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

� ¸¸³ É·¨¢ ¥É¸Ö É¥´§μ· Ô´¥·£¨¨-¨³¶Ê²Ó¸   ·¥ ²Ó´ÒÌ μ¡Ñ¥±Éμ¢ ¢ ·¨³ ´μ¢μ³ ³¨·¥. �É¨ μ¡Ñ-
¥±ÉÒ ´ §Ò¢ ÕÉ¸Ö ÔË¨·´Ò³¨ ¶²¥´± ³¨ ¨ ¢Ò¸ÉÊ¶ ÕÉ ¢ ± Î¥¸É¢¥ Ô²¥³¥´Éμ¢ Å ¸μ¸É ¢´ÒÌ Î ¸É¥°
¸¶¥Í¨Ë¨Î¥¸±μ£μ ¢¥Ð¥¸É¢ , ´ §Ò¢ ¥³μ£μ ÔË¨·´Ò³.

The energy-momentum tensor of areal objects in the Riemannian world is considered. These objects
are called the aether ones and appear as elements Å constituents of speciˇc matter called the aether
one.

PACS: 11.25.-w

‚‚…„…�ˆ…

�·¥ ²Ó´Ò³¨ ´ §Ò¢ ÕÉ¸Ö ³ É¥·¨ ²Ó´Ò¥ μ¡Ñ¥±ÉÒ,  ¤¥±¢ É´μ μ¶¨¸Ò¢ ¥³Ò¥  ·¥ ²Ó´μ°
³¥É·¨±μ° ‚ £´¥· . � §¢ ´¨¥ ® ·¥ ²Ó´Ò¥¯ ¶·μ¨¸Ìμ¤¨É μÉ ² É¨´¸±μ£μ ¸²μ¢  ®area¯ Å
¶²μÐ ¤Ó.

…¸²¨ ³¥É·¨±  ‚ £´¥·  ¶μ·μ¦¤ ¥É¸Ö ³¥É·¨±μ° �¨³ ´  £¨¶¥·¡μ²¨Î¥¸±μ£μ ¢¨¤  En+1
(n,1),

Éμ É¨¶¨Î´Ò° ¶·¥¤¸É ¢¨É¥²Ó  ·¥ ²Ó´ÒÌ μ¡Ñ¥±Éμ¢ ´ §Ò¢ ¥É¸Ö m-³¥·´μ° ÔË¨·´μ° ¶²¥´±μ°.
’ ±μ° μ¡Ñ¥±É μ¶¨¸ ´ ¢ [1]. �·¨ m = 0 ÔÉμ ¥¸ÉÓ ³ É¥·¨ ²Ó´ Ö ÉμÎ± , ¶·¨ m = 1 Å
ÔË¨·´ Ö ´¨ÉÓ, ¶·¨ m = n Å ÔË¨·´ Ö ³ ¸¸ . �Ë¨·´ Ö ¶²¥´±  Ö¢²Ö¥É¸Ö ¸μ¸É ¢´μ° Î ¸ÉÓÕ,
Ô²¥³¥´Éμ³, ÔË¨·´μ£μ ¢¥Ð¥¸É¢ .

‚ · ¡μÉ Ì [2Ä6] ³¥Ì ´¨±  ÔË¨·´μ° ´¨É¨, ¸ÉÖ£¨¢ ÕÐ¥° ¤¢¥ ³ É¥·¨ ²Ó´Ò¥ ÉμÎ±¨, · ¸-
¸³μÉ·¥´  ± ± ¶·¨³¥· ·¥²ÖÉ¨¢¨¸É¸±μ° ³¥Ì ´¨±¨ ¤¢ÊÌ É¥².

� §¢ ´¨¥ ®ÔË¨·´ Ö¯ É¥¸´μ ¸¢Ö§ ´μ ¸ ¶μ´ÖÉ¨¥³ ÔË¨· , μ¡¸Ê¦¤ ¢Ï¨³¸Ö ¢ [7].
ˆ¸Éμ·¨Ö ÔË¨·´μ° ¶²¥´±¨, ¥¥ ¡ÒÉ¨¥, ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¢¨¤¥ ³¨·μ¢μ° ¶μ¢¥·Ì´μ¸É¨

¶²¥´±¨, É. ¥. (m+1)-³¥·´μ° ¢·¥³¥´¨¶μ¤μ¡´μ° ¶μ¢¥·Ì´μ¸É¨, § ³¥É ¥³μ° ¶²¥´±μ° ¢ (n+1)-
³¥·´μ³ ·¨³ ´μ¢μ³ ³¨·¥.

