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�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ô´¥·£¥É¨Î¥¸±¨Ì ¨ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° Å ‘μ¸´Ò

� Í¨μ´ ²Ó´μ°  ± ¤¥³¨¨ ´ Ê± �¥²μ·Ê¸¸¨¨, Œ¨´¸±

�¡μ¸´μ¢Ò¢ ÕÉ¸Ö ¢μ§³μ¦´μ¸ÉÓ ¨  ±ÉÊ ²Ó´μ¸ÉÓ ¸É·μ¨É¥²Ó¸É¢  ´¥°É·¨´´μ£μ ¤¥É¥±-
Éμ·  ·Ö¤μ³ ¸ 	¥²μ·Ê¸¸±μ° ��‘. �´ ²¨§¨·ÊÕÉ¸Ö ¢μ§³μ¦´Ò¥ ¸¶μ¸μ¡Ò μ¶¨¸ ´¨Ö
´¥°É·¨´´μ£μ ¶μ²Ö. � °¤¥´μ Ê¤μ¡´μ¥ · §²μ¦¥´¨¥ ¤¨· ±μ¢¸±μ£μ ¶μ²Ö ´  ¤¢  ³ °μ-
· ´μ¢¸±¨Ì.

The potential and beneˇts to have neutrino detector near Belarus NPP are grounded.
Possible descriptions of neutrino ˇeld are analyzed. Convenient decomposition of Dirac
ˇeld on two Majorana ones is found.

PACS: 12.15.Ff; 14.60.Pq; 03.65.Ca; 11.10.Nx; 11.30.Fs
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‚ ¸¢Ö§¨ ¸μ ¸É·μ¨É¥²Ó¸É¢μ³ ¢ 	¥²μ·Ê¸¸¨¨ ¤¢ÊÌ ¡²μ±μ¢  Éμ³´μ° Ô²¥±É·μ-
¸É ´Í¨¨, ± ¦¤Ò° ¨§ ±μÉμ·ÒÌ ¤ ¥É ¶μÉμ±  ´É¨´¥°É·¨´μ Nν̄e = 6 · 1020 ¸−1,
¢μ§´¨± ¥É Ìμ·μÏ Ö ¢μ§³μ¦´μ¸ÉÓ ± ± ¨¸¸²¥¤μ¢ ÉÓ ÔÉ¨ Î ¸É¨ÍÒ, É ± ¨ ¨¸¶μ²Ó-
§μ¢ ÉÓ ¨§³¥·¥´¨Ö ¤²Ö ´¥§ ¢¨¸¨³μ£μ μÉ ¸¨¸É¥³ ¸É ´Í¨¨ ±μ´É·μ²Ö, μ¡¥¸¶¥Î¥´¨Ö
¡¥§μ¶ ¸´μ¸É¨, · ¸Î¥É  ¢Ò£μ· ´¨Ö Éμ¶²¨¢  ¨, ¢μ§³μ¦´μ, ´¥¶·¥·Ò¢´μ° Éμ³μ-
£· Ë¨¨ ·¥ ±Éμ· .

‚Ò¡μ· · §³¥Ð¥´¨Ö ¨ ±μ´¸É·Ê±Í¨¨  ´É¨´¥°É·¨´´μ£μ ¤¥É¥±Éμ·  ¢ ¦¥´ ¤²Ö
μ¶É¨³ ²Ó´μ£μ ³μ´¨Éμ·¨´£  ¨ ¶μ²ÊÎ¥´¨Ö Ë¨§¨Î¥¸±¨Ì ·¥§Ê²ÓÉ Éμ¢. �¤´ ±μ ¢
¶·¥¤Ò¤ÊÐ¨Ì ¤μ±² ¤ Ì [1, 2] ¨ ´¥¤ ¢´μ μ¶Ê¡²¨±μ¢ ´´ÒÌ · ¡μÉ Ì (¸³., ´ ¶·¨-
³¥·, [3]) Ê¦¥ μ¶¨¸ ´Ò ¶·¥¨³ÊÐ¥¸É¢  ¨ ´¥¤μ¸É É±¨ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¨ ¶² ´¨·Ê-
¥³ÒÌ ¤¥É¥±Éμ·μ¢. � ¨¡μ²¥¥ ¨´É¥·¥¸´Ò³ ¶·μ¥±Éμ³ ¶·¥¤¸É ¢²Ö¥É¸Ö Ê¸É ´μ¢± 
DANSS, ¢μ§³μ¦´μ, ¸ ´¥±μÉμ·Ò³¨ Ê¸μ¢¥·Ï¥´¸É¢μ¢ ´¨Ö³¨.

�¸É ´μ¢¨³¸Ö ´  μ¶¨¸ ´¨¨ ¸ ³¨Ì ´¥°É·¨´´ÒÌ ¶μ²¥°. „μ ¸¨Ì ¶μ· ´¥ ·¥-
Ï¥´  § ¤ Î  ¶μ²´μ£μ ¨ μ¤´μ§´ Î´μ£μ ¨Ì μ¶¨¸ ´¨Ö Å · ¸¸³ É·¨¢ ÉÓ ²¨ ´¥°-
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É·¨´μ:  ) ± ± ¤¨· ±μ¢¸±¨¥ Î ¸É¨ÍÒ, ± ± ÔÉμ ¶·¨¢Ò±²¨ ¤¥² ÉÓ ¢ Ô²¥±É·μ¤¨´ -
³¨±¥, ¡) ± ± ¢¥°²¥¢¸±¨¥ ¶μ²Ö, É ± ± ± ÔÉμ ¤ ¥É ¸² ¡μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥, ¨²¨
¢) ± ± ³ °μ· ´μ¢¸±¨¥ ¶μ²Ö, ±μÉμ·Ò¥ ¸ÉμÖÉ μ¸μ¡´Ö±μ³ ¨ ¶μ§¢μ²ÖÕÉ ¢¢¥¸É¨
´μ¢Ò° É¨¶ ³ ¸¸μ¢μ£μ Î²¥´ .

