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����	 Introduction 
|���� ��������# ����� ��#����� 

������� ���� �������}�	 ����������� 
����� ��������~������� ���
���. "��� 
������}�	, ��
���, � ����������� ���-
���} � ��������, �
���}����� �� ��-

��������� ������� ����, ���������� ���-
����� ������} � 
����. "�� �� ������
� 
����������� �����
�������� ������# �
�-
����� �, ���������, �# ����������# 

���������, ����� ��������# ��������� 
[9, 28, 30, 42, 45, 56, 62, 63, 64, 66, 69, 70]. 

������ ���� �
����}�	 31% �����#�� 
��#�����. �#�� ���~� ���������� ��������	 
4 ��� ��
�����. �� ������ ��
���� ���� 
�������� 0,6 �� ����. �����	�� ������ ����� 
����� ����}}�	 � ������ 600 ��� ���� 
��#�� ��������, ��� 149 ���� �� 1 ��. � 
������ ����� ����� �����	�� 289 ��� ���� 
������} [30]. 

��������	
� ���� ��
�� ����� ������}�	 
�� ������� �
��� �������� �� �� ����-
����� 
�����. ������ �#�� ���~� ��������	 
215 �� ��. �����	��� ����� ���� � ������ 
������� � 35 ��� 3. |������ ~��	����	 ��-
����� ���� � ��������	
�� ������� ��������	 
163 3·��-1, ~� ������~�� �������� �������� 
��
����
 (133 3·��-1). "�������
 ���������-
�� ���� �������}�	 �� �������� ����
� 

��	
���	 ���
���� ������}. � ��� ��� ~�-
����� � ������� ������ �� ������ �
��-
�}��	�� 719 �� ���� ������} ��� ���-
������ 3,3 �·��-1 [28, 61]. ��
� ���� 
��	
���	 
�����	�� � 6,7 �·��-1 ��#�� �������. "����-
��� �� �������, ~� �������� ��
� ���� 
������ �������}�	 2636 �� ���� ���
���� 
������}, 1078 �� ���� ����, 7939 �������-
����� (�"�·���) �������� �� �������� �������, 
� ��
�� �����
�}�	 � �������� 1917 �� 
���� 
���}. � ������#��
� �� ���� ��
��� 
�� ��������	 12,1 �·��-1 ���
���� ������}, 
4,9 �·��-1 ����, 36,4 �"�·���·��-1 (������-
�����) �������, 8,8 �·��-1 
���}. 

�����
������ ������ ������� �������-
�����	�� ����������} ������������}, ~� ��-
����� � ������������� ���� � ����
���� ��-
���#�� ������. "��� ���������� ���
�����	�� 
���
��} 
������, ��������������� ������� 
������� �������# ������� ��� 
������ �� 
�����, � ��
�� �#��������� ����
���� ��-
���#��. "������	��, ~� ��� �����
������ 

Among the natural systems of the land of the 
planet, forests have an extremely important 
environmentally creating functions. They are, in 
particularly, in the deposition of carbon from 
atmosphere, the accumulation water reserves and 
its use, also the enrichment of atmosphere with 
moisture and oxygen. All this is the result of the 
biological productivity of forest ecosystems and, 
first of all, their autotrophic components, that is, 
the plant organisms [9, 28, 30, 42, 45, 56, 62, 63, 
64, 66, 69, 70]. 

In general, forests cover 31% of the surface 
of the land. Their area is estimated at 4 billion 
hectares. For one inhabitant of the Earth there 
are 0.6 hectares of forest. The total biomass of 
the world's forests is estimated at 600 Gt of 
dry matter, or 149 tons per hectare. In general, 
the world forests biomass contains 289 Gt of 
carbon [30].  

European forests also have a significant 
impact on the gas composition of atmosphere 
and on climate formation. In total, their area is 
215 million hectares. The total growing stock of 
forests in Europe is estimated at 35 billion m3. 
The average density of growing stock in forests 
in the European region is 163 m3·ha-1, which is 
larger than the world average (133 m3·ha-1). As 
a result of photosynthesis, forests absorb a large 
amount of carbon dioxide from the atmosphere. 
At present, 719 million tons of carbon accu-
mulates annually in forest biomass and soil, or 
approximately 3.3 t·ha-1 [28, 61]. This amount 
is contained in 6.7 t·ha-1 of dry phytomass. At 
the same time, it means that over the course of 
the year Europe's forests consume 2 636 million 
tons of carbon dioxide, 1 078 million tons of 
water, 7 939 terawatt-hours (TW·h) of solar and 
thermal energy, and produce in the atmosphere 
1917 million tons of oxygen. In terms of one 
hectare, it is 12.1 t·ha-1 of carbon dioxide, 
4.9 t·ha-1 of water, 36.4 MWh·ha-1 (megawatt 
hour) of energy, 8.8 t·ha-1 oxygen. 

The production process of phytomass is 
accompanied by intense transpiration, 
consisting of the evaporation of water from the 
leaf surface of plants. It provides a suction 
function of the roots, the transport of solutions 
of nutrients from the roots to the leaves by 
vessels, and cooling of the leaf surface. It is 
believed that for the production of one 
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������ 
������� ��#�� �������� ������� 
��� ������������ ��
����������	�� ��� 200 �� 
1000 ������ ����. �� �������� �������	 ��� 
������������# ������������ ������, ������-
��-
��������# ��� �� ������������ ����-
��#��
� ����~������ 
��	���. ��� ������ 
�������� 
����� � #���
����� |3-����-
������� ��
�� ��������������� 
��������� 
��� ��������� 450–900 ������ �� 1 
� ��#�� 
�������� ������� [5, 33, 46]. 

������ ������������� ������ ����
�� 

��	
���� �������. "������������ ������ 
����� ���� �������� 637 
"�·��� �������� 
�������. ��
� ����, ~�� ����������� 
�������� ������� ������� ����� � ������ 
(6,7 �·��-1), ������������� ��������  
1900–3800 �"�·���·��-1. � ������#��
� �� 
��������	 190–380 �"�·���·-2. �������� ��-

� �� ��� ����������� ������� ���������� 
�������� ������� ���������} 22–44 "�·-2.  
� �������# ������# ������ (30–60°) ��  
�����#�� ���� � ������	�� ���#����	  
100–250 "�·-2 �������� ������� [32]. ����, 
�������� ������� ������� ����� � ������ 
�������� ��������� 22 % �������� �������. 

��� ������� ������� � ����� ������-
���� ��������	���� 
�����. ���~���� ��-
���, ����������� �����#�� ��#����� ������ 
�����	��� ������� ������� �, ����������, 
��
��������� ������� �� ���������� �� ����-
�������}. �� ���������	 �� �����~���� 
���������� �������# ����� ��������. � 
�����
�, ����	����� �������� ������� 
����	��� ��
��������� �������� ������� �� 
������} ���} �#������� � �����
��� �����-
��� �������. |�� ��� ���� �� ����
��	��# 
���#�� ����������� ���������} �� ������-
�} ��������� 
����� �� ��#����� ������� 
���� ���������� ���~ ����� �� �����~���� �# 
�����
�������� [40]. ���
����� ���������� 
��
�# ����
��� �������� ������������ �����-
������� �������������. ������} ���� ��-
����� ���� ������	���� ��
����� ���������� 
���� ��� ���� ������������ � �����# ��������-

��������# �� ��������-������������# ��-
��#. �������� �� �������	�� �����# �����-
��
���# ������������. �# ����}����� ���-
��� ������������ ����	 ��� #�� ����� �
��-
����# ����� �����# �����. 

�� ������� � �������� �
����	��} ��� 
�
�����. ������� ���� �� ���� ������� 

kilogram of dry matter, phytomasses for 
transpiration are used from 200 to 1000 liters 
of water. This value depends on the phy-
siological characteristics of the plants, the 
natural and climatic conditions and the 
applied crop cultivation farming techniques. 
For the plants of moderate climate with cha-
racteristic C3-photosynthesis, such transpi-
ration coefficient can be 450–900 liters per 
1 kg of dry matter phytomass [5, 33, 46]. 

The evaporation process requires large 
amounts of energy. Evaporation of one ton of 
water requires 637 kWh of heat energy. Thus, 
to ensure the average increment of phytomass 
in Europe (6.7 t·ha-1 ), the evaporation uses 
1900–3800 MWh·ha-1. In recount it is 
190–380 kWh·m-2. In the course of the year it 
can provide the average consumption of heat 
energy with the capacity of 22–44 W·m-2 by 
power. In the middle latitudes of Europe 
(30–60°) an average of 100–250 t·m-2 of solar 
energy enters to the surface of the land [32]. 
Consequently, the average increment of 
phytomass in Europe consumes about 22 % of 
the incoming solar energy. 

That is why, the increment of biomass is an 
important regulator of the regional climate. 
The destruction of forests, the deforestation of 
the surface of the land reduces the growth of 
phytomass and, consequently, decreases the 
use of energy for photosynthesis and 
transpiration. It leads to the increment in the 
temperature of the surface layers of the 
atmosphere. Conversely, the increment of 
phytomass uses thermal energy, significantly 
cools and further moistens the air. That is why 
one of the radical ways to prevent warming 
and to reduce the humidity of the climate on 
the land should be the expanding the forests area 
and increasing of their productivity [40]. The 
practical implementation of such projects re-
quires appropriate theoretical substantiation. The 
basis of it should be generalized actual biometric 
datas on the growth of forest stands in different 
natural climatic and soil-hydrological conditions. 
This is especially true for mixed uneven-aged 
forest stands. Their modeling requires the appli-
cation of knowledge about the course of growth 
of tree components of different species. 

This problem is especially relevant for 
Ukraine. Local forests and other woody 
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����������	 ����}�	 ������� 15,9 % ��� 
�����	��� ���~� (���� 9,6 �� ��) [26]. �# 
�������� ����� ��������	 218 3 ��-1 [28, 26, 
37]. �� ������ ����
�� ��
����
, ��
��	
� 
��� ������ ���	���, ��� �
����	��� ��� 
������ ������, ����� ���#� �����, ��� 
��������� ��� �������	��-�#������ ������� 
������ [28]. �� ���������� ����
��, 
�����	��� ����� ������� ����� �
����� �� 
2009 ��
 �������� 1317,9 �� ����. "�� 
����� 658,9 �� ���� ������} [62, 39, 41]. 
|������� �������� ������� ��’�� �������� 
� ����# �
����� ����� ����� 3,9 3 ��-1 ��
-1 
[26], ����� ���� 1,7 %. � ������ ������ 
��� ��
����
 ������, ��	��� 1,29 %. "����-
�����, ���� �������, ~� ������ ������� 
������ � ����# �
����� ����� 2,7 � ��-1 ��
-1, 
� ��� ����� ������������ ������} –  
1,35 � ��-1 ��
-1. �� ��
����
� ������ �����, 
��� �������� ��� ������ ������. �������� 
��
� �
�����	
� ���� ����	 ����������� ��-
����� ���������� �������� ������� �����-
����} ���� 9–18 "�·-2. �����}�� �� �
���-
����� ����������, ~�� ��������� ��������	-

��� �����, ����#���� �����~��� �����
���-
����	 ����� ~�������� ������. 

���������� �
������ �������, ~� ���-
��~� �������� ������� �������� ���������� 
�������� �������� ����� �� ������	�-
��
��� �����������. �������} � ��
�� 
��
�, ~� � ������� ���� ������������ 
������� �������� �������	�� [47, 58]. |�-
� ��� � ����������� �� �
�������� ���
� 
���� ����������� �����	�� ��
 ��������� 
������������ 80–100 ��
��. ��
� ������� 
�������� �����	��� �������
� � �����
����� 
�����������, ��
��	
� �����
�������	 ����� 
�������� ��
� � ��������# �������# ���� 
�� ������������ [28, 58, 67]. �������� �� 
�������	�� �����# �������
���# ���������-
��� ���������� ��#�������. 

" �
����� ��
�# ������������ � ���� ����-
����� �� �������� ��
� ���������	 ����� �� 
������ (��������� 7 %). ��������� ���� � 
�����������, � ����� ���������� �������� 
�# ������
��, 250–500 3 ��-1 [37]. �� �����	-
��� ����������� ���������	
�� ����	�����, ��-
��������# �����	 ������������. T��, �����-
�����, ������
� � �������� ������� ���-
��� ����� � �
�����. ¢��� �# ������ �-
���	 ������ ����� 800 3 ��-1, � �������� 

vegetation occupy only 15,9 % of the total 
area (almost 9,6 million hectares) [26].  Their
average stock is 218 m3·ha-1 [28, 26, 37]. This 
is relatively high rate, because it is much 
more than actual for Europe as a whole, but 
slightly less than typical for the Central-
Eastern Region of Europe [28]. According to 
preliminary estimates, in 2009 the total 
amount of phytomass of forests of Ukraine 
amounted to 1 317.9 million tons. It contained 
658.9 million tons of carbon [62, 39, 41]. The 
average annual Increment in timber volume in 
Ukraine's forests now reaches 3.9 m3·ha-1·yr-1 

[26], which is almost 1.7 %. In Europe, this 
indicator is generally lower, only 1.29 %. 
Accordingly, it can be assumed that the 
annual growth of biomass in the forests of 
Ukraine reaches 2.7 t·ha-1·yr-1, in that depo-
sited carbon – 1.35 t·ha-1·yr-1. These indices 
are much lower than those for Europe as a 
whole. In the course of the year, Ukrainian 
forests can provide an average thermal energy 
consumption of only 9–18 W·m-2 by power. 
Comparing the environmental priorities with
European level, it is necessary to increase the 
productivity of forests at least twice. 

Traditionally, a vision has emerged, that 
the highest values of the annual growth of 
stem wood are characteristic of young and 
middle age forest stands. Similar is the 
opinion that in older age of the forest stands
the growth of the wood decreases [47, 58]. 
That’s why from the biological and 
economical point of view the age of forest 
stands ripeness is defined as 80–100 years. 
Such vision needs careful verification and 
additional research, as the productivity of the 
forests of older age in official sources is 
almost not represented [28, 58, 67]. This is 
especially true for natural mixed uneven-aged 
forest stands. 

In Ukraine, the area of such forests in the 
age of mature and older age remained a small 
amount (about 7 %). They are mainly rarefied 
and their stem volume of stands is low,  
250–500 m3·ha-1 [37]. This is the result of in-
tensive economic activity, periodic felling of 
stands. According to this fact, is a small 
current increment of forests biomass in 
Ukraine. However, their stands volume can 
reach over 800 m3 ha-1, and annual increment 
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������� ������ – ���	�� 10 � ��-1 ��
-1 [22, 
66]. ��� ���
����, ����������� ��
� ����� 
100 ��
�� �}�	 ������� ������ ���	�� 
800 3 ��-1� ¤��	���, ¥������, ��������, ����-
~���, ������, ����������#, |������� [28]. 

��
� ����������� �������� �������� 
��������� � ��������� ����� �# �����. 
���������, �� �������	�� ����������# 
��
����
�� #��� ����� �� �����
��������. 
���
���� ����	 ��������� ���� ������� 
#��� ����� �� �����
�������� ������������ 
��������� ������� [42], �
� �#���}}�	 200- � 
�����	 300-������ ������ �# �����. 

�������� �
����	��� � �� ������� ��� 
�������
���# ������������, ~� ����������� 
���#� ���������� �����������. ¢��� � 
���������# �������# ��
� �������� ����� 
�� ������������ [22, 47, 58, 59]. ¦������
��� 
����������� �
����}�	�� � ������ ����� 
�����# �����, ��
� �� �������. �#�� �����-
����� ��
����
� ���� ������	��. ����������� 
�# (������� ���������� �������) �� ��� 

���
���# �����	�����. 

§�� �������� �} �������, ���� �����-
�������� ������	����� ����������# ��
��-
��
�� 
������ �
����� ������, ~� ���
� 
��������� �� �������} �������# 
��’}-
�����# ������. �� �������� �������	�� 
����� ��
� ����� 100 ��
��. ����, ����-
#���� ���������� �������� ���� ~��� ��
�, 
�������, ������, ��’��� ��������� ����� �� 
�������� ��# ��
����
��. 

�� ��� ������ ���� ��������� ����-
����� ������� #��� ����� �� �������� ���-
�������# ��������� ����� ������� ��
�, 
~� ����� � �����# ����# ��������-������-
�����# �� ��������-������������# ���. 

����
��� � ����# ������ ~� ������}�	�� 
� ��������	
� ������, ��
 �
�# ����� ����� 
200 ��
��. "��� �������}�	 �� ���� �����-
�����, � � ��
�� ����������� ����������# 
������������ �# �����. ¢��� ��
� �����-
����� ��������� ������	���� �������� [4, 
27, 43, 44, 48, 50, 51]. �� ���	, ���������� 
��������� ~��� ��
�# �����, �
� ����� � 
������	 � �������	
�� �������, �������� � � 
���������# ��������#. �����	 ��� � 
���
���# �����
���� � ��# �����	 [1, 2, 11, 12, 
14, 20, 21, 23, 34, 35, 36, 55, 58, 66]. 

|�� ��
� ��
����� ��������� �������� 
~��� ����� �������
���# ����� �
��� ����-

of biomass – more than 10 t·ha-1 yr-1 [22, 66]. 
For example, stands over 100 years old have 
average volume of over 800 m3·ha-1 in 
Belgium, France, Germany, Hungary, Latvia, 
Netherlands, Slovenia [28]. 

Such forest stands need to be thoroughly 
explored and mus be developed the models of 
their growth. First of all, it concerns 
biometric indicators of growth course and 
productivity. An example is the new tables of 
the growth and productivity of the Northern 
Eurasian forests [42], which cover the 200 
and even 300 years of their growth. 

Particularly relevant are these issues for 
uneven-aged forest stand, that were formed by 
natural regeneration. Indeed, in the normative 
tables, such data are not presented at all [22, 
47, 58, 59]. Multi-aged forest stands consist of 
a plurality of the trees of different species, of 
different age and size. Their biometric 
parameters vary greatly. Averaging them do 
not give the correct results (arithmetic average 
weighted). 

To overcome this problem, it is necessary 
to apply a generalization of the biometric 
indexes of each individual tree, which is easy 
to implement with the modern computer 
methods. This is especially true for trees over 
100 years old. Therefore, averaged tabular 
data concerning for age, diameter, height, tree 
trunk volume and increment of these indices 
are required. 

On this basis, mathematical polynomials of 
the growth and increment of biometric para-
meters of the trees of different age, that in sundry 
types of natural geographic and soil-hydrological 
conditions growing, can be developed.  

Somewhere in the Carpathian forests there 
are gigantic trees, whose age is over 200 years 
old. They require not only the preservation but 
also the study of biometric characteristics of 
their growth. After all, such biometric info-
rmation is mostly absent [4, 27, 43, 44, 48, 50, 
51]. Unfortunately, the biometric information 
for such trees that grew and grow in the 
Carpathian region is unrepresented and in nor-
mative materials. There are also a few scien-
tific publications on these issues [1, 2, 11, 12, 
14, 20, 21, 23, 34, 35, 36, 55, 58, 66]. 

It is these factual normative materials on 
the growth of old-age trees that are very 
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#���� ��� ����’������ �������� ������� 
�����
� ������
� �������
���# �����# 
������������, ~� �������� ������� ��
��	-

�# �����
������# �����. ¢��� ~� � 1942 
���� ������ ������-�������
 ª������� 
¢����� �����	
�� ������ �����������, ~� � 
���������� ��
� �������� ���������� #�-
��
�������
� #��� ����� �����, �
� ������	 � 
�����# ����#, ����	 ���� ��������	 �� 
������� ��� ����������� "�������� ��������� 
�����
�" ��
�# ������������, � ��
�� ����-
����	 �# �� �������������� [52]. �� ���	, � 
���
���� ���������� ���� �������� ��
� 
�������� �������� ����� ��#������ ������� 
�
����� [60, 57]. 

|�� ��� ���} ������ ����������� 
���� �������� ��
����������� #��� ����� �� 
������� ����������� ��
����
�� �����, 
~� ������	 � ����# ������ � ���# ������� 
��
� �������. �������� ����� ��� �	�� ��-
������ �������
��� ������, �
� ������	 � 
������# ��������-
��������# ����#, �
�� 
� ����� �� ������ ������ ������	�� ���}����� 
�� �����
������	
�� �������� �� � ����# 
¤��
���# � ¬������#. 

� ��� ��������� ��������� ��������	�� 
�����	���� ���������	 #��� ����� �� ���-
����� 219 ����	��# ����� �����# �����, 
�������� �������� ��
�. 

|����������, ~� ���� ����� ���� 
����-
��} ��� ������������ � ������������# 
���
���# �����������# ����� � ��������	��# 
���
�# �� ��������# ���������
�#. ��
�� 
������������ � ��� ����� �������� ����	 
���� ��
�������� ��� ���
������� �����������. 
��
���, �� �������	�� ���������� ����� ����-
~������ ���������# �� ��������# ��������-
����# �������
���# ������������. �������-
������ ���������� ������	����� ����	 ���� 
����������� ��� ���������� ������������ ��
� 
��������	
�# ����� �� ����������� ������-
��# ����� ����������# ���������	 �����# 
�������
���# ������������ � �������� �����-
�����# ���������# ������	. 

 

���� 

���� ����������� ���� ��
����� ����-
���� 2004–2015 ��
�� �� �����} ���������, 
��
������� � ��������
�� ���
������	
��� 
�������������	
��� 
������ (. ¤���#��, 
�����-¥���
���	
� ������	, �
�����). ����-

essential for solving an important problem of 
the dynamics of development of uneven-aged 
mixed stands, which are formed by trees of
several edificatory species. Yet, in 1942 the 
well-known Galician Forestry scientist, Andrij 
Pyasetskyj, accurately predicted that in compa-
rison, such dynamic biometric characteristics of 
the growth of trees, that grow in different con-
ditions, can give an answer to the question of the 
peculiarities of the "course of development 
dynamics" of such stands, and as well as their 
ability to self-regenerations [52]. Unfortunately, 
in the scientific literature there is practically no 
information concerning forests of the western 
region of Ukraine [60, 57]. 

That is why the purpose of this study was 
to know the regularities of growth according 
to the basic biometric indices of the trees 
growing in the Carpathian forests within the 
basin of the Dniester River. Particular 
attention was paid to the old-age trees, which 
grow in typical soil-climatic conditions, 
which are fresh and wet soils of middle 
fertility on the Carpathian Foothills and in 
Beskydy mountains and also Gorgany range. 

In this monograph we offer the original 
results of research about the course of growth 
and increment of 219 model trees of different 
species especially of older age. 

We hope that our work will be useful for 
use in the monitoring scientific research of 
forests in national parks and nature reserves.
Also, the materials presented in this paper 
can be used for practical Forestry. In 
particular, this concerns the elaboration of 
the principles of growing close to natural 
multi-species uneven-aged forest stands. The 
proposed biometric generalizations can be 
used to determine the estimated age of giant 
trees and to develop the methodological 
principles of biometric studies of mixed all-
age forest stands and the creation of 
appropriate normative tables. 

 
Thanks 

Our research was executed out during 
2004–2015 with the participation of students,
teachers and employees of the Precarpathian 
Forestry College (Bolechiv, Ivano-Frankivsk 
region, Ukraine). Particularly important was 
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���� �������} ���� �����	 � ����� �� ���-
������ ������� ��������� ��
������ ¢����� 
|������. "�� ������������� � 
������ ���-
�����	
�� �
���������. ��
�� ���� �� 
��������� ������� 
���
��} ����	��# 
�����, ������}��� ���������� ����}�����. 

"������� ������� ���������} ��# ��-
�������	 ��������
� ������# ������������-
�	
�# ����������. 

� ���������� ���������	, �����}����� 
��������� �� ���������� ��
����� ������ 
�������� ������� ��#���� ��������	���� ��-
����#������� ������������ �
����� (. �	���) 
�� ���������� ��������������� ���} ��-
������	��� �
����� ���
 �
����� (. �	���). 

��
�� ��
��� |�������� ��#���
, ������-
��
 ����
���� ¤�~���	
��� ��������	���� 
���
� (���	~�), �� ������� ¢����� |�����, 
��
����� �������	
�� ��� ���
������	
��� 
�������������	
��� 
������, ������ �� 
��#��� �������. ������ ������
� ����� 
�
����
 �¢� �
����� ����� ª�������	-

��, �
�� ���������� ���� ������	����� �� 
�����
���� � ������� "�������� ��������	��� 
�
����� ���
 �
�����". 

¢����� ��������� �������}}�	 ~��� 
����
� ��� 
����� �� ������ �������. 

 

"������ �������������� � �����-¥���-

���	
��� ��������� ����� �#����� ���
�-
����	��� ���������� ��������~�. 

the participation in the collection and initial 
processing of the materials of teacher Andrij 
Savchyn. He organized and directed student 
expeditions. Also, together with students, he 
formed a collection of model trees, carried out 
biometric measurements. 

Employees of the local Forestry En-
terprises thoroughly contributed to this re-
search. 

Scientific specialists of the National 
Forestry University of Ukraine (Lviv) and the 
State Natural History Museum of the National 
Academy of Sciences of Ukraine (Lviv), 
helped the authors during the research pro-
cessing and preparation of the manuscript. 

Also, Dr. Stanis¯aw Kucharzyk, deputy di-
rector of the Bieszczady National Park (Poland), 
and the philologist Andriy Stasiv, the teacher of 
English language at the Precarpathian Forestry 
College, provided us with a professional 
assistance. Considerable support was rendered 
by the Academician of NAN of Ukraine Dmytro 
Grodzinskiy, who presented our generalizations 
to the publication in a magazine "Reports of the 
National Academy of Sciences of Ukraine". 

The authors of this monograph express sin-
cere gratitude to all |olleagues for their help.  
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��’����, �������� � ��������� Objects, methods and materials 
����������� ��
����� �� ���
���� ����� 

�������	
�� ������� ������� ��
� ������� � 
���# �����# ��������# ������� (���. 1): 

• ����������# ����
��������# ����� 
�����
������	
�� ��������; 

• �����# �������-�������-��
���# ��-
��� ���	
����’� |#����# ¤��
����; 

• �������-��
���# �� �������# ����� 
������	����’� ¬�����. 

"������ ���������� ��
����
� ����	-
��# �����. "�	��� ���� ��������� 219 ��
�# 
�����. ¤��	����	 � ��# ���� ��
������ ��-
������� � ����������, ��� ��������� �� 
������� �� ������
�#. �����	�� ����������� 
�������� ��� ��# �������� � ����������# 
�������#. ����� ����� ����� ������ � ���-
��� 
�������� WGS-84. "����� ��� ����� 
��� "H" �
����� � ����# ( �. �. ). ¤��-
������� ��
����
� ��������� ������ � ��-

�# �������#: ¢ – ��
 �����, ��
�; H – 
������ �����, ����; D – ���~��� ���������, 
���������; V – o�’� ���������, ���� 

������. 

" ����������# �����������# ���������-
���� �����	��������� � ������� �������� �-
���� ������� #��� ����� �������� ������ � 
������ (H), �� ���~���} (D) �� ��’�� (V), 
� ��
�� ������	��� �� ��������� ��������� 
(Z) ��# ����������# ��
����
�� [6, 7, 24, 47]. 

����, ��
����� ��������� ����� ����-
����� �� 
�������� �����, ������ 1 �� 1,3  � 
���� 
���� 2  � ������# ��� �	��� ����#, 
�� ���������� ������ 
������ ����� ��� 

�������} ���
�}. ��’� ��������� ����-
����}���� �� ���} ��’��� �
���# ���-
���
�� ��������, �������}�� �# �
 ������ 
��������� 
����� �� ������ ����# ��� 
������� ������
� �������� �� ������� 
������� ����	��� � ���#�	��� ������ [7, 31, 
24]. "�� ����� ��# ����	��# ����� �����-
��}�	�� � 
���
��� ���
������	
��� ����-
���������	
��� 
������ (. ¤���#��, �����-
¥���
���	
� ������	, �
�����). 

�� ��
������ ����� #��� �����, ��-
������� �� ������	��� �������� ����� 
��-
���� ���� ��������� �# ������� �������� �� 
������� ���������� ��������� ����� 
������� ������
�. �� ����������� ������-
��� ��������� ������� �������� ��’�� 
��������� ��������� ���������� �������� ��-
�� ����
� ��� ��’�� ���������: ¸V/V, % ��
-1. 

Researches are executed on the example of
the forests of Carpathian part of Dnister river
basin within the limits of different natural 
regions (Figure 1): 

• deciduous broadleaf forests of Carpathian 
Foothill zone; 

• mixed spruce-fir-beech forests of Eastern 
Beskids submontane zone; 

• spruce-beechen and spruce forests of 
Gorgany range mid-altimontane zone. 

Biometrical indexes of model trees were 
studied. In total 219 such trees were selected. 
Most of them were damaged by wind and 
windbreaks, or set recognized for felling on 
cutting area. General statistical information about 
them is resulted in the corresponding tables. The 
places of tree growth are given in the coordinate 
system WGS-84. Altitude (above sea level) "H" is 
given in meters (m a.s.l.). The biometric values of 
the trunks are given in the following units: A – the 
age of trees, years; H – the height of trees, meters; 
D – the thickness of trunks, centimeters; V – the 
volome of trunks, meters cubic. 

In researches the generally accepted methods 
of the forest biometric analysis of growth 
progress of tree trunk by parameters of height, 
diameter and volume and also average and 
current increments (Z) of these biometric indices 
were applied [6, 7, 24, 47]. 

Therefore, the transversal cuts of trunk are 
executed on a root-collar, at height 1 m and 1,3 m
and farther, that a 2 m is in comfortable for this 
purpose places, with the obligatory pointing of 
height of every cut above a root-collar. The 
volume of trunks was set after the sum of 
volumes of the separate cuttings-off of the trunk, 
determining them, as figures of the cut away 
cone on the basis of information about length of 
trunk sections and middle radiuses of lower and 
overhead cuts [7, 31, 24]. All cut-sections of the 
model trees are stored in the collection of
Precarpathian Forestry College (Bolechiv, Ivano-
Frankivsk region, Ukraine). 

From actual data of growth progress of the trees 
of each species and their middle and current 
increment, their average values were calculated and 
the proper mathematical models of their growth 
were developed. Based on such average values of 
current annual increment of volume of trunks, 
average values of their part in the volume of trunks 
were calculated: ¸V/V, % yr-1. 
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!"#. 1.  ª���������� ������������ ������ ���������	 – 
������	
�� ������� ������� ��
� �������:  
1 – �����
������	
� ��������, 2 – ���	
����’� |#����# ¤��
����, 3 –  ������	����’� ����� ¬������ 

Fig. 1. Geographical location of the research area – the Carpathian part of the Dniester river basin:  
1 – Carpathian Foothill zone, 2 – Eastern Beskids submontane zone, 3 – Gorgany range mid-altimontane zone 
 

��
�� ���������� ������� ���������# 
����������# ������	 ������# ����� ��� 
��������� �����# ����� ����� ������� ��� �# 
������� �� �������. 

Also the tables of tree stems form 
factors of different species in dependen-
ce on their length and diameter are 
built. 
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�"¢ª¢! " �������#, � ��
�� � ��
��� 
�������	
�} ���} ����� �������	
�� 
�������� ��������� �����: �����
���� ���-
���}��� – 
��, � ���� �������� (�����) – 
������. " ��
��� �
�����	
�} ���} �����-
������ ������ � �
����� �������� ��-
������� �����.  

�� �����
�# �������� ¸H, ¸D, ¸V – 
������� �������� ����������# ��
����
��. 

!���
���	 ����� ����� ������}�� �� ���-
������ ���������� � ���������� �
��� ���-
������ ���������# ������������ �� 
����� ��-
������, �
� �����������	�� � �
�����, ¦���� �� 
����# 
�����# [42]. "��� ����������}�	 ��-
����} ������ ������	��# ����� ��������� 
���� ����������� � ������ ����, ����� ����-

���	 �# �����. ��� ��������� �������� ����-
��� ������������	 
����� �������� �� "Site 
index values" [8, 38], �
� ���������}�	�� � 
��������, |!¢ � ����# 
�����# (����. 1). 

WARNING! In the tables, as well as in the 
English text, the English standard of writing 
numbers is used: the decimal separator is a 
comma "," and spaces as separator between the 
thousands groups. In the text of the Ukrainian 
language the standard of writing of numbers in 
current in Ukraine is applied.  

Charts value ¸H, ¸D, ¸V – current 
increments of the corresponding indices. 

The speed of tree growth is compared accor-
ding to the norms of the aligned and supplemen-
ted distribution scale of the seed stands of bonitet 
classes in used terms in Ukraine, Russia and other 
countries [42]. They represent the average height 
of the largest trees of the dominant species of the 
forest stand at different ages, that is their rate of 
growth. For convenience, we find the relevance 
of the bonitet classes to "Site index values" [8, 
38], which are now used in Germany, the United 
States and many other countries (Table 1). 

 
� !"#$% 1 

Table 1 
$%&'()%&*%#+, -/0#%) 4(*%+5+6 &575)(#+0*%) (B) "Site index values" (SI) 

Conformity of the forest stands bonitet classes  (B) to "Site index values" (SI) 
H SI H SI B A = 50 A = 100 A = 50 A = 100 B A = 50 A = 100 A = 50 A = 100 

Ie 34.6–31.8 49.2–45.6 32 46 II 17.4–14.6 26.9–23.3 15 24 
Id 31.7–29.0 45.5–41.9 29 42 III 14.5–11.7 23.2–19.6 12 20 
Ic 28.9–26.1 41.8–38.2 27 39 IV 11.6–8.9 19.5–15.9 9 16 
Ib 26.0–23.2 38.1–34.4 24 35 V 8.8–6.0 15.8–12.2 6 13 
Ia 23.1–20.3 34.3–30.7 21 31 Va 5.9–3.1 12.1–8.5 3 9 
I 20.2–17.5 30.6–27.0 18 27 Vb 3.0–0.2 8.4–4.8 1 5 

'(#)*+, : B – 
��� ��������; A – ��
, ��
�; H – ������� ������ �����. 
Note: B – Bonitet class; A – age, years; H – average height of trees 

 
������	����� ����������# ��������� �� �# 

���������� ��
����� ���#���}�� ��
��	�� ��-
�� ������������# ��� ���������� �� �����-
��
� ��������# �����������# 
����
���. 
��
� �����	���� � ������}���� � ����}��� 
���������� ��
����
�� [58, 59]. ����-
��}���� �� �� ������ ����
��� ������	�� 
������ ����� � ���� 50, 100, 150 � ���	�� ��
��. 
��� �	�� �� ����� ����� � ���������� � �	�� 
���� ������� ��
����
� ���~��� ��������� �� 
�# ��’��� � ��������� �����}����� �� 
���������� ��������. ������������� ��-
����� �����
�������� ������������ ��
����� 
������ �� ����� ������� ���������� ��
��-
��
� 100 ������# ����� �� 1 �� [38]. 

Generalization of analytical materials and 
their comparison it was executed into account 
local types of forest ecological conditions in 
accordance with the specifics of natural geo-
graphic complexes. We compared these results 
with existing normative indicators [58, 59]. This 
was done on the basis of the indexes of average 
height of trees at the age of 50, 100, 150 and mo-
re years. At the same time, the average indicators 
of the thickness of the trunks and their volumes 
with the values of absolute and relative increase 
were taken into account for this age. Forecasting 
of the possible productivity of the stands was 
done taking into account the average biometric 
indices of 100 elite trees per hectare [38]. 
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����������� ���� ����������� � ����# 

������	����’� ¬�����, ���	
����’� |#����# 
¤��
���� �� �� ��������# ��������# �����-

������� (���. 1). ¤������������� ����������� 
������� �������� ���� ����������� �����-
������� �� ��������	
�� 
��������� �� � 
���# �������	
�� ����	
�� ������. ������ 
���� �������������� �������� ���������} 
�� �#������������	
�� ��������� �����# ��-
���. ����������� ����������� ����	
�� ����-
����� �����}}�	 ��������� �������� 
��������� ���������� ��
���� [53, 54]. 

���������
���� ���	��� ��������� �� 
���	
�# �������# ���
����# 
��������, 
������������ �� ���������� ����������# ���# � 
���# �������	
��� ��������� �������. � 
���� ��	����	
��� ������������ �� ������� 
������ ���� ��’��� � �
���
�, �������� �� 
�������. ��������
 �	��� ������� ����
�� 
�������� �������, �� �
�# �������	 ¬������ 
�� ¤��
���. ���� ��������� �������� �� 
|#������������	
�} ��������} �� �����-
���� �����
������	
��� ������� ���������� 
�����
������	
� ��������. ��� ��� #���
���-
�� ��������-#������� ���� ���	���, � ��
�� 
������
��� ������. ��� ����	
�� ������� ����-
���� ���	
������ �� ������	������ ���� ���	-
���. �’�
�� ��������� ����������� �����-
��� ������ ��������� ��������� ������-
�#���# ���	
������# ��� ����	
�# ������. 

� ���# ��������� ������# ���
���
���# 
�������������# ���~ �������� 
�����#��� 
������	�����
� ����	
� ����� � #���
���-
��� 
�’������� �������� �� �������# 
#������. �# ������ � ������}�	 ¬�������. 

������� 
�������� � ������������ ���� 
�������� #���
����� ��� ���� ������� 
������ ������-
����������	�� ������ 

�����. �� �������� �����
������� �� 
��
 ������� 600–800  ������, � � ����# – 
������ ���	��, �� 1500 . �� �������� 
������� ����� ���������� ������� �����-
���	 7–8 �|. � ����# �� ������ ����	
� 
1400  �. �.  ������� ����� ���������� 
�������	�� �� +3 �|. �� ���	��# ������# 
���� ����� ����. 

������ ��������� �� �����
������	
�� 
�������� ������ ����	
� 230 ����, � � ����#, 
������� ��� ������ ��� ����� ���, ��� 
��������	 180–90 ����. �� �������  �������  

Reserches were concentrated in the forests of 
Gorgany range mid-altimontane zone, of Eastern 
Beskids submontane zone and of Carpathians 
Foothills (pict. 1). The biogeographical features 
of region are conditioned his geographical 
position on the European continent and within 
the limits of the Carpathians mountain system. 
In general, his biodiversity are caused by 
belonging to the Eastern European Mixed Forest 
province. The orographic features of the 
mountainous area the altitude zonality of the 
vegetation cover are formed [53, 54]. 

On the marine sedimentary deposits of the 
Cretaceous, Palegene and Neogene geological 
epochs of the Carpathian flysch basin, relief 
morphostructures were arisen. During Alpine 
orogeny these basic sediments were folded, 
thrusted and uplifted. As a result of these 
processes the Outer Carpathians, parts of which 
are Gorgany range and Beskids,  were formed. 
Carpathian Foothills was formed on the 
basement of the Carpathian foredeep between 
Outer Ukrainian Carpathians and the East-
European Platform. Typical for this upland are 
wave forms of relief and fluvial terraces. For the 
mountainous part are characteristic low-
mountain and middle-mountain relief forms. 
The soft clay geological basement led to the 
formation mostly sloping low-mountain forms 
of mountain ranges. 

Within the limits of the occurrence of thick-
layered solid sandstonly stratas, the steep slo-
ped of the middlemontane ranges with charac-
teristic stony scatterings on the ridges, are 
widespread. They, in fact, are called Gorgany. 

