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♣ I. ÒÅÎÐÈß ÊÎÑÌÎËÎÃÈ×ÅÑÊÈÕ ÂÎÇÌÓÙÅÍÈÉ

•Ñïèñîê ñîîòâåòñòâóþùèõ ïóáëèêàöèé

• S. M. Kopeikin and A. N. Petrov, Post-Newtonian Celestial
Dynamics in Cosmology: Field Equations, Phys. Rev. D, 87 (2013)
044029;

• S. M. Kopeikin and A. N. Petrov, Dynamic Field Theory and
Equations of Motion in Cosmology, Annals of Physics, 350 (2014),
pp. 379-440;

•A. Petrov and S. Kopeikin, Post-Newtonian approximations in
cosmology, in book: Frontiers in Relativistic Celestial Mechanics,
Volume 1: Theory (De Gruyter studies in mathematical physics
21), Ed.: S.M.Kopeikin (De Gruyter, printed in Germany, 2014)
pp. 295 - 392;



• S. M. Kopeikin and A. N. Petrov, Equations of Motion in an
Expanding Universe, in book: Equations of Motion in Relativistic
Gravity, Series: Fundamental Theories of Physics, v. 179, Eds.: D.
Puetzfeld, C. Lammerzahl and B. Schutz (Springer International
Publishing, 2015), pp. 689-757.



1. Ïîâûøàåòñÿ òî÷íîñòü íàáëþäåíèé, ðàñøèðåíû îáúåì èññëå-
äîâàíèé, ðàçíîîáðàçèå èññëåäîâàíèé: Íåîáõîäèìîñòü îïèñàíèÿ
äâèæåíèÿ ñèñòåì íåáåñíûõ òåë íà ôîíå ðàñøèðÿþùåéñÿ Âñå-
ëåííîé. Åñëè âëèÿíèå ðàñøèðåíèÿ åùå äîëãî áóäåò íåñóùå-
ñòâåííî (íåíàáëþäàåìî) â ðàìêàõ ïëàíåòàðíûõ ñèñòåì, òî òà-
êàÿ òåîðèÿ ìîæåò áûòü â íåîòäàëåííîì áóäóùåì áóäåò ïîëåç-
íà äëÿ èçó÷åíèÿ äâèæåíèé â ãàëàêòèêàõ, ñêîïåíèÿõ ãàëàêòèê,
êëàñòåðàõ, øàðîâûõ ñêîïëåíèÿõ.

Áàçèñ îáû÷íîé ðåëÿòèâèñòñêîé íåáåñíîé ìåõàíèêè:

•Èçó÷àþòñÿ èçîëèðîâàííûå àñòðîíîìè÷åñêèå ñèñòåìû ñ àñèìï-
òîòè÷åñêè ïëîñêèì ïðîñòðàíñòâîì-âðåìåíåì;

•Ëîêàëèçàöèÿ èçîëèðîâàííîé ñèñòåìû çàäàåòñÿ ñ ïîìîùüþ ÒÝÈ
ìàòåðèè: Tαβ(Θ, gµν);

•Ôèçè÷åñêàÿ ìåòðèêà ðàññìàòðèâàåòñÿ êàê ìåòðèêà Ìèíêîâñêî-
ãî, âîçìóùåííàÿ ëîêàëèçîâààíííîé ìàòåðèåé:

gµν = ηµν + κµν;



• ïåðâîå, κµν ðàññìàòðèâàåòñÿ êàê ïîñò-ìèíêîâñêèå ðàçëîæåíèÿ
ïî ñòåïåíÿì G:

κµν = G [1]κµν +G2
[2]κµν +G3

[3]κµν + . . . ;

• âòîðîå, [k]κµν ðàññìàòðèâàåòñÿ êàê ïîñò-íüþòîíîâñêèåèå ðàçëî-
æåíèÿ ïî ñòåïåíÿì 1/c:

[k]κµν = c−1
[k]κ

[1]
µν + c−2

[k]κ
[2]
µν + c−3

[k]κ
[3]
µν + . . . ;

• â ãðàíèöàõ áëèæíåé çîíû ðàññìàòðèâàåòñÿ äâèæåíèå òåë ñ ó÷å-
òîì ýòèõ âîçìóùåíèé.



