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‚ ¤ ´´μ° · ¡μÉ¥ ¸ÉμÌ ¸É¨Î¥¸±¨° ¢ ±ÊÊ³ ±¢ ´Éμ¢μ° Ì·μ³μ¤¨´ ³¨±¨ ¨¸¶μ²Ó§Ê¥É¸Ö
¢ ± Î¥¸É¢¥ μ±·Ê¦ ÕÐ¥° ¸·¥¤Ò ¤²Ö ±¢ ·±μ¢, ±μÉμ·Ò¥ · ¸¸³ É·¨¢ ÕÉ¸Ö ± ± ¢¥±Éμ·Ò
Í¢¥Éμ¢μ£μ ¸μ¸ÉμÖ´¨Ö. �μ± § ´μ, ÎÉμ ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¸μ ¸ÉμÌ ¸É¨Î¥¸±¨³ ¢ ±ÊÊ³μ³
¨´Ëμ·³ Í¨Ö μ Í¢¥Éμ¢μ³ ¸μ¸ÉμÖ´¨¨ ±¢ ·±  ¸ É¥Î¥´¨¥³ ¢·¥³¥´¨ É¥·Ö¥É¸Ö (¶·μ¨¸Ìμ¤¨É
¤¥±μ£¥·¥´Í¨Ö ¢¥±Éμ·  ¸μ¸ÉμÖ´¨Ö ±¢ ·± ), ÎÉμ μ§´ Î ¥É ´¥¢μ§³μ¦´μ¸ÉÓ μ¡´ ·Ê¦¥´¨Ö
±¢ ·±  ± ± Í¢¥É´μ° Î ¸É¨ÍÒ ¢ ¸¢μ¡μ¤´μ³ ¢¨¤¥ (±μ´Ë °´³¥´É).

In this paper, we use the model of stochastic vacuum of quantum chromodynamics
and treat it as an environment for quarks, considered as color state vectors. It is shown
that the information on quark color state is being lost as a result of the interaction with the
stochastic vacuum (decoherence of quark state vector is taking place), which means that it
is impossible to detect the quark in free state (conˇnement).
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‚§ ¨³μ¤¥°¸É¢¨¥ ±¢ ´Éμ¢μ° ¸¨¸É¥³Ò ¸ μ±·Ê¦ ÕÐ¥° ¸·¥¤μ° ³μ¦¥É ¡ÒÉÓ
ÔËË¥±É¨¢´μ μ¶¨¸ ´μ ¤μ¡ ¢²¥´¨¥³ ¸ÉμÌ ¸É¨Î¥¸±¨Ì ¸² £ ¥³ÒÌ ¢ £ ³¨²ÓÉμ´¨ ´
¸¨¸É¥³Ò. �·¨ ÔÉμ³ ³ É·¨Í  ¶²μÉ´μ¸É¨ ¸¨¸É¥³Ò ¶μ²ÊÎ ¥É¸Ö Ê¸·¥¤´¥´¨¥³ ¶μ
¸É¥¶¥´Ö³ ¸¢μ¡μ¤Ò μ±·Ê¦¥´¨Ö.

