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Preface

"This work was undertaken to provide extremely high resolution spectra as an
aid to systems planning requiring a knowledge of laser propagation through the
atmosphere. We have specifically addressed the problem of CO, HF, DF, and
CO2 laser systems and we have incorporated a new aerosol model.

We wish to acknowledge the Mie calculations performed by Dr. E. Shettle
and the consultation with Dr. F. Volz and Dr. R. Fenn in the definition of the
aerosol models described in this report. In addition, we acknowledge the efforts
of Mr. J. Chetwynd in running computer programs and otherwise organizing the

synthetic spectral plots.
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Atmospheric Attenuation of Laser Radiation
from 0.76 to 31.25 um

1. INTRODUCTION

Theoretical investigations of the attenuation of laser emission through the
atmosphere require a knowledge of the molecular absorption of the atmosphere at
very high spectral resolution. Absorption line widths of atmospheric molecules
are typically of the order of 0: 1 cm-l' at one atmosphere pressure and decrease
with decreasing pressure. Thus, considerations of laser propagation in the
atmosphere require a knowledge of atmospheric transmittance with a spectral
resolution of better than 0.1 cm-l. In prévious reports, calculations of synthetic
atmospheric spectra were made for a spectral resolution of 0.01 cm-l. The re-
sulting spectra can thus be considered as representing an infinite resolution spec-
trum, limited only by the real width of the atmospheric absorption lines. One of
the previous reports1 provided spectra covering the region of CO emission - 1400
to 2120-1. A second reportz provided spectra covering the region of HF and DF
emission from 2120 to 3740 cm-l, and a third r"epor'c3 provided spectra covering

the region of CO, emission and beyond from 320 to 1400 em ™l

(Received for publication 3 Jamiary 1974)

1, McClatchey, R.A. (1970) Atmospheric Attenuation of CO Laser Radiation ,
AFCRL-71-0370, ERP 359.

2. MecClatchey, R.A. and Selby, J.E.A. (1972a) Atmospheric Attenuation of HF
and DF Laser Radiation , AFCRL-72-0312, ERP 400.

3. McClatchey, R.A. and Selby, J.E.A. (1972b) Atmospheric Transmittance ,
7-30 pm: Attenuationof COy Laser Radiation, AFCRL-72-0611, ERP 419.




In addition to the "infinite" resolution spectraprovided inthese repor.s, specif-
ic laser attenuation charts have been provided for a great number of laser wave-
lengths in the CO, HF, DF and 002 systems. Although it is useful to have these
laser attenuation coefficients immediately available, we have found the "infinite"
resolution spectra of great value for a large number of purposes. For example,
these spectra can be used directly as a guide to selecting other lasers which have
lines that lie in the spectral interval in question.

Because of the growing interest in finding relatively transparent atmospheric
windows for propagating new laser emission lines through the atmosphere, it was
decided to extend the calculations reported earlier to shorter wavelengths and to
provide in one report synthetic spectra for the entire spectral region from 320 to
13, 200 cm-1 (0.7576 to 31.25 um). The generation of accurate synthetic spectra
requires a detailed knowledge of the spectroscopic parameters for each of the
many thousands of molecular absorption features appearing in the infrared atmos-
pheric spectrum. We are now ih a position to perform these calculations due to
the development of the AFCRL Compilation of Atmospheric Absorption Line
Parameters described by McClatchey, et al. 4

In addition to the absorption lines associated with water vapor, carbondioxide,
ozone, nitrous oxide, methane, carbon monoxide and oxygen, at low levels in the
atmosphere there is the important water vapor continuum of particular importance

i The pressure induced

band at nitrogen in the region near 4.3 pm has also been included. 7.8 Absorption

in the 9- to 13- um region and between 16 um and 30 pm.
by each of the molecules mentioned here has been included in the calculation of
synthetic spectra provided below.

For consistency with earlier reports on the problem of laser propagation in
the atmosphere, synthetic spectra based only on'molecular absorption have in all
cases been provided for two different atmospheric paths: (1) A 10-km horizontal

path at sea level, and (2) a 10-km horizontal path at an altitude of 12 km.

4, McClatchey, R.A., Benedict, W.S., Clough, S.A., Burch, D.E,, Calfee,
R.F., Fox, K., Rothman, L.S., and Garing, J.A. (1973) AFCRL
Atmospheric Absorption Line Parameters Compilation , AFCRL-TR-73 -
0096.

5. Burch, D.E. (1970) Semiannual Technical Report, Investigation of the Absorp-_
tion of Infrared Radiation by Atmospheric Gases U-4784, Jan, 1970..

6. Bignell, K.J. (1970) Q.J.R. M. S., 96:409.

7. Burch, D.E., Gryvnak, D.A., and Pembrook, J.D. (1971) Philco-Ford
Corporation, Aeronutronic Division, Contract No. F19628-69-C-0263,
U-4897, ASTIA AD882876.

8. Shapiro, M. M. and Gush, H.P. (1966) Canad, J. Phys. %:949.




In addition to molecular absorption, three other sources of attenuation should
be considered:9 molecular (or Rayleigh) scattering, aerosol scattering, and
aerosol absorption. Quantitative data are also provided below on the basis of
which aerosol attenuation can be estimated. It should be noted that aerosol attenu-
ation and molecular scattering are very slowly varying functions of frequency and,
therefore, provide a quasi-continuum attenuation over the whole spectral range of
interest, whereas the molecular absorption is highly frequency-dependent. Thus,
molecular absorption dominates in the determination of the relative "windows"

where the transmittance of a laser beam is greatest,

2. ATMOSPHERIC MODELS

The atmospheric'models used in the laser computations have been fully des-
cribed,9 and so only a brief sketch will be provided here. Three model atmo-
spheres for pres’s’ure, temperature, H20, and O3 distributions have been used

. here and are referred to as Tropical, Midlatitude Winter, and Subarctic Winter.
They refer to models of the same names defined in the Handbook of Geophysics and
Space Environment, Y The major effect which these three different models have
on the computations in this report is due to the differences in water vapor distribu-
tion. Table 1 provides the water vapor amounts in a 10-km sea level path, a 10-
km horizontal path at 12-km altitude, and in a vertical path through the entire at-
mosphere for the three models. The water vapor distribution in all models is
identical above 11-km altitude. The ozone abundances have been included in Table
1 as ozone is the only other molecular species which is not assumed to be uniform-
ly mixed in the atmosphere. All other absorbing gases were assumed uniformly
mixed according to the mixing ratios indicated in Table 2.

In addition to the three models described above, computations were made for
two aerosol models described as a 'clear' and "hazy' atmosphere corresponding
to a ground level visibility of 23 km and 5 km, respectively, The aerosol size
distribution function for both models is the same at all altitudes and similar to
one suggested by Deirmendjian11 for continental haze. It differs from Deirmend-
jian's model "'C'" (and also from the model used by McClatchey et al’ in that the

9. McClatchey, R.A., Fenn, R.W., Selby, J.E.A., Volz, F.E., and Garing,
J.W. (1972) Optical Properties of the Atmosphere (Third Edition), AFCRL~
72-0497, August 1972,

10, Valley, S.L., Ed., (1965) Handbook of Geophysics and Space Environments,
AFCRL.

