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Ôîðìèðîâàíèå ïðîèçâîëüíûõ îáúåêòîâ

Ñãëàæåííûé êîíòðàñò ïëîòíîñòè

δr1 (x, t) =

∫
d3yδ(x+ y, t)Wr1(y) (1)

Ôóíêöèÿ îêíà

Wr1(y) =
3

4π

ae
r31
θ (r1 − ae |y |) (2)

Íîðìèðîâêà ∫
Wr1(y)d

3y = 1 (3)

Óñëîâèå êîëëàïñà îáëàñòè ðàçìåðà r1

δr1 ≥ δc = 1, 686 (4)
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Ïðè ôèêñèðîâàííîì t:

δ(x, t)− ãàóññîâà ñëó÷àéíàÿ âåëè÷èíà ⇒

⇒ δr1(x, t)− ãàóññîâà ñëó÷àéíàÿ âåëè÷èíà

Äèñïåðñèÿ δr1(x, t)
σ2r1(t) ≡ 〈δ

2
r1(x, t)〉 (5)

Ñâÿçü ìåæäó Ôóðüå-îáðàçàìè

δr1(k, t) =

∫
d3yWr1(y)e

ikyδ(k, t) = δ(k, t)Wr1(k) = δ(k, t)
3j1(kr1/ae)

kr1/ae
(6)

Ìàíäðûãèí Ñåì¼í Ôîðìèðîâàíèå ïåðâè÷íûõ ÷åðíûõ äûð 13 ìàÿ 2019 ã. 4 / 19



j1(kr1/ae) - ñôåðè÷åñêàÿ ôóíêöèÿ Áåññåëÿ ïåðâîãî ïîðÿäêà

j1(x) =
sin x

x2
− cos x

x

Äèñïåðñèÿ

σ2r1(t) =

∫
d3kd3k ′e i(k+k')x|Wr1(k)|2〈δ(k, t)δ(k', t)〉 (7)

Äâóõòî÷å÷íûé êîððåëÿòîð:

〈δ(k, t)δ(k', t)〉 = P(k)

(2π)3
δ(k+ k') =

δi (k)

4πk3
δ(k+ k') (8)

δi (k) = A

(
k

ke

)ns−1
(9)

Ìàíäðûãèí Ñåì¼í Ôîðìèðîâàíèå ïåðâè÷íûõ ÷åðíûõ äûð 13 ìàÿ 2019 ã. 5 / 19



A = 5 · 10−5 - Àìïëèòóäà ñêàëÿðíûõ âîçìóùåíèé
Äèñïåðñèÿ

σ2r1(t) =

aeHe∫
a×H×

dk

k
A

(
k

ke

)ns−1 9j21 (kr1/ae)

(kr1/ae)2
(10)

ke/ae = He - ïåðâûå çàøåäøèå ìîäû, k×/a× = H× - ïîñëåäíèå

çàøåäøèå ìîäû

Íà ÌÄ - ñòàäèè âîçìóùåíèÿ ðàñòóò ïî çàêîíó:

δ(k, t) =
a(t)

a×
δi (11)
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Ýêñïåðèìåíòàëüíûå îãðàíè÷åíèÿ

He < 1013 ÃýÂ√
HeMpl > 10 ÌýÂ

Â ðàìêàõ äàííîé ðàáîòû ïðèìåì

He = 107 ÃýÂ,HRD = 1 ÃýÂ

Âåðîÿòíîñòü äîñòèæåíèÿ êðèòè÷åñêîãî êîíòðàñòà δc

Pδc = P (δr1 ≥ δc) =
∞∫
δc

dδ√
2πσr1

e
−

δ

2σ2r1 (12)

Ìàíäðûãèí Ñåì¼í Ôîðìèðîâàíèå ïåðâè÷íûõ ÷åðíûõ äûð 13 ìàÿ 2019 ã. 7 / 19



Ôîðìèðîâàíèå Ï×Ä

Íà ìîìåíò íà÷àëà ñæàòèÿ êîíôèãóðàöèÿ õàðàêòåðèçóåòñÿ ñëåäóþùèìè

âåëè÷èíàìè

Ñðåäíÿÿ ïëîòíîñòü êîíôèãóðàöèè 〈ρ〉;

