̑̏̌̉ ̃̏̅̏̑̏̒̌̆̊ ̃ ̘̏̉̒̓̋̆ ̘̜̖̒̓̏̎ ̃̏̅Ȣ ˏ̘̟̒̓̑̆́Ȥ
̉̆̚ ̃̏̅̏̑̏̒̌̆̊ ̃ ̏̒̎̏̃̎̏̍ ̠̠̒̏̒̓́̃̌̆̓̒ ̝́̌́̕ ɀ ̂̆̓́ ɀ ̜̍̆̈̏̒́̐̑̏̂Ȣ ˞̏̅̆̑̇́Ȥ
̎̉̆ ̃ ̃̏̅̆ ̑́̒̓̃̏̑̆̎̎̏̄̏ ̋̉̒̌̏̑̏̅́ ̠̠̠̃̌̆̓̒ ̏̅̎̉̍ ̉̈ ̜̖̃́̇̎ ́̋̓̏̑̏̃̕ ̒́̍̏Ȥ
̘̠̏̉̆̎̉̚ ̜̃̏̅Ȣ ˜̏ ̍̆̑̆ ̘̠̔̃̆̌̉̆̎̉ ̘̋̏̌̉̆̒̓̃̏ ̑́̒̓̃̏̑̆̎̎̏̄̏ ̋̉̒̌̏̑̏̅́ȟ ̔̒Ȥ
̠̠̋̏̑̆̓̒ ̗̐̑̏̆̒̒́ ̘̠̒́̍̏̏̉̆̎̉̚Ȣ ˏ ̃̆̒̆̎̎̉̊ ̐̆̑̉̏̅ ̐̑̉ ̜̙̐̏̃̆̎̉̆ ̓̆̍̐̆̑́Ȥ
̜̓̔̑ ̜̃̏̅ ̉ ̘̒̏̌̎̆̎̏̊ ̞̎̆̑̄̉̉ ̃ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̑̔̅́ ̟̟̠̎́̂̌̅́̓̒ ̉̎̓̆̎Ȥ
̒̉̃̎̏̄̏ ̠̑́̈̃̉̓̉ ̉̓̏̐̌́̎̋̓̏̎̏̃̕Ȣ ˜̏ ̍̆̑̆ ̠̑́̈̃̉̓̉ ̍̉̋̑̏̃̏̅̏̑̏̒̌̆̊ ̃ ̃̏̅̆ 
̘̠̔̃̆̌̉̉̃́̆̓̒ ̘̋̏̌̉̆̒̓̃̏ ̑́̒̓̃̏̑̆̎̎̏̄̏ ̋̉̒̌̏̑̏̅́ ̅̏ σȟπ-τȟπ ̍̄Ⱦ̌Ȣ ˠ̝̙̍̆̎́Ȥ
̠̆̓̒ ̘̋̏̌̉̆̒̓̃̏ ̘̖̏̑̄́̎̉̆̒̋̉ ̃̆̆̒̓̃̚ ̐̏ ˎ˜˗5 ̅̏ ττȟπ-υπȟψ ̍̄ ˛2Ⱦ̌Ȣ ˚̟́̂̌̅́Ȥ
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̠̆̓̒ ̝̙̔̍̆̎̆̎̉̆ ̘̋̏̌̉̆̒̓̃̏ ̝̜̖̍̉̎̆̑́̌̎ ̞̌̆̍̆̎̓̏̃Ȣ 
ˏ ̌̆̓̎̉̊ ̐̆̑̉̏̅ ̓̆̍̐̆̑́̓̔̑́ ̜̃̏̅ ̜̙̠̐̏̃́̆̓̒ ̅̏ ςυ-30 Ξ˞Ȣ ˜̑̉ ̖̓́̋̉ 

̜̖̓̆̍̐̆̑́̓̔̑̎ ̠̖̔̒̌̏̃̉ ̉ ̘̒̏̌̎̆̎̏̄̏ ̒̃̆̓́ ̃̏ ̖̃̒̆ ̖̂̉̏̐̑̔̅́ ̟̠̎́̂̌̅́̆̓̒ 
̍́̒̒̏̃̏̄̏ ̠̑́̈̃̉̓̉ ̉̓̏̐̌́̎̋̓̏̎̏̃̕Ȣ ˜̑̉ ̍́̒̒̏̃̏̄̏ ̠̑́̈̃̉̓̉ ̃̏̅̏̑̏̒̌̆̊ ̃ 
̘̜̖̒̓̏̎ ̖̃̏̅́ ̘̠̔̃̆̌̉̉̃́̆̓̒ ̘̋̏̌̉̆̒̓̃̏ ̑́̒̓̃̏̑̆̎̎̏̄̏ ̋̉̒̌̏̑̏̅́ ̅̏ ω-
10 ̍ ̄Ⱦ̌Ȣ ˏ̘̆̌̉̉̎́ ˎ˜˗5 ̝̙̠̔̍̆̎́̆̓̒ ̅̏ ρρȟτ-ρυȟς ̍̄ ˛2Ⱦ̌Ȣ ˗̘̏̌̉̆̒̓̃̏ ́̍̍̉́̋́ȟ 
̎̉̓̑̉̓̏̃ ̉ ̎̉̓̑́̓̏̃ ̎̆ ̟̠̎́̂̌̅́̆̓̒ȟ ̓́̋ ̋́̋ ̃̏̅̏̑̏̒̌̉ ̖̉ ̐̏̄̌̏́̆̓̚ ̠̅̌ ̑̏̒Ȥ
̓ ́̉ ̠̑́̈̃̉̓̉Ȣ ˜̏̒̌̆ ̝̗́̌̄̏̌̉̈́̉̉ ̂̉̏̐̑̔̅̏̃ȟ ̘̝̈̎́̉̓̆̌̎̏ ̘̠̔̃̆̌̉̉̃́̆̓̒ ̋̏ Ȥ
̘̌̉̆̒̓̃̏ ̉̓̏̐̌́̎̋̓̏̎̏̃̕ ̉ ̜̙̠̐̏̃́̆̓̒ ̘̝̏̉̒̓̉̓̆̌̎̏̊ ̞̆̋̓̉̃̎̏̒̓̉̕̕ ̃̏̅̏Ȥ
̑̏̒̌̆̊ ̃ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̑̔̅́Ȣ ˛̖̑́̎́ ̃̏̅̏̆̍̏̃ ̏̓ ̠̠̈́̄̑̈̎̆̎̉ ̉ ̘̐̏̌̔̆̎̉̆ 
̘̉̒̓̏̊ ̜̃̏̅ ̠̠̠̃̌̆̓̒ ̝̄̌̏̂́̌̎̏̆ ̐̑̏̂̌̆̍́ ̃ ̙̎́̆̊ ̒̓̑́̎̆ȟ ̠̑́̒̒̍́̓̑̉̃́̆̓̒ 
̋́̋ ̠̍̆̑̏̐̑̉̓̉̆ ̄̏̒̔̅́̑̒̓̃̆̎̎̏̄̏ ̘̈̎́̆̎̉̆ȟ ̋̏̓̏̑̏̍̔ ̠̐̏̒̃̆̎̚ ̠̑̅ ̐̏̒̓́Ȥ
̎̏̃̌̆̎̉̊ ̝̐̑́̃̉̓̆̌̒̓̃̏ ˝̆̒̐̔̂̌̉̋̉ ˠ̈̂̆̋̉̒̓́̎́Ȣ 

 
˞̐̉̒̏̋ ̌ ̜̉̓̆̑́̓̔̑ 

 
1. ˎ́̑̉̎̏̃́ ˞Ȣ˞Ȣȟ ˙̆̅̃̆̅̆̃́ ˘ȢˍȢȟ ˍ̎̉̒̉̍̏̃́ ˛ȢˏȢ ˪̘̋̏̌̏̄̉̆̒̋̉̆ ̉ ̘̄̆̏̄̑́̉̆̒̋̉̆̕ 
̖́̑́̋̓̆̑̉̒̓̉̋̉ ̃̏̅̏̑̏̒̌̆̊-̉̎̅̉̋́̓̏̑̏̃ // ˏ̏̅̏̑̏̒̌̉-̜̉̎̅̉̋́̓̏̑ ̃ ̗̏̆̎̋̆ 
̘̋́̆̒̓̃́ ̟̏̋̑̔̇́̆̊̚ ̜̒̑̆̅Ȣ ˤ̝́̒̓ ))Ȣ ˙Ȣȡ ˏ˚˕˕ ̐ ̜̑̉̑̏̅ȟ ςπππȢ ˞Ȣ φπɀ150.  

2. ˎ̏̂̋̏̃́ ːȢ˕Ȣ ˍ̝̌̄̏̌̏̑́̕ ̝̎̉̈̏̃̆̃ ̑̆̋̉ ˛̍̉ ̉ ̆̆ ̜̒̆̈̏̎̎̆ ̠̉̈̍̆̎̆̎̉ // ˟̑Ȣ ˛̍Ȣ 
̍̆̅Ȣ ̉̎-̓́ȟ ρωφσȢ ΟσχȢ ˞Ȣ ρφυɀ177  

3. ˎ́̇̆̎̏̃́ ˛Ȣ˜Ȣȟ ˎ́̑̒̔̋̏̃́ ˚Ȣ˚Ȣȟ ˝̙́̋́ ˍȢˏȢ ˞̝́̐̑̏̂̎̏̒̓ ̃̏̅ ̒̑̆̅̎̆̄̏ ˕̜̙̑̓́ ̉ 
̆̄̏ ̐̑̉̓̏̋̏̃ // ˚̜̆̐̑̆̑̃̎̏̆ ̞̘̋̏̌̏̄̉̆̒̋̏̆ ̏̂̑́̈̏̃́̎̉̆ ̉ ̞̘̋̏̌̏̄̉̆̒̋̉̆ ̐̑̏Ȥ
̜̂̌̆̍ȡ ̍́̓̆̑Ȣ ˏ̒̆̑̏̒̒. ̎ ̘́̔-̐̑́̋̓. ̋ ̏̎̕. ˟  2. ̠ ̠̑́̒̎̏̑̒̋: ˞ ̉̂ː˟ˠ, 2004. ˞ . 83ɀ88. 
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BIOECOLOGICAL CHARACTERISTIC ALGAE BIOLOGICAL PONDS 

 
M.I. Mustafaeva, S.M. Gafarova 

 
Absract . The article presents data on the biological wastewater treatment ponds Bukha-

ra using algal flora, which are used as bio-indicators. Promising to clean water from contamina-
tion can also be the biological method based on the use of natural ingredients elimination of 
standardized mechanisms. In this method, together combined purification ability of soil, micro 
and macrophytes communities, flora and fauna. Very noticeable interest in the targeted use of 
aquatic plants and algae in the improvement of water quality in reservoirs 

Keywords:  pond, algae, flora, alǋgoflora, saprobity, systematic, filtering, season. 
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ˠˑ˗ υπτȢτȢπφςȢς 
˕˔˙˒˚˒˚˕ˬ ˤ˕˞˘˒˚˚˛˞˟˕ ˕ ˎ˕˛˙ˍ˞˞˨  

ˏ ˞ˏˬ˔˕ ˞ ˞˒ ˔˛˚˚˨˙ ̞˔˙˒˚˒˚˕˒  ̇ˎ ˕˛˜˝ˠˑ˛ˏ 
 

ˡȢ̇Ȣ ̊ ́̈́̑̏̃́1ȟ ˙Ȣ˕Ȣ ˙̔̒̓́́̆̃́̕2 
 

ˍ̗̠̎̎̏̓́̉ 
 

ˏ ̘̓̆̆̎̉̆ ̉̒̒̌̆̅̏̃́̎̎̏̄̏ ̐̆̑̉̏̅́ ̝̙̠̎́̉̂̏̌́ ̘̝̉̒̌̆̎̎̏̒̓ ̉ ̂̉̏̍́̒̒́ 
̃̏̅̏̑̏̒̌̆̊ ̅̏̒̓̉̄́̆̓ ̃ ̗̋̏̎̆ ̜̃̆̒̎ȟ ̌̆̓̏̍ ̉ ̃ ̘̎́́̌̆ ̏̒̆̎̉ȟ ̐̑̉ ̞̓̏̍ ̎́̉Ȥ
̝̙̠̂̏̌́ ̘̝̉̒̌̆̎̎̏̒̓ ̉ ̂̉̏̍́̒̒́ ̘̠̏̓̍̆́̆̓̒ ̌̆̓̏̍ȟ ̃̓̏̑̏̆ ̍̆̒̓̏ ̈́̎̉̍́̆̓ ̏̒̆Ȥ
̝̟̎ȟ ̈́̓̆̍ ̃̆̒̎́Ȣ ˞́̍̏̆ ̝̙̍̆̎̆̆ ̘̋̏̌̉̆̒̓̃̏ ̘̠̏̓̍̆́̆̓̒ ̃ ̈̉̍̎̉̊ ̐̆̑̉̏̅Ȣ ˔̉Ȥ
̍̏̊ ̃ ̠̒̃̈̉ ̒ ̐̏̎̉̇̆̎̉̆̍ ̜̓̆̍̐̆̑́̓̔̑ȟ ̘̒̏̌̎̆̎̏̄̏ ̠̏̒̃̆̆̎̉̚ ̑́̈̃̉̓̉̆ ̝̂̏̌Ȥ
̙̉ ̎̒̓̃́ ̟̜̖̓̆̐̌̏̌̂̉̃ ̃̉̅̏̃ ̃̏̅̏̑̏̒̌̆̊ ̘̝̈̎́̉̓̆̌̎̏ ̝̙̠̔̍̆̎́̆̓̒ȟ ̅́̇̆ 
̝̙̂̏̌̉̎̒̓̃̏ ̉̈ ̖̎̉ ̃ ̞̓̏̓ ̐̆̑̉̏̅ ̎̆ ̜̂̌̏ ̏̂̎́̑̔̇̆̎̏Ȣ ˏ ̞̓̏ ̠̃̑̆̍ ̐̑̆̏̂̌́̅́Ȥ
̆̓ ̃ ̏̒̎̏̃̎̏̍ ̜̅̉́̓̏̍̏̃̆ ̃̏̅̏̑̏̒̌̉ ̒ ̝̟̐̑̉̍̆̒ ̧̜̖̈̆̌̎ ̃̏̅̏̑̏̒̌̆̊Ȣ 
 
˗̟̘̜̌̆̃̆ ̒̌̏̃́ȡ ̐̑̔̅ȟ ̝̃̏̅̏̑̏̒̌ȟ ̌̏̑́̕ȟ ̝́̌̄̏̌̏̑́̕ȟ ̝̒́̐̑̏̂̎̏̒̓ȟ ̒̉̒̓̆̍́̓̉̋́ȟ 
̝̗̠̉̌̓̑́̉̕ȟ ̒̆̈̏̎Ȣ 

 
ˢ́̑́̋̓̆̑̉̒̓̉̋̔ ̜̖̒̆̈̏̎̎ ̉̈̍̆̎̆̎̉̊ ̘̉̒̌̆̎̎̏̒̓̉ ̉ ̜̂̉̏̍́̒̒ ̉̓̏̕Ȥ

̐̌́̎̋̓̏̎́ ̜̍ ̐̑̏̃̏̅̉̍ ̎́ ̏̒̎̏̃́̎̉̉ ̏̂̑́̂̏̓̋̉ ςψπ ̘̜̖̋̏̌̉̆̒̓̃̆̎̎ ̐̑̏̂ȟ 
̜̖̒̏̂̑́̎̎ ̃ ̘̓̆̆̎̉̆ ςππψ-ςπρτ ̄̄Ȣ ̐̑̉ ̐̏̍̏̉̚ ̏̅̎̏ ̍̆̓̑̏̃̏̄̏ ̜̘̂̔̓̌̏̎̏̄̏ ̉ 
̘̍̆̓́̌̌̉̆̒̋̏̄̏ ̂́̓̏̍̆̓̑́ ̜̏̓̒̓̏̊̎̍ ̍̆̓̏̅̏̍Ȣ ˗̘̜̏̌̉̆̒̓̃̆̎̎̊ ̧̘̔̓ ̐̑̏̃̏Ȥ
̅̉̌̉ ̃ ̧̘̒̓̎̏̊ ̋́̍̆̑̆ ː̠̏̑̆̃́Ȣ ˤ̝̉̒̌̆̎̎̏̒̓ ̉ ̂̉̏̍́̒̒́ ̉̓̏̐̌́̎̋̓̏̎́̕ ̏̐̑̆Ȥ
̠̅̆̌̌̉ ̃ ̏̒̎̏̃̎̏̍ ̧̛̏̂̍̎̏-̧̘̜̑́̒̓̎̍ ̒̐̏̒̏̂̏̍ȟ ̜̐̑̆̅̌̏̇̆̎̎̍ 
˗Ȣ˞Ȣˏ̜̌́̅̉̍̉̑̏̃̍ ̉ ˞̆̍̆̎̆̎̋̏Ȣ 

ˏ̒̆ ̜̏̂̒̌̆̅̏̃́̎̎̆ ̎́̍̉ ̜̐̑̔̅ ̜̍̆̌̋̏̃̏̅̎̆ ɉρȟυ-ςȟυɊȟ ̅̎̏ ̉̌̉̒̓̏̆ ̉̌̉ 
̘̐̆̒́̎̏̆Ȣ ˏ̒̆ ̜̐̑̔̅ ̜̑́̒̐̏̌̏̇̆̎ ̎́ ̏̋̑́̉̎̆ ̄Ȣ ˎ̖̔́̑́Ȣ  

ˏ ̠̒̃̈̉ ̒ ̞̓̉̍ ̘̋̏̌̉̆̒̓̃̏ ̟̖̠̒̓̑̏̄́̉̒̚ ̃̏̅̏̑̏̒̌̆̊ ̘̠̔̃̆̌̉̉̃́̆̓̒ ̈́ 
̘̒̆̓ ̟̜̖̓̆̐̌̏̌̂̉̃ ̐̑̆̅̒̓́̃̉̓̆̌̆̊. ˪̓̉ ̞̘̋̏̌̏̄̉̆̒̋̉̆ ̒̑̆̅̉ ̃̏̅̏̆̍́ ̏̂̔Ȥ
̒̌̏̃̌̉̃́̆̓ ̟̑́̈̃̉̓̉ ̂̏̄́̓̏̄̏ ̉̓̏̐̌́̎̋̓̏̎́̕ ̜̖̉̒̒̌̆̅̏̃́̎̎ ̎́̍̉ ̐̑̔̅̏̃. 
˛̒̏̂̆̎̎̏ ̉̎̓̆̎̒̉̃̎̏ ̃̏ ̖̍̎̏̄̉ ̉̈ ̖̎̉ ̟̠̑́̈̃̉̃́̓̒ ̜̃̉̅ ̜̖̈̆̌̆̎ ̉ ̒̉̎̆-
̜̖̈̆̌̆̎ ̃̏̅̏̑̏̒̌̆̊. ˤ̝̉̒̌̆̎̎̏̒̓ ̐̑̆̅̒̓́̃̉̓̆̌̆̊ ̒̉̎̆-̜̖̈̆̌̆̎ ̃̏̅̏̑̏̒̌̆̊ ̃ 
̐̆̑̃̏̍ ̐̑̔̅̆ ̒̏̒̓́̃̉̌́ ɀ υςπ ̜̓̒Ȣ ̋̌\  ̌̒ ̂̉̏̍́̒̒̏̊ ɀ ωρ ̍̄Ⱦ̌Ȣ ˪̓̉̍̉ ̃̏̅̏̑̏̒Ȥ
̠̌̍̉ ̠̠̟̠̃̌̓̒ ɀMerismopedia elegans, Microcystis aeruginosa, M. pulverea, 
Aphanothece clathrate, O. irrigua , O. lemmermannii ̉ ̅̑̔̄̉̆Ȣ ˔̝̅̆̒ ̝̙̂̏̌̏̊ ̏̎̕ 
̠̒̏̒̓́̃̌̆̓ ɀ Oscillatoria brevis ɀ 1πς ̜̓̒Ȣ ̋̌Ⱦ̌ȟ Aphonothece clathrata ɀ 98 
̜̓̒Ȣ̋̌Ⱦ̌ȢNodularia spumigena ɀ ρπὐ̜̒Ȣ̋̌Ⱦ̌Ȣ ˏ̒̆ ̞̓̉ ̃̏̅̏̑̏̒̌̉ ́̋̓̉̃̎̏ ̘̔́̒̓Ȥ
̟̃̔̓ ̠̅̌ ̘̏̉̒̓̋̉ ̃̏̅̏̆̍́Ȣ ˏ ̞̓̏ ̠̃̑̆̍ ̘̝̉̒̌̆̎̎̏̒̓ ̜̖̈̆̌̆̎̎ ̃̏̅̏̑̏̒̌̆̊ ̃ 
̐̆̑̃̏̍ ̐̑̔̅̆ ̒̏̒̓́̃̉̌́ ɀψρπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ ̂̉̏̍́̒̒́ ρτχ ̍̄Ⱦ̌ȟ ̈́ ̘̒̆̓ Nantococens 
grandis ɀ ρππ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ Palmelloeystis planctonica ɀ ρυφ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ Chlorella vulgar-
is ɀ ρρπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ Oocystis marssonii ɀ χπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ Scenedesmus quadricauda ɀ 
ρςχ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ S. obliquus ɀ ψπ ̜̓̒Ȣ ̋̌Ⱦ̌ ̉ ̓Ȣ̉Ȣ  

ˤ̝̉̒̌̆̎̎̏̒̓ ̜̖̅̉́̓̏̍̏̃ ̃̏̅̏̑̏̒̌̆̊ ̃ ̅́̎̎̏̍ ̐̑̔̅̆ ̝̏̋́̈́̌̏̒ ɀ 860 
̜̓̒Ȣ ̋̌Ⱦ̌ȟ ̂̉̏̍́̒̒́ ɀ ςχψ ̍̄Ⱦ̌ȟ ̃ ̏̒̎̏̃̎̏̍ ̈́ ̧̘̒̓ Cyclotella kuetzingiana ɀ 112 
̜̓̒Ȣ ̋̌Ⱦ̌ȟ Diatoma vulgare ɀ ρρπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ Cocconeis placentula ɀ ρπψ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ 
Navicula cryptacephala ɀ ρςρ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ Nitzschia hungarica ɀ ρψπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ N. 
linearis ɀ ρπς ̜̓̒Ȣ ̋̌Ⱦ̌ ̉ ̅̑̔̄̉̆Ȣ ˏ̏ ̃̓̏̑̏̍ ̐̑̔̅̆ ̘̝̉̒̌̆̎̎̏̒̓ ̒̉̎̆-̧̜̖̈̆̌̎̎ 
̒̏̒̓́̃̉̌́ ɀ 820-ψσπ ̜̓̒Ȣ ̋̌Ⱦ̌ ̒ ̂̉̏̍́̒̒̏̊ ɀ 117-ρρψ ̍̄Ⱦ̌ȟ ̧̜̖̈̆̌̎̎ ̃̏̅̏̑̏̒̌̆̊ 
̘̝̉̒̌̆̎̎̏̒̓ ̜̂̌́ ɀ ωφπ ̜̓̒Ȣ ̋̌Ⱦ̌ ̒ ̂̉̏̍́̒̒̏̊ ɀ ςψσ ̍̄Ⱦ̌ȟ ̜̖̅̉́̓̏̍̏̃ ̃̏̅̏̑̏̒Ȥ
̌̆̊ ɀ χφπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ ̂̉̏̍́̒̒́ ɀ ρψψ ̍̄Ⱦ̌Ȣ ˏ ̝̓̑̆̓̆̍ ̐̑̔̅̆ ̘̝̉̒̌̆̎̎̏̒̓ ̒̉̎̆-
̧̜̖̈̆̌̎̎ ɀ ψτπ ̜̓̒Ȣ ̋̌Ⱦ̌ ̒ ̂̉̏̍́̒̒̏̊ ɀ ρςρ ̍̄Ⱦ̌ȟ ̧̜̖̈̆̌̎̎ ̃̏̅̏̑̏̒̌̆̊ ɀ 990 
̜̓̒Ȣ ̋̌Ⱦ̌ȟ ̂̉̏̍́̒̒́ ɀ ςψφȟ ̘̝̉̒̌̆̎̎̏̒̓ ̜̖̅̉́̓̏̍̏̃ ̠̒̏̒̓́̃̌̌̉ χψπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ 
̂̉̏̍́̒̒́ ɀ ρωφ ̍̄Ⱦ̌Ȣ ˏ̏ ̖̃̒̆ ̖̐̑̔̅́ ̘̟̠̃̒̓̑̆́̓̒ ̘́̒̓̏ ̓̆ ̇̆ ̃̏̅̏̑̏̒̌̉ȟ ̋̏̓̏Ȥ

                                                           
1˚́̈́̑̏̃́ ˡ̆̑̔̈́ ˙̖̔́̍̆̅̇́̎̏̃̎́ ɀ ̙̒̓́̑̉̊ ̝̐̑̆̐̏̅́̃́̓̆̌ ̜̋́̆̅̑̕ ̞̋̏̌̏̄̉̉ 

ˎ̖̔́̑̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ  
2˙̔̒̓́́̆̃́̕ ˙́̍̌́̋́̓ ˕̒̍́̉̌̏̃̎́ ɀ ̋́̎̅̉̅́̓ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̎́̔̋ȟ ̗̅̏̆̎̓ 

̋́̆̅̑̕ ̜̂ ̉̏̌̏̄̉̉ȟ ˎ̖̔́̑̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 
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̜̑̆ ̘̜̏̓̍̆̆̎ ̃̏ ̖̃̒̆ ̜̖̐̑̆̅̅̔̉̚ ̖̐̑̔̅́ ̉ ̃̒̆ ̞̓̉ ̃̏̅̏̑̏̒̌̉ ́̋̓̉̃̎̏ ̘̔́̒̓Ȥ
̃̏̃́̌̉ ̃ ̘̏̉̒̓̋̆ ̜̃̏̅ ̃ ̖̐̑̔̅́Ȣ ˚́̅̏ ̝̏̓̍̆̓̉̓ȟ ̘̓̏ ̘̝̃̒̓̑̆́̆̍̏̒̓ ̃ ́̐̑̆̌̆ ̉ 
̍́̆ ̐̑̆̅̒̓́̃̉̓̆̌̉ ̞̜̖̃̄̌̆̎̏̃ ̉ ̜̖̅̉̎̏̉̓̏̃̕ ̃̏̅̏̑̏̒̌̆̊ ̎̆ ̠̠̠̃̌̆̓̒ ̐̑̆̏̂Ȥ
̟̌́̅́̉̍̉̚ȟ ̎̏ ̏̎̉ ̘̟̠̏̓̍̆́̓̒ ̑̆̅̋̏ ̉ ̝̅̏̃̏̌̎̏ ̑̆̅̋̏ȟ ̞̐̏̓̏̍̔ȟ ̘̝̉̒̌̆̎̎̏̒̓ 
̉ ̂̉̏̍́̒̒́ ̎̆ ̠̐̑̉̃̏̅̉̓̒Ȣ ˘̆̓̏̍ ̃ ̟̉̌̆ ̓̆̍̐̆̑́̓̔̑́ ̜̃̏̅ ̜̂̌́ ςψ-31̏˞  ̐̑̉ 
̓̆̍̐̆̑́̓̔̑̆ ̖̃̏̈̅̔́ ɀ 32-35̏˞ ȟ ̜̙̠̐̏̃́̆̓̒ ̘̠̒̏̌̎̆̎́ ̗̠̑́̅̉́̉ȟ ̘̝̐̑̏̈̑́̎̏̒̓ 
̠̋̏̌̆̂̌̆̓̒ ̏̓ ρπ-ρς ̅̏ ρυ-20 ̒̍ȟ ̃̏̅́ ̠̏̂̏̄́́̆̓̒̚ ̋̉̒̌̏̑̏̅̏̍ ̐̏ ̝̙̂̏̌̆ ̉ 
̅̑̔̄̉̆Ȣ ˏ̒̆ ̞̓̉ ̞̘̋̏̌̏̄̉̆̒̋̉̆ ̠̔̒̌̏̃̉ ̂̏̌̆̆ ̉̌̉ ̍̆̎̆̆ ̠̠̟̠̃̌̓̒ ̝̜̏̐̓̉̍́̌̎Ȥ
̍̉ ̠̔̒̌̏̃̉̍̉ ̠̅̌ ̠̑́̈̃̉̓̉ ̉ ̠̑́̒̐̑̆̅̆̌̆̎̉ ̃̏̅̏̑̏̒̌̆̊ ̃̏ ̖̃̒̆ ̖̐̑̔̅́Ȣ  

ˏ ̞̓̏̓ ̐̆̑̉̏̅ ̘̋̏̌̉̆̒̓̃̏ ̘̟̖̠̃̒̓̑̆́̉̒̚ ̃̏̅̏̑̏̒̌̆̊ ̉ ̖̉ ̘̝̉̒̌̆̎̎̏̒̓ 
̔̃ ̘̠̆̌̉̉̃́̆̓̒Ȣ ˏ ̐̆̑̃̏̍ ̐̑̔̅̆ ̘̝̉̒̌̆̎̎̏̒̓ ̒̉̎̆-̧̜̖̈̆̌̎̎ ̃̏̅̏̑̏̒̌̆̊ ̒̏̒̓́Ȥ
̃̉̌́ ρςππ-ρτππ ̜̓̒Ȣ ̋̌Ⱦ̌ ̒ ̂̉̏̍́̒̒̏̊ ρψυ-ςρπ ̍̄Ⱦ̌ȢȢ ˔̝̅̆̒ ̃ ̏̒̎̏̃̎̏̍ ̐̑̆̏̂̌́Ȥ
̟̅́̓ Merismopedia elegans ɀ φυ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ Microcystis aeruginosa ɀ ρψπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ 
M.pulverea ɀ ρφπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ Aphanothece elathrata ɀ ςρπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ Oscillatoria 
irrigia  ɀ ρφπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ O.brevis ɀ ρχπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ O.lemmermannii ɀ ρψπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ 
Nodularia spumigena ɀ ςρπ ̜̓̒Ȣ ̋̌Ⱦ̌Ȣ  

ˤ̝̉̒̌̆̎̎̏̒̓ ̧̜̖̈̆̌̎̎ ̃̏̅̏̑̏̒̌̆̊ ̒̏̒̓́̃̉̌́ ɀ ρψππ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ ̂̉̏̍́̒̒́ ɀ 
σφχ ̍̄Ⱦ̌ȟ ̈́ ̧̘̒̓ Palmellocystis planctonica ɀ σψπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ Nautococeus grandis ɀ 
ςψφ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ Oocystis marssonii ɀ ςωπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ O.lacustris ɀ ςππ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ Chlo-
rella vulgaris ɀ φπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ Scenedesmus quadricauda ɀ ςυπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ 
Ankistrodesmus acicularis ɀ ρτπ ̜̓̒Ȣ ̋̌Ⱦ̌ ̉ ̅̑̔̄̉̆Ȣ ˤ̝̉̒̌̆̎̎̏̒̓ ̜̖̅̉́̓̏̍̏̃ ̃ 
̐̆̑̃̏̍ ̐̑̔̅̆ ̜̂̌̉ ɀ ρςππ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ ̂̉̏̍́̒̒́ ɀ στχ ̍̄Ⱦ̌Ȣ  

ˏ̏ ̃̓̏̑̏̍ ̐̑̔̅̆ ̘̝̉̒̌̆̎̎̏̒̓ ̒̉̎̆-̧̜̖̈̆̌̎̎ ̃̏̅̏̑̏̒̌̆̊ ̒̏̒̓́̃̉̌́ ɀ 
ρςφπ ̜̓̒Ȣ ̋̌Ⱦ̌ ̒ ̂̉̏̍́̒̒̏̊ ɀ ρχω ̍̄Ⱦ̌ȟ ̧̜̖̈̆̌̎̎ ̃̏̅̏̑̏̒̌̆̊ ɀ ρωππ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ ́ 
̂̉̏̍́̒̒́ ɀ σχυ ̍̄Ⱦ̌ȟ ̜̖̅̉́̓̏̍̏̃ ɀ ρρππ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ ̂̉̏̍́̒̒́ ɀ 298 
̍̄Ⱦ̌Ȣˤ̝̉̒̌̆̎̎̏̒̓ ̒̉̎̆-̧̜̖̈̆̌̎̎ ̃̏̅̏̑̏̒̌̆̊ ̃ ̝̓̑̆̓̆̍ ̐̑̔̅̆ ̝̏̋́̈́̌́̒ ɀ 1490 
̜̓̒Ȣ ̋̌Ⱦ̌ȟ ̒ ̂̉̏̍́̒̒̏̊ ɀ ςτφ ̍̄Ⱦ̌ȟ ̧̜̖̈̆̌̎̎ ɀ ρωψπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ ̂̉̏̍́̒̒́ ɀ 371 
̍̄Ⱦ̌ȟ ̜̖̅̉́̓̏̍̏̃ ɀ ρςφπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ ̂̉̏̍́̒̒́ ɀ σςχ ̍̄Ⱦ̌Ȣ  

ˏ ̌̆̓̎̉̊ ̐̆̑̉̏̅ ̘́̒̓̏ ̘̝̃̒̓̑̆́̌̉̒ ̐̑̆̅̒̓́̃̉̓̆̌̉ ̞̜̖̃̄̌̆̎̏̃ ̉ ̅̉̎̏̉̕Ȥ
̜̖̓̏̃ ̃̏̅̏̑̏̒̌̆̊Ȣ ˤ̝̉̒̌̆̎̎̏̒̓ ̞̜̖̃̄̌̆̎̏̃ ̃̏̅̏̑̏̒̌̆̊ ̃ ̐̆̑̃̏̍ ̐̑̔̅̆ ̒̏̒̓́Ȥ
̃̉̌ ɀ χψπ ̜̓̒Ȣ ̋̌Ⱦ̌ ̒ ̂̉̏̍́̒̒̏̊ ɀ ςψς ̍̄Ⱦ̌ȟ ̃̏ ̃̓̏̑̏̍ ̐̑̔̅̆ ɀ ωςπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ 
̂̉̏̍́̒̒́ ɀ σφς ̍̄Ⱦ̌ȟ ̃ ̝̓̑̆̓̆̍ ̐̑̔̅̆ ̘̝̉̒̌̆̎̎̏̒̓ ̝̏̋́̈́̌́̒ ɀ ρρππ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ 
̂̉̏̍́̒̒́ ɀ ττσ ̍̄Ⱦ̌Ȣ 

ˏ̉̅́̍̉ ̞̜̖̃̄̌̆̎̏̃ ̃̏̅̏̑̏̒̌̆̊ ̠̠̟̠̃̌̓̒ȡ  
Euglena caudata ̘̝̉̒̌̆̎̎̏̒̓ ̜̖̋̏̓̏̑ ɀ ρψπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ E. caudata var. 

minor  ɀ ρως ̜̓̒Ȣ ̋̌Ⱦ̌ȟ E. bucharica ɀ ρτχ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ E. oxyuris ɀ ρφπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ E. 
acus ɀ ςυρ ̜̓̒Ȣ ̋̌Ⱦ̌ ̉ ̓Ȣ̐Ȣ ˏ̒̆ ̞̓̉ ̜̔̋́̈́̎̎̆ ̃̏̅̏̑̏̒̌̉ ́̋̓̉̃̎̏ ̘̟̔́̒̓̃̔̓ ̠̅̌ 
̘̏̉̒̓̋̉ ̜̃̏̅Ȣ ˠ ̞̖̓̉ ̃̏̅̏̑̏̒̌̆̊ ̃̆̒̎̏̊ ̘̝̉̒̌̆̎̎̏̒̓ ̜̂̌́ ̎̉̈̋̏̊ȟ ̞̐̏̓̏̍̔ ̃ 
̞̓̏̓ ̐̆̑̉̏̅ ̜̅́̎̎̆ ̐̏ ̘̉̒̌̆̎̎̏̒̓̉ ̉ ̜̂̉̏̍́̒̒ ̎̆ ̐̑̉̃̏̅̉̍Ȣ  

˛̝̟̒̆̎ ɉ̃ ̠̒̆̎̓̂̑̆Ɋ ̞̘̋̏̌̏̄̉̆̒̋̉̆ ̠̔̒̌̏̃̉ ̘̐̏̓̉ ̎̆ ̘̟̠̏̓̌̉́̓̒ ̏̓ ̋̏̎Ȥ
̗́ ̌̆̓́ȟ ̓̆̍̐̆̑́̓̔̑́ ̜̃̏̅ ̜̂̌́ ςχ-30  ̏ ˞ȢȢ ˏ ̞̓̏ ̠̃̑̆̍ ̘̝̉̒̌̆̎̎̏̒̓ ̒̉̎̆-
̧̜̖̈̆̌̎̎ ̃ ̐̆̑̃̏̍ ̐̑̔̅̆ ̒̏̒̓́̃̉̌́ ɀ υφπ ̜̓̒Ȣ ̋̌Ⱦ̌ ̒ ̂̉̏̍́̒̒̏̊ ωω ̍̄Ⱦ̌Ȣ 

˔̧̜̖̆̌̎̎ ̃̏̅̏̑̏̒̌̆̊ ɀ ρρυπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ ̂̉̏̍́̒̒́ ɀ ςρτ ̍̄Ⱦ̌ȟ ̜̖̅̉́̓̏̍̏̃ 
̃̏̅̏̑̏̒̌̆̊ ɀ φυπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ ̂̉̏̍́̒̒́ ɀ ρωφ ̍̄Ⱦ̌ȢȢ  ˏ ̏̒̎̏̃̎̏̍ ̟̐̑̆̏̂̌́̅́̓ ̓̆ 
̇̆ ̃̏̅̏̑̏̒̌̉ȟ ̘̓̏ ̉ ̃ ̌̆̓̎̉̊ ̐̆̑̉̏̅ȟ ̓́̋̉̆ ̋́̋ Merismopedia elegans ɀ ̘̉̒̌̆̎Ȥ
̝̎̏̒̓ ɀ φς ̜̓̒Ȣ ̋̌Ⱦ̌ȟ Microcystis aeruginosa ɀ ρπψ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ Oscillatoria irrigna  ɀ 
ρπσ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ Oscillatoria brevis ɀ ρρς ̜̓̒Ȣ ̋̌Ⱦ̌ ̉̈ ̒̉̎̆-̧̜̖̈̆̌̎̎ȟ Palmellocystis 
planctonica ɀ ςψρ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ Nautococcus grandis ɀ ρψτ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ Chlorella 
vulgaris ɀ ρωσ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ Oocystis marssonii ɀ ρωφ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ Coelastrum 
microporum ɀ ρρτ ̜̓̒Ȣ ̋̌Ⱦ̌ ̉ ̅̑̔̄̉̆ ̉̈ ̧̜̖̈̆̌̎̎ȟ Cyclotella kuetrizingiana ɀ 61 
̜̓̒Ȣ ̋̌Ⱦ̌ȟ C. meneghiniana ɀ ττ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ Diatoma vulgare ɀ υφ ̜̓̒Ȣ̋̌Ⱦ̌ȟ Cocconeis 
placentula ɀ υπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ Navicula cryptocephola ɀ φπ ̜̓̒Ȣ ̋̌Ⱦ̌ ̉ ̅̑̔̄̉̆ ̉̈ ̅̉́Ȥ
̜̖̓̏̍̏̃ ̃̏̅̏̑̏̒̌̆̊Ȣ ˤ̝̉̒̌̆̎̎̏̒̓ ̒̉̎̆-̧̜̖̈̆̌̎̎ ̃̏̅̏̑̏̒̌̆̊ ̃̏ ̃̓̏̑̏̍ ̐̑̔̅̆ 
̜̂̌́ ɀ ψψπ ̜̓̒Ȣ ̋̌Ⱦ̌ ̒ ̂̉̏̍́̒̒̏̊ ɀ ρχφ ̍̄Ⱦ̌Ȣ ˕̈ ̧̜̖̈̆̌̎̎ ̃̏̅̏̑̏̒̌̆̊ ɀ 1385 
̜̓̒Ȣ ̋̌Ⱦ̌ȟ ̂̉̏̍́̒̒́ ɀ ςφπ ̍̄Ⱦ̌ȟ ̜̖̅̉́̓̏̍̏̃ ɀ ωππ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ ̂̉̏̍́̒̒́ ɀ 271 
̍̄Ⱦ̌Ȣ ˏ ̝̓̑̆̓̆̍ ̐̑̔̅̆ ̒̉̎̆-̧̜̖̈̆̌̎̎ ̃̏̅̏̑̏̒̌̆̊ ̉̍̆̆̓ ɀ ωχυ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ ̂̉̏̍́̒Ȥ
̒́ ɀ ρψυ ̍̄Ⱦ̌ȟ ̧̜̖̈̆̌̎̎ ɀ ρτππ ̜̓̒Ȣ ̋̌Ⱦ̌ ̒ ̂̉̏̍́̒̒̏̊ ɀ ςχρ ̍̄Ⱦ̌ȟ ̜̖̅̉́̓̏̍̏̃ ɀ 
ωχπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ ̂̉̏̍́̒̒́ ɀ ςωσ ̍̄Ⱦ̌Ȣ  ̝ ̝̅̆̒ ̟̐̑̆̏̂̌́̅́̉̍̉̚ ̠̠̟̠̃̌̓̒ ̓̆ ̇̆ ̃̏Ȥ
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̅̏̑̏̒̌̉ȟ ̜̋̏̓̏̑̆ ̄̏̒̐̏̅̒̓̃̏̃́̌̉ ̃ ̐̆̑̃̏̍ ̐̑̔̅̆Ȣ ˛̅̎́̋̏ȟ ̐̏ ̘̃̒̓̑̆́̆̍̏̒̓̉ ̉ 
̘̉̒̌̆̎̎̏̒̓̉ ̐̏ ̟̒̑́̃̎̆̎̉ ̒ ̜̐̆̑̃̍ ̐̑̔̅̆ ̝̙̂̏̌̆Ȣ  

ˏ ̞̓̏̓ ̐̆̑̉̏̅ ̘̃̒̓̑̆́̆̍̏̒̓̉ ̉ ̘̉̒̌̆̎̎̏̒̓̉ ̞̜̖̃̄̌̆̎̏̃ ̃̏̅̏̑̏̒̌̆̊ ̋̑̏Ȥ
̍̆ ̐̆̑̃̏̄̏ ̐̑̔̅́ ̘̐̏̓̉ ̜̂̌̏ ̏̅̉̎́̋̏̃̏̊Ȣ ˏ ̐̆̑̃̏̍ ̐̑̔̅̆ ̘̝̉̒̌̆̎̎̏̒̓ ̏̋́̈́Ȥ
̝̌́̒ ɀ τρς ̜̓̒Ȣ ̋̌Ⱦ̌ȟ ̂̉̏̍́̒̒́ ɀ ρψφ ̍̄Ⱦ̌Ȣ ˤ̝̉̒̌̆̎̎̏̒̓ ̃̏ ̃̓̏̑̏̍ ̐̑̔̅̆ ̠̠̃̌Ȥ
̝̌́̒ ɀ υρψ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ ̂̉̏̍́̒̒́ ɀ ςρπ ̍̄Ⱦ̌ȟ ̃ ̝̓̑̆̓̆̍ ̐̑̔̅̆ ̘̝̉̒̌̆̎̎̏̒̓ ɀ 720 
̜̓̒Ȣ ̋̌Ⱦ̌ȟ ̂̉̏̍́̒̒́ ɀ σρψ ̍̄Ⱦ̌Ȣ  ˏ̏ ̃̓̏̑̏̊ ̐̏̌̏̃̉̎̆ ̠̠̎̏̂̑ ̓̆̍̐̆̑́̓̔̑́ ̜̃̏̅ 
̜̂̌́ ρπ-12̏˞ ȟ ̐̑̉ ̓̆̍̐̆̑́̓̔̑̆ ̖̃̏̈̅̔́ ρτ-16  ̏˞ Ȣ  

ˏ ̞̓̏ ̠̃̑̆̍ ̃̏ ̖̃̒̆ ̖̐̑̔̅́ȟ ̋́̋ ̃ ̘̎́́̌̆ ̜̃̆̒̎ȟ ̐̑̆̏̂̌́̅́̌̉ ̘̐̏̓̉ ̖̏̌̏Ȥ
̟̜̅̏̌̂̉̃̆ ̃̏̅̏̑̏̒̌̉ȟ ̓́̋̉̆ ̋́̋ Melosira islandica, Cyclotella comta, 
Stephanodiscus hantzschii, Synedra ulna, Navicula radiosa ̉ ̅̑̔̄̉̆ ̉̈ ̜̖̅̉́̓̏̍̏̃ 
̃̏̅̏̑̏̒̌̆̊ȟ ̘̝̉̒̌̆̎̎̏̒̓ ̜̖̋̏̓̏̑ ̃ ̐̆̑̃̏̍ ̐̑̔̅̆ ̜̂̌́ ɀ φψπ ̜̓̒Ȣ ̋̌Ⱦ̌ȟ ̂̉̏̍́̒Ȥ
̒́ ɀ ςφχ ̍̄Ⱦ̌ȟ ̒ ̟̒̏̐̔̓̒̓̃̔̉̍̉̚ ̠̐̑̆̅̒̓́̃̉̓̆̌̍̉ ̧̜̖̈̆̌̎̎ ̃̏̅̏̑̏̒̌̆̊ 

h˞lamydomonas atactogama, Ch. simplex, Ch. nostagama, Scenedesmus qyadricauda, 
̘̝̉̒̌̆̎̎̏̒̓ ̜̖̋̏̓̏̑ ̠̒̏̒̓́̃̌̆̓ ɀ ρυπ ̜̓̒Ȣ ̋̌Ⱦ̌ ̒ ̂̉̏̍́̒̒̏̊ ɀ τφ ̍̄Ⱦ̌Ȣ  

˔̉̍̏̊ ̃ ̠̒̃̈̉ ̒ ̐̏̎̉̇̆̎̉̆̍ ̜̓̆̍̐̆̑́̓̔̑ȟ ̘̒̏̌̎̆̎̏̄̏ ̠̏̒̃̆̆̎̉̚ ̑́̈̃̉Ȥ
̓̉̆ ̝̙̂̏̌̉̎̒̓̃́ ̟̜̖̓̆̐̌̏̌̂̉̃ ̃̉̅̏̃ ̃̏̅̏̑̏̒̌̆̊ ̘̝̈̎́̉̓̆̌̎̏ ̝̙̠̔̍̆̎́̆̓̒ȟ 
̅́̇̆ ̝̙̂̏̌̉̎̒̓̃̏ ̉̈ ̖̎̉ ̃ ̞̓̏̓ ̐̆̑̉̏̅ ̎̆ ̜̂̌̏ ̏̂̎́̑̔̇̆̎̏Ȣ ˏ ̞̓̏ ̠̃̑̆̍ ̐̑̆Ȥ
̏̂̌́̅́̆̓ ̃ ̏̒̎̏̃̎̏̍ ̜̅̉́̓̏̍̏̃̆ ̃̏̅̏̑̏̒̌̉ ̒ ̝̟̐̑̉̍̆̒ ̧̜̖̈̆̌̎ ̃̏̅̏̑̏̒̌̆̊Ȣ 
˚̜̆̋̏̓̏̑̆ ̒̉̎̆-̧̜̖̈̆̌̎ ̉ ̞̜̖̃̄̌̆̎̏̃ ̃̏̅̏̑̏̒̌̆̊ ̘̏̓̍̆̆̎̏ ̑̆̅̋̏ ̉ ̘̆̅̉̎̉̎̏Ȣ 
˔̉̍̏̊ ̃̒̆̄̏ ̒̉̎̆-̧̜̖̈̆̌̎ ̃̏̅̏̑̏̒̌̆̊ ̏̂̎́̑̔̇̆̎̏ ɀ ψ ̃̉̅̏̃ȟ ́ ̞̜̖̃̄̌̆̎̏̃ ɀ 5 
̃̉̅̏̃ȟ ̐̑̆̅̒̓́̃̉̓̆̌̉ ̜̖̅̉̎̏̉̓̏̃̕ ̃ ̞̓̏̓ ̐̆̑̉̏̅ ̒̏̃̒̆̍ ̎̆ ̜̂̌̏ ̘̏̓̍̆̆̎̏Ȣ  
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CHANGES IN ABUNDANCE AND BIOMASS DUE TO SEASONAL CHANGES BIOPONDS 

 
F.M. Nazarova, M.I. Mustafaeva 

 
Abstract : During the studied period, the highest abundance and biomass of algae 

reached in late spring, summer and early autumn, with the highest abundance and biomass of 
summer is celebrated, the second place is occupied by the fall, then spring. The least number of 
notes in the winter. In winter, due to the decrease in temperature, sunlight development of 
most thermophilic species of algae is considerably reduced, even the majority of them were 
found in this period. At this time, it dominated mainly diatoms with a dash of green algae. 

Keywords : pond, algae flora algoflora, saprobity, systematics, filtering, season. 
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ˡȢ˙Ȣ ˚́̈́̑̏̃́1ȟ ˙Ȣ˕Ȣ ˙̔̒̓́́̆̃́̕2 

 
ˍ̗̠̎̎̏̓́̉ 

 
˛̅̎̏̄̏ ̉̈ ̙̖̃́̇̎̆̊̉ ́̋̓̏̑̏̃̕ ̠̅̌ ̠̑́̈̃̉̓̉ ̉ ̑́̒̐̑̆̅̆̌̆̎̉̆ ̃̏̅̏̑̏̒Ȥ

̌̆̊ ̠̏̂́̚ ̗̠̍̉̎̆̑́̌̉̈́̉ ̜̃̏̅ȟ ̝̒́̐̑̏̂̎̏̒̓ȟ ̘̝̔̒̓̏̊̉̃̏̒̓ ̋ ̓̆̍̐̆̑́̓̔̑̆ ̉ 
̞̘̋̏̌̏̄̉̆̒̋̉̆ ̜̈̏̎ ̂̉̏̐̑̔̅̏̃Ȣ  
 
˗̟̘̜̌̆̃̆ ̒̌̏̃́ȡ ̒ ̘̝̏̌̆̔̒̓̏̊̉̃̏̒̓ȟ ̂̆̎̓̏̒ȟ ̐̌́̎̋̓̏̎ȟ ̝́̌̄̏̌̏̑́̕ȟ ̒ ̆̈̏̎. 

 
˜̏ ̖́̑́̋̓̆̑̔ ̠̏̂̉̓́̎̉ ̃̏̅̏̑̏̒̌̆̊ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̑̔̅́ ̘̝̜̖̏̉̒̓̉̓̆̌̎ 

̒̏̏̑̔̇̆̎̉̊ ̄Ȣ ˎ̖̜̔́̑ ̍̏̇̎̏ ̝̑́̈̅̆̌̉̓ ̎́ ̜̐̌́̎̋̓̏̎̎̆ȟ ̐̌́̎̋̓̏̎̎̏̆ ɀ ̂̆̎Ȥ
̜̓̏̒̎̆ ̉ ̜̂̆̎̓̏̒̎̆Ȣ ˗ ̜̐̌́̎̋̓̏̎̎̍ ̠̃̏̅̏̑̏̒̌̍ ̠̠̏̓̎̏̒̓̒ ρρς ̓́̋̒̏̎̏̃Ȣ ˕̈ 
̜̖̋̏̓̏̑ ̐̆̑̃̏̆ ̍̆̒̓̏ ̟̈́̎̉̍́̓ ̜̈̆̌̆̎̆ ɉυσɊȟ ̈́̓̆̍ ̜̒̉̎̆̈̆̌̆̎̆ ɉςςɊȟ ̞̃̄̌̆Ȥ
̜̎̏̃̆ɉρψɊȟ ̜̅̉́̓̏̍̏̃̆ ɉρςɊȟ ̜̅̉̎̏̉̓̏̃̆̕ ɉχɊȢ ɉ̓́̂̌Ȣ 1) 

˟̘̉̐̉̎̏ ̜̐̌́̎̋̓̏̎̎̍ ̠̃̏̅̏̑̏̒̌̍ ̠̠̏̓̎̏̒̓̒ -ÅÒÉÓÍÏÐÅÄÉÁ ÔÅÎÕÉÓÓÉÍÁȟ 
Microcystis aeruginosa, M.aeruginosa f.flos aguae, #ÏÅÌÏÓÐÈÁÅÉÕÍ ËÕÅÔÚ ÚÉÎÇÉÁÎÕÍ ̉ 
̅̑̔̄̉̆ ̉̈ ̜̖̒̉̎̆̈̆̌̆̎Ƞ 0ÁÌÍÅÌÌÏÃÕÓÔÉÓ planctonica, Pediastrum duplex, P.simplex, 
#ÈÌÁÍÉÄÏÍÏÎÁÓ ÍÏÎÁÄÉÎÁȟ #ÈȢÇÌÏÂÏÓÁȟ !ÎËÉÓÔÒÏÄÅÓÍÕÓ ÁÎÇÕÓÔÒÉÓ ̉ ̍̎̏̄̉̆ ̅̑̔̄̉̆ 
̉̈ ̜̖̈̆̌̆̎Ƞ -ÅÌÏÓÉÒÁ ÖÁÒÉÁÎÓȟ -ȢÉÓÌÁÎÄÉÃÁȟ #ÙÃÌÏÔÅÌÌÁ ËÕÅÔÚÉÎÇÉÁÎÁ ̉ ̅̑̔̄̉̆ ̉̈ 
̜̖̅̉́̓̏̍̏̃Ƞ %ÕÇÌÅÎÁ ÃÁÕÄÁÔÁȟ  %ȢÂÕÃÈÁÒÉÃÁ ̉ ̅̑̔̄̉̆ ̉̈ ̞̜̖̃̄̌̆̎̏̃Ƞ 'ÌÅÎÉÄÉÎÉÕÍ 
ÂÏÒÇÅÉȟ 0ÅÒÉÄÉÎÉÕÍ ÃÉÎÃÔÕÍ ̉ ̅̑̔̄̉̆ ̉̈ ̜̖̅̉́̓̏̍̏̃ ̃̏̅̏̑̒̌̆̊Ȣ ˜̌́̎̋̓̏̎̎̏-
̜̖̂̆̎̓̏̒̎ ̠̠̏̓̎̏̒̓̒ ρφφ ̓́̋̒̏̎̏̃ȟ ̉̈ ̜̖̋̏̓̏̑ ̜̒̉̎̆̈̆̌̆̎̆ ɀ υωȟ ̜̅̉́̓̏̍̏̃̆ ɀ
υςȟ ̞̜̃̄̌̆̎̏̃̆ ɀ ρςȟ ̜̈̆̌̆̎̆ τπ ̜̅̉̎̏̉̓̏̃̆̕ ɀ σ ̃̉̅́Ȣ 

˗ ̐̌́̎̋̓̏̎̏-̜̂̆̎̓̏̒̎̍ ̠̃̏̅̏̑̏̒̌̍ ̠̠̟̠̃̌̓̒ ɀ Gloeocapsa turgida, Ana-
baena variabilis, Oscillatoria brevis, O.limosa ̉ ̅̑̔̄̉̆ ̜̒̉̎̆̈̆̌̆̎̆Ƞ Heleochoris 
pallida, Chaetopelis orbicularis, Botryococcus braunii , Cosmarium naui, Scenedesmus 
quadricauda ̉ ̓Ȣ ̅Ȣ ̉̈ ̜̖̈̆̌̆̎Ƞ Diatoma vulgare, Rhiosphenia curvata, Anomoeoneis 
sphaerophora, Gyrosigma acuminatum, Navicula radiosa, Pinnularia gibba, 
Gomphonema olivaceum ̉ ̅̑̔̄̉̆ ̉̈ ̜̖̅̉́̓̏̍̏̃Ƞ Eutreptia lonowii , Colasium 
vesiculosium ̉  ̅̑̔̄̉̆ ̉̈ ̞̜̖̃̄̌̆̎̏̃ ̃̏̅̏̑̏̒̌̆̊Ȣ 

˛̜̖̂̎́̑̔̇̆̎̎ ̃̏̅̏̑̏̒̌̆̊ ̝̓̏̌̋̏ ̠̅̌ ̂̆̎̓̏̒́ ̖̜́̑́̋̓̆̑̎ χω ̃̉̅̏̃ ̉ 
̏̑̍̕ ̃̏̅̏̑̏̒̌̆̊ȟ ̉̈ ̜̖̋̏̓̏̑ ̜̒̉̎̆̈̆̌̆̎̆ ɀςτȟ ̜̅̉́̓̏̍̏̃̆ ɀ σφȟ ̜̈̆̌̆̎̆ ɀ19. 

 

˟̗́̂̌̉́ ρ 
˪̘̠̋̏̌̏̄̉̆̒̋́ ̄̑̔̐̐́ ̃̏̅̏̑̏̒̌̆̊ȟ ̘̟̖̠̃̒̓̑̆́̉̒̚  
̃ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̑̔̅́ ̘̜̖̏̉̒̓̎ ̒̏̏̑̔̇̆̎̉̊ 

 

˛̜̓̅̆̌ ̃̏̅̏̑̏̒̌̆̊ 
ˏ ̐̌́̎̋̓̏̎̆ 

ˏ ̐̌́̎̋̓̏̎̆ ̉ ̂ ̆̎Ȥ
̓̏̒̆ 

ˏ ̂̆̎̓̏̒̆ 

́̂̒ % ́̂̒ % ˍ̂̒ % 
Cyanophyta 22 20 59 36 24 30 
Dinophyta 7 6 3 2 -  
Bacillariophyta 12 11 52 31 36 46 
Euglenophyta 18 16 12 7 -  
Chlorophyta 53 47 40 24 19 24 

ˏ̒̆̄̏ 112 100 166 100 79 100 

 
 ˏ̘̝̜̖̏̉̒̓̉̓̆̌̎ ̠̒̏̏̑̔̇̆̎̉ ̖̘̖̂̉̏̌̏̄̉̆̒̋̉ ̐̑̔̅̏̃ ̄Ȣ ˎ̖̔́̑́ ̘̃̒̓̑̆́Ȥ

̟̠̓̒ ̜̐̌́̎̋̓̏̎̎̆ȟ ̐̌́̎̋̓̏̎̎̏-̜̂̆̎̓̏̒̎̆ ̉ ̜̂̆̎̓̏̒̎̆ ̃̏̅̏̑̏̒̌̉ ̏̂̎́̑̔̇̆̎ ̜
̓́̋̇̆ ̉ ̃ ̖̅̑̔̄̉ ̖̃̏̅̏̆̍́ ˠ̈̂̆̋̉̒̓́̎́ȟ ˞̑̆̅̎̆̊ ˍ̈̉̉ ̉ ̖̒̓̑́̎́ ˞˚ːȢ ˏ ̘̏̉̒̓̉Ȥ

                                                           
1˚́̈́̑̏̃́ ˡ̆̑̔̈́ ˙̖̔́̍̆̅̇́̎̏̃̎́ ɀ ̙̒̓́̑̉̊ ̝̐̑̆̐̏̅́̃́̓̆̌ ̜̋́̆̅̑̕ ̞̋̏̌̏̄̉̉ 

ˎ̖̔́̑̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ  
2˙̔̒̓́́̆̃́̕ ˙́̍̌́̋́̓ ˕̒̍́̉̌̏̃̎́ ɀ ̋́̎̅̉̅́̓ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̎́̔̋ȟ ̗̅̏̆̎̓ 

̋́̆̅̑̕ ̜̂ ̉̏̌̏̄̉̉ȟ ˎ̖̔́̑̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 
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̝̜̖̓̆̌̎ ̠̖̒̏̏̑̔̇̆̎̉ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̐̑̔̅̏̃ ̟̐̏̐́̅́̓ ˎ̖̔́̑̒̋̏̊ ̄̏̑̏̅̒̋̏̊ 
̝̋̏̍̍̔̎́̌̎̏-̜̜̂̓̏̃̆ ̉ ̅̑̔̄̉̆ ̘̜̒̓̏̎̆ ̜̃̏̅Ȣ 

ˏ ̈́̃̉̒̉̍̏̒̓̉ ̏̓ ̒̓̆̐̆̎̉ ̠̠̈́̄̑̈̎̆̎̉ ̐̏ ̜̌̉̓̆̑́̓̔̑̎̍ ̉ ̒̃̏̉̍ ̜̅́̎̎̍ 
̍̏̇̎̏ ̜̝̃̅̆̌̉̓ ̟̒̌̆̅̔̉̆̚ ̜̒́̐̑̏̂̎̆ ̜̄̑̔̐̐ȡ ̜̋̒̆̎̏̒́̐̑̏̂̎̆ȟ ̏̌̉̄̏̒́̐̑̏̂Ȥ
̜̎̆ȟ ̠̍̆̈̏̒́̐̑̏̂̎́ȟ ̝́̌́̕-̠̍̆̈̏̒́̐̑̏̂̎́ȟ ̂̆̓̏-̠̍̆̈̏̒́̐̑̏̂̎́ȟ ˍ̝̌́̕-̂̆̓́ 
̠̍̆̈̏̒́̐̑̏̂̎́ȟ ̠̐̏̌̉̒́̐̑̏̂̎́ȟ ̏̌̉̄̏-̂̆̓́ ̠̍̆̈̏̒́̐̑̏̂̎́ȟ ̝́̌́̕ ̍̆̈̏̒́̐̑̏̂Ȥ
̠̎́ȟ ̍̆̈̏-̠̏̌̉̄̏̒́̐̑̏̂̎́ȟ ̏̌̉̄̏-̠̍̆̈̏̒́̐̑̏̂̎́ ̉ ̓Ȣ̅Ȣ 

˛̅̉̎ ̉̈ ̙̖̃́̇̎̆̊̉ ́̋̓̏̑̏̃̕ ̠̅̌ ̠̑́̈̃̉̓̉ ̉ ̑́̒̐̑̆̅̆̌̆̎̉̆ ̃̏̅̏̑̏̒̌̆̊ 
̠̠̠̃̌̆̓̒ ̠̏̂́̚ ̗̠̍̉̎̆̑́̌̉̈́̉ ̜̃̏̅Ȣ ˏ ̈́̃̉̒̉̍̏̒̓̉ ̏̓ ̗̍̉̎̆̑́̌̉̈́̉̉ ̜̃̏̅ 
̃̏̅̏̑̏̒̌̉ ̍̏̇̎̏ ̝̑́̒̐̑̆̅̆̌̉̓ ̎́ ̜̐̑̆̒̎̏̃̏̅̎̆ȟ ̐̑̆̒̎̏̃̏̅̎̏-̒̏̌̏̎̏̃́̓̏ 
̜̃̏̅̎̆ȟ ̒̏̌̏̎̏̃́̓̏ ̜̃̏̅̎̆ ̉ ̜̒̏̌̆̎̆Ȣ 

˞̝̏̌̆̎̏̒̓ ̜̃̏̅ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̔̅́ ̘̝̜̖̏̉̒̓̉̓̆̌̎ ̒̏̏̑̔̇̆̎̉̉ ̋̏̌̆̂Ȥ
̠̌̆̓̒ ̏̓ ρυψπ ̅̏ ςψππ ̍̄Ⱦ̌ȟ ̓Ȣ̆Ȣ ̏̓ ̐̑̆̒̎̏̃̏̅̎̏-̒̏̌̏̎̏̃́̓̏ ̜̃̏̅̎̍ ̅̏ ̒̏̌̏̎̏Ȥ
̃́̓̏ ̜̖̃̏̅̎Ȣ 

˜̑̉ ́̎́̌̉̈̆ ̘̜̖̏̓̍̆̆̎̎ ̎́̍̉ ̃̏̅̏̑̏̒̌̆̊ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̑̔̅́ ̘̏̉Ȥ
̝̜̖̒̓̉̓̆̌̎ ̒̏̏̑̔̇̆̎̉̊ ̐̏ ̜̌̉̓̆̑́̓̔̑̎̍ ̜̅́̎̎̍ ɉ̜̃̐̔̒̋ Ⱥ˛̐̑̆̅̆̌̉̓̆̌̉ 
̜̖̐̑̆̒̎̏̃̏̅̎ ̃̏̅̏̑̏̒̌̆̊ ˞˞˞˝Ȼ ρωυρ-ρωψς̄̄Ȣȟ Ⱥ˛̝̐̑̆̅̆̌̉̓̆̌ ̜̖̐̑̏̓̏̋̏̋̋̏̃ 
̃̏̅̏̑̏̒̌̆̊ ˞̑̆̅̎̆̊ ˍ̈̉̉Ȼȟ ρωψχȟρωψψȟ Ⱥ ˛̝̐̑̆̅̆̌̉̓̆̌ ̜̖̒̉̎̆̈̆̌̆̎̎ ̃̏̅̏̑̏̒Ȥ
̌̆̊ ˞̑̆̅̎̆̊ ˍ̈̉̉Ȼȟ ρωψχȟρωψψ̄̄ȢɊ ̜̠̝̃̒̎̉̌̏̒ȟ ̘̓̏ ̉̈ ̃̏̅̏̑̏̒̌̆̊ ̜̖̏̂̎́̑̔̇̆̎̎ 
̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̔̅́ ̘̝̜̖̏̉̒̓̉̓̆̌̎ ̒̏̏̑̔̇̆̎̉̊ φπ ̃̉̅̏̃ ̉ ̏̑̍̕ ̠̠̏̓̎̏̒̓̒ 
̜̐̑̆̒̎̏̃̏̅̎̍Ȣ ˕̈ ̜̖̋̏̓̏̑ ̜̒̉̎̆̈̆̌̆̎̎̆ ɀ ρσȟ ̜̅̉́̓̏̍̏̃̆ ɀ ςπȟ ̞̜̃̄̌̆̎̏̃̆ ɀ 
χȟ ̜̈̆̌̆̎ ̆ɀ ςπ ɉ̓́̂̌Ȣ) 

˗ ̐̑̆̒̎̏̃̏̅̎̏-̜̒̏̌̏̎̏̃́̓̏̃̏̅̎̍ ̠̠̏̓̎̏̒̓̒ ɀςτπ ̓́̋̒̏̎̏̃ȟ ̉̈ ̖̎̉ ̒̉̎̆Ȥ
̜̈̆̌̆̎̆ ɀ χτȟ ̜̅̉́̓̏̍̏̃̆ ɀ φςȟ ̜̅̉̎̏̉̓̏̃̆̕ ɀ ψȟ ̞̜̃̄̌̆̎̏̃̆ ɀ 18, ̜̈̆̌̆̎̆ ɀ 75. 
˕̈ ̜̖̏̂̎́̑̔̇̆̎̎ ̃̏̅̏̑̏̒̌̆̊ υχ ̃̉̅̏̃ ̠̠̠̃̌̆̓̒ ̒̏̌̏̎̏̃́̓̏ ̜̃̏̅̎̍ȟ ̉̈ ̋̏̓̏Ȥ
̜̑ ̖̜̒̉̎̆̈̆̌̆̎̆ ɀ 17, ̅ ̜̉́̓̏̍̏̃̆ ɀ ρυȟ ̜̅̉̎̏̉̓̏̃̆̕ ɀ ςȟ ̞̜̃̄̌̆̎̏̃̆ ɀ υȟ ̈̆̌̆Ȥ
̜̎ ̆ɀ ρχ ̃̏̅̏̑̏̒̌̆̊Ȣ 

˗ ̜̐̑̆̒̎̏̃̏̅̎̍ ̠̃̏̅̏̑̏̒̌̍ ̠̠̏̓̎̏̒̓̒ȡ Merismopedia tennissima, 
Culindrocapsa alatosporum, C.alatosporum f.bucharicum, Coelosphaerium 
ËÕÅÔÚÉÎÇÉÁÎÕÍȟ 3ÐÉÒÕÌÉÎÁ ÍÉÎÉÍÁ ̉ ̅̑̔̄̉̆ ̉̈ ̒̉̎̆-̜̖̈̆̌̆̎̎ȟ Melosira varians, M. 
granulata, Diatoma elongatum, Stephanodiscus hanzshia ̉ ̅̑̔̄̉̆ ̉̈ ̜̖̅̉́̓̏̍̏̃ȟ 
Euglena viridis , E. terricolaȟ 0ÈÁÃÕÓ ÐÌÅÕÒÏÎÅÃÔÕÓ ̉ ̅̑̔̄̉̆ ̉̈ ̞̜̖̃̄̌̆̎̏̃ȟ Chlorella 
pyronoidosa, Nautococcus grandis, Cruigenia guadrata ̉ ̅̑̔̄̉̆ ̉̈ ̜̖̈̆̌̆̎̎ ̃̏̅̏Ȥ
̑̏̒̌̆̊Ȣ 

˕̈ ̜̖̏̂̎́̑̔̇̆̎̎ ̜̖̐̑̆̒̎̏̃̏̅̎ ̃̏̅̏̑̏̒̌̆̊ ̐̆̑̃̏̆ ̍̆̒̓̏ ̟̈́̎̉̍́̓ ̅̉́Ȥ
̜̓̏̍̏̃̆ ̉ ̜̈̆̌̆̎̆ ̃̏̅̏̑̏̒̌̉Ȣ ˗ ̃̒̓ ̘̟̠̑̆́̉̍̒̚ ̐̑̆̒̎̏̃̏̅̎̏-
̜̒̏̌̏̎̏̃́̓̏̃̏̅̎̍ ̠̠̏̓̎̏̒̓̒ ςτπ ̃̉̅̏̃ ̉ ̏̑̍̕ ̃̏̅̏̑̏̒̌̆̊Ȣ ˕̈ ̜̖̋̏̓̏̑ ̃̆̅̔Ȥ
̆̆̚ ̍̆̒̓̏ ̟̈́̎̉̍́̓ ̜̈̆̌̆̎̆ ɉχυɊ ̉ ̜̒̉̎̆̈̆̌̆̎̆ ɉχτɊȟ ̈́̓̆̍ ̜̅̉́̓̏̍̏̃̆ɉφυɊȟ 
̓́̋̉̍̉ ̝̏̋́̈́̌̏̒ ɀ Merismopedia glauca, Microcystis aerginosa, Gloecapsa magma, 
Gomphosphaeria apenina, Anabaena sphaerica, Oscillatoria brevis ̉ ̍̎̏̄̏̆ ̅̑̔̄̏̆ 
̉ ̈ ̜̖̒̉̎̆̈̆̌̆̎ȟ Melosira islandica, Diatoma vulgare, Synedra ulna, Diploneis 
pseudoovalis, navicula radiosa ̉ ̅̑ ̉̈ ̜̖̅̉́̓̏̍̏̃Ƞ Trachelomonos volvocina, Eu-
glena gracilis, E.velata, E. oxyuris, Phacus caudatus, Colacium vesuculosum ̉ ̅̑̔̄̉̆ 
̉̈ ̞̜̖̃̄̌̆̏̃ȟ Glenodinium penardii, G. borgei, Peridinium cinctrum ̉ ̅̑̔̄̉̆ ̉̈ ̅̉Ȥ
̜̖̎̏̉̓̏̃̕Ƞ Chodatella longiseta, Chlamydomonos globosa, Pediastrum boruanum, 
Scenedesmus acuminatus, Ankistrodesmus arcuatus ̉ ̅̑̔̄̉̆ ̉ ̜̖̈̆̌̆̎̎ ̃̏̅̏̑̏̒Ȥ
̌̆̊Ȣ 

˚̜̖́̊̅̆̎̎ ̜̒̏̌̏̎̏̃́̓̏̃̏̅̎̍ ̠̃̏̅̏̑̏̒̌̍ ̠̠̏̓̎̏̒̓̒ȡ Nodularia 
spumigena, N.harveana, N.harveana f.sphaerocapsa, Oscillatoria chalybea, ̉  ̅̑̔̄̉̆ ̉̈ 
̜̖̒̉̎̆̈̆̌̆̎Ƞ Mastogloia exig., M.baltica, M.smithii , Gurosigma strigile, Nitzshia palea 
̉ ̅̑̔̄̉̆ ̉̈ ̜̖̅̉́̓̏̍̏̃ȟ Euglena geniculata, E.pascheri ̉ ̓Ȣ̉ ̉̈ ̞̜̖̃̄̌̆̎̏̃ȟ 
Glenodinium cinctum, G.pugmaeum ̉̈ ̜̖̅̉̎̏̉̓̏̃̕ȟ Ancistrodesmus braunii , 
Oocustis borgei, O.solitaria, Coelostrum cambrium ̉ ̅̑̔̄̉̆ ̉̈ ̜̖̈̆̌̆̎ ̃̏̅̏̑̏̒̌̆̊Ȣ 
˪̓̉ ̜̙̜̃̆̔̋́̈́̎̎̆ ̒̏̌̏̎̏̃́̓̏ ̜̃̏̅̎̆ ̃̏̅̏̑̏̒̌̉ ̟̠̒̌́̄́̓̒ ̉̈ ̟̖̒̌̆̅̔̉̚ 
̄̑̔̐̐ȡ ̜̒̉̎̆̈̆̌̆̎̆ ɀ ρψȟ ̜̅̉́̓̏̍̏̃̆ ɀ ρυȟ ̜̅̉̎̏̉̓̏̃̆̕ ɀ ςȟ ̞̜̃̄̌̆̎̏̃̆ ɀ 5, 
̜̈̆̌̆̎̆ ɀ 17. 

ˏ̏̅́ ̃ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̑̔̅́ ̘̝̜̖̏̉̒̓̉̓̆̌̎ ̒̏̏̑̔̇̆̎̉̊ ̐ ̜̏̋́̈̃́̆̓ ȟ ̘̓̏ 
̃ ̏̒̎̏̃̎̏̍ ̐̑̆̒̎̏̃̏̅̎̏-̜̒̏̌̏̎̏̃́̓̏̃̏̅̎̊ ̉ ̒̏̌̏̎̏̃́̓̏ ̜̃̏̅̎̊Ȣ 
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ˏ ̝̑̆̈̔̌̓́̓̆ ̠̃̐́̅̆̎̉ ̜̙̐̑̏̍̌̆̎̎̏-̜̜̖̂̓̏̃ ̉ ̖̄̏̑̏̅̒̋̉ ̗̠̋́̎́̌̉̈́̉ 
̃ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̑̔̅́ȟ ̞̓̉ ̜̖̒̂̏̑̎ ̃̏̅ ̖̠̒̏̅̆̑̇́̉̒̚ ̘̝̈̎́̉̓̆̌̎̏̆ ̘̋̏̌̉̆Ȥ
̒̓̃̏ ̝̜̖̍̉̎̆̑́̌̎ ̉ ̘̖̏̑̄́̎̉̆̒̋̉ ̃̆̆̒̓̃̏̚Ȣ ˜̏ ̙̟̏̓̎̏̆̎̉ ̋ ̓̆̍̐̆̑́̓̔̑̆ ̃̏Ȥ
̜̅ ̜̏̂̎́̑̔̇̆̎̎̆ ̎́̍̉ ̃̏̅̏̑̏̒̌̉ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̑̔̅́ ̘̝̜̖̏̉̒̓̉̓̆̌̎ ̒̏Ȥ
̏̑̔̇̆̎̉̊ ̍̏̇̎̏ ̝̑́̈̅̆̌̉̓ ̎́ ̟̒̌̆̅̔̉̆̚ ̜̄̑̔̐̐ȡ ̟̜̓̆̐̌̏̌̂̉̃̆ȟ ̖̟̏̌̏̅̏̌Ȥ
̜̂̉̃̆ ̉ ̝̆̒̓ ̜̃̉̅ ̜̋̏̓̏̑̆ ̘̠̃̒̓̑̆́̆̓̒ ̎́ ̜̙̐̏̃̆̎̎̏̆ ̉ ̎́ ̐̏̎̉̇̆̎̎̏̆ ̓̆̍Ȥ
̐̆̑́̓̔̑̆ ɉ̓̆̐̌̏ ̉ ̖̏̌̏̅̎̏̆ ̠̃̑̆̍ ̜̃̏̅ɊȢ 

˞̔̓̉ ̐̏ ̖́̑́̋̓̆̑̔ ̝̜̖̐̏̋́̈́̓̆̌̎ ̜̖̏̒̎̏̃̎ ̏̑̄́̎̉̈̍̏̃ ̉̓̏̐̌́̎̋̓̏̎́̕ ̉ 
̉̓̏̂̆̎̓̏̒́̕ ̖̐̑̔̅́ ̃ ̗̆̌̏̍ ̝̙̂̏̌̉̎̒̓̃̏ ̎̆̒̆̓ ̂̆̓́ ̜̍̆̈́̒́̐̑̏̂̎̆ ̜̃̏̅Ȣ ˛̂ 
̞̓̏̍ȟ ̎́̐̑̉̍̆̑ȟ ̄̏̃̏̑̉̓ ́̋̓̕ ̉̎̓̆̎̒̉̃̎̏̄̏ ̠̑́̈̃̉̓̉ ̃ ̒̏̒̓́̃̆ ̎́̉̂̏̌̆̆ ̑́̒Ȥ
̜̖̐̑̏̒̓̑́̎̆̎̎ ̜̖̂̆̎̓̏̒̎ ̗̂̉̏̆̎̏̈̏̃ ̖̓́̋̉ ̘̜̖̓̉̐̉̎ ̂̆̓́-̍̆̈́̒́̑̏̂̏̃ȟ ̋́̋ 
Rhoicosphaena curvataȟ 'ÏÍÐÈÏÎÅÍÁ ÐÁÒÖÉÌÕÒÁȢ ˥̉̑̏̋̏ ̜̑́̒̐̑̏̒̓̑̏̎̆̎ ̃ ̂̆̎̓̏Ȥ
̒̆ ̉ ̓́̋̉̆ ̂̆̓́ ̜̍̆̈̏̒́̐̑̏̂ȟ ̋́̋ Melosira varians, Synedra ulna, Spirogyra 
ÐÏÒÔÉÃÁÌÉÓ ̉ ̅̑̔̄̉̆Ȣ ˜̠̜̏̒̓̏̎̎̍̉ ̋̏̍̐̏̎̆̎̓́̍̉ ̜̖̂̆̎̓̏̒̎ ̄̑̔̐̐̉̑̏̃̏̋ȟ ̏̓̎̏Ȥ
̠̠̒̉̍̉̒̚ ̓́̋̇̆ ̋ ̠̐̑̆̅̒̓́̃̉̓̆̌̍ ̞̓̏̓ ̜̈̏̎ ̒́̐̑̏̂̎̏̒̓̉ȟ ̠̠̝̃̌̌̉̒ Navicula 
cryptocephala, Nitzschia palea, Gomphonema constrictum var. capitatum ̉ ̅̑̔̄̉̆Ȣ 
˕̘̈̔̆̎̉̆ ̐̌́̎̋̓̏̎́ ̓́̋̇̆ ̜̔̋́̈̃́̆̓ ̎́ ɼ ̜̍̆̈́̒́̐̑̏̂̎̊ ̖́̑́̋̓̆̑ ̠̈́̄̑̈̎̆Ȥ
̠̎̉ ̜̃̏̅Ȣ ˟́̋ ̎́ ̐̆̑̃̏̍ ̉ ̃̓̏̑̏̍ ̐̑̔̅̆ ̋ ̘̉̒̌̔ ̟̖̅̏̍̉̎̉̑̔̉̚ ̉̌̉ ̎́̉̂̏̌̆̆ 
̜̖̑́̒̐̑̏̒̓̑́̎̆̎̎ ̏̑̍̕ ̐̑̉̎́̅̌̆̇́̌̉ ̂̆̓́ ̜̍̆̈́̒́̐̑̏̂Ȣ Trachelomonas 
volvocina, Colasium vesiculosum, Aphanizomenon flos aguae, Melosira granulata ̉  
̅̑̔̄̉̆. 
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ˠˑ˗ υπτȢτȢπφςȢς 
 

˞˛˔ˑˍ˚˕˒ ˎ˘ˍː˛˜˝˕ˬ˟˚˨ˢ ˠ˞˘˛ˏ˕ ̟
ˑ˘ˬ ˏ˕ˑ˛ˏ ː˕ˑ˝˛ˎ˕˛˚˟˛ˏ ˜˝˕ ˜˛˙˛˦˕ ˍ˘˩ː˛˘˕˔ˍˣ˕˕ 

 
˙Ȣ˜Ȣ ˢ̏̎̇̏̎̏̃́1ȟ ˙Ȣ˕Ȣ ̇ ̔̒̓́́̆̃́̕2 

 
ˍ̗̠̎̎̏̓́̉ 
 

ˏ ̝̒̓́̓̆ ̜̐̑̉̃̆̅̆̎ ̜̅́̎̎̆ ̏ ̑́̈̃̉̓̉̉ ̜̖̃̎̆̒̆̎̎ ̏̑̄́̎̉̈̍̏̃ ̃ ̂̉̏̌̏Ȥ
̘̖̄̉̆̒̋̉ ̖̐̑̔̅́ȟ ̜̋̏̓̏̑̆ ̐̏̒̓̆̐̆̎̎̏ ̟̒̏̈̅́̓ ̠̜̂̌́̄̏̐̑̉̓̎̆ ̠̔̒̌̏̃̉ ̠̅̌ 
̖̍̎̏̄̉ ̟̖̒̏̐̔̓̒̓̃̔̉̚ ̃̉̅̏̃ ̄̉̅̑̏̂̉̏̎̓̏̃Ȣ 
 
˗̟̘̜̌̆̃̆ ̒̌̏̃́ȡ ̂ ̉̏̐̑̔̅ȟ ̝̗̠́̌̄̏̌̉̈́̉ȟ ̄̉̅̑̏̂̉̏̎̓ȟ ̐̌́̎̋̓̏̎ȟ ̠̒̔̒̐̆̎̈̉Ȣ 

 
˜̜̑̉̑̏̅̎̊ ̒̏̒̓́̃ ̃̏̅̏̑̏̒̌̆̊ ̂̉̏̐̑̔̅̏̃ ̄Ȣˎ̖̜̔́̑ ̜̂̌ ̏̂̏̄́̆̎̚ ̐̔̓̆̍ 

̝̗́̌̄̏̌̉̈́̉̉ ̈̆̌̆̎̏̊ ̍́̒̒̏̊ ̘̜̖̑́̈̌̉̎ ̃̏̅̏̑̏̒̌̆̊ȟ ̉̈ ̜̜̖̑̂̏̃̏̅̎ ̐̑̔̅̏̃ȟ 
̖̃̏̅̏̑́̎̉̌̉̚ȟ ̜̖̐̑̉̅̏̑̏̇̎ ̠̍ȟ ̌̔̇ ̜̖̑́̒̐̏̌̏̇̆̎̎ ̎́ ̓̆̑̑̉̓̏̑̉̉ ̄Ȣ ˎ̖̜̔́̑ 
̉ ̏̂̌́̒̓̆̊Ȣ ˞̂̏̑ ̜̉̓̏̍́̒̒̕ ̉̈ ̞̖̓̉ ̃̏̅̏̆̍̏̃ ̐̑̏̃̏̅̉̌̉ ̃ ̜̐̆̑̉̏̅ ̝̏̂̉̌̎̏̊ 
̑́̈̃̉̓̉̆ ̜̖̐̌́̎̋̓̏̎̎ ̃̏̅̏̑̏̒̌̆̊ȟ ̐̌́̎̋̓̏̎̎̏̊ ̒̆̓̋̏̊ ̉ ̅̑̔̄̉̍̉Ȣ ˛̒̔̆̒̓̃̚Ȥ
̠̠̌ ̝̗̟́̌̄̏̌̉̈́̉ȟ ̉̍̆̌̉ ̃ ̃̉̅̔ ̝̒̐̏̒̏̂̎̏̒̓ ̃̏̅̏̑̏̒̌̆̊ ̝̐̏̄̌̏́̓̚ ̑́̒̓̃̏Ȥ
̜̑̆̎̎̆ ̃ ̃̏̅̆ ̝̜̍̉̎̆̑́̌̎̆ ̉ ̅̑̔̄̉̆ ̃̆̆̒̓̃́̚Ȣ 

ˏ ̖̂̉̏̐̑̔̅́ ̠̐̏̒̓̏̎̎̏ ɉ̠̘̆̇̆̍̆̒̎̏Ɋ ̃̎̏̒̉̌̉ ̙̒̍̆̆̎̎̏̊ ̒̔̒̐̆̎̈̉̉ ̃̏Ȥ
̅̏̑̏̒̌̆̊ȟ ̓́̋̉̆ ̋́̋ Chlorella vulgaris, Ch. pyrenoidosa, Oocystis borgei, 
O. marssonii, Palmellacystis planctonica, Pediastrum boryanum, P. duplex, 
Scenedesmus obliquus, S.acuminatus, S.bijugatus, Ankistrodesmus acicularis, 
A.densus, A.minutissinnusȟ ̜̃̉̅ ̑̏̅́ Chlamydomonas ̉  ̍̎̏̄̏̆ ̅̑̔̄̉̆Ȣ 

˚́ ρπ ̉ ρυ ̅̎̆̊ ̐̏̒̌̆ ̝̗́̌̄̏̌̉̈́̉̉ ̃ ̖̐̑̏̂́ ̝̏̂̎́̑̔̇̉̃́̌̉̒ ̃̏̅̏̑̏̒Ȥ
̌̆̊ȟ ̙̖̠̐̑̉̒̐̏̒̏̂̉̃̉̒ ̋ ̜̃̒̏̋̏̍̔ ̟̒̏̅̆̑̇́̎̉ ̘̏̑̄́̎̉̆̒̋̉ ̖̒̏̆̅̉̎̆̎̉̊Ȣ ˏ 
̐̆̑̃̏̍ ̐̑̔̅̆ ̜̃̎̆̒̆̎̎̆ ̜̒̍̆̆̎̎̆̚ ̃̏̅̏̑̏̒̌̉ ̖̐̌̏̏ ́̅́̐̓̉̑̏̃́̌̉Ȣ ˏ̏ ̃̓̏̑̏̍ 
̉ ̝̓̑̆̓̆̍ ̖̐̑̔̅́ ̜̃̎̆̒̆̎̎̆ ̃̏̅̏̑̏̒̌̉ȟ ̏̒̏̂̆̎̎̏ Clorella vulgaris, 
Ch. pyrenoidosa, Scenedesmus obliquus ̉ ̅̑̔̄̉̆ ̅̏̒̓̉̄̌̉ ̝̏̂̉̌̎̏̄̏ ̠̑́̈̃̉̓̉Ȣ ˏ 
̝̑̆̈̔̌̓́̓̆ ̞̓̏̄̏ ̒ ̘̎́́̌́ ̠̍́ȟ ̟̝̉̎ȟ ̟̝̉̌ ̃̏̅́ ̝̏̒̓́̎̏̃̉̌́̒ ̠̑̋̏̆Ȣ  ˏ ̞̓̏ ̃̑̆Ȥ
̠̍ ̃ ̐̌́̎̋̓̏̎̆ ̘́̒̓̏ ̘̝̃̒̓̑̆́̌̉̒ ̓́̋ ̇̆ ̐̑̆̅̒̓́̃̉̓̆̌̉ ̖̜̌̏̑̏̋̏̋̋̏̃̆ȟ ̒̉̎̆Ȥ
̜̈̆̌̆̎̆ȟ ̜̅̉́̓̏̍̏̃̆ ̉ ̜̎̆̋̏̓̏̑̆ ̞̜̃̄̌̆̎̏̃̆ ̃̏̅̏̑̏̒̌̉Ȣ ˪̓̉ ̃̏̅̏̑̏̒̌̉ ̅̏̒Ȥ
̓̉̄̌̉ ̘̝̈̎́̉̓̆̌̎̏̄̏ ̠̑́̈̃̉̓̉Ȣ ˙̎̏̄̉̆ ̜̃̎̆̒̆̎̎̆ ̃̏̅̏̑̏̒̌̉ ̝̐̑̉̒̐̏̒̏̂̉̌̉̒ ̋ 
̜̃̒̏̋̉̍ ̠̒̏̅̆̑̇́̎̉̍  ̘̏̑̄́̎̉̆̒̋̉ ̖̒̏̆̅̉̎̆̎̉ ̊̉ ̉̎̓̆̎̒̉̃̎̏ ̝̑́̈̃̉̃́̌̉̒ ̃ 
̐̌́̎̋̓̏̎̆ ̉ ̂̆̎̓̏̒̆, ̐̏̒̓̆̐̆̎̎̏ ̒̓́̌̉ ̜̒̏̂̒̓̃̆̎̎̍̉ ̃̉̅́̍̉ ̘̖̂̉̏̌̏̄̉̆̒̋̉ 
̐̑̔̅̏̃Ȣ ˞̑̆̅̉ ̖̎̉ ̒̌̆̅̔̆̓ ̝̔̋́̈́̓ Scenedesmus obliquus, S.bijugatus, 
S.acuminatus, S.guadricauda, Ankistrodesmus acicularis, A.minutissinus, A.densus ̉ 
̍̎̏̄̏̆ ̅̑̔̄̏̆Ȣ ˪̓̉ ̜̃̎̆̒̆̎̎̆ ̜̃̉̅ ̃̏̅̏̑̏̒̌̆̊ ̝̐̑̉̇̉̌̉̒ ̃ ̖̂̉̏̐̑̔̅́ ̉ ̒̐̏Ȥ
̒̏̂̒̓̃̏̃́̌̉ ̘̟̔̃̆̌̉̆̎̉ ̃̉̅̏̃̏̄̏ ̒̏̒̓́̃́Ȣ 

