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1 

This catalogue contains mainly the atomic data needed in investiga- 
tions of low-density plasma. is a and extended of the 

Data (Golovatyj et al.,  1991). 

1.1 y 

of the low-density plasma include the 
and media, the of gaseous nebulae and diffuse), 
gions in the vicinity of active galaxies and the and 
and subjects. The ion in the plasma 
within limits about cm-3 to lo9 cm-3 and kinetic 

5 lo3 to lo7 these plasma objects of emission 
lines The low-density plasma is in all 

lines excluding the of lines which due to 
to the state of most abundant ions of abundant elements. The 

bound state populations and line intensities of such 
dominantly by the cascade which populate the states. The 

in the photoionization and ex- 
citation in optically thick lines. the low-density 
plasma the of atoms and ions placed in the state. cal- 
culations of by such plasma besides of 
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86 V. V. GOLOVATYJ al. 

spontaneous only the induced to the low excited states 
and to continua needed. This essentially the atomic data 
set indispensable in computations of the of the low-density plasma 

with the set needed in calculations of of essentially 

We shall use the following notations: and the i-fold ions of elements 
and B ,  the notations n(A') we use density of atoms 
ions and the symbols n k  denote the densities of an ion in the atomic 

state (the occupation The excited states we denote by adding a 
to the ion symbol, say Ail, but the autoionization states doubly 
As usual we shall use a notation a atom, its singly 
ionized ion etc. This means, example, that symbols and N 
ionized identical. 

1.2 The Cross-Sections and of in a Low-Density Astro- 
physical 

The full list of physical in a plasma 
includes the impact, fusion and decay which accompanied by 

one state to the we confine analysis 
with the following most 

(1) the between bound levels + y ++ 

(2) the photoionization and the + y ++ + e ) ,  

(3) the excitation and deactivation (de-excitation) by impacts + e tt 
+ e ) ,  

(4) the and autoionization ++ + e) ,  

(5) the + Bi + 
(6) the impact ionization + e -+ + 2e). 

The of the last in the list - the impact 
nation is negligible in conditions of a plasma. detailed 

of physical studied by us is given in the sections 
of the text to the atomic data tables. we only mention that 

of the type + B -+ + B' the unit time and unit 
volume is given by the (av)n(A)n(B).  The in this 

is defined by 

q = = u(v )v f ( v )dv ,  s 
f is the velocity of colliding taken to be the 

lian one, by T .  one of the colliding is a 
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photon we have to the photon of the 
field. The field in most cases we shall 

assume to be the diluted one, specified by the effective 
T,. 

1.3 Units of 

convenience we shall give the units of quantities, 
the and of 

(1) The energy units. the atomic the of and pho- 
tons usually is in (eV), wave (cm-l), 

and units The coefficients 
between the quantities by the following table: 

unit measurement eV e cm-' RY 

1 e V  1 1.602-12 8065.48 11604.5 7.350-2 
1 1 
1 1.240-4 1.986-16 1 1.439 9 .1134  

8.617-5 1.381-16 6.950-1 1 6.334-6 
1 RY 13.606 2.180-11 1 

( 2 )  The cross-section unzts. The in atomic physics usually mea- 
in cm2, = lo-'' cm'), the 

(mi = 8.797 lo-'? cm'). 

(3) The process rates. collisions the is in cm3 s-l 
units. The impacts conditions of plasma 
media can be 

the manual only the data which 
in plasma media given. the values 

and the and 
compiled published 

The computation of intensities of lines and continua of 
plasma have been given. The computation given 

mechanisms of line the study we only the atomic 
data computation of of low-density plasma (most known 
kinds of it gaseous nebulae), and ionization 

2 

2.1 Classification of Levels 

The classification scheme of atomic state levels is the single 
(SCA) and the LS-coupling of the momenta. 
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88 V. V. GOLOVATYJ e t  al. 

the single one assumes that is 
moving in the effective field by the nucleus and by all 

To all one can definite quantum 
ing with the quantum ( n  = 1 ,2 ,3 , .  . .) and the quantum 

= 0 , 1 , .  . . , n - 1). The momentum of an nl 
equals to lh, h = h /2s  and h is the constant. The with the 
same n and 1 values by the values of of momentum 
ml and of the spin momentum The feasible values ml and m, 
ml = -1 ,  1 , .  . . , 1 -  1, and m, = -1/2, +1/2. which have the 
quantum values 1 = 0 , 1 , 2 , 3 . .  . denoted in the atomic 
spectively, by minuscules s ,  p ,  d ,  f and in the alphabetic The atomic 

with equal values of n and 1 named to be equivalent ones. A set q of 
equivalent builds up an shell ( d ) q  in which the maximal 
of is 2(21+ 1). q = 2(21+ 1) then such a shell is said to be filled. 

The of in shells is the configu- 
The lowest state in which all of the atom or of the 

ion have minimal possible values of n and 1 is called the all 
excited. The population of shells follows 

definite the shell = 1 will be populated, 
shells with n = 2, etc. At a given value of n the shells with 1 = 0 will be filled 
(s-shell), 1 = 1 (pshell), 1 = 2 (d-shell) etc. The of population of 

shells with n 5 3 is the following: ls22s22p63s23p63d'0.. .. instance, 
the of a atom is ls22s22p2. and 2s' the 
filled shells, but the shell 2p2 is unfilled. The in shell filling is vio- 
lated d-shells and f-shells. So, and Ca atoms the 4s-shell will be filled 
and the 3d-shell. The of atomic and ion 
states given, example, in by (1949), Sobelman (1977), 
Allen (1973) and in a manual by and (1986). 

classification of atomic states of the same 
methods, so-called coupling schemes of momenta, have been used, among which the 
most widely use is LS-coupling. to this scheme the atomic states have 

values of L (the total atomic momentum) and S (the total atomic 
spin). The of momentum addition we shall using the example of two 

The values of total momentum L a 1 11 -12 to I 11 +12 1. 
A holds total spin : if s1 = s2 = 1/2 then the total value of spin 
can be 0 1. The sum J = L + S (called the total atomic momentum) 
to of addition of momenta can take values - SI 5 J 5 L + S.  A 
definite value of J belongs to a definite level L S J .  The statistical weight 

to J is given by g ( J )  = 25  + 1 and i t  is the of atomic states 
with the same but values of the case of or 

the addition of momenta must be out step by step - 
two the will be added, etc. 

The set of levels belonging to one with given values of L and S 
a (notation " + ~ L J ,  2S+ 1 specifies the multiplicity, 

J its fine and L S J  the level. S 5 L then the of 
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levels equals its multiplicity, but if S > then the has levels. 
Each level consists of states. The values of L specified by latin majuscules: 
L = 0 1 2 3 etc. The which have 

1 = 1 , 2 , 3 , 4 , 5 .  . . named, singlets, doublets, 
quintets, etc. 

addition to values of the by = 
C li is the sum of all momenta, i.e. C li = 11 + 12 + 

... + 1 ~ .  T = -1 (odd then o is added to the notation 
on its side. and with values of in 

to give an unambiguous of levels the additional quantum 
needed. Usually the genealogy of the i.e. the values 

of and S, given. instance, the excited of C can 
have two of and The last of 

has values about 6 eV than the 
A special case shells with equivalent The of 

of the shell is limited by the Thus, the 
possible ?!3 and '0, while the this 

also and 3D also possible. The of shells 
given, example, in a by Sobelman (1977). the case of shells 

and with equal L and S values. To them 
each the quantum = 1 , 2 , 3  . . . (left to the 
notation) is added. The atomic states TLSJ due to the 

of the and LS-coupling concepts in fact of 
the states with equal and values, which belong to 
and many cases instead of LS-coupling types of coupling, namely, 
jj, LSo and (see by Nikitin and et al., 
1990) used. 

2.2 Transitions: Line Strengths and Oscillator Strengths: Transition 

The most of in atoms is its 
defined in such a that is the of in 

line 1 - unit volume and unit time. The value of is dependent 
on the type. in 1 - a photon is emitted having momentum 

(in units) to the atom, = 1 , 2 , .  . ., and with ?r = 
then we it the of multipolity 
but in the case of T = (-l)k+' we the as the magnetic 

of multipolity k The of and 
E k  + 1 about 10-4-10-6 times less than these of 

Thus, the have dipole 
which fi s-l which followed by 

and magnetic dipole both of which 21 102-104 
Tkansitions of multipolity in the of objects have not 
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90 V. V. GOLOVATYJ 

been The can be by the use of line 
Sri, namely (see Levinson and Nikitin, 1962; Sobelman, 1977) 

gr = 2.67 x 10' Ae3 Sli, gr = 1.78 lo3 Ae5 Sri, (1) 

the Ae = is the in = 
13.606 eV). The line connected with dimensionless quantities - the 

f;l by 

Thus, the can be by in the 

gr = 8.01 x l o9  Ae2 gr = 8.02 x lo9 h e 2  (3) 

Taking into account the laws of momentum, momentum and 
it follows that each of type El, E 2  and can take place only 

if definite selection specifying the possible of quantum 
in the initial and final states of the Let us now the se- 

lection E k  and in the LS-coupling and single 
--+ the selection 

A J  = O , f l ,  . . . , f k ,  J +  J' 2 AL = O , f l , .  . . , fk, L+L' 2 A S  = 0, (4) 

only the quantum of one definite changes, ,B and 
,B' the additional quantum needed to the levels J and J' 
which the selection ,B = ,B' holds. = f l  holds 
and A1 = 0, f2. L S J  -+ L'S'J' the selection 

A J  = 0 , f l ;  AL = 0, A S =  0, A1 = 0. (5) 

has been taken into account that the magnetic dipole can take place 
only between the levels of the same (Al = 0). Owing to the 

of LS-coupling and single assumptions the selection given 
above not the exact ones, i.e. these selection can be violated in 
which have essentially atomic the 
in which the selection hold, the allowed but in the 
opposite case they the 

the table below we give the classification of used in as- 
in the case of selection violation. The classification somewhat 

that used in atomic instance, all E 2  in 
physics as independent of the selection hold 

not. The typical values of the the 
given in column 3 of the table. the column the 

type notations also given (p, f ,  i, 2e, 
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The typical values of given to  in the visible 
and of of light elements and ions. 

of 

(3 - l )  

E l ,  No lo7-lo9 
E l ,  i lo2-10' 

f No 1-102 
f 10-'-1 

M 1 ,  f No 1-10 
M I ,  f 10-'-1 

E l ,  2e 106-108 
of 

levels of 

To types of we give the scheme of 
levels of 0 111. 1 the wavelengths of most 
lines with the type given. The simbol - denotes that the 

is atoms with 2 2 50 and multiple ions the 
selection do not hold exactly due to effects. such atoms and 
ions the between the allowed and weakens and can 
even be vanishing. 

1 

N is an 

of 0 111. 
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1. 

1 -  2 
1 -  3 
1 -  4 
1 -  5 
1 -  6 
1 -  7 
1 -  8 
1 -  9 
1 - 10 
1 - 11 
1 - 12 
1 - 13 
1 - 14 
1 - 15 
1 - 16 
1 - 17 
1 - 18 
1 - 19 
1 - 20 
2 -  3 
2 -  4 
2 -  5 
2 -  6 
2 -  7 

1215.67 
1025.72 
972.537 
949.743 
937.803 
930.748 
926.226 
923.150 
920.963 
919.351 
918.129 
917.181 
916.429 
915.824 
915.329 
914.919 
914.576 
914.286 
9 14.039 

6562.80 
4861.32 
4340.46 
4101.73 
3970.07 

4.699+8 
5.575+7 
1.278+7 
4.125+6 
1.644+6 
7.568+5 
3.869+5 
2.143+5 
1.263+5 
7.834+4 
5.068+4 
3.393+4 
2.34 1 +4 
1.657+4 
1.200+4 
8.858+3 
6.654+3 
5.077+3 
3.928+3 
4.410+7 
8.419+6 
2.530+6 
9.732+5 
4.389+5 

2 -  8 
2 -  9 
2 - 10 
2 - 11 
2 - 12 
2 - 13 
2 - 14 
2 - 15 
2 - 16 
2 - 17 
2 - 18 
2 - 19 
2 - 20 
3 -  4 
3 -  5 
3 -  6 
3 -  7 
3 -  8 
3 -  9 
3 - 10 
3 -  11 

3 - 13 
3 - 14 
3 - 15 

3 -  12 

3889.05 
3835.38 
3797.90 
3770.63 
3750.15 
3734.37 
3721.94 
371 1.97 
3703.85 
3697.15 
3691.55 
3686.83 
3682.81 

18751.0 
12818.1 
10938.1 
10049.4 
9545.97 
9229.02 
901 4.91 
8862.79 
8750.48 
8665.02 
8598.40 
8545.39 

2.215+5 
1.216+5 
7.122+4 
4.397+4 
2.834+4 
1.893+4 
1.303+4 
9.210+3 
6.658+3 
4.910+3 
3.685+3 
2.809+3 
2.172+3 
8.966+6 
2.201+6 
7.783+5 
3.358+5 
1.651+5 
8.905+4 
5.156+4 
3.156+4 
2.021+4 
1.343+4 
9.211+3 
6.490+3 

3 

3.1 

The between the and 
mined by equations (1)-(4). When only one of the values 

given in the table the 
can be calculated using equations (2) and (3) as soon as the type of the 
is known. Using the h e  the last mentioned 

is (see discussion in et al., 1990). 
Neglecting the induced the spontaneous 
connected to the mean lifetimes of level via the 

Transition Oscillator Strengths and Lifetimes 

\ - 1  

The that an atom in the state emits a line -+ is called the 
and it can be by 

= 
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2.  for 

Xk, 

- 
- 
- 
- 

2 2 s  - 
2s’s - 
2s’S - 
2s’s - 

3s‘s - 
3s’s - 
32.5 - 

4.9’s - 
4s’S - 

- 

- 3s’s 
- 4s’s 
- 5s‘s 

- 4s1s 
- 

- 

- 

2s’S - 

3s’S - 

4.9’s - 

5.9’s - 
6s’S - 

- 6s’S 

- 6s’S 

- 6s’S 
- 6s’S 
- 
- 
- 
- 
- 
- 
- 6s3S 
- 
- 6s3S 
- 6s3S 
- 
- 
- 

- 
- 
- 5d30 

- 6 d 3 ~  

- 

584.33 
537.03 
522.21 
515.62 
512.10 

20586.90 
5017.08 
3965.85 
3614.67 
3448.57 

74375.16 
15087.78 
11016.08 
9606.05 

181001.70 
33308.48 
23069.61 

358496.30 
62057.34 

624843.80 
7283.36 
5049.15 
4438.80 
4170.14 

21137.79 
1341 5.33 
11228.98 
46065.65 
27607.62 
85292.94 
6679.99 
4923.30 
4389.16 
4144.93 

19094.57 
12971.98 
10670.62 
46949.36 
26888.35 
88073.67 
5877.29 
4472.76 
4027.35 
3820.71 

186233.70 
17007.1 2 
11972.39 
10314.09 

1.8000+9 
5.6539+8 
2.4300+8 
1.2541+8 
7.2939+7 
1.9688+6 
1.3153+7 
6.8331 +6 
3.7368+6 
2.2295+6 
2.5 146+5 
1.3995+6 
9.2043+5 
5.7975+5 
5.8240+4 
2.9262+5 
2.1991+5 
1.8738+4 
8.8001+4 
8.8001+4 
1.8084+7 
6.6665+6 
3.2118+6 
1.7956+6 
4.5819+6 
2.0509+6 
1.1127+6 
1.4946+6 
7.5348+5 
5.9282+5 
6.3712+7 
1.9932 + 7 
9.0365+6 
4.9126+6 
7.1137+6 
3.3620+6 
1.4384+6 
2.0189+6 
9.5711+5 
7.7595+5 
7.0483+7 
2.4571+7 
1.1612+7 
6.4472+6 
1.2923+4 
6.5950+6 
3.4722+6 
1.9917+6 

- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 

2 2 s  - 
22.9 - 3 p 3 ~  

2 2 s  - 4 p 3 ~  
22.5 - 
2 2 s  - 
3s3s - 
3s3s - 
3s3s - 
3s3s - 
4s3s - 
4s3s - 
4s3s - 
5s3s - 
ss3s - 
6s3S - 
2 p 3 ~  - 3s3s 
2 p 3 ~  - 4s3s 
2 p 3 ~  - 
2 p 3 ~  - 6 2 s  

- 4s3s 
- 

- 

- 
- 

- 
- 

- 

- 
- 
- 
- 
- 
- 

11048.01 
41227.23 
26538.84 
75855.03 

95 7880.50 
18560.66 
12759.17 
10905.16 

2162022.00 
40063.93 
26120.02 

4136180.00 
73711.16 

7059355.00 

10833.15 
3889.75 
3 188.67 
2945.96 
2829.91 

42958.96 
12530.94 
9466.18 
8363.99 

108823.00 
28550.27 
20430.30 

220402.40 
54176.60 

389579.90 
7067.20 
4714.49 
4122.00 
3868.59 

21125.93 
12849.51 

439661 .SO 
37035.60 
24733.94 

858850.60 
685 23.34 

1486839.00 
19548.49 
12988.44 
10999.58 
42440.82 
26678.60 
78390.48 

1.8466+6 
1.5250+6 
8.6835+5 
4.6592+5 
1.5399+2 
2.9581+5 
1.2731+5 
6.6464+4 
5.7302+1 
1.6316+5 
8.181 4+4 
2.241 2+1 
8.3902+4 
9.9013+0 

1.0183+7 
9.1 179+6 
5.4238+6 
3.0791+6 
1.8639+6 
1.0703+6 
7.0306+5 
5.6331+5 
3.7725+5 
2.2783+5 
1.2031+5 
1.1475+5 
6.9994+4 
3.1375+4 
2.6970+4 
2.7375+7 
9.3052+6 
4.3396+6 
2.3805+6 
6.4846+6 
2.71 73+6 
4.1607+3 
1.2776+6 
8.1001+5 
1.5199+3 
3.6572+5 
6.4106+2 
6.4390+5 
2.7216+5 
1.4200+5 
3.2689+5 
1.5958+5 
1.5946+5 

Owing to the limited volume of catalogue we must exclude a deal of 
and data. Such data given only 
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(Table 1) and (Table 2). The much complete data can be found 
in the by (1983) and in the by Theodosiou 
(1987). on the and 
compilations and tables can be found in Appendix A and also may be taken 
the atomic data catalogue and banks in Appendix 

The database lines of atoms and two-atomic molecules has 
been calculated and composed by list includes data 
than 58 million lines, than 42 million of them belonging to atoms and 

ions 1992, 1995). A somewhat set of data by 
is available on 

A named the Opacity has been 
the of Seaton. The have been compiled as the 

atomic database. The exact data lines and photoionization includ- 
ing the autoionizational have been compiled all ions of 14 elements, 
namely, C,  N,  0, Ne, Na, Al, Si, S, Ca and Fe. Some of the 

have been published in a special issue of de 
y Vol. 23, 1992, devoted to calculation of opacities (see 
Seaton et al. ,  1992; Cunto and 1992, and in the issue). A 

of data lines with X > 9128L compiled by 
ton (1991). Even vast is the list of lines including those in the X > 228a 

by et al. (1994). 
To obtain the values and f i k  ions with Z > 1 we can use the 

following scaling (see e.g. et al. ,  1990): 

and 
= fp. 

The means that the the same all 
ions. These exact only within the of the 

ions with 2 >> 1 the should be taken 
into account. A study of the (see al., 1990, details) 
showed that the significant only higly 
ions ( Z  > 50) and all ions one can use the 

scaling 

3.2 

is the main mechanism of ionization of atoms in low-density plasma. 
The ions of type photons having 2 nvo(Xa)>, i.e. 
which exceed the value of the which usually belong to 
the shell 

nlLS)  + 4 L's') + e ,  

n is the main quantum 1 is the azimuthal quantum of pho- 
L and S the total and spin moment of ion 
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and is an unspecified set of all quantum which fix the state of the 
atomic The of photoionizations in unit volume unit time is 

unc(v, 47rJ”--, = n ( X z )  

is the mean intensity of the ionizing (both the and the 
diffuse one) at the given point of the ionized medium and is the effective 
section of photoionization of ion X’ level n. 

the conditions of low-density plasma (gaseous nebulae) due to 
dilution and low gas densities the of atoms mainly in the 

state. Consequently, computations the photoionization 
sections the state needed. of due to the 
photoionization takes place the atomic 

special cases, say, in modelling of in the vicinity of 
and active galactic nuclei which the intensive the 

photoionization shells is This holds, instance, 
N 0 and S 11. of the of photoionization 
all atoms, the lines of which in has been the topic 

of and investigations. A detailed list of such 
studies has been given in by and (1979), (1983), 
Stasinska (1984) and el a/. (1993). 

At the time the values of glc known most of atoms and ions, the 
lines of which in the of nebulae. The values can usually be given 
to within an about 10% (excluding the of the by 
the following which is convenient the photoionization and 

computations: 

= no + bz-’-l+ cm2, (7) 

a + b + c = 1. s is the in the law, 
the dependence of on on the the ionization 
which is denoted by 0 and z = v/vo(XZ) = The data on 

of photoionization the and excited states, which have 
been compiled by us published atoms and ions of elements 

to Si, S and given in Table 3, only the most data 
used. The most complete lists of photoionization atoms 

and ions having the Z 5 30 given in the by 
and (1979) and el (1993), the values of 

found in the 5 eV 5 5 5 keV 
given. Unhappily in the the dependence has been given in the 
of a table. Table 3 gives the values of 
found based on the of and (1979) in the case in the 

the data lacking. Though the lines of Li, and 
in have not been detected yet, inclusion in Table 3 may 

be useful. to the calculations of the photoionization 
individual atoms and ions can be found in Appendix A .  
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Table 3. 
states (equation (7)) 

of photoionization the ground and excited 

I o n  g o  a b C 

Lio 

CO 

C+ 

c3+ 

NO 

N+ 

N2+ 
N3+ 
N4+ 

- 

- 
- 

LiO(2S) - Li+ 

- 

- 
- 
- 

- c+ 
- 

's - 
c+ - c2+ 

c z +  - c3+ (2s) 

2s2p -2s 

2p2 -2s 

2s3s 3S - 'S 
2 ~ 3 p  - 'S 
2 ~ 3 d  3D - ' S  

2p3s - ' S  
2s4s 3S - ' S  

2s4p - 'S 
2s4d 3D - ' S  

2p3p 3S - 'S 
2p3p - ' S  

2p3d 3D0 - ' S  

2 ~ 4 f  3F0 - '5  

2p3d 3F0 - 'S  

2p3d - 2S 
2p5g 3G - ' S  
c3+ (2s) - c4+ (1s) 

2p - 1s 
No (4S) - N+ ( 

'0 - 
2~ - 

- 

- ' D  
- 's 

N+ ( - N2+ ( 
' D  - 
1s - 

- N3+( lS)  
N3+('S) - N4+(2S) 
N4+(2S) -N5+( 'S)  

- 

- 

- o+ (4s) 

6.3 

7.83 
1.58 

1.3 

1.93 
1.4 

8.94 
3.0 
0.98 

12.2 
10.3 
9.59 
4.60 
1.84 
2.15 
4.22 
0.95 
3.09 
2.90 
1.21 
1.22 
4.13 
3.42 
2.66 
2.47 
3.40 
2.05 
2.34 
2.06 
1.96 
0.71 
0.93 

11.42 
4.41 
5.02 
4.20 
2.87 
2.03 
6.6.5 
6.65 
6.75 
2.0 
1.08 
0.91 

2.94 
3.85 
2.26 

1.34 

1.66 
1.34 

3.5 

0.027 
2.2 

-0.020 
2.6 
1 .o 
3.317 
2.789 
3.501 
1.95 
3.0 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
2.7 
1.5 

4.287 
3.847 
4.826 
4.337 
5.112 
4.727 
2.860 
2.789 
3.101 
0.9 

-0.108 
-0.081 

2.661 
4.378 
4.311 

-0.34 

-0.66 
-0.34 

-2.5 

-0.373 
-1.2 

0.075 
-1.6 

0 

-2.317 
-1.789 
-2.501 
-0.95 
-2.0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-1.7 
-0.5 

-3.287 
-2.847 
-3.826 
-3.337 
-4.112 
-3.727 
-1.860 
-1.789 
-2.101 
0.1 
1.63 
1.70 

-1.661 
-3.378 
-3.311 

0 

0 
0 

0 

1.345 
0 

0.945 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-0.522 
-0.62 

0 
0 
0 

2.99 0 7 4  

2.05 0 7 4  
2.99 0 7 4  

1.4 F67 

2.25 
2 . 0  F67 

1.0 
3.0 F67 
1.8 F67 

2.0 
1.5 
1.5 
3.0 
2.6 
2.45 SW78 

1.19 SW78 
2.10 SW78 
3.22 SW78 
1.57 SW78 
1.37 SW78 
2.03 SW78 
2.60 SW78 
3.61 SW78 
2.33 SW78 
2.12 SW78 
3.08 SW78 
3.36 SW78 
3.29 SW78 
4.41 SW78 
2.2 
3.5 L72 

2.0 
1.5 
2.0 
1.5 
2.0 
2.0 
3.0 
2.5 
2.5 
2.0 558 
0.93 
1.21 

1.0 
1.5 
1.5 

2.27 s w 7 a  
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Table 3. 

QO b C S 

O+ 

0 2 +  

0 4 +  

FO 
F+ 

Neo 

- 
- 

1s - 

- 
2 D -  

lD 
1s 

o+ - 02+ 

02+ - 

- 0 4 +  (1s). 
0 4 +  (ls) - 05+ 

1s- 

( - ( 
( - 

- 
- 

- 
(IS) - 

Neo - 
- 

1s 
- 

2D 

1s- 

2D-  
2 D -  ' D  

1s 

(4S) - 

- 

1s- 
- (IS) 

- 

- 

- 
- 
- Mg+ ('S) 

('S) - (IS) 

- 
( - 

'S)  - (IS) 

- 

4.64 
1.95 
7.65 
7.32 
3.53 
3.97 
3.43 
2.32 
1.68 
3.65 
3.79 
3.97 
1.20 
0.77 

3.7 
2.84 
4.5 
2.06 
0.8 
0.58 

5.35 
4.16 
2.71 
0.52 
1 .80 
2.50 
1.48 
4.17 
1.39 
5.49 
3.11 
1.69 
1.65 
1.69 
0.93 
0.73 
1.40 
1.53 
1.54 
0.49 

1.560 
8.0 
3.2 
1.2 
2.0 
1.2 
0.24 
5.2 
3.74 
2.84 

6.829 
4.800 
5.124 
3.837 
3.808 
3.033 
4.174 
3.110 
3.751 
2.014 
2.777 
2.780 
1.82 

-0.104 

4.1 
3.1 
1.7 
1 .o 
1 .o 
2.6 

3.769 
2.717 
2.148 
2.126 
2.277 
2.346 
2.225 
2.074 
2.792 
3.000 
1.963 
1.841 
2.277 
1.937 
2.455 
1.486 
1.471 
2.021 
2.104 
1.145 

1 .ooo 
4.2 
2.4 
1 .o 
1 .o 
3.0 
3.71 
2.65 
1.225 
0.726 

-5.829 
-3.800 
-4.124 
-2.837 
-2.808 
-2.033 
-3.174 
-2.110 
-2.751 
-1.014 
-1.777 
-1.780 
-0.82 
1.647 

-3.1 
-2.1 
-0.7 
0 
0 

-1.6 

-2.769 
-1.717 
-1.148 
-1.126 
-1.277 
-1.346 
-1.225 
-1.074 
-1.792 
-2 .om 
4.963 
-0.841 
-1.277 
-0.937 
-1.455 
-0.486 
-0.471 
-1.021 
-1.104 
-0.145 

-2.55 
-3.2 
-1.4 
0 
0 

-2.0 
-2.71 
-1.65 
3.39 
2.42 

-0.543 

1.62 
0 
0 
0 

-3.62 
-2.14 

1.5 
1.5 
1.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
3.0 
3.0 
3.0 
3.0 
1.02 

1 .o 
2.0 
2 .o 
2 .o 
2.3 
3.0 

1 .o 
1.5 
1.5 
1.5 
2.0 
2.5 
2.5 
2.0 
2.5 
2.5 
3.0 
2.5 
3.0 
2.5 
3.0 
2.5 
3.0 
3.0 
3.0 
3.0 

1.35 
2.0 
2.0 
2.0 
2.3 

14 
0.91 
2.0 
2.25 
2.22 

H70 
H70 
H70 
H70 
H70 
H70 
H70 
H 70 
H 70 
H 70 
H 70 
H70 
558 

RM79 

558 
558 
558 
558 
558 
F67 

H70 
H70 
H70 
H70 
H70 
H70 
H 70 
H70 
H 70 
H 70 
H70 
H70 
H70 
H70 

70 
H70 
H 70 
H70 
H70 
H 70 

Kh95 
558 
558 
558 
558 

DM53 
DM53 

558 
RM79 
RM79 
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Table 3. Continued 

C S 

A1° 

Sio 

Si+ 

S O  

S+ 

( - 
- 

(2s) - (1s) 
(1s) - ( 2 ~ )  

- 

- 

1s- 

- 
Si'+ ('S) - 

- 

- S+(4S) 
2D 

2D 

1s- 

'0- 
=D-  ' D  

' D  
1s 

s+ ( 4 s )  - s'+ 

s'+ ( 3 P )  - 

' D -  
1s- 

- S4+('S) 
S4+('S) - S5+('S) 

- 
- 

' D  
'S 

- 

'0 

2D 

1s- 

'0- ' D  

' D  
1s 

' D -  
1s- 

- 

- 

- ( 'S)  

28.2 
4.65 
1.36 
3.8 
1.8 

39.2 
34.5 
33.6 
1.41 
0.62 
0.32 
3.81 

12.6 
19.1 
12.7 
21 .o 
7.87 

22.6 
0.93 
16.1 
7.25 

16.0 
3.81 
2.53 
0.38 
0.98 
0.75 
0.76 
5.18 

32.7 
28.6 
15.3 
3.07 
2.23 
0.86 
0.92 
5.43 
2.01 
8.75 
0.59 
0.23 
0.28 
0.25 
0.11 
0.11 
0.63 
0.56 
0.55 
0.34 

0.049 
2.6 
2.4 
1 .o 
1 .o 
4.42 
6.46 

10.01 
2.31 
0.064 
0.083 
0.928 

21.6 
0.135 
1.16 
0.66 

0.543 
-1.148 
-0.21 
0.562 
1.064 
0.530 
0.868 
1.286 

18.43 
10.06 
14.65 
2.8 

-0.073 

4.2 
0.082 
0.623 
0.570 
5.93 
9.375 
7.825 
5.403 
4.823 
4.861 

10.80 
32.56 
23.10 
34.23 
20.70 
25.39 
7.45 

10.11 
11.84 
2.438 

-0.529 
-1.6 
-1.4 
0 
0 

0.094 
-7.78 

-14.53 
-6.72 
-0.549 

1.89 
-0.611 

-40.1 
5.365 
2.425 
4.875 

6.347 
9.27 
1.86 

-3.936 
-2.492 

-2.574 

-3.421 
-3.917 

-36.26 
-23.39 
-33.40 
-1.8 
1.539 

-3.2 
-0.83 
-2.77 
-2.59 

-16.09 
-22.95 
-19.74 
-14.84 
-13.44 
-13.68 
-15.91 
-63.76 
-42.98 
-68.38 
-33.46 
-47.60 
-10.67 
-15.35 
-18.55 
-1.639 

1.48 
0 
0 
0 
0 

-3.51 
2.32 
5.52 
5.41 
1.485 
1.528 

-1.82 

19.5 
-4.5 
-2.585 
-4.535 

-5.89 
-7.122 
-0.65 
3.012 
3.872 
2.962 
3.553 
3.631 

18.83 
14.33 
19.75 

0 
-0.466 

0 
1.75 
3.15 
3.02 

11.16 
14.58 
12.92 
10.44 
9.62 
9.82 
6.11 

32.20 
20.88 
35.15 
13.76 
23.21 
4.22 
6.24 
7.71 
0.201 

1 .o 
2.7 
2.1 
2.0 
2.3 

5.0 
3.0 
3.0 
1.5 
1.70 
1.34 
2.30 

3.0 
2.5 
3.0 
1.5 

2 .o 
1 .o 
1.05 
1 .o 
1.5 
1 .o 
1 .o 
1 .o 
2.0 
2.0 
2.0 
2.4 
0.59 

1.6 
0.5 
1 .o 
1 .o 
2.5 
2.0 
2.5 
2.5 
2.5 
2.5 
2 .o 
2.5 
2.5 
2.5 
2.0 
2.5 
2.5 
2.5 
2.5 
2 .0 

5b71 
5b71 
558 
558 

5b71 

5b71 
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Table 3. Continued 

6 0  a b C S 

Cao Cao('S) -Cat ('S) 14.4 1 .om 0.000 4.0 
C a t  Ca+ (3) - Ca'+ (IS) 0.1 6.680 -3.240 -1.350 1.5 

and (1953); Chapman and (1971, 
1972); F67, (1967); (1970); et a/. (1995); L72, Leibowitz 
(1972); 074, (1974); and (1979); SW78, Sakhibullin and 
Willis (1978); S58, Seaton (1958); Silk and Brown (1971). 

3.2.1 

The common have been an idealized model the 
photoionization 13' and L shells. These sections can be 
simply using the functions 

and L 

4 

= - (k) 
and 

exp [-47+'-" ' 
@)n(u) = , 1 - exp(-2nq) , 

is the Thompson section, q' = - and is the 
ionization the shell with quantum the 13'-shell 

we can (Lang, 1974; and 1969) 

the L-shell in the 2s state 

and in the 2p state by 

= 16" hu (3 + 8;) 

and Cox (1972) have the effective of photoion- 
ization the of C, N,  0 and Ne as a special case of equation (7) 
in the 

= + - cm'. (8) 

This is applicable in the of ionization and at mod- 
The values of these atoms and some 

of ions (in units of cm') given in Table 4. 
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4. of photoionization the - shell (equation (8)) 

c 
c 
c 
c v  
c 

N 
N 
N 
N V  
N 
N 

0 1  
0 
0 
0 
o v  
0 
0 
0 

Ne 
Ne 
Ne 
Ne 
Ne V 
Ne 
Ne 
Ne 
Ne 
Ne X 

280 
296 
317 
347 
392 
490 

395 
412 
432 
459 
496 
552 
666 

533 
550 
5 70 
595 
627 
672 
739 
870 

878 
896 
916 
940 
968 

1000 
1050 
1100 
1195 
1360 

1.06 
0.997 
0.930 
0.850 
0.526 
0.194 

0.747 
0.717 
0.683 
0.643 
0.595 
0.371 
0.142 

0.554 
0.537 
0.518 
0.496 
0.470 
0.439 
0.275 
0.109 

0.336 
0.329 
0.322 
0.314 
0.305 
0.295 
0.282 
0.267 
0.180 
0.075 

1 
1 
1 
1 
1.325 
1.287 

1 
1 
1 
1 
1 
1.314 
1.287 

1 
1 
1 
1 
1 
1 
1.308 
1.287 

1 
1 
1 
1 
1 
1 
1 

1.28 
1.25 

2.47 
2.48 
2.49 
2.51 
2.76 
2.95 

2.53 
2.54 
2.54 
2.55 
2.57 
2.79 
2.95 

2.58 
2.59 
2.59 
2.60 
2.61 
2.62 
2.81 
2.95 

2.67 
2.68 
2.68 
2.69 
2.69 
2.70 
2.71 
2.72 
2.95 
2.90 

The photoionization the atoms of and the ions 
the states with the quantum n can be in the 

gn(v) is the Gaunt to the and is 
the ionization of ion with Z its state. 

A simple to the complicated exact found by 
and (1961) and (1968) the Gaunt of and 

ions has been found by and (1974). has high 
sion than 1%) a wide all states with > 2 and only 

n = 1 does it in a The has the 
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= [1+ 0.02494 (2.4 - 0.014zy ) , 
1 + 0.01 z y  

is the Gaunt in the well-known found by 
and (1935) 

= 1 - 0.1728 x1l3 - - 
1) . 

these z = hv/ l ,  and 

y = 0.43 + 0.6 log (z + 10). 

At is to 
the of photoionization atoms it is 

to take into account not only the photoionization, but also ion- 
ization autoionization states. The autoionization states di- 

excited states with excitation exceeding the ionization of 
the single the state of the atomic 

the of each excited is less than the ionization 
the autoionization state an can to bound states with photon 
emission (this is called stabilization) autoionizational stabi- 
lization can one is the atom but the 
goes to some bound state. Owing to the of autoionization states au- 
toionizational of photoionization This 
stance must be taken into account in the modelling of ionization states and the 

of gaseous nebulae and low-density objects. we ig- 
the autoionization phenomena then we can obtain the but with only 

20-30% The autoionizational have been studied in detail 
within the of the above-mentioned Opacity (see Seaton et al. ,  
1992). 

3.3 

can on a level of ion the ion X i .  The 
of can be The 

cess is usually negligible in conditions of low-density plasma. The 
can be easily obtained using the condition of its detailed 

(see, example, Sobolev, 1985) with the photoionization in 
the case of complete The of 
and and can be by 
the following schemes (see, example, Nikitin et a / . ,  1988) 
nation 
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and 

the quantum of type nl specify the ion states. by 
atoms leads to the of negative ions. Such 

negligible nebulae. 
the on the levels 

nl with emission of photons having hvi, = + is the 
of the and is the ionization potential of the level = nly, 

y denotes the set to nl quantum of the state The 
cascade between the levels following 

the lines. 
The most quantity the ionization of the atom is 

the sum of the to all atomic states (total 

n= l  

and the same value excluding the onto the state: 

m 

an(Te) is the to level n .  
and ions about one half of all acts 

ceed into the state of ion Xi+', and the of them to 
the excited states. 

The total of in a unit volume unit time is 

The total is often by the 

= [Te/104 (14) 

The values of a of ions have 
been found by and (1973, 1976), Woods et  al.  (1981), and 
Shull and Van (1982). The values of and all 
ions of elements C to Ni taken the last mentioned given in 
Table 5. The values of these ions of Ca and Ni  
not included in the last-mentioned have been found by of the 
values in the sequences using the scaling as 
given in Section 2.5. To study an ionization balance in cold low-density plasma 
(T << lo4 example of the medium) the values of 
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Table 5 .  
(equations (14), (36) and (56)) 

of the collisional ionization, and dielect- 

C 
C+ 
CZ+ 

c4+ 
c5+ 
N 
N+ 
N2+ 

N3+ 
N4+ 
N5+ 
N6+ 

0 
O+ 

0'+ 

0 6 +  

Ne 
Ne+ 
Ne2+ 
Ne3+ 
Ne4+ 
Ne5+ 
Ne6+ 
Ne7+ 
Ne*+ 
Ne9+ 

03+ 

0 5 +  

0 7 +  

Si 
Si+ 
siz+ 

Si3+ 

Si5+ 

1.44-10 
4.20-11 
1.92-1 1 
5.32-12 
2.87-13 
9.16-14 

7.08-11 
4.55-11 
1.83-1 1 
7.16-12 
2.30-12 

4.93-14 

1.09-10 
3.96-11 
1.67-11 
7.60-12 
3.33-12 

7.90-14 
2.89-14 

3.03-11 
1.79-11 

1.44-13 

1.15-12 

1.61-11 
9.76-12 
4.48-12 
2.03-12 
1.02-12 
3.84-12 
3.05-14 
1.17-14 

8.90-11 
5.90-11 
1.10-11 
9.14-12 
5.02-12 
2.73-12 
1.47-12 
7.35-13 
4.11-13 
1.64-13 
1.42-14 
5.74-1 5 

3.92-10 
4.87-11 

6.20-12 
4.86-1 2 
2.60-12 

2.32-11 

1.31 +5 
2.83+5 
5.56+5 
7.48+5 
4.55+6 
5.68+6 

1.68+5 
3.43+5 
S.SO+S 
8.99+5 
1.14+6 
6.41+6 
7.74+6 

1.58+5 
4.07+5 
6.37+5 
8.98+5 
1.32+6 
1.60+6 
8.57+6 
1.01+7 

2.50+5 
4.76+5 
7.37+5 
1.13+6 
1.47+6 
1.83+6 
2.40+6 
2.77+6 
1.39+7 
1.58+7 

8.87+4 
1.74+5 
9.30+5 
1.26+6 
1.64+6 
2.17+6 
2.61+6 
3.09+6 
3.81+6 
4.25+6 
2.07+7 
2.27+7 

9.46+4 
1.90+5 
3.88+5 
5.24+5 
1.93+6 
2.38+6 

4.70-13 
2.30-12 
3.20-12 
7.50-12 
1.70-11 
1.47-11 

4.10-13 
2.20-12 
5.00-12 
6.50-12 
1.50-11 
2.90-11 
2.00-11 

3.10-13 
2.00-12 
5.10-12 
9.60-12 
1.20-11 
2.30-11 
4.10-1 1 
2.62-1 1 

2.20-13 
1.50-12 
4.40- 12 
9.10-12 
1.50-11 
2.30-11 
2.80-11 
5 .OO-11 
8.60-11 
4.09-11 

1.40-13 
8.80-13 
3.50-12 
7.70-1 2 
1.40-11 
2.30-11 
3.20-11 
4.60-11 
5.80-11 
9.10-11 
1 .50-10 
5.89-11 

5.90-13 
1.00-12 
3.70-1 2 
5.50-12 
1.20-11 
2.11-11 

0.624 
0.645 
0.770 
0.817 
0.721 
0.726 

0.608 
0.639 
0.676 
0.743 

0.750 
0.726 

0.678 
0.646 
0.660 
0.670 
0.779 
0.802 
0.742 
0.726 

0.759 
0.693 
0.675 
0.668 
0.684 
0.704 
0.771 
0.832 
0.769 
0.726 

0.855 
0.838 
0.734 
0.718 
0.716 
0.695 
0.691 
0.711 
0.804 
0.e70 
0.779 
0.726 

0.601 
0.786 
0.693 
0.821 
0.735 
0.716 

2.54-3 
6.15-3 
1.62-3 
4.78-2 
3.22-2 

0 

2.98-3 
7.41-4 
1.13-2 
2.62-3 
7.50-2 
4.61-2 

0 

1.11-3 
5.07-3 
1.48-2 
1.84-2 
4.13-3 
1.06-1 
6.23-2 

0 

9.77-4 
2.65-3 
3.69-3 
1.18-2 
2.44-2 
3.02-2 
6.10-3 
2.52-1 
1.44-1 

0 

4.49-4 
1.95-3 
5.12-3 
7.74-3 
1.17-2 
3.69-2 
3.63-2 
4.15-2 
8.86-3 
2.52-1 
1.44-1 

1.10-3 
5.87-3 
5.03-1 
5.43-3 
8.86-3 
1.68-2 

4.42-2 
5.88-2 
3.43-1 
3.62-1 
3.15-1 

0 
7.64-2 
1.64-1 
2.43-1 
3.50-1 
3.09-1 

9.25-2 
1.81-1 
3.05-1 
1 .oo-1 
1.62-1 
3.40-1 
3.04-1 

0 

7.30-2 
2.42-1 
1.01 
3.91-1 
2.52 

2.54-1 
4.45-1 

3.04-1 
2.96-1 

0 

2.10-2 
7.40-2 
3.23-1 
6.36-1 
8.07-1 
3.51-1 
5.48-1 
2.33-1 
3.18-1 
3.15-1 
2.91-1 

0 

0 
7.53-1 
1.88-1 
4.50-1 

0 
1 .80 

1.57+5 
1.41+5 
8.19+4 
3.44+6 
4.06+6 

2.20+5 
2.01+5 
1.72+5 
1.02+5 
4.75+6 
5.44+6 

1.75+5 
1.98+5 
2.41+5 
2.12+5 
1.25+5 
6.25+6 
7.01+6 

0 

3.11+5 
2.84+5 
2.24+5 
2.70+5 
3.09+5 
2.83+5 
1.68+5 
1.40+7 
1.50+7 

5.01+4 
6.06+5 
4.69+5 
3.74+5 
3.28+5 
4.80+5 
3.88+5 
3.39+5 
2.11+5 
1.40+7 
1.50+7 

0 

7.70+4 
9.63+4 
8.75+4 
1.05+6 
1.14+6 
4.85+5 

3.74+5 
1.41+5 
1.59+5 
5.87+5 
8.31+5 

0 

0 
7.37+4 
2.25+5 
1.25+5 
8.35+5 
1.14+6 

0 

1.45+5 
3.35+5 
2.83+5 
2.83+5 
2.27+5 
1.12+6 
1.47+6 

0 

2.06+5 
3.07+5 
2.94+5 
5.50+5 
9.91+5 
1.73+6 
6.13+5 
1.80+6 
2.24+6 

0 

2.81+4 
1.44+6 
7.55+5 
7.88+5 
1.02+6 
9.73+5 
7.38+5 
3.82+5 
1.54+6 
2.64+6 
3.09+6 

0 

0 
6.46+4 
4.71+4 
7.98+5 

0 
1.03+6 
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5 .  

l o  

Si9+ 

S 
S+ 
S2+ 

s5+ 

SS+ 
s9+ 

p t  

Ca 
Ca+ 
CaZ+ 
Ca3+ 
Ca4+ 
Ca5+ 
Ca6+ 
Ca7+ 
Ca8+ 

1.65-12 
1.03-12 
6.02-13 
3.23-13 
1.95-13 
8.08-14 
7.44-15 
3.09-15 

1.45-10 
7.11-11 
2.12-11 
6.39-12 
6.43-12 
1.85-12 
1.71-12 
1.01-12 
6.97-13 
4.75-13 
2.90-13 
1.63-13 
1.04-13 
4.42-14 
4.25-15 
1.81-15 

2.20-10 
1.20-10 
3.50-11 
3.80-11 
6.47-12 
1.72-12 
2.20-12 
6.95-13 
7.57-13 
4.75-13 
3.45-13 
2.48-13 
1.57-13 
9.10-14 
6.05-14 
2.62-14 
2.60-15 
1.13-15 

2.09-10 
9.00-11 
5.35-11 
2.58-11 
1.31-11 
5.91-12 
2.86-12 
6.96- 13 
9.56-13 

2.86+6 
3.52+6 
4.07+6 
4.66+6 
5.52+6 
6.07+6 
2.83+7 
3.10+7 

1.20+5 
2.71+5 
4.06+5 
5.49+5 
8.47+5 
1.02+6 
3.26+6 
3.81+6 
4.40+6 
5.19+6 
5.86+6 
6.55+6 
7.56+6 
8.02+6 
3.74+7 
4.05+7 

1.83+5 
3.21+5 
4.75+5 
6.94+5 
8.70+5 
1.06+6 
1.44+6 
1.66+6 
4.90+6 
5.56+6 
6.25+6 
7.17+6 
7.96+6 
8.77+6 
9.92+6 
1.07+7 
4.78+7 
5.14+7 

7.09+4 
1.38+5 
5.94+5 
7.81+5 
9.79+5 
1.27+6 
1.49+6 
1.66+6 
2.18+6 

3.00-11 
4.30-1 1 
5.80-1 1 
7.70-11 
1.20-1 1 
1.50-10 
2.10-10 
8.02-1 1 

4.10-1 3 
1.80-1 2 
2.70-12 
5.70-12 
1.20-1 1 
1.70-11 
2.70-1 1 
4.00-11 
5.50-11 
7.40-11 
9.20-11 
1.40-10 
1.70-10 
2.50-1 0 
3.30-10 
1.05-10 

3.77-13 
1.95-12 
3.23-1 2 
6.03-12 
9.1 2-1 2 
1.58-11 
2.69-1 1 
3.55-11 
4.90-11 
6.92-1 1 
9.55-11 
1.23-10 
1.58-10 
2.14-10 
2.63-10 
3.72-10 
4.95-10 
1.35-10 

1.1 2-13 
6.78-1 3 
3.96-12 
7.08-12 
1.07-11 
1.80-11 
2.40-1 1 
3.76-1 1 
5.04-1 1 

0.702 
0.688 
0.703 
0.714 
0.855 
0.831 
0.765 
0.726 

0.630 
0.686 
0.745 
0.755 
0.701 
0.849 
0.733 
0.696 
0.711 
0.716 
0.714 
0.755 
0.832 
0.852 
0.783 
0.726 

0.651 
0.752 
0.869 
0.812 
0.811 
0.793 
0.744 
0.910 
0.801 
0.811 
0.793 
0.702 
0.790 
0.774 
0.907 
0.899 
0.816 
0.726 

0.900 
0.800 
0.700 
0.780 
0.840 
0.820 
0.820 
0.810 
0.780 

2.49-2 
3.13-2 
4.25-1 
6.18-2 
1.38-2 
3.27-1 
1.89-1 

0 

1.62-3 
1.09-2 
3.35-2 
3.14-2 
1.27-2 
1.47-2 
1.34-2 
2.38-2 
3.19-2 
7.13-2 
8.00-2 
7.96-2 
1.34-2 
4.02-1 
2.41-1 

1 .OO-3 
1.10-2 
3.40-2 
6.85-2 
9.00-2 
6.35-2 
2.60-2 
1.70-2 
2.10-2 
3.50-2 
4.30-2 
7.13-2 

8.50-2 
1.70-2 
4.76-1 
2.97-1 

3.284 
5.84-2 
1.12-1 
1.32-1 
1.33-1 
1.26-1 
1.39-1 
9.55-2 

9.60-2 

4.02-1 

1 
2.01 
1.22 
3.03-1 
1.42 
3.06-1 
2.86-1 

0 

0 
1.20-2 
6.59-2 
6.89-2 
1.87-1 
1.2*1 
1.04 
1.12 
1.40 
1 .oo 
5.55-1 
1.63 

2.98-1 
2.81-1 

0 

5.00-3 
4.50-2 
5.70-2 
8.7&2 
7.69-2 
1.40-1 
1.20-1 
1 .00-1 
1.92 
1.66 
1.67 
1.40 
1.31 
1.02 
2.45-1 
2.94-1 
2.77-1 

0 

9.07-2 
1.10-1 
1.74-2 
1.32-1 

3.04-1 

1.14-1 
1.62-1 
8.78-2 
2.63-1 
6.27-2 

4.15+5 
3.66+5 
3.63+5 
3.88+5 
2.51+5 
1.88+7 
1.99+7 

0 

1.25+5 
1.92+5 
1.89+5 
1.68+5 
1.38+5 
1.80+6 
6.90+5 
5.84+5 
5.17+5 
6.66+5 
6.00+5 
5.09+5 
2.91+5 
2.41+7 
2.54+7 

0 

3.20+5 
2.90+5 
2.39+5 
2.56+5 
2.50+5 
2.10+5 
1.80+5 
2.70+6 
8.30+5 
6.95+5 
6.05+5 
6.68+5 
6.50+5 
5.30+5 
3.55+5 
3.01+7 
3.13+7 

3.46+4 
3.85+5 
4.08+5 
3.82+5 
3.53+5 
3.19+5 
3.22+5 
2.47+5 
2.29+5 

1.91+6 
2.11+6 
2.14+6 
1.12+6 
3.93+6 
3.60+6 
4.14+6 

0 

0 
1.80+4 
1.59+5 
8.04+4 
1.71+5 
1.75+6 
2.15+6 
2.59+6 
2.91+6 
2.32+6 
2.41+6 
6.37+6 
1.04+6 
4.67+6 
5.30+6 

0 

3.10+5 
5.50+5 
6.00+5 
3.81+5 
3.30+5 
2.15+5 
2.15+5 
3.30+6 
3.50+6 
3.60+6 
3.80+6 
2.90+6 
3.60+6 
2.80+6 
1.10+6 
6.05+6 
6.54+6 

0 

1.64+4 
2.45+5 
4.27+5 
6.92+5 
8.78+5 
7.43+5 
6.99+5 
4.43+5 
2.81+5 
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5.  Continued 