‚…‰‹…‚‘Š�… ��ˆ‘��ˆ… ”…�Œˆ����ƒ� ��‹Ÿ

ƒ·Ê¶¶  ‹μ·¥´Í  ¨³¥¥É ¤¢  ´¥Ô±¢¨¢ ²¥´É´ÒÌ ´¥¶·¨¢μ¤¨³ÒÌ ¶·¥¤¸É ¢²¥-
´¨Ö Å ¸¶¨´μ·´μ¥ ¨ ¥³Ê ±μ³¶²¥±¸´μ-¸μ¶·Ö¦¥´´μ¥, μ¡μ§´ Î ¥³Ò¥ ¨´¤¥±¸μ³
¡¥§ ÉμÎ±¨ ¨ ¸ ÉμÎ±μ° ´ ¤ ¨´¤¥±¸μ³: η′α̇ = (A∗)α̇

σ̇ησ̇ , £¤¥ α, β = 1, 2 ¨
α̇, σ̇ = 1̇, 2̇. �¡· É¨³ ¢´¨³ ´¨¥, ÎÉμ ¤¥°¸É¢¨É¥²Ó´μ³Ê ²μ·¥´Í-¢¥±Éμ·Ê ¸μμÉ¢¥É-
¸É¢Ê¥É Ô·³¨Éμ¢ É¥´§μ· ζ′ασ̇ = Aα

β(A∗)σ̇
ρ̇ζβρ̇ = (AζA+)ασ̇ ¨²¨ ¢ ¸É ´¤ ·É´μ³

· §²μ¦¥´¨¨ ¶μ ³ É·¨Í ³ � Ê²¨ ζ = v0σ0 + vkσk, (v0, vk ∈ �), £¤¥ ´  · ¢´ÒÌ
¶·¨¸ÊÉ¸É¢Ê¥É ± ± ¶·¥¤¸É ¢²¥´¨¥, É ± ¨ ¥³Ê ±μ³¶²¥±¸´μ-¸μ¶·Ö¦¥´´μ¥.

“· ¢´¥´¨¥ ¤²Ö ¤¢ÊÌ±μ³¶μ´¥´É´ÒÌ ¸¶¨´μ·μ¢ ξβ ¨ ηβ̇ § ¶¨¸Ò¢ ¥É¸Ö μ¤-
´μ§´ Î´μ, É ± ± ± ±·μ³¥ μ¶¥· Éμ·  ¨³¶Ê²Ó¸  ¡μ²ÓÏ¥ ´¥É μ¶¥· Éμ·μ¢ ¤²Ö
¸¢μ¡μ¤´μ£μ ¶μ²Ö, ±·μ³¥ Éμ£μ, ¨Ì ²¥£±μ μ¡μ¡Ð¨ÉÓ, ¢±²ÕÎ¨¢ ±μ´¸É ´ÉÊ ¸ · §-
³¥·´μ¸ÉÓÕ ³ ¸¸Ò:

p̂α̇βξβ + μ(hαβξβ)∗ = 0, (1 )

p̂αβ̇ηβ̇ + λ(hα̇β̇ηβ̇)∗ = 0, (1¡)

£¤¥ p̂ = (i∂0, i∂k) = (i∂k,−∂4) Å μ¶¥· Éμ· ¨³¶Ê²Ó¸ , σμ = (σk, iσ0) ¨ σ̄μ =
(σk,−iσ0) Å ¤¢  ´ ¡μ·  ¨§ ³ É·¨Í � Ê²¨, μ¡· §ÊÕÐ¨Ì 4-¢¥±Éμ·,   h = kiσ2

(k = ±1) Å ³ É·¨Í  Ê´¨¢¥·¸ ²Ó´μ° ¡¨²¨´¥°´μ° Ëμ·³Ò. �É³¥É¨³, ÎÉμ ÔÉ¨
¶μ²Ö ¨³¥ÕÉ Éμ²Ó±μ ¤¢¥ Ë¨§¨Î¥¸±¨¥ ¸É¥¶¥´¨ ¸¢μ¡μ¤Ò,   ¤¢  ¤·Ê£¨Ì ¶ · ³¥É· 
¸¢Ö§ ´Ò ¸ μ¡Ð¥° ±μ³¶²¥±¸´μ° ´μ·³¨·μ¢±μ°.

‹ £· ´¦¨ ´ ÔÉ¨Ì ¶μ²¥° ¤μ²¦¥´ ¸μ¸ÉμÖÉÓ ¨§ ¤¥°¸É¢¨É¥²Ó´ÒÌ (Ô·³¨Éμ-
¢ÒÌ) ¨´¢ ·¨ ´Éμ¢. 	¨²¨´¥°´μ¸ÉÓ ² £· ´¦¨ ´  É·¥¡Ê¥É μ¶·¥¤¥²¥´¨Ö ¶· ¢¨²
±μ³³ÊÉ Í¨¨ ¶μ²¥°: ²¨¡μ Ë¥·³¨μ´´μ¥ ¶μ²¥ Å ±² ¸¸¨Î¥¸± Ö ±μ³³ÊÉ¨·ÊÕÐ Ö
ËÊ´±Í¨Ö, ²¨¡μ  ´É¨±μ³³ÊÉ¨·ÊÕÐ Ö (£· ¸¸³ ´μ¢ ) ¶¥·¥³¥´´ Ö (¸³., ´ ¶·¨-
³¥·, [4]). Š¨´¥É¨Î¥¸± Ö Î ¸ÉÓ ² £· ´¦¨ ´μ¢ ²¥£±μ ¸É·μ¨É¸Ö ¨§ ¨´¢ ·¨ ´Éμ¢
(ξα)+p̂α̇βξβ ¨ (ηα̇)+p̂ασ̇ησ̇ . Œ ¸¸μ¢Ò¥ Î²¥´Ò ³μ¦´μ ¤μ¶μ²´¨ÉÓ Éμ²Ó±μ ¤¢Ê³Ö
Î²¥´ ³¨ (μ1/2)[ξT hξ+ξ+h∗ξ∗]− i(μ2/2)[ξT hξ−ξ+h∗ξ∗] ¨ (λ1/2)[ηT h−1∗η+
η+h−1η∗] − i(λ2/2)[ηT h−1∗η − η+h−1η∗], ±μÉμ·Ò¥ ¢Ò¡μ·μ³ Ë §Ò ¸¶¨´μ· 
¶·¨¢μ¤ÖÉ¸Ö ± μ¤´μ³Ê ¨§ ´¨Ì. ‚ ¸¨²Ê  ´É¨¸¨³³¥É·¨¨ h ¤²Ö ±² ¸¸¨Î¥¸±¨Ì ¶μ-
²¥° ÔÉ¨ ³ ¸¸μ¢Ò¥ Î²¥´Ò Éμ¦¤¥¸É¢¥´´μ · ¢´Ò ´Ê²Õ (±² ¸¸¨Î¥¸±¨¥ ¢¥°²¥¢¸±¨¥
¸¶¨´μ·Ò ³ ¸¸Ò ´¥ ¨³¥ÕÉ). �  ´É¨±μ³³ÊÉ¨·ÊÕÐ¨¥ ¸¶¨´μ·Ò ³μ£ÊÉ ¸μ¤¥·¦ ÉÓ
³ ¸¸Ê:

