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1968 . 1. Ȱ ȤȩȢȪȮȰȦȧȫȳȴȤȪȪ ȳȪȭȾȯȰȥȰ ȿȭȧȬȴȲȰȮȢȥȯȪȴȯȰȥȰ ȪȩȭȵȹȧȯȪɁ
ȳȰ ȳȲȧȦȰȫ.

Ȥ: ȴɇɉɊɓɝ ɆɐɌɍɂɆɐɄ 4 ɏɂɕəɏɐɋ ɌɐɏɖɇɒɇɏɘɊɊ ɖɂɌɕɍɞɔɇɔɂ
ȶɊɉɊɌɐ-ɎɂɔɇɎɂɔɊəɇɓɌɊɗ Ɋ ɇɓɔɇɓɔɄɇɏɏɝɗ ɏɂɕɌ. ȪɉɆ-Ʉɐ ȵȦȯ, ȮɐɓɌɄɂ, 1968 , ɓɓ. 8- 9.

1969 . 2. Ȱ ȱȲȪȮȧȯȪȮȰȳȴȪ ȬȭȢȳȳȪȹȧȳȬȰȫ ȿȭȧȬȴȲȰȦȪȯȢȮȪȬȪ Ȥ

ȰȣȭȢȳȴȪ ȳȪȭȾȯȽȷ ȱȰȭȧȫ. ȳɍɂɃɝɇ ɒɇɍɡɔɊɄɊɓɔɓɌɊɇ ɑɐɍɡ

Ȥ: ȳɃɐɒɏɊɌ ɏɂɕəɏɝɗ ɒɂɃɐɔ ɂɓɑɊɒɂɏɔɐɄ, 6   ɊɉɆɂɏɊɇ,
ȮɂɔɇɎɂɔɊɌɂ, ɎɇɗɂɏɊɌɂ, ɖɊɉɊɌɂ, ȪɉɆ-Ʉɐ ȵȦȯ, ȮɐɓɌɄɂ,
1969, ɓ. 219 . 

1970 . 

3. Ȱ ȱȲȰȴȪȤȰȲȧȹȪɁȷ ȿȭȧȬȴȲȰȦȪȯȢȮȪȬȪ ȮȢȬȳȤȧȭȭȢ Ȥ
ȳȪȭȾȯȽȷ ȱȰȭɁȷ. 
Ȥ:   ȴɇɉɊɓɝ   5     ɏɂɕəɏɐɋ   ɌɐɏɖɇɒɇɏɘɊɊ  ɖɊɉɊɌɐ-ɎɂɔɇɎɂɔɊəɇɓɌɐɅɐ ɖɂɌɕɍɞɔɇɔɂ ȵȦȯ, 
ȪɉɆ-Ʉɐ ȵȦȯ, ȮɐɓɌɄɂ, 1970 , ɓɓ37- 38. 

4. Ȱ ȿȭȧȬȴȲȰȮȢȥȯȪȴȯȰȫ ȱȲȪȲȰȦȧ ȳȪȭȾȯȽȷ ȤȩȢȪȮȰȦȧȫȳȴȤȪȫ.
Ȥ: ȳɃɐɒɏɊɌ ɏɂɕəɏɝɗ ɔɒɕɆɐɄ ɂɓɑɊɒɂɏɔɐɄ, 7    ɊɉɆɂɏɊɇ,
ȮɂɔɇɎɂɔɊɌɂ, ɎɇɗɂɏɊɌɂ, ɖɊɉɊɌɂ, ȪɉɆ-Ʉɐ ȵȦȯ, 1970, ɓ.225 

ȢɓɑɊɒɂɏɔ 
ȵȦȯ (196 9)
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ȳɍɂɃɝɇ ɏɇɒɇɍɡɔɊɄɊɓɔɓɌɊɇ ɑɐɍɡ
Ȥ ɓɊɍɞɏɝɗ ɑɐɍɡɗ ɄɐɉɏɊɌɂɠɔ 
ɔɒɕɆɏɐɓɔɊ ɔɇɐɒɊɊ Ɋ 
ɟɌɓɑɇɒɊɎɇɏɔɂɍɞɏɐ ɐɃɏɂɒɕɈɇɏɝ  
ɟɍɇɌɔɒɐɎɂɅɏɊɔɏɝɇ ɖɐɒɎɖɂɌɔɐɒɝ,  
ɓɊɍɞɏɝɇ Ɋ ɓɍɂɃɝɇ ɄɉɂɊɎɐɆɇɋɓɔɄɊɡ!



