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Œ. ˆ. ˜¨·µ±µ¢
�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°, „Ê¡´ 

�¡¸Ê¦¤ ÕÉ¸Ö ¢¥±Éµ·´µ-¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨¥ Ë¥·³¨µ´´µ¥ ψ(x) ¨ ¡µ§µ´´µ¥ ϕ(x) ¶µ²Ö. �µ± § ´µ,
ÎÉµ ®µ¤¥ÉÒ¥¯ ¡µ§µ´Ò ÔÉµ° ³µ¤¥²¨ ´¥ ¢§ ¨³µ¤¥°¸É¢ÊÕÉ ¸ Ë¥·³¨µ´ ³¨ ¨ ³¥¦¤Ê ¸µ¡µ°. …¸²¨ ϕ(x)
´¥ ¢§ ¨³µ¤¥°¸É¢Ê¥É ¸ ¤·Ê£¨³¨ ¶µ²Ö³¨ Ë¨§¨±¨ Î ¸É¨Í, Éµ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ®µ¤¥ÉÒ¥¯ ¡µ§µ´Ò ¨³¥ÕÉ
¸¢µ°¸É¢µ ±µ¸³µ²µ£¨Î¥¸±µ° ®É¥³´µ° ³ É¥·¨¨¯: µ´¨ ´¥ ³µ£ÊÉ ¡ÒÉÓ ¤¥É¥±É¨·µ¢ ´Ò ¢ §¥³´ÒÌ ² ¡µ· -
Éµ·¨ÖÌ. „²Ö ¸· ¢´¥´¨Ö µÉ³¥É¨³, ÎÉµ ¢ Š•„ ´¥´ ¡²Õ¤ ¥³µ¸ÉÓ ¨§µ²¨·µ¢ ´´ÒÌ £²Õµ´µ¢ µ¡ÑÖ¸´Ö¥É¸Ö
¨Ì ´¥¸ÊÐ¥¸É¢µ¢ ´¨¥³ ¨§-§  ±µ´Ë °´³¥´É  Í¢¥É .

Fermionic ψ(x) and bosonic ϕ(x) ˇelds with vector coupling are discussed. It is shown that
®clothed¯ bosons of the model do not interact with fermions and between themselves. If ϕ(x) does
not interact with other ˇelds of the particle physics, then the ®clothed¯ bosons have properties of the
cosmological ®dark matter¯: they cannot be detected in Earth's laboratories. This cause of the boson
invisibility contrasts with the origin of the unobservability of the isolated gluons in QCD which is
explained by the conˇnement of colour.

‚§ ¨³µ¤¥°¸É¢¨¥ ³¥¦¤Ê Ë¥·³¨µ´ ³¨ ¢ ¶µ²¥¢ÒÌ É¥µ·¨ÖÌ µ¡ÒÎ´µ µ¶¨¸Ò¢ ÕÉ¸Ö ¶µ-
¸·¥¤¸É¢µ³ µ¡³¥´  ®¸±²¥¨¢ ÕÐ¨³¨¯ ¡µ§µ´ ³¨. �·¨³¥·Ò Å ¢§ ¨³µ¤¥°¸É¢¨¥ �± ¢Ò É¨¶ 
ψ†γ5ψϕ, Š�„, Š•„. ‚ ¶¥·¢ÒÌ ¤¢ÊÌ É¥µ·¨ÖÌ ®¸±²¥¨¢ ÕÐ¨¥¯ ¡µ§µ´Ò (³¥§µ´Ò ¨ ËµÉµ´Ò)
³µ£ÊÉ ´ ¡²Õ¤ ÉÓ¸Ö ´ ·Ö¤Ê ¸ Ë¥·³¨µ´ ³¨. ˆ§µ²¨·µ¢ ´´Ò¥ £²Õµ´Ò Š•„ ´¥ ´ ¡²Õ¤ ÕÉ¸Ö,
¨ ÔÉµ µ¡ÑÖ¸´Ö¥É¸Ö ¸ ¶µ³µÐÓÕ ¤µ¶µ²´¨É¥²Ó´µ° £¨¶µÉ¥§Ò µ ±µ´Ë °´³¥´É¥ Í¢¥É  (§ ³¥É¨³,
ÎÉµ µ´  ´¥ Ö¢²Ö¥É¸Ö É¥µ·¥³µ°, ¢Ò¢µ¤¨³µ° ¨§ ² £· ´¦¨ ´  É¥µ·¨¨; ¸³., ´ ¶·¨³¥·, [1Ä3]).
‡¤¥¸Ó µ¡¸Ê¦¤ ¥É¸Ö É¥µ·¥É¨Î¥¸± Ö ¢µ§³µ¦´µ¸ÉÓ É ±µ£µ ®¸±²¥¨¢ ´¨Ö¯ Ë¥·³¨µ´µ¢, ±µ£¤ 
¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¡µ§µ´Ò ¸ÊÐ¥¸É¢ÊÕÉ, ´µ ´¥ ´ ¡²Õ¤ ÕÉ¸Ö (¡µ²¥¥ ÉµÎ´ÊÕ Ëµ·³Ê²¨·µ¢±Ê
¸³. ¢ § ±²ÕÎ¨É¥²Ó´µ³ ¶. 4). ‚ ¶. 1Ä3 ¨§² £ ÕÉ¸Ö µ¸´µ¢´Ò¥ ¨¸Ìµ¤´Ò¥ ¶µ²µ¦¥´¨Ö ¶·¥¤² -
£ ¥³µ£µ ³¥Ì ´¨§³  ÔÉµ£µ Ö¢²¥´¨Ö:

