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ȶɚɝɘɔɣɑɝɖɔɑ ɔɝɝɗɑɐɚɎɌəɔɫ

Å̅ ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·͔ όζ;͙ͫͭ͊Ύ ͤ͊ͯ͊͟ηύ
Åˮ ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ˤ͔͔͚ͫͤͤͦ͡
Åˮ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͺ͙͙͘;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦ ͍ ͙͊ͫͭͪͦͤͦͣ;͔͙ͫ͟ͻ 
ͦ͋Ά͔ͭ͊͟ͻ ό͊ͫͭͪͦͺ͙͙͊͘͟ύ
Åˮ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͔͒ͤ͘͘·ͻ ͙͔ͫͫͭͣ ͙ ͔ͨ͊ͤͭ͡ ͍͔ͤ ˿͔ͦͤ͡;͚ͤͦ 
͙͔ͫͫͭͣ·
Åˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͔ͨ͊ͤͭ͡Σ ͙͍ͫͨͯͭͤͦ͟ ͙ ͣ͊͡·ͻ ͔ͭ͡ ˿͔ͦͤ͡;͚ͤͦ 
͙͔ͫͫͭͣ·
Åˮ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ˶ͯͤ·
Åˮ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ˭͔͙ͣ͡ ͙͘ ͦͫͣͦͫ͊͟

Åˮ ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͊ͦͤͦ͘͟ ͙͙ͣͪͦ͒͊ͤ͘Ύ
Åˮ ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ;͔͍͔ͦ͊͟͡ ͙ ͙͍͗·ͻ ͎͙͍ͦͪ͊ͤͣͦ͘

Å˽ ͙ͪ͊͒ͤ͟͡·͔ ό͙ͪ͊͒ ͙ͫͦ͒͊ͤ͘Ύ ͍͚ͤͦͦ ͔ͭͻ͙͙ͤ͟ ͙ 
͔ͭͻ͎͙͚ͤͦͦ͡ύ

3



˴͍͙ͦͫͣͦͤ͊ͭ͊͟Φ ˶͔͟ͼ͙Ύ уΦ ˣͦ͡Έ΄͊Ύ ͙ͦͫͣ͟;͔ͫ͊͟Ύ ͤ͊ͯ͊͟ 4



5



6

149,6 ɘɗə.ɖɘ

1 Ɍ.ɑ.
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5,2 Ɍ.ɑ.
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ʖʧʠʪʝʨ