Õàðàêòåðíûé ðàçìåð êîíôèãóðàöèè r1: M =
4

3
π〈ρ〉r31 ;

Ñòåïåíü îòêëîíåíèÿ êîíôèãóðàöèè îò ñôåðè÷åñêîé ñèììåòðèè s:

s = max{|γ1 − γ2|, |γ1 − γ3|, |γ2 − γ3|}, γ1, γ2, γ3 - ãëàâíûå
çíà÷åíèÿ òåíçîðà äåôîðìàöèè ðàññìàòðèâàåìîé êîíôèãóðàöèè;

Íåîäíîðîäíîñòü ðàñïðåäåëåíèÿ ïëîòíîñòè ïî êîíôèãóðàöèè u:

u = (ρc − 〈ρ〉)/〈ρ〉, ρc - ïëîòíîñòü â öåíòðå êîíôèãóðàöèè.
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Îáðàçîâàíèå Ï×Ä îçíà÷àåò ñæàòèå äî rg . Ïëîòíîñòü â ýòîò ìîìåíò

ρBH =
M

4/3πr3g
= 〈ρ〉 ·

(
r1
rg

)3

= 〈ρ〉 · x−3 (13)

4r . s · R - õàðàêòåðíàÿ íà÷àëüíàÿ ñïëþñíóòîñòü êîíôèãóðàöèè, τcom
- õàðàêòåðíîå âðåìÿ êîëëàïñà, v . sR/τcom - õàðàêòåðíîå ðàçëè÷èå

íà÷àëüíûõ ñêîðîñòåé ñæàòèÿ ïî ðàçëè÷íûì îñÿì, òî â õîäå ñæàòèÿ

ìèíèìàëüíî äîñòèæèìûé ðàçìåð êîíôèãóðàöèè

rmin & min[τcom · 4v ;4r ]. Òîãäà ìàêñèìàëüíî äîñòèæèìàÿ ïëîòíîñòü ñ

ñîõðàíåíèåì ñèììåòðèè áëèçêîé ê ñôåðè÷åñêîé:

ρmax ∼ 〈ρ〉s−3 (14)

Ïîëó÷àåì îãðàíè÷åíèå íà âåëè÷èíó s :

s . x . 1 (15)
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Íå äîëæíî îáðàçîâûâàòüñÿ êàóèñòèêè

tform < tcaus (16)

Îãðàíè÷åíèå íà u

u . x3/2 ⇒ Pu = P
(
u . x3/2

)
∼ x3/2, x =

rg
r1

(17)

Âåðîÿòíîñòü îáëàäàíèÿ äîñòàòî÷íîé ñòåïåíüþ ñôåðè÷åñêîé

ñèììåòðè÷íîñòè

Ps = P (s . x) =
27

8
√
5π

∞∫
0

e
−
9

10
γ21
dγ1

γ1∫
γ1−γ1x

(γ1 − γ2) dγ2

γ2∫
γ1−γ1x

(γ1 − γ2) (γ2 − γ3) dγ3 ≈ 2 · 10−2x5
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Ìèíèìàëüíàÿ âåðîÿòíîñòü îáðàçîâàíèÿ ÷åðíîé äûðû èç

êîíôèãóðàöèè, âñòóïèâøåé â íåëèíåéíóþ ñòàäèþ ðàçâèòèÿ

âîçìóùåíèé

PPBH = Ps · Pu ≈ 2 · 10−2x13/2 (18)

Ïëîòíîñòü ÷åðíûõ äûð íà ÌÄ-ñòàäèè

P = Ps · Pu · Pδc ≈ 2 · 10−2x13/2 · Pδc (19)
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Âëèÿíèå ñïåêòðà

Â íåëèíåéíóþ ñòàäèþ âñòóïàåò

λ = λ×
a(t)

a×
(20)

Íà ÌÄ-ñòàäèè

δ(k, t) =
a(t)

a×
δi =

a(t)

a×
A

(
k

ke

)ns−1
(21)

Âåëè÷èíó x ìîæíî ïåðåïèñàòü â âèäå

x ∼ GM

λ
∼ GMH× · A

(
k

ke

)ns−1
(22)