˜̑̉ ̑́̈̃̉̓̉̉ ̜̖̃̎̆̒̆̎̎ ̏̑̄́̎̉̈̍̏̃ ̃ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̑̔̅́ ̐̏̒̓̆̐̆̎̎̏ 
̟̠̒̏̈̅́̓̒ ̠̜̂̌́̄̏̐̑̉̓̎̆ ̠̔̒̌̏̃̉ ̠̅̌ ̖̍̎̏̄̉ ̟̖̒̏̐̔̓̒̓̃̔̉̚ ̃̉̅̏̃ ̄̉̅̑̏Ȥ
̂̉̏̎̓̏̃Ȣ 

ˏ̜̎̆̒̆̎̎̆ ̎́̍̉ ̃̏̅̏̑̏̒̌̉ȟ ̅̏̍̉̎̉̑̏̃́̌ ̃̏ ̃̓̏̑̏̊ ̉ ̓̑̆̓̉ ̖̐̑̔̅́Ȣ ˚̆Ȥ
̜̋̏̓̏̑̆ ̜̃̎̆̒̆̎̎̆ ̃̏̅̏̑̏̒̌̉ ̅́̌̉ ́̋̓̉̃̎̏̆ ̑́̈̃̉̓̉̆ ̃ ̖̐̑̔̅́Ȣ ˪̓̏ ̒̐̏̒̏̂̒̓Ȥ
̃̏̃́̌̉ ̟̒̎̉̇̆̎̉ ̒̏̅̆̑̇́̎̉̆ ̘̏̑̄́̎̉̆̒̋̏̄̏ ̠̒̏̆̅̉̎̆̎̉ ̜̃̏̅ ̉ ̅́̌̉ ̘̓̏̌̏̋ 
̘̟̔̃̆̌̉̆̎̉ ̘̋̏̌̉̆̒̓̃́ ̑́̒̓̃̏̑̆̎̎̏̄̏ ̃ ̃̏̅̆ ̋̉̒̌̏̑̏̅́Ȣ 

ˏ ̜̖̐̑̉̂̑̆̇̎ ̘̠̖́̒̓ ̃̏ ̖̃̒̆ ̖̐̑̔̅́ ̘́̒̓̏ ̘̝̃̒̓̑̆́̌̉̒ ̠̒̋̏̐̌̆̎̉ ̘̎̉̓́Ȥ
̜̖̓ ̠̖̃̏̅̏̑̏̒̌ȟ ̠̖̒̏̒̓̏̉̚ ̜̃̏̅ ̑̏̅̏̃ Stigeolonium, Cladophora, Spirogyra, 
Maugeotia ̉ ̅̑̔̄̉̆Ȣ ˚̠́̑̅̔ ̒ ̎̉̍̉ ̉̈̑̆̅̋́ ̝̐̏̐́̅́̌̉̒ ̒̉̎̆-̜̈̆̌̆̎̎̆ȟ ̅̉́̓̏Ȥ
̜̍̏̃̆ ̉ ̅̑̔̄̉̆ ̃̏̅̏̑̏̒̌̉Ȣ ˞̑̆̅̉ ̖̎̉ ̝̎̆̒̋̏̌̋̏ ̜̠̝̃̅̆̌̌̉̒ Oscillatoria tenuis, 
O.sancta, Phormidium foveolarum lungbya aestuari ̉  ̓̏̄̅́ ̌̉Ȣ 

                                                           
1ˢ̏̎̇̏̎̏̃́ ˙̧̖̔́̊ ˜́̂̆̅́̆̃̎́ ɀ ˎ̖̔́̑̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ 

ˠ̈̂̆̋̉̒̓́̎Ȣ 
2˙̔̒̓́́̆̃́̕ ˙́̍̌́̋́̓ ˕̒̍́̉̌̏̃̎́ ɀ ̋́̎̅̉̅́̓ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̎́̔̋ȟ ̗̅̏̆̎̓ 

̋́̆̅̑̕ ̜̂ ̉̏̌̏̄̉̉ȟ ˎ̖̔́̑̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 



ˎ̘̉̏̌̏̄̉̆̒̋̉̆ ̎́̔̋̉ 

 

28  

ˏ ̞̓̏̓ ̘́̒̓̉ ̐̑̔̅̏̃ ̒̔̆̒̓̃̆̎̎̏̆̚ ̘̈̎́̆̎̉̆ ̟̉̍̆̓ ̜̅̉́̓̏̍̏̃̆ ̃̏̅̏̑̏̒Ȥ
̌̉ ̓́̋ȟ ̎́̐̑̉̍̆̑ȟ Diatoma vulgare, D.anceps, D.elongatum, Syclotella kuetzingiana, 
Synedra ulna ̉ ̅̑̔̄̉̆Ȣ ˞̑̆̅̉ ̖̎̉ ̠̐̏̒̓̏̎̎̏ ̐̑̉̒̔̓̒̓̃̏̃́̌̉ ̙̏̒̆̃̉̆ ̐̌́̎̋̓̏̎Ȥ
̜̎̆ ̜̏̑̍̕ȟ ̃ ̏̒̎̏̃̎̏̍ ̉̈ ̖̜̖̌̏̑̏̋̏̋̋̏̃ ɀ Pediastrum duplex, P.tetras, Oocystis 
dorgei, O.marssoni, Scenedesmus obliquus, S.scuminatus, S.bijugatis, S.guadricauda, 
Ancistrodesmus angustus, A.areuatus, A.minutissimus ̉ ̅̑̔̄̉̆Ȣ ˚̝̆̒̋̏̌̋̏ ̑̆̇̆ 
̝̐̏̐́̅́̌̉̒ Merismopedia glauca, M.elegans ̉̈ ̜̖̒̉̎̆̈̆̌̆̎ȟ Euglena proxima, 
E.hemichromata, E.clora, Phacus caudatis ̉  ̅̑̔̄̉̆ ̉̈ ̞ ̜̖̃̄̌̆̎̏̃ ̃̏̅̏̑̏̒̌̆̊Ȣ 

˚́ ̖̐̏̃̆̑̎̏̒̓̉ ̘̜̖̑́̈̌̉̎ ̜̖̐̏̅̃̏̅̎ ̐̑̆̅̍̆̓̏̃ ɉ̃̆̓̋̉ȟ ̅̏̒̋̉ȟ ̋́̍̎̉Ɋ 
̟̝̎́̂̌̅́̌̉̒ ̠̏̂̑́̒̓́̎̉ȟ ̠̒̏̒̓̏̉̆̚ ̉̈ Stigeoelonium tehueȟ ̠̎́̑̅̔ ̒ ̎̉̍̉ ̐̑̉Ȥ
̝̌̆̐̉̌̉̒ ̎̉̓̆̊ Oscillatoria brevis, O.irrigua , O.limosa, O.tenuis ́ ̎́ ̖̐̏̃̆̑̎̏̒̓̉ 
̎̉̓̆̊ ̞̜̐̉̉̓̎̆̕ ̜̃̉̅ ̜̖̅̉́̓̏̍̏̃ Coccneis placentula, Navicula tryptocophala ̉ 
̍̎̏̄̏̆ ̅̑̔̄̏̆Ȣ 

˟́̋̉̍ ̏̂̑́̈̏̍ȟ ̐̏̒̌̆ ̝̗́̌̄̏̌̉̈́̉̉ ̜̉̓̏̐̌́̎̋̓̏̎̎̆̕ ̉ ̜̉̓̏̂̆̎̓̏̒̎̆̕ 
̄̑̔̐̐̉̑̏̃̋̉ ̝̏̂̏̄́́̌̉̒̚ ̃ ̘̋́̆̒̓̃̆̎̎̏̍ ̉ ̘̋̏̌̉̆̒̓̃̆̎̎̏̍ ̙̏̓̎̏̆̎̉̉ ̂̉̏Ȥ
̘̖̌̏̄̉̆̒̋̉ ̐̑̔̅̏̃ ̘̜̖̏̉̒̓̎ ̒̏̏̑̔̇̆̎̉̉ ̄Ȣ ˎ̖̔́̑́Ȣ ˏ̜̎̆̒̆̎̎̆ ̜̃̉̅ ̉ ̜̏̑̍̕ 
̐̑̉̇̉̍́̌ȟ ̉ ̃ ̘̝̏̆̎ ̋̏̑̏̓̋̏̆ ̠̃̑̆̍ ̒̓́̌̉ ̜̒̏̂̒̓̃̆̎̎̍̉ ̜̍̆̒̓̎̍̉ ̃̉̅́̍̉ 
̂̉̏̐̑̔̅̏̃Ȣ ˠ̘̃̆̌̉̆̎̉̆ ̃̉̅̏̃̏̄̏ ̒̏̒̓́̃́ ̃̏̅̏̑̏̒̌̆̊ ̅̏ συχ ̓́̋̒̏̎̏̃ ̉ ̖̉ 
̗̠́̅́̐̓́̉ ̃ ̖̂̉̏̐̑̔̅́ ̐̏̈̃̏̌̉̌̉ ̝̐̑̏̅̏̌̇̉̓ ̜̑́̂̏̓ ̐̏ ̜̠̠̃̃̌̆̎̉ ̑̏̌̉ ̃̏Ȥ
̅̏̑̏̒̌̆̊ ̃ ̘̏̉̒̓̋̆ ̘̜̖̒̓̏̎ ̃̏̅Ȣ ˑ̠̆̌́ ̜̃̃̏̅ȟ ̘̓̏ ̘̏̉̒̓̋́ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̐̑̔Ȥ
̅̏̃ ̘̜̖̏̉̒̓̎ ̒̏̏̑̔̇̆̎̉̊ ̄Ȣ ˎ̖̔́̑́ ̘̠̎́̉̎́̆̓̒ ̘̏̉̆̎̉̆̚ ̒ ̐̆̑̃̏̊ȟ ̃̓̏̑̏̊ ̉ 
̓̑̆̓̉̊ ̐̑̔̅̏̃Ȣ ˏ̘̟̒̓̑̆́̉̆̚ ̃̏̅̏̑̏̒̌̆̊ ̃ ̏̒̎̏̃̎̏̍ ̠̠̒̏̒̓́̃̌̆̓̒ ̝́̌́̕-̂̆̓́-
̜̍̆̈̏̒́̐̑̏̂Ȣ ˪̓̏ ̟̐̏̅̓̃̆̑̇̅́̓ȟ ̘̓̏ ̃̏̅́ ̂̉̏̐̑̔̅̏̃ ̝̏̂̏̄́́̌̉̒̚ ̜̈́̍̆̓̎̍ 
̘̋̏̌̉̆̒̓̃̏̍ ̋̉̒̌̏̑̏̅́ȟ ́ ̜̐̆̑̃̊ ̐̑̔̅ ̘́̒̓̏ ̘̠̏̓̍̆́̆̓̒ ̜̐̏̌̉̒́̐̑̏̂Ȣ 

˟́̋̉̍ ̏̂̑́̈̏̍ȟ ̐̏̒̌̆ ̝̗́̌̄̏̌̉̈́̉̉ ̂̉̏̐̑̔̅̏̃ȟ ̐̏ ̘̋̏̌̉̆̒̓̃̏ ̉ ̘̋́̆̒̓̃̏ 
̘̃̒̓̑̆́̆̍̏̒̓̉ ̉̓̏̐̌́̎̋̓̏̎́̕ ̉ ̉̓̏̂̆̎̓̏̒́̕ ̘̝̔̃̆̌̉̉̌̏̒ȟ ̘̋̏̌̉̆̒̓̃̏ ̃̒̓̑̆Ȥ
̘́̆̍̏̒̓̉ ̃̏̅̏̑̏̒̌̆̊ ̒̓́̌̏ συχ ̓́̋̒̏̎̏̃ 

˞̘̠̓̏̎́ ̃̏̅́ ̃ ̞̖́̑̏̓̆̎̋́ ̟̠̐̏̅̃̆̑̄́̓̒ ̖̘̖̂̉̏̉̍̉̆̒̋̉ ̘̏̉̒̓̋̉ ̒ ̐̏Ȥ
̝̟̍̏̚ Ⱥ́̋̓̉̃̎̏̄̏ ̉̌́ȻȢ ˏ ̞̖́̑̏̓̆̎̋́ ̘̠̒̓̏̎́ ̃̏̅́ ̏̐̑̆̅̆̌̆̎̎̏̊ ̒̓̆̐̆̎̉ 
̘̟̠̏̉́̓̒̚ ̏̓ ̘̖̏̑̄́̎̉̆̒̋̉ ̃̆̆̒̓̃̚ ̎́ υπ-υυ Ϸȟ ̓́̋ ̋́̋ ̃̏̅́ ̅̏̌̄̏ ̎̆ ̈́̅̆̑Ȥ
̇̉̃́̆̓ ̠̒ ̉ ̠̅̌ ̘̅̏̏̉̒̓̋̉ ̜̠̒̂̑́̒̃́̆̓̒ ̘̂̉̏̌̏̄̉̆̒̋̉̆ ̜̐̑̔̅Ȣ 

ˎ̘̉̏̌̏̄̉̆̒̋̉̆ ̜̐̑̔̅ ̘̜̐̑̏̓̏̎̆ȟ ̓́̋ ̋́̋ȟ ̘̠̒̓̏̎́ ̃̏̅́ ̐̏̒̓̔̐́̆̓ ̃ ̘̎́́Ȥ
̌̆ ̐̆̑̃̏̄̏ ̐̑̔̅́ȟ ̃ ̗̋̏̎̆ ̐̆̑̃̏̄̏ ̐̑̔̅́ ̐̏̒̓̔̐́̆̓ ̋̏ ̃̓̏̑̏̍̔Ȣ ˏ ̗̋̏̎̆ ̃̓̏̑̏̄̏ 
̐̑̔̅́ ̃̏̅́ ̐̏̒̓̔̐́̆̓ ̋ ̝̓̑̆̓̆̍̔ ̉ ̃ ̗̋̏̎̆ ̝̓̑̆̓̆̄̏ ̐̑̔̅́ ̘̠̒̓̏̎́   ̃̏̅́ ̐̏̒̓̔Ȥ
̐́̆̓ ̒̂̑̏̒̎̏̊ ̋̏̌̌̆̋̓̏̑Ȣ 

ˣ̝̟̆̌ ̘̠̉̈̔̆̎̉ ̘̝̏̉̒̓̉̓̆̌̎̏̊ ̞̆̋̓̉̃̎̏̒̓̉̕̕ ̉̓̏̐̌́̎̋̓̏̎̏̃̕ ̑́̈̃̉Ȥ
̟̠̃́̉̊̒̚ ̃ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̑̔̅́ȟ ̎́̍̉ ̠̝̏̐̑̆̅̆̌̌̉̒ ̉̈̉̋̏̕-̖̘̉̍̉̆̒̋̉̊ ̒̏Ȥ
̒̓́̃ ̘̜̖̒̓̏̎ ̃̏̅ ̅̏ ̠̐̏̒̓̔̐̌̆̎̉ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̐̑̔̅̏̃ ̉ ̐̑̉ ̜̖̃̏̅ ̆̐̆̑̃̏̄̏ȟ 
̃̓̏̑̏̄̏ ̉ ̝̓̑̆̓̆̄̏ ̐̑̔̅́ ̐̏ ̒̆̈̏̎̏̍ ̄̏̅́ ̈̉̍̎̆̄̏ȟ ̃̆̒̆̎̎̆̄̏ȟ ̌̆̓̎̆̄̏ ̉ ̏̒̆̎̎̆Ȥ
̄̏ ̐̆̑̉̏̅́Ȣ 

˝̠́̈̃̉̓̉ ̜̉̓̏̐̌́̎̋̓̏̎̕ȟ ̂́̋̓̆̑̉̉ȟ ̜̄̑̉̂ȟ ̜̈̏̏̐̌́̎̋̓̏̎ ̉ ̅̑̔̄̉̆ ̃ 
̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̑̔̅́ȟ ̈́̃̉̒̉̓ ̏̓ ̘̖̋̌̉̍́̓̉̆̒̋̉ ̔̒̌̏̃̉̊Ȣ 

ˏ ̈̉̍̎̉̊ ̐̆̑̉̏̅ ̠̎̉̈̋́ ̓̆̍̐̆̑́̓̔̑́ ̉ ̠̏̓̒̔̓̒̓̃̉ ̘̒̏̌̎̆̎̏̄̏ ̒̃̆̓́ȟ ̑̏Ȥ
̓́ ̉ ̠̑́̈̃̉̓̉ ̘̖̍̉̋̑̏̒̋̏̐̉̆̒̋̉ ̏̑̄́̎̉̈̍̏̃ ̘̝̎̆̈̎́̉̓̆̌̎̏̄̏ȟ ̘̓̏̋́ ̋́̋ ̔ ̖̎̉ 
̉̈̉̏̌̏̄̏̕-̖̘̂̉̏̉̍̉̆̒̋̉̆ ̗̜̐̑̏̆̒̒ ̠̠̈́̍̆̅̌̆̓̒Ȣ ˜̞̏̓̏̍̔ ̘̋̏̌̉̆̒̓̃̏ ̉̓̏̕Ȥ
̐̌́̎̋̓̏̎̏̃ ̃ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̑̔̅́ ̘̝̎̆̈̎́̉̓̆̌̎̏Ȣ ˏ ̞̓̏̓ ̐̆̑̉̏̅ ̄̏̅́ ̏̓̒̔̓Ȥ
̟̒̓̃̔̓ ̘̏̓̏̒̉̎̓̆̓̉̆̒̋̉̆̕ ̗̜̐̑̏̆̒̒ ̃̏̅̏̑̏̒̌̆̊Ȣ ˏ ̠̒̃̈̉ ̒ ̞̓̉̍ ̒̏̅̆̑̇́̎̉̆ ̃ 
̃̏̅̆ ̑́̒̓̃̏̑̆̎̎̏̄̏ ̋̉̒̌̏̑̏̅́ ̠̒̏̒̓́̃̌̆̓ ρȟυ-ςȟυ ̍̄Ⱦ̌Ȣ 

˞̏̅̆̑̇́̎̉̆ ̃ ̃̏̅̆ ̑́̒̓̃̏̑̆̎̎̏̄̏ ̋̉̒̌̏̑̏̅́ ̠̠̠̃̌̆̓̒ ̏̅̎̉̍ ̉̈ ̜̖̃́̇̎ 
́̋̓̏̑̏̃̕ ̘̠̒́̍̏̏̉̆̎̉̚ ̜̃̏̅Ȣ ˜̏ ̍̆̑̆ ̘̠̔̃̆̌̉̆̎̉ ̘̋̏̌̉̆̒̓̃̏ ̑́̒̓̃̏̑̆̎̎̏̄̏ 
̋̉̒̌̏̑̏̅́ȟ ̠̠̔̒̋̏̑̆̓̒ ̗̐̑̏̆̒̒́ ̘̠̒́̍̏̏̉̆̎̉̚Ȣ 

ˏ ̈̉̍̎̉̊ ̐̆̑̉̏̅ ̠̏̓̒̔̓̒̓̃̉ ̍́̒̒̏̃̏̄̏ ̠̑́̈̃̉̓̉ ̉̓̏̐̌́̎̋̓̏̎́̕ ̃ ̂̉̏̌̏Ȥ
̘̖̄̉̆̒̋̉ ̖̐̑̔̅́ ̒̏̅̆̑̇́̎̉̆ ̃ ̃̏̅̆ ̘̏̑̄́̎̉̆̒̋̉̆ ̉ ̝̜̍̉̎̆̑́̌̎̆ ̃̆̆̒̓̃́̚ ̜̃Ȥ
̒̏̋̉̊ ɉ̓́̂̌Ȣ)Ȣ ˏ̘̆̌̉̉̎́ ˎ˜˗5 ̘̜̖̒̓̏̎ ̖̃̏̅́ ̐̑̉ ̐̏̒̓̔̐̌̆̎̉̆ ̂̉̏̐̑̔̅̏̃ 72,0-
χψȟσ ̍̄ ˛2Ⱦ̌ȟ ́ ̐̑̉ ̜̖̜̃̏̅ ̉̈ ̂̉̏̐̑̔̅̏̃ υσȟπ-φψȟσ ̍̄ ˛2Ⱦ̌Ȣ ˗̘̏̌̉̆̒̓̃̏ ́̍̍̉́̋́ȟ 
̎̉̓̑̉̓̏̃ ̉ ̎̉̓̑́̓̏̃ ̜̃̒̏̋̉̆Ȣ 

ˏ ̃̆̒̆̎̎̉̊ ̐̆̑̉̏̅ ̐̑̉ ̜̙̐̏̃̆̎̉ ̜̉̓̆̍̐̆̑́̓̔̑ ̜̃̏̅ ̉ ̘̒̏̌̎̆̎̏̊ ̞̎̆̑Ȥ
̄̉̉ ̃ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̑̔̅́ ̟̟̠̎́̂̌̅́̓̒ ̉̎̓̆̎̒̉̃̎̏̄̏ ̠̑́̈̃̉̓̉ ̉̓̏̐̌́̎̋̕Ȥ
̓̏̎̏̃Ȣ ˜̏ ̍̆̑̆ ̠̑́̈̃̉̓̉ ̍̉̋̑̏̃̏̅̏̑̏̒̌̆̊ ̃ ̃̏̅̆ ̘̠̔̃̆̌̉̉̃́̆̓̒ ̘̋̏̌̉̆̒̓̃̏ 
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̑́̒̓̃̏̑̆̎̎̏̄̏ ̋̉̒̌̏̑̏̅́ ̅̏ σȟπ-τȟπ ̍̄Ⱦ̌Ȣ ˠ̝̙̠̍̆̎́̆̓̒ ̘̋̏̌̉̆̒̓̃̏ ̘̏̑̄́̎̉̆Ȥ
̖̒̋̉ ̃̆̆̒̓̃̚ ̐̏ ˎ˜˗5 ̅̏ ττȟπ-υπȟψ ̍̄ ˛2Ⱦ̌Ȣ ɉ̓́̂̌Ȣ ςɊȢ ˚̟̠́̂̌̅́̆̓̒ ̝̙̔̍̆̎̆̎̉̆ 
̘̋̏̌̉̆̒̓̃̏ ̝̜̖̍̉̎̆̑́̌̎ ̞̌̆̍̆̎̓̏̃Ȣ 

ˏ ̌̆̓̎̉̊ ̐̆̑̉̏̅ ̓̆̍̐̆̑́̓̔̑́ ̜̃̏̅ ̜̙̠̐̏̃́̆̓̒ ̅̏ ςυ-30 Ξ˞Ȣ ˜̑̉ ̖̓́̋̉ 
̜̖̓̆̍̐̆̑́̓̔̑̎ ̠̖̔̒̌̏̃̉ ̉ ̘̒̏̌̎̆̎̏̄̏ ̒̃̆̓́ ̃̏ ̖̃̒̆ ̖̂̉̏̐̑̔̅́ ̟̠̎́̂̌̅́̆̓̒ 
̍́̒̒̏̃̏̄̏ ̠̑́̈̃̉̓̉ ̉̓̏̐̌́̎̋̓̏̎̏̃̕Ȣ ˘̆̓̎̉̊ ̐̆̑̉̏̅ ̄̏̅́ ̃ ̘̖̂̉̏̌̏̄̉̆̒̋̉ 
̖̐̑̔̅́ ̟̠̎́̂̌̅́̆̓̒ Ⱥ̗̃̆̓̆̎̉̆ ̜̃̏̅ȻȢ ˪̓̏ ̠̅̌ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̐̑̔̅̏̃ ɉ̠̅̌ ̘̏̉Ȥ
̒̓̋̉ ̘̜̖̒̓̏̎ ̃̏̅Ɋ ̝̐̏̌̏̇̉̓̆̌̎̏̆ ̠̃̌̆̎̉̆Ȣ ˜̑̉ ̍́̒̒̏̃̏̄̏ ̠̑́̈̃̉̓̉ ̃̏̅̏̑̏̒̌̆̊ 
̃ ̘̜̖̒̓̏̎ ̖̃̏̅́ ̘̠̔̃̆̌̉̉̃́̆̓̒ ̘̋̏̌̉̆̒̓̃̏ ̑́̒̓̃̏̑̆̎̎̏̄̏ ̋̉̒̌̏̑̏̅́ ̅̏ ω-10 
̍̄Ⱦ̌Ȣ ˏ̘̆̌̉̉̎́ ˎ˜˗5 ̝̙̠̔̍̆̎́̆̓̒ ̅̏ ρρȟτ-ρυȟς ̍̄ ˛2Ⱦ̌Ȣ ˗̘̏̌̉̆̒̓̃̏ ́̍̍̉́̋́ȟ 
̎̉̓̑̉̓̏̃ ̉ ̎̉̓̑́̓̏̃ ̎̆ ̟̠̎́̂̌̅́̆̓̒ȟ ̓́̋ ̋́̋ ̃̏̅̏̑̏̒̌̉ ̖̉ ̐̏̄̌̏́̆̓̚ ̠̅̌ ̑̏̒Ȥ
̓ ́̉  ̠̑́̈̃̉̓̉ ɉ̓́̂̌Ȣ). 

ˏ ̏̒̆̎̎̉̊ ̐̆̑̉̏̅ ̐̑̉ ̐̏̎̉̇̆̎̉ ̜̉̓̆̍̐̆̑́̓̔̑ ̜̃̏̅ ̗̜̐̑̏̆̒̒ ̘̒́̍̏̏̉Ȥ
̠̆̎̉̚ ̟̒̎̉̇́̓ ̠̒ ̃ ̒̑́̃̎̆̎̉ ̉̒ ̌̆̓̎̉̍̉Ȣ ˛̒̆̎̎̉̊ ̐̆̑̉̏̅ ̄̏̅́ ̃ ̘̂̉̏̌̏̄̉̆Ȥ
̖̒̋̉ ̖̐̑̔̅́ ̘̋̏̌̉̆̒̓̃̏ ̃ ̃̏̅̆ ̑́̒̓̃̏̑̆̎̎̏̄̏ ̋̉̒̌̏̑̏̅́ ̘̠̔̃̆̌̉̉̃́̆̓̒ ̅̏ σȟπ-
τȟπ ̍̄Ⱦ̌Ȣ ˜̑̉ ̞̓̏̍ ̒̏̅̆̑̇́̎̉̆ ̘̖̏̑̄́̎̉̆̒̋̉ ̃̆̆̒̓̃̚ ̐̏ ˎ˜˗υ ̝̙̠̔̍̆̎́̆̓̒ ̅̏ 
31,3-τςȟτ ̍̄ ˛2Ⱦ̌ ɉ̓́̂̌Ȣ). 

˝̝̜̆̈̔̌̓́̓ ́̎́̌̉̈̏̃ ̠̉̈̍̆̎̆̎̉ ̉̈̉̋̏̕-̖̘̉̍̉̆̒̋̉̊ ̒̏̒̓́̃ ̘̜̖̒̓̏̎ ̃̏̅ 
̃ ̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̑̔̅́ ̜̐̑̆̅̒̓́̃̌̆̎ ̃ ̗̖̓́̂̌̉́Ȣ 

˜̏̒̌̆ ̝̗́̌̄̏̌̉̈́̉̉  ̂̉̏̐̑̔̅̏̃ȟ ̘̝̈̎́̉̓̆̌̎̏ ̘̠̔̃̆̌̉̉̃́̆̓̒ ̘̋̏̌̉̆̒̓̃̏ 
̉̓̏̐̌́̎̋̓̏̎̏̃̕ ̉ ̜̙̠̐̏̃́̆̓̒ ̘̝̏̉̒̓̉̓̆̌̎̏̊ ̞̆̋̓̉̃̎̏̒̓̉̕̕ ̃̏̅̏̑̏̒̌̆̊ ̃ 
̘̖̂̉̏̌̏̄̉̆̒̋̉ ̖̐̑̔̅́Ȣ  
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ˠˑ˗ υχτȢφσρɉτφυɊυψρȢτ 
 

˙˛ˑ˒˘˕˝˛ˏˍ˚˕˒ ˟˒˙˜˒˝ˍ˟ˠ˝˚˛ː˛ ˝˒˓˕˙ˍ ˜˛ˤˏ ˨
 

˛ȢːȢ ˞̙̔̌̓́̏̃́1ȟ ˍȢ˗Ȣ ˓̔̍́̍̂̆̓̏̃2,  
ˬȢːȢ ˢ̔̅́̊̂̆̑̄̆̎̏̃3ȟ ˍȢ˙Ȣ ˜̜́̌̍̏̃́4 

 
ˍ̗̠̎̎̏̓́̉  
 

ˏ ̝̒̓́̓̆ ̐̏̋́̈́̎́ ̝̐̆̑̒̐̆̋̓̉̃̎̏̒̓ ̠̐̑̉̍̆̎̆̎̉ ̍̆̓̏̅̏̃ ̘̍́̓̆̍́̓̉̆Ȥ
̒̋̏̊ ̉̈̉̋̉̕ ̋ ̟̉̒̒̌̆̅̏̃́̎̉ ̏̒̏̂̆̎̎̏̒̓̆̊ ̓̆̍̐̆̑́̓̔̑̎̏̄̏ ̑̆̇̉̍́ ̘̜̐̏̃Ȣ ˚́ 
̂́̈̆ ̏̅̎̏̑̏̅̎̏̄̏ ̠̔̑́̃̎̆̎̉ ̓̆̐̌̏̐̑̏̃̏̅̎̏̒̓̉ ̒ ̜̎̆̏̅̎̏̑̏̅̎̍̉ ̘̜̄̑́̎̉̎̍̉ 
̠̔̒̌̏̃̉̍̉ ̑́̒̒̍̏̓̑̆̎́ ̝̃̏̈̍̏̇̎̏̒̓ ̘̍́̓̆̍́̓̉̆̒̋̏̄̏ ̠̍̏̅̆̌̉̑̏̃́̎̉ ̑́̒̐̑̏Ȥ
̠̒̓̑́̎̆̎̉ ̓̆̐̌̏̃̏̊ ̜̃̏̌̎ ̝̃̄̌̔̂ ̘̜̐̏̃ ̒ ̗̝̟̆̌ ̠̉̒̒̌̆̅̏̃́̎̉ ̆̆ ̓̆̐̌̏̃̏̄̏ 
̑̆̇̉̍́ ̃ ̈́̃̉̒̉̍̏̒̓̉ ̏̓ ̙̖̃̎̆̎̉ ́̋̓̏̑̏̃̕Ȣ 
 
˗̟̘̜̌̆̃̆ ̒̌̏̃́ȡ ̅̉̎́̍̉̋́ȟ ̓̆̐̌̏̐̑̏̃̏̅̎̏̒̓̉ȟ ̓̆̐̌̏̏̂̍̆̎ȟ ̜̋̏̎̃̆̋̓̉̃̎̊ȟ 
̠̜̓̆̑̍̏̋́̐̉̌̌̑̎̊ȟ ̠̍̏̅̆̌̉̑̏̃́̎̉. 
 

˕̈̃̆̒̓̎̏ȟ ̘̓̏ ̅̏ ̎̆̅́̃̎̆̄̏ ̃̑̆̍̆̎̉ ̃ ˠ̈̂̆̋̉̒̓́̎̆ ̘̎̆̅̏̒̓́̓̏̎̏ ̠̐̑̏̃Ȥ
̠̠̌̌̒  ̉̎̓̆̑̆̒ȟ ̅́ ̘̐̑́̋̓̉̆̒̋̉ ̉ ̎̆ ̜̂̌̏ ̟̖̏̂̏̂́̉̚̚ ̑́̂̏̓ȟ ̃ ̜̖̋̏̓̏̑ ̜̂̌ ̜̂ 
̜̐̑̆̅̒̓́̃̌̆̎ ̜̅́̎̎̆ ̏ ̓̆̐̌̏̃̏̍ ̑̆̇̉̍̆ ̘̜̐̏̃ȟ ̘̠̎́̉̎́ ̏̓ ̖̐̏̃̆̑̎̏̒̓̉ ̘̐̏Ȥ
̜̃ ̉ ̎́ ̘̜̖̑́̈̌̉̎ ̖̄̌̔̂̉̎́Ȣ  

˛̓̍̆̓̉̍ȟ ̘̓̏ ̠̐̏̃̌̆̎̉̆ ̑́̂̏̓ ɍρɎ ̃ ̃̉̅̆ ˚̘́̔̎̏-̐̑̉̋̌́̅̎̏̄̏ ̘̒̐̑́̃̏Ȥ
̎̉̋́ ̃ ̏̐̑̆̅̆̌̆̎̎̏̊ ̒̓̆̐̆̎̉ ̃̏̒̐̏̌̎̉̌̉ ̞̓̏̓ ̐̑̏̂̆̌ ̉ ̃ ̠̎́̒̓̏̆̆̚ ̠̃̑̆̍ 
̐̑̏̉̈̃̏̅̒̓̃̆̎̎̉̋̉ ̔̇̆ ̝̟̉̒̐̏̌̈̔̓ ̎́ ̐̑́̋̓̉̋̆ ̃ ̙̑̆̆̎̉̉ ̖̒̃̏̉ ̘̜̖̑́̈̌̉̎ 
̘̈́̅́Ȣ ˞̌̆̅̔̆̓ ̝̏̓̍̆̓̉̓ȟ ̘̓̏ ̞̓̏̓ ̘̒̐̑́̃̏̎̉̋ ̃ ̏̒̎̏̃̎̏̍ ̎́̐̑́̃̌̆̎ ̎́ ̙̑̆̆Ȥ
̎̉̆ ̘̖̐̑́̋̓̉̆̒̋̉ ̘̈́̅́ȟ ́ ̃ ̝̙̅́̌̎̆̊̆̍ ̝̓̑̆̂̏̃́̌̏̒ ̐̑̉̌̏̇̆̎̉̆ ̘̍́̓̆̍́̓̉̆Ȥ
̒̋̏̊ ̓̆̏̑̉̉ ̓̆̐̌̏̐̑̏̃̏̅̎̏̒̓̉ ̋ ̟̉̒̒̌̆̅̏̃́̎̉ ̓̆̍̐̆̑́̓̔̑̎̏̄̏ ̑̆̇̉̍́ ̘̜̐̏̃ȟ 
̋́̋ ̗̔̎̋̉̉̕ ̜̄̌̔̂̉̎Ȣ ˑ̉̎́̍̉̋́ ̜̓̆̍̐̆̑́̓̔̑ ̘̜̐̏̃ȟ ̋́̋ ̗̠̔̎̋̉̕ ̜̄̌̔̂̉̎ ɀ 
̞̓̏ ̜̒̌̏̇̎̊ ̘̉̈̉̆̒̋̉̊̕ ̗̐̑̏̆̒̒ȟ ̠̈́̃̉̒̉̊̚ ̏̓ ̖̍̎̏̄̉ ́̋̓̏̑̏̃̕ ̙̃̎̆̎̆̊ ̒̑̆Ȥ
̜̅Ȣ ˗̑̏̍̆ ̓̏̄̏ȟ ̝̐̏̒̋̏̌̋̔ ̒́̍́ ̘̐̏̃́ ̠̐̑̆̅̒̓́̃̌̆̓ ̟̒̌̏̇̎̔ ̍̎̏̄̏̋̏̍̐̏̎̆̎̓Ȥ
̟̎̔ ̒̉̒̓̆̍̔ȟ ̓̏ ̆̆ ̝̒̐̏̒̏̂̎̏̒̓ ̝̐̑̏̃̏̅̉̓ ̓̆̐̌̏ ̈́̃̉̒̉̓ ̏̓ ̒̏̒̓́̃́ ̉ ̒̃̏̊̒̓̃ȟ 
̟̖̒̌́̄́̉̚ ̘̐̏̃̔ȟ ̠̟̖̒̏̒̓́̃̌̉̚ ̆̆ ̒̓̑̔̋̓̔̑̎̏-̜̓̆̋̒̓̔̑̎̆ ̏̒̏̂̆̎̎̏̒̓̉ ɉ̅̉̒Ȥ
̐̆̑̒̎̏̒̓̉ȟ ̐̏̑̉̒̓̏̒̓̉ȟ ̒̌̏̉̒̓̏̒̓̉ȟ ̐̌̏̓̎̏̒̓̉ ̓̃̆̑̅̏̊ ̜́̈̕Ɋȟ ̃̌́̇̎̏̒̓̉ȟ ́̄̑̆Ȥ
̄́̓̎̏̄̏ ̠̠̒̏̒̓̏̎̉ ̘̐̏̃̆̎̎̏̊ ̃̌́̄̉ ̉ ̜̓̆̍̐̆̑́̓̔̑Ȣ ˪̘̠̎̆̑̄̆̓̉̆̒̋́ ̐̏̅̐̉̓̋́ 
̘̜̐̏̃ȟ ̜̄̌́̃̎̍ ̏̂̑́̈̏̍ȟ ̠̠̏̒̔̆̒̓̃̌̆̓̒̚ ̈́ ̘̒̆̓ ̠̐̑̍̏̊ ̉ ̠̑́̒̒̆̎̎̏̊ ̘̒̏̌̎̆Ȥ
̎̏̊ ̗̑́̅̉́̉̉Ȣ ˎ́̌́̎̒ ̓̆̐̌́ ̃ ̒̉̒̓̆̍̆ ̖̝̐̏̃̆̑̎̏̒̓ ̘̜̐̏̃ ɀ ̜̐̑̉̈̆̍̎̊ ̒̌̏̊ 
̜́̓̍̏̒̆̑̕ ̈́̃̉̒̉̓ ̏̓ ̉̎̓̆̎̒̉̃̎̏̒̓̉ ̘̒̏̌̎̆̎̏̊ ̗̑́̅̉́̉̉ȟ ̃̉̅́ ̉ ̒̓̆̐̆̎̉ ̑́̒Ȥ
̝̓̉̓̆̌̎̏̄̏ ̐̏̋̑̏̃́ ̉ ̒̆̈̏̎́ ̄̏̅́ȟ ̝́̌̂̆̅̏ȟ ̜̓̆̍̐̆̑́̓̔̑ȟ ̓̆̐̌̏̆̍̋̏̒̓̉ ̉ ̓̆̐Ȥ
̌̏̐̑̏̃̏̅̎̏̒̓̉ ̘̜̐̏̃ȟ ̓̏ ̝̆̒̓ ̒̃̏̊̒̓̃ ̙̃̎̆̎̆̊ ̜̒̑̆̅ ̉ ̜̖̒̏̂̒̓̃̆̎̎ ̒̃̏̊̒̓̃ 
̘̜̐̏̃Ȣ ˛̂̆̊̚ ̝̟̏̒̏̂̆̎̎̏̒̓ ̠̉̈̍̆̎̆̎̉ ̓̆̐̌̏̃̏̄̏ ̑̆̇̉̍́ ̘̜̐̏̃ ̒ ̄̌̔̂̉̎̏̊ 
̠̠̠̃̌̆̓̒ ̅̃̉̇̆̎̉̆ ̓̆̐̌̏̃̏̊ ̜̃̏̌̎ ̏̓ ̖̐̏̃̆̑̎̏̒̓̉ ̃ ̎̉̇̎̉̆ ̘̄̆̎̆̓̉̆̒̋̉̆ ̄̏Ȥ
̜̑̉̈̏̎̓Ȣ ˪̓́ ̝̏̒̏̂̆̎̎̏̒̓ ̠̏̐̑̆̅̆̌̆̓ ̟̏̂̔̚ ̠̅̌ ̖̃̒̆ ̘̐̏̃ ̗̟̒̓̑́̓̉̉̋́̉̕ 
̜̓̆̍̐̆̑́̓̔̑ ̃ ̆̆ ̓̏̌̆̚Ȣ ˙̖̆́̎̉̈̍ ̘̐̆̑̆̅́̉ ̓̆̐̌̏̃̏̊ ̞̎̆̑̄̉̉ ̃ ̘̐̏̃̆ ̏̒̔̆̚Ȥ
̠̠̒̓̃̌̆̓̒ ̈́ ̘̒̆̓ȡ 

                                                           
1˞̙̔̌̓́̏̃́ ˛̖̑́̌́̎ ː̆̎̇̆̂́̆̃̎́ ɀ ̋́̎̅̉̅́̓ ̘̖̄̆̏̄̑́̉̆̒̋̉̕ ̎́̔̋ȟ ̗̅̏̆̎̓ ̋́Ȥ

̜̆̅̑̕ ̄̆̏̄̑́̉̉̕ȟ ˗́̑́̋́̌̐́̋̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ ̉̍̆̎̉ ˎ̖̆̑̅́́ȟ ˠ̈̂̆Ȥ
̋̉̒̓́̎Ȣ  

2˓̔̍́̍̂̆̓̏̃ ˍ̌̉̍̂́̊ ˗̘̆̑̉̍̂́̆̃̉ ɀ ́̒̒̉̒̓̆̎̓ ̜̋́̆̅̑̕ Ⱥˍ̖̑̉̓̆̋̓̔̑́ ̉ ̄̏̑̏̅̏Ȥ
̔̒̓̑̏̊̒̓̃̏Ȼ, ̠ ́̑́̋́̌̐́̋̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ ̉̍̆̎̉ ˎ̖̆̑̅́́ȟ ˠ̈̂̆̋̉̒ ̓́̎Ȣ  

3ˢ̔̅́̊̂̆̑̄̆̎̏̃ ˬ̖̙̉̍̔̑́̓ ː̘̔̌̉̍̂́̆̃̉ ɀ ́̒̒̉̒̓̆̎̓ ̜̋́̆̅̑̕ ̄̆̏̄̑́̉̉̕ȟ ˗́̑́Ȥ
̋́̌̐́̋̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ ̉̍̆̎̉ ˎ̖̆̑̅́́ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 

4˜̜́̌̍̏̃́ ˍ̍̉̎́ ˙́̑́̓̏̃̎́ ɀ ̒̓̔̅̆̎̓ ̗̝̒̐̆̉́̌̎̏̒̓̉ Ⱥˍ̖̑̉̓̆̋̓̔̑́ ̉ ̄̏̑̏̅̏̔̒Ȥ
̓̑̏̊̒̓̃̏Ȼ, ̠ ́̑́̋ ́̌̐́̋̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ ̉̍̆̎̉ ˎ̖̆̑̅́́ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ  
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ü̍ ̠̏̌̆̋̔̌̑̎̏̊ ̓̆̐̌̏̐̑̏̃̏̅̎̏̒̓̉Ƞ 
ǚ ̘̔̉̒̓̏̄̏ ̓̆̐̌̏̏̂̍̆̎́Ƞ 
ü̋ ̏̎̃̆̋̓̉̃̎̏̄̏ ̐̆̑̆̎̏̒́ ̓̆̐̌́Ƞ 
ü̓ ̠̆̑̍̏̋́̐̉̌̌̑̎̏̄̏ ̐̆̑̆̎̏̒́Ƞ 
ü̐ ̆̑̆̎̏̒́ ̓̆̐̌́ ̐́̑̏̍Ȣ 
˛̘̆̃̉̅̎̏ȟ ̘̓̏ ̝̑̏̌ ̋́̇̅̏̄̏ ̉̈ ̘̜̖̐̆̑̆̉̒̌̆̎̎ ̖̍̆́̎̉̈̍̏̃ ̃ ̘̐̆̑̆̅́̆ 

̓̆̐̌̏̃̏̊ ̞̎̆̑̄̉̉ ̃ ̘̐̏̃̆ ̘̑́̈̌̉̎́Ȣ ː̙̌́̃̎̆̊̉̊ ̖̍̆́̎̉̈̍ ̃ ̞̓̏̍ ̗̐̑̏̆̒̒̆ ɀ 
̠̠̍̏̌̆̋̔̌̑̎́ ɉ̠̋̏̎̅̔̋̓̉̃̎́Ɋ ̝̓̆̐̌̏̐̑̏̃̏̅̎̏̒̓Ȣ   

˟̆̍̐̆̑́̓̔̑́ ̎́ ̖̐̏̃̆̑̎̏̒̓̉ ̈̆̍̌̉ ̎̏̒̉̓ ̠̑̋̏ ̜̟̃̑́̇̆̎̎̔ ̘̟̒̔̓̏̎̔ ̉ 
̟̄̏̅̏̃̔ ̘̝̐̆̑̉̏̅̉̎̏̒̓Ȣ ˛̠̂̑́̓̉̍̒ ̋ ̘̈́̅́̆ ̏ ̑́̒̐̑̏̒̓̑́̎̆̎̉̉ ̘̖̐̆̑̉̏̅̉̆̒̋̉ 
̜̖̓̆̍̐̆̑́̓̔̑̎ ̋̏̌̆̂́̎̉̊ ̃ ̘̐̏̃̆ȟ ̟̋̏̓̏̑̔ ̂̔̅̆̍ ̝̑́̒̒̍́̓̑̉̃́̓ ̋́̋ ̏̅̎̏̑̏̅Ȥ
̎̏̆ ̐̏̌̔̐̑̏̒̓̑́̎̒̓̃̏ π¢ Z ¢ ¤. ˪̓́ ̘̈́̅́́ ̠̠̠̃̌̆̓̒ ̖́̑́̋̓̆̑̎̏̊ ̘̈́̅́̆̊ ̂̆̈ 
̘̝̜̖̎́́̌̎ ̔̒̌̏̃̉̊ȟ ̓́̋ ̋́̋ ̐̑̉ ̍̎̏̄̏̋̑́̓̎̏̍ ̐̏̃̓̏̑̆̎̉̉ ̓̆̍̐̆̑́̓̔̑̎̏̄̏ 
̖̏̅́ ̎́ ̖̐̏̃̆̑̎̏̒̓̉ ̠̃̌̉̎̉̆ ̘̝̎́́̌̎̏̊ ̜̓̆̍̐̆̑́̓̔̑ ̂̔̅̆̓ ̝̙̍̆̎̆ ̠̠̃̌̉̎̉ 
̖̅̑̔̄̉ ́̋̓̏̑̏̃̕ȟ ̜̋̏̓̏̑̍̉ ̜̍ ̐̏̋́ ̐̑̆̎̆̂̑̆̄́̆̍Ȣ ˝̜́̒̒̍́̓̑̉̃́̆̍̊ ̘̉̈̉̆̕Ȥ
̒̋̉̊ ̗̐̑̏̆̒̒ ̠̑́̒̐̑̏̒̓̑́̎̆̎̉ ̓̆̐̌̏̃̏̊ ̜̃̏̌̎ ̃ ̘̐̏̃̆ ̐̏ ̄̌̔̂̉̎̆ ̜̠̏̐̉̒̃́̆̓̒ 
̔̑́̃̎̆̎̉̆̍ ̓̆̐̌̏̐̑̏̃̏̅̎̏̒̓̉ ɍτȟ υɎ  
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ȟ ̐̑̉  0¢ Z ¢ ¤,                                        (1)  

̄̅̆ T ɀ ̓̆̍̐̆̑́̓̔̑́ȟ K ɀ ̠̃̑̆̍ȟ ,̒ ́  ɀ ̞̗̋̏̉̉̆̎̓̕̕ ̓̆̍̐̆̑́-̓̔̑̔̐̑̏̃̏̅̎̏̒̓̉ȟ 
2̍/ ,̒ Z ɀ ̃ ̝̠̆̑̓̉̋́̌̎́ ̋̏̏̑̅̉̎́̓́ ɀ ̄ ̌̔̂̉̎́ ̄̏̑̉̈̏̎̓́ ̘̜̐̏̃ȟ .̍  

 
˟́̋̉̍ ̏̂̑́̈̏̍ȟ ̙̑̆̆̎̉̆ ̘̈́̅́̉ ̠̒̃̏̅̉̓̒ ̋ ̜̟̏̓̒̋́̎̉ ̘̏̄̑́̎̉̆̎̎̏̄̏ 

̙̠̑̆̆̎̉ ̠̔̑́̃̎̆̎̉ ɉρɊȟ ̠̟̔̅̏̃̌̆̓̃̏̑̆̄̏̚ ̃ ̒̉̌̔ ̔̋́̈́̎̎̏̊ ̜̙̃̆ ̘̐̆̑̉̏̅̉Ȥ
̎̏̒̓̉ ̘̄̑́̎̉̎̏̍̔ ̟̔̒̌̏̃̉ 

               T(0, )=A c̏osw , 
P

w
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=                                                           (2)  

̄̅̆ P ɀ ̐ ̆̑̉̏̅ȟ A  ̏        
˝̙̆̆̎̉̆ ̘̈́̅́̉ ̉̍̆̆̓ ̃̉̅ ɍτɎ 
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                            (3)  

˚́ ̏̒̎̏̃́̎̉̉ ̙̠̑̆̆̎̉ ɉσɊ ̍̏̇̎̏ ̝̅́̓ ̟̟̒̌̆̅̔̔̚ ̗̟̉̎̓̆̑̐̑̆̓́̉ ̉̈̉̕Ȥ
̘̆̒̋̏̄̏ ̗̐̑̏̆̒̒́ ̠̑́̒̐̑̏̒̓̑́̎̆̎̉ ̓̆̍̐̆̑́̓̔̑̎̏̊ ̜̃̏̌̎ ̃ ̘̐̏̃̆Ȣ 

ρȢ ˒̒̌̉ ̓̆̍̐̆̑́̓̔̑́ ̖̐̏̃̆̑̎̏̒̓̉ ̝̅̌̉̓̆̌̎̏̆ ̠̃̑̆̍ ̘̐̆̑̉̏̅̉̆̒̋̉ ̠̍̆̎Ȥ
̠̆̓̒*ȟ ̓̏ ̃ ̘̐̏̃̆ ̓́̋̇̆ ̟̠̔̒̓́̎́̃̌̉̃́̓̒ ̠̋̏̌̆̂́̎̉ ̜̓̆̍̐̆̑́̓̔̑ ̒ ̓̆̍ ̇̆ ̐̆Ȥ
̑̉̏̅̏̍Ȣ ˜̑̉ ̞̓̏̍ ́̍̐̌̉̓̔̅́ ̋̏̌̆̂́̎̉̊ ̞̗̝̋̒̐̏̎̆̎̉́̌̎̏ ̜̔̂̃́̆̓ ̒ ̄̌̔̂̉̎̏̊Ȣ 

             ()
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= ,                                                       (4)  

̓̏ ̝̆̒̓ȟ ̆̒̌̉ ̜̄̌̔̂̉̎ ̑́̒̓̔̓ ̃ ̘́̑̉̍̆̓̉̆̒̋̏̊̕ ̐̑̏̄̑̆̒̒̉̉ȟ ̓̏ ̜́̍̐̌̉̓̔̅ ̜̔̂Ȥ
̟̃́̓ ̃ ̘̄̆̏̍̆̓̑̉̆̒̋̏̊ ̐̑̏̄̑̆̒̒̉̉ ɉ̜̐̆̑̃̊ ̈́̋̏̎ ˡ̝̔̑̆ɊȢ 

ςȢ ˟̜̆̍̐̆̑́̓̔̑̎̆ ̠̋̏̌̆̂́̎̉ ̃ ̘̐̏̃̆ ̖̠̐̑̏̉̒̏̅̓ ̒̏ ̒̅̃̉̄̏̍ ̜́̈̕Ȣ ˏ̠̑̆̍ 
ZɊ ̜̠̈́̐́̈̅̃́̎̉ ̍́̋̒̉̍̔̍̏̃ ɉ̍̉̎̉̍̔̍̏̃Ɋ ̜̓̆̍̐̆̑́̓̔̑ ̃ ̘̐̏̃̆ ̏̓ ̒̏̏̓Ȥ

̟̖̃̆̓̒̓̃̔̉̚ ̍̏̍̆̎̓̏̃ ̎́ ̖̐̏̃̆̑̎̏̒̓̉ ̗̝̐̑̏̐̏̑̉̏̎́̌̎̏ ̄̌̔̂̉̎̆ ɉ̃̓̏̑̏̊ ̈́Ȥ
̋̏̎ ˡ̝̔̑̆Ɋȡ 

              ()
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Z
Z
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td = .                                                                (5)  

σȢ ː̌̔̂̉̎́ ̠̐̑̏̎̉̋̎̏̃̆̎̉ ̓̆̐̌́ ̃ ̘̐̏̃̔ ̈́̃̉̒̉̓ ̏̓ ̐̆̑̉̏̅́ ̋̏̌̆̂́̎̉̊ 
̜̓̆̍̐̆̑́̓̔̑ ̎́ ̖̐̏̃̆̑̎̏̒̓̉Ȣ ˛̝̓̎̏̒̉̓̆̌̎̏̆ ̉̈̍̆̎̆̎̉̆ ̓̆̍̐̆̑́̓̔̑̎̏̊ ́̍Ȥ
̜̐̌̉̓̔̅ ̑́̃̎̏  

                                                           
*˜̘̝̆̑̉̏̅̉̎̏̒̓ ̋̏̌̆̂́̎̉̊ ̜̓̆̍̐̆̑́̓̔̑ ̎́ ̖̐̏̃̆̑̎̏̒̓̉ ̘̜̐̏̃ ̃ ̘̓̆̆̎̉̉ ̝̙̂̏̌̏̄̏ ̐̑̏̍̆Ȥ

̇̔̓̋́ ̃̑̆̍̆̎̉ ̃  ̘̝̈̎́̉̓̆̌̎̏̊ ̒̓̆̐̆̎̉ ̠̏̒̌́̂̌̆̓ ̃ ̠̌̉̎̉̆ ̎ ̘̝́́̌̎̏̄̏ ̠̔̒̌̏̃̉Ȣ 
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ˡ̏̑̍̔̌́ ɉφɊ ̜̐̏̋́̈̃́̆̓ȟ ̘̓̏ ̘̆̍ ̝̙̂̏̌̆ ̐̆̑̉̏̅ȟ ̓̆̍ ̝̙̍̆̎̆ ̄̌̔̂̉̎́ 
̠̐̑̏̎̉̋̎̏̃̆̎̉ ̜̖̓̆̍̐̆̑́̓̔̑̎ ̋̏̌̆̂́̎̉̊Ȣ ˚́̐̑̉̍̆̑ȟ ̆̒̌̉ ̠̝̃̈̓ ̜̐̆̑̉̏̅ P1 ̉ 
P2ȟ ̜̄̌̔̂̉̎ Z1 ̉ Z2ȟ ̎́ ̜̖̋̏̓̏̑ ̖̐̑̏̉̒̏̅̉̓ ̏̅̉̎́̋̏̃̏̆ ̝̏̓̎̏̒̉̓̆̌̎̏̆ ̉̈̍̆̎̆Ȥ
̎̉̆ ̜̓̆̍̐̆̑́̓̔̑ȟ ̓̏ ̏̎̉ ̠̜̒̃̈́̎ ̙̒̏̏̓̎̏̆̎̉̆̍ 
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˝̙̆̆̎̉̆ ɉσɊ ̠̐̑̆̅̒̓́̃̌̆̓ ̒̏̂̏̊ ̜̉̅̆́̌̉̈̉̑̏̃́̎̎̊ ̘̒̌̔́̊ ̐̑̉̍̆̎̉Ȥ
̝̓̆̌̎̏ ̋ ̖̒̔̏̊ ̘̐̏̃̆ ̉ ̟̔̒̌̏̃̉ ̠̋̏̌̆̂́̎̉ ̜̓̆̍̐̆̑́̓̔̑ ̘̜̐̏̃ ̒ ̄̌̔̂̉̎̏̊ ̃ 
̈́̃̉̒̉̍̏̒̓̉ ̏̓ ̋̏̌̆̂́̎̉̊ ̜̓̆̍̐̆̑́̓̔̑ ̖̃̏̈̅̔́Ȣ ˛̅̎́̋̏ȟ ̖̎̆̏̂̏̅̉̍̏ ̝̉̍̆̓ 
̃̃̉̅̔ȟ ̘̓̏ ̞̓̏̓ Ⱥ̈́̋̏̎Ȼ ̜̠̠̃̐̏̌̎̆̓̒ ̎̆ ̃̒̆̄̅́ȡ ̃̆̋̓̏̑ ̉̈̍̆̎̆̎̉̊ ̜̓̆̍̐̆̑́̓̔̑ 
̘̜̐̏̃ ̎́ ̜̖̑́̈̎ ̘̜̖̐̏̃̆̎̎ ̖̄̏̑̉̈̏̎̓́ ̃ ̈́̃̉̒̉̍̏̒̓̉ ̏̓ ̠̑̅́ ́̋̓̏̑̏̃̕ ̍̏̇̆̓ȟ 
̋́̋ ̖̠̝̒̏̑́̎̓ ̎́̐̑́̃̌̆̎̉̆ ̖̏̅́ ̜̓̆̍̐̆̑́̓̔̑ ̖̃̏̈̅̔́ȟ ̓́̋ ̉ ̠̝̉̈̍̆̎̓ ̆̄̏ ̎́ 
̐̑̏̓̉̃̏̐̏̌̏̇̎̏̆Ȣ ˑ̆̌̏ ̃ ̓̏̍ȟ ̘̓̏ ̘̐̏̃́ ̠̐̑̆̅̒̓́̃̌̆̓ ̉̈ ̠̒̆̂ ̟̎̆̋̏̓̏̑̔ ̒̌̏̉Ȥ
̟̒̓̔ ̒̉̒̓̆̍̔ȟ ̃ ̋̏̓̏̑̏̊ ̎́ ̗̖̄̑́̎̉́ ̘̜̖̐̏̃̆̎̎ ̄̏̑̉̈̏̎̓̏̃ ̐̏ ̍̆̑̆ ̐̏̒̓̔̐̌̆Ȥ
̠̎̉ ̘̒̏̌̎̆̎̏̊ ̗̑́̅̉́̉̉ ̃ ̘̓̆̆̎̉ ̆̄̏̅́ȟ ̜̎̆̐̑̆̑̃̎̏ ̖̐̑̏̉̒̏̅̉̓ ̐̆̑̆̍̆̆̎̉̆̚ 
̓̆̐̌́ ̉ ̃̌́̄̉ȟ ̓̏ ̝̆̒̓ ̘̐̏̃̔ ̍̏̇̎̏ ̝̑́̒̒̍́̓̑̉̃́̓ ̋́̋ ̟̍̎̏̄̏̒̌̏̊̎̔ ̒̉̒̓̆̍̔ȟ 
̆̒̌̉ ̆̆ ̉̒̒̌̆̅̏̃́̎̉̆ ̜̠̠̃̐̏̌̎̆̓̒ ̐̏ ̜̒̓́̎̅́̑̓̎̍ ̄̌̔̂̉̎́̍ȟ ̎́ ̜̖̋̏̓̏̑ ̐̑̏Ȥ
̠̠̉̈̃̏̅̓̒ ̘̋̌̉̍́̓̉̆̒̋̉̆ ̠̉̈̍̆̑̆̎̉Ȣ  

˕̈ ̜̖̎́̓̔̑̎ ̟̎́̂̌̅̆̎̉̊ ̔̒̓́̎̏̃̌̆̎̏ȟ ̘̓̏ ̘̃̆̌̉̉̎́ ̋̏̌̆̂́̎̉̊ ́̍̐̌̉Ȥ
̜̓̔̅ ̓̆̍̐̆̑́̓̔̑ ̘̜̐̏̃ ̜̙̃̆ ̓́̋̏̃̏̊ ̃ ̖̃̏̈̅̔̆Ȣ ˪̓́ ̝̏̒̏̂̆̎̎̏̒̓ ̓̆̍̐̆̑́̓̔̑Ȥ
̎̏̄̏ ̑̆̇̉̍́ ̘̜̐̏̃ȟ ̠̠̒̃̈́̎̎́ ̒ ̘̔̆̓̏̍ ̆̆ ̜́̍̐̌̉̓̔̅ ̋̏̌̆̂́̎̉̊ ̓̆̍̐̆̑́̓̔̑ȟ 
̘̜̘̑̆̈̃́̊̎̏ ̃́̇̎́ ̃ ̝̐̑̉̑̏̅̏̐̏̌̈̏̃́̎̉̉ȡ ̃ ̐̌́̎̉̑̏̃́̎̉̉ ̉ ̝̒̓̑̏̉̓̆̌̒̓̃̆ 
̅̏̑̏̄ȟ ̎̆̓̆̐̑̏̃̏̅̏̃̕ȟ ́ ̓́̋ ̇̆ ̛̏̂̆̋̓̏̃ ̜̙̐̑̏̍̌̆̎̎̏̄̏ ̉ ̝̖̠̒̆̌̒̋̏̏̈̊̒̓̃̆̎Ȥ
̎̏̄̏ ̘̠̎́̈̎́̆̎̉Ȣ ˏ ̘̐̏̃̆̎̎̏̊ ̋̌̉̍́̓̏̌̏̄̉̉ ̠̐̑̉̎̓̏ ̘̝̒̉̓́̓ȟ ̘̓̏ ̓̆̍̐̆̑́̓̔̑́ 
̘̜̐̏̃ ̎́ ̄̌̔̂̉̎̆ ςπ ̒̍ ̠̠̠̃̌̆̓̒ ̒̑̆̅̎̉̍ ̐̏̋́̈́̓̆̌̆̍ ̓̆̐̌̏̃̏̄̏ ̠̠̒̏̒̓̏̎̉ 
̋̏̑̎̆̏̂̉̓́̆̍̏̄̏ ̠̒̌̏ ɍρȟ ςȟ σȟ χȟ ψɎȢ ˜̑̉ ̞̓̏̍ȟ ̠̒̑̆̅̎̆̄̏̅̏̃́ ̓̆̍̐̆̑́̓̔̑́ ̘̜̐̏̃ 
̃̒̆̄̅́ ̜̙̃̆ ̒̑̆̅̎̆-̄̏̅̏̃̏̊ ̜̓̆̍̐̆̑́̓̔̑ ̖̃̏̈̅̔́ȟ ́ ̖̉ ̝̑́̈̎̏̒̓ ̘̠̔̃̆̌̉̉̃́̆̓̒ 
̒ ̘̔̃̆̌̉̆̎̉̆̍ ̙̜̉̑̏̓Ȣ   

ˏ ̅́̎̎̏̊ ̑́̂̏̓̆ ̛̏̂̆̋̓̏̍ ̉̒̒̌̆̅̏̃́̎̉̊ ̠̠̟̠̃̌̓̒ ̘́̂̉̏̓̉̆̒̋̉̆ ́̋̓̏̕Ȥ
̜̑ ɀ ̅̉̎́̍̉̋́ ̜̓̆̍̐̆̑́̓̔̑ ̖̃̏̈̅̔́ ̉ ̘̜̐̏̃Ȣ ˗́̋ ̉̈̃̆̒̓̎̏ ɍσȟ ωȟ ρρɎ ̓̆̍̐̆̑́Ȥ
̜̓̔̑̎̍ ̑̆̇̉̍̏̍ ̘̜̐̏̃ ̜̟̎́̈̃́̓ ̑́̒̐̑̆̅̆̌̆̎̉̆ ̜̓̆̍̐̆̑́̓̔̑ ̃ ̘̐̏̃̆̎̎̏̍ 
̐̑̏̉̌̆̕ ̉ ̜̜̎̆̐̑̆̑̃̎̆ ̠̉̈̍̆̎̆̎̉ ̞̓̏̄̏ ̠̑́̒̐̑̆̅̆̌̆̎̉ ̃̏ ̃̑̆̍̆̎̉Ȣ ˙̜ ̃̉̅̆Ȥ
̌̉ȟ ̘̓̏ ̐̑̉ ̜̖̏̐̑̆̅̆̌̆̎̎ ̠̖̔̒̌̏̃̉ ̑́̒̐̑̏̒̓̑́̎̆̎̉̆ ̜̖̓̆̍̐̆̑́̓̔̑̎ ̃̏̌̎ ̃ 
̘̐̏̃̆ ̘̠̠̐̏̅̉̎̆̓̒ ̈́̋̏̎́̍ ˡ̝̔̑̆Ȣ ˜̑̉ ̑́̒̒̍̏̓̑̆̎̉̉ ̓̆̍̐̆̑́̓̔̑̎̏̄̏ ̑̆̇̉̍́ 
̘̜̐̏̃ ̎́ ̏̒̎̏̃̆ ̍̆̓̏̅̏̃ ̘̍́̓̆̍́̓̉̆̒̋̏̊ ̉̈̉̋̉̕ ̒ ̝̉̒̐̏̌̈̏̃́̎̉̆̍ ̠̔̑́̃̎̆̎̉ 
̓̆̐̌̏̐̑̏̃̏̅̎̏̒̓̉ȟ ̘̟̈́́̒̓̔ȟ ̃ ̞̓̏̍ ̔̑́̃̎̆̎̉̉ ̞̗̋̏̉̉̆̎̓̕̕ ̓̆̐̌̏̐̑̏̃̏̅̎̏Ȥ
̒̓̉ ȟ ˏ̓ȾKÖ̍ ̠̒̃̈́̎ ̒ ̞̗̋̏̉̉̆̎̓̏̍̕̕ ̓̆̍̐̆̑́̓̔̑̏̐̑̏̃̏̅̎̏̒̓̉ a ̙̒̏̏̓̎̏̆̎̉Ȥ
̆ ̍

                  
r

l

c
a= ,                                                                   (8)  

̄̅̆ c ɀ ̝̠̔̅̆̌̎́ ̝̓̆̐̌̏̆̍̋̏̒̓ȟ ˑ̇Ⱦ̋̄ÖK,  ɀ ̝̐̌̏̓̎̏̒̓ ̘̜̐̏̃ȟ ̘̠̒̉̓́̆̓̒ ̠̅̌ 
̅́̎̎̏̊ ̘̜̐̏̃ ̠̐̏̒̓̏̎̎̏̊ ̘̃̆̌̉̉̎̏̊ȟ ̜̟̏̐̉̒̃́̆̊̚ ̆̆ ̜̎̆̋̏̓̏̑̆ ̒̑̆̅̎̉̆ 
̒̃̏̊̒̓̃́ ̐̏ ̄̌̔̂̉̎̆Ȣ ˟́̋̏̊ ̖̐̏̅̏̅ ̃ ̘̝̈̎́̉̓̆̌̎̏̊ ̒̓̆̐̆̎̉ ̔̐̑̏́̆̓̚ ̙̑̆̆̎̉̆ 
̠̔̑́̃̎̆̎̉ ̓̆̐̌̏̐̑̏̃̏̅̎̏̒̓̉ȟ ̎̏ ̉ ̝̜̑̆̈̔̌̓́̓ ̐̑̉ ̓́̋̏̍ ̐̑̉̂̌̉̇̆̎̉̉ ̜̏̋́̈Ȥ
̟̠̃́̓̒ ̝̎̆̒̋̏̌̋̏ ̜̉̒̋́̇̆̎̎̍̉ ̝̏̓̎̏̒̉̓̆̌̎̏ ̉̒̓̉̎̎̏̄̏ ̠̑́̒̐̑̆̅̆̌̆̎̉ ̓̆̍Ȥ
̜̐̆̑́̓̔̑ ̘̜̐̏̃ ̒ ̄̌̔̂̉̎̏̊ ̉ȟ ̃ ̏̒̏̂̆̎̎̏̒̓̉ȟ ̆̆ ̅̉̎́̍̉̋̉Ȣ ˜̑̆̇̅̆ ̃̒̆̄̏ȟ ̞̋̏̕Ȥ
̗̉̉̆̎̓̕ ̓̆̐̌̏̐̑̏̃̏̅̎̏̒̓̉ ̘̜̐̏̃ȟ ̐̏̍̉̍̏ ̈́̃̉̒̉̍̏̒̓̉ ̏̓ ̆̆ ̖̘̖̍̆́̎̉̆̒̋̉ 
̒̃̏̊̒̓̃ȟ ̝̆̒̓ ̗̠̔̎̋̉̕ ̃̌́̇̎̏̒̓̉ ̘̜̐̏̃Ȣ ˟́̋ȟ ̠̅̌ ̐̆̒̋̏̃ ̉̈̍̆̎̆̎̉̆ ̞̓̏̄̏ ̋̏Ȥ
̞̗̉̉̆̎̓́̕̕ ̒ ̉̈̍̆̎̆̎̉̆̍ ̃̌́̇̎̏̒̓̉ ̖̐̑̏̉̒̏̅̉̓ ̐̏ ̈́̋̏̎̔ ̜̠̎́̒̆̎̉̚ ̉ ̏̐̉Ȥ
̜̠̒̃́̆̓̒ ̔̑́̃̎̆̎̉̆̍ ɍρπȟ ρρɎ  

ce fb +Ö= Öal ,                                                                (9)  

̄̅̆ f ɀ ̝̃̌́̇̎̏̒̓ ̘̜̐̏̃ȟ , b,c ɀ ̞̘̍̐̉̑̉̆̒̋̉̆ ̞̗̜̋̏̉̉̆̎̓̕̕ȟ ̜̑́̈̎̆ ̠̅̌ ̑́̈Ȥ
̘̜̖̌̉̎ ̓̉̐̏̃ ̘̐̆̒́̎̉̋́Ȣ  

ˑ̠̌ ̘̐̏̃ ̄̌̉̎̉̒̓̏-̒̔̄̌̉̎̉̒̓̏̄̏ ̖̘̍̆́̎̉̆̒̋̏̄̏ ̒̏̒̓́̃́ ̈́̃̉̒̉̍̏̒̓̉ ̋̏Ȥ
̞̗̉̉̆̎̓́̕̕ ̓̆̐̌̏̐̑̏̃̏̅̎̏̒̓̉ ̏̓ ̃̌́̇̎̏̒̓̉ ̓́̋̇̆ ̎̆ ̜̌̉̎̆̊̎ȟ ̉ ̜̟̏̐̉̒̃́̓Ȥ
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̠̒ ̒̓̆̐̆̎̎̏̊ ̗̔̎̋̉̆̊̕ ɍρπɎȡ 

cf b+Ö=al .                                                             (10) 

˜̑̉ ̜̖̍́̌ ̘̠̖̈̎́̆̎̉ ̃̌́̇̎̏̒̓̉ ̝̓̆̐̌̏̐̑̏̃̏̅̎̏̒̓ ̒ ̘̔̃̆̌̉̆̎̉̆̍ ̒̏Ȥ
̠̅̆̑̇́̎̉ ̃̌́̄̉ ̑́̒̓̆̓ȟ ̎̏ ̒ ̝̙̍̆̎̆̊ ̝̟̉̎̓̆̎̒̉̃̎̏̒̓Ȣ ˜̏ ̍̆̑̆ ̘̠̔̃̆̌̉̆̎̉ 
̃̌́̄̉ ̝̉̎̓̆̎̒̉̃̎̏̒̓ ̑̏̒̓́ ̞̗̋̏̉̉̆̎̓́̕̕ ̓̆̐̌̏̐̑̏̃̏̅̎̏̒̓̉ ̘̠̔̃̆̌̉̉̃́̆̓̒Ȣ 
ˑ̠̌ ̘̜̖̒̔̐̆̒́̎ ̘̐̏̃ ̝̈́̃̉̒̉̍̏̒̓ ̞̗̋̏̉̉̆̎̓́̕̕ ̓̆̐̌̏̐̑̏̃̏̅̎̏̒̓̉ ̏̓ ̃̌́̇̎̏Ȥ
̒̓̉ ̌̉̎̆̊̎́ ɍρπɎȢ  

˕̈ ̜̙̃̆ ̒̋́̈́̎̎̏̄̏ ̠̠̒̓́̎̏̃̓̒ ̠̜̒̎̍ȟ ̝̒̋̏̌ ̜̒̔̆̒̓̃̆̎̎̚ ̘̠̑́̈̌̉̉ ̓̆̐Ȥ
̌̏̐̑̏̃̏̅̎̏̒̓̉ ̏̓ ̃̉̅̏̃ ̘̐̏̃Ȣ ˟́̋̏̆ ̝̒̉̌̎̏̆ ̘̑́̈̌̉̉̆ ̈́̃̉̒̉̍̏̒̓̉ ̞̗̋̏̉̉̕̕Ȥ
̆̎̓́ ̛̠̠̠̏̂̒̎̆̓̒ ̝̟̒̓̆̐̆̎ ̅̉̒̐̆̑̒̎̏̒̓̉ ̜̖̒̑́̃̎̉̃́̆̍ ̒̑̆̅ȟ ̘̑́̈̌̉̉̆̍ ̓̆̐Ȥ
̜̖̌̏̃ ̒̃̏̊̒̓̃ ̝̜̖̏̓̅̆̌̎ ̠̟̖̒̏̒̓́̃̌̉̚ ̜̖̄̌̉̎̉̒̓ȟ ̜̖̒̔̄̌̉̎̉̒̓ȟ ̘̜̖̒̔̐̆̒́̎ ̉ 
̘̜̖̐̆̒́̎̉̒̓ ̘̐̏̃ ɍρȟ φɎȢ ˔̝́̃̉̒̉̍̏̒̓ ̞̗̋̏̉̉̆̎̓́̕̕ ̓̆̐̌̏̐̑̏̃̏̅̎̏̒̓̉ ̏̓ 
̒̓̑̔̋̓̔̑̎̏-̓̆̋̒̓̔̑̎̏̊ ̍̏̑̏̌̏̄̉̉̕ ̎̆ ̙̈́̍̆̑̈̆̊ ̘̜̐̏̃ ̜̠̃̑́̇́̆̓̒ ̔̑́̃̎̆Ȥ
̎̉̆̍ ɍρπɎ 

,)06,0(022,0
06,0

lg0187,0)( -+= d
d

dl                                   (11)  

̄̅̆ d ɀ ̅ ̉́̍̆̓̑ ̘̗́̒̓̉ ̘̜̐̏̃ ɉ̍̍ɊȢ  
̆Ȥ

̝̅̏̃́̓̆̌̎̏ȟ ̉ ̏̓ ̐̏̑̉̒̓̏̒̓̉ɊȢ ˪̓́ ̝̈́̃̉̒̉̍̏̒̓ ̠̅̌ ̎́̉̂̏̌̆̆ ̜̖̑́̒̐̑̏̒̓̑́̎̆̎̎ 
̓̉̐̏̃ ̘̐̏̃ ̍̏̇̆̓ ̜̝̂̓ ̜̃̑́̇̆̎́ ̏̑̍̔̌̏̊̕ ɍρπɎ 

1,3007,0 rl Ö= .                                                                (12) 

˞̓̑̏̄̏ ̠̄̏̃̏̑ȟ ̘̃̆̌̉̉̎́ ̞̗̋̏̉̉̆̎̓́̕̕ ̓̆̐̌̏̐̑̏̃̏̅̎̏̒̓̉ ̈́̃̉̒̉̓ ̉ ̏̓ 
̜̓̆̍̐̆̑́̓̔̑ ̘̜̐̏̃ȟ ̠̋̏̓̏̑́ ̜̠̃̑́̇́̆̓̒ ̙̒̏̏̓̎̏̆̎̉̆̍ ɍρπɎ 

( ),1) (T TT Ö+Ö= bll                                                          (13)  

̄̅̆ T Tɀ
̠̓̆̋̔́̚ ̓̆̍̐̆̑́̓̔̑́ ̘̜̐̏̃ȟ @3Ö10-3 ɀ ̜̓̆̍̐̆̑́̓̔̑̎̊ ̞̗̋̏̉̉̆̎̓̕̕Ȣ ˗́̋ ̃̉̅Ȥ
̎̏ ̉̈ ̜̏̑̍̔̌̕ ɉρσɊ ̞̓́ ̝̈́̃̉̒̉̍̏̒̓ ̃ ̒̉̌̔ ̍́̌̏̒̓̉ ̓̆̍̐̆̑́̓̔̑̎̏̄̏ ̞̗̋̏̉̉̕̕Ȥ
̆̎̓́  ̅ ̘̏̒̓́̓̏̎̏ ̠̒̌́̂́Ȣ  

˟́̋̉̍ ̏̂̑́̈̏̍ȟ ̎́ ̏̒̎̏̃́̎̉̉ ̜̙̃̆ ̉̈̌̏̇̆̎̎̏̄̏ ̍̏̇̎̏ ̟̘̝̈́̋̌̉̓ȟ ̘̓̏ 
̜̏̒̎̏̃̎̍̉ ́̋̓̏̑́̍̉̕ȟ ̠̟̏̐̑̆̅̆̌̉̍̉̚ ̝̒̐̏̒̏̂̎̏̒̓ ̘̐̏̃ ̝̐̑̏̃̏̅̉̓ ̓̆̐̌̏ȟ 
̠̠̟̠̃̌̓̒ ̖̉ ̖̘̍̆́̎̉̆̒̋̉̊ ɉ̒̓̑̔̋̓̔̑̎̏-̜̓̆̋̒̓̔̑̎̊Ɋȟ ̘̍̉̎̆̑́̌̏̄̉̆̒̋̉̊ ̒̏Ȥ
̒̓́̃ȟ ́ ̓́̋̇̆ ̝̃̌́̇̎̏̒̓ ̉ ̝̐̌̏̓̎̏̒̓Ȣ  

ˠ̠̑́̃̎̆̎̉ ̓̆̐̌̏̐̑̏̃̏̅̎̏̒̓̉ȟ ̜̟̏̐̉̒̃́̆̆̚ ̑́̒̐̑̆̅̆̌̆̎̉̆ ̜̓̆̍̐̆̑́̓̔̑ 
̃ ̘̐̏̃̆. ˘̟̂̏̊ ̓̆̐̌̏̃̏̊ ̗̐̑̏̆̒̒ȟ ̟̐̑̏̓̆̋́̉̊̚ ̃̏ ̃̑̆̍̆̎̉ ̜̠̏̐̉̒̃́̆̓̒ ̅̉̕Ȥ
̗̝̜̆̑̆̎̉́̌̎̍̕ ̔̑́̃̎̆̎̉̆̍ȟ ̘̜̐̏̌̔̆̎̎̍ ˡ̝̔̑̆ ɍτȟ υɎȢ ˏ ̏̒̎̏̃̆ ̞̓̏̄̏ ̔̑́̃̎̆Ȥ
̠̎̉ ̌̆̇̉̓ ̈́̋̏̎ ̖̠̒̏̑́̎̆̎̉ ̞̎̆̑̄̉̉ȟ ̜̋̏̓̏̑̊ ̝̐̑̉̍̆̎̉̓̆̌̎̏ ̋ ̘̐̏̃̆ ̍̏̇̆̓ 
̜̝̂̓ ̒̏̑̍̔̌̉̑̏̃́̎̕ ̃ ̟̒̌̆̅̔̆̍̚ ̃̉̅̆ȡ ̘̋̏̌̉̆̒̓̃̏ ̜̓̆̐̌̏̓ȟ ̘̐̏̌̔̆̎̎̏̆ ̞̌̆Ȥ

̑́̃̎̏ ̟̉̈̍̆̎̆̎̉ ̃̎̔̓̑̆̎̎̆̊ ̞̎̆̑̄̉̉ ̃̆̆̒̓̃́̚ȟ ̠̒̏̅̆̑̇́̆̄̏̒̚ ̃ ̜̃̅̆̌̆̎̎̏̍ 
̛̏̂̆̍̆.  

ˑ̠̌ ̏̅̎̏̍̆̑̎̏̊ ̘̈́̅́̉ ̗̝̅̉̆̑̆̎̉́̌̎̏̆̕̕ ̔̑́̃̎̆̎̉̆ ˡ̝̔̑̆ ɀ ̔ ̑́̃̎̆̎̉̆ 
̓̆̐̌̏̐̑̏̃̏̅̎̏̒̓̉ȟ ̜̠̈́̐̉̒̃́̆̓̒ ̃ ̃̉̅̆ ɉρɊȢ ˪̓̏ ̔̑́̃̎̆̎̉̆ ̈́̐̉̒́̎̏ ̂̆̈ ̘̔̆̓́ 
̘̉̒̓̏̎̉̋́ ɉ̒̓̏̋́Ɋ ̓̆̐̌́Ȣ ˟̜̆̐̌̏̃̆ ̗̜̐̑̏̆̒̒ȟ ̟̐̑̏̓̆̋́̉̆̚ ̃ ̒̉̒̓̆̍̆ ̘̐̏̃́-
́̓̍̏̒̆̑́̕ȟ ̟̘̟̃̋̌́̓ ̓́̋̉̆ ̜̒̑̆̅ ̋́̋ ̃̏̅́ȟ ̌̆̅ȟ ̒̎̆̄Ȣ ˜̗̜̑̏̆̒̒ ̠̉̒̐́̑̆̎̉ ̃̏Ȥ
̜̅ȟ ̠̠̓́̎̉ ̝̌̅́ ̉ ̒̎̆̄́ ̟̠̒̏̐̑̏̃̏̇̅́̓̒ ̐̏̄̌̏̆̎̉̆̍̚ ̜̓̆̐̌̏̓ȟ ́ ̜̏̂̑́̓̎̊ 
̆̍̔ ̗̐̑̏̆̒̒ ɀ ̈́̍̆̑̈́̎̉̆ ̜̃̏̅ ɀ ̜̃̅̆̌̆̎̉̆̍ ̜̓̆̐̌̏̓Ȣ ˜̞̏̓̏̍̔ ̟̒̏̏̓̃̆̓̒̓̃̔Ȥ
̆̆̚ ̔̑́̃̎̆̎̉̆ ̓̆̐̌̏̐̑̏̃̏̅̎̏̒̓̉ ̅̏̌̇̎̏ ̟̘̝̃̋̌́̓ ̘̌̆̎ȟ ̘̜̟̔̉̓̃́̉̊̚ ̐̑̏Ȥ
̗̜̆̒̒ ̠̐̏̄̌̏̆̎̉̚ ɉ̜̠̃̅̆̌̆̎̉Ɋ ̜̓̆̐̌̏̓ Q: 

Q = ÁÖ dz , 
̄̅̆ R ɀ̉ ̝̎̓̆̎̒̉̃̎̏̒̓ ̘̉̒̓̏̎̉̋́ ̉̌̉ ̒̓̏̋́Ȣ C ̘̔̆̓̏̍ ̞̓̏̄̏ ̘̌̆̎́ ̔̑́̃̎̆̎̉̆ ɉρɊ 
̙̠̈́̐̉̆̓̒ ̃ ̃̉̅̆  
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.                                                         (14)  

ˏ ɉρτɊ ̈̎́̋ ȺϹȻ ̃̏ ̃̓̏̑̏̍ ̒̌́̄́̆̍̏̍ ̃ ̘̒̌̔́̆ȟ ̋̏̄̅́ ̃ ̒̑̆̅̆ ̠̉̍̆̆̓̒ ̉̒Ȥ
̘̓̏̎̉̋ ̉ ̐Ȥ
̌̏̐̑̏̃̏̅̎̏̒̓̉ ɉρɊȟ ɉρτɊ ̜̏̐̉̒̃́̆̓ ̠̃̌̆̎̉̆ ̘̐̆̑̆̅́̉ ̜̓̆̐̌̏̓ ̃ ̒́̍̏̍ ̏̂̆̍̚ 
̃̉̅̆Ȣ ˑ̠̌ ̙̠̑̆̆̎̉ ̋̏̎̋̑̆̓̎̏̊ ̘̈́̅́̉ ̖̎̆̏̂̏̅̉̍̏ ̝̏̐̉̒́̓ ̠̔̒̌̏̃̉ ̉̒̒̌̆̅̔̆Ȥ
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̍̏̄̏ ̘̉̈̉̆̒̋̏̄̏̕ ̗̐̑̏̆̒̒́ȟ ̓̏ ̝̆̒̓ ̝̒̏̑̍̔̌̉̑̏̃́̓̕ ̠̅̌ ̙̑̆́̆̍̏̊ ̘̈́̅́̉ ̔̒Ȥ
̠̌̏̃̉ ̘̏̅̎̏̈̎́̎̏̒̓̉Ȣ ˪̓́ Ⱥ̘̝̏̅̎̏̈̎́̎̏̒̓Ȼ ̠̠̏̐̑̆̅̆̌̆̓̒ ̈́̅́̎̉̆̍ ̘̝̜̖̎́́̌̎ 
̉ ̘̜̖̄̑́̎̉̎ ̔̒̌̏̃̉̊ ɀ ̋ ̜̖̑́̆̃ ̔̒̌̏̃̉̊Ȣ 

˜̘̜̏̌̔̆̎̎̆ ̃ ̅́̎̎̏̊ ̑́̂̏̓̆ ̝̜̑̆̈̔̌̓́̓ȟ ̐̏ ̒̔̓̉ȟ ̎̆ ̠̠̟̠̃̌̓̒ ̜̎̏̃̍̉ȟ 
̎̏ ̠̎́̄̌̅̎̏ ̟̅̆̍̏̎̒̓̑̉̑̔̓ ̝̐̆̑̒̐̆̋̓̉̃̎̏̒̓ ̘̍́̓̆̍́̓̉̆̒̋̏̄̏ ̠̍̏̅̆̌̉̑̏̃́̎̉ 
̘̖̉̈̉̆̒̋̉̕ ̗̐̑̏̆̒̒̏̃ ̃ ̒̓̏̌̂̆ ̘̜̐̏̃ȟ ̠̜̖̒̃̈́̎̎ ̒ ̑́̒̐̑̏̒̓̑́̎̆̎̉̆̍ ̓̆̐̌̏̃̏̊ 
̜̃̏̌̎ ̝̃̄̌̔̂ ̘̜̐̏̃Ȣ ˏ ̅́̎̎̏̊ ̝̒̓́̓̆ ̑́̒̒̍̏̓̑̆̎ ̜̒́̍̊ ̝̜̓̑̉̃̉́̌̎̊ ̘̒̌̔́̊ ɀ 
̎̆̉̈̍̆̎̎̏̒̓̉ ̉̈̉̋̏̕-̖̘̖̍̆́̎̉̆̒̋̉ ̉ ̓̆̋̒̓̔̑̎̏-̘̖̍̏̑̏̌̏̄̉̆̒̋̉̕ ̒̃̏̊̒̓̃ 
̘̜̐̏̃ ̒ ̄̌̔̂̉̎̏̊ȟ ̓̏ ̝̆̒̓ ̘̠̒̉̓́̆̓̒ ̞̗̋̏̉̉̆̎̓̕̕ ̓̆̍̐̆̑́̓̔̑̏̐̑̏̃̏̅̎̏̒̓̉ 
ɉ̓̆̐̌̏̐̑̏̃̏̅̎̏̒̓̉Ɋ ̠̐̏̒̓̏̎̎̏̊ ̘̃̆̌̉̉̎̏̊Ȣ 
 

˞̐ ̉̒̏̋ ̌̉ ̜̓̆̑́̓̔̑: 
 

1. ˍ̂̅̔̌̌́̆̃ ˍȢ˗Ȣȟ ˞̙̔̌̓́̏̃́ ˛ȢːȢ ˟̆̐̌̏̃̏̊ ̑̆̇̉̍ ̉ ̍̎̏̄̏̌̆̓̎̉̆ ̘̠̈̎́̆̎̉ ̓̆̍̐̆Ȥ
̜̑́̓̔̑ ̘̜̐̏̃ ̎́ ̘̜̖̑́̈̌̉̎ ̖̄̌̔̂̉̎́ ̐̏ ̓̆̑̑̉̓̏̑̉̉ ˠ̈̂̆̋̉̒̓́̎́Ȣ ɀ ˟̙́̋̆̎̓ȟ 
2008. ɀ ρφυ ̒Ȣ   

2. ˏ̏̑̏̎̉̎ ˍȢˑȢ ˛̜̒̎̏̃ ̉̈̉̋̉̕ ̘̐̏̃Ȣ ɀ ̇ Ȣȡ ˙ːˠȟ ρωψφȢ ɀςρπ ̒Ȣ 
3. ˑ̉̍̏ ˏȢ˚Ȣ ˟̆̐̌̏̃̏̊ ̑̆̇̉̍ ̘̐̏̃ ˞˞˞˝Ȣ ɀ ̇ Ȣȡ ˗̏̌̏̒ȟ ρωχςȢ ɀ στυ ̒Ȣ 
4. ˗̙̠̏̌̋̏̃ ˕Ȣ˞Ȣȟ ː̌̉̎̆̑ ˪ȢˎȢȟ ˞̍̉̑̎̏̃ ˙Ȣ˙Ȣ ˠ̠̑́̃̎̆̎̉ ̃ ̘̜̖́̒̓̎ ̜̖̐̑̏̉̈̃̏̅̎ 
̘̍́̓̆̍́̓̉̆̒̋̏̊ ̉̈̉̋̉̕Ȣ ɀ ̇ Ȣȡ ˏ̜̙̠̒́ ̙ ̋̏̌́ȟ ρωχπȢ ɀ χρπ̒Ȣ 

5. ˗̏̈̌̏̃ ˑȢˏȢ ˛̜̒̎̏̃ ̄̉̅̑̏̉̈̉̋̉̕Ȣ ɀ ̇ Ȣȡ ˙ːˠ˜ȟ ςππτȢ ɀ ρψπ ̒Ȣ 
6. ˛̑̌̏̃ ˑȢ˞Ȣ ˢ̠̉̍̉ ̘̐̏̃Ȣ ɀ ̇ Ȣȡ ˙ːˠȟ ρωψφȢ ɀ ςρω ̒Ȣ   
7. ˜̘̏̃̏̃̆̅̆̎̉̆Ȣ Ⱦ ˜̏̅ ̗̑̆̅́̋̉̆̊ ˏȢ ˍȢ ˗̜̏̃̅ ̉ ˏȢ ˠȢ ˝̏̈́̎̏̃́ ̃ ς-̖ ̖̓̏̍́Ȣ ɀ ˙Ȣȡ 
ˏ̜̙̠̒́ ̙̋̏̌́ȟ ρωψψȢ ɀ σφψ ̒Ȣ 

8. ˝́̒̓̃̏̑̏̃́ ˛ȢːȢ ˡ̉̈̉̋́ ̘̐̏̃ ɉ̘̐̑́̋̓̉̆̒̋̏̆ ̑̔̋̏̃̏̅̒̓̃̏ɊȢ ɀ ˘Ȣȡ ˘ːˠȟ ρωψσȢ ɀ . 
ςσπ̒Ȣ 

9. ˝̏̇̋̏̃ ˏȢˍȢ ˜̘̠̏̃̆̎̎́ ̉̎̏̑̍́̓̉̋́̕Ȣ ɀ ̇ Ȣȡ ˍ̄̑̏̐̑̏̍̉̈̅́̓ȟ ρωψωȢ ɀ ςςρ̒Ȣ 
10. ˝̜̇̏̃́ ˕Ȣ˙Ȣ ˙̘́̓̆̍́̓̉̆̒̋̏̆ ̍̏̅̆̌̉̑̏̃́̎̉̆ ̘̜̖̐̏̃̆̎̎ ̗̐̑̏̆̒̒̏̃Ȣ ɀ ˙Ȣȡ ˙ːˠȟ 

1987. ɀ ψφ ̒Ȣ 
11. ˥̝̔̌̄̉̎ ˍȢ˙Ȣ ˟̜̆̍̐̆̑́̓̔̑̎̊ ̑̆̇̉̍ ̐ ̘̜̏̃Ȣ ɀ ̆ Ȣȡ ˘ːˠȟ ρωυχȢ ɀ ςυω ̒Ȣ 
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MODELING THE THERMAL REGIME OF THE SOIL  
 

O.G. Sultashova, A.K. Zhumambetov, Ya.G. Khudaybergenov, A.M. Pamylova 
 
Abstract.  The article shows the prospects of using mathematical methods of physics to 

the study of the features of the temperature regime of the soil. On the basis of the homogeneous 
equation thermal conductivity with inhomogeneous boundary conditions considered the possi-
bility of mathematical modeling of the thermal regime of the waves deep into the soil in order to 
study its thermal mode depending on external factors. 