ʄʘʨʩ

ʀʞʥʤʸ
ɻʞʦʞʩʙ

ʅʞʩʣʬʩʡʢ

ɹʪʫʞʩʧʡʝʴ

ɻʦʬʫʩʞʦʦʸʸ

ʊʧʤʦʞʰʦʙʸ ʪʡʪʫʞʥʙ
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ʖʧʠʪʝʨ

ʄʘʨʩ

ʀʞʥʤʸ
ɻʞʦʞʩʙ

ʅʞʩʣʬʩʡʢ

ɹʪʫʞʩʧʡʝʴ

ɻʦʬʫʩʞʦʦʸʸ

ʊʧʤʦʞʰʦʙʸ ʪʡʪʫʞʥʙ

ʇʦʷʩ 

ʂʦʡʧʝʨʘ

ʋʨʘʥ

ʉʘʪʫʨʥ

ʖʧʠʪʝʨ
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ʇʣʫʪʦʥ

ɻʦʞʱʦʸʸ

ʊʧʤʦʞʰʦʙʸ ʪʡʪʫʞʥʙ

ʉʝʜʥʘ
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ʖʧʠʪʝʨ

ʄʘʨʩ

ʀʞʥʤʸ
ɻʞʦʞʩʙ

ʅʞʩʣʬʩʡʢ

ɹʪʫʞʩʧʡʝʴ

ɻʦʬʫʩʞʦʦʸʸ

ʊʧʤʦʞʰʦʙʸ ʪʡʪʫʞʥʙ

ʇʦʷʩ 

ʂʦʡʧʝʨʘ

ʋʨʘʥ

ʉʘʪʫʨʥ

ʖʧʠʪʝʨ

ʅʝʧʪʫʥ
ʇʣʫʪʦʥ

ɻʦʞʱʦʸʸ

ʊʧʤʦʞʰʦʙʸ ʪʡʪʫʞʥʙ

ʉʝʜʥʘ

39,5 Ɍ.ɑ

40 -100 Ɍ.ɑ.
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ʉʝʜʥʘ

ʇʩʚʡʫʙ

ʊʞʝʦʴ
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ʊʞʝʦʴ

1006,5 Ɍ.ɑ.
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ʊʧʤʦʞʰʦʙʸ ʪʡʪʫʞʥʙ

ʉʝʜʥʘ

ɻʦʬʫʩʞʦʦʸʸ

ʜʩʙʦʡʯʙ ʧʚʤʙʣʙ ʇʧʩʫʙ

ʇʩʚʡʫʙ

ʊʞʝʦʴ
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ʖʧʠʪʝʨ

ʄʘʨʩ

ʀʞʥʤʸ
ɻʞʦʞʩʙ

ʅʞʩʣʬʩʡʢ

ɹʪʫʞʩʧʡʝʴ

ɻʦʬʫʩʞʦʦʸʸ

ʊʧʤʦʞʰʦʙʸ ʪʡʪʫʞʥʙ

ʇʦʷʩ 

ʂʦʡʧʝʨʘ

ʋʨʘʥ

ʉʘʪʫʨʥ

ʖʧʠʪʝʨ

ʅʝʧʪʫʥ
ʇʣʫʪʦʥ

ɻʦʞʱʦʸʸ

ʊʧʤʦʞʰʦʙʸ ʪʡʪʫʞʥʙ

ʉʝʜʥʘ

ɻʦʬʫʩʞʦʦʸʸ

ʜʩʙʦʡʯʙ ʧʚʤʙʣʙ ʇʧʩʫʙ

ʇʩʚʡʫʙ

ʊʞʝʦʴ

2000 -5000 Ɍ.ɑ.

50 -100 ɞɧɝɫɣ Ɍ.ɑ.



Ƚɑɘɨɫ ȽɚɗəɢɌ
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Ⱦɜɔ ɚɝəɚɎəɧɡ ɏɜɟɛɛɧ ɘɌɗɧɡ ɞɑɗ Ƚɚɗəɑɣəɚɕ ɝɔɝɞɑɘɧ

19

Å˥ ͍͊ͤ͡·͚ ͨͦΎͫ ͔͙͍͊ͫͭͪͦ͒ͦ
Å˸ ͔͗͒ͯ ͙͙ͦͪ͋ͭ͊ͣ ˸͊ͪͫ͊ ͙ ͙͔̑ͨͭͪ͊ ͦͭ нΣу ͒ͦ оΣп ͊Φ͔Φ
Å˿ ͔͔͚͍ͣͫͭ͊ ͙ͫ͋͗͊͡Ό΅͙ͻͫΎ ͫ ˭͔͔͚ͣ͡ ͦ͋Ά͔͍ͭͦ͟
Ås ͣͯͪ ςͨ ͔͔͔ͪͫ͊͟Όͭ ͙ͦͪ͋ͭͯ ˸͊ͪͫ͊Σ ͙͙ͨͪ͋͗͊͡ΌͭͫΎ ͟ 
͙͔ͦͪ͋ͭ ˭͔͙ͣ͡
Ås ͨͦͦͤ͡͡ ςͨ ͔͔͔ͪͫ͊͟Όͭ ͙ͦͪ͋ͭͯ ˭͔͙ͣ͡
Ås ͭͦςͤ͘ ͊ͻͦ͒Ύͭ ͍ͤͯͭͪΈ ͙ͦͪ͋ͭͯ ˭͔͙ͣ͡