‚§ ¨³μ¤¥°¸É¢¨¥ ¸ μ±·Ê¦ ÕÐ¥° ¸·¥¤μ° ¶·¨¢μ¤¨É ± ¤¥±μ£¥·¥´Í¨¨ ¨ ¨¸-
Î¥§´μ¢¥´¨Õ ±¢ ´Éμ¢ÒÌ ¸Ê¶¥·¶μ§¨Í¨°. �μ ¶·μÏ¥¸É¢¨¨ ¤μ¸É ÉμÎ´μ ¡μ²ÓÏμ£μ
¢·¥³¥´¨ ¨´Ëμ·³ Í¨Ö μ ´ Î ²Ó´μ³ ¸μ¸ÉμÖ´¨¨ ±¢ ´Éμ¢μ° ¸¨¸É¥³Ò É¥·Ö¥É¸Ö.
Š¢ ´Éμ¢ Ö ¤¥±μ£¥·¥´Í¨Ö Å ÔÉμ ¶μÉ¥·Ö ±μ£¥·¥´É´μ¸É¨ ¨²¨ Ê¶μ·Ö¤μÎ¥´´μ¸É¨
Ë §μ¢ÒÌ ¸¤¢¨£μ¢ ³¥¦¤Ê ¸μ¸É ¢²ÖÕÐ¨³¨ ¸¨¸É¥³Ò ¢ ±¢ ´Éμ¢μ° ¸Ê¶¥·¶μ§¨Í¨¨.
„¥±μ£¥·¥´Í¨Ö ¶·μ¨¸Ìμ¤¨É ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¸¨¸É¥³Ò ¸ μ±·Ê¦¥´¨¥³ É¥·³μ-
¤¨´ ³¨Î¥¸±¨ ´¥μ¡· É¨³Ò³ μ¡· §μ³. �ÉμÉ ¶·μÍ¥¸¸ ³μ¦´μ · ¸¸³ É·¨¢ ÉÓ ± ±
¶μÉ¥·Õ ¨´Ëμ·³ Í¨¨ [1].
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‚ · ³± Ì ³μ¤¥²¨ ¸ÉμÌ ¸É¨Î¥¸±μ£μ ¢ ±ÊÊ³  ±¢ ´Éμ¢μ° Ì·μ³μ¤¨´ ³¨±¨
¶·¨´¨³ ÕÉ¸Ö ¢μ ¢´¨³ ´¨¥ ²¨ÏÓ ¶μ²¥¢Ò¥ ±μ··¥²ÖÉμ·Ò ´¥ ¢ÒÏ¥ ¢Éμ·μ£μ ¶μ-
·Ö¤±  [2] (£ Ê¸¸μ¢  ¤μ³¨´ ´É´μ¸ÉÓ). „ ´´ Ö ³μ¤¥²Ó ¶μ¤É¢¥·¦¤ ¥É¸Ö · ¸Î¥É ³¨
´  ·¥Ï¥É±¥ [3]. �¤´¨³ ¨§ ¢ ¦´ÒÌ ¸²¥¤¸É¢¨° ¨§ ´¥¥ Ö¢²Ö¥É¸Ö ± §¨³¨·μ¢¸±¨°
¸±¥°²¨´£ [4].

Œμ¤¥²Ó μ¸´μ¢Ò¢ ¥É¸Ö ´  ¶·¥¤¶μ²μ¦¥´¨¨ ¢μ§³μ¦´μ¸É¨ · ¸Î¥É  ¢ ±ÊÊ³´ÒÌ
μ¦¨¤ ¥³ÒÌ §´ Î¥´¨° ± ²¨¡·μ¢μÎ´μ-¨´¢ ·¨ ´É´ÒÌ ¢¥²¨Î¨´ ± ± μ¦¨¤ ¥³ÒÌ
§´ Î¥´¨° μÉ´μ¸¨É¥²Ó´μ ´¥±μÉμ·μ£μ ®Ìμ·μÏμ ¢¥¤ÊÐ¥£μ ¸¥¡Ö¯ ¸ÉμÌ ¸É¨Î¥¸±μ£μ
± ²¨¡·μ¢μÎ´μ£μ ¶μ²Ö.

ˆ§¢¥¸É´μ, ÎÉμ ¶μ¤μ¡´Ò° ¢ ±ÊÊ³ ¶·¨¢μ¤¨É ± ±μ´Ë °´³¥´ÉÊ, ¶μ·μ¦¤ Ö
¸É·Ê´Ò Š•„ ¸ ¶μ¸ÉμÖ´´Ò³ ´ ÉÖ¦¥´¨¥³ ¢  ¸¨³¶ÉμÉ¨±¥ ¡μ²ÓÏ¨Ì · ¸¸ÉμÖ´¨°.