Lξ = −1
2
ξ+σ̄μ

↔
∂μ ξ − i

mξ

2
[ξT hξ − ξ+h∗ξ∗],

(2)

Lη =
1
2
η+σμ

↔
∂μ η − i

mη

2
[ηT h−1∗η − η+h−1η∗],
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£¤¥ ¢¢¥¤¥´μ μ¡μ§´ Î¥´¨¥ a
↔
∂μ b = a(∂μb) − (∂μa)b,   Ë §  ¨ ´μ·³¨·μ¢± 

Ë¨±¸¨·ÊÕÉ¸Ö ¢Ò¡μ·μ³ ¢¨¤  ³ ¸¸μ¢μ£μ Î²¥´  ¨ μ¡Ð¥£μ ±μÔËË¨Í¨¥´É . �É¨
² £· ´¦¨ ´Ò ¤ ÕÉ Ê· ¢´¥´¨Ö ¸ ³ ¸¸μ° ¨ Ô±¢¨¢ ²¥´É´Ò ¤·Ê£ ¤·Ê£Ê ¶·¨ § ³¥´ Ì
η ´  h∗ξ∗ ¨²¨ ξ ´  h−1η∗. ’ ±¨³ μ¡· §μ³, ³ ¸¸  Ë¥·³¨μ´  ¶μÖ¢²Ö¥É¸Ö
Ê¦¥ ¤²Ö ¸¶¨´μ·´μ£μ ¶μ²Ö, ¡μ²¥¥ Éμ£μ, ² £· ´¦¨ ´Ò μ¡μ¨Ì ¸¶¨´μ·´ÒÌ ¶μ²¥°
Ô±¢¨¢ ²¥´É´Ò.
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‘É ´¤ ·É´Ò³ Ö¢²Ö¥É¸Ö μ¶¨¸ ´¨¥ Ë¥·³¨μ´  Î¥ÉÒ·¥Ì±μ³¶μ´¥´É´Ò³ ¡¨¸¶¨-
´μ·´Ò³ ¶μ²¥³, μ¤´ ±μ ¡¨¸¶¨´μ· ³μ¦´μ ¶μ¸É·μ¨ÉÓ ¨§ ¤¢ÊÌ · §´ÒÌ ¸¶¨´μ·μ¢
¨²¨ ¨§ μ¤´μ£μ. �É³¥É¨³, ÎÉμ ¡¨¸¶¨´μ· ³μ¦´μ · ¸¸³ É·¨¢ ÉÓ ± ± ·¥ ²¨§ -
Í¨Õ £·Ê¶¶Ò ‹μ·¥´Í  ¸ ¤μ¡ ¢μÎ´Ò³ μ¶¥· Éμ·μ³ ±μ³¶²¥±¸´μ£μ ¸μ¶·Ö¦¥´¨Ö,
ÎÉμ μ§´ Î ¥É ¢μ§³μ¦´μ¸ÉÓ ¢¢¥¸É¨ ³ É·¨Î´Ò° μ¶¥· Éμ·, ¤¥°¸É¢¨¥ ±μÉμ·μ£μ
Ô±¢¨¢ ²¥´É´μ μ¶¥· Í¨¨ ±μ³¶²¥±¸´μ£μ ¸μ¶·Ö¦¥´¨Ö. ƒ·Ê¶¶  ‹μ·¥´Í  ¤¥°¸É¢¨-
É¥²Ó´  ¶μ μ¶·¥¤¥²¥´¨Õ,   É ± Ö · ¸Ï¨·¥´´ Ö ·¥ ²¨§ Í¨Ö (μ¡μ§´ Î¨³ ¥¥ ± ±
SL(2, C)) ¶μ§¢μ²Ö¥É μ¶·¥¤¥²¨ÉÓ ¨ ¤¨¸±·¥É´Ò¥ ¸¨³³¥É·¨¨ ¶μ²´μ° £·Ê¶¶Ò.

ˆ§ ¸¶¨´μ·  ¨ ¥£μ ±μ³¶²¥±¸´μ-¸μ¶·Ö¦¥´´μ£μ ³μ¦´μ ¶μ¸É·μ¨ÉÓ ¡¨¸¶¨´μ·
¨ Ê¡¥¤¨ÉÓ¸Ö, ÎÉμ ·¥ ²¨§Ê¥É¸Ö ¤¥°¸É¢¨É¥²Ó´μ¥ ¶·¥¤¸É ¢²¥´¨¥. �μ¸É·μ¨³ ¡¨¸¶¨-
´μ· ¸· §Ê ¨§ ¸¶¨´μ·  ¡¥§ ÉμÎ±¨ ¨ ¸¶¨´μ·  ¸ ÉμÎ±μ°: ψT = (ξα, ησ̇) = (ξT , ηT ),
ÎÉμ¡Ò ¤¥°¸É¢¨¥ μ¶¥· Éμ·  Ê· ¢´¥´¨Ö ´¥ ¨§³¥´Ö²μ ¥£μ É· ´¸Ëμ·³ Í¨μ´´ÒÌ
¸¢μ°¸É¢. „²Ö ÔÉμ£μ μ¤¨´ ¨§ ¸¶¨´μ·μ¢ μ¶·¥¤¥²Ö¥³ ¨§ ¤·Ê£μ£μ: η′ = h∗ξ∗ ¨²¨
ξ′ = h−1η∗. ’μ£¤  ¤²Ö ¡¨¸¶¨´μ·μ¢ χT