11, Deirmendjian, D. (1963) Scattering and Polarization Properties of Polydis -
persed Suspensions with Partial Absorption, Proc. ofthe Interdisciplinary
Conf, on Electromagnetic Scattering, Potsdam, NY, Milton Kerker, Ed.,
Pergamon Press.




Table 1.

Amount of Water Vapor and Ozone (molecules per square centimeter) in

the Three Model Atmospheres for which Calculations Have Been Made

Midlatitude Subarctic
Type at Path Tropical Winter Winter

10-km horizontal HoO 6.36 x 1023 | 1.17 x 1023 4.01 x 1022
path at sea level O3 6.70 x 1017 6.7 x 1017 6.7 x 1017
10-km horizontal Hy0 2.00 x 1029 | 2,00 x 1020 2.00 x 1020
path at 12-km altitude Og 5.40 x 1017 | 3.23x 1018 5.4 x 1018
vertical path from Hy0 1.38 x 1023 2.85 x 1022 1.40 x 1022
sea level to space O 6.62 x 1018 1.07 x 1019 1.29 x 1019

Table 2. Concentrations of Uniformly Mixed Gases
2
Molecules/cm
Midlatitude Winter Model
Vertical Path
10 ~-km 10 -km Path at From Sea
Constituent ppm by Volume | Sea Level 12-km Altitude Level
N 7.808 x 10° | 2.10 x 10%° 4.87 x 1024 1.69 x 102°
e 5 25 24- 24
O2 2.095 x 10 5.63 x 10 1.31x 10 4.52 x 10
co 330 8.87 x 1021 2.05 x 1021 7.12 x 1021
2 18 17 18
CcO 0.075 2.03 x 10 4.67 x 10 1.62 x 10
N,O 0.28 7.28 x 1018 1.68 x 1018 6.04 x 1018
2 19 18 19
CH4 1.6 4.30 x 10 9.92 x 10 3.45 x 10

large particle cut-off has been extended from 5 um to 100 xm as indicated in
Figure 1. The refractive index for the aerosol particles (Table 3) is based on
experimental data published by Volz. 2 The attenuation coefficients.were then de-
termined as compositgs of 70 percent water soluble aerosol material and 30 per-
cent dust-like substances which can be assumed representative of continental aero-
sol. The total numbers of aerosol particles per unit volume (Table 4) for the
"clear' atmosphere have been ad\justed to give an extinction coefficient at A\ =

0.55 pm identical to the attenuation model of Eltermanls’ 14
12, Volz, F.E. (1972) Appl. Opt. 11:755.

~13. Elterman, L., (1968) UV Visible, and IR Attenuation for Altitudes up to 50 km,
1968, AFCRL, Environmental Res. Paper No. 285, AFCRL.-68-0153.

14. Elterman, L. (1970) Vertical-Attenuation Model with Eight Surface Meteoro-
logical Ranges 2 to 13 Kilometers, 1970, AFCRL, Environmental Research
"Paper No. 310, AFCRL-70-0200. i '

at each altitude. The

10




"clear' and "hazy' models are identical above 5 km. Below 5-km altitude, the
number of aerosol particles in the "hazy' model increases exponentially to a

value corresponding to a ground visibility of 5 km.,

T T T T
l=—8.83 i
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Figure 1. Aerosol Size Distribution Used in Computing
Attenuation Coefficients
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Table 3. Aerosol Complex Index of Refraction (n-n'i): n = real
(Scattering Part and n' = imaginary (absorption) Part

Water Soluble Dust-Like
Wavelength Refractive Index Refractive Index
. 20000 1.530 -.070%*I 1,530 -.070%I
. 25000 1.530 -.030%I 1.530 -,030%*I
. 30000 1.530 -.008%*I 1,530 -.008%*I
.33710 1.530 -.005%I 1.530 -.008x%I
.48800 1,530 -.005%I 1.530 -.008*I
' ,51450 1.530 -.005%I 1,530 -,008*I
. 63280 1.530 -.006%*I 1,530 -.008*I
. 69430 1,530 -.007%*I 1.530 -.008%*I
. 86000 1.520 -.012%] 1.520 -.008*]
1, 06000 1,520 -, 017*I 1.520 -,008%*I
1.53600 1.510 -.023%*] 1.400 -,008%*I
2.00000 1.4207 -, 008x*] 1.260 -.008%*I
2.50000 1,420 -.012%1 1. 180 -.009%I
2.70000 1.400 -.055*I 1,180 -.013%*I
3.00000 1,420 -, 022%] 1,160 -,012%[
3.20000 1.430 -, 008*I 1.220 -.010*I
3.39230 1.430 -.007%] 1.260 -, 013*]
3.50000 1,450 -, 005%1 L 1,280 -.011%]
.3.75000.. ..f ..1.452:-,004%1 __ | _...1,270 -,011%1 ..
..4.00000. . ... 1,455 -.006*I_ .. | _ _1.280 -.012*L . _}.
4, 50000 1,460 -,013*] 1.260 -,014%]
5.50000 1.440 -.018*I 17220 - 02 1+]
6.00000 1.410 -.023*I 1. 150 -,037*I
6.50000 1.460 -.033*I 1. 130 -.042%]
7.20000 1.400 -.070*I 1.400 -.055%I
7.90000 1,200 -,065%*I 1. 150 -,040%*I
8.20000 1,010 -. 100*I 1, 130 -.074%]
8.50000 1.300 -.215%I 1.300 -.090*I
8.70000 2,400 -.290%*I 1.400 -.100%I
9. 00000 2.560 -.370%I 1.700 -, 140%*I
9.20000 2.200 -,420%] 1,720 -, 150%I
9.50000 1.950 -, 160%] 1.730 -, 162*I
10.00000 1.820 -.030%I 1.750 -, 162%]
10. 59100 1.760 -.070%*I 1,620 -, 120%]
11.00000 1.720 -.050%*I 1. 620 -, 105%*I
13.00000 1.620 -,055%I 1.470 -, 100%I
14, 80000 1.400 -.100*I 1.570 -.100%*I
15. 00000 1.420 -.200%I 1,570 -.100*I
17.20000 2,080 -.240%*1 1.630 0. 100%*I
18. 50000 1. 850 -, 170*I 1.648 -, 120%*I
20. 00000 2,120 -.220%I 1. 680 -,220%I
25,.00000 1.880 -.280%*I 1,970 -,248%]
27.90000 1.840 -.290%*I 1.890 -.320%*I
30.00000 1.820 -.300%*I . 1. 800 -.420%*I
- 35. 00000 1,920 -.400%I 1.900 -.500%*I
40. 00000 1.860 -,500%I 2,100 -, 600%*I

12




Table 4. Aerosol Models - Vertical Distributions for a "Clear"

and ""Hazy'' Atmosphere

PARTICLE DENSITY
N (PARTICLES PER cm3)
Altitude 23 -km Visibility 5-km Visibility
(km) Clear Hazy

