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Rozrahovano 270 foto�on�za��nih modele� sv�qenn� planetarnih tumannoste�. V�l~nimi

parametrami s�tki buli rozpod�l ener��Ý v spektr� viprom�n�vann� �dra za � � 912

�

A, faktor

napovnenn� ta hem�qni� sklad. Znaqenn� T

�

ta r

�

modele� uz�to z evol���nih trek�v Blo-

kera. Rozpod�li ener��Ý v spektrah viprom�n�vann� �der za � � 912

�

A v�dpov�dali model�m

atmosfer Kl��a{M�ddlmassa, skore�ovanim za na�vnosti zor�nogo v�tru. Foto�on�za��n�

model� vva�ali sferiqno-simetriqnimi, rad��l~ni� rozpod�l gustini gazu v Ýhn�h obolonkah

zadano emp�riqnim sp�vv�dnoxenn�m, otrimanim z anal�zu kart �zofot real~nih planetar-

nih tumannoste�. Dl� rozrahunku modele� sv�qenn� tumannoste� bula vikoristana programa

G. Ferlanda Cloudy 94. Otriman� v rezul~tat� �nte�ral~n� spektri proanal�zovano zviqa�nim

metodom d��gnostiki nebul�rnogo gazu. Rozrahovan� takim qinom v�dnosn� vm�sti r�znih �on�v

buli zastosovan� dl� viznaqenn� anal�tiqnih viraz�v dl� ICF. U rezul~tat� zna�deno nov�

ICF, �k� planumo vikoristati dl� utoqnenn� hem�qnogo vm�stu galaktiqnih planetarnih

tumannoste�.

Kl�qov� slova: planetarn� tumannost�, foto�on�za��n� model� sv�qenn�, �on�za��no-

korek��n� faktori.

PACS number(s): 98.38.Am, 98.38.Ly

I. ROZRAHUNOK FOTO�ON�ZAC��NIH

MODELE� SV�QENN� PLANETARNIH

TUMANNOSTE�

Trudnow� u viznaqenn� hem�qnogo vm�stu planetar-

nih tumannoste� (PT) pol�ga�t~ u tomu, wo ne vs�

em�s��n� l�n�Ý � ne vs�h �on�v hem�qnih element�v spo-

ster�ga�t~s� v spektrah tumannoste�. Zviqa�no dl�

vstanovlenn� hem�qnogo skladu PT vikoristovuvali

�on�za��no-korek��n� faktori (ICF), osnovan� na

bliz~kost� poten��l�v �on�za�Ý. Odnak voni ne vra-

hovu�t~ v�dm�nnoste� efektivnih perer�z�v foto�o-

n�za�Ý ta umov zbud�enn� sv�qenn� r�znih �on�v.Oqe-

vidno, wo toqn�xim metodom viznaqenn� ICF  Ýh po-

xuk z rozrahunk�v s�tki foto�on�za��nih modele�

sv�qenn� (FMS) PT.

Dl� pobudovi s�tki FMS PT mi zastosuvali pro-

gramu G. Ferlanda CLOUDY 94 [1,2℄, osk�l~ki v

n�� zaluqen� na�nov�x� dan� pro �mov�rnost� atom-

nih proes�v. Z �� meto�, vikoristovu�qi Perl5

[3℄, mi napisali dra�ver CLOUDY 94 dl� pobudovi

s�tki FMS, a tako� de�k� funk�Ý, �k� buli dodan�

v CLOUDY 94 dl� formuvann� vh�dnih fa�l�v pro-

grami d��gnostiki plazmi gazovih tumannoste� DI-

AGN [4℄.

Dl� viboru parametr�v FMS, wo p�dl�gali roz-

rahunku, mi poslugovuvalis~ evol���nimi trekami

Blokera [5,6℄. U �� robot� vikoristano rozpod�l

ener��Ý v spektr� viprom�n�vann� �der za � � 912

�

A z

modele� zor�nih atmosfer Kl��a{M�ddlmassa [7℄,

skore�ovani� za na�vnosti zor�nogo v�tru [8℄. Dl�

pobudovi s�tki FMS za osnovu vz�to hem�qni� um�st,

seredn�� dl� PT:

H : He : C : N : O : Ne : Mg : Si : S : Ar = 1 : 0:120 : 3:93� 10

�4

: 1:21� 10

�4

: 3:89� 10

�4

: 6:76� 10

�5

: 4:20� 10

�6

: 1:00� 10

�5

: 7:99� 10

�6

: 1:59� 10

�6

: (1)

Pri rozrahunku ko�noÝ z FMS mi vikoristali ta-

ko� hem�qni� um�st u dva razi b�l~xi� � u dva razi

menxi� v�d seredn~ogo, a v�dnosni� um�st gel�� vz�to

r�vnim 0.07, 0.12 ta 0.20 v�dpov�dno.

