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Ìîäåëü �îëäðàéõà-Äæóëèàíà

~Ω

rLC

ñâåòîâîé öèëèíäð

rLC =
c

Ω

sin θ0 =

√
Ωa

c

ïëîòíîñòü �îëäðàéõà-Äæóëèàíà

ρGJ = −
~Ω ~B

2πc

1

1 −
(

Ωr
c sin θ

)2



Íåäèïîëüíîå ìàãíèòíîå ïîëå
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Äëÿ îïèñàíèÿ íåäèïîëüíîñòè ìàãíèòíîãî ïîëÿèñïîëüçóåòñÿ ìîäåëü [5℄. Ââåäåì ñ�åðè÷åñêóþñèñòåìó êîîðäèíàò (η = r/a, θ, φ). Ïðè ýòîìíàïðàâèì îñü z� âäîëü âåêòîðà ~m, à îñü x� âäîëüâåêòîðà ~m1. Òîãäà èñïîëüçóÿ ìàëîóãëîâîåïðèáëèæåíèå

θ ≪ 1âûðàæåíèå äëÿ ñóììàðíîãî ìàãíèòíîãî ïîëÿ
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Óðàâíåíèÿ ýëåêòðîñòàòèêè

~m

θ0
√

η

zca

∆a~m1

~Ω
χ

div

(
~E√
h

)
= 4π(ρ − ρGJ)

E = −∇Φ

ρGJ = − 1

4π
div[~g × ~H]

Φ|ξ=1
= 0 Φ|z=0

= 0

E||

∣∣
z=0

= 0 E||

∣∣
z=zc

= 0Çäåñü z = η − 1 = r−a
a

� êîîðäèíàòà âäîëü ìàãíèòíîé ñèëîâîé ëèíèè, ξ � ðàññòîÿíèå ïîïåðåê òðóáêè,

ξ = 0 ñîîòâåòñòâóåò öåíòðó òðóáêè, à ξ = 1 � ãðàíèöå ïóëüñàðíîé òðóáêè.
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Ýëåêòðè÷åñêèé òîê â ïóëüñàðíîé òðóáêå
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Áóäåì ñ÷èòàòü, ÷òî ÷àñòèöû â ïóëüñàðíîé òðóáêåäâèãàþòñÿ ñî ñêîðîñòÿìè áëèçêèìè ê ñêîðîñòè ñâåòàâäîëü ìàãíèòíûõ ñèëîâûõ ëèíèé.
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div~j = 0 è div ~B = 0ïîëó÷àåì
( ~B∇)Ã = 0 è Ã = Ã(ξ)Â ðàññìàòðèâàåìîé ìîäåëè ìàãíèòíîãî ïîëÿ ìîæíî ñ õîðîøåé òî÷íîñòüþ ñ÷èòàòü, ÷òî�îäëðàéõ-Äæóëèàíîâñêàÿ ïëîòíîñòü ρGJ ïîñòîÿííà ïî ñå÷åíèþ òðóáêè è ìåíÿåòñÿ òîëüêî ñ âûñîòîé η.Ýòî îçíà÷àåò â ÷àñòíîñòè, ÷òî ìû ïðåíåáðåãàåì Àðîíñ-Øàðëåìàíîâñêèì ÷ëåíîì θ0ξ
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Ýëåêòðîñòàòè÷åñêèé ïîòåíöèàëÂ ñëó÷àå òîíêîé ïóëüñàðíîé òðóáêè

θs ≪ zc = ηc − 1ãäå θs � øèðèíà ïóëüñàðíîé òðóáêè, ýëåêòðîñòàòè÷åñêèé ïîòåíöèàë ìîæåò áûòü çàïèñàí â âèäå [6℄

Φ(η, ξ, φ) =
ΩF

2πc
(f(η) − f(1)) (1 − ξ2) cos χ ïðè 0 ≤ z ≤ zc

Φ(η, ξ, φ) = Φ(ηc, ξ, φ) ïðè z > zcãäå F� ìàãíèòíûé ïîòîê ÷åðåç ïóëüñàðíóþ òðóáêó
F = π (θsa)

2
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Â ñëó÷àå åñëè zc ≪ 1, zc ≪ ∆, θ ≪ 1 è sin β ≪ θs
zc

èëè zc
θs

, ãäå β� óãîë ìåæäó âåêòîðîì ìàãíèòíîãîïîëÿ è ïîâåðõíîñòüþ íåéòðîííîé çâåçäû, ïîòåíöèàë (10) èç [6℄ ìîæåò áûòü ïåðåïèñàí â ñëåäóþùåìâèäå:
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Ýëåêòðîñòàòè÷åñêèé ïîòåíöèàëÂ ñëó÷àå ïëîñêîãî äèîäà
zc ≪ θs è zc ≪ ∆ðåøåíèå ïåðåõîäèò â ðåøåíèå Áåñêèíà

Φ(η, ξ, φ) = Bsa

(
Ωa

c

)
K1

(
z2zc

2
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3

)

ãäå Bs � íàïðÿæåííîñòü ìàãíèòíîãî ïîëÿ íà ïîâåðõíîñòè íåéòðîííîé çâåçäû

3κ ≈ 0.5 → K1 ∼ 2 ÷ 5



Èçãèáíîå èçëó÷åíèå

Ψ

Èíòåíñèâíîñòü èçãèáíîãî èçëó÷åíèÿ âû÷èñëÿåòñÿ ïî ñëå-äóþùåé �îðìóëå:
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dγ� ÷èñëî �îòîíîâ ñ ýíåðãèåé γ â èíòåðâàëå dγ, èñïóñêàåìûõ ýëåêòðîíîì â òî÷êå x çà 1 ñ,

γ = ~ω
mc2

� ýíåðãèÿ �îòîíà â åäèíèöàõ mc2, ω� åãî ÷àñòîòà, Γ� ëîðåíö-�àêòîð ýëåêòðîíà â òî÷êå x,
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q
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Γ

, λc = h
mc2

� êîìïòîíîâñêàÿ äëèíà âîëíû ýëåêòðîíà, αF � ïîñòîÿííàÿ òîíêîé ñòðóêòóðû,

ρc� ðàäèóñ êðèâèçíû ñèëîâûõ ëèíèé ìàãíèòíîãî ïîëÿ â òî÷êå x.



Ïîãëîùåíèå �îòîíîâ

Ψ

Âåðîÿòíîñòü ïîãëîùåíèÿ �îòîíà â ìàãíèòíîì ïîëå ñ ðîæ-äåíèåì ýëåêòðîí-ïîçèòðîííîé ïàðû âû÷èñëÿåòñÿ ïî �îð-ìóëå
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γ sin Ψãäå γ� ýíåðãèÿ �îòîíà â åäèíèöàõ mc2, B = B(x)� âåëè÷èíà ìàãíèòíîãî ïîëÿ â òî÷êå x, Ψ� óãîëìåæäó èìïóëüñîì ãàììà-êâàíòà è âåêòîðîì ìàãíèòíîãî ïîëÿ ~B. Ïðè γ ≤ 2 êîý��èöèåíò k ñ÷èòàåòñÿðàâíûì íóëþ.

k(x, γ,Ψ) = 0 ïðè γ ≤ 2íóæíî îòìåòèòü, ÷òî äàííîå âûðàæåíèå íå êîððåêòíî âáëèçè ïîðîãà
γ sin Ψ ∼ 2Ïîëîæåíèå òî÷êè ïîãëîùåíèÿ ìîæíî îöåíèòü ñ ïîìîùüþ �îðìóëû

