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SPECTROPHOTOMETRIC STUDIES OF ATMOSPHERIC AEROSOL CHARACTERISTICS
IN VARIOUS GEOGRAPHIC REGIONS OF THE USSR

0. P. Gushchin

~l. Study procedure and equipment

This article Is the first part of work on the systematic
study of atmospheric aerosol in various geographic regions of the
USSR on the basis of the spectrophotometric method. This method

~ -~~ permits us to conduct a study without the direct influence on the
aerosol layer. This presents a certain advantage over other
methods in the use of which the Influence on the easily changing
aerosol substance is permitted . A distinguishing feature of this
method Is also the fact that the creation arid use of a network of

;i . -
~ 

- aerosol stations which are operating in accordance with a single
program and which cover the territory of the USSR comparatively
uniformly is envisioned . The network of aerosol stations coincides
with the presently operating ozonometrlc network [1, 3] whIch
consists of 38 stations . Some of these stations began regular
aerosol observations in 1967 while at other stations the start of
these observations is planned for 1968.

Considering the circumstance that attenuation of radiation by
aerosol is manifested most strongly in the ultraviolet and visible
regions o~ the spectrum , we selected for the studies a section of

1
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the spectrum from 350 to 650 nm which is free from the absorption

bands of other atmospheric components (except for the long wave

portion of this section where the absorption of ozone In the

Chappuls band which was considered in our measurements has an In- —

fluence to a small degree). -

An M—83 ozono~ieter [2] is used to measure the optical char—
acteristics of atmospheric aerosol In various regions of the
spectrum in this work. It has eight combined glass light filters
which are arranged inside the instrument housing in a rotating disk.
The characteristics of the light filters are shown in Table 1.

The F—it photoelectric cell is virtually insensitive in the
region of the spectrum which lies to the right of the 700—nm wave—
length.

LI
The M—83 instrument measures the flux of direct solar radia—

tion in eight sections of the spectrum, the attenuation of this
- .

~~ radiation in the atmosphere following the Bouguer—Beer law

(1)

where S~~~ and S~ 
- are radiation fluxes of the wavelength X

(corresponds to the maximum transmission of the light filter) prior
to entry and af ter  passage through the atmosphere , m - the air mass ,

— the optical thickness of the Rayleigh atmosphere , 6~ — tne
optical thickness of the aerosol. Formula (1) is employed for
seven light filters of the M—83 ozonometer beginning with the I
second. The first light filter separates the section of the
spectrum where, in addition to the Rayleigh and aerosol attenuation ,
absorption of the ozone is noted (to a small degree , absorption of
the ozone also has an effect on the 8th light filter). For light
filters 2—8 (Table 1), in measurements on direct sunlight the
Bouguer— Beer law Is satisfied with an accuracy which is sufficient
for this work . This was proven In [1] for light filter 3 with the
altitude of the sun from 1 to 9Q0 • Since the Forbes effect is

2 
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manifested more strongly the shorter the wavelength, it Is virtually
absent for the remaining light filters except the first.
The direct satisfaction of the Bouguer—Beer law was checked for

~ I 
light filters 2—8 by the construction of Bouguer lines (logS1~
depending on in).

Table 1. Characteristics of glass
light f i l t e r s  of the M— 83 ozonometer
No. 3R.

0) 1 -

(~~)
.M;tpKa cieFi.i ii = E

• I -

.
~~
. 

~~ ( c k ( ~I~a,~) 

~
_
~~~; 1

~~—~~~ - .! ~~~~~~~~~~~

I 4~C.3 (2)~.~Y4iC.2 (5) 
- 21

2 C3C.9 (2) ~‘~~C.2 3.5) 359 I 22
- - 3 f~C.19 (3) —~Y~~ .2 (3) .~~j  24

4 )KC.1I (51 — q’C.7 (~) 
I 444 - 23

5 CC-5 (6) -~-~~ C- 16 (3) 458
6 3C.2 (5) 55

I T 3C-2 (3) --
~~ OL.14 (2) 570 3~)8 C3C.21 ( I ) — 1’~C.13 (1) . 634 50

KEY: (1) No. of light filter; (2)
Mark of glass and thickness, mm (in
parenthesis); (3)  wavelength in trans-
mission maximum Amax~ 

nm; (k) Width
of transmission band on half the height
of the curve (at the transmission maxi-
mum) z~A , nm.

The following formula for the optical thickness of the aerosol
follows from expression (1)

~~~~~~~ 
_ —

~~~ ,, (2)
- 

- 

where - . 

-

4, ~=igs 0, and 1,~~ IgS;.

The well known procedure f o r  determining Z 0 A which Is based on the
construction of the Bouguer lines was employed [1]. Table 2
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presents a number of values of 10 ~ 
for two wavelengths of 369

and 530 nm which were obtained in Voyeykovo in 1967. Measurements

were conducted on cloudless days as well as days with variable

cloud cover. Those graphs in which the value of iS~ changed notice—
ably in one direction were discarded . As is evident from Table 2,
the scatter of the values for is small and the addition of

~ I new values does not lead to a noticeable change in the mean
value of 

