
Êàê âçâåñèòü Âñåëåííóþ? Ðàáûøêî Þ.Â.

Ââåäåíèå

Âî âðåìåíà, êîãäà æèë Íüþòîí, åùå íå áûëî èçâåñòíî î ñòðîåíèè âåùåñòâà, íå áûëî èçâåñòíî î âíóòðåííåé ýíåðãèè ïîêîÿ. Òîé ñàìîé ýíåðãèè,
êîòîðîé ÷åëîâå÷åñòâî íàó÷èëîñü ïîëüçîâàòüñÿ ëèøü â XX âåêå. Ó÷åíûå, íàáëþäàÿ çà äâèæåíèåì ïëàíåò, âûÿñíèëè, ÷òî çàêîí ãðàâèòàöèè Íüþòî-
íà íå ñîîòâåòñòâóåò íàáëþäàåìûì äàííûì. Ïîïðîáóåì èñïðàâèòü çàêîí ãðàâèòàöèè, èñïîëüçóÿ â êà÷åñòâå îïîðíûõ òî÷åê, äîñòîâåðíûå äàííûå �
ôóíäàìåíòàëüíóþ êîíñòàíòó ñêîðîñòü ñâåòà c è àíîìàëüíîå ñìåùåíèå ïåðèãåëèÿ Ìåðêóðèÿ ðàâíîå 43 ñåêóíäàì çà ñòî ëåò.

Ãëàâà 1

Ïîïðîáóåì îòâåòèòü íà âîïðîñ, ÷òî òàêîå âíóòðåííÿÿ ýíåðãèÿ âåùåñòâà è ïî÷åìó îíà òàêàÿ îãðîìíàÿ. Íà ðàçìûøëåíèÿ î ïðèðîäå âíóòðåííåé
ýíåðãèè è ñîçðåâàíèå èäåè ó ìåíÿ óøëî áîëåå äåñÿòè ëåò. Âîçìîæíî, ìíå óäàëîñü ïðèîòêðûòü çàâåñó òàéíû. Èçâåñòíî, ÷òî ýíåðãèÿ ãðàâèòàöèîííîãî
âçàèìîäåéñòâèÿ îïðåäåëÿåòñÿ ïî ôîðìóëå:

E = mφ,

ãäå m � ìàññà íåêîòîðîãî òåëà, φ - ãðàâèòàöèîííûé ïîòåíöèàë äðóãîãî òåëà.
Ïåðåïèøåì ýòó ôîðìóëó äëÿ íåêîòîðîãî òåëà âçàèìîäåéñòâóþùåãî ñî âñåé ìàññîé Âñåëåííîé. Íåêîòîðûå ÷èòàòåëè ìîãóò óñîìíèòüñÿ â

ïðàâîìî÷íîñòè òàêèõ äåéñòâèé, òåì áîëåå, ÷òî åùå Íüþòîí ïîêàçàë ðàâåíñòâî ñèë äåéñòâóþùèõ íà òåëî âíóòðè ãðàâèòèðóþùåé ñôåðû. Ñèëû
ðàâíû, à âîò ÷òî æå ñ ýíåðãèåé? Ïîñìîòðèì:

Eu = mφu,

ãäå m - ìàññà íåêîòîðîãî òåëà âî Âñåëåííîé, φu - ãðàâèòàöèîííûé ïîòåíöèàë Âñåëåííîé.

φu = G
Mu

Ru

,

ãäå Mu - ìàññà Âñåëåííîé, Ru - ðàäèóñ Âñåëåííîé, G - ãðàâèòàöèîííàÿ ïîñòîÿííàÿ.
Òîãäà çàïèøåì ãðàâèòàöèîííóþ ýíåðãèþ âçàèìîäåéñòâèÿ òåëà ñî âñåìè òåëàìè âî Âñåëåííîé êàê:

Eu = G
mMu

Ru

(1)

Â ôîðìóëå (1) íàì èçâåñòíû òîëüêî äâå âåëè÷èíû G è m. Ïîïðîáóåì íàéòè îñòàëüíûå. Çàïèøåì:

Eu = mc2 (2)
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Êàê âçâåñèòü Âñåëåííóþ? Ðàáûøêî Þ.Â.

Ïðåäïîëîæèì, ÷òî âíóòðåííÿÿ ýíåðãèÿ òåëà ìàññîé m åñòü åãî ýíåðãèÿ âçàèìîäåéñòâèÿ ñî âñåé ìàññîé Âñåëåííîé. Òîãäà:

G
mMu

Ru

= mc2 → G
Mu

Ru

= c2

Äàëåå ñëåäóåò, ÷òî îòíîøåíèå ìàññû Âñåëåííîé ê åå ðàäèóñó âûðàæàåòñÿ ôîðìóëîé:

Mu

Ru

=
c2

G
(3)

Èòàê, ìû âûÿñíèëè, ÷òî êâàäðàò ñêîðîñòè ñâåòà åñòü íå ÷òî èíîå, êàê ãðàâèòàöèîííûé ïîòåíöèàë Âñåëåííîé:

φu = c2 = G
Mu

Ru

(4)

Òàê æå, îòñþäà ñëåäóåò ïîíèìàíèå, ïî÷åìó ñêîðîñòü ñâåòà èìåííî òàêàÿ. Äàëåå ìû ïîïðîáóåì íàéòè îñòàëüíûå ôóíäàìåíòàëüíûå èëè èñòèííî
ôóíäàìåíòàëüíûå êîíñòàíòû. Ïîïðîáóåì íàéòè ïîñòîÿííóþ Õàááëà. Çíàÿ, ÷òî îáúåì øàðà âû÷èñëÿåòñÿ ïî ôîðìóëå:

Vu =
4

3
πR3

u

È ïëîòíîñòü âåùåñòâà âíóòðè øàðà ñ ó÷¼òîì Mu

Ru
= c2

G
îïðåäåëÿåòñÿ êàê:

ρu =
Mu

Vu
=

Mu

4
3
πR3

u

=
3

4πR2
u

c2

G
(5)

Ïîëó÷àåì ôîðìóëó äëÿ ïëîòíîñòè âåùåñòâà âî Âñåëåííîé:

ρu =
3

4πR2
u

c2

G
=

3

4πG

c2

R2
u

(6)

Ïîêà ÷òî, ìû íå áóäåì ñïåøèòü ñ âû÷èñëåíèåì ïëîòíîñòè Âñåëåííîé, ïîñêîëüêó èç òî÷íî èçìåðåííûõ âåëè÷èí ó íàñ èìååòñÿ òîëüêî ñêîðîñòü
ñâåòà. Ìû ìàëî ÷òî çíàåì î ðàäèóñå Âñåëåííîé. Çíàÿ, ÷òî ïîñòîÿííàÿ Õàááëà çàïèñûâàåòñÿ â òàêîì âèäå:

H =
c

Ru
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Êàê âçâåñèòü Âñåëåííóþ? Ðàáûøêî Þ.Â.

Âîçâåäåì â êâàäðàò îáå ÷àñòè âûðàæåíèÿ:

H2 =
c2

R2
u

È çàìåíÿåì â (6) c2

R2
u
íà ïîñòîÿííóþ Õàááëà H2:

ρu =
3H2

4πG
(7)

Îòêóäà ïîëó÷àåì:

H2 =
c2

R2
u

=
4

3
πGρu (8)

Èç (8) âèäíî, ÷òî ïîñòîÿííàÿ Õàááëà � åñòü ôóíêöèÿ ïëîòíîñòè Âñåëåííîé. Ïðèðàâíÿåì âûðàæåíèÿ (7) è (5):

ρu =
3H2

4πG
=

3

4πR2
u

Mu

Ru

Îòêóäà âûðàçèì:

H2 = G
Mu

R3
u

è H =

√
G
Mu

R3
u

(9)

Àëüòåðíàòèâíî ôîðìóëó (9) ìîæíî ïîëó÷èòü çàìåíîé â âûðàæåíèè H2 = c2

R2
u
c2 = GMu

Ru
:

H2 =
c2

R2
u

=
GMu

Ru

R2
u

= G
Mu

R3
u

Íà äàííîì ýòàïå ìû âûðàçèëè äâå ôóíäàìåíòàëüíûå êîíñòàíòû, ÷åðåç ìàññó è ðàäèóñ Âñåëåííîé. Ïîêà îñòàâèì àíàëèç êîíñòàíò è çàéìåìñÿ ñèëàìè,
äåéñòâóþùèìè âî Âñåëåííîé.
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Ãëàâà 2

Âû÷èñëèì ìàêñèìàëüíóþ ñèëó Fu, êîòîðóþ Âñåëåííàÿ ñîçäàåò âñåé ñâîåé ìàññîé. Äëÿ ýòîãî â Çàêîíå âñåìèðíîãî òÿãîòåíèÿ Íüþòîíà óñòðåìèì
ïðîáíóþ ìàññó m ê ìàññå Âñåëåííîé Mu , ñ ó÷åòîì (3):

Fm = G
mMu

R2
u

m−→Mu−−−−−−−−→ Fu = G
MuMu

R2
u

= G
M2

u

R2
u

= G

(
c2

G

)2

=
c4

G
, (10)

ãäå Fm � ñèëà âçàèìîäåéñòâèÿ ïðîáíîé ìàññû m ñî âñåé ìàññîé Mu Âñåëåííîé. Íàéäåì ôîðìóëó äëÿ ñèëû Fm, ñ êîòîðîé òåëî âçàèìîäåéñòâóåò ñ
Âñåëåííîé. Èç (4) ïîëó÷èì óðàâíåíèå äëÿ ðàäèóñà Âñåëåííîé Ru:

c2 = G
Mu

Ru

→ Ru = G
Mu

c2

è ïîäñòàâèì Ru â Çàêîí òÿãîòåíèÿ Íüþòîíà:

