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‘¶¥Í¨ ²Ó´ Ö  ¸É·μË¨§¨Î¥¸± Ö μ¡¸¥·¢ Éμ·¨Ö ���, �¨¦´¨° �·ÌÒ§, �μ¸¸¨Ö

Š· É±μ · ¸¸³μÉ·¥´Ò μ¸´μ¢´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¶μ ¨¸¸²¥¤μ¢ ´¨Õ CMB ¨ ¨Ì ·¥§Ê²Ó-
É ÉÒ §  ¶μ¸²¥¤´¨¥ 15 ²¥É.

We consider some fundamental experiments on CMB studies and obtained results in
the last 15 years.

PACS: 96.75.-z; 98.70.Vc; 98.80.-k
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�¡´ ·Ê¦¥´¨¥ Ë²Ê±ÉÊ Í¨° ·¥²¨±Éμ¢μ£μ ¨§²ÊÎ¥´¨Ö (¨²¨ ±μ¸³¨Î¥¸±μ£μ ³¨±-
·μ¢μ²´μ¢μ£μ Ëμ´  Å Cosmic Microwave Background Å CMB) ¸¶ÊÉ´¨±μ³
COBE ¸É ²μ ·¥¢μ²ÕÍ¨μ´´Ò³ ¸μ¡ÒÉ¨¥³ ¢ ´ ¡²Õ¤ É¥²Ó´μ° ±μ¸³μ²μ£¨¨, ·¥§±μ
¸Ê§¨¢ ³´μ¦¥¸É¢μ ¤μ¶Ê¸É¨³ÒÌ ±μ¸³μ²μ£¨Î¥¸±¨Ì ³μ¤¥²¥°. ‚ Éμ ¢·¥³Ö ± ± μÉ-
±·ÒÉ¨¥ ·¥²¨±Éμ¢μ£μ ¨§²ÊÎ¥´¨Ö [1] § Ë¨±¸¨·μ¢ ²μ ³μ¤¥²Ó £μ·ÖÎ¥° ‚¸¥²¥´´μ°,
μÉ±·ÒÉ¨¥ Ë²Ê±ÉÊ Í¨° ÔÉμ£μ ¨§²ÊÎ¥´¨Ö ¢ Ô±¸¶¥·¨³¥´É¥ COBE ¶μ¤É¢¥·¤¨²μ
É¥μ·¨Õ μ¡· §μ¢ ´¨Ö ±·Ê¶´μ³ ¸ÏÉ ¡´μ° ¸É·Ê±ÉÊ·Ò ‚¸¥²¥´´μ° [2]. �¡´ ·Ê-
¦¥´¨¥ Ë²Ê±ÉÊ Í¨° CMB ¢Ò¸¢¥É¨²μ ¶ÊÉÓ ¤ ²Ó´¥°Ï¨³ ¨¸¸²¥¤μ¢ ´¨Ö³, ¢ ·¥-
§Ê²ÓÉ É¥ Î¥£μ ±μ²¨Î¥¸É¢μ ¶·μ¢μ¤¨³ÒÌ ¨ ¶² ´¨·Ê¥³ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¨§-
³¥·¥´¨Õ Ê·μ¢´Ö ÔÉ¨Ì Ë²Ê±ÉÊ Í¨° ´  · §²¨Î´ÒÌ Ê£²μ¢ÒÌ ³ ¸ÏÉ ¡ Ì ± ´ Î ²Ê
XXI ¢. ¨¸Î¨¸²Ö²μ¸Ó ¤¥¸ÖÉ± ³¨. “²ÊÎÏ¥´¨¥ ± Î¥¸É¢  ¶·μ¢μ¤¨³ÒÌ ´ ¡²Õ¤¥´¨°
¨ ³μ¤¥²¨·μ¢ ´¨¥ É¥μ·¥É¨Î¥¸±¨Ì ¶ · ³¥É·μ¢ ¶μ§¢μ²Ö¥É £μ¢μ·¨ÉÓ ¢ ´ ¸ÉμÖÐ¥¥
¢·¥³Ö μ Éμ³, ÎÉμ Ô¶μÌ  ÉμÎ´μ° ±μ¸³μ²μ£¨¨ (®precision cosmology¯ Å ¢Ò¸± -
§Ò¢ ´¨¥ Œ.‹μ´£¥°¥·  ¢ Œ ´Î¥¸É¥·¥ ¢ 2000 £.) ´ ¸ÉÊ¶¨²  15 ²¥É ´ § ¤. �¡ 
¶μ¤Ìμ¤  (´ ¡²Õ¤¥´¨Ö ¨ ³μ¤¥²¨·μ¢ ´¨¥) É·¥¡ÊÕÉ ¢Ò¸μ±μ£μ ± Î¥¸É¢  μ¡· ¡μÉ±¨
¶¥·¢¨Î´ÒÌ ¤ ´´ÒÌ, ÎÉμ ¢±²ÕÎ ¥É Î¨¸É±Ê μÉ ÏÊ³μ¢ ¨ μÍ¥´±Ê ¶ · ³¥É·μ¢ ¸¨£-
´ ²  ´  Ê·μ¢´¥, ¢ ¸μÉ´¨ · § ¶·¥¢μ¸Ìμ¤ÖÐ¥³ ÉμÉ, ÎÉμ ¡Ò² 25 ²¥É ´ § ¤. ˆ§³¥-
·¥´¨¥ ±μ¸³μ²μ£¨Î¥¸±¨Ì ¶ · ³¥É·μ¢, ±μÉμ·μ¥ ¡Ò²μ ¶·μ¢¥¤¥´μ ¸¶¥Í¨ ²¨§¨·μ-
¢ ´´μ° ±μ¸³¨Î¥¸±μ° ³¨¸¸¨¥° NASA WMAP [3] ¸ Í¥²ÓÕ ¨¸¸²¥¤μ¢ ´¨Ö ´¥μ¤-
´μ·μ¤´μ¸É¥° ·¥²¨±Éμ¢μ£μ ¨§²ÊÎ¥´¨Ö, ¸É ²μ ËÊ´¤ ³¥´É ²Ó´Ò³ ¢±² ¤μ³ ¢ ±μ¸-
³μ³¨±·μË¨§¨±Ê ¨ § Ë¨±¸¨·μ¢ ²μ ¸μ¢·¥³¥´´ÊÕ ¸É ´¤ ·É´ÊÕ ±μ¸³μ²μ£¨Î¥¸-
±ÊÕ ³μ¤¥²Ó ¸ ´¥¤μ¸É¨¦¨³μ° · ´¥¥ ÉμÎ´μ¸ÉÓÕ. Š·μ³¥ Éμ£μ, É ± Ö ÉμÎ´μ¸ÉÓ
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¨§³¥·¥´¨Ö Ë²Ê±ÉÊ Í¨° Ëμ´  ¶μ§¢μ²¨²  ´ Î ÉÓ ¨¸¸²¥¤μ¢ ´¨Ö ¶·μ¡²¥³Ò ´¥-
£ Ê¸¸μ¢μ¸É¨ Ëμ´ , μ¸μ¡¥´´μ ¢ ¦´μ° ¤²Ö ¶μ´¨³ ´¨Ö Ë¨§¨Î¥¸±¨Ì ¶·μÍ¥¸¸μ¢ ¢
Ô¶μÌÊ ¨´Ë²ÖÍ¨¨,   ¶μ§¤´¥¥ ¶¥·¥°É¨ ± ¨§ÊÎ¥´¨Õ ¸ ³μ£μ ¶¥·¨μ¤  ¨´Ë²ÖÍ¨¨ ¸
¶μ³μÐÓÕ ¨§³¥·¥´¨Ö B-³μ¤Ò ¶μ²Ö·¨§ Í¨¨ CMB. �É³¥É¨³ ´¥±μÉμ·Ò¥ ¸ÊÐ¥¸É-
¢¥´´Ò¥, ´  ´ Ï ¢§£²Ö¤, Ô±¸¶¥·¨³¥´ÉÒ ¶μ¸²¥¤´¨Ì 15 ²¥É, ¨§³¥´¨¢Ï¨¥ ´ Ï¨
¶·¥¤¸É ¢²¥´¨Ö μ ± Î¥¸É¢¥ ¤ ´´ÒÌ ´ ¡²Õ¤¥´¨° ±μ¸³¨Î¥¸±μ£μ ³¨±·μ¢μ²´μ¢μ£μ
Ëμ´ ,   É ±¦¥ ÉμÎ´μ¸É¨ ¨§³¥·¥´¨° ±μ¸³μ²μ£¨Î¥¸±¨Ì ¶ · ³¥É·μ¢. �¥ ²Ó´μ¥
±μ²¨Î¥¸É¢μ ¶·μ¢¥¤¥´´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ §  50 ²¥É Å ¡μ²¥¥ 60, ¢ Éμ³ Î¨¸²¥
¸μ¢¥É¸±μ-·μ¸¸¨°¸±¨¥ ´  É¥²¥¸±μ¶¥ ��’��-600 [4Ä6] ¨ ¸¶ÊÉ´¨±¥ ®�¥²¨±É¯ [7].