κ ≈ 0.2



Íåðåçîíàíñíîå îáðàòíîå êîìïòîíîâñêîåðàññåÿíèå

θc

β

Èíòåíñèâíîñòü ãàììà-èçëó÷åíèÿ â òî÷êå x, ñâÿçàííîãî ñíåðåçîíàíñíûì êîìïòîíîâñêèì ðàññåÿíèåì òåïëîâûõ �î-òîíîâ ñ ãîðÿ÷åãî ïÿòíà íà ïåðâè÷íûõ ýëåêòðîíàõ âû÷èñ-ëÿåòñÿ ñëåäóþùèì îáðàçîì:

dN

dtdγs
= πr2

ec

(
n0

γ0

) (ne

Γ2

)
×

×
(

2 · I0 + I2 − 2 · I1 +
q2

qc(q + qc)
I0

)

ãäå γs� ýíåðãèÿ ðàññåÿííîãî �îòîíà â åäèíèöàõ mc2, Γ�ýíåðãèÿ ïåðâè÷íûõ ýëåêòðîíîâ â åäèíèöàõ mc2,

ne� êîíöåíòðàöèÿ ïåðâè÷íûõ ýëåêòðîíîâ, n0 = 20T3ñì2� êîíöåíòðàöèÿ òåïëîâûõ �îòîíîâ (âáëèçèïîâåðõíîñòè íåéòðîííîé çâåçäû), γ0 = 2.7
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Íåðåçîíàíñíîå îáðàòíîå êîìïòîíîâñêîåðàññåÿíèå

θc

β Ôóíêöèÿ f(µ) îïèñûâàåò óãëîâîå ðàñïðåäåëåíèå �îòîíîâ

f(µ) = 2 arccos
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sin(β)
√
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çäåñü β� óãîë ìåæäó ìàãíèòíûì ïîëåì â òî÷êå x è ïðÿ-ìîé, ñîåäèíÿþùåé òî÷êó x è öåíòð ãîðÿ÷åãî ïÿòíà, µ� êîñèíóñ óãëà ìåæäó ýòîé ïðÿìîé è èìïóëüñîì �îòîíà,

µc = cos(θc), tg(θc) ðàâåí îòíîøåíèþ ðàäèóñà ãîðÿ÷åãîïÿòíà ê ðàññòîÿíèþ îò öåíòðà ïÿòíà äî òî÷êè x.Ïðè β = 0 èñïîëüçóåìîå ïðèáëèæåíèå ñîâïàäàåò ñ âûðàæåíèåì, èñïîëüçîâàííûì À.Õàðäèíã:
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Â êà÷åñòâå âûñîòû âåðõíåé îáêëàäêè äèîäà zc âûáèðàåòñÿ âûñîòà z, íà êîòîðîé íà ñèëîâîé ëèíèè

(ξ = 0.5, φ = 0) êîý��èöèåíò óìíîæåíèÿ Q ðàâåí 0.1. Ïðè ýòîì, ïðè âû÷èñëåíèè êîý��èöèåíòàóìíîæåíèÿ Q, ó÷èòûâàåòñÿ òîëüêî ãåíåðàöèÿ ýëåêòðîí-ïîçèòðîííûõ ïàð èçãèáíûìè �îòîíàìè.

Q = 0.1 ïðè (z = zc, ξ =
1

2
, φ = 0)Îáðàòíûé òîê ïîçèòðîíîâ âû÷èñëÿåòñÿ ñ ïîìîùüþ óðàâíåíèÿ (3) èç [5℄, â ñëó÷àå äèïîëüíîãî ïîëÿ îíîïðèíèìàåò âèä:

n+ =
k

2

(
1 − 1

η3
c

)
neà äëÿ íåäèïîëüíîãî ïîëÿ åãî ìîæíî çàïèñàòü â âèäå:

n+ =
1

2
K1 zc neçäåñü n+� êîíöåíòðàöèÿ ïîçèòðîíîâ îáðàòíîãî òîêà, à ne� êîíöåíòðàöèÿ ïåðâè÷íûõ ýëåêòðîíîâ.�åíòãåíîâñêàÿ ñâåòèìîñòü L è òåìïåðàòóðà T ïîëÿðíîé øàïêè îöåíèâàþòñÿ ñ ïîìîùüþ �îðìóëû:

L = σB · T 4 · Scap = n+ · c · mc2 · Γ · Scapãäå Γ = eΦ
mc2

� ýíåðãèÿ ïåðâè÷íûõ ýëåêòðîíîâ â òî÷êå (z = zc, ξ = 0, φ = 0), Scap = π (θsa)2 �ïëîùàäü ïîëÿðíîé øàïêè.Ïðè íàõîæäåíèè Ltot, T èñïîëüçóåòñÿ îöåíêà îáðàòíîãî òîêà ρ+ ≈ 1
2

K1zcρeff , à ïðè íàõîæäåíèè

L κ
2

, T κ
2

èñïîëüçóåòñÿ çíà÷åíèå îáðàòíîãî òîêà, ïîëó÷åííîå â ðàáîòå [7℄, à èìåííî, ïîëàãàåòñÿ

ρ+ ≈ κ
2

ρeff .



Èñïîëüçóåìûå ïàðàìåòðû

B = 0.02 Bcr, P = 0.2 ñ

χ = 10◦, ∆ = 0.1, k = 0.15

α zc, 10
−2

Γ, 10
6 T, 10

6K0 29,6 33,9 3.67

γ = π0.1 3.2 2.95 1.640.2 2.05 1.81 1.530.3 1.61 1.53 1.55

γ = π
20.1 4.28 3.22 1.800.2 2.53 1.86 1.630.3 1.89 1.52 1.61



�àììà èçëó÷åíèå B = 0.02Bcr è P = 0.2 ñåê.
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log(ε)Óñðåäíåííûé ïî âðåìåíè ñïåêòð ãàììà-èçëó÷åíèÿ ïóëüñàðíîé òðóáêè äëÿ B = 0.02Bcr, P = 0.2,

χ = 10◦, k = 0.15, ∆ = 0.1, γ = πóãîë ìåæäó ëó÷îì çðåíèÿ è îñüþ âðàùåíèÿ ïóëüñàðà ðàâåí 10◦.Èíòåíñèâíîñòü ãàììà-èçëó÷åíèÿ dN
dt

èçìåðÿåòñÿ â ïðèíèìàåìîì ïîòîêå Ôîòîíñì2ñåê ÌýÂ îò èñòî÷íèêà,íàõîäÿùåãîñÿ íà ðàññòîÿíèè 1êïñ. Ýíåðãèÿ �îòîíîâ ǫ èçìåðÿåòñÿ â ÌýÂ.Ñïëîøíàÿ (êðàñíàÿ) êðèâàÿ ñîîòâåòñòâóåò äèïîëüíîìó ïîëþ (ν = 0), ïóíêòèðíàÿ (çåëåíàÿ)� ν = 0.1,øòðèõîâàÿ ñ äëèííûì øòðèõîì (ñèíÿÿ)� ν0.2, øòðèõîâàÿ ñ êîðîòêèì øòðèõîì (�èîëåòîâàÿ)� ν = 0.3.Çåëåíàÿ ïîëîñà � ÷óâñòâèòåëüíîñòü òåëåñêîïà Ôåðìè, �èîëåòîâàÿ � òåëåñêîïà HESS.