~~~~~ 
-

- 

-

~~ Table 2. Values of 10 1 and ~Q 2~ 
M—83 instrument

No. 2~R,Voyeykovo, 1967. A 1 = 369 nm, A 2 = 530 rim.
- 

.idIj 6 1 i~. .. .~I;n a 0 ) - iii. 2

- 

I :~ VII ~~~~~~~ I 1 . .4 2~:) Viii 2 .72 1,82
~~~~~ L71 12 IN 2.6~1~ 2 .64 173 i4 2.61 1.82
2.il 1.75 17 2.74

l , 7~ 2(~ 2. 75 1 , 77
2 .76 I.~O 2L 2 6 4  1,69
~ .3S 1 .74 2-S 2. 52 3 .78

- 2 .58 i.72 I X ~ 2 .72 1,76
• 25 2 .62 1 ,76 Cj~eaii~e 3ua qeiita e ) 2,65 1,76

2.32 1,68 Cpe~nIRs~ ~~na~~~p~~
- )

2 Viii ~~64 1,70 mqit~~ owI1OK a
2.7.3 ‘ 1,8! oTie.mii~ro

13 2 ,61 1 ,78 
- 

3IIa’lcIth ~ . . . 0,053 0,045

KEY: (1) Date; (2) Mean value; (3) Mean—square de—
-: -

- viation of individual value .-rn
- -4 An estimate of the error in the value of is given in [1].

For average measurement conditions the relative error varies within
limits of 1—8%; however, the upper limit of this interval can be
increased with small values of ~~ [1].

-- - Because the transmission of the light filters depends on
temperature, measurements of the temperature coefficients of the
ozonometer q1 were conducted in a specially constructed calibrated
thermostat with an optical output . A 12—V incandescent lamp was
used as the light source. It was placed outside the thermostat
while a check lamp was placed inside the ozonometer . The power
supply of the lamps was accomplished from storage batteries and

~ 
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was checked by an ammeter . The results from the measurements of
the coefficient for the first three light filters are presented
In Table 3. -

The reading for the light filter at J1 was calculated from
the formula

I ~ ,, p,rq, . IOO (3 )

where p1 — the reading without correction , r - the coefficient for
the transition to the basic sensitivity, and — the reading for
the internal check lamp on the basic sensitivity . Because of the

linearity of the ozonometer, the reading J1 Is directly proport ional
to the light flux S

~ 
and, since the difference 1o ,~ 

— stands in
formula (2), the coefficients of proportionality cancel each other
in this difference and do not have an effect on the measured value
of ô~~.

In addition to the collection of regular Information on the

optical thickness of the aerosol in seven sections of the spectrum ,
the work also provided for obtaining systematic Information on the
parameters of aerosol particle distribution by dimensions . Here,
it is assumed that in a vertical column which penetrates the entire
atmosphere, the distribution of aerosol particles follows the Junge
formula [6]

‘V- 

- ~~—=cr~~, (LI )

where N — the total number of particles In a vertical column of the
atmosphere with a single cross section whose radius is less than r;
n — the Junge index; c — constant . According to Junge [6], formula
( L I )  is applicable in the case where 0.08 < r < 10 pm; the mean

• value of the Index n = L I .  j

_ _ _ _ _ _ _ _ _  
_ _ _ _  
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Table 3. Temperature coefficient of light filters
of N—83 ozonometer for reduction of readings to 20° C:
A 1 = 31LI nm, A 11 = 369 nm, A1~1 = 530 rim.

1eM r~epa?ypa ‘4~ ’ 4~”~ - P Te~n~p~rypa ~~~~*JI1’I~ TP
— hlp’!f~ )p~~ .. F .

— rma.z. 1~n - 

_ .a .14 i p i .’~. .  1— n - 2—K 3—~

—10 0.85 0.713 0.82 20 1.00 1.00 1,00
— 9 o,~ s 0.77 0.s2 21 1,00 1 ,01 I .0!
—~~ 0,83 0.77 c- .s3 1 ,01 1 ,02
—-7 0.S6 (“.78 0,83 2-3 1 .02 1 ,03 .03
—6 0.86 0.78 0.83 24 1~02 1,04 1,04
—ô 0,86 0,79 0,84 25 1 ,03 1 ,03 1,05
—4 0,87 0,79 0,~4 26 1 .04 1.07 1 .07
—3 0,87 0,80 0,85 27 1,04 1 ,08 1 ,08
—2 0,87 0,81 0.85 2S 1,05 1 ,10 1,09
—I 0,88 0.’~2 0,85 1,06 1.11 1 ,10
0 0,88 0,82 0,86 30 1,06 I .i2 1 .11
1 0,88 0,83 0,86 31 1 ,07 1 .13 1 ,12
2 0,89 0 ,84 0,87 .32 1 .08 1 .14 .13
3 0,89 0,84 0,87 ~.3 1 .09 1 ,15 1,15

- 
- 

I - 4 0,90 (1,85 0. 88 34 1, 1(1 1,17 1 ,16
5 0,91 0,86 0,88 33 1 .10 1.18 1 ,17
6 0.91 0.86 0,~9 ~6 ~,i1 I 1 .20 1 ,18

‘ 7 0.92 0.87 0.89 1 ,12 I 1 2 ]  1 .20
8 0,92 0,~8 0,90 3~ 1 .13 I 14 3 1 .21

o.93 0.59 0.90 1 ,14 1 .2~ 1 ,23
10 0,94 O Yt’ 0,91 4(~ 1 ,15 I 1 .25 1 ,24
11 094 0,91 0.92 41 16 1 .27 1,25
12 0,95 0.92 0,~3 42 1,17 1 ,28 .27
13 0,95 0,93 0.93 43 1,18 1,30 1,29
14 0.96 0,94 0,94 44 1 ,19 1 ,31 1,30
15 0,97 0,95 0,95 45 1,20 1.32 1.32

• F 0,98 0,95 0,96 46 1 .21 1,34 1,33
17 0,98 0,96 0,97 47 1 .22 1,35 1,35

- , • 18 0,99 0.97 0,98 48 1 .23 1 .37 1 .37
19 0,99 099 099 49 1 24 1.39 1 39

50 1,25 I~40 1 ,4!

KEY: (1) Temperature of Instrument , degrees; (2)
Light filter.

- - 

.4~

At the present time , a comparatively small number of direct

measurements of aerosol particle dimensions in a broad band of
0.08—10.0 pm Is known because of experimental difficulties [6].
Depending on the dimensions of the particles , these measurements
were conducted by various methods with different errors [6]. The

results of the indicated measurements are basically conf irme d by
the Junge formula ( L I ) .  However, it is possible that In the surface

- - - 
layer the instantaneous distribution of the particles does not

follow formula (LI) since the underlying surface and local sources

of the particles have a strong influence on this distribution .
On the other hand, it is poss ib le that  above the surface layer and

6
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in a sufficently large volume the distribution of the particles

follows formula ( L I )  in many cases .

The further accumulation of good—quality experimental material

is required for the solution of this problem .

This work posed as one of its tasks the collection of statis-
tical experimental material which characterizes the distribution
of particles by dimensions in various geographical regions of the
USSR under different physical conditions in the atmosphere .

The parameters n and c in formula (LI) were selected as the
characteristics for the distribution of aerosol particles by
dimension s which were subjected to measurement . If, as we assumed ,
the values of parameters n and c which were obtained as the result

-
, 

- of the measurements prove to be close to the parameters obtained

by other authors and by other methods , if these parameters prove
to be comparatively stable under similar conditions , and if they

prove to be close with the use of various spectral sections for
measurements, we will be able to draw the preliminary conclusion
that ( L I )  reflects the actual distribution of aerosol particles by
dimensions in a vertical column of the atmosphere .

- rn

A special procedure which is presented below was developed
- - 

- 

to determine parameters n and c. On the basis of Mie theory [ L I , 7],
the attenuation of the light which is caused by scattering on
aerosols is described by the formula

=O,434 r~K (y)~~~dr, (5)

where r1 and r2 — the least and greatest radii of particles in a
given distribution , K(y) — the total Mie scattering coefficient
[7] which depends on the refractive index of the substance, the
shape of the aerosol particles, and on the parameter

~~~~2~r (6)

- .

- - - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 
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If the volume being examined coincides with a vertical column of
the atmosphere of a single cross section , the value of
formula (5) coincides with the optical thickness of the aerosol in
formula (1). Substituting dN/dr from (LI) Into (5) and changing
from the variable r to the variable y with the aid of (6), we
obtain

:

, ~~~~~~~~~~~~~~~~~~~~~~~~~~~ (7)

~

,
- -

~ Since , as Junge points out [6], parameter n lies in the Inter-
val of 3.0 < n < 5.0  and the values of r1 and r2 equal respectfully
0.08 and 10.0 pm , then without noticeable error we can accept that
in expression (7) y1 = 0, and y2 ~~. Here, the following is
considered .

a. The improper integral in equation (7) converges on the
basis of the Cauchy convergence test [5] since K(y) < 5 [7] and

4 n — 2 > 1.