1) µ¶¨¸ ´¨¥ ¡µ§µ´µ¢ ¸ ¶µ³µÐÓÕ µ¤´µ¡µ§µ´´µ¶µ¤µ¡´ÒÌ ¸µ¡¸É¢¥´´ÒÌ ¢¥±Éµ·µ¢ ¶µ²´µ£µ
£ ³¨²ÓÉµ´¨ ´ , ´ §Ò¢ ¥³ÒÌ ®µ¤¥ÉÒ³¨¯¡µ§µ´´Ò³¨ ¸µ¸ÉµÖ´¨Ö³¨;

2) ¶·µ¸É Ö ³µ¤¥²Ó É¥µ·¨¨, ¢ ±µÉµ·µ° Ë¥·³¨µ´´µ¥ ¶µ²¥ ψ ¨ ¸± ²Ö·´µ¥ ¶µ²¥ ϕ ¸¢Ö§ ´Ò
¢§ ¨³µ¤¥°¸É¢¨¥³ ¢¨¤  Éµ±Ä£· ¤¨¥´É (¸³. ¤ ²¥¥ (10));

3) Ê´¨É ·´µ¥ ¶·¥µ¡· §µ¢ ´¨¥ ¶µ²´µ£µ £ ³¨²ÓÉµ´¨ ´  ³µ¤¥²¨, ¶µ§¢µ²ÖÕÐ¥¥ ÉµÎ´µ
´ °É¨ ®µ¤¥ÉÒ¥¯ ¡µ§µ´´Ò¥ ¸µ¸ÉµÖ´¨Ö.

‚ ¶. 4 Ëµ·³Ê²¨·Ê¥É¸Ö µ¸´µ¢´µ¥ ¸²¥¤¸É¢¨¥ ÔÉ¨Ì ¶µ²µ¦¥´¨°: ´¥´ ¡²Õ¤ ¥³µ¸ÉÓ ®µ¤¥-
ÉÒÌ¯ ¡µ§µ´µ¢. �¡¸Ê¦¤ ÕÉ¸Ö ¤·Ê£¨¥ µÉ²¨Î¨Ö µÉ ³µ¤¥²¨ �± ¢Ò.

1. � ¡²Õ¤ ¥³Ò¥ µ¤´µÎ ¸É¨Î´Ò¥ ¸µ¸ÉµÖ´¨Ö Φ(k) ¸ µ¶·¥¤¥²¥´´Ò³ ¨³¶Ê²Ó¸µ³ k ´¥
¨§³¥´ÖÕÉ¸Ö ¢µ ¢·¥³¥´¨. �µÔÉµ³Ê µ´¨ ´¥ ³µ£ÊÉ µ¶¨¸Ò¢ ÉÓ¸Ö ®£µ²Ò³¨¯ ¸µ¸ÉµÖ´¨Ö³¨ (¸µ¡-
¸É¢¥´´Ò³¨ ¢¥±Éµ· ³¨ ¸¢µ¡µ¤´µ° Î ¸É¨ H0 ¶µ²´µ£µ £ ³¨²ÓÉµ´¨ ´  H), ¶µ¸±µ²Ó±Ê ¶µ-
¸²¥¤´¨¥ ´¥ ¸É Í¨µ´ ·´Ò. � ¶·¨³¥·, ®£µ²Ò°¯ ¡µ§µ´ ³µ¦¥É ¶¥·¥Ìµ¤¨ÉÓ ¸µ ¢·¥³¥´¥³ ¢
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¶ ·Ê Ë¥·³¨µ´Ä ´É¨Ë¥·³¨µ´ ¨ µ¡· É´µ. �·¨´¨³ ¥³, ÎÉµ ¡µ§µ´´Ò¥ µ¤´µÎ ¸É¨Î´Ò¥ ¸µ-
¸ÉµÖ´¨Ö Φ(k) ¤µ²¦´Ò µ¶¨¸Ò¢ ÉÓ¸Ö ¶µ¤Ìµ¤ÖÐ¨³¨ µ¤´µ¡µ§µ´´µ¶µ¤µ¡´Ò³¨ ¸µ¡¸É¢¥´´Ò³¨
¢¥±Éµ· ³¨ H , Ö¢²ÖÕÐ¨³¨¸Ö ¸É Í¨µ´ ·´Ò³¨. ‚ ´ Ï¥° ³µ¤¥²¨ ¨Ì ³µ¦´µ ´ °É¨ ÉµÎ´µ ¸
¶µ³µÐÓÕ Ê´¨É ·´µ£µ ¶·¥µ¡· §µ¢ ´¨Ö H → H ′ = exp (iS)H exp (−iS) (¸³. ¤ ²¥¥).

