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ʧʨʦʩʪʨʘʥʩʪʚʘ 
(ʇʨʦʪʠʚʦʧʦʣʦʞʥʦ ʂʦʩʤʦʩʫ ï
ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ). 

ɺʩʝ ʨʦʞʜʘʝʪʩʷ ʠʟ ʍʘʦʩʘ 
(ʜʨʝʚʥʝʛʨʝʯʝʩʢʦʝ)

caoVʍʘʦʩ
ɹʝʩʧʦʨʷʜʦʢ, ʥʝʨʘʟʙʝʨʠʭʘ, 

ʩʤʝʰʝʥʠʝ



ɼʠʥʘʤʠʯʝʩʢʠʡ ʭʘʦʩ

ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ

Åʇʨʝʜʝʣʴʥʳʝʤʥʦʞʝʩʪʚʘ

Åʉʪʨʘʥʥʳʝʘʪʪʨʘʢʪʦʨʳ

Åʈʘʟʤʝʨʥʦʩʪʴʩʪʨʘʥʥʳʭʘʪʪʨʘʢʪʦʨʦʚ

Åʌʨʘʢʪʘʣʳ



ɸʥʨʠ ʇʫʘʥʢʘʨʝ ï
ʚʝʣʠʢʠʡ ʬʨʘʥʮʫʟʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ʚ ʢʥʠʛʝ çʅʘʫʢʘ ʠ ʤʝʪʦʜè 

ʚ 1908 ʛ. ʧʠʩʘʣ:

çɺ ʥʝʫʩʪʦʡʯʠʚʳʭ ʩʠʩʪʝʤʘʭ ʩʦʚʝʨʰʝʥʥʦ 

ʥʠʯʪʦʞʥʘʷ ʧʨʠʯʠʥʘ, ʫʩʢʦʣʴʟʘʶʱʘʷ ʦʪ 

ʥʘʩ ʧʦ ʩʚʦʝʡ ʤʘʣʦʩʪʠ, ʚʳʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʤʳ ʥʝ ʚ 

ʩʦʩʪʦʷʥʠʠ ʧʨʝʜʫʛʘʜʘʪʴé ʇʨʝʜʩʢʘʟʘʥʠʝ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ, ʤʳ ʠʤʝʝʪ 

ʧʝʨʝʜ ʩʦʙʦʡ ʷʚʣʝʥʠʝ ʩʣʫʯʘʡʥʦʝè.



ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ

ʆʜʥʦʟʥʘʯʥʦʟʘʜʘʥ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ. 

ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʴʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ 

ʙʫʜʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ x (t) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

x(t) = F [x(t0)]

ɿʜʝʩʴ Fïʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʟʘʢʦʥ (ʦʧʝʨʘʪʦʨ), ʢʦʪʦʨʳʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʪʨʦʛʦ ʦʜʥʦʟʥʘʯʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ x(t0) ʚ ʙʫʜʫʱʝʝ ʩʦʩʪʦʷʥʠʝ x(t) ʜʣʷ 

ʣʶʙʦʛʦ t > t0.



ʅʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ

J.Atmos. Sci: 20, 131-141(1963)
Edward Norton Lorenz

1917-2008
ɸʤʝʨʠʢʘʥʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ʠ ʤʝʪʝʦʨʦʣʦʛ

ʆʜʠʥ ʠʟ ʦʩʥʦʚʘʪʝʣʝʡ ʪʝʦʨʠʠ ʭʘʦʩʘ



ɸʪʪʨʘʢʪʦʨ ʃʦʨʝʥʮʘ
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ʍʘʦʩ ʚ ʥʝʧʨʝʨʳʚʥʦʡ ʩʠʩʪʝʤʝ 
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ʉʪʨʘʥʥʳʡ ʘʪʪʨʘʢʪʦʨ ʚ ʩʠʩʪʝʤʝ ʭʠʱʥʠʢ ïʜʚʝ ʞʝʨʪʚʳ

ʉʠʩʪʝʤʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʨʝʭ 

ʚʠʜʦʚ: ʭʠʱʥʠʢ - ʜʚʝ ʞʝʨʪʚʳ 

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ 

ʧʝʨʚʦʡ ʞʝʨʪʚʳ ʧʨʦʠʩʭʦʜʠʪ ʫʩʣʦʞʥʝʥʠʝ 

ʪʨʘʝʢʪʦʨʠʠ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʫʜʚʦʝʥʠʝ 

ʧʨʝʜʝʣʴʥʦʛʦ ʮʠʢʣʘ) 

ʂʦʣʝʙʘʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʧʝʨʝʭʦʜʠʪ ʚ 

ʢʚʘʟʠʩʪʦʭʘʩʪʠʯʝʩʢʫʶ
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(ɸ.ɼ. ɹʘʟʳʢʠʥ, ɽ.ɸʧʦʥʠʥʘ, ʖ.ɸʧʦʥʠʥ, 1985) 



ʉʪʨʘʥʥʳʝ ʘʪʪʨʘʢʪʦʨʳ

ʘʨʪ-ʦʙʲʝʢʪʳ



ʍʘʦʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʚʦʟʥʠʢʘʝʪ

Åʥʝ ʠʟ-ʟʘ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ (ʠʭ ʥʝʪ ʚ ʩʠʩʪʝʤʝ 
ʃʦʨʝʥʮʘ)

Åʥʝ ʠʟ-ʟʘ ʙʝʩʢʦʥʝʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ (ʠʭ ʪʨʠ 
ʚ ʩʠʩʪʝʤʝ ʃʦʨʝʥʮʘ

Åʥʝ ʠʟ-ʟʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʢʚʘʥʪʦʚʦʡ 
ʤʝʭʘʥʠʢʦʡ (ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʩʠʩʪʝʤʳ ʯʠʩʪʦ ʢʣʘʩʩʠʯʝʩʢʠʝ)

ʅʘʩʪʦʷʱʘʷ ʧʨʠʯʠʥʘ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʡʩʪʚʦʤ 

ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʙʳʩʪʨʦ ʨʘʟʚʦʜʠʪʴ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʣʠʟʢʠʝ ʪʨʘʝʢʪʦʨʠʠ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ 

ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ



ɹʠʣʣʠʘʨʜ ʉʠʥʘʷ

ʗʢʦʚ ɻʨʠʛʦʨʴʝʚʠʯʉʠʥʘʡ

ʃʘʫʨʝʘʪ ɸʙʝʣʝʚʩʢʦʡʧʨʝʤʠʠ ʤʘʨʪ 2014 ʛ.

ʇʨʦʬʝʩʩʦʨ ʄʝʭʤʘʪʘ ʄɻʋ.

ʈʘʙʦʪʳ ʧʦ ʪʝʦʨʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʠʟʠʢʝ



ʍʘʦʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʦʟʥʘʯʘʝʪ

Åʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ

Åʨʦʩʪ ʤʘʣʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʚʦ 

ʚʨʝʤʝʥʠ 

Åʧʝʨʝʤʝʰʠʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʬʘʟʦʚʦʛʦ ʦʙʲʝʤʘ 

Åʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʥʘ 

ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʘʭ



ʌʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʢʘʧʣʠ ʤʦʣʦʢʘ, 

ʟʘʢʨʫʯʝʥʥʦʡ ʣʦʞʝʯʢʦʡ ʚ ʯʘʰʢʝ ʢʦʬʝʇʦʜʢʦʚʘ ʉʤʝʡʣʘ

ʇʝʨʝʤʝʰʠʚʘʥʠʝ



ʅɽʃʀʅɽʁʅʆʉʊʔ

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ (ʥʦ ʥʝ 

ʜʦʩʪʘʪʦʯʥʳʤ) ʫʩʣʦʚʠʝʤ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

(ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ) ʭʘʦʩʘ

ʃʠʥʝʡʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʠ 

ʨʘʟʥʦʩʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʢ ʭʘʦʩʫ 

ʥʝ ʧʨʠʚʦʜʷʪ.