This is equivalent to where, with y1 = 0, y2 = ~~~, and n > 3
0 is always a finite value .A

b. Since r1 = 0.08 pm , r2 = 10.0 pm , the corresponding values
of y for A = 369 rim equal :

— 
&2 8 .0 .08 6 , 28 . 10,0 ——- (I ,369~~~~~ 

..36: y~-= (I .3617 =1,0.

and for A = 0.530 nm

6,28. 0 (18 — 6,2~ 
. 10 .0 3 18y~~= 

~~~~~~~~ 
=O,9~; v~=’— —~~

-
~~~~~~-— — .

The Integrand in expression (7) with refraction index m = 1.33 (water)
and parameter n equal to 3, LI , and 5 has the form shown in Fig. 1.
From FIg. 1 It follows that for n > 3 the replacement of the
numerical limits to integration indicated above by the limits 0 and

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ,~~~~~~~~~~~ - . ~~~~~~~~~~~~~~ - 
, -r -



co do not cause a noticeable change in the value of the integral
in expression (7). An even smaller change in the integral in
t~xpression (7) occurs if , in our case , the integration limits
change only as the result of a change in wavelength A .  Thus, for
example, If the limited integration in expression (7) y2 = 118 is
replaced by y2 ~~~, the relative error in the value of the integral
with n = LI will equal

- 218 100 L4°f,,
y 2 A~(y)dy

and with the replacement of the limit y 2 118 by the limit y2 = 170

the relative error in the value of the integral will equal

4

170c 2v 2d~118
100 = 0,430/,.

- ~ 
2/((y)dy . 

-

In the calculation of the error , it was assumed for simplicity
that K(y) = 2 with y ~ 118.

- rn
-

- 

- 

_ _ _  

-

~~

~ijç~.~~~
_ —H —j —  — 

- H— — — Ft— i—
H 

_ _

I0 0 ~~ O ~~u 7~iQ :zö’ ’ 40y

Fig. 1. Function f(y) = y 2
~~ K ( y ) .

9

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~ ,

~~~~~~~~~~~ ,_ ~~~~ ~~~~~~~~~~~~~~~~~~~~ -- - 
~~~~~~~~~~~~~~~~~~~~~ ~~IIi



- TT~~~~~~~~~~~~~~T~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~

c. The error in expression (7) increases with the replacement
of the integration limits by 0 and with a decrease In the Index -

~

n . With n < 3, this replacement leads to where = co~ However ,
for the purposes of this work we can limit ourselves tr  the re-
placement of the limits by the extreme and, consequently , constant
values 

~min and ~
1max which are determined by the longest and short-

est wavelengths in the region of the spectrum being examined (for
example, the replacement of the limit y2 = 118 by the limit y2 = 170). 1

With consideration of remarks ‘ta,t’ 
~b ’ and “c ,” expression (7)

acquires the form

= 0,434cc (-
~~~~

)

~~~ g 
R. (8 )

where the value

- • 1 yI~u / ‘ 
_i

I? 3 )12 — a K (y) ely I
’

‘mm

4
depends on the parameter n, the refractive index of the particles -

m, and does not depend on A. -

Formula (8) is similar to the well-known Angstrom formula -

= c1A
’
~ if we assume that b — 3

4
-

For t~. -~o selective wavelengths, the ratio of the optical
thicknesses of the aerosol measured at the very same time, in
accordance with (8), will equal

( 10)

where, in the case of employment of light filters, A 1 and A 2 will
correspond to the maximums of spectral sensitivity of the instru—
ment In the region of the first and second light filters.

10
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From expression (10) formula

- 
,1 3J... 

~~~~ (11)
• 

. 

~,i.,— g~ .1 
~ ,‘I

I follows with the aid of which the dimensionless parameter n is

calculated depending on the ratio -r-. A graph of the dependence
‘_

_ of n on the ratio -L is shown on Fig. 2 for the pair of wave-

lengths A1 = 369 nm and A 2 = 530 nm. We note that the parameter
n in formula (11) does not depend on the refractive index and the
shape of the aerosol particles.

Using formula (11), the error in the parameter n depending on

the error in the ratio ~~~~
‘ with the presence of a Junge distri—

1 bution of aerosol particles by dimensions in the atmosphere is
easily estimated. From expression (11), after differentiation we
obtain the following formula:

( 12)

where ~ (n ) ,  ‘
~~
6
~~

--
~~ 

and L
~
(0x 

) — the limiting absolute errors of
- rn n , 0~~~, and Assuming for average conditions that ~~~~~ ~~~~~~~~~~ =

= O.O l i  and n = LI , we obtain that the limiting absolute error In n
equals

~~~~ 
(O~04±O ,04)=0, 22,

and the relative error In n equals

- 
- 

~ (n) (“ . 22 .100 — ..~~~,

4 — 0,O ,~.

For convience In the practical use of this work, Table LI is

presented which provides the values Of n dependin g on

11
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Fig. 2. Parameter n depending
I on ratIo .L; A 1 = 369 nm, A 2 =

I 
_ _ _ _ _ _ _

~

_ _

~ 

= 530

Table 4 . Values of n depending on 0~
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

1 2

050 1,0 I i  — .3.4 lAO 4 ,6 2.45
I 1 ,3 1 . _ 3 .5 1 .85 4 . 7 2. 50 5 .5(- .6() 1 ,6 ~~~ 3.6 1 .90 4.8 2.55 5.6

- - 
- O ,~ 5 1 8 !.~~) 3.7 1 ,95 4 .~ 2 .’~1 3 .6

070 2.0 ~,35 3. 8 2.09 4 .9 2 ,65 5.7
C 75 I 2.2 1 .-K) 3,9 2.05 5.0 2.70 5.7
~~~~~ 2,4 1.45 4 .0 2.10 5,0 2.75 I 5.8
(‘ . 85 2.5 1.~0 4.1 2.15 5 1  2.~0• .J 0,9(1 - 2,7 1 T.5 4.2 ‘2,20 5,2 2.85 I 5,9\ 0.95 2,9 l ,~ 0 4,3 2,25 5.2 2.90 3,9
1.00 j 3 .0 1.65 4 ,4 2,30 5 .3 2.95 6.0

3 2  1 ,70 4 .5 2 ,35 3.4 3,00 6,0

~~ 

-
~~ !,~~i) 3,3 1,75 4,6 2,40 5.1

I I
-
-

The second parameter of the distribution (LI) c Is found from
formula (8)  -

4.. 
~~ .=-~L- (13)

B ’

where

(14)

the dimensionality B being cm3~~ and the dimenslonality c — cm~
’3 .

As is evident from formulas ( 14) and (9), the value of B Is
the function n , A and the refractive index m . Table 5 provides
values of B for A1 = 369 nm , A~ 530 nm , and m = 1.33 dependIng
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on n. As Is evident from Table 5, the values B1 and B2 Increase
rapidly with an increase in n. In order to estimate the error in

-

- the value of B depending on error n, we use Table 5. Assuming
n = LI and ~(fl) = 0.2, we will have

- 

* - (8 .1 . 10~ — 1 ,0 . 
990!j  c’(B1)= 8 .1 1~’ 

— 10’

-
, where 0(B1) is the relative error In the value B1.

- 

.~ Table 5. Values of B1 and B2 depending on n,
A1 = 369 mm , A 2 = 530 nm, m = 1.33.

“ & cM3
~~~ ~~~~~~~