0 2. 828E+03 1.378E+04
1 1. 244E+03 5.030E+03
2 5,37 1E+02 1.844E+03
3 2.256E+02 6.731E+02
4 1. 192E+02 2.453E+02
5 8.987E+01 8.987E+01
6 6.337E+01 6.337E+01
7 5.890E+01 5.890E+01
8 6.069E+01 6.069E+01
9 5.818E+01 5.818E+01
10 5., 675E+01 5.675E+01
11 5.317E+01 5.317E+01
12 . 5.585E+01 5,585E+01
13 5. 156 E+01 5,156E+01
14 5. 048E+01 5,048E+01
15 4,.744E+01 4,744E+01
16 4,511E+01 4,511E+01
17 4,458E+01 4,458E+01
18 4,313E+01 4,313E+01
19 3.634E+01 3.634E+01
20 2, 667E+01 2.667E+01
21 1.933E+01 1.933E+01
22 1,455E+01 1,455E+01
23 1. 113E+01 1. 113E+01
24 8.826E+00 8.826E+00
25 7.429E+00 7.429E+00
30 2, 238E+00 2.238E+00
35 5.890E-01 5,890E-01
40 1. 550E-01- 1.550E-01
45 4.082E-02 4,082E-02
50 1,078E-02 1. 078E-02
70 5.550E-05 5,550E-05
100 1.969E-08 1. 969E-08

" Through application of Mie scattering theory, attenuation coefficients were
then extended to both longer and shorter wavelengths. The results of this extra-
polation are contained in Figure 2 in which attenl;ation coefficients per kilometer ‘
are provided separately for absorption and total extinction (absorption plus
scattering)'. The attenuation coefficients for molecular (Rayleigh) séattering is
also given in Figure 2. The scale on the right hand side of Figure 2 is intended
for use with some auxiliary curves provided in the report by McClatchey et al. 8
The curve provided here is intended to be used as a replacement (containing more

13




recent information) for the curve contained in the earlier report. Using these
attenuation coefficients, Figures 3a and 3b were constructed, providing the
transmittance over a 10-km path at sea level and 12 km respectively, resulting
from both the clear and hazy models. The transmittance due to Rayleigh scatter-

ing has also been included.
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Figure 2. Attenuation Coefficients for Aerosol Transmittance (Absorption and
Total Extinction)
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Figure 3a. Atmospheric Transmittance due to Aerosols and Rayleigh Scattering

Through a 10-km Horizontal Path at Sea Level in a ""Clear
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3. COMPUTATIONAL TECHNIQUES FOR MOLECULAR ABSORPTION

A Lorentz line shape as given in Eq. (1) was assumed for each line.

Kk = Sa (1)

M r(v v )+ a?)

in which S is the line intensity, a is the half-width, Yy is the central line fre-

" quency, and v is the laser frequency., For pressures less than 10 mb, a Voigt
profile was used in the calculations. e The laser frequency (v ) was assumed
monochromatic for the purposes of this calculation. In general, a large number
of absorption lines belonging to different molecules contribute to the attenuation at
any specific laser frequency, so the total optical depth (O, D.) must be evaluated
and is given by Eq. (2):

S..a..m,
1 1 )

)z

. (2)
Lo v- vij)z + azij]

where m, represents the amount of the jth absorbing gas.

Pressure broadening enters through the a. values in Eq. (2). The Lorentz
line width is given by a= a o P/PO " To/T. The monochromatic transmittance,
7, is thus given by
- e -(O.D. ).

Ty

The line intensity (S) is also temperature dependent through the population of the
lower state of the transition and through the partition functions. These pressure
and temperature effects have been included for all lines. The wings of all lines
within + 20 cm-1 of frequency, v, were considered to contribute to the absorp-
tion coefficient at frequency v .

In addition to this, absorption due to the water vapor continuum has been in-
cluded based on the measurements of Burch et al7 and Bignell6 between 1250 and

320 cm_l. Absorption due to the pressure-induced band of nitrogen was included

in the 4- um region, ot

15. Young, C. (1965) J.Q.S.R.T. 3:549-552'
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4. RESULTS

Figures 4 a through 4cl provide a high resolution (infinite resolution) trans-
mittance spectrum for a 10-km horizontal path at sea level corresponding to the
Midlatitude Winter model atmosphere. These curves cover the entire spectral
region from 320 to 13, 200 wavenumbers (0.76 to 31,25 um). Figures 5a through
5cl provide similar high resolution transmittance spectra for a 10-km horizontal
path at a 12-km (approximately 40, 000 ft) altitude for the same Midlatitude Winter
model, The resulting curves in some portions of this spectral range were entire-
ly opaque (71, = 10-3) and in portions were entirely transparent (r, = 0.999). In
these cases the spectra were omitted and are not included in Figures 4 or 5. How-
ever, the lettering sequence accounts for all plots whether or not they are included.
This allows for an easy comparison between equivalent spectra at sea level (Figure
4) and at 12 km (Figure 5).

Table 5 indicates which curves have been omitted with the notation '""opaque"

or "transparent'' as appropriate.

Table 5. Spectral Plots Omitted as Being Completely Opaque (r,< 10-3) or
Transparent (r, = 0.999)

Figure Spectral Figure Spectral
No. Range (cm~1) No. Range (cm~*)
4a 320-400 opaque Sah 4220-4340 transparent
4b 400-560 opaque 5ai 4340-4460 transparent
4c 560-680 opaque 5aj 4460-4580 transparent
4j ¥'1400-1520 opaque Sak 4580-4700 transparent
4k v 1520-1640 opaque 5au 5780-5900 transparent
41 v 1640-1760 opaque 5av 5900-6020 transparent
4m ~ 1760-1880 " opaque 5bn 8068-8180 transparent
4q " 2240-2360 opaque 5bx 9260-9368 transparent
4ab 3560-3680 opaque 5by 9380-9500 transparent
4ac 3680-3740 opagque 5bz 9500-9620 transparent
4ad 3740-3860 opaque 5ca 9620-9740 transparent
4ap 5180-5300 opaque 5¢b . 9740-9860 transparent
daq 5300-5420 opaque Sce 9860-9980 transparent
4bf 7100-7220 opaque 5cd 9980-10040 transparent
4bg 7220-7340 opaque Sci 11200-11500 transparent
5¢j 11500-11800 transparent
5ck 11800-12100 transparent




In previous reports on laser propagation in the atmosphere, we have provided

a large number of attenuation coefficient charts for specific laser lines of the CO,
HI*, DI*, and CO2 systems., These charts provided éttenuation coefficients as a
function of altitude for several different atmospheric models. Our intent here is
to provide the high spectral.resolution curves described above and contained in
Fiéures 4 and 5. However, during the last two or three years, some improve-
ments in the molecular spectroscopic data have allowed us to make improved cal -
culations for some of the laser wavelengths previously tabulated, In addition,
interest has been indicated in the low vibration bands of CO and also iﬁ a number
of additional DF lines. Consequently, we have compiled in Table 5 a large number
of attenuation coefficients for laser emission lines belonging to these four molecu-
lar systems for which the attenuation coefficients per kilometer are the lowest.
Although the laser frequencies are quoted to 0.001 cm-1 in Table 5, in most cases
the probable accuracy is within + 0,01 cm"1 due to uncertainties in the molecular
constants, Entries have been included in this table if the attenuation coefficients
per kilometer for the Midlatitude Winter model are less than 0. 25. In addition to
these values, we have included attenuation coefficients per kilometer at sea level
for the Tropical and the Subarctic Winter models and also for the Midlatitude
Winter model at 12-km altitude. Table 6 contains attenuation coefficients for
molecular absorption only. The effects of molecular (Rayleigh) scattering and of
aerosol scattering and absorption would have to be added to these values if the total
atmospheric attenuation is to be estimated. This can be accomplished by using

Figure 2 as described above,
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Table 6.