Ti 

Ca9+ 
Calo+ 
Ca' ' + 
Ca12+ 
Ca13+ 
Cal'+ 
Ca15+ 
Gals+ 
ca17+ 
Ca"+ 
Cal9+ 

Fe 
Fe+ 
Fez+ 
Fe3+ 
Fe'+ 
Fe5+ 
Fe6+ 
Fe7+ 
Fee'' 
Fe9+ 
Fe'O+ 
Fe"+ 
Fe"+ 
Fe"+ 
Fe"+ 
Fe15+ 
Fe16+ 
Fe' 7+ 

Fe"+ 
Fe"+ 
Fez0+ 
Fez'+ 
Fez2+ 

Fez"+ 
FeZ5+ 

Ni 
Ni+ 
Ni2+ 
Ni3+ 
Ni4+ 
Ni5+ 
Ni6+ 
Ni7+ 
Nia+ 
Ni9+ 
Nile+ 

Ni12+ 
~i13+ 

3.20-13 
3.86-13 
2.54-13 
1.90-13 
1.42-13 
9.25-14 
5.48-14 
3.74-14 
1.65-14 
1.68-1 5 
7.39-16 

1.26-10 
4.97-11 
1.49-10 
3.90-1 1 
1.66-1 1 
7.16-12 
3.00-1 2 
1.02-12 
2.54-12 
1.70-12 
1.11-12 
6.42-1 3 
3.59-13 
9.30-14 
1.62-14 
5.97-14 
8.44-14 
5.92-14 
4.72-1 4 
3.79-14 
2.60-14 
1.61-14 
1.16-14 
5.39-15 
5.67-16 
2.5 7-1 6 

1.34-10 
6.38-10 
1.51-10 
5.43-11 
2.46-11 
1 .oo-11 
5.29-11 
2.67-12 
1.26-12 
4.66-13 
1.36-1 2 
9.44-13 
6.35-13 
3.80-13 

2.45+6 
6.87+6 
7.61+6 
8.43+6 
9.48+6 
1.04+7 
1.13+7 
1.26+7 
1.34+7 
5.95+7 
6.35+7 

9.13+4 
1.88+5. 
3.56+5 
6.36+5 
8.70+5 
1.15+6 
1.45+6 
1.75+6 
2.73+6 
3.04+6 
3.37+6 
3.84+6 
4.19+6 
4.55+6 
5.30+6 
5.68+6 
1.47+7 
1.58+7 
1.69+7 
1.84+7 
1.96+7 
2.09+7 
2.26+7 
2.35+7 
1.02+8 
1.08+8 

8.86+4 
2.11+5 
4.08+5 
6.37+5 
8.76+5 
1.25+6 
1.54+6 
1.88+6 
2.24+6 
2.60+6 
3.73+6 
4.09+6 
4.46+6 
4.99+6 

6.46-11 
8.51-13 
1.18-10 
1.58-10 
2.04-10 
2.60-10 
3.24-10 
3.81-10 
5.13-10 
6.46-10 
1.64-10 

1.42-13 
1.02-12 
3.32-12 
7.80-12 
1.51-11 
2.62-1 1 
4.12-11 
6.05-11 
8.13-11 
1.09-10 
1.33-10 
1.64-10 
2.00-10 
2.41-10 
2.89-10 
3.42-10 
3.87-10 
4.52-10 
5.25-10 
6.07-10 
6.98-10 

7.86-10 

9.46-10 
2.76-10 

3.60-13 
1 .00-12 
1.4&12 
1.60-1 2 

7.72-10 

8.57-10 

3.85-12 
9.05-12 
1.75-11 
3.04-1 1 
8.91-11 
1.19-10 
1.50-10 
1.91-10 
2.29-10 
2.63-10 

0.900 
0.820 
0.810 
0.800 
0.730 
0.800 
0.780 
0.850 
0.850 
0.830 
0.726 

0.891 
0.843 
0.746 
0.682 
0.699 
0.728 
0.759 
0.790 
0.810 
0.829 
0.828 
0.834 
0.836 
0.840 
0.846 
0.850 
0.836 
0.824 
0.816 
0.811 
0.808 
0.800 
0.718 
0.677 
0.732 
0.726 

0.700 
0.700 
0.700 
0.700 
0.746 
0.682 
0.699 
0.728 
0.759 
0.790 
0.810 
0.829 
0.828 
0.834 

4.19-2 
2.57-2 
4.45-2 
5.48-2 
7.13-2 
9.03-2 
1.10-1 
2.05-2 
5.49-1 
3.55-1 

1.58-3 
8.38-3 
1.54-2 
3.75-2 
1.17-1 
2.54-1 
2.91-1 
1.50-1 
1.40-1 
1 .O&l 
2.00-1 
2.40-1 
2.60-1 
1.90-1 
1.20-1 
3.50-1 
6.6&2 
1.00-1 
1.30-1 
2.30-1 
1.40-1 
1.10-1 
4.10-2 
7.47-1 
5.19-1 

0 

1.41-3 
5.20-3 
1.38-2 
2.30-2 
4.19-2 
6.83-2 
1.22-1 
3.00-1 
1.50-1 

7.09-1 
6.97-1 

6.44-1 
5.25-1 
4.46-1 

6.16-2 
2.77 
2.23 
2.00 
1.82 
4.24-1 
2.43-1 
1.85-1 
2.92-1 
2.75-1 

0 

4.56-1 
3.23-1 
3.10-1 
4.11-1 
3.59-1 
9.75-2 
2.29-1 
4.20 
3.30 
5.30 
1.50 
7.00-1 
6.00-1 
5.00-1 
1 .oo 

0 
7.80 
6.30 
5.50 
3.60 
4.90 
1.60 
4.20 
2.84-1 
2.79-1 

0 

4.69-1 
3.57-1 
2.81-1 
1.28-1 
4.17-2 
5.58-2 
3.46-2 

0 
1.90 
2.77-1 
1.35-1 
1.34-1 
1.92-1 
3.22-1 

3.73+6 
9.26+5 
7.96+5 
6.90+5 
6.70+5 
4.72+5 
5.67+5 
4.21+5 
3.65+7 
3.78+7 

6.00+4 
1.94+5 
3.31+5 
4.32+5 
6.28+5 
7.50+5 
7.73+5 
2.62+5 
2.50+5 
2.57+5 
2.84+5 
8.69+5 
4.21+5 
4.57+5 
2.85+5 
8.18+5 
1.51+6 
1.30+6 
1.19+6 
1.09+6 
9.62+5 
7.23+5 
4.23+5 
5.87+7 
6.01+7 

9.82+4 
2.01+5 
3.05+5 
4.20+5 
5.56+5 
6.72+5 
7.93+5 
9.00+5 
1.00+6 
7.81+5 
7.64+5 
7.44+5 
6.65+5 
5.97+5 

5.84+6 
4.89+6 
4.62+6 
4.52+6 
3.32+6 
1.37+6 
4.41+6 
2.27+6 
7.25+6 
7.68+6 

8.97+4 
1.71+5 
2.73+5 
3.49+5 
5.29+5 
4.69+5 
6.54+5 
1.32+6 
1.33+6 
1.41+6 
1.52+6 
1.51+6 
1.82+6 
1.84+6 
2.31+6 

0 
9.98+6 
9.98+6 
1.00+7 
1.10+7 
8.34+6 
1.01+7 
1.07+7 
1.17+6 
9.97+6 

1.01+5 
1.91+5 
2.32+5 
3.18+5 
4.55+5 
5.51+5 
5.28+5 

0 

8.87+5 
1.80+6 
1.25+6 
1.89+6 
8.84+5 
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Table 5 .  Continued 

col 

Nil4+ 2.17-13 
Nil5+ 5.74-13 
Nil6+ 1.04-13 
Nil7+ 3.88-14 
Nil8+ 5.65-14 
Nil9+ 4.02-14 
Nizo+ 3.25-14 
Ni21+ 2.65-14 
Ni2'+ 1.83-14 
NiZ3+ 1.15-14 
NiZ4+ 8.39-15 
Ni25+ 3.84-15 
NiZ6+ 4.21-16 
NiZ7+ 1.91-16 

5.39+6 
5.79+6 
6.63+6 
7.04+6 
1.80+7 
1.91+7 
2.04+7 
2.20+7 
2.33+7 
2.47+7 
2.66+7 
2.78+7 
1.19+8 
1.25+8 

To Ti 

3.16-10 0.836 3.63-1 3.37-1 5.24+5 1.29+6 
3.63-10 0.840 3.02-1 1.21-1 4.96+5 6.24+5 
4.03-10 0.846 1.02-1 5.14-2 4.46+5 1.59+6 
4.73-10 0.850 2.70-1 1.83-1 8.49+5 8.01+6 
5.25-10 0.836 4.67-2 7.56 1.36+6 9.32+6 
5.75-10 0.824 8.35-2 4.55 1.23+6 9.45+6 
6.38-10 0.816 9.96-2 4.87 1.06+6 9.45+6 
7.08-10 0.811 1.99-1 2.19 l.25+6 8.01+6 
7.94-10 0.808 2.40-1 1.15 1.23+6 7.57+6 
8.71-10 0.800 1.15-1 1.23 3.32+5 2.64+6 
8.91-10 0.718 3.16-2 1.32-1 6.45+5 1.93+6 
9.14-10 0.677 8.03-1 2.8%1 6.65+7 1.19+7 
1.0649 0.732 5.75-1 2.861 6.81+7 9.08+6 
3.21-10 0.726 0 0 0 

such needed. this 
the equation 

= [Te/lOO 

which is slightly to equation (14) can be used. Fitted and 
&ad of some singly ionized atoms with ionization 
potentials (< 13.6 eV) taken and (1986) given in 
the following table. 

