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‹.‚. �·µÌµ·µ¢

� ÊÎ´µ-¨¸¸²¥¤µ¢ É¥²Ó¸±¨° ¨´¸É¨ÉÊÉ Ë¨§¨±¨

‘ ´±É-�¥É¥·¡Ê·£¸±µ£µ £µ¸Ê¤ ·¸É¢¥´´µ£µ Ê´¨¢¥·¸¨É¥É , ‘ ´±É-�¥É¥·¡Ê·£

„ ´ µ¡§µ· ´¥±µÉµ·ÒÌ µÉ±·ÒÉ¨°, ¸¤¥² ´´ÒÌ ‚.�.”µ±µ³ ¢ 1926Å1937 ££. ¨ ¨£· ÕÐ¨Ì
¢ ¦´ÊÕ ·µ²Ó ¢ ¸µ¢·¥³¥´´µ° Ë¨§¨±¥. �¡¸Ê¦¤ ÕÉ¸Ö ± ± ´¥§ ¸²Ê¦¥´´µ § ¡ÒÉÒ¥ · ¡µÉÒ (Éµ¦¤¥-
¸É¢  ”µ± Å”¨·Í , ±¢ ´Éµ¢ ´¨¥ ³ £´¨É´µ£µ ¶µÉµ± , É¥µ·¨Ö Š ²ÊÍÒÅŠ²¥°´ Å”µ± ), É ± ¨ ´¥
¢¶µ²´¥ ±µ··¥±É´µ Í¨É¨·Ê¥³Ò¥ (Ê· ¢´¥´¨¥ Š²¥°´ Å”µ± Åƒµ·¤µ´ , ± ²¨¡·µ¢±  ”µ± ). �µ± -
§ ´  ¸¢Ö§Ó ³¥Éµ¤  ¶ÖÉµ£µ ¶ · ³¥É·  ”µ±  (³¥Éµ¤ ¸µ¡¸É¢¥´´µ£µ ¢·¥³¥´¨) ¸ ¸µ¢·¥³¥´´µ° É¥µ·¨¥°
¸É·Ê´ ¨ ³¥³¡· ´.

A review of some papers by V.A.Fock published in 1926Å1937 and playing an important role in
modern physics is given. The papers both unjustly forgotten (the FockÅFierz identities, quantization
of magnetic �ow, the KaluzaÅKleinÅFock theory), and not quite correctly cited (KleinÅFockÅ
Gordon equation, the Fock gauge) are discussed. Connection between the Fock 5th parameter method
(the proper time method) and the modern theory of strings and membranes is elucidated.

�É±·ÒÉ¨Ö, ± ± ¨ ²Õ¤¨, ¨³¥ÕÉ ¸¢µ¨ ¸Ê¤Ó¡Ò: ¸Î ¸É²¨¢Ò¥, ¤· ³ É¨Î¥-
¸±¨¥, ±Ê·Ó¥§´Ò¥. ˆ ÔÉµ ´¥ § ¢¨¸¨É µÉ ´ ÊÎ´µ£µ  ¢Éµ·¨É¥É  ¨Ì  ¢Éµ·µ¢. �¥-
¸±µ²Ó±µ ¢ ¦´ÒÌ Ë ±Éµ¢, µ¡´ ·Ê¦¥´´ÒÌ ‚² ¤¨³¨·µ³ �²¥±¸ ´¤·µ¢¨Î¥³ ”µ-
±µ³ ¢ 1926Å1937 £µ¤ Ì, ¸²Ê¦ É Éµ³Ê ¶·¨³¥·µ³.

1. ’�†„…‘’‚� ”�Š�Å”ˆ�–�

‚ · ¡µÉ¥ [1] ‚.�.”µ± ¢¢¥² ¶µ´ÖÉ¨¥ ¶ · ²²¥²Ó´µ£µ ¶¥·¥´µ¸  ¸¶¨´µ·  ¢ ·¨-
³ ´µ¢µ³ ¶·µ¸É· ´¸É¢¥ ¨ µ¡µ¡Ð¨² Ê· ¢´¥´¨¥ „¨· ±  ´  ¸²ÊÎ ° µ¡Ð¥° É¥µ·¨¨
µÉ´µ¸¨É¥²Ó´µ¸É¨. �¶·¥¤¥²¨¢ (¢ ¸µ¢·¥³¥´´ÒÌ µ¡µ§´ Î¥´¨ÖÌ) ¢¥±Éµ·, ¸± ²Ö· ¨
¶¸¥¢¤µ¸± ²Ö·:

V̄µ = ψ̄γµψ, S̄ = ψ̄ψ, P̄ = ψ̄γ5ψ, (1.1)

‚.�.”µ± µÉ³eÉ¨² ´ ²¨Î¨¥ Éµ¦¤¥¸É¢ 

V̄ 2
µ + P̄ 2 = S̄2. (1.2)

‚ ¤ ²Ó´¥°Ï¥³ ± ÔÉµ³Ê Éµ¦¤¥¸É¢Ê ´¥ µ¡· Ð ²¨¸Ó, µ´µ ¡Ò²µ § ¡ÒÉµ. Œ¥¦¤Ê
É¥³, ¸µµÉ´µÏ¥´¨¥ (1.2) ¥¸ÉÓ Î ¸É´Ò° ¸²ÊÎ ° Éµ¦¤¥¸É¢ ”¨·Í , ¨£· ÕÐ¨Ì ¢ ¦-
´ÊÕ ·µ²Ó ¢ ¸µ¢·¥³¥´´µ° Ë¨§¨±¥. ‚ 1937 £. Œ.”¨·Í, ¡Ê¤ÊÎ¨  ¸¶¨· ´Éµ³
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‚.� Ê²¨, µ¶Ê¡²¨±µ¢ ² · ¡µÉÊ [3], ¢ ±µÉµ·µ° Ê¸É ´µ¢¨² ¸ÊÐ¥¸É¢µ¢ ´¨¥ ´µ-
¸ÖÐ¨Ì ¥£µ ¨³Ö Éµ¦¤¥¸É¢:

(ψ̄aOnψb)(ψ̄cOnψd) =
1
4

∑
k

Cnk(ψ̄aOkψd)(ψ̄cOkψb), (1.3)

£¤¥ ψa, ..., ψd Å ¸¶¨´µ·Ò „¨· ±  ¶µ²¥° a, ..., d; Ok µ¡· §ÊÕÉ ¶µ²´Ò° ´ ¡µ·
³ É·¨Í „¨· ± : 1, γµ, σµν/

√
2, γµγ5, γ5, ¤ ÕÐ¨Ì ¢ ¸¶¨´µ·´ÒÌ µ¡±² ¤± Ì

¸µµÉ¢¥É¸É¢¥´´µ ¸± ²Ö·, ¢¥±Éµ·,  ´É¨¸¨³³¥É·¨Î´Ò° É¥´§µ·, ¶¸¥¢¤µ¢¥±Éµ· ¨
¶¸¥¢¤µ¸± ²Ö·. ˆ¸¶µ²Ó§Ê¥É¸Ö ¸É ´¤ ·É´µ¥ ¶·¥¤¸É ¢²¥´¨¥ ³ É·¨Í „¨· ± :

γ0 =
(

1 0
0 −1

)
, γi =

(
0 σi

−σi 0

)
, σµν =

1
2
[γµ, γν ]−, (1.4)

γ5 = iγ0γ1γ2γ3 =
(

0 −1
−1 0

)
,

£¤¥ σi Å É·¨ ³ É·¨ÍÒ � Ê²¨. —¨¸²¥´´Ò¥ ±µÔËË¨Í¨¥´ÉÒ Cnk ¶·¨¢¥¤¥´Ò ¢
É ¡²¨Í¥.

’ ¡²¨Í 

ST V T T T AT P T

S 1 1 Ä1 Ä1 1
V 4 Ä2 0 Ä2 Ä4
T Ä6 0 Ä2 0 Ä6
A Ä4 Ä2 0 Ä2 4
P 1 Ä1 Ä1 1 1

‹¥¢Ò¥ Î ¸É¨ (1.3) µ¡µ§´ Î¥´Ò ¢ É ¡²¨Í¥ Î¥·¥§ S, V, T, A, P ,   ¶· ¢Ò¥ (¸
¶¥·¥¸É ¢²¥´´Ò³¨ ¸¶¨´µ· ³¨ ψb ¨ ψd) Å Î¥·¥§ ST , V T ¨ É.¤. �·¨¢¥¤¥´´ Ö
É ¡²¨Í  µÉ²¨Î ¥É¸Ö µÉ É ±µ¢µ° · ¡µÉÒ [3] ²¨ÏÓ §´ ± ³¨ ¢ ´¥±µÉµ·ÒÌ ±²¥É± Ì,
ÎÉµ ¸¢Ö§ ´µ ¸ ¢Ò¡µ·µ³ ±µ´±·¥É´µ£µ ¢¨¤  ³ Ép¨Í „¨· ± . ’µ¦¤¥¸É¢  (1.3)
¤µ¸É ÉµÎ´µ Î ¸Éµ ¨¸¶µ²Ó§ÊÕÉ¸Ö ¢ ¸µ¢·¥³¥´´µ° Ë¨§¨±¥ (¢ Î ¸É´µ¸É¨, ¢ ³µ¤¥²ÖÌ
®B¥²¨±µ£µ µ¡Ñ¥¤¨´¥´¨Ö¯ ¸ É¥Ì´¨Í¢¥Éµ³ [4]). ˆ§ (1.3) ¨ É ¡²¨ÍÒ ´ Ìµ¤¨³

V − A = 2(ST − PT ), V + A = −V T − AT (1.5)

¨, ¶µ² £ Ö ψa = ... = ψd (É¥¶¥·Ó V = V̄ 2
µ = V T , S = S̄2 = ST ¨ É.¤.),

¶µ²ÊÎ ¥³ V̄ 2
µ = −Ā2

µ ¨ V̄ 2
µ + P̄ 2 = S̄2. �µ¸²¥¤´¥¥ Éµ¦¤¥¸É¢µ ¨¤¥´É¨Î´µ Éµ¦-

¤¥¸É¢Ê (1.2). ’ ±¨³ µ¡· §µ³, ‚.�.”µ± ¡Ò² ¶¥·¢Ò³, ±Éµ µ¡´ ·Ê¦¨² ´ ²¨Î¨¥
Éµ¦¤¥¸É¢¥´´ÒÌ ¸µµÉ´µÏ¥´¨° ³¥¦¤Ê ¶·µ¨§¢¥¤¥´¨Ö³¨ Î¥ÉÒ·¥Ì ¸¶¨´µ·µ¢.

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ Éµ¦¤¥¸É¢  (1.3) É·¨¢¨ ²Ó´µ ¸²¥¤ÊÕÉ ¨§ Éµ¦¤¥¸É¢ 
� Ê²¨

16∑
A=1

γA
αβγA

ρσ = 4δασδβρ, (1.6)

´  ±µÉµ·µ¥ ”¨·Í µ¶¨· ²¸Ö. ‚ · ¡µÉ¥ [3] ´¥É ¸¸Ò²±¨ ´  ¸É ÉÓÕ ”µ±  [1].
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2. Š‚��’ Œ�ƒ�ˆ’��ƒ� ��’�Š� ‰��„���Å”�Š�

‚ ´¥¡µ²ÓÏµ°, ´µ ¸µ¤¥·¦ É¥²Ó´µ° · ¡µÉ¥ [5] ¢¶¥·¢Ò¥ ¡Ò² ±µ··¥±É´µ µ¶·¥-
¤¥²¥´ ±¢ ´É ³ £´¨É´µ£µ ¶µÉµ±  Φ0. � ¡µÉ  § ³¥Î É¥²Ó´  ¸¢µ¥° ¶·µ¸ÉµÉµ° ¨
Ö¸´µ¸ÉÓÕ ¨§²µ¦¥´¨Ö.

ˆ¤¥Ö É ±µ¢ . ˆ§ Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö Î ¸É¨ÍÒ ¸ § ·Ö¤µ³ e ¨ ³ ¸¸µ° m ¢
³ £´¨É´µ³ ¶µ²¥ H (c = 1)

mẍ = e[ẋ,H]

¢ÒÉ¥± ¥É ¸²¥¤ÊÕÐ¥¥ · ¢¥´¸É¢µ:

mv2

R
= evHz . (2.1)

‡¤¥¸Ó R Å · ¤¨Ê¸ µ±·Ê¦´µ¸É¨, ¶µ ±µÉµ·µ° ¤¢¨¦¥É¸Ö Î ¸É¨Í , ¥¥ ¸±µ·µ¸ÉÓ
v ± ¸ É¥²Ó´  ± µ±·Ê¦´µ¸É¨; ¶·¥¤¶µ² £ ¥É¸Ö, ÎÉµ ³ £´¨É´µ¥ ¶µ²¥ ´ ¶· ¢²¥´µ
¶µ µ¸¨ z. ˆ§ ¸µµÉ´µÏ¥´¨Ö eHz = mv/R ¨³¥¥³ ¤²Ö ´¥µ¶·¥¤¥²¥´´µ¸É¨ ³ £-
´¨É´µ£µ ¶µ²Ö ∆Hz = ∆py/(eR). �µ² £ Ö, ÎÉµ R ∼ ∆x (´¥µ¶·¥¤¥²¥´´µ¸ÉÓ
x-±µµ·¤¨´ ÉÒ), ¨ ÊÎ¨ÉÒ¢ Ö ¸µµÉ´µÏ¥´¨¥ ´¥µ¶·¥¤¥²¥´´µ¸É¥° ∆py∆y ≥ �,
¶·¨Ìµ¤¨³ ± ´¥· ¢¥´¸É¢Ê

∆Hz ≥ �

e∆x∆y
. (2.2)

�ÉµÉ ¸²ÊÎ ° ¨³¥´Ê¥É¸Ö ¢ [5] ¤¢¨¦¥´¨¥³ ¶µ µ±·Ê¦´µ¸É¨ ³ ²µ£µ · ¤¨Ê¸  (R ≈
≈ ∆x). ’ ³ ¦¥ · §µ¡· ´ ¸²ÊÎ ° ®¡µ²ÓÏµ£µ¯ · ¤¨Ê¸  µ±·Ê¦´µ¸É¨, R � ∆x
(· §Ê³¥¥É¸Ö, ¸ É¥³ ¦¥ ·¥§Ê²ÓÉ Éµ³). �¢Éµ·Ò µÉ³¥Î ÕÉ, ÎÉµ ³ £´¨É´Ò° ¶µÉµ±

Φ =
∫

HdS (2.3)

´¥ ³µ¦¥É ¡ÒÉÓ µ¶·¥¤¥²¥´ ¸ ÉµÎ´µ¸ÉÓÕ, ¶·¥¢µ¸Ìµ¤ÖÐ¥° �/e:

∆Φ ≥ �

e
(2.4)

(¢ £ Ê¸¸µ¢¸±¨Ì ¥¤¨´¨Í Ì). Š ± ¨§¢¥¸É´µ, ±¢ ´É ³ £´¨É´µ£µ ¶µÉµ±  ¢ ¸¢¥·Ì-
¶·µ¢µ¤´¨± Ì ¢Éµ·µ£µ ·µ¤  · ¢¥´ �/e∗, £¤¥ e∗ Å § ·Ö¤ ´µ¸¨É¥²¥° ¸¢¥·Ì¶·µ-
¢µ¤ÖÐ¥£µ Éµ±  (e∗ = 2e) [6]. ‚.�.”µ± ¶µ´¨³ ² ¢ ¦´µ¸ÉÓ ÔÉµ£µ ·¥§Ê²ÓÉ É  ¨
¶·¨ ¸²ÊÎ ¥ µ ´¥³ Ê¶µ³¨´ ². Œ¥¦¤Ê É¥³, · ¡µÉ  [5] ¡Ò²  ¶·¥¤ ´  § ¡¢¥´¨Õ ¨
¢ ¸¢Ö§¨ ¸ ±¢ ´Éµ¢ ´¨¥³ ³ £´¨É´µ£µ ¶µÉµ±  ´¥ Ê¶µ³¨´ ¥É¸Ö.

�É³¥É¨³, ÎÉµ ¢ [5] ¡Ò²µ ¶µ²ÊÎ¥´µ ¸µµÉ¢¥É¸É¢ÊÕÐ¥¥ ´¥· ¢¥´¸É¢µ ¨ ¤²Ö
´ ¶·Ö¦¥´´µ¸É¨ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö E. �¡  ´¥· ¢¥´¸É¢  ³µ¦´µ µ¡Ñ¥¤¨´¨ÉÓ
¢ µ¤´µ° Ëµ·³Ê²¥:

∆Fµν ≥ �

e∆xµ∆xν
, µ �= ν, (2.5)

£¤¥ Fµν = ∂µAν − ∂νAµ Å É¥´§µ· Ô²¥±É·µ³ £´¨É´µ£µ ¶µ²Ö.
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�É³¥É¨³ É ±¦¥, ÎÉµ ±¢ ´É ³ £´¨É´µ£µ ¶µÉµ±  µ¶·¥¤¥²Ö¥É § ·Ö¤ ³ £´¨É-
´µ£µ ³µ´µ¶µ²Ö g, É.¥. ¨§ (2.4) ¸²¥¤Ê¥É eg ≥ �. �µ§¤´¥¥ �.�.Œ.„¨· ± [7,8]
¶µ²ÊÎ¨² µ¡Ð¥¥ Ê¸²µ¢¨¥ ¤²Ö Ô²¥±É·¨Î¥¸±¨Ì ¨ ³ £´¨É´ÒÌ § ·Ö¤µ¢ (eg = �n/2,
n = 1, 2, ...),   
.˜¢¨´£¥· (¸³. ¸É ÉÓÕ ¢ ¸¡. [8]) ¨§ É·¥¡µ¢ ´¨Ö ·¥²ÖÉ¨¢¨¸É-
¸±µ° ¨´¢ ·¨ ´É´µ¸É¨ ¶·¨Ï¥² ± Ê¸²µ¢¨Õ eg = �n.

3. “��‚�…�ˆ… ˜�…„ˆ�ƒ…��ÅŠ‹…‰��Å”�Š�Åƒ��„���Å...

