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‚ ¸¨²Ó¥¢ �. ‚. P3-2014-77
Ÿ¢²Ö¥É¸Ö ²¨ ´¥°É·μ´ Ô²¥³¥´É ·´μ° Î ¸É¨Í¥°?

‚μ¶·μ¸ μ Éμ³, Ö¢²Ö¥É¸Ö ²¨ ´¥°É·μ´ Ô²¥³¥´É ·´μ° Î ¸É¨Í¥°, · ¸¸³ É·¨¢ ²¸Ö
¢ ¶¥·¢Ò¥ £μ¤Ò ¶μ¸²¥ ¥£μ μÉ±·ÒÉ¨Ö. �±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ±μÉμ·Ò¥ ³μ£²¨
¡Ò ¶μ³μÎÓ ·¥Ï¨ÉÓ ÔÉÊ ¶·μ¡²¥³Ê, ¢ Éμ ¢·¥³Ö ´¥ ¡Ò²μ. ‘ÊÐ¥¸É¢ÊÕÐ Ö ¢ ´ ¸ÉμÖÐ¥¥
¢·¥³Ö Ô±¸¶¥·¨³¥´É ²Ó´ Ö ¨´Ëμ·³ Í¨Ö μ ¸¢μ°¸É¢ Ì ´¥°É·μ´  £μ¢μ·¨É μ Éμ³, ÎÉμ
μ´ ´¥Ô²¥³¥´É ·¥´ ¨ Ö¢²Ö¥É¸Ö ¸μ¸É ¢´μ° Î ¸É¨Í¥°.

„μ¶Ê¸É¨¢, ÎÉμ ´¥°É·μ´ Ö¢²Ö¥É¸Ö ¸μ¸É ¢´μ° Î ¸É¨Í¥°, ³Ò ³μ¦¥³ ¢ÒÎ¨¸²¨ÉÓ
³ £´¨É´Ò° ³μ³¥´É ´¥°É·μ´  ¨ Ô´¥·£¨Õ ¥£μ · ¸¶ ¤ .

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ ¨³. ˆ.Œ. ”· ´± 
�ˆŸˆ.

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2014

Vasiliev B.V. P3-2014-77
Is the Neutron an Elementary Particle?

The question is whether or not the neutron an elementary particle was considered
in the ˇrst years after its discovery. There was not any experimental data which
could help to solve this problem at the time. At the moment it is assumed that the
neutron is an elementary particle and that it is composed of quarks. However, this
approach does not allow one to calculate the speciˇc properties of the neutron. The
current experimental information on the properties of the neutron indicates that it is
not an elementary particle.

If we assume that the neutron is a composite particle, then we can calculate the
magnetic moment of the neutron and the energy of its decay.

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2014



1. ”ˆ‡ˆ—…‘Šˆ… ‘‚�‰‘’‚� ���’��� ˆ �…‰’����

�¸´μ¢´Ò¥ Ë¨§¨Î¥¸±¨¥ ¸¢μ°¸É¢  ¶·μÉμ´  ¨ ´¥°É·μ´  ÉÐ É¥²Ó´μ ¨§ÊÎ¥´Ò.
ˆ§¢¥¸É´Ò ¨Ì ³ ¸¸Ò, § ·Ö¤Ò, ¸¶¨´Ò ¨ ¤·. �¸μ¡Ò° ¨´É¥·¥¸ ¶·¥¤¸É ¢²ÖÕÉ ¨Ì
³ £´¨É´Ò¥ ³μ³¥´ÉÒ, ±μÉμ·Ò¥ ¨§³¥·¥´Ò ¸ μÎ¥´Ó ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ.

‚ ¥¤¨´¨Í Ì Ö¤¥·´μ£μ ³ £´¥Éμ´  μ´¨ ¸μμÉ¢¥É¸É¢¥´´μ · ¢´Ò:

ξp = 2,792847337,
ξn = −1,91304272.

