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Prediction of changes in the health condition
of silver birch (Betula pendula Roth.)

V. Meshkova', Y. Koshelyaeva?, M. Kolienkina?, I. Shvydenko*

Silver birch (Betula pendula Roth.) forms softwooded broadleaved forests in various natural zones. It is widely used
in protective afforestation and urban plantings, it is a pioneer species in the clear-cuts and burnt areas. However, the
global warming and anthropogenic pressure promote the susceptibility of silver birch to pests and pathogens.

The aim of the research was to assess the trends in the health condition dynamics of silver birch stands depending
on forest site conditions and the initial health condition of the trees.

The research was carried out in the 2015-2019 period in the Silver birch forest stands in Kharkiv region in fresh
Jairly poor forest site conditions (B,), fresh fairly fertile forest site conditions (C,), and fresh fertile forest site conditions
(D,). All the stands were 40-45 years old and had a relative density of stocking 0.7-0.8.

Health condition class was visually assessed for each tree in July of each year according to “Sanitary rules in the
forests of Ukraine”. For each group of sample plots, which corresponded to the main types of forest site conditions, the
probability of improvement of health condition, deterioration of health condition, and mortality in 2019 was calculated
depending on their health condition in 2015.

In each year of the studies (2015-2019), the health condition of silver birch stands was the worst in fresh fertile site
conditions, which was due to the bacterial wet wood disease. In the fresh fertile forest site conditions, no tree of the 4"
class of health condition improved it during the 2015-2019 period, and in fresh fairly fertile forest site conditions 27.7%
of silver birch trees improved their health condition. In each type of forest site conditions, the probability of mortality in
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more weakened silver birch specimens is higher. The probability of silver birch mortality of any class of health condi-
tion was the highest in the fresh fertile forest site conditions and the lowest in the fresh fairly poor forest site conditions.
Key words: forest site condition; health condition class, tree mortality, death probability.

Introduction. Silver birch (Betula pendula Roth.)
forms softwooded broadleaved forests in various natural
zones (Hytonen, Saramiki, & Niemisto, 2013; Vindstad
etal., 2019). It is of great forestry importance as a forest-
forming, fast-growing, and soil-improving species,
it is widely used in protective afforestation and urban
plantings, is a pioneer species in the clear-cut and burnt
areas, it forms pure or mixed stands (Ozolincius et al.,
2016). The admixture of silver birch in the composition
of pine stands helps to reduce the risk of spreading fires,
some pine diseases, improving the conditions of litter
decomposition, greater penetration of precipitation
under the crowns (Maleki, & Kiviste, 2016).

Tree health assessment and prediction of its health
condition is important for forest management strategy
(Boeck, Dieler, Biber, Pretzsch, & Ankerst, 2014;
Bircher, Cailleret, & Bugmann, 2015). The effect
of factors weakening forest stands does not always
lead to their immediate death. In favorable forest site
conditions and under favorable weather conditions,
the health condition of trees can improve or remain
stable for several years. Therefore, a comparison
of the dynamics of the health condition of trees in
different forest growth conditions is of practical
interest. Different approaches have been developed for
early detection of the first symptoms and signs of tree
weakening as well as for prediction of tree mortality for
different tree species (Cailleret et al., 2016; Maleki &
Kiviste, 2016; Hiilsmann, Bugmann, & Brang, 2017).

Our previous studies in urban plantings made it
possible to evaluate the probability of surviving or
dying of silver birch trees with the different initial health
condition (Meshkova, Koshelyaeva, & Kolienkina,
2019). Taking into account the differences in the
features in urban and forest stands, we made an attempt

to assess changes in the health condition of silver
birch trees in forest stands on the basis of five-year
monitoring of different forest site conditions.

Objects and methods. Object of research — the
trends in health condition dynamics for silver birch
forest stands. Subject of research — the trends in the
health condition dynamics of silver birch stands
depending on forest site conditions and the initial
health condition of the trees.

The aim of the research was to assess the trends in
the health condition dynamics of silver birch stands
depending on forest site conditions and the initial
health condition of the trees.

