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Éʉʦʢʦʣʠʥʩʢʠʡ ʃ.ɹ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ

ʄʦʜʝʣʴ ʥʝʡʨʦʥʘ ʄʘʢ-ʂʘʣʣʦʢʘïʇʠʪʩʘ

(1943)

24.03.2018

22. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ
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ᴆὼ ὼ,ὼ,é, ὼ ïʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ: ὼᶰπȟρ

ύ ύ,ύ,é, ύ ïʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʩʘ: ύ ᶰᴙ

ὦïʩʤʝʱʝʥʠʝ: ὦɴ ᴙ

•ȡᴙᴼᴙïʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ

ὥïʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ: ὥᶰπȟρ

ὥ
πȟ̆ ̒̌•̉ᾀ π
ρȟ̆ ̒̌•̉ᾀ π

b

•ᾀ

ᾀ ὦ ύὼ
ὼ



Éʉʦʢʦʣʠʥʩʢʠʡ ʃ.ɹ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ

ʇʝʨʩʝʧʪʨʦʥʈʦʟʝʥʙʣʘʪʪʘ
Åʏʘʩʪʥʳʡ ʩʣʫʯʘʡ ʤʦʜʝʣʠ 

ʄʘʢ-ʂʘʣʣʦʢʘïʇʠʪʩʘ

Åʌʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʨʦʛʦʚʦʡ 

ʬʫʥʢʮʠʝʡ

24.03.2018

•ὺ
πȟ̆ ̒̌ὺ̉ π
ρȟ̆ ̒̌ὺ̉ π

32. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ



Éʉʦʢʦʣʠʥʩʢʠʡ ʃ.ɹ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ

ὼ

ὼ

ὼ

ʇʝʨʩʝʧʪʨʦʥʈʦʟʥʝʙʣʘʪʪʘ(1957)

24.03.2018
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ὥ

ᴆὼ ὼ,ὼ,é, ὼ ïʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ: ὼᶰπȟρ

ύ ύ,ύ,é, ύ ïʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʩʘ: ύ ᶰᴙ

ὦïʩʤʝʱʝʥʠʝ: ὦɴ ᴙ

ὥïʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ: ὥᶰπȟρ

ὥ
πȟ̆ ̒̌ὦ̉ ύȟᴆὼ π

ρȟ̆ ̒̌ὦ̉ ύȟᴆὼ π

ύȟᴆὼ ύὼ

b

42. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ



Éʉʦʢʦʣʠʥʩʢʠʡ ʃ.ɹ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ

ʇʨʦʩʪʦʡ ʧʨʠʤʝʨ ʩ ʧʦʛʦʜʦʡ

ὼïʪʝʤʧʝʨʘʪʫʨʘ ʙʦʣʴʰʝ ρυᴈʠ ʤʝʥʴʰʝ σπᴈ

ὼïʚʝʪʝʨ ʤʝʥʴʰʝ 3 ʤ/ʩʝʢ.

ὼïʠʜʝʪ ʜʦʞʜʴ

ὼïʩʚʝʪʠʪ ʩʦʣʥʮʝ

ὥïʤʦʞʥʦ ʠʜʪʠ ʛʫʣʷʪʴ

24.03.2018
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52. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ



Éʉʦʢʦʣʠʥʩʢʠʡ ʃ.ɹ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ

ɻʣʫʙʦʢʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ

24.03.2018
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62. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ



Éʉʦʢʦʣʠʥʩʢʠʡ ʃ.ɹ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ

ɺʳʯʠʩʣʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ

24.03.2018
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72. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ



Éʉʦʢʦʣʠʥʩʢʠʡ ʃ.ɹ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ

ʇʨʠʤʝʨ ʚʳʯʠʩʣʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ

24.03.2018

1

0

1

1

?

?

?

υ

σ

ς

σ

ς
ρ

σ

ς

σ

ς

τ

σ

υ

π

ρ

ρ

82. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ



Éʉʦʢʦʣʠʥʩʢʠʡ ʃ.ɹ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ

ɿʘʜʘʯʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʫʢʦʧʠʩʥʳʭ ʮʠʬʨ

24.03.2018

92. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ



Éʉʦʢʦʣʠʥʩʢʠʡ ʃ.ɹ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ

ʎʠʬʨʦʚʦʡ ʦʙʨʘʟ ʠʟʦʙʨʘʞʝʥʠʷ

24.03.2018

102. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ



Éʉʦʢʦʣʠʥʩʢʠʡ ʃ.ɹ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʮʠʬʨʳ ç4è 

24.03.2018
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πȟ̆ ̒̌̉̅̑ ̠̗̔̄́̉̑́̕

112. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ



Éʉʦʢʦʣʠʥʩʢʠʡ ʃ.ɹ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ

ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ

Åʆʙʫʯʝʥʠʝ ïʧʦʜʙʦʨ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʩʦʚ ʠ ʧʦʨʦʛʦʚʳʭ 