ξ = (ξ, h∗ξ∗)T ¨ χT
η = (h−1η∗, η)T

¶μ²ÊÎ ¥³ Ê· ¢´¥´¨¥ ¤¨· ±μ¢¸±μ£μ É¨¶  (γρ∂ρ + μ̄)χξ = 0, £¤¥ γμ ¨ γ5 Å

³ É·¨ÍÒ „¨· ± ,   ³ ¸¸μ¢Ò° Î²¥´ μ̄ = μ
1 − γ5

2
+ μ∗ 1 + γ5

2
³μ¦´μ ¢Ò¡μ·μ³

Ë §Ò ¸¶¨´μ·  ¸¤¥² ÉÓ ¤¥°¸É¢¨É¥²Ó´Ò³.
�É¨ Ê· ¢´¥´¨Ö ¤μ²¦´Ò ¡ÒÉÓ ¤μ¶μ²´¥´Ò ±μ³¶²¥±¸´μ-¸μ¶·Ö¦¥´´Ò³¨ Ê· ¢-

´¥´¨Ö³¨, ¨³¥ÕÐ¨³¨ ¤·Ê£¨¥ ¸¢μ°¸É¢  ¶μ μÉ´μÏ¥´¨Õ ± ²μ·¥´Í-¶·¥μ¡· §μ¢ ´¨-
Ö³. �·¨¢¥¤¥´¨¥ ¸μ¶·Ö¦¥´´μ£μ ¡¨¸¶¨´μ·  ± ¸É ´¤ ·É´μ³Ê ¢¨¤Ê ·¥Ï ¥É¸Ö ¢¢¥-
¤¥´¨¥³ ¤μ¶μ²´¨É¥²Ó´μ£μ ¶·¥μ¡· §μ¢ ´¨Ö ³ É·¨Í¥° § ·Ö¤μ¢μ£μ ¸μ¶·Ö¦¥´¨Ö C.
�Éμ ¶·¥μ¡· §μ¢ ´¨¥ ¸μ¶·Ö¦¥´´μ£μ Ê· ¢´¥´¨Ö ¶μ§¢μ²Ö¥É ¢³¥¸Éμ ψ∗ ¨¸¶μ²Ó§μ-
¢ ÉÓ ψC = Cψ∗. (— ¸Éμ ¨¸¶μ²Ó§Ê¥É¸Ö ¤·Ê£μ¥ μ¶·¥¤¥²¥´¨¥ § ·Ö¤μ¢μ-¸μ¶·Ö¦¥´-
´μ£μ ¶μ²Ö ψC′

= C′ψ̄T = C′γT
4 ψ∗, ¶μ¤Î¥·±¨¢ ÕÐ¥¥ ¶¥·¥Ìμ¤ Î ¸É¨Í Ä ´É¨-

Î ¸É¨Í , ´μ ¸μμÉ´μÏ¥´¨Ö C = C′γT
4 ¨ C′ = CγT

4 ¶μ± §Ò¢ ÕÉ ¨Ì ¶μ²´ÊÕ
Ô±¢¨¢ ²¥´É´μ¸ÉÓ.)

‘¥°Î ¸ ³μ¦´μ ¸Ëμ·³Ê²¨·μ¢ ÉÓ μ¸μ¡¥´´μ¸É¨ ±μ´¸É·Ê±Í¨¨ χ ¢ ¶·μ¨§-
¢μ²Ó´μ³ ¶·¥¤¸É ¢²¥´¨¨. �É¨ μ£· ´¨Î¥´¨Ö ¸¢Ö§Ò¢ ÕÉ ¶μ²¥ ¨ ¥£μ ¸μ¶·Ö¦¥´-
´Ò¥ χC

ξ = χξ ¨ χC
η = χη. 	¨¸¶¨´μ·Ò É ±μ£μ É¨¶  ´ §Ò¢ ÕÉ ³ °μ· ´μ¢-

¸±¨³¨. ‚ ³ °μ· ´μ¢¸±μ³ ¶·¥¤¸É ¢²¥´¨¨ γ-³ É·¨Í ³ É·¨Í  C · ¢´  ¥¤¨´¨Î-
´μ°,   Ê¸²μ¢¨¥ χC = χ μ§´ Î ¥É, ÎÉμ ¢¸¥ ±μ³¶μ´¥´ÉÒ χ ¤¥°¸É¢¨É¥²Ó´Ò.
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�μ  ´ ²μ£¨¨ ¸μ ¸± ²Ö·´Ò³ ¶μ²¥³ ³μ¦´μ ¢¢¥¸É¨ Ê¤μ¡´μ¥ · §²μ¦¥´¨¥ ¤¨· ±μ¢-
¸±μ£μ ¡¨¸¶¨´μ·  (¢ ³ °μ· ´μ¢¸±μ³ ¡ §¨¸¥ ÔÉμ · §¤¥²¥´¨¥ ´  ¤¥°¸É¢¨É¥²Ó´ÊÕ
¨ ³´¨³ÊÕ Î ¸É¨):

⎧⎪⎪⎨
⎪⎪⎩

ψ =
1√
2
(χξ + γ5χη),

ψC =
1√
2
(χξ − γ5χη);

⎧⎪⎪⎨
⎪⎪⎩

χξ =
1√
2
(ψ + ψC),

χη =
1√
2
γ5(ψ − ψC);

χC = χ. (3)

Š¨´¥É¨Î¥¸± Ö Î ¸ÉÓ ² £· ´¦¨ ´   ´É¨±μ³³ÊÉ¨·ÊÕÐ¥£μ ³ °μ· ´μ¢¸±μ£μ
¶μ²Ö μ¤´μ§´ Î´μ ¸²¥¤Ê¥É ¨§ ¥£μ Ô·³¨Éμ¢μ¸É¨,   ¤¢  ¢μ§³μ¦´ÒÌ ³ ¸¸μ¢ÒÌ Î²¥´ 
¶·¥¢· Ð ÕÉ¸Ö ¢ μ¤¨´ ¢Ò¡μ·μ³ Ë §Ò ¸μ¸É ¢²ÖÕÐ¥£μ ¸¶¨´μ·  (ÔÉμ Ô±¢¨¢ -
²¥´É´μ ¶·¥μ¡· §μ¢ ´¨Õ eiγ5φ). ‘¢μ¡μ¤´Ò° ² £· ´¦¨ ´  ´É¨±μ³³ÊÉ¨·ÊÕÐ¥£μ
³ °μ· ´μ¢¸±μ£μ ¶μ²Ö ¨³¥¥É ¢¨¤

LM =
i

4
χ̄

↔
∂ μ γμχ + i

M

2
χ̄χ =

i

4
χ̄(∂μγμ + M)χ − i

4
χ̄(

←
∂ μ γμ − M)χ. (4)