Š ± ¨§¢¥¸É´µ [9], �.˜·¥¤¨´£¥· ¶¥·¢µ´ Î ²Ó´µ ´ ¶¨¸ ² ·¥²ÖÉ¨¢¨¸É¸±µ¥
¢µ²´µ¢µ¥ Ê· ¢´¥´¨¥ (®Ê· ¢´¥´¨¥ Š²¥°´ Åƒµ·¤µ´ ¯ ¸ ±Ê²µ´µ¢¸±¨³ ¶µÉ¥´-
Í¨ ²µ³). �´µ ¡Ò²µ ¨³ § ¡· ±µ¢ ´µ, É ± ± ± ´¥ ¢µ¸¶·µ¨§¢µ¤¨²µ Éµ´±ÊÕ ¸É·Ê±-
ÉÊ·Ê ¸¶¥±É·   Éµ³  ¢µ¤µ·µ¤ . �µ¸²¥ ¶Ê¡²¨± Í¨¨ [10], ¢ ±µÉµ·µ° ¡Ò²µ ¤ ´µ
¸É ´¤ ·É´µ¥ (´¥·¥²ÖÉ¨¢¨¸É¸±µ¥) Ê· ¢´¥´¨¥ ˜·¥¤¨´£¥· , ¶µÖ¢¨²¨¸Ó · ¡µÉÒ,
¶µ¸¢ÖÐ¥´´Ò¥ ¥£µ ·¥²ÖÉ¨¢¨¸É¸±µ³Ê µ¡µ¡Ð¥´¨Õ [11Ä14]. “· ¢´¥´¨Ö (¢ ¸µ¢·¥-
³¥´´ÒÌ µ¡µ§´ Î¥´¨ÖÌ) Ë¨£Ê·¨·µ¢ ²¨ ¢ · §´ÒÌ Ëµ·³ Ì:

(� − m2)ψ = 0, � = −∂2
t + ∆, (3.1)

[−(∂t + ieA0)2 + ∆ − m2]ψ = 0, (3.2)

[−(∂µ + ieAµ)2 − m2]ψ = 0 (3.3)

¨²¨ ¢ ¢¨¤¥ ¢ÒÉ¥± ÕÐ¨Ì µÉ¸Õ¤  ¸É Í¨µ´ ·´ÒÌ Ê· ¢´¥´¨° (∂t → −iE; §¤¥¸Ó
� = c = 1). ‚ ¸¢µ¥ ¢·¥³Ö Ê· ¢´¥´¨¥ (3.1) ´¥ ¶µ²ÊÎ¨²µ ¶·¨§´ ´¨Ö, ¶µ¸±µ²Ó±Ê
µ´µ ¸µ¤¥·¦¨É ¢Éµ·ÊÕ ¶·µ¨§¢µ¤´ÊÕ ¶µ ¢·¥³¥´¨, ¨ ¶·¨Ìµ¤¨É¸Ö § ¤ ¢ ÉÓ ´ Î ²Ó-
´µ¥ §´ Î¥´¨¥ ´¥ Éµ²Ó±µ ¢µ²´µ¢µ° ËÊ´±Í¨¨, ´µ ¨ ¥¥ ¶¥·¢µ° ¶·µ¨§¢µ¤´µ° ¶µ
¢·¥³¥´¨ ϕ̇. �É ϕ̇ § ¢¨¸¨É ¨ ¶²µÉ´µ¸ÉÓ ¢¥·µÖÉ´µ¸É¨ (w ∼ i(ϕ∗ϕ̇−ϕ̇∗ϕ)), ¢¸²¥¤-
¸É¢¨¥ Î¥£µ ¶µ¸²¥¤´ÖÖ ³µ¦¥É µ± § ÉÓ¸Ö µÉ·¨Í É¥²Ó´µ° ¢ ´¥±µÉµ·ÒÌ µ¡² ¸ÉÖÌ
¶·µ¸É· ´¸É¢ . �µ§¤´¥¥ Ê· ¢´¥´¨¥ (3.1) ¡Ò²µ ¨´É¥·¶·¥É¨·µ¢ ´µ ± ± Ê· ¢´¥´¨¥
¤²Ö ¸¢µ¡µ¤´µ£µ ¡µ§µ´´µ£µ ¶µ²Ö ¸ ³ ¸¸µ° m [15]. �É³¥É¨³, ÎÉµ ¢ ¸µ¢·¥³¥´-
´µ° Ë¨§¨±¥ ¶·¨ µ¶¨¸ ´¨¨ ¶·µÍ¥¸¸µ¢ · ¸¸¥Ö´¨Ö ·¥²ÖÉ¨¢¨¸É¸±¨Ì Î ¸É¨Í (3.1)
¨¸¶µ²Ó§Ê¥É¸Ö ¨ ± ± Ê· ¢´¥´¨¥ ¤²Ö ¢µ²´µ¢ÒÌ ËÊ´±Í¨° ³ ¸¸¨¢´ÒÌ ¨²¨ ¡¥§³ ¸-
¸µ¢ÒÌ (m = 0) Î ¸É¨Í ¸ Í¥²Ò³¨ ¸¶¨´ ³¨ (´ ¶·¨³¥·, ¶¨µ´µ¢, ËµÉµ´µ¢ ¨ É.¤.).
“· ¢´¥´¨¥ (3.1) ¨³¥¥É É ±µ° ¦¥ ËÊ´¤ ³¥´É ²Ó´Ò° Ì · ±É¥·, ± ± ¨ Ê· ¢´¥´¨¥
„¨· ± .

•·µ´µ²µ£¨Ö ¶µ²ÊÎ¥´¨Ö ·¥¤ ±Í¨Ö³¨ ¨ ¢ÒÌµ¤  ¢ ¸¢¥É ¸É É¥° [11Ä14] ¢
1926 £. É ±µ¢  (¸µµÉ¢¥É¸É¢¥´´µ, ¶¥·¢ Ö ¨ ¢Éµ· Ö ¤ ÉÒ Å ¤¥´Ó, ³¥¸ÖÍ)

�.Š²¥°´ [11] 28.04 10.07
‚.”µ± [12] 11.06 28.07
‚.”µ± [13] 30.07 02.10
‚.ƒµ·¤µ´ [14] 29.09 29.11.
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�Ê¦´µ µÉ³¥É¨ÉÓ, ÎÉµ ¢ [12] ´¥ Éµ²Ó±µ ¢Ò¶¨¸ ´µ Ê· ¢´¥´¨¥, ´µ ¨ ´ °¤¥´Ò
·¥Ï¥´¨Ö ¤²Ö ¤¢¨¦¥´¨Ö Î ¸É¨ÍÒ ¢ ±Ê²µ´µ¢¸±µ³ ¶µ²¥ (Ê¸É ´µ¢²¥´µ ´ ²¨Î¨¥
Éµ´±µ° ¸É·Ê±ÉÊ·Ò ¸¶¥±É· ),   É ±¦¥ ¢ ¶µ¸ÉµÖ´´ÒÌ ³ £´¨É´µ³ ¨ Ô²¥±É·¨Î¥¸±µ³
¶µ²ÖÌ (ÔËË¥±ÉÒ ‡¥¥³ ´  ¨ ˜É ·± ).

ˆ¸Éµ·¨Ö Ê· ¢´¥´¨° (3.1)Ä(3.3) ¨§²µ¦¥´  ¢ [9]. ˜·¥¤¨´£¥· ¶µ²ÊÎ¨² ·¥²Ö-
É¨¢¨¸É¸±µ¥ Ê· ¢´¥´¨¥ ¢ ¸¥·¥¤¨´¥ ¤¥± ¡·Ö 1925 £. ®�  ·Ê¡¥¦¥ 1925/26 £. µ´ ´ -
¶· ¢¨² ¢ ·¥¤ ±Í¨Õ ®Annalen der Physik¯ ·Ê±µ¶¨¸Ó, ¢ ±µÉµ·µ° ... ¶·¨¢µ¤¨²µ¸Ó
·¥²ÖÉ¨¢¨¸É¸±µ¥ ¢µ²´µ¢µ¥ Ê· ¢´¥´¨¥. ... �¤´ ±µ ¢¸¥£µ Î¥·¥§ ´¥¸±µ²Ó±µ ¤´¥°
˜·¥¤¨´£¥· § ¡· ² ·Ê±µ¶¨¸Ó ¨§ ·¥¤ ±Í¨¨¯ ([16], ¸.43). ‚ µ¸´µ¢´µ° · ¡µÉ¥
[10] µ´ ²¨ÏÓ Ê¶µ³Ö´Ê² µ¡ ÔÉµ³ Ê· ¢´¥´¨¨. ’µ²Ó±µ ¢ · ¡µÉ¥ [17], ¤ É¨·µ¢ ´-
´µ° 21 ¨Õ´Ö∗, ˜·¥¤¨´£¥· µ¶Ê¡²¨±µ¢ ² ·¥²ÖÉ¨¢¨¸É¸±µ¥ ¢µ²´µ¢µ¥ Ê· ¢´¥´¨¥
¤²Ö ³ ¸¸¨¢´µ° § ·Ö¦¥´´µ° Î ¸É¨ÍÒ ¢ Ô²¥±É·µ³ £´¨É´µ³ ¶µ²¥. ‘É Í¨µ´ ·´µ¥
Ê· ¢´¥´¨¥, µÉ¢¥Î ÕÐ¥¥ (3.1), ¶¨¸ ² ‹. ¤¥ 	·µ°²Ó [18] (Ë¥¢· ²Ó 1925 £.).
�µ É ³ ·¥ÎÓ Ï²  µ¡ Ô²¥±É·µ³ £´¨É´µ° ¢µ²´µ¢µ° ËÊ´±Í¨¨,  ¸¸µÍ¨¨·µ¢ ´´µ°
¸ Ô²¥±É·µ´µ³ (É.¥. ´¥ ¨³¥² ¸Ó ¢ ¢¨¤Ê ¢µ²´µ¢ Ö ËÊ´±Í¨Ö Ô²¥±É·µ´ ). ‚ ¨Õ²¥
1926 £. [19] ¤¥ 	·µ°²Ó µ¶Ê¡²¨±µ¢ ² ±µ··¥±É´µ¥ ·¥²ÖÉ¨¢¨¸É¸±µ¥ Ê· ¢´¥´¨¥ ¤²Ö
Î ¸É¨ÍÒ ¢ Ô²¥±É·µ³ £´¨É´µ³ ¶µ²¥. ’µ£¤  ¦¥ �.�.Œ.„¨· ± [20] (29  ¶·¥²Ö)
´ ¶¨¸ ² µ¶¥· Éµ· Ê· ¢´¥´¨Ö (3.3),   ¢ [21] (26  ¢£Ê¸É ) Ê· ¢´¥´¨¥ (3.1) ¡Ò²µ
¢Ò¶¨¸ ´µ ¢ Ö¢´µ³ ¢¨¤¥.

’ ±¨³ µ¡· §µ³, ¨³¥´´µ ¢ · ¡µÉ¥ Š²¥°´  [11] ¢¶¥·¢Ò¥ ¡Ò²µ µ¶Ê¡²¨±µ¢ ´µ
·¥²ÖÉ¨¢¨¸É¸±µ¥ ¢µ²´µ¢µ¥ Ê· ¢´¥´¨¥ ¤²Ö Î ¸É¨Í ¸ Í¥²Ò³ ¸¶¨´µ³. �¤´ ±µ Í¥²Ó
· ¡µÉÒ [11] ¡Ò²  ¤·Ê£ Ö Å ¶µ¸É·µ¥´¨¥ 5-³¥·´µ° É¥µ·¨¨ £· ¢¨É Í¨µ´´µ£µ ¨
Ô²¥±É·µ³ £´¨É´µ£µ ¶µ²¥° (¶µ¤·µ¡´¥¥ ¸³. [9]).

‚ ¤ ²Ó´¥°Ï¥³ ¶µÖ¢¨²¸Ö Í¥²Ò° ·Ö¤ · ¡µÉ, ¢ ±µÉµ·ÒÌ Ë¨£Ê·¨·µ¢ ²µ µ¡-
¸Ê¦¤ ¥³µ¥ Ê· ¢´¥´¨¥ [22Ä25]. �É³¥É¨³, ÎÉµ ¢ [23] (5 ¨Õ´Ö) Ê· ¢´¥´¨¥ ´¥
¸¢Ö§Ò¢ ²µ¸Ó Ö¢´Ò³ µ¡· §µ³ ¸ ±¢ ´Éµ¢µ° É¥µ·¨¥°. �Éµ ¡Ò²µ ¸¤¥² ´µ Éµ²Ó±µ
¢ [24] (µ±ÉÖ¡·Ó). ‚ ¶µ¸²¥¤ÊÕÐ¥³ ¤ ´´µ¥ Ê· ¢´¥´¨¥ ¶Ê¡²¨±µ¢ ²µ¸Ó ¤ ¦¥ ¢
¦Ê·´ ² Ì §  1927 £. (¸³. [9]).

ˆ§  ¢Éµ·µ¢ ´¥µ¶Ê¡²¨±µ¢ ´´ÒÌ · ¡µÉ Ê¶µ³Ö´¥³ ‚.� Ê²¨, ±µÉµ·Ò° · ¸¸³ -
É·¨¢ ² ·¥²ÖÉ¨¢¨¸É¸±µ¥ ¢µ²´µ¢µ¥ Ê· ¢´¥´¨¥ ¢¥¸´µ° 1926 £. (µ´µ ¢µ¸¶·µ¨§¢µ-
¤¨É¸Ö ¢ ¶¨¸Ó³¥ ‚.ƒ¥°§¥´¡¥·£  „¨· ±Ê µÉ 26 ³ Ö [26], Í¨É¨·Ê¥É¸Ö ¶µ [9]).
�¤´ ±µ � Ê²¨ µÉ ´¥£µ µÉ± § ²¸Ö. ‚ ¶¨¸Ó³¥ ± ƒ.‚¥´ÉÍ¥²Õ ([27], c.333) µ´ ¶¨-
¸ ², ÎÉµ ®... ¶µ²´µ¸ÉÓÕ ¶µÉ¥·Ö² ¢¥·Ê ¢ ¤¨ËË¥·¥´Í¨ ²Ó´µ¥ Ê· ¢´¥´¨¥¯ (3.2)
(¢ ¸É Í¨µ´ ·´µ³ ¢ ·¨ ´É¥).

‡ ±²ÕÎ ¥³: Ê· ¢´¥´¨¥ (3.1) ¨ ¥£µ µ¡µ¡Ð¥´¨Ö ¡Ò²¨ ¶µ²ÊÎ¥´Ò ³´µ£¨³¨  ¢-
Éµ· ³¨. �µ ´ §Ò¢ ÉÓ ¥£µ Ê· ¢´¥´¨¥³ Š²¥°´ Åƒµ·¤µ´ , µ¶Ê¸± Ö ¨³Ö ”µ± , Å
´µ´¸¥´¸.

∗‡¤¥¸Ó ¨ ¤ ²¥¥ Ê± § ´Ò ¤ ÉÒ ¶µ¸ÉÊ¶²¥´¨Ö · ¡µÉ ¢ ·¥¤ ±Í¨¨.
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4. ’…��ˆŸ Š�‹“–›ÅŠ‹…‰��Å”�Š�.
Š�‹ˆ���‚�—�›‰ ��ˆ�–ˆ�

ƒ² ¢´Ò³ ¢ · ¡µÉ¥ [13], Í¨É¨·Ê¥³µ° µ¡ÒÎ´µ ¢ ¸¢Ö§¨ ¸ Ê· ¢´¥´¨¥³ Š²¥°´ Å
”µ± Åƒµ·¤µ´a, ¡Ò²µ ´¥ ÔÉµ Ê· ¢´¥´¨¥ (´ ¶¨¸ ´´µ¥, ±¸É É¨, ¨ ¢ µ¡Ð¥±µ-
¢ ·¨ ´É´µ³ ¢¨¤¥). ƒ² ¢´Ò³ ¡Ò²µ µ¡Ñ¥¤¨´¥´¨¥ £· ¢¨É Í¨µ´´µ£µ ¨ Ô²¥±É·µ-
³ £´¨É´µ£µ ¶µ²¥° ¢ · ³± Ì 5-³¥·´µ£µ ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨. �´´µÉ Í¨Ö · -
¡µÉÒ [13] £² ¸¨É: ®‚µ²´µ¢µ¥ Ê· ¢´¥´¨¥ ˜·¥¤¨´£¥·  ¶·¥¤¸É ¢²¥´µ ± ± ¨´-
¢ ·¨ ´É´µ¥ Ê· ¢´¥´¨¥ ‹ ¶² ¸ ,   Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö Å ± ± £¥µ¤¥§¨Î¥¸±¨¥
¢ ¶ÖÉ¨³¥·´µ³ ¶·µ¸É· ´¸É¢¥. ‹¨Ï´¨° ¶ÖÉÒ° ±µµ·¤¨´ É´Ò° ¶ · ³¥É· ´ Ìµ-
¤¨É¸Ö ¢ É¥¸´µ° ¸¢Ö§¨ ¸ ²¨´¥°´µ° ¤¨ËË¥·¥´Í¨ ²Ó´µ° Ëµ·³µ° Ô²¥±É·µ³ £-
´¨É´µ£µ ¶µÉ¥´Í¨ ² ¯. ‚ ¶¥·¢µ° ¦¥ ¸É·µ±¥ ‚.�.”µ± ¸¸Ò² ¥É¸Ö ´  ¥Ð¥ ´¥
µ¶Ê¡²¨±µ¢ ´´ÊÕ · ¡µÉÊ ¶¥É¥·¡Ê·£¸±µ£µ Ë¨§¨±  ƒ¥´·¨Ì  Œ ´¤¥²Ö∗ ¨ ¡² £µ¤ -
·¨É ¶µ¸²¥¤´¥£µ §  ¶·¥¤µ¸É ¢²¥´´ÊÕ ¢µ§³µ¦´µ¸ÉÓ µ§´ ±µ³¨ÉÓ¸Ö ¸ ·Ê±µ¶¨¸ÓÕ
· ¡µÉÒ. ‚.�.”µ± É ±¦¥ µÉ³¥Î ¥É ¢ ¸´µ¸±¥, ÎÉµ ¨¤¥Ö · ¡µÉÒ ¢µ§´¨±²  ¢ · §£µ-
¢µ·¥ ¸ ¶·µË¥¸¸µ·µ³ ‚.”·¨¤¥·¨±¸µ³. � ±µ´¥Í, ¢ ¶·¨³¥Î ´¨¨ ¶·¨ ±µ··¥±ÉÊ·¥
£µ¢µ·¨É¸Ö ¸²¥¤ÊÕÐ¥¥: ®‚ Éµ ¢·¥³Ö, ± ± ÔÉ  § ³¥É±  ¡Ò²  ¢ ¶¥Î É¨, ¢ ‹¥´¨´-
£· ¤¥ ¡Ò²  ¶µ²ÊÎ¥´  ¶·¥±· ¸´ Ö · ¡µÉ  �¸± ·  Š²¥°´ ¯ [11], ®¢ ±µÉµ·µ°
 ¢Éµ· ¶·¨Ï¥² ± ·¥§Ê²ÓÉ É ³, ¢ £² ¢´µ³ ¸µ¢¶ ¤ ÕÐ¨³ ¸ É ±µ¢Ò³¨ ¤ ´´µ°
§ ³¥É±¨. �¤´ ±µ, ¢¢¨¤Ê ¢ ¦´µ¸É¨ ·¥§Ê²ÓÉ Éµ¢, ¨Ì ¢Ò¢µ¤ ¤·Ê£¨³ ¶ÊÉ¥³ (µ¡µ¡-
Ð¥´¨¥  ´§ Í , ¨¸¶µ²Ó§µ¢ ´´µ£µ ¢ ³µ¥° ¡µ²¥¥ · ´´¥° · ¡µÉ¥) ³µ¦¥É ¶·¥¤¸É -
¢²ÖÉÓ ¨´É¥·¥¸¯. ‚ ¦´µ¸ÉÓ ÔÉ¨Ì ¨¤¥° ¸É ²  Ö¸´µ° Éµ²Ó±µ ¢ ¶µ¸²¥¤´¨¥ ¤¥¸Ö-
É¨²¥É¨Ö, µÉÎ ¸É¨ ¢ ¸¢Ö§¨ ¸ ¶·µ£· ³³µ° ¸Ê¶¥·¸É·Ê´, ¡ §¨·ÊÕÐ¥°¸Ö ´  ¨¤¥ÖÌ
³´µ£µ³¥·¨Ö.