Local climatic and hydrological conditions 
are caused by with the characteristic of the 
Carpathians part temperate continental humid 
climate. In the Carpathians Foothills for the year 
600–800 mm of precipitation falls, and in moun-
tains – considerably anymore, to 1 500 mm. At 
an Carpathian Foothills, the average annual air 
temperature is 7–8 �C. In the mountains at an 
altitude of about 1 400 m a.s.l. the average 
annual temperature decreases to +3 �C. At 
higher altitudes it reaches zero. 

The vegetation period on Carpathian 
Foothills is about continues 230 days, and in the 
mountains, depending on the altitude of above 
sea level, it is 180–90 days. This is the  main  
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The Carpathian Foothills are adjacent to the Eastern Beskids lowmountains
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Beech forests with spruce and � r cover the Eastern Beskids lowmountains
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  .    – 1836  . . .

The Gorgany mountain range. The highest mountain is Syvulya 1 836 meters .s.l.
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The Gorgany mountain range upper timberline and subalpine belt 

20



�����	�� ����� �������                                                         The Regional Natural Environment 

  

��������� �������� ������������� ������-
��# �
������ � ����# �� ������� ����� ���-
�	
�# �����, �����	����	
�� �� ��	����	
�� 
�
��������# ���. 

��
��	�� ����������� ����������� � �����-
���������� ������ �����}}�	 ��������� 
�����# ������������# ����������: ��#
�# 

�’������#, ~��������# �� ��������# ���
��-
��� �� ����	
�# �#���#. �� �������� �� ����-
����� ��~��� �� ��������-��~���, � ��
�� ����-
��
�’������ ���
����. � ���
���# ������# ��-
��������� �
��������� ������������ ���	-

�, ���
�, ����� �� ������
�. ��
�� ����}-
��� ������ ����������� �������� � ��������� 
��������
������� ��� �����	 �������� �����. 

�� �������� ������� � �����#���� ����-
��� ��������-������ (Stagnic Fragic 
Albeluvisol) �� ������� �������� (Gleyic 
Cambisols) ������. "��� ����������� ��� 
����� ����
��������# ����������# �����. 

� ����# �������� ��������� ����� 
���� 
���� ����	
�-������ ������ (Acidic Cambisols). 
"��� ����������� �� ~��������-
�'����-
��# ���
����# �� �#���# ��� ����� �����# 
#�����-�������# �����. �� ��������# ���
��-
��# ������	���� �������� ������ ����� 
���� 
�� �������	�� ������ ���� ������ (Eutric 
Cambisols). "��� ����}�	 ������
� ���~�. 

� ���#��# �������# ����	
�# ������ �� �� 
�# �#���# ������ ���~� ����}�	 ������� ���-

���
��. ��� � ������� ��������� �������	�� 
������, ���
��	�� (Lithic Leptosols), �� 
�'�-
�����# �������# (Regosols), � ��
�� ���	��-
�
������ ��
��������� (Rankers) ��� �����#-
���� 
�'������ �������� (Leptic Cambisols).  

� ������# ����
 �����}�	 ��}����	�� 
�������-�������� (Dystric Fluvisols), ��}-
����	�� �����-�������� (Umbric Fluvisols), � 
��
�� ������� ������	�� (Eutric Gleysols) �� 
����’��� ������� (Terric Histosols) ������. 

¦�������	��� ������ ������ �� ������� 

����������	��� 
���� �������� ������ 
������	�� ������ ��������# ���. "��� �����-
����}�	 ��������	 �����	���� ����� � 
������
� ������, �������
���� �� ������� 
�����������. 

������ �������� ��������� ��
��� � 
������ ���������	 ����������	�� �
�����} 
����������	��} ����
����} �� ���������-
����} ������# ���������	 [10, 11, 16, 19]. 
ª������� �����, ~� ����}�	  ������ ��- 

reason for the determining of altitude diffe-
rentiation of natural ecosystems in the moun-
tains on the altitude layers of mountain forest, 
subalpine and alpine life zones.  

Local features of the geological and 
geomorphologic structure are predetermined 
by forming of certain soil-forming substrates: 
loose stony, gravel and clay deposits on the 
mountain slopes. On the upland, it is mostly 
sandy and clay-sandy, as well as shallow 
rocky deposits. In the river valleys accumu-
lative deposits of pebbles, sand, clay and loam 
are concentrated. Such geological substrate 
that formis soils is predominantly non-calcic
or it contains a little lime. 

On Carpathian Foothills the typical are 
surface-gleyed brownish-washing (Stagnic 
Fragic Albeluvisol) and gley-brown (Gleyic 
Cambisols) soils. They are formed under the 
canopy of broadleaf deciduous forests. 

In the mountains are distributed mainly 
poor acid brown mountain-forest soils (Acidic 
Cambisols). They are formed on gravel-stony 
deposits on slopes under the canopy of mixed 
coniferous-deciduous forests. In the clayey 
sediments rich slightly acid and neutral, 
typical brown soils (Eutric Cambisols) are 
mostly distributed. They occupy small areas. 

In top parts of mountain ranges and on their 
slopes the sandstone deposit placers occupy 
�onsiderable areas. Here are typical primitive 
initial soils, �n rocks (Lithic Leptols), on stony 
deposit placers (Regosols), and also most 
stony non carbonaceous (Rankers) and 
superficial stony brown (Leptic Cambisols). 

In the river valleys the alluvial turf-brown 
(Dystric Fluvisols), alluvial meadow-brown 
(Umbric Fluvisols), and also bog mineral 
(Eutric Gleysols) or peat bog soils (Terric 
Histosols) are predominated. 

Regional warm-temperate and humid con-
tinental climate maintains relatively stable 
groundwater reserves. They provide the 
possibility of normal growth and the 
development of meadow, shrub and forest 
vegetation. 

In general, the modern vegetation in the 
research area is characterized by the complex 
horizontal structure and the heterogeneity of 
forest communities [10, 11, 16, 19]. The main 
species that  forest stands form,  are Norway
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���������, � ����� ��������	
� (Picea 
abies), ��
 ������� (Fagus sylvatica), ����� 
���� (Abies alba), ��� ��������� (Quercus 
robur). ¦���� �����
������ ������������ � 
����� �������� (Pinus sylvestris), ��� 
�������� (Quercus rubra), ���� ��������� 
(Carpinus betulus), ���	#� ���� (Alnus incana), 
���	#� 
���
� (Alnus glutinosa), 
���-���� 
(Acer pseudoplatanus), ���
� (Populus tremula), 
���� ���
� – ��� �
��	��� (Quercus petraea) � 
����� 
������ (Pinus cembra).  

� �
���� ������# ���������	 ����� ����-
��}�	�� ���� ��������� (Fraxinus excelsior), 

��� ������������ (Acer platanoides), �’�� 
����	
�� (Ulmus glabra), ������� (Cerasus 
avium), �������� �������� (Sorbus aucu-
paria) �� ����� 
����� (Salix caprea). 

������ �� �����
������	
�� �������� 
������	 ����� ���������� ������������ ��-
��, ~� �������	 �� �����
����� �����
�� 
Fagetalia sylvaticae �� Quercetalia roboris 
[25]. "������� �������# ������	 ������� 
�������
��� ���� � ��������} ���� ������-
����, ����� ����� �� ��
� �������� ������� 
������� �����������. ����� �� �# ���� 
������	 �������� ���� � ��������} ����� 
����������, ������, ���
� �� �����} ���� 
����������, �����, ����� �� ����# �����. 
"��� � �����	���� ��������� ������� ��� 
����	��� ��
�� �����������. �� ����
�# 
���~�# �������� ������ 
��	���� ���� 
������� �������� �
����. 

��
��	�� �� �������������# ����# �� 
�������� �� � ����# � ������# ����
 ������	 
���	#��� ����������� (All. Alno-Ulmion), � �� 
�������~�# ���� ��������� Sphagno-Pinetum 
sylvestris. �� ���
���� ����
���� ����, ~� 
���������� � ����	��� ������	�����
����� 
�������.  

� ����� ������	� ��������� � ����-
������� � ��������} ����� ��������	
��, 
����} ���} ��
� ��������, ����� �����, 
����
� ����� �� ��. ��������� �� ����� 
����, ~� �� �����������} 
��������} 
��������� �� ���������	 ��}��� Fagion 
sylvaticae �� Piceion abietis. "��� ��
�� � 
���������� ��#�������, ������	���� ���-
���� ��� ������� ��
�� �����������.  

����������� ��}�� Fagion sylvaticae 
�������� �� ������# �������#: 
����# 

spruce (Picea abies), European beech
(Fagus sylvatica), silver fir (Abies alba), 
European oak (Quercus robur). Rarer the
edificators of forest stands are Scots pine 
(Pinus sylvestris), northern red oak (Quercus
rubra), common  hornbeam (Carpinus
betulus), grey  alder (Alnus incana), common
alder (Alnus glutinosa), sycamore maple (Acer
pseudoplatanus), common aspen (Populus 
tremula), very rarely – sessile  oak (Quercus
petraea) and stone pine (Pinus cembra). 

In composition of forest communites often 
occur common ash (Fraxinus excelsior), 
Norway maple (Acer platanoides), wych elm 
(Ulmus glabra), sweet cherry (Cerasus 
avium), mountain-ash (Sorbus aucuparia) and 
goat willow (Salix caprea). 

In general, on the Carpathian Foothills the 
mixed deciduous multispecies forests are 
growing that belong to syntaxons of the orders 
Fagetalia sylvaticae and Quercetalia roboris 
[25]. During the last century the local old-age 
forests with dominatiing of Quercus robur, Abies 
alba and Fagus sylvatica were suffered from total 
felling. Now in their place grow secondary forests 
with the predominance of Carpinus betulus, 
Betula, Populus tremula and with the partici-
pation of Quercus robur, Abies alba, Picea abies 
and other species. They are the result of mainly 
the second or third cycle of regeneration. On vast 
areas was created the forest plantation of very 
various of species compositions. 

Locally on the Foothills and in the 
mountains on the overwetting lands in the 
valleys of the rivers, grow the alder stands 
(All. Alno-Ulmion), also on peat bogs the
forests of association Sphagno-Pinetum 
sylvestris are growing. It is rare relict forests 
which remain from early postglacial period. 

In mountains most widespread are forest 
stands with advantage of Picea abies, by the 
less measure of Fagus sylvatica, Abies alba, 
rarely of Acer pseudoplatanus and other.
Mainly, these are mixed forests, which by 
floral composition to the groups of alliance
Piceion abietis and Fagion sylvaticae are like.
They are also of secondary origin, mainly the 
first or second cycle of regeneration. 

The grouping of alliance Fagion sylvaticae
is  distributed in  moist  brown soils:  acidic 
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������	�� ���}����� (Acidic Cambisols) �� 
�������	��# ������# (Eutric Cambisols). 

� ���# ���	
����’� ¤��
���� �����}�	 
������ ���-�������� ��������-������������ 
����. "���
� �������������	 �����������# 
�� ��
��	��# 
��������# �
��������# ��� 
�����}� ��
��	�� ��������� �
������ 
����������	��� ����
���� �������� ��
����. 

½������ ���� (Ass. Luzulo-Abietetum albae) 
���������� �� ��������# �#����, � ��
��� 
(All. Fagion sylvaticae) �� ��������-�#����#. 
"���
�� ������� �����~��	 ���	��� ������� 
��������� ������ ������������, � 
������ �������� – ��������. 

������ ����������� ��}�� Piceion abietis 
��� ��������. "��� ������	 � �������# 
��������# ����#, ��������� � ���#��# ���-
����# 
�’������# ����	
�# ������. ����� � 
������ � ���	
����’� �� ���� 
������# 
�������# �����# ����� ��}�� Fagion sylva-
ticae ���� ������ �������� ������ 
��	���� 
����� ��������	
��. �� ����������� ���� 
����
�� �����
��������, ��� ��������� �����-
����� ������
��, �������� ������ ��#��-
�}������. ����� ���� ����� ���#�}�	. 

½������ ���� (Abieti-Piceetum) – ������ 
�������� �������-������	�� ���~� � ����# 
�� ������ ����� 1100  �. �. . "��� ����-
�}}�	 ���#�} ��� ���� �� ������ 
1400–1600  �. �. . 

������ �� ���� �������# ���~�#, 
��������� �� �����# 
�’������# ������#, 
������}�	�� ������
� � ����
�} ����� 

������� (Pinus cembra). �� ���
���� ����
-
���� ������ �������� 
����
��, ~� �����-
��}�	 ������ �#����� [49]. "�~� ��� ���#-
�	�� ��� ���� �������� 
�’������ ������� 
�� �������
�, ������� ����}#� ����� 
����	
�� (Pinus mugo). "��� ���� �����	�� 
�
����}�	 ���#�� ������� ��� � ���� ¬�����. 
������ ����� �������� ����� ����	
�� �����-
��
� ������	 ���	
� ������ ����� 
�������. 

��
� ������ �������� 
����
�� � ����-
��� �� ���� ��� 
������	
�� ������� ��-
����� ��
� �������, � � ��� ���������� 
�
���#��� |#����# ������ ������. 

medium fertility (Acidic Cambisols) and 
neutral rich (Eutric Cambisols).  

Within the Beskids lowmountains moist 
meso-eutrophic soil-hydrological conditions 
are dominated. A large variety of orographic 
and local climatic environmental conditions 
the local formation of a complex horizontal 
structure of forest cover are determines. 

The fir forests (Ass. Luzulo-Abietetum albae) 
are confined to the northern slopes, and beech 
(All. Fagion sylvaticae) to the south-eastern. The 
convex parts of the relief elevations are occupied 
by birch young stands and damp depressions of 
sycamore forests are occupied. 

Forest grouping of alliance Piceion abietis
is little widespread. They grow in poorer 
trophic conditions mainly in the upper parts of 
the stony mountain ranges. However in the 
past, in the lowmountains on the site of the 
former felled mixed forests (All. Fagion 
sylvaticae) artificially forest plantations of Picea 
abies were created. These forest stands were of 
high productivited, but as it turned out to be 
biologically unstabled, suffered from various 
pathologies. Now they massively dry up. 

Spruce forests (Abieti-Piceetum) are a 
typical natural altitude-azonal phenomenon in 
the mountains at altitudes above 1 100 m a.s.l.
They form the upper timber line within the 
height of 1 400–1 600 m a.s.l. 

Local in very limited areas, mainly on poor 
stony soils, occur with fir forests with an 
admixture of  stone pine (Pinus cembra). It is 
rare relict forest natural complexes which are 
subject to the complete guard [49]. Along upper 
timber line, common stony scattering and 
shrubs, or more precisely shrubs or low creeping 
forests, of the mountain pine (Pinus mugo). 
They almost entirely cover the upper parts of the 
mountains in the Gorgany range. Locally among 
the mountain pine communities some low trees 
of Swiss stone pine are grow.  

Such forest natural complexes are typical not 
only for the Carpathian part of the Dniester 
River basin, but also for the northern macro-
slope of the Eastern Carpathians in general. 

23



 


�������	������ �������� Carpathian Foothills 
����������� ���� ����������� �� ����# 

�������	
��� ��������� ���������� ������-
����� "|�����	
� ������ ������������", 
¤���#���	
��� �� ¦�#���	
��� �������� 
���������� ����������� "¤���#���	
� ������ 
������������", ��������������	
��� ������-
��� ���������� ����������� "�����	
� 
������ ������������". ��������� 
����������� 
���	 ����� ����������# ����	��# ����� 
��
����� �� ���. 2. �����	�� ������ ��������� 
� ���# ������ 250–500  �. �. . ¬������� 
����: ���-�������� ����� 
���� ����~���-
������
��� (Stagnic Fragic Albeluvisol) �����-
����� �����, ������ � ����. ����� ������-
#������� ��������� ������� �� ���
���� 
����, ��������� ��� �#������������	
�# 
����������# ����
��������# �����. 

The researches were focused on the lands 
of Morshyn Forestry of Stryj State Enterprise 
of Forestry Management, of Bolechiv and 
Rakhynya Forestry of Bolechiv State 
Enterprise of Forestry Management, of 
Dowhovoynyliv Forestry of Kalush State 
Enterprise of Forestry  Management. The 
areas of the growth sites of the studied model 
trees are shown in Figure 2. Model trees are 
selected within the altitude of 250–500 m 
�.s.l. Soil conditions: meso-eutrophic slightly 
acidic sandy-loam and loamy (Stagnic Fragic 
Albeluvisol) periodically mesophile, meso-
hygrophile and hygrophile. The climate is 
moderately cold, evenly humid with hot 
summers, typical of East-European deciduous 
broad-leaved forests. 
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������	
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������ 	������ Betula pendula Roth
�����	�� ����� ��
����� � �����, ~� 

����� �� ��������� ¤���#���	
��� ��������� 
���������� ����������� "¤���#���	
� ��-
���� ������������" �� �� �������# ������# 
ª������	
�� ��#������ ���	���� ������	
��� 
�����������	
��� ����������� �������� 
������������. �����	�� �������� ��� ������-
����� ��������� �� ���������� ��
����
� 
�������� � ����. 2 �� �� ���. 3. ������	���� 
���������� ��
����
� #��� ����� ����-
����� ��# ����� �������� �� ���. 4–6. ���-
������� ���������	 ������ ��������� ��� �# 
���~��� ��
����� �� ���. 7. 

The model cuttings were made from trees 
that grew up on the territory of Bolechiv 
Forestry of Bolechiv State Enterprise of 
Forestry Management and on the neighboring 
lands of Huziyv Technical District of the 
Dolyna Inter-Farmer Forestry Enterprise. 
General information on their geographical 
location and biometric data are given in Table 2
and in Figure 3. The generalized biometric 
parameters of the growth course of the trunks 
of these trees are shown in Figures 4–6. The 
average dependence of the trunks height on 
their thicknes is shown in Figure 7. 

 
� !"#$% 2 

Table 2 
;(&5/,*% &575)0 4575<" '()"#/(=, ?( 7(#/" *0 @575&-07'0+#,-%A )"#(D"*% 

Model trees of Betula pendula, that grew on the Carpathian Foothills 
¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 

����� 
����	��# ����� 
Numbers of model 

trees N E H A H D V 

145 49.10364 23.86344 360 78 24.5 36.8 1.03 
197 49.10094 23.82135 391 41 18.5 15.8 0.175 
198 49.10094 23.82135 391 29 14.0 18.0 0.18 
201 49.10176 23.81923 388 92 21.5 44.8 1.37 
202 49.10451 23.82610 390 50 15.0 12.8 0.12 
203 49.10453 23.82607 390 60 22.1 39.4 1.18 

 

 
 

!"#. 3. ����� �� �����
������	
�� ��������, �� ���� ����� ����	�� ������ ������ �������� 
Fig. 3. The places on the Carpathian Foothills, where model trees of Betula pendula were taken 

��	
��� 
Bolekhiv 

145
202, 203 

197, 198
201

25



����	���������� ��������                                                                           Carpathian Foothills 

 

R2 = 0.9554

¸H/A, m·yr-1 = 0.000001A3 - 0.000285A2 + 0.014323A + 0.178954

0

0.2

0.4

0.6

0 20 40 60 80 100A, years

R2 = 0.8666

 ¸H/¸A, m·yr-1  = -4E-08A4 + 1E-05A3 - 0.001A2 + 0.0283A + 0.19

0

0.2

0.4

0.6

0.8

0 20 40 60 80 100A, years

R2 = 0.9935
I

III

H, m = 8E-07A4 - 0.0002A3 + 0.009A2 + 0.2418A

0

10

20

30

0 20 40 60 80 100A, years

Value
Avg
Trend

 
 

!"#. 4. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� ������ ��������, �
� ����� 
�� �����
������	
�� ��������: "Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# 

������	; "Trend" – ����� ������; "�" � "���" – ����� 
����� �������� 
Fig. 4. The trend of growth, the current and average increments in height  of Betula pendula model trees, 
which grew on the Carpathian Foothills: "Value" – actual values; "Avg" – line of averaged actual values; 

"Trend" – trend line; "�" and "���"  – line of forest stands bonitet classes 

26



����	���������� ��������                                                                           Carpathian Foothills 

  

R2 = 0.9319

¸D/¸A, mm·yr-1 = -8E-07A4 + 0.0002A3 - 0.0227A2 + 0.8249A - 3

0

2

4

6

8

0 20 40 60 80 100A, years

R2 = 0.9943

D, mm = 0.000018A4 - 0.004112A3 + 0.280718A2 - 0.154527A - 8

0

100

200

300

400

500

0 20 40 60 80 100A, years

Value
Avg
Trend

R2 = 0.9733

¸D/A, mm·yr-1 = 0.00002x3 - 0.004538x2 + 0.312394x - 0.9

0

2

4

6

8

0 20 40 60 80 100A, years
 

  
 

!"#. 5. ¾�� �����, �������� �� �������� �������� �� ������� ����	��# �����  
������ ��������, �
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 5. Trend of growth, the current and average increments by the trunks thickness  

of Betula pendula  model trees, which grew on the Carpathian Foothills: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line
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!"#. 6. ¾�� �����, �������� �� �������� �������� �� ��’�� ��������� ����	��# �����  
������ ��������, �
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 6. Trend of growth, the current and average increments by the trunks volume of Betula pendula  

model trees, which grew on the Carpathian Foothills: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 7. ���������� ���������	 ������ ��� ���~��� ��������� ����	��# ����� ������ ��������,  
�
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  
"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 

 Fig. 7. The average dependence of the height from the thickness of the trunks of Betula pendula  
model trees, which grew on the Carpathian Foothills: "Value" – actual values;  

"Avg" – line of averaged actual values; "Trend" – trend line 
 

������ ����������� ��� ����� ����� � 
������ ���������� ��
����
� ��–��� ����-
����. � ���� 50 ��
�� �# ������ ������ 17 , � 
� 100 ��
�� ��� � ������ 24 . "���������, 
���~��� ��������� ������ 28 � � ���#� 
���	�� 42 �, � ��’� – ��������� 0,5 3  � 
���#� ���	�� ��� 1,4 3. ������	��� ���-
�������� �������� ������� � ������ ����-
����� ��# ����� ��� � ���� 15–30 ��
�� � 
�������� ��������� 0,4 ·��
-1. "���������, 
��
�� ������	��� ������� �� ���~���} 
���������, 6 ·��
-1, ������������� � ���� 
20–40 ��
��, � �� ��’�� ���������� ����-
����, ���	�� 0,02 3·��
-1, �������� � ���� 
����� 50–80 ��
��. ������� ��������� ��
�-
��� � �������� ������� �� ��� ��
����
�-
�. ����� �������� ������� �� ��’�� 
���������� �������� �������� �
����, 
0,015 3·��
-1, ���� � ���� ����� ����� 80 
��
��. ����� ���������� �������� �����-
���� �������� ��’�� ��� ��’�� ��������� 
����	��# ����� ��
����, ~� ��� ��’�� 
��������� ����� 1,0 3 ��� �� ������~�� 
2,3 %. �� #���
����� ��� ����� ������ 
�������� � ���� 80 ��
�� (���. 6 i 8). 

�������� �����	���� ��������� �����#���-
�� ��������� ���������� �������� ������# ��-
��� ������� ��� ������ �� ���~��� ��������� 
(����. 3). � ������	�� ��� ��
����
 �����-
���	 0,465. 

In general, the average growth rate of the trees 
in height was consistent with the II–III class 
bonitet. At the age of 50 years, their height reached 
17 m, and in 100 years it would have to reach  
24 m. Accordingly, the thickness of the trunks 
reached 28 cm and slightly more than 42 cm, and 
the volume – approximately 0.5 m3 and slightly 
more than 1.4 m3. The largest averaged current 
increment in height of trunks of these trees was at 
the age of 15–30 years and was approximately 
0.4 m·yr-1. Accordingly, such a large increment in 
the thickness of the trunks, 6 mm·yr-1, was obser-
ved at the age of 20–40 years, and in the volume of 
stem wood, more than 0.02 m3·yr-1, was found at 
the age of 50–80 years old trees. Similar trends 
also showed an average increment in these indica-
tors. However, the average increment in the volu-
me of trunk wood reached a maximum of 
0.015 m3 yr-1 only at the age of the trees of over 80 
years. The trend of the dependence of the percen-
tage of current volume increment from the volume 
of trunks of model trees showed that, with a vo-
lume of trunks exceeding 1.0 m3, it does not 
exceed 2.3 %. This is characteristic of Betula pen-
dula trees at the age of 80 years (Figures 6 and 8).  

The given results allowed to calculate the 
moving averaged values of the form factor
depending on the height and the thickness of 
the trunks (Table 3). On average, this index is 
0.465. 
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!"#. 8. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’�� ��������� ����	��# 
����� ������ ��������, �
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������������ ������ 
 Fig. 8. The trend of the dependence of the percentage of the current volume increment from the volume  

of Betula pendula model trees trunks, which grew up on the Carpathian Foothills:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – line of averaged trend 

� !"#$% 3 
Table 3 

$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+" % +()?"*" #+()467%) 
P(&5/,*"N &575) 4575<" '()"#/(=, L-% 7(#/" *0 @575&-07'0+#,-%A )"#(D"*%:  

"fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= +()?"*";  
"fh" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 

 The moving averaged actual value of the form factors dependence from the trunks height  
and their thickness of Betula pendula model trees, which grew on the Carpathian Foothills:  

"fd" – the moving average values of form factor of different thickness trunks;  
"fh" – the moving average values of form factor of different height trunks 

 
       H 

  D  8 10 12 14 16 18 20 22 24 fd 

8 0,562 0,528 0,502       0,555 
12 0,534 0,502 0,478 0,462 0,452     0,501 
16 0,511 0,480 0,457 0,442 0,433 0,429    0,459 
20 0,493 0,463 0,441 0,426 0,418 0,414 0,414   0,428 
24  0,451 0,430 0,415 0,407 0,403 0,403 0,405  0,405 
28   0,422 0,408 0,400 0,396 0,396 0,398 0,399 0,391 
32    0,404 0,396 0,393 0,392 0,394 0,396 0,384 
36     0,395 0,392 0,392 0,393 0,395 0,383 
40      0,394 0,394 0,395 0,397 0,387 
44       0,398 0,399 0,401 0,394 
48        0,405 0,406 0,405 
52         0,412 0,417 
fh 0,568 0,502 0,455 0,425 0,408 0,401 0,401 0,404 0,408 0,465 
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��� ������� Fagus sylvatica L. 
�����	�� ����� ��
����� � �����, ~� 

����� �� ��������� ¤���#���	
��� ��������� 
���������� ����������� "¤���#���	
� ��-
���� ������������" [20]. �����	�� �������� 
��� ����������� ������������ �� �����-
����� ��
����
� �������� � ����. 4 �� �� 
���. 9. ������	���� ���������� ��
����
� 
#��� ����� ��������� ��# ����� �������� �� 
���. 10–12. ���������� ���������	 ������ 
��������� ��� �# ���~��� ��
����� �� ���. 13. 

The model cuttings were made from trees that 
grew up on the territory of Bolechiv Forestry of 
Bolechiv State Enterprise of Forestry Mana-
gement [20]. General information on their 
geographical location and biometric data are 
given in Table 4 and in Figure 9. The generalized 
biometric parameters of the growth course of the 
trunks of these trees are shown in Figures 10–12. 
The average dependence of the trunks height on 
their thicknes is shown in Figure 13. 

 
� !"#$% 4 

Table 4 
;(&5/,*% &575)0 46-0 /%#()(U(, ?( 7(#/" *0 @575&-07'0+#,-%A )"#(D"*% 

Model trees of Fagus sylvatica, that grew on the Carpathian Foothills 
¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 

����� 
����	��# ����� 
Numbers of model 

trees N E H 
A H D V 

114 49.088932 23.762680 500 120 31 70.4 5.56 
115 49.088932 23.762680 500 119 27 73.8 4.81 
116 49.088932 23.762680 500 110 29 61.6 4.4 
133 49.088969 23.869078 387 67 25.6 22.8 0.54 
134 49.088529 23.868473 387 89 25.7 44.6 1.55 
135 49.087820 23.867196 380 64 21.4 36.4 1.0 

 

 

!"#. 9. ����� �� �����
������	
�� ��������, �� ���� ����� ����	�� ������ ��
� �������� 
Fig. 9. The places on the Carpathian Foothills, where model trees of Fagus sylvatica were taken 

 
 

133, 134, 135 
114, 115, 116 

��	
��� 
Bolekhiv 
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!"#. 10. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� ��
� ��������, �
� 
����� �� �����
������	
�� ��������: "Value" – ��
����� ��������; "Avg" – ����� ����������# 

��
�����# ������	; "Trend" – ����� ������; "�" � "���" – ����� 
����� �������� 
Fig. 10. The trend of growth, the current and average increments in height  of Fagus sylvatica model trees, 
which grew on the Carpathian Foothills: "Value" – actual values; "Avg" – line of averaged actual values; 

"Trend" – trend line; "�" and "���"  – line of forest stands bonitet classes 
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!"#. 11. ¾�� �����, �������� �� �������� �������� �� ������� ����	��# ����� ��
� ��������,  

�
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  
"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 

 Fig. 11. Trend of growth, the current and average increments by the trunks thickness  
of Fagus sylvatica model trees, which grew on the Carpathian Foothills: "Value" – actual values;  

"Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 12. ¾�� �����, �������� �� �������� �������� �� ��’�� ��������� ����	��# ����� ��
� 
��������, �
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 12. Trend of growth, the current and average increments by the trunks volume of Fagus sylvatica  

model trees, which grew on the Carpathian Foothills: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 13. ���������� ���������	 ������ ��� ���~��� ��������� ����	��# ����� ��
� ��������,  
�
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  
"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 

 Fig. 13. The average dependence of the height from the thickness of the trunks  
of Fagus sylvatica model trees, which grew on the Carpathian Foothills:  

"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 
 

������ ����������� ��� ����� ����� 
� ������ ���������� ��
����
� ��–��� ����-
����. � ���� 50 ��
�� �# ������ ������ 15 , 
� � 100 ��
�� – 26 . "���������, ���~��� 
��������� � �	�� ���� ������ ���� 20 � � 
���#� ���	�� 58 �, � ��’� – ��������� 0,2 � 
3,0 3. ������	��� ����������� �������� 
������� � ������ ��# ����� ��� � ���� 25–60 
��
�� � �������� ��������� 0,3 ·��
-1. "����-
�����, ��
�� ������	��� ������� �� ���~�-
��} ���������, ���	�� 7 ·��
-1, �����������-
�� � ���� 60–100 ��
��, � �� ��’�� �������-
��� ��������, ���	�� 0,1 3·��
-1, �������� � 
���� ����� 100–120 ��
��. ������� ��������� 
��
���� � �������� ������� �� ��� ��
��-
��
��. ����� �������� ������� �� ��’�� 
���������� �������� �������� �
����, 
0,04 3·��
-1, ���� � ���� ����� ����� 110 ��-

��. ����� ���������� �������� ��������� 
�������� ��’�� ��� ��’�� ��������� �-
���	��# ����� ��
����, ~� ��� ��’�� 
��������� 1,0 3 ��� ��������	 4 %, � ��� 
��’�� 3.0 3 – 3 %. �� #���
����� ��� 
����� ��
� �������� � ���� 70 �� 100 ��
�� 
(���. 12 � 14).  

�������� �����	���� ��������� �����#�-
���� ��������� ���������� �������� ����-
��# ����� ������� ��� ������ � ���~��� 
��������� (����. 5). � ������	�� ��� 
��
����
 ��������	 0,463. 

In general, the average growth rate of the trees 
in height was consistent with the II–III bonitet. At 
the age of 50 years, their height reached almost 
15 m, and in 100 years – 26 m. Accordingly, the 
thickness of the trunks in this age reached 20 cm 
and slightly more than 58 cm, and the volume – 
approximately 0.2 m3 and 3.0 m3. The largest ave-
raged current increment in height of these trees was 
at the age of 25–60 years and was approximately 
0.3 m·yr-1. Accordingly, such a large increment in 
the thickness of the trunks, more than 7 mm·yr-1, 
was observed at the age of 60–100 years, and in the 
volume of trunks, more than 0.1 m3·yr-1, was found 
at the age of 100–120 years old trees. Similar 
trends also showed and average increment in these 
indicators. However, the average increment in the 
volume of trunk wood reached a maximum of 
0.04 m3·yr-1 only at the age of the trees of over 
110 years. The trend of the dependence of the 
percentage of current volume increment from the 
volume of trunks of model trees showed that, with 
a volume of trunks exceeding 1.0 m3, it does not 
exceed 4 % and a volume 3.0 m3 – 3 %. This is 
characteristic of Fagus sylvatica trees at the age of 
80 years (Figures 12 and 14).  

The given results allowed to calculate the 
moving averaged values of the form factor
depending on the height and the thickness of 
the trunks (Table 5). On average, this index is 
0.463. 
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!"#. 14. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’�� ��������� ����	��# 
����� ��
� ��������, �
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������������ ������ 
 Fig. 14. The trend of the dependence of the percentage of the current volume increment from the volume  

of Fagus sylvatica model trees trunks, which grew up on the Carpathian Foothills:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – line of averaged trend 

 � !"#$% 5 
Table 5 

$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+" % +()?"*" #+()467%) 
P(&5/,*"N &575) 46-0 /%#()(U(, L-% 7(#/" *0 @575&-07'0+#,-%A )"#(D"*%:  

"fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= +()?"*";  
"fh" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 

 The moving averaged actual value of the form factors dependence from the trunks height and 
the thickness of Fagus sylvatica model trees, which grew on the Carpathian Foothills:  

"fd" – the moving average values of form factor of different thickness trunks;  
"fh" – the moving average values of form factor of different height trunks 

H 
D 8 10 12 14 16 18 20 22 24 26 28 30 32  

8 0.498 0.495 0.493 0.490          0.497 
12 0.496 0.493 0.490 0.488          0.492 
16  0.491 0.488 0.485 0.482 0.480 0.477 0.474      0.487 
20  0.488 0.485 0.483 0.480 0.477 0.475 0.472 0.469     0.482 
24   0.483 0.480 0.478 0.475 0.472 0.469 0.467 0.464    0.478 
28    0.478 0.475 0.473 0.470 0.467 0.464 0.462    0.473 
32    0.475 0.473 0.470 0.467 0.465 0.462 0.459    0.468 
36     0.470 0.468 0.465 0.462 0.460 0.457 0.454   0.463 
40     0.468 0.465 0.463 0.460 0.457 0.455 0.452   0.458 
44      0.463 0.460 0.458 0.455 0.452 0.449   0.454 
48       0.458 0.455 0.452 0.450 0.447 0.444  0.449 
52        0.453 0.450 0.447 0.445 0.442  0.444 
56         0.448 0.445 0.442 0.440 0.437 0.439 
60         0.445 0.442 0.440 0.437 0.434 0.434 
64          0.440 0.437 0.435 0.432 0.430 
68          0.438 0.435 0.432 0.430 0.425 
72          0.435 0.432 0.430 0.427 0.420 
fh 0.499 0.494 0.489 0.483 0.478 0.472 0.467 0.462 0.456 0.451 0.445 0.440 0.435 0.463 
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Typical mountain Cambisols
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Rocky slopes in the Gorgany range altimontane zone
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The biometric study of trees
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The model sections of trees
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������ ������ Alnus glutinosa (L.) Gaertn. 
�����	�� ����� ��
����� � �����, ~� 

����� �� ��������� ¤���#���	
��� ��������� 
���������� ����������� "¤���#���	
� 
������ ������������" �� �� �������# ������# 
ª������	
�� ��#������ ���	���� ������	
��� 
�����������	
��� ����������� �������� 
������������. �����	�� �������� ��� 
����������� ������������ �� ���������� 
��
����
� �������� � ����. 6 �� �� ���. 15. 
������	���� ���������� ��
����
� #��� 
����� ��������� ��# ����� �������� �� 
���. 16–18. ���������� ���������	 ������ 
��������� ��� �# ���~��� ��
����� �� ���. 19. 

The model cuttings were made from trees 
that grew up on the territory of Bolechiv 
Forestry of Bolechiv State Enterprise of 
Forestry Management and on the neighboring 
lands of Huziyv Technical District of the 
Dolyna Inter-Farmer Forestry Enterprise. 
General information on their geographical lo-
cation and biometric data are given in Table 6
and  in Figure 15. The generalized biometric 
parameters of the growth course of the trunks 
of these trees are shown in Figures 16–18. The 
average dependence of the trunks height on 
their thicknes is shown in Figure 19. 

 
� !"#$% 6 

Table 6 
;(&5/,*% &575)0 )%/,N" -/5A-(=, ?( 7(#/" *0 @575&-07'0+#,-%A )"#(D"*% 

Model trees of Alnus glutinosa that grew on the Carpathian Foothills  
¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 

����� 
����	��# ����� 
Numbers of model 

trees N E H A H D V 

130 49.10323 23.82464 385 87 20.0 44.0 1.19 
149 49.04207 23.83883 466 50 20.8 25.8 0.47 
150 49.04223 23.84044 442 87 20.2 46.2 1.24 
151 49.04240 23.84341 440 90 19.4 41.4 1.25 
156 49.12139 23.84482 370 118 25.5 42.0 1.89 
157 49.12139 23.84482 370 90 18.9 20.0 0.37 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

!"#. 15. ����� �� �����
������	
�� ��������, �� ���� ����� ����	�� ������ ���	#� 
���
�� 
Fig. 15. The places on the Carpathian Foothills, where model trees of Alnus glutinosa were taken 

��	
���
Bolekhiv

156, 157

149, 150, 151
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!"#. 16. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� ���	#� 
���
��,  
�
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������; "Avg" – ����� ����������# 

��
�����# ������	; "Trend" – ����� ������; "�" � "���" – ����� 
����� �������� 
Fig. 16. The trend of growth, the current and average increments in height  of Alnus glutinosa  

model trees, which grew on the Carpathian Foothills: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line; "�"  

and "���"  – line of forest stands bonitet classes 
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!"#. 17. ¾�� �����, �������� �� �������� �������� �� ������� ����	��# �����  
���	#� 
���
��, �
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 17. Trend of growth, the current and average increments by the trunks thickness  

of Alnus glutinosa model trees, which grew on the Carpathian Foothills: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 18. ¾�� �����, �������� �� �������� �������� �� ��’�� ��������� ����	��# �����  

���	#� 
���
��, �
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  
"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 

Fig. 18. Trend of growth, the current and average increments by the trunks volume  
of Alnus glutinosa model trees, which grew on the Carpathian Foothills:  

"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 19. ���������� ���������	 ������ ��� ���~��� ��������� ����	��# ����� ���	#� 
���
��,  
�
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������; "Avg" – ����� ����������# 

��
�����# ������	; "Trend" – ����� ������ 
 Fig. 19. The average dependence of the height from the thickness of the trunks of Alnus glutinosa  

model trees, which grew on the Carpathian Foothills: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line 

 
������ ����������� ��� ����� ����� � 

������ ���������� ��
����
� ��� ��������. 
� ���� 50 ��
�� �# ������ ������ 13 , � � 
100 ��
�� – 23 . "���������, ���~��� 
��������� � �	�� ���� ������ 22 � � ���#� 
���	�� 40 �, � ��’� – ��������� 0,3 3 � 
���#� ���	�� ��� 1,4 3. ������	��� ���-
�������� �������� ������� � ������ ��# 
����� ��� � ���� 15–30 ��
�� � �������� 
��������� 0,35 ·��
-1. "���������, ��
�� 
������	��� ������� �� ���~���} ������-
���, 6 ·��
-1, ������������� � ���� 20–40 ��-

��, � �� ��’�� ���������� ��������, 
���	�� 0,03 3·��
-1, �������� � ���� ����� 
100 ��
��. ������� ��������� ��
���� � ��-
������ ������� �� ��� ��
����
��. ����� 
�������� ������� �� ��’�� ���������� 
�������� �������� �
���� 0,017 3·��
-1  

���� � ���� ����� 110 ��
��. ����� �����-
����� �������� ��������� �������� ��’�� 
��� ��’�� ��������� ����	��# ����� ��-

����, ~� ��� ��’�� ��������� ����� 1,0 3 
��� �� ������~�� 3 %. �� #���
����� ��� 
����� ���	#� 
���
�� � ���� ����� 80 ��
�� 
(���. 18, 20).  