Fm = G
mMu

R2
u

= G
mMu(
GMu

c2

)2 = G
mMu

G2M
2
u

c4

=
m

Mu

c4

G
(11)

Êàê ìû âèäèì (10), åñòü ïðåäåëüíûé ñëó÷àé ôîðìóëû (11). Ôîðìóëà (11) ïîêàçûâàåò íàì ïðîöåäóðó àíàëîãè÷íóþ ïðîöåäóðå âçâåøèâàíèÿ, òîëüêî
ïî îòíîøåíèþ ê ìàññå. Ò.å., èçìåðÿÿ ìàññó òåëà, ìû èçìåðÿåì ñîîòíîøåíèå ìàññ ïðîáíîãî òåëà è Âñåëåííîé. Ìîæíî çàïèñàòü åùå òàê:

Fm =
m

Mu

Fu , òîãäà
m

Mu

=
FG

c4
=
Fm
Fu

(12)

Òåïåðü ïîëó÷èì çàêîíû âçàèìîäåéñòâèÿ äâóõ ïðîáíûõ òåë. Ïóñòü ìû èìååì äâà òåëà ìàññîé è m1, m2, òîãäà ñèëû âçàèìîäåéñòâèÿ ñ Âñåëåííîé
çàïèøóòñÿ êàê

F1 =
m1

Mu

c4

G
è F2 =

m2

Mu

c4

G

È, ñîîòâåòñòâåííî, èìååì ðàçíîñòü F1 − F2 =
m1

Mu

c4

G
− m2

Mu

c4

G
= (m1 −m2)

c4

MuG
è îòíîøåíèå ñèë

F1

F2

=
m1

Mu

c4

G

m2

Mu

c4

G

=
m1

m2

(13)

Çàïèøåì òåïåðü èç çàêîíà òÿãîòåíèÿ Íüþòîíà äëÿ Âñåëåííîé:

Fu = Muau ,
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Êàê âçâåñèòü Âñåëåííóþ? Ðàáûøêî Þ.Â.

ãäå au � óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ âî Âñåëåííîé è ó÷èòûâàÿ, ÷òî

Ru =
GMu

c2
, GMu = Ruc

2, H =
c

Ru

ãäå Ru � ðàäèóñ Âñåëåííîé, H � ïîñòîÿííàÿ Õàááëà, Ωu � ñêîðîñòü âðàùåíèÿ Âñåëåííîé. Òîãäà:

au =
Fu
Mu

= G
Mu

R2
u

=
GMu

G2M2
u

c4

=
c4

GMu

=
c2

Ru

= cH = Ω2
uRu (14)

Òåïåðü, ïî àíàëîãèè, ìû çàïèøåì çàêîí Íüþòîíà äëÿ ïðîáíîãî òåëà, âçàèìîäåéñòâóþùåãî c Âñåëåííîé, ÷åðåç óñêîðåíèå, ñîçäàâàåìîå âñåìè
òåëàìè Âñåëåííîé Fm = mau, ãäå au � àíîìàëüíîå óñêîðåíèå èëè óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ âî Âñåëåííîé è ó÷èòûâàÿ, ÷òî rm = Gm

v2m
, ãäå rm �

ãðàâèòàöèîííûé ðàäèóñ òåëà, v2m � ãðàâèòàöèîííûé ïîòåíöèàë òåëà. Òîãäà:

au =
Fm
m

= G
m

r2m
=

Gm
G2m2

v4m

=
v4m
Gm

=
v2m
rm

= ω2
mrm (15)

Îáúåäèíÿÿ (14) è (15), ïîëó÷àåì:

au =
Fu
Mu

= G
Mu

R2
u

=
c4

GMu

=
c2

Ru

= Ω2
uRu = cH =

Fm
m

= G
m

r2m
=

v4m
Gm

=
v2m
rm

= ω2
mrm (16)

Íåêîòîðûå ïîëåçíûå ôîðìóëû âûäåëèì îòäåëüíî. Àíîìàëüíîå óñêîðåíèå, ñîçäàâàåìîå Âñåëåííîé au = cH:

au = cH = G
Mu

R2
u

(17)

Òîãäà ìàññà íåêîòîðîãî ó÷àñòêà Âñåëåííîé (ãàëàêòèêè, ãàëàêòè÷åñêîãî êëàñòåðà) ðàäèóñà rm áóäåò ðàâíà:

cH = G
m

r2m
→ m =

cH

G
r2m (18)

cH =
v4m
Gm

→ m =
1

cHG
v4m (19)
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Êàê âçâåñèòü Âñåëåííóþ? Ðàáûøêî Þ.Â.

Ãðàâèòàöèîííûé ïîòåíöèàë íåêîòîðîãî ó÷àñòêà Âñåëåííîé ϕm (ãàëàêòèêè, ãàëàêòè÷åñêîãî êëàñòåðà) ðàäèóñà rm áóäåò ðàâåí:

cH =
v2m
rm
→ ϕm = v2m = cHrm (20)

Ñêîðîñòü âðàùåíèÿ íåêîòîðîãî ó÷àñòêà Âñåëåííîé (ãàëàêòèêè, ãàëàêòè÷åñêîãî êëàñòåðà) ðàäèóñà rm áóäåò ðàâåí:

cH =
v2m
rm
→ v2m = cHrm → vm =

√
cHrm

Ðàäèóñ íåêîòîðîãî ó÷àñòêà Âñåëåííîé (ãàëàêòèêè, ãàëàêòè÷åñêîãî êëàñòåðà) îïðåäåëÿåòñÿ êàê:

cH =
v2m
rm
→ rm =

1

cH
v2m (21)

Óãëîâàÿ ñêîðîñòü âðàùåíèÿ âíåøíåé ãðàíèöû íåêîòîðîãî ó÷àñòêà Âñåëåííîé (ãàëàêòèêè, ãàëàêòè÷åñêîãî êëàñòåðà):

cH = ω2
mrm → ω2

m =
cH

rm
(22)

Òàê æå èç (16) ñëåäóåò òåîðåìà âèðèàëà:

cH = G
m

r2m
=
v2m
rm
→ G

m

rm
= v2m (23)

È, êàê ñëåäñòâèå, ìàññà íåêîòîðîãî ó÷àñòêà (ãàëàêòèêè, ãàëàêòè÷åñêîãî êëàñòåðà) Âñåëåííîé ðàäèóñà rm è ñêîðîñòüþ v2m:

m =
rmv

2
m

G
(24)

Ïîëó÷èì åùå íåñêîëüêî ôîðìóë èç (16):

cH = G
m

r2m
= ω2

mrm → m =
ω2
mr

3
m

G
(25)

cH =
v4m
Gm

= ω2
mrm → m =

1

G

v4m
ω2
mrm

(26)
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cH =
c2

Ru

=
v2m
rm
→ rm

Ru

=
v2m
c2

(27)

cH =
c4

GMu

=
v4m
Gm

→ m

Mu

=
v4m
c4

(28)

Óãëîâàÿ ñêîðîñòü âðàùåíèÿ âåùåñòâà íà ãðàíèöå Âñåëåííîé ðàâíà ïîñòîÿííîé Õàááëà, à ñêîðîñòü äâèæåíèÿ ýòîãî âåùåñòâà ðàâíà ñêîðîñòè ñâåòà:

au =
c2

Ru

= Ω2
uRu → Ω2

u =
c2

R2
u

→ Ωu = H (29)

Òåïåðü ïðåîáðàçóåì ôîðìóëó (16), äîìíîæèì âñå åå ÷àñòè íà Mu :

Fu = Muau = G
M2

u

R2
u

=
c4

G
=
Muc

2

Ru

= Ω2
uRuMu = cHMu =

Fm
m
Mu = G

mMu

r2m
=
v4Mu

Gm
=
v2m
rm
Mu = ω2

mrmMu (30)

Ïîëó÷èì íåñêîëüêî ôîðìóë èç (30). Ìàêñèìàëüíàÿ (ñóììàðíàÿ) ñèëà ãðàâèòàöèè, ñóùåñòâóþùàÿ âî Âñåëåííîé è ñæèìàþùàÿ Âñåëåííóþ:

Fu = G
M2

u

R2
u

=
c4

G
(31)

Öåíòðîáåæíàÿ ñèëà, êîìïåíñèðóþùàÿ ãðàâèòàöèîííîå ñæàòèå Âñåëåííîé:

Fu = Mu
c2

Ru

= Ω2
uRuMu = cHMu

Èç ôîðìóëû Ω2
uRuMu = cHMu, ñëåäóåò Ω2

uRu = cH, îòêóäà Ω2
u = cH

Ru
. Çíàÿ ÷òî, H = c

Ru
, èìååì Ω2

u = H2 èëè Ωu = H. Ñêîðîñòü âðàùåíèÿ Âñåëåííîé
ðàâíà ïîñòîÿííîé Õàááëà!

