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К˃ˍˋˈ ˑ˓ˆ˃ːˋˊˏы ː˃ˊы˅˃ˡ˕ ˏːˑˆˑˍˎˈ˕ˑ˚ːыˏˋ?

Ɇɧɨɝɨɤɥɟɬɨɱɧɵɦɢ ɢɥɢ «ɧɚɫɬɨɹɳɢɦɢ» ɦɧɨɝɨɤɥɟɬɨɱɧɵɦɢ (ɢɥɢ «ɢɫɬɢɧɧɨ ɦɧɨɝɨɤɥɟɬɨɱɧɵɦɢ») 
ɦɧɨɝɢɟ ɛɢɨɥɨɝɢ ɫɱɢɬɚɸɬ ɨɪɝɚɧɢɡɦɵ, ɬɟɥɚ ɤɨɬɨɪɵɯ ɧɟ ɩɪɨɫɬɨ ɫɨɫɬɨɹɬ ɢɡ ɦɧɨɠɟɫɬɜɚ ɤɥɟɬɨɤ,  ɚ 
ɫɨɫɬɨɹɬ ɢɡ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ (ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɧɵɯ) ɤɥɟɬɨɤ, ɨɛɪɚɡɭɸɳɢɯ ɬɤɚɧɢ. ɉɪɢ 
ɬɚɤɨɦ ɨɩɪɟɞɟɥɟɧɢɢ ɦɧɨɝɨɤɥɟɬɨɱɧɵɦɢ ɨɤɚɠɭɬɫɹ ɬɨɥɶɤɨ ɜɵɫɲɢɟ ɪɚɫɬɟɧɢɹ ɢ ɠɢɜɨɬɧɵɟ. Ⱦɥɹ 
ɷɬɢɯ ɞɜɭɯ ɝɪɭɩɩ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɭɞɚɱɧɵɣ ɬɟɪɦɢɧ «ɦɧɨɝɨɬɤɚɧɟɜɵɟ», ɨɞɧɚɤɨ, ɤ ɫɨɠɚɥɟɧɢɸ, 
ɬɟɪɦɢɧ, ɩɨɯɨɠɟ, ɧɟ ɩɪɢɠɢɥɫɹ.  

Ɇɧɨɝɨɤɥɟɬɨɱɧɵɦɢ ɜ ɲɢɪɨɤɨɦ ɫɦɵɫɥɟ ɫɥɨɜɚ ɧɚɡɵɜɚɸɬ  ɝɪɭɩɩɭ, ɜ ɤɨɬɨɪɭɸ ɜɯɨɞɹɬ ɧɚɫɬɨɹɳɢɟ 
ɦɧɨɝɨɤɥɟɬɨɱɧɵɟ,  ɚ ɬɚɤɠɟ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɜɨɞɨɪɨɫɥɢ ɢ ɜɵɫɲɢɟ ɝɪɢɛɵ. Ɍɟɥɚ ɩɨɫɥɟɞɧɢɯ 
ɫɨɫɬɨɹɬ ɢɡ ɦɧɨɠɟɫɬɜɚ ɤɥɟɬɨɤ, ɨɞɧɚɤɨ ɫɬɟɩɟɧɶ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ ɤɥɟɬɨɤ ɭ ɧɢɯ ɦɟɧɶɲɟ, ɬɤɚɧɢ 
ɧɟ ɬɚɤ ɹɜɧɨ ɜɵɪɚɠɟɧɵ ɤɚɤ ɭ ɧɚɫɬɨɹɳɢɯ ɦɧɨɝɨɤɥɟɬɨɱɧɵɯ.  
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…ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɨɞɧɨɤɥɟɬɨɱɧɵɟ ɷɭɤɚɪɢɨɬɵ ɩɟɪɟɯɨɞɢɥɢ ɤ 
ɦɧɨɝɨɤɥɟɬɨɱɧɨɫɬɢ ɛɨɥɟɟ 20 ɪɚɡ, ɨɞɧɚɤɨ ɫɨɜɪɟɦɟɧɧɵɟ ɠɢɜɨɬɧɵɟ – ɪɟɡɭɥɶɬɚɬ ɥɢɲɶ 
ɨɞɧɨɝɨ ɢɡ ɷɬɢɯ ɫɨɛɵɬɢɣ. ɉɨɫɥɟɞɫɬɜɢɹ ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ ɩɟɪɟɯɨɞɨɜ ɤ 
ɦɧɨɝɨɤɥɟɬɨɱɧɨɫɬɢ "ɞɨɫɬɚɥɢɫɶ" ɝɪɢɛɚɦ ɢ ɪɚɫɬɟɧɢɹɦ…

Ɇɚɪɤɨɜ А. «Ɋɨɠɞɟɧɢɟ ɫɥɨɠɧɨɫɬɢ»

В̭е ̛̏д̼ – ̥̦о̐оклеточ̦̼е о̛̬̦̥̼̐̌̚
В ̬̐уппе е̭т̽ од̦оклеточ̦̼е ̛ ̥̦о̐оклеточ̦̼е о̛̬̦̥̼̐̌̚
Од̦оклеточ̦̼е ̛ ̬едко ̥̦о̐оклеточ̦̼е ̴о̬̥̼
о˃л̽ко од̦оклеточ̦̼е о̛̬̦̥̼̐̌̚

Ɋɢɫɭɧɨɤ ɢɡ ɨɛɡɨɪɚ Нɢɤɨɥɶ Кɢɧɝ The unicellular ancestry of animal development.

King N. Dev Cell. 2004 Sep;7(3):313-25. 
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https://www.ncbi.nlm.nih.gov/pubmed/15363407


Хˑ˃ːˑ˗ˎ˃ˆˈˎˎˢ˕ы –
˄ˎˋˉ˃ˌ˛ˋˈ ˓ˑˇ˔˕˅ˈːːˋˍˋ ˉˋ˅ˑ˕ːы˘ 

Хɨɚɧɨɮɥɚɝɟɥɥɹɬɵ. Кɨɥɨɧɢɢ-ɪɨɡɟɬɤɢ. Зɟɥɟɧɵɦ ɨɤɪɚɲɟɧɵ ɦɨɥɟɤɭɥɵ 
ɬɭɛɭɥɢɧɚ (ɰɢɬɨɫɤɟɥɟɬ ɢ ɠɝɭɬɢɤɢ), ɚ ɪɨɡɨɜɵɦ – ɦɨɥɟɤɭɥɵ ɚɤɬɢɧɚ 
(ɜɨɪɨɬɧɢɱɨɤ)
Sandeep Ravindran PNAS 2016;113:12889-12890

Фɚɤɬɵ ɜ ɩɨɥɶɡɭ ɬɚɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢя

1. ɋɯɨɞɫɬɜɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ 
ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ.
ɋɪɚɜɧɢɜɚɥɢ ɛɟɥɨɤɤɨɞɢɪɭɸɳɢɟ
ɨɛɥɚɫɬɢ ɹɞɟɪɧɨɣ ȾɇК, 18S ɪɊɇК, ɦɯȾɇК ɪɚɡɧɵɯ 
ɷɭɤɚɪɢɨɬ. Ɉɤɚɡɚɥɨɫɶ,, ɱɬɨ ɛɥɢɠɚɣɲɟɣ ɤ ɠɢɜɨɬɧɵɦ 
ɝɪɭɩɩɨɣ ɹɜɥɹɟɬɫɹ ɝɪɭɩɩɚ ɯɨɚɧɨɮɥɚɝɟɥɥɹɬ; ɷɬɨ ɫɯɨɞɫɬɜɨ 
ɩɪɢɧɹɬɨ ɨɬɨɛɪɚɠɚɬɶ ɜ ɜɢɞɟ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɯ ɞɟɪɟɜɶɟɜ