ʄʥʝʥʠʷ ʚʜʫʤʯʠʚʳʭ ʬʠʟʠʢʦʚ

ȯɇɍɞɉɡ ɕɑɕɓɌɂɔɞ Ɋɉ ɄɊɆɂ, əɔɐ ɍɊɏɇɋɏɐɓɔɞ
ɕɒɂɄɏɇɏɊɋ ȮɂɌɓɄɇɍɍɂ ɎɐɈɇɔ ɏɇ ɓɐɐɔɄɇɔɓɔɄɐɄɂɔɞ
ɆɇɋɓɔɄɊɔɇɍɞɏɐɓɔɊ Ɋ əɔɐ ɊɓɔɊɏɏɝɇ ɕɒɂɄɏɇɏɊɡ
Ɇɍɡ ɓɊɍɞɏɝɗ ɑɐɍɇɋ ɎɐɅɕɔ ɐɔɍɊəɂɔɞɓɡ ɐɔ ɎɂɌɓɄɇɍɍɐɄɓɌɊɗ.

(1931 Ʌ.)

ȵɒɂɄɏɇɏɊɡ ȮɂɌɓɄɇɍɍɂ ɓɔɒɐɅɐ ɓɑɒɂɄɇɆɍɊɄɝ ɔɐɍɞɌɐ Ɇɍɡ 
ɒɂɄɏɐɎɇɒɏɐ ɆɄɊɈɕɛɊɗɓɡ ɉɂɒɡɆɐɄ Ɋ ɓɔɇɑɇɏɞ Ɋɗ 
ɔɐəɏɐɓɔɊ, ɄɐɐɃɛɇ ɅɐɄɐɒɡ, ɔɇɎ Ƀɐɍɞɚɇ, əɇɎ Ɏɇɏɞɚɇ 
ɕɓɌɐɒɇɏɊɇ ɎɂɔɇɒɊɊ. (1921 Ʌ.)

Ȥ ɓɊɍɞɏɝɗ ɟɍɇɌɔɒɐɎɂɅɏɊɔɏɝɗ ɑɐɍɡɗ  
ɒɇɍɡɔɊɄɊɓɔɓɌɂɡ ɊɏɄɂɒɊɂɏɔɏɐɓɔɞ ɕɒɂɄɏɇɏɊɋ 
ɟɍɇɌɔɒɐɆɊɏɂɎɊɌɊ ȮɂɌɓɄɇɍɍ-ȭɐɒɇɏɘɂ-ȦɊɒɂɌɂ

ȯȢȲȵȺȢȧȴȳɁ!

ȰɓɏɐɄɏɝɇ ɕɒɂɄɏɇɏɊɡ ɏɇɄɇɒɏɝ.Ȫɗ ɏɕɈɏɐ ɓɕɛɇɓɔɄɇɏɏɐ 
ɊɉɎɇɏɊɔɞ, ɓ ɔɇɎ, əɔɐɃɝ Ʉ ɔɇɐɒɊɊ  ɄɐɐɃɛɇ  ɏɇ ɄɐɉɏɊɌɂɍɊ 
ɃɇɓɌɐɏɇəɏɐɓɔɊ Ɋ əɔɐɃɝ  ɕɒɂɄɏɇɏɊɡ  ɒɇɚɂɍɊɓɞ  ɔɐəɏɐ,  ɑɐ 
ɐɃɝəɏɝɎ ɑɒɂɄɊɍɂɎ, Ƀɇɉ ɄɓɡɌɊɗ ɔɒɕɆɏɐɓɔɇɋ. ȿɔɐ  ɕɓɍɐɄɊɇ  
ɑɐɔɒɇɃɕɇɔ ɌɂɌɊɗ-ɔɐ ɐəɇɏɞ ɓɇɒɞɇɉɏɝɗ ɊɉɎɇɏɇɏɊɋ: ɏɇɃɐɍɞɚɊɇ  
ɊɉɎɇɏɇɏɊɡ  ɏɊəɇɅɐ ɏɇ ɆɂɆɕɔ (1972 Ʌ.)