Ãðàâèòàöèîííûé ïîòåíöèàë Âñåëåííîé:

Fu = G
M2

u

R2
u

=
c4

G
→ G

Mu

Ru

= c2 (32)

Ìàññà Âñåëåííîé âûðàæàåòñÿ ÷åðåç òðè ôóíäàìåíòàëüíûõ êîíñòàíòû:

Fu =
c4

G
= cHMu →Mu =

c3

HG
(33)
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Îòêóäà ïîëíàÿ ýíåðãèÿ âñåé ìàññû Âñåëåííîé:

Eu = Muc
2 =

c3

HG
c2 =

c5

HG

Òàê æå ìàññó Âñåëåííîé ìîæíî ïîëó÷èòü, óñòðåìèâ ñêîðîñòü vm ê ñêîðîñòè ñâåòà â (19):

m =
1

cHG
v4

vm→c−−−−→Mu =
c3

HG
(34)

Fu =
Fm
m
Mu →

Fm
Fu

=
m

Mu

(35)

Èç (16), (27), (28) è (35) ïîëó÷àåì áîëüøîå ÷èñëî Äèðàêà Dx:

1

Dx

=
Fm
Fu

=
m

Mu

=
r2m
R2
u

=
v4m
c4

=
Ω4
u

ω4
m

[=
e2m
e2u

= z4 =
1

n4
m

] (36)

Âûðàæåíèå â [] áûëî ïîëó÷åíî ïîñëå ïåðâîé ïóáëèêàöèè, ãäå e2m - çàðÿä òåëà m, z - êîñìîëîãè÷åñêîå êðàñíîå ñìåùåíèå 0...1, n - êîýôôèöèåíò
îïòè÷åñêîãî ïåëîìëåíèÿ íà òåëå m. Òåïåðü ïðåîáðàçóåì ôîðìóëó (16). Äîìíîæèì âñå å¼ ÷àñòè íà m, òîãäà ñèëà, äåéñòâóþùàÿ íà òåëî ìàññû m, ñî
ñòîðîíû Âñåëåííîé:

Fm = mau =
mFu
Mu

= G
mMu

R2
u

= m
c4

GMu

=
mc2

Ru

= Ω2
uRum = cHm = G

m2

r2m
=
v4m
G

=
mv2m
rm

= ω2
mrmm (37)

Çäåñü íàñ èíòåðåñóþò íåñêîëüêî ôîðìóë. Àíîìàëüíàÿ ñèëà, âûçâàííàÿ àíîìàëüíûì óñêîðåíèåì èëè óñêîðåíèåì ñâîáîäíîãî ïàäåíèÿ âî Âñåëåííîé,
äåéñòâóþùàÿ íà ëþáîå òåëî âî Âñåëåííîé: Fm = cHm. Ýòà æå ñèëà, äåéñòâóþùàÿ íà ëþáîå òåëî âî Âñåëåííîé Fm = mc2

Ru
.

Ðàññìîòðèì óðàâíåíèå: Fm = mc2

Ru
. Çäåñü ìû âèäèì, â ïðàâîé ÷àñòè óðàâíåíèÿ çíàìåíèòîå mc2 , òàê íàçûâàåìàÿ ¾âíóòðåííÿÿ ýíåðãèÿ¿ âåùåñòâà.

Òåïåðü ìû ìîæåì òî÷íî ñêàçàòü, ÷òî îçíà÷àåò ýòî âûðàæåíèå, âåðíåå åãî ôèçè÷åñêèé ñìûñë. mc2 � åñòü íå ÷òî èíîå, êàê ýíåðãèÿ âçàèìîäåéñòâèÿ
òåëà ñî âñåé ìàññîé Âñåëåííîé. ß äàæå çàòðóäíÿþñü òî÷íî îïðåäåëèòü, ÿâëÿåòñÿ îíà êèíåòè÷åñêîé èëè ïîòåíöèàëüíîé. Ñ îäíîé ñòîðîíû, ýòà ýíåðãèÿ
òåëà âèñÿùåãî âî Âñåëåííîé íà ðàññòîÿíèè Ru, êàê ÿáëîêî Íüþòîíà, íà âåòêå äåðåâà. Ñ äðóãîé ñòîðîíû, â ýòîé ýíåðãèè ïðèñóòñòâóåò ñêîðîñòü ñâåòà
c, ÷òî ãîâîðèò íàì î êèíåòè÷åñêîé ýíåðãèè. ×òî æå ýòî çà ýíåðãèÿ, ïîïðîáóåì ðàçîáðàòüñÿ ÷óòü ïîçæå. Ïîêà ÷òî, âûðàçèì âíóòðåííþþ ýíåðãèþ òåëà
òàêèì îáðàçîì:

Em = mc2 = FmRu (38)

Âíóòðåííÿÿ ýíåðãèÿ òåëà Em � åñòü ýíåðãèÿ âçàèìîäåéñòâèÿ òåëà ìàññû m ñî Âñåëåííîé ðàäèóñà Ru è îáëàäàþùåé ãðàâèòàöèîííûì ïîòåíöèàëîì
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Êàê âçâåñèòü Âñåëåííóþ? Ðàáûøêî Þ.Â.

c2. Èç (37) ïîëó÷èì çíà÷åíèå ìàññû íåêîòîðîãî ó÷àñòêà Âñåëåííîé (ãàëàêòèêè, ãàëàêòè÷åñêîãî êëàñòåðà):

m =
Fu
GMu

r2m =
Mu

R2
u

r2m =
c4

G2Mu

r2m =
c2

GRu

r2m =
Ω2
uRu

G
r2m =

cH

G
r2m =

rmv
2
m

G
=
ω2
mr

3
m

G

Â çàêëþ÷åíèå ýòîé ãëàâû ïîäâåäåì èòîãè. Èç áîëüøîãî ÷èñëà ïîëó÷åííûõ ôîðìóë, âûïèøåì îñíîâíûå, êîòîðûå ïîìîãóò íàì îïèñàòü äèíàìèêó
âåùåñòâà âî Âñåëåííîé:

m =
cH

G
r2m (18), m =

1

cHG
v4m (19), m =

rmv
2
m

G
(24), m =

ω2
mr

3
m

G
(25), m =

1

G

v4m
ω2
mrm

(26),

rm =
1

cH
v2m (21), ω2

m =
cH

rm
(22), G

m

rm
= v2m (23),

Óðàâíåíèå (19), åñòü òî÷íîå ðåøåíèå çíàìåíèòîãî ýìïèðè÷åñêîãî ñîîòíîøåíèÿ Òàëëè-Ôèøåðà:

L ∝ m ∝ v4

� ñâåòèìîñòü ñïèðàëüíîé ãàëàêòèêè ïðîïîðöèîíàëüíà ìàññå ãàëàêòèêè è ïðîïîðöèîíàëüíà ÷åòâåðòîé ñòåïåíè ëèíåéíîé ñêîðîñòè çâåçä íà ïåðè-
ôåðèè. Ïîëíûé íàáîð óðàâíåíèé äëÿ ñîîòíîøåíèÿ Òàëëè-Ôèøåðà, ïîëó÷åííûé èç (37) áóäåò âûãëÿäåòü òàê:

m =
1

cHG
v4m (19), m =

Mu

c4
v4m (39),

m =
R2
u

G2Mu

v4m (40), m =
Mu

GFu
v4m (41),

m =
Ru

Gc2
v4m (42), m =

1

GRuΩ2
u

v4m (43), m =
1

Gω2
mrm

v4m (26),

Çàáåãàÿ âïåðåä, ôîðìóëû (19), (39), (40), (41), (42), (43) ìîæíî ïåðåïèñàòü â âèäå m = λv4m, ãäå λ = 1.23609 · 1020(kg · s4 ·m−4) � äèíàìè÷åñêèé
ïàðàìåòð íàøåé Âñåëåííîé.
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Êàê âçâåñèòü Âñåëåííóþ? Ðàáûøêî Þ.Â.

Ãëàâà 3

Â ïðåäûäóùåé ãëàâå ìû ïîëó÷èëè íåñêîëüêî èíòåðåñíûõ ôîðìóë:

c2 = G
Mu

Ru

(4)

cH = G
Mu

R2
u

(17)

H2 = G
Mu

R3
u

(9)

Âèäîèçìåíèì ýòè òðè ôîðìóëû. Îáîçíà÷èì ζ = GMu, òîãäà ôîðìóëû ïðèìóò âèä:

c2 = ζ
1

R1
u

; cH = ζ
1

R2
u

; H2 = ζ
1

R3
u

Çäåñü ìû âèäèì ïðèíöèï, ïî êîòîðîìó ôîðìèðóþòñÿ ôóíäàìåíòàëüíûå êîíñòàíòû. Êâàäðàò ñêîðîñòè ñâåòà - îáðàòíî ïðîïîðöèîíàëåí ðàäèó-
ñó Âñåëåííîé. Íîâàÿ ôóíäàìåíòàëüíàÿ êîíñòàíòà cH, àíîìàëüíîå óñêîðåíèå, ñîçäàâàåìîå Âñåëåííîé, îáðàòíî ïðîïîðöèîíàëüíà êâàäðàòó ðàäèóñà
Âñåëåííîé. Êâàäðàò ïîñòîÿííîé Õàááëà � îáðàòíî ïðîïîðöèîíàëåí êóáó ðàäèóñà Âñåëåííîé. Ìû ìîæåì ïðîäîëæèòü ýòó çàêîíîìåðíîñòü. Çàïèøåì
ðÿä:

R1
u;

1

R0
u

;
1

R1
u

;
1

R2
u

;
1

R3
u

;
1

R4
u

;
1

R5
u

(45)
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Êàê âçâåñèòü Âñåëåííóþ? Ðàáûøêî Þ.Â.

È äëÿ íåãî ôóíäàìåíòàëüíûå êîíñòàíòû:

σ2 = ζR1
u (46)

γ2 = ζ
1

R0
u

(47)

c2 = ζ
1

R1
u

(48)

ψ2 = ζ
1

R2
u

(49)

H2 = ζ
1

R3
u

(50)

χ2 = ζ
1

R4
u

(51)

η2 = ζ
1

R5
u

(52)

Â îáùåì âèäå çàêîí äëÿ ôóíäàìåíòàëüíûõ êîíñòàíò èìååò âèä:

ε2n = ζR2−n
u = GMuR

2−n
u

(
m5−ns−2

)
ãäå εn � ïðîèçâîëüíàÿ ôóíäàìåíòàëüíàÿ êîíñòàíòà, G � ãðàâèòàöèîííàÿ ïîñòîÿííàÿ, ζ = GMu, Mu � ìàññà Âñåëåííîé, Ru � ðàäèóñ âñåëåííîé, n �
ïîðÿäêîâûé íîìåð êîíñòàíòû, ëþáîå öåëîå ÷èñëî.