Attenuation Coefficients for Laser Frequencies

CO LASER PARAMETERS

ATMOSPHERIC ABSORPTION COEFFICIENTS

(km-1)
H= O km SEA LEVEL H= 12 km
BAND Rot. ID  wv(em ™) | k k k
trop mw sw mw
= 1-0 P2 2135, 549 .661 . 249 . 224 .266
P14 2086,325 .409 .202 . 176 . 141
P17 2073, 267 . 608 . 159 . 104 .0511
P18 2068, 849 .268 . 101 .0792 . 0352
P21 2055, 402 . 141 .0750 .0654 .0112
P22 2050.856 . 152 .0522 . 0392 .00630
P25 2037.,027 .441 . 0765 .0369 .00574
P26 2032,354 . 178 .0292 .0124 .000813
P27 2027.651 . 757 . 137 . 0477 . 000650
P30 2013, 353 . 548 .0784 .0230 . 000077
3% 2 -1 P1 2112, 977 . 0935 .0144 . 00665 . 00035
P2 2109, 132 . 0525 .0168 .0126 . 00902
P3 2105, 256 . 120 .0264 .0125 .0038
P4 2101,342 . 122 .0248 . 0127 . 0055
P7 2089.393 1,52 . 191 . 0527 .00671
P8 2085, 343 . 186 . 0346 .0218 .00196
P9 2081.258 . 151 .0276 . 0140 .00109
P11 2072,987 . 366 .0733 . 0332 .00268
P12 2068, 802 . 240 .0761 . 0563 . 00427
P15 2056. 046 . 144 .0218 .0118 . 000605
P16 2051.729 1,09 . 0846 .0283 . 000769
P17 2047,379 .350 .0718 .0413 .00118
P19 2038.582 . 365 .0542 .0190 .000178
P21 2029.656 .213 .0314 .00956 .000032
P22 2025, 145 . 537 .0746 .0221 . 000079
P25 2011. 423 . 407 . 0577 .0167 .000014
P26 2006.786 .801 . 108 .0300 . 000020
P27 2002, 118 . 320 . 0504 .0156 . 000016
P28 1997.419 . 938 . 157 . 0501 . 000045
3 -2 P1 2086, 594 .479 . 0565 . 0263 .00305
P2 2082,784 . 114 .0181 .00920 . 00084
P3 2078, 940 . 630 L171 . 125 . 045
P4 2075.061 . 333 .0558 .0216 . 0064
PS5 2071, 148 . 123 .0235 .0125 . 000861
P6 2067, 200 . 679 . 112 .0508 .00181
P7 2063,218 .801 . 130 .0561 . 00152
P8 2059, 203 .571 . 0937 . 0365 . 000655
P10 2051.071 .414 .0581 .0236 .000598
P11 2046, 954 .851 . 104 . 0292 .000119
P12 2042, 804 1.49 . 225 . 0735 . 000429
P13 2038.621 . 367 .0525 .0174 .000122

*Laser frequencies calculated using molecular constants of Youngls.

16. Young, L.A. (1968) J. Quant, Spectrosc. Rad. Transfer 8:693.
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Table 6. Attenuation Coefficients for l.aser Frequencies (Cont)
CO LASER PARAMETERS ATMOSPHERIC ABSORP"{‘ION COEFTFICIENTS
(km-1)
H - O km SEA 1,LEVEL H= 12 km
. -1
BAND Rot. 1D viem ) ktrop kmw ksw —
3-2 P14 2034.405 . 882 .0896 . 0217 . 000239
(Cont) P15 2030. 157 317 . 0406 .0116 . 000073
P16 2025,.875 1. 13 . 166 . 0513 . 000365
P17 2021.561 . 734 .098 . 0277 .000066
P19 2012. 835 .739 . 102 . 0290 . 000077
P20 2008.424 | 1,68 . 231 . 0654 . 000044
P21 2003.981 . 299 .0416 .0127 .000117
P25 1985.891 1. 06 . 155 . 0455 . 000030
P26 1981. 290 . 843 .0773 .0188 . 000011
P27 1976.658 1,15 .214 . 0735 .000094
P28 1971.995 . 607 . 0944 . 0290 . 000040
P30 1962, 577 1,37 .216 . 0660 .000058
4 -3 P2 2056.506 . 127 .0568 . 0497 .00233
P3 2052, 697 . 0955 .0198 .0114 . 000392
P4 2048, 833 . 283 .06186 . 0406 .00151
P5 2044,975 L1779 . 125 . 0407 .000133
P7 2037.116 .568 . 0802 . 0305 .00110
P8 2033. 135 172 .0215 . 00596 . 000012
P9 2029, 121 . 180 . 0284 . 00939 . 000049
P10 2025.074 . 503 .0708 .0214 . 000069
P11 2020.993 . 859 . 119 . 0338 . 000050
P13 2012,731 . 581 .0816 .0234 . 000022
P14 2008.550 1.43 .203 . 0590 .000053
P15 2004. 337 .302 .0406 . .0117 . 000001
P17 1995.812 1,12 . 170 . 0513 . 000039
P20 1982,783 . 507 . 0753 . 0225 . 000017
P21 1978.375 . 281 . 0446 .0141 . 000048
P22 1973.936 . 386 . 0607 . 0187 . 000016
5-4 P2 2030. 297 . 186 0.0236 . 00682 .000011
P86 2014, 993 1,62 0.229 . 0666 .000117
P7 2011,082 1. 02 0. 138 . 0392 .000120
P8 2007, 137 1.70 0.225 . 0623 . 000219
P9 2003. 158 .373 0.0502 . 0144 .000018
P11 1995, 100 | 1.61 . 243 . 0731 . 000075
P14 1982.764 . 496 . 0730 .0217 . 000017
P15 1978. 586 . 2686 .0416 .0129 . 000016
P16 1974,376 L, 412 . 0631 .0194 . 000016
P21 1952, 838 . 900 . 145 . 0453 . 000046
P25 1935.035 | 1.29 .205 . 0681 . 001500
P26 1930. 506 1,13 . 180 . 0563 .000071
# 6 -5 P2 2004, 155 . 588 . 0587 ., 0151 .000026
P3 2000, 115 .783 . 134 .0434 . 000040
P4 1996.641 1. 089 . 155 . 0464 . 00039
P7 1985.115 .738 . 108 . 0319 . 000024
P8 1981. 205 1. 55 . 119 . 0257 . 000013

“lLascer frequencies calculated using molecular constants of Young.16
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Table 6.

