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ON THE ANOMALOUS BALMER 
DECREMENT IN THE ORION NEBULA 
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Leninskij prosp. 59, 11 '7924 MOSCOW, Russia 

Nizhy Arkhyz, Zelenchukskij region, Stovropolsky Territory, 957147 Russia 

(Received August 10, 1993) 

New measurements of Balmer lines in the central part of the Orion nebula have been made on the 
6-m telescope. The generalized curve of the level population is compiled from the Balmer line and 
radio line measurements. A new approach to the problem of the anomalous Balmer decrement 
is proposed. The relative level populations obtained from our relative intensity measurements 
are referred to the theoretical population curve in the range of high principal quantum numbers 
n = 20-30. It provides matching of our populations with the level populations derived from radio 
recombination line observations and from high-n Balmer line measurements by Goad e l  a/. (1972). 
However, the low-n level population proves to be much lower than the theoretical ones. When 
interpreting the results of the observations, the inhomogeneity of the population structure of the 
low4 states is taken into account. The radiative transitions nd -+ 2 p  is shown to play the main 
role in the Balmer line eniission. Absorption from the metastable level 2s also can be important 
in the Balmer line radiation transfer. We show that the anomalously low intensity of the low-n 
Balmer lines cannot be explained only with the use of the effect of optical depth. It is possible 
that the anomaly in the low-n Balmer line intensities is caused by the real underpopulation of the 
nd-states when n < 15. 

KEY WORDS 
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Orion nebula, Balmer decrement, radio recombination lines, atomic level popidn- 

1 INTRODUCTION 

Almost 30 years, since the work of Kaler (19GG), the problem of anoinalous Balmer 
decrement in the spectrum of the Orion nebula attracts attention of astrophysicists. 
One usually formulates this problem as follows: in the Orion nebula and in several 
other nebulae the intensities of Balmer lines (relative to  the intensity of HP), arising 
from levels with a high principal quantum number n, were systematically much 
greater than could be accounted for by recombination theories. 

Several attempts, both theoretica.1 and observational, were made to  explain this 
anomaly, but unsuccessfully. 

So, Kaler (1968) has attempted to explain these differences by supposing that 
electron temperatures in the nebulae were lower than previously expected. But 
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for the Orion nebula, this explanation is untenable, since i t  leads to  temperature 
estimates of less than 1500 K .  

Miller (1971) suggested that a part of the difficulty may be a systematic error 
in the spectrophotographic intensity measurements. But the reliability of the spec- 
trophotographic data was confirmed later in the observational work of Goad e l  al. 
(1972) and by our new careful observations reported in this paper. 

It seemed that the Lyman pumping mechanism proposed by Beigman e t  al. 
(1980) and Hoang-Binh (1983) allowed to produce the overpopulation of high levels 
and, hence, t o  explain the anomalous Balmer decrement in the Orion nebula spec- 
trum. This mechanism is based on the suggestion that,  in the stars of the spectral 
type later than 05, the Lyman line emission at X > 912 k can be significantly 
higher than the intensity of the UV continuum at X < 912 k which ionizes the HI1 
region.' In the framework of this suggestion, the situation was considered where 
the ionization rate by Lyman continuum photons can become less than, or of the 
order of, the excitation rate by the Lyman line radiation. As  a result, large Ly- 
man discontinuity in the  stellar flux would increase the departure coefficients 6, 
at n < 50 well above the values occurring in HI1 regions excited by hotter stars. 
Under some circumstances, the departure coefficients 6, for 72 5 50 could even 
exceed 1. 

To investigate this prediction, some observational studies of radio recombination 
lines (RRLs) have been made. Sorochenko et al. (1988) have analyzed the results 
of the RRL for the Orion nebula. They considered lines in the range from H 39a to  
H 110a and found that experimental bn-values are in a good agreement with calcu- 
lations of Salem and Brocklehurst (1979) and contradict the calculations performed 
with allowance for the role of the Lyman discontinuity in the exciting star spec- 
trum. Also, the millimeter-wave recombination lines show no significant indication 
of excitation by Lyman line radiation from a nearby exciting star (Hoang-Binh el  
al., 1985; Gordon and Walmsley, 1990). Thus, the observations of RRLs testify to  
the absence of the additional Lyman pumping mechanism. 