Œμ³¥´É ¨¸Éμ·¨¨ ÔË¨·´μ° ¶²¥´±¨, É. ¥. μ¤´μ ¨§ ¥¥ ¸μ¡ÒÉ¨°, ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¢¨¤¥
m-³¥·´μ° ¶·μ¸É· ´¸É¢¥´´μ¶μ¤μ¡´μ° ¶μ¢¥·Ì´μ¸É¨, ²¥¦ Ð¥° ´  ³¨·μ¢μ° ¶μ¢¥·Ì´μ¸É¨
¶²¥´±¨.

�²μÐ ¤Ó (É. ¥. (m + 1)-³¥·´Ò° μ¡Ñ¥³)

Vm+1 =
∫

dVm+1 (1)
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³¨·μ¢μ° ¶μ¢¥·Ì´μ¸É¨ ¶²¥´±¨, Ê³´μ¦¥´´ Ö ´  ±μ´¸É ´ÉÊ ¢§ ¨³μ¤¥°¸É¢¨Ö Gm, Å ÔÉμ ¢±² ¤

Sm = GmVm+1 (2)

m-³¥·´μ° ¶²¥´±¨ ¢ μ¡Ð¥¥ ¤¥°¸É¢¨¥ ÔË¨·´μ£μ ¢¥Ð¥¸É¢ .
�²¥³¥´É ¶²μÐ ¤¨ (m+1)-³¥·´μ° ¢·¥³¥´¨¶μ¤μ¡´μ° ³¨·μ¢μ° ¶μ¢¥·Ì´μ¸É¨ m-³¥·´μ°

¶²¥´±¨, § ¶¨¸ ´´μ° ¢ μ¤´μ° ¨§ ±μμ·¤¨´ É´ÒÌ ± ·É ¢ ¢¨¤¥

xα = fα(u1, . . . , um+1), (3)

¢ (n + 1)-³¥·´μ³ ·¨³ ´μ¢μ³ ³¨·¥ ¸ ³¥É·¨±μ° gαβ(x)dxαdxβ £¨¶¥·¡μ²¨Î¥¸±μ£μ ¢¨¤ 
En+1

(n,1) · ¢´Ö¥É¸Ö

dVm+1 =
1
c

√
−fmdu1 · · · dum+1, (4)

£¤¥ c Å ¸±μ·μ¸ÉÓ ¸¢¥É ; fm Å μ¶·¥¤¥²¨É¥²Ó ³ É·¨ÍÒ (fkl) ¸ Ô²¥³¥´É ³¨

fkl(u) =
∂fα

∂uk
gαβ(f(u))

∂fβ

∂ul
. (5)

‡ ³¥É¨³, ÎÉμ ³¥É·¨±  fkldukdul ´  ³¨·μ¢μ° ¶μ¢¥·Ì´μ¸É¨ (3) ¨§³¥·Ö¥É¸Ö ¢ É¥Ì ¦¥
¥¤¨´¨Í Ì, ÎÉμ ¨ ³¥É·¨±  gαβdxαdxβ ¢ ·¨³ ´μ¢μ³ ³¨·¥, É. ¥. ¢ ¥¤¨´¨Í Ì [¤²¨´ ]2. �μ-
ÔÉμ³Ê ¶²μÐ ¤Ó (1) ¨§³¥·Ö¥É¸Ö ¢ ¥¤¨´¨Í Ì [¤²¨´ ]m · [¢·¥³Ö]. ’ ± ± ± ¤¥°¸É¢¨¥ (2)
¨§³¥·ÖeÉ¸Ö ¢ ¥¤¨´¨Í Ì [Ô´¥·£¨Ö] · [¢·¥³Ö], Éμ ±μ´¸É ´É  Gm ¨§³¥·Ö¥É¸Ö ¢ ¥¤¨´¨Í Ì
[Ô´¥·£¨Ö]/[¤²¨´ ]m = [¸¨² ]/[¤²¨´ ]m−1. ‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ ÔÉ¨³ ±μ´¸É ´ÉÒ ¢§ ¨³μ¤¥°-
¸É¢¨Ö ¨³¥ÕÉ ¸²¥¤ÊÕÐ¨° ¸³Ò¸²:

G0 = −Mc2, £¤¥ M Å ³ ¸¸  ³ É¥·¨ ²Ó´μ° ÉμÎ±¨;

G1 = −F , £¤¥ F Å ¸¨²  ´ ÉÖ¦¥´¨Ö ÔË¨·´μ° ´¨É¨;

Gn = P Å ¤ ¢²¥´¨¥ ÔË¨·´μ° ³ ¸¸Ò;

Gm Å ¸¨²  ¶μ¢¥·Ì´μ¸É´μ£μ ´ ÉÖ¦¥´¨Ö m-³¥·´μ° ÔË¨·´μ° ¶²¥´±¨.

‚¢¥¤¥³ μ¡μ§´ Î¥´¨Ö: ¶·¨ n � 3 Gn−1 = G; ¶·¨ n > 3 ¶²¥´±Ê · §³¥·´μ¸É¨ n − 1
´ §Ò¢ ¥³ £¨¶¥·¶²¥´±μ°.

‚ ·¥ ²Ó´μ³ ¸²ÊÎ ¥ n = 3 ¤ ¢²¥´¨¥ ÔË¨·´μ° ³ ¸¸Ò · ¢´μ

P =
λc4

8πγ
, (6)

£¤¥

γ =
1

15 000 000
¸³3

£ · ¸2
(7)

¥¸ÉÓ ´ÓÕÉμ´μ¢  ¶μ¸ÉμÖ´´ Ö ÉÖ£μÉ¥´¨Ö (¸³. [8]),   λ ¥¸ÉÓ ±μ´¸É ´É , ¢¢¥¤¥´´ Ö �°´ÏÉ¥°-
´μ³ ¢ É¥μ·¨Õ ÉÖ£μÉ¥´¨Ö ¢ [9].

‚ · ¡μÉ¥ [10] ¢ÒÎ¨¸²¥´ ¢±² ¤ T αβ
m , ¢´μ¸¨³Ò° m-³¥·´μ° ¶²¥´±μ° ¢ μ¡Ð¨° É¥´§μ·

Ô´¥·£¨¨-¨³¶Ê²Ó¸  ÔË¨·´μ£μ ¢¥Ð¥¸É¢ . �¨¦¥ ³Ò ¶·¨¢¥¤¥³ ÔÉμ ¢ÒÎ¨¸²¥´¨¥.
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1. ���…„…‹…�ˆ… ƒˆ‹œ�…�’� ’…�‡��� ��…�ƒˆˆ-ˆŒ�“‹œ‘�

�μ μ¶·¥¤¥²¥´¨Õ ƒ¨²Ó¡¥·É , É¥´§μ· T αβ ³ É¥·¨ ²Ó´μ° ¸¨¸É¥³Ò ¢ÒÎ¨¸²Ö¥É¸Ö Î¥·¥§
¢ ·¨ Í¨Õ

δS =
1
2

∫
T αβ(x)δgαβ(x)dX (8)

¤¥°¸É¢¨Ö S ³ É¥·¨ ²Ó´μ° ¸¨¸É¥³Ò, £¤¥

dX =
1
c

√
−gdx1 · · · dxn+1, (9)

g Å μ¶·¥¤¥²¨É¥²Ó ³ É·¨ÍÒ (gαβ), É ± ÎÉμ É¥´§μ· Ô´¥·£¨¨-¨³¶Ê²Ó¸  Ö¢²Ö¥É¸Ö ¢ ·¨ Í¨μ´-
´μ° ¶·μ¨§¢μ¤´μ° ¤¥°¸É¢¨Ö S ¶μ ³¥É·¨Î¥¸±μ³Ê É¥´§μ·Ê gαβ .

’¥´§μ· T αβ ¸¨³³¥É·¨Î¥´, É ± ± ± ¸¨³³¥É·¨Î¥´ É¥´§μ· gαβ .
ˆ§ μ¶·¥¤¥²¥´¨Ö (8) ¸²¥¤Ê¥É, ÎÉμ ¸²¥¤

T = T αβ(x)gαβ(x) (10)

É¥´§μ·  T αβ ¨§³¥·Ö¥É¸Ö ¢ ¥¤¨´¨Í Ì [Ô´¥·£¨Ö]/[¤²¨´ ]n = [¸¨² ]/[¤²¨´ ]n−1, É ± ± ±
¤¥°¸É¢¨¥ ¨§³¥·Ö¥É¸Ö ¢ ¥¤¨´¨Í Ì [Ô´¥·£¨Ö] · [¢·¥³Ö],   Ô²¥³¥´É μ¡Ñ¥³  dVn+1 ¨§³¥·Ö¥É¸Ö ¢
¥¤¨´¨Í Ì [¤²¨´ ]n · [¢·¥³Ö].