(1)

2. Œ�„…‹œ �…‰’����

‚ ¶¥·¢μ¥ ¢·¥³Ö ¶μ¸²¥ μÉ±·ÒÉ¨Ö ´¥°É·μ´  ¢ Ë¨§¨±¥ μ¡¸Ê¦¤ ²¸Ö ¢μ¶·μ¸
μ Éμ³, ¸²¥¤Ê¥É ²¨ ¥£μ ¸Î¨É ÉÓ Ô²¥³¥´É ·´μ° Î ¸É¨Í¥°. �±¸¶¥·¨³¥´É ²Ó´ÒÌ
¤ ´´ÒÌ, ±μÉμ·Ò¥ ³μ£²¨ ¡Ò ¶μ³μÎÓ ·¥Ï¨ÉÓ ÔÉμÉ ¢μ¶·μ¸, ´¥ ¡Ò²μ, ¨ ¢¸±μ·¥
¸²μ¦¨²μ¸Ó ³´¥´¨¥, ÎÉμ ´¥°É·μ´ ¶μ¤μ¡´μ ¶·μÉμ´Ê Å Ô²¥³¥´É ·´ Ö Î ¸É¨Í .
�¤´ ±μ ÉμÉ Ë ±É, ÎÉμ ´¥°É·μ´ ´¥¸É ¡¨²¥´ ¨ · ¸¶ ¤ ¥É¸Ö ´  ¶·μÉμ´ ¨ Ô²¥±É·μ´
(¨  ´É¨´¥°É·¨´μ), ¤ ¥É μ¸´μ¢ ´¨¥ μÉ´μ¸¨ÉÓ ¥£μ ± ´¥Ô²¥³¥´É ·´Ò³ ¸μ¸É ¢´Ò³
Î ¸É¨Í ³.

Œμ¦´μ ²¨ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ´  ¡ §¥ Ô±¸¶¥·¨³¥´É ²Ó´μ ¨§ÊÎ¥´´ÒÌ
¸¢μ°¸É¢ ´¥°É·μ´  ¸¤¥² ÉÓ § ±²ÕÎ¥´¨¥ μ ¥£μ Ô²¥³¥´É ·´μ¸É¨ ¨²¨, ´ μ¡μ·μÉ,
´¥Ô²¥³¥´É ·´μ¸É¨?

� ¸¸³μÉ·¨³ ¸μ¸É ¢´ÊÕ Î ¸É¨ÍÊ, ¢ ±μÉμ·μ° ¢μ±·Ê£ ¶·μÉμ´  ¸μ ¸±μ·μ¸ÉÓÕ
v → c ¢· Ð ¥É¸Ö Î ¸É¨Í  ³ ¸¸μ° me ¸ § ·Ö¤μ³ e−. �É  Î ¸É¨Í  μÉ²¨Î ¥É¸Ö μÉ
¸¢μ¡μ¤´μ£μ Ô²¥±É·μ´ , ¢ Î ¸É´μ¸É¨, É¥³, ÎÉμ ¶·¨ ·¥²ÖÉ¨¢¨¸É¸±μ³ ¤¢¨¦¥´¨¨
¢´ÊÉ·¨ ´¥°É·μ´  Ê ´¥¥ ´¥É ³ £´¨É´μ£μ ³μ³¥´É , Ì · ±É¥·´μ£μ ¤²Ö ¸¢μ¡μ¤´μ£μ
Ô²¥±É·μ´ .

