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Ðåçþìå. Ïðåäñòàâëåíû ðåçóëüòàòû, ïîëó÷åííûå â ñåðèè ïðåäûäóùèõ ðàáîò î âëèÿ-
íèè íà îïòè÷åñêèå è êèíåòè÷åñêèå ñâîéñòâà ñëàáî èîíèçîâàííîé àñòðîôèçè÷åñêîé ïëàç-
ìû äâóõ ãðóïï ñòîëêíîâèòåëüíûõ ïðîöåññîâ: èîí-àòîìíûõ è àòîì-àòîìíûõ. Â ïåðâóþ
âõîäÿò ðàäèàöèîííûå ïðîöåññû òèïà ôîòîäèññîöèàöèÿ/àññîöèàöèÿ è ðàäèàöèîííàÿ ïå-
ðåçàðÿäêà, à âî âòîðóþ � õåìè-èîíèçàöèîííûå/ðåêîìáèíàöèîííûå ïðîöåññû. Âëèÿíèå
ðàäèàöèîííûõ ïðîöåññîâ îöåíèâàåòñÿ ïóòåì ñðàâíåíèÿ èõ èíòåíñèâíîñòåé ñ èíòåíñèâ-
íîñòÿìè èçâåñòíûõ êîíêóðèðóþùèõ ïðîöåññîâ ïðèìåíèòåëüíî ê ôîòîñôåðå Ñîëíöà è ê
ôîòîñôåðàì DB áåëûõ êàðëèêîâ. Èçó÷àåìûå õåìè-èîíèçàöèîííûå/ðåêîìáèíàöèîííûå
ïðîöåññû ðàññìîòðåíû ñ òî÷êè çðåíèÿ èõ âëèÿíèÿ íà íàñåëåííîñòè âîçáóæä�åííûõ ñî-
ñòîÿíèé àòîìà âîäîðîäà (Ñîëíöe è Ì êðàñíûé êàðëèê ñ ýôôåêòèâíîé òåìïåðàòóðîé
3800 K) è àòîìà ãåëèÿ (DB áåëûå êàðëèêè). Âëèÿíèå ýòèõ ïðîöåññîâ íà íàñåë�åííîñòè
âîçáóæä�åííûõ ñîñòîÿíèé àòîìà âîäîðîäà èññëåäîâàío ñ ïîìîùüþ ïðîãðàììû PHOENIX,
êîòîðàÿ ãåíåðèðóåò ìîäåëü ðàññìàòðèâàåìîé àòìîñôåðû. Âåñü ïðåäñòàâëåííûé ìàòåðè-
àë ïîêàçûâàåò íåñîìíåííîå âëèÿíèå ðàññìîòðåííûõ ðàäèàöèîííûõ è õåìè-èîíèçàöèîí-
íûõ/ðåêîìáèíàöèîííûõ ïðîöåññîâ íà îïòè÷åñêèå ñâîéñòâà è íà êèíåòèêó ñëàáî èîíè-
çîâàííûõ ñëî�åâ çâ�åçäíûõ àòìîñôåð. Ìîæíî íàäåÿòüñÿ, ÷òî ïðåäñòàâëåííûå ðåçóëüòàòû
ïîñëóæàò äîñòàòî÷íûì îñíîâàíèåì äëÿ âêëþ÷åíèÿ ýòèõ ïðîöåññîâ â ìîäåëè çâ�åçäíûõ
àòìîñôåð.

1 Ââåäåíèå

Â ñåðèè ïðåäûäóùèõ ðàáîò äâå ãðóïïû èîí�àòîìíûõ è àòîì�àòîìíûõ ñòîëêíîâèòåëü-
íûõ ïðîöåññîâ èçó÷àëèñü ñ òî÷êè çðåíèÿ èõ âëèÿíèÿ íà îïòè÷åñêèå è êèíåòè÷åñêèå
ñâîéñòâà ñëàáî èîíèçîâàííîé ëàáîðàòîðíîé è àñòðîôèçè÷åñêîé ïëàçìû [1�5, 7�17]. Â
ïåðâóþ ãðóïïû âõîäÿò ðàäèàöèîííûå ïðîöåññû òèïà ôîòîäèññîöèàöèÿ/àññîöèàöèÿ, ðà-
äèàöèîííàÿ ïåðåçàðÿäêà,

