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1. Introduction

The ionospheric D-region situated in the altitudinal ii
terval 50-90 km influences considerably the radiowave propagation in a wid
frequency range: very long (VLW), long (LW), middle (MW) and short (SW
waves included. In this respect of great importance is the problem of suc
modelling which will adequately describe the distribution of the basic para-
meters, determining the character of radiowave propagation and, above all,
the behaviour of the basic ionosphere parameter — the electron concentra-
tion N under different conditions and states of the solar-terrestrial relatioq-
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ships. Such a modet should define the N(h)-profiles dependency on the s
lar activity, season, time, the geographical siluation, the level of magnetic,
ionospheric and meteorological disturbances or, in other words, all factor:
influencing the character ol the N(h) distribution in the D-region. This is
necessary for the improvement of the radiowave propagation forecast md-
thods and the practical support of radiolinks. For this purpose a theoretical
quadri-ionic mode] has been developed [1, 2, 6], which proved morereliable thar
the empirical models [7, 8], and, compared to the detailed schemes, e. g. [9,
10], has the advantage of simplicity and greater speed of calculation.

The purpose of the present work is to test the developed theoretical mode
[1, 2, 6] on a considerable bulk of experimental data, as well as to demonstra
te the possibilities of the model to describe the various disturbed condition
in the ionosphere (polar cape absorption PCA, auroral absorption PAA, win
ter anomaly WA, post-storm effect PSE, etc.), as well as to continue our pre
vious studies [11, 12].
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2. Fine structure of N(h)-profiles modelling

An important characteristic of the N(h)-profiles is their
shape, i. e. their non-monotonousness, presence of extrema — maximums and
minimums of electron density and their heights, as wel as the gradient ve-
lue dN/dh. Herewith, we are going to distinguish between two altitude regi-
ons in the D-regions: under and above 75 km. First, we are going to icon-
sider experimental data, and then the possibilities of the different models to
explain the peculiarities of the profiles in both altitude intervals.

2.a. 60-75 km region modelling

For thisregion rocket measurements give predominantly mo-
notonous profiles lacking in expressed minimums and maximums of . The profi-
les obtained through cross-modulation display an expressed minimum al about
70 km heighl and a growing value of N al 80-65 km height, the same being in-
terpreted as “cosmic ray layer” {(CR-or C-layet) in the low ionosphere {3]. The
model profiles formed on the basis of dala concerning VLW, LW and MW
propagation do not offer a single solution for the profile characler under 75 km.
For example, in models [3, 13, 14] the C-layer al 60-65 km is present and
at 68-70 km a minimum is observed,

But, the model profiles {4, 15] (the last are obtaind using data about
radio pathsin the frequency ran-
| a ge from 16 kHz 1o 2,5 MHz) are
kml fr B monctonous, Furthermore, the
calculationsin [16] showed that
the use of the IRI-79 model
[7] — a smooth profile exirapo-
lation under 70 km, and the
moedel [14] with a C-layer model
demonstrate different VLW refle-
ction cceffleienis within the fra-
mes of accuracy measurement of
these parameters. The electron
concentration variation 10 times
in the 51-61 km interval leads to
variation only inscparate compo-
nents in the reflection coefficient
matrix. [t came out that reliab-
+ le conctusions concerning the N
value for the low D-region can
be made measuring all four com-
ponents of the reflection coeffici-
ent matrix components, while in
practice cnly one or iwo parame-
ters are measured,
Fig. 1. Eleciron concentration profiles N {a), ele - Now we are going to con-
ctron production rate gy and the effective recom- sider the profiles ohtained in
bination coefficient ae (b) under summer (1) and  our theoretical model [1, 2,
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calculations taking into z::(‘cmml. glee- 6]. undei: qgl'et aUTRS .Iand
tron precipitation; — — — without taking into Winter conditions .at tatitude
account the particles BO"N; solar zentith angle

12



X—=7,85" and high solar aclivily F,,,::200. Thoese N(h)-profiles are preq
sented in Fig. 1. The profiles designated by dotted line demonstiraic an
expressed minimum at height 72 km in summer and 70 km in winler.
This minimum is received from lhe ¢leciron produclionrate g minimum (Fig. 1)
as a result of: a) galactic cosmic rays ionization drop with height, and b) low
intensity of the Ly-alpha line on these heights, which is nearly absorbed
by the atmospherc {3]. The profiles designated by an uninterrupted line are
of monotonous character. They are oblained taking into account the addi-
tional ionization source: the precipifating high-energy eleclrons. The back-
ground fluxes data under quiet conditions delfers considerably. In our cal
culations minimal values of ionization rate of that source are used {rom avai-
lable data. It should be noted that the consideration of the addilional ioni-
zation source is substantial only for adequately high values of X. At X707
the solar radiation ionization exceeds the eleciron precipitation ionization to
such an extent, ithal the monolonous growth of N (h) with the altitude is pro-
vided even without counting lhis additional source.