2. Œµ¤¥²Ó µ¶·¥¤¥²Ö¥É¸Ö ¥¥ ¶µ²´Ò³ £ ³¨²ÓÉµ´¨ ´µ³ H = H0 +HI , £¤¥ H0 ¥¸ÉÓ ¸Ê³³ 
¸¢µ¡µ¤´µ£µ Ë¥·³¨µ´´µ£µ H0f ¨ ¡µ§µ´´µ£µ H0b £ ³¨²ÓÉµ´¨ ´µ¢: H0 = H0f + H0b. �´¨
Ö¢²ÖÕÉ¸Ö µ¡ÒÎ´Ò³¨ ËÊ´±Í¨Ö³¨ Ï·¥¤¨´£¥·µ¢¸±¨Ì ¶µ²¥° ψ(x), ψ†(x) ¨ ϕ(x), π(x):

H0f =
∫

d3xψ†(x)(αp + βm)ψ(x) , (1)

H0b =
1
2

∫
d3x[π2(x) + ∇ϕ(x) · ∇ϕ(x) + µ2ϕ2(x)] . (2)

�µ¸ÉÊ²¨·ÊÕÉ¸Ö ± ´µ´¨Î¥¸±¨¥ ¶¥·¥¸É ´µ¢µÎ´Ò¥ ¸µµÉ´µÏ¥´¨Ö ¢¨¤ 

[ϕ(x), π(y)] = iδ(x − y), {ψ∗
α(x), ψβ(y)}+ = δαβδ(x − y) (3)

(¢Ò¶¨¸ ´Ò Éµ²Ó±µ ´¥´Ê²¥¢Ò¥ ±µ³³ÊÉ Éµ·Ò ¨  ´É¨±µ³³ÊÉ Éµ·Ò; ψ∗
α ¥¸ÉÓ Ô·³¨Éµ¢¸±¨-

¸µ¶·Ö¦¥´´ Ö ¤¨· ±µ¢¸± Ö ±µ³¶µ´¥´É  ψα).
Š H0 ¤µ¡ ¢²Ö¥É¸Ö É·¨²¨´¥°´µ¥ ´¥²µ± ²Ó´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ HI (¸³. ¤ ²¥¥ Ëµ·-

³Ê²Ê (10)), ¢Ò· ¦ ÕÐ¥¥¸Ö Î¥·¥§ É¥ ¦¥ Ï·¥¤¨´£¥·µ¢¸±¨¥ ¶µ²Ö.
‡ ³¥Î ´¨Ö. �¥ ¶·¥¤¶µ² £ ¥É¸Ö, ÎÉµ ¸ÊÐ¥¸É¢Ê¥É ± ±µ°-²¨¡µ ² £· ´¦¨ ´, ¨§ ±µÉµ-

·µ£µ ¸²¥¤µ¢ ²µ ¡Ò ÔÉµ ¢§ ¨³µ¤¥°¸É¢¨¥. �¥ É·¥¡Ê¥É¸Ö, ÎÉµ¡Ò ³µ¤¥²Ó ¡Ò²  ·¥²ÖÉ¨¢¨¸É¸±µ°
É¥µ·¨¥°. �´  ´¥ Ö¢²Ö¥É¸Ö ¨´¢ ·¨ ´É´µ° µÉ´µ¸¨É¥²Ó´µ ²µ± ²Ó´ÒÌ ± ²¨¡·µ¢µÎ´ÒÌ ¶·¥-
µ¡· §µ¢ ´¨°, ± ± ¨ ³µ¤¥²Ó �± ¢Ò.