ˆ³Ö ‚.�.”µ±  (· ¢´µ ± ± ¨ ƒ.Œ ´¤¥²Ö) ¢ ¸¢Ö§¨ ¸ µ¡Ñ¥¤¨´¥´¨¥³ £· ¢¨É -
Í¨¨ ¨ Ô²¥±É·µ³ £´¥É¨§³  µ¡ÒÎ´µ ´¥ Ê¶µ³¨´ ¥É¸Ö. Œ¥¦¤Ê É¥³, �.�°´ÏÉ¥°´ ¢
¶¨¸Ó³¥ ± ƒ.‹µ·¥´ÍÊ (µÉ 16 Ë¥¢· ²Ö 1927 £.) ¶¨¸ ² ([29], ¸.318): ®Š ¦¥É¸Ö, ÎÉµ
£· ¢¨É Í¨Õ ¨ É¥µ·¨Õ Œ ±¸¢¥²²  Ê¤ ²µ¸Ó µ¡Ñ¥¤¨´¨ÉÓ ¢¶µ²´¥ Ê¤µ¢²¥É¢µ·¨É¥²Ó-
´Ò³ µ¡· §µ³ ¢ · ³± Ì ¶ÖÉ¨³¥·´µ° É¥µ·¨¨ (Š ²ÊÍÒÅŠ²¥°´ Å”µ± )¯. ’ -
±µ¥ ±·¥Ð¥´¨¥ ¶·¥¤¸É ¢²Ö¥É¸Ö ¤µ¸É ÉµÎ´µ Ê¡¥¤¨É¥²Ó´Ò³: É¥µ·¨Ö ¤µ²¦´  ´ §Ò-
¢ ÉÓ¸Ö ®É¥µ·¨¥° Š ²ÊÍÒÅŠ²¥°´ Å”µ± ¯ (¨²¨ ®É¥µ·¨¥° Š ²ÊÍÒÅŠ²¥°´aÅ
Œ ´¤¥²ÖÅ”µ± ¯). ‘Éµ²¥É¨¥ ¸µ ¤´Ö ·µ¦¤¥´¨Ö ‚.�.”µ±  Å Ìµ·µÏ¨° ¶µ¢µ¤
¤²Ö ¢µ¸¸É ´µ¢²¥´¨Ö ¨¸Éµ·¨Î¥¸±µ° ¸¶· ¢¥¤²¨¢µ¸É¨.

� ¡µÉ  [13] ¸µ¤¥·¦ ²  ¥Ð¥ µ¤´Ê ËÊ´¤ ³¥´É ²Ó´ÊÕ ¨¤¥Õ Å ¶·¨´Í¨¶ ± -
²¨¡·µ¢µÎ´µ° ¨´¢ ·¨ ´É´µ¸É¨. ‚ ¦´µ¸ÉÓ ÔÉµ£µ ¶·¨´Í¨¶  ¢ÒÖ¸´¨² ¸Ó Éµ²Ó±µ
¢ ´ Ï¨ ¤´¨: ¢¸¥ ¨§¢¥¸É´Ò¥ ¢§ ¨³µ¤¥°¸É¢¨Ö (£· ¢¨É Í¨µ´´µ¥, Ô²¥±É·µ¸² ¡µ¥,
¸¨²Ó´µ¥) µ¡² ¤ ÕÉ ¸¢µ°¸É¢µ³ ± ²¨¡·µ¢µÎ´µ° ¨´¢ ·¨ ´É´µ¸É¨. �ÉµÉ ¶·¨´-
Í¨¶ ²¥¦¨É ¨ ¢ µ¸´µ¢¥ É¥µ·¨¨ ¸Ê¶¥·¸É·Ê´. ‘ ³ É¥·³¨´ ®± ²¨¡·µ¢µÎ´ Ö ¨´-
¢ ·¨ ´É´µ¸ÉÓ¯ ¢µ¸Ìµ¤¨É ± · ¡µÉ¥ [30], ¢ ±µÉµ·µ° ¡Ò²  ¸¤¥² ´  ¶µ¶ÒÉ± 

∗�´  ´ ¶¥Î É ´  ¢ Éµ³ ¦¥ Éµ³¥ [28].
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£¥µ³¥É·¨§ Í¨¨ Ô²¥±É·µ³ £´¨É´µ£µ ¶µ²Ö. ƒ.‚¥°²Ó ¶·¥¤¶µ² £ ², ÎÉµ ¶·¨ ¶ -
· ²²¥²Ó´µ³ ¶¥·¥´µ¸¥ ¢¥±Éµ·  ¢ ¨¸±·¨¢²¥´´µ³ ¶·µ¸É· ´¸É¢¥ ³µ¦¥É ³¥´ÖÉÓ¸Ö
´¥ Éµ²Ó±µ ¥£µ ´ ¶· ¢²¥´¨¥, ´µ ¨ ¤²¨´ . �·¥¤¶µ² £ ²µ¸Ó É ±¦¥, ÎÉµ ¨§³¥´¥-
´¨¥ ¤²¨´Ò ¢¥±Éµ·  µ¶·¥¤¥²Ö¥É¸Ö ´¥±µÉµ·Ò³ ¢¥±Éµ·´Ò³ ¶µ²¥³ Aµ(x). �Ê¸ÉÓ
ds2 = gµν(x)dxµdxν Å ±¢ ¤· É ¨´É¥·¢ ² , A = Aµ(x)dxµ Å 1-Ëµ·³ . �µ-
¸ÉÊ²¨·µ¢ ²µ¸Ó, ÎÉµ ¶·¨ ¨´Ë¨´¨É¥§¨³ ²Ó´µ³ ¶ · ²²¥²Ó´µ³ ¶¥·¥´µ¸¥

d(ds2) = −A(ds2). (4.1)

’µ£¤  ¶·¨ ¶¥·¥´µ¸¥ ´  ±µ´¥Î´µ¥ · ¸¸ÉµÖ´¨¥ ¨§ ÉµÎ±¨ 1 ¢ ÉµÎ±Ê 2 ¢¤µ²Ó ¶ÊÉ¨
C(12) ±¢ ¤· É ¨´É¥·¢ ²  ³¥´Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

(ds2)2 = exp


−

∫
C(12)

Aµdxµ


 (ds2)1. (4.2)

�µ²¥ Aµ µÉµ¦¤¥¸É¢²Ö²µ¸Ó ¸ ¢¥±Éµ·µ³-¶µÉ¥´Í¨ ²µ³ Ô²¥±É·µ³ £´¨É´µ£µ ¶µ²Ö.
…¸²¨ dA = Fµνdxµ ∧dxν �= 0, Éµ ¨§³¥´¥´¨¥ ¤²¨´Ò ¨´É¥·¢ ²  § ¢¨¸¨É µÉ ¶ÊÉ¨
¨ ¨³¥ÕÐ¥£µ¸Ö Ô²¥±É·µ³ £´¨É´µ£µ ¶µ²Ö. �·¥µ¡· §µ¢ ´¨¥

Aµ → Aµ + ∂µf(x), (4.3)

£¤¥ f Å ¶·µ¨§¢µ²Ó´ Ö ËÊ´±Í¨Ö, ¨¸Î¥§ ÕÐ Ö ´  ¡¥¸±µ´¥Î´µ¸É¨, ¢²¥Î¥É ¨§³¥-
´¥´¨¥ ¨´É¥·¢ ² 

ds2 → e−fds2, (4.4)

¢ ¸¢Ö§¨ ¸ Î¥³ µ´µ ¨ ¸É ²µ ¨³¥´µ¢ ÉÓ¸Ö ®± ²¨¡·µ¢µÎ´Ò³¯. …¸²¨ dA = 0
(Ô²¥±É·µ³ £´¨É´µ¥ ¶µ²¥ µÉ¸ÊÉ¸É¢Ê¥É, A = df ), Éµ

(ds2)2 = exp [f(1) − f(2)](ds2)1. (4.5)

ƒ.‚¥°²Ó ¶µ¸ÉÊ²¨·µ¢ ² ¨´¢ ·¨ ´É´µ¸ÉÓ Ë¨§¨Î¥¸±¨Ì ¶·µÍ¥¸¸µ¢ µÉ´µ¸¨É¥²Ó´µ
µ¡Ð¥±µ¢ ·¨ ´É´ÒÌ ¶·¥µ¡· §µ¢ ´¨° ¨ ¶·¥µ¡· §µ¢ ´¨° (4.3). ”µ·³Ê²Ò (4.4),
(4.5) µ§´ Î ÕÉ, ÎÉµ ¢ É¥µ·¨¨, § ¤ ¢ ¥³µ° Ê¸²µ¢¨Ö³¨ (4.1), (4.2), ¶µ´ÖÉ¨¥ ¨´-
É¥·¢ ²  (¤²¨´Ò) É¥·Ö¥É ¸³Ò¸².

‚¶¥·¢Ò¥ ±µ··¥±É´µ¥ ± ²¨¡·µ¢µÎ´µ¥ ¶·¥µ¡· §µ¢ ´¨¥ ¸Ëµ·³Ê²¨·µ¢ ²
‚.�.”µ± [13]:

Aµ → Aµ + ∂µf(x), ψ(x) → exp
(

ie

�
f(x)

)
ψ(x), (4.6)

£¤¥ ψ Å ¢µ²´µ¢ Ö ËÊ´±Í¨Ö, f Å ¶·µ¨§¢µ²Ó´ Ö ËÊ´±Í¨Ö, e Å Ô²¥±É·¨Î¥-
¸±¨° § ·Ö¤. ˆ³¥´´µ ¢ É ±µ° Ëµ·³¥ ÔÉ¨ ¶·¥µ¡· §µ¢ ´¨Ö ¢µÏ²¨ ¢ Ë¨§¨±Ê (¸³.,
´ ¶·¨³¥·, [31]), ´µ ¡¥§ ¸¸Ò²µ± ´  ”µ± . �µ¸²¥ ¶µÖ¢²¥´¨Ö · ¡µÉÒ [13] ¨Ì
¸É ²¨ ´ §Ò¢ ÉÓ É ±¦¥ £· ¤¨¥´É´Ò³¨ (¸³. [32, ¸.91]; ”µ± £µ¢µ·¨² µ ¤µ¡ -
¢²¥´¨¨ ± Aµ ®£· ¤¨¥´Éµ¢¯). �·¨² £ É¥²Ó´µ¥ ®± ²¨¡·µ¢µÎ´µ¥¯, µÎ¥¢¨¤´µ,
µ± § ²µ¸Ó ²¨Ï¥´´Ò³ ¸³Ò¸² . �·¥µ¡· §µ¢ ´¨Ö É¨¶  (4.4) (É.¥. ¶·¥µ¡· §µ¢ ´¨Ö
gµν → e−fgµν) ¨³¥´ÊÕÉ¸Ö ´Ò´¥ ¢¥°²¥¢¸±¨³¨.
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5. Œ…’�„ �Ÿ’�ƒ� ����Œ…’�� ”�Š�
(Œ…’�„ ®‘��‘’‚…���ƒ� ‚�…Œ…�ˆ¯)

�¤¨´´ ¤Í ÉÓÕ £µ¤ ³¨ ¶µ§¦¥ ‚.�.”µ± ¢¥·´Ê²¸Ö ± ¨¤¥¥ ¶ÖÉµ£µ ¶ · ³¥É· 
([33,34], ¸.141). ˆ´É¥·¥¸ ± ¶ÖÉ¨³¥·´µ° É¥µ·¨¨ Ê¦¥ §´ Î¨É¥²Ó´µ Ê³¥´ÓÏ¨²¸Ö,
´µ ”µ± ¸Ê³¥² ¢§£²Ö´ÊÉÓ ´  ¶·µ¡²¥³Ê ¸ ´µ¢µ° ÉµÎ±¨ §·¥´¨Ö. �´ ¶·¨³¥´¨²
É· ±Éµ¢±Ê, µ± § ¢ÏÊÕ¸Ö, ± ± É¥¶¥·Ó ¸É ²µ Ö¸´µ, ´¥ ³¥´¥¥ ¶²µ¤µÉ¢µ·´µ°, Î¥³
¨¤¥Ö 5-³¥·´µ£µ ¶¸¥¢¤µ·¨³ ´µ¢  ¶·µ¸É· ´¸É¢ .

ˆ§ÊÎ Ö ¤¢¨¦¥´¨¥ ±² ¸¸¨Î¥¸±µ° § ·Ö¦¥´´µ° Î ¸É¨ÍÒ ¸µ ¸É ´¤ ·É´Ò³
² £· ´¦¨ ´µ³

L0 = −m
√

1 − (dx/dt)2dt + eAµ
dxµ

dt
, µ = 0, 1, 2, 3, x0 = t, (5.1)

‚.�.”µ± µÉ³¥Î ¥É, ÎÉµ ¶µ¶ÒÉ±  ¶¥·¥°É¨ ± Ö¢´µ ·¥²ÖÉ¨¢¨¸É¸±¨-¨´¢ ·¨ ´É´µ³Ê
µ¶¨¸ ´¨Õ ¸ ¶·¨¢²¥Î¥´¨¥³ ¸µ¡¸É¢¥´´µ£µ ¢·¥³¥´¨:

τ =

t∫
t0

√
1 − (dx/dt)2dt, (5.2)

´ É ²±¨¢ ¥É¸Ö ´  µÎ¥¢¨¤´µ¥ § É·Ê¤´¥´¨¥: § ¤ ¢ ¥³Ò° (5.2) ¶ · ³¥É· ´¥ ¥¸ÉÓ
´¥§ ¢¨¸¨³ Ö ¶¥·¥³¥´´ Ö (µ´ § ¢¨¸¨É µÉ ¶ÊÉ¨ Î ¸É¨ÍÒ). �·¥¤² £ ¥É¸Ö ¢µ¸-
¶µ²Ó§µ¢ ÉÓ¸Ö ¤·Ê£¨³ ² £· ´¦¨ ´µ³:

L̃ = −m

2
(ẋ2 + 1) + eAµẋµ, ẋµ =

dxµ

dτ
, gµν = ηµν(+ −−−), (5.3)

£¤¥ τ Å ´¥§ ¢¨¸¨³Ò° ¨´¢ ·¨ ´É´Ò° ¶ · ³¥É·. ‹ £· ´¦¨ ´ (5.3) ¤µ¶Ê¸± ¥É
¨´É¥£· ² ¤¢¨¦¥´¨Ö ẋ2 = const. …¸²¨ ¶µ²µ¦¨ÉÓ ẋ2 = 1, Éµ ¶ · ³¥É· τ
¸µ¢¶ ¤ ¥É ¸ ¸µ¡¸É¢¥´´Ò³ ¢·¥³¥´¥³ ·¥²ÖÉ¨¢¨¸É¸±µ° Î ¸É¨ÍÒ (5.2). �·¨ ÔÉµ³
±² ¸¸¨Î¥¸±¨¥ Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö µ¡µ¨Ì ² £· ´¦¨ ´µ¢ É ±¦¥ ¸µ¢¶ ¤ ÕÉ.

‘ ¸µ¢·¥³¥´´µ° ÉµÎ±¨ §·¥´¨Ö ¸ÊÐ¥¸É¢µ ¤¥²  ¢ ¸²¥¤ÊÕÐ¥³. „¥°¸É¢¨¥

S0 =
∫

L0dt =
∫

L0 dt

dτ
dτ = −m

∫
(
√

ẋ2 − e

m
Aµẋµ)dτ ≡

∫
Ldτ (5.4)

¨´¢ ·¨ ´É´µ µÉ´µ¸¨É¥²Ó´µ ·¥¶ · ³¥É·¨§ Í¨¨ τ → τ ′ = τ ′(τ). �Éµ ¥¸ÉÓ ²µ-
± ²Ó´µ¥ ± ²¨¡·µ¢µÎ´µ¥ ¶·¥µ¡· §µ¢ ´¨¥, ¶µÔÉµ³Ê ·¥Ï¥´¨Ö Ê· ¢´¥´¨° ¤¢¨¦¥-
´¨Ö ¸µ¤¥·¦ É ¶·µ¨§¢µ². ‹ £· ´¦¨ ´ (5.1) µÉ¢¥Î ¥É ¢Ò¡µ·Ê ± ²¨¡·µ¢±¨ τ = t,
ÎÉµ ¨ ¢¥¤¥É ± ¶µÉ¥·¥ Ö¢´µ° ·¥²ÖÉ¨¢¨¸É¸±µ° ¨´¢ ·¨ ´É´µ¸É¨.

‹ £· ´¦¨ ´ (5.3) Ê¦¥ ´¥ µ¡² ¤ ¥É ± ²¨¡·µ¢µÎ´µ° ¨´¢ ·¨ ´É´µ¸ÉÓÕ, É.¥.
¶¥·¥Ìµ¤ ± ´¥³Ê ³µ¦´µ · ¸¸³ É·¨¢ ÉÓ ± ± ¸¶µ¸µ¡ Ë¨±¸ Í¨¨ ± ²¨¡·µ¢±¨. ‚Ò-
¡¨· ¥É¸Ö ¤¨´ ³¨Î¥¸± Ö ± ²¨¡·µ¢±  [35], ¶µ¸±µ²Ó±Ê ´¥Ë¨§¨Î¥¸± Ö ¸É¥¶¥´Ó
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¸¢µ¡µ¤Ò ¶µ¤Î¨´Ö¥É¸Ö É¥¶¥·Ó Ê· ¢´¥´¨Õ ¤¢¨¦¥´¨Ö ¢Éµ·µ£µ ¶µ·Ö¤±  ¶µ ¢·¥-
³¥´¨. ’ ±¨³ µ¡· §µ³, ¸µ¢¥·Ï ÕÉ¸Ö ¸²¥¤ÊÕÐ¨¥ Ï £¨:
1) Ë¨±¸¨·Ê¥É¸Ö ± ²¨¡·µ¢±  (¶¥·¥Ìµ¤ L → L̃);
2) É·¥¡Ê¥É¸Ö ¢Ò¶µ²´¥´¨¥ ¸¢Ö§¥° (Ê¸²µ¢¨¥ ẋ2 = 1).

‚¸¥ ÔÉµ ¢Ò£²Ö¤¨É µÎ¥´Ó ¶·µË¥¸¸¨µ´ ²Ó´µ ¸ ¸µ¢·¥³¥´´µ° ÉµÎ±¨ §·¥´¨Ö,
´ Î ²µ Ëµ·³¨·µ¢ ´¨Õ ±µÉµ·µ° ¶µ²µ¦¨²¨ · ¡µÉÒ �.ƒ.	¥·£³ ´  ¨ �.�.Œ.„¨-
· ±  [36,37], ¢Ò¶µ²´¥´´Ò¥ ¤¢Ê³Ö ¤¥¸ÖÉ¨²¥É¨Ö³¨ ¶µ§¦¥ (¸³. É ±¦¥ [38]). ‚
· §²¨Î´ÒÌ ¢ ·¨ Í¨ÖÌ ¨ ¢ ¶·¨³¥´¥´¨¨ ± · §²¨Î´Ò³ § ¤ Î ³ ÔÉ  ¨¤¥Ö ¨¸¶µ²Ó-
§Ê¥É¸Ö ¢¶²µÉÓ ¤µ ´ ¸ÉµÖÐ¥£µ ¢·¥³¥´¨.

