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Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɚɫɬɪɨɧɨɦɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ ɢɦ. ɉ.Ʉ. ɒɬɟɪɧɛɟɪɝɚ  
Ɇɨɫɤɨɜɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

ɆɎɄ-2020/2021 

Нɚɛɥюɞɚɬɟɥɶɧɵɟ ɨɫɧɨɜɵ ɤɨɫɦɨɥɨɝии 
 
ɅȿɄɐɂə 1 
ɉɪɟɞɦɟɬ ɧɚɭɤɢ ɤɨɫɦɨɥɨɝɢɢ.  
Ɋɚɫɲɢɪɟɧɢɟ ȼɫɟɥɟɧɧɨɣ 



Пɪɨɝɪɚɦɦɚ ɤɭɪɫɚ 
ЛʫКЦИЯ ϭ. ʿ̬ед̥ет ̦̌ук̛ ко̭̥оло̛̛̐. ˀ̛̭̹̬̌е̛̦е ʦ̭еле̦̦о̜ 

ЛʫКЦИЯ Ϯ. ʿо̛̭к те̥̦о̜ ̥̌те̛̛̬ ̥етод̛̥̌ ̦̌̍л̀д̌тел̦̽о̜ ко̭̥оло̛̛̐. 
ʧ̛̬̌̏т̶̛̌о̦̦ое л̛̛̦̬̚о̛̦̏̌е (ЧАˁТː I) 
ЛʫКЦИЯ ϯ. ʿо̛̭к те̥̦о̜ ̥̌те̛̛̬ ̥етод̛̥̌ ̦̌̍л̀д̌тел̦̽о̜ ко̭̥оло̛̛̐. 
ʧ̛̬̌̏т̶̛̌о̦̦ое л̛̛̦̬̚о̛̦̏̌е (ЧАˁТː II) 
ЛʫКЦИЯ ϰ. Те̥̦̌́ ̦̾е̛̬̐́ ̏ ̬̦̦̌е̜ ʦ̭еле̦̦о̜ ̛ ̏ ̭о̬̏е̥е̦̦о̜ ʦ̭еле̦̦о̜: тео̛̬́ 
̴̛̦л̶̛̛́ ̛ у̭ко̬е̦̦ое ̛̬̭̹̬̌е̛̦е ̭о̬̏е̥е̦̦о̜ ʦ̭еле̦̦о̜ 

ЛʫКЦИЯ ϱ. М̛к̬о̏ол̦о̏ое ̴о̦о̏ое ̬ел̛кто̏ое ̛̚лу̸е̛̦е ̛ е̐о ̛̦̌̚от̬оп̛́ 
(ЧАˁТː I) 
ЛʫКЦИЯ ϲ. М̛к̬о̏ол̦о̏ое ̴о̦о̏ое ̬ел̛кто̏ое ̛̚лу̸е̛̦е ̛ е̐о ̛̦̌̚от̬оп̛́ 
(ЧАˁТː II) 
ЛʫКЦИЯ ϳ. ʰе̵̛̬̬̌́ о̻̍екто̏ ̏о ʦ̭еле̦̦о̜.  
К̬уп̦о̥̭̹̌т̦̌̍̌́ ̭т̬укту̬̌ ʦ̭еле̦̦о̜ 

ЛʫКЦИЯ ϴ. ˀ̭̌п̬о̭т̬̦̌е̦̦о̭т̽ ле̐к̵̛ ̵̸̛̛̥е̭к̵̛  
̾ле̥е̦то̏. ʯ̌ п̬едел̛̥̌ ˁт̦̌д̬̌т̦о̜ ̥одел̛ ̴̛̛̚к̛  
̸̭̌т̶̛ 

ЛʫКЦИЯ ϵ. ʧ̛̬̌̏т̶̛̌о̦̦̼е ̏ол̦̼. Отк̬̼т̛е  
̛̬̐̌̏т̶̛̌о̵̦̦̼ ̏ол̦ ̏ д̏о̵̜̦̼ ̛̭̭те̵̥̌ ̸е̵̬̦̼ д̼̬  
̛ ̦е̜т̬о̵̦̦̼ ̏̚е̚д. ʿо̛̭к ко̭̥оло̸̛̐е̭к̵̛  
̛̬̐̌̏т̶̛̌о̵̦̦̼ ̏ол̦ 

ЛʫКЦИЯ ϭϬ. Ко̸̛̭̥е̭к̛е ̭т̬у̦̼ 



Кɨɫɦɨɥɨɝɢɹ – ɷɬɨ ɧɚɭɤɚ ɢ ȼɫɟɥɟɧɧɨɣ ɜ ɰɟɥɨɦ. Ɉɧɚ ɢɡɭɱɚɟɬ ɪɚɡɜɢɬɢɟ 
ȼɫɟɥɟɧɧɨɣ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɦɝɧɨɜɟɧɢɣ ɩɨɫɥɟ ɟɟ ɪɨɠɞɟɧɢɹ ɞɨ ɫɟɝɨɞɧɹɲɧɟɝɨ 
ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ. 
 
ɋɨɜɪɟɦɟɧɧɚɹ ɤɨɫɦɨɥɨɝɢɹ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɧɚɛɥɸɞɟɧɢɹɯ ɢ ɫɩɨɫɨɛɧɚ ɜɨɫɫɨɡɞɚɬɶ 
ɪɚɡɜɢɬɢɟ ȼɫɟɥɟɧɧɨɣ ɧɚ ɩɪɨɦɟɠɭɬɤɟ ɜɪɟɦɟɧɢ ɜ 14 ɦɥɪɞ ɥɟɬ. 
 
Ʉɨɫɦɨɥɨɝɢɹ ɫɬɚɥɚ ɜɨɡɦɨɠɧɨɣ ɤɚɤ ɫɢɦɛɢɨɡ 
(1) ɚɫɬɪɨɧɨɦɢɢ, 
(2) ɮɢɡɢɤɢ ɷɥɟɦɟɧɬɚɪɧɵɯ ɱɚɫɬɢɰ, 
(3) ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɮɢɡɢɤɢ 
ɢ ɛɥɚɝɨɞɚɪɹ 
ɧɚɛɥɸɞɚɬɟɥɶɧɨɣ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ  
ɛɚɡɟ. 
 
Ɉɬɥɢɱɢɬɟɥɶɧɵɟ ɱɟɪɬɵ ɤɨɫɦɨɥɨɝɢɢ: 
(1) ɝɢɝɚɧɬɫɤɢɟ ɜɪɟɦɟɧɧыɟ ɢ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɦɚɫɲɬɚɛɵ, 
(2) ɨɬɯɨɞ ɨɬ ɢɡɭɱɟɧɢɹ ɰɢɤɥɢɱɟɫɤɢɯ, 
ɩɨɜɬɨɪɹɸɳɢɯɫɹ ɩɪɨɰɟɫɫɨɜ, ɯɚɪɚɤɬɟɪɧɵɯ 
ɞɥɹ ɨɤɪɭɠɚɸɳɟɝɨ ɦɢɪɚ, 
(3) “ɭɫɤɨɪɢɬɟɥɶ ɛɟɞɧɨɝɨ ɱɟɥɨɜɟɤɚ”. 



Ʉɨɫɦɨɥɨɝɢɹ 40 ɥɟɬ ɧɚɡɚɞ… 
 

…ɢ ɤɨɫɦɨɥɨɝɢɹ ɫɟɝɨɞɧɹ 
 



? 

Кл̌п̌у̶̛у̭ ˃̬ у̬л̽ 

ʪо̭т̛̙е̛̦́ ̏ ̥̌те̥̌т̸̛е̭к̵̛ тео̵̛̬́, 
̭т̬е̛̥тел̦̽ое ̭о̏е̬̹е̦̭т̏о̛̦̏̌е 
̛̦̭т̬у̥е̦то̏ ̦̌̍л̀де̛̦́, ̌ т̌к̙е т̌ 
̾по̵̌, ̏ кото̬у̀ ̸ело̏е̸е̭т̏у 
по̸̭̭̌тл̛̛̏ло̭̽ ок̌̌̚т̭̽́ ̏о ʦ̭еле̦̦о̜, 
– ̭̏е ̾то дел̌ет ̦̹̌е ̬̏е̥́ ̚олот̼̥ 
̏еко̥ ко̭̥оло̛̛̐. 