�àììà èçëó÷åíèå B = 0.02Bcr è P = 0.1 ñåê.
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log(ε)Óñðåäíåííûé ïî âðåìåíè ñïåêòð ãàììà-èçëó÷åíèÿ ïóëüñàðíîé òðóáêè äëÿ B = 0.02Bcr, P = 0.1,

χ = 10◦, k = 0.15, ∆ = 0.1, γ = πóãîë ìåæäó ëó÷îì çðåíèÿ è îñüþ âðàùåíèÿ ïóëüñàðà ðàâåí 10◦.Èíòåíñèâíîñòü ãàììà-èçëó÷åíèÿ dN
dt

èçìåðÿåòñÿ â ïðèíèìàåìîì ïîòîêå Ôîòîíñì2ñåê ÌýÂ îò èñòî÷íèêà,íàõîäÿùåãîñÿ íà ðàññòîÿíèè 1êïñ. Ýíåðãèÿ �îòîíîâ ǫ èçìåðÿåòñÿ â ÌýÂ.Ñïëîøíàÿ (êðàñíàÿ) êðèâàÿ ñîîòâåòñòâóåò äèïîëüíîìó ïîëþ (ν = 0), ïóíêòèðíàÿ (çåëåíàÿ)� ν = 0.1,øòðèõîâàÿ ñ äëèííûì øòðèõîì (ñèíÿÿ)� ν0.2, øòðèõîâàÿ ñ êîðîòêèì øòðèõîì (�èîëåòîâàÿ)� ν = 0.3.Çåëåíàÿ ïîëîñà � ÷óâñòâèòåëüíîñòü òåëåñêîïà Ôåðìè, �èîëåòîâàÿ � òåëåñêîïà HESS.



�àììà èçëó÷åíèå B = 0.05Bcr è P = 0.2 ñåê.
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log(ε)Óñðåäíåííûé ïî âðåìåíè ñïåêòð ãàììà-èçëó÷åíèÿ ïóëüñàðíîé òðóáêè äëÿ B = 0.05Bcr, P = 0.2,

χ = 10◦, k = 0.15, ∆ = 0.1, γ = πóãîë ìåæäó ëó÷îì çðåíèÿ è îñüþ âðàùåíèÿ ïóëüñàðà ðàâåí 10◦.Èíòåíñèâíîñòü ãàììà-èçëó÷åíèÿ dN
dt

èçìåðÿåòñÿ â ïðèíèìàåìîì ïîòîêå Ôîòîíñì2ñåê ÌýÂ îò èñòî÷íèêà,íàõîäÿùåãîñÿ íà ðàññòîÿíèè 1êïñ. Ýíåðãèÿ �îòîíîâ ǫ èçìåðÿåòñÿ â ÌýÂ.Ñïëîøíàÿ (êðàñíàÿ) êðèâàÿ ñîîòâåòñòâóåò äèïîëüíîìó ïîëþ (ν = 0), ïóíêòèðíàÿ (çåëåíàÿ)� ν = 0.1,øòðèõîâàÿ ñ äëèííûì øòðèõîì (ñèíÿÿ)� ν0.2, øòðèõîâàÿ ñ êîðîòêèì øòðèõîì (�èîëåòîâàÿ)� ν = 0.3.Çåëåíàÿ ïîëîñà � ÷óâñòâèòåëüíîñòü òåëåñêîïà Ôåðìè, �èîëåòîâàÿ � òåëåñêîïà HESS.



�àììà èçëó÷åíèå B = 0.05Bcr è P = 0.2 ñåê.
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log(ε)Óñðåäíåííûé ïî âðåìåíè ñïåêòð ãàììà-èçëó÷åíèÿ ïóëüñàðíîé òðóáêè äëÿ B = 0.05Bcr, P = 0.2,

χ = 10◦, k = 0.15, ∆ = 0.1, γ = πóãîë ìåæäó ëó÷îì çðåíèÿ è îñüþ âðàùåíèÿ ïóëüñàðà ðàâåí 7◦.Èíòåíñèâíîñòü ãàììà-èçëó÷åíèÿ dN
dt

èçìåðÿåòñÿ â ïðèíèìàåìîì ïîòîêå Ôîòîíñì2ñåê ÌýÂ îò èñòî÷íèêà,íàõîäÿùåãîñÿ íà ðàññòîÿíèè 1êïñ. Ýíåðãèÿ �îòîíîâ ǫ èçìåðÿåòñÿ â ÌýÂ.Ñïëîøíàÿ (êðàñíàÿ) êðèâàÿ ñîîòâåòñòâóåò äèïîëüíîìó ïîëþ (ν = 0), ïóíêòèðíàÿ (çåëåíàÿ)� ν = 0.1,øòðèõîâàÿ ñ äëèííûì øòðèõîì (ñèíÿÿ)� ν0.2, øòðèõîâàÿ ñ êîðîòêèì øòðèõîì (�èîëåòîâàÿ)� ν = 0.3.Çåëåíàÿ ïîëîñà � ÷óâñòâèòåëüíîñòü òåëåñêîïà Ôåðìè, �èîëåòîâàÿ � òåëåñêîïà HESS.



�àììà èçëó÷åíèå B = 0.05Bcr è P = 0.2 ñåê.
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log(ε)Óñðåäíåííûé ïî âðåìåíè ñïåêòð ãàììà-èçëó÷åíèÿ ïóëüñàðíîé òðóáêè äëÿ B = 0.05Bcr, P = 0.2,

χ = 10◦, k = 0.15, ∆ = 0.1, γ = πóãîë ìåæäó ëó÷îì çðåíèÿ è îñüþ âðàùåíèÿ ïóëüñàðà ðàâåí 13◦.Èíòåíñèâíîñòü ãàììà-èçëó÷åíèÿ dN
dt

èçìåðÿåòñÿ â ïðèíèìàåìîì ïîòîêå Ôîòîíñì2ñåê ÌýÂ îò èñòî÷íèêà,íàõîäÿùåãîñÿ íà ðàññòîÿíèè 1êïñ. Ýíåðãèÿ �îòîíîâ ǫ èçìåðÿåòñÿ â ÌýÂ.Ñïëîøíàÿ (êðàñíàÿ) êðèâàÿ ñîîòâåòñòâóåò äèïîëüíîìó ïîëþ (ν = 0), ïóíêòèðíàÿ (çåëåíàÿ)� ν = 0.1,øòðèõîâàÿ ñ äëèííûì øòðèõîì (ñèíÿÿ)� ν0.2, øòðèõîâàÿ ñ êîðîòêèì øòðèõîì (�èîëåòîâàÿ)� ν = 0.3.Çåëåíàÿ ïîëîñà � ÷óâñòâèòåëüíîñòü òåëåñêîïà Ôåðìè, �èîëåòîâàÿ � òåëåñêîïà HESS.



