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In this arti
le we 
onsider Time as many dimensional spa
e. Existan
e of

nongravitational field whi
h influen
es on spa
e-time 
urvature is shown.

Potential of this field is positive.

1. �åîìåòðè÷åñêîå è �èçè÷åñêîå îïèñàíèå Âðåìåíè

Âðåìÿ ÿâëÿåòñÿ îäíèì èç �óíäàìåíòàëüíûõ ïîíÿòèé ñîâðåìåííîé �èçèêè, êî-

òîðîå ïîÿâëÿåòñÿ êàê ñëåäñòâèå ëèíåéíîé óïîðÿäî÷åííîñòè âîñïðèíèìàåìûõ

íàìè ñîáûòèé. Ïðè ýòîì êëàññè÷åñêàÿ �èçèêà Íüþòîíà îïèðàåòñÿ íà àáñîëþò-

íîå (ìàòåìàòè÷åñêîå) âðåìÿ, �àêòè÷åñêè ÿâëÿþùååñÿ íåêîòîðûì ïàðàìåòðîì

è íèêàê íå ñâÿçàííîå ñ ãåîìåòðèåé òðåõìåðíîãî ïðîñòðàíñòâà. Ñïåöèàëüíàÿ òå-

îðèÿ îòíîñèòåëüíîñòè â êà÷åñòâå ìàòåìàòè÷åñêîé îñíîâû èñïîëüçóåò 4-ìåðíîå

ïñåâäîåâêëèäîâî ïðîñòðàíñòâî � â ðåçóëüòàòå âðåìÿ è ïðîñòðàíñòâî îáúåäè-

íÿþòñÿ â åäèíûé ãåîìåòðè÷åñêèé îáúåêò: ïðîñòðàíñòâî-âðåìÿ Ìèíêîâñêîãî. Â

äàëüíåéøåì â îáùåé òåîðèè îòíîñèòåëüíîñòè ïðîèñõîäèò îáúåäèíåíèå ãåîìåò-

ðè÷åñêèõ è �èçè÷åñêèõ õàðàêòåðèñòèê ïðîñòðàíñòâà: ãðàâèòàöèîííûå ïîëÿ òåñ-

íî ñâÿçûâàþòñÿ ñ èñêðèâëåííîñòüþ ïðîñòðàíñòâà-âðåìåíè, ò.å. ñ åãî ãåîìåòðèåé.

Íî Âðåìÿ ïî-ïðåæíåìó ÿâëÿåòñÿ òîëüêî ëèøü ãåîìåòðè÷åñêèì îáúåêòîì.

Â ðàáîòàõ Êîçûðåâà

1

ìîæíî íàéòè ïîïûòêó îïèñàíèÿ Âðåìåíè èìåííî êàê

�èçè÷åñêîãî ÿâëåíèÿ [6�8℄, êîòîðîìó ïðèñóùè òàêèå õàðàêòåðèñòèêè êàê ñêî-

ðîñòü è ïëîòíîñòü. Òàê æå êàê â îáùåé òåîðèè îòíîñèòåëüíîñòè ìàòåðèÿ ÿâëÿ-

åòñÿ èñòî÷íèêîì ãðàâèòàöèîííîãî ïîëÿ, òàê è ó Êîçûðåâà ìàòåðèÿ ñòàíîâèòñÿ

èñòî÷íèêîì èçëó÷åíèÿ Âðåìåíè. Ïîíÿòèå ïëîòíîñòè âðåìåíè ïîÿâëÿåòñÿ òàêæå

ïðè âåðîÿòíîñòíîì ïîäõîäå [4℄, ñ ïîìîùüþ êîòîðîãî äîêàçûâàåòñÿ [4℄ îäèí èç

çàêîíîâ âðåìåíè, ðàíåå ïîñòóëèðóåìûõ â [1,3℄. Âïîñëåäñòâèè âñå ÷åòûðå çàêîíà

âðåìåíè áûëè äîêàçàíû â [5℄.