2. Äëÿ íîâîé íåáåñíîé ìåõàíèêè íåîáõîäèìà
ñîîòâåòñâóþùàÿ òåîðèÿ êîñìîëîãè÷åñêèõ âîçìóùåíèé.

•Òåïåðü ôèçè÷åñêàÿ ìåòðèêà ðàññìàòðèâàåòñÿ êàê ìåòðèêà Ôðèä-
ìàíà, âîçìóùåííàÿ (òî æå ñàìîå) ëîêàëèçîâààíííîé ìàòåðèåé:

gµν = ḡµν + κµν;

• çäåñü, κµν ðàññìàòðèâàåòñÿ êàê ïîñò-ôðèäìàíîâñêîå ðàçëîæå-
íèå ïî ñòåïåíÿì H:

κµν = κ[0]
µν +Hκ[1]

µν +H2κ[2]
µν +H3κ[3]

µν + . . . ;

• ïðè H → 0 ïðåäïîëàãàåòñÿ ñîîòâåòñòâèå κ[0]
µν = κµν, äëÿ êîòîðî-

ãî âûïîëíèìû âñå ïîñò-ìèíêîâñêè-íüþòîíîâû ðàçëîæåíèÿ ïî
ñòåïåíÿì.



3. Òåîðèÿ êîñìîëîãè÷åñêèõ âîçìóùåíèé - î÷åíü ðàçâèòàÿ îòðàñëü.
Îäíàêî ïîïóëÿðíûå êàëèáðîâêè äëÿ êîñìîëîãè÷åñêèõ âîçìó-
ùåíèé íå ãîäÿòñÿ äëÿ íîâîé íåáåñîé ìåõàíèêè íà ðàñøèðÿþ-
ùåìñÿ ôîíå. Òàêàÿ êàëèáðîâêà áûëà ïðèäóìàíà Ñåðãååì Êî-
ïåéêèíûì â ðàííèõ ðàáîòàõ, èíèöèèðîâàííûì èì, 2002-2003.
Èìåííî èäåè ýòèõ ðàííèõ ðàáîò áûëè ðàçâèòû äëÿ ïîñòðîåíèÿ
òåîðèè, àäàïòèðîâàííîé ê íåáåñíîé ìåõàíèêå.

Áàçèñ íîâîé òåîðèè êîñìîëîãè÷åñêèõ âîçìóùåíèé:

•Èçó÷àþòñÿ èçîëèðîâàííûå àñòðîíîìè÷åñêèå ñèñòåìû íà FLRW
ôîíå. Ëîêàëèçàöèÿ èçîëèðîâàííîé ñèñòåìû çàäàåòñÿ ñ ïîìî-
ùüþ ÒÝÈ ìàòåðèè: Tαβ(Θ, gµν) - îí æå ÿâëÿåòñÿ çàòðàâî÷íûì
âîçìóùåíèåì;

•Ëàãðàíæèàí ôîíîâîé ñèñòåìû:
L̂ = L̂H(ḡµν) + L̂m(Φ̄) + L̂q(Ψ̄)

� ḡµν - FLRW ìåòðèêà (âñå òðè çíàêà êðèâèçíû: k = 0,±1;



� Φ - ïîòåíöèàë Êëåáøà (èäåàëüíàÿ æèäêîñòü, èìèòàòîð òåì-
íîé ìàòåðèè);

�Ψ - áåçìàññîâîå ñêàëÿðíîå ïîëå (èìèòàòîð òåìíîé ýíåðãèè).

•Ñèñòåìà âîçìóùàåòñÿ ëîêàëèçîâàííîé ìàòåðèåé ñ Ëàãðàíæè-
àíîì L̂M (Θ, gµν):√

−ggµν =
√
−ḡ(ḡµν + hµν);

Φ = Φ̄ + ϕ;

Ψ = Ψ̄ + ψ.