A+ A+ ⇐⇒ ελ +

{
A+

2 ôîòîäèññîöèàöèÿ/àññîöèàöèÿ,

A+ + A ðàäèàöèîííàÿ ïåðåçàðÿäêà,
(1)
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ãäå ελ � ýíåðãèÿ ôîòîíà ñ äëèíîé âîëíû λ, A è A+ � àòîì è åãî ïîëîæèòåëüíûé èîí
â îñíîâíûõ ñîñòîÿíèÿõ, à A+

2 � ìîëåêóëÿðíûé èîí â îñíîâíîì ýëåêòðîííîì ñîñòîÿíèè.
Ýòè ïðîöåññû èëëþñòðèðóåò íèæå ïðèâåäåííûé ðèñóíîê 1, ãäå U1(R) è U2(R) � àäèà-
áàòè÷åñêèå ïîòåíöèàëüíûå êðèâûå îñíîâíîãî è ïåðâîãî âîçáóæä�åííîãî ýëåêòðîííîãî
ñîñòîÿíèÿ èîíà A+

2 , à R � ìåæúÿäåðíîå ðàññòîÿíèå â àòîìíûõ åäèíèöàõ. Ðèñóíîê 1 ïî-
êàçûâàåò, ÷òî èçó÷àåìûå ðàäèàöèîííûå ïðîöåññû ïðåäñòàâëÿþò ðåçóëüòàò ïåðåõîäîâ ñ
èçëó÷åíèåì èëè ïîãëîùåíèåì ôîòîíà ìåæäó óïîìÿíóòûìè ìîëåêóëÿðíûìè ýëåêòðîí-
íûìè ñîñòîÿíèÿìè.

Ðèñ. 1: Àäèàáàòè÷åñêèå ïîòåíöèàëüíûå êðèâûå îñíîâíîãî è ïåðâîãî âîçáóæä�åííîãî ýëåêòðîí-

íîãî ñîñòîÿíèÿ èîíà A+
2 .

Âî âòîðóþ èç äâóõ óïîìÿíóòûõ ãðóïï âõîäÿò õåìè�èîíèçàöèîííûå è õåìè�ðåêîì-
áèíàöèîííûå ïðîöåññû òèïà õåìè�èîíèçàöèÿ, õåìè�ðåêîìáèíàöèÿ,

A+ A∗(n)→ e+

{
A+

2

A+ A+
õåìè�èîíèçàöèÿ,

e+

{
A+

2

A+ + A
→ A∗(n) + A õåìè�ðåêîìáèíàöèÿ, (2)

ãäå A∗(n) � àòîì â âûñîêî âîçáóæä�åííîì (ðèäáåðãîâñêîì) ñîñòîÿíèè ñ ãëàâíûì êâàíòî-
âûì ÷èñëîì n� 1, à e � ñâîáîäíûé ýëåêòðîí. Ðàññìàòðèâàþòñÿ ïðîöåññû, îáóñëîâëåí-
íûå äåéñòâèåì ìåõàíèçìà ðåçîíàíñíîãî îáìåíà ýíåðãèåé âíóòðè ýëåêòðîííîé êîìïîíåí-
òû, ñîîòâåòñòâóþùåé àòîì�àòîìíîé èëè ýëåêòðîí�èîí�àòîìíîé ñèñòåìå. Ýòè ïðîöåññû
èëëþñòðèðóåò ðèñ. 2, ñõåìàòè÷åñêè ïîêàçûâàþùèé (a) ãåîìåòðèþ A∗(n)+A ñòîëêíîâå-
íèÿ è (b) ñóòü ðåçîíàíñíîãî ìåõàíèçìà, êîòîðàÿ ñîñòîèò â òîì, ÷òî ïåðåõîä âíåøíåãî
ñëàáîñâÿçàííîãî ýëåêòðîíà ñèñòåìû (en) ñ ýíåðãèåé εn < 0 â ñâîáîäíîå ñîñòîÿíèå ñ ýíåð-
ãèåé εk > 0 ñîïðîâîæäàåòñÿ ïåðåõîäîì ïîäñèñòåìû A+ + A èç ïåðâîãî âîçáóæä�åííîãî
ìîëåêóëÿðíîãî ñîñòîÿíèÿ ñ ýíåðãèåé U2 â îñíîâíîå ñîñòîÿíèå ñ ýíåðãèåé U1.