2.5, Modelling of the region above 75 km

Rocket experiments and parlial reflection method measure-
ments give eleclron density profiles with large gradienl d¥/dh al altitudes 80-
85 km, The cross-modulation method using Lhe new way for obtaining N from ex-
perimental dataresults in an insignificant ¥ gradient, not observed in profiles
obfained untili 1971-1972. The height of that gradienl and its value change
in dependence with the observation conditions: in summer at middle tatiin-
des under daytime quiet conditions 83-85 km, about 87 km at high latiiudes,
and up 1o 90 km when noctiluscent clouds are observed; in winter under nor-
mal condilions 82 km, in winter anomaly 77 km (and even 72 km}; at night
the gradient height is greater as compared {o day values {up to 90-92 km) and
is marked by a draslic fall under disturbed conditions.
Let us consider the possible reasons ior the occurence of thal gradient 0f|
N on the basis of the ionization balance equation [3]
gr—aeN?, v (1 1-A) {aa-|-Aai).
It can be supposed thal dN/dh occurs either as a result of the growih in
ionization rate ¢ or due to the effective recombination coeliicient change.
The calculations show a comparatively smooth total clectron production
rate gz profile above 70 ki (Fig. 1b). At the same time, the availabie ion com-
position mass-spectrometer measurements in the D-region (aboul 40 rocket
cxperiments) show a coincidence between the gradienl N height and the -
height, changing abruptly its prevailingly positive fon composition: from
cluster jons H* {H,0) below the transition level height 4, to simple molecular|
ions NO*, O,* above hy. Let us remind that subject of discussion are alti-|
tudes above 70 km, where the negative ions are comparatively small in number|
(A <21} and the value of g, is determined by positive ions composition:

€ (NO*, Of)7ra(C Fol
1--f+

o (NO*, O))— 2., 1077 em® , 571

g {CItym(2+10).10°% em®, g1,

fr— ___[CIt] ,
[NO+]4-[0,"]

ue:ﬂ,d:
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Table |

‘ Height &, km

Conditions . experiment
sl model

fr=0,1 framl Fr=10 (1, 2, 6]

Summer, daytime

Equator 81,5 82,5 76,5 i
Middie latifudes 87 85 Lt 85,5 (X=287)
High latitudes 89 87 83,5 88

Wiater, daytime
middle latitudes

Quiel conditions — - — 82
Winter antomaly 79 77 75 76—77
Strong anomaly 75 72 — 72
Winier
high latitudes
Nighi, quiet cond. 94 92 85 =90
Night, weak PAA 86 82,5 7 82
Dayfnight PCA 76 72,5 69 73

The grealest changes of ¢, are caused by the ion centeni change, corres-
ponding fo the #, transition from f*=:1 to f*=0,1, As shown in Table i [17]
where mass-speciromelér measurements data are summarized, such a change
of f+ takes place in an inferval about 2 km, This causes the reduction of e
live times from 1,6.107° to 3.1077 cm®s~ %, while ihe {ramsition of f* =10
to f* =1 reduces o, only 1,5-3 times and this process takes place in an inter-
val of about 5-8 km. Thus, in an interval of 2 km of the transition height {equ-
al to the ¥ gradienl height) the electron density should grow 2,3 times only
due to the decrease of u,.