•Ðàçðàáîòàíî ëèíåéíîå ïðèáëèæåíèå, êàê è â ðàííèõ ðàáîòàõ;
• ñóùåñòâåííî èñïîëüçîâàíà òåõíèêà òåîðåòèêî-ïîëåâîãî ìåòîäà.



4. Îñíîâíûå ðåçóëüòàòû:

• ïîñòðîåíû ñîõðàíÿþùèåñÿ âåëè÷èíû;

• ïîñòðîåíû êàëèáðîâî÷íûå èíâàðèàíòû è êàëèáðîâî÷íî èíâà-
ðèàíòíûå óðàâíåíèÿ;

• íàëîæåíû îñîáûå êàëèáðîâî÷íûå óñëîâèÿ:

hαβ ;β = −2Hhαβūβ + 16π(ρ̄mϕ + ρ̄qψ)ū
α

• ðàçäåëåíèå ïåðåìåííûõ, ïðîñòðàíñòâåííî-ïëîñêàÿ Âñåëåííàÿ:
k = 0.



♣ II. ÇÀÊÎÍÛ ÑÎÕÐÀÍÅÍÈß Â ÌÅÒÐÈ×ÅÑÊÈÕ

ÒÅÎÐÈßÕ Ñ ÊÐÓ×ÅÍÈÅÌ

•Ñïèñîê ñîîòâåòñòâóþùèõ ïóáëèêàöèé
•R.R. Lompay, A.N. Petrov 2013, Covariant Di�erential Identities
and Conservation Laws in Metric-Torsion Theories of Gravitation.
I. General Consideration, J. Math. Phys. 54, 062504;

•R.R. Lompay, A.N. Petrov 2013, Covariant Di�erential Identities
and Conservation Laws in Metric-Torsion Theories of Gravitation.
II. Manifestly generally covariant theories, J. Math. Phys. 54, 102505;

•R.R. Lompay, A.N. Petrov 2014, Covariant Di�erential Identities
and Conservation Laws in Metric-Torsion Theories of Gravitation,
Ukr. J. Phys., 52, No. 7, 663 - 67;

•R.R.Lompay and A.N.Petrov 2014, On a New Di�erential
Geometric Method in Metric-Torsion Theories of Gravitation,
Algebras, Groups and Geometries, 31, No. 1, 63 - 100.



1. Àêòèâíîñòü â ïîñòðîåíèè ìîäèôèöèðîâàííûõòåèé ãðàâèòàöèè
òðåáóåò èõ ìíîãñòîðîííåãî àíàëèçà. Îäíîé èç ãëàâíûõ çàäà÷
ÿâëÿåòñÿ ïîñòðîåíèå çàêîíîâ ñîõðàíåíèÿ, ÷òî ìîæåò ñëóæèòü
êàê òåñòîì äëÿ ôèçè÷åñêîé çíà÷èìîñòè òåîðèè, âûÿâëåíèÿ åå
îñîáåííîñòåé, òàê è òåñòîì äëÿ åå êîíêðåòíûõ ðåøåíèé.

2. Ñðåäè ìíîãî÷èñëííûõ òåîðèé îòäåëüíîå ìåñòî çàíèìàþò òåî-
ðèè, âêëþ÷àþùèå ïðîñòðàíñòâà Ðèìàíà-Êàðòàíà. Ýòî ìåòðè-
÷åñêèå òåîðèè ñ êðó÷åíèåì, ãäå è ìåòðèêà è êðó÷åíèå ÿâëÿþòñÿ
äèíàìè÷åñêèìè ïîëÿìè. Ïðèìåðàìè ÿâëÿþòñÿ òåîðèè
Ýéíøòåéíà-Êàðòàíà, Ëàâëîêà-Êàðòàíà, è ò.ä.

3. Äëÿ ïîñòðîåíèÿ çàêîíîâ ñîõðàíåíèÿ è ñîõðàíÿþùèõñÿ âåëè-
÷èí, êàê âñåãäà, èñïîëüçóþòñÿ òåîðåìû Íåòåð, òîæäåñòâà
Êëåéíà-Íåòåð. Íî ýòî òîëüêî ðóêîâîäñòâî ê äåéñòâèþ, à èõ
ïðèìåíåíèå â ðàìêàõ êîíêðåòíîé òåîðèè, èëè äëÿ òåîðèé îïðå-
äåëåííîãî òèïà, - ýòî ñåðüåçíàÿ çàäà÷à ìàò.ôèçèêè.