ŒÒ ¡Ê¤¥³ · ¸¸³ É·¨¢ ÉÓ ¸ÉμÌ ¸É¨Î¥¸±¨° ¢ ±ÊÊ³ Š•„ ± ± μ±·Ê¦¥´¨¥ ¤²Ö
Í¢¥É´ÒÌ ±¢ ´Éμ¢ÒÌ Î ¸É¨Í ¨ ¶·μ¢μ¤¨ÉÓ Ê¸·¥¤´¥´¨¥ ¶μ ¥£μ ¸É¥¶¥´Ö³ ¸¢μ¡μ¤Ò,
¢³¥¸Éμ Éμ£μ ÎÉμ¡Ò · ¸¸³ É·¨¢ ÉÓ ´¥¶¥·ÉÊ·¡ É¨¢´ÊÕ ¤¨´ ³¨±Ê ¸ ³¨Ì ¶μ²¥°
Ÿ´£ ÄŒ¨²²¸ .

‚ ·¥§Ê²ÓÉ É¥ ³Ò ¶·¨¤¥³ ± ¤¥±μ£¥·¥´Í¨¨ ¸μ¸ÉμÖ´¨Ö ±¢ ·± , ·¥² ±¸ Í¨¨
±¢ ´Éμ¢ÒÌ ¸Ê¶¥·¶μ§¨Í¨°, ¶μÉ¥·¥ ¨´Ëμ·³ Í¨¨ ¨ ±μ´Ë °´³¥´ÉÊ Í¢¥É  ¨ ¶μ²Ê-
Î¨³ ´  ¢ÒÌμ¤¥ ¡¥¸Í¢¥É´Ò¥ μ¡Ñ¥±ÉÒ, μ¶¨¸Ò¢ ¥³Ò¥ ³ É·¨Í¥° ¶²μÉ´μ¸É¨.

2. ‚‡�ˆŒ�„…‰‘’‚ˆ… —�‘’ˆ–› ‘ ‚�Š““Œ�Œ

Š ± ¶μ± § ´μ ¢ [5], ¶·μÍ¥¸¸ · ¸¶·μ¸É· ´¥´¨Ö ¡¥¸¸¶¨´μ¢μ° ÉÖ¦¥²μ° Î -
¸É¨ÍÒ ¢ ¸ÉμÌ ¸É¨Î¥¸±μ³ ¢ ±ÊÊ³¥ Š•„ ¢¤μ²Ó ¶ÊÉ¨ γ ³μ¦¥É ¡ÒÉÓ μ¶¨¸ ´ ¸²¥-
¤ÊÕÐ¨³ ¢Ò· ¦¥´¨¥³:

ρ̂f = N−1
c + (ρ̂in − N−1

c )Wadj(γ), (1)

£¤¥ ρ̂in ¨ ρ̂f Å ³ É·¨ÍÒ ¶²μÉ´μ¸É¨ ´ Î ²Ó´μ£μ ¨ ±μ´¥Î´μ£μ ¸μ¸ÉμÖ´¨° ¸μμÉ-
¢¥É¸É¢¥´´μ; Nc Å Î¨¸²μ Í¢¥Éμ¢; Wadj Å ¶¥É²Ö ‚¨²Ó¸μ´  [6] ¢ ¶·¨¸μ¥¤¨´¥´-
´μ³ ¶·¥¤¸É ¢²¥´¨¨. „²Ö ¶μ²ÊÎ¥´¨Ö ÔÉμ£μ ¢Ò· ¦¥´¨Ö ¶·μ¢μ¤¨²μ¸Ó Ê¸·¥¤´¥´¨¥
·¥Ï¥´¨° Ê· ¢´¥´¨° ¶¥·¥´μ¸  ¶μ ¸É¥¶¥´Ö³ ¸¢μ¡μ¤Ò ¢ ±ÊÊ³  (É. ¥. ËÊ´±Í¨μ-
´ ²Ó´μ¥ ¨´É¥£·¨·μ¢ ´¨¥ ¶μ ¶μ²¥¢Ò³ ¶¥·¥³¥´´Ò³). “Î¨ÉÒ¢ Ö, ÎÉμ ¶·Ö³μÊ£μ²Ó-
´ÊÕ ¶¥É²Õ ‚¨²Ó¸μ´  · §³¥· ³¨ T ¨ R ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥ e−σadjRT