U rezul~tat� pobudovano s�tku FMS, v�l~nimi pa-

rametrami �koÝ buli pri�n�t� :

1) rozpod�l ener��Ý, wo v�dpov�da temperaturam

ko�noÝ z 30 vibranih modele�;
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2) hem�qni� um�st nebul�rnogo gazu v model�h;

3) faktor napovnenn� [9℄, znaqenn� �kogo dl� ko�-

noÝ z modele� vva�ali r�vnimi 0.1, 0.5 ta 1.

Us� model� pri�mali sferiqno-simetriqnimi, a

rad��l~ni� rozpod�l gustini gazu v Ýhn�h obolonkah

zadavali emp�riqnim sp�vv�dnoxenn�m, otrimanim z

anal�zu kart �zofot real~nih planetarnih tumannos-

te� [10℄. Rozrahunok em�s��nogo l�n��qatogo spektra v

ko�n�� z modele� prodov�uvali do dos�gnenn� �on�-

za��noÝ me��, wo v�dpov�da T

e

� 4000

Æ

K. Difuzne

�on�zu�qe viprom�n�vann� obqisl�vali komb�nova-

nim \outward only"{\on-the-spot" metodom [11℄.

U rezul~tat� rozrahovano 270 FMS PT. �nte-

�ral~n� spektri ih modele� uva�ali \spostere�u-

vanimi" � proanal�zuvali zviqa�nim metodom d�-

�gnostiki nebul�rnogo gazu, unasl�dok qogo vsta-

novleno T

e

, n

e

ta v�dnosn� vm�sti �on�v A

+i

=H

+

�

(A

+i

=H

+

)

diagn

. Same tak anal�zu�t~ spostere�uva-

ni� l�n��ni� spektr real~nih PT. Dl� viznaqenn�

(A

+i

=H

+

)

diagn

mi vikoristali programu DIAGN,

opis �koÝ navedeni� v [4℄, ale z atomnimi danimi,

wo v�dpov�da�t~ program� Cloudy 94. V�dznaqimo,

wo zna�den� takim qinom znaqenn� (A

+i

=H

+

)

diagn

dl� b�l~xosti �on�v v�dr�zn��t~s� v�d (A

+i

=H

+

)

mod

(ris. 1).Mi vva�amo,wo (A

+i

=H

+

)

diagn

 toqn�ximi,

osk�l~ki z� spostere�en~ voni viznaqa�t~s� same ta-

kim sposobom.

0,0 2,0x10-4 4,0x10-4 6,0x10-4 8,0x10-4 1,0x10-3

0,0

2,0x10-4

4,0x10-4

6,0x10-4

8,0x10-4

1,0x10-3

(A
+

i /H
+ ) di

ag
n

(A+i/H+)
mod

 He+     O++
 He++   Ne++
 N0       S+
 N+       S++
 O0       Ar++
 O+       Ar3+

Ris. 1. Por�vn�nn� v�dnosnih �onnih um�st�v

(A

+i

=H

+

)

diagn

ta (A

+i

=H

+

)

mod

.

Zna�den� tak userednen� v�dnosn� �onn� vm�sti,

elektronn� konentra�Ý ta temperaturi vs�h 270 mo-

dele� m�st�t~s� na FTP server� Astronom�qnoÝ ob-

servator�Ý L~v�vs~kogo na�onal~nogo un�versitetu za

adreso� :

ftp://astro.franko.lviv.ua/pub/PN/PNGrid.tar.gz

II. NOV� ICF DL� VIZNAQENN� HEM�QNOGO

VM�STU NEBUL�RNOGO GAZU

Dl� viznaqenn� hem�qnogo vm�stu gazu v PT mi

rozgl�nuli zale�nost�, wo pov'�zu�t~ �onn� vm�sti

(A

+i

/H

+

)

diagn

z povnim um�stom A/H [12℄:

lg[(A

+i

=H

+

)=(A=H)℄ = f(x); x = lg(X

+k+1

=X

+k

); (2)

zv�dki

lg(A=H) = lg(A

+i

=H

+

) � f(x)

abo

A=H = 10

�f(x)

(A

+i

=H

+

) � ICF(A) (A

+i

=H

+

):

Tut f(X

+k+1

=X

+k

) | de�k� aproksima��n� funk-

�Ý, a v�dnoxenn� X

+k+1

=X

+k

v�dpov�da He

++

=He

+

,

O

++

=O

+

, S

++

=S

+

abo Ar

3+

=Ar

2+

.