4. Ñåðèÿ ñòàòåé äëÿ ïîñòðîåíèÿ ÇÑ â òåîðèÿõ ñ ãåîìåòðèåé Ð-Ê.



5. Âçÿòû â ðàñ÷åò ñëåäóþùèå òðåáîâàíèÿ (îãðàíè÷åíèÿ):

•Óíèâåðñàëüíîñòü: Ðàññìîòðåíû ÏÐÎÈÇÂÎËÜÍÛÅ äèôôåî-
ìîðôíî èíâàðèàíòíûå êëàññè÷åñêèå ïîëåâûå òåîðèè. Äèíàìè-
÷åñêèå ïîëÿ - òåíçîðíûå ïîëÿ ïðîèçâîëüíîãî âåñà ïëîòíîñòè è
ðàíãà; ïðîèçâîäíûå âêëþ÷åíû, âêëþ÷àÿ âòîðîé ïîðÿäîê.

•ßâíàÿ êîâàðèàíòíîñòü: Ðàçðàáàòûâàåòñÿ èäåÿ ïîñòðîåíèÿ ÊÎ-
ÂÀÐÈÀÍÒÍÛÕ ñîõðàíÿþùèõñÿ âåëè÷èí áåç âêëþ÷åíèÿ ôî-
íîâûõ âåëè÷èí. Ýòî ðàçâèòèå èäåé ïîñòðîåíèÿ ñóïåðïîòåíöè-
àëà Êîìàðà: Jµν = κ−1∇[µξν].

•Ïîëå êðó÷åíèÿ - äèíàìè÷åñêîå ïîëå: Ïîëå êðó÷åíèÿ ìîæåò
áûòü âêëþ÷åíî êàê ìèíèìàëüíî (÷åðåç ñâÿçíîñòü), òàê è íåìè-
íèìàëüíî (ÿâíî, îòäåëüíî).



6. Íåêîòîðîå ýëåìåíòû ãåîìåòðèè ñ êðó÷åíèåì

•Êîâàðèàíòíàÿ ïðîèçâîäíàÿ:
∇α ≡ ∂α + Γ••α; ∇∗

α ≡ ∇α + T ραρ

•Êðó÷åíèå:
Γγ(αβ) ̸= Γγαβ → T γαβ = Γγαβ − Γγβα

•Ñâÿçíîñòü:
Γα|µν =

1
2(∂µgαν + ∂νgαµ − ∂αgµν) +

1
2(Tµ|αν + Tν|αµ − Tα|µν)

•Òåíçîð Êðèâèçíû îïðåäÿëÿåòñÿ ñòàíäàðòíî ÷åðåç Γγβα:

Rγαρβ = ∂ρΓ
γ
αβ − ∂βΓ

γ
αρ + ΓγπρΓ

π
αβ − ΓγπβΓ

π
αρ

•Àíòèñèììåòðè÷íûå ïðîèçâîäíûå:

(∇µ∇ν −∇ν∇µ)V
λ = −Tαµν∇αV

λ +RλαµνV
α.



7. Îñíîâíûå øàãè â ïîñòðîåíè ñîõðàíÿþùèõñÿ âåëè÷èí:

•Ëàãðàíæèàí - ñêàëÿðíàÿ ïëîòíîñòü:

L̂ = L̂(ΦA; ∂αΦA; ∂αβΦA)

•Äèôôåîìîðôíàÿ èíâàðèàíòíîñòü - Ñìåùåíèå Ëè -
Ãëàâíîå òîæäåñòâî Íåòåð:

£ξL̂ ≡ −∂α(ξαL̂) →

∂L̂
∂ΦA

£ξΦ
A +

∂L̂
∂ΦA,α

∂α(£ξΦ
A) +

∂L̂
∂ΦA,αβ

∂βα(£ξΦ
A) ≡ −∂α(ξαL̂)

•Òîæäåñòâåííî ñîõðàíÿþùèéñÿ òîê:
∂αJ

α(ξ) ≡ 0

•Ñóïåðïîòåíöèàë:
Jα(ξ) ≡ ∂βJ

αβ(ξ).