2. ɏɨɚɧɨɰɢɬɵ ɝɭɛɨɤ ɨɱɟɧɶ ɩɨɯɨɠɢ ɩɨ 
ɫɬɪɨɟɧɢɸ ɢ  ɩɨ ɪɚɛɨɬɟ ɧɚ ɯɨɚɧɨɮɥɚɝɟɥɥɹɬ.. 
ɇɟɤɨɬɨɪɵɟ ɨɬɥɢɱɢɹ ɛɵɥɢ ɧɚɣɞɟɧɵ ɬɨɥɶɤɨ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ 
(Mah, et all, 2014).   ɋɭɳɟɫɬɜɨɜɚɧɢɟ  ɨɩɪɟɞɟɥɟɧɧɵɯ ɨɬɥɢɱɢɣ ɜ 
ɨɛɳɟɦ ɧɟ ɨɱɟɧɶ ɭɞɢɜɢɬɟɥɶɧɨ, ɬ.ɤ. ɝɪɭɩɩɵ ɪɚɡɨɲɥɢɫɶ ɛɨɥɟɟ, ɱɟɦ 
600 ɦɢɥɥɢɨɧɨɜ ɥɟɬ ɬɨɦɭ ɧɚɡɚɞ.

3. Кɥɟɬɤɢ, ɩɨɯɨɠɢɟ ɧɚ  ɤɥɟɬɤɢ ɯɨɚɧɨɮɥɚɝɟɥɥɹɬ, ɛɵɥɢ 
ɨɛɧɚɪɭɠɟɧɵ ɧɟ ɬɨɥɶɤɨ ɭ ɝɭɛɨɤ, ɧɨ ɢ ɭ ɧɟɤɨɬɨɪɵɯ 
ɞɪɭɝɢɯ ɝɪɭɩɩ ɠɢɜɨɬɧɵɯ, ɭ ɫɬɪɟɤɚɸɳɢɯ, ɩɥɨɫɤɢɯ 
ɱɟɪɜɟɣ, ɢɝɥɨɤɨɠɢɯ. 
А ɝɥɚɜɧɨɟ ɬɨ, ɱɬɨ ɬɚɤɢɯ ɤɥɟɬɨɤ ɧɟ ɧɚɲɥɢ ɧɢ ɜ 
ɝɪɢɛɚɯ, ɧɢ ɜ ɪɚɫɬɟɧɢɹɯ.     

4. Ɇɢɤɪɨɜɨɪɫɢɧɤɢ (ɦɢɤɪɨɜɢɥɥɢ) ɤɥɟɬɨɤ 
ɩɨɡɜɨɧɨɱɧɵɯ ɨɱɟɧɶ ɩɨɯɨɠɢ ɩɨ ɧɚɛɨɪɭ ɛɟɥɤɨɜ ɧɚ 
ɦɢɤɪɨɜɢɥɢ ɯɨɚɧɨɰɢɬɨɜ ɝɭɛɨɤ ɢ ɧɟɫɤɨɥɶɤɨ ɜ 
ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɧɚ ɦɢɤɪɨɜɢɥɢ ɯɨɚɧɨɰɢɬɨɜ (PОюa 
et all,2016)

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ:

1.ɉɟɪɟɯɨɞ ɤ ɦɧɨɝɨɤɥɟɬɨɱɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɧɟ
ɩɭɬɟɦ ɨɛɪɚɡɨɜɚɧɢɹ ɧɨɜɵɯ ɛɟɥɤɨɜ, ɚ ɩɭɬɟɦ ɨɫɜɨɟɧɢɹ 
ɧɨɜɵɯ ɮɭɧɤɰɢɣ ɭɠɟ ɢɦɟɜɲɢɦɢɫɹ ɛɟɥɤɚɦɢ.

2. ȼɢɞɟɨ ɥɟɤɰɢɢ ɇɢɤɨɥɶ Кɢɧɝ, ɱɚɫɬɶ 1. (ɦɨɠɧɨ ɫɤɚɱɚɬɶ 
ɜɚɪɢɚɧɬ ɫ ɪɭɫɫɤɢɦɢ ɫɭɛɬɢɬɪɚɦɢ)
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https://www.ncbi.nlm.nih.gov/pubmed/27856926
https://www.ncbi.nlm.nih.gov/pubmed/27856926
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https://www.ncbi.nlm.nih.gov/pubmed/27413529
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http://elementy.ru/novosti_nauki/430678/Rasshifrovan_genom_khoanoflagellyat_blizhayshikh_odnokletochnykh_rodichey_vsekh_mnogokletochnykh_zhivotnykh
https://www.ibiology.org/ibioseminars/nicole-king-part-1.html


ǲOne of the challenges in studying the origin of animal multicellularity is 
that it is not well preserved in the fossil recordǳ 

Nicole King, University of California, Berkeley

Хɨɚɧɨɮɥɚɝɟɥɥɹɬɚ Salpingoeca rosetta – ɩɨɩɭɥɹɪɧɚɹ ɦɨɞɟɥɶ ɩɪɢ 
ɢɡɭɱɟɧɢɢ ɩɭɬɟɣ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɦɧɨɝɨɤɥɟɬɨɱɧɵɯ ɠɢɜɨɬɧɵɯ

Ɋɚɧɶɲɟ  ɯɨɚɧɨɮɥɚɝɟɥɥɹɬɭ Salpingoeca rosetta

ɧɚɡɵɜɚɥɢ Proterospongia sp

ɏɨɚɧɨɮɥɚɝɟɥɥɹɬɵ ɷɬɨɝɨ ɜɢɞɚ ɦɨɝɭɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɧɟ 
ɦɟɧɟɟ, ɱɟɦ ɜ ɩɹɬɢ ɠɢɡɧɟɧɧɵɯ ɮɨɪɦɚɯ. 

ɉɪɢɤɪɟɩɥɟɧɧɚɹ ɨɞɢɧɨɱɧɚɹ ɤɥɟɬɤɚ ɜ «ɞɨɦɢɤɟ»(ɜ ɬɟɤɟ) 

