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The 5-dimensional spa
etime V

5

with foliation of 
odimension 1 is 
onsidered.

The leaves of foliation are 4-dimensional spa
etimes V

4

�

. We 
onstru
t the

flu
tuations of 5-metri
 su
h that their 
ontribution in the Feynmann path

integral over 5-dimensional traje
tories is the same the 
ontribution of the

real physi
al spa
etime. We also 
onstru
t the statisti
al summ Z of 
anoni
al

ensemble of 5-metri
s determinated by the parameter 
 and using Z we find

the probablity of the metri
 with given parameter 
. Using the analogue of

the formula of Einstein we evaluate the probablity of the metri
 flu
tuations.

Ââåäåíèå

Â äàííîé ñòàòüå ðàññìàòðèâàåòñÿ 5-ìåðíîå ïðîñòðàíñòâî-âðåìÿ V
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, íà êîòîðîì

çàäàíî ñëîåíèå êîðàçìåðíîñòè 1. Ñëîè ýòîãî ñëîåíèÿ îïðåäåëÿþò òàê íàçûâàå-

ìûå ïàðàëëåëüíûå âñåëåííûå � 4-ìåðíûå ìèðû V

4

1

; V
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è ò.ä. Êàæäûé èç ìèðîâ

èìååò åâêëèäîâó òîïîëîãèþ IR

4

, íî êîíå÷íûé îáúåì 3-ìåðíîãî ïðîñòðàíñòâà.

Ñòðîÿòñÿ êðóïíîìàñøòàáíûå ìåòðè÷åñêèå �ëóêòóàöèè ïðîñòðàíñòâà-âðåìåíè

V

5

, çàâèñÿùèå òîëüêî îò âðåìåííîé ïåðåìåííîé x

1

è îïðåäåëÿåìûå �óíêöèåé

h(x

1

). Ôóíêöèÿ h(x

1

) ïîäáèðàåòñÿ èç óñëîâèÿ, ÷òîáû �ëóêòóàöèè äàâàëè òàêîé

æå âêëàä â �åéíìàíîâñêèé èíòåãðàë ïî òðàåêòîðèÿì êàê è ðåàëüíîå �èçè÷åñêîå

4-ìåðíîå ïðîñòðàíñòâî-âðåìÿ.

�àññìàòðèâàåòñÿ êàíîíè÷åñêèé àíñàìáëü 5-ìåòðèê, îïðåäåëÿåìûõ ïàðàìåò-

ðîì 
, è âû÷èñëÿåòñÿ ñòàòèñòè÷åñêàÿ ñóììà. Ñ ïîìîùüþ ñòàòèñòè÷åñêîé ñóììû

íàõîäèòñÿ âåðîÿòíîñòü ðåàëèçàöèè 5-ìåòðèêè ñ ïàðàìåòðîì 
, ëåæàùèì â çà-

äàííîì èíòåðâàëå 
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 < 
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è îïðåäåëÿåòñÿ íàèáîëåå âåðîÿòíîå çíà÷åíèå ïà-
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. Ñ ïîìîùüþ àíàëîãà �îðìóëû Ýéíøòåéíà îöåíèâàåòñÿ âåðîÿòíîñòü

ïîñòðîåííûõ �ëóêòóàöèé âðåìåíè ïðîñòðàíñòâà-âðåìåíè V
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.

1. Îïèñàíèå ìîäåëè

�àññìîòðèì 5-ìåðíîå ïðîñòðàíñòâî-âðåìÿ
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íà êîòîðîì çàäàíî ñëîåíèå êîðàçìåðíîñòè 1 ( [6℄, ðèñ. 1, à)). Ñëîè äàííîãî

ñëîåíèÿ çàäàþòñÿ â ïëîñêîñòè (x
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Ïàðàìåòð 0 < � < 
onst îïðåäåëÿåò 4-ìèðû V
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�èñ. 1. Ïðîñòðàíñòâî-âðåìÿ V
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. Îáúåì 3-ïðîñòðàíñòâà åñòü
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Òàêèì îáðàçîì, 3-ïðîñòðàíñòâî ïðåäñòàâëÿåò ñîáîé íåêîìïàêòíîå ïðîñòðàíñòâî

ñ êîíå÷íûì îáúåìîì.