The research was carried out in the 2015-2019
period in the Silver birch forest stands in Kharkiv
region. Taking into account the results of the analysis of
forest inventory databases of the forest fund of forestry
enterprises of the Left Bank Forest-Steppe (Meshkova,
& Koshelyaeva, 2015) regarding the predominance of
silver birch in fresh fairly poor forest site conditions
(B,), fresh fairly fertile forest site conditions (C,) and
fresh fertile forest site conditions (D,), we selected
data on silver birch health condition from nine sample
plots — three ones for each type of forest site conditions
(Tab. 1). All the stands were 40—45 years old and had a
relative density of stocking 0.7—0.8.

These sample plots are located in Zadonetske forest
district of the Zmiiv Forestry Enterprise, as well as in
Dergachivske and Pivdenne forest districts of Kharkiv
Forest Research Station of the G. M. Vysotsky Ukrainian
Research Institute of Forestry & Forest Melioration.
In the forest stands of Zadonetske and Dergachivske
forest districts, the birch was planted in rows together
with Scots pine (Pinus sylvestris L.) (8 rows of Scots
pine, 2 rows of silver birch).

Table 1
Characteristics of sample plots in silver birch stands
Code of sampleplot ¢ 18 Conttions—em joars birchmees

Zadonetske-1 B, 215 19.5 45 59
Zadonetske-2 B, 23.7 22.5 45 61

Zadonetske-3 B, 19.0 18.0 45 73

Dergachivske-1 C, 25.0 20.5 45 100
Dergachivske-2 C, 25.2 21.5 45 100
Dergachivske-3 C, 18.5 15.5 45 118
Pivdenne-1 D, 254 22.0 40 103
Pivdenne-2 D, 18.2 24.5 40 100
Pivdenne-3 D 19.2 22.5 40 209

)
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In Pivdenne forest district, the birch was planted
in 2—6 rows at the clear-cutting of oak stands. The
stands with sample plots are allocated in separate
subcompartments, and the composition of tree species
in neighboring subcompartments is typical for the
fresh maple-linden oak stand, particularly English oak
(Quercus robur L.), small-leaved linden (7ilia cordata
Mill.), and Norway maple (Acer platanoides L.).

Health condition class was visually assessed for
each tree in July of each year.

The category (class) of health condition for each
tree was evaluated on a range of visual characteristics
according to “Sanitary rules in the forests of Ukraine”
(Sanitary Forests Regulations, 2016) by the following
classes: 1% — healthy; 2™ — weakened; 3" — severely
weakened; 4" — drying up; 5% recently died; 6" — died
over a year ago. Health condition index (HCI) was
calculated as mean weighted from trees number of each
class of health condition, separately for all living and
dead trees (HCl1-) and for living trees only (HCI1-4).

The tree mortality was expressed as a percentage
of dead trees for the research period out of the total
trees in 2015.

For each group of sample plots, which corresponded
to the main types of forest site conditions, the probability

of improvement of health condition, deterioration
of the health condition, and mortality in 2019 were
calculated depending on their health condition in
2015. For example, if in 2015 there were 20 trees of
HCI6=1, and in 2019 10 trees worsened the HCI, ¢
to class 2 and 5 trees to class 3, the probability of
deterioration to HCI-=2 is 50% (10: 20 x 100%), and
deterioration to HClis=3 is 25% (5: 20 x 100%)).

Summary statistics (Atramentova, & Utevskaya,
2008) was performed using Microsoft Excel applica-
tions and statistical software package PAST: Paleonto-
logical Statistics Software Package for Education and
Data Analysis (Hammer, Harper, & Ryan, 2001).

Results. In each year of the study (2015-2019),
the health condition, determined taking into account
all viable and dead trees (HCIi), was the worst in
fresh fertile site conditions (Tab. 2). The value of the
health condition index in fresh fertile site conditions
defined taking into account only viable trees (HCI,4),
briefly decreased in 2018 but increased the following
year. In the fresh fairly fertile forest site conditions,
the situation was similar — a decrease in the indices of
health condition of birch trees in the year of selective
sanitary felling (2018), followed by an increase in this
index.

Table 2

Dynamics of health condition index of the birch stands in different types of forest site condition
(numerator — HCI s, denominator — HCI,_s)

Index of the type of forest Years
site conditions 2015 2016 2017 2018 2019
B, 1.90/1.80 2.10/1.90 2.30/2.10 1.60/1.60 1.76 / 1.69
C, 2.15/2.00 2.24/2.10 1.75/1.60 2.26/1.70 2.34/1.80
D 2.10/2.10 2.50/2.30 2.80/2.37 3.10/2.26 3.24/2.41

The average index of the health condition HCIi- of
silver birch stands for the 2015-2019 period was 1.9,
2.1, and 2.7 in the fresh fairly poor, fresh fairly fertile
and fresh fertile forest site conditions, respectively,
and HCI, s was 1.8, 1.8, and 2.3 at the same forest site
conditions, respectively.