Atlenuation Coeflicients for lL.aser I'requencices (Cont)

CO LASER PARAMETIIRS ATMOSPHERIC ABSORPTION COEFFICTENTS
(km~1)
- e et e e
- O km SEA 1LLEVEL I 12 km
BAND  Rot. 1D viem™ )| k k.
trop mw sw mw
6 -5 1°9 1977.261 . 437 . 0737 .0238 .000023
(Cont) P10 1973.284 432 .0669 . 0205 . 000022
P15 1952,901 017 . 147 . 0459 . 000044
P19 1936.007 1,23 . 195 . 0617 . 000157
a 7-6 P3 1974. 409 .424 .0641 .0196 .000016
P4 1970.670 | 1.16 . 176 .0529 . 000042
P6 1963,089 | 1,26 . 195 . 0594 . 000052
P7 1959, 247 . 969 . 152 . 0469 . 000018
L 114 1931.380 | 1.36 212 . 0653 .000106

g . . : - 17
a l.ascr Irequencies calculated using molecular constants of Maniz,
Laser frequencies calculated using molecular constants of Young.

17, MNanivz, A.W,, Nichols, E.R., Alpert, B.D. and Rao, K. N. (1970) J. Mol

Spec. 351325,
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Table 6.

Attenuation Coefficients for l.aser Frequencies (Cont)

HF LASER PARAMETER

ATMOSPIIERIC ABSORPTION COEFFICIENTS

(km~™")
H= O km SEA LEVEL H= 12 km
BAND Rot. ID  wviem ™)) | k k k k
trop mw sw mw
b 1-0 P11 3436.12 [ 2,21 .221 . 0542 . 0000287
b P12 3381.50 .496 .0751 .0231 .000022
b 2 -1 P8 3435. 17 2.01 .209 .0512 . 0000267
b 3 -2 P6 3373.46 .364 .0537 .0168 .000029
c 4 -3 P8 3130.09 .801 . 148 . 0554 . 000295
P9 3083.83 1,12 211 .0808 .000806
¢ 5-4 P4 3150, 67 .498 . 126 .0736 . 00229
c 6 -5 P6 2921.74 .586 . 0453 . 0103 . 000077
P7 2880.70 . 0430 . 00424 .00121 . 000006
P8 2838.59 . 369 ~.0654 ~.0218 . 000044
. 18
b Measured frequencies.

o]

Calculated frequencies, 19

18. Deutsch, T.F. (1968) Appl. Phys. Letters 10:234.

19. Basov, N,G., Galochkin, V.T., Igoshin, V.1., Kulakov, L.V., Martin,
E.P., Nikitin, A.I. and Oraevsky, A.N. (1971) Appl. Optics 10:1814.
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Table 6,

Attenuation Coefficients for l.aser Frequencies (Cont)

DI" 1LASINR PARAMETER

ATMOSPHERIC ABSORPTION COEFFICIENTS

23

=0 km SEA 1.LEVEI. H- 12 km
BAND  Rot. 1D u(mn'H k, k k. k
] _ rop mw swW _mw

d 1-0 P1 2884, 934 .414 L1230 ,0772 .00316
d P2 2862, 652 .0540 .0115 . 00485 . 00316
d P3 2839.779 .0386 . 00725 . 00266 | ,000038
d P4 2816.362 . 0837 .0190 .0104 .00108
d P5 2792, 437 . 0471 .0106 .00496 | .000157
d P6 2767,914 .0719 .0184 . 00952 . 000672
d P7 2743.028 . 0352 .00801 . 00352 .000043
d P8 2717.536 . 114 . 0204 .00718 .000034
d P9 2691. 409 .0248 .00485  , 00252 . 000053
d P10 2665. 20 . 0237 . 00752 .00489 | .000307
d P11 2638.396 .337 . 0664 . 0247 .000187
d P12 2611, 125 .0133 .00394 . 00302 . 000090
e P13 2584, 91 .0145 .0102 . 00981 .00390
c P14 2557.09 .0176 .0180 . 0185 .00335
b P15 2527,06 .0145 .0155 .0161 . 000565
b P16 2498. 02 .0261 .0282  _.,0295 .00103
h 2-1 P3 2750. 05 . 0401 . 00898 .00403 .000074
b P4 2727.38 .0378 . 00653 . 00272 . 000033
b P5 2703. 98 .00528 .00171 .00118 . 0000307
b P6 2680, 28 . 0600 .0139 .00611 .000069
b P7 2655. 97 . 0535 .0134 . 00667 . 000733
b P8 2631, 09 . 00950 . 00348 .00293 .000761
b P9 2605, 87 L0311 .00776  .00455 | .000110
b P10 2580, 16 .0282 . 0295 L0311 .00180
b P11 2553, 97 . 0144 .0163 L0177 . 000883
b P12 2527, 47 .0140 .0152 . 0158 .000554
b P13 2500. 32 . 0240 .0265 . 0278 . 000972
b P16 2417, 27 .0811 .0901 . 0943 . 00330
b 3-2 P3 2662. 17 . 0354 . 00790 . 00361 . 000047
b P4 2640, 04 . 0437 .00914  .00424 . 000075
b P5 2617.41 . 00490 .00276 . 00253 . 000090
b P6 2594, 23 .0118 . 00557 . 00480 .000152
b P7 2570.51 .0507 . 0560 . 0613 . 00557
b P8 2546, 37 . 0322 .0356 .0379 . 00228
b PO 2521, 81 L0150 .0164 L0171 . 00599
b P10 2496, 61 .0319 .0298 . 0307 .00107
b P11 2471, 34 . 0509 . 0491 .0508 .00184
b P12 2445, 29 . 0659 . 0728 . 0756 .00266
b P13 2419,02 . 0797 .0885 . 0927 .00325
b P14 2392, 46 . 141 . 119 . 115 .00369
b 4-3 P5 2532, 50 .0134 L0143 .0148 .000528
b P6 2509. 86 .0199 .0218 . 0228 . 000795
b P7 2486.83 .0318 . 0349 . 0356 .00129
¢ P8 2463.25 .0681 .0563 L0571 .00198
c P9 2439, 29 . 0686 .0758 . 0794 .00279
¢ P10 2414, 89 .0829 . 0921 . 0964 .00338
c 5-4 P7 2404, 63 .0878 . 0965 . 101 .00354




Table 6, Attenuation Coefficients for l.aser Frequencies (Cont)

DF LLASER PARAMETERS

ATMOSPHERIC ABSORPTION COEFFICIENTS

o QnC

Measured, Deutsch, 18
Calculated, Basov et al, 19
Measured, Spanbauer et al, 20
Calculated using Spanbauer et al. 20

(km-1)
H=0km SEA LEVEL H= 12 km
-1
BAND Rot. ID viem™ )| koo Ko Ky, -
7-6 P8 9222, 68 .251 .233 .226 .0102
P10 2177.99 . 123 .0979 . 0867 . 00297
P11 2155.03 . 186 . 0344 .0225 .000846
P12 2131, 68 .272 . 187 . 195 .0311
c 8-7 P71 2165.93 ,0698 . 0459 .0466 .00258
c P8 2144, 80 1.34 . 129 .0349 .000357
c P9 2123. 24 . 187 . 0296 .0169 .00410
¢ P10 2101, 27 . 144 L0322 .0180 . 00599
¢ P12 2056, 14 .114 .0222 L0131 .000494
¢ P13 2033.01 . 153 .0198 .00580 | ., 000100
¢ 9-8 P6 2108, 48 .0603 L0172 L0119 . 00969
¢ P7 2088. 34 . 444 .0567 .0188 .00663
X P8 2067.76 .791 L112 . 0554 .00259
c P10 2025. 36 . 646 .0864 .0253 .000025
¢ P11 2003.56 .367 . 0480 .0138 .000085
P12 1981.38 .478 . 0557 L0152 . 000010

20. Spanbauer, R.N., Rao, K. N. and Jones, l..H. (1965)J, Mol. Spec. 16:100.
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‘Tahle 6.