‚ ·¥ ²Ó´μ³ ¸²ÊÎ ¥ n = 3 ¨ ¸²¥¤ É¥´§μ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¨§³¥·Ö¥É¸Ö ¢ ¥¤¨´¨Í Ì
[¸¨² ]/[¤²¨´ ]2, ÎÉμ ¸μ£² ¸Ê¥É¸Ö ¸ (6).

2. ’…�‡�� ��…�ƒˆˆ-ˆŒ�“‹œ‘� �”ˆ���‰ Œ�‘‘›

�Ë¨·´ Ö ³ ¸¸  Å ¸ ³ Ö ¶·μ¸É Ö ³ É¥·¨ ²Ó´ Ö ¸¨¸É¥³ . …¥ ¤¥°¸É¢¨¥ · ¢´Ö¥É¸Ö

Sn = GnVn+1 = Gn

∫
dX, (11)

É ± ± ±
dVn+1 = dX, (12)

  É ± ± ±

δ
√
−g =

1
2
√
−ggαβδgαβ , (13)

Éμ

δdX =
1
2
gαβ(x)δgαβ(x)dX, (14)

δSn =
1
2
Gn

∫
gαβ(x)δgαβ(x)dX (15)

¨ μ¶·¥¤¥²¥´´Ò° ¶μ Ëμ·³Ê²¥ (8) É¥´§μ· Ô´¥·£¨¨-¨³¶Ê²Ó¸  ÔË¨·´μ° ³ ¸¸Ò · ¢´Ö¥É¸Ö

T αβ
n = T αβ

n (x) = Gngαβ(x) = Pgαβ(x). (16)

‘²¥¤ É¥´§μ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸  ÔË¨·´μ° ³ ¸¸Ò ´¥ § ¢¨¸¨É μÉ x ¨ · ¢´Ö¥É¸Ö

Tn = (n + 1)P. (17)
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�Éμ §´ Î¨É, ÎÉμ ÔË¨·´ Ö ³ ¸¸  · ¸¶·¥¤¥²Ö¥É¸Ö ¢ ¶·μ¸É· ´¸É¢¥-¢·¥³¥´¨ · ¢´μ³¥·´μ (É ³,
£¤¥ ¥¸ÉÓ ÔÉ  ³ ¸¸ ).

‚ ·¥ ²Ó´μ³ ¸²ÊÎ ¥ É¥´§μ· Ô´¥·£¨¨-¨³¶Ê²Ó¸  ÔË¨·´μ° ³ ¸¸Ò ¨ ¥£μ ¸²¥¤ · ¢´ÖÕÉ¸Ö

T αβ
3 (x) =

λc4

8πγ
gαβ(x); T3 =

λc4

2πγ
. (18)

3. ’…�‡�� ��…�ƒˆˆ-ˆŒ�“‹œ‘� m-Œ…���‰ �”ˆ���‰ �‹…�Šˆ

„¥°¸É¢¨¥ m-³¥·´μ° ÔË¨·´μ° ¶²¥´±¨ · ¢´Ö¥É¸Ö (2). �μ¤¸Î¨É ¥³ ¢ ·¨ Í¨μ´´ÊÕ ¶·μ-
¨§¢μ¤´ÊÕ V αβ

m+1 ¶²μÐ ¤¨ (1) ¶μ ÔÉμ³Ê É¥´§μ·Ê. ’ ± ± ±

δ
√
−fm =

1
2

√
−fmfklδfkl, (19)

δfkl(u) =
∂fα

∂uk

∂fβ

∂ul
δgαβ(f(u)), (20)

δdVm+1 =
∂fα

∂uk

∂fβ

∂ul
δgαβ(f(u))dVm+1, (21)

Éμ

δVm+1 =
1
2

∫
fklδfkldVm+1 =

1
2

∫
fkl ∂fα

∂uk

∂fβ

∂ul
δgαβ(f(u))dVm+1. (22)