„²Ö ¶·μ¸ÉμÉÒ ¡Ê¤¥³ ´ §Ò¢ ÉÓ ÔÉÊ Î ¸É¨ÍÊ ®Ô²¥±É·μ´μ³¯.
Œ¥¦¤Ê ¶μ²μ¦¨É¥²Ó´μ § ·Ö¦¥´´Ò³ ¶·μÉμ´μ³ ¨ μÉ·¨Í É¥²Ó´μ § ·Ö¦¥´´Ò³

®Ô²¥±É·μ´μ³¯ ¤μ²¦´  ¸ÊÐ¥¸É¢μ¢ ÉÓ ¸¨²  ±Ê²μ´μ¢¸±μ£μ ¶·¨ÉÖ¦¥´¨Ö

Fee =
e2

R2
0

R
R

, (2)
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μ¡Ê¸² ¢²¨¢ ÕÐ Ö Ô´¥·£¨Õ ±Ê²μ´μ¢¸±μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö

Eee = − e2

R0
. (3)

‡¤¥¸Ó R0 Å · ¤¨Ê¸ μ·¡¨ÉÒ ¢· Ð ÕÐ¥°¸Ö Î ¸É¨ÍÒ.
ƒ¥´¥·¨·Ê¥³μ¥ μ·¡¨É ²Ó´Ò³ ¤¢¨¦¥´¨¥³ ³ £´¨É´μ¥ ¶μ²¥ ¸μ§¤ ¸É ¸¨²Ê, ¶·μ-

É¨¢μ¤¥°¸É¢ÊÕÐÊÕ ±Ê²μ´μ¢¸±μ° ¨ ¸É·¥³ÖÐÊÕ¸Ö · §μ·¢ ÉÓ μ·¡¨ÉÊ.
	μ § ±μ´Ê �¨μÄ‘ ¢ ·  Ô²¥³¥´É ¢¨É±  dl, ´¥¸ÊÐ¨° Éμ± J , ¸μ§¤ ¸É ´ 

· ¸¸ÉμÖ´¨¨ R ³ £´¨É´μ¥ ¶μ²¥

dH =
J

cR3
[dl,R] → e

2πR4
[dl,R]. (4)

’ ± ± ± ¢¥²¨Î¨´  ¸¨²Ò, ¤¥°¸É¢ÊÕÐ¥° ´  Ô²¥³¥´É ¢¨É±  dl, · ¢´ 

dFm =
e

c
[v, dH] → e2 v

c

dl

2πR3

R
R

, (5)

¢¥¸Ó ¢¨Éμ± ¡Ê¤¥É · §·Ò¢ ÉÓ¸Ö ¸¨²μ°

Fm = −v

c

e2

R2
0

R
R

, (6)

¤¥°¸É¢¨¥ ±μÉμ·μ° ¶·¨ v → c Ê· ¢´μ¢¥¸¨É ±Ê²μ´μ¢¸±μ¥ ¶·¨ÉÖ¦¥´¨¥.
ˆ´É¥£·¨·ÊÖ (5), ¶μ²ÊÎ ¥³, ÎÉμ Ô²¥³¥´É ¢¨É±  dl ¶·¨μ¡·¥É¥É Ô´¥·£¨Õ

dEm =
v

2c

e2

2πR2
dl. (7)

	μÉμ³Ê Ô´¥·£¨Ö, · §·Ò¢ ÕÐ Ö ±μ²ÓÍμ ¶·¨ v → c, ¡Ê¤¥É ¸É·¥³¨ÉÓ¸Ö ±

Em → e2

2R0
, (8)

ÎÉμ ¢³¥¸É¥ ¸ ±Ê²μ´μ¢¸±μ° Ô´¥·£¨¥° (3) μ¡Ê¸²μ¢¨É ¢μ§³μ¦´μ¸ÉÓ Ê¸Éμ°Î¨¢μ£μ
¸μ¸ÉμÖ´¨Ö Éμ±μ¢μ£μ ±μ²ÓÍ .

‚ ·¥§Ê²ÓÉ É¥ ±μ³¶¥´¸ Í¨¨ ±Ê²μ´μ¢¸±μ° ¨ ³ £´¨É´μ° ¸¨² ´¥¸±μ³¶¥´¸¨·μ-
¢ ´´μ° μ¸É ´¥É¸Ö ¸¨²  ‹μ·¥´Í , ¢μ§´¨± ÕÐ Ö §  ¸Î¥É ¢§ ¨³μ¤¥°¸É¢¨Ö § ·Ö¤ 
¤¢¨¦ÊÐ¥°¸Ö Î ¸É¨ÍÒ ¨ ³ £´¨É´μ£μ ³μ³¥´É  ¶·μÉμ´  μp.

