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This work starts the researh of the hemial omposition of planetary nebulae taking into

aount versatile inhomogeneities of gas density in planetary nebulae shells. We have determined

the hemial omposition of planetary nebulae using the radial distribution of gas density, whih

is lose enough to the real distribution. The data for the hemial omposition of 200 galatial

planetary nebulae are presented. Abundanes of He, C, N, O, Ne, Mg, Si, S and Ar are determined

for a number of planetary nebulae 175, 64, 190, 200, 170, 13, 40, 173 and 187, respetively. Both the

ompositions for all 200 planetary nebulae and for photoionization models (to alulate ionization-

orretion fators) were obtained using the same method and the same atomi data. Observational

data have been ompiled from 105 papers published by other authors. The Y {Z diagrams for

ombination of IIa,b planetary nebulae and the HII regions in the blue ompat dwarf galaxies

are analyzed. From the relation between Y and Z, the primordial helium abundane Y

p

and the

enrihment ratio dY=dZ are obtained. The radial abundane gradients in the galati disk for He,

N, O, Ne, S and Ar are determined. The gradients obtained for these elements are somewhat lower

in omparison with the data of other authors.

Key words: planetary nebulae, hemial abundane, primordial helium, abundane gradients.

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

I. INTRODUCTION

This artile begins a omprehensive researh of the

hemial omposition of planetary nebulae (PNs) taking

into aount versatile inhomogeneities of the gas density

in PNs shells. Reliable determination of planetary nebu-

lae omposition is important for studying the stellar nu-

leosynthesis, history of star formation and peuliarities

of hemial evolution of the matter in the Galaxy. Parti-

ularly, the PNs an be used for the determination of (i)

the primordial helium abundane Y

p

, (ii) the helium-to-

metal enrihment ratio dY=dZ, and (iii) the radial abun-

dane gradients in the galati disk dA=dD, where A is

a hemial element and D is a galatoentri distane.

However, the results of the investigation of PNs hemial

omposition show that the available data are often am-

biguous and sometimes even ontraditory. We believe

that the main reason of this lies in inauray of the

urrent methods for allowing for unobservable ionization

stages of elements in PNs. So-alled empirial relations,

usually used for this purpose, are based only on the prox-

imity of the ionization potentials of ertain ions and they

do not aount for the di�erenes in their e�etive pho-

toionization ross setions and the exitation onditions

of di�erent spetral lines.

Obviously, the hemial omposition of nebula an be

most reliably determined by alulating a self-onsistent

photoionization model of the nebula luminosity. How-

ever, the alulation within suh a model is a very labo-

rious proedure. Moreover, it is impossible to alulate

suh models for many PNs due to the lak of appropri-

ate observations. Therefore the usage of a photoioniza-

tion model grid seems to be advisable for obtaining the

orrelations between the relative abundanes of di�erent

ions. These orrelations are used in order to take into

aount the unobservable stages of ionization. The prin-

ipal results of this investigation are presented in this

paper.

II. DETERMINATION OF CHEMICAL

COMPOSITION OF GALACTICAL PLANETARY

NEBULA

The method for determining the hemial omposition

of PNs is desribed by Golovatyi et. al. [1℄. To onsider

unobservable stages of ionization, we have alulated a

grid of photoionizationmodels of PNs. The e�etive tem-

peratures T

e�

and luminosities of the entral stars or-

respond to the evolutionary traks of Sh�onberner [2,3℄

and Pazynski [4℄, and the spetra of the stars at � �

912

�

Aorrespond to the non-LTE models of the Clegg's

and Middlemass' stellar atmospheres [5℄.

The nebular shell has been assumed to be spherially

symmetrial. Note that this symmetry has been hosen

to symplify our alulations. Obviously, a detailed study

of the individual real objets requires for usage of asym-

metry whih is most lose to the real one, inluding mod-

elling of bipolar struture luminosity.Our method an be

used to solve this task, so we plan to perform suh al-

ulations soon.