GulyaRv and Zavlin (1994) proposed an explanation to  the observational fact of 
the absence of the Lyman pumping mechanism in real nebulae. The idea was that,  
when calculating the stellar spectrum in the vicinity of the Lyman discontinuity, 
the effect of lowering of the atomic ionization potential in the plasma microfield 
should be taken into account. To allow for this effect, they used the so-called 
non-realization model developed by Gundel (1970, 1971), Sevastyanenlto (1985), 
Hummer and Mihalas (1988), Gulya.ev (1988), etc. The inclusion of this effect into 
stellar atmosphere calculations reduces the Lyman discontinuity substantially, so 
that  the ratio of the Lyman line absorption to radiative recombination drives to- 
wards the blackbody values, and thereby the effect of the additional Lyman puinping 
mechanism is cancelled. 

Thus, the Lyman pumping mechanism, which seemed to  explain the anomaly 
of the Balmer decrement in the spectrum of the Orion nebula, now appears to  be 

'The Lyman discontinuity cannot be observed directly because of UV extinction in the HI1 
region, in the interstellar matter, and in the terrestrial atmosphere. 
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disproven both observationally and theoretically. This brings back the old problem 
of the anomalous Balmer decrement in the Orion nebula. 

In this paper we report new observations of the Balmer decrement in the Orion 
nebula, performed with the stellar spectrograph of the 6-m telescope. We propose 
a new approach to the problem of the Balmer decrement. So far, all attempts to 
explain the differences between observation and theory were based on an anoma- 
lously high intensity of high-n Balmer lines. But relative measurements do not 
allow to determine what is really abnormal - either the intensity of the high-n lines 
is anomalously high, as it is suggested since Kaler’s work, or, on the contrary, the 
intensity of the low-n lines is anomalously low. In view of the absence of the Ly- 
man pumping mechanism, the latter interpretation of the relative measurements 
is developed in this paper. We obtain relative level populations, and match them 
to theoretical populations of high-n levels (n = 20-30) and to the data on radio 
recombination lines. Consequently, the derived populations of low-n levels prove to 
be much lower than the theoretical ones. 

The paper is divided into five parts. In Section 2 we discuss some details of 
observational techniques and the data reduction applied. Section 3. deals with the 
equations which determine the emission and absorption coefficients and with the 
equations of transfer. We deduce expressions for the weighted departure coefficients 
which can be found from the Balmer line intensity measurements. In Section 4 
we present results of our observations in a form of the generalized atomic level 
population curve and discuss some possible reasons of anomalously low intensity 
of the low-n Balmer lines (population of low-n levels). Summarizing remarks are 
given in Section 5. 

2 OBSERVATIONS 

The intensity measurements were obtained from high-dispersion spectra of the Orion 
nebula taken with the stellar spectrograph of the 6-m telescope, with a dispersion of 
14 and 7 A mm-’. All the spectra were taken on baked IIaO plates. The observa- 
tions were made with a long slit (about 15 arcsec) with a south-north orientation, 
at  a point near the Trapezium with the coordinates cr = 5h32m48s, 6 = -5O25’30’’ 
(Jan 1984) and a = 5h34m385, 6 = -5O23’30“ (Dec 1987). The observation param- 
eters are listed in Table 1. 

To minimize errors, all the stages of the observations, measurements, data pro- 
cessing, and corrections were performed very carefully. 

With the use of prisms, the spectrum was widened after the first 60 minutes of 
exposure. Due to this method, two spectra with essentially different exposures were 
obtained on one plate. This has allowed us to exclude errors connected with the 
procedure of matching weak and strong lines of the nebula spectrum. 

The microdensitometer tracing of the nebula spectra were first measured to find 
the level of the underlying continuum at the Balmer series limit. This was initially 
clone by hand; later an automatic system “SPECTRUM” (Nazarenko, 1990) was 
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Table 1. Observation Parameters 

Date Ezpoaure Dispersion Spectral Observer 
(minutes) (A mm-1) Range (A)  

1984 January 14 155 14 3400-5000 Chentzov 
1987 December 2 195 7 3000-4100 Chent zov 

used to  cheLk this extrapolation. The difference between the two results was  found 
to be negligible. 

The correction has been made for the variation of the atmospheric extinction 
with wavelength and zenith distance (during the long time of exposure). With this 
purpose, the spectra of the standard star C Ori were taken before and after the 
exposure. 