Fit of singly ionized atoms with 
low ionization potentials in the 10-1000 

Aioo 

C* 
Li* 
N a  

Al* 
Si* 

S* 

8.29-12 
9.60-12 
5.82-12 
5.87-12 
1.54-11 
8.42-12 
6.98-12 
1.05-11 

0.621 
0.606 
0.682 
0.681 
0.567 
0.617 
0.645 
0.593 

Aioo 

C1* 

Ca 
Ca+ 
Ti 

Fe 
Ni 

8 .lo-1 2 
5.54-1 2 
5.58-1 2 
2.79-11 
5.50-12 
5.45-12 
5.45-12 
5.56-12 

0.607 
0.683 
0.683 
0.647 
0.684 
0.686 
0.686 
0.681 

~~~~~ 

Fits than 2.5% at 10-1000 by an 
All fits than 3% a t  20-500 and than 6% in 10-1000 

The the ions have been 
by Seaton (1959) in the 

= 5.197 x 10-14Zp1/2 (15) 

2 is the p = = 157890Z2/Te, is the atomic 
ionization potential and = 0.4288 + + The of the 
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6. on the ion levels 

5000 1 0 0 0 0  15 000 20000 

1's 
21s 

31s 

23s 
2 3 ~  
33s 

C Y ~  (n31) 

2.23-1 3 
7.64-15 
2.11-1 4 
2.23-15 
8.92-15 
9.23-15 

9.96-14 

1.98-14 
8.78-14 
4.88-15 
3.20-1 4 
2.84-14 

3.26-13 

4.26-13 

1.62-13 
5.43-1 5 
1.32-14 
1.63-1 5 
5.65-15 
5.28-15 

6.27-1 4 

1.46-1 5 
5.77-14 
3.73-15 
1.95-14 
1.30-14 

2.10-1 3 

2.73-13 

1.14-13 
4.06-15 
8.16-15 
1.19-15 
3.34-15 
2.70-15 

3.46-14 

1.13-14 
3.59-14 
2.97-1 5 
1.3&14 
8.46-15 

1.29-13 

1.55-13 

1.15-13 
3.99-15 

1.16-15 
3.16-15 
2.29-15 

7.95-15 

1.11-14 
3.59-14 
3.00-15 
1.25-14 
6.92-15 

= 5000-15 taken a by 
(1974), = 20000 and 10000 (l'S, 2lS, 23S, a pa- 

by and Nugis (1982). 

equation (15) does not exceed about 3% if 5 10'2' and do not 
exceed about 30% if 5 5 10'2'. 

The and ions have been 
by (1971). They have the same as in equation (15), but 

= 0.431 + 0.501 l n p  + 0.460p-1/3, 

SB = -0.493 + + O.857p-'f3. 

(16) 

and the aB the must be by 

(17) 

The of the fit equation (15), ions is estimated 
to be about 3% at of gaseous nebulae. calcu- 
lations of Fe ions have been out by Woods el 
al. (1981). The of the values obtained by them has been estimated 
to be about 10%. 

An extensive compilation of on the levels of 
and Li-like ions has been given in a by and (1985) 

the values of some ions of these sequences have been and 
in the equation (14). 

Of significance calculating the line emission intensities in the 
of gaseous nebulae the to the levels of the 

most abundant species and Table 6 the values of the 
states of given. 
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3.4 and Cooling 

This section is based on the by Oskinova and (1996). The data 
ions and 11) which the main gains and losses 

the plasma tabulated only 

3.4.1 rates 

The mean gained by 1 cm3 and second due to photoion- 
ization of an atom (ion) species level is specified by the mean intensity of 
ionizing j,, at photon and by photoionization section 

this level 

is the heating index c holds designation of the continuum state, 
n; is the level occupation and is the value of the 

ionization level 
of the ionizing at a given point is both by the 

of the of and by the optical distances r,, 
of the medium. As a model we a point of the ionizing 

in the gaseous envelope. This model is good both 
the gaseous nebulae and envelopes. The function is usually a 

good of the Taking into account 
the dilution and extinction of in the medium we have 

W is the dilution coefficient and r,, the optical distance at to the 
ionizing The dilution coefficient is 

is the distance to the ionizing and is the of the ionizing 
The optical distance is connnected with the value r: of this quantity at 

the = via 

= and 
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10 

10 

10 

10 

10 

10 

10 

Figure 2 
of 

3, = 50000 4 ,  T, = 100000 = 200000 

of level of 
1 ,  T, = 20000 2, T. = 30000 K; 

The of can be in dimensionless units 
u = - = is the photon = is the photo- 

and is the ionization potential level The of 
an ionizing photon can be in units as = u) .  Substituting 

(19) into equation (18) and using the units, one obtains 

= and 
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Table 7 .  
field = at optical depth T = 0 and W = 1, is in 

and I1 levels ionized by the 

n = l  n = 2  n = 3  n = 4  n = l  n = 2  n = 3  n = 4  

0.1 
0.5 
1 .o 
2.0 
3.0 
4.0 
5 
6.0 
7.0 
8.0 
9.0 

10.0 
12.0 
15.0 
20.0 
30.0 
50.0 

100.0 

o.oo+oo 
2.57-18 
7.09-11 
7.09-07 
2.08-05 
1.31-04 
4.30-04 
1.01-03 
1.93-03 
3.24-03 
4.97-03 
7.12-03 
1.27-02 
2.44-02 
5.21-02 
1.34-01 
3.81-01 
1.31+00 

o.oo+oo 
5.94-09 
1.08-06 
2.63-05 
1.02-04 
2.33-04 
4.13-04 
6.40-04 
9.07-04 
1.21-03 
1.55-03 
1.92-03 
2.75-03 
4.1 7-03 
6.95-03 

3.03-02 
1.37-02 

8.27-02 

5.36-15 
1.27-07 
2.43-06 
1.89-05 
4.97-05 
9.18-05 
1.43-04 
2.02-04 
2.68-04 
3.40-04 
4.17-04 
4.98-04 
6.74-04 
9.65-04 
1.51-03 
2.75-03 
5.66-03 
1.44-02 

4.52-12 
2.12-07 
1.85-06 
9.54-06 
2.1 5-05 
3.66-05 
5.41-05 
7.36-05 
9.49-05 
1.18-04 
1.42-04 
1.67-04 
2.20-04 
3.07-04 
4.65-04 
8.1%04 
1.63-03 
4.00-03 

o.oo+oo 
o.oo+oo 
o.oo+oo 
1.64-16 
1.35-1 1 
4.53-09 
1.63-07 
1.90-06 
1.14-05 
4.53-05 
1.36-04 
3.33-04 
1.33-03 
5.73-03 
2.75-02 
1.62-01 
9.23-01 
5.69+00 

o.oo+oo 
1.40-18 
3.83-11 
3.80-07 
1.11-05 
6.91-05 
2 ~ 26-04 
5.27-04 

1.68-03 
1.01-03 

2.57-03 
3.68-03 
6.55-03 
1.25-02 
2.64-02 
6.75-02 
1.90-01 
6.4%01 

o.oo+oo 
1.75-1 1 
7.05-08 
8.10-06 
5.28-05 

3.23-04 
1.55-04 

5.57-04 
8.5 4-04 
1.21-03 
1.63-03 
2.09-03 
3.18-03 
5.14-03 
9.16-03 
1.94-02 
4.61-02 
1.35-01 

o.oo+oo 
3.14-09 
5.65-07 
1.36-05 
5.24-05 
1.18-04 
2.10-04 
3.23-04 
4.58-04 
6.10-04 
?.SO-04 
9.65-04 
1.38-03 
2.08-03 
3.46-03 
6.79-03 
1 .SO-02 
4.07-02 

= 1/137.036 is the fine constant, a0 = 5.2918 x lo-' is the 
and is the velocity of light. 

the case of photoheating and cooling the level split- 
ting of ions on to nl sublevels is not essential, so one can use the 
sections values 

Confining with the Gaunt the 
aged photoionization level n can be in the 

= Gn 7.930 x 10-"/Z2cm2 is the value of the 
level 2 is the ion Bp' = gp'/& the quantities g p )  

the coefficients of expansion of the Gaunt gn(v )  level n to the 
of l / ( l + u ) ,  given by Johnson (1972). The sum G, = g ~ ' + g f " ' + g ~ ' .  Substituting 
the expansion (25) into equation (24) we find 
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Table 8. of of (26) 

~ 

log (1 + \ 5000 10000 15000 20000 30000 50 000 

0.0 
0.2 
0.4 
0.6 
0.8 
1 .o 
1.2 
1.4 
1.6 
1.8 
2 .o 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 

0.8576 
0.8554 
0.8517 
0.8454 
0.8344 
0.8143 
0.7760 
0.7076 
0.6108 
0.5042 
0.4032 
0.3150 
0.2420 
0.1834 
0.1375 
0.1022 
0.0755 
0.0554 
0.0405 
0.0294 
0.0213 

0.7531 
0.7476 
0.7386 
0.7236 
0.6980 
0.6552 
0.5893 
0.5051 
0.4157 
0.3328 
0.2596 
0.1996 
0.1514 
0.1137 
0.0846 
0.0626 
0.0460 
0.0336 
0.0245 
0.0178 
0.0128 

0.6724 
0.6644 
0.6513 
0.6300 
0.5957 

.0.5437 
0.4745 
0.3969 
0.3213 
0.2538 
0.1968 
0.1504 
0.1136 
0.0850 
0.0631 
0.0465 
0.0342 
0.0249 
0.0181 
0.0132 
0.0095 

0.6080 
0.5981 
0.5823 
0.5572 
0.5189 
0.4648 
0.3988 
0.3295 
0.2645 
0.2076 
0.1604 
0.1222 
0.0921 
0.0688 
0.0510 
0.0376 
0.0276 
0.0201 
0.0146 
0.0106 
0.0077 

0.5112 
0.4992 
0.4807 
0.4527 
0.4129 
0.3619 
0.3050 
0.2489 
0.1981 
0.1547 
0.1190 
0.0904 
0.0680 
0.0508 
0.0376 
0.0277 
0.0203 
0.0148 
0.0108 
0.0078 
0.0056 

0.3902 
0.3774 
0.3582 
0.3311 
0.2955 
0.2540 
0.2109 
0.1705 
0.1349 
0.1049 
0.0805 
0.061 1 
0.0459 
0.0343 
0.0254 
0.0187 
0.0137 
0.0100 
0.0073 
0.0053 
0.0038 

log (1 + \ T. 25 000 35 000 50 000 75 000 1 0 0  000 150 000 

0.0 
0.2 
0.4 
0.6 
0.8 
1 .o 
1.2 
1.4 
1.6 
1.8 
2 .o 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 

0.8287 
0.8256 
0.8205 
0.8119 
0.7969 
0.7697 
0.7208 
0.6426 
0.5445 
0.4438 
0.3518 
0.2731 
0.2088 
0.1576 
0.1178 
0.0874 
0.0644 
0.0472 
0.0345 
0.0250 
0.0181 

0.7766 
0.7719 
0.7642 
0.7511 
0.7287 
0.6901 
0.6278 
0.5434 
0.4504 
0.3616 
0.2836 
0.2186 
0.1661 
0.1249 
0.0931 
0.0689 
0.0506 
0.0370 
0.0270 
0.0196 
0.0142 

0.7104 
0.7035 
0.6923 
0.6738 
0.6431 
0.5944 
0.5254 
0.4439 
0.3617 
0.2870 
0.2233 
0.1710 
0.1294 
0.0970 
0.0721 
0.0532 
0.0391 
0.0285 
0.0208 
0.0151 
0.0109 

0.6229 
0.6134 
0.5982 
0.5739 
0.5362 
0.4823 
0.4153 
0.3439 
0.2765 
0.2174 
0.1680 
0.1281 
0.0966 
0.0722 
0.0535 
0.0395 
0.0289 
0.0211 
0.0154 
0.0111 
0.0080 

0.5552 0.4574 
0.5441 0.4448 
0.5266 0.4256 
0.4995 0.3974 
0.4597 0.3588 
0.4066 0.3114 
0.3452 0.2606 
0.2831 0.2116 
0.2261 0.1679 
0.1769 0.1309 
0.1363 0.1005 
0.1037 0.0763 
0.0780 0.0574 
0.0583 0.0428 
0.0432 0.0317 
0.0318 0.0234 
0.0233 0.0171 
0.0170 0.0125 
0.0124 0.0091 
0.0090 0.0066 
0.0065 0.0048 
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= 1 + u and function the dependence of the 
photoionization given by equation (21). 

2 the dependence of heating on the level 
dependence holds and the ions. The calculated heating 
the = 1-4 levels of and I1 at r = 0 in Table 7. 

the case if r # 0 we should take into account the dependence of the values 
G,, on r .  This dependence can be in the 

= (26) 

is the heating at r,” = 0, and is a slowly function of 

Values of the = 1) levels of and I1 
compiled in Table 8. Calculations by (1988) have that 
the occupation > 2 levels of and I1 small even 

dense outflowing envelopes of As a the total 
optical depths of the envelopes also small (r,” < 0.01 2 2). These optical 
depth values even envelopes of kinds of 
and gaseous nebulae. This means that one can use the heating in 
Table 7 all > 2 levels of and 11. 

T .  

3.4.2 rates 

b y  lost by 1 cm3 
and second due to spontaneous with an ion X +  to the 
level of atom ion) is by to 

is the cooling on to level Adopting 
the velocity the function and using units, 
we can 

ca3 
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Table 9. 
of 

(lo4 Ii) 

1 . 0 0  2.00 5.00 10.00  

5000 3.78 1.48 2.03 2.81 3.48 
10000 4.49 1.40 2.07 3.10 4.02 
15000 4.90 1.30 2.03 3.20 4.30 
20000 5.18 1.22 1.96 3.23 4.47 
25000 5.39 1.14 1.89 3.23 4.57 
30000 5.55 1.08 1.82 3.21 4.64 

5000 20.26 6.03 8.30 11.56 13.98 
10000 24.95 5.67 8.43 12.75 16.06 
15000 27.96 5.26 8.25 13.15 17.08 
20000 30.33 4.93 7.97 13.27 17.68 
25000 31.98 4.63 7.67 13.25 18.03 
30000 33.48 4.38 7.45 13.16 18.24 

is the exponent details see and Stegun, 1964). 
The total cooling is the sum of the (28). 
The calculated given in Table 9. 

b y  which is 
diluted and weakened by extinction (see equation (14), the cooling due to the 
stimulated to level is 

Using the analytical of the photoionization (25) we 
have 

2 

= UPzBt) > 

The total stimulated cooling T,) , T,) 
is the sum of all L::, Calculations (Oskinova and 

1996) show that the total stimulated cooling 
depend weakly on the optical depth of the ionized plasma. 
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The total recombination cooling rate. Total cooling is the sum of the 
spontaneous and stimulated cooling given above, 
1.e. 

,tot(,) = + W T*). 

Table 9 the total cooling both spontaneous and stimulated 
the table one sees the evident that the 

of stimulated to the total cooling is 
only close to the ionizing (W > 0.1). 

3.5 

Some scaling and ionization as well as 
cooling and heating can be easily obtained ions using the 

dependence of photoionization and level on the 
Z (see, Oskinova and 1996). Then we have photoionization 

Scaling for and rates 

B ~ ,  = B~,(z, T,, = 2 4  ~ ~ ~ ( 1 ,  T, / z~ ,  (30) 

Gic = GiC(Z,T,,7:) = G;,(1,Te/Z2,T:). (31) 

a;(Te) = ai(Z,  T,) = z T,/22), 

Li(Te) = Li(Z, T,) = z3 Li(1, Te/Z2) ,  

and photoheating 

equalities hold also (spontaneous) 

(32) 

and spontaneuos cooling 

(33) 

stimulated 

and stimulated cooling 

and taking into account equations (32)-(35) equations hold the total 
and cooling 

4 PROCESSES 

4.1 

Collisions of atoms and ions with and can also 
have an effect upon the gas ionization in nebulae. The collisional ionization 
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at values of gas nebulae the 
most effective the impacts in which an essential of the kinetic 

will be wasted the atom ionization: 

+ e -+ + + er r ,  

e and the states and the ionizing collision with 
ions is the Q is the quantum set of the 
atomic and is the same the nebulae the 
of collisional ionization in atom impacts with heavy is small and 
can be neglected. 

The of collisional ionization events the ion impacts 
with unit volume and unit time is given by 

= 
is the collisional ionization The ionization 

and, consequently, the ionization atoms have been by 
often used the q l c  found 

by Lotz (1967a, b, 1968) atoms to Ca. Shull and Van (1982) 
using the and of collisional ionization have 
found simple collisional ionization of all ionization stages 
of C, N, 0, Ne, Si, Ca, Fe and Ni in the 

as in the section P = = = is the ionization 
the state. most cases a 0.1. The last value holds always 

if > 1 eV. The values of Acol and given in Table 5. The 
the collisional ionization atoms and ions of to 
Ni have been in the by and (1985) and they 
give the 

= and is the ionization level j and 

1 = 

+ 
(1 - + { 1 + - (2 + ) f i  )} 

Cj + 

The values of , , , Cj and Dj given in Table 10. expo- 
nential function can be calculated by the usual (see, e.g. 
and Stegun, 1964). The function can be with an of about 1% 
in the following 1983): 

f d P )  = 1 (39) 
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10. collision ionization (equation (38)) 

( e v )  c, 
HO 

c5+ 

N6+ 

Ne9+ 
Nal'+ 

s15+ 

Cal'+ 
FeZ5+ 

0 7 +  

si13t 

~ i 2 7 +  

N5+ 
0 6 +  

Ne8+ 
Nag+ 

All1+ 
Si'2+ 
s14+ 

Ca18+ 
FeZ4+ 
~i26-k  

Li c3+ 

N4$ 

0 5 +  

Ne7+ 

Na8+ 

Li Si l l+ 

s13+ 

1s 
1s 
1s 
1s 
1s 
1s 
1s 
1s 
1s 
1s 
1s 
1s 
1s 
1s 
1s 

1 sz 
ls2 
152 

1 s2 

15-2 

1 s2 

1 s2 

152 

1 s2 

1 s2 

1.2 

1 s2  

1 2  

1 2  

1 s 2  

1 s2  

1 s2 

1 2  

1 s2 

12 

1 2  

1 s 2  

152 

1 s2 

2s 

2s 

2s 

2s 

2s 

2s 

2s 

2s 

2s 

13.6 
54.4 

490.0 
667.0 
871 .O 

1362.0 
1649.0 
1963.0 
2304.0 
2673.0 
3493.0 
4426.0 
5470.0 
9278.0 

10790.0 

24.6 
392.0 
552.0 
739.0 

1196.0 
1465.0 
1762.0 
2086.0 
2438.0 
3224.0 
4121.0 
5129.0 
8828.0 

10280.0 

64.5 
343.0 
97.9 

493.0 
138.0 
670.0 
239.0 

1107.0 
300.0 

1366.0 
367.0 

1653.0 
442.0 

1967.0 
523.0 

2309.0 
707.0 

3075.0 
918.0 

3951.0 
1157.0 
4939.0 

22.8 
14.4 
12.2 
12.3 
12.3 
12.5 
12.5 
12.6 
12.6 
12.7 
12.8 
12.8 
12.9 
13.0 
13.0 

17.8 
20.4 
20.8 
21.2 
21.9 
22.2 
22.4 
22.7 
22.9 
23.3 
23.7 
24.0 
24.8 
25.0 

8.2 
20.0 
10.5 
20.5 
10.4 
20.8 
10.1 
21.5 
10.0 
21.7 
10.0 
22.0 
9.9 

22.2 
9.8 

22.4 
9.7 

22.8 
9.6 

23.1 
9.5 

23.4 

-12.0 
-5.6 
-3.9 
-4.0 
-4 .O 
-4.1 
-4.1 
-4.2 
-4.2 
-4.3 
-4.3 
-4.4 
-4.4 
-4.5 
-4.5 

-1 1 .o 
-6.1 
-6.3 
-6.5 
-6.8 
-7.0 
-7.1 
-7.2 
-7.3 
-7.6 
-7.8 
-7.9 
-8.4 
-8.5 

-2.7 
-5.6 
-3.3 
-5.8 
-3.3 
-6.0 
-3.1 
-6.4 

-6.5 
-3.0 
-6.7 

-3.0 

-3.0 
-6.8 
-2.9 
-6.9 
-2.8 
-7.1 
-2.8 
-7.3 
-2.7 
-7.4 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

7.0 
4.5 
4.4 
4.3 
4.2 
4.2 
4.1 
4.1 
4 .O 
4.0 
3.9 
3.9 
3.8 
3.7 

1.4 
4.1 
1.4 
4.1 
1.4 
4.1 
1.4 
4.1 
1.4 
4.1 
1.4 
4.1 
1.4 
4.1 
1.4 
4.1 
1.4 
4.1 
I .4 
4.1 
1.4 
4.1 

-22.6 
-13.3 
-10.3 
-10.3 
-10.3 
-10.4 
-10.4 
-10.4 
-10.4 
-10.4 
-10.4 
-10.5 
-10.5 
-10.6 
-10.6 

-23.2 
-18.0 
-18.2 
-18.4 
-18.7 
-18.8 
-18.9 
-19.0 
-19.1 
-19.3 
-19.5 
-19.6 
-20.0 
-20.1 

-6.6 
-18.0 
-7.7 

-18.0 
-7.4 

-18.0 
-7.1 

-18.0 
-6.9 

-18.0 
-6.8 

-6.7 
-18.0 

-18.0 
-6.6 

-18.0 
-6.4 

-18.0 
-6.2 

-18.0 
-6.1 

-18.0 
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( e v )  C, 

FeZ3+ 

~ i 2 5 t  

C2+ 

N3+ 

0 4 +  

Ne6+ 

Na7+ 

~ 1 9 +  

silo+ 

Ca16+ 

Fez'+ 

~ i 2 4 t  

C' + 

N2+ 

0 3 +  

Na6+ 

A18 

Si9+ 

S"+ 

2045.0 
8580.0 
2399.0 

10020.0 
47.9 

325.0 
77.5 

471 .O 
114.0 
644.0 
207.0 

1073.0 
264.0 

1328.0 
328.0 

1611.0 
399.0 

1921.0 
476.0 

2259.0 
652.0 

3017.0 
855.0 

3885.0 
1087.0 
4865.0 
1950.0 
8482.0 
2295.0 
9914.0 

24.4 
30.9 
47.4 
55.8 
77.4 
87.6 

158.0 
172.0 

208.0 
224.0 
266.0 
283.0 
330.0 
350.0 
401 .O 
423.0 
564.0 
589.0 
755.0 
784.0 

9.3 
24.1 
9.2 

24.3 
23.2 
20.0 
17.6 
20.5 
16.4 
20.8 
16.5 
21.5 
16.8 
21.7 
17.1 
22.0 
17.4 
22.2 
17.7 
22.4 
18.1 
22.8 
18.4 
23.1 
18.6 
23.4 
19.2 
24.1 
19.3 
24.3 

16.0 
23.7 
16.0 
18.1 
15.0 
16.8 
14.5 
16.9 

14.5 
17.2 
14.5 
17.5 
14.0 
17.9 
14.0 
18.0 
14.0 
18.3 
14.0 
18.5 

-2.6 
-7.9 
-2.6 
-8.0 
-7.4 
-5.6 
-3.8 
-5.8 
-3.0 
-6.0 
-3.1 
-6.4 
-3.4 
-6.5 
-3.6 
-6.7 
-3.8 
-6.8 
-4.0 
-6.9 
-4.4 
-7.1 
-4.6 
-7.3 
-4.6 
-7.4 
-5.3 
-7.9 
-5.4 
-8.0 

-9.0 
-7.6 
-7.5 
-4.0 
-5.0 
-3.3 
-4.6 
-3.4 

-4.6 
-3.7 
-4.6 
-4.0 
-4.6 
-4.1 
-4.6 
-4.3 
-4.6 
-4.7 
-4.6 
-5.0 

1.4 
4.1 
1.4 
4.1 
2.5 
4.1 
2.8 
4.1 
2.9 
4.1 
2.8 
4.1 
2.8 
4.1 
2.7 
4.1 
2.7 
4.1 
2.7 
4.1 
2.7 
4.1 
2.7 
4.1 
2.7 
4.1 
2.7 
4.1 
2.7 
4.1 

2.5 
2.5 
2.3 
2.8 
2.2 
2.8 
1.9 
2.8 

1 .a 
2.8 
1 .a 
2.8 
1.7 
2.8 
1.6 
2.8 
1.5 
2.8 
1.4 
2.8 

-5.8 
-18.0 
-5.7 

-18.0 
-19.4 
-18.0 
-13.6 
-18.0 
-1 2 .o 
-18.0 
-11.4 
-18.0 
-11.4 
-18.0 
-1 1.5 
-18.0 
-1 1.6 
-18.0 
-11.7 
-18.0 
-11.8 
-18.0 
-12.0 
-18.0 
-12.1 
-18.0 
-12.3 
-18.0 
-12.3 
-18.0 

-10.5 
-21.7 
-10.0 
-15.8 
-10.5 
-14.1 

-8.5 
-13.2 

-8.5 
-13.1 
-8.5 

-13.0 
-8.5 

-13.0 
-8.5 

-12.9 
-8.5 

-1 2.8 
-8.5 

-12.6 
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10. 

( e V )  

+ 

C CO 

0 2 +  

Ca'* + 

N 

O'+ 

974.0 
1006.0 
1799.0 
1842.0 
2131.0 
2178.0 

11.3 
16.6 
29.6 
36.7 
54.9 
63.8 

126.0 
139.0 
172.0 
186.0 
225.0 
241.0 
285.0 
302.0 
351.0 
371 .O 
505.0 
528.0 
686.0 
713.0 
894.0 
925.0 

1689.0 
1731.0 
2011.0 
2056.0 

14.5 
20.3 
35.1 
42.6 
97.1 

108.0 
138.0 
151.0 
187.0 
201.0 
241 .O 
258.0 
303.0 
321.0 
447.0 
469.0 
618.0 
644.0 

14.0 
18.7 
13.7 
19.2 
13.7 
19.4 

6.0 
24.3 
21.0 
18.5 
25.0 
17.3 
25.5 
17.4 
25.5 
17.6 
25.5 
18.0 
27.0 
18.2 
27.0 
18.3 
27.0 
18.6 
27.0 
18.7 
27.0 
18.9 
27.4 
19.2 
27.4 
19.4 

19.5 
19.0 
25.0 
17.8 
34 .O 
17.8 
35.1 
18.0 
35.1 
18.2 
38.3 
18.4 
38.3 
18.6 
38.3 
18.8 
38.3 
18.9 

-4.6 
-5.3 
-4.4 
-5.5 
-4.4 
-5.7 

-16.0 
-7.8 
-9.0 
-4.3 
-7.0 
-3.5 
-8.5 
-3.8 
-8.5 
-4.0 
-8.5 
-4.3 
-8.5 
-4.5 
-8.5 
-4.7 
-8.5 
-5.1 
-8.5 
-5.4 
-8.5 
-5.8 
-8.8 
-5.5 
-8.8 
-5.7 

-30.5 
-4.5 
-8.0 
-3.8 

-10.0 
-4.0 

-12.4 
-4.3 

-1 2.4 
-4.6 

-12.4 
-4.8 

-12.4 
-5.1 

-12.4 
-5.5 

-12.4 
-5.9 

1.3 
2.8 
1 .o 
2.8 
1 .o 
2.8 

12.0 
2.5 
5.3 
2.8 
5 .O 
2.9 
4.5 
2.8 
4.2 
2.8 
4.1 
2.8 
3.9 
2.8 
3.8 
2.8 
3.3 
2.8 
3.0 
2.8 
2.7 
2.8 
2 .o 
2.8 
2.0 
2.8 

15.0 
2.8 
8.4 
2.9 
7.5 
2.8 
7.2 
2.8 
6.9 
2.8 
6.7 
2.8 
6.4 
2.8 
5.5 
2.8 
4.8 
2.8 

-8.5 
-12.4 
-8.3 

-12.3 
-8.3 

-12.3 

-15.1 
-24.0 
-22.5 
-18.0 
-18.0 
-16.1 
-16.8 
-14.9 
-16.8 
-14.7 
-16.8 
-14.5 
-16.8 
-14.3 
-16.8 
-14.1 
-16.8 
-13.7 
-16.8 
-13.3 
-16.8 
-12.8 
-16.6 
-12.3 
-16.6 
-12.3 

-29.0 
-20.2 
-29.5 
-18.1 
-25.0 
-16.7 
-25.1 
-16.3 
-25.1 
-16.0 
-25.1 
-15.7 
-25.1 
-15.4 

-14.7 
-25.1 
-14.0 

-25.1 
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Table 10. 

( e v )  D, 

0 

Mg'+ 

0 

A14 

'+ 

Ne Neo 

818.0 
847.0 

1582.0 
1622.0 
1894.0 
1938.0 

13.6 
28.5 
63.5 
86.2 
99.0 

126.0 
141.0 
172.0 
190.0 
225.0 
246.0 
285.0 
379.0 
426.0 
539.0 
594.0 
727.0 
790.0 

1456.0 
1548.0 
1756.0 
1858.0 

41.1 
66.4 
71.7 

102.0 
109.0 
144 .O 
154.0 
194.0 
205.0 
250.0 
328.0 
384.0 
479.0 
545.0 
657.0 
734.0 

1358.0 
1471.0 
1648.0 
1775.0 

21.6 
48.5 

38.3 
19.0 
41.1 
19.2 
41.1 
19.4 

9.5 
18.2 
33.0 
18.2 
43.3 
18.4 
43.3 
18.6 
49.5 
18.9 
49.5 
19.0 
49.5 
19.1 
49.5 
19.2 
49.5 
19.2 
54.8 
19.2 
54.8 
19.4 

37.0 
18.6 
50.1 
18.8 
50.1 
19.0 
60.8 
19.1 
60.8 
19.3 
60.8 
19.3 
60.8 
19.4 
60.8 
19.4 
68.5 
19.2 
68.5 
19.4 

40.0 
19.0 

-12.4 4.3 
-6.3 2.8 

-13.2 3.1 
-5.5 2.8 

-13.2 2.9 
-5.7 2.8 

-17.5 12.5 
-4.0 2.8 

-17.5 11.2 
-4.4 2.8 

-16.3 10.7 
-4.7 2.8 

-16.3 10.3 
-4.9 2.8 

-16.3 9.9 
-5.2 2.8 

-16.3 9.6 
-5.4 2.8 

-16.3 8.0 
-5.9 2.8 

-16.3 6.9 
-6.4 2.8 

-16.3 6.1 
-6.8 2.8 

-17.6 4.1 
-5.5 2.8 

-17.6 3.9 
-5.7 2.8 

-33.0 15.5 
-4.6 2.8 

-20.2 14.8 
-5.0 2.8 

-20.2 14.2 
-5.3 2.8 

-20.2 13.7 
-5.5 2.8 

-20.2 13.2 
-5.8 2.8 

-20.2 10.9 
-6.3 2.8 

-20.2 9.3 
-6.8 2.8 

-20.2 8.1 
-7.3 2.8 

-22.0 5.1 
-5.5 2.8 

-22.0 4.9 
-5.7 2.8 

-42.0 18.0 
-4.9 2.8 

-25.1 
-13.2 
-24.9 
-12.3 
-24.9 
-12.3 

-19.5 
-20.2 
-33.0 
-18.4 
-33.4 
-18.0 
-33.4 
-17.5 
-33.4 
-17.1 
-33.4 
-16.6 
-33.4 
-1 5.6 
-33.4 
-14.6 
-33.4 
-13.7 
-33.2 
-12.3 
-33.2 
-12.3 

-46.0 
-20.2 
-41.7 
-19.6 
-41.7 
-19.0 
-41.7 
-18.4 
-41.7 
-17.8 
-41.7 
-16.6 
-41.7 
-15.3 
-41.7 
-14.1 
-41.5 
-12.3 
-41.5 
-12.3 

-56.0 
-22.0 
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Table 10. Continued 

Shell 1, (eV)  C, 

Na'+ 

~ 1 3 +  

Si4+ 

Calo+ 

Nil8+ 

Na Nao 

Si3+ 

s5+ 

Fe15+ 

All+ 

47.3 
80.1 
80.1 

119.0 
120.0 
164.0 
167.0 
217.0 
281 .O 
343.0 
423.0 
498.0 
592.0 
680.0 

1265.0 
1397.0 
1546.0 
1694.0 

5.1 
34.0 
15.0 
65.0 

104.5 
28.4 

103.0 
145.6 
45.1 

148.0 
193.5 
88.1 

257.0 
309.7 
143.0 
394.0 
453.1 
211.0 
559.0 
623.7 
490.0 

1223.0 
1298.6 
608.0 

1500.0 
1578.0 

7.6 
54.0 
92.2 
18.8 
90.0 

131.0 

40.0 
19.2 
55.5 
19.3 
72 .O 
19.5 
72.0 
19.6 
72.0 
19.6 
72 .O 
19.6 
72.0 
19.5 
82.2 
19.2 
82.2 
19.4 

16.0 
63.9 
9.0 

37.7 
17.6 
6.3 

31.3 
12.1 
9.0 

66.7 
22.0 
9 .Q 

73.2 
23.1 
9.0 

74.8 
23.4 
9.0 

76.1 
23.5 
9.0 

78.9 
23.5 
9.0 

79.6 
23.5 

18.0 
37.7 
17.6 
17.0 
31.3 
12.1 

-28.0 19.4 
-5.3 2.8 

-24.1 18.7 
-5.6 2.8 

-24.1 18.0 
-5.9 2.8 

-24.1 17.4 
-6.2 2.8 

-24.1 14.2 
-6.8 2.8 

-24.1 11.9 
-7.3 2.8 

-24.1 10.3 
-7.8 2.8 

-26.4 6.1 
-5.5 2.8 

-26.4 5.9 
-5.7 2.8 

-1.0 0.2 
-27.0 33.0 
-3.6 0.3 

-30.0 24.8 
-5.2 3.3 
-2.4 0.5 

-22.7 21.0 
-3.5 3.3 
-3.0 0.6 

-24.8 18.7 
-7.2 3.3 
-2.8 0.7 

-27.0 15.8 
-8.0 3.3 
-2.7 0.8 

-27.0 14.1 
-8.3 3.3 
-2.6 0.9 

-27.0 12.8 
-8.4 3.3 
-2.6 1.0 

-27.0 10.6 
-7.8 3.3 
-2.6 1.0 

-27.0 10.1 
-7.8 3.3 

-1.0 0.6 
-30.0 24.8 

-5.2 3.3 
-6.0 1.0 

-22.7 21.0 
-3.5 3.3 

-60.0 
-21.2 
-65.0 
-20.5 
-50.0 
-19.8 
-50.0 
-19.0 
-50.0 
-17.5 
-50.0 
-16.0 
-50.0 
-14.5 
-49.8 
-12.3 
-49.8 
-12.3 

-13.5 
-80.0 
-5.4 

-62.0 
-19.0 
-4.1 

-44.1 
-13.1 
-5.8 

-65.0 
-20.9 
-5.4 

-61.1 
-19.5 
-5.4 

-58.6 
-18.5 

-5.4 
-56.6 
-17.8 
-5.4 

-52.8 
-16.5 
-5.4 

-51.9 
-16.2 

-4.0 
-62.0 
-19.0 

-8.0 
-44.1 
-13.1 
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Table 10. 

C, Dl 

A1 A1° 

Si Sio 

S2+ 

S1+ P 

3 2  

2P6 
2 
392 
2P6 
2 2  
3 2  

2P6 
2 2 
3 2  
2P6 
2 2 
3 2  

2P6 
292 
3 2  
2P6 
2 sz 

3P 
3 2  

3P 
3 2  

3P 
3 2  

3P 
3 2  

3P 
3 2  

3P 
3 2  

3P 
352 

3P2 
3.2 

3P2 
3 2  

3P2 
3 2  

3P2 
3 2  

3P2 
3 2  
3P2 
3 2  

3P3 
3.92 

3P3 
3 2  

3P3 
3 2  

33.5 
133.0 
176.6 
72.7 

239.0 
288.2 
125.0 
373.0 
427.0 
189.0 
534.0 
593.1 
457.0 

1185.0 
1254.3 
571 .O 

1458.0 
1529.0 

6.0 
10.6 
16.3 
22.9 
47.3 
57.6 
91.2 

105.0 
148 .O 
165 .O 
392.0 
421.0 
499.0 
531 .O 

8.1 
13.5 
35.0 
43.8 
75.2 
87.6 

128.0 
144.0 
361.0 
388.0 
464.0 
494.0 

23.4 
30.7 
59.7 
70.4 

109.0 
123.0 

19.8 
66.7 
22.0 
19.8 
73.2 
23.1 
19.8 
74.8 
23.4 
19.8 
76.1 
23.5 
19.8 
78.9 
23.5 
19.8 
79.6 
23.5, 

47.0 
55.1 
50.4 
55.1 
50.4 
55.1 
50.4 
55.1 
11.1 
22.7 
9.1 

28.2 
9.1 

28.2 

74.5 
53.8 
74.5 
53.8 
74.5 
53.8 
22.9 
21.9 
21.3 
26.4 
21.3 
26.4 

98.7 
52.5 
98.7 
52.5 
40.9 
20.4 

-5.7 
-24.8 
-7.2 
-5.7 

-27.0 
-8.0 
-5.7 

-27.0 
-8.3 
-5.7 

-27.0 
-8.4 
-5.7 

-27.0 
-7.8 
-5.7 

-27.0 
-7.8 

-26.0 
-37.2 
-33.4 
-37.2 
-33.4 
-37.2 
-33.4 
-37.2 
-3.4 
-8.6 
-2.6 

-12.5 
-2.6 

-12.5 

-49.4 
-35.8 
-49.4 
-35.8 
-49.4 
-35.8 
-7.4 
-7.7 
-5.9 

-11.2 
-5.9 

-1 1.2 

-65.4 
-34.5 
-65.4 
-34.5 
-13.6 
-6.3 

1.3 
18.7 
3.3 
1.6 

15.8 
3.3 
1.9 

14.1 
3.3 
1.8 

12.8 
3.3 
2.1 

10.6 
3.3 
2.2 

10.1 
3.3 

0.6 
1.4 
0.6 
1.4 
0.6 
1.4 
0.6 
1.4 
1.3 
1.9 
1.4 
2.3 
1.4 
2.3 

1.3 
1.4 
1.3 
1.4 
1.3 
1.4 
2.8 
1.9 
3.0 
2.3 
3.0 
2.3 

1.9 
1.4 
1.9 
1.4 
3.4 
2.1 

-1 1.9 
-65.0 
-20.9 
-11.9 
-61.1 
-19.5 
-11.9 
-58.6 
-18.5 
-11.9 
-56.6 
-17.8 
-11.9 
-52.8 
-16.5 
-1 1.9 
-51.9 
-16.2 

-39.0 
-41 .O 
-36.9 
-41 .O 
-36.9 
-41.0 
-36.9 
-41.0 
-7.3 

-15.5 
-5.6 

-19.4 
-5.6 

-19.4 

-54.6 
-40.7 
-54.6 
-40.7 
-54.6 
-40.7 
-15.9 
-14.9 
-12.6 
-18.1 
-12.6 
-18.1 

-72.3 
-40.5 
-72.3 
-40.5 
-30.1 
-13.8 
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Table 10. 

( e V )  c3 D3 

+ 

3P3 
3 2  

3P3 
3 2  

3P4 
3 2  

3P' 
3 2  
3P' 
3.2 

3P' 
3s2 

3P4 
3 2  

3P5 
3 2  

3P5 
3 2  

3P5 
35.2 

3P5 
3 2  

3P6 
3 s2 

3P6 
3 2  

3P6 
3 2  

3P6 
3 2  

3P6 
3 2  

3P6 
3 2  
3d 

3P6 
3 2  

4 2  

3P6 
3 2  
3d2 

3P6 
3 2  
3d2 

3P6 
3 2  

4s 

3d 

331 
356.0 
430.0 
458.0 

10.4 
20.2 
40.9 
55.5 
84.5 

104.0 
290.0 
324.0 
384.0 
423.0 

27.6 
41.7 
67.3 
86.4 

262.0 
297.0 
352.0 
393.0 

15.8 
29.2 
51.2 
70.1 

235.0 
271 
321.0 
363.0 

11.9 
37.0 
45.2 

151.0 
213.0 
249.0 
225.0 
296.0 
338.0 

6.1 
28.0 
40.3 

125.0 
190.0 
227.0 
193.0 
271.0 
313.0 

33.4 
24.6 
33.4 
24.6 

6.0 
51.3 

122.8 
51.3 
47.1 
18.9 
45.6 
22.8 
45.6 
22.8 

147.0 
50.0 
55.8 
16.2 
57.7 
21.0 
57.7 
21.0 

171.1 
48.7 
74.3 
17.6 
69.9 
19.2 
69.9 
19.2 

7.9 
74.3 
17.6 
11.6 
69.9 
19.2 
12.5 
69.9 
19.2 

2.5 
74.3 
17.6 
22.1 
69.9 
19.2 
24.1 
69.9 
19.2 

-9.7 
-9.8 
-9.7 
-9.8 

-22.0 
-33.2 
-81.4 
-33.2 
-14.5 

-5.1 
-13.9 
-8.4 

-13.9 
-8.4 

-97.4 
-31.8 
-15.8 
-3.2 

-18.6 
-7.1 

-18.6 
-7.1 

-78.0 
-30.5 
-24.2 
-3.8 

-23.7 
-5.7 

-23.7 
-5.7 

-2 .o 
-24.2 
-3.8 
-3.7 

-23.7 
-5.7 
-4.0 

-23.7 
-5.7 

-2.5 
-24.2 
-3.8 
-7.0 

-23.7 
-5.7 
-7.7 

-23.7 
-5.7 

4.6 
2.3 
4.6 
2.3 

20.0 
1.4 
2.6 
1.4 
4.8 
1.6 
6.2 
2.3 
6.2 
2.3 

3.2 
1.4 
6.4 
1 .a 
7.8 
2.3 
7.8 
2.3 

3.8 
1.4 
7.0 
1.9 
9.5 
2.3 
9.5 
2.3 

0.2 
7.0 
1.9 
0.4 
9.5 
2.3 
0.4 
9.5 
2.3 

8.0 
7.0 
1.9 
0.7 
9.5 
2.3 
0.7 
9.5 
2.3 

-20.8 
-16.8 
-20.8 
-16.8 

-20.0 
-40.2 
-90.0 
-40.2 
-35.5 
-13.2 
-30.0 
-15.4 
-30.0 
-15.4 

-107.7 
-40.0 
44.5 
-1 1.6 
-40.3 
-14.1 
-40.3 
-14.1 

-169.0 
-39.7 
-63.0 
-13.8 
-51.7 
-12.7 
-51.7 
-12.7 

-6.0 
-63.0 
-13.8 
-5.6 

-51.7 
-12.7 
-6.0 

-51.7 
-12.7 

-5.5 
-63.0 
-13.8 
-10.7 
-51.7 
-12.7 
-11.7 
-51.7 
-12.7 
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Table 10. Continued 

( e v )  

sc Fe5+ 

Ni'+ 

Ti Fe4+ 

Ni6+ 

V Fe3+ 

Ni5+ 

Fez+ 

Ni4+ 

F e l t  

Ni3+ 

Fe Feo 

NiZt 

co Nil 

Ni Nio 

3d3 

3.92 
3d3 

3.92 

3d4 

3.92 
3d' 

3.92 

3d5 

3.92 

3d5 

3.92 

3d6 

3.92 
3d6 

3.92 

4.9 
3d6 

3d' 

3.92 

4 2  
3 8  

3d6 

3.92 

3ds 

3.92 

4 2 
3d8 

99.0 
169.0 
205.0 
162.0 
246.0 
288.0 

75.0 
147.0 
184.0 
133.0 
221.0 
264.0 

54.8 
125.0 
162.0 
108 .O 
196.0 
239.0 

30.7 
103.0 
141 .O 
75.5 

171 .O 
215.0 

16.2 
17.5 
81 .O 
54.9 

146.0 
190.0 

7.9 
9.0 

59.0 
35.2 

122.0 
166.0 

18.2 
97.0 

142.0 

8.7 
10.0 
73.0 

30.6 
69.9 
19.2 
34.5 
69.9 
19.2 

36.5 
69.9 
19.2 
43.2 
69.9 
19.2 

39.9 
69.9 
19.2 
50.8 
69.9 
19.2 

32.7 
69.9 
19.2 
49.9 
69.9 
19.2 

90.0 
18.6 
69.9 
50.3 
69.9 
19.2 

3.9 
9.6 

69.9 
44.4 
69.9 
19.2 

32.0 
69.9 
19.2 

2.5 
12.6 
69.9 

-9.7 1.0 
-23.7 9.5 
-5.7 2.3 

-10.9 1.1 
-23.7 9.5 
-5.7 2.3 

-11.6 1.1 
-23.7 9.5 
-5.7 2.3 

-13.7 1.3 
-23.7 9.5 
-5.7 2.3 

-12.7 1.2 
-23.7 9.5 
-5.7 2.3 

-16.1 1.6 
-23.7 9.5 
-5.7 2.3 

-10.4 1.0 
-23.7 9.5 
-5.7 2.3 

-15.9 1.6 
-23.7 9.5 
-5.7 2.3 

-60.0 0.2 
-5.9 0.6 

-23.7 9.5 
-16.0 1.6 
-23.7 9.5 
-5.7 2.3 

-1.3 0.4 
-3.0 0.3 

-23.7 9.5 
-14.1 1.4 
-23.7 9.5 
-5.7 2.3 

-10.0 1.0 
-23.7 9.5 
-5.7 2.3 

-0.8 0.2 
-4.0 0.4 

-23.7 9.5 

-14.8 
-51.7 
-12.7 
-16.7 
-51.7 
-12.7 

-17.6 
-51.7 
-12.7 
-20.9 
-51.7 
-12.7 

-19.3 
-51.7 
-12.7 
-24.6 
-51.7 
-12.7 

-15.8 
-51.7 
-12.7 
-24.1 
-51.7 
-12.7 

-86.0 
-0.9 

-51.7 
-24.3 
-51.7 
-12.7 

-1.9 
-4.6 

-51.7 
-21.5 
-51.7 
-12.7 

-15.4 
-51.7 
-12.7 

-1.2 
-6.1 

-51.7 

=O 

The values of and in expansion of f2(/3) given in the 
above-cited 
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11. (40) shells 

1 
2s4 

1 2  
2 s2 

3 2  

5.08 
5.23 
6.23 
4.85 
5.33 
4.15 
4.81 
5.13 
6.33 
4.98 
5.33 

0.477 
0.594 
0.697 
0.640 
0.738 
0.720 
0.393 
0.562 
0.666 
0.652 
0.734 

Shevelko et  a/. (1983) using the of collisional ionization calculated 
in the found a simple analytical 
the collisional ionization the shell namely, 

as p = and Z is the ionization the level) 
and the quantities and the the values of which some atomic 
shells in Table 11. The estimation of this 
collision ionization is about 6% 0.1 < /3 < 10. Equation (40) is applicable 

all elements, but at small values of 2 the 
The of collisional ionization (in units of cm3 s - l )  complex ions can also 

be calculated using the of and Chidichimo (1983) 

= 2.17 w ,  

w = + 1 )] 

T = (1/4) + 91)/(42 + - 5) .  

(41) 

(42) 

equation (41) is the of in shell j and is the 
ing ionization Summation all shells of the atomic takes 
into account also the excitation shells and the of 
autoionization. The values of and q j  given in Table 12. 
the autoionization is negligible then the a has been added to 
the ion symbol and if it is essential then the b.  Symbol added to 
values denotes the of in ionization 

shells, but symbol denotes the of a of weak 
light icns with 2 5 5 5 we can take C = 2.30 This value 

is well consistent with the value of 2.2 found by Seaton (1964). we 
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Table 12. 
ionization 

q l ,  and c in equation (41) of the collisional 

c 

(a) 
C t 4  (a) 
Nt5(a) 
Ct3 (b) 
N t 4  (b) 

C t2  (b) 
N t 3  (b) 
O+'(b) 
N t 2  (b) 
Ot3 (b) 
0t2 (b) 

A1t2 (b) 
Sit3(b) 

(b) 
(b) 
(b) 
(b) 
(b) 

1.92 

12 
15-2 

1 2 2 s  
1 2 2 s  
1 2 2 s  
2 
2 
1 2 2 2  
2s22p 
2 2 2 p  
2s22p2 
222p6 

3s23p5 
3s23p4 
3923p3 
3s23p2 
3 2 3 p  

2p63s 
2p63s 

259.4 
392.1 
552.1 
300, 64.5 
420, 97.9 
530, 138.1 
47.9 
77.5 

47.4 
77.4 
54.9 . 

105.1, 80.1 
28.4 

112.0, 45.1 
30.6, 27.6 
44.5, 40.7 

250.0, 59.8 
250.0, 
250.0, 91.0 

550, 113.9 

2.34%19% 
2.28&32% 
3.28&11% 
1.82%7% 
2.38&5% 
2.61%10% 
2.56430% 
2.44%12% 
2.87+3% 
2.18%3% 
2.25&5% 
2.36%5% 
1.71+22% 
1.23%8% 
1.92&16% 
1.8651 1% 
2.40*20% 
2.11%12% 
2.40%15% 
2.72% 14% 

Note. The a has been added to the ion symbol if the of autoionization is 
negligible and if it is essential then the b follows, symbol (i) added to ql values denotes 
the of in ionization sections shells, but 
symbol (ii) denotes the of a of weak 

the of autoionization then C=2.70, which is close to 
the value of 2.77 found by Lotz (1968). of the collision ionization 
given by and (1985) with data by 
showed that the with the data by (1974) and by and 
Chidichimo can 1.2 to 2 times, but the consistency with 

by Lotz (1967a, b; 1968) is good. 
to the many collision ionization data im- 

ions given by (1992) (see also Appendix A). 

4.2  

Excitation of atoms by impacts is the main mechanism of of 
the lines between low excited levels in the of gaseous nebulae. 
The impact excitation usually via the effective collision 

: 
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Table 13. 
I1 (47)). (500 K 5 5 72 K) 

(55000 5 5 500000 K) 

of 

d 

1s - 2s 

1s - 2p 

1s - 3s 

1s - 3p 

1s - 3d 

1s - 4s 

1s - 4p 

1s - 4d 

1s - 4j 

1s - 5 

1s - 6 

1s - 7 

IS - 8 

1s - 9 

1s - 10 

1s - 11 

1s - 12 

1.5 - 13 

1s - 14 

1s - 15 

2s - 3s 

2s - 3p 

2s - 3d 

of 

2.297-01 
2.694 - 01 
3.435 -01 
3.162 - 01 
6.250-02 
3.337-02 
9.941-02 
6.985-02 
5.030-02 
5.051-02 
1.909-04 
2.867-03 
1.527- 03 
1.958-03 
1.339 - 03 
1.007 - 02 
3.266-03 
9.103 - 03 
2.035 -02 
2.002 -02 
1.136-02 
1.1 23-02 

6.999-03 
6.940 - 03 
4.624 -03 
4.593-03 
3.2 17 - 03 
3.199 - 03 
2.329-03 
2.318-03 

1.741 - 03 
1.727-03 
1.336-03 
1.326 - 03 

1.048-03 
1.040 - 03 
8.369 - 04 
8.305-04 
6.791 -04 
6.740 -04 

1.326+00 

2.040+00 
6.311-01 

-1.334+00 
6.342 -01 
5.567+00 

5.318-06 
7.883 - 07 
1.297-05 
1.472-05 

-1.299-06 
2.223-07 

-3.714-07 
2.538-06 
7.514-07 
7.876-07 
1.983-07 
1.222-07 
1.001 -06 
9.525-07 
6.470-07 
3.508-07 
3.908 - 07 

-6.1 05 - 09 
6.076-07 
6.325-07 
3.428-07 
3.549-07 
2.1 26- 07 
2.194-07 
1.410-07 
1.453-07 

9.836-08 
1.012-07 
7.135-08 
7.334-08 
5.342-08 
5.493-08 
4.103- 08 
4.213-08 

3.220-08 
3.310-08 
2.574-08 
2.645 - 08 
2.090 - 08 
2.1 47- 08 

-1.727-05 
2.881 - 05 

-1.580-05 
1.229-04 
3.090-04 
1.494-04 

-1.180-10 
-1.394- 12 
2.178 - 12 

-8.275 - 12 
2.666- 11 

-2.794- 13 
6.134-11 

-8.729-13 
-2.826- 13 
-2.072 -12 
-8.325 - 13 
-2.323- 13 
-2.192 - 12 
-9.668-13 
-4.397-12 
-8.024-13 
-8.778-12 
-6.191-15 
-2.175-13 
-7.070-13 
-1.467-13 
-3.998- 13 
-9.963- 14 
-2.483- 13 
-6.969-14 
-1.648 - 13 

-5.031 - 14 
-1.150-13 
-3.737-14 
-8.349-14 
-2.845- 14 
-6.270 - 14 
-2.213-14 
-4.821-14 

-1.754-14 
-3.786 - 14 
-1,413- 14 
-3.028-14 
-1.154-14 
-2.460 - 14 

8.914-10 
-5.372-11 
1.908 - 09 

-9.676- 11 
-2.205 -09 
-3.692-10 

8.636 - 16 
1.451 -18 
7.928-17 

-8.794- 19 
-1.596- 16 

1.516-19 
-3.973-16 
-1.291-18 
-1.098- 17 

1.902- 18 
1.128-18 
1.865 - 19 
9.348 - 18 
4.807 - 19 
1.736 - 17 
6.764-19 
6.171-17 
1.268- 20 

-2.459 - 18 
4.096 - 19 

-1.300 - 18 
2.331-19 

-7.672- 19 
1.453-19 

-4.927- 19 
9.667- 20 

-3.361-19 
6.758 - 20 

-2.400- 19 
4.910-20 

-1.775 - 19 
3.695-20 

-1.351-19 
2.844- 20 

-1.053-19 
2.236-20 

-8.368 - 20 
1.790 - 20 

-6.763-20 
1.455 -20 

-6.101 - 15 
4.095-17 

-1.027-14 
2.842- 17 
8.592- 15 
3.280-16 
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13. 

a b C d 

2s - 4s 

2s - 4p 

29 - 4d 

2s - 4f 

2s - 5 

29 - 6 

2s - 7 

29 - 8 

2s - 9 

2s - 10 

2s - 11 

2s - 12 

2s - 13 

2.9 - 14 

2s - 15 

2p - 3s 

2P - 3P 

2p - 3d 

2p- 4s 

2P- 4P 

2p - 4d 

2P - 4f 

2p - 5 

2p - 6 

2p- 7 

1.762-02 
1.210-01 
6.398 - 02 

-2.905 - 02 
1.125-01 
9.485-01 
1.140~01 
1.191+00 
3.647-01 
1.483+00 
1.793 -01 
7.466 -01 
1.027-01 
4.333 -01 
6.476-02 
2.755-01 
4.366- 02 
1.868-01 
3.092-02 
1.328-01 
4.162-02 
1.793 - 01 
3.155 - 02 
1.362-01 

2.450 - 02 
1.059-01 
1.943-02 
8.411-02 
1.567-02 
6.791 -02 

1.690+00 

4.923+00 
6.984+00 
4.540+00 
2.922+00 

2.325-00 

5.237-02 
4.788 - 01 
1.798 - 01 
1.738+00 
1.591 -02 
1.004+00 
2.254-01 
2.785+00 
1.094+00 
4.449+00 

2.240+00 

1.300+00 

5.379-01 

3.080-01 

8.683 - 06 
5.439 - 06 
2.578-05 
2.640-05 
4.732 - 05 
1.785 -05 
5.154 - 05 
1.544 -05 
7.145-05 
3.251-05 
3.599 - 05 
1.605-05 
2.090- 05 
9.222-06 
1.330-05 
5.832-06 
9.020- 06 
3.940 - 06 
6.415 - 06 
2.795 - 06 

8.661-06 
3.766-06 

6.580-06 
2.857-06 

5.121 -06 
2.221 -06 
4.066-06 
1.762 - 06 
3.283-06 
1.422-06 

4.563-05 
1.361 -05 
1.525 - 04 
1.260-04 
7.943-04 
1.089-03 
2.123- 05 
5.979-06 
8.300-05 
3.133-05 
1.673-04 
1.889-04 
1.365-04 
6.406-05 
2.143 -04 
9.754-05 
1.080- 04 
4.814-05 
6.270-05 
2.767 - 05 

-4 .BOO - 11 
-1 .lo3 - 11 
-8.551 - 11 
-3.072 - 11 
-4.285 - 10 
-4 590 - 11 
-4.757-10 
-4.739 - 11 
-5.516-10 
-7.279- 11 
-2.848-10 
-3.611-11 
-1.675 - 10 
-2.081 - 11 
-1.073-10 
-1.318- 11 

-7.313- 11 
-8.916- 12 
-5.217-11 
-6.329- 12 

-7.060-11 
-8.534 - 12 
-5.373 - 11 
-6.477-12 
-4.186-11 
-5.036- 12 
-3.327 - 11 
-3.996-12 
-2.689- 11 
-3.225-12 

-6.605 - 10 
-2.702 - 11 
4.370-11 

-3.014 - 10 
5.831-09 

-1.705-09 
-2.176- 10 
-1.667- 11 
-6.927-10 
-8.425 - 11 
9.135-10 

-3.433-10 
-7.926- 10 
-1.773-10 
-1.655-09 
-2.184 - 10 
-8.544- 10 
-1.083 - 10 
-5.024-10 
-6.243 - 11 

1.810- 16 
9.116-18 
6.504-16 
1.769 - 1 7 
1.971 -15 
4.181-17 
1.989-15 
4.605 -17 
2.257-15 
6.337-17 
1.189- 15 
3.149- 17 
7.056-16 
1.817-17 
4.546- 16 
1.151-17 
3.108 - 16 
7.790-18 
2.223-16 
5.531 -18 

3.013-16 
7.458-18 
2.295-16 
5.661 -18 
1.790- 16 
4.402 - 18 
1.424- 16 
3.493 - 18 
1.151-16 
2.820-18 

4.445-15 
2.397 - 17 

-3.914 -1 5 
2.655-16 

-5.106 - 14 
1.237-15 
1.027-15 
1.605-17 
2.843-15 
7.825-17 

--1.037-14 
2.692-16 
1.760 - 15 
1.638-16 
6.771-15 
1.901 -16 
3.566-15 
9.448 - 17 
2.117-15 
5.450 - 17 
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13. 

a b C d 

2p - 8 

2p - 9 

2p - 10 

2p- 11 

2p- 12 

2p - 13 

2p- 14 

2p- 15 

3s - 4s 

3s - 4p 

3s - 4d 

3s - 4f 

3s - 5 

3s - 6 

3s - 7 

3s - 8 

3s - 9 

3s - 10 

3s- 11 

3s - 12 

3s - 13 

3.5 - 14 

3s - 15 

3p - 4s 

1.943-01 
8.266-01 
1.310-01 
5.604 -01 
9.276-02 
3.984 - 01 
4.935-02 
2.126-01 
3.741-02 
1.615-01 
2.906-02 
1.256-01 
2.304-02 
9.973-02 
1.858-02 
8.053-02 

-3.207-01 
5.697-01 

-3.391-01 
-9.335+00 

-7.739 - 01 
5.641+00 

1.721+01 

2.928+01 
3.970+01 

6.269+00 

3.203+00 
1.633-01 
1.888+00 

1.055-01 
1.219+00 
7.256-02 

5.916-01 

5.342- 01 

2.760- 01 

8.377-01 

5.223-02 
6.030-01 
3.895- 02 
4.497-01 

2.988-02 
3.451-01 

2.346-02 
2.709-01 
1.877-02 
2.169- 01 

-6.866-04 
2.290+00 

3.989-05 
1.750-05 
2.706- 05 
1.182-05 
1.925-05 
8.384 -06 
1.027- 05 
4.466- 06 
7.803- 06 
3.388- 06 
6.072-06 
2.634-06 
4.821 -06 
2.089-06 
3.893-06 
1.686-06 

9.244-05 
1.740-04 
1.439-04 
5.521-04 

3.623-04 
4.317-04 
8.966 - 04 
2.360- 04 
6.550-04 
1.720-04 

3.320-04 
1.223-04 
1.686- 04 
6.023-05 

9.909- 05 
3.482- 05 
6.385-05 
2.221-05 
4.383-05 
1.515-05 

3.153-05 
1.085-05 
2.351 -05 
8.059-06 
1.803-05 
6.166-06 

1.415-05 
4.831 - 06 

1.133- 05 
3.860- 06 

2.012-04 
1.391-04 

-3.220- 10 
-3.955-11 
-2.194-10 
-2.675 - 11 
-1.565- 10 
-1.899-11 
-8.372-11 
-1.012-11 
-6.371-11 
-7.680- 12 
-4.964- 11 
-5.972- 12 
-3.945- 11 
-4.738 - 12 
-3.188- 11 
-3.825- 12 

2.640-09 
-3.941-10 
6.033-09 

-5.967-10 

5.026 - 09 
-1.094-09 
-1.047-08 
-6.574 - 10 
-8.590- 09 
-3.724-10 
-3.031 -09 
-2.925-10 

-1.584-09 
-1.451-10 
-9.445-10 
-8.421- 11 
-6.139-10 
-5.384- 11 

-4.239-10 
-3.678-11 

-3.061-10 
-2.636- 11 
-2.289- 10 
-1.960-11 
-1.759- 10 
-1.501- 11 
-1.383- 10 
-1,176- 11 

-1.108- 10 
-9.403-12 

-7.084- 10 
-2.365 - 10 

1.364 - 15 
3.454-17 
9.325-16 
2.337- 17 
6.668 - 16 
1.659- 17 
3.572-16 
8.844-18 
2.722 - 16 
6.713-18 
2.123- 16 
5.220-18 
1.688 - 16 
4.142 - 18 
1.365-16 
3.344 - 18 

-2.373- 14 
3.383 - 16 

-3.777 - 14 
3.066 - 16 

-5.334-14 
9.844-16 
5.5 20 - 14 
6.176-16 

4.996-14 
3.239 - 16 
1.350- 14 
2.617-16 

7.202- 15 
1.301-16 
4.340- 15 
7.561-17 
2.838-15 
4.839 - 17 

1.967- 15 
3.307- 17 
1.425-15 
2.371-17 
1.067- 15 
1.764- 17 
8.214-16 
1.350 - 17 
6.466-16 
1.059- 17 
5.185 - 16 
8.463-18 

1.046- 15 
1.857-16 
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13. 

b C d 

- 

3p - 4d 

- 4f 

3p - 5 

3p - 6 

3p - 7 

3p - 8 

3p - 9 

3p - 10 

3p - 11 

3p - 12  

3p- 13 

3p - 14 

3p - 15 

3d - 4s 

3d - 4p 

3d - 4d 

3 d - 4 j  

3d - 5 

3d - 6 

3d - 7 

3d - 8 

3d - 9 

3d - 10 

-8.174-01 
1.220+01 

-2.328+00 
-2.813+01 

2.395-01 
7.244+01 
9.375+01 
1.316+02 
1.729+00 
2.029+01 

1.037+01 

6.112+00 

3.945+00 

2.71 1 +00 

8.934 -01 

5.286-01 

3.416-01 

2.348-01 

1.690-01 
1.952+00 

1.456+00 

1.117+00 

1.261 -01 

9.671 -02 

7.593-02 
8.769-01 
6.076-02 
7.019-01 

4.602-01 
6.804+00 
1.456+00 
2.532+01 
1.424-01 
5.947+01 

-1.121+01 
2.948+01 
2.332+02 
3.016+02 
3.481+00 
4.085+01 
1.799+00 
2.087+01 
1.064+00 
1.231+01 

7.942+00 

5.458+00 

6.877-01 

4.728-01 

7.898-04 
6.924-04 
1.173 -03 
2.839 - 03 
3.736 - 03 
1.596 - 03 
2.382 - 03 
6.255 -04 
1.075 -03 
3.957-04 
5.457-04 
1.950-04 
3.207-04 
1.127 - 04 
2.066 - 
7.189 -05 
1.419-04 
4.903-05 

1.020-04 
3.511-05 
7.608-05 
2.608- 05 
5.835 -05 
1.996-05 
4.580-05 
1.563 -05 
3.665 - 05 
1.249 -05 

3.451-04 
1.948-05 
1.303 - 03 
1.621 -04 
2.943-03 
1.183-03 
8.600-03 
1.147- 02 
4.300 - 03 
1.129-03 
2.1 63 - 03 
7.967-04 
1.099-03 
3.925-04 
6.457-04 
2.269-04 
4.160 - 04 
1.447-04 
2.856 - 
9.872 -05 

3.420-09 
-1.698-09 
2.980-08 

-4.071 -09 
-2.458-08 
-4.378-09 
-3.124 -08 
-1.354-09 
-9.810 -09 
-9.468-10 
-5.125-09 
-4.696 - 10 
-3.057 -09 
-2.725 - 10 
-1.987-09 
-1.734 - 10 
-1.372 -09 
-1.190-10 

-9.908-10 
-8.533- 11 
-7.407- 10 
-6.345 - 11 
-5.694 -10 
-4.857 -1 1 
-4.477-10 
-3.807-11 
-3.587-10 
-3.043-11 

-6.086-09 
-7.904 -1 1 
-2.048-08 
-4.722-10 
-1.984-08 
-3.338 -09 
8.986-08 

-2.131 -08 
-5.639 - 08 
-2.445 -09 
-1.975 -08 
-1.906-09 
-1.032-08 
-9.45 5 - 10 
-6.155 -09 
-5,487- 10 
-4.000 - 09 
-3.508- 10 
-2.762-09 
-2.397-10 

-5.299-14 
1.512- 15 

-2.1 76 - 13 
2.739- 15 
6.950- 14 
4.085- 15 
1.817-13 
1.1 78- 15 
4.370- 14 
8.471-16 
2.331-14 
4.212-16 
1.405- 14 
2.447-16 
9.187-15 
1.566-16 
6.368- 15 
1.070-16 

4.61 1 - 15 
7.675 - 17 
3.454-15 
5.708-17 
2.659- 15 
4.371 -17 
2.093- 15 
3.426- 17 

. 1.678-15 
2.739- 17 

3.823- 14 
8.451-17 
1.240-13 
4.641 - 16 
5.541 - 14 
3.153-15 

-8.662 - 13 
1.690- 14 
3.279-13 
2.126-15 
8.799-14 
1.705- 15 
4.693-14 

2.828-14 
4.927-16 

8.479- 16 

1.850- 14 
3.153-16 
1.282-14 
2.155-16 
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13. 

a b C d 

3d - 11 

3d-12 

3d - 13 

3d - 14 

3d - 15 

4s - 5 

4s - 6 

4s - 7 

4s - 8 

4s - 9 

4s - 10 

4s- 11 

4s - 12 

4s - 13 

4s - 14 

4s - 15 

4p - 5 

4p - 6 

4p - 7 

4p - 8 

4p - 9 

4p - 10 

4p - 11 

4p- 12 

3.403 - 01 
3.929+00 

2.931+00 

2.249+00 

1.766+00 

1.413+00 

2.555+02 
3.560+02 
7.880+01 
1.131+02 

1.757+01 

8.960+00 

5.301+00 

3.440+00 

2.379+00 

1.724+00 

1.294+00 
5.063-02 
9.990-01 
4.018-02 
7.890-01 

2.538-01 

1.947-01 

1.529-01 

1.223-01 

7.059-01 

4.012-01 

2.497-01 

1.667-01 

1.1 74 - 01 

8.609- 02 

6.518-02 

9.393+02 
1.306+03 
2.445+02 
3.645+02 

2.363+00 
5.881+01 
1.343+00 
3.000+01 

1.775+01 

1.152+01 
3.931-01 
7.966+00 
2.882 - 01 
5.771+00 

8.359-01 

5.582-01 

2.055-04 
7.068-05 
1.532-04 
5.252-05 
1.1 75 -04 
4.018-05 
9.222-05 
3.148 - 05 
7.380 - 05 
2.515-05 

1.523-02 
5.331 - 03 
2.140- 03 
4.513- 04 
9.385 -04 
2.978-04 
4.747-04 
1.452-04 
2.796- 04 
8.379-05 
1.810-04 
5.355-05 

1.249-04 
3.665 - 05 
9.041 -05 
2.636-05 
6.781-05 
1.968 - 05 
5.231-05 
1.513-05 
4.130- 05 
1.191 -05 

5.559- 02 
1.946-02 
7.474-03 
1.576-03 
3.142 - 03 
9.968- 04 
1.589-03 
4.862 - 04 
9.359-04 
2.805 -04 

6.058-04 
1.793-04 
4.183- 04 
1.227-04 
3.027-04 
8.825-05 

-1.995 - 09 
-1.718-10 
-1.491-09 
-1.277-10 
-1.146-09 
-9.779-11 
-9.013-10 
-7.665 - 11 
-7.222-10 
-6.127-11 

-2.326-07 
-1.698-08 
-3.123- 08 
-1.007-09 
-9.491-09 
-7.355-10 
-4.937- 09 
-3.616-10 
-2.952-09 
-2.096 - 10 
-1.928-09 
-1.343- 10 
-1.340-09 
-9.214-11 
-9.735 - 10 
-6.637-11 
-7.324-10 
-4.961 - 11 

-5.664 - 10 
-3.817-11 
-4.479 - 10 
-3.007-11 

-8.491-07 
-6.199- 08 

-1.091-07 
-3.5 18- 09 
-3.1 77- 08 
-2.462-09 
-1.653-08 
-1.211 -09 
-9.882-09 
-7.017-10 
-6.456-09 
-4.497-10 
-4.484 - 09 
-3.085 - 10 
-3.259-09 
-2.222- 10 

9.283- 15 
1.545- 16 
6.954-15 
1.149-16 
5.353-15 

17 
4.213-15 
6.899- 17 
3.379-15 
5.515-17 

1.438-12 
1.837-14 
1.896- 13 
8.872-16 
4.473-14 
6.671-16 
2.371-14 
3.289-16 
1.432- 14 
1.909-16 
9.410-15 
1.225- 16 
6.562-15 
8.407- 17 
4.781 - 15 
6.058- 17 
3.604-15 
4.530- 17 
2.791-15 
3.487-17 
2.210-15 
2.747- 17 

5.251 -12 
6.707-14 
6.621-13 
3.099- 15 

1.498-13 
2.233- 15 
7.939-14 
1.101 -15 
4.794 - 14 
6.392-16 
3.150-14 
4.101-16 
2.197-14 
2.815-16 
1.601-14 
2.028- 16 
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13. 

. 6 C d 

4p - 13 

4p- 14 

4p- 15 

4d-5 

4d - 6 

4d - 7 

4d - 8 

4d-9 

4d - 10 

4d - 11 

4d - 12 

4d - 13 

4d - 14 

4d - 15 

4f - 5  

4f -6  

4f - 7  

4f -8  

4f -9  

4f - 10 

4f -11  

4f -12 

4f - 13 

4f -14 

4f - 15 

2.182-01 
4.332+00 

3.344+00 

2.641+00 
1.469+03 
2.317+03 
4.677+02 
7.064+02 
4.527+00 
1.127+02 
2.573t00 
5.746+01 
1.601 +00 
3.399+01 
1.069+00 
2.206+01 

1.526+01 
5.521 -01 
1.106+01 
4.180 - 01 
8.299+00 

6.406+00 
2.577-01 
5.060+00 

1.475+03 
3.225+03 
1.003+03 
1.323+03 
7.765+00 
1.932+02 
4.413+00 
9.856+01 
2.747+00 
5.831+01 
1.834+00 
3.784+01 
1.291+00 
2.617+01 

1.423+01 
5.570-01 
1.099+01 
4.420-01 
8.678+00 

1.695-01 

1.345-01 

7.529-01 

3.247-01 

9.470-01 

7.169-01 

2.270 - 04 
6.589-05 
1.751-04 
5.066 - 05 
1.383 - 04 
3.988 -05 
1.284 -01 
4.497 - 02 
1.487 - 02 
3.136 - 03 
6.019 - 03 
1.910-03 
3.044 -03 
9.314 - 
1.793 - 03 
5.374 -04 
1.160 - 03 
3.434-04 
8.012-04 
2.351-04 
5.798 -04 
1.691-04 
4.349-04 
1.262-04 
3.355-04 
9.705 -05 
2.648 -04 
7.640-05 

2.653-01 
9.290 - 02 
1.995-02 
4.207-03 
1.032 -02 
3.275 - 03 
5.222-03 
1.598 - 03 
3.075-03 
9.217-04 
1.991-03 
5.890-04 
1.374-03 
4.032 - 04 
9.945 -04 
2.900-04 
7.459-04 
2.165 - 04 
5.755-04 
1.665 - 04 
4.543-04 
1.310-04 

-2.452 -09 
-1.661-10 
-1.896-09 
-1.278-10 
-1.499-09 
-1.007-10 
-1.962 -06 
-1.432-07 
-2.170 -07 
-7.000-09 
-6.087-08 
-4.71 6 -09 
-3.166-08 
-2.319-09 
-1.893-08 
-1.344-09 
-1.237-08 
-8.615 - 10 
-8.590 -09 
-5.909-10 
-6.243 - 09 
-4.256 - 10 
-4.697 -09 
-3.181-10 
-3.632 -09 
-2.448- 10 
-2.872-09 
-1.928-10 

-4.053-06 
-2.959 -07 
-2.911 -07 
-9.389 -09 
-1.044-07 

- 09 
-5.431 -08 
-3.977-09 
-3.247 -08 
-2.306 -09 
-2.121-08 
-1.478-09 
-1.473-08 
-1.01 4 -09 
-1.071 -08 
-7.300-10 
-8.056-09 
-5.457-10 
-6.230-09 
-4.199 - 10 
-4.927-09 
-3.308 - 10 

1.207-14 
1.517-16 
9.345 - 15 
1.167-16 
7.399-15 
9.197-17 
1.213-11 
1.550-13 
1.317-12 
6.166 - 15 
2.869 - 13 
4.278 - 15 
1.521-13 
2.109-15 
9.183- 14 
1.224-15 
6.034 - 14 
7.856-16 
4.208- 14 
5.392-16 
3.066 -14 
3.885-16 
2.311 -14 
2.905-16 
1.790 - 14 
2.236 - 16 
1.417-14 
1.762 -16 

2.506-11 
3.201 -13 
1.767-12 
8.270-15 
4.920- 13 
7.338- 15 

2.609- 13 
3.618-15 
1.575 - 13 
2.100-15 
1.035- 13 
1.347-15 
7.218-14 
9.248-16 
5.260- 14 
6.664- 16 
3.965-14 
4.983 - 16 
3.071 - 14 
3.835 - 16 
2.431-14 
3.022-16 
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a b C d 

5 - 6  

5 - 7  

5 - 8  

5 - 9  

5 - 10 

5 - 11 

5 - 12 

5 - 13 

5 - 14 

5 - 15 

6 - 7  

6 - 8  

6 - 9  

6 - 10 

6 - 1 1  

6 - 12 

6 - 13 

6 - 14 

6 - 15 

7 - 8  

7 - 9  

7 - 10 

7 -  11 

7 - 12 

-9.122+02 
2.166+04 
3.959+01 
3.874+03 
3.691+01 
1.465+03 
2.352+01 
7.410+02 
1.542+01 
4.374+02 
1.062+01 
2.841+02 
7.642+00 
1.969+02 
5.695+00 
1.431+02 
4.368+00 
1.078+02 
3.430+00 
8.353+01 

-3.431+03 
7.146+04 
4.397+01 
1.187+04 
8.927+01 
4.380+03 
6.153+01 
2.192+03 
4.165+01 
1.288+03 
2.923+01 
8.351+02 
2.130+01 
5.790+02 
1.603+01 
4.213+02 
1.239+01 
3.179+02 

-9.280+03 
1.954+05 
6.658+01 
3.057+04 
2.172+02 
1.103+04 
1.535+02 
5.458+03 
1.049+02 
3.189+03 

1.260+00 
4.690- 01 
2.108 - 01 
6.443-02 
7.806-02 
2.207-02 
3.911-02 
1.062-02 
2.296-02 
6.096-03 
1.487 - 02 
3.889 - 03 
1.029-02 
2.663- 03 
7.464 -03 
1.918-03 
5.617 - 03 
1.436 - 03 
4.348-03 
1.107- 0 3  

4.116+00 
1.379+00 
6.434-01 
1.794 - 01 
2.325-01 
5.990- 02 
1.152-01 
2.846- 02 
6.729-02 
1.621-02 
4.349-02 
1.031 -02 
3.008-02 
7.050- 03  
2.185 -02 
5.079-03 
1.647-02 
3.804-03 

1 16+01 
3.426+00 
1.651+00 
4.266 - 01 
5.833-01 
1.392-01 
2.858 - 01 
6.530-02 
1.660-01 
3.693-02 

-1.070-05 
-1.122 -06 
-2.162-06 
-1 596 -07 
-8.485-07 
-5.556 - 08 
-4.365-07 
-2.698-08 
-2.601 -07 
-1.556-08 
-1.699-07 
-9.962-09 
-1.183-07 
-6.838-09 
-8.621 -08 
-4.935 -09 
-6.508 -08 
-3.698 -09 
-5.051-08 
-2.854 - 09 

-3.853 - 05 
-3.346 -06 
-7.008-06 
-4.501 -07 
-2.667 - 06 
-1.5 27 - 07 
-1.354 - 06 
-7.324 -08 
-8.024-07 
-4.197- 08 
-5.232-07 
-2.678-08 
-3.641-07 
-1.837 - 08 
-2.656 - 07 
-1.326-08 
-2.008 - 07 
-9.944-09 

-1.122 -04 
-8.397 - 06 
-1.884-05 
-1.080-06 
-6.977-06 
-3.582 -07 
-3.499 
-1.696-07 
-2.060-06 
-9.653 -08 

4.290-11 
1 1 2  
1.020-11 
1.452- 13 
4.166 - 12 
5.082 - 14 
2.170 - 12 
2.476 - 14 
1.310-12 
1.430 - 14 
8.608-13 
9.167-15 
6.014-13 
6.297- 15 
4.394- 13 
4.547- 15  
3.323-13 
3.409 - 15 
2.583- 13 
2.632- 15  

1.679- 10  
3.023- 1 2  
3.431 - 11 
4.118-13 
1.350- 11 
1.405- 13 
6.957- 12 
6.759-14 
4.1 56- 1 2  
3.881-14 
2.724- 12 
2.480-14 
1.902- 12 
1.702 - 14 
1.391 - 12 
1.229- 14  
1.054-12 
9.226- 15  

5.167-10 
7.624 - 12 
9.487-11 
9.917- 13 
3.615- 11 
3.309-13 
1.838- 11 
1.572 - 13 
1.090- 11 
8.966-14 
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13. 

b C d 

7 - 13 

7 - 14 

7-  15 

8 - 9  

8 - 10 

8-11 

8 - 12 

8 - 13 

8 - 14 

8-15 

9 - 30 

9 - 11 

9-12 

9 - 13 

9 - 14 

9-15 

10 - 11 

10- 12 

10 - 13 

10 - 14 

10 - 15 

11 - 12 

11  - 13 

11 - 14 

7.412+01 
2.062+03 
5.428+01 
1.429+03 
4.103+01 
1.039+03 

-2.069+04 
4.651+05 
2.055+02 
6.930+04 
5.123+02 
2.450+04 
3.578+0> 
1.200+04 
2.438+02 
6.970+03 
1.721+02 
4.493+03 
1.260+02 
3.106+03 

-4.032+04 
9.956+05 

6.989+02 
1.425+05 

1.141+03 
4.949+04 

7.755+02 
2.401 +04 

5.234+02 
1.386+04 

3.677+02 
8.904+03 

-7.097+04 
1.961+06 
2.01 8+03 
2.715+05 
2.383+03 
9.2 79+04 
1.569+03 
4.460+04 
1.046+03 
2.561+04 

-1.150+05 
3.613+06 
4.988+03 
4.861+05 

4.675+03 
1.638+05 

1.070-01 
2.338-02 
7.389-02 
1 S95-02 
5.366 - 02 
1.148-02 

2.637+01 
7.527+00 
3.731 +00 
9.038 - 01 
1.292+00 
2.891-01 
6.265-01 
1.340-01 
3.616-01 
7.523-02 
2.322-01 
4.741-02 
1.601 -01 
3.226-02 

5.614+01 
1.506+01 
7.655+00 
1.754+00 

2.605+00 

1.250+00 

5.510-01 

2.526-01 
7.175-01 
1.408 - 01 

8.835-02 

1.101+02 
2.798+01 
1.455+01 
3.175+00 
4.875+00 
9.821-01 
2.319+00 

1.323+00 
2.468-01 

2.020+02 

4.590-01 

4.458-01 

4.898+01 
2.601+01 
5.434+00 

8.595+00 
1.658+00 

-1.339-06 
-6.136 - 08 
-9.304 -07 
-4.200 - 08 
-6.786-07 
-3.029-08 

-2.802 - 04 
-1.859-05 
-4.420-05 
-2.302-06 
-1.599 -05 
-7.487-07 
-7.922 -06 
-3.505-07 
-4.633 - 06 
-1.981 -07 
-3.OOO - 06 
-1.254-07 
-2.081 -06 
-8.5 59 - 08 

-6.231 -04 
-3.741 -05 
-9.352-05 
-4.489- 06 
-3.313-05 
-1.435 -06 

-1.624-05 
-6.645 - 07 
-9.437-06 
-3.729 -07 

-6.087 - 06 
-2.305-07 

-1.266 -03 
-6.982-05 
-1.824-04 
-8.158 -06 
-5.348 -05 
-2.567-06 
-3.081-05 
-1.178 - 06 
-1.779-05 
-6.566 - 07 

-2.392-03 
-1.227-04 
-3.334 - 04 
-1.401-05 
-1.142 -04 
-4.348-06 

7.118-12 
5.707- 14 
4.963- 12 
3.910-14 
3.629-12 
2.282-14 

1.342-09 
1.694- 11 
2.276-10 
2.121-12 
8.442- 11 
6.939-13 
4.235- 11 
3.260-13 
2.494 - 11 
1.846-13 
1.622-11 
1.170-13 
1.129- 11 
7.997-14 

3.073- 09 
3.418-11 
4.903- 10 
4.146-12 
1.777- 10 
1.333- 12 
8.808 - 11 
6.196- 13 
5.153- 11 
3.485- 13 
3.338- 11 
2.200- 13 

6.390 - 09 
6.394-11 
9.708-10 
7.551 - 12 
3.449-10 
2.390- 12 
1.691- 10 
1.100-12 
9.830- 11 
6.150-13 

1.231-08 
1.125-10 
1.797- 09 
1.299- 11 

6.273-10 
4.054- 12 
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b C d 
~ 

11 - 15 2.986+03 4.054+00 -5.491-05 3.046-10 
7.810+04 7.456-01 -1.976-06 1.850- 12 

12 - 13 -1.737+05 3.511+02 -4.263-03 2.227-08 
6.300+06 8.163+01 -2.051-04 1.884 - 10 

12 - 14 1.094+04 4.419+01 -5.774-04 3.146-09 
2.131 - 11 8.271 +05 8.881+00 -2.296 - 05 

12 - 15 8.673+03 1.442+01 -1.950-04 1.082-09 
2.753+05 2.676+00 -7.037-06 6.571 -12 

13 - 14 -2.459+05 5.829+02 -7.233-03 3.830-08 
1.049+07 1.305+02 -3.288 -04 3.025-10 

13 - 15 2.191+04 7.194+01 -9.561 -04 5.259-09 
1.348+06 1.396+01 -3.617 - 05 3.361 - 11 

14 - 15 -3.273+05 9.312+02 -1.1 78 - 02 6.306-08 
1.680+07 2.016+02 -5.089-04 4.687- 10 

of I1 

1s - 2s 
1s - 2p 
1s - 3s 
1s - 3p 
IS - 3d 
2s - 3s 
2s - 3p 
2s - 3d 
2p - 3s 

2P - 3P 
2p - 3d 

1.435 -01 
2.908 - 01 
5.042-02 
8.002-02 
6.212-02 
4.700-01 
2.156 
1.998 
2.388 
5.906 

11.35 

-1.156-03 
2.657-02 
6.663 - 03 
1.669- 02 

-1.441-03 
1.759-01 
1.521 -01 
3.513-01 

-1.361-01 
2.648-01 
2.584 

7.442-05 
-1.736-03 
-1.037-03 
-1.448 -03 
-4.799 - 05 
-1.228-02 
-7.095-03 
-2.075-02 
7.334 -03 

-2.352-02 
-1.873-01 

-6.725-06 
7.498- 05 
4.835-05 
5.509-05 
5.41 2 - 06 
4.193 - 04 
3.12 5 - 04 
6.523-04 

-1.569-04 
9.556-04 
7.257-03 

gi is the statistical weight of the state The coefficient of collisional 
deactivation can be in the 

8.6287 x 
Qji = Y i j  1 

and i t  is to the coefficient of collisional excitation by the 

(44) 