�¸É ¥É¸Ö ¶·¥μ¡· §μ¢ ÉÓ ¶μ²ÊÎ¥´´ÊÕ ¢ ·¨ Í¨Õ (22) ± ¢¨¤Ê

δVm+1 =
1
2

∫
V αβ

m+1(x)δgαβ(x)dX. (23)

C ÔÉμ° Í¥²ÓÕ ¢¢¥¤¥³ (n + 1)-³¥·´ÊÕ δ-ËÊ´±Í¨Õ:

δ(x − f) =
1√−g

δ(x1 − f1) · · · δ(xn+1 − fn+1). (24)

ˆ³¥¥³

δgαβ(f(u)) =
∫

δ(x − f(u))δgαβ(x)dX. (25)

‘²¥¤μ¢ É¥²Ó´μ,

V αβ
m+1(x) =

∫
δ(x − f(u))fkl ∂fα

∂uk

∂fβ

∂ul
dVm+1, (26)

É ± ÎÉμ É¥´§μ· Ô´¥·£¨¨-¨³¶Ê²Ó¸  m-³¥·´μ° ÔË¨·´μ° ¶²¥´±¨ · ¢´Ö¥É¸Ö

T αβ
m = T αβ

m (x) = GmV αβ
m+1 = Gm

∫
δ(x − f(u))fkl ∂fα

∂uk

∂fβ

∂ul
dVm+1. (27)

�μ²ÊÎ¥´´Ò° É¥´§μ·, ± ± ¢¨¤´μ, ¸¨³³¥É·¨Î¥´. …£μ ¸²¥¤

Tm = Tm(x) = Gm

∫
δ(x − f(u))fkl ∂fα

∂uk

∂fβ

∂ul
gαβ(f(u))dVm+1 (28)
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· ¢´Ö¥É¸Ö

Tm = Tm(x) = T αβ
m (x)gαβ(x) = (m + 1)Gm

∫
δ(x − f(u))dVm+1. (29)

„¥°¸É¢¨É¥²Ó´μ, ¸μ£² ¸´μ (5)

fkl ∂fα

∂uk

∂fβ

∂ul
gαβ(f(u)) = fklfkl = m + 1. (30)

�μ¤¸É ¢²ÖÖ ÔÉμ · ¢¥´¸É¢μ ¢ (28), ¶μ²ÊÎ ¥³ (29).

4. �”ˆ���Ÿ Œ�‘‘� Š�Š n-Œ…���Ÿ �”ˆ���Ÿ �‹…�Š�

‡ ³¥É¨³, ÎÉμ ¶·¨ m = n ¶μ¢¥·Ì´μ¸ÉÓ (3) ¥¸ÉÓ ´¥ ÎÉμ ¨´μ¥, ± ± ·¨³ ´μ¢ ³¨· ¢
±μμ·¤¨´ É´μ° ± ·É¥ u1, . . . , un+1. �·¨ m = n ¢Ìμ¤ÖÐ Ö ¢ ¨´É¥£· ² (27) ¸Ê³³ 

fμν ∂fα

∂uμ

∂fβ

∂uν
= gαβ(f(u)) (31)

¢Ò´μ¸¨É¸Ö ¨§-¶μ¤ §´ ±  ¨´É¥£· ² , É ± ÎÉμ

T αβ
n = T αβ

n (x) = Gngαβ(x)
∫

δ(x − f(u))dVn+1. (32)

‘ ÊÎ¥Éμ³ · ¢¥´¸É¢  (12)
∫

δ(x − f(u))dVn+1 =
∫

δ(x − f(u))dX = 1. (33)

�μ¤¸É ¢²ÖÖ (33) ¢ (32), ¶μ²ÊÎ ¥³ (16).
’ ±¨³ μ¡· §μ³, ÔË¨·´ Ö ³ ¸¸  Å ÔÉμ n-³¥·´ Ö ÔË¨·´ Ö ¶²¥´± . Œμ¦´μ ¸± § ÉÓ,

ÎÉμ ¨, ´ μ¡μ·μÉ, m-³¥·´ Ö ÔË¨·´ Ö ¶²¥´±  ¥¸ÉÓ ÔË¨·´ Ö ³ ¸¸ , ¸μ¸·¥¤μÉμÎ¥´´ Ö ´ 
¶μ¢¥·Ì´μ¸É¨ (3). ‘μ£² ¸´μ (29) ´  ¶μ¢¥·Ì´μ¸É¨ (3) μ´  · ¸¶·¥¤¥²¥´  · ¢´μ³¥·´μ.