DASI

‘·¥¤¨ ¶¥·¢ÒÌ ± Î¥¸É¢¥´´ÒÌ ¤ ´´ÒÌ ¸²¥¤Ê¥É Ê¶μ³Ö´ÊÉÓ ·¥§Ê²ÓÉ ÉÒ ´ ¡²Õ-
¤¥´¨° ´  ¨´É¥·Ë¥·μ³¥É·¥ DASI (Degree Angular Scale Interferometer), ¶·μ¢μ-
¤¨¢Ï¥³ ¨§³¥·¥´¨Ö ´  £· ¤Ê¸´ÒÌ Ê£²μ¢ÒÌ ³ ¸ÏÉ ¡ Ì. ’¥²¥¸±μ¶ ¶·¥¤¸É ¢²Ö¥É

�¨¸. 1. ‚¢¥·ÌÊ: ±μ³ ´¤  ¨¸¸²¥¤μ¢ É¥²¥° ¶·μ¥±É  ´  Ëμ´¥ ¨´É¥·Ë¥·μ³¥É·  DASI.
‚´¨§Ê: ¶μ²Ö·¨§ Í¨μ´´Ò° ±·μ¸¸-¸¶¥±É· (TÄE) ¶μ ¤ ´´Ò³ DASI. �¨¸Ê´±¨ ¢μ¸¶·μ¨§¢¥-
¤¥´Ò ¸ ¸ °É  http://astro.uchicago.edu/dasi/
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¸μ¡μ° 13-Ô²¥³¥´É´Ò° ¨´É¥·Ë¥·μ³¥É· (·¨¸. 1, ¢¢¥·ÌÊ), ¸μ§¤ ´´Ò° ¤²Ö ¨¸¸²¥¤μ-
¢ ´¨Ö  ´¨§μÉ·μ¶¨¨ É¥³¶¥· ÉÊ·Ò ¨ ¶μ²Ö·¨§ Í¨¨ CMB ¸ ¢Ò¸μ±μ° ÎÊ¢¸É¢¨É¥²Ó-
´μ¸ÉÓÕ ¨ Ê¸É ´μ¢²¥´´Ò° —¨± £¸±¨³ Ê´¨¢¥·¸¨É¥Éμ³ ´  ¸É ´Í¨¨ �³Ê´¤¸¥´ Ä
‘±μÉÉ  ´  	¦´μ³ ¶μ²Õ¸¥. ‚ ¨´¸É·Ê³¥´É¥ ¨¸¶μ²Ó§μ¢ ´Ò μÌ² ¦¤ ¥³Ò¥ Ê¸¨²¨-
É¥²¨ HEMP, · ¡μÉ ÕÐ¨¥ ¢ Î ¸ÉμÉ´μ³ ¤¨ ¶ §μ´¥ 26Ä36 ƒƒÍ.

Š·μ³¥ ¶μ¤É¢¥·¦¤¥´¨Ö ¨ ¨§³¥·¥´¨Ö Ë²Ê±ÉÊ Í¨° CMB ´  ¢Ò¸μ±¨Ì £ ·³μ-
´¨± Ì (³Ê²ÓÉ¨¶μ²¨ � > 500), DASI ¤μ± § ² ¸ÊÐ¥¸É¢μ¢ ´¨¥ E-³μ¤Ò ¶μ²Ö·¨§ -
Í¨¨ CMB [8] ¨ ¨§³¥·¨² ¶μ²Ö·¨§ Í¨μ´´Ò° ±·μ¸¸-¸¶¥±É· (·¨¸. 1, ¢´¨§Ê).

BOOMERanG

‘·¥¤¨  Ô·μ¸É É´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢, É ±¨Ì ± ± BOOMERanG, MAXIMA,
Archeops ¨ ¤·., ¶¥·¢Ò° Å BOOMERanG (Baloon Observations Of Millimetric
Extragalactic Radiation and Geophysics Å  Ô·μ¸É É´Ò¥ ´ ¡²Õ¤¥´¨Ö ³¨²²¨³¥É-
·μ¢μ£μ ¢´¥£ ² ±É¨Î¥¸±μ£μ ¨§²ÊÎ¥´¨Ö ¨ ¤²Ö £¥μË¨§¨±¨), ¸ ´ Ï¥° ÉμÎ±¨ §·¥´¨Ö,

�¨¸. 2. ‚¢¥·ÌÊ:  Ô·μ¸É É ¨ É¥²¥¸±μ¶ Ô±¸¶¥·¨³¥´É  BOOMERanG. ‚´¨§Ê: ± ·É 
CMB ¶μ ¤ ´´Ò³ Ô±¸¶¥·¨³¥´É  BOOMERanG. �¨¸Ê´±¨ ¢μ¸¶·μ¨§¢¥¤¥´Ò ¸ ¸ °É 
http://www.astro.caltech.edu/∼lgg/boomerang/boomerang front.htm
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Ö¢²Ö¥É¸Ö ´ ¨¡μ²¥¥ ÔËË¥±É¨¢´Ò³ ¶·¨ ÊÎ¥É¥ ³¥Ï ÕÐ¨Ì Ëμ´μ¢ÒÌ ±μ³¶μ´¥´É.
� ¡²Õ¤¥´¨Ö BOOMERanG ¶·μ¢μ¤¨²¨¸Ó ´  ¢Ò¸μÉ¥ 37 ±³ ´ ¤ �´É ·±É¨¤μ°
μ±μ²μ 12 ¸ÊÉ (¸ ¤¥± ¡·Ö 1998 ¶μ Ö´¢ ·Ó 1999 £. ¨ ¢ 2003 £.). �μ²¥É  Ô·μ-
¸É É  (·¨¸. 2, ¢¢¥·ÌÊ) ¶μ¤¤¥·¦¨¢ ²¸Ö ¸É ¡¨²Ó´Ò³ ¶μ²Ö·´Ò³ ¢¨Ì·¥¢Ò³ ¢¥É·μ³
¢μ±·Ê£ 	¦´μ£μ ¶μ²Õ¸ , ¤¥°¸É¢¨¥ ±μÉμ·μ£μ ¨ ¤ ²μ ´ §¢ ´¨¥ Ô±¸¶¥·¨³¥´ÉÊ.
�·¨ ´ ¡²Õ¤¥´¨ÖÌ ¨¸¶μ²Ó§μ¢ ²¨¸Ó 1,2-³ §¥·± ²μ ¨ 16 ·Ê¶μ·μ¢-¶·¨¥³´¨±μ¢ ´ 
Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ ¤²Ö ·¥£¨¸É· Í¨¨ ¢ É·¥Ì Î ¸ÉμÉ´ÒÌ ¶μ²μ¸ Ì: 145, 245
¨ 345 ƒƒÍ [9]. �·¨ ¶μ²¥É¥ 2003 £. ¢ BOOMERanG ¡Ò² Ê¸É ´μ¢²¥´ ¶·μÉμÉ¨¶
¶μ²Ö·¨§ Í¨μ´´μ£μ ¶·¨¥³´¨±  Planck HFI ´  Î ¸ÉμÉ¥ 143 ƒƒÍ.

