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ÒÃÃÏÓ

Àííîòàöèÿ. Äàííàÿ ñòàòüÿ ïîñâÿùåíà ðåøåíèþ ñàìîñîãëàñîâàííûõ óðàâíåíèé â ïðåäëîæåí-
íîé àâòîðîì òåîðèè èíäóöèðîâàííîé ãðàâèòàöèè, ñ èñïîëüçîâàíèåì êîìïüþòåðíîé ïðîãðàììû
"Maple". Îáñóæäàþòñÿ ïðîáëåìû, âîçíèêàþùèå ïðè ðåøåíèè äèôôåðåíöèàëüíûõ óðàâíåíèé
ñ ïîìîùüþ ýòîé ïðîãðàììû.

Evolution of interaction constants in the induced gravitation theory
Zaripov F.Sh.

Abstract. The paper is about the solution of self-coordinated equations from the induced
gravitation theory using �Maple� computer program. Problems arising during the solution of
di�erential equations with the help of this program are discussed.

Ðàçâèòèå ìíîãîìåðíûõ òåîðèé â ïîñëåäíèå ãîäû áûëî ñèëüíî ñâÿçàíî ñ òàê íàçûâàåìûìè áðàíàìè. Â
ýòîé òåîðèè [1], íàáëþäàåìóþ Âñåëåííóþ ðàññìàòðèâàþò êàê ïîâåðõíîñòü (brane) âëîæåííóþ â ïðîñòðàíñòâî-
âðåìÿ áîëüøåãî èçìåðåíèÿ. Ïðåäïîëàãàåòñÿ

÷òî ýòîò ïîäõîä ìîæåò ïðèâåñòè ê óñïåõó â ðåøåíèè ôóíäàìåíòàëüíûõ ïðîáëåì èåðàðõèè êîíñòàíò ôè-
çè÷åñêèõ âçàèìîäåéñòâèé è êîñìîëîãè÷åñêîé êîíñòàíòû. Ïðîáëåìà çàêëþ÷àåòñÿ â ñóùåñòâîâàíèè îãðîìíîé
ðàçíîñòè ýíåðãèè ìåæäó øêàëàìè ýëåêòðîñëàáûõ âçàèìîäåéñòâèé

ïîðÿäêà 1ÒÝÂ è ãðàâèòàöèîííîãî âçàèìîäåéñòâèÿ ïîðÿäêà $10�{19}$ ÃÝÂ. Êðîìå òîãî ïëîòíîñòü ýíåð-
ãèè êîñìîëîãè÷åñêîé êîíñòàíòû, äîëæíà áûòü ïðèáëèçèòåëüíî íà $120$ ïîðÿäêîâ ìåíüøèì ÷åì âîçìîæíûå
çíà÷åíèÿ ïëîòíîñòè ýíåðãèè äëÿ èçâåñòíûõ ìîäåëåé êâàíòîâîé òåîðèè ñëàáûõ è ñèëüíûõ âçàèìîäåéñòâèé.

Â ïðåäëîæåííîé òåîðèè ãðàâèòàöèîííàÿ êîíñòàíòà ñâÿçàíà ñ äèíàìè÷åñêèìè õàðàêòåðèñòèêàìè íàøåé
ìîäåëè, è â ìíîãîìåðíîì ïðîñòðàíñòâå-âðåìåíè îíà ïîëó÷àåòñÿ çà ñ÷åò ëîêàëèçàöèè ðåøåíèé íåëèíåéíûõ
óðàâíåíèé, àíàëîãè÷íî ýôôåêòó Õèããñà â êàëèáðîâî÷íîé òåîðèè ïîëÿ.