Ɋɨɠɞɟɧɢɟ ɤɨɫɦɨɥɨɝɢɢ ɤɚɤ ɧɚɭɤɢ 

● Ⱥ. Ⱥ. Ɏɪɢɞɦɚɧ  
(ɋɋɋɊ, 1922 ɝ.) 

● Эɞɜɢɧ ɏɚɛɛɥ           
(ɋɒȺ, 1929 ɝ.) 



ɉɹɬɶ ɤɥɸɱɟɜɵɯ ɧɚɛɥɸɞɚɬɟɥɶɧɵɯ ɬɟɫɬɨɜ 
ɋɬɚɧɞɚɪɬɧɨɣ ɤɨɫɦɨɥɨɝɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

1. Ɋɚɫɲɢɪɟɧɢɟ ȼɫɟɥɟɧɧɨɣ 

2. Ɋɟɥɢɤɬɨɜɨɟ ɢɡɥɭɱɟɧɢɟ 

3. Ʉɪɭɩɧɨɦɚɫɲɬɚɛɧɚɹ ɫɬɪɭɤɬɭɪɚ ȼɫɟɥɟɧɧɨɣ 

4. Ɋɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɶ ɥɟɝɤɢɯ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ 

5. Ⱥɧɢɡɨɬɪɨɩɢɹ ɪɟɥɢɤɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ 

 

6*. Ɍɟɦɧɚɹ ɦɚɬɟɪɢɹ 

7*. Ɍɟɦɧɚɹ ɷɧɟɪɝɢɹ 

8*. Кɨɫɦɨɥɨɝиɱеɫɤие  

 ɝɪаɜиɬаɰиɨɧɧые ɜɨɥɧы? 

ΛCDM 



Ɋɚɫɲɢɪɟɧɢɟ ȼɫɟɥɟɧɧɨɣ 



Ɂɚɤɨɧ ɪɚɫɲɢɪɟɧɢɹ ȼɫɟɥɟɧɧɨɣ ɧɚɡɵɜɚɟɬɫɹ ɡɚɤɨɧ 
ɏɚɛɛɥɚ: 

                              v = H r 
 

   

v 

r 

Ɂɚɤɨɧ ɏɚɛɛɥɚ – ɷɬɨ ɤɪɚɟɭɝɨɥɶɧɵɣ ɤɚɦɟɧɶ ɤɨɫɦɨɥɨɝɢɢ, ɤɨɬɨɪɵɣ ɨɛɨɫɨɛɢɥ ɟɟ ɜ 
ɨɬɞɟɥɶɧɭɸ ɧɚɭɤɭ. Эɬɨ ɩɟɪɜɨɟ ɧɚɛɥɸɞɚɬɟɥɶɧɨɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɨɞɧɨɪɨɞɧɨɣ ɢ 
ɢɡɨɬɪɨɩɧɨɣ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ Ɏɪɢɞɦɚɧɚ, ɩɨɥɭɱɟɧɧɨɣ ɢɦ ɧɚ ɨɫɧɨɜɟ 
ɪɟɲɟɧɢɣ ɭɪɚɜɧɟɧɢɣ Эɣɧɲɬɟɣɧɚ. 
 
ɋɨɜɪɟɦɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɏɚɛɛɥɚ: H0 = 67.8 ɤɦ/М/Ɇɩɤ (ɩɨ ɞɚɧɧɵɦ 2015 ɝ.). ɉɚɪɚɦɟɬɪ 
ɏɚɛɛɥɚ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ. Ɉɛɪɚɬɧɚɹ ɜɟɥɢɱɢɧɚ ɩɚɪɚɦɟɬɪɚ ɏɚɛɛɥɚ ɩɪɢɦɟɪɧɨ ɪɚɜɧɚ ɜɨɡɪɚɫɬɭ 
ȼɫɟɥɟɧɧɨɣ. 
 
 
 
 
 
 
 
 
 
Ɂɚɤɨɧ ɫɩɪɚɜɟɞɥɢɜ ɞɥɹ ɜɧɟɝɚɥɚɤɬɢɱɟɫɤɢɯ ɦɚɫɲɬɚɛɨɜ. ɑɟɦ ɞɚɥɶɲɟ ɨɬ ɧɚɫ ɨɛɴɟɤɬ – ɬɟɦ ɜɵɲɟ ɟɝɨ 
ɫɤɨɪɨɫɬɶ. 

ɪɚɫɫɬɨɹɧɢɟ 

ɫɤ
ɨɪ

ɨɫ
ɬɶ
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1 Ɇɩɤ = 1 000 000 ɩɤ ~ 200 ɦɥɪɞ ɪɚɞɢɭɫɨɜ ɨɪɛɢɬɵ Ɂɟɦɥɢ 

Мɤ
ɨɪ

ɨɫ
ɬɶ

, ɤ
ɦ/

c 



Ɋɟɥɢɤɬɨɜɨɟ ɢɡɥɭɱɟɧɢɟ 

● Ƚ.Ⱥ. Ƚɚɦɨɜ, 1946 ɝ. 
 

● Ⱥ. ɉɟɧɡɢɚɫ ɢ Ɋ. 
ȼɢɥɶɫɨɧ, 1965 ɝ. (1978 ɝ. – 
ɇɨɛɟɥɟɜɫɤɚɹ ɩɪɟɦɢɹ) 



Ɍɟɦɩɟɪɚɬɭɪɚ ɪɟɥɢɤɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ T = 2.726 K. Ɋɟɥɢɤɬɨɜɨɟ ɢɡɥɭɱɟɧɢɟ ɫ 
ɛɨɥɶɲɨɣ ɬɨɱɧɨɫɬɶɸ ɨɞɧɨɪɨɞɧɨ ɢ ɢɡɨɬɪɨɩɧɨ ɢ ɩɪɢɯɨɞɢɬ ɤ ɧɚɦ ɫɨ ɜɫɟɯ 
ɫɬɨɪɨɧ, «ɢɡ ɩɪɨɲɥɨɝɨ».  Ɋɟɥɢɤɬɨɜɨɟ ɢɡɥɭɱɟɧɢɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ 
ɜ ɩɪɨɲɥɨɦ ɧɚɲɚ ȼɫɟɥɟɧɧɚɹ ɛɵɥɚ ɛɨɥɟɟ ɩɥɨɬɧɚɹ ɢ ɝɨɪɹɱɚɹ.  



ʿ̛̬̥е̬̦̼̜ ̛̏д ̦̹̌е̜ ̐̌л̌кт̛к̛ ʺле̸̦̼̜ пут̽ 

8.5 ɥпɥ ~ 30 000 ɬв. ɦеɭ 

Ʉɪɭɩɧɨɦɚɫɲɬɚɛɧɚɹ ɫɬɪɭɤɬɭɪɚ ȼɫɟɥɟɧɧɨɣ 



ʧ̌ л̌кт̛к̌ M31 

̏ ̭о̏̚е̚д̛̛ 
ʤ̦д̬о̥ед̌ 

ʧ̌ л̌кт̛к̌ M87 ̏ ̭о̏̚е̚д̛̛ 
ʪе̏̌ 

ʻе̬е̐ул̬̦́̌́ к̬̌л̛ко̏̌́ ̐̌л̌кт̛к̌ ̏ 
̭о̏̚е̚д̛̛ ˁт̬ел̶̽̌ 

ʦ̛д̛̥̌́ 
ʦ̭еле̦̦̌́ 
̸̛̦̭̌т̼̏̌ет около 
ϭϬϬ ̥л̬д ̐̌л̌кт̛к 



ʿопе̬е̸̦̼̜ ̬̥̌̚е̬ ̭̬ед̦е̜ ̐̌л̌кт̛к̛ около 
ϭϬϬ ϬϬϬ ̭̏. лет. ˃̛ п̸̛̦̌́ ̐̌л̌кт̛к̌ ̭о̭то̛т ̛̚ 
̭оте̦ ̛̥лл̛̬̌до̏ ̏̚е̚д 

ˁкопле̛̦е ̐̌л̌кт̛к ̭о̭то̛т ̛̚ ̭оте̦ ̛ т̸̼̭́ ̐̌л̌кт̛к. 
˃̛п̸̛̦̼̜ ̬̥̌̚е̬ ̭копле̛̦́ около ϯϬ ̥л̦ ̭̏. лет. 