‘·¥¤¨ μ¸´μ¢´ÒÌ ·¥§Ê²ÓÉ Éμ¢ Ô±¸¶¥·¨³¥´É  Å ¶μ¤É¢¥·¦¤¥´¨¥ ¸ÊÐ¥¸É¢μ-
¢ ´¨Ö É¥³´μ° Ô´¥·£¨¨ ¨ ¶²μ¸±μ° £¥μ³¥É·¨¨ ‚¸¥²¥´´μ°, ¶μ¸É·μ¥´¨¥ ± ·ÉÒ
(·¨¸. 2, ¢´¨§Ê),   É ±¦¥ ¨§³¥·¥´¨¥ ¶μ²Ö·¨§ Í¨¨ CMB (E-³μ¤ ) ¶μ ¤ ´´Ò³
¶μ²Ö·¨§ Í¨μ´´ÒÌ ´ ¡²Õ¤¥´¨° ¢Éμ·μ£μ § ¶Ê¸± .

Œˆ‘‘ˆŸ WMAP

Šμ¸³¨Î¥¸± Ö ³¨¸¸¨Ö NASA WMAP∗ (Wilkinson Microwave Anisotropy
Probe (·¨¸. 3) Å §μ´¤ ¨³. “¨²±¨´¸μ´  ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ³¨±·μ¢μ²´μ¢μ°  ´¨-
§μÉ·μ¶¨¨) ¸É ²  Ô±¸¶¥·¨³¥´Éμ³ ´μ¢μ£μ ¶μ±μ²¥´¨Ö [3]. …£μ §´ Î¨³μ¸ÉÓ § -
±²ÕÎ¥´  ´¥ Éμ²Ó±μ ¢ Ê·μ¢´¥ ·¥Ï ¥³ÒÌ § ¤ Î, ¢±²ÕÎ ÕÐ¨Ì μ¶·¥¤¥²¥´¨¥ £¥μ-
³¥É·¨¨, ¸μ¸É ¢  ¨ μ¸μ¡¥´´μ¸É¥° Ô¢μ²ÕÍ¨¨ ‚¸¥²¥´´μ° ¶μ ± ·É ³  ´¨§μÉ·μ¶¨¨
CMB ¸ 13-³¨´ÊÉ´Ò³ Ê£²μ¢Ò³ · §·¥Ï¥´¨¥³, ´μ ¨ ¢ ± Î¥¸É¢¥  ´ ²¨§  ¤ ´-
´ÒÌ, ¢¶¥·¢Ò¥ ¶·μ¢¥¤¥´´μ£μ ¤²Ö ¶μ²´μ£μ ´¥¡  ¸ ¤¥É ²Ó´Ò³  ´ ²¨§μ³ Ëμ´μ-
¢ÒÌ ±μ³¶μ´¥´É. �·μ£·¥¸¸¨¢´μ¥ ³ÒÏ²¥´¨¥ ±μ³ ´¤Ò WMAP ¶·μÖ¢¨²μ¸Ó ¥Ð¥
¨ ¢ ¶·¥¤μ¸É ¢²¥´¨¨  ·Ì¨¢  ´ ¡²Õ¤¥´¨°, ¶·μ³¥¦ÊÉμÎ´ÒÌ ¨ ·¥§Ê²ÓÉ¨·ÊÕÐ¨Ì
± ·É  ´¨§μÉ·μ¶¨¨ É¥³¶¥· ÉÊ·Ò ¨ ¶μ²Ö·¨§ Í¨¨ ¢ μ¡Ð¥¥ ¶μ²Ó§μ¢ ´¨¥. ‚Ò¡μ·
μ·¡¨ÉÒ ³¨¸¸¨¨, ¢Ò¡μ· ¸É· É¥£¨¨ ¸± ´¨·μ¢ ´¨Ö ´¥¡  ¨ ¢Ò¡μ· ¤¨§ °´  ¸¶ÊÉ-
´¨±  ¡Ò²¨ μ·¨¥´É¨·μ¢ ´Ò ´  1) ¶μ²ÊÎ¥´¨¥ ´¥±μ··¥²¨·μ¢ ´´μ£μ ¶¨±¸¥²Ó´μ£μ
ÏÊ³ , 2) ³¨´¨³¨§ Í¨Õ ¸¨¸É¥³ É¨Î¥¸±¨Ì μÏ¨¡μ±,  ±±Ê· É´ÊÕ ± ²¨¡·μ¢±Ê ¨
3) ¶·μ¢¥¤¥´¨¥ ³´μ£μÎ ¸ÉμÉ´ÒÌ ´ ¡²Õ¤¥´¨°. ‘¶ÊÉ´¨± WMAP μ¡· Ð ²¸Ö ¢μ-
±·Ê£ ÉμÎ±¨ L2 ¸ ´ ¶· ¢²¥´´μ° μÉ ‘μ²´Í   ´É¥´´μ° ¨ ¶·μ¢μ¤¨² ¸± ´¨·μ¢ ´¨¥
´¥¡ , ¨§³¥·ÖÖ É·¨ ³μ¤Ò ¶μ²Ö·¨§ Í¨¨ (¶ · ³¥É·Ò ‘Éμ±¸  I, Q, U) ¢ ¶ÖÉ¨ Î ¸-
ÉμÉ´ÒÌ ¶μ²μ¸ Ì: 23 (K), 33 (Ka), 41 (Q), 61 (V) ¨ 94 ƒƒÍ (W). �·¨Î¥³ ¢
¶μ²μ¸ Ì K ¨ Ka ¨¸¶μ²Ó§μ¢ ²¨¸Ó 2 · ¤¨μ³¥É· , ¢ Q ¨ V Å 4, ¢ W Å 8,
±μÉμ·Ò¥ § ¶¨¸Ò¢ ²¨ ¨§³¥·¥´¨Ö É¥³¶¥· ÉÊ·Ò ¢ ¢¨¤¥ ¢·¥³¥´´
ÒÌ ·Ö¤μ¢ (Time
Ordered Data Å TOD) ¸ 2001 ¶μ 2010 £. „ ´´Ò¥ μ¶¨¸ ´Ò ¨ μÉ±·ÒÉÒ ¤²Ö
³¨·μ¢μ£μ ¸μμ¡Ð¥¸É¢  §  1-°, 3-°, 5-° ¨ 7-°, 9-° £μ¤Ò ´ ¡²Õ¤¥´¨° ´  ¸ °É¥
WMAP.