Íåíóëåâûå êîìïîíåíòû òåíçîðà ýíåðãèè-èìïóëüñà, ñîîòâåòñòâóþùåãî äàí-

íîé ìåòðèêå, èìåþò âèä

T

00

=

1

�

(x

1

� 1)

2

; T

11

= �

�

�

; T

22

= �

1

�

exp

�

�

2r


 + 1

�

;

ãäå � � ïîñòîÿííàÿ Ýéíøòåéíà, � =
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, k � ãðàâèòàöèîííàÿ ïîñòîÿííàÿ, 
 �

ñêîðîñòü ñâåòà â âàêóóìå.

Äåéñòâèå Ýéíøòåéíà 5-ìåðíîãî ïðîñòðàíñòâà-âðåìåíè V

5

íàõîäèòñÿ ïî �îð-

ìóëå

S = �

1

�

Z

R(G)

1=2

d

5

x;

òî åñòü

S =




3

16�k

x

0

2

Z

x

0

1

2�

Z

0

1

Z

0

�

Z

0

2�

Z

0

2�

1=2

(x

1

� 1) exp

�

�

r


 + 1

�

sin �dx

0

dx

1

drd�d� =

=




3

�(� � 1)

k

�

1=2

(
 + 1)(x

0

2

� x

0

1

):
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Èíäóöèðîâàííàÿ ìåòðèêà ïðîñòðàíñòâà-âðåìåíè V
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2. Ïîñòðîåíèå ìåòðè÷åñêèõ �ëóêòóàöèé
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�èñ. 2. Îáëàñòü �ëóêòóàöèé
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S = 2�n~; ãäå n � íåêîòîðîå (áîëüøîå äëÿ êëàññè÷åñêîãî ñëó÷àÿ) íàòóðàëüíîå

÷èñëî, è

e

S = 0:

Âûïîëíåíèÿ óñëîâèÿ S = 2�n~ ëåãêî äîáèòüñÿ ñîîòâåòñòâóþùèì ïîäáîðîì

ïîñòîÿííîé �

� =

2�n~k




3

�(� � 1)(
 + 1)(x

0

2

� x

0

1

)

:

Íàéäåì óñëîâèå, ïðè êîòîðîì äåéñòâèå Ýéíøòåéíà

e

S ðàâíî íóëþ. �àçîáüåì

e

S íà äâå ÷àñòè

e

S

1

= �




3

16�k

Z

2

�

1=2

dh(x

1

)

dx

1

exp

�

�

r


 + 1

�

sin �d

5

x (4)

è

e

S

2

= �




3

16�k

Z

�

2(x

1

� 1)

�

1=2

d

2

h(x

1

)

dx

1

2

� 2�

1=2

h(x

1

)(x

1

� 1)

�

exp

�

�

r


 + 1

�

sin �d

5

x:

(5)

Òîãäà

e

S = 0 ïðè

e

S

1

= 0 è

e

S

2

= 0. Â íàøåì ñëó÷àå

e

S

1

� 0, òàê êàê ðàâåí íóëþ

èíòåãðàë ïî x

1

â (4). Äåéñòâèòåëüíî,

b

Z

a

dh(x

1

)

dx

1

dx

1

=

h(b)

Z

h(a)

dh(x

1

) = h(a)� h(b) = 0;

òàê êàê ïî óñëîâèþ h(a) = h(b). Óñëîâèå

e

S

2

= 0 âûïîëíÿåòñÿ, åñëè

2(x

1

� 1)

�

1=2

d

2

h(x

1

)

dx

1

2

� 2�

1=2

h(x

1

)(x

1

� 1) = 0:
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Ôóíêöèÿ h(x

1

), óäîâëåòâîðÿþùàÿ äàííîìó äè��åðåíöèàëüíîìó óðàâíåíèþ,

èìååò âèä

h(x

1

) = C

1

exp(�

1=2

x

1

) + C

2

exp(��

1=2

x

1

); (6)