Keywords: dynamics, thermal conductivity, heat transfer, convective, Thermocapillary, 
modeling. 
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ˍȢˏȢ ˜̏̐̏̃1, ˞ ȢˍȢ ˙̉̒̉̑̏̃́2 

 
ˍ̗̠̎̎̏̓́̉  
 

ˍ̃̓̏̑́̍̉ ̜̐̑̏̃̆̅̆̎ ̧̘̜̑́̒̓ ̐̑̏̐̔̒̋̎̏̊ ̒̐̏̒̏̂̎̏̒̓̉ ̗̜̔̌̉ ˙̉̑́ 
̄Ȣˏ̏̌̇̒̋̏̄̏Ȣ ˛̜̐̑̆̅̆̌̆̎ ̔̑̏̃̎̉ ̠̏̂̒̌̔̇̉̃́̎̉Ȣ ˑ̜́̎ ̗̑̆̋̏̍̆̎̅́̉̉ ̐̏ ̔̒̓̑́Ȥ
̟̎̆̎̉ ̎̆̅̏̒̓́̓̋̏̃Ȣ  

 
˗̟̘̜̌̆̃̆ ̒̌̏̃́ȡ ̅ ̏̑̏̄́ȟ ̜̓̑́̎̒̐̏̑̓̎̊ ̐̏̓̏̋ȟ ̝̉̎̓̆̎̒̉̃̎̏̒̓ ̠̅̃̉̇̆̎̉Ȣ 

 
ˠ̗̌̉́ ˙̉̑́ ̄Ȣˏ̏̌̇̒̋̏̄̏ ̠̠̠̃̌̆̓̒ ̏̅̎̏̊ ̉̈ ̜̖̏̒̎̏̃̎ ̝̜̖̐̑̏̅̏̌̎ ̍́̄̉Ȥ

̒̓̑́̌̆̊ ̄̏̑̏̅́ ̒ ̝̙̂̏̌̉̍̉ ̜̓̑́̎̒̐̏̑̓̎̍ ̉ ̙̖̜̐̆̆̏̅̎̍ ̐̏̓̏̋́̍̉Ȣ ˚̘́̌̉̉̆ 
̘̝̈̎́̉̓̆̌̎̏̄̏ ̘̉̒̌́ ̝̜̖̐́̑́̌̌̆̌̎ ̙̍́̑̑̔̓̏̃ ̏̂̆̒̓̃̆̎̎̏̄̏̚ ̐́̒̒́̇̉̑̒̋̏̄̏ 
̓̑́̎̒̐̏̑̓́ ̐̑̉̃̆̌̏ ̋ ̜̃̒̏̋̏̊ ̉̎̓̆̎̒̉̃̎̏̒̓̉ ̠̅̃̉̇̆̎̉ ̜̖̓̑́̎̒̐̏̑̓̎ 
̒̑̆̅̒̓̃.  

˞ ̗̝̟̆̌ ̠̏̐̑̆̅̆̌̆̎̉ ̐̑̏̐̔̒̋̎̏̊ ̒̐̏̒̏̂̎̏̒̓̉ ̉ ̔̑̏̃̎̆̊ ̠̏̂̒̌̔̇̉̃́̎̉ 
̎́ ̘̖̔́̒̓̋́ ̐̑̏̆̈̇̆̊ ̘́̒̓̉ ̜̐̑̏̉̈̃̆̅̆̎ ̜̈́̍̆̑ ̘̋̏̌̉̆̒̓̃́ ̓̑́̎̒̐̏̑̓́ ̃ ̓̆Ȥ
̘̆̎̉̆ ̘́̒́ ̐̉̋ȡ ̔̓̑̏̍ ̒ χȡππ ̅̏ ψȡππ ̉ ̘̃̆̆̑̏̍ ̒ ρφȡσπ ̅̏ ρχȡσπ ̃ ̂̔̅̎̉̊ ̝̅̆̎Ȣ 

˛̒̎̏̃̎̏̊ ̜̓̑́̎̒̐̏̑̓̎̊ ̐̏̓̏̋ ̐̏ ̔̌Ȣ ˙̉̑́ ̠̟̒̏̒̓́̃̌̓ ̘̜́̒̓̎̆ ̜̌̆̄̋̏̃̆ 
́̃̓̏̍̏̂̉̌̉ȟ ̙̜̍́̑̑̔̓̎̆ ̓́̋̒̉ȟ ̜́̃̓̏̂̔̒ ˙ˠ˜ Ⱥˏ̠̏̌̇̒̋́ ́̃̓̏̋̏̌̏̎̎́ 
ΟρχσςȻȢ  

˜̟̑̏̐̔̒̋̎̔ ̝̒̐̏̒̏̂̎̏̒̓ ̝̜̖̏̓̅̆̌̎ ̘̔́̒̓̋̏̃ ̝̜̖́̃̓̏̍̏̂̉̌̎ ̅̏̑̏̄ ̉̈Ȥ
̠̟̍̆̑̓ȟ ̘̜̓̏̂ ̝̏̐̑̆̅̆̌̉̓ ̝̃̏̈̍̏̇̎̏̒̓ ̐̑̏̐̔̒̋́ ̋̏̌̏̎̎ ́̃̓̏̍̏̂̉̌̆̊ȟ ̐̏̌̔Ȥ
̘̝̉̓ ̝̜̅̏̐̏̌̎̉̓̆̌̎̆ ̞̗̜̋̏̉̉̆̎̓̕̕ ̠̒̎̉̇̆̎̉ ̐̑̏̐̔̒̋̎̏̊ ̒̐̏̒̏̂̎̏̒̓̉ȟ ́ 
̓́̋̇̆ ̗̝̏̆̎̉̓ ̞̝̆̋̓̉̃̎̏̒̓̕̕ ̠̍̆̑̏̐̑̉̓̉̊ ̐̏ ̜̙̟̐̏̃̆̎̉ ̐̑̏̐̔̒̋̎̏̊ ̒̐̏Ȥ
̒̏̂̎̏̒̓̉Ȣ ˜̑̉ ̞̓̏̍ ̍̏̄̔̓ ̜̝̂̓ ̝̜̉̒̐̏̌̈̏̃́̎ ̅̃́ ̒̐̏̒̏̂́ȡ ̎́ ̏̒̎̏̃̆ ̠̉̈̍̆̑̆̎̉ 
̒̋̏̑̏̒̓̆̊ ̠̅̃̉̇̆̎̉ ̉ ̐̌̏̓̎̏̒̓̉ ̐̏̓̏̋́Ƞ ̜̆̇̆̍̉̎̔̓̎̊ ̘̐̏̅̒̆̓ ̖̠̖̐̑̏̏̅̉̚ 
́̃̓̏̍̏̂̉̌̆̊ ̃ ̘̓̆̆̎̉̆ ̘́̒́Ȣ 

˜̜̆̑̃̊ ̒̐̏̒̏̂ ̍̏̇̎̏ ̠̝̐̑̉̍̆̎̓ ̠̅̌ ̗̏̆̎̋̉ ̐̑̏̐̔̒̋̎̏̊ ̒̐̏̒̏̂̎̏̒̓̉ 
̜̐̏̌̏̒ ̠̅̃̉̇̆̎̉Ȣ ˕̠̟̈̍̆̑̓ ̒̋̏̑̏̒̓̉ ̝̓̏̌̋̏ ̘̜̖̏̅̉̎̏̎ ́̃̓̏̍̏̂̉̌̆̊ ̐̑̉ 
̎̉̈̋̏̊ ̉̎̓̆̎̒̉̃̎̏̒̓̉ ̠̅̃̉̇̆̎̉Ȣ  

˜̑̉ ̝̉̒̐̏̌̈̏̃́̎̉̉ ̃̓̏̑̏̄̏ ̒̐̏̒̏̂́ ̠̟̏̒̔̆̒̓̃̌̓̚ ̜̎̆̐̏̒̑̆̅̒̓̃̆̎̎̊ 
̘̐̏̅̒̆̓ ́̃̓̏̍̏̂̉̌̆̊ȟ ̖̠̖̐̑̏̏̅̉̚ ̘̆̑̆̈ ̜̑́̒̒̍́̓̑̉̃́̆̍̊ ̞̌̆̍̆̎̓ ̅̏̑̏̄̉Ȣ 

˙̝̟́̋̒̉̍́̌̎̔ ̝̐̌̏̓̎̏̒̓ qmax ̏ ̠̟̐̑̆̅̆̌̓ ̧̐̔̓̍ ̗̏̑̄́̎̉̈́̉̉ ̒ ̝̟̐̏̍̏̚ 
̑́̂̏̓̎̉̋̏̃ ː˕ˎˑˑ ̋̑́̓̋̏̃̑̆̍̆̎̎̏̄̏ ̈́̓̏̑́ ̎́ ̑́̒̒̍́̓̑̉̃́̆̍̏̍ ̘̔́̒̓̋̆ ́̃Ȥ
̝̓̏̍̏̂̉̌̎̏̊ ̍́̄̉̒̓̑́̌̉Ȣ ˜̑̉ ̝̉̒̐̏̌̈̏̃́̎̉̉ ̃̓̏̑̏̄̏ ̒̐̏̒̏̂́ ̠̟̏̒̔̆̒̓̃̌̓̚ 
̜̎̆̐̏̒̑̆̅̒̓̃̆̎̎̊ ̧̘̐̏̅̒̓ ́̃̓̏̍̏̂̉̌̆̊ȟ ̖̠̖̐̑̏̏̅̉̚ ̘̆̑̆̈ ̜̑́̒̒̍́̓̑̉̃́̆̍̊ 
̞̌̆̍̆̎̓ ̅̏̑̏̄̉Ȣ 
˜̑̉ ̏̐̑̆̅̆̌̆̎̉̉ ̐̑̏̐̔̒̋̎̏̊ ̒̐̏̒̏̂̎̏̒̓̉ ̝̉̒̐̏̌̈̏̃́̎ ̃̓̏̑̏̊ ̒̐̏̒̏̂ ɀ ̎̆̐̏Ȥ
̜̒̑̆̅̒̓̃̆̎̎̊ ̘̐̏̅̒̆̓ ́̃̓̏̍̏̂̉̌̆̊ȟ ̖̠̖̐̑̏̏̅̉̚ ̘̆̑̆̈ ̜̑́̒̒̍́̓̑̉̃́̆̍̊ ̞̌̆Ȥ
̍̆̎̓ ̅̏̑̏̄̉Ȣ ˕̒̒̌̆̅̏̃́̎̉̆ ̐̑̏̃̆̅̆̎̏ ̎́ ̖̅̃̔ ̘̖̔́̒̓̋́Ȣ 
  

                                                           
1˜̏̐̏̃ ˍ̌̆̋̒́̎̅̑ ˏ̘̌́̅̉̍̉̑̏̃̉ ɀ ̙̒̓́̑̉̊ ̝̐̑̆̐̏̅́̃́̓̆̌ ̜̋́̆̅̑̕ Ⱥˍ̃̓̏̍̏Ȥ

̝̜̂̉̌̎̊ ̓̑́̎̒̐̏̑̓Ȼ ˏ̏̌̇̒̋̏̄̏ ̖̘̐̏̌̉̓̆̎̉̆̒̋̏̄̏ ̉̎̒̓̉̓̔̓́ ɉ̉̌̉́̌́̕Ɋ ˏ̏̌̄̏̄̑́̅̒̋̏̄̏ 
̄̏̒̔̅́̑̒̓̃̆̎̎̏̄̏ ̖̘̓̆̎̉̆̒̋̏̄̏ ̔̎̉̃̆̑̒̉̓̆̓́ȟ ˝̠̏̒̒̉Ȣ 

2˙̉̒̉̑̏̃́ ˞̏̎́ ˍ̌̉̈́̅́̆̃̎́ ɀ ̒ ̓̔̅̆̎̓ ˏ˜˕ ɉ̉̌̉́̌̕Ɋ ˏ̏̌̄ː˟ˠȟ ˝̠̏̒̒̉Ȣ 
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ˠ̘́̒̓̏̋ ̔̌Ȣ ̱ ̌̆̋̒́̎̅̑̏̃́-̔̌Ȣ˛̗̠̌̏̍̏̔̋́  
 

˟̗́̂̌̉́ ρ 
˝̝̜̆̈̔̌̓́̓ ̈́̍̆̑̏̃ ̘̜̃̆̌̉̉̎ ̓̑́̎̒̐̏̑̓̎̏̄̏ ̐̏̓̏̋́ 

̔̌Ȣˍ̌̆̋̒́̎̅̑̏̃́-̔̌Ȣ˛̗̠̌̏̍̏̔̋́ 
 

ˏ̠̑̆̍ ˑ̌̉̎́ ̘̔́̒̓̋́ 
˗̘̏̌̉̆̒̓̃̏ ́̃̓̏̍̏̂̉̌̆̊ȟ ̆̅ 
̃ ̘́̒ ̎́ ρ ̋̍ ̐ ̔̓̉ 

7:00-8:00 ρπππ̍ 2199 105 
16:30-17:30 ρπππ̍ 2494 110 

 
ˏ ̝̑̆̈̔̌̓́̓̆ ̈́̍̆̑̏̃ ̏̐̑̆̅̆̌̆̎̏ȟ ̘̓̏ ̎́ ̏̂̒̌̆̅̔̆̍̏̍ ̘̔́̒̓̋̆ ̃ ̐̆̑̉̏̅ 

̃̑̆̍̆̎̉ ̒ χ ̅̏ ψ ̘́̒̏̃ ̖̐̑̏̆́̌̏ ςρωω ̆̅Ȣ ̓̑́̎̒̐̏̑̓́ȟ ̎́ ρ ̋̍ ̐̔̓̉ ̖̝̎́̏̅̉̌̏̒ 
̏̅̎̏̃̑̆̍̆̎̎̏ ρπυ ́̃̓̏̍̏̂̉̌̆̊ȟ ̒ ρφȡσπ ̅̏ ρχȡσπ ̖̐̑̏̆́̌̏ ςτωτ̆̅Ȣ ̓̑́̎̒̐̏̑̓́ȟ 
̎́ ρ ̋̍ ̐̔̓̉ ̖̝̎́̏̅̉̌̏̒ ̏̅̎̏̃̑̆̍̆̎̎̏ ρρπ ́̃̓̏̍̏̂̉̌̆̊Ȣ 

˜̑̉ ̞̓̏̍ ̠̐̑̏̐̔̒̋̎́ ̝̒̐̏̒̏̂̎̏̒̓ ̎́ ̞̓̏̍ ̘̔́̒̓̋̆ ̅̏̑̏̄̉ ̒ χ ̅̏ ψ ̘́̒̏̃ 
̅̏̌̇̎́ ̠̝̠̑́̃̎̓̒ȡ   

 0 max
0.395 60 105 2489 ʘʚʪ/ʯʘʩP V qa= Ö Ö = Ö Ö =           (1)  

̄̅̆ a=0,65-0,00425ÖVmax=0,65-0,00425Ö60=0,395 ɀ ̞̘̍̐̉̑̉̆̒̋̉̊ ̞̋̏̉̕̕Ȥ
̗̉̆̎̓Ƞ V0Ѐφπ̋̍Ⱦ̘ ɀ ̝̒̋̏̑̏̒̓ ̠̅̃̉̇̆̎̉ ̃ ̜̖̒̃̏̂̏̅̎ ̠̖̔̒̌̏̃̉ ɉ̝̍́̋̒̉̍́̌̎̏ 
̧̙̠̑́̈̑̆̎̎́ ̝̒̋̏̑̏̒̓ ̎́ ̅́̎̎̏̍ ̘̔́̒̓̋̆ɊȠ qmaxЀρπυ ́̃̓ȢȾ̘́̒ ɀ ̝̠̍́̋̒̉̍́̌̎́ 
̝̐̌̏̓̎̏̒̓ ̐̏̓̏̋́ȟ ̧̠̏̐̑̆̅̆̌̎̎́ ̈́̍̆̑́̍̉Ȣ 

˜̠̑̏̐̔̒̋̎́ ̝̒̐̏̒̏̂̎̏̒̓ ̒ ρφȡσπ ̅̏ ρχȡσπ ̘́̒̏̃ȡ 

   0 max
0.395 60 110 2607 ʘʚʪ/ʯʘʩP V qa= Ö Ö = Ö Ö =         (2)  

˟́̋̉̍ ̏̂̑́̈̏̍ȟ ̜̏̐̑̆̅̆̌̆̎ ̧̘̠̑́̒̓̎́ ̉ ̘̠́̋̓̉̆̒̋́̕ ̜̐̑̏̐̔̒̋̎̆ ̒̐̏Ȥ
̒̏̂̎̏̒̓̉ ̘̔́̒̓̋́ ̅̏̑̏̄̉ ɉ̓́̂̌ȢςɊȢ 

 
˟̗́̂̌̉́ ς 

˜̠̑̏̐̔̒̋̎́ ̝̒̐̏̒̏̂̎̏̒̓ ̅̏̑̏̄̉ 
 

ˏ̠̑̆̍ 
˜̠̑̏̐̔̒̋̎́ ̝̒̐̏̒̏̂̎̏̒̓ ̅̏̑̏̄̉ȟ ́̃̓ȢȾ̘ 
˝̧̘̠́̒̓̎́ ˡ̘̠́̋̓̉̆̒̋́ 

7:00-8:00 2489 2199 
16:30-17:30 2607 2494 

 
˟́̋̉̍ ̏̂̑́̈̏̍ȟ ̘̠́̋̓̉̆̒̋́̕ ̠̐̑̏̐̔̒̋̎́ ̝̒̐̏̒̏̂̎̏̒̓ ̘̝̈̎́̉̓̆̌̎̏ ̐̑̆Ȥ

̜̙̃́̆̓ ̧̘̟̑́̒̓̎̔ȟ ̘̓̏ ̄̏̃̏̑̉̓ ̏ ̘̋̑̉̓̉̆̒̋̏̊ ̗̒̉̓̔́̉̉ ̎́ ̅́̎̎̏̍ ̘̔́̒̓̋̆ ̅̏Ȥ
̑̏̄̉Ȣ 

˞̠̏̒̓̏̎̉̆ ̐̏̓̏̋́ ́̃̓̏̍̏̂̉̌̆̊ ̉ ̠̔̒̌̏̃̉ ̠̅̃̉̇̆̎̉ ̎́ ̅̏̑̏̄̆ ̖́̑́̋̓̆̑̉Ȥ
̟̠̈̔̓̒ ̔̑̏̃̎̆̍ ̠̏̂̒̌̔̇̉̃́̎̉Ȣ ˪̓̏ ̜̋̏̍̐̌̆̋̒̎̊ ̝̐̏̋́̈́̓̆̌ ̞̘̋̏̎̏̍̉̎̏̒̓̉ȟ 
̔̅̏̂̒̓̃́ ̉ ̂̆̈̏̐́̒̎̏̒̓̉ ̠̅̃̉̇̆̎̉Ȣ ˠ̑̏̃̎̉ ̠̏̂̒̌̔̇̉̃́̎̉ ̠̟̠̏̐̑̆̅̆̌̓̒ ̒̏Ȥ
̄̌́̒̎̏ ͼ˛ˑ˙ ςρψȢςȢπςπ-ςπρςȢ ˛̓̑́̒̌̆̃̏̊ ̜̅̏̑̏̇̎̊ ̘̍̆̓̏̅̉̆̒̋̉̊ ̅̏̋̔̍̆̎̓Ȣ 
˙̘̆̓̏̅̉̆̒̋̉̆ ̗̑̆̋̏̍̆̎̅́̉̉ ̐̏ ̗̏̆̎̋̆ ̐̑̏̐̔̒̋̎̏̊ ̒̐̏̒̏̂̎̏̒̓̉ ̝́̃̓̏̍̏̂̉̌Ȥ
̜̖̎ ̅̏̑̏̄ͼȢ 

ˠ̝̑̏̃̆̎ ̠̏̂̒̌̔̇̉̃́̎̉ A ̒̏̏̓̃̆̓̒̓̃̔̆̓ ̠̔̒̌̏̃̉̍ȟ ̐̑̉ ̜̖̋̏̓̏̑ ̏̓̒̔̓̒̓Ȥ
̃̔̆̓ ̃̈́̉̍̏̅̆̊̒̓̃̉̆ ̍̆̇̅̔ ̠́̃̓̏̍̏̂̉̌̍̉Ȣ ˙̝̠́̋̒̉̍́̌̎́ ̝̉̎̓̆̎̒̉̃̎̏̒̓ ̅̃̉Ȥ
̠̇̆̎̉ ̎̆ ̜̙̐̑̆̃́̆̓ ςπϷ ̏̓ ̐̑̏̐̔̒̋̎̏̊ ̒̐̏̒̏̂̎̏̒̓̉Ȣ ˏ̏̅̉̓̆̌̉ ̜̒̃̏̂̏̅̎ ̃ 
̜̃̂̏̑̆ ̒̋̏̑̏̒̓̆̊Ȣ ˞̝̋̏̑̏̒̓ ̘̐̑́̋̓̉̆̒̋̉ ̎̆ ̠̒̎̉̇́̆̓̒ ̒ ̑̏̒̓̏̍ ̉̎̓̆̎̒̉̃̎̏̒̓̉ 
̠̅̃̉̇̆̎̉Ȣ 

˜̑̉ ̔̑̏̃̎̆ ̠̏̂̒̌̔̇̉̃́̎̉ B ̠̠̠̐̑̏̃̌̆̓̒ ̃̈́̉̍̏̅̆̊̒̓̃̉̆ ̍̆̇̅̔ ́̃̓̏̍̏Ȥ
̠̂̉̌̍̉ȟ ̟̃̏̈̎̉̋́̓ ̝̜̏̓̅̆̌̎̆ ̜̄̑̔̐̐ ́̃̓̏̍̏̂̉̌̆̊ȟ ̘̠̔̃̆̌̉̉̃́̆̓̒ ̘̉̒̌̏ ̏̂Ȥ
̄̏̎̏̃Ȣ ˜̑̉ ̖̃̆̑̎̆̊ ̗̄̑́̎̉̆ ̠̏̂̒̌̔̇̉̃́̎̉ " ̘̉̒̌̏ ̏̂̄̏̎̏̃ ̝̙̎́̉̂̏̌̆̆Ȣ ˙́̋Ȥ
̝̠̒̉̍́̌̎́ ̝̒̋̏̑̏̒̓ ̎́ ̝̄̏̑̉̈̏̎̓́̌̎̏̍ ̘̔́̒̓̋̆ ̠̒̏̒̓́̃̌̆̓ ̐̑̉̍̆̑̎̏ ψπϷ ̏̓ 
̒̋̏̑̏̒̓̉ ̃ ̜̖̒̃̏̂̏̅̎ ̠̖̔̒̌̏̃̉ȟ ̝̠̍́̋̒̉̍́̌̎́ ̝̉̎̓̆̎̒̉̃̎̏̒̓ ɀ υπϷ ̏̓ ̐̑̏̐̔Ȥ
̒̋̎̏̊ ̒̐̏̒̏̂̎̏̒̓̉Ȣ 

˜̑̉ ̔̑̏̃̎̆ ̠̏̂̒̌̔̇̉̃́̎̉ C ̖̐̑̏̉̒̏̅̉̓ ̝̙̅́̌̎̆̊̉̊ ̑̏̒̓ ̉̎̓̆̎̒̉̃̎̏̒̓̉ 
̠̅̃̉̇̆̎̉ȟ ̘̓̏ ̐̑̉̃̏̅̉̓ ̋ ̠̟̐̏̃̌̆̎̉ ̋̏̌̏̎̎ ́̃̓̏̍̏̂̉̌̆̊Ȣ ˙̝̠́̋̒̉̍́̌̎́ ̉̎Ȥ
̝̓̆̎̒̉̃̎̏̒̓ ̠̒̏̒̓́̃̌̆̓ χυϷ ̏̓ ̐̑̏̐̔̒̋̎̏̊ ̒̐̏̒̏̂̎̏̒̓̉Ȣ ˤ̉̒̌̏ ̏̂̄̏̎̏̃ ̒̏̋̑́Ȥ
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̠́̆̓̒̚ ̐̏ ̍̆̑̆ ̠̐̑̉̂̌̉̇̆̎̉ ̉̎̓̆̎̒̉̃̎̏̒̓̉ ̋ ̝̐̑̆̅̆̌̎̏̊ ̠̅̌ ̅́̎̎̏̄̏ ̠̔̑̏̃̎Ȣ 
˙̝̠́̋̒̉̍́̌̎́ ̝̒̋̏̑̏̒̓ ̎́ ̝̄̏̑̉̈̏̎̓́̌̎̏̍ ̘̔́̒̓̋̆ ̠̒̏̒̓́̃̌̆̓ χπϷ ̏̓ ̒̋̏̑̏Ȥ
̒̓̉ ̃ ̜̖̒̃̏̂̏̅̎ ̠̖̔̒̌̏̃̉ȟ ̘̟̠̏̓̍̆́̓̒ ̠̋̏̌̆̂́̎̉ ̉̎̓̆̎̒̉̃̎̏̒̓̉ ̠̅̃̉̇̆̎̉ ̃ 
̘̓̆̆̎̉̆ ̘́̒́Ȣ  

˜̑̉ ̔̑̏̃̎̆ ̠̏̂̒̌̔̇̉̃́̎̉ D ̝̒̋̏̑̏̒̓ ̘̎́̉̎́̆̓ ̝̙̝̠̔̍̆̎́̓̒ ̒ ̘̔̃̆̌̉̆Ȥ
̎̉̆̍ ̈́̄̑̔̈̋̉ ̅̏̑̏̄̉ ̅̃̉̇̆̎̉̆̍ȟ ̝̐̌̏̓̎̏̒̓ ̠̅̃̉̇̆̎̉ ̑̆̈̋̏ ̃̏̈̑́̒̓́̆̓Ȣ ˞̃̏Ȥ
̂̏̅́ ̠̍́̎̆̃̑̉̑̏̃́̎̉ ́̃̓̏̍̏̂̉̌̆̊ ̘̏̄̑́̎̉̆̎́ȟ ̃̏̅̉̓̆̌̉ ̟̏̔́̓̚̚ ̒̎̉̇̆̎̉̆ 
̘̉̈̉̆̒̋̏̄̏̕ ̉ ̖̘̐̒̉̏̌̏̄̉̆̒̋̏̄̏ ̔̑̏̃̎̆̊ ̋̏̍̏̑̓́̕Ȣ  

˜̑̉ ̔̑̏̃̎̆ ̠̏̂̒̌̔̇̉̃́̎̉ E ̝̠́̃̓̏̍̏̂̉̌̎́ ̅̏̑̏̄́ ̑́̂̏̓́̆̓ ̃ ̑̆̇̉̍̆ 
̐̑̏̐̔̒̋̎̏̊ ̒̐̏̒̏̂̎̏̒̓̉ȟ ́̃̓̏̍̏̂̉̌̉ ̠̅̃̉̇̔̓̒ ̜̎̆̐̑̆̑̃̎̏̊ ̋̏̌̏̎̎̏̊ ̒ ̘́̒Ȥ
̜̓̍̉ ̏̒̓́̎̏̃̋́̍̉Ƞ ̝̒̋̏̑̏̒̓ ̃ ̜̐̆̑̉̏̅ ̖̉ ̠̅̃̉̇̆̎̉ ̠̒̏̒̓́̃̌̆̓ συ ɀ τπϷ ̏̓ 
̒̋̏̑̏̒̓̉ ̃ ̜̖̒̃̏̂̏̅̎ ̠̖̔̒̌̏̃̉ȟ ́ ̐̑̉ ̖̈́̓̏̑́ ̑́̃̎́ ̟̎̔̌Ȣ  

˜̑̉ ̔̑̏̃̎̆ ̠̏̂̒̌̔̇̉̃́̎̉ F ̟̠̎́̂̌̅́̆̓̒ ̘̎́̌̉̉̆ ̘̔́̒̓̋̏̃ ̠̠̒̌̉̎̉ ̉ 
̠̐̆̑̆̐̌̆̓̆̎̉ ̜̖̓̑́̎̒̐̏̑̓̎ ̐̏̓̏̋̏̃Ƞ ̝̉̎̓̆̎̒̉̃̎̏̒̓ ̃ ͼ̘́̒ ̐̉̋ͼ ̜̙̐̑̆̃́̆̓ 
̟̐̑̏̐̔̒̋̎̔ ̝̒̐̏̒̏̂̎̏̒̓ ̅̏̑̏̄̉ȟ ̟̃̏̈̎̉̋́̓ ̠̐̏̌̎́ ̏̒̓́̎̏̃̋́ ̠̅̃̉̇̆̎̉ ̓̑́̎̒Ȥ
̐̏̑̓̎̏̄̏ ̐̏̓̏̋́ ̉ ̜̈́̓̏̑Ȣ  

˚́ ̘̔́̒̓̋̆ ̔̌Ȣˍ̌̆̋̒́̎̅̑̏̃́-̔̌Ȣ˛̗̠̌̏̍̏̔̋́ ̃ ̐̉̋̏̃̏̆ ̠̃̑̆̍ ̟̟̎́̂̌̅́̓Ȥ
̠̒ ̔̑̏̃̎̉ ̠̏̂̒̌̔̇̉̃́̎̉ D, E ̉  Fȟ ̃ ̎̆̐̉̋̏̃̏̆ ̠̃̑̆̍ ɀ ̔ ̑̏̃̎̉ B ̉  C.  

ˏ ̜̐̉̋̏̃̆ ̜̐̆̑̉̏̅ ̃̑̆̍̆̎̉ ̘̠̔̃̆̌̉̉̃́̆̓̒ ̘̉̒̌̏ ̅̏̑̏̇̎̏-
̜̖̓̑́̎̒̐̏̑̓̎ ̙̐̑̏̉̒̆̒̓̃̉̊ ̎̆ ̝̓̏̌̋̏ ̒ ̘̔́̒̓̉̆̍ ̜̖̓̑́̎̒̐̏̑̓̎ ̒̑̆̅̒̓̃ȟ ̎̏ ̉ ̒ 
̘̔́̒̓̉̆̍ ̙̖̐̆̆̏̅̏̃ȟ ̓́̋ ̋́̋ ̎́ ̉̒̒̌̆̅̔̆̍̏̍ ̘̔́̒̓̋̆ ̃ ̠̒̃̈̉ ̒ ̝̙̂̏̌̉̍ ̓̑́̎̒Ȥ
̜̐̏̑̓̎̍ ̐̏̓̏̋̏̍ ̟̠̒̏̈̅́̓̒ ̎̆̔̅̏̂̒̓̃́ ̠̅̌ ̙̖̐̆̆̏̅̏̃ȟ ̠̜̒̃̈́̎̎̆ ̒ ̖̐̆̑̆̏̅̏̍ 
̗̜̔̌̉Ȣ 

 
ˠ̘́̒̓̏̋ ̔̌Ȣ˚́̑̉̍́̎̏̃́-̔̌Ȣˍ̌̆̋̒́̎̅̑̏̃́  

˟̗́̂̌̉́ σ 
˝̝̜̆̈̔̌̓́̓ ̈́̍̆̑̏̃ ̘̜̃̆̌̉̉̎ ̓̑́̎̒̐̏̑̓̎̏̄̏ ̐̏̓̏̋́ 

̔̌Ȣ˚́̑̉̍́̎̏̃́-̔̌Ȣˍ̌̆̋̒́̎̅̑̏̃́  
 

ˏ̠̑̆̍ ˑ̌̉̎́ ̘̔́̒̓̋́ 
˗̘̏̌̉̆̒̓̃̏ ́̃̓̏̍̏̂̉̌̆̊ȟ ̆̅ 
̃ ̘́̒ ̎́ ρ ̋̍ ̐̔̓̉ 

7:00-8:00 ρπππ̍ 2212 115 
16:30-17:30 ρπππ̍ 2203 120 

 
ˏ ̝̑̆̈̔̌̓́̓̆ ̈́̍̆̑̏̃ ̏̐̑̆̅̆̌̆̎̏ȟ ̘̓̏ ̎́ ̏̂̒̌̆̅̔̆̍̏̍ ̘̔́̒̓̋̆ ̃ ̐̆̑̉̏̅ 

̃̑̆̍̆̎̉ ̒ χ ̅̏ ψ ̘́̒̏̃ ̔̓̑́ ̖̐̑̏̆́̌̏ ςςρς ̆̅Ȣ ̓̑́̎̒̐̏̑̓́ȟ ̎́ ρ ̋̍ ̐̔̓̉ ̖̎́̏̅̉Ȥ
̝̌̏̒ ̏̅̎̏̃̑̆̍̆̎̎̏ ρρυ ́̃̓̏̍̏̂̉̌̆̊ȟ ̒ ρφȡσπ ̅̏ ρχȡσπ ̖̐̑̏̆́̌̏ ςςπσ ̆̅Ȣ ̓̑́̎̒Ȥ
̐̏̑̓́ȟ ̎́ ρ ̋̍ ̐̔̓̉ ̖̝̎́̏̅̉̌̏̒ ̏̅̎̏̃̑̆̍̆̎̎̏ ρςπ ́̃̓̏̍̏̂̉̌̆̊Ȣ 

˜̑̉ ̞̓̏̍ ̠̐̑̏̐̔̒̋̎́ ̝̒̐̏̒̏̂̎̏̒̓ ̎́ ̞̓̏̍ ̘̔́̒̓̋̆ ̅̏̑̏̄̉ ̒ χ ̅̏ ψ ̘́̒̏̃ 
̅̏̌̇̎́ ̠̝̠̑́̃̎̓̒ȡ   

0 max
0.395 60 115 2726 ʘʚʪ/ʯʘʩP V qa= Ö Ö = Ö Ö =          (3)  

̄̅̆ a=0,65-0,00425ÖVmax=0,65-0,00425Ö60=0,395 ɀ ̞̘̍̐̉̑̉̆̒̋̉̊ ̞̋̏̉̕̕Ȥ
̗̉̆̎̓Ƞ V0Ѐφπ̋̍Ⱦ̘ ɀ ̝̒̋̏̑̏̒̓ ̠̅̃̉̇̆̎̉ ̃ ̜̖̒̃̏̂̏̅̎ ̠̖̔̒̌̏̃̉ ɉ̝̍́̋̒̉̍́̌̎̏ 
̧̙̠̑́̈̑̆̎̎́ ̝̒̋̏̑̏̒̓ ̎́ ̅́̎̎̏̍ ̘̔́̒̓̋̆ɊȠ qmaxЀρρυ ́̃̓ȢȾ̘́̒ ɀ ̝̠̍́̋̒̉̍́̌̎́ 
̝̐̌̏̓̎̏̒̓ ̐̏̓̏̋́ȟ ̧̠̏̐̑̆̅̆̌̎̎́ ̈́̍̆̑́̍̉Ȣ 

˜̠̑̏̐̔̒̋̎́ ̝̒̐̏̒̏̂̎̏̒̓ ̒ ρφȡσπ ̅̏ ρχȡσπ ̘́̒̏̃ȡ 

0 max
0.395 60 120 2844 ʘʚʪ/ʯʘʩP V qa= Ö Ö = Ö Ö =           (4)  

˟́̋̉̍ ̏̂̑́̈̏̍ȟ ̜̏̐̑̆̅̆̌̆̎ ̧̘̠̑́̒̓̎́ ̉ ̘̠́̋̓̉̆̒̋́̕ ̜̐̑̏̐̔̒̋̎̆ ̒̐̏Ȥ
̒̏̂̎̏̒̓̉ ̘̔́̒̓̋́ ̅̏̑̏̄̉ ɉ̓́̂̌ȢτɊȢ 

 
˟̗́̂̌̉́ τ 

˜̠̑̏̐̔̒̋̎́ ̝̒̐̏̒̏̂̎̏̒̓ ̅̏̑̏̄̉ 
 

ˏ̠̑̆̍ 
˜̠̑̏̐̔̒̋̎́ ̝̒̐̏̒̏̂̎̏̒̓ ̅̏̑̏̄̉ȟ ́̃̓ȢȾ̘ 
˝̧̘̠́̒̓̎́ ˡ̘̠́̋̓̉̆̒̋́ 

7:00-8:00 2726 2212 
16:30-17:30 2844 2203 
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˚́ ̘̔́̒̓̋̆ ̔̌Ȣˍ̌̆̋̒́̎̅̑̏̃́-̔̌Ȣ˛̗̠̌̏̍̏̔̋́ ̃ ̐̉̋̏̃̏̆ ̠̃̑̆̍ ̟̟̎́̂̌̅́̓Ȥ
̠̒ ̔̑̏̃̎̉ ̠̏̂̒̌̔̇̉̃́̎̉ D, E ̉  Fȟ ̃ ̎̆̐̉̋̏̃̏̆ ̠̃̑̆̍ ɀ ̔ ̑̏̃̎̉ B ̉  C. 

˟́̋̉̍ ̏̂̑́̈̏̍ȟ ̎́ ̜̖̑́̒̒̍́̓̑̉̃́̆̍ ̘̖̔́̒̓̋́ ̅̏̑̏̄́ ̑́̂̏̓́̆̓ ̎́ ̐̑̆̅̆̌̆ 
̖̒̃̏̉ ̃̏̈̍̏̇̎̏̒̓̆̊Ȣ 

 
ˑ̠̌ ̠̉̒̐̑́̃̌̆̎̉ ̗̒̉̓̔́̉̉ ̐ ̠̑̆̅̌́̄́̆̓̒ȡ 
1.̨ ̝̐̑̆̅̆̌̉̓ ̉ ̝̌̉̋̃̉̅̉̑̏̃́̓ ̟̅̔̂̌̉̑̔̉̆̚ ̙̜̍́̑̑̔̓ ̏̂̆̒̓̃̆̎̎̏̄̏̚ 

̐́̒̒́̇̉̑̒̋̏̄̏ ̓̑́̎̒̐̏̑̓́Ȣ 
2.̝ ̝́̐̌́̎̉̑̏̃́̓ ̝̒̓̑̏̉̓̆̌̒̓̃̏ ̐̏̅̈̆̍̎̏̄̏ ̉̌̉ ̎́̅̈̆̍̎̏̄̏ ̖̐̆̑̆̏̅́Ȣ 
3.̃ ̑̏̃̆̒̓̉ ̗̟̑̆̏̑̄́̎̉̈́̉ ̒̃̆̓̏̏̑̎̏̄̏̕ ̠̑̆̄̔̌̉̑̏̃́̎̉ ̎́ ̑́̒̒̍́̓̑̉Ȥ

̜̖̃́̆̍ ̘̖̔́̒̓̋́Ȣ 
4.̃ ̝̆̑̆̎́̐̑́̃̉̓ ̘̝́̒̓ ̓̑́̎̒̐̏̑̓̎̏̄̏ ̐̏̓̏̋́ ̎́ ̝̜̐́̑́̌̌̆̌̎̆ ̗̜̔̌̉Ȣ 
 
˞̐̉̒̏̋ ̜̌̉̓̆̑́̓̔̑ 
 

1. ˜̏̐̏̃ ˍȢˏȢ ˛̗̆̎̋́ ̂̆̈̏̐́̒̎̏̒̓̉ ̠̅̃̉̇̆̎̉ ̎́ ̝̂̔̌̃́̑̆ ̟̐̑̏̒̏̈̏̃̕ ̄̏̑̏̅́ 
ˏ̏̌̇̒̋̏̄̏Ⱦ ˍȢˏȢ ˜̏̐̏̃ȟ ːȢˍȢ ˤ̆̑̎̏̃́ȟ ˍȢˍȢ ˎ́̑́̎̏̃ // Ⱥ˞̜̏̃̑̆̍̆̎̎̆ ̜̐̑̏̂̌̆̍ 
̓̑́̎̒̐̏̑̓̎̏̄̏ ̋̏̍̐̌̆̋̒́ ˝̏̒̒̉̉Ȼȡ ˙̆̇̃̔̈̏̃̒̋̉̊ ̒̂̏̑̎̉̋ ̘̜̖̎́̔̎ ̓̑̔̅̏̃ ̍̏Ȥ
̜̖̌̏̅ ̧̘̜̖̔̎ȟ ̍́̄̉̒̓̑́̎̓̏̃ ̉ ́̒̐̉̑́̎̓̏̃. ɀ ˙́̄̎̉̓̏̄̏̑̒̋ȡ ˙ː˟ˠ, 2013. ɀ ˏ̜ Ȥ
̐̔̒̋ σȢ ɀ ˞ Ȣ 36-42. 

2. ˜̏̐̏̃ ˍȢˏȢ ˛̗̆̎̋́ ̈́̄̑̔̇̆̎̎̏̒̓̉ ̉ ̂̆̈̏̐́̒̎̏̒̓̉ ̝̂̔̌̃́̑́ ˜̟̑̏̒̏̈̏̃̕ 
̄Ȣˏ̏̌̇̒̋̏̄̏ȾˍȢˏȢ ˜̏̐̏̃ȟ ːȢˍȢ ˤ̆̑̎̏̃́ȟ ˍȢˍȢ ˎ́̑́̎̏ ̃// ˚̜̏̃̊ ̔̎̉̃̆̑̒̉̓̆̓Ȣ ˞ ̆̑̉̕ȡ 
̖̘̓̆̎̉̆̒̋̉̆ ̎́̔̋̉Ȣ ɀ 2013. ɀ Ο 2. ɀ ˞ Ȣτω-53. 

3. ˤ̆̑̎̏̃́ ːȢˍȢ ˍ̎́̌̉̈ ̐̑̏̐̔̒̋̎̏̊ ̒̐̏̒̏̂̎̏̒̓̉ ̜̖̓̑́̎̒̐̏̑̓̎ ̍́̄̉̒̓̑́̌̆̊ 
̄Ȣˏ̏̌̇̒̋̏̄̏ ̎́ ̐̑̉̍̆̑̆ ̔̌Ȣ˙̉̑́ ȾːȢˍȢ ˤ̆̑̎̏̃́ȟ ˍȢˏȢ ˜̏̐̏̃ȟ ˒Ȣ˛Ȣ ̠ ́̓̋̏̃́ // ˍ̃̓̏Ȥ
̓̑́̎̒̐̏̑̓̎̏̆ ̠̐̑̆̅̐̑̉̓̉̆Ȣ ɀ 2013. ɀ ΟσȢ ɀ ˞ Ȣσσ-36 

4. ˤ̆̑̎̏̃́ ːȢˍȢ ˛̒̏̂̆̎̎̏̒̓̉ ̗̏̑̄́̎̉̈́̉̉ ̖̐́̒̒́̇̉̑̒̋̉ ̐̆̑̆̃̏̈̏̋ ̃ ̄Ȣˏ̏̌̇̒̋̏̍ /  
ːȢˍȢ ˤ̆̑̎̏̃́ȟ ˍȢˏȢ ˜̏̐̏̃ȟ ˚Ȣ˫Ȣ ˜́̃̌̏̃ȟ ˚ȢˑȢ ˜̝̠̜̖̎ // ˍ̃̓̏̓̑́̎̒̐̏̑̓̎̏̆ ̐̑̆̅Ȥ
̠̐̑̉̓̉̆Ȣ ɀ 2013. ɀ ΟρπȢ ɀ ˞ Ȣω-13 

5. ˜̏̐̏̃ȟ ˍ̌ȢˏȢ ˍ̎́̌̉̈ ̐̑̏̐̔̒̋̎̏̊ ̒̐̏̒̏̂̎̏̒̓̉ ̜̖̓̑́̎̒̐̏̑̓̎ ̍́̄̉̒̓̑́̌̆̊ ̄Ȣ 
ˏ̏̌̇̒̋̏̄̏ ̎́ ̐̑̉̍̆̑̆ ̗̜̔̌̉ ˍ̌̆̋̒́̎̅̑̏̃́ Ⱦ ˍ̌ȢˏȢ ˜̏̐̏̃ȟ ˕Ȣ˗Ȣ ˍ̎̓̑̏̐̏̃ // ˚̏ Ȥ
̜̃̊ ̔̎̉̃̆̑̒̉̓̆̓Ȣ ˞̠̆̑̉ Ⱥ˟̖̘̆̎̉̆̒̋̉̆ ̎́̔̋̉ȻȢ ɀ 2015. ɀ Ο υ-6. ɀ C. 60-64. 

6. ˜̏̐̏̃ȟ ˍ̌ȢˏȢ ˍ̎́̌̉̈ ̐̑̏̐̔̒̋̎̏̊ ̒̐̏̒̏̂̎̏̒̓̉ ̜̖̓̑́̎̒̐̏̑̓̎ ̍́̄̉̒̓̑́̌̆̊ ̄Ȣ 
ˏ̏̌̇̒̋̏̄̏ ̎́ ̐̑̉̍̆̑̆ ̗̜̔̌̉ ˑ̜̑̔̇̂ Ⱦ ˍ̌ȢˏȢ ˜̏̐̏̃ȟ ˏȢˍȢ ˜́̎̏̃ // ˏ̆̒̓̎̉̋ ̍́̄̉Ȥ
̜̒̓̑́̓̔̑Ȣ ɀ 2015. ɀ Ο φ ɉ̓̏̍ ρɊȢ ɀ C. 67-70. 

7. ˜̏̐̏̃ȟ ˍ̌ȢˏȢ ˍ̎́̌̉̈ ̐̑̏̐̔̒̋̎̏̊ ̒̐̏̒̏̂̎̏̒̓̉ ̜̖̓̑́̎̒̐̏̑̓̎ ̍́̄̉̒̓̑́̌̆̊ ̄Ȣ 
ˏ̏̌̇̒̋̏̄̏ ̎́ ̐̑̉̍̆̑̆ ̗̜̔̌̉ ˗̜̙́̑̂̆̃́ Ⱦ ˍ̌ȢˏȢ ˜̏̐̏̃ȟ ˑȢˍȢ ˜̘̆̆̑̒̋̏̃ // ˙̆̇ Ȥ
̜̅̔̎́̑̏̅̎̊ ̘̎́̔̎̏-̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̇̔̑̎́̌Ȣ ɀ 2015. ɀ Ο υ ɉ̘̝́̒̓ ςɊȢ ɀ C. 91-
93. 

 
΄ ˍȢˏȢ ˜̏̐̏̃ȟ ˞ȢˍȢ ˙̉̒̉̑̏̃́ȟ ςπρφ 
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Abstract.  The authors performed calculations of the capacity of the Mira street of the 
city of Volzhsky. Defined service levels. Recommendations for corrective action. 
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UDC 004.932 
 

WHITEBOARD AREA DETECTION BASED ON SPECIAL PATTERN 
 

P.K. Utemuratov1, A.K. Akshabayev2 
 
Abstract 

 
Nowadays online education and webinars are very popular. In such kind of ed-

ucation, usually teachers use special programs for writing something to explain and 
broadcast it online to students. As practice shows, this kind of sharing information, 
writing, drawing something using mouse is very hard for teachers, it is easier to ex-
plain everything on whiteboard in front of audience. Big problem is detecting white-
board and translating it online. Many researchers have proposed different solutions 
for pattern recognitions, and we try to use some of them to create algorithm for de-
tecting whiteboard area. For this purpose we use simple web camera, and special 
characters on board. This paper proposes algorithms for detecting whiteboard from 
image frames, using special 'star' pattern. 
 
Keywords: lecture, smart board, pattern detection, whiteboard, image processing. 

 
1. Introduction 
Education is one of the most important tools to succeed in our life. Develop-

ment of economy brought to rapid development of information technology. In twenty 
first century it is difficult to imagine our life without new technologies and gadgets. All 
of this brought to be in trend with latest tools and technologies. However the founda-
tion of any company is their staff. So, each company which wants to see own selves at 
the pick of the pedestal need theirs employees to be equipped with latest information 
and advanced skills. To fill this gaps there are provided a lot of online courses where 
any people can gain knowledge in a particular subject. Nowadays there are a lot of 
online courses with multimedia, pictures, illustration materials which makes easy for 
understanding the topic. The advantages of E-learning are: 

-Learner centered 
-Time and location flexible 
-Cost-effective for learners 
-Potentially available to global audience 
-Unlimited access to knowledge 
-Archival capability for knowledge reuse and sharing [1] 
An interactive whiteboards and other technologies and tools for increasing effi-

ciency of e-learning is taking huge role in the current world [2]. The system of auto-
matically detecting digital images during the lecture would be a great contribution to 
the area of e-learning. In this paper, we describe a system that takes lecture images 
from a whiteboard. The application incorporates a variety of automatic and interac-
tive techniques to identify and segment desired content in the camera view, allowing 
the user to publish a more focused video. There can be several images on the white-
board. Required region will be detected by labels in the form of little hand-drawn 
'star' patterns. 

Because digital cameras are becoming accessible to average users, more and 
more people use digital cameras to take images of whiteboards instead of copying 
manually, thus significantly increasing the productivity. The system we describe in 
this paper aims at reproducing the whiteboard content as a faithful, yet enhanced and 
easily controllable, electronic document through the use of a camera. However, images 
are usually taken from an angle to avoid highlights created by flash, resulting in unde-
sired perspective distortion. They also contain other distracting regions such as walls. 
The system we have developed uses a series of image processing algorithms. It auto-

                                                           
1Pernekhan Utemuratov ɀ Masters student of faculty of Information Technologies, Ka-

zakh-British Technical University, Almaty, Kazakhstan. 
2Askar K. Akshabayev ɀ Associate Professor of faculty of Information Technologies, Ka-

zakh-British Technical University, Almaty, Kazakhstan. 
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ÍÁÔÉÃÁÌÌÙ ÌÏÃÁÔÅÓ ÔÈÅ ÂÏÕÎÄÁÒÙ ÏÆ Á ×ÈÉÔÅÂÏÁÒÄȢ 7Å ÕÓÅ ÓÐÅÃÉÁÌ ȬÓÔÁÒȭ ÐÁÔÔÅÒÎ ÆÏÒ ÈÅÌp-
ing us detecting and for making correct transformation of whiteboard. In the first sec-
tion we will talk about special pattern based identification of whiteboard. Afterwards, 
we will discuss about using cascade training algorithms for finding the pattern candi-
dates. Then we will tell about local feature analysis for identification of star pattern 
and choosing the best quadruples from the candidates set.  

 
2. Choosing special pattern for identification 
The first task in broadcasting as a live video streaming of a whiteboard content 

is to identify the whiteboard itself. The only thing that is interested in the whole image 
frame is only the rectangle of the whiteboard area. All the other stuff that is apart from 
the whiteboard can be considered as a noise in each frame. The first assumptions is 
that we have different types of whiteboards. Not all the types of whiteboards can be 
detected by well-ËÎÏ×Î ÅÄÇÅ ÄÅÔÅÃÔÉÏÎ ÁÌÇÏÒÉÔÈÍÓ ÁÓȡ #ÁÎÎÙȭÓ ÁÌÇÏÒÉÔÈÍȟ 3ÏÂÅÌȭÓ ÁÌÇo-
ÒÉÔÈÍȟ ,ÁÐÌÁÃÉÁÎ ÁÌÇÏÒÉÔÈÍȟ 0ÒÅ×ÉÔÔȭÓ ÁÌÇÏÒÉÔÈÍȟ 2ÏÂÅÒÔÓȭÓ ÁÌÇÏÒÉÔÈÍ ɍσɎȢ 4ÈÅ ÐÒÏÂÌÅÍ 
is that whiteboard can be without edges, or you cannot use non whiteboard like sur-
face if you pick the way of finding whiteboard only with detecting edges, etc. Our solu-
ÔÉÏÎ ÉÓ ÔÏ ÕÓÅ ÓÐÅÃÉÁÌ ȬÓÔÁÒÔȭ ÐÁÔÔÅÒÎ ÆÏÒ ÉÄÅÎÔÉÆÉÃÁÔÉÏÎ ÏÆ ÆÏÕÒ ÃÏÒÎÅÒÓ ÏÆ ×ÈÉÔÅÂÏÁÒÄȢ 
Among different shapes the star pattern is tend to be easy drawn by almost any peo-
ple. Also in terms of pattern analysis it has a special structure that is less common to 
be met in an ordinary classroom. In many times star image fits into square. It can give 
us clear vision of how we should transform rectangular whiteboard matrix to get a 
frontal view and not a view from some angle. 

 
3. Using cascade training algorithms for pattern detection 
There are several well-known feature detector algorithms and techniques. The 

ones that are supported by many ready hands-on tools for image processing is: Haar, 
local binary patterns (LBP), and histograms of oriented gradients (HOG) [4]. Haar and 
LBP features are often used to detect faces because they work well for representing 
fine-scale textures. The HOG features are often used to detect objects such as people 
and cars. They are useful for capturing the overall shape of an object. So our decision 
fall into two feature detectors LBP and Haar. Both cascade classifiers need a positive 
and negative training data. So we have collected sample of about 600 positive and 
1100 negative images. As an image we considered the images of hand-written star 
shape. You can see some of the sample star images in the Figure 1. 

 

 
 

Figure 1. Star image samples 
 
In Table 2 you can see the main comparison that was enough for deciding total-

ly which feature detector to use in our special case. So we come to decision to use 
Haar cascading technique which is mainly used for face detection applications cur-
rently. 

 

Table 2 
Comparison table of LBP and Haar 

 

Quality Local Binary Patterns (LBP) Haar 
Training time 3-4 hours 15-16 hours 
Found candidates for a pat-
tern, on average 

50-100 10-15 

 
While setting up the training parameters we set the false negative rate very 

high, so that there is a low probability of missing pattern that are searching. However, 
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the bottlenecks are that we will get extra candidates that are not converging with the 
pattern. That means we should make an extra checks and analysis. You can see from 
the Figure 2 that the false negative rate is high enough for not missing needed candi-
dates. In Figure 2 you can see the results of pattern detection for the picture that is 
used for training set. In the picture there is a lot of star pattern, also some of the non-
star patterns. So after the training it correctly identified all the star patterns, however 
it falsely recognized other regions as a positive sample too. In Figure 3 you can see the 
results for an image from untrained set. And that it mostly covers all the star image 
patterns except one, anyway we are assuming that it has a high false negative rate, 
ÔÈÁÔ ×Å ÎÅÅÄȢ "ÅÃÁÕÓÅ ÔÈÁÔ ÏÎÅ ÒÅÇÉÏÎ ÔÈÁÔ ÔÈÅ ÔÒÁÉÎÉÎÇ ÁÌÇÏÒÉÔÈÍ ÃÏÕÌÄÎȭÔ ÒÅÃÏÇÎÉÚÅ ÉÓ 
far from regular hand-drawn star image. Nevertheless, you can see that there is a 
noises or the candidates for a pattern that are not really looks like a star pattern. One 
of the main reasons is the quality of image and usage of some image filtering tech-
niques. We will discuss about eliminating those noises in the next section. 

 

 
Figure 2. Results for image from training set 

 

 
Figure 3. Results for image  

 
σȢ ,ÏÃÁÌ ÆÅÁÔÕÒÅ ÁÎÁÌÙÓÉÓ ÆÏÒ ÉÄÅÎÔÉÆÉÃÁÔÉÏÎ ÏÆ ȬÓÔÁÒȭ ÐÁÔÔÅÒÎ 
In the previous section we discussed about cascading algorithm which finds the 

ÃÁÎÄÉÄÁÔÅÓ ÆÏÒ ÏÕÒ ÐÁÔÔÅÒÎ ÆÒÏÍ ÔÈÅ ×ÈÏÌÅ ÉÍÁÇÅȢ )ÔȭÓ ÆÁÌÓÅ ÐÏÓÉÔÉÖÅ ÒÁÔÅ ÉÓ ÓÅÔ ÔÏ ÈÉÇÈ 
and we can see it in practice by the results that it is high enough. So the next process 
comes to clearing out noises and leaving only star patterns. After some standard filter-
ing and thresholding procedures [5] we can get binary image for a region. In Figure 4 
you can see results of getting binary images for making the further work easier. 

         
Figure 4. Transformation results to binary image  
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By using corner and edge detection algorithms [6] we can find the outer and 
inner points of the star image. In the Figure 5 we can see the results of applying edge 
ÁÎÄ ÃÏÒÎÅÒ ÄÅÔÅÃÔÉÏÎ ÁÌÇÏÒÉÔÈÍÓȢ !ÎÄ ÔÈÅ ÐÏÉÎÔÓ Ȭρȭȟ Ȭςȭȟ Ȭσȭȟ Ȭτȭȟ Ȭυȭ ÁÒÅ ÃÏÎÓÉÄÅÒÅÄ ÁÓ ÁÎ 
ÉÎÎÅÒ ÐÏÉÎÔÓ ÁÎÄ ÔÈÅ ÐÏÉÎÔÓ ȬÁȭȟ ȬÂȭȟ ȬÃȭȟ ȬÄȭȟ ȬÅȭ ÁÒÅ ÃÏÎÓÉÄÅÒÅÄ ÁÓ ÁÎ ÏÕÔÅÒ ÐÏÉÎÔÓ ÏÆ ÔÈÅ 
star image. After making proper matches between inner and outer points we will get 
different triangles. The cost function in our case is a comparison between perfect star 
image and the given image. And we will calculate squared error between areas of the 
triangles of perfect star and given hand-drawn input star. Center of the perfect star 
will be the mass-center of the given star image that we are processing. And the radius 
of excircle of the perfect star image is defined by the farthest point from the center. 
The areas A, B, C that are shown in Figure 6 are calculated in the following way for the 
given radius of excircle R, with an S being area of pentagon:  

 
 

 
 

And the cost function for the given star image is defined by the following for-
mula: 

, where  

are triangle areas of type A,  are triangle areas of type B, and the  is 
the area of an inner pentagon. 

 
Figure 5. Star sample after corner and edge detection 

 
Figure 6. Perfect star pattern with types of triangles and pentagon 

 
After calculating cost functions for each candidate star pattern we can set some 

threshold for removing unnecessary noises from the candidate set. Also we can con-
sider all quadruples of stars and choose four star patterns with the lowest cost and 
compare the figure similarity to the rectangle. By this way we can even cut the candi-
date set and settle on the four most promising candidates and finish identification 
process. 
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4. Conclusion 
We presented a new approach of detection of whiteboard area. We used special 

ȬÓÔÁÒȭ ÐÁÔÔÅÒÎ ÆÏÒ ÔÕÒÎÉÎÇ ÁÎÙ ÓÕÒÆÁÃÅ ÉÎÔÏ ×ÈÉÔÅÂÏÁÒÄ ÏÎÅȢ 7Å ÁÌÓÏ ÄÉÓÃÕÓÓÅÄ ÁÂÏÕÔ ÔÈÅ 
structure of the star pattern in the geometric terms. The paper contains information 
about cascade training algorithms that are applied to the star pattern with a bunch of 
positive and negative samples. Moreover, we discussed and compared training algo-
rithms against their learning time performance and false positive rates. The results 
that are shown in figures are being tested using the ready algorithms of OpenCV 
framework in C++ language. Overall, the paper provides new and a unique way of 
whiteboard recognition which in the future can turn into broadcasting lectures online 
for e-learning purposes.  
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˗̟̘̜̌̆̃̆ ̒̌̏̃́ȡ ̗̠̌̆̋̉ȟ ̠̔̍̎́ ̅̏̒̋́ȟ ̑́̒̐̏̈̎́̃́̎̉̆ ̏̂̑́̈̏̃ȟ ̏̂̑́̂̏̓̋́ ̉̈̏Ȥ
̂̑́̇̆̎̉̊  

 
΄ ˜Ȣ˗Ȣ ˠ̓̆̍̔̑́̓̏̃ȟ ˍȢ˗Ȣ ˍ̙̋́̂́̆̃ȟ ςπρφ 
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ˠˑ˗ φς 
 

ˏ˛˔˙˛˓˚˨˒ ˏˍ˝˕ˍ˚˟˨ ˕˞˜˛˘˩˔˛ˏˍ˚˕ˬ ˏ˛˘˞ ˑ˘ˬ ˑ˛˞˟ˠ˜ˍ  
 ̠ɣ ˑˍ˘˒˚˚˨˙ ˍˎ˛˚˒˚˟ˍ˙˕ ˏ ː˛˝˚˨ˢ ˙˒˞˟˚˛˞˟ˬˢ 

 
˛Ȣ˙Ȣ ̇ ̙́́̑̉̐̏̃1, ˼ Ȣ̠Ȣ ˙̧́̓̋̔̂̏̃2ȟ ˙Ȣ˝Ȣ ˬ ̎̄̉̂́̆̃́3 

 

ˍ̗̠̎̎̏̓́̉ 
 

ˏ ̝̒̓́̓̆ ́̃̓̏̑́̍̉ ̟̠̉̈̌̏̄́̓̒ ̝̜̑̆̈̔̌̓́̓ ̑́̈̑́̂̏̓̋́ ́̃̓̏̎̏̍̎̏̄̏ 
̎̆̏̂̒̌̔̇̉̃́̆̍̏̄̏ ̑́̅̉̏̑̆̌̆̊̎̏̄̏ ̠̑̆̓̑̎́̒̌̓̏̑́ ̠̅̌ ̙̠̑́̒̉̑̆̎̉ ̜̈̏̎ 
̅̏̒̓̔̐́ ̋ ̝̠̐̏̌̈̏̃́̓̆̌̍ ̙̜̖̉̑̏̋̏̐̏̌̏̒̎ ̔̒̌̔̄Ȣ ˚́ ̖̉ ̏̒̎̏̃̆ ̏̂̏̒̎̏̃́̎́ 
̝̃̏̈̍̏̇̎̏̒̓ ̘̙̠̔̌̔̆̎̉ ̙̠̑́̒̉̑̆̎̉ ̜̈̏̎ ̅̏̒̓̔̐́ ̋ ̝̠̐̏̌̈̏̃́̓̆̌̍ 
̙̜̖̉̑̏̋̏̐̏̌̏̒̎ ̔̒̌̔̄Ȣ  

 

˗̟̘̜̌̆̃̆ ̒̌̏̃́ȡ PDH, SDH, STM-1, PPKT, TDM-1P, SNMP. 
 

˥̉̑̏̋̏̆ ̃̎̆̅̑̆̎̉̆ ̗̜̖̉̑̏̃̕ ̖̓̆̎̏̌̏̄̉̊ ̃ ̜̉̎̓̆̑́̋̓̉̃̎̆ 
̗̜̉̎̏̋̏̍̍̔̎̉̋́̉̏̎̎̆̕ ̜̒̉̒̓̆̍ ̉ ̒̆̓̉ ̝̅́̌̎̆̄̏ ̙̉̑̏̋̏̐̏̌̏̒̎̏̄̏ ̅̏̒̓̔̐́ 
̝̐̏̌̈̏̃́̓̆̌̆̊ ̋ ̃̉̅̆̏ ̉ ̘̜̑́̈̌̉̎̍ ̃̉̅́̍ȟ ̗̜̉̎̏̑̍́̉̏̎̎̍̕ ̔̒̌̔̄́̍ ̍́̒̒̏̃̏Ȥ
̄̏ ̠̐̑̉̍̆̎̆̎̉ ̟̓̑̆̂̔̓ ̑́̈̑́̂̏̓̋̉ ̋̏̍̐̌̆̋̒́ ̍̆̑ȟ ̘̟̖̏̂̆̒̐̆̉̃́̉̚ ̜̃̒̏̋̏̆ 
̘̋́̆̒̓̃̏ ̠̐̑̉̎̓̏̊ ̗̉̎̏̑̍́̉̉̕Ȣ ˛̒̏̂̆̎̎̏ ̘̒̆̊́̒ȟ ̋̏̄̅́ ̒̑̏̋̉ ̖̐̆̑̆̏̅́ ̏̓ ́̎́Ȥ
̌̏̄̏̃̏̄̏ ̓̆̌̆̃̉̈̉̏̎̎̏̄̏ ̠̃̆́̎̉̚ ̃ ̗̉̑̏̃̏̆̕ ̃̆́̎̉̆̚ ̃ ̑̆̒̐̔̂̌̉̋̆ ̏̐̑̆̅̆Ȥ
̜̌̆̎Ȣ ˛̅̎̉̍ ̉̈ ̍̆̑ ̅̏̒̓́̃̋̉ ̘̠̐̏̌̔́̓̆̌̍ ̘̋́̆̒̓̃̆̎̎̏̄̏ ̒̉̄̎́̌́ ̝̙̖̂̏̌̉ 
̛̏̂̆̍̏̃ ̠̠̠̃̌̆̓̒ ̃̒̆̒̓̏̑̏̎̎̆̆ ̉̒̒̌̆̅̏̃́̎̉̆ ̉ ̑́̈̑́̂̏̓̋́ ̞̜̖̆̋̓̉̃̎̕̕ ̙̉Ȥ
̜̖̑̏̋̏̐̏̌̏̒̎ ̜̖́̋̓̉̃̎ ̜̖̑́̅̉̏̑̆̌̆̊̎ ̠̑̆̓̑́̎̒̌̓̏̑̏̃ ̠̅̌ ̘̠̏̂̆̒̐̆̆̎̉ ̑́Ȥ
̅̉̏̑̆̌̆̊̎̏̊ ̠̒̃̈̉ ̄́̑́̎̓̉̑̏̃́̎̎̏̄̏ ̘̋́̆̒̓̃́Ȣ ˍ̜̋̓̉̃̎̊ ̠̑̆̓̑́̎̒̌̓̏̑ ̐̑̆̅Ȥ
̠̒̓́̃̌̆̓ ̒̏̂̏̊ ̜̎́̑̔̇̎̊ ̂̌̏̋ ̒ ̎̉̈̋̉̍ ̐̏̓̑̆̂̌̆̎̉̆̍ ̞̎̆̑̄̉̉ ̉ ̠̅̃̔̍ ̐̏̅Ȥ
̟̘̜̋̌̆̎̎̍̉ ̋ ̎̆̍̔ ́̎̓̆̎̎́̍̉Ȣ ˍ̜̎̓̆̎̎ ̟̘̟̠̐̏̅̋̌́̓̒ ̋ ̎́̑̔̇̎̏̍̔ ̂̌̏̋̔ 
̝̜̋̏́̋̒̉́̌̎̍ ̋́̂̆̌̆̍ ̉̌̉ ̄̉̂̋̉̍ ̃̏̌̎̏̃̏̅̏̍Ȣ ˜̉̓́̎̉̆ ̠̑̆̓̑́̎̒̌̓̏̑́ ̏̒̔̆̚Ȥ
̠̟̒̓̃̌̓ ̠̜́̋̋̔̍̔̌̓̏̑ȟ ̜̋̏̓̏̑̆ ̠̟̠̐̏̅̈́̑̇́̓̒ ̏̓ ̘̜̖̒̏̌̎̆̎ ̂́̓́̑̆̊ ̉ ̃̆̓Ȥ
̑̏̃̏̄̏ ̄̆̎̆̑́̓̏̑́Ȣ ˚́ ̜̅́̎̎̊ ̍̏̍̆̎̓ ̃ ˝̆̒̐̔̂̌̉̋̆ ́̎́̌̏̄̏̃ ̐̏ ˝˝˗˟ ̎̆ ̉̍̆̆̓Ȥ
̠̒ȟ ́ ̠̒̃̆̅̆̎̉ ̐̏ ̎̉̍ ̉̈ ̜̖̈́̑̔̂̆̇̎ ̘̉̒̓̏̎̉̋̏̃ ̏̓̒̔̓̒̓̃̔̆̓Ȣ   

ˠ̘̜̠̉̓̃́ȟ ̘̓̏ ̃ ˝̆̒̐̔̂̌̉̋̆ ˠ̈̂̆̋̉̒̓́̎ ̖̐̑̏̉̒̏̅̉̓ ̖̐̆̑̆̏̅ ̎́ ̗̜̉̑̏̃̆̕ 
̖̓̆̎̏̌̏̄̉̉ȟ ̃̏̈̎̉̋́̆̓ ̖̝̎̆̏̂̏̅̉̍̏̒̓ ̃ ̒̏̈̅́̎̉̉ ̋̏̍̐̌̆̋̒́ ́̃̓̏̎̏̍̎̏̄̏ 
̠̑̆̓̑́̎̒̌̓̏̑́ ̠̅̌ ̘̠̏̂̆̒̐̆̆̎̉ ̑́̅̉̏̑̆̌̆̊̎̏̊ ̠̒̃̈̉ȟ ̋́̋ ̜̖́̎́̌̏̄̏̃ȟ ̓́̋ ̉ 
̗̜̖̉̑̏̃̕ ̒̉̒̓̆̍ ̑́̅̉̏̑̆̌̆̊̎̏̊ ̌̉̎̉̉ ̠̒̃̈̉Ȣ 

ˑ̠̌ ̠̅̏̒̓̉̇̆̎̉ ̐̏̒̓́̃̌̆̎̎̏̊ ̗̆̌̉ ̠̓̑̆̂̔̆̓̒ ̙̝̑̆̉̓ ̟̒̌̆̅̔̉̆̚ ̈́̅́Ȥ
̘̉ȡ  

 ɀ ́̎́̌̉̈ ̘̖̍́̓̆̍́̓̉̆̒̋̉ ̍̏̅̆̌̆̊ȟ ̗̐̑̉̎̉̐̏̃ ̠̐̏̒̓̑̏̆̎̉ ̉ ̐̔̓̆̊ ̑̆́Ȥ
̗̌̉̈́̉̉ ̙̜̖̉̑̏̋̏̐̏̌̏̒̎ ̜̖́̋̓̉̃̎ ̜̖̑́̅̉̏̑̆̌̆̊̎ ̠̑̆̓̑́̎̒̌̓̏̑̏̃ ̗̝̒̐̆̉́̌Ȥ
̎̏̄̏ ̘̠̎́̈̎́̆̎̉Ƞ 

 ɀ ̜̃̂̏̑ ̉ ̏̂̏̒̎̏̃́̎̉̆ ̘̍́̓̆̍́̓̉̆̒̋̏̊ ̍̏̅̆̌̉ ̉ ̗̐̑̉̎̉̐̏̃ ̠̐̏̒̓̑̏̆̎̉ 
́̃̓̏̎̏̍̎̏̄̏ ́̋̓̉̃̎̏̄̏ ɉ̑́̅̉̏Ɋ ̠̑̆̓̑́̎̒̌̓̏̑́ ̋̏̎̓̆̊̎̆̑̎̏̄̏ ̓̉̐́ ̉ ̆̄̏ ̉̎Ȥ
̗̜̖̏̑̍́̉̏̎̎̕ ̐́̑́̍̆̓̑̏̃ ̃ ̠̖̔̒̌̏̃̉ ̠̃̏̈̅̆̊̒̓̃̉ ̘̜̖̑́̈̌̉̎ ̖̐̏̍̆Ƞ 

 ɀ ̑́̈̑́̂̏̓̋́ ̉ ̏̂̏̒̎̏̃́̎̉̆ ̃́̑̉́̎̓̏̃ ̖̖̘̖̒̆̍̏̓̆̎̉̆̒̋̉ ̙̑̆̆̎̉̊ ̐̏Ȥ
̠̒̓̑̏̆̎̉ȟ ̎̆̏̂̒̌̔̇̉̃́̆̍̏̄̏ ɉ̑́̅̉̏Ɋ ̠̑̆̓̑́̎̒̌̓̏̑́ ̋̏̎̓̆̊̎̆̑̎̏̄̏ ̓̉̐́ 
ɉ˝˝˗˟Ɋ ̠̅̌ ̘̠̏̂̆̒̐̆̆̎̉ ̑́̅̉̏̑̆̌̆̊̎̏̊ ̠̒̃̈̉ ̃ ̠̖̔̒̌̏̃̉ ̄̏̑̎̏̊ ̍̆̒̓̎̏̒̓̉ ̃ 
ˠ˗ˏ ̅̉́̐́̈̏̎̆Ƞ 

 ɀ ̧̘̑́̒̓ ̝̜̖̍̆̇̒̉̍̃̏̌̎ ̉̒̋́̇̆̎̉̊ ̐̑̉ ̧̐̑̉̍̆ ̎́ ̍̆̒̓̆ ̒̉̄̎́̌́ ̝̂̏̌Ȥ
̙̖̉ ̛̏̂̆̍̏̃Ƞ  

 ɀ ̑́̈̑́̂̏̓̋́ ̃́̑̉́̎̓̏̃ ̗̋̏̎̒̓̑̔̋̉̉ ̋̏̎̓̆̊̎̆̑́ ̝́̎̓̉̃́̎̅́̌̎̏̄̏ ̉̒Ȥ
̠̐̏̌̎̆̎̉ȟ ̖̎̆̏̂̏̅̉̍̏̊ ̃̍̆̒̓̉̍̏̒̓̉ ̠̅̌ ̋̏̍̐̌̆̋̒́ ̠̏̂̏̑̔̅̏̃́̎̉ȟ ́ ̓́̋̇̆ 
̘̟̏̂̆̒̐̆̉̃́̆̄̏̚ ̜̈́̅́̎̎̊ ̜̓̆̍̐̆̑́̓̔̑̎̊ ̑̆̇̉̍ ̜̑́̂̏̓ ̠̏̂̏̑̔̅̏̃́̎̉ ̈̉Ȥ

                                                           
1˙̙́́̑̉̐̏̃ ˛̓́̂̏̊ ˙̠̘́̓̋̔̂̏̃̉ ɀ ́̒̒̉̒̓̆̎̓ ̜̋́̆̅̑̕ Ⱥ˟̗̆̌̆̋̏̍̍̔̎̉̋́̉̉ ̉̎Ȥ

̇̉̎̉̑̉̎̄Ȼȟ ˟̙́̋̆̎̓̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ ̗̜̖̉̎̏̑̍́̉̏̎̎̕ ̖̓̆̎̏̌̏̄̉̊ ɉˠ̘̑̄̆̎̒̋̉̊ ̉̌̉̕Ȥ
́̌Ɋȟ ˠ̈̂̆̋̉̒̓́̎Ȣ  

2˙̧́̓̋̔̂̏̃ ˼̓̋̉̑ ˗̘́̑̉̍̏̃̉ ɀ ́̒̒̉̒̓̆̎̓ȟ ˟̙́̋̆̎̓̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ ̗̉̎̏̑̍́̉̕Ȥ
̜̖̏̎̎ ̖̓̆̎̏̌̏̄̉̊ ɉˠ̘̑̄̆̎̒̋̉̊ ̉̌̉́̌̕Ɋȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 

3ˬ̎̄̉̂́̆̃́ ˙́̅̉̎́ ˝̔̒̓́̍̏̃̎́ ɀ ́̒̒̉̒̓̆̎̓ȟ ˟̙́̋̆̎̓̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ ̉̎̏̑̍́̕Ȥ
̗̜̖̉̏̎̎ ̖̓̆̎̏̌̏̄̉̊ ɉˠ̘̑̄̆̎̒̋̉̊ ̉̌̉́̌̕Ɋȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 
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̍̏̊ ̉ ̌̆̓̏̍ ̃ ̄̏̑̎̏̊ ̍̆̒̓̎̏̒̓̉Ȣ ˜̑̉ ̋̏̎̓̆̊̎̆̑̆ ̘̜̠̔̉̓̃́̆̓̒ ̃̏̈̍̏̇̎̏̒̓̉ 
̠̋̑̆̐̌̆̎̉ ̎́ ̎̆̄̏ ̘̜̖̑́̈̌̉̎ ̓̉̐̏̃ ́̎̓̆̎̎ȟ ̘̎́̌̉̉̆ ̜̒̉̒̓̆̍ ̠̋̑̆̐̌̆̎̉ ̋̏̎Ȥ
̓̆̊̎̆̑́ ̎́ ̄̑̔̎̓ ̉ ̠̐̑̉̒̐̏̒̏̂̌̆̎̉ ̠̅̌ ̜̃̄̑̔̈̋̉ ̉ ̐̏̄̑̔̈̋̉ ̎́ ̓̑́̎̒̐̏̑̓ȟ 
̓́̋̇̆ ̒̉̒̓̆̍́ ̘́̃̓̏̍́̓̉̆̒̋̏̄̏ ̠̔̐̑́̃̌̆̎̉ ́̎̓̆̎̎́̍̉Ƞ  

 ɀ ̑́̈̑́̂̏̓̋́ ̃́̑̉́̎̓̏̃ ̒̉̒̓̆̍ ̂̆̒̐̆̑̆̂̏̊̎̏̄̏ ̘̉̒̓̏̎̉̋́ ̠̐̉̓́̎̉ ̠̅̌ 
̠̑̆̓̑́̎̒̌̓̏̑́ ̅́̎̎̏̄̏ ̓̉̐́Ȣ 

 ɀ ̑́̈̑́̂̏̓̋́ ̗̑̆̋̏̍̆̎̅́̉̊ ̠̅̌ ̠̐̑̏̆̋̓̉̑̏̃́̎̉ ̉ ̒̆̑́̍̕ ̆̄̏ ̐̑̉̍̆̎̆Ȥ
̠̎̉Ȣ 

ˏ ̠̎́̒̓̏̆̆̚ ̠̃̑̆̍ ̘̜̖́̎́̌̏̄̉̎ ̑́̈̑́̂̏̓̏̋ ̃ ˝̆̒̐̔̂̌̉̋̆ ˠ̈̂̆̋̉̒̓́̎ ̎̆ 
̒̔̆̒̓̃̔̆̓̚Ȣ 

˛̒̏̂̆̎̎̏̒̓̉ ̋ ˝ ̆̒ ̜̉̒̓̆̍ Nateks-Microlink : 
ˏ̜̠̒̏̋́ ̠̐̑̏̐̔̒̋̎́ ̝̒̐̏̒̏̂̎̏̒̓ ɉ̅̏ στ ˙̂̉̓Ⱦ̒Ɋ, ̎́ ̝̅̆̇̎̏̒̓ ɉ-4"& ̔̈̌́ 

̅̏ τπ ̌̆̓Ɋȟ ̂̆ ̝̈̏̐́̒̎̏̒̓ ɉ̈́̉̓́̚ ̏̓ ̗̎̆̒́̎̋̉̏̎̉̑̏̃́̎̎̏̄̏ ̅̏̒̓̔̐́Ɋȟ 
̙̝̍́̒̓́̂̉̑̔̆̍̏̒̓, ̑ ̙̠̝́̒̉̑̆̍̏̒̓ȟ ̔̐ ̠̝̑́̃̌̆̍̏̒̓ȟ ̟̘̠̃̋̌́ ̝̋̏̎̓̑̏̌ ̘̋́̆̒̓̃́ 
̋́̎́̌̏̃ȟ ̋̏ ̗̠̎̃̆̑̄̆̎̉ TDM+IP-̓̑́̉̋́̕, ̏̓ ̜̝̋̑̓̏̒̓ ̉̎̓̆̑̆̊̒́̕ ̠̔̐̑́̃̌̆̎̉ 
ɉ̜̒̓́̎̅́̑̓̎̊ 3.-0 ɀ ̐ ̑̏̓̏̋̏̌Ɋ ̉ ̞̋ ̘̝̏̎̏̍̉̎̏̒̓  

 ɀ Nateks-Microlink  ̉̍̆̆̓ ̘̜́̒̓̏̓̎̊ ̒̉̎̓̆̈́̓̏̑ȟ ̠̟̐̏̈̃̏̌̉̊̚ ̌̆̄̋̏ ̜̃Ȥ
̝̂̉̑́̓ ̖̜̎̆̏̂̏̅̉̍̊ ̘̜́̒̓̏̓̎̊ ̋́̎́̌ ̒ ̙́̄̏̍ ̒̆̓̋̉ ̘́̒̓̏̓ ςυπ ̋ː̗ ̎̆̐̏̒̑̆̅Ȥ
̒̓̃̆̎̎̏ ̐̑̉ ̔̒̓́̎̏̃̋̆ ̜̒̉̒̓̆̍Ȣ  

 ɀ Nateks-Microlink  ̉̍̆̆̓ ̟́̓̓̆̎́̓̏̑ ̜̖̃̏̅̎̏̊ ̍̏̎̏̒̓̉̚ ̘̐̆̑̆̅́̓̉̋́ ̒ 
̙́̄̏̍ ̑̆̄̔̌̉̑̏̃̋̉ ρ ̅ˎȟ ́ ̓́̋̇̆ ̒̉̒̓̆̍̔ ˍ˝ˠȢ  

 ɀ Nateks-Microlink  ̘̏̂̆̒̐̆̉̃́̆̓ ̘̐̆̑̆̅́̔ ̅̏ ρφ ̐̏̓̏̋̏̃ ˒ρ '.χπσ ̉̌̉ 
̙̒̍̆́̎̎̏̄̏ TDM+IP-̓̑́̉̋́̕Ȣ ˕̍̆̆̓ ̝̃̏̈̍̏̇̎̏̒̓ ̔̅́̌̆̎̎̏̄̏ ̠̋̏̎̓̑̏̌ ̉ 
̔̐̑́̃̌̆̎̉̆ ̒ ̝̉̒̐̏̌̈̏̃́̎̉̆̍ ̒̓́̎̅́̑̓̎̏̄̏ ̐̑̏̓̏̋̏̌́ ̠̔̐̑́̃̌̆̎̉ 3.-0Ȣ  

˟̜̉̐̏̃̆ ̏̂̌́̒̓̉ ̠̐̑̉̍̆̎̆̎̉ Nateks ɀ Microlink  ̠̠̏̓̎̏̒̓̒ ̘̐̑́̋̓̉̆̒̋̉ 
̋̏ ̃̒̆̍ ̃̉̅́̍ ̗̓̆̌̆̋̏̍̍̔̎̉̋́̉̊ȟ ̟̘̠̃̋̌́ȡ  

Ɇ ̒̆̓̆̃̏̊ ̅̏̒̓̔̐ ɀ ̠̅̌ ̐̑̏̒̓̏̄̏ȟ ̎̆̅̏̑̏̄̏̄̏ ̟̘̠̐̏̅̋̌̆̎̉ ́̂̏̎̆̎̓̏̃ ̃ 
̝̖̒̆̌̒̋̉ ̉ ̖̄̏̑̏̅̒̋̉ ̠̖̍̆̒̓̎̏̒̓Ƞ  

Ɇ ̒̆̓̉ ̒̏̓̏̃̏̊ ̠̒̃̈̉ ɀ ̅ ̠̌ ̠̒̏̆̅̉̎̆̎̉ ̋̏̎̓̑̏̌̌̆̑̏̃ ̉ ̜̖̂́̈̏̃ ̗̒̓́̎̉̊Ƞ  
Ɇ ̒ ̆̓̉ ̘̐̆̑̆̅́̉ ̜̖̅́̎̎ ɀ ̠̅̌ ̗̏̑̄́̎̉̈́̉̉ ̓̑́̎̒̐̏̑̓́ ̉ ̅̏̒̓̔̐́ ̃ ̌̏Ȥ

̝̜̋́̌̎̆ȟ ̜̋̏̑̐̏̑́̓̉̃̎̆ ̉ ̗̝̜̎́̉̏̎́̌̎̆ ̒̆̓̉Ȣ 
 

 
 

˝̉̒Ȣ ρȢ ˝˝˘ ̒̉̒̓̆̍ Nateks-Microlink  
 

Nateks-Microlink  ̠̐̏̈̃̏̌̆̓ ̝̒̏̈̅́̃́̓ ̋́̋ ̜̏̅̎̏̐̑̏̌̆̓̎̆ȟ ̓́̋ ̉ ̍̎̏̄̏Ȥ
̜̐̑̏̌̆̓̎̆ ̜̑́̅̉̏̑̆̌̆̊̎̆ ̌̉̎̉̉ ̒ ̑̆̈̆̑̃̉̑̏̃́̎̉̆̍ ρϹπ ̉ ρϹρȢ ˜̘̑̉̆̍ ̑̆Ȥ
̜̈̆̑̃̎̆ ̜̋́̎́̌ ̍̏̄̔̓ ̜̝̠̏̑̄́̎̉̈̏̃̃́̓̒ ̐̏ ̖̒̆̍́̍ ̠̑̆̈̆̑̃̉̑̏̃́̎̉ ͼ̠̘̄̏̑̉̊ 
̑̆̈̆̑̃ͼȟ ˜˝˜ȟ ˤ˝˜Ȣ  

Nateks-Microlink  ̠̠̠̃̌̆̓̒ ̗̉̑̏̃̏̊̕ ̑́̅̉̏̑̆̌̆̊̎̏̊ ̒̉̒̓̆̍̏̊ ̉ ̒̏̒̓̏̉̓ 
̉̈ ̖̅̃̔ ̝̜̖̑́̈̅̆̌̎ ̘́̒̓̆̊ȡ ̂̌̏̋́ ̗̉̑̏̃̏̊̕ ̏̂̑́̂̏̓̋̉ ̗̉̎̏̑̍́̉̉̕ ɉ̝̍̔̌̓̉̐Ȥ
̌̆̋̒̏̑́Ɋ ̉ ̘̑́̅̉̏́̒̓̏̓̎̏̄̏ ̂̌̏̋́ȟ ̘̓̏ ̘̏̂̆̒̐̆̉̃́̆̓ ̜̟̃̒̏̋̔ ̝̄̉̂̋̏̒̓ ̃ ̋̏̎Ȥ
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̉̄̔̑̉̑̏̃́̎̉̉̕ ̝̓̆̑̍̉̎́̌̎̏̄̏ ̠̏̂̏̑̔̅̏̃́̎̉ ̗̒̓́̎̉̉ ̃ ̈́̃̉̒̉̍̏̒̓̉ ̏̓ ̗̒̐̆̉Ȥ
̘̖̉̆̒̋̉̕ ̓̑̆̂̏̃́̎̉̊ ̘̈́̋́̈̉̋́Ȣ 