∗�¤·¥¸ ¸ °É  ¸ μ¶¨¸ ´¨¥³ ¨  ·Ì¨¢μ³ ³¨¸¸¨¨ WMAP: http://lambda.gsfc.nasa.gov.
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�¨¸. 3. ‚¢¥·ÌÊ: §μ´¤ WMAP. �¨¸Ê´μ± ¢μ¸¶·μ¨§¢¥¤¥´ ¸ http://lambda.gsfc.nasa.gov.
‚´¨§Ê: ± ·É  CMB WMAP 9-£μ £μ¤  ´ ¡²Õ¤¥´¨°

Œˆ‘‘ˆŸ PLANCK

� ¡²Õ¤¥´¨Ö ±μ¸³¨Î¥¸±μ° μ¡¸¥·¢ Éμ·¨¨ Planck [10], ¡² £μ¤ ·Ö ²ÊÎÏ¥³Ê,
Î¥³ Ê WMAP, Ê£²μ¢μ³Ê · §·¥Ï¥´¨Õ (∼ 5 ³¨´ÊÉ ¤Ê£¨) ¨ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨,
±·μ³¥ ¨§ÊÎ¥´¨Ö CMB ¨ ¤·Ê£¨Ì Ëμ´μ¢ÒÌ ±μ³¶μ´¥´É ¶μ§¢μ²¨²¨ ¶·μ¢μ¤¨ÉÓ ¨¸-
¸²¥¤μ¢ ´¨Ö ± ± ÉμÎ¥Î´ÒÌ ¨¸ÉμÎ´¨±μ¢ · §´ÒÌ ¶μ¶Ê²ÖÍ¨°, É ± ¨ ¶·μÉÖ¦¥´´ÒÌ,
· §³¥·μ³ μÉ ´¥¸±μ²Ó±¨Ì ³¨´ÊÉ ¤μ ¤¥¸ÖÉ±μ¢ ³¨´ÊÉ ¤Ê£¨,  ¸¸μÍ¨¨·μ¢ ´´ÒÌ ¸μ
¸±μ¶²¥´¨Ö³¨ £ ² ±É¨±. ‚ ÔÉμ³ ¶² ´¥ ¶·¨ ¨§ÊÎ¥´¨¨ ¸±μ¶²¥´¨° £ ² ±É¨± ¢
³¨±·μ¢μ²´μ¢μ³ ¤¨ ¶ §μ´¥ ±μ¸³¨Î¥¸± Ö μ¡¸¥·¢ Éμ·¨Ö Planck ¸Ò£· ²  ´ ¨¡μ-
²¥¥ ¸ÊÐ¥¸É¢¥´´ÊÕ ·μ²Ó,   ¶μ¸É·μ¥´´Ò¥ ¢ ·¥§Ê²ÓÉ É¥ ¥¥ · ¡μÉÒ ± ·ÉÒ ¶μ²´μ£μ
´¥¡  ´  ¤¥¢ÖÉ¨ Î ¸ÉμÉ Ì ³¨±·μ¢μ²´μ¢μ£μ ¤¨ ¶ §μ´ : 30, 44, 70, 100, 143,
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�¨¸. 4. ‚¢¥·ÌÊ: ¸¶ÊÉ´¨± Planck; Ê£²μ¢μ° ¸¶¥±É· ³μÐ´μ¸É¨ CMB ¶μ ¤ ´´Ò³ Planck.
�¨¸Ê´±¨ ¢μ¸¶·μ¨§¢¥¤¥´Ò ¸ ¸ °É  http://www.rssd.esa.int/Planck/. ‚´¨§Ê: ± ·É  SMICA
Planck

217, 353, 545 ¨ 857 ƒƒÍ, Ö¢²ÖÕÉ¸Ö μ¸´μ¢μ° ¤²Ö ¡μ²ÓÏμ£μ Î¨¸²  ´ ÊÎ´ÒÌ
¨¸¸²¥¤μ¢ ´¨°, ¶·μ¢μ¤ÖÐ¨Ì¸Ö ¢ · §²¨Î´ÒÌ ¨´¸É¨ÉÊÉ Ì · §´ÒÌ ¸É· ´. Š ·ÉÒ
¸¶ÊÉ´¨±  Planck∗ [10] …¢·μ¶¥°¸±μ£μ ±μ¸³¨Î¥¸±μ£μ  £¥´É¸É¢  (ESA) ¡Ò²¨ μÉ-
±·ÒÉÒ ¤²Ö ´ ÊÎ´μ£μ ¸μμ¡Ð¥¸É¢  ¢ 2013 £. ¨ ¸· §Ê ¸É ²¨ ÔËË¥±É¨¢´Ò³ ¨´¸É·Ê-
³¥´Éμ³ ¢ ·¥Ï¥´¨¨ ³´μ£¨Ì § ¤ Î £ ² ±É¨Î¥¸±μ° ¨ ¢´¥£ ² ±É¨Î¥¸±μ°  ¸É·μ-
´μ³¨¨. �Ò²¨ ¶·¥¤¸É ¢²¥´Ò ± ·ÉÒ ±μ³¶μ´¥´É ¶·μÉÖ¦¥´´μ£μ ³¨±·μ¢μ²´μ¢μ£μ
Ëμ´μ¢μ£μ ¨§²ÊÎ¥´¨Ö, ± É ²μ£¨ μ¡´ ·Ê¦¥´´ÒÌ ¨¸ÉμÎ´¨±μ¢ ³¨²²¨³¥É·μ¢μ£μ ¨
¸Ê¡³¨²²¨³¥É·μ¢μ£μ ¨§²ÊÎ¥´¨Ö, ¨³¥ÕÐ¨Ì £ ² ±É¨Î¥¸±μ¥ ¨ ¢´¥£ ² ±É¨Î¥¸±μ¥
¶·μ¨¸Ìμ¦¤¥´¨¥. ˆ§³¥·¥´¨Ö ¶μÉμ±μ¢ ¨§²ÊÎ¥´¨Ö ¢ ³¨¸¸¨¨ ¡Ò²¨ ¶·μ¢¥¤¥´Ò ´ 
¢Ò¸μ±μÎ ¸ÉμÉ´μ³ ±μ³¶²¥±¸¥ (High Frequency Instrument Å HFI) ¸ ¶μ²μ¸ ³¨

∗http://www.rssd.esa.int/Planck/
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100 ƒƒÍ ¨ ¡μ²¥¥ ¢Ò¸μ±¨Ì Î ¸ÉμÉ,   É ±¦¥ ´  ´¨§±μÎ ¸ÉμÉ´μ³ (Low Frequency
Instrument Å LFI) ¸ ¶μ²μ¸ ³¨ ´  Î ¸ÉμÉ Ì ´¨¦¥ 100 ƒƒÍ. “£²μ¢μ¥ · §·¥Ï¥-
´¨¥ ± ·É ´  Î ¸ÉμÉ¥ 30 ƒƒÍ ¸μ¸É ¢¨²μ ∼ 32′, Î ¸ÉμÉ Ì ¢ÒÏ¥ 145 ƒƒÍ Å ∼ 5′.
’μÎ´μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö ±μμ·¤¨´ É ¨¸ÉμÎ´¨±μ¢ ´  · §²¨Î´ÒÌ ´ ¡²Õ¤ É¥²Ó´ÒÌ
Î ¸ÉμÉ Ì ¢ ·Ó¨·Ê¥É¸Ö μÉ 50′′ ¤μ 40′′. �μ²Ö·¨§ Í¨μ´´Ò¥ ¨§³¥·¥´¨Ö ¡Ò²¨ ¶·μ-
¢¥¤¥´Ò ´  ¢¸¥Ì Î ¸ÉμÉ Ì, ±·μ³¥ 545 ¨ 857 ƒƒÍ. �·Ì¨¢ ³¨¸¸¨¨ Planck (Planck
Legacy Archive Å PLA∗) ¸μ¤¥·¦¨É ± ± ± ·ÉÒ ±μ³¶μ´¥´É ¨§²ÊÎ¥´¨Ö, É ± ¨
¸¶¨¸±¨ μ¡´ ·Ê¦¥´´ÒÌ μ¡Ñ¥±Éμ¢, ¢±²ÕÎ Ö ¸±μ¶²¥´¨Ö £ ² ±É¨± ¸ ÔËË¥±Éμ³
‡¥²Ó¤μ¢¨Î Ä‘Õ´Ö¥¢ .