3 1 35.101 3 4.101 4 , 6 I ,8.IOS 1 ,0.1D~3’2 92. 101 8.4.101 4 .7 5, 4.108 2,8408
-

- - 
I 

3 ’ 3 25 .102 2 , 1.102 4 ,8 1,6.10~ 6, 1 .108- .~ 3.4 6.5. 102 5,4.102 4 .9 5,0. 108 2.0.10~1 .3 5 1 7.~~ 1 4.i6~ 3 .0 1,5.1010 7. 2•10”
3 . 6 4 7 . : o ~ 3:8.102 5.1 4,5.1010 2.l.!O~- - j 3 7 1 3. ‘$ 1,0.10~ 5.2 1 ,4.1011

- 

38 3,6.10~ 2.6.104 5 , 3 44 .10”
- 3’9 1 ,0.108 7 , 0.10~ 5 ,4 1,4. 1012

- - 4 0  2 8-108 2 0.1G~ 5 ,5 4 ,4. 1012 I 1,8.10:2
4 4’! 8’1.105 5,6.IOS 5.6 3 ,4.30’s 5,6.1012

4 2 23 . 108  1 ,6. 108 5 7  47. 1o l~ 1 ,8~10’~4 4 ’3 6, 8-104 4 .5.108 .5, 8 1 ,6~1O’~ 5,6.1013
I 4’4 2 ,0.107 1 ,2.10~ 5.9 5.2.10’4 1 .8. 1014

4 5 6,0.107 3,5.1W 6,0 1,7.1018 5,8.1014
- 

—
~‘ I

In accordance with (13), the relative error in the value of
c will equal

- 

~(f ) ~~~~ , ) .L~~( B1. (15)

Assuming that 6
~
0A~ 

= 4% , we obtain 0 ( c )  = 4% + 99% = 103%. The
estimates which are presented show that the parameter c is measured

— with a considerably larger error than the parameter n.

In accordance with the existing classifIcation [6], natural
aerosols are divided into three groups : Aitkeri particles (r < 0.1
pm), large particles (0.1 ~ r ~, 1 .0  pm), and giant particles
(r > 1.0 pm). The phenomenon of haze in the atmosphere Is caused
primarily by large particles; therefore, transparency and visibility

13
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outside of clouds and fog are closely linked with the presence of
large aerosol particles.

- 1 - Knowing the parameters n and c , using equation ( 4 )  one can
make a rough estimat e of the total amount of large or giant
particles in a vertical column of the atmosphere with a single
cross section . Dividing the varibies in ( L I )  and integrating, we
obtain

(16)
- 

~1 .v,

I whence

‘
~~ 

r~~~~ ~~~~ (17)

-~~ where 0 < r1 < r 2, and N12  - the total number of part icles whose
-
~~~~~~ radius r lies in the interval r1 ~ r ~ r2 .

4 —5 —4Assuming r1 = 0.1 pin = 10 cm, r2 = 1 pm = 10 cm, from
equation (17) we will obtain the total number of large particles

-
~~ N in a vertical column of the atmosphere with a cross section of6 21c m ,

L - i ~~~~~~~~~~~~~~ 
(18)

In derIving (18), we disregarded 0.001 by comparison with 1.

SimIlarly , assuming r1 = l0~~ cm , r2 = l0~~ cm , from equation
— 

- - (17) we obtain that the number of giant particles

‘ . 4Vr ~~~ 
IO4 M~~

) . (19)

-

~~ 

. The ratio of the number of large particles to the number of giant
I particles , in accordance with expressions (18) and (19), equals

(20)

14 
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The dimensionality of values N-, 2’ N6, and Nr with consideration of—2II; the dimensionality of the values of c and r equals cm .

The relative error in N5 from (18) is expressed by the
— j formula

Sn—6 
~~~~~ (21)

The formulation of the mean values of the quantities 0(c), n and

~ I ~(n) in (21) provides

~ (A’1~) = li!3°i~ ± 7°f~ 28°f~== 138°f~.

To check the assumption that a Junge distribution of aerosol
particles by dimensIons exists in a vertical column of the atmosphere
( 1 4 ) ,  two methods were used. The first method consistsof the
simultaneous measurement of parameter n by different  pairs of wave—
lengths and a comparison of the results which have been obtained.
Because n is measured with a comparably large error and does not
depend on the aerosol substance , the agreement of various value s
of n within the limits of error point s to the fact that a Junge
distribution exist in the atmosphere at the moment of measurement s
( L I )  at least In the region of large particles . The second method

- 

- conststs of the fact that first the parameters n and B are deter—
mined using one pair of wavelengths and then, using formula (8),
the value of is calculated in the region of 350 < A < 650 nm.
The agreement of the calculated values for with the measured
values of the same quantity In five sections of the spectrum within
the limits of error will testify to the presence of a distribution
of particles of type ( 4 )  in the atmosphere . Here , use should be

• made of various values of the refractive index m when calculating
the quantity B using formulas (14) and (9) (for example m = 1 .33
and m = 1.50). Because of the large error in the value of B, the

- 
- 

- 
second method can provide only a rough impression of the presence
or absence of a Junge distr ibution in the atmosphere and some

15 
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judgement of the aerosol substance is also possible (liquid or
solid particle depending upon the Index m at which the values of

are calculated agree In the best manner with the measured
values).

§2. Some results from the measurements of optical characteristics
of atmospheric aerosol

Observations of atmospheric aerosol were organized in 1967 at
bases of the GGO [Main Geophysical Observatory] in VoyeykovO and
Karadag as well as in Dushanbe,Bol ’shaya Yelan”(Yuzhno-Sakhalinsk),
Kuybyshev, and Murmansk. Aerosol observations were conducted in
Voyeykovo using N—83 ozonometers No. 24R and No. 3R. Eight light
filters were inserted in the No. 3R ozonometer whose character~Lstics
are Indicated in Table 1. Ozonometer No. 2LIR and ozonometers at
other stations had light filters with wavelengths in the trans—
mission maximum A1 = 369 nm and A2 = 530 nm for aerosol observations.

Table 6 is presented as an example of the calculation of the
values 0A ~ 

6A , n, c, N5, and N6/Nr which was conducted using1 2
f ormulas ( 2 ) ,  (11), ( 13), ( 18), and ( 2 0 ) .  Measu -rement s were con—
ducted In Voyeykovo , there being no cloud cover in the region of
the sun at that time.

Table 7 is presented for comparison of aerosol data measured
at the very same place and at the very same time by two M—83 in—
struments. It contains the results of parallel measurements of
the values d~ ~ 

0A , n, and N6 by instruments No. 28R and No. 13R1 2
in Karadag for 25, 26, 27, and 28 August 1967.

As is evident from Table 6, the deviations of Individual
values of 0A ~ 

6A ~ n, and N and those which are average~for a
1 2 6

day and which were obtained by different instruments at the very

- - 
same time lie primarily within the limits of errors in the values
Indicated above . —

16
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Table 8 contains the values of the quantities 0A ~ 
0A ~ n,1 2

and N6 which are mean for the day and obtained as the result of
observations in Karadag,Bo])shaya Yelan ’, Murmansk, Kuybyshev and
Dushanbe. It follows from Table 8 that the mean value of the
parameter n is close to four. The value of n fluctuates primarily
from three to five. In contrast to all other stations, in Dushanbe
the parameter n is close to three. In this case (n = 3), it follows
from formula (8) that the optical thickness of the aerosol does not
depend on wavelength. Perhaps, this means that in the relatively
dry atmosphere of Central Asia, which is the central portion of the
very large Eurasian continent, the optical activity of the aerosol
is formed by comparatively large and dry dust particles .