Ìîäåëü �îëäðàéõà-Äæóëèàíà

~Ω

rLC

ñâåòîâîé öèëèíäð

rLC =
c

Ω

sin θ0 =

√
Ωa

c

ïëîòíîñòü �îëäðàéõà-Äæóëèàíà

ρGJ = −
~Ω ~B

2πc

1

1 −
(

Ωr
c sin θ

)2



Èçìåíåíèå ðàäèóñà ïóëüñàðíîé òðóáêèÈñêàæåíèå ìàãíèòîñ�åðû ðàäèîïóëüñàðà ó÷èòûâàåòñÿ òîëüêî â èçìåíåíèè ðàäèóñà ïóëüñàðíîé òðóáêè

θ0a. Ïðè íàõîæäåíèè êîý��èöèýíòà óìíîæåíèÿ ýëåêòðîí-ïîçèòðîííûõ ïàð Q è èíòåíñèâíîñòèãàììà-èçëó÷åíèÿ íà áîëüøèõ âûñîòàõ ìàãíèòíîå ïîëå ñ÷èòàåòñÿ ÷èñòî äèïîëüíûì (ñîâïàäàþùèì ñïîëåì ãëàâíîãî äèïîëÿ) è íå ó÷èòûâàåòñÿ ñìåùåíèå öåíòðà ïóëüñàðíîé òðóáêè îòíîñèòåëüíî îñèãëàâíîãî äèïîëÿ ~m. Âñþäó ñ÷èòàåòñÿ, ÷òî ñå÷åíèå ïóëüñàðíîé òðóáêè èìååò �îðìó êðóãà.

d =
θ0

θ0 dip
θ0 dip =

√
Ωa

cÂëèÿíèå âíåøíåãî ìàãíèòíîãî ïîëÿ íà ðàáîòó ðàäèîïóëüñàðà ñ äèïîëüíûì ìàãíèòíûì ïîëåì áûëîðàññìîòðåíî â [11℄.Äëÿ íàõîæäåíèÿ ðàäèóñà ïóëüñàðíîé òðóáêè èùóòñÿ ñèëîâûå ëèíèè ìàãíèòíîãî ïîëÿ [11℄:

~B(~r) =
3(~m,~r)~r − ~mr2

r5
+ ~Bcâåêòîð ~Bc ëåæèò â ïëîñêîñòè âåêòîðîâ ~m è ~Ω, β� óãîë ìåæäó âåêòîðîì ~Bc è îñüþ âðàùåíèÿ ïóëüñàðà

~Ω, αb =
Bc
B0

“

Ωa
c

”−3� îòíîøåíèå íàïðÿæåííîñòè ìàãíèòíîãî ïîëÿ ~Bc ê íàïðÿæåííîñòè ïîëÿãëàâíîãî äèïîëÿ íà ñâåòîâîì öèëèíäðå.Äëÿ íàõîæäåíèÿ ðàäèóñà ïóëüñàðíîé òðóáêè èñêàëèñü ñèëîâûå ëèíèè ìàãíèòíîãî ïîëÿ íà÷èíàþùèåñÿ âòî÷êàõ

~x = a (~em cos µ + ~en sin µ) ãäå 0 ≤ µ ≤ 2πçäåñü a� ðàäèóñ íåéòðîííîé çâåçäû, ~em = ~m
m

� åäèíè÷íûé âåêòîð âäîëü îñè ãëàâíîãî äèïîëÿ, ~en�åäèíè÷íûé âåêòîð, ïåðïåíäèêóëÿðíûé âåêòîðàì ~Ω è ~m. Â êà÷åñòâå óãëà θ0, îáîçíà÷àþùåãî ãðàíèöóïóëüñàðíîé òðóáêè, áðàëîñü çíà÷åíèå µ, ñîîòâåòñâóþùåå ïîñëåäíåé ñèëîâîé ëèíèè íå ïåðåñåêàþùåéñâåòîâîé öèëèíäð.



Èçìåíåíèå ðàäèóñà ïóëüñàðíîé òðóáêèÂ ñëó÷àå åñëè âáëèçè ðàäèîïóëüñàðà íàõîäèòüñÿ îêîëîïóëüñàðíûé äèñê, òî åãî âçàèìîäåéñòâèå ñìàãíèòîñ�åðîé ïóëüñàðà ìîæåò ïðèâîäèòü ê ïîÿâëåíèþ ýëåêòðè÷åñêèõ òîêîâ, ÷òî â íåêîòîðûõñèòóàöèÿõ ìîæåò âûçâàòü èçìåíåíèå âñåé ñòðóêòóðû ìàãíèòîñ�åðû è, êàê ìèíèìóì, ðàäèóñà ïóëüñàðíîéòðóáêè [10, 14, 15, 13℄. Â äàííîé ðàáîòå ðàññìàòðèâàåòñÿ âëèÿíèå äèñêà òîëüêî â ìîäåëè [10℄. Ïðèíàõîæäåíèè ðàäèóñà ïóëüñàðíîé òðóáêè ìàãíèòíîå ïîëå ñ÷èòàåòñÿ ðàâíûì

Br =
2m

r3

„

sin θ cosφ sin χ +
2

π
cos χ cos θ

„

arctan(X) +
1 − Y

X

««

Bθ =
m

r3

„

− cos θ cos φ sin χ +
2

π
cosχ sin θ×

×
„

arctan(X) +
ctg2θ

X

„

Y X2

cos2 θ

r2 + b2

b2
− 1

«««

Bφ =
m

r3
sin φ sin χ

X = b| cos θ|
p

2/ ((r2 − b2) + r2/Y ) , Y = r2/
p

(r2 − b2)2 + 4b2r2 cos2 θçäåñü âñå âåëè÷èíû äàíû â ñ�åðè÷åñêîé ñèñòåìå êîîðäèíàò (r, θ, φ) ñ îñüþ Oz íàïðàâëåííîé âäîëüîñè âðàùåíèÿ ïóëüñàðà ~Ω, b� âíóòðåííèé ðàäèóñ äèñêà.



Èñïîëüçóåìûå çíà÷åíèÿ ïàðàìåòðîâ

B = 0.2 Bcr, P = 0.5 ñ

χ = 10◦, ∆ = 0.1, k = 0.15

ν zc, 10−2 Γ, 105 ν zc, 10−2 Γ, 105

d = 0.2, γ = π d = 0.2, γ = π
20.0 200.0 26.1 0.0 200.0 26.10.1 200.0 29.5 0.1 200.0 26.80.2 2.72 9.77 0.2 5.21 11.50.3 1.54 7.87 0.3 2.23 7.710.5 0.98 7.79 0.5 1.21 7.320.7 1.05 11.7 0.7 1.16 10.4

d = 0.363, γ = π, Ωb
c

= 1
3

d = 0.5, γ = π0.0 200.0 85.9 0.0 200.0 163.00.1 3.21 14.5 0.1 1.93 14.10.2 1.31 9.49 0.2 1.12 9.350.3 0.94 8.17 0.3 0.85 8.010.5 0.70 8.43 0.5 0.66 8.410.7 0.73 13.4 0.7 0.61 10.3



ν zc, 10−2 Γ, 105 ν zc, 10−2 Γ, 105

d = 0.71, γ = π, αb = 1
2

, β = π d = 1.0, γ = π0.0 45.3 230.0 0.0 14.7 248.00.1 1.59 13.5 0.1 1.47 12.90.2 1.03 8.99 0.2 0.90 8.740.3 0.81 7.76 0.3 0.80 7.720.4 0.69 7.64 0.4 0.70 7.800.5 0.65 8.48 0.5 0.66 9.030.6 0.68 12.4 0.6 0.75 16.80.7 0.56 8.62 0.7 0.54 7.63

d = 1.22, γ = π, αb = 1
2

, β = 0 d = 1.5, γ = π0.0 9.47 239.0 0.0 6.0 245.00.1 1.44 12.6 0.1 1.42 12.50.2 0.99 8.73 0.2 1.0 8.880.3 0.81 7.85 0.3 0.81 8.150.4 0.71 8.08 0.4 0.72 8.610.5 0.68 9.79 0.5 0.71 11.30.6 0.67 12.5 0.6 0.62 9.650.7 0.53 7.22 0.7 0.51 6.86