The quantity y;j is by the collision the 
velocity : 

equations (42)-(45) = Eij/kT, and = E/Eij - 1 is the of the 
in ionization units. 
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6000 
8000 

10000 
12000 
14000 
16000 
18000 
20000 
25000 
30000 
35000 
40000 
45000 
50000 

1.03-16 
1.29-14 
2.33-13 
1.59- 12 
6.29-12 
1.76 - 1 1 
3.90-11 
7.39- 11 
2.33-10 
5.03-10 
8.72 - 10 
1.32 - 09 
1.83-09 
2.38 - 09 

8.20-19 
2.46-16 
7.37-15 
7.03-14 
3.49-13 
1.16-12 
2.93-12 
6.16-12 
2.35- 11 
5.76-11 
1 .lo- 10 
1.81 -10 
2.67-10 
3.67-10 

2.09- 20 
1.04-17 
4.40-16 
5.40-15 
3.26-14 
1.26- 13 
3.63-13 
8.47-13 
3.93-12 
1.10-11 
2.31-11 
4.04-11 
6.25-11 
8.90-11 

1.45-20 
7.25-18 
3.00-16 
3.58-15 
2.10-14 
7.91 -14 
2.22-13 
5.07-13 
2.25-12 
6.12-12 
1.25-11 
2.16-11 
3.30-11 
4.65 - 11 

5.86-21 
3.19-18 
1.38- 16 
1.70- 15 
1.02- 14 
3.92- 14 
1.12-13 
2.58-13 
1.17-12 
3.22-12 
6.66-12 
1.15-11 
1.77-11 
2.51-11 

2.98-21 
1.70-18 
7.60-17 
9.55- 16 
5.81 - 15 
2.25-14 
6.46-14 
1.50-13 
6.89-13 
1.91- 12 
3.98-12 
6.92-12 
1.07-11 
1.51-11 

1.74 - 21 
1.02- 18 
4.66-17 
5.93-16 
3.64 - 15 
1.42 - 14 
4.10-14 
9.57-14 
4.42-13 
1.23- 12 
2.58-12 
4.49-12 
6.95 - 12 
9.87-12 

6000 
8000 

10000 
12000 
14000 
16000 
18000 
20000 
25000 
30000 
35000 
40000 
45000 
50000 

1.11-21 
6.67-19 
3.08 - 17 
3.95-16 
2.44- 15 
9.58-15 
2.77-14 
6.50-14 
3.02-13 
8.44-13 
1.77-12 
3.09-12 
4.78 - 1 2 
6.81-12 

7.55-22 
4.61 - 19 
2.15 - 17 
2.78-16 
1.72-15 
6.78- 15 
1.97-14 
4.62-14 
2.15-13 
6.04-13 
1.27-12 
2.22-12 
3.44-12 
4.90-12 

5.39-22 
3.33-19 
1.56-17 
2.03-16 
1.26-15 
4.99-15 
1.45 - 14 
3.41 -14 
1.59- 13 
4.48-13 
9.41-13 
1.65-12 
2.56-12 
3.64-12 

4.00-22 
2.49-19 
1.18-17 
1.53-16 
9.56-16 
3.78-15 
1.10-14 
2.59-14 
1.21-13 
3.41-13 
7.18-13 
1.26-12 
1.95- 12 
2.78-12 

3.05-22 
1.92-19 
9.08-18 
1.18-16 
7.41 - 16 
2.93-15 
8.55-15 
2.02-14 
9.45-14 
2.66-13 
5.60-13 
9.83-13 
1.53-12 
2.18-12 

2.39- 22 
1.51 - 19 
7.16-18 
9.36-17 
5.87-16 
2.32-15 
6.78-15 
1.60-14 
7.51 - 14 
2.12-13 
4.46-13 
7.83-13 
1.22-12 
1.74-12 

1.90- 22 
1.21-19 
5.75-18 
7.53-17 
4.73-16 
1.87- 15 
5.47-15 
1.29-14 
6.07-14 
1.71-13 
3.61 -13 
6.34-13 
9.85 - 13 
1.41-12 

6000 
8000 

10000 
12000 
14000 
16000 
18000 
20000 
25000 
30000 
35000 
40000 
45000 
50000 

1.65-08 
3.96-08 
6.74-08 
9.69-08 
1.26-07 
1.55-07 
1.83-07 
2.10-07 
2.72-07 
3.28-07 
3.79-07 
4.26-07 
4.69-07 
5.08 -07 

8.17-10 
3.03-09 
6.79 - 09 
1.18-08 
1.76-08 
2.39- 08 
3.05-08 
3.72-08 
5.38-08 
6.93 - 08 
8.35 - 08 
9.64-08 
1.08 - 07 
1.18-M 

3.44-10 
1.38-09 
3.22-09 
5.70-09 
8.63-09 
1.18-08 
1.51 -08 
1.85-08 
2.67-08 
3.42 - 08 
4.09 - 08 
4.68 - 08 
5.20-08 
5.65-08 

1.24-10 
5.41-10 
1.32 -09 
2.42-09 
3.75-09 
5.23-09 
6.80-09 
8.39-09 
1.23-08 
1.60-08 
1.93-08 
2.22-08 
2.48-08 
2.71-08 

5.89- 11 
2.70-10 
6.80-10 
1.27-09 
2 .OO -09 
2.81-09 
3.68-09 
4.58-09 
6.81-09 
8.90-09 
1.08-08 
1.25-08 
1.40-08 
1.53-08 

3.29-11 
1.56- 10 
4.00- 10 
7.57-10 
1.20-09 
1.70-09 
2.24 - 09 
2.80-09 
4.19-09 
5.51-09 
6.70- 09 
7.77-09 
8.71-09 
9.54-09 

2.04 - 11 
9.87-11 
2.57-10 
4.91 -10 
7.83-10 
1.12 -09 
1.47-09 
1.84-09 
2.78 -09 
3.66-09 
4.47-09 
5.19 - 09 
5.83-09 
6.39 - 09 



D
ow

nl
oa

de
d 

B
y:

 [B
oc

hk
ar

ev
, N

.] 
A

t: 
14

:1
2 

13
 D

ec
em

be
r 2

00
7 

136 V. V. GOLOVATYJ et al. 

14. 

6000 
8000 

10000 
12000 
14000 
16000 
18000 
20000 
25000 
30000 
35000 
40000 
45000 
50000 

1.36-11 
6.69 - 11 
1.76-10 
3.38-10 
5.41 -10 
7.74-10 
1.03-09 
1.29-09 
1.94-09 
2.5 7 - 09 
3.1 4 - 09 
3.65-09 
4.11-09 
4.51-09 

1.22-11 
6.08-11 
1.61 -10 
3.11-10 
4.99-10 
7.16-10 
9.50-10 
1.19-09 
1.81-09 
2.40 -09 
2.93 -09 
3.41 -09 
3.84-09 
4.21-09 

8.98-12 
4.50-11 
1.20-10 
2.32-10 
3.74-10 
5.37-10 
7.13-10 
8.97- 10 
1.36-09 
1.8 1 -. 09 
2.21-09 
2.58-09 
2.90- 09 
3.19- 09 

6.79-12 
3.43-11 
9.16-11 
1.78 - 10 
2.87-10 
4.13-10 
5.50-10 
6.92 - 10 
1.05-09 
1.40-09 
1.71-09 
2.00-09 
2.25-09 
2.47- 09 

5.28- 1 2  
2.68-11 
7.18-11 
1.40-10 
2.26-10 
3.25-10 
4.33-10 
5.46-10 
8.31 - 10 
1.10-09 
1.36-09 
1.58-09 
1.78-09 
1.96-09 

4.18-12 
2.13-11 
5.73-11 
1.12-10 
1.81-10 
2.61 -10 
3.48-10 
4.38-10 
6.68- 10 
8.89-10 
1.09-09 
1.27-09 
1.43-09 
1.57-09 

6000 
8000 

10000 
12000 
14000 
16000 
18000 
20000 
25000 
30000 
35000 
40000 
45000 
50000 

d 3 - 4 )  d3-5) q(3-6)  

5.18-07 1.03-06 5.09-08 
8.50-07 1.47-06 9.46-08 
1.17-06 1.79-06 1.40-07 
1.48-06 2.02-06 1.83-07 
1.77-06 2.19-06 2.23-07 
2.04-06 2.32-06 2.60-07 
2.30-06 2.41-06 2.94-07 
2.54-06 2.48-06 3.24-07 
3.09-06 2.59-06 3.90-07 
3.58-06 2.64-06 4.42-07 
4.01-06 2.65-06 4.83-07 
4.40-06 2.65-06 5.16-07 
4.75-06 2.63-06 5.43-07 
5.06-06 2.60-06 5.64-07 

q(3-7) 43-81 

2.14-08 1.11-08 
4.16-08 2.23-08 
6.31-08 3.44-08 
8.42-08 4.64-08 
1.04-07 5.79-08 
1.22-07 6.86-08 
1.39-07 7.84-08 
1.55-07 8.75-08 
1.88-07 1.07-07 
2.15-07 1.22-07 
2.36-07 1.35-07 
2.52-07 1.45-07 
2.66-07 1.53-07 
2.77-07 1.59-07 

43-91 

6.55-09 
1.34-08 
2.10 - 08 
2.86 - 08 
3.59-08 
4.27 - 08 
4.90- 08 

6.74-08 
7.74 - 08 

5.49 - 08 

8.54-08 
9.18 - 08 
9.70 - 08 
1.01 -07 

6000 
8000 

10000 
12000 
14000 
16000 
18000 
20000 
25000 
30000 
35000 
40000 
45000 
50000 

4.23 - 09 
8.81 -09 
1.39-08 
1.91 -08 
2.40 - 08 
2.86-08 
3.30-08 
3.69-08 
4.55-08 

5.79 - 08 
5.24 - 08 

6.23-08 
6.59-08 
6.88 - 08 

2.90 - 09 
6.1 2 -09 
9.74-09 
1.34-08 
1.69-08 
2.02-08 
2.33 -08 
2.62 -08 
3.24-08 
3.73 -08 
4.13 -08 
4.45-08 
4.70-08 
4.91 -08 

2.09- 09 
4.45-09 
7.11-09 
9.81-09 
1.24-08 
1.49-08 
1.72 - 08 
1.93-08 
2.39-08 
2.76-08 
3.06-08 
3.30-08 
3.49-08 
3.64-08 

1.56- 09 
3.34-09 
5.36-09 
7.42 - 09 
9.42-09 
1.13-08 
1.31-08 
1.47-08 
1.82-08 
2.11-08 
2.33 - 08 
2.52-08 
2.66- 08 
2.78-08 

1.20-09 
2.58-09 
4.16 - 09 
5.76- 09 
7.32-09 
8.80-09 
1.02-08 
1.15 -08 
1.42-08 
1.64-08 
1.82-08 
1.97-08 
2.08 - 08 
2.18-08 

9.43-10 
2.04-09 
3.29-09 
4.57-09 
5.82 -09 
7.00-09 
8.10 - 09 
9.12-09 
1.13-08 
1.31 -08 
1.45 - 08 
1.57-08 
1.66-08 
1.74-08 
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14. 

6000 
8000 

10000 
12000 
14000 
16000 
18000 
20000 
25000 
30000 
35000 
40000 
45000 
50000 

1.03- 16 
1.32-14 
2.41-13 
1.68 - 12 
6.72-12 
1.90-11 
4.25-11 
8.21-11 
2.66-10 
5.87-10 
1.04-09 
1.60-09 
2.24-09 
2.96-09 

1.79-08 
4.53 -08 
8.07-08 
1.21 -07 
1.62-07 
2.05-07 
2.47-07 
2.88 -07 
3.86-07 
4.76-07 
5.57-07 
6.31 -07 
6.98-07 
7.59-07 

1.65-06 
2.52 -06 
3.26-06 
3.90-06 
4.46- 06 
4.94 - 06 
5.37-06 
5.76 - 06 
6.58-06 
7.24-06 
7.79-06 
8.25- 06 
8.65 - 06 
8.99- 06 

Using the and excitation 
between states et al. (1987) the effective collision 

7ij(Te) 15 states. the lowest levels the 
between sublevels with quantum The 
effective collision by the 

7ij = u + bT, + cTZ + dTz, (47) 

The values of polynomial fit a, b, and d given in Table 13. The 
effective collision have been found by and (1987). 
These can be well by the same polynomial fit up to  lo5 
The values of coefficients also given in Table 13. 

The values of qi j  computed by using equations (43) and (45) (3.8) and 
(3.10) and data of Table 13 at values of T, given in Table 14, which 
also gives the total coefficients of impact excitation summed all levels 
5 15. This quantity is useful calculating the ionization state of atoms in 

the nebulae. 
The coefficients of collisional excitation of complex ions have been given by 

et al. (1982). The collisional atoms and ions of 
sequences of Li, Na ,  have been by 

Q(Z, X )  (2 + b i  + d ~ / Z ) - ~ ( c o  + ci/X + c2/X2) 

+ (Z  + b2 + d2/Z)-2(~3 (X) + c4), (48) 

= E/E,j = u + 1, Z is the and the values of 
b l ,  b2, CO,  c1, c3, dl and d2 given in Table 15. 

the velocity of the coefficient of 
collisional excitation can be in the 
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Table 15. 
ions (equations (48)-(50)) 

the impact excitation some 

b i  

1s - 3.0255-2 
1s - 2p -7.2121-1 

- l s2s ’S  -3.9862-1 
ls2 - -8.7050-1 

Li 2s - 2p -1.8357+0 
2s - 3s 7.6061 - 1 
29 - 3p -2.3123+0 
2.9 - 3d -1.7336+0 

2 2  - -5.4701+0 
2s’ - 2s3s -1.5089+0 
2s’ - -6.1290+0 
2s’ - 2s3d1 -2.4614+0 
2p - 2p2 -2.5357+0 

-5.5294+0 
2p - 3s2s -5.2852+0 
2p - 3d2 -2.6613+0 

N a  3s - 3p -6.2955+0 
Mg 3 2  - -1.0469+1 

2p- 2p22s  1.2389+0 

di b2 di 

2.8721+0 

1.9305+0 
1.3427+0 
6.7641+0 

1.2005+1 
2.6599+0 
4.1354+0 
4.1170+0 
2.8693+1 
7.2745+0 
1.6273+1 

3.8336+ 1 
6.21 57+0 
6.1030+0 
1.1678+1 
7.5316+1 

7.9039 - 1 

-2.9960- 1 

-1.6709+0 

1.5828-2 
-2.8375-1 
-5.3181-1 
-7.7148-1 
-1.4303+0 
-1.4644+0 
-1.6955+0 
-1.5825+0 
-1.9273+0 
-1.6947+0 
-5.9038+0 
-2.0230+0 

2.2823- 1 
2.2454+0 

-2.1885+0 
-7.1461+0 
-2.6047+0 
-4.3993+0 
-7.3671+0 

-6.8354 -3 
3.7837- 1 
1.0520+0 
1.3553+0 

-1.0308+0 
3.7946 - 1 
1.1404+ 1 
3.0934+0 

-3.7323- 2 
-1.0008 - 1 
3.0727+1 
8.4731 +O 

-1.2860+1 
-2.5053+1 
-2.2321+0 

1.7524+1 
6.1124+0 

-4.0964+1 
-1.1696+1 

co c1 c2 c3 c4 

1s - 2s 
1s - 2p 

- 152s 

Li 2 s - 2 ~  
2s - 3s 
2s - 3p 
2s - 3d 

- 

2s’- 
2s’ - 2s3s 
2s’ - 2s3p 
2s’ - 2s3d ‘ 
2p- 2p22s  
2p- 2p2 
2 p - 3 s 2 S  
2p - 3d 

N a  3s-3p 
3s’ - 3s3p 

0 
-3.1169+0 

0 
-1.2663+1 
1.2644+2 

0 
-3.5391 +1 

0 
4.8738+1 

0 
-1.7122+1 

0 
2.3051+2 
1.1548+2 
2.4309+2 

-1.5911+0 
-1.9081+3 

1.0320+3 
6.4280+2 

-2.8348-1 
1.4595+0 

1.3627+0 
2.2678+2 

-2.6169+0 
2.641 1+1 

1.1374+2 

1.1138+1 

3.0526+2 
1.7294+2 
3.5044+2 
5.1577+0 
1.2813+2 
1.1301+3 
6.5293+2 

-4.6688- 1 

-3.1967+1 

-2.2488+0 

-3.1033+ 1 

1.4644 - 1 
1.1221+0 
7.9729-2 
1.1 779- 1 

-7.7611+1 
4.7124- 1 

-5.9858+0 
1.7385+ 1 

-2.9936+ 1 
-2.8697-1 
-2.2600+0 

1.2496+1 
-1.1423+2 
-7.4270+1 
-1.0487+2 
-8.1767 - 1 
-1.4259+1 
-3.2897+2 
-1.0841+2 

0 
4.3571+0 

0 
4.1292+0 
9.1550+1 

0 
2.0986+1 

0 
6.4360+1 

0 
1.0231+1 

0 
1.4200+2 
6.9007+1 
1.9704+2 
2.9391+0 
1.2072+2 
5.0125+2 
3.5073+2 

8.8632 - 1 
3.4015+0 

1.2640+1 

1.0335+1 
2.2133+1 
3.1034+1 
2.3304+ 1 
1.0413+1 
1.0797+1 
2.9371+1 

8.7561 - 1 

-1.2483+1 

-7.9871+1 
-3.7716+ 1 
-5.3362+1 
-1.1354+0 
1.8988+3 

-3.8105+2 
-2.2096+2 

a1 az a3 a4 

1s - 2s -2.4146-2 1.6733-2 1.0200+1 1.2581-4 1.1876-4 
1s - 2p 2.2668-2 -2.3461-2 1.0210+1 -9.7361-4 1.8101-4 

1s’ - -1.6465+0 -8.9437+0 1.0053+1 7.3500-3 2.5688-5 
1s’ - l s 2 s l S  4.1136-1 -1.0370fl 1.0155+1 2.3318-3 6.8920-5 
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Table 15. Continued 

a1 a2 a3 ar 

Li 2s - 2p 
2s - 3s 
28 - 3p 

- 3d 
2s2 - 2s2p ' 
2s2 - 2s3p ' 
2s' - 2s3d 

2s2 - 2 ~ 3 ~  'S 

B 2p - 2p2 
2p - 2p22s 
2p - 2p2 2 

2 p - 3 s 2 s  

Na 3 s - 3 p  
Mg 3s2 - 

-4.6636+0 
2.8825+0 
2.3189+0 
1.6400+0 

4.6753+0 
3.4151+0 

-1.0050+1 

4.5549 - 1 

-1.1341+1 
-1.3042+1 
-1.4969+1 
1.7830+1 
7.1403+0 

-2.6149+1 
-3.5986+ 1 

2.2833+0 
-5.4725+0 
-5.2566+0 
-5.0109+0 
4.1061+0 

-6.9992+0 
-6.5534+0 
-5.7056+0 
3.7007+0 
4.2204+0 
5.2729+0 

-1.2243+1 
-9.5604+0 
3.0072+0 
4.0890+0 

-3.9025-2 
1.8648+0 
1.9255+0 
1.9148+0 

1.8838+0 
1.8861+0 
1.8864+0 

-6.7408- 2 

-5.6339-2 
-9.7416-3 
-1.0270-1 
1.9563+0 
1.8991+0 

-5.0588- 2 
-7.5769-2 

1.7520 - 3 
1.6849 - 3 

-2.5229-3 
-1.5113-3 

2.4015 -3 
5.8812-4 
3.8007-4 
5.9589-4 
2.0624 -3 
3.4929- 4 
3.4006-3 

-1.7541 -3 
-6.6362-4 

1.0321 -3 
1.3900-3 

0 
1.8420-6 
9.5942-5 
7.5428-5 

0 
9.7093-6 
2.5128-5 
2.1710- 5 

1.8977 - 5 
3.0004-5 

0 
0 

P = Et/kTe, = 8.010 1)(2S+ 1)Te"2], F i ( Z )  = [Z+ 
d1/2] -~,  F2(Z) = [Z + b2 + ~ i 2 / 2 ] - ~  and is the function 
of nth 

En@) = 1 
atoms and ions of the above-mentioned sequences the 

has been in the 

- - a0 + a 1 2  + a2Z2 + a3Z3 + (50) 

Values of the ao, a2, a3 and a4 also given in Table 15. 
The values of the and 7 i j  the of 

bidden and lines which in the of 
nebula given in Table 16. An explication of used designations the levels 
and is given in Table 17. Owing to  limited space in the catalogue 
we data only ions of 0 and sequence which taken 

(1983). The data can be found in the cited in 
Appendix A. The updated collision also available by ftp 
via urania.aispbu.spb.su in the the 
name 

4.3 

The of atom and ion excitation by heavy collisions essentially 
that by impacts. mass move much slowly than 

b y  
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Table 16. 
atoms and ions between low excited lines 

and effective collision of selected 

l o  n (s-') 

5000 20000 

c 

N 

0 v  

Ne 

c 

1-2 
1-3 
1-4 
1-5 
2-3 
2-4 
3-4 
1-2 
1-3 
1-4 
1-5 
2-3 
3-4 
1-2 
1-3 
1-4 
1-5 
2-3 
3-4 
1-2 
1-3 
1-4 
1-5 
2-3 
3-4 

2-1 
3-1 
3-2 
4- 1 
4-2 
4-3 
5-2 
5-3 
5-4 

0 
95.9 

5.19-3 
1.79+9 
2.39-7 

0 
2.41-6 

0 
5.77+2 
1.15-2 
2.38+9 
4.53-6 
4.03-5 

0 
2.25+3 
2.16-2 
2.92+9 
4.54-5 
3.89-4 

0 
1.98+4 
5.78-2 
4.08+9 

1.32-2 
1.69-3 

sequence 

1.12 
1.12 
1.12 
3.85 
0.848 
0.579 
2.36 
0.904 
0.904 
0.904 
3.20 

0.733 
0.733 
0.733 
2.66 

0.129 
0.129 
0.129 
1.39 

sequence 

2.29-6 
5.53+1 3.25 
6.55+1 3.25 

1.71 3.25 
5.24 

4.32+1 
3.49-14 
3.67-7 

2.39-7 

1.01 
1.01 
1.01 
4.34 
0.911 
0.677 
2.66 
0.852 
0.852 
0.852 
3.46 

0.721 
0.721 
0.721 
2.76 

0.172 
0.172 
0.172 
1.56 

1.25 
3.17 
3.17 
3.17 

0.990 
0.990 
0.990 
4.56 
0.975 
0.776 
2.97 
0.817 
0.817 
0.817 
3.58 

0.674 
0.674 
0.674 
2.82 

0.205 
0.205 
0.205 
1.63 

3.09 
3.09 
3.09 

0.996 
0.996 
0.996 
4.69 
1.03 
0.867 
3.23 
0.798 
0.798 
0.798 
3.65 

0.639 
0.639 
0.639 
2.85 

0.228 
0.228 
0.228 
1.66 

2.97 
2.97 
2.97 

(10 

500 1000  5000 1 0 0 0 0  20000 

(s-') 

0 sequence 

0 1  3-1 7.32-2 0.00065 0.00184 0.0153 0.0324 0.0607 
3-2 1.74-5 0.0008 0.0018 0.0112 0.0265 0.0693 
4- 1 2.88-4 0.00065 0.00184 0.0153 0.0324 0.0607 
4-2 0.0006 0.0022 0.0148 0.0292 0.0536 
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Table 16. 

(s-') 

500 1 0 0 0  5000 1 0 0 0 0  1 5 0 0 0  20000 

4-3 
5-1 
5-2 
5-3 
5-4 

Ne I11 3-1 
3-2 
4-1 
4-2 
4-3 
5-1 
5-2 
5-3 
5-4 

8.92-5 
1.22 

7.23-7 
2.11-3 
6.34-3 

2.00 
1.15-3 
3.94-3 
2.18-8 
5.97-3 

2.71 
8.51-6 
5.42-2 
1.71-1 

0.0027 0.0076 0.0474 
0.0221 0.0310 0.0732 
0.0058 0.0151 0.124 
0.0058 0.0151 0.124 
0.0058 0.0151 0.124 

0.152 
0.185 
0.152 
0.131 
0.527 
0.220 
1.35 . 
1.35 
1.35 

0.0987 
0.105 
0.266 
0.266 
0.266 
0.151 

0.151 

0.236 
1.34 
1.34 
1.34 

0.207 
0.148 
0.501 
0.501 
0.501 

0.152 0.157 

0.152 0.157 

0.262 0.284 
1.33 1.32 
1.33 1.32 
1.33 1.32 

5000 15 000 20 000 

(s-') 

Mg 1 1-3 
1-4 
1-5 
2-3 
2-4 
3-4 

Si I11 1-2 
1-3 
1-4 
1-5 
2-3 
2-4 
3-4 

s v  1-2 
1-3 
1-4 
1-5 
2-3 
2-4 
3-4 

1.80+2 
4.13-4 
4.93+8 
1.45-7 
4.08-12 
9.10-7 

0 
1.26+4 
1.20-2 
2.60+9 
3.82 - 5 
3.20-9 
2.42-4 

0 
1.26+5 
6.59-2 
5.13+9 

1.63-7 
9.07-4 

5.96-3 

6.90 
6.90 
6.90 
5.48 

0.911 
0.911 
0.911 
7.30 
0.272 
0.400 
1.24 

5.43 
5.43 
5.43 
5.82 

0.910 
0.910 
0.910 
7.30 

4.80 
4.80 
4.80 
6.21 

0.914 
0.914 
0.914 
7.29 

4.41 
4.41 
4.41 
6.54 

0.905 
0.905 
0.905 
7.27 

and pass the excited atom a long time the 
of the in the atom ion is with the kinetical 

of the colliding then the excitation small 
due to the fast oscillation of the wavefunction with the phase On the 

in the case if << this phase is small and the total excitation 
section by a heavy is not small and can exceed the 

excitation by impacts. This means that the heavy collisions 
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Table 17. 
selected atoms and ions (cm-') 

J c o v  

sequence 

1 2 'S 0 0.0 0.0 
2 2s2p 0 52367.1 67209.2 81942.5 111264.9 
3 1 52390.8 67272.3 82078.6 111717 
4 2 52447.1 67416.3 82385.3 112711.5 
5 1 102352.0 130693.9 158797.7 214951.6 

J c 

and designations for the and metastable levels of the 

sequence 

0.0 0.0 0.0 
63.42 174.4 386.3 1306.6 

1 2 2 2 p  112 
2 2 2  2p - 312 
3 2s2pz 112 43003.3 57187.1 71440.0 
4 2s 2pz 312 42025.3 57246.8 71571.4 
5 2s 2p2 512 43053.6 57327.9 71755.9 

J 

C sequence 

2 1 16.4 48.7 113.2 412.4 

4 2 10192.6 15316.2 -20273.3 30291.5 
5 1s 0 21648.0 32688.8 43185.7 63913.6 
6 5 9  2 33735.2 46784.6 60325.0 88363.1 

1 0 0.0 0.0 0.0 0.0 

3 2 43.4 130.8 306.2 1110.1 

J 

N sequence 

1 4 9  312 0.0 0.0 0.0 
2 2Do 512 19224.5 26810.7 41234.6 48313.5 
3 312 19233.2 26830.2 41279.5 48359.3 
4 112 28838.9 40468.6(5) 62434.6 73201.9 
5 312 28839.3 40467.5(4) 62441.3 73236.4 

the effective ones excitation of the fine mo- 
ment due to between the high-excited states. 

most effective if << 
such the excitation of by impacts 

times than those by impacts (Seaton, 1955; see, also, 
1984). The collisions effective excitation of the fine 

levels and excitation of the between sublevels nl: 
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Figure 3 Collison excitation of C state fine levels = 0,1,2) with 
phtotons and Le 1990, white and (analytical fit of Johnson 
al. (1987) filled 

this have been calculated by and Seaton (1964) 
with in the of the semiclassical At values of n 
the collisions lead to the statistical of atoms on nl 
sublevels. 

values of and n’ the impact excitations 

+ H ( n )  ++ p + H ( n ’ ) .  

also effective and (1976)). 
excitation of the positive ions by impacts the Coulomb 

must be taken into account. This diminishes the exci- 
tation and in the excitation by impacts. The 

of this effect is negligible if n >> 1 as is typical in object of 

collisions effective excitation of the fine levels of 
C 0 0 and of many ions. in the field 
in Appendix A. At low (T 5 lo3 excitation by collisions 
can by than 10 times exceed the excitation by impacts and 
Le 1990, see Table 18 and also 3 ) .  

b y  is effective the fine levels. Colli- 
sions with particles less effective than excitation 
due to  abundances. The in the field can be found in Ap- 
pendix A. 

T, 104 
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18. 
levels 1990) 

of 

100 
200 
300 
500 
700 

1000 
2000 
3000 
5000 
7000 

10000 
20000 

1.8-9 
2.7-9 
3.3-9 
4.1-9 
4.6-9 
5.2-9 
6.1-9 
6.6-9 
7.2-9 
7.6-9 
7.9-9 
8.5-9 

8.1-10 
2.0-9 
3.5-9 
6.4-9 
9.1-9 
1.2-8 
1.9-8 
2.3-8 
2.6-8 
2.7-8 
2.8-8 
3.0-8 

2.6-9 
5.4-9 
8.0-9 
1.2-8 
1.5-8 
1.7-8 
2.1-8 
2.3-8 
2.4-8 
2.5-8 
2.5-8 
2.6-8 

4.4 

The autoionization of collisional excitation of an atom ion to 
autoionization states followed by autoionization decay. to the photoion- 
ization autoionization by impacts the in 
the Autoionization is usually essential at T, 2 lo5 atoms and 
ions having than two The of autoionization events unit 
volume and unit time is 

= (51) 

is the autoionization 
The most complete compilation of analytical and data 

of pol is given in the by and (1985) the 
of which we 

(1) The lithium is 

/3 = 
G(P) = -k 0.6711 - (P) ]  + (P )  + - (P) ] ,  
b = [l + 2 = (2 - 0.43), 

= - - 0.25(2 - eV, and function is given by 
equation (38). 

Equation (52) to the 1s - the 
bution of by multiplying with coefficient 1.2. 
of the qa values, given by equation (52) with existing showed 
that the can them by not than about twice. 
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(2) ions of sodium 

Q 

(-0) { 1 + cm3 s-l = 6.69 (53) 

12 5 2 5 16 then = = 26(2 - 10) eV and Q = 2.28 x 
10-17(2 - 11)-0.7 cm2. 

18 5 2 5 28 then 

= -0.5[P - P2 + (54) 

and = ll(2 - eV, = 1.3 x 10-14(Z - 10)-3.73 cm2. 

(3) the ions of set the magnesium to the 
(2 < 16) the is given by equation (54) 

Q = 4.0 10-13Z-2 cm2 and 
= 10.3(2 - eV the sequence, 
= 18.0(2 - 11)-+',33 eV 
= 18.4(2 - 12)-' 36 eV 
= 23.7(2 - eV 
= 40.1(2 - 14)-+' lo eV 

the A1 sequence] 
the Si sequence, 
the sequence, 
the S sequence. 

ions of the of autoionization to the total collision 
excitation can be 

4.5 

The of by equation (12) , in 
two stages. the stage the is in an autoionization state 
y belonging to  ion At the second decay of the state y 
with of a bound state of ion 

At high 2 105-106 K the main to the 
is by the to  the autoionization states 

with quantum These states decay easily in col- 
lisions and due to the field. Thus, the 

depends heavily on the physical conditions in the plasma. At high 
densities > 1013-10'5 cm3 both the collisional ionization autoionization 
states and collisional population of them essential. 

The photons in the of due to 
between autoionization states the satellites. 

The of events ion unit volume 
and unit time is 

is the 
The have been given 

by (1965), Landini and (1971), and Jain and (1976). 

(55) = n(X'++')n,adi(Xi+l) cm3 s-+'l 
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The with the modified values of excitation 
sections of ions Xi++’ due to collisions have been given by Alam and 
(1985). The between values found by many 
ion species 1 dec. This is caused by the difficulties in computing values 
of excitation the main among these being the necessity to  take 
into account all autoionization states and cascade 
these states. 

the is computed in the (1965) 
This holds most ions at  high 

T, > lo5 A simple has been given 
in by and (1973, 1976) who modified the 

to the 

= Ad;TL3/’exp (-To/Te)[l + eXp (-5?1/Te)]. (56) 

the index H the The same 
has been also by Shull and Van (1982), who also used 

the by (1965) and the values of 
A&, , and all ions of chemical elements 

C to Ni which given in Table 5. The same holds also 
and (1985) the of given in the 

by and (1973) and by a 
by and (1976). Li-like ions they obtained the following 

= 7.6 x 10-llA(z)exp cm3 (57) 

= = - 2, 

A(z) = ( z  + l)3/z2(z2 + 13.4)ll2[1 + 0.16(z + 1) + O.O17(z + l)’], 
D ( z )  = 3.0- + ‘)’/[1 + 0.015z3/(z + l)’] 

Z’ 

these 10 is the ionization potential the ion studied and 2 is its 
The values of coefficients computed using equation (57) 

than the values found by Shull and Van (1982), 
being multiplied by coefficients 0.19, 0.44, 0.36 and 0.41 ions of 0, Ca and 
Fe, ions we can use the values by 
Shull and Van (1982), multiplying the values by 0.30 ions of Ne and 
by 0.40 ions of Si, S and The values of also based on the 

all ions of C-Ni and some sequences have 
been given in by Jacobs et al. (1977a, b, 1980), the autoionization 

have also been The of the have been 
by Woods al. (1981), Shull and Van (1982). 

A simple the total 
has been given by (1988) ions of Li, and Ne sequences: 

adi - e exp cm3 (58) 
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Table 19. 
(58)) 

for of 

t 

c v  
N VI 
0 VII 
Ne IX 

M g  XI 

Si XI11 

s xv 

XVII 

XIX 

XXV 

Ni XXVII 

c IV 

N V  

0 VI 

Ne VIII 

Si XI1 

1 
1 
1 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 

20.9 
29.8 
39.2 
51.8 
63.9 
74.4 
92.9 

101.0 
127.0 
132.0 
167.0 
167.0 
212.0 
206.0 
263.0 
339.0 
441.0 
404.0 
522.0 

0.0262 
0.231 
0.371 
0.579 
0.0957 
0.295 
0.449 
0.720 

0.368 
0.534 
0.860 
5.07 
0.179 
0.412 
0.623 
0.859 
1.15 
7.13 
9.09 
0.217 

0.738 
0.999 
1.43 
5.81 

0.187 

0.480 

10.5 
13.8 
0.306 
0.597 
0.871 
1.17 

2.98-10 
6.78-10 
1.05-9 
3.11-10 
1.56-9 
6.30-10 
2.42-9 
1.04-9 
3.13-9 
1.56-9 
4.07-9 
2.04-9 
4.58-9 
2.50-9 
5.07-9 
4.17-9 
7.21-9 
4.44-9 
7.54-9 
5.21-13 
3.16-13 
5.44-13 
5.47-11 
1.09-12 
6.90-13 
1.18-12 
7.74-11 
1.83-12 
1.22-12 
2.03-12 
1.00-10 
5.00-11 
4.76-12 
3.14-12 
4.70-12 
8.44-12 
1.47-10 
2.73-11 

9.40-12 
6.36-12 
9.22-12 
1.16-11 
2.11-10 
3.65-11 
6.72-11 
5.07-10 
1.58-11 
1.10-11 
1.60-1 1 
1.86-1 1 

1.74-10 
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Table 19. Continued 

l o  t 

Ar 

Ca 

Fe 

Ni 

Si 5 
6 
7 
8 

s 1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 
2 
3 
4 
5 
6 

N 1 

c I11 

1.73 
7.70 

14.5 
19.4 
0.0255 
0.432 
0.813 
1.23 
2.01 
9.80 

19.1 
25.9 
0.204 
0.584 
0.997 
1.41 
2.33 

11.8 
24.2 
33.3 
0.429 
0.801 
1.22 
1.75 
2.67 

15.1 
34.1 
43.6 
0.675 
1.20 
1.80 
2.68 
4.07 

25.0 
52.6 
72.8 
0.768 
1.39 
2.10 
2.94 
3.66 
4.83 

28.7 
61.3 
84.9 
0.0326 
0.227 
0.334 
0.478 
0.738 
0.925 
0.0505 

2.82-10 
7.53-11 
1.38-10 
1.07-9 
3.02-11 
2.06-1 1 
2.90-1 1 
3.23-11 
4.33-10 
1.37-10 
2.5 2-10 
1.72-9 
4.06-11 
2.81-11 
3.93-11 
3.38-11 
3.70-10 
2.32-10 
4.16-10 
2.74-9 
5.34-11 
3.81-11 
5.47-1 1 
4.59-11 
4.45-10 
3.68-1 0 
1.51-9 
3.01-9 
1.36-10 
9.80-11 
1.40-10 
1.24-10 
6.47-1 0 
1.15-9 
1.65-9 
5.58-9 
1.87-10 
1.35-10 
1.92-10 
1.29-10 
1.59-10 
7.93-9 
1.47-9 
2.00-9 
6.08-9 
3.70-1 3 
1.25-13 
9.12-14 
4.08-13 
1.41-12 
1.09-10 
8.46-13 
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19. 

t 

N IV 

o v  

Ne VII 

M g  IX 

Si 

s XI11 

XV 

2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 
2 
3 
4 
5 
6 
7 
8 
9 

0.218 
0.440 
0.745 
1.17 
3.39 
0.111 
0.307 
0.479 
0.916 
1.42 
4.79 
0.207 
0.532 
1.10 
1.90 
8.22 
0.292 
0.502 
0.742 
1.31 
2.38 

10.3 
13.0 
0.228 
0.330 
0.560 
0.857 
1.61 
2.16 
2.91 

14.3 
18.4 
0.0642 
0.402 
0.629 
0.907 
1.28 
1.93 
2.55 
3.44 

19.0 
24.8 
0.130 
0.496 
1.02 
1.89 
2.75 
3.93 

13.4 
24.2 
32.0 

1.40-12 
6.39-13 
2.07-12 
1.56-10 
1.83-11 
1.41-12 
7.90-13 
3.85-12 
4.22-12 
2.83-10 
5.97-11 
2.67-12 
1.27-11 
9.88-12 
4.76-10 
2.24-10 
5.59-12 
3.89-12 
2.38-11 
2.08-11 
6.96-10 
1.19-10 
5.98-10 
2.96-11 
9.13-12 
6.60-12 
3.60-11 
3.23-11 
4.89-11 
8.45-10 
2.59-10 
1.14-9 
1 .so-11 
1.30-1 1 
5.42-1 1 
1.33-11 
4.00-11 
5.09-11 
7.1 1-1 1 
1.04-9 
4.65-10 
2.25-9 
9.84-11 
1.55-11 
8.71-11 
7.73-11 
1.01-10 
1.32-9 
1.33-10 
7.49-10 
3.40-9 
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Table 19. 

Ni XXV 

Ne 

Si V 

s 

Ni 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 
2 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 

0.271 
0.708 
0.965 
1.53 
2.37 
3.19 
4.49 

16.3 
30.1 
40.4 
0.101 
0.598 
0.978 
2.12 
3.20 
4.40 
6.50 

26.2 
51.8 
70.8 
0.434 
0.615 
1.07 
2.00 
3.30 
4.71 
7.19 

30.0 
60.1 
82.6 
2.79 
3.88 
6.00 
7.53 
9.04 
8.80 

12.0 
14.5 
11.7 
14.5 
19.8 
16.7 
23.0 
27.7 
29.0 
43.4 
54.8 
33.7 
51.8 
62.8 

2.28-1 1 
1.18-10 
2.46-11 
8.09-11 
1.10-10 
1.33-10 
1.54-9 
1.97-10 
1.15-9 
5.47-9 
3.21-11 
2.51-11 
2.89-10 
1.78-10 
2.50-10 
2.58-10 
2.11-9 
7.29-10 
2.96-9 
1.17-8 

3.49-10 
2.83-11 

4.08-11 
2.43-10 
3.52-10 
3.31-10 
2.39-9 
9.90-10 
3.67-9 
1.34-8 
5.02-13 
4.17-1 1 
2.40-11 
8.68-11 
1.39-10 
6.59-11 
3.82-10 
1.03-9 
1.19-10 
1.78-10 
2.55-9 
6.37-10 
1.21-9 
3.92-9 
2 33-9 
5.05-9 
1.67-8 
3.79-9 
6.67-9 
1.14-8 
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this all and autoionization have been 
taken into account. The values of Ti and a; given in 
Table 19. 

At the high excited levels populated 
inantly by the most elements at 105-106 the 

dominates the At 
T, = lo4 the efficiency of into high excited states is low. ions 

of C, N ,  0, Ne, A1 and Si the can via 
into autoionization states. Owing to the of such states the of 

is essential also at low T, = 5000-20000 
which dominant in nebulae. The to autoionization states 

the of Some of the ions 
of the above-mentioned elements have low metastable states. The of au- 
toionization and thus the in these cases 
depend on the population of metastable states and, consequently, on 
the and of the nebula. The 
bination at low acts on the intensities of some emission lines 
in the of nebulae. 

The at low (applied to the condi- 
tions of gaseous nebulae) has been calculated by (1981), and 

(1983, 1984, 1986, 1987). The coefficient aF(Te) has been 
by the following 

3 -1 @f(Te)  = (? a + b + + dt2)t-3/2exp (-f/t)lO-” cm s . 
(59) 

This the to the the metas- 
table states. 

Table 20 gives the values of a, b ,  d and and values tl and Y 
ions of C, N, 0, Ne, A1 and Si taken the by and 

(1984, 1986, 1987). the table the quantity is the calculated excitation 
of the value of tl has been chosen such that the maximum 

in the fitted equation (59) less than 20%. The value is the 
at = lo4 in units of lo-’’ (cm3s-l). ions of Al, Si and Ne also the 
values of total adi(total) = C a$(LS) given 
in Table 20. this the summation is out both and 
metastable states. 

exact calculations of the ions C 11, 
N and 0 have been out in the by (1988). These 
quantities do not the of and (1984, 1986, 
1987) by than 10-20%. That it is to take into account the 
autoionization in the calculation of has 
been by and Chichkov (1980). 

The total can be in the 
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20. 
(1984, 1986, 1987) (59)) 

for 

b C d tl 

' D  

1.5 

2DO 

4SO 

' S  
' D  

' S  

5so 

2 0 0  

4 S O  

'S 
' D  

' S  

' S  

CI  
21618 
10163 

0 

c I1 
0 

c I11 
52419 

0 

N I  
28839 
19228 

N I1 
32600 
15227 

0 

N I11 
0 

N IV 
67345 

0 

01 
73690 

0 

0 I1 
40467 
26817 

0 

0 I11 
42975 
20063 

0 

0 IV 
0 

o v  
82234 

0 

Mg 1 
2 1885 

0 
0 

A1 I 
29022 

0 
0 

0.0000 
-0.0202 
0.0238 

1.9661 

1.8790 
0.8361 

0.0000 
0.0017 
0.0102 

0.0090 
0.1851 
0.0324 

3.6446 

0.3327 
0.1065 

0.9887 
0.0051 

0.0000 
-0.0002 
0.0629 

-0.0002 
-0.0049 
0.2789 

5.9556 

0.3075 
0.2155 

0.5116 
0.1028 
1.2044 

0.1290 
-0.0001 
0.0219 

0.0000 
0.3799 

-0.0222 

3.8179 

5.0085 
5.2192 

0.1264 
0.5661 

-0.003 2 

-0.0111 
0.3804 

-0.6695 

16.6017 

-2.1374 
-1.9371 

-2.1047 
0.0012 

0.2105 
1.0132 

-0.1823 

0.3726 
1.6231 

-4.8663 

-10.8824 

-4.6445 
-3.0795 

-2.8906 
-0.3270 
-4.6836 

0.1380 
1.0652 

-0.4528 

0.0000 0.0000 
0.0890 -0.0057 
0.1722 -0.0154 

5.0243 0.1934 

4.5530 -0.1453 
2.7046 -0.0856 

0.0273 -0.0031 
0.1008 -0.0121 
0.0754 -0.0068 

0.0232 -0.0009 
0.6203 -0.0321 
4.0805 -0.0509 

30.2077 -1.2409 

16.0006 -1.3683 
10.4904 -0.9499 

3.6416 -0.2442 
0.1377 -0.0135 

0.2768 -0.0238 
0.3488 -0.0199 
0.3497 0.0085 

0.3460 -0.0219 
2.6810 -0.1466 

23.1182 -1.9408 

60.9389 -1.8906 

30.2563 -3.0843 
19.7360 -1.9183 

7.4450 -0.7234 
1.3742 -0.0742 
7.6620 -0.5930 

1.3088 -0.1254 
1.5718 -0.1149 
2.5427 -0.1678 

0.0000 0.10 
0.9237 0.10 
2.7590 0.10 

0.6013 0.10 

0.4090 0.10 
0.4436 0.10 

0.4570 0.10 
0.4443 0.10 
3.1555 0.15 

3.3623 0.15 
3.2769 0.10 
0.5569 0.10 

0.8275 0.10 

0.2665 0.10 
0.3468 0.10 

12.4049 0.40 
0.6061 0.10 

0.3353 0.10 
0.3186 0.10 
1.8398 0.10 

2.1618 0.15 
1.5497 0.10 
0.5530 0.10 

0.2173 0.10 

1.8174 0.10 
2.0666 0.10 

2.4137 0.10 
1.2735 0.10 
1.6260 0.15 

2.0075 0.10 
0.6513 0.10 
0.2276 0.10 

0.000 
0.176 
0.010 

6.030 

7.504 
5.566 

0.095 
0.421 
0.008 

0.001 
0.044 
1.944 

21.513 

9.827 
5.450 

0.000 
0.071 

0.331 
0.976 
0.038 

0.080 
0.882 
9.543 

43.551 

3.709 
1.893 

0.389 
0.301 
0.706 

0.195 
1.315 
1.548 



D
ow

nl
oa

de
d 

B
y:

 [B
oc

hk
ar

ev
, N

.] 
A

t: 
14

:1
2 

13
 D

ec
em

be
r 2

00
7 

153 

Table 20. Continued 

a b C d f tl 

IS 
Total 

Total 

Total 

Total 

5 9  

' S  

Total 

4 9  

Total 

5 9  

Total 

Total 

Total 

A1 I1 
37517 

Si I 

Si I1 
114224 
42811 

Ne I1 
219181 

Ne I11 
313828 
55427 
25521 

Ne IV 
62499 
41313 

Ne V 
97713 
63900 
30294 

Ne 
105390 

Ne VII 
112196 

1.7223 
0.3813 
0.7086 

-0.0219 
-0.0219 

0.2692 
0.2899 
3.0004 
3.2163 

0.3073 
0.0146 
0.0129 

0.0004 
0.5209 
1.2277 
1.8736 
3.6781 

0.0374 
0.0523 
1.0446 

-0.0254 

0.7469 
0.0000 

-0.0283 
0.0435 

-0.0141 

23.8234 
1.1880 

19.9280 

4.2564 
0.0610 
5.4751 

-4.592 2 
-1.4668 
-3.1083 

0.4364 
0.4364 

-0.7274 
-0.8854 

-11,8047 
-12.0571 

-0.5 25 1 
-0.1906 
-0.1779 

2.9380 
2.0127 
5.5667 
7.6536 

14.1481 

-0.1777 
-1.1191 
4.6520 
5.5365 

-3.2024 
1.2354 

21.5485 
25.1260 
33.8479 

135.1852 
121.9472 
235.0536 

145.0547 
39.1376 

203.9751 

7.2682 
3.8543 
7.0422 

0.0684 
0.0684 

0.8477 
1.7321 

15.8005 
16.2118 

1.7029 
0.9996 
0.9353 

1.5448 
1.0069 
7.0485 
7.9371 

17.11 75 

2.9749 
7.9365 
7.0880 

17.0727 

12.1163 
0.3603 
7.0314 

24.6502 
43.1608 

85.8070 
56.3464 

152.5096 

59.8074 
37.6243 
86.9016 

0.1478 

0.5998 
-0.1085 

-0,0032 
-0.0032 

0.0543 
-0.1101 
-0.7492 
-0.5886 

-0.0739 
-0.0970 
-0.0682 

-0.0820 
-0.0243 
-0.4427 
-0.0495 
-0.5017 

-0.2530 

0.1502 
-0.71 40 

-0.7225 

-1.0379 
0.0245 

-0.2801 
-0.4953 
-1.6072 

-1.2212 
12.1953 
9.1413 

-5.1910 
-3.7043 
-7.4568 

1.1321 
0.3581 
0.4194 

0.1342 
0.1342 

0.4070 
0.3248 
0.7858 
0.5613 

13.3271 
0.4741 
0.4516 

3.0010 
0.2447 
0.2799 
0.2062 
0.2313 

0.1819 
-0.0331 
0.2842 
0.1702 

1.8482 
0.7655 
0.4342 
0.1664 
0.1942 

0.1231 
0.2288 
0.1282 

2.5046 
2.4254 
2.5145 

0.10 
0.10 
0.10 

0.10 
0.10 

0.15 
0.10 
0.20 
0.15 

0.45 
0.10 
0.10 

0.10 
0.10 
0.10 
0.10 
0.10 

0.10 
0.10 
0.10 
0.10 

0.10 
0.15 
0.10 
0.10 
0.10 

0.10 
0.10 
0.10 

0.20 
0.15 
0.20 

1.465 
1.860 
3.447 

0.419 
0.419 

0.223 
0.742 
2.847 
3.869 

0.000 
0.452 
0.447 

0.219 
2.753 

10.129 
14.170 
27.330 

2.152 
6.363 
9.735 

18.440 

1.358 
0.754 

18.314 
41.763 
62.081 

2 15.380 
152.477 
366.502 

16.663 
6.467 

23.373 

T, 5 lo3 then this is dominantly the 
and at T, > lo5 dominates the via the to 
high excited autoionization states (see equation (55)). 

many ion species the dominating is the 
via low excited autoionization states (aF(Te)). The 
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of individual to  the total 
is visualized in 10 of the by Nikitin et al. (1988). 

4.6 

an (usually the one) is 
atom ion X to ion X+: 

+ Y +  f (61) 

The is via state X + Y  XY+ . The en- 
defect equals to the between binding of atomic systems 

X + Y  and XY+ . 
the case of an of atom Y is to  ion X+.  

Such a is ionization of Y and to  X+. The opposite 
is called the The of and 

equal and the depends on the gas 
of colliding 5 100 eV the most is 

the by the shell. At of colliding 
the of by shells effective. atoms of 
alkali metals the by shells is essential at > 20 eV. 

The of type 

x++xo4+xo+x+ (62) 

the of the of such is 
gaseous nebulae. 

in the conditions of gaseous nebulae the of 
in collision with and helium: 

Xi+' + H Xi + (63) 

and 
+ H Xg + 

in some cases also of type (61) elements 
than and can be The of 

events (equation (63) and equation (64)) in the unit volume unit time 

--+ = n(X"')n(Y"T+(X',Y") 

and the same ionization) (see also equa- 
tions (63) and (64)) is 

---+ 
Yo to and Y+ to The quantites and 

the (cm3 s-'). 
t 
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21a. lo3 
+ + 

c4+ 

N+ 

5.0-10 
8.0-16 
1.9-15 
1.6-13 
1 .O-13 
3.0-9 
1.4-17 

1 .O-14 
1.3-11 
1 .o-12 
1.0-12 
1.0-12 
1.35-12 
3.53-12 
1.49-11 
2.0-9 
1 .o-9 
3.6-9 
2.9-9 
3.09-9 
3.58-9 
4.22-9 
4.78-9 
5.46-9 
2.8-11 
1.2-10 
7.6-10 
3.8-9 
5.0-10 
1 .o-12 
1 .o-12 
3.7-10 
3.96-9 
2.0-9 
8.6-10 
5.2-10 
7.8-10 
8.6-10 
9.7-10 
1.05-9 
1.11-9 
1.11-9 
3.56-9 
7.90-9 
3.0-9 
2.9-9 
2.7-9 
4.4-10 
9.7-10 

0.1 
0.1 

0.25-64 

10 
10 

10 
5 
10 
20 
30 
50 

10 
10 
5 
10 
20 
30 
50 
1 .o 

3.16 
10 

31.6 
10 
10 
10 
10 

10 
10 
5 
10 
20 
30 
50 
3 
10 
30 

10 
10 
2.0 
3.5 

** 

** 

** 

LZ 

W78 0 
W78 +11.0 

+40.8 

W78 +62.0 
2.8-16 10 -2.33 
1.4-11 10 575 

+10.8 
S75b 

78 
76 

+50.9 

SW71 4.0-10 10 SW71 +0.95 
73 5.3-10 10 f571 

FS71 
S75a f16.0 

+16.0 

c w 7 7  
c w 7 7  

+34.3 

+33.9 
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Table 21a. Continued 
~ ~ - ( X ' + l , H o )  

O+ 

O*+ 

0 3 +  

0 4  + 

N2+ 

1.5-9 
2.3-9 
3.1-9 
3.8-9 
4.4-9 
5.6-9 
1.54-9 
2.93-9 
5.14-9 
7.10-9 
9.47-9 
6.4-11 
2.7-11 
1.6-10 
8.7-10 
1.04-9 
6.8-10 
8.0-10 
3.8-10 
3.96-9 
1.6-9 

7.7-10 
5.9-10 

7.7-10 
6.0-10 
7.7-10 
1.03-9 
1.26-9 
1.62-9 
8.6-9 
2.1-9 
6.34-9 
8.63-9 
1.18-8 
1.45-8 
1.76-8 
1.4-10 
1.9-10 
2.6-10 
5.2-10 
2.0-9 
3.0-10 
3.0-11 
1 .o-20 
9.0-21 
1 .o-20 
5.7-9 
3.8-9 
4.0-9 
5.68-9 
8.28-9 

5 .O 
7.5 
10.0 
12.5 
15.0 
20.0 

5 
10 
20 
30 
50 
1 .o 
3.16 
10.0 
31.6 
10 
0.3 
1.2 
1.2 
10 

10 
10 
5 
10 
20 
30 
50 
10 
10 
5 
10 
20 
30 
50 
1 .o 
3.16 
10.0 
31.6 
10 

5 
10-50 

10 
10 
5 
10 
20 

LZ 
LZ 
LZ 
LZ 

** 
LZ 

LZ 

LZ 

LZ 
LZ 
LZ 
LZ 

** 
LZ 

LZ 

c w 7 7  
c w 7 7  
c w 7 7  
c w 7 7  
c w 7 7  
c w 7 7  

+63.9 

FS71 9.1-10 10 FS71 
FF72 3.8-10 0.3 FF72 

s 75 +21.5 

S75a 

+21.5 

+41.3 

+63.8 

f27.4 

+49.9 
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21a. 

t 
---* 

S+('S) 

SZ+ 

1.05-8 
1.30-8 
5.9-9 
5.9-9 
6.9-9 
1.2-8 
1.0-14 
8.7-14 
8.6-14 
8.6-14 
8.6-14 
7.0-21 
4.4-9 
4.4-9 
6.5-9 
1.2-8 
5.9-9 
5.9-9 
6.5-9 
1.2-8 
5 .O-9 
5 .O-9 
1.98-9 
1 .80-9 
1.75-9 
1.72-9 
1.74-9 
2.01-9 
2.50-9 
3.20-9 
4.34-9 
5.28-9 
6.26-9 
6.87-9 
7.70-9 
9.10-9 
1.12-8 
1.60-8 
2.18-8 
4.0-10 
3.9-10 
4.1-10 
4.3-10 
2.4-9 
2.2-9 
2.3-9 
2.7-9 
3.0-15 

0 
1.0-14. 

30 
50 
1 .o 
3.16 
10 

31.6 

1 .o 
3.16 
10 

31.6 

1 .o 
3.16 
10 

31.6 
1 .o 

3.16 
10 

31.6 
10 
10 

0.01 
0.02 
0.05 
0.1 
0.2 
0.5 
1 
2 
5 
10 
20 
30 
50 
100 
200 
500 
1000 
1 .o 

3.16 
10 

31.6 
1 .o 

3.16 
10 

31.6 
10 

1-31.6 

LZ 
LZ 
LZ 
LZ 

LZ 
LZ 
LZ 
LZ 

LZ 
LZ 
LZ 
LZ 
LZ 
LZ 
LZ 
LZ 

W78 

LZ 
LZ 
LZ 
LZ 
LZ 
LZ 
LZ 
LZ 

W78 

LZ 

7.4-14 
7.6-14 

3.0-12 
7.3-11 
4.26-10 
4.94-10 
1.36-9 
2.21-9 
3.18-9 
4.99-9 
7.03-9 

1.0-9 

+83.5 

10 LZ +1.44 
31.6-316 LZ 

+66.5 

+95.7 

+2.74 

5 
10 
20 
30 
50 
100 
200 
500 
1000 

f19.9 

+31.5 

-3.24 
10 +0.20 

+9.74 
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21a. 

t 

1.5-9 
3.9-9 
2.7-9 
2.3-9 
2.4-9 
1.2-8 
8 .O-9 
6.5-9 
7.5-9 
1 .O-14' 
2.1-9 
3.0-9 
4.4-9 
6.2-9 
5.8-9 
5.8-9 
6.5-9 
1.7-9 

1 .o 
3.16 
10 

31.6 
1 .o 

3.16 
10 

31.6 
1-31.6 

1 .o 
3.16 
10 

31.6 
1.0 

3.16 
10 

31.6 

** PA78 +21.2 
LZ 
LZ 
LZ 
LZ 
LZ 
LZ 
LZ 
LZ 
LZ 
LZ 
LZ 
LZ 
LZ 
LZ +46.2 
LZ 
LZ 
LZ 

7.0-9 0.3 W78 -5.7 

+33.7 

+14.0 
+27.3 

+ t 

The values and ions, the lines of which in the 
nebulae, by Table 21. the the ion 

is in the state, but as a of the 
the excited states of ion Xi can be populated. 

The quantities and by the following of statistical 
--+ t 

+ 
= z (67) 

The main and of types equation (63) and 
equation (64) essential in the low-density plasma conditions con- 

by and (1985). They found the following 
computation of the 

--+ 
= (Te/104)8 { 1 + Cexp cm3 s-l. (68) 

this the dependence of coefficients on has been de- 
analytically. The values of and D given in Table 22, 

in column 2 the of T, values has been given which 
equation (68) holds. 

Some valuable data on given by Suchkov and 
Shchekinov (1983). with and they used the 
C=O, i.e. in 

= 
--* 
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+ 
lo3 

Liz+ 

Li3+ 

C2+ 

CZ+ 

c3+ 

c4+ 

NZ+ 

N3+ 

N3+ 

N4+ 

0 2 +  

3.0-9 
2.0-17 
5.0-10 
1 .o-9 
8.13-15 
4.26-13 
1.02-11 
3.31-11 
1.12-10 
3.63-10 
5.62-10 
7.41-10 
1.00-9 
1.4-12 
6.1-12 
2.2-11 
4.8-11 
1.1-10 
4.7-13 
4.6-12 
5.1-11 
3.5-10 
1 .O-14. 
3.0-10 
3.1-10 
3.3-10 
4.6-1 0 
13-10 
1.9-10 
1.1-10 
1.9-10 
4.4-10 
9.7-10 
1.5-9 
2.3-9 
3.1-9 
3.8-9 
4.4-9 
5.6-9 
4.6-9 
2.8-9 
2 .O-9 
1.7-9 
2.0-10 
2.0-10 
3.2-10 
1 .o-10 
2.0-10 
3.9-10 
5.9-10 
8.9-10 

10 
10 
10 
10 
0.2 
0.3 
0.5 
0.7 
1 .o 
2.0 
3.0 
5 .O 
10.0 

5 
10 
20 
30 
50 
1 .o 

3.16 
10.0 
31.6 

1 .O-31.6 
1 .o 
3.16 
10.0 
31.6 
1 .o 

3.16 
10.0 
31.6 
2.0 
3.5 
5.0 
7.5 
10.0 
12.5 
15.0 
20.0 
1 .o 

3.16 
10.0 
31.6 

10 
10 
5 
10 
20 
30 
50 

W78 
W78 

LZ 
LZ 
LZ 
LZ 
LZ 
LZ 
LZ 
LZ 
LZ 
LZ 
LZ 
LZ 
LZ 

c w 7 7  
c w 7 7  
c w 7 7  
c w 7 7  
c w 7 7  
c w 7 7  
c w 7 7  
c w 7 7  

LZ 
LZ 
LZ 
LZ 

LZ 

3.1-15 
1 .O-15 

5.0-16 
3.1-15 
4.2-13 
3.2-12 
1.8-11 

4.1-12 
4.7-11 
2.5-10 
8.5-10 

+51.1 

+97.9 
+129.3 

10 -0.21 
10 LZ 

5 +6.29 
10 
20 
30 
50 

+23.3 

+39.9 
10 LZ +5.03 

31.6 LZ 
100 LZ 
316 LZ 

+22.9 

+52.9 

+10.5 
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21b. 

X'+' ( X ' + ' , H e o )  ( X ' , H e + )  T, 

0 4 +  

S2+ 

s3+ 

1.7-9 
1.2-9 
1 .o-9 
1 .o-9 
1.4-9 
8.7-10 
6.5-10 
6.4-10 
1 .O-14 
5.0-15 
1 .O-14. 
1.0-14. 
1.7-9 
1.7-9 
1.7-9 
3.1-9 
7.0-21 
1.2-9 
8.6-10 
7.4-10 
7.7-10 
1.8-9 
1.8-9 
2.2-9 
3.2-9 
6.0-15 

1.7-10 
3.9-10 
9.6-10 
2.0-10 

1.4-9 

7.0-10 

4.0-10 
5.0-10 
9.0-10 
1.6-9 
2.7-9 
4.0-9 

3.3-10 
5.2-10 

1.0 LZ 
3.16 LZ 
10.0 LZ 
31.6 LZ 
1.0 LZ 

3.16 LZ 
10.0 LZ 
31.6 LZ 

0.3 
1.0-31.6 LZ 
1.0-31.6 LZ 

1 .o 
3.16 
10.0 
31.6 
10.0 
1 .o 

3.16 
10.0 
31.6 
1 .o 

3.16 
10.0 
31.6 

1 .o 
3.16 
10.0 
31.6 

0.001 

0.01 

0.1 
1 .o 
3.2 
10.0 
31.6 
100 

1 .o 
3.16 

LZ 
LZ 
LZ 
LZ 

LZ 
LZ 
LZ 
LZ 
LZ 
LZ 
LZ 
LZ 

W78 

W78 

LZ 
LZ 
LZ 
LZ 

LZ 
LZ 

1.5-10 
2.0-10 
2.7-10 
3.4-10 
3.0-10 
9.9-10 
2.0-9 
3.4-9 
4.9-9 
5.0-15 

6.0-13 

2.5-10 
1 .o-9 

2.5-11 
9.8-11 
2.7-10 
5.5-10 
1.3-1 1 
8.4-11 

10.0 
31.6 
100 
316 

10 
31.6 
100 
316 
50 

100 

500 
1000 

LZ 
LZ 
LZ 
LZ 

LZ 
LZ 
LZ 
LZ 

+30.3 

+52.8 

+16.4 

+38.9 
+72.5 

+55.6 

+84.7 

+3.86 
-8.24 

+8.88 

+20.6 

+11.7 

0m85 
0m85 

(25) 

10.0 LZ -1.25 
31.6 LZ 
100 LZ 
316 LZ 
10.0 LZ +10.4 
31.6 LZ 
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Table 21b. Continued 

-+ (eV) 

s3+ 1.1-9 10.0 LZ 3.3-10 100 LZ 
2.3-9 31.6 LZ 8.8-10 316 LZ 

s4+ 1.1-12 1.0 LZ +22.7 
8.7-13 3.16 LZ 
7.6-13 10.0 LZ 
1.1-12 31.6 LZ 
7.0-11 0.3 exp 1.1-10. 10-316 LZ +3.04 

1.0-14. 1-31.6 LZ +16.3 
2.2-9 1.0 LZ +35.2 

1.3-10' 1-31.6 LZ 

1.4-9 3.16 LZ 
9.8-10 10.0 LZ 
8.3-10 31.6 LZ 

*, is a dependence on T,; **, values obtained the best fit of the ob- 
NGC 7027 wave LZ, 

ab  initio quantum mechanical calculation; exp, data. 
and (1957); and (1965); 

(1972); (1976); and (1980); et 
(1979); and (1979); and (1980a); et  
al. (1977); et (1980); and (1954); CW77, 
et (1977); (1954); e l  (1980); and 
(1978); FF72, Fehsenfeld and (1972); FS71, Field and Steigman (1971); 
et (1982); el al. (1963); Johnson and (1978); and 

(1971); (1973); and (1976); and 
(1979); (1985); et (1978); (1963); 

S75, Steigman (1975); S75a, Steigman (1975a); SW71, Steigman el  a/ .  (1971); W78, Watson 
(1978). 

The values of coefficients and compiled in Table 23. The data 
in impacts between atoms and ions of heavy elements given by 

and (1986). The values of each of ions 
value) and the values of value) given in Table 24. The 

between the heavy elements can be essential in the medium, in 
of nebulae and in the of cool 

the conditions of a low-density plasma, especially in gaseous 
nebulae, the (e.g. - often 
the atom ionization states of the atoms. This fact was by Cham- 

(1956), who found that O+/ 0' = in most gaseous nebulae. This 
holds due to high of the The 

of this have been computed by Field and Steigman (1971). Steig- 
man el al. (1971) have given the of exact 
values of have been found by Fehsenfeld and (1972) 

++ eV, and by and (1979) 
++ 0.95 eV (see Table 21). 

--+ 
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Table 22. 
1985) 

and 

of (10' (lo-' s-I) C D 

- 1  

C'+ 1 

- 1  

C2+ 0.5-5 
0.5-5 

c4+ 0.1-1 

N'+ 0.01-10 
NZ+ 0.5-5 
N3+ 0.5-5 
N4+ 0.1-3 

O'+ 0.01-3 
0 2 +  0.5-5 
0 3 +  0.5-5 
0 4 +  0.1-3 

NeZ+ 1 
Ne3+ 0.5-5 
Ne4+ 0.1-3 

0.1-3 
0.1-3 

Mg4+ 0.1-3 

0.03-10 
0.1-3 
0.1-3 

S'+ 1 
S2+ 0.1-3 
s3+ 0.1-3 
s4+ 0.1-3 

0.1-3 
0.1-3 
0.1-3 

Heo 

CZ+ 1 
c3+ 0.1-3 
c4+ 0.1-3 
N2+ 0.1-3 
N3+ 0.1-3 
N4+ 0.1-3 

0 2 +  0.5-5 
0.1-3 

0 4 +  0.1-3 

NeZ+ 0.1-3 
Ne3+ 0.1-3 
Ne4+ 0.1-3 

1.9-06 
1.644 

1.4-08 
1.6-04 
3.65 
0.76 

1 .O-03 
0.86 
2.93 
0.15 

1 .o 
0.8 
0.85 
0.31 

< 1.0-05 
5.7 
6.6 

9.0-05 
6.6 
6.6 

5 
0.41 
2.4 

< 3.0-06 
1 .O-05 
2.3 
7.0 

1 .O-05 
4.4 
6.5 

< 0.1 
4.6-02 
1 .O-05 
0.33 
0.15 
1.7 

0.2 
1 .o 
0.64 

1 .O-05 
1 .O-05 
1.7 

.o 

0.0 
2.8 
0.25 
1.4 

-0.27 
0.15 
0.85 
1.5 

0.0 
0.43 
0.44 
0.44 

0 .o 
0.51 
0.52 

0.0 
0.52 
0.52 

0.28 
0.0 
0 .o 

0 .o 
0.3 
0.83 

0.0 
2 .o 
0.0 
0.29 
0.0 
0.0 

0.95 
0.0 
0.0 

0 .o 
0.51 
0.52 

0.0 
350.0 

0.0 

-0.9 
0 .o 
0.0 

440.0 

-0.66 
0.0 
0.0 
0.0 

0.0 
0.0 
3.3 

0 .o 
2.7 
3.3 

.o 

.o 
0.0 
0.0 
1.25 
1.25 

0 .o 
0.0 
9.4 

0.0 
0.0 
0.0 
1.3 
0.0 
2.5 

0.0 
1.25 
2 .o 
0.0 
0.0 
3.3 

0 .o 
-4.2 
0.0 
0 .o 

-8.8 
0 .o 
0.0 

-35.6 

-9.3 
0.0 
0.0 
0.0 

0.0 
0.0 

-5.3 

0.0 
-8.0 
-5.3 

.o 

0 .o 
0.0 

-5.8 
-5.8 

.o 

.o 

.o 

0.0 

-4.5 
0.0 

-3.7 

0.0 
-5.8 
-5.5 

0 .o 
0.0 

-5.3 
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Table 22. 

(lo' D 

Mg3+ 0.1-3 0.75 0 .o 1.25 -5.8 
Mg'+ 0.1-3 2.2 0.33 0.88 -1.85 

0.1-3 0.95 0.75 0.0 0 .o 
0.1-3 1.2 0.0 0.0 0.0 

0.1-3 1.1 0.56 0.0 0.0 

0.1-3 0.13 0.0 0.0 0 .o 
0.1-3 1 . a 4 5  0.0 0.0 0.0 
0.1-3 1 .o -0.3 0.0 0.0 

s*+ 0.1-3 7.6-04 0.32 3.4 -5.25 

(lo' A') s-') C 

O0 0.01-10 

Sio 1 

S O  1 

0.50- 5 

Mg'+ 1-30 

0.50-10 

1-30 

1-30 
1-30 

S'+ 1-30 
1-30 

1-30 

0.91 

7.6-05 

1.0-02 
1.7 

1 .o 

5.0-03 

3.7-03 

0.15 
0.15 

2.8-02 
1.4-02 

0.11 

0.32 

0.0 

2.0 

2.1 

0.24 
0.44 

1.2 
1.6 

0.0 

10 

0.0 

0.0 

0.07 

0.063 

0.0 
0 .o 
0.036 
0.046 

0.0 

0.0196 

1.44 

0.03 
2.74 

0.0 

6.29 

1.44 

6.91 
8.88 

9.2 
10.5 

3.04 . 

23. 
1983)' 

~ ~ ~~ 

+ + 
C 3.87-19 1.64 1.90-19 1.68 3.20-10 0.26 1.93-15 1.4 
N 1.00-12 1.4 2.10-10 0.153 3.56-12 0.73 2.08-16 1.73 
0 6.80-10 0 1.09-11 0.46 1.47-10 0.44 1.07-12 0.6 
Ne 0 0 0 0 4.90-11 0.52 5.51-11 0.52 

0 0 4.80-11 0.53 4.80-11 0.53 6.60-09 0 ,Mg 
Si 0 0 5.00-09 0 2.80-10 0.041 6.40-10 0.14 
S 0 0 1.00-14 0 1.64-09 0.037 2.07-09 0.124 
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23. Continued 

X2+ x3+ x4+ 

(b) + + 
C 0 0 0 0 1.03-17 1.67 1.00-14 0 
N 0 0.9 2.30-11 0.29 1.39-12 0.48 7.3549 -0.14 
0 0 0 0 0 1.00-09 0 7.40-10 -0.013 
Ne 0 0 1.00-14 0 1.00-14 0 1.39-1 1 0 

0 0 0 0 5.40-10 0.035 1.10-10 0.33 
Si 0 0 0 0 2.70-12 0.64 6.30-10 0.07 
S 0 0 0 0 3.00-12 0.64 3.94-14 0.32 

ki a 

(c) X' + + 
N I1 3.00 1.79 5.03 

11" 6.65-14 1.44 
Si I1 1.43-11 0.26 6.91 
Si I11 7.10-17 1.54 6.88 
s I1 1.80-15 1.03 9.17 
s I11 3.13-17 1.40 10.47 

the with **, 
*, = the with and and = exp(-AE/kT) 

24. 
between atoms and ions of heavy elements and 1986) 

(in units of lo-' cm3 s-') 

5 

C+ 

Li + 

N a t  

Al+ 

Si+ 

S+ 

C l t  

0.0 

0.0 
0.3 
0.59 
0.0 
0.85 
0.0 

0.0 

0.0 

0.0 

3.0 
0.25 

0.0 
0.0 
0.85 
0 .o 
1.1 
0.0 

0.0 

0.0 

0.0 0.3 1 .o 0.1 0.0 
0.93 0.63 0.43 0.77 0.90 

1 .o 
0.48 
0.3 
0.52 
0.0 

-0.04 
0.1 
0.78 

0 .o 

3.0 
0.25 
0.0 1.0 3.0 

-0.14 0.01 0.13 
0.0 0.0 

0.0 0.0 0.0 0.1 
1.06 

0.65 
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Table 24. 

l o  n 5 

0.1 0.0 3.0 
0.72 0.97 0.13 
3.0 3 .O 1 .o 

Mn+ 0.0 3.0 0.0 

Fe+ 3.0 3.0 3.0 1 .o 

3.0 3.0 0.0 

1.0 1 .o 1 .o 1 .o 1.0 0.0 0 .o 

0.02,0.78 

-0.06 0.19 

0.36 

-0.03 

0.0 0.0 0.0 3.0 0.0 1 .o 3 .O 

n Ii Ca Fe 

C+ 
+ 

S+ 

c1+ 

Ti+ 

Mn+ 

0 .o 
0.0 
0.1 
0.80 
0.3 
0.59 
0.0 
0.0 

0.0 

0 .o 

0 .o 

0 .o 
3.0 

3.0 

3.0 

3.0 

1 .o 
1 .o 0.0 
0.47 

0.0 
-0.15 

3.0 
0.13 
1 .o 
0.36 
0.0 

-0.04,l.l 
3.0 
0.28 

0.1 
0.66 
0.0 

3.0 

0.0 
1.1 
1 .o 
0.0 

-0.02,l.O 

3.0 3.0 

1 .o 3.0 
0.78,0.02 0.21 

3.0 0.1 

3 .O 1 .o 

3 .O 3.0 

3 .O 3.0 

-0.06,0.7 

0.47 

0.18 

1 .o 
0.01,0.47 

3.0 3.0 

1 .o 3.0 

1 .o 1 .o 
3.0 3.0 

0.32 

0.01,0.4 0.20 

3.0 3.0 

1 .o 
0.01 

3.0 3.0 

3 .O 3.0 

3 .O 3 .O 

3 .O 3 .O 

0.33 

3.0 

1 .o 1 .o 
3.0 3.0 

of is 
of eV), No is 

(1979) of 
of 

+ ++ + 
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166 V. V. GOLOVATYJ et  

the of values of 
many is low' and the of can to dex due 
to low-quality methods of computation of Unknown the 

dependence on T, many and the values of multiply 
ionized atoms. the low of is one of the 

involved in inexact calculated ionization of elements in 
gaseous nebulae. 

5 OF GASEOUS 

The of a gaseous nebula consists of a weak continuous emission 
by emission lines. thousand lines have been 
but only about 200 of them can be with sufficient 

and used analysis of physical conditions in nebulae. The lines of atoms 
and ions of almost all chemical elements to Ni and elements (see 

and 1994; et al., 1995) have been detected. The 
intensity of the continuous has been a small 

of nebulae. 
The emission lines in nebulae depending on the mechanism of 

can be divided in two main types: (1) the and (2) the 
collisional lines. A list of the main lines specified in the visible 
and is given in Table 25 (see, Appendix C). The values of 
wavelengths and these lines also in Table 25 
(see, Appendix C). 

5.1 Line 

the of nebulae the lines of allowed between excited 
states of C,  N and 0 Some lines of such types detected 
ions having abundances (see Table 25, Appendix C), say Ne, Si and 
The main mechanism of of these lines is 
nation (and) C,  N ,  0) of the excited states 
of ion followed by the cascade to the state of ion A 
definite to the of some lines is made also by 
collisional excitation 

only the of and have been investigated 
in detail. The most complete data the line 
intensities of and given in the by (1971, 
1972), and (1987), (1988), and and Nugis (1982). The 

of C, N and 0 have been less well studied. The difficulties 
of these calculations caused by the complexity of the of atomic 

levels and by of the values of which 
the state populations. on the of C,  
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N and 0 ions have been compiled by Nikitin e t  al. (1988), and 
(1987) and Escalante and (1990, 1992). 

most cases gaseous nebulae the emission in the 
nation lines. Thus, the by a nebula in a line with 
wavelength is 

is the population of the level of ion the quantity is the 
sponding spontaneous is the photon of 
the is the density, is the density of 
the ion and is the effective coefficient of which has 
been defined as the total coefficient due to all events 
plus the the cascade The the 
volume of a nebula. 

The populations of levels can be found the equation of statistical equi- 

m-1 

12, = -k c (m = 2 , 3 , 4 .  . .) (70) 

the A case if the optical depth in the line (qn << 1). 
is the index of the highest state case ( ~ 1 ~  >> 1) 

we have 

m- 1 

= + c 1 3 , 4 , 5 . .  .). (71) 

these equations a, (T,) is the total to level of 
ion 

must be mentioned that models and B simplify essentially the of 
in lines. the case if at 

values of the optical depth TI,, is in the between the A and 
cases, we have to use some to solve the the 

lines. gaseous nebulae the optical depth in line of most 
abundant elements C,  N ,  0) is 10-105. Calculation of 

in the case of finite optical depth in L,  the nebulae 
by the has been out by (1969). the most cases 
one can use the Sobolev (1960) This has 
been used by (see, e.g. 1969; 1986; and Nugis, 
1982). 

The level populations of atoms and ions in all nebulae can be 
as the time independent quantities. Only in the case a change of 
ionizing is it inevitable to use the equations the time 
dependency of level populations. 
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Table 26a. of - 2)/1(4 - 2) 
= 100 

5000 1 0 0 0 0  20 000 

3 
4 
5 
6 
7 
8 
9 

10 
11 

303 
100 
45.8 
25.2 
15.4 
10.2 
7.10 
5.16 
3.87 

300 291 
100 

46.1 46.5 
25.2 25.8 
15.5 15.8 
10.2 10.9 
7.14 7.94 
5.20 6.11 
3.92 4.90 

286 
100 
46.8 
25.9 
15.9 
10.5 
7.31 
5.30 
3.98 

285 
100 
47.0 
26.0 
15.9 
10.5 
7.34 
5.33 
4 .OO 

281 
100 
47.1 
26.2 
16.3 
11.0 
7.83 
5.88 
4.57 

274 
100 
47.6 
26.4 
16.3 
10.7 
7.46 
5.40 
4.04 

273 
100 
47.6 
26.4 
16.3 
10.7 
7.46 
5.40 
4.05 

272 
100 
47.6 
26.6 
16.4 
11.0 
7.76 
5.74 
4.37 

Table 26b. of - - 2) 

5000 1 0 0 0 0  20 000 

5 
10 
15 
20 
25 
30 
35 
40 

0.401 
0.379 
0.374 
0.372 
0.368 
0.362 
0.354 
0.343 

0.395 
0.376 
0.365 
0.346 
0.327 
0.315 
0.310 
0.308 

0.376 
0.345 
0.316 
0.308 
0.307 
0.307 
0.307 
0.307 

0.348 
0.347 
0.346 
0.346 
0.344 
0.339 
0.333 
0.327 

0.346 
0.346 
0.340 
0.328 
0.320 
0.313 
0.310 
0.308 

0.336 
0.326 
0.313 
0.308 
0.307 
0.307 
0.307 
0.307 

0.305 
0.318 
0.320 
0.320 
0.319 
0.315 
0.311 
0.309 

0.304 
0.317 
0.315 
0.310 
0.309 
0.309 
0.308 
0.307 

0.300 
0.304 
0.307 
0.307 
0.307 
0.307 
0.307 
0.307 

The level population of atoms and ions having low excitation potentials can 
also be influenced by collisions with this case to the 

of equation (70) and equation (71) must be added the 
which takes into account the excitation the state. 

equation (70) equation (71) we can find the quantities nk/[nl(X'+ ' )n, ]  
and calculate the line intensities 

Owing to of quantum states and of equations 