ɦɨɠɟɬ ɩɨɪɨɞɢɬɶ ɩɥɚɜɚɸɳɢɟ ɨɞɢɧɨɱɧɵɟ ɤɥɟɬɤɢ. Ɍɚɤɨɣ 
ɩɟɪɟɯɨɞ ɩɪɨɢɫɯɨɞɢɬ ɥɢɛɨ ɩɪɢ ɞɟɥɟɧɢɢ ɤɥɟɬɤɢ, ɥɢɛɨ 
ɩɪɢ ɜɵɯɨɞɟ ɤɥɟɬɤɢ ɢɡ ɬɟɤɢ.  Ɉɞɢɧɨɱɧɵɟ 
ɯɨɚɧɨɮɥɚɝɟɥɥɹɬɵ ɪɚɡɦɧɨɠɚɸɬɫɹ ɛɟɫɩɨɥɵɦ ɫɩɨɫɨɛɨɦ. 
ɉɪɢ ɷɬɨɦ ɨɛɪɚɡɭɸɬɫɹ ɥɢɛɨ ɞɨɱɟɪɧɢɟ  ɩɥɚɜɚɸɳɢɟ 
ɨɞɢɧɨɱɧɵɟ ɤɥɟɬɤɢ, ɥɢɛɨ ɤɨɥɨɧɢɢ, ɰɟɩɨɱɤɢ ɢɥɢ  
ɪɨɡɟɬɤɢ. Кɨɥɨɧɢɢ ɩɨɥɭɱɚɸɬɫɹ, ɟɫɥɢ ɩɪɢ ɞɟɥɟɧɢɢ 
ɞɨɱɟɪɧɢɟ ɤɥɟɬɤɢ ɧɟ ɩɨɥɧɨɫɬɶɸ ɪɚɫɯɨɞɹɬɫɹ, ɦɟɠɞɭ 
ɧɢɦɢ ɨɫɬɚɸɬɫɹ ɩɟɪɟɬɹɠɤɢ-ɦɨɫɬɢɤɢ. Кɥɟɬɤɢ 
ɫɨɟɞɢɧɟɧɵ ɬɚɤɠɟ ɜɧɟɤɥɟɬɨɱɧɨɦ ɜɟɳɟɫɬɜɨɦ. Ɉɤɪɭɝɥɵɟ 
ɤɨɥɨɧɢɢ ɜ ɜɢɞɟ ɪɨɡɟɬɨɤ ɩɨɥɭɱɚɸɬɫɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
ɛɚɤɬɟɪɢɢ Algoriphagus machipongonensis, ɨɬɦɟɱɟɧɨ * 
ɧɚ ɪɢɫ. ɋɢɝɧɚɥɨɦ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɪɨɡɟɬɨɤ ɫɥɭɠɚɬ 
ɫɩɟɰɢɚɥɶɧɵɟ ɛɚɤɬɟɪɢɚɥɶɧɵɟ ɥɢɩɢɞɵ.

ɂɫɬɨɱɧɢɤ – Fairclough  et all,2013 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ:
ȼɢɞɟɨ ɥɟɤɰɢɢ ɇɢɤɨɥɶ Кɢɧɝ, ɱɚɫɬɶ 2.
Choanoflagellate colonies, bacterial signals and animal origins

(ɦɨɠɧɨ ɫɤɚɱɚɬɶ ɜɚɪɢɚɧɬ ɫ ɪɭɫɫɤɢɦɢ ɫɭɛɬɢɬɪɚɦɢ)

ɉɨɷɬɚɩɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ ɪɨɡɟɬɨɱɧɨɣ ɤɨɥɨɧɢɢ Salpingoeca rosetta. (Woznica et all, 2016). Кɥɟɬɤɢ ɞɟɥɹɬɫɹ, ɧɨ ɩɨɥɧɨɫɬɶɸ ɧɟ ɪɚɡɞɟɥɹɸɬɫɹ.
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https://www.ncbi.nlm.nih.gov/pubmed/23419129
https://www.ibiology.org/ibioseminars/nicole-king-part-2.html
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Теˑ˓ия ˆа˔˕˓еи Э. Геˍˍеˎя
ɋɨɡɞɚɧɚ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɪɚɡɜɢɬɢɹ ɥɚɧɰɟɬɧɢɤɚ.

ɉɨɥɨɠɟɧɢɹ
1. Ɇɧɨɝɨɤɥɟɬɨɱɧɵɟ ɠɢɜɨɬɧɵɟ ɩɪɨɢɡɨɲɥɢ ɨɬ  

ɤɨɥɨɧɢɚɥɶɧɵɯ ɩɪɨɬɢɫɬɨɜ ɫ ɲɚɪɨɨɛɪɚɡɧɵɦɢ 
ɤɨɥɨɧɢɹɦɢ .

2. Ɇɧɨɠɟɫɬɜɨ ɤɥɟɬɨɤ ɜ ɨɞɧɨɣ ɤɨɥɨɧɢɢ ɞɟɥɚɟɬ 
ɜɨɡɦɨɠɧɵɦ ɢɯ ɫɩɟɰɢɚɥɢɡɚɰɢɸ, ɬ.ɟ. ɪɚɡɞɟɥɟɧɢɟ 
ɮɭɧɤɰɢɣ.

3. Ɉɛɪɚɡɨɜɚɧɢɟ ɦɧɨɝɨɤɥɟɬɨɱɧɨɝɨ ɠɢɜɨɬɧɨɝɨ 
ɩɨɞɨɛɧɨ ɨɛɪɚɡɨɜɚɧɢɸ ɝɚɫɬɪɭɥɵ ɭ ɥɚɧɰɟɬɧɢɤɚ:

ɩɟɪɟɞɧɢɣ ɤɨɧɟɰ ɲɚɪɚ  ɩɨɝɪɭɠɚɟɬɫɹ 
ɜɧɭɬɪɶ,  ɜɩɹɱɢɜɚɧɢɟ ɫɬɚɧɨɜɢɬɫɹ 
ɤɢɲɟɱɧɢɤɨɦ: ɩɨɝɪɭɡɢɜɲɢɟɫɹ ɤɥɟɬɤɢ 
ɭɬɪɚɱɢɜɚɸɬ ɠɝɭɬɢɤɢ ɢ ɩɪɟɜɪɚɳɚɸɬɫɹ 
ɜ ɮɚɝɨɰɢɬɵ, ɚ ɨɫɬɚɥɶɧɵɟ ɤɥɟɬɤɢ 
ɬɟɪɹɸɬ ɩɢɳɟɜɚɪɢɬɟɥɶɧɭɸ ɮɭɧɤɰɢɸ. 

4. Ɋɨɬ ɝɚɫɬɪɟɢ ɧɚɯɨɞɢɥɫɹ ɧɚ ɩɟɪɟɞɧɟɦ ɤɨɧɰɟ, ɢ 
ɩɢɳɚ "ɫɚɦɚ ɡɚɩɥɵɜɚɥɚ" ɜ ɤɢɲɟɱɧɢɤ. 

5. ɋɢɦɦɟɬɪɢɹ ɭ ɝɚɫɬɪɟɢ ɛɵɥɚ ɪɚɞɢɚɥɶɧɨɣ. ɉɪɢ 
ɩɟɪɟɯɨɞɟ ɤ ɫɢɞɹɱɟɦɭ ɨɛɪɚɡɭ ɠɢɡɧɢ ɟɟ ɩɨɬɨɦɤɢ 
ɷɜɨɥɸɰɢɨɧɢɪɨɜɚɥɢ ɜ ɝɭɛɨɤ ɢ 
ɤɢɲɟɱɧɨɩɨɥɨɫɬɧɵɯ, ɚ ɩɪɢ ɩɟɪɟɯɨɞɟ ɤ 
ɩɨɥɡɚɧɢɸ ɩɨ ɞɧɭ - ɜ ɩɥɨɫɤɢɯ ɱɟɪɜɟɣ ɢ ɜɫɟɯ 
ɨɫɬɚɥɶɧɵɯ ɦɧɨɝɨɤɥɟɬɨɱɧɵɯ.

ɂɫɬɨɱɧɢɤ

ɉɨ ɬɚɤɨɦɭ ɫɰɟɧɚɪɢɸ ɧɚɱɢɧɚɸɬ ɪɚɡɜɢɜɚɬɶɫɹ 
ɥɚɧɰɟɬɧɢɤ,  ɤɨɪɚɥɥɨɜɵɟ ɩɨɥɢɩɵ.