2

e

Rot. 1D

140
P38
P36
1°34
P32
P30
128
P26
P24
P22
120
1°18
P16
P14
P12
110
P8
P6
P4
P2
RO
R2
R4
R6
R8
R10
R12
R 14
R16
R18
R20 .
R22
R24
R26
R28
R30
R32
R34
R36
R38
R40

Atltenuation Coefficients for lLaser I‘requencies (Cont)

’:_.m—_‘f Sy

CO, LASER PARAMETIEERS

V(cnuﬁl)

924.970
927,004
929.013
930. 997
932.9586
0934.890
936.800
938. 684
940. 544
942. 380
944,190
945,976
947,738
949.4786
951. 189
952.8717
954,541
956. 181
957.797
959,388
961.729
963.260
064,765
966,247
967.704
969. 136
970. 544
971.927
973.285
974.618
975,927
977,210
978.468
979.701
980, 909
982,091
083.248
0984.379
985, 484
986,563

987.616

ATMOSPHERIC ABSORPTION COEFFICIENTS

(km—1)

TE:= O km SKKA LINVEL

ktrop

. 014
.H21
L7144
. 938
. 9557
.572
. 588
. 083
. 603
. 606
. 609
. 635
. D72
. 607
. 591
.596

N
nmw

0.0359
0.0423
0.0581
0.0536
0.0650
0,0737
0,.0852
0.0853
0.0955
0, 1021
0.0958
0. 1223
0.0747
0.1101
0. 1058
0. 1008
0.0817
0.0615
0.0498
0.0753
0.0347
0.0401
0.0502
0.0614
0.0663
0.07 14
0.0788
0.0796
0.0799
0.0755
0.2140
0.0871
0.0641
0.0579
0.0529
0.0587
0.0436
0.0439
0.0357
0.0328
0.0306

I 12 km

mw

.000812
. 00164
.00211
.00311
. 00520
.00677
. 00887
. 00955
.0118
.0136
. 0125
.0186
. 00897
.0173
.0171
.0161
.0123
.00810
. 00673
. 00609
.00234
.003867
. 00590
. 00783
.00931
.0104
. 0109
.0110
.0106
.0101
.0109
. 00803
.00699
. 00585
.00471
.00378
.00324
.00229
.00176
.00138
.00121




19497 ®ag 1E Yled
[BIUOZTIOH W¥-Q0] ® ydnoayL uoiidiosqy JB[NOS[OJA O) dNE 3DUBHIWSUBLL otxaydsounly ‘p¥ 24nsig

2 Y3GHNNIABM
00°g08 00" 96L 00°26L  00°@8L  00°v8L  00°08L  00°9LL  00°2LL  00°89L  00°*3L  00°09L  00°9SL  00°2SL  DO'8YL 00" "L 0004,

: | <<< <<<<< 3

© o

o Q

8 =

© e Q
=t —_
= 2
29 . o2
wns 2o
= x
‘o —
=l -—
=1 —
£ FY
ﬂ.NJM 22
5]
m° °m

S Q

( -3

© Q

00gos  00°96L  00°26L  00'8AL  00°¥BL  00°0BL  90°9LL  00°ZLL  ©00°83L  DO'YSL  00°0SL  00°9SL  00°2SL  00'GFL 00 VIL 00OV

Y3GUNN3AEM
00°969  00°263  00°889  00°¥83  00°08%,

00-gve 00" SEL 00" ZEL 00" 82L 00" v2L 00°02L 00°91¢L 00°21L 00°80L 00" 0L 00°00L

p ~r

g ww Vv VUyVv WV <<<< g

Q o

g N

w- o
= —

=<
WO oD
Zz .vnNs
0g 1
= —
= -
= =
D

E3 °2
o2 205
m° m

= 2

o @

“ o

oe.wvh 00" S€EL 00 2EL 00" 82L 00-v2L 00°02L 00-siL 0021t 00" JL 00-roL 00 00L 00- 969 00269 00°889 00789 00° 0893

26




[B3UOZII0H Wnj-Q1 e ydnoay] uol}dIosqy Je[NDSOJA; 0} anp aouejIWsuUed ], d1aayds

00° 806 00" voe

Y3BUNNIALM

00-268 00° 888 00 v88

19497 ®3g jB Yjed
OUIly °ap aansig

00- 898 00°v98 00° 098§,

02428

o
o

02'0

0

oy

3INH1LIWSNBYL
09'0 -

080

0z'0

0 0

3JINYLLINSNYYL

0S°0

08°0

o0 g2

00-gse

00°268 00-888 Mo.-um

Y3BHNN3AEM

00°2€8 00828 00" v28

oy o 02°0

3INH1LTHUSNHYL
08" 0

‘0

o8

JINYHLLTHSNYYL

'00°888  00-#98  00- 098
00°808  00°%08  00°008,
)

o

o

~

o

o

-

o

E %

P

o

o

@

o

00@es

"00-2€8  00°828 00 1Z8

00808  00°%08  00-00G3

27




194977 ®a§ 1e Yled
[eIUOZIIOH W-0T € YSnoay] uolildiosqy JBINIS[OX O} anp 2duejjlwsued [ dlasydsowny ‘jy 94ndig

Y3IGHNNIABM
00° Q301 \a.o.wmo_ 00" 2€01 00-8201 00°v201 000201 00°9101 c>o.~_o_ 00° 8001 00°v001 OO«DDDY_ 00" 966 00° 266 00" 886 00" 786 00° 08§,
o o
(=] <
(=] (=]
n ~
o <
—
b
WD o
ws 3
X
5 !
-
D
Z5 =
m° o
4
(=] (=]
@ @
o <
oo.ﬁe“ 00-9¢€01 00°2£01 00" 8201 c-o,'No_ 00° 0201 00°9101 00-z101 00°8001 00° %001 00-0001 00966 Jco.~mm 00886 00 v86 co.oew
Y3IHWIINIABM
00°086 00°9L6 00°2L6 00° 8386 00" ¥36 00096 00°9S6 00° 256 00°8v6 00" vv6 00°0v6 00" 9€E6 00" 2€6 00" 826 0026 00° 02§,
b + —+ +———+ + + + + + + + + o
o =]
o 4 o
N ~
(=] o
4 p
—
2
WDA o
g 3
X
= 1
—
WO o
o2 @
m*° 3
DA o
@ @
(=] Q

00§86  00°9L6  00°ZLB  00°898  00-¥9E  00°096  0O-9S6  00°2S8  00°8'6 0D #¥6  00°0Y6  O00°OEE  00°ZE8  00-826  00°9Z6 00" 0263

3INBLLTHSNBYL

3INULLTHSNEYL

28




[9437 ®3G ' Yled
1€10Z1I0H W¥-(f ' Yydnoay], uoridiosqy Je[nd3[OIA O} aNp dJUERPIWSUERL ] dlasydsowly *8p 2andi g