˝̘̜́̅̉̏́̒̓̏̓̎̊ ̂̌̏̋ ̉ ̝̍̔̌̓̉̐̌̆̋̒̏̑ ̠̟̠̒̏̆̅̉̎̓̒ ̝̜̋̏́̋̒̉́̌̎̍ ̋́Ȥ
̂̆̌̆̍ȟ ̐̏ ̋̏̓̏̑̏̍̔ ̠̠̏̒̔̆̒̓̃̌̆̓̒̚ ̘̐̆̑̆̅́́ ̠̐̉̓́̎̉ ̑́̅̉̏ ̂̌̏̋́ ̉ ̒̉̄̎́̌̏̃ȡ 
˜ˤȟ ̠̔̐̑́̃̌̆̎̉ ̉ ̓̆̌̆̍̆̓̑̉̉Ȣ 

˝̘́̒̆̓ ̒̋̏̑̏̒̓̉ ̘̐̆̑̆̅́̉ ̜̖̅́̎̎ ̠̅̌ ˣ˝˝˞ ̝̟̉̒̐̏̌̈̔̆̊̚ ˝˝˗˟Ȣ 
˚́ ̏̒̎̏̃̆ ̏̂̏̂̆̎̎̏̊̚ ̍̏̅̆̌̉ ̗̉̑̏̃̏̊̕ ̜̒̉̒̓̆̍ ̘̐̆̑̆̅́̉ ̐̑̏̉̈̃̆̅̆̍ 

̘̑́̒̆̓ ̖̎̆̏̂̏̅̉̍̏̊ ̒̋̏̑̏̒̓̉ ̘̐̆̑̆̅́̉ ̜̖̅́̎̎ ̠̅̌ ̃́̑̉́̎̓́ ̗̉̑̏̃̏̊̕ ˝˝˞ȟ 
̝̟̉̒̐̏̌̈̔̆̊̚ ˝˝˗˟ȟ ̐̏ ̏̑̍̔̌̆̕ȡ  

 

RU = RS * b * CR1 * CRRS * (TU / TS), 
 

̄̅ ̆ȡ RU ɀ ̉ ̝̠̒̐̏̌̈̔̆̍́ ̠̒̆̓̆̃́ ̝̒̋̏̑̏̒̓ ̘̐̆̑̆̅́̉ ̜̖̅́̎̎ȟ ˙̂̉̓Ⱦ̒Ƞ 
RS ɀ ̒ ̝̋̏̑̏̒̓ ̒̉̍̃̏̌́ȟ φȢχυ ˙̒̉̍̃̏̌̏̃Ⱦc; 
b ɀ ̂ ̜̉̓ ̎́ ̟̎̆̒̔̔̚Ƞ 
CR1 ɀ ̃ ̎̔̓̑̆̎̎̉̊ ̞̗̋̏̉̉̆̎̓̕̕ ̠̋̏̅̉̑̏̃́̎̉Ƞ 
CRRS ɀ ̋ ̏̅̉̑̏̃́̎̉̆ ˝̉̅́-˞̏̌̏̍̏̎́ȟ ρψψȾςπτȠ 
TU ɀ ̅ ̝̝̌̉̓̆̌̎̏̒̓ ́̋̓̉̃̎̏̊ ̘́̒̓̉ ̒̉̍̃̏̌́Ƞ 
TS ɀ ̅ ̝̝̌̉̓̆̌̎̏̒̓ ̒̉̍̃̏̌́ȟ ̟̘̠̃̋̌́ ̜̈́̉̓̎̊̚ ̉̎̓̆̑̃́̌Ƞ 
TU / TS ɀ τȾυȟ ψȾωȟ ρφȾρχ ̉̌̉ σςȾσσȟ ̠̈́̃̉̒̉̊̚ ̏̓ ̉̎̓̆̑̃́̌́  
 
˜̑̆̅̌̏̇̆̎̉̆ ̐̏ ̑́̈̑́̂̏̓̋̆ ̉ ̟̒̏̈̅́̎̉ ́̃̓̏̎̏̍̎̏̄̏ ̝̔̎̉̃̆̑̒́̌̎̏̄̏ ̎̆Ȥ

̏̂̒̌̔̇̉̃́̆̍̏̄̏ ̑́̅̉̏̑̆̌̆̊̎̏̄̏ ɉ̑́̅̉̏Ɋ ̠̑̆̓̑́̎̒̌̓̏̑́ ̋̏̎̓̆̊̎̆̑̎̏̄̏ ̓̉̐́Ȣ 
˛̂̏̑̔̅̏̃́̎̉̆ ˝˝˗˟ ̠̐̑̆̅̒̓́̃̌̆̓ ̒̏̂̏̊ ̋̏̍̐̌̆̋̒:  
Å  2-τ ̐̏̌̔̋̏̍̐̌̆̋̓́ ̗̜̖̉̑̏̃̕ ˝˝˞Ƞ  
Å  2-τ ̐̏̌̔̋̏̍̐̌̆̋̓́ ̜̖́̎́̌̏̄̏̃ ˝˝˞Ƞ  
Å  ̉ ̘̒̓̏̎̉̋̉ ̞̘̠̌̆̋̓̑̏̏̂̆̒̐̆̆̎̉; 
Å  ̉ ̘̒̓̏̎̉̋̉ ̂̆̒̐̆̑̆̂̏̊̎̏̄̏ ̠̐̉̓́̎̉Ƞ 
Å  ̒ ̜̉̒̓̆̍ ̠̐̏̅̅̆̑̇́̎̉ ̜̖̓̆̍̐̆̑́̓̔̑̎ ̑̆̇̉̍̏̃Ƞ 
Å  GPS ̐ ̑̉̆̍̎̉̋̉ ̉ ̜̒̉̒̓̆̍ ̟̒́̍̏̒̓̉̑̏̃̋̉ ́ ̎̓̆̎̎Ƞ 
Å  ́ ̎̓̆̎̎̏-̜̉̅̆̑̎̆̕ ̔̒̓̑̏̊̒̓̃́Ƞ 
Å  ̑ ̗́̅̉̏̒̓́̎̉̉ ˠ˗ˏ ̅̉́̐́̈̏̎́Ȣ 
˛̂̆̆̚ ̘̋̏̌̉̆̒̓̃̏ ̐̏̌̔̋̏̍̐̌̆̋̓̏̃ ψ ̐̏ ̘̜̆̓̑̆ ̂̌̏̋́ ̎́ ̋́̇̅̏̆ ̎́̐̑́̃Ȥ

̌̆̎̉̆Ȣ ˑ̠̌ ̠̐̑̍̏̊ ̘̐̆̑̆̅́̉ ́̎́̌̏̄̏̃̏̄̏ ̉ ̗̉̑̏̃̏̄̏̕ ̑́̅̉̏̒̉̄̎́̌̏̃ ɉ̏̒̎̏̃̎̏̆ 
̉ ̑̆̈̆̑̃̎̏̆Ɋ ̠̅̌ ̋́̇̅̏̄̏ ̃̉̅́ ̑́̅̉̏̒̉̄̎́̌̏̃Ȣ ˪̓̏̓ ̃́̑̉́̎̓ ̘̠̒̉̓́̆̓̒ ̜̂́̈̏̃̍ 
̉ ̜̏̒̎̏̃̎̍Ȣ ˏ ̘̒̌̔́̆ ̖̎̆̏̂̏̅̉̍̏̒̓̉ ̠̉̈̍̆̎̆̎̉ ̠̍̆̒̓̏̐̏̌̏̇̆̎̉ ̘̐̑̏̍̆̇̔̓̏Ȥ
̜̖̎ ̗̒̓́̎̉̊ ̉̌̉ ̘̠̏̂̆̒̐̆̆̎̉ ̠̒̃̈̉ ̒ ̅̑̔̄̉̍̉ȟ ̖̠̠̎́̏̅̉̍̉̒̚ ̃ ̖̐̑̆̅̆̌́ ̠̐̑Ȥ
̍̏̊ ̃̉̅̉̍̏̒̓̉ ̘̏̋̏̎̆̎̏̊ ̗̒̓́̎̉̉ȟ ̐̑̆̅̔̒̍̏̓̑̆̎́ ̝̃̏̈̍̏̇̎̏̒̓ ̘̐̆̑̆̅́̉ ̑́Ȥ
̅̉̏̒̉̄̎́̌̏̃ ̒ ̝̟̐̏̍̏̚ ̐̑̆̏̂̑́̈̏̃́̓̆̌̆̊ ̘̜́̒̓̏̓Ȣ 

Å ˕̘̒̓̏̎̉̋ ̠̐̉̓́̎̉ ɀ ̒ ̝̆̓ ̠̐̏̒̓̏̎̎̏̄̏ ̓̏̋́ ̒ ̐́̑́̍̆̓̑́̍̉ȡ 
ï  ̊ ̠́̐̑̇̆̎̉̆ ̠̐̏̒̓̏̎̎̏̄̏ ̓̏̋́ȟ 6 ρςȟ ςτȟ σφ-72; 
ï  ̇ ́̋ ̝̠̒̉̍́̌̎́ ̝̍̏̎̏̒̓̚ ̠̐̏̓̑̆̂̌̆̎̉ ςkV; 
Å ˜̑̉ ̖̃̏̅̎̏̍ ̒̉̄̎́̌̆ ˞ˏˤ ̐̑̉̆̍̎̉̋́ ̑́̃̎̏̍ ς̍̋ˏȟ ̝̍̏̎̏̒̓̚ ̘̉̈̌̔́̆Ȥ

̍̏̄̏ ̑́̅̉̏̒̉̄̎́̌́ ̠̒̏̒̓́̃̌̆̓ ςπˏ̓ ̠̅̌ ̗̉̑̏̃̏̄̏̕ ̉ τπˏ̓ ̠̅̌ ́̎́̌̏̄̏̃̏̄̏ ̒̉̄Ȥ
̎́̌́Ȣ ˗̞̗̏̉̉̆̎̓̕̕ ̠̔̒̉̌̆̎̉ ́̎̓̆̎̎ ̎̆ ̍̆̎̆̆ ρπ̅ˎ ̃ ̅̉́̐́̈̏̎̆ ̘́̒̓̏̓ ̠̅̌ ́̎́Ȥ
̌̏̄̏̃̏̄̏ ̒̉̄̎́̌́ σχπ-φυπ ˙ː̗ȟ ̠̅̌ ̗̉̑̏̃̏̄̏̕ ̏̓ ρȟχ ̅̏ σȟυ ːː̗ȟ ̝̒̋̏̑̏̒̓ ̐̆̑̆Ȥ
̘̅́̉ ̐̏̓̏̋́ ̅̏ ψ ˙̂Ⱦ̒̆̋ ɉ̘̉̒̌̏ ̋́̎́̌̏̃ ρςψɊȢ 

Å ˑ̠̌ ̂̆̒̐̆̑̆̂̏̊̎̏̄̏ ̞̘̠̎̆̑̄̏̏̂̆̒̐̆̆̎̉ ̍̏̄̔̓ ̜̝̂̓ ̜̐̑̉̍̆̎̆̎ ̟̜̌̂̆ 
̜̓̉̐ ̘̉̒̓̏̎̉̋̏̃Ȣ 

Å ˝̆̇̉̍ ̜̑́̂̏̓ ˝˝˗˟ ̅̏̌̇̆̎ ̜̝̂̓ ̘̜̋̑̔̄̌̏̒̔̓̏̎̍ ̎̆ ̍̆̎̆̆ ̠̗̍̆̒́Ȣ 
Å ˜̏̅̄̏̓̏̃̋́ ˝˝˗˟ ̋ ̑́̂̏̓̆ ̉ ̜̒̃̆̑̓̃́̎̉̆ ̜̅̏̌̇̎ ̠̝̏̒̔̆̒̓̃̌̓̚ ̓̑̉ ̍̆Ȥ

̖́̎̉̋́ ̘̟̃̑̔̎̔Ȣ 
 

˞̐̉̒̏̋ ̜̌̉̓̆̑́̓̔̑ 
 

1. ˞̌̆̐̏̃ ˚Ȣ˚Ȣ ˞̜̏̃̑̆̍̆̎̎̆ ̖̓̆̎̏̌̏̄̉̉ ̗̜̖̉̑̏̃̕ ̜̖̏̐̓̏̃̏̌̏̋̏̎̎ ̒̆̓̆̊ ̠̒̃̈̉Ȣ 
ςππρ̄Ȣ 

2. ˗̗́̍̉̎̆̋̉̊ ˕Ȣ˞ ˜̜̙̏̃̆̎̉̆ ̎́̅̆̇̎̏̒̓̉ ̃̏̌̏̋̏̎̎̏-̘̖̏̐̓̉̆̒̋̉ ̒̉̒̓̆̍ ̐̆̑̆̅́Ȥ
̘̉ ̒̏ ̝̜̒̐̆̋̓̑́̌̎̍ ̑́̈̅̆̌̆̎̉̆̍ ̐̔̓̆̍ ̗̏̑̄́̎̉̈́̉̉ ̠̑̆̈̆̑̃̉̑̏̃́̎̉ ςππχ ̄Ȣ  

3. http : // www .nateks.ru 
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UDC 62 
POSSIBLE OPTIONS FOR THE USE OF FIBER-OPTIC ACCESS  

TO REMOTE SUBSCRIBERS IN MOUNTAINOUS AREAS 
 

O.M. Masharipov, U.K. Matekulov, M.R. Yangibaeva 
 
Abstract. In the article, the authors present the results of the development of a stand-

alone unattended radio relay repeater to expand the access area to users of broadband services. 
Based on their demonstrated the possibility of improving the expansion of reach to users of 
broadband services. 

Keywords:  PDH, SDH, STM-1, PPKT, TDM-1P, SNMP. 
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ˠˑ˗ φς 
 

˝ˍ˔˝ˍˎ˛˟˗ˍ ˕ ˕˞˞˘˒ˑ˛ˏˍ˚˕˒ ˙˛ˑ˕ˡ˕ˣ˕˝˛ˏˍ˚˚˛ː˛  
ˏˍ˝˕ˍ˚˟ˍ ˠ˞˟˝˛˖˞˟ˏ ̱̃ ˒˝˒ˑˍˤ˕ ˞˕ː˚ˍ˘˛ˏ  

˞ ˕˞˜˛˘˩˔˛ˏˍ˚˕˒˙ ˜˘˕˞ȟ ˜˛ˏ˨˥ˍ˫˦˒ː ̨̊ ˍˑ˒˓˚˛˞˟˩ ˞ˏˬ˔˕  
ˏ ˏ˛˘˛˗˛˚˚˛-˛˜˟˕ˤ˒˞˗˕ˢ ˞˕˞˟˒˙ˍˢ ˞ˏˬ˔˕ 

 
˛Ȣ˙Ȣ ̇ ̙́́̑̉̐̏̃1, ˼ Ȣ̠Ȣ ˙̧́̓̋̔̂̏̃2ȟ ˙Ȣ˝Ȣ ˬ ̎̄̉̂́̆̃́3 

 
ˍ̗̠̎̎̏̓́̉ 

 
ˏ ̝̒̓́̓̆ ́̃̓̏̑́̍̉ ̟̠̉̈̌́̄́̓̒ ̝̜̑̆̈̔̌̓́̓ ̑́̈̑́̂̏̓̋̉ ̗̍̏̅̉̉̉̑̏̃́̎̕Ȥ

̎̏̄̏ ̃́̑̉́̎̓́ ̔̒̓̑̏̊̒̓̃̏ ̘̐̆̑̆̅́̉ ̒̉̄̎́̌̏̃ȟ ̒ ̝̉̒̐̏̌̈̏̃́̎̉̆̍ ̐̑̏̄̑́̍̍̉Ȥ
̜̑̔̆̍̆ ̘̌̏̄̉̆̒̋̉̆ ̝̜̉̎̓̆̄̑́̌̎̆ ̖̜̒̆̍ ɉ˜˘˕˞Ɋȟ ̜̙̟̖̐̏̃́̉̚ ̝̎́̅̆̇̎̏̒̓ 
̠̒̃̈̉ ̃ ˏ˛˘˞Ȣ ˑ́̎̏ ̐̏̅̑̏̂̎̏̆ ̉̈̌̏̇̆̎̉̆ ̗̐̑̉̎̉̐́ ̠̐̏̒̓̑̏̆̎̉  ̔̒̓̑̏̊̒̓̃̏ 
̘̐̆̑̆̅́̉ ̒̉̄̎́̌̏̃ ɉˠ˜˞ɊȢ ˚́ ̖̉ ̏̒̎̏̃̆ ̏̂̏̒̎̏̃́̎̏ ̝̃̏̈̍̏̇̎̏̒̓ ̘̙̠̔̌̔̆̎̉ ̐̏Ȥ
̋́̈́̓̆̌̆̊ ̎́̅̆̇̎̏̒̓̉ ̉ ̙̠̑́̒̉̑̆̎̉ ̘̋̏̌̉̆̒̓̃̏ ̙̈́̐̑́̉̃́̆̍̏̊ ̗̒̓́̎̉̉ ̉ 
̠̐̑̆̅̏̒̓́̃̌̆̎̉ ̘̑́̈̌̉̎̏̄̏ ̃̉̅́ ̔̒̌̔̄Ȣ  

 
˗̟̘̜̌̆̃̆ ̒̌̏̃́ȡ ̏ ̘̐̓̉̆̒̋̏̆ ̃̏̌̏̋̎̏ȟ ̒̐̆̋̓̑ȟ WDM, DWDM, ̃ ˘˕˞ȟ ˏ˛˘˞ ̓ ̑̉̄̄̆̑ȟ 
̉̎̃̆̎̓̏̑ȟ ̘̏̐̓̉̆̒̋̉̊ ̐̑̉̆̍̏-̘̐̆̑̆̅́̓̉̋ȟ ̘̏̐̓̉̆̒̋̉̊ ̋̏̍̍̔̓́̓̏̑. 

 
ˏ̃̆̅̆̎̉̆Ȣ ˏ ̠̎́̒̓̏̆̆̚ ̠̃̑̆̍ ̍̎̏̄̉̆ ̜̙̐̑̏̍̌̆̎̎̏ ̑́̈̃̉̓̉̆ ̜̒̓̑́̎ ̍̉Ȥ

̑́ ̒̓́̌̉ ̝̝̉̒̐̏̌̈̏̃́̓ ̏̒̏̂̆̎̎̏̒̓̉ȟ ̒̃̏̊̒̓̃́ ̉ ̃̏̈̍̏̇̎̏̒̓̉ ̜̒̑̆̅ ̘̐̆̑̆̅́̉ ̎́ 
̂́̈̆ ˏ˛˘˞Ȣ ˜̑̉ ̞̓̏̍ ̎́̉̂̏̌̆̆ ̜̐̆̑̒̐̆̋̓̉̃̎̍ ̠̠̠̃̌̆̓̒ ̝̜̒̐̆̋̓̑́̌̎̊ ̍̆̓̏̅ 
̔̐̌̏̓̎̆̎̉̆ ̋́̎́̌́ȟ ̠̜̏̒̔̆̒̓̃̌̆̍̊̚ ̃ ̒̏̏̓̃̆̓̒̓̃̉̉ ̒ ̜̍̆̇̅̔̎́̑̏̅̎̍ ̒̓́̎Ȥ
̅́̑̓̏̍ ɍρȟ ̒Ȣ τρς-τρτɎȢ ˚̠́̑̅̔ ̒ ̞̓̉̍ ̃̏̈̎̉̋́̆̓ ̐̑̏̂̌̆̍́ ̜̙̐̏̃̆̎̉̆ ̎́̅̆̇̎̏Ȥ
̒̓̉ ̠̒̃̈̉ ̎́ ̖̃̒̆ ̘̖̔́̒̓̋́ ̃̏̌̏̋̏̎̎̏-̘̏̐̓̉̆̒̋̏̊ ̒̉̒̓̆̍̏̊ ̠̒̃̈̉ ɉˏ˛˞˞Ɋ ̐̑̉ 
̝̒̐̆̋̓̑́̌̎̏̍ ̔̐̌̏̓̎̆̎̉̉ȟ ̠̠̐̑̉̍̆̎ ̜̎̏̃̆ ̖̜̐̏̅̏̅ȟ ̐̔̓̉ȟ ̒̑̆̅̒̓̃́ȟ ̘̏̂̆̒̐̆̉Ȥ
̟̃́̉̆̚ ̟̄́̑́̎̓̉̑̏̃́̎̎̔ ̟̂̆̈̏̓̋́̈̎̔ ̑́̂̏̓̔Ȣ ˞̝̌̆̅̏̃́̓̆̌̎̏ȟ ̙̑̆̆̎̉̆ ̞̓̏̊ 
̜̐̑̏̂̌̆̍ ̠̒̓́̎̏̃̉̓̒ ̝́̋̓̔́̌̎̏̊ ̉ ̒̃̏̆̃̑̆̍̆̎̎̏̊Ȣ  

 
˝̝́̈̑́̂̏̓́̓ ̗̜̍̏̅̉̉̉̑̏̃́̎̎̊̕ ̃́̑̉́̎̓ ˠ˜˞ ̒ ̝̉̒̐̏̌̈̏̃́̎̉̆̍ ˜˘˕˞ ̃ 

̃̏̌̏̋̏̎̎̏-̘̖̏̐̓̉̆̒̋̉ ̖̒̉̒̓̆̍́ ̠̒̃̈̉ ɉˏ˛˞˞Ɋ ̐̑̉ DWDMȢ ˝̘̝́̒̒̉̓́̓ ̎́̅̆̇Ȥ
̝̎̏̒̓ ̔̒̓̑̏̊̒̓̃̔ȟ ́ ̓́̋̇̆ ̝̑́̈̑́̂̏̓́̓ ̖̒̆̍̔ ̒̏̆̅̉̎̆̎̉̆ ˠ˜˞ ˜˘˕˞ ̃ ̖̓̆̎̏̌̏Ȥ
̄̉̉ DWDMȢ ˏ ̅́̎̎̏̍ ̎́̐̑́̃̌̆̎̉̉ȟ ̋́̋ ̘̜̏̓̆̆̒̓̃̆̎̎̍̉ȟ ̓́̋ ̉ ̜̈́̑̔̂̆̇̎̍̉ 
̗̒̐̆̉́̌̉̒̓́̍̉ ̠̠̐̑̏̃̏̅̓̒ ̘̎́̔̎̏-̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̆ ̉ ̜̏̐̓̎̏ ɀ ̋̏̎̒̓̑̔̋̓̏̑Ȥ
̒̋̉̆ȟ ́ ̓́̋̇̆ ̞̝̜̋̒̐̆̑̉̍̆̎̓́̌̎̆ ̜̑́̂̏̓ ɍςȟ ̒Ȣ ρσ-ρτɎȢ ˍ̃̓̏̑ ɍςȟ ̒Ȣ ρσ-ρτɎȟ ̐̑̆̅Ȥ
̌́̄́̆̓ ̠̅̌ ̠̅̏̒̓̉̇̆̎̉ ̞̓̏̊ ̗̆̌̉ ̗̠̏̑̄́̎̉̈́̉ ̖̒̆̍ ̠̑̆̈̆̑̃̉̑̏̃́̎̉ ̉ ̃̏̒̒̓́Ȥ
̠̎̏̃̌̆̎̉ ̐̑̉ ̔̐̌̏̓̎̆̎̉̉ ˏ˛˘˞ ̎́ ̏̒̎̏̃̆ ̒̏ ̝̒̐̆̋̓̑́̌̎̏̍ ̔̐̌̏̓̎̆̎̉̉Ȣ ˛̒̔̆̚Ȥ
̠̒̓̃̌̆̎̉ ̜̈́̍̆̎ ̎̉̓̉ ̃̏̌̏̋̎́ȟ ̜̙̙̃̆̅̆̄̏ ̉̈ ̠̒̓̑̏ ̎́ ̅̑̔̄̏̊ ̝̎̉̓ ̃̏̌̏̋̎́ȟ 
̐̑̏̌̏̇̆̎̎̏̄̏ ̠̑̅̏̍ ̅̆̏̑̍̉̑̏̃́̎̎̏̄̏̕ ̃ ̏̅̎̏̍ ̉ ̓̏̍ ̇̆ ̃̏̌̏̋̎̆ ̐̔̓̆̍ ̐̆̑̆Ȥ
̃̏̅́ ̖̃̒̆ ̐̑̉̆̍́ ɀ ̘̐̆̑̆̅́̉ ̒̑̆̅̒̓̃ ̉ ̠̔̐̑́̃̌̆̎̉Ȣ ˏ ̞̓̏̊ ̠̒̃̈̉ ̃̏̈̎̉̋́̆̓ ̐̑̏Ȥ
̂̌̆̍́ ̖̠̒̏̑́̎̆̎̉ ̗̝̆̌̎̏̒̓̉ ̉ ̘̋́̆̒̓̃̏ȟ ̠̜̐̑̆̅̏̒̓́̃̌̆̍̆ ̗̉̎̏̑̍́̉̉̕ȟ ̝̃̆̒̍́ 
̋̏̑̏̓̋̉̆ ̒̑̏̋̉ ̂̆̈ ̈́̅̆̑̇̆̋ ̝̠̐̏̌̈̏̃́̓̆̌̍ ̉ ̓̆̑̍̉̎́̌̏̍ ̠̅̌ ̝̙̅́̌̎̆̊̆̄̏ ̖̉ 
̝̠̉̒̐̏̌̈̏̃́̎̉Ȣ ˜̠̑̆̅̌́̄́̆̓̒ ̓̑̉ ̒̐̏̒̏̂́ ̗̏̑̄́̎̉̈́̉̉ ̑̆̈̆̑̃̉̑̏̃́̎̉̆ȡ ̐̑̏Ȥ
̜̄̑́̍̍̎̊ ɀ ̒ ̝̟̐̏̍̏̚ ̜̘̝̜̖̃̉̒̌̉̓̆̌̎ ̒̑̆̅̒̓̃ ̉ ̜́̐̐́̑́̓̎̊ ɀ ̒ ̝̟̐̏̍̏̚ 
̗̝̜̖̍̎̏̄̏̔̎̋̉̏̎́̌̎̕ ̔̒̓̑̏̊̒̓̃ ̎́ ̂́̈̆ ̜̟̖̂̒̓̑̏̅̆̊̒̓̃̔̉̚ ̖̍̉̋̑̏̒̆̍ ̉ 
̞̜̖̏̐̓̏̌̆̋̓̑̏̎̎ ̉ ̞̌̆̋̓̑̏̎̎̏-̘̖̏̐̓̉̆̒̋̉ ̐̑̆̏̂̑́̈̏̃́̓̆̌̆̊ ɍσȟ ̒Ȣ ρ-τɎȢ ˍ̃̓̏Ȥ
̑́̍̉ ̠̎́̒̓̏̆̊̚ ̝̒̓́̓̉ ̠̉̈̌́̄́̆̓̒ ̗̜̍̏̅̉̉̉̑̏̃́̎̎̊̕ ̃́̑̉́̎̓ ̗̐̑̉̎̉̐ ̑́̂̏Ȥ
̜̓ ̏̅̎̏̄̏ ̉̈ ́̐̐́̑́̓̎̏̄̏ ̙̠̑̆̆̎̉ ̃ ̃̉̅̆ ̔̒̓̑̏̊̒̓̃̏ ̘̐̆̑̆̅́̉ ̒̉̄̎́̌̏̃ ɉˠ˜˞Ɋ 
̒ ̝̉̒̐̏̌̈̏̃́̎̉̆̍ ˜˘˕˞ ̠̜̖̐̑̉̍̆̎̆̍ ̠̅̌ ̜̙̠̐̏̃̆̎̉ ̎́̅̆̇̎̏̒̓̉ ̠̒̃̈̉ ̃ 

                                                           
1˙̙́́̑̉̐̏̃ ˛̓́̂̏̊ ˙̠̘́̓̋̔̂̏̃̉ ɀ ́̒̒̉̒̓̆̎̓ ̜̋́̆̅̑̕ Ⱥ˟̗̆̌̆̋̏̍̍̔̎̉̋́̉̉ ̉̎Ȥ

̇̉̎̉̑̉̎̄Ȼȟ ˟̙́̋̆̎̓̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ ̗̜̖̉̎̏̑̍́̉̏̎̎̕ ̖̓̆̎̏̌̏̄̉̊ ɉˠ̘̑̄̆̎̒̋̉̊ ̉̌̉̕Ȥ
́̌Ɋȟ ˠ̈̂̆̋̉̒̓́̎Ȣ  

2˙̧́̓̋̔̂̏̃ ˼̓̋̉̑ ˗̘́̑̉̍̏̃̉ ɀ ́̒̒̉̒̓̆̎̓ȟ ˟̙́̋̆̎̓̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ ̗̉̎̏̑̍́̉̕Ȥ
̜̖̏̎̎ ̖̓̆̎̏̌̏̄̉̊ ɉˠ̘̑̄̆̎̒̋̉̊ ̉̌̉́̌̕Ɋȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 

3ˬ̎̄̉̂́̆̃́ ˙́̅̉̎́ ˝̔̒̓́̍̏̃̎́ ɀ ́̒̒̉̒̓̆̎̓ȟ ˟̙́̋̆̎̓̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ ̉̎̏̑̍́̕Ȥ
̗̜̖̉̏̎̎ ̖̓̆̎̏̌̏̄̉̊ ɉˠ̘̑̄̆̎̒̋̉̊ ̉̌̉́̌̕Ɋȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 
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ˏ˛˞˞ ̐̑̉ ̝̒̐̆̋̓̑́̌̎̏̍ ̔̐̌̏̓̎̆̎̉̉ ɍτȟ ̒Ȣ ρσɎȢ ˣ̝̆̌ ̅́̎̎̏̄̏ ̔̒̓̑̏̊̒̓̃́ ɍσȟ ̒Ȣ ρ-
τɎȟ ̃ ˏ˛˞˞ ̃ ̝̒̐̆̋̓̑́̌̎̏̍ ̔̐̌̏̓̎̆̎̉̉ ̘̝̏̂̆̒̐̆̉̓ ̜̓̑̆̂̔̆̍̆ ̐̏̋́̈́̓̆̌̉ ̏̓̋́Ȥ
̘̈̏̔̒̓̏̊̉̃̏̒̓̉ ̐̑̉ ̖̒̏̑́̎̆̎̉̉ ̜̃̒̏̋̏̄̏ ̜̠̂̒̓̑̏̅̆̊̒̓̃̉ ̜̑́̂̏̓ ̉ ̘̋́̆̒̓̃́ 
̘̐̆̑̆̅́̉ ̗̉̎̏̑̍́̉̉̕Ȣ ˛̎́ ̠̅̏̒̓̉̄́̆̓̒ ̏̐̑̆̅̆̌̆̎̉̆̍ ̠̎́̐̑́̃̌̆̎̉ȟ ̃ ̋̏̓̏̑̏̍ 
̑́̒̐̏̌̏̇̆̎́ ̙̠̈́̐̑́̉̃́̆̍́ ̗̠̒̓́̎̉ȟ ̜̐̏̒̌̋̏̊ ̘̏̐̓̉̆̒̋̏̄̏ ̒̉̄̎́̌́ȟ ̝̓̏̌̋̏ ̃ 
̞̓̏̍ ̎́̐̑́̃̌̆̎̉̉ ̉ ̂̌̏̋̉̑̏̃́̎̉̆̍ ̎́ ̠̃̑̆̍ ̘̐̆̑̆̅́̉ ̉ ̐̑̉̆̍́ ̒̏̏̂̆̎̉̊̚ 
̠̅̌ ̖̅̑̔̄̉ ̗̒̓́̎̉̊Ȣ ˜̑̆̅̌́̄́̆̍̏̆ ̔̒̓̑̏̊̒̓̃̏ ̒̏̅̆̑̇̉̓ ̃ ̒̃̏̆̍ ̒̏̒̓́̃̆ ̒̏̃̏Ȥ
̋̔̐̎̏̒̓̉ ̠̑̅́ ̞̌̆̍̆̎̓̏̃ȟ ̋́̋ ̞̜̖̌̆̋̓̑̏̎̎ȟ ̓́̋ ̉ ̘̖̏̐̓̉̆̒̋̉ ̉ ̖̉ ̘̠̒̏̆̓́̎̉. ̊ ́ 
̑̉̒Ȣρ ̉ ςȟ ̜̐̑̉̃̆̅̆̎ ̗̝̠̔̎̋̉̏̎́̌̎́̕ ̖̒̆̍́ ̔̒̓̑̏̊̒̓̃́ ̉ ̂̌̏̋ ̖̒̆̍́ ̘̏̐̓̉̆Ȥ
̒̋̏̄̏ ̐̑̉̆̍́-̘̐̆̑̆̅́̓̉̋́Ȣ  

 

 
˝̉̒Ȣ ρȢ ˡ̗̝̠̔̎̋̉̏̎́̌̎́ ̖̒̆̍́ ˠ˜˞ 

 
ˡ̗̝̠̔̎̋̉̏̎́̌̎́ ̖̒̆̍́ ̘̏̐̓̉̆̒̋̏̄̏ ̐̑̉̆̍̏-̘̐̆̑̆̅́̓̉̋́ ̉̈̏̂̑́̇̆̎́ ̎́ 

̑̉̒Ȣ ςȢ 
ˠ̒̓̑̏̊̒̓̃́ ̒̏̅̆̑̇̉̓ȡ N ̗̒̓́̎̉̊ ρȴ ̃̏̌̏ ̜̋̏̎̎̆ ̜̒̃̆̓̏̃̏̅ ςȴ ̙̜̉̎ σ̉ τ 

̠̔̐̑́̃̌̆̎̉ȴ ̙̜̉̎ υ ́̅̑̆̒́ȴ ̘̏̐̓̉̆̒̋̉̊ ̘̐̑̉̆̍̏̐̆̑̆̅́̓̉̋ φȴ ̘̏̐̓̉̆̒̋̉̊ ̋̏̍Ȥ
̍̔̓́̓̏̑ χȴ ̜̐̑̏̄̑́̍̍̉̑̔̆̍̆ ̘̌̏̄̉̆̒̋̉̆ ̗̜̍́̓̑̉ ɉ˜˘˕˞Ɋȟ ̂̌̏̋̉ ̗̜̍́̓̑̉ 
̐̑̏̉̈̃̆̅̆̎̉̊ 8-ρσȴ ˜˘˕˞ȟ ̂̌̏̋̉ ̜̒̔̍̍ ̗̍́̓̑̉ 14-ρφȴ ˜˘˕˞ȟ ̗̜̍́̓̑̉ ̐̑̏̉̈̃̆Ȥ
̅̆̎̉̊ ρχ-ρωȴ ˜˘˕˞ȟ ̗̍́̓̑̉́ ̜̒̔̍̍ ςπ-ςτȴ ̙̜̅̆̉̑́̓̏̑̕ ςυ ̉ ςφȴ ̜̓̑̉̄̄̆̑ ςχ-
ςωȴ ̜̉̎̃̆̑̓̏̑ σπ ̉ σρȴ ̂̌̏̋ σς ̠̏̑̍̉̑̏̃́̎̉̕ ̒̉̄̎́̌́ ̘̠̏̋̏̎́̎̉ ̗̉̎̏̑̍́̉̕Ȥ
̏̎̎̏̄̏ ̏̂̍̆̎́Ȣ ˗̠́̇̅́ ̗̠̒̓́̎̉ρ ̒̏̅̆̑̇̉̓ ̘̏̐̓̉̆̒̋̉̊ ̐̑̉̆̍̏-̘̐̆̑̆̅́̓̉̋ φȴ 
̘̏̐̓̉̆̒̋̉̊ ̋̏̍̍̔̓́̓̏̑ χȴ ̜̐̆̑̃̊-̙̆̒̓̏̊ ˜˘˕˞ȟ ̂̌̏̋̉ ̗̜̍́̓̑̉ ̐̑̏̉̈̃̆̅̆̎̉̊ 
8-ρσȴ ̜̐̆̑̃̊-̓̑̆̓̉̊ ˜˘˕˞ȟ ̂̌̏̋̉ ̜̒̔̍̍ ̗̍́̓̑̉ 14-ρφȴ ̜̐̆̑̃̊-̓̑̆̓̉̊ ˜˘˕˞ȟ 
̗̜̍́̓̑̉ ̐̑̏̉̈̃̆̅̆̎̉̊ ρχ-ρωȴ ̜̐̆̑̃̊-̠̜̐̓̊ ˜˘˕˞ȟ ̗̍́̓̑̉́ ̜̒̔̍̍ ςπ-ςτȴ ̐̆̑Ȥ
̜̃̊ ςυ ̉ ̃̓̏̑̏̊ ςφ ̙̜̅̆̉̑́̓̏̑̕ȴ ̜̐̆̑̃̊-̓̑̆̓̉̊ ̜̓̑̉̄̄̆̑ ςχ-ςωȴ ̜̐̆̑̃̊ σπ ̉ 
̃̓̏̑̏̊ σρ ̜̉̎̃̆̑̓̏̑ ̉ ̂̌̏̋ σς ̠̏̑̍̉̑̏̃́̎̉̕ ̒̉̄̎́̌́ ̘̠̏̋̏̎́̎̉ ̗̉̎̏̑̍́̉̕Ȥ
̏̎̎̏̄̏ ̏̂̍̆̎́Ȣ ˛̘̐̓̉̆̒̋̉̊ ̘̐̑̉̆̍̏̐̆̑̆̅́̓̉̋ φ ̒̏̅̆̑̇̉̓ ̘̝̉̈̌̔́̓̆̌ σσȴ ̍̏Ȥ
̠̅̔̌̓̏̑ στȴ ̏̓̏̅̆̓̆̋̓̏̑̕ συ ̉ ̝̔̒̉̌̉̓̆̌ σφȢ  

˜̏̒̓̑̏̆̎̉̆ ˜˘˙ ̏̒̎̏̃́̎̏ ̎́ ̓̏̍ȟ ̘̓̏ ̟̠̌̂́ ̗̠̋̏̍̂̉̎́̉̏̎̎́ ̗̠̔̎̋̉̕ 
̍̏̇̆̓ ̜̝̂̓ ̐̑̆̅̒̓́̃̌̆̎́ ̃ ̃̉̅̆ ̘̌̏̄̉̆̒̋̏̊ ̜̒̔̍̍ ɉ̗̠̏̐̆̑́̉ ˕˘˕Ɋ ̘̖̌̏̄̉̆̒̋̉ 
̐̑̏̉̈̃̆̅̆̎̉̊ ɉ̗̏̐̆̑́̉̊ ˕ɊȢ ˟̏̄̅́ ̖̒̆̍́ȟ ̟̠̑̆́̌̉̈̔́̚ȟ ̗̟̋̏̍̂̉̎́̉̏̎̎̔ 
̗̟̔̎̋̉̕ ̍̏̇̆̓ ̜̝̂̓ ̐̑̆̅̒̓́̃̌̆̎́ ̃ ̟̒̌̆̅̔̆̍̚ ̃̉̅̆Ȣ 
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˝̉̒Ȣ ςȢ ˡ̗̝̠̔̎̋̉̏̎́̌̎́ ̖̒̆̍́ ̘̏̐̓̉̆̒̋̏̄̏ ̘̐̑̉̆̍̏̐̆̑̆̅́̓̉̋́ 

 

 
˝̉̒Ȣ σȢ ˡ̗̝̠̔̎̋̉̏̎́̌̎́ ̖̒̆̍́ ˜˘˕˞ 

 
˟̗́̂̌̉́ ̉̒̓̉̎̎̏̒̓̉ ̐̑̆̅̒̓́̃̌̆̎́ ̃ ̗̓́̂̌̉̆ ρȢ ˞̝̌̆̅̏̃́̓̆̌̎̏ȟ ̖̎̆̏̂̏Ȥ

̅̉̍̏ ̂̔̅̆̓ ̗̝̏̆̎̉̓ ̝̒̓̆̐̆̎ ̠̠̃̌̉̎̉ ̆̆ ̎́ ̐̏̋́̈́̓̆̌̉ ̎́̅̆̇̎̏̒̓̉ ˏ˛˞˞ ̐̑̉ 
̝̒̐̆̋̓̑́̌̎̏̍ ̔̐̌̏̓̎̆̎̉̉ ̜̐̑̆̅̌̏̇̆̎̎̍ ̔̒̓̑̏̊̒̓̃̏̍Ȣ ˑ̠̌ ̞̓̏̄̏  ̓̑ ̠̆̂̔̆̓̒ 
̐̑̏̉̈̃̆̒̓̉ ̘̑́̒̆̓ ̉ ̗̝̏̆̎̉̓ ̉̎̓̆̎̒̉̃̎̏̒̓̉ ̏̓̋́̈̏̃ȟ ̠̒̔̍̍̉̑̔ ̖̃̒̆ ̏̅̎̏̑̏̅Ȥ
̜̖̎ ̞̌̆̍̆̎̓̏̃ ɉ˕˙˞Ɋ ̉ ̟̖̐̆̑̆̅́̉̚ ̉ ̜̖̐̑̉̆̍̎ ̒̑̆̅̒̓̃ȟ ̐̏ ̟̒̌̆̅̔̉̍̚ ̏̑̕Ȥ
̍̔̌́̍ ɍτɎȡ 
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)(l                                                               (3)  

̄̅ ̆ȡl1(t) ɀ ̉̎̓̆̎̒̉̃̎̏̒̓̉ ̏̓̋́̈̏̃ ̂̌̏̋ ̞̌̆̍̆̎̓̏̃ȟ Ⱥ˜˘˕˞ȟ ̂̌̏̋̉ ̍́̓̑̉Ȥ

̗́ ̐̑̏̉̈̃̆̅̆̎̉̊Ȼȟ Ⱥ˜˘˕˞ȟ ̂̌̏̋̉ ̜̒̔̍̍ ̗̍́̓̑̉Ȼȟ Ⱥ˜˘˕˞ȟ ̗̜̍́̓̑̉ ̐̑̏̉̈̃̆̅̆Ȥ

̎̉̊Ȼȟ Ⱥ˜˘˕˞ȟ ̗̍́̓̑̉́ ̜̒̔̍̍Ȼ l2(tɊȟ ̉l3(t) ɀ ̉̎̓̆̎̒̉̃̎̏̒̓̉ ̏̓̋́̈̏̃ ̐̑̉̆̍̎̉Ȥ

̋́ ̘̐̆̑̆̅́̓̉̋́ ̉ ̘̐̆̑̆̅́̓̉̋́ ̒̏̏̓̃̆̓̒̓̃̆̎̎̏Ȣ 
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˛̒̎̏̃̎̏̊ ̖́̑́̋̓̆̑̉̒̓̉̋̏̊ ̎́̅̆̇̎̏̒̓̉ ˠ˜˞ ̠̠̠̃̌̆̓̒ ̠̝̃̆̑̏̓̎̏̒̓ɉtɊ ̆̄̏ 
̂̆̈̏̓̋́̈̎̏̊ ̜̑́̂̏̓ ̃ ̘̓̆̆̎̉̆ ̃̑̆̍̆̎̉ tȢ ˞̜̔̍̍ ̉̎̓̆̎̒̉̃̎̏̒̓̉ ̏̓̋́̈̏̃ ̑́̃̎̏ȡ 

l1(t)=55*10-6, l2(t)=20*10-6, l3(t) = 20*10-6. ˠ̘̜̠̉̓̃́ ̜̒̔̍̍ ̉̎̓̆̎̒̉̃̎̏̒̓̉ 

)(tl  ̏̓̋́̈̏̃ȟ ̓Ȣ̆Ȣ ̘̉̒̌́ ̏̓̋́̈̏̃ ̃ ̗̆̅̉̎̉̔ ̃̑̆̍̆̎̉ ̠̏̐̑̆̅̆̌̆̍ ̠̝̃̆̑̏̓̎̏̒̓ 

̂̆̈̏̓̋́̈̎̏̊ ̜̑́̂̏̓ ̃ ̘̓̆̆̎̉̆ ςπππ ̘ȡ P(2000) = e- ( )tl   P(t) = e- ( )tl *t =e-55*10-

6*2000 =0,8958    
˜̜̑̉̃̆̅̆̎̎̍̉ ̜̙̃̆ ̝̑̆̈̔̌̓́̓́̍̉ ̘̑́̒̆̓́ ̜̖̏̒̎̏̃̎ ̐̏̋́̈́̓̆̌̆̊ ̉ ̖́Ȥ

̑́̋̓̆̑̉̒̓̉̋ȟ ̠̟̟̏̐̑̆̅̆̌̔̚ ̟̟̒̑̆̅̎ ̝̉̎̓̆̎̒̉̃̎̏̒̓ ̉ ̠̝̃̆̑̏̓̎̏̒̓ ̂̆̈̏̓̋́̈Ȥ
̎̏̊ ̜̑́̂̏̓ ̂́̈̏̃̏̄̏ ̃́̑̉́̎̓́ ̔̒̓̑̏̊̒̓̃̏ ̘̐̏̌̔̉̍ ̒̏̏̓̃̆̓̒̓̃̆̎̎̏ ̂́̈̏̃̏̄̏ ̉ 
̗̜̖̍̏̅̉̉̉̑̏̃́̎̎̕ ̃́̑̉́̎̓́Ȣ ˗̜̏̓̏̑̆ ̠̟̒̏̒̓́̃̌̓ ̒̏̏̓̃̆̓̒̓̃̆̎̎̏ȡ 

 

l̂ (t)=55*10 ɀ 6 ρȾ̘       P (̂t) = e- )(tl *t =e-0,11 =0,8958    

l̐ (t)=44.8*10 ɀ 6 ρȾ̘     P̐ (t) = e- )(tl *t =e-0.089 =0,9231    

 
˞̑́̃̎̆̎̉̆ ̞̖̓̉ ̜̖̅́̎̎ ̠̐̏̈̃̏̌̆̓ȟ ̒̔̅̉̓ȟ ̘̓̏ ̐̑̉ ̜̖̏̅̉̎́̋̏̃ ̏̓̑̆̈̋̉ 

̃̑̆̍̆̎̉ ɉ̐̑̉ ̓Ѐςπππ ̘Ɋ ̠̝̃̆̑̏̓̎̏̒̓ ̂̆̈̏̓̋́̈̎̏̊ ̜̑́̂̏̓ ̗̍̏̅̉̉̉̑̏̃́̎̎̏̄̏̕ 
̃́̑̉́̎̓́ ̜̙̃̆ ̘̆̍ ̂́̈̏̃̏̄̏ ̃́̑̉́̎̓́Ȣ ˜̞̏̓̏̍̔ ̗̠̍̏̅̉̉̋́̉̕ ̂́̈̏̃̏̄̏ ̃́̑̉́̎Ȥ
̓́ ˠ˜˞ ̘̝̈̎́̉̓̆̌̎̏ ̘̙̝̔̌̔̉̓ ̐̏̋́̈́̓̆̌̉ ̎́̅̆̇̎̏̒̓̉ ̐̑̉ ̝̉̒̐̏̌̈̏̃́̎̉̉ 
˜˘˕˞Ȣ 

 
˟̗́̂̌̉́ ρ 

 

1s 2s 3s 4s 1̱ 1ˎ 2̱ 2ˎ 3̱ 3ˎ 4̱ 4ˎ ̍  ̐ ̍ ̒
0 0 0 0 1 0 1 0 1 0 1 0 0 1 
0 0 0 1 1 0 1 0 1 0 0 1 0 1 
0 0 1 0 1 0 1 0 0 1 1 0 0 1 
0 0 1 1 1 0 1 0 0 1 0 1 0 1 
0 1 0 0 1 0 0 1 1 0 1 0 0 1 
0 1 0 1 1 0 0 1 1 0 0 1 0 1 
0 1 1 0 1 0 0 1 0 1 1 0 0 1 
0 1 1 1 1 0 0 1 0 1 0 1 0 1 
1 0 0 0 0 1 1 0 1 0 1 0 0 1 
1 0 0 1 0 1 1 0 1 0 0 1 0 1 
1 0 1 0 0 1 1 0 0 1 1 0 0 1 
1 0 1 1 0 1 1 0 0 1 0 1 0 1 
1 1 0 0 0 1 0 1 1 0 1 0 0 1 
1 1 0 1 0 1 0 1 1 0 0 1 0 1 
1 1 1 0 0 1 0 1 0 1 1 0 0 1 
1 1 1 1 0 1 0 1 0 1 0 1 0 1 

 
ˏ ̝̑̆̈̔̌̓́̓̆ ̗̍̏̅̆̑̎̉̈́̉̉ ̔̒̓̑̏̊̒̓̃́ ̘̐̆̑̆̅́̉ ̒̉̄̎́̌̏̃ȟ ̒ ̝̟̐̏̍̏̚ 

̜̐̑̏̄̑́̍̍̉̑̔̆̍̆ ̘̌̏̄̉̆̒̋̉̆ ̝̜̉̎̓̆̄̑́̌̎̆ ̖̜̍̉̋̑̏̒̆̍ ɉ˜˘˕˞Ɋ ̧̝̎́̅̇̎̏̒̓ 
̔̒̓̑̏̊̒̓̃́ ̜̙̠̐̏̃́̆̓̒Ȣ ˝̧̘́̒̓ ̜̐́̑́̍̆̓̑ ̧̎́̅̇̎̏̒̓̉ ̐̑̉̃̆̅̆̎̏ ̜̙̃̆Ȣ ˑ́̎Ȥ
̠̎́ ̑́̈̑́̂̏̓̋́ ̘̜̐̑̆̅̎́̈̎́̆̎ ̠̅̌ ̠̏̐̑̆̅̆̌̆̎̉ ̙̍́̑̑̔̓́ ̃ ̝̜̖̌̏̋́̌̎ ̠̖̒̆̓ 
ˏ˛˞˞ ̗̉̎̏̑̍́̉̉̕Ȣ ˜̜̑̆̅̌́̄́̆̍̊ ̃́̑̉́̎̓ ̔̒̓̑̏̊̒̓̃́ ̘̐̆̑̆̅́̉ ̒̉̄̎́̌̏̃ ̉̍̆̆̓ 
̟̒̌̆̅̔̉̊̚ ̃̉̅Ȣ 

 ̝ ̟̘́̋̌̆̎̉̆Ȣ ˏ ̟̘̈́̋̌̆̎̉̉ ̍̏̇̎̏ ̝̒̅̆̌́̓ ̟̒̌̆̅̔̉̆̚ ̜̜̃̃̏̅ȡ 
ρȢ ˏ̎̆̅̑̆̎̉̆ ̜̖̎̏̃ ̖̓̆̎̏̌̏̄̉̉ ̉ ̖̉ ̗̐̑̉̎̉̐̏̃ȟ ̍̆̓̏̅̏̃ ̉ ̖̒̑̆̅̒̓̃́ ̐̏Ȥ

̜̙̟̖̃́̉̚ ̞̝̆̋̓̉̃̎̏̒̓̕̕ ˏ˛˘˞ȟ ̓̑̆̂̔̆̓ ̑́̈̑́̂̏̓̋̉ ̜̖̎̆́̅̆̋̃́̓̎ ̜̖̎̏̃ ̍̆̑ 
̉ ̖̐̏̅̏̅̏̃ ̘̟̏̂̆̒̐̆̉̃́̉̆̚ ̆̆ ̎́̅̌̆̇́̆̊̚ ̎́̅̆̇̎̏̒̓̉Ȣ 

ςȢ ˞̑́̃̎̆̎̉̆ ̘̏̓̋́̈̏̔̒̓̏̊̉̃̏̒̓̉ ̂́̈̏̃̏̄̏ ̉ ̗̍̏̅̉̉̉̑̏̃́̎̎̏̄̏̕ ̃́̑̉Ȥ
́̎̓̏̃ ˠ˜˞ ̠̐̏̈̃̏̌̆̓ȟ ̒̔̅̉̓ȟ ̘̓̏ ̐̏̒̌̆̅̎̉̍ ̘̒̌̔́̆ ̐̑̉ ̖̒̏̑́̎̆̎̉̉ ̓̑̆̂̔̆̍̏̊ 
̘̏̓̋́̈̏̔̒̓̏̊̉̃̏̒̓̉ ̠̔̅́̆̓̒ ̘̝̔̃̆̌̉̉̓ ̘̉̒̌̏ ̙̈́̐̑́̉̃́̆̍̏̊ ̗̒̓́̎̉̉ ̉ ̋̏̌̉Ȥ
̘̆̒̓̃̏ ̠̜̖̐̑̆̅̏̒̓́̃̌̆̍ ̔̒̌̔̄Ȣ ˪̓̏ ̅́̆̓ ̝̃̏̈̍̏̇̎̏̒̓ ̘̔̃̆̌̉̆̎̉̆ ̓̑́̉̋́̕ ̒̏Ȥ
̏̂̆̎̉̊̚ ̉ ̔̒̌̔̄ ̠̜̖̅̏̒̓́̃̌̆̍ ̅̏ ̐̏̒̌̆̅̎̆̊ ̍̉̌̉ȟ ̒ ̜̃̒̏̋̉̍̉ ̘̜̋́̆̒̓̃̆̎̎̍̉ 
̠̐̏̋́̈́̓̆̌̍̉ ̘̠̏̂̆̒̐̆̉̃́ ̜̓̑̆̂̔̆̍̊ ̎́̅̆̇̎̏̒̓̉ ̠̒̃̈̉ ̃ ˏ˛˘ ˞̒̏ ̝̒̐̆̋̓̑́̌Ȥ
̎̏̍ ̔̐̌̏̓̎̆̎̉̆̍Ȣ  
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˝̉̒Ȣ τȢ ˡ̗̝̠̔̎̋̉̏̎́̌̎́ ̖̒̆̍́ ˠ˜˞ ̎́ ̂́̈̆ ˜˘˕˞ 

 
σȢ ˍ̜̃̓̏̑ ̟̠̎́̅̆̓̒ȟ ̘̓̏ ̝̠̑̆́̌̎́ ̝̃̏̈̍̏̇̎̏̒̓ ̝̏̒̔̆̒̓̃̉̓̚ȟ ̈́̅̔̍̋̉ ̐̑̉ 

̔̒̌̏̃̉̉ ̜̃̐̏̌̎̆̎̉̉ ̞̘̖̋̏̎̏̍̉̆̒̋̉ ̜̝̃̄̏̅̎̏̒̓ ̐̑̉ ̅̏̒̓̉̇̆̎̉̉ ̜̃̒̏̋̏̄̏ ̋́Ȥ
̘̆̒̓̃́ ̓̑́̉̋̏̃̕ ̝̜̖̉̒̐̏̌̈̔̆̍ ́̂̏̎̆̎̓́̍Ȣ ˕ȟ ̝̒̌̆̅̏̃́̓̆̌̎̏ȟ ̘̝̏̂̆̒̐̆̉̓ ̜̎̏̃Ȥ
̍̉ ̜́̐̐́̑́̓̎̍̉ ̜̐̑̏̄̑́̍̍̎̍̉ ̒̑̆̅̒̓̃́̍̉ ̟̖̒̔̆̒̓̃̔̉̚̚ ˏ˛˘˞ ̐̑̉ ̒̐̆̋Ȥ
̝̓̑́̌̎̏̍ ̔̐̌̏̓̎̆̎̉̉Ȣ 

4. ˟ ́̋̉̍ ̏̂̑́̈̏̍ȟ ̐̑̆̅̌̏̇̆̎̎̏̆ ̔̒̓̑̏̊̒̓̃̏ ̍̏̇̆̓ ̎́̊̓̉ ̒̃̏̆ ̐̑̉̍̆̎̆Ȥ
̎̉̆ ̃ ̝̜̖̈̏̎́̌̎ȟ ̝̜̖̌̏̋́̌̎ ̉ ̜̖̋̏̑̐̏̑́̓̉̃̎ ̠̖̒̆̓ȟ ́ ̓́̋̇̆ ̃ ̖̄̏̑̏̅̒̋̉ ̠̖̒̆̓ 
ˏ˛˘˞ ̒ ̅̏̒̓́̃̋̏̊ ̜̖̅́̎̎ ̝̙̖̂̏̌̉ ̛̏̂̆̍̏̃ ̅̏ ̐̏̒̌̆̅̎̆̊ Ⱥ̍̉̌̉Ȼ ̒ ̜̃̒̏̋̏̊ 
̝̟̎́̅̆̇̎̏̒̓ ̉ ̞̝̟̆̋̓̉̃̎̏̒̓̕̕ ̝̠̉̒̐̏̌̈̏̃́̎̉ ̋́̎́̌́ ̠̒̃̈̉ ̎́ ̂́̈̆ ˜˘˕˞Ȣ 
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UDC 62 

 

DEVELOPMENT AND RESEARCH MODIFIED VERSION  
TRANSMISSION DEVICE USING FPGA, IMPROVE COMMUNICATION  

RELIABILITY IN OPTICAL FIBER COMMUNICATION SYSTEM 
 

O.M. Masharipov, U.K. Matekulov, M.R. Yangibaeva 
 

Abstract. In this article it is giver wide information by authors about the results of fully 
developed materials of increasing communication reliability in fiber optic line communication 
which can be sending by ÐÒÏÇÒÁÍÍÉÎÇ ÓÔÒÕÃÔÕÒÅÓ ÏÆ ÌÏÇÉÃÁÌ ÉÎÔÅÇÒÁÌ ÄÉÁÇÒÁÍÓȢ !ÌÓÏ ÉÔȭÓ ÇÉÖÅÎ 
information about working tendency of sending signals structures. By this way it enhances the 
number of asked stations, shows different kind service and to improve the opportunity of relia-
bility indications. 

Keywords: fiber optic, specter, WDM, DWDM, PLA, CFOL, trigger, inventor, optical recti-
fier-transmitter, optical switch. 
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˕̘̒̓̏̑̉̆̒̋̉̆ ̎ ́̔̋̉ 
 
 
ˠˑ ̠63.3 (5U) 

 
BARKAMOL AVLODNI TARBIYALASHDA  

4%-52)9,!2 $!62) -!ȭNAVIYATINING AHAMIYATI  
 

.˞˟ .ˎ ̖̔̑́̎̏̃́1, A.M. s ̏̌̂̆̋̏̃2 
 
Annotatsiya 

 
5ÓÈÂÕ ÍÁÑÏÌÁÄÁ ÔÅÍÕÒÉÙÌÁÒ ÄÁÖÒÉ ÍÁȭÎÁÖÉÙÁÔÉÎÉÎÇ ÂÁÒËÁÍÏÌ ÁÖÌÏÄ 

tarbiyasidagi ahamiyati ochib berilgan. 
 
Kalit ÓÏȭÚÌÁÒȡ ÔÅÍÕÒÉÙÌÁÒ ÄÁÖÒÉȟ ÙÕËÓÁÔ ÍÁȭÎÁÖÉÙÁÔȟ 4ÅÍÕÒ ÔÕÚÕËÌÁÒÉȟ ÍÁȭÒÉÆÁÔȟ ÓÈÁØÓ 
ÍÁȭÎÁÖÉÙÁÔÉȟ ÒÅÎÅÓÓÁÎÓȟ ÄÁÖÌÁÔȟ ÓÉÙÏÓÁÔȢ 

 
Jahon ma'naviyati va ÍÁͻÒÉÆÁÔÉ ÓÏÈÁÓÉÄÁ ÏȬÚ ÏȬÒÉÎÌÁÒÉÇÁ ÅÇÁ ÂÏȬÌÇÁÎ ÐÉÒÕËÏÍÉÌ 

ajdodlarimizni va ular qoldirgan boy ma'naviy-ma'rifiy m erosni teran anglash, 
ÏȬÒÇÁÎÉÓÈ ÖÁ ÕÌÕÇȬÌÁÓÈ ÉÍËÏÎÉÙÁÔÉ ÙÕÚÁÇÁ ËÅÌÄÉȢ "ÕÙÕË ÄÁÖÌÁÔ ÁÒÂÏÂÉȟ ÍÁͻÒÉÆÁÔ homiysi, 
yuksak ma'naviyat egasi Amir Temur va uning avlodlari qoldirgan, abadiylikka 
daxldor merosi bugungi kunda xalqimiz ruhiyma'naviy poklanishi va millÉÙ ÏȬÚÌÉÇÉÎÉ 
anglashning bitmastuganmas chashmasidir. Biz bugun yashayotgan mustaqil 
/ȬÚÂÅËÉÓÔÏÎ ÄÁÖÌÁÔÉÄÁÇÉ ÔÁÒÉØÉÙ ÇÏȬÚÁÌ ÍÁËÏÎÌÁÒÎÉÎÇ ËÏȬÐÃÈÉÌÉÇÉ !ÍÉÒ 4ÅÍÕÒ va 
temuriylar  ÄÁÖÒÉÄÁ ÖÕÊÕÄÇÁ ËÅÌÇÁÎȢ ÔÅÍÕÒÉÙÌÁÒ ÄÁÖÒÉ ÈÁÒ ÓÏÈÁÄÁ ÃÈÉÎÁËÁÍ ÕÙÇȬÏÎÉÓÈ 
ÄÁÖÒÉ ÂÏȬÌÄi. 150 yillik  mustamlakachilik, 70 yilik qaramlik yillarida shunday buyuk 
zot, dunyoga mashhur ÄÁÖÌÁÔ ÁÒÂÏÂÉȟ ÕÌÕÇȬ ÂÕÎÙÏÄËÏÒ !ÍÉÒ 4ÅÍÕÒ ÓÈÁØÓÉÎÉÎÇ ÁÓÌ 
ÍÏÈÉÙÁÔÉÇÁ ØÏÌÉÓ ÖÁ ÈÁÑÑÏÎÉÙ ÂÁÈÏ ÂÅÒÉÓÈ ÉÍËÏÎÉÄÁÎ ÍÁÈÒÕÍ ÂÏȬÌÉÂ ÙÁÓÈÁÄÉËȢ  

3ÈÏȬÒÏ ÔÕÚÕÍÉ ÓÏÈÉÂÑÉÒÏÎ ÈÁÑidagi haqiqatni xalqdan yashirib keldi. 
"ÏÂÏËÁÌÏÎÉÍÉÚ ÔÏȬÇȬÒÉÓÉÄÁ ÉËËÉ ÏÇȬÉÚ ÉÌÉÑ ÓÏȬÚ ÁÙÔÉÌÇÁÎ ÂÁÒÃÈÁ ÍÁÎÂÁÌÁÒ ËÏȬÚÄÁÎ 
yashirildi, taqiqlandi yoki soxtalashtirildi.  Prezidentimiz Islom Karimov aytganidek. 
Ⱥ!ÍÉÒ 4ÅÍÕÒ ÎÏÍÉ ÔÁÒÉØÉÍÉÚ ÓÁÈÉÆÁÌÁÒÉÄÁÎ ÑÏÒÁ ÂÕÙÏq bilan ÏȬÃÈÉÒÉÌÄÉȟ ÕÎÕÔÉÓÈÇÁ 
mahkum etildi. Maqsad xalqimizning yuragidan, ÍÉÌÌÉÙ ÏÎÇȟ ÍÉÌÌÉÙ ÇȬÕÒÕÒ ÔÕÙÇȬÕÓÉÎÉ 
ÙÏȬÑÏÔÉÓÈȟ ÕÎÉ ÑÁÒÁÍÌÉËËÁȟ ÔÏÂÅÌÉËËÁ ËÏȬÎÄÉÒÉÓÈ ÅÄÉȻȢ 9ÏËÉ 0ÒÅÚÉÄÅÎÔÉÍÉÚÎÉÎÇ ÙÁÎÁ 
ÑÕÙÉÄÁÇÉ ÓÏȬÚÌÁÒÉÎÉ ÅÓÌÁÙÌÉËȢ Ⱥ3ÈÏȬÒÏ ÄÁÖÒÉÄÁ ÂÉÚÇÁ !ÍÉÒ 4ÅÍÕrni bosqinchi, zolim, 
ÑÏÎØÏȬÒ ÊÁÌÌÏÄȟ ÂÏÒÉÂ ÔÕÒÇÁÎ ÊÏÈÉÌȟ ÄÅÂ ÏȬÑÔÉÒÉÂ ËÅÌÉÓÈÄÉȢȢ Amir Temur haqidagi bu 
ÕÙÄÉÒÍÁÓÏÆ ÓÉÙÏÓÉÙ ÍÁÑÓÁÄÌÁÒÎÉ ËÏȬÚÌÁÇÁÎ tuhmatdan iborat. Bilasizmi, bu ishlarning 
tagidagi maqsad bitta ÂÏȬÌÇÁÎȟ ÙÁͻÎÉ ÂÉÚÎÉÎÇ ÏȬÚÌÉÇÉÍÉÚÎÉȟ tariximizni  unuttirish bizni  
manqurtga aylantirish edi. Shuning uchun ham biz Amir Temurning hurmatini joyiga 
ÑÏȬÙÁÒ ÅËÁÎÍÉÚȟ ÂÉÒÉÎÃÈÉ ÇÁÌÄÁ ÓÈÕ ÓÁÖÏÂÌÉ ÉÓÈ ÏÒÑÁÌÉ ØÁÌÑÉÍÉÚÎÉÎÇȟ millatimizning 
ÉÚÚÁÔÈÕÒÍÁÔÉÎÉ ÊÏÙÉÇÁ ÑÏȬÙÇÁÎ ÂÏȬÌÁÍÉÚȢ "ÕÎÉ ÈÙÅÃÈ ÑÁÃÈÏÎ ÕÎÕÔÍaslik zarur. 
/ȬÚÌÉÇÉÍÉÚÎÉ ÁÎÇÌÁÓÈÉÍÉÚȟ ÍÉÌÌÉÙ ÑÁÄÒÉÙÁÔÌÁÒÉÍÉÚÎÉ ÔÉËÌÁÓÈÉÍÉÚ ÈÁÍ ÑÁÒÚȟ ÈÁÍ ÆÁÒÚȻȢ 

)ÓÌÏÍ +ÁÒÉÍÏÖ Ⱥ9ÕËÓÁË ÍÁͻÎÁÖÉÙÁÔ ɀ ÙÅÎÇÉÌÍÁÓ ËÕÃÈȻ ÁÓÁÒÉÄÁ ÔÁͻËÉÄÌÁÇÁÎÉÄÅË 
Ⱥ)ÓÔÉÑÌÏÌÇÁ ÅÒÉÓÈÇÁÎÉÍÉÚÄÁÎ ÓÏȬÎÇ ÂÉÚ ÔÁÒÉØÉÙ ÁÄÏÌÁÔÎÉ ÑÁÒÏÒ ÔÏÐÔÉÒÉÓÈȟ ØÁÌÑÉÍÉÚÎÉÎÇ 
ÔÏÐÔÁÌÉÂ ËÅÌÇÁÎ ÍÉÌÌÉÙ ÇȬÕÒÕÒÉÎÉ ÙÕËÓÁÌÔÉÒÉÓÈ ÍÁÑÓÁÄÉÄÁ 3ÏÈÉÂÑÉÒÏÎ !ÍÉÒ 4ÅÍÕÒ 
bobomizning nafaqat muborak nomi, boy merosi va xotirasini, ayni paytda tarixiy 
ÓÉÙÍÏÓÉÎÉ ÈÁÍ ÔÉËÌÁÓÈÇÁ ÑÁÒÏÒ ÑÉÌÄÉËȻȢ 

3ÏÖÅÔÌÁÒ ÄÁÖÒÉÄÁ ÂÕ ÍÁÓÁÌÁÄÁ ÇȬÁÒÁÚÌÉ ÓÉÙÏÓÁÔ ÏÌÉÂ ÂÏÒÉÌÇÁni, asossiz ravishda 
ÂÏÂÏÍÉÚ ÊÁÈÏÌÁÔ ÖÁ ÙÏÖÕÚÌÉË ÔÉÍÓÏÌÉ ÓÉÆÁÔÉÄÁ ËÏȬÒÓÁÔÉÂ ËÅÌÉÎÇÁÎÉ ÂÕÇÕÎ ÈÙÅÃÈ ËÉÍÇÁ ÓÉÒ 
emas. Nega deganda, mustabid tuzum tarixiy haqiqatni namoyon etishdan, bizning 
ÍÉÌÌÉÙ ÏȬÚÌÉÇÉÍÉÚÎÉ ÁÎÇÌÁÓÈÉÍÉÚÄÁÎ ÍÕÔÌÁÑÏ ÍÁÎÆÁÁÔÄÏÒ ÅÍÁÓÄÉȢ 

                                                           
1ˎ̖̔̑́̎̏̃́ ˞́̂̏ ˟̔̌́̎̏̃̎́ ɀ ̙̒̓́̑̉̊ ̝̐̑̆̐̏̅́̃́̓̆̌ ̜̋́̆̅̑̕ Ⱥ̞ ̠̒̓̏̑̉ 

ˠ̈̂̆̋̉̒̓́̎́Ȼȟ ˟̙́̋̆̎̓̒̋̉̊ ̜̉̎́̎̒̏̃̊̕ ̉̎̒̓̉̓̔̓ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 
2ˢ̏̌̂̆̋̏̃ ˍ̃́̈ ˙̖̘̆̍̏̎̏̃̉ ɀ ̙̒̓́̑̉̊ ̝̐̑̆̐̏̅́̃́̓̆̌ ̜̋́̆̅̑̕ Ⱥ˝̝̠̆̄̉̏̎́̌̎́ 

̞̋̏̎̏̍̉̋́Ȼȟ ˟̙́̋̆̎̓̒̋̉̊ ̜̉̎́̎̒̏̃̊̕ ̉̎̒̓̉̓̔̓ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 
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Ba'zi bÉÒ ÍÉÎÉÁÔÙÕÒÁ ÁÓÁÒÌÁÒÉÎÉ ÈÉÓÏÂÇÁ ÏÌÍÁÇÁÎÄÁȟ ÏȬÚ ÖÁÑÔÉÄÁ !ÍÉÒ 4ÅÍÕÒÎÉÎÇ 
portretsurati chizilmagan. Lekin ushbu miniatyuralar buyuk Amir Temurning 
ÂÅÔÁËÒÏÒ ÓÈÁØÓÉÙÁÔÉÎÉ ÈÁÒ ÔÏÍÏÎÌÁÍÁ ÔÏȬÌÉÑ ÖÁ ÈÁÑÑÏÎÉÙ ÁËÓ ÅÔÔÉÒÁ ÏÌÍÁÓÌÉÇÉÎÉ 
tushunish qiyin emas. Chunki bu rÁÓÍÌÁÒÎÉÎÇ ÂÉÒÉÄÁ 3ÏÈÉÂÑÉÒÏÎ ÍÏȬÇȬÕÌÇÁȟ ÙÁÎÁ ÂÉÒÉÄÁ 
ÈÉÎÄÇÁȟ ÕÃÈÉÎÃÈÉÓÉÄÁ ÂÏÓÈÑÁ ÂÉÒ ÍÉÌÌÁÔ ÖÁËÉÌÉÇÁ ÏȬØÓÈÁÔÉÂ ÔÁÓÖÉÒÌÁÎÁÄÉȢ 3ÈÕ ÔÕÆÁÙÌÉ ÂÉÚ 
ÕÎÉÎÇ ÁÓÌ ÑÉÙÏÆÁÓÉ ÑÁÎÄÁÙ ÂÏȬÌÇÁÎÉ ÈÁÑÉÄÁ ÁÎÉÑ ÔÁÓÁÖÖÕÒÇÁ ÅÇÁ ÅÍÁÓ ÅÄÉËȢ 
+ÏȬÐÃÈÉÌÉÇÉÍÉÚ ÕÎÉ ÓÈÏȬÒÏÌÁÒ ÄÁÖÒÉÄÁ ÁÎÔÒÏÐolog ÈÁÙËÁÌÔÁÒÏÓÈ -Ȣ'ÅÒÁÓÉÍÏÖ ȺÙÁÒÁÔÇÁÎȻ 
ÑÏȬÒÑÉÎÃÈÌÉ ÂÙÕÓÔ ÏÒÑÁÌÉ ÂÉÌÁÒÄÉËȟ ØÏÌÏÓȢ 

Afsuski, tarix ilmida ham Amir Temur haqida bir-biriga zid va qaramaqarshi 
ÆÉËÒÌÁÒȟ ÃÈÁÌËÁÓÈ ÔÁÌÑÉÎÌÁÒ ËÏȬÐ ÕÃÈÒÁÙÄÉȢ 3ÈÕÎÉÎÇ ÕÃÈÕÎ ÈÁÍ ÂÕÙÕË ÁÊÄÏÄÉÍÉÚÎÉÎÇ 
portretini qadimi y manbalarni ÈÁÒ ÔÏÍÏÎÌÁÍÁ ÓÉÎÃÈÉËÌÁÂ ÏȬÒÇÁÎÉÂȟ ÔÁÒÉØÉÙÉÌÍÉÙ 
ÈÁÑÉÑÁÔ ÁÓÏÓÉÄÁ ÙÁÒÁÔÉÓÈ ÔÁÌÁÂ ÑÉÌÉÎÁÒ ÅÄÉȢ )ÚÌÁÎÉÓÈÌÁÒ ÓÈÕÎÉ ËÏȬÒÓÁÔÉÄÉËÉȟ !ÍÉÒ 4ÅÍÕÒ 
davriga oid ba'zi yozma yodgorliklarda u zot haqida yetarli ma'lumotlar mavjud ekan. 
Jumladan, Amir Temur saroyida yetti yil yashagan mashhur tarixchi ibn Arabshoh 
bobomizning surati va siyratini shunday tasvirlaydi: 

Ⱥ4ÅÍÕÒ ÂÁÌÁÎÄ ÂÏȬÙÌÉȟ ÔÉË ÑÏÍÁÔÌÉȟ ËÅÎÇ ÐÅÓÈÏÎÁÌÉȟ ËÁÌÌÁÓÉ ËÁÔÔÁȟ ÂÁÇȬÏÙÁÔ ËÕÃÈÌÉ 
va salobatli, oqqizil yuzli, keng yelkali, qaddiqomati kelishgan, ÓÅÒÓÏÑÏÌȟ ÏȬÎÇ ÑÏȬÌÉ 
ÂÉÌÁÎ ÏȬÎÇ ÏÙÏÇȬÉ ÚÁÈÍÄÏÒȟ ÉËËÉ ËÏȬÚÉ ÂÁÍÉÓÏÌÉ ÉËËÉ ÓÈÁÍÄÁÙ ÐÏÒÌÁÂ ÔÕÒÁÄÉÇÁÎȟ ÙÏȬÇȬÏÎ 
ÏÖÏÚÌÉȟ ÕÌÕÇȬÌÉÇÉ ÏȬÚÉÇÁ ÙÁÒÁÓÈÇÁÎȟ ÑÁÔͻÉÙ ÁÚÍÕ ÑÁÒÏÒ ÂÉÌÁÎ ÓÏȬÚÌÁÙÄÉÇÁÎ ÈÁÑÇÏȬÙ ËÉÓÈÉ 
ÅÄÉȢ 5 ÚÉÍÄÁÎ ÑÁÒÁÓÈ ÖÁ ËÏȬÚ ÉÓÈÏÒÁÔÌÁÒÉÎÉ ÓÅÚÁÄÉÇÁÎȟ ÉÄÒÏËÌÉ, sinchkov, har qanday 
ÉÓÈÏÒÁÔÄÁÎ ÏÇÏÈ ËÉÓÈÉ ÂÏȬÌÉÂȟ ÙÕÚ ÂÅÒÉÓÈÉ ÍÕÍËÉÎ ÂÏȬÌÇÁÎ ÈÁÍÍÁ ÉÓÈÎÉ ÏÌÄÉÎÄÁÎ 
ËÏȬÒÉÂÂÉÌÉÂ ÔÕÒÁÒ ÅÄÉȻȢ 

/ȬÚÉÎÇÉÚ ÁÙÔÉÎÇȟ ÂÕÙÕË ÁÊÄÏÄÉÍÉÚÎÉÎÇ ÁÎÉÑ ÖÁ ÈÁÑÑÏÎÉÙ ÐÏÒÔÒÅÔÉÎÉ ÙÁÒÁÔÍÏÑÃÈÉ 
ÂÏȬÌÇÁÎ ÍÕÓÁÖÖÉÒ ÕÃÈÕÎ ÂÕÎÄÁÙ ÍÁͻÌÕÍÏÔÌÁÒ ÂÅÂÁÈÏ ÍÁÔÅÒÉÁÌ ÂÏȬÌÉÂ ØÉÚÍÁÔ 
qilmaydimi? Biz bu ishning tarix va kelajak oldidagi mas'uliyatni har tomonlama 
ÃÈÕÑÕÒ ÈÉÓ ÅÔÉÂȟ ÔÕÒÌÉ ÍÁÎÂÁÌÁÒÄÁ ÑÁÙÄ ÅÔÉÌÇÁÎ ÈÏÌÄÁ ÉÓÈ ÔÕÔÄÉËȻ ɍρɎȢ 

0ÒÅÚÉÄÅÎÔÉÍÉÚ 95.%3+/ ÑÁÒÏÒÇÏÈÉÄÁÇÉ Ⱥ4ÅÍÕÒÉÙÌÁÒ ÄÁÖÒÉÄÁ ÉÌÍ-fan, 
madaniyat va maorifning ÇÕÌÌÁÂÙÁÓÈÎÁÓÈÉȻ ËÏȬÒÇÁÚÍÁÓÉÎÉÎÇ ÏÃÈÉÌÉÓÈ ÍÁÒÏÓÉÍÉÄÁ 
ÓÏȬÚÌÁÇÁÎ ÎÕÔÑÉÄÁ Ⱥ-ÁͻÒÉÆÁÔÌÉ -ÏÖÁÒÏÕÎÎÁØÒ ÒÕÈÉȟ ÔÅÍÕÒÉÙÌÁÒ ÄÁÖÒÉÄÁ ÆÁÎ-san'atning 
gullab-ÙÁÓÈÎÁÇÁÎÉ ÙÅÖÒÏÐÁÄÁ ÕÙÇȬÏÎÉÓÈ ÊÁÒÁÙÏÎÉÇÁ ÈÁÙÏÔÂÁØÓÈ ÔÁͻÓÉÒ ÅÔÇÁÎÉÎÉȟ 
ÕÍÕÍÊÁÈÏÎ ÔÁÒÁÑÑÉÙÏÔÉÇÁ ËÏȬÍÁËÌÁÓÈÇÁÎÉÎÉ Ánglab faxrlanamiz. 

3ÉÙÏÓÁÔÄÁ ÍÁÓÌÁÈÁÔȟ ÍÕÌÏÈÁÚÁËÏÒÌÉËȟ ÏȬÙÌÁÂ ÉÓÈ ÑÉÌÉÓÈȟ ÑÕÒÏÌ ËÕÃÈÉÄÁÎ ËÏȬÒÁ ÏȬÎ 
ÂÁÒÏÂÁÒ ÆÏÙÄÁÌÉÒÏÑÄÉÒȻȟ ÄÅÇÁÎ ÄÁÈÏ ÓÏȬÚÌÁÒ !ÍÉÒ 4ÅÍÕÒÇÁ ÍÁÎÓÕÂÄÉÒȢ "Õ ÓÏȬÚÌÁÒ 
hozirgi tilda nizoli masalalarni siyosiy muloqot, ogohlantiruvchi diplomatiya yÏȬÌÉ 
ÂÉÌÁÎ ÈÁÌ ÑÉÌÉÓÈÎÉ ÂÉÌÄÉÒÁÄÉȻȢ ɍςɎ 

!ÙÔÄÉÍËÉȟ Ⱥ"ÉÚ ÏȬÚÂÅËÌÁÒÎÉ ÕÌÕÇȬȟ ÂÕÎÙÏÄËÏÒ ØÁÌÑ ÄÅÂ ÄÕÎÙÏÇÁ ÔÁÒÁÎÎÕÍ 
etayapmiz va aslida ham shunday. YuNeSKOning Parijdagi qarorgohida Amir Temur 
ÂÏÂÏÍÉÚÎÉÎÇ ÔÏȬÙÌÁÒÉÎÉ ÏȬÔËÁÚÉÓÈÄÁÎ ÍÁÑÓÁÄ ÎÉÍÁ ÅÄÉȩ Komil bu insonning eng avvalo, 
ÂÕÙÕË ÄÁÖÌÁÔ ÁÓÏÓÃÈÉÓÉȟ ÂÕÙÕË ÂÕÎÙÏÄËÏÒȟ ÉÊÏÄËÏÒ ÓÈÁØÓ ÂÏȬÌÇÁÎÉÎÉȟ ÆÁÎȟ ÍÁÄÁÎÉÙÁÔÇÁ 
ÈÏÍÉÙÌÉË ÑÉÌÉÂȟ ÊÁÈÏÎ ÓÉÖÉÌÉÚÁÔÓÉÙÁÓÉ ÔÁÒÁÑÑÉÙÏÔÉÇÁ ÂÅÑÉÙÏÓ ÈÉÓÓÁ ÑÏȬÓÈÇÁÎÉÎÉ ÏÌÁÍ 
ÁÈÌÉÇÁ ÂÉÌÄÉÒÉÓÈ ÅÄÉȢ *ÁÎÏÂ *ÁË 3ÈÉÒÁËÎÉÎÇ ÏȬÚÉ ÉÓÈÔÉÒÏË etgan bu anjumanda men 
mazkur fikrimni ishonchli manbalar asosida isbotlab berishga harakat qildim. 
Davlatchiligimiz ÁÓÏÓÌÁÒÉÎÉ ÙÁÒÁÔÉÂ ËÅÔÇÁÎ 4ÅÍÕÒ ÂÏÂÏÍÉÚ ÇȬÁÙÒÁÔ ÓÈÉÊÏÁÔÉȟ ÙÕËÓÁË 
aqlzakovati, tadbirkorligi, elparvarligi bilan bizga hamisha ibrat  namunasÉ ÂÏȬÌÉÂ 
ÑÏÌÇȬÕÓÉÄÉÒȢ "ÉÚ Õ ÚÏÔÉ ÏÌÉÙÄÁÎ ÈÁÍÉÓÈÁ ÒÕÈÉÙ ÍÁÄÁÄ ÏÌÁÍÉÚȻȢ ɍσɎ  

Bularning hammasi Prezidentimiz Islom Karimov rahnamoligida mustaqillik 
ÔÕÆÁÙÌÉ ÏȬÚÂÅË ØÁÌÑÉÎÉÎÇ ÍÁͻÎÁÖÉÙ ÔÉËÌÁÎÉÓÈÉ ÂÏÒÁÓÉÄÁ ÏÌÉÂ borilayotgan keng jabhadagi 
xayrli ishlardan bir nishona xolos. 

Xulosa qilib aytganda qadimiy Turkistonu Turonzaminning buyuk farzandi 
Temur tarix sahnasiga kelgach, qariyb bir yarim asrlik mug`ullar hukmronligi va 
feodal tarqoqlikka barham berib, o`zining qudratli imperiyasini vujudga keltirdi. 
Uning davlati ijtimoiy  ɀ siyosiy jarayonda juda tez ko`zga tashlandi. Eng muhimi 
osoyishtalik o`rnatilib katta sarhadda yangi bir rivojlanish davri boshlandi. Temur 
davlati tarixiga butun jahon jiddiy e'tibor berayotganligining sababi ham shundadir. 

Savdo-sotiq, dehqonchilik, hunarmandchilik umuman hamma soha jadal 
rivojlanib, xalqaro miqyosga ko`tarildi. Sohibqironning sa'yi ɀ harakati tufayli buyuk 
ipak yo`li yo`nalishining Turonzamin tomon burilib, uning sarhadlaridan o`tishi bu 
borada ayniqsa muhim ahamiyat kasb etdi.  
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Tarixiy manba va adabiyotlar tahlili asosida /ȭÚÂÅË ÄÁÖÌÁÔÃÈÉÌÉÇÉ ÔÁÒÉØÉ 
ÔÁÒÁÑÑÉÙÏÔÉÄÁ !ÍÉÒ 4ÅÍÕÒ ÓÈÁØÓÉÎÉÎÇ ÔÕÔÇÁÎ ÙÕËÓÁË ÏȭÒÎÉȟ ÈÁÍÄÁ ÂÁÒËÁÍÏÌ ÁÖÌÏÄÎÉ 
shakllantirishda tarixiy xotiraning mohiyatini ochib berishdir. Vatan tarixida Amir 
Temur shÁØÓÉÎÉÎÇ ÔÕÔÇÁÎ ÏȭÒÎÉ ÖÁ ÒÏȭÌÉȟ ÉÓÔÉÑÌÏÌ ÓÈÁÒÏÆÁÔÉ ÉÌÁ ÕÓÈÂÕ ÍÉÌÌÉÙ 
ÑÁÈÒÁÍÏÎÉÍÉÚÎÉÎÇ ÎÏÍÉ ÔÉËÌÁÎÉÂȟ ÔÁÒÉØ ÚÁÒÖÁÒÁÑÌÁÒÉÄÁÎ ÍÕÎÏÓÉÂ ÏȭÒÉÎ ÅÇÁÌÌÁÇÁÎÌÉÇÉÎÉȟ 
Respublikamiz Prezidenti Islom Karimovning shu hususidagi fikr muloxazalarini 
ÔÏȭÌÁÑÏÎÌÉ ÂÁÙÏÎ ÅÔÉÓÈȟ ÂÕÙÕË ÁÊÄÏÄÌÁÒÇÁ ÎÉÓÂÁÔÁÎ ÈÕÒÍÁÔ ÉÆÔÉØÏÒ ÔÕÙÇȭÕÓÉÎÉ ÙÏÓÈ 
avlodda yanada yuksaltirishdir. 
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ˠˑ˗ ωτ ɉφσφɊ 
 

˛˘˕˖ ˟ˍ˧˘˕˙ ˟˕˔˕˙˕˚˕˚ː ˎˍ˝̱פ ˝˛˝ ˝˕ˏ˛˓˕ ˼˔ˎ˒˗˕˞˟˛˚ 
ˑˍˏ˘ˍ˟ ˞˕˳˞ˍ˟˕˚˕˚ː ˠ˞˟ˠˏ˛˝ ˖˼˚ˍ˘˕˥˕ ˞˕ˡˍ˟˕ˑˍ 

 

ːȢ ˍ̃́̌̏̃́1 
 

ˍ̗̠̎̎̏̓́̉ 
 

ˠ̙̂̔ ̍́̏ץ ץ̉́̓̒̔̍ ́̅́̌ ̌̌̉̋ ̊̉̌̌́̑̉̅́ ̍́̍̌́̋́̓̉̍̉̈̅́ ́̍́̌̄́ 
ץ́̑́̂ ̄̎̉̎̉̍̉̈̉̓ ̛̍̉̌́̓ ̊̉̌̏ ̧̙̎́̄̓́̌̉̑̉̏ ̑̏̑ ̙̑̉̃̏̇̌́̎̉̉̄́ȟ ̛̓́̌̉̍ 
̓̉̈̉̍̉ ̍̏̅̅̉̊-̖̓̆̎̉̋ ̂́̈́̒̉̎̉̎̄ ̗̠̍̏̅̆̑̎̉̈́̉̒̉̄́ ̰̊̎́̌̓̉̑̉̌̄́̎ 
״̏̏̌̒̉ ̓̌́̑ ̎́̓̉̇́̌́̑̉ ̧̑̉̓̉̌̄́̎Ȣ 
 

˗́̌̉̓ ̰̒̈̌́̑ȡ ̛̓́̌̉̍ ̓̉̈̉̍̉ȟ ̧̒̉̒́̓ȟ ̉̒̌̏́״ ̓ȟ ̏̌̉̊ ̛̓́̌̉̍ȟ ̔̈̌̔̋̒̉̈ ̛̓́̌̉̍ȟ 
̋́̅̑̌́̑ ̧̙̓́̊̑̌́ȟ ̗̠̍̏̅̆̑̎̉̈́̉ȟ ̖̓̆̎̉̋ ̂́̈́Ȣ 

 

ץ̉́̓̒̔˙ ״̏ ̧̄̎̉̎̉̓ץ̉ץ́̑́̓ ̎̏̓̒̉̋̆̂̈˼ ̌ ץ̉̒̏̂ ̉̄̑̉̈ ̘̉̅́ ̛̓́̌̉̍̎̉̎̄ 
̉̎̒̏̎̐́̑̃́̑̌̉̋ ̃́ ̠̓́̑̂̉̃̉̊ ̃̏̒̉̓́̌́̑̉̄́ȟ ̂́̑̋́̍̏̌ ́̃̌̏̅ ̠̓́̑̂̉̒̉̄́ȟ ̇́̏״ ̎ 
ץ̟̌̔̓ ́̃ ̉̑́̌́̂̉̑̇́̓ ̊̉̂̏̇̉ ̄̎̉̎̉̍̉̈̉̓ ̛̍̉̌́̓ ״̉̏̌́ ́̄̉̑́ ̓-ץ́ץ̉̅ ́̅
̛̞̓̉̂̏̑ ̘̋̔́̊̅̉Ȣ Ⱥ̆׳ ̘ ̋̉̍̄́ ̒̉̑ ̞̍́̒̋̉ȟ ̉̎̒̏̎̎̉̎̄ ́ץ ̌̂̉ ̃́ ̏̎̄̉̎̉ ̞̙̄́̌̌́ȟ 
ץ̉̒̎̊́ ץ̘́̉ ̎́̅̈̉ ̧̉̎̉̒̎̔̅ ̛̊̉̃́̎́̍ ̧̙̄̎̉̎̑́̌ ́ ץ́ ̙́̄̉̑ ̑́̓̉̌̄́̎ ̓̔̑̌̉ 
״́ ̃̕-̖́̓́̑̌́̑ ̓̏̂̏̑́ ̘̋̔́̊̉̂ ̧̂̏̑́̓̄́̎ ̂̔̄̔̎̄̉ ̰̓́ ̘̎̏̓̉̎ ̈́̍̏̎̅́ ̰̈̉̎̉̎̄ 
̋̉̍̌̉̄̉̎̉ȟ ́ץ ̎̅́̊ ̟̂̔̋ ̈̏̓̌́̑̎̉̎̄ ́̃̌̏̅̉ȟ ́ץ ״̏́̂̆̂ ̊́̅̎  ̍̆̑̏̒ ̃̏̑̉̒̌́̑̉ 
̞̋́̎̉̎̉ ̓̆̑́̎ ́̎̄̌́̂ȟ ̏̎́ ̟̑̓̄́ ̍̔́״ ץ́̏̅́̒ ́̃ ̓́̂̂ ״̉ ̓ ̒̒̉ ̂̉̌́̎ ̠̙́̊̅̉̄́̎ȟ 
ץ̛̞̉̏̓-̎̏̍̊̉ ״̋́̓̒̔̍ ̉̅ ץ́̔̍ ́̎̉̄̅̏̌̃́ ̧̙ ̍́ ̅̅́̒ ̈́̍̉̎̉̍̉̈̎̉ ̧̓ ̃́ ̂̆̄̏̎́ 
̛̓́̒̉̑̌́̑̅́̎ȟ ̂́̌̏-́ץ ץ̌́̒ ̎́̅̑́̌̏̈ ̙́̄́ȟ ˏ́̓́̎̉̍̉̈̎̉ ́״  ץ́̎̃́̑ ́̍́̌̎̏̍̏̓ ̑
ץ̏ ̙́̄̉̑̉̓̐̏̓ ̅̉̑ ̰̂̌́̅̉ [1] .  