Äëÿ n = 3 èìååì ε23 = ζR2−3
u = GMuR

2−3
u (m5−3s−2) èëè c2 = ε23 = ζR−1u = GMuR

−1
u (m2s−2) èëè φu = c2 = GMu

Ru

(
m2

s2

)
(4).

Äëÿ n = 4 èìååì ε24 = ζR2−4
u = GMuR

2−4
u (m5−4s−2) èëè ψ2 = ε24 = ζR−2u = GMuR

−2
u (ms−2) èëè au = ψ2 = GMu

R2
u

(
m
s2

)
(17) è òàê äàëåå.
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Êàê âçâåñèòü Âñåëåííóþ? Ðàáûøêî Þ.Â.

Çàìå÷àÿ, ÷òî â íàøåì ðÿäó ôóíäàìåíòàëüíûõ êîíñòàíò, ìåæäó c2 è H2 ñòîèò êîíñòàíòà Ψ2 = cH, ìîæåì çàïèñàòü:

... = σ2 = ζR1
u

(
m4

s2

)

σc = γ2 = ζ
1

R0
u

(
m3

s2

)

γψ = c2 = ζ
1

R1
u

(
m2

s2

)

cH = ψ2 = ζ
1

R2
u

(m
s2

)

ψχ = H2 = ζ
1

R3
u

(
1

s2

)

Hη = χ2 = ζ
1

R4
u

(
1

ms2

)

... = η2 = ζ
1

R5
u

(
1

m2s2

)
Ò.å., êâàäðàò ôóíäàìåíòàëüíîé êîíñòàíòû ðàâåí ïðîèçâåäåíèþ ïðåäûäóùåé êîíñòàíòû íà ïîñëåäóþùóþ.

ε2n = εn−1εn+1 = ζR2−n
u

(
m5−n · s−2

)
(53)

ãäå εn � ïðîèçâîëüíàÿ ôóíäàìåíòàëüíàÿ êîíñòàíòà, ζ = GMu, Mu � ìàññà Âñåëåííîé, Ru � ðàäèóñ âñåëåííîé, n � ïîðÿäêîâûé íîìåð êîíñòàíòû,
ëþáîå öåëîå ÷èñëî.
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Êàê âçâåñèòü Âñåëåííóþ? Ðàáûøêî Þ.Â.

Ââåäåì ïîíÿòèå ýëåìåíòàðíîé ìàññû m0. Äîìíîæèì âñå ôóíäàìåíòàëüíûå êîíñòàíòû íà m0. Òîãäà ñâîéñòâà ýëåìåíòàðíîé ìàññû îïèøóòñÿ
çàêîíàìè:

αn = m0ε
2
n = m0ζR

2−n
u

(
kg ·m5−n · s−2

)
(54)

Ïåðåïèøåì ñâîéñòâà ýëåìåíòàðíîé ìàññû â ðàçâåðíóòîì âèäå:

α1 = µ0 = m0σ
2 = m0ζR

1
u

(
kg ·m4

s2

)
� íåèçâåñòíîå ñâîéñòâî

α2 = e20 = m0γ
2 = m0ζ

1

R0
u

(
kg ·m3

s2

)
� ýëåìåíòàðíûé çàðÿä

α3 = E0 = m0c
2 = m0ζ

1

R1
u

(
kg ·m2

s2

)
� ýëåìåíòàðíàÿ ýíåðãèÿ

α4 = F0 = m0ψ
2 = m0ζ

1

R2
u

(
kg ·m
s2

)
� ýëåìåíòàðíàÿ ñèëà

α5 = K0 = m0H
2 = m0ζ

1

R3
u

(
kg

s2

)
� ñêîðåå âñåãî rot ~E = −∂

~B

∂t

(
kg

s2

)
,

âðàùåíèå ýëåìåíòàðíîé ìàññû ïîðîæäàåò ìàãíèòíîå ïîëå

α6 = P0 = m0χ
2 = m0ζ

1

R4
u

(
kg

ms2

)
� íåèçâåñòíîå ñâîéñòâî

α7 = J0 = m0η
2 = m0ζ

1

R5
u

(
kg

m2s2

)
� íåèçâåñòíîå ñâîéñòâî
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Êàê âçâåñèòü Âñåëåííóþ? Ðàáûøêî Þ.Â.

Çàìåòèâ çàêîíîìåðíîñòè â ôîðìèðîâàíèè ôóíäàìåíòàëüíûõ êîíñòàíò è ñâîéñòâ ýëåìåíòàðíîé ìàññû, ïîñòðîèì òàáëèöó ôîðìèðîâàíèÿ ñâîéñòâ
Âñåëåííîé.

= α1 = µ0

kg ·m4

s2

= α2 = e20
kg ·m3

s2

= α3 = E0

kg ·m2

s2

= α4 = F0

kg ·m
s2

= α5 = K0

kg

s2

= α6 = P0

kg

m · s2

= α7 = J0
kg

m2 · s2

α1 × . . . = µ0 × . . .
kg ·m4

s2
. . .×R0

u . . .×R−1
u . . .×R−2

u . . .×R−3
u . . .×R−4

u . . .×R−5
u . . .×R−6

u

α2 × . . . = e20 × . . .
kg ·m3

s2
. . .×R1

u . . .×R0
u . . .×R−1

u . . .×R−2
u . . .×R−3

u . . .×R−4
u . . .×R−5

u

α3 × . . . = E0 × . . .
kg ·m2

s2
. . .×R2

u . . .×R1
u . . .×R0

u . . .×R−1
u . . .×R−2

u . . .×R−3
u . . .×R−4

u

α4 × . . . = F0 × . . .
kg ·m
s2

. . .×R3
u . . .×R2

u . . .×R1
u . . .×R0

u . . .×R−1
u . . .×R−2

u . . .×R−3
u

α5 × . . . = K0 × . . .
kg

s2
. . .×R4

u . . .×R3
u . . .×R2

u . . .×R1
u . . .×R0

u . . .×R−1
u . . .×R−2

u

α6 × . . . = P0 × . . .
kg

m · s2
. . .×R5

u . . .×R4
u . . .×R3

u . . .×R2
u . . .×R1

u . . .×R0
u . . .×R−1

u

α7 × . . . = J0 × . . .
kg

m2 · s2
. . .×R6

u . . .×R5
u . . .×R4

u . . .×R3
u . . .×R2

u . . .×R1
u . . .×R0

u

Òàáëèöà 1

Êàê âèäèì, íàì óäàëîñü âûðàçèòü âñå èçâåñòíûå è íåèçâåñòíûå ñâîéñòâà Âñåëåííîé. Ðàçìåð òàáëèöû áûë îãðàíè÷åí ñåìüþ ôóíäàìåíòàëüíûìè
êîíñòàíòàìè, â ñâÿçè ñ òåì, ÷òî, èñêàòü êîíñòàíòû ñ íîìåðîì n > 7 íåöåëåñîîáðàçíî, ïîñêîëüêó ðåàëüíûå çíà÷åíèÿ äëÿ ñâîéñòâ ýëåìåíòàðíîé
ìàññû áóäóò âûðàæàòüñÿ î÷åíü ìàëåíüêèìè çíà÷åíèÿìè ñî ñòåïåíÿìè âåëè÷èí áîëüøå ñòà. Ñêîðåé âñåãî, âëèÿíèå ýòèõ êîíñòàíò íà âñåëåííóþ áóäåò
íè÷òîæíî ìàëî. Íî ýòî íå îçíà÷àåò, ÷òî ñóùåñòâóåò çàïðåò íà èõ íàëè÷èå âî Âñåëåííîé. Äëÿ ïîëíîòû êàðòèíû ìèðà, íàì íàäî ïîëó÷èòü ÷èñëåííûå
çíà÷åíèÿ ôóíäàìåíòàëüíûõ êîíñòàíò.
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Êàê âçâåñèòü Âñåëåííóþ? Ðàáûøêî Þ.Â.

Ãëàâà 4

Çàéìåìñÿ îïðåäåëåíèåì ÷èñëåííûõ çíà÷åíèé ìèðîâûõ êîíñòàíò. Íà òåêóùèé ìîìåíò, íàì òî÷íî èçâåñòíà ôóíäàìåíòàëüíàÿ êîíñòàíòà

c2 = γψ = ζ
1

R1
u

= (299792458)2
(
m2

s2

)
(48)

Íàì æå íàäî, êàê ìèíèìóì, äâå òî÷íî èçìåðåííûå êîíñòàíòû, ÷òîáû âû÷èñëèòü âñå êîíñòàíòû. ×òî æå êàñàåòñÿ îñòàëüíûõ êîíñòàíò, òî, êàê ìû
âèäèì, ñîâðåìåííîå ÷åëîâå÷åñòâî, çíàåò î ñóùåñòâîâàíèè âñåãî äâóõ êîíñòàíò � ñêîðîñòè ñâåòà è ïîñòîÿííîé Õàááëà. Ïðè÷åì, ïîñòîÿííàÿ Õàááëà çà
ïîñëåäíèå ñòî ëåò ìåíÿëàñü êàê ìèíèìóì, ðàç øåñòü. Ïîýòîìó, ìû íå ìîæåì áðàòü ÷èñëåííîå çíà÷åíèå ïîñòîÿííîé Õàááëà çà îñíîâó äëÿ ðàñ÷åòîâ.
Ìû íàéäåì âòîðóþ ôóíäàìåíòàëüíóþ êîíñòàíòó, ñëåäóþùóþ çà ñêîðîñòüþ ñâåòà (n = 3), ò.å. ñ ïîðÿäêîâûì íîìåðîì n = 4.