Äëÿ àñòðîôèçè÷åñêîé ïëàçìû â äàííîé ðàáîòå ðàññìàòðèâàþòñÿ äâà ñëó÷àÿ:
ñëó÷àé âîäîðîäà, êîãäà A = H(1s) è A+ = H,
ñëó÷àé ãåëèÿ, êîãäà A = He(1s2) è A+ = He(1s).
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Ðèñ. 2: (a) Ãåîìåòðèÿ A∗(n) +A ñòîëêíîâåíèÿ; (b) ñóòü ðåçîíàíñíîãî ìåõàíèçìà (ñì. òåêñò).

Âëèÿíèå ðàäèàöèîííûõ ïðîöåññîâ (1) îöåíèâàåòñÿ ïóòåì ñðàâíåíèÿ èõ èíòåíñèâíî-
ñòåé ñ èíòåíñèâíîñòÿìè èçâåñòíûõ êîíêóðèðóþùèõ ðàäèàöèîííûõ ïðîöåññîâ, à èìåííî:

A+ + e↔ ελ +

{
A+ + e

A∗ , (3)

A+ e↔ ελ + A+ e, (4)

A+ e↔ A−, (5)

ãäå A− � ñòàáèëüíûé îòðèöàòåëüíûé èîí. Âëèÿíèå õåìè�èîíèçàöèîííûõ è õåìè�ðåêîì-
áèíàöèîííûõ ïðîöåññîâ (2) òàêæå îöåíèâàåòñÿ ïóòåì ñðàâíåíèÿ èõ èíòåíñèâíîñòåé ñ
èíòåíñèâíîñòÿìè èçâåñòíûõ êîíêóðèðóþùèõ èîíèçàöèîííûõ è ðåêîìáèíàöèîííûõ ïðî-
öåññîâ:

A+ + e→ A∗(n) + ελ, (6)

A+ + e+ e↔ A∗(n) + e. (7)

2 Ðàäèàöèîííûå ïðîöåññû

Àòìîñôåðà Ñîëíöà: âèäèìàÿ îáëàñòü

Â ñëó÷àå âîäîðîäà ïðîöåññû (1) ðàññìîòðåíû ïðèìåíèòåëüíî ê ôîòîñôåðå è íèæíåé
õðîìîñôåðå Ñîëíöà [1, 3] è îõàðàêòåðèçîâàíû èõ ñïåêòðàëüíîé ýìèññèâíîñòüþ εia(λ),
ò.å. ñïåêòðàëüíîé ïëîòíîñòüþ ýíåðãèè èçëó÷åíèÿ, êîòîðîå ýòè ïðîöåññû ãåíåðèðóåò èç
åäèíèöû îáú�åìà â åäèíèöó âðåìåíè â òåëåñíûé óãîë 4π. Ýìèññèâíîñòè, õàðàêòåðèçóþ-
ùèå â ñëó÷àå âîäîðîäà ïðîöåññû (3), (4) è (5), îáîçíà÷åíû çäåñü ÷åðåç εei(λ), ε

ff
ea (λ) è

εfbea(λ). Â ñîîòâåòñòâèè ñ ýòèì âëèÿíèå ïðîöåññîâ (1) îöåíèâàåòñÿ âåëè÷èíàìè ñëåäóþ-
ùèõ ïàðàìåòðîâ:

Fei(λ) =
εia(λ)

εei(λ)
, F ff

ea (λ) =
εia(λ)

εffea (λ)
, F fb

ea (λ) =
εia(λ)

εfbea(λ)
,

êîòîðûå îïðåäåëÿþòñÿ êàê ôóíêöèè âûñîòû ðàññìàòðèâàåìîãî ñëîÿ ñîëíå÷íîé àòìî-
ñôåðû íà îñíîâå ñòàíäàðòíûõ ìîäåëåé [18, 19]. Ðåçóëüòàòû, ïîëó÷åííûå äëÿ âèäèìîé
îáëàñòè ñïåêòðà, èëëþñòðèðóþò ðèñóíêè 3�6. Ýòè ðèñóíêè ïîêàçûâàþò, ÷òî îáùèé
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âêëàä ïðîöåññîâ (1) â íåïðîçðà÷íîñòü ñîëíå÷íîé àòìîñôåðû â âèäèìîé îáëàñòè íåîá-
õîäèìî ïðèíèìàòü âî âíèìàíèå, íåñìîòðÿ íà ïðèñóòñòâèå èñêëþ÷èòåëüíî èíòåíñèâíûõ
ïðîöåññîâ (5).