Äåéñòâèå äëÿ ìåìáðàíû (p-áðàíû, ïðè p>1) íå äîïóñêàåò êîíôîðìíûõ ïðåîáðàçîâàíèé è äëÿ ýòèõ
ìîäåëåé íåò åñòåñòâåííîãî êàíäèäàòà íà ðîëü àíîìàëüíîé ñèììåòðèè, ÷åì ÿâëÿåòñÿ êîíôîðìíàÿ ñèììåòðèÿ
äëÿ òåîðèè ñòðóí. ×òîáû îáîéòè ýòó òðóäíîñòü, îñòàâàÿñü â ðàìêàõ

èäåîëîãèè òåîðèè ñòðóí, ìû ïðåäëàãàåì ñëåäóþùåå îáîáùåíèå òåîðèè ñòðóí
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(∂µX, ∂µX) + ξR(X, X) + Λ(X, X)ρ}√gdp+1σ (1)

Ãäå ïðèíÿòû îáîçíà÷åíèÿ (X, X) = XAXBηAB (∂µX, ∂µX) = ∂µXA∂µXBηAB , ρ = p+1
p−1

.

Â äåéñòâèè (1}) ôóíêöèè XA = XA(σµ), ãäå A,B=0,1, .. , D; µ, ν.. = 0, 1, .., p (D>p+1) îòîáðàæàþò
n=p+1-ìåðíîå ìíîãîîáðàçèå Ï îïèñûâàåìîå ìåòðèêîé gµ ν , â D-ìåðíîå ïðîñòðàíñòâî - âðåìÿ M ñ ìåòðèêîé
ηAB ãäå ïðîñòðàíñòâî $M$ îïðåäåëÿåòñÿ

ìåòðèêîé Ìèíêîâñêîãî ñ ñèãíàòóðîé (-,+,. . . ,+)$. R- ñêàëÿðíàÿ êðèâèçíà ìíîãîîáðàçèÿ Ï.
Äåéñòâèå (1) îáëàäàåò ñâîéñòâîì êîíôîðìíîé èíâàðèàíòíîñòè ïðè ξ = 1−p

8p
. Ýòà èíâàðèàíòíîñòü âûðà-

æàåòñÿ â òîì ÷òî óðàâíåíèÿ ïîëó÷àåìûå çà ñ÷åò âàðüèðîâàíèÿ äåéñòâèÿ ïî ïîëÿì {gµ ν , XA}èíâàðèàíòíû
îòíîñèòåëüíî ëîêàëüíîãî âåéëåâñêîãî èçìåíåíèÿ ìàñøòàáà gµ ν → gµ ν exp(2ϕ), XA → XA exp(4ξpϕ) ,
äëÿ ïðîèçâîëüíîé ôóíêöèè ϕ = ϕ(σµ) .

Ïîñëå âàðüèðîâàíèÿ äåéñòâèÿ (1), óðàâíåíèÿ ñîîòâåòñòâóþùèå ïðèìóò ñëåäóþùèé âèä:

XA + 2ξRXA + 2Λ(X, X)ρ−1XA = 0 (2)
Tµ ν ≡ 1

w
{(∇µX,∇νX) + gµ ν(− 1

2
(∇αX,∇αX) + Λ(X, X)ρ)+

+2ξ
�−Rµ ν + 1

2
Rgµ ν +∇µ∇ν − gµ ν

�
(X, X)} = 0 (3)

Åñëè â äåéñòâèå äîáàâëåíû ôóíêöèè Ëàãðàíæà äðóãèõ ïîëåé ìàòåðèè,
òî óðàâíåíèå (3) çàìåíèòñÿ íà óðàâíåíèå

Tµ ν + T m
µ ν = 0, (4)

ãäå T m
µ ν- òåíçîð ýíåðãèè-èìïóëüñà äðóãèõ ïîëåé ìàòåðèè.