The birch trees of the st class of health condition
could either remain healthy or worsen the condition to
the 2™ — 6™ classes. The analysis of the data shows that
most trees with HCI, s=1 did not change the health
condition in fresh poor forest site conditions (Fig. 1).

87.7% of trees in the fresh fertile forest site
conditions, 54.7% in the fairly fertile forest site
conditions, and 34.5% in fairly poor forest site condi-
tions worsened the condition to HCI_¢=3. The mortality
in 2019 of trees that had the 1* class of health condition in
2015 was the lowest in fairly poor forest site conditions
and almost similar in the fresh fairly fertile and fresh
fertile forest site conditions (see Fig. 1).

Silver birch trees, which in 2015 had the 2™, 3%, and
4™ classes of health condition, over four years could
improve the condition, worsen or remain unchanged.
In the total sample set of data, the share of trees that

did not change the health condition from HCIi_=2 is
very close in different types of forest conditions and
averages 33.4% (Fig. 2). The proportion of trees that
improved their health condition over four years is the
largest in the fresh fairly poor forest site conditions
(42.6%) and it is the lowest in the fresh fertile forest
site conditions (3.7%). However, the proportion of trees
which worsened their health condition for these years
increased from fresh fairly poor forest site conditions
(17.6%) to the fresh fertile forest site conditions
(51.7%) (see Fig. 2).

Most of the trees of silver birch which had the
3" class of health condition in 2015 did not change
their health condition over four years in the fresh
fairly poor forest site conditions (73.9%) (Fig. 3). In
the fresh fertile forest site conditions, only 25.5% did
not change their health, and most of the trees (44.4%)
worsened it.

The probability of improvement and deterioration
over 4 years of the health condition of trees that had
the 3™ class of health condition in 2015 is almost the
same in the overall sample (23.6 and 25.9%). The
probability of improving the health condition of trees
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in the fresh fairly poor forest site conditions is almost

three times more than its worsening (19.4 and 6.7%,
respectively), and in fresh fairly fertile and fresh fertile

forest site conditions the probability of worsening of

the health condition of silver birch is slightly greater

than its improvement (1.1 and 1.5 times, respectively)
(see Fig. 3).
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Fig. 1. Probability of the change of the health condition
of silver birch of the 1* class of health condition for
2015-2019 in different types of forest site conditions
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Fig. 2. Probability of the change of the health condition
of silver birch of the 2™ class of health condition for
2015-2019 in different types of forest site conditions

In the fresh fairly poor forest site conditions, the
trees of silver birch of the 4™ class of health condition
in 2015 were removed the following years by selective
sanitary felling. Most of the trees of the 4™ class of the
health condition in 2015 died in 2019 (72.3 and 93.8%
in the fresh fairly fertile and fresh fertile forest site
conditions, respectively) (Fig. 4).

In the fresh fertile forest site conditions, no tree of
the 4th class of health condition improved the health
condition over 4 years, and in fresh fairly fertile forest
site conditions 27.7% of silver birch trees improved
their health condition (see Fig. 4).
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Fig. 3. Probability of the change of the health condition
of silver birch of the 3* class of health condition for
2015-2019 in different types of forest site conditions

We calculated the probability of mortality of silver
birch trees that had the 1st, the 2nd, the 3rd and the 4th
classes of the health condition, depending on the type
of forest site conditions (Fig. 5).
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Fig. 4. Probability of the change of the health condition
of silver birch of the 4" class of health condition
for 2015-2019 in different types of forest site conditions
(the trees which had the 4™ class of health condition in 2015
in the fresh fairly poor forest site conditions were removed
the following years by selective sanitary felling)

As in each type of forest site conditions, and in the
joint sample of silver birch trees, the probability of
mortality in more weakened specimens is higher.