„¢¨¦ÊÐ¨°¸Ö ¢ ³ £´¨É´μ³ ¶μ²¥ H ′
y ´ ¡²Õ¤ É¥²Ó ®¢¨¤¨É¯ ¢ ¸¢μ¥° ¸¨¸É¥³¥

Ô²¥±É·¨Î¥¸±μ¥ ¶μ²¥ ([1], §24, (24.2))

Ez = β
H ′

y√
1 − β2

, (9)

£¤¥ β = v/c. �Éμ³Ê ¶μ²Õ ¸μμÉ¢¥É¸É¢Ê¥É ¸¨²  ‹μ·¥´Í 

FL = −eEz = −eβ
H ′

y√
1 − β2

. (10)
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…¸²¨ ¢· Ð¥´¨¥ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¢ ¶²μ¸±μ¸É¨ ®Ô±¢ Éμ· ¯ ¶·μÉμ´ , Éμ ³ £-
´¨É´μ¥ ¶μ²¥

H ′
y =

μp

R3
0

. (11)

‚ Ê¸Éμ°Î¨¢μ³ ¸μ¸ÉμÖ´¨¨ ¸¨²  ‹μ·¥´Í  ¡Ê¤¥É Ê· ¢´μ¢¥Ï¥´  Í¥´É·μ¡¥¦´μ°
¸¨²μ°

Fc =
mev

2

R0

√
1 − β2

. (12)

�Éμ ¶μ§¢μ²Ö¥É μ¶·¥¤¥²¨ÉÓ · ¢´μ¢¥¸´Ò° · ¤¨Ê¸ Éμ±μ¢μ£μ ±μ²ÓÍ , μ¡· §μ¢ ´-
´μ£μ ®Ô²¥±É·μ´μ³¯ (¶·¨ v → c),

R0 = aC

√
α

me

Mp

ξp

2
≈ 9,1 · 10−14 ¸³. (13)

‡¤¥¸Ó aC = �/mec Å · ¤¨Ê¸ Šμ³¶Éμ´ ; α = e2/�c ≈ 1/137 Å ¶μ¸ÉμÖ´´ Ö
Éμ´±μ° ¸É·Ê±ÉÊ·Ò; ξp ≈ 2,79 Å  ´μ³ ²Ó´Ò° ³μ³¥´É ¶·μÉμ´ ; me ¨ Mp Å
³ ¸¸Ò ¶μ±μÖ Ô²¥±É·μ´  ¨ ¶·μÉμ´ .

2.1. ‘¶¨´ Éμ±μ¢μ£μ ±μ²ÓÍ . Œμ³¥´É ¨³¶Ê²Ó¸  ¢· Ð¥´¨Ö (¸¶¨´) Éμ±μ¢μ£μ
±μ²ÓÍ 

S0 = [p0,R0] (14)

¸μ§¤ ¥É¸Ö μ¡μ¡Ð¥´´Ò³ ¨³¶Ê²Ó¸μ³ ®Ô²¥±É·μ´ ¯

p0 =
mecβ√
1 − β2

− e

c
A (15)

¨ § ¢¨¸¨É μÉ ³ £´¨É´μ£μ ³μ³¥´É  ¶·μÉμ´ , É ± ± ±

A =
[μp,R0]√
1 − β2R3

0

. (16)

‘ ÊÎ¥Éμ³ (13) ¶μ²ÊÎ ¥³
S0 = 0. (17)