3. Winter profiles modelling

Let us begin with the model N (h)-profiles, Fig. 2 (dotted tine}
shows the profiles[18] obtained following data of radiowaves propagation in a wi-
de irequency range from 50 kHz to 2,75 MHz under low solar activity £, .=70,
latitude B0°N, X=78,5°. The summer profile / features a small N gradient
at altitudes above 85 km. But the winter profile 2 is characierised by a rather
high gradient at altitudes of 82-85 km (N changes 7 times). Also, in Fig. 2
the N(h)-profiles calculated on the basis of the theoretical model under the
same lalilude conditions, zenith solar angle and solar activily {uninterrupted
linc) are compared. A good correspondence between the summer proliles ob-
tained using the {heoretical model and the model {18] is noticed, while the
winter profiles differ considerably: our profiles under quiet conditions feature
a comparatively small ¥ gradient,

The absence of a marked ¥ and «. gradient in our model profiles is ex-
plained by the fact thal, when calculaling N with step in height | km, all
input paramelers -— temperature, densily and conceniraiion of the minor
neutrat constituents -- were given with smooilh approximation of their model
values, which arc given, .as arule, with step in height 5 km (e. g. the CIRA —
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Fig. 2. Water vapours concentration influen- Fig. 3. A{a)-profiles {a) and aa(h)-profiles
ce on the N(h)-profiles (a) and ue(h)-profiles (b) (&) under normal (3) “and aunomalous (f

under summer (/) and winter (2) conditions 2} winter conditions

caleulation for constant £=5.10-"%0— [/ — WA 4, 01. 1976; 2 —- WA 2. §1. 1976;
for k=5.10""% (under 80 km) and fk=1.10~° 4 — normal day, X: -86° :
(over 80 km); — — — model [18] - —_ — — —, ... model calculations;i

1
@, x — cxperimental |

72 model). The testing of the model by unil points demonsirates a relatively |
true representation of the transition level heights f, from cluster to simple
fons (Table 1} and of the altitude distribution of . and f* under different
geophysical conditions, 11 is obvious that the considerable gradients of «,
[* and, consequently, the N gradient occur as aresult of the gradients presence |
in the distribution of the minor constituents, which are influenced most strong-
ly by the dynamic processes, These neuiral constituents include: H,0, NO,O.
The influence of the H,O gradieni at altitudes 80-82 km on the N (h)-
and ae(h)-profiles can be followed in Fig. 2. Let us compare the winter profiles
2, designated by an uninterrupted line and circles. The Tirst profile is obtained
at aconstant mixing coefficient f=[H,0]: [M]-—~1.10-¢ along the whole altitude
interval; the second — at adrastic coefficient change from & -5.10~¢ (at &
=80 km) to 1,107 % over 80 km. In the last case a considerable N gradient s
obtained and the o, profile approximates the vaiues [18] foltowing data con-
cerning LW propagation. The k coefficient profile nsed corresponds according
to [19] to a transition from turbulence absence regime inthe layer under 80 km
(summer conditions) to strong diffusion over 82 km (winter conditions).
As it is known, the winter atmosphere is characterised by dramatic dynarmic
and thermal regime variations. This leads to considerable variations of N
and the short-wave absorption under equal solar activity and solar zenith
angle conditions. This is proved by the winter anomaly phenomenon of short-
wave absorption. The clectron concentration cnhancement causing unusual-
ly high radiowave absorption during WA is duc to jonization rate growih
as a result of ionizing component NO growth and «, decrease under higher
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neutral gas temperatures. The influence of these two input parameters on the
shape of the N(h)-and ae(h)-profiles is shown in Fig. 3. The profiles [ and 2
for the anomalous winter days of the 4th and 21st of January, 1976 respective-
ly are calculated using the measured NO densities and temperatures
(26, 21] on those days, Here a comparison is made with the experi-
mental N (h)-profiles in these days, designated by symbols and ihe profile 3,
calculated for the respeclive experimental conditions considering the latitude
and solar activity under fixed temperatures from the “winter” model (Janua-
ry, 40° N, CIRA-72). We can note lhe correspondence between the [ and 2
profiles and the experimental dala, cspecially for the event from January
4ih, where lhe measured oxygen constituent concentrations are also used.
The major moment of interest in that case is the considerable change of the
N{h)- and g, (h)-prolile shapes, originating as a result of the temperalure
and NO varialions — the appearance of the N- and g.-gradient at lower al-
litudes and the gradienl growth,

We should nofe that in this case the obtained gradient heights coincide
with the {ransition level heights iy from cluster ions o simple motecular ions.
That is approved by the mass-spectrometer measurements conducted on these
days.

All above mentioned examples concern winter thermodynamic unstable
atmosphere, characteriscd by considerable temperature variations, NO and
water vapours, leading to gz and v, gradients, and as a result to N gradients.