(£¤¥ σadj Å ´ ÉÖ¦¥´¨¥ ¸É·Ê´Ò Š•„ ¢ ¶·¨¸μ¥¤¨´¥´´μ³ ¶·¥¤¸É ¢²¥´¨¨), ¶μ²Ê-
Î¨³ ¢ ¤ ´´μ³ ¸²ÊÎ ¥

ρ̂f = N−1
c + (ρ̂in − N−1

c ) e−σadjRT . (2)

‚¨¤´μ, ÎÉμ ¢ ¶·¥¤¥²¥ RT → ∞ (É. ¥. ¢ μ¡² ¸É¨ ±μ´Ë °´³¥´É ) ¶¥É²Ö
‚¨²Ó¸μ´  μ¡· Ð ¥É¸Ö ¢ ´Ê²Ó ¨ ¢Ò· ¦¥´¨¥ ¸¢μ¤¨É¸Ö ± ρ̂f = N−1

c (ÔÉμ ¶·μ-
¶μ·Í¨μ´ ²Ó´ Ö ¥¤¨´¨Î´μ° ³ É·¨Í ). ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ¶·¨ RT → 0, É. ¥. ¢
μÉ¸ÊÉ¸É¢¨¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢Ò· ¦¥´¨¥ ¤ ¥É É·¨¢¨ ²Ó´μ¥ ρ̂f = ρ̂in.
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’ ±¨³ μ¡· §μ³, ¨§ (2) ¸²¥¤Ê¥É, ÎÉμ ¢´¥ § ¢¨¸¨³μ¸É¨ μÉ ¢¨¤  ´ Î ²Ó´μ£μ
¸μ¸ÉμÖ´¨Ö ρ̂in ±μ´¥Î´μ¥ ¸μ¸ÉμÖ´¨¥ Ö¢²Ö¥É¸Ö ¶μ²´μ¸ÉÓÕ ¸³¥Ï ´´Ò³ ¸μ¸ÉμÖ-
´¨¥³ ¸ · ¢´μ° ¢¥·μÖÉ´μ¸ÉÓÕ ¤²Ö ¢¸¥Ì Í¢¥Éμ¢.

‚ · ¡μÉ Ì [7Ä9] ¤ ´´Ò¥ ¢Ò¢μ¤Ò ¡Ò²¨ μ¡μ¡Ð¥´Ò ´  ¸²ÊÎ ¨ ¸Ê¶¥·¶μ§¨Í¨¨
Í¢¥Éμ¢ÒÌ ¸μ¸ÉμÖ´¨°,   É ±¦¥ ´  ¸²ÊÎ ¨ ¤¢ÊÌ, É·¥Ì Î ¸É¨Í ¨²¨ ¶·μ¨§¢μ²Ó´μ£μ
Î¨¸²  Î ¸É¨Í ¢ ´ Î ²Ó´μ³ ¸μ¸ÉμÖ´¨¨.