We deided to study the inuene of gas density in-

homogeneities on the determination of the PNs hemial

omposition. Unlike other authors, we used the radial

distribution of gas density given by the empirial rela-

tion
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and r



= hV

exp

i t. Here r is a distane

from the entral star to a partiular point of nebula, n

is gas density at this point, hV

exp

i is mean expansion ve-

loity of the shell (nearly 15 km/s), and t is shell age

(the values of r and r



in (1) are given in parses). Equa-

tion (1) was derived by Golovatyi et al. [1℄ by approx-

imating the grid of surfae brightness distributions for

the PNs at di�erent stages of evolution. The parameter

r



haraterizes the shell age, and the parameter A is

lose to 1.6 for most of PNs with low-mass entral stars

and inreases when the masses of stars inrease. Every

model was alulated for the solar hemial omposition

of gas. Then, the abundanes were set up to be twie the

solar ones, and then half of the solar abundanes.

The integrated emission line spetrum of every alu-

lated model was analyzed in the same way as the spe-

trum of a real PN is usually analyzed. We determined

the eletron density n

e

and eletron temperature T

e

by

the usual method for four luminosity/ionization zones:

[OI℄, [OII℄, [OIII℄ and HeII. The values n

e

and T

e

were

then used to determine the relative abundanes of ions

A

+i

=H

+

in eah zone. When analyzing the spetra, we

used the same atomi data as those in the model alu-

lations.

We onsidered the orrelations between the quan-

tities like log[(A

+i

=H

+

)=(A=H)℄ and log(X

+k+1

=X

+k

),

where A=H denotes the abundane of a partiular ele-

ment A, A

+i

=H

+

is the relative abundane of ions, and

X

+k+1

=X

+k

is that of the ratios He

++

=He

+

, O

++

=O

+

,

Ne

++

=Ne

+

, S

++

=S

+

, S

3+

=S

++

, or Ar

3+

=Ar

++

(these

ratios are also determined with analyzing the spe-

trum). We approximated these orrelations by the

least-squares tehnique using the analytial expres-

sions for f (x), log

��

A

+i

=H

+

�

= (A=H)

�

= f (x), x =

log

�

X

+k+i

=X

+k

�

; enabling us to determine the abun-

dane

log (A=H) = log

�

A

+i

=H

+

�

� f (x) ; (2)

where the values of f (x) are given by Golovatyi et. al.

[1℄. Depending on the orrelation in di�erent ranges of

X; the funtions f (x) are represented either by paraboli

or by linear approximating relations.

The important advantages of the proposed method for

determining the hemial omposition of PNs are as fol-

lows: (i) it uses a gas density distribution lose to that

of real PNs, and hene it allows for the strati�ation of

physial onditions in a nebula, (ii) the derived orre-

lations, similar to those from formula (2), use the ion

abundanes obtained in the same way as in investiga-

tions of real nebulae, i. e., by analyzing the spetrum,

(iii) for every orrelation, the method simulataneously

allows to take into aount all the stages of the element

ionization.

We present the hemial omposition of 200

galati PNs. Referenes for the observation data

are available at the FTP server of the Astro-

nomial Observatory of the Ivan Franko Na-

tional University of Lviv at the following address:

ftp://astro.franko.lviv.ua/pub/PNs/JPS/PNsList.ps

The abundanes for all the PNs are obtained using

the same atomi data and a method of abundane de-

termination, so our database is highly homogeneous.

A sample of these PNs, as well as their basi pa-

rameters and their abundanes of He, C, N, O, Ne,

S and Ar are listed in the table at the FTP server

of the Astronomial Observatory of the Ivan Franko

National University of Lviv at the following address:

ftp://astro.franko.lviv.ua/pub/PNs/JPS/AllPNs.ps

This table ontains data for the type of I PNs (bulge

and galo population) and the type II PNs (disk popula-

tion). The PNs of the types IIa and IIb di�er by hemial

omposition of nitrogen. The next analysis involves the

type II PNs and their ompositions are presented in Ta-

ble 1.

The omparison of our data for the IIa,b type PNs (see

ols. 5{8, Table 1) with the orresponding data of Maiel

and K�oppen [6℄ is shown in Fig. 1.
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Fig. 1. Comparison of our data for the PNs hemial omposition with the data of Maiel and K�oppen (1994).