‚ μÉ²¨Î¨¥ μÉ ±μ³ ´¤Ò WMAP, ¶·¥¤¸É ¢¨¢Ï¥° μ¤´Ê ± ·ÉÊ CMB, ¢ ·¥-
²¨§ Ì ¤ ´´ÒÌ Planck ¡Ò²¨ μ¶¨¸ ´Ò 4 ± ·ÉÒ ·¥²¨±Éμ¢μ£μ Ëμ´ . �´¨ ¡Ò²¨
¶μ²ÊÎ¥´Ò ¢ ·¥§Ê²ÓÉ É¥ ¶·¨³¥´¥´¨° · §²¨Î´ÒÌ ³¥Éμ¤μ¢ · §¤¥²¥´¨Ö ±μ³¶μ-
´¥´É [11]. ˆ§ ÔÉ¨Ì ± ·É (SMICA, NILC, SEVEM ¨ COMMANDER) É·¨,
¶μ¸É·μ¥´´Ò¥ ¶μ ¡
μ²ÓÏ¥³Ê ¤¨ ¶ §μ´Ê ´ ¡²Õ¤ É¥²Ó´ÒÌ Î ¸ÉμÉ, ¨³¥ÕÉ ²ÊÎÏ¥¥
· §·¥Ï¥´¨¥ (∼ 5′). �¸´μ¢´Ò¥ ³¥Éμ¤Ò · §¤¥²¥´¨Ö ±μ³¶μ´¥´É ± ·É ¢ Ô±¸¶¥-
·¨³¥´É¥ Planck [11]: ¸¶¥±É· ²Ó´ Ö ¶μ¤£μ´±  ´¥§ ¢¨¸¨³ÒÌ ±μ³¶μ´¥´É Ëμ´  ¢
£ ·³μ´¨Î¥¸±μ³ ¶·μ¸É· ´¸É¢¥ (SMICA),  ²£μ·¨É³ ¢´ÊÉ·¥´´¥° ²¨´¥°´μ° ±μ³-
¡¨´ Í¨¨ ¢ ¶·μ¸É· ´¸É¢¥ ´¨¤²¥Éμ¢ (NILC) ¨ ³¥Éμ¤, μ¸´μ¢ ´´Ò° ´  · §¤¥²¥´¨¨
±μ³¶μ´¥´É ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ï ¡²μ´μ¢ ³¥Ï ÕÐ¨Ì Ëμ´μ¢ÒÌ ¨§²ÊÎ¥´¨° (fore-
grounds), ¢μ¸¸É ´μ¢²¥´´ÒÌ ¨§ ´¨§±μÎ ¸ÉμÉ´ÒÌ ¨ ¢Ò¸μ±μÎ ¸ÉμÉ´ÒÌ ´ ¡²Õ¤ -
É¥²Ó´ÒÌ ± ´ ²μ¢ ¢ ¶¨±¸¥²Ó´μ³ ¶·μ¸É· ´¸É¢¥ (SEVEM). �É³¥É¨³, ÎÉμ ¤ ´´Ò¥
³¨¸¸¨¨ Planck ¶μ¤É¢¥·¤¨²¨ ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ (¤²Ö μ¸´μ¢´ÒÌ ±μ¸³μ²μ-
£¨Î¥¸±¨Ì ¶ · ³¥É·μ¢ ¸ ÉμÎ´μ¸ÉÓÕ 1,1σ) ·¥§Ê²ÓÉ ÉÒ ³¨¸¸¨¨ WMAP. �É¨ ¦¥
·¥§Ê²ÓÉ ÉÒ ± ¸ ÕÉ¸Ö ¨ Ê£²μ¢μ£μ ¸¶¥±É·  ³μÐ´μ¸É¨ C� (·¨¸. 4).

‡�Š‹�—…�ˆ…

�É³¥É¨³ μ¸´μ¢´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨° CMB ´  ³μ³¥´É § ¢¥·Ï¥-
´¨Ö · ¡μÉÒ μ¡¸¥·¢ Éμ·¨¨ Planck. ˆ§ É·¥Ì ´ ¨¡μ²¥¥ ¢ ¦´ÒÌ Í¥²¥° Planck:
¨§³¥·¥´¨¥ ±μ¸³μ²μ£¨Î¥¸±¨Ì ¶ · ³¥É·μ¢ ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ, ¶μ¨¸± ¨ ¸μ-
¸É ¢²¥´¨¥ ± É ²μ£  ¸±μ¶²¥´¨° £ ² ±É¨± ¸ ÔËË¥±Éμ³ ‘Õ´Ö¥¢ Ä‡¥²Ó¤μ¢¨Î  ¨
¨§³¥·¥´¨¥ ¸¨£´ ²  ¢ B-³μ¤¥ ¶μ²Ö·¨§ Í¨¨ ¤²Ö ¶·μ¢¥·±¨ É¥μ·¨¨ ¨´Ë²ÖÍ¨¨ Å
³μ¦´μ ¸Î¨É ÉÓ ¤μ¸É¨£´ÊÉÒ³¨ ¶¥·¢Ò¥ ¤¢¥. „²Ö ¢Ò¶μ²´¥´¨Ö É·¥ÉÓ¥° § ¤ Î¨
¶μ´ ¤μ¡ÖÉ¸Ö ¤μ¶μ²´¨É¥²Ó´Ò¥ ´ ¡²Õ¤¥´¨Ö ´  ¤·Ê£¨Ì ¨´¸É·Ê³¥´É Ì ¸ ²ÊÎÏ¥°
ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ ¨ Î ¸ÉμÉ´Ò³ ¶μ±·ÒÉ¨¥³ ¨ ¶·μ£·¥¸¸μ³ ¢ ³¥Éμ¤ Ì · §¤¥²¥-
´¨Ö ¶μ²Ö·¨§ Í¨μ´´ÒÌ ±μ³¶μ´¥´É ¶·¨ ¢Ò¤¥²¥´¨¨ ¸¨£´ ²  CMB. �É±·ÒÉ¨¥ Ìμ-
²μ¤´μ° ´ ³ £´¨Î¥´´μ° ¶Ò²¨, ±μÉμ· Ö ³¨³¨±·¨·Ê¥É ¶μ¤ B-³μ¤Ê ¶μ²Ö·¨§ Í¨¨
CMB, £¥´¥·¨·Ê¥³ÊÕ ¶¥·¢¨Î´Ò³¨ £· ¢¨É Í¨μ´´Ò³¨ ¢μ²´ ³¨, Éμ¦¥ ¶·¥¤¸É -
¢²Ö¥É ¡μ²ÓÏμ° ¨´É¥·¥¸. �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ±μ¸³μ²μ£¨Î¥¸±¨Ì ¶ · ³¥É·μ¢