�´ ¶μ²´μ¸ÉÓÕ Ô±¢¨¢ ²¥´É¥´ ² £· ´¦¨ ´Ê ¢¥°²¥¢¸±μ£μ ¸¶¨´μ·´μ£μ ¶μ²Ö (2).
„²Ö ¤¨· ±μ¢¸±μ£μ ¶μ²Ö ±¨´¥É¨Î¥¸±ÊÕ Î ¸ÉÓ ¤μ²¦´μ ¸É·μ¨ÉÓ ¨§ ¢¸¥Ì ¨´¢ -

·¨ ´Éμ¢ ¶μ²¥° ψ ¨ ψC , ÎÉμ ¤ ¥É iaψ̄γμ

↔
∂ μ ψ+zψ̄γμ

↔
∂ μ ψC −z∗ψ̄Cγμ

↔
∂ μ ψ, £¤¥

a ¨ z Å ¤¥°¸É¢¨É¥²Ó´Ò° ¨ ±μ³¶²¥±¸´Ò° ±μÔËË¨Í¨¥´ÉÒ. ’μ²Ó±μ ²¨´¥°´Ò³
¶·¥μ¡· §μ¢ ´¨¥³ ¢¨¤  ψ′ = Aψ + BψC , ±μÉμ·μ¥ ¶·¥¤¸É ¢²Ö¥É¸Ö ¤μ¶Ê¸É¨³Ò³
¤²Ö ¸¢μ¡μ¤´ÒÌ ¶μ²¥°, ³μ¦´μ ¶·¨¢¥¸É¨ ±¨´¥É¨Î¥¸±ÊÕ Î ¸ÉÓ ± ¸É ´¤ ·É´μ³Ê

¢¨¤Ê L0
D = (i/2)ψ̄γμ

↔
∂ μ ψ. �´ · ¸¶ ¤ ¥É¸Ö ´  ¸Ê³³Ê ¤¢ÊÌ ¡¥§³ ¸¸μ¢ÒÌ

¢¥°²¥¢¸±¨Ì ² £· ´¦¨ ´μ¢ (¢ ¸¶¨´μ·´μ³ ¶·¥¤¸É ¢²¥´¨¨) ¨²¨ ´  ¸Ê³³Ê ¤¢ÊÌ
¡¥§³ ¸¸μ¢ÒÌ ³ °μ· ´μ¢¸±¨Ì ² £· ´¦¨ ´μ¢ ¶·¨ ¶μ¤¸É ´μ¢±¥ (3).

�μ¸É·μ¥´¨¥ ³ ¸¸μ¢ÒÌ Î²¥´μ¢ ¤¨· ±μ¢¸±μ£μ ¶μ²Ö ¨§ ¢¸¥Ì ±μ³¡¨´ Í¨° ψ ¨
ψC ¤ ¥É ψ̄(c1+γ5d1)ψ+ψ̄(c2+γ5d2)ψC+ψ̄C(c3+γ5d3)ψ+ψ̄C(c4+γ5d4)ψC ≡
ψ̄(c1 + γ5d1)ψ − θψ̄(c2 + γ5d2)ψC − θψ̄C(c3 + γ5d3)ψ − θψ̄(c4 + γ5d4)ψ, £¤¥
ci, di Å ±μ³¶²¥±¸´Ò¥ Î¨¸² ,   θ = 1 ¤²Ö ±μ³³ÊÉ¨·ÊÕÐ¨Ì ¶μ²¥° ¨ −1 ¤²Ö
 ´É¨±μ³³ÊÉ¨·ÊÕÐ¨Ì. �· ¢ Ö Î ¸ÉÓ Éμ¦¤¥¸É¢  ¶μ²ÊÎ¥´  ¨§ ²¥¢μ° ¸ ¨¸¶μ²Ó§μ-
¢ ´¨¥³ μ¶·¥¤¥²¥´¨Ö ψC ¨ ±μ³³ÊÉ¨·ÊÕÐ¥£μ ¶μ²Ö. �Éμ Éμ¦¤¥¸É¢μ ¶μ± §Ò¢ ¥É,
ÎÉμ Éμ²Ó±μ ¶¥·¢Ò° Î²¥´ ¤μ¶Ê¸É¨³ ¤²Ö ±² ¸¸¨Î¥¸±¨Ì ¶μ²¥°,   É·¥¡μ¢ ´¨¥ Ô·-

³¨Éμ¢μ¸É¨ ¶·¨¢μ¤¨É ¥£μ ± ¢¨¤Ê L(θ=1)
Dm = ψ̄(m1+iγ5m2)ψ, ±μÉμ·Ò° · §´μ¸ÉÓÕ

Ë § ¸¶¨´μ·μ¢ ³μ¦¥É ¡ÒÉÓ ¶·¨¢¥¤¥´ ± ¸É ´¤ ·É´μ° Ëμ·³¥ ¸ ¤¥°¸É¢¨É¥²Ó´Ò³
³ ¸¸μ¢Ò³ ¶ · ³¥É·μ³. „¨· ±μ¢¸±μ¥ ¶μ²¥ Å ¶¥·¢μ¥ ±² ¸¸¨Î¥¸±μ¥ Ë¥·³¨μ´-
´μ¥ ¶μ²¥, ¤μ¶Ê¸± ÕÐ¥¥ ³ ¸¸μ¢Ò° Î²¥´.

„²Ö  ´É¨±μ³³ÊÉ¨·ÊÕÐ¨Ì ¶μ²¥° ³ ¸¸μ¢ÒÌ Î²¥´μ¢ ² £· ´¦¨ ´  ¡μ²ÓÏ¥:
Lm

D = ψ̄(im1 + γ5m2)ψ + ψ̄C(a + γ5b)ψ + ψ̄(−a∗ + γ5b
∗)ψC , £¤¥ m1 ¨ m2 Å

¤¥°¸É¢¨É¥²Ó´Ò¥ ±μ´¸É ´ÉÒ, a = a1 + ia2 ¨ b = b1 + ib2 Å ±μ³¶²¥±¸´Ò¥.
„μ¶Ê¸É¨³Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö ¡¨¸¶¨´μ·  ψ → eiΦψ, ψ → eiγ5φψ, ψ → eγ5αψ
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´¥ ¶μ§¢μ²ÖÕÉ ¨¸±²ÕÎ¨ÉÓ ¢¸¥ ´¥¸É ´¤ ·É´Ò¥ Î²¥´Ò. ”¨§¨Î¥¸±¨° ¸³Ò¸² ³ ¸-
¸μ¢ÒÌ Î²¥´μ¢ ¸É ´μ¢¨É¸Ö Ö¸´¥¥ ¶μ¸²¥ · §²μ¦¥´¨Ö (3). �¤´ ±μ ¶μ²´μ¸ÉÓÕ
· ¸Í¥¶¨ÉÓ ¶μ²Ö ³μ¦´μ Éμ²Ó±μ ´ ²μ¦¥´¨¥³ ¤μ¡ ¢μÎ´μ° ¸¨³³¥É·¨¨ ψ ↔ ψC