462



CHEMICAL COMPOSITION OF GALACTICAL PLANETARY NEBULAE

Nebula He/H C/H N/H O/H Ne/H S/H Ar/H Type Z Y D,kp

1 2 3 4 5 6 7 8 9 10 11 12

NGC 40 { 1:05

�3

1:35

�4

9:55

�4

1:38

�4

6:46

�6

1:70

�6

IIa 0.0229 { 8.48

NGC 650 0.110 { 2:51

�4

5:75

�4

1:10

�4

1:18

�5

2:19

�6

IIa 0.0138 0.286 8.22

NGC 1535 0.091 1:91

�4

3:80

�5

3:89

�4

5:37

�5

{ 1:05

�6

IIb 0.00742 0.250 8.87

NGC 2022 0.105 5:01

�4

1:18

�4

3:02

�4

6:46

�5

1:41

�5

1:78

�6

IIa 0.00997 0.278 11.2

NGC 2242 0.105 1:12

�4

5:89

�6

4:68

�5

3:31

�5

{ 4:27

�7

IIb 0.00223 0.280 13.8

NGC 2371 0.115 6:46

�4

1:48

�4

5:37

�4

1:02

�4

2:04

�5

2:82

�6

IIa 0.0143 0.296 10.8

NGC 2392 0.091 8:91

�5

1:29

�4

2:24

�4

3:31

�5

8:32

�6

7:59

�6

IIa 0.00541 0.250 8.59

NGC 2438 0.110 { 1:44

�4

4:79

�4

6:61

�5

1:29

�5

2:19

�6

IIa 0.0117 0.287 8.52

NGC 2452 0.112 { 1:86

�4

5:50

�4

7:76

�5

1:55

�5

2:51

�6

IIa 0.0133 0.290 11.2

NGC 2867 0.102 1:38

�4

1:23

�4

5:13

�4

6:52

�5

8:71

�6

1:38

�6

IIa 0.00936 0.272 8.28

NGC 3211 0.102 { { 5:62

�4

4:68

�5

1:44

�5

1:90

�6

IIb 0.0135 0.271 7.51

NGC 3242 0.085 3:39

�4

7:76

�5

3:72

�4

4:79

�5

3:63

�6

9:77

�6

IIb 0.00904 0.236 8.08

NGC 3587 0.098 { 8:51

�5

2:63

�4

4:27

�5

3:31

�6

1:20

�6

IIa 0.00684 0.265 8.14

NGC 3918 0.098 { 1:70

�4

3:89

�4

1:07

�4

6:61

�6

1:86

�6

IIa 0.00966 0.264 7.27

NGC 4361 0.112 2:09

�4

{ 1:10

�4

2:04

�5

{ 5:67

�7

IIa 0.00422 0.293 7.47

NGC 5315 0.110 2:57

�4

2:46

�4

4:68

�4

1:18

�4

1:10

�5

3:02

�6

IIa 0.0116 0.287 6.10

NGC 5882 0.105 1:38

�4

1:15

�4

6:31

�4

9:55

�5

1:90

�5

2:40

�6

IIa 0.0111 0.277 5.72

NGC 6153 0.112 1:38

�3

2:09

�4

1:17

�3

2:57

�4

2:75

�5

4:27

�6

IIa 0.0297 0.285 5.85

NGC 6309 0.112 { 2:04

�4

5:25

�4

8:71

�5

1:05

�5

2:29

�6

IIa 0.0127 0.290 4.48

NGC 6326 0.112 { 1:62

�4

6:91

�4

1:10

�4

1:07

�5

1:55

�6

IIa 0.0164 0.289 3.64

NGC 6369 0.098 { 1:48

�4

3:98

�4

4:47

�5

5:62

�6

1:86

�6

IIa 0.00986 0.264 6.05

NGC 6439 0.123 { 2:63

�4

6:31

�4

1:32

�4

1:32

�5

1:82

�6

IIa 0.0151 0.310 2.42

NGC 6445 0.110 { 2:69

�4

7:41

�4

8:13

�5

1:02

�5

2:82

�6

IIa 0.0175 0.285 6.60

NGC 6543 0.110 2:40

�4

6:61

�5

5:89

�4

1:00

�4

1:35

�5

2:19

�6

IIb 0.0108 0.287 8.22

NGC 6563 0.118 { 2:14

�4

5:37

�4

{ { 1:90

�6

IIa 0.0130 0.301 6.83

NGC 6565 0.100 4:79

�4

2:51

�4

5:75

�4

7:94

�5

1:15

�5

2:04

�6

IIa 0.0144 0.267 5.85

NGC 6567 0.102 1:10

�3

6:03

�5

3:80

�4

4:90

�5

2:87

�6

6:61

�7

IIb 0.00946 0.272 4.96

NGC 6572 0.100 7:24

�4

1:32

�4

8:71

�4

6:17

�5

8:32

�6

1:95

�6

IIa 0.0183 0.265 5.98

NGC 6578 0.102 { 1:38

�4

7:76

�4