∗http://pla.esac.esa.int/
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¶μ Ê£²μ¢Ò³ ¸¶¥±É· ³ ³μÐ´μ¸É¨, ¶μ¸É·μ¥´´Ò³ ¶μ ¤ ´´Ò³  ´¨§μÉ·μ¶¨¨ É¥³-
¶¥· ÉÊ·Ò ¨ ¶μ²Ö·¨§ Í¨¨ Planck, ¶μ¤É¢¥·¤¨²¨ μ¸´μ¢´ÊÕ (¸É ´¤ ·É´ÊÕ) ±μ¸-
³μ²μ£¨Î¥¸±ÊÕ ³μ¤¥²Ó ΛCDM [12] (¸³. É ±¦¥ [13]). „ ´´Ò¥ Planck ÊÉμÎ´¨²¨
¶ · ³¥É·Ò ÔÉμ° ³μ¤¥²¨. ‘·¥¤¨ ´¨Ì: Ê£²μ¢μ° · §³¥·  ±Ê¸É¨Î¥¸±μ£μ £μ·¨§μ´É 
Ô¶μÌ¨ ¶μ¸²¥¤´¥£μ · ¸¸¥Ö´¨Ö, ±μÉμ·Ò° μÍ¥´¨¢ ¥É¸Ö ¶μ ¶μ²μ¦¥´¨Õ ¶¨±μ¢ ¢
Ê£²μ¢μ³ ¸¶¥±É·¥ ³μÐ´μ¸É¨, μ¡μ§´ Î ¥É¸Ö 100 × θ∗ (¤μ³´μ¦ ¥É¸Ö ´  100) ¨
· ¢¥´ (1,04112±0,00029) · ¤;  ³¶²¨ÉÊ¤  ¶¥·¢¨Î´ÒÌ ¢μ§³ÊÐ¥´¨° As ¸ ¤μ³´μ-
¦¥´¨¥³ ´  1010, § ¶¨¸Ò¢ ¥³ Ö ¢ ¢¨¤¥ ´ ÉÊ· ²Ó´μ£μ ²μ£ ·¨Ë³ : ln (1010As) =
3,064 ± 0,023; ¸± ²Ö·´Ò° ¸¶¥±É· ²Ó´Ò° ¨´¤¥±¸ ns = 0,9667 ± 0,0040; ¶²μÉ-
´μ¸ÉÓ ¡ ·¨μ´´μ° ¨ É¥³´μ° ³ É¥·¨¨ ¸μμÉ¢¥É¸É¢¥´´μ Ωbh

2 = 0,02230±0,00014
(Ωb = 0,049) ¨ ΩCDMh2 = 0,1188± 0,0010 (ΩCDM = 0,259),   ¨Ì μÉ´μ¸¨É¥²Ó-
´ Ö ¸Ê³³  Å ¶²μÉ´μ¸ÉÓ ³ É¥·¨¨ Ωm = 0,3089 ± 0,0062,   É ±¦¥ Ô¶μÌ  ¢Éμ-
·¨Î´μ° ¨μ´¨§ Í¨¨, ±μ£¤  ´¥°É· ²Ó´Ò° £ § ¢μ ‚¸¥²¥´´μ° ¸É ² ¨μ´¨§μ¢ ´´Ò³
§  ¸Î¥É Ê²ÓÉ· Ë¨μ²¥Éμ¢μ£μ ¨§²ÊÎ¥´¨Ö ¶¥·¢ÒÌ §¢¥§¤ ¨  ±É¨¢´ÒÌ Ö¤¥· £ ² ±É¨±.
�¶μÌ¥ ¢Éμ·¨Î´μ° ¨μ´¨§ Í¨¨ ¸μμÉ¢¥É¸É¢Ê¥É ±· ¸´μ¥ ¸³¥Ð¥´¨¥ zre = 8,8+1,2

−1,1.
‚³¥¸Éμ ¶μ¸²¥¤´¥£μ ¶ · ³¥É·  zre ¢ · ¸Î¥É Ì ¨¸¶μ²Ó§ÊÕÉ ¤·Ê£ÊÕ, ´μ ¶μ²´μ¸ÉÓÕ
¸μμÉ¢¥É¸É¢ÊÕÐÊÕ ¥³Ê ¢¥²¨Î¨´Ê Å μ¶É¨Î¥¸±ÊÕ Éμ²Ð¨´Ê τ ¢ Ô¶μÌÊ ·¥¨μ´¨§ -
Í¨¨: τ = 0,066 ± 0,012.

ˆ§³¥·¥´´Ò¥ ¶ · ³¥É·Ò ¶μ§¢μ²ÖÕÉ § Ë¨±¸¨·μ¢ ÉÓ ±μ¸³μ²μ£¨Î¥¸±ÊÕ ³μ-
¤¥²Ó ¨ μ¶·¥¤¥²¨ÉÓ μ¸É ²Ó´Ò¥ ¶ · ³¥É·Ò ± ± ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Éμ²Ó±μ ¤ ´´ÒÌ
Planck, É ± ¨ ¸ ¶·¨³¥´¥´¨¥³ ¤ ´´ÒÌ ¤·Ê£¨Ì Ô±¸¶¥·¨³¥´Éμ¢ ¢ ¸μ£² ¸μ¢ ´´ÒÌ
μÍ¥´± Ì. ‘·¥¤¨ μ¸É ²Ó´ÒÌ ¶ · ³¥É·μ¢ μÉ³¥É¨³ ¶²μÉ´μ¸ÉÓ É¥³´μ° Ô´¥·£¨¨
ΩΛ = 0,6911±0,0062, ¢¥²¨Î¨´  ±μÉμ·μ° ¸¢Ö§ ´  ¨ ¸ · §³¥·μ³ θ∗, ¨ ¸ ¶·μÌμ¦-
¤¥´¨¥³ ËμÉμ´μ¢ �ˆ ¸±¢μ§Ó Ëμ·³¨·ÊÕÐ¨¥¸Ö ¸±μ¶²¥´¨Ö £ ² ±É¨± §  ±μ¸³μ²μ-
£¨Î¥¸±μ¥ ¢·¥³Ö (ÔËË¥±É ‘ ±¸ Ä‚μ²ÓË ). „·Ê£¨³ ¢ ¦´Ò³ ¶ · ³¥É·μ³ Ö¢²Ö¥É¸Ö
¶ · ³¥É· · ¸Ï¨·¥´¨Ö • ¡¡²  ¢ ´ ¸ÉμÖÐÊÕ Ô¶μÌÊ Å ¶μ¸ÉμÖ´´ Ö • ¡¡²  (¶μ
¤ ´´Ò³ Planck H0 = (67,74 ± 0,46) ±³/¸/Œ¶±). ‘ ¶ · ³¥É·μ³ • ¡¡²  ¸¢Ö§ ´
¨ ¢μ§· ¸É ‚¸¥²¥´´μ° t0 = (13,799 ± 0,021) ³²·¤ ²¥É. ‡´ ´¨¥ μ¶É¨Î¥¸±μ°
Éμ²Ð¨´Ò, ±μÉμ· Ö μ¶·¥¤¥²Ö¥É ¸¢μ°¸É¢  ¸·¥¤Ò ¨ ¸¢Ö§ ´  ¸ ¶²μÉ´μ¸ÉÓÕ ³ É¥-
·¨¨,   É ±¦¥ ¶·¨³¥´¥´¨¥ ¤ ´´ÒÌ μ £· ¢¨É Í¨μ´´μ³ ²¨´§¨·μ¢ ´¨¨ Ë¨±¸¨·ÊÕÉ
¤¨¸¶¥·¸¨Õ ¸¶¥±É·  ³μÐ´μ¸É¨ · ¸¶·¥¤¥²¥´¨Ö ¢¥Ð¥¸É¢ . �É  ¢¥²¨Î¨´  μ¶¨¸Ò-
¢ ¥É¸Ö ¶ · ³¥É·μ³ σ8 = 0,8159± 0,0086, Ì · ±É¥·¨§ÊÕÐ¨³ ¸±ÊÎ¨¢ ´¨¥ ³ É¥-
·¨¨ ¢ ±Ê¡¥ · ¤¨Ê¸μ³ 8 Œ¶±. …Ð¥ μ¤¨´ ¶ · ³¥É· ¶²μÉ´μ¸É¨ Å ΩK = 1 − Ω0,
μ¶¨¸Ò¢ ÕÐ¨° ±·¨¢¨§´Ê ‚¸¥²¥´´μ°, ¸¢Ö§ ´ ¸ ¸Ê³³ ·´μ° ¶²μÉ´μ¸ÉÓÕ ¢¸¥Ì ±μ³-
¶μ´¥´É Ô´¥·£¨¨ Ω0, μ¡Ñ¥¤¨´ÖÕÐ¥° ΩΛ, Ω, Ωb, ¶²μÉ´μ¸É¨ ¨§²ÊÎ¥´¨Ö ¨ ´¥°-
É·¨´μ, ¨ ¸ · §³¥·μ³ Ì · ±É¥·´ÒÌ ¶ÖÉ¥´ �ˆ ´  ³μ³¥´É ·¥±μ³¡¨´ Í¨¨ θ∗.
ˆ¸¶μ²Ó§ÊÖ Éμ²Ó±μ ¤ ´´Ò¥ �ˆ, ±Ê¤  ¢Ìμ¤ÖÉ ¨ ¨§³¥·¥´¨Ö Planck ¨ ÊÎ¨ÉÒ¢ -
ÕÉ¸Ö ²¨´§¨·μ¢ ´¨¥ ¨ ¤ ´´Ò¥ μ¶É¨Î¥¸±¨Ì μ¡§μ·μ¢, ¨³¥¥³ μÍ¥´±Ê ±·¨¢¨§´Ò:
ΩK = 0,0008+0,0040