״́̏̒ ̘́̑́̂ ̠̄̎̉̎̉̓̉̌̏́̕ ̎̏̒̎̉ ̛̍̉̌́̓ ́̅̎̔̋ ̉̄̎̔̄̔ˎ ̌́̑̉̄́ ̠̎̄̉ 
̖̠̓̆̎̏̌̏̄̉̌́̑̎̉ ̇̏̑̉̊ ̞̙̓̉ȟ ̑́̏ץ ̙̂́̓̂́̑̅̏̌̉̌̉̋̎̉ ̙̙̏̉̑̉ȟ ̙̓̔̑̍̔ 
״̉̔̍ ̙̰̄̎̉̎̉̑́̓̋ ̉̎̉̒́̇́̑́̅ ץ̅̏̍̑̏̂ ̂̉̎́̌̊́ ̙́̄̉̓̑́ ̍ ́Ȣ ˛̌̉̊ ̛̓́̌̉̍̎̉̎̄ 
״́̉̇ ̰̐̋ ̛̠̉̓̉̌̔̒́̍ ̊̉̏̍̉̓̇̉ ״́ ̎́̅̓ ״̎̆̍ ̘̰̎́̃̔̑́̄̈ ̈̆̓ ̄̎̉̎̎̏̒̎̉ ̑̉̂ ̑ ́̓ 
ץ̏ ̰̂̉̌̂ ̖̑̉̄̑̏̅̉̑́ ́̅̉̑̏̈̏̂ ̙̌̉̉ȟ ̑̉̃̏̇̌́̎̉̂ ̧̂̏̑́̓̄́̎ ̗̉̎̎̏̃́̉̏̎ 
ץ̉̓ ץ̰̏́̌̓ ̧́̅̓̉̅̏̒̉ ̎̌̉ ̙̉̓̉̑̏̋ ̞̙̓̉̉ ̃́ ̙̔ ̰̊̌ ̂̉̌́̎ ̰̈ ́̑̏̃̏̎̌̉̄̉̎̉̕ 
״́ ̍̅́ ̔̍̔̍́̎ ̠̇́̍̉̓ ́̑̏̃̏̎̌̉̄̉̎̉̕ ̛̙̓́̍̉̎̌́ ̉̍̋̏̎̉̎̉ ̂̆̑́̅̉̄́̎ 
̍́̌́̋́̃̉̊ ̃́ ̉̇̓̉̍̏̉̊ ̰̋̎̉̋̍́̌́̑ ̙̏̌̉̉̅́̎ ̉̂̏̑́̓̅̉̑Ȣ ˙̔̒̓́̉ץ ̌̌̌̉̋ 
̊̉̌̌́̑̉̅́ ̧̠̑́̓̉̌́̓̄́̎ ̙́̑̏̉̓̌́̑ ̏̌̉̊ ̛̍́̌̔̍̏̓̌̉ ̖̍̔̓́́̒̒̉̒̌́̑̎̉ 
̧̙̓́̊̑̌́ ̓̔̈̉̌̍́̒̉ȟ ̔̌́̑̎̉̎̄ ̂̉̌̉̍ ̃́ ̰̋̎̉̋̍́̌́̑̉̄́ ̰̂̌̄́̎ ̓́̌́̂̎̉ 
̰̈̄́̑̓̉̑̅̉Ȣ ˪̎̅̉̌̉̋̅́ ̠̎̄̉ ̂̉̌̉̍̌́̑̎̉ ́̍́̌̅́ ̰ץ ̌̌́̊ ̏̌́̅̉̄́̎ȟ ̠̍̔́̊̎ ̋́̒̂ 
״̏́̒ ̒̉̅́̄̉ ̗̉̎̎̏̃́̉̏̎ ̠̉̍̋̏̎̉̓̌́̑ ̰̋̌́̍̉̎̉ ̙̓̔̔̎́ ̏̌́̅̉̄́̎ ̋́̅̑̌́̑̄́ 
ץ̟̏ ̂́̌́̓ ̑̉Ȣ  

׳́ ̧̓̉̍̉̈̅́ ̰̑̊ ̧̂̆̑́̓̄́̎ ̟̙̋̒́̌̉̌́̑ȟ ́̃̃́̌̏ȟ ̉̎̒̏̎ ̘̔̔̎ȟ ̔̎̉̎̄ 
ץ̉ ̖̓́̍̈̉ ̘̎̔̔ ̉̑́̌̓́́̎́̍̕ ץ̏̅̍̌ ́̋̉ȟ ̂̔̎̄́ ̅́̃̌́̓̉̍̉̈ ̑́̂״ ́̑̉̎̉̎̄ ςπρρ 
̊̉̌̅́ ̍́̍̌́̋́̓̉̍̉̈̎̉ ̉̇̓̉̍̏̉̊- ץ̉̓ ̉̒̏̅̉̊ ̙̑̉̃̏̇̌́̎̓̉̑̉ ̠̋̔̎̌́̑̉ ̃́ 
ςπρς ̊̉̌̄́ ̰̍̌̇́̌̌́̎̄́̎ ̞̎̄ ̍̔̉״ ס̉́̂ ̙̰́̄̑́̌̉̌́̎̊ ̑̏̃̔̓̒̔ ̍ ̙̌́̎̄́̎ 
״̋́˙ ̑́̌̑̉̈́ˏ [2] ̑̉̅̌̉̌́̅ ̌ץ̏ץ̠ ̛̉̒́̈̔̑́̍ ̉̄́̅̉̒̉̌̇́̍ ̉̒́̍́ . 

״́̏̒ ̛̍̉̌́˟ ץ̉́́̃̔̍̕̕ ́̃ ץ̟̔̓ ̉̄́̅̉̒ ̠̓̌́̑̉̍̉̈ ̖̐̏̊̓́̓̉̍̉̈̅́ ̙̓́̋̉̌ 
̞̓̉̌̄́̎ Ⱥ˫̋̒́̋ ̂̉̌̉̍̌̉ ̃́ ̉̎̓̆̌̌̆̋̓̔́̌ ̑̉̃̏̇̌́̎̄́̎ ́̃̌̏̅̎̉ ̠̙̓́̑̂̉̌́ ɀ 
ץ́̑́̂ ̉̎̓́̋́̌̍́̍ ץ̉ ̠̗̉́̈̉̎̑̆̅̏̍ ́̃ ̙̞̉̑̉̓̓ ̊ץ̉ץ́̑́̓ ̑̏̑ ̙̌̉̎̉̎̄ ̞̎̄ 
̍ ״̔̉ ̍ ̙́̑̓̉Ȼ ̍́̃̈̔̉̅́̄̉ ̖́̌́ץ ״́ ́̅̉̍̏̃́̅ ̠̗̉̎̆̑̆̎̏̋̕ ̏̑ ̍ ̛̞ ̓̉̑̏̕ ̞̓̉̌̅̉Ȣ 
ˎ˙˟ȟ ˛̧̒̉ ̧̓́̑́̓ץ̉ץ ̂́̎̋̉ȟ ˓́̏״ ̎ ̂́̎̋̉ȟ ˕̒̌̏̍ ̧̓́̑́̓ץ̉ץ ̂́̎̋̉ ̃́̋̉̌̌́̑̉ȟ 
ˎ̟̔̋ ˎ̠̑̉̓́̎̉ȟ ː̠̆̑̍́̎̉ȟ ˕̠̓́̌̉ȟ ˢ̉̓̏̊ȟ ˍ˥פ ȟ ˓́̎̔̂̉̊ ˗̠̏̑̆ȟ ˬ̠̐̏̎̉ ̋́̂̉ 
̧̅̔̎̎̉̎̄ τψ ̅́̃̌́̓̉̅́̎ ̛̓́̌̉̍ ̓̉̈̉̍̉ ̑́̂״ ́̑̌́̑̉ȟ ̏̌̉̍̌́̑ ́״ ̍̅́ 
̖̍̔̓́́̒̒̉̒̌́̑ ̙̉̓̉̑̏̋ ̞̓̄́̎ ̙̔̂̔ ̗̠̋̏̎̆̑̆̎̉̕ ̔̈̌̔̋̒̉̈ ̛̓́̌̉̍ ̃́ ̧̙ 
́̃̌̏̅̎̉ ̂́̑̋́̍̏̌ ̞̓̉̂ ̠̙̓́̑̂̉̌́̎̉̎̄ ̍̉̌̌̉̊ ̍̏̅̆̌̉̎̉ ̠̙̑́̓̉̅́ 
ס̉́̂ ̙̰́̄̉̎́̄̑ ̉̎̉̒́̂̉̑̇́̓ ̎̏̓̒̉̋̆̂̈˼ ̙̌́̎̅̉ [3] .  

ץ̉̒̏̂ ̠̉̄̎ ̉̎̉̓́̉̒̕ ̛̄̎̉̎̍̉̌́̓ ̊̉̌˛ ץ̘̉̉ ̂̉̌̏ ̘́̄ ץ̒́̍ ̙ ́̅̉̅́ 
˼̈̂̆̋̉̒̓̏̎ ˝̆̒̐̔̂̌̉̋́̒̉ ˜̑̆̈̉̅̆̎̓̉̎̉̎̄ ςπρρ ̊̉̌̅́̄̉ ́פ ̑̏̑̉ ̂̉̌́̎ 
ץ̅̉̅̒́̓ ́̎̄́̎ ςπρρ-ςπρφ ̊̉̌̌́̑̅́ ˛̌̉̊ ̛̓́̌̉̍ ̍̔́̒̒́̒́̌́̑̉̎̉̎̄ ̍̏̅̅̉̊-

                                                           
1ˍ̃́̌̏̃́ ː̙̔̌̏̅́ ɀ ̙̒̓́̑̉̊ ̝̐̑̆̐̏̅́̃́̓̆̌ ̜̋́̆̅̑̕ Ⱥˡ̠̉̌̏̒̏̉̕Ȼȟ ˟̙́̋̆̎̓̒̋̉̊ 

̜̉̎́̎̒̏̃̊̕ ̉̎̒̓̉̓̔̓ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 
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ץ̉ ̠̗̉́̈̉̎̑̆̅̏̍ ̉̎̉̒́̈́̂ ̖̋̉̎̆̓ ̙̌̉ ̃́ ̖̍̔̓́́̒̒̉̒̌́̑ ̧̙̓́̊̑̌́ ̒̉́̓̉̎̉̕ 
̓̔̂̅́̎ ̠̖̙̙̉̌́ ̅́̒̓̔̑̉ ̅̏̉̑́̒̉̅́ ρω ̓́ ̏̌̉̊ ̛̓́̌̉̍ ̍̔́̒̒́̒́̌́̑̉̎̉̎̄ ̰̔ץ -̃
̠̌́̂̏̑́̓̏̑̉ ̋̏̑̐̔̒̌́̑̉ȟ ̒̐̏̑̓ ̈́̌̌́̑̉ȟ ̓́̌́̂́̌́̑ ̓̔̑́̑ ̇̏̊̌́̑̉̎̉ ̔ץ ̙̑̉ȟ 
ץ̉ ̠̗̉̋̔̑̓̒̎̏̋̆̑ ̙̌̉ȟ ̍̔̋́̍̍́̌ ̛̙̓́̍̉̑̌́ ̃́ ̇̉̏״ ̙̈̌́ ̙̉̌́̑̉ ̰̘̂̊̉́ ςσπ 
̍̉̌̌̉́̑̅ ̰̒̍̌̉̋ ̙̉̌́̑ ́̍́̌̄́ ̙̏̉̑̉̌̅̉ [4] .  

˥̔ ̰̑̉̎̅́ ̛̓́̌̉̍̎̉ ̙̑̉̃̏̇̌́̎̓̉̑̉̄́ ̰̊̎́̌̓̉̑̉̌̄́̎ ̖̏̑̉̇̉̊ ̖̓̆̎̉̋ 
״́ ̧̍́̅̑ ״̉̏̌́ ̧̉̎̉̎́̄̓́̑̏̂ ̂̉̓̑̏ ́̑̏̂̏̓ ̄̎̉̎̉̍̇ ̅́ ̛̙̓́̋̉̅̌́ ̈́̑̔̑Ȣ ˼̓̄́̎ 
̅́̃̑ ̍̏̂́̊̎̉̅́ ̂̔ ̂̏̑́̅́̄̉ ̧̑̅́̍ υππ ̍̉̌̌̉̏̎ ̅̏̌̌́̑̅́̎ ̙̏̉̂ ̋̆̓̅̉Ȣ Ⱥˎ̔ 
ץ̅״́ ́ ̄́̐̉̑̄́̎̅́ȟ ̘̂̉̑̉̎̉ ̎́̃̂́̓̅́ȟ ˛̧̒̉ ̧̓́̑́̓ץ̉ץ ̂́̎̋̉̎̉̎̄ ̒́̌̋́̍ ςωπ 
ס̉́̌̂́̍ ̑́̌̌̏̅ ̎̏̉̌̌̉̍ ȟ ˓́̎̔̂̉̊ ˗̠̏̑̆ ̔״ ̋̔̍́̓̉̎̉̎̄ ρρπ ̍̉̌̌̉̏̎̅́̎ ̏̑̓̉ץ, 
˓ ״́̏ ̎ ̂́̎̋̉̎̉̎̄ σσ ̍̉̌̌̉̏̎ȟ ˛˜˒˗ ̏̎̅̉̕ȟ ˞̠́̔̅̉ ̏̎̅̉̕ȟ ˕̒̌̏̍ ̧̓́̑́̓ץ̉ץ 
̂́̎̋̉̎̉̎̄ τς ̍̉̌̌̉̏̎ȟ ː̠̆̑̍́̎̉ ̔״ ̋̔̍́̓̉̎̉̎̄ Ⱥ˗ˏˡȻ ̂́̎̋̉ ̏̑́ץ ̌̉ 
ץ́ ̰̎́̄̌̉̑̉̓̌́̎̊ ̑̉̊̉̂ ςπ ̍̉̌̌̉̏̎ ̃́ ̙̂̏́ץ  ̅̏̎̏̑̌́̑̎̉̎̄ ρππ ̍̉̌̌̉̏̎ ̅̏̌Ȥ
̧ ץ̉̓̑̏ ̎́̅̑́̌ ץ́ ̉̎̉̍́̅̑ ̊̅ ̞̙̓̉ ̌̏̈̉̍Ȼ [5] .   

˟̛́̌̉̍ ̒̉́̓̉̎̉̕ ̙̙̏̉̑̉ȟ ̟̏ץ ̑̉ ̍́̌́̋́̌̉ ̖̍̔̓́́̒̒̉̒̌́̑ ̧̙̓́̊̑̌́̎̉ 
ץ̉̒̏̂ ̠̉̄̎ ץ̘̉̉ ̂̉̌̏ ̘́̄ ץ̰̔ ̊̉̌̏ ̙́̅ ס̌̏̒ ̰́̅̉̒́̓̑ ̟̉̑́̌̓̑ ̃ ץ̏́̑ ̍̏ ̂́̓ ̃́ 
ץ́́̂̏̒̔̍ ״̉̔̍  ״̉̔̍ ̙̙̉̑̉̓̎́̌̌̋́ ̉̎̉̓ ״̉ ̍ ̒̏̂̌́̎́̅̉Ȣ ˥̔ ̍́̒ץ ́̅̅́ ˏ́̈̉̑̌́̑ 
˙ ״́̋ ́̍́̒̉̎̉̎̄ Ⱥ˝̆̒̐̔̂̌̉̋́ ̏̌̉̊ ̛̓́̌̉̍ ̍̔́̒̒́̒́̌́̑̉ ̑̆̊̓̉̎̄̉̎̉ ̂́̏״ ̙̌́ 
ס̰̑̓ ̙̞̉̓ ̊̉̑̏̇ ̉̎̉̍̉̈̉̓ ̉̒̉̅́Ȼ ̄̉ ́פ  ςπρσ ̊̉̌̎̉̎̄ ρ ץ̉̏̃̔̍̕ ́̄̉̑̏̑
ץ̰̔ ̊̉̌̏ ́̅̈̉̍̉̓́̋́̌̍́̍ ̙̂́̌̏̂ ̠̎́̅̉̑́̃̎ ̃ ̟̑̓̌́̑̉ ̠́̏̌̉̓̉̎̉̕ 
״́̏̂ ̙̌́̎̉̎̄ ̑̆̊̓̉̎̄ ̓̉̈̉̍̉ ̇̏̑̉̊ ̞̓̉̌̅̉ [6] . 

˼̈̂̆̋̉̒̓̏̎ ˝̆̒̐̔̂̌̉̋́̒̉ ˜̑̆̈̉̅̆̎̓̉̎̉̎̄ ςπρς ̊̉̌̅́̄̉ Ⱥˤ̆̓ ̓̉̌̌́̑̎̉ 
ס̰̑̓ ̉̑́̌̑̉̂̅́̓-̘́̑̏ ̙̙̉̑̉̓́̌̌̉̍̏̋́̓ ̠́̅́̎ ̉̎̉̍̉̈̉̓ ̙̰̉̎́̄̑ ̉̒̉̅́Ȼ ̄̉ 
פ́ ̑̏̑̉ȟ ˼̈̂̆̋̉̒̓̏̎ ˝̆̒̐̔̂̌̉̋́̒̉̎̉̎̄ Ⱥ˟̛́̌̉̍ ̰̓̑ס ̉̒̉̅́Ȼ ̄̉ ̏פ ״́ ̉̎̉̎̔̎ ̍̅́ 
˗́̅̑̌́̑ ̧̙̓́̊̑̌́ ̍̉̌̌̉̊ ̅́̒̓̔̑̉̎̉ ́̍́̌̄́ ̙̙̏̉̑̉ ̅̏̉̑́̒̉̅́ ̘̆̓ ̓̉̌̌́̑̎̉ 
ץ̰̉ ̙̓̉̎̉̎̄ ̋̏̍̐̌̆̋̒ ̓̉̈̉̍̉ȟ ̛̠̎̉ ̔̊̔ס ̎ ̋́̍̏̌ ̓̏̐̄́̎ȟ ̰̉ץ ̙̍̉̌̉ȟ ̈́̍̏̎́̃̉̊ 
̘̉̋̑̌̏̃̉̕ ̧̙ ́̃̌̏̅̎̉ ̙̙́̋̌̌́̎̓̉̑̉ȟ ̑̆̒̐̔̂̌̉̋́̎̉̎̄ ̇́̏״ ״́ ̎ ̠̍̇́̍̉̓̉̄́ 
̗̠̙̉̎̓̆̄̑́̉̌́̔̃̉̎̉ ̠̎́̅́ ̘̙̋̔́̊̓̉̑̉̎̉ ̎́̈́̑̅́ ̓̔̓́̅̉ [7] . 

ץ̰̔ ̊̉̌˛ ̃ ̟̑̓̌́̑̉̅́ ́̊̑̉̍ ̖̍́̒̔̒ ́̎̌́̑̎̉̕ȟ ̖̔̒̔̒́̎ȟ ̖̓̆̎̉̋ ̃́ ̖́̌́ץ ̑̏ 
ץ̰̉ ̘̰́̉̊̂ ̖̑́̌̋̉̌̒̉̒̒́́̓̔̍ ̙̓̉ ̘̆̓ ̓̉̌̌́̑̅́ ̏̌̉̂ ̙̂̏̑̉̌̉̉ 
ץ́́́̎̕ ̧̙̄̎̉̎̈̉̍̉̑́̌ ̓ ̘̆̓ ̓̉̌̉̎̉ ̙̂̉̌̉̌́̑̉̄́ ̙́̑̏̉̓ ̠̑́̓́̅̉ȟ ̂́̌̋̉ 
̖̏̑̉̇̉̊ ̖̓̆̎̉̋́ ̃́ ̖̠̓̆̎̏̌̏̄̉̌́̑̎̉ ̰̙̙̈̌́̓̉̑̉ȟ ̔̌́̑̅́̎ ̒́̍́̑́̌̉ 
̙̏̊̅́̌́̎̉̕ ̠̉̍̋̏̎̉̓̌́̑̉̎̉ ̠̑́̓́̅̉Ȣ ́פ ̑̏̑̅́ ̧̙̌́̑̎̉̎̄ ̘̆̓ ̓̉̌̌́̑̉̄́ 
ץ̉ ̰̎́̄̌̂ ץ̉̉̈ ̙̌́̑̉̎̉ ̙̏̑̓̓̉̑̉ȟ ̔̎̉ ̞̙̄́̌̌́̌́̑̉̄́ ̈́̍̉̎ ̠̙̑́̓̉ ̍́̒ץ ́̅̉̅́ 
2015-ςπρφ ̰̔ץ ץ̰̔ ̊̉̌̏ ̙̂́̌̏̂ ̎́̅̉̌̉̊ ̃ ץ́ ̟́̄̉̑́̌̓̑ ̃ ̂̔̌ ̧̇́̑́̎̉̅́ ̙̋̉̑̉ 
ץ̰ ̂́̌̉̄̌̆̂ ̙̉̉̌̉̓̉̑̉̋ ̄̎̉̎̉̌̉̓ ̘̓̆ ́̄̉̋̏̌̂ ̉̑́̌̓̒̆̓ ̊̉̌̅̉Ȣ 

״́̏̒ ̛̍̉̌́˟ ״̉̑́̒ ̙̑́̌̉ ̉̄́̅̉̒ ץ̉ ̂̏̒ ̌̉̎́̑ ̞̋́̎ȟ ˡ̗̠̑́̎̉̅́̄̉ ̧̅̔̎̎̉̎̄ 
ץ́ ̉̂́̓̋́̍ ̒̆̎̈̉̂ ̙́̓̆̂ ̙̖̠̉ ̞̄̎ ̓̏̑̉̄́ ̋̉̑́̅̉̄́̎ Ⱥ˕̎̒̒́̅Ȼ ̖́̌́ץ ̑̏ ̂̉̈̎̆̒ 
̍́̋̓́̂̉̎̉̎̄ ςπρς ̊̉̌̄̉ Ⱥ˕̗̠̎̎̏̃́̉̌́̑̎̉̎̄ ̄̌̏̂́̌ ̉̎̅̆̋̒̉Ȼ ̛̍́̑̔̈́̒̉̅́ 
̧̂́̎ ̞̓̉̌̄́̎ ̛̍́̌̔̍̏̓̌́̑̎̉ ̙̋̆̌̓̉̑̉ ̰̑̉̎̌̉̅̉̑Ȣ ˙̛́̑̔̈́ ˓́̏״ ̎ 
״́ ̎́̌̉̂ ̙̉̓̏̌̉̋́̓ ̋̌̔̍ ̌́̔̓̋̆̌̌̆̓̎̉ ̍̋̏̑̌̉̋̅́ ̧̓́̊̑̌́̎̄́̎Ȣ ˠ̙̂̔ 
̛̍́̑̔̈́̅́ ̧̅̔̎̎̉̎̄ ρτρ ̍́̍̌́̋́̓̉̅́̄̉ ̗̉̎̎̏̃́̉̏̎ ̙̑̉̃̏̇̌́̎̉ ̋̏̍̐̌̆̋̒ 
״̌́̓ ́̅̈̑́̓ ץ̉ ̌̉ ̌̉̎̄́̎Ȣ ˟́̌״ ץ̉ ̊̉̂̉̋̑́̓ ̊̉̒̏̒́ ̄̎̉̎̌̉ ̒̍̌́̑̉̅́̎ ̂̉̑̉ ̉̎̒̏̎ 
̋́̐̉̓́̌̉̎̉ ̙̑̉̃̏̇̌́̎̓̉̑̉ ̅́̑́̇́̒̉ ̰̂̌̉̂ȟ ̍́̈̋̔̑ ̰̘̋̑̒́̓̋̉ ̰̘̂̊̉́ 
̂̉̈̎̉̎̄ ̍́̍̌́̋́̓̉̍̉̈ συ-̰̑̉̎̎̉ ̞̄́̌̌́̄́̎Ȣ ˟̛́̌̉̍ ̓̉̈̉̍̉̎̉ 
̙̑̉̃̏̇̌́̎̓̉̑̉ ̅́̑́̇́̒̉ ̰̘̂̊̉́ ̞̒́ ˼̈̂̆̋̉̒̓̏̎ ɀ ̧̅̔̎̎̉̎̄ ρτρ ̍́̍̌́̋́̓̉ 
̏̑́̒̉̅́ ̘̉̋̋̉̎̉ ̰̑̉̎̎̉ ̂́̎̅ ̞̓̄́̎̌̉̄̉ ̧̙̌́̑̎̉̎̄ ̛̓́̌̉̍ ̙̏̌̉̉̄́ 
̧̂̆̑̉̌́̓̄́̎ ̛̞̓̉̂̏̑ ̅́̃̌́̓ ̧̒̉̒́̓̉̎̉̎̄ ̔̒̓̔̃̏̑ ̰̙̊̎́̌̉̉ ̞̋́̎̌̉̄̉̎̉ ̠̎́ 
̂̉̑ ̂̏̑ ̰̋̑̒́̓̉̂ ̓̔̑̉̂̅̉ [8] . 

ˢ̔̌̏̒́ ̉ץ ̌̉̂ ́̊̓̄́̎̅́ȟ ̰̓̄́̎ ̅́̃̑ ̍̏̂́̊̎̉̅́ ̛̓́̌̉̍ ̒̏́״ ̒̉̅́ ̏̌̉̂ 
̂̏̑̉̌̄́̎ ̠́̏̌̉̓̕ȟ ̔̎̉ ̠̎́̅́ ̙̙̓́̋̏̍̉̌̌́̓̉̑̉ ̂̏̑́̒̉̅́ ́ץ ץ̉ ̌̔̂ ̌̉̎̄́̎ 
ץ́ ̑̏̑̌́̑ ̛̓́̌̉̍ȟ ̙̖́̒ȟ ̠̇́̍̉̓ ̃́ ̅́̃̌́̓ ̔̊̔ס ̎̌̉̄̉ ́̒̏̒̉̅́ ̍́̍̌́̋́̓̎̉̎̄ 
ץ̑́́̂ ״̉̔̍ ̙̞̄̎̉̎̉̉̓ ̊ץ̉ץ́̑́̓ ̑̏̑ ̍ ̙́̑̓̌́̑̉̅́̎ ̂̉̑̉ ̒̉́̓̉̅́̕ ̆̓̔̋ ̃́ 
ץ̏́̓ ̙̠̉̎́̌̉̂̑́̓ ̉̎̅̏̌̃́ ̌̏̍́̋̑́̂ ̈̏ ̞̙̓̉̉̎̉ȟ ̏̌̅̉̍̉̈̅́ ̞̒́ ̟̋̒́̋ 
̃́̈̉́̌́̑̕ ̓̔̑̄́̎̌̉̄̉̎̉ ̰̋̑̒́̓́̅̉Ȣ 

˫̑̓̉̍̉̈̎̉̎̄ ̞̑̓́̎̄̉ ̋̔̎̉ȟ ̧̓́̑́̉̓ץ̉ץ ̘̔̔̎ ̛̠̍́̒̔̌̉̓̎̉ ̰̈ ̈̉̍̍́̒̉̄́ 
ץ̏ ̙́̄̉̌̏ ̅̉̑ ̆̓̔̋ ̖̍̔̓́́̒̒̉̒ ̧̙̌́̑ ˏ́̓́̎̉̍̉̈ ̑̉̃̏̇̉ ̰̊̌̉̅́̄̉ ̞̈̄̔ ̛̒́̊-
״́ ̑́̋́̓̌́̑̎̉ ́̍́̌̄́ ̙̏̉̑́̅̉̄́̎ȟ ̧̰̑̂̄́ ̘̉́ץ ץ̔ ̎́̄̉̅́̑ ̅̑́̓̌̉ ̘̋̔̅̉̑Ȣ 
˫̙̑̓̂̏̉̍̉̈ ̛̓́̋̉̅̌́̄́̎̉̅̆̋ȟ ́״ ״́ ̎̔̄̔̂ ́̎̉̄̅̏̌̃́ ̋̔̓̆ ́̍́̌̎̏̍̏̓ ̑ ̧̓ 
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ץ̰ ́̄̈̉̍̉̅̌̏ ̧̠̓̄́̎ ̰̓́ ̍̔̑́̋̋́̂ȟ ̏̉ס ץ̉ ́̃ ̃̏̎̉̒ ̑ ̘̊̉̎̉̌̉̋̌́̑̎̉ ̙̆̎̄̉ȟ ̂̉̈ 
̰̋̈̌́̄́̎ ̟̋̒́̋ ̍́̑̑́̌́̑̎̉ ̞̙̄́̌̌́̎̉̎̄ ̞̎̄ ́̒̏̒̉̊ ̙́̑̓̉̅̉̑Ȣ ˫̑̓̉̍̉̈̅́ 
́̍́̌̄́ ̧̙̏̉̑̉̌́̓̄́̎ ̋̆̎̄ ̰̋̌́̍̌̉ ̧̂̔̎̅̋̏̑̌̉̋ ̙̉̌́̑̉ȟ ̠̙̎̄̉̌́̎̉ȟ ̟̙̋̒́̌̉ 
̃́ ̗̠̍̏̅̆̑̎̉̈́̉ ̧̇́̑́̎̌́̑̉ ̏̈̏̅ ̃́ ̏̂̏̅ ˏ́̓́̎ȟ ̞̑̋̉̎ ̃́ ́̑̏̃̏̎̕ ́״ ̧̓ 
ץ̔ ״̋́̓̒̔̍ ̙̄̎̉̎̉̑ ץ̉ ̖̓́̍̈̉ ̰̂̉̌̂ ̉̑̏̃̆̅̊̏̐ ̍́ ץ̏̅̍̌ ́Ȣ  

 

ˍ̧̅́̂̉̓̌́̑ȡ 
 

1. ˗́̑̉̍̏̃ ˕Ȣ ˎ̉̈̎̉̎̄ ̰̊̌̉̍̉̈ ɀ ̅̆̍̏̋̑́̓̉̋ ̉̒̌̏̏״ ץ̘̔̔ ̉̎̑́̌̓ ̙̙̑̌́̓̉̑̉ ̃́ 
̍ -̗̠̏̅̆̑̎̉̈́̉ ̧̇́̑́̎̌́̑̉̎̉ ̘̉̈̉̌ ̅́̃̏̍ ̞̙̓̓̉̑̉ ̰̊̌̉̅̉̑Ȣ ςπ-̓Ȣ ɀ˟ Ȣȡ 
Ⱥ˼̈̂̆̋̉̒̓̏̎Ȼ ˚˙˕ˠȟ ςπρςȢ ςτ-̂̆̓Ȣ  

2. ˗́̑̉̍̏̃ ˕Ȣ ςπρς ̊̉̌ ˏ́̓́̎̉̍̉̈ ̓́̑́ץ̉̒̏̂ ̠̉̄̎ ̧̉̎̉̓ץ̉ץ ̘̄́ ̰̋̓́̑́̅̉̄́̎ ̊̉̌ 
̰̂̌́̅̉Ȣ ɀ ˟ ̙̏̋̆̎̓ȡ Ⱥ˼̈̂̆̋̉̒̓̏̎Ȼȟ ςπρςȢ ɀ σφ ̂Ȣ 

3. ˗́̑̉̍̏̃ ˕Ȣ Ⱥ˫̋̒́̋ ̂̉̌̉̍̌̉ ̃́ ̉̎̓̆̌̌̆̋̓̔́̌ ̑̉̃̏̇̌́̎̄́̎ ́̃̌̏̅̎̉ ̠̙̓́̑̂̉̌́ 
ɀ ̍́̍̌́̋́̓̎̉ ̂́̑́ץ ץ̉ ̠̗̉́̈̉̎̑̆̅̏̍ ́̃ ̙̞̉̑̉̓̓ ̊ץ̉ץ́̑́̓ ̑̏̑ ̙̌̉̎̉ ̎̄ ̞̎̄ 
̍ ״̔̉ ̍ ̙́̑̓̉Ȼ ̍́̃̈̔̒̉̅́̄̉ ̖́̌́ץ ̑̏ ̗̠̋̏̎̆̑̆̎̉̎̉̎̄̕ ̘̙̏̉̌̉ ̍́̑̏̒̉̍̉̅́̄̉ 
ץ̓̉̔̎ Ȣ ɀ ˟ ̙̏̋̆̎̓ȟ ςπρςȢ ɀ ˎ Ȣ σφȢ 

4. ˗́̑̉̍̏̃ ˕ȢˍȢ ˛̎́ ̟̑̓̉̍̉̈ ̖̂́̓̔ ̉̂ץ ̏̌̉ ̃́ ̟̂̔̋ ̋̆̌́̇́̄̉ ̰̊̌̉̅́ ̖̉̈̍́̓ 
ץ̉ ̙̌̉ ɀ ̞ ̎̄ ̏̌̉̊ ̒́̏̅́̓̅̉̑Ȣ ɀ˟ ̙̏̋̆̎̓ȟ Ȱ˼̈̂̆̋̉̒̓̏̎ȱȟ ςπρυȢ ςσφ-̂̆̓Ȣ 

5. ˗́̑̉̍̏̃ ˕Ȣ ˎ̉̈̎̉̎̄ ̰̊̌̉̍̉̈ ɀ ̅̆̍̏̋̑́̓̉̋ ̉̒̌̏̏״ ץ̘̔̔ ̉̎̑́̌̓ ̙̙̑̌́̓̉̑̉ ̃́ 
̗̠̍̏̅̆̑̎̉̈́̉ ̧̇́̑́̎̌́̑̉̎̉ ̘̉̈̉̌ ̅́̃̏̍ ̞̙̓̓̉̑̉ ̰̊̌̉̅̉̑Ȣ ςπ-̓Ȣ ɀ˟ ̙̏̋̆̎̓ȡ 
Ⱥ˼̈̂̆̋̉̒̓̏̎Ȼ ˚˙˕ˠȟ ςπρςȢ ρψω-192-̂̆̓̌́̑Ȣ 

״̋́˙ ̑́̌̑̉̈́ˏ ̉̒́̋̉̌̂̔̐̒̆˝ ̎̏̓̒̉̋̆̂̈˼ .6 ́̍́̒̉̎̉̎̄ Ⱥ˝̆̒̐̔̂̌̉̋́ ̏̌̉̊ ̛̓́̌̉̍ 
״̏́̂ ̉̎̉̄̎̉̓̊̆̑ ̉̑́̌́̒́̒̒́̔̍ ס̰̑̓ ̙̞̉̓ ̊̉̑̏̇ ̉̎̉̍̉̈̉̓ ̙́̌ ̉̒̉̅́Ȼ ̄̉ ̄̉ 
פ́ ̑̏̑̉Ȣ ˼̈̂̆̋̉̒̓̏̎ ˝̆̒̐̔̂̌̉̋́̒̉ ̏ץ ״̔ ̎̔̎ ̇̇́̓̌́̑̉ ̰̓̐̌́̍̉Ȣ ɀ 1-̒̏̎Ȣ ɀ 10-
̍̏̅̅́Ȣ ɀ ˟ ̙̏̋̆̎̓ȟ ςπρσȢ 

7. ˼̈̂̆̋̉̒̓̏̎ ˝̆̒̐̔̂̌̉̋́̒̉ ˜̑̆̈̉̅̆̎̓̉̎̉̎̄ Ⱥˤ̆̓ ̓̉̌̌́̑̎̉ ̰̙̑̄́̎̉ ̓̉̈̉̍̉̎̉ 
ס̰̑̓ ̉̑́̌̑̉̂̅́̓-̘́̑̏ ̙̙̉̑̉̓́̌̌̉̍̏̋́̓ ̠́̅́̎ ̉̒̉̅́Ȼ ̄̉ ́פ ̑̏̑̉Ȣ ˼̈̂̆̋̉̒̓̏̎ 
פ̏ ̉̒́̋̉̌̂̔̐̒̆˝ ״̔ ̎̔̎ ̇̇́̓̌́̑̉ ̰̓̐̌́̍̉ // Ⱥˢ́̌ץ ̰̒̈̉Ȼ ̄́̈̆̓́̒̉ȟ ρρȢρςȢςπρς ̊Ȣȟ 
240 (5660)-̒̏̎Ȣ 

8. ˗́̑̉̍̏̃ ˕Ȣ ˼̈̂̆̋̉̒̓̏̎ ˝̆̒̐̔̂̌̉̋́̒̉ ̅́̃̌́̓ ̍̔̒̓́̉ץ ̌̌̉̄̉̎̉̎̄ ̊̉̄̉̑̍́ ̘̔ 
ס̰̑̓ ̙̰̉̈́̋̓ ̉̎̔ ́̃ ̙̰̉̑̋ ̧̋̉̌̑́̄̑̊́̓ ́̄̉̍́̑̊́̂ ̋̉̌̌̉̊ ̉̒̉̅́Ȼ̄̉ ́פ ̑̏̑̉Ȣ ɀ 
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˙˒˞˟˛ ˕ ˝˛˘˩ ˎˍ˗ˠ ˏ˛ ˏ ˚˒˥˚˕ˢ  
˟˛˝ː˛ˏ˨ˢ ˛˟˚˛˥˒˚˕ˬˢ ˞ ˝˒ˑ˚˒ˍ˔˕ˍ˟˞˗˕ˢ ˢˍ˚˞˟  ˏ

 

ˡȢ̱Ȣ ̱ ̅̉̌̏̃1 
 

ˍ̗̠̎̎̏̓́̉ 
 

˜̜̑̉̃̆̅̆̎ ̠̒̃̆̅̆̎̉ ̏ ̑̏̌̉ ̉ ̍̆̒̓̏ ˎ́̋̔ ̃ ̉̒̓̏̑̉̉ ̙̖̃̎̆̎̉ ̜̖̓̏̑̄̏̃ 
̙̏̓̎̏̆̎̉̊ ̖̒̑̆̅̎̆́̈̉́̓̒̋̉ ̖́̎̒̓̃ ̒ ̜̈́̑̔̂̆̇̎̍̉ ̒̓̑́̎́̍̉Ȣ 

 

˗̟̘̜̌̆̃̆ ̒̌̏̃́ȡ ̜̓̏̑̄̏̃̆ ̙̠̏̓̎̏̆̎̉ȟ ̙̐̔̓̆̆̒̓̃̆̎̎̉̋ȟ ̋́̑́̃́̎̒́̑́̊ȟ ̓̋́̎̉ȟ 
̜̋̏̇̆̎̎̆ ̠̉̈̅̆̌̉ȟ ̍̏̑̒̋̉̆ ̐̔̓̉ȟ ̠̇̆̌̆̈̎́ ̅̏̑̏̄́ȟ ̙̜̆̑̒̓̆̎̆ ̠̉̈̅̆̌̉Ȣ 

  

˗̜́̑́̃́̎̎̆ ̐̔̓̉ ̉̄̑́̌̉ ̝̙̟̂̏̌̔ ̝̑̏̌ ̃ ̞̘̖̋̏̎̏̍̉̆̒̋̉ ̉ ̝̜̖̋̔̌̓̔̑̎ 
̠̒̃̈̆̊ ˞̑̆̅̎̆̊ ˍ̈̉̉ ̒ ̒̏̒̆̅̎̉̍̉ ̒̓̑́̎́̍̉Ȣ ˤ̆̑̆̈ ̜̋́̑́̃́̎̎̆ ̐̔̓̉ ̃ ̅̑̆̃̎̉̆ 
̃̑̆̍̆̎́ ̉̈ ˕̎̅̉̉ ̉ ˗̠̉̓́ ̘̆̑̆̈ ˞̟̟̑̆̅̎ ˍ̟̈̉ ɉ̃ ̓̏̍ ̘̉̒̌̆ȟ ̘̆̑̆̈ ˗́̒̐̉̊̒̋̏̆ 
̍̏̑̆ ̃ ˎ́̋̔Ɋ ̃ ˏ̟̉̈́̎̓̉ ̉ ˝̉̍ ̝̐̑̉̃̏̈̉̌̉̒ ̗̒̐̆̉̉ȟ ̜̑́̈̎̆ ̋̑́̒̋̉ȟ ̜̒̌̏̎̏̃̆ 
̋̏̒̓̉ȟ ̗̜̅̑́̄̏̆̎̎̊ ̝̋́̍̆̎ȟ ̜̂̑̉̌̌̉́̎̓ȟ ̙̜̆̌̋̏̃̆ ̠̉̈̅̆̌̉ȟ ̂̑̏̎̈́ ̉ ́̑̏̑̕̕Ȣ 
˪̓̉ ̜̋́̑́̃́̎̎̆ ̐̔̓̉ ̠̜̒̃̈̃́̌̉ ˞̟̟̑̆̅̎ ˍ̟̈̉ ̒ ̆̃̑̏̐̆̊̒̋̉̍̉ ̄̏̒̔̅́̑̒̓̃́̍̉Ȣ   

˞̖̝̏̑́̎̉̌̉̒ ̍̎̏̄̉̆ ̘̉̒̓̏̎̉̋̉ȟ ̅̎̆̃̎̉̋̉ ̙̐̔̓̆̆̒̓̃̆̎̎̉̋̏̃ ̐̑̏ ̞̋̏̎̏Ȥ
̘̍̉̆̒̋̉̆ ̉ ̜̓̏̑̄̏̃̆ ̠̒̃̈̉ ̍̆̇̅̔ ̄̏̒̔̅́̑̒̓̃́̍̉ ̘̆̑̆̈ ̜̋́̑́̃́̎̎̆ ̅̏̑̏̄̉Ȣ ˚́Ȥ
̐̑̉̍̆̑ȟ ̒̑̆̅̉ ̖̎̉ ̠̐̑̏̉̈̃̆̅̆̎̉ Ⱥ˙́̓̌́̔̒ ̒́̅́̊̎ ̃́ ̍́̇̍̔́̌ ̖̂́̑́̊̎Ȼ ˍ̂̔̑́̈Ȥ
̈́̋́ ˞́̍́̑̋́̎̅̉ȟ Ⱥ˙̉̑̏̓̔̌ ̍́̍̏̌̉̋Ȼ ɉ˔̆̑̋́̌̏ ̒̓̑́̎Ɋ ˞̆̊̅̉ ˍ̌̉ ˝́̉̒́Ȣ ˏ ̞̖̓̉ 
̘̖̉̒̓̏̎̉̋́ ̜̒̏̂̑́̎ ̗̜̂̆̒̆̎̎̆ ̠̒̃̆̅̆̎̉ ̏ ̘̐̏̌̉̓̉̆̒̋̏̊ ̏̂̒̓́̎̏̃̋̆ȟ ̅̉̐̌̏̍́Ȥ
̘̖̓̉̆̒̋̉ ̠̒̃̈̆̊ȟ ̜̖̓̏̑̄̏̃ ̉ ̞̘̖̋̏̎̏̍̉̆̒̋̉ ̙̏̓̎̏̆̎̉̊ ̍̆̇̅̔ ˕̅̉̆̊ȟ ˞̑̆̅̎̆̊ 
ˍ̈̉̆̊ȟ ˗́̃̋́̈̏̍ ̉ ˕̑́̎̏̍Ȣ 

˕̍̆̆̓ ̏̒̏̂̏̆ ̘̈̎́̆̎̉̆ ̘̉̈̔̆̎̉̆ ̉̒̓̏̑̉̉ ̙̏̓̎̏̆̎̉̊ ˠ̈̂̆̋̉̒̓́̎́ ̉ 
ˍ̈̆̑̂́̊̅̇́̎́ ̃ ̗̐̑̏̆̒̒̆ ̍̉̑̏̃̏̊ ̗̄̌̏̂́̌̉̈́̉̉Ȣ ˕̈ ̉̒̓̏̑̉̉ ̉̈̃̆̒̓̎̏ȟ ̘̓̏ ̔̅̆Ȥ
̠̝̌̌̏̒ ̝̙̂̏̌̏̆ ̃̎̉̍́̎̉̆ ̜̓̏̑̄̏̃̍ ̙̠̏̓̎̏̆̎̉̍ ̒̑̆̅̉ ̄̏̒̔̅́̑̒̓̃ ̑́̒̐̏̌̏Ȥ
̜̖̇̆̎̎ ̃ ˞̑̆̅̎̆̊ ˍ̈̉̉ ̉ ˔̝́̋́̃̋́̈̆Ȣ ˛̄̑̏̍̎̏̆ ̘̈̎́̆̎̉̆ ̉̄̑́̌̉ ̄̏̑̏̅́ ̠̃Ȥ
̠̟̠̌̉̆̒̚ ̜̋̑̔̐̎̍̉ ̜̓̏̑̄̏̃̍̉ ̗̆̎̓̑́̍̉Ȣ ˗ ̎̉̍ ̠̠̏̓̎̏̒̓̒ ̄̏̑̏̅́ ˢ̉̃́ȟ ˎ̖̔́Ȥ
̑́ȟ ˞́̍́̑̋́̎̅ ̉ ˎ́̋̔Ȣ 

˝́̒̐̏̌̏̇̆̎̎̏̆ ̎́ ̖̂̆̑̆̄́ ˗́̒̐̉̊̒̋̏̄̏ ̠̍̏̑ ̄̏̑̏̅ ˎ́̋̔ ̜̒̄̑́̌ ̝̙̟̂̏̌̔ 
̑̏ ̝̌ ̃ ̜̖̓̏̑̄̏̃ ̙̠̖̏̓̎̏̆̎̉ ̍̆̇̅̔ ̄̏̒̔̅́̑̒̓̃́̍̉ ˞̑̆̅̎̆̊ ˍ̈̉̉ ̉ ˒̜̃̑̏̐ ̃ 
XVI-XIX ̃̃Ȣ ˎ́̋̔ ̘̝̐̆̑̃̏̎́́̌̎̏ ̠̔̐̏̍̉̎́̆̓̒ ̃ ̝̜̖̐̉̒̍̆̎̎ ̘̖̉̒̓̏̎̉̋́ V ̃̆̋́ȟ ́ 
̓́̋̇̆ ̒ IX-X ̃̃Ȣ ̃ ̠̖̐̑̏̉̈̃̆̅̆̎̉ ̘̜̖̃̏̒̓̏̎ ̄̆̏̄̑́̏̃̕ ˕̖̒̓́̑̉ȟ ˍ̌-˙́̒̔̅̉̊Ȣ ˏ 
̞̖̓̉ ̘̖̉̒̓̏̎̉̋́ ˎ́̋̔ ̜̠̎́̈̃́̆̓̒ ̜̐̏̑̓̏̃̍ ̄̏̑̏̅̏̍Ȣ ˏ ̠̖̐̑̏̉̈̃̆̅̆̎̉ ˳̋̔̓ 
ˢ́̍́̃̉̊ȟ ˔̧́̋́̑̉ ́̌-˗́̈̉̃̎̉̊ȟ ˢ̖́̍̉̅̔̌̌̏ ˗́̈̃̉̎̉̊ȟ ˍ̃̌̉̊ ˤ́̌́̂̉̊ȟ ˍ̂̅̔̑́Ȥ
̙̉̅ ˎ́̋̔̃̉̊ ̘̟̠̃̒̓̑̆́̓̒ ̠̒̃̆̅̆̎̉ ̏ ̠̖̍̆̒̓̏̑̏̇̅̆̎̉ ̎̆̓̉̕ ̃ ˎ́̋̔ [1] .  

ˎ́̋̔ ̠̠̠̝̃̌̒ ̜̏̒̎̏̃̎̍ ̐̏̑̓̏̍ ˗́̒̐̉̊̒̋̏̄̏ ̠̍̏̑ ̜̂̌ ̗̆̎̓̑̏̍ ̠̃̆̅̆̎̉ 
̜̖̓̏̑̄̏̃ ̙̏̓̎̏̆̎̉̊ ̍̆̇̅̔ ̗̋̔̐́̍̉ ˞̑̆̅̎̆̊ ˍ̈̉̉ ̉ ˒̜̃̑̏̐Ȣ ˏ ̞̓̏̓ ̐̆̑̉̏̅ 
̍̏̇̎̏ ̜̂̌̏ ̝̃̒̓̑̆̓̉̓ ̖̒̑̆̅̎̆́̈̉́̓̒̋̉ ̗̋̔̐̏̃ ̃ ̜̖̋́̑́̃́̎̎ ̠̖̐̔̓ ̉ ̋́̑́̃́̎Ȥ
̠̖̒́̑́ ̎́ ̓̆̑̑̉̓̏̑̉̉ ˍ̈̆̑̂́̊̅̇́̎́ [2] .  

˗́̋ ̜̔̋́̈̃́̆̓ ̙̐̔̓̆̆̒̓̃̆̎̎̉̋ ˍȢˎ̆̑̎̒ȟ ̍̏̇̎̏ ̜̂̌̏ ̝̃̒̓̑̆̓̉̓ ̗̋̔̐̏̃ ̉̈ 
̜̖̑́̈̎ ̒̓̑́̎ ̃ ̜̖̋̑̔̐̎ ̜̖̑̎̋́ ˞̑̆̅̎̆̊ ˍ̈̉̉ ̃ XIX ̃̆̋̆ [2]Ȣ ˜̝̑̆̅̒̆̅́̓̆̌ ̐̏Ȥ
̘̄̑́̎̉̎̏̊ ̋̏̍̉̒̒̉̉ ˛̑̆̎̂̔̑̄́ ːȢː̆̎̒ ̙̐̉̆̓ȟ ̘̓̏ Ⱥ̖̗̜̉̃̉̎ ̝̈́̎̉̍́̌̉̒ ̃ ̏̒Ȥ
̎̏̃̎̏̍ ̏̓̐̑́̃̋̏̊ ̜̖̓̏̑̄̏̃ ̋́̑́̃́̎̏̃ ̃ ˎ̖̔́̑̔ȟ ˕̑́̎ ̉ ˝̟̏̒̒̉ȻȢ ˕̈ ̞̓̏̄̏ ̍̏̇Ȥ
̎̏ ̝̒̅̆̌́̓ ̜̃̃̏̅ȟ ̘̓̏ ̃ ˞̑̆̅̎̆̊ ˍ̈̉̉ ̝̑́̈̃̉̃́̌̉̒ ̜̓̏̑̄̏̃̆ ̙̠̏̓̎̏̆̎̉Ȣ  

˞̖̙̠̏̑́̎̉̃̉̆̒ ̋́̑́̃́̎̒́̑́̉ȟ ̜̍̏̒̓ȟ ̜̑̎̋̉ ̝̟̒̃̉̅̆̓̆̌̒̓̃̔̓ ̏ ̓̏̍ ̘̓̏ȟ 
ˎ́̋̔ ̠̠̠̃̌̌̒ ̏̅̎̉̍ ̉̈ ̗̆̎̓̑̏̃ ̓̏̑̄̏̃̌̉ ̃ XVI-XVII ̃.̃ [3]Ȣ ˗ ̗̋̏̎̔ XVIII ̃̆̋́ 
̄̏̒̔̅́̑̒̓̃̏ ˞̆̆̃̉̅̏̃̕ ̝̏̋́̈́̌̏̒ ̃ ̞̘̋̏̎̏̍̉̆̒̋̏̍ ̋̑̉̈̉̒̆Ȣ ˛̅̎̉̍ ̉̈ ̏̒̎̏̃Ȥ
̜̖̎ ̘̐̑̉̉̎ ̞̓̏̍̔ ̐̏̒̌̔̇̉̌̏ ̒̎̉̇̆̎̉̆ ̑̏̌̉ ̜̖̋́̑́̃́̎̎ ̐̔̓̆̊ȟ ̜̍̆̇̅̔̒̏̂̎̆ 
̜̃̏̊̎ ̃ ˞̑̆̅̎̆̊ ˍ̈̉̉ ̉ ̑́̈̃̉̓̉̆ ̖̍̏̑̒̋̉ ̐̔̓̆̊ [4]Ȣ ˑ̏̑̏̄́ ̠̜̙̠̒̃̈̃́̃́ ˒̃̑̏Ȥ
̐̔ ̉ ˞̟̟̑̆̅̎ ˍ̟̈̉ ̏̓ ˍ̖̒̓̑́́̎̉ ̅̏ ˝̙̆̓́ ̠̒̏̒̓́̃̌̌́ ρυψρ ̃̆̑̒̓2Ȣ ˚̠̆̒̍̏̓̑ ̎́ 
̗̑́̈̎̉̔ ˎ́̋̔ ̎̆ ̠̐̏̓̆̑̌́ ̘̈̎́̆̎̉̆ ̓̏̑̄̏̃̏̄̏ ̗̆̎̓̑́Ȣ ˚́̌̏̄ ̉̈ ̓̏̑̄̏̃̌̉ ̃ ˎ́̋̔ 
̠̠̝̃̌̌́̒ ̜̏̒̎̏̃̎̍ ̖̅̏̏̅̏̍Ȣ  

                                                           
1ˍ̅̉̌̏̃ ˡ̖́̑̏̅ ˍ̘̂̅̔̃́̌̉̆̃̉ ɀ ̙̒̓́̑̉̊ ̝̐̑̆̐̏̅́̃́̓̆̌ ̜̋́̆̅̑̕ Ⱥ̞ ̠̒̓̏̑̉ 

ˠ̈̂̆̋̉̒̓́̎́Ȼȟ ˟̙́̋̆̎̓̒̋̉̊ ̜̉̎́̎̒̏̃̊̕ ̉̎̒̓̉̓̔̓ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 
 

2 ̋ ̔̒c̠̋́ ̗̆̅̉̎̉́ ̠̉̈̍̆̑̆̎̉Ȣ ˝́̃̎́ υππ ̒́̇̆̎ȟ ρȟπφφψ ̋̍Ȣ 



˕̘̒̓̏̑̉̆̒̋̉̆ ̎́̔̋̉ 

 

60 

˜̏ ̠̒̃̆̅̆̎̉̍ ̙̐̔̓̆̆̒̓̃̆̎̎̉̋́ ˍ̠̃̌̉ ˤ̠́̌́̂̉ ̙̇̉̃̆̄̏ ̃ XVI ̃̆̋̆ȟ ˎ́̋̔ 
̘̠̒̉̓́̌̒ ̜̓̏̑̄̏̃̍ ̐̏̑̓̏̍ ̏̂̌́̒̓̉ ˥̉̑̃́̎Ȣ ˞ ̑̏̒̓̏̍ ̘̠̈̎́̆̎̉ ˗́̒̐̉̊̒̋̏̄̏ 
̠̍̏̑ ̃ ̜̖̓̏̑̄̏̃ ̙̠̖̏̓̎̏̆̎̉ XVI ̃̆̋́ ̜̂̌̉ ̜̒̏̈̅́̎ ̜̋̑̔̐̎̆ ̜̓̏̑̄̏̃̆ ̜̐̔̎̋̓ 
̙̉̄̑́̃̉̆ ̝̙̂̏̌̏̆ ̘̈̎́̆̎̉̆ ̃ ̜̖̓̏̑̄̏̃ ̙̠̖̏̓̎̏̆̎̉ ̍̆̇̅̔ ˝̏̒̒̉̆̊ȟ ˔́̐́̅̎̏̊ 
˒̃̑̏̐̏̊ȟ ˞̑̆̅̎̆̊ ˍ̈̉̆̊ȟ ˗̉̓́̆̍ȟ ˕̎̅̉̆̊ ̉ ̒̓̑́̎̏̊ ˔̠́̋́̒̐̉Ȣ  

˞ ρχσυ ̄̏̅́ ̘́̎̄̌̉́̎̆ ̓̏̇̆ ̉̒̋́̌̉ ̜̔̅̏̂̎̆ ̐̔̓̉ ̘̆̑̆̈ ˝̟̏̒̒̉ ̎́ ˏ̏̒̓̏̋Ȣ 
ˏ ρχσψ ̄̏̅̔ ̖̙̐̑̉̆́̃̉̊ ̒ ˢ̉̃̔ ̉ ˎ̖̔́̑̔ ́̎̄̌̉̊̒̋̉̊ ̜̃̏̆̎̎̊ ˑȢ˪̝̌̓̏̎ ̃ ̗̠̖̆̌ 
̘̠̉̈̔̆̎̉ ̜̖̔̅̏̂̎ ̜̖̓̏̑̄̏̃ ̐̔̓̆̊ȟ ̙̐̑̉̆̌ ̋ ̜̃̃̏̅̔ ̘̓̏ȟ ˗̠́̒̐̉̊̒̋́ ̅̏̑̏̄́ 
̠̒́̍́ ̠̔̅̏̂̎́ ̅̏̑̏̄́ ̉̈ ˒̜̃̑̏̐ ̃ ˞̟̟̑̆̅̎ ˍ̟̈̉ [4]Ȣ ˜̏ ̠̒̃̆̅̆̎̉̍ ˑȢˢ̠́̎̃̆ 
̖̙̐̑̉̆́̃̆̄̏ ̃ ˢ̉̃̔ȟ ̃ ̗̠̖̆̌ ̖̝̎́̏̅̉̓ ̜̔̅̏̂̎̆ ̐̔̓̉ Ⱥˢ̗̜̉̃̉̎ ̃ ̏̒̎̏̃̎̏̍ ̓̏̑Ȥ
̄̏̃́̌̉ ̒ ˎ̖̔́̑̏̊ ̉ ˕̑́̎̏̍Ȣ ˛̎̉ ̃ ̏̒̎̏̃̎̏̍ ̓̏̑̄̏̃́̌̉ ̖̌̏̐̋̏̍ȟ ̙̆̌̋̏̍ ̉ ̋̏Ȥ
̇̆̊Ȼ [5]Ȣ ˍ ̓́̋̇̆ȟ ̒̑̆̅̎̆́̈̉́̓̒̋̉̆ ̗̜̋̔̐ ̓̏̑̄̏̃́̌̉ ̝̟̓̋́̎ȟ ̑̉̒̏̍ȟ ̜̍̌̏̍Ȣ ˕̈ 
̜̖̈́̑̔̂̆̇̎ ̒̓̑́̎ ̐̑̉̃̏̈̉̌̉ ̜̍́̎̔́̋̓̔̑̎̆̕ ̠̉̈̅̆̌̉ȟ ̓́̋̉̆ ̋́̋ ̖̂́̑́̓ȟ 
̙̝̆̑̒̓ ̉ ̙̜̆̌̋̏̃̆ ̓̋́̎̉Ȣ 

˛̜̓̐̑́̃̌̆̎̎̆ ̓̋́̎̉ ̉̈ ˞̑̆̅̎̆̊ ˍ̈̉̉ ̘̝̏̓̌̉́̌̉̒ ̘̝̟̋̑́̒̏̎̏̒̓Ȣ ˟̋́̎̉ 
̝̋̑́̒̉̌̉̒ ̋̑́̒̋́̍̉ ̎̉̌Ȣ ˜̑̉̃̏̈ ̋̑́̒̏̋ ̎̉̌ ̃ ̄̏̑̏̅́ ˞̑̆̅̎̆̊ ˍ̈̉̉ ̜̃̑̏̒ ̃̏ 
̃̓̏̑̏̊ ̐̏̌̏̃̉̎̆ XVIII ̃̆̋́ ɀ ̃ ̐̆̑̃̏̊ ̐̏̌̏̃̉̎̆ XIX ̃̆̋́Ȣ ˗̑́̒̋́ ̎̉̌ ̐̑̉̃̏̈̉Ȥ
̝̌́̒ ̃ ˞̟̟̑̆̅̎ ˍ̟̈̉ ̉̈ ˕̎̅̉̉Ȣ  

ˢ́̑́̋̓̆̑̎̏̊ ̎́ ̓̏̓ ̐̆̑̉̏̅ ̠̠̠̃̌̌̒ ̗̠̑̆́̌̉̈́̉ ̉̈ ˞̑̆̅̎̆̊ ˍ̈̉̉ ̖̓́̋̉ 
̝̜̖̓̆̋̒̓̉̌̎ ̓̏̃́̑̏̃ ̋́̋ȡ ́̓̌́̒ȟ ́̅̑́̒ȟ ̙̆̌̋ȟ ̘̈́̎̅́̎́̉ȟ ̂̑̆̈̆̎̓ȟ ̍̉̓̋́̌ȟ ̘̋̔̍́ȟ 
̠̍́̑̌ ̠̝̏̓̐̑́̃̌̌̉̒ ̃ ̜̒̓̑́̎ ˎ̌̉̇̎̆̄̏ ˏ̏̒̓̏̋́ ̉ ˔̝̠́̋́̃̋́̈Ȣ ˚́̈̃́̎̉̆ ̔̋́Ȥ
̜̖̈́̎̎ ̝̜̖̓̆̋̒̓̉̌̎ ̓̏̃́̑̏̃ ̃ ρφσω-ρφχς ̖̄̏̅́ ̜̂̌ ̉̈̃̆̒̓̆̎ ̃ ̖̑̔̒̒̋̉ ̖̄̏̑̏̅́ 
˟́̑̔ ̉ ˟̝̏̂̏̌̒̋Ȣ ˏ ̘̜̖̐̆̑̆̉̒̌̆̎̎ ̖̓̏̃́̑́ ̘̝̃̒̓̑̆́̌̉̒ ̠̎́̈̃́̎̉ Ⱥ̈́̎̅́̎́ ̒̆Ȥ
̍̆̎̅̉ȟ ̈́̎̅́̎́ ̟̅̍̆̎̅̉ȟ ̘̠̆̑̎́ ̈́̎̅́̎́ȟ ̜̏̂̑́̂̏̓́̎̎̊ ̂̑̆̈̆̎̓ȟ ̔̈̋̉̊ ̂̑̆Ȥ
̈̆̎̓ȟ ̜̏̂̑́̂̏̓́̎̎̊ ̔̈̋̉̊ ̂̑̆̈̆̎̓ȟ ̙̠̉̑̏̋́ ̘̏̌́́ȟ ̙̜̈́̋̑́̆̎̎̊ ̘̏̌́́Ȼ [6] . 
˛̘̜̓̍̆̆̎̎̆ ̓̋́̎̉ ̘̝̏̓̌̉́̌̉̒ ̒̃̏̆̏̂̑́̈̎̏̊ ̖̓̆̎̏̌̏̄̉̊ ̐̑̏̉̈̃̏̅̒̓̃́ȟ ̃ ̘́̒̓Ȥ
̎̏̒̓̉ȟ ̗̑́̒̃̆̓̋̏̊ȟ ̂̌̆̒̋̏̍ ̉ ̓Ȣ̅Ȣ ˒̜̅̉̎̒̓̃̆̎̎̊ ̂̑̆̈̆̎̓ ̐̏ ̟̏̐̉̒́̎̉ 
˝ȢːȢ˙̔̋̉̍̏̃̏̊ ̉̍̆̌ ̝̃̏̒̆̍ ̗̃̆̓̏̃ ɀ ̘̜̆̑̎̊ȟ ̒̉̎̉̊ȟ ̧̜̈̆̌̎̊ȟ ̜̇̆̌̓̊ȟ ̉̏̌̆̕Ȥ
̜̓̏̃̊ ̉ ̓Ȣ̅Ȣ [7]Ȣ ˞̑̆̅̎̆́̈̉́̓̒̋̉̆ ̑̆̍̆̒̌̆̎̎̉̋̉ ̉̍̆̌̉ ̖̙̏̑̏̉̊ ̜̏̐̓ ̏̂̑́̂̏̓Ȥ
̋̉ ̋̏̇̉ȟ ̘̓̏ ̠̐̏̈̃̏̌̌̏ ̝̒̏̈̅́̃́̓ ̘̜̑́̈̌̉̎̆ ̜̋̏̇́̎̆Ȣ ˏ̍̆̒̓̆ ̒ ̓̆̍ȟ ̜̏̒̏̂̍ 
̒̐̑̏̒̏̍ ̝̠̐̏̌̈̏̃́̌̒ ̝̋́̑́̋̔̌ȟ ̟̋̏̓̏̑̔ ̠̏̓̐̑́̃̌̌̉ ̃ ̄̏̒̔̅́̑̒̓̃́ ̜̖̑́̈̎ ̋̏̎Ȥ
̓̉̎̆̎̓̏̃ ̉ ̃ ̓̏̍ ̘̉̒̌̆ ̃ ˎ́̋̔Ȣ ˍ̒̒̏̑̓̉̍̆̎̓ ̗̐̑̏̅̔̋̉̉ ̉̈ ̋̏̇̉ ̃ ̏̒̎̏̃̎̏̍ ̞̓̏ 
̜̋̏̇́̎̆ ̙́̐̋̉ȟ ̖̘̝̏̏̓̎̉̉ ̘̐̆̑́̓̋̉ȟ ̧̅̔̂̌̎̋̉ȟ ̠̑̔̋̏̓̋̉ ̎̏̇̆̊ȟ ̒̆̅̌́ȟ ̟̂̔̑̅̋ 
[8] .    

˟̠̑́̎̈̉̓̎́ ̠̓̏̑̄̏̃̌ ̃ ̖̄̏̒̔̅́̑̒̓̃́ ̜̖̑́̒̐̏̌̏̇̆̎̎ ̎́ ̜̖̓̏̑̄̏̃ ̠̖̐̔̓ 
̉̍̆̌̏ ̏̄̑̏̍̎̏̆ ̘̈̎́̆̎̉̆ ̝̏̓̎̏̒̉̓̆̌̎̏ ̖̅̑̔̄̉ ̄̏̒̔̅́̑̒̓̃Ȣ ˚́ ̔̑̏̃̎̆ ̄̏̒̔̅́̑Ȥ
̒̓̃́ ̝̐̑̉̎̉̍́̌̉̒ ̜̈́̋̏̎ ̜̎́̐̑́̃̌̆̎̎̆ ̎́ ̠̝̝̅̆̓̆̌̎̏̒̓ ̋́̑́̃́̎̒́̑́̆̃ȟ ̓̏̑Ȥ
̗̄̏̃̆̃ ̉ ̓̏̑̄̏̃̌̉Ȣ ˙̙̖́́̅ ̠̠̠̃̌̌̒ ̗̆̎̓̑̏̍ ̒̂̏̑́ ̜̖̓̑́̎̈̉̓̎ ̓̏̃́̑̏̃ ̐̑̉̃̏Ȥ
̜̖̈̉̍ ̃ ˍ̟̈̉ ̘̆̑̆̈ ˟̑́̈̆̐̔̎̅ȟ ˜̆̑̒̉̅̒̋̉̊ ̈́̌̉̃ ̉ ˗́̒̐̉̊̒̋̏̄̏ ̠̍̏̑ [9] . 

ˏ ̘̎́́̌̆ XIX ̃̆̋́ ̘́̎̄̌̉́̎̆ ̓̏̑̄̏̃́̌̉ ̒ ˕̑́̎̏̍ ̑́̒̐̏̌̏̇̆̎̎̏̍ ̎́ ̐̆̑̆Ȥ
̋̑̆̒̓̋̆ ̜̖̏̒̎̏̃̎ ̜̖̓̏̑̄̏̃ ̐̔̓̆̊ ̘̜̖̃̏̒̓̏̎ ̓̏̃́̑̏̃ ̃ ˒̃̑̏̐̔ȟ ̎́ ̖̅̃̔ ̖̅̏̑̏̄́ȡ 
˟̑́̐̆̈̔̎̅ȟ ˟́̂̑̉̈ ̉ ˔̝́̋́̃̋́̈̆Ȣ ˜̝̠̝̏̌̈̔̒ ̞̓̉̍̉ ̠̅̃̔̍ ̅̏̑̏̄́̍̉ ̘́̎̄̌̉́̎̆ 
̘̐̑̏̎̏ ̙̝̏̒̎̏̃́̃̉̒ ̎́ ̜̑̎̋̆ ˕̑́̎́ȟ ̜̠̃̓̆̒̎̌̉ ̖̑̔̒̒̋̉ ̗̋̔̐̏̃ ̉ ̓̏̃́̑̏̃Ȣ ˙̆Ȥ
̇̅̔ ρψσπ-ρψττ ̖̄̏̅́ ̖̃̆̑̏̃̆̎̒̓̃̏ ̎́ ̜̖̑̎̋́ ˕̑́̎́ ̙̐̆̑̆̌̏ ̏̓ ̖̑̔̒̒̋̉ ̋ ́̎̄Ȥ
̘̌̉́̎́̍Ȣ ˏ ̞̓̏̓ ̐̆̑̉̏̅ ̗̜̋̔̐ ˞̑̆̅̎̆̊ ˍ̈̉̉ ̉̈ ̈́ ̜̖̃̒̏̋̉ ̜̖̓́̍̏̇̆̎̎ ̎́̌̏̄̏̃ 
̎́ ̋́̑́̃́̎̎̏̊ ̅̏̑̏̄̆ ̙̐̑̏̌̆̄́̃̆̊ ̘̆̑̆̈ ˙̙̖́́̅ ̜̃̂̑́̌̉ ̙̜̅̆̆̃̊ ̉ ̜̔̅̏̂̎̊ 
̝̐̔̓ ̘̆̑̆̈ ˗́̒̐̉̊̒̋̏̆ ̍̏̑̆Ȣ ˗̠́̒̐̉̊̒̋́ ̅̏̑̏̄̏ ̒̓́̌́ ̘̐̑̉̉̎̏̊ ̑̏̒̓́ ̑̏̌̉ ˍ̒Ȥ
̖̓̑́́̎̉ ̋́̋ ̓̏̑̄̏̃̏̄̏ ̗̆̎̓̑́ ̍̆̇̅̔ ˏ̏̒̓̏̋̏̍ ̉ ˔́̐́̅̏̍Ȣ ςω ̠́̐̑̆̌ ρψπρ ̄̏̅́ 
̉̈ ˎ́̋̔ ̃ ̄̏̑̏̅ ˍ̖̝̒̓̑́́̎ ̖̐̑̉̆́̌̉ ̠̝̠̐̓̅̆̒̓ ̙̝̆̒̓ ̗̋̔̐̏̃Ȣ ˝̏̒̒̉̊̒̋̉̊ ̗̋̔̐̆ 
̙̐̑̏̆̈̇́̃̉̊ ̘̆̑̆̈ ˍ̖̝̒̓̑́́̎ ˡ̆̅̏̓ ˗̏̓̏̃ ̘̏̓̍̆́̌ȟ ̘̓̏ Ⱥ˪̓́ ̅̏̑̏̄́ ̧̃̆̅̓ ̋ 
̔̈̂̆̋́̍Ȼ [10] .  

˞ ρψυχ ̄̏̅́ ̎́ ̅̏̑̏̄̆ ˜̏̓̉-˟̉̌̉̒̕-˚̖̘́̉̃́̎ ̎̆ ̒̏̂̉̑́̌̉ ̜̓́̍̏̇̆̎̎̊ 
̎́̌̏̄ ̒ ̓̏̃́̑̏̃ ̜̖̐̆̑̆̃̏̈̉̍ ̉̈ ˕̑́̎́ ̃ ˒̃̑̏̐̔Ȣ ˞ ρψφσ ̄̏̅́ ̃ ̗̠̖̆̌ ̘̙̠̔̌̔̆̎̉ 
̘̠̈̎́̆̎̉ ̓̆̑̑̉̓̏̑̉̉ ˔̝̠́̋́̃̋́̈ ̐̏ ̐̑̉̋́̈̔ ̝̐̑́̃̉̓̆̌̒̓̃́ ˝̏̒̒̉̉ ˎ́̋̔ ̜̂̌ 
̐̑̉̒̏̆̅̉̎̆̎ ̃ ̒̏̒̓́̃ ̞̓̏̊ ̅̏̑̏̄̉Ȣ 

ˏ XIX ̃̆ ̋̆ ̜̓̏̃́̑ ̜̐̑̉̃̏̈̉̍̆ ̉̈ ˒̜̃̑̏̐ ̃ ˞̟̟̑̆̅̎ ˍ̟̈̉ ̝̐̆̑̆̃̏̈̉̌̉̒ 
̠̅̃̔̍ ̠̐̔̓̍̉ ρɊ ˤ̆̑̆̈ ˎ́̋̔ ˗́̒̐̉̊̒̋̏̆ ̍̏̑̆ ˗̑́̒̎̏̃̏̅̒̋ȟ ̟̏̓̒̅́ ̎́ ̓̆̑̑̉̓̏Ȥ
̟̑̉ ˢ̉̃̉̎̒̋̏̄̏ ̖́̎̒̓̃́ ςɊ ˤ̆̑̆̈ ̓̆̑̑̉̓̏̑̉̉ ˎ̖̔́̑̒̋̏̄̏ ̖́̎̒̓̃́ ̉ ̒̆̃̆̑̏-
̘̜̃̏̒̓̏̎̆ ̓̆̑̑̉̓̏̑̉̉ ˕̑́̎́Ȣ ρψψσ ̄̏̅̔ ˝̠̏̒̒̉ ̈́ ̘̒̆̓ ̝̙̠̔̍̆̎̆̎̉ ̘̋̏̌̉̆̒̓̃́ 
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̓̏̃́̑̏̃ ̜̖̐̑̉̃̏̈̉̍ ̉̈ ˕̑́̎́ ̉ ˒̜̃̑̏̐ ̃ ˞̟̟̑̆̅̎ ˍ̟̈̉ ̃ ̗̠̖̆̌ ̐̑̏̅́̇̉ ̑̔̒Ȥ
̖̒̋̉ ̓̏̃́̑̏̃ ̜̈́̋̑̃́̆̓ ˗̟́̃̋́̈̒̋̔ ̟̓̑́̎̈̉̓̎̔ ̅̏̑̏̄̔Ȣ ˪̓̉ ̠̅̆̊̒̓̃̉ ̠̐̏̃̌̉Ȥ
̌̉ ̎́ ̑̆̈̋̏̆ ̝̙̔̍̆̎̆̎̉̆ ̜̖̐̑̉̃̏̈̉̍ ̓̏̃́̑̏̃ ̉̈ ̜̖̈́̑̔̂̆̇̎ ̒̓̑́̎ ̉ ˕̑́̎́ ̃ 
˞̟̟̑̆̅̎ ˍ̟̈̉Ȣ ˝̠̏̒̒̉ ̅̏̌̄̉̆ ̜̄̏̅ ̒̏̈̅́̃́̌́ ̠̔̒̌̏̃̉ ˕̑́̎̔ ̉ ˞̑̆̅̎̆̊ ˍ̈̉̉ 
̠̅̌ ̐̑̏̅́̇̉ ̓̏̃́̑̏̃ ̘̆̑̆̈ ̠ ̟́̃̋́̈̒̋̔ ̟̓̑́̎̈̉̓̎̔ ̅̏̑̏̄̔ ̃ ˒̃̑̏̐̔ [11]Ȣ ˏ ̞̖̓̉ 
̗̠̖̆̌ ̃ ρψψσ ̄̏̅̔ ̠̒̓̑̏̉̓̒ ̠̇̆̌̆̈̎́ ̅̏̑̏̄́ ˔̝̠́̋́̃̋́̈Ȣ 

ˏ ρψωτ ̄̏̅̔ ̃ ̗̠̖̆̌ ̐̑̉̃̏̈́ ̘̠́ ̉̈ ˕̎̅̉̉ ̃ ˞̟̟̑̆̅̎ ˍ̟̈̉ ̒̏ ̜̒̓̏̑̏̎ 
̝̐̑́̃̉̓̆̌̒̓̃́ ˝̏̒̒̉̉ ̜̠̏̓̋̑̃́̆̓̒ ̠̓̑́̎̈̉̓̎́ ̅̏̑̏̄́ ˎ́̓̔̍̉-ˎ́̋̔-ˠ̈̔̎̅́̑́-
ˍ̙̖́̂́̅-ˎ̖̔́̑́Ȣ ˪̓́ ̅̏̑̏̄́ ̜̂̌́ ̎́̐̑́̃̌̆̎́ ̎́ ̔̒̓̑́̎̆̎̉̆ ̐̑̉̃̏̈́ ̘̠́ ̉̈ 
˕̑́̎́Ȣ ˑ́̎̎̏̆ ̧̐̑̏̃̆̅̎̎̏̆ ̅̆̊̒̓̃̉̊ ̅̏̋́̈́̌́ ̝̔̅̏̂̎̏̒̓ ̞̓̏̊ ̅̏̑̏̄̉Ȣ  ˏ̐̏Ȥ
̒̌̆̅̒̓̃̉̉ ̘̆̑̆̈ ̞̓̔ ̅̏̑̏̄̔ ̃ ρψωτ ̄̏̅̔ ̃ ˎ̖̔́̑̔ ̐̑̉̃̆̈̌̉ ςπψφω ̐̔̅1 ̘̠́ȟ ̃ ˍ̙Ȥ
̖́̂́̅ ρχστσ ̐̔̅ ̘̠́ȟ ̏̂̆̆̚ σψςρς ̐̔̅ ̘̠́Ȣ ˗ ρψωψ ̄̏̅̔ ̞̓̏̓ ̝̐̏̋́̈́̓̆̌ ̒̏̒ ̓́̃̉̌ 
ωρςψχ ̐̔̅Ȣ 

ˏ̜̠̃̏̅ ̉̓̏̄̉ ̍̏̇̎̏ ̝̒̋́̈́̓ȟ ˎ́̋̔ ̉̄̑́̌ ̝̙̂̏̌̏̆ ̘̈̎́̆̎̉̆ ̃ ̜̖̓̏̑̄̏̃ 
̙̠̖̏̓̎̏̆̎̉ ̖̒̑̆̅̎̆́̈̉́̓̒̋̉ ̖́̎̒̓̃ ̒ ˝̏̒̒̉̆̊ ̉ ̖̅̑̔̄̉ ̒̓̑́̎Ȣ ː̏̑̏̅ ̔̅̏̂̎̏ 
̜̑́̒̐̏̌̏̇̆̎̎̊ ̃ ̘̄̆̏̄̑́̉̆̒̋̏̊̕ ̍̆̒̓̎̏̒̓̉ ̃̎̆̒ ̒̃̏̊ ̜̅̏̒̓̏̊̎̊ ̃̋̌́̅ ̃ ̑́̈Ȥ
̃̉̓̉̆ ̙̃̎̆̎̆̊ ̓̏̑̄̏̃̌̉ ˞̑̆̅̎̆̊ ˍ̈̉̉Ȣ  
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˞̑̆̅̎̏̄̏ ˏ̏̒̓̏̋́ ̉ ̅̑Ȣȡ ˜̙̆̓̑̔̆̃̒̋̉̊ ˕Ȣ ˛̘̆̑̋̉ ̐̏ ̉̒̓̏̑̉̉ ̝̜̖̆̏̅́̌̎̕ 
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ˠˑ˗ ωτ ɉυχυɊ ɉπωσɊ 
 

˜˛ˑː˛˟˛ˏ˗ˍ ˞˜˒ˣ˕ˍ˘˕˞˟˛ˏ ˏ ˛˟˝ˍ˞˘˕ ˝˒˙˒˞˘˒˚˚˛ː˛  
˜˝˛˕˔ˏ˛ˑ˞˟ˏˍ ˏ ςπ-  sː ˛ˑˍˢ ˢˢ ˏ˒˗ˍ 

 
˝Ȣ˙Ȣ ˍ̖̍̆̅̏̃́1ȟ ˡȢˍȢ ˍ̅̉̌̏̃2  

ˍ̗̠̎̎̏̓́̉ 
 
˜̜̑̉̃̆̅̆̎ ̠̒̃̆̅̆̎̉ ̏ ̑̏̌̉ ̉ ̍̆̒̓̆ ̐̏̅̄̏̓̏̃̋̉ ̋́̅̑̏̃ ̃ ̏̓̑́̒̌̉ 

̑̆̒̍̆̒̌̆̎̎̏̄̏ ̐̑̏̉̈̃̏̅̒̓̃́ ̃ ςπ-̖̄̏̅́ ˢˢ ̃̆̋́Ȣ ˝̜̜́̒̋̑̓ ̋̏̑̎̉ ̖̍̎̏̄̉ ̎̆̄́Ȥ
̜̖̓̉̃̎ ̠̃̌̆̎̉̊ ̃ ̞̘̋̏̎̏̍̉̆̒̋̏̊ ̉ ̝̋̔̌̓̔̑̎̏̊ ̇ ̉̈̎̉ ̑̆̒̐̔̂̌̉̋̉ ˠ̈̂̆̋̉̒̓́̎Ȣ 

 
˗̟̘̜̌̆̃̆ ̒̌̏̃́ȡ ̖́̑̉̓̆̋̓̏̑ȟ ̉̎̇̆̎̆̑ȟ ̜̓̏̑̄̏̃̆ ̙̠̏̓̎̏̆̎̉ȟ ̜̋̏̇́̎̎̆ 
̠̉̈̅̆̌̉ȟ ̋́̅̑ȟ ̗̒̐̆̉́̌̉̒̓ȟ ̑̆̍̆̒̌̆̎̎̏̆ ̐̑̏̉̈̃̏̅̒̓̃̏Ȣ 

 
˜̑́̋̓̉̋́ ̙̠̑́̈̑̆̆̎̉ ̖̓́̋̉ ̜̖̃́̇̎ ̐̑̏̂̌̆̍ ̋́̋ ̐̏̅̄̏̓̏̃̋́ ̗̒̐̆̉́̌̉Ȥ

̒̓̏̃ ̠̅̌ ̏̓̑́̒̌̉ ̎́̑̏̅̎̏̄̏ ̖̠̏̈̊̒̓̃́ ̙̑́̒̉̑̆̎̉̆ ̠̏̓̑̅̏̃ ̘̎́̔̎̏̊ ̉ ̖̘̓̆̎̉̆Ȥ
̒̋̏̊ ̗̉̎̓̆̌̌̉̄̆̎̉̉ȟ ̒̏̈̅́̎̉̆ ̋́̅̑̏̃ ̗̜̖̋̃́̌̉̉̉̑̏̃́̎̎̕ ̑́̂̏̓̎̉̋̏̃ ̃ ςπ-̖ 
̖̄̏̅́ ̠̐̑̆̅̒̓́̃̌̆̓ ̝̙̂̏̌̏̊ ̘̎́̔̎̏-̝̜̐̏̈̎́̃́̓̆̌̎̊ ̉ ̘̓̆̏̑̆̓̉̆̒̋̉̊ ̉̎̓̆̑̆̒Ȣ 

˚̠̆̒̍̏̓̑ ̎́ ̘̅̑́̍́̓̉̆̒̋̉̆ ̎́̋̌́̅̋̉ȟ ̜̄̑̔̂̆ ̙̏̉̂̋̉ ̙̑̆̆̎̉̆ ̞̖̓̉ ̐̑̏Ȥ
̂̌̆̍ ̃̎̆̒̌̉ ̜̒̔̆̒̓̃̆̎̎̆̚ ̉̈̍̆̎̆̎̉̆ ̃ ̝̇̉̈̎ ̏̂̆̒̓̃́̚ ̑̆̒̐̔̂̌̉̋̉ ̉ ̐̏̒̌̆Ȥ
̟̅̔̉̆̚ ̜̐̆̑̉̏̅Ȣ ˏ̒̆ ̞̓̏  ̏̂̔̒̌́̃̌̉̃́̆̓ ̖̝̎̆̏̂̏̅̉̍̏̒̓ ̖̉ ̝̓́̓̆̌̎̏̄̏̚ ̉̈̔Ȥ
̘̠̆̎̉ ̉ ̜̠̏̒̍̒̌̆̎̉ȟ ̉̂̏ ̃ ̙̎́̆̍ ̙̐̑̏̌̏̍ ̖̠̎́̏̅̉̓̒ ̋̏̑̎̉ ̙̖̎́̉ ̖̔̒̐̆̏̃ ̉ 
̙̖̎́̉ ̎̆̅̏̒̓́̓̋̏̃ Ⱥˏ̒̆ ̜̍ ̑̏̅̏̍ ̉̈ ̙̐̑̏̌̏̄̏ȟ ɀ ̏̓̍̆̓̉̌ ˜̑̆̈̉̅̆̎̓ ˝̆̒̐̔̂Ȥ
̌̉̋̉ ˠ̈̂̆̋̉̒̓́̎ ˕ȢˍȢ˗́̑̉̍̏̃ ɀ ̝̑̆̃̉̈̏̃́̓ ̙̐̑̏̌̏̆ȟ ̗̝̏̓̑̉́̓ ̆̄̏ ɀ ̘̈̎́̉̓ ̑̔Ȥ
̝̂̉̓ ̒̔̋ȟ ̎́ ̋̏̓̏̑̏̍ ̒ ̙̝̉̅̉Ȼ ɍρɎȢ 

˕̍̆̎̎̏ ̞̓̏̓ ̝̐̔̓ ̙̐̑̏̆̌ ˠ̈̂̆̋̉̒̓́̎ȟ ̃ ̓̏̍ ̘̉̒̌̆ ̉ ˡ̠̆̑̄́̎̒̋́ ̝̏̂̌́̒̓ȟ 
̃ ςπ-̆ ̜̄̏̅ ˢˢ ̃̆̋́Ȣ ː̌̔̂̏̋̏̆ ̘̉̈̔̆̎̉̆ ̞̓̏̄̏ ̐̆̑̉̏̅́ ̠̐̏̈̃̏̌̆̓ ̜̝̑́̒̋̑̓ ̋̏̑Ȥ
̎̉ ̖̍̎̏̄̉ ̜̖̎̆̄́̓̉̃̎ ̠̃̌̆̎̉̊ ̃ ̞̘̋̏̎̏̍̉̆̒̋̏̊ ̉ ̝̋̔̌̓̔̑̎̏̊ ̇̉̈ ̎̉ ̑̆̒̐̔̂Ȥ
̌̉̋̉ ̎́ ̟̖̐̏̒̌̆̅̔̉̚ ̞̖̓́̐́ ̆̆ ̠̑́̈̃̉̓̉Ȣ 

ˏ ̖́̒̐̆̋̓́ ̞̓̏̊ ̜̐̑̏̂̌̆̍ȟ ̐̑̆̇̅̆ ̃̒̆̄̏ȟ ̖̎̆̏̂̏̅̉̍̏ ̝̉̍̆̓ ̠̒̎̏̆ ̐̑̆̅Ȥ
̒̓́̃̌̆̎̉̆ ̏ ̓̏̍ȟ ̋́̋̉̍ ̜̋́̅̑̏̃̍ ̗̐̏̓̆̎̉́̌̏̍ ̑́̒̐̏̌́̄́̌́ ̠̎̏̃́ ̝̃̌́̒̓ ̃ ˠ̈Ȥ
̂̆̋̉̒̓́̎̆ ̃ ςπ-̆ ̜̄̏̅ȟ ̜̋́̋̏̃ ̜̂̌̉ ̘̜̋́̆̒̓̃̆̎̎̊ ̒̏̒̓́̃ȟ ̝̑̏̌ ̃ ̏̂̆̒̓̃̆̚ȟ ̒̓̆Ȥ
̝̐̆̎ ̐̏̅̄̏̓̏̃̌̆̎̎̏̒̓̉ ̋ ̠̟̃̏̒̐̑̉̓̉ ̜̖̎̏̃ ̑̆̏̑̍̕ȟ ̘̓̏ ̐̏̍̏̄̌̏ ̝̅́̓ ̄̏̒̔̅́̑Ȥ
̒̓̃̔ ̆̄̏ ̑́̈̔̍̎̏̆ ̝̉̒̐̏̌̈̏̃́̎̉̆Ȣ ˕̘̈̔̆̎̉̆ ̞̖̓̉ ̃̏̐̑̏̒̏̃ ̠̐̏̈̃̏̌̆̓ ̠̝̐̏̎̓ 
̝̒̔̎̏̒̓̚ ̉ ̘̝̈̎́̉̍̏̒̓ ̜̒̏̂̓̉̊ ̎́ ̐̔̓̉ ̑̆̒̐̔̂̌̉̋̉ ̋ ̎̆̈́̃̉̒̉̍̏̒̓̉ȟ ̝̐̏̋́̈́̓ 
̓̆̑̐̆̎̉̆ȟ ̝̍̔̅̑̏̒̓ ̉ ̖̅̔̏̃̎̏̆ ̂̏̄́̓̒̓̃̏ ̙̖̎́̉ ̘̒̏̏̓̆̆̒̓̃̆̎̎̉̋̏̃ȟ ̜̋̏̓̏̑̆ȟ 
̠̎̆̒̍̏̓̑ ̎̉ ̎́ ̋́̋̉̆ ̘̐̏̌̉̓̉̆̒̋̉̆ ̜̎̆̃̈̄̏̅ȟ ̇̉̌̉ ̉ ̑́̂̏̓́̌̉ ̠̅̌ ̒̃̏̆̄̏ ̎́Ȥ
̑̏̅́ȟ ̏̓̅́̃́̌̉ ̆̍̔ ̒̃̏̆ ̔̍̆̎̉̆ ̉ ̒̃̏̉ ̠̈̎́̎̉Ȣ ˏ̒̆ ̞̓̉ ̜̍̏̍̆̎̓ ̠̒̆̄̏̅̎ ̐̑̉̏̂Ȥ
̟̑̆̓́̓ ̏̒̏̂̏̆ ̝̃̏̒̐̉̓́̓̆̌̎̏̆ ̉ ̟̋̏̎̒̏̌̉̅̉̑̔̆̆̚ ̘̈̃̔́̎̉̆ [2]. 