To transform the densities of the plate into intensities, we used the spectrum of 
Sirius (a CMa), obtained right in this set of observations. The relative intensities 
of the non-overlapping Balmer lines (7 5 n 5 29) and of the remaining partially 
resolved lines were found with a Gaussian fitting program. 

H P  is a model-dependent spectral line. The effect of optical depth must be taken 
into account for a theoretical interpretation of this line (Pottash, 19GO). Density 
inhomogeneities and velocity fields in the nebula complicate the situation very much. 
In addition, when measuring the intensities of weak high-n Baliner lines relative 
to the strong H P  one, there inevitably appear the problems of the calibration of 
photographic plates, the matching of the photographic and photoelectric data, and 
some other problems, which promote a growth of errors. To avoid the uncertainty 
and minimize errors, we used the H21-line instead of HP. An optically thin line of 
moderate intensity, H21 is more convenient for this purp0se.t 

But 
due to the two reasons - the narrowness of the spectral interval and the adopted 
procedure of normalization (€I21=100) - the largest applied correction was no more 
than several percent. 

The possible systematic errors in the values of relative line intensities are small. 
For the resolved lines over the wavelength region from €17 to 1129, they are espcctctl 
to be less than 5 percent. For the higher Balmer series lines ( n  2 30) the error 
increases with n fast, approaching 20-50 percent. 

The observed relative intensities of Balmer lines relative to the intensity of I121 
are presented in Figure 1. The results of our measurements are shown by crosses. 
The data  of Kaler (1966), being renormalized in the same way, are shown in Figure 1 
by squares (photographic) and by asterisks (photoelectric data). 

The reduced observational data allow to investigate the atomic population struc- 
ture. In the next section we will consider the elementary theory of the emission ant1 
absorption coefficients and the radiation transfer problem in Balmer lines. This will  

The derived intensities of the lines have been corrected for reddening. 

'Goad el al. (1972) measured relative intensities of Balmer series relative to the intensity of 
the first 10 A of the Balmer continuum. 
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Figure 1 The observed Balmer line intensity relation En/E21 for the Orion Nebula. Crosses 
- our observations; squares and asterisks - Kaler (1966). Solid lines - the computed values for 
Te = 8000 K, Ne = 10' ~ r n - ~ ;  dashed line - the same for Te = 8000 I<, Ne = lo5 cmP3. The 
calculations are indicated for the depopulated Case B (bz = 0) and for the hypothetical case of 
optically thick Balmer lines (see Section 4). 

help us to specify the level population characteristics, which can be found from the 
relative intensity measurements. 

3 THEORY OF THE BALMER DECREMENT 

3.1 Emission and Absorption Coefficients 

The frequency of the transition between an upper level n and a lower level n' of 
hydrogen is given by the Rydberg formula, 

v = Rc (-$ - -$) , 
where R is the Rydberg constant. 

A spectral line emission is a product of the line components formed by radiative 
transitions between degenerate quantum states nl of the upper level and n'l' of the 
lower level. The line emission coefficient a.t frequency v' can be written as 
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where summation over the angular-momentum states 1 and I’ is controlled by the 
selection rules, q5,,ln’lt (v) is the normalized profile function 

further we will assume &ln,p(v’) to be the same for all the transitions nl -+ n’l’, 
that is q5n/n,l,(v’) q5nn,(v’). The appropriate rate of the spontaneous radiative 
transition A is given by 

where r is the coordinate matrix element. In (2), the departure coefficients bnl are 
defined as Nni/N:l, where Nnl  is the population of the nl-th state, and Ni, is the 
population computed for local thermodynamic equilibrium (LTE) using the Saha 
equation. 

Eq. (2) can be expressed in terms of weighted values 

The weighted A is 
Ann1 = C AnlnlllWnl/Wn, (6) 

11’ 

where wnl is the statistical weight of the nl-state, and wn = C w n ~ .  The LTE 

population of the level n is N i  = C Nil; it is connected with the nl-state LTE 
I 

I 

population by 
3 - G  - 
Wn WnI 

The weighted (b,),,), in (5) is given by 

(7) 

Using eq. (4), one can rewrite (8) as 

In the case of a radio recombination line Hna (transition n+l  -, n) ,  summations 
in eqs. (8) and (9) are extended over all nl-states. For a Balmer line ( n  -, 2) there 
remain only three components in the sums - ns, np and n d ;  thus, eq. (8) becomes 

, (10) 
bnsAns2p -k 3bnpAnpb -k 5bndAnd2p 

Anszp -+ 3Anp2s -k 5 A n d ~ p  
(bn)2 = 
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Figure 2 Case B - depopulated n = 2 levels. Ne = 
lo* ~ r n - ~  and Te = 10' K.  Dashed lines - variation of b,, ,  b,, and bnd with n calculated by 
Summers (1977). Solid line - (b,)Z as a function of n. 