−0,0039. Œ ²μ¥ §´ Î¥´¨¥ ΩK Ö¢²Ö¥É¸Ö ¶·¨§´ ±μ³ Éμ£μ, ÎÉμ ´ Ï 
‚¸¥²¥´´ Ö ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ ¶²μ¸± Ö (É. ¥. ¸Ê³³  Ê£²μ¢ ²Õ¡μ£μ É·¥Ê£μ²Ó-
´¨± , ¶μ¸É·μ¥´´μ£μ ´  ¡μ²ÓÏ¨Ì ³ ¸ÏÉ ¡ Ì, · ¢´  180◦), ÎÉμ, ¢ ¸¢μÕ μÎ¥·¥¤Ó,
£μ¢μ·¨É ¢ ¶μ²Ó§Ê É¥μ·¨¨ ¨´Ë²ÖÍ¨μ´´μ£μ · ¸Ï¨·¥´¨Ö. �É³¥É¨³ ¥Ð¥ ¶ÖÉÓ
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¶ · ³¥É·μ¢ · ¸Ï¨·¥´´μ° ³μ¤¥²¨: ³ ¸¸Ê ´¥°É·¨´μ
∑

νi < 0,194 Ô‚, ÔËË¥±-
É¨¢´μ¥ Î¨¸²μ É¨¶μ¢ ´¥°É·¨´μ (Neff = 3,04±0,33), ¤μ²Õ ¡ ·¨μ´μ¢ ¢ ¶¥·¢¨Î´μ³
£¥²¨¨ YP = 0,249+0,025

−0,026, ¢¥·Ì´ÕÕ £· ´¨ÍÊ ´  Ê·μ¢¥´Ó μÉ´μÏ¥´¨Ö É¥´§μ·´μ°
³μ¤Ò ¢μ§³ÊÐ¥´¨° ± ¸± ²Ö·´μ° r0,002 < 0,113, ÎÉμ Ê¤μ¢²¥É¢μ·Ö¥É ¨´Ë²ÖÍ¨-
μ´´μ° ³μ¤¥²¨ ‘É ·μ¡¨´¸±μ£μ R2 [14], ¶ · ³¥É· ±¢¨´ÉÔ¸¸¥´Í¨¨ ¤²Ö ¸²ÊÎ Ö
É¥³´μ° Ô´¥·£¨¨, μ¶¨¸Ò¢ ¥³μ° ¤¨´ ³¨Î¥¸±¨³ ¶μ²¥³: w = −1,0119+0,075

−0,80 .
�μ¤¢μ¤Ö ¨Éμ£, ³μ¦´μ ¸± § ÉÓ, ÎÉμ É¨¶ ±μ¸³μ²μ£¨Î¥c±μ° ³μ¤¥²¨ Å ΛCDM,

¶· ±É¨Î¥¸±¨ ¸μ¢¶ ¤ ÕÐ¥° ¶μ ¶ · ³¥É· ³ ¸ ¨§³¥·¥´¨Ö³¨ WMAP, É¢¥·¤μ Ê¸É -
´μ¢²¥´. �Éμ Ö¢²Ö¥É¸Ö ¶·¥±· ¸´Ò³ ·¥§Ê²ÓÉ Éμ³. Œ´μ¦¥¸É¢¥´´μ¥ ¨§³¥·¥´¨¥
ÔËË¥±É  ‘Õ´Ö¥¢ Ä‡¥²Ó¤μ¢¨Î , ¶μ¸É·μ¥´¨¥ ± ·ÉÒ ³μ²¥±Ê²Ö·´μ£μ £ §  ƒ ² ±-
É¨±¨ ¨ ¤·Ê£¨¥ ¢ ¦´Ò¥ ·¥§Ê²ÓÉ ÉÒ μÉ±·Ò²¨ ´μ¢Ò¥ ¢μ§³μ¦´μ¸É¨ ¢  ¸É·μË¨§¨±¥.
�´μ³ ²¨¨ ´  ± ·É¥ �ˆ ¢¸¥ ¥Ð¥ ´Ê¦¤ ÕÉ¸Ö ¢ Ê¡¥¤¨É¥²Ó´μ³ μ¡ÑÖ¸´¥´¨¨. ˆ¸-
¸²¥¤μ¢ ´¨Ö, ¶·μ¢¥¤¥´´Ò¥ ¶μ ¶·μ£· ³³¥ ±μ¸³¨Î¥¸±μ° ³¨¸¸¨¨ Planck, ±·μ³¥
´ ÊÎ´ÒÌ ·¥§Ê²ÓÉ Éμ¢, ¶μ§¢μ²¨²¨ ¶·μ¤¥³μ´¸É·¨·μ¢ ÉÓ ·Ö¤ ´¥§ ¢¨¸¨³ÒÌ ±μ¸-
³μ²μ£¨Î¥¸±¨Ì É¥¸Éμ¢, μ¸´μ¢ ´´ÒÌ ¨¸±²ÕÎ¨É¥²Ó´μ ´  ´ ¡²Õ¤¥´¨ÖÌ CMB. ˆÌ
³μ¦´μ ±μ·μÉ±μ ¶¥·¥Î¨¸²¨ÉÓ:

Å Ê£²μ¢μ° ¸¶¥±É· ³μÐ´μ¸É¨ C� μÉ¤¥²Ó´μ ´  ´¨§±¨Ì (2 � � � 50), ¸·¥¤-
´¨Ì (50 < � < 600) ¨ ¢Ò¸μ±¨Ì £ ·³μ´¨± Ì ¤²Ö ´¥§ ¢¨¸¨³μ£μ μ¶·¥¤¥²¥´¨Ö
±μ¸³μ²μ£¨Î¥¸±¨Ì ¶ · ³¥É·μ¢;