Table 6. Example of the calculation of values 0,,~ ~1r i  6A , n , c , N6, and N6/N1. Voyeykovo , 14 July 1967.
2

M—83 ozonometer No. 214R.
A 1 = 369 nm , 

~‘2 = 530 nm

- .. 

- .v_
7., i,,, fl C Nr~ CM .

~~~~~
_

‘- ,~e.. 1uth. 
I I

10 30 44 ,9 (‘ 105 0 ,070 4 , 1 I 1 .3.1fr~ 
- 1 ,3.108 1 ,3.101

10 33 .
~~3 I (1.092 0,063 4~

j) .3.2 !(r~ 1 , 1.308 3 ,0.303
10 55 46 .9 I 0,085 0,059 4 ,0 3,0.1(r7 1 ,0.109 1 ,0.109

- -4 11 00 I 4~ ,4 0,081 0,05.3 4 ,2 3,2•l0~ 
- 1 ,0. 108 1 ,6.108

U (IS 47 ,9 0.091 0,08.1 4.1 1 .1•1 0—’~ 1 ,1.106 - j .3.10~ii I 49,3 0,083 I 0,016 4,1 1,0.10 ? ¶ 0.10’ 1 .3.101
11 35 -19,9 0,078 0,057 3,8 2.0.l0—’ t ,7•itJ6 0,6.103
11 ~0 j 51,2 0, 116 0,075 4~9 4.6.I0~ 1,5.109 1,6.103

-- .1 12 00 51,3 I 0,101 0,007 4 1 1 ,2.10—~ 1 ,2.108 1,’]. 101

I . 

- 
- 

CPe1NeeØ1~) 0,092 0,062 4,1 3,5.10~ 1 ,1.108 1,2.103

KEY : (1) Moscow time , hours , minutes; (2 )  AltItude j
of the sun, degrees; ( 3)  Mean.

From observations in Karadag (Tabl e 8), it follows that from

July through November a t h.ree— old decrease occurs , on the average ,
in . the optical thickness of the aerosol IS A in both sections of the
spectrum (A1 = 369 nm and 

~2 
= 530 run). The numb er of large particles

N6 in the vertical column of the atmosphere o.f a single cross
section decreases approximately the same amount during this period.

17
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FIg. 3. Optical thickness of aerosol 0A depending
on wavelength A. M—83 ozonometer No. 3R, Voyeykovo,
1967. 1) 1~1Lt September. 1205 hrs; 2) 2—14 September
1005 hrs; 3) 3—6 September 1105 hrs; 14) 14— 6 September,
1205 hrs.

Earlier [1] we noted that Voyeykovo the optical thickness of the -

• I aerosol in the ultraviolet and visable regions of the spectrum
increases noticeably from winter to summer.

The dependence of the optical thickness of the aerosol on
wavelength was obtained as one of the results of the study .

As a rule, a decrease in the optical thickness of the aerosol
with an increase In wavelength (Table 8) is observed at all

stations (except for Dushanbe). This can signify that at these
I, 

- 
stations the aerosol particles have comparatively small dimensions
and are primarily either nuclei of condensation with an aqueous
shell or droplets of water.

Figure 3 shows the course of the optical thickness of aerosol
with a change in A which was obtained at Voyeykovo In September —

1967. As is evident from Fig. 3, the optical thickness of the

~ 
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r Table 7. Values of IS~ ~ , n , and N6 from the
1 2

M—83 instruments No. 28R and No. l3R. Karadag, 1967.

- I A1 = 369 nm, A 2 = 530 nm

Moscow M-83 Instrument No . 28R M-83 Ini~~ument -

h, m m .  8- 
— 

it N~ 8. I it K.-
- “I I i 

, 
I

25 August

- --‘ 7 55 I 0,182 0,108 4,5 I 2,7-10~ 0.147 0,069 5 . 1 I 2,4.108
8 00 0,164 0,1199 4,4 2,3-109 0.146 0,009 5,0 2,4.10K
805 - 0,172 0,101 4.5 I 2 ,6.108 0, 148 0,074 4 .9 2,4.108
8 55 0,168 0.105 4 ,3 2,2.1°” 0,127 0 ,064 4 ,9 I 2,0.10’
9 00 0,183 0,120 4 ,2 2,3.108 (9,152 (1,083 4 ,7 - 2,3.103
905 0,173 0, 303 4 ,5 I 2,6-309 0,146 0,076 4 ,8 2,3. I0~965 0,215 0 , 141 4 1 2,7. 108 0,215 0,134 4,3 2,9. 10’

• 10 IX) 0,238 0,190 3.6 I 1.9.10” I 0,246 0,1s4 3,8 2,.3i0~1005 0,267 0,205 3,7 I 2,2.10s~ 0,253 0,180 3,9 2 ,5.108
10 55 0,257 0, 369 4 , 1 3,2 .108 I 0 ,325 0,230 3,9 3,3.108
11 00 0,251 0,194 3,7 i 2 , 1.108 ! 0,291 0. 394 4 ,1 3,6.109
11 55 0.240 0,157 4 ,2 I 3,0.108 - 0,296 0,180 4 .4 4 ,1.10’
12 00 0,265 0,155 4 ,5 4 ,0.106 0,330 0.196 4 ,5 5,0.i0~12 0.5 0 222 0 130 4 5  3 , 3.10’ ! 0,280 o.171 - 4 ,4 3,8. 1($

~~
. i 14 05 0,276 0, 155 4:6 3.’1.3o ” I 0.331 0.186 4,6 I 4.7.10”

~ .J 14 58 0,232 0.128 4 .6 .3,3.108 i 0.283 0,177 4 ,3 ~~~~~35 55 0,217 0.118 4,7 3,3.~08 0,235 I’,136 4,6 3,3.108
16 00 - 0.211 0 , 325 4 ,5 3 ,2.108 0,236 0 , 143 4,4 3,2. 308
16 05 0,200 0,111 4 6 3 ,1.108 0.240 (

~,140 4 ,5 3 .6. 10”
16 55 0 215 1) 1,34 4 3 2 8.108 0,220 0, 125 4 ,6 3,3. 109
1700 ‘0,215 0,119 4 ,6 3,1.i0’ I 0,215 0,120 4 ,6 3.1.103
17 (‘5 0,207 0.119 4 ,6 I 3,1.108 0,223 0, 131 4 .5 3,3- 10k
17 25 0,397 0, 133 4 ,6 2.S• 308 0. 198 0, 10.3 4 ,8 3.2.103
1 30 0,202 0,118 4 .5 3~1.1D’ 0,203 0,111 4 ,7 3, 1. 108
17 37 0,204 0,120 4 ,5 3,1 .108 0,221 0,127 4 ,7 I 3,3. 10’
Mean 0,215 0,133 4,4 2,9- 108 i 0,229 0,136 4 ,5 3,2.308

~ 