ɋɜɟɪɯɫɤɨɩɥɟɧɢɟ ɢɡ ɬɵɫɹɱ ɝɚɥɚɤɬɢɤ 

ɇɚ ɫɜɟɪɯɛɨɥɶɲɢɯ ɦɚɫɲɬɚɛɚɯ, ɧɚɱɢɧɚɹ ɫɨ 200  Ɇɩɤ,  
ȼɫɟɥɟɧɧɚɹ ɫɬɚɧɨɜɢɬɫɹ ɨɞɧɨɪɨɞɧɨɣ 



К̬уп̦о̥̭̹̌т̦̌̍̌́ ̭т̬укту̬̌ – ̾то ̭т̬ое̛̦е ʦ̭еле̦̦о̜ ̦̌ 
̥̭̹̌т̵̌̍̌, ̭у̺е̭т̏е̦̦о п̬е̵̛̼̹̺̏̌̀ ̬̥̌̚е̬̼ отдел̵̦̼̽ 
̐̌л̌кт̛к, т. е. от ̦е̭кол̽к̵̛ ̥е̐̌п̬̭̌ек до ̭оте̦ 
̥е̐̌п̬̭̌ек.  
 

Отдел̦̼̽е ̐̌л̌кт̛к̛ п̛̬ ̾то̥ ̼̭̏туп̌̀т к̌к «п̬о̦̼̍е 
̸̭̌т̶̛̼», о̻̍ект̼ ̥е̵̛̦̹̽ ̬̥̌̚е̬о̏ ̏ ко̭̥оло̛̛̐ ̦е 
̬̭̭̥̌̌т̛̬̏̌̀т̭́.  
 

ˑле̥е̦т̼ к̬уп̦о̥̭̹̌т̦̌̍о̜ ̭т̬укту̬̼: 

1. ̭копле̛̦я ̛ ̭̏е̵̬̭копле̛̦я ̐̌л̌кт̛к,  

2. ̴̛л̥̌е̦т̼,  

3. «̭те̦к̛», о̬̍̌̚о̦̦̼̏̌е ̐̌л̌кт̛к̛̥̌, ̥е̙ду кото̛̬̼̥ 
̵̦̌од́т̭́ 

4. ̍ол̽ш̛е пу̭тот̼, по̸т̛ ̦е ̭оде̛̬̙̺̌е ̐̌л̌кт̛к 
(̏о̜д̼).  



ɇɟɛɨɥɶɲɢɟ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɜɟɳɟɫɬɜɚ ɫɭɳɟɫɬɜɨɜɚɥɢ ɧɚ ɪɚɧɧɢɯ ɫɬɚɞɢɹɯ ɷɜɨɥɸɰɢɢ 
ȼɫɟɥɟɧɧɨɣ – ɢɦɟɧɧɨ ɨɧɢ ɢ ɪɚɡɜɢɥɢɫɶ ɜ ɫɤɨɩɥɟɧɢɹ ɝɚɥɚɤɬɢɤ, ɝɚɥɚɤɬɢɤɢ, ɩɥɚɧɟɬɧɵɟ 
ɫɢɫɬɟɦɵ, ɤɨɬɨɪɵɣ ɦɵ ɫɟɝɨɞɧɹ ɧɚɛɥɸɞɚɟɦ. 
 
ɇɟɨɞɧɨɪɨɞɧɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɜɟɳɟɫɬɜɚ ɜɨɡɧɢɤɚɸɬ ɢɡ-ɡɚ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ 
ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɮɨɪɦɢɪɭɸɬ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɭɸ ɫɬɪɭɤɬɭɪɭ ȼɫɟɥɟɧɧɨɣ. 
 
Ɉɫɧɨɜɨɩɨɥɨɠɧɢɤɢ ɬɟɨɪɢɢ ɷɜɨɥɸɰɢɢ ɤɨɫɦɨɥɨɝɢɱɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ ɩɥɨɬɧɨɫɬɢ: Ⱦ. 
Ⱦɠɢɧɫ, ȿ.Ɇ. Ʌɢɮɲɢɰ, ə.Ȼ. Ɂɟɥɶɞɨɜɢɱ, Ⱦ. ɉɢɛɥɫ ɢ ɞɪ. 



ɇɚɛɥɸɞɚɟɦɨɟ ɫɤɨɩɥɟɧɢɟ 
ɝɚɥɚɤɬɢɤ ɜ ɫɨɡɜɟɡɞɢɢ ȼɨɥɨɫɵ 
ȼɟɪɨɧɢɤɢ 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɜɢɞɚ ɫɤɨɩɥɟɧɢɹ 
ɝɚɥɚɤɬɢɤ ɧɚ ɨɫɧɨɜɟ ɦɨɞɟɥɢ 
“ɛɥɢɧɨɜ” ə.Ȼ. Ɂɟɥɶɞɨɜɢɱɚ 

x 

y 

z 



ˀо̍е̬т К̛̬̹̦е̬ 

ʻ̌ ̦е̍е ̼̍ло ̼̬̦̏̍̌о т̛̬ пол́ ̐̌л̌кт̛к ̦̌ 
̬̭̭̌то̛̛̦́ п̛̬̥е̬̦о п́т̽ ̬̐̌ду̭о̏. ʦ 
к̙̌до̥ поле ̼̍ло по̸̛̭т̦̌о кол̸̛е̭т̏о 
̐̌л̌кт̛к ̛  ̛̥̚е̬е̦̼ ̬̭̭̌то̛̦́́ до  ̾т̵̛ 
̐̌л̌кт̛к.  
ˀ̭̌п̬еделе̛̦е ̛̛̭̥̌̏̚о̭т̛ ̸̛̭л̌ ̐̌л̌кт̛к от 
̬̭̭̌то̛̦́́ до ̵̛̦ де̥о̦̭т̛̬̬о̏̌ло д̏̌ 
̸етк̵̛ п̛к̌, ̬̌̚деле̵̦̦̼ по̸т̛ пу̭т̼̥ 
п̬о̭т̬̦̭̌т̏о̥. 
.˃е. п̬̥̼́е ̏дол̽ лу̸̌ ̬̚е̛̦́ «п̬отк̦ул̛» 

д̏̌ «̍л̛̦̌» к̬уп̦о̥̭̹̌т̦̌̍о̜ ̭т̬укту̬̼. 



221283 ɝɚɥɚɤɬɢɤɢ 

ɇɚɛɥɸɞɚɬɟɥɶɧɨɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɨɣ 
ɫɬɪɭɤɬɭɪɵ 



Ɋɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɶ ɥɟɝɤɢɯ ɯɢɦɢɱɟɫɤɢɯ 
ɷɥɟɦɟɧɬɨɜ 

ɜɨɞɨɪɨɞ, ɝɟɥɢɣ 
 
ɝɟɥɢɣ, ɚɡɨɬ 
 
ɝɟɥɢɣ, ɭɝɥɟɪɨɞ, ɧɟɨɧ-22 
 
ɤɢɫɥɨɪɨɞ, ɭɝɥɟɪɨɞ 
 
ɤɢɫɥɨɪɨɞ, ɧɟɨɧ, ɦɚɝɧɢɣ 
 
ɤɪɟɦɧɢɣ, ɫɟɪɚ 
 
ɧɢɤɟɥɶ, ɠɟɥɟɡɨ 

Ɂɜɟɡɞɧɵɣ ɧɭɤɥɟɨɫɢɧɬɟɡ 

ɉɟɪɜɢɱɧɵɣ ɧɭɤɥɟɨɫɢɧɬɟɡ 
ɮɨɬɨɧ 

ɞɟɣɬɟɪɢɣ 

ɝɟɥɢɣ-3 ɞɟɣɬɟɪɢɣ ɞɟɣɬɟɪɢɣ 

ɞɟɣɬɟɪɢɣ ɞɟɣɬɟɪɢɣ 

ɞɟɣɬɟɪɢɣ 

ɞɟɣɬɟɪɢɣ 

ɝɟɥɢɣ-3 ɝɟɥɢɣ-4 

ɬɪɢɬɢɣ 

ɬɪɢɬɢɣ ɝɟɥɢɣ-4 

ɋɬɚɧɞɚɪɬɧɚɹ ɤɨɫɦɨɥɨɝɢɱɟɫɤɚɹ 
ɦɨɞɟɥɶ ɩɪɟɞɫɤɚɡɵɜɚɟɬ 
 

з75% ɜɨɞɨɪɨɞɚ, 
з25% ɝɟɥɢɹ-4, 
 
ɱɬɨ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ 
ɧɚɛɥɸɞɟɧɢɹɦɢ. 