ãäå H−1× = λ×

Ìàíäðûãèí Ñåì¼í Ôîðìèðîâàíèå ïåðâè÷íûõ ÷åðíûõ äûð 13 ìàÿ 2019 ã. 12 / 19



〈x〉 ∼

ke∫
k×

x(k)dk

ke − k×
=

ke∫
k×

GMH× · A
(

k

ke

)ns−1
dk

ke − k×
(23)

ns − 1 = 2

〈x〉 ∼
GMHRDA

(
k3e − k3RD

)
3k2e (ke − kRD)

≈ 1

3
GMHRDA (24)

ns − 1 = 1

〈x〉 ∼
GMHRDA

(
k2e − k2RD

)
2ke (ke − kRD)

≈ 1

2
GMHRDA (25)
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ns − 1 = 0

〈x〉 ∼ GMHRDA (ke − kRD)

(ke − kRD)
≈ GMHRDA (26)

ns − 1 = −1

〈x〉 ∼ GMHRDAke
(ke − kRD)

· ln
(

ke
kRD

)
≈ GMHRDA · 5, 4 (27)

Ìåæäó ns − 1 = 2 è ns − 1 = −1 â PPBH áóäåò 8 ! ïîðÿäêîâ
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Äèñïåðñèÿ

ns − 1 = 2:

σ2r1(t) =
9A

H2
e r

2
1

(
−2η2 + 2η sin 2η + cos 2η − 1

8η4

) ∣∣∣∣η2
η1

(28)

Çäåñü áûëà ââåäåíà çàìåíà: η = kr1/ae . Òîãäà ïðåäåëû âûãëÿäÿò

ñëåäóþùèì îáðàçîì:

η2 = Her1 (29)

η1 = HRDr1
aRD
ae

(30)

Íà ïûëåâèäíîé ñòàäèè

HRD = He

(
ae
aRD

)3/2

(31)
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Òîãäà âûðàæåíèå äëÿ íèæíåãî ïðåäåëà ìîæíî ïåðåïèñàòü â âèäå:

η1 =
(
HRDH

2
e

)1/3
r1 (32)

Îöåíèì âåëè÷èíû η1 è η2, èñïîëüçóÿ ðàíåå ïðèíÿòûå çíà÷åíèå HRD è

He . Òàêæå ó÷òåì ñâÿçü ìåæäó ñì è ÃýÂ:

1 ñì = 5 · 1013 ÃýÂ−1 (33)

η2 = 107 ÃýÂ r1 (34)

η1 = (1 · 1014)1/3 ÃýÂ r1 ≈ 4, 64 · 104 ÃýÂ r1 (35)

Ïîýòîìó íà ìàñøòàáàõ äëèí 10−17 ñì è äàëåå ìîæíî ñ÷èòàòü, ÷òî

η1, η2 � 1, ïðè÷åì η2 � η1.
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ns − 1 = 1

σ2r1(t) =
9A

Her1

(4η5Si(2η) + η3 sin 2η − 5η2

30η5
+

+
(2η4 − η2 + 3) cos 2η + 6η sin 2η − 3

30η5

)∣∣∣∣η2
η1

ns − 1 = 0

σ2r1(t) = 9A
(8η6Ci(2η)− 4η5 sin 2η + 2η3 sin 2η − 9η2+

72η6
+

+
(2η4 − 3η2 + 6) cos 2η + 12η sin 2η − 6

72η6

)∣∣∣∣η2
η1

ns − 1 = −1

σ2r1(t) = 9AHer1
(−8η7Si(2η)− 2η5 sin 2η + 3η3 sin 2η − 14η2

140η7
+

2(−2η6 + η4 + 5) cos 2η + 20η sin 2η − 10

140η7

)∣∣∣∣η2
η1
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Âûâîäû

Ñ óìåíüøåíèåì ns − 1 ðàñòåò âåðîÿòíîñòü îáðàçîâàíèÿ ïåðâè÷íûõ

÷åðíûõ äûð
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ÑÏÀÑÈÁÎ ÇÀ ÂÍÈÌÀÍÈÅ!
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