ψ2 = cH = ζ
1

R2
u

=???
(m
s2

)
(49)

Äëÿ ýòîãî, ìîæíî áûëî áû èñïîëüçîâàòü ôîðìóëó:

m =
1

cHG
v4m (19)

Ïðåîáðàçîâàâ åå ê âèäó:

ψ2 = cH =
v4m
mG

ãäå m � ìàññà ñïèðàëüíîé ãàëàêòèêè, vm � ñêîðîñòü çâåçä íà ïåðèôåðèè ãàëàêòèêè.
Íî ó ìåíÿ íåò òî÷íûõ äàííûõ ïî ñêîðîñòÿì çâåçä â ãàëàêòèêàõ è ìàññàì ãàëàêòèê. Ê òîìó æå, ìàññó ïðèäåòñÿ âû÷èñëÿòü èç v2m = G m

rm
(23), ò.å.

íàäî çíàòü åùå è ðàäèóñ ãàëàêòèêè. Ïîýòîìó, àíîìàëüíîå óñêîðåíèå âî Âñåëåííîé ìû íàéäåì äðóãèì ñïîñîáîì. Ïîèùåì àíîìàëèè â îêðåñòíîñòÿõ
Ñîëíöà.

Êàê ìû óæå âûÿñíèëè, âî Âñåëåííîé ïðèñóòñòâóåò àíîìàëüíîå óñêîðåíèå a = ψ2 = cH. Ëîãè÷íî ïðåäïîëîæèòü, ÷òî îíî âîçäåéñòâóåò íà ïëà-
íåòû ñîëíå÷íîé ñèñòåìû. Ðàñõîæäåíèå ïðåäñêàçàíèÿ òåîðèè Íüþòîíà è íàáëþäàåìûì ïîëîæåíèåì ïåðèãåëèÿ Ìåðêóðèÿ, íàçûâàåòñÿ àíîìàëüíûì
ñìåùåíèåì ïåðèãåëèÿ Ìåðêóðèÿ è ÷èñëåííî ðàâíî α

′′

100years
= 43 óãëîâûõ ñåêóíäû çà ñòî ëåò. Ó ðàçíûõ àâòîðîâ ýòà àíîìàëèÿ èìååò íåñêîëüêî

îòëè÷íûå îò ïðèâåäåííîãî çíà÷åíèÿ, íî ìû çà îñíîâó âîçüìåì ýòó âåëè÷èíó. Óïðîùàÿ ðàñ÷åòû, áóäåì ñ÷èòàòü îðáèòû äâèæåíèÿ ïëàíåò êðóãîâûìè.
Äëÿ âû÷èñëåíèÿ àíîìàëüíîãî óñêîðåíèÿ au, ÿ âîñïîëüçîâàëñÿ ôîðìóëàìè èç êíèãè Á. È. Ìàêàðîâà ¾Çàêîíû, óïðàâëÿþùèå Âñåëåííîé¿, ¾�11. Î
ñìåùåíèè ïåðèãåëèÿ ïëàíåò¿. Â ïðåäïîëîæåíèè, ÷òî íà ïëàíåòû äåéñòâóåò àíîìàëüíîå óñêîðåíèå, ïðèâîäÿùåå ê òîðìîæåíèþ ïëàíåòû, âñëåäñòâèå
÷åãî, íàðóøàåòñÿ ðàâíîâåñèå ìåæäó ñèëîé ïðèòÿæåíèÿ ïëàíåòû è öåíòðîáåæíîé ñèëîé. Òîãäà, ïëàíåòà íà÷íåò ïðèáëèæàòüñÿ ê Ñîëíöó. Ïðè ýòîì,
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Êàê âçâåñèòü Âñåëåííóþ? Ðàáûøêî Þ.Â.

êàñàòåëüíàÿ ñêîðîñòü ïëàíåòû áóäåò âîçðàñòàòü. Èñõîäÿ èç ýòèõ ïðåäïîëîæåíèé:

au =
∆S

t2
; ∆S = ∆φ · r; ∆φ =

α
′′

100years

100years
· π

3600
′′
◦ · 180◦

→ au =
∆φ · r
t2

→ au = ψ2 = cH =

43
′′

100years
100years

·π

3600
′′
◦ ·180◦

· 57909227000m(
365, 2564 day

year
· 24hour

day
· 3600 sec

hour

)2 = 1, 2122 · 10−10
(m
s2

)
ãäå ∆S = aut

2 � àíîìàëüíîå ñìåùåíèå Ìåðêóðèÿ, âûçâàííîå äåéñòâèåì íà ïëàíåòó àíîìàëüíîãî óñêîðåíèÿ, t � ñèäåðè÷åñêèé çåìíîé ãîä, âûðàæåííûé
â ñeêóíäàõ, r � áîëüøàÿ ïîëóîñü îðáèòû Ìåðêóðèÿ, ∆φ � óãîë àíîìàëüíîãî ñäâèãà ïåðèãåëèÿ Ìåðêóðèÿ çà ãîä.

Òàêèì îáðàçîì, ìû ïîëó÷èëè ÷èñëåííîå çíà÷åíèå àíîìàëüíîãî óñêîðåíèÿ:

au = ψ2 = cH = 1.2122 · 10−10
m

s2

×òîáû íàéòè âñå ôóíäàìåíòàëüíûå êîíñòàíòû, âîñïîëüçóåìñÿ ôîðìóëîé:

ε2n = εn−1εn+1 = ζR2−n
u

(
m5−n · s−2

)
(53)

Äëÿ ýòîãî, íàì íàäî íàéòè ìàññó Mu è ðàäèóñ Ru Âñåëåííîé. Çíàÿ, ÷òî

H =
c

Ru

→ ψ2 = cH =
c2

Ru

→ Ru =
c2

ψ2
=

(
299792458m

s

)2
1.2122 · 10−10m

s2

= 7, 41425 · 1026(m)

Íàéäåì ìàññó Âñåëåííîé: èç c2 = GMu

Ru
(4) ïîëó÷èì:

Mu =
c2Ru

G
=

(
299792458m

s

)2 · 7, 41425 · 1026m

6, 67384 · 10−11 m3

kg·s2
= 9, 985 · 1053(kg)
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Òàêèì îáðàçîì, ìû íàøëè ìàññó Âñåëåííîé è å¼ ðàäèóñ. Òåïåðü, ìû ìîæåì âîñïîëüçîâàòüñÿ ôîðìóëîé (53) äëÿ íàõîæäåíèÿ ÷èñëåííûõ çíà÷åíèé
ôóíäàìåíòàëüíûõ êîíñòàíò (òàáëèöà 2).

Íîìåð n Çíà÷åíèå ε2n Ðàçìåðíîñòü ε2n Çíà÷åíèå εn Ðàçìåðíîñòü εn
Ôèçè÷åñêèé

ñìûñë êîíñòàíò

... ... ... ... ...

-7 4,5114E+285 m12 · s−2 6,7167E+142 m6 · s−1 Íåèçâåñòåí

-6 6,0848E+258 m11 · s−2 2,4667E+129 m
11
2 · s−1 Íåèçâåñòåí

-5 8,2069E+231 m10 · s−2 9,0592E+115 m5 · s−1 Íåèçâåñòåí

-4 1,1069E+205 m9 · s−2 3,327E+102 m
9
2 · s−1 Íåèçâåñòåí

-3 1,4929E+178 m8 · s−2 1,22186E+89 m4 · s−1 Íåèçâåñòåí

-2 2,0136E+151 m7 · s−2 4,48734E+75 m
7
2 · s−1 Íåèçâåñòåí

-1 2,7159E+124 m6 · s−2 1,64799E+62 m3 · s−1 Íåèçâåñòåí

0 3,66305E+97 m5 · s−2 6,05231E+48 m
5
2 · s−1 Íåèçâåñòåí

1 4,94055E+70 m4 · s−2 2,22274E+35 m2 · s−1 Íåèçâåñòåí

2 6,66359E+43 m3 · s−2 8,16308E+21 m
3
2 · s−1 Íåèçâåñòåí

3 8,98755E+16 m2 · s−2 299792458 m1 · s−1 Ñêîðîñòü ñâåòà

4 1,2122E�10 m1 · s−2 1,101E-05 m
1
2 · s−1 Àíîìàëüíîå óñêîðåíèå [Ìèëãðîìà]

5 1,63496E�37 s−2 4,04346E-19 s−1 Ïîñòîÿííàÿ Õàááëà

6 2,20516E�64 m−1 · s−2 1,48498E-32 m−
1
2 · s−1 Íåèçâåñòåí

7 2,97422E�91 m−2 · s−2 5,45364E-46 m−1 · s−1 Íåèçâåñòåí

8 4,0115E�118 m−3 · s−2 2,00287E-59 m−
3
2 · s−1 Íåèçâåñòåí

... ... ... ... ...

Òàáëèöà 2
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Êàê âçâåñèòü Âñåëåííóþ? Ðàáûøêî Þ.Â.