�àììà-èçëó÷åíèå ïóëüñàðíîé òðóáêè
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B = 0.2, P = 0.5, χ = 10◦, k = 0.15, ∆ = 0.1, γ = π
2

, d = 0.2Äëÿ ñëó÷àåâ ν = 0 è ν = 0.1� ïóëüñàð âûêëþ÷åí.
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B = 0.2, P = 0.5, χ = 10◦, k = 0.15, ∆ = 0.1, γ = π, d = 0.363, Ωb
c

= 1
3Äëÿ ñëó÷àÿ ÷èñòî äèïîëüíîãî ïîëÿ (ν = 0) ïóëüñàð âûêëþ÷åí.
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B = 0.2, P = 0.5, χ = 10◦, k = 0.15, ∆ = 0.1, γ = π, d = 0.5Äëÿ ñëó÷àÿ ÷èñòî äèïîëüíîãî ïîëÿ (ν = 0) ïóëüñàð âûêëþ÷åí.
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B = 0.2, P = 0.5, χ = 10◦, k = 0.15, ∆ = 0.1, γ = π, d = 0.71, αb = 0.5, β = π
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B = 0.2, P = 0.5, χ = 10◦, k = 0.15, ∆ = 0.1, γ = π, d = 1.0
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B = 0.2, P = 0.5, χ = 10◦, k = 0.15, ∆ = 0.1, γ = π, d = 1.22, αb = 0.5, β = 0



-20

-18

-16

-14

-12

-10

-8

-6

-4 -2  0  2  4

lg
(d

N
/d

t)

lg(ε)

-20

-18

-16

-14

-12

-10

-8

-6

-4 -2  0  2  4

lg
(d

N
/d

t)

lg(ε)

-20

-18

-16

-14

-12

-10

-8

-6

-4 -2  0  2  4

lg
(d

N
/d

t)

lg(ε)

-20

-18

-16

-14

-12

-10

-8

-6

-4 -2  0  2  4

lg
(d

N
/d

t)

lg(ε)

-20

-18

-16

-14

-12

-10

-8

-6

-4 -2  0  2  4

lg
(d

N
/d

t)

lg(ε)

-20

-18

-16

-14

-12

-10

-8

-6

-4 -2  0  2  4

lg
(d

N
/d

t)

lg(ε)

-20

-18

-16

-14

-12

-10

-8

-6

-4 -2  0  2  4

lg
(d

N
/d

t)

lg(ε)

-20

-18

-16

-14

-12

-10

-8

-6

-4 -2  0  2  4

lg
(d

N
/d

t)

lg(ε)

-1

-0.5

 0

 0.5

 1

-4 -3 -2 -1  0  1  2

lg
(R

)

lg(ε)

-1

-0.5

 0

 0.5

 1

-4 -3 -2 -1  0  1  2

lg
(R

)

lg(ε)

-1

-0.5

 0

 0.5

 1

-4 -3 -2 -1  0  1  2

lg
(R

)

lg(ε)

-1

-0.5

 0

 0.5

 1

-4 -3 -2 -1  0  1  2

lg
(R

)

lg(ε)

-1

-0.5

 0

 0.5

 1

-4 -3 -2 -1  0  1  2

lg
(R

)

lg(ε)

-1

-0.5

 0

 0.5

 1

-4 -3 -2 -1  0  1  2

lg
(R

)

lg(ε)Òî æå, ÷òî íà ðèñ.1

B = 0.2, P = 0.5, χ = 10◦, k = 0.15, ∆ = 0.1, γ = π, d = 1.5,



Èñïîëüçóåìûå çíà÷åíèÿ ïàðàìåòðîâB0943+10

P = 1.099 ñ, B0 = 1.98 1012�ñ

χ = 12.4◦, ∆ = 0.1, k = 0.15

β = 5.8◦, D = 0.63 êïê

B1133+16

P = 1.188 ñ, B0 = 2.13 1012�ñ

χ = 51.3◦, ∆ = 0.1, k = 0.15

β = 3.7◦, D = 0.36 êïê

B0834+06
P = 1.274 ñ, B0 = 2.98 1012�ñ
χ = 60.7◦, ∆ = 0.1, k = 0.15

β = 4.5◦, D = 0.72 êïê



γ ν zc, 10−2 Ltot, 1028

ýðãñ T , 106K L κ
2

, 1028

ýðãñ T κ
2

, 106K P4/PB0943+10

0.5π 0.345 3.10 2.75 1.26 4.99 1.46 37.4

0.6π 0.342 2.76 2.92 1.28 4.96 1.46 37.5

0.7π 0.340 2.53 3.09 1.30 4.96 1.46 37.5

0.8π 0.340 2.38 3.22 1.31 4.96 1.46 37.5

0.9π 0.340 2.30 3.31 1.32 4.96 1.46 37.5

1.0π 0.340 2.28 3.34 1.32 4.97 1.46 37.5B1133+16

0.5π 0.350 4.52 2.51 1.26 4.77 1.47 33.1

0.6π 0.300 2.92 3.03 1.32 4.77 1.48 33.1

0.7π 0.290 2.32 3.56 1.37 4.79 1.48 32.9

0.8π 0.290 2.04 3.95 1.41 4.78 1.47 33.0

0.9π 0.290 1.90 4.21 1.43 4.79 1.48 32.9

1.0π 0.290 1.87 4.30 1.44 4.79 1.48 32.9B0834+06
0.5π 0.270 8.15 4.07 1.44 7.88 1.70 29.8

0.55π 0.205 5.72 4.23 1.46 7.75 1.69 30.1

0.6π 0.180 4.52 4.45 1.48 7.69 1.69 30.3

0.7π 0.160 3.44 4.95 1.52 7.70 1.69 30.4

0.8π 0.153 2.96 5.35 1.55 7.70 1.69 30.3

0.9π 0.150 2.74 5.61 1.56 7.69 1.69 30.3

1.0π 0.150 2.66 5.67 1.57 7.66 1.69 30.4
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γ  Çàâèñèìîñòü ðåíòãåíîâñêîé ñâåòèìîñòè ïîëÿðíîé øàïêè îò îðèåíòàöèè äîïîëíèòåëüíîãî äèïîëÿ.×åðíàÿ êðèâàÿ ñîîòâåòñòâóåò îáðàòíîìó òîêó ïîçèòðîíîâ, íàéäåííîìó ïî �îðìóëå ρ+ ≈ 1
2

K1zcρeff ,ïðè ïîñòðîåíèè êðàñíîé êðèâîé ïðåäïîëàãàëîñü, ÷òî îáðàòíûé òîê ïîçèòðîíîâ ðàâåí ρ+ ≈ κ
2

ρeff .Çåëåíàÿ îáëàñòü � íàáëþäàåìàÿ ðåíòãåíîâñêàÿ ñâåòèìîñòü ñîãëàñíî [1℄, ñèíÿÿ øòðèõîâêà �íàáëþäàåìàÿ ðåíòãåíîâñêàÿ ñâåòèìîñòü èç ðàáîòû [3℄
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log(ε)Ïîêàçàí óñðåäíåííûé ïî âðåìåíè ñïåêòð ãàììà-èçëó÷åíèÿ ïóëüñàðíîé òðóáêè äëÿ ïóëüñàðà B0834+06.Çåëåíàÿ êðèâàÿ ñîîòâåòñòâóåò γ = π
2