Å˽ ͦΎͫ ˴͚͔ͦͨͪ͊ς͙ ͫͭͦ;͙ͤ͟ ͔͙͙ͪ͊ͭͦͨͪͦ͒͟͟;͔͙ͫ͟ͻ
͔ͦͣͭ͟
Å˭͊ ͙͚ͦͪ͋ͭͦ ˽ͯͭͦͤ͊͡ όͦͭͦͪ͟·͚Σ ͍͔ͫͦ͋ͫͭͤͤͦΣ ͔ͭͦ͗ 
͙͔͙ͨͪͤ͊͒͗ͭ͡ ͟ ˽˴ύΤ
Å40-млл ͊Φ͔ΦΣ ~108͔ͭ͡ ό͙ͨͯͭͦͤ͒͡·)

Å˻ ͋͊ͦ͟͡ ˻ͦͪͭ͊ςͫ ͺ͔ͪ͊ ͔ͪ͊ͫͫͪ͒ͦͭͦ;͔ͤͤ·ͻ ͔ͦͣͭ͟ ͙ 
ͨ·͙͡ όол ͭͪͤ͡ ͣ͟ ͦͭ ˿ͦͤ͡ͼ͊Ηύ
Å103 -105 ͊ Φ͔ΦΣ ~1013͔ͦͣͭ͟



ȳɑɘɗɫəɑ Ɏ Ƚɚɗəɑɣəɚɕ ɝɔɝɞɑɘɑ
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ʊʇʄʆʏɾ

8 ʧʦʣʝʪʦʚ

ʅɾʉʃʌʉʁʂ

2 ʧʦʣʝʪʘ

Mariner-10 

(ʨʩʧʤʞʫ 

ɻʞʦʞʩʴ ð

ʅʞʩʣʬʩʡʢ), 

1974 ʜ

ɻɾʆɾʉɹ

40 ʧʦʣʝʪʦʚ

ʈʉʇʄɾʋ

ɻɾʆɾʉʔ

ɼʉɹɻʁʋɹʏʁʇʆʆʔʂ ʅɹʆɾɻʉ ʌ ɻɾʆɾʉʔ

2 ʧʦʣʝʪʘ

ʈʉʇʄɾʋ ʁ 

ʅɹʆɾɻʉ 

ʌ ʀɾʅʄʁ

2 ʧʦʣʝʪʘ

ʈʄɹʆɾʋʔ ʀɾʅʆʇʂ ɼʉʌʈʈʔ

ʄʬʦʴ ʛʨʞʩʛʴʞ ʝʧʪʫʡʜ ʊʊʊʉ (çʄʬʦʙ-2è, 1959 ʜ.). 

ʈʩʧʤʞʫ ɻʞʦʞʩʴ ʛʨʞʩʛʴʞ ʧʪʬʲʞʪʫʛʡʤʧ NASA 

(Mariner-2, 1962 ʜ.). ʈʞʩʛʴʞ ʪʦʡʥʣʡ ʅʙʩʪʙ ð

Mariner-4, 1965 ʜ. ʈʞʩʛʴʢ ʛʴʮʧʝ ʦʙ ʧʩʚʡʫʬ 

ʅʞʩʣʬʩʡʸ ðMessenger, 2011.

