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ABSTRACT 
From the correlation Coefficients obtained between ozone and 100 and 20 mb tempera- 
tures for Brisbane and Aspendale, it is seen that in middle latitudes, on a short-term 
basis, the ozone changes are not only governed by lower stratospheric waves but also 
by middle stratospheric perturbations which are most of the time independent of each 
other. At  Brisbane, however, ozone changes are essentially governed by lower strato- 
spheric waves. 

On a seasonal basis, the comparison of the mean distributions of ozone with height 
in autumn over Aspendale (38.0' S, 145.1' E) and Brisbane (27.5'5, 153.0' E) with 
Tateno (30.1' N, 140.1' E) and Torishima (30.5' N, 140.3' E) in Japan shows significant 
differences in the ozone content not only in the lower stratosphere but also in the 
middle stratosphere above about 26 km. Also, at Aspendale ozone content increases at 
about 30 km in the middle stratosphere after August each year. Ozone and tropopause 
pressures are not very well correlated on a seasonal basis although there is a good corre- 
lation between short-term variation of ozone and tropopause height. All these suggest 
the significance of the effective changes produced by middle stratospheric circulation. 

The mechanisms involved for the daily ozone oscillations are different at least in part 
from those involved for seasonal oscillations. 

Introduction 

Studies on ozone-weather relationships made 
in the middle latitudes of the southern hemi- 
sphere show that the total ozone content is well 
correlated with meteorological parameters of 
the upper troposphere and lower stratosphere 
(Kulkarni, 1963) and are correlated less closely 
at Halley Bay in the Antarctic (MacDowall, 
1960). Investigations made in the middle 
latitudes mgarding the relationships of the con- 
tent and the variation of ozone with such pro- 
cesses in the upper troposphere and lower strato- 
sphere as  passage of cyclones, origination of the 
type of airmasses, temperature and pressure a t  
various levels, testify to the existence of a 
definite relationship between ozone and the 
general circulation of the atmosphere. Apparent- 
ly the causes of the daily variations in ozone 
content which are associated with tropopause 
topography and the lower stratosphere perturba- 
tions are different from the causes that deter- 
mine the seasonal changes in ozone. It has also 
been observed that the long-term oscillation in 
ozone in high middle latitudes are due to middle 
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Stratospheric waves, which are usually independ- 
ent of the wave disturbances of the upper 
troposphere and lower stratosphere (Boville & 
Hare, 1961). However, very iittle is known about 
the effects of middle stratospheric perturbations 
on ozone fluctuations of different scales in the 
middle latitudes of the southern hemisphere. At 
some low and middle latitude stations over 
Australia, vertical temperature soundings have 
on many occasions reached a height of about 20 
mb since 1964. The present paper is an account 
of the further relationships observed between 
ozone content and upper air measurements 
made a t  these stations on daily and seasonal 
bases. 

Short-term variation in ozone and upper 
air measurements 

Table 1 gives the correlation coefficients 
between the deviation of daily ozone from the 
seasonal mean and the deviation of tempera- 
tures from the seasonal mean a t  100 and 20 mb 
levels at Aspendale and Brisbane for different 
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Table 1. Correlation coefficients between ozone and 
upper air temperatures at Aspendale and Brisbane 
The figures in brackets indicate the number of 

observations 

Corr. O1-10O mb 01-20 mb 20-100 mb 
between temp. temp. temp. 

Aapendale 1964 
D. J. I?. 
(Summer) +0.77(88) +0.19(72) +0.30(70) 
M. A. M. 
(Autumn) + 0.76(86) + 0.32(72) i- 0.26(73) 
J. J. A. 
(Winter) + 0.24(82) + 0.54177) - 0.05(74) 
S. 0. N. 
(Spring) +0.72(82) + 0.47(73) + 0.33(72) 

Brisbane 1964 
D. J. F. +0.56(84) +0.07(68) -0.13(68) 
M. A. M. +0.52(77) +0.16(70) +0.21(68) 
J. J. A. +0.69(80) +0.15(73) +0.22(69) 
S. 0. N. +0.59(81) +0.03(78) -0.21(75) 

seasons in 1964. The correlation coefficients 
between temperatures at 100 and at 20 mb 
levels are also given. The figures in brackets in- 
dicate the number of observations during each 
season. As is generally accepted, it can be taken 
that the l00mb level represents the lower and the 
20 mb level represents the middle stratosphere. 