Thus, in the joint sample of data, the probability
of mortality of silver birch trees of the 1%, the 2", the
31 and the 4" classes of the health condition is 3.9;
16.4; 30.4, and 62.4%. The probability of silver birch
mortality of any class of the health condition is the
highest in the fresh fertile forest site conditions and the

lowest in the fresh fairly poor forest site conditions (see
Fig. 5).
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Fig. 5. Probability of mortality in 2019 the trees of silver
birch with a different health condition in 2015 in different
types of forest site conditions

The relationship between the probability of
mortality of silver birch trees (Y) and the initial class
of the health condition (X) is satisfactorily described
by the polynomial dependency of degree 2 (Fig. 6).
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Fig. 6. Probability of mortality in 2019 the trees
of silver birch depending on forest site conditions
and the health condition index in 2015
(inB,:Y=2.97x*—-0.06 x - 0.8; R* = 0.9866;
inC;:Y=486x-7.43x+7.93;R*=0.9862;
inD,: Y =6.28 x>~ 1.80 x + 0.59; R* = 0.9898)

For each forest site condition, the coefficient of
determination R? exceeds 0.98, and the correlation
coefficient R > 0.99 (Fig. 6). At 3 degrees of freedom
and P = 0.05, the limit value of the correlation
coefficient R is 0.83. The -calculated correlation
coefficient exceeds this value. Hence the dependence
of tree mortality in 2019 on the health condition index
in 2015 is confirmed statistically.

Comparison of the data for assessing the mortality
rate of birch trees of different classes of the health
condition shows very similar values obtained in

the forest (see Fig. 6) and park stands, where the
probability of mortality of silver birch trees of the 1%,
the 2", the 3" and the 4™ classes of the health condition
for 2015-2019 was evaluated as 3.5, 10.7, 36.9, and
84.6% (Meshkova et al., 2019).

Discussion. The global warming and anthropogenic
pressure promote the susceptibility of trees to pests
and pathogens (Heimonen et al., 2015; Nguyen et
al., 2017; Shvidenko, Buksha, Krakovska, & Lakyda,
2017; Vindstad et al., 2019), particularly silver birch in
the Forest-steppe zone (Parkhomenko, Chernyshov, &
Hromova, 2013; Skrylnik, Koshelyaeva, & Meshkova,
2019) and in Polissya (Goychuk, Drozda, & Shvets,
2018).

The tree mortality was predicted by different
research teams using spatially explicit competition
indices (Boeck et al., 2014), empirical mortality models
(Bircher et al., 2015), logistic tree mortality models
based on ring-width data (Cailleret et al., 2016), using
forest inventory data (Hiilsmann et al., 2017).

We evaluated the probability of the changes in
the health condition and mortality of trees of different
initial health condition when studying urban plantations
of silver birch (Meshkova et al., 2019). It was shown
that the weakened silver birch stand which contains
trees of 1% — 3 classes of health condition is able to
restore condition to a healthy one, and the deterioration
may be expected only for severely weakened trees
(having 3" class of health condition in 2015). A silver
birch stand which has the trees of 2™ — 4% health
condition classes is most likely to weaken even more
severely over 4 years.

However, the urban plantings are under stronger
influence of higher temperature and traffic pollution
than forest stands (Tubby, & Webber, 2010; Hilbert et
al., 2019; Klein, Koeser, Hansen, & Escobedo, 2019).
This could have an effect on the health condition of
silver birch.

Current research in the forest stands has shown that
in each year of research the health condition of silver
birch was the worst in fresh fertile site conditions.

The worst condition of silver birch in the fresh
fairly fertile and fresh fertile forest site conditions is
associated with its infection by bacterial wet wood
disease (Meshkova, & Koshelyaeva, 2017). The wet
wood disease is one of the most injurious diseases
of birch caused by the bacterium Enterobacter
nimipressuralis. Stem insects play a great part in its
dissemination because they are contaminated with the
pathogen during development under the bark or in the
wood and then convey the infection to the healthy tree
during maturation feeding or tree colonizing (Goychuk
etal., 2018).

Our studies, conducted during the 2015-2019
period, showed that the proportion of trees which
worsened their health condition for these years from
the 1%, 2", 3 of 4% class of health condition increased
from fresh fairly poor forest site conditions to the fresh
fertile forest site conditions. The probability of silver
birch mortality of any class of the health condition was
also the highest in the fresh fertile forest site conditions.
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The dependence of silver birch tree mortality in
2019 on the health condition index in 2015 is confirmed
statistically for each type of forest site conditions.