Mi proanal�zuvali r�zn� zale�nost� tipu (2) dl�

�on�v, l�n�Ý �kih sposter�gamo u spektrah PT. Dv� z

ih zale�noste�, �k� mo�ut~ buti vikoristan� dl�

viznaqenn� vm�st�v He=H ta N=H za spostere�uva-

nim v�dnoxenn�m �ntensivnoste� l�n�� [HeII℄=H

�

ta

[OII℄=H

�

, pokazan� na ris. 2. Voni aproksimovan� po-

l�nom��l~no� funk��:

f(x) =

3

X

n=0

C

n

x

n

; (3)

de C

n

| koef��nti pol�noma, �k� navedeno v tabl. 1.

-4,0 -3,5 -3,0 -2,5 -2,0 -1,5 -1,0 -0,5 0,0 0,5

-3,0

-2,5

-2,0

-1,5

-1,0

-0,5

0,0

-1,0 -0,5 0,0 0,5 1,0 1,5 2,0

-2,0

-1,5

-1,0

-0,5

0,0

Y = -0.2387+0.3986 X-0.33475 X
2
-0.05832 X

3

R = 0.99 ; SD = 0.05

lg
 (

(H
e2+

/H
+ )/

(H
e/

H
))

lg (He2+/He+)

Y = -0.27866-0.62037 X-0.34175 X
2
-0.00576 X

3

R = 0.96 ; SD = 0.09

lg
 (

(N
+ /H

+ )/
(N

/H
))

lg (O2+/O+)

Ris. 2. Zale�n�st~ m�� lg[(He

2+

=H

+

)=(He=H)℄ ta

lg(He

2+

=He

+

); lg[(N

+

=H

+

)=(N=H)℄ ta lg(O

2+

=O

+

).
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U �� tabli� podano pol�nom��l~n� aproksima�Ý

dl� viznaqenn� vm�st�v tako� �nxih hem�qnih ele-

ment�v. Tut u kol. 1 navedeno por�dkovi� nomer vi-

razu dl� ICF, u kol. 2 | v�dnosni� um�st i-toÝ sta-

d�Ý �on�za�Ý A

+i

=H

+

hem�qnogo elementa A, u kol. 3

| �onn� vm�sti element�v sus�dn�h stad�� �on�za�Ý

X

+k+1

=X

+k

, u kol. 4{7 | koef��nti pol�nom��l~-

nogo rozkladu C

0

; C

1

; C

2

; C

3

, u kol. 8 | koef��nt

koorel��Ý (R) dl� ko�nogo virazu v�dpov�dno. Vka-

zan� tako� me�� zastosuvann� ko�nogo virazu, tobto

me�� zm�ni veliqin x = lg(X

+k+1

=X

+k

). Perevaga

~ogo metodu viznaqenn� hem�qnogo vm�stu pol�ga v

tomu, wo veliqini A=H mo�na vstanoviti z v�dpov�d-

nih �ntensivnoste� l�n��, wo sposter�ga�t~s� lixe v

odn�� stad�Ý �on�za�Ý.

N A

+i

=H

+

X

+k+1

=X

+k

Koef��nti pol�noma R al=mod

C

0

S

1

C

2

C

3

He/H

1; 2(x 2 [�3:012 : : :� 0:173℄)

1 He

+

He

2+

=He

+

�0:23870 �0:60140 �0:33475 �0:05832 0.91 1.011

2 He

2+

He

2+

=He

+

�0:23870 0.39860 �0:33475 �0:05832 0.99 1.011

O/H

3; 5(x 2 [�0:848 : : :1:445℄); 4; 7(x2 [�0:601 : : :1:111℄); 6(x 2 [�1:538 : : :� 0:278℄)

3 O

0

O

2+

=O

+

�0:55745 �0:60001 �0:29266 �0:26891 0.86 1.106

4 O

0

S

2+

=S

+

�0:40322 �0:91849 �0:73947 �0:28272 0.91 1.055

5 O

+

O

2+

=O

+

�0:28283 �0:59360 �0:41503 0.91 1.033

6 O

+

Ar

3+

=Ar

2+

�1:36930 �2:26755 �1:44714 �0:32455 0.84 1.041

7 O

2+

S

2+

=S

+

�0:37506 0.76762 �0:80102 0.65 1.008

N/H

8; 10(x 2 [�0:842 : : :1:445℄); 9;11(x2 [�0:589 : : :1:093℄); 12(x 2 [�2:069 : : :0:121℄)