8. Ïðîèçâîëüíàÿ îáùåêîâàðèàíòíàÿ òåîðèÿ
íà ãåîìåòðèè Ðèìàíà-Êàðòàíà:

•Äåéñòâèå:

S =

∫ Σ2

Σ1

dxDL̂(ΦA; ∂αΦA; ∂αβΦA)

•Ïîñòðîåíû:
� Ãëàâíîå òîæäåñòâî Íåòåð;
� Òîêè - êàíîíè÷åñêèé (Íåòåðîâñêèé), Áåëèíôàíòå ïðåîáðàçî-
âàííûé;

� Òîæäåñòâà Êëåéíà-Íåòåð;
� Ñóïåðïîòåíöèàëû - êàíîíè÷åñêèé (Íåòåðîâñêèé), Áåëèíôàí-
òå ïðåîáðàçîâàííûé;

•Âñå ïðîìåæóòî÷íûå âûðàæåíèÿ è êîíå÷íûå âåëè÷èíû
ßÂÍÎ êîâàðèàíòíû; íåò ôîíîâîé ãåîìåòðèè.



9. Ïðîèçâîëüíàÿ ßÂÍÎ êîâàðèàíòíàÿ òåîðèÿ
íà ãåîìåòðèè Ðèìàíà-Êàðòàíà:

•Äåéñòâèå:

S =

∫ Σ2

Σ1

dxDL̂(g,R; T,∇T,∇∇T ; ϕ,∇ϕ,∇∇ϕ)

•Ïîñòðîåíû:
� Òîêè - êàíîíè÷åñêèé (Íåòåðîâñêèé), Áåëèíôàíòå ïðåîáðàçî-
âàííûé è ñèììåòðè÷íûé (ìåòðè÷åñêèé);

� Òîæäåñòâà Êëåéíà-Íåòåð è äàíà èõ ôèçè÷åñêàÿ è ãåîìåòðè-
÷åñêàÿ èíòåðïðåòàöèÿ;

� Ñóïåðïîòåíöèàëû - êàíîíè÷åñêèé (Íåòåðîâñêèé), Áåëèíôàí-
òå ïðåîáðàçîâàííûé è ñèììåòðè÷íûé (ìåòðè÷åñêèé);



10. Ïîëíàÿ ñèñòåìà ïîëåâûõ óðàâíåíèé ïðåäñòàâëåíà â âèäå
áîëåå åñòåñòâåííî îáîáùàþùåì ôîðìó óðàâíåíèé ÝÊ.

•Ëàãðàíæèàí:
L̂ = L̂(g,R; ϕ,∇ϕ,∇∇ϕ)

•Ïîëåâûå óðàâíåíèÿ:

δL̂
δgµν

= 0;
δL̂

δTαµν
= 0;

δL̂
δϕa

= 0.

•Ñòðóêòóðà Ëàãðàíæèàíà:

L̂G = L̂(g,R; 0, 0, 0); L̂M = L̂ − L̂G.

•Îáîáùåííûé òåðçîð Êàðòàíà:

− 1

2κ
Cανµ ≡ δL̂G

δTαµν
;



•Îáîáùåííûé òåðçîð Ýéíøòåéíà:

− 1

2κ
Eµν ≡ 1

2

(
L̂Gδµν − 2

∂L̂G

∂Rαβγµ
Rαβγν

)
•Ñèììåòðè÷íàÿ ÷àñòü îáîáùåííîãî òåðçîðà Ýéíøòåéíà:

− 1

2κ

(
E (µν) −∇∗

λC
λ(µν)

)
≡ δL̂G

δgµν

•Êàíîíè÷åñêèé ñïèíîâûé òåíçîð è ìåòðè÷åñêèé ÒÝÈ ìàòåðèè:

Sα
νµ ≡ 2

δL̂M

δTαµν
; T νµ ≡ 2

δL̂M

δgµν
;

•Ìîäåðíèçèðîâàííàÿ ñèñòåìà ïîëåâûõ óðàâíåíèé:

Eµν = κT
µν
∗ ; Cλ[µν] = κSλ∗µν;

δL̂M

δϕa
= 0.