Comparison of the data for assessing the mortality
rate of birch trees of different classes of health
condition shows very similar values obtained in this
research for forest and those obtained in previous
research for park plantings.

The probability of mortality of silver birch trees of
the 1%, the 2", the 3%, and the 4" classes of health con-
dition for the 2015-2019 period in urban plantings was
evaluated as 3.5, 10.7, 36.9, and 84.6 % (Meshkova et
al., 2019), and in the current research, it was 3.9, 16.4,
30.4, and 62.4 % for the pooled sample of data.

The wet wood disease was the main cause of silver
birch weakening and mortality. Our prediction makes
it possible to evaluate the probability of mortality of
the silver birch in different forest site conditions and to
decrease the losses of timber by survey and selective
sanitary felling in time.

The analysis can be deepened taking into account
the increase in the duration of monitoring and the in-
volvement of meteorological indicators.

Conclusions. In each year of research (2015-2019),
the health condition of silver birch was the worst in
fresh fertile site conditions. The worst health condition
of silver birch in the fresh fairly fertile and fresh fertile
forest site conditions is associated with its infection by
bacterial wet wood disease.

During the 2015-2019 period, the health condi-
tion changed from the 1 class to the 3™ one in 87.7,
54.7 and 34.5% of birch trees in the fresh fertile, fresh
fairly fertile, and fresh fairly poor forest site condi-
tions, respectively. The proportion of trees which
worsened their health condition for these years from
the 2" class of health condition increased from fresh
fairly poor forest site conditions (17.6 %) to the fresh
fertile forest site conditions (51.7 %). The probabi-
lity of improving the health condition of trees of the
3 class of health condition in the fresh fairly poor
forest site conditions is almost three times more than
its worsening (19.4 and 6.7 %, respectively), and in
fresh fairly fertile and fresh fertile forest site conditions
the probability of worsening of the health condition
of silver birch is slightly greater than its improvement
(1.1 and 1.5 times, respectively).

In the fresh fertile forest site conditions, no tree of
the 4™ class of health condition improved it during the
2015-2019 period, and in fresh fairly fertile forest site
conditions 27.7% of silver birch trees improved their
health condition.

In each type of forest site conditions, the probabil-
ity of mortality in more weakened silver birch speci-
mens is higher. The probability of silver birch mortality
of any class of health condition was the highest in the
fresh fertile forest site conditions and the lowest in the
fresh fairly poor forest site conditions.
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HOTO TOTEIUTIHHS Ta QHTPOTIOTCHHOTO HABAHTAKCH-
HSI HIIBUILY €ThCS COPHHHATINBICTS OEpest MOBHUCIOL
JI0 WIKIJHWKIB 1 MATOTEHIB, 30KpeMa 10 6aKTep1aJH>-
HOT BOJISTHKU Ta CTOB6yp0BI/IX IIKITHUKIB, sK1 i 1MO0-
LIMPIOIOTh.

Meroto pociimkeHb OyJi0 OIHIOBaHHS TEHJCH-
Wiii JMHAMIKH CaHITapHOTO CTaHy HacaukeHb Betula
pendula 3anexHO Bii THIy JICOPOCIMHHHUX YMOB 1
MIOYaTKOBOTO CaHITAPHOTO CTaHy JEPEB.

Hocmimkenns 3aiiicaeno y 2015-2019 pp. y Ha-
Ca/pKeHHSIX Oepe3n MOBHCIOi XapKiBChbKOi oOiacTi B
yMOBax cBixoro cyoopy (B,), cixoro cyrpyay (C,) Ta
cBixoro rpyny (D,). Bei nacamkenns mann Bik 40-45
pokiB i BimHOCHY moBHOTY (,7-0,8. Karteropito canitap-
HOTO CTaHy BH3HAYaJIH Bi3yalbHO JUIsl KOXHOTO JepeBa
Y JIMITH 31THO i3 TIONOKeHHSIMU «CaHiTapHUX NPaBHII
B Jticax Ykpainm». JIist KOKHOTO THITy JTiCOPOCITMHHMX
YMOB pO3PaxOBYBaJll HMMOBIPHICTb MOJIMIICHHS Ta
TIOTIpIIEHHS] CaHITapHOTO CTaHy Oepe3w MOBHCIIOL,
a Takox ii Bimmaa. Bimmaa Bupakanmu y BiJICOTKax siK
CHIBBITHOIICHHS JIepeB, 10 3aruHyiu 3a nepiox 2015-
2019 pp., 0o ixHpO1 KibKOCTi ¥ 2015 pori.