Допол̛̦тел̦̽о:
̛̏део «Д̛̙̏е̛̦е коло̛̦̌л̦̽о̜ ̵о̦̌о̴л̌̐еллят̼  Sphaeroeca volvox», 
о̍р̌т̛те в̛̛̦̥̦̌е ̦̌ ̦̌̚в̛̦̌е!

Неˏːˑˆˑ ˋ˔˕ˑ˓ˋˋ
ɇɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɟ ɝɢɩɨɬɟɡɵ ɨ ɩɪɨɢɫɯɨɠɞɟɧɢɢ ɠɢɜɨɬɧɵɯ ɛɵɥɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɜ ɤɨɧɰɟ XIX ɜɟɤɚ:

ɬɟɨɪɢɹ ɝɚɫɬɪɟɢ Эɪɧɫɬɚ Ƚɟɤɤɟɥɹ (1872 ɝ.), 
ɬɟɨɪɢɹ ɮɚɝɨɰɢɬɟɥɥɵ ɂɥɶɢ Ɇɟɱɧɢɤɨɜɚ (1873-1878 ɝɝ.)

Ɉɛɟ ɝɢɩɨɬɟɡɵ ɨɫɧɨɜɚɧɵ ɧɚ ɨɲɢɛɨɱɧɨɦ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ ɬɨɦ, ɱɬɨ ɷɬɚɩɵ ɪɚɡɜɢɬɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɦɧɨɝɨɤɥɟɬɨɱɧɵɯ ɠɢɜɨɬɧɵɯ (ɜ ɱɚɫɬɧɨɫɬɢ, 
ɛɥɚɫɬɭɥɚ ɢ ɝɚɫɬɪɭɥɚ) ɩɨɜɬɨɪɹɸɬ ɷɬɚɩɵ ɷɜɨɥɸɰɢɢ ɠɢɜɨɬɧɵɯ.
Ɉɛɟ ɝɢɩɨɬɟɡɵ ɩɪɟɞɩɨɥɚɝɚɸɬ, ɱɬɨ ɦɧɨɝɨɤɥɟɬɨɱɧɵɟ ɠɢɜɨɬɧɵɟ ɩɪɨɢɡɨɲɥɢ ɨɬ ɲɚɪɨɨɛɪɚɡɧɨɣ ɤɨɥɨɧɢɢ ɩɪɨɫɬɟɣɲɢɯ.
Ƚɢɩɨɬɟɡɵ ɪɚɡɥɢɱɚɸɬɫɹ ɜ ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɩɭɬɹɯ ɨɛɪɚɡɨɜɚɧɢɹ ɦɧɨɝɨɤɥɟɬɨɱɧɵɯ ɫɬɪɭɤɬɭɪ ɢɡ ɲɚɪɨɨɛɪɚɡɧɨɣ ɤɨɥɨɧɢɢ ɠɝɭɬɢɤɨɧɨɫɰɟɜ.

Теˑ˓ия фаˆˑ˙и˕еˎˎы И. Ме˚ːиˍˑ˅а
ɋɨɡɞɚɧɚ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɪɚɡɜɢɬɢɹ ɝɢɞɪɨɢɞɧɵɯ 
ɫɬɪɟɤɚɸɳɢɯ.

ɉɨɥɨɠɟɧɢɹ
1. Ɇɧɨɝɨɤɥɟɬɨɱɧɵɟ ɠɢɜɨɬɧɵɟ ɩɪɨɢɡɨɲɥɢ ɨɬ  

ɤɨɥɨɧɢɚɥɶɧɵɯ ɩɪɨɬɢɫɬɨɜ ɫ ɲɚɪɨɨɛɪɚɡɧɵɦɢ 
ɤɨɥɨɧɢɹɦɢ .

2. Ɇɧɨɠɟɫɬɜɨ ɤɥɟɬɨɤ ɜ ɨɞɧɨɣ ɤɨɥɨɧɢɢ ɞɟɥɚɟɬ 
ɜɨɡɦɨɠɧɵɦ ɢɯ ɫɩɟɰɢɚɥɢɡɚɰɢɸ, ɬ.ɟ. ɪɚɡɞɟɥɟɧɢɟ 
ɮɭɧɤɰɢɣ.

3. Ɉɛɪɚɡɨɜɚɧɢɟ ɦɧɨɝɨɤɥɟɬɨɱɧɨɝɨ ɠɢɜɨɬɧɨɝɨ  
(ɮɚɝɨɰɢɬɟɥɥɵ) ɩɪɨɢɫɯɨɞɢɥɨ ɩɭɬɟɦ ɡɚɩɨɥɡɚɧɢɹ
(ɦɢɝɪɚɰɢɢ) ɱɚɫɬɢ ɤɥɟɬɨɤ ɜɧɭɬɪɶ ɲɚɪɚ. 

4. Ɏɚɝɨɰɢɬɟɥɥɚ ɧɟ ɢɦɟɥɚ ɪɬɚ ɢ ɤɢɲɟɱɧɢɤɚ, 
ɩɢɳɟɜɚɪɟɧɢɟ ɛɵɥɨ ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɟ. Ɋɨɬ 
ɫɮɨɪɦɢɪɨɜɚɥɫɹ ɤɚɤ ɩɪɨɫɜɟɬ ɦɟɠɞɭ ɤɥɟɬɤɚɦɢ 
ɧɚɪɭɠɧɨɝɨ ɫɥɨɹ, ɜɟɞɭɳɢɣ ɜɨ ɜɧɭɬɪɟɧɧɸɸ 
ɩɚɪɟɧɯɢɦɭ. 
Кɢɲɟɱɧɢɤ ɩɨɹɜɢɥɫɹ ɝɨɪɚɡɞɨ ɩɨɡɠɟ.

ɂɫɬɨɱɧɢɤ

ɂɦɟɧɧɨ ɩɨ ɬɚɤɨɦɭ ɫɰɟɧɚɪɢɸ ɧɚɱɢɧɚɸɬ 
ɪɚɡɜɢɜɚɬɶɫɹ ɩɪɢɦɢɬɢɜɧɵɟ ɫɨɜɪɟɦɟɧɧɵɟ ɠɢɜɨɬɧɵɟ, 
ɨɛɵɤɧɨɜɟɧɧɵɟ ɝɭɛɤɢ, ɝɢɞɪɨɢɞɧɵɟ ɢ ɫɰɢɮɨɢɞɧɵɟ 
ɫɬɪɟɤɚɸɳɢɟ. ɍ ɷɬɢɯ ɠɢɜɨɬɧɵɯ ɟɫɬɶ ɫɬɚɞɢɹ  
ɞɜɭɫɥɨɣɧɨɣ ɩɨɞɜɢɠɧɨɣ ɥɢɱɢɧɤɢ, ɩɚɪɟɧɯɢɦɭɥɵ
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Бˑˎее ˔ˑ˅˓еˏеːːые ˆˋ˒ˑ˕еˊы
Ƚɥɚɜɧɵɟ ɨɬɥɢɱɢɹ  ɨɬ ɬɟɨɪɢɣ ɝɚɫɬɪɟɢ ɢ ɮɚɝɨɰɢɬɟɥɥɵ :

1) ɩɪɟɞɤɨɜɵɟ ɮɨɪɦɵ ɠɢɜɨɬɧɵɯ ɛɵɥɢ ɫɢɞɹɱɢɦɢ, ɤɚɤ 
ɫɨɜɪɟɦɟɧɧɵɟ ɝɭɛɤɢ ɢ ɦɧɨɝɢɟ ɤɧɢɞɚɪɢɢ;

2) ɨɞɧɨɫɥɨɣɧɵɟ ɲɚɪɨɨɛɪɚɡɧɵɟ ɮɨɪɦɵ ɢɥɢ ɞɜɭɯɫɥɨɣɧɵɟ 
ɝɚɫɬɪɟɢ ɢ ɮɚɝɨɰɢɬɟɥɥɵ ɦɨɝɥɢ ɛɵɬɶ  ɪɚɫɫɟɥɢɬɟɥɶɧɵɦɢ
ɥɢɱɢɧɤɚɦɢ ɫɢɞɹɱɢɯ ɮɨɪɦ. 