4. Summer profiles modelling

Quite different is the situationinthe summer upper atmosphe-
re. Then the adequately stable thermodynamicregime énsures relative stability
of the height distributions of minor neutral constituents. Besides, under low sum-
mer temperatures in {he mesosphere the ion-molecular processes system acts in

a
km |l fr
90}
80 - n
- o
701 L
3 . __l' v | S T WY A TS I TR [l_] N-r——
80, 2 3 a ;
b
k| fr-
100+ . : -
L Fig. 4 MN{h}-profiles under dilferent
90 |- condi tions
S]] & — summer daytime conditions,
gol- X==38% model  calculztion,
I O — cxperiment on 23. 07. 1970, Sar-
dinia island; » — hight auroral absor-
7or plion; 4 — experimenl, 2 — model
60 _raure 70, _lgn~__  caleulalions under high [0], & — cal-
T L culations under low [O}
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Fig. 5. Simultancous measurements of [O}{h) and N{&)-profiles under
nighl conditions

a1, 04, 1974, X =114,6% b — 8. 09, 1975, X-=117% ¢ — 7. 02. 1977,
X-=126°

such a way that neither the small temperature variations up to -+ 20 K, nor the
water vapour concentration influence considerably the cluster ion formation
rate, and hence they do not influence the N and g, values. These two factors
explain the absence of marked N fluctuations in the quiet summer ionosphere
under equal heliogeophysical conditions and the great smoothness of the sum-
mer N (h)-profiles as compared to the winter ones. This can be illustrated by
Figs 2 and 4. For example, in Fig. 4a a N (h)-profile is shown measured in the
summer middle-latitude ionosphere (designated by circles) and a profile calcur
lated for ihe same conditions (uninterrupted curve) form our model. The ex-
periment was conducted on July 23rd, 1970 in Sardinia, at X=38°.

5. Night profiles modelling

Here, the basic factor,determining the N (h)-profile shape ur
der quict conditions is the atomic oxygen height distribution [O](h). Asitisevi
dent from the results obtained by the synchronous N (k) and [O] (h)-profiles me4
surements and in Soust Wist (57° N) — Fig. 5a, b, ¢ [22], the electron densit
sharp gradient height (75-85 km) coincides with the sharp growth height [O].
The atomic oxygen concentration under night conditions at 75-85 km height
can variate up to 3 orders. In the night period (unlike the day period) the
[O](h)-profile is determined mainly by the dynamic processes. Then, a three-
fold change of the turbulent diffusion coefficient leads to growth of [O] witl
more than an order for 756 km [23]. Even greater changes of [O] — up to three
orders — are obtained for the same height in the calculations [19], exclusively
owing to changes of the dynamic regime.

The second factor causing the atomic oxygen concentration increase i
the night high-latitude mesosphere can be the precipitation of the high-energy
particles. According to calculations [5] under a night disturbance with durg-
tion 1 hour, the atomic oxygen concentration grows 10° times at h=60 km
and 10* times at A:-70 km. The influence of the growth of [O] during the night
disturbance on the N{&)-profile shape can be seen in Fig. 4b. Here, a compa-
rison is made between the experimental profile (1) of the night auroral absor-
ption on February 2ist, 1976 in Kiruna [24], and the profiles calculated with

e P e
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higher values of [O] at 75 lam (2) and low [O] at 4<-80 km (3}. 1t is evident,
that the decreased gradient height of |0} allows the reproduction of the expe-
rimentally observed N gradient.

Thus, we have considered the factors influencing the eleciron concentra-
tion profile shape in the D-region. We have shown that the theoretical model
|1, 2, 8] can reproduce the peculiarities of the experimental N (h)-proliles:
the height and value of the & gradient under different heliophysical conditions.
The main difficulty here is the choice of a model of the minor neutral consti-
tuents. At present, such models are created for a quite limited number of con-
ditions in the mesosphere and do not represent the frequent and considerable
changes of the thermodynamic regime of the mesosphere.