�������� �����	���� ��������� �����-
#����� ��������� ���������� �������� ��-

In general, the average growth rate of the trees 
in height was consistent with the III class bonitet. 
At the age of 50 years, their height reached 13 m, 
and in 100 years – 23 m. Accordingly, the 
thickness of the trunks in this age reached 22 cm 
and slightly more than 40  cm, and the volume – 
approximately 0.3 m3 and slightly more than 
1.4 m3. The largest averaged current increment in 
height of these trees was at the age of 15–30 years 
and was approximately 0.35 m·yr-1. Accordingly, 
such a large increment in the thickness of the 
trunks, 6 mm·yr-1, was observed at the age of 20–
40 years, and in the volume of trunks wood, more 
than 0.02 m3·yr-1, was found at the age of 100 years 
old of trees. Similar trends also showed an average 
increment in these indicators. However, the ave-
rage increment in the volume of trunk wood 
reached a maximum of 0.017 m3·yr-1 only at the 
age of the trees of 110 years. The trend of the 
dependence of the percentage of current volume 
increment from the volume of trunks of model 
trees showed that, with a volume of trunks excee-
ding 1.0 m3, it does not exceed 2.3 %. This is 
characteristic of Alnus glutinosa trees at the age of 
80 years (Figures 18, 20).  

The given results allowed to calculate the 
moving averaged values of the form factor
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����# ����� ������� ��� ������ �� ���~�-
�� ��������� (����. 7). � ������	�� ��� 
��
����
 ��������	 0,478. 

depending on the height and the thickness of 
the trunks (Table 7). On average, this index 
is 0.478. 
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!"#. 20. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’�� ���������  
����	��# ����� ���	#� 
���
��, �
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	;"Trend" – ����� ������������ ������ 
Fig. 20. The trend of the dependence of the percentage of the current volume increment from the volume  

of Alnus glutinosa model trees trunks, which grew up on the Carpathian Foothills:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – line of averaged trend 

 � !"#$% 7 
Table 7 

$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+" % +()?"*" #+()467%) 
P(&5/,*"N &575) )%/,N" -/5A-(=, L-% 7(#/" *0 @575&-07'0+#,-%A )"#(D"*%:   

"fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= +()?"*";  
"fh" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 

 The moving averaged actual value of the form factors dependence from the trunks height  
and their thickness of Alnus glutinosa model trees, which grew on the Carpathian Foothills:   

"fd" – the moving average values of form factor of different thickness trunks;  
"fh" – the moving average values of form factor of different height trunks 

H 
D 8 10 12 14 16 18 20 22 24 26 fd 

8 0.525           0.554
12 0.516 0.515 0.512 0.510        0.539
16 0.507 0.508 0.505 0.503 0.501 0.498     0.524
20 0.498 0.500 0.498 0.496 0.494 0.491     0.510
24  0.493 0.491 0.489 0.486 0.484 0.482    0.495
28   0.483 0.481 0.479 0.477 0.475    0.480
32   0.476 0.474 0.472 0.469 0.467 0.465   0.465
36    0.466 0.464 0.462 0.460 0.458 0.455  0.450
40     0.456 0.454 0.452 0.450 0.448  0.436
44      0.446 0.444 0.442 0.440 0.438 0.421
48       0.436 0.434 0.432 0.430 0.406
fh 0.496 0.491 0.487 0.483 0.478 0.474 0.469 0.465 0.461 0.456 0.478

46



����	���������� ��������                                                                           Carpathian Foothills 

  

�’� ����� Ulmus glabra Huds 
�����	�� ����� ��
����� � �����, ~� 

����� �� ��������� ¤���#���	
��� ��������� 
���������� ����������� "¤���#���	
� ��-
���� ������������". �����	�� �������� ��� 
����������� ������������ �� ���������� 
��
����
� �������� � ����. 8 �� �� ���. 21. 
������	���� ���������� ��
����
� #��� 
����� ��������� ��# ����� �������� �� 
���. 22–24. ���������� ���������	 ������ 
��������� ��� �# ���~��� ��
����� �� ���. 25. 

The model cuttings were made from trees that 
grew up on the territory of Bolechiv Forestry of 
Bolechiv State Enterprise of Forestry Management. 
General information on their geographical location 
and biometric data are given in Table 8 and in 
Figure 21. The generalized biometric parameters of 
the growth course of the trunks of these trees are 
shown in Figures 22–24. The average dependence 
of the trunks height on their thicknes is shown in 
Figure 25. 

 
� !"#$% 8 

Table 8 
;(&5/,*% &575)0 )’L<0 U(/(U(, ?( 7(#/" *0 @575&-07'0+#,-%A )"#(D"*% 

Model trees of Ulmus glabra, that grew on the Carpathian Foothills 
¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 

����� 
����	��# ����� 
Numbers of model 

trees N E H 
A H D V 

79 49.099128 23.875598 340 82 28.0 65.0 2.38 
146 49.099061 23.874752 358 83 30.1 66.4 4.5 
147 49.097697 23.874347 368 88 29.7 71.2 4.88 
148 49.097827 23.874991 364 65 34.0 70.8 3.59 

 

 
 

!"#. 21. ����� �� �����
������	
�� ��������, �� ���� ����� ����	�� ������ �’��� ������ 
Fig. 21. The places on the Carpathian Foothills, where model trees of Ulmus glabra were taken 

��	
��� 
Bolekhiv 

146, 147, 148

79
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!"#. 22. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� �’��� ������,  
�
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������; "Avg" – ����� ����������# 

��
�����# ������	; "Trend" – ����� ������; � � �b – ����� 
����� �������� 
Fig. 22. The trend of growth, the current and average increments in height of Ulmus glabra model trees,  
which grew on the Carpathian Foothills: "Value" – actual values; "Avg" – line of averaged actual values; 

"Trend" – trend line; � and �b – line of forest stands bonitet classes 
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!"#. 23. ¾�� �����, �������� �� �������� �������� �� ������� ����	��# ����� �’��� ������,  
�
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  
"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 

 Fig. 23. Trend of growth, the current and average increments by the trunks thickness of Ulmus glabra  
model trees, which grew on the Carpathian Foothills: "Value" – actual values;  

"Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 24. ¾�� �����, �������� �� �������� �������� �� ��’�� ��������� ����	��#  
����� �’��� ������, �
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 24. Trend of growth, the current and average increments by the trunks volume  

of Ulmus glabra model trees, which grew on the Carpathian Foothills: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 25. ���������� ���������	 ������ ��� ���~��� ��������� ����	��# ����� �’��� ������,  
�
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  
"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 

 Fig. 25. The average dependence of the height from the thickness of the trunks of Ulmus glabra  
model trees, which grew on the Carpathian Foothills: "Value" – actual values;  

"Avg" – line of averaged actual values; "Trend" – trend line 
 

������ ����������� ��� ����� ����� � 
������ ���������� ��
����
� � ��������. � 
���� 50 ��
�� �# ������ ������ 22 , � � 80 ��
�� 
��� � ������ 29 . "���������, ���~��� ����-
����� ������ 42 � � ���#� ���	�� 60 �, � 
��’� – ��������� 1,5 3  � ���� 3,5 3. ���-
���	��� ����������� �������� ������� � ��-
���� ��������� ��# ����� ��� � ���� 15–30 ��-

�� � �������� ��������� 0,5–0,6 ·��
-1. "��-
�������, ��
�� ������	��� ������� �� ���~�-
��} ���������, ���	�� 9 ·��
-1, �����������-
�� � ���� 20–60 ��
��, � �� ��’�� ���������� 
��������, ���	�� 0,08 3·��
-1, �������� � 
���� ����� 60–80 ��
��. ������� ��������� ��-

���� � �������� ������� �� ��� ��
��-
��
��. ����� �������� ������� �� ��’�� 
���������� �������� �������� �
����, 
���� 0,045 3·��
-1, ���� � ���� ����� ����� 
80 ��
��. ����� ���������� �������� �����-
���� �������� ��’�� ��� ��’�� ��������� 
����	��# ����� ��
����, ~� ��� ��’�� 
��������� ����� 1,0 3 ��� ��������	 6 %, � 
��� ��’�� 3,0 3 – 3 %. �� #���
����� ��� 
����� �’��� ������ ���������� � ���� 50 ��  
80 ��
��  (���. 26). 

�������� �����	���� ��������� �����#�-
���� ��������� ���������� �������� ����-
��# ����� ������� ��� ������ �� ���~��� 
��������� (����. 9). � ������	�� ��� 
��
����
 ��������	 0,417. 

In general, the average growth rate of the trees 
in height was consistent with the I class bonitet. At 
the age of 50 years, their height reached 22 m, and 
in 80 years – 29 m. Accordingly, the thickness of 
the trunks reached 42 cm and slightly more than 
60 cm, and the volume – approximately 1.5 m3 and 
slightly more than 3.5 m3. The largest averaged 
current increment in height of trunks of these trees 
was at the age of 15–30 years and was approxima-
tely 0.5–0.6 m·yr-1. Accordingly, such a large in-
crement in the thickness of the trunks, more than 
9 mm·yr-1, was observed at the age of 20–60 years, 
and in the volume of stem wood, more than  
0.08 m3·yr-1, was found at the age of 60–80 years 
old trees. Similar trends also showed an average 
increment in these indicators. However, the avera-
ge increment in the volume of trunk wood reached 
a maximum of 0.045 m3·yr-1 only at the age of the 
trees of over 80 years. The trend of the dependence 
of the percentage of current volume increment 
from the volume of trunks of model trees showed 
that, with a volume of trunks exceeding 1.0 m3, it 
does not exceed 6 % and a volume 3.0–3 %. This 
is characteristic of Ulmus glabra trees at the age of 
50 and 80 years (Figure 26).  

The given results allowed to calculate the 
change of averaged values of the form factor 
depending on the height and the thickness of 
the trunks (Table 9). On average, this index 
is 0.417. 
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!"#. 26. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’�� ���������  
����	��# ����� �’��� ������, �
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  

Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������������ ������ 
 Fig. 26. The trend of the dependence of the percentage of the current volume increment from the volume  
of Ulmus glabra model trees trunks, which grew up on the Carpathian Foothills: "Value" – actual values;  

"Avg" – line of averaged actual values; "Trend" – line of averaged trend 
 � !"#$% 9 

Table 9 
$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+"  

% +()?"*" #+()467%) P(&5/,*"N &575) )’L<0 U(/(U(, L-% 7(#/" *0 @575&-07'0+#,-%A 
)"#(D"*%: "fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= +()?"*";  

"fh" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 
 The moving averaged actual value of the form factors dependence from  

the trunks height and the thickness of Ulmus glabra model trees, which grew on the 
Carpathian Foothills: "fd" – thier moving average values of form factor of different thickness 

trunks; "fh" – the moving average values of form factor of different height trunks 
H 

D 8 12 16 18 20 22 24 26 28 30 32 34 fd 

8 0.522            0.548 
12 0.506 0.480           0.515 
16 0.492 0.466           0.487 
20  0.455 0.444          0.463 
24  0.445 0.434          0.443 
28   0.426 0.423         0.426 
32   0.419 0.416 0.414        0.413 
36    0.411 0.408 0.406       0.402 
40    0.406 0.404 0.401 0.399      0.393 
44     0.400 0.398 0.395 0.392     0.386 
48     0.398 0.395 0.392 0.389 0.385    0.381 
52      0.393 0.390 0.387 0.383 0.380 0.376  0.377 
56      0.391 0.389 0.386 0.382 0.378 0.375  0.374 
60       0.388 0.384 0.381 0.377 0.373 0.371 0.372 
64        0.383 0.380 0.376 0.373 0.371 0.370 
68         0.379 0.375 0.372 0.370 0.368 
72          0.375 0.371 0.369 0.367 
fh 0.498 0.447 0.425 0.420 0.415 0.410 0.404 0.398 0.390 0.382 0.375 0.371 0.417 

52



����	���������� ��������                                                                           Carpathian Foothills 

  

!��� ��������� Carpinus betulus L. 
�����	�� ����� ��
����� � �����, ~� 

����� �� ��������� ¤���#���	
��� ��������� 
���������� ����������� "¤���#���	
� ��-
���� ������������". �����	�� �������� ��� 
����������� ������������ �� ���������� 
��
����
� �������� � ����. 10 �� �� ���. 27. 
������	���� ���������� ��
����
� #��� 
����� ��������� ��# ����� �������� �� 
���. 28–30. ���������� ���������	 ������ 
��������� ��� �# ���~��� ��
����� �� ���. 31. 

The model cuttings were made from trees that 
grew up on the territory of Bolechiv Forestry of 
Bolechiv State Enterprise of Forestry Manage-
ment. General information on their geographical 
location and biometric data are given in Table 10 
and in Figure 27. The generalized biometric 
parameters of the growth course of the trunks of 
these trees are shown in Figures 28–30. The 
average dependence of the trunks height on their 
thicknes is shown in Figure 31. 

 
� !"#$% 10 

Table 10 
;(&5/,*% &575)0 U7040 <)"D0A*(U(, ?( 7(#/" *0 @575&-07'0+#,-%A )"#(D"*% 

Model trees of Carpinus betulus, that grew on the Carpathian Foothills  
¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 

����� 
����	��# ����� 
Numbers of model 

trees N E H 
A H D V 

84 49.099322 23.874918 360 69 20.4 18.0 0.25 
137 49.087776 23.867431 370 50 15.3 18.6 0.22 
138 49.087585 23.867090 375 55 19.5 16.0 0.16 
139 49.087643 23.867383 374 72 23.0 40.0 0.93 

 

 
 

!"#. 27. ����� �� �����
������	
�� ��������, �� ���� ����� ����	�� ������ ����� ���������� 
Fig. 27. The places on the Carpathian Foothills, where model trees of Carpinus betulus were taken 
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��	
��� 
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!"#. 28. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� ����� ����������,  
�
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������; "Avg" – ����� ����������# 

��
�����# ������	; "Trend" – ����� ������; "�" � "���" – ����� 
����� ��������  
Fig. 28. The trend of growth, the current and average increments in height  of Carpinus betulus model trees, 

which grew on the Carpathian Foothills: "Value" – actual values; "Avg" – line of averaged actual values; 
"Trend" – trend line; "�" and "���"  – line of forest stands bonitet classes 
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!"#. 29. ¾�� �����, �������� �� �������� �������� �� ������� ����	��# ����� ����� ����������,  
�
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������; "Avg" – ����� ����������# 

��
�����# ������	; "Trend" – ����� ������ 
Fig. 29. Trend of growth, the current and average increments by the trunks thickness of Carpinus betulus 

model trees, which grew on the Carpathian Foothills: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 30. ¾�� �����, �������� �� �������� �������� �� ��’�� ��������� ����	��# ����� ����� 
����������, �
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
Fig. 30. Trend of growth, the current and average increments by the trunks volume of Carpinus betulus  
model trees, which grew on the Carpathian Foothills: "Value" – actual values; "Avg" – line of averaged  

actual values; "Trend" – trend line 
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Giant Quercus robur trees singly grow on the Carpathian Foothills
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Giant Fagus sylvatica trees can be found on the Carpathian Foothills
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!"#. 31. ���������� ���������	 ������ ��� ���~��� ��������� ����	��# ����� ����� ����������,  
�
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  
"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 

Fig. 31. The average dependence of the height from the thickness of the trunks of Carpinus betulus  
model trees, which grew on the Carpathian Foothills: "Value" – actual values;  

"Avg" – line of averaged actual values; "Trend" – trend line 
 

������ ����������� ��� ����� ����� � 
������ ���������� ��
����
� �� ��������. � 
���� 50 ��
�� �# ������ ������ 16 , � � 70 ��-

�� – 22 . "���������, ���~��� ��������� � 
�	�� ���� ������ 21 � � ���#� ���	�� 36 �, 
� ��’� – ��������� 0,15 3  � ���#� ���	�� 
��� 0,6 3. ������	��� ����������� �����-
��� ������� � ������ ��������� ��# ����� 
��� � ���� 15–25 ��
�� � �������� ��������� 
0,4 ·��
-1. "���������, ��
�� ������	��� 
������� �� ���~���} ���������, ���	��  
4 ·��
-1, ������������� � ���� 12–75 ��
��, 
� �� ��’�� ���������� ��������, ���	�� 
0,03 3·��
-1, �������� � ���� ����� ���	�� 
70 ��
��. C������� ������� �� ��’�� ����-
������ �������� �������� �
����, 
0,012 3·��
-1, ���� � ���� ����� ����� 70 
��
��. ����� ���������� �������� �����-
���� �������� ��’�� ��� ��’�� ��������� 
����	��# ����� ��
����, ~� ��� ��’�� 
��������� 0.4–0,8 3 ��� �� ������~���� 
3 %. �� #���
����� ��� ����� ����� 
���������� � ���� ���	�� 55 ��
�� (���. 30 
� 32).  

��
� �����	���� ��������� �����#����� ��-
������� ���������� �������� ������# ����� 
������� ��� ������ �� ���~��� ��������� 
(����. 11). � ������	�� ��� ��������	 0,388. 

In general, the average growth rate of the trees 
in height was consistent with the II  bonitet. At the 
age of 50 years, their height reached 16 m, and in 
70 years – 22 m. Accordingly, the thickness of the 
trunks in this age reached 21 cm and slightly more 
than 36 cm, and the volume – approximately  
0.15 m3 and slightly more than 0.6 m3. The largest 
averaged current increment in height of trunks of 
these trees was at the age of 15–30 years and was 
approximately 0.4 m ·yr-1. Accordingly, such a 
large increment in the thickness of the trunks, 
6 mm·yr-1, was observed at the age of 12–75 
years, and in the volume of trunks, more than  
0.03 m3·yr-1, was found at the age of trees of more 
70 years old. The average increment in the volu-
me of trunk wood reached a maximum of 
0.012 m3·yr-1 only at the age of the trees of over 
70 years. The trend of the dependence of the 
percentage of current volume increment from the 
volume of trunks of model trees showed that, with 
a volume of trunks exceeding 0.4–0,8 m3, it does 
not exceed 3 %. This is characteristic of Car-
pinus betulus trees at the age of more 55 years 
(Figures 30 and 32).  

Such results allowed to calculate the moving 
averaged values of the form factor depending on 
the height and the thickness of the trunks 
(Table 11). On average, this index is 0.388. 
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!"#. 32. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’�� ���������  
����	��# ����� ����� ����������, �
� ����� �� �����
������	
�� ��������: "Value" – ��
����� 

��������; "Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������������ ������ 
 Fig. 32. The trend of the dependence of the percentage of the current volume increment from  

the volume of Carpinus betulus model trees trunks, which grew up on the Carpathian Foothills:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – line of averaged trend 

 
 � !"#$% 11 

Table 11 
$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+"  
% +()?"*" #+()467%) P(&5/,*"N &575) U7040 <)"D0A*(U(, L-% 7(#/"  

*0 @575&-07'0+#,-%A )"#(D"*%: "fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= 
+()?"*"; "fh" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 

The moving averaged actual value of the form factors dependence from the trunks height  
and their thickness of Carpinus betulus model trees, which grew on the Carpathian Foothills:  

"fd" – the moving average values of form factor of different thickness trunks;  
"fh" – the moving average values of form factor of different height trunks 

H 
D 8 10 12 14 16 18 20 22 24 26 fd 

8 0.514 0.496 0.479 0.464       0.507 
12  0.464 0.448 0.434 0.422 0.410 0.401    0.444 
16    0.411 0.399 0.388 0.379 0.371   0.398 
20     0.383 0.372 0.363 0.356   0.365 
24      0.362 0.353 0.346   0.344 
28       0.346 0.339 0.333  0.332 
32        0.336 0.330 0.326 0.326 
36         0.329 0.325 0.324 
40         0.330 0.325 0.325 
fh 0.520 0.484 0.453 0.425 0.401 0.379 0.361 0.347 0.335 0.326 0.388 
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"�� ��������� Quercus robur L. 
����������� ���� ����������� �� ��-

��# �������	
��� ��������� ���������� 
����������� "|�����	
� ������ �����-
�������" �� ¤���#���	
��� ��������� ������-
���� ����������� "¤���#���	
� ������ 
������������" [15]. �����	�� �������� ��� 
����������� ��������� �� ���������� ��-

����
� �������� � ����. 12 �� �� ���. 33. 
������	���� ���������� ��
����
� #��� 
����� ��������� ��# ����� ��
����� ��  
���. 34–36. ���������� ���������	 ������ 
��������� ��� �# ���~��� ������ �� ���. 37. 

The model cuttings were made from trees 
that grew up on the territory of Morshyn
Forestry of Stryj State Enterprise of Forestry
Management and of Bolechiv Forestry of 
Bolechiv State Enterprise of Forestry anagement
[15]. General information on their geographical 
location and biometric data are given in Table 12
and in Figure 33. The generalized biometric 
parameters of the growth course of the trunks of 
these trees are shown in Figures 34–36. The 
average dependence of the trunks height on their 
thicknes is shown in Figure 37. 

 
� !"#$% 12 

Table 12 
;(&5/,*% &575)0 &640 <)"D0A*(U(, ?( 7(#/" *0 @575&-07'0+#,-%A )"#(D"*% 

Model trees of Quercus robur that grew on the Carpathian Foothills  
¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 

����� 
����	��# ����� 
Numbers of model 

trees N E H 
A H D V 

12 49.090530 23.841097 420 162 27.6 78.6 4.93 
83 49.099322 23.874918 370 78 26.6 30.4 0.98 

119 49.102697 23.876041 350 98 22.0 55.4 1.98 
120 49.116824 23.854852 390 250 28.0 116 13.1 
131 49.105592 23.855534 390 132 22.5 100 5.13 
132 49.104225 23.847563 400 65 20.5 65.0 1.95 
152 49.098925 23.873900 391 74 26.5 73.2 3.1 

 

 
 

!"#. 33. ����� �� �����
������	
�� ��������, �� ���� ����� ����	�� ������ ���� ���������� 
Fig. 33. The places on the Carpathian Foothills, where model trees of Quercus robur were taken 
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!"#. 34. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� ���� ����������,  
�
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������; "Avg" – ����� ����������# 

��
�����# ������	; "Trend" – ����� ������; �, ��� � V – ����� 
����� �������� 
Fig. 34. The trend of growth, the current and average increments in height  of Quercus robur model trees, 
which grew on the Carpathian Foothills: "Value" – actual values; "Avg" – line of averaged actual values; 

"Trend" – trend line; �, ��� and V– line of forest stands bonitet classes 
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!"#. 35. ¾�� �����, �������� �� �������� �������� �� ������� ����	��# ����� ���� ����������,  
�
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  
"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 

Fig. 35. Trend of growth, the current and average increments by the trunks thickness  
of Quercus robur model trees, which grew on the Carpathian Foothills:  

"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 36. ¾�� �����, �������� �� �������� �������� �� ��’�� ��������� ����	��# ����� ���� 
����������, �
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 36. Trend of growth, the current and average increments by the trunks volume of Quercus robur  

model trees, which grew on the Carpathian Foothills: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line 

64



����	���������� ��������                                                                           Carpathian Foothills 

  

 

R2 = 0.9739

H, m  = 2E-05D3 - 0.0046D2 + 0.5601D + 1.3

0

10

20

30

0 20 40 60 80 100 120D, cm

Value
Avg
Trend

,

 
 
 

!"#. 37. ���������� ���������	 ������ ��� ���~��� ��������� ����	��# ����� ���� ����������,  
�
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������; "Avg" – ����� ����������# 

��
�����# ������	; "Trend" – ����� ������ 
Fig. 37. The average dependence of the height from the thickness of the trunks of Quercus robur  

model trees, which grew on the Carpathian Foothills: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line 

 
������ ����������� ��� ����� ����� � 

������ ���������� ��
����
� IV–��� ����-
����. � ���� 50 ��
�� �# ������ ������ 12 , 
� � 100 ��
�� – 21 . "���������, ���~��� 
��������� � �	�� ���� ������ 25 � � ���#� 
���	�� 50 �, � ��’� – ��������� 0,5 3  � 
���� 2 3. ������	��� ����������� ��-
������ ������� � ������ ��������� ��# 
����� ��� � ���� �� 25 ��
�� � �������� 
��������� 0,3 ·��
-1 � ������ ����� ������ 
��������} �� 0,15 ·��
-1 � ���� ����� 100 ��-

��, � � ���� 200 ��
�� – 0,03 ·��
-1. "����-
�����, ������	��� ������� �� ���~���} 
���������, 8 ·��
-1, ������������� � ���� 
55–60 ��
��, � �� ��’�� ���������� ����-
����, ���	�� 0,1 3·��
-1, �������� � ���� 
����� 200 ��
��. ������� ��������� ��
���� � 
�������� ������� �� ��� ��
����
��. ���-
��  �������� ������� �� ��’�� ���������� 
�������� ������ �
����, 0,04 3·��
-1, 
��
�� � ���� ����� ����� 200 ��
��. ����� ��-
�������� �������� ��������� �������� 
��’�� ��� ��’�� ��������� ����	��# ����� 
��
����, ~� ��� ��’�� ��������� ����� 
2,0 3 ��� ��������	 2,0–0,8 %. �� #���
���-
�� ��� ����� ���� ���������� � ���� ����� 
100 ��
�� (���. 36 � 38). �������� �����	���� 
��������� �����#����� ��������� ���������� 

In general, the average growth rate of the trees 
in height was consistent with the IV–III bonitet. 
At the age of 50 years, their height reached 12 m, 
and in 100 years – 21 m. Accordingly, the 
thickness of the trunks in this age reached 25 cm 
and slightly more than 50 cm, and the volume – 
approximately 0.5 m3 and almost 2 m3. The 
largest average current increment in the height of 
the trunks of these trees was at the age of 25 years 
and was approximately 0.3 m·yr-1, and has 
continued to decline to a value of 0.15 m·yr-1 at 
the age of trees is 100 years old, and at an age 200 
years – 0.03 m·yr-1. Accordingly, such a large 
increment in the thickness of the trunks, 8 mm·yr-1, 
was observed at the age of 55–60 years, and in the 
volume of trunks wood, more than 0.1 m3·yr-1, 
was found at the age of trees 200 years old. 
Similar trends also showed an average increment 
in these indicators. However, the average 
increment in the volume of trunk wood reached a 
maximum of 0.04 m3·yr-1 also at the age of the 
trees over 200 years. The trend of the dependence 
of the percentage of current volume increment 
from the volume of trunks of model trees showed, 
that in the volume of the trunks more than 2,0 m3 
it is 2,0–0,8 %. This is typical for Quercus robur 
trees in the age of over 100 years (Figures 36  
and 38). The given results allowed to calculate the 
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�������� ������# ����� ������� ��� ������ � 
���~��� ��������� (����. 13). � ������	�� 
��� ��
����
 ��������	 0,450. 

moving averaged values of the form factor 
depending on the height and the thickness of the 
trunks (Table 13). On average, this index is 0.450.
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!"#. 38. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’�� ��������� ����	��# 
����� ���� ����������, �
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������������ ������ 
 Fig. 38. The trend of the dependence of the percentage of the current volume increment from the volume  
of Quercus robur model trees trunks, which grew up on the Carpathian Foothills: "Value" – actual values; 

"Avg" – line of averaged actual values; "Trend" – line of averaged trend 
 

� !"#$% 13 
Table 13 

$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+"  
% +()?"*" #+()467%) P(&5/,*"N &575) &640 <)"D0A*(U(, L-% 7(#/" *0  

@575&-07'0+#,-%A )"#(D"*%: "fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= 
+()?"*"; "fh" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 

 The moving averaged actual value of the form factors dependence from the trunks height 
and their thickness of Quercus robur model trees, which grew on the Carpathian Foothills:  

"fd" – the moving average values of form factor of different thickness trunks;  
"fh" – the moving average values of form factor of different height trunks 

H 
D 8 10 12 14 16 18 20 22 24 26 28 30  

8 0.720 0.665           0.756 
12 0.690 0.637 0.596          0.695 
16 0.663 0.612 0.572 0.543         0.641 
20 0.637 0.589 0.550 0.522 0.504 0.493 0.489      0.593 
24  0.567 0.530 0.503 0.485 0.476 0.472 0.472     0.551 
28   0.512 0.486 0.469 0.459 0.456 0.456 0.457    0.514 
32   0.496 0.471 0.454 0.445 0.442 0.441 0.443 0.443   0.483 
36   0.482 0.458 0.441 0.432 0.429 0.429 0.430 0.431   0.456 
40   0.470 0.446 0.430 0.422 0.418 0.418 0.419 0.420   0.433 
44   0.460 0.436 0.421 0.412 0.409 0.409 0.410 0.411   0.414 
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'(=>=?@IJJ% + !"#$* 13 
Continuation of Table 13 

H 
D 8 10 12 14 16 18 20 22 24 26 28 30  

48   0.451 0.428 0.413 0.405 0.401 0.401 0.403 0.403   0.399 
52    0.422 0.407 0.399 0.395 0.395 0.397 0.397   0.387 
56     0.402 0.394 0.391 0.391 0.392 0.392   0.378 
60     0.399 0.391 0.387 0.387 0.389 0.389   0.372 
64     0.397 0.388 0.385 0.385 0.386 0.387   0.368 
68     0.395 0.387 0.384 0.384 0.385 0.386   0.366 
72     0.395 0.387 0.384 0.384 0.385 0.386   0.365 
76     0.396 0.388 0.385 0.385 0.386 0.386 0.384  0.366 
80      0.389 0.386 0.386 0.387 0.387 0.385  0.369 
84      0.391 0.388 0.388 0.389 0.389 0.387  0.372 
88       0.390 0.390 0.391 0.391 0.389  0.376 
92       0.392 0.392 0.393 0.394 0.391  0.381 
96       0.395 0.395 0.396 0.396 0.394  0.386 
100        0.397 0.398 0.399 0.396  0.390 
104          0.401 0.399  0.395 
108           0.401  0.400 
112           0.403 0.396 0.404 
116            0.397 0.407 
fh 0.685 0.584 0.510 0.460 0.428 0.410 0.404 0.404 0.406 0.407 0.402 0.387 0.450 
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"�� ���������, ����	����  
�� ��	���� ���� #����$� 

Quercus robur tree that was dig out from 
the floodplain of the Limnytsya River

|������ ��
������ ���� ���������� 
���� �������� ����
� 2005 �. ��� �����} 
�����} ����������} ������} ��
� ��-
����, ~� � �����} �������} �����
�} ��
� 
������� �� �����
������� (��� 
������� 
����� �. "������, ������ 250  �. �. ). 
�����	�� �������� ��� ����������� �����-
������� �� ���������� ��
����
� ����-
���� � ����. 14 �� �� ���. 39. ������	���� 
���������� ��
����
� #��� ����� ������-
��� ��# ����� �������� �� ���. 40–42.  

The fossil trunk of Quercus robur tree was 
found in the summer 2005 under the right first 
terrace obove watercourse of the Limnytsya 
River, which is a powerful right the tributary 
of the Dniester River in the Carpathian region 
(three kilometers below the village of Vistova, 
250 m a.s.l.). General information on their geo-
graphical location and biometric data are given 
in Table 14 and in Figure 39. The generalized 
biometric parameters of the growth course of the 
trunks of these trees are shown in Figures 40–42. 

 
� !"#$% 14 

Table 14 
;(&5/,*5 &575)( )"-('*(U( &640 <)"D0A*(U(, <*0A&5*5  
) <0'/0)% 7%-" X%P*"Y% *0 @575&-07'0+#,-%A )"#(D"*% 

Model tree of Quercus robur that was found in the floodplain  
of the Limnytsya River on the Carpathian Foothills 

¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 
���� 

����	���� ������ 
Number of model tree N E H A H D V 

60 49.04401° 4.48607° 250 197 21 50 2.0 
 

 

!"#. 39. ����� �� �����
������	
�� ��������, �� �������� ��
���� ����	�� ������ ���� ����������, 
�
� ���� ��#����� � ���
���� ������� 

Fig. 39. The place on the Carpathian Foothills, where was found fossil model trees of Quercus robur,  
which was buried in the river floodplain 
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!"#. 40. ¾�� �����, �������� �� �������� �������� � ������ ��
������ ����	���� ������  
���� ����������, ~� ���� �������� � ���
���� ������� �� �����
������	
�� ��������:  

"Value" – ��
����� ��������; V � Va – ����� 
����� ��������; "Trend" – ����� ������ 
 Fig. 40. The trend of growth, the current and average increments in height of fossil model tree  

of Quercus robur, which was buried in the river floodplain on the Carpathian Foothills:  
"Value" – actual values; "Trend" – trend line; V and Va  – line of forest stands bonitet classes  
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!"#. 41. ¾�� �����, �������� �� �������� �������� �� ������� ��
������ ����	���� ������  
���� ����������, ~� ���� �������� � ���
���� ������� �� �����
������	
�� ��������:  

"Value" – ��
����� ��������; "Trend" – ����� ������ 
 Fig. 41. Trend of growth, the current and average increments by the trunks thickness of fossil model tree  

of Quercus robur, which was buried in the river floodplain on the Carpathian Foothills:  
"Value" – actual values; "Trend" – trend line 
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¸V/¸A, m3·yr-1 = 2E-12A5 - 8E-10A4 + 1E-07A3 - 4E-06A2 + 5E-05A

0

0.005

0.01

0.015

0.02

0.025

0 25 50 75 100 125 150 175 200A, years

R2 = 0.9949

V, m3 = 7E-05A2 - 0.0028A

0

0.5

1

1.5

2

2.5

0 25 50 75 100 125 150 175 200A, years

Value

Trend

R2 = 0,887

¸V/A, m3·yr-1 = 2E-12A5 - 8E-10A4 + 1E-07A3 - 4E-06A2 + 5E-05A

0

0.005

0.01

0.015

0 25 50 75 100 125 150 175 200A, years
 

 

!"#. 42. ¾�� �����, �������� �� �������� �������� �� ��’�� ��
������ ����	���� ������  
���� ����������, ~� ���� �������� � ���
���� ������� �� �����
������	
�� ��������:  

"Value" – ��
����� ��������; "Trend" – ����� ������ 
 Fig. 42. Trend of growth, the current and average increments by the trunks volume of fossil model  

tree of Quercus robur, which was buried in the river floodplain on the Carpathian Foothills:  
"Value" – actual values; "Trend" – trend line 
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|������ ������� �������
 ����� ��
� �� 
����� ����. |
������� ��� � ���# ������. 
¦�������������� ��
 �������	��� ���� 
�������� �������� ���� ����������� � 
��������� ���#��� � ����
� �������� �¢� 
�
�����. "�� ��������	 1480±50 ��
��  
(�Á – 12708). �� ��� ����� �������, ~� 
��� ������� ��������� � 520 �. �. �.  

������ ����������� ��� ����� �	��� 
������ � ������ ���������� ��
����
�  
V–Va ��������. � ���� 50 ��
�� ���� ������ 
������ 4 , � � 100 ��
�� – 12 . "����-
�����, ���~��� �������� � �	�� ���� 
������ 12 � � 27 �, � ��’� – ��������� 
0,4 3 � ���� ������ 100 ��
��. � ���� 
197 ��
�� ��’� �������� ����� 2 3. 
|������� � �������� �������� �� ������}, 
������� �� ��’�� ��
������ ����, 
�
�� ��� � ������ ��� 340 �� 520 ��
� �. �., 
��� ������, ������ ����� �� ��������-
����}, ��� �������# �����. 

�����	�� ��������� ��� �� ����	�� 
������ ������ � ����� ������ [65]. 

The trunk was located across the river bed at 
the water level. It consisted of two parts. The 
radiocarbon age of the outer layer of wood was 
established at the Institute of Geochemistry and 
Mineral Physics of the National Academy of 
Sciences of Ukraine. It is 1 480 ± 50 years (KÁ –
12 708). It gives the right to assume that the oak 
perished approximately in 520 AD.  

In general, the average growth rate of the tree 
in height was consistent with the V–Va bonitet. 
At the age of 50 years, their height reached 4 m, 
and in 100 years – 12 m. Accordingly, the 
thickness of the trunk in this age reached 12 cm 
and 27 cm, and the volume – approximately 
0.4 m3 in the age of the tree of 100 years old. At 
the age of 197 years, the volume of the trunk 
reached 2 m3. That medium and current 
increments after a height, diameter and volume 
of fossil oak, which grew in a period from 340 
to 520 year A.D. was twice, three times smaller 
than the intensity of the modern trees.  

Detailed information about this model tree is 
given in our article [65]. 
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%��$ ���� Abies alba Mill
����������� ���� ����������� �� ����# 

¤���#���	
��� �� ¦�#���	
��� �������� ���-
������� ����������� "¤���#���	
� ������ 
������������", ��������������	
��� ������-
��� ���������� ����������� "�����	
� ����-
�� ������������" � ��������	
��� ��������� 
���������� ����������� "�������	
� ����-
�� ������������". �����	�� �������� ��� 
����������� ������������ �� ��������� 
��
����
� �������� � ����. 15 �� �� ���. 43. 
������	���� ���������� ��
����
� #��� ����� 
��������� ��# ����� ��
����� �� ���. 44–46. 

The model cuttings were made from trees that 
grew up on the territory of Bolechiv Forestry 
and Rachynia Forestry of Bolechiv State 
Enterprise of Forestry Management, of  Dovhyi 
Voinyliv Forestry of Kalush State Enterprise of 
Forestry Management and Krasne Forestry of 
Osmoloda State Enterprise of Forestry Mana-
gement. General information on their geogra-
phical location and biometric data are given in 
Table 15 and in Figure 43. The generalized 
biometric parameters of the growth course of the 
trunks of these trees are shown in Figures 44–46.