Ðèñ. 3: Ïàðàìåòð Fei êàê ôóíêöèÿ âûñîòû â àòìîñôåðå Ñîëíöà.

Ðèñ. 4: Ïàðàìåòð F ffea êàê ôóíêöèÿ âûñîòû â àòìîñôåðå Ñîëíöà.

Àòìîñôåðà Ñîëíöà: UV è VUV îáëàñòü

Â äàëåêîé UV îáëàñòè ýìèññèîííûå êàíàëû ïðîöåññîâ (1) ïåðåñòàþò èãðàòü ðîëü, â òî
âðåìÿ êàê ðîëü àáñîðáöèîííûõ êàíàëîâ â ýòîé îáëàñòè î÷åíü áûñòðî ðàñò�åò. Â ñîîò-
âåòñòâèè ñ ýòèì â UV è VUV îáëàñòè âëèÿíèå ïðîöåññîâ (1) îöåíèâàåòñÿ âåëè÷èíîé
ïàðàìåòðà Fκ(λ), ò.å. îòíîøåíèåì êîýôôèöèåíòà îáóñëîâëåííîé ýòèìè ïðîöåññàìè àá-
ñîðáöèè ê êîýôôèöèåíòó àáñîðáöèè, îáóñëîâëåííîé êîíêóðèðóþùèìè ïðîöåññàìè (3),
(4) è (5) âìåñòå âçÿòûìè [6]. Ïîëó÷åííûå ðåçóëüòàòû èëëþñòðèðóþò ïðèâåäåííûå íèæå
ðèñóíêè 7à, á.

Ðèñóíêè ïîêàçûâàþò, ÷òî âêëàä ïðîöåññîâ (1) â íåïðîçðà÷íîñòü ñîëíå÷íîé àòìîñôå-
ðû â UV è VUV îáëàñòè áëèçîê ê âêëàäó ïðîöåññîâ (3), (4) è (5) âìåñòå âçÿòûõ.
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Ðèñ. 5: Ïàðàìåòð F fbea (λλ = 350− 800 íì) êàê ôóíêöèÿ âûñîòû â àòìîñôåðå Ñîëíöà.

Ðèñ. 6: Ïàðàìåòð F fbea (λλ = 800− 1250 íì) êàê ôóíêöèÿ âûñîòû â àòìîñôåðå Ñîëíöà.

Ðèñ. 7: Ïàðàìåòð Fκ êàê ôóíêöèÿ âûñîòû â àòìîñôåðå Ñîëíöà.

Àòìîñôåðû DB áåëûõ êàðëèêîâ: âèäèìàÿ îáëàñòü

Â ãåëèåâîì ñëó÷àå ïðîöåññû (1) ðàññìîòðåíû ïðèìåíèòåëüíî ê ôîòîñôåðàì DB áåëûõ
êàðëèêîâ [20] ñ ýôôåêòèâíûìè òåìïåðàòóðàìè Teff ≤ 16 000 K. Âëèÿíèå ýòèõ ïðîöåññîâ
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îöåíèâàåòñÿ òîëüêî âåëè÷èíàìè âûøå ïðèâåäåííûõ ïàðàìåòðîâ Fei(λ) è F
ff
ea (λ), òàê êàê

â ãåëèåâîì ñëó÷àå íåò ñòàáèëüíîãî îòðèöàòåëüíîãî èîíà [2, 4, 5]. Ïîëó÷åííûå ðåçóëüòà-
òû èëëþñòðèðóþò ðèñóíêè 8 è 9, êîòîðûå îòíîñÿòñÿ ê ôîòîñôåðå DB áåëîãî êàðëèêà
ñ ýôôåêòèâíîé òåìïåðàòóðîé Teff ≤ 12 000 K. Ïàðàìåòðû Fei(λ) è F

ff
ea (λ) îïðåäåëåíû

êàê ôóíêöèè ëîãàðèôìà ðîññåëàíäîâñêîé îïòè÷åñêîé òîëùèíû.

Ðèñ. 8: Ïàðàìåòð Fei êàê ôóíêöèÿ ëîãàðèôìà ðîññåëàíäîâñêîé îïòè÷åñêîé òîëùèíû log τ .