3. “´¨É ·´µ ¶·¥µ¡· §µ¢ ´´Ò° £ ³¨²ÓÉµ´¨ ´ H ′ = exp (iS)H exp (−iS) ³µ¦¥É ¡ÒÉÓ
¢ÒÎ¨¸²¥´ ¸ ¶µ³µÐÓÕ Ëµ·³Ê²Ò

H ′ = H + [iS, H ] +
1
2

[iS, [iS, H ]] + . . . , ¨²¨ (4)

H ′ = H0 + HI + [iS, H0] + [iS, HI ] + . . . (5)

�·³¨Éµ¢ µ¶¥· Éµ· S ¶·¥¤¶µ² £ ¥É¸Ö É·¨²¨´¥°´Ò³. �  ´¥£µ ´ ±² ¤Ò¢ ¥É¸Ö ¸²¥¤ÊÕÐ¥¥
É·¥¡µ¢ ´¨¥: É·¨²¨´¥°´Ò¥ Î²¥´Ò ¢ ¶· ¢µ° Î ¸É¨ (5) ¤µ²¦´Ò µÉ¸ÊÉ¸É¢µ¢ ÉÓ:

HI + [iS, H0] = 0 . (6)

“· ¢´¥´¨¥ (6) µ¶·¥¤¥²Ö¥É S, ¥¸²¨ § ¤ ´µ HI . „²Ö Ê¶·µÐ¥´¨Ö ¨§²µ¦¥´¨Ö ¶·¨´¨³ ¥³ ¨´µ°
¶µ¤Ìµ¤. ‚Ò¡¨· ¥³ S ¢ ¢¨¤¥ ´¥²µ± ²Ó´µ£µ µ¡µ¡Ð¥´¨Ö µ¶¥· Éµ· , Ê± § ´´µ£µ „ °¸µ´µ³
(¸³. [4, 5]),

S =
∫

d3x

∫
d3yG(x − y)j0(x)ϕ(y), j0(x) ≡

∑
α

ψ∗
α(x)ψα(x), (7)

¨ ´ Ìµ¤¨³ HI ¸ ¶µ³µÐÓÕ (6). G(x− y) ¥¸ÉÓ ¶·µ¨§¢µ²Ó´ Ö ËÊ´±Í¨Ö x− y, ¨§ ¤ ²Ó´¥°Ï¥°
Ëµ·³Ê²Ò (10) ¢¨¤´µ, ÎÉµ G ¨³¥¥É ¸³Ò¸² · §³ §±¨ ¢§ ¨³µ¤¥°¸É¢¨Ö. „²Ö ¢ÒÎ¨¸²¥´¨Ö
[iS, H0] ¨¸¶µ²Ó§Ê¥³ ¸µµÉ´µÏ¥´¨Ö (3). �µ²ÊÎ ¥³

[iS, H0f ] = +
∫

d3x

∫
d3yG(x − y)∇x j(x)ϕ(y) −

∫
d3x

∫
d3yG(x − y) j(x) · ∇yϕ(y) , (8)

[iS, H0b] = −
∫

d3x

∫
d3yG(x − y)j0(x)π(y) . (9)
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‚ (8) j(x) µ¡µ§´ Î ¥É ¤¨· ±µ¢¸±¨° Éµ±:

j(x) = ψ†(x)αψ(x) .

ˆ§ (6)Ä(9) ¸²¥¤Ê¥É:

HI =
∫

d3x

∫
d3yG(x − y)[ j(x) · ∇ϕ(y) + j0(x)π(y)] . (10)

„ ²¥¥ ¢ÒÎ¨¸²Ö¥³ ±µ³³ÊÉ Í¨Õ

[iS, H ] = −HI + [iS, HI ]

¨§ ·Ö¤  ¢ ¶· ¢µ° Î ¸É¨ (4), ¨¸¶µ²Ó§ÊÖ ¸µµÉ´µÏ¥´¨Ö

[j0(x), j0(y)] = 0 , [j0(x), j(y)] = 0 ,

¢ÒÉ¥± ÕÐ¨¥ ¨§ (3). �µ²ÊÎ ¥³

[iS, HI ] = −
∫

d3x

∫
d3x′j0(x)

[ ∫
d3y G(x − y)G(x′ − y)

]
j0(x′) . (11)

„²Ö ¸²¥¤ÊÕÐ¥° ±µ³³ÊÉ Í¨¨ 1/2[iS, [iS, H ]] ¨§ (4) É¥¶¥·Ó ¨³¥¥³, ¨¸¶µ²Ó§ÊÖ
[S, [S, HI ]] = 0:

1
2

[iS, [iS, H ]] = −1
2

[iS, HI ] .