 
� !"#$% 15 

Table 15 
;(&5/,*% &575)0 L/"Y% 4%/(=, ?( 7(#/" *0 @575&-07'0+#,-%A )"#(D"*% 

Model trees of Abies alba that grew on the Carpathian Foothills  
¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 

����� 
����	��# ����� 
Numbers of model 

trees N E H 
A H D V 

57 49.177148 24.328462 350 122 34.2 82.6 6.9 
59 49.177148 24.328462 350 73 22.7 17.4 0.27 
61 49.177148 24.328462 350 73 30.25 35.0 1.71 
73 48.861757 24.249462 445 108 41.0 87.0 8.68 

153 49.033118 24.010184 425 74 30.0 65.0 4.2 
154 49.033118 24.010184 425 70 29.0 41.0 1.86 
155 49.033118 24.010184 425 70 19.0 20.0 0.29 
174 48.947926 24.021735 437 65 16.0 17.6 0.23 
175 48.947926 24.021735 437 136 42.0 91.0 9.4 

 
 
 
 
 

 
 

 
 
 
 
 
\ 
 

!"#. 43. ����� �� �����
������	
�� ��������, �� ���� ����� ����	�� ������ ����� ����� 
Fig. 43. The places on the Carpathian Foothills, where model trees of Abies alba were taken 
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!"#. 44. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� ����� �����,  
�
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������; "Avg" – ����� ����������# 

��
�����# ������	; "Trend" – ����� ������; "�" � "���" – ����� 
����� �������� 
Fig. 44. The trend of growth, the current and average increments in height  of Abies alba model trees,  

which grew on the Carpathian Foothills: "Value" – actual values; "Avg" – line of averaged actual values; 
"Trend" – trend line; "�" and "���"  – line of forest stands bonitet classes 
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Giant Ulmus glabra trees rarely grow on the Carpathian Foothills
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Secondary Betula pendula stands growing on the Carpathian Foothills
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!"#. 45. ¾�� �����, �������� �� �������� �������� �� ������� ����	��# ����� ����� �����,  
�
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  
"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 

 Fig. 45. Trend of growth, the current and average increments by the trunks thickness  
of Abies alba model trees, which grew on the Carpathian Foothills: "Value" – actual values;  

"Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 46. ¾�� �����, �������� �� �������� �������� �� ��’�� ��������� ����	��# ����� ����� �����, 
�
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  
"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 

 Fig. 46. Trend of growth, the current and average increments by the trunks volume of Abies alba  
model trees, which grew on the Carpathian Foothills: "Value" – actual values;  

"Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 47. ���������� ���������	 ������ ��� ���~��� ��������� ����	��# ����� ����� �����,  
�
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  
"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 

 Fig. 47. The average dependence of the height from the thickness of the trunks of Abies alba  
model trees, which grew on the Carpathian Foothills: "Value" – actual values;  

"Avg" – line of averaged actual values; "Trend" – trend line 
 

������ ����������� ��� ����� ����� � 
������ ���������� ��
����
� ���–�a ��������. 
� ���� 50 ��
�� �# ������ ������ 15 , � � 100 
��
�� – 33 . "���������, ���~��� ��������� � 
�	�� ���� ������ 17 � � ���� 60 �, � 
��’� – ��������� 0,5 3  � ���#� ���� ���  
4 3. ������	��� ����������� �������� ���-
���� � ������ ��������� ��# ����� ��� � ���� 
35–65 ��
�� � �������� ��������� 0,4 ·��
-1. 
"���������, ��
�� ������	��� ������� �� ���-
~���} ���������, ���	�� 9 ·��
-1, ��������-
����� � ���� ����� 100 ��
��, � �� ��’�� 
���������� ��������, ���	�� 0,16 3·��
-1, 
�������� � ���� ����� ����� 120 ��
��. ��-
����� ��������� ��
���� � �������� ������� �� 
��� ��
����
��. ����� �������� ������� �� 
��’�� ���������� �������� ������ �
��-
��, 0,06 3·��
-1, ���� � ���� ����� ����� 
120 ��
��. ����� ���������� �������� �����-
���� �������� ��’�� ��� ��’�� ��������� 
����	��# ����� ��
����, ~� ��� ��’�� 
��������� 1,0 3 ��� �������� 5%. �� #�-
��
����� ��� ����� ����� ����� � ���� 75 ��
��. 
����� ��� ��'�� 5 3 ��� �������� 3 %, � ��� 
9 3 – 1,5 % (���. 46 �� 48). 

�������� �����	���� ��������� �����#�-
���� ��������� ���������� �������� ����-

In general, the average growth rate of the trees 
in height was consistent with the !–�a class 
bonitet. At the age of 50 years, their height reached 
15 m, and in 100 years – 33 m. Accordingly, the 
thickness of the trunks reached 17 cm and almost 
60 cm, and the volume – approximately 0.5 m3 
and slightly less than 4 m3. The largest averaged 
current increment in height of trunks of these trees 
was at the age of 35–65 years and was approxima-
tely 0.4 m·yr-1. Accordingly, such a large incre-
ment in the thickness of the trunks, more 9 mm·yr-1 
was observed at the age more than of 100 years, 
and in the volume of trunk wood, more than 
0.16 m3·yr-1, was found at the trees age more 120 
years old. Similar trends also showed an average 
increment in these indicators. However, the avera-
ge increment in the volume of trunk wood reached 
a maximum of 0.06 m3·yr-1 only at the age of the 
trees over 120 years. The trend of the dependence 
of the percentage of current volume increment 
from the volume of trunks of model trees showed, 
that at the volume of trunks 1.0 m3 it was 5 %. 
This is characteristic of Abies alba trees at the age 
of 75 years. However, at a volume of 5 m3 it was 
3 %, and at 9 m3 it was 1.5 % (Figures 46 and 48). 

The given results allowed to calculate the 
moving averaged values of the form factor
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��# ����� ������� ��� ������ �� ���~��� 
��������� (����. 16). � ������	�� ��� 
��
����
 ��������	 0,446. 

depending on the height and the thickness of 
the trunks (Table 16). On average, this index 
is 0.446. 
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!"#. 48. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’�� ��������� ����	��# 
����� ����� �����, �
� ����� �� �����
������	
�� ��������: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������������ ������ 
Fig. 48. The trend of the dependence of the percentage of the current volume increment from the volume  

of Abies alba model trees trunks, which grew up on the Carpathian Foothills: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – line of averaged trend 

 
� !"#$% 16 

Table 16 
$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+" % +()?"*" #+()467%) 

P(&5/,*"N &575) L/"Y% 4%/(=, L-% 7(#/" *0 @575&-07'0+#,-%A )"#(D"*%:  
"fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= +()?"*";  

"fh" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 
 The moving averaged actual value of the form factors dependence from the trunks height  

and their thickness of Abies alba model trees, which grew on the Carpathian Foothills:  
"fd" – the moving average values of form factor of different thickness trunks;  

"fh" – the moving average values of form factor of different height trunks 
H 

D 8 12 16 20 24 28 30 32 34 36 38 40 42 fd 

12 0.549 0.509 0.509           0.550 
16  0.499 0.499 0.507          0.528 
20   0.489 0.497          0.508 
24   0.481 0.489 0.490         0.492 
28   0.474 0.482 0.483 0.472        0.478 
32    0.476 0.476 0.466 0.457       0.465 
36    0.470 0.471 0.461 0.452       0.454 
40    0.465 0.466 0.456 0.447 0.437      0.445 
44     0.461 0.451 0.443 0.433      0.436 
48     0.457 0.447 0.439 0.429 0.418     0.428 
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'(=>=?@IJJ% + !"#$* 16 
Continuation of Table 16 

H 
D 8 12 16 20 24 28 30 32 34 36 38 40 42 fd 

52     0.453 0.443 0.435 0.425 0.415     0.420
56      0.439 0.431 0.421 0.411 0.401    0.413
60      0.436 0.427 0.418 0.408 0.398    0.406
64       0.424 0.414 0.404 0.395 0.386   0.400
68       0.420 0.411 0.401 0.391 0.383   0.393
72        0.408 0.398 0.388 0.380   0.387
76        0.404 0.395 0.385 0.377 0.371  0.380
80         0.391 0.382 0.374 0.368  0.374
84         0.388 0.379 0.371 0.365 0.361 0.369
88            0.362 0.359 0.364
fh 0.549 0.472 0.471 0.487 0.488 0.467 0.450 0.430 0.409 0.390 0.373 0.361 0.354 0.446
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&��������’  
'������ �������� 

Lowmountains  
of the Eastern Beskids 

����������� ��������� �� ��������� ��-
�����	
��� �� |�
��	�	
��� �������� ������-
���� ����������� "¤���#���	
� ������ �����-
�������", ª��������	
��� ��������� ������-
���� ����������� "|����	
� ������ �����-
�������", |����	�	
��� ��������� ���������� 
����������� ""�����	
� ������ ����������-
��", |���	
��� ��������� ���������� ������-
����� "¤�������	
� ������ ������������", 
�������	
��� �� ��������	
��� �������� 
���������� ����������� "�������	
� ��-
���� ������������". ��������� 
����������� 
���	 ����� ����������# ����	��# ����� ��-

����� �� ���. 49. �����	�� ������ ��������� � 
���# ������ 450–1180  �. �. . |#��� 
�����# �
��������, 
�������} 10–30°. ¬������� 
����: ���-�������� �� �������� �����
���� 
������
��� ������
�'������ (Leptic Cambisols, 
Eutric Cambisols) ���������� �����, ������ � 
����. ����� ������-#������� ���������-
������� �� ���
���� ����, ����������� 
��� ����� ����	
�# �����# ������������# 
�������-��
���# �����. 

The researches were focused on the lands 
of Polianytsia and Sukil' Forestry of Bolechiv
State Enterprise of Forestry Management, of 
Grebeniv Forestry of Slavske State Enterprise 
of Forestry Management, of Sobol' Forestry
of Vygoda State Enterprise of Forestry
Management, of Spas Forestry of Broshniv
State Enterprise of Forestry Management, of 
Osmoloda and Pereginsk Forestry of Osmo-
loda State Enterprise of Forestry Manage-
ment. The areas of the growth sites of the 
studied model trees are shown in Figure 49. 
Model trees are selected within the altitude of 
450–1 180 m �.s.l. The slopes of different 
exposures, steep 10–30°. Soil conditions: 
meso-eutrophic and eutrophic slightly acidic 
sandy-loam and loamy petty-rocky (Leptic 
Cambisols, Eutric Cambisols) periodically 
mesophile, meso-hygrophile and hygrophile.
The climate is moderately cold, evenly humid 
with hot summers, what is contributory with 
grow mountain mixed multi-species fir-beech 
forests. 

 
 

 
 

!"#. 49. ����� � ���	
����’� |#����# ¤��
����, �� ���� ����� ����	�� ������ 
Fig. 49. The location on the lowmountains of the Eastern Beskids, where model trees were taken 
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��� ������� Fagus sylvatica L. 
����������� ���� ����������� �� ����# 

�������	
��� ��������� ���������� ����-
������� "¤���#���	
� ������ ������������" 
� ��������	
��� �� |���
���	
��� �������� 
���������� ����������� "�������	
� 
������ ������������". �����	�� �������� ��� 
����������� ������������ �� ���������� 
��
����
� �������� � ����. 17 �� �� ���. 50. 
������	���� ���������� ��
����
� #��� 
����� ��������� ��# ����� �������� �� ���. 
51–53. ���������� ���������	 ������ ����-
����� ��� �# ���~��� ��
����� �� ���. 54. 

The model cuttings were made from trees that 
grew up on the territory of Polyanytsya Forestry 
of Bolechiv State Enterprise of Forestry Mana-
gement and Perehinsk Forestry and Slywky 
Forestry of Osmoloda State Enterprise of Forestry 
Management. General information on their 
geographical location and biometric data are gi-
ven in Table 17 and in Figure 50. The generalized 
biometric parameters of the growth course of the 
trunks of these trees are shown in Figures 51–53. 
The average dependence of the trunks height on 
their thicknes is shown in Figure 54. 

� !"#$% 17 
Table 17 

;(&5/,*% &575)0 46-0 /%#()(U(, ?( 7(#/" 6 *"<,-(U%7’= \N%&*"N ]5#-"&%) 
Model trees of Fagus sylvatica that grew on the Lowmountains of the Eastern Beskids 

¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 
����� 

����	��# ����� 
Numbers of model 

trees N E H 
A H D V 

31 49.01778 23.73518 600 31 33.5 37.6 1.49 
42 49.01396 23.72881 630 42 35.1 29.6 1.15 
43 49.01477 23.73930 680 43 33.2 31.2 1.22 
77 48.74618 24.23025 640 77 26.4 53.0 2.53 

111 48.77147 24.16520 820 111 27.5 49.8 2.48 
113 48.76773 24.17031 700 113 22.0 51.4 2.03 
126 49.00452 23.65209 786 126 35.4 57.0 4.59 
127 49.00487 23.65213 786 127 37.5 37.6 1.79 
128 49.00534 23.65278 786 128 36.8 52.0 2.67 
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!"#. 50. ����� � ���	
����’� |#����# ¤��
����, �� ���� ����� ����	�� ������ ��
� �������� 
Fig. 50. The places in the lowmountains of the Eastern Beskids, where model trees of Fagus sylvatica were taken 
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!"#. 51. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� ��
� ��������,  
�
� ����� � ���	
����’� |#����# ¤��
����: "Value" – ��
����� ��������; "Avg" – ����� ����������# 

��
�����# ������	; "Trend" – ����� ������; "�" � "���" – ����� 
����� �������� 
Fig. 51. The trend of growth, the current and average increments in height  of Fagus sylvatica model trees, 
which grew in the lowmountains of the Eastern Beskids: "Value" – actual values; "Avg" – line of averaged 

actual values; "Trend" – trend line; "�" and "���"  – line of forest stands bonitet classes 
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!"#. 52. ¾�� �����, �������� �� �������� �������� �� ������� ����	��# ����� ��
� ��������,  
�
� ����� � ���	
����’� |#����# ¤��
����: "Value" – ��
����� ��������; "Avg" – ����� ����������# 

��
�����# ������	; "Trend" – ����� ������ 
 Fig. 52. Trend of growth, the current and average increments by the trunks thickness of Fagus sylvatica  

model trees, which grew in the lowmountains of the Eastern Beskids: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line 
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R2 = 0,9494
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!"#. 53. ¾�� �����, �������� �� �������� �������� �� ��’�� ��������� ����	��# ����� ��
� 
��������, �
� ����� � ���	
����’� |#����# ¤��
����: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 53. Trend of growth, the current and average increments by the trunks volume of Fagus sylvatica  

model trees, which grew in the lowmountains of the Eastern Beskids: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 54. ���������� ���������	 ������ ��� ���~��� ��������� ����	��# ����� ��
� ��������,  
�
� ����� � ���	
����’� |#����# ¤��
����: "Value" – ��
����� ��������;  
"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 

 Fig. 54. The average dependence of the height from the thickness of the trunks of Fagus sylvatica model  
trees, which grew in the lowmountains of the Eastern Beskids: "Value" – actual values;  

"Avg" – line of averaged actual values; "Trend" – trend line 
 

������ ����������� ��� ����� ����� � 
������ ���������� ��
����
� I��–I ����-
����. � ���� 50 ��
�� �# ������ ������ 14 , 
� � 100 ��
�� – 29 . "���������, ���~��� 
��������� � �	�� ���� ������ 27 � � ���#� 
���	�� 35 �, � ��’� – ��������� 0,3 3  � 
���#� ���	�� ��� 1,3 3. ������	��� ���-
�������� �������� ������� � ������ ����-
����� ��# ����� ��� � ���� 35–60 ��
�� � 
�������� ��������� 0,35 ·��
-1. "�������-
��, ��
�� ������	��� ������� �� ���~�-
��} ���������, 4 ·��
-1, ������������� � 
���� 40–70 ��
��, � �� ��’�� ���������� 
��������, ���	�� 0,04 3·��
-1, �������� � 
���� ����� ����� 120 ��
��. ������� ���-
������ ��
���� � �������� ������� �� ��� 
��
����
��. C������� ������� �� ��’�� 
���������� �������� ������ �
����, 
0,02 3·��
-1, ���� � ���� ����� ����� 125 
��
��. ����� ���������� �������� �����-
���� �������� ��’�� ��� ��’�� ��������� 
����	��# ����� ��
����, ~� ��� ��’�� 
��������� ����� 1 3 ��� �� ������~�� 
2 %. �� #���
����� ��� ����� ��
� ����-
���� � ���� 90 ��
�� (���. 53 �� 55). 

�������� �����	���� ��������� �����#�-
���� ��������� ���������� �������� ������# 

In general, the average growth rate of the trees 
in height was consistent with the III–II bonitet. At 
the age of 50 years, their height reached 14 m, and 
in 100–29 m. Accordingly, the thickness of the 
trunks reached 27 cm and slightly more than 
35 cm, and the volume – approximately 0.3 m3

and slightly more than 1.3 m3. The largest 
averaged current increment in height of trunks 
of these trees was at the age of 35–60 years and 
was approximately 0.35 m··yr-1. Accordingly, such 
a large increment in the thickness of the trunks,  
4 mm·yr-1, was observed at the age of 40–70 years, 
and in the volume of trunks wood, more than 
0.04 m3·yr-1, was found at the age of trees over 
120 years old. Similar trends also showed an 
average increment in these indicators. However, 
the average increment in the volume of trunk 
wood reached a maximum of 0.02 m3·yr-1 only at 
the age of the trees over 125 years. The trend of 
the dependence of the percentage of current 
volume increment from the volume of trunks of 
model trees showed that, with a volume of trunks 
exceeding 1 m3, it does not exceed 2 %. This is 
characteristic of Fagus sylvatica trees at the age of 
90 years (Figure 53, 55). 

The given results allowed to calculate the 
moving averaged values of the form factor
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����� ������� ��� ������ �� ���~��� ����-
����� (����. 18). � ������	�� ��� ��
��-
��
 ��������	 0,431. 

depending on the height and the thickness of 
the trunks (Table 18). On average, this index 
is 0.431. 
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!"#. 55. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’�� ��������� ����	��# 
����� ��
� ��������, �
� ����� � ���	
����’� |#����# ¤��
����: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������������ ������ 
 Fig. 55. The trend of the dependence of the percentage of the current volume increment from the volume  

of Fagus sylvatica model trees trunks, which grew up on the Carpathian Foothills:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – line of averaged trend 

 � !"#$% 18 
Table 18 

$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+" % +()?"*" #+()467%) 
P(&5/,*"N &575) 46-0 /%#()(U(, L-% 7(#/" 6 *"<,-(U%7’= \N%&*"N ]5#-"&%):  

"fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= +()?"*";  
"fh" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 

 The moving averaged actual value of the form factors dependence from the trunks height  
and their thickness of Fagus sylvatica model trees, which grew in the lowmountains  

of the Eastern Beskids:  "fd" – the moving average values of form factor of different thickness 
trunks; "fh" – the moving average values of form factor of different height trunks 

H 
D 8 12 16 20 22 24 26 28 30 32 34 36 38 Fd 

8 0.561 0.538 0.522 0.510 0.503          
12 0.545 0.523 0.507 0.496 0.490 0.486 0.484 0.484       
16 0.532 0.511 0.495 0.485 0.478 0.474 0.473 0.472 0.473      
20 0.521 0.500 0.485 0.475 0.468 0.465 0.463 0.463 0.463 0.463 0.462 0.460   
24 0.512 0.492 0.477 0.466 0.460 0.457 0.455 0.455 0.455 0.455 0.454 0.452 0.450  
28     0.454 0.450 0.449 0.448 0.448 0.448 0.448 0.446 0.443 0.440 
32      0.445 0.444 0.443 0.443 0.443 0.443 0.441 0.439 0.435 
36       0.440 0.440 0.440 0.440 0.439 0.437 0.435 0.431 
40        0.437 0.437 0.437 0.436 0.435 0.432 0.429 
44         0.435 0.435 0.434 0.433 0.430 0.427 
48           0.433 0.432 0.429 0.426 
52             0.429 0.425 
56              0.425 
fh 0.569 0.524 0.492 0.471 0.459 0.452 0.449 0.448 0.448 0.448 0.447 0.444 0.439 0.431 
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%���� ����	������ 

'��	������� 	����� 
�� ����-�����*��� +������ 

Picea abies (L.) Karst. 

Fast growing trees 
on meso-eutrophic soils 

����������� ���� ����������� �� ����# 
�������	
��� ��������� ���������� ����-
������� "¤���#���	
� ������ ������������", 
|����	�
��� �� !�����
���	
��� ��������� 
���������� ����������� ""�����	
� ������ 
������������" �� |���
���	
��� ��������� 
���������� ����������� "�������	
� 
������ ������������". �����	�� �������� ��� 
����������� ������������ �� ���������� 
��
����
� �������� � ����. 19 �� �� ���. 56. 
�� ������ ����� �� ���-��������# ������#. 
������	���� ���������� ��
����
� #��� 
����� ��������� ��# ����� �������� �� ���. 
57–59. ���������� ���������	 ������ ����-
����� ��� �# ���~��� ��
����� �� ���. 60. 

The model cuttings were made from trees that 
grew up on the territory of Polyanytsya Forestry 
of Bolechiv State Enterprise of Forestry Mana-
gement of Sobol' Forestry and Shevchenkove 
Forestry of Vygoda State Enterprise of Forestry 
Management and Perehinsk  and Slywky 
Forestry of Osmoloda State Enterprise of Fores-
try Management. General information on their 
geographical location and biometric data are 
given in Table 19 and in Figure 56. These trees 
grew on meso-eutrophic soils. The generalized 
biometric parameters of the growth course of the 
trunks of these trees are shown in Figures 57–59. 
The average dependence of the trunks height on 
their thicknes is shown in Figure 60. 

 
� !"#$% 19 

Table 19 
;(&5/,*% &575)0 L/"*" `)7('5A#,-(=, ?( j)"&-( 7(#/"  

*0 P5<(-5)+7(q*"N z76*+0N 6 *"<,-(U%7’= \N%&*"N ]5#-"&%) 
Model trees of Picea abies that fast grew on meso-eutrophic soils  

in the lowmountains of the Eastern Beskids 
¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 
����� 

����	��# ����� 
Numbers of model trees N E H A H D V 

3 48.82452 23.81077 650 93 33.0 67.0 4.54 
75 48.74669 24.22798 600 77 31.6 58.0 3.29 
125 49.01120 23.63461 781 72 28.5 38.6 1.46 
177 49.00344 23.66669 679 112 42.0 61.0 5.1 
178 48.87834 23.69646 680 116 46.0 75.2 8.15 

  

125 
177 

��	
��� 
Bolekhiv

������ 
Vyhoda 

3 

178 

�
�
������
 
Perehins'ke 

75
 

!"#. 56. ����� � ���	
����’� |#����# ¤��
����, �� ���� ����� ����	�� ������ ����� ��������	
��,  
�
� ����
� ����� �� ���-��������# ������# 

Fig. 56. The places in the lowmountains of the Eastern Beskids, where model trees of Picea abies  
were taken, which fast grew on meso-eutrophic soils  
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!"#. 57. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� ����� ��������	
��,  
�
� ����
� ����� �� ���-��������# ������# � ���	
����’� |#����# ¤��
����: 
 "Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# ������	;  

"Trend" – ����� ������; "�" � "���" – ����� 
����� �������� 
Fig. 57. The trend of growth, the current and average increments in height  of Picea abies model trees, which 

fast grew on meso-eutrophic soils in the lowmountains of the Eastern Beskids: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line; "�" and "���"  – line of forest stands bonitet classes 
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!"#. 58. ¾�� �����, �������� �� �������� �������� �� ������� ����	��# ����� ����� ��������	
��, 

�
� ����
� ����� �� ���-��������# ������# � ���	
����’� |#����# ¤��
����:  
"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 

 Fig. 58. Trend of growth, the current and average increments by the trunks thickness of Picea abies  
model trees, which fast grew on meso-eutrophic soils in the lowmountains of the Eastern Beskids::  

"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 59. ¾�� �����, �������� �� �������� �������� �� ��’�� ��������� ����	��# ����� ����� 
��������	
��, �
� ����
� ����� �� ���-��������# ������# � ���	
����’� |#����# ¤��
����:  

"Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 

 Fig. 59. Trend of growth, the current and average increments by the trunks volume of Picea abies  
model trees, which fast grew on meso-eutrophic soils in the lowmountains of the Eastern Beskids:  

"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 
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Old growth beech forest grows in the lowmountains of the Eastern Beskids
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Fir-beech virgin forest, which grows in the lowmountains of the Eastern Beskids
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!"#. 60. ���������� ���������	 ������ ��� ���~��� ��������� ����	��# ����� ����� ��������	
��, 
�
� ����
� ����� �� ���-��������# ������# � ���	
����’� |#����# ¤��
����:  

"Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 60. The average dependence of the height from the thickness of the trunks of Picea abies model trees, 

which fast grew on meso-eutrophic soils in the lowmountains of the Eastern Beskids:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 

 
������ ����������� ��� ����� ����� � 

������ ���������� ��
����
� �a–Ic ����-
����. � ���� 50 ��
�� �# ������ ������ 25 , 
� � 100 ��
�� – 42 . "���������, ���~��� 
��������� ������ � �	�� ���� 38 � � ���#� 
���	�� 60 �, � ��’� – ��������� 1,3 3 � 
���� 6 3. ������	��� ����������� 
�������� ������� � ������ ��������� ��# 
����� ��� � ���� 20–50 ��
�� � �������� 
���	�� 0,5 ·��
-1. "���������, ��
�� ���-
���	��� ������� �� ���~���} ���������, 
���	�� 8 ·��
-1, ������������� ��
�� � 
���� 20–50 ��
��, � �� ��’�� ���������� 
��������, ���	�� 0,07 3·��
-1, �������� � 
���� ����� ����� 60 ��
��. ������� ������-
��� ��
���� � �������� ������� �� ��� 
��
����
��. ����� �������� ������� �� 
��’�� ���������� �������� �������� 
�
����, ����� 0,05 3·��
-1, ��
�� � ��-
�� ����� ����� 80 ��
��. ����� ���������� 
�������� ��������� �������� ��’�� ��� 
��’�� ��������� ����	��# ����� ��
����, 
~� ��� ��’�� ��������� ����� 1 3 ��� �� 
������~�� 6%, � ��� 5 3 – 2 %. �� #�-
��
����� ��� ����� ����� � ���� 40–90 ��-

�� (���. 59 �� 61). 

�������� �����	���� ��������� �����#�-
���� ��������� ���������� �������� ������# 
����� ������� ��� ������ � ���~��� ����-
����� (����. 20). � ������	�� ��� ��
����
 
��������	 0,458. 

In general, the average growth rate of the trees 
in height was consistent with the �a–Ic bonitet. At 
the age of 50 years, their height reached 25 m, 
and in 100 years – 42 m. Accordingly, the thick-
ness of the trunks in this age reached 38 cm and 
slightly more than 60 cm, and the volume – appro-
ximately 1.3 m3 and almost 6 m3. The largest 
averaged current increment in height of trunks of 
these trees was at the age of 20–50 years and 
amounted to more than 0.5 m·yr-1. Accordingly, 
such a large increment in the thickness of the 
trunks, more than 8 mm·yr-1, was observed also at 
the age of 20–50 years, and in the volume of 
trunks wood, more than 0.07 m3·yr-1, was found at 
the age of trees of more than 60 years old. Similar 
trends also showed an average increment in these 
indicators. However, the average increment in the 
volume of trunk wood reached a maximum of 
0.05 m3·yr-1 also at the age of the trees over  
80 years. The trend of the dependence of the 
percentage of current volume increment from the 
volume of trunks of model trees showed, that at 
volume of trunks more than 1 m3 he does not 
exceed 6 %, and at 5 m3 – 2 %. This is typical for 
Picea abies trees in the age of 40–90 years 
(Figures 59 and 61). 

The given results allowed to calculate the 
moving averaged values of the form factor
depending on the height and the thickness of the 
trunks (Table 20). On average, this index is 
0.458. 
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!"#. 61. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’�� ��������� ����	��# 
����� ����� ��������	
��, �
� ����
� ����� �� ���-��������# ������#  

� ���	
����’� |#����# ¤��
����: "Value" – ��
����� ��������;  
"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������������ ������ 

Fig. 61. The trend of the dependence of the percentage of the current volume increment from the volume  
of Picea abies model trees trunks, which fast grew on meso-eutrophic soils in the lowmountains of the Eastern 

Beskids: "Value" – actual values; "Avg" – line of averaged actual values;"Trend" – line of averaged trend 
 

 � !"#$% 20 
Table 20 

$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+"  
% +()?"*" #+()467%) P(&5/,*"N &575) L/"*" `)7('5A#,-(=, L-% j)"&-( 7(#/"  

*0 P5<(-5)+7(q*"N z76*+0N 6 *"<,-(U%7’= \N%&*"N ]5#-"&%): 
"fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= +()?"*";  

"fh" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 
 The moving averaged actual value of the form factors dependence from the trunks height 
and their thickness of Picea abies  model trees, which grew on the Carpathian Foothills: 

"fd" – the moving average values of form factor of different thickness trunks;  
"fh" – the moving average values of form factor of different height trunks 

H 
D 8 12 16 20 24 26 28 30 32 34 36 38 fd 

8 0.561 0.522 0.503          0.553
12 0.545 0.507 0.490 0.484         0.523
16 0.532 0.495 0.478 0.473 0.473        0.498
20 0.521 0.485 0.468 0.463 0.463 0.463 0.462 0.460     0.478
24 0.512 0.477 0.460 0.455 0.455 0.455 0.454 0.452 0.450    0.461
28   0.454 0.449 0.448 0.448 0.448 0.446 0.443 0.440 0.435  0.448
32    0.444 0.443 0.443 0.443 0.441 0.439 0.435 0.430  0.439
36    0.440 0.440 0.440 0.439 0.437 0.435 0.431 0.427 0.421 0.431
40     0.437 0.437 0.436 0.435 0.432 0.429 0.424 0.419 0.426
44     0.435 0.435 0.434 0.433 0.430 0.427 0.422 0.417 0.422
48       0.433 0.432 0.429 0.426 0.421 0.416 0.420
52         0.429 0.425 0.421 0.415 0.419
56          0.425 0.420 0.415 0.419
fh 0.569 0.492 0.459 0.449 0.448 0.448 0.447 0.444 0.439 0.431 0.422 0.412 0.458
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������������� 	�����  
�� �����-�������*��� +������ 

Slow growing trees  
on oligo-mesotrophic soils 

����������� ���� ����������� �� ����# 
ª��������	
��� ��������� ���������� ����-
������� "|
�����	
� ������ ������������" 
�� |����	�
��� ��������� ���������� ����-
������� ""�����	
� ������ ������������". 
�����	�� �������� ��� ����������� �������-
�� �� ���������� ��
����
� �������� � 
����. 21 �� �� ���. 62. ������	���� ��������-
�� ��
����
� #��� ����� ��������� ��# ����� 
�������� �� ���. 63–64. ���������� �����-
����	 ������ ��������� ��� �# ���~��� 
��
����� �� ���. 65. 

The model cuttings were made from trees that 
grew up on the territory of Hrebeniv Forestry of 
Skole State Enterprise of Forestry Management  
and of Sobol' Forestry of Vygoda State 
Enterprise of Forestry Management. General 
information on their geographical location and 
biometric data are given in Table 21 and in 
Figure 62. The generalized biometric parameters 
of the growth course of the trunks of these trees 
are shown in Figures 63–64. The average 
dependence of the trunks height on their thicknes 
is shown in Figure 65. 

� !"#$% 21 
Table 21 

;(&5/,*% &575)0 L/"*" `)7('5A#,-(=, ?( '()%/,*( 7(#/"  
*0 (/%U(-P5<(+7(q*"N z76*+0N 6 *"<,-(U%7’= \N%&*"N ]5#-"&%) 

Model trees of Picea abies that grew slow on oligo-mesotrophic soils  
in the lowmountains of the Eastern Beskids 

¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 
����� 

����	��# ����� 
Numbers of model 

trees N E H 
A H D V 

163 48.83618 23.60835 920 74 28 42.6 1.86 
172 48.83618 23.60835 930 75 25 19.8 0.41 
206 48.96341 23.56182 1180 101 29.1 62.4 4.18 
207 48.96341 23.56182 1180 102 24 44.6 1.86 
210 48.96341 23.56182 1180 101 23.2 31 0.72 

 

 
 

!"#. 62. ����� � ���	
����’� |#����# ¤��
����, �� ���� ����� ����	�� ������ ����� ��������	
��,  
�
� �����	�� ����� �� �����-���������# ������# 

Fig. 62. The places in the lowmountains of the Eastern Beskids, where model trees of Picea abies were taken, 
which grew slow on oligo-mesotrophic soils 

���	

Skole 

��
!
��� 
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�	������ 
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��	
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!"#. 63. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� ����� ��������	
��,  
�
� �����	�� ����� �� �����-���������# ������# � ���	
����’� |#����# ¤��
����:  

"Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# ������	;  
"Trend" – ����� ������ ;"�" � "���" – ����� 
����� �������� 

Fig. 63. The trend of growth, the current and average increments in height  of Picea abies model trees,  
which grew slow on oligo-mesotrophic  soils in the lowmountains of the Eastern Beskids:  

"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line;  
"�" and "���"  – line of forest stands bonitet classes 
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!"#. 64. ¾�� �����, �������� �� �������� �������� �� ������� ����	��# ����� ����� ��������	
��, 
�
� �����	�� ����� �� �����-���������# ������# � ���	
����’� |#����# ¤��
����: "Avg" – ����� 

����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 64. Trend of growth, the current and average increments by the trunks thickness  

of Picea abies model trees, which grew slow on oligo-mesotrophic  soils in the lowmountains  
of the Eastern Beskids:: "Value" – actual values; "Avg" – line of averaged actual values;  

"Trend" – trend line 

99



%��������’
 &��	��� �����	��                                           Lowmountains of the Eastern Beskids 

  

 

R2 = 0,9972

V, m3 = -3E-07A3 + 0.0002A2 - 0.0021A

0

1

2

3

0 20 40 60 80 100 120A, years

Value
Avg
Trend

R2 = 0,9657

¸V/A, m3·yr-1  = 4E-09A4 - 8E-07A3 + 5E-05A2 - 0.0004A

0

0.02

0.04

0.06

0 20 40 60 80 100 120A, years

R2 = 0,9995

¸V/A, m3·yr-1 = -1E-13A6 + 5E-11A5 - 5E-09A4 + 1E-07A3 + 7E-06A2 - 7E-05x

0

0.01

0.02

0.03

0 20 40 60 80 100 120A, years
 

 
!"#. 65. ¾�� �����, �������� �� �������� �������� �� ��’�� ��������� ����	��# ����� ����� 
��������	
��, �
� �����	�� ����� �� �����-���������# ������# � ���	
����’� |#����# ¤��
����: 

"Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 65. Trend of growth, the current and average increments by the trunks volume of Picea abies  

model trees, which grew slow on oligo-mesotrophic  soils in the lowmountains of the Eastern Beskids:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 66. ���������� ���������	 ������ ��� ���~��� ��������� ����	��# ����� ����� ��������	
��, 
�
� �����	�� ����� �� �����-���������# ������# � ���	
����’� |#����# ¤��
����:  

"Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
Fig. 66. The average dependence of the height from the thickness of the trunks of Picea abies model trees, 

which grew slow on oligo-mesotrophic  soils in the lowmountains of the Eastern Beskids:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 

 
������ ����������� ��� ����� ����� � 

������ ���������� ��
����
� ��–��� ��-
������. � ���� 50 ��
�� �# ������ ������ 18 , 
� � 100 ��
�� – 24 . "���������, � �	�� ���� 
���~��� ��������� ������ 24 � � ���#� 
���	�� 44 �, � ��’� – ��������� 0,5 3 � 
���� 2 3. ������	��� ����������� �����-
��� ������� � ������ ��������� ��# ����� 
��� � ���� 15–30 ��
�� � �������� ��������� 
0,4 ·��
-1. "���������, ��
�� ������	��� 
������� �� ���~���} ���������, ���	�� ��� 
6 ·��
-1, ������������� � ���� 15–30 ��
��, � 
�� ��’�� ���������� ��������, ���	��  
0,04 3·��
-1, �������� � ���� ����� �����  
90 ��
��. ������� ��������� ��
���� � �����-
��� ������� �� ��� ��
����
��. ����� 
�������� ������� �� ��’�� ���������� ��-
������ ������ �
����, 0,02 3·��
-1, 
���� � ���� ����� ����� 100 ��
��. ����� 
���������� �������� ��������� �������� 
��’�� ��� ��’�� ��������� ����	��# ��-
��� ��
����, ~� ��� ��’�� ��������� ����� 
1,0 3 ��� �� ������~�� 2,3 %. �� #���
���-
�� ��� ����� ����� ��������	
�� � ���� 
����� 70 ��
�� (���. 65 �� 67). 

�������� �����	���� ��������� �����#�-
���� ��������� ���������� �������� ������# 
����� ������� ��� ������ �� ���~��� ����-
����� (����. 22). � ������	�� ��� ��
����
 
��������	 0,474. 

In general, the average growth rate of the trees 
in height was consistent with the II–III class 
bonitet. At the age of 50 years, their height rea-
ched 18 m, and in 100 years – 24 m. Accordingly, 
at this age, the thickness of the trunks reached  
24 cm and slightly more than 44 cm, and the 
volume - approximately 0.5 m3 and almost 2 m3. 
The largest averaged current increment in height 
of trunks of these trees was at the age of 15–30 
years and was approximately 0.4 m·yr-1. Accor-
dingly, such a large increment in the thickness of 
the trunks, more than 6 mm·yr-1, was observed at 
the age of 15–30 years, and in the volume of 
trunks wood, more than 0.04 m3·yr-1, was found at 
the age of trees over 90 years. Similar trends also 
showed an average increment in these indicators. 
However, the average increment in the volume of 
trunk wood reached a maximum of 0.015 m3·yr-1 
only at the age of the trees over 80 years. The 
trend of the dependence of the percentage of 
current volume increment from the volume of 
trunks of model trees showed that, with a volume 
of trunks exceeding 1.0 m3, it does not exceed 
2.3 %. This is characteristic of Picea abies trees at 
the age over 70 years (Figures 65 and 67). 