, êðàñíàÿ êðèâàÿ � γ = 0.7π, �èîëåòîâàÿ êðèâàÿ � γ = π.Äëÿ ñëó÷àåâ γ = π
2

è γ = π ïîêàçàíî òàêæå òåïëîâîå èçëó÷åíèå ñ ïîëÿðíîé øàïêè. Çåëåíàÿ êðèâàÿñîîòâåòñòâóåò γ = π
2

, �èîëåòîâàÿ êðèâàÿ � γ = π. ×åðíûå êðèâûå ñîîòâåòñòâóþò òåïëîâîìóðåíòãåíîâñêîìó èçëó÷åíèþ ñ ïîëÿðíîé øàïêè äëÿ îáðàòíîãî òîêà ρ+ ≈ κ
2

ρeffÈíòåíñèâíîñòü ãàììà-èçëó÷åíèÿ dN
dt

èçìåðÿåòñÿ â Ôîòîíñì2ñåê ÌýÂ , à ýíåðãèÿ �îòîíîâ ǫ � â ÌýÂ.
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log(ε)Ïîêàçàí óñðåäíåííûé ïî âðåìåíè ñïåêòð ãàììà-èçëó÷åíèÿ ïóëüñàðíîé òðóáêè äëÿ ïóëüñàðà B0934+10.Çåëåíàÿ êðèâàÿ ñîîòâåòñòâóåò γ = π
2

, êðàñíàÿ êðèâàÿ � γ = 0.7π, �èîëåòîâàÿ êðèâàÿ � γ = π.Äëÿ ñëó÷àåâ γ = π
2

è γ = π ïîêàçàíî òàêæå òåïëîâîå èçëó÷åíèå ñ ïîëÿðíîé øàïêè. Çåëåíàÿ êðèâàÿñîîòâåòñòâóåò γ = π
2

, �èîëåòîâàÿ êðèâàÿ � γ = π. ×åðíûå êðèâûå ñîîòâåòñòâóþò òåïëîâîìóðåíòãåíîâñêîìó èçëó÷åíèþ ñ ïîëÿðíîé øàïêè äëÿ îáðàòíîãî òîêà ρ+ ≈ κ
2

ρeffÑèíèè êðèâûå ñîîòâåòñòâóþò íàáëþäàåìîìó ñïåêòðó èç ðàáîòû [2℄.Èíòåíñèâíîñòü ãàììà-èçëó÷åíèÿ dN
dt

èçìåðÿåòñÿ â Ôîòîíñì2ñåê ÌýÂ , à ýíåðãèÿ �îòîíîâ ǫ � â ÌýÂ.
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log(ε)Ïîêàçàí óñðåäíåííûé ïî âðåìåíè ñïåêòð ãàììà-èçëó÷åíèÿ ïóëüñàðíîé òðóáêè äëÿ ïóëüñàðà B1133+16.Çåëåíàÿ êðèâàÿ ñîîòâåòñòâóåò γ = π
2

, êðàñíàÿ êðèâàÿ � γ = 0.7π, �èîëåòîâàÿ êðèâàÿ � γ = π.Äëÿ ñëó÷àåâ γ = π
2

è γ = π ïîêàçàíî òàêæå òåïëîâîå èçëó÷åíèå ñ ïîëÿðíîé øàïêè. Çåëåíàÿ êðèâàÿñîîòâåòñòâóåò γ = π
2

, �èîëåòîâàÿ êðèâàÿ � γ = π. ×åðíûå êðèâûå ñîîòâåòñòâóþò òåïëîâîìóðåíòãåíîâñêîìó èçëó÷åíèþ ñ ïîëÿðíîé øàïêè äëÿ îáðàòíîãî òîêà ρ+ ≈ κ
2

ρeffÑèíèè êðèâûå ñîîòâåòñòâóþò íàáëþäàåìîìó ñïåêòðó èç ðàáîòû [3℄.Èíòåíñèâíîñòü ãàììà-èçëó÷åíèÿ dN
dt

èçìåðÿåòñÿ â Ôîòîíñì2ñåê ÌýÂ , à ýíåðãèÿ �îòîíîâ ǫ � â ÌýÂ.



Îáðàòíûé òîê ïîçèòðîíîâ

~m

θ0
√

η

zca

� ìîäåëü Àðîíñà-Øàðëåìàíà

E|| = 0 è ∇||E|| = 0 ïðè z = zf� ìîäåëü Ìóñëèìîâà-Õàðäèíã

Φ → Φ∞ ïðè η → +∞� ìîäåëü Öûãàíà-Ïàëüøèíà

(ρprim + ρsec − ρGJ) |z=zc
≈ 0

(ρprim + ρ+ − ρGJ) |z=0 ≈ 0

n+ =
k

2

(
1 − 1

η3
c

)
ne n+ =

1

2
K1 zc ne



Îáðàòíûé òîê ïîçèòðîíîâ
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Ñòàöèîíàðíîå îäíîìåðíîå óðàâíåíèå Âëàñîâà

v
∂f±

∂z
+ eE||

∂f±

∂p
= q±

div

 

~E√
h

!

= 4π (ρprim + ρsec − ρGJ )

ρsec = e

∫ +∞

−∞

(f+ − f−) dp�ðàíè÷íûå óñëîâèÿ

Φ|
ξ=1 = 0 Φ|

z=0 = 0

E||

˛

˛

z=0
= 0

Φ → Φ∞ è E|| → 0 ïðè η → +∞



Îáðàòíûé òîê ïîçèòðîíîâ

~m

θ0
√

η

zca

Ïðè íàõîæäåíèè îáðàòíîãî òîêà äåëàåòñÿ ðÿä óïðî-ùàþùèõ ïðåäïîëîæåíèé:� ïðåíåáðåãàåòñÿ ïåðåêðåñòíûìè ÷ëåíàìè â ëàïëà-ñèàíå (âîçíèêàþùèìè èç-çà íåîðòîãàíàëüíîñòè âû-áðàííîé ñèñòåìû êîîðäèíàò);� ñ÷èòàåòñÿ, ÷òî âòîðè÷íûå ýëåêòðîíû âñþäó äâè-æóòñÿ ñî ñêîðîñòüþ ñâåòà; âòîðè÷íûå ïîçèòðîíû äîè ïîñëå òî÷êè ðàçâîðîòà òàêæå èäóò ñî ñêîðîñòüþñâåòà;� äëÿ óïðîùåíèÿ ðàñ÷åòîâ ïðåäïîëàãàåòñÿ, ÷òîñïåêòð ðîæäàþùèõñÿ ÷àñòèö df/dΓ ïîñòîÿíåí âäîëüñèëîâîé ëèíèè è â êà÷åñòâå íåãî âîçüìåì ðåàëüíûéñïåêòð ïîðîæäåííûé èçãèáíûìè �îòîíàìè íà âûñîòå

1.5zc;

� ïðåíåáðåãàåòñÿ âëèÿíèåì ãðàâèòàöèîííîãî êðàñíîãî ñìåùåíèÿ íà ýíåðãèþ ýëåêòðîíîâ è ïîçèòðîíîâ;� ïîñêîëüêó îòíîñèòåëüíîå óâåëè÷åíèå ïåðâè÷íîãî òîêà èç-çà îáðàòíîãî òîêà ïîçèòðîíîâ ñîñòàâëÿåòìàëóþ âåëè÷èíó ïîðÿäêà k ∼ 0.15, òî ïðåíåáðåãàåòñÿ èçìåíåíèåì èíòåíñèâíîñòè ãåíåðàöèèýëåêòðîí-ïîçèòðîííûõ ïàð, ò.ê. âáëèçè zc èç-çà áûñòðîãî ðîñòà �óíêöèè q(x) äàííàÿ ïîïðàâêà áóäåòïðîñòî íåçàìåòíà, à íà áîëüøèõ âûñîòàõ âåëè÷èíà �óíêöèè q(x) ñëàáî âëèÿåò íà ðåøåíèå.