˜̝̏̒̋̏̌̋̔ ̃ ̖̑́̍̋́ ̏̅̎̏̊ ̝̒̓́̓̉ ̎̆ ̠̠̐̑̆̅̒̓́̃̌̆̓̒ ̜̃̏̈̍̏̇̎̍ ̝̅́̓ 
́̎́̌̉̈ ̖̃̒̆ ̠̏̓̑̅̏̃ ̗̒̐̆̉́̌̉̒̓̏̃ ̋́̅̑̏̃̏̄̏ ̗̐̏̓̆̎̉́̌́ ̏̂̌́̒̓̉ȟ ̠̏̒̓́̎̏̃̉̍̒ 
̝̓̏̌̋̏ ̎́ ̖̑̆̍̆̒̌̆̎̎̉̋́Ȣ 

˟̗̑́̅̉̉̏̎̎̏ ̎́ ̓̆̑̑̉̓̏̑̉̉ ̒̏̃̑̆̍̆̎̎̏̊ ˡ̆̑̄́̎̒̋̏̊ ̏̂̌́̒̓̉ ̜̂̌̉ ̈́Ȥ
̠̜̎̓ ̝̒̏̈̉̅́̓̆̌̎̏̊ ̠̝̝̟̅̆̓̆̌̎̏̒̓ ̃ ̒̏̏̓̃̆̓̒̓̃̉̉ ̒ ̠̐̏̓̑̆̂̎̏̒̓̍̉ ̏̂̆̒̓̃́̚ 
̘̜̍̎̏̄̏̉̒̌̆̎̎̆ ̠̜̏̓̑̅ ̗̒̐̆̉́̌̉̒̓̏̃ȟ ̗̜̖̋̃́̌̉̉̉̑̏̃́̎̎̕ ̐̑̏̉̈̃̏̅̉̓̆̌̆̊ 
̓̏̃́̑̏̃ȟ ̑́̂̏̓̎̉̋̉ ̜̒̆̑̕ ̠̏̂̒̌̔̇̉̃́̎̉Ȣ ˜̌̏̅́̍̉ ̖̉ ̍́̒̓̆̑̒̓̃́ ̠̠̟̠̃̌̓̒ȟ 
̜̏̒̓́̃̌̆̎̎̆ ̐̏̓̏̍̋́̍̉ȟ ̘̜̃̆̌̉̆̒̓̃̆̎̎̆ ̜̍̉̎́̑̆̓ȟ ̝̜̍̏̎̔̍̆̎̓́̌̎̆ ̖́̑̉Ȥ
̜̓̆̋̓̔̑̎̆ ́̎̒́̍̂̌̉ȟ ̘̜̍̎̏̄̏̉̒̌̆̎̎̆ ̠̈̅́̎̉ ̍́̅̑́̒́ȟ ̘̍̆̆̓̆̊ȟ ̜̜̖̋̑̓ ̓̏̑̄̏Ȥ
̜̖̃ ̠̑̅̏̃ȟ ̋́̑́̃́̎-̒́̑́̉ȟ ̒́̑̅̏̂́3ȟ ̖̜́̔̈4ȟ ̗̜̋̏̌̏̅ȟ ̜́̅̍̉̎̉̒̓̑́̓̉̃̎̆ ̉ ̇̉Ȥ
̜̌̆ ̠̈̅́̎̉ ̒ ̖̉ ̜̎̆̐̏̃̓̏̑̉̍̍ ̘̜̃̏̒̓̏̎̍ ̋̏̌̏̑̉̓̏̍Ȣ  

                                                           
1ˍ̖̍̆̅̏̃́ ˝̙́̉̅́ ˙̔̋̉̍̏̃̎́ ɀ ̝̐̑̆̐̏̅́̃́̓̆̌ ̜̋́̆̅̑̕ Ⱥ˕̠̒̓̏̑̉ ˠ̈̂̆̋̉̒̓́̎́Ȼȟ 

˗̏̋́̎̅̒̋̉  ̊ː ˜˕ ̉̍Ȣ ˙̔̋̉̍̉ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 
2ˍ̅̉̌̏̃ ˡ̖́̑̏̅ ˍ̘̂̅̔̃́̌̉̆̃̉ ɀ ̙̒̓́̑̉̊ ̝̐̑̆̐̏̅́̃́̓̆̌ ̜̋́̆̅̑̕ Ⱥ˕̠̒̓̏̑̉ ˠ̈̂̆Ȥ

̋̉̒̓́̎́Ȼȟ ˟̙́̋̆̎̓̒̋̉̊ ̜̉̎́̎̒̏̃̊̕ ̉̎̒̓̉̓̔̓ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 
 
3 ˞ ́̑̅̏̂́ ɀ ̐ ̜̆̑̆̋̑̓̏̆ ̒̏̏̑̔̇̆̎̉̆ ̠̅̌ ̜̃̏̅ ̎́ ̜̜̖̐̔̒̓̎̎ ̠̖̍̆̒̓̎̏̒̓Ȣ  
4 s ́̔̈ ɀ ̍ ̆̒̓̏ ̖̠̑́̎̆̎̉ ̝̐̉̓̆̃̏̊ ̜̃̏̅ ̃ ̝̖̒̆̌̒̋̉ ̠̖̍̆̒̓̎̏̒̓Ȣ 
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ˏ ̒̆̑̆̕ ̐̑̏̉̈̃̏̅̒̓̃́ ̑́̂̏̓́̌̉ ̑̆̍̆̒̌̆̎̎̉̋̉ ɀ ̠̒́̍́ ̘̠̍̎̏̄̏̉̒̌̆̎̎́ 
̘̝́̒̓ ̠̎́̒̆̌̆̎̉ȟ ̟̠̃̌́̅̆́̚ ̗̝̜̒̐̆̉́̌̎̍̉ ̠̈̎́̎̉̍̉ ̉ ̜̎́̃̋́̍̉ȟ ̜̋̏̓̏̑̆ 
̝̐̆̑̆̅́̃́̌̉̒ ̐̏ ̎́̒̌̆̅̒̓̃̔ ̉̌̉ ̘̆̑̆̈ ̉̎̒̓̉̓̔̓ ̘̘̔̆̎̉̆̒̓̃́Ȣ ˚́ ̖̉ ̓̑̔̅̆ ̂́̈̉Ȥ
̠̑̏̃́̌̒ ̝̃̆̒ ̔̋̌́̅ ̘̃̏̒̓̏̎̏̊ ̇̉̈̎̉Ȣ ˕̍̆̎̎̏ ̏̎̉ ̠̐̑̆̓̃̏̑̌̉ ̃ ̝̇̉̈̎ ̜̐̑̏̆̋̓ 
̉ ̘̆̑̓̆̇̉ ̖́̑̉̓̆̋̓̏̑̏̃ ̉ ̉̎̇̆̎̆̑̏̃ȟ ̐̑̏̉̈̃̏̅̉̌̉ ̠̏̑̔̅̉ ̓̑̔̅́ ̉ ̜̐̑̆̅̍̆̓ 
̜̂̓́ȟ ̏̅̆̇̅̔ȟ ̝̏̂̔̃ȟ ̜̐̉̆̃̆̚ ̜̐̑̏̅̔̋̓ȟ ̟̜̃̆̌̉̑̎̆ ̠̉̈̅̆̌̉ ̉ ̓Ȣ̅Ȣ ˏ ̖̑́̍̋́ 
̜̖̋̏̑̐̏̑́̓̉̃̎ ̛̏̂̆̅̉̎̆̎̉̊ ̑̆̍̆̒̌̆̎̎̉̋̉ ̒̓̑̏̉̌̉ ̟̒̃̏ ̠̝̝̅̆̓̆̌̎̏̒̓ȟ ̒̓̑̏̄̏ 
̠̝̑̔̋̏̃̏̅̒̓̃̔̒ ̔̒̓́̃̏̍ Ⱥ̑̉̒̏̌́Ȼȟ ̜̋̏̓̏̑̊ ̠̜̏̂̈̃́̌ ̖̉ ̖̝̑́̎̉̓ȟ ̋́̋ ̘̎̆̓̏ 
̠̒̃̆̎̎̏̆̚ȟ ̝̃̆̒ ̔̋̌́̅ ̛̠̏̂̆̅̉̎̆̎̉ȟ ̆̄̏ ̜̎̑́̃̒̓̃̆̎̎̆ ̔̒̓̏̉ȟ ̖̘̓̆̎̉̆̒̋̉̆ ̒̆̋Ȥ
̜̑̆̓ ̉ ̐̑́̃̉̌́ ̍́̒̓̆̑̒̓̃́Ȣ 

˚́̅̏ ̝̏̓̍̆̓̉̓ȟ ̘̓̏ ̑̆̍̆̒̌̆̎̎̏̆ ̐̑̏̉̈̃̏̅̒̓̃̏ ̃ ˡ̆̑̄́̎̒̋̏̊ ̏̂̌́̒̓̉ ̜̂Ȥ
̌̏ ̜̜̃̒̏̋̏̑́̈̃̉̓̍ȟ ̝̒̉̌̎̏ ̗̜̒̐̆̉́̌̉̈̉̑̏̃́̎̎̍ ̠̝̜̒́̍̏̒̓̏̓̆̌̎̍ ̃̉̅̏̍ ̖̏Ȥ
̠̈̊̒̓̃̆̎̎̏̊ ̠̝̅̆̓̆̌̎̏̒̓̉Ȣ ˚̠́̑̅̔ ̒̏ ̗̗̒̐̆̉́̌̉̈́̉̆̊ Ⱥ̙̝̃̉̑Ȼȟ ̓Ȣ̆Ȣ ̅̑̏̂̎̏̊ 
̗̗̒̐̆̉́̌̉̈́̉̆̊ ̃ ̐̑̏̉̈̃̏̅̒̓̃̆ ̖̋́̋̉-̌̉̂̏ ̓̏̃́̑̏̃ȟ ̒̔̆̒̓̃̏̃́̌́̚ ̝̙̠̂̏̌́ 
̗̗̠̒̐̆̉́̌̉̈́̉ ̉ Ⱥ̝̃̄̌̔̂Ȼ ɀ ̑́̈̅̆̌̆̎̉̆ ̗̐̑̏̆̒̒́ ̓̑̔̅́ ̍̆̇̅̔ ̍́̒̓̆̑́̍̉ ̐̑̉ 
̉̈̄̏̓̏̃̌̆̎̉̉ ̋́̋̏̊ ɀ ̌̉̂̏ ̏̅̎̏̊ ̃̆̉̚ ɉ̘̓̋́̉ ̝̓̏̌̋̏ ̓̋́̌̉ ̉̈ ̄̏̓̏̃̏̊ ̎̉̓̉ȟ 
̝̋̑́̒̉̌̉̋̉̚ ̝̓̏̌̋̏ ̋̑́̒̉̌̉ ̝̎̉̓ȟ ̘̏̓̅̆̌̏̎̉̋̉ ̝̓̏̌̋̏ ̌̏̉̌̉̚ ̉ ̓Ȣ̅ȢɊȢ ˏ̍̆̒̓̆ 
̒ ̝̜̐̑̏̆̒̒̉̏̎́̌̎̍̕ ̍́̒̓̆̑̒̓̃̏̍ ̒̔̆̒̓̃̏̃́̌̏̚ ̉ ̙̅̏̍́̎̆̆ ̓̏̃́̑̎̏̆ ̐̑̏̉̈Ȥ
̃̏̅̒̓̃̏Ȣ ˗́̋ ̐̑́̃̉̌̏ȟ ̞̓̉̍ ̝̈́̎̉̍́̌́̒ ̠̇̆̎̒̋́ ̘̝́̒̓ ̝̒̆̍̉Ȣ ˞̠̏̃̆̓̒̋́ ̝̃̌́̒̓ 
̒̑́̈̔ ̇̆ ̏̐̑̆̅̆̌̉̌́ ̑̆̍̆̒̌̆̎̎̉̋̏̃ ̋́̋ ̟̍̆̌̋̏̂̔̑̇̔́̈̎̔ ̍́̒̒̔Ȣ ˑ̠̌ ̑̆̍̆̒Ȥ
̌̆̎̎̉̋́ ɀ ̘́̒̓̎̏̄̏ ̠̐̑̏̉̈̃̏̅̉̓̆̌ȟ ̃ ̄̏̒̔̅́̑̒̓̃̆ ̜̅̉̋̓́̓̔̑ ̐̑̏̌̆̓́̑̉́̓́ ̎̆ 
̜̂̌̏ ̍̆̒̓́Ȣ ˞̓̏̌̂̏̃̏̊ ̅̏̑̏̄̏̊ ̋ ̗̒̏̉́̌̉̈̍̔ ̠̅̌ ̑̆̍̆̒̌̆̎̎̉̋̏̃ȟ ̋́̋ ̉ ̠̅̌ 
̝̠̋̑̆̒̓̎ȟ ̝̐̑̉̈̎́̃́̌̏̒ ̝̓̏̌̋̏ ̖̉ ̋̏̏̐̆̑̉̑̏̃́̎̉̆Ȣ ˗̏̏̐̆̑̉̑̏̃́̎̉̆ ̇̆ ̖̐̑̏̏Ȥ
̅̉̌̏ ̘̝̏̆̎ ̍̆̅̌̆̎̎̏Ȣ ˏ ρωςχ ̄̏̅̔ ̜̂̌̏ ̋̏̏̐̆̑̉̑̏̃́̎̏ ̃̒̆̄̏ ̙̝̌̉ ρψȟσ ̗̐̑̏̆̎Ȥ
̓́ ̋̔̒̓́̑̆̊ ɍσɎȟ ρωςψ ̄̏̅̔ ɀ ςπȟσ ̗̐̑̏̆̎̓́ ɍτɎȟ ρωςω ɀ ςχȟρ ̗̐̑̏̆̎̓́Ȣ ˪̓̏ ̛̠̏̂̒Ȥ
̠̝̎̌̏̒ ̓̆̍ȟ ̘̓̏ ̐̑̏̉̈̃̏̅̒̓̃̆̎̎̏ ̜̜̂̓̏̃̆ ̙̠̏̓̎̏̆̎̉ ̑̆̍̆̒̌̆̎̎̉̋̏̃ ̜̏̒̎̏̃Ȥ
̝̃́̌̉̒ ̎́ ̜̖̒̓́̑ ̗̠̖̓̑́̅̉̉ȟ ́ ̋̏̏̐̆̑̉̑̏̃́̎̉̆ ̙̑́̈̑̔́̌̏ ̞̓̉ȟ ̃̆̋́̍̉ ̒̌̏̇̉̃Ȥ
̙̠̉̆̒ȟ ̜̇̉̈̎̆̎̎̆ ̜̒̓̆̑̆̏̓̉̐Ȣ ˗̑̏̍̆ ̓̏̄̏ȟ ̐̏̓̑̆̂̎̏̒̓̉ ̃̎̔̓̑̆̎̎̆̄̏ ̜̑̎̋́ ̃ 
20-̆ ̜̄̏̅ ̘̏̂̆̒̐̆̉̃́̌̉ ̋̔̒̓́̑̆̊ ̑́̂̏̓̏̊ ̉ ̏̎̉ ̎̆ ̙̒̐̆̉̌̉ ̝̃̒̓̔̐́̓ ̃ ̘̜̔̇̅̆ 
̖̉ ̏̂̑́̈̔ ̇̉̈̎̉ ̛̠̏̂̆̅̉̎̆̎̉Ȣ 

˚̏ ̐̆̑̒̐̆̋̓̉̃̔ ̒̃̏̆̄̏ ̙̠̏̓̎̏̆̎̉ ̋ ̋̔̒̓́̑̎̏̍̔ ̐̑̏̉̈̃̏̅̒̓̃̔ ̄̏̒̔̅́̑̒̓Ȥ
̃̏ ̠̏̐̑̆̅̆̌̌̏ ̘̆̓̋̏ȡ ́Ɋ ̙̝̑́̈̑̆̉̓ ̝̎̏̑̍́̌̎̏̆ ̑́̈̃̉̓̉̆ ̖̓̆ ̏̓̑́̒̌̆̊ ̋̔̒̓́̑Ȥ
̎̏̄̏ ̐̑̏̉̈̃̏̅̒̓̃́ȟ ̜̋̏̓̏̑̆ ̎̆ ̍̏̄̔̓ ̝̋̏̎̋̔̑̉̑̏̃́̓ ̒ ̄̏̒̔̅́̑̒̓̃̆̎̎̏̊ ̐̑̏Ȥ
̜̙̝̟̍̌̆̎̎̏̒̓Ƞ ̂Ɋ ̎̆ ̝̐̏̍̏̄́̓ ̟̑́̈̃̉̓̉ ̏̓̑́̒̌̆̊ ̋̔̒̓́̑̎̏̄̏ ̐̑̏̉̈̃̏̅̒̓̃́ȟ 
̟̖̋̏̎̋̔̑̉̑̔̉̚ ̒ ̄̏̒̔̅́̑̒̓̃̆̎̎̏̊ ̜̙̝̟̐̑̏̍̌̆̎̎̏̒̓ ̝̃̐̌̏̓ ̅̏ ̠̐̑̆̋̑́̆̎̉̚ 
̖̉ ̠̝̅̆̓̆̌̎̏̒̓̉Ȣ ˟́̋̏̆ ̙̑̆̆̎̉̆ ̜̂̌̏ ̠̐̑̉̎̓̏ ̃ ̠̎̏̂̑̆ ρωςχ ̄̏̅́ ̎́ III  ̛̒̆̈̅̆ 
˗˜ ɉ̂Ɋ ˠ̈̂̆̋̉̒̓́̎́Ȣ 

˜̏ ̒̔̆̒̓̃̔̚ ̞̓̏ ̜̂̌ ̐̑̉̄̏̃̏̑ ̠̅̌ ̝̙̂̏̌̆̊ ̘́̒̓̉ ̑̆̍̆̒̌̆̎̎̉̋̏̃ȟ ̐̏Ȥ
̝̒̋̏̌̋̔ ̏̎̉ ̜̂̌̉ ̠̜̈́̎̓ ̉̍̆̎̎̏ ̃ ̟̖̋̏̎̋̔̑̉̑̔̉̚ ̒ ̄̏̒̔̅́̑̒̓̃̆̎̎̏̊ ̐̑̏Ȥ
̜̙̝̟̍̌̆̎̎̏̒̓ ̠̏̓̑́̒̌̍̉ ɀ ̝̓̆̋̒̓̉̌̎̏̊ȟ ̋̏̇̆̃̆̎̎̏̊ȟ ̐̉̆̃̋̔̒̏̃̏̊̚Ȣ ˟́̋ȟ 
ρωςω ̄̏̅̔ ̃ ̝̓̆̋̒̓̉̌̎̏̍ ̐̑̏̉̈̃̏̅̒̓̃̆ ̜̂̌̏ ̠̈́̎̓̏ σψȟτ ̗̐̑̏̆̎̓́ ̖̃̒̆ ̋̔̒̓́Ȥ
̑̆̊ȟ ̃ ̋̏̇̆̃̆̎̎̏-̏̂̔̃̎̏̍ ɀ ςπȟφ ̗̐̑̏̆̎̓́ȟ ̐̉̆̃̋̔̒̏̃̏̍̚ ɀ 23,ρ ̗̐̑̏̆̎̓́ ɍυɎȢ ˕ 
̖̉ ̒̔̆̒̓̃̏̃́̎̉̆̚ ̃ ̗̋̏̎̆ ςπ-̖ ̄̏̅̏̃ ̛̠̠̝̏̂̒̎̌̏̒ ̝̓̏̌̋̏ ̘̝̟̎̆̅̏̒̓́̓̏̎̏̒̓ ̉ 
̅̏̑̏̄̏̃̉̈̎̏̊ ̓̏̃́̑̏̃ ̃ ̄̏̒̔̅́̑̒̓̃̆̎̎̏̊ ̓̏̑̄̏̃̌̆ȟ ́ ̃ ̟̐̏̒̌̆̅̔̉̆̚ ̜̄̏̅ ̂̔̑Ȥ
̎̏̆ ̝̒̓̑̏̉̓̆̌̒̓̃̏ ̠̐̑̆̅̐̑̉̓̉̊ ̝̓̆̋̒̓̉̌̎̏̊ȟ ̙̝̆̌̋̏̍̏̓́̌̎̏̊ȟ ̋̏̇̆̃̆̎̎̏̊ ̉ 
̅̑Ȣ ̏̓̑́̒̌̆̊ ̌̆̄̋̏̊ ̐ ̜̙̑̏̍̌̆̎̎̏̒̓̉ ̐̑̉̃̆̌̏ ̋ ̐̏̌̎̏̍̔ ̟̑́̈̏̑̆̎̉ ̋̔̒̓́̑̆̊Ȣ  

˝̆̍̆̒̌̆̎̎̉̋̉ ̍̏̄̌̉ ̜̂ ̝̒̓́̓ ̘̉̒̓̏̎̉̋̏̍ ̗̜̖̋̃́̌̉̉̉̑̏̃́̎̎̕ ̋́̅̑̏̃ 
̠̅̌ ̟̠̒̏̈̅́̆̊̒̚ ̜̙̐̑̏̍̌̆̎̎̏̒̓̉ȟ ̓Ȣ̋Ȣ ̒̃̏̆̊ ̐̑̏̉̈̃̏̅̒̓̃̆̎̎̏̊ ̠̝̅̆̓̆̌̎̏Ȥ
̝̟̒̓ ̔̇̆ ̜̂̌̉ ̜̐̏̅̄̏̓̏̃̌̆̎ ̋ ̠̟̃̏̒̐̑̉̓̉ ̘̖̑́̂̏̉ ̗̝̒̐̆̉́̌̎̏̒̓̆̊Ȣ ˚̏ ̐̏̌̉Ȥ
̓̉̋́ ́̅̍̉̎̉̒̓̑́̓̉̃̎̏̄̏ ̎́̇̉̍́ ̉ ̠̎̆̐̑̏̅̔̍́̎̎́ ̒̉̒̓̆̍́ ̝̐̑̏̆̒̒̉̏̎́̌̎̏̊̕ 
̐̏̅̄̏̓̏̃̋̉ ̗̜̖̋̃́̌̉̉̉̑̏̃́̎̎̕ ̘̖̑́̂̏̉ ̗̝̒̐̆̉́̌̎̏̒̓̆̊ȟ ̋̏̄̅́ ̘̏̂̔̆̎̉̆ ̃ 
̙̖̋̏̌́ ˡˠ˔ȟ ̜̖̑̆̍̆̒̌̆̎̎ ̘̖̔̉̌̉́̚ȟ ̝̜̖̐̑̏̆̒̒̉̏̎́̌̎̕ ̖̋̔̑̒́ ̜̂̌̏ ̘̑́̒̒̉̓́Ȥ
̎̏ ̝̓̏̌̋̏ ̎́ ̝̍̏̌̏̅̆̇ȟ ̎̆ ̒̐̏̒̏̂̒̓̃̏̃́̌̉ ́̋̓̉̃̎̏̍̔ ̘̟̃̏̃̌̆̆̎̉ ̑̆̍̆̒̌̆̎̎̉Ȥ
̋̏̃ ̃ ̜̙̐̑̏̍̌̆̎̎̏̆ ̐̑̏̉̈̃̏̅̒̓̃̏Ȣ 

˞ ̗̋̏̎́ ςπ-̖ ̄̏̅̏̃ ̅́̃̌̆̎̉̆ ̎́ ̑̆̍̆̒̌̆̎̎̉̋̏̃ ̠̔̒̉̌̉̃́̆̓̒ȟ ̘̠̎́̉̎́̆̓̒ 
̗̐̑̏̆̒̒ ̖̉ ̍́̒̒̏̃̏̄̏ ̠̑́̈̏̑̆̎̉ȡ ̘̝́̒̓ ̖̔̏̅̉̌́ ̃ ̝̒̆̌̒̋̏̆ ̖̠̏̈̊̒̓̃̏ȟ ̘̝́̒̓ ̐̏Ȥ
̠̐̏̌̎̌́ ̠̜̑̅ ̘̑́̂̏̆̄̏ ̋̌́̒̒́ȟ ̂̏̌̆̆ ̘̝̠̈̎́̉̓̆̌̎́ ̘̝́̒̓ ̝̃̌̉̃́̌́̒ ̃ ̠̜̑̅ ̂̆̈Ȥ
̜̖̑́̂̏̓̎Ȣ ˢ̠̏̓ ̉ ̃ σπ-̆ ̜̄̏̅ȟ ̃̏̐̑̆̋̉ ̃̒̆̍ ̠̓̑̔̅̎̏̒̓̍ȟ ̖̠̏̈̊̒̓̃̆̎̎̏-
̝̠̐̑̏̉̈̃̏̅̉̓̆̌̎́ ̠̝̝̅̆̓̆̌̎̏̒̓ ̑̆̍̆̒̌̆̎̎̉̋̏̃ ̝̐̑̏̅̏̌̇́̌́̒ȟ ̘̠̏̂̆̒̐̆̉̃́ 
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̎́̒̆̌̆̎̉̆ ̖̜̎̆̏̂̏̅̉̍̍̉ ̓̏̃́̑́̍̉Ȣ ˚̏ ̖̉ ̠̐̑̏̉̈̃̏̅̒̓̃̆̎̎́ ̠̝̝̅̆̓̆̌̎̏̒̓ ̔̇̆ 
̙̌́ ̎́ ̜̝̔̂̌Ȣ  

  
˞̐̉̒̏̋ ̜̌̉̓̆̑́̓̔̑ȡ 
 

1. ˗́̑̉̍̏̃ ˕ȢˍȢ ˠ̈̂̆̋̉̒̓́̎ ̄̏̒̔̅́̑̒̓̃̏ ̒ ̃̆̌̉̋̉̍ ̂̔̅̔̆̍̚Ȣ ˟̙́̋̆̎̓ȟ ˠ̈̂̆̋̉̒̓́̎ȟ 
ρωωσȟ ̒Ȣ χωȢ 

2. ˗́̑̉̍̏̃ ˕ȢˍȢ ˠ̈̂̆̋̉̒̓́̎ȡ ̒̃̏̊ ̝̐̔̓ ̠̏̂̎̏̃̌̆̎̉ ̉ ̐̑̏̄̑̆̒̒́Ȣ ˏ ̋̎Ȣȡ ˠ̈̂̆̋̉̒̓́̎ȡ 
̗̝̠̎́̉̏̎́̌̎́ ̝̎̆̈́̃̉̒̉̍̏̒̓ ̞̋̏̎̏̍̉̋̉ȟ ̐̏̌̉̓̉̋́ȟ ̠̉̅̆̏̌̏̄̉Ȣ ˟̙́̋̆̎̓ȟ ρωωσ̄Ȣȟ 
̒Ȣ χω 

3. ˕̓̋̉̎ ˍȢ ˗̔̒̓́̑̎̏-̜̠̐̑̏̍̒̌̏̃́ ̗̠̋̏̏̐̆̑́̉ ̃ ˞̑̆̅̎̆̊ ˍ̈̉̉ ̋ ̗̋̏̎̔ ρωςφ-ςχ̄̄ 
// ˚́̑̏̅̎̏̆ ̖̠̏̈̊̒̓̃̏ ˞̑̆̅̎̆̊ ˍ̈̉̉ȟ ρωςχ̄Ȣȟ Ο ρπ-ρςȟ ̒Ȣ ρπυ 

4. ˗̝̜̏̎̓̑̏̌̎̆ ̗̜̉̑̕ ̎́̑̏̅̎̏̄̏ ̖̠̏̈̊̒̓̃́ ˞̑̆̅̎̆̊ ˍ̈̉̉ ̎́ ρωςω-ρωσπ̄Ȣ ˟̙́Ȥ
̋̆̎̓ȟ ρωςω̄Ȣȟ ̒Ȣ φφȢ 

5. ˣːˍ ˝ˠ̈ȟ ̕Ȣ ˝-ψσχȟ ̏̐Ȣ ψȟ ̅Ȣ τχφȟ ̌Ȣφ 
 

΄ ˝Ȣ˙Ȣ ˍ̖̍̆̅̏̃́ȟ ˡȢˍȢ ˍ̅̉̌̏̃ȟ ςπρφ 
 

 
UDC 94 (575) (093) 

 
TRAINING OF SPECIALISTS IN THE FIELD CRAFT PRODUCTION  

IN THE 20 YEARS OF THE TWENTIETH CENTURY 
 

R.M. Axmedova, F.A. Adilov  
 

Abstract.  The information about the role and place of training in the industry craft pro-
duction in the 20 years of the twentieth century. Reveals the roots of many of the negative phe-
nomena in the economic and cultural life of the Republic of Uzbekistan. 

Keywords : architect, engineer, trade relations, leather, frame, specialist, craft produc-
tion. 
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ˠˑ˗ ωτ ɉυχυɊ 
ˍ˙˕˝ ˟˒˙ˠ˝˚˕˚ː ˎˠ˚˳ˑ˗˛˝˘˕˗ ˡˍ˛˘˕ˬ˟˕  

פ̞˘ˍ˟ ˝ˍ˘ˍˎ˚ˍ˙ ˚˕ˑˍ 
 

˥Ȣ˥Ȣ ˥̠́̋̔̂̏̃1ȟ ˡȢˍȢ ˍ̅̉̌̏̃2 
 

ˍ̗̠̎̎̏̓́̉ 
 

ˠ̙̂̔ ̍́̏ץ ̌́ ̟̂̔̋ ̖̓́̑̉̉̊ ̙̖́̒ȟ ̅́̃̌́̓ ́̑̂̏̂̉ȟ ˙́̑̋́̈̉̊ ˛̧̒̉̅́ 
̙̍́̑̋́̈̌́̄́̎ ̅́̃̌́̓̎̉̎̄ ̧̒̉̒̉̊ȟ ̉̓ץ ״̉ ́̓̓́̋ ̙́̄̉̉̎́̌̇̏̃̉̑ ̊̉̅̏̒̉ ̒̒́ 
ץ̰ ץ̉́̎̃́̑ ̛̘̋̉̌̉̑̏̍̆̍ ̉̄́̅̉̑̃́̅ ̑̔̍̆˟ ̑̉̍ˍ ̙̎́̄ ס̉́̂ ́̄ ̙̌́̎̄́̎Ȣ  
 

˗́̌̉̓ ̰̒̈̌́̑ȡ ̟̂̔̋ ̙̖́̒ȟ ̅́̃̌́̓ ́̑̂̏̂̉, ̖́̑̂̉̊ ̙̂̏̌̉ץ̉̓ ,ץ ̉̒̏̅̉̊ȟ ̧̒̉̒̉̊ȟ 
̍́̅́̎̉̊ ̙̑̉̃̏̇̌́̎̉, ̍ ̙́̑̋́̈̌́̄́̎ ̅́̃̌́̓. 

 

ץ̏ ̈̉ ́̓̓́̋ ̖́̅̉̉̑́̓ ̠̓̉̎̏̒̎˕ ̌̅̉̑̄́̎ȟ ̧̓̉̑̉̋̌̉̄̉̅́ץ ˞ ״̏̉ ץ̂̉ ̑̏̎ ̠̅̆ 
ס̔̌̌̔ ́̎̄́̎ȟ ̏̎́ ˏ́̓́̎̉̎̉ ̘̆̓ ̞̌̌̉̋ ̘̂̏̉ץ ץ̉ ̈̏ ̘̎́̅̑́̌̉̎ ״̉ ̎́̋̌̔ ̙́̄̉̌ ̒̒́ 
ץ̰ ̙̄́̎ȟ ˙́̑̋́̈̉̊ ˛̧̒̉ ̖́̌̌ץ ץ̓̉ ̄̎̉̎̉̑́ ̉̒̏̅̉̊ȟ ̧̒̉̒̉̊ ̃́ ̛̍́̎́̃̉̊ 
ס̏̏̐ ̟̋́̒̋ ̧̉̎̉̓ץ̉ץ́̑́̓ ̎́̄́ ̰̋̓́̑̄́̎ȟ ̔̍̔̍̇́̏״ ̎ ̖̓́̑̉̉̎̉̎̄ ̟̂̔̋ ̒̉̊̍̏̒̉ȟ 
̆̓̔̋ ̅́̃̌́̓ ́̑̂̏̂̉ȟ ̉̌̍-́̎̕ ̏״ ̍̉̊̒̉ ˍ̍̉̑ ˟̆̍̔̑ ̙̖́̒̉ ˼̈̂̆̋̉̒̓̏̎ 
ץ̉́̓̒̔̍ ̓́̌̃́̅ ̉̒́̋̉̌̂̔̐̒̆˝ ץ̰ ̄̎̉̎̉̄̉̌̌ ץ́ ̉̌̊́̔̓̕ ̙̉̌̉̓̉̑̉̋ ́̄̌ ̊̓́ 
̓̉̋̌́̎̅̉Ȣ 

˼̈̂̆̋̉̒̓̏̎ ˝̆̒̐̔̂̌̉̋́̒̉ ˜̑̈̉̅̆̎̓̉ ˕̒̌̏̍ ˗́̑̉̍̏̃ ρωωσ ̊̉̌ σρ ́̃̄̔̒̓ 
״̙̑́ ̙̓̎̆̋̏˟ ̉̎̔̋ ״́ ̧̋̉̌̑̏̄̅ ̑̔̍̆˟ ̑̉̍ˍ ́̅̉ ̊̋́̌̉̎̉̎̄ ̘̙̏̉̌̉ ̍́̑̏̒̉̍̉̅́ 
Ȱˠ̈̏ץ̖̉̌́ ̘̎́̄̑̉̆̋ ̎̔̋ ́̅̉̒́̇̎́̋̒̉ ́̋́̌̍́̓̒̔̍ ́̅̉̎̊́̂̏̍ ̑́̌̌̉̊ ץ ̍̉̈ ̰̈ 
ץ́ ̙̉̎̉̏̅̎́̓́̃ ̙̅̑̌́ȟ ̔̎̉̎̄ ̖̓́̑̉̉̊ ̍́̃̆ץ ץ̰ ̰́̄̎̉̑ ̂̉̒̏̎̔̍ ̉̎̉ ̙̊̉ 
״̑́̍ ̎́̅̉̎̏̋̍̉ ̔̍ ̞̅̉Ȣ  

ץ̏ ̎́̅̉̑́̌́̕״̉́̒ ̖̈̉̍̉̉̑́̓ ̉̍̏̎ ̑̔̍̆˟ ̑̉̍ˍ  ȟ̘̰̉̅̌̉̑̉ ̎́̌̉̂ ץ̧̰̂ ́̑
״̋́̍ ̙́̄̉̌̉̓̔̎̔ ̔̍ ̞̓̉̌̅̉Ȣ ˙́̒ץ ́̅ȟ ̖́̌̉ץ ̍̉̈ ̟̑́̄̉̅́̎ ̍̉̌̌̉̊ ̏̎̄ȟ ̍̉̌̌̉̊ 
ס̔ ס̔̊̔̓ ̑̔̑ ץ̰̏̊ ̉̎̉̒ ̙̓̉ȟ ̔̎̉ ́ץ ̑́̍̌̉̋̋́ ̓̏̂̆̌̉̋̋́ ̰̙̋̎̅̉̑̉ ̞̅̉Ȣ ˘̆̋̉̎ 
ץ̖̉̌́ ̰̋̆̂̈  ̰̈ ́̇̅̏̅̌́̑̉̎̉ȟ ̰̈ ̂́̏״ ̅̉̑̌́̑̉̎̉ ̔̎̔̓̍́̅̉ȟ ́״ ̙̍̉́ ̟̑́̄̉̅́ȟ 
ץ́ ץ̰ ̂̌ ץ̌́̒ ́̅̉̑ ́̅̉ȱȟ ̠̅̆ ̛̞̓̉̑̏̕ ̞̓̄́̎ ̞̅̉Ȣ 

״̑́̎̎̔̏̑́̃̏˙ ̑̔̍̆˟ ̑̉̍ˍ ס̰̔̍ ̉̎ ̌̌́̑ ̉̒̓̉̂̅̏̅̉̅́̎ ̏̈̏̅ ̞̙̓̉ ̂̉̌́̎ 
ץ́ ̑̉̂ ̓̏̑̅́ ̍́̍̌́̋́̓̎̉ ̙̂̉̑̌́̓̉̑̅̉ȟ ̔̎̉̎̄ ̛̍́̎́̃̉̊-̍́̅́̎̉̊ ̔̊̏ס ̙̎̉̉ ̃́ 
ץ̉́̎̃́̑ ̅́ ̠̎̄̉ ̂̉̑ ̅́̃̑̎̉ ̃̔̇̔̅̄́ ̋̆̌̓̉̑̅̉Ȣ ˟̔̑̋̉̒̓̏̎ ̖̓́̑̉̉̎̉̎̄ 
̂̉̌̉̍̅̏̎̉ ́̋́̅̆̍̉̋ ˏȢˏȢˎ̝́̑̓̏̌̅ ˍ̍̉̑ ˟̆̍̔̑̎̉̎̄ ̧̂̔̎̅̋̏̑̌̉̋ ̠́̏̌̉̓̉̄́̕ 
״́̏̂  ̂̆̑̉̂ȟ Ȱˎ̧̔̎̅̋̏̑̌̉̋ ̠́̏̌̉̓̉̕ ́״ ס̔̈̔̂ ̍ ץ̌́ ̉̑́̄̎̉̒ ̙̉̑́̌̉ ̘̋̉̌̉̎ ̌́̑̎̉ 
ץ̏ ̌̏̌ ̌̅̉̑́̅̉ȢȢȢ ˥̔ ̎́̑̒́ ́̎̉̋ץ ̉ȟ ̍̔̒̔̌̍̏̎ ̛̘̍̆̍̏̑̉̌̉̄̉ ̖̓́̑̉̉̅́̄̉ ̞̎̄ 
ס̏̌̂ ̎́̌̉̂ ̉̍̏̎ ̉̑́̌̅̏̌̃́ ̄̎̉̎̔ ́̃ ̑̔̍̆˟ ̉̑̉̂ ̎́̅̑́̌̑̃́̅ ̙̖̠̉ ץ̉̅ ̉̑ȱȟ ̠̅̆ 
̛̓́̋̉̅̌́̊̅̉ ɍσɎȢ  

ץ̆̏̃ ̉̄́̅̉̑̃́̅ ̑̔̍̆˟ ̑̉̍ˍ ״̉̏̃̔̄ ̄̎̉̎̑́̌́  ˕̂̎ ˍ̙̖̑́̂̏ ̛̘̍̆̍̏̑̉̌̉̋ 
ץ́ ץ́̑́̍́˞ ̉̎̉̄̉̌̎́̄̎́̌̇̏̃̉̑ ́̇́̑́̅ ̊ ̎̅̅́̄̉ ˍ̍̉̑ ˟̆̍̔̑ ̛̇̏̍̆ 
̍́̒̇̉̅̉̎̉̎̄ ̂́̌́̎̅ ̍̉̎̏̑́̌́̑̉̅́̎ ̠̎̄̑́̄́̎ Ȱ˛̂̉̅́̌́̑̉̍̉̈ ɉ́̃̌̏̅̌́̑̄́Ɋ 
̂̉̈̎̉̎̄ ̋̉̍̌̉̄̉̍̉̈̅́̎ ̅́̌̏̌́̓ ̂̆̑́̅̉ȱ ̅̆̄́̎ ̛̅́̃́̓ ̂̉̌́̎ ̂̏̌ס ́̂ 
̛̓́̑̉̌́̊̅̉̕ ɍτɎȢ  

ץ̙́́̓ ̧̎́̅̉̒˛ ̊̉̈́̋̑́˙ ̖́̅̉̑̉̏ ̑̒́ 6(8 ץ̉ˬ ̎̔̓̔̂ ̉̑  ́̓̑˼ ́̃ ץ̑́˥ ̎
ץ̑̎́˥ ̉ȟ ̉׳ ״́̑́̒ ́̅̑˼ ̎̉̓̌˛ ́̃ ̎̏̓̒̉̅̎ ץ́ ̉̎̉̑́̌̅ ̍̑́̄́̎ ̧̂̆̐̏̎ ̒́̌̓́̎́̓ 
̂́̑̐̏ ̞̓̉̌̅̉Ȣ ˍ̍̉̑ ˟̆̍̔̑̎̉̎̄ ̧̒̉̒̉̊ ̍́̊̅̏̎̄́ ̋̉̑̉̂ ̙̋̆̌̉̉ȟ ̔̎̉̎̄ ́״ ̑̂̉̊ 
ס̘̉̏ ̙̟̉̑́̌̉̑ ״̔ ́̃ ̑́̌́̓̒̔ ̰̂́̌̐̋ ́̅ ״̑́̎̎̔̏̑́̃̏˙ ̑́̌̅̎́̍̑́̎ ̄́ ̰̘̋̉̑̉̂ 
̋̆̌̓̉̑̉̌̅̉Ȣ 8)6 ́̒̑̎̉̎̄ ̘̉̋̋̉̎̉ ̠̑̍̉̅́ ̍́̍̌́̋́̓̅́̄̉ ̉̓ץ ̉̒̏̅̉̊ȟ ̉̇̓̉̍̏̉̊ 
״́ ״̙́́ ̙̉̎́̌̇̏̃̉̑ ̊̉̎́̅́̍ ́̅̍  ḩ̌́̄̉̓ץ̉ץ́̑́̓ ̎̉̓̆̋-̎̉̑̉̂ ̄̎̉̎̑́̌̑
ץ́̑́̍́˞ ̎̅̎̉̎̄ ̔̌̋́̎ ̒́̌̓́̎́̓̎̉̎̄ ̖̐̏̊̓́̓̉̄́ ̙́̊̌́̎̉̉̄́ȟ ̛̘̍̆̍̏̑̉̌̉̋ ̃́ 
  Ȣ̰̉̅̌̂ ̉̋̓̑̔̓ ̧́̄̉̓ץ̉ץ́̑́̓ ̟̋́̒̋ ̛̄̎̉̎̓́̎́̒

˙̙́̑̋́̈̌́̄́̎ȟ ̍̔̒̓́̉ץ ̌ ̅́̃̌́̓ ̘́̒̏̒̉̒̉ȟ ̍́̍̌́̋́̓̅́ ̉̓ץ ̧̉̒̏̅̉̓ ̃́ 
ץ̉́̎̃́̑ ̠̓̉̎́̅́̍ ״́ ̄̎̉̎̑̔̍̆˟ ̑̉̍ˍ ̎́̄̌̏̒ ̒̏̒́ ́̄ ̧̓̉̊ ̠́̏̌̉̓̉̎̉̕ ́̋̒ 
̞̓̓̉̑̄́̎ȟ ́̒̏̒̉̊ ̏ץ ̉̅́̌́̑ȟ ̎̉̈̏̍̌́̑ȟ ̓́̍̏̊̉̌̌́̑ ̍̔̇́̒̒́̍ ̰̂̌̄́̎ Ȱ˟̆̍̔̑ 
̓̔̈̔̋̌́̑̉̅́ȱ ȰȢȢȢ̙́́״ ̑̌́̑̅́ ̍́̒̇̉̅̌́̑ȟ ̍́̅̑́̒́̌́̑ȟ ̖̏̎́̏ץ ̌́̑ȟ ̰̊̌̌́̑̅́ 

                                                           
1˥̠́̋̔̂̏̃ ˥̏̍́̎̒̔̑ ˥̘́̋́̂̉̌̏̃̉ ɀ ̟̈́̃̆̅̔̉̊̚ ̋́̆̅̑̏̊̕ Ⱥ˕̠̒̓̏̑̉ ˠ̈̂̆̋̉̒̓́Ȥ

̎́Ȼȟ ˟̙́̋̆̎̓̒̋̉̊ ̜̉̎́̎̒̏̃̊̕ ̉̎̒̓̉̓̔̓ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 
2ˍ̅ ̉̌̏̃ ˡ̖́̑̏̅ ˍ̘̂̅̔̃́̌̉̆̃̉ ɀ ̙̒̓́̑̉̊ ̝̐̑̆̐̏̅́̃́̓̆̌ ̜̋́̆̅̑̕ Ⱥ˕̠̒̓̏̑̉ ˠ̈̂̆Ȥ

̋̉̒̓́̎́Ȼȟ ˟̙́̋̆̎̓̒̋̉̊ ̜̉̎́̎̒̏̃̊̕ ̉̎̒̓̉̓̔̓ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 



˕̘̒̓̏̑̉̆̒̋̉̆ ̎́̔̋̉ 

 

66 

ץ̔ ̰̑́̌̋̉̑̐̋ ́̅̉̓̒̔ ̧̑́̌̑́̅ ́̃ ̑́̌̊̏̑́̒̎̏̃̑́̋  ȢȢȢ̍̉̅̑̆̂ ץ̔̑̊̔̂ ץ́ץ̏̍̑
˙ ״̔́ ̎̅̉̒̌́̑ ɉ̛̍̆̍̏̑̌́̑Ɋ ̍̆̎̉̎̄ ̘̔̔̎ ̔̌̔̃ס ̏̑ ̉̍̏̑́̓̌́̑̎̉̎̄ ̃́ ̍̆̎̉̎̄ ̘̔̔̎ 
ץ̰́̓ ̖̑́̌̓́̑́̅ ̰̍̉̈ ̈̄́̎ ̂ ס̏̌ ״̌̑́̓ ̄̎̉̎̑́ ́̑̉̎̉ ̘̉̈̉̂ ̂̆̑̅̉̌́̑ȱ ̅̆̊̉̌́̅̉ ɍυɎȢ 

8)6 ́̒̑ ̃́ 86 ́̒̑ ̙̂̏̌́̑̉̅́ ˙́̑̋́̈̉̊ ˛̧̒̉ ̛̍̆̍̏̑̉̊ ̙̉̎̏̏̓̌́̑̉ 
״̏́̒ ץ́ ́̅̉̒ ̒̑̂̏̐ ̙̉̎̏̏̓̌́̑ ɀ ̒́̑̏̊̌́̑ ̃́ ̰̙̋̋̌́̑ȟ ̉̇̓̉̍̏̉̊ ̛̘̍̆̍̏̑̉̌̉̋ 
̙̉̎̏̏̓̌́̑̉ ɀ ̙̋̉̉̌́̑̎̉̎̄ ̔̊̌́̑̉ȟ ́ץ ״̋̆̓̒̉ ̛́̌ ̏̍̌́̑̉ȟ ̂̏̈̏̑ ̔ץ ̙̑̉̌̉̌́̑̉, 
״́ ̍̍̏̍̌́̑ȟ ̒̔̃ ̏̍̂̏̑̌́̑̉ȟ ̏״ ̃̔̈̌́̑ȟ ̍́̒̇̉̅̌́̑ȟ ̖̏̎́̏ץ ץ̂́̍ ́̃ ̑́̌ ́̑́̌́̑ 
̧̂̔̎̅ ̞̓̉̌̅̉Ȣ  

ˎ ס̏̌ ́̑̎̉̎̄ ̙̓́̋̉̌ ̞̙̓̉̌̉̉ ̙̍́̉̉̊ ̛̘̍̆̍̏̑̉̌̉̋ ̂̉̌́̎ ̂̆̃̏̒̉̓́ 
ץ̏́̌́ ̅́ ̰̂̌̄́̎Ȣ 8)6-86 ́̒̑̌́̑̅́ ˞́̍́̑́ץ ״̙́́ ́̅̉̄́̑́̃̆̓ ̅̎ ץ̙́́̓ ̎́̅̑ ̑̉̅́̄̉ 
ץ́ ס̌̏̂ ̉̌̓́̑̏̍̉ ̑̒ ץ̖́̌́ ̑́ ̒̉ ̃̔̇̔̅̄́ ̋̆̌̅̉Ȣ ˟̖́̑̉̉̊ ́̒́̑̌́̑̅́ ̘́̎́ ̙̍́̔״ ̑ 
ס̏̌̂ ́̑ ̓̉̌̄́ ̏̌̉̎́̅̉ȡ ˎ̏̉ס ץ̙́˚  ״̏́˓ ̉ ̎ȟ ˎ̏̉ס ״̉̆ˎ  ̙̓ȟ ˎ̏̉ס  ˑ̙̉̌̋̔̏ȟ ˎ̏̉ס  
ˤ̉̎̏̑ȟ ˎ̏̉ס ״́̏˓  ״̏ ́̃ ̏̍́̎̎ ̋́̈̏̌́̑Ȣ ˕̠̒̐́̎̉ ɉ˗̠́̒̓̉̌̉Ɋ ̞̘̌̉̒̉ ˝̔̉ ː̏̎̈́̌̆̒ 
̅̆ ˗̖̌́̃̉̏ ρτπτ ̊̉̌̎̉̎̄ ̋̔̈̉̅́ ˞́̍́̑́ץ ץ̉״́ ̅̎ ̅́ ȰȢȢȢ̂̔ ̆̑̅́ ̂̏̌̑́ס ̃́ 
ץ́ ̙̔ ̑́̌̑̏̈̍̔̈̔ ̅́̑ ̰̋̐̋̉ȟ ̙́́״ ̑̄́ ̋̉̑̉̂ ̧̋̆̌́̓̄́̎ ̐́̊̓̅́ ̂́̌́̎̅ ɀ ̂́̌́̎̅ 
״̙́́ ̰́̅̉̒́̓̑ ̄̎̉̎̔ ́̃ ̰̉̎̑̏̈̎̏̍̑ ̎́̄̌̆̋ ̧́̄̅̎̔̂ ̖̎́̅̑́̌̓́̑́̅ ̑̎̉̎̄ ̰̈̉̎̉ 
̰̋̑́̒́̎ȱ ɍφɎȟ ̠̅̆ ̧̈́̅̉Ȣ 

״̏̉˞ ץ̂̉ ץ̏ ̋̉̅̎̉̋ ̄̎̉̎̑̔̍̆˟ ̑̉̍ˍ ̎̏̑ ̎̉ ̰̓̋̉̌̄́̎ȟ Ȱ̔פ ̂̂́̓̔̌ ̉̌̍ ̃́- -̌
́̅́̂ȱȟ ̛̠̎̉ Ȱ˕̌̍ ̃́ ́̅́̂ ̇́̍̌́̎̄́̎ ̛̍́̃̏ȱ ̠̅̆ ̎̏̍̌́̎̄́̎ ́ץ ״̙̑́ ̙̆˗ ̊̉̍̉̅ ̉ 
ɉ˥̑́״ ̉̒́̂̈Ɋ̄́ ρτπτ ̊̉̌̅́ ˕̠̒̐́̎̉ ̞̘̌̉̌́̑̉ Ȱ̋́̓̓́ ̙́́״ ̑ȱ ̠̅̆ ̛̓́̑̉̕ ̂̆̑̉̂ȟ 
Ȱ˗̙̆ ́״ ס̧̉ ́̍̍ ס̏̔̒ ̎́̅ ץ̌̉̑́ ̙̉̑ ́̑̉ ̋̆̒̉̂ ̰̓́̅̉̄́̎ ̃́ ̖̅́̑́̓̌́̑ ̂̉̌́̎ 
ץ̏ ̐̌́̎̄́̎ ̓̆̋̉̒̌̉̋̅́ ̙̇̏̊̌́̄́̎Ȣ ɉ˥́́״ ̑̎̉Ɋ ̉ץ ץ̙̏̌̌ ס̌̏̂ ́̃ ̑́ ץ̔ ̑́ ̙̑́̂ 
̓̔̑́̅̉ȟ ́̓̑̏̅́̕ ̞̒́ ̰̋̐̌́̂ ̄́̃̇̔̍ ̉ץ ץ̙̏̌̌ ́̑ȟ ́̑̉̌ץ ́̑ȟ ̰̓̌̏̌ץ ́̑ ̰̋̈̄́ 
״̏̉̎ ́̅̉̌̒́̕ ̧̈ ̎̉̍́̈ ̔̂ ́̃ ̧̉̅́̓ ̠̂̉̎́̓̒ ̋̉̌̒̉̋̆̓ ̎́̄̑̔̓ ̙̂̉̎́̌́̓ ̠̓̅́ 
̰̄̈́̌ ̰̂̌́̅̉Ȣ ˞̔̏ס ס̅̔̂ ́̅̑́̌̑̆ ́̍̑ ̏̊ȟ ̔̈̔̍ȟ ̰ס ̈́ȟ ̏ץ ̃̔̎ ̃́ ̔̌̋́̎ ̍̆̃́̌̉ 
̖̅́̑́̓̌́̑ ̰̒́̅̉Ȣ ˥́́״ ץ̘̔̔ ́̃ ̰̎́̄̌́̑ ̎́̌̉̂ ̑̏̃̆̅ ץ̏̑̐̔̓ ̑  ץ̖́̅̎́ ̑
ץ̔) ̙̑́̄́̎Ɋȟ ̅́̑̃̏̈́̌́̑ ̏̌̅̉̅́ ̞̒́ ̏̒̍́ ̰̋̐̑̉̋̌́̑ ̂̏̑ ̞̅̉ȱ ɍχɎȢ  

˥ ״́́ ץ́ ̎́̄̓́̈̔̋ ̎́̌̉̂ ̓ץ́ץ̉̅ ̘̞̉̑́̌̉̌ ̠̉̎́̐̒˕ ̄̎̉̎̑ ̛̌́ ̅̆̃̏̑̌́̑̉ 
ס̉̔̑̊̔̂ ̄̎̉̎̑̔̍̆˟ ̑̉̍ˍ ״̂́̑ ̄̎̉̎̔ ́̃ ̎́̏̎̉̂ ́̄ ́̑̌̉̄̉̅́ ̓̉̋̌́̎̄́̎ ̞̅̉Ȣ 
ˠ̌́̑̎̉̎̄ ̔̈̔̎̌̉̄̉ υ ̋̍ ̰̂̌̉̂ȟ ̓́̑̉״ ״́̉̇ ̊ ̓̅́̎ χχπˢρχσπ ̍ ̰̓̑ס ̉ ̰̓̑̓ 
̘̂̔̑́̋̅́̎ ̓́̑̋̉̂ ̓̏̐̄́̎ȟ ́״ ̑ ̂̉̑ ̓́̑́̉̅́̕ ̰̋̎̅́̌́̎̄ ̔̈̔̎ ̋̔̎̄̉̑́ȟ ̑́̃̏̌ץ ́̑ ɀ 
ץ̔́̂ ̙̎́̄̌̉̑̉̓́̌̑̉̂ ̎́̌̉̂ ̑́̌́̎́̅̎́̅ ́̃ ̙̋́̎̉ ̃̃́̓ ̍̉̎̏̑́̄́ ɀ ̂̔̑̇̌́̑̄́ 
̞̄́ ̅́̑̃̏̈́̌́̑ ̂̏̑ ̞̅̉ ɍψ].  

פ́ ״̙́́ ̠̉̄̎ ̞́̅̉̑́̌̋́̓ ̊̉̂̔̎́̇ ̧̄̎̉̎̂̉̒̏̑̕ˍ ̉̄̍̉̅ ץ́ ̑ ̅ ̑̏̒̓̌́̅̉ ̃́ 
8)6 ́̒̑̎̉̎̄ ̖̏̉̑̌́̑̉̄́ ̋̆̌̉̂ȟ ˟̆̍̔̑ ̈́̍̏̎́̒̉̅́ ̰̄̈́̌ȟ ̄̔̌̌́̂-̠̙̎́̄́̎ ̃́ 
״̙́́ ̍̔̇̃́̄ ̑̄́ ́̊̌́̎̅̉Ȣ ˞́̍́̑́ץ ̎̅ ̅́̃̌́̓ ̖̐̏̊̓́̓̉̄́ ́̊̌́̎̄́̎ ρσχπ ̊̉̌̅́̎ 
״̙́́ ́̓̓́̋ ̰̄̎̒ ̑̒̏̈̌̉̋ ̙̉̌́̑̉ ́̍́̌̄́ ̙̏̉̑̉̌̅̉Ȣ ρσχρ ̊̉̌̅́ ̉ץ ץ̒́  ̍̔̅̅́̓ 
̘̉̉̅́ ̏̌̓̉̓́ ̔̒̓̉ ̍̔̅̏́́̕ ̙̉̎̏̏̓̌́̑̉̄́ ̞̄́ ɀ ̨́״ ̎̉̎ȟ ˡ̆̑̔̈́ȟ ˞̰̈́̎̄́̑̏̎ȟ 
ː̏̈̔̑̉̒̓̏̎ ɉ˗̏̑̉̈̄̏״Ɋȟ ˎ̖̔̏̑̏ ̃́ ˤ̏̑̑́́״  ɉ˥̖́̊̈̏̅́Ɋ ̅́̑̃̏̈́̌́̑̉ ̰̂̌̄́̎ 
̙ ״́́ ץ́ ̑ ץ́ ̉̑́̌̑̏̃̆̅ ̛́̌ ̊̓́̅́̎ ̋̔̑̉̌̅̉ ɍωɎȢ ˕̠̒̐́̎̉ ̞̘̌̉̒̉ ˗̖̌́̃̉̏ ̘̂̉̈̄́́ 
ץ̉ ̅̉̏ ̙́̄̑́̌̓̏̏̎̉ ̛̊̉̑̏̍̆̍ ̉̂́̋ ̙̔ ̎́̄́̍̌̆̋ ̂̉̓̆ ץ̒́ ̘́ ̓́̃̒̉̌́̑̕ ̧̈̉̂ 
ץ̏ ̌̅̉̑̄́̎Ȣ 

״̙́́ ̖̓́̓̊̏˜ ץ̉ ́̅̑ ץ̒́ ץ̙́̏̂ ̉̎̓́̋́̌̍́̍ ̓́̒̑̔̕  ̑̄́̎ ̓̆̍̔̑̉̊̌́̑̅́̎ 
״́̉˔ ״́̔˙ ̎̉̅̅̉̑ ̍̍́̅ ˎ̏̂̔̑ ̖̓́̍̉̎́̎ ̟̈ ̊̉̌̅́̎ ̰̒̎̄ ̰̈ ̞̒̅́̌̉̋̌́̑̉̅́ 
ץ́̑́̍́˞ ״̏̉̎ ̉̎̅̎ ״̙́́ ̅̏̂̏ ̠́̅̓ ̑ ̒̉́̓̉̅́̕ ̛̓́̑̉̌́̄́̎̕Ȣ ˠ ̧̈́̅̉ȡ Ȱ˞́̍́̑́ץ ̎̅ 
 ̍̔̒̃́̍ ̰́̄̊̏̑́̒̋˗ ȟ ̰̓̑̓ ̧̙̏̎̌̉̋Ȣ̑̔̅̂̉̌̏̒ ̙̰̋̋ ̑̉̂ ס̔̌̔ ̋̆̂̑̔̍̆˟ ́̅̉̋̉̑́
״̙̔́̍ ́̃ ̑ ̃́ ̏̌̉̊ ̉̍̏̑́̓̅̔̑ȱ ɍρπɎȢ ˞́̑̏̊ ́̓̑̏̉̎̉̕ ̞̒́ ̰̄̈́̌ ˎ̰̒̓̏̎̒́̑̏̊ ̂̏̉ס  
ץ̔ ̙̑́̂ ̓̔̑̄́̎Ȣ 

ץ́̑́̍́˞ ״̙̑́ ̅̎ ץ̔ ̄̎̉̎̉̅̉̇̒́̍ ̛̆̍̏̇ ̖̍̉̎̏̉̂̉ˎ ̉̄́̅̉ ̙̑̉̌̉̉ ρσωω 
̊̉̌ ρρ ̍́̊̅́ ˍ̍̉̑ ˟̆̍̔̑ ̉׳ ץ́ ̙̟̎́̅̉̉̑ ̎́̅̎̏̓̒̉̅̎ ̊̓̄́̎̅́ ̙̂̏̌́̎̄́̎Ȣ 
ץ̌̉̅̒́̓ ̎́̅̉̎̏̍̏̓ ̑̔̍̆˟ ̑̉̍ˍ ́̅̅̉̇̒́˙ ״́̉̊̏̌ ̎́̄̎́  ́̒̏̒̉̅́ ˛̈́̑̂́̊̇̏̎ȟ 
ˢ̔̑̏̒̏̎ȟ ̉׳ ץ̙́̏̂ ́̃ ̎̏̓̒̉̅̎  ̍́̍̌́̋́̓̌́̑̅́̎ ̋̆̌̄́̎ ̂̉̎̏̋̏̑-̔̒̓́̌́̑ ̙̉ ̏̌̉̂ 
̂̏̑̄́̎Ȣ ˞́̑̏̊ ̘̒̏̌̎̏̍́̉̒̉ ̉נ ̧̒̉̅̅̉̎ ˍ̌̉̎̉̎̄ ̧̙̘̈̉̉́ȡ ȰȢȢȢψπρ ̉״ ̇̑̉̊ ̊̉̌ 
̍ ץ̔́ ̅̅́̒ ˝́̍́̈̏̎̉ ̙́̑̉̕ ̏̊̉̎̉̎̄ ̰̘̓̑̓̉̎̉ ̋̔̎̉̅́ ɉρσωω ̊̉̌̎̉̎̄ ρπ ̍́̊̉̅́Ɋ 
̛̇̏̍̆ ̍́̒̇̉̅̉ ̘̔̔̎ ̞̎̄ ̠̖̙̉ ̇̏̊̎̉ ̓́̎̌́̅̉Ȣ ˙̙́̔״ ̑ ̔̒̓́̌́̑ ̃́ ̂̉̎̏̋̏̑-
״́̉̊̏̌ ̄̎̉̎̓́̑̏̍̉ ̎́̋̌̔ ̔̂ ̛̑́̌̑̏̍̆̍ ̒̉̎̉ ̓̔̈̅̉̌́̑ ̃́ ̖̙̔ ̅́̍̌́̑̅́ ɉ̔̎̉̎̄Ɋ 
̐̏̅̆̃̏̑̉̎̉ ̙̓́̌́̅̉̌́̑ȟ ̔̎̉̎̄ ̐̏̊̅̆̃̏̑̉̅́ ̙̓̏ ̔̒̓̔̎̌́̑̅́̎ ̏̊̅́̌́̎̅̉̌́̑̕ȱ 
[11].  
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ˍ̍̉̑ ˟̆̍̔̑ ̅́̃̑̉ ˙́̑̋́̈̉̊ ˛̧̒̉ ̛̘̍̆̍̏̑̉̌̉̄̉̅́ ̋́̓̓́ ̰̑̉̎ ̞̄́̌̌́̂ȟ 
״́ ̙̰́̄̑́̌̉̌́̎̊ ̊̉̂̔̌̒̔ ̠̉̄̎ ̧̓ ̖̙̂́ ̞̓̅̉Ȣ ˎ̟̔̋ ̏̂̉̅́̌́̑ ̓̔̑̋̔̍̉̅́ 
 ́̃ ̎̏̇̊́̂̑́̈˛ ȟץ̏̑˕ ̧̛̉̑́̌̑̆̍ ̞̋̉̓̆̓̒ ̛̘̄̎̉̎̋̉̌̉̑̏̍̆̍ ̙̎́̄́̌̍́̒̒́̇̔̍
׳̉ ״̔-́̓̒̔ ̎́̄̌̆̋ ̎́̅̎̏̓̒̉̅̎ ״́́̍ ̙̎́̄́̌̉ ̎́̌̉̂ ̑́̌̅̎́̍̑́̎ ̌̌̉̊ 
״́ ̛̄̎̉̎̑́̌̑̏̍̆̍  Ȣ̞̉̅́̓ ̧̎̏̍́̎ ̌ץ̏ץ̠ ̠̉̎̉̓̉̎́̅́̍ ̘̠̋̉̌̉̃̔̓́̑ ̟̋́̒̋ ̍
ץ̒́̍ ̎́̍̔̓-̉̌̑̔˟ ץ̉ ̖̓́̍̈̉ ́̄̑́̌̅́ ץ̔ ̙̑́̌̓̏̏̎̉ ̘̉̃̔̌ ̙̑̉̌̉̉̎̉̎̄ ̋̆̎̄ 
̰̋̌́̍̉ȟ ̔ץ ̙̑̉̌̉ ̃́ ̙̙̍̔̓́̎̏̒̉̂̌́̓̉̑̉ ̔̒̌̔̂̌́̑̉̅́ ̉̌̍̉̊ ́̒̏̒̎̉̎̄ 
ץ̉ ̛̘̄̎̉̎̉̄̉̌̉̑̏̍̆̍ ̑̃́̅ ̉̄̉̌̅̔̇̃́̍ ̧́̒̉̎̉̕ ̂̆̌̄̉̌́̊̅̉Ȣ 

XIV-86 ́̒̑ ̧̅̄̏̑̉̋̌́̑̉ ̛̍̆̍̏̑̉̊ ̙́̋̌̌́̑̉ ̓́̌״ ̉̌̉ ̰̙̓̍̉ 
ס̏́̂ ̛̄̎̉̎̉̑́̌̑̏̍̆̍ ץ̉ ̑̔̃̃́̒́̓ ̛̉̎̉̑́̌́̎́́̎́ ̖̒̏ ̰́̄̉̈ ̠̓ ̙̌̉ ̉̍̋̏̎̉̎̉ 
̂̆̑́̅̉Ȣ ˙́̈̋̔̑ ̉̍̏̑́̓̌́̑ ̖́̌״̏̌̉ ̛̉̓́̎́̒ ץ ץ̌́̓ ́̃ ̄̎̉̎̉̍ ̉̅̉̎̉̎̄ ́̒̏̒̉̊ 
̍́̎̂́̉ ̒́̎́̌̄́̎ ̛̍̆̍̏̑̌́̑ ̓̏̍̏̎̉̅́̎ ̧̂̔̎̅ ̞̓̉̌̄́̎Ȣ ˙̛̆̍̏̑̌́̑̎̉̎̄ 
״̎̆̍ ̊̉̃́̏̍́̇ ץ̎̑́˥ ́̓̑˼ ̉̓́ ץ̟̌̔̓ ̊̉̌̏ ̞̄̎ ̄̎̉ ץ̔ ̑̃́̅ ̙̰́ ̉̎̉̑́ ̙̑̉̌̉ 
̧́̍́̌̉̓̉̎̉̎̄ ˙́̑̋́̈̉̊ ˛̧̘̒̉́ ̰̈́̎̉̄́ ̇́̍̌́̄́̎ ̠̎̄̉ ̛̍̆̍̏̑̉̊ ̔̒̌̔̂̎̉ 
̠̑́̓̅̉Ȣ 

 

ˍ̧̅́̂̉̓̌́̑ 
 

1. ˎ̝́̑̓̏̌̅ ˏȢˏȢ ˛ ̐̏̄̑̆̂̆̎̉̉ ˟̉̍̔̑́ // ˞̘̠̏̉̎̆̎̉ȟ ̓Ȣ ))Ȣ ɀ̇ ̏̒̋̃́ȟ ρωφτȢ σχ-62-
̂̆̓̌́̑Ȣ 

2. ˕̂̎ ˍ̙̖̑́̂̏Ȣ ˍ̇̏̊̉̂ ́̌-̍ ץ́̅ ̔̑ ̉̕ ̖̓́̑̉̉ ˟́̊̍̔̑Ȣ )-)) ̋̉̓̏̂̌́̑Ȣ ɀ ˟ ̙̏̋̆̎̓ȟ 
1992. 

3. ˟̆̍̔̑ ̓̔̈̔̋̌́̑̉Ȣ ρωωςȟ ρψ-̂̆̓Ȣ 
4. ˝̔̉ ː̏̎̈́̌̆̒ ̅̆ ˗̖̌́̃̉̏Ȣ ˑ̎̆̃̎̉̋ ̙̠̐̔̓̆̆̒̓̃̉ ̃ ˞́̍́̑̋́̎̅ ̋̏ ̅̃̏̑̔ ˟̆̍̔̑́ 

(1403-1406). ɀ̇ ̏̒̋̃́ȟ ρωωπȢ ρσφ-̂̆̓Ȣ 
5. ˝̔̉ ː̏̎̈́̌̆̒ ̅̆ ˗̖̌́̃̉̏Ȣ ˑ̎̆̃̎̉̋ ̙̠̐̔̓̆̆̒̓̃̉ȢȢȢ ρπς-̂̆̓Ȣ 
״̏̉˔ .6 ̅̏̃ ˜Ȣ ˟̆̍̔̑ ̅́̃̑̉̎̉̎̄ ̛̍̆̍̏̑̉̊ ̋́̋״ ̙́̏̎̉Ȣ ɀ˟ ̙̏̋̆̎̓ȟ ˥́̑19 .1996 .ץ-
̂̆̓Ȣ  

״̏̉˔ .7 ̅̏̃ ˜Ȣ ˟̆̍̔̑ ̅́̃̑̉̎̉̎̄ȢȢȢ ςσ-̂̆̓Ȣ  
8. ˎ́̂̔̑ ˔̖́̉̑̉̅̅̉̎Ȣ ˎ́̂̔̑-̎́̍̆Ȣ ɀ ˟ ̙́̋̆̎̓ȟ ρωυ8, 60-̂̆̓Ȣ 
9. ː̠̉̒̉̅̅̉̎ ˍ̌̉Ȣ ˑ̎̆̃̎̉̋ ̖̐̏̏̅́ ˟̉̍̔̑́ ̃ ˕̟̎̅̉Ȣ ɀ̇ ̏̒̋̃́ȟ ρωυψȢ ρψω-190-
̂̆̓̌́̑Ȣ  

΄ ˥Ȣ˥Ȣ ˥̠́̋̔̂̏̃ȟ ˡȢˍȢ ˍ̅̉̌̏̃ȟ ςπρφ 
 

 

ˠˑ˗ ωτ ɉυχυɊ 
 

ˍ˝ˢ˕˟˒˗˟ˠ˝˚˛˒ ˞˛˔ˏ˒˔ˑ˕˒ ˍ˙˕˝ˍ ˟˒˙ˠ˝ˍ ˏ ˜˕˞˩˙˒˚˚˨s  ˕˞˟˛ˤ˚˕˗ˍˢ 
 

˥Ȣ˥Ȣ ˥̠́̋̔̂̏̃ȟ ˡȢˍȢ ˍ̅̉̌̏̃ 
 

ˍ̗̠̎̎̏̓́̉Ȣ ˑ̠́̎̎́ ̝̠̒̓́̓ ̠̐̏̒̃̆̎́̚ ̖́̑̉̓̆̋̓̔̑̎̏̍̔ ̟̒̏̈̃̆̈̅̉ ̞̖̐̏̉ ˍ̍̉̑́ 
˟̆̍̔̑́ ɀ ̃̆̌̉̋̏̊ ̘̌̉̎̏̒̓̉ ̃̒̆̍̉̑̎̏̊ ̉̒̓̏̑̉̉ȟ ̜̟̠̃̅́̆̍̔̒̚ ̄̏̒̔̅́̑̒̓̃̆̎̎̏̍̔ ̠̅̆̓̆Ȥ
̟̌ȟ ̐̏̂̆̅̏̎̏̒̎̏̍̔ ̗̐̏̌̋̏̃̏̅̔ȟ ̙̃̎̆̒̆̍̔ ̝̙̂̏̌̏̊ ̃̋̌́̅ ̞̘̋̏̎̏̍̉̆̒̋̏̍̔ȟ ̝̋̔̌̓̔̑̎̏Ȥ
̍̔ȟ ̘̐̏̌̉̓̉̆̒̋̏̍̔ ̟̑́̈̃̉̓̉ ̗̆̎̓̑́̌̉̈̏̃́̎̎̏̄̏ ̄̏̒̔̅́̑̒̓̃́ ̃ ˣ̝̆̎̓̑́̌̎̏̊ ˍ̈̉̉Ȣ  

˗̟̘̜̌̆̃̆ ̒̌̏̃́ȡ ̠̃̆̌̉̋́ ̘̝̌̉̎̏̒̓ȟ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̠̝̅̆̓̆̌ȟ ̜̃̏̆̎̎̊ 
̗̐̏̌̋̏̃̏̅̆ȟ ̞̘̋̏̎̏̍̉̆̒̋̏̆ȟ ̘̐̏̌̉̓̉̆̒̋̏̆ȟ ̝̋̔̌̓̔̑̎̏̆ ̑́̈̃̉̓̉̆ȟ ̗̆̎̓̑́̌̉̈̏̃́̎̎̏̆ 
̄̏̒̔̅́̑̒̓̃̏Ȣ 
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ˠˑ˗ ψφȢχ 
 

˼˔ːˍ˝˕˥˘ˍ˝ ˎ˕˘ˍ˚ ̱׳ ˙ ׳̨̱ ˚ː ˏˍ ̱׳ ˙˚ˍˡˍ˞ȟ  
ˎ˕˝ːˍ˘˕˗ˑˍ ˛ˑ˕˙˘ˍ˖˘˕˗ 

 
ˎȢ˪Ȣ ˪̌̍̔̑́̅̏̃1 

 
ˍ̗̠̎̎̏̓́̉ 

 
ˠ̙̂̔ ̍́̏ץ ̌́̅́ ˼̈̂̆̋̉̒̓̏̎ ̑̆̒̐̔̂̌̉̋́̒̉̅́ ̅́̃̏̍ ̧̞̓́̓̄́̎ ̛̓́̌̉̍ ̓̉̈̉Ȥ

״̏́̇ ́̃ ̙̠̗́̌̉́̈̉̎̑̆̅̏̍ ̉̎̉̍ ̎ ̓́̌́̂̉ ̅́̑́̇́̒̉̅́ ̙̑̉̃̏̇̌́̎̓̉̑̉ȟ ̇̔̍̌́Ȥ
ץ̉́̓̒̔̍ ̄̎̉̎̑́̌́̂́̌́̓ ̎́̅ ̌̌̉̄̉̎̉ ̠̎́̅́ ̙̙̏̉̑̉ȟ ̘̂́̑́ ̛̓́̌̉̍ ̍̔́̒̒́̒́̌́Ȥ
״̏ ̰̎́̄́̌̌̋ ̠̖̉̎̑́̌̉̄̏̌̏̎̆̓ ̋̉̄̏̄́̅̆̐ ́̃ ̗̎̏̉́̃́̎̎̉ ̊̉̃́̎̏̍́̈ ́̅̉̑ ̌̅́ 
״̉̔̍ ̛̍̉̌́̓ ̖̓̏̑̏̂́ ̄̎̉̎̑́̌̔ ץ́ ̉̑́̌̑̉̂̅́̓ ̘́̑̏ ́̃ ̰̉̑́̌̌̊ ̙̠̉̓́̑ ̉̎̉̓ ̑́̂ 
̘ ץ̉̉ ̌̄́̎Ȣ 

 
˗́̌̉̓ ̰̒̈̌́̑ȡ ̛̓́̌̉̍ ̓̉̈̉̍̉ȟ ̖̓̆̎̉̋́ȟ ̖̠̓̆̎̏̌̏̄̉ȟ ̍́̒̏́̃̉̊̕ ̛̓́̌̉̍ȟ 

ץ̉́̓̒̔̍ ̌ ̛̓́̌̉̍Ȣ 
 
˼̈̂̆̋̉̒̓̏̎ ˝̆̒̐̔̂̌̉̋́̒̉̅́ Ȱ˟̛́̌̉̍ ̰̓̑ס ̉̒̉̅́ȱ̄̉ ̏ץ ״́ ̎̔̎ ̍̅́ Ȱ˗́̅̑̌́̑ 

̧̙̓́̊̑̌́ ̍̉̌̌̉̊ ̅́̒̓̔̑̉ȱ ̎̉̎̄ ́ץ ץ̉ ̌̔̂ ̙̌̉̎̉̉ ̛̓́̌̉̍ ̓̉̈̉̍̉̎̉ ̋̆̎̄ 
̍ ץ̧̉ ץ̉ ״̏̌̒̉ ́̅̒ ס́́̌̏̂̔̍ ̏̌̒́ ̋́̒̆̅ ̙̙̉̉̎́̌̏̂ ̧̄̎̉̎̉̎́̑́̇ ̙̉̌  ̰̂̌̍́̊̅̉Ȣ 
˙̛́̌̔̍̋̉ȟ ̏״ ̈̉̑̄̉ ̋̔̎̅́ ̛̓́̌̉̍ ̓̉̈̉̍̉̎̉ ̈́̍̏̎́̃̉̊ ̖̓̆̎̉̋́ ̃́ ̖̠̓̆̎̏̌̏̄̉Ȥ
ץ̉ ̑̔̃́̒́̓ ̈̉̒̑́̌ ̙̌̉ ̙̍̔̋̔̌Ȣ ˥̔̎̉̎̄ ̘̔̔̎ ̧̙ ́̃̌̏̅̎̉ ̂̉̌̉̍̌̉ ̃́ ̍́̌́̋́̌̉ 
ץ̉ ץ̉̉̂ ̰̉̎̑ ̉̎̑́̌̑̅́̋ ̄̏̄́̅̆̐ ̙̠́̅́̌̉̂̑́̓ ̂̉̌ ̧̒̅̉̑Ȣ ̏׳ ̈̉̑̄̉ ̋̔̎̎̉̎̄ ̐̆̅́Ȥ
ץ̰̉ ́̃ ̠̖̑́̌̉̄̏̌̏̎̆̓ ̋̉̄̏̄́̅̆̐ ̰̂́̌̐̋ ̠́̅̉̓̉̌̏́̕ ̊̉̅̏̇̉ ̰̈ ̉̄̏̄ ̙̓̉ ̔̒̌̔̂Ȥ
̌́̑̉̅́̎ ̏̊̅́̌́̎́̕ ̙̏̌̉̉ ̃́ ̆̓́̑̌̉ ̓́̇̑̉̂́̄́ ̞̄́ ̰̙̂̌̉̉ ̌̏̈̉̍Ȣ ˎ̉̈̄́ 
״̞̓ ̰̎́̄̌̂ ̛́̄̍̉̌́̓ ̄̎̉̎̎̏̒̎̉ ̠́̅̓̉̍́̇ ̙̖̎́̄́̌̓̏̑̏̂́ ,̛̉̋̍̔̌́̍ ̧̉̇̉̎̉̎̄ 
ץ̒́̍ ̛̍̉̌́̓ ́̅̉̒́̇̉̓́̎ ̙̰̉̉̑́̄̈ ́̅̉ȟ ̗̗̠̋̏̎̆̐̉̒̉ ́״ ̍ ̰̈̄́̑́̅̉Ȣ ˥̔̎̅́̊ 
̰̂̌̒́̅́ȟ ̧̑̉̃̏̇̌́̎́̓̄́̎ ̠̇́̍̉̓̅́ ̰̉ץ ̘̓̔̃̉ ̰̈ ̰̑̎̉̎̉ ̙̓̏̐̉̉ ̘̔̔̎ ̈́̍̏̎́Ȥ
̃̉̊ ̐̆̅́̄̏̄̉̋ ̖̠̓̆̎̏̌̏̄̉̌́̑̎̉ ̖̐̔̓́ ̃́ ̍̔̋́̍̍́̌ ̙̂̉̌̉̉ ̓́̌́̂ ̞̓̉̌́̅̉Ȣ ˎ̔Ȥ
ץ̰̉ ̘̎̔̔ ̄̎̉̎ ̘̓̔̃̉ ̛́̎́̎́̃̉̊ ̃́ ̗̉̎̎̏̃́̉̏̎ ̔̒̌̔̂̌́̑̎̉ ́̎̄̌́̊ ̙̏̌̉̉ȟ ̔̌́̑Ȥ
ץ̌̉̏̃̔̍̕ ̉̎ ״́ ̙̙̉̉̑̉̓́ ץ̰ ̰́̅̉̎̑ ̰̈ ́̅̍ ̌̌́̊ ̙̂̉̌̉̉ ̈́̑̔̑Ȣ 

׳́ ̑ ̂̉̑ ̐̆̅́̄̏̄ ̛̓́̌̉̍ ̍̔́̒̒́̒́̌́̑̉ ̘̔̔̎ ̋́̅̑̌́̑ ̧̙̓́̊̑̌́̎̉̎̄ 
̈́̍̏̎́̃̉̊ ̓̉̈̉̍̉ȟ ̔̌́̑̅́ ̰̈̉̄́ ̖̏̒ ̎̏̒̓́̎̅́̑̓ ̙̉̋̑̌́̕ ̏ץ ̠̂̉̌̉̓̉̎̉ 
̰̙̒̓̉̑̉ȟ ̰̈ ̔̒̓̉̅́ ̅̏̉̍̉̊ ̙̑́̃̉̅́ ̘̉̅́̍ ̃́ ̍́̓̏̎́̓ ̂̉̌́̎ ̙̙̉̌́ 
̰̋̎̉̋̍́̌́̑̉̎̉ ̙̑̉̃̏̇̌́̎̓̉̑̉ ̌̏̈̉̍Ȣ 

˥̔̎̉ ̙́̊̓̉ ̇̏̊̉̈̋̉ ̐̆̅́̄̏̄̉̋ ̖̠̓̆̎̏̌̏̄̉̌́̑ ̖́̂̏̑̏̓ ̗̠̋̏̍̍̔̎̉̋́̉ 
״́ ̠̖̄̎̉̎̉̑́̌̉̄̏̌̏̎̆̓ ץ̉̉̂̅́̓ ̧́̄̓  ̎́̓̉̇́̒̉̅́ ̠̎́̅́ ̙̍̔̋́̍̍́̌̌́̉̂ 
ץ̅̏̍̑̏̂ ́Ȣ 

˟́̌́̂́ ɀ ̧̙̌́̑̎̉ ̂̉̌̉̍ ̃́ ̍́̌́̋́̌́̑̉̎̉ ̙̙̏̉̑̉̅́ ̏״ ̈̉̑̄̉ ̋̔̎̎̉̎̄ 
ץ́̅̓ ́̅̉̒̏̒́ ̉̑́̌̑̔̓̒́̅ ̊̉̃́̎̏̍́̈ ״́ ̙̠̉̓́̑ ̑́̌̓̏̍̉ ץ́ ̑ ̎̅́̊ ̅́̑̒ 
ס̙̔́̍ ץ̏ ̙́̎̉̄̂̉̑̉̓́̌̌́̍̍́̋̔̍ ́̃ ̙̉̅́̑̉̏ ̉̎̉̓́̉̒̕ ̉̎̉̑́̌̓̏̌ ̌̍́̒̅́̎ 
́̌̂́̓̓́ ̓́̌́̂́̎̉̎̄ ̓̆̈ ̰ ״̉̔̍ ̙̙́̅̉̉̑̉̓́̌̈ ̍ ̑̏̌ ̰̊̎́̊̅̉Ȣ  

ˬ̎́̅́ ̈́̍̏̎́̃̉̊ ̰̂̌̄́̎ ̍́̒̏́̃̉̊̕ ̛̓́̌̉̍̎̉̎̄ ̓̔̑̌̉ ̰̙̋̑̉̎̉̌́̑̉ ̃́ 
ץ̒̉̏̂ ̘̌́̑̉ȟ ̃̉̅̆̏̅́̑̒̌́̑ ́״ ״́ ̉̌̑̔̓ ́̅̍ ̇̍̌́̑̅́̄̉ ̃́ ̍́̃̈̔̌́̑̅́̄̉ ̑́̎̄ 
ס̙̔́̍ ̠̉̑̏̓́̑̏̂́̌ ́̃ ̑́̌̒̑́̅ ̝̌́̔̓̑̉̃ ̄̎́̑́̂ ̌̏̓̌́̑̉ ̓́̌́̂́̌́̑̎̉̎̄ 
ץ̉́̓̒̔̍ ̌ ̉̇̏̅̉̊ ̠́̏̌̉̓̉̄́̕ ̰̙̋̍́̋̌́́̅̉ ̃́ ̍́̌́̋́ ̰̋̎̉̋̍́̌́̑̉̎̉ ̙̏̉̑̉̂ 
̂̏̑́̅̉Ȣ  

׳̏ ״́ ̎́̌̉̂ ̎̏̍́̈ ̉̒́̂́̌́̓ ́̃ ̉̄̏̄́̅̆̐ ̄̎̉̎̎̔̋ ̉̄̑̉̈ ̍̎́́̒̕ ̰̙̂̌̉̉ȟ 
״́ ̙̉̉̌̏ ̊́̌̄̎́ ץ̉̎́ ́̃ ̈̆̓ ̧̉̎̑́̌̎̑́̇ ס̰̑̓ ̖̉̎̓̉̔̍ ́̅̍ ״̏́̂ ̉ ̌́̊ ̙̏̌̉̉ 

                                                           
1˪̌̍̔̑́̅̏̃ ˎ̖́̏̅̉̑ ˪̙̘̑̄́̆̃̉ ɀ ̙̒̓́̑̉̊ ̝̐̑̆̐̏̅́̃́̓̆̌ ̜̋́̆̅̑̕ ̗̉̎̏̑̍́̉̏̎̕Ȥ

̜̖̎ ̖̓̆̎̏̌̏̄̉̊ȟ ˞́̍́̑̋́̎̅̒̋̉̊ ̖́̑̉̓̆̋̓̔̑̎̏-̝̜̒̓̑̏̉̓̆̌̎̊ ̉̎̒̓̉̓̔̓ȟ ˝̆̒̐̔̂̌̉̋́ ˠ̈Ȥ
̂̆̋̉̒̓́̎Ȣ 
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̌̏̈̉̍Ȣ ˥̔̎̅́̊ ̞̋́̎ ̛̓́̌̉̍ ̠̇́̍̉̓̎̉̎̄ ̝̉̎̓̆̌̌̆̋̓̔́̌ȟ ̍́̅́̎̉̊ ̃́ ̛̍́̎́̃̉̊ 
״̏ ̌́̓̉̎̉ ̙́̋̌̌́̎̓̉̑́̅̉ [1, c. 24]. 