5.1. �¥²ÖÉ¨¢¨¸É¸± Ö Î ¸É¨Í . „¥°¸É¢¨¥, µÉ¢¥Î ÕÐ¥¥ ² £· ´¦¨ ´Ê (5.3)
¶·¨ Aµ = 0, § ¶¨¸Ò¢ ¥É¸Ö ¢ ¢¨¤¥

S∗ = −1
2

∫
dτe(τ)[e−2(τ)ẋ2 + m2] ≡

∫
dτL̃(ẋ, e), (5.5)

£¤¥ e(τ) Å ®µ¤´µ³¥·´ Ö É¥É· ¤ ¯ (einbein). ‚ ·Ó¨·µ¢ ´¨¥ S∗ ¶µ e ¨ xµ ¤ ¥É
Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö ¸¢µ¡µ¤´µ° Î ¸É¨ÍÒ (¶¥·¢µ¥ ¨§ ´¨Ì Å ² £· ´¦¥¢¸± Ö
¸¢Ö§Ó):

δS∗

δe
=

1
2
(e−2ẋ2 − m2) = 0,

δS∗

δxµ
=

d

dτ
(e−1ẋµ) = 0. (5.6)

�·¨ τ = t µ´¨ ¸µ¢¶ ¤ ÕÉ ¸ É ±µ¢Ò³¨, ¢ÒÉ¥± ÕÐ¨³¨ ¨§ ² £· ´¦¨ ´  (5.1)
(¶·¨ Aµ = 0).

5.2. ‘É·Ê´ . „¥°¸É¢¨¥ ¤²Ö ¸É·Ê´Ò � ³¡ÊÅƒµÉµ ¶µ²ÊÎ ¥É¸Ö ¨§ ¤¥°¸É¢¨Ö
¤²Ö ·¥²ÖÉ¨¢¨¸É¸±µ° Î ¸É¨ÍÒ ®· §³ §Ò¢ ´¨¥³¯ ³ ¸¸Ò ¶µ ´¥±µÉµ·µ° ²¨´¨¨
[39]:

SNG = −γ

∫
dτdσ

√
(ẋx′)2 − ẋ2x′2, ẋ =

dx

dτ
, x′ =

dx

dσ
, (5.7)

£¤¥ σ ¶ · ³¥É·¨§Ê¥É ÉµÎ±¨ ¸É·Ê´Ò, γ = const (· §³¥·´µ¸ÉÓ: [γ] = M2). „¥°-
¸É¢¨¥ (5.7) ¨´¢ ·¨ ´É´µ µÉ´µ¸¨É¥²Ó´µ ·¥¶ · ³¥É·¨§ Í¨¨ τ → τ ′ = τ ′(τ, σ),
σ → σ′ = σ′(τ, σ), É.¥. µ´µ ± ²¨¡·µ¢µÎ´µ-¨´¢ ·¨ ´É´µ. „¥°¸É¢¨¥

SP = − c

2

∫
d2u

√
|g|gijXµ

,iX
µ
,j (u1 = τ, u2 = σ), (5.8)

¶·¥¤²µ¦¥´´µ¥ �.�µ²Ö±µ¢Ò³ [40],  ´ ²µ£¨Î´µ ¤¥°¸É¢¨Õ (5.5). ‚ ·Ó¨·µ¢ ´¨¥
¶·µ¨§¢µ¤¨É¸Ö ¶µ gij ¨ Xµ:

δSP

δgij
= 0,

δSP

δXµ
= 0. (5.9)

“· ¢´¥´¨Ö (5.9)∗ Ô±¢¨¢ ²¥´É´Ò Ê· ¢´¥´¨Ö³, ¢ÒÉ¥± ÕÐ¨³ ¨§ (5.7). �´ ²µ£¨Ö
¸ ¶¥·¥Ìµ¤µ³ µÉ (5.4) ± (5.5) µÎ¥¢¨¤´ .

∗�´¨ ´¥ · ¸Ï¨Ë·µ¢Ò¢ ÕÉ¸Ö, É ± ± ± ´¨¦¥ (¶.5.4) ¶·¨¢¥¤¥´Ò ¢Ò±² ¤±¨ ¤²Ö µ¡Ð¥£µ ¸²ÊÎ Ö.
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5.3. p-¡· ´Ò. ‚ Ë¨§¨±¥ ¶·¥¤¶² ´±µ¢¸±¨Ì · ¸¸ÉµÖ´¨° ¢¸¥ ¡µ²¥¥ ¢ ¦´ÊÕ
·µ²Ó ´ Î¨´ ÕÉ ¨£· ÉÓ ³¥³¡· ´Ò (¤¢Ê³¥·´Ò¥ µ¡µ¡Ð¥´¨Ö ¸É·Ê´Ò) ¨ p-¡· ´Ò
(¥¥ p-³¥·´Ò¥ µ¡µ¡Ð¥´¨Ö) [39,41]. ˆÌ ¤¥°¸É¢¨¥ § ¤ ¥É¸Ö ¨´É¥£· ²µ³∗

S = −c

∫
dmu

√
−g, gij = ηµνXµ

,iX
ν
,j, g = det gij , (5.10)

£¤¥ Xµ Å ±µµ·¤¨´ ÉÒ ¢ n-³¥·´µ³ ¶·µ¸É· ´¸É¢¥, µ, ν = 1, ..., n; i, j = 1, ..., m;
ηµν(+ − ...−), c = const, m = p + 1. ‚ ·Ó¨·ÊÖ (5.10) ¶µ Xµ, ´¥¸²µ¦´µ
¶µ²ÊÎ¨ÉÓ Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö

1√−g
∂i(

√
−ggij∂jX

µ(u)) = 0. (5.11)

ˆ §¤¥¸Ó ¶µ¸ÉÊ¶ ÕÉ  ´ ²µ£¨Î´Ò³ µ¡· §µ³: ¶¥·¥Ìµ¤ÖÉ µÉ S ± S̃:

S̃ = − c

2

∫
dmu

√
−g[gijXµ

,iX
ν
,j + (2 − m)], g = det gij . (5.12)

‚ ·Ó¨·µ¢ ´¨¥ S̃ ¶µ gij ¨ Xµ ¤ ¥É ±² ¸¸¨Î¥¸±¨¥ Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö, Ô±¢¨¢ -
²¥´É´Ò¥ (5.11):

δS̃

δgij
= 0,

δS̃

δXµ
= 0

(¤¥É ²¨ ¸³. ¢ ¶.5.4).
5.4. �¡µ¡Ð¥´¨¥. �¥¨§¢¥¸É´µ, ± ±¨¥ ¸µµ¡· ¦¥´¨Ö ¶·¨¢¥²¨ ‚.�.”µ±  ±

¢Ò¡µ·Ê ² £· ´¦¨ ´  (5.3). �·¥¤¸É ¢²Ö¥É¸Ö ¶· ¢¤µ¶µ¤µ¡´Ò³, ÎÉµ §¤¥¸Ó ¸Ò-
£· ²  ·µ²Ó ¨¤¥Ö ¶ÖÉ¨³¥·¨Ö, ±µ£¤  (5.3) · ¸¸³ É·¨¢ ¥É¸Ö ± ± ®´¥·¥²ÖÉ¨¢¨¸É-
¸±¨° ¶·¥¤¥²¯ 5-³¥·´µ£µ ² £· ´¦¨ ´  (τ Å ¶ÖÉÒ° ¶ · ³¥É·). ‡ ³¥Î É¥²Ó´µ,
ÎÉµ ÔÉ  ¨¤¥Ö µ± §Ò¢ ¥É¸Ö ¶²µ¤µÉ¢µ·´µ° ¨ ¢µ ¢¸¥Ì ¢ÒÏ¥¶·¨¢¥¤¥´´ÒÌ ¸²ÊÎ ÖÌ,
¥¸²¨ ¢ ¤µ¶µ²´¥´¨¥ ± n-¨§³¥·¥´¨Ö³ ¤µ¡ ¢¨ÉÓ ´¥ µ¤¨´ (®¶ÖÉÒ°¯) ¶ · ³¥É·,  
´¥¸±µ²Ó±µ, É.¥. ¶¥·¥°É¨ ± ¶·µ¸É· ´¸É¢Ê n + l-¨§³¥·¥´¨°, ¢ ±µÉµ·µ³ ¤¢¨¦¥É-
¸Ö p-¡· ´ .

‚ ¸ ³µ³ ¤¥²¥, ¢ ¤µ¶µ²´¥´¨¥ ± Xµ(u), µ = 1, ..., n ¢¢¥¤¥³ ξa(u), a =
= n+1, ..., n+ l, É.¥. p-³¥·´ Ö ³¥³¡· ´  ¤¢¨¦¥É¸Ö ¢ (n+ l)-³¥·´µ³ ¶·µ¸É· ´-
¸É¢¥. ˆ´¤ÊÍ¨·µ¢ ´´ Ö ³¥É·¨±  ¨ ¤¥°¸É¢¨¥ É ±µ¢Ò:

g∗ij = ξa
,iξ

a
,j + ηµνXµ

,iX
ν
,j ≡ g̃ij + gij i, j = 1, ..., m, (5.13)

S∗ = −c

∫
dmu

√
−g∗, g∗ = det g∗ij . (5.14)

∗�¥·¢Ò³ ³¥³¡· ´Ò ¸ ¤¥°¸É¢¨¥³ (5.10) (m = 3, ¶·µ¸É· ´¸É¢µ Œ¨´±µ¢¸±µ£µ) · ¸¸³ É·¨¢ ²
�.�.Œ.„¨· ± ¢ ¸¢µ¥° É¥µ·¨¨ ¶·µÉÖ¦¥´´µ£µ Ô²¥±É·µ´  [42,43].
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� §²µ¦¨³ g∗ ¶µ ¸É¥¶¥´Ö³ gij :

g∗ = g̃ +
∂g∗

∂g̃ij
gij + ... = g̃(1 + g̃ijgij + ...) (dg = ggijdgij). (5.15)

’µ£¤  ¨³¥¥³ ¶·¨¡²¨¦¥´´µ¥ ¢Ò· ¦¥´¨¥ ¤²Ö S∗:

S∗ ≈ −c

∫
dmu

√
−g̃(1 +

1
2
g̃ij(u)ηµνXµ

,iX
ν
,j) ≡ S̃. (5.16)

‚ ·Ó¨·ÊÖ (5.16) ¶µ g̃ij ¨ Xµ, ´ Ìµ¤¨³

δS̃

δg̃ij
=

c
√
−g̃

2
[g̃ij(1 +

1
2
g̃klηµνXµ

,kXν
,l) − ηµνXµ

,iX
ν
,j] = 0, (5.17)

δS̃

δXµ
=

c

2
∂

∂ui
(
√
−g̃g̃ij ∂

∂uj
Xµ) = 0. (5.18)

ˆÐ¥³ ·¥Ï¥´¨Ö Ê· ¢´¥´¨° (5.17) ¢ ¢¨¤¥

g̃ij = f(u)ηµνXµ
,iX

ν
,j,

£¤¥ f(u) Å ´¥¨§¢¥¸É´ Ö ËÊ´±Í¨Ö. �µ¤¸É ¢²ÖÖ ÔÉµ ¢Ò· ¦¥´¨¥ ¢ (5.17), ´ Ìµ-
¤¨³

g̃ij(1 +
1
2
g̃klf−1g̃kl) − f−1g̃ij = 0,

É.¥. f−1 = 1 + m/(2f) ¨ f = (2 − m)/2. ’ ±¨³ µ¡· §µ³,

g̃ij =
2 − m

2
gij (5.19)

¨ Ê· ¢´¥´¨Ö (5.18) ¶·¥¢· Ð ÕÉ¸Ö ¢ Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö p-¡· ´Ò (5.11), ¢Ò-
É¥± ÕÐ¨¥ ¨§ ¤¥°¸É¢¨Ö (5.10). �µ¤¸É ´µ¢±  (5.19) ¢ (5.16) ¤ ¥É

S̃|g̃ij=fgij = − c

2

(
2

2 − m

) 2−m
2

∫
dmu

√
−g[gijηµνXµ

,iX
ν
,j + (2 − m)], (5.20)

ÎÉµ, §  ¨¸±²ÕÎ¥´¨¥³ ´¥ ¢²¨ÖÕÐ¥£µ ´  Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö ³´µ¦¨É¥²Ö ¶¥·¥¤
¨´É¥£· ²µ³, ¸µ¢¶ ¤ ¥É ¸ ¤¥°¸É¢¨¥³ (5.12) (¢±²ÕÎ Ö ¸² £ ¥³µ¥ (2 − m); ³Ò
´¥ µ¡¸Ê¦¤ ¥³ §¤¥¸Ó ¸³Ò¸² ³´µ¦¨É¥²Ö ¶¥·¥¤ ¨´É¥£· ²µ³ ¨ ¤·Ê£¨¥ Éµ´±µ¸É¨).
� §Ê³¥¥É¸Ö, ¶·¨ ¦¥² ´¨¨ ¶¥·¥Ìµ¤ ± (n + l)-³¥·´µ³Ê ¶·µ¸É· ´¸É¢Ê ³µ¦¥É · ¸-
¸³ É·¨¢ ÉÓ¸Ö ± ± Ô¢·¨¸É¨Î¥¸±¨° ¶·¨¥³, ÌµÉÖ §  ´¨³, ±µ´¥Î´µ, ¸Éµ¨É ´¥ÎÉµ
¡µ²ÓÏ¥¥. ˆÉ ±, ¨¤¥Ö ³´µ£µ³¥·¨Ö, ¢Ò¤¢¨´ÊÉ Ö ¢ · ¡µÉ Ì Š ²ÊÍÒ, Š²¥°´ ,
Œ ´¤¥²Ö, ”µ± , µ± § ² ¸Ó ´¥ Éµ²Ó±µ ¦¨¢ÊÎ¥°, ´µ ¨ ¶²µ¤µÉ¢µ·´µ°.

‚ § ±²ÕÎ¥´¨¥ µÉ³¥É¨³, ÎÉµ ¨¤¥Ö ¨´¢ ·¨ ´É´µ£µ ¶ · ³¥É·  ¶µ²¥§´  ¨ ¢
¸É ´¤ ·É´µ° ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö. ’ ±, ˜¢¨´£¥· [44] ¢µ¸¶µ²Ó§µ¢ ²¸Ö ¥Õ
¶·¨ ¢ÒÎ¨¸²¥´¨¨ ÔËË¥±É¨¢´µ£µ ¤¥°¸É¢¨Ö ¢ ±¢ ´Éµ¢µ° Ô²¥±É·µ¤¨´ ³¨±¥,   ¢
³µ´µ£· Ë¨¨ [46] µ´  ¶·¨³¥´Ö² ¸Ó ¶·¨ ¨§ÊÎ¥´¨¨ ³µ¤¥²¨ 	²µÌ Å�µ·¤¸¨± .
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6. Š�‹ˆ���‚Š� ”�Š�

‚ Éµ° ¦¥ · ¡µÉ¥ [33] ¸µ¤¥·¦ ² ¸Ó ¥Ð¥ µ¤´  ¢¥²¨±µ²¥¶´ Ö ¨¤¥Ö, ¢ ¦´µ¸ÉÓ
±µÉµ·µ° ¸É ´µ¢¨É¸Ö ¶µ´ÖÉ´µ° ²¨ÏÓ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö. �¥Ï Ö Ê· ¢´¥´¨¥
„¨· ±  ¤²Ö Ô²¥±É·µ´  ¢µ ¢´¥Ï´¥³ ¶µ²¥, ‚.�.”µ± ¨¸¶µ²Ó§µ¢ ² ± ²¨¡·µ¢±Ê

(xµ − xµ
0 )Aµ(x) = 0, (6.1)

£¤¥ x0 Å Ë¨±¸¨·µ¢ ´´ Ö ÉµÎ± . 	µ²¥¥ Éµ£µ, ¢ [33] ¢Ò¶¨¸ ´µ ¨ ·¥Ï¥´¨¥ ÔÉµ£µ
Ê· ¢´¥´¨Ö:

Aµ(x) =

1∫
0

s(xν − xν
0)Fµν(x0 + s(x − x0))ds. (6.2)

‡¤¥¸Ó § ¸²Ê¦¨¢ ÕÉ ¢´¨³ ´¨Ö ¤¢  µ¡¸ÉµÖÉ¥²Ó¸É¢ .
6.1. ‹¥³³  �Ê ´± ·¥. ”µ·³Ê²  (6.2) Ö¢²Ö¥É ¸µ¡µ° Î ¸É´Ò° ¸²ÊÎ ° ¨´É¥-

£·¨·µ¢ ´¨Ö ¢ É¥µ·¨¨ ¢´¥Ï´¨Ì ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ëµ·³ [47]. „²Ö m-Ëµ·³Ò
ω ¨³¥¥É ³¥¸Éµ Éµ¦¤¥¸É¢µ

ω = d(Iω) + I(dω), (6.3)

¢ ±µÉµ·µ³ µ¶¥· Éµ· ¨´É¥£·¨·µ¢ ´¨Ö I § ¤ ´ · ¢¥´¸É¢µ³

Iω =
∑
{i}

m∑
r=1

(−1)r−1

1∫
0

dttm−1ωi1...im(tx)xir [dxi1 ∧ ... ∧ dxim ]r. (6.4)

‡¤¥¸Ó {i} ¸¨³¢µ²¨§¨·Ê¥É ¸Ê³³¨·µ¢ ´¨¥ ¶µ ¢¸¥³ ik, k = 1, ..., m ¢ ¶·¥¤¥² Ì
1 ≤ i1 < ... < im ≤ n; ¨´¤¥±¸ r Ê ±¢ ¤· É´µ° ¸±µ¡±¨ µ§´ Î ¥É µÉ¸ÊÉ¸É¢¨¥
¤¨ËË¥·¥´Í¨ ²  dxir . ‚ ¸²ÊÎ ¥ §¢¥§¤´µ° µ¡² ¸É¨ § ³±´ÊÉ Ö Ëµ·³  (dω = 0)
Ö¢²Ö¥É¸Ö ÉµÎ´µ° (ω = dΩ); µ¡² ¸ÉÓ S ∈ Rn ´ §Ò¢ ¥É¸Ö §¢¥§¤´µ°, ¥¸²¨ ¨§
x ∈ S ¸²¥¤Ê¥É tx ∈ S, 0 ≤ t ≤ 1. ‚ Ô²¥±É·µ¤¨´ ³¨±¥ É¥´§µ· ´ ¶·Ö¦¥´´µ-
¸É¥° Fµν ¥¸ÉÓ 2-Ëµ·³  F = Fµνdxµ ∧ dxν . �¶·¥¤¥²ÖÖ 1-Ëµ·³Ê A = Aµdxµ,
¨³¥¥³ F = dA, É.¥. F Å ÉµÎ´ Ö 2-Ëµ·³ . ‘²¥¤µ¢ É¥²Ó´µ, Ëµ·³Ê²  ‚.�.”µ± 
(6.2) ¥¸ÉÓ Î ¸É´Ò° ¸²ÊÎ ° Ëµ·³Ê² �Ê ´± ·¥ (6.3), (6.4) ¸µ ¸¤¢¨´ÊÉÒ³ ´ Î -
²µ³ ±µµ·¤¨´ É [35,48]: A = IF, d(IA) = 0 (¶µ¸²¥¤´¥¥ · ¢¥´¸É¢µ Ë¨±¸¨·Ê¥É
± ²¨¡·µ¢±Ê). ‘¢Ö§Ó ± ²¨¡·µ¢±¨ ”µ±  ¸ É¥µ·¨¥° ¢´¥Ï´¨Ì ¤¨ËË¥·¥´Í¨ ²Ó-
´ÒÌ Ëµ·³ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ ¥¥ ËÊ´¤ ³¥´É ²Ó´µ³ Ì · ±É¥·¥. �¡ ÔÉµ³ ¦¥
¸¢¨¤¥É¥²Ó¸É¢Ê¥É ¨ ÉµÉ Ë ±É, ÎÉµ µ´  ¶·¨³¥´¨³  ¨ ¢ É¥µ·¨ÖÌ ¸ ´¥ ¡¥²¥¢µ°
± ²¨¡·µ¢µÎ´µ° £·Ê¶¶µ°.