ãäå C

1

; C

2

� ïîñòîÿííûå èíòåãðèðîâàíèÿ, êîòîðûå íàõîäÿòñÿ èç óñëîâèé

h(a) = 1, h(b) = 1 èëè h(a) = �1, h(b) = �1. Ïðè h(a) = 1, h(b) = 1

C

1

= 1=(exp((�)

1=2

a) + exp((�)

1=2

b));

C

2

= 1=(exp(�(�)

1=2

a) + exp(�(�)

1=2

b));

ïðè h(a) = �1, h(b) = �1

C

1

= �1=(exp((�)

1=2

a) + exp((�)

1=2

b));

C

2

= �1=(exp(�(�)

1=2

a) + exp(�(�)

1=2

b)):

Ñêàëÿðíàÿ êðèâèçíà ïðè äàííîì âûáîðå �óíêöèè h(x

1

) åñòü

e

R =

2

�

1=2

C

1

exp(�

1=2

x

1

)� C

2

exp(��

1=2

x

1

)

(C

1

exp(�

1=2

x

1

) + C

2

exp(��

1=2

x

1

))(x

1

� 1)

:

Äàííûå �ëóêòóàöèè 5-ìåòðèêè ÿâëÿþòñÿ òàêæå ìåòðè÷åñêèìè �ëóêòóàöè-

ÿìè äëÿ 4-ìåðíîãî ïðîñòðàíñòâà-âðåìåíè V

4

, ïðè ýòîì 4-ìåòðèêà ïðèíèìàåò

âèä

des

2

�

=

�

1

�

2

� �

�

dy

0

2

� exp

�

�

2r


 + 1

�

h

2

(y

0

)dr

2

� d�

2

� sin

2

�d�

2

:

Ñêàëÿðíàÿ êðèâèçíà ïðîñòðàíñòâà-âðåìåíè V

4

ïðè äàííûõ �ëóêòóàöèÿõ åñòü

e

R = R +�R =

2

�

2

� � 1

:

Íåíóëåâûå êîìïîíåíòû òåíçîðà ýíåðãèè-èìïóëüñà èìååþò âèä

e

T

00

=

1

�

�

1

�

2

� �

�

;

e

T

11

= �

1

�

exp

�

�

2r


 + 1

�

(C

1

exp(�

1=2

x

1

) + C

2

exp(��

1=2

x

1

))

2

;

e

T

22

= �

1

�

2�

2

�

�

2

� � 1

;

e

T

33

= �

1

�

2�

2

�

�

2

� � 1

sin

2

�:

Î÷åâèäíî, òåíçîð ýíåðãèè-èìïóëüñà ïî-ïðåæíåìó ÿâëÿåòñÿ �èçè÷åñêèì.

Äåéñòâèå Ýéíøòåéíà äëÿ ïðîñòðàíñòâà-âðåìåíè V

4

ñ ó÷åòîì äàííûõ �ëóê-

òóàöèé

e

S = �




3

16�k

Z

e

R(�eg)

1=2

d

4

x =
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=




3

16�k

b

Z

a

1

Z

0

�

Z

0

2�

Z

0

2

(�

2

� � 1)

�

1

�

2

� �

�

1=2

h(y

0

) exp(�

r


 + 1

) sin �dy

0

drd�d� =

=




3

(
 + 1)

2k�(�

2

�

2

� �)

1=2

(C

1

(exp(�

1=2

b)� exp(�

1=2

a))�C

1

(exp(��

1=2

b)� exp(��

1=2

a)))

è, òàêèì îáðàçîì, â îòëè÷èå îò äåéñòâèÿ äëÿ 5-ìåðíîãî ïðîñòðàíñòâà-âðåìåíè,

íå ðàíî íóëþ.