2.2. “Î¥É ÔËË¥±É  ¶·¥Í¥¸¸¨¨ μ·¡¨ÉÒ. ‚· Ð¥´¨¥ ®Ô²¥±É·μ´ ¯ Ì · ±É¥-
·¨§Ê¥É¸Ö ¤¢Ê³Ö ¨´É¥£· ² ³¨ ¤¢¨¦¥´¨Ö. 	·¨ É ±μ³ ¢· Ð¥´¨¨ ¤μ²¦´Ò ¸μÌ· -
´ÖÉÓ¸Ö Ô´¥·£¨Ö ¢· Ð ÕÐ¥°¸Ö Î ¸É¨ÍÒ W ¨ ¥¥ ³μ³¥´É ¢· Ð¥´¨Ö K . …¸²¨√

1 − β2 � 1, Éμ ³μ¦´μ § ¶¨¸ ÉÓ

W =
mc2√
1 − β2

− eμp

r2
√

1 − β2
= const (18)

¨
K =

mr2√
1 − β2

dΘ
dt

= �, (19)
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£¤¥ ÊÎ¨ÉÒ¢ ¥É¸Ö, ÎÉμ
v2 =

(
dr

dt

)2

+ r2

(
dΘ
dt

)2

. (20)

ˆ¸±²ÕÎ¨¢ ¨§ (18), (19) β ¨ t, ¨³¥¥³

(
dr

dΘ

)2

+ r2 =

⎡
⎣ Wr2

aC(mec2 − eμp

r2
)

⎤
⎦

2

. (21)

‚¢¥¤Ö ¶¥·¥³¥´´ÊÕ

u =
1
r

(22)

¨ ¢§Ö¢ ¶·μ¨§¢μ¤´ÊÕ
d

dΘ
, ¶μ²ÊÎ¨³(

d2u

dΘ2

)
+ u (1 − ϑ) = 0. (23)

‡¤¥¸Ó ÊÎÉ¥´μ, ÎÉμ ¶·μ¨§¢μ¤´ Ö
1
2π

dΘ
dt

= Ω =
c

R
¥¸ÉÓ Ê£²μ¢ Ö Î ¸ÉμÉ  ¢· Ð¥-

´¨Ö Î ¸É¨ÍÒ, ¨ μ¡μ§´ Î¥´μ ϑ =
1
2π

.

�¥Ï¥´¨¥ Ê· ¢´¥´¨Ö (
d2u

dΘ2

)
+ u = 0 (24)

¥¸ÉÓ Ô²²¨¶¸:
u = const (1 + ε cosΘ) . (25)

“· ¢´¥´¨¥ (23) μ¶¨¸Ò¢ ¥É ®¶μÎÉ¨¯ Ô²²¨¶É¨Î¥¸±ÊÕ É· ¥±Éμ·¨Õ, ±μÉμ· Ö
¶·¥Í¥¸¸¨·Ê¥É ¢μ±·Ê£ ¶·μÉμ´ : §  μ¤¨´ μ¡μ·μÉ ®Ô²¥±É·μ´ ¯ μ·¡¨É  ¶μ¢μ· Î¨-
¢ ¥É¸Ö ´  Ê£μ² π ϑ.

’ ±¨³ μ¡· §μ³, ´  ¢· Ð¥´¨¥ Î ¸É¨ÍÒ ¶μ Ô²²¨¶¸Ê ¸ Î ¸ÉμÉμ° Ω ´ ±² ¤Ò-
¢ ¥É¸Ö ¶·¥Í¥¸¸¨Ö ¸ ³μ£μ Ô²²¨¶¸  ¸ Î ¸ÉμÉμ° ω:

ω

Ω
=

π ϑ

2π
=

1
4π

. (26)