V xoxeH pik pocmimxens (2015-2019 pp.) canitap-
HUU cTaH HacaJDkeHb Betula pendula 6yB HaUTIpIIMM
y cBixkomy rpyxi. CepeiHiii iHISKC CaHiTapHOTO CTaHy
3 ypaxyBaHHsIM y01x nepeB y 2015-2019 pp. cranoBuB
1,9;2,1Ta2,7y CBDKOMy cy0Oopi, CBIXKOMY CyTpyail Ta
CBDKOMY TPy BIIIIOBIAHO, @ 3 ypaxyBaHHSM JIAIIC
KUTTE3MaTHUX AepeB — 1,8; 1,8 ta 2,3 BignosimHO y
TAaKUX CaMHUX JICOPOCIMHHUX yMoBax. Halripmuii
ctan Oepe3W y CBLKOMY Cyrpyai Ta CBDKOMY TPyl
OB’ SI3aHMI 13 TOMUPEHHSAM OaKTepiadbHOI BOISHKH.

Brponosx 2015-2019 pp. kareropito caHITapHOTO
cTa”y 3MiHWH Bix 1-of Ha 3-10 87,7; 54,7 i 34,5%
JepeB Oepe3u y CBIXKOMY Tpyi, CBIXKOMY Cyrpyai Ta
cBDXKOMY cyoopi BiamoBigHo. Cepen nepeB 2-01 KaTero-
pii caniTapHOTO CTaHy YacTKa 0COOMH, 110 noripmHnH
CTaH, 3pOCTae BiJl CBIKOro cybopy (17 6%) 10 CBiXO-
ro rpyay (51,7%). I/IMOB]leCTL TIOJITIIIIEHHS CaHiTap-
HOTO CTaHy JiepeB 3-0i Kareropii caHiTapHOTO CTaHy y
CBDKOMY CyOOpi Maibke BTpU4i Oijbllia, HDK IMOBIip-
HICTH HOTO HoripmeHH;{ (19 4 ta 6,7% BiJIHOBiZIHO) a
B CBDKOMY CYTpy/i Ta CBIKOMY TPyl HMOBIPHICT T10-
ripHIeHHs caH1TapH0ro crany Betula pendula ne naba-
raro MeHIa, Hik foro momimmenss (B 1,1 Ta 1,5 pasu
BIJINIOBi/THO). Y CBIXXOMY TPy/i *KOIHE 1epeBo 4-1 kaTe-
ropi'i HE TOKPAIIUIO CTaH BIPOJOBK 2015-2019 pp., a
B CBIKOMY cyrpym 27,7% nepes #ioro TMOKpAIuio. ¥
KOXKHOMY THII1 JIICOPOCIIMHHUX YMOB HMOBIpHICTb BiJI-
najly HalOUIbII OCIIa0IeHUX JIepeB Oepesu € OUIBIIOLO.
Jna cykynHOi BHOIpKM JaHWX BOHA CTAaHOBHUTH 3,9;
16.4; 30,4 Ta 62,4% nepes, mwo manu 1, 2 3 ta 4 ka-
Teropu canitapHoro crany y 2015 poui. I/IMOBlpHICTB
Bimmany nepeB Betula pendula O6ynp-sK0i TOYaTKOBOT
KaTeropii caHiTapHOTO CTaHy Oyna HalOIBIIOK Y CBi-
JKOMY TPYIli Ta HAMMEHIIIOW — Y cBixkoMy cyOopi. [To-
PIBHSHHS JaHUX OITIHIOBAaHHS 1HTEHCUBHOCTI BiIamy
JiepeB Oepesu MOBHCIOI PiI3HUX KaTeropii caHiTapHO-
IO CTaHy IOKa3ye Jayxe MOIiIOHI 3HAYCHHS, OJIepyKaHi B
IIOMY JOCIIDKEHHI Ta Y TIOTIEPEAHIX JOCIIHKECHHIX Y
MAapKOBUX HACAJKCHHSX.

KarouoBi ciaoBa: iicopocnuHHI yMOBH; Karero-
pis caHiTapHOTO CTaHy; Biamaja JepeB; WMOBIPHICTH
BiJIIIay.
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