6. Seasonal variation modelling
in radiowave absorption

Now, on the basis of our {heoretical model we are goingtotry
to reproduce and explain the seasonal variations in the radiowave absorption ..
Asit has beenestablished during the observations of long standing, for the middie

8 MHzf /,F2 MHz A7, F2

b
dif ¢ KT ¥
70 728 kHz 70l 529 kHz
B o4 kHz dBAL  185KkHz
45
50
35
40

ﬂ_l_|_|_.J—J—J__I_t__|_| oo N T O I Y |
JFMAMJJASOND — JEMAMITASOND

Fig, 6. Seasonal variations of critical frequencie_s
foF2 of the F2 layer (a), and L absorption unddr
various frequencies (&)
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latitude LW, MW and SW paths {using the methods A3 and Al), the monthly
median absorplion values at constant solar zenith angle X have a half-year
variation with a minimum in the equinox months and a maximum in the sol
stice periods (Fig. 6) {18]. At the same time, in the SW range the greatest mar
xirmum is observed in winter (WA) and in LW — in (summer anomaly — SA).
At the top of Fig. 6 the season variations of the maximum median critical fre-
quencies f,F2 under moderate solar activity for 1971-1972 and 1983 are shown
and the mean [,F2 values for the whole period of observation (1962-1983),
following data of the Sofia ionospheric station. As a whole, foF2- and L-courses
are reverse, illustrating the synchronous scasonal redistribution of the elcc-
tron concentration between the upper and the lower ionosphere, depending on
solar activity too.

6.0. Winter anomaly in shori-wave ubsorption

The cssenc e of this phenomenon is that the short waves absor-
ption L under equal conditions (solar activity and X) in winter is greater thanin
summer. This is the regular WA, But in certain days or groups of days (e. g. the
discussed above evenls from 4th and 21stJ anuary,1976)the absor ption grows con-
siderably even in comparison with the mean winter absorption of the WA|
These are 1he anomaly days of the WA, or the so called anomalous WA. As
the eleciron concentration is the basic parameter determining the radiowaves
absorption value (predominantly non-deviating in the D-region and deviating
in the E-layer), the zbove mentioned absorption variations winter-summer
and during WA (normal and anomalous) are caused by the respective N va-
riations at altiludes 75-80 lkm.

The caleulations using the theoretical model [1, 2, 6] were conducted under
equal winter and suminer INOJ(A)-proliles; neutral gas temperature and density
values are taken from the CIRA-72 model for the months January and July,
for latitudes 40° and 50° N, corresponding to the middle radiowaves reflection
point of the used for comparison nine middle-latitude paths [6].

The calculated relations of the winter-to-summer absorption under low
solar activity, X- 60" {cos X--0,5) and X=78,6° (cos X=0,2) for the two
models of {H,0](h)-distributions are presented in Table 2. It illustrates the
correspondence befween experimental data and the results from the theore-
lical model, The greater values of winter absorption as compared to summer
resulls from the correspondingly greater winter N than the summer ones (Fig. 2)\
The tatter is determined by the fact that under high winter mesosphere
temperatures the formation rate of a quickly recombinating cluster ions rate
is smalter than under lower summer temperatures, hence the o value is smal-
ler. Present results enrich and swnmarize our initial quantitative estimation
of WA, obtained in |11, 12].

Table 2
waf.s
[1,01,, H,O 40N, 507N ;
(110 1H0ls cos X=0,5;| tos X=02;
X=50° X=T785°
UW0-SM] 1. 10-5(M] 1.5 1.8 |
1.107%M] 5. 10-%M] 2.0 2.2 |
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6.b. Sumer anomaly in lohg-wave absorption

i In that case, under low equivalent frequencies [i=[ cosi
<100 kHz the radiowave absorption is deviating in the D-region and is de-
termined by the electron density gradient and the collision frequency of the
reflecting layer. We have calculated the profiles for latitudes 40° and 50° N,
X=66°and 78,5° forlow Fy,,==70 and high Fi4,7=:200 solar activity (Figs 1-3).

For delermining the reflecting layer height of the path Allouis-Sofia
164 kHz/1720 km, ihe electron concentration necessary for reflection was deter-
mined for a collision frequency profile given as v {h)==6,3.10° p(h}, where
p is the pressure, N/m?. The results from Lhe calculation of the winter-lo-suin-
mer absorption relation Lo/ Ly and the reflection heights are shown in Table 3,
and experimental data for L/L, in the period 1977-1981 are given in Table 4.
[t can be noted that the calculated summer absorption excess over the win-