Âû÷èñëèì çíà÷åíèå ýëåìåíòàðíîé ìàññû m0. Îäíîé èç èçâåñòíûõ õàðàêòåðèñòèê ýëåìåíòàðíîé ìàññû èçâåñòíîé íàì, ÿâëÿåòñÿ ýëåêòðè÷åñêèé

ýëåìåíòàðíûé çàðÿä e20. Èñïîëüçóåì ôîðìóëó (54), äëÿ α2 = e20 = m0γ
2 = m0ζR

0
u

(
kg·m3

s2

)
, òîãäà

m0 =
e20
γ2

=
e20
ζR0

u

=
e20

GMuR0
u

=
e20

GMu

=
2, 30708 · 10−28 kg·m

3

s2

6, 66359 · 1043m3

s2

= 3, 46222 · 10−72 (kg)

Çàòåì ìîæåì ðàññ÷èòàòü ýíåðãèþ ýëåìåíòàðíîé ìàññû:

E0 = m0c
2 = 3, 46222 · 10−72kg · 8, 98755 · 1016m

2

s2
= 3, 11168 · 10−55

(
kg
m2

s2

)
(55)

Òåïåðü âû÷èñëèì îáùåå êîëè÷åñòâî ýëåìåíòàðíûõ ÷àñòèö â íàøåé Âñåëåííîé:

Nm0 =
Mu

m0

=
Mu

e20
ζ

=
ζMu

e20
= G

c4R2
u

G2

e20
=

c4R2
u

G

e20
=
FuR

2
u

e20
=
EuRu

e20
=
e2u
e20

=
9, 985 · 1053kg

3, 46222 · 10−72kg
= 2, 8839 · 10125 , (56)

ãäå eu � çàðÿä Âñåëåííîé. Òàêèì îáðàçîì, êîëè÷åñòâî ÷àñòèö â íàøåé Âñåëåííîé ðàâíî 2, 8839 · 10125. Èç ïðèâåäåííîé âûøå ôîðìóëû ìû òàêæå
ìîæåì íàéòè ïîëíûé çàðÿä Âñåëåííîé.

Èç (56) ïîëó÷àåì:

m0

Mu

=
e20
e2u
→ e2u = e20

Mu

m0

= Nm0e
2
0 = 2, 8839 · 10125 · 2, 30708 · 10−28

kg m3

s2
= 6, 65337 · 1097kg m

3

s2

Ìû íàøëè çíà÷åíèå ýëåìåíòàðíîé ìàññû. Òåïåðü ìû ìîæåì îïðåäåëèòü ôóíäàìåíòàëüíûå ñâîéñòâà ýëåìåíòàðíîé ìàññû. Èñïîëüçóÿ ôîðìóëó
(54) è òàáëèöó 1, ïîñòðîèì íîâóþ òàáëèöó, ïîäñòàâëÿÿ âû÷èñëåííîå çíà÷åíèå ýëåìåíòàðíîé ìàññû.

18



Êàê âçâåñèòü Âñåëåííóþ? Ðàáûøêî Þ.Â.

= α1 = µ0

kg ·m4

s2

= α2 = e20
kg ·m3

s2

= α3 = E0

kg ·m2

s2

= α4 = F0

kg ·m
s2

= α5 = K0

kg

s2

= α6 = P0

kg

m · s2

= α7 = J0
kg

m2 · s2

α1 × . . . = µ0 × . . .
kg ·m4

s2
. . .×R0

u

0, 17097267
. . .×R−1u

2, 306E − 28
. . .×R−2u

3, 11023E − 55
. . .×R−3u

4, 19494E − 82
. . .×R−4u

5, 6579E − 109
. . .×R−5u

7, 6312E − 136
. . .×R−6u

1, 0293E − 162

α2 × . . . = e20 × . . .
kg ·m3

s2
. . .×R1

u

0, 17097267
. . .×R0

u

2, 306E − 28
. . .×R−1u

3, 11023E − 55
. . .×R−2u

4, 19494E − 82
. . .×R−3u

5, 6579E − 109
. . .×R−4u

7, 6312E − 136
. . .×R−5u

1, 0293E − 162

α3 × . . . = E0 × . . .
kg ·m2

s2
. . .×R2

u

0, 17097267
. . .×R1

u

2, 306E − 28
. . .×R0

u

3, 11023E − 55
. . .×R−1u

4, 19494E − 82
. . .×R−2u

5, 6579E − 109
. . .×R−3u

7, 6312E − 136
. . .×R−4u

1, 0293E − 162

α4 × . . . = F0 × . . .
kg ·m
s2

. . .×R3
u

0, 17097267
. . .×R2

u

2, 306E − 28
. . .×R1

u

3, 11023E − 55
. . .×R0

u

4, 19494E − 82
. . .×R−1u

5, 6579E − 109
. . .×R−2u

7, 6312E − 136
. . .×R−3u

1, 0293E − 162

α5 × . . . = K0 × . . .
kg

s2
. . .×R4

u

0, 17097267
. . .×R3

u

2, 306E − 28
. . .×R2

u

3, 11023E − 55
. . .×R1

u

4, 19494E − 82
. . .×R0

u

5, 6579E − 109
. . .×R−1u

7, 6312E − 136
. . .×R−2u

1, 0293E − 162

α6 × . . . = P0 × . . .
kg

m · s2
. . .×R5

u

0, 17097267
. . .×R4

u

2, 306E − 28
. . .×R3

u

3, 11023E − 55
. . .×R2

u

4, 19494E − 82
. . .×R1

u

5, 6579E − 109
. . .×R0

u

7, 6312E − 136
. . .×R−1u

1, 0293E − 162

α7 × . . . = J0 × . . .
kg

m2 · s2
. . .×R6

u

0, 17097267
. . .×R5

u

2, 306E − 28
. . .×R4

u

3, 11023E − 55
. . .×R3

u

4, 19494E − 82
. . .×R2

u

5, 6579E − 109
. . .×R1

u

7, 6312E − 136
. . .×R0

u

1, 0293E − 162

Òàáëèöà 3

Òàêèì îáðàçîì, ìû âèäèì, êàê ïðîèñõîäèò ôîðìèðîâàíèå ôèçè÷åñêèõ ñâîéñòâ Âñåëåííîé. Âñå ôèçè÷åñêèå ñâîéñòâà çàâèñÿò îò îäíîãî åäèíñòâåí-
íîãî ïàðàìåòðà - ðàäèóñà âñåëåííîé. Òî÷íî òàê æå, êàê âñå ôóíäàìåíòàëüíûå êîíñòàíòû ñâÿçàíû ìåæäó ñîáîé, òàê è ôèçè÷åñêèå ñâîéñòâà ìàòåðèè
èìåþò ïðÿìóþ âçàèìîñâÿçü ìåæäó ñîáîé. Êðîìå òîãî, ìû âèäèì, ÷òî â çàêîíå ôîðìèðîâàíèÿ ñâîéñòâ ìàòåðèè αn = m0ε

2
n = m0ζR

2−n
u (kg ·m5−ns−2)

(54), ïðèñóòñòâóþò íåèçâåñòíûå ñâîéñòâà, êîòîðûå íàì ïðåäñòîèò èçó÷èòü â áóäóùåì.
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Ãëàâà 5

Âåðíåìñÿ èç ìèêðîìèðà â ìàêðîìèð. Ìû óæå âûÿñíèëè, ïî êàêèì çàêîíàì âðàùàåòñÿ âåùåñòâî â ãàëàêòèêàõ. Îáðàòèìñÿ ê îäíîìó èç ãàëàêòè-
÷åñêèõ çàêîíîâ.

rm =
1

cH
v2m (21)

Îí áûë ïîëó÷åí èç îáùèõ ïðèíöèïîâ îðãàíèçàöèè íàøåé Âñåëåííîé è, ñîîòâåòñòâåííî, åãî äåéñòâèå ðàñïðîñòðàíÿåòñÿ íå òîëüêî íà ãàëàêòèêè, à
âîîáùå íà íåêîòîðóþ îáëàñòü ïðîñòðàíñòâà, â êîòîðîé íàõîäèòñÿ êàêîå ëèáî âåùåñòâî îáëàäàþùåå ìàññîé, âêëþ÷àÿ âñþ Âñåëåííóþ. Êàê ñëåäñòâèå,
ýòîò çàêîí, ìû ìîæåì ðàñïðîñòðàíèòü íà ëþáûå ìàñøòàáû, îãðàíè÷åííûå ëèøü ðàäèóñîì Âñåëåííîé. Íà çâåçäíûå ñèñòåìû, íà ãàëàêòèêè, íà ãðóïïó
ãàëàêòèê, íà ãàëàêòè÷åñêèå êëàñòåðû, íà îáúåäèíåíèå êëàñòåðîâ. Òàêèì îáðàçîì, çàêîí (21) îòâå÷àåò çà äâèæåíèå âåùåñòâà âî Âñåëåííîé è çà òó
êàðòèíó, êîòîðóþ ìû íàáëþäàåì ñ Çåìëè. Ïðåîáðàçóåì ôîðìóëó

rm =
1

cH
v2m → v2m = cHrm →

v2m
c

= Hrm

v2m
c

= Hrm (57)

Ñðàâíèì åãî ñ çàêîíîì Õàááëà vm = Hrm. Ìû âèäèì, ÷òî çàêîí Õàááëà � ëèíåéíàÿ ôóíêöèÿ. Ò.å., ÷åì äàëüøå îò íàñ îáëàñòü ïðîñòðàíñòâà, òåì
áûñòðåé äâèãàåòñÿ îáúåêò. Â òîæå âðåìÿ ôîðìóëà (57) ïîêàçûâàåò íåëèíåéíûé õàðàêòåð çàâèñèìîñòè ñêîðîñòè îò ðàññòîÿíèÿ. Ó îáåèõ ôóíêöèé åñòü
òîëüêî äâå òî÷êè ïåðåñå÷åíèÿ èõ ãðàôèêîâ ïðè rm = 0 è rm = Ru. Ïîäñòàâèì â îáå ôîðìóëû çíà÷åíèå ðàäèóñà Âñåëåííîé. Çàêîí Õàááëà ïðèìåò âèä:
c = HRu èëè H = c

Ru
, äëÿ

v2m
c

= Hrm →
c2

c
= HRu → c = HRu

èëè

H =
c

Ru

Ôîðìóëà (57), â ïðåäåëüíîì ñëó÷àå, ïðåîáðàçóåòñÿ â êëàññè÷åñêóþ ôîðìóëó, âûðàæàþùóþ ïîñòîÿííóþ Õàááëà.
Íå òàê äàâíî, áûëî îòêðûòî ÿâëåíèå íåëèíåéíîãî ðàçëåòà ãàëàêòèê â ïðîñòðàíñòâå. Ôîðìóëà (57), â îòëè÷èå îò ëèíåéíîãî çàêîíà Õàááëà, äàåò