ʊʦʨʥʘʜʦ

ʈʝʘʢʮʠʷ ɹʝʣʦʫʩʦʚʘ-

ɾʘʙʦʪʠʥʩʢʦʛʦ

ɸʣʝʢʩʘʥʜʨ ʖʨʴʝʚʠʯ ʃʦʩʢʫʪʦʚ

1960-2011

ɹʠʨʞʝʚʳʝ ʠʥʜʝʢʩʳ

ɼʠʥʘʤʠʯʝʩʢʠʡ ʭʘʦʩ

ʍʠʤʠʯʝʩʢʠʝ 

ʨʝʘʢʮʠʠ

ʉʝʨʜʝʯʥʳʝ ʨʠʪʤʳ



ɼʘʥʥʳʝ ʧʦ ʟʘʛʦʪʦʚʢʘʤ 

ʧʫʰʥʠʥʳ ʢʦʤʧʘʥʠʠ 

ɻʫʜʟʦʥʦʚʘɿʘʣʠʚʘ



ɼʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʣʦʜʦʚʦʡ ʤʫʰʢʠ
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ɸʚʪʦʢʦʣʝʙʘʥʠʷ ʚ ʛʣʠʢʦʣʠʟʝ
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ʍʘʦʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ ʚ ʛʣʠʢʦʣʠʟʝ ʧʨʠ 

ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʜʦʙʘʚʣʝʥʠʠ ʩʫʙʩʪʨʘʪʘ



ʂʚʘʜʨʘʪʠʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ
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0 < r < 1 ʨʝʰʝʥʠʝʤʦʥʦʪʦʥʥʦ
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r > rc=3,102 ʢʚʘʟʠʩʪʦʭʘʩʪʠʯʝʩʢʠʝʨʝʰʝʥʠʷ
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ʋʩʪʦʡʯʠʚʦʝ ʨʝʰʝʥʠʝ

ʎʠʢʣʳ ʜʣʠʥʳ 2k

ɼʠʥʘʤʠʯʝʩʢʠʡ ʭʘʦʩ

ɼʠʩʢʨʝʪʥʳʡ ʘʥʘʣʦʛ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ



ɼʠʩʢʨʝʪʥʳʡ ʘʥʘʣʦʛ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ
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ʇʨʠ r > rc = 3,102 ʨʝʰʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʫʶʪ 

ʪʨʝʭʪʦʯʝʯʥʳʝ ʮʠʢʣʳ ʠʢʚʘʟʠʩʪʦʭʘʩʪʠʯʝʩʢʠʝʨʝʰʝʥʠʷ.
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ʋʩʪʦʡʯʠʚʦʝ ʨʝʰʝʥʠʝ

ʎʠʢʣʳ ʜʣʠʥʳ 2k

ɼʠʥʘʤʠʯʝʩʢʠʡ ʭʘʦʩ

ʇʝʨʝʭʦʜ ʢ ʭʘʦʩʫ ʯʝʨʝʟ ʫʜʚʦʝʥʠʝ ʧʝʨʠʦʜʘ



ʇʦʢʘʟʘʪʝʣʴ ʃʷʧʫʥʦʚʘ ïʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʨʘʝʢʪʦʨʠʠ

0

1
ln ( )lim
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ʃʷʧʫʥʦʚʩʢʠʡʧʦʢʘʟʘʪʝʣʴ ïɻ ʪʦ ʫʩʨʝʜʥʝʥʥʦʝ ʚʜʦʣʴ 

ʠʩʩʣʝʜʫʝʤʦʡ ʪʨʘʝʢʪʦʨʠʠ ʟʥʘʯʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ riʤʘʪʨʠʮʳ ʣʠʥʝʘʨʠʟʘʮʠʠ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʃʷʧʫʥʦʚʫ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʧʨʦʠʟʚʦʣʴʥʦʝ ʥʘʯʘʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ y(t*) ʚ ʩʨʝʜʥʝʤ 

ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʠ ʥʝ ʚʦʟʨʘʩʪʘʝʪ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠ 

ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʩʧʝʢʪʨ ʣʷʧʫʥʦʚʩʢʠʭʧʦʢʘʟʘʪʝʣʝʡ liʥʝ 

ʩʦʜʝʨʞʘʣ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ.