ɡɢɝɨɬɚ

ɩɨɥɨɜɵɟ       ɤɥɟɬɤɢ

ɫɢɧɡɨɨɫɩɨɪɚ

ɉɪɢɤɪɟɩɥɟɧɧɚя ɤɨɥɨɧɢя ɢɡ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ 
ɤɥɟɬɨɤ, ɩɨɬɨɦɤɨɜ ɡɨɨɫɩɨɪ

Ɍɟɨɪɢɹ ɫɢɧɡɨɨɫɩɨɪɵ А.А.Ɂɚɯɜɚɬɤɢɧɚ, 1949ɝ

əɣɰɟɤɥɟɬɤɢ  ɨɛɵɱɧɨ ɨɱɟɧɶ ɤɪɭɩɧɵɟ ɤɥɟɬɤɢ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɪɭɩɧɨɣ 
ɹɜɥɹɟɬɫɹ ɢ ɡɢɝɨɬɚ. Ɍɚɤɢɟ ɝɢɩɟɪɬɪɨɮɢɪɨɜɚɧɧɵɟ ɤɥɟɬɤɢ ɭ ɩɪɨɬɢɫɬɨɜ ɱɚɫɬɨ 
ɦɧɨɝɨɤɪɚɬɧɨ ɞɟɥɹɬɫɹ ɛɟɡ ɪɨɫɬɚ ɞɨɱɟɪɧɢɯ ɤɥɟɬɨɤ (ɩɚɥɢɧɬɨɦɢɹ). Ɍɚɤ 
ɨɛɪɚɡɭɸɬɫɹ ɪɚɫɫɟɥɢɬɟɥɶɧɵɟ ɫɬɚɞɢɢ, ɡɨɨɫɩɨɪɵ.
ȿɫɥɢ ɡɨɨɫɩɨɪɵ ɧɟ ɪɚɫɯɨɞɹɬɫɹ, ɨɛɪɚɡɭɟɬɫɹ ɤɨɦɨɤ ɡɨɨɫɩɨɪ ɢɥɢ ɫɢɧɡɨɨɫɩɨɪɚ. 

ɋɢɧɡɨɨɫɩɨɪɚ ɦɨɠɟɬ ɞɚɬɶ ɧɚɱɚɥɨ ɩɪɢɤɪɟɩɥɟɧɧɨɣ ɤɨɥɨɧɢɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ 
ɛɨɥɟɟ ɢɥɢ ɦɟɧɟɟ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ

ɂɫɬɨɱɧɢɤ – Mikhailov et all,2009

Thomas Cavalier-Smith, 2017

Ƚɢɩɨɬɟɡɚ ɨɛɴɹɫɧɹɟɬ, ɩɨɱɟɦɭ ɤɨɪɦɢɥɶɰɚɦ 
ɯɨɚɧɨɮɥɚɝɟɥɥɹɬɚɦ ɛɵɥɨ ɜɵɝɨɞɧɨ «ɫɨɞɟɪɠɚɬɶ» 
ɧɚɯɥɟɛɧɢɤɨɜ ɧɚ ɩɟɪɜɵɯ ɷɬɚɩɚɯ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 
ɠɢɜɨɬɧɵɯ.
ȼɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɤɥɟɬɤɢ-ɧɚɯɥɟɛɧɢɰɵ 
ɜɵɞɟɥɹɥɢ ɤɥɟɣɤɨɟ ɜɟɳɟɫɬɜɨ ɞɥɹ 
ɩɪɢɤɪɟɩɥɟɧɢɹ ɤ ɫɭɛɫɬɪɚɬɭ, ɚ ɬɚɤɠɟ 
ɦɟɠɤɥɟɬɨɱɧɨɟ ɜɟɳɟɫɬɜɨ, ɫɤɪɟɩɥɹɸɳɟɟ 
ɤɨɥɨɧɢɸ. 
Ɋɨɥɶ ɦɟɠɤɥɟɬɨɱɧɨɝɨ ɜɟɳɟɫɬɜɚ:
1) ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɜɚɬɶ ɤɪɭɩɧɵɟ ɤɨɥɨɧɢɢ, 
ɫɨɛɢɪɚɸɳɢɟ ɭɪɨɠɚɣ ɜ ɛɨɥɶɲɟɦ ɨɛɴɟɦɟ ɜɨɞɵ;
2) ɩɨɡɜɨɥɹɟɬ ɨɛɦɟɧɢɜɚɬɶɫɹ ɜɟɳɟɫɬɜɚɦɢ ɦɟɠɞɭ 
ɤɥɟɬɤɚɦɢ ɩɭɬɟɦ ɞɢɮɮɭɡɢɢ;
3)ɜ ɧɟɦ ɨɯɨɬɧɨ ɩɨɫɟɥɹɸɬɫɹ «ɜɵɝɨɞɧɵɟ» 
ɫɢɦɛɢɨɧɬɵ ɜɪɨɞɟ ɰɢɚɧɨɛɚɤɬɟɪɢɣ ɢ ɬɩ
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Кɨɝɞɚ?

Пɨяɫɧеɧия к ɪиɫуɧку:
Кɪɚɫɧɚɹ ɤɪɢɜɚɹ – ɦɚɤɫɢɦɚɥɶɧɵɟ ɢɡ ɢɡɜɟɫɬɧɵɯ ɪɚɫɱɟɬɧɵɯ ɨɰɟɧɨɤ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ ɜ ɚɬɦɨɫɮɟɪɟ, ɡɟɥɟɧɚɹ – ɦɢɧɢɦɚɥɶɧɵɟ ɨɰɟɧɤɢ.
ɐɢɮɪɵ ɜ ɜɟɪɯɧɟɣ ɫɬɪɨɤɟ ɨɬɦɟɱɚɸɬ ɷɬɚɩɵ ɪɚɡɜɢɬɢɹ ɡɟɦɧɨɣ ɚɬɦɨɫɮɟɪɵ:

1 – ɛɟɫɤɢɫɥɨɪɨɞɧɵɣ ɷɬɚɩ, ɤɢɫɥɨɪɨɞɚ ɜ ɚɬɦɨɫɮɟɪɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɬ;
2 – ɩɨɹɜɥɹɟɬɫɹ ɨɤɫɢɝɟɧɧɵɣ ɮɨɬɨɫɢɧɬɟɡ, ɩɪɨɤɚɪɢɨɬɵ ɧɚɱɢɧɚɸɬ ɜɵɞɟɥɹɬɶ ɤɢɫɥɨɪɨɞ, ɧɨ ɨɧ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɜɨɞɟ ɨɤɟɚɧɚ ɢ  ɩɨɝɥɨɳɚɟɬɫɹ  