Îáðàòíûé òîê ïîçèòðîíîâ
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Ââåäåì îáîçíà÷åíèå

U =
eΦ

mc2Òîãäà óðàâíåíèÿ ïðèìóò ñëåäóþùèé âèä:

1

η2

∂

∂η

„

η2 ∂Φ

∂η

«

+
1

α2η2θ2

1

ξ

∂

∂ξ

„

ξ
∂Φ

∂ξ

«

=

−4π
ΩBo

2πc

1

α2η3

f(η)

f(1)

„

A(ξ) + I(U) + 1 − k

η3

«

I(U) = −2

Z η

1

dηy

p

γ(y)q(y)

Z 1+U(x)−U(y)

1

df

dΓ
(Γy)dΓyÊîíñòàíòà A(ξ) îïèñûâàåò ïîëíûé òîê ðåëÿòèâèñòñêèõ ÷àñòèö â ïóëüñàðíîì äèîäå, q(x) � êîëëè÷åñòâîïîçèòðîíîâ ðîæäàþùèõñÿ â òî÷êå x â åäèíèöå îáü¼ìà çà 1 ñåê., df

dΓ
(Γ) � ñïåêòð ðîæäàþùèõñÿïîçèòðîíîâ, è Γ � Ëîðåíö-�àêòîð ïðîäîëüíîãî äâèæåíèÿ ÷àñòèöû.



Îáðàòíûé òîê ïîçèòðîíîâ
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Âñÿ ïóëüñàðíàÿ òðóáêà ðàçáèâàåòñÿ íà 3 ÷àñòè:1) îáëàñòü ïóëüñàðíîãî äèîäà

Q < 10−3

Φ = Φdiode2) ïåðåõîäíàÿ îáëàñòü

10−3 < Q < 1

1

η2

∂

∂η

„

η2 ∂Φ

∂η

«

+
1

α2η2θ2

1

ξ

∂

∂ξ

„

ξ
∂Φdiode

∂ξ

«

=

= −4π
ΩBo

2πc

1

α2η3

f(η)

f(1)

„

A(ξ) + I(U) + 1 − k

η3

«

3) çîía ýêðàíèðîâêè,

Q > 1çäåñü çàäà÷à ñâîäèòüñÿ ê ðåøåíèþ â êàæäîé òî÷êå àëãåáðàè÷åñêîãî óðàâíåíèÿ îòíîñèòåëüíî U = eΦ
mc2

:

−4π
ΩBo

2πc

1

α2η3

f(η)

f(1)

„

A(ξ) + I(U(η)) + 1 − k

η3

«

=
1

α2η2θ2

1

ξ

∂

∂ξ

„

ξ
∂Φdiode

∂ξ

«



Èñïîëüçóåìûå ïàðàìåòðû

ξ 10
−2, n+/nB 10

−2, zc 10
6K, T

Bo = 0.1Bcr, P = 100ìñ0.3 7.00 3.6 7.20.5 7.03 3.3 6.70.7 6.97 3.4 6.2

Bo = 0.5Bcr, P = 300ìñ0.3 6.96 3.4 7.80.5 7.0 3.1 7.30.7 6.93 3.2 6.9

Bo = 0.09Bcr , P = 33ìñ0.3 7.25 2.2 9.00.5 7.27 2.0 8.30.7 7.27 1.9 7.8



Ýëåêòðè÷åñêîå ïîëå

Çàâèñèìîñòü ïîòåíöèàëà Φ(z, ξ) îò z â åäèíèöàõ eΦ
mc2

äëÿ ξ = 0.5, Bo = 0.1Bcr , P = 100ìñ. Íàöåíòðàëüíîì è ïðàâîì ðèñóíêàõ ïîòåíöèàë îòñ÷èòûâàåòñÿ îò ñâîåãî çíà÷åíèÿ íà áåñêîíå÷íîñòè

U∞ =
eΦ∞
mc2

, íà ëåâîì îò ïîòåíöèàëà íà ïîâåðõíîñòè çâåçäû. Íèæíÿÿ êðèâàÿ íà ëåâîì è öåíòðàëüíîìðèñóíêàõ ñîîòâåòñòâóåò ïîòåíöèàëó Φdiode(z, ξ).



Ýëåêòðè÷åñêîå ïîëå

Çàâèñèìîñòü ïîòåíöèàëà Φ(z, ξ) îò z â åäèíèöàõ eΦ
mc2

äëÿ ξ = 0.5, Bo = 0.5Bcr , P = 300ìñ. Íàöåíòðàëüíîì è ïðàâîì ðèñóíêàõ ïîòåíöèàë îòñ÷èòûâàåòñÿ îò ñâîåãî çíà÷åíèÿ íà áåñêîíå÷íîñòè

U∞ =
eΦ∞
mc2

, íà ëåâîì îò ïîòåíöèàëà íà ïîâåðõíîñòè çâåçäû. Íèæíÿÿ êðèâàÿ íà ëåâîì è öåíòðàëüíîìðèñóíêàõ ñîîòâåòñòâóåò ïîòåíöèàëó Φdiode(z, ξ).



�åçóëüòàòûÁûëî ðàññìîòðåíî âëèÿíèå íåäèïîëüíîñòè ìàãíèòíîãî ïîëÿ íà èçãèáíîå ãàììàèçëó÷åíèå â ïîëÿðíûõ îáëàñòÿõ ðàäèîïóëüñàðîâ â ìîäåëè ñâîáîäíîãî èñòå÷åíèÿýëåêòðîíîâ ñ ïîâåðõíîñòè íåéòðîííîé çâåçäû. Ïðè ýòîì áûëî ó÷òåíî "óâåëè÷åíèå"ýëåêòðîñòàòè÷åñêîãî ïîòåíöèàëà èç-çà íåäèïîëüíîñòè ìàãíèòíîãî ïîëÿ. Ïîêàçàíî, ÷òîè â ðàññìàòðèâàåìîé ìîäåëè íàëè÷èå íåáîëüøîé íåäèïîëüíîñòè ïðèâîäèò ê ðåçêîìóïàäåíèþ èíòåíñèâíîñòè èçãèáíîãî ãàììà èçëó÷åíèÿ.Â ðàññìàòðèâàåìîé ìîäåëè íàéäåíà èíòåíñèâíîñòü ãàììà èçëó÷åíèÿ ñâÿçàííîãî ñíåðåçîíàñíûì êîìïòîíîâñêèì ðàññåÿíèåì òåïëîâûõ �îòîíîâ ñ ïîëÿðíîé øàïêè íàïåðâè÷íûõ ýëåêòðîíàõ. Ïîêàçàíî, ÷òî â ðÿäå ñëó÷àåâ îíà ñëàáî çàâèñèò îòíåäèïîëüíîñòè ìàãíèòíîãî ïîëÿ â ïîëÿðíûõ îáëàñòÿõ.�àññìîòðåíî âëèÿíèå íà èçãèáíîå èçëó÷åíèå â ïîëÿðíûõ îáëàñòÿõ ðàäèîïóëüñàðîâðàäèóñà ïóëüñàðíîé òðóáêè. Ïîêàçàíî, ÷òî â ðÿäå ñëó÷àåâ íàëè÷èå íåáîëüøîéíåäèïîëüíîñòè ìàãíèòíîãî ïîëÿ íå äàåò âûêëþ÷àòüñÿ ðàäèîïóëüñàðó äàæå ïðèóìåíüøåíèè ðàäèóñà ïóëüñàðíîé òðóáêè â íåñêîëüêî ðàç.Ïîêàçàíî, ÷òî â ðÿäå ñëó÷àåâ ñïåêòð èçãèáíîãî èçëó÷åíèÿ ìîæåò ïðàêòè÷åñêèñîâïàäàòü äëÿ ñëàáîé è ñèëüíîé íåäèïîëüíîñòè, è çàìåòíî îòëè÷àòüñÿ îò ñïåêòðà ïðèóìåðåííûõ çíà÷åíèÿõ íåäèïîëüíîãî ìàãíèòíîãî ïîëÿ.