(1968 - 1970 Ʌ.)

ȢɍɞɃɇɒɔ
ȿɋɏɚɔɇɋɏ

ȱɐɍɞ ȦɊɒɂɌ

ȤɐɍɞɖɅɂɏɅ
ȱɂɕɍɊ

ȥɇɏɏɂɆɊɋ
ȺɊɑɐɄ
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ȱɐɔɇɏɘɊɂɍ 
ȯɞɠɔɐɏɂ

ȱɐɔɇɏɘɊɂɍ 
Ȭɕɍɐɏɂ

ȥɇɏɏɂɆɊɋ
ȺɊɑɐɄ 

Karl 
Schwarzschild 

(1873 - 1916 )

ɺʘʢʫʫʤʥʳʝ ʫʨʘʚʥʝʥʠʷ ʕʡʥʰʪʝʡʥʘ

Albert
Einstein

ȵɒɂɄɏɇɏɊɡ ɅɒɂɄɊɔɂɘɊɊ Ɇɍɡ 
ɑɕɓɔɐɅɐ ɑɒɐɓɔɒɂɏɓɔɄɂ 
ɑɒɇɆɓɔɂɄɍɡɠɔ ɓɐɃɐɋ 
ɇɆɊɏɓɔɄɇɏɏɝɋ ɒɂɘɊɐɏɂɍɞɏɐ 
ɐɃɐɓɏɐɄɂɏɏɝɋ ɓɍɕəɂɋ 
ɔɇɐɒɊɊ ɑɐɍɡ.

ʈʝʰʝʥʠʝ ʐʚʘʨʮʰʠʣʴʜʘ

Ȧɍɡ  ɐɃɜɇɆɊɏɇɏɊɡ  
ɅɒɂɄɊɔɂɘɊɊ Ɋ 
ɟɍɇɌɔɒɐɎɂɅɏɇɔɊɉɎɂ
ɎɐɈɏɐ ɊɓɑɐɍɞɉɐɄɂɔɞ 
ɂɏɂɍɐɅɊɠ  ɎɇɈɆɕ 
ɉɂɌɐɏɐɎ ȯɞɠɔɐɏɂ Ɋ 
Ȭɕɍɐɏɂ, ɂ ɔɂɌɈɇ 
ɒɇɚɇɏɊɇ ȺɄɂɒɘɚɊɍɞɆɂ 
ɄɂɌɕɕɎɏɝɗ ɕɒɂɄɏɇɏɊɋ 
ȿɋɏɚɔɇɋɏɂ

ȥɒɂɄɊɔɂɘɊɐɏɏɝɋ
ɒɂɆɊɕɓ

ȿɍɇɌɔɒɐɎɂɅɏɊɔɏɝɋ
ɒɂɆɊɕɓ

{ }rrrg eg /)(100 +-=

ʀʜʝʷ ʦʙʲʝʜʠʥʝʥʠʷ ʛʨʘʚʠʪʘʮʠʠ ʠ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ
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ȦɄɂ ɊɏɔɇɅɒɂɍɂ ɆɄɊɈɇɏɊɡ Ʉ ɘɇɏɔɒɂɍɞɏɐɎ  ɟɍɇɌɔɒɐɎɂɅɏɊɔɏɐɎ ɑɐɍɇ ɊɓɔɐəɏɊɌɂ 
ɘɇɏɔɒɂɍɞɏɝɗ ɓɊɍ

1968 Ʌ.

,ikikik kag +=h

ȮɇɔɒɊəɇɓɌɊɋ ɔɇɏɉɐɒ
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ȴɇɏɉɐɒɏɝɋ ɑɐɔɇɏɘɊɂɍ

ȯɂɑɒɡɈɇɏɏɐɓɔɞ ɓɊɍɞɏɐɅɐ ɟɍɇɌɔɒɐɎɂɅɏɊɔɏɐɅɐ ɑɐɍɡ
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ȵɒɂɄɏɇɏɊɡ ɅɇɐɆɇɉɊəɇɓɌɊɗ

.0=ikR

ȵɒɂɄɏɇɏɊɡ ɑɐɍɡ

ʀʟʚʝʩʪʠʷʚʫʟʦʚ,ʌʠʟʠʢʘ,

1972,ˉ 10,ʩ. 98- 102.