♣ III. ÌÅÒÎÄÛ Â ÏÎÑÒÐÎÅÍÈÈ

ÇÀÊÎÍÎÂ ÑÎÕÐÀÍÅÍÈß È ÏÐÈËÎÆÅÍÈß

⋄ÐÀÇÂÈÒÈÅ ÔÎÐÌÀËÈÇÌÀ:

•A.N. Petrov and R.R. Lompay 2013, Covariantized Noether
identities and conservation laws for perturbations in metric theories
of gravity, Gen. Relat. Grav., 45, 545-579;

•Petrov A.N., Lompay R.R. New Family of Conserved Quantities
for Perturbations in Metric Theories of Gravity, in: PIRT:
Proceedings of International Meeting. Moscow, 1-4 July 2013; Ed.
by M.C. Du�y, V.O. Gladyshev, A.N. Morozov, V. Pustovoit, P.
Rowlands. Moscow: BMSTU, 2014, pp.227-236;



•Òðè ìåòîäà ïîñòðîåíèÿ ñîõðàíÿþùèõñÿ âåëè÷èí:
êàíîíè÷åñêèé, Áåëèíôàíòå ìîäèôèöèðîâàííûé,
òåîðåòèêî-ïîëåâîé.

1.Ýêîíîìè÷íûå òåíçîðíûå îáîçíà÷åíèÿ:

QA ≡ Q
αβ...γ
πρ...σ , (1)

QA
∣∣∣µ
ν
≡ Q

αβ...γ
πρ...σ

∣∣∣µ
ν
= −nδµνQαβ...γπρ...σ + δανQ

µβ...γ
πρ...σ + δ

β
νQ

αµ...γ
πρ...σ + . . .

+ δ
γ
νQ

αβ...µ
πρ...σ − δ

µ
πQ

αβ...γ
νρ...σ − δ

µ
ρQ

αβ...γ
πν...σ − . . .− δ

µ
σQ

αβ...γ
πρ...ν . (2)

QA
∣∣∣α
β

∣∣∣∣µ
ν
≡
(
QA
∣∣∣α
β

)∣∣∣∣µ
ν
≡ QB

∣∣∣µ
ν

(3)

ϕA = {QA1, QA2, . . . , QAk} , (4)



•Óíèâåðñàëüíîñòü îáîçíà÷åíèé:

∇λQ
A = ∂λQ

A + QA
∣∣∣µ
ν
Γνλµ . (5)

£ξQ
A = −ξµ∂µQA + QA

∣∣∣µ
ν
∂µξ

ν . (6)

∇µνQ
A −∇νµQ

A = QA
∣∣∣α
β
Rβαµν . (7)

•Àëãåáðà ýêîíîìè÷íûõ îáîçíà÷åíèé:

(QAPB)
∣∣∣α
β
= QA

∣∣∣α
β
PB + QAPB

∣∣∣α
β
. (8)

QA
∣∣∣β
ρ

∣∣∣∣τ
α
− QA

∣∣∣τ
α

∣∣∣β
ρ
= δ

β
α Q

A
∣∣∣τ
ρ
− δτρ Q

A
∣∣∣β
α
. (9)

(
∇αQ

A
)∣∣∣τ
ρ
= ∇α

(
QA
∣∣∣τ
ρ

)
− δτα∇ρQ

A (10)



∂L̂
∂(∇αQB)

QB
∣∣∣ρ
τ
=

(
∂L̂

∂(∇αQB)
QB

)∣∣∣∣∣
ρ

τ

−

(
∂L̂

∂(∇αQB)

)∣∣∣∣∣
ρ

τ

QB , (11)(
∂L̂

∂(∇αQB)
QB

)∣∣∣∣∣
ρ

τ

= −δρτ
∂L̂

∂(∇αQB)
QB + δατ

∂L̂
∂(∇ρQB)

QB . (12)

Aα|ρτ Γ
τ
αρ = 0 , (13)