�¸É ²Ó´Ò¥ ±µ³³ÊÉ Í¨¨ ¢ (4) µ¡· Ð ÕÉ¸Ö ¢ ´Ê²Ó, ·Ö¤ µ¡·Ò¢ ¥É¸Ö, ¨ µ±µ´Î É¥²Ó´µ ¶µ²Ê-
Î ¥³

H ′ = H0b + Hf , Hf ≡ H0f + Vff , (12)

Vff ≡ −1
2

∫
d3x

∫
d3x′j0(x)F (x − x′)j0(x′) , (13)

F (x − x′) ≡
∫

d3yG(x − y)G(x′ − y) . (14)

‚¢¨¤Ê [H0b, H
′] = 0 ¨§ (12) ¸²¥¤Ê¥É, ÎÉµ Ìµ·µÏµ ¨§¢¥¸É´Ò¥ ¸µ¡¸É¢¥´´Ò¥ ¢¥±Éµ·Ò (¤ ²¥¥

‘‚) ¸¢µ¡µ¤´µ£µ ¡µ§µ´´µ£µ £ ³¨²ÓÉµ´¨ ´  H0b Ö¢²ÖÕÉ¸Ö ‘‚ µ¶¥· Éµ·  H ′. �µ¸±µ²Ó±Ê
H ′ �= H , Éµ µ´¨ ´¥ Ö¢²ÖÕÉ¸Ö ‘‚ ¨¸Ìµ¤´µ£µ £ ³¨²ÓÉµ´¨ ´  H . �¤´ ±µ ¥¸²¨ ψ′ ¥¸ÉÓ ‘‚
¤²Ö H ′, Éµ exp (−iS)ψ′ ¥¸ÉÓ ‘‚ ¤²Ö H :

H e−iSψ′ = e−iSH ′eiSe−iSψ′ = e−iSH ′ψ′ ∼ e−iSψ′ . (15)

‚¸¥ ´ °¤¥´´Ò¥ ‘‚ µ¶¥· Éµ·  H ³µ¦´µ Ö¢´µ ¢Ò¶¨¸ ÉÓ ¢ ¶·¨¢ÒÎ´µ³ ¢¨¤¥, ¨¸¶µ²Ó§ÊÖ
´µ¢Ò¥ ¡µ§µ´´Ò¥ ¨ Ë¥·³¨µ´´Ò¥ µ¶¥· Éµ·Ò

ϕ̃ = e−iSϕ eiS , ψ̃ = e−iSψ eiS . (16)
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„²Ö ÔÉµ£µ ¶¥·¥¶¨Ï¥³ H ′ = exp (iS)H exp (−iS) ¢ ¢¨¤¥

H = e−iSH ′eiS = H ′(ϕ̃, ψ̃) = H0b(ϕ̃) + Hf (ψ̃) , (17)

¨¸¶µ²Ó§ÊÖ ¸µµÉ´µÏ¥´¨Ö ¢¨¤ 

e−iSϕ2 eiS = e−iSϕ eiSe−iSϕ eiS = ϕ̃2

¨ ¶µ²¨´µ³¨ ²Ó´ÊÕ § ¢¨¸¨³µ¸ÉÓ H ′(ϕ, ψ) µÉ ϕ ¨ ψ. ‘µµÉ´µÏ¥´¨¥ (17) µ§´ Î ¥É, ÎÉµ ¨¸-
Ìµ¤´Ò° £ ³¨²ÓÉµ´¨ ´ H(ϕ, ψ) = H0 + HI ¶·¨µ¡·¥É ¥É ¢¨¤ ¸Ê³³Ò ¸¢µ¡µ¤´µ£µ ¡µ§µ´´µ£µ
£ ³¨²ÓÉµ´¨ ´  H0b(ϕ̃) ¨ Î¨¸Éµ Ë¥·³¨µ´´µ£µ µ¶¥· Éµ·  Hf (ψ̃), ¥¸²¨ H(ϕ, ψ) ¢Ò· §¨ÉÓ
Î¥·¥§ µ¶¥· Éµ·Ò ϕ̃ ¨ ψ̃. �µ¤Î¥·±´¥³, ÎÉµ H0b(ϕ) ¨ H0b(ϕ̃) µ¤¨´ ±µ¢µ § ¢¨¸ÖÉ µÉ ¸¢µ¨Ì
 ·£Ê³¥´Éµ¢, ´µ ÔÉµ · §´Ò¥ µ¶¥· Éµ·Ò, ¶µ¸±µ²Ó±Ê ϕ̃ �= ϕ.