1:55

�4

8:91

�6

2:24

�6

IIa 0.0183 0.269 4.34

NGC 6629 0.087 { 4:17

�5

4:07

�4

4:27

�5

{ 2:09

�6

IIb 0.0101 0.241 6.08

NGC 6720 0.107 9:12

�4

3:24

�4

6:76

�4

1:23

�4

6:46

�6

2:40

�6

IIa 0.0199 0.279 7.60

NGC 6741 0.098 3:51

�4

5:37

�4

4:36

�4

1:23

�4

7:24

�6

1:90

�6

IIa 0.0152 0.262 4.46

NGC 6751 { { 1:38

�4

7:94

�4

1:95

�4

1:32

�5

2:46

�6

IIa 0.0187 { 5.64

NGC 6790 0.107 { 1:86

�4

5:25

�4

4:07

�5

2:82

�5

1:74

�6

IIa 0.0127 0.281 {

NGC 6804 0.105 { { 3:31

�4

4:36

�5

{ 1:15

�6

IIb 0.00836 0.278 6.79

NGC 6807 0.105 { 8:91

�5

4:68

�4

6:92

�5

7:24

�6

1:10

�6

IIb 0.0114 0.277 11.2

NGC 6818 0.105 6:31

�4

1:29

�4

4:79

�4

1:10

�4

9:77

�6

2:00

�6

IIa 0.0137 0.277 5.08

NGC 6826 0.087 3:02

�4

4:57

�5

3:89

�4

4:57

�5

3:47

�6

1:10

�6

IIb 0.0085 0.241 7.78

NGC 6833 0.098 { 4:27

�5

1:10

�4

2:00

�5

2:00

�6

4:90

�7

IIb 0.00341 0.266 9.20

NGC 6853 0.112 7:94

�4

2:29

�4

6:46

�4

9:12

�5

9:55

�6

2:04

�6

IIa 0.0172 0.289 7.65

NGC 6881 0.102 { 2:34

�4

4:90

�4

6:76

�5

1:29

�5

2:29

�6

IIa 0.0119 0.271 7.87

NGC 6884 0.110 { 8:51

�5

4:36

�4

6:31

�5

7:41

�6

2:19

�6

IIb 0.0107 0.287 8.29

NGC 6886 0.096 { 2:63

�4

4:27

�4

1:02

�4

9:12

�6

3:09

�6

IIa 0.0105 0.260 {

NGC 6891 0.087 2:19

�4

6:17

�5

5:25

�4

7:24

�5

2:63

�6

1:07

�6

IIb 0.00989 0.241 6.62

NGC 6894 0.98 { 3:39

�4

7:59

�4

1:32

�4

1:74

�5

4:47

�6

IIa 0.0179 0.262 7.53

NGC 7009 0.110 2:29

�4

2:14

�4

5:37

�4

1:02

�4

1:35

�5

2:14

�6

IIa 0.0116 0.287 6.77

NGC 7026 0.110 { 3:02

�4

6:61

�4

1:14

�4

2:00

�5

3:47

�6

IIa 0.0158 0.286 8.10

NGC 7027 0.107 7:08

�4

1:38

�4

3:16

�4

7:24

�5

6:03

�6

1:78

�6

IIa 0.0119 0.281 7.76

NGC 7139 0.125 { 1:82

�4

3:24

�4

5:37

�5

1:02

�5

{ IIa 0.0082 0.316 8.17

NGC 7662 0.115 { 8:91

�5

2:63

�4

5:89

�5

5:01

�6

2:57

�6

IIb 0.00684 0.298 {

IC 351 0.091 { 3:80

�5

3:80

�4

5:62

�5

9:12

�6

1:38

�6

IIb 0.0095 0.249 12.3

IC 418 { 6:46

�4

6:46

�5

5:13

�4

5:00

�5

4:27

�6

1:23

�6

IIb 0.0127 { 8.78

IC 1297 0.110 4:17

�4

1:44

�4

5:01

�4

8:71

�5

9:12

�6

1:55

�6

IIa 0.0118 0.287 5.54

IC 1747 0.110 { 1:62

�4

5:75

�4

8:13

�5

8:32

�6

1:62

�6

IIa 0.0138 0.286 9.76

IC 2149 { 2:19

�4

2:29

�5

3:39

�4

3:02

�5

3:16

�6

8:91

�7

IIb 0.00647 { 10.2

IC 2165 0.107 9:33

�4

1:02

�4

2:69

�4

4:57

�5

3:39

�6

1:00

�6

IIa 0.0124 0.281 11.4

IC 2448 0.100 { 8:13

�5

3:09

�4

4:47

�5

{ 1:58

�6

IIb 0.00787 0.268 7.61

IC 3568 0.091 3:80

�4

4:57

�5

4:17

�4

5:25

�5

5:25

�6

7:41

�7

IIb 0.00953 0.249 10.0
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1 2 3 4 5 6 7 8 9 10 11 12