ʉʮʝʥʘʨʠʡ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ
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ʍʘʦʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ

Åʉʠʩʪʝʤʳ ʪʨʝʭ ʠ ʙʦʣʝʝ ʘʚʪʦʥʦʤʥʳʭ ʥʝʣʠʥʝʡʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ

Åʉʠʩʪʝʤʳ ʜʚʫʭ ʥʝʘʚʪʦʥʦʤʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ (ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʦʣʝʙʘʪʝʣʴʥʫʶ 

ʩʠʩʪʝʤʫ)

Åɼʠʩʢʨʝʪʥʳʝ ʩʠʩʪʝʤʳ

Åʉʠʩʪʝʤʳ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ



ʌʨʘʢʪʘʣʳ ï

ʩʘʤʦʧʦʜʦʙʥʳʝʤʥʦʞʝʩʪʚʘ

Beno´t 

Mandelbrot

1924-2009

ɹʝʥʫʘ ʄʘʣʴʜʝʣʴʙʨʦʪ. 1924-2010. 

ʌʨʘʥʮʫʟʩʢʠʡ ʠ ʘʤʝʨʠʢʘʥʩʢʠʡ ʤʘʪʝʤʘʪʠʢ.

ʇʨʠʜʫʤʘʣ ʧʦʥʷʪʠʝ çʬʨʘʢʪʘʣè  -

ñFractusò (ʣʘʪ) ïʩʣʦʤʘʥʥʳʡ, ʨʘʟʙʠʪʳʡ.



ʄʥʦʞʝʩʪʚʦ ʄʘʥʜʝʣʴʙʨʦʪʘ

ʄʥʦʞʝʩʪʚʦ ʪʦʯʝʢcʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴzn, ʦʧʨʝʜʝʣʷʝʤʘʷ 

ʠʪʝʨʘʮʠʷʤʠ 

z0 = 0, 

z1 = z0
2 +ʩ, ...,

zn+1 = zn
2 + c, 

ʢʦʥʝʯʥʘ (ʪʦʝʩʪʴ ʥʝ ʫʭʦʜʠʪ ʚʙʝʩʢʦʥʝʯʥʦʩʪʴ).



ʆʧʨʝʜʝʣʝʥʠʝ ʌʨʘʢʪʘʣʘ
Å ʌʨʘʢʪʘʣʦʤ ʥʘʟʳʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʯʘʩʪʝʡ, ʢʦʪʦʨʳʝ ʚ 
ʢʘʢʦʤ-ʪʦ ʩʤʳʩʣʝ ʧʦʜʦʙʥʳ ʮʝʣʦʤʫ.

Å ʌʨʘʢʪʘʣʦʤ ʥʘʟʳʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ, ʨʘʟʤʝʨʥʦʩʪʴ ʍʘʫʩʜʦʨʬʘ-
ɹʝʟʠʢʦʚʠʯʘʢʦʪʦʨʦʛʦ ʩʪʨʦʛʦ ʙʦʣʴʰʝ ʝʛʦ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ 
ʨʘʟʤʝʨʥʦʩʪʠ. 

Å ʌʨʘʢʪʘʣʳ ïʤʥʦʞʝʩʪʚʘ ʪʦʯʝʢ, ʚʣʦʞʝʥʥʳʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ

Å ʊʦʧʦʣʦʛʠʯʝʩʢʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʣʠʥʠʠ ï1, ʧʦʚʝʨʭʥʦʩʪʠ ï2, ʰʘʨʘ ï3

Å



ʌʨʘʢʪʘʣʳ ʚ ʧʨʠʨʦʜʝ