Ⱥɧɢɡɨɬɪɨɩɢɹ ɪɟɥɢɤɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ 











ɋɤɨɩɥɟɧɢɟ ɝɚɥɚɤɬɢɤ 
Ⱥɛɟɥɶ 1689 ɜ 

ɫɨɡɜɟɡɞɢɢ Ⱦɟɜɵ; 
ɢɡɨɛɪɚɠɟɧɢɟ ɫ 

ɬɟɥɟɫɤɨɩɚ ɏɚɛɛɥɚ 
 

ȼɫɟɥɟɧɧɚɹ ɫɨɞɟɪɠɢɬ ɨɤɨɥɨ 100 ɦɥɪɞ 
ɝɚɥɚɤɬɢɤ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɫɨɫɬɨɢɬ ɢɡ 
ɦɢɥɥɢɨɧɨɜ ɡɜɟɡɞ, ɩɵɥɢ ɢ ɦɟɠɝɚɥɚɤɬɢɱɟɫɤɨɝɨ 
ɝɚɡɚ, ɚ ɬɚɤɠɟ ɩɥɚɧɟɬ, ɫɩɭɬɧɢɤɨɜ ɢ ɞɪɭɝɢɯ 
ɦɟɧɟɟ ɡɧɚɱɢɬɟɥɶɧɵɯ ɱɚɫɬɟɣ. 
 
Ɍɟɦɧɚɹ ɦɚɬɟɪɢɹ – ɷɬɨ ɜɟɳɟɫɬɜɨ, ɧɟɜɢɞɢɦɨɟ ɜ 
ɬɟɥɟɫɤɨɩɵ, ɧɨ ɩɨɞɜɟɪɠɟɧɧɨɟ 
ɝɪɚɜɢɬɚɰɢɨɧɧɨɦɭ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ. 
 
ɇɚ ɬɟɦɧɭɸ ɦɚɬɟɪɢɸ ɢ ɨɛɵɱɧɨɟ ɜɟɳɟɫɬɜɨ 
ɩɪɢɯɨɞɢɬɫɹ ɨɤɨɥɨ 30% ɩɨɥɧɨɣ ɦɚɫɫɵ 
ȼɫɟɥɟɧɧɨɣ. 

* Ɍɟɦɧɚɹ ɦɚɬɟɪɢɹ   



ɋɜɟɪɯɧɨɜɚɹ Ʉɟɩɥɟɪɚ SN1604 

* Ɍɟɦɧɚɹ ɷɧɟɪɝɢɹ   

Ƚɚɥɚɤɬɢɤɚ NGC4526 ɢ 
ɫɜɟɪɯɧɨɜɚɹ SN Ia 1994d 

ɫɜɟɪɯɧɨɜɚɹ Ʉɟɩɥɟɪɚ SN1604 

е˃̥̦̌́ ̦̾е̛̬̐́  ̼̼̏̏̌̚ет 
̦̌̍л̀д̌е̥ое у̭ко̬е̦̦ое 
̛̬̭̹̬̌е̛̦е ̭о̬̏е̥е̦̦о̜ 

ʦ̭еле̦̦о̜. 
˄̭ко̬е̦̦ое ̛̬̭̹̬̌е̛̦е 

̼̍ло о̦̬̍̌у̙е̦о ̏ 
̦̌̍л̀де̵̛̦́ ̭̏е̵̬̦о̵̼̏ 

̏̚е̚д. 
 

ʿ̛̬̬од̌ ̛ ̭о̭т̌̏ те̥̦о̜ 
̦̾е̛̛̬̐  пок̌ ̦е ̛̏̚е̭т̦̼. 



* Ƚɪɚɜɢɬɚɰɢɨɧɧɵɟ ɜɨɥɧɵ   

 
Ɉɬɤɪɵɬɢɟ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɜɨɥɧ ɧɟ ɬɨɥɶɤɨ  ɛɥɟɫɬɹɳɟ ɩɨɞɬɜɟɪɞɢɥɨ ɩɪɟɞɫɤɚɡɚɧɢɹ ɨɛɳɟɣ 
ɬɟɨɪɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ Ⱥ. Эɣɧɲɬɟɣɧɚ, ɧɨ ɫɬɚɥɨ ɧɚɱɚɥɨɦ ɧɨɜɨɣ ɷɪɵ ɝɪɚɜɢɬɚɰɢɨɧɧɨ-
ɜɨɥɧɨɜɨɣ ɚɫɬɪɨɧɨɦɢɢ. Ɉɫɧɨɜɧɵɟ ɢɫɬɨɱɧɢɤɢ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɜɨɥɧ: 
(1) ɫɥɢɜɚɸɳɢɟɫɹ ɱɟɪɧɵɟ ɞɵɪɵ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɢ ɫɜɟɪɯɛɨɥɶɲɢɯ ɦɚɫɫ, 
(2) ɞɜɨɣɧɵɟ ɡɜɟɡɞɵ, 
(3) ɫɥɢɜɚɸɳɢɟɫɹ ɧɟɣɬɪɨɧɧɵɟ ɡɜɟɡɞɵ, 
(4) ɤɨɫɦɢɱɟɫɤɢɟ ɫɬɪɭɧɵ, 
(5) ɮɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ ɜɨ ȼɫɟɥɟɧɧɨɣ (ɤɨɫɦɨɥɨɝɢɱɟɫɤɢɟ  
ɝɪɚɜɢɬɚɰɢɨɧɧɵɟ ɜɨɥɧɵ), ɫɜɹɡɚɧɧɵɟ ɫ ɪɚɫɲɢɪɟɧɢɟɦ ɪɚɧɧɟɣ  
ȼɫɟɥɟɧɧɨɣ, 
(6) ɢɧɮɥɹɰɢɨɧɧɚɹ ɫɬɚɞɢɹ ɪɚɧɧɟɣ  
ȼɫɟɥɟɧɧɨɣ  (ɤɨɫɦɨɥɨɝɢɱɟɫɤɢɟ  
ɝɪɚɜɢɬɚɰɢɨɧɧɵɟ ɜɨɥɧɵ). 

ȼ 2015 ɝɨɞɭ  ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ 
ɝɪɚɜɢɬɚɰɢɨɧɧɵɟ ɜɨɥɧɵ ɨɬ ɫɥɢɹɧɢɹ  

ɞɜɭɯ ɱɟɪɧɵɯ ɞɵɪ. ɋɢɝɧɚɥ ɛɵɥ 
ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧ  ɞɟɬɟɤɬɨɪɨɦ 
ɚɦɟɪɢɤɚɧɫɤɨɝɨ ɩɪɨɟɤɬɚ LIGO 

(Laser Interferometer Gravitational Wave 
Observatory), ɫɨɜɦɟɫɬɧɨ ɫ ɝɪɭɩɩɨɣ 

ɪɨɫɫɢɣɫɤɢɯ ɭɱɟɧɵɯ (ȼ.Ȼ. Ȼɪɚɝɢɧɫɤɢɣ, ɋ.ɉ. 
ȼɹɬɱɚɧɢɧ, ȼ.ɉ. Ɇɢɬɪɨɮɚɧɨɜ). 