IC 4191 0.107 { 1:26

�4

5:25

�4

1:18

�4

8:91

�6

2:63

�6

IIa 0.0127 0.281 {

IC 4406 0.120 { 1:74

�4

5:50

�4

9:55

�5

1:51

�5

2:51

�6

IIa 0.0132 0.305 7.15

IC 4593 0.091 { 1:82

�5

2:88

�4

3:63

�5

3:63

�6

9:12

�7

IIb 0.00747 0.250 6.46

IC 4634 0.082 1:07

�4

4:79

�5

3:31

�4

5:13

�5

4:17

�6

8:91

�7

IIb 0.00632 0.230 2.88

IC 4776 { { 1:66

�4

5:01

�4

6:92

�5

6:31

�6

1:58

�6

IIa 0.0122 { {

IC 4846 0.087 1:70

�4

5:01

�5

5:37

�4

6:02

�5

5:00

�6

9:77

�7

IIb 0.00936 0.241 3.99

IC 4997 0.102 1:51

�4

6:76

�5

2:34

�4

2:24

�5

9:77

�6

1:26

�6

IIb 0.00517 0.273 7.48

IC 5117 0.091 { 1:15

�4

3:63

�4

5:62

�5

8:32

�6

1:38

�6

IIa 0.00908 0.249 9.59

IC 5217 0.098 { 7:94

�5

3:55

�4

6:03

�5

7:08

�6

1:38

�6

IIb 0.0089 0.264 3.79

BD 30 { { 1:10

�4

2:00

�4

7:76

�5

7:59

�6

7:24

�7

IIa 0.00557 { {

I 320 0.096 4:17

�4

7:08

�5

2:95

�4

4:79

�5

4:17

�6

8:71

�7

IIb 0.00871 0.260 11.0

I 900 0.093 1:90

�4

4:47

�5

3:02

�4

6:46

�5

3:63

�6

6:92

�7

IIb 0.00664 0.254 13.8

A 2 { { 9:55

�5

3:63

�4

8:91

�5

7:41

�6

{ IIb 0.00910 { 9.53

A 4 0.081 { 1:70

�4

3:98

�4

5:75

�5

5:75

�6

{ IIa 0.00987 0.227 11.1

Ha 2-1 { { 2:51

�5

2:34

�4

{ 4:07

�6

7:08

�7

IIb 0.00629 { 3.70

Hb 4 0.118 { 3:09

�4

6:17

�4

9:55

�5

1:35

�5

3:02

�6

IIa 0.0148 0.301 4.12

He 2-108 0.107 { 3:55

�5

1:78

�4

{ { { IIb 0.00507 0.283 5.84

He 2-131 { 2:57

�4

2:29

�4

7:08

�4

1:35

�4

9:77

�6

2:00

�6

IIa 0.0146 { 6.47

He 2-138 { { 2:46

�4

8:51

�4

{ 9:12

�6

{ IIa 0.200 { 6.03

He 2-141 0.112 { 5:37

�5

2:95

�4

{ 7:59

�6

1:55

�6

IIb 0.00762 0.292 6.49

Hu 2-1 0.089 3:72

�4

3:39

�5

2:63

�4

4:36

�5

3:02

�6

1:05

�6

IIb 0.00743 0.246 6.18