3. Ïîñòðîåíèå ñòàòèñòè÷åñêîé ñóììû

�àññìîòðèì ìåòðèêó (1) êàê îäíîìåðíîå ìèíèñóïåðïðîñòðàíòñâî ìåòðèê, ïàðà-

ìåòðèçîâàííîå âåëè÷èíîé 
. Àìïëèòóäà âåðîÿòíîñòè ïåðåõîäà îò ìåòðèêè dI

2




1

â ìîìåíò x

0

1

ê ìåòðèêå dI

2




2

â ìîìåíò x

0

2

îïðåäåëÿåòñÿ ïî �îðìóëå

< dI

2




2

; x

0

2

jdI

2




1

; x

0

2

>=

Z

exp

�

iS

~

�

d
; (7)

ãäå èíòåãðàë áåðåòñÿ ïî âñåì 
, ïðè êîòîðûõ ìåòðèêà ïðèíèìàåò çíà÷åíèå dI

2




1

â ìîìåíò x

0

1

è çíà÷åíèå dI

2




2

â ìîìåíò x

0

2

. Íî

< dI

2




2

; x

0

2

jdI

2




1

; x

0

2

>=< dI

2




2

j exp

�

�iH(x

0

2

� x

0

1

)

�

jdI

2




1

>; (8)

ãäå H � ãàìèëüòîíèàí.

Ñëåäóÿ [7℄, ïåðåéäåì â èñõîäíîé ìåòðèêå (1) ê ìíèìîìó âðåìåíè � ïî �îð-

ìóëå

x

0

= �i�

1=2

�

è ñäåëàåì çàìåíó �x

1

= �

1=2

(x

1

� 1). Òîãäà ìåòðèêà ïðèíèìàåò âèä

dI

2




= �[(�x

1

2

d�

2

+ d�x

1

2

℄� exp

�

�

2r


 + 1

�

dr

2

� d�

2

� sin

2

�d�

2

:

Âûðàæåíèå â êâàäðàòíûõ ñêîáêàõ ïðåäñòàâëÿåò ñîáîé ïëîñêóþ ìåòðèêó äâó-

ìåðíîé ïëîñêîñòè â ïîëÿðíûõ êîîðäèíàòàõ, â êîòîðîé �x

1

èãðàåò ðîëü ïîëÿð-

íîãî ðàäèóñà, � � ðîëü ïîëÿðíîãî óãëà. "Óãîë" � èìååò ïåðèîä 2�. Ïîëîæèì â

âûðàæåíèè (8) 


1

= 


2

è ïðîñóììèðóåì ïî âñåì 


1

. Â ðåçóëüòàòå ïîëó÷èì

Sp [exp(��

1=2

H(�

2

� �

1

))℄ =

Z

exp

�

iS

~

�

d
: (9)

Ëåâàÿ ÷àñòü ýòîãî ðàâåíñòâà ïðåäñòàâëÿåò ñîáîé ñòàòèñòè÷åñêóþ ñóììó Z êà-

íîíè÷åñêîãî àíñàìáëÿ, îïèñûâàþùåãî ìåòðèêó I

2




. Èç ñðàâíåíèÿ ñ àíàëîãè÷íîé

�îðìóëîé â òåðìîäèíàìèêå íàõîäèì, ÷òî ðîëü òåìïåðàòóðû T â íàøåì ñëó÷àå

èãðàåò âåëè÷èíà T = 1=(�

1=2

(�

2

� �

1

)). Èíòåãðèðóÿ (9) ïî 
, èìååì

Z =

1

Z

0

exp(��(
 + 1))d
 =

exp(��)

�

;
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ãäå

� =

�

1=2




3

�(� � 1)

k~

(x

0

2

� x

0

1

) = 2; 7 � 10

70

�

1=2

(x

0

2

� x

0

1

):

Òîãäà âåðîÿòíîñòü ìåòðèêè ñ ïàðàìåòðîì 
, ëåæàùèì â èíòåðâàëå 


1

< 
 < 


2

,

íàõîäèòñÿ ïî �îðìóëå

P(
) =

1

Z




2

Z




1

exp(��(
 + 1))d
 = �




2

Z




1

exp(��
)d
 = e

��


1

� e

��


2

:

Íàïðèìåð, ïðè x

0

1

= 2; x

0

2

= 3; � = 0; 0001 äàííàÿ âåðîÿòíîñòü çàìåòíî îòëè÷íà

îò íóëÿ òîëüêî äëÿ î÷åíü ìàëåíüêèõ çíà÷åíèé 


1

; ïðè 


1

= 10

�68

; 


2

= 2 � 10

�68

,

P = 0; 065; ïðè 


1

= 10

�68

; 


2

= 200, P = 0; 07.

4. Îöåíêà âåðîÿòíîñòè �ëóêòóàöèé

Âåðîÿòíîñòü ðàññìîòðåííûõ �ëóêòóàöèé ìîæíî îöåíèòü ñ ïîìîùüþ àíàëîãà

�îðìóëû Ýéíøòåéíà [8, 
.224-225℄

W = e

S

0

�S

;

ãäå S

0

� ýíòðîïèÿ ñèñòåìû ñ �ëóêòóàöèÿìè è S � ýíòðîïèÿ ðàâíîâåñíîãî ñî-

ñòîÿíèÿ. Ïðè÷åì ýíòðîïèÿ êàíîíè÷åñêîãî àíñàìáëÿ 5-ìåòðèê âû÷èñëÿåòñÿ ïî

�îðìóëå

S = �

Z

f(
) ln f(
)d
;

ãäå

f(
) = exp

 

�

b

S

~

!

� �óíêöèÿ ðàñïðåäåëåíèÿ ïî ñîñòîÿíèÿì 
, à

b

S � äåéñòâèå Ýéíøòåéíà, â êîòî-

ðîì ñäåëàíà çàìåíà x

0

= �i�

1=2

� .

Â 5-ìåðíîì ñëó÷àå äåéñòâèå Ýéíøòåéíà, ñ ó÷åòîì äàííûõ �ëóêòóàöèé,

e

S = 0, ïîýòîìó ýíòðîïèÿ ñèñòåìû â ýòîì ñëó÷àå òàêæå ðàâíà íóëþ. Òîãäà äëÿ

âåðîÿòíîñòè �ëóêòóàöèé èìååì

W = exp(�S) =

= exp

0

�

�

1

Z

0

�(
 + 1)e

��(
+1)

d


1

A

= exp

�

�

�

1

�

+ 1

�

e

��

�

:

Ïðè ýòîì â � íàäî ïîëîæèòü x

0

1

= a; x

0

2

= b. Åñëè âçÿòü � = 0; 0001; b = 3; a = 2,

òî � = 2; 7�10

68

. Òîãäà ýíòðîïèÿ ñèñòåìû î÷åíü ìàëà, è âåðîÿòíîñòü �ëóêòóàöèé

î÷åíü áëèçêà ê åäèíèöå.
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Â 4-ìåðíîì ñëó÷àå äåéñòâèå Ýéíøòåéíà ñ ó÷åòîì �ëóêòóàöèé íå ðàâíî íóëþ,

è äëÿ âåðîÿòíîñòè �ëóêòóàöèé èìååì

W = exp(S

0

� S) = exp

2

4

1

Z

0

exp

 

�

e

S

~

!

e

S

~

d
 �

1

Z

0

exp

�

�

S

~

�

S

~

d


3

5

=

= exp

��

1

�

1

+ 1

�

e

��

1

�

�

1

�

2

+ 1

�

e

��

2

�

;

ãäå

�

1

=




3

2k�(�

2

�

2

� �)

1=2

(C

1

(exp(�

1=2

b)�exp(�

1=2

a))�C

1

(exp(��

1=2

b)�exp(��

1=2

a)));

�

2

=




3

2k

(
 + 1)

�

1

�

2

� �

�

(b� a):

Âû÷èñëÿÿ �

1

; �

2

ïðè a = 2; b = 3; � = 2; � = 0; 0001, ìû íàõîäèì, ÷òî �

1

ïî÷òè

â òî÷íîñòè ðàâíî �

2

, è �

1

� �

2

� 5 � 10

68

. Ñëåäîâàòåëüíî, ýíòðîïèÿ ñèñòåìû

ñ �ëóêòóàöèÿìè ïî÷òè â òî÷íîñòè ðàâíà ýíòðîïèè ñèñòåìû áåç �ëóêòóàöèé, è

âåðîÿòíîñòü �ëóêòóàöèé î÷åíü áëèçêà ê åäèíèöå.