-

~~~ 26 August
7 35 0, 103 0,057 4.6 .5.108 0,083 0,036 5,3 1 ,3.108
8 00 0, lii3 0,058 4 ,6 ,5.108 0.1(88 0.0.19 5 ,2 1,4.109
8 05 0,101) 0,05s 4,5 .5.103 0.”7* 0,039 4 ,9 1 , 3.108
9 IX) 0,067 ((.035 4,8 .0.10” 0.057 0 .024 5 ,4 0.9-10’
9 05 0,074 0,037 4.9 , 2. 10’ (‘,(8i-3 0.021 6,0 ((,7.1(0’

• 10 0.3 0,057 (1,0.31 4 7 0, 9 .308  0,057 (l . I~31 4,7 0,9.10”
9 10 56 0,083 0,041 4,9 - 1 4. 308 0 . 128 (.079 4 .3 1 .7. itr

11 00 0,085 (1.042 4 ,9 ,4.10’ 0, 124 0.o72 .3 .5 1 ,~J. 10’
31 05 0,095 0,058 4 ,4 J ,3.30’~ 0,126 0,073 4~6 1.8.108
11 55 0,089 0,05~3 4 ,3 1.30~ 0,097 0,072 3,8 0,9.20’
12 00 0,091 0,057 4,3 1.30’ 0,124 0,081 4 ,2 ,6•1($
32 05 0,093 0,048 4,8 ,4. 10’ (1, 116 0,031 4 ,0 .4. 108

• 13 00 0,069 0.041 4 ,5 ,1.106 0, 110 0,082 3,M ,0. 109
31s 05 0,078 0,041 4 .8 .2.109 0,135 0,090 3,8 ,3.10’
13 55 0,097 0,045 5.1 ,6.Ifl’ o,ir’ 0,109 4,3 ,,S.10”
14 00 0,094 0,045 50 3.10 0.158 0,123 3,7 ,3.10’
14 05 0 069 0,0-~4 4 . 2 0 9.J ( - 0. 147 0,122 3,5 ,I.10’
1355 0,143 0,081 4 ,6 2,1.10~ j 0, 153 0,092 4 ,4 ~,2.106
16 00 0,123 0,069 4 ,7 1 9.108 0,240 0,064 - 4,4 2,0. 10’
16 05 0,123 0,064 , 4 ,8 1 ,9.308 0,245 0,082 - 4,6 2,1.30’

Mean 0,092 0,050 I I 3 , 4.108 0,115 0,072 4,5 1,4.30’



~~T~~ii~~T~~~~~

- !‘1-83 Instrument M-,83 InstrumentMoscow I No.  28R 
_ _ _ _ _ _ _

I No. 13R
time, - -
h, m m .  - 8. 8, 

- - 1 -

27 August

7 55 I 0.146 (I “Ho 4 .3 1 ,9.lo ’ 0,128 I - 4 ,4 1 .8. 103
~ Ill I 0. 348 (1~~~ 7 4 ,~’ - 3 ,$.3 ( . - ().137 - 11,0911 I 4 , 3 - 1.6.108

- . i~ I’ , 33$ o . 09s 3 ,9 I i , . i . i o— - 
~~. 130 ‘‘.07w 4 , 4 1 1 ,s . io~I (‘.130 (• ,08l I 4 ,0 - 1.5-108 0115 (‘.069 4 .4 1 ,6.109

9 o~) i (1 132 I (‘002 4,1) 1 .6.I0~ 0~~22 0.076 - 4 .3 1 ,6.108
~

- u5 (1 137 I 4.0 1.6.10~ (1 . 12.1 0 f l~() 4.1 1 ,4.108
9 5 3  I 0.133 I 0,004 1 

~~ 1 .3.109 (‘.11-I ((.074 4 .2 1 ,4.103
30 00 I 0,118 - 0,032 3 ,0 I 1,4.309 0.331 0,096 3,8 3 ,2.103
Ii’ ~~ I 0.129 0,1191 3,9 1 3.109 (1,122 (1,098 3,6 1,0.30~1! 55 0,105 0,072 4 ,0 3 ,3.10.- 0,13(1 0,096 3,8 1 ,2.10’
32 00 0 097 0,072 3,8 0,9.10’ 0,13(1 0,304 3,6 1.0.10’

½ 12 05 0,097 0,064 4.1 1.2.10’ 0,130 0,096 3,8 1.2.10’
1~ 55 0,078 (1.049 4,3 1,0.10~ 0,121 0.090 3.5 0,0.309

- .- 13 00 0,076 0.057 3.8 0 , 7.10’ 0.130 0,114 3,5 1 ,u. 1tø
13 05 0,083 0,057 4 ,0 1 ,0.10” o , 1-10 0,122 3.5 1 .1. 108
14 00 0,095 0,076 I 3.6 0,8.108 0, 15(1 0,123 3,5 1 ,3.109
14~~5 0 383 0 347 I a o  1 5 3 0 3  0 .4 O j ”4 3 20 I”

— - 
- 15 00 0,190 0,144 3,7 1,6.10’ 0,245 0, 193 3,6 2,0. 108

Mean 0, 323 0,087 .1,0 1.3.10s~ 0,342 0,104 f 3,9 1, 4 10’

28 August
4

7 .53 0,350 0,114 3,7 1,3,3(98 0,325 0.093 3,8 1,2.108
S 00 0,147 0, 114 3.7 1,2.1(88 (i, 137 0,099 3.9 1,3.I0~- 

- 1 8 (15 0,146 0,108 3,8 1,4.108 0.124 0.094 3,7 1,0.30’
8 .35 0,108 0,078 3,9 1, 1.10’ 0,303 0,073 3,9 1,0. 10’
9 (Ml 0,106 0,083 3,7 09 . 10’ 0,107 0,071 4.1 1,3.10’
9 (l~) 0,113 0,079 4 ,0 1 .3. 10” 0,108 0,084 3,7 0,9.108
P 35 0, 13 1 (? .0S0 3.9 1, 1. 108 0,098 0,(#37 4 .0 1,2.108

- ‘ 10 (Xl 0,108 (1,081 3,8 1 ,o.1o~ 0,109 0,082 3,8 1,0.108
10 05 0,113 0,083 3,8 1,1.10’ 0,114 0,083 3.8 1 , 3.10’
10 .35 0,096 Q,0.55 4,6 3 ,4.308 0,096 0,070 3.8 0.9. 3flS
11 (10 0,084 t1 ,~5G 4 , 1 1 0.108 0 . 114 0.0o4 3.5 0,8. 10S
12 (1) 0,074 0,055 3.8 0,7.30” 0,330 0. 104 3.6 1,0. 308
39 (1.5 0.074 O ,(~-55 3, 8 (97.303 0,097 0.080 3,5 0, ’ .1O~12 55 0 .0.58 0.0 ! i  4 . 0 (~,7, 1)” f~,039 0.032 4 ,7 0.9.10”