Cu 2-1 0.107 { 9:12

�5

5:10

�4

1:51

�4

8:13

�6

2:40

�6

IIb 0.0132 0.281 4.70

M 1-1 0.110 { 4:27

�5

1:55

�4

3:89

�5

4:47

�6

7:08

�4

IIb 0.00442 0.289 14.3

M 1-20 0.096 { 1:86

�5

8:91

�5

{ 8:51

�7

4:90

�7

II 0.00313 0.261 {

M 1-26 { { 6:61

�5

5:37

�4

1:82

�4

1:05

�5

2:09

�6

IIb 0.0130 { 5.49

M 1-27 { { 1:44

�4

8:13

�4

{ 1:38

�5

{ IIa 0.0192 { 4.57

M 1-56 0.110 { 9:12

�5

3:98

�4

4:79

�5

1:02

�5

2:19

�6

IIb 0.00987 0.287 {

M 1-61 0.107 { 1:15

�4

4:36

�4

3:80

�5

6:76

�6

2:09

�6

IIa 0.0107 0.282 2.67

M 1-72 { { 2:82

�5

1:10

�4

{ 2:82

�6

6:92

�7

IIb 0.00341 { 12.8

M 2-23 0.102 { 5:13

�5

2:95

�4

2:51

�5

4:17

�6

1:10

�6

IIb 0.00762 0.272 {

M 2-51 0.118 { 2:46

�4

4:57

�4

6:31

�5

{ { IIa 0.0112 0.302 8.65

M 3-1 0.098 { 4:17

�5

2:75

�4

2:82

�5

9:77

�6

1:29

�6

IIb 0.00710 0.265 12.2

M 4-18 { { 6:76

�5

4:90

�4

5:25

�5

{ { IIb 0.0119 { 12.6

Pb 4 0.115 { 8:13

�5

3:80

�4

5:75

�5

5:62

�6

2:34

�6

IIb 0.00946 0.297 8.59

T 1 { 8:71

�4

5:05

�5

6:17

�4

8:51

�5

4:57

�6

1:66

�6

IIb 0.0161 { 5.55

K 1-7 0.120 { 1:58

�4

3:80

�4

5:01

�5

6:31

�6

{ IIa 0.00946 0.306 11.6

Table 1. Chemial omposition and basi parameters of the type II planetary nebulae.

III. ANALYSIS OF Y {Z DIAGRAM AND

DETERMINATION OF THE RADIAL

ABUNDANCE GRADIENTS IN THE GALACTIC

DISK

The helium abundane in the PNs an be written as

Y = Y

p

+ (dY=dZ)Z +�Y

s

; (3)

where Y and Z are the mass frations of helium and

heavy elements, respetively. Here �Y

s

represents the

star's ontribution to the He abundane in the PN. This

value is in the range 0:008 < �Y

s

< 0:022 [7℄, depending

on the mass of a star. For our alulations, we assume

that the mean value is �Y

s

= 0:015.