-40r Winter example 

c 4-609: 

5 9 13 I? Days 
July 1964 

Fig.  1 .  Variations of ozone values with 1 

The following points are of interest: 

1. As noted earlier for the years 1957, 1958 and 
1959 (Kulkarni, 1963), the correlation coeffi- 
cient between ozone and temperature a t  
100 mb level in various seasons in 1964 a t  
Aspendale is found to be much lower for 
winter than for other seasons. But a t  Bris- 
bane during winter a somewhat higher corre- 
lation is obtained than for the remaining 
seasons. 

2. At Aspendale, the correlation coefficient be- 
tween ozone and temperature a t  20 mb is 
highest in winter and spring implying that 
the perturbations at the 20 mb level are more 
important in affecting the ozone variations 
in these seasons. At Brisbane, however, the 
correlation between ozone and 20 mb tem- 
perature is generally poor. 

3. At Aspendale, the correlation coefficient be- 
tween temperatures at 20 and 100 mb levels 
is lowest and negligible in winter. This sug- 
gests that the short period fluctuations at 
these levels in winter are practically independ- 
ent of each other whereas in other months 
it is possible that the disturbances a t  the 100 
mb extend up to the 20 mb level. At Brisbane 
the correlation coefficients are poor indicat- 
ing practically little relationship between 100 
and 20 mb temperature fluctuations. 

Summer example 
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LO0 and 20 mb temperatures at Aspendale. 
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The above-mentioned relationships will be 
demonstrated by two specific examples at 
Aspendale, one in summer when ozone followed 
the temperature trend a t  the 100 mb level and 
another in winter when temperature a t  20 mb 
and ozone were related with each other. 

Winter exampte 
The temperature at the 20 mb level rose to 

- 44°C on the 15th July, 1964, from - 56°C on 
the 8th. Correspondingly the ozone amount rose 
to 0.392 cm on the 14th from 0.324 cm on the 
8th. During that period the temperature at 
100 mb was unaffected and was steady a t  - 53°C 

Summer example 
The temperature at the 100 mb level rose 

from - 64°C on the 4th February to - 48°C on 
the 10th and decreased to -64°C on the 12th. 
Correspondingly ozone values also rose from a 
minimum of 0.290 cm on the 7th to 0.370 cm on 
the 10th and decreased to 0.290 cm on the 13th. 
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During that period the temperature at 20 mb 
was fairly steady. 

From the established statistical relationships 
it is known that high ozone coincides with the 
passage of high level troughs and low ozone with 
the paasage of high level ridges in the lower 
stratosphere. There are however periods when 
this relationship breaks down as in the winter 
example shown above. Also the examples 
clearly demonstrate that the vertical motions 
associated with the temperature fluctuations a t  
these levels are independent of each other. 

Circulation index and ozone 
Fig. 2 gives the plot of the zonal westerly index 

between 35"-55' S at the 500 mb level around 
the hemisphere and the ozone amounts a t  
Aspendale for two periods one in July-August 
(winter) and another in January-February 
(summer). The data for zonal index were taken 
from those published in Notos Vol. 8, 1959. The 
correlation coefficients obtained for these 
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Pig. 3. Ozone and tropopause pressure variations. 

periods are - 0.43 in winter and - 0.15 in sum- 
mer. The fluctuations in both the zonal westerly 
index and the ozone amounts are small in sum- 
mer but large in winter. These correlation co- 
efficients obtained for Aspendale are of the 
same magnitude as those given for stations a t  
similar latitudes in the Northern Hemisphere 
for the corresponding seaaons by Kuznetsov 
( 1961). Seasonally, as the correlation coefficient 
in winter is pronounced and significant, and is 
rather poor in summer it implies that in winter 
there is a greater influence of currents in the 
troposphere on ozone than in summer and the 
process by which the ozone amount changes 
negatively with the zonal index is essentially 
due to advection. In winter, aa the correlation 
between ozone and 100 mb temperature is poor 
and is significantly high between ozone and circu- 
lation index a t  500 mb level, it would imply that 

the system of lower stratospheric and tropo- 
spheric waves are extending rather weakly at the 
100 mb level a t  Aspendale. 