—Éμ¡Ò ÊÎ¥¸ÉÓ ¢²¨Ö´¨¥ ÔËË¥±É  ¶·¥Í¥¸¸¨¨ μ·¡¨ÉÒ, ¢³¥¸Éμ (13) ¢¢¥¤¥³ ÔË-
Ë¥±É¨¢´Ò° · ¤¨Ê¸ R�. ‚ ¸¢Ö§¨ ¸ É¥³, ÎÉμ ÔÉμÉ · ¤¨Ê¸ μ¶·¥¤¥²Ö¥É¸Ö Éμ²Ó±μ
μÉ´μÏ¥´¨¥³ ³¨·μ¢ÒÌ ±μ´¸É ´É, ¥£μ ³μ¦´μ ¢ÒÎ¨¸²¨ÉÓ ¸ μÎ¥´Ó ¢Ò¸μ±μ° ÉμÎ-
´μ¸ÉÓÕ:

R� =
R0

1 − ω

Ω

=
c

Ω
(
1 − ω

Ω

) =
aC(

1 − 1
4π

)
√

α
me

Mp

ξp

2
≈ 9,88429·10−14 ¸³. (27)
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3. Œ�ƒ�ˆ’�›‰ Œ�Œ…�’ �…‰’����

’μ± J , É¥±ÊÐ¨° ¶μ ±μ²ÓÍÊ · ¤¨Ê¸  R0, ¸μ§¤ ¸É ³ £´¨É´Ò° ³μ³¥´É

μ0 =
eR�

2
. (28)

‚ ¥¤¨´¨Í Ì Ö¤¥·´μ£μ ³ £´¥Éμ´  �μ·  (μN = e�/2cMn, §¤¥¸Ó Mn Å ³ ¸¸ 
´¥°É·μ´ ) ¶μ²ÊÎ ¥³ ³ £´¨É´Ò° ³μ³¥´É ±μ²ÓÍ :

ξ0 =
μ0

μN
=

Mn

1 − 1
4π

√
αξp

2meMp
≈ −4,70637. (29)

�¥§Ê²ÓÉ¨·ÊÕÐ¨° ³ £´¨É´Ò° ³μ³¥´É ´¥°É·μ´  ¡Ê¤¥É · ¢¥´ ¸Ê³³¥ ³ £´¨É´μ£μ
³μ³¥´É  ¶·μÉμ´  ¨ ³ £´¨É´μ£μ ³μ³¥´É  ±μ²ÓÍ :

ξn = ξp + ξ0 = 2,79285− 4,70637 = −1,91352, (30)

ÎÉμ Ìμ·μÏμ ¸μ£² ¸Ê¥É¸Ö ¸ ¨§³¥·¥´´Ò³ §´ Î¥´¨¥³ ³ £´¨É´μ£μ ³μ³¥´É  ´¥°-
É·μ´  (¸³. (1)):

ξn(calc)
ξn(meas)

=
1,91352
1,91304

≈ 1,00025. (31)

4. ��…�ƒˆŸ ��‘��„� �…‰’����

	μ²´ÊÕ Ô´¥·£¨Õ Éμ±μ¢μ£μ ±μ²ÓÍ  ¸μ¸É ¢²ÖÕÉ Î¥ÉÒ·¥ ¸² £ ¥³ÒÌ:

1) ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö ®Ô²¥±É·μ´ ¯

Ekin =
mec

2√
1 − β2

; (32)

2) ¶μÉ¥´Í¨ ²Ó´ Ö Ô´¥·£¨Ö ¸¢Ö§¨ ³ £´¨É´μ£μ ¶μ²Ö ¶·μÉμ´  ¸ ³ £´¨É´Ò³
¶μ²¥³ ±μ²ÓÍ 

Epot = −μpH00, (33)

§¤¥¸Ó H00 Å ´ ¶·Ö¦¥´´μ¸ÉÓ ³ £´¨É´μ£μ ¶μ²Ö ¢ Í¥´É·¥ Éμ±μ¢μ£μ ±μ²ÓÍ ;
3) ±Ê²μ´μ¢¸± Ö Ô´¥·£¨Ö ±μ²ÓÍ  (¸³. (3))

Eee = − e2

R0
; (34)

4) ³ £´¨É´ Ö Ô´¥·£¨Ö ±μ²ÓÍ  (8)