5. Œ�’…�ˆ�‹œ��Ÿ ’�—Š� Š�Š 0-Œ…���Ÿ �”ˆ���Ÿ �‹…�Š�

‡ ³¥É¨³, ÎÉμ ¶·¨ m = 0 ¶μ¢¥·Ì´μ¸ÉÓ (3) ¥¸ÉÓ ´¥ ÎÉμ ¨´μ¥, ± ± ³¨·μ¢ Ö ²¨´¨Ö
³ É¥·¨ ²Ó´μ° ÉμÎ±¨,   1-³¥·´Ò° μ¡Ñ¥³ (1)

V1 =
∫

dV1 = τ (34)

¥¸ÉÓ ¥¥ ¸μ¡¸É¢¥´´μ¥ ¢·¥³Ö. „¥°¸É¢¨¥ ³ É¥·¨ ²Ó´μ° ÉμÎ±¨ · ¢´Ö¥É¸Ö

S0 = G0V1 = −Mc2τ, (35)

£¤¥ M Å ³ ¸¸  ³ É¥·¨ ²Ó´μ° ÉμÎ±¨.
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ˆ³¥¥³

dV1 =
1
c

√
−f11du = dτ, f11 =

dxα

du
gαβ(f)

dxβ

du
. (36)

�É ¶·μ¨§¢μ²Ó´μ ¢Ò¡· ´´μ£μ ¶ · ³¥É·  u ´  ³¨·μ¢μ° ²¨´¨¨ ¶¥·¥°¤¥³ É¥¶¥·Ó ± ¶ · ³¥É·Ê
τ (34). ’ ± ± ±

f11 =
1

f11
,

dfα

du
=

dfα

dτ

du

dτ
=

1
c

√
−f11

dfα

dτ
, (37)

Éμ

f11 dfα

du

dfβ

du
= − 1

c2

dfα

dτ

dfβ

dτ
. (38)

C²¥¤μ¢ É¥²Ó´μ, ¸μ£² ¸´μ (27) É¥´§μ· Ô´¥·£¨¨-¨³¶Ê²Ó¸  ³ É¥·¨ ²Ó´μ° ÉμÎ±¨ · ¢´Ö¥É¸Ö

T αβ
0 (x) = M

∫
δ(x − f(τ))

dfα

dτ

dfβ

dτ
dτ. (39)

�ÉμÉ É¥´§μ·, Ê³´μ¦¥´´Ò° ´  M , ¸μ¢¶ ¤ ¥É ¸ É¥´§μ·μ³, ¶·¥¤¸É ¢²¥´´Ò³ ¢ · ¡μÉ¥ [11,
c. 226], ¢ ±μÉμ·μ° ¸μ¡¸É¢¥´´μ¥ ¢·¥³Ö ³ É¥·¨ ²Ó´μ° ÉμÎ±¨ ¨§³¥·Ö¥É¸Ö ¢ ¸/£ ¨ · ¢´Ö¥É¸Ö
¢·¥³¥´¨ (34), ¶μ¤¥²¥´´μ³Ê ´  M .

‘μ£² ¸´μ (39) ÔË¨·´ Ö ³ ¸¸  ¸μ¸·¥¤μÉμÎ¥´  ´  ³¨·μ¢μ° ²¨´¨¨ ³ É¥·¨ ²Ó´μ° ÉμÎ±¨.
‘²¥¤ É¥´§μ·  (39) · ¢¥´

T0(x) = −Mc2

∫
δ(x − f(τ))dτ, (40)

É ± ± ± (¸³. (38) ¨ (36))

gαβ(f)
dfα

dτ

dfβ

dτ
= −c2f11gαβ

dfα

du

dfβ

du
= −c2f11f11 = −c2. (41)

‘μ£² ¸´μ (40) ´  ³¨·μ¢μ° ²¨´¨¨ ³ É¥·¨ ²Ó´μ° ÉμÎ±¨ ÔË¨·´ Ö ³ ¸¸  · ¸¶·¥¤¥²¥´  · ¢-
´μ³¥·´μ. �Éμ §´ Î¨É, ÎÉμ ³ ¸¸  M ³ É¥·¨ ²Ó´μ° ÉμÎ±¨ ´¥ § ¢¨¸¨É μÉ ¥¥ ¸μ¡¸É¢¥´´μ£μ
¢·¥³¥´¨ τ .