Provided that X, Y and Z are the mass frations of

hydrogen, helium and heavy elements, respetively, we

an note

X + Y + Z = 1; (4)

then

X =

X

X + Y + Z

;

Y =

Y

X + Y + Z

;

Z =

Z

X + Y + Z

; (5)

or

X =

1

1 + Y=H + Z=H

;
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Y =

Y=X

1 + Y=H + Z=H

;

Z =

Z=H

1 + Y=H + Z=H

: (6)

It is well known that Y = 4He/H, similarly

Z =

Z

a

1 + 4He=H+ Z

a

; (7)

where

Z

a

� 12

C

H

+ 14

N

H

+ 16

O

H

+ 20

Ne

H

+ 32

S

H

+ 40

Ar

H

: (8)

Thus, we have

X =

1

1 + 4He=H+ Z

a

;

Y =

4He=H

1 + 4He=H + Z

a

;

Z =

Z

a

1 + 4He=H + Z

a

: (9)

Finally, parameters Y and Z are given by

Y =

4He=H(1� Z)

1 + 4He=H

; Z =

Z

a

1 + 4He=H+ Z

a

: (10)

The parameter Z

a

is not known for all PNs (C is un-

observable). Therefore, in order to ompute Z we have

onsidered the dependene between Z (C, N, O, Ne, S,

Ar) and O/H (Fig. 2):

� �� �� �� �� ��� ���

�����

����

����

����

����

����

����

=� ��������������2�+���

5� �����

=
��
&
�1
�2
�1
H
�6
�$
U�

��
�
��2�+

�31�,,D��,,E

Fig. 2. Relation between Z and O/H for the type II PNs.

Z = 21:8

O

H

+ 0:0019 (R = 0:90; n = 37) ; (11)

for the type IIa,b PNs. Here presented are also the or-

relation oeÆient (R) and the number of points (n).

The parameters Y and Z for the IIa,b type PNs ob-

tained by this method are listed in Table 1 in olumns

10 and 11.

In order to determine the primordial helium abun-

dane Y

p

and the helium-to-metal enrihment ratio

dY=dZ, we have used samples of the type IIa,b PNs (our

data) in onjution with the HII regions in the blue om-

pat dwarf galaxies (HII in BCDG) [8℄. Y {Z diagrams

for all of these samples are built. In Fig. 3 the relation-

ship between Y and Z for the type IIa, IIb PNs (our

data, see Table. 1) and the HII regions in BCDG [8℄ is

shown. The orrelation oeÆient (R) and the standard

deviation (SD) also are presented.

The obtained values of the parameters Y

p

and dY=dZ

from all the Y {Z diagrams are as follows:

Y

p

�Y

p

dY=dZ �(dY=dZ)

0.247 0.006 2.85 0.49 for Type IIa PNs

0.235 0.009 4.02 1.08 for Type IIb PNs

0.243 0.004 3.18 0.37 for Type IIa,b PNs

0.246 0.002 2.91 0.21 for Type IIa,b PNs and HII in BCDG

Table 2.

We should note that the standard deviations for all of

these dependenes are nearly 0.01.

In order to determine the radial abundane gradients

in the galati disk dA=dD, we have seleted a subsam-

ple ontaining the type II galati PNs, for whih au-

rate abundanes and distanes [9,10℄ are available (Ta-

ble 1). The distane to the enter of the Galaxy was

assumed to be R

0

= 7:8 kp [11℄. The following least-

square approximations have been obtained for the de-

pendenes of log (A=H) + 12 on the galatoentri dis-
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tane D (Fig. 4, 5), where the standard deviations (SD)

and the number of points (n) for every dependene are

given in parentheses:

He/H = �0:0014�D + 0:12 (SD = 0:01; n= 51)

N/H = �0:0040�D + 8:31 (SD = 0:31; n= 55)

O/H = �0:0368�D + 8:91 (SD = 0:22; n= 55)

Ne/H = �0:0367�D + 8:12 (SD = 0:22; n= 52)

S/H = �0:0173�D + 7:02 (SD = 0:13; n= 51)

Ar/H = �0:0399�D + 6:49 (SD = 0:20; n= 54)

Table 3.

0,000 0,005 0,010 0,015 0,020

0,10

0,15

0,20

0,25

0,30

0,35

0,40

0,45

Y = 0,246 (+/-0,002) + 2,91 (+/-0,21) Z;

SD = 0,01 ; R = 0,83 . 

 PN IIa

 PN IIb

 HII in BCDG

Y

Z

Fig. 3. Relation Y {Z for the type IIa,b PNs and the HII

regions in BCDG.
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Fig. 4. The radial abundane gradients in the galati disk

for He, N, O.
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Fig. 5. The radial abundane gradients in the galati disk

for Ne, S, Ar.