ɩɪɢɞɨɧɧɵɦɢ ɩɨɪɨɞɚɦɢ;

3 – ɨɤɟɚɧ ɭɠɟ ɧɚɫɵɳɟɧ Ɉ2, ɝɚɡɨɨɛɪɚɡɧɵɣ ɤɢɫɥɨɪɨɞ ɜɵɯɨɞɢɬ ɜ ɚɬɦɨɫɮɟɪɭ, ɧɨ ɩɨɝɥɨɳɚɟɬɫɹ ɧɚɡɟɦɧɵɦɢ ɩɨɪɨɞɚɦɢ; ɤɪɨɦɟ ɬɨɝɨ, Ɉ2 

ɬɪɚɬɢɬɫɹ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɨɡɨɧɨɜɨɝɨ ɫɥɨɹ ɜ ɚɬɦɨɫɮɟɪɟ;
4 – ɨɤɟɚɧ ɧɚɫɵɳɟɧ Ɉ2, ɜɫɟ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɟ ɩɨɪɨɞɵ ɨɤɢɫɥɟɧɵ, ɤɢɫɥɨɪɨɞ ɧɚɱɢɧɚɟɬ ɧɚɤɚɩɥɢɜɚɬɶɫɹ ɜ ɚɬɦɨɫɮɟɪɟ.
5 – ɪɟɡɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ Ɉ2 ɜ ɤɚɪɛɨɧɟ ɞɨ 35% ɜɨɡɦɨɠɧɨ ɫɜɹɡɚɧɨ ɫ ɩɨɹɜɥɟɧɢɟɦ ɫɨɫɭɞɢɫɬɵɯ ɪɚɫɬɟɧɢɣ ; ɪɟɞɭɰɟɧɬɵ ɧɟ 

ɫɩɪɚɜɥɹɥɢɫɶ ɫ ɪɚɡɥɨɠɟɧɢɟɦ ɨɝɪɨɦɧɵɯ ɤɨɥɢɱɟɫɬɜ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ, ɩɪɨɢɫɯɨɞɢɥɨ ɦɚɫɫɨɜɨɟ ɡɚɯɨɪɨɧɟɧɢɟ ɧɟɞɨɨɤɢɫɥɟɧɧɵɯ  
ɫɨɟɞɢɧɟɧɢɣ ɭɝɥɟɪɨɞɚ ɜ ɜɢɞɟ ɬɨɪɮɚ ɢ ɧɟɮɬɢ 

ɋɢɧɢɟ ɤɪɭɠɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɟɤɨɬɨɪɵɦ ɤɥɸɱɟɜɵɦ ɦɨɦɟɧɬɚɦ ɜ ɷɜɨɥɸɰɢɢ ɠɢɜɨɝɨ ɧɚ Ɂɟɦɥɟ:      
– ɩɨɹɜɥɟɧɢɟ ɩɪɨɤɚɪɢɨɬ;     – ɩɨɹɜɥɟɧɢɟ ɷɭɤɚɪɢɨɬ;      – «ɦɧɨɝɨɤɥɟɬɨɱɧɵɟ» ɜɨɞɨɪɨɫɥɢ;        – ɩɟɪɜɵɟ ɝɭɛɤɢ, ɧɚɱɚɥɨ ɪɚɫɰɜɟɬɚ ɦɧɨɝɨɤɥɟɬɨɱɧɵɯ ɠɢɜɨɬɧɵɯ.
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Ɇɨɞɢɮɢɤɚɰɢɹ ɪɢɫɭɧɤɚ ɢɡ ɫɬɚɬɶɢ - Holland, 2006



ʰ̥̚е̦е̛̦е ̭оде̛̬̙̦̌я к̛̭ло̬од̌ ̏ ̌т̥о̴̭е̬е ʯе̥л̛
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http://elementy.ru/novosti_nauki/432756/V_Kitae_naydeny_drevneyshie_mnogokletochnye_vodorosli
http://elementy.ru/news/430997
https://www.ncbi.nlm.nih.gov/pubmed/16754606


ɫɩɟɰɢɚɥɢɡɚɰɢɹ
ɤɥɟɬɨɤ 

ɭɫɥɨɠɧɟɧɢɟ 
ɫɬɪɨɟɧɢɹ ɬɟɥɚ

ɭɜɟɥɢɱɟɧɢɟ 
ɪɚɡɦɟɪɨɜ ɬɟɥɚ

ɭɜɟɥɢɱɟɧɢɟ 
ɫɩɨɫɨɛɧɨɫɬɢ ɤ 
ɪɟɝɟɧɟɪɚɰɢɢ

ɭɜɟɥɢɱɟɧɢɟ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ 

ɠɢɡɧɢ ɨɫɨɛɢ

….?

….?

ɭɫɥɨɠɧɟɧɢɟ 
ɪɚɡɜɢɬɢɹ

ɭɜɟɥɢɱɟɧɢɟ 
ɜɪɟɦɟɧɢ ɪɨɫɬɚ ɢ 

ɫɨɡɪɟɜɚɧɢɹ

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɥɨɠɧɵɯ 
ɦɟɯɚɧɢɡɦɨɜ ɤɨɨɪɞɢɧɚɰɢɢ 

ɪɚɛɨɬɵ ɜɫɟɯ ɤɥɟɬɨɤ

ɉɪɟɢɦɭɳɟɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɦɧɨɝɨɤɥɟɬɨɱɧɨɫɬɢ

Ɇɧɨɝɨɤɥɟɬɨɱɧɵɣ ɨɪɝɚɧɢɡɦ ɪɚɡɜɢɜɚɟɬɫɹ ɢɡ ɨɞɧɨɣ ɤɥɟɬɤɢ.  ȼ ɨɫɧɨɜɟ ɬɚɤɨɝɨ ɪɚɡɜɢɬɢɹ –
ɦɢɬɨɬɢɱɟɫɤɢɟ ɞɟɥɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɫɟ ɤɥɟɬɤɢ ɦɧɨɝɨɤɥɟɬɨɱɧɨɝɨ ɨɪɝɚɧɢɡɦɚ ɩɨɥɭɱɚɸɬ ɨɞɢɧ ɢ 
ɬɨɬ ɠɟ ɧɚɛɨɪ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. ȼɨɡɧɢɤɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɞɭɛɥɢɪɨɜɚɧɢɹ ɤɥɟɬɨɱɧɵɯ 
ɮɭɧɤɰɢɣ. ȼɨɡɧɢɤɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɠɟɪɬɜɨɜɚɬɶ ɨɩɪɟɞɟɥɟɧɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɤɥɟɬɨɤ ɪɚɞɢ ɛɥɚɝɚ 
ɰɟɥɨɣ ɨɫɨɛɢ.

Чɬɨ ɜɵ ɞɨɛɚɜɢɥɢ ɛɵ ɧɚ ɱɚɲɤɢ ɜɟɫɨɜ?