The given results allowed to calculate the 
moving averaged values of the form factor
depending on the height and the thickness of the 
trunks (Table 22). On average, this index is 
0.474. 
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!"#. 67. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’�� ��������� ����	��# 
����� ����� ��������	
��, �
� �����	�� ����� �� �����-���������# ������# � ���	
����’� |#����# 

¤��
����: "Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# ������	; 
"Trend" – ����� ������������ ������ 

 Fig. 67. The trend of the dependence of the percentage of the current volume increment from the volume  
of Picea abies model trees trunks, which grew slow on oligo-mesotrophic  soils in the lowmountains of the 

Eastern Beskids: "Value" – actual values; "Avg" – line of averaged actual values;  
"Trend" – line of averaged trend 

 

 � !"#$% 22 
Table 22 

$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+" % +()?"*" 
#+()467%) P(&5/,*"N &575) L/"*" `)7('5A#,-(=, L-% '()%/,*( 7(#/"  

*0 (/%U(-P5<(+7(q*"N z76*+0N 6 *"<,-(U%7’= \N%&*"N ]5#-"&%):  
"fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= +()?"*";  

"fh" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 
 The moving averaged actual value of the form factors dependence from the trunks height 

and the thickness of Picea abies model trees, which grew on the Carpathian Foothills:  
"fd" – the moving average values of form factor of different thickness trunks;  

"fh" – the moving average values of form factor of different height trunks 
H 

D 8 10 12 14 16 18 20 22 24 26 28 30 fd 

12 0.521 0.507 0.501          0.542
16 0.498 0.484 0.479 0.479         0.495
20  0.474 0.468 0.468 0.472        0.473
24   0.466 0.466 0.470 0.474 0.477 0.478     0.469
28   0.469 0.469 0.472 0.477 0.480 0.480 0.475    0.474
32    0.474 0.477 0.482 0.485 0.485 0.480 0.467   0.484
36       0.478 0.482 0.486 0.490 0.490 0.485 0.472 0.448   0.493
40         0.484 0.489 0.492 0.493 0.487 0.474 0.450 0.411 0.499
44          0.489 0.492 0.492 0.487 0.474 0.450 0.410 0.498
48            0.489 0.489 0.484 0.471 0.447 0.407 0.491
52              0.482 0.477 0.464 0.441 0.402 0.478
56                0.468 0.455 0.432 0.394 0.460
60                  0.446 0.423 0.386 0.441
64                 0.415 0.379 0.424
fh 0.500 0.474 0.463 0.464 0.470 0.479 0.486 0.487 0.476 0.451 0.407 0.338 0.474
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%��$ ���� Abies alba Mill. 
����������� ���� ����������� �� ����# 

|�
��	�	
��� �� �������	
��� ��������� 
���������� ����������� "¤���#���	
� ��-
���� ������������", |����	�	
��� �� !�����-

���	
��� �������� ���������� ������-
����� ""�����	
� ������ ������������", 
|���	
��� ��������� ���������� ������-
����� "¤�������	
� ������ ������������" � 
��������	
��� �� |���
���	
��� �������� 
���������� ����������� "�������	
� ��-
���� ������������". �����	�� �������� ��� 
����������� ������������ �� ���������� 
��
����
� �������� � ����. 23 �� �� ���. 68. 
������	���� ���������� ��
����
� #��� 
����� ��������� ��# ����� �������� �� ���. 
69–71. ���������� ���������	 ������ ����-
����� ��� �# ���~��� ��
����� �� ���. 72. 

The model cuttings were made from trees 
that grew up on the territory of Polyanytsya 
Forestry of Bolechiv State Enterprise of Fo-
restry Management, of Sobol' Forestry and 
Shevchenkove Forestry of Vygoda State En-
terprise of Forestry Management, of Spas Fo-
restry of Broshniv State Enterprise of Forestry
Management and Perehinsk Forestry and 
Slywky Forestry of Osmoloda State Enterprise 
of Forestry Management. General information 
on their geographical location and biometric 
data are given in Table 23 and in Figure 68. 
The generalized biometric parameters of the 
growth course of the trunks of these trees are 
shown in Figures 69–71. The average depen-
dence of the trunks height on their thicknes is 
shown in Figure 72. 

 
� !"#$% 23 

Table 23 
;(&5/,*% &575)0 L/"Y% 4%/(=, ?( 7(#/" *0 @575&-07'0+#,-%A )"#(D"*% 

Model trees of Abies alba that grew on the Carpathian Foothills  

¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 

����� 
����	��# ����� 
Numbers of model 

trees N E H 
A H D V 

4 48.82452 23.810770 650 114 30.0 73.8 4.04 
17 48.84972 24.04772 450 140 37.5 65 5.39 
76 48.74618 24.23025 640 203 38.0 77 6.5 
80 49.01660 23.74194 690 123 38.5 79.8 8 
108 48.77075 24.16426 830 109 34.9 46.2 3.203 
109 48.77107 24.16439 830 113 32.8 44.6 2.5 
123 49.00692 23.65644 780 194 40.0 70.6 6.07 
180 48.87880 23.69525 730 158 33.0 49.2 3.02 
181 48.87880 23.69525 730 203 35.0 63.0 5.68 
183 48.84439 23.63558 810 140 35.0 63.2 5.48 
217 48.97654 23.60549 850 175 33,5 45,6 2,65 

 
������ ����������� ��� ����� ����� � 

������ ���������� ��
����
� ��I–I ������-
��. � ���� 50 ��
�� �# ������ ������ ���� 
10 , � 100 ��
�� – 20 , � � 200 ��
�� – 38 . 
"���������, ���~��� ��������� � �	�� ��-
�� ������ 20, 31 � 63 �, � ��’� – �������-
�� 0,5, 1,2, 5,4 3. 

In general, the average growth rate of the 
trees in height was consistent with the II�–I 
bonitet. At the age of 50 years, their height 
reached only 10 m, in 100 years – 20 m, and in 
200 years – 38 m. Accordingly, the thickness of 
the trunks at this age reached 20, 31 and 63 cm, 
and the volume – about 0.5 , 1.2, 5.4 m3. 
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������	��� ����������� �������� 
������� � ������ ��������� ��# ����� ��� 
� ���� 80–160 ��
�� � �������� ��������� 
0,25 ·��
-1. "���������, ��
�� ������	��� 
������� �� ���~���} ���������, ���	�� 
4 ·��
-1, ������������� � ���� 80–200 ��-

��, � �� ��’�� ���������� ��������,  
0,07–0,1 3·��
-1, �������� � ���� ����� 160–
200 ��
��. ������� ��������� ��
���� � �����-
��� ������� �� ��� ��
����
��. ����� ��-
������ ������� �� ��’�� ���������� ����-
���� �������� �
���� 0,025 3·��
-1 ���� 
� ���� ����� ����� 190 ��
��. 

����� ���������� �������� ��������� 
�������� ��’�� ��� ��’�� ��������� �-
���	��# ����� ��
����, ~� ��� ��’�� ����-
����� ����� 1 3 ��� �� ������~�� 3,5 %, � 
��� ��’��  4 3 – 2 %. �� #���
����� ��� 
����� ����� ����� � ���� 90  �� 170 ��
�� 
(���. 71 �� 73). 

The largest averaged current increment in 
height of trunks of these trees was at the age of 
80–160 years and was approximately 0.25 m ·yr-1. 
Accordingly, such a large increment in the 
thickness of the trunks, more than 4 mm·yr-1, 
was observed at the age of 80-200 years, and in 
the volume of trunks wood,  0,07–0.1 m3·yr-1, 
was found at the age of the trees 160–200 years.
Similar trends also showed an average incre-
ment in these indicators. However, the average 
increment in the volume of trunk wood 
reached a maximum of 0.025 m3·yr-1 only at 
the age of the trees over 190 years. 

The trend of the dependence of the 
percentage of current volume increment from 
the volume of trunks of model trees showed 
that, with a volume of trunks exceeding 1 m3, 
it does not exceed 3.5 %, and at a volume of 
4 m3 – 2 %. This is typical of Abies alba tre-
es at the ge of 90 and 170 years (Figures 71 
and 73). 

 

 
 

!"#. 68. ����� � ���	
����’� |#����# ¤��
����, �� ���� ����� ����	�� ������ ����� ����� 
Fig. 68. The places in the lowmountains of the Eastern Beskids, where model trees of Abies alba were taken  

17 

��	
���
Bolekhiv 

������
Vyhoda 

�
�
������

Perehins'ke 

123

80

217 

180, 181

183
4

108, 109 76 

104



%��������’
 &��	��� �����	��                                           Lowmountains of the Eastern Beskids 

  

 

R2 = 0.9727

I

III

H, m = 0.1911A

0

10

20

30

40

50

0 40 80 120 160 200 240A, years

Value
Avg
Trend

R2 = 0.8483

¸H/A, m·yr-1 = 7E-08A3 - 3E-05A2 + 0.0036A + 0.0758

0

0.1

0.2

0.3

0 40 80 120 160 200 240A, years

R2 = 0.2951

 ¸H/¸A, m·yr-1 = -2E-09A3 - 1E-05A2 + 0.0032A + 0.1

0

0.1

0.2

0.3

0.4

0.5

0 40 80 120 160 200 240A, years

 
 
 

!"#. 69. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� ����� �����, �
� �����  
� ���	
����’� |#����# ¤��
����: "Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# 

������	; "Trend" – ����� ������; "�" � "���" – ����� 
����� �������� 
Fig. 69. The trend of growth, the current and average increments in height  of Abies alba model trees,  

which grew in the lowmountains of the Eastern Beskids: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line;  

"�" and "���"  – line of forest stands bonitet classes 
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!"#. 70. ¾�� �����, �������� �� �������� �������� �� ������� ����	��# ����� ����� �����, �
� ����� 
� ���	
����’� |#����# ¤��
����: "Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 

 Fig. 70. Trend of growth, the current and average increments by the trunks thickness of Abies alba  
model trees, which grew in the lowmountains of the Eastern Beskids:: "Value" – actual values;  

"Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 71. ¾�� �����, �������� �� �������� �������� �� ��’�� ��������� ����	��# �����  
����� �����, �
� ����� � ���	
����’� |#����# ¤��
����: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
Fig. 71. Trend of growth, the current and average increments by the trunks volume  
of Abies alba model trees, which grew in the lowmountains of the Eastern Beskids:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 72. ���������� ���������	 ������ ��� ���~��� ��������� ����	��# ����� ����� �����,  

�
� ����� � ���	
����’� |#����# ¤��
����: "Value" – ��
����� ��������;  
"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 

 Fig. 72. The average dependence of the height from the thickness of the trunks of Abies alba model trees, 
which grew in the lowmountains of the Eastern Beskids: "Value" – actual values;  

"Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 73. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’�� ��������� ����	��# 
����� ����� �����, �
� ����� � ���	
����’� |#����# ¤��
����: "Value" – ��
����� ��������;   

"Avg" – ����� ����������# ��
�����# ������	;"Trend" – ����� ������������ ������ 
 Fig. 73. The trend of the dependence of the percentage of the current volume increment from the volume  

of Abies alba model trees trunks, which grew in the lowmountains of the Eastern Beskids:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – line of averaged trend 

 
�������� �����	���� ��������� �����#�-

���� ��������� ���������� �������� ������# 
����� ������� ��� ������ � ���~��� ����-
����� (����. 24). � ������	�� ��� ��
����
 
��������	 0,491. 

The given results allowed to calculate the 
moving averaged values of the form factor
depending on the height and the thickness of the 
trunks (Table 24). On average, this index is 
0.491. 
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� !"#$% 24 
Table 24 

$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+" % +()?"*" 
#+()467%) P(&5/,*"N &575) L/"Y% 4%/(=, L-% 7(#/" 6 *"<,-(U%7’= \N%&*"N ]5#-"&%):  

"fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= +()?"*";  
"fh" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 

The moving averaged actual value of the form factors dependence from  
the trunks height and their thickness of Abies alba  model trees,  

which grew in the lowmountains of the Eastern Beskids:  
"fd" – the moving average values of form factor of different thickness trunks;  

"fh" – the moving average values of form factor of different height trunks 
H 

D 8 12 16 20 24 26 28 30 32 34 36 38 40 fd 

8 0.626             0.623
12 0.615 0.572            0.601
16 0.604 0.562 0.537           0.580
20 0.594 0.553 0.528 0.516          0.561
24  0.544 0.519 0.507 0.503         0.543
28  0.535 0.511 0.499 0.496 0.496        0.526
32   0.504 0.492 0.488 0.488 0.489       0.510
36   0.497 0.485 0.481 0.481 0.482 0.483      0.496
40   0.490 0.479 0.475 0.475 0.476 0.477 0.478     0.483
44   0.484 0.473 0.469 0.469 0.470 0.471 0.472 0.473    0.471
48   0.479 0.467 0.464 0.464 0.465 0.466 0.467 0.468 0.468   0.461
52     0.459 0.459 0.460 0.461 0.462 0.463 0.464 0.464 0.463 0.451
56     0.455 0.455 0.456 0.457 0.458 0.459 0.459 0.459 0.459 0.443
60      0.451 0.452 0.453 0.454 0.455 0.456 0.456 0.455 0.436
64      0.448 0.449 0.450 0.451 0.452 0.453 0.453 0.452 0.430
68       0.447 0.448 0.449 0.450 0.450 0.450 0.450 0.426
72       0.445 0.446 0.447 0.448 0.448 0.448 0.448 0.422
76          0.446 0.446 0.446 0.446 0.419
80            0.445 0.445 0.416
fh 0.628 0.545 0.497 0.474 0.467 0.467 0.469 0.471 0.473 0.475 0.476 0.476 0.475 0.491
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�’� ����� Ulmus glabra Huds. 
����������� ���� ����������� �� ����# 

�������	
��� ��������� ���������� ����-
������� "¤���#���	
� ������ ������������", 
|����	�	
��� ��������� ���������� ����-
������� ""�����	
� ������ ������������" 
�� �������	
��� ��������� ���������� 
����������� "�������	
� ������ �����-
�������". �����	�� �������� ��� ����������� 
������������ �� ���������� ��
����
� 
�������� � ����. 25 �� �� ���. 74. ������	���� 
���������� ��
����
� #��� ����� ��������� 
��# ����� �������� �� ���. 75–77. ���������� 
���������	 ������ ��������� ��� �# ���~��� 
��
����� �� ���. 78. 

The model cuttings were made from trees 
that grew up on the territory of Polyanytsya 
Forestry of Bolechiv State Enterprise of 
Forestry Management, of Sobol' Forestry of 
Vygoda State Enterprise of Forestry Manage-
ment and Osmoloda Forestry of Osmoloda 
State Enterprise of Forestry Managemen. 
General information on their geographical 
location and biometric data are given in Table 
25 and in Figure 74. The generalized biometric 
parameters of the growth course of the trunks 
of these trees are shown in Figures 75–77. The 
average dependence of the trunks height on 
their thicknes is shown in Figure 78. 

 
� !"#$% 25 

Table 25 
;(&5/,*% &575)0 )’L<0 U(/(U(, ?( 7(#/" *0 @575&-07'0+#,-%A )"#(D"*% 

Model trees of Ulmus glabra that grew on the Carpathian Foothills  
¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 
����� 

����	��# ����� 
Numbers of model 

trees N E H 
A H D V 

68 48.66607 24.02577 715 84 30.0 57.8 3.67 
124 49.01179 23.63495 759 70 27.4 44.2 1.82 
179 48.87729 23.69708 662 63 18.5 24.0 0.36 

 

 
 

!"#. 74. ����� � ���	
����’� |#����# ¤��
����,  
�� ���� ����� ����	�� ������ �’��� ������ 

Fig. 74. The places in the lowmountains of the Eastern Beskids,  
where model trees of Ulmus glabra were taken  
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Giant Abies alba trees sometimes occur in the forests of the lowmountains in the Eastern Beskids
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Oligotrophic old-aged forest stands of Fagus sylvatica growing on sandy soils 
of the Eastern Beskids low-mountains
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!"#. 75. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� �’��� ������, �
� �����  
� ���	
����’� |#����# ¤��
����: "Value" – ��
����� ��������; "173" – ��
����� �������� ����������� 

����	���� ������; "Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������;  
"�a" � "�" – ����� 
����� �������� 

Fig. 75. The trend of growth, the current and average increments in height  of Ulmus glabra model trees, 
which grew in the lowmountains of the Eastern Beskids: "Value" – actual values; "Avg" – line of averaged 

actual values; "Trend" – trend line; "��" and "�"  – line of forest stands bonitet classes 
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!"#. 76. ¾�� �����, �������� �� �������� �������� �� ������� ����	��# ����� �’��� ������,  
�
� ����� � ���	
����’� |#����# ¤��
����: "Avg" – ����� ����������# ��
�����# ������	;  

"Trend" – ����� ������ 
 Fig. 76. Trend of growth, the current and average increments by the trunks thickness  

of Ulmus glabra model trees, which in the lowmountains of the Eastern Beskids:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 77. ¾�� �����, �������� �� �������� �������� �� ��’�� ��������� ����	��# ����� �’��� ������, 

�
� ����� � ���	
����’� |#����# ¤��
����: "Value" – ��
����� ��������;  
"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 

Fig. 77. Trend of growth, the current and average increments by the trunks volume of Ulmus glabra  
model trees, which grew in the lowmountains of the Eastern Beskids: "Value" – actual values;  

"Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 78. ���������� ���������	 ������ ��� ���~��� ��������� ����	��# ����� �’��� ������,  
�
� ����� � ���	
����’� |#����# ¤��
����: "Value" – ��
����� ��������;  
"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 

 Fig. 78. The average dependence of the height from the thickness of the trunks of Ulmus glabra  
model trees, which grew in the lowmountains of the Eastern Beskids: "Value" – actual values;  

"Avg" – line of averaged actual values; "Trend" – trend line 
 

������ ����������� ��� ����� ����� � 
������ ���������� ��
����
� �–Ia ��������. 
� ���� 50 ��
�� �# ������ ������ 20 , � � 80 
��
�� – 24 . "���������, ���~��� ��������� 
� �	�� ���� ������ 30 � � 54 �, � ��’� – 
��������� 0,7 3  � ���#� ���	�� ��� 3 3. 
������	��� ����������� �������� ������� 
� ������ ��������� ��# ����� ��� � ����  
10–40 ��
�� � �������� ���	�� ��� 0,4 ·��
-1. 
"���������, ��
�� ������	��� ������� �� 
���~���} ���������, ���	�� 6 ·��
-1, 
������������� � ���� 15–45 ��
��, � �� 
��’�� ���������� ��������, ���	��  
0,08 3·��
-1, �������� � ���� ����� ����� 
80 ��
��. ������� ��������� ��
���� � ��-
������ ������� �� ��� ��
����
��. C�-
������ ������� �� ��’�� ���������� ��-
������ �������� �
����, 0,04 3·��
-1, 
��
�� ���� � ���� ����� ����� 80 ��
��. 
����� ���������� �������� ��������� 
�������� ��’�� ��� ��’�� ��������� 
����	��# ����� ��
����, ~� ��� ��’�� 
��������� ����� 1 3 ��� �� ������~�� 
3,5 %, � ���	�� 3 3 – ����� 2 %. �� 
#���
����� ��� ����� �’��� ������ � ���� 
80 ��
�� (���. 77 � 79). 

�������� �����	���� ��������� �����#�-
���� ��������� ���������� �������� ����-

In general, the average growth rate of the trees 
in height was consistent with the �–Ia bonitet. At 
the age of 50 years, their height reached 20 m, and 
in 100 years – 24 m. Accordingly, the thickness of 
the trunks in this age reached 30 cm and – 54 cm, 
and the volume – approximately 0.7 m3 and 
slightly more than 3 m3. The largest averaged 
current increment in height of trunks of these 
trees was at the age of 10–40 years and was more 
than 0.4 m ·yr-1. Accordingly, such a large incre-
ment in the thickness of the trunks, more than 
6 mm·yr-1,  was observed at the age of 15–45 
years, and in the volume of trunks wood (more 
than 0.02 m3·yr-1) was found at the age of trees 
more than over 80 years. Similar trends also 
showed an average increment in these indicators. 
The average increment in the volume of trunk 
wood reached a maximum of 0.04 m3·yr-1 also 
only at the age of the trees over 80 years. The 
trend of the dependence of the percentage of 
current volume increment from the volume of 
trunks of model trees showed that, that in the 
volume of trunks of more than 1 m3 he does not 
exceed 3,5 %, and more than 3 m3 – more than 
2 %. This is characteristic of Ulmus glabra trees 
at the age of 80 years (Figures 77 and 79). 

The given results allowed to calculate the 
moving averaged values of the form factor 
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��# ����� ������� ��� ������ � ���~��� 
��������� (����. 26). � ������	�� ��� 
��
����
 ��������	 0,457. 

depending on the height and the thickness of the 
trunks (Table 26). On average, this index is 
0.457. 
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!"#. 79. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’�� ��������� ����	��# 
����� �’��� ������, �
� ����� � ���	
����’� |#����# ¤��
����: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������������ ������ 
 Fig. 79. The trend of the dependence of the percentage of the current volume increment from the volume  

of Ulmus glabra model trees trunks, which grew in the lowmountains of the Eastern Beskids:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – line of averaged trend 

 � !"#$% 26 
Table 26 

$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+" % +()?"*" #+()467%) 
P(&5/,*"N &575) )’L<0 U(/(U(, L-% 7(#/" 6 *"<,-(U%7’= \N%&*"N ]5#-"&%):  

"fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= +()?"*";  
"fh" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 

 The moving averaged actual value of the form factors dependence from the trunks height and 
their thickness of Ulmus glabra  model trees, which grew in the lowmountains of the Eastern 

Beskids: "fd" – the moving average values of form factor of different thickness trunks;  
"fh" – the moving average values of form factor of different height trunks 

H 
D 8 10 12 14 16 18 20 22 24 26 28 30 fd 

8 0.542            0.545
12 0.520 0.502 0.488          0.503
16 0.504 0.486 0.472 0.462         0.472
20 0.493 0.475 0.462 0.452 0.445        0.451
24  0.468 0.455 0.445 0.438 0.434       0.437
28   0.451 0.441 0.434 0.431 0.430      0.430
32    0.440 0.433 0.430 0.429 0.430     0.428
36     0.434 0.431 0.430 0.430 0.433    0.429
40      0.433 0.432 0.433 0.435 0.438   0.434
44      0.436 0.435 0.436 0.438 0.441 0.445  0.440
48      0.439 0.438 0.439 0.442 0.445 0.449  0.447
52       0.442 0.443 0.445 0.449 0.452 0.456 0.454
56       0.445 0.446 0.448 0.452 0.456 0.460 0.461
fh 0.539 0.501 0.473 0.452 0.439 0.432 0.430 0.432 0.436 0.443 0.451 0.458 0.457
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� !"#$% 27 

Table 27 
;(&5/,*% &575)0 -/5*0 *5#'70)O*,('/0+0*()(U(,  

?( 7(#/" *0 @575&-07'0+#,-%A )"#(D"*% 
Model trees of Acer pseudoplatanus that grew on the Carpathian Foothills  

¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 
����� 

����	��# ����� 
Numbers of model 

trees N E H A H D V 

1 49.016864 23.744022 700 38 15,8 15,2 0,136 
27 48.669367 24.027272 750 56 21,8 20,2 0,34 
32 49.02120 23.73598 600 30 10 7,8 0,02 
33 48.668194 24.030070 730 45 16,2 16,2 0,13 
46 48.352240 24.418540 990 54 24,3 19,6 0,41 
87 48.624412 24.035398 995 49 20 24,8 0,34 

173 48.859860 23.613050 985 290 37 63,2 4,86 
 

 
!"#. 80. ����� � ���	
����’� |#����# ¤��
����, �� ���� ����� ����	�� ������ 
���� 

���������	������������ 
Fig. 80. The places in the lowmountains of the Eastern Beskids, where model trees  

of Acer pseudoplatanus were taken  

����������� ���� ����������� �� ����# 
�������	
��� ��������� ���������� ����-
������� "¤���#���	
� ������ ������������", 
|����	�	
��� ��������� ���������� ����-
������� ""�����	
� ������ ������������", 
¢�������	
��� �� ¤������	
��� �������� 
���������� ����������� "�������	
� ����-
�� ������������" � �������	
��� ��������� 
���������� ����������� ""���#����	
� ����-
�� ������������". �����	�� �������� ��� ���-
�������� ������������ �� ���������� ��
��-
��
� �������� � ����. 27 �� �� ���. 80. ���-
���	���� ���������� ��
����
� #��� ����� 
��# ����� �������� �� ���. 81–83. ���������� 
���������	 �# ������ ��� ���~��� ��
����� �� 
���. 84. 

The model cuttings were made from trees 
that grew up on the territory of Polyanytsya 
Forestry of Bolechiv State Enterprise of Fores-
try Management, of Sobol' Forestry of Vygoda 
State Enterprise of Forestry Management, An-
geliv Forestry and Bystryk Forestry of Osmo-
loda State Enterprise of Forestry Managemen 
and of Polyanytsya Forestry of Vorokhta State 
Enterprise of Forestry Management. General 
information on their geographical location and 
biometric data are given in Table 27 and in 
Figure 80. The generalized biometric parame-
ters of the growth course of the trunks of these 
trees are shown in Figures 81–83. The average 
dependence of the trunks height on their 
thicknes is shown in Figure 84. 

�
�
������
 
Perehins'ke 

��	
��� 
Bolekhiv 

������ 
Vyhoda 

"������� 
Nadvirna 

1, 32

173

27, 33

87 

46

118



%��������’
 &��	��� �����	��                                           Lowmountains of the Eastern Beskids 

  

 

173

¸H/¸A, m·yr-1 = 2E-05A3 - 0,002A2 + 0,058A + 0,0088

0.0

0.2

0.4

0.6

0 50 100 150 200 250 300A, years

R2 = 0,4031

R2 = 0.9959 I

III

173

H, m = -0.0001A3 + 0.0071A2 + 0.3562A - 0.842

0

10

20

30

40

0 50 100 150 200 250 300A, years

Value
Avg
Trend

R2 = 0,896

173

¸H/A, m·yr-1 = -0,0002A2 + 0,012A + 0,2328

0.0

0.2

0.4

0.6

0 50 100 150 200 250 300A, years
 

 
!"#. 81. ¾�� �����, �������� �� �������� �������� � ������ �����# ����	��# ����� 
���� 

���������	������������, �
� ����� � ���	
����’� |#����# ¤��
����:  
"Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������; 

"173" – ����� ��
�����# ������	 ����������� ������; "�" � "���" – ����� 
����� �������� 
Fig. 81. The trend of growth, the current and average increments in the height of young Acer pseudoplatanus 

model trees, which grew in the lowmountains of the Eastern Beskids:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line;  

"173" – line of actual values of the oldest tree; "�" and "���"  – line of forest stands bonitet classes 
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!"#. 82. ¾�� �����, �������� �� �������� �������� �� ������� �����# ����	��# ����� 
���� 
���������	������������, �
� ����� � ���	
����’� |#����# ¤��
����:  

"Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# ������	;  
"Trend" – ����� ������; "173" – ����� ��
�����# ������	 ����������� ������ 

Fig. 82. Trend of growth, the current and average increments by the trunks thickness of young Acer 
pseudoplatanus model trees, which grew in the lowmountains of the Eastern Beskids:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line;  

"173" – line of actual values of the oldest tree 
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!"#. 83. ¾�� �����, �������� �� �������� �������� �� ��’�� ��������� �����# ����	��# ����� 

���� ���������	������������, �
� ����� � ���	
����’� |#����# ¤��
����: "Value" – ��
����� 

��������; "Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������;  
"173" – ����� ��
�����# ������	 ����������� ������ 

Fig. 83. Trend of growth, the current and average increments by the trunks volume of young  
Acer pseudoplatanus model trees, which grew in the lowmountains of the Eastern Beskids:  

"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line;  
"173" – line of actual values of the oldest tree 
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!"#. 84. ���������� ���������	 ������ ��� ���~��� ��������� ����	��# ����� 
���� 
���������	������������, �
� ����� � ���	
����’� |#����# ¤��
����: "Value" – ��
����� ��������; 

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
Fig. 84. The average dependence of the height from the thickness of the trunks of Acer pseudoplatanus model 

trees, which grew in the lowmountains of the Eastern Beskids: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line 

 
������ ����������� ��� ����� �����# 

����� � ������ ���������� ��
����
� I ��-
������, � ������� ������, "173", – V–III ��-
������. � ���� 50 ��
�� ���� ������ ������ ��-
�� 5 , � 100 ��
�� – 17 , � 200 ��
�� – 23 , 
� � 290 ��
�� – 37 . "���������, ���~��� 
��������� �����# ����� ������ � ���� 50 ��-

�� 20 �, � ������� ������ ���� 5 �. ���-
~��� �������� ������� ������ � ���� 100 ��
�� 
��������� 17 �, � 200 ��
�� – 40 �, � � 290 
��
�� – 63 �. ������� ��������� �������� � �� 
��’�� ���������. |������� �
����	��� 
��’� �����# ����� �� ������~���� 0,34 3, 
� ������� ������ �������� � ���� 100 ��
�� 
���� 0,23 3, � 200 ��
�� – 1,8 3, � � 290 – 
���� 4,9 3. 

������	��� ����������� �������� ������� 
� ������ ��������� �����# ����� ��� � ���� 
15–30 ��
�� � �������� ��������� 0,4 ·��
-1. 
��
�� ���� ��
����
 ���� �������� � � ���-
���� ������ � ����  55 – 70 ��
��. ��
����	-
��� �������� ������� �� ��’�� � �����# 
����� ���� �������� � ���� 60 ��
��. "�� 
�������� ���� 0,03 3·��
-1.  � ������� ������ 
��� ��
����
 ��� ���	�� 0,04 3·��
-1 ���� � 
���� 260–290 ��
��. ������� ��������� ��
���� � 
�������� ������� �� ��� ��
����
��. ����� 
���������� �������� ��������� �������� 
��’�� ��� ��’�� ��������� ����	��# ����� 
��
����, ~� ��� ��’�� ��������� ����� 1,0 3 
��� �� ������~�� 2 %, � ��� ��’�� 2–4 3 
��������	 ���� 1 % (���. 85).  

In general, the average growth rate of the 
young trees in height was corresponded to 
indicators of the I bonitet and old tree, "173", – 
the V–III bonitet. At the age of 50 years, its height 
reached only 5 m, in 100 years –17 m, in 200 
years – 23 m, and in 290 years – 37 m. Accor-
dingly, the thickness of the trunks of young trees 
of age 50 years reached of 20 cm, and the old tree 
was only 5 cm. The thickness of the trunk of the 
old tree at the age of 100 years was 17 cm, in 200 
years – 40 cm, and in 290 years – 63 cm. Similar 
trends are also found in the volume of trunks. The 
average maximum volume of young trees 
exceeded 0.34 m3, while the old tree was only 
0.23 m3 in the age of 100 years, 1.8 m3 in 200 
years, and in the 290 years – almost 4.9 m3.  

The highest averaged current increment in 
height of trunks of young trees was at the age of 
15–30 years and was approximately 0.4 m·yr-1. 
The same indicator was found in the old tree at 
the age of 55–70 years. The maximum current 
growth in volume in young trees was detected at 
the age of 60 years. It was almost 0.03 m3·yr-1.  
In the old tree, this indicator was greater than 
0.04 m3·yr-1 only at the age of 260–290 years. 
Similar trends also showed an average increment 
in these indicators. The trend of the dependence 
of the percentage of current volume increment 
from the volume of trunks of model trees showed 
that, with a volume of trunks of more than 1 m3, 
it does not exceed 2 %, and at a volume of 
2–4 m3 it is only 1 %. (Figure 85). 
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!"#. 85. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’�� ���������  
����	��# ����� 
���� ���������	������������, �
� ����� � ���	
����’� |#����# ¤��
����:  

"Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# ������	;  
"Trend" – ����� ������������ ������ 

 Fig. 85. The trend of the dependence of the percentage of the current volume increment from the volume  
of Acer pseudoplatanus model trees trunks, which grew in the lowmountains of the Eastern Beskids:  

"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – line of averaged trend 
 

� !"#$% 28 
Table 28 

$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+" % +()?"*" #+()467%) 
P(&5/,*"N &575) -/5*0 *5#'70)O*,('/0+0*()(U(, L-% 7(#/" 6 *"<,-(U%7’=  

\N%&*"N ]5#-"&%): "fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= +()?"*";  
"fh" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 

The moving averaged actual value of the form factors dependence from the trunks height  
and their thickness of Acer pseudoplatanus  model trees, which grew in the lowmountains  

of the Eastern Beskids: "fd" – the moving average values of form factor of different thickness 
trunks; "fh" – the moving average values of form factor of different height trunks 

H 
D 8 12 16 20 22 24 26 28 30 32 34 36 fd 

8 0.600 0.598 0.596          0.666
12  0.590 0.588 0.586         0.650
16   0.580 0.578 0.577 0.576       0.633
20   0.573 0.571 0.569 0.568       0.616
24    0.563 0.562 0.561       0.599
28    0.555 0.554 0.553       0.582
32    0.547 0.546 0.545       0.566
36    0.539 0.537 0.536       0.549
40     0.529 0.528 0.527      0.532
44      0.520 0.519 0.518     0.515
48       0.510 0.509 0.508    0.498
52        0.501 0.500 0.499   0.482
56         0.491 0.490 0.489  0.465
60          0.481 0.480 0.479 0.448
64           0.471 0.470 0.431
Fh 0.540 0.536 0.532 0.528 0.526 0.524 0.522 0.520 0.518 0.516 0.514 0.512 0.537

 
�������� �����	���� ��������� �����#�-

���� ��������� ���������� �������� ������# 
����� ������� ��� ������ � ���~��� ����-
����� (����. 28). � ������	�� ��� ��
����
 
��������	 0,537. 

The given results allowed to calculate the 
moving averaged values of the form factor
depending on the height and the thickness of the 
trunks (Table 28). On average, this index is 
0.537. 
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-������ ����	������  
� ������� 	������� 

Larix decidua Mill.  
and Larix polonica Racib. 

����������� ���� ����������� �� 
����# �������	
��� ��������� ������-
���� ����������� “¤���#���	
� ������ 
������������ � �������	
��� ��������� 
���������� ����������� “�������	
� 
������ ������������”. �����	�� �������� 
��� ����������� ��������� �� ���������� 
��
����
� �������� � ����. 29 �� �� 
���. 86. ������	���� ���������� ��
����-

� #��� ����� ��������� ��# ����� ����-
���� �� ���. 87–89. ���������� ���������	 
������ ��������� ��� �# ���~��� ��
����� 
�� ���. 90. 

The model cuttings were made from trees 
that grew up on the territory of Polyanytsya 
Forestry of Bolechiv State Enterprise of Forestry 
Management and Perehinsk Forestry and 
Slywky Forestry of Osmoloda State Enterprise 
of Forestry Management. General information 
on their geographical location and biometric 
data are given in Table 29 and in Figure 86. The 
generalized biometric parameters of the growth 
course of the trunks of these trees are shown in 
Figures 87–89. The average dependence of the 
trunks height on their thicknes is shown in 
Figure 90. 

 
� !"#$% 29 

Table 29 
;(&5/,*% &575)0 P(&7"*" ̀ )7('5A#,-(= +0 P(&7"*" '(/,#,-(=,  

?( 7(#/" *0 @575&-07'0+#,-%A )"#(D"*% 
Model trees of Larix decidua and Larix polonica that grew on the Carpathian Foothills  

¤��������� ��
����
� ���������
Biometrical measures of tree trunks ����� ����� 

Locality ����� ����	��# ����� 
Numbers of model trees 

N E H 
A H D V 

78 – ������ ���	�	
� 48.66376 24.00863 1015 95 29.7 49.4 2.56 
176 – ������ ��������	
� 49.00701 23.67532 586 82 35.5 75.6 6.3 

 

 

!"#. 86. ����� � ���	
����’� |#����# ¤��
����, �� ���� ����� ����	�� ������  
������ ��������	
�� �� ������ ���	�	
�� 

Fig. 86. The places in the lowmountains of the Eastern Beskids, where Larix decidua  
and Larix polonica model trees were taken 
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176

78

¸H/A, m·yr-1 = -0,0001A2 + 0,0097A + 0,2821  Ä(176)

¸H/A, m·yr-1 = 1E-06A3 - 0,0003A2 + 0,0119A + 0,2656  Ä(78)
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¸H/¸A, m·yr-1 = -4E-05x2 + 0,0003x + 0,4241  Ä(78)
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!"#. 87. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� ������ ��������	
�� 
(176) �� ������ ���	�	
�� (78), �
� ����� � ���	
����’� |#����# ¤��
����:  

"176" i "78" – ��
����� ��������; "Trend" – ����� ������; � � �b – ����� 
����� �������� 
Fig. 87. The trend of growth, the current and average increments in height of Larix decidua (176)  

and Larix polonica (78) model trees, which grew in the lowmountains of the Eastern Beskids:  
"176" and "78" – actual values; "Trend" – trend line; � and �b – line of forest stands bonitet classes 

125



%��������’
 &��	��� �����	��                                           Lowmountains of the Eastern Beskids 

  

 

176

78

D, mm = -0,0341A2 + 12,053A - 91,191  Ä(176)

D, mm = -0,0029A2 + 5,6088A - 15,841 Ä(78)
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¸D/¸A, mm·yr-1 = 6E-05A3 - 0,0132A2 + 0,7537A - 1,5309  Ä(176)

¸D/¸A, mm·yr-1 = -0,0003A2 + 0,0397A + 4,2902  Ä(78)
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!"#. 88. ¾�� �����, �������� �� �������� �������� �� ������� ����	��# �����  

������ ��������	
�� (176) �� ������ ���	�	
�� (78), �
� ����� � ���	
����’� |#����# ¤��
����:  
"176" i "78" – ��
����� ��������; "Trend" – ����� ������ 

 Fig. 88. The trend of growth, the current and average increments in height of Larix decidua (176)  
and Larix polonica (78) model trees, which grew in the lowmountains of the Eastern Beskids:  

"176" and "78"  – actual values; "Trend" – trend line 
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176

78

V, m3 = 0,0005A2 + 0,0073A - 0,1956  Ä(176)
V, m3  = 0,0004A2 - 0,0142A + 0,1311  Ä(78)
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¸V/¸A, m3·yr-1 = 2E-07A3 - 4E-05A2 + 0,004A - 0,0179  Ä(176)
¸V/¸A, m3·yr-1  = 0,0008A - 0,0118  Ä(78)
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!"#. 89. ¾�� �����, �������� �� �������� �������� �� ��’�� ��������� ����	��# �����  
������ ��������	
�� (176) �� ������ ���	�	
�� (78), �
� ����� � ���	
����’� |#����# ¤��
����:  

"176" i "78" – ��
����� ��������; "Trend" – ����� ������ 
 Fig. 89. The trend of growth, the current and average increments by the trunks volume  

of Larix decidua (176) and Larix polonica (78) model trees, which grew in the lowmountains  
of the Eastern Beskids: "176" and "78" – actual values; "Trend" – trend line 
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17678

H, m = -0.008D2 + 1.0283D- 1.2959  Ä(78)
H, m = -0.0017D2 + 0.6232D - 0.9167  Ä(176)
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!"#. 90. ���������� ���������	 ������ ��� ���~��� ��������� ����	��# ����� ������ ��������	
�� 
(176) �� ������ ���	�	
�� (78), �
� ����� � ���	
����’� |#����# ¤��
����:  

"176" i "78" – ��
����� ��������; "Trend" – ����� ������ 
 Fig. 90. The average dependence of the height from the thickness of the trunks of Larix decidua (176)  

and Larix polonica (78) model trees, which grew in the lowmountains of the Eastern Beskids:  
"176" and "78" – actual values; "Trend" – trend line 

 
������ ����������� ��� ����� � ������ 

����� ������ ��������	
�� ���������� ��-

����
� �b ��������,  � ������ ���	�	
�� – 
I ��������. � ���� 50 ��
�� ������ ����-
����	
� ������ ������ 28 , � ������ ���	-
�	
� – 20 . � 80 ��
�� ������ ��# �����, 
����������, ���� 35  � 28 . ���~��� ����-
���� ������ ��������	
�� � 50 ��
�� ������ 
55 �, � 80 ��
�� – 72 �, � ������ ���	-
�	
�� – ���� 25 � 42 �. "���������, ��’� 
�������� ������ ��������	
�� � �	�� ���� 
�������� 2,3 �� 6 3, � ������ ���	�	
�� – 
0,4 �� 1,7 3. ����������� �������� ������� 
� ������ ��������� ��# ����� ������ ����� 
������ �������}: � ���� 50 ��
�� ��������  
0,4 ·��
-1, � � 80 ��
�� �� ������~���� 
0,2 ·��
-1. ���� ��������� ��
���� �������� 
�������� ������� ���~��� �� ��’�� ����-
����� ��# �����. � ������ ����, �� 40 ��-

��, � �������� ������ ��������	
�� ������ 
������� ���~��� �� ������ ��������}, ��� 
20 �� 7 ·��
-1. � �������� ������ ���	-
�	
�� ��� ����������� ��
����
 �������� 
��	��� ���� ��� �����	  ���������� � �����-
��� ��������� 5 ·��
-1.  