6.2. ‘¢Ö§Ó ¸ ¤·Ê£¨³¨ ± ²¨¡·µ¢± ³¨. �  ¶¥·¢Ò° ¢§£²Ö¤ ± ²¨¡·µ¢±  (6.1)
´¥ ± ¦¥É¸Ö ¥¸É¥¸É¢¥´´µ°: ´ ²¨Î¨¥ ¢Ò¤¥²¥´´µ° ÉµÎ±¨ x0 ¢ ¶·µ¸É· ´¸É¢¥ ´ -
·ÊÏ ¥É É· ´¸²ÖÍ¨µ´´ÊÕ ¨´¢ ·¨ ´É´µ¸ÉÓ É¥µ·¨¨. ‚ ¤¥°¸É¢¨É¥²Ó´µ¸É¨ ÔÉµ Å
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±²ÕÎ ± ¥¥ ¶µ´¨³ ´¨Õ. �µ¤µ¡´µ ¢Ò¡µ·Ê ±µµ·¤¨´ É, ¢Ò¡µ· ± ²¨¡·µ¢±¨ ¸¢Ö§ ´
¸ Ë¨§¨±µ° § ¤ Î¨.

�·¨ ± ²¨¡·µ¢µÎ´µ³ (£· ¤¨¥´É´µ³) ¶·¥µ¡· §µ¢ ´¨¨ A′
µ = Aµ+∂µf ¢Ò¡µ·

f ¢ ¢¨¤¥ [33]

f =

x0∫
x

Aµdxµ =

1∫
0

Aµ(x + s(x0 − x))(xµ
0 − xµ)ds, (6.5)

£¤¥ ¨´É¥£·¨·µ¢ ´¨¥ ¢¥¤¥É¸Ö ¶µ ¶·Ö³µ°, ¸µ¥¤¨´ÖÕÐ¥° ÉµÎ±¨ x0, x, µ¶·¥¤¥²Ö¥É
¢¥±Éµ·-¶µÉ¥´Í¨ ² A′

µ, Ê¤µ¢²¥É¢µ·ÖÕÐ¨° Ê¸²µ¢¨Õ (6.1). �µ²¥ ψ ¸ § ·Ö¤µ³ e
¶·¨µ¡·¥É ¥É Ë ±Éµ·

ψ′ = eiefψ, (6.6)

É.¥. ¸É¥¶¥´Ó ¸¢µ¡µ¤Ò Ô²¥±É·µ³ £´¨É´µ£µ ¶µ²Ö f µ± § ² ¸Ó  ¸¸µÍ¨¨·µ¢ ´´µ° ¸
¶µ²¥³ ψ. ’¥³ ¸ ³Ò³ µ´µ ¨¸±²ÕÎ ¥É¸Ö ¨§ ¤¨´ ³¨±¨ ¶µ²Ö A′

µ. �É¸Õ¤  ¸²¥¤Ê¥É,
ÎÉµ ± ²¨¡·µ¢±  ”µ±  Ö¢²Ö¥É¸Ö ¥¸É¥¸É¢¥´´µ° ¢ § ¤ Î Ì ¸ § ·Ö¦¥´´Ò³¨ Î ¸É¨-
Í ³¨: ´ ·ÊÏ ÕÐ¨° É· ´¸²ÖÍ¨µ´´ÊÕ ¨´¢ ·¨ ´É´µ¸ÉÓ ¶ · ³¥É· x0 Ë¨±¸¨·Ê¥É
±µµ·¤¨´ ÉÒ ³ ¸¸¨¢´µ£µ ÉµÎ¥Î´µ£µ § ·Ö¤ . Š ²¨¡·µ¢±  ”µ±  ²¥¦¨É ¢ µ¸´µ¢¥
Ë¨§¨Î¥¸±¨ ¢ ¦´ÒÌ ± ²¨¡·µ¢µ±.

(i) Š ²¨¡·µ¢±  Œ ±¸¢¥²²  [35] ∂A = 0 (· ¤¨ Í¨µ´´ Ö ¨²¨ ±Ê²µ´µ¢¸± Ö
± ²¨¡·µ¢± ). �·¨ ¶¥·¥Ìµ¤¥ ± ÔÉµ° ± ²¨¡·µ¢±¥ ¶µ²¥ ψ ¶·¥µ¡· §Ê¥É¸Ö ¸µ£² ¸´µ
(6.6), £¤¥ f = −∆−1∂A, É.¥.

ψ′ = exp(−ie∆−1∂A)ψ. (6.7)

•µ·µÏµ ¨§¢¥¸É´µ [49, §80], ÎÉµ Ô±¸¶µ´¥´É  ¢ (6.7) µ¶¨¸Ò¢ ¥É ±Ê²µ´µ¢¸±µ¥
¶µ²¥ § ·Ö¤ . ‚¸¶µ³¨´ Ö ¢Ò· ¦¥´¨¥ ¤²Ö Ö¤·  µ¶¥· Éµ·  ∆−1(x, y) =
= −(4π|x − y|)−1 ¨ ¨´É¥£·¨·ÊÖ ¢ ¶µ± § É¥²¥ Ô±¸¶µ´¥´ÉÒ (6.7) ¶µ Î ¸ÉÖ³,
´ Ìµ¤¨³

ψ′(x) = exp
[
ie

∫
d3y

4π

(x − y)A(y)
|x − y|3

]
ψ(x). (6.8)

‚¨¤´µ, ÎÉµ ¶µ± § É¥²Ó Ô±¸¶µ´¥´ÉÒ µÉ¢¥Î ¥É ± ²¨¡·µ¢±¥ ”µ±  (6.1) ¢ ¸²ÊÎ ¥,
±µ£¤  ±µ´ÉÊ· ¨´É¥£·¨·µ¢ ´¨Ö ¢ (6.5) ¡¥·¥É¸Ö ¶·¨ t = t0. �Éµ ¸É ´µ¢¨É¸Ö ¥Ð¥
¡µ²¥¥ µÎ¥¢¨¤´Ò³, ¥¸²¨ ¶·¨´ÖÉÓ ¢µ ¢´¨³ ´¨¥, ÎÉµ µ¶¨¸Ò¢ ÕÐ¨° ±Ê²µ´µ¢¸±µ¥
¶µ²¥ Ë ±Éµ· ¢ (6.7) ³µ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´ ¢ ¢¨¤¥ ¡¥¸±µ´¥Î´µ£µ ¶·µ¨§¢¥-
¤¥´¨Ö ²¨´¥°´ÒÌ Ô±¸¶µ´¥´É ¸ ¶µ± § É¥²Ö³¨ É¨¶  (6.5), ¢ ±µÉµ·ÒÌ ¨´É¥£·¨·µ-
¢ ´¨¥ ¢¥¤¥É¸Ö ¶µ ¶·Ö³Ò³ ¨§ ÉµÎ±¨, £¤¥ · ¸¶µ²µ¦¥´ § ·Ö¤, ¤µ ¡¥¸±µ´¥Î´µ¸É¨
[38, 50, 51]:

N∏
i,j

exp


−ie

x∫
−∞

Aµ(yij)dyµ
ij


 → exp(−ie∆−1∂A), N → ∞. (6.9)
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ˆ´¤¥±¸Ò i, j ´Ê³¥·ÊÕÉ ¶²µÐ ¤±¨, ¶µ±·Ò¢ ÕÐ¨¥ ¥¤¨´¨Î´ÊÕ ¸Ë¥·Ê, Î¥·¥§ ±µ-
Éµ·Ò¥ ¶·µÌµ¤ÖÉ ¶·Ö³Ò¥ (§ ·Ö¤ · ¸¶µ²µ¦¥´ ¢ Í¥´É·¥ ¸Ë¥·Ò, ¶·¨ N → ∞
¶²µÐ ¤±¨ ¸ÉÖ£¨¢ ÕÉ¸Ö ¢ ÉµÎ±¨).

(ii) „·Ê£¨¥ ± ²¨¡·µ¢±¨. �·¨ ¨§ÊÎ¥´¨¨ ¶·µ¡²¥³Ò ¨´Ë· ±· ¸´ÒÌ · ¸Ìµ¤¨-
³µ¸É¥° ¶¥·¥Ìµ¤ÖÉ ± ¶µ²Ö³ ψ′, ¢ ±µÉµ·ÒÌ Ô±¸¶µ´¥´Í¨ ²Ó´Ò° Ë ±Éµ· ¨³¥¥É
¢¨¤ [52]

exp


ie

∞∫
0

dt

∫
d3xAQ

µ Jµ


 ≡ exp(ieχ), (6.10)

£¤¥ Jµ = (epµ/Ep)δ(x − tp/Ep) ¥¸ÉÓ ±² ¸¸¨Î¥¸±¨° Éµ± (E2
p = p2 + m2) ¨

AQ
µ Å µ¶¥· Éµ·:

AQ
µ (x) =

∫
|q|<Q

d3q

(2π)32|q| [cµ(q)e−iqx + c+
µ (q)eiqx]. (6.11)

ˆÉ ±, §¤¥¸Ó ¸ ¶µ²¥³ ψ  ¸¸µÍ¨¨·µ¢ ´Ò ³Ö£±¨¥ ËµÉµ´Ò ¸ Ô´¥·£¨¥° ω < Q.
’¥³ ¸ ³Ò³ µ´¨ ¨§Ò³ ÕÉ¸Ö ¨§ ¤¨´ ³¨±¨ Ô²¥±É·µ³ £´¨É´µ£µ ¶µ²Ö. S-³ É·¨Í ,
µ¶¨¸Ò¢ ÕÐ Ö · ¸¸¥Ö´¨¥ ±¢ ´Éµ¢ ¶µ²Ö ψ′ = exp(ieχ)ψ, ¸¢µ¡µ¤´  µÉ ¨´Ë· -
±· ¸´ÒÌ · ¸Ìµ¤¨³µ¸É¥° [52,53]. �µ± § É¥²Ó Ô±¸¶µ´¥´ÉÒ ¢ (6.10) ³µ¦´µ ¶¥-
·¥¶¨¸ ÉÓ ¢ ¢¨¤¥

χ =

∞∫
0

AQ
µ (npt)nµ

pdt =
∫
np

AQ
µ dxµ, (6.12)

£¤¥ np = p/Ep = dx/dt, p2 = m2,   ¢ ¶µ¸²¥¤´¥³ ¢Ò· ¦¥´¨¨ ¨´É¥£·¨·Ê¥É¸Ö
¶µ ¶·Ö³µ°, § ¤ ¢ ¥³µ° ¢¥±Éµ·µ³ np. �µ ¸ÊÐ¥¸É¢Ê, ¨¸¶µ²Ó§Ê¥É¸Ö ± ²¨¡·µ¢± 
”µ±  ¤²Ö ¶µ²Ö AQ

µ ¨²¨, ¥¸²¨ Ê£µ¤´µ, ³µ¤¨Ë¨Í¨·µ¢ ´´ Ö ± ²¨¡·µ¢±  ”µ± .
�µ É¥Ì´¨±  ³Ö£±¨Ì ËµÉµ´µ¢ ¶·¨³¥´¨³  ¨ ¢ ¸²ÊÎ ¥ ¨§²ÊÎ¥´¨Ö ¦¥¸É±¨Ì

ËµÉµ´µ¢ (ω > m), ¥¸²¨ Ô´¥·£¨Ö Î ¸É¨ÍÒ Ep → ∞. ‚ ÔÉµ³ ¸²ÊÎ ¥ n2
p =

= m2/E2
p → 0, |p| → ∞, ¨ ³Ò ¶·¨Ìµ¤¨³ ± ± ²¨¡·µ¢±¥ ¸¢¥Éµ¢µ£µ ±µ´Ê¸ 

AQ
µ nµ = 0, n2 = 0 (Ep � Q � m).

’ ±¨³ µ¡· §µ³, ± ²¨¡·µ¢±  ”µ±  (6.1) Ê¤µ¡´  ¢ § ¤ Î Ì ¸ ³ ¸¸¨¢´Ò³¨
ÉµÎ¥Î´Ò³¨ Î ¸É¨Í ³¨ ¨²¨ ¸ Î ¸É¨Í ³¨ ¢Ò¸µ±¨Ì Ô´¥·£¨° (Ep � m), É.¥. Éµ£¤ ,
±µ£¤  ³µ¦´µ ¶·¥´¥¡·¥ÎÓ ·¥ ±Í¨¥° ¨§²ÊÎ¥´¨Ö ´  Î ¸É¨ÍÊ.

‚¸¥ ÔÉ¨ µ¸µ¡¥´´µ¸É¨ ± ²¨¡·µ¢±¨ ”µ± , ¢ ¦´Ò¥ ¸ ³¨ ¶µ ¸¥¡¥, ¸É ´µ¢ÖÉ¸Ö
¢ ¦´Ò³¨ ¢¤¢µ°´¥, ¥¸²¨ ÊÎ¥¸ÉÓ, ÎÉµ · ¢¥´¸É¢  (6.1), (6.2) ¸µÌ· ´ÖÕÉ¸Ö ¨ ¢
´¥ ¡¥²¥¢ÒÌ É¥µ·¨ÖÌ. …¥ ¶·¨³¥´¥´¨¥ (¢µ§³µ¦´µ, ¢ ³µ¤¨Ë¨Í¨·µ¢ ´´µ³ ¢¨¤¥)
¶µ§¢µ²Ö¥É µ¶¨¸Ò¢ ÉÓ · ¸¸¥Ö´¨¥  ¤·µ´µ¢ ¢Ò¸µ±¨Ì Ô´¥·£¨°.
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7. �„�� ˆ‡ ��‘‹…„�ˆ• �“�‹ˆŠ�–ˆ‰ ‚.�.”�Š�

‚ 1971 £. ‚.�.”µ± µ¶Ê¡²¨±µ¢ ² ±· É±ÊÕ § ³¥É±Ê ®‚µ§³µ¦´µ¥ µ¡µ¡Ð¥´¨¥
¶µ´ÖÉ¨Ö Ë¨§¨Î¥¸±µ£µ ¶·µ¸É· ´¸É¢ ¯ [54]. ‘ÊÉÓ ¥¥ ¸¢µ¤¨² ¸Ó ± ¸²¥¤ÊÕÐ¥³Ê.
�µ´ÖÉ¨¥ Ë¨§¨Î¥¸±µ£µ ¶·µ¸É· ´¸É¢  É¥¸´µ ¸¢Ö§ ´µ ¸µ ¸¢µ°¸É¢ ³¨ ¤¢¨¦¥´¨Ö
Ë¨§¨Î¥¸±¨Ì É¥², ¶µ¸±µ²Ó±Ê Éµ²Ó±µ ¶µ ¤¢¨¦¥´¨Õ É¥² ³Ò ¸Ê¤¨³ µ ¸¢µ°¸É¢ Ì
¶·µ¸É· ´¸É¢ . � ¶·¨³¥·, · §³¥·´µ¸ÉÓ ¶·µ¸É· ´¸É¢  µÉµ¦¤¥¸É¢²Ö¥É¸Ö ¸ Î¨¸²µ³
¸É¥¶¥´¥° ¸¢µ¡µ¤Ò ³ É¥·¨ ²Ó´µ° ÉµÎ±¨. ‚ ±¢ ´Éµ¢µ° Ë¨§¨±¥ ³µ¦´µ ¶·¥¤¶µ-
²µ¦¨ÉÓ, ÎÉµ ¶·µ¸É¥°Ï¨° Ë¨§¨Î¥¸±¨° µ¡Ñ¥±É (³ É¥·¨ ²Ó´ Ö ÉµÎ± ) µ¡² ¤ ¥É
¸¢µ°¸É¢ ³¨ Ô²¥±É·µ´ . �µ Ê Ô²¥±É·µ´  ¶µ³¨³µ É·¥Ì ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò ³ -
É¥·¨ ²Ó´µ° ÉµÎ±¨ ¨³¥¥É¸Ö ¥Ð¥ µ¤´  Å ¸¶¨´. ‘µµÉ¢¥É¸É¢ÊÕÐ Ö ´¥§ ¢¨¸¨³ Ö
¶¥·¥³¥´´ Ö ¸¶µ¸µ¡´  ¶·¨´¨³ ÉÓ ²¨ÏÓ ¤¢  §´ Î¥´¨Ö. ’µ, ÎÉµ ´¥·¥²ÖÉ¨¢¨¸É-
¸±¨° Ô²¥±É·µ´ Ì · ±É¥·¨§Ê¥É¸Ö ²¨ÏÓ ±µµ·¤¨´ Éµ° x ¨ ¸¶¨´µ¢µ° ¶¥·¥³¥´´µ°
σ = ±1 (¢ ¥¤¨´¨Í Ì �/2), ¶µ¤Î¥·±¨¢ ¥É ¨ ÉµÉ Ë ±É, ÎÉµ ¢µ²´µ¢ Ö ËÊ´±Í¨Ö
 ´É¨¶¥·¥¸É ´µ¢µÎ´  ¶µ µÉ´µÏ¥´¨Õ ±µ ¢¸¥³ Î¥ÉÒ·¥³ ¶¥·¥³¥´´Ò³:

ψ(...xj , σj ; ...xk, σk; ...) = −ψ(...xkσk; ...xjσj ; ...). (7.1)

�µ¸²¥ ÔÉµ£µ ‚.�.”µ± § ³¥Î ¥É: ®�·¨³¥´ÖÖ ± ¤ ´´µ³Ê ¸²ÊÎ Õ (³µ²Î ²¨¢µ ¤µ-
¶Ê¸± ¥³µ¥) ±² ¸¸¨Î¥¸±µ¥ ¶·¥¤¶µ²µ¦¥´¨¥, ÎÉµ Ë¨§¨Î¥¸±µ¥ ¶·µ¸É· ´¸É¢µ µ¶·¥-
¤¥²Ö¥É¸Ö ¸µ¢µ±Ê¶´µ¸ÉÓÕ ¶¥·¥³¥´´ÒÌ, µ¶¨¸Ò¢ ÕÐ¨Ì ¸É¥¶¥´¨ ¸¢µ¡µ¤Ò ¶·µ-
¸É¥°Ï¥£µ Ë¨§¨Î¥¸±µ£µ É¥²  (¨³¥´Ê¥³µ£µ µ¡ÒÎ´µ ³ É¥·¨ ²Ó´µ° ÉµÎ±µ°), ³Ò
¶·¨Ìµ¤¨³ ± § ±²ÕÎ¥´¨Õ, ÎÉµ, ¥¸²¨ ³Ò ¶·¨³¥³ Ô²¥±É·µ´ §  ¶·µ¸É¥°Ï¥¥ Ë¨-
§¨Î¥¸±µ¥ É¥²µ, ³Ò ¤µ²¦´Ò ¤µ¶Ê¸É¨ÉÓ, ÎÉµ ÉµÎ±  ¢ Ë¨§¨Î¥¸±µ³ ¶·µ¸É· ´¸É¢¥
µ¶·¥¤¥²Ö¥É¸Ö ¸µ¢µ±Ê¶´µ¸ÉÓÕ Î¥ÉÒ·¥Ì ¶¥·¥³¥´´ÒÌ (x, y, z, σ). �Éµ ¢¥¤¥É ±
µ¡µ¡Ð¥´¨Õ Ë¨§¨Î¥¸±µ£µ ¶·µ¸É· ´¸É¢ . �¶·¥¤¥²¥´´µ¥ ¢ÒÏ¥ µ¡µ¡Ð¥´´µ¥ Ë¨-
§¨Î¥¸±µ¥ ¶·µ¸É· ´¸É¢µ ³µ¦¥É ¡ÒÉÓ ´ §¢ ´µ ¸¶¨´µ·´Ò³ ¶·µ¸É· ´¸É¢µ³¯. ˆ
¤ ²¥¥: ®’ ±¨³ µ¡· §µ³, ¢¢¥¤¥´¨¥ ¸¶¨´µ¢µ° ¶¥·¥³¥´´µ°, ¤µ¶Ê¸± ÕÐ¥° ±µ´-
¸É·Ê¨·µ¢ ´¨¥ ¸¶¨´µ·µ¢ (allowing the costruction of spinors), ¸µ¸É ¢²Ö¥É ¢ ¦-
´Ò° Ï £ ¢ ¨§ÊÎ¥´¨¨ ¸¢µ°¸É¢ ¶·µ¸É· ´¸É¢  ¨ ³µ¦¥É · ¸¸³ É·¨¢ ÉÓ¸Ö ± ± µ¡µ¡-
Ð¥´¨¥ ¶µ´ÖÉ¨Ö Ë¨§¨Î¥¸±µ£µ ¶·µ¸É· ´¸É¢ ¯.