ƒ ³¨²ÓÉµ´¨ ´Ò ³µ¦´µ ¢Ò· §¨ÉÓ ´¥ Î¥·¥§ ¶µ²Ö,   Î¥·¥§ µ¶¥· Éµ·Ò ·µ¦¤¥´¨Ö-Ê´¨ÎÉµ-
¦¥´¨Ö Î ¸É¨Í a, a† (¤²Ö ¡µ§µ´µ¢) ¨ b, d, b†, d† (¤²Ö Ë¥·³¨µ´µ¢), ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥
· §²µ¦¥´¨Ö ¶µ²¥° (¸³., ´ ¶·¨³¥·, ¢ [6]). ‚¸¥ ¸µ¡¸É¢¥´´Ò¥ ¢¥±Éµ·Ò H0b(ϕ̃) (Ö¢²ÖÕÐ¨¥¸Ö
µ¤´µ¢·¥³¥´´µ ‘‚ ¤²Ö H) ³µ¦´µ § ¶¨¸ ÉÓ ¸ ¶µ³µÐÓÕ ¡µ§µ´´ÒÌ µ¶¥· Éµ·µ¢ ã†(k) =
exp (−iS)a†(k) exp (iS) ¢ ¢¨¤¥ Ω, ã†(k)Ω, ã†(k1)ã†(k2)Ω, . . . , £¤¥ ¡¥§¡µ§µ´´µ¥ ¸µ¸ÉµÖ´¨¥
Ω Ê¤µ¢²¥É¢µ·Ö¥É Ê· ¢´¥´¨Ö³ HfΩ = 0 ¨ ã(k)Ω = 0 ¤²Ö ¢¸¥Ì k.

‘µ£² ¸´µ ³µÉ¨¢¨·µ¢±¥ ¶. 1 ¢¥±Éµ·Ò ã†(k)Ω ¸²¥¤Ê¥É ¨¸¶µ²Ó§µ¢ ÉÓ ¤²Ö µ¶¨¸ ´¨Ö ¸µ¸Éµ-
Ö´¨° ´ ¡²Õ¤ ¥³ÒÌ µ¤¨´µÎ´ÒÌ ¡µ§µ´µ¢. �¶¥· Éµ·Ò ã†(k), ã(k) ·µ¦¤ ÕÉ ¨ Ê´¨ÎÉµ¦ ÕÉ
®µ¤¥ÉÒ¥¯ ¡µ§µ´Ò, ¶µ É¥·³¨´µ²µ£¨¨ µ¡§µ·  [7]. ‘µµÉ´µÏ¥´¨¥ ã = exp (−iS)a exp (iS)
¶µ§¢µ²Ö¥É ´ °É¨ ¢Ò· ¦¥´¨¥ ã Î¥·¥§ ¨¸Ìµ¤´Ò¥ ¡µ§µ´´Ò¥ ¨ Ë¥·³¨µ´´Ò¥ µ¶¥· Éµ·Ò ·µ¦¤¥-
´¨Ö-Ê´¨ÎÉµ¦¥´¨Ö (®£µ²ÒÌ¯ Î ¸É¨Í).

�É³¥É¨³, ÎÉµ exp (iS) ´¥ Ö¢²Ö¥É¸Ö ®µ¤¥¢ ÕÐ¨³¯ ¶·¥µ¡· §µ¢ ´¨¥³ ¢ µÉ´µÏ¥´¨¨ Ë¥·-
³¨µ´µ¢, ¶µ¸±µ²Ó±Ê ¸µ¸ÉµÖ´¨Ö ¢¨¤  b̃†(k)Ω ´¥ Ö¢²ÖÕÉ¸Ö ¸µ¡¸É¢¥´´Ò³¨ ¢¥±Éµ· ³¨ H . „¥°-
¸É¢¨É¥²Ó´µ, ¢ Vff (ψ̃) (¸³. (13)) ¥¸ÉÓ Î²¥´Ò, ¸µ¤¥·¦ Ð¨¥, ´ ¶·¨³¥·, b̃†d̃†b̃†b̃ (µ¶¨¸Ò¢ ÕÐ¨¥
¶¥·¥Ìµ¤ f → f + f + f̄ ). ®�¤¥ÉÒ¥¯ Ë¥·³¨µ´´Ò¥ ¸µ¸ÉµÖ´¨Ö ³µ¦´µ ´ °É¨ ¸ ¶µ³µÐÓÕ
µ¶¨¸ ´´ÒÌ ¢ [7] ¶µ¸²¥¤µ¢ É¥²Ó´ÒÌ Ê´¨É ·´ÒÌ ¶·¥µ¡· §µ¢ ´¨° µ¶¥· Éµ·  Hf (ψ̃) (¢ Î ¸É-
´µ¸É¨, Ê¡¨· ÕÐ¨Ì ¨§ Ë¥·³¨µ´-Ë¥·³¨µ´´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¢ÒÏ¥Ê¶µ³Ö´ÊÉÒ¥ Î²¥´Ò).
„²Ö ´ ¸ ¸¥°Î ¸ ¢ ¦´µ Éµ²Ó±µ Éµ, ÎÉµ ¶·¨ ÔÉµ³ ¶·¥µ¡· §Ê¥É¸Ö Éµ²Ó±µ Hf (ψ̃) ¨ ®µ¤¥ÉÒ¥¯
Ë¥·³¨µ´´Ò¥ µ¶¥· Éµ·Ò ¢Ò· ¦ ÕÉ¸Ö Éµ²Ó±µ Î¥·¥§ Ë¥·³¨µ´´Ò¥ ψ̃ ¨ ψ̃† ¨ ´ µ¡µ·µÉ. �µ-
ÔÉµ³Ê µÉ¸ÊÉ¸É¢¨¥ ¢ (17) ¢§ ¨³µ¤¥°¸É¢¨Ö ¶µ²¥° ϕ̃ ¨ ψ̃ µ§´ Î ¥É, ÎÉµ ®µ¤¥ÉÒ¥¯ ¡µ§µ´Ò ´¥
¢§ ¨³µ¤¥°¸É¢ÊÕÉ É ±¦¥ ¨ ¸ ®µ¤¥ÉÒ³¨¯ (´ ¡²Õ¤ ¥³Ò³¨) Ë¥·³¨µ´ ³¨.