The hydrogen population structure. 

whence, using expressions for the radial matrix elements (Bethe and Salpeter, 1957), 
we get 

where as = 1, a, = 12(n2 - l ) /n2,  and ad = 32(n2 - l)/(n2 - 2). When n >> 1, the 
following approximation is valid: 

It is clear that the weights of the n p  and nd-states in eq. (12) are much larger than 
the weight of the ns-state. 

The general behavior of the excited-state population structure was calculated by 
several authors (Brocklehurst, 1971; Summers, 1977; Hummer and Storey, 1987). 
The curves b,,, b,, and bnd as functions of n are shown in Figure 2 with dashed 
lines. They were computed for Case B, N ,  = lo4 cm-3 and T, = lo4 I< (Summers, 
1977). With the use of eq. ( lo) ,  we have calculated the weighted (bn)2 (solid line 
in Figure 2). 

It is the weighted quantity (a,), that one can obtain from the spectral line 
intensity measurements. 
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The line absorption coefficient at  frequency u' can be written as 

Here Bnlntl~ and Bn~llnl are the Einstein B-coefficients for induced emission and 
absorption : 

and 

Substituting (14)  and ( 1 5 )  and taking into account ( 7 )  and (G) ,  eq. (13)  becomes 

where C Wnlbnll' Anln'l' 

W n  Ann1 
7 (17)  

11' 
( b n f ) n  

and the Einstein coefficients Bnn,, B,,, and Ann, are connected with each other by 
analogy with (14) and (15). 

It is convenient to express the relation between the true emission a.nd absorption 
coefficients and their equilibrium values as 

and 

In case of transitions n -+ 2 (Balmer series lines), 

and 

where 

When T M lo4 K (HI1 region) and n 2 5, we have hv/kTe 2: 3-4 and (b2)n >> ( b n ) 2 ,  

and the following approximation is valid for the Balmer series lines 
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3.2 

The standard equation for the radiation transfer, 

Radiation Transfer and Line Intensities 

= j - k I ,  d I  
ds 
- 

has the following solution: 

S exp (-r’) dr‘ + I0 exp (-r), 
0 

so that, assuming homogeneity, 

I = S[1- exp (-r‘)] + I0 exp (-r). (26) 

Here r’ and T are the element of and the total depth through the HI1 region, I is 
the intensity of radiation at a given frequency, and I ,  is the radiation originating 
behind the cloud. S is the source function related to the emission and absorption 
coefficients by S = j / k .  Under the LTE conditions, Kirchoff’s law holds and S is 
equal to  the Planck function B(T,). Using this fact, eq. (20) and the definition of 
the optical depth r = s kds’,  we then have 

whence, assuming I0 = 0, eq. (26) becomes 

(27) 

where the subscript C refers to  the continuum. 

tensity of the adjacent continuum from eq. (28), thus: 
The “excess” intensity at  the line frequency is obtained by subtracting the in- 

Assuming rc << T L ,  this becomes 

In the optically thin case (TC << r~ << 1) eq. (29) reduces to the usual expression, 

IL = B(Te)(bn)nlri.  (31) 

The total energy emiJted in the nn’ transition is 
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whence, using eq. (30) and assuming Gaussian shapes for the spectral lines, the 
relation of the intensities of two Balmer series lines (n + 2 and m + 2) is 

where g, is the Gaunt factor, rn2 and un2 are the optical depth and the frequency 
at the line center, xn = hRc/n2kTe, and 

The function f (u)  can be expanded into a series as 

f x 1 in the optically thin case (TL + TC << 1). 
Thus, assuming homogeneity, the relation of the weighted departure coefficients 

of the two levels n and m can be found from the measurements of the relative 
intensities En/Em of the Balmer lines Hn and Hm using the following expression: 

Using eq. (36) and other formulae of this section, we have analyzed our obser- 
vational data. 