��
����	��� �������� ������� ��’�� 
��������� �������� � ����� � ���# ����� � 

In general, the average growth rate in height 
of the Larix decidua tree  was consistent with the 
�b bonitet and Larix polonica – � bonitet. At the 
age of 50 years, tree of Larix decidua reached a 
height of 28 m, while the tree Larix polonica was 
20 m. In 80 years, the height of these trees, 
respectively, was 35 m and 28 m. The thickness 
of the Larix decidua trunk in 50 years reached of 
55 cm, and at 80 years – 72 cm, while of the 
Larix polonica was only 25 and 42 cm. Accor-
dingly, the volume of the European larch trunk at 
this age was 2.3 and 6 m3, while the Polish larch 
were 0.4 and 1.7 cubic meters. The average 
current growth in the height of the trunks of these 
trees generally was a declining tendency: at  
the age of 50 years it was 0.4 m·yr-1, and in 
80 years – did not exceed 0.2 m·yr-1. Other trends 
showed the average current increment in the 
thickness and the volume of trunks of these trees. 
At a young age, up to the age of 40 years, the 
Larix decidua trunk had an upward trend of a 
year-on-year decline, from 20 to 7 mm·yr-1. In the 
trunk of the Larix polonica, this biometric index 
throughout the time was fairly even and was 
approximately 5 mm·yr-1. 

The maximum current growth of the volume 
of the trunks was found in trees of both species 
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���� ����� 80 ��
��. "�� �������� � �����
� 
������ ��������	
�� 0.12 3·��
-1, � ��� 
������ ���	�	
�� – ���� 0,05 3·��
-1. ��-
����� ��������� ���� �������� � ��� �����-
�	��� �������� �� ��� ����������� 
��
����
�� ��������� ��# �����. 

����� ���������� �������� ��������� 
�������� ��’�� ��� ��’�� �������� ��-
���� ��������	
�� ����� 1–6 3 �������� 
����������  7,5–2 %, ������ ���	�	
�� �� 
��’�� 1–2,5 3 – 4–2 % (���. 91). 

�������� �����	���� ��������� �����#�-
���� ��������� ���������� �������� ������# 
����� ������� ��� ������ �� ���~��� ����-
����� (����. 30). � ������	�� ��� ��
����
 
��������	 0,438. 

over the age of 80 years. It was in the case of the 
Larix decidua of 0.12 m3·yr-1, and for the Larix 
polonica – only 0.05 m3·yr-1. Similar tendencies 
were also observed for the average increment in 
these biometric indices of the trunks of these 
trees. 

The trend of the dependence of the percentage 
of the current volume Increment on the volume 
of the trunk of Larix decidua 1–6 m3 was 
respectively 7.5–2 %, and the Larix polonica for 
volume 1–2.5 m3 – only 4–2 %. (Figure 91). 

The given results allowed to calculate the 
moving averaged values of the form factor
depending on the height and the thickness of the 
trunks (Table 30). On average, this index is 
0.438. 

 
 

 

17678

¸V\V, %  = -0.005V4 - 0.0049V3 + 0.8003V2 - 5.1963V + 12  Ä(176)
¸V\V, %  = 0.5517V4 - 3.731V3 + 9.1898V2 - 10.993x + 9  Ä(78)
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!"#. 91. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’�� ��������� ����	��# 
����� ������ ��������	
�� (176) �� ������ ���	�	
�� (78), �
� ����� � ���	
����’� |#����# ¤��
����: 

"Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# ������	;  
"Trend" – ����� ������������ ������ 

 Fig. 91. The trend of the dependence of the percentage of the current volume increment from the volume  
of Larix decidua (176) and Larix polonica (78) model trees trunks, which grew in the lowmountains  

of the Eastern Beskids: "Value" – actual values; "Avg" – line of averaged actual values;  
"Trend" – line of averaged trend 
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 � !"#$% 30 
Table 30 

$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+" % +()?"*" 
#+()467%) P(&5/,*"N &575) P(&7"*" `)7('5A#,-(= % P(&7"*" '(/,#,-(=, L-% 7(#/"  
6 *"<,-(U%7’= \N%&*"N ]5#-"&%): "fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%)  
7%<*(= +()?"*"; "fh" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 

 The moving averaged actual value of the form factors dependence from the trunks 
height and their thickness of Larix decidua (176) and Larix polonica (78) model trees,  

which grew in the lowmountains of the Eastern Beskids: "fd" – the moving average values  
of form factor of different thickness trunks; "fh" – the moving average values  

of form factor of different height trunks 

H 
D 8 12 16 20 22 24 26 28 30 32 34 36 fd 

8 0.484 0.478                       
12 0.473 0.467 0.462 0.458                   
16 0.466 0.460 0.456 0.452 0.449                 
20   0.457 0.452 0.448 0.445 0.443               
24     0.450 0.447 0.444 0.442 0.440             
28       0.446 0.443 0.441 0.440 0.439           
32       0.446 0.444 0.441 0.440 0.439 0.438         
36         0.444 0.442 0.440 0.439 0.439 0.438       
40         0.444 0.442 0.440 0.439 0.439 0.438 0.438     
44           0.441 0.440 0.439 0.438 0.438 0.438 0.438   
48             0.439 0.438 0.438 0.438 0.437 0.437 0.438
52               0.438 0.437 0.437 0.437 0.437 0.437
56                 0.436 0.436 0.436 0.436 0.436
60                   0.435 0.435 0.435 0.435
64                     0.434 0.434 0.435
68                       0.434 0.434
Fh 0.484 0.472 0.462 0.455 0.449 0.445 0.442 0.440 0.439 0.438 0.438 0.438 0.438
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0������ ������ � 1��2���� River terraces in Gorgany range 

������
��� ������ � ������# ¬����� 
�������� ���� 
����	 ������� ������-
�}���} �������} �� �������
���} ���-
�������}. ��
���, ���������� � ����-
����} Salix aurita L., S. cinerea L., S. 
fragilis L., S. pentandra L., S. rosmarinifolia 
L., ���	���
�� �� �����} Alnus incana 
(L.) Moench �� A. glutinosa (L.) Gaertn., � 
��
�� �������� �� �������� �����. 

����������� ��������� �� ��������� ��-
�����	
��� �� ��������	
��� �������� 
���������� ����������� “�������	
� 
������ ������������”. ��������� 
������-
����� ���	 ����� ����������# ����	��# 
����� ��
����� �� ���. 92. �����	�� 
������ ��������� � ���# ������ 440 �� 
700–710  �. �. . �� ����� ����������� 
��}����	�� ������ ��
� ������. ¬������� 
����: �� �����~���# ����# ���	��� – 
�����-��������� �� ���-�������� �����-

���� ������
��� 
�'������ (Leptic, Eutric 
and Gleyic- Fluvisols) ���������� ������, 
���� �� �
��. � ���������# ���	���, � 

������# �������#, ���� ����������� �
�� 
����’��� (Histosols). 

The adjoining terraces in the gorcan valleys 
were naturally once covered with moisture-
loving wood and shrub vegetation. In particular, 
willow bed of the superiority of Salix aurita L., 
S. cinerea L., S. fragilis L., S. pentandra L., 
S. rosmarinifolia L., alder forest with the partici-
pation of Alnus incana (L.) Moench and 
A. glutinosa (L .) Gaertn., as well as pine and 
spruce forests. 

The researches were focused on the lands of 
Osmoloda Forestry and Krasne Forestry of Os-
moloda State Enterprise of Forestry Manage-
ment. The areas of the growth sites of the 
studied model trees are shown in Figure 2. Mo-
del trees are selected within the altitude of 440 and 
700–710 m �.s.l. This is the second alluvial terrace 
above floodplain of the Limnytsya River. Soil 
conditions: on raised forms of relief – oligo-
mesotrophic and meso-eutrophic slightly acidic 
sandy-loam and loamy (Leptic-, Eutric- and 
Gleyic- Cambisols)  periodically mesophile, 
meso-hygrophile and hygrophile. In the lo-
wering relief, in the former riverbed, they are 
oligotrophic hygrophile peatycs (Histosols). 

 

 
 

!"#. 92. ����� �� ���
���# ������# � ¬������#, �� ���� ����� ����	�� ������ 
Fig. 92. The location on the river terraces in Gorgany range, where model trees were taken 
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2������ ������ � 3��+����                                                           River terraces in Gorgany range 

������ 	������ Betula pendula Roth 
����������� ���� ����������� �� ��-

��# �������	
��� ��������� ���������� 
����������� “�������	
� ������ �����-
�������”. �����	�� �������� ��� ������-
����� ��������� �� ���������� ��
����-

� �������� � ����. 31 �� �� ���. 93. ���-
���	���� ���������� ��
����
� #��� ���-
�� ��������� ��# ����� �������� �� 
���. 94–96. ���������� ���������	 ������ 
��������� ��� �# ���~��� ��
����� ��  
���. 97. 

The model cuttings were made from trees that 
grew up on the territory of Osmoloda Forestry of 
Osmoloda State Enterprise of Forestry Ma-
nagement. General information on their geo-
graphical location and biometric data are 
given in Table 31 and in Figure 93. The 
generalized biometric parameters of the 
growth course of the trunks of these trees are 
shown in Figures 94–96. The average depen-
dence of the trunks height on their thicknes is 
shown in Figure 97. 

 
� !"#$% 31 

Table 31 
;(&5/,*% &575)0 4575<" '()"#/(=, ?( 7(#/" 6 &(/"*0N {(7z0* 

Model trees of Betula pendula, which grew up in the valleys of the Gorgany range 
¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 

����� 
����	��# ����� 
Numbers of model 

trees N E H 
A H D V 

96 48.661281 24.029047 690 54 21.5 33.4 0.9 
97 48.661281 24.029047 690 55 20.5 27.4 0.57 
98 48.661281 24.029047 690 54 21.0 29.8 0.75 
103 48.662520 24.025835 700 86 27.0 41.0 1.5 

 

 
 

!"#. 93. ����� �� ���
���# ������# � ¬������#, �� ���� ����� ����	�� ������ ������ �������� 
Fig. 93. The places on the river terraces in Gorgany range, where model trees of Betula pendula were taken 
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!"#. 94. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� ������ ��������,  
�
� ����� �� ���
���# ������# � ¬������#: "Value" – ��
����� ��������; "Avg" – ����� ����������# 

��
�����# ������	; "Trend" – ����� ������; � � ��� – ����� 
����� �������� 
Fig. 94. The trend of growth, the current and average increments in height of Betula pendula model trees, 

which grew on the river terraces in Gorgany range: "Value" – actual values; "Avg" – line of averaged  
actual values; "Trend" – trend line; � and ��� – line of forest stands bonitet classes 
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!"#. 95. ¾�� �����, �������� �� �������� �������� �� �������  
����	��# ����� ������ ��������, �
� ����� �� ���
���# ������# � ¬������#:  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 95. Trend of growth, the current and average increments by the trunks thickness  

of Betula pendula model trees, which grew slow on oligo-mesotrophic  soils  
in the lowmountains of Betula pendula model trees, which grew on the river terraces in Gorgany range:  

"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 
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 !"#. 96. ¾�� �����, �������� �� �������� �������� ��’�y ��������� ����	��# ����� ������ ��������, 
�
� ����� �� ���
���# ������# � ¬������#: "Value" – ��
����� ��������; "Avg" – ����� ����������# 

��
�����# ������	; "Trend" – ����� ������ 
 Fig. 96. Trend of growth, the current and average increments by the trunks volume of Betula pendula  

model trees, which grew on the river terraces in Gorgany range: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 97. ���������� ���������	 ������ ��� ���~��� ��������� ����	��# ����� ������ ��������,  
�
� ����� �� ���
���# ������# � ¬������#: "Value" – ��
����� ��������;  
"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 

 Fig. 97. The average dependence of the height from the thickness of the trunks  
of Betula pendula model trees, which grew on the river terraces in Gorgany range:  

"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 
 

������ ����������� ��� ����� ����� � 
������ ���������� ��
����
� ��I–I ����-
����. � ���� 50 ��
�� �# ������ ������ 21 , � 
� 80 ��
�� – 27 . "���������, ���~��� 
��������� � �	�� ���� ������ 28 � � 38 �, 
� ��’� – ��������� 0,6 3  � ���#� ���	�� 
��� 1,3 3. ������	��� ����������� �����-
��� ������� � ������ ��������� ��# ����� 
��� � ���� 10–40 ��
�� � �������� ��������� 
0,4 ·��
-1. "���������, ��
�� ������	��� 
������� �� ���~���} ���������, 8 ·��
-1, 
������������� � ���� 15–22 ��
�, � �� ��’�� 
���������� ��������, ���	�� 0,02 3·��
-1, 
�������� � ���� ����� 40–80 ��
��. ������� 
��������� ��
���� � �������� ������� �� 
��� ��
����
��. ����� �������� ������� 
�� ��’�� ���������� �������� ������ 
�
����, 0,017 3·��
-1, ���� � ���� ����� 
����� 80 ��
��. ����� ���������� �������� 
��������� �������� ��’�� ��� ��’�� 
��������� ����	��# ����� ��
����, ~� ��� 
��’�� ��������� ����� 1 3 ��� ��������	  
2 %. �� #���
����� ��� ����� ������ ��-
������ � ���� 70 ��
�� (���. 96 �� 98). ����-
���� �����	���� ��������� �����#����� 
��������� ���������� �������� ������# ��-

In general, the average growth rate of this 
trees in height corresponded to the indicators of 
III–I bonitet. At the age of 50 years their height 
reached 21 m, and in 80 years – 27 m. 
Accordingly, the thickness of the trunks in this 
age reached 28 cm and 38 cm, and the volume – 
about 0.6 m3 and slightly more than 1.3 m3. The 
largest averaged current increment in height of 
trunks of these trees was at the age of 10–40 
years and was approximately 0.4 m·yr-1. Accor-
dingly, such a large increment in the thickness of 
the trunks, 8 mm·yr-1, was observed at the age of 
15–22 years, and in the volume of trunks wood, 
more than 0.02 m3 yr-1,  was found at the age of 
trees 54–80 years. Similar trends also showed an 
average increment in these indicators. However, 
the average increment in the volume of trunk 
wood reached a maximum of 0.017 m3�yr-1 only 
at the age of the trees over 80 years. The trend of 
the dependence of the percentage of current 
volume increment from the volume of trunks of 
model trees showed that, with a volume of trunks 
exceeding 1 m3, it is 2 %. This is characteristic of 
Betula pendula trees at the age of 70 years 
(Figures 96 and 98). The given results allowed to 
calculate the moving averaged values of the form 
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��� ������� ��� ������ �� ���~��� ����-
����� (����. 32). � ������	�� ��� ��
��-
��
 ��������	 0,477. 

factor depending on the height and the thickness 
of the trunks (Table 32). On average, this index is 
0.477. 
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!"#. 98. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’�� ���������  
����	��# ����� ������ ��������, �
� ����� �� ���
���# ������# � ¬������#:  
"Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# ������	;  

"Trend" – ����� ������������ ������ 
 Fig. 98. The trend of the dependence of the percentage of the current volume increment  

from the volume of Betula pendula model trees, which grew on the river terraces in Gorgany range:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – line of averaged trend 

 
 � !"#$% 32 

Table 32 
$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+" % +()?"*" 
#+()467%) P(&5/,*"N &575) 4575<" '()"#/(=, L-% 7(#/" *0 7%D-()"N +570#0N  

6 {(7z0*0N: "fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= +()?"*";  
"fh" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 

 The moving averaged actual value of the form factors dependence from the trunks height 
and their thickness of Betula pendula model trees, which grew on the river terraces  

in Gorgany range: "fd" – the moving average values of form factor of different thickness 
trunks; "fh" – the moving average values of form factor of different height trunks 

H 
D 8 10 12 14 16 18 20 22 24 26 28 fd 

8 0.554 0.531 0.522         0.573 
12 0.528 0.505 0.497 0.497        0.519 
16  0.493 0.485 0.485 0.488       0.494 
20    0.481 0.483 0.484      0.485 
24     0.482 0.483 0.480     0.483 
28      0.482 0.479 0.471 0.459   0.481 
32       0.475 0.467 0.455 0.440  0.473 
36        0.460 0.448 0.433 0.420 0.458 
40          0.422 0.409 0.434 
fh 0.536 0.491 0.476 0.477 0.482 0.484 0.477 0.462 0.437 0.409 0.385 0.477 
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C���� �������� Pinus sylvestris L.  
����������� ���� ����������� �� ��-

��# �������	
��� �� ��������	
��� ���-
����� ���������� ����������� “���-
����	
� ������ ������������”. �����	�� 
�������� ��� ����������� ������������ 
�� ���������� ��
����
� �������� �� 
���. 99 �� � ����. 33 � 35.  

The model cuttings were made from trees that 
grew up on the territory of Osmoloda Forestry 
and Krasne Forestry of Osmoloda State 
Enterprise of Forestry Management. General 
information on their geographical location and 
biometric data are given in Figure 99 and  in 
Tables 33 and 35.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

!"#. 99. ����� � ������ ��
� ������ � ¬������#, �� ���� ����� ����	�� ������ ����� ���������,  
~� ����� �� ������ 

Fig. 99. The places in the valley of the Limnytsya River in Gorgany range, where model trees  
of Pinus sylvestris, which grown on a swamp, were taken 

 

!������� ����� 	����  
�� ���*’
���� ������ 

The dynamics of tree growth 
in a peat bog 

����������� ��
����� �� ���
����  ���-
������ ����, ~� ����� � ���# ������������� 
��'��
� ������� "¤����� �}������" (5 ��), 
�
� ����������� �� ����� ������ �. ������ 
�� ������ 700  �. �. . �� ������ ���#��� 
������, ������� �
��� ����� 4 . "��#��� 
�������� ����, �� ������� 50 �, ��������-
����� �
�� ����� ������������� �#�-
�� �����. ����� ������� �������� ����-
��} ��������	. ������ ������ ����� ����� 
�������� ����������� �� ������� ������ 
[2]. ������	���� ���������� ��
����
� #��� 
����� ��������� ��# ����� �������� � ����. 33 
�� �� ���. 100–102. 

The study was carried out on the example of 
a pine forest that grows within the limits of the 
hydrological Nature Monument "The Swamp of 
Lutoshara" (5ha) on the left bank of the 
Limnytsya River at an altitude of 700 m. This is 
a typical Raised bog, with a depth of 4 m. Its 
upper layer, up to a depth of 50 cm, is 
represented by a wet, slightly mineralized moss 
peat. Below is saturated with damp sapropel. In 
general, the height of the pine trees is inversely 
proportional to the depth of the marsh [2]. The 
generalized biometric parameters of the growth 
course of these trees trunks are shown in Table 
33 and in Figures 100–102.  

#�$�	��� 
Osmoloda 

74 

�
�
������
 
Perehinske

105
70, 71, 72 

95, 106, 107 

105
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������ ����������� ��� ����� ����� � 
������ ���������� ��
����
� Va–Vb ����-
����. "�
 ����� ��������	 30–100 ��
��. �� 
������� ������ 3 � ���	�� ����� ������ ���-
��� ����� ��������� ������� ����� 1 . ��� 
������� ������ 2  ������ ����� � �����-
�	�� ��������	 3 , ���~��� �# ��������� – 
�� 6 �. �� ������� ������ 1,5–0,7  ������ 
����� ������ 4–10 , � ���~��� ��������� 
��������	 10–12 �, � �# ��’� – ���� 0,05 3 
[3]. ����, ��������� ������ ����� ������	 
�� ���� ������
�� ������� �������~�, �� 
0,7 , �, �������	, ������ �	�� ������
�� 
�����	 ��������# ���. "�����	�� ��������-
����� ��
�����, ~� �����	 ���� �� ��	�� 
������ ��� ����������� � ��������� ��-
����� �����	 �� ������� 0,5 . 

In general, the average growth rate of the 
trees in height was consistent with the Va–Vb

bonitet. Age of trees is 30–100 years old. On 
the marsh by depth of 3 and more meters the 
height of pine trees can only reach 1 m. On 
the marsh by depth 2 m, the height of trees is 
3 m on average and the thickness of their 
trunks is up to 6 cm. On the marsh by depth 
1.5–0.7 m height of the trees was reaches 
4–10 m and the thickness of the trunks is 
10–12 cm and their volume – only 0.05 m3

[3]. So, the fastest grows pine trees on the 
marsh of 0.7 m deep and, obviously, by 
condition to an unstable groundwater level. 
Visual observations have shown that the 
water level in throughout the marsh can drop 
in arid periods, even to a depth of 0.5 m. 

 
� !"#$% 33 

Table 33 
;(&5/,*% &575)0 #(#*" <)"D0A*(=, ?( 7(#/" *0 4(/(+% ) &(/"*% 7%-" X%P*"Y% ) {(7z0*0N 

Model trees of Pinus sylvestris, which grown on a swamp in the valley  
of the Limnytsya River in Gorgany range 

¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 

����� 
����	��# ����� 
Numbers of model 

trees N E H 
A H D V 

70 48.66223 24.02799 700 53 4.2 5.2 0.007 
71 48.66217 24.02839 700 98 10.65 11.0 0.06 
72 48.66225 24.02751 700 29 2.35 2.6 0.0015 
105 48.66166 24.02660 700 63 8.0 11.2 0.055 
107 48.66211 24.02732 700 64 8.4 8.4 0.032 

 
������	��� ����������� �������� ���-

���� � ������ ��������� ��# ����� ��� � ���� 
����� 20 ��
�� � �������� ���#� ���	�� 
0,1 ·��
-1. "���������, ��
�� ������	��� 
������� �� ���~���} ���������, ���	�� 1,5 
·��
-1, ������������� � ���� ����� 30 ��
��, 
� �� ��’�� ���������� ��������, ���	�� 
0,001 3 ��
-1

, �������� � ���� ����� ����� 50 
��
��. ������� ��������� ��
���� � �������� 
������� �� ��� ��
����
��. 

�������� �����	���� ��������� �����#�-
���� ��������� ���������� �������� ������# 
����� ������� ��� ������ �� ���~��� ����-
����� (����. 34). � ������	�� ��� ��
����
 
��������	 0,674. 

The largest averaged current increment in 
height of trunks of these trees was over the age 
of 20 years and was slightly over 0.1 m·yr-1. 
Accordingly, such a large increment in the 
thickness of the trunks, more than 1.5 mm·yr-1, 
was observed at the age of over 30 years, and in 
the volume of trunks, more than 0.001 m3 yr-1, 
was found at the age of over 50 years old trees. 
Similar trends also showed an average incre-
ment in these indicators. 

The given results allowed to calculate the 
moving averaged values of the form factor
depending on the height and the thickness of the 
trunks (Table 34). On average, this index is 
0.674. 
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!"#. 100. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� ����� ���������,  
~� ����� �� ������ � ������ ��
� ������ � ¬������#: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������; Va � Vb – ����� 
����� �������� 
Fig. 100. The trend of growth, the current and average increments in height of Pinus sylvestris model trees, 
which grew on a swamp in the valley of the Limnytsya River in Gorgany range: "Value" – actual values;  

"Avg" – line of averaged actual values; "Trend" – trend line; Va and Vb – line of forest stands bonitet classes 
 
 

140



2������ ������ � 3��+����                                                           River terraces in Gorgany range 
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!"#. 101. ¾�� �����, �������� �� �������� �������� �� ������� ����	��# ����� ����� ���������,  
~� ����� �� ������ � ������ ��
� ������ � ¬������#: "Avg" – ����� ����������# ��
�����# ������	; 

"Trend" – ����� ������ 
 Fig. 101. Trend of growth, the current and average increments by the trunks thickness of Pinus sylvestris 

model trees, which grew on a swamp in the valley of the Limnytsya River in Gorgany range:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 102. ¾�� �����, �������� �� �������� �������� ��’�y ��������� ����	��# ����� ����� 
���������, ~� ����� �� ������ � ������ ��
� ������ � ¬������#: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
Fig. 102. Trend of growth, the current and average increments by the trunks volume  

of Pinus sylvestris model trees, which grew on a swamp in the valley of the Limnitsa River in Gorgany range:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 
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� !"#$% 34 
Table 34 

$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+" % +()?"*" 
#+()467%) P(&5/,*"N &575) #(#*" <)"D0A*(=, ?( 7(#/" *0 4(/(+% ) &(/"*% 7%-" 

X%P*"Y% ) {(7z0*0N: "fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= +()?"*"; 
"fh" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 

 The moving averaged actual value of the form factors dependence from the trunks height 
and their thickness of Pinus sylvestris model trees, which grew on a swamp in the valley  

of the Limnytsya River in Gorgany range: "fd" – the moving average values of form factor  
of different thickness trunks; "fh" – the moving average values of form factor  

of different height trunks 
H 

D 4 5 6 7 8 9 10 11 fd 

2 1.008        1.008 
4 0.798 0.861       0.830 
6 0.688 0.58 0.652      0.640 
8   0.556 0.616 0.613 0.553   0.585 

10    0.603 0.692  0.528  0.608 
12     0.697   0.556 0.627 
fh 0.831 0.721 0.604 0.610 0.667 0.553 0.528 0.556 0.674 

 

!������� ����� 	���� �� ����� ��	��� 
���*’
������ �������� ��������� 

+������  

The growth of the trees on  
wet dystric histic gleyic sceletic 

Fluvisols 
����������� ��
����� �� ������������ 

���������, ��������� �� ������������� ��-
'��
� ������� "¤����� �}������". 

�����	�� �������� ��� ����������� ���-
��������� �� ���������� ��
����
� �-
���	��# ����� �������� � ����. 35. ���-
���	���� ���������� ��
����
� #��� ����� 
��������� ��# ����� �������� �� ���. 103–
105. ���������� ���������	 ������ ����-
����� ��� �# ���~��� ��
����� �� ���. 106. 

The study was carried out on the peripheral 
territory adjacent to the hydrological Natural 
Monument "The Swamp of Lutoshara". 

General information on geographical 
location and biometric data of model trees are 
given in  Table 35. The generalized biometric 
parameters of the growth course of the trunks 
of these trees are shown in Figures 103–105. 
he average dependence of the trunks height on 
their thicknes is shown in Figure 106. 

 
� !"#$% 35 

Table 35 
;(&5/,*% &575)0 #(#*" <)"D0A*(=, ?( 7(#/"  
*0 4(/(+% 6 &(/"*% 7%-" X%P*"Y% ) {(7z0*0N  

Model trees of Pinus sylvestris, which grown on a swamp in the valley  
of the Limnytsya River in Gorgany range 

¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 

����� 
����	��# ����� 
Numbers of model 

trees N E H 
A H D V 

95 48.66018 24.02739° 700 68 21.4 29.4 0.62 
106 48.66012 24.02773 700 75 23 19.2 0.38 

 

143



2������ ������ � 3��+����                                                           River terraces in Gorgany range 

  

 

¸H/¸A, m·yr-1= 4E-06A3 - 0.0007A2 + 0.027A + 0.0544

0.0

0.1

0.2

0.3

0.4

0.5

0 20 40 60 80A, years

R2 = 0,8121

III

II

H, m = 0.2731A + 0.0176

0

5

10

15

20

25

0 20 40 60 80A, years

Value
Avg
Trend

R2 = 0,9591

¸H/A, m·yr-1 = -8E-05A2 + 0.0079A + 0.1486

0.00

0.10

0.20

0.30

0.40

0 20 40 60 80A, years

R2 = 0,9042

 
 

!"#. 103. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� ����� ���������, ~� 
����� �� ����# �����# ����’������# �������# �
������# ������# � ������ ��
� ������ � ¬������#: 
"Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������;  

�I � ��� – ����� 
����� �������� 
Fig. 103. The trend of growth, the current and average increments in height of Pinus sylvestris model trees, 

which grew on wet dystric histic gleyic sceletic Fluvisols in the valley of the Limnytsya River  
in Gorgany range: "Value" – actual values; "Avg" – line of averaged actual values;  

"Trend" – trend line; �I and ��� – line of forest stands bonitet classes 
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Extreme-oligotrophic Pinus sylvestris forest on a peat bog in the Limnytsya River’s valley
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entenary oligotrophic Pinus sylvestris forest with Betula pendula 
on a peat bog in the Limnytsya River’s valley
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!"#. 104. ¾�� �����, �������� �� �������� �������� �� ������� ����	��# ����� ����� ���������,  
~� ����� �� ����# �����# ����’������# �������# �
������# ������# � ������ ��
� ������ � ¬������#: 

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 104. Trend of growth, the current and average increments by the trunks thickness of Pinus sylvestris 

model trees, which grew on wet dystric histic gleyic sceletic Fluvisols in the valley of the Limnytsya River  
in Gorgany range: "Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 105. ¾�� �����, �������� �� �������� �������� ��’�y ��������� ����	��# ����� ����� 
���������, ~� ����� �� ����# �����# ����’������# �������# �
������# ������# � ������ ��
� ������ 

� ¬������#: "Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# ������	;  
"Trend" – ����� ������ 

 Fig. 105. Trend of growth, the current and average increments by the trunks volume of Pinus sylvestris  
model trees, which grew on wet dystric histic gleyic sceletic Fluvisols in the valley of the Limnytsya River  

in Gorgany range: "Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 106. ���������� ���������	 ������ ��� ���~��� ��������� ����	��# ����� ����� ���������,  
~� ����� �� ����# �����# ����’������# �������# �
������# ������# � ������ ��
� ������ � ¬������#: 

"Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 106. The average dependence of the height from the thickness of the trunks of Pinus sylvestris  

model trees, which grew on wet dystric histic gleyic sceletic Fluvisols in the valley of the Limnytsya River  
in Gorgany range: "Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 

 
������ ����������� ��� ����� ����� � 

������ ���������� ��
����
� ��I ta II ����-
����. � ���� 50 ��
�� �# ������ ������ 13 , 
� � 80 ��
�� – 22 . "���������, ���~��� 
��������� � �	�� ���� ������ 21 � � ���#� 
���	�� 25 �, � ��’� – ��������� 0,25 3 
� ���#� ���	�� ��� 0,6 3. ������	��� ���-
�������� �������� ������� � ������ ����-
����� ��# ����� ��� � ���� 15–45 ��
�� � 
�������� ���	�� 0,3 ·��
-1. "���������, ��-

�� ������	��� ������� �� ���~���} ����-
�����, ���	�� 5 ·��
-1, ������������� � ��-
�� 15–35 ��
��, � �� ��’�� ���������� 
��������, ���	�� 0,01 3·��
-1, �������� � 
���� ����� 45–70 ��
��. ������� ��������� 
��
���� � �������� ������� �� ��� ��
��-
��
��. ����� ���������� �������� �����-
���� �������� ��’�� ��� ��’�� ��������� 
����	��# ����� ��
����, ~� ��� ��’�� 
��������� ����� 0,2 3 ��� �������� ���� 
5 %, � ��� 0,4 3 – 2,5 %. �� #���
����� 
��� ����������# ����� � ���� 50 �� 70 ��
�� 
(���. 105 � 107). 

�������� �����	���� ��������� �����#�-
���� ��������� ���������� �������� ����-
��# ����� ������� ��� ������ �� ���~��� 
��������� (����. 36). � ������	�� ��� 
��
����
 ��������	 0,510. 

In general, the average growth rate of the 
trees in height was consistent with the ��I and II
bonitet. At the age of 50 years, their height 
reached 13 m, and in 80 years – 22 m. Accor-
dingly, the thickness of the trunks in this age 
reached 21 cm and slightly more than 25 cm, 
and the volume – approximately 0.25 m3 and 
slightly more than 0.6 m3. The largest averaged 
current increment in height of trunks of these 
trees was at the age of 15–45 years and was 
more than 0.3 m·yr-1. Accordingly, such a large 
increment in the thickness of the trunks, more 
than 5 mm·yr-1, was observed at the age of 15–
35 years, and in the volume of trunks wood, 
more than 0.01 m3 yr-1, was found at the age of 
trees 45–70 years. Similar trends also showed 
an average increment in these indicators. The 
trend of the dependence of the percentage of 
current volume increment from the volume of 
trunks of model trees showed that with a 
volume of trunks of more than 0.2 m3 it was 
almost 5 %, and at 0.4 m3 – 2.5 %. This was 
characteristic of the examined trees at the age of 
50 and 70 years (Figures 105 and 107). 

These results allowed to calculate the moving 
averaged values of the form factor depending on 
the height and the thickness of the trunks  
(Table 36). On average, this index is 0.510. 
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!"#. 107. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’�� ��������� ����	��# 
����� ����� ���������, ~� ����� �� ����# �����# ����’������# �������# �
������# ������# � ������ 
��
� ������ � ¬������#: "Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# ������	; 

"Trend" – ����� ������������ ������ 
 Fig. 107. The trend of the dependence of the percentage of the current volume increment from the volume  

of Pinus sylvestris model trees, which grew on wet dystric histic gleyic sceletic Fluvisols in the valley of the 
Limnytsya River in Gorgany range: "Value" – actual values; "Avg" – line of averaged actual values; 

"Trend" – line of averaged trend 
 

 � !"#$% 36 
Table 36 

$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+"  
% +()?"*" #+()467%) P(&5/,*"N &575) #(#*" <)"D0A*(=, ?( 7(#/" *0 #"7"N 4%&*"N 

+(7q’L*"#+"N (U/5`*"N #-5/5+*"N z76*+0N ) &(/"*% 7%-" X%P*"Y% ) {(7z0*0N:  
"fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= +()?"*"; "fh" – )"7%)*L*%  

#575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 
 The moving averaged actual value of the form factors dependence from the trunks height  
and their thickness of Pinus sylvestris model trees, which grew on wet dystric histic gleyic 

sceletic Fluvisols in the valley of the Limnytsya River in Gorgany range: "fd" – the moving 
average values of form factor of different thickness trunks; "fh" – the moving average values  

of form factor of different height trunks 
H 

D 4 8 10 12 14 16 18 20 22 fd 

8 0.661         0.661 
10  0.567        0.567 
12  0.502        0.502 
14  0.578 0.512       0.545 
16   0.546 0.52      0.533 
18    0.53 0.503     0.517 
20     0.518 0.503    0.511 
22      0.476 0.483   0.480 
24       0.449 0.474  0.462 
26        0.439  0.439 
28        0.447  0.447 
30         0.429 0.429 
fh 0.661 0.549 0.529 0.525 0.511 0.490 0.466 0.453 0.429 0.510 
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%���� ����	������ Picea abies (L.) Karst 
����������� ���� ����������� �� ����# 

�������	
��� �� ��������	
��� �������� 
���������� ����������� “�������	
� 
������ ������������”. �����	�� �������� 
��� ����������� ������������ �� �����-
����� ��
����
� �������� � ����. 37 �� �� 
���. 108. ������	���� ���������� ��
����-

� #��� ����� ��������� ��# ����� �������� 
�� ���. 109–111. ���������� ���������	 
������ ��������� ��� �# ���~��� ��
����� 
�� ���. 112. 

The model cuttings were made from trees that 
grew up on the territory of Osmoloda and Krasne 
Forestry of Osmoloda State Enterprise of 
Forestry Management. General information on 
their geographical location and biometric data are 
given in Table 37 and in Figure 108. The 
generalized biometric parameters of the growth 
course of the trunks of these trees are shown in 
Figures 109–111. The average dependence of the 
trunks height on their thicknes is shown in 
Figure 112. 

� !"#$% 37 
Table 37 

;(&5/,*% &575)0 L/"*" ̀ )7('5A#,-(=, ?( 7(#/" ) &(/"*% 7%-" X%P*"Y% ) {(7z0*0N 
Model trees of Picea abies, which grew in the valley of the Limnytsya River in Gorgany range 

¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 
����� 

����	��# ����� 
Numbers of model 

trees N E H 
A H D V 

3 48.824518 23.810770 650 93 33 67 4.54 
63 48.651949 23.924996 850 125 35.6 59.6 4 
64 48.651949 23.924996 850 124 41.5 82.4 8.85 
92 48.65587 24.02447 700 64 28.1 39.4 1.5 
94 48.65587 24.02447 700 84 29.5 63.2 4.0 
99 48.66128 24.02905 690 73 25.5 34.6 1.1 
101 48.66213 24.02555 700 80 22.0 46.4 1.4 

 

 
 

!"#. 108. ����� � ������ ��
� ������ � ¬������#, �� ���� ����� ����	�� ������ ����� ��������	
�� 
Fig. 108. The places in the valley of the Limnytsya River in Gorgany range, where model trees  

of Picea abies were taken 
 

������
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#�$�	���
Osmoloda
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!"#. 109. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� ����� ��������	
��,  
~� ����� � ������ ��
� ������ � ¬������#: "Value" – ��
����� ��������; "Avg" – ����� ����������# 

��
�����# ������	; "Trend" – ����� ������; � � Ib – ����� 
����� �������� 
Fig. 109. The trend of growth, the current and average increments in height of Picea abies model trees,  

which grew in the valley of the Limnytsya River in Gorgany range: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line; � and ��� – line of forest stands bonitet classes 
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!"#. 110. ¾�� �����, �������� �� �������� �������� �� ������� ����	��# ����� ����� ��������	
��, 
~� ����� � ������ ��
� ������ � ¬������#: "Avg" – ����� ����������# ��
�����# ������	; 

 "Trend" – ����� ������ 
 Fig. 110. Trend of growth, the current and average increments by the trunks thickness  

of Picea abies model trees, which grew in the valley of the Limnytsya River in Gorgany range:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 
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 !"#. 111. ¾�� �����, �������� �� �������� �������� ��’�y ��������� ����	��# ����� ����� 
��������	
��, ~� ����� � ������ ��
� ������ � ¬������#: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 111. Trend of growth, the current and average increments by the trunks volume  

of Picea abies model trees, which grew in the valley of the Limnytsya River in Gorgany range:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 112. ���������� ���������	 ������ ��� ���~��� ��������� ����	��# ����� ����� ��������	
��, 
~� ����� � ������ ��
� ������ � ¬������#: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 112. The average dependence of the height from the thickness of the trunks  

of Picea abies model trees, which grew in the valley of the Limnytsya River in Gorgany range:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 

 
������ ����������� ��� ����� ����� � 

������ ���������� ��
����
� ��, I �a Ib ����-
����. � ���� 50 ��
�� �# ������ ������ 20 , � � 
100 ��
�� – 34 . "���������, ���~��� ����-
����� � �	�� ���� ������ 32 � � ���#� 
���	�� 63 �, � ��’� – ��������� 0,9 3  � 
���#� ���	�� ��� 4,3 3. ������	��� ������-
����� �������� ������� � ������ ��������� 
��# ����� ��� � ���� 20–50 ��
�� � �������� 
���	�� 0,4 ·��
-1. "���������, ��
�� ������	-
��� ������� �� ���~���} ���������, ���	�� 
8 ·��
-1, ������������� � ���� 30–45 ��
��, � 
�� ��’�� ���������� ��������, ���	�� 
0,08 3 ��
-1, �������� � ���� ����� 85–125 
��
��. ������� ��������� ��
���� � �������� 
������� �� ��� ��
����
��. ����� ��-
������ ������� �� ��’�� ���������� ��-
������ ������ �
����, 0,05 3·��
-1, 
���� � ���� ����� ����� 120 ��
��. ����� 
���������� �������� ��������� �������� 
��’�� ��� ��’�� ��������� ����	��# 
����� ��
����, ~� ��� ��’�� ��������� ��-
��� 1 3 ��� �������� 5 %, � ��� 5 3 –  
1,8 %. �� #���
����� ��� ����� ����� ����-
����	
�� � ���� 80 ��
�� (���. 113 � 115). 

