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Ïî ìîòèâàì ðàáîò Êðóñêàëà-Øåêåðåñà [1] âûïîëíåíà ïðîãðàììà ïî
íàõîæäåíèþ ïîëíîãî ïðîñòðàíñòâà áåëîé è ÷¼ðíîé äûðû Ïýíëåâå.

1 ×¼ðíàÿ äûðà Ïýíëåâå

Èñõîäíàÿ ìåòðèêà:
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Â èçîòðîïíûõ êîîðäèíàòàõ:
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dξdχ− r2dθ2 − r2 sin(θ)2dϕ2. (4)

Â êîîðäèíàòàõ òðàäèöèîííîé îðèåíòàöèè:

τ =
1

2
(χ+ ξ) , σ =

1

2
(χ− ξ) , (5)

ds2 =
4r3g
r

exp

(
− r

rg

)(
dτ 2 − dσ2

)
− r2dθ2 − r2 sin(θ)2dϕ2. (6)

Ïðèëàãàåòñÿ ðèñóíîê (1).
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2 Áåëàÿ äûðà Ïýíëåâå

Èñõîäíàÿ ìåòðèêà:

ds2 = c2dt2 −
(
dr −

√
rg
r
c dt

)2

− r2dθ2 − r2 sin(θ)2dϕ2. (7)

Â èçîòðîïíûõ êîîðäèíàòàõ:

χ = − exp

(−ct+ r − 2
√
rgr

2rg

)(
1 +

√
r

rg

)
, (8)

ξ = − exp

(
+ct+ r + 2

√
rgr

2rg

)(
1−

√
r

rg

)
, (9)

ds2 =
4r3g
r

exp

(
− r

rg

)
dξdχ− r2dθ2 − r2 sin(θ)2dϕ2. (10)

Â êîîðäèíàòàõ òðàäèöèîííîé îðèåíòàöèè:
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Ïðèëàãàåòñÿ ðèñóíîê (2).

3 Áåëàÿ è ÷¼ðíàÿ äûðà Ïýíëåâå âìåñòå

Áåëàÿ äûðà Ïýíëåâå è ÷¼ðíàÿ äûðà Ïýíëåâå îòäåëåíû äðóã îò äðóãà
áåñêîíå÷íîñòüþ ïî âðåìåíè Ïýíëåâå. Ïðèëàãàåòñÿ ðèñóíîê (3).
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Ðèñ. 1: ×¼ðíàÿ äûðà Ïýíëåâå â êîîðäèíàòàõ (τ , σ). Ñïëîøíûå ëèíèè:
ïîâåðõíîñòè r = const. Ïóíêòèðíûå ëèíèè: ïîâåðõíîñòè t = const. Êðàñ-
íàÿ ïóíêòèðíàÿ ëåâàÿ äèàãîíàëü: áåñêîíå÷íî äàë¼êîå ïðîøëîå t = −∞.
Ñïëîøíàÿ ïðàâàÿ äèàãîíàëü: r = rg.
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Ðèñ. 2: Áåëàÿ äûðà Ïýíëåâå â êîîðäèíàòàõ (τ , σ). Ñïëîøíûå ëèíèè: ïî-
âåðõíîñòè r = const. Ïóíêòèðíûå ëèíèè: ïîâåðõíîñòè t = const. Êðàñ-
íàÿ ïóíêòèðíàÿ ëåâàÿ äèàãîíàëü: áåñêîíå÷íî äàë¼êîå áóäóùåå t = +∞.
Ñïëîøíàÿ ïðàâàÿ äèàãîíàëü: r = rg.
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Ðèñ. 3: Áåëàÿ è ÷¼ðíàÿ äûðà Ïýíëåâå â êîîðäèíàòàõ (τ , σ). Ñïëîø-
íûå ëèíèè: ïîâåðõíîñòè r = const. Ïóíêòèðíûå ëèíèè: ïîâåðõíîñòè
t = const. Êðàñíàÿ ïóíêòèðíàÿ ëåâàÿ äèàãîíàëü: áåñêîíå÷íî äàë¼êîå
áóäóùåå t = +∞ äëÿ âñåëåííîé áåëîé äûðû Ïýíëåâå è, îäíîâðåìåííî,
áåñêîíå÷íî äàë¼êîå ïðîøëîå t = −∞ äëÿ âñåëåííîé ÷¼ðíîé äûðû Ïýí-
ëåâå. Ñïëîøíàÿ ïðàâàÿ äèàãîíàëü: r = rg.
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