YIGUNNIAGM
00°gg!t 0079511 00°2S11  00-@yll  DO°¥ll  00°011 00°9El1  00°2Ell  00°8211 00°%21! 00°0zlt 00°SIM 00°zi11  00°8011  D0°¥Oll  00- 001

E=3
=3

0

oy

3INHLLTHSNBYL

09°0

o.o.wm: oprasti co.w:J 00 ¥l no.o:.\_ 00°9EN1 mo.mn: oo.mw_._ D_c.qw: 000211 co.w:q_ c.o.u_: 00°8011 00- 011 o.o.co_ :

YIQUMNNIALUM
00°9601  00°2601 00°8801  00°¥801  00°0801 00°9L01 00°2L01 ©00°8901 00°¥901 00°0901 00°9S01  00°2SO1  00-8Y0l 00°»¥01 00" 040

R

4

0Z-0

00
0r-0

3INHILTHSNEYL
3INYLLIRSNYYL

03°0
090

00-9601 00°2601 00-8801 00 #8071 00-0801 00-9L01 00-2L01 00°9901 00°7901 00°0901 00°9S01  00°2ZS01 00°8%01 00" »»01  00'0Y0%




19427 ®AS jE yled
[BIUOZTIOH wWi-0] ® ySnoay] uol3dJIosqy JBINOSIOJA O} d0p dduejjlwsued] orraydsowyy ‘yp 2.ndrg

438HNN3ABM

00-2s21 00-821 00" vt 00° 0021 00" 9e21 00 2e21 o»o.muu_ oc.vNN>_ 00° 0221,

00-qgz1  00°9L21  00°ZLZl  00°89Z1  00°#9Z1  00°0921 0095zl
5 + ~ + ¥ o o
o " 7 o
° ))&i T
. 4 ~n
u o
-
3 B
Do oD
z, .NW.
z° 2
= -
z =
D )
2o 85
03 o
m m
° °
3 2
00-G§Z1  00-9LZ1 00°2e21  00'8921 00 #921  00-0321 00°9Sz1  00°ZSZi  0O'8vZl 00 vKZi  00°0¥ZI  00°9621 00°2€21  00°8221 00°v221  00°0228
YIBWNNIAEM
00-q3z1  00°9121  00°21Z1  00°80Z!  00°»021  00°0021 00'961: 00°2611 00 8BII 009811  00°0B11  00'SLII  00'2L11  0D°BS11  00°¥91I 00091
8 v 8
I o
S ~
L o
= —
e 2
W.D DW
[%2S v
uo ou
= =
=
Do omv.
z: 2z
o3 %S
m® °m
24 S
3 )
© o
<
- @
00-Gaz1 00-91z1 00-2121 00°80Z! 00°¥0ZI 00°00Z1 00°9611 002611 00°8811 0O vell 00°0BI1 00°9LI1 00°2Lli 00°8SI1l 009811 0008183

30




19427 ®ag e yjeg

[€jU0ZIIOH W~ € Y3noJy], uo13dIosqy Je[NOS[O O} anp 20UBIWISURL], Dldaydsouny °*1p aandig

Y3IBUNN3ALM

00°Qg*1 00°96E1 00°2BE! 00°9BE! 00°98E! 00°0BE! 00°9LE! 00°2LEl 00°89E! 00°»IE!  00°0SE! 00°9SE!  00°2SE!  00'8YEl 00" o€l 00 091,
; \VA4 5
o =]
~ ~
o o
-— -
2 2
Do UW
z; 3
G2 swn
unﬂ Uu
“ -
B B
E)

s

m° a9
o o
@ a
o o
4
00°GE®! 00°9BE! 002661 00-88E1 00 #BE!  00-08E! 00 9Le!  00-ZLEl 00 89e1 00°¥SE!  00°09E1  00-9SE1  00-2SE1  00-8PE1  00-#rEl 00°006Q

Y3IBHWNN3AEM

00°QYE1 O00'9EE! 00°2EE! 00°62ZE1  00°#2E!  00°OZE! 00°S1El  00°21E1 00°BOE! 00°¥OE1 00°00E!  00°96Z1 00°2621 00-8821 00° 992! 00°0821,
s 4 + v ;
w VY B e
o o
~ ~
o o
- -
2 £
R =
3 own
x° 59
— ] “
—_ —
22 22
=)

m° °q
o o
@ @
o o

00°GRE1  00°9EE1 00°2661 O00°GZEl  00-¥ZEl  00-02E1 00°SIEI  00-Z1E1  00-801 00 r0n1  00-0001 90 9sir o zeir 008821  00° 9821

00-082 g

31




19497 ®3S je Yjed

[BJUOZ1I0H W-(T & yInoay,] uo1}dIosqy Je[nod[oj\ O} anp sduejjlwisued ] olasydsowyy ‘up oandig

N3AGUANTAEM X
Lo gyee 0T 3FE ] [ - IR 113 ARAS 2-Th vl oafl wt8LEl ootees!l {06361 00" ¥961 £0-osel €O 5861 G0- 2861 00°8¥61 CC-v¥61 00°0¢61
© r—— r e——————— L e e o R e N f>‘. t — le j/\.l.l.l'?lllq..u
2 - 3 * Y
= s >\ ! , “_ __ < / 1 b MO
’ i ; i -
- ! ; Vi
4 / / b I 7
@, I~ / ! N 2 ie
S Y \ ./\\. ; '
g /
— —
o / =
Do, oD
= X2
gs 5
= a =
- —
_— —
. Do oD
4 5
nNJqZ MW
me - ™
0+ vo
@ *
o_ o
1 ]
00480z 00°9661 00-2661 00-8861 00-+861 00-0861 00-96L 00-2L61  00-8961  00-#96!  00°0961 00-8S61 00-2S61 00-8+61 00 1161 00°0v613
439UNNIAEM
00" Q6!  00°9E6T  00°2661 00°8261 00°¥261 00°0z61 0096t  00°2161 00°806% 00°¥06t 00° 006t 00°9681 00-268i 00°8881 00" v881 00-0881,
.uj\/\//\ . \/\ , l\<1<\< g
0+ . o
o o
ot : 3
o o
H
i
— —
o, o
Do -
N.Ph *MU.N
ng =173
= S =
= i o o=
- g =
— —
To f oD
zot e
= 155
+ i
H
=
P +°
2. 18
+ 1
‘
A e e e e e e e = e s e b s m e e e e et e s e e e .l.'!;ll.lL..l
00 @&l CCr3c6l 3C-2eel OO ATF1 [t bR g uv3) ¢Crgl€r aRAT-H o806t 0C-v0EL 0C"00€1 [Mas-133} [ UG 6681 CG-r661 00 c88ig

32




12497 ®ag j® Yjed
[BIUOZII0H W¥-(Q] ® Ydnoay,], uotjdiosqy JB[NOS[OI O} dNp aduelIWwIsUBL ], O1adydsowyy oy aanSig

00°0012

00° 9602

JIGUNNIALM
00°2602  00°8802

00" ¥802

00°0802

00°9L02

00°2L02

00°8902

00°¥302

00° 0807,

00-Q312 009112 00-2112 00°8012 00°%012
°

o

020

[ ]

3IINHILTHUSNBYL
09°0

|

i

!