Š ¸± § ´´µ³Ê ³µ¦´µ ¸¤¥² ÉÓ ¤¢  § ³¥Î ´¨Ö.
1. �¸É ²µ¸Ó ¸¤¥² ÉÓ ²¨ÏÓ Ï £, ÎÉµ¡Ò ¶·¨°É¨ ± ¶µ´ÖÉ¨Õ ¸Ê¶¥·¶·µ¸É· ´-

¸É¢  Å ´ ¨¡µ²¥¥ ´¥µ¡ÒÎ´µ³Ê ¨ ¢ ¦´µ³Ê ¶µ´ÖÉ¨Õ ¸µ¢·¥³¥´´µ° Ë¨§¨±¨, ¶µ-
Ö¢¨¢Ï¥³Ê¸Ö, ±¸É É¨, Éµ£¤  ¦¥ [55,56]. ˆ³¥´´µ, µ¸É ²µ¸Ó ¤µ¶Ê¸É¨ÉÓ, ÎÉµ ´µ¢ Ö
¸¶¨´µ¢ Ö ¶¥·¥³¥´´ Ö (µ¡µ§´ Î¨³ ¥¥ θ) ¶·¨´¨³ ¥É §´ Î¥´¨Ö ¨§ £· ¸¸³ ´µ¢-
¸±µ°  ²£¥¡·Ò ¨ ¶·¥µ¡· §Ê¥É¸Ö ± ± ¸¶¨´µ·. ’µ£¤  ¶µ²Ö ¤µ²¦´Ò § ¢¨¸¥ÉÓ µÉ
¤¢ÊÌ ¶¥·¥³¥´´ÒÌ (x, θ), É.¥. ³Ò ¶·¨Ìµ¤¨³ ± ¶µ´ÖÉ¨Õ ¸Ê¶¥·¶µ²Ö Φ(x, θ) [57].

2. � ¡µÉ  [54] ¶·¥¤¢µ¸Ì¨É¨²  ¨¤¥¨ É ± ´ §Ò¢ ¥³µ° ´¥±µ³³ÊÉ É¨¢´µ°
£¥µ³¥É·¨¨ [58]. �Éµ ¨´É¥´¸¨¢´µ · §¢¨¢ ÕÐ¥¥¸Ö µ¡µ¡Ð¥´¨¥ ±² ¸¸¨Î¥¸±µ°
£¥µ³¥É·¨¨ · ¸¸³ É·¨¢ ¥É, ¢ Î ¸É´µ¸É¨, ¶·µ¸É· ´¸É¢ , ¸µ¸ÉµÖÐ¨¥ ¨§ ´¥¸±µ²Ó-
±¨Ì Ô±§¥³¶²Ö·µ¢ ¥¢±²¨¤µ¢ÒÌ, ¨²¨ ·¨³ ´µ¢ÒÌ, ¨²¨ · ¸¸²µ¥´´ÒÌ ¶·µ¸É· ´¸É¢.
�µ¸²¥¤´¨¥ µ± § ²¨¸Ó ¶µ²¥§´Ò³¨ ¶·¨ Ëµ·³Ê²¨·µ¢ ´¨¨, ´ ¶·¨³¥·, ³µ¤¥²¨
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‚ °´¡¥·£ Å‘ ² ³  [59], ³µ¤¥²¨ ®‚¥²¨±µ£µ µ¡Ñ¥¤¨´¥´¨Ö¯ [60]. �·¨ ÔÉµ³
¤µ¸É¨£ ¥É¸Ö £¥µ³¥É·¨§ Í¨Ö ¶µ²Ö •¨££¸ . �¡Ð Ö ¸Ì¥³  É ±µ¢ .

� ¸¸³µÉ·¨³ ¶·µ¸É· ´¸É¢µ, ¸µ¸ÉµÖÐ¥¥ ¨§ ¤¢ÊÌ ²¨¸Éµ¢ Å ¶·µ¸É· ´¸É¢ Œ¨´-
±µ¢¸±µ£µ. „µ¶Ê¸É¨³, ÎÉµ ¨³¥¥É¸Ö ²µ± ²Ó´ Ö ± ²¨¡·µ¢µÎ´ Ö ¸¨³³¥É·¨Ö. ’µ£¤ 
¤²Ö ´¥É·¨¢¨ ²Ó´µ£µ £¥µ³¥É·¨Î¥¸±µ£µ µ¡Ñ¥±É  ψ(x, i), µ¶·¥¤¥²¥´´µ£µ ´  ± ¦-
¤µ³ ¨§ ²¨¸Éµ¢ (i = 1, 2; ¶µ²Ö ψ(x, 1) ¨ ψ(x, 2) ³µ£ÊÉ ¨³¥ÉÓ · §´ÊÕ £¥µ³¥É-
·¨Î¥¸±ÊÕ ¶·¨·µ¤Ê, ¸± ¦¥³, ¨§µ¸± ²Ö· ¨ ¨§µ¸¶¨´µ·), ³µ¦´µ § ¤ ÉÓ µ¶¥· Í¨¨
¶ · ²²¥²Ó´µ£µ ¶¥·¥´µ¸ .
1. � · ²²¥²Ó´Ò° ¶¥·¥´µ¸ ¢ ¶·¥¤¥² Ì µ¤´µ£µ ²¨¸É  ¢¤µ²Ó ¶ÊÉ¨ C(2, 1) ≡
≡ C(x2, x1):

ψ̃(x2, i) = P (C(2, 1); i)ψ(x1, i). (7.2)

2. � · ²²¥²Ó´Ò° ¶¥·¥´µ¸ ¸ µ¤´µ£µ ²¨¸É  ´  ¤·Ê£µ° ¢ ¤ ´´µ° ÉµÎ±¥ x:

ψ̃(x, i) = H(x, i, j)ψ(x, j), i �= j, H(x, i, j) = H+(x, j, i). (7.3)

‚ ¶¥·¢µ³ ¸²ÊÎ ¥ ³µ¦´µ · ¸¸³µÉ·¥ÉÓ ¶¥·¥´µ¸ ¢ ¡¥¸±µ´¥Î´µ ¡²¨§±ÊÕ ÉµÎ±Ê:

P (x + dx, x; i) ≈ 1 + iAµ(x, i)dxµ, (7.4)

£¤¥ Aµ Å ¸¢Ö§´µ¸ÉÓ, Ô²¥³¥´É  ²£¥¡·Ò ‹¨ ± ²¨¡·µ¢µÎ´µ° £·Ê¶¶Ò. �·¨ ± ²¨-
¡·µ¢µÎ´ÒÌ ¶·¥µ¡· §µ¢ ´¨ÖÌ ¶µ²Ö ³¥´ÖÕÉ¸Ö ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

ψ′(x, i) = U(x, i)ψ(x, i), P ′(C(2, 1); i) = U(x2, i)P (C(2, 1); i)U−1(x1, i),
(7.5)

A′
µ(x, i) = U(x, i)Aµ(x, i)U−1(x, i) + iU(x, i)∂µU−1(x, i), (7.6)

H ′(x, i, j) = U(x, i)H(x, i, j)U−1(x, j). (7.7)

�µ² £ Ö H(x, i, j) = 1 + B(x, i, j), ¶µ²ÊÎ ¥³

B′(x, i, j) = U(x, i)B(x, i, j)U−1(x, j)+ U(x, i)(U−1(x, j)−U−1(x, i)) (7.8)

¢ ¶µ²´µ°  ´ ²µ£¨¨ ¸ ¶·¥µ¡· §µ¢ ´¨¥³ (7.6). ‘²¥¤µ¢ É¥²Ó´µ, B(x, i, j) ¨£· ¥É
·µ²Ó ¸¢Ö§´µ¸É¨, § ¤ ÕÐ¥° ¶ · ²²¥²Ó´Ò° ¶¥·¥´µ¸ ¸ µ¤´µ£µ ²¨¸É  ´  ¤·Ê£µ°.
’¥¶¥·Ó ³µ¦´µ ¢ÒÎ¨¸²ÖÉÓ ®É¥´§µ·Ò ±·¨¢¨§´¯. ‚µ§³µ¦´Ò ±µ´ÉÊ·Ò É·¥Ì É¨¶µ¢.

1. ˆ´Ë¨´¨É¥§¨³ ²Ó´Ò¥ § ³±´ÊÉÒ¥ ±µ´ÉÊ·Ò ´  ± ¦¤µ³ ¨§ ²¨¸Éµ¢; É¥´§µ·
±·¨¢¨§´Ò ¤ ¥É¸Ö ¸É ´¤ ·É´Ò³ ¢Ò· ¦¥´¨¥³ F̂µν(x) = −i[D̂µ(x, i), D̂ν(x, i)],
£¤¥ D̂µ(x, i) = ∂µ + iÂµ(x, i) Å ±µ¢ ·¨ ´É´ Ö ¶·µ¨§¢µ¤´ Ö.

2. —¥ÉÒ·¥ÌÊ£µ²Ó´Ò¥ ±µ´ÉÊ·Ò ¸ ¨´Ë¨´¨É¥§¨³ ²Ó´Ò³¨ ¶¥·¥´µ¸ ³¨ ´  ± ¦-
¤µ³ ¨§ ²¨¸Éµ¢ ¨ ¤¢Ê³Ö ¶¥·¥´µ¸ ³¨ ¸ µ¤´µ£µ ²¨¸É  ´  ¤·Ê£µ° ¢ ÉµÎ± Ì x ¨
x + dx. �Éµ ¤ ¥É ¢ ± Î¥¸É¢¥ É¥´§µ·  ±·¨¢¨§´Ò FµH = D̂µH(x, i, j).

3. � ±µ´¥Í, ®¤¢ÊÊ£µ²Ó´Ò°¯ ±µ´ÉÊ· ¢ ¤ ´´µ° ÉµÎ±¥ x: 1 → 2 → 1 ¤ ¥É
FHH = 1 − HH+ (H(x, i, i) = 1, ¶µ¤·µ¡´¥¥ ¸³. [59,60]).
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�µ² £ Ö ² £· ´¦¨ ´ ²¨´¥°´µ° ±µ³¡¨´ Í¨¥° ±¢ ¤· Éµ¢ É·¥Ì É¨¶µ¢ ±·¨-
¢¨§´, ¶µ²ÊÎ ¥³ ² £· ´¦¨ ´ ¡µ§µ´´µ° Î ¸É¨ ³µ¤¥²¨ •¨££¸ . �· ¢¨²Ó´µ¥ ¢Ò-
· ¦¥´¨¥ ¶µ²ÊÎ ¥É¸Ö ¨ ¤²Ö Ë¥·³¨µ´´µ° Î ¸É¨ [59,60]. �·µ¸É· ´¸É¢µ ”µ± 
¸ ¤¢Ê³Ö ²¨¸É ³¨ (x, +), (x,−) µ± §Ò¢ ¥É¸Ö ¶µ²¥§´Ò³ ¨ ¶·¨ Ëµ·³Ê²¨·µ¢ ´¨¨
¸¢¥·Ì¶·µ¢µ¤¨³µ¸É¨ ¢ · ³± Ì ¨¤¥° ´¥±µ³³ÊÉ É¨¢´µ° £¥µ³¥É·¨¨ [61]. ’ ±¨³
µ¡· §µ³, ¨ §¤¥¸Ó ¨¤¥¨ ‚.�.”µ±  ¶·¥¤¢µ¸Ì¨É¨²¨ ¸µ¢·¥³¥´´µ¥ · §¢¨É¨¥ ¨ £¥µ-
³¥É·¨¨, ¨ Ë¨§¨±¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í.

8. ‡�Š‹�—ˆ’…‹œ�›… ‡�Œ…—��ˆŸ

1. ‚ · ¡µÉ¥ [1] ¸µ¤¥·¦ ² ¸Ó ¥Ð¥ µ¤´  ¢ ¢Ò¸Ï¥° ¸É¥¶¥´¨ ¢ ¦´ Ö ¨¤¥Ö: ¶·¨
¶ · ²²¥²Ó´µ³ ¶¥·¥´µ¸¥ ¸¶¨´µ·  ¢ ·¨³ ´µ¢µ³ ¶·µ¸É· ´¸É¢¥  ¢Éµ³ É¨Î¥¸±¨ ¶µ-
Ö¢²Ö²µ¸Ó ¢¥±Éµ·´µ¥ ¶µ²¥ Aµ, ±µÉµ·µ¥ µÉµ¦¤¥¸É¢²Ö²µ¸Ó ¸ Ô²¥±É·µ³ £´¨É´Ò³
¶µ²¥³. �´µ  ¤¤¨É¨¢´µ ¢Ìµ¤¨²µ ¢ ¸¢Ö§´µ¸ÉÓ, µ¶·¥¤¥²ÖÕÐÊÕ ¶· ¢¨²µ ¶ · ²-
²¥²Ó´µ£µ ¶¥·¥´µ¸  ¸¶¨´µ· , ¨ ¶µ² £ ²µ¸Ó ¶·µ¶µ·Í¨µ´ ²Ó´Ò³ ¥¤¨´¨Î´µ° ³ -
É·¨Í¥ „¨· ± . �·¨ ÔÉµ³ µ± §Ò¢ ²µ¸Ó, ÎÉµ É¥´§µ· ´ ¶·Ö¦¥´´µ¸É¨ Ô²¥±É·µ³ £-
´¨É´µ£µ ¶µ²Ö Fµν ±µ³¡¨´¨·Ê¥É¸Ö ¸ É¥´§µ·µ³ ±·¨¢¨§´Ò �¨ÎÎ¨ Rµν , É.¥. É ±¦¥
³µ¦¥É É· ±Éµ¢ ÉÓ¸Ö ± ± É¥´§µ· ±·¨¢¨§´Ò. ’¥³ ¸ ³Ò³ ¤µ¸É¨£ ² ¸Ó £¥µ³¥É·¨-
§ Í¨Ö Ô²¥±É·µ³ £´¨É´µ£µ ¶µ²Ö. �Éµ ´  ³´µ£µ ²¥É ¶·¥¤¢µ¸Ì¨É¨²µ ¸µ¢·¥³¥´´ÊÕ
É· ±Éµ¢±Ê ¶µ²Ö Aµ ± ± ¸¢Ö§´µ¸É¨ ¢ · ¸¸²µ¥´´µ³ (§ ·Ö¤µ¢µ³) ¶·µ¸É· ´¸É¢¥.

	µ²¥¥ Éµ£µ, ¢ [1] ¸µ¤¥·¦ ²¸Ö ´ ³¥± ´  ¢µ§³µ¦´µ¸ÉÓ ¢¢¥¤¥´¨Ö ¶µ²¥°
Ÿ´£ ÅŒ¨²²¸ . ‚.�.”µ± ¶¨¸ ² ([2], ¸.419): ®…¸²¨ µ£· ´¨Î¨ÉÓ¸Ö Î¥ÉÒ·¥Ì·Ö¤-
´Ò³¨ ³ É·¨Í ³¨ [„¨· ± ], Éµ ±µ³³ÊÉ É¨¢´µ¸ÉÓ [¶µ²Ö Aµ] ¸µ ¢¸¥³¨ α-³ É·¨-
Í ³¨ µ§´ Î ¥É ¶·µ¶µ·Í¨µ´ ²Ó´µ¸ÉÓ [Aµ] ¥¤¨´¨Î´µ° ³ É·¨Í¥. …¸²¨ ¦¥ · ¸¸³ É-
·¨¢ ÉÓ ³ É·¨ÍÒ ¸ ¡�o²ÓÏ¨³ Î¨¸²µ³ ¸É·µ± ¨ ¸Éµ²¡Íµ¢, Éµ ³ É·¨ÍÒ Φ′

l [É.¥. Aµ]
´¥ ¡Ê¤ÊÉ µ¡Ö§ É¥²Ó´µ ¶·µ¶µ·Í¨µ´ ²Ó´Ò³¨ ¥¤¨´¨Î´µ° ³ É·¨Í¥¯. �µ¸²¥ ¸²µ¢ 
®¸Éµ²¡Íµ¢¯ Å ¸´µ¸± : ®’ ±¨¥ ³ É·¨ÍÒ ³µ£²¨ ¡Ò ¢µ§´¨±´ÊÉÓ ¶·¨ ´¥±µÉµ·ÒÌ
µ¡µ¡Ð¥´¨ÖÌ Ê· ¢´¥´¨Ö „¨· ±  (´ ¶·¨³¥·, ´  ¸²ÊÎ ° § ¤ Î¨ ¤¢ÊÌ É¥²)¯.

‚ ÔÉµ° ¦¥ · ¡µÉ¥ ¡Ò²µ ¶µ¤Î¥·±´ÊÉµ, ÎÉµ ®... ¢ µÉ²¨Î¨¥ µÉ Ô°´ÏÉ¥°-
´µ¢¸±µ£µ ¶µ¤Ìµ¤  ¶µÉ¥´Í¨ ²Ò ϕl [É.¥. Aµ] ¨£· ÕÉ ¸ ³µ¸ÉµÖÉ¥²Ó´ÊÕ ·µ²Ó ¢
£¥µ³¥É·¨Î¥¸±µ° ± ·É¨´¥ ³¨·  ¨ ´¥ µ¡Ö§ ´Ò ¡ÒÉÓ ËÊ´±Í¨Ö³¨ ±µÔËË¨Í¨¥´Éµ¢
γikl [¸¨³¢µ²µ¢ �¨ÎÎ¨, É.¥. ¸¢Ö§´µ¸É¨]¯. „²Ö Éµ£µ ¢·¥³¥´¨ Å ¢¥¸Ó³  µÉ¢¥É-
¸É¢¥´´µ¥ § Ö¢²¥´¨¥.