Table 3
| ] 2
I : Height, km
Latgttde_ Fyo; ’ X ‘ Ls ] eig A
Ly, sumtRer winter
40° 200 66° 1,55 74,3 71,6
70 13- 75 72,5
507 200 78,5° 17 77,5 74
0 2,0 78,3 745
Table 4
X f'Sfl‘L\V
1977 1978 1879 | 1980 1981 Average
66° 2 1,4 1,8 1,77 L5 LY
78,5° 2 1,4 1,9 1.8 1,45 L7

ter absorption for LW isinreasonable correspondence with experimental data,
The received seasonal variations in reflecting layer height (A in summer are
3 km higher than in winter) and the reflecting layer rising with the solar ac-
tivity decrease also corresponds to experimental data [25]. As our madel c¢al-
culations show, the summer absorption excess of LW over the winter absorp-
tion results from the smaller dN/dh gradient in summer, as com pared to winter,

7. Conclusion

The test of the theoretical quadri-ionic modet of the D-region
[1,2, 6] conducted in the present work over a large bulk of the insifu and ground-
based datashows that it represents cxperimental data with greater precision, as
compared to the existing empirical modeis for the N(h)-profiles and for the
radiowaves absorption L in various frequency ranges. For example, describing
the seasonal L variations, the IRI-79 model [7] gives higher values for the LW
absorption in winter, and lower values for SW. Thus, neither the observed
values of WA at high frequenees nor the SA at low frequences can be reprodu-
ced. Owr theoretical model explains the seasonal variations of N {normal WA
constituent) and the separate strong variations dN/d¢ in winier {anomalous
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WA constituent) by means of seasonal and non-regular temperature and minor
neutral constituenls variations in winter. But that model describes quanti-
tatively all other ionospheric disturbances and anomalies (PCA, PAA, PSE,
ete.), if the respective input parameters are known. This proves the adequate-
ly precise counting of the hybrid quadri-ionic scheme [1, 2, 6] of the basic
processes and dependencies from the control parameters T, [H,0], [O], etc.
as it is in the detailed schemes [9, 10]. The advantages of the quadri-ionic|
scheme are in the simpler calculations, while the computations following
detailed schemes require considerable amount of machine time, leading to
mare difficult input paramcters variation necessary for the different ionosphe-
re disturbances modelling. It is clear that at present the ionization-recombi-
nation cycle of the theorctical model is well balanced and the focus of study
will pass to the investigation of such parameters as the concentration of minor
neuiral comstituents, corpuscule sources of ionization (especially at high la-
titudes), varialions of the composition and temperature of the basic atmosphere
components and a specification of the CIRA-72 model,
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Monenuposanue pousIel NeRTPORHON KOHIIEHT-
PAUHK U TIOIVIOINEHHS DAAHOROJH R D-o6nacrn
HOHOCHE PRI

fl. H. Beaunos, B. A. Baackos, H. B. Cuupnosa,
0. @. Qzaobauna, Xp. B. Cnacos

(Peswued

Ha ocuose paspadoranioi TeopeTHUeCKol Mofeny D-obaac-
TH HOHOCEDH, BKAWYA0IMe]l YeThipe TIOJIOKHTR/IBULIX H OTPHIATeABHEBIX HOHA
U SJEKTPOHBI, CMOACHHPOBAHA TOHKAST CTPYKTYpa npodusess 3MeKTPOHIIOH KOI-
NeHTpauUH (QopMa IPODUIA, €70 HEMOHOTOHOCTD, HaAuuHe MAKCHMYMOB H MH-
HEMYMOB N M HX BBICOTHI, Ha/lHuHe rpajueHtoB dN/dh}. Beipesenn gsc obaa-
CTH BRICOT: HUMe U Bulie 75 km. TTokasanm BOIMOKHOCTH MOfeqieli IO BOCTIPO-
H3BEIEHUIO ¥ OGBACHEHUIO OCOBEHHOCTEN MpOPpUIes B STHX HBYX BHICOTHLIX HH-
TEPBANAX B RHEBIIBIX ¥ HOYALIX YCJOBHMAX B 3aBMCHMOCTH OT cesona, Ha ocHope
TEOPETHUECKOH MOJENH TaKKe OGLSCHCHBI Ce30HHAE BADWALHM NOTHOMEHNT [,
PARUOBONIL 3UMHAA AHOMAAHA TIOTJIOHICHHSA KOPOTKHX BOAH U JETHSH AHOMANHs
AOTJIONIEHH ANHHHBIX BOJMH,
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