ȳɊɍɞɏɝɇ  ɟɍɇɌɔɒɐɎɂɅɏɊɔɏɝɗ ɑɐɍɡ 
ɊɓɌɒɊɄɍɡɠɔ ɑɒɐɓɔɒɂɏɓɔɄɐ ɓɐɃɝɔɊɋ
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ȵɒɂɄɏɇɏɊɡ 
ɟɍɇɌɔɒɐɆɊɏɂ
ɎɊɌɊ 
ɏɇɄɇɒɏɝ.
Ȫɗ ɏɂɆɐ 
ɓɕɛɇɓɔɄɇɏɏɐ 
ɊɉɎɇɏɊɔɞ

(1972 )

Paul  Dirac  
(1902 - 1984 )

ȱɒɊ ɕɍɞɔɒɂɒɇɍɡɔɊɄɊɓɔɓɌɊɗ
ɓɌɐɒɐɓɔɡɗ ɍɠɃɝɇ ɑɐɍɡ
ɐɌɂɉɝɄɂɠɔɓɡ ɓɊɍɞɏɝɎɊ



ȯɂəɂɍɐ ɑɐɊɓɌɂ 
ɐɔɄɇɔɂɏɂ Ʉɐɑɒɐɓ

r   = 5. 6x10^ - 15 me

ȳɔɂɘɊɐɏɂɒɏɝɇɐɒɃɊɔɝðɆɄɊɈɇɏɊɇ
ɑɐ ɊɏɇɒɘɊɊ (Ʉɡɉɞ ɓ ȬȮ).

ȱɒɐɓɔɒɂɏɓɔɄɐ ɓɐɃɝɔɊɋ
ɊɓɌɒɊɄɍɇɏɐ ɑɐɔɇɏɘɊɂɍɐɎ
Ȭɕɍɐɏɂ. 2

Potential energy

ȬɐɅɆɂ  , Ɏɝ ɊɎɇɇɎ

ɸʪʦʤ ʚʦʜʦʨʦʜʘ
ge rr >>



Ernst 
Rutherford
(1871 - 1937 )

ik

Ezra 
Newman

1911 ȿɒɏɓɔ ȲɇɉɇɒɖɐɒɆɑɒɐɄɇɍ  ɒɡɆ 

ɟɌɓɑɇɒɊɎɇɏɔɐɄ ɑɐ ɒɂɓɓɇɡɏɊɠa əɂɓɔɊɘɏɂ 
ɡɆɒɂɗ Ɋ ɐɔɌɒɝɍ ɏɐɄɝɋ ɔɊɑ ɓɊɍ, Ɍɐɔɐɒɝɇ ɏɇ 
ɐɑɊɓɝɄɂɠɔɓɡ ɌɕɍɐɏɐɄɓɌɊɎ ɑɐɔɇɏɘɊɂɍɐɎ. 
ȯɐɄɝɋ ɔɊɑ ɌɐɒɐɔɌɐɆɇɋɓɔɄɕɠɛɊɗ ɓɊɍ Ƀɝɍ 
ɏɂɉɄɂɏɡɆɇɒɏɝɎɊ ɓɊɍɂɎɊ

ik

ȭɠɃɐɇ ɒɇɚɇɏɊɇɕɒɂɄɏɇɏɊɋR  = 0  ɄɂɌɕɕɎɏɐɋ 
ɟɍɇɌɔɒɐɆɊɏɂɎɊɌɊ ɊɏɔɇɒɑɒɇɔɊɒɕɇɔɓɡɌɂɌ ɑɐɔɇɏɘɊɂɍɞɏɂɡ
ɟɏɇɒɅɊɡ 

ik

ȲɇɚɇɏɊɇ ɔɊɑɂ ȯȵȴ

ʗʜʝʨʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʚ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʩʠʣʴʥʳʭ ʧʦʣʝʡ