- - - 13 00 (i .058 0,040 4 ,(( 0 , 7. 1”~ 0,(’t57 0,048 3,9 0,9. 108
13 .55 ( 0,040 (9, (J.!1 4 .8 (1, o.i: ” - (1, 024 0.013 4 ,7 0, 4. ) O~14 ‘30 0,037 0,020 4,7 0,6. lo” (‘ 038 0,028 3,8 0,3.10’
14 05 0,035 0,020 4 ,6 0 5.108 0,11.51 0,0.35 4,0 0,6.108
15 .55 0,070 0,443 I 4 ,4 1 0 .308 0,071 0,043 4.4 1 ,0.308
16 4~0 0,077 0,048 4 ,3 1 0.108 0,089 0,058 4 .2 1,1.10’
16 (‘5 0,08.3 0,057 4 ,0 1 .O.ic~ 0,OSQ 0,057 4,2 1.1.10’ —

16 57 0,123 0,079 4 ,2 1 ,5 .308 0, 328 0,079 4,3 1,7.10~17 ilO 0, 120 (J 0’O 4 , 1 .4 . 30’ ((,1’8 0 , 077 4,2 3 ,5.309
17 “5 ‘1,136 0.095 4 .0 ,~~~

. io~ o , i~~ o ,o84 4 .2 1 ,5 .308
17 27 0. 338 9,0~~ 4 ,2 ~~~~~~ 0 124 1 II . (’72 4 ,5 .9.30 8
37 30 0,133 0,088 4,1 ,6.3o~ 0,116 I (1 (‘71 4,4 L6.308
37 35 0,121 0,1.181 4 , 1 .5.10’ 9,116 0.069 4.5 1 ,8.10’

Mean 0,098 o, 4 , 1 1,1.108 ! 0,099 0,069 4,0 1,1.10’

I
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Table 8. Daily means for optical thickness of
aerosol ~~~~ , , parameter n, and number of large

1 2
particles N~ in a vertical column of the atmosphere
with a cross section of 1 cm3, [sic], 1967.

A1 = 369 nm, A2 = 530 nm

Date~~~i, ~~~~~n t N E c,r.I 
~~~~~~~~~~~~~~~~~~~~~~~~~

Karadag September
-
- July 1 0,110 1 0,074 1 4,2 1,3.108

2 0 3040219 39 31.108
11 - 0.3291 0 .20H 4 ,3 4 ,8-10’ 3 : 0 ,177 (1, 11 6 4: 2 22 .108
12 0,351 0,223 k ~~ 

I 4,8.108 4 :0.005-0,060- 4,4 3 ,3.108
1.3 0,440 0,302 , .3,9 

I 
—~ 5 - 0,12S~ 0 099~ 4 ,2 1,5.108

15 0,328 1 ~~~~~ 3.2 
- 42- 10’ 6 - 0. 1S9~ 0,1.33 1 4 ,2 2 ,6.10’

16 0,189 0,131~ 4,0 2,1.10’ 7 0,055 ! 0,052 ! 3 . 1 0,7.10’
17 0,433 0,311 3 ,9 I 4 ,1.10’ 8 I 0,105 1 0,o60~ 4,7 1 ,4.30~18 0,211 0,148 1 .3,9 2,3.10’ 9 0 , 058 0,036 4,6 0,8.10~20 0,111 ( 1 (~7~ 3 3 . 3 0 8  1’) - 0,077 0,054 4,1 (1,9.10’
23 0,108 0,091 - 3,4 I 3,2.108 11 - (1.061 ! 0.026 , 4,4 1,0.108

I 0,070 0,062 1 3.3 0,~ .10’ 12 (( .039 (1,034 3.6 —

1’ 23 0,148 0,103 4,0 2,0.30’ 0 .03~ 0,017 1 4,5 0,9.10’
- - - ‘ 24 0, 345 0,1- ’~iI 4 .0 I 2.1.10’ 15 0,101 0,059 ’ 4,7 1,4.1OS
_ - ,

~~~~~ 25 : 0,259 0,~~1 3,3 1 3 .4.1(f 16 0, 157 I 0.028 1 4,7 1,2.10’
27 0,182 0,110~ 4 ,-I ! 2 ,7 .1os 17 1 0.2.37 : 0, 178 ! 3 .8 2 .2.103
30 0 295 0 . 176 : 4 4  

I 4010’ 20 0,021 0 011 4 .3 0 .5.10’
23 I 0,169 ’ 0 33 4 ’ 4,3 2,0.10’

Mean 0,~ J0 0, 1.59 4,0 3, 3 . 108 22 0,034 1 0,019 5 ,1 (
~,7.10~

- 23 0,030 0,018 4 ,9 0 ,8.108
24 0 ,010 0,013 5,3 0,6. 108
26 0,224 0,144 4 ,3 2,9. 108.itugus~ 27 I 0,272 1 0,184 4 ,3 3,2•10’
28 0,095 1 0,044 5.0 1 ,6.109

- ..—. ‘ 1 0 256 (( .171 4 .1 3 0.108 ~~ 10063 100 .30, 4 7  1,1.10’
2 0,305 0,2”4 4 . 3 3,6.108 I
3 0,214 0, 358 3 .9 2,3.108 4~1ean 0,310 0,073 1 4,4 3 ,5.108

- .-~~ -1 0368 0,247 4,1 4 3.308
5 0,285 0,19o 4 , 1 3.3.108 October
6 0 ,323 0,296 4 ,0 3,7.10’

— ,~ 7 0,283 0,206 4 ,0 2 , ’~. I08 1 0 .331 0,081i 4 ,4 3 ,7.10’ 3
S 0,303 0,196 4 ,2 3.9.303 2 0 , 113 0.0(~5 4 ,6 1,6.10~9 0,304 0.194 4 ,2 3, 9 .30 ’ 3 0,0.39 0,026 .5,0 1.1.108

10 0,374 (‘.234 .1.2 4 ,1.108 4 0,105 0,054~ 4 , 1 1 ,4.108
11 0,134 (l,090~ 4 ,0 1,6.108 5 0, 108 0,067 4 ,4 1,4•10 ’

- ‘ :- 12 0,197 0.13o1 4 , 1 2 ,4. 10~ 6 0,034 , 0,0251 4 ,5 0,6.10’
13 0,132 0.081 3.9 1 ,1 .2 0’ 7 o,089 0 ’ M~2 4 ,3 0,9.108
15 0,309 0,075 4 ,0 1 ,2.109 8 0,OSO j 0,025 4,6 0,8.109
16 0,185 0, 152 3 ,7 1,6.108 U) 0, 178 1 0,135 I 4 ,3 2,3.108
17 0,174 0,117 4 ,2 2 ,1.10’ II 0,O54~ 0,o26~ 4 ,9 0,9.108

-
‘ 39 0,377 (1,126 3,0 2,7.70” 13 0.(~)1 - 0,001) — —

21 0,264 0,274 4.2 3,2.10~ 14 - 0 .000 1 0.~Y
-i —.