�������� �����	���� ��������� �����#�-
���� ��������� ���������� �������� ����-
��# ����� ������� ��� ������ �� ���~��� 
��������� (����. 38). � ������	�� ��� 
��
����
 ��������	 0,429. 

In general, the average growth rate of the trees 
in height was consistent with the ��, I and Ib 
bonitet. At the age of 50 years, their height 
reached 20 m, and in 100 years – 34 m. Accor-
dingly, the thickness of the trunks in this age 
reached 32 cm and slightly more than 63 cm, and 
the volume – approximately 0.9 m3 and slightly 
more than 4.3 m3. The largest averaged current 
increment in height of trunks of these trees was at 
the age of 20–50 years and was more than  
0.4 m·yr-1. Accordingly, such a large increment in 
the thickness of the trunks, more than 8 mm·yr-1, 
was observed at the age of 30–45 years, and in the 
volume of trunks wood, more than 0.08 m3 yr-1, 
was found at the age of trees 85–125 years. 
Similar trends also showed an average increment 
in these indicators. However, the average 
increment in the volume of trunk wood reached a 
maximum of 0.05 m3 yr-1 only at the age of the 
trees over 120 years. The trend of the dependence 
of the percentage of current volume increment 
from the volume of trunks of model trees showed 
that with a volume of trunks of more than 1 m3 it 
was 5 %, and at 5 m3 – 1.8 %. This is characte-
ristic of Picea abies trees at the age of 50 and  
110 years (Figures 113 and 115). 

These results allowed to calculate the moving 
averaged values of the form factor depending on 
the height and the thickness of the trunks  
(Table 38). On average, this index is 0.429. 
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!"#. 113. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’�� ��������� ����	��# 
����� ����� ��������	
��, ~� ����� � ������ ��
� ������ � ¬������#:  "Value" – ��
����� ��������; 

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������������ ������ 
 Fig. 113. The trend of the dependence of the percentage of the current volume increment from the volume  

of Picea abies model trees, which grew in the valley of the Limnytsya River in Gorgany range:  
"Value" – actual values;  "Avg" – line of averaged actual values; "Trend" – line of averaged trend 

 � !"#$% 38 
Table 38 

$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+" % +()?"*" 
#+()467%) P(&5/,*"N &575) L/"*" ̀ )7('5A#,-(=, ?( 7(#/" ) &(/"*% 7%-" X%P*"Y%  

) {(7z0*0N: "fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= +()?"*";  
"fh" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 

 The moving averaged actual value of the form factors dependence from the trunks height 
and their thickness of Picea abies model trees, which grew in the valley of the Limnytsya 
River in Gorgany range: "fd" – the moving average values of form factor of different 

thickness trunks; "fh" – the moving average values of form factor of different height trunks 
H 

D 8 12 16 20 24 30 32 34 36 38 40 42 fd 

8 0.534            0.562
12 0.512 0.481           0.517
16 0.494 0.465 0.453          0.483
20 0.482 0.454 0.442 0.440         0.458
24 0.473 0.445 0.434 0.432 0.434        0.442
28  0.440 0.428 0.427 0.429        0.431
32  0.437 0.425 0.423 0.426 0.428       0.425
36   0.423 0.422 0.424 0.426 0.425      0.422
40   0.423 0.421 0.423 0.425 0.424 0.422     0.420
44    0.420 0.422 0.424 0.423 0.421 0.418    0.419
48    0.420 0.422 0.424 0.423 0.421 0.418    0.417
52      0.423 0.422 0.420 0.417    0.416
56      0.421 0.420 0.418 0.415    0.413
60      0.419 0.418 0.416 0.413    0.409
64      0.417 0.416 0.414 0.411 0.406   0.404
68       0.413 0.411 0.408 0.403   0.398
72         0.404 0.400 0.395  0.391
76          0.397 0.392  0.386
80           0.390 0.385 0.381
84            0.383 0.378
fh 0.507 0.449 0.425 0.422 0.426 0.430 0.428 0.424 0.418 0.409 0.399 0.388 0.429
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%��$ ���� Abies alba Mill. 
����������� ���� ����������� �� 

����# �������	
��� �� ��������	
��� 
�������� ���������� ����������� “���-
����	
� ������ ������������”. �����	�� 
�������� ��� ����������� ������������ �� 
���������� ��
����
� �������� � ����. 39 
�� �� ���. 114. ������	���� ���������� 
��
����
� #��� ����� ��������� ��# ����� 
�������� �� ���. 115–117. ���������� ��-
�������	 ������ ��������� ��� �# ���~��� 
��
����� �� ���. 119. 

The model cuttings were made from trees 
that grew up on the territory of Osmoloda and 
Krasne Forestry of Osmoloda State Enterprise 
of Forestry Management. General information 
on their geographical location and biometric 
data are given in Table 39 and in Figure 114. 
The generalized biometric parameters of the 
growth course of the trunks of these trees are 
shown in Figures 115–117. The average 
dependence of the trunks height on their 
thicknes is shown in Figure 119. 

 
� !"#$% 39 

Table 39 
;(&5/,*% &575)0 L/"Y% 4%/(=, ?( 7(#/" ) &(/"*0N {(7z0* 

Model trees of Abies alba, which grew up in the valleys of the Gorgany range 
¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 
����� 

����	��# ����� 
Numbers of model trees N E H A H D V 

73 48.86176 24.24946 445 108 41 87 8.68 
93 48.65587 24.02447 700 63 20.8 28.4 0.54 
100 48.66252 24.02583 700 115 30.2 77.0 5.25 
102 48.66252 24.02583 700 61 19.5 41.4 1.12 

 

 
 

!"#. 114. ����� � ������ ��
� ������ � ¬������#, �� ���� ����� ����	�� ������ ����� ����� 
Fig. 114. The places in the valley of the Limnytsya River in Gorgany range, where model trees  

of Abies alba were taken 

�
�
������
 
Perehinske 

#�$�	���
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73 
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!"#. 115. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� ����� �����,  
~� ����� � ������ ��
� ������ � ¬������#: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; � � ��� – ����� 
����� ��������; "Trend" – ����� ������ 
 Fig. 115. The trend of growth, the current and average increments in height of Abies alba model trees,  

which grew in the valley of the Limnytsya River in Gorgany range: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line; � and ��� – line of forest stands bonitet classes 
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!"#. 116. ¾�� �����, �������� �� �������� �������� �� ������� ����	��# ����� ����� �����,  
~� ����� � ������ ��
� ������ � ¬������#: "Avg" – ����� ����������# ��
�����# ������	;  

"Trend" – ����� ������ 
 Fig. 116. Trend of growth, the current and average increments by the trunks thickness  

of Abies alba model trees, which grew in the valley of the Limnytsya River in Gorgany range:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 117. ¾�� �����, �������� �� �������� �������� ��’�y ��������� ����	��# ����� ����� �����,  
~� ����� � ������ ��
� ������ � ¬������#: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 117. Trend of growth, the current and average increments by the trunks volume  

of Abies alba model trees, which grew in the valley of the Limnytsya River in Gorgany range:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 

 
 

160



2������ ������ � 3��+����                                                           River terraces in Gorgany range 

  

 

R2 = 0.9889

H, m = -0.0034x2 + 0.6888x + 1.3

0

10

20

30

40

0 10 20 30 40 50 60 70 80D, cm

Value
Avg
Trend

,

 
 

!"#. 118. ���������� ���������	 ������ ��� ���~��� ��������� ����	��# ����� ����� �����,  
~� ����� � ������ ��
� ������ � ¬������#: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 118. The average dependence of the height from the thickness of the trunks  

of Abies alba model trees, which grew in the valley of the Limnytsya River in Gorgany range:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 

 
������ ����������� ��� ����� ����� � 

������ �����
��� ���������� ��
����
� �V 
��������, � ������� III–� � �����	 Ia 
����� ��-
������. � ���� 50 ��
�� �# ������ ������ 15 , 
� � 100 ��
�� – 34 . "���������, ���~��� 
��������� � �	�� ���� ������ 28 � � ���#� 
���	�� 75 �, � ��’� – ��������� 0,5 3 � 
���� 6 3. ������	��� ����������� �����-
��� ������� � ������ ��������� ��# ����� 
��� � ���� 30–60 ��
�� � �������� ��������� 
0,4 ·��
-1. "���������, ��
�� ������	��� 
������� �� ���~���} ���������, �����  
9 ·��
-1, ������������� � ���� 45–85 ��
��, � 
�� ��’�� ���������� ��������, ���	��  
0,1 3·��
-1, �������� � ���� ����� 75–105 ��-

��. ������� ��������� ��
���� � �������� 
������� �� ��� ��
����
��. ����� �����-
��� ������� �� ��’�� ���������� �������� 
������ �
���� 0,06 3·��
-1, ���� � ���� 
����� 100 ��
��. ����� ���������� �������� 
��������� �������� ��’�� ��� ��’�� 
��������� ����	��# ����� ��
����, ~� ��� 
��’�� ��������� 1 3 ��� �������� 5 %, � ��� 
5 3 – 2 %. �� #���
����� ��� ����� ����� 
����� � ���� 55 � 120 ��
�� (���. 117 � 119). 

�������� �����	���� ��������� �����#�-
���� ��������� ���������� �������� ������# 
����� ������� ��� ������ �� ���~��� ����-
����� (����. 40). � ������	�� ��� ��
����
 
��������	 0,402. 

In general, the average growth rate of trees in 
height initially corresponded to the indicators of 
the IV bonitet, and later, III–I and even Ia bonitet 
clases. At the age of 50 years, their height reached 
15 m, and in 100 years – 34 m. Accordingly, the 
thickness of the trunks in this age reached 28 cm 
and slightly more than 75 cm, and the volume – 
approximately 0.5 m3 and slightly almost 6 m3. 
The largest averaged current increment in height 
of trunks of these trees was at the age of 30–60 
years and was approximately 0.4 m ·yr-1. Accor-
dingly, such a large increment in the thickness of 
the trunks, more than 9 mm·yr-1, was observed at 
the age of 45–85 years, and in the volume of 
trunks wood, more than 0.1 m3 yr-1, was found at 
the age of trees of 75–105 years. Similar trends 
also showed an average increment in these indica-
tors. However, the average increment in the volu-
me of trunk wood reached a maximum of 0.06 m3 
yr-1 only at the age of the trees over 120 years. 
The trend of the dependence of the percentage of 
current volume increment from the volume of 
trunks of model trees showed that at the volume 
of trunks 1 m3 it was 5 %, and at 5 m3 – 2 %. This 
is characteristic of Abies alba trees at the age of 
55 and 120 years (Figures 117 and 119). 

The given results allowed to calculate the mo-
ving averaged values of the form factor depen-
ding on the height and the thickness of the trunks 
(Table 40). On average, this index is 0.402. 
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!"#. 119. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’�� ���������  
����	��# ����� ����� �����, ~� ����� � ������ ��
� ������ � ¬������#: "Value" – ��
����� ��������; 

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������������ ������ 
 Fig. 119. The trend of the dependence of the percentage of the current volume increment from  

the volume of Abies alba model trees, which grew in the valley of the Limnytsya River in Gorgany range: 
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – line of averaged trend 

 � !"#$% 40 
Table 40 

$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+" % +()?"*" #+()467%) 
P(&5/,*"N &575) L/"Y% 4%/(=, ?( 7(#/" ) &(/"*% 7%-" X%P*"Y% ) {(7z0*0N:  

"fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= +()?"*";  
"fh" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 

 The moving averaged actual value of the form factors dependence from the trunks height  
and their thickness of Abies alba model trees, which grew in the valley of the Limnytsya River  

in Gorgany range: "fd" – the moving average values of form factor of different thickness 
trunks; "fh" – the moving average values of form factor of different height trunks 

H 
D 8 12 16 20 24 28 32 34 36 38 40 fd 

8 0.443           0.452 
12 0.440           0.447 
16 0.438 0.434          0.442 
20 0.435 0.431 0.428 0.424        0.437 
24  0.429 0.425 0.421        0.431 
28  0.426 0.423 0.419 0.415       0.426 
32   0.420 0.416 0.413       0.421 
36   0.417 0.414 0.410 0.406      0.416 
40   0.415 0.411 0.408 0.404      0.411 
44    0.409 0.405 0.401 0.398     0.405 
48     0.402 0.399 0.395 0.393    0.400 
52     0.400 0.396 0.393 0.391 0.389   0.395 
56     0.397 0.394 0.390 0.388 0.386 0.385  0.390 
60     0.394 0.391 0.387 0.386 0.384 0.382  0.385 
64      0.388 0.385 0.383 0.381 0.379  0.379 
68      0.386 0.382 0.380 0.379 0.377  0.374 
72      0.383 0.379 0.378 0.376 0.374 0.372 0.369 
76      0.380 0.377 0.375 0.373 0.371 0.370 0.364 
80       0.374 0.372 0.371 0.369 0.367 0.359 
84         0.368 0.366 0.364 0.353 
88           0.362 0.348 
fh 0.433 0.426 0.419 0.412 0.405 0.397 0.390 0.387 0.383 0.379 0.376 0.402 
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Picea abies and Abies alba undergrowth under the tent of a young alder stand 
in the Limnytsya River’s valley
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120-          

120-year-old Picea abies tree in the alder forest in the valley of the Limnytsya River
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'����������’ 1��2�� Gorgany range montane zone 
����������� ��������� �� ��������� 

�}���
���	
��� �� |����	�	
��� ���������  
���������� ����������� “"�����	
� ������ 
������������”, ¤������	
���, ��������	
��� 
�� �������	
��� ��������  ���������� ���-
�������� “�������	
� ������ ��������-
����”. ��������� ���	 ����� ����������# 
����	��# ����� ��
����� �� ���. 120. 
�����	�� ������ ��������� � ���# ������ 
700–1000  �. �. . |#��� �����# �
��������, 

�������} 15–30°. ¬������� ����: ���-
�������� �����
���� ������
��� ������
�’�-
����� (Dystric-Eutric Cambisols) ���������� 
����� �� ������. 

The researches were focused on the lands 
of Lyudvykivka and Sobol' Forestry of 
Vygoda State Enterprise of Forestry Mana-
gement, of Bystryk, Pereginsk and Osmoloda 
Forestry of Osmoloda State Enterprise of 
Forestry Management. The areas of the 
growth sites of the studied model trees are 
shown in Figure 120. Model trees are selec-
ted within the altitude of 700–1 000 m �.s.l. 
The slopes of different exposures, steep 15–
30°. Soil conditions: meso-eutrophic slightly 
acidic sandy-loam (Dystric-Eutric  Cambi-
sols) periodically mesophile and meso-
hygrophile. 

 

 
 

!"#. 120. ����� �� �#���# ¬�����, �� ���� ����� ����	�� ������ 
Fig. 120. The location on the Gorgany range montane zone, where model trees were taken 
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��� ������� Fagus sylvatica L. 
����������� ���� ����������� �� ����# 

�������	
��� �� ��������	
��� �������� 
���������� ����������� “�������	
� ��-
���� ������������”. �����	�� �������� ��� 
����������� ������������ �� ���������� 
��
����
� �������� � ����. 41 �� ��  
���. 121. ������	���� ���������� ��
����-

� #��� ����� ��������� ��# ����� �������� 
�� ���. 122–124. ���������� ���������	 
������ ��������� ��� �# ���~��� ��
����� 
�� ���. 125. 

The model cuttings were made from trees that 
grew up on the territory of Osmoloda and Krasne 
Forestry of Osmoloda State Enterprise of 
Forestry Management. General information on 
their geographical location and biometric data 
are given in Table 41 and in Figure 121. The 
generalized biometric parameters of the growth 
course of the trunks of these trees are shown in 
Figures 122–124. He average dependence of the 
trunks height on their thicknes is shown in 
Figure 125. 

 
� !"#$% 41 

Table 41 
;(&5/,*% &575)0 46-0 /%#()(U(, ?( 7(#/" *0 #N"/0N {(7z0* 

Model trees of Fagus sylvatica, which grew on the slopes of the Gorgany range 
¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 
����� 

����	��# ����� 
Numbers of model 

trees N E H 
A H D V 

86 48.62441 24.03540 995 159 25.9 50 2.67 
111 48.77147 24.16521 820 128 27.5 49.8 2.48 
113 48.76773 24.17031 700 136 22.0 51.4 2.03 
129 48.85993 23.61275 925 338 41.0 94.6 10.0 
169 48.83586 23.60760 930 117 25 43 1.3 
170 48.83586 23.60760 930 127 22.0 32.6 0.84 
215 48.65306 24.01336 824 82 20,5 22,6 0 
216 48.65306 24.01336 824 140 33 49 2.64 

 

 
 

!"#. 121. ����� �� �#���# ¬�����, �� ���� ����� ����	�� ������ ��
� �������� 
Fig. 121. The places on the Gorgany range montane zone, where model trees of Fagus sylvatica were taken 
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R2 = 0.9643
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!"#. 122. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� ��
� ��������,  
~� ����� �� �#���# ¬�����: "Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# 

������	; "Trend" – ����� ������; �, ��� � V – ����� 
����� �������� 
Fig. 122. The trend of growth, the current and average increments in height of Fagus sylvatica  

model trees, which grew on the Gorgany range montane zone: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line; �, ��� and V – line of forest stands bonitet classes 
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¸D/¸A, mm·year-1 = 5E-07A3 - 0.0003A2 + 0.0626A - 0.5
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!"#. 123. ¾�� �����, �������� �� �������� �������� �� ������� ����	��# ����� ��
� ��������,  
~� ����� �� �#���# ¬�����: "Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 123. Trend of growth, the current and average increments by the trunks thickness of Fagus sylvatica 

model trees, which which grew on the Gorgany range montane zone: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line 
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R2 = 0.9425

V, m3 = 2E-07A3 - 2E-05A2 + 0.0139A - 0.4566
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!"#. 124. ¾�� �����, �������� �� �������� �������� ��’�y ��������� ����	��# ����� ��
� ��������, 
~� ����� �� �#���# ¬�����: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 124. Trend of growth, the current and average increments by the trunks volume of Fagus sylvatica  

model trees, which grew on the Gorgany range montane zone: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line 
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R2 = 0.9951
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!"#. 125. ���������� ���������	 ������ ��� ���~��� ��������� ����	��# ����� ��
� ��������,  
~� ����� �� �#���# ¬�����: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
Fig. 125. The average dependence of the height from the thickness of the trunks of Fagus sylvatica  

model trees, which grew on the Gorgany range montane zone: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line 

 
������ ����������� ��� ����� ����� � 

������ �����
��� ���������� ��
����
�  
V ��������. � ���� 50 ��
�� �# ������ ������ 
���� 10 . � ���� 100 ��
�� ���� ������ 
20 . � 150 ��
�� – 28 . �� ��� � ��
����
 
��� ��������. � 200 ��
�� – 33 , ~� �����-
����	�� �� �������� � ��������. � 300 ��-

�� – 38 . "���������, ���~��� ��������� � 
50 ��
�� ������ 10 �, � 100 ��
�� – 26 �, � 
200 ��
�� – 58 �, � � 300 ��
�� – 78 �. 
��’� ��������: � 50 ��
�� – ��������� 
0,05 3, � 100 ��
�� – 0,75 3, � 200 ��
�� – 
4,3 3, � � 300 ��
�� – 6,5 3. ������	��� 
����������� �������� ������� � ������ 
��������� ��# ����� ��� � ���� 30–120 ��
�� 
� �������� ��������� 0,2 ·��
-1. "�������-
��, ��
�� ������	��� ������� �� ���~���} 
���������, ���	�� 4 ·��
-1, ������������� 
� ���� 90–170 ��
��, � ��
�� � ���� ���	�� 
300 ��
��. ��
����	��� ������� ��’�� 
���������� ��������, ���	�� 0,06 3·��
-1, 
�������� � ���� ������ ����� 300 ��
��. 
������� ��������� ��
���� � �������� ���-
���� �� ��� ��
����
��. ����� ��������-
�� �������� ��������� �������� ��’�� ��� 
��’�� ��������� ����	��# ����� ��
����, 
~� ��� ��’�� ��������� ����� 1 3 ��� �� 
������~�� 3 %. ��� ��’�� � ��������  
4–10 3 ��� ��������	 1 %. �� #���
����� 
��� ����� ��
� �������� � ���� ����� 230 
��
�� (���. 124 � 126). 

In general, the average growth rate of trees in 
height initially corresponded to the V bonitet. At 
the age of 50, their height reached only 10 meters. 
At the age of 100, it reached 20 meters. At 150 
years it was 28 meters. This is already an indicator 
of the III bonitet. In 200 years – 33 m, which is 
approaching the norm and the I bonitet. In 300 
years – 38 m. Accordingly, the thickness of the 
trunks in 50 years reached 10 cm, in 100 years – 
26 cm, in 200 years – 58 cm, and in 300 years – 
78 cm. The volume of the trunk: in 50 years – 
about 0.05 m3, at 100 years – 0.75 m3, in 200 
years – 4.3 m3, and in 300 years – 6.5 m3. The 
largest averaged current increment in height of 
trunks of these trees was at the age of 30–120 
years and was approximately 0.2 m ·yr-1. Accor-
dingly, such a large increment in the thickness of 
the trunks, more than 4 mm·yr-1, was observed at 
the age of 90–170 years, and also at the age of 
more than 300 years. The maximum increment in 
the volume of trunk wood, more than 
0.06 m3·yr-1, was found at the age of the tree more 
than 300 years. Similar trends also showed an 
average increment in these indicators. The trend of 
the dependence of the percentage of current 
volume increment from the volume of trunks of 
model trees showed that, with a volume of trunks 
exceeding 1.0 m3, it does not exceed 3 %. 
At the volume of the same trunk 4–10 m3 this 
indicators is 1%. This is typical for Fagus sylva-
tica trees over the age of 230 years  (Figures  124 
and 126). 
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�������� �����	���� ��������� �����#�-
���� ��������� ���������� �������� ������# 
����� ������� ��� ������ �� ���~��� ����-
����� (����. 42). � ������	�� ��� ��
����
 
��������	 0,426. 

The given results allowed to calculate the 
moving averaged values of the form factor
depending on the height and the thickness of 
the trunks (Table 42). On average, this index 
is 0.426. 
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!"#. 126. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’�� ��������� ����	��# 
����� ��
� ��������, ~� ����� �� �#���# ¬�����: "Value" – ��
����� ��������;   

"Avg" – ����� ����������# ��
�����# ������	;"Trend" – ����� ������������ ������ 
 Fig. 126. The trend of the dependence of the percentage of the current volume increment from the volume  
of Fagus sylvatica model trees, which grew on the Gorgany range montane zone: "Value" – actual values;  

"Avg" – line of averaged actual values; "Trend" – line of averaged trend 
 � !"#$% 42 

Table 42 
$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+" % +()?"*" #+()467%) 

P(&5/,*"N &575) 46-0 /%#()(U(, ?( 7(#/" 6 #575&*,(U%7'= {(7z0*:  
"fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= +()?"*";  

"fh" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 
 The moving averaged actual value of the form factors dependence from the trunks height  

and their thickness of Fagus sylvatica model trees, which grew on the Gorgany range montane 
zone: "fd" – the moving average values of form factor of different thickness trunks;  

"fh" – the moving average values of form factor of different height trunks 
H 

D 8 12 16 20 24 26 28 30 32 34 36 38 fd 
8 0.564 0.532 0.507          0.569 

12 0.536 0.506 0.482 0.463         0.513 
16 0.513 0.485 0.461 0.444 0.431        0.471 
20  0.469 0.446 0.429 0.417 0.412 0.409 0.407     0.441 
24  0.457 0.435 0.418 0.407 0.402 0.399 0.396 0.395    0.419 
28   0.428 0.411 0.400 0.395 0.392 0.390 0.388 0.387 0.387  0.405 
32    0.407 0.395 0.391 0.388 0.386 0.384 0.383 0.383  0.396 
36    0.405 0.393 0.389 0.386 0.384 0.382 0.381 0.381 0.381 0.392 
40     0.393 0.388 0.385 0.383 0.381 0.380 0.380 0.380 0.391 
44     0.393 0.389 0.385 0.383 0.381 0.381 0.380 0.380 0.391 
48       0.386 0.384 0.382 0.381 0.381 0.381 0.392 
52         0.382 0.381 0.381 0.381 0.393 
56          0.381 0.381 0.381 0.393 
fh 0.559 0.498 0.452 0.418 0.394 0.386 0.380 0.375 0.372 0.370 0.370 0.370 0.426 
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%���� ����	������ Picea abies (L.) Karst. 
����������� ���� ����������� �� ����# 

�}���
���	
��� �� |����	�	
��� �������� 
���������� ����������� “"�����	
� ������ 
������������”, ¤������	
��� �� �������	-

��� �������� ���������� ����������� 
“�������	
� ������ ������������”. �����	�� 
�������� ��� ����������� ������������ �� 
���������� ��
����
� �������� � ����. 43 �� 
���. 127. ������	���� ���������� ��
����
� 
#��� ����� ��������� ��# ����� �������� �� 
���. 128–130. ���������� ���������	 ������ 
��������� ��� �# ���~��� ��
����� ��  
���. 131. 

The model cuttings were made from trees 
that grew up on the territory of Lyudvykivka 
and Sobol' Forestry of Vygoda State Enterprise 
of Forestry Management, of Bystryk, Pereginsk 
and Osmoloda Forestry of Osmoloda State 
Enterprise of Forestry Management. General 
information on their geographical location and 
biometric data are given in Table 43 and in 
Figure 127. The generalized biometric 
parameters of the growth course of the trunks of 
these trees are shown in Figure 128–130. The 
average dependence of the trunks height on their 
thicknes is shown in Figure 131. 

� !"#$% 43 
Table 43 

;(&5/,*% &575)0 L/"*" `)7('5A#,-(=, ?( 7(#/" *0 #N"/0N {(7z0* 
Model trees of Picea abies, which grew on the slopes of the Gorgany range 

¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 
����� 

����	��# ����� 
Numbers of model 

trees N E H 
A H D V 

2 48.80640 23.73705 810 140 43.6 72.8 6.93 
91 48.62073 24.03153 820 106 32.5 48.6 2.77 
117 48.65222 24.01251 860 150 37.0 64.0 4.1 
118 48.65222 24.01251 860 201 33.0 66.6 4.1 
163 48.83618 23.60835 920 74 28.0 42.6 1.86 
172 48.83618 23.60835 930 75 25.0 19.8 0.41 
184 48.84442 23.63564 819 75 27.2 20.4 0.48 
188 48.84231 23.62385 795 125 38.0 53.0 3.93 

 

2 

 

!"#. 127. ����� �� �#���# ¬�����, �� ���� ����� ����	�� ������ ����� ��������	
�� 
Fig. 127. The places on the Gorgany range montane zone, where model trees of Picea abies were taken 
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!"#. 128. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� ����� ��������	
��,  
~� ����� �� �#���# ¬�����: "Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# 

������	; � � ��� – ����� 
����� ��������; "Trend" – ����� ������; 
"118" – ��
����� �������� ����������� ������ 

Fig. 128. The trend of growth, the current and average increments in height of Picea abies model trees,  
which grew on the Gorgany range montane zone: "Value" – actual values;  

"Avg" – line of averaged actual values; "Trend" – trend line;  
� and ��� – line of forest stands bonitet classes. "118" – the actual value of the oldest tree 

173



&���	������’
 3��+��                                                                     Gorgany range montane zone 

  

118

¸D/A, mm·year-1 = -0,0002A2 + 0,0501A + 1,4531

0

2

4

6

0 40 80 120 160 200A, years

R2 = 0,7689

118

¸D/¸A, mm·year-1 = -0,0006A2 + 0,1103A + 0,8828

0

3

6

9

0 40 80 120 160 200A, years

R2 = 0,4272

118

D, mm = 0,0062A2 + 3,9423A - 22,98

0

200

400

600

800

0 40 80 120 160 200A, years

Value
Avg
Trend

R2 = 0,9816

 
 

!"#. 129. ¾�� �����, �������� �� �������� �������� �� ������� ����	��# ����� ����� ��������	
��, 
~� ����� �� �#���# ¬�����: "Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 

 Fig. 129. Trend of growth, the current and average increments by the trunks thickness of Picea abies  
model trees, which which grew on the Gorgany range montane zone: "Value" – actual values;  

"Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 130. ¾�� �����, �������� �� �������� �������� ��’�y ���������  
����	��# ����� ����� ��������	
��, ~� ����� �� �#���# ¬�����:  

"Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 130. Trend of growth, the current and average increments by the trunks volume  

of Picea abies model trees, which grew on the Gorgany range montane zone:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 131. ���������� ���������	 ������ ��� ���~��� ���������  
����	��# ����� ����� ��������	
��, ~� ����� �� �#���# ¬�����: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 131. The average dependence of the height from the thickness of the trunks  

of Picea abies model trees, which grew on the Gorgany range montane zone:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 

 
������ ����������� ��� ����� ����� � 

������ �����
��� ���������� ��
����
� ���–
�� ��������. � ���� 50 ��
�� ������ ����� ��-
���� 15 , � � 100 ��
�� – ���� 30 . "����-
�����, ���~��� ��������� � �	�� ���� ������ 
23 � � ���#� ���	�� 42 �, � ��’� – ����-
����� 0,5 3 � ���#� ���	�� ��� 2 3. � ���� 
����� 100 ��
�� ����
���	 ����� ����� ����-
��� �� ��
����
�� � �� �a ��������. � ���� 120 
��
�� ������ ����� ��������� 33 , ���~��� 
��������� – 53 �, � ��’� – 3 3. ��������� 
������ �����
���, ����	, ����� ��� ����� 
�����������. Å��� ������ � 100 ��
�� ���-
������ ���� 10 , ~� ���������� ����-
���� Va ��������. ���~��� �������� ���� 
��	��� 16 �. ����� ��� � ���� 160 ��
�� 
���� ������ ��������� 27 , ~� ���������� 
�������� ��� ��������. � 200 ��
�� ������ 
������ ���� 32 , ���~��� �������� –  
65 �, � ���� ��’� – 4 3. ������	��� ���-
�������� �������� ������� � ������ ����-
����� ��# ����� ��� � ���� 40–100 ��
�� � 
�������� ��������� 0,3 ·��
-1. "���������, 
��
�� ������	��� ������� �� ���~���} 
���������, ���	�� 5 ·��
-1, ������������� � 
���� 60–120 ��
��, � �� ��’�� ���������� 

In general, the average growth rate of the trees 
in height initially corresponded to the indicators of 
the II�–II bonitet. At the age of 50 years, their 
height reached 15 m, and in 100 years – almost 
30 m. Accordingly, the thickness of the trunks 
reached 23 cm and slightly more than 42 cm, and 
the volume – approximately 0.5 m3 and slightly 
more than 2 m3. At the age of more than 
100 years, the growth rate of trees grows to the 
indicators of the � and �a bonitet. At the age of 
120 years the height of the trees was 33 m, the 
thickness of the trunks was 53 cm, and the volume 
was 3 m3. The oldest tree from the beginning, 
apparently, grew under the forest canopy. Its 
height in 100 years was only 10 m, which corres-
ponds to the standard Va bonitetet. The thickness 
of the trunk was only 16 cm. However, at the age 
of 160 years its height was 27 m, which corres-
ponds to the norm of the III bonitet. In 200 years 
the height of the tree was 32 m, the thickness of 
the trunk – 65 cm, and its volume – 4 m3. The lar-
gest averaged current increment in height of 
trunks of these trees was at the age of 40–100 
years and was approximately 0.3 m yr-1. Accor-
dingly, such a large increment in the thickness of 
the trunks, more than 5 mm·yr-1, was observed at 
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��������, ���	�� 0,07 3 ��
-1,  �������� � 
���� ����� 100–140 ��
��. ������� ��������� 
��
���� � �������� ������� �� ��� ��
��-
��
��. ����� �������� ������� �� ��’�-
� ���������� �������� ������ �
��-
�� 0,02 3·��
-1 ���� � ���� ����� 200 
��
��. ����� ���������� �������� �����-
���� �������� ��’�� ��� ��’�� ������-
��� ����	��# ����� ��
����, ~� ��� ��’�-
� ��������� ����� 1 3 ��� �� ������~�� 
2,3 %. �� #���
����� ��� ����� ����� 
��������	
�� � ���� 80 ��
��. ��� ��’�� 
��������� ����� 3,5 3 ��� ��������	  
2–1,5 % (���. 130 � 132). 

�������� �����	���� ��������� �����#�-
���� ��������� ���������� �������� ������# 
����� ������� ��� ������ �� ���~��� ����-
����� (����. 44). � ������	�� ��� ��
����
 
��������	 0,465. 

the age of 60–120 years, and in the volume of 
trunks wood, more than 0.07 m3 yr-1, was found at 
the age of 100–140 years old trees. Similar trends 
also showed an average increment in these 
indicators. However, the average increment in the 
volume of trunk wood reached a maximum of 
0.02 m3 yr-1 only at the age of the trees 200 years. 
The trend of the dependence of the percentage of 
current volume increment from the volume of 
trunks of model trees showed that, with a volume 
of trunks exceeding 1 m3, it does not exceed 
2.3 %. This is characteristic of Picea abies trees at 
the age of 80 years. With a trunks volume of more 
than 3.5 m3 it is 2–1.5% (Figures 130 and 132). 

The given results allowed to calculate the 
moving averaged values of the form factor 
depending on the height and the thickness of the 
trunks (Table 44). On average, this index is 
0.465. 
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!"#. 132. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’��  
��������� ����	��# ����� ����� ��������	
��, ~� ����� �� �#���# ¬�����:  

"Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# ������	;  
"Trend" – ����� ������������ ������ 

 Fig. 132. The trend of the dependence of the percentage of the current volume increment from  
the volume of Picea abies model trees, which grew on the Gorgany range montane zone: 

 "Value" – actual values; "Avg" – line of averaged actual values; "Trend" – line of averaged trend 
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� !"#$% 44 
Table 44 

$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+" % +()?"*" 
#+()467%) P(&5/,*"N &575) L/"*" ̀ )7('5A#,-(=, ?( 7(#/" 6 #575&*,(U%7’= {(7z0*: 

"fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= +()?"*"; "fh" – )"7%)*L*% 
#575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 

 The moving averaged actual value of the form factors dependence from the trunks 
height and their thickness of Picea abies model trees, which grew on the Gorgany range 
montane zone: "fd" – the moving average values of form factor of different thickness 

trunks; "fh" – the moving average values of form factor of different height trunks 

H 
D 8 12 16 20 24 28 32 34 36 38 40 44 fd 

8 0.601 0.582           0.612 
12 0.587 0.569 0.552          0.585 
16 0.575 0.557 0.540 0.525         0.560
20 0.562 0.545 0.529 0.514 0.499 0.486       0.536
24  0.534 0.518 0.503 0.489 0.476       0.514
28  0.523 0.508 0.493 0.479 0.467       0.494
32  0.513 0.498 0.483 0.470 0.458       0.475
36   0.489 0.474 0.461 0.449       0.458
40   0.480 0.466 0.453 0.441 0.431      0.442
44    0.459 0.446 0.434 0.424      0.428
48    0.452 0.440 0.428 0.418 0.413 0.408    0.416
52      0.422 0.412 0.408 0.403 0.399   0.405
56       0.408 0.403 0.399 0.394   0.396
60       0.404 0.399 0.395 0.391   0.388
64         0.392 0.388 0.384  0.382
68           0.382 0.376 0.378
72            0.374 0.375
fh 0.590 0.555 0.522 0.492 0.465 0.441 0.420 0.410 0.401 0.393 0.386 0.373 0.465
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%��$ ���� Abies alba Mill. 
����������� ���� ����������� �� ����# 

|����	�	
��� ��������� ���������� ������-
����� “"�����	
� ������ ������������”, ¢�-
������	
��� �� �������	
��� �������� ���-
������� ����������� “�������	
� ������ 
������������” � �������	
��� ��������� 
���������� ����������� “"���#����	
� 
������ ������������” [13]. �����	�� ������-
�� ��� ����������� ������������ �� ���-
������� ��
����
� �������� �� ���. 133 �� 
� ����. 45. ������	���� ���������� ��
��-
��
� #��� ����� ��������� ��# ����� ����-
���� �� ���. 134–136. ���������� �����-
����	 ������ ��������� ��� �# ���~��� ��
�-
���� �� ���. 137. 

The model cuttings were made from trees that 
grew up on the territory of Sobol' Forestry of 
Vygoda State Enterprise of Forestry Manage-
ment, of Angeliv and Osmoloda Forestry of 
Osmoloda State Enterprise of Forestry Ma-
nagement and of Polyanytsya Forestry of 
Vorokhta State Enterprise of Forestry Mana-
gement [13]. General information on their 
geographical location and biometric data are 
given in Figure 133 and in Table 45. The 
generalized biometric parameters of the growth 
course of the trunks of these trees are shown in 
Figures 134–136. he average dependence of 
the trunks height on their thicknes is shown in 
Figure 137. 

� !"#$% 45 
Table 45 

;(&5/,*% &575)0 L/"Y% 4%/(=, ?( 7(#/" *0 #N"/0N {(7z0* 
Model trees of Abies alba, which grew on the slopes of the Gorgany range 

¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 
����� 

����	��# ����� 
Numbers of model trees N E H A H D V 

25 48.66937 24.02727 750 136 30 56 3.37 
58 48.32256 24.42458 1000 255 44 107 20.7 
88 48.62441 24.03540 995 196 30 55 3.26 
90 48.62154 24.03227 860 141 31 49 2.99 

121 48.65222 24.01251 865 250 49 110 17.9 
122 48.65222 24.01251 865 186 45 76 8.4 
162 48.85949 23.61241 905 227 45 78 9.98 
180 48.87880 23.69525 730 158 33 49 3.02 
181 48.87880 23.69525 730 203 35 63 5.68 

 

25 

 

!"#. 133. ����� �� �#���# ¬�����, �� ���� ����� ����	�� ������ ����� ����� 
Fig. 133. The places on the Gorgany range montane zone, where model trees of Abies alba were taken 
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!"#. 134. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� ����� �����,  
~� ����� �� �#���# ¬�����: "Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# 

������	; � � ��� – ����� 
����� ��������; "Trend" – ����� ������ 
 Fig. 134. The trend of growth, the current and the average increments in height of Abies alba model trees, 
which grew on the Gorgany range montane zone: "Value" – actual values; "Avg" – line of averaged actual 

values; "Trend" – trend line; � and ��� – line of forest stands bonitet classes 
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-          800  . . .