From the above study of short-term oscilla- 
tions in ozone with other meteorological para- 
meters the following conclusions can be drawn: 
At Aspendale, the vertical motions associated 
with temperature changes a t  the 20 mb level 
have greater influence on ozone during winter 
than in other seasons. Advection in the middle 
stratosphere would not affect the ozone changes 
significantly as the latitudinal gradient of ozone 
at this level is small (Kulkarni, 1966) although 
the temperature might change depending on the 
direction of the flow of air masses. In the tropo- 
sphere, the effect of advection on ozone is more 
pronounced in winter than in summer. In  the 
lower stratosphere, however, both advection and 
vertical motions will be responsible for changes 
in ozone. 

At Brisbane, it appears that the ozone changes 
are essentially controlled by advection and ver- 
tical motions in the lower stratosphere. 

Ozone variations in relation to seasonal 
changes in the lower and middle strato- 
spheres 

It is generally known that on a short term 
basis high ozone is associated with the sinking 
of the tropopause and low ozone with the rising 
of the tropopause; the correlation coefficient 
between tropopause height and ozone a t  Aspen- 
dale being about -0.5. At Aspendale the ten 
day running means of ozone and tropopause 
height were well correlated although a t  Halley 
Bay they were almost unrelated. As dynamical 
processes are of primary importance in the pro- 
duction and maintenance of the tropopause, the 
radiative processes being only secondary in im- 
portance (Godson, 1963), and aa the dynamical 
processes are mostly responsible for changes in 
ozone in the lower stratosphere where most of 
the ozone changes are known to occur, it  is of 
interest to study the relationship between ozone 
and tropopause height seasonally. 

Fig. 3 gives the average monthly tropopause 
pressures for Brisbane (27.5' S, 153.0" E), 
Aspendale (38.OoS, 145.1' E), Macquarie Island 
(54.5' S, 159.0' E) averaged over ten years from 
1951 to  1960 and for Halley Bay (75.5" S, 26.6" 
W) for five years from 1959 to 1964, and the 
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Fig. 4. Mean monthly distribution of ozone with height at Aspendale 1962-1965. Ozone in 10-' cm/km. 

average monthly ozone values averaged for all 
the available years since 1966. 

The scale for ozone is reversed, ozone increas- 
ing downwards. It can be seen from the figure 
that: 

1. At Brisbane, the tropopause is lowest in 
July, August and September whereas ozone 
is, highest in September and October. 

2. A t  Aspendale the tropopause is lowest in 
June, July and ozone is highest in September 
and October. A t  Aspendale and Brisbane the 
ozone amount was increasing in July, Au- 
gust, September, when the tropopause 
heights were already increasing. 

3. At  Macquarie Island there is practically no 
relationship between tropopause and ozone 
since there is no significant seasonal change 
in tropopause pressure (see also Fig. 7) and 
the seasonal change in ozone is from a 
maximum of about 0.390 cm to a minimum 
of about 0.260 cm. 

4. A t  Halley Bay, the minimum ozone is obser- 
ved in May and the highest tropopause in 
August. From May to August when the ozone 
is increasing the tropopause pressure is 
gradually decreasing. 

It is apparent from these that ozone and 
tropopause pressures on a seasonal basis are not 
very well correlated although the short-term 
variations of ozone at  these places excepting 
Halley Bay are well correlated indicating that 
the mechanisms responsible for day to day 
changes are quite different from those re- 
sponsible for seasonal changes in ozone. 
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The fact that ozone is built up in the months 
September and October at Brisbane and Aspen- 
dale when the tropopause is going up and that at 
Macquarie Island seasonal change in ozone has 
no relationship with the seasonal change in 
tropopuase height, indicates that the build up 
of ozone at these places might be taking place 
either by horizontal advection from regions of 
higher ozone, perhaps longitudinally, without 
involving vertical motions or by processes at  
higher levels (at levels higher than about 26 mb) 
which would not influence the change in tropo- 
pause level. 

These implications can be studied in terms of 
the month to month changes in the vertical 
distributions of ozone in the middle latitudes of 
of the southern hemisphere. Fig. 4 gives the 
mean monthly dktribution of ozone with height 
at  Aspendale for the years 1962 to 1966 as calcu- 
lated from umkehr observations by method B. 
"he computational work using the tables given 
by Ramanathan and Dave and applying appro- 
priate multiple scattering corrections was pro- 
grammed for the CSIRAC computing machine 
and the actual ozone distribution was deter- 
mined by trial and error. 