(ÎÉμ ¶·¥¤¸É ¢²Ö¥É¸Ö ¤μ¶Ê¸É¨³Ò³ ¤²Ö ¸¢μ¡μ¤´ÒÌ ¶μ²¥°). ˆÉ ±, ¤²Ö ¤¨· ±μ¢-
¸±μ£μ ¶μ²Ö ¤μ¸É ÉμÎ´μ μ¡Ð¨¥ ³ ¸¸μ¢Ò¥ Î²¥´Ò ¨³¥ÕÉ ¢¨¤

Lm
D = imψ̄ψ + i

M

2
[ψ̄Cψ + ψ̄ψC ] = i

Mξ

2
χ̄ξχξ + i

Mη

2
χ̄ηχη, (5)

£¤¥ m = (Mξ −Mη)/2, M = (Mξ + Mη)/2. ŠμÔËË¨Í¨¥´É ¶·¨ ¶¥·¢μ³ ³ ¸¸μ-
¢μ³ Î²¥´¥ (5) ´ §Ò¢ ÕÉ ¤¨· ±μ¢¸±μ° ³ ¸¸μ°,   ¶·¨ ¢Éμ·μ³ Å ³ °μ· ´μ¢¸±μ°
³ ¸¸μ°. �·¨¢¥¤¥´´μ¥ ¸μμÉ´μÏ¥´¨¥ ³ ¸¸, ¸μ¸É ¢²ÖÕÐ¨Ì ¤¨· ±μ¢¸±μ¥ ¶μ²¥,
¤ ¥É ¶·μ¸Éμ¥ μ¶¨¸ ´¨¥ É ± ´ §Ò¢ ¥³μ£μ ®± Î¥²Ó´μ£μ¯ (see-saw) ³¥Ì ´¨§³ .
�É³¥É¨³, ÎÉμ ³ ¸¸  Ö¢²Ö¥É¸Ö ¨´¢ ·¨ ´Éμ³ £·Ê¶¶Ò �Ê ´± ·¥ (±² ¸¸¨Ë¨Í¨·Ê-
ÕÐ¨³ ¶μ ¸μ¡¸É¢¥´´μ³Ê §´ Î¥´¨Õ μ¶¥· Éμ·  Š §¨³¨· ), É ± ÎÉμ Î ¸É¨Í  ´¥
³μ¦¥É ¨³¥É ¤¢¥ · §²¨Î´ÒÌ ³ ¸¸Ò. ’ ±¨³ μ¡· §μ³, ¤¨· ±μ¢¸±¨° Ë¥·³¨μ´
Ö¢²Ö¥É¸Ö ¸²μ¦´μ° (¸μ¸É ¢´μ°) Î ¸É¨Í¥°.

����Œ…’�ˆ‡�–ˆŸ Œ�’�ˆ–› ‘Œ…˜ˆ‚��ˆŸ

‚ ‘É ´¤ ·É´μ° ³μ¤¥²¨ ´¥°É·¨´μ ¶·¨¸ÊÉ¸É¢Ê¥É Éμ²Ó±μ ± ± ²¥¢ Ö ±μ³¶μ-
´¥´É  ¡¨¸¶¨´μ·  νL, ÎÉμ Ô±¢¨¢ ²¥´É´μ ¢¥°²¥¢¸±μ³Ê ¸¶¨´μ·Ê. �μ²´Ò° ¡¨¸¶¨-
´μ· ¤²Ö μ¶¨¸ ´¨Ö ÔËË¥±Éμ¢ ³ ¸¸ ³μ¦´μ ¶μ¸É·μ¨ÉÓ ¤¢Ê³Ö ¸¶μ¸μ¡ ³¨.

1. „μ¡ ¢¨ÉÓ ´¥§ ¢¨¸¨³Ò° ¸¶¨´μ· ± ± ¶· ¢ÊÕ ±μ³¶μ´¥´ÉÊ ¡¨¸¶¨´μ·  νR,
±μÉμ·Ò° ´¥ ¢§ ¨³μ¤¥°¸É¢Ê¥É ¸ ¤·Ê£¨³¨ ¶μ²Ö³¨ ‘É ´¤ ·É´μ° ³μ¤¥²¨ (®¸É¥-
·¨²Ó´Ò¥¯ ±μ³¶μ´¥´ÉÒ). �É¨ ±μ³¶μ´¥´ÉÒ ³μ£ÊÉ ¡ÒÉÓ μ¡´ ·Ê¦¥´Ò ¶μ ¨Ì
£· ¢¨É Í¨μ´´μ³Ê ¢§ ¨³μ¤¥°¸É¢¨Õ (± ± Î ¸ÉÓ É¥³´μ° ³ É¥·¨¨) ¨²¨ ¶μ μ¸-
Í¨²²ÖÍ¨μ´´μ³Ê ¨¸Î¥§´μ¢¥´¨Õ Î ¸É¨ ´¥°É·¨´μ. �·¨Î¥³ ¶·μÍ¥¸¸ ³μ¦¥É ¨¤É¨
¡¥§ ¨§³¥´¥´¨Ö  ·μ³ É  §  ¸Î¥É ¤¨· ±μ¢¸±μ° ³ ¸¸Ò. �Éμ ¤μ²¦´μ ¶·¨¢μ¤¨ÉÓ ±
Ê³¥´ÓÏ¥´¨Õ ¶μÉμ±  ´¥°É·¨´μ μÉ ‘μ²´Í  ¢ ¤¢  · § , μ¤´ ±μ ·¥§Ê²ÓÉ ÉÒ Ô±¸-
¶¥·¨³¥´É  SNO ¶μ± §Ò¢ ÕÉ, ÎÉμ ¸Ê³³ ·´Ò° ¶μÉμ± ´¥°É·¨´μ ¢¸¥Ì  ·μ³ Éμ¢
¸μ¢¶ ¤ ¥É ¸ ¶·¥¤¸± § ´¨Ö³¨ ¸μ²´¥Î´μ° ³μ¤¥²¨ (´¥°É·¨´μ ¶¥·¥Ìμ¤ÖÉ ¤·Ê£ ¢
¤·Ê£ , ´μ ´¥ ¨¸Î¥§ ÕÉ ¢ ¸É¥·¨²Ó´μ³ ¸μ¸ÉμÖ´¨¨).