ʟʥʘʯʝʥʠʡ

Åʕʪʦ ʚʦʟʤʦʞʥʦ,ʝʩʣʠ ʤʘʣʦʝ ʠʟʤʝʥʝʥʠʝ ʣʶʙʦʛʦ 

ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʚʝʩʘ (ʠʣʠ ʩʤʝʱʝʥʠʷ) ʧʨʠʚʦʜʠʪ ʢ 

ʤʘʣʦʤʫ ʠʟʤʝʥʝʥʠʶ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ a

24.03.2018

ὥ Ўὥ

ύ Ўύ

122. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ



Éʉʦʢʦʣʠʥʩʢʠʡ ʃ.ɹ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ

ʊʨʫʜʥʦʩʪʠ ʩ ʦʙʫʯʝʥʠʝʤ ʧʝʨʩʝʧʪʨʦʥʥʳʭ ʩʝʪʝʡ

ʉʝʪʴ ʩ ʧʝʨʩʝʧʪʨʦʥʦʤ ʪʨʫʜʥʦ ʦʙʫʯʘʪʴ, ʪʘʢ ʢʘʢ 

ʤʘʣʦʝ ʠʟʤʝʥʝʥʠʝ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʩʦʚ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʩʢʘʯʢʦʦʙʨʘʟʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʠʛʥʘʣʘ 

ʦʪ 0 ʜʦ 1.

ʅʝʦʙʭʦʜʠʤʘ ʜʨʫʛʘʷ ʤʦʜʝʣʴ ʥʝʡʨʦʥʘ!

24.03.2018

132. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ



Éʉʦʢʦʣʠʥʩʢʠʡ ʃ.ɹ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ

ʉʠʛʤʦʠʜʘʣʴʥʘʷ (ʣʦʛʠʩʪʠʯʝʩʢʘʷ) ʬʫʥʢʮʠʷ

24.03.2018
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Åʆʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ:ᴙ

Åʄʥʦʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ: (0;1)
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2. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ



Éʉʦʢʦʣʠʥʩʢʠʡ ʃ.ɹ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ

ὼ

ὼ

ὼ

ʉʠʛʤʦʠʜ (ʩʠʛʤʦʠʜʘʣʴʥʳʡ ʥʝʡʨʦʥ)

24.03.2018
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ᴆὼ ὼ,ὼ,é, ὼ ïʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ: π ὼ ρ

ύ ύ,ύ,é, ύ ïʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʩʘ: ύ ᶰᴙ

ὦïʩʤʝʱʝʥʠʝ: ὦɴ ᴙ

ὥïʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ: π ὥ ρ

ὥ „ὦ ύȟᴆὼ

ύȟᴆὼ ύὼ

b

152. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ



Éʉʦʢʦʣʠʥʩʢʠʡ ʃ.ɹ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ

ʆʙʫʯʘʝʤʦʩʪʴ ʉʠʛʤʦʠʜʘ

24.03.2018
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162. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ



Éʉʦʢʦʣʠʥʩʢʠʡ ʃ.ɹ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ

ʇʨʠʤʝʨ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʨʫʢʦʧʠʩʥʳʭ ʮʠʬʨ

24.03.2018

˿ͪ͟·ͭ·͚ ͚ͫͦ͡όмр ͔͚͍ͤͪͦͤͦύ

ˤͻ͚ͦ͒ͤͦ ͚ͫͦ͡
όтуп ͔͚ͤͪͦͤ͊ύ

ˤ·ͻ͚ͦ͒ͤͦ ͚ͫͦ͡

28Ἁςψ

172. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ



Éʉʦʢʦʣʠʥʩʢʠʡ ʃ.ɹ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ

ʄʦʜʝʣʴ ʦʙʫʯʝʥʠʷ

Ɇ ᴆὼɴ ᴙ ïʠʟʦʙʨʘʞʝʥʠʝ 28Ἁ28, ʧʦʜʘʚʘʝʤʦʝ ʥʘ ʚʭʦʜ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ

Ɇ ᴆώᶰᴙ ïʧʨʘʚʠʣʴʥʳʡ ʦʪʚʝʪ

Ɇ ᴆ‌ᴆὼᶰᴙ ïʦʪʚʝʪ, ʚʳʜʘʚʘʝʤʳʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ ʜʣʷ ʚʭʦʜʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷᴆὼ

Ɇ6 ὼȟώ ȿρ Ὥ ὑ ïʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ, 
ὼȟώ ïʧʨʝʮʝʜʝʥʪ

Ɇύᶰᴙ ïʚʝʢʪʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʚʩʝ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʩʘ ʩʝʪʠ

Ɇ ὦɴ ᴙïʚʝʢʪʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʚʩʝ ʩʤʝʱʝʥʠʷ

Å ïʩʪʦʠʤʦʩʪʥʘʷ ʬʫʥʢʮʠʷ: 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ

Åʅʝʦʙʭʦʜʠʤʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʫʶ ʦʰʠʙʢʫ ʧʫʪʝʤ 

ʧʦʜʙʦʨʘ ʟʥʘʯʝʥʠʡ ύʠ ὦ

24.03.2018
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182. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ



Éʉʦʢʦʣʠʥʩʢʠʡ ʃ.ɹ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ

ɺʦʧʨʦʩʳ

Åɻʜʝ ʚʟʷʪʴ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ?