9



ɪɚɫɲɢɪɟɧɢɟ 
ɤɨɪɦɨɜɨɣ ɛɚɡɵ

ɦɟɧɶɲɟ ɜɟɪɨɹɬɧɨɫɬɶ 
ɫɬɚɬɶ ɠɟɪɬɜɨɣ ɯɢɳɧɢɤɚ

ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɚɹ ɜɧɭɬɪɟɧɧɹɹ 
ɫɪɟɞɚ, ɧɚɩɪ., ɤɪɭɩɧɵɟ ɬɟɥɚ 
ɦɟɞɥɟɧɧɟɟ ɧɚɝɪɟɜɚɸɬɫɹ ɢ 

ɦɟɞɥɟɧɧɟɟ ɨɫɬɵɜɚɸɬ

….?

….?

ɬɪɭɞɧɟɟ 
ɫɩɪɹɬɚɬɶɫɹ 

ɬɪɟɛɭɟɬɫɹ ɛɨɥɶɲɟ 
ɪɟɫɭɪɫɨɜ

ɞɨɥɶɲɟ ɞɥɹɬɫɹ ɭɹɡɜɢɦɵɟ 
ɧɚɱɚɥɶɧɵɟ ɷɬɚɩɵ ɪɚɡɜɢɬɢɹ 

ɉɪɟɢɦɭɳɟɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɤɪɭɩɧɵɯ ɪɚɡɦɟɪɨɜ ɭ ɠɢɜɨɬɧɵɯ

ˀ̥̌̚е̬̼ тел̌ – ̙̦̼̜̏̌ п̛̬̦̌̚к ̛̙̏от̦о̐о 

10

ɪɚɫɲɢɪɟɧɢɟ 
ɤɨɪɦɨɜɨɣ ɛɚɡɵ

ɩɨɛɟɞɚ ɧɚɞ 
ɤɨɧɤɭɪɟɧɬɚɦɢ

ɦɟɧɶɲɟ ɜɟɪɨɹɬɧɨɫɬɶ 
ɫɬɚɬɶ ɠɟɪɬɜɨɣ ɯɢɳɧɢɤɚ

ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɚɹ ɜɧɭɬɪɟɧɧɹɹ 
ɫɪɟɞɚ, ɧɚɩɪ., ɤɪɭɩɧɵɟ ɬɟɥɚ 
ɦɟɞɥɟɧɧɟɟ ɧɚɝɪɟɜɚɸɬɫɹ ɢ 

ɦɟɞɥɟɧɧɟɟ ɨɫɬɵɜɚɸɬ

….?

….?

ɬɪɭɞɧɟɟ 
ɫɩɪɹɬɚɬɶɫɹ 

ɬɪɟɛɭɟɬɫɹ ɛɨɥɶɲɟ 
ɪɟɫɭɪɫɨɜ

ɞɨɥɶɲɟ ɞɥɹɬɫɹ ɭɹɡɜɢɦɵɟ 
ɧɚɱɚɥɶɧɵɟ ɷɬɚɩɵ ɪɚɡɜɢɬɢɹ 

ɧɭɠɧɵ ɷɮɮɟɤɬɢɜɧɵɟ 
ɫɢɫɬɟɦɵ ɬɪɚɧɫɩɨɪɬɚ 
ɜɟɳɟɫɬɜ ɜɧɭɬɪɢ ɬɟɥɚ

Чɬɨ ɜɵ ɞɨɛɚɜɢɥɢ ɛɵ ɧɚ ɱɚɲɤɢ ɜɟɫɨɜ?
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ɦɥɟɤɨɩɢɬɚɸɳɢɟ
ɩɬɢɰɵ
ɪɟɩɬɢɥɢɢ
ɚɦɮɢɛɢɢ
ɪɚɤɨɨɛɪɚɡɧɵɟ
ɧɚɫɟɤɨɦɵɟ
ɦɧɨɝɨɧɨɠɤɢ

ʯ̌т̬̌т̼ ̦̾е̛̛̬̐ ̦̌ ̍е̐ 
( Д̙  ɦ-1  ɤɝ-1 )

ʺ̭̭̌̌ тел̌

Ещɟ ɧɟɦɧɨɝɨ ɨ  ɪаɡɦɟɪах ɠɢɜых ɫɭщɟɫɬɜ

Кɪɭɩɧɵɟ ɠɢɜɨɬɧɵɟ ɬɪɚɬɹɬ ɦɟɧɶɲɟ ɷɧɟɪɝɢɢ ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ
1 ɤɝ ɫɜɨɟɣ ɦɚɫɫɵ ɧɚ 1 ɦɟɬɪ

«Эɬɨ ɩɪяɦɨɟ ɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɦɟɥɤɨɦɭ ɠɢɜɨɬɧɨɦɭ ɧɚɞɨ ɫɞɟɥɚɬɶ ɛɨɥɶɲɟ ɲɚɝɨɜ,  ɱɟɦ ɤɪɭɩɧɨɦɭ, ɱɬɨɛɵ 
ɩɨɤɪɵɬɶ ɬɨ ɠɟ ɪɚɫɫɬɨяɧɢɟ, ɚ  ɤɚɠɞɵɣ ɲɚɝ ɬɪɟɛɭɟɬ ɷɧɟɪɝɢɢ, ɩɪяɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɦɚɫɫɟ ɬɟɥɚ. …
Еɫɥɢ ɨɬɧɟɫɬɢ ɰɟɧɭ ɥɨɤɨɦɨɰɢɢ ɤ ɨɞɧɨɦɭ ɲɚɝɭ, .., ɬɨ ɨɛɧɚɪɭɠɢɦ, ɱɬɨ ɠɢɜɨɬɧɵɟ, ɢ ɦɟɥɤɢɟ, ɢ ɤɪɭɩɧɵɟ 
ɨɞɢɧɚɤɨɜɨ ɷɤɨɧɨɦɢɱɧɵ.»

К. Ш̛̥дт-ʻ̛ел̭̽е̦, ˀ̥̌̚е̬̼ ̛̙̏от̵̦̼: поче̥у о̛̦ т̌к ̙̦̼̏̌? , ʺ, ʺ̛̬, ϭϵϴϳ, ̭т̬ 184,188

˄п̬още̦̦̼̜ ̛̬̦̏̌̌т ̛̬̭у̦к̌ ̛̚ ̭т̌т̛̽ Alexander RM, 2005

A14

A15

https://www.ncbi.nlm.nih.gov/pubmed/15855396
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В ɩɪɨɰɟɫɫɟ ɷɜɨɥɸɰɢɢ ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɬɟɧɞɟɧɰɢɹ ɤ ɭɜɟɥɢɱɟɧɢɸ ɪɚɡɦɟɪɨɜ ɬɟɥɚ
( ɩɪавилɨ Кɨɩа)

ɝɨɥɭɛɨɣ ɤɢɬ

ɞɢɧɨɡɚɜɪɵ

ɚɦɮɢɛɢɢ

ɪɵɛɵ

ɪɚɤɨɫɤɨɪɩɢɨɧɵ

ɬɪɢɥɨɛɢɬɵ

ɩɟɪɜɵɟ ɷɭɤɚɪɢɨɬɵ

ɰɢɚɧɨɛɚɤɬɟɪɢɢ

ɛɚɤɬɟɪɢɢ

ɦɥɧ. ɥɟɬ 
ɬɨɦɭ ɧɚɡɚɞ 

ɦɥɪɞ.. ɥɟɬ 
ɬɨɦɭ ɧɚɡɚɞ 

Ƚɥɚɜɧɵɣ ɮɢɡɢɱɟɫɤɢɣ ɮɚɤɬɨɪ, 
ɨɝɪɚɧɢɱɢɜɚɸɳɢɣ ɪɚɡɦɟɪɵ ɠɢɜɨɬɧɵɯ, − 
ɷɬɨ ɫɢɥɚ ɩɪɢɬɹɠɟɧɢɹ Ɂɟɦɥɢ. Ɇɨɪɫɤɢɟ 
ɫɭɳɟɫɬɜɚ ɦɨɝɭɬ ɛɵɬɶ ɤɪɭɩɧɟɟ ɧɚɡɟɦɧɵɯ.