Bαβ
∣∣∣ρ
τ
Γτβρ = 0 . (14)(

∂L̂
∂(∇αQB)

QB

)∣∣∣∣∣
ρ

τ

Γταρ = 0 . (15)

∂

(
QA
∣∣∣α
β

)
∂QB

QB
∣∣∣ρ
τ
= QA

∣∣∣α
β

∣∣∣∣ρ
τ
. (16)



2.Òîæäåñòâà Êëåéíà-Íåòåð íà çàäàííîì ôîíå:

L̂ = L̂(QA, QA,α, Q
A
,αβ) → L̂(QA, QA;α, QA;αβ; ḡµν, R̄αβµν) (17)

3.Íîâîå ñåìåéñòâî ñîõðàíÿþùèõñÿ âåëè÷èí:

L̂(QB, QB,α, QB,αβ) ≡ L̂(QB, QB;α, QB;αβ, gµν, R
α
µβν)

≡ L̂(QB, QB;α, QB;βα + QB|ρσRρ
σ
αβ, gµν, R

α
µβν)

≡ L̂∗(QB, QB;α, QB;αβ, gµν, R
α
µβν) ; (18)

L̂ = pL̂ + qL̂∗; p + q = 1.

4.Ìàññà øâàðöøèëüäîâîé ÷åðíîé äûðû â ÅÃÁ ãðàâèòàöèè:

ds2 = −fdt2 + f−1dr2 + r2
D−2∑
a,b

qabdx
adxb (19)



⋄ÈÑÑËÅÄÎÂÀÍÈÅ ÝÊÇÎÒÈ×ÅÑÊÈÕ ×ÅÐÍÛÕ ÄÛÐ:

•Alexeyev S.O., Petrov A.N., Latosh B.N. 2015, Maeda-Dadhich
solutions as real black holes, Phys. Rev. D, 92, No. 10, 104046.

1.Ôàêòîðèçàöèÿ âàêóóìíûõ óðàâíåíèé ÅÃÁ ãðàâèòàöèè:

Eµν = 0

� Ðàññìàòðèâàåíòñÿ D-ìåðíàÿ ÅÃÁ ãðàâèòàöèÿ;
� ëîðåíöåâî n-ìåðíîå äèíàìè÷íîå ïðîñòðàíñòâî-âðåìÿ; n ≤ 4;
� (D − n)-ìåðíîå ïðîñòðàíñòâî ïîñòîÿííîé êðèâèçíû;
� óðàâíåíèÿ ðàñïàäàþòñÿ íà äâå ñèñòåìû:

EAB = 0; Eab = 0;

•Ñïåöèàëüíûé âûáîð ñîîòíîøåíèÿ ìåæäó ïàðàìåòðàìè:
Λ0; r0; k; α äàåò EAB ≡ 0.

•Ðåøåíèÿ ñêàëÿðíîãî óðàâíåíèÿ Eab = δab (. . .) = 0
- ýòî ðåøåíèÿ òèïà ×Ä.



2.Ðåçóëüòàòû:

•Ñòðóêòóðà ×Ä îáúåêòîâ: ãîëûå ñèíãóëÿðíîñòè, îäèí ãîðèçîíò,
äâà ãîðèçîíòà, AdS àñèìïòîòèêà; D - ïðîèçâîëüíà è n = 4;

• Çàêîíû ñîõðàíåíèÿ - êëàññè÷åñêàÿ ìàññà;

•Îðáèòû âîêðóã îáúåêòîâ - ðàçíèöà åñòü, íî ïîêà íåäîñòóïíà
äëÿ ñîâðåìåííîé òî÷íîñòè íàáëþäåíèé;

•Òåðíîäèíàìèêà - àíîìàëüíàÿ



⋄ØÂÀÐÖØÈËÜÄÎÂÀ ×Ä Â ÂÈÄÅ ÒÎ×Å×ÍÎÉ ÌÀÑÑÛ:

•A.N. Petrov 2018, A point mass and continuous collapse to a point
mass in general relativity, Gen. Relat. Grav., No. 1, 50, 6-30;

•A.N. Petrov, Spherically symmetric collapse to a point-like state;
to appear in Conference Physics Series Journal of IOP.