Åʂʘʢ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʫʶ 

ʦʰʠʙʢʫ?

24.03.2018

192. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ



Éʉʦʢʦʣʠʥʩʢʠʡ ʃ.ɹ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ

ɹʘʟʘ ʜʘʥʥʳʭ MNIST

http://yann.lecun.com/exdb/mnist/

Åɹʘʟʘ ʜʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʨʫʢʦʧʠʩʥʦʛʦ ʥʘʧʠʩʘʥʠʷ 

ʮʠʬʨ

Åɺʩʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠʤʝʶʪ 

ʨʘʟʤʝʨ 28Ἁςψ ̐̉̋̒̆̌̆̊ ̃ 
̗̠̖̄̑́̅́̉ ̒̆̑̏̄̏

Å60000 ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ

Å10000 ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ

Åʂʘʞʜʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ 

ʙʘʟʝ ʜʘʥʥʳʭ 

ʧʨʦʤʘʨʢʠʨʦʚʘʥʦ 

ʧʨʘʚʠʣʴʥʦʡ ʮʠʬʨʦʡ

24.03.2018

202. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ

http://yann.lecun.com/exdb/mnist/


Éʉʦʢʦʣʠʥʩʢʠʡ ʃ.ɹ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ

ʄʝʪʦʜ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ

(ʜʚʫʤʝʨʥʳʡ ʩʣʫʯʘʡ)

Åʅʘʡʪʠ ʤʠʥʠʤʫʤ ʬʫʥʢʮʠʠ Ὢὼȟὼ ȡᴙ ᴼᴙ

Åɻʨʘʜʠʝʥʪ:

​Ὢ
ȟ
Ƞ

ȟ

ÅЎᴆὼḧ –​Ὢ, 
ʛʜʝ – πïʤʘʣʳʡ 
ʧʘʨʘʤʝʪʨ (ʩʢʦʨʦʩʪʴ 

ʦʙʫʯʝʥʠʷ) 

__________________
​ïʩʠʤʚʦʣ çʥʘʙʣʘè
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– πȢρ

Ўᴆὼḧ –​Ὢὼȟὼ

1. ᴆὼḧ ρȟρρ

2. ​Ὢρȟρρ ψȠςτ

3. Ўᴆὼḧ πȢψȠςȢτ

4. ᴆὼḧ ᴆὼ Ўᴆὼ ρȢψȠψȢφ

5. ​ὪρȢψȟψȢφ φȢτȠρτȢτ

6. Ўᴆὼḧ πȢφτȠρȢττ

7. ᴆὼḧ ᴆὼ Ўᴆὼ ςȢττȠχȢρφ

... ... ... ... ... ὼ

ὼ

Ὢ

232. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ



Éʉʦʢʦʣʠʥʩʢʠʡ ʃ.ɹ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ

ɺʳʙʦʨ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ Ɫ
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ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʤʝʪʦʜʦʤ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ

ʅʝʦʙʭʦʜʠʤʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʫʶ ʦʰʠʙʢʫ:
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ʇʨʦʙʣʝʤʘ

Åɺʳʩʦʢʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʦʙʫʯʝʥʠʷ
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ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ

ύḧύ –ɳᴇ ύ

ὦḧὦ –ɳᴇ ὦ
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ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʬʦʨʤʫʣʳ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʦʰʠʙʢʠ
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ʉʪʦʭʘʩʪʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪʥʳʡ ʩʧʫʩʢ

1. ύḧὶὲὨ; ὦḧὶὲὨ; ὩὴέὧὬḧρȠ

2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʨʘʟʙʠʝʥʠʝ ὠ
̎́ ̟̠̎̆̐̆̑̆̒̆̋́̉̆̒̚ ̜̐̏̅̃̂̏̑̋̉ ὠȟȣȟὠ

3. Ὥḧπ;

4. ὭḧὭ ρ;

5. ᴇɳ ύ ḧ В ȟᶰ ᴇɳ ȟ ύ ; 

6. ᴇɳ ὦḧ В ȟᶰ ᴇɳ ȟ ὦ;

7. ύḧύ –ɳᴇ ύ ; 

8. ὦḧὦ –ɳᴇ ὦ;

9. if Ὥ ὓgoto4;

10. shuffleὠ; ὩὴέὧὬḧὩὴέὧὬρ;

11. if ὩὴέὧὬρπgoto2;

24.03.2018

2. ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 30

ˣ
̉
̋
̌̐̏
̐
̏
̅
̃
̜
̂
̏
̑
̋
́
̍

ˣ
̉
̋
̌̐̏
̞
̐
̏
̖
́
̍

̏
̂
̔
̘
̆
̎
̉
̠