Ðèñ. 9: Ïàðàìåòð F ffea êàê ôóíêöèÿ ëîãàðèôìà ðîññåëàíäîâñêîé îïòè÷åñêîé òîëùèíû log τ .

Ýòè ðèñóíêè ïîêàçûâàþò, ÷òî ââèäó îòñóòñòâèÿ â ñëó÷àå ãåëèÿ ïðîöåññîâ (5), îáùèé
âêëàä ïðîöåññîâ (1) â íåïðîçðà÷íîñòü àòìîñôåð DB áåëûõ êàðëèêîâ â âèäèìîé îáëàñòè
ïî îòíîøåíèþ ê âêëàäó êîíêóðèðóþùèõ ïðîöåññîâ â íåñêîëüêî ðàç áîëüøå, ÷åì ýòî
èìååò ìåñòî äëÿ âîäîðîäà.

3 Õåìè-èîíèçàöèîííûå è õåìè-ðåêîìáèíàöèîííûå ïðîöåññû

Â äàííîé ðàáîòå õåìè-èîíèçàöèîííûå è õåìè-ðåêîìáèíàöèîííûå ïðîöåññû (2) ðàññìîò-
ðåíû ñíà÷àëà ñ òî÷êè çðåíèÿ èõ âëèÿíèÿ íà íàñåë�åííîñòè âîçáóæä�åííûõ ñîñòîÿíèé
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àòîìà âîäîðîäà â àòìîñôåðàõ Ñîëíöà è áîëåå õîëîäíûõ çâ�åçä è íà íàñåë�åííîñòè âîç-
áóæä�åííûõ ñîñòîÿíèé àòîìà ãåëèÿ DB áåëûõ êàðëèêîâ. Äàíû ñðàâíèòåëüíûå îöåíêè
âëèÿíèÿ ýòèõ è êîíêóðèðóþùèõ ïðîöåññîâ (6) è (7), êîòîðûå äàþòñÿ çíà÷åíèÿìè ñëå-
äóþùèõ ïàðàìåòðîâ:

F
(ab)
phr (4; 8) =

8∑
n=4

Iabr (n, T )

8∑
n=4

Iabphr(n, T )

, F
(ab)
eei (4; 8) =

8∑
n=4

Iabr (n, T )

8∑
n=4

Ieeir (n, T )

,

ãäå Iabr (n, T ), Iabphr(n, T ) è I
eei
r (n, T ) � ðåêîìáèíàöèîííûå ïîòîêè íà àòîìíûé óðîâåíü ñ

çàäàííûì n, îáóñëîâëåííûå ïðîöåññàìè (2), (6) è (7), ñîîòâåòñòâåííî.

Àòìîñôåðà Ñîëíöà

Ðåçóëüòàòû, ïîëó÷åííûå â ñëó÷àå ôîòîñôåðû è íèæíåé õðîìîñôåðû Ñîëíöà [9], ïðåä-
ñòàâëåíû íà ðèñóíêàõ 10 è 11. Âèäíî, ÷òî â äàííîì ñëó÷àå ïðîöåññû (2) äîìèíèðóþò
ïî îòíîøåíèþ ê ôîòîðåêîìáèíàöèîííûì ïðîöåññîì (6) è ÷òî èõ èíòåíñèâíîñòü áëèçêà
ê èíòåíñèâíîñòè ïðîöåññîâ òðîéíîé ýëåêòðîí-ýëåêòðîí-èîííîé ðåêîìáèíàöèè.

Ðèñ. 10: Ïàðàìåòð F
(ab)
phr (n, T ) êàê ôóíêöèÿ âûñîòû â àòìîñôåðå Ñîëíöà.

Àòìîñôåðû DB áåëûõ êàðëèêîâ

Ðåçóëüòàòû, ïîëó÷åííûå äëÿ ñëó÷àÿ ãåëèÿ, èëëþñòðèðóþò ðèñóíêè 12 è 13, îòíîñÿùèåñÿ
ê ïðîöåññàì (2) â àòìîñôåðå DB áåëîãî êàðëèêà ñ ýôôåêòèâíîé òåìïåðàòóðîé Teff =

12 000 K. Çíà÷åíèÿ ïàðàìåòðîâ F
(ab)
eei (n, T ) è F

(ab)
phr (n, T ) äàíû êàê ôóíêöèè ëîãàðèôìà

ðîññåëàíäîâñêîé îïòè÷åñêîé òîëùèíû.