Ðàññìàòðèâàþòñÿ êîñìîëîãè÷åñêèå ðåøåíèÿ óðàâíåíèé (2)-(4), ïðè äîïîëíèòåëüíîì êàëèáðîâî÷íîì óñëî-
âèè:

gµ ν = (∇µX,∇νX), (2)
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êîòîðîå îïðåäåëÿåò âëîæåíèå ìíîãîîáðàçèÿ Ï â ïëîñêîå ïðîñòðàíñòâî M.
Íåîáõîäèìûì óñëîâèåì âûïîëíåíèÿ (2) ÿâëÿåòñÿ âûïîëíåíèå ñîîòíîøåíèÿ :�
ξR + ρΛ(X, X)ρ−1

�
∂µ(X, X) = 0. Îòêóäà ïîëó÷àåì äâà âèäà äîïîëíèòåëüíûõ êàëèáðîâî÷íûõ óñëîâèé

ñîãëàñîâàííûõ ñ óñëîâèåì âëîæåíèÿ (1):Y ≡ (X,X)=C=const; (2) : ξR + ρΛ(X, X)ρ−1=0. Â ïåðâîì ñëó-
÷àå óðàâíåíèÿ (4) àíàëîãè÷íû óðàâíåíèÿì Ýéíøòåéíà, ñ ãðàâèòàöèîííîé ïîñòîÿííîé Ge f = − w

16πξ
Y è ñ

êîñìîëîãè÷åñêîé êîíñòàíòîé Λef = − 1
2ξY

(−1 + ΛY 2). (6)
Ðàññìîòðèì ìåòðè÷åñêóþ ôîðìó ìíîãîîáðàçèÿ Ï, ñîîòâåòñòâóþùåé îäíîðîäíîé, èçîòðîïíîé çàêðûòîé

êîñìîëîãè÷åñêîé ìîäåëè ds2 = −(dt)2 + a2(t)[(dχ)2 + sin2 χ((dθ)2 + sin2 θ(dϕ)2)].
Òîãäà äëÿ ñëó÷àÿ Y ≡ (X,X)=C=constìîæíî àíàëèòè÷åñêèé ðåøèòü óðàâíåíèÿ (2), (3), (2) è äëÿ ìà-

øòàáíîãî ôàêòîðà ïîëó÷àåì ðåøåíèå îïèñûâàþùåå ïðîñòðàíñòâî äå Ñèòòåðà a(t) =
√

Cch(t/
√

C), Λ =
3

2C2 , Λe f = 3
C
. Ïðåäñòàâëÿåò èíòåðåñ ïîëó÷åíèå ðåøåíèé óðàâíåíèé (2), (4), (2) äëÿ âòîðîãî êàëèáðî-

âî÷íîãî ñëó÷àÿ, â ïðèñóñòâèè ìàòåðèè â âèäå èäåàëüíîé æèäêîñòè, ñ óðàâíåíèåì ñîñòîÿíèÿ ε − 3p ≡ µ =
−4 δ

w
, ε = ε0

a4 , ãäå ε0 = const, δ = const, ξ = − 1
12

(1 + δ)è ïðè δ = 0 ðåàëèçóåòñÿ êîíôîðìíàÿ èíâàðè-
àíòíîñòü.

Òîãäà óðàâíåíèé (2), (4) ìîæíî ñâåñòè ê ñëåäóþùèì óðàâíåíèÿì:

Ż = − b

ḃ
(2 +

1

6ξ
Λ̃Zρ)− wε

6ξb3ḃ
− Z(

ḃ

b
+

1

bḃ
), (3)

b̈ +
ḃ2

b
= − ρ

6ξ
Λ̃Zρ−1b− 1

b
, (4)

Ãäå ââåäåíû áåçðàçìåðíûå ïåðåìåííûå: Z̃ = Y/t20, b = a/t0, Λ̃ = Λt40, wε = wε0/t40. Òî÷êà îçíà÷àåò
ïðîèçâîäíóþ ïî ïåðåìåííîé x = t/t0. t0 -õàðàêòåðíûé ìàñøòàá ïîðÿäêà âîçðàñòà Âñåëåííîé. Ðàññìîòðèì
ðåøåíèå ñècòåìû äèôôåðåíöèàëüíûõ óðàâíåíèé (3), (4) ñ èñïîëüçîâàíèåì ïàêåòà �maple�.