״̏́̂ ́̃ ̙̙́̅̉̑̉̏ ̉̎̉̓́̉̒̕ ̛̍̉̌́̓ ́̅́̑̏̂ ̔ˎ ץ̔ ̙́̅́̌ ̊̉̅́̄̉ ̋̆̓̍́-
̋̆̓̌̉̋̌́̑̎̉ ̙̋̆̌̓̉̑̉ ̍̔̍̋̉̎ȡ  

״̉̏̒ ̍̉̌̉̂ ¶ ̂̉ȟ ̓́̑́ץ ̘̓̔̃̉̒̉Ƞ  

¶ ̂̉̌̉̍̎̉ ̙̔̈́̓̉ ̖̓̆̎̉̋ ̃̏̒̉̓́̌́̑̉Ƞ  
¶ ̂̉̌̉̍̎̉ ̙̔̈́̓̉ ̖̠̓̆̎̏̌̏̄̉̒̉Ƞ  
¶ ̂̉̌̉̍ ̘̏̌̔̃̉Ƞ  
״̋́̓̒̔̍ ̉̎̍̉̌̉̂ ¶ ́̍̌̉̋ ̅́̑́̇́̒̉ ̙̙̏̉̑̉Ƞ  

¶ ̏̌̉̎̄́̎ ̂̉̌̉̍̌́̑̎̉ ̈́̑̔̑̌̉̄̉ȟ ̋̆̑́̋̌̉̄̉̎̉ ̙́̎̄̌́Ƞ  
¶ ̠̎̄̉ ̂̉̌̉̍̌́̑ ̙̏̌̉ ̈́̑̔̑̌̉̄̉ ̃́ ̠̉̍̋̏̎̉̓̌́̑̎̉ ̠̙̑́̓̉Ȣ  
״̉̏̌́ ̉̎̔˥ ̅́ ̛̙̓́̋̉̅̌́ ̇̏̉̈̋̉ȟ ́́̕ץ ̓ ̈́̍̏̎ ̓́̌́̂̌́̑̉̄́ ̇́̃̏̂ ̂̆̑̔̃Ȥ

̘̉ ̗̉̎̎̏̃́̉̏̎ ̐̆̅́̄̏̄̉̋ ̖̠̓̆̎̏̌̏̄̉̌́̑̎̉ ̖́̂̏̑̏̓-̗̠̋̏̍̍̔̎̉̋́̉ ̖̓̆̎̉̋ ̃̏Ȥ
״̏ ̎́̄̎́̌́̅̊̏̕ ̎́̅̉̑́̌́̓̉̒ ץ̰̔ ́̅̌ ץ̰ ̄̎̆̋ ̧́̄̉̎́̑́̇ ̃ ץ́̑̏ ̙́̌̌ ̌̉̄̉̎́ 
̛̓́̌̉̍ ̒̉́̓̉̎̉̕ ̓́̌́̂ ̅́̑́̇́̒̉̅́ ̛̙̓́̍̉̎̌́̄́ ̞̙̙̑̉̉ ̍̔̍̋̉̎Ȣ ˎ̔ ̂̏̑́̅́ 
̐̆̅́̄̏̄̌́̑̎̉̎̄ ̰̑̎̉ ̃́ ̑̏̌̉ ̋́̓̓́̅̉̑Ȣ 

״̉̔̍ ̛̍̉̌́̓-̖̓̏̑̏̂́ ̎̏̑̓̋̆̌˪ ״̠̌ ̄̎̉̎̉̓ ̉̓̌̉̄̉ ̓̉̈̉̍̌̉̌̉̋̄́ ̞̙̙̑̉̉ 
̙̘̓̔̔̎́̒̉ ̂̉̌́̎ ̂̉̑ ̛̍́̎̏̎̉ȟ ̔̌́̑̎̉̎̄ ̔̊̔ס ̎̌̉̄̉̎̉ ́̎̄̌́̓̉̂ȟ ̔ ̰̔ץ ̃ 
̍̔́̒̒́̒́̒̉ ̘̂̉̓̉̑̔̃̉̒̉̎̉̎̄ ̙̖́̒̉̊ ̃́ ̋́̒̂̉̊ ̍̏̅̆̌̉̎̉ ́̍́̌̄́ ̙̙̏̉̑̉̅́̄̉ 
ץ̒́̍ ̠̉̂̑́̓ ́̃ ̛̍̉̌́̓ ́̅̌́̑̉̎̉ ̰̈̉̅́ ̙̍̔̇́̒̒́̍̌́̓̉̑́̅̉Ȣ 

״̉̔̍ ̛̍̉̌́̓-̖̓̏̑̏̂́ ̎̏̑̓̋̆̌˪ ̓̉ ̛̓́̌̉̍ ̃́ ̠̓́̑̂̉ ̙̉̌́̑̉̎̉̎̄ 
̒́̍́̑́̅̏̑̌̉̄̉̄́ ̛̓́̒̉̑ ̰̘̋̑̒́̓̔̃̉ ̏̍̉̌ ̰̙̂̌̉ ̂̉̌́̎ ̂̉̑̄́ ̔̎̉̎̄ ̃̏̒̉̓́̒̉ 
״́ ̍̅̉̑Ȣ ˥̔ ̂̉̌́̎ ̂̉̑ ́ץ ̓̏̑̅́ȟ ̖́̂̏̑̏̓ ɀ ̛̓́̌̉̍ ̍̔̉״ ̓̉̎̉ ̛̙̓́̑̉̌́̅́̕ ̂̉̑ 
ץ́ ץ̉ ץ̑́̕ ̰̏̑́̈ ̘́̎ ץ́ ̘̉̃̔̌ ̙̑́̌́̑ ̍́̃̇̔̅ȟ ̇̔̍̌́̅́̎ȡ 

¶ ̙ ״̉̔̍ ̛̍̉̌́̓ ̎́̌̉̂ ̖̒́ ס̌̏̂ ̊̉̃̈̔ ́̅̉̓́̉̒̕ ̛̓̋̆̂̔̒ ̄̎̉̎̉̓ ́̎̄́̎ 
̖́̂̏̑̏̓ȟ ̖̓̆̎̉̋ȟ ̰̔ץ -̃̍̆̓̏̅̉̋ ̛̓́̍̉̎̏̓̎̉̎̄ ̓̉̈̉̍̌̉ ̙̙̓́̋̉̌̌́̓̉̑̉̌̄́̎ 
̍́̇̍̔́̒̉Ƞ 

¶ ́ ̛̎́̎́̃̉̊ ̃́ ̞̌̆̋̓̑̏̎ ̖́̂̏̑̏̓ ̙̘̓́̔̃̉̌́̑ȟ ̃̉̑̓̔́̌ ̖̋̔̓̔̂̏̎́̌́̑ȟ 
̛̍́̌̔̍̏̓̌́̑ ̂́̈́̌́̑̉ȟ ̰̔ץ -̃̍̆̓̏̅̉̋ ̍́̇̍̔́̌́̑̉̎̉ ̙̘̍̔̇́̒̒́̍̌́̓̉̑̔̃̉ 
̝̟̋̏̍̐̓̆̑ȟ ̖́̂̏̑̏̓ ̃́ ̗̠̋̏̍̍̔̎̉̋́̉ ̖̠̓̆̎̏̌̏̄̉̌́̑̉ ̗̠̉̎̓̆̄̑́̉̒̉ ́̒̏̒̉̅́ 
ץ̔ ״̉̔̍ ̛̍̉̌́̓ ̖̓̏̑̏̂́ ̠́̎̏̄ ̎́̄̌̉̑ ̓̉Ȣ 

״̉̔̍ ̛̍̉̌́̓ ̖̓̏̑̏̂́ ̉̒́̒̒́̔̍ ̛̍̉̌́˟ ץ̙́̏̂ ̉̎̔ ́̃ ̙̠̉̓́̑ ̉̎̉̓ ̙̑̉̅́ 
ץ̉ ̊̉̑̏̇ ̧̙̉̎̃̔́̅̎ ̉̌̍̉̈̉̓ ̙̌̉ ̓́̌́̂ ̞̓̉̌́̅̉Ȣ ˠ̙̂̔ ̧̙̎̅́̔̃̎̉̎̄ ̅́̒̓̌́̂̋̉ 
ץ̒̉̏̂ ̘̉̅́ ̈́̍̏̎́̃̉̊ ̛̓́̌̉̍ ̍́̈̍̔̎̉̄́ ̍̏̒ ̙̑́̃̉̅́ ̛̓́̌̉̍ ̍̔́̒̒́̒́̒̉ 
״̉̔̍ ̛̍̉̌́̓-̖̓̏̑̏̂́ ץ̒́̍ ̉̓ ́̅̉ ̂̆̌̄̉̌́̎́̅̉Ȣ ˜̆̅́̄̏̄̉̋ ̠́̏̌̉̓̅́̕ ̛̓́̌̉̍ 
̍ ץ́̒ ́̅̉ ̙̘̓̉̈̉̍̌́̓̉̑̔̃̉ ̃́̈̉́̎̉̕ ̂́̇́̑́̅̉Ȣ ˍ̊̎́̎ ̂̆̌̄̉̌́̎̄́̎ ̍́̒ץ ́̅ 
̛̓́̌̉̍ ̍́̈̍̔̎̉ȟ ̍́̒ץ ́̅̉ ̃́ ̙̓́̋̉̌̉̊ ̙́̋̌̌́̑̉̎̉ ̙̓́̎̌́ ̘̔̔̎ ́̒̏̒ ̰̂̌̉̂ 
̖̉̈̍́ ץ̉ ̓ ̌́̅̉Ȣ ˔́̍̏̎́̃̉̊ ̛̓́̌̉̍̎̉̎̄ ̍́̒ץ ́̅̉ ɀ ̖̍̔̓́́̒̒̉̒ ̍̏̅̆̌̉ 
̓́̌́̂̌́̑̉̄́ ̍̏̒ ̙̑́̃̉̅́ ̙́̋̌̌́̎̓̉̑̉̌́̅̉̄́̎ ̂̉̌̉̍ȟ ̰̋̎̉̋̍́ ̃́ ̍́̌́̋́̌́̑ 
̓̉̈̉̍̉̅́̎ ̓́̑̋̉̂ ̓̏̐̉̂ȟ ̔ ̙̓̆̄̉̌̉ ̛̓́̌̉̍ ̒̓́̎̅́̑̓̌́̑̉̅́ ̰̈ ́̋̒̉̎̉ ̓̏̐́̅̉Ȣ 
ץ̙́́̓ ̎́̅̎̔ˎ ̑̉ ̑̆̒̐̔̂̌̉̋́̍̉̈ ˗́̅̑̌́̑ ̧̙̓́̊̑̌́ ̍̉̌̌̉̊ ̍̏̅̆̌̉ ̓́̌́̂̌́̑̉̄́ 
ץ̏ ̰̂̉̌̂ ̛́̎̉̄̉̓̋̆̂̏ ̧̎́̑́̇ ̋̉̄̏̄́̅̆̐ ̖̙̉̒́ ́̂́̌́̓ ̰́̑̋ ̌̍́̒̅́̎ȟ ̔̎̉̎̄ 
״́ ̛́̄̉̓̋̆̂̔̒ ץ̅̏̍̑̏̂ ̂̉̎́̌̊́ ̍ ́Ȣ ˎ̔̎̅́̎ ̏״ ץ̉́̓̒̔̍ ́̂́̌́̓ ́̅̑́̌̓́̌ ̌ 
״́́ ̛̄̎̉̎̉̍̉̌́̓ ץ̔ ́̃ ̉̅́̓̑̏ ̠̉̓̉̍ ̊̉̅́̄̉ ̰̋̎̉̋̍́ ̃́ ̍́̌́̋́̌́̑̎̉ 
̙̙́̋̌̌́̎̓̉̑̉ ̓́̌́̂ ̞̓̉̌́̅̉ ̃́ ̂̉̌̉̍ ̍́̌́̋́̒̉̎̉ ̙̙̏̉̑̉ ̰̋̈̅́ ̓̔̓̉̌́̅̉ 
[1, c. 54]. 

1. ̇ ̔̒̓Ϩ́̉ ̌ ̛̓́̌̉̍ ̙̏̌̉̎̉ ̙̙̑̆̇́̌́̓̉̑̉ ̰̋̎̉̋̍́ ̃́ ̍́̌́̋́̌́Ȥ
̑̉ȡ  

¶ ̍ ץ̉́̓̒̔ ̌ ̠́̏̌̉̓̕ ̟̙̑̉̓̉̎̉̎̄ ̙̖́̒̉̊ ̑̆̇́̒̉̎̉ ̙̓̔̈̉Ƞ 
¶ ̑ ץ̒́̍ ́̅̉̒̏̒́ ́̇̆ ́̅̌̉ ̠́̏̌̉̓̕ ̟̙̑̉̓̉Ƞ 
¶ ̰ ץ̉ ̓́̑̏̈́̎ ̠̉̎̉̓̉̌̏́̕ ̈ ̌̉̂ȟ ̔̎̄́ ̈́̑̔̑ ̙̓̔̈́̓̉̌́̑ ̋̉̑̉̓̉̂ ̙̂̏̑̉Ȣ 
2. ˕̎̓̆̑̎̆̓ ̉̌̍̉̊ ̃́ ̰Ϩ̔ ̃ ̖́̂̏̑̏̓̌́̑̉̅́̎ ̏̊̅́̌́̎́̕ ̙̏̌̉ 

̰̋̎̉̋̍́ ̃́ ̍́̌́̋́̌́̑̉ȡ 
¶ ̉ ץ̰̔ ́̃ ̊̉̍̌ ץ̉́̓̒̔̍ ̖̉̑́̌̓̏̑̏̂́ ̃ ץ̌̉̎́ ̌ ̙́Ƞ 
¶ ̠ ץ̉́̓̒̔̍ ̖̉̎̑́̌̓̏̑̏̂́ ̉̄̎ ״̌́̓ ̌ ץ̉ ̌̉ ״̏́̂ ́̃ ̙̉̌ ̌́̊ ̙̏̌̉Ƞ 
״́ ¶ ץ̓̔̎ ̏̍̍́̔̍ ̰̎́̄̌̂ ̍̉̈̏̌ ̙̞̉̉̌̉̓ ̌ ́̉ ̎́̈́̑̉̅́̎ ˕̎̓̆̑̎̆̓̅́̎ ̖́̂̏Ȥ

ץ̉ ̉̎̉̑́̌́̂̎́̍ ̓̏̑ ̙̅̉̑̉ ̃́ ̙̓̏̐̉Ƞ 
¶ ̏ ץ̂̉̓̒̉ ́̃ ̠̉̄̎ ̉̄́̅̉̎̔̍̈́̍ ̖̑́̌̓̏̑̏̂́ ̧̎́̄̓́̎̉̌ ̏̌̌̉ ̠̎̄̉̌̉̋̌́̑̎̉ 

̰̋̑́ ̙̏̌̉Ȣ 
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3. ˪̌̆̋̓̑̏̎ ̖́̂̏̑̏̓-̛̓́̌̉̍ ̑̆̒̔̑̒̌́̑̉ ̔̒̓̉̅́ ̙̙̉̌́ ̰̋̎̉̋̍́ ̃́ 
̍́̌́̋́̌́̑̉ȡ 

¶ ̞ ץ̰ ̎̏̑̓̋̆̌ ̌̌́̎̍́̌́̑ ̃́ ̋́̓́̌̏̄̌́̑̅́̎ ̓̉̈̉̍̌̉ ̙̑́̃̉̅́ ̙̏̊̅́̌́̎̉̕Ƞ 
¶ ̉ ̎̓̆̑̎̆̓̅́̎ ̏̌̉̎̄́̎ ̉̌̍̉̊ȟ ̰̔ץ ץ̙́̏̂ ́̃ ̃  ̧́̅́̂̉̓̌́̑ ̰̖̑̊́̓̉̎̉ ̂̉̂Ȥ

ץ̏ ̠̉́̑̄̏̉̌̕ ̉̅́̌́̑̉ ́̒̏̒̉̅́ ̟̑̉̓́ ̙̏̌̉Ȣ 
4. ˬ̎̄̉ ̖́̂̏̑̏̓ ̖̠̓̆̎̏̌̏̄̉̌́̑̉ ̃̏̒̉̓́̌́̑̉ ̏̑Ϩ́ ̌̉ ̓́Ϩ̅ ̉̍ ̞̓̉̌Ȥ

̄́̎ ̛̍́̑̔̈́̌́̑̎̉ ̰ ̙̙̈̌́̓̉̑̉ ̰̋̎̉̋̍́ ̃́ ̍́̌́̋́̌́̑̉ȡ 
¶  ̍ ̛́̑̔̈́̌́̑ ̍́̃̈̔̒̉ ̃́ ̑̆̇́̒̉̎̉ȟ ̧́̅́̂̉̓̌́̑ ̰̖̑̊́̓̉̎̉ ̂̆̌̄̉̌́̂ 

̙̏̌̉Ƞ 
¶  ̓ ץ́̅ ס̰̑̓ ̖̉̎̑́̌̓̏̑̏̂́ ̞̎́̄̌̉̓ ̍̉ ץ́ ̉ ץ̉ ̌̔̂ ̙̌̉Ƞ 
¶  ́ ̒̏̒̉̊ ̍̔́̍̍̏ȟ ̏ס ̠ ̃́ ̖̔̌̏̒́̌́̑̎̉ ́̇̑́̓́ ̙̏̌̉Ƞ 
¶  ́ ץ̉ ̎́̌̉̂ ̰̉̑́̌̈̒ ̰̈ ̉̎̎̔̍̈́̍ ̊̉̒̏̒ ץ̒́ ̘́ ̧̈̉̂ ̙̏̌̉Ƞ 
¶  ̓ ץ́̅ ץ́ ̖̉̎̑́̌̓̏̑̏̂́ ̞̎́̄̌̉̓ ̍̉ ̊̓́ ̙̙̉̌́ȟ ̒́̌ץ ̙́ ̃́ ̔̌́̑ ̍́̈̍̔̎̉̎̉ 

ץ̒́̍ ̛̊̉̍̉̌́̓ ץ̰ ́̅̑́̌̅́ ̌̌́̂ ̙̂̏̑̉Ȣ 
5. ˪ ̌̆̋̓̑̏̎ ̅́̑̒̌̉̋ ̂̉̌́̎ ̙̙̉̌́ ̰̋̎̉̋̍́ ̃́ ̍́̌́̋́̌́̑̉ȡ 
¶ ̞ ״̏ ̊̉̍̔̍̔ ̎́̌̉̂ ̋̉̌̒̑́̅ ̎̏̑̓̋̆̌ ̌́̓̅́ ̙̙̓́̎̉̉ȟ ̔̎̉̎̄ ̍̔́̌̌̉̉̕ȟ 

̍́̈̍̔̎̉ȟ ̖̔̌̏̒́̒̉ȟ ̟̗̠̉̌̌̒̓̑́̉̌́̑̉ ́״ ̍̅́ ̗̠́̎̎̏̓́̉̌́̑̉̎̉ ̙̂̉̌̉Ƞ  
¶ ̞ ץ̉̉̓̎́̍ ̄̎̉̎̋̉̌̒̑́̅ ̎̏̑̓̋̆̌ ̊ ̓̔̈̉̌̍́̒̉̎̉ ́̇̑́̓̉̂ ̙̏̌̉Ƞ 
¶ ̰ ץ̰̏́̌̓ ̉̎̔̈̃́̍ ̧̎́̄̓́̌̉̎́̄̑ ץ̰ ̘̎̔̔ ̙̉̌̏ ̙̂̉̎̔̔̓ ̉̌̎ ̙̘̉̍́ 

ץ̰ ̌̌́̎̍́̌́̑ȡ ̗̠́̎̉̍́̉ȟ ̌̔́ס ̓ȟ ̞̗̠̎̉̋̌̏̐̆̅̉ȟ ̛̍́̌̔̍̏̓̎̏̍́̌́̑̅́̎ ̏̊̅́̌́̎́̕ 
̙̏̌̉Ƞ 

¶ ̏ ̌̉̎̄́̎ ̛̍́̌̔̍̏̓̌́̑̎̉ ̓̆̈̉̒̌́̑ȟ ̋̏̎̒̐̆̋̓̌́̑ ̰̙̋̑̉̎̉̉̅́ ́ץ ̊̅ ̞̓̉̂ 
̙̂̏̑̉ ̌̏̈̉̍Ȣ 

״̉̔̍ ̛̍̉̌́̓-̖̓̏̑̏̂́ ̎̏̑̓̋̆̌˪ ץ̒́̍ ̄̎̉̎̉̓ ́̅̉ ̛̓́̌̉̍ ̘̏̌̔̃̉ ̙̖́̒̉̄́ 
ץ̰ ס̌̏̂ ́̓̉̒̏̃̆̂ ̎́̌̉̂ ̑́̌̂́̌́̓ ̎́̄̉̅́̌̉̊ ״̏ ץ̉ ץ̘̉̉ ̙̂́̌̉ ́̅̌ ̌́̅̉Ȣ ˼̈ 
̎́̃̂́̓̉̅́ ̛̓́̌̉̍ ̘̏̌̔̃̉ ̙̖́̒̉̎̉ ̙̙́̋̌̌́̎̓̉̑̉̅́ ˛˟˙̒̉̎̉ ̂̉̓̉̑̄́̎̅́̎ 
״̎̆̍ ̉̄̎̉̊̆̋ ́̓ ̠́̏̌̉̓̉̕ ̅́̃̏̍̉̅́ ̅̏̉̍̉̊ ̙̑́̃̉̅́ ̰̈-̰̈̉̎̉ ̑̉̃̏̇̌́̎̓̉̑̉̂ 
ץ́ ̙́̄̉̉̑̏̂ ״̉̏̌́ ̙́̄̉̑̉̓̐̏̓ ̂̉̋̑́̓ ̉̎̑́̌̓́̉̒̕ ̎́̄̌̉̓́̑ ̅́ ̛̞̓̉̂̏̑ 
ץ́ ̑́̓̉̌́̅̉Ȣ ˥̔ ̰̑̉̎̅́ȟ ̛̙̓́̋̉̅̌́ ̇̏̉̈̋̉ ̑̆̒̐̔̂̌̉̋́̍̉̈̅́ ́̍́̌̄́ 
״̏̏̌̒̉ ̛̍̉̌́̓ ̧̙̎́̄̓́̌̉̑̉̏ ̓̌́̑̉ Ⱥ̋́̒Ȼ̂ ̙̘̓̔̔̎́̒̉̄́ ̠̘̎̄̉́ ̓́̌̉ץ ̎̅́ 
ץ́ ץ̞̅̏̍̓ ̂́̌́̓ ̙̉̎́̑ ́Ȣ ˗́̅̑̌́̑ ̧̙̓́̊̑̌́ ̍̉̌̌̉̊ ̍̏̅̆̌̉ ̓́̌́̂̌́̑̉̄́ ̰̋̑́ 
̈́̍̏̎́̃̉̊ ̋́̒̂ ̞̄́̒̉ ̧̓́̊̑ ̋́̒̂̉̊ ̂̉̌̉̍̌́̑ ̰̓̐̌́̍̉̎̉ ̞̄́̌̌́̄́̎̌̉̄̉ ̂̉̌́̎ 
̞̍́̒ȟ ̂́̌̋̉ ̋́̒̂̉̊ ̇̉́״ ץ̉ ̖̓́̍̈̉ ̙́̄̉̎́̌̇̏̃̉̑ ̎́̅̓ ץ̏ ̘̉̃̔̌ ̠̂̉̌̉̓̌́̑̄́ 
̞̄́̌̉̄̉ȟ ̰̈ ̋́̒̂̉̊ ̅́̑́̇́̒̉̎̉ ̓́̌״ ץ̉ ̌̉ ̌́ ̙̏̌̉̉ȟ ̠̇́̍̉̓ ̃́ ̙̉̌́̂ 
̘ ץ̉́ ̙̑̉̎̉̎̄ ̠̎̄̉̌́̎̉̂ ̧̂̏̑́̓̄́̎ ̓́̌́̂̌́̑̉̄́ ̍̏̒ ̙̑́̃̉̅́ ̠̎̄̉ ̂̉̌̉̍̌́̑̎̉ 
̰̙̙̈̌́̓̉̑̉̄́ ̧̓́̊̑̌̉̄̉ ̂̉̌́̎ ̓́̃̒̉̌́̎́̅̉̕ [2, c. 14-17]. 

״̉̔̍ ̠̖̉̑́̌̉̄̏̌̏̎̆̓ ̖̓̏̑̏̂́ ̊̉̃́̎̏̍́˔ ̓̉̅́ ̛̓́̌̉̍ ̍́̈̍̔̎̉̎̉ 
̙̓́̋̏̍̉̌̌́̄́̎̌̉̋ ̅́̑́̇́̒̉ ̂̔ ̋́̂̉ ̓́̌́̂̌́̑̄́ ̇́̃̏̂ ̂̆̑́ ̏̌́̅̉̄́̎ 
״̉̔̍ ̙̠́̌̉̂̑́̓ ̖̉̎̒̉̒̒́́̓̔̍ ״̉ ̉̑̉̂ ̙̎́̅̉̑́̌̓̑́ ̍ ̒̏̂̌́̎́̅̉Ȣ 

˔́̍̏̎́̃̉̊ ̖́̂̏̑̏̓ ̖̠̓̆̎̏̌̏̄̉̌́̑̉ ̎̆̄̉̈̉̅́̄̉ ̛̓́̌̉̍ ̍́̈̍̔̎̉ 
ץ̔ ̊̉̅́̄̉ ̍̆̈̏̎̌́̑ ́̒̏̒̉̅́ ̙́̋̌̌́̎̓̉̑̉̌́̅̉ [2]:  

¶ ̓ ץ̟̌̔̓ ̎́̕ ̊̉̃́̎̏̍́̈ ̄̎̉̎̉̎̔̍̈́̍ ̛̍̉̌́ ́̑̉ ̅́̑́̇́̒̉̄́ ̍̏̒̌̉̄̉Ƞ 
¶ ̰ ץ̔  ̃̍́̓̆̑̉́̌̉ ̍̔̑́̋̋́̂̌̉̋ ̅́̑́̇́̒̉̎̉ ̂̉̌̉̍ ̘̏̌̔̃̉̌́̑̎̉̎̄ ́̍́̌̅́Ȥ

̄̉ ̠̉̍̋̏̎̉̓̌́̑̉ȟ ̰ץ ̧̌̌́̎̉̌́̓̄́̎ ̖́̂̏̑̏̓ ̖̠̓̆̎̏̌̏̄̉̌́̑̉ ̂̉̌́̎ 
ץ̌̉̏̃̔̍̕ ̉̄̉Ƞ 

¶ ̍ ״́ ̎̔̍̈́ ץ̓́̃ ̎́̄̌̉̓́̑̇́ ̘̎̔̔ ̙̙̰̉̑̉̓́̌̈ ̄̎̉̎̔ ̄̎̉̎̉̍̇ ץ̅̉̍  ̏̑̉̄́ 
̍̏̒̌̉̄̉Ƞ 

¶ ̖ ץ̌́́ ̑̏ ̓́̇̑̉̂́̌́̑̎̉̎̄ ̉̎̏̂́̓̄́ ̏̌̉̎̄́̎̌̉̄̉Ƞ 
¶ ̋ ̆̌́̇ ״́ ̖̋̉̎̆̓ ̎́̄̉̅́̎́̌́̅̊̏̕ ̠́̅̓̉̌̏́̕ ̊̉̂̒́̋ ̉̄́̅̋́ ̍̅́ ̅́̒̓̔̑̉̊ 

̃̏̒̉̓́̌́̑ȟ ̖́̂̏̑̏̓ ́״ ̍̅́ ̗̠̓̆̌̆̋̏̍̍̔̎̉̋́̉ ̖̠̓̆̎̏̌̏̄̉̌́̑̉̎̉ ̰̙̙̈̌́̓̉̑̉̉Ȣ 
ץ˼̉ ״́ ̰̏̑́̈ ̘̄̎̉̎̉̃̔̌̏ ̛̍̉̌́̓ ̧̉̎́̑́̇ ̙̉̓ ̍̋̏̑̌̉̄̉ ̓́̍̏̊̉̌̌́̑̉ 

ץ̔ ́̅̉̒̏̒́ ̑̉̌́̅̉ȟ ̂̔̎̉ ̙̙̓́̋̏̍̉̌̌́̓̉̑̉ ̘̔̔̎ ̈́̍̏̎́̃̉̊ ̐̆̅́̄̏̄̉̋ ́״ ̍̅́ 
̖́̂̏̑̏̓ ̖̠̓̆̎̏̌̏̄̉̌́̑̎̉ ̍̔̋́̍̍́̌ ̅́̑́̇́̅́ ̞̙̄́̌̌́ ̓́̌́̂ ̞̓̉̌́̅̉Ȣ ˎ̔̎̅́̎ 
ץ̙́́̓ ̑̉ ̈́̍̏̎́̃̉̊ ̖́̂̏̑̏̓ ̖̠̓̆̎̏̌̏̄̉̌́̑̉ ̂̉̌̉̍ ̘̂̆̑̔̃̉ ̃́ ̂̉̌̉̍ ̘̏̌̔̃̉̄́  
ץ́ ״̉̔̍ ̑̏̓ ץ̏́̓ ̙̙̉̎̉̑̉̏ ́̄̌́̍́ ̉̎̑́̌́̉̈́̃̕ ̍ ̈̏ ̞̓́̅̉ ɀ ̞̎̅̉ ̂̉̌̉̍ ̘̏̌̔̃̉ 
ץ́́́̎̕ ̓ ̰̈ ̖̍̔̓́́̒̒̉̒̌̉̄̉ ̰̙̊̎́̌̉̉̅́ȟ ̂́̌̋̉ ̍́̃̇̔̅ ̰̉ץ ̙̓̉ ̗̗̠̋̏̎̆̐̉̌́̑̉ȟ 
״́̏̒ ́̋̉̅̏̓̆̍ ס̏̌̉ ̉̄́̅̉̒ ̑ ̰̙̊̎́̌̉̌́̑ȟ ̙̂̉̌̉̎̉̎̄ ̖̐̒̉̏̌̏̄̉̋ ̖̠̔̒̔̒̉̓̌́̑̉ȟ 
ץ̰̉ ̙̓̉̅́ ̈́̍̏̎́̃̉̊ ̖́̂̏̑̏̓ ̖̠̓̆̎̏̌̏̄̉̌́̑̉̎̉̎̄ ̠̉̍̋̏̎̉̓̌́̑̉̎̉ ̙̂̉̌̉̉ 
̌̏̈̉̍Ȣ ˎ̔ ̃́̈̉́̎̉̕ ̍̔̃́́̉̕̕ץ ̠̓̌̉ ́̍́̌̄́ ̙̙̏̉̑̉ ̘̔̔̎ ̞̒́ ̍́̌́̋́ ̙̙̏̉̑̉ 



ˠ̘̜̆̎̊ 88) ̃̆̋́ Ɇ ςπρ6 Ɇ Ο 5-4 (18)  
 

 

71 

̓̉̈̉̍̎̉̎̄ ̒́̍́̑́̌̉ ̠́̏̌̉̓̕ ̰̙̋̑̒́̓̉̉ȟ ̒̏́״ ס̏̌̉ ̉̄́̅ ̑ ̛̓́̌̉̍ ̍̆̓̏̅̌́̑̉ ̃́ 
ץ̉ ץ̉̂̅́̓ ̙̉̎̉̑́̌̌̋́ ̙̌̉ ̂̏̑́̒̉̅́ ̅̏̉̍̉̊ ̙̑́̃̉̅́ ̙̉ ̏̌̉̂ ̙̂̏̑̉̌̉̉̎̉ 
ץ́̏̓ ̈̏ ̞̓́̅̉ [3, c. 45]. 

״́ ̞̎́̋ ̊́̅̎̔˥ ץ́ ̑ ̎̅́̊ ̖̠̓̆̎̏̌̏̄̉̎̉ ́̍ ́̌̄́ ̙̙̏̉̑̉ ̘̔̔̎ȟ ̧̇́̑́̎̉ 
ץ̙́̏̂ ״́ ́̃ ̙̉̑ ץ̘̉̉ ̙̂́̌̉ ̉̎̉̑̔̓̒́̅ ̑́̌̓́̋́̑ ץ̌̉̎́ ́̅̉̒́̇́̑́̅ ̙ ̙́̓̉̑̉̂ 
̙̏̌̉ ̓́̌́̂ ̞̓̉̌́̅̉Ȣ  

״̉̔̍ ̛̍̉̌́̓-̖̓̏̑̏̂́ ̉̒́̒̒́̔̍ ̛̍̉̌́̓ ̊̉̌˛ ̓̉ ̙̓́̋̉̌ ̞̘̓̔̃̉̌́̑̉ ɀ ̰ ץ̔ ̃ȟ 
״́ ̙̑́̌̉ ̊̉̂̔̌̒̔-̊̉̍̌̉ ́̃ ̠̊̉̃̉̂̑́̓ ץ̰ ̘̰́̉̊̂ ̑́̌̎́̕ ̉̎̑́̌́̂́̌́̓ ́̅̍ ̌̌́̂-
ץ̔ ̙̃̃́̓̌́ȟ ̏̌̉̊ ̛̓́̌̉̍ ̍̔́̒̒́̒̉̎̉̎̄ 7ÅÂɀ̒ ״́̉ ́̒̉̕ȟ ̰̉ץ ̘̓̔̃̉̌́̑̉̎̉̎̄ 
̉̎̅̉̃̉̅̔́̌ ̐̏̑̓̆̌̉̕ȟ ́̎̌́̑̕ ̰̘̂̊̉́ ̰̔ץ ̃ ̅́̑̒̌́̑̉̎̉̎̄ ̔̒̌̔̂̉̊ ̛̓́̍̉̎̏̓̉ 
̰̂̌̉̍̌́̑̉̅́̎ ̉̂̏̑́̓ ̰̂̌́̅̉Ȣ 
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˜˝˛ˣ˒˞˞˨ ˙˛ˑ˒˝˚˕˔ˍˣ˕˕ ˏ ˞˕˞˟˒˙˒ ˛ˎ˝ˍ˔˛ˏˍ˚˕ˬ  
˕ ˕˚ˡ˛˝˙ˍˣ˕˛˚˚˨ˢ ˟˒ˢ˚˛˘˛ː˕˖ ˝˒˞˜ˠˎ˘˕˗˕ ˠ˔ˎ˒˗˕˞˟ˍ˚ 

 
ˎȢ˪Ȣ ˪̌̍̔̑́̅̏̃ 

 
ˍ̗̠̎̎̏̓́̉Ȣ ˏ ̞̓̏̊ ̝̒̓́̓̆ ̟̠̑́̒̒̍́̓̑̉̃́̓̒ ̟̐̑̏̅̏̌̇́̉̆̚ ̗̜̐̑̏̆̒̒ ̍̏̅̆̑̎̉̈́Ȥ

̗̉̉ ̉ ̑́̈̃̉̓̉̆ ̎́ ̍̉̑̏̃̏̍ ̔̑̏̃̎̆ ̝̜̖̏̂̑́̈̏̃́̓̆̌̎ ̒̉̒̓̆̍ ̃ ˝̆̒̐̔̂̌̉̋ ̆ˠ̈̂̆̋̉̒̓́̎ȟ 
̠̍̆̑̏̐̑̉̓̉̆ ̉ ̜̍̆̓̏̅ ̠̒̏̈̅́̎̉ ̗̉̎̏̑̍́̉̏̎̎̏̊̕ ̝̏̂̑́̈̏̃́̓̆̌̎̏̊ ̒̑̆̅̉ ̃ ̘̜̖̔̆̂̎ 
̠̖̈́̃̆̅̆̎̉ ̐̑̉ ̐̑̉̍̆̎̆̎̉̆ ̜̖̎̏̃ ̗̜̖̉̎̎̏̃́̉̏̎̎ ̉ ̘̖̐̆̅́̄̏̄̉̆̒̋̉ ̖̓̆̎̏̌̏̄̉̉Ȣ 

˗̟̘̜̌̆̃̆ ̒̌̏̃́ȡ ̝̠̏̂̑́̈̏̃́̓̆̌̎́ ̒̉̒̓̆̍́ȟ ̖̓̆̎̉̋́ȟ ̖̠̓̆̎̏̌̏̄̉ȟ ̗̜̅̉̒̓́̎̉̏̎̎̆ 
̘̏̂̔̆̎̉̆ȟ ̠̝̠̒́̍̏̒̓̏̓̆̌̎́ ̠̏̂̑́̈̏̃́̎̉Ȣ  
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ˠˑ˗ σσψ 
 

˛˝ːˍ˚˕˔ˍˣ˕ˬ ˛˟ˑ˨ˢˍ ˑ˒˟˒˖ȡ  
˚˛˝˙ˍ˟˕ˏ˚˛-˜˝ˍˏ˛ˏ˛˒ ˝˒ːˠ˘˕˝˛ˏˍ˚˕˒ȟ ˡ˛˝˙˨ ˕ ˡˠ˚˗ˣ˕˕ 

 
˛ȢˏȢ ˎ̟̔̑̅̄̏̃́1ȟ ˜ȢˏȢ ˙̏̑̏̈̏̃́2 

ˍ̗̠̎̎̏̓́̉ 
 
˞̝̠̓́̓ ̠̐̏̒̃̆̎́̚ ̏̅̎̏̍̔ ̉̈ ̜̖̒́̍ ̜̖̃́̇̎ ̃̏̐̑̏̒̏̃ ̗̝̒̏̉́̌̎̏̊ ̐̏̌̉Ȥ

̓̉̋̉ ̄̏̒̔̅́̑̒̓̃́ ɀ ̗̠̏̑̄́̎̉̈́̉ ̅̆̓̒̋̏̄̏ ̜̖̏̓̅́Ȣ ˏ̜̜̅̆̌̆̎ ̎̏̑̍́̓̉̃̎̏-
̜̐̑́̃̏̃̆ ̜̘̑́̄̉ ̠̔̐̑́̃̌̆̎̉ ̅́̎̎̏̊ ̒̆̑̏̊̕ȟ ̠̏̒̎̏̃̎́ ̗̠̋̌́̒̒̉̉̋́̉̕ ̉ ̔̎̋̕Ȥ
̗̉̉ ̅̆̓̒̋̏̄̏ ̠̌́̄̆̑ȟ ̋́̋ ̏̅̎̏̄̏ ̉̈ ̎́̐̑́̃̌̆̎̉̊ ̅̆̓̒̋̏̄̏ ̜̖̏̓̅́Ȣ 
 
˗̟̘̜̌̆̃̆ ̒̌̏̃́ȡ ̗̠̏̑̄́̎̉̈́̉ ̅̆̓̒̋̏̄̏ ̜̖̏̓̅́ȟ ̅̆̓̒̋̉̊ ̝̌́̄̆̑ȟ ̄̏̒̔̅́̑̒̓̃̆̎Ȥ
̎̏̆ ̔̐̑́̃̌̆̎̉̆ ̅̆̓̒̋̉̍ ̜̖̏̓̅̏̍Ȣ 

 
ː̑́̍̏̓̎̏ ̏̑̄́̎̉̈̏̃́̎̎̏̆ ̅̏̒̔̄̏̃̏̆ ̐̑̏̒̓̑́̎̒̓̃̏ ̟̐̏̅̑́̒̓́̆̄̏̚ ̐̏̋̏Ȥ

̠̌̆̎̉ ɀ ̈́̌̏̄ ̙̔̒̐̆̎̏̄̏ ̠̑́̈̃̉̓̉ ̗̝̒̏̉́̌̎̏̄̏ ̏̂̆̒̓̃́̚ȟ ̄̅̆ ̃ ̒̃̏̂̏̅̎̏̆ ̏̓ 
̘̜̔̆̂ ̠̃̑̆̍ ̅̆̓̉ ̍̏̄̔̓ ̝̑̆́̌̉̈̏̃́̓ ̒̃̏̊ ̃̎̔̓̑̆̎̎̉̊ ̗̐̏̓̆̎̉́̌ȟ ̠̠̝̐̑̏̃̌̓ 
̝̝̉̎̅̉̃̉̅̔́̌̎̏̒̓ ̉ ̘̓̃̏̑̆̒̋̉̆ ̒̐̏̒̏̂̎̏̒̓̉ȟ ́ ̓́̋̇̆ ̖̝̏̓̅̏̎̔̓ ̉ ̝̏̈̅̏̑̏̃̉̓Ȥ
̠̒Ȣ ˛̅̎̉̍ ̉̈ ̜̖̃́̇̎ ̎́̐̑́̃̌̆̎̉̊ ̗̏̑̄́̎̉̈́̉̉ ̜̖̏̓̅́ ̅̆̓̆̊ ̃ ̐̆̑̉̏̅ ̋́̎̉̋̔̌ 
̠̠̠̃̌̆̓̒ ̑́̂̏̓́ ̖̅̆̓̒̋̉ ̝̜̖̏̈̅̏̑̏̃̉̓̆̌̎ ̌́̄̆̑̆̊Ȣ ː̅̆ ̝̠̏̈̅̏̑̏̃̉̓̆̌̎́ ̠̅̆Ȥ
̝̝̓̆̌̎̏̒̓ ̐̏̅̑́̈̔̍̆̃́̆̓ ̐̏̅ ̒̏̂̏̊ ̋̏̍̐̌̆̋̒ ̔̒̌̏̃̉̊ ̐̏ ̘̟̏̂̆̒̐̆̆̎̉ ̅̆̓̆̊ 
̠̠̍̆̑̏̐̑̉̓̉̍̉ ̟̒̐̏̒̏̂̒̓̃̔̉̍̉̚ ̟̔̋̑̆̐̌̆̎̉ ̉ ̟̐̏̅̅̆̑̇́̎̉ ̝̠̈̅̏̑̏̃ȟ ̐̑̏Ȥ
̉̌́̋̓̉̋̔̕ ̈́̂̏̌̆̃́̎̉̊ȟ ̟̠̒̏̂̌̅̆̎̉ ̑̆̇̉̍́ ̠̐̉̓́̎̉ ̉ ̒̎́Ȣ ˛̗̠̑̄́̎̉̈́̉ ̃̑̆Ȥ
̠̠̍̐̑̆̐̑̏̃̏̇̅̆̎̉ ̅̆̓̆̊ ̘̏̈́̅́̉̃́̆̓ ̎̆ ̝̓̏̌̋̏ ̑̏̅̉̓̆̌̆̊ȟ ̎̏ ̉ ̏̂̆̒̓̃̏̚ ̃ 
̗̆̌̏̍Ȣ ˏ ̠̒̃̈̉ ̒ ̞̓̉̍ ̠̓̑̆̂̔̆̓̒ ̝̔̅̆̌̉̓ ̏̒̏̂̏̆ ̃̎̉̍́̎̉̆ ̑́̂̏̓̆ ̜̖̅́̎̎ ̘̔̑̆Ȥ
̇̅̆̎̉̊ȟ ̓́̋ ̋́̋ ̜̃̏̐̑̏̒ ̝̉̎̓̆̌̌̆̋̓̔́̌̎̏̊ȟ ̗̝̒̏̉́̌̎̏̊ ̉ ̘̓̃̏̑̆̒̋̏̊ ̒́̍̏̑̆́Ȥ
̗̌̉̈́̉̉ ̐̏̅̑̏̒̓̋̏̃ ̃̒̆̄̅́ ̜̂̌̉ ̘̜̐̆̑̃̏̏̆̑̆̅̎̍̉ ̘̈́̅́́̍̉ ̠̑́̈̃̉̓̉ ̜̒̓̑́̎Ȣ 

ˏ̏̐̑̏̒́̍ ̞̆̋̓̉̃̎̏̊̕̕ ̗̏̑̄́̎̉̈́̉̉ ̅̆̓̒̋̏̄̏ ̅̏̒̔̄́ ̠̐̏̒̃̆̎̏̚ ̎̆̍́̌̏ 
̉̒̒̌̆̅̏̃́̎̉̊Ȣ ˟̑́̋̓̏̃̋́ ̠̠̐̏̎̓̉ Ⱥ̅̆̓̒̋̉̊ ̝̌́̄̆̑Ȼ ̖̎́̏̅̉̓ ̏̓̑́̇̆̎̉̆ ̃ ̑́̈Ȥ
̜̖̎ ̖̒̆̑́̕ ̎́̔̋̉ ɉ̗̓́̂̌̉́ ρɊȢ 

 
˟̗́̂̌̉́ ρ 

˟̑́̋̓̏̃̋́ ̠̠̐̏̎̓̉ Ⱥ̅̆̓̒̋̉̊ ̝̌́̄̆̑Ȼ 
 

˛̐̑̆̅̆̌̆̎̉̆ ˕̘̒̓̏̎̉̋ 

ˏ̠̑̆̍̆̎̎́ ̠̒̓̏̎̋́ ̜̘̏̂̎̏ ̐̏̅ ̜̜̏̓̋̑̓̍ ̎̆̂̏̍ ̉̌̉ ̃ 
̖̐́̌́̓̋́ 

Ⱥ˟̜̏̌̋̏̃̊ ̝̒̌̏̃́̑ ̑̔̒̒̋̏̄̏ 
̠̜̈̋́Ȼ ˞Ȣ ˕Ȣ ˛̇̆̄̏̃́ 

ˏ̙̝̎̆̋̏̌̎̏̆ ̘̔̑̆̇̅̆̎̉̆ȟ ̒ ̠̜̂̌́̄̏̐̑̉̓̎̍̉ ̐̑̉̑̏̅Ȥ
̜̎̍̉ ̠̔̒̌̏̃̉̍̉ȟ ̟̏̑̄́̎̉̈̔̆̆̚ 
̜́̋̓̉̃̎̊ ̜̖̏̓̅ ̙̝̋̏̌̎̉̋̏̃ ρ-ψ ̋̌́̒̒̏̃ ̃ ̠̋́̎̉̋̔̌̑Ȥ
̎̏̆ ̠̃̑̆̍ 

Ⱥ˗̑́̓̋̉̊ ̝̒̌̏̃́̑ ̒̏̃̑̆̍̆̎Ȥ
̎̏̊ ̐̆̅́̄̏̄̉̋̉Ȼ ̐̏̅ ̑̆̅Ȣ ˘Ȣ˚Ȣ 
˫̍̒̔̎̏̃̏̊ 

ˏ̝̏̒̐̉̓́̓̆̌̎̏-̝̠̏̈̅̏̑̏̃̉̓̆̌̎́ ̒̉̒̓̆̍́ȟ ̟̘̟̠̃̋̌́́̚ 
̝̉̎̅̉̃̉̅̔́̌̎̏-̜̄̑̔̐̐̏̃̆ȟ ̗̝̔̎̋̉̏̎́̌̎̏̕ ̠̝̅̆̓̆̌̎̏Ȥ
̜̒̓̎̆ȟ ̗̆̎̎̏̒̓̎̏-̜̏̑̉̆̎̓̉̑̏̃́̎̎̆ȟ ̐̑̏̒̓̑́̎̒̓̃̆̎̎̏-
̜̃̑̆̍̆̎̎̆ȟ ̅̉́̄̎̏̒̓̉̋̏-̘́̎́̌̉̓̉̆̒̋̉̆ ̜̋̏̍̐̏̎̆̎̓ 

˫Ȣ ˚Ȣ ˟́̑́̎ 

   

                                                           
1ˎ̟̔̑̅̄̏̃́ ˛̝̌̄́ ˏ̝́̒̉̌̆̃̎́ ɀ ̋́̎̅̉̅́̓ ̘̖̐̆̅́̄̏̄̉̆̒̋̉ ̎́̔̋ȟ ̗̅̏̆̎̓ ̜̋́̆̅̑̕ 

̠̔̐̑́̃̌̆̎̉ ̐̆̑̒̏̎́̌̏̍ȟ ̒̆̑̃̉̒́ ̉ ̓̔̑̉̈̍́ȟ ˛̑̆̎̂̔̑̄̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉Ȥ
̓̆ȟ̓ ˝̠̏̒̒̉Ȣ 

2˙̏̑̏̈̏̃́ ˜̏̌̉̎́ ˏ̝́̒̉̌̆̃̎́ ɀ ̍́̄̉̒̓̑́̎̓ȟ ˛̑̆̎̂̔̑̄̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉Ȥ
̃̆̑̒̉̓̆̓ȟ ˝̠̏̒̒̉Ȣ 
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ˏ ̏̂̆̍̚ ̜̒̍̒̌̆ ̐̏̅ ̠̐̏̎̓̉̆̍ Ⱥ̅̆̓̒̋̉̊ ̝̌́̄̆̑Ȼ ̠̐̏̅̑́̈̔̍̆̃́̆̓̒ ̘̔̑̆̇Ȥ
̅̆̎̉̆ȟ ̠̟̔̅̏̃̌̆̓̃̏̑̆̆̚ ̘̈́̅́́̍ ̘̄̔̍́̎̉̒̓̉̆̒̋̏̄̏ ̠̏̑̍̉̑̏̃́̎̉̕ ̠̑́̈̃̉̓̉ 
̘̌̉̎̏̒̓̉ ̉ ̠̟̏̒̔̆̒̓̃̌̆̆̚̚ ̎̆ ̝̓̏̌̋̏ ̗̔̎̋̉̉̕ ̠̏̈̅̏̑̏̃̌̆̎̉ ̉ ̜̖̏̓̅́ ̅̆̓̆̊ȟ 
̎̏ ̉ ̝̜̃̏̒̐̉̓́̓̆̌̎̆ ̉ ̝̜̏̂̑́̈̏̃́̓̆̌̎̆ ̜́̒̐̆̋̓Ȣ 

˛̜̒̎̏̃̎̍ ̅̏̋̔̍̆̎̓̏̍ȟ ̟̑̆̄̌́̍̆̎̓̉̑̔̉̍̚ ̑́̂̏̓̔ ̠̌́̄̆̑ȟ ̠̠̠̃̌̆̓̒ ˚́Ȥ
̗̝̜̉̏̎́̌̎̊ ̒̓́̎̅́̑̓ ˝ˡ Ⱥˠ̒̌̔̄̉ ̠̅̆̓̍ ̃ ̘̠̖̔̑̆̇̅̆̎̉ ̜̖̏̓̅́ ̉ ̏̈̅̏̑̏̃̌̆Ȥ
̠̎̉Ȼ ɉː˛˞˟ ˝ υςψψχ-ςππχɊȢ ˘̝̜̏̋́̌̎̍ ̜̎̏̑̍́̓̉̃̎̍ ̅̏̋̔̍̆̎̓̏̍ ̠̠̠̃̌̆̓̒ ˠ̒Ȥ
̓́̃ȟ ́ ̠̅̌ ̜̖̏̂̏̒̏̂̌̆̎̎ ̐̏̅̑́̈̅̆̌̆̎̉̊ ɀ ˜̏̌̏̇̆̎̉̆Ȣ ˏ́̇̎̏̆ ̍̆̒̓̏ ̃ ̑́̂̏̓̆ 
̠̌́̄̆̑ ̟̈́̎̉̍́̓ ˞́̎˜̉˚̜ ɉ̗̓́̂̌̉́ ςɊȢ 

 
˟̗́̂̌̉́ ς 

˛̜̒̎̏̃̎̆ ˞́̎˜̉˚̜ ̠̅̌ ̜̑́̂̏̓ ̠̌́̄̆̑ 
 

˞̏̅̆̑̇́̎̉̆ ˚́̉̍̆̎̏̃́̎̉̆ 
Ⱥ˞́̎̉̓́̑̎̏-̞̘̐̉̅̆̍̉̏̌̏̄̉̆̒̋̉̆ ̠̓̑̆̂̏̃́̎̉ ̋ ̔̒̓̑̏̊̒̓̃̔ȟ 
̟̒̏̅̆̑̇́̎̉ ̉ ̗̏̑̄́̎̉̈́̉̉ ̑̆̇̉̍́ ̜̑́̂̏̓ ̜̖̈́̄̏̑̏̅̎ 
̗̜̖̒̓́̉̏̎́̑̎ ̘̔̑̆̇̅̆̎̉̊ ̜̖̏̓̅́ ̉ ̠̏̈̅̏̑̏̃̌̆̎̉ ̅̆̓̆̊Ȼ 

˞́̎˜̉˚ ςȢτȢτȢρςπτ-03 

Ⱥː̘̉̄̉̆̎̉̆̒̋̉̆ ̠̓̑̆̂̏̃́̎̉ ̋ ̔̒̓̑̏̊̒̓̃̔ȟ ̟̒̏̅̆̑̇́̎̉ ̉ 
̗̏̑̄́̎̉̈́̉̉ ̑̆̇̉̍́ ̃ ̝̜̖̏̈̅̏̑̏̃̉̓̆̌̎ ̘̠̖̔̑̆̇̅̆̎̉ ̒ 
̜̅̎̆̃̎̍ ̜̐̑̆̂̃́̎̉̆̍ ̅̆̓̆̊ ̃ ̐̆̑̉̏̅ ̋́̎̉̋̔̌Ȼ 

˞́̎˜̉˚ ςȢτȢτȢςυωω-10 

Ⱥ˞́̎̉̓́̑̎̏-̞̘̐̉̅̆̍̉̏̌̏̄̉̆̒̋̉̆ ̠̓̑̆̂̏̃́̎̉ ̋ ̔̒̓̑̏̊̒̓̃̔ȟ 
̟̒̏̅̆̑̇́̎̉ ̉ ̗̏̑̄́̎̉̈́̉̉ ̑̆̇̉̍́ ̜̑́̂̏̓ ̖̅̆̓̒̋̉ ̓̔̑̉Ȥ
̘̖̒̓̉̆̒̋̉ ̌́̄̆̑̆̊ ̘̐́̌́̓̏̎̏̄̏ ̓̉̐́ ̃ ̐̆̑̉̏̅ ̖̌̆̓̎̉ ̋́Ȥ
̎̉̋̔̌Ȼ 

˞́̎˜̉˚ ςȢτȢτȢςφπυ-10 

 
 ˑ ̆̓̒̋̉̆ ̠̌́̄̆̑ ̠̅̌ ̅̆̓̆̊ ̉ ̐̏̅̑̏̒̓̋̏̃ ̟̠̒̏̈̅́̓̒ȡ ̏̑̄́̎́̍̉ ̄̏̒̔̅́̑̒̓̃̆̎̎̏̊ 
̃̌́̒̓̉ ˝̏̒̒̉̊̒̋̏̊ ˡ̗̆̅̆̑́̉̉Ƞ ̏̑̄́̎́̍̉ȟ ̠̟̏̒̔̆̒̓̃̌̉̍̉̚̚ ̔̐̑́̃̌̆̎̉̆ ̃ ̒̆̕Ȥ
̑̆ ̠̏̂̑́̈̏̃́̎̉Ƞ ̏̑̄́̎́̍̉ ̗̝̒̏̉́̌̎̏̊ ̜̈́̉̓̚ ̠̎́̒̆̌̆̎̉Ƞ ̋̏̍̉̓̆̓́̍̉ ̐̏ ̅̆̌́̍ 
̍̏̌̏̅̆̇̉Ƞ ̝̜̅̏̂̑̏̃̏̌̎̍̉ ̜̒̐̏̑̓̉̃̎̍̉ ̏̂̆̒̓̃́̍̉̚Ƞ ̜̒̐̏̑̓̉̃̎̍̉ ̋̏̍̉̓̆Ȥ
̓́̍̉Ƞ ̟̜̐̑̏̒̏̈̎̍̉̕ ̏̑̄́̎́̍̉Ƞ ̅̑̔̄̉̍̉ ̏̑̄́̎́̍̉ ̛̒̔̂̆̋̓̏̃ ˝̏̒̒̉̊̒̋̏̊ ˡ̆Ȥ
̗̅̆̑́̉̉ ̉ ̍̆̒̓̎̏̄̏ ̠̒́̍̏̔̐̑́̃̌̆̎̉Ƞ ̘̋̏̍̍̆̑̆̒̋̉̍̉ ̉ ̘̎̆̋̏̍̍̆̑̆̒̋̉̍̉ ̏̑Ȥ
̗̠̄́̎̉̈́̉̍̉Ȣ  

 

 
 

˝̉̒Ȣ ρȢ ˡ̗̔̎̋̉̉ ̅̆̓̒̋̏̄̏ ̠̌́̄̆̑ 
 
ˑ̆̓̒̋̉̆ ̠̌́̄̆̑ ̟̉̍̆̓ ̒̃̏̉ ̗̘̒̐̆̉̉̆̒̋̉̆̕ ̗̔̎̋̉̉̕ȟ ̐̑̉̒̔̉̆̚ ̅́̎̎̏̊ 

̒̆̑̆̕ȟ ̜̄̌́̃̎̍̉ ̉̈ ̜̖̋̏̓̏̑ ̠̠̟̠̃̌̓̒ ̝̜̏̈̅̏̑̏̃̉̓̆̌̎̆ȟ ̝̜̐̏̈̎́̃́̓̆̌̎̆ȟ ̑̆̋Ȥ
̗̜̑̆́̉̏̎̎̆ ̉ ̘̓̃̏̑̆̒̋̉̆ ɉ̑̉̒̔̎̏̋ ρɊ. 

ˏ ̘̎́̔̎̏̍ ̅̉̒̋̔̑̒̆ ̐̑̆̅̒̓́̃̌̆̎́ ̗̠̋̌́̒̒̉̉̋́̉̕ ̖̅̆̓̒̋̉ ̌́̄̆̑̆̊ ̐̏ 
̜̑́̈̎̍ ̐̑̉̈̎́̋́̍ȡ ̟̘̑̉̅̉̆̒̋̉̊ ̒̓́̓̔̒ȟ ̠̉̍̔̆̒̓̃̆̎̎́̚ ̝̐̑̉̎́̅̌̆̇̎̏̒̓ȟ ̏̑Ȥ
̗̠̄́̎̉̈́̉̏̎̎́ ̒̓̑̔̋̓̔̑́Ȣ ˜̑̆̅̒̓́̃̉̍ ̗̟̋̌́̒̒̉̉̋́̉̕ ̖̅̆̓̒̋̉ ̌́̄̆̑̆̊ ̎́ ̏̒Ȥ
̎̏̃̆ ̖̅̃̔ ̖̐̏̅̏̅̏̃Ȣ ˜̜̆̑̃̊ ̖̐̏̅̏̅ ̜̠̏̒̎̏̃̃́̆̓̒ ̐̏ ̐̑̉̈̎́̋̔ ɀ ̍̆̒̓̏ ̑́̈̍̆Ȥ
̠̆̎̉̚ ̅̆̓̆̊ȟ ̃̓̏̑̏̊ ̖̐̏̅̏̅ ̠̠̏̐̑̆̅̆̌̆̓̒ ̐̏ ̟̒̏̅̆̑̇́̎̉ ̠̝̅̆̓̆̌̎̏̒̓̉ ̌́̄̆Ȥ
̑̆̊ ɉ̑̉̒̔̎̏̋ ςɊȢ 

 

ʕʤʦʮʠʦʥʘʣʴʥʦ- 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʘʷ 

ʕʩʪʝʪʠʯʝʩʢʘʷ 

ʉʦʮʠʘʣʴʥʳʝ 

ʬʫʥʢʮʠʠ 

ʜʝʪʩʢʦʛʦ 

ʣʘʛʝʨʷ 

ʚ́ʦʨʯʝʩʢʘʷ 

ʆʟʜʦʨʦʚʠʪʝʣʴʥʘʷ 

ʉʦʮʠʦ-

ʢʫʣʴʪʫʨʥʘʷ 

ʂʫʣʴʪʫʨʥʦ-

ʚʦʩʧʠʪʘʪʝʣʴʥʘʷ 

ʦ˽ʟʥʘʚʘʪʝʣʴʥʘʷ 

ʈʝʢʨʝʘʮʠʦʥʥʘʷ 
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ˏ ̏̂̏̂̆̎̎̏̊̚ ̗̋̌́̒̒̉̉̋́̉̉̕ ̅̆̓̒̋̉̆ ̝̜̏̈̅̏̑̏̃̉̓̆̌̎̆ ̠̌́̄̆̑ ̐̏̅̑́̈Ȥ
̠̟̠̅̆̌̓̒ ̎́ ̟̒̌̆̅̔̉̆̚ ̜̓̉̐ȡ 

ρȢ ˔̜́̄̏̑̏̅̎̊ ̝̜̏̈̅̏̑̏̃̉̓̆̌̎̊ ̝̌́̄̆̑Ȣ ˝́̂̏̓́ ̠̌́̄̆̑ ̒ ̝̅̆̓̍̉ ̃ ̃̏̈̑́̒Ȥ
̓̆ φ ɀ ρυ ̌̆̓ȟ ̜̋̏̓̏̑̊ ̠̠̠̃̌̆̓̒ ̗̜̒̓́̉̏̎́̑̎̍Ȣ  

ςȢ ˞́̎́̓̏̑̎̏-̝̜̏̈̅̏̑̏̃̉̓̆̌̎̊ ̝̌́̄̆̑Ȣ ˗̘̜̑̔̄̌̏̄̏̅̉̎̊ ̝̌́̄̆̑ȟ ̏̒̔̆̒̓̚Ȥ
̠̟̃̌̉̊̚ ̑́̂̏̓̔ ̐̑̉ ̖̅̆̓̒̋̉ ̉ ̜̖̃̈̑̏̒̌ ̠̖̒́̎́̓̏̑̉ ̒ ̝̉̒̐̏̌̈̏̃́̎̉̆̍ ̏̐̑̆̅̆Ȥ
̌̆̎̎̏̊ ̗̍̆̅̉̉̎̒̋̏̊ ̜̂́̈Ȣ  

3. ˛̝̜̈̅̏̑̏̃̉̓̆̌̎̊ ̝̌́̄̆̑ ̒ ̜̅̎̆̃̎̍ ̜̐̑̆̂̃́̎̉̆̍Ȣ ˏ̠̑̆̍ ̖̠̎́̏̇̅̆̎̉ 
̅̆̓̆̊ ̒ ω ̔̓̑́ ̅̏ ρψ ̘́̒̏̃ ̘̃̆̆̑́ȟ ̟̐̑̆̅̔̒̍́̓̑̉̃́̆̆̚ σ-̑́̈̏̃̏̆ ̐̉̓́̎̉̆Ȣ ˝́̂̏Ȥ
̓́ ̠̌́̄̆̑ ̠̠̏̒̔̆̒̓̃̌̆̓̒̚ ̎́ ̂́̈̆ ̘̔̑̆̇̅̆̎̉̊ȡ ̝̜̖̏̂̆̏̂̑́̈̏̃́̓̆̌̎̚ȟ ̘̔̑̆̇̅̆Ȥ
̎̉̊ ̝̅̏̐̏̌̎̉̓̆̌̎̏̄̏ ̠̏̂̑́̈̏̃́̎̉ ̅̆̓̆̊Ƞ ̜̖̒̐̏̑̓̉̃̎ ̛̏̂̆̋̓̏̃ȟ ̐́̑̋̏̃ ̝̋̔̌Ȥ
̜̓̔̑ ̉ ̜̖̏̓̅́Ȣ 

τȢ ˘̝́̄̆̑ ̓̑̔̅́ ̉ ̜̖̏̓̅́Ȣ ˟̠̑̔̅̏̃́ ̠̝̝̅̆̓̆̌̎̏̒̓ ̠̒̏̐̑̏̃̏̇̅́̆̓̒ ̏̈̅̏Ȥ
̝̑̏̃̉̓̆̌̎̏-̝̜̃̏̒̐̉̓́̓̆̌̎̍̉ ̠̠̍̆̑̏̐̑̉̓̉̍̉Ȣ ˎ̜̟̃́̓ ̘̜̋̑̔̄̌̏̒̔̓̏̎̆ ̉̌̉ ̒ 
̜̅̎̆̃̎̍ ̜̐̑̆̂̃́̎̉̆̍ȟ ̠̅̌ ̅̆̓̆̊ ̏̓ ρτ ̌̆̓Ȣ 

 υȢ ˜̘̜́̌́̓̏̎̆ ̠̌́̄̆̑ ̠̅̌ ̅̆̓̆̊ ̝̜̖̏̂̑́̈̏̃́̓̆̌̎ ̘̔̑̆̇̅̆̎̉̊ ̏̓ ρς ̌̆̓ȟ 
̄̅̆ ̅̆̓̉ ̇̉̃̔̓ ̘̋̑̔̄̌̏̒̔̓̏̎̏ ̎́ ̠̐̑̏̓̇̆̎̉̉ ̝̖̎̆̒̋̏̌̋̉ ̅̎̆̊ ̎́ ̜̏̓̋̑̓̏̍ 
̖̃̏̈̅̔̆Ȣ 

˜̑̆̅̒̓́̃̉̍ ̜̑́̈̎̏̏̂̑́̈̎̆ ̜̏̑̍̕ ̗̏̑̄́̎̉̈́̉̉ ̅̆̓̒̋̏̄̏ ̜̖̏̓̅́ ̎́ ̒̆Ȥ
̠̙̄̏̅̎̎̉̊ ̝̅̆̎ ̃ ̘̏̓̆̆̒̓̃̆̎̎̏̊ ̉ ̈́̑̔̂̆̇̎̏̊ ̐̑́̋̓̉̋̆ȡ ̅̆̓̒̋̉̆ ̗̜̆̎̓̑ ̃ 
˝̏̒̒̉̉ ̉ ̈́̑̔̂̆̇̏̍Ƞ ̅̆̓̒̋̉̆ ̝̜̍̎̏̄̏̐̑̏̉̌̎̆̕ ̠̌́̄̆̑ ̉ ̗̜̆̎̓̑Ƞ ̅̆̓̒̋̉̆ ̉ ̍̏Ȥ
̜̌̏̅̆̇̎̆ ̗̏̑̄́̎̉̈́̉̉Ƞ ̠̌́̄̆̑ ́̋̓̉̃́ ̖̅̆̓̒̋̉ ̗̏̑̄́̎̉̈́̉̊Ƞ ̜̈́̄̏̑̏̅̎̆ ̗̆̎Ȥ
̜̓̑Ƞ ̌̆̓̎̉̆ ̜̂́̈ ̙̝̜̖̃̎̆̋̏̌̎ ̘̔̑̆̇̅̆̎̉̊Ƞ ̘̓̆̍́̓̉̆̒̋̉̆ ̠̌́̄̆̑Ƞ ̓̔̑̉̒̓̒̋̉̆ 
̠̌́̄̆̑Ƞ ̒̐̏̑̓̉̃̎̏-̝̜̏̈̅̏̑̏̃̉̓̆̌̎̆ ̘̠̔̑̆̇̅̆̎̉Ƞ ̠̌́̄̆̑ ̓̑̔̅́ ̉ ̜̖̏̓̅́Ƞ ̌́̄̆Ȥ
̠̑ ̟̜̖̎ ̅́̑̏̃́̎̉̊Ƞ ̅̆̓̒̋̉̆ ̜̋̑̔̉̈Ƞ ̠̌́̄̆̑-̞̗̋̒̐̆̅̉̉̉Ƞ ̜̒̆̍̆̊̎̆ ̜̂́̈ ̜̏̓̅Ȥ
̖́Ƞ ̠̌́̄̆̑ ̜̖̃̏̅̎̏̄̏ ̠̅̎Ƞ ̝̜̏̈̅̏̑̏̃̉̓̆̌̎̆ ̐̌̏́̅̋̉̚Ƞ ̜̑́̈̎̏̃̏̈̑́̒̓̎̆ ̠̏̓̑Ȥ
̜̅Ƞ ̌̆̓̎̉̆ ̜̐̏̌̆̃̆ ̜̒̓́̎Ƞ ̜̐̏̌̆̃̆ ̉ ̘̜̐́̌́̓̏̎̆ ̠̌́̄̆̑Ȣ 

˔̜́̑̔̂̆̇̎̊ ̜̏̐̓ ̜̖̈́̄̏̑̏̅̎ ̗̆̎̓̑̏̃ ˒̜̃̑̏̐ȟ ˍ̈̉̉ ̉ ˍ̍̆̑̉̋̉ ̟̅̆̌́̓ 
̗́̋̆̎̓ ̎́ ̘̌̉̎̏̒̓̎̏-̏̑̉̆̎̓̉̑̏̃́̎̎̏̍ ̖̐̏̅̏̅̆ ̋ ̗̏̑̄́̎̉̈́̉̉ ̏̒̎̏̃̎̏̊ ̑́̂̏Ȥ
̜̓ ̖̅̆̓̒̋̉ ̘̔̑̆̇̅̆̎̉̊Ȣ ˜̑̉̍̆̑̏̍ ̒̌̔̇̉̓ ̗̠̏̑̄́̎̉̈́̉ ̘̜̖̍̎̏̄̏̉̒̌̆̎̎ ̌̆̓Ȥ
̖̎̉ ̝̅̆̑̆̃̆̎ Ⱥ˫̝̎̏̒̓ ̉ ̝̈̅̏̑̏̃̆Ȼ ɉ˗̏̑̏̌̆̃̒̓̃̏ ˎ̝̠̆̌̄̉Ɋ ̜̄̌́̃̎̍̉ ̗̠̆̌̍̉ 
̜̖̋̏̓̏̑ȟ ̠̠̠̃̌̆̓̒ ̃̒̆̒̓̏̑̏̎̎̆̆ ̑́̈̃̉̓̉̆ ̍̏̌̏̅̏̄̏ ̠̐̏̋̏̌̆̎̉ ̉ ̐̑̉̃̉̓̉̆ ̏̒Ȥ
̎̏̃ ̃ ̖̒̏̑́̎̆̎̉̉ ̉ ̐̏̅̅̆̑̇́̎̉̉ ̈̅̏̑̏̃̏̄̏ ̏̂̑́̈́ ̇̉̈̎̉Ȣ ˍ ̜̄̌́̃̎̍̉ ̘̈́̅́́Ȥ
̍̉ ̠̠̟̠̃̌̓̒ȡ ̐̑̉̃̉̓̉̆ ̝̜̖̋̔̌̓̔̑̎ ̗̆̎̎̏̒̓̆̊ ̠̅̆̓̍ ̉ ̏̈̎́̋̏̍̌̆̎̉̆ ̒ ̝̋̔̌̓̔Ȥ
̑̏̊ ̖̅̑̔̄̉ ̎́̑̏̅̏̃Ƞ ̐̑̏̐́̄́̎̅́ ̑́̃̆̎̒̓̃́ ̎̆̈́̃̉̒̉̍̏ ̏̓ ̗̝̎́̉̏̎́̌̎̏̒̓̉ȟ ̑̆Ȥ
̜̖̌̉̄̉̏̈̎ ̠̃̈̄̌̅̏̃ȟ ̗̝̒̏̉́̌̎̏̄̏ ̠̐̏̌̏̇̆̎̉Ȣ 

˜̜̑̉̏̑̉̓̆̓̎̍̉ ̏̑̍́̍̉̕ ̗̏̑̄́̎̉̈́̉̉ ̜̖̏̓̅́ ̉ ̠̏̈̅̏̑̏̃̌̆̎̉ ̠̠̟̃̌̓Ȥ
̠̒ȡ ̅̆̓̒̋̉̆ ̠̌́̄̆̑ȟ ́̎̉̍́̓̏̑̒̋̉̆ ̜̐̑̏̄̑́̍̍ȟ ̜̉̄̑̏̃̆ ̐̌̏́̅̋̉̚ȟ ̜̋̏̓̏̑̆ ̐̏Ȥ
̠̟̈̃̏̌̓ ̃̒̆̍ ̘̔́̒̓̎̉̋́̍ ̝̔̒̓́̎̏̃̉̓ ̜̋̏̎̓́̋̓ȟ ̐̑̉̏̂̑̆̒̓̉ ̗̝̜̒̏̉́̌̎̊ ̜̏̐̓ 
̠̃̈́̉̍̏̅̆̊̒̓̃̉ ̃ ̖̄̑̔̐̐́ ̉ ̝̑́̈̃̉̃́̓ ̘̓̃̏̑̆̒̋̉̊ ̗̐̏̓̆̎̉́̌Ȣ 

˚̝̙́̉̂̏̌̆̊ ̠̝̟̐̏̐̔̌̑̎̏̒̓ ̃ ˒̃̑̏̐̆ ̝̟̠̐̏̌̈̔̓̒ ̠̌́̄̆̑ ̝̎̆̏̑̍́̌̎̏̄̏̕ 
̌̉̅̆̑̒̋̏̄̏ ̠̏̂̑́̈̏̃́̎̉ȟ ̑́̂̏̓́ ̜̖̋̏̓̏̑ ̐̑̆̅̐̏̌́̄́̆̓ ̘̒̏̆̓́̎̉̆ ̒̐̏̑̓̉̃̎̏-
̘̜̖̓̑̆̎̉̑̏̃̏̎ ̒̂̏̑̏̃ ɉ̐̏ ̝̜̐̑̉̃̌̆̋́̓̆̌̎̍ ̃̉̅́̍ ̒̐̏̑̓́Ɋ ̉ ̘̋́̆̒̓̃̆̎̎̏̄̏ 
̅̏̒̔̄́ȟ ̟̒̐̏̒̏̂̒̓̃̔̉̊̚ ̙̟̑́̒̉̑̆̎̉ ̋̑̔̄̏̈̏̑́ ̜̖̟̖̏̓̅́̉̚ ̃ ̌́̄̆̑̆Ȣ 

˝̝̜̆̄̉̏̎́̌̎̊ ̑̆̆̒̓̑ ̘̔̑̆̇̅̆̎̉̊ ̉ ̗̏̑̄́̎̉̈́̉̊ ˛̑̆̎̂̔̑̄̒̋̏̊ ̏̂̌́̒̓̉ȟ 
̠̟̖̐̑̆̅̏̒̓́̃̌̉̚ ̔̒̌̔̄̉ ̃ ̒̆̑̆̕ ̜̖̏̓̅́ ̉ ̠̏̈̅̏̑̏̃̌̆̎̉ ̅̆̓̆̊ȟ ̟̘̃̋̌́̆̓ȡ ̑̆ Ȥ
̆̒̓̑ ̖̅̆̓̒̋̉ ̜̖̒́̎́̓̏̑̎ ̝̜̖̏̈̅̏̑̏̃̉̓̆̌̎ ̌́̄̆̑̆̊ ɉρω ̎́̉̍̆̎̏̃́̎̉̊ɊȠ ̜̉̎̆ 
̘̠̔̑̆̇̅̆̎̉ȟ ̠̟̏̒̔̆̒̓̃̌̉̆̚̚ ̏̈̅̏̑̏̃̌̆̎̉̆ ̅̆̓̆̊ ɉω ̎́̉̍̆̎̏̃́̎̉̊ ̘̔̑̆̇̅̆Ȥ
̎̉̊ȟ ̠̟̖̏̒̔̆̒̓̃̌̉̚̚ ̘̌̆̆̂̎̏̆ ̗̒̓́̉̏̎́̑̎̏̆ ̏̈̅̏̑̏̃̌̆̎̉̆ȟ ́ ̓́̋̇̆ ̑̆́̂̉̌̉Ȥ
̗̟̓́̉ ̅̆̓̆̊-̉̎̃́̌̉̅̏̃ ̈́ ̘̒̆̓ ˛˙˞ ̉ ̏̂̌́̒̓̎̏̄̏ ̟̂̅̇̆̓́ɊȠ ̑̆̆̒̓̑ ̖̅̆̓̒̋̉ 
̜̖̈́̄̏̑̏̅̎ ̝̜̖̏̈̅̏̑̏̃̉̓̆̌̎ ̌́̄̆̑̆̊ ̨ ̑̆̎̂̔̑̄̒̋̏̊ ̏̂̌́̒̓̉ ɉτφ ̎́̉̍̆̎̏̃́Ȥ
̎̉̊ɊȠ ̘̓̔̑̉̒̓̉̆̒̋̉̆ ̠̌́̄̆̑ ̘̐́̌́̓̏̎̏̄̏ ̓̉̐́ ɉρπɊȠ ̝̜̏̈̅̏̑̏̃̉̓̆̌̎̆ ̐̑̏̄̑́̍Ȥ
̜̍ ̎́ ̂́̈̆ ̘̔̑̆̇̅̆̎̉̊ ̗̝̒̏̉́̌̎̏̊ ̒ ̜̆̑̕ ɉρρ ̗̝̒̏̉́̌̎̏-̗̜̖̑̆́̂̉̌̉̓́̉̏̎̎ 
̗̆̎̓̑̏̃ ̠̅̌ ̙̖̎̆̒̏̃̆̑̆̎̎̏̌̆̓̎̉ɊȠ ̝̜̐̑̏̉̌̎̆̕ ̝̜̏̈̅̏̑̏̃̉̓̆̌̎̆ ̜̈́̆̈̅ ̎́ 
̖̂́̈́ ̝̜̖̏̈̅̏̑̏̃̉̓̆̌̎ ̘̔̑̆̇̅̆̎̉̊ ɉ̠̅̌ ̘̔́̒̓̎̉̋̏̃ ̜̖̐̑̆̅̍̆̓̎ ̏̌̉̍̐̉́̅Ƞ 
́̋̓̉̃̉̒̓̏̃ ̜̖̓̑̔̅̏̃ ̂̑̉̄́̅; ̐̏̂̆̅̉̓̆̌̆̊ ̋̏̎̋̔̑̒̏̃ ̃̏̌̏̎̓̆̑̏̃ȠȠ ̐̏̅̑̏̒̓̋̏̃ 
̒ ̜̅̆̃̉́̎̓̎̍ ̐̏̃̆̅̆̎̉̆̍Ƞ ̅̆̓̆̊ ̉ ̐̏̅̑̏̒̓̋̏̃ȟ ́̋̓̉̃̎̏ ̟̖̐̑̉̎̉̍́̉̚ ̘̔́̒̓̉̆ 
̃ ̗̝̜̖̒̏̉́̌̎ ̖̐̑̏̄̑́̍̍́; ̐ ̏̅̑̏̒̓̋̏̃ȟ ̘̟̖̉̈̔́̉̚ ̝̋̔̌̓̔̑̔ ̎́̑̏̅̏̃). 
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˝̉̒. 2. ̠ ̗̠̌́̒̒̉̉̋́̉̕ ̖̅̆̓̒̋̉ ̌́̄̆̑̆̊ 
 

ː̠̌́̃̎́ ̘̈́̅́́ ̖̅̆̓̒̋̉ ̝̜̖̏̈̅̏̑̏̃̉̓̆̌̎ ̌́̄̆̑̆̊ ɀ ̐̏̅̅̆̑̇́̎̉̆ ̉ ̘̔̌̔Ȥ
̙̆̎̉̆ ̝̠̈̅̏̑̏̃ ̅̆̓̆̊ ̉ ̐̏̅̑̏̒̓̋̏̃ȟ ̒̏̅̆̊̒̓̃̉̆ ̝̏̂̑́̈̏̃́̓̆̌̎̏̍̔ȟ ̝̋̔̌̓̔̑̎̏Ȥ
̍̔ ̉ ̖̅̔̏̃̎̏̍̔ ̟̑́̈̃̉̓̉ ̘̌̉̎̏̒̓̉Ȣ ˏ ̠̒̃̈̉ ̒ ̞̓̉̍ȟ ̠̓̑̆̂̔̆̓̒ ̝̔̅̆̌̉̓ ̄̌̔̂̏̋̏̆ 
̃̎̉̍́̎̉̆ ̋ ̖̐̏̅̏̅́̍ ̗̏̑̄́̎̉̈́̉̉ ̜̖̏̓̅́ ̉ ̠̏̈̅̏̑̏̃̌̆̎̉ ̅̆̓̆̊ȟ ̓́̋ ̋́̋ ̒̏Ȥ
̠̃̑̆̍̆̎̎́ ̗̠̒̉̓̔́̉ ̄̏̃̏̑̉̓ ̏ ̐́̅̆̎̉̉ ̎̑́̃̒̓̃̆̎̎̏̄̏ ̠̃̏̒̐̉̓́̎̉ ̅̆̓̆̊Ƞ ̑́̈Ȥ
̃̉̓̉̆ ̎́̑̋̏̍́̎̉̉ ̉ ́̌̋̏̄̏̌̉̈̍́Ƞ ̘̔̃̆̌̉̆̎̉̆ ̘̉̒̌́ ̗̝̒̏̉́̌̎̏ ̎̆ ̜̖̈́̉̆̎̎̚̚ 
̅̆̓̆̊Ƞ ̒̎̉̇̆̎̉̆ ̠̠̂̌́̄̏̒̏̒̓̏̎̉ ̠̎́̒̆̌̆̎̉ȟ ̞̐̏̓̏̍̔ ̗̠̏̑̄́̎̉̈́̉ ̅̆̓̒̋̏̄̏ ̏̈Ȥ
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ˠˑ˗ σσπ 
 

˼˔ˎ˒˗˕˞˟˛˚ˑˍ ˛˔˕פ-˛ פˏ̱ ˟ ˞ˍ˚˛ˍ˟˕˚˕ 
 ̋ פˎ˕˟˞˕ ˥˕˝˕˟˚ˍ˘˓˛ˏ˕ ˛˘˘ˍ˝˕ 

 

ˢȢ˜Ȣ ˍ̂̔̌̏ץ ̒̉̍̏̃1ȟ ˟Ȣ˞Ȣ ˝́̒̔̌̏̃2ȟ ˎȢ˪Ȣ ˙̖́̍́̑́̉̍̏̃3ȟ ˗ȢˎȢ ˥́̑̉̐̏̃4  
 

ˍ̗̠̎̎̏̓́̉ 
 

˙ ץ́̏ ץ̃́̏-ץ̉̈̏ ́̅̎̏̓̒̉̋̆̂̈˼ ́̅́̌ ״̏́ ́̃ ̖̉̎̉̄̉̌̈̉̒̃́̕ ̓ ץ̃́̏-ץ̉̈̏ ̉̎̉̌ ̓ 
̍ ״́̒ ץ̒́̍ ̛̙́̌̎̉̍́̓ ̎́̌̉̂ ̉̑́̌̓̏̌̔ ץ̃́̏-ץ̉̈̏ ́̅̉̅́ ̓ ̒́̎̏́̓̉̎̉ ̠̎́̅́ 
״̌́̓ ̉̑́̌́̌́̒́̍ ̙̉̑̉̓̎́̌̇̏̃̉̑ ץ̉ ̌̉ ̌̉̎̄́̎Ȣ 
 

˗́̌̉̓ ̰̒̈̌́̑ȡ ̏̈̉ץ̃́̏-ץ ״̒́̍ ̓ ̔̌̏̓̌́̑̉ȟ ̏̈̉ץ̃́̏-ץ  ̓ ̖́̃̒̉̈̌̉̄̉̕ȟ ̏̈̉ץ̃́̏-ץ ̓ 
̒́̎̏́̓̉ȟ ̉ץ ״̒́̍ ̰̖̉̄̉̌́̇ ץ̙̏̌ ץ́ ̉̎̉̑́̌̓̏̌̔ ̊̓́ ̙̙̉̌́ȟ ̗̉̎̃̆̒̓̉̉̏̎ 
״̉́̊̏̌ ̌́̑Ȣ 

 

ץ̃́̏-ץ̉̈̏ ́̅̉̒́̋̉̌̂̔̐̒̆̑ ̎̏̓̒̉̋̆̂̈˼ ״̏́ ̉̓́̏̎́̒ ̓ ץ̃́̏-ץ̉̈̏ ̉̎̉̌ ̓ 
̍ ״́̒ ״̞̓ ̧̎́̄̓́̑̏̂ ̰̂̉̒ ̰̎́̄̌̂ ́̄̉̑́̌̓̏̌̔ ץ̂́̍ ̧̉̎̉̑́̌̇̉  ץ̰̏̑́̌̓ ́̅́̇́̑́̅ ̌̔
ץ̏ ץ̃́̏-ץ̉̈̏ ́̃ ̙́̅̉̑̉̅̎ ״̉̔̍ ̛̙́̅́̌̎̉̍́̓ ̖̉̎̉̄̉̌̈̉̒̃́̕ ̓ ̍ ̝̑̏̌ ̰̊̎́̊̅̉Ȣ 
ˑ́̃̌́̓̎̉̎̄ ̏̈̉ץ̃́̏-ץ -ץ̉̈̏ ̧́̅̉̓́̒̉̒ ̉̄́̅̉̒́̑̏̂ ̛̙́̌̎̉̍́̓ ̖̉̎̉̄̉̌̈̉̒̃́̕ ̓
ץ̃́̏ ״̒́̍ ̓ ץ̉ ̰̄̎̉̎̉̈ ̎́̒̏̒́ ̉̎̉̑́̌̓̏̌̔  ́̅̉̒̏̒́ ̉̓́̏̎́̒ ́̃ ̰̖̉̄̉̌́̇ ץ̙̏̌
ץ̘́̉ ̙̂́̌̉ ̙̑̉̉̎̉ ̃́ ̘̉̋̉ ̙̒̏̓̉ ̂̏̈̏̑̌́̑̉̎̉ ̙̑̉̃̏̇̌́̎̓̉̑̉̄́ȟ ̉ץ ̒̍́̎ ̘̆̓ 
ץ̃́̏-ץ̉̈̏ ̞̎́̅̑́̌̌ ״̒́̍ ̓ ץ̉ ̓̑̏̐̍̉ ̉̎̉̑́̌̓̏̌̔ ״̏́ ́̅̉̒̏̒́ ̙̉̌ -ץ̉̈̏ ̉̎̉̌
ץ̃́̏ ץ̂́̍ ̰̎́̄̌̂ ́̄̓ ״̞̓ ̉̄́̅́̇́̑́̅ ̌̔ ץ̏ ̧̉̎̉̇̉ ̙̎̅̉̑̉ ̰̋̈̅́ ̓̔̓̉̌́̅̉ [1] . 