3. ��ˆ‘��ˆ… •���Š’…�ˆ‘’ˆŠ ‚‡�ˆŒ�„…‰‘’‚ˆŸ

�¶¨¸ ´´Ò° ¶·μÍ¥¸¸ ¶·¥¢· Ð¥´¨Ö ´ Î ²Ó´μ£μ ¸μ¸ÉμÖ´¨Ö (´ ¶·¨³¥·, Î¨-
¸Éμ£μ) ¢ ¶μ²´μ¸ÉÓÕ ¸³¥Ï ´´μ¥ ¸μμÉ¢¥É¸É¢Ê¥É ¤¥±μ£¥·¥´Í¨¨: ¨´Ëμ·³ Í¨Ö μ
±¢ ´Éμ¢ÒÌ ¸Ê¶¥·¶μ§¨Í¨ÖÌ É¥·Ö¥É¸Ö, ± ± ¨ ¢μ§³μ¦´ Ö ¶¥·¥¶ÊÉ ´´μ¸ÉÓ Î ¸É¨Í,
¶·¨¸ÊÉ¸É¢μ¢ ¢Ï Ö ¢ ´ Î ²Ó´μ³ ¸μ¸ÉμÖ´¨¨. �·¨ ÔÉμ³ ¸±μ·μ¸ÉÓ ¤¥±μ£¥·¥´Í¨¨
³μ¦¥É ¡ÒÉÓ μÍ¥´¥´  ¨¸Ìμ¤Ö ¨§ ¶μ´ÖÉ¨Ö ¸É¥¶¥´¨ Î¨¸ÉμÉÒ ( ´£². purity) [10]:

P = Tr ρ̂2. (3)

“ Î¨¸Éμ£μ ¸μ¸ÉμÖ´¨Ö ¢ ¸¨²Ê ¨¤¥³¶μÉ¥´É´μ¸É¨ ³ É·¨ÍÒ ¶²μÉ´μ¸É¨ (ρ̂2 = ρ̂)
P = 1. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ¢  ¸¨³¶ÉμÉ¨±¥ RT → ∞ ¡Ê¤¥³ ¨³¥ÉÓ P = N−1

c ,
ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ¶μ²´μ¸ÉÓÕ ¸³¥Ï ´´μ³Ê ¸μ¸ÉμÖ´¨Õ, ³ ±¸¨³ ²Ó´μ ¤ ²¥±μ³Ê
μÉ Î¨¸Éμ£μ. • · ±É¥·´μ¥ ¢·¥³Ö ¤¥±μ£¥·¥´Í¨¨ ´  ¶·μ¸É· ´¸É¢¥´´μ³ ³ ¸ÏÉ ¡¥
R, ± ± ¢¨¤´μ ¨§ (2), Å (σadjR)−1.

�μÉ¥·Õ ¨´Ëμ·³ Í¨¨ μ Í¢¥É¥ ±¢ ·±  ³μ¦´μ μÍ¥´¨ÉÓ ¸ ¶μ³μÐÓÕ Ô´É·μ¶¨¨
Ëμ´ �¥°³ ´ :

S = −Tr ρ̂ ln ρ̂. (4)

—¨¸Éμ¥ ¸μ¸ÉμÖ´¨¥ ¨³¥¥É ´Ê²¥¢ÊÕ Ô´É·μ¶¨Õ ¢ ¸¨²Ê Ê¦¥ Ê¶μ³Ö´ÊÉμ° ¨¤¥³-
¶μÉ¥´É´μ¸É¨ ³ É·¨ÍÒ ¶²μÉ´μ¸É¨. �´É·μ¶¨Ö ¦¥ ¶μ²´μ¸ÉÓÕ ¸³¥Ï ´´μ£μ ¸μ-
¸ÉμÖ´¨Ö ³ ±¸¨³ ²Ó´  (¢ ¸¨²Ê · ¢´μ° ¢¥·μÖÉ´μ¸É¨ ¢¸¥Ì ¸μ¸ÉμÖ´¨°) ¨ · ¢´ 
S = ln Nc.

’ ±¨³ μ¡· §μ³, ´ ¶·¨³¥·, ¶·¨ ¶¥·¥Ìμ¤¥ ¨§ ´ Î ²Ó´μ£μ Î¨¸Éμ£μ ¸μ¸ÉμÖ-
´¨Ö ¢  ¸¨³¶ÉμÉ¨Î¥¸±μ¥ ¶μ²´μ¸ÉÓÕ ¸³¥Ï ´´μ¥ (¢ ·¥§Ê²ÓÉ É¥ ¢§ ¨³μ¤¥°¸É¢¨Ö
¸μ ¸ÉμÌ ¸É¨Î¥¸±¨³ ¢ ±ÊÊ³μ³ ¨ ¸μ¶ÊÉ¸É¢ÊÕÐ¥° ¤¥±μ£¥·¥´Í¨¨) ¢¸Ö ±¢ ´Éμ¢ Ö
¨´Ëμ·³ Í¨Ö, ¸μ¤¥·¦ ¢Ï Ö¸Ö ¢ ´ Î ²Ó´μ³ ¸μ¸ÉμÖ´¨¨, É¥·Ö¥É¸Ö.