nebulae the system of equations out to a bulky one (about 10000 
states nebulae). The values of and a,  needed often not well 
known. it is to simplify the a 

of states (about 100) and to  take the of states into 
account by means of coefficients (e.g. Nikitin el a / . ,  1986). Using the 
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27. intensities of the lines in and in 

5000 1 0  000 20 000 

\ lo2 lo4 lo2 lo4 106 lo2 104 

line intensities in the scale = 100 

5876 302 301 276 276 273 258 258 
4026 45.8 45.9 47.4 47.4 47.6 48.7 48.7 

4026 24.4 24.3 33.0 32.8 32.5 47.23 47.7 

3889 189 190 

27.4 27.4 3820 25.1 25.1 26.4 26.4 26.5 

10830 398 396 442 442 441 502 501 
226 226 227 279 279 

3187 74.8 74.7 91.6 91.7 92.0 116 116 

Singlet line intensities in the scale = 100 B)  

73.1 73.1 
27.1 27.1 

27.9 27.9 

6678 86.7 86.7 79.1 79.1 78.0 

5016 51.2 51.2 58.8 58.8 59.0 
4922 27.6 27.6 27.4 27.4 27.4 

6965 19.9 19.9 23.4 23.4 23.5 
68.9 68.9 

b, the level populations n, can be in the 

g ,  

g + 2 ( 2 ~ m k T , ) ~ / ~  
n, = b, (T, )e fmlkTc 

is the statistical weight the level m, g+ is the statistical weight the 
state of ion The coefficients b,, the deviations of the level 

population n, of ion X i  its value at the local 
and the quantity is the ionization potential level m. 

The system of statistical equations atoms and ions of 
C ,  N and 0 has been solved by who have taken into account 
the due to populating and depopulating 
the levels. we shall to the of most complete computations. 

levels the values of B, = b,ezn = b, which 
indispensable calculation of and the intensity of and 

lines have been computed by (1971 , 1972) 
values of n, and T, taking into account most population 
and depopulation of the level. The we in Tables 26-28. The 

values of the line intensities of and 11 the 
model may be taken the by and (1987). 

These line intensities have been computed taking into account the collisions with 
a wide of values T, and the quantum 
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Table 28. 
n = 2, 3 ,  4 and 5 on the scale Z(X4686) = 100 in and ne in 

intensities of the I1 lines Z(n - n’)/Z(3 - 4) 

5000 t o o 0 0  20 000 

X\ne  0 0 lo4 lo6 0 1 o4 

n = 2  
1640 
1215 
1085 
1025 
992 

n = 3  
3204 
2734 
2512 
2386 
2307 

n = 4  
10124 
6560 
5412 
4859 
4542 

n = 5  
18500 
11626 
9345 

560 
154 
66 
35.6 
21.8 

35.5 
17.3 
10.0 
6.48 
4.46 

29.5 
13.1 
6.78 
4.52 
2.80 

10.8 
5.47 
3.20 

625 
189 
84.1 
45.6 
27.8 

39.8 
20.1 
12.0 
7.77 
5.38 

27.4 
13.4 
7.34 
4.69 
3.15 

9.55 
5.39 
3.31 

660 
201 
90.4 
49.1 
30.0 

40.3 
20.5 
12.2 
8.0 
5.6 

26.5 
13.7 
8.0 
5.1 
3.5 

9.43 
5.4 
3.4 

681 
213 
98.1 
51.9 
31.9 

42.5 
21.1 
12.7 
8.3 
5.8 

27.1 
13.6 
7.8 
4.9 
3.3 

8.9 
5.1 
3.2 

714 745 
234 246 
106 113 
58.3 61.8 
35.8 37.9 

43.8 45.2 
23.2 23.9 
14.0 14.4 
9.18 9.5 
6.39 6.6 

25.6 24.9 
13.5 13.7 
7.79 8.2 
5.06 5.3 
3.45 3.6 

8.56 8.4 
5.13 5.0 
3.27 3.2 

n. The of total line intensities have been on in the 
same as the main the effective collision 11) 
quantum levels = 1, 2, 3 have been tabulated also. (1988) calculated the 

in the case of low T, 5 500 
Special in the of the the 
between hihgly excited states of atoms states) the 
A of the and have been by 
Gulyaev (1990). 

(1980) has the coefficient of the line (in 
cm3 s-’) with an of less than 10% by the 

2.53 x 10-22T,-0.”3, 
1.12 x 10-22T;1.20, 

T, 5 2600 
T, > 2600 

= (73) 

Table 29 gives the intensities of lines of some C, N and 
0 ions, computed by Nikitin and (1986), el a/ .  (1985b) 
and Nikitin e t  al.‘ (1994) A and cases at T, = 10000 and T, = 
20000 
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29. of C ,  N, 0 

1 0  000 20 000 

l o  (4 

c 111 

N 

o v  

c 1760 
2748 
2838 
3921' 
4267' 
5891 
7236 
1256 
1532 
1620 
1923 
2010 
2163 
3609 
3884 
4056 
4070. 
4122 
4156' 
4187' 
4516 
4650' 
5696 
8196 
8664 
9713 

11988 
N 111 3306 

4003 
4097' 
4379' 
4544 
4616 
4640. 
4903 
9412 
1036 * 
2318' 
2647' 
3078. 
3478' 
4057 
7115 
2787. 
3114 
5113 
5343 
7432 

4.1 
0.4 
2.5 
0.2 
1 .o 
0.1 
0.2 
2.11 
0.29 
1.23 
4.00 
1.73 
0.62 
0.09 
0.26 
0.11 
0.85 
0.03 
0.17 
0.33 
0.12 
1 .oo 
0.007 
0.19 
0.12 
0.002 
0.03 
0.03 
7.3 

17.2 
9.1 
1.4 
0.3 
1 .o 
0.7 
1 .o 
3.7 
0.41 
0.72 
0.20 
1 .o 
0.003 
0.001 
1 .o 
0.002 
0.000 
0.000 
0.004 

4.2 
1.7 
2.5 
0.9 
1 .o 
0.4 
1.2 
1.12 
0.07 
1.54 
0.93 
0.81 
0.14 
0.12 
0.06 
0.02 
0.19 
0.006 
0.04 
0.07 
0.04 
1 .oo 
0.002 
0.04 
0.03 
0.47 
0.02 
0.00 
0.05 
0.40 
0.05 
0.01 
0.002 
1 .o 
0.02 
0.03 
1.16 
0.12 
0.22 
0.06 
1 .o 
0.001 
0.42 
1 .o 
0.000 
0.05 
0.38 
0.002 

4.4 
0.4 
2.7 
0.2 
1 .o 
0.1 
0.2 
2.02 
0.24 
1.04 
3.20 
1.64 
0.50 
0.08 
0.22 
0.09 

0.02 
0.15 
0.25 
0.12 
1 .oo 
0.006 
0.14 
0.09 
0.002 
0.03 
0.03 
7.1 

20.0 
10.0 

1.6 
0.2 
1 .o 
1.5 
2.0 
3.2 
0.34 
0.60 
0.16 
1 .o 
0.003 
0.001 
1 .o 
0.002 
0.000 
0.000 
0.004 

4.4 
1 .a 
2.7 
1 .o 
1 .o 
0.4 
1.3 
1.13 
0.06 
1.44 
0.80 
0.86 
0.12 
0.11 
0.05 
0.02 

0.006 
0.04 
0.06 
0.06 
1 .oo 
0.001 
0.04 
0.02 
0.45 
0.02 
0.00 
0.05 
0.44 
0.06 
0.01 
0.001 
1 .o 
0.04 
0.05 
1.04 
0.10 
0.17 
0.05 
1 .o 
0.001 
0.36 
1 .o 
0.000 
0.04 
0.33 
0.002 

~~ ~~ 

*, This is of 
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31. of and 

T, = 2 = 1 0 4 ~  

X ( A )  
a;ff a:; CiE a;ff a$ 

c 

c 

c 

N 

N 

N 

0 

0 

0 

o v  

3921 
4267 
7231 
4070 
4156 
4187 
4650 
4658 
7726 

4624 
4795 
5005 
5679 
4003 
4097 
4379 
4640 
3078 
3478 
4606 
7703 

4075 
4089 
4119 
4349 
4649 
3133 
3266 
3340 
3430 
3715 
3760 
3412 
4632 
4930 
5113 

21.2 
23.6 
28.3 
20.8 
4.4 
8.2 

28.0 
85.0 
98.9 

8.4 
4.8 

23.7 
17.1 
2.3 

42.7 
5.4 

107.0 
12.5 
70.8 

101.5 
66.8 

18.9 
8.4 
9.4 

20.0 
36.3 
13.9 
63.4 
4.4 
8.7 

25.5 
43.2 
21.3 

101.5 
142.2 
39.3 

0.02 

6.1 
1.6 
2.2 

63.3 

0.1 
0.2 
1.3 
2.0 

100.2 
3.6 

47.1 
3.3 
0.7 

0.01 

0.1 
0.2 

35.6 
1.9 

21.6 
65.1 

1.2 

21.2 
23.6 
28.3 
26.9 
6.0 

10.4 
91.3 
85.0 
98.9 

8.4 
4.8 

23.8 
17.3 
3.6 

44.7 
5.4 

207.2 
16.1 

117.9 
104.8 
67.5 

18.9 
8.4 
9.4 

20.1 
36.5 
13.9 
99.0 
6.3 
8.7 

25.5 
64.8 
86.4 

101.5 
143.4 
39.3 

13.1 
14.3 
18.7 
10.8 
2.4 
4.2 

18.5 
43.7 
43.6 

5 .O 
2.6 

13.6 
11.2 
1.5 

30.6 
3.1 

70.0 
6.5 

46.5 
44.6 
27.8 

9.4 
3.8 
4.7 

10.6 
19.1 
7.4 

33.9 
2.5 
4.6 

13.7 
24.1 
11.6 
44.6 
61.5 
26.4 

13.1 
1.51 15.8 

18.7 
18.2 29.0 
1.5 3.9 
6.6 10.8 

36.0 54.5 
43.7 
43.6 

5 .O 
2.6 

0.8 14.4 
1.0 12.2 
0.7 2.2 
1.7 32.3 

3.1 
109.3 179.3 

3.8 10.3 
33.7 80.2 
13.4 58.0 
5.7 33.5 

0.3 9.7 
3.8 
4.7 

0.6 11.2 
1.4 20.5 

7.4 
30.1 64.0 
1.4 3.9 

4.6 
13.7 

23.0 47.1 
49.4 61.0 

44.6 
8.4 69.9 

26.4 

many lines the of to 
the total line intensity is and 1984, 
1986, 1987) at low has been by 

@$(Te) = (? U + b + + dt2) t -3 /2e~p cm3 s-' 
(74) 

The values of a ,  b ,  c ,  d and given in Table 30 (see, 
Appendix C). The value of total coefficient includes the 
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of both the and the 

Table 31 we have compiled the values of @:,",a$ and a; main 
lines of ions of C, N and 0, which have been taken the by Nikitin et 
al. (1994). values of a:," lines of C, N and 0 ions 
calculated with a by et al. (1991). of 
the values given in this close to those in Table 31. 

The intensities of lines in nebulae usually in duly 
units of lines as shown above - usually of but sometimes also 

of 
The effect of collision on intensities of lines of 

and has been discussed by (1986a, b), and (1987), 
and (1987a,b), Clegg (1987), et al. (1987), 

and (1988). The effect of collisions on the 
lines is low. 

5.2 Lines 

the of gaseous nebulae a of lines of atoms and ions 
of C, N,  0, F, Ne, Na, Al, Si, S, Ca, and of some have 
been These lines due to the metastable 
states of the ions Xi. The lines of highest intensity belong to the 
visible the last decade many lines in the 

and have been detected. 
The and the types of 

with the shell p ,  p 2 ,  p 3 ,  and p 5  shown in 4. The values of 
wavelengths given ions 0 1-0 111. The of p 2 ,  

and p5 is split, the between its levels give lines in the 
The between two of 

p 2 ,  p3 and (A), the between the middle and the 
lowest give (N)  lines and the between the highest and 
the lowest give the (TA) lines. Thus, the 

in p 2  and give the lines, but to  S-D and 
the and the lines, 

p3 the lines to D-S, the lines 
to and the ones to 

The lines in dipole between the levels of 
multiplicity (As # 0). They mainly in the 

The list of the lines, including the ones 
in the visible and is given in Table 25. The 
main mechanism of of the and lines is col- 
lision with and Collisions with the atoms (atoms and 

less effective. most cases the of 
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1 

D2 

2327 

2332 

3p* 
2 
p w 2 -  

2p, /2- 3P0- 

P P2 
0111 

2p, /2- 

- 

3729 !PA 

2972 

- 
- 

5577 

A 

6364 

N 

- 
P3 P4 P5 

011 01 

4 
p 2 ,  p 3 ,  and p 5  

and of for p ,  

to the intensities of and lines of nebulae is 
negligible. 

The emitted in a line in nebulae is ex- 
by equation (69). to the level populations we must 

solve the equations of statistical 

the quantities q i j  the coefficients of collisional excitation if < j and of 
collisional deactivation if > j .  The quantities q j j  can be via the effective 
collision (see equation (43)). 

To find the level populations of atoms and ions we need a of 
sition and effective collision These values, which 

taken basically a compilation 1983), given in Tables 16, 17 
and 25. 
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5.3 

and collisional excitation the main mechanisms line 
in the of low-density plasma such as the gaseous nebulae 

and that the selective line excitation mechanisms 
which enhancement of the intensity of the selective lines in the 

The most selective mechanisms 

(1) photoionization; 

(2) excitation as a of ionization; 

(3) photoexcitation by the continuous 

(4) excitation by the light emitted in the selective lines 

(5) excitation in 

These excitation mechanisms have been in detail by et al. (1990). 
The mentioned mechanism leads mainly to the enhancement of the 

nance and line intensities in the of gaseous 
nebulae to the intensities by impacts (see, exam- 
ple, 1986a, The photoionization mechanism to be effective 

low (T, 5 8 lo3 
The ionization is accompanied by the of the autoionization 

states. The stabilization of such states in of the excited 
states of the ions and of lines due to the cascade 

these states. 
by continuous has been 

discussed by Nikitin et al. (1990). This kind of excitation can the intensity 
of the weak lines of C, N add 0 ions (see, e.g. 1976). The 

is commonly not high. On the the 
(often as the action) enhances significantly the intensity of the selective 
lines. The most famous example of is the pumping of the 

of 0 111 by the I1 L,  photons 1984; et al.,  1982; 
and 1992; Liu and 1994). excitation of the 0 

and Ne I1 lines has been by (1986). 
The also leads to  the additional population of the excited 

levels. An example of such a is the 

0 + 111 (2p3d)  + 

The excited states 'D ,  and 'D of ions 0 I11 as a of this 
(see, example, and 1982). 
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5.4 

the the emission of the plasma depends on the mean 
values of T, and on the mean density ii,. The 
intensities of the emission lines excited by collisions sensitive 
to  the values of T, and ii,. The of the intensities of such lines depends on T, 
and 

Diagnostics n, and T, 

= - - - ii,). (76) 

the levels of -+ and m + n in equation (75) have a 
then the ii,) depends mainly on T, (see, example, 

4). So, if ii, is known, the mean T, can 
be found by using the function and the line intensity 

lines with small the levels (mostly 
lines of the same multiplet) the of intensities depends 

on the value of ii, (see 4). Lines of such a type often used the mean 
density 

on the calculations of the collision line intensities 
can be found in a book by el al. (1990) and in a by 

the case the line depend on both ii, and T,. 
of both the values, not less than two line must be known. The 
method of line (see, detail, 1984; 1984) can be used. 

of lines in the of a nebula give slightly values of 
both n, and T,. This gives evidence about the and density 
fluctuations clumps) in the nebulae. A method of diagnostics of the 

fluctuations following (1967) has been by and 
Feklistova (1992a, b). A combined study of both the and the 

density fluctuations has been out by (1996). 
The line intensities do not show significant dependence 

on i i, on T, and thus they cannot be used ne and T, diagnostics. lines 
may be an exception to this The intensities of these lines depend significantly 
on the mean density (see Table 26). 

the of a field the intensity of the 
collisionally excited lines can be by the ionization 
and excitation and 1985) and thus they cannot be used 
we and T, diagnostics. 

(1990). 

5.5 Chemical Abundance Determination 

The total flux emitted by a nebula in a line can be found if we know the 
distance to  the nebulae. The ion abundancies can be found 

line intensities by 
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32. Fit values the function = Te/104 ( 
x ( A )  Case 

9 9 
~ 

c I1 

c I11 

c IV 

N I1 

N I11 

N IV 

0 I1 

0 I11 

0 IV 

o v  

3921 
4267 
7231 
4070 
4156 
4187 
4650 
4658 
7726 

4624 
4795 
5005 
5679 
4003 
4097 
4379 
4640 
3078 
3478 
4606 
7703 

4075 
4089 
4119 
4349 
4649 
3133 
3265 
3340 
3430 
3715 
3760 
3412 
4632 
4930 
5113 

0.116 
0.113 
0.160 
0.122 
0.591 
0.319 
0.104 
0.034 
0.049 

0.344 
0.624 
0.132 
0.208 
1.090 
0.060 
0.507 
0.027 
0.154 
0.031 
0.028 
0.072 

0.135 
0.304 
0.274 
0.136 
0.080 
0.141 
0.032 
0.475 
0.247 
0.091 
0.054 
0.100 
0.028 
0.022 
0.081 

-0.23 
-0.19 
-0.32 
0.03 

0.05 

0.04 
0.26 

-0.17 
-0.03 
-0.12 
-0.31 
-0.30 
-0.44 
-0.12 
-0.30 
0.03 

-0.31 
0.27 
0.35 

0.09 
0.23 
0.08 
0.00 
0.01 

-0.01 
-0.01 
-0.10 
0.00 

-0.02 
-0.08 
-0.04 

-0.04 

-0.32 

0.27 
0.29 

-0.34 

0.116 
0.113 
0.160 
0.095 
0.433 
0.252 
0.032 
0.034 
0.049 

0.344 
0.624 
0.132 
0.205 
0.695 
0.057 
0.507 
0.014 
0.120 
0.018 
0.028 
0.071 

0.135 
0.304 
0.274 
0.135 
0.080 
0.141 
0.021 
0.332 
0.247 
0.091 
0.036 
0.025 
0.029 
0.022 
0.081 

-0.23 
-0.34 
-0.32 
-1.03 
-0.29 
-0.97 
-0.17 
0.04 
0.26 

-0.17 
-0.03 
-0.19 
-0.41 
-0.21 
-0.45 
-0.12 
-0.71 
-0.27 
-0.36 
-0.06 
0.09 

0.05 
0.29 
0.08 

-0.07 
-0.08 
-0.01 
-0.29 
-0.23 
0.00 

-0.02 
-0.46 
-0.41 
0.27 
0.12 

-0.34 

This follows equation (69) if we make use of effective 
bination coefficients. 

Using the effective coefficients found by (1971, 1972) 
and I1 lines we can the following finding the 

ion densities 

- - 11) 
= + b i t  + C i t 2 )  

11) ) 
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and 

Table 33. 
with the abundance of the ions 

A ( A )  TeA' d 

and d connecting the line intensities 

c III 
c III] 

c IV 

N III] 

N IV] 
N V  

0 1111 

0 IV] 

0 VI 
0 VI 

Mg I1 
Si I11 
Si VI 

2329 
1906 
1909 
1548 
1550 
1747 
1754 
1487 
1239 
1243 
1661 
1666 
1403 
1409 
1218 
1032 
1038 
2800 
1892 
1391 

- 

2 2 1 s  - 

2s2s1/2 - 

2 2  - 

2S21SO - 
2 2 s  - 

2 s 2 p p  - 2s2p35s2 

- 

2.921s - 
2.52s - 

32s - 
32s - 
32s - 

5.33 
6.50 

8.00 

7.08 

8.34 
10.0 

7.45 

8.82 

10.18 
11.97 

4.43 
6.55 
8.86 

10000 
10000 

13000 

10000 

15000 
15000 

10000 

15000 

15000 
15000 

10000 
10000 
15000 

2.57-7 
1.112-7 

2.04-8 

2.99-7 

1.064-7 
2.17-8 

7.29-7 

3.88-7 

1.056-7 
2 . 4 1 4  

1.98-8 
2.04-8 
9.62-9 

2.69 
3.276 

4.032 

3.568 

4.203 
5.04 

3.75 

4.45 

5.13 
6.03 

2.22 
3.301 
4.465 

' (3.98 + 0.33t - 
(98.3 - 58.0t - 
(27.6 + 2.13t - 
(14.8 + 1.8t - 
(274 - 153t - 
(1.73 + 0.37t - 
(6.36 - 1.54t - 
(0.493 + 0.305t - 
(5.64 + 2.13t - 
(31.3 - 18.0t + 
(148 - 93.45 + 

111) 
11) 

= (0.076 + 
t = Te/104 1976). 

The coefficient X(T, )  in equation (77) many ion species can be by 

= (78) 

The values of the fitting and 7 the C, N and 0 ion 
lines given in Table 32. They based on the effective 

coefficients, given in Table 31. 
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The ion abundances intensities of the collision 
excited lines depend on an accepted value of of a 
nebulae, especially UV lines. 

a by (1984) the connecting the abun- 
dances of ions with of line intensities given: 

the coefficient line has the case the following 

~ 4 0 , ~  = aeff(~p)1025 = i.387t-O.983 10-0.0424/t cm3 s- l .  (80) 

The values of and d given in Table 33. 

Continuous Spectra of 

Gaseous nebulae emit a weak continuous which is in the 
olet, visible, and wave The continuous of a nebula 
has been caused by the and two-quantum 2s - 1s 
of atoms and of the ion 

Computations of the two-quantum out by 
(1950, 1952) and by and (1951). the 

the main to the total continuum emission is by the 
emission of dust and by the 

The emitted by gas in the unit volume is 

= (81) 

the emission coefficient 

this yy is the emission coefficient due to  and 
in 11, the quantity is the two-photon 

emission coefficient of atoms. The values of these coefficients given in Table 34. 
The values of can be found in the by (1984). 

Two-photon singlet and metastable states of ions 
have been studied in the by el al. (1969), the 
values of 7(2q, given. Owing to low helium abundance in nebulae 
the can be neglected. 

6 OF CATALOGUE 

The copy of the catalogue will be available by anonymous ftp via ftp- 
urania.aispbu.spb.su in the The data included 
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Table 34. 
lou4' Hz-') (82)) 

of of 

= 5000 

x ( A )  10-l' 7 2  P 

1000.0 
1200.0 
1300.0 
1400.0 
1500.0 
1600.0 
1800.0 
2051 .O 
2053.0 
2200.0 
2400.1 
2599.4 
2600.8 
2725.4 
2855.2 
2997.9 
3121.4 
3122.0 
3331 .O 
3421.4 
3422.0 
3527.0 
3642.0 
3648.0 
3679.2 
3679.9 
4000.0 
4282.8 
4499.9 
4996.5 
5096.0 
5450.8 
5695.8 
5700.0 
5995.9 
6633.8 
6635.8 
6999.9 
7438.7 
7441.1 
7848.0 
7850.4 
8193.3 
8196.2 
8196.7 
8198.5 
8207.0 
8209.0 
8265.4 

29.9790 
24.9830 
23.0610 
21.4140 
19.9860 
18.7370 
16.6550 
14.6170 
14.6030 
13.6270 
12.4910 
11 5330 
11.5270 
11 .oom 
10.5000 
10.0000 
9.6044 
9.6026 
9.0000 
8.7623 
8.7607 
8.5000 
8.2315 
8.2180 
8.1483 
8.1467 
7.4948 
7.0000 
6.6622 
6.0000 
5.8829 
5.5000 
5.2634 
5.2595 
5.0000 
4.5192 
4.5178 
4.2828 
4.0302 
4.0289 
3.8200 
3.8188 
3.6590 
3.6577 
3.6575 
3.6567 
3.6529 
3.6520 
3.6271 

0.000 
0.000 
0.000 
0.000 
0.001 
0.003 
0.023 
0.159 
0.161 
0.408 
1.199 
2.970 
2.987 
4.917 
7.884 

12.633 
18.334 
18.365 
32.354 
40.435 
40.496 
51.698 
66.459 
0.327 
0.349 
0.350 
0.649 
1.038 
1.429 
2.670 
2.982 
4.277 
5.342 
5.361 
6.839 

10.723 
10.736 
13.366 
16.901 
16.921 
20.532 
20.555 
23.821 
23.850 
23.854 
23.872 
23.956 
3.418 
3.499 

0.000 
0.000 
9.122 

13.391 
14.974 
15.411 0.228 
14.951 0.925 
13.711 3.510 
13.700 3.549 
12.921 6.283 
11.892 12.104 
10.970 19.442 
10.964 5.048 
10.442 12.553 
9.912 19.675 
9.382 26.796 
8.956 32.430 
8.954 27.667 
8.301 53.754 
8.044 64.044 
8.042 7.223 
7.757 9.832 
7.460 12.519 
7.445 12.654 
7.368 13.352 
7.367 0.406 
6.646 0.759 
6.091 1.363 
5.710 1.775 
4.967 4.278 
4.838 4.721 
4.415 6.169 
4.153 7.063 
4.149 7.096 
3.862 9.411 
3.356 13.699 
3.355 12.413 
3.110 15.378 
2.846 18.565 
2.845 18.036 
2.627 20.926 
2.626 14.142 
2.463 16.043 
2.462 8.038 
2.462 8.040 
2.461 5.516 
2.457 5.534 
2.456 5.538 
2.433 5.655 

0.000 
0.017 
0.106 
0.509 
1.988 
6.539 

47.489 
329.556 

0.340 
0.863 
2.548 
6.343 
6.379 

10.531 
16.937 
27.229 
39.633 
39.700 
70.282 
88.022 
88.155 

112.818 
145.422 

5.320 
5.685 
5.694 

10.576 
16.912 
23.292 
43.577 
48.673 
69.850 
87.285 
14.175 
18.124 
28.556 
28.594 
35.693 
45.284 
45.339 
55.182 
55.244 
64.187 
64.266 
64.278 
64.326 
64.556 
21.786 
22.305 
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34. 

= 

x ( A )  10-l' Y H  

8268.1 3.6259 3.503 2.432 3.400 22.330 
8499.9 3.5270 3.845 2.338 3.846 24.517 
9000.1 3.3310 4.624 2.152 4.729 29.498 
9500.0 3.1557 5.450 1.986 5.519 34.796 

10000.1 2.9979 6.319 1.836 6.230 40.364 

= 

A ( A )  Y H  7 2 9  

1000.0 
1200.0 
1300.0 
1400.0 
1500.0 
1600.0 
1800.0 
2051 .O 
2053.0 
2200.0 
2400.1 
2599.4 
2600.8 
2725.4 
2855.2 
2997.9 
3121.4 
3122.0 
3331 .O 
3421.4 
3422.0 
3527.0 
3642.0 
3648.0 
3679.2 
3679.9 
4000.0 
4282.8 
4499.9 
4996.5 
5096.0 
5450.8 
5695.8 
5700.0 
5995.9 
6633.8 
6635.8 
6999.9 
7438.7 
7441.1 

29.9790 
24.9830 
23.0610 
21.4140 
19.9860 
18.7370 
16.6550 
1 4.61 70 
14.6030 
13.6270 
12.4910 
11.5330 
11.5270 
11.0000 
10.5000 
10.0000 
9.6044 
9.6026 
9.0000 
8.7623 
8.7607 
8.5000 
8.2315 
8.2180 
8.1483 
8.1467 
7.4948 
7.0000 
6.6622 
6.0000 
5.8829 
5.5000 
5.2634 
5.2595 
5 .oooo 
4.5192 
4.5178 
4.2828 
4.0302 
4.0289 

0.001 
0.009 
0.023 
0.051 
0.100 
0.181 
0.486 
1.272 
1.280 
2.026 
3.453 
5.404 
5.419 
6.928 
8.740 

11.020 
13.231 
13.242 
17.477 
19.490 
19.505 
21.976 
24.841 
1.387 
1.434 
1.435 
1.950 
2.461 
2.883 
3.929 
4.150 
4.959 
5.534 
5.544 
6.252 
7.801 
7.806 
8.693 
9.754 
9.760 

0.000 
5.611 
8.236 
9.210 
9.478 
9.196 
8.433 
8.426 
7.947 
7.314 
6.747 
6.743 
6.423 
6.096 
5.770 
5.508 
5.507 
5.106 
4.947 
4.946 
4.771 
4.588 
4.579 
4.532 
4.531 
4.088 
3.746 
3.512 
3.055 
2.975 
2.715 
2.554 
2.552 
2.375 
2.064 
2.063 
1.913 
1.751 
1.750 

0.046 
0.079 
0.126 
0.210 
0.400 
0.869 
1.650 
3.895 
3.926 
6.087 
9.014 

11.861 
7.156 
9.976 

12.651 
15.326 
17.443 
15.873 
20.976 
22.989 
4.321 
4.902 
5.501 
5.532 
5.687 
1.450 
2.070 
2.807 
3.310 
4.943 
5.231 
6.176 
6.795 
6.771 
7.583 
9.086 
8.661 
9.391 

10.176 
10.000 

0.082 
0.880 
2.196 
4.800 
9.448 

17.069 
45.649 

119.142 
2.996 
4.760 
8.150 

12.817 
12.853 
16.480 
20.857 
26.387 
31.775 
31.802 
42.181 
47.142 
47.177 
53.289 
60.400 
10.742 
11.102 
11.110 
15.107 
19.067 
22.344 
30.465 
32.177 
38.463 
42.934 
17.101 
19.321 
24.210 
24.226 
27.042 
30.426 
30.445 
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34. 

= 

x ( A )  Y 10-l~ 7 2 9  

7848.0 
7850.4 
8193.3 
8196.2 
8196.7 
8198.5 
8207.0 
8209.0 
8265.4 
8268.1 
8499.9 
9000.1 
9500.0 

10000.1 

3.8200 
3.8188 
3.6590 
3.6577 
3.6575 
3.6567 
3.6529 
3.6520 
3.6271 
3.6259 
3.5270 
3.3310 
3.1557 
2.9979 

10.729 
10.735 
11.537 
11.544 
11.545 
11.549 
11.569 
4.317 
4.368 
4.371 
4.578 
5.020 
5.449 
5.867 

1.616 
1.615 
1.515 
1.514 
1.514 
1.514 
1.51 1 
1.511 
1.496 
1.496 
1.438 
1.324 
1.221 
1.129 

10.607 
8.081 
8.497 
5.880 
5.880 
5.041 
5.048 
5.050 
5.098 
4.360 
4.596 
5.065 
5.483 
5.860 

33.555 
33.574 
36.161 
36.183 
36.186 
36.200 
36.263 
21.162 
21.41 1 
21.423 
22.443 
24.609 
26.718 
28.766 

= 

(A)  10-l~ 7 2 q  

1000.0 
1200.0 
1300.0 
1400.0 
1500.0 
1600.0 
1800.0 
2051.0 
2053.0 
2200.0 
2400.1 
2599.4 
2600.8 
2725.4 
2855.2 
2997.9 
3121.4 
3122.0 
3331.0 
3421.4 
3422.0 
3527.0 
3642.0 
3648.0 
3679.2 
3679.9 
4000.0 
4282.8 
4499.9 
4996.5 
5096.0 

29.9790 
24.9830 
23.0610 
21.4140 
19.9860 
18.7370 
16.6550 
14.6170 
14.6030 
13.6270 
12.4910 
11.5330 
11.5270 
11 .oooo 
10.5000 
10.0000 
9.6044 
9.6026 
9.0000 
8.7623 
8.7607 
8.5000 
8.2315 
8.2180 
8.1483 
8.1467 
7.4948 
7.0000 
6.6622 
6.0000 
5.8829 

0.016 
0.080 
0.147 
0.248 
0.389 
0.576 
1.107 
2.093 
2.102 
2.848 
4.049 
5.441 
5.451 
6.408 
7.467 
8.695 
9.804 
9.809 

11.766 
12.636 
12.642 
13.667 
14.805 
2.028 
2.073 
2.074 
2.544 
2.969 
3.298 
4.052 
4.202 

0.000 
0.000 
4.212 
6.182 
6.913 
7.115 
6.903 
6.330 
6.325 
5.965 
5.490 
5.065 
5.062 
4.821 
4.576 
4.331 
4.135 
4.134 
3.833 
3.714 
3.713 
3.581 
3.444 
3.437 
3.402 
3.401 
3.068 
2.812 
2.636 
2.293 
2.233 

0.212 
0.366 
0.488 
0.690 
0.990 
1.509 
2.375 
4.281 
4.304 
5.891 
7.702 
9.195 
6.608 
8.038 
9.395 

10.753 
11.826 
10.961 
13.048 
13.870 
3.645 
3.957 
4.279 
4.295 
4.376 
2.052 
2.620 
3.217 
3.625 
4.706 
4.898 

0.546 
2.655 
4.869 
8.181 

12.817 
18.966 
36.369 
68.548 
5.382 
7.317 

10.454 
14.112 
14.139 
16.670 
19.484 
22.766 
25.743 
25.757 
31.045 
33.411 
33.428 
36.227 
39.350 
12.304 
12.575 
12.582 
15.430 
18.007 
20.005 
24.571 
25.478 
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34. 

= 

x ( A )  lo-]* 

5450.8 
5695.8 
5700.0 
5995.9 
6633.8 
6635.8 
6999.9 
7438.7 
7441.1 
7848.0 
7850.4 
8193.3 
8196.2 
8196.7 
8198.5 
8207.0 
8209.0 
8265.4 
8268.1 
8499.9 
9000.1 
9500.0 

10000.1 

5.5000 
5.2634 
5.2595 
5.0000 
4.5192 
4.5178 
4.2828 
4.0302 
4.0289 
3.8200 
3.8188 
3.6590 
3.6577 
3.6575 
3.6567 
3.6529 
3.6520 
3.6271 
3.6259 
3.5270 
3.3310 
3.1557 
2.9979 

4.730 
5.088 
5.094 
5.517 
6.390 
6.393 
6.867 
7.412 
7.415 
7.896 
7.899 
8.285 
8.289 
8.289 
8.291 
8.301 
4.355 
4.389 
4.391 
4.531 
4.821 
5.097 
5.358 

2.038 
1.917 
1.915 
1.783 
1.550 
1.549 
1.436 
1.314 
1.313 
1.213 
1.212 
1.137 
1.137 
1.137 
1.136 
1.134 
1.134 
1.123 
1.123 
1.079 
0.994 
0.917 
0.848 

5.523 
5.909 
5.916 
6.355 
7.168 
6.935 
7.291 
7.673 
7.575 
7.854 
6.435 
6.644 
5.205 
5.205 
4.740 
4.746 
4.747 
4.783 
4.380 
4.534 
4.838 
5.110 
5.355 

28.676 
30.842 
16.784 
18.206 
21.159 
21.169 
22.778 
24.641 
24.651 
26.302 
26.312 
27.648 
27.659 
27.660 
27.667 
27.700 
19.483 
19.637 
19.644 
20.267 
21.560 
22.784 
23.945 

x 10-l~ 

1000.0 
1200.0 
1300.0 
1400.0 
1500.0 
1600.0 
1800.0 
2051.0 
2053.0 
2200.0 
2400.1 
2599.4 
2600.8 
2725.4 
2855.2 
2997.9 
3121.4 
3122.0 
3331.0 
3421.4 
3422.0 
3527.0 

29.9790 
24.9830 
23.0610 
21.4140 
19.9860 
18.7370 
16.6550 
14.61 70 
14.6030 
13.6270 
12.4910 
11.5330 
11.5270 
11.0000 
10.5000 
10.0000 
9.6044 
9.6026 
9.0000 
8.7623 
8.7607 
8.5000 

0.067 
0.218 
0.344 
0.507 
0.710 
0.952 
1.551 
2.494 
2.502 
3.137 
4.077 
5.078 
5.085 
5.734 
6.424 
7.192 
7.861 
7.864 
8.997 
9.484 
9.487 

10.050 

0.000 
0.000 
3.383 
4.966 
5.552 
5.714 
5.544 
5.084 
5.080 
4.791 
4.410 
4.068 
4.066 
3.872 
3.675 
3.479 
3.321 
3.320 
3.078 
2.983 
2.982 
2.876 

0.378 
0.653 
0.860 
1.170 
1.580 
2.150 
3.100 
4.667 
4.682 
5.695 
6.769 
7.577 
5.915 
6.760 
7.562 
8.363 
8.998 
8.441 
9.529 
9.958 
3.370 
3.583 

1.299 
4.236 
6.664 
9.817 

13.724 
18.382 
29.860 
47.852 
6.845 
8.612 

11.243 
14.068 
14.087 
15.931 
17.898 
20.102 
22.032 
22.041 
25.334 
26.760 
26.769 
28.423 
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Table 34. Continued 

Te = 20 000 

x ( A )  10-l~ 

3642.0 
3648.0 
3679.2 
3679.9 
4000.0 
4282.8 
4499.9 
4996.5 
5096.0 
5450.8 
5695.8 
5700.0 
5995.9 
6633.8 
6635.8 
6999.9 
7438.7 
7441.1 
7848.0 
7850.4 
8193.3 
8196.2 
8196.7 
8198.5 
8207.0 
8209.0 
8265.4 
8268.1 
8499.9 
9000.1 
9500.0 

10000.1 

8.2315 
8.2180 
8.1483 
8.1467 
7.4948 
7.0000 
6.6622 
6.0000 
5.8829 
5.5000 
5.2634 
5.2595 
5.0000 
4.5192 
4.5178 
4.2828 
4.0302 
4.0289 
3.8200 
3.8188 
3.6590 
3.6577 
3.6575 
3.6567 
3.6529 
3.6520 
3.6271 
3.6259 
3.5270 
3.3310 
3.1557 
2.9979 

10.661 
2.359 
2.398 
2.399 
2.797 
3.141 
3.400 
3.969 
4.079 
4.459 
4.711 
4.715 
5.007 
5.594 
5.596 
5.906 
6.257 
6.258 
6.563 
6.565 
6.807 
6.809 
6.809 
6.810 
6.816 
4.254 
4.280 
4.281 
4.385 
4.599 
4.800 
4.988 

2.766 
2.761 
2.732 
2.732 
2.464 
2.258 
2.117 
1.842 
1.794 
1.637 
1.540 
1.538 
1.432 
1.245 
1.244 
1.153 
1.055 
1.055 
0.974 
0.974 
0.913 
0.913 
0.913 
0.913 
0.911 
0.911 
0.902 
0.902 
0.867 
0.798 
0.736 
0.681 

3.801 
3.812 
3.869 
2.370 
2.350 
3.331 
3.660 
4.436 
4.573 
5.022 
5.300 
5.304 
5.586 
6.109 
5.960 
6.176 
6.409 
6.350 
6.519 
5.590 
5.729 
4.810 
4.810 
4.500 
4.505 
4.506 
4.539 
4.270 
4.382 
4.604 
4.802 
4.980 

30.229 
12.658 
12.867 
12.871 
14.998 
16.838 
18.219 
21.253 
21 .838 
23.861 
25.200 
16.070 
17.086 
19.137 
19.144 
20.233 
21.471 
21.477 
22.557 
22.563 
23.425 
23.432 
23.433 
23.437 
23.458 
18.123 
18.231 
18.237 
18.675 
19.576 
20.418 
21.209 

in the Catalogue will be updated and completed at least twice a Any is 
invited to contact A. F. to get additional with any 

via e-mail We any comments 
and about catalogues atomic data bases not 

to in the catalogue. 

Stegun, A. (eds.) (1964) of Appl. 

A. I. and V. (1969) Quanium Nauka. 
Alam, and S. (1985) Sol. 96, 219. 

S. V. and (1973) 2 5 ,  137. 

55. 



D
ow

nl
oa

de
d 

B
y:

 [B
oc

hk
ar

ev
, N

.] 
A

t: 
14

:1
2 

13
 D

ec
em

be
r 2

00
7 

185 

S. V. and (1976) 47, 321. 
S. V. and R. (1985) 147, 331. 

Allen, C.  W. (1973) London Univ., The Athlone 
L. (1984) of New 

Allison, and A. (1965) 85, 845. 
Amaud, and R. (1985) 60, 425. 

A. and J. (1957) 70, 849. 
N. R. (1988) J. B. 21, 749. 

J.-, Zavagno, A., C., and (1995) 303, 175. 
and (1954) 67, 805. 
I. andchichkov,  W. (1980) J. 13, 565. 
J .  and S. (1974) 36, 27. 

R., Watson, W., and R. (1976) J. 205, 534. 
O., Lukoshyavichus, R. A., Nikitin, A. A., Z. and A. F. 

O., Nikitin, A. A., Z. and A. F. 23, 

(1971) 153, 471. 
(1972) 157, 211. 

R. (1972) 174, 511. 
A. (1965) J.  141, 1588. 
A. and Chidichimo, C. (1983) SOC. 203, 1269. 
A. and (1976) 174, 345. 
A. and A. S. (1976) 205, 

S. E., (1992) 155, 73. 
S. E., C., and A. (1979) J. 230, 
S. E., S., and A. (1977) 16, 500. 
S. E. and A. (1979) J. 234, 765. 
S. E. and A. (1980) 85, 144. 
S. E. and A. J. 241, 838. 
S. E., T. G., and A. (1980) J. 241, 442. 

J .  W. (1956) J. 124, 390. 
Chapman, R. and R. J .  W. (1971) J. 168, 169. 
Chapman, R. and J. W. (1972) J. 173, 243. 

R. Watson, W. and R. J. (1977) J. 213, 712. 
R. E. N. J. and A. (1982) 254, 412. 

Clegg, R. E. S. (1987) 229, 31. 
(1981) 23, 153. 

Cunto, W. and C. (1992) 23, 107. 
A. (1954) 67, 1010. 
A. (1984) London, New 
A. and S. E. (1978) 7, 129. 
A., S. E., and T .  (1980) 89, 379. 
A. and A. (1972) 10, 375. 
A. and A. (1982) 200, 77 . 

and Cox, (1972) J. 177, 855. 
K. and N. (1979) 51, 715. 
R. and G. (1953) 66, 655. 

G. W. F., G.  A,, and A. (1969) 180, 25. 
Egikyan, A. G.  (1984) 20, 341. 

G. (1952) 7A, 432. 
Escalante, V. and G. A. (1990) J. Ser. 73, 513. 
Escalante, V. and G. A. (1992) Dat .  Data  51, 1. 

G. (1980) 92, 596. 
G. (1986) 310, 
G. J. (1986) 98, 549. 

22, 555. 

427. 



D
ow

nl
oa

de
d 

B
y:

 [B
oc

hk
ar

ev
, N

.] 
A

t: 
14

:1
2 

13
 D

ec
em

be
r 2

00
7 

186 V. V. GOLOVATYJ et  al. 

Fehsenfeld, F.  and E.  (1972) J. Chem. 56, 3066. 
Field, G. and Steigman, G. (1971) Astrophys. 166, 59. 

R. (1967) Symp. 34, 77. 
and (1982) Astron. Astrophys. 106, 197. 

R. (1968) ZAU Symp. 34, 143. 
C., Natta, A.,  and F. (1987) Astron. Astrophys. Suppl. Ser. 

C., (1968) Astrophys. J.  Suppl. Ser. 17, 445. 
Golovatyj, V. V., A. A , ,  Feklistova, T. and A. F. (1991) Atomic Data 

Gaseous Estonian Academy of 

70, 269. 

for Spectroscopy Astrophysical 
Sciences, Tallinn. 

S. A .  (1976) Astrophys. J .  206, 658. 
V. Astrofizika 5, 213, 371. 
V. Astrofizika 5, 213, 371. 

F.  (1990) Transition and Lives of  Atomic and Levels, 

Gulyaev, S. A. (1990) Lines: Years of A. 

W.  T. N., and S. S. (1963) J.  Geophys. 68, 6203. 
J., Seaton, J., Adams, S., and Lutz, J. (1982) Astron. SOC. 199, 

(1970) Astrophys. J. 161, 1153. 
(1968) Astrophys. J .  152, 981. 
(1969) Astrophys. J .  157, 479. 

R. and L. J.  (1971) Atomic Data 2, 205. 
G. (1983) J .  Quant. Spectrosc. Transfer. 30, 281. 
G. and J. (1987) Astron. SOC. 224, 801. 

(1986) Tartu Astrophys. Obs. 51, 76. 
and Nugis, T. (1982) Tartu Astrofccs. 06s. Tented. 67, 3. 

Jacobs, V. L., J. ,  C., and Astrophys. 211, 605. 
Jacobs, V. L., J. ,  C., and Astrophys. J .  215, 690. 
Jacobs, V. L., J.,  J. E., and (1978) J. Quant. Spectrosc. 

Jacobs, V. L., J. ,  J.  E., and (1979) Astrophys. J.  230, 627. 
Jacobs, V. L., J. ,  J.  E., Cain, J., and (1980) Astrophys. J .  

Jain, N. and U. (1976) Sol. 50, 361. 
Johnson, L. C. (1972) Astrophys. J .  174, 227. 
Johnson, C. T., G., A. E. (1987) J .  B. 20, 2553. 
Johnson, R. and (1978) A.  18, 996. 

and A.  (1971) Astron. Astrophys. 14, 243. 
and Lynch, J .  (1980) Astrophys. J.  Suppl. Ser. 42, 611. 

J. (1976) Astrophys. J. Suppl. Ser. 31, 517. 
W. J. and (1961) Astron. SOC. 6, 167. 

A. F. (1981) Thesis, 
A. F. (1988) Stars and Objects, Tartu AstrofGcs. Obs. Teated d9, 

A .  F. (1990) H 11 i Techniki, 40, 85. 
A. F. (1996) Astronomy and Astrophys. (in 

F. ,  and Feklistova, T. Astron. Zh. 62, 936. 
F. and Feklistova, T. Baltic Astronomy, 1, 514. 

G. C., F. A. A., West, J .  and 

A.  J .  (1950) 0 Sovetskoj v (1940-1950), Tallinn, 316- 

A. J. (1952) Tartu Astrophys. Obs. 32, 63. 
L. (1992) Astron. Astrofis. 23, 45. 

and R. L. (eds.), 

517. 

Transfer. 19, 591. 

239, 1119. 

111.  

(1988) J.  B. 21, 

327 



D
ow

nl
oa

de
d 

B
y:

 [B
oc

hk
ar

ev
, N

.] 
A

t: 
14

:1
2 

13
 D

ec
em

be
r 2

00
7 

187 

L. (1995) SAO, Ser. 
Landidi, and F. C. (1971) Sol. 20, 322. 
Lang, (1974) Astrophysical Formulae, New 
Leibowitz, E. (1972) J. Quant. Spectrosc. Transfer. 12, 299. 
Levinson, and Nikitin, A. A. (1962) Teoreficheskomu Vychisleniju 

siunostej Linij Afomnyh Spektrah, LGU. 
Liu, and J. (1993) 71, 25. 
Liu, and J., (1993) Astron. SOC. 
Liu, J., J., and Clegg, R. E. S. (1995) Astron. Soc. 272, 

Lotz, (1967a) 206, 205. 
Lotz, (1967b) Astrophys. J. 14, 207. 
Lotz, (1968) 216, 241. 

G. (1974) Astrophys. J. 193, 37. 
G. (1988) Astrophys. J. Suppl. Ser. 66, 125. 

and (1976) Astron. Astrophys. 53, 83. 
R. and (1979) Astron. Asfrophys. 78, 177. 

C. F. (1973) Abstracts of papers 
C. (1983) Symp. 103, 143. 

D. H. and C. L. (1935) Astron. SOC. 96, 77. 
C. E. (1949) Atomic Levels, Cir 467. 

C. (1991) Astrophys. J .  Suppl. Ser. 77, 119. 
Nikitin, A. A. and A. F. (1986) Akad. Ser. Fiz. 50, 417. 
Nikitin, A. A., A. F., A. A., and Feklistova, T. (1994) Baltic Asfronomy 3, 112. 
Nikitin, A. A., Z. A. A., Feklistova, T. and A. F. (1988) 

Nikitin, A. A. and 2. (1983) of Theory Atomic and Spectra, 

Nikitin, A. A,, Feklistova, T. and A. F .  (1986) Tartu Astrophys. Obs. 51, 

Nikitin, A. A., Feklistova, T. and A. F. (1990) Tarfu Astrophys. Obs. 53, 

and Schild, (1981) Astron. Astrophys. 101, 118. 
and J. (1983) Astron. Astrophys. 126, 75. 

H. and J. (1984) Astron. Astrophys. Suppl. Ser. 56, 293. 
H. and J. (1986) Astron. Astrophys. Suppl. Ser. 

and J. (1987) Asfron. Asfrophys. Suppl. Ser. 
and J. (1988) Asfron. Astrophys. 193, 327. 

C. and C. 0. (1992) Astrophys. J.  390, 219. 
(1983) At. Dat. Data Tables 23. 

L., and (1985) Astron. Asfrophys. 
Oskinova, L. and A. F .  (1996) Vestnik, (in 

(1976) Astrophys. J.  203, 352. 
D. E. (1974) Astrophysics of Gaseous San 251. 

(1967) Astrophys. J. 150, 825. 
and S. (1987a) Asfron. Asfrofis. 
and S. (1987b) Asfron. A s ~ T o ~ ~ s .  

and Seaton, J. (1964) Astron. Soc. 127, 165. 
D. and S. V. (1986) Astron. Astrophys. 161, 169. 
D., S. V., and Stasinska, G.  (1978) Astron. Astrophys. 

and J.- (1994) Astron. Astrophys. 283, 593. 
and C. (1991) Asfron. Asfrophys. 

S .  (1984) nebulae, 
A. A. and (1986) of Atoms and Afomic 

(1963) J .  Geophys. 68, 1773. 

262, 699. 

369. 

Spectra the Tallinn, 

Nauka 

42. 

62. 

64, 545. 
69, 123. 

148, 299. 

14, 540. 
15, 117. 

63, 313. 

251, 680. 

(in 



D
ow

nl
oa

de
d 

B
y:

 [B
oc

hk
ar

ev
, N

.] 
A

t: 
14

:1
2 

13
 D

ec
em

be
r 2

00
7 

188 V. V. et  al. 

J., C. Wiese, W. L., and G. A. (1980) Wavelengths and Transition 

F. and S. T. (1979) Astron. Astrophys. Suppl. Ser. 
C. J .  (1988) Astrophys. J. 330, 1022. 

E. and Le J. (1990) Astron. Astrophys. 236, 515. 
S. V. (1969) Zzv. SAO 2, 63. 

Z. B., Nikitin, A. A,, and A. F. (1990) Theoretical Atomic Spectroscopy, 
Lgu. (in 

Sakhibullin, N. A. and Willis, A. (1978) Astron. Astrophys. Suppl. Ser. 31, 11. 
A. and (1974) Tartu Astrophys. 06s. 42, 272. 

C. L. (1986) 58. 
Seaton, J. (1955) Soc. 68A, 457. 
Seaton, J. (1958) 30, 979. 
Seaton, J. (1959) Astron. SOC. 119, 81. 
Seaton, J. (1964) Space Sci. 12, 55. 
Seaton, J. et d. (1992) Astron. Astrofis. 23, 19. 
Shevelko, V., A. Vainahtein, L. A., and A. (1983) R. Astron. SOC. 

Shull, J. and Van (1982) Astrophys. J.  Suppl. Ser. 
Silk, J. and R. (1971) Astrophys. J. 163, 495. 
Sobelman, I. I. (1977) in the Theory of Atomic Spectra, Nauka 
Sobolev, V. V. (1960) of Stars, Univ. 
Sobolev, V. V. (1985) Theoreticheskoi Astrofiziki, Nauka (in 

L. and J. L. (1951) Astrophys. J. 114, 407. 
Stasinska, G. (1984) Astron. Astrophys. Suppl. Ser. 55, 15. 
Steigman, G., and Geldon, F. (1971) Astrophys. J .  168 373. 
Steigman, G. (1975) Astrophys. J.  199, 642. 
Steigman, G. (1975a) Astrophys. J. 195, L39. 

J. (1981) Astron. SOC. 195, 27. 
J. (1994) Astron. Astrophys. 282, 999. 
J. and G. (1988) Astron. SOC. 231, 1139. 

Suchkov, A. A. and Shchekinov, Y. A. (1983) Astrofizika 19, 569. 
H . ( 1974) A p p  letio n Laboratory , . . 

C. (1971) Astrophys. J. 168, 713. 
C. Weisheit, J. C., and A. (1979) Astron. Astrophys. 71, 366. 

Theodosiou, C. E. (1987) At. Dat. Data Tables 36, 97. 
A., Yakovlev, G., and (1993) At. Dat. 

A., and (1994) Astron. Astrophys. Suppl. Ser. 108, 287. 
Watson, W. D. (1978) Ann. Astron. Astrophys. 16, 585. 
Weisheit, J. C. (1974) Astrophys. J .  190, 735. 
Weisheit, J. C. and Collins, L. (1976) Astrophys. J. 210, 299. 
Williams, R. (1967) Astrophys. J .  147, 556. 
Woods, D. I., Shull, J., and C. L. (1981) Astrophys. J.  249, 399. 

Atomic Zons, 68. 
40, 815. 

203, 45. 
48, 95. 

Data. Tables 55, 233. 



D
ow

nl
oa

de
d 

B
y:

 [B
oc

hk
ar

ev
, N

.] 
A

t: 
14

:1
2 

13
 D

ec
em

be
r 2

00
7 

189 

This appendix contains the list atomic 
and the elements. is a extended and updated of the 
list by (1993). We have paid special attention to 
and catalogues. to issued since 1991 in 
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Appendix B CATALOGUE 

of the atomic data can be data bases and catalogues 
of atomic data. The best known of these in this appendix. Special 
attention is to the atomic data base and atomic data base. 

many collections of atomic data, not included in the 
These include and agency 
etc. which can be to as miscellaneous atomic data 

They also to by Smith (1992) as a Such also 

B.1 

half a the main atomic data was the USA National 
tute of and Technology named the National of 

The best known editions of the 
level and multiplet tables cited by Johansson and Cowley (1988), (1992) and 
Wiese (1992a, b). 

atomic data collected at two data The is the 
Atomic Levels by W. C. They atomic data 

files including evaluated and compiled data on atomic en- 
levels and wavelengths, ionization potentials and values. The data 

on Atomic and Line Shapes headed by L. Wiese 
compile and evaluate data on and life- 
times and the shape of lines. Access to the atomic data base 

these files can be found is in the next section. 
Some the data published in 

Chem. Data by and Wiese (1992a, b). 
Commission 14 (Atomic and of the 

Union compile the including to data 
in the following fields: Atomic and Wavelength 
bilities, Collision Line and (see, 
e.g. 1991). 

of calculations of atomic data have been in Vzlnius, most of which 
cited in et al. (1990) (see, also, by and 

1994). 

Catalogues Atomic Data and Bibliographical Sources 

8.2 Atomic Data Bases 

Until and even now, most of the atomic data used by physi- 
cists and have been taken Now, some of the 
atomic data used by and physicists have become available 
cally. a of atomic data bases which can be using 

(file which can be with 
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B1. Atomic data bases 

Data 

Atomic 

Atomic 
nance lines 

Atomic 
nization base 

Atomic 
base 

base 

Cen- 
bases 

base 
on Atomic Line Shapes and Shifts 

Atomic and 
System 

base 
base 

Atomic 
base 

Atomic 
base 

Opacity 
base 

Fusion 
Atomic bases 

Systematic, 
cod. Calculations 

Uppsala 
bases 

Vienna Atomic 
Line base 

of 

of 

S t . hy . 
Tech. 

Tech. 

evo 
of 

of 
de 

nomiques de 

of 
de 

Atomic 
Agency, Vienna 

National 
National 
Fusion Science 
NASA 

System 
NASA 

System 
de 

nomiques de 
Oak National 

NASA 

Uppsala 

Vienna 

USA 

Canada WL, OS, 
damping cons- 
tants 

EL, WL 

USA EL, OS, WL 

LS, 

ElEx, CT, 

USA SF 

Japan ElEx, CT, 

USA EL, OS, WL 

USA OS, 

EL, OS, 

USA 
WL 

USA 

Sweden OS, SF, WL 

EL, OS, 

Note. A A A ,  data A A A ;  CT, EL, levels; 
ElEx, impact excitation; Ellon, impact ionization; heavy 

, line shapes and line shifts; miscellaneous 
and collision data; OS, photoionization sections; SF, 

WL, wavelengths. 

example, the atomic data base of the Opacity 
use of a specialized data base management 

system. 
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Access to atomic data bases 

www: 
www: 

A .  Faenov 
A. N. www: 
C. S. 

- 

A. Lesage 

L. Smith 

L. 

R. Janev 

L. 

A. 

J. 
C. 

Schultz 
T. 

- 

F. 

www: 
www: 
www: 

www: 

www: 

www: 

www: 

www: 

www: 

www: 
www: 
www: 

psm@.ripcrsOl.iaea.or.at 

fs.ac.jp 

ael@enh.nist .gov 

ti .nis t .gov 

) 

vald@galileo .ast .univie .ac .ut 
. 

*, is no access to the data base to have an with a 
one should send a to the Nagoya 464-01, 

Japan. 

To aid most of the existing data bases listed in Table This table 
is compiled mainly by (1996), Smith et. a/. (1996) and 
a compilation by Nave (1994). A updated list of atomic 
data and data bases on the can be found at the http://plasma- 
gate.  weizmann. html. Table how the above-mention data 
bases can be accessed. we also detail of some of the 
atomic data bases mentioned. 
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B.C.l 

The Vienna Atomic Line consists of a set of evaluated 
lists of atomic and ex- 

Lines of atoms and selected ions of elements 
to U included in the data base. contains about 600000 and is 

one of the collections of and homogeneous data. also includes 
specific tools data synthesis and model cal- 
culations. The data base is to lines which 

which the LTE is sufficient and lines do not 
have to be taken into account. The of the available data sets and 
specific tools in a by et al. (1995). The 
e-mail allows access to by 

The first step is to on the list of clients, which contains 
net e-mail will be accepted. To do 
so, send an e-mail message to the at the following VAL- 

with full name and e-mail ad- 
The detail of the typical can also be found 

in a et al. (1995) 

VALD: The Vienna atomic line data base 

B.2.2 

the Atomic and System, which con- 
tains atomic and collision and data is located 
at the Atomic Agency Vienna, The 
consists of the following data bases: 

and - and evaluated data; 
- Atomic and System con- 

taining 35 000 on atomic, and 
data of to fusion; 

Atomic and molecular data information system 

- with Atomic and news. 
A Labelled Atomic is the system adopted by the 

exchange of data since 1988 1990). The system is available on- 
line on the The is: (161.5.74.1). To 
access i t ,  telnet to this and login using: id: aladdin , al- 
addin. may with guest but may not save the 

into a file. to become a one can send an 
e-mail to is also available as a set of 

codes and data files which can be downloaded anonymous 
at ftp://ripcrsOl. iaea. or. at. Any comments suggestions welcome. 

B.3 Atomic Data Sources 

This of the is based mainly on the of Smith (1992). useful 
can also be the by (1986). 
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8.3.1 

The Atomic Agency in Vienna publish the 
tional Bulletin on Atomic and Data Fusion. The bulletin a 

compilation of to on atomic (and molecular) 
and collisions (many of these included in Appendix A). 

issues of the until 1988, semi-annual ones until No. 41 
in 1990, and a hiatus ended with the publication of Nos. 42-45. The most 
issue that the have seen is No. 49 (June 1995). The of the 
is J. who can be by e-mail 

Japan institute (it is now the National Fusion 
Science) then a compilations of atomic data fusion 

in the (1977-1988) and the issue has been continued with 
the The of these is who can be 
contacted via e-mail Some of the and 
have also been published in J.  Chem. Data. Atomic data compilations 

by the Japan Atomic mostly published in 
J. Chem. Data too. The is T. contactable via 
e-mail 

The data base at  the de 
maintains data which include to 

of and ionized atoms (and molecules) and to and 
collision The quests can also be sent by e-mail 

to gaphyor@lpgp.u-psud.fr but this is not of 

Laboratory, agency and society reports 

B.3.2 

Computational No. 7 by the Science and 
Council of the the on Analy- 

sis Astronomical Spectra, which includes data useful in mod- 
elling No. 17 contains a of plasma diagnostic methods 
using line intensity a useful of the most atomic data, a bibli- 

of the Opacity and a of data. The 
is C.  S. who can be contacted by e-mail 

Computational No. 2 on the Continuum States of 
Atoms and and on Applications to and pub- 
lishes the Quarterly for Atomic and Applications. 

W. Queen’s in (e-mail 
(capital and 

C. J .  Noble , e-mail DL.AC. 
and agencies have on atomic 

data fusion and They in a on 
mended data et al., 1985) and have been in the Queen’s 

Atomic by A. (e-mail 
VA X1 .A AC. 

and proceedings from symposia and workshops 
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A lot of useful can be the of meetings on 
Atomic and and plasmas; 
the last and fifth in a held in August 28-31, 1995 

e2 al., 1996). 

W., and A. (1985) Data from the 
Daresbury Atomic Data Workshop 

Canto, W., C., Oshenbein, F., and Zieppen, C. J. (1993) Astron. Astrophys. 275, L5. 
R. A. (1990) Atomic in Cod. 206, 63. 

Johansson, S. and Cowley, C. R. (1988) Opt. SOC. Am. 5 ,  2264. 
W. C. 1992, in Atomic and Data for Space Astronomy: Analysis and 

C. (1986) Astron. Soc. 96, 999. 
Nave, G. (1994) Data Bases and Compilations of Atomic Data of to Astrophysics a t  

E., F., T. A., Weiss, W. W., and C. S. (1995) Astron. 

Y .  V. (1996) 
2. and (1994) Baltic Astron. 3, 131. 
Z. Nikitin, A. A., and A. F. (1990) Theoretical Atomic Spectroscopy, 

S. (1991) Astron. XXA, 105 
Smith, L. (1992) of the First Symp. in the Universe, Oak 

September 1992, 387. 
Smith, L., Esmond, J. R., C., and R. L. (1996) of the 5th Colloq. 

on Atomic Spectra and Oscillator Strengths fo r  Astrophysical and Laboratory 
August 28-31. 

W.-U. L., J.-F., and Zeippen, C. J. (eds.) (1996) of Colloq. on 
Atomic Spectra and Oscillator Strengths fo r  Astrophysical and Laboratory plasmas, 

August 28-31, de de (in 
Wiese, W. L. (1992a) data fusion edge plasmas, Atomic and 

Data for Fusion, Supplement to Fusion, Janev (ed.), Vienna, 
p. 

Wiese, W. L. (1992b) data, Coupled in Analytical 
Atomic Spectroscopy, 2nd edn, A. and W. Colighty (eds.), New p. 451. 

Availability, L. Smith and W. L. Wiese (eds.), p. 121. 

the http: //cfa-www. 

Astroph. Suppl. Ser. 275, 525. 

Leningrad, Leningrad University ( in 
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C 

V. V. GOLOVATYJ et  al. 

25 .  The list of lines in the of gaseous nebulae 

A ( A )  (s-') 

919.78 
932.05 
933.38 S 
972.11 

977.03 C 
989.79 N 111 
991.51 N 111 
992.36 
998.43 

1000.16 
1012.67 
1020 Ne 
1022.6 
1025.27 

1031.91 0 
1037.02 C 11 
1037.61 0 
1072.99 S 
1084.58 N 
1084.94 
1085.70 N 
1175.71 C 
1176.37 C 
1194.50 Si 
1198.6 S V 
1201.97 S 111 
1206.51 Si 
1215.09 
1215.17 
1215.67 
1218.34 0 V] 
1238.82 N V 
1242.80 N V 
1247.38 C 111 
1256.52 C 111 
1259.52 S 
1264.74 
1302.17 01 
1304.37 
1304.86 01 
1306.03 01 
1309.28 
1335.71 
1343.51 
1371.29 OV 
1393.78 
1397.20 
1399.77 
1401.16 

972.54 

1025.72 1s 2 5 1 / 2  

2s 2 s 1 / 2  2 p , / 2  

2s 2s1/2 - 2 p 3 / 2  

2 p 3 / 2  - 2s1/2 

3~ - 3p2 
2pZ3p1 - 2 p 3 3 ~ 2  

2-5 

2 p 3 ~ 2 - 2 p 2 3 ~ 2  
2p - 2p2 

3p2 - 3p3 

2p3/2 - 2 p 3 / 2  

3S2 'so -3p  

3 2  s, - 3p 
2-4 
2-4 

2s1/2 2 p 3 / 2  

2s2 'so - 2p 3 ~ 1  

1.398+8 
6.719+7 
1.690+9 
3.550+6 
6.8 18 + 7 
1.775+9 
3.630+8 
4.332+8 
7.030+6 

1.560+7 
1.672+8 
4.163+8 
1.526+9 
4.095+8 
1.377+8 
2.629+8 
4.050+7 
3.494+8 

2.914+9 
1.640+5 
6.098+7 
2.550+9 
1.350+8 
1.350+8 
6.265+8 
2.210+3 
3.411+8 
3.378+8 
1.860+9 
1.040+8 
4.553+7 
2.512+9 
3.204+8 
5.776+8 
1.911+8 
6.352+7 
1.142+9 
2.864+8 
2.640+8 
3.480+8 
8.825+8 
5.815+1 
2.075+3 
1.466+3 

C 
C 
C 

C,Au 
c 
C 

C 
C 
C 
C 
C 

C ,Au 
C 

C,Au 
C 
C 

C 

C 
C 
C 
C 

R 
C,Au 
C,Au 
C,Au 

C 
C 
C 
C 
C 
C 
C 

C 
C 

C 
C 
C 
C 

RJ30 

R80 

R80 

n584 

1 

kh81 



D
ow

nl
oa

de
d 

B
y:

 [B
oc

hk
ar

ev
, N

.] 
A

t: 
14

:1
2 

13
 D

ec
em

be
r 2

00
7 

211 

25. Continued 

A ( A )  (s-l) 

1402.77 Si 
1404.81 0 
1407.39 0 
1483.3 N 
1486.50 N 
1503.7 [Na 
1529.1 [Na 
1548.20 C 
1550.77 C 
1574.9 [Ne V] 
1592.7 [Ne V] 
1608.8 [Ne 
1609.0 [Ne 
1620.05 C 111 
1640.33 I1 
1640.47 He 
1640.49 
1641.3 0 I] 
1661.17 0 
1666.52 
1711.30 Si 
1718.55 N 
1746.82 N 1111 
1748.61 N 1111 
1749.67 N 
1751.22 N 
1753.99 N 1111 
1760.40 C 11 
1793.8 [Ne 
1808.01 Si 11 
1814.7 [Ne 
1816.93 Si 
1817.45 Si 
1854.72 A1 
1862.79 A1 
1867.4 [F 
1875.5 [F 
1883 Si 1111 
1889.3 [F 
1892.03 Si 
1906.68 C 
1908.73 C 
1922.93 C 
1939.6 [F 
1939.6 [F 
2009.57 C 
2010.09 C 
2112.0 [Ca 
2139.01 N 
2225.61 [F 
2226.0 [Ca 

39 2p1/2  

2p3/2 - 4p3/2 
2p3/2 - 

2s2 ‘so - 2p 3 ~ 2  

2p4 p2 - 2p4 so 
2p4 3 - 2p4 1 so 

2s - 
2p2 3 - 2p2 1 so 
2p2 p2 - 2p2 so 

- 2 ~ 1 1 2  

2.9 2p3/2 

- 2p3/2 

3p -4d 
2-3 
2-3 
2-3 
-3s 

2p2 3 ~ 1  - 2p3 5 ~ 2  

2p2 p2 - 2p3 5 ~ 2  

2D5/2 - 5f 
2p 

- 4p3/2  

2p3/2 - 4p5/2 
2p3/2 - 4p3/2 

- ‘ 4 / 2  

2~ 2 p 3 / 2  -2p2 

2p‘ p2 - 2p4 so 

2p4 3 ~ 1  - 2p4 

2D5/2 - 2p3/2 

2D3/2 

2p3/2 
2p3/2 2D3/2 

3s 2p3/2 

3s 
2p2 p0 - 2p2 so 
2p2 3 - 2p2 1 so 
3s2’sO -3p 3 ~ 2  

2p2 p2 - 2p2 so 
3 2  so - 3p 3 

2s2 so - 2p p2 
2 2  ‘So - 2p 3 

2p3 - 2p3 
3p 3 4  

-4s 3.91 

2p2 3 ~ 1  - 2p3 5 ~ 2  

2p4 p2 - 2p4 so 
3p2 p2 - 3p2 so 

-4f 
- ‘p3/2 

-3p2’so 

8.656+8 
4.414+2 
2.120+3 

5.773+2 

0.710+1 
2.654+8 
2.641+8 
0.421+1 

0.127+1 

8.520+8 
7.060+8 
7.060+8 
7.060+8 

2.369+2 
5.845+2 

2.540+8 
8.950+0 
3.390+2 
2.510+2 
5.900+ 1 
3.640+2 
3.500+7 
3.940-3 
5.639+6 
2.000+0 
6.668+6 
1.110+6 
5.432+8 
5.361+8 

1.100+0 
1.200- 2 
2.300-3 
1.670+4 

7.520+1 
7.720+8 
0.260+0 
0.1 oo+o 
6.860+8 
6.860+8 
3.400+1 
5.700+1 

0.250+0 

1.150-2 

1.050-2 

6.690-3 

5.210-1 

5.190-3 

1.600-3 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C,Au 
C,Au 

C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C , 

C 
C 

C 
C 
C 
C 

n584 

R80 

G68 

G68 

n584 
G68 
G68 
n584 
n584 
G68 

G68 
G68 
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212 V. V. GOLOVATYJ et  al. 

25.  Continued 

A ( A )  

2242.61 
2252.69 
2280.0 
2296.87 
2306.19 
2321.08 
2325.40 
2328.12 
2331.55 
2334.40 
2334.61 
2350.17 
2366.8 
2385.40 
2399.2 
2412.4 
2416.5 
2421.8 
2436.2 
2438.6 
2441.6 
2444.5 
2458.8 
2465.2 
2470.32 
2470.41 
2471.7 
2479.2 
2481.0 
2482.3 
2484.2 
2492.3 
2494.5 
2506.4 
2506.8 
2508.3 
2511.20 
2512.0 
2514.5 
2519.4 
2548.2 
2562.5 
2582.6 
2585.9 
2591.5 
2593.5 
2593.60 
2595.68 
2598.4 
2599.4 

[F  II] 

[Ca VI 

[O 1111 
c 111 
c 111 
(0 1111 
Si II] 
Si 111 
Si 111 

II-P6 
Fe I1 

11-Pc 

c I11 
HeII-P, 

VI] 

P a  VI 
Vl 

[Ne IV] 
Fe I1 
[Ne IV] 

Fe I1 
Fe I1 
Fe I1 

VIIl 

[O 111 
[O II] 

VII 
Fe I1 
Fe I1 
Fe I1 
Fe I1 
Fe I1 

Fe I1 
Fe I1 
Fe I1 

11-P, 

VI 

VIII 
VI 

Fe I1 
Fe I1 
Fe I1 
Fe I1 
Fe I1 
Fe I1 

Ne I11 
Ne I11 
Fe I1 
Fe I1 

IVI 

0.490+0 
8.250+ 5 
0.145+0 
1.490+8 
1.43O+6 
0.223+0 
4.320+1 
6.550+1 
7.850-4 
4.550+3 
2.400+3 
3.000+3 
1.600+1 
2.640+6 
1.366+8 
2.310+1 
4.230+0 
5.540-3 

4.840-4 
1.600-4 

0.232-1 
0.564-1 
0.140+0 

5.190+0 

5.370+6 
1.050+0 
2.140+0 

8.046+ 7 

0.817-1 

1.307+8 

C 
R 
C 

R 
C 
C 
C 
C 
C 
C 
C 
C 
R 
C 
C 
C 

C,Au 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
R 
C 
C 
C 
C 
C 
C 
C 
C 
C 
R 
R 
C 
C 

G68 
R80 

R80 

k180 

G68 

R80 
k180 
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25.  Continued 
~~~ ~ 