Кɪɨɦɟ ɬɨɝɨ, ɫɭɳɟɫɬɜɭɟɬ ɪɹɞ ɮɢɡɢɱɟɫɤɢɯ 
ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ ɪɚɡɦɟɪɵ ɩɪɢ ɞɚɧɧɨɣ 
ɤɨɧɫɬɪɭɤɰɢɢ ɬɟɥɚ ɢ ɞɚɧɧɨɦ ɫɩɨɫɨɛɟ ɠɢɡɧɢ.
ɇɚɩɪɢɦɟɪ, ɞɵɯɚɧɢɟ ɫ ɩɨɦɨɳɶɸ ɬɪɚɯɟɣ 
ɨɝɪɚɧɢɱɢɜɚɟɬ ɦɚɤɫɢɦɚɥɶɧɵɟ ɪɚɡɦɟɪɵ 
ɧɚɫɟɤɨɦɵɯ

Аɞɚɩɬɢɪɨɜɚɧ ɪɢɫɭɧɨɤ ɢɡ ɭɱɟɛɧɢɤɚ Hickman, Roberts, Larson - Integrated Principles Of Zoology

A16

https://docs.google.com/open?id=0B-pZZMUGdU5zT3VPdVg3MFpieG8
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Вɪɟɦɹ (ɦɥɧ. ɥɟɬ ɬɨɦɭ ɧɚɡɚɞ)

pO2  100% pO2 < 0,1% pO2  0,1% - 10% 

ɝɢɝɚɧɬɫɤɚɹ ɫɟɤɜɨɣɹ

ɝɨɥɭɛɨɣ ɤɢɬ

ɫɚɦɵɟ ɤɪɭɩɧɵɟ 
ɨɞɧɨɤɥɟɬɨɱɧɵɟ 

ɷɭɤɚɪɢɨɬɵ

ɝɨɥɨɜɨɧɨɝɢɟ

ɱɥɟɧɢɫɬɨɧɨɝɢɟ

ɫɚɦɵɟ ɤɪɭɩɧɵɟ 
ɩɪɨɤɚɪɢɨɬɵ

Аɞɚɩɬɢɪɨɜɚɧɧɵɣ ɪɢɫɭɧɨɤ ɢɡ ɫɬɚɬɶɢ Payne et all, 2009, 
ɩɨɞɪɨɛɧɨɟ ɨɛɫɭɠɞɟɧɢɟ ɫɬɚɬɶɢ ɫɦ. ɧɚ ɫɚɣɬɟ Эɥɟɦɟɧɬɵ.ɪɭ 

ɍɜɟɥɢɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ɩɪɢɭɪɨɱɟɧɨ «ɜ ɨɫɧɨɜɧɨɦ ɤ ɞɜɭɦ ɤɨɪɨɬɤɢɦ ɩɟɪɢɨɞɚɦ: ɨɤɨɥɨ 1,9 ɦɥɪɞ ɥɟɬ ɧɚɡɚɞ 
(ɜɫɤɨɪɟ ɩɨɫɥɟ ɩɨɹɜɥɟɧɢɹ ɷɭɤɚɪɢɨɬɢɱɟɫɤɨɣ ɤɥɟɬɤɢ) ɢ 0,6–0,45 ɦɥɪɞ ɥɟɬ ɧɚɡɚɞ (ɜɫɤɨɪɟ ɩɨɫɥɟ ɩɨɹɜɥɟɧɢɹ ɦɧɨɝɨɤɥɟɬɨɱɧɵɯ 
ɠɢɜɨɬɧɵɯ). Ɉɛɚ ɩɟɪɢɨɞɚ ɩɪɢɦɟɪɧɨ ɫɨɜɩɚɞɚɸɬ ɩɨ ɜɪɟɦɟɧɢ ɫ ɪɟɡɤɢɦ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɪɨɞɚ ɜ ɚɬɦɨɫɮɟɪɟ.»

ɂɫɬɨɱɧɢɤ

ɉɨɹɫɧɟɧɢɟ ɤ ɪɢɫɭɧɤɭ
ɇɚ ɜɟɪɯɟɣ ɩɚɧɟɥɢ ɩɨɤɚɡɚɧɚ ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ ɜ % ɨɬ ɧɵɧɟɲɧɟɣ.
Кɪɚɫɧɵɦ ɰɜɟɬɨɦ ɨɬɦɟɱɟɧɵ ɞɚɧɧɵɟ ɞɥɹ ɩɪɨɤɚɪɢɨɬ, ɠɟɥɬɵɦ — ɞɥɹ ɧɢɡɲɢɯ ɷɭɤɚɪɢɨɬ (ɩɪɨɫɬɟɣɲɢɟ ɢ ɜɨɞɨɪɨɫɥɢ),
ɫɢɧɢɦ — ɞɥɹ ɠɢɜɨɬɧɵɯ, ɡɟɥɟɧɵɦ — ɞɥɹ ɪɚɫɬɟɧɢɣ, ɫеɪыɣ зɧачɨɤ — Dickinsonia, ɨɪɝɚɧɢɡɦ, ɩɪɢɪɨɞɚ ɤɨɬɨɪɨɝɨ ɧɟɹɫɧɚ.

Сɨ ɜɪɟɦɟɧɢ ɩɨɹɜɥɟɧɢɹ ɠɢɡɧɢ ɧɚ Зɟɦɥɟ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ 
ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɨɜ ɭɜɟɥɢɱɢɥɫɹ ɧɚ 16 ɩɨɪɹɞɤɨɜ

https://www.ncbi.nlm.nih.gov/pubmed/19106296
http://elementy.ru/novosti_nauki/430959/Razmer_zhivykh_sushchestv_uvelichivalsya_skachkami
http://elementy.ru/novosti_nauki/430959/Razmer_zhivykh_sushchestv_uvelichivalsya_skachkami


ɉɨɩɪɨɛɭɣɬɟ ɨɬɜɟɬɢɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ ɜɨɩɪɨɫɵ.

1. Ɉɬ ɤɚɤɢɯ ɨɞɧɨɤɥɟɬɨɱɧɵɯ ɫɭɳɟɫɬɜ ɩɪɨɢɡɨɲɥɢ ɦɧɨɝɨɤɥɟɬɨɱɧɵɟ ɠɢɜɨɬɧɵɟ?
2. Кɚɤ ɷɬɨ ɦɨɝɥɨ ɩɪɨɢɡɨɣɬɢ?
3. Кɨɝɞɚ ɜɨɡɧɢɤɥɢ ɦɧɨɝɨɤɥɟɬɨɱɧɵɟ ɠɢɜɨɬɧɵɟ?
4. ɑɬɨ ɦɨɝɥɨ ɫɞɟɥɚɬɶ ɜɵɝɨɞɧɵɦ ɩɟɪɟɯɨɞ ɤ ɦɧɨɝɨɤɥɟɬɨɱɧɨɫɬɢ?
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