2. „μ¡ ¢¨ÉÓ ¶· ¢ÊÕ ±μ³¶μ´¥´ÉÊ ± ± ¸μ¶·Ö¦¥´´ÊÕ ²¥¢μ°: η = h∗ξ∗. �ÉμÉ
¶ÊÉÓ ´¥ Ê¢¥²¨Î¨¢ ¥É Î¨¸²  Ë¨§¨Î¥¸±¨Ì ¸É¥¶¥´¥° ¸¢μ¡μ¤Ò ¨ ¢¥¤¥É ± ³ °μ· ´μ¢-
¸±μ³Ê ¶μ²Õ. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¶μÖ¢²Ö¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ¡¥§´¥°É·¨´´μ£μ ¤¢μ°´μ£μ
β-· ¸¶ ¤ . �¸Í¨²²ÖÍ¨¨ ¸É¥·¨²Ó´ Ö↔  ±É¨¢´ Ö ±μ³¶μ´¥´ÉÒ Ê¦¥ ´¥¢μ§³μ¦´Ò
¢ ¸¨²Ê μÉ¸ÊÉ¸É¢¨Ö ¸É¥·¨²Ó´μ£μ ´¥°É·¨´μ, É. ¥. Î ¸É¨Î´μ¥ ¨¸Î¥§´μ¢¥´¨¥ ¶μÉμ± 
´¥°É·¨´μ ´¥¢μ§³μ¦´μ. ‡  μ¸Í¨²²ÖÍ¨¨ ³¥¦¤Ê  ·μ³ É ³¨ μÉ¢¥Î ÕÉ ´¥¤¨ £μ-
´ ²Ó´Ò¥ ³ ¸¸μ¢Ò¥ Î²¥´Ò.

‚Éμ·μ° ¢ ·¨ ´É ¶·¥¤¶μÎÉ¨É¥²¥´ ´¥ Éμ²Ó±μ ¨§-§  μÉ¸ÊÉ¸É¢¨Ö ¨¸Î¥§´μ¢¥´¨Ö
¶μÉμ±  ´¥°É·¨´μ, ´μ ¨ ± ± ´ ¨¡μ²¥¥ ®Ô±μ´μ³´Ò°¯ ¢ ·¨ ´É, ¸μμÉ¢¥É¸É¢ÊÕÐ¨°
¶·¨´Í¨¶Ê ®¡·¨É¢Ò �±± ³ ¯.
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�¥°É·¨´μ ¢ ‘É ´¤ ·É´μ° ³μ¤¥²¨ ¶·¨´ ¤²¥¦ É μ¤´μ³Ê ¨§ ¸² ¡ÒÌ ¨§μ-
¤Ê¡²¥Éμ¢ LαL, £¤¥ ¨´¤¥±¸ α = e, μ, τ ¶·¨´¨³ ¥É É·¨ §´ Î¥´¨Ö. Œ ¸¸μ¢ Ö
³ É·¨Í  ³μ¦¥É ¡ÒÉÓ ´¥¤¨ £μ´ ²Ó´μ°, ÎÉμ μ§´ Î ¥É ´¥¸μÌ· ´¥´¨¥ Ô²¥±É·μ´-
´μ£μ, ³Õμ´´μ£μ ¨²¨ É Ê-§ ·Ö¤ , ´μ ³μ¦¥É ´¥ ¢Ò§Ò¢ ÉÓ ´ ·ÊÏ¥´¨Ö ´¥°É·¨´´μ£μ
§ ·Ö¤  ± ± ¸Ê³³Ò ÔÉ¨Ì § ·Ö¤μ¢. ˆ§ Ô·³¨Éμ¢μ¸É¨ ² £· ´¦¨ ´  ¸²¥¤Ê¥É Ô·³¨-
Éμ¢μ¸ÉÓ ³ ¸¸μ¢μ° ³ É·¨ÍÒ (M+ = M ), ÎÉμ ¢¢μ¤¨É ¢ · ¸¸³μÉ·¥´¨¥ ¢ μ¡Ð¥³
¸²ÊÎ ¥ ¤¥¢ÖÉÓ ³ ¸¸μ¢ÒÌ ¶ · ³¥É·μ¢ ¢ ¸²ÊÎ ¥ É·¥Ì ¶μ±μ²¥´¨°. …¸²¨ ³ É·¨Í 
¤¥°¸É¢¨É¥²Ó´ , Éμ Ô·³¨Éμ¢μ¸ÉÓ ¸É ´μ¢¨É¸Ö ¸¨³³¥É·¨Î´μ¸ÉÓÕ, ÎÉμ Ê³¥´ÓÏ ¥É
Î¨¸²μ ¶ · ³¥É·μ¢ ¤μ Ï¥¸É¨.

„¢¨¦¥´¨¥ ´¥°É·¨´μ ± ¤¥É¥±Éμ·Ê Ö¢²Ö¥É¸Ö ¸¢μ¡μ¤´Ò³, ¶μÔÉμ³Ê μ´μ μ¶¨-
¸Ò¢ ¥É¸Ö ± ± ¤¢¨¦¥´¨¥ Î ¸É¨ÍÒ ¸ μ¶·¥¤¥²¥´´μ° ¨´¥·É´μ° ³ ¸¸μ°. ‡´ Î¨É,
ÎÉμ¡Ò μ¶¨¸ ÉÓ · ¸¶·μ¸É· ´¥´¨¥, ´¥μ¡Ìμ¤¨³μ ¶¥·¥°É¨ ¢ ¡ §¨¸, £¤¥ ³ ¸¸μ¢ Ö
³ É·¨Í  ¤¨ £μ´ ²Ó´ : Mdiag = U+MU = diag (mν1, mν2, mν3). Œ °μ· -
´μ¢¸±¨¥ Ë¥·³¨μ´Ò ³μ¦´μ ¸Î¨É ÉÓ ¤¥°¸É¢¨É¥²Ó´Ò³¨ ¡¨¸¶¨´μ· ³¨,   É ± ± ±
ÔÉμ ¸¢μ°¸É¢μ ¨´¢ ·¨ ´É´μ, Éμ ¤μ¶Ê¸É¨³Ò Éμ²Ó±μ ¤¥°¸É¢¨É¥²Ó´Ò¥ Ê´¨É ·´Ò¥
¶·¥μ¡· §μ¢ ´¨Ö, ÎÉμ μ§´ Î ¥É μ·Éμ£μ´ ²Ó´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö.