‡�Š‹�—…�ˆ…

‚ ±ÊÊ³ ±¢ ´Éμ¢μ° Ì·μ³μ¤¨´ ³¨±¨ ³μ¦¥É · ¸¸³ É·¨¢ ÉÓ¸Ö ± ± μ±·Ê¦ -
ÕÐ Ö ¸·¥¤  (¢ ¸³Ò¸²¥ ±¢ ´Éμ¢μ° É¥μ·¨¨ ¨´Ëμ·³ Í¨¨) ¤²Ö Í¢¥É´ÒÌ Î ¸É¨Í.
Š²ÕÎ¥¢Ò³ ¶ · ³¥É·μ³, μÉ¢¥Î ÕÐ¨³ §  ¶·μÍ¥¸¸ ¢§ ¨³μ¤¥°¸É¢¨Ö Í¢¥É´μ° Î -
¸É¨ÍÒ ¸μ ¸ÉμÌ ¸É¨Î¥¸±¨³ ¢ ±ÊÊ³μ³ (¢ ±μÉμ·μ³ ÊÎ¨ÉÒ¢ ÕÉ¸Ö ¶μ²¥¢Ò¥ ±μ··¥²Ö-
Éμ·Ò ´¥ ¢ÒÏ¥ ¢Éμ·μ£μ ¶μ·Ö¤± ), Ö¢²Ö¥É¸Ö ¶¥É²Ö ‚¨²Ó¸μ´ . —¥·¥§ ´¥¥ ¢Ò· ¦ -
ÕÉ¸Ö ¨ ¤·Ê£¨¥ ¢¥²¨Î¨´Ò, ¶μ§¢μ²ÖÕÐ¨¥ μ¶¨¸ ÉÓ ¢§ ¨³μ¤¥°¸É¢¨¥: ¢ Î ¸É´μ¸É¨,
¸É¥¶¥´Ó Î¨¸ÉμÉÒ ¨ Ô´É·μ¶¨Ö Ëμ´ �¥°³ ´ .
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‚§ ¨³μ¤¥°¸É¢¨¥ Í¢¥É´μ° Î ¸É¨ÍÒ ¸μ ¸ÉμÌ ¸É¨Î¥¸±¨³ ¢ ±ÊÊ³μ³ Š•„ ¶·¨-
¢μ¤¨É ± ¤¥±μ£¥·¥´Í¨¨ ¨ ¶·¥¢· Ð¥´¨Õ ±¢ ´Éμ¢μ£μ ¸μ¸ÉμÖ´¨Ö Î ¸É¨ÍÒ ¢ ¸³¥-
Ï ´´μ¥ Å ¶μ²´μ¸ÉÓÕ ¸³¥Ï ´´μ¥ ¢  ¸¨³¶ÉμÉ¨±¥ ¡μ²ÓÏ¨Ì ¶·μ³¥¦ÊÉ±μ¢ ¢·¥-
³¥´¨ ¨/¨²¨ ¡μ²ÓÏ¨Ì · ¸¸ÉμÖ´¨°. �·¨ ÔÉμ³ ¨´Ëμ·³ Í¨Ö μ ´ Î ²Ó´μ³ Í¢¥Éμ-
¢μ³ ¸μ¸ÉμÖ´¨¨ Î ¸É¨ÍÒ É¥·Ö¥É¸Ö, ÎÉμ μ§´ Î ¥É μÉ¸ÊÉ¸É¢¨¥ Í¢¥Éμ¢ÒÌ § ·Ö¤μ¢ ¢
¸¢μ¡μ¤´μ³ ¸μ¸ÉμÖ´¨¨ (±μ´Ë °´³¥´É).
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