(4 
2604.0 
2605.0 
2606.5 
2607.1 
261 1.9 
2613.8 
2617.6 
2620.4 
2625.6 
2628.3 
2631.0 
2631.3 
2663.27 
2669.16 
2690.82 
2696.12 
2709.4 
2711.2 
2711.8 
2712.4 
2714.4 
2716.7 
2723.19 
2724.9 
2727.5 
2730.7 
2732.4 
2733.30 
2739.5 
2741.7 
2743.2 
2746.5 
2747.0 
2749.2 
2749.3 
2749.5 
2754.9 
2755.1 
2755.7 
2763.80 
2767.5 
2767.5 
2768.9 
2771.2 
2776.9 
2783.2 
2785.2 
2785.76 
2790.6 
2790.78 

Fe I1 
Fe I1 
Fe I1 
Fe I1 
Fe I1 
Fe I1 
Fe I1 
Fe I1 
Fe I1 
Fe I1 
Fe I1 
Fe I1 

I 
A1 I1 

I 
Fe I1 

Fe I1 
Fe I1 
Fe I1 
Fe 11 

I 
Fe I1 
Fe I1 
Fe I1 
Fe I1 

11-PB 
Fe I1 
Fe I1 
Fe I1 
Fe I1 
Fe I1 
Fe I1 
Fe I1 
Fe I1 
Fe I1 
Fe I1 
Fe I1 

I 
Fe I1 
Fe I1 
Fe I1 
Fe I1 
Fe I1 

Fe I1 

Fe I1 
Mg I1 

IVI 

[Mg  VI 

(s-') 

1.658+8 
1.089+8 
1.988+8 
4.364+7 
3.590+6 
3.353+7 
8.560+7 
7.682+7 
6.032+7 
3.190+5 
3.330+3 
6.550+0 
5.790+5 

1.000+1 

8.170+5 

1.250+7 

1.200+6 

1.850+0 

0.569-1 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 

M91 
M91 
M91 
M91 
M91 
M91 
M91 
M91 
M91 
T87 
M91 
KL80 
T87 

M83 

T87 

T87 

M83 
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214 V. V. GOLOVATYJ 

Table 25. Continued 

A ( A )  (s-') 

2795.53 
2797.99 
2802.70 
2803.3 
2818.68 
2829.08 
2836.34 
2839.5 
2845.5 
2848.1 
2848.3 
2851.7 
2853.68 
2856.4 
2856.9 
2865.5 
2868.18 
2886.2 
2888.1 
2916.2 
2922.0 
2926.6 
2928.7 
2930.0 
2933.1 
2944.1 
2945.11 
2945.3 
2953.8 
2958.36 
2964.6 
2965.0 
2970.5 
2972.29 
2972.56 
2973.4 
2978.83 
2979.1 
2979.3 
2984.8 
3002.7 
3005.22 
3023.45 
3024.57 
3047.13 
3059.30 
3062.83 
3070.55 
3109.16 
3118.61 

I1 

I1 
[Na 
0 I11 

0 
Fe 
Fe 
Fe 
Fe 
Fe 11 

Fe I1 
Fe I1 
Fe 

Fe 
Fe 
Fe 
Fe 
Fe 

[F 
[F 
Fe 

Fe 
Fe 

Fe 
Fe 
Fe 

N 

N 
Fe I1 
Fe 
Fe 
Fe 

1111 
0 
0 
0 
0 

[O 

10 

"e 

" 
" 111 
[Cl 

1111 

2.612+8 

2.592+8 
3.460+0 
6.980+5 
1.860+6 
8.710+6 

2.110+0 

0.862+0 

0.541+0 
1.300-3 
1.300-4 

3.080+6 

2.880-4 

0.732-1 
6.310+7 
2.850+0 
3.6004-7 

0.417-1 
5.100+7 
6.560+ 7 
1.610+8 
9.650+7 

1.510-4 
3.910+0 
2.470+0 

0.338-1 

C 

C 
C 

B,R 
R 

B ,R 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
R 
C 
C 
C 
C 
C 
C 
C 

C 
R,D 
C 
C 
C 
C 
C 

B,R 

B,R 
B,R 
C 
C 
C 
C 

E84 
T87 
E84 

G68 
G 68 

T87 

NS84 

NS84 

E84 
E84 
E84 
E84 
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25. 

X ( A )  

3121.71 0 111 
3132.86 0 
3183.1 Fe 
3187.74 He 
3196.1 Fe 
3203.10 
3203.60 [Cl 
3241.67 [Na 
3260.98 0 
3265.43 0 
3299.36 0 
3300.0 [Ne V] 
3306.63 N 
3312.30 0 111 
3319.00 [Fe 1111 
3334.84 [Fe 1111 
3334.84 Ne 
3340.74 0 111 
3340.81 [Fe 1111 
3342.55 [Ne 1111 
3342.85 [Cl 
3345.86 [Ne V] 
3349.12 0 
3350.68 0 
3350.99 0 111 
3353.21 [Cl 1111 
3355.05 Ne 
3355.05 [Fe 1111 
3362.20 [Na 
3381.24 0 
3382.69 0 111 
3385.50 0 
3396.67 0 
3403.54 0 
3404.82 Ne 
3405.74 0 
3407.38 0 
3407.38 0 
3407.96 0 
3409.60 0 
3411.69 0 
3415.18 0 
3416.2 [Na 
3425.97 [Ne V] 
3428.67 0 111 
3430.60 0 111 
3433.9 0 
3444.10 0 111 
3447.59 
3450.40 0 
3455.20 0 

1.240+8 
1.360+8 

5.420+6 

3.520+7 

0.610+0 
2.040+8 
2.240+8 
2.090+7 

7.980+7 
5.780+7 

0.262- 1 

2.370- 5 

7.970+7 

2.710+0 
0.754+0 
0.131+0 
1.330+8 

0.305+0 
1.3OO+8 

0.186+0 

8.060+7 
1.900+8 
2.070+7 
4.080+7 
4.080+ 7 
8.200+7 

1.030+8 
2.560+7 

0.365+0 
9.840+6 
3.120+ 7 
5.910+8 
5.820+7 
2.230+6 

2.240-5 

E84 
E84 

T87 

k180 

E84 
E84 
E84 

n584 
E84 

E84 

n584 

n584 

E84 
n584 
n584 
E84 

n584 
E84 

E84 
E84 

E84 
T87 
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216 V. V. GOLOVATYJ et al. 

25.  Continued 

A ( A )  

3466.50 [N 
3466.54 [N 
3471.81 
3478.71 N 
3478.96 
3485.5 
3487.72 
3488.1 
3498.64 
3500.4 
3503.0 
3512.51 
3530.49 
3532.2 [F 
3554.34 Ne 
3554.41 
3568.53 Ne I1 
3583.0 [C 1111 
3586.0 [Fe 
3587.27 
3609.62 C 111 
3613.64 
3634.23 
3634.37 
3657.68 
3658.56 
3659.46 
3660.34 
3661.28 
3662.25 
3662.50 [Fe VT] 
3663.35 
3664.67 
3666.15 
3667.66 
3669.46 
3671.48 
3673.76 
3675.0 [C 1111 
3676.36 
3679.35 
3682.81 
3686.83 
3688.0 [Ca 
3690.07 
3691.55 
3694.21 Ne 

3698.07 Ne 
3698.72 
3701.77 Ne 

3697.15 

3703.85 

- 2p3/2 
4s3/2 - 
2p - 

- 15d 

- 14d 

3s -3p 3 ~ 2  

- 2p3/2 

- 2p3/2 

2p3 2D.5/2 - 2p3 
2p3 - 2p3 

2 p 3 ~ -  1 2 d 3 ~  

2p2 - 2p2 'So 

- 10d 3 D  
- 2F7/2 

3d2(a3F3 - a'G4) 

2p - 9d 
4p - 5d 0 3  

2s 1 s, - 5p 

-3p4'So 

2-35 
2-34 
2-33 
2-32 
2-31 
2-30 

3d3(a4F7/2 - 
2-29 
2-28 
2-27 
2-26 
2-25 
2-24 
2-23 

2-22 
2-21 
2-20 
2-19 

3p4 - 3p4 so 

3p2 - 3p2 
4-36 
2-18 

3s 4p5/2 - 4 p 5 / 2  

2-17 
3d 4p3/2 - 5~ 

4-33 

2-16 
2p3/2  - 3d 

6.580-3 
2.710-3 
3.140+5 
1.100+8 
3.820+5 
2.400+0 
4.710+5 
3.800+0 
5.900+ 5 
0.150+0 
2.500+0 
7.520+5 
9.810+5 
2.100+0 

1.310+6 
1.400+8 
0.197-1 

1.810+6 
9.090+7 
3.740+6 
2.320+6 
1.450+8 
1.320+2 
1.520+2 
1.770+2 
2.060+2 
2.420+2 
2.850+2 

3.380+2 
4.020+2 
4.830+2 
5.830+2 
7.100+2 
8.710+2 
1.080+3 
1.310+0 
1.350+3 
1.700+3 
2.170+3 
2.810+3 
4.300+0 
9.660+2 
3.690+3 
1.000+8 
4.910+3 

1.500+3 
2.700+7 
6.660+3 

C 
C 

R 
C 
R 
C 
R 
C 
C 
R 
R 
C 
R 
R 
R 
C 
C 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
C 
R 
R 

R 
R 
R 
C 

R 
C 

R 

T87 
R80 
T87 
G 68 
T87 
G68 
T87 
G68 
G68 
T87 
T87 
G68 

T87 
R80 

T87 
n584 
T87 
T87 
T87 

G68 

R80 

R80 
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25.  