It is well known that the umkehr method is 
rather insensitive to changes in ozone concentra- 
tion in the lower atmosphere and that it does 
not yield a unique result from a set of data 
points (Mateer, 1964). Nevertheless, the umkehr 
data are adequate for the study of large scale 
features such as seasonal trends, or trends in 
layer concentration with changes in total ozone. 

It is significant to note in Fig. 4 that in the 
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Pig. 5. Comparison of vertical distributions of ozone 
at Aspendale, Tateno, and Brisbane and Torishima 
in autumn. 

years 1962, 1963, 1964 and to a lesser extent in 
1965 ozone amount after August each year a t  
about 30 km increases although below 18 km it 
decreases as also the tropopause pressure de- 
creases. The possibility that ozone changes are 
taking place a t  higher levels quite independent 
of the tropopause oscillation is important in that 
it bears out, as has already been speculated, that 
the middle stratosphere plays an important role 
in ozone changes not only on a short-term basis 
but also on a seasonal basis. Incidentally, it can 
be seen from Fig. 4 that ozone amount builds up 
in the lower stratosphere after May each year 
and maximum ozone is situated between 20-30 
km height in the spring season when the total 
ozone is greatest. 

It was observed that total ozone was greater 
in late summer, autumn and early winter in the 
middle latitudes of the southern hemisphere 
than in the middle latitudes of the northern 
hemisphere (Kulkarni, 1962). Comparing the 
average vertical distributions of ozone in au- 
tumn between Aspendale and Tateno (36.1" N, 
140.1' E) and between Brisbane and Torishima 
(30.5" N, 240.3' E), it can be seen that in the 
1&30 km interval there is less ozone a t  Aspen- 
dale and Brisbane than at Tateno and Tori- 
shima and the greater total ozone at Aspendale 
and Brisbane is distributed below 18 km and 
above 30 km. 

As there is no reason to expect any greater 
production of ozone above 30 km in the southern 
hemisphere in low latitudes than in the northern 
hemisphere, it  is apparent that the difference in 
the middle stratospheric circulation is important 

in ozone amount being greater in the southern 
hemisphere. However, below about 25 km, the 
difference in the strength of the lower stratos- 
phere circulation is, no doubt, the cause of the 
difference in ozone amounts. 

The greater ozone observed in the lower 
stratosphere of the middle latitudes of the 
southern hemisphere than in the northern hemi- 
sphere in late summer, autumn and early winter 
is perhaps due to lesser destruction of ozone in 
the southern hemisphere from winter to summer 
on account of the smaller amplitude of the sea- 
sonal variation of the tropopause height and 
hence smaller incorporation of lower strato- 
spheric airmass into the troposphere where ozone 
is destroyed. This can be seen in Fig. 6 which 
gives the tropopause pressure differences be- 
tween summer and winter in both hemispheres 
in 1958. The difference for the average of 10 
years data for the southern hemisphere has also 
been included. In  the northern hemisphere the 
pressure differences from winter to summer are 
larger than in the southern hemisphere for lati- 
tudes greater than 30°. In the middle latitudes 
between 30-35", the difference is largest while i t  
becomes negative in higher latitudes in the 
southern hemisphere. The patterns of the dif- 
ferences in the two hemispheres are more or less 
similar. The reason for the smaller tropopause 
pressure difference in the middle latitudes of the 
southern hemisphere than in the northern hemi- 
sphere may be found in the seasonal variation of 
the tropopause over the Antarctic. 

Discussion 
The lower stratosphere which will be defined 

as the stratosphere below roughly about 25 km 

*-I N H IN 1958 

Mb P, bd S H IN 1958 

' '- - S . H  FROM I0 
100 

YEAR DVERDICE 

50 

0 

- 50 

a 20 30 40 50 60 ro 80 90-s 

Pig. 6.  Tropopause pressure differences of winter and 
summer in the northern and southern hemispheres. 
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and equatorward from the boundary of the 
polar regime defined by the ridge of the warm 
belt, is under tropospheric control. As has al- 
ready been noticed the negative correlation be- 
tween ozone and 300 mb temperatures and a 
positive correlation of a similar magnitude be- 
tween ozone and 100 mb temperature (Kulkarni, 
1963) would be evidence that the lower strato- 
sphere and the troposphere act in unison. 
Apart from the vertical motions, cold air advec- 
tion in the troposphere accompanying flow from 
the south would be accompanied by warm 
advection in the lower Stratosphere because of 
the reversed horizontal temperature gradient 
immediately above the tropopause. 