�åçóëüòàòûÍàéäåí îáðàòíûé òîê ïîçèòðîíîâ âî âíóòðåííåì çàçîðå. Ïðè ýòîì ðåøàëîñüîäíîìåðíîå ñòàöèîíàðíîå óðàâíåíèå Âëàñîâà ñ ïåðåìåííîé ïëîòíîñòüþ�îëäðàéõà-Äæóëèàíà. Ïîêàçàíî, ÷òî ñóùåñòâåííûé âêëàä â îáðàòíûé òîê ìîæåòäàâàòü îáëàñòü ýêðàíèðîâêè ýëåêòðè÷åñêîãî ïîëÿ ýëåêòðîí-ïîçèòðîííîé ïëàçìîé, ãäåðàçíîñòü ýëåêòðîñòàòè÷åñêîãî ïîòåíöèàëà óæå óïàëà íà 3-4 ïîðÿäêà. Ïðè ýòîì äëÿäîñòàòî÷íî ìîëîäûõ ðàäèîïóëüñàðîâ îáðàòíûé òîê ïîçèòðîíîâ îêàçàëñÿ ðàâíûìïðèìåðíî 0.07 îò âåëè÷èíû òîêà ýæåêòèðóåìûõ ýëåêòðîíîâ. Ýòà öè�ðà áëèçêà êïîëîâèíå îò âåëè÷èíû îáùåðåëÿòèâèñòñêîãî ïàðàìåòðà, îïèñûâàþùåãî ý��åêòóâëå÷åíèÿ èíåðöèàëüíûõ ñèñòåì îòñ÷åòà, è ïðèìåðíî â 5 ðàç áîëüøå ïðèíÿòûõ ðàíååçíà÷åíèé äëÿ îáðàòíîãî òîêà.Âû
êàçàíî ïðåäïîëîæåíèå, ÷òî ïîëó÷åííûé ðåçóëüòàò ñâèäåòåëüòâóåò â ïîëüçó òîãî,÷òî ó ïóëüñàðîâ íà ìàëûõ âûñîòàõ äëÿ îáåñïå÷åíèÿ ýêðàíèðîâêè ýëåêòðè÷åñêîãî ïîëÿïîìèìî âòîðè÷íîé ýëåêòðîí-ïîçèòðîííîé ïëàçìû äîëæíà íàõîäèòüñÿ ñðåäà èçíåðåëÿòèâèñòñêèõ ýëåêòðîíîâ, à íà âûñîòàõ ïîðÿäêà 2 - 15 ðàäèóñîâ íåéòðîííîéçâåçäû � ñðåäà èç íåðåëÿòèâèñòñêèõ ïîçèòðîíîâ.�àññìîòðåíî âëèÿíèå íåäèïîëüíîñòè ìàãíèòíîãî ïîëÿ íà E × B äðåé� ñóáèìïóëüñîâðàäèîïóëüñàðîâ. Ïîêàçàíî, ÷òî ïðè ó÷åòå íåäèïîëüíîñòè ìàãíèòíîãî ïîëÿ â ìîäåëèñâîáîäíîãî èñòå÷åíèÿ ó ïóëüñàðîâ B1133+16, B0943+10 è B0834+06 ìîãóò áûòüïîëó÷åíû íàáëþäàåìûå çíà÷åíèÿ ïåðèîäà äðåé�à. Äëÿ ïóëüñàðîâ B1133+16 èB0943+10 íàéäåíà òåìïåðàòóðà ïîëÿðíûõ øàïîê è ïîêàçàíî, ÷òî èìåþùèåñÿíàáëþäåíèÿ ñîãëàñóþòñÿ ñ îáîèìè ìåòîäàìè ðàñ÷åòà îáðàòíîãî òîêà.



Ïðåäïîëàãàåìûå îñíîâíûå ïîëîæåíèÿ1. Áûëî ðàññìîòðåíî âëèÿíèå íåäèïîëüíîñòè ìàãíèòíîãî ïîëÿ íà èçãèáíîåãàììà èçëó÷åíèå â ïîëÿðíûõ îáëàñòÿõ ðàäèîïóëüñàðîâ â ìîäåëè ñâîáîäíîãîèñòå÷åíèÿ ýëåêòðîíîâ ñ ïîâåðõíîñòè íåéòðîííîé çâåçäû. Ïðè ýòîì áûëî ó÷òåíî"óâåëè÷åíèå" ýëåêòðîñòàòè÷åñêîãî ïîòåíöèàëà èç-çà íåäèïîëüíîñòè ìàãíèò-íîãî ïîëÿ. Ïîêàçàíî, ÷òî è â ðàññìàòðèâàåìîé ìîäåëè íàëè÷èå íåäèïîëüíî-ñòè ïðèâîäèò ê ðåçêîìó ïàäåíèþ èíòåíñèâíîñòè èçãèáíîãî ãàììà èçëó÷åíèÿïîëÿðíûõ îáëàñòåé.2. Â ðàññìàòðèâàåìîé ìîäåëè íàéäåíà èíòåíñèâíîñòü ãàììà èçëó÷åíèÿ,ñâÿçàííîãî ñ íåðåçîíàñíûì êîìïòîíîâñêèì ðàññåÿíèåì òåïëîâûõ �îòîíîâ ñïîëÿðíîé øàïêè íà ïåðâè÷íûõ ýëåêòðîíàõ. Ïîêàçàíî, ÷òî â ðÿäå ñëó÷àåâ îíàñëàáî çàâèñèò îò íåäèïîëüíîñòè ìàãíèòíîãî ïîëÿ â ïîëÿðíûõ îáëàñòÿõ.3. Èñïîëüçóÿ îäíîìåðíîå ñòàöèîíàðíîå óðàâíåíèå Âëàñîâà ñ ïåðåìåííîéïëîòíîñòüþ �îëäðàéõà-Äæóëèàíà íàéäåí îáðàòíûé òîê ïîçèòðîíîâ âî âíóòðåí-íåì çàçîðå. Ïîêàçàíî, ÷òî ñóùåñòâåííûé âêëàä â îáðàòíûé òîê ìîæåò äàâàòüîáëàñòü ýêðàíèðîâêè ýëåêòðè÷åñêîãî ïîëÿ ýëåêòðîí-ïîçèòðîííîé ïëàçìîé.
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