ץ̃́̏-ץ̉̈̏ ̊̉̒̏̒́ ̙́̅̉̓̉̏̑́ ̍̔̈̔̓ ̑́̓̉̌́̓̏̓ ץ̉̂̏̒ ̎̏̓̒̉̋̆̂̈˼ ̓ 
̍ ״́̒ ̔̌̏̓̌́̑̉ ̂̉̌́̎ ̰̈̉̎̉-̰̈̉ ̛̓́̍̉̎̌́̊ ̏̌̍́̒ ̞̅̉Ȣ ˥̔ ̂̏̉̒̅́̎ ̏̈̉ץ̃́̏-ץ ̓ 
̍ ״́̒ ץ̉ ̊̉̒̏̒́ ̄̎̉̎̉̑́̌̓̏̌̔ ץ̙́̏̂ ̉̎̉̍̒  ̑̆̒̐̔̂̌̉̋́̌́̑̅́̎ ̙̋̆̌̓̉̑̉̄́ 
̍́̇̂̔̑ ̞̅̉Ȣ ˙́̒́̌́̎ȟ ρωψω ̊̉̌̅́ ̰̓̋́̈̉̌̄́̎ ̒̓́̓̉̒̓̉̋ ̓́̅̉ץ̏ץ ̓̌́̑ 
̛̍́̌̔̍̏̓̌́̑̉̄́ ̰̋̑́ȟ ̛̉̒̓̆̍̏̌ ̂̏̈̏̑̉̅́ ́̏״ ̌̉ ̘̔ ̔̎ ̈́̑̔̑ ̰̂̌̄́̎ ̘̂́̑́ 
̍ ״́̒ ץ́ ̄̎̉̎̑́̌̓̏̌̔ ̑̉̊̂ ωυ ̏̉̈̉̕ ̰̘̂̊̉́ ̙̔̈̉̌̉̌́̑ ̰̂̌̉̂ ̓̔̑̄́̎ ̃́ ̂̔ ̒̏̂̉ץ 
״̔ ץ̏̉̓̓̕˕ ץ̃́̏-ץ̉̈̏ ̊̉̒̏̒́ ̋̉̌́̅̎̔̋ ́̅̉̅̔̅ ״̒́̍ ̓ ״̏́ ̉̎̉̑́̌̓̏̌̔ ̌̉̄́ 
ץ́̑̏ ̘̑́̌́̋̏̓̑́̋ ̌̉ ̙̒̏̓̉ ̓̉̈̉̍̉̎̉ ̇̏̑̉̊ ̞̙̓̉̄́ ̒́̂́̂ ̰̂̌̄́̎ ̞̅̉Ȣ ρωψω 
״̏́ ̟̈̉̍̉̓̑ ̎́̅̉̎̏̍̏̓ ̉̑́̌̎́̄̑̏ ́̋̉̓̒̉̓́̓̒ ́̋̉̌̂̔̐̒̆̑ ́̅̌̉̊ ̌̉̒̉ ̰̑̓́̒̉̅́ 
ץ́ ̰́̅̑́̌̃̏̑̒ ̊̉̍̒́̑ ̰̎́̄̌̉̈́̋̓ ̙̓̎́̄́̎̌́̑̎̉̎̄ ψωȟσ ̏̉̈̉̕ ̰̙̄̓ 
̍ ״́̒ ץ̉ ̛̌̏̍̆̓̒̉ ́̅́̇́̑́̅ ̉̌̑́̓̆ ̉̎̉̑́̌̓̏̌̔ ̧̌̍́̓̄́̎̉̎̉ ́̊̓̄́̎Ȣ ˎ̔ 
״̒́̍ ̓̔̒ ̘̰̑́̌̉̋̓́̒̑̋ ̔̌̏̓̌́̑̉ ̰̘̂̊̉́ υφȟυ ̏̉̈̎̉̕ȟ ̙́̋́̑ ̰̘̂̊̉́ υυȟσ ̏̉̈̎̉̕ȟ 
ץ́ ״̒́̍ ̓́̌̏̅̎ ̔̌̏̓̌́̑̉ ̰̘̂̊̉́ τωȟυ ̏̉̈̎̉̕ȟ ̙̋́̑̓̏̋́ ̰̘̂̊̉́ ̞̒́ ρχȟυ ̏̉̈̎̉̕ 
̙̓́̋̉̌ ̞̓̄́̎ [2] . 

ץ̉́̓̒̔̍ ́̅̈̉̍̉̓́̋́̌̍́˙ ץ̃́̏-ץ̉̈̏ ́̅̉̑́̌̌̉̊ ̋̉̌̌ ״̒́̍ ̓ ̔̌̏̓̌́̑̉̎̉ 
ץ̘́̉ ̙̂́̌̉ ס́ ́̅̉̒̏̒́ ̙̉̑̉̓̎́̌̇̏̃̉̑ ̌́̅́̇ ̙̉̎̉̑ ץ̉́̓̒̔̍ ́̌̌ ̌̌̉̄̉̄́ 
ץ̃́̏-ץ̉̈̏ ́̃ ̙̞̉̅̌̉̉̑ ̓̎̉̎̄ ̘̂́̑́ ́̒̏̒̉̊ ̓̔̑̌́̑̉̎̉ ̍́̍̌́̋́̓̎̉̎̄ ̰̈̉̅́ 
ץ̘́̉ ̙̂́̌̉ ץ̃́̏-ץ̉̈̏ ̄̎̉̎̓́̋́̌̍́˙ Ȣ̛̉̅̎́̌̎̉̍́̓ ץ̰̉̌̓ ́̅̌́̍́ ̙̉̑ ̓ 
״̏́ ́̃ ̖̉̎̉̄̉̌̈̉̒̃́̕ ץ̃́̏-ץ̉̈̏ ̉̎̉̌ ״̒́̍ ̓ ץ́̑́̂ ̎́̌̉̂ ̉̑́̌̓̏̌̔ ̑̏̑ 
̛̙̓́̍̉̎̌́ ̍ ץ́̒ ́̅̉̅́ ˼̈̂̆̋̉̒̓̏̎ ˝̆̒̐̔̂̌̉̋́̒̉ ˜̑̆̈̉̅̆̎̓̉̎̉̎̄ ςπρρ ̊̉̌ σρ 
ץ́ ̉̌̎̏̒-1633-פ˜ ̠̉̄́̅̑̂̓̋̏ ץ̃́̏-ץ̉̈˛ ̎́̒̏̒́ ́̄̉̑̏̑ ̓ ̒́̎̏́̓̉ ̖̋̏̑̏̎́̌́̑̉ 
ץ̉ ̙̌̉̋́̓ ̙̟̉̒́̍̔ ̌̉̎̅̉Ȣ ˠ̟̙̍́ ̓́̑̋̉̂̉̄́ ˳ס-̍̏̊ ̖̋̏̑̏̎́̌́̑̉ȟ ̰̙̄̓ȟ ̒̔̓ 
̍ ״́̒ ̔̌̏̓̌́̑̉ ̖̋̏̑̏̎́̌́̑̉ȟ ́ץ ̎̅̏̌́̓ȟ ̒́̌̉ץ ץ̘́̉ ̙̂́̌̉ ̘̑́̌̋̉̌̍̉̉ ̎ ̑́̅̉̄́̎ 
״̒́̍ ̓̏̃́̈̂́̒-́̃̆̍ ́̃ ץ́ ̉̎̉̑́̌̓̏̌̔ ̊̓́ ̙̉̌́̊̅̉̄́̎ ̖̋̏̑̏̎́̌́̑ ̋̉̑̅̉Ȣ ˠ̙̂̔ 
ץ́ ״̏ ̉̄́̅̑́̌̊̏̇ ץ̉̏̃̔̍̕ ́̄̑̏̑ ̠̋̉̍̉̓ ̏̑̄́̎̌́̑̉̄́ ̟̙̔̍́ ̖̋̏̑̏̎́̌́̑̉ ̂̉̌́̎ 
̂̉̑̄́̌̉̋̅́ ̰̙̄̓-̒̔̓ȟ ̍̆̃́-̒́̂̈́̃̏̓ ̃́ ̔̈̔̍̎̉ ́ץ ̊̓́ ̙̉̌́̊̅̉̄́̎ ̠̎̄̉ 
ץ̔ ̖̉̎̑́̌́̎̏̑̏̋ ״́ ̙̉̑ ̍̅́ ̍́̃̇̔̅̌́̑̉̎̉ ̗̠̍̏̅̆̑̎̉̈́̉ ̃́ ̗̠̑̆̋̏̎̒̓̑̔̋̉ 

                                                           
1ˍ̂̔̌Ϩ̏ ̒̉̍̏̃ ϱ́ ̒́̎ ˜̘̉̑̎́̈́̑̏̃̉ ɀ ̅̏̋̓̏̑ ̞̘̖̋̏̎̏̍̉̆̒̋̉ ̎́̔̋ȟ ̐̑̏̆̒̒̏̑̕ ̋́Ȥ

̜̆̅̑̕ Ⱥ˪̘̠̋̏̎̏̍̉̆̒̋́ ̠̓̆̏̑̉Ȼȟ ˚̗̝̜́̉̏̎́̌̎̊ ̔̎̉̃̆̑̒̉̓̆̓ ˠ̈̂̆̋̉̒̓́̎ȟ ɣ ̈̂̆̋̉̒̓́̎Ȣ 
2˝́̒̔̌̏̃ ˟̰̌Ϩ̉ ̎ ˞̘́̓̓́̑̏̃̉ ɀ ̅̏̋̓̏̑ ̞̘̖̋̏̎̏̍̉̆̒̋̉ ̎́̔̋ȟ ̟̈́̃̆̅̔̉̊̚ ̜̋́̆̅̑̕ 

Ⱥ˪̘̠̋̏̎̏̍̉̆̒̋́ ̠̓̆̏̑̉Ȼȟ ˟̙́̋̆̎̓̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̞̘̋̏̎̏̍̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ 
ˠ̈̂̆̋̉̒̓́̎Ȣ 

3˙̖́̍́̑́̉̍̏̃ ˎ̆̋̈̏̅ ˪̘̑̋̉̎̏̃̉ ɀ ̋́̎̅̉̅́̓ ̞̘̖̋̏̎̏̍̉̆̒̋̉ ̎́̔̋ȟ ̙̒̓́̑̉̊ ̐̑̆̐̏Ȥ
̝̅́̃́̓̆̌ ̜̋́̆̅̑̕ Ⱥ˪̘̠̋̏̎̏̍̉̆̒̋́ ̠̓̆̏̑̉Ȼ ˟̙́̋̆̎̓̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̞̘̋̏̎̏̍̆̉ Ȥ
̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 

4˥́̑̉̐̏̃ ϧ̔ ̃̏̎̅̉Ϩ ˎ̧̖̘́̓̉̑̏̃̉ ɀ ̙̒̓́̑̉̊ ̝̐̑̆̐̏̅́̃́̓̆̌ ̜̋́̆̅̑̕ Ⱥ˪̘̋̏̎̏̍̉̆Ȥ
̠̒̋́ ̠̓̆̏̑̉Ȼȟ ˟̙́̋̆̎̓̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̞̘̋̏̎̏̍̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ȟ ˠ̈̂̆̋̉̒̓́̎Ȣ 
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ץ̉ ץ̒́̍ ̘̰́̉̊̂ ̙̉̌ ״̔ ̉̌̅́ ץ̘̉̉ ̙̂́̌̉ ̉̎̑́̌̑̔̓̒́̅ ̊̉̅̔̅ ̙ ̃́̈̉́̒̉̕ 
̟̋̌́̓̉̌̄́̎Ȣ 

ץ̃́̏-ץ̉̈˛ ̓ ̒́̎̏́̓̉ ̖̋̏̑̏̎́̌́̑̉ ˼̈̂̆̋̉̒̓̏̎ ˝̆̒̐̔̂̌̉̋́̒̉ 
˜̑̆̈̉̅̆̎̓̉̎̉̎̄ ςππω ̊̉̌ ςφ ̠̎̃́̑̅́̄̉ ˜1047-פ-̒̏̎̌̉ Ȱ˛̈̉ץ̃́̏-ץ ̓ 
̍ ״́̒ ץ̘́̉ ̙̂́̌̉ ̉̑́̌̓̏̌̔ ̙̑̉̎̉ ̙̋̆̎̄́̊̓̉̑̉ ̃́ ̘̉̋̉ ̂̏̈̏̑̎̉ ̰̙̓̌̅̉̑̉ 
ץ̰ ̟̎́̅̉̒́̈ ס̰̑̓ ̑́̌̑̉̂̅́̓-̘́̑̏ ̘̙́̍̉ ̉̒̉̅́ȱ̄̉ ́ץ ̑̏̑̉ ̉̇̑̏̒̉̎̉ ̛̙̓́̍̉̎̌́ 
̍ ץ́̒ ץ̃́̏-ץ̉̈̏ ́̅̉̅́ ״̒́̍ ̓ ץ̘́̉ ̙̂́̌̉ ̉̑́̌̓̏̌̔ ̙̑̉̎̉ ̰̙̋̐́̊̓̉̑̉ȟ ̒̔̓ȟ ̰̙̄̓ȟ 
ץ́ ̉̎̍̔̈̔ ́̃ ̓̏̃́̈̂́̒-́̃̆̍ ץ̔ ̖̑́̌́̎̏̑̏̋ ̠̉̄̎ ̘̰́̉̊̂ ̙̙́̌̉ ́̓̊ ̙̑̉ȟ 
ץ̉ ̠̗̉́̈̉̎̑̆̅̏̍ ́̃ ̠̗̉̋̔̑̓̒̎̏̋̆̑ ̉̎̉̑́̌̅̔̇̃́̍ ̙̌̉ ̰̘̂̊̉́ ̗̉̎̃̆̒̓̉̉̏̎ 
״̉́̊̏̌ ̌́̑̎̉ ́̍́̌̄́ ̙̏̉̑̅̉̌́̑Ȣ 

˼̈̂̆̋̉̒̓̏̎̅́ ςπρυ ̊̉̌̅́ ̏̈̉ץ̃́̏-ץ ״̒́̍ ̉̓́̏̎́̒ ̓ ̔̌̏̓̌́̑̉̎̉̎̄ ̒́̎̏́̓ 
̍ ״́̒ ״́ ̊̉̍̔̍̔ ̉̑́̌̓̏̌̔ ̇̍̉̅́̄̉ ̙̔̌̔̉ ρψȟς υ ̎̉ ̙̓́̋̉̌ ̞̓̅̉Ȣ 
ץ̘́̉ ̙̂́̌̉ ́̅̈̉̍̉̓́̋́̌̍́˙ ɀ̏ ץ̉̈̏ ̎́̄̌̉̑ ץ̃́ ״̒́̍ ̓ ̔̌̏̓̌́̑̉̎̉̎̄ σσȟτϷ ˛̈̉ץ-
ץ̃́̏ ̓ ̒́̎̏́̓̉ ̟̙̔̍́̒̉ ̖̋̏̑̏̎́̌́̑̉ȟ ρτȟυϷ Ȱ˼̈̅̏̎̍́̒״ ̔̌̏̓ȱ ̠̋̏̍̐́̎̉̒̉ȟ ψȟωϷ 
Ȱ˼̈̃̉̎̏̒́̎̏́̓ ̖̏̌̅̉̎̄ȱ ̠̋̏̍̐́̎̉̒̉ȟ τσȟςϷ ̖̔̒̔̒̉̊ ̖̋̏̑̏̎́̌́̑ ̃́ ̙̂̏́ץ ̌́̑ 
ץ̘́̉ ̙̂́̌̉ ̎́̅̉̎̏̍̏̓ ץ̅̏̍̌̉̑ ́Ȣ 

˝̆̒̐̔̂̌̉̋́̍̉̈̅́ ςπρυ ̊̉̌̅́ ̏̈̉ץ̃́̏-ץ ״̒́̍ ̉̓́̏̎́̒ ̓ ̔̌̏̓̌́̑̉̎̉ ̙̉̌́̂ 
̘ ץ̉́ ̙̑̉ȟ ̉ץ ״̒́̍ ̰̖̉̄̉̌́̇ ץ̙̏̌ ץ́ ̉̎̉̑́̌̓̏̌̔ ״̔ ̘̰́̉̊̂ ̙̙́̌̉ ́̓̊ ̅̔̅̉̊ 
ץ̉ ̊̉̍̔̍̔ ́̅̉̒́̑̉̏̅ ̑́̌̑̔̓̒́̅ ̊̍́̓̉ υυυ ̍̉̌̌̉́̑̅ ψσς ̍̉̌̌̉̏̎ ̰̒̍̌̉̋ ρυςω 
״́̉̊̏̌ ̠̗̉̉̓̒̆̃̎̉ ́̓ ̌́̑̉ ́̍́̌̄́ ̙̏̉̑̉̌̅̉Ȣ ˎ̔̎̉̎̄ ̎́̓̉̇́̒̉̅́ ρχσςχ ̓́ ̠̎̄̉ 
̙̉ ̰̑̎̉ ̠̑́̓̉̌̅̉Ȣ ˥̔ ̇̔̍̌́̅́̎ȟ ˟̙̏̋̆̎̓ ̙́̑״ ץ̉ ́̅̉ ̊̍́̓̉ ωυπυυ ̍̉̌̌̉̏̎ 
̰̒̍̌̉̋ ρυφ ̓́ ̗̉̎̃̆̒̓̉̉̏̎ ̌̏̊́̉״ ̌́̑ȟ ̙̔̎̄́ ̍̏̒ ̙̑́̃̉̅́ ˞́̍́̑́ץ ̎̅ 
̠̃̉̌̏̓̉̅́ ωσπςυ ̍̉̌̌̉̏̎ ̰̒̍̌̉̋ ρςσ ̓́ȟ ˢ̏̑́̈̍ ̠̃̉̌̏̓̉̅́ χτωωυ ̍̉̌̌̉̏̎ 
̰̒̍̌̉̋ ρρφ ̓́ ̗̉̎̃̆̒̓̉̉̏̎ ̌̏̊̉́״ ̌́̑ ́̍́̌̄́ ̙̏̉̑̉̌̅̉ [3] . 

˙́̍̌́̋́̓̉̍̉̈̅́ ̰̙̄̓ȟ ̒̔̓ȟ ̍̆̃́-̒́̂̈́̃̏̓ ̍́̒״ ץ́ ̉̎̉̑́̌̓̏̌̔ ̊̓́ ̙̙̉̌́ 
ץ̔ ̖̉̎̉̑́̌́̎̏̑̏̋ ״́ ̙̉̑ ̍̅́ ̍́̃̇̔̅̌́̑̉̎̉ ̗̠̍̏̅̆̑̎̉̈́̉ ̃́ ̗̠̑̆̋̏̎̒̓̑̔̋̉ 
ץ̉ ץ̒́̍ ̘̰́̉̊̂ ̙̉̌ פ˥ˍ ̎̏̉̌̌̉̍ ςπρυ ̊̉̌̅́ τψȟπχ ץ̉̏̃̔̍̕ ́̄̉̑̔̓̒́̅ ̉̌̅́  
̅̏̌̌́̑̉ ̞̋̃̉̃́̌̆̎̓̉̅́ ̗̠̉̎̃̆̒̓̉̉̌́̑ ̰̊̎́̌̓̉̑̉̌̉̂ȟ σσσ ̓́ ̌̏̊̉́״ ̌́̑ 
́̍́̌̄́ ̙̏̉̑̉̌̅̉Ȣ ˥̔̎̅́̎ ρυψ ̓́ ̗̠̉̎̃̆̒̓̉̉ ̌̏̊̉́״ ̌́̑̉ ́̒̏̒̉̅́ ̠̎̄̉ 
̖̋̏̑̏̎́̌́̑ ̙̓́̋̉̌ ̞̓̉̌̅̉Ȣ ρχυ ̓́ ̗̠̉̎̃̆̒̓̉̉ ̌̏̊̉́״ ̌́̑̉ ́̒̏̒̉̅́ ̍́̃̇̔̅ 
ץ̉ ״̒́̍ ̰̖̉̄̉̌́̇ ץ̙̏̌ ץ́ ̉̎̉̑́̌̓̏̌̔ ̊̓́ ̙̙̉̌́ ̖̋̏̑̏̎́̌́̑̉ ̗̠̍̏̅̆̑̎̉̈́̉ ̃́ 
ץ̉ ̠̗̉̋̔̑̓̒̎̏̋̆̑ ̌̉̎̅̉ [4] . 

˝̆̒̐̔̂̌̉̋́̍̉̈̅́ ςπρς-ςπρυ ̊̉̌̌́̑̄́ ̰̍̌̇́̌̌́̎̄́̎ ̏̈̉ץ̃́̏-ץ ̓ ̒́̎̏́̓̉ 
̍ ״́̒ ץ̘́̉ ̙̂́̌̉ ̉̎̉̑́̌̓̏̌̔ ̙̑̉ȟ̰̙̄̓ȟ ̒̔̓ȟ ̍̆̃́-̒́̂̈́̃̏̓ ́״ ̍̅́ ̔̈̔̍ 
̍ ״́̒ ץ́ ̉̎̉̑́̌̓̏̌̔ ץ̔ ̖̉̎̉̑́̌́̎̏̑̏̋ ̙̙́̌̉ ́̓̊ ״́ ̙̉̑ ̍̅́ ̍́̃̇̔̅̌́̑̉̎̉ 
ץ̉ ̠̗̉̋̔̑̓̒̎̏̋̆̑ ́̃ ̠̗̉́̈̉̎̑̆̅̏̍ ץ̒́̍ ̘̰́̉̊̂ ̙̉̌ ́̅̌̉ ̅́̒̓̔̑̉̎̉̎̄ ́̍́̌̄́ 
ץ̉̏ ̙̙̉̉̌̉̑̉̏ ץ́ ̉̎̓̏̃́̈̂́̒-́̃̆̍ ́̅̉̓́̂ ̊̓́ ̙̙̉̌́ ̙̔̌̔̉ ςπρς ̊̉̌̅́̄̉ 
ρσȟσϷ ̅́̎ ςπρυ ̊̉̌̅́ ρχȟψ Ϸ ̄́ȟ ̙̔̎̄́ ̍̏̒ ̙̑́̃̉̅́ ̰̙̄̓̎̉ ́ץ ̊̓́ ̙̙̉̌́ ̙̔̌̔̉ 
φȟω Ϸ ̅́̎ ρςȟπϷ ̄́ȟ ̒̔̓̎̉ ́ץ ̊̓́ ̙̙̉̌́ ̙̔̌̔̉ ωȟψϷ̅́̎ ρτȟρ Ϸ̄́ ̰̒̅̉Ȣ ˟́̌״ ̉̌ 
ץ́ ̉̎̓̏̃́̈̂́̒-́̃̆̍ ́̅̉̑̃́̅ ̊̓́ ̙̙̉̌́ ̙̔̌̔̉ ˍ̎̅̉̇̏̎ ̠̃̉̌̏̓̉̅́ ςȟρϷ ̅́̎ 
ρςȟςϷ ̄́ȟ ̛̠̎̉ υȟψ ̂́̑̏̂́̑̄́ȟ ˞̧̖̔̑̏̎̅́̑ ̠̃̉̌̏̓̉̅́ σȟπϷ ̅́̎ ρπȟτϷ ̄́ȟ ̛̠̎̉ σȟτ 
̂́̑̏̂́̑̄́ȟ ˡ́̑̏ס ̎́ ̠̃̉̌̏̓̉̅́ τȟψϷ̅́̎ ρσȟυϷ ̄́ȟ ̛̠̎̉ ςȟψ ̂́̑̏̂́̑̄́ ̙̏̅̉Ȣ 
ː̰̙̓̎̉ ́ץ ̊̓́ ̙̙̉̌́ ̙̔̌̔̉ ˢ̏̑́̈̍ ̠̃̉̌̏̓̉̅́ σȟςϷ̅́̎ χȟψϷ̄́ȟ̛̠̎̉ ςȟτ 
̂́̑̏̂́̑̄́ȟ ́פ ץ̙́ ̧̅́̑ ̠̃̉̌̏̓̉̅́ τȟφϷ ̅́̎ ρπȟωϷ ̄́ȟ ˚́̃̏̉̊ ̠̃̉̌̏̓̉̅́ σȟφϷ ̅́̎ 
8,3% ̄́ ̙̏̅̉Ȣ ˞̔̓̎̉ ́ץ ̊̓́ ̙̙̉̌́ ̙̔̌̔̉ ˢ̏̑́̈̍ ̠̃̉̌̏̓̉̅́ σȟχϷ ̅́̎ ρρȟςϷ ̄́ȟ 
˞̧̖̔̑̏̎̅́̑ ̠̃̉̌̏̓̉̅́ φȟχϷ ̅́̎ ρπȟχϷ ̄́ ̰̙̒̉̄́ ̞̙̑̉̉̌̅̉Ȣ ˥̔̎̉ ̙́̊̓̉ 
̌̏̈̉̍̋̉ȟ ̍̆̃́-̒́̂̈́̃̏̓̎̉ ́ץ ץ̟̏ ̞̄̎ ̘̰́̉̊̂ ̙̙́̌̉ ́̓̊ ץ́̑́̍́˞ ̘̰̉̋̓́̒̑̋ ̉̑ ̎̅ 
̠̃̉̌̏̓̉̅́ σπȟςϷ̎̉ȟ ̰̙̄̓ ̰̘̂̊̉́ ˟̙̏̋̆̎̓ ̠̃̉̌̏̓̉ ̃́ ˟̙̏̋̆̎̓ ̙́̑״ ̉ 
̂̉̑̄́̌̉̋̅́ ςχȟφϷ̎̉ȟ ̒̔̓ ̰̘̂̊̉́ ˚́̍́̎̄́̎ ̠̃̉̌̏̓̉ ςςȟχϷ̎̉ ̙̓́̋̉̌ ̞̓́̅̉ [5] . 

ςπρυ̊̉̌̅́ ̉ץ ״̒́̍ ̰̖̉̄̉̌́̇ ץ̙̏̌ ץ́ ̉̎̉̑́̌̓̏̌̔ ̊̓́ ̙̉̌́̊̅̉̄́̎ ςσπ ̓́ 
̖̋̏̑̏̎́ȟ χχψππ ̓̏̎̎́ ̒̉̉ס ̍̄́ ̞̄́ ̰̂̌̄́̎ ρρτ ̓́ ̠̎̄̉ ̙̒̏̃̉̓̉ ̋́̍̆̑́̒̉ ̙̓́̋̉̌ 
ץ̉ ̠̗̉́̈̉̎̑̆̅̏̍ ́̃ ̞̉̅̌̉̓ ̌̉̎̅̉Ȣ ˙́̍̌́̋́̓̉̍̉̈̅́ ̍̆̃́-̒́̂̈́̃̏̓̌́̑̎̉ 
ץ́̌̒ ץ̔ ̊̉̍̔̍̔ ̙̄̎̉̎́ ̃̃́̓̉ ψσς ̍̉̎̄ ̓̏̎̎́̄́ ̆̓̋́̈̉̌̅̉Ȣ 

ץ̃́̏-ץ̉̈˛ ̓ ̒́̎̏́̓̉̅́ ςπρφ ̊̉̌̅́ ̅́̃̌́̓ ̗̠̉̎̃̆̒̓̉̉ ̅́̒̓̔̑̌́̑̉ ́̒̏̒̉̅́ 
ץ̉ ̊̍́̓̉ ρρχȟφ ̍̌̎ ̅̏̌̌́̑̌̉̋ ρσφ ̓́ ̌̏̊̉́״  ́̍́̌̄́ ̙̏̉̑̉̌́̅̉ȟ ̌̏̊̉́״ ץ̔  ̃̃́̓̉ 
ρτσωςω ̓̏̎̎́̎̉ ̙̓́̋̉̌ ̞̙̓̉̌̉̉ ̋̔̓̉̌̍̏̅ץ ́Ȣ ̔׳ ̅̔̅̉̊ ̍́̎̈̉̌̌̉ ̅́̒̓̔̑̌́̑̄́ 
״́̉̊̏̌ ̠̗̉̉̓̒̆̃̎̉ ́̓ ρυτȟτ ̍̌̎ ̅̏̌̌́̑̌̉̋ ρπτς ץ̉̏̃̔̍̕ ̌́̑̉ ́̍́̌̄́ 
̙̏̉̑̉̌́̅̉ȟ ̌̏̊̉́״ ץ̔  ̃̃́̓̉ ωτςχπ̓̏̎̎́̎̉ ̙̓́̋̉̌ ̞̓́̅̉. ˚́̓̉̇́̅́ ρρψτω ̓́ 
̠̎̄̉ ̙̉ ̰̑̉̎̌́̑̉ ̠̑́̓̉̌́̅̉Ȣ ˞̔̓̎̉ ́ץ ̊̓́ ̙̙̉̌́ ̰̘̂̊̉́ ρχȟπω ̍̌̎ ̅̏̌̌́̑̌̉̋ 
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ρυπ ̓́ȟ ̰̙̄̓̎̉ ́ץ ̊̓́ ̙̙̉̌́ ̰̘̂̊̉́ ρπȟχψ ̍̌̎ ̅̏̌́̑̌̉̋ ωχ̓́ȟ ̍̆̃́-̒́̂̈́̃̏̓̎̉ 
ץ́ ̊̓́ ̙̙̉̌́ ̰̘̂̊̉́ ρφȟρχ ̍̌̎Ȣ ̅̏̌̌́̑̌̉̋ ρφπ̓́ȟ ̙̂̏́ץ ץ̉   ̰̖̋̉̌́̇ ץ̙̏̌
̍ ״́̒ ץ́ ̉̎̉̑́̌̓̏̌̔ ̊̓́ ̙̙̉̌́ ̰̘̂̊̉́ ρρπȟσω ̍̌̎Ȣ ̅̏̌̌́̑̌̉̋ φσυ ̓́ ̗̠̉̎̃̆̒̓̉̉ 
״̉́̊̏̌ ץ̰̅̏̍̎́̌̌́̇̌̍ ̙̙̉̉̌̉̑̉̏ ́̄̌́̍́ ̉̑́̌ ́Ȣ 

ץ̃́̏-ץ̉̈̏ ́̅̎̏̓̒̉̋̆̂̈˼ ״̒́̍ ̓ ץ̘́̉ ̙̂́̌̉ ̉̎̉̑́̌̓̏̌̔ ״́ ̙̉̑ ̇̍̌́̑̉̎̉ 
ץ̉ ̙̰̉̑̉̓̊́̐̋ ̛́̅̑́̌̓́̑̔̒ ̌́̅́̇ ̠́̅́̎  ̊̉̂̉̋̑́̓ ̰̖́̅̉̄̉̌́̇ ץ̙̏̌
״́ ̙̰̉̎̑́̌̉̑̉̓̑́̄̈ ץ̃́̏-ץ̉̈̏ ́̅̍ ץ̉ ̠̗̉́̈̉̎̑̆̅̏̍ ̉̎̉̓́̏̎́̒ ̓ ̙̌̉ ́̒̏̒̉̅́ 
ץ́ ״́̉̇ ̰̐̋ ̙́̄̉̑̉̓̊́̄̎̆̋ ̰̉̎̉̑́̌̍́̌̋ ̙̙́̌̉ ́̓̊ ס̌̏̂ ̎́̅̓ ץ̉̅ ̉̑Ȣ ˎ̔ ̂̏̑́̅́ 
˼̈̂̆̋̉̒̓̏̎ ˝̆̒̐̔̂̌̉̋́̒̉ ˜̑̆̈̉̅̆̎̓̉̎̉̎̄ ςπρυ ̊̉̌ ςω ̅̆̋́̂̑̅́̄̉ Ȱςπρφ-2020 
ץ̉ ́̅̑́̌̌̉̊ ץ̉ ״̏̌̒̉ ̠́̅́̎ ̰̖̉̎̉̄̉̌́̇ ץ̙̏̌ ̙̌̉ ̃́ ̙̑̉̃̏̇̌́̎̓̉̑̉ ̘̏̑́-
ס̰̑̓ ̉̑́̌̑̉̂̅́̓ ̉̒̉̅́ȱ̄̉ ̐ץ́ ̉̌̎̏̒-2460-ץ ץ́ ̄̎̉̎̉̑̏̑ ץ̉ ̌̔̂ ̌̉̎̄́̎̌̉̄̉ ̋́̓̓́ 
״́́ ̠̍̉̓̄́ ̞̄́̅̉̑Ȣ ˙́̈̋̔̑ ́ץ ̑̏̑̄́ ̂̉̎̏́̎ ςπςπ ̘̊̉̌̄́́ ̖̐́̓́ ̧̖̙̏̍́̒̉̎̉ 
ץ̉ ̖̅̉̑́ ̉̎̔ ́̃ ̙̙̉̑̉̓̉̓̆ ״́ ̙̉̌ ̇̍̉̎̉ σσυπ ̍̉̎̄ ̓̏̎̎́̅́̎ σ ̍̉̌̌̉̏̎ 
ץ̉̒̏̂ ́̄́̎̎̏̓ ץ̒̉̏̂-̘́̍ ץ̉ ̘ ץ̒́ ̑̓̉̑̉̌́̅̉Ȣ ˜̖́̓́ ̙̙̆̓̉̓̉̑̉ ́״ ̇̍̉̎̉ συπ ̍̉̎̄ 
ץ̉ ́̄́̎̎̏̓ ץ̒́ ״̉ ̙̉̑̉̓̑ ̒̏̂̉̅́̎ ρχπ ̍̉̎̄ υππ ̄̆̋̓́̑ ̒̏̔ס ̑̉̌́̅̉̄́̎ ̆̑ 
̖̐́̓́̅́̎ ̰̙̂́̊̅̉Ȣ ˥̔̎̉̎̄̅̆̋ȟ ̅̏̎ ̙̙̆̓̉̓̉̑̉ ̏״ ̒̉̌̅̏̑̌̉̄̉̎̉ ̙̙̏̉̑̉ 
״̉ ̒̏̂̉̄́ ̅̏̎ ̞̋̉̎ ̍́̊̅̏̎̌́̑̉ υπ ̍̉̎̄ ̄̆̋̓́̑̄́ ̉ץ ץ̒́ ̑̓̉̌́̅̉Ȣ ˜̖́̓́ ̃́ ̅̏̎ 
̞̋̉̎̌́̑̉̅́̎ ̰̙̂́̄́̎ ̆̑ ̍́̊̅̏̎̌́̑̉̄́ ̙̋́̑̓̏̋́ȟ ̒́̂̈́̃̏̓ȟ ̏̈̔́ץ  ̃́ ̍̏̊̌̉ 
̞̋̉̎̌́̑ ̙̇̏̊̌́̓̉̑̉̌́̅̉ȟ ̉̎̓̆̎̒̉̃ ̂̏̌ס ́̑ ̃́ ̓̏̋̈̏̑̌́̑ ̂́̑̐̏ ̞̓̉̌́̅̉Ȣ 
ˎ̔̎̉̎̄ ̎́̓̉̇́̒̉̅́ ςπςπ ̊̉̌̅́ ̙̂̏̏̌ץ ̉ ̅̏̎ ̙̙̆̓̉̓̉̑̉̎̉ ρφȟτϷ ̄́ ̙̏̉̑̉̂ȟ 
״́ ̄̎̉̎̔ ̇̍̉̎̉ ψ̍̌̎ υππ ̍̉̎̄ ̓̏̎̎́̄́ ̙̆̓̋́̈̉ȟ ̙̋́̑̓̏̋́ ̙̙̆̓̉̓̉̑̉̎̉ 
συϷ̄́ȟ ̒́̂̈́̃̏̓̎̉ σπϷ ̄́ȟ ̍̆̃́ ̃́ ̔̈̔̍̎̉ ςρȟυϷ ̄́ȟ ̰̙̄̓ ̙̙̆̓̉̓̉̑̉̎̉ 
ςφȟςϷ̄́ȟ ̒̔̓̎̉ τχȟσϷ ̄́ȟ ̖̓̔̔̍̎̉ χτȟυ Ϸ ̄́ ̰̙̋̐́̊̓̉̑̉ȟ ̂́̌̉ץ ̙̙̆̓̉̓̉̑̉̎̉ 
ςȟυ̍́̑̓́̄́ ̙̙̏̉̑̉ ̰̋̈̅́ ̓̔̓̉̌̍̏̅ץ ́Ȣ ˥̔̎̉̎̄̅̆̋ȟ ̉ץ  ̰̖̉̄̉̌́̇ ץ̙̏̌
̍ ״́̒ ץ́ ̉̎̉̑́̌̓̏̌̔ ״́ ̙̙́̌̉ ́̓̊ ״́ ̉̑́̌̍̇ ̍ ̙̏̉̑̉̌́̅̉Ȣ 

˼̈̂̆̋̉̒̓̏̎̅́ ςπρφ-ςπςπ ̊̉̌̌́̑̅́ ̍̆̃́-̒́̂̈́̃̏̓ ̍́̒״ ץ́ ̉̎̉̑́̌̓̏̌̔ ̊̓́ 
̙̙̉̌́ȟ ̒́̌ץ ̙́ ̃́ ̙̙̓́̉ ̰̘̂̊̉́ ρχ ̓́ ̌̏̄̉̒̓̉̋́ ̍́̑̋́̈̌́̑̉̎̉ ̙̓́̋̉̌ ̞̙̓̉ 
̙̑̆̇́̌́̓̉̑̉̌̄́̎Ȣ ˥̔ ̅́̃̑̅́ ̉ץ ״̒́̍ ̰̖̉̄̉̌́̇ ץ̙̏̌ ץ́ ̉̎̉̑́̌̓̏̌̔ ̊̓́ ̙̙̉̌́ 
״́̉̊̏̌ ̠̗̉̉̓̒̆̃̎̉ ̘̰́̉̊̂ ̌́̑̉̎̉ ́̍́̌̄́ ̙̙̏̉̑̉ ̎́̓̉̇́̒̉̅́ ςπςπ ̊̉̌̅́ 
״̒́̍ ̓̏̃́̈̂́̒-́̃̆̍ ץ́ ̉̎̉̑́̌̓̏̌̔ ̊̓́ ̙̙̉̌́ ̙̔̌̔̉̎̉ ςςȟςϷ ̄́ȟ ̰̙̄̓̎̉ ́ץ ̊̓́ 
̙̙̉̌́ ̙̔̌̔̉̎̉ ρψϷ ̄́ȟ ̒̔̓̎̉ ́ץ ̊̓́ ̙̙̉̌́ ̙̔̌̔̉̎̉ ρψȟσϷ ̄́ ̙̆̓̋́̈̉ 
ץ̰̅̏̍̎́̌̌́̇̌̍ ́Ȣ ˎ̔̎̉̎̄ ̎́̓̉̇́̒̉̅́ ςπρω ̊̉̌̅́ ςπρτ ̊̉̌̄́ ̎̉̒̂́̓́̎ ̍̆̃́-
ץ̘́̉ ̙̂́̌̉ ̉̑́̌́̃̑̆̒̎̏̋ ̓̏̃́̈̂́̒ ״́ ̙̉̑ ̇̍̉ ςȟρ ̂́̑̏̂́̑̄́ȟ ̍̆̃́ ̙́̑̂́̓̌́̑̉ 
ςȟς ̍́̑̓́̄́ȟ ̒̔̓ ̃́ ̒̔̓ ̍́̒״ ̔̌̏̓̌́̑̉ ρȟω ̍́̑̓́̄́ȟ ̔ץ ̑̉̓̉̌̄́̎ ̍̆̃́̌́̑ȟ ̋̏̌̂́̒́ 
̍ ״́̒ ̔̌̏̓̌́̑̉ ρȟχ ̍́̑̓́̄́ȟ ̰̙̄̓̌̉ ̋̏̎̒̆̑̃́̌́̑ ρȟφ ̍́̑̓́̄́ ̰̋̐ ̙̉̌́̂ 
̘ ץ̉́ ̙̑̉̄́ ̞̙̑̉̉̌́̅̉Ȣ˥̔̎̉̎̄̅̆̋Ȣ ̧̓́̊̑ ̍̆̃́-̒́̂̈́̃̏̓ ̋̏̎̒̆̑̃́̌́̑̉̎̉ȟ 
ץ̔ ץ̉ ̞̓̑̏̐̒̋ ̙̉̎̉̑́̌̓́̂̑́ ́̃̆̍ ́̃ ̑́̌́̃̆̍ ̎́̄̌̉̓̉̑ ״́ ̙̉̌ ̇̍̉ ςȟρ 
̂́̑̏̂́̑̅́̎ ̧̈̉̅̄́ ̙̏̉̑̉̌́̅̉ [6] . 

˼̈̂̆̋̉̒̓̏̎ ˝̆̒̐̔̂̌̉̋́̒̉ ˜̑̆̈̉̅̆̎̓̉ ˕ȢˍȢ˗́̑̉̍̏̃ Ȱ˔́̍̏̎́̃̉̊ 
״̒́̍ ̓̏̃́̈̂́̒-́̃̆̍ ́̃ ̉̎̉̒́̌̏̓ ̖́̓́̐ ́̅̉̒̏̒́ ̠̖̑́̌̉̄̏̌̏̎̆̓ ץ̘̔̔ ̉̎̉̑́̌̓̏̌̔ ̑ 
ץ́ ץ̙̉́̓ ̙̙́̌̉ ́̓̊ ץ̟̏ ̂́̌́̓ ́̅̑̏̈̏̂ ̘̉̋̉ ́̃  ̑̉ ̰̂̌̄́̎ ̧̓́̊̑ȟ ̞̋̏̌̏̄̉̋ ̓̏̈́ 
ץ̰̉̓ ״̒́̍ ̓́̏̎́̒ ̌̉̄̎̆ ́̃ ̘̋̉̌̉́̍ ץ̘́̉ ̙̂́̌̉ ̉̑́̌̓̏̌̔ ״́ ̙̉̑ ̇̍̉̎̉ ςπσπ 
̊̉̌̅́ φȟφ ̍́̑̓́ȟ ̍̆̃́-̒́̂̈́̃̏̓ ̍́̒״ ץ́ ̉̎̉̑́̌̓̏̌̔ ״́ ̙̙́̌̉ ́̓̊ ̇̍̉̎̉ ̞̒́ υȟχ 
̋́̑̑́ ̙̙̏̉̑̉ ̉̍̋̏̎̉̎̉ ̂̆̑́̅̉ȱ [7] , ɀ ̅ ̆̂ ̛̓́̋̉̅̌́̄́̎Ȣ 

˟̛̙́̋̉̅̌́ ̇̏̉̈̋̉ȟ ˼̈̂̆̋̉̒̓̏̎ ˝̆̒̐̔̂̌̉̋́̒̉ ˜̑̆̈̉̅̆̎̓̉̎̉̎̄ 
Ȱ̑̆̒̐̔̂̌̉̋́ ̏̈̉ץ̃́̏-ץ ̓ ̒́̎̏́̓̉̎̉ ̂̏ ץ̙́ ̙̑̉̎̉ ̙̓́̋̉̌ ̞̙̓̉̎̉ ̠̎́̅́ 
ס̰̑̓ ̉̑́̌̑̉̂̅́̓-̘́̑̏ ̙̙̉̑̉̓́̌̌̉̍̏̋́̓ ̉̒̉̅́ȱ̄̉ ςπρφ ̊̉̌ ρψ ̆̃̑́̌̅́̄̉̕ ˜פ-
ςτψρ ̒̏̎̌̉ ́ץ ץ̙́̏̂ ̃̉̓́̑̏̐̑̏̋ ץ̉̏̃̔̍̕ ́̄̉̑̏̑ ״̏́̇ ̄̎̉̎̃̔̑ ̎ ̧́̍́̌̉̓̉̅́ 
ץ́ ץ̉ ̌̔̂ ץ̃́̏-ץ̉̈̏ ́̋̉̌̂̔̐̒̆̑ ץ̉̏̃̔̍̕ ́̄̉̑́̌̌̔̒̔ ́̃ ̉̑́̌̌̉̊̏̍́̓ ̎́̄̎̉̌ ̓ 
ץ̙́̏̂ ̉̎̉̓́̏̎́̒ ̙̑̉ ̒́̍́̑́̌̉ ̓̉̈̉̍̉̎̉ ̙̙́̋̌̌́̎̓̉̑̉ȟ ̓́̑̍̏ץ 
ץ̉ ̠̗̉́̈̉̎̑̆̅̏̍ ̖̉̎̉̑́̌́̎̏̑̏̋ ̙̌̉ȟ ̖̓̆̎̉̋ ̃́ ̖̓̆̎̏̌̏̄̉̋ ́ץ ״̏̉̇ ́̓̊ ̙̈̌́ 
̘̔̔̎ ̗̠̉̎̃̆̒̓̉̉̌́̑̎̉ ̋̆̎̄ ̇́̌̂ ̞̙̓̉ȟ ̍̆̃́-̒́̂̈́̃̏̓ ̃́ ̙̂̏́ץ ץ̉   ץ̙̏̌
״̒́̍ ̰̖̉̄̉̌́̇ ץ́ ̉̎̉̑́̌̓̏̌̔ ״́ ̙̙́̌̉ ́̓̊ ̇̍̌́̑̉̎̉ ̙̙̏̉̑̉ȟ ̘̉̋̉ ́״ ̍̅́ 
ץ̙̉́̓ ץ̏́̑ ́̅̑́̌̑̏̈̏̂  ״́́̍ ̉̌̓́̉̒̕ ̰̎́̄̌̂ ̙̏̅̓́̂ ץ̃́̏-ץ̉̈̏ ̊̉̌̌ ̓ 
̍ ״́̒ ץ̘́̉ ̙̂́̌̉ ̉̎̉̑́̌̑̔̓ ̉̑́̌̓̏̌̔ ץ̒́̍ ̙̰̉̑̉̓̊́̐̋ ̙̉̎̉̑ ɀ̏ ץ̉̈˛ ́̅̉̅́ ץ̃́ ̓ 
̒́̎̏́̓̉ ̖̋̏̑̏̎́̌́̑̉ ̟̙̔̍́̒̉̎̉ ̓̔̄́̓̉̌̉̂ȟ ̔̎̉̎̄ ̰̑̎̉̄́ 
Ȱ˼̈̂̆̋̏̈̉̏ץ ץ̃́ ̖̓̏̌̅̉̎̄ȱ ̖̏̌̅̉̎̄ ̠̋̏̍̐́̎̉̒̉ ̙̓́̋̉̌ ̞̓̉̌̅̉Ȣ ˎ̔̎̅́̎ 
 ̄̎̉̎̉̓̎̆̅̉̈̆̑˜ ̉̒́̋̉̌̂̔̐̒̆˝ ̎̏̓̒̉̋̆̂̈˼ ̞́̒ ץ̏̑̎̉̅̌̏
Ⱥ˼̖̞̈̐́̓́̒́̎̏́̓̋̒̐̏̑̓Ȼ ̖̏̌̅̉̎̄ ̠̋̏̍̐́̎̉̒̉̎̉ ̙̓́̋̉̌ ̞̙̓̉ ̰̓̑ס ̉̒̉̅́Ȼ ςπρυ 
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̊̉̌ ςχ ̠̏̋̓̂̑̅́̄̉ ˜ˡ-4761-̒̏̎̌̉ ˡ́̑̍̏̎̉̄́ ̍̔̃̏̉̕ץ́ ̘̉̎̓̉̄̉ ץ ̊̓́ ̙̙̉̌́ 
״́ ס̧̉ ̖́̓́̐ ́̅̍ ץ̘́̉ ̙̂́̌̉  ̙̑̉̎̉ ̛̙̓́̍̉̎̌́ ̗̠̔̎̋̉̌́̑̉̕ 
Ⱥ˼̖̞̈̐́̓́̒́̎̏́̓̋̒̐̏̑̓Ȼ ̖̏̌̅̉̎̄ ̠̋̏̍̐́̎̉̒̉ ̈̉̍̍́̒̉̄́ ̟̋̌́̓̉̌̄́̎ ̏״ ̌̅́ 
ץ̃́̏-ץ̉̈˛ ̑́̌́̍̌̉̈̔̓ ́̃ ̖́̎̏̑̏̋ ̙̉̌̉̄̆̓ ̓ ̒́̎̏́̓̉ ̖̋̏̑̏̎́̌́̑̉ ̟̙̔̍́̒̉ 
ץ̘́̉ ̎́̅̉̂̉̋̑́̓ ̑̉̌̄́̎ ̞̅̉Ȣ Ⱥ˼̈̂̆̋̏̈̉̏ץ ץ̃́ ̖̓̏̌̅̉̎̄Ȼ ̖̏̌̅̉̎̄ 
 ̖̑́̌́̎̏̑̏̋ ̘̉̃̔̑̉̋ ́̄̉̂̉̋̑́̓ ˠ̟̙̍́ ץ̟̉̂̒ ̉̌́̓̉̐́̋ ̃́̓̒̔ ̠̄̎̉̎̉̒̉̎́̐̍̏̋
ס́̍́̇ ̃́̓̒̔ ̑̍́̌́̑̉̅́̄̉ ̅́̃̌́̓ ̗̠́̋̉̌́̑̉ ̐́̋̆̓̌́̑̉ ɉ̙̔̌̔̌́̑̉Ɋ̎̉ ̂́̌́̎̒ 
ɉ̎̏̍̉̎́̌Ɋ ̉ץ ״̉ ̉̓́̍̊ ̒̏̂̉̅́̎ ̙̙́̋̌̌́̎̓̉̑̉̌̉̉ ̂̆̌̄̉̌́̎̄́̎Ȣ ˠ̎̉̎̄ 
̓́̑̋̉̂̉̄́ ρχφ ̓́ ̖̋̏̑̏̎́ ̋̉̑̉̓̉̌̅̉Ȣ ˗̠̏̍̐́̎̉ ̓́̑̋̉̂̉̄́ ̏̈̉ץ̃́̏-ץ ̓ 
̍ ״́̒ ץ̘́̉ ̙̂́̌̉ ̉̑́̌̓̏̌̔ ץ̏́̍ ̛̏̈́ ̙̟̎́̄̔ ̖̑́̌́̎̏̑̏̋ ̖̊̉̒̔̒̔ ̘̉̃̔̑ ̍̉̅́ 
̙̋̉̑̉̉ ̍̔̍̋̉̎Ȣ 

Ⱥ˼̈̂̆̋̏̈̉̏ץ ץ̃́ ̖̓̏̌̅̉̎̄Ȼ ̖̏̌̅̉̎̄ ̠̋̏̍̐́̎̉̒̉ ̠́̏̌̉̓̉̎̉̎̄̕ ́̒̏̒̉̊ 
ץ̔ ̞̂̉̓ ̙̰̉̑́̌̉̌́̎̊ ́̃ ̉̑́̌́̉̈́̃̕ ̊̉̅́̄̉̌́̑ ̂̆̌̄̉̌́̎̄́̎ȡ 

״́ ̓̏̃́̈̂́̒-́̃̆̍- ץ̙́̏̂ ́̅̍ ץ̃́̏-ץ̉̈̏  ״̒́̍ ̓ ץ̙̉́̓ ́̃ ̘̉̋̉ ̉̑́̌̓̏̌̔  
ץ̘̔̔ ̘̰́̉̊̂ ̙̰̉̎́̄̑ ̉̎̉̑́̌̑̏̈̏̂ ץ̏ץ̉̅́̓ ̄̎̉̓̆̋̑́̍ ̑ ̓̌́̑̉ ̰̙̓̋́̈̉ ̃́ 
ץ̎̏̍̑́̓ ́̅̉̒̏̒́ ̄̎̉̎̔̂ ץ̂̉̓̒̉ ̉̌̓́̅̅̔̍ ץ̏̈̔ ́̃ ̰́̓̑ ̉ ̏̌̅́ ̙̑̉̃̏̇̌́̎̓̉̑̉ 
ץ̘̉̉ ̙̂́̌̉ ̉̎̉̑́̌̑̔̓̒́̅ ̙Ƞ 

- ץ̟̏ ץ̰ ̉̑ ץ̉ ̙̎́̄̌̉ ̊̍́̓̄́ ̞̄́ȟ ̘̉̋̉ ̃́ ̙̓́̉ץ  ̂̏̈̏̑̌́̑̅́ ̖́̑̉̅̏̑̄̉̑ 
ץ̟̏ ̰̎́̄̌̂ ץ̃́̏-ץ̉̈̏ ̉̌̓́̉̒̕ ̉̑ ״̒́̍ ̓ ץ̘́̉ ̙̂́̌̉ ̉̎̉̑́̌̓̏̌̔ ץ̒́̍ ̙̉̑ ́̅̉̅́ 
ץ̉ ̖́̅̉̑́̌́̎̏̑̏̋ ץ̏̍̑́̓ ץ̃́̏-ץ̉̈̏ ̰̖̉̄̉̌́̇ ץ̙̏̌ ץ̘̔̔ ̠́̅́̎ ̧̙̉̎̉̒́ ̖̍̏ ̓ ̑ 
ץ́ ̊̓́ ̙̙̉̌́ ̈́̍̏̎́̃̉̊ ̖̓̆̎̏̌̏̄̉̋ ̗̉̋̌̎̉ ̙̓́̋̉̌ ̞̙̓̉Ƞ 

ץ̉- ״̒́̍ ̰̖̉̄̉̌́̇ ץ̙̏̌ ץ̘́̉ ̙̂́̌̉ ̉̑́̌̓̏̌̔ ̘̑̔̃̉̌́̑̉ȟ ́ץ ̊̓́ ̙̙̉̌́ 
̖̋̏̑̏̎́̌́̑̉ȟ ̧̙̓́̊̑̌́ ̃́ ̙̒̏̓̉ ̙̓́̋̉̌̏̓̌́̑̉ ̰̑̓́̒̉̅́ ̂̏̈̏̑ ̍̔̎̏̒́̂́̓̌́̑̉ 
́̒̏̒̉̅́ȟ ̔̎̉̎̄ ̧̙̓́̊̑̌́̎̉̉ȟ ̒́̌ץ ̙́̎̉̉ȟ ̠̎́̅́ ̘̔̔ץ ץ́ ץ̏̑̑ ̊̓́ ̙̙̉̌́̎̉̉ ̃́ 
״̉ ̙̉̎̉̉̌̉̓̏̒ ״̏ ̎́̄̌̏ ́̄̂̏̒ ץ̘́̉ ̙̂́̌̉ ́̅̌ ץ̉ ̎́̄̌̉̑ -ץ̉̈̏ ̰̖̉̄̉̌́̇ ץ̙̏̌
ץ̃́̏ ״́ ̧̙̉̒́ ̖̍̏ ̓ ̑́̋́̓̉̎̉̎̄ ̈́̍̏̎́̃̉̊ ̌̏̄̉̒̓̉̋́̒̉̎̉ ̋̆̎̄ ̇̏̑̉̊ ̞̙̓̉Ƞ 

-̉ ס̌̏ ״̏ ̎́̄̎́̌́̅̊̏̕ ̎́̅̎̊́̈̉̅ ́̃ ̠̖̑́̌̉̄̏̌̏̎̆̓ ̖̊̉̇̉̑̏ ̑ ̌̅́ 
ץ́-́̑́̓ ̊̉̃́̎̏̍́̈ ץ̏̌̅ ״̒́̍ ̙́ ץ̘́̉ ̙̂́̌̉ ̉̑́̌̓̏̌̔ ̙̑̉ ̖̋̏̑̏̎́̌́̑̉̎̉ 
̙̓́̋̉̌ ̞̙̓̉Ƞ 

-̍̆̃́-̒́̂̈́̃̏̓ȟ ̰̙̄̓-̒̔̓ ̃́ ̙̂̏́ץ ץ̉  ץ̃́̏-ץ̉̈̏ ̰̖̉̄̉̌́̇ ץ̙̏̌ ̓ ̖̏̍ 
ץ́ ̧̙̉̎̉̒́ ץ̟̏ ̘̰́̉̊̂ ̙̙́̌̉ ́̓̊ ̑̉ ̔̎̔̍̌̉ ̈́̍̏̎́̃̉̊ ̗̠̉̎̎̏̃́̉ 
ץ̘́̉ ̙̂́̌̉ ̠̖̉̎̉̑́̌̉̄̏̌̏̎̆̓ ̙̑̉̄́ ̇̏̑̉̊ ̞̙̓̉ȟ ̙̔̂̔ ̍́̒ץ ́̅̌́̑ ̘̔̔̎ȟ 
́̃̃́̌́̍̂̏̑ȟ ̒̓̑́̓̆̄̉̋ ̖̏̑̉̇̉̊ ̉̎̃̆̒̓̏̑̌́̑̎̉̎̄ ̰̓̑ס ס̰̑̓-̎́̅̉ ̉ 
̗̠̉̎̃̆̒̓̉̉̌́̑̉̎̉ ̇́̌̂ ̞̙̓̉Ƞ 

ץ́- ̊̓́ ̙̉̌́̎̄́̎ ̍̆̃́-̒́̂̈́̃̏̓ȟ ̙̔̎̉̎̄̅̆̋ ̙̂̏́ץ ץ̃́̏-ץ̉̈̏  ̓ 
̍ ״́̒ ̔̌̏̓̌́̑̉̎̉̎̄ ̞̋̒̐̏̑̓̉̎̉ ̙̙̙̓́̋̉̌̌́̓̉̑̉ȟ ̙̉̌́̂ ̘̉́ץ ̧̑̉̌́̓̄́̎ 
̍ ״́̒ ץ̏́̑ ̄̎̉̎̑́̌̓̏̌̔ ̙̂́̓̅̏̌̉̄̉̎̉ ̙̙̏̉̑̉ ̰̘̂̊̉́ ̘̏̑́-̓́̅̂̉̑̌́̑ ̙̉̌́̂ 
̘ ץ̉̉ ̙ȟ ̏̈̉ץ̃́̏-ץ ״̒́̍ ̓ ״̏́̂ ̉̎̉̓́̉̒̕ ̉̑́̌̓̏̌̔ ץ̖́̌́ ̊̉̃́̎̏̍́̈ ̙̄̎̉̎́̌ ̑̏ 
ץ̘́̉ ̙̂́̌̉ ̉̎̉̍̉̈̉̓ ̙̑̉̄́ ̇̏̑̉̊ ̞̙̓̉Ƞ 

ץ̘́̉ ̙̂́̌̉- ״̒́̍ ̎́̄̉̅́̌̉̑ ̔̌̏̓̌́̑̎̉ ̙̙̒̓́̎̅́̑̓̌́̓̉̑̉ ̃́ 
 ̖́̄̉̑́̌́̎̏̑̏̋ ץ̏̍̑́̓ ̙̙̙́̅̉̑̉̓́̌̌̉̋́̓ ̙̉̎̑́̌̉ ̘̰́̉̊̂ ̙̠̗́̌̉́̋̉̉̓̑̆̒̕
̰̙̙̋̍́̋̌́̉ȟ ̓́̑̍̏ץ ̖̋̏̑̏̎́̌́̑̉̄́ ̖́̂̏̑̏̓ ̖̉̈̍́̓̌́̑̉ ̰̙̋̑̒́̓̉ȟ ̋́̅̑̌́̑ 
̧̙̓́̊̑̌́ȟ ́ץ ̊̓́ ̧̙̓́̊̑̌́ ̃́ ̍́̌́̋́̒̉̎̉ ̙̙̏̉̑̉̎̉ ̙̓́̋̉̌ ̞̙̓̉Ȣ 

Ⱥ˼̈̂̆̋̏̈̉̏ץ ץ̃́ ̖̓̏̌̅̉̎̄Ȼ ̖̏̌̅̉̎̄ ̠̋̏̍̐́̎̉̒̉ ̓́̑̋̉̂̉̅́ ˛̈̉ץ̃́̏-ץ ̓ 
̒́̎̏́̓̉ ̖̋̏̑̏̎́̌́̑̉̎̉ ̙̑̉̃̏̇̌́̎̓̉̑̉ȟ ̗̠̑̆̋̏̎̒̓̑̔̋̉ ̉ץ ̙̌̉ ̃́ 
ס́̍́̇ ̙̠̗́̌̉́̈̉̎̑̆̅̏̍ ̑̍́̒̉ ̙̓́̋̉̌ ̞̓̉̅̅̉Ȣ ˓́̍́ס ̑̍́ ̅́̑̏̍́̅̌́̑̉̎̉ 
ץ̔ ̞̂̉̓ ̉̑́̌́̂̎́̍ ̙̙̉̑̉̓̎́̌̌̋́ ̊̉̅́̄̉̌́̑ ̂̆̌̄̉̌́̎̄́̎ȡ 

-̖̏̌̅̉̎̄ ̠̋̏̍̐́̎̉̒̉ ̓́̑̋̉̂̉̄́ ̘̋̉̑̔̃̉ ̖̋̏̑̏̎́̌́̑̎̉̎̄ ̅́̃̌́̓ 
״̉ ̘̰́̉̊̂ ̙̉̑́̌̔̌̔ ̒̏̂̌́̎́̅̉̄́̎ ̅̉̃̉̅̆̎̅̌́̑̉̎̉̎̄ υπ ̏̉̈̉̕Ƞ 

 ɀ ̖̏̌̅̉̎̄ ̠̋̏̍̐́̎̉̒̉ ̓́̑̋̉̂̉̄́ ̘̋̉̑̔̃̉ ̖̋̏̑̏̎́ ̃́ ̙̓́̋̉̌̏̓̌́̑ ̒̏̕ 
̏̊̅́̒̉̎̉̎̄̕ πȟυ ̏̉̈̉̕ ̍̉̅ץ ״́ ̑́̌́̍̓́̑̇́ ̉̄́̅̉̑̏ ץ̏ ́̅̍ ״̔ ̎̔̎ ̇̇́̓̌́̑̉̅́ 
ץ̌ץ́̉̓ ץ̙́̏̂ ̎́̄́̍̎́  ̍́̎̂́̌́̑Ȣ 

ס̍́́˓ ס̌́̌̂́̍ ́̍̑ ́̑̉ ˼̈̂̆̋̉̒̓̏̎ ˝̆̒̐̔̂̌̉̋́̒̉ ˙̠̏̌̉ ̃́̈̉̑̌̉̄̉ ̂̉̌́̎ 
״̏ ̙̎́̄̌̉̉̌̆̋ ץ̅̏̍̑́̓ ́̅̌ ́ ̠̎̄̉ ̖̋̏̑̏̎́̌́̑ ̙̓́̋̉̌ ̞̙̓̉ȟ ́̍́̌̅́̄̉ 
ץ̉ ̠̗̉̋̔̑̓̒̎̏̋̆̑ ́̃ ̙̠̗́̌̉́̈̉̎̑̆̅̏̍ ̖̉̎̑́̌́̎̏̑̏̋ ̙̌̉ȟ ̙̔̎̉̎̄̅̆̋ ̖́̌́ץ ̑̏ 
״̔ ̎́̅̉̑́̌̓̔̓̉̓̒̎̉ ̠̉̌̏̍ ׳̔ ץ̉̏̃̔̍̕ ́̄̑́̌̍̉̓̉̂ ̏̑́̑́̌̓́̍̔̋ ̋̔̍́̓̎̉̎̄ 
̋́̏̌̕ ́̓̉ ̂̉̌́̎ ̏̌̉̎̄́̎ ̋̑̆̅̉̓̌́̑̄́ ̖̉̈̍́̓ ̰̙̋̑̒́̓̉̄́ ̰̊̎́̌̓̉̑̉̌́̅̉Ȣ 

ץ̃́̏-ץ̉̈̏ ́̅̋̉̌̉̅̎˪ ״̒́̍ ̉̓́̏̎́̒ ̓ ץ̘́̉ ̙̂́̌̉ ̉̑́̌̓̏̌̔ ̙̑̉̎̉ ̇́̅́̌ 
̙̑̉̃̏̇̌́̎̓̉̑̉ȟ ́ץ ץ̔ ̖̉̎̉̑́̌́̎̏̑̏̋ ̙̙́̌̉ ́̓̊ ̙̑̉ȟ ̍́̃̇̔̅̌́̑̉̎̉ 
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ץ̉ ̠̗̉́̈̉̎̑̆̅̏̍ ́̃ ̠̗̉̋̔̑̓̒̎̏̋̆̑ ״́̉̊̏̌ ̗̎̏̉̉̓̒̆̃̎̉ ̘̰́̉̊̂ ̙̉̌ ̌́̑̎̉ 
́̍́̌̄́ ̙̙̏̉̑̉ ̒́̍́̑́̅̏̑̌̉̄̉̎̉ ̙̙̏̉̑̉ ̘̔̔̎ȡ 

 ɀ ̏̈̉ץ̃́̏-ץ ̓ ̒́̎̏́̓̉ ̖̋̏̑̏̎́̌́̑̉̎̉ ̙̓́̋̉̌ ̞̙̓̉ȟ ̍́̃̇̔̅̌́̑̉̎̉ 
ץ̉ ̠̗̉́̈̉̎̑̆̅̏̍ ̙̌̉ȟ ̖̓̆̎̉̋ ̃́ ̖̓̆̎̏̌̏̄̉̋ ̇̉́״ ץ́ ̎́̅̓ ״̏̉̇ ́̓̊ ̙̈̌́̄́ 
״́̉̊̏̌ ̠̗̉̉̓̒̆̃̎̉ ̰̎́̄̌̉̑̉̓̌́̎̊ ̌́̑̉̎̉ ̠̙̙̍̏̌̉̌́̓̉̑̉̎̉ ̠̎́̅́ 
̙̙̓́̋̏̍̉̌̌́̓̉̑̉Ƞ ̈́̍̏̎́̃̉̊ ̖̓̆̎̏̌̏̄̉̋ ̔̒̋̔̎́̌́̑̎̉ ̌̉̈̉̎̄ ́̒̏̒̉̅́ ̖́̑̉̅ 
ץ̉ ץ́̑̏ ̙̉̌ ץ̰ ̉̎̑́̌̑̏̋̑̉̂̅́̓ ̉̌ ץ̔-̂́̌̌ ̙̃̃́̓̌́Ƞ 

 ɀ ̌̏̊́̉״ ״̋́̓̒̔̍ ̉̎̉̒́̈́̂ ̖̋̉̎̆̓-̊̉̅̅̏̍ ̄̎̉̎̑́̌ ̙́̍̌́ ̃́ ̞̠̎̆̑̄̉ 
̑̆̒̔̑̒̌́̑̉ ̂̉̌́̎ ̛̙̓́̍̉̎̌́̎̉ ̠̖̙̙̉̌́Ƞ 

 ɀ ̓̉ץ ץ̰̔ ̊̉̌̏ ̊̉̅̏̒̉ ״̉́̊̏̌ ̠̗̉̎̑́̌̉̉̓̒̆̃̎˕ ̟́̅̉̑́̌̓̑ ̃ ̙̌́ ̰̘̂̊̉́ 
ץ̉̓ ̘̉̒̏̅̉-̖̍̔̓́́̒̒̉̒ ̋́̅̑̌́̑ ̧̙̓́̊̑̌́ȟ ́ץ ̊̓́ ̧̙̓́̊̑̌́ ̃́ ̍́̌́̋́̒̉̎̉ 
̙̙̏̉̑̉ ̓̉̈̉̍̉̎̉ ̙̙̓́̋̏̍̉̌̌́̓̉̑̉ ̃́ ̔̎̉̎̄ ̒̉́̓̉̎̉̕ ̙̙̏̉̑̉Ƞ 

 ɀ ̗̠̉̎̃̆̒̓̉̉ ̌̏̊̉́״ ̌́̑̉̎̉̎̄ ̙̓́́̂̂̔̒̋̏̑̌́̑̉̎̉ ̖́̂̏̑̏̓-
̗̋̏̍̍̔̎̉̋́̉̏̎ ̖̠̓̆̎̏̌̏̄̉̌́̑̉̅́̎ ̒́̍́̑́̌̉ ̙̏̊̅́̌́̎̉̉̎̉̕ ̙̓́̋̉̌ ̞̙̓̉ȟ 
״̉́̊̏̌ ץ̒́̍ ̙̞̉̓ ̙̌̉̋́̓ ̉̎̉̄̄̎̉̑̏̓̉̎̏̍ ̙̉̎̉̉̌̉̑́̇́̂ ̑́̌ ́̅̄́ 
ץ̅̉̏̃̔̍̕ ̉̑Ȣ 

ץ̉ ́̅̎̏̓̒̉̋̆̂̈˼ ״̒́̍ ̰̖̉̄̉̌́̇ ץ̙̏̌ ץ́ ̉̎̉̑́̌̓̏̌̔ ̊̓́ ̙̙̉̌́ 
ץ̎̏̍̑́̓ ́̃ ̙̙̉̑̉̏ ̉̎̉̒́̇́̑́̅ ״̉̏̌́̒ ̞̓̑̏̐̒̋ ̄̎̉ ̠̓̉̎̉ ̟̙̋̒́̌̓̉̑̉ ̘̔̔̎ 
ץ̔ ץ̒́̍ ̙̙̉̑̉̏ ́̄̌́̍́ ̉̎̑́̌̉̄́̅̉̊  :ץ̉̏̃̔̍̕ ́̄̅́

 ɀ ̉ץ ״̒́̍ ̰̖̉̄̉̌́̇ ץ̙̏̌ ץ̘̔̔ ́̅̉̒̏̒́ ̓́̏̎́̒ ̉̎̉̑́̌̓̏̌̔ ץ́ ̑ ̊̓́ ̙̙̉̌́̄́ 
ס̉̏̍̑́̓ ̖̑́̌́̎̏̑̏̋ ̰̎́̄̌̉̑̉̓̌́̎̊ ̎̉ȟ ̙̔̎̉̎̄̅̆̋ȟ ̔̌́̑̎̉ ̒́̌ץ ̙́̄́ 
̖̙̉̓̉̒̏̒̌́̄́̎ ̙̒̏̃̔̓̉ ̋́̍̆̑́̌́̑̉ȟ ̔̌́̑̎̉ ̙̒́̑́̌́ ̃́ ́ץ ץ̏̌̅ ̙́ ̐̔̎̋̓̌́̑̉ 
״́ ס̙̔̔ ̎́̌̉̂ ̙̙̉́̓ ́̅̍ ס̉̏̍̑́̓ ̠̗̉́̋̉̎̔̍̍̏̋-̓̑̏̐̒̎́̑̓ ̖̒̔̒́̍ ̘̉̃̔̎́̌̌ ̎̉ 
̙̋̆̎̄́̊̓̉̑̉Ƞ 

 ɀ ́ץ ̊̓́ ̙̙̉̌́ ̒́̎̏́̓̉̎̉ ̗̠̙̍̏̅̆̑̎̉̈́̉̌́ȟ ̖̓̆̎̉̋ ̃́ ̖̓̆̎̏̌̏̄̉̋ 
̠̙̎̄̉̌́ȟ ̉̌̍-́̎̎̉̎̄̕ ̟̓̔̌ץ ס̏̌̉ ́̃ ̉̑́ ץ̘́̉ ̙̂́̌̉ ̠̖̉̎̑́̌̉̄̏̌̏̎̆̓ ̑ ̙̑̉̄́ 
ץ̰ ̌́̅́̇ ̙̌̌́Ȣ ˎ̔̎̅́ ̍́̓̆̑̉́̌ ̃́ ̞̠̎̆̑̄̉ ̒̉̉ס ̍̉̎̉ ̙̐́̒́̊̓̉̑̉ȟ ̑̆̒̔̑̒ 
ץ̘̉̉ ̍́̋ ̘̉̃̏̇̆̓ ̍̌̉ ̖̠̓̆̎̏̌̏̄̉̌́̑̄́ȟ ̟̏ץ ̑̉ ̔̎̔̍̅̏̑̌̉̋̋́ ̞̄́ ̰̂̌̄́̎ ̍̉̎̉-
̖̠̓̆̎̏̌̏̄̉̌́̑̄́ ̔̒̓̔̃̏̑̌̉̋ ̙̂̆̑̉Ƞ 

 ɀ ̙̉̌́̂ ̘̉́ץ ״̒́̍ ̧̑̊́̓ ̧̎́̄̓́̌̉̑ ̔̌̏̓̌́̑ ́̒̒̏̑̓̉̍̆̎̓̉ ̃́ ̒̉́̓̉̎̉̕ 
̇ ״́̏ ״́ ̙̉̈́̋̓̆ ́̄̉̒́̇́̑́̅ ̉̑́̌́̈̏̅̎́ ̎ ץ̙̉́̓ ́̃ ̘̉̋̉ ́̅̍  ̂̏̈̏̑̌́̑̅́ 
ץ́̏̑ ̙̂́̓̂́̑̅̏̌̉̄̉̎̉ ̙̙̏̉̑̉Ƞ 

 ɀ ̉ץ ̍ ̰̖̉̄̉̌́̇ ץ̙̏̌ ״́̒ ץ́ ́̃ ̙̙̉̑̉̓̉̓̆ ̉̎̉̑́̌̓̏̌̔ ̊̓́ ̙̙̉̌́ ̂̉̌́̎ 
̙ ס̔̔ ץ̘́̉ ̙̂́̌̉ ̘̉̃̔̎́̌̌ ̙̑̉ ̍́̇̍̔́̌́̑̉ȟ ̖̏̌̅̉̎̄̌́̑ȟ ̋̌́̒̓̆̑̌́̑ ̃́ ̉̌̍̉̊-
ץ̘́̉ ̙̂́̌̉ ̙̑̉ ̙̂̉̑̌́̍́̌́̑̉ ̠́̏̌̉̓̉̎̉̕ ̙̋̆̎̄́̊̓̉̑̉Ȣ 

 
ˍ̧̅́̂̉̓̌́̑ ̰̑̊ϲ́ ̓ ̉

 
ץ̌̏̔̂ˍ .1 ץ̓̉ Ȣ˜Ȣ ˑ́̃̌́̓̎̉̎̄׳ ̃̏̍̉̒ ̉̒̏̅̉̊ ̖́̃̒̉̈̌̉̄̉̕Ȣ ˼̔ץ ץ̰ ̃ ̌̌́̎̍́Ȣ-˟Ȣȡ 

Akademiya, 2012.-161-162-̂̆̓Ȣ 
ץ̓̉ ̉̒́̋̉̌̂̔̐̒̆˝ ̎̏̓̒̉̋̆̂̈˼ .2 ץ̉́̓̒̔̍ ̧̄̎̉̎̉̓ץ̉ץ́̑́̓ ̊̉̏̍̉̓̇̉-̊̉̅̏̒̉ ̌̌̉̋ 
̊̉̌̌́̑̉̅́̄̉ ɉρωωπ-ςπρπ ̊̉̌̌́̑Ɋ ́̒̏̒̉̊ ̗̠̓̆̎̅̆̎̉ ̃́ ̰̘̋̑̒́̓̋̉̌́̑̉ ́״ ̍̅́ 
2011-ςπρυ ̊̉̌̌́̑̄́ ̰̍̌̇́̌̌́̎̄́̎ ̐̑̏̄̎̏̈̌́̑̉ȡ ̒̓́̓̉̒̓̉̋ ̰̓̐̌́̍Ȣ ɀ˟ Ȣȡ 
˼̈̂̆̋̉̒̓̏̎ȟ ςπρρȢ 85-86-̂̆̓̌́̑Ȣ  

3. ˼̈̂̆̋̉̒̓̏̎ ˝̆̒̐̔̂̌̉̋́̒̉ ˑ́̃̌́̓ ̒̓́̓̉̒̓̉̋́ ̰ץ ̍̉̓́̒̉ ̛̍́̌̔̍̏̓̌́̑̉Ȣ 
ץ̓˕ ̉̒́̋̉̌̂̔̐̒̆˝ ̎̏̓̒̉̋̆̂̈˼ .4 ̧̉̒̏̅̉̓ ̃́̈̉̑̌̉̄̉ ̛̍́̌̔̍̏̓̌́̑̉Ȣ 
5. ˼̈̂̆̋̉̒̓̏̎ ˝̆̒̐̔̂̌̉̋́̒̉ ˑ́̃̌́̓ ̒̓́̓̉̒̓̉̋́ ̰ץ ̍̉̓́̒̉ ̛̍́̌̔̍̏̓̌́̑̉Ȣ 
ץ̓˕ ̉̒́̋̉̌̂̔̐̒̆˝ ̎̏̓̒̉̋̆̂̈˼ .6 ̧̉̒̏̅̉̓ ̃́̈̉̑̌̉̄̉ ̛̍́̌̔̍̏̓̌́̑̉ 
7. ˗́̑̉̍̏̃ ˕ȢˍȢ ˎ̙̏ ̍́̒ץ ́̅̉̍̉̈ ɀ ̍́̃̇̔̅ ̉ץ ץ́ ̘́̄̑́̌̋̉̌̉̎̉̊ ̑́̍́̒̅́̎ȟ ̏̌̉̂ 
״̏̏̌̒̉ ̧̎́̄̓́̑̏̂ ̓̌́̑̎̉ȟ ̉̓ץ ̧̉̒̏̅̉̓̉̍̉̈̅́ ̓́̑̋̉̂̉̊ ̰̙̈̄́̑̉̌́̑̎̉ ̘̉̈̉̌ 
̅́̃̏̍ ̞̙̓̓̉̑̉ȟ ̖̔̒̔̒̉̊ ̘̍̔̌̋̉̌̉̋ȟ ̘̋̉̉̋ ̂̉̈̎̆̒ ̃́ ̓́̅̂̉̑̋̏̑̌̉̋̋́ ̠̎́̅́ 
״̉ ̙̉̑̆̂ ̘̂̉̏ ̰̌̊ ̄̎̆̋ ̒̏̂̉̅́̎ ̏̌̅̉̎̄́ ̟̙̑̉̅̉̑ȡ ̍́̍̌́̋́̓̉̍̉̈̎̉ ςπρυ 
̊̉̌̅́ ̉̇̓̉̍̏̉̊- ץ̉̓ ̉̒̏̅̉̊ ̙̑̉̃̏̇̌́̎̓̉̑̉ ̠̋̔̎̌́̑̉ ̃́ ςπρφ ̊̉̌̄́ 
ץ̓̉ ̰̎́̄̎́̌̌́̇̌̍ ״̉̔̍ ̞̄̎ ̄̎̉̎̑̔̓̒́̅ ̊̉̅̏̒̉ ̍ ̔̒̓̔̃̏̑ ̰̙̊̎́̌̉̌́̑̉̄́ 
ס́̉̂ ״̋́˙ ̑́̌̑̉̈́ˏ ̙̎́̄̎́̌ ́̍́̒̉̎̉̎̄ ̋̆̎̄́̊̓̉̑̉̌̄́̎ ̍́̇̌̉̒̉̅́̄̉ 
̛̍́̑̔̈́̒̉ // ˢ́̌ץ ̒ ̰̈̉ȟ ςπρφ ̊̉̌ ρφ̠̝̎̃́̑Ȣ 

 
΄ ˢȢ˜Ȣ ˍ̂̔̌̏ץ ̒̉̍̏̃, ˟ Ȣ˞Ȣ ˝́̒̔̌̏̃, ˎ Ȣ˪Ȣ ˙̖́̍́̑́̉̍̏̃, ̠ ȢˎȢ ˥́̑̉̐̏̃ȟ ςπρφ 
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UDC 330 
SIGNIFICATION OF INDUSTRY IN UZBEKISTAN 

 
A.M. Rakhimov1, I.Sh. Ibrokhimov2 

 
Abstract 
 

Industry plays an important role in the formation and development of the na-
tional economy. The importance of this sector, which produces the means of produc-
tion, especially is of great importance in the context of the consistent continuation of 
the process modernization and diversification of the economy. Therefore, the rapid 
pace of industrial sectors is also important for the development of any region. 
 
Keywords: industry, production, modernization, diversification, development of indus-
try, economic growth, investment. 

 
Uzbekistan is a country with a developed industry. Forty percent of production 

and more than a million people are engaged in this sector of economy. In the process 
of solving socio-economic issues and regional problems in the Republic, development 
of industry, its regional and sectoral network improvement are the one of the priority 
tasks of the modernity. 

For the development of the national economy and the improvement of its struc-
ture in accordance with the requirements of the market, increasing the welfare of the 
population, using the experiences of the industrial countries, especially European and, 
in particular, the East Asian countries is targeted for intensive development. 

Important aspects of the economic policy of Uzbekistan are directed to the pri-
ority issues such as the rational organization of the economy of the region, and to re-
duce regional disparities, and the improvement of the structure and sectors of indus-
try. Using natural (prior land, water, agroclimatic), economic, financial and labor re-
sources effectively, through supplying their economic growth, improving the living 
standards of the population have had a place in the raw of the problems in the country 
at national level. 

The President of Uzbekistan noted on improvement of the liberalization of the 
ÅÃÏÎÏÍÙȟ ÔÈÅ ÃÏÕÎÔÒÙȭÓ ÉÎÄÕÓÔÒÉÁÌ ÄÅÖÅÌÏÐÍÅÎÔȟ ÔÈÅ ÓÔÒÕÃÔure of its regional networks 
and existing reserves of mineral raw materials and labor, taking into account tradi-
tional production skills and experience of our people is not surprising that there has 
been improvement really in his works and the practical activities. 

Nowadays the ongoing global financial and economic crisis influences the de-
cline in the growth rate of the world economy, including its negative impact on the 
industry. Because, the financial crisis in terms of its scope, covers almost all countries 
of the world. Despite being so, clearly visible due to the implementation of the priority 
ÔÁÓËÓ ÏÆ ÔÈÅ ÃÏÕÎÔÒÙȭÓ ÌÅÁÄÉÎÇ ÓÕÓÔÁÉÎÁÂÌÅ ÄÅÖÅÌÏÐÍÅÎÔ ÉÓ ÁÃÈÉÅÖÅÄȢ 

This was noted by the President of the Republic of Uzbekistan, in the report of 
the meeting of the Cabinet of Ministers devoted to the results of socio-economic de-
velopment in 2014 and the most important priorities of economic program for 2015, 
ÔÈÅ ÆÏÌÌÏ×ÉÎÇ ÐÏÉÎÔÓ ×ÁÓ ÎÏÔÅÄȡ Ȱ3ÕÍÍÉÎÇ ÕÐ ÔÈÅ ÒÅÓÕÌÔÓ ÏÆ ÌÁÓÔ ÙÅÁÒȟ ÐÒÉÍÁÒÉÌÙ ÔÈÅ 
economy and its the leading sectors in the development of sustainable high growth 
ÒÁÔÅÓ ÓÈÏÕÌÄ ÂÅ ÎÏÔÅÄȢ 4ÈÅ ÃÏÕÎÔÒÙȭÓ ÇÒÏÓÓ ÄÏÍÅÓÔÉÃ ÐÒÏÄÕÃÔ ÇÒÅ× ÂÙ ψȢρ ÐÅÒÃÅÎÔȟ Én-
dustrial production by 8.3 percent, agricultural production increased by 6.9 percent. 
About 70 percent of the manufactured products with high added value, which is made 
ÕÐ ÏÆ ÆÉÎÉÓÈÅÄ ÇÏÏÄÓȱ [1] . 

Local and foreign investments are being involved in industry (engineering, fuel 
and energy complex, non-ferrous metallurgy, chemical and textile) sector speedily for 
developing national economy. In all, the volume of investments as a result of economic 
growth in 2014, as a results of investment policy which is aimed carrying out deep 
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structural reforms for diversifying the economy and attracting investments, foreign 
investments amounted to 14 billion 600 million US dollars, or grew 109.3% than pre-
vious year. 

More than 73% of the total investment is directed to machinery and equipment 
production and nearly 40 percent of total investment is directed to the local pro-
cessing of raw materials that is used to make the purchase completely new and mod-
ern high-tech manufacturing enterprises focus on creating well timed. As a result, in 
2014 154 large factories, which are equivalent to 4.2 billion dollars, handed over for 
implementation. 

They include electricity, non-ferrous metallurgy, mechanical engineering, au-
tomotive, chemical, food, pharmaceutical, building materials and light industry enter-
prises which are priority attention was paid to build. These works are based on the 
existing natural, economic, social, labor and financial resources of region and play an 
important role in the effective use of resources. For example, automobile factory in 
Khorezm region, building materials plant in Jizzakh, modernization and increase of 
the system of capacity of electric power in Syrdarya region and creating light industri-
al enterprises in the Republic of Karakalpakstan. 

"ÅÓÉÄÅÓȟ Ȱ!ÎÇÒÅÎȱ ÁÎÄ Ȱ*ÉÚÚÁËÈȱ ÓÐÅÃÉÁÌ ÉÎÄÕÓÔÒÉÁÌȟ Ȱ.ÁÖÏÉÙȱ ÆÒÅÅ ÉÎÄÕÓÔÒÉÁÌ ÁÎÄ 
economic zones are serving for the development of high-tech enterprises. 

4ÈÅ ÉÎÄÕÓÔÒÙȭÓ ÓÈÁÒÅ ÏÆ ÔÈÅ ÃÏÕÎÔÒÙȭÓ ÇÒÏÓÓ ÄÏÍÅÓÔÉÃ ÐÒÏÄÕÃÔ ÉÓ ÇÒÏ×ÉÎÇ ÆÒÏÍ 
year to year. For example, in 2000 the figure was only 14.2 percent, in 2010 to 23.9 
percent, in 2013 to 24.2 percent, in 2015 to 33.5 percent. That can be added for com-
parison, oÎÅ ÏÆ ÔÈÅ ÍÏÓÔ ÉÍÐÏÒÔÁÎÔ ÓÅÃÔÏÒÓ ÏÆ ÔÈÅ ÎÁÔÉÏÎÁÌ ÅÃÏÎÏÍÙȟ ÁÇÒÉÃÕÌÔÕÒÅȭÓ 
share was 30.1 percent in 2000, equaled to 26.0% only in 2013 and 16.6 percent in 
20151. 

4ÈÅ ÁÎÁÌÙÓÉÓ ÓÈÏ×ÅÄ ÔÈÁÔ ÔÈÅ ÃÉÔÙ ÏÆ 4ÁÓÈËÅÎÔ ÁÎÄ 4ÁÓÈËÅÎÔ ÒÅÇÉÏÎȭÓ ÃÏÎÔÒÉÂu-
tion is quite high in the total volume of industrial production among regions of the 
republic. Industry goods have been produced at 14.3 trillion sums or 22.2 percent of 
republic production volume in only Tashkent city. For comparison, it can be said that 
the indicator of the regions of Fergana valley (8.7 trillion in Andijan, 1.7 trillion in 
Namangan and 4.7 trillion in Fergana) surpassed very little than Tashkent city when it 
was calculated by adding together (15.0 trillion). There is a similar situation in Tash-
kent region (9.7 trillion sums, or 15.1 percent). In Tashkent region industrial produc-
tion has been produced 3 times more than Samarkand region. 

)Î ÔÕÒÎȟ ÔÈÅ ÁÎÁÌÙÓÉÓ ÏÆ ÒÅÇÉÏÎÓ ×ÈÉÃÈ ÈÁÓ ÔÈÅ ÌÏ×ÅÓÔ ÐÒÏÄÕÃÔÉÏÎ ÉÎ ÔÈÅ ÃÏÕÎÔÒÙȭÓ 
industrial production led to interesting conclusions. For example, the minimum indus-
trial production created in Jizzakh region (0.8 trillion sums). The share of this region 
in the republic made up only 1.3 percent. Also, the region will be nearly 12 times less 
than Tashkent region with the production in the volume of industrial production. 

It is cheerful with the growth rate of industrial production in the areas which 
has increased from year to year. In particular, the situation in Andijan, Khorezm re-
gions and Tashkent city has been high and the growth as high as 115 percent is 
reached in these regions. In turn, it has been high degree (112%) in Tashkent, Samar-
kand and Jizzakh regions. It has been observed Syrdarya region of the country with 
the lowest growth (102.1 percent). Similar situations in Kashkadarya (102.9%), 
Navoiy (104.3%) regions were also noted, and these were low from the republic de-
gree. 

Because of the available resources the city of Tashkent and Tashkent, Andijan, 
Navoiy, Kashkadarya, Samarkand, Ferghana regions achieved the development of a 
number of industry sectors. As a result, the share of these areas in the country indus-
try increased more. The new economic centers and free economic zones have been 
established. 

To do this, the demographic capacity of areas, mineral, land and water re-
sources must be taken into consideration. In the areas which are limited land and wa-
ter resources and demographic and environmental high capacity, the development of 
industrial sectors that particularly requires a lot of labor is an urgent problem. 

To change production structurally in the country industry, to ensure the mod-
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ernization and diversification the following should be done: 
Ϻ 4ÈÅ ÃÒÅÁÔÉÏÎ ÏÆ ÖÁÒÉÏÕÓ ÆÏÒÍÓ ÏÆ Ï×ÎÅÒÓÈÉÐ ÁÎÄ ÔÏ ÃÒÅÁÔÅ ÆÒÅÅ ÃÏÍÐÅÔÉÔÉÏÎ 

space on the same basis; 
Ϻ 4Ï ÐÒÏÄÕÃÔ high-quality consumer goods more substituting fast-selling im-

port, and saturate the domestic market with them; 
Ϻ 4Ï ÄÅÖÅÌÏÐ ÔÈÅ ÈÅÁÖÙ ÉÎÄÕÓÔÒÙ ÓÅÃÔÏÒ ÉÎÔÅÎÓÉÖÅÌÙ ÓÕÃÈ ÁÓ ÔÈÅ ÅÎÇÉÎÅ ÏÆ ÉÎÄÕs-

try and support them; 
Ϻ 4Ï ÃÁÒÒÙ ÏÕÔ ÆÁÃÔÏÒÉÅÓ ÂÁÓÅÄ ÏÎ ÍÉÎÅÒÁÌ ÒÁ× materials to complete cycle, rais-

ing recycle technologies to the level of international standards; 
Ϻ 4Ï ÃÏÎÔÉÎÕÅ ÔÏ ÌÏÃÁÌÉÚÁÔÉÏÎȟ ÔÈÅ ÔÅÃÈÎÉÃÁÌ ÁÎÄ ÔÅÃÈÎÏÌÏÇÉÃÁÌ ÒÅÎÅ×ÁÌ ÉÎ ÉÎÄÕs-

ÔÒÙ ÓÅÃÔÏÒÓȟ ÉÎÃÒÅÁÓÉÎÇ ÃÏÍÐÅÔÉÔÉÖÅ ÐÒÏÄÕÃÔÓȭ ÑÕÁÎÔÉÔÙȢ 
Taking into account these issues, to carry out the development of the industry 

in the regions and to improve production efficiency on scientific advice and recom-
mendations on improving development of industrial production, to reduce regional 
differences of specific regions and improvement of it has become one of the tasks 
which we have to do. 
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