íàì òî÷íóþ, íåëèíåéíóþ çàâèñèìîñòü ñêîðîñòè ãàëàêòèêè îò ðàññòîÿíèÿ äî íàáëþäàòåëÿ.
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Íàéäåì çàêîí êðàñíîãî ñìåùåíèÿ. Ïîëó÷èì çàêîí êðàñíîãî ñìåùåíèÿ èç ýôôåêòà Äîïëåðà:

z =
f0 − fm
f0

=
vm
c

Ïîäñòàâèâ çàêîí Õàááëà vm = Hrm , òîãäà èìååì:

z =
vm
c

=
Hrm
c

=
rm
Ru

→ cz = Hrm

Çàêîí ¾êðàñíîå ñìåùåíèå � ðàññòîÿíèå¿ äëÿ çàêîíà Õàááëà áóäåò èìåòü âèä:

rm =
cz

H

Êëàññè÷ñêèé ëèíåéíûé çàêîí Õàááëà:

rm = zRu

Òåïåðü ïðîâåäåì òå æå âû÷èñëåíèÿ ñ èñïîëüçîâàíèåì ôîðìóëû (57).

v2m
c

= Hrm → v2m = cHrm → vm =
√
cHrm

Ïîëó÷åííóþ ñêîðîñòü ïîäñòàâèì â z = vm
c
. Ïîëó÷àåì:

z =
vm
c

=

√
cHrm
c

→ z2 =
cHrm
c2
→ z2 =

Hrm
c

=
rm
Ru

→ cz2 = Hrm (58)

Òîãäà çàêîí ¾êðàñíîå ñìåùåíèå � ðàññòîÿíèå¿ áóäåò èìåòü âèä rm = cz2

H
. Õîòåëîñü áû åùå ðàç îáðàòèòü âíèìàíèå íà ôîðìóëó

z2 =
rm
Ru

(59)

Ðàññòîÿíèå äî èñêîìîãî îáúåêòà âî Âñåëåííîé áóäåò âûðàæàòüñÿ íåëèíåéíîé ôîðìóëîé:

rm = z2Ru , (60)

ãäå z èçìåíÿåòñÿ â äèàïàçîíå ÷èñåë îò 0 äî 1.
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Ãëàâà 6

Ðàññ÷èòàåì ïëîòíîñòü Âñåëåííîé. Ñàìûé ïðîñòîé âàðèàíò, çíàÿ ìàññó Âñåëåííîé è åå ðàäèóñ, ðàññ÷èòàåì ïî ôîðìóëå (5).

ρu =
Mu

Vu
=

Mu

4
3
πR3

u

=
9, 98465 · 1053kg

4
3
π (7, 41425 · 1026m)3

= 5, 84848 · 10−28
kg

m3

Òåïåðü âîñïîëüçóåìñÿ ôîðìóëîé (6) è ðàññ÷èòàåì ïëîòíîñòü Âñåëåííîé ÷åðåç ñêîðîñòü ñâåòà è ðàäèóñ Âñåëåííîé.

ρu =
3

4πR2
u

c2

G
=

3

4πG

c2

R2
u

=
3

4πG

(
299792458m

s

)2
(7, 41425 · 1026m)2

= 5, 84848 · 10−28
kg

m3

Òðåòèé âàðèàíò íàõîæäåíèÿ ïëîòíîñòè - ÷åðåç ïîñòîÿííóþ Õàááëà, âîñïîëüçóåìñÿ ôîðìóëîé (7).

ρu =
3H2

4πG
=

3
(
4, 04346 · 10−19 1

s

)2
4π
(

6, 67384 · 10−11 m3

kg·s2

) = 5, 84848 · 10−28
kg

m3

Ïðàêòè÷åñêèì îïðåäåëåíèåì ïëîòíîñòè Âñåëåííîé â ïðîøëîì âåêå çàíèìàëñÿ àñòðîíîì Îîðò. Åãî çíà÷åíèå ïëîòíîñòè, âû÷èñëåííîå ÷åðåç ñâåòè-
ìîñòü íåêîòîðûõ îáëàñòåé Âñåëåííîé ðàâíî:

ρuOort ≈ 3 · 10−28
kg

m
,

ïðè óñëîâèè, ÷òî H = 75km
s
íà ìåãàïàðñåê.

Êàê ìû âèäèì, ìîÿ îöåíêà ïëîòíîñòè Âñåëåííîé äîñòàòî÷íà áëèçêà ê îöåíêå ïîëó÷åííîé Îîðòîì è îòëè÷àåòñÿ â äâà ðàçà. Ñêîðåé âñåãî, ýòî
ñâÿçàíî ñ íåòî÷íûì îïðåäåëåíèåì ïîñòîÿííîé Õàááëà. Ìàòåìàòè÷åñêè ìîæíî âû÷èñëèòü ðàçíèöó ìåæäó ìîåé îöåíêîé è îöåíêîé èñïîëüçóåìîé â
ñîâðåìåííîé êîñìîëîãèè. Ñðàâíèì äâà çíà÷åíèÿ, ìî¼ çíà÷åíèå ρu = 3H2

4πG
è ρc = 3H2

8πG
:

Ω =
ρu
ρc

=
3H2

4πG
3H2

8πG

= 2,

òîãäà

ρu = 2ρc

Ýòî îçíà÷àåò, ÷òî ðåàëüíàÿ ïëîòíîñòü âñåëåííîé â äâà ðàçà âûøå êðèòè÷åñêîé. Ìû íå áóäåì àíàëèçèðîâàòü ïîëó÷åííîå ñîîòíîøåíèå. Ýòî íå
âõîäèò â çàäà÷è ýòîé êíèãè. Çàìå÷ó, ÷òî óìíîæèâ ïîëó÷åííîå çíà÷åíèå ïëîòíîñòè Îîðòà íà 2, ìû íàéä¼ì çíà÷åíèå ïîëó÷åííîå âûøå ìíîé.
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Ïðîâåäåì åùå îäíó îöåíêó ïëîòíîñòè. Íàéäåì ïëîòíîñòü Âñåëåííîé äëÿ ñïðàâî÷íîãî çíà÷åíèÿ ïîñòîÿííîé Õàááëà:

H = 2, 54 · 10−18s−1,

òîãäà

ρc =
3H2

8πG
=

3
(
2, 54 · 10−18 1

s

)2
8πG

= 1, 1539 · 10−26
kg

m3
,

òîãäà

Ωrelativ =
ρu
ρc

=
5, 84848 · 10−28 kg

m3

1, 1539 · 10−26 kg
m3

≈ 0, 05

Êàê âèäèì, íàéäåííàÿ íàìè ïëîòíîñòü âåùåñòâà âî âñåëåííîé ñîñòàâëÿåò âñåãî 5% îò êðèòè÷åñêîé ïëîòíîñòè, âû÷èñëåííîé èç ñîâðåìåííîãî
çíà÷åíèÿ ïîñòîÿííîé Õàááëà, ÷òî ñîâïàäàåò ñ ñîâðåìåííûì çíà÷åíèåì áàðèîííîé ìàòåðèè âî Âñåëåííîé. Åäèíñòâåííàÿ ðàçíèöà, ìû ïîëó÷èëè çíà÷åíèå
ïëîòíîñòè áåç ïðèìåíåíèÿ ïîíÿòèÿ ò¼ìíîé ýíåðãèè è òåìíîé ìàòåðèè. Ýòî ìîæåò ãîâîðèòü íàì î òîì, ÷òî Âñåëåííàÿ çàïîëíåíà èñêëþ÷èòåëüíî
áàðèîííîé ìàòåðèåé.
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Ãëàâà 7

Â ðàìêàõ äàííîé êíèãè, íàì îñòàëîñü ïîëó÷èòü çàêîí ãðàâèòàöèè. Èñõîäÿ èç âûøåñêàçàííîãî, ìû çíàåì, ÷òî íà ëþáîå òåëî îáëàäàþùåå ìàññîé
äåéñòâóåò àíîìàëüíàÿ ñèëà ñî ñòîðîíû âñåõ òåë, íàõîäÿùèõñÿ âî Âñåëåííîé, íå çàâèñÿùàÿ îò ðàññòîÿíèÿ. Fm = mau = mc2

Ru
= cHm (37). Íî, íà ýòî

æå òåëî ìîæåò äåéñòâîâàòü ñèëà Íüþòîíà ñî ñòîðîíû äðóãîãî òåëà FNewton = GmM
r2
, ãäå M � ìàññà äðóãîãî òåëà, ïëàíåòû, çâåçäû è r � ðàññòîÿíèå

ìåæäó ïðîáíîé ìàññîé m è òåëîì M . Òîãäà ìîæíî çàïèñàòü:

F = FNewton − Fm = G
mM

r2
− cHm (61)

Èëè

F = G
mM

r2
− mc2

Ru

(62)

Èëè òîò æå çàêîí òÿãîòåíèÿ (61) â âåêòîðíîé ôîðìå ïðèìåò âèä:

~F = m

(
GM − cHr2

r3

)
~r (63)

Òåïåðü, äëÿ çàêîíà ãðàâèòàöèè (61), ïîëó÷èì çàêîí (18), ïîëîæèì ðàâåíñòâî ñèëû Íüþòîíà FNewton àíîìàëüíîé ñèëå Fm, ò.å. F = 0. Òîãäà,

F = 0 = G
mM

r2
− cHm→ G

mM

r2
= cHm→ G

M

r2
= cH →M =

cH

G
r2 , (18)

ãäå M � ìàññà ãàëàêòèêè è r åå ðàäèóñ.
Òàê æå, èç (62) ìîæíî ïîëó÷èòü çàêîí (4), óñòðåìèâ ìàññó M ê Mu è r ê Ru . Òîãäà,

F = 0 = G
mMu

R2
u

− mc2

Ru

→ G
mMu

R2
u

=
mc2

Ru

→ G
Mu

R2
u

=
c2

Ru

→ G
Mu

Ru

= c2 (4)

Òàêèì îáðàçîì, ìû âèäèì, ÷òî îäíà åäèíñòâåííàÿ ôîðìóëà èëè íîâûé çàêîí ãðàâèòàöèè ~F = m
(
GM−cHr2

r3

)
~r äàåò íàì ïîëíóþ êàðòèíó ãðà-

âèòàöèîííûõ âçàèìîäåéñòâèé äëÿ âñåé Âñåëåííîé, íà÷èíàÿ îò âðàùåíèÿ Ìåðêóðèÿ è, çàêàí÷èâàÿ ãàëàêòè÷åñêèìè êëàñòåðàìè è âñåé Âñåëåííîé â
öåëîì.