5. Çàêëþ÷åíèå

Â ðàáîòå ïîñòðîåíû ìåòðè÷åñêèå �ëóêòóàöèè, çàâèñÿùèå òîëüêî îò âðåìåíè è

íå çàâèñÿùèå îò ïðîñòðàíñòâåííûõ êîîðäèíàò. Òàêèì îáðàçîì, äàííûå �ëóêòó-

àöèè ïðîèñõîäÿò ñïîíòàííî âî âñåì 3-ïðîñòðàíñòâå îäíîâðåìåííî (ïî àáñîëþò-

íîìó âðåìåíè). Ìîìåíò, êîãäà ïðîèñõîäèò �ëóêòóàöèÿ ìåòðèêè íå ìîæåò áûòü

ïðåäñêàçàí íè âíóòðè 4-ìåðíîãî ïðîñòðàíñòâà-âðåìåíè V

4

, íè âíóòðè 5-ìåðíîãî

ïðîñòðàíñòâà-âðåìåíè V

5

. Ïðè äàííûõ �ëóêòóàöèÿõ îáúåì 3-ïðîñòðàíñòâà ïå-

ðåñòàåò áûòü ïîñòîÿííûì è ìåíÿåòñÿ ñî âðåìåíåì, íî ñèãíàòóðà ïðîñòðàíñòâà-

âðåìåíè V

4

îñòàåòñÿ íåèçìåííîé, â îòëè÷èè îò �ëóêòóàöèé, èçó÷åííûõ â [3,4℄.

Íàéäåíà ñòàòèñòè÷åñêàÿ ñóììà äëÿ êàíîíè÷åñêîãî àíñàìáëÿ 5-ìåòðèê, îïðå-

äåëÿåìûõ ïàðàìåòðîì 
. Ñ ïîìîùüþ ñòàòèñòè÷åñêîé ñóììû îöåíåíà âåðîÿò-

íîñòü ðåàëèçàöèè 5-ìåòðèêè ñ ïàðàìåòðîì 
, ëåæàùèì â èíòåðâàëå 


1

< 
 < 


2

.

Îêàçàëîñü, äàííàÿ âåðîÿòíîñòü ñóùåñòâåííî îòëè÷íà îò íóëÿ òîëüêî äëÿ î÷åíü

ìàëåíüêèõ çíà÷åíèé ïàðàìåòðà 
 = 10

�68

. Òîãäà â ìåòðèêå (1) ìîæíî ïðåíå-

áðå÷ü 
 ïî ñðàâíåíèþ ñ åäèíèöåé. Ñëåäîâàòåëüíî, íàèáîëåå âåðîÿòíîé ÿâëÿåòñÿ

ìåòðèêà âèäà

dI

2

= (x

1

� 1)

2

dx

0

2

� �dx

1

2

� e

�2r

dr

2

� d�

2

� sin

2

�d�

2

;

ãäå ïîëîæåíî 
 = 0.

Ñ ïîìîùüþ àíàëîãà �îðìóëû Ýéíøòåéíà îöåíåíà âåðîÿòíîñòü �ëóêòóàöèé

äëÿ 5-ìåðíîãî è äëÿ 4-ìåðíîãî ïðîñòðàíñòâà-âðåìåíè. Óñòàíîâëåíî, ÷òî â îáîèõ

ñëó÷àÿõ ýòè âåðîÿòíîñòè î÷åíü áëèçêè ê åäèíèöå.
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