8 N

0

O

2+

=O

+

�1:05348 �0:42614 �0:30078 �0:83380 0.75 0.663

9 N

0

S

2+

=S

+

�0:88821 �0:75088 �0:59492 �1:65986 0.89 0.649

10 N

+

O

2+

=O

+

�0:27782 �0:62239 �0:34683 0.96 1.149

11 N

+

S

2+

=S

+

�0:16105 �0:71193 �1:04641 0.30716 0.88 1.189

12 N

+

Ar

3+

=Ar

2+

�1:30959 �2:17432 �1:43771 �0:34048 0.84 0.870

S/H

13(x 2 [�0:821 : : :1:467℄); 14(2 [�0:598 : : :1:093℄);

15(x 2 [�2:077 : : :0:121℄); 16(2 [�0:842 : : :1:424℄)

13 S

+

O

2+

=O

+

�0:33362 �0:62060 �0:26100 �0:07336 0.94 1.021

14 S

+

S

2+

=S

+

�0:20142 �0:86441 �0:72479 0.11284 0.94 1.015

15 S

+

Ar

3+

=Ar

2+

�1:37852 �2:40162 �1:76205 �0:45096 0.79 1.093

16 S

2+

O

2+

=O

+

�0:17925 �0:03041 �0:36595 0.03666 0.78 1.007

Ar/H

17(x 2 [�0:821 : : :� 1:424℄); 18;20(x2 [�2:060 : : :0:122℄); 19(x 2 [�0:864 : : :1:445℄)

17 Ar

2+

O

2+

=O

+

�0:07643 �0:22497 �0:23215 0.03283 0.76 1.017

18 Ar

2+

Ar

3+

=Ar

2+

�0:55070 �1:00470 �0:63547 �0:13461 0.78 1.015

19 Ar

3+

O

2+

=O

+

�0:98922 1.05332 �0:59124 �0:03053 0.88 1.050

20 Ar

3+

Ar

3+

=Ar

2+

�0:55070 �0:00471 �0:63547 �0:13461 0.95 1.015

Tabli� 1. �on�za��no-korek��n� faktori dl� viznaqenn� hem�qnogo skladu planetarnih tumannoste�.

Us� otriman� aproksima��n� virazi buli protes-

tovan� tak. Spoqatku dl� ko�noÝ model� s�tki FMS

za ko�nim �z viraz�v dl� ICF mi viznaqali hem�q-

ni� um�st (A=H)

al

za �onnimi konentra��mi, ot-

rimannimi programo� DIAGN. Pot�m zna�den� ta-

kim qinom (A=H)

al

por�vn�vali z v�dpov�dnimi mo-

del~nimi znaqenn�mi (A=H)

mod

. Oder�an� sp�vv�d-

noxenn� (A=H)

al

=(A=H)

mod

za ko�nim �z viraz�v

useredn�vali za vs�� k�l~k�st� modele� s�tki, dl�

�koÝ viznaqalos� A=H. Rezul~tat takogo testuvann�

navedeno v kol. 9 tabl. 1. Qim bli�qe v�dnoxenn�

(A=H)

al

=(A=H)

mod

do 1, tim v�dpov�dn� aproksima-

��n� virazi  toqn�ximi. Zrozum�lo, wo dl� vizna-

qenn� hem�qnogo vm�stu real~nih PT budut~ vikoris-

tan� virazi z tabl. 1 z na�menxim v�dhilenn�m v�d

odini�.
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The photoionization models grid of the planetary nebulae luminesene was alulated. Free parameters for

the grid were energy distribution at the wavelengths � � 912

�

A, �lling fator and hemial omposition. T

�

and r

�

in the models were seleted from Bloker's evolutional traks. Energy distributions in nulei radiation

spetra at the wavelengths � � 912

�

Awere taken from Clegg{Middlemass stellar atmosphere models, revised on

the stellar wind presene. The nebular shell was assumed to be spherially-symmetrial. The radial distribution of

nebular gas density was given by the empirial expression that was derived by approximating surfae brightness

distribution for the real planetary nebulae. For the grid modeling we used the Cloudy 94 Ferland's ode. Obtained

integrated spetra were analyzed using ommon nebular gas diagnosti method. Relative abundanes of di�erent

ions, alulated by this method were used for the determination of analytial expressions for ICFs. As a result,

new ICFs were found and we are going to use these ICFs for obtaining hemial abundanes of galati planetary

nebulae more exatly.
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