Em =
e2

2R0
. (35)
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‘ ÊÎ¥Éμ³ ·¥²ÖÉ¨¢¨§³  ´ ¶·Ö¦¥´´μ¸ÉÓ ³ £´¨É´μ£μ ¶μ²Ö ¢ Í¥´É·¥ Éμ±μ¢μ£μ
±μ²ÓÍ 

H00 =
e

R2
0

(36)

¨ Ô´¥·£¨Ö ¸¢Ö§¨ ³ £´¨É´ÒÌ ¶μ²¥° ¶·μÉμ´  ¨ ±μ²ÓÍ  ¶·¥μ¡· §Ê¥É¸Ö ± ¢¨¤Ê

Epot = − eμp

R2
0

√
1 − β2

. (37)

	·¨´Ö¢ ¢μ ¢´¨³ ´¨¥ (13), ´¥É·Ê¤´μ Ê¡¥¤¨ÉÓ¸Ö, ÎÉμ ¶¥·¢Ò¥ ¤¢  ¢±² ¤ 
±μ³¶¥´¸¨·ÊÕÉ ¤·Ê£ ¤·Ê£ :

Epot + Ekin = 0. (38)

�¥¸±μ³¶¥´¸¨·μ¢ ´´μ° μ¸É ¥É¸Ö Ô´¥·£¨Ö ¸¢Ö§¨ ±μ²ÓÍ , · ¢´ Ö ¸Ê³³¥ ¥£μ
±Ê²μ´μ¢¸±μ° ¨ ³ £´¨É´μ° Ô´¥·£¨°:

E0 = Eee + Em = − e2

2R0
→ 797 ±Ô‚. (39)

	·¨ · ¸¶ ¤¥ ´¥°É·μ´  ÔÉ  Ô´¥·£¨Ö ¸¢Ö§¨ ¤μ²¦´  ¶¥·¥°É¨ ¢ ±¨´¥É¨Î¥¸±ÊÕ
Ô´¥·£¨Õ ¢Ò²¥É ÕÐ¥£μ Ô²¥±É·μ´  (¨  ´É¨´¥°É·¨´μ), ÎÉμ ¢¶μ²´¥ Ê¤μ¢²¥É¢μ-
·¨É¥²Ó´μ ¸μ£² ¸Ê¥É¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´μ μ¶·¥¤¥²¥´´μ° £· ´¨Í¥° ¸¶¥±É· 
· ¸¶ ¤´ÒÌ Ô²¥±É·μ´μ¢, · ¢´μ° 782 ±Ô‚.

’ ±μ¥ ¸μ£² ¸¨¥ μÍ¥´μ± ¸ ¤ ´´Ò³¨ ¨§³¥·¥´¨° £μ¢μ·¨É μ Éμ³, ÎÉμ ´¥°É·μ´
´¥ Ö¢²Ö¥É¸Ö Ô²¥³¥´É ·´μ° Î ¸É¨Í¥°. …£μ ¸²¥¤Ê¥É · ¸¸³ É·¨¢ ÉÓ ± ± ´¥±¨°
·¥²ÖÉ¨¢¨¸É¸±¨°  ´ ²μ£ ¡μ·μ¢¸±μ£μ  Éμ³  ¢μ¤μ·μ¤  ¸ É¥³ · §²¨Î¨¥³, ÎÉμ ¢
¡μ·μ¢¸±μ³  Éμ³¥ ´¥·¥²ÖÉ¨¢¨¸É¸±¨° Ô²¥±É·μ´ Ê¤¥·¦¨¢ ¥É¸Ö ´  μ¡μ²μÎ±¥ ±Ê-
²μ´μ¢¸±¨³¨ ¸¨² ³¨,   ¢ ´¥°É·μ´¥ ·¥²ÖÉ¨¢¨¸É¸±¨° Ô²¥±É·μ´ Ê¤¥·¦¨¢ ¥É¸Ö § 
¸Î¥É ³ £´¨É´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö.
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