I) > restart;
> kk:=1; dk:=0.01; xi:=-1/12-dk/12; ro:=2; B:=1; lam:=(3/2)*0.001; t_0:=0.1;
> a_0:=.4358898943540673552236982;a1_0:=2.064741604835055893164886;
> t_1:=1; we0:=2.5; y_0:=-14.52547465279252319046762;
> c1:=di�(a(t),t)=a1(t);c2:= di�(a1(t),t) = -((a1(t))�2)/a(t) - (ro*lam/(6*xi))*a(t)*((y(t))�(ro-

1))-kk/a(t):
> c3:=di�(y(t),t)= -(a(t)/a1(t))*(2*B+(lam/(6*xi))*(y(t))�ro)-

-we0/(6*xi*a1(t)*(a(t))�3)-(y(t)/a(t))*(a1(t)+kk/a1(t)):
> with(DEtools):
> nsob:=dsolve({c1,c2,c3,a(t_0)=a_0,a1(t_0)=a1_0 ,y(t_0)=y_0}, {a(t),a1(t),y(t)},type=numeric,

method=rkf45, relerr=0.0000000001, abserr=0.00000000001, output=listprocedure);
> nsob(1.652148);
> a:= subs(nsob,a(t));y:=subs(nsob,y(t));a1:=subs(nsob,a1(t));
> evalf(a(0.5));c:=1.652148;
> f1:=evalf(abs(-a(c)*(2*B+1/6*lam*y(c)�ro/xi)/a1(c)-

-1/6*we0/(xi*a1(c)*a(c)�3)-y(c)*(a1(c)+kk/a1(c))/a(c))):
> for x from 1.6 to 1.7 by 0.000001 do if abs(-a(x)*(2*B+1/6* lam*y(x)�ro/xi)/a1(x)-

-1/6*we0/(xi*a1(x)*a(x)�3)-y(x)* (a1(x)+kk/a1(x))/a(x))< 0.00001 then print(x00=x);end if;end
do:

> C1:=y(c);
> plot([t,sqrt(C1)*cosh(t/sqrt(C1)),t=c..6],color=black):
> with(plots,odeplot):
> p1:=plot([t,sqrt(C1)*cosh(t/sqrt(C1)),t=c..6],color=black):
> p2:=odeplot(nsob,[t,a(t)],t=0.01..5.8,numpoints=2000,color=green,
> style=line,title="a(x)"):
> plots[display]({p1,p2});
odeplot(nsob,[t,y(t)],t=0.1..5.8,numpoints=2000,color=green,axes=FRAME,

labels=[t,y],style=line,title="y(x)");
> odeplot(nsob,[t,-a(t)*(2*B+1/6*lam*y(t)�ro/xi)/a1(t)-1/6*we0/(xi*a1(t)*a(t)�3)-

-y(t)*(a1(t)+kk/a1(t))/a(t)], 0.1..5.8,numpoints=2000,color=green,axes=FRAME, labels=[t,dy],
style=line, title="y(x)");
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Ðèñ.1.

Ðèñ.2.

Ðèñ.3.
II)> restart; > with(plots):



4

> w:=5*10�(1); dk:=0.01; t_0:=0.7*10�28; e0:=10�(112); B:=+1; AA0:=3*B*Pi; A0:=AA0;
we0:=2.5;

> a:=x->sqrt(x*(2-x));
> plot([x,a(x),x=0..2],axes=boxed);
> y:=x->B*3*(1-x)/sqrt(x*(2-x))*(arcsin(sqrt(x*(2-x))))+

+x*(2-x)-(A0)*(1-x)/sqrt(x*(2-x))+2*we0/(1+dk)-3*B;
> Fn:=plot([x,y(x),x=0.1..1],axes=boxed,color=black):
> Gk:=plot([x,yy1(x),x=1..2],axes=boxed,color=red):
display({Fn,Gk},axes=boxed,scaling=unconstrained,labels=[t,y],title=`Y-analitic`);

>a_0:=evalf(a(0.1),25);y_0:=evalf(y(0.1),25); a1_0:=evalf(a1(0.1),25);

Ðèñ.4.
äëÿ x ≤ 1,

äëÿ1 ≤ x ≤ 2.