Ïîñòðîèì ãðàôèêè ãðàâèòàöèîííûõ ïîòåíöèàëîâ Ñîëíöà äëÿ òåîðèè Íüþòîíà è ìîåé ãðàâèòàöèîííîé òåîðèè. Äëÿ Ñîëíöà ïî òåîðèè Íüþòîíà
èìååì:

ENewton = mφNewton = FNewtonr = G
mM

r2
r → mφNewton = FNewtonr = G

mM

r
→ φNewton = v2 = G

M

r
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Äëÿ ìîåãî çàêîíà ãðàâèòàöèè (61):

E = mφ = Fr =

(
G
mM

r2
− cHm

)
r → φ = v2 = G

M

r
− cHr

Êàê âèäèì, íà ãðàôèêå 1, ãðàâèòàöèîííûé ïîòåíöèàë Ñîëíöà, âû÷èñëåííûé èç êëàññè÷åñêîãî çàêîíà Íüþòîíà, íèêîãäà íå îïóñêàåòñÿ íèæå íóëÿ.
Â òîæå âðåìÿ, ïî íîâîìó çàêîíó ãðàâèòàöèè, ïîòåíöèàë ïðåñåêàåò îñü x. Òî÷êà ïåðåñå÷åíèÿ ñ îñüþ x äàåò íàì ðàâåíñòâî ãðàâèòàöèîííîãî ïîòåíöèàëà
Ñîëíöà è âíåøíåãî ïîòåíöèàëà, ñîçäàâàåìîãî âñåìè òåëàìè Âñåëåííîé. Äàííàÿ òî÷êà � ãðàíèöà ñîëíå÷íîé ñèñòåìû, ðàññòîÿíèå îò öåíòðà Ñîëíöà
ñîñòàâëÿåò r ≈ 1015 ìåòðà èëè 39 ñâåòîâûõ äíåé. Òàêæå, èç ãðàôèêà âèäíî, ëþáîå òåëî â Ñîëíå÷íîé ñèñòåìå áóäåò äâèãàòüñÿ íåñêîëüêî ìåäëåííåé,
÷åì äàþò ðàñ÷åòû ïî çàêîíó Íüþòîíà. Ýòî îçíà÷àåò, ÷òî ïðè ñðàâíåíèè ðàñ÷åòíûõ ñêîðîñòåé ñ ðåàëüíûìè, ìû áóäåì íàáëþäàòü ¾ôèîëåòîâûé¿
ñäâèã. ×òî è áûëî çàìå÷åíî ïðè íàáëþäåíèè äâèæåíèÿ çîíäîâ ¾Ïèîíåð¿, ïðè ýòîì àíîìàëüíîå óñêîðåíèå çîíäîâ äîëæíî áûòü áëèçêî ê çíà÷åíèþ
au = cH = 1, 2122 · 10−10

(
m
s2

)
. Ïðè íàáëþäåíèè îáúåêòîâ çà ãðàíèöåé Ñîëíå÷íîé ñèñòåìû, ìû áóäåì íàáëþäàòü îáðàòíûé ýôôåêò, ò.å. ¾êðàñíûé¿

äîïïëåðîâñêèé ñäâèã au = cH = 1, 2122 · 10−10
(
m
s

)
.

Åñëè ðàññ÷èòàòü ãðàôèê äëÿ ìàñøòàáà íàøåé ãàëàêòèêè, òî, çíàÿ ñêîðîñòü äâèæåíèÿ ãàëàêòè÷åñêîãî öåíòðà îòíîñèòåëüíî Ñîëíöà, èëè Ñîëíöà,
îòíîñèòåëüíî ãàëàêòè÷åñêîãî öåíòðà, ìîæíî íàéòè ðàññòîÿíèå äî öåíòðà ãàëàêòèêè îò Ñîëíöà. φ = v2 = GM

r
− cHr, ïåðâûé ÷ëåí èëè ïîòåíöèàë

Íüþòîíà ñòðåìèòñÿ ê íóëþ, òîãäà:

φ = v2 = cHr → r =
v2

cH
=

(
220000m

s

)2
1, 2122 · 10−10m

s2

= 3, 99 · 1020m

Ñì. ãðàôèê 2.
Èñïîëüçóÿ m = cH

G
r2m (18), íàéäåì ìàññó íàøåé ãàëàêòèêè âíóòðè ðàäèóñà "Ñîëíöå � öåíòð ìàññ ãàëàêòèêè":

m =
cH

G
r2m =

1, 2122 · 10−10m
s2

6, 67384 · 10−11 m3

kg·s2
·
(
3, 99 · 1020m

)2
= 2, 89 · 1041(kg)

èëè ñðàçó èç

m =
1

cHG
v4m =

1

1, 2122 · 10−10m
s2
· 6, 67384 · 10−11 m3

kg·s2
·
(

220000
m

s

)4
= 2, 89 · 1041(kg) (19)

Äëÿ ãàëàêòèêè Àíäðîìåäà ðàäèóñ 1, 039 · 1021m, òîãäà å¼ ìàññà ñîñòàâèò 1, 96 · 1042kg, ò.å. Àíäðîìåäà â 6,7 ðàçà ìàññèâíåé ìëå÷íîãî ïóòè.
Êàê ìû óæå âûÿñíèëè âûøå, ãðàâèòàöèîííûé ïîòåíöèàë Âñåëåííîé ðàâåí c2 íà ðàññòîÿíèè Ru è ïîëíîìàñøòàáíûé ãðàôèê çàâèñèìîñòè ãðàâè-

òàöèîííîãî ïîòåíöèàëà îò ðàññòîÿíèÿ èç òî÷êè íàáëþäåíèÿ áóäåò èìåòü âèä, êàê ïîêàçàíî íà ãðàôèêå 3. Èç òî÷êè íàáëþäåíèÿ, ãðàâèòàöèîííûé
ïîòåíöèàë ëèíååí îòíîñèòåëüíî ðàññòîÿíèÿ, çà èñêëþ÷åíèåì íåáîëüøîé îáëàñòè ñ äîìèíèðîâàíèåì ñîëíå÷íîãî ãðàâèòàöèîííîãî ïîòåíöèàëà Íüþ-
òîíà. ×åãî íåëüçÿ ñêàçàòü î ñêîðîñòÿõ îáúåêòîâ, ïîñêîëüêó φ = v2, òî ãðàôèê íàáëþäàåìûõ ñêîðîñòåé, àíàëîãè÷íûé ëèíåéíîìó ãðàôèêó Õàááëà
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ñêîðîñòü � ðàññòîÿíèå, áóäåò èìåòü íåëèíåéíóþ, êâàäðàòè÷íóþ çàâèñèìîñòü. Ò.å., íåäàâíî îòêðûòîå è íàáëþäàåìîå íåëèíåéíîå ¾êðàñíîå¿ ñìåùåíèå
â ñïåêòðàõ êîñìè÷åñêèõ îáúåêòîâ, ëåæàùèõ çà ïðåäåëàìè Ñîëíå÷íîé ñèñòåìû. Ñì. ãðàôèê 4.

Íîâûé çàêîí ãðàâèòàöèè ïîçâîëÿåò ïîíÿòü âîçíèêíîâåíèå àíîìàëüíûõ ñêîðîñòåé, êàê â Ñîëíå÷íîé ñèñòåìå, òàê è çà åå ïðåäåëàìè. Ïîíÿòíûì
ñòàíîâèòñÿ ýìïèðè÷åñêîå ñîîòíîøåíèå Òàëëè-Ôèøåðà L ∝ m ∝ v4. Tàê æå, ïîíÿòíûì ñòàíîâÿòñÿ îãðîìíûå ñêîðîñòè ãàëàêòè÷åñêèõ ñêîïëåíèé, êàê
è ñêîðîñòè çàãàäî÷íûõ îáúåêòîâ êâàçàðîâ, èìåþùèõ îêîëî ñâåòîâûå ñêîðîñòè è, íàõîäÿùèåñÿ íà ðàññòîÿíèÿõ ñîèçìåðèìûõ ñ ìàñøòàáîì âñåëåííîé.
Îáúåì äàííîé êíèãè íå ïîçâîëÿåò ìíå ïðîâåñòè áîëåå äåòàëüíûé àíàëèç äèíàìèêè ãàëàêòèê è ãàëàêòè÷åñêèõ êëàñòåðîâ, òàêæå, äàòü áîëåå äåòàëüíîå
îáúÿñíåíèå äëÿ äðóãèõ ÿâëåíèé âî Âñåëåííîé. Íî, âîçìîæíî, â áóäóùåì âûéäåò áîëåå ïîëíîå èçäàíèå, ñ ïîäðîáíûì ðàçúÿñíåíèåì äèíàìèêè ìàññ
Âñåëåííîé.

Ñ óâàæåíèåì, Þðèé Ðàáûøêî. Ôåâðàëü 2015 ãîäà. e-mail: aeromash@gmail.com www.turbidium.com +375-29-751-88-60
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