ʌʊʈɾʎ  ɹɻɹʉʁʘ

ʄʌʆɹ

72 ʨʧʤʞʫʙ

̂˿˽˩̆sˤˢ˾ˮ̒

ʊʑɹ

ʊʊʊʉ / ʉʧʪcʪʡʸ

ɾʛʩʧʨʞʢʪʣʧʞ ʣʧʪʥʡʰʞʪʣʧʞ ʙʜʞʦʫʪʫʛʧ

ʘʨʧʦʡʸ

ʃʡʫʙʢ

ʁʦʝʡʸ

ʅɹʉʊ

38 ʨʧʤʞʫʧʛ

ɹʊʋɾʉʇʁɽʔ ʁ ʃʇʅɾʋʔ

ɻ 1991 ʜ. ʦʙ ʨʬʫʡ ʣ ʗʨʡʫʞʩʬ 

ʠʧʦʝ Galileo ʪʝʞʤʙʤ ʨʞʩʛʴʞ 

ʪʦʡʥʣʡ ʙʪʫʞʩʧʡʝʙ ʪ ʚʤʡʠʣʧʜʧ 

ʩʙʪʪʫʧʸʦʡʸ (ɼʙʪʨʩʙ) ʡ 

ʧʚʦʙʩʬʟʡʤ ʨʞʩʛʴʢ ʪʨʬʫʦʡʣ 

ʙʪʫʞʩʧʡʝʙ (ɽʙʣʫʡʤʵ ʛʧʣʩʬʜ 

ʁʝʴ). ɻ 2015 ʜ. Dawn ʝʧʪʫʡʜ 

ʨʤʙʦʞʫʧʡʝʙ ʏʞʩʞʩʙ, ʛ 2014 ʜ. 

Rosetta ʪʚʩʧʪʡʤʙ ʨʧʪʙʝʧʰʦʴʢ 

ʙʨʨʙʩʙʫ ʦʙ ʣʧʥʞʫʬ.

ʗʈʁʋɾʉ

8 ʨʧʤʞʫʧʛ

2007: New 

Horizons 

ʪʦʡʥʙʞʫ 

ʪʡʪʫʞʥʬ 

ʗʨʡʫʞʩʙ ʡ 

ʤʞʫʡʫ ʝʙʤʵʱʞ ʣ 

ʈʤʬʫʧʦʬ

Pioneer-10 

ʬ ʊʙʫʬʩʦʙ

Galileo ʡ

ʪʨʬʫʦʡʣʡ 

ʗʨʡʫʞʩʙ

ɹʊʋɾʉʇʁɽʔ 

ʁ ʃʇʅɾʋʔ

17 ʨʧʤʞʫʧʛ

NEAR-

Shoemaker 

ʪʫʙʤʣʡʛʙʞʫʪʸ 

ʪ ʙʪʫʞʩʧʡʝʧʥ 

Eros, 2001

Juno ʨʩʡʚʴʛʙʞʫ 

ʣ ʗʨʡʫʞʩʬ, 2016

ʈʩʧʤʞʫ 

ʁʝʴ ʡ 

ɽʙʣʫʡʤʸ, 

1993
Galileo ʨʙʝʙʞʫ 

ʛ ʗʨʡʫʞʩ, 

2003

Pioneer-10 ʛʨʞʩʛʴʞ ʨʞʩʞʪʞʣʙʞʫ 

ʨʧʸʪ ʙʪʫʞʩʧʡʝʧʛ

Pioneer-10

Huygens

ʦʙ ʋʡʫʙʦʞ

ʊɹʋʌʉʆ

5 ʨʧʤʞʫʧʛ

New Horizon

ʥʡʦʧʛʙʤ ʌʩʙʦ ʛ 

2011, ʝʧʪʫʡʜ 

ʈʤʬʫʧʦʙ ʛ 2015

ʆɾʈʋʌʆ

1 ʨʧʤʞʫ

ʌʉɹʆ

1 ʨʧʤʞʫ

Voyager-2, 

1989

Voyager-2, 

1986

Cassini ʡ 

ʪʨʬʫʦʡʣʡ 

ʊʙʫʬʩʦʙ

ʃ ʗʈʁʋɾʉʌ ʁ ɽɹʄʕʑɾ

ʈʞʩʛʴʢ ʨʩʧʤʞʫ ʗʨʡʫʞʩʙ ðPioneer-

10, 1973 ʜ. ɻ 1980-ʮ ʜʜ. ʨʤʙʦʞʫʴ-

ʜʡʜʙʦʫʴ ʡʪʪʤʞʝʧʛʙʤʡ Voyager-1 ʡ 

Voyager-2. ɻ 1995-2003 ʛ ʪʡʪʫʞʥʞ 

ʗʨʡʫʞʩʙ ʩʙʚʧʫʙʤ Galileo, ʛ 2016 ð

Juno. Huygens ʪʞʤ ʦʙ ʋʡʫʙʦ ʛ 2015. ɻ 

2015 ʜ. New Horizon ʝʧʪʫʡʜ ʈʤʬʫʧʦʙ. 

Messenger
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ȳɑɘɗɫ ɔ ȷɟəɌ
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