A ( A )  (s-') 

3705.00 
3705.15 
3707.24 0 111 
3709.52 0 
3709.52 Ne 
3711.97 
3715.08 0 
3715.15 
3715.46 Ne 
3720.72 Ne 
3721.88 [S 
3721.94 
3726.19 [0 111 
3729.11 [0 111 
3731.60 0 
3732.34 Ne 
3732.82 
3732.86 
3733.01 
3734.37 
3736.85 0 
3740.22 
3740.30 [Fe 
3745.91 N 
3747.86 Ne 
3748.60 
3750.15 
3754.67 0 
3757.21 0 
3758.14 
3759.0 [Fe 
3759.87 0 
3768.07 
3768.78 He 
3770.63 
3773.98 [Fe 
3774.00 0 
3777.07 [Fe V] 
3777.07 Ne 
3781.62 F 
3781.68 
3783.47 [Fe V] 
3784.86 
3791.26 0 
3795.23 [Fe V] 
3796.3 Si 
3796.33 He 
3796.7 [S 114 
3797.90 
3805.74 
3810.80 0 

2p - 7d 
2p3pO 

2-15 

- 7s 2p3/2 

3d 2F5/2  - 
-3p''So 

"3/2 - 
- 

4-29 

2-14 

2p3/2 - 3d 'F3p 
4-26 

2p 3 ~ , , 2  -7s 
2p 3 p0 - 7 2  s, 
2p - 13d 

-3d"Fgl~ 

3d'Fglz 
3 ~ " ~ 1 / 2  - 3p' 

4-25 

3d 2p1/2 - 
4-24 

2p - 12d 
3s -3p 
39 -3p 

4-23 
3d2(a3F4 

2p - 13d 
2p - l l d  

3d' F3/2 - 3d 

3s' - 3p' F3 

-3d3F3 

-3d3F2 
4p -4d 

2p - 10d 

4-22 

3S'pi/2 

4-21 

4-20 

3.520+6 
2.200+6 
7.740+ 7 

1.100+8 
9.210+3 
9.810+7 
2.870+3 

0.796+0 
1.300+4 
1.650-4 
3.820-5 
2.150+6 

4.980+3 
1.290+6 
1.610+5 
1.880+4 

6.060+3 

7.450+3 
2.820+4 
8.270+7 
6.120+7 
9.240+3 

1.080+8 
1.160+4 
4.320+5 
4.370+4 

4.290+ 7 

1.460+4 

5.550+5 
2.490+7 

1.880+4 

7.080+4 
7.240+5 

0.105-1 

R 

B 3 
R 

C 
R 

R 

C 

C 

C 

C 

C 

C 

C 

T87 
T87 
E84 

R80 

E84 
R80 

k180 

E84 

R80 
T87 
T87 

R80 

E84 
E84 

€384 

"87 

E84 

T87 
E84 

k180 

T87 



D
ow

nl
oa

de
d 

B
y:

 [B
oc

hk
ar

ev
, N

.] 
A

t: 
14

:1
2 

13
 D

ec
em

be
r 2

00
7 

218 V. V. GOLOVATYJ et  

25. Continued 

A ( A )  A (s-') 

3813.49 
3814.56 F 
3819.61 
3819.76 
3829.75 Ne 
3829.79 N 
3833.55 
3833.78 
3833.80 
3835.38 
3839.27 [Fe V] 
3842.82 0 11 
3851.20 [Fe V] 
3853.66 Si.11 
3856.02 Si 
3857.81 Ne 
3858.07 
3862.59 Si 
3867.48 
3867.63 
3868.76 [Ne 1111 
3871.79 
3875.50 0 
3883.82 C 
3885.94 C 
3887.44 
3887.57 N 
3888.65 
3889.05 
3891.28 [Fe V] 
3895.22 [Fe V] 
3918.98 C 11 
3920.69 C 11 
3923.48 
3924.47 Si 111 
3926.53 
3954.37 0 
3956.74 0 
3960.7 [F 
3961.59 0 111 
3964.73 
3967.47 [Ne 1111 
3968.43 
3970.07 
3996.3 [CaV] 
3997.4 [F 
4003.58 N 
4007.91 [Fe 1111 
4009.27 
4011.60 V] 
4012.7 [Ne 1111 

4-19 
3p' - 3d' S1 

2p -6d 
2p3p0 

3p 3 ~ 1  -4s 3 ~ 2  

3~ -3d 

2p ' - 10d 
2-10 
4-18 

2p 
3d4(a5 - a3 

3~ -3d 
-3d3F2 

2p3/2 
'p3/2 

-4d 

2 p 1 / 2  

2p -6s 3S1 

-6s3S1 
2p4 - 2p4 
2p 'q  

4d -5f 
4d3& 

3s 2p1/2 

2-8 

4-17 

-3d2F5/2 

4-16 

2s 3S1 -3p 3 ~ o - 2  

- 3 F 4  

5n3 
3~ 2p1p - 4s S1p 
3~ - 4s 4 1 2  

4-15 
4f -59 

3s' - 3d' 
2p2 - 2p2 
3p -3d 

3s 2p1/2 2p1/2 

2s -4p 
2 p 4 3 ~ 1  

4-14 
2p 

3p4 - 3p4 So 
2p2 - 2p2 

4d 2F7/2 
a5 0 4  - a3 

- 2p3/2 

2p4 p0 - 2p4 

2.440+4 

5.720+6 
3.580+6 
8.400+7 
1.500+7 
9.720+5 
2.850+5 
3.210+4 
1.210+5 

1.460+7 

4.300+4 

2.120+6 
2.640+5 
0.171+0 
1.350+6 

9.030+7 
9.560+7 
5.860+4 
6.410+6 
9.120+6 
2.210+5 

1.810+8 
1.810+8 
8.160+4 

1.950+6 
4.320+7 

6.400 - 6 
1.500+8 
6.830+6 
0.542-1 
1.160+5 
4.390+ 5 
3.730+0 

1.820+8 

2.980+6 

0.340- 1 

8.510-6 

R 

R 
R 
R 
R 
R 
R 
R 
R 
C 
R 
C 
R 
R 

R 
R 
R 
R 
C 
R 

R 

R 
R 
C 
C 

R 

R 

C 
R 
R 
C 

R 
C 
C 

C 
R 
C 
C 

T87 
T87 
R80 

T87 

n584 

"87 
T87 

T87 

n584 
n584 

n584 
T87 
577 

T87 
n584 

G68 
E84 
T87 

577 

G68 
n584 

T87 
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Table 25. Continued 

x i (s-l) 

4025.60 
4026.13 
4026.36 
4033.18 0 
4035.09 0 
4046.5 [Fe 1111 
4047.80 0 
4056.06 C 
4057.76 N 
4060.2 [F 
4068.7 [S 111 
4068.91 C 
4069.64 0 
4069.90 0 
4070.26 C 
4071.3 [Fe V] 
4072.16 0 11 
4073.90 0 111 
4076.20 [S 
4077.78 C 
4078.86 0 
4081.10 0 111 
4085.12 0 
4087.16 0 
4089.29 0 
4092.80 0 
4097.0 [K 
4097.33 N 
4100.04 
4101.74 
4102.94 Si 
4103.43 N 
4107.07 0 
4115.83 Si 
4119.22 0 
4120.82 
4120.55 0 
4120.99 
4121.84 C 
4122.46 [K V] 
4128.75 [Fe 
4143.76 
4146.06 0 
4152.51 C 111 
4156.45 0 
4156.49 C 
4157.5 
4162.86 C 
4163.05 V] 
4163.30 [K V] 
4168.97 

1.710+5 
1.030+7 
6.440+6 
2.300+7 

2.200+7 
2.520+8 
7.080+7 
0.098+0 
0.225+0 
3.070+8 
1.420+8 
1.520+8 
3.270+8 

1.740+8 
3.110+7 
0.906-1 

5.680+7 
4.140+7 
4.950+7 
2.240+8 
2.620+8 
2.900+7 
4.1 OO+O 
1.190+8 
2.590+5 
9.730+ 5 

1.190+8 
3.790+3 

1.480+8 
3.860+6 
7.600+6 
4.820+5 
1.090+8 
4.590-3 

4.910+6 

1.090+8 
4.350+7 
1.150+8 
2.100+0 
1.300+8 

0.884-1 
1.100+6 

R 
R 
R 

C 
R 

R 
C 
C 

R 
R 
R 
C 
R 

C 
R 
R 
R 

R 
R 
C 
R 
R 
R 
C 
R 
R 
R 

R 
R 

C 
C 
R 
R 

R 

C 

C 
C 
R 

R80 
T87 
t137 
n584 

n584 
kh81 
kh81 
G68 

n584 
n584 
n584 
n584 

n584 
n584 

n584 
n584 
n584 
R80 
R80 
n584 
G68 

R80 
577 

n584 

R80 
T87 
n584 
T87 
n584 

T87 

kh81 
n584 
kh81 
G68 
kh81 

T87 
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220 V. V. GOLOVATYJ et 

25. Continued 

A ( A )  (s-') 

4180.59 [Fe V] 
4185.46 0 11 
4186.90 C 
4189.79 0 
4195.76 N 
4199.83 
4227.19 [Fe V] 
4229.27 [Fe V] 
4244.0 [Fe 111 
4247.31 C 111 
4253.74 0 
4253.98 0 11 
4267.00 C 
4267.26 C 11 
4275.52 0 
4276.71 0 11 
4276.71 0 11 
4276.71 0 111 
4287.0 [Fe 
4295.24 0 
4303.83 0 
4325.56 C 111 
4338.67 
4340.47 
4349.43 0 
4359.0 [Fe 
4363.21 [0 
4366.84 0 11 
4368.25 0 
4379.11 N 
4387.93 I 
4414.91 0 11 
4416.98 0 11 
4437.55 
4447.99 0 
4452.73 0 
4471.48 He 
4471.68 
4481.13 
4491.25 0 11 
4506.9 [S 
4510.94 [K 
4514.86 N 
4516.77 C 
4518.15 N 
4523.58 N 
4534.58 N 
4541.59 
4544.85 N 
4552.00 Si 111 

4.310+8 
1.980+8 

4.090+5 

1.060+7 

2.220+8 
2.38o+a 

1.820+8 

8.070+7 
6.760+ 5 
2.530+6 
7.400+7 

1.780+0 

3.560+8 
9.100+6 
1.150+8 
9.500+7 
3.210+6 

2.190+7 
1.370+7 

1.100+8 
8.230 - 3 
3.180+0 

1.660+8 

1.210+6 
8.290+7 

NS84 

NS84 

NS84 

s77 

NS84 
T87 

T87 

T87 
T87 

NS84 

NS84 

NS84 
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25. 

A ( A )  

4562.60 
4568.50 0 
4571.10 I] 
4571.0 [Ca 
4589.0 [S 
4590.97 0 
4596.17 0 11 
4603.73 N V 
4606.6 [Fe 

4618.40 C 11 
4619.98 N V 
4620.10 c 11 
4621.39 N 
4621.57 [C I] 
4624.93 V] 
4627.35 [C 
4631.89 0 
4634.14 N 
4640.64 N 
4641.85 N 
4647.42 C 111 
4649.14 0 
4650.25 C 111 
4651.47 C 111 
4658.0 [Fe 1111 
4658.30 C 
4661.63 0 
4663.64 C 111 
4665.61 C 
4665.86 C 111 
4669.20 
4673.75 0 
4676.23 0 11 
4678.14 N 
4685.71 
4701.3 [Fe 1111 
4711.15 
4713.14 
4713.38 
4714.3 [Ne 
4715.7 [Ne 
4724.3 [Ne 
4725.7 [Ne 
4733.0 [Fe 1111 
4736.6 II] 
4740.18 
4754.90 [Fe 1111 
4789.45 [F 
4859.32 
4861.29 
4868.99 [F 111 

4.130-4 

1.800+2 

0.350+0 
8.510+7 
7.940+7 
4.120+7 

2.550+8 
4.080+7 

9.000+7 

3.290+0 

2.100-4 

2.710-3 

5 

5.660+7 
6.790+7 
1.130+7 
7.180+7 
8.570+7 
7.180+7 
7.1 80+7 

5.200+7 

1.430+8 

1.770-3 
8.270+6 
1.030+6 
0.400+0 
0.115+0 
0.437+0 
0.393+0 

0.223-1 

0.038+0 
2.280+6 
8.420+6 
0.012+0 

C 

C 
C 
C 

C 

C 
C 
C 

R 

C 

R D  
C 

C 
C 

C,Au 
C,Au 
C,Au 
C,Au 

C 
C 
C 
C 
C 

C 

G68 

n584 
n584 

n584 
R80 

k180 

n584 
n584 
n584 
n584 

R80 

T87 
T87 

G68 

577 
G68 
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25.  

A ( A )   on (s-') 

4893.42 [Fe 
4904.80 N 
4904.56 [F 
4906.60 0 11 
4921.93 
4930.27 0 V 
4931.78 [0 
4938.6 [Ca 
4944.6 [Fe 
4959.52 [O 1111 
4972.47 [Fe 
4988.8 [Fe 
5007.57 (0 1111 
5015.67 
5032.07 C 11 
5041.0 [Fe 
5041.03 Si 11 
5047.74 
5055.98 Si 11 
5114.07 0 V 
5145.75 [Fe 
5151.0 [Fe 
5158.9 [Fe 
5176.04 [Fe 
5191.8 1111 
5197.90 [N 
5200.26 [N I] 
5269.2 
5270.3 [Fe 
5277.8 [Fe 
5309.2 [CaV] 
5323.3 [C 
5335.18 [Fe 
5411.52 
5424.22 [Fe 
5426.64 [Fe 
5484.84 [Fe 
5517.72 [Cl 1111 
5537.89 [Cl 1111 

5592.37 0 111 
5603.2 [K 
5614.7 [Ca 
5631.07, [Fe 
5666.63 N 
5676.95 [Fe 
5679.56 N 
5695.92 C 111 
5696.4 [Fe I] 
5721.1 [Fe 

5577.34 [O 

4.100- 6 

1.990+7 

2.740- 6 
1.200+0 

6.740 - 3 

0.196-1 
1.310+7 

9.800+7 
6.670+6 

1.700+7 

2.590+0 
2.020- 5 
7.270-6 
1.100-4 

1.900+0 
2.800+0 

4.860+6 

7.040-4 
4.830- 3 
1.220+0 
4.120+7 
0.530+0 
2.500+0 

4.230+7 

5.600+ 7 
4.980+ 7 

C 

C 

R 
R 
C 
C 
C 

C,Au 
C 
C 

C,Au 

C 
R 

R 
R 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

C,Ch 
C 
C 
C 
R 
C 
R 

C 
C 

G68 

T87 

G68 

T87 

T87 

G68 

k180 

E84 
G68 
G68 

kh81 
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25. 

A ( A )  (s- l )  

5721.2 [F 1111 
5733.0 [F 1111 
5733.0 [F 1111 
5754.59 [N II) 
5776.4 
5784.94 
5789.72 
5794.88 
5800.48 
5801.33 C 
5806.56 
5811.98 C 
5813.19 
5820.43 
5828.36 
5837.06 
5846.65 
5857.26 
5863.0 V] 
5867.82 Si 
5869.02 
5875.62 
5875.97 
5882.12 I1 
5889.77 C 
5891.0 V] 
5894.0 
5896.78 
5913.24 
5931.83 
5952.93 
5977.02 
6004.72 
6036.78 
6074.19 
6086.9 [CaV] 
6086.9 [Fe 
6101.8 
6118.26 
6133.42 V] 
6152.9 [C 1111 
6166.2 V] 
6170.69 I1 
6218.6 V] 
6221.0 V] 
6223.0 V] 
6228.4 
6233.82 
6300.30 [0 
6310.85 
6312.1 [S 1111 

- 

- 2p312 
2D3/2 - 2p1/2 

2p2 - 2p2 SQ 
3d2 - 3d2 

5-40 
5-39 
5-38 
5-37 

5-36 

5-35 
5-34 
5-33 
5-32 
5-31 
5-30 

3s2S1/2 

3s2S1/2 

3d3 ‘F7l2 - 3d3 2G7/2 

4s4p5p  -4p4p512 
5-29 

2p -3d 
2p - 3d 

5-28 

3d - 2p3/2 
3d3 - 3d3 2Gg/2 

3d2 F - 3d2 
5-27 
5-26 
5-25 
5-24 
5-23 
5-22 
5-21 
5-20 

3p‘ - 3p4 
- 0 2  

3p4 - 3p4 

3p2 - 3p2 

3d3 - 3d3 

3d3 -3d3 
3d3 -3d3 ‘4 

- 2p3/2 
3p2 - 3p2 

2p‘ - 2p4 D2 

5-19 

3p4 - 3p4 SQ 

5-18 

5-17 

5-16 
3p2 - 3p2 SQ 

0.160+0 
0.114+0 
1.120+0 

4.630+2 
5.260+ 2 
6.000+2 
6.860+2 
3.190+7 
7.870+2 
3.160+ 7 
9.080+ 2 
1.050+3 
1.220+3 
1.430+3 
1.670+3 
1.980+3 

2.350+3 
6.280+7 
3.930+7 
2.800+3 

3.370+3 
4.080+3 
4.980+3 
6.130+3 
7.610+3 
9.550+3 
1.210+4 
1.550+4 
0.426+0 

0.814+0 
2.020+4 

2.060+0 

2.670+4 

3.500-5 

1.860+0 
1.100+0 
3.590+4 
6.340 - 3 
4.920+4 
2.220+0 

C 
C 
C 
C 
C 

C 

C 
C 

R 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 

C,Ch 

G68 
G68 
G68 

R80 
R80 

R80 

R80 

R80 

T87 
T87 

R80 

R80 
k180 

G68 

k180 
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25.  Continued 

A ( A )  (s-') 

6317.0 V] 
6347.10 Si 
6349.0 V] 
6363.77 [0 
6371.36 Si 
6391.74 [0 
6393.62 V] 
6406.38 
6428.2 [Ca V] 
6434.72 V] 
6447.0 V] 
6518.3 
6527.10 
6527.23 [N 111 
6548.05 [N 111 
6560.10 
6562.85 
6583.45 [N 111 
6598.76 [Fe 
6678.15 
6683.90 
6716.4 [S 111 
6730.8 [S 111 
6795.8 
6890.90 
7005.58 V] 
7065.19 
7065.71 
7110.4 
7136.15 1111 
7170.70 
7177.52 I1 
7231.32 C 11 
7236.42 C 
7238.14 
7261.43 
7262.96 
7281.35 
7318.63 [0 111 
7319.43 [O 
7329.90 [O 
7330.70 [0 111 
7332.15 
7530.83 
7592.75 
7724.7 [S 
7751.43 
7876.00 [P 
8036.76 1111 
8046.27 [Cl 
8196.48 C 

- 2p3/2 
4s - 2 p 3 / 2  

0 3  12 - 
2p4 3 ~ 1  - 2p4 

2 s 1 / 2  

2p' - 2p4 ' 
3d3'F912 

5-15 
3p' - 3p4 ' 

- 2p1/2 
3d2 - 3d2 

5-14 

4-6 

2p2 - 2p2 ' 
3d2(3F4 

- 

'5312 
-3p4'& 

5-12 
3p2 - 3p2 

5-13 

-3s3s1 
2p 3 ~ 0  -3s 3s1 

3p' 
3p' 

- 3p4 ' 
- 3p4 ' 
- 2 p 3 / 2  

2pl 1 2  - 3d 
2p3/2 3d 

- 2 p 3 / 2  

- 2 p l  12 

D 5 / 2  - 2pl 12 

- 2p3/2 
- 

- 2 p 3 / 2  

3p2 - 3p2 

3p4 ' - 3p4 'So 

3p4 - 3p4 ' 

5-1 1 

3p2 - 3p2 ' 

- 2p ' /2  

5-10 

3p2 - 3p2 
59 't3G-6h 's3H 

1.210+0 
7.000+7 
1.250+0 

6.900+7 
2.110-3 

7.230-7 

6.880+4 

0.204+0 
0.141+0 

9.880+4 

8.420-5 

5.350-7 
1.010-3 
1.230+7 
4.410+7 
2.990- 3 

6.370+7 
1.460+5 
2.600-4 
8.820-4 
0.198+0 
2.240+5 
0.476+0 
2.430+ 7 
3.030+6 
4.540-5 
0.314+0 
0.789+0 
3.590+5 
3.600+7 
4.400+7 
0.598+0 

0.603+0 
1.810+7 
0.615-1 
0.117+0 
0.102+0 
0.614-1 
0.119+0 
0.723-1 
6.080+5 
1.530+0 
0.823-1 

2.210-5 
0.179+0 
1.380+8 

1.560- 5 

C 

C 
C 

C 
C 
R 
C 
C 
C 
C 
R 
C 
C 
R 
R 
C 
C 
R 
R 
C 
C 
C 
R 
C 
R 
R 
C 
C 
C 
R 
R 
R 
C 
C 
C 
R 
C 
C 
C 
C 
C 
C 
R 
C 
C 
C 
C 
C 
R 

R80 

R80 

R80 

k180 

R80 

R80 
577 

T87 
R80 

R80 
k180 
T87 
T87 

R80 
R80 
R80 

k180 

T87 

k180 
R80 

k180 
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25. Continued 

x (s-’) 

8236.78 
8347.6 
8433.94 
8481.16 
8500.20 
8502.48 
8545.38 
8548.17 
8579.5 
8598.39 
8663.65 
8665.02 
8727.13 
8750.47 
8831.5 
8862.78 
9014.91 
9069.4 
9125.8 
9229.02 
9344.94 
9381.8 
9412.0 
9532.1 
9545.97 
9715.11 
9808.32 
9824.13 
9850.26 

10049.37 
10123.61 
10287.1 
10320.6 
10338.8 
10371.27 
10372.6 
10397.74 
10398.16 
10407.17 
10407.59 
10603.43 
10627.65 
10689.72 
10691.25 
10819.8 
10829.09 
10830.25 
10830.34 
10938.10 
10994.0 
11305.8 
1 1 540.1 

5-9 
4s’ - 4s 

- 2 p 3 / 2  

3p3 - 3p3 
3p3 

2F 
3d - 15f F 

- 3p4 

5 j  -6g 
3d 

- 2p2 So 

2 p 1 / 2  

3p4 

2p2 

3d 2F 

3p4 - 3p4 
3d 

5-8 
3p‘ - 3p4 

49 2s1/2 - 2p3/2 
3p2 - 3p2 

3d 
3p 

2p2 - 2p2 
2p2 - 2p2 
2p2 - 2p2 ‘ 

2F 
4-5 

3d 2F 

3d 

- 2p3/2 

4 s 3 q  -4p3S1 

- 2p3/2 

- 2p3/2 

4 s 3 q  
4 p 1 q  

-4d3F2 

3p4 - 3p4 

2p3 - 2p3 12 

2p3 - 2p32q12 

2s3s1 -2p3p0 
2s3s1 - 
2s3s1 -2p3p2 

-6  

3p2 
3p‘ 
3p4 

- 3p2 
- 3p4 
- 3p‘ 

1.100+6 

0.323+0 
0.316+0 
0.303+0 
4.650+3 
6.450+3 
0.100+0 
0.104+0 
9.160+3 

1.340+4 
0.528+0 
2.010+4 

3.140+4 
5.130+4 
0.221 -1 
0.292-1 
8.850+4 
2.210+6 

5.820 - 6 

9.820-6 

0.576-1 
1.640+5 

7.770-8 
8.210-5 
2.440-4 
3.360+5 
4.320+7 
0.133+0 
0.179+0 
0.163+0 

0.779- 1 
0.614-1 
0.345-1 
0.276- 1 
0.529-1 

0.278-1 
1.020+7 
1.020+7 
1.020+7 
7.780+5 
1.140+0 
8.160 -3 
3.840 - 6 

R 
C 
C 
C 
C 
R 
R 
C 
C 

R 
R 
C 
R 
C 

C,Ch 
C 
R 
R 
C 
R 
C 
R 
R 
C 
C 
C 
R 
R 
C 
C 
C 

C 
C 
C 
C 
C 
R 
R 
R 
R 
C 
R 
R 
R 
R 
C 
C 
C 

k180 

k180 

577 

T87 
T87 
T87 
577 
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226 V. V. GOLOVATYJ et  02. 

25. Continued 

(4 T o n  A (s-') 

11626.42 
12818.08 
18636.78 
18751.02 
20581.30 

4.49pm 
5.34 
5.61 
6.62 
6.98 
7.90 
8.99 

10.52 
11.76 
12.8 
13.10 
13.5 
14.3 
15.6 
18.7 
20.30 
21.83 
22.9 
24.3 
25.91 
25.98 
32.59 
33.0 
33.5 
34.81 
35.3 
36.1 
36.33 
51.69 
57.3 
63.17 
70.35 
88.16 

121.8 
145.48 
157.6 
205.3 
370.3 
609.6 

[Fe 111 

[Ni 111 
111 

1111 
[S 
[Cl 

"e 

[S 1111 
[Cl 

"e 
[O 

[O 

[S 

[Ne 111 

[Ne 1111 

1111 
[Fe 1111 

[Fe 111 

[Fe 1111 

[Si 111 
[Fe 111 
[Ne 1111 
[Fe 
[O 1111 

lo 
[Fe 
[O 1111 

111 
[O 11 
[C 111 
" 111 
[C II 
[C 

[N 1111 

5-7 
- 5 f 
5-6 

2S'SO 

2p4 - 2p4 p1 
- 

2p1/2 - 2p3/2 
2p3/2 

3p2 - 3p2 

2p3/2 2p1/2 
3p2 - 3p2 

2p112 - 2 p 3 / 2  
3p2 - 3p2 p0 
2p4 - 2p4 
2p2 p2 - 2p2 
2p4 - 2p4 p2 
3p2 p2 - 3p2 

3p4 3p0 - 3p4 3p1 

2p2 p1 - 2p2 p0 

- 
2p2 p0 - 2p2 p2 

a5 0 3  - a5 

3p2 - 3p2 

2p3/2 - 2p1/2 

3p2 - 3p2 

- 
2p4 p0 - 2p4 

2p2 3 ~ 2  - 2p2 3 ~ 1  

2p4 - 2p4 p2 

2p2 - 2p2 p0 
2p2 - 2p2 p2 
2p4 p0 - 2p4 

2p2 - 2p2 3p1 
2p2 - 2p2 p2 
2pz3pO - 2 p 2 3 ~ 1  

- 

- 

as - a5 

5.180+6 
2.200+6 
1.630+7 
8.990+6 
1.970+6 
0.199+0 
4.170-5 
0.127+0 

5.270-2 
0.272-1 
0.308 - 1 
7.730 - 3 
8.250-3 
8.550-3 
7.990-3 
0.217-1 
4.590-3 
5.970-3 
2.070-3 
2.160-3 
5.1 70-3 

1.280-3 
5.200-4 

3.020- 11 
2.130 -3 

4.720-4 
2.170-4 

1.150-3 

9.760-5 
4.770 - 5 
8.920-5 

2.620-5 
7.460-6 
1.740-5 
2.290 -6 

2.650-7 
2.080 -6 

7.930-8 

R 
R 
R 
R 
R 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

R80 
577 
R80 
577 
T87 

n588 

k180 

k180 

k180 

k180 
k180 

n588 

k180 

Note. We used the following the line mechanisms: 
bowen mechanism; C, collision excitation; Ch, 

excitation; excitation; NF,  photoion- 
ization mechanism. et a/. (1985) G68, (1968) 

and Lynch (1980); (1981, 1993); (1983) NS84, 
NS88, and (1984, 1988); R80, a!. (1980) T87, Theodosiou (1987); 
E84, Egikyan (1984); (1990); (1991); S77, Sobelman (1977). 
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Table 30. 
of of N, 0, Ne, Mg, A1 Si 

of (74) of 

A ( A )  b C d f tl 

* 1140.1 

8797.3 
6579.3 
5113.4 
4961.1 
4619.1 
4267.2 

* 4142.4 
3165.7 
1335.3 
1167.5 
1092.5 
1036.8 P - S  

* 971.1 
* 952.5 

946.1 
799.8 

* 14382.5 
13986.1 

* 13717.4 
* 13579.6 

9700.4 
8664.6 
8340.8 

* 8315.1 
* 8226.2 

8196.5 
8196.5 

* 8189.1 
7597.8 
6740.3 
5826.2 
5305.3 
5263.1 

* 5133.4 
* 4717.9 

4662.4 
4648.8 

* 4593.2 
* 4542.7 
* 4429.2 

4395.3 
* 4371.1 
* 4330.0 

4325.5 
* 4300.8 

* 

* 

* 
* 
* 

* 
* 

* 
* 

* 
* 
* 
* 

* 
* 

* 

* 

* 
* 
* 
* 
* 
* 

* 

0.0000 

0.0000 
0.0619 
0.0000 
0.0000 

-0.0004 
0.8583 
0.0000 
0.0001 
1.5568 
0.0000 
0.0000 
0.4879 

-0.0003 
-0.0003 
0.0001 

-0.0001 

0.0291 
0.0263 
0.0859 
0.1094 
0.0002 
0.0886 
0.01 16 
0.0000 
0.0001 
0.3807 
0.1278 
0.0005 
0.0287 
0.0207 
0.0018 
0.0298 
0.0008 
0.1048 
0.0000 
0.0019 
0.1151 
0.0005 
0.0000 
0.0000 
0.0000 
0.0000 
0.0005 
0.0013 

0.4616 0.0000 

c 
0.0859 0.0000 

0.3787 0.0000 
0.0273 0.0000 
0.9778 0.0002 

0.1297 
0.3373 0.0000 
3.9044 2.6807 
0.2038 0.0000 
0.7724 0.0001 
0.1712 1.3281 
6.4693 0.0006 
3.3894 0.0003 
1.4276 0.0001 
6.8606 0.0002 

c 
-0.1855 0.3267 
-0.0947 0.1296 

-0.1724 0.1524 

-1.9394 1.1805 

-0.5480 0.9649 
-0.2675 0.1883 
0.0060 0.0004 

0.1716 0.0132 
0.3579 0.0001 
0.3041 0.0000 

-0.4040 0.3619 
0.5632 0.0001 

-0.2722 0.2362 

-1.1942 1.0595 

-0.1106 0.1235 
-0.0509 0.0782 
0.0078 0.0026 

0.0046 0.0017 

0.2144 0.0000 
0.0063 0.0042 

0.6813 0.0001 
0.0064 0.0000 
0.4335 0.0001 
0.0074 0.0000 
0.3019 0.0000 
1.3291 0.0000 

0.0021 
0.2610 0.0000 

-0.1075 0.1472 

-0.2563 0.1805 

-0.1057 0.3451 

0.0000 

0.0000 
-0.005 5 
0.0000 
0.0000 
0.0000 

-0.0323 
0.0000 
0.0000 

-0.0123 
0.0000 
0.0000 

-0.0308 
-0.0001 
0.0000 
0.0000 
0.0000 

-0.0338 
-0.0109 
-0.0997 
-0.0090 
0.0000 

-0.0138 
-0.0005 
0.0000 
0.0000 

-0.0718 
-0.0250 

-0.0069 
-0.0023 
0.0000 

-0.0124 
-0.0001 
-0.0086 
0.0000 

-0.0002 
-0.0113 

0.0000 
0.0000 

0.0000 
0.0000 

-0.0001 

1.0136 

0.4749 
1.6026 
3.6080 
0.7948 
3.5887 
5.6506 
2.3123 
5.0189 
0.5834 
0.7948 
0.7948 
0.9202 
7.4627 
5.7634 
0.7949 
0.4749 

4.6059 
3.7460 
4.6058 
2.0379 
0.3000 
2.0358 
0.3184 
5.3545 
5.3518 
2.3905 
2.4353 
5.3503 
1.7323 
0.5355 
0.4390 
3.7460 
0.4000 
2.0382 
3.6259 
0.4188 
0.4817 
3.6254 
0.2711 
3.5947 
0.3643 
3.6551 
3.5934 
0.4500 
3.6685 

0.10 

0.10 
0.30 
0.15 
0.10 
0.15 
0.60 
0.10 
0.20 
0.10 
0.10 
0.10 
0.10 
0.25 
0.20 
0.10 
0.10 

0.20 
0.30 
0.20 
0.40 
0.10 
0.35 
0.10 
0.20 
0.20 
0.40 
0.40 
0.20 
0.30 
0.10 
0.10 
0.30 
0.10 
0.40 
0.15 
0.10 
0.10 
0.15 
0.10 
0.15 
0.10 
0.15 
0.15 
0.10 
0.15 

0.168 

0.053 
0.007 
0.010 
0.012 
0.027 
0.000 
0.013 
0.002 
4.536 
0.092 
0.349 
0.780 
0.004 
0.011 
0.645 
4.267 

0.001 
0.001 
0.004 
0.003 
0.005 
0.005 
0.001 
0.002 
0.001 
0.016 
0.005 
0.003 
0.006 
0.027 
0.008 
0.001 
0.005 
0.003 
0.006 
0.008 
0.212 
0.018 
0.005 
0.012 
0.005 
0.008 
0.037 
0.006 
0.007 
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30. 

b C d f tl 

* 

* 
* 
* 
* 
* 

* 
* 

* 
* 
* 

* 

* 

* 

* 
* 
* 
* 

* 

* 

4187.0 
4158.7 
4069.4 
3927.4 
3887.1 
3602.6 
3414.9 
3385.2 
2512.2 
2440.0 
2296.9 
2296.1 
2200.4 
2162.9 
2114.3 
2017.4 
1923.3 
1923.1 
1828.0 
1796.8 
1777.9 
1701.6 
1633.6 
1620.3 
1577.1 
1548.9 
1516.3 
1491.2 
1480.4 
1478.1 
1381.7 
1296.3 
1247.4 
1175.7 
977.0 
574.3 
538.2 
511.5 
493.5 
492.6 
483.7 
476.0 
459.6 
450.7 
433.3 
411.7 
398.4 
371.7 

F-G 
D - F  
F-G 
F-G 
D - F  
D - F  
F-G 
F -G 
F -G 
F-G 
P - D  
P - D  
P - D  
D - F  
F-G 
P-D 
D-D 
D - F  
F -G 
D - F  
F-D 
P-P  
s-P 
P - D  
D - F  
D - F  
F-G 
D - P  
F-D 
F-D 
D - F  
D - F  
P-s  
P -P  
s -  P 
P-D 

D - F  
P-P 
D - F  
P - P  

P - D  
P - D  
P - D  
D - F  
P-P  
P - D  

3 

* 
* 
8 

* 
* 

* 
* 

* 
* 
* 

* 
* 
* 
* 
* 

* 
* 
* 
* 
* 

* 

* 
* 

10594.8 F-G * 
9048.1 D - F  

0.1051 
0.0116 
0.2862 
0.0003 
0.0177 
0.0000 
0.0000 
0.0000 

0.0000 
0.8743 
0.0000 
0.0000 
0.0396 

0.0000 
0.2666 

-0.0001 
0.0000 

0.0000 
0.0000 
0.0243 
0.2336 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0128 
0.1194 

-0.0001 
0.3864 
0.8323 
0.0980 
0.1342 
0.0589 
0.1009 
0.0728 
0.0718 
0.0000 
0.9723 
0.0000 
0.0453 
0.0001 
0.0001 
0.1225 

0.0000 
0.0000 

-0.4050 
-0.0223 
-1.1021 
0.5449 

-0.0341 
0.2012 
0.0060 
0.0554 
0.5505 
0.1694 
3.8841 
0.4000 
0.5229 

-0.0138 
0.3575 
0.8108 
0.3165 

3.8078 
0.2882 
0.1239 
0.1853 
0.2130 
0.0381 
3.4440 
0.2776 
0.1069 
0.3415 
0.1479 
0.4007 
0.0598 

0.8535 
3.1446 
5.1970 
0.1127 

0.2539 
0.5483 
0.3386 
0.3649 
1.1418 
2.2972 
0.2904 
0.1992 
4.3059 
2.6254 
0.1922 

-0.3774 

-0.2296 

-0.1435 

0.0135 
0.0190 

0.4552 
0.0367 
1.2297 
0.0000 
0.0559 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
1.4779 
0.0000 
0.0000 
0.1125 
0.0000 
0.0000 
0.0000 
0.7627 

-0.0002 
0.0000 
0.0000 
0.0000 
0.0000 
0.0513 
0.2656 
0.0000 
0.0000 

0.0000 
0.0000 
0.0227 
0.3770 
0.5001 
1.1348 
2.5875 
0.2229 
0.4201 
0.0849 
0.2102 
0.1285 
0.1455 
0.0000 
1.8844 
0.0481 
0.0720 
0.0000 
0.0002 
0.2586 

0.0000 
0.0024 

-0.0261 
-0.0009 
-0.0691 
0.0000 

-0.0013 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

-0.0483 
0.0000 
0.0000 
0.0029 
0.0000 
0.0000 
0.0000 
0.0310 
0.0000 
0.0000 
0.0000 

0.0000 
-0.0017 
-0.0109 
0.0000 
0.0000 

0.0000 
0.0000 

-0.0012 
-0.0090 
-0.0341 
-0.0611 
-0.0812 
0.0007 

-0.0134 
-0.0015 
-0.0138 
-0.0069 
-0.0090 
0.0000 

-0.0286 
-0.0036 
-0.0020 
0.0000 
0.0000 

-0.0088 

0.0000 
-0.0003 

1.7717 
0.4847 
1.7324 
3.6034 
0.4847 
3.3809 
0.2711 
0.3472 
0.3472 
0.2711 
0.4521 
0.5770 
0.4931 
0.5586 
0.3472 
0.4931 
0.4931 
0.6278 
0.2711 
0.3643 
0.4931 
0.3240 
0.3240 
0.4200 
0.3185 
0.3643 
0.3472 
0.3240 
0.5770 
0.4931 
0.4327 
0.4847 
0.6671 
0.4130 
0.4437 
0.4990 
0.4903 
0.4390 
0.5706 
0.4327 
0.5733 
0.9157 
0.3893 
0.3764 
0.4534 
0.3643 
0.3240 
0.4200 

0.4078 
0.3710 

0.30 
0.10 
0.30 
0.15 
0.10 
0.15 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

0.10 
0.10 

0.022 
0.015 
0.061 
0.015 
0.024 
0.007 
0.005 
0.039 
0.389 
0.129 
3.937 
0.225 
0.319 
0.081 
0.253 
0.495 
0.193 
0.365 
2.903 
0.200 
0.076 
0.134 
0.154 
0.074 
2.860 
0.193 
0.076 
0.247 
0.083 
0.245 
0.061 
0.159 
0.677 
3.047 
5.477 
0.264 
0.243 
0.255 
0.478 
0.346 
0.323 
0.457 
3.473 
0.230 
0.200 
2.991 
1.899 
0.371 

0.009 
0.015 
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30. 

b C d f tl 

* 
* 

* 

* 

* 

* 
* 

* 

* 
* 
* 
* 

8180.4 D-D 
1000.2 D-D * 
994.2 D-F  * 
980.7 D-D * 

5679.6 P - D  
5495.1 D-F  * 
5004.4 D-F  
4724.1 S-P * 
1085.1 P - D  
916.3 P-  P 
646.4 D-F  * 

6938.2 D-F * 
5334.7 * 
4507.5 D - F  * 
4477.8 G-H * 
4373.6 F-G * 
4199.6 P - D  
4099.4 
4001.8 D -  F 
3429.0 D-P * 
2197.8 F-G * 
2188.1 P - D  * 
2064.3 F-G * 
1885.1 D - F  
1857.2 D-D * 
1498.3 D-F  * 
991.0 P - D  
979.9 D-D 
782.9 D-F  * 
764.0 P -  S 
685.7 P - P  
472.3 S - P  
418.8 D- F 
411.3 P - P  * 
391.3 P - P  * 
387.4 * 
374.4 P - D  
348.7 D - F  * 
340.2 D-F * 
323.3 D-F  * 
311.6 P - D  

9203.0 D-F  
7850.8 F - G  
7760.0 G - H  * 
7742.0 I * 
7740.8 I -  J * 
7703.2 H -  I 

0.0000 
0.0000 
0.0000 
0.0000 

0.0234 
0.0000 
0.0704 
0.0000 
0.0005 
0.0143 
0.0009 

0.0000 
0.0000 
0.0005 
0.0004 
0.0000 
0.0149 
0.0000 
0.0023 

0.0000 
-0.000 1 
0.0001 
0.4468 
0.0000 
0.0000 
2.8315 
0.1764 
0.0014 
1.1769 
0.5940 

-0.0545 
0.4465 
0 .oooo 
0.0022 

-0.0002 
0.0961 

-0.0004 
0.0045 
0.0341 
0.2238 

0.0111 
0.0097 
0.0000 

-0 .ooo 1 
-0.0002 
0.0783 

0.0064 0.0003 
0.0395 0.0000 
0.0721 0.0000 
0.4728 0.0000 

N I1 

-0.0852 0.0927 
0.0781 0.0000 

0.0186 0.0000 
0.8561 2.3770 

-0.2447 1.1821 
2.2631 0.0000 

-0.1990 0.1603 

N I11 

0.2206 0.0000 
0.1260 0.0000 
0.8446 0.0000 
1.0155 0.0001 
0.9660 0.0001 
0.0226 0.0304 
0.0194 0.0280 
0.0256 0.0027 
0.1420 0.0000 
0.2454 0.0001 
1.7355 -0.0001 
4.2360 0.0014 

-0.8007 0.3715 
0.3940 0.0000 
0.9684 0.0000 

12.9695 16.8995 

6.8449 0.0000 
3.6750 3.8084 

1.1395 0.1343 
3.5875 0.5445 

9.8112 0.0001 

-0.4582 0.6309 

-0.4426 4.3937 

1.3202 -0.0001 

5.2820 -0.0002 
-1.1219 4.6102 
15.4012 -0.0006 
18.4734 -0.0004 
32.2696 -0.0123 
0.3397 0.4567 

N IV 
-0.1354 0.4831 
0.0216 0.0354 
0.5947 -0.0001 
0.5524 0.0000 
0.8844 -0.0004 

-0.2678 0.2577 

0.0000 
0.0000 
0.0000 
0.0000 

4.0056 
0.0000 

-0.0099 
0,0000 

-0.1017 
0.0132 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 

-0.0002 
-0.0010 

0.0000 
0.0000 
0.0000 

-0.0001 
0.0369 
0.0000 
0.0000 

-0.5 167 
0.0215 

-0.1 470 
-0.3217 
-0.0013 
-0.0132 
0.0000 
0.0000 

-0.4746 
0.0001 
0.0001 
0.0018 

-0.0033 

-0.0482 
0.0009 

0.0000 
0.0000 

-0.0190 

0.3500 
0.2727 
0.3594 
0.5591 

2.3686 
1.1623 
3.3831 
0.7718 
0.8595 
0.8461 
1.1627 

0.7295 
0.9211 
4.0119 
4.0085 
4.0183 
0.8516 
0.8274 
0.8500 
2.8512 
0.7958 
0.8199 
0.7958 
3.0634 
0.8200 
0.7295 
0.8162 
1.0251 
1.7651 
0.9780 
0.9795 
0.7456 
0.8626 
0.9211 
2.7078 
0.921 1 
0.8564 
0.7295 
1.7651 
3.9830 
0.8515 

0.5315 
1.5444 
6.4512 
6.4494 
6.4485 
3.3144 

0.10 
0.10 
0.10 
0.10 

0.30 
0.10 
0.40 
0.10 
0.10 
0.10 
0.10 

0.10 
0.10 
0.15 
0.15 
0.15 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.45 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.15 
0.10 

0.10 
0.10 
0.25 
0.25 
0.25 
0.35 

0.005 
0.030 
0.050 
0.270 

0.002 
0.024 
0.001 
0.009 
1.326 
0.414 
0.708 

0.106 
0.050 
0.015 
0.018 
0.017 
0.029 
0.020 
0.013 
0.008 
0.111 
0.764 
1.912 
0.003 
0.174 
0.467 
14.229 
0.133 
1.172 
3.202 
1.586 
0.578 
1.927 
0.526 
0.654 
2.103 
1.321 
7.425 
3.163 
0.602 
0.434 

0.183 
0.014 
0.001 
0.001 
0.001 
0.002 
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30. 

X ( A )  b C d f tl 

7703.2 I 
7582.3 
7581.7 
5209.1 
4803.6 F - G  

* 4757.2 
* 4745.2 F 
* 4708.1 F - G  

4707.4 F - G  
* 4705.7 F - G  
* 4680.1 H- I 
* 4676.2 H- I 
* 4640.1 

4606.4 
4606.2 
4512.8 

* 4289.9 F 
* 4124.4 F - G  
* 4073.5 F - G  

3480.9 
3459.1 
3200.9 
3078.3 F - G  
3004.1 S 
2664.4 
2646.4 F - G  

t 2630.2 F 
* 2602.6 
* 2574.6 F 
* 2550.6 

2457.1 
2430.8 P-  S 

* 2418.8 
2318.1 

* 2234.7 F - G  
* 2190.2 F - G  
* 2159.5 F 

2080.3 F - G  
1718.6 
1699.8 F - G  
1325.3 

* 1279.7 F 
1271.6 

* 1260.3 
* 1255.8 F - G  
* 1239.8 F - G  
* 1233.8 
* 1231.0 G - F  
* 1230.4 
* 1228.4 

1225.5 S 
1223.8 S -  P 

* 
* 
* 

* 
* 
* 
* 

* 
* 

* 

* 

* 
* 
* 
* 
* 

* 

* 
* 
* 

* 

* 
* 
* 
* 
* 

* 

0.2348 
0.1075 
0.0404 
0 .oooo 
0.0202 

0.0003 
0.0000 
0.0814 
0.0025 
0.0000 

-0.0001 
0.0010 
0.2266 
0.0951 
0.0002 
0.0154 
0.0000 
0.0004 
0.0045 

-0.0001 
0.0000 
0.0405 

-0 .OOO 5 
0.0000 
0.3066 
0.0001 
0.0002 
0.0001 

-0.0001 
0 .oooo 

-0 .oo 19 
0.0002 
0.0054 
0.0001 
0.0002 
0.0000 
0.1309 
0.0751 
0.1002 
0.0667 
0.0025 
0.0036 
0.0000 

-0.001 4 
0.0002 
0.0000 
0.0001 
0.0002 
0.0000 
0.0016 
0.0000 

0.0000 , 

-0.803 1 
-0.3417 
-0.1053 
0.0043 

0.3191 
0.5548 
0.3688 

1.1065 
0.5669 
1.7011 
0.9578 

-0.05 4 2 

-0.2208 

-1.0525 
-0.3764 
0.0054 

-0.0448 
0.3355 
0.5100 

-0.0291 
0.0048 
0.0110 
0.0627 
0.0186 
0.1852 
0.6885 
0.6841 
1.1617 
2.1507 
3.5429 
0.1785 
0.0709 
0.8460 

1.1331 
1.8069 
0.5740 
0.2038 

0.2187 
-0.8159 

-0.0820 

-1.3414 

-0.0455 
-0.0444 
0.8144 
1.1562 
1.2463 
1.0352 
0.8813 
0.6921 
0.6558 

-0.02 76 
0.3810 

0.7726 
0.3133 
0.0858 
0.0195 
0.0678 
0.0000 
0.0000 
0.0000 
0.2735 
0.0002 

-0.0001 
0.0004 

-0.0001 
1.4037 
0.4486 
0.0129 
0.0594 
0.0000 

-0.0001 
0.6366 
0.0060 
0.0000 
0.0874 
0.0007 
0.0000 
0.7846 
0.0000 

-0.000 1 
0.0003 
0.0002 
0.0000 
0.0026 
0.0001 
0.3300 
0.0000 

-0.0001 
0.0000 
0.2829 
6.4456 
0.2544 
2.9104 
0.2315 
0.2866 
0.0000 
0.3338 
0.0000 
0.0001 
0.0003 
0.0000 
0.0001 
0.1766 
0.0000 

-0.0569 
-0.0219 
-0.0048 
-0.001 8 
-0.0040 
0.0000 
0.0000 
0.0000 

-0.0166 
0.oM)o 
0.0000 

-0.0001 
0.0000 

-0.1084 
-0.0331 
-0.0011 
-0.0039 
0.0000 
0.0000 

-0.0515 
-0.0004 
0.0000 

-0.0040 

-0.0310 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

-0.0001 
0.0000 

-0.0360 
0.0000 
0.0000 

-0.0129 
-0.6185 
-0 .O 103 
-0.2907 
-0.0235 
-0.0275 
0.0000 

-0.0313 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

-0.0156 
0.0000 

3.3133 
3.0892 
2.5490 
0.4783 
1.8505 
4.5945 
4.6121 
4.5974 
1.8703 
4.5996 
4.5904 
4.5902 
4.5926 
2.6627 
2.4572 
0.5497 
1.6851 
4.6276 
4.5780 
0.1742 
0.2000 
0.2391 
1.6451 
0.2062 
0.2391 
1.6158 
1.5424 
1.5171 
1.5406 
1.5142 
0.2391 
0.2062 
1.5806 
0.6469 
1.5707 
1.4918 
1.0459 
1.6449 
0.3433 
1.6169 
0.5315 
0.5303 
0.1932 
1.0459 
1.4122 
1.4918 
1.5142 
1.5406 
1.5806 
0.7942 
0.1317 
0.2391 

0.35 
0.35 
0.30 
0.20 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.25 
0.25 
0.20 
0.20 
0.15 
0.15 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

0.005 
0.003 
0.001 
0.014 
0.005 
0.003 
0.006 
0.004 
0.018 
0.011 
0.006 
0.017 
0.010 
0.033 
0.011 
0.010 
0.005 
0.003 
0.005 
0.471 
0.008 
0.009 
0.036 
0.015 
0.146 
0.348 
0.146 
0.255 
0.461 
0.779 
0.141 
0.058 
0.174 
0.114 
0.236 
0.407 
0.202 
0.117 
3.236 
0.112 
1.099 
0.097 
0.180 
0.286 
0.355 
0.280 
0.228 
0.189 
0.143 
0.296 
0.118 
0.300 
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30. 

A ( A )  a b C d tl 

1222.3 
* 1221.3 
* 1173.6 
* 1102.4 

1036.2 
* 993.2 

955.3 
* 952.9 

923.2 
765.1 
756.6 

* 715.7 
704.8 

* 678.0 
322.6 
297.7 
283.5 
239.6 
234.2 

* 225.3 
221.8 

* 217.9 
209.4 
177.6 

s- 

F - G  

F - G  

F - G  

* 
* 

* 
* 
* 

* 

0.0000 
0.0000 

-0.0128 
-0.0032 
0.0466 

-0.0013 
0.0349 
0.0081 
0.1057 
0.1051 
0.0000 
0.0009 
0.0000 
0.0001 
0.0063 
0.0427 
0.1599 
0.0238 

-0.0031 
-0.0001 
0.0000 
0.0004 

-0.0049 
0.0000 

27639.7 
18022.8 
11 298.9 
9263.6 
7949.5 
7773.3 

* 6318.6 

* 25393.1 
* 11945.6 
* 9377.4 
* 8883.3 
* 8771.8 

4651.4 
4593.2 
4349.8 
4341.1 
4188.0 
4074.8 

* 3800.2 
* 3077.8 
* 3017.9 
* 3009.0 
* 386.3 
* 385.7 

s- 

F - G  
F - G  

F - G  

F - G  

* 

* 

0.1953 
0.0971 
0.2147 
1.3752 
0.0000 
1.0991 
0.0000 

0.0000 
-0.0001 
0.0000 
0.0000 
0.0000 
0.1037 
0.0000 
0.0000 
0.0376 

-0.0001 
0.0923 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.1345 0.0000 
0.4580 0.0000 
0.9919 0.1844 
0.4261 0.0453 

1.3770 0.3981 
-0.6226 2.3090 

-0.2307 1.5474 
-0.1496 0.7610 
-0.3719 4.7527 
-1.9051 10.2062 
0.2633 0.0000 

0.2364 0.0000 
1.9513 0.0001 

3.2627 -0.0002 

-0.1200 0.9206 
-0.4023 1.3341 
-1.8302 6.3083 
-0.2925 1.8886 
0.1646 0.2047 

0.7356 0.0000 

0.1832 0.0068 
1.5341 0.0001 

7.3142 -0.0009 

3.5092 -0.0003 

01 

-0.7805 0.8492 
-0.8743 1.6447 
-0.9024 1.0281 
-0.0677 3.8878 
0.0400 0.0000 

0.0280 0.0000 
-1.9677 5.9828 

0 I1 

0.0040 0.0000 
0.0072 0.0015 
0.0063 0.0000 
0.0056 0.0000 
0.0161 0.0000 

-0.2657 0.2045 
0.0080 0.0059 
0.0048 0.0075 

0.0154 0.0079 
-0.1817 0.1002 
0.1009 0.0000 
0.0099 0.0000 
0.0082 0.0000 
0.0076 0.0000 
0.4461 0.0000 
0.3115 0.0000 

-0,0999 0.0783 

0.0000 
-0.0155 
-0.0024 
-0.1996 
-0.0374 
-0.1407 
-0 .O 774 
-0.4378 
-0.9291 
0.0000 
0.0000 
0.0000 
0.0000 

-0.0779 
-0.1392 
-0.563 7 
-0.1810 
-0.0151 
0.0001 
0.0000 
0.0001 

-0.0002 
0.0000 

0.5296 
1.4106 
1.4480 
1.1909 
0.6230 
1.4124 
0.5544 
0.5303 
0.2552 
0.3490 
0.2391 
1.4919 
0.2391 
1.0459 
0.0798 
0.4279 
0.5187 
0.1931 
0.1978 
1.1402 
0.2391 
1.4107 
0.2062 
0.7942 

0.10 
0.10 
0.20 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

0.079 
0.112 
0.270 
0.105 
0.822 
0.423 
0.696 
0.319 
3.137 
5.274 
0.207 
0.734 
0.186 
0.686 
0.673 
0.545 
2.425 
1.186 
0.288 
2.338 
0.579 
0.856 
0.150 
0.693 

-0.0759 
-0.1 593 
-0.0820 
-0.471 9 
0.0000 

-0.6378 
0.0000 

0.0000 
-0.0002 
0.0000 
0.0000 
0.0000 

-0.0029 
-0.0006 
-0.0005 
-0.0003 
-0.0008 
-0.0007 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

13.2470 
14.3535 
12.9529 
15.3842 
0.5587 
14.1284 
1.0257 

0.2971 
0.3500 
0.3616 
0.3475 
0.3456 
3.0303 
0.3499 
0.3000 
2.8346 
0.3498 
4.2197 
2.2340 
0.3616 
0.3475 
0.3616 
0.2804 
0.3318 

0.50 
0.50 
0.50 
0.50 
0.10 
0.45 
0.10 

0.10 
0.10 
0.10 
0.10 
0.10 
0.35 
0.10 
0.10 
0.30 
0.10 
0.50 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

0.000 
0.000 
0.000 
0.000 
0.023 
0.000 
0.010 

0.003 
0.006 
0.004 
0.004 
0.011 
0.002 
0.009 
0.009 
0.001 
0.016 
0.000 
0.011 
0.007 
0.006 
0.005 
0.337 
0.224 
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L - L '  6 C d f tl 

* 
* 
* 

* 
* 

* 
* 
* 

* 

* 
* 
* 
* 

* 
* 
* 
* 

* 

* 

* 
* 
* 

* 
* 
* 

4587.1 
3881.6 
3763.1 
3762.3 
3326.6 
3265.9 
3191.9 
3176.1 
3041.6 
2092.0 
1947.2 
1924.2 
834.5 
703.4 
599.6 
541.6 
374.1 
320.7 
300.5 
299.3 

9225.1 
8723.6 
6099.6 
4541.3 
4491.5 
4034.0 
3799.3 
3794.0 
3720.8 
3553.8 
3549.1 
3490.9 
3409.1 
3350.7 
3066.1 
3037.9 
3027.9 
3024.3 
3003.0 
2907.1 
2772.5 
2637.7 
2620.0 
2511.2 
2486.3 
2363.6 
1936.1 
1785.9 
1515.5 

F - G  * 
* 
* 

s 

F - G  * 
F - G  * 

* 
F - G  * 

* 

* 

* 
* 
* 

* 
* 

F - G  * 
* 
* 
* 
* 
* 

G - F  * 
* 

s- 
G - F  * 

* 

F - G  * 
* 
* 
* 
* 
* 
* 
* 
* 
* 

0.0000 
0.0000 
0.0000 
0.0053 
0.0090 
0.0001 
0.0000 
0.0000 
0.0139 
0.0001 
0.0000 
0.0000 

-0.0092 
0.0646 
0.0002 
0.0002 

-0.0005 
-0 .ooo 1 
0.0003 

-0.0001 

0.0001 
0.0000 
0.0000 
0.0011 
0.0003 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0033 
0.0004 
0.0012 
0.0230 
0.0000 
0.0000 
0.0002 
0.0007 
0.0000 
0.0000 
0.0000 
0.0000 
0.0002 
0.0000 
0.0000 
0.0000 
0.0000 
0.0008 

0 

0.2800 0.0000 
0.1304 0.0000 
0.0746 0.0000 

0.0107 0.0226 
0.9493 0.1777 
0.0723 0.0000 
0.2069 0.0000 

0.7959 0.0000 
1.1393 0.0002 
0.5098 0.0001 

16.2803 6.0953 

1.4709 1.2954 
2.4329 0.0001 
1.8930 1.0691 
3.8598 0.0000 

13.1930 0.0015 
6.0914 0.0000 

-0.0983 0.4693 

-0.0463 0.0950 

-1.0379 5.4702 

0 

0.0009 0.0005 
0.0335 0.0000 
0.0283 0.0000 
0.6456 0.0000 
0.6584 0.0000 
0.0702 0.0000 
0.0189 0.0000 
0.1226 0.0000 
0.1250 0.0000 
0.0045 0.0000 
0.0012 0.0000 
0.0082 0.0069 
0.0001 0.0016 

-0.0001 0.0091 
0.0016 0.0859 
1.5217 0.0000 
0.0918 0.0000 
0.0005 0.0005 
0.5561 0.0000 
0.2918 0.0000 
0.6734 -0.0001 
1.1338 -0.0002 
1.0784 0.0000 
2.8067 -0.0001 
0.3204 0.0000 
0.2168 0.0000 
0.1495 0.0000 
0.5212 0.0000 
0.0086 o.oo4a 

0.0000 
0.0000 
0.0000 
0.0054 

-0.0004 
0.0623 
0.0000 

-0.001 3 
0.0000 
0.0000 
0.0000 

-0.3399 
-0.3506 
-0.0807 
0.0000 

-0.0524 
0.0000 

-0.0002 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0003 
0.0002 

-0.0002 
0.0015 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 

4.6381 
0.9941 
1.6189 
0.5684 
0.7877 
1.2049 
1.8883 
1.3144 
1.1799 
1.5025 
1.3915 
1.3217 
1.2980 
0.6221 
1.5493 
1.2893 
1.1337 
1.5798 
1.3900 
1.5798 

0.1500 
0.9214 
1.0719 
4.8635 
4.8271 
0.0719 
0.3721 
2.5050 
0.3721 
0.0719 
0.0719 
0.1785 
0.2052 
0.1795 
0.2149 
0.7085 
0.9214 
0.2000 
4.8630 
0.9214 
1.6944 
1.6242 
1.0719 
1.7471 
0.0719 
0.3721 
0.3721 
1.0719 
0.1501 

0.15 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.15 
0.10 
0.10 
0.10 
0.15 
0.10 
0.10 
0.10 

0.10 
0.10 
0.10 
0.20 
0.15 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.15 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

0.003 

0.015 
0.216 
0.019 
0.356 
0.011 
0.056 
0.019 
0.177 
0.283 
0.136 
6.015 
2.226 
0.570 
0.670 
0.936 
0.795 
3.286 
1.255 

0.048 

0.001 
0.013 
0.010 
0.005 
0.005 
0.065 
0.013 
0.010 
0.086 
0.004 
0.001 
0.016 
0.002 
0.008 
0.090 
0.749 
0.037 
0.001 
0.004 
0.116 
0.124 
0.223 
0.369 
0.489 
0.298 
0.149 
0.103 

0.012 
0.178 
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30. 