4 RESULTS AND DISCUSSION 

In Section 2 we have presented our results in the form of the line intensity relation 
En/E21 and explained the advantages of using a weak H21 instead of a strong 
and optically thick HP. Under this normalization, the low-n Balmer line relative 
intensities do not agree with the theoretical curve. 

In principle, one cannot determine from relative intensity measurements what 
is really abnormal - either the intensity of high-n lines is anomalously high, or, on 
the contrary, i t  is consistent with the theory, but then the intensity of low-n lines is 
anomalously low. It is the latter interpretation of the relative measurements that  
we develop in this paper. 

Using eq. (36), and assuming the optically thin case and T = 8000 I( in the 
Orion Nebula (Sorochenko ei  a/., 1988), we have calculated the ratio (bn)2/(b21)2 
as a function of n (Figure 3). The variation of the electron density from lo4 to 
lo5 cm-3 (solid and dashed lines, respectively) does not affect the theoretical curves 
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. 2.. 

Figure 3 The observed relation (bn)2/(b21)2 as a function of n. Our data are indicated by 
crosses, data of Kaler (1966), by squares. Solid line - the computed values for the depopulated 
Case B, T = 8000 K and N ,  = lo' ~ r n - ~ ;  dashed line - the same for Ne = lo5 

much. The data of Kaler (1966), being renormalized in the same way, are shown 
with squares. They agree with our data (crosses) almost everywhere. One can see 
in Figure 3 a similar situation as we met in Figure 1 - since we have normalized all 
the data to the high-n line, the derived relative populations of low-n levels prove to 
be much lower than the theoretical ones 

Absolute measurements in soft UV (Goad et al., 1972) and in radio wavelengths 
(RRLs) testify that the high-n level populations in the Orion Nebula agree with the 
theory. 

Goad et al. (1972) have found that when n 2 15 not only the gradient of the 
populations is close to its theoretical value, but also the derived absolute populations 
of high levels are in a good agreement with the theory. Unfortunately, they did not 
consider intensities of the low-n Balmer lines. 

RRLs have been observed in the Orion Nebula in a wide spectral range from 
millimeter-wavelength lines (see, e.g. Wilson and Pauls, 1984; Hoang-Binh el al . ,  
1985; Sorochenko et al., 1988; Gordon, 1989; Gordon and Walmsley, 1990) to me- 
ter wavelength RRLs (see Catalogue of RRLs by Gulyaev and Sorochenko (1983)). 
The radiation transfer, line broadening and maser effect can be taken into account 
easily when calculating the level populations. The compilation of data made by 
Sorochenko et al. (1988) suggests that the absolute values of the departure coeffi- 
cients derived from RRL observations ( n  2 39) are in a good agreement with the 
calculated b,'s (e.g., Salem and Brocklehurst, 1979). 
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:0 

Figure 4 The generalized curve of hydrogen level population in the Orion Nebula. Solid lines 
- calculations of ( b , ) ~  and b,  for the depopulated Case B, T, = 8000 K ,  N, = 10' ~ r n - ~ .  The 
observed departure coefficients are shown by triangles (RRL observations), crosses (our Balmer 
line measurements) and squares (Kaler's data). 

Therefore, the absolute measurements of high-n spectral lines verify the hypoth- 
esis adopted in this paper, namely that the problem is not in high-n, but in low-n 
levels and lines. 

Following this hypothesis, we can refer the departure coefficients obtained from 
the intensity measurements to the theoretical b,-curve in the range of high n; specif- 
ically, a t  n = 21. Consequently, our b,-values prove to  be consistent with the theo- 
retical b,-curve and with the b,'s obtained from UV (Goad el al., 1972) and radio 
(RRLs) observations. 

In Figure 4 the compilation of all the data available is presented. Two kinds 
of theoretical curves are shown with solid lines: the weighted ( b n ) 2  calculated for 
the Balmer series (eq. (ll)), and the b,-values averaged over all nl-states for the 
RRL observations. Figure 4 shows the b,-values derived from observations of RRLs 
(triangles), from our Balmer line measurements (crosses), and from the observations 
of Kaler (squares). One can see from Figure 4 that there is very good agreement 
between the theoretical and observed departure coefficients when n is high ( n  > 15). 
But the difference between theory and observations is essential when n is low. 