2. ƒ.‚¥°²Ó ¢µ ¢Éµ·µ³ ¨§¤ ´¨¨ ¸¢µ¥° ±´¨£¨ ®’¥µ·¨Ö £·Ê¶¶ ¨ ±¢ ´Éµ¢ Ö ³¥-
Ì ´¨± ¯ [62] ´ §¢ ² Ê· ¢´¥´¨¥ (3.2) (¢ ¸É Í¨µ´ ·´µ³ ¢ ·¨ ´É¥) ®Ê· ¢´¥´¨¥³
¤¥ 	·µ°²Ö¯. �Éµ ¢Ò§¢ ²µ ´¥Ê¤µ¢µ²Ó¸É¢¨¥ ˜·¥¤¨´£¥· . ‚ ¶¨¸Ó³¥ ± ‚¥°²Õ µÉ
1  ¶·¥²Ö 1931 £., µ¡µ¸´µ¢Ò¢ Ö ¸¢µ° ¶·¨µ·¨É¥É, µ´, ¢ Î ¸É´µ¸É¨, ¶¨¸ ²: ®Ÿ
´¨±µ£¤  ´¥ ¢µ§· ¦ ² ¶·µÉ¨¢ Éµ£µ, ÎÉµ ÔÉµ Ê· ¢´¥´¨¥ ¸¥°Î ¸ µ¡ÒÎ´µ ¸¢Ö§Ò-
¢ ¥É¸Ö ¸ ¨³¥´¥³ ƒµ·¤µ´ , ¶µÉµ³Ê ÎÉµ ÔÉµ µÎ¥´Ó Ê¤µ¡´µ ¤²Ö ¥£µ · §²¨Î¥´¨Ö
(as a distinction)¯ ([9], c.1025). �µÌµ¦¥, ÔÉµÉ ´¥¸±µ²Ó±µ ±Ê·Ó¥§´Ò°  ·£Ê³¥´É
µÉ· ¦ ¥É ³´¥´¨¥ Ë¨§¨Î¥¸±µ° µ¡Ð¥¸É¢¥´´µ¸É¨ Éµ£µ ¢·¥³¥´¨.
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3. ’¥µ·¨Ö 5-³¥·¨Ö ¶¥·¥¦¨²  ¢§²¥ÉÒ ¨ ¶ ¤¥´¨Ö. ‚ 1927 £. �.�°´ÏÉ¥°´
¸Î¥² ¥¥ Ê¸¶¥Ï´µ° (¸³. · §¤.4). 	µ²¥¥ Éµ£µ, ¢ Éµ³ ¦¥ £µ¤Ê µ´ µ¶Ê¡²¨±µ¢ ² ´ 
ÔÉÊ É¥³Ê ¤¢¥ § ³¥É±¨ [63]. �µ §¤¥¸Ó ´ Î¨´ ÕÉ¸Ö § £ ¤±¨. ‚ § ³¥Î ´¨¨ ± µ¡µ¨³
¸µµ¡Ð¥´¨Ö³ ¶·¨ ±µ··¥±ÉÊ·¥ Î¨É ¥³ ([64], ¸.197): ®ƒ.Œ ´¤¥²Ó ¸µµ¡Ð¨² ³´¥,
ÎÉµ ¨§²µ¦¥´´Ò¥ §¤¥¸Ó ·¥§Ê²ÓÉ ÉÒ ´¥ ´µ¢Ò ¨ ¸µ¤¥·¦ É¸Ö ¢ · ¡µÉ Ì Š²¥°´ 
[Z. Phys., 1926, 37, 12, 895]. ‘·. É ±¦¥ · ¡µÉÊ ‚.�.”µ±  [Z. Phys., 1926, 39,
226]¯. “¤¨¢¨É¥²Ó´µ Éµ, ÎÉµ ¢ ¶¨¸Ó³¥ ± �.�·¥´Ë¥¸ÉÊ µÉ 3 ¸¥´ÉÖ¡·Ö 1926 £. �°´-
ÏÉ¥°´ ¶¨¸ ² ([29], ¸.318): ®‘É ÉÓÖ Š²¥°´  µÎ¥´Ó ¨§ÖÐ´  ¨ Ê¡¥¤¨É¥²Ó´ ...¯.
�µ¸²¥ ¶µÖ¢²¥´¨Ö Ê· ¢´¥´¨Ö „¨· ±  Š²¥°´ · §µÎ ·µ¢ ²¸Ö ¢ 5-³¥·´µ° É¥µ·¨¨.
�´ ¢¸¶µ³¨´ ² ([9], c.1029): ®‚ Éµ ¢·¥³Ö Ö ¶µ² £ ², ÎÉµ ´¥ ¡Ò²µ ¶·¨Î¨´ ¤²Ö
ÔÉµ° ¶ÖÉ¨³¥·´µ° É¥µ·¨¨, ¨ Ö ¥¥ µ¸É ¢¨². Ÿ ¢¸¶µ³¨´ Õ, ÎÉµ ¢¥¸´µ° 28 £µ¤ 
¶µ¸²¥ ³µ¥£µ ¢µ§¢· Ð¥´¨Ö ¨§ Še³¡·¨¤¦  � Ê²¨ ¡Ò² ¢ Šµ¶¥´£ £¥´¥ ¨ µ¡¥¤ ² ¸
´ ³¨. “ ´ ¸ ¡Ò²  ¡ÊÉÒ²±  ¢¨´ , ¨ ³Ò ¢Ò¶¨²¨ §  ±µ´Î¨´Ê ¶ÖÉµ£µ ¨§³¥·¥´¨Ö¯.

‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¸¨ÉÊ Í¨Ö · ¤¨± ²Ó´µ ¨§³¥´¨² ¸Ó. 	.„¥ ‚¨ÉÉ ¶µ± § ²
([65], Ê¶·.77), ÎÉµ ¢ · ³± Ì ³´µ£µ³¥·´µ° É¥µ·¨¨ £· ¢¨É Í¨Õ ³µ¦´µ µ¡Ñ-
¥¤¨´¨ÉÓ ´¥ Éµ²Ó±µ ¸ Ô²¥±É·µ³ £´¨É´Ò³ ¶µ²¥³, ´µ ¨ ¸ ¶µ²Ö³¨ Ÿ´£ ÅŒ¨²²¸ 
(É ±¦¥ ¢¶¥·¢Ò¥ µ¡¸Ê¦¤ ¢Ï¨³¨¸Ö �.Š²¥°´µ³ [66]). �µ¸²¥¤´¨¥ ²¥¦ É ¢ µ¸´µ¢¥
¸µ¢·¥³¥´´µ° Ë¨§¨±¨ ËÊ´¤ ³¥´É ²Ó´ÒÌ ¶µ²¥°. ˆ¤¥Ö ³´µ£µ³¥·¨Ö ²¥¦¨É ¨ ¢
µ¸´µ¢¥ ¶·µ£· ³³Ò ¸Ê¶¥·¸É·Ê´ [41] Å ´ ¨¡µ²¥¥ ¶¥·¸¶¥±É¨¢´µ° ¨§ ¨³¥ÕÐ¨Ì¸Ö
¥¤¨´ÒÌ É¥µ·¨°.

�É³¥É¨³, ¢¶·µÎ¥³, ÎÉµ ³µ¤¥²Ó É¨¶  ®‚¥²¨±µ£µ µ¡Ñ¥¤¨´¥´¨Ö¯ [67Ä69]
¨ ³µ¤¥²Ó É¨¶  Š ²ÊÍÒÅŠ²¥°´ Å”µ±  ¶·¨ ¥¥ ¶·Ö³µ²¨´¥°´µ³ µ¡µ¡Ð¥´¨¨
´¥ ¢¶µ²´¥ ¸µ£² ¸ÊÕÉ¸Ö ¤·Ê£ ¸ ¤·Ê£µ³. …¸²¨ ¢ ¶¥·¢µ° Î¨¸²µ ± ²¨¡·µ¢µÎ´ÒÌ
¢¥±Éµ·´ÒÌ ¶µ²¥° · ¢´µ · §³¥·´µ¸É¨ ± ²¨¡·µ¢µÎ´µ° £·Ê¶¶Ò, Éµ ¢µ ¢Éµ·µ°
µ´µ · ¢´µ · §³¥·´µ¸É¨ ¤µ¶µ²´¨É¥²Ó´µ£µ ¶µ¤¶·µ¸É· ´¸É¢  (É.¥. n− 4), £·Ê¶¶ 
¸¨³³¥É·¨¨ ±µÉµ·µ£µ ¨³¥¥É · §³¥·´µ¸ÉÓ (n−4)(n−5)/2. �·¨¢¥¤¥´´Ò¥ Î¨¸² 
¸µ¢¶ ¤ ÕÉ ²¨ÏÓ ¶·¨ n = 7 (¢  ¡¥²¥¢µ³ ¸²ÊÎ ¥ É¥µ·¨¨ ¸µ£² ¸ÊÕÉ¸Ö ¶·¨ n = 5).

4. ‹ £· ´¦¨ ´Ò (5.3), (5.4) ¢¸É·¥Î ²¨¸Ó ¨ · ´¥¥ [22]; ¡µ²¥¥ Éµ£µ, µÉ-
³¥Î ²µ¸Ó, ÎÉµ ¸µµÉ¢¥É¸É¢ÊÕÐ¨° (5.4) £ ³¨²ÓÉµ´¨ ´ · ¢¥´ ´Ê²Õ. �¤´ ±µ ¢
¤ ²Ó´¥°Ï¥³ ÔÉ¨ ¨¤¥¨ ŠÊ¤ ·µ³ ´¥ · §¢¨¢ ²¨¸Ó.

5. ‚µ ¢·¥³Ö ´ ÊÎ´µ° ±µ³ ´¤¨·µ¢±¨ ¢ ƒ¥·³ ´¨Õ (1927Å1928 ££.) ´  ¸¥-
³¨´ ·¥ ¢ ƒ¥ÉÉ¨´£¥´¥ ‚.�.”µ± ¤µ²µ¦¨² · ¡µÉÊ µ · ¸¸¥Ö´¨¨ ´  ±Ê²µ´µ¢¸±µ³
Í¥´É·¥. 	Ò²µ ´ °¤¥´µ ÉµÎ´µ¥ ·¥Ï¥´¨¥ ¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ Ê· ¢´¥´¨Ö ˜·¥¤¨´-
£¥·  ¢ ¶ · ¡µ²¨Î¥¸±¨Ì ±µµ·¤¨´ É Ì. �µ¸²¥ ¸¥³¨´ ·  ‚.ƒµ·¤µ´ § Ö¢¨², ÎÉµ ¨³
¢Ò¶µ²´¥´  ÉµÎ´µ É ± Ö · ¡µÉ  ¨ ¸É ÉÓÖ Ê¦¥ µÉ¶· ¢²¥´  ¢ ¶¥Î ÉÓ ([69], ¶µ¸ÉÊ-
¶¨²  4 ³ ·É ). ”µ± ·¥Ï¨² ¸¢µÕ · ¡µÉÊ ´¥ ¶Ê¡²¨±µ¢ ÉÓ. �µ§¤´¥¥ ¢ÒÖ¸´¨²µ¸Ó,
ÎÉµ Ê¶µ³Ö´ÊÉ Ö ¸É ÉÓÖ ¡Ò²  ¶µ¸² ´  ¢ ¦Ê·´ ² ¶µ¸²¥ ¸¥³¨´ · ,   § ¤ Î  ·¥Ï -
² ¸Ó ¢ ¸Ë¥·¨Î¥¸±¨Ì ±µµ·¤¨´ É Ì. ‚ Éµ³ ¦¥ £µ¤Ê ¡Ò²  µ¶Ê¡²¨±µ¢ ´  · ¡µÉ 
[71] (¶µ¸ÉÊ¶¨²  22 ¸¥´ÉÖ¡·Ö) ¸ ·¥Ï¥´¨¥³ ¢ ¶ · ¡µ²¨Î¥¸±¨Ì ±µµ·¤¨´ É Ì.

ˆ§ ¶¨¸¥³ ”µ±  [72]: ®8.02.1928 £. ... ·¥Ï¨² ¸É·µ£µ § ¤ ÎÊ, µ ±µÉµ·µ°
	µ·´ Ê¶µ³¨´ ² ´  ²¥±Í¨¨. �µ²ÊÎ¨²µ¸Ó ¤·Ê£µ¥, Î¥³ Ê ´¥£µ, ¨ Ö ¸ ´¨³ µ¦¥¸Éµ-
Î¥´´µ ¸¶µ·¨². ‡ ¤ Î  É ± Ö: �¥§¥·Ëµ·¤µ¢¸±µ¥ · ¸¸¥Ö´¨¥ ¶µ ´µ¢µ° ±¢ ´Éµ¢µ°
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³¥Ì ´¨±¥¯. ˆ ¤ ²¥¥: ®26.02.1928 £. ... „µ²£µ ¢µ§¨²¸Ö ¸ ¢Ò¢µ¤µ³ Ëµ·³Ê² ¤²Ö
§ ¤ Î¨ µ ¸Éµ²±´µ¢¥´¨¨ α-Î ¸É¨Í ¸  Éµ³µ³, µ ±µÉµ·µ° Ö ¶¨¸ ². �µ Ë¨§¨Î¥¸± Ö
Î ¸ÉÓ § ¤ Î¨, É.¥. ·¥Í¥¶É ¶µ²ÊÎ¥´¨Ö ¨§ Ï·¥¤¨´£¥·µ¢¸±µ° ¢µ²´Ò Î¨¸²  Î ¸É¨Í,
· ¸¸¥Ö´´ÒÌ ¢ ¤ ´´µ³ ´ ¶· ¢²¥´¨¨, ³´¥ ¤µ ¸¨Ì ¶µ· ´¥ Ö¸´ . ‚¸¥ £µ¢µ·ÖÉ ¶µ-
· §´µ³Ê,   	µ·´ £µ¢µ·¨É Éµ É ±, Éµ ÔÉ ±¯. ’·Ê¤´µ¸ÉÓ § ±²ÕÎ ² ¸Ó ¢ Éµ³,
ÎÉµ ±Ê²µ´µ¢¸±¨° ¶µÉ¥´Í¨ ² Ê¡Ò¢ ¥É ¸²¨Ï±µ³ ³¥¤²¥´´µ, ¶µÔÉµ³Ê ¶ ¤ ÕÐÊÕ
¨ · ¸¸¥Ö´´ÊÕ ¢µ²´Ò ´¥²Ó§Ö ¸Î¨É ÉÓ ´¥¢µ§³ÊÐ¥´´Ò³¨ ´  ¸±µ²Ó Ê£µ¤´µ ¡µ²Ó-
Ï¨Ì · ¸¸ÉµÖ´¨ÖÌ. �·µÏ²¨ ¤¥¸ÖÉ¨²¥É¨Ö, ¶·¥¦¤¥ Î¥³ ¶·µ¡²¥³  ¶µ¸É·µ¥´¨Ö
µ¶¥· Éµ·  · ¸¸¥Ö´¨Ö ¤²Ö ¶µÉ¥´Í¨ ²  ŠÊ²µ´  ¶µ²ÊÎ¨²  Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ¥
·¥Ï¥´¨¥ [52,73]. �¥Ï¥´¨¥ ‚.�.”µ±  ¶·¨¢¥¤¥´µ ¢ ¥£µ ±´¨£¥ [74].

6. ‚ · ¡µÉ¥ ”µ±  [75], ¢Ò¶µ²´¥´´µ° ¢ ƒ¥ÉÉ¨´£¥´¥ (1928 £., ¶µ¸ÉÊ¶¨² 
12 Ö´¢ ·Ö), · ¸¸³µÉ·¥´ µ¸Í¨²²ÖÉµ· ¢ ³ £´¨É´µ³ ¶µ²¥. ‚Ò¶¨¸ ´µ ·¥Ï¥´¨¥,
´ °¤¥´Ò Ê·µ¢´¨ Ô´¥·£¨¨. ‹ ´¤ Ê ¤¢  £µ¤  ¸¶Ê¸ÉÖ [76] · ¸¸³ É·¨¢ ² Î ¸É´Ò°
¸²ÊÎ ° Å ¤¢¨¦¥´¨¥ ¸¢µ¡µ¤´µ° Î ¸É¨ÍÒ ¢ ³ £´¨É´µ³ ¶µ²¥, ¶·¨Î¥³ ¡Ò² ´ °¤¥´
²¨ÏÓ ¸¶¥±É· Ô´¥·£¨¨. �¨ ¢ [76], ´¨ ¢ ÊÎ¥¡´¨± Ì ´  · ¡µÉÊ [75] ´¥ ¸¸Ò² ÕÉ¸Ö.
�  ´¥¥ µ¡· É¨²¨ ¢´¨³ ´¨¥ Éµ²Ó±µ ¢ ¶µ¸²¥¤´¥¥ ¢·¥³Ö ¶·¨ ¨§ÊÎ¥´¨¨ ´ ´µ¸É·Ê±-
ÉÊ· ¢ É¢¥·¤µ³ É¥²¥ (¸³., ´ ¶·¨³¥·, ’·Ê¤Ò 38-° ‹¥É´¥° Ï±µ²Ò ÏµÉ² ´¤¸±¨Ì
Ê´¨¢¥·¸¨É¥Éµ¢ ([77], ¸.31, 251, 287)). ‚ ·¥§Ê²ÓÉ É¥ É¥±¸É ¨´µ£¤  ¢Ò£²Ö¤¨É É ±.
‚ ²¥±Í¨¨ ‚.• ´¸¥´  ([77], ¸.287) ¶µ¸²¥ Ëµ·³Ê²Ò ¤²Ö Ô´¥·£¨¨ ¨§ · ¡µÉÒ ”µ± 
[75] En,l = �(2n + |l|+ 1)(Ω2 + 1

4ω2
c)1/2 + 1

2�lωc (Ω ¨ ωc Å µ¸Í¨²²ÖÉµ·´ Ö ¨
² ·³µ·µ¢¸± Ö Î ¸ÉµÉÒ, l Å µ·¡¨É ²Ó´Ò° ³µ³¥´É, n = 0, 1, ...) Î¨É ¥³: ®�·¨
±µ´¥Î´ÒÌ ¶µ²ÖÌ [É.¥. ¶·¨ ¶¥·¥Ìµ¤¥ µÉ ωc = 0 ± ±µ´¥Î´Ò³ ωc] Ê·µ¢´¨ Ô´¥·£¨¨
³¥´ÖÕÉ¸Ö É ±, ÎÉµ µ¡· §ÊÕÉ Ê·µ¢´¨, ¡²¨§±¨¥ ± Ô´¥·£¨Ö³ ‹ ´¤ Ê ... ¢ ¶·¥¤¥²¥
¸¨²Ó´ÒÌ ¶µ²¥° [ωc → ∞]¯. Šµ³³¥´É ·¨¨ §¤¥¸Ó ¨§²¨Ï´¨. Šµ´¥Î´µ, ”µ± ´¥
³µ£ ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ ¶¥·¥Ìµ¤ ¢ Ëµ·³Ê²¥ ¤²Ö En,l ± ¶·¥¤¥²Ê Ω → 0 ¨²¨ ±
¶·¥¤¥²Ê ¸¨²Ó´ÒÌ ¶µ²¥° ³µ¦¥É ¢Ò§¢ ÉÓ § É·Ê¤´¥´¨Ö.