Õîòåëîñü áû îòìåòèòü åùå îäíó îñîáåííîñòü Âðåìåíè. Îêàçûâàåòñÿ, ÷òî ëè-

íåéíàÿ óïîðÿäî÷åííîñòü ñîáûòèé âîçìîæíà òîëüêî ó íàáëþäàòåëÿ ñ òðèâèàëü-

íîé òîïîëîãèåé òåëà [2℄. Åñëè ïðè ýòîì íàáëþäàòåëü èìååò òåëî ñ íåòðèâè-
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Ìû íå áóäåì ïðèâîäèòü ïîëíûé ñïèñîê ñîîòâåòñòâóþùèõ ïóáëèêàöèé.



Ìàòåìàòè÷åñêèå ñòðóêòóðû è ìîäåëèðîâàíèå. 2003. Âûï. 12. 141

àëüíîé òîïîëîãèåé, òî ââåäåíèå òàêîãî ïîíÿòèÿ êàê ïîòîê âðåìåíè îêàçûâàåòñÿ

íåâîçìîæíûì.

�àññìàòðèâàÿ Âðåìÿ êàê ìíîãîìåðíîå ïðîñòðàíñòâî, ìû òàêæå ìîæåì ïðèé-

òè ê ñóùåñòâîâàíèþ íåêîòîðûõ èíòåðåñíûõ îñîáåííîñòåé Âðåìåíè. Â [10℄ áûëî

ðàññìîòðåíî ïðîñòðàíñòâî-âðåìÿ Ìèíêîâñêîãî, íî Âðåìÿ ïðåäñòàâëÿëîñü êàê

äâóìåðíîå ïëîñêîå ïðîñòðàíñòâî. Ñëåäñòâèåì äâóìåðíîñòè Âðåìåíè ÿâèëîñü

ïîÿâëåíèå íåêîòîðîãî ïîëÿ, âëèÿþùåãî íà êðèâèçíó ïîëó÷åííîãî 4-ìåðíîãî

ïðîñòðàíñòâà-âðåìåíè. Äàííîå ïîëå íå ÿâëÿåòñÿ ãðàâèòàöèîííûì, ïîñêîëüêó

ñîîòâåòñòâóþùèé ïîòåíöèàë îêàçûâàåòñÿ ïîëîæèòåëüíûì, â îòëè÷èè îò ïîòåí-

öèàëà ãðàâèòàöèîííîãî ïîëÿ, êîòîðûé êàê èçâåñòíî âñåãäà îòðèöàòåëåí. Â ýòîé

ðàáîòå ìû ðàññìîòðèì áîëåå îáùèé ñëó÷àé.

2. Âëèÿíèå ðàçìåðíîñòè Âðåìåíè íà êðèâèçíó ïðîñòðàí-

ñòâà

Ïîñòóïàÿ òàê æå êàê â [10℄, ðàññìîòðèì ìåòðèêó ñïåöèàëüíîé òåîðèè îòíîñè-

òåëüíîñòè:

ds

2

= dT

2

� dx

2

� dy

2

� dz

2

: (1)

Ïîëîæèì, ÷òî ìåòðèêà Âðåìåíè îïðåäåëÿåòñÿ ðàâåíñòâîì

dT

2

= t

ik

d�

i

d�

k

; (2)

ïðè ýòîì h+:::+i � ñèãíàòóðà ñîîòâåòñòâóþùåãî ïðîñòðàíñòâà. Â ðåçóëüòàòå

äëÿ (2) âûïîëíåíî:

t

ik

d�

i

d�

k

> 0: (3)