Àòìîñôåðû êðàñíûõ M-êàðëèêîâ (ïðîãðàììà PHOENIX)

Â äàííîé ðàáîòå ïðîöåññû (2) ðàññìîòðåíû òàêæå â ñëó÷àå àòìîñôåðû Ì-êðàñíîãî
êàðëèêà ñ ýôôåêòèâíîé òåìïåðàòóðîé Teff = 3800 K. Âëèÿíèå ýòèõ ïðîöåññîâ íà íà-
ñåë�åííîñòè âîçáóæä�åííûõ ñîñòîÿíèé àòîìà âîäîðîäà â ýòîì ñëó÷àå èññëåäîâàíî ñ ïî-
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Ðèñ. 11: Ïàðàìåòð F
(ab)
eei (n, T ) êàê ôóíêöèÿ âûñîòû â àòìîñôåðå Ñîëíöà.

Ðèñ. 12: Ïàðàìåòð F
(ab)
eei (n, T ) êàê ôóíêöèÿ ëîãàðèôìà ðîññåëàíäîâñêîé îïòè÷åñêîé òîëùèíû

log τ .

Ðèñ. 13: Ïàðàìåòð F
(ab)
phr (n, T ) êàê ôóíêöèÿ ëîãàðèôìà ðîññåëàíäîâñêîé îïòè÷åñêîé òîëùèíû

log τ .

ìîùüþ ïðîãðàììû PHOENIX, êîòîðàÿ ãåíåðèðóåò ìîäåëü ðàññìàòðèâàåìîé àòìîñôå-
ðû [16]. Â ðàìêàõ ýòîé ðàáîòû â ïðîãðàììó PHOENIX âêëþ÷åíû ïðîöåññû (2) äëÿ
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n ≥ 4. Ïîëó÷åííûå ðåçóëüòàòû èëëþñòðèðóþò òðè ñëåäóþùèå ðèñóíêà 14�16, ãäå ïðåä-
ñòàâëåíû çíà÷åíèÿ ïàðàìåòðà ζ, ò.å. îòíîøåíèå íàñåë�åííîñòåé âîçáóæäåííûõ ñîñòîÿíèé
àòîìà âîäîðîäà, ðàññ÷èòàííûõ ñ ó÷�åòîì è áåç ó÷�åòà ïðîöåññîâ (2). Âèäíî, ÷òî ïî êðàé-
íåé ìåðå â îáëàñòè n ≤ 20 ïðîöåññû (2) îäèíàêîâî ñèëüíî âëèÿþò íà íàñåë�åííîñòè
âîçáóæä�åííûõ ñîñòîÿíèé àòîìà âîäîðîäà.

Ðèñ. 14: Ïàðàìåòð ζ (îòíîøåíèå íàñåë�åííîñòåé âîçáóæäåííûõ ñîñòîÿíèé àòîìà âîäîðîäà),

ðàññ÷èòàííûé ñ ó÷�åòîì è áåç ó÷�åòà ïðîöåññîâ (2) äëÿ n = 3− 9.

Ðèñ. 15: Òî æå, ÷òî íà ðèñ. 14, äëÿ n = 10− 15.

4 Âëèÿíèå õåìè-èîíèçàöèîííûõ/ðåêîìáèíàöèîííûõ ïðîöåññîâ
íà îáëèê âîäîðîäíûõ ñïåêòðàëüíûõ ëèíèé â àòìîñôåðå êðàñ-
íîãî M-êàðëèêà (ïðîãðàììà PHOENIX)

Â ñâÿçè ñ äàííîé ïðîáëåìîé â ýòîé ðàáîòå òàêæå ðàññìîòðåíà àòìîñôåðà êðàñíîãî M-
êàðëèêà ñ ýôôåêòèâíîé òåìïåðàòóðîé Teff = 3800 K. Õàðàêòåðèñòèêè ðàññìîòðåííîé
àòìîñôåðû ïðåäñòàâëåíû íà ðèñ. 17, ãäå ïîêàçàíû ýëåêòðîííûå êîíöåíòðàöèè, ðàññ÷è-
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Ðèñ. 16: Òî æå, ÷òî íà ðèñ. 14, äëÿ n = 16− 29.

òàííûå ñ ïîìîùüþ ïðîãðàììû PHOENIX ñ ó÷�åòîì è áåç ó÷�åòà ïðîöåññîâ (2). Â îòëè÷èå
îò ïðåäûäóùåãî ñëó÷àÿ, çäåñü áûëè âêëþ÷åíû ïðîöåññû (2) ñ n = 2 è 3.