One possible explanation of the low-n anomaly is that an incorrect approxima- 
tion was used when going over from line intensities En to  the departure coefficients 
b,. For example, neglecting the optical depth in the low-n Balmer lines could affect 
the result. We assumed 7-,2 << 1 for all n and put f ( r n 2 )  = 1 in the formulae for 
En (33) and b,, (36). 
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The idea of a large optical depth of low-n Balmer lines was first proposed by 
Pottash (1960). On the face of it, this idea seems to be a likely one. The absorption 
coefficient and the optical depth in a Balmer line depend on the population of 

According to calculations of 
Summers (1977), the departure coefficient of this level bzr is very large, changing 
from approximately lo6 to 10" with theincrease of distance from the exciting star. 
Therefore, the absorption coefficient in a Balmer line proves to  be very large because 
of a strong overpopulation of the metastable level. 

Using (22) and (23) and assuming that the profile function is the Gaussian, the 
absorption coefficient in the center of a Balmer line is given by 

. the metastable level 2s (see eqs. (23) and (22)). 

Ic,2 = 1.8 x 10-13N,2b2,n-3(l - 4/n2)-4gn2, (37) 

whence the optical depth in the line center is 

T,,Z = 1.8 x 10-13EM b ~ , n - ~ ( l  - 4/n2)-4gn2 

w 1.6 x ~ o - ~ ~ E M  bzsn-3, (38) 

where EM = 
In principle, the agreement between the theoretical curve of intensities and the 

observational values could be reached by adjusting the product EM b2.. in (38). In 
Figure 1, a hypothetical situation is shown when EM b2.. M 10l6 pc cm-6. In this 
case eq. (38) could be approximated by the expression 

N," ds is the emission measure. 

r,,z ( 1 0 / ~ ) ~ ( 1 -  4/n2)-4, (39) 

which gives too high values of the optical depth in the Balmer lines. When n 
decreases, the optical depth would increase from T w 1 in the center of H10 to 
T w 50 in the center of HP. 

For EM = lo7 pc cm-6, which is typical for the central part of the Orion nebula, 
we would have bzs w 10'. The latter value is also unsuitable for it is greater by a 
factor of several than even the upper limit of bas in the calculations of Summers 
(1977). 

Therefore, the effect of the optical depth by itself appears to be unable to explain 
the anomaly of the line intensities. I t  is possible that other effects are to  be taken 
into account. For example, the intensities of the strongest spectral lines (low-n 
Balmer lines) can be sensitive to the velocity field structure of the nebula (see, e.g., 
Spitzer, 1968). Further, one can see from Figure 1 that there is a weak dependence 
of the Balmer line relative intensities E,/E21 on the plasma electron density. Hence, 
the electron density influences the departure coefficients derived from observations 
with the use of the normalization procedure described in this paper. However, too 
high electron density N, > lo6 ~ r n - ~  is required to get the agreement between the 
observations and theory. Note, that a dense matter with N ,  = 105-106 c111-~ is 
actually observed in clumps and knots which are abundant in the central part of 
the Orion Nebula. 

One more possibility should be considered, that Figure 4 gives the actual picture 
of the atomic level population in the Orion Nebula. Then the low-n hydrogen levels 
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are really underpopulated comparing to  the calculations made for the depopulated 
Case B of Baker and Menzel (1938) and for Ne = lo4 cm-3 and Te = 8000 I<. 

5 CONCLUSIONS 

We have reported new spectrophotographic observations of Balmer series lines in 
the Orion Nebula made with the 6-m telescope. A new approach to  the problem 
of the anomalous Balmer decrement has been proposed. The relative level popula- 
tions, that  we figured out from our relative intensity measurements, were referred 
to  the theoretical population curve in the range of high principal quantum numbers 
n = 20-30. Our data agree well with the level populations derived from radio re- 
combination line observations and from high-n Balmer line measurements of Goad 
et al. (1972). Thus, the generalized population curve in tlie range of principal 
quantum numbers from n = 7 to n = 120 has been obtained. As a result of the 
procedure proposed, low-level populations ( n  < 15) proved to  be much lower than 
their theoretical values. Some possible reasons of this discrepancy are discussed. 
We have shown that the explanation based on the idea of self-absorption i n  the 
optically thick lines appears to be invalid. Most probably, the real underpopulation 
of low atomic levels in plasma of the Orion Nebula takes place. 
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