* 

* 

* 

* 

* 
* 

* 

* 
* 

* 

* 
* 
* 

* 
* 

* 

* 
* 

1355.1 
1341.8 
1296.4 
1289.4 - F 
1212.9 
1102.0 
1079.9 
1067.8 F 
1060.0 
1046.0 S 
1006.7 F-G 
922.7 
844.4 F-G 
789.4 
779.9 - 
745.8 S -  
713.0 F 
703.9 F 
636.5 
617.0 
609.4 S 
554.4 
487.0 - F 
442.8 S -  
379.8 
342.3 
306.7 
303.5 
289.9 
288.5 
285.8 S- 
279.8 S 
276.1 
273.5 
267.0 
265.5 F 
260.5 - F 
258.6 F 
252.5 
250.3 
238.5 
224.1 
216.2 S -  
213.0 F 
211.3 
207.2 - 
203.0 S 
200.8 F 
196.4 F 
188.2 F 
184.2 F 
182.8 

* 
* 

* 

* 

* 

* 
* 
* 

* 

* 

* 
* 

* 

* 
* 
* 

* 
* 

* 

* 
* 
* 
* 

0.0016 
0.0734 
0.0000 
0.0000 
0.0309 
0.0018 
0.0027 
0.0935 
0.0103 
0.0404 
0.0161 
0.7799 

-0.0001 
4.7096 
0.4003 
0.0000 
0.0041 
0.0000 
0.1084 
1.7032 
0.4193 
0.9392 
0.0000 
0.0228 
0.1502 
0.0096 
0.0046 
0.0043 
0.0113 
0.0000 
0.0521 
0.0999 
0.0124 

-0.0018 
0.1622 

-0.0001 
0.0005 
0.0060 
0.0128 

-0.0023 
0.2115 
0.0000 
0.0000 

-0.0657 
0.0022 
0.1477 
0.0846 
0.0001 
0.0031 

-0.0032 
-0.0017 
0.1135 

0.0209 

0.2047 
1.1066 

-0.3064 
5.6429 

-0.0002 
-0.1253 
0.0256 

-0.21 08 
12.4488 
-3.0453 
3.3684 

-0.7096 

-7.7314 
-3.86 75 
0.5476 
6.5679 
0.5760 
0.2681 

-6.6508 
-1.9258 
-0.7450 
0.3641 
0.0016 
0.0108 
0.0238 

-0.0187 
0.0573 
0.0019 
3.7916 

-0.4336 
-0.2634 
18.7191 
25.0077 
-1.1147 
16.4077 
2.2010 
6.1638 

20.5521 
31.5306 
0.0327 
3.2339 
0.5602 
1.4583 
5.2042 

-0.0102 
0.2543 

10.4614 
19.1580 
32.3813 
29.1270 
0.2808 

0.0111 
2.5557 
0.0000 
0.0001 
0.8385 
8.0008 
0.0195 
0.2148 
0.0214 
0.3873 
0.0002 
4.4113 
0.0001 

39.5926 
13.9290 
0.0000 

-0.0013 
0.0000 
0.2245 
9.6338 
5.0398 
8.8543 
0.0000 
0.0852 
0.5603 
0.0199 
0.3118 
0.0305 
0.2579 

1.0532 
0.4500 
0.0017 
0.0020 
2.2783 
0.0006 
2 6463 

-0.0005 
0.0011 
0.0025 
0.5626 
0.0001 
0.0000 
0.2876 
0.0232 
1.0783 
0.3268 
0.0006 

-0.0007 

-0.0023 
-0.0036 
0.0040 
0.2350 

0.0001 
-0.1364 
0.0000 
0.0000 

-0.0813 
-0.0001 
-0.0005 
0.0392 
0.0011 

-0.0250 
0.0000 

-0.2320 
0.0000 

-1.4842 
-0.7433 
0.0000 
0.0002 
0.0000 
0.0112 

-0.5066 
-0.0611 
-0.2444 

0.0015 
0.0096 
0.0010 

-0.0071 
0.0003 

-0.0234 
0.0001 
0.0448 
0.0242 

-0.0002 
-0.0002 
-0.1975 
-0.0001 
-0.1639 
0.0001 

-0.0001 
-0.0003 
0.0832 
0.0000 
0.0000 
0.0223 

-0.0015 
-0.0272 
-0.0198 
-0.0001 
0.0004 
0.0005 

0.0117 
-0.0006 

0.1392 
0.3106 
0.3721 
0.0719 
0.5422 
6.9210 
0.1795 
0.8956 
0.1784 
0.6667 
7.5667 
1.0333 
0.7085 
0.2109 
0.3108 
0.3721 
2.5057 
0.071 9 
0.1785 
1.0333 
0.4046 
0.4542 
0.0719 
0.2149 
0.2149 
0.1785 
0.0888 
0.1392 
0.1676 
1.6242 
0.5153 
0.3298 
3.8567 
4.3545 
0.7623 
1.0719 
0.6095 
2.5060 
3.8567 
4.3545 
0.2035 
0.3721 
0.3721 
0.6524 
1.9159 
0.1795 
0.4614 
0.0719 
1.6946 
4.8979 
6.5238 
0.1785 

0.10 
0.10 
0.10 
0.10 
0.10 
0.25 
0.10 
0.15 
0.10 
0.10 
0.25 
0.20 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.20 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.15 
0.15 
0.15 
0.10 
0.15 
0.10 
0.15 
0.15 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.15 
0.20 
0.10 

0.029 
1.307 
0.141 
1.030 
0.280 
0.006 
0.018 
0.091 
0.049 
0.099 
0.006 
0.681 
1.659 
28.415 
7.124 
0.377 
0.536 
0.536 
0.512 
1.487 
2.317 
5.590 
0.339 
0.090 
0.590 
0.045 
0.266 
0.080 
0.209 
0.747 
0.428 
0.223 
0.396 
0.321 
0.526 
5.617 
2.546 
0.503 
0.435 
0.405 
0.653 
2.222 
0.386 
0.887 
0.770 
0.993 
0.407 
0.736 
3.519 
0.242 
0.043 
0.536 
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30. 

V. V. GOLOVATYJ et 

C X ( A )  L - L '  b d f 

171.1 
158.6 

6487.5 F 
5875.5 

* 5023.2 
* 5006.9 F 
* 4982.4 F - G  

4981.4 F -  G 
* 4961.4 
* 4961.4 
* 4958.7 
* 4953.3 
* 4952.5 J 
* 4952.5 J 

4930.3 
* 4944.7 

4930.3 
* 4924.2 

4498.2 
* 4493.9 F - G  

4462.6 
* 3236.6 

3164.3 F - G  
* 3129.6 

* 3077.9 
* 3031.3 
* 3023.6 D-  F 

* 3005.2 F - G  

* 2993.3 

* 3083.8 D - F  

* 3016.6 F - G  

* 3003.8 F-G 

* 2991.3 
* 2974.6 

2941.4 
2941.4 
2784.0 S -  

* 2696.3 F - G  
* 1660.8 

1643.7 F - G  
* 1629.2 F 
* 1524.4 

1371.3 
1085.8 F 

* 1067.9 
* 1055.1 D-  F 

* 1071.6 

1040.6 F - G  
* 1037.4 F - G  
* 1032.5 

* 

* 
* 
* 

* 
* 
* 
* 
* 
* 
* 

* 

* 

* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 

* 
* 
* 

* 
* 

0.0174 
0.0012 

-0.0765 
0.0274 

-0.0001 
0.0000 
0.0008 
0.0221 
0.0012 
0.0009 
0.0000 
0.0011 
0.0000 
0.0004 
0.0000 
0.0407 
0.1223 
0.0007 
0.0226 
0.0005 
0.0457 
0.0000 
0.0160 
0.0000 
0.0001 
0.0000 
0.0002 
0.0009 
0.0000 
0.0002 
0.0009 
0.0007 
0.0035 
0.0000 
0.3768 
0.1258 
0.0075 
0.0009 
0.1433 
0.4277 
0.1100 
0.0751 
0.1526 

-0.0859 
0.0003 
0.0000 
0.0012 
0.1517 
0.0004 
0.0011 

0.2317 
7.8984 

0 

4.1680 
-0.0918 
0.5197 
0.4687 
0.8823 

1.4623 
0.5036 
0.4494 
1.3491 
2.1583 
0.7195 
0.3643 

-0.0957 

-0.2476 
-0.7431 
0.7699 

0.4192 

0.1399 
0.1955 
0.1965 
0.4411 
0.1517 
0.7817 
1.3603 
0.5112 
0.9032 
2.7109 
1.3851 
4.1590 
2.3453 
2.0972 
0.6993 

1.2340 
2.3447 
2.2318 
1.9840 
1.2396 

-2.1819 
5.0151 
1.3349 
4.0933 
1.7375 
0.8702 
2.3306 
1.5181 

-0.0754 

-0.1671 

-0.1040 

0.1234 
0.0004 

V 

1.2966 
0.1266 
0.0000 
0.0000 
0.0001 
0.1292 
0.0001 

-0 .ooo 2 
0.0000 

-0.0006 
-0.0001 
0.0001 
0.0000 
0.4153 
1.2467 
0.0001 
0.1040 

-0 .ooo 1 
0.2516 
0.0000 
0.0529 
0.0000 
0.0000 
0.0000 
0.0000 
0.0001 
0.0000 
0.0002 
0.0000 

-0.000 1 
0.0002 

-0.0001 
0.8634 
0.2887 
0.5878 

-0 .ooo 1 
0.1964 
1.0820 
0.1615 
0.1036 

12.1631 
1.5551 
0.0000 

-0.0001 
0.0001 
0.3453 

-0.0002 
-0.0002 

0.0014 
o.ooD0 

-0.1261 
-0.0106 
0.0000 
0.0000 
0.0000 

-0.0117 
0.0000 
0.0000 
0.0000 
0.0001 
0.0000 
0.0000 
0.0000 

-0.0419 
-0.1257 
0.0000 

-0.0087 
0.0000 

-0.0184 
0.0000 

-0.0039 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0001 
0.0000 

-0.0001 
0.0000 

-0.0657 
-0.0220 
-0.0604 
0.0000 

-0.0148 
-0.0818 
-0.0121 
-0.0078 
-1.1983 
-0.1 513 
0.0000 
0.0000 
0.0000 

-0.0262 
0.0000 
0.0000 

0.1392 
0.9216 

2.8234 
3.3189 
5.8621 
5.8758 
5.8662 
3.5562 
5.8616 
5.8627 
5.8588 
5.8599 
5.8576 
5.8581 
5.8621 
3.9910 
3.9913 
5.8606 
3.3188 
5.8498 
3.2313 
1.9093 
2.9938 
3.0685 
2.9807 
1.9094 
2.9583 
2.9790 
2.9986 
2.9618 
2.9619 
2.9537 
2.9540 
2.9549 
3.0325 
3.0326 
1.8618 
2.9394 
2.9947 
3.0315 
2.9944 
2.9944 
2.0811 
2.8250 
2.9583 
2.9549 
2.9791 
3.0318 
2.9389 
2.9540 

0.10 
0.10 

0.15 
0.15 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.15 
0.20 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.15 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

0.325 
3.143 

0.313 
0.002 
0.001 
0.001 
0.003 
0.001 
0.004 
0.001 
0.001 
0.004 
0.006 
0.002 
0.001 
0.003 
0.009 
0.002 
0.002 
0.001 
0.004 
0.021 
0.013 
0.009 
0.022 
0.022 
0.041 
0.069 
0.025 
0.047 
0.140 
0.072 
0.217 
0.122 
0.158 
0.053 
0.067 
0.065 
0.134 
0.177 
0.112 
0.071 
1.115 
0.376 
0.069 
0.213 
0.088 
0.065 
0.123 
0.079 
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30. 

( A )  b C d 

* 1031.9 
1020.0 F - G  

* 943.7 
774.5 P -  s 
760.4 - 
681.3 - F 
629.7 
202.3 
192.9 
168.0 

* 141.3 

* 13625.8 F - G  
* 13577.7 F - F  
* 13430.0 F - G  
* 13083.7 
* 12546.8 
* 12211.1 
* 6454.4 F - F  
* 6441.1 F - G  
* 6329.0 F - G  
* 6253.4 G - F  
* 6191.8 
* 4797.4 
* 4797.4 G - F  
* 4687.6 
* 4535.1 F - G  
* 4416.9 
* 4349.6 
* 4348.9 
* 4332.9 
* 4063.9 G -  
* 4032.1 G - G  
* 4027.1 G -  
* 4013.6 
* 3985.8 F - F  
* 3982.8 F - G  

2823.9 
2782.2 
2612.4 

* 2538.9 
* 2270.7 F - G  

2264.5 F - F  
2214.2 F - G  
2150.7 

* 2127.7 
* 1994.3 F - G  
* 1937.9 
* 1920.6 
* 1916.8 
* 1901.2 

* 

* 

* 

* 
* 
* 
* 
* 
* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
* 
* 

* 

0.0012 
0.0011 
0.0001 
0.0308 
0.0565 
0.5482 
0.2120 
0.0577 
0.1384 
0.0839 

-0.0005 

0 .oooo 
0.0000 
0.0001 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

-0 .ooo 1 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0726 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.1519 
0.0000 

1.3021 -0.0001 
1.9488 0.1513 
1.1447 0.0000 

-0.3144 2.7102 
-1.0006 9.1628 
4.2072 1.6253 

-3.1260 19.1353 
-0.7299 3.0596 
-2.1966 9.3514 
-1.2048 5.8036 
11.8982 -0.0002 

Ne 

0.0145 
0.0112 
0.0215 
0.0250 
0.0172 
0.0085 
0.0477 
0.0753 
0.0728 
0.0086 
0.1072 
0.0054 
0.0078 
0.0440 
0.0820 
0.0523 
0.0419 
0.0899 
0.0396 
0.1139 
0.0462 
0.0776 
0.0548 
0.0489 
0.2303 
0.6307 
0.5976 
0.7904 
0.3747 
0.3024 
0.2206 
0.3833 
0.5284 
0.2288 
0.5395 
0.1217 
0.3395 
1.4169 
0.7709 

0.0000 
0.0000 
0.0033 
0.0000 
0.0000 
0.0000 
0.0169 
0.0253 
0.0325 
0.0052 
0.0380 
0.0008 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0007 
0.0000 
0.0000 
0.0000 
0.1468 
0.1945 
0.2577 
0.1072 
0.0715 
0.0685 
0.0970 
0.1641 
0.0000 
0.0001 
0.0000 

0.2218 
-0.0001 

-0.0122 
0.0000 

-0.2657 
-0.9287 
-0.1233 
-1.8583 
-0.3423 
-1.0249 
-0.6387 
0.0000 

0.0000 
0.0000 

-0.0003 
0.0000 

0.0000 
-0.0015 
-0.0023 
-0.0032 
-0.0006 
-0.0034 
-0.0001 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 

0.0000 
-0.0001 

-0.0036 
0.0033 
0.0154 
0.0013 

-0.0024 
-0.0024 
0.0039 

-0.0058 
0.0000 
0.0000 
0.0000 
0.0000 

-0.0067 
0.0000 

2.9625 
2.9376 
2.6478 
2.0844 
1.7646 
3.0007 
2.0594 
1.9926 
2.1022 
1.8941 
3.0188 

0.0711 
0.0424 
0.0541 
0.0424 
0.0895 
0.0895 
0.2234 
0.2323 
0.2049 
0.0499 
0.2233 
0.0541 
0.0424 
0.2475 
0.2565 
0.2532 
0.2502 
0.2508 
0.2502 
0.2551 
0.2502 
0.2547 
0.2475 
0.2475 
0.2502 
0.1612 
0.1727 
0.1695 
0.2012 
0.2377 
0.2020 
0.2225 
0.2019 
0.0960 
0.1046 
0.0895 
0.1027 
0.1600 
0.0895 

0.10 
0.10 
0.10 
0.10 
0.10 
0.15 
0.10 
0.10 
0.10 
0.10 
0.10 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

0.067 
0.111 
0.081 
0.269 
1.248 
0.311 
1.832 
0.279 
0.766 
0.608 
0.581 

0.014 
0.011 
0.023 
0.024 
0.016 
0.008 
0.050 
0.078 
0.083 
0.012 
0.113 
0.006 
0.007 
0.034 
0.063 
0.041 
0.033 
0.070 
0.031 
0.088 
0.036 
0.061 
0.043 
0.038 
0.179 
0.720 
0.669 
0.898 
0.395 
0.293 
0.234 
0.388 
0.561 
0.208 
0.486 
0.111 
0.306 
1.520 
0.705 
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Table 30. Continued 

V. V. GOLOVATYJ al. 

a b C d tl 

* 
* 

* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
* 

* 
* 
* 
* 

* 
* 

* 

* 
* 
* 

* 
* 
* 
* 
* 
* 
* 

* 

1881.9 F - G  
1240.3 F - G  
489.6 
487.2 
283.4 
267.3 - 
227.7 
217.5 
216.4 
204.2 - 
203.9 
203.8 - F 
194.3 
194.1 

14740.9 G - F  
4927.9 G - F  
2341.5 
2197.3 
1955.7 
1924.5 - F  
1884.8 
1790.2 
542.8 S - 
482.7 
473.8 F - F  
293.6 
208.6 S - 
166.3 - 

2141.8 
1970.9 
666.0 F -G 
571.0 
482.2 - 

416.2 
143.2 - F 
133.0 
122.9 
122.6 - S 

118.2 
118.3 

26845.5 
* 22830.0 
* 20832.0 
* 15502.0 
* 9261.0 
* 5416.8 
* 5247.9 S 

* 
* 

* 

* 
* 
* 
* 
* 

* 
* 

* 

* 
* 

* 

* 

* 
* 
* 
* 
* 

* 
* 
* 
* 

0.0000 
0.0000 
0.0001 
0.0795 
0.0001 

-0.0342 
0.0528 
0.0002 
0.0632 
0.0000 

-0.0001 
-0.0003 
-0 .ooo 1 
-0.0006 

0.0000 
0.0000 
0.0504 
0.0168 
0.0000 
0.0001 
0.0004 

-0.0001 
1.0096 
0.0000 
0.0000 
0.0442 
0.0653 

-0.0003 

0.0185 
0.0009 

-0.0025 
0.0684 

-0.0089 
-0.088 7 
0.0709 

-0.0012 
0.0000 
0.0001 
0.0001 
0.0002 

0.0000 
0.0000 
0.0000 
0.0000 
0.0020 
0.0087 
0.0034 

1.6523 
0.6013 0.0000 

0.6903 0.1608 
1.5517 0.6174 
0.6163 0.2502 
0.4933 0.0716 
2.6149 0.0004 
0.5891 0.0828 
1.0020 -0.0001 
2.6427 0.0000 
4.1059 -0.0002 
2.9725 -0.0002 

1.1526 -0.0645 

3.7682 -0.0004 

Ne 

0.0059 0.0000 
0.0057 0.0000 
2.1346 0.1934 
0.4174 0.0209 
0.1915 0.0000 
1.6034 0.1353 
1.4190 0.0310 
0.5402 0.0118 
1.7831 5.9186 
1.3626 0.0000 
1.4170 
1.0990 0.0551 
2.5781 0.2454 
2.2490 -0.0001 

Ne V 

-0.3307 1.6479 
7.1793 2.0464 
6.9245 0.0009 

15.0815 11.7144 
9.1893 8.2286 

15.6785 3.1163 
8.0229 0.0576 
8.4732 -0.0006 
5.0572 -0.0006 
4.5451 -0.0004 
1.9793 0.0000 

10.0646 -0.0005 

Ne 

0.0089 0.0000 
0.0071 0.0000 
0.0062 0.0000 
0.0212 0.0000 
0.0141 0.0024 

-0.0132 0.0343 
0.0073 0.0088 

0.0000 
0.0000 
0.3080 

-0.0040 
0.0542 
0.0007 

-0.0017 
-0.0001 
-0.0028 

0.0000 
0.0000 
0.0001 

0.0000 
0.0000 
0.0854 
0.0084 
0.0000 
0.0327 
0.0142 
0.0054 
0.0374 
0.0000 
0.0000 
0.0222 
0.1076 
0.0000 

-0.1446 
-0.1008 
-0.0001 
-0.3123 
-0.2473 
-0.0989 
0.0235 
0.0001 
0.0001 
0.0001 
0.0000 
0.0001 

0.0000 
0.0000 
0.0000 
0.0000 
0.0001 

-0.0021 
-0.0005 

0.0992 
0.2501 
0.1153 
0.1612 
0.1567 
0.0017 
0.1652 
0.1590 
0.1510 
0.1675 
0.2568 
0.2828 
0.0895 
0.1620 

0.0377 
0.0377 
0.1963 
0.2123 
0.1632 
0.1776 
0.1805 
0.1801 
0.3308 
0.1632 
0.1632 
0.2123 
0.1984 
0.2306 

-0.0837 
0.7266 
0.5398 
0.1580 
0.1961 
0.4225 
0.5439 
0.3684 
0.1384 
0.4137 
0.0758 
0.1384 

0.0291 
0.0765 
0.0291 
0.1137 
0.1093 
0.2037 
0.1856 

0.10 1.496 
0.10 0.468 
0.10 1.244 
0.10 0.789 
0.10 1.901 
0.10 0.832 
0.10 0.522 
0.10 2.231 
0.10 0.630 
0.10 0.847 
0.10 2.044 
0.10 3.094 
0.10 2.718 
0.10 3.204 

0.10 0.006 
0.10 0.005 
0.10 2.025 
0.10 0.375 
0.10 0.163 
0.10 1.483 
0.10 1.223 
0.10 0.465 
0.10 6.285 
0.10 1.157 
0.10 1.204 
0.10 0.987 
0.10 2.457 
0.10 1.786 

0.10 1.295 
0.15 4.413 
0.10 4.035 
0.10 22.671 
0.10 14.106 
0.10 12.195 
0.10 4.745 
0.10 5.861 
0.10 4.403 
0.10 3.005 
0.10 1.835 
0.10 8.764 

0.10 0.009 
0.10 0.007 
0.10 0.006 
0.10 0.019 
0.10 0.017 
0.10 0.023 
0.10 0.016 
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b C d f tl 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 

3111.1 
2556.3 
2273.4 
2195.6 
2179.8 
2136.5 
2135.3 
2133.2 
2104.4 
2081.7 
2073.8 
2072.1 
2071.5 
1949.6 
1933.6 
1911.8 
1909.2 
1815.8 
1777.6 
1767.2 
1751.3 
1739.5 
1712.1 
1686.6 
1623.7 
1188.0 
1157.3 
1149.8 
1141.2 
1141.1 
1043.8 
1043.1 
1022.8 
831 .O 
745.4 
734.8 
702.1 
695.9 
654.5 
653.1 
639.8 
633.4 
632.4 
622.0 
580.0 
561.4 
554.4 
553.8 
544.4 
543.0 
474.4 
464.5 

* 
* 
* 
* 
* 
* 
* 
* 

F - G  * 
F - G  * 

* 
* 
* 

* 
* 
* 
* 
* 
* 
* 

G -  

G -  

* 
F - G  * 

* 
* 
* 
* 
* 
* 
* 
* 
* 

* 

* 
* 

0.0102 
0.7076 
1.1576 

0.0000 

0.0004 
0.0000 
o.oo00 
0.0439 
0.0001 
0.1830 

-0.0003 
0.0000 

-0.0001 
0.0000 
0.0636 
0.0000 

-0.0002 
0.0000 
o.oo00 
0.0000 

0.0000 
-0.3295 
-0.0049 
0.0294 
0.0425 
0.0045 

-0.0205 
-0.0026 
-0.0031 
0.0321 
0.0359 
0.0000 

-0.0006 
0.0000 

-0.0002 
-0.0002 
0.0000 

-0.0001 
0.0000 

-0.0002 
-0.0002 

-0.2533 
0.0000 
0.9183 
0.7035 
0.1356 
0.0000 

-0.0024 

-0.02 74 
-1.9884 
1.2542 
0.0447 
0.2197 
0.2989 
3.0805 
0.1390 
1.5887 
1.2607 
1.2209 
1.2443 
3.0796 
2.2160 
2.9390 
0.5504 
4.1603 
0.2206 
1.3931 
0.4055 
0.9615 
0.5624 
0.3994 
0.5327 

10.5 177 
0.1045 
0.2077 
0.6826 
0.0520 
0.5738 
0.0549 
0.0700 
0.5155 
0.2534 
0.2572 
5.5159 
3.7977 
5.6743 
2.5295 
0.7390 
1.4214 
1.4323 
1.0291 
1.0101 
0.2658 

97.6182 
5.4871 
1.0476 

0.2891 
6.6601 
8.1686 

-2.1526 

0.0446 
3.0536 
5.2039 
0.0000 
0.0000 
0.0000 
0.0035 
0.0000 
0.0001 
0.0233 
0.0004 
0.2218 
0.0012 
0.0001 

-0.0002 
0.0000 
0.7689 
0.0000 
0.0000 
0.0000 

-0.0001 

0.0000 
-0.0001 
2.1247 
0.0095 
0.0357 
0.0338 
0.0028 
0.0466 
0.0062 
0.0068 
0.0255 
0.0436 
0.0000 
0.0021 
0.0001 

-0.0003 
0.0000 
0.0000 

-0.0002 

29.2031 
-0.0003 
2.6567 
2.6324 
0.3468 

-0.0003 
-0.0004 

-0.001 3 
-0.0101 
-0.0659 
0.0000 
0.0000 
0.0000 
0.0001 
0.0000 
0.0000 

-0.0008 
0.0000 

-0.0068 
0.0000 

0.0000 
0.0000 

-0.0185 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 

-0.031 1 
0.0017 
0.0016 

-0.0011 
0.0052 
0.0000 
0.0000 

-0.0002 
-0.0008 
0.0020 
0.0000 
0.0000 
0.0000 
0.0001 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
7.5539 
0.0000 
3.9920 

-0.0832 
-0.0209 
0.0001 
0.0001 

0.2547 
0.2791 
0.1593 
0.0291 
0.0765 
0.0291 
0.3453 
0.1137 
0.4227 
0.3949 
0.3609 
0.4368 
0.3839 
0.2711 
0.3693 
0.3693 
0.0993 
0.1137 
0.0289 
0.0765 
0.4055 
0.0765 
0.0290 
0.1137 

0.0044 
0.1093 
0.4050 
0.0849 
0.2866 
-0.0070 
-0.0380 
0.4050 
0.1093 
0.0291 
0.3839 
0.2711 
0.3693 
0.0290 
0.0765 
0.1137 
0.0765 
0.0289 
0.0289 
0.0291 
0.2735 
0.5727 
0.3542 
0.4318 
0.1856 
0.5727 
0.5724 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.15 
0.10 
0.10 
0.10 

0.020 
1.333 
6.438 
0.043 
0.204 
0.290 
2.184 
0.124 
1.041 
0.894 
0.851 
1.061 
2.098 
1.690 
2.031 
0.380 
4.504 
0.197 
1.353 
0.376 
0.641 
0.521 
0.388 
0.475 
12.274 
0.110 
0.246 
0.505 
0.059 
0.450 
0.059 
0.076 
0.382 
0.300 
0.250 
3.758 
2.896 
3.922 
2.457 
0.685 
1.268 
1.327 
1 .ooo 
0.981 
0.258 

102.028 
3.095 
6.045 
0.714 
0.623 
3.756 
4.607 
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30. 

a b C d tl 

* 

* 
8 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
U 

* 
* 
8 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 

445.1 
440.5 
434.8 
401.7 
355.8 
355.1 
312.8 
306.6 
290.6 
289.6 
286.4 
269.7 
268.3 
264.8 
264.6 
262.6 
261.2 
258.3 
253.0 
252.0 
176.5 
146.7 
137.5 
137.1 
132.9 
129.5 
127.7 
126.4 
121.7 
120.9 
113.9 
113.1 
110.6 
105.5 
104.5 
104.0 
103.9 
101.7 
100.8 
97.5 
97.5 
97.3 
95.2 
91.2 
91 .o 
89.4 
85.6 
85.5 

4375.7 
3890.6 

F - G  

* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
* 

* 

* 

* 

* 
* 

* 
* 

* 

2.2651 
0.6570 
1.0266 
6.5154 
0.5696 
0.1960 

-0.0002 
0.0001 

-0.0004 
0.0001 

-0.0001 
-0.0001 
-0.0001 
-0.0027 
0.0001 
0.0181 
0.1090 

-0.0011 
-0.0004 
-0.0009 
-0.0246 
0.2299 
0.3079 
4.0592 
0.7423 
1.6659 
1.1055 
1.0652 

-0.0085 
-0.002 4 
0.4141 
0.3108 
0.0162 
0.0034 

0.0028 
0.8717 

-0.0268 
-0.0002 
-0.0022 
0.0048 
0.0127 

-0.1107 
-0.0012 
-0.0032 
0.2071 

-0.0035 
0.0028 

-0.0226 

-0.0985 
-0.0012 

0.4577 

6.6458 
4.6515 

0.4182 
4.1359 
9.1484 

13.3780 
9.0101 
2.7522 
1.7400 
8.2744 
8.7713 
2.8478 
0.2081 
0.7695 
3.7846 
3.0182 
4.1133 
0.8196 
2.2531 
4.1347 

14.6438 
7.2838 

11.9733 
-1.8401 
0.8708 
1.8480 

10.8948 
4.2564 
1.2993 
7.7973 

15.7035 
5.2957 
3.3531 
4.3566 

2 1 1.7048 
1.7886 

14.1459 
0.6658 
3.7185 
2.4409 

10.0202 
83.0573 
0.4369 

103.8713 
33.9198 

-0.1444 

-0.8623 

Ne \ 

6.6857 
4.7193 

17.0656 
3.5553 
2.6769 

19.1526 
2.2383 
0.5015 
0.0003 
0.0035 

-0.0007 
0.0003 

-0 .ooo 1 
-0.0002 
-0.0007 
-0.0001 
-0.0001 
0.0113 
0.1325 

-0 .ooo 1 
0.0000 

-0.0005 
0.1640 
0.2757 
0.5582 

13.5656 
0.8907 
1.8272 
2.6588 
1.9413 
1.3390 
2.7003 
0.7776 
0.4324 
2.3068 

1.1728 
2.3489 
1.1836 

-0.0066 
0.7584 

-0.0017 
0.6030 
1.061 1 
0.3237 

-0.0012 
-0.0046 
0.5181 

-0.0364 
-0.0009 

-0.0008 

1.0389 
-0.0010 

2.0497 
0.9494 
0.4527 
2.2099 

-0.1390 
-0,0302 
0.0000 
0.0000 
0.0001 

-0.0001 
0.0000 
0.0000 
0.0001 
0.0000 
0.0000 
0.0209 
0.0060 
0.0000 
0.0000 
0.0001 

-0.002 2 
0.0274 
0.0796 

0.0885 
0.2808 
0.3543 
0.0579 
0.0020 

-0.1399 
0.0431 
0.0146 
0.0739 
0.0001 
0.0450 
0.0931 
0.0133 
0.0009 

-0.0617 
0.0003 
0.0471 
0.0292 

-0.0004 
0.0002 
0.0010 

-0.0163 
0.0054 
0.0001 

-0.4131 

-0.0598 
0.0001 

0.1979 
0.3583 
0.4353 
0.2697 
0.2037 
0.1856 
0.4227 
0.3840 
0.3693 
0.2711 
0.3693 
0.1136 
0.4055 
0.0288 
0.0766 
0.0849 
0.1093 
0.0763 
0.0289 
0.1135 
0.0027 
0.3368 
0.4264 
0.1407 
0.3368 
0.4282 
0.2564 
0.1750 
0.1185 
0.2625 
0.1863 
0.3681 
0.2497 
0.5729 
0.5063 
0.4597 
0.4552 
5.6164 
0.3235 
0.1135 
0.1175 
0.2921 
0.2955 
0.1136 
0.4054 
0.2262 
0.0291 
0.0766 

2.7506 
6.5103 

o.io 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.15 
0.15 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

0.15 
0.20 

17.917 
3.506 
6.990 
24.840 
1.474 
0.902 
2.710 
6.234 
9.246 
6.871 
1.902 
1.553 
5.516 
8.520 
2.638 
0.237 
0.912 
3.505 
2.932 
3.671 
0.954 
1.989 
3.317 
27.674 
6.430 
10.262 
1.763 
3.303 
2.825 
10.347 
4.558 
1.424 
7.942 
8.857 
3.858 
3.661 
4.076 
0.770 
1.798 
12.625 
1.174 
3.600 
1.975 
8.942 
55.371 
0.914 

100.859 
31.420 

0.483 
0.007 
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L - L '  U b C d f t l  

* 3883.6 
* 3880.4 

973.3 
561.6 
465.2 

* 106.1 

* 73889.7 
* 38584.6 F - G  
* 38584.6 F - G  

33191.5 
* 25380.2 F - G  

15026.7 
14879.1 
12084.2 
10811.4 
8806.6 
5176.7 S 
3834.4 
3094.4 

3089.1 
3058.1 

* 1876.9 
1766.1 

* 30770.3 I 
* 30770.3 H- I 
* 30230.6 

23623.0 
* 18269.9 
* 18269.9 

17779.2 S -  
16263.7 F - G  

* 11471.3 
10093.1 
9331.9 F - G  
9289.4 F - G  
8358.2 

* 7271.3 
7049.2 
6237.4 
6182.6 F - G  
5859.7 

* 5228.1 
5145.2 F - G  
4663.1 
3900.7 
3586.9 

* 3539.6 

0.3340 
* 0.0009 

0.3882 
0.6753 

0.3255 
-0.1572 

-0.0039 
0.0449 
0.0027 
0.0003 
0.0235 
0.0001 
0.0258 
0.0692 
0.0004 
0.1259 
0.0000 
0.1283 
0.0367 

0.0744 
* 0.0000 
* 0.0003 
* -0.0061 

0.0025 
0.0249 
0.1207 
0.0703 
0.3516 
0.1943 
0.1187 
0.1901 
0.1152 
0.0679 
0.4271 
0.9003 
0.4042 

* 0.0000 
0.1750 
0.1329 
0.2468 
0.1889 

* 0.0000 
0.0998 
0.0025 
0.1931 
1.5156 

* 0.0000 

-1.8561 2.8070 
4.0951 0.0001 

-6.9111 33.3715 
-1 1.9880 58.6325 
38.0673 36.5808 
50.4158 9.5826 

Mg 1 
2.8850 0.0007 

4.3474 0.4176 
1.0490 0.0813 

-0.2232 0.5930 
0.6847 0.1866 
5.7319 1.0514 

1.3958 0.1078 

0.1658 0.5114 

-0.3457 0.7112 

-0.5212 1.0643 

-0.6903 1.1785 

-1.2733 4.6334 
-0.3357 1.2721 

A1 I 
-0.2889 0.3467 
0.7295 -0.0001 

1.9676 0.0003 
1.1728 -0.0001 

A1 I1 
2.3374 
7.0436 

-0.694 1 
-0.2925 
-2.5821 
-1.0111 
-0.4938 
-0.8555 
-0.6626 
0.1508 

-1.6475 
-4.3736 
-1.3235 
0.0177 
0.3882 

-0.5974 
-1.1106 
-0.6182 
0.0143 

-0.4961 
-0.0476 
-1.1764 
-5.4947 
0.0157 

0.0250 
0.0538 
1.1275 
0.3573 
5.1388 
1.4329 
0.6031 
1.0693 
1.0764 
0.3309 
1.8194 
5.8042 
1.2535 
0.0000 
0.8526 
0.7937 
1.3881 
0.5981 
0.0000 
0.6743 
0.2648 
3.1451 
6.0201 
0.0000 

-0.2 700 

-3.6104 
-6.4317 
-3.5998 
-0.6318 

0.0000 
-0.0722 
-0.0506 
-0.0095 
-0.0692 
-0.0210 
-0.1184 
-0.1129 
-0.0126 
-0.0960 
-0.0569 
-0.4728 
-0.1456 

-0.0191 
0.0000 
0.0000 
0.0000 

-0.0030 
-0.0061 
-0.1127 
-0.0257 
-0.5 435 
-0.1330 
-0.0434 
-0,0940 
-0.1076 
-0.0113 
-0.1412 
-0.4776 
-0 .O 74 2 
0.0000 

-0.0291 
-0.0400 
-0.1220 
-0.0324 
0.0000 

-0.0603 
-0.0201 
-0.1611 
-0.3498 
0.0000 

4.4467 
6.5035 
1.9030 
1.7846 
2.4232 
2.7553 

4.7002 
3.0453 
4.5253 
4.4843 
3.4488 
3.0106 
4.2611 
2.8427 
4.4844 
2.0651 
2.1817 
2.7691 
3.0682 

2.1198 
1.9328 
0.7304 
1.2079 

6.4483 
6.4518 
4.5391 
1.9300 
4.5701 
4.0130 
1.9300 
3.6770 
4.5391 
0.9868 
3.0970 
3.4290 
2.2203 
0.1692 
0.9868 
1.7245 
3.6770 
2.2041 
0.1692 
4.1118 
0.0861 
0.4004 
2.2296 
0.1692 

0.25 
0.20 
0.10 
0.10 
0.15 
0.15 

0.15 
0.20 
0.20 
0.25 
0.15 
0.10 
0.25 
0.20 
0.25 
0.15 
0.10 
0.10 
0.10 

0.25 
0.10 
0.10 
0.10 

0.20 
0.20 
0.20 
0.25 
0.25 
0.30 
0.25 
0.35 
0.20 
0.10 
0.30 
0.30 
0.30 
0.10 
0.10 
0.20 
0.35 
0.30 
0.10 
0.30 
0.10 
0.10 
0.30 
0.10 

0.012 
0.006 
3.465 
6.864 
6.284 
3.796 

0.026 
0.016 
0.051 
0.013 
0.010 
0.042 
0.094 
0.029 
0.017 
0.066 
0.070 
0.189 
0.038 

0.014 
0.106 
0.565 
0.586 

0.004 
0.011 
0.005 
0.016 
0.024 
0.009 
0.027 
0.008 
0.005 
0.201 
0.021 
0.060 
0.028 
0.015 
0.517 
0.052 
0.010 
0.015 
0.012 
0.004 
0.183 
1.341 
0.182 
0.013 
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A ( A )  b C d f tl 

* 3221.7 
2816.2 
1860.3 

* 1733.5 
1723.2 
1670.8 

* 1480.2 
* 1281.6 

* 0.0018 
0.0277 
0.2511 
0.0000 
2.3605 
0.3800 
0.0000 
0.001 1 

1.0715 0.0001 
0.1892 0.0500 
0.2248 1.0554 
0.2278 0.0000 

-6.2188 6.3081 
-1.4654 3.8451 
0.1003 0.0000 
4.5198 -0.0001 

Si I 
0.5032 0.0000 

Si I1 

0.0028 0.0000 
0.0333 0.0000 
0.0268 0.0000 
0.1129 0.0000 

0.2133 0.0000 
0.1094 0.0000 
0.0679 0.0000 
0.2475 0.0001 
0.9363 0.0001 
0.0814 0.0000 
0.0018 0.0039 
1.4203 0.0033 

-0.8830 0.8925 
0.0115 0.0000 
2.0587 0.0000 
1.2798 0.0000 
0.0705 0.0000 

-0.9342 0.9443 

-0.1614 0.2842 
-2.9732 4.1373 
-1.0704 1.8562 
0.2908 0.0509 

-5.0297 5.9419 
-2.3035 3.5048 

Si 

-0.8241 1.4772 
-2.4732 4.4279 
-1.1841 0.8376 
-0.2170 0.3664 
-0.8315 0.8409 
-1.4238 1.2271 
-5.3113 4.7586 
-1.7034 1.4744 
-0.5518 0.9317 

0.0327 0.0061 
-0.2757 0.2788 

-0.5918 0.4389 
-1.1333 0.8016 
-2.9089 2.8067 

0.0000 
-0.0007 
-0.0188 
0.0000 

-0.2098 
-0.1094 
0.0000 
0.0000 

3.5009 
0.2429 
1.0095 
0.1692 
1.4623 
0.3581 
0.1692 
1.6757 

0.15 
0.10 
0.10 
0.10 
0.20 
0.10 
0.10 
0.10 

0.032 
0.209 
0.551 
0.192 
0.519 
1 .853 
0.085 
0.846 

* 

* 
* 

* 1486.2 * 0.0000 0.0000 0.2150 0.10 0.406 

13087.1 
10239.9 
9000.9 
6685.3 
6355.1 
5853.9 
5681.2 
5601.6 
5219.4 
5197.9 
4192.7 
4075.7 
3995.2 
3858.1 
3474.7 

* 3165.1 
* 3025.5 

1944.9 
1869.7 
1814.0 
1531.2 
1350.3 
1263.3 
1194.1 

s- 

F - G  

0.0000 
0.0000 
0.0000 
0.0000 
0.3053 
0.0000 
0.0000 
0.0000 
0.0019 
0.0004 
0.0000 
0.0007 
0.0420 
0.2886 
0.0000 
0.0016 
0.0002 
0.0000 
0.0724 
0.7512 
0.2128 
0.0012 
1.2378 
0.5954 

0.0000 
0.0000 
0.0000 

-0.0540 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 

-0.0003 
-0.0004 
-0.0510 
0.0000 
0.0000 
0.0000 
0.0000 

-0.0043 
-0.2040 
-0.1382 
-0,0063 
-0.4477 
-0.1816 

0.0250 
0.3306 
0.0897 
0.0250 
0.7417 
0.3306 
0.0250 
0.4413 
1.2544 
2.7927 
0.0894 
0.1784 
3.5961 
0.7417 
0.0891 
3.4712 
3.7123 
0.0895 
0.3030 
0.5606 
0.5235 
0.1302 
1.4003 
1.3998 

0.10 
0.10 
0.10 
0.10 
0.20 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.15 
0.20 
0.10 
0.15 
0.15 
0.10 
0.10 
0.15 
0.15 
0.10 
0.25 
0.25 

0.003 
0.024 
0.025 
0.110 
0.125 
0.153 
0.107 
0.044 
0.071 
0.057 
0.074 
0.005 
0.040 
0.118 
0.011 
0.064 
0.031 
0.064 
0.141 
0.977 
0.510 
0.296 
0.420 
0.398 

* 

13644.4 
13642.6 
13395.8 
11339.9 
8266.3 
8191.1 
8103.5 
8102.8 
7464.5 
5707.5 
5472.8 
5113.9 
5091.5 
4822.1 

F - G  

F - G  

F - G  

0.1265 
0.3800 
0.4768 
0.0450 
0.2716 
0.4698 
1.6682 
0.5480 
0.1144 
0.0900 
0.0002 
0.2220 
0.4564 
0.8599 

-0.1537 
-0.4606 
-0.0386 
-0.0272 
-0.0463 
-0.0805 
-0.3220 
-0.0921 
-0.0691 
-0.0153 
-0.0001 
-0.0206 
-0.0369 
-0.1346 

5.6521 
5.6500 
3.0607 
0.8267 
1.0614 
3.1211 
3.4159 
3.2546 
0.8267 
1.0613 
0.4000 
3.0733 
3.0606 
2.3510 

0.20 
0.20 
0.40 
0.15 
0.20 
0.40 
0.40 
0.40 
0.15 
0.20 
0.10 
0.45 
0.40 
0.35 

0.002 
0.007 
0.004 
0.073 
0.081 
0.008 
0.026 
0.009 
0.186 
0.027 
0.026 
0.002 
0.004 
0.059 
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a 

4560.1 
4338.5 

* 4229.8 
* 4212.5 
* 4179.2 

3924.5 
* 3883.3 

3801.3 
* 3644.1 

3590.4 
* 3583.3 
* 3552.3 

3487.0 
* 3463.4 
* 3450.7 

3253.8 
3237.8 
3200.0 
3089.8 

* 3071.5 
* 3056.1 

2541.8 
1842.6 
1782.0 

* 1713.2 
1500.9 

* 1480.9 
* 1449.8 

1435.9 
* 1403.6 
* 1398.6 
* 1384.9 
* 1302.8 

1298.9 
1210.5 
1207.5 
1206.5 
1206.5 
1143.1 
1111.6 
996.1 

* 
* 
* 

F - G  
* 

* 

* 
* 

* 
* 

F - G  

* 
* 

* 

* 
F - G  * 

* 
* 
* 

F - F  * 

-0.0025 
-0.0008 
-0.0001 
0.0000 
0.0000 
0.4774 
0.0000 
0.0627 
0.0000 
0.0000 
0.0000 
0.0000 
0.1264 
0.0000 
0.0000 
0.0193 
0.0037 
0.8311 

-0.0008 
0.0000 
0.0000 
0.0292 

-0.0022 
-0.0001 
-0.0002 
0.0701 
0.0000 

-0.0001 
0.0012 
0.0000 
0.0001 
0.0001 
0.0004 

-0.0003 
0.2954 
0.0129 
0.0154 
0.1152 
0.3069 
0.0842 
0.1799 

b 

1.2046 
0.0054 
1.2661 
0.0383 
0.0225 

0.3459 
2.5957 
0.1912 
0.0898 
0.7158 
0.1779 

0.1175 
0.1640 

-1.7240 

-0.3660 

-0 148 
-0.0583 
-2.8114 

2.1244 
0.1558 
0.2353 

0.0159 
1.5277 
1.7253 

0.5570 
7.4809 
0.5137 
1.7133 
1.3631 
1.8000 
3.4080 
0.1836 
0.5299 

-0.4 171 

-1.1675 

-0.2262 
-0.0858 
-0.308 2 
0.2054 

0.9786 
-1.7568 

C 

0.6437 
0.0829 

-0.0003 

1.7647 

1.1673 
0.0000 
0.1304 
0.0000 
0.0000 
0.3507 
0.0000 
0.0000 
0.0352 
0.2653 
2.7127 
1.1338 
0.0000 

2.6108 
0.2447 
2.3834 

-0.0002 
5.4084 
0.0001 
0.0000 
0.0959 

-0.0001 
0.0002 

-0.0004 
2.6554 
0.8371 
1.0662 
0.6481 
4.4734 
1.5713 

10.2865 
1.0052 

~ 

d 

-0.0162 
-0.0050 
0.0000 
0.0000 
0.0000 

-0.0783 

-0.0418 
0.0000 

-0.01 03 
0.0000 
0.0000 

-0.0128 

0.0000 
0.0065 

-0.0269 
-0.1300 
-0.0286 

0.0000 
-0.0531 
-0 .O 149 
0.0558 
0.0000 

-0.4030 
0.0000 

-0.0008 

0.0000 
0.0000 
0.0001 

-0.0518 
0.0426 

0.1265 
0.0207 

-0.0313 
-0.1147 
-0.0099 

-0.0959 

0.4221 
0.0298 
4.6099 
0.3889 
0.2470 
2.4288 
0.5279 
0.4485 
0.8731 
0.2192 
0.3889 
0.8731 
1.5101 
0.5279 
0.2470 
0.5862 
0.4523 
2.3510 
0.4239 
0.3889 
1.5119 
0.2087 
0.0298 
0.6350 
0.8174 
0.3860 
0.2470 
1.2092 
0.3974 
0.3889 
0.9197 
0.5279 
0.8174 
0.5271 
1.0134 
0.1456 
0.3126 
0.2981 
0.8580 
0.1059 
0.5044 

tl 

0.10 
0.10 
0.15 
0.10 
0.10 
0.30 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.25 
0.10 
0.10 
0.10 
0.10 
0.35 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

- 
1.200 
0.080 
0.013 
0.026 
0.018 
0.039 
0.204 
2.416 
0.080 
0.169 
0.485 
0.074 
0.022 
0.069 
0.128 
0.026 
0.1 17 
0.057 
2.113 
0.106 
0.052 
1.761 
0.236 
2.102 
0.762 
2.657 
0.435 
2.233 
0.410 
1.161 
0.544 
1.062 
1.505 
1.645 
0.619 
0.654 
0.515 
3.192 
0.870 
7.645 
1.301 

1 X is is 

of 4 
is tL 10 is 

is less 10%. Y is a , f t ( X )  = 10' K 
units of 1 0 - l ~  s- l .  