o
k=

‘0

0r
3INYILIUSNBYL

09°0

00-9112

00° 8502

—
00°21i2 00-8012

[1]0he

25802

00°8v02

00°v0i2

00 $v02

_00°0012

09-0v02

00° 39602

00°9€02

00°2602 008802

YIGUNNIAEM
00°2£02 008202

00" 9802

00°¥202

00°0802

00° 0202

00-9L02

00-gi02

00-2L02

00°2102

00°8302

00°8002

00" ¥302

00° v002

00° 09033

000002,

3INB1LIWSNEYI

i
{
“_v_

N
|

i
| g

|

gé& |

o
=

00 02'0

3ONB1LINSNBYL

09'0

00" g0z

00-9502

00"

2s02

00-8v02

00" ¥+v02

00-0v02

00 9€02

00-2€02  00-8202

00-v202

00° 0202

00° 9102

002102

00- 8002

00" $002

00°00033




. 19497
[BIUOZIION UD{-(QT € ySnoayJ, uo1idIosqy JB[NOSIOJA O} anp @doUeHTWsue.L], dlIaydsowy

B9S Je yied
*dy 2an8irg

Y3IBUNNIABM
00°Qg22 00°9622 00°2£22 00°8222 00°v22Z 00°022Z 00°912Z 00°2122 00°8022 00°%02Z 00°0022 00°9612 00°2612 00°8812 00°+8i2  00°0813,
o ¥ Y | N o
o =]
o o
~ ~
o \ o
— —
Y o
Do UuNU
=z ¢
wg 50
= =
— —
— —
Do oD
=E 25
me °m
i
0\* o
g_ r
_uhv 3
|
=il — —— I
00°(®2Z 00°962z  00°2£22 00°8222 00°»222 00°0222 00°9122 00°2122 008022 00°$022 00°0022 00°9612 00°261z 00°881Z 00°v81Z 00°0813
) Y439WNN3AGM
00°C§iz  00°3LiI  00°2Liz  £0°83IC  00'v9lz 3070912z  00°9S12  00°2S1Zz  00°8vlZ  00°»vlz  00°O¥iz 00°8E1z 00°2€i1Z 007821z 00°v2iZ  00°021%,
= = - + :
5] | ! ._ ] l : t ®
; 1 _
: G ! ~ |
i i I} 1 _
o P % ! i e
~ | 5 _ _ | ; ~
o " i o
, i . ! . o
© ] 2 | | i i il _ B
Do : { | | ! | oD
Zz. | : 1 { | i “Z
ZES i | ! 50
E N _ & | ] | E
= : i =
— | o ] i | _ -
— a {e —
Do _ | ¢ | o®
Za i oy 22
m® j | °m
o o
@ - @
= 3
"
i
00-q8lz 00°SL1Z 00°2L1Zz 00°891Z 00°v91Z 007092z 00°9S1Z2 00°2S1Z 00'8vlz 00°¥¥iz 00°0v1Z 00°9€1Z 00°2€1Z 00°821z 00°%vzZlz  00°02133

34




19497 ®a3G 1B yred
[BIUOZIIOH W-Q] B YdnoayJ, uoijdIosqy JeINOS[OJ O} 9Np IOUETWISURL], Oliaydsouny *Jp aandig

YIGUNNIAEM
00°0g»2  00°SLbZ  00°2LbZ  00°83v2 00°*9¥2  00°09¥2 00°9S¥2  00°2Sh2  00°8¥¥2 00" vb¥Z  00°0P¥Z  00°9EPZ  00°2EbZ  00°82v2 00°vZvZ 0002

o
=}

3INHIL1USNEYL
0v'0
0r'0

09°0

09°0
JINGLLTUSNBYL

5 : + — 5
00°QB¥Z  00°SL¥Z  G0'2LbZ  00°99vZ  00°+9bZ  00°09vZ  00°9SbZ  00°2SbZ  00°8¥¥Z  00°s»bZ  00°ObbZ  00°9EPZ  00°2EZ  00°8ZvZ  00°bZbZ  00' 02623

Y3IGUNNIABM

oc-ogve C0-"91v2e 00 2Ztbve 00°80%2 00" ¥0b2 00°00¢%2 00 396¢€2 00°26€2 00" 88€2 00" v8EZ 00°08€2 00°8LEZ 00 zLe2 00" 89€2 00 v9€2 00°09€2,
o b —— —

. v 5

0.

o
=) o

4

02°0
0z'0

0y

e
[

JINHILTUSNEYL
09'0 :

JINBLLITWSNEYL

09°'0

oc.nmvw 00-91¥2 00°21%v2 00°80v2 00°¥0¥%2 €ec-oove 00°86€£2 00°26€2 00-88¢e2 O1o.vwmw 00°08€2 ca.womu 00" 2LE2 00" 89€2 00-v9€2 ou.cmmw




19497 ®3S 1R yied

[BIUOZIJIOH WH-(0] ® YSnoay] uondIosqy Je[nO3[OJ\ O} anp doUB)IWSURL ] dltaydsounyy °sy aandtg

YIGUNNIAGM

v0°0992  0J-90SL  Q0°26S2  J0°88SZ  JO"98SZ  00°08Si  00°9LSi  uJ'2LSe  00°B9S:  00°v3Sz  00°J9su 0079852  0JISST  UuterSi  00°veST  00°0vS3,

o + ; + : 5

S 8

o o

~ 0

o o
L B
2 2
Doy oD
Za 2z
= =17
= =
=4 =
— —
= | =
uNu..Up _ | muuNu
ISr-2 20
m° A M e

| .

: o

o

0c-Gg9z  00-9692  00-2652 00-8652  0C-v8S 000852 00-SLSz  00°2LSZ  00°89S7  00°9SZ 00°09Sz 00°9S57  00°2552  00°8YSZ  09°vreZ  00°0vSED

YIAWNHIAYM

00°q88z  00°9€52  00°2€32  0J°8252 007262 0070232 00°S1SZ  00°218c  J0°80Sc 005052 0070083  0J°96v%  00°26v2  0u88Ye 00748V LD vl

20 ' i &

S o

o, o

~ N

3 8
— —
>, o
201 o2
ws 1%
= =
- ' [ =
< —
Do oD
3o o3
Qo ,.03

o o

@ @

3 3

5 + + + + S S +- ¥ + + + + + + + + z

00'(@sz C0'9eSz  00°2€52 00°82S2 00°v2Sz 00°0232 00°9192 00°21Sz 00°8082 00°¥0Sz 00°00S2 00°96vZ 00°26vZ 00°88vZ  00'¥v8¥Z  00°08YZ3

36




194977 B3S Te Ujed
leoz1doH wi-0l & ySnoayg, uorydiosqy Ie[nOSI0N O} 9np souepTWIsSUERL ], Otdoydsounyy ‘1 9andrd

¥3IBUNNIAEBM
00°93L2 00°9112 00-21L2 00°80L2 00°Y0L2 00°00L2 00°9632 00° 2652 00° 8892 00°+892 00°0892 00°9L87 00*2L92 00°8992 00°v992 00° 0992,
P e e e e S i — + + :
2 ]

o o

0r 0
0r'0

080
JINYLLINSNYYL

JINYLLTWSNEYL

08°0

dsits o 00i2  S0-v0iz 00-00iz 00-965z 00-2692 00-889Z 00°¥83Z  00°088Z<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>