ʦ.ʥ. ʥ̛̬̦̭̌̐к̛̜ 

Ко̭̥оло̸̛̐е̭к̛е 
̛̬̐̌̏т̶̛̌о̦̦̼е  ̏ол̦̼ 

пок̌ ̦е отк̬̼т̼ 



* Ʉɨɫɦɢɱɟɫɤɢɟ ɫɬɪɭɧɵ ɢ «ɜɫɟ-ɜɫɟ-ɜɫɟ»   



Ɋɚɫɲɢɪɟɧɢɟ ȼɫɟɥɟɧɧɨɣ 



ɇɨɜɵɟ ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ ɩɨɧɹɬɢɹ, 
ɤɨɬɨɪɵɟ ɞɚɥɚ ɤɨɫɦɨɥɨɝɢɹ 

Ʉɨɫɦɨɥɨɝɢɱɟɫɤɢɣ ɝɨɪɢɡɨɧɬ 
ɱɚɫɬɢɰ 

 

Ɋɚɞɢɭɫ ɤɨɫɦɨɥɨɝɢɱɟɫɤɨɝɨ 
ɝɨɪɢɡɨɧɬɚ ɱɚɫɬɢɰ 

 

● ȼ ɬɪɟɯɦɟɪɧɨ-ɩɥɨɫɤɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ-
ɜɪɟɦɟɧɢ ɦɵ ɜɢɞɟɥɢ ɛɵ ɫɨɛɵɬɢɹ 
ɬɨɥɶɤɨ ɜɧɭɬɪɢ ɲɚɪɚ, ɪɚɞɢɭɫ 
ɤɨɬɨɪɨɝɨ ɪɚɜɟɧ ɩɪɨɢɡɜɟɞɟɧɢɸ 
ɫɤɨɪɨɫɬɢ ɫɜɟɬɚ ɧɚ ɜɪɟɦɹ, 
ɩɪɨɲɟɞɲɟɟ ɫ ɦɨɦɟɧɬɚ ɪɨɠɞɟɧɢɹ 
ȼɫɟɥɟɧɧɨɣ (13.7 ɦɥɪɞ ɫɜ. ɥɟɬ). 

● Ɉɬ ɛɨɥɟɟ ɞɚɥɟɤɢɯ ɨɛɴɟɤɬɨɜ ɢɥɢ 
ɨɛɥɚɫɬɟɣ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɜɟɬɨɜɨɣ 
ɫɢɝɧɚɥ ɞɨ ɧɚɫ ɟɳɟ ɧɟ ɞɨɲɟɥ. 
ɋɤɨɪɨɫɬɶ ɫɜɟɬɚ – ɷɬɨ ɩɪɟɞɟɥɶɧɚɹ 
ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 
ɢɧɮɨɪɦɚɰɢɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɬ 
ɫɩɨɫɨɛɚ ɭɡɧɚɬɶ ɨ ɬɨɦ, ɱɬɨ 
ɩɪɨɢɫɯɨɞɢɬ ɜɧɟ ɷɬɨɝɨ ɪɚɞɢɭɫɚ 
ɝɨɪɢɡɨɧɬɚ ɱɚɫɬɢɰ. 



“ɉɥɨɫɤɨɟ” (ɢɥɢ ɟɜɤɥɢɞɨɜɨ) ɬɪɟɯɦɟɪɧɨɟ 
ɩɪɨɫɬɪɚɧɫɬɜɨ 

ɉɥɨɫɤɨɟ 
(ɟɜɤɥɢɞɨɜɨ) 
ɞɜɭɦɟɪɧɨɟ 
ɩɪɨɫɬɪɚɧɫɬɜɨ 



“ɇɟɩɥɨɫɤɨɟ” (ɧɟɟɜɤɥɢɞɨɜɨ) ɬɪɟɯɦɟɪɧɨɟ 
ɩɪɨɫɬɪɚɧɫɬɜɨ 

ɇɟɩɥɨɫɤɨɟ (ɧɟɟɜɤɥɢɞɨɜɨ) 
ɞɜɭɦɟɪɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ 



ȼ ɫ ɟ ɥ ɟ ɧ ɧ ɚ ɹ   

? 

? 

? 
? 

? 

? 

? 

? 



Ɋɨɫɬ ɝɨɪɢɡɨɧɬɚ 
ɱɚɫɬɢɰ ɞɟɥɚɟɬ 
ɞɨɫɬɭɩɧɵɦɢ 
ɧɚɛɥɸɞɟɧɢɹɦ ɜɫɟ 
ɛɨɥɟɟ ɞɚɥɟɤɢɟ 
ɨɛɥɚɫɬɢ 
ȼɫɟɥɟɧɧɨɣ 

Ɉɞɧɚɤɨ 
ɪɚɫɲɢɪɟɧɢɟ 
ȼɫɟɥɟɧɧɨɣ 
ɭɧɨɫɢɬ ɨɛɴɟɤɬɵ 
ɜɫɟ ɞɚɥɶɲɟ ɨɬ 
ɧɚɛɥɸɞɚɬɟɥɹ 



Ɍɟɦɩ ɪɚɫɲɢɪɟɧɢɹ ȼɫɟɥɟɧɧɨɣ ɩɨɥɧɨɫɬɶɸ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɚɩɨɥɧɹɸɳɢɦ ɟɟ ɜɟɳɟɫɬɜɨɦ 

ɧɚɲɚ 
ȼɫɟɥɟɧɧɚɹ 



Ʉɚɤ ɜɵɱɢɫɥɢɬɶ ɜɨɡɪɚɫɬ ȼɫɟɥɟɧɧɨɣ? 

1. ɉɪɨɫɬɚɹ ɨɰɟɧɤɚ: ɨɛɪɚɬɧɚɹ ɜɟɥɢɱɢɧɚ 
ɫɨɜɪɟɦɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɏɚɛɛɥɚ H0 
ɩɪɢɦɟɪɧɨ ɪɚɜɧɚ ɜɨɡɪɚɫɬɭ ȼɫɟɥɟɧɧɨɣ: 

                                      з14 ɦɥɪɞ ɥɟɬ. 
 

2. Ȼɨɥɟɟ ɬɨɱɧɨ ɜɨɡɪɚɫɬ ȼɫɟɥɟɧɧɨɣ ɧɭɠɧɨ 
ɜɵɱɢɫɥɹɬɶ ɫ ɭɱɟɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɬɟɦɩɚ ɟɟ 
ɪɚɫɲɢɪɟɧɢɹ. Ɍɟɦɩ ɪɚɫɲɢɪɟɧɢɹ ȼɫɟɥɟɧɧɨɣ 
ɡɚɜɢɫɢɬ ɨɬ ɟɟ ɫɨɫɬɚɜɚ. 

1 
67.8 ɤɦ/ɫɟɤ/Ɇɩɤ 



Ʉɚɤ ɢɡɦɟɪɹɸɬɫɹ ɪɚɫɫɬɨɹɧɢɹ ɜɨ 
ȼɫɟɥɟɧɧɨɣ? 

 

1. Ɇɟɬɪɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ 

2. Кɨɫɦɨɥɨɝɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ 

3. ɍɝɥɨɜɨɟ ɪɚɫɫɬɨɹɧɢɟ 

4. Ȼɨɥɨɦɟɬɪɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ 



r1 

r2 

r3 

r4 

r5 

Ɇɟɬɪɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ L – ɷɬɨ ɮɢɡɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ ɞɨ 
ɨɛɴɟɤɬɚ, ɬ.ɟ. “ɢɡɦɟɪɹɟɦɨɟ ɥɢɧɟɣɤɨɣ” 

Li(t) = a(t) · ri 

a(t) - ɦɚɫɲɬɚɛɧɵɣ 
ɮɚɤɬɨɪ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ 
ɬɟɦɩ ɪɚɫɲɢɪɟɧɢɹ 
ȼɫɟɥɟɧɧɨɣ 



Ɇɟɬɪɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ L – ɷɬɨ ɮɢɡɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ ɞɨ 
ɨɛɴɟɤɬɚ, ɬ.ɟ. “ɢɡɦɟɪɹɟɦɨɟ ɥɢɧɟɣɤɨɣ” 

Li(t) = a(t) · ri 

a(t) - ɦɚɫɲɬɚɛɧɵɣ 
ɮɚɤɬɨɪ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ 
ɬɟɦɩ ɪɚɫɲɢɪɟɧɢɹ 
ȼɫɟɥɟɧɧɨɣ 

Ɏɢɡɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ Li ɧɚɡɵɜɚɸɬ ɟɳɟ  ɷɣɥɟɪɨɜɨ ɪɚɫɫɬɨɹɧɢɟ, ɚ ri 
– ɥɚɝɪɚɧɠɟɜɨ ɪɚɫɫɬɨɹɧɢɟ ɢɥɢ “ɛɢɪɤɚ”. 



Кɨɫɦɨɥɨɝɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ Lc – ɷɬɨ ɦɟɬɪɢɱɟɫɤɨɟ 
ɪɚɫɫɬɨɹɧɢɟ, ɝɞɟ r ɜɵɪɚɠɚɟɬɫɹ ɱɟɪɟɡ ɤɨɧɮɨɪɦɧɨɟ ɜɪɟɦɹ η: 
 
Ʉɨɧɮɨɪɦɧɨɟ ɜɪɟɦɹ η ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɟɪɟɡ ɨɛɵɱɧɨɟ ɮɢɡɢɱɟɫɤɨɟ 
ɜɪɟɦɹ t: 
 
dt = a(t) · dη 
 
Ɍɨɝɞɚ ɪɚɫɫɬɨɹɧɢɟ  r = ɫ · η =    ɫ · 
 
 
 
Кɨɫɦɨɥɨɝɢɱɟɫɤɨɟ 
ɪɚɫɫɬɨɹɧɢɟ: Lc = a(t) · r = a(t) ·  ɫ · 
 
   

dt 
a(t) 

tɢɡɥɭɱɟɧɢɹ 

tɧɚɛɥɸɞɟɧɢɹ 

dt 
a(t) 

tɢɡɥɭɱɟɧɢɹ 

tɧɚɛɥɸɞɟɧɢɹ 



ɍɝɥɨɜɨɟ ɪɚɫɫɬɨɹɧɢɟ La  (ɢɥɢ ɪɚɫɫɬɨɹɧɢɟ ɩɨ ɭɝɥɨɜɨɦɭ ɪɚɡɦɟɪɭ)– 
ɷɬɨ ɨɬɧɨɲɟɧɢɟ ɮɢɡɢɱɟɫɤɨɝɨ ɪɚɡɦɟɪɚ ɨɛɴɟɤɬɚ ɤ ɭɝɥɭ, ɩɨɞ ɤɨɬɨɪɵɦ 
ɧɚɛɥɸɞɚɬɟɥɶ ɜɢɞɢɬ ɷɬɨɬ ɨɛɴɟɤɬ 

 
 

La = 
 
   

D 

Δφ 

Δφ 

D 



Ȼɨɥɨɦɟɬɪɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ Lb – ɷɬɨ ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɨɛɴɟɤɬɚ, 
ɨɩɪɟɞɟɥɹɟɦɨɟ ɩɨ ɫɜɟɬɢɦɨɫɬɢ ɢ ɫɜɟɬɨɜɨɦɭ ɩɨɬɨɤɭ ɨɬ ɷɬɨɝɨ ɨɛɴɟɤɬɚ. 
 
ɋɜɟɬɢɦɨɫɬɶ L – ɷɬɨ ɩɨɥɧɚɹ ɷɧɟɪɝɢɹ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ (ɷɪɝ/М) 
 
ɉɨɬɨɤ F, ɢɡɦɟɪɹɟɦɵɣ ɧɚɛɥɸɞɚɬɟɥɟɦ, – ɷɬɨ ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ  
ɱɟɪɟɡ ɟɞɢɧɢɱɧɭɸ ɩɥɨɳɚɞɤɭ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ (ɷɪɝ/ɫɦ2/ɫ). 
 �௕ =  ܨ�4�

 
 
 



ɋɜɹɡɶ ɦɟɠɞɭ ɪɚɫɫɬɨɹɧɢɹɦɢ ɜ ɤɨɫɦɨɥɨɝɢɢ: 
 �௖ = �௔ ∙ �௕ 
 
 
Lс – ɤɨɫɦɨɥɨɝɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ   
La – ɭɝɥɨɜɨɟ ɪɚɫɫɬɨɹɧɢɟ 
Lb – ɛɨɥɨɦɟɬɪɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ  
   



L(t) = a(t) · r Ʉɨɫɦɨɥɨɝɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ 
 

a(t1) 
a(t2) 

= 
λ1 

λ2 
= ν1 

ν2 

λ 



ν 

λ 

λДɦ]   = 
М Дɦ/М] 
ν ДȽɰ] 

ν ν 

 – ɞɥɢɧɚ ɜɨɥɧɵ (ɜ ɦɟɬɪɚɯ) 
 
 – ɱɚɫɬɨɬɚ ɜɨɥɧɵ (ɜ ɝɟɪɰɚɯ) 
 
 
                            ɫ – ɫɤɨɪɨɫɬɶ ɫɜɟɬɚ 
 
 
 
 
= 50 Ƚɰ                   = 6 ∙ ͳͲ6 ˏ 
 
= 2.4 ȽȽɰ                = 12.5 ɫɦ 
 

λ 

λ 

ν 

ν 



z = Кɪɚɫɧɨɟ ɫɦɟɳɟɧɢɟ 
 

a(t1) 
a(t2) 

= 
λ1 

λ2 
= ν1 

ν2 

Δλ 
λ1 

= 
λ2 –λ1 

λ1 

= 
1 

z + 1 



� � = � � Ͳ�! ��∞
�=0  

ܧ = ܧ 2ܿ� = �ܿ2λ 

λ Π 

 Мɤ
ɨɪ

ɨɫ
ɬɶ

, ɤ
ɦ/

c 

Ɂɚɤɨɧ ɏɚɛɛɥɚ 
(Я ɢ L(t) – ɷɬɨ ɮɢɡɢɱɟɫɤɢɟ ɫɤɨɪɨɫɬɶ ɢ ɪɚɫɫɬɨɹɧɢɟ) 

 
v = H · L(t) 
 
L(t) = a(t) · r 
 
v = 

dL(t) 
dt 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɚɪɚɦɟɬɪ ɏɚɛɛɥɚ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɱɟɪɟɡ 
ɦɚɫɲɬɚɛɧɵɣ ɮɚɤɬɨɪ: 

H = H(t) = 
a(t) · da(t) 

dt a(t) 
= 

a(t) 



1 
z(t) + 1 

a(t0) = a0 = 1 

1 
(z + 1)2 = – da 

dt 
dz 
dt 

a(t) 
a(t0) 

= 

 Кɨɫɦɨɥɨɝɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ ɜ ɫɨɜɪɟɦɟɧɧɵɣ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ t0, ɜɵɪɚɠɟɧɧɨɟ ɱɟɪɟɡ ɩɚɪɚɦɟɬɪ ɏɚɛɛɥɚ: 
 
 
Lc = a(t0) · r = a(t0) ·  ɫ ·       =   ɫ · (1+г)dt = 
 
   

dt 
a(t) 

tɢɡɥɭɱɟɧɢɹ 

t0 

tɢɡɥɭɱɟɧɢɹ 

t0 

H = – 1 
z + 1 

dz 
dt 

0 

Zɢɡɥɭɱɟɧɢɹ 

cdz 
H(z) 



Ʉɨɫɦɨɥɨɝɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ Lc = 

0 

Zɢɡɥɭɱɟɧɢɹ 

cdz 
H(z) 

Ɋɚɞɢɭɫ ȼɫɟɥɟɧɧɨɣ:  Lȼɫɟɥɟɧɧɚɹ = 

0 

∞ 

cdz 
H(z) 

ȼɨɡɪɚɫɬ ȼɫɟɥɟɧɧɨɣ: Tȼɫɟɥɟɧɧɚɹ = 
z+1 

0 

∞ 

dz 
H(z) 

1 

H = da 
dt · 1 

a 

dt da = a · 1 
H 

a = 1 
1+z 

da = – 1 
(1+z)2 dz 



 
Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɧɚɣɬɢ ɡɚɜɢɫɢɦɨɫɬɶ ɩɚɪɚɦɟɬɪɚ ɏɚɛɛɥɚ ɨɬ 
ɤɪɚɫɧɨɝɨ ɫɦɟɳɟɧɢɹ H(г), ɧɟɨɛɯɨɞɢɦɨ ɜɵɜɟɫɬɢ ɢ ɪɟɲɢɬɶ ɩɟɪɜɨɟ 
ɭɪɚɜɧɟɧɢɟ Ɏɪɢɞɦɚɧɚ.  
 