As regards the fluctuation of ozone on a short- 
term basis in relation to lower and middle 
Stratospheric waves at various places in dif- 
ferent latitudes, the following picture emerges. 
At subtropical latitudes (as at Brisbane) the 
lower stratospheric motions are the only impor- 
tant mechanism in defining ozone fluctuations. 
The middle stratospheric motions are less signi- 
ficant. At middle latitudes (as at Aspendale) the 
middle Stratospheric motions are also significant 
in the fluctuations of ozone. As a matter of fact, 
in winter, it appears that the middle strato- 
spheric perturbations are more important than 
the lower stratospheric waves. In  high middle 
latitudes (as at Macquarie Island) it was pointed 
out earlier from a specific instance that the 
middle stratospheric waves contributed to the 
unexplained variance in total ozone. Godson 
(1962) has observed excellent correlation be- 
tween ozone and middle stratospheric tempera- 
tures at high latitudes in both hemispheres. On 
a short-term baais then, it appears that the 
middle stratospheric thermal field is important 
in ozone oscillations in middle and high middle 
latitudes, the physical processes producing major 
changes in ozone and in middle stratospheric 
temperatures being associated with vertical 
motions only in both the cases. 

Now the question arises what kind of rela- 
tionship holds between ozone and the seasonal 
scale of motions in low and middle stratospheres. 

We have seen already that there is a phase 
difference between the seasonal variation of 
tropopause pressure and ozone at Brisbane and 
Aspendale with a poor linear correlation, which 
is practically non-existent at Macquarie Island. 
The correlation is poor at Halley Bay also. 
Nevertheless, in a general way the relationship 
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southern hemisphere. 

of low tropopause with high ozone and high tro- 
popause with low ozone is still obeyed. As the 
formation and maintenance of a tropopause is 
considered to be essentially a dynamical process, 
the air motions associated with the meridionel 
and seasonal variations of tropopauses would 
also be responsible for the latitudinal and the 
seasonal behaviour of ozone. It is known that 
most of the changes in ozone latitudinally and 
seasonally take place in the lower stratosphere 
and the upper troposphere. In  Fig. 7 are given 
monthly mean tropopause pressures from the 
data of a large number of years at various places 
in the southern hemisphere. The tropopause be- 
haviour itself could be interpreted in terms of 

1. "Tropical" type group from Brisbane (28' S) 
to Marion Island (47" S) where the tropopause 
is highest in summer andislowest inlate winter 
and early spring, indicating a greater subsid- 
ing air mass in later winter and early spring. 

three groups. 
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Fig. 8. Mean monthly values of 20 mb temperatures 
in 1964 at Lae 67OS, 147.0°E), Eagle Farm (27.5"S, 
153.0' E), Laverton (38.0°S, 145.1°E) and Hobart 
(42.9"5, 147.3"E). 

2. The high middle latitude group around 50- 
55" S (Stanley and Macquarie Island) where 
there is not much of a change in the tropo- 
pause height. This indicates the influences 
and the balance between the subsiding 
equatorial tropopause and the rising polar 
tropopause in late winter and spring. 

3. The Antarctic tropopause which is highest in 
late winter and early spring and lowest in 
summer. 

That the air motions responsible for the tropo- 
pause variations are also responsible for changes 
in ozone is shown by the following: 

Significantly, the influence of the higher polar 
tropopause extends even a t  the latitude of 
Laverton for two months in August and Septem- 
ber giving a slightly higher tropopause when 

the ozone amount decreases from somewhat a 
higher level in July giving a secondary maximum 
in ozone in June and July. This indicates the 
advection of cold ozone-poor air mass from the 
Antarctic even up to the latitude of 38" S. 

As regards the behaviour of the seasonal varia- 
tion of ozone with respect to the thermal struc- 
ture of the middle etratosphere of the middle 
latitudes of the southern hemisphere. Fig. 8 
gives the monthly mean temperatures a t  the 
20 mb level in 1964 a t  Lae (6.7O S, 147.0' E), 
Eagle Farm (Brisbane), Laverton (Melbourne) 
and Hobart (42.9' S, 147.3' E). 