Çäåñü íà ðèñóíêàõ 1 è 2 ïðèâåäåíû ãðàôèêè ÷èñëåííîãî ðåøåíèÿ ðàññìàòðèâàåìûõ óðàâíåíèé äëÿ
ïåðåìåííûõ a(t) è y(t), à íà ðèñ 3 �ãðàôèê ïðîèçâîäíîé ôóíêöèè y(t).

Îòìåòèì, ÷òî ïðè Λ = 0, ñèñòåìà óðàâíåíèé ðåøàåòñÿ àíàëèòè÷åñêèé. Ýòè ðåøåíèÿ èìåþò âèä (9) è
èõ ãðàôèêè ïðèâåäåíû íà ðèñ. 4, 5 . Çàìåòèì ÷òî ïðîãðàììîé �maple� ïîëó÷èòü ýòè ïðàâèëüíûå ðåøåíèÿ
íå óäàåòñÿ. Ýòî ñâÿçàíà ïî-âèäèìîìó ñ òåì, ÷òî ïðîãðàììà ðàññ÷èòûâàÿ èíòåãðàëû ïî êîìïëåêñíîé îáëà-
ñòè, íåïðàâèëüíî âûáèðàåò òî÷êè âåòâëåíèÿ â âåùåñòâåííîé îáëàñòè. Òî÷íûå ðåøåíèÿ (10) âçÿòû â êà÷å-
ñòâå íà÷àëüíûõ çíà÷åíèé äëÿ ÷èñëåííîãî ðåøåíèÿ ñèñòåìû. Ñóùåñòâóåò òî÷íîå ðåøåíèå ðàññìàòðèâàåìûõ
óðàâíåíèé â ñëó÷àå Y ≡ (X,X)=C=

q
3
2Λ

, ε = 0, ãäå a(t) =
√

Cch( t√
C

). Äëÿ ñðàâíåíèÿ ñ ïðèáëèæåííûì
ðåøåíèåì íà ðèñ.2 ïðèâåäåí ãðàôèê ýòîé ôóíêöèè.
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Åñëè ñ÷èòàòü (â ïëàíêîâñêèõ åäèíèöàõ ), ÷òî "ïîñòîÿííàÿ"Õàááëà H = (3 · 1017)−1c−1 è ÷òî
íàøåé ýïîõå ñîîòâåòñòâóåò âðåìÿ t0 ∼

√
C, îòñþäà ïîëó÷àåì çíà÷åíèå

√
C ∼ 7.2 · 1027cm. Ïîäñòàâëÿÿ

â (6) ïîëó÷åííîå çíà÷åíèÿ íàõîäèì Λef ∼ 10−56cm−2, ê ÷åìó â ýíåðãåòè÷åñêèõ åäèíèöàõ ñîîòâåòñòâóåò
çíà÷åíèå Λef = 10−464. Ýòîò ðåçóëüòàò

áëèçîê ê îöåíêàì (ñîîòâåòñòâóþùèõ íàáëþäàòåëüíûì äàííûì) , ñäåëàííûì
â ðàáîòå [2], ãäå àâòîðû ïðèâîäÿò äîâîäû â ïîëüçó ñóùåñòâîâàíèÿ â ïðèðîäå íåíóëåâîé êîñìîëîãè÷åñêîé

ïîñòîÿííîé. Ïðèðàâíèâàÿ Gef = 10−66cm2, ïîëó÷àåì w = 10−10cm4.
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