ɍɪɚɜɧɟɧɢɹ Ɏɪɢɞɦɚɧɚ ɨɩɪɟɞɟɥɹɸɬ ɪɚɫɲɢɪɟɧɢɟ ɢɡɨɬɪɨɩɧɨɣ ɢ 
ɨɞɧɨɪɨɞɧɨɣ ȼɫɟɥɟɧɧɨɣ ɜ ɨɛɳɟɣ ɬɟɨɪɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ 
Эɣɧɲɬɟɣɧɚ. 
 
 
 

 
ȼɵɜɟɞɟɦ ɩɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ Ɏɪɢɞɦɚɧɚ ɜ ɩɪɢɛɥɢɠɟɧɢɢ ɬɟɨɪɢɢ 
ɇɶɸɬɨɧɚ. 



Ɋɚɫɫɦɨɬɪɢɦ ɦɨɞɟɥɶ: 
ɩɨɥɚɹ ɬɨɧɤɨɫɬɟɧɧɚɹ ɫɮɟɪɚ ɢ 
ɧɚɛɥɸɞɚɬɟɥɶ ɜ ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɨɱɤɟ P. 
ɇɚ ɧɚɛɥɸɞɚɬɟɥɹ ɛɭɞɭɬ ɞɟɣɫɬɜɨɜɚɬɶ ɞɜɟ 
ɫɢɥɵ: 

ɋɭɦɦɚɪɧɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɥɸɛɭɸ ɬɨɱɤɭ ɜɧɭɬɪɢ ɬɨɧɤɨɫɬɟɧɧɨɣ 
ɫɮɟɪɵ ɫ ɧɟɤɨɬɨɪɨɣ ɦɚɫɫɨɣ, ɛɭɞɟɬ ɪɚɜɧɚ ɧɭɥɸ. 
 
Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɜɧɚ ɧɭɥɸ ɪɟɡɭɥɶɬɢɪɭɸɳɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɥɸɛɭɸ ɬɨɱɤɭ 
ɜɧɭɬɪɢ ɲɚɪɚ, ɨɞɧɨɪɨɞɧɨ ɢ ɢɡɨɬɪɨɩɧɨ ɡɚɩɨɥɧɟɧɧɨɝɨ ɜɟɳɟɫɬɜɨɦ. 
Эɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɧɚ ɝɚɥɚɤɬɢɤɭ, ɤɨɬɨɪɚɹ ɞɜɢɠɟɬɫɹ ɨɬ ɧɚɛɥɸɞɚɬɟɥɹ, ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ 
ɬɨɥɶɤɨ ɦɚɫɫɚ, ɪɚɫɩɨɥɨɠɟɧɧɚɹ ɜɧɭɬɪɢ ɫɮɟɪɵ ɫ ɪɚɞɢɭɫɨɦ, ɪɚɜɧɵɦ ɪɚɫɫɬɨɹɧɢɸ ɨɬ 
ɧɚɛɥɸɞɚɬɟɥɹ ɞɨ ɷɬɨɣ ɝɚɥɚɤɬɢɤɢ. ȼɫɹ ɦɚɫɫɚ, ɪɚɫɩɨɥɨɠɟɧɧɚɹ ɞɚɥɶɲɟ ɨɬ ɧɚɛɥɸɞɚɬɟɥɹ, ɧɚ 
ɞɜɢɠɟɧɢɟ ɝɚɥɚɤɬɢɤɢ ɧɟ ɜɥɢɹɟɬ. 





�2 − R⊕ܯܩʹ =  �ݏ݊݋ܿ
Ɂɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɞɥɹ ɱɚɫɬɢɰɵ ɜ 
ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ ɩɨɥɟ  Ɂɟɦɥɢ: 

const = 0 

const > 0 
const < 0 



ȼɫɟɥɟɧɧɚɹ ɫ 
ɨɞɧɨɪɨɞɧɵɦ ɢ 
ɢɡɨɬɪɨɩɧɵɦ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ 
ɜɟɳɟɫɬɜɚ 

, 

�2 − R⊕ܯܩʹ =  �ݏ݊݋ܿ



Ɂɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɞɥɹ ɱɚɫɬɢɰ ɜ ɪɚɫɲɢɪɹɸɳɟɣɫɹ 
ɨɞɧɨɪɨɞɧɨɣ ɢ ɢɡɨɬɪɨɩɧɨɣ ȼɫɟɥɟɧɧɨɣ: 

ɩɟɪɜɨɟ 
ɭɪɚɜɧɟɧɢɟ 
Ɏɪɢɞɦɚɧɚ 

Ɏɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɩɨɫɬɨɹɧɧɨɣ K ɧɟɥɶɡɹ ɨɛɴɹɫɧɢɬɶ ɜ ɪɚɦɤɚɯ ɧɶɸɬɨɧɨɜɫɤɨɝɨ 
ɩɨɞɯɨɞɚ.  
Эɬɨɬ ɩɚɪɚɦɟɬɪ ɢɦɟɟɬ ɫɦɵɫɥ ɤɪɢɜɢɡɧɵ ɩɪɨɫɬɪɚɧɫɬɜɚ. ȼ ɟɜɤɥɢɞɨɜɨɣ 
ȼɫɟɥɟɧɧɨɣ K=0. 

H2 =          =              = 
· a 
a (  ) 

2 8πG 
3 

ρ 8πG 
3 (                 ρɦɚɬɟɪɢɹ   

+ ρɬɟɦɧɚɹ ɷɧɟɪɝɢɹ   

+ 

) + ρɢɡɥɭɱɟɧɢɟ   + · · · 



ρɦɚɬɟɪɢɹ   = 

ρɢɡɥɭɱɟɧɢɟ   = 

 ρɬɟɦɧɚɹ ɷɧɟɪɝɢɹ   = 

Ɂɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɡɚɩɨɥɧɹɸɳɟɝɨ ȼɫɟɥɟɧɧɭɸ ɜɟɳɟɫɬɜɚ ɨɬ 
ɬɟɦɩɚ ɪɚɫɲɢɪɟɧɢɹ ȼɫɟɥɟɧɧɨɣ 

“ɨɛɵɱɧɚɹ” ɦɚɬɟɪɢɹ ɢ ɬɟɦɧɚɹ ɦɚɬɟɪɢɹ 



8πG 
3H0

2 
ρɤɪ   = 

0 
0 

ɤɪɢɬɢɱɟɫɤɚɹ 
ɩɥɨɬɧɨɫɬɶ 
ȼɫɟɥɟɧɧɨɣ 

 – ɩɚɪɚɦɟɬɪ ɩɨɥɧɨɣ ɩɥɨɬɧɨɫɬɢ ȼɫɟɥɟɧɧɨɣ, ɨɞɢɧ ɢɡ 
ɨɫɧɨɜɧɵɯ ɤɨɫɦɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 

 – ɫɨɜɪɟɦɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɩɨɥɧɨɣ ɩɥɨɬɧɨɫɬɢ 
ȼɫɟɥɟɧɧɨɣ 

ɩɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ Ɏɪɢɞɦɚɧɚ 
(ɜ ɫɨɜɪɟɦɟɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ) 

H2 = H0
2 

ρɤɪ 

ρ 

ʫ̭л̛ ʦ̭еле̦̦̌́ пло̭к̌́ ;к̛̛̬̦̏̌̚ ̬̦̌̏̌ ̦ул̀Ϳ, то плот̦о̭т̽ ʦ̭еле̦̦о̜ ̬̦̌̏̌ к̛̬т̸̛е̭ко̜ 
плот̦о̭т̛. И ̦̌о̍о̬от, е̭л̛ плот̦о̭т̽ ʦ̭еле̦̦о̜ ̬̦̌̏̌ к̛̬т̸̛е̭ко̜, то ʦ̭еле̦̦̌́ пло̭к̌́. 



ɉɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ Ɏɪɢɞɦɚɧɚ ɜ ɩɪɨɢɡɜɨɥɶɧɵɣ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ, ɡɚɜɢɫɹɳɟɟ ɨɬ ɤɨɫɦɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜ 
ɫɨɜɪɟɦɟɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 
૛ࡴ  = � � ૛ = ૜ࡳ࣊� =࣋ ૜ࡳ࣊� ∙ а˕ерˋяˏ࣋ + еˏːая эːергˋя˕࣋ + чеːˋе˖ˎˊˋ࣋ +⋯= ૙૛ࡴ ∙ =рˍ࣋࣋ ૙૛ࡴ ∙ ��૙ ૚ + � ૜ + �� + ૙࢘� ૚ + � ૝  

ʦел̸̛̛̦̼ п̬̥̌̌ет̬о̏ плот̦о̭т̛ дл́ ̵̬̦̼̌̚ т̛по̏ ̏е̺е̭т̏̌ полу̸е̦̼ ̛̚ ̭опо̭т̌̏ле̛̦́ 
ˁт̦̌д̬̌т̦о̜ ко̭̥оло̸̛̐е̭ко̜ ̥одел̛ ̭ ̬е̌л̛̦̼̥̽ ̦̌̍л̀д̌тел̛̦̼̥̽ д̛̦̦̼̥̌ 



Ɋɚɞɢɭɫ ȼɫɟɥɟɧɧɨɣ:  Lȼɫɟɥɟɧɧɚɹ = 

0 

∞ 
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ȼɨɡɪɚɫɬ ȼɫɟɥɟɧɧɨɣ: Tȼɫɟɥɟɧɧɚɹ = z+1 
0 

∞ 

dz 
H(z) 

1 

Λ0 

L = 

Λ0 



L             ≈ 8.8 Гɩɤ 

L           ≈ 4.4 Гɩɤ     
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Эɩɨɯɢ ɪɚɫɲɢɪɟɧɢɹ ȼɫɟɥɟɧɧɨɣ 
 

 ɂɧɮɥɹɰɢɨɧɧɨɟ ɭɫɤɨɪɟɧɧɨɟ ɪɚɫɲɢɪɟɧɢɟ 
 Ⱦɨɦɢɧɢɪɨɜɚɧɢɟ ɢɡɥɭɱɟɧɢɹ 
 Ⱦɨɦɢɧɢɪɨɜɚɧɢɟ ɜɟɳɟɫɬɜɚ (ɩɵɥɢ) 
 ɋɦɟɧɚ ɪɚɫɲɢɪɟɧɢɹ ɩɨ ɢɧɟɪɰɢɢ ɧɚ ɭɫɤɨɪɟɧɧɨɟ ɪɚɫɲɢɪɟɧɢɟ 
 
 
Ɂɚɜɢɫɢɦɨɫɬɶ ɦɚɫɲɬɚɛɧɨɝɨ ɮɚɤɬɨɪɚ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ ɪɚɡɧɨɦ ɫɨɫɬɚɜɟ 
ȼɫɟɥɟɧɧɨɣ: 
 
 
ɉɥɨɫɤɚɹ ȼɫɟɥɟɧɧɚɹ, 
ɞɨɦɢɧɢɪɨɜɚɧɧɚɹ ɩɵɥɶɸ 
 
 
ɉɥɨɫɤɚɹ ȼɫɟɥɟɧɧɚɹ, 
ɞɨɦɢɧɢɪɨɜɚɧɧɚɹ ɢɡɥɭɱɟɧɢɟɦ 
 
 
 
ɉɥɨɫɤɚɹ ȼɫɟɥɟɧɧɚɹ, 
ɞɨɦɢɧɢɪɨɜɚɧɧɚɹ ɬɟɦɧɨɣ ɷɧɟɪɝɢɟɣ 
ɜ ɜɢɞɟ Λ-ɱɥɟɧɚ 

�0  − cо̬̏е̥е̦̦ое 
̸̦̌̚е̛̦е ̥̭̹̌т̦̌̍о̐о 
̴̌кто̬̌, п̛̬̦́то 
̬̦̼̥̌̏ ϭ, �0 − ̭о̬̏е̥е̦̦̼е 
̥о̥е̦т ̬̏е̥е̛̦ 
;̥о̥е̦т ̬̏е̥е̛̦ 
̦̌̍л̀де̛̦́Ϳ. 



ʦ̭е̐о е̭т̽ т̛̬ у̬̦̌̏е̛̦́ Ф̛̬д̥̦̌̌ ̛ е̺е од̦о допол̛̦тел̦̽ое у̬̦̌̏е̛̦е ̭о̭то̛̦́́ 
̏е̺е̭т̏̌. ˄̬̦̌̏е̛̦́ Ф̛̬д̥̦̌̌ ̛̥ѐт п̬о̭то̜ ̦̌̌ло̐ ̏ кл̸̛̭̭̌е̭ко̜ ̥е̵̛̦̌ке.  
 

ʿе̬̏ое у̬̦̌̏е̛̦е Ф̛̬д̥̦̌̌ пок̼̌̏̌̚ет ̭оот̦о̹е̛̦е ̥е̙ду к̛̦ет̸̛е̭ко̜ ̛ 
поте̶̛̦̌л̦̽о̜ ̦̾е̛̬̐е̜: � ૛�૛ = ૜ࡳ࣊� ࣋ − ��૛�૛ + ��૛૜ . 
ʦто̬ое у̬̦̌̏е̛̦е Ф̛̬д̥̦̌̌ оп̬едел́ет у̭ко̬е̛̦е: � � = −૝ࡳ࣊૜ ࣋ + ૜࢖�૛ + ��૛૜ . 
Т̬ет̽е у̬̦̌̏е̛̦е Ф̛̬д̥̦̌̌ – ̾то ̌̚ко̦ ̭о̵̬̦̌е̛̦́ ̏е̺е̭т̏̌ ;̏ ̥е̵̛̦̌ке 
̛̙дко̭т̛ о̦о т̌к̙е ̦о̛̭т ̛̦̦̌̏̌̚е у̬̦̌̏е̛̦е ̦еп̬е̬̼̦̏о̭т̛Ϳ: ࣋ = −૜� � ࣋ + ૛�࢖ . 
К̙̌дое ̛̚ т̬е̵ у̬̦̌̏е̛̦̜ ́̏л́ет̭́ ̭лед̭т̛̏е̥ д̏у̵ д̬у̵̛̐.  
Чет̏е̬тое, допол̛̦тел̦̽ое, у̬̦̌̏е̛̦е – ̾то у̬̦̌̏е̛̦е ̭о̭то̛̦́́ ̏е̺е̭т̏̌: ࢖ ࣋ =  .૛�࣋ࢗ
 

Ко̦е̸̦̌́ ̭уд̽̍̌ ʦ̭еле̦̦о̜ оп̬едел́ет̭́ по̭то̦̦́о̜ к̛̛̬̦̼̏̚ k  ̛ 
ко̭̥оло̸̛̐е̭ко̜ по̭то̦̦́о̜ Λ. 



ЛʫКЦИЯ Ϯ 

ʿо̛̭к те̥̦о̜ ̥̌те̛̛̬ ̥етод̛̥̌ ̦̌̍л̀д̌тел̦̽о̜ 
ко̭̥оло̛̛̐. ʧ̛̬̌̏т̶̛̌о̦̦ое л̛̛̦̬̚о̛̦̏̌е 


