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New analytical  expressions  for  Ionization  Correction  Factors
(ICFs) are obtained from the photoionization models (PhMs) grid
separately for the planetary nebulae (PNe) and the HII regions  in
the Blue  Compact  Dwarf  Galaxies (BCDG). The  PhMs grid  was
calculated using the CLOUDY94 code of Ferland [1]. All the PhMs
were spherically symmetric.

The  free  parameters  for  PNe  grid  were  the  spectral  energy
distribution (SED) of  the  PNe  nuclei  at  λ912A,  chemical
composition of  the  nebular gas taken as averaged values from  [2],
the nebular gas filling factor (0.1, 0.5 and 1). 

The  SEDs  of  the  nuclei  at  λ912A correspond  to  the stellar
atmosphere models of  Clegg & Middlemass [3] corrected for  the
stellar wind presence  by  using Zanstra relationships Z(HeII) from
Gabler,  Kudritzki  &  Mendez  [4].  Our  correction  based  on
"increasing" or "decreasing" Clegg & Middlemas SEDs at the range
λ≤228A for coincidence of new Zanstra rations with ones from [4].
The  stellar  atmosphere  models  from   Clegg  &  Middlemas  were
approximated at λ ≤  228A by a power-law spectra and the number
of  ionizing  quanta  was  changed  in  this range  without  the  color
temperature changing of the corresponding model.

 To allow for various types of gas density inhomogeneity in the
PNe  enveplopes,  we  considered  two  types  inhomogeneities  of
nebular  gas  density  (Fig.1).  Type  I  inhomogeneity (or
macrofluctuation)  corresponds  to  the  radial  distribution  of  gas
density  that was derived in [5] and was specified  by the  following
empirical relationship:

n  r = x2 13e−1.2 x 
 x2−1 20 .36 r c

−0 .43 x2
A

r c
2
, (1) 

                                                                                                     
where  x=r/rc  and  rc=vexpt.  Here  r is the distance from the central
star to a given point in the nebula,  n(r) is  the  gas density at this
point,  vexp is the average  expansion velocity of the  envelope, and t is
the envelope age (the values of r and rc  in (1) are given in parsecs).
The parameter  A describes the  outflow of stellar material during
the detachment of  the  nebular envelope  [6]. The parameter  A for
every  model  was  selected in  order  to  value  n(r) from (1)  and  ne

obtained from ionization balance were equivalent. For most  PNe
the   values  of  A are  into  the  interval  from  0.8  to  8.0,  which
corresponds  to  mass-lost  rates  of   (0.5 -  1.8)10-5 M/year  at  a
velocity vexp of about 15 km/s.

To take into account microfluctuations of the gas density (type
II  inhomogeneity) we  developed  code  that  superimposed
inhomogeneities on the  distribution (1) using a standard random-
number generator. The input parameters were: (1) the parameters
of the PN envelope:  rc  and  A [see (1)], and the inner and outer
radii  of  the  envelope  rin and  rout (rin= rc/3  ,  rout=3rc );  (2)  the
parameters of the inhomogeneities: nmin and nmax are the minimum
and maximum numbers of fluctuations (5  –  15),  dmin and  dmax are
the minimum and maximum sizes of the fluctuations in percent
relative to the envelope radius  r = rout  –  rin (0.5 – 5%),  ρ min and
ρ max are the minimum and maximum deviations of the density of
an  inhomogeneity from the main distribution (5 – 30%), and the
magnitudes of the fluctuations themselves (to 20%).

Fig.1. Radial distribution of the gas density 
in the envelopes of two PNe models.

For HII regions the free parameters were: the SED obtained
for HII  regions  in  BCDG by our method [7]  from high-quality
observations  [8-10]  of  these  objects  (the  method  uses  stellar
atmosphere models of O-B stars [11-12]); the nebular gas filling
factor  (from  0.0001  to  1);  the  relative  abundance  of  heavy
elements; the concentration of hydrogen atoms nH. 

In result we calculated 540 PNe PhMs and 270 HII regions
PhMs. Integral  spectra  of  these  models  were  considered   as
"observed", and then they were analyzed by the standard method
of  nebular  gas  diagnostics  using  code  DIAGN [13] with  atomic
data that correspond to the CLOUDY94 code data. We considered
different dependences  which  allowed to  determine  the  chemical
composition as  log(A/H)=log(A+i/H+)-f(x)  (see  method  [5]). Here
X+k+1/X+k corresponds to He++/He+, O++/O+, S++/S+ or Ar3+/Ar2+ and
x=log(X+k+1/X+k).  All  these  correlations  were  approximated  by
polynomial function
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where  Cn are the polynomial coefficients. These expressions were
tested for  the  purpose of  reproduction of  chemical  composition
given in corresponding PhMs and the accuracy was higher than
10% for best ICF expressions of PNe  and HII regions in BCDG.

Obtained new analytical expressions for ICFs (see Tab.1 and
Tab.2) were  used  for  chemical composition  determination  of
nebular gas in galactical PNe  and in  HII regions in BCDG. We
have used PN spectra from different papers published previously
(1976  -  1996  yr.,  see  data  on  the  ftp://astro.franko.lviv.ua/
PN/Chem_CompPN2004) and HII regions spectra [8-10]. For PNe
abundances  of  He,  N,  O,  Ne,  S  and  Ar  for  193  objects  are
determined and  for HII regions in BCDG the corresponding data
for 41 objects are determined. 

The  He/H  abundance  is  determined  using  new  emissivities
from Benjamin et al. [14] and method of Olive & Skillman [15] for
two  types  of  the  nebular  objects. Analysis  of  the  formulas  for
helium abundance indicated that they are not entirely exact, so we
adopted ICF(He) = 1 when determining the helium abundance; i.e.,
He/H = He+/H+  + He++/H+ .

We  also  analyzed  possible  gradients  of  the  elements
abundances with distance from the Galactic center for type II of
PNe.  The  abundance  gradients  for  each  element  studied,  d[log
(A/H)]/dR , in kpc-1 are:

(He/H)* = -0.0124 ± 8.97*10-6 (n = 16); 
(He/H)** = -0.0082 ± 2.86*10-6 (n = 60);
O/H(I) = -0.0252 ± 0.0118 (n = 65);
O/H(II) = -0.0180 ± 0.0183 (n = 61);
N/H(I) = -0.0287 ± 0.0179 (n = 66);
N/H(II) = -0.0215 ± 0.0201 (n = 61);
Ne/H(I) = -0.0330 ± 0.0131 (n = 59);
Ne/H(II) = -0.0322 ± 0.0312 (n = 16);
S/H(I) = -0.0255 ± 0.0139 (n = 62);
S/H(II) = -0.0234 ± 0.0150 (n = 59);
Ar/H(I) = -0.0247 ± 0.0156 (n = 55);
Ar/H(II) = -0.0280 ± 0.0169 (n = 48).

While deriving the helium-abundance gradients, we used the
data for PNe with 4 HeI lines ((He/H)*)  and the average values
<He/H> ((He/H)**) taking into account the corresponding errors.
Data for the two types of inhomogeneity are presented (A/H(I) and
A/H(II)). The number of objects (n) used to find each gradient is
given in parentheses. We adopted the PNe distances  R from [16].
Our calculations cover Galactocentric distances R =    2–15 kpc.

Although the distance scale adopted strongly affects the values
of the gradients, our helium-abundance gradients coincide with the
data of  [17], and the gradients of other elements coincide with the
data of [18] within the errors.

Table 1. New ICFs for PNe.

Table 2. New ICFs for HII regions.
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