Ðèñ. 17: Ïðîôèëè ýëåêòðîííîé êîíöåíòðàöèè, ðàññ÷èòàííûå ñ ïîìîùüþ ïðîãðàììû PHOENIX

ñ ó÷�åòîì è áåç ó÷�åòà ïðîöåññîâ (2).

Äëÿ äàííîé àòìîñôåðû áûëè ðàññ÷èòàíû ïðîôèëè ðÿäà ñïåêòðàëüíûõ ëèíèé àòîìà
âîäîðîäà, òàêæå îïðåäåëåííûå ñ ó÷�åòîì è áåç ó÷�åòà ïðîöåññîâ (2) äëÿ n ≥ 2. Ïîëó-
÷åííûå ðåçóëüòàòû èëëþñòðèðóþò ÷åòûðå ñëåäóþùèå ðèñóíêà (Ðèñ. 18�21) êîòîðûå
îòíîñÿòñÿ ê ëèíèÿì Hα, Hδ, Hε è Paε, ñîîòâåòñòâåííî [21].

Ïðåäñòàâëåííûå ðèñóíêè ïîêàçûâàþò, ÷òî ïðîöåññû (2), âëèÿÿ íåïîñðåäñòâåííî íà
íàñåë�åííîñòè âîçáóæä�åííûõ ñîñòîÿíèé àòîìà âîäîðîäà è íà ýëåêòðîííóþ êîíöåíòðà-
öèþ, î÷åíü ñèëüíî âëèÿþò è íà ôîðìó ñïåêòðàëüíûõ ëèíèé àòîìà.
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Ðèñ. 18: Ðàñ÷�åòíûé ïðîôèëü ëèíèè Hα â àòìîñôåðå êðàñíîãî M-êàðëèêà.

Ðèñ. 19: Òî æå, ÷òî íà ðèñ. 18, äëÿ ëèíèè Hδ.

Ðèñ. 20: Òî æå, ÷òî íà ðèñ. 18, äëÿ ëèíèè Hε.
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Ðèñ. 21: Òî æå, ÷òî íà ðèñ. 18, äëÿ ëèíèè Paε.

5 Çàêëþ÷åíèå

Âñå âûøåèçëîæåííîå ïîêàçûâàåò íåñîìíåííîå âëèÿíèå ðàäèàöèîííûõ ïðîöåññîâ (1) è
õåìè-èîíèçàöèîííûõ/ðåêîìáèíàöèîííûõ ïðîöåññîâ (2) íà îïòè÷åñêèå ñâîéñòâà è íà êè-
íåòèêó ñëàáî èîíèçîâàííûõ ñëî�åâ çâ�åçäíûõ àòìîñôåð. Ìîæíî íàäåÿòüñÿ, ÷òî ïðåäñòàâ-
ëåííûå ðåçóëüòàòû ñëóæàò äîñòàòî÷íûì îñíîâàíèåì äëÿ âêëþ÷åíèÿ ïðîöåññîâ (1) è (2)
â ìîäåëè çâ�åçäíûõ àòìîñôåð.
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Abstract. We report the results obtained in our previous works on the in�uence of
two groups of collisional processes (ion�atom and atom�atom) on the optical and kinetic
properties of weakly ionised plasma. The �rst group includes radiative processes of the
photodissociation/association type and radiative charge exchange, the second one � chemi-
ionisation/recombination processes. The e�ect of the radiative processed is assessed by
comparing their intensities with those of the known competing processed in application
to the solar photosphere and to the photospheres of DB white dwarfs. The studied chemi-
ionisation/recombination processes are considered from the viewpoint of their in�uence on
the populations of the excited states of the hydrogen atom (the Sun and an M-type red dwarf
with an e�ective temperature of 3800 K) and helium atom (DB white dwarfs). The e�ect
of these processes on the populations of the excited states of the hydrogen atom has been
studied using the PHOENIX code, which generates the model of the considered atmosphere.
The reported results demonstrate the unquestionable in�uence of the considered radiative
and chemi-ionisation/recombination processes on the optical properties and on the kinetics of
the weakly ionised layers in stellar atmospheres. It can be expected that the reported results
will be a su�cient reason for including these processes in the models of stellar atmospheres.
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