7. ‚ · ¡µÉ¥ [78] ¶µ³¨³µ ËÊ´¤ ³¥´É ²Ó´µ£µ ·¥§Ê²ÓÉ É  Å ¶µ²ÊÎ¥´¨Ö
Ê· ¢´¥´¨° ¤¢¨¦¥´¨Ö ¨§ Ê· ¢´¥´¨° �°´ÏÉ¥°´  Å ¡Ò² ¸¤¥² ´ ¢Ò¢µ¤ µ ¢Ò¤¥-
²¥´´µ¸É¨ £ ·³µ´¨Î¥¸±¨Ì ±µµ·¤¨´ É (É¥·³¨´ ¶·¥¤²µ¦¥´ ”µ±µ³). ‡¤¥¸Ó ¶·¥¦-
¤¥ ¢¸¥£µ µ¡· Ð ¥É ´  ¸¥¡Ö ¢´¨³ ´¨¥ ·¥ ²¨¸É¨Î´µ¸ÉÓ ¶µ¸É ´µ¢±¨ § ¤ Î¨. ‚
µÉ²¨Î¨¥ µÉ · ¡µÉÒ [79], ¢ ±µÉµ·µ° ¨§ÊÎ ²µ¸Ó ¤¢¨¦¥´¨¥ ÉµÎ¥Î´ÒÌ Î ¸É¨Í (δ-
µ¡· §´ÒÌ µ¸µ¡¥´´µ¸É¥°), ”µ±µ³ ·¥Ï ² ¸Ó § ¤ Î  ¤¢¨¦¥´¨Ö ¶·µÉÖ¦¥´´ÒÌ É¥².
Œ É¥·¨ ²Ó´ Ö ÉµÎ±  Å µ¡Ñ¥±É, ÎÊ¦¤Ò° É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö; ¨³¥´´µ ÔÉµ µ¡¸ÉµÖ-
É¥²Ó¸É¢µ ¶µ¡Ê¤¨²µ „¨· ±  § ´ÖÉÓ¸Ö É¥µ·¨¥° ¶·µÉÖ¦¥´´µ£µ Ô²¥±É·µ´  [42,43].
�´ ¸Î¨É ² [43], ÎÉµ ®¸ Ë¨§¨Î¥¸±µ° ÉµÎ±¨ §·¥´¨Ö ¶µ²¥ �°´ÏÉ¥°´ ¯ ´¥ ³µ¦¥É
¨³¥ÉÓ ®...ÉµÎ¥Î´ÒÌ ¸¨´£Ê²Ö·´µ¸É¥°. Š ¦¤ Ö Î ¸É¨Í  ¤µ²¦´  ¨³¥ÉÓ ±µ´¥Î´Ò°
· §³¥·, ´¥ ³¥´ÓÏ¨° · ¤¨Ê¸  ˜¢ ·ÍÏ¨²Ó¤ ¯.

‚ ¸µ¢·¥³¥´´µ° ³µ´µ£· Ë¨Î¥¸±µ° ²¨É¥· ÉÊ·¥ ¢Ò¤¥²¥´´µ¸ÉÓ £ ·³µ´¨Î¥-
¸±¨Ì ±µµ·¤¨´ É, ¶µ·µ¤¨¢ÏÊÕ ¸Éµ²Ó±µ ¸¶µ·µ¢, ¶µ² £ ÕÉ Î¥³-Éµ ¸ ³µ ¸µ¡µ°
· §Ê³¥ÕÐ¨³¸Ö, ¨´µ£¤  ¤ ¦¥ ´¥ ¸¸Ò² Ö¸Ó ´  ”µ±  (¸³., ´ ¶·¨³¥·, ([80], ¸.177),
£¤¥ ¶·µ¸Éµ ±µ´¸É É¨·Ê¥É¸Ö: ®�¸µ¡¥´´µ Ê¤µ¡´Ò Ê¸²µ¢¨Ö £ ·³µ´¨Î´µ¸É¨ ±µµ·-
¤¨´ É¯).
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„·Ê£µ° ¢ ¦´Ò° ¢Ò¢µ¤, ¸¤¥² ´´Ò° ‚.�.”µ±µ³ [81], ± ¸ ¥É¸Ö ¶µ´ÖÉ¨Ö ®µÉ-
´µ¸¨É¥²Ó´µ¸ÉÓ¯ ¢ µ¡Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨ (�’�) ¨ ¸¶¥Í¨ ²Ó´µ° É¥µ-
·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨ (‘’�). ”µ± µ¡· É¨² ¢´¨³ ´¨¥ ´  Éµ, ÎÉµ ¸²µ¢µ ®µÉ´µ¸¨-
É¥²Ó´µ¸ÉÓ¯ ¨³¥¥É ¸µ¢¥·Ï¥´´µ · §´Ò° ¸³Ò¸² ¢ ÔÉ¨Ì É¥µ·¨ÖÌ. �  ¸µ¢·¥³¥´´µ³
Ö§Ò±¥ Ê± § ´´µ¥ · §²¨Î¨¥ Ëµ·³Ê²¨·Ê¥É¸Ö ¶·µ¸Éµ: ¨´¢ ·¨ ´É´µ¸ÉÓ É¥µ·¨¨ µÉ-
´µ¸¨É¥²Ó´µ ¶·¥µ¡· §µ¢ ´¨° ‹µ·¥´Í  ¢¥¤¥É ± ¸ÊÐ¥¸É¢µ¢ ´¨Õ § ±µ´µ¢ ¸µÌ· ´¥-
´¨Ö, ¨´¢ ·¨ ´É´µ¸ÉÓ ¦¥ µÉ´µ¸¨É¥²Ó´µ µ¡Ð¥±µ¢ ·¨ ´É´ÒÌ ¶·¥µ¡· §µ¢ ´¨° Å
± ¸¢Ö§Ö³. �µ¤Î¥·±¨¢ ´¨¥ ‚.�.”µ±µ³ ÔÉµ£µ µÎ¥¢¨¤´µ£µ Ë ±É  ¢Ò§Ò¢ ²µ µÉ-
·¨Í É¥²Ó´ÊÕ, ¨´µ£¤  ¶·Ö³µ-É ±¨ ¡µ²¥§´¥´´ÊÕ ·¥ ±Í¨Õ ´¥±µÉµ·ÒÌ Ë¨§¨±µ¢
(¸³. ([82], ¸.192, 194): ®‚¸¥ ¨§¢¥¸É´Ò¥ Ë¨§¨±¨ ¢ ‘µ¢¥É¸±µ³ ‘µÕ§¥ ... ¡Ò²¨
¶·µÉ¨¢ Ô±¸¶¥·¨³¥´Éµ¢(!) ”µ± . ... ‚¸¥ Ë¨§¨±¨, ÎÓ¨ ¨³¥´  ÌµÉÓ ÎÉµ-Éµ §´ Î É
¢ ³¨·¥, ¥¤¨´µ¤ÊÏ´µ ¢Ò¸ÉÊ¶¨²¨ ¢ § Ð¨ÉÊ(?) �°´ÏÉ¥°´ ¯ ). �¤´ ±µ ´ ÊÎ´Ò¥
¨¸É¨´Ò ´¥ Ê¸É ´ ¢²¨¢ ÕÉ £µ²µ¸µ¢ ´¨¥³. Šµ´¥Í ¸¶µ· ³ ¶µ²µ¦¨² ….‚¨£´¥·.
‚ �µ¡¥²¥¢¸±µ° ²¥±Í¨¨ µ´ ¶µ¤Î¥·±´Ê² ([83], ¸.52): ®... Ö, · §¤¥²ÖÖ ¢§£²Ö¤Ò
”µ± , ´¥ ¸Î¨É Õ ¶·¥µ¡· §µ¢ ´¨Ö ±·¨¢µ²¨´¥°´ÒÌ ±µµ·¤¨´ É µ¡Ð¥° É¥µ·¨¨ µÉ-
´µ¸¨É¥²Ó´µ¸É¨ ¶·¥µ¡· §µ¢ ´¨Ö³¨ ¸¨³³¥É·¨¨...¯. ‚¨£´¥· ´ §Ò¢ ² ²µ± ²Ó´Ò¥
± ²¨¡·µ¢µÎ´Ò¥ ¶·¥µ¡· §µ¢ ´¨Ö (± ± ¢ �’�) ¤¨´ ³¨Î¥¸±¨³¨,   £²µ¡ ²Ó´Ò¥
¶·¥µ¡· §µ¢ ´¨Ö (± ± ¢ ‘’�) Å £¥µ³¥É·¨Î¥¸±¨³¨.

8. ‚Ò¢µ¤ ¸µµÉ´µÏ¥´¨Ö (2.2) ¤²Ö ³ £´¨É´µ£µ ¶µ²Ö ¨ ¶µ²ÊÎ¥´¨¥ ³¨´¨-
³ ²Ó´µ£µ §´ Î¥´¨Ö (2.4) ¤²Ö ³ £´¨É´µ£µ ¶µÉµ±  (®Ë² ±¸µ´ ‰µ·¤ ´ Å”µ± ¯)
¶·¨³¥·´µ ¨§ É¥Ì ¦¥ ¸µµ¡· ¦¥´¨° ¶·µ¤µ²¦ ²¸Ö ¸¶Ê¸ÉÖ ¤¥¸ÖÉ¨²¥É¨Ö (¸³., ´ -
¶·¨³¥·, [84]).

9. ‘Ê¤Ó¡Ò µ¡¸Ê¦¤ ¢Ï¨Ì¸Ö ¢ÒÏ¥ · ¡µÉ µ± § ²¨¸Ó ¡µ²ÓÏ¥° Î ¸ÉÓÕ ´¥
µÎ¥´Ó ¸Î ¸É²¨¢Ò³¨. � §Ê³¥¥É¸Ö, ¢ É¥Î¥´¨¥ · §¡¨· ¥³µ£µ ¤¥¸ÖÉ¨²¥É¨Ö ‚.�. ”µ±
µ¶Ê¡²¨±µ¢ ² ¨ ¤·Ê£¨¥ · ¡µÉÒ, ±µÉµ·Ò¥ ¶µ²ÊÎ¨²¨ ¢¸¥µ¡Ð¥¥ ¶·¨§´ ´¨¥: ³¥Éµ¤
• ·É·¨Å”µ± , ¶·µ¸É· ´¸É¢µ ”µ± , ³¥Éµ¤ ËÊ´±Í¨µ´ ²µ¢ ”µ± , ¶·¥¤¸É ¢²¥-
´¨¥ ”µ± , ¸¨³³¥É·¨Ö  Éµ³  ¢µ¤µ·µ¤  ¶µ ”µ±Ê, Ê· ¢´¥´¨¥ „¨· ±  ¢ ¶·µ¸É· ´-
¸É¢¥ �¨³ ´  ¨ ¤·. �µ ¨³¥´´µ ¶µÔÉµ³Ê ¨³¥¥É ¸³Ò¸² ¢¸¶µ³´¨ÉÓ µ · ¡µÉ Ì,
¢µÏ¥¤Ï¨Ì ¢ µ¡¨Ìµ¤ ¸µ¢·¥³¥´´µ° Ë¨§¨±¨, ´µ ÊÉ· É¨¢Ï¨Ì, ¥¸²¨ ³µ¦´µ É ±
¢Ò· §¨ÉÓ¸Ö, ®·µ¤µ¢µ¥ ¨³Ö¯.

10. �µ ¤ ¦¥ ¸ Ìµ·µÏµ ¨§¢¥¸É´Ò³¨ · ¡µÉ ³¨ ¶·µ¨¸Ìµ¤ÖÉ Ê¤¨¢¨É¥²Ó´Ò¥
¢¥Ð¨. �µ¨¸É¨´¥  ´¥±¤µÉ¨Î¥¸± Ö ¨¸Éµ·¨Ö ¸¢Ö§ ´  ¸ ± ²¨¡·µ¢±µ° ”µ± . �´ 
´¥µ¤´µ±· É´µ ¶¥·¥µÉ±·Ò¢ ² ¸Ó ¨ ± ¦¤Ò° · § ¶µ²ÊÎ ²  ´µ¢µ¥ ¨³Ö.

˜¢¨´£¥· ¢ ¸¢µ¥° ±´¨£¥ ([85], ¸.342) ¤ ² ¥¥ ¶µ¤·µ¡´µ¥ ¨§²µ¦¥´¨¥, ´¥ ¸µ-
¸² ¢Ï¨¸Ó ´  ”µ± . ‚ ¶·¥¤¨¸²µ¢¨¨ µ´ µÉ³¥É¨²: ®�·¨ ´ ¶¨¸ ´¨¨ ±´¨£¨ Ö ´¥
¸É · ²¸Ö ¤ ¢ ÉÓ ¶µ Ìµ¤Ê ¨§²µ¦¥´¨Ö ... ¨¸Éµ·¨Î¥¸±¨¥ ±µ³³¥´É ·¨¨ ¸µ ¸¸Ò²-
± ³¨ ´  Éµ, ±Éµ, ÎÉµ ¨ ±µ£¤  ¸¤¥² ² ¶¥·¢Ò³¯. „²Ö ÔÉµ£µ ¶µ³¨³µ ¶·¨Î¨´Ò
²¨Î´µ£µ ¸¢µ°¸É¢  ®... ¨³¥¥É¸Ö ¨ ¡µ²¥¥ ¢¥¸± Ö ¶·¨Î¨´ . ... ¥¸²¨ ¡Ò · §¢¨É¨¥
´µ¢µ£µ ¶µ¤Ìµ¤  ¸µ¶·µ¢µ¦¤ ²µ¸Ó ¶µ¸ÉµÖ´´Ò³¨ ¸¸Ò²± ³¨ ´   ¶¶ · É, ±µÉµ·Ò°
¶·¥¤¶µ² £ ¥É¸Ö Ê¸É ·¥¢Ï¨³, ÔÉµ ¸²¨Ï±µ³ · ¸¸¥¨¢ ²µ ¡Ò ¢´¨³ ´¨¥¯.(!). �µ-
¸²¥ ÔÉµ£µ ± ²¨¡·µ¢±  (6.1) ¸É ²  ¨³¥´µ¢ ÉÓ¸Ö ± ²¨¡·µ¢±µ° ”µ± Å˜¢¨´£¥· 
[86], ˜¢¨´£¥· Å”µ±  ¨ ¤ ¦¥ ± ²¨¡·µ¢±µ° ˜¢¨´£¥·  ([87], ¸.115). „ ²¥¥, ¢
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· ¡µÉ¥ [88] µ´  Ë¨£Ê·¨·Ê¥É ¶µ¤ ¨³¥´¥³ ®± ²¨¡·µ¢±¨ Ë¨±¸¨·µ¢ ´´µ° ÉµÎ±¨¯,
  ¢ ¸É ÉÓ¥ [48] Ê¸²µ¢¨¥ (6.1) ¶·¨ x0 = 0 ´ §Ò¢ ²µ¸Ó ®± ²¨¡·µ¢±µ° �Ê ´± -
·¥¯. �¤´ ±µ µ´  ¡Ò²  ¶¥·¥µÉ±·ÒÉ  ¥Ð¥ · ´ÓÏ¥ ¢ ¸É ÉÓÖÌ [89,90], É ± ÎÉµ
¢ µ¡§µ·¥ [91] ¨³¥´Ê¥É¸Ö ®³Ê²ÓÉ¨¶µ²Ö·´µ° ± ²¨¡·µ¢±µ°¯,   · ¡µÉÒ [89,90]
±¢ ²¨Ë¨Í¨·ÊÕÉ¸Ö ± ± ¶¨µ´¥·¸±¨¥.

‚¶·µÎ¥³, µ¦¨¤ ÉÓ ¸¶· ¢¥¤²¨¢µ¸É¨ ¢ ¢µ¶·µ¸ Ì ¶·¨µ·¨É¥Éµ¢ ¨ ¸¢Ö§ ´´µ° ¸
´¨³¨ É¥·³¨´µ²µ£¨¨ (É.¥. ¸ µ¡Ð¥¶·¨´ÖÉÒ³ ¶·¨§´ ´¨¥³ ÔÉ¨Ì ¶·¨µ·¨É¥Éµ¢) Å
¤¥²µ, ¶µ-¢¨¤¨³µ³Ê, ¡¥§´ ¤¥¦´µ¥. � ¤µ ¶µ² £ ÉÓ, ÔÉ¨ ¶·µ¡²¥³Ò ¸ÊÐ¥¸É¢µ¢ ²¨
¢¸¥£¤ . � ¸¸± §Ò¢ ÕÉ ¸²¥¤ÊÕÐÊÕ ¨¸Éµ·¨Õ. Š ± ¨§¢¥¸É´µ, ˆ.	¥·´Ê²²¨ ÊÎ¨²
³ ·±¨§  ƒ.‹µ¶¨É ²Ö ¨¸Î¨¸²¥´¨Õ ¡¥¸±µ´¥Î´µ ³ ²ÒÌ. ‚ Î ¸É´µ¸É¨, µ´ µÉ±·Ò²
¥³Ê ¶· ¢¨²µ · §·¥Ï¥´¨Ö ´¥µ¶·¥¤¥²¥´´µ¸É¥°. ‹µ¶¨É ²Ó ¶µ¤¥²¨²¸Ö ¸¢µ¨³¨ §´ -
´¨Ö³¨ ¸ ¤·Ê£¨³¨ ³ É¥³ É¨± ³¨, ¶µ¸²¥ Î¥£µ ÔÉµ ¶· ¢¨²µ ¸É ²¨ ¸¢Ö§Ò¢ ÉÓ ¸ ¥£µ
¨³¥´¥³ (®¶· ¢¨²µ ‹µ¶¨É ²Ö¯). 	¥·´Ê²²¨ ¡Ò² ´¥¤µ¢µ²¥´. �´ · §µ¸² ² ¶¨¸Ó³ ,
¢ ±µÉµ·ÒÌ Ê± §Ò¢ ² ´  ¸¢µ° ¶·¨µ·¨É¥É ¨ µÉ³¥Î ², ÎÉµ ÔÉµ ´¥ ¥¤¨´¸É¢¥´´Ò°
¸¶µ¸µ¡ ·¥Ï¥´¨Ö § ¤ Î¨, ÎÉµ ¥³Ê ¨§¢¥¸É´µ ¥Ð¥ ¨ ¤·Ê£µ¥ ¶· ¢¨²µ, ± ±µ¢µ¥ µ´ ¨
¢µ¸¶·µ¨§¢µ¤¨² ´  ¸É· ´¨Í Ì ¸¢µ¨Ì ¶µ¸² ´¨°. ‚ ·¥§Ê²ÓÉ É¥ ÔÉµ ´µ¢µ¥ ¶· ¢¨²µ
¸É ²¨ ¨³¥´µ¢ ÉÓ ®¢Éµ·Ò³ ¶· ¢¨²µ³ ‹µ¶¨É ²Ö¯.

�¢Éµ· £²Ê¡µ±µ ¡² £µ¤ ·¥´ ‚.‚.�¥¸É¥·¥´±µ ¨ ‚.”.�¸¨¶µ¢Ê §  Í¥´´Ò¥
§ ³¥Î ´¨Ö.
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