4. �µ²µ¦¨³, ÎÉµ ´ Ï¥ ¡µ§µ´´µ¥ ¶µ²¥ ϕ ¢§ ¨³µ¤¥°¸É¢Ê¥É Éµ²Ó±µ ¸ µ¤´¨³ Ë¥·³¨µ´´Ò³
¶µ²¥³ ψ ¨ ´¥ ¢§ ¨³µ¤¥°¸É¢Ê¥É ¸µ ¢¸¥³¨ ¤·Ê£¨³¨ ¶µ²Ö³¨ Ë¨§¨±¨ Î ¸É¨Í. ‚ÒÏ¥ ¡Ò²µ ¶µ-
± § ´µ, ÎÉµ ®µ¤¥ÉÒ¥¯ ¡µ§µ´Ò ´¥ ¢§ ¨³µ¤¥°¸É¢ÊÕÉ ³¥¦¤Ê ¸µ¡µ° ¨ ¸ ®µ¤¥ÉÒ³¨¯ ±¢ ´É ³¨
¶µ²Ö ψ. �µ ÔÉ¨³ ¤¢Ê³ ¶·¨Î¨´ ³ ®µ¤¥ÉÒ¥¯ ¡µ§µ´Ò ´¥ · ¸¸¥¨¢ ÕÉ¸Ö, ´¥ ·µ¦¤ ÕÉ¸Ö, ´¥
Ê´¨ÎÉµ¦ ÕÉ¸Ö ¨ ´¥ ³µ£ÊÉ ´ ¡²Õ¤ ÉÓ¸Ö, ¶µ¸±µ²Ó±Ê ¢ ¨§³¥·¨É¥²Ó´ÒÌ ¶·¨¡µ· Ì ¨¸¶µ²Ó§Ê-
¥É¸Ö Éµ ¨²¨ ¨´µ¥ ¸ÊÐ¥¸É¢ÊÕÐ¥¥ ¢§ ¨³µ¤¥°¸É¢¨¥. ‘²¥¤Ê¥É ¸¤¥² ÉÓ µ£µ¢µ·±Ê: ¥¸²¨ Ê ´ Ï¨Ì
¡µ§µ´µ¢ ³ ¸¸  ´¥´Ê²¥¢ Ö, Éµ ¸²¥¤Ê¥É ¤µ¶Ê¸É¨ÉÓ ¢µ§³µ¦´µ¸ÉÓ ¨Ì £· ¢¨É Í¨µ´´µ£µ ¢§ ¨³µ-
¤¥°¸É¢¨Ö ¸ ¤·Ê£¨³¨ Î ¸É¨Í ³¨ ´¥´Ê²¥¢µ° ³ ¸¸Ò. �µ¸·¥¤¸É¢µ³ É ±µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö
³µ¦´µ ¡Ò²µ ¡Ò ´ ¡²Õ¤ ÉÓ ³ ±·µ±µ²¨Î¥¸É¢  É ±¨Ì ¡µ§µ´µ¢, ´µ ´¥ µ¤¨´µÎ´Ò¥ ¡µ§µ´Ò.
’ ±¨³ µ¡· §µ³, ®µ¤¥ÉÒ¥¯ ¡µ§µ´Ò ³µ¤¥²¨ ³µ£²¨ ¡Ò ¨³¥ÉÓ ¸¢µ°¸É¢  Î ¸É¨Í ®¸±·ÒÉµ°¯
¨²¨ ®É¥³´µ°¯ ³ É¥·¨¨, ¨§¢¥¸É´µ° ¢ ±µ¸³µ²µ£¨¨ [8,9].