6. ’…�‡�� ��…�ƒˆˆ-ˆŒ�“‹œ‘� �”ˆ���‰ ƒˆ�…��‹…�Šˆ

‚¸Ö±¨° ¢¥±Éμ· nα = nα(f), μ·Éμ£μ´ ²Ó´Ò° ± ¢·¥³¥´¨¶μ¤μ¡´μ° ¶μ¢¥·Ì´μ¸É¨ (3),
¶·μ¸É· ´¸É¢¥´´μ¶μ¤μ¡¥´. �μÔÉμ³Ê ³μ¦´μ ´μ·³¨·μ¢ ÉÓ ¥£μ ´  ¥¤¨´¨ÍÊ ¨ ¶μ²μ¦¨ÉÓ

gαβ(f)nα(f)nβ(f) = 1. (42)

…¸²¨ m = n − 1, Éμ ¢ ± ¦¤μ° ÉμÎ±¥ x = f(u) ¨³¥¥É¸Ö μ¤¨´ ¨ Éμ²Ó±μ μ¤¨´ É ±μ°
¢¥±Éμ·. �μÔÉμ³Ê ´  ³¨·μ¢μ° ¶μ¢¥·Ì´μ¸É¨ £¨¶¥·¶²¥´±¨

fkl ∂fα

∂uk

∂fβ

∂ul
= gαβ − nαnβ. (43)

‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ (27) É¥´§μ· Ô´¥·£¨¨-¨³¶Ê²Ó¸  £¨¶¥·¶²¥´±¨ · ¢´Ö¥É¸Ö

T αβ
n−1 = T αβ

n−1(x) = Gn−1V
αβ
n = G

∫
δ(x − f(u))(gαβ − nαnβ)dVn. (44)
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‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ (29) c²¥¤ É¥´§μ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸  £¨¶¥·¶²¥´±¨ · ¢´Ö¥É¸Ö

Tn−1 = Tn−1(x) = T αβ
n−1(x)gαβ(x) = nG

∫
δ(x − f(u))dVn. (45)

‘μ£² ¸´μ (44) ÔË¨·´ Ö ³ ¸¸  ¸μ¸·¥¤μÉμÎ¥´  ´  ³¨·μ¢μ° £¨¶¥·¶μ¢¥·Ì´μ¸É¨ ÔË¨·´μ°
£¨¶¥·¶²¥´±¨.

‘μ£² ¸´μ (45) ÔË¨·´ Ö ³ ¸¸  · ¸¶·¥¤¥²¥´  ´  ³¨·μ¢μ° £¨¶¥·¶μ¢¥·Ì´μ¸É¨ ÔË¨·´μ°
£¨¶¥·¶²¥´±¨ · ¢´μ³¥·´μ.

7. ’…�‡�� ��…�ƒˆˆ-ˆŒ�“‹œ‘� �”ˆ���‰ �ˆ’ˆ

‚ ¸²ÊÎ ¥ ÔË¨·´μ° ´¨É¨ ¨³e¥³

f1 = f11f22 − f12f21 < 0, cdV2 =
√

f12f21 − f11f22 du1du2. (46)

‚Ò¡¨· Ö ¨§μÉ·μ¶´Ò¥ ±μμ·¤¨´ ÉÒ ´  ³¨·μ¢μ° ¶μ¢¥·Ì´μ¸É¨, § ³¥É ¥³μ° ÔË¨·´μ° ´¨ÉÓÕ,
¶μ² £ ¥³

f11 = 0, f22 = 0, f12 = f21 > 0, f12f
12 = 1 (47)

¨ ¸μ£² ¸´μ (27) ¶μ²ÊÎ ¥³

T αβ
1 (x) = −F

c

∫
δ(x − f(u))

(
∂fα

∂u1

∂fβ

∂u2
+

∂fα

∂u2

∂fβ

∂u1

)
du1du2. (48)

ˆÉ ±, §¤¥¸Ó · ¸¸³μÉ·¥´Ò ¢¸¥ É¨¶Ò Ô²¥³¥´Éμ¢ ÔË¨·´μ£μ ¢¥Ð¥¸É¢ .
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