23 0,146 0, 104 ~,P I ‘1.10’ 35 I (,,t112 I 0.0.12 5,1 0,4. ~03
24 0,023 0.035 4 , 3 (;,3.308 i€’ I 0,084 o , o~~ 5, 1 1 ,4 .30 ’
25 0 212 1’ , h~1 1 ,~ 2 ,8. 3~ 8 17 I 0,H39 0,012 5,0 0,8.308 4
26 0097 0.05-3 4 ,7 I 1 ,7.108 18 0,060 0,031 4 ,6 1,1.30b
27 0, 326 0.088 i 4,0 1,4 .10’ 19 0,033 1 0,0121 5,1 0,7.108
28 0,090 0,053 I 4 ,1 1.1.11” 21 0M77 1 0,O’33 i 5,2 1,2.108

— 29 0,339 (1,243 1 3,~ 3,5 . j )~ 22 9,000~ 0,t’110 ’ — —

3~: 0,060 1 0,(,3-1 ‘ 4 ,(~ 0 , 0~ 3( i~ 213 0,003 0. -00 -— —

31 0,055 0,0~1 5,3 O,~ . ‘
~‘ 24 tl ,(,10 I (i ,Ij0~ 4,5 0.7.308

- 25 (l,o54 (J , iI ~ 8 1  4,8 (I ,$.39!
Mean 0,204 0,14o~ 4,2 2,4.10’ 26 0.078

1 
0,U45~ 4,4 3,1.10’

2]. -
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Date r’ ~~c~-’ Date ~ ~~~ U /~5 c~r
2

- 

I 27 0,145 1 O,3~~ 3 ,~ ‘ 4.108 
- 

Murmansk

I I ~~ 
September

- I I - 4 I 0,!35~ 0.327 3.4 3 3 . 109
Mean 0,062 ’ 0,036 4,6 1,1.108 6 I 0,046i 0,020. 4,8 2,1.10’

I I 7 0,050 3 0 ,02€H 4 ,6 1,4.108
10 0,032 1 0,026 l 4 , 2 0,5.10’

November 
~~ ~~~~~~~

‘ 

~~~

-

~ ~~ 
Mean 0,074 , 0 .048

1 
4 ,4 1 ,7.106

- 3 0 ,075 I 0,067~ 3.4 
- 0 , 4’ 108 I -

• 5 0,015 0 ,013 1 3,7 1 0 ,4.30’ Ku ~~‘-: 14 0,053 0,0201 5,6 0,7.10’ y ys~..ev
15 - 0,076 0,043~ 4 ,4 1 1 ,2.308 August
17 ‘.~,079 l 0,047 4 ,6 l ,l ’1 0~20 0,182 j 0,163 I 3, 4 1 ,4 . 108 2 0,232 j 0 , 134 4 ,6 2,6. 108
22 - 0 ,014 0,006 1 2 ,8 0 1’ i0~ 3 0 ,284~ 0 ,183 4 ,3 3,4.308
29 (

~,168~ 0, 122 : 4 ,0 1 ,8.10’ 4 0,377 ! 0,275 3,7 3,1.108

-Mean 0.071 0,U52~ 4 ,0 0,8.106 Mean 0,298 i 0,197~ 4 ,2 l 3,0.108
- I I

Dushanbe
Bol’shaya Yelan ’ August

October 
~? ~~ ~~- 

~~. 4 0,067 10 .030 . 5,0 1O 6.1O~ 22 ‘0548 0 ,562 3 ,0
5 0.046 o,o29: 5 ,2 7,9. 10~ 24 0, 438 0,433 3,3
6 0.038 1 0,029’ 4 . 1 5. 8. 107 25 0,595 0,612 I 3,0
7 - 0.008 0,010 1 3 , 6 1 ,6.10~ 26 0,670 0,680 3.0
S 0,040 0,030 1 4 ,0 1 6,6.107 27 0,598 0,609 3,0
9 0,109 . 0,056 I 4 ,~ 17 ,0.307 28 0,535 0,526 3,0

- 
.-

~~ 10 0,243 1 0,126 ’ 4 ,9 37 ,0. 107 30 0,466 0,491 2 ,9- 
- 11 - 0, 171 I 0,093 1 4 ,M 25,2.107 31 0 438 0,445 2,9

12 0,2451 0,211 3,4 17,7. 107
- 25 0,021 ! 0,007 5,6 3,0.107 Mean 0,532 0,544 3,0

30 0,038 0,029 1 4,4 I 5, 1.107
Mean I 0,075 1 0,055 1 4,5 12,5~10~

I September
November 1 0,448 0,468 ~,o

1 0,041 0,045’ 3 3  3 7.107 2 0,463 0,470 3,0
3 0,033 0,034 3,3 2,8.1(17 ‘~ 

~~~~~~~~~ ~~~~~~~ 
~~~~

- 4 0,037 0,03.3 3,7 4 ,1.107 ~~~~ u~wa

- - 5 0, 125 0, 13’2 3 ,7 5,3.10? A9 0,381 0,392 3,0
6 0,064 0,048 3,8 6 ,3. 10~ ~ ? ~~~~~~~~~ ~~~~~~~~~ ~~~~~
• 0,~Aj6 0,048 4 ,4 7 ,2.107 

~~~ X ’~~ ~.
‘--~~ ~~

‘

S 0.057 0,056 .3, 2 I 4 ,3. 107 
~~)fl A ’3, C) fl ’

I 0.035 0,Ct~4 3,0 2,5.107 ~ X’~~ X’12~ “II - 0 056 0081 -- 6 — ~~~
. 34 - 0:019 O,0~6 3,5 1,8.107 0,411 0,4~7 : 2,P

26 0,042 0,039 3,4 3,7.107 ~ ~~~~~~~~~ ~‘~~I ~~~~~27 0,065 0,076 3,7 ~‘,6.1o7 
~~

, ‘

~~~~~~ 

‘

~~~~~~~

‘ 

~~~~~
- 
0,032 0,031 3,4 5,0.107 

~o ~a 0,243 ~ 
—

Mean- 0,053~ 0,05.3 , 3,5 4 , 7.3(J 7 Mean 0,372 (( ,389~ 2,9

~~~~~~~~~~~ ______________
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aerosol in the region of 350—550 nrn decreases with an increase in
- wavelength. In a number of cases, a small increase in the optical

thickness of the aerosol is observed in the region of 550—650 nm
. with an increase in wavelength. However, this Increase exceeds

the limits of errors in measurements only insignificantly .
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1 , DISTRIBUTION DIRECT TO RECIPIENT

ORGANIZATION MICROPICUB ORGANIZATION MICROFICHE

A205 DMATC 1. E053 AF/INARA 1
- £210 DMAAC 2 E017 AF/RDXTR-W 1

fl344 DIA/RDS-3C 9 E403 AFSC/INA 1
C043 USAMIIA 1 E404 AEDC 1
C509 BALLISTIC RES LADS 1. E408 AFWL - 1
C510 AIR MOBILITY R&D 1 E410 ADTC 1

- - 

., , LAB/PlO
- I C513 PICATINNY ARSENAL 1 PTD

C535 AVIATION SYS COMD 1 CCN 1
-~ ‘

~ C591 FSTC 5 ASD/F?D/ HItS 3
C619 MItt REDSTONE 1 NIA/PHS 1
D008 NISC 1 NIIS 2
11300 USAICE (USAREUR) 1
P005 DOE 1.

• P050 CIA/CRB/.Ai~D/SD 2
- 
I NAVORDSTA (50L) 1

- 

- 
N~SA/XSI 1
AFIT,’LD 1
LLL/Code L-389 1
Nf~)’/1213/t’DL 2
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