Â ïðîñòðàíñòâå-âðåìåíè, îïðåäåëÿåìîì ðàâåíñòâàìè (1) è (2), ðàññìîòðèì

4-ìåðíóþ ïîâåðõíîñòü

�
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i
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Èñïîëüçóÿ (4), ïðåîáðàçóåì (2):
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�
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�
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k
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ïîëó÷èì
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�
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è ïîäñòàâëÿÿ â (1) ïðåîáðàçîâàííîå ñ èñïîëüçîâàíèåì (7) âûðàæåíèå (6), ïîëó-

÷èì:

ds

2

= �

2

dt

2

� dx

2

� dy

2

� dz

2

: (8)

Ó÷èòûâàÿ (5) è (7) ìîæíî çàìåòèòü, ÷òî óñëîâèå (3) ýêâèâàëåíòíî îãðàíè÷åíèþ

�

2

> 0: (9)

Åñëè òåïåðü ïîëîæèòü t = �

s

; òî (8) ïðåîáðàçóåòñÿ ê ñëåäóþùåìó âûðàæå-

íèþ:

ds

2

= �

(s)

2

dt

2

� dx

2

� dy

2

� dz

2

;

�

(s)

2

= t

ik

�

(s) i

�

(s) k

; (10)

�

(s) k

=

d�

k

d�

s

:

2.1. Ëàãðàíæèàí ñâîáîäíîé ÷àñòèöû

Ïîñòóïàÿ àíàëîãè÷íî [9,10℄ íàéäåì ëàãðàíæèàí ñâîáîäíîé ÷àñòèöû â ìåòðèêå

(10). Ïðè ýòîì â òîì ñëó÷àå, êîãäà ìû èìååì îäíîìåðíîå âðåìÿ, ò.å. âûïîëíÿ-

þòñÿ ðàâåíñòâà �

(s)

i

= 0 ïðè i 6= s è t

ss

= 


2

(äðóãèìè ñëîâàìè �

(s)

2

= 


2

),

ìû äîëæíû ïîëó÷èòü ëàãðàíæèàí ñïåöèàëüíîé òåîðèè îòíîñèòåëüíîñòè, à åñëè

ïðè ýòîì åùå è v=
! 0; òî êëàññè÷åñêèé ëàãðàíæèàí L = mv

2

=2:

Äëÿ ýòîãî çàìåòèì, ÷òî

ds =

q

�

(s)

2

� v

(s)

2
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(s)

s

1�

v
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2

�

(s)

2

dt; (11)
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v
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2

=
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2
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s

2

:

Èòàê, êàê èçâåñòíî [9℄,

S = ��

b

Z

a

ds; � > 0 (12)

è

S =
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2

Z

�

1

L
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s

: (13)

Èç (12) è (11) íàõîäèì
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îòñþäà, èñïîëüçóÿ (13), ïîëó÷àåì

L

s

= ���

(s)

s

1�

v

(s)

2

�

(s)

2

: (14)

Áóäåì ïîëàãàòü, ÷òî m � ìàññà ÷àñòèöû â ìåòðèêå (1), à m

(s)

� ìàññà ÷à-

ñòèöû â s-ïðîñòðàíñòâå-âðåìåíè, ñîîòâåòñòâóþùåì âûðàæåíèþ (10). Ïðè ýòîì

ñîîòâåòñòâóþùèå ìàññû ñâÿçàíû ñîîòíîøåíèåì

m = m

(s)

�

(s)

: (15)

�àçëîæèì (14) ïî ñòåïåíÿì v

(s)

=�

(s)

: Óñòðåìëÿÿ v

(s)

=�

(s)

! 0 è ïðåíåáðåãàÿ

÷ëåíàìè âòîðîãî ïîðÿäêà, èç (14) íàõîäèì

L

s

= ���

(s)

+

�v

(s)

2

2�

(s)

: (16)

Åñëè òåïåðü ìû ïîäñòàâèì � = m â (16), ãäå m îïðåäåëÿåòñÿ ðàâåíñòâîì (15), òî

ïðè �

(s)

2

= 


2

ïîëó÷èì êëàññè÷åñêèé ëàãðàíæèàí. Òàêèì îáðàçîì, âûðàæåíèå

(14) ïðèíèìàåò âèä:

L

s

= �m

(s)

�

(s)

2

s

1�

v

(s)

2

�

(s)

2

: (17)

Ïîâòîðÿÿ ñîîòâåòñòâóþùèå øàãè, ïðèìåíÿåìûå â [10℄, ïîëó÷èì âûðàæåíèÿ

äëÿ ýíåðãèè è èìïóëüñà, èñïîëüçóÿ ëàãðàíæèàí (17):

p
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p =
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2
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m

p

1� v

2

; v

2

=

dl

2

dT

2

:

2.2. Ñîîòíîøåíèå íà ìàññó

Çàìåòèì ñëåäóþùóþ ñâÿçü ìåæäó ìàññîé i-ïðîñòðàíñòâà-âðåìåíè è ìàññîé m:

Ïåðåïèøåì âûðàæåíèå (15), èñïîëüçóÿ (10):

m
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=

m

�

(i)

=

m

p

t

pq

�

(i)p

�

(i)q

;

ïðèìåíÿÿ êîòîðîå ïîëó÷èì
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m
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2
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p

t
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�
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�
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: (19)

Íåñëîæíî ïðîâåðèòü, ÷òî

�
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=

�

(s)p

�
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;
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ïîäñòàâëÿÿ ñîîòâåòñòâóþùåå âûðàæåíèå â (19), áóäåì èìåòü ñëåäóþùèé ðåçóëü-

òàò:

t

ik

m

(i)

m

(k)

= m

2

t

ik

�

(s)i

�

(s)k

t

pq

�

(s)p

�

(s)q

:

Èç êîòîðîãî ïîëó÷àåòñÿ î÷åâèäíîå ðàâåíñòâî:

m

2

= t

ik

m

(i)

m

(k)

: (20)

3. Íåãðàâèòàöèîííîå ïîëå

�àçëàãàÿ ëàãðàíæèàí L

s

; îïðåäåëÿåìûé âûðàæåíèåì (17), â ðÿä ïî ñòåïåíÿì

v

(s)

2

�

(s)

2

è ïîëàãàÿ

v

(s)

2

�

(s)

2

! 0;

ïîëó÷èì:

L

s

= �m�

(s)

2

+

mv

(s)

2

2

:

Ñðàâíèâàÿ ýòî âûðàæåíèå ñ íåðåëÿòèâèñòñêèì ëàãðàíæèàíîì è ó÷èòûâàÿ, ÷òî

�

(s)

6= 
onst; ïîëó÷àåì ñëåäóþùèé ðåçóëüòàò: â ïðåäåëüíîì ñëó÷àå ëàãðàíæèàí

(17) îïðåäåëÿåò äâèæåíèå ÷àñòèöû â ïîëå ñ ïîòåíöèàëîì

' = �

(s)

2

: (21)

Êàê ïîêàçàíî íàïðèìåð â [9℄, ïîòåíöèàë ãðàâèòàöèîííîãî ïîëÿ ÿâëÿåòñÿ

îòðèöàòåëüíîé âåëè÷èíîé. Ñëåäîâàòåëüíî, â ñèëó óñëîâèÿ (9), ' íå ìîæåò áûòü

ïîòåíöèàëîì ãðàâèòàöèîííîãî ïîëÿ.

Òàêèì îáðàçîì, ìû ïîêàçàëè, ÷òî íà êðèâèçíó ïðîñòðàíñòâà-âðåìåíè ìî-

æåò âëèÿòü íåêîòîðîå íåãðàâèòàöèîííîå ïîëå ñ ïîëîæèòåëüíûì ïîòåíöèà-

ëîì. Äàííîå ïîëå ïîÿâëÿåòñÿ, åñëè ìû ðàññìàòðèâàåì Âðåìÿ êàê ìíîãîìåðíîå

ïðîñòðàíñòâî- âðåìÿ.
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