It is interesting to note that a t  Lee and Eagle 
Farm there is no significant seasonal change in 
20 mb temperature structure as both the sta- 
tions are presumably under the influence of the 
equatorial cold pool all the time whereas there is 
considerable seasonal change in the tempera- 
tures a t  Laverton and Hobart with the lowest 
temperatures in June and highest temperatures 
in January. It is unlikely that direct radiative 
processes could completely explain the lowest 
temperatures a t  20 mb in middle latitudes in 
winter. It is, however, more likely that the inter- 
latitudinal mixing with the Antarctic middle 
stratosphere at this level is taking place, which 
could give rise to colder temperatures in winter. 
Such large scale motions in the middle strato- 
sphere could affect ozone significantly as sug- 
gested by ozone analysis in its seasonal behav- 
iour. This is in addition to the mean and eddy 
transport mechanisms of the lower stratosphere 
which are of primary importance in the seasonal 
pattern of ozone variation. 
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OJIYKTYAqElEl 0 3 0 H A  B CBR3M C B03MY~EHElFIMB BOJIEE BbICOHElX CJIOEB 
B03AYXA B CPEAHHX IUHPOTAX K M H O n  HOJIYC@EPbI 

113 KOaf$$I€fI(UeHTOB KOppeJlRr[AA Memay 030- 
HOM u TeMnepaTypoi Ha nosepxHocmx 100 M 20 
M 6 ,  nOny9eHHblX AJIS Epuc6eB~a n AAeJlaAAhI, 
BWAHO, 9 T O  B CpeAHAX IllUpOTaX KpaTKOBpe- 

TOJIbKO BOJIHaMA B HkimHeft CTpaTOC@ePe, HO 
MeHHbIe AaMeHeHm O ~ O H ~  onpeAenmoTcR He 

A BoaMymeHAmn B cpeAHei cTpaToc@epe, KO- 
TopMe HeaaemxiMu npyr OT npyra 60nbuym 

HAR oaoHa onpeAennmTcR cyqecTseHHo numb 

CpameHIie Ha ceaoHHoi ocHoBe cpeAHux 
pacnpeaeneani oaoHa c B U C O T O ~  oceHbm Han 
AcnenAatnoM (38,O" m. UI., 146,l" B. n.) H 

npeAeneHwmw HaA TaTeHO (36,l" c. UI., 140,1" 

'IaCTb BpeMeHU. OAHaKO B Bpuc6eB~e HaMeHe- 

BOJlHaMA B HHmHeB CTpaTOC@epe. 

BpMC6efiHOM (27,6" IO. U., 153,O" B. p.) C paC- 

B. A.) A Topurnma (30,5" C. III., 140,3" B. a.) B 

RIIOHAN n o ~ a 3 m a e ~  cyqecTseHHue paannumi 

mux 25 KM. B AcneHAafine TaKme conepmaHHe 
O ~ O H ~  yaenawmaeTcfi Ha BMcoTe O K O ~ O  30 HM 
KamAbli roA nocne anrycTa. 0 3 0 H  A AasneHue 

xoporuo npA paccMoTpeHnn Bcero ceaoea, XOTR 

BHCOTH Tpononayau ~ a 6 n m n a e ~ c ~  xopomaR 
Koppemqm. Bce  TO npeAnonaraeT cyqecTeea- 

MHX qapKynRqeei B cpeAHei Tponoc@epe. 

ne6aaafi 0 3 o ~ a  OTnmaeTcfi, no KpaiHei Mepe, 
'IacTwwo OT M ~ X ~ H H ~ M ~ ,  s m ~ ~ a ~ ~ q e r o  ce- 

B COAepmaHHEl OaOHa He TOJlbKO nJIH HAmHei, HO 
AnU CpeAHefi CTpaTOC@epU Anfi BbICOT, 60nb- 

Ha YpOBHe TpOnOllayaH KOppenApyIOT He OYeHb 

A3lK KpaTKOBpeMeHHbIX U8MeHeHUP OaOHa N 

HOCTb a@f$eKTBBHbIX AaMeHeHHfi, IIPOA3BOAA- 

MeXaHAaM, OTBeTCTBeHHbIi 8a CyTOqHHe KO- 

aOHHbIe Il3MeHeHHfi. 
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