♣ IV. ÑÎÕÐÀÍßÞÙÈÅÑß ÂÅËÈ×ÈÍÛ È

ÒÅÐÌÎÄÈÍÀÌÈÊÀ ×Ä ÏÎÑÒÎßÍÍÎÉ ÊÐÈÂÈÇÍÛ

•Ñïèñîê ñîîòâåòñòâóþùèõ ïóáëèêàöèé

•Guilleminot P., Olea R., Petrov A.N. 2017, Constant curvature
black holes in Einstein-AdS gravity: Conserved quantities, Phys.
Rev. D, 95, No. 12, 124039:

•Guilleminot P., Olea R., Petrov A.N. Constant curvature black
holes in Einstein-AdS gravity: Thermodynamics. Submitted to
Phys. Rev. D.



1. 3D ×Ä ïîñòîÿííîé êðèâèçíû:

• 3-ìåðíîå AdS ïðîñòðàíñòâî:
ds̄2 = −f̄dt2 + f̄−1dr2 + r2dϕ , f̄ ≡ −r2Λ0 + 1 ,

•BTZ ×Ä - 3-ìåðíàÿ ×Ä ñ AdS àñèìïòîòèêîé:

ds2 = −fdt2 + f−1dr2 + r2dϕ , f ≡ −r2Λ0 − µ ,

• Ãîðèçîíò: r2+ = −µ/Λ0; AdS: µ = −1

•Îêàçûâàåòñÿ, ëîêàëüíî BTZ ×Ä - ýòî ïðîñòðàíñòâî-âðåìÿ ïî-
ñòîÿííîé òîé æå ñàìîé AdS êðèâèçíû: BTZ ×Ä ìîæåò áûòü
ïîëó÷åíà ïóòåì ñïåöèàëüíûõ îòîæäåñòâëåíèé (ñêëåéêè) èñ-
õîäíîãî AdS; r+ - ýòî ïàðàìåòð ñêëåéêè.

•Ìàññà (ýíåðãèÿ) îïðåäåëÿåòñÿ ìíîãèìè ñïîñîáàìè íîðìàëüíî;
òåðìîäèíàìèêà íîðìàëüíàÿ.



2.Ìíîãîìåðíàÿ ×Ä ïîñòîÿííîé êðèâèçíû:

•Øâàðöøèëüäî-ïîäîáíàÿ ôîðìà:

ds2 = ℓ2n2(r)

(
− cos2 θ1dt

2 +
ℓ2

r2+
dΩ2

D−3

)
+ n−2(r)dr2 + r2dϕ2; (20)

n2(r) = (r2 − r2+)/ℓ
2

• (D-3)-ìåðíàÿ ñôåðà:
dΩ2

D−3 = dθ21 + sin2 θ1dΩ
2
D−4 .

•Òîïîëîãèÿ RD−1 × S1 âìåñòî îáû÷íîé R2 × SD−2

•Íåò íîðìàëüíîé àñèìïòîòèêè ïðè r+ → 0; ïîýòîìó ñòàíäàðò-
íûå ìåòîäû âû÷èñëåíèÿ ñîõðàíÿþùèõñÿ âåëè÷èí íå ïîäõîäÿò

•Ìåòîä êîíòð÷ëåíîâ â åâêëèäîâîì äåéñòâèè

•Ìàññà - íóëåâàÿ, óãëîâîé ìîìåíò - íóëåâîé, ýíåðãèÿ ïîëÿðèçà-
öèè âàêóóìà - àíîìàëüíàÿ.



♣ V. ÊÍÈÃÈ

•À.Í. Ïåòðîâ, Ãðàâèòàöèÿ. Îò õðóñòàëüíûõ ñôåð äî êðîòîâûõ
íîð (Ôðÿçèíî, Âåê-2, 2013),

•Petrov Alexander N., Kopeikin Sergei M., Lompay Robert R.,
Tekin Bayram, Metric Theories of Gravity: Perturbations and
Conservation Laws (de Gruyter: Germany, 2017)