�É³¥É¨³, ÎÉµ ³µ¤¥²Ó �± ¢Ò ¶·¥¤¸± §Ò¢ ²  ¢µ§³µ¦´µ¸ÉÓ ´ ¡²Õ¤¥´¨Ö ³¥§µ´µ¢ Å
¶¥·¥´µ¸Î¨±µ¢ ¢§ ¨³µ¤¥°¸É¢¨Ö ³¥¦¤Ê ´Ê±²µ´ ³¨. ®�¤¥ÉÒ¥¯ ¡µ§µ´Ò ´ Ï¥° ³µ¤¥²¨ ´¥´ -
¡²Õ¤ ¥³Ò ¢ Ê± § ´´µ³ ¢ÒÏ¥ ¸³Ò¸²¥. �µ§µ´´µ¥ ¶µ²¥ ϕ ³µ¤¥²¨ ¶·µÖ¢²Ö¥É ¸¥¡Ö Éµ²Ó±µ
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¢ ¶µ·µ¦¤¥´¨¨ Ë¥·³¨µ´-Ë¥·³¨µ´´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö Vff (¸³. (13)). ‚ ³µ¤¥²¨ ¨³¥¥É¸Ö
¸¢µ¡µ¤  ¢Ò¡µ·  Ëµ·³Ë ±Éµ·  G(x − y) ¢ (10) ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¢µ§³µ¦´ÒÌ ¢§ ¨³µ-
¤¥°¸É¢¨° Vff . �·¨ G(x− y) ∼ δ(x− y) ¢§ ¨³µ¤¥°¸É¢¨¥ (10) Ö¢²Ö¥É¸Ö ²µ± ²Ó´Ò³,   Vff

µ± §Ò¢ ¥É¸Ö ±µ´É ±É´Ò³: F (x − x′) ∼ δ(x − x′) (¸³. (14)). ‚ µ¡Ð¥³ ¸²ÊÎ ¥ Vff § ¢¨¸¨É
µÉ ¶ · ³¥É·µ¢ Ëµ·³Ë ±Éµ·  G ¨ ´¥ § ¢¨¸¨É ´¥¶µ¸·¥¤¸É¢¥´´µ µÉ ³ ¸¸Ò µ ¡µ§µ´ , ¢ Éµ
¢·¥³Ö ± ± ¢ ³µ¤¥²¨ �± ¢Ò · ¤¨Ê¸ ´Ê±²µ´-´Ê±²µ´´µ£µ ¶µÉ¥´Í¨ ²  µ¶·¥¤¥²Ö¥É¸Ö ³ ¸¸µ°
³¥§µ´ .

„²Ö ¶·¨³¥´¥´¨Ö ¨§²µ¦¥´´µ° É¥µ·¥É¨Î¥¸±µ° ¢µ§³µ¦´µ¸É¨ ¢ Ë¨§¨±¥ Î ¸É¨Í ´Ê¦´µ
´ °É¨ µ¡µ¡Ð¥´¨Ö ³µ¤¥²¨. �·µ¸É¥°Ï¥¥ µ¡µ¡Ð¥´¨¥ ¶µ²ÊÎ ¥É¸Ö, ±µ£¤  µ¤´µ ¸± ²Ö·´µ¥
¶µ²¥ ϕ ¢§ ¨³µ¤¥°¸É¢Ê¥É ¸ ´¥¸±µ²Ó±¨³¨ Ë¥·³¨µ´´Ò³¨ ¶µ²Ö³¨ ψi É ±, ÎÉµ

HI =
∑

i

∫
d3x

∫
d3yGi(x − y)[ ji(x) · ∇ϕ(y) + j0i(x)π(y)] .

…¸²¨ ψi ¥¸ÉÓ ±¢ ·±µ¢Ò¥ ¶µ²Ö, Éµ
∑
i

µ§´ Î ¥É ¸Ê³³Ê ¶µ  ·µ³ É ³. ’ ± ¦¥, ± ± ¢ ¶. 3,

³µ¦´µ ¶µ± § ÉÓ, ÎÉµ ®µ¤¥ÉÒ¥¯ ¡µ§µ´Ò ´¥ ¢§ ¨³µ¤¥°¸É¢ÊÕÉ ³¥¦¤Ê ¸µ¡µ° ¨ ¸ ®µ¤¥ÉÒ³¨¯
±¢ ´É ³¨ ¢¸¥Ì ¶µ²¥° ψi.
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