‚ ¸²ÊÎ ¥ ±² ¸¸¨Î¥¸±¨Ì ³ °μ· ´μ¢¸±¨Ì Ë¥·³¨μ´μ¢ ¸ ³ ¸¸μ¢Ò³¨ Î²¥´ ³¨

L
(+1)
M = (1/2)χ̄aMabχb Ô·³¨Éμ¢μ¸ÉÓ ¨ ±μ³³ÊÉ Í¨Ö ¶μ²¥° ¤ ¥É M = M+

¨ M = −M∗, ÎÉμ μ§´ Î ¥É M = −MT , É. ¥. ³ ¸¸μ¢ Ö ³ É·¨Í  Ö¢²Ö¥É¸Ö
 ´É¨¸¨³³¥É·¨Î´μ° ¶μ²´μ¸ÉÓÕ ±μ³¶²¥±¸´μ° ¨ μ¶·¥¤¥²Ö¥É¸Ö É·¥³Ö ¤¥°¸É¢¨-
É¥²Ó´Ò³¨ ¶ · ³¥É· ³¨. 	μ²¥¥ Éμ£μ, μ·Éμ£μ´ ²Ó´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö ´¥ ³μ£ÊÉ
¨§³¥´¨ÉÓ  ´É¨¸¨³³¥É·¨Î´μ¸ÉÓ ¨, ¸²¥¤μ¢ É¥²Ó´μ, ¤¨ £μ´ ²¨§μ¢ ÉÓ ³ ¸¸μ¢ÊÕ
³ É·¨ÍÊ. �μ²ÊÎ ¥É¸Ö, ÎÉμ ±² ¸¸¨Î¥¸±¨¥ ³ °μ· ´μ¢¸±¨¥ ´¥°É·¨´μ ´¥¢μ§³μ¦´μ
¶·¨¢¥¸É¨ ± ¤¨ £μ´ ²Ó´μ³Ê ¢¨¤Ê ¨ ¢¸¥ ¶·μÖ¢²¥´¨Ö ³μ¦´μ · ¸¸³ É·¨¢ ÉÓ Éμ²Ó±μ
± ± ´¥±μ¥ ¤¢ÊÌÎ ¸É¨Î´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥.

„²Ö  ´É¨±μ³³ÊÉ¨·ÊÕÐ¨Ì ³ °μ· ´μ¢¸±¨Ì Ë¥·³¨μ´μ¢ ¸ ³ ¸¸μ¢Ò³¨ Î²¥-

´ ³¨ L
(−1)
M = (i/2)χ̄aMabχb É¥ ¦¥ É·¥¡μ¢ ´¨Ö ¤ ÕÉ M = M+ ¨ M = M∗

¨²¨ M = MT , É. ¥. ³ ¸¸μ¢ Ö ³ É·¨Í  ¤¥°¸É¢¨É¥²Ó´  ¨ ¸¨³³¥É·¨Î´ ,   §´ Î¨É,
μ¶·¥¤¥²Ö¥É¸Ö Ï¥¸ÉÓÕ ¤¥°¸É¢¨É¥²Ó´Ò³¨ ¶ · ³¥É· ³¨. „¨ £μ´ ²¨§ Í¨Ö ¢ ÔÉμ³
¸²ÊÎ ¥ ¸¢μ¤¨É¸Ö ± ¨¸±²ÕÎ¥´¨Õ É·¥Ì ¢´¥¤¨ £μ´ ²Ó´ÒÌ Ô²¥³¥´Éμ¢ ¸ ¶μ³μÐÓÕ
É·¥Ì Ê£²μ¢ ¶μ¢μ·μÉ .

„²Ö ¶ · ³¥É·¨§ Í¨¨ μ·Éμ£μ´ ²Ó´μ° ³ É·¨ÍÒ ¶·¥μ¡· §μ¢ ´¨Ö ³μ¦´μ ¢
¤μ¶μ²´¥´¨¥ ± ¸ÊÐ¥¸É¢ÊÕÐ¨³ ¶·¥¤²μ¦¨ÉÓ ¢¥±Éμ·´ÊÕ ¶ · ³¥É·¨§ Í¨Õ [5],
£¤¥ ¢¥±Éμ·-¶ · ³¥É· Ê± §Ò¢ ¥É ´ ¶· ¢²¥´¨¥ ¶μ¢μ·μÉ ,   ¥£μ ¢¥²¨Î¨´  Å
Ê£μ² ¶μ¢μ·μÉ . ˆ§ ¸μ¢·¥³¥´´ÒÌ ¤ ´´ÒÌ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¥£μ §´ Î¥´¨¥ �ρν =
(−0,4046,−0,0378,−0,3350) (|�ρν | = 0,53 ¨ αν = 0,97 (55,5◦).

‚ § ±²ÕÎ¥´¨¥ μÉ³¥É¨³, ÎÉμ:  ) ´¥°É·¨´μ ¸²¥¤Ê¥É μ¶¨¸Ò¢ ÉÓ ± ± ³ °μ· -
´μ¢¸±μ¥ ¶μ²¥, ¡) ¶μ¨¸± ‘�-´ ·ÊÏ¥´¨Ö,  ´ ²μ£¨Î´μ£μ ±¢ ·±μ¢μ³Ê (μ¶·¥¤¥²Ö¥-
³μ³Ê Ë §μ° δ ¢ ¶·¥μ¡· §μ¢ ´¨¨ ± ¤¨ £μ´ ²Ó´μ° ³ ¸¸μ¢μ° ³ É·¨Í¥), ¤μ²¦¥´
¤ ÉÓ μÉ·¨Í É¥²Ó´Ò° ·¥§Ê²ÓÉ É.
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