Å ±μ··¥²ÖÍ¨μ´´Ò¥ ¸¶¥±É·Ò ³μÐ´μ¸É¨ CTE
� ¨ CEE

� ¤²Ö μ¶·¥¤¥²¥´¨Ö
¶ · ³¥É·μ¢ Ô¶μÌ¨ ·¥¨μ´¨§ Í¨¨; ´¨§±¨¥ £ ·³μ´¨±¨ E-³μ¤Ò ¤²Ö ¸μ¢³¥¸É´μ£μ
CTT

� μ¶·¥¤¥²¥´¨Ö ±μ¸³μ²μ£¨Î¥¸±¨Ì ¶ · ³¥É·μ¢;
Å ±μ··¥²ÖÍ¨μ´´Ò¥ ¸¶¥±É·Ò ³μÐ´μ¸É¨ CTB

� ¨ CBB
� ¤²Ö ¶μ¨¸±  ¶¥·¢¨Î-

´ÒÌ £· ¢¨É Í¨μ´´ÒÌ ¢μ²´ ¨ μ¶·¥¤¥²¥´¨Ö ¶ · ³¥É·μ¢ ¨´Ë²ÖÍ¨μ´´μ° ³μ¤¥²¨;
Å ¸É É¨¸É¨Î¥¸±¨¥ ¸¢μ°¸É¢  ¸¨£´ ²  Å £ Ê¸¸μ¢μ¸ÉÓ ± ± ¶ · ³¥É· ¨´Ë²Ö-

Í¨μ´´μ° ³μ¤¥²¨;  ³¶²¨ÉÊ¤  £ ·³μ´¨± Å ¤²Ö  ´ ²¨§  Éμ¶μ²μ£¨¨ ¨ £¥μ³¥É·¨¨
‚¸¥²¥´´μ°; cÉ É¨¸É¨Î¥¸± Ö  ´¨§μÉ·μ¶¨Ö Å ± ± É¥¸É ´  ¸²μ¦´ÊÕ ¨´Ë²ÖÍ¨μ´-
´ÊÕ ³μ¤¥²Ó;

Å c±μ¶²¥´¨Ö £ ² ±É¨±, ¶·μÖ¢²ÖÕÐ¨¥¸Ö ´  ± ·É¥ CMB ¨§-§  ÔËË¥±É 
‘Õ´Ö¥¢ Ä‡¥²Ó¤μ¢¨Î , ± ± ¸¶μ¸μ¡ ¨§³¥·¥´¨Ö ·Ö¤  ±μ¸³μ²μ£¨Î¥¸±¨Ì ¶ · ³¥É-
·μ¢ ¨ ³ ¸¸ ¸±μ¶²¥´¨° £ ² ±É¨±;

Å ²¨´§¨·μ¢ ´¨¥ CMB;
Å · ¸¶·¥¤¥²¥´¨¥ ¸¨£´ ²  CMB ´  ± ·É Ì ± ± É¥¸É ´  Éμ¶μ²μ£¨Õ ‚¸¥-

²¥´´μ°.
ˆ§-§  ²ÊÎÏ¥£μ Ê£²μ¢μ£μ · §·¥Ï¥´¨Ö ¨ ²ÊÎÏ¥° ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ±μ²¨-

Î¥¸É¢μ É¥¸Éμ¢, ¶·μ¢¥¤¥´´ÒÌ Planck, §´ Î¨É¥²Ó´μ ¡μ²ÓÏ¥, Î¥³ WMAP. �¥§ -
¢¨¸¨³μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö ¶ · ³¥É·μ¢ ¨ ¡μ²ÓÏμ¥ Î¨¸²μ ´¥§ ¢¨¸¨³ÒÌ ÉμÎ¥± ´ 
Ê£²μ¢μ³ ¸¶¥±É·¥ ³μÐ´μ¸É¨,  ³¶²¨ÉÊ¤  ±μÉμ·ÒÌ ³´μ£μ±· É´μ ¶·μ¢¥·Ö² ¸Ó ¨
ÊÉμÎ´Ö² ¸Ó, ´¥¸μ³´¥´´μ, ¢Ò§Ò¢ ¥É ¤μ¢¥·¨¥ ± ¶μ²ÊÎ¥´´Ò³ ¤ ´´Ò³ ¨ ·¥§Ê²ÓÉ -
É ³ ¨Ì  ´ ²¨§ .

�É³¥É¨³, ÎÉμ ¨¸¸²¥¤μ¢ ´¨Ö ·¥²¨±Éμ¢μ£μ ¨§²ÊÎ¥´¨Ö ¥Ð¥ ´¥ § ±μ´Î¥´Ò.
�¥μ¡Ìμ¤¨³μ Ê²ÊÎÏ¨ÉÓ ÊÎ¥É ¢±² ¤  Ìμ²μ¤´μ° ´ ³ £´¨Î¥´´μ° ¶Ò²¨, ÎÉμ¡Ò ¶·μ-
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¤¢¨´ÊÉÓ¸Ö ¤ ²ÓÏ¥ ¢ ¨¸¸²¥¤μ¢ ´¨ÖÌ B-³μ¤Ò ¶μ²Ö·¨§ Í¨¨. �ÐÊÐ ¥É¸Ö ´¥¶μ²-
´μÉ  ± É ²μ£  ¸±μ¶²¥´¨° £ ² ±É¨± ¸ ÔËË¥±Éμ³ ‘Õ´Ö¥¢ Ä‡¥²Ó¤μ¢¨Î . ˆ§³¥·¥-
´¨Ö ¶μÉμ±μ¢ μÉ ÉμÎ¥Î´ÒÌ ¨¸ÉμÎ´¨±μ¢ ´  Ê·μ¢´¥ ³¥´¥¥ 5σ ´  ± ·É Ì Planck
¶·¥¤¸É ¢²ÖÕÉ ¤μ¶μ²´¨É¥²Ó´Ò° ¨´É¥·¥¸ ¶·¨ ¨§ÊÎ¥´¨¨  ´¨§μÉ·μ¶¨¨ ¸¨£´ ²  ´ 
¢Ò¸μ±¨Ì £ ·³μ´¨± Ì. ˆ¸¸²¥¤μ¢ ´¨¥  ´μ³ ²¨° CMB É ±¦¥ ¶·μ¤μ²¦ ¥É¸Ö.

‚ ¸±μ·μ³ ¢·¥³¥´¨ μ¦¨¤ ÕÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ± ± ³¨´¨³Ê³ ¤¢ÊÌ Ô±¸¶¥·¨³¥´-
Éμ¢ ¶μ ¨§³¥·¥´¨Õ B-³μ¤Ò ¶μ²Ö·¨§ Í¨¨ CMB, μ¤¨´ ¨§ ±μÉμ·ÒÌ Å BICEP3∗ Å
¸¥°Î ¸ ¶·μ¢μ¤¨É¸Ö,   ¢Éμ·μ° Å CORE∗∗ [15] Å ´ Ìμ¤¨É¸Ö ´  ¸É ¤¨¨ ¶·μ-
· ¡μÉ±¨. Š ± μ¦¨¤ ¥É¸Ö, CORE ¤ ¸É μ£· ´¨Î¥´¨Ö ´  ¶ · ³¥É· μÉ´μÏ¥´¨Ö
É¥´§μ·´μ° ³μ¤Ò ± ¸± ²Ö·´μ° r0,002 ´  Ê·μ¢´¥ ∼ 10−3 ¨ ´  ¸Ê³³Ê ³ ¸¸ ´¥°-
É·¨´μ Å

∑
νi <∼ 0,03.
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