Here we point out that our data somewhat di�er from

the orresponding data of Maiel and K�oppen (1994) [6℄.

We believe that these di�erenes an be explained by

di�erenes in the hemial abundanes and the distane

sales to PNs.

IV. CONCLUDING REMARKS

We have determined the hemial omposition of PNs

with the radial distribution of gas density derived by

Golovatyi et al. [1℄. In ontrast to other authors, we use

this density distribution beause it is loser to the real

one. The data of the hemial omposition of 200 gala-

ti planetary nebulae are determined. The abundanes

of He, C, N, O, Ne, Mg, Si, S, and Ar are found for 175,

64, 190, 200, 170, 13, 40, 173 and 187 PNs, respetively.

The abundanes for all PNs are obtained using the same

atomi data and the same method of abundane deter-

mination.

The radial abundane gradients in the galati disk

dA=dD for He, N, O, Ne, S and Ar are determined. They

di�er somewhat from, for example, the orresponding

data by Maiel and K�oppen [6℄. We believe that these

di�erenes an be explained by the di�erenes between

hemial abundanes obtained by our method and other

ones, as well as by the adopted distane sales to plane-

tary nebulae [9,10℄.

For a sample of 86 PNs of the IIa,b types, parameters

Y and Z are alulated, using the dependene of Z (C,

N, O, Ne, S, Ar) on O/H. From the relation Y {Z, the pri-

mordial helium abundane Y

p

and the enrihment ratio

dY=dZ are obtained for the di�erent PNs type ombina-

tions and in onjution with the orresponding data for

the HII regions in BCDG [8℄. We note that PNs ontain

more helium when ompared to the HII regions, beause

He an be produed in stars of medium masses. Though

we assume Y

p

= 0:246(�0:002), this result needs further

orretion.
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HEM�QNI� UM�ST GALAKTIQNIH PLANETARNIH TUMANNOSTE�

V. V. Golovati�

1

, N. V. Gavrilova

2

1

L~v�vs~ki� na�onal~ni� un�versitet �men� �vana Franka, kafedra astrof�ziki

vul. Kirila � Mefod��, 8, 79005, L~v�v, UkraÝna

2

L~v�vs~ki� na�onal~ni� un�versitet �men� �vana Franka, astronom�qna observator��

vul. Kirila � Mefod��, 8, 79005, L~v�v, UkraÝna

Rozpoqato vivqenn� hem�qnogo vm�stu planetarnih tumannoste� z urahuvann�m r�znoman�tnih tip�v ne-

odnor�dnoste� gustini gazu v Ýhn�h obolonkah. Vikoristovu�qi bliz~ki� do real~nogo rad��l~ni� rozpod�l

gustini gazu, viznaqeno hem�qni� um�st 200 galaktiqnih planetarnih tumannoste�. Zna�deno vm�sti He,

C, N, O, Ne, Mg, Si, S ta Ar v�dpov�dno dl� 175, 64, 190, 200, 170, 13, 40, 173 ta 187 ob'kt�v. Um�sti dl� vs�h

planetarnih tumannoste� ta vm�sti foto�on�za��nih modele� dl� rozrahunku �on�za��no-korek��nih

faktor�v zna�deno z vikoristann�m odnogo metodu ta odnakovih atomnih danih. Dan� spostere�en~ z�brano

z� 105 d�erel, opubl�kovanih ran�xe. Proanal�zovano d��grami Y {Z dl� planetarnih tumannoste� IIa,b

tip�v u podnann� z danimi dl� HII d�l�nok u blakitnih kompaktnih karlikovih galaktikah. Vikoris-

tavxi zale�n�st~ m�� Y ta Z, obqisleno dogalaktiqni� um�st gel�� Y

p

ta veliqinu zbagaqenn� va�kimi

elementami dY=dZ. Zna�deno rad��l~n� �rad�nti vm�st�v u Galaktiqnomu disku dl� He, N, O, Ne, S ta

Ar. Pokazano, wo zna�den� �rad�nti ih element�v dewo ni�q� por�vn�no z v�dpov�dnimi danimi �nxih

avtor�v.
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