Abies alba – Fagus sylvatica virgin forest in Sobol’ Forestry on the Gorgany 
range at altitude of 800 m a.s.l.
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    1000  . . .      

Fagus sylvatica virgin forest at altitude of 1 000 m a.s.l. in the Osmoloda Forestry
 in the Gorgany mountain range 
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   ’    

High-montane spruce forests on the stony deposits on the Gorgany mountain range
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High-montane spruce virgin forests on the Gorgany mountain range
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!"#. 135. ¾�� �����, �������� �� �������� �������� �� ������� ����	��# ����� ����� �����, ~� 
����� �� �#���# ¬�����: "Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 135. Trend of growth, the current and average increments by the trunks thickness of Abies alba  

model trees, which which grew on the Gorgany range montane zone: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 136. ¾�� �����, �������� �� �������� �������� ��’�y ���������  
����	��# ����� ����� �����, ~� ����� �� �#���# ¬�����: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 136. Trend of growth, the current and average increments by the trunks volume  

of Abies alba model trees, which grew on the Gorgany range montane zone:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 137. ���������� ���������	 ������ ��� ���~��� ���������  
����	��# ����� ����� �����, ~� ����� �� �#���# ¬�����: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 137. The average dependence of the height from the thickness of the trunks  

of Abies alba model trees, which grew on the Gorgany range montane zone:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 

 
������ ����������� ��� ����� ����� 

� ������ � ������ ���� ��� �����	��� � 
���������� ��
����
� V ��������. � ���� 
50 ��
�� �# ������ ������ 10 , � � 100 
��
�� – 20 . � ���� 120 ��
�� �# ������ 
������ 24 , ~� ���������� �������� ��� 
��������. � ���� 160 ��
�� ����
���	 ����� 
����� � ������ ������ �� ��
����
� � 
��������, � � 200 ��
�� – �b ��������. "��-
�������, ���~��� ��������� � �	�� ���� 
������ 14, 29, 37, 60 �� 83 �, � ��’� – 
��������� 0,06, 0,7, 1,7, 4,6, 9,7 3. 
������	��� ����������� �������� ���-
���� � ������ ��������� ��# ����� ��� � 
���� 40–160 ��
�� � �������� ��������� 
0,2 ·��
-1. "���������, ��
�� ������	��� 
������� �� ���~���} ���������, ���	��  
4 ·��
-1, ������������� � ���� 80–170 ��-

��, � �� ��’�� ���������� ��������, 
���	�� 0,1 3·��
-1, �������� � ���� ����� 
170–250 ��
��. 

������� ��������� ��
���� � �������� 
������� �� ��� ��
����
��. ����� ��-
������ ������� �� ��’�� ���������� ��-

In general, the average growth rate of the 
trees in height at a young age was slow and 
consistent with the V bonitet. At the age of 50 
years, their height reached 10 m, and in 100 
years – 20 m. At the age of 120 years, their 
height reached 24 m, , which corresponds to 
the norm of the III bonitet. At the age of 160 
years, the speed of growth in height of trees 
has Increment to the index of � bonitet, and in 
200 years – Ib bonitetet. Accordingly, the 
thickness of the trunks at this age reached 14, 
29, 37, 60 and 83 cm, and the volume was 
approximately 0.06, 0.7, 1.7, 4.6, 9.7 m3. The 
largest averaged current increment in height of 
trunks of these trees was at the age of 40–160 
years and was approximately 0.2 m  yr-1. 
Accordingly, such a large increment in the 
thickness of the trunks, more than 4 mm yr-1, 
was observed at the age of 80–170 years, and 
in the volume of trunks wood, more than 
0.1 m3 yr-1, was found at the age of old trees of 
170–250 years. 

Similar trends also showed an average 
increment in these indicators. However, the 
average increment in the volume of trunk 

187



&���	������’
 3��+��                                                                     Gorgany range montane zone 

  

������ ������ �
����, 0,07 3·��
-1, 

���� � ���� ����� ����� 240 ��
��. ����� 
���������� �������� ��������� �������� 
��’�� ��� ��’�� ��������� ����	��# 
����� ��
����, ~� ��� ��’�� ��������� 
����� 1 3 ��� �� ������~�� 4 %. ��� 
��’�� � �������� 4–20 3 ��� ��
����
 
��������  2–0,7 %. �� #���
����� ��� 
����� ����� ����� � ���� ����� 160 ��
�� 
(���. 138). 

�������� �����	���� ��������� ���-
��#����� ��������� ���������� �������� 
������# ����� ������� ��� ������ �� 
���~��� ��������� (����. 46). � �����-
�	�� ��� ��
����
 ��������	 0,495. 

wood reached a maximum of 0.07 m3 yr-1 only 
at the age of the trees over 240 years. The 
trend of the dependence of the percentage of 
current volume increment from the volume of
trunks of model trees showed that, with a 
volume of trunks exceeding 1 m3, it does not 
exceed 4 %. At the volume of the same trunk 
4–20 m3 this indicators is 2–0,7%. This is 
typical for Abies alba trees over the age of 160 
years (Figures 138). 

The given results allowed to calculate the 
moving averaged values of the form factor
depending on the height and the thickness of 
the trunks (Table 46). On average, this index is 
0.495. 
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!"#. 138. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’�� ���������  
����	��# ����� ����� �����, ~� ����� �� �#���# ¬�����: "Value" – ��
����� ��������;  
"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������������ ������ 

 Fig. 138. The trend of the dependence of the percentage of the current volume increment from  
the volume of Abies alba model trees, which grew on the Gorgany range montane zone:  

"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – line of averaged trend 
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 � !"#$% 46 
Table 46 

$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+" % +()?"*"  
#+()467%) P(&5/,*"N &575) L/"Y% 4%/(=, ?( 7(#/" 6 #575&*,(U%7’= {(7z0*:  

"fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= +()?"*";  
"fh" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 

The moving averaged actual value of the form factors dependence from the trunks height  
and their thickness of Abies alba model trees, which grew on the Gorgany range montane zone:  

"fd" – the moving average values of form factor of different thickness trunks;  
"fh" – the moving average values of form factor of different height trunks 

H
D 8 12 16 20 24 28 32 36 40 44 46 48 fd 

8 0.612 0.588 0.578          0.650 
12 0.601 0.578 0.568 0.566         0.628 
16 0.591 0.568 0.559 0.557 0.558        0.607 
20 0.582 0.559 0.550 0.548 0.549        0.588 
24 0.573 0.551 0.542 0.540 0.541        0.571 
28 0.565 0.543 0.534 0.532 0.533        0.555 
32  0.536 0.527 0.525 0.526 0.526       0.541 
36   0.521 0.519 0.520 0.519       0.527 
40   0.515 0.513 0.514 0.513 0.509      0.516 
44   0.509 0.508 0.508 0.508 0.504      0.505 
48    0.503 0.503 0.503 0.499      0.495 
52     0.499 0.499 0.495 0.487     0.487 
56     0.495 0.495 0.491 0.483     0.479 
60      0.491 0.487 0.479     0.472 
64       0.484 0.476 0.464    0.466 
68       0.482 0.474 0.461    0.461 
72       0.479 0.471 0.459 0.443   0.456 
76        0.469 0.457 0.441   0.452 
80        0.467 0.455 0.440   0.449 
84        0.466 0.454 0.438   0.445 
88        0.464 0.452 0.437   0.443 
92        0.463 0.451 0.436   0.440 
96         0.450 0.434 0.426  0.438 

100         0.449 0.433 0.425  0.436 
104          0.432 0.424 0.416 0.434 
108          0.431 0.423 0.415 0.432 
112           0.422 0.414 0.430 
fh 0.576 0.532 0.514 0.510 0.512 0.511 0.503 0.487 0.462 0.431 0.415 0.399 0.495 
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���������’ 1��2�� Gorgany range altimontane  
zone 

����������� ��������� �� ��������� ¤��-
����	
���, �����������	
��� �� ������-
�	
��� �������� ���������� ����������� 
“�������	
� ������ ������������”. ������-
��� ���	 ����� ����������# ����	��# 
����� ��
����� �� ���. 139. �� ���#�� �� ��-
����� ������� �����~�# ����	
�# ������. 
�����	�� ������ ��������� � ���# ������ 
1285–1365  �. �. . |#��� �����# �
���-
�����, 
�������} 20–35°. ¬������� ����: 
�����-��������� 
���� ���� 
�'������ 
(Cambic Leptosols) ���������� ����� �� 
������. 

The researches were focused on the lands 
of Bystryk, Dovgapolyana and Osmoloda Fo-
restry of the Osmoloda State Enterprise of 
Forestry Management. The areas of the 
growth sites of the studied model trees are 
shown in Figure 139. This upper and middle 
parts of the highest mountain ranges. Model 
trees are selected within the altitude of 1 285–
1 365 m �.s.l. The slopes of different expo-
sures, steep 20–35°. Soil conditions: oligo-
mesotrophic slacidic very stony (Cambic 
Leptosols) periodically mesophile and meso-
hygrophile. 

 

 
 

!"#. 139. ����� � ����
����’� ¬�����, �� ���� ����� ����	�� ������ 

Fig. 139. The location in the Gorgany range altimontane zone, where model trees were taken 
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C���� ������� Pinus cembra L. 
����������� ���� ����������� �� ����# 

¤������	
��� �� �������	
��� �������� 
���������� ����������� “�������	
� ��-
���� ������������”. �����	�� �������� ��� 
����������� ��������� �� ���������� ��-

����
� �������� � ����. 47 �� �� ���. 140. 
������	���� ���������� ��
����
� #��� 
����� ��������� ��# ����� �������� ��  
���. 141–143. ���������� ���������	 ����-
�� ��������� ��� �# ���~��� ��
����� �� 
���. 144. 

The model cuttings were made from trees that 
grew up on the territory of Bystryk and 
Osmoloda Forestry of the Osmoloda State State 
Enterprise of Forestry Management. General 
information on their geographical location and 
biometric data are given in Table 47 and in 
Figure 140. The generalized biometric parame-
ters of the growth course of the trunks of these 
trees are shown in Figure 141–143. The average 
dependence of the trunks height on their thicknes 
is shown in Figure 144. 

 
� !"#$% 47 

Table 47 
;(&5/,*% &575)0 #(#*" -5&7()(=, ?( 7(#/" 6 )"#(-(U%7’= {(7z0* 

Model trees of Pinus cembra, which grew on the Gorgany range altimontane zone 
¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 
����� 

����	��# ����� 
Numbers of model 

trees N E H 
A H D V 

158 48.586933 24.087118 1280 238 17 36 0.74 
159 48.586477 24.087213 1250 211 15 35 0.42 
160 48.585601 24.090142 1303 300 19 56 2.16 
191 48.616722 23.941609 1312 365 26 94 4.77 
193 48.617588 23.943015 1297 101 15.5 23 0.386 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

!"#. 140. ����� � ����
����’� ¬�����, �� ���� ����� ����	�� ������ ����� 
������� 
Fig. 140. The places on the Gorgany range altimontane zone, where model trees of Pinus cembra were taken 
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¸H/A, m·year-1 = 6E-09A3 - 4E-06A2 + 0,0007A + 0,0719
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!"#. 141. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� ����� 
�������,  
~� ����� � ����
����’� ¬�����: "Value" – ��
����� ��������; "Avg" – �����  

����������# ��
�����# ������	; "Trend" – ����� ������; IV, V � Va – ����� 
����� �������� 
 Fig. 141. The trend of growth, the current and average increments in height of Pinus cembra  
model trees, which grew on the Gorgany range altimontane zone: "Value" – actual values;  

"Avg" – line of averaged actual values; "Trend" – trend line;  
IV, V and Va – line of forest stands bonitet classes 
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¸D/A, mm·year-1 = -2E-09A4 + 2E-06A3 - 0,0005A2 + 0,0551A - 0,2281
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!"#. 142. ¾�� �����, �������� �� �������� �������� �� ������� ����	��# ����� ����� 
�������,  
~� ����� � ����
����’� ¬�����: "Avg" – ����� ����������# ��
�����# ������	;  

"Trend" – ����� ������ 
 Fig. 142. Trend of growth, the current and average increments by the trunks thickness of Pinus cembra 

 model trees, which which grew on the Gorgany range altimontane zone: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line 
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 !"#. 143. ¾�� �����, �������� �� �������� �������� ��’�y ��������� ����	��# �����  
����� 
�������, ~� ����� � ����
����’� ¬�����: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 143. Trend of growth, the current and average increments by the trunks volume  

of Pinus cembra model trees, which grew on the Gorgany range altimontane zone:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 144. ���������� ���������	 ������ ��� ���~��� ��������� ����	��# ����� ����� 
�������,  
~� ����� � ����
����’� ¬�����: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
Fig. 144. The average dependence of the height from the thickness of the trunks  

of Pinus cembra model trees, which grew on the Gorgany range altimontane zone:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 

 
� �����# �����������# ����# 
�'�-

�����# �������� ¬����� ����� 
������ ����� 
���� �����	��. ������ ����������� ��� 
����� ����� � ������ ���������� ��
����
� 
Va–V ��������. � ���� 50 ��
�� �# ������ 
������ ���� 7 , � � 100 – 11 . "���������, 
���~��� ��������� � �	�� ���� ������ 8 � 
� 15 �, � ��’� – ��������� 0,02 3 � ���#� 
���	�� ��� 0,23 3. � ���� 200–300 ��
�� 
������ ����� ����� ���� 17–22 , ���~��� 
��������� – 36–63 �, � �# ��'� – ��� 1 �� 
2,5 3. ������	��� ����������� �������� 
������� � ������ ��������� ��# ����� ��� � 
���� 25–120 ��
�� � �������� ���#� ���	�� 
0,1 ·��
-1. "���������, ��
�� ������	��� 
������� �� ���~���} ���������, ����� 
3 ·��
-1, ������������� � ���� 260–330 ��-

��, � �� ��’�� ���������� ��������, 
����� 0,015 3·��
-1, �������� � ���� ����� 
���� ����� 260 ��
��. ������� ��������� 
��
���� � �������� ������� �� ��� ��
��-
��
��. ����� �������� ������� �� ��’�� 
���������� �������� ������ �
����, 
0,01 3·��
-1, ���� � ���� ����� �����  
300 ��
��. 

In fresh oligotrophic conditions of stony 
placers in Gorgany Swiss pine grows very slo-
wly. In general, the average growth rate of the 
trees in height was consistent with the norm 
Va–V bonitet. At the age of 50 years, their hei-
ght reached only 7 m, and in 100 years – 11 m. 
Accordingly, the thickness of the trunks 
reached 8 cm and 15 cm, and the volume –
approximately 0.02 m3 and slightly more than 
0.23 m3. At the age of 200–300 years of height 
trees reaches only 17–22 m, their the thickness 
of the trunks – 36–63 cm, and their volume –
from 1 up to 2,5 m3. The largest averaged 
current increment in height of trunks of these 
trees was at the age of 25–120 years and was a 
little more 0.1 m·yr-1. Accordingly, such a large 
increment in the thickness of the trunks, more 
than 3 mm·yr-1, was observed at the age of 260–
330 years, and in the volume of trunk wood, 
more than 0.015 m3 yr-1, was found at the age of 
trees over 260 years. Similar trends also showed 
an average increment in these indicators. Ho-
wever, the average increment in the volume of 
trunk wood reached a maximum of 0.01 m3 yr-1 
only at the age of the trees over 300 years. 
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����� ���������� �������� ��������� 
�������� ��’�� ��� ��’�� ��������� �-
���	��# ����� ��
����, ~� ��� ��’�� 
��������� ����� 1 3 ��� �� ������~���� 
0,7 %. �� #���
����� ��� ����� ����� 

������� � ���� ����� 200 ��
�� (���. 143 
� 145). 

�������� �����	���� ��������� ���-
��#����� ��������� ���������� �������� 
������# ����� ������� ��� ������ � 
���~��� ��������� (����. 48). � �����-
�	�� ��� ��
����
 ��������	 0,467. 

The trend of the dependence of the percen-
tage of current volume increment from the vo-
lume of trunks of model trees showed that, with 
a volume of trunks exceeding 1 m3, it does not 
exceed 0.7 %. This is characteristic of Pinus 
cembra  trees at the age of more than 200 years 
(Figures 143 and 145). 

The given results allowed to calculate the 
moving averaged values of the form factor
depending on the height and the thickness of the 
trunks (Table 48). On average, this index is 
0.467. 
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!"#. 145. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’�� ���������  
����	��# ����� ����� 
�������, ~� ����� � ����
����’� ¬�����: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������������ ������ 
Fig. 145. The trend of the dependence of the percentage of the current volume increment from the volume  

of Pinus cembra model trees, which grew on the Gorgany range altimontane zone:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – line of averaged trend 
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� !"#$% 48 
Table 48 

$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+"  
% +()?"*" #+()467%) P(&5/,*"N &575) #(#*" -5&7()(=, ?( 7(#/" 6 )"#(-(U%7’= {(7z0*: 

"fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= +()?"*";  
"fh" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 

 The moving averaged actual value of the form factors dependence from the trunks height  
and their thickness of Pinus cembra model trees, which grew on the Gorgany range altimontane 

zone: "fd" – the moving average values of form factor of different thickness trunks;  
"fh" – the moving average values of form factor of different height trunks 

H 
D 8 10 12 14 16 18 20 22 24 26 fd 

8 0.692          0.679 
12 0.678 0.642 0.609        0.652 
16 0.664 0.628 0.596 0.568       0.626 
20 0.650 0.615 0.584 0.556       0.600 
24  0.602 0.572 0.544       0.575 
28    0.533 0.511 0.493 0.480    0.551 
32    0.521 0.500 0.482 0.470 0.463   0.527 
36     0.489 0.472 0.460 0.453   0.505 
40     0.478 0.461 0.450 0.443   0.483 
44     0.467 0.451 0.440 0.434 0.433  0.462 
48     0.457 0.441 0.430 0.424 0.423  0.441 
52     0.447 0.431 0.420 0.414 0.414  0.422 
56     0.437 0.422 0.411 0.405 0.404 0.409 0.403 
60       0.402 0.396 0.395 0.399 0.385 
64        0.387 0.386 0.390 0.368 
68        0.378 0.377 0.381 0.351 
72         0.369 0.373 0.335 
76         0.360 0.364 0.320 
80         0.352 0.356 0.306 
84         0.345 0.348 0.293 
88          0.341 0.280 
92          0.333 0.268 
96          0.326 0.257 
fh 0.704 0.631 0.568 0.516 0.473 0.441 0.419 0.407 0.406 0.414 0.467 
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%���� ����	������ Picea abies (L.) Karst.  
����������� ���� ����������� �� ����# 

¤������	
��� �� �����������	
��� ���-
����� ���������� ����������� “���-
����	
� ������ ������������”. �����	�� ��-
������ ��� ����������� ��������� �� 
���������� ��
����
� �������� � ����. 49 
�� �� ���. 146. ������	���� ���������� ��-

����
� #��� ����� ��������� ��# ����� ��-
������ �� ���. 147–149. ���������� �����-
����	 ������ ��������� ��� �# ���~��� 
��
����� �� ���. 150. 

The model cuttings were made from trees 
that grew up on the territory of Bystryk Forestry 
and Dovgapolyana Forestry of the Osmoloda 
State State Enterprise of Forestry Management. 
General information on their geographical 
location and biometric data are given in in 
Table 49 and Figure 146. The generalized 
biometric parameters of the growth course of 
the trunks of these trees are shown in Figures 
147–149. The average dependence of the trunks 
height on their thicknes is shown in Figure 150. 

 
� !"#$% 49 

Table 49 
;(&5/,*% &575)0 L/"*" `)7('5A#,-(=, ?( 7(#/" 6 )"#(-(U%7’= {(7z0* 

Model trees of Picea abies, which grew on the Gorgany range altimontane zone 
¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 
����� 

����	��# ����� 
Numbers of model 

trees N E H 
A H D V 

141 48.585640 23.919553 1365 230 34.5 61 4.5 
142 48.585163 23.919021 1310 203 25.5 32.2 0.98 
143 48.585112 23.919452 1349 210 33.5 49 2.68 
192 48.617452 23.941669 1357 438 30 78.4 3.85 
194 48.616980 23.941026 1320 221 22.5 30.4 0.815 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

!"#. 146. ����� � ����
����’� ¬�����, �� ���� ����� ����	�� ������ ����� ��������	
�� 
Fig. 146. The places on the Gorgany range altimontane zone, where model trees of Picea abies were taken 
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!"#. 147. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� ����� ��������	
��,  
~� ����� � ����
����’� ¬�����: "Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# 

������	; � � ��� – ����� 
����� ��������; "Trend" – ����� ������; "192" � "194" – ��
����� �������� 
����	��# �����, ~� �����	�� ����� �����# 80 ��
�� ��� ����� ���� 

Fig. 147. The trend of growth, the current and average increments in height of Picea abies model trees,  
which grew on the Gorgany range altimontane zone: "Value" – actual values; "Avg" – line of averaged actual 

values; "Trend" – trend line; � and ��� – line of forest stands bonitet classes; "192" and "194" – the actual values  
of model trees that slowly grew during the first 80 years under the forest canopy 
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!"#. 148. ¾�� �����, �������� �� �������� �������� �� ������� ����	��# ����� ����� ��������	
��, 
~� ����� � ����
����’� ¬�����: "Avg" – ����� ����������# ��
�����# ������	;  

"Trend" – ����� ������; "192" � "194" – ��
����� �������� ����	��# �����,  
~� �����	�� ����� �����# 80 ��
�� ��� ����� ���� 

Fig. 148. Trend of growth, the current and average increments by the trunks thickness of Picea abies  
model trees, which which grew on the Gorgany range altimontane zone: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line; "192" and "194" – the actual values  

of model trees that slowly grew during the first 80 years under the forest canopy 
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Natural stands of Pinus cembra near the upper timberline on the Gorgany mountain range

201



      1300  . . .  

Giant Pinus cembra trees grow at altitude of 1 300 m a.s.l. in the Gorgany mountain range
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Deranged post-climax Picea abies stands near the upper timberline on the Gorgany mountain range
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(  ,  1748  . . .)

Avalanches formed the upper timberline of Picea abies forests on the Gorgany mountain range 
(Mount Grofa, 1 748 m a.s.l.)
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!"#. 149. ¾�� �����, �������� �� �������� �������� ��’�y ��������� ����	��# ����� ����� 
��������	
��, ~� ����� � ����
����’� ¬�����: "Value" – ��
����� ��������; "Avg" – �����  

����������# ��
�����# ������	; "Trend" – ����� ������; "192" � "194" – ��
����� ��������  
����	��# �����, ~� �����	�� ����� �����# 80 ��
�� ��� ����� ���� 

Fig. 149. Trend of growth, the current and average increments by the trunks volume of Picea abies 
 model trees, which grew on the Gorgany range altimontane zone: "Value" – actual values; "Avg" – line  
of averaged actual values; "Trend" – trend line; "192" and "194" – the actual values of model trees that  

slowly grew during the first 80 years under the forest canopy 
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!"#. 150. ���������� ���������	 ������ ��� ���~��� ��������� ����	��# ����� �����  
��������	
��, ~� ����� � ����
����’� ¬�����: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
Fig. 150. The average dependence of the height from the thickness of the trunks of Picea abies model trees, 

which grew on the Gorgany range altimontane zone: "Value" – actual values; "Avg" – line of averaged  
actual values; "Trend" – trend line 

 
������ ����������� ��� ����� ����� � 

������ ���������� ��
����
� ��I–I ��������. 
� ���� 50 ��
�� �# ������ ������ 12 , � � 100 
��
�� – 20 . "���������, ���~��� ��������� 
������ 18 � � ���#� ���	�� ��� 27 �, � 
��’� – ��������� 0,15 3 � ���#� ���	�� ��� 
0,8 3. ������	��� ����������� �������� 
������� � ������ ��������� ��# ����� ��� � 
���� 10–80 ��
�� � �������� ���������  
0,2 ·��
-1. "���������, ��
�� ������	��� 
������� �� ���~���} ���������, �����  
3 ·��
-1, ������������� � ���� 20–60 ��
��, � 
�� ��’�� ���������� ��������, ���	�� ��� 
0,02 3·��
-1, �������� � ���� ����� ����� 200 
��
��. ������� ��������� ��
���� � �������� 
������� �� ��� ��
����
��. ����� �����-
��� ������� �� ��’�� ���������� �������� 
������ �
���� 0,015 3·��
-1 ���� � ���� 
����� ����� 200 ��
��. 

������ �����, ~� �����
��� ����� ��-
���	��, ����	, ��� ����� ����, � 100 ��-

�� ��� ������ ���� 4 � 8 , � 200 ��
�� – 
12 � 22 , � � 400 ��
�� – 29 . "���������, 
��’� ����� ����� � 100 ��
�� ���� 0,007 � 
0,04 3, � 200 ��
�� – 0,1 � 0,7, � � 400 ��
�� –
3,5 3. 

����� ���������� �������� ��������� ���-
����� ��’�� ��� ��’�� ��������� ����	��# 
����� ��
����, ~� ��� ��’�� ��������� ����� 
1,0 3 ��� �� ������~�� 1,3–0,7 %. �� #�-
��
����� ��� ����� ����� ��������	
�� � ���� 
����� 120 ��
�� (���. 149 � 151). 

In general, the average growth rate of the trees 
in height was consistent with the II�–� bonitet. At 
the age of 50 years, their height reached 12 m, 
and in 100 years – 20 m. Accordingly, the thick-
ness of the trunks reached 18 cm and slightly more 
than 27 cm, and the volume – approximately 
0.15 m3 and slightly more than 0.8 m3. The largest 
averaged current increment in height of trunks of 
these trees was at the age of 10–80 years and was 
approximately 0.2 m·yr-1. Accordingly, such a 
large increment in the thickness of the trunks, 
more than 3 mm·yr-1, was observed at the age of 
20–60 years, and in the volume of trunk woods, 
more than 0.02 m3 yr-1, was found at the age of 
trees of more than 200 years. Similar trends also 
showed an average increment in these indicators. 
However, the average increment in the volume of 
trunk wood reached a maximum of 0.015 m3 yr-1 
only at the age of the trees over 200 years. 

Spruce trees, which initially grew slowly, 
apparently under the tent of the forest, in the 
100 years they had a height of only 4 and 8 m, 
in 200 years – 12 and 22 m, and in 400 years –
29 m. Accordingly, the volume of trees reached 
in 100 years only 0.007 and 0.04 m3, in 200 
years – 0.1 and 0.7, and in 400 years –3.5 m3. 

The trend of the dependence of the percentage 
of current volume increment from the volume of 
trunks of model trees showed that, with a volume 
of trunks exceeding 1 m3, it does not exceed 1.3–
0.7 %. This is characteristic of Picea abies trees at 
the age of over 120 years (Figures 149 and 151). 
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�������� �����	���� ��������� �����#�-
���� ��������� ���������� �������� ������# 
����� ������� ��� ������ �� ���~��� ����-
����� (����. 50). � ������	�� ��� ��
����
 
��������	 0,472. 

The given results allowed to calculate the 
moving averaged values of the form factor 
depending on the height and the thickness of the 
trunks (Table 50). On average, this index is 
0.472. 
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!"#. 151. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’�� ��������� ����	��# 
����� ����� ��������	
��, ~� ����� � ����
����’� ¬�����: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������������ ������ 
 Fig. 151. The trend of the dependence of the percentage of the current volume increment from  

the volume of Picea abies model trees, which grew on the Gorgany range altimontane zone:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – line of averaged trend 

 � !"#$% 50 
Table 50 

$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+" % +()?"*"  
#+()467%) P(&5/,*"N &575) L/"*" ̀ )7('5A#,-(=, ?( 7(#/" 6 )"#(-(U%7’= {(7z0*:  

"fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= +()?"*";  
"fh" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 

 The moving averaged actual value of the form factors dependence from the trunks height  
and their thickness of Picea abies model trees, which grew on the Gorgany range altimontane 

zone: "fd" – the moving average values of form factor of different thickness trunks;  
"fh" – the moving average values of form factor of different height trunks 

H 
D 8 12 16 18 20 22 24 26 28 30 32 34 fd 

8 0.532            0.538
12 0.527            0.528
16 0.522 0.514 0.506          0.519
20 0.517 0.509 0.501 0.497 0.493        0.509
24  0.504 0.496 0.492 0.488 0.484       0.499
28  0.499 0.492 0.488 0.484 0.479 0.475      0.490
32   0.487 0.483 0.479 0.475 0.471 0.467     0.480
36    0.478 0.474 0.470 0.466 0.462     0.471
40      0.465 0.461 0.457 0.453 0.449   0.461
44        0.452 0.448 0.444 0.440  0.451
48         0.444 0.440 0.436 0.431 0.442
52          0.435 0.431 0.427 0.432
56           0.426 0.422 0.423
60           0.421 0.417 0.413
64            0.412 0.403
fh 0.525 0.509 0.493 0.485 0.477 0.469 0.461 0.453 0.445 0.437 0.429 0.421 0.472
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%���� ����	������  
(3����� �����+���) 

Picea abies (L.) Karst.  
(silviculture)

����������� ���� ����������� �� 
����# �����������	
��� ���������� 
����������� “�������	
� ������ ���-
���������”. �����	�� �������� ��� 
����������� ������������ �� �����-
����� ��
����
� �������� � ����. 51 �� 
�� ���. 152. ������	���� ���������� ��-

����
� #��� ����� ��������� ��# ����� 
�������� �� ���. 153–155. ���������� 
���������	 ������ ��������� ��� �# ���-
~��� ��
����� �� ���. 156. 

The model cuttings were made from trees that 
grew up on the territory of Dovgopolyana  
Forestry and Osmoloda Forestry of the Osmoloda 
State Enterprise of Forestry Management. Ge-
neral information on their geographical location 
and biometric data are given in Table 51 and in 
Figure 152. The generalized biometric parameters 
of the growth course of the trunks of these trees 
are shown in Figures 153–155. The average 
dependence of the trunks height on their thicknes 
is shown in Figure 156. 

 
� !"#$% 51 

Table 51 
;(&5/,*% &575)0 %< j+6D*(U( *0#0&O5**L L/"*" `)7('5A#,-(=,  

L-% 7(#/" 6 )"#(-(U%7’= {(7z0* 
Model trees of Picea abies from silviculture, which grew on the Gorgany range altimontane zone 

¤��������� ��
����
� ��������� 
Biometrical measures of tree trunks ����� ����� 

Locality 
����� 

����	��# ����� 
Numbers of model 

trees N E H 
A H D V 

136 48.58412 23.91567 1340 84 25.2 25.4 0.68 
140 48.58260 23.91455 1364 95 30 53.2 2.73 
144 48.58365 23.91532 1350 84 17.1 14.6 0.14 

 

140 

 

 

!"#. 152. ����� � ����
����’� ¬�����, �� ���� ����� ����	�� ������  
�� �������� ���������� ����� ��������	
�� 

Fig. 152. The places on the Gorgany range altimontane zone, where  
model trees of Picea abies from silviculture were taken 
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!"#. 153. ¾�� �����, �������� �� �������� �������� � ������ ����	��# ����� �� �������� ���������� 
����� ��������	
��, ~� ����� � ����
����’� ¬�����: "Value" – ��
����� ��������; "Avg" – ����� 

����������# ��
�����# ������	; "Trend" – ����� ������; � � ��� – ����� 
����� �������� 
Fig. 153. The trend of growth, the current and average increments in height of Picea abies model trees  

from silviculture which grew on the Gorgany range altimontane zone: "Value" – actual values;  
"Avg" – line of averaged actual values; "Trend" – trend line; � and ��� – line of forest stands bonitet classes 
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!"#. 154. ¾�� �����, �������� �� �������� �������� �� ������� ����	��# �����  
�� �������� ���������� ����� ��������	
��, ~� ����� � ����
����’� ¬�����:  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
Fig. 154. Trend of growth, the current and average increments by the trunks thickness of Picea abies  

model trees from silviculture which grew on the Gorgany range altimontane zone:  
Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 

 

210



���������’
 3��+��                                                                     Gorgany range altimontane zone 

  

 

V, m3 = 0,0002A2 - 0,0003A - 0,0355

0

1

2

3

0 20 40 60 80 100A, years

Value
Avg
Trend

R2 = 0,992

¸V/¸A, m3·year-1 = 3E-06A2 + 0,0001A + 4E-06

0

0.02

0.04

0.06

0 20 40 60 80 100A, years

R2 = 0,735

¸V/A, m3·year-1 = 3E-06A2 - 4E-05A

0.00

0.01

0.02

0.03

0 20 40 60 80 100A, years

R2 = 0,8832

 
 

!"#. 155. ¾�� �����, �������� �� �������� �������� ��’�y ��������� ����	��# ����� �� �������� 
���������� ����� ��������	
��, ~� ����� � ����
����’� ¬�����: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 155. Trend of growth, the current and average increments by the trunks volume of Picea abies  

model trees from silviculture which grew on the Gorgany range altimontane zone:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – trend line 
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!"#. 156. ���������� ���������	 ������ ��� ���~��� ��������� ����	��# ����� �� �������� 
���������� ����� ��������	
��, ~� ����� � ����
����’� ¬�����: "Value" – ��
����� ��������;  

"Avg" – ����� ����������# ��
�����# ������	; "Trend" – ����� ������ 
 Fig. 156. The average dependence of the height from the thickness of the trunks of Picea abies  

model trees from silviculture which grew on the Gorgany range altimontane zone: "Value" – actual values; 
"Avg" – line of averaged actual values; "Trend" – trend line 

 

������ ����������� ��� ����� ����� � 
������ ���������� ��
����
� ��I–I ����-
����. � ���� 50 ��
�� �# ������ ������ 14 , � 
� 90 ��
�� – 27 . "���������, ���~��� 
��������� � �	�� ���� ������ 19 � � ���#� 
���	�� 42 �, � ��’� – ��������� 0,4 3 � 
���#� ���	�� ��� 1,2 3. ������	��� ���-
�������� �������� ������� � ������ ����-
����� ��# ����� ��� � ���� 20–60 ��
�� � 
�������� 0,3–0,4 ·��
-1. "���������, ��
�� 
������	��� ������� �� ���~���} ������-
���, 6 ·��
-1, ������������� � ���� 25–40 
��
��, � �� ��’�� ���������� ��������, 
���	�� 0,03 3·��
-1, �������� � ���� ����� 
����� 80 ��
��. ������� ��������� ��
���� � 
�������� ������� �� ��� ��
����
��. 
����� �������� ������� ������ �� ���~��� 
��������� ������ �
����, 0,3  ��
-1 �  
4  ��
-1, � ���� ����� 40 ��
��, � ��’��, 
���	�� 0,02 3 ��
-1, – � ���� ����� 90 ��
��. 
����� ���������� �������� ��������� ���-
����� ��’�� ��� ��’�� ��������� ����	-
��# ����� ��
����, ~� ��� ��’�� ��������� 
����� 1 3 ��� ��������	 1,5%. �� #���
-
����� ��� ����� ����� �������	
�� ����-
���� ���������� � ���� ����� 80 ��
�� 
(���. 155 � 157). 

�������� �����	���� ��������� �����#�-
���� ��������� ���������� �������� ������# 
����� ������� ��� ������ � ���~��� ����-
����� (����. 52). � ������	�� ��� ��
����
 
��������	 0,506. 

In general, the average growth rate of the trees 
in height was consistent with the III–I bonitet. At 
the age of 50 years, their height reached 14 m, and 
in 90 years – 27 m. Accordingly, the thickness of 
the trunks in this age reached 19 cm and slightly 
more than 42 cm, and the volume – approximately 
0.4 m3 and slightly more than 1.2 m3. The largest 
averaged current increment in height of trunks of 
these trees was at the age of 20–60 years and was 
approximately 0.3–0.4 m·yr-1. Accordingly, such a 
large increment in the thickness of the trunks, 
6 mm·yr-1, was observed at the age of 25–40 
years, and in the volume of trunk wood, more than 
0.03 m3 yr-1, was found at the age of trees of over 
80 years. Similar trends also showed an average 
increment in these indicators. However, the 
average increment of the height and the thickness 
of the trunks reached the maximum, 0.3 m yr-1 and 
4 mm·yr-1, at the age of over 40 years, and the 
volume, more than 0.02 m3·yr-1, – at the age of 
more than 90 years. The trend of the dependence of 
the percentage of current volume increment from 
the volume of trunks of model trees showed that, 
with a volume of trunks exceeding 1.0 m3, it does 
not exceed 1.5 %. This is characteristic of Picea 
abies trees from silviculture at the age of over 80 
years (Figures 155 and 157). 

The given results allowed to calculate the 
moving averaged values of the form factor 
depending on the height and the thickness of the 
trunks (Table 52). On average, this index is 0.506.
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!"#. 157. ����� ���������� �������� ��������� �������� �� ��’�� ��� ��’�� ���������  
����	��# ����� �� �������� ���������� ����� ��������	
��, ~� ����� � ����
����’� ¬�����:  

"Value" – ��
����� ��������; "Avg" – ����� ����������# ��
�����# ������	;  
"Trend" – ����� ������������ ������ 

 Fig. 157. The trend of the dependence of the percentage of the current volume increment from the volume  
of Picea abies model trees from silviculture which grew on the Gorgany range altimontane zone:  
"Value" – actual values; "Avg" – line of averaged actual values; "Trend" – line of averaged trend 

� !"#$% 52 
Table 52 

$"7%)*L*% 6#575&*5*% <*0D5**L )"&()"N D"#5/ <0/5O*( )%& )"#(+" % +()?"*" #+()467%) 
P(&5/,*"N &575) <% j+6D*(U( *0#0&O5**L L/"*" `)7('5A#,-(=, ?( 7(#/" 6 )"#(-(U%7’= 

{(7z0*: "fd" – )"7%)*L*% #575&*% )"&()% D"#/0 #+()467%) 7%<*(= +()?"*"; "fh" – )"7%)*L*% 
#575&*% )"&()% D"#/0 #+()467%) 7%<*(= )"#(+" 

 The moving averaged actual value of the form factors dependence from the trunks height  
and the thickness of Picea abies model trees from silviculture which grew on the Gorgany range 

altimontane zone: "fd" – the moving average values of form factor of different thickness 
trunks; "fh" – the moving average values of form factor of different height trunks 

H 
D 

8 10 12 14 16 18 20 22 24 26 28 30 fd 

8 0.729 0.674           0.743 
12 0.669 0.618 0.581 0.556 0.541        0.625 
16  0.576 0.541 0.518 0.504 0.497       0.542 
20   0.512 0.490 0.477 0.471 0.469      0.485 
24    0.472 0.459 0.453 0.451 0.452 0.453 0.453   0.450 
28     0.449 0.443 0.441 0.441 0.442 0.443   0.429 
32     0.443 0.438 0.436 0.436 0.437 0.437   0.419 
36      0.436 0.434 0.434 0.435 0.435 0.434  0.415 
40       0.433 0.433 0.434 0.435 0.434  0.414 
44         0.434 0.434 0.433 0.430 0.413 
48          0.432 0.431 0.428 0.409 
52          0.428 0.427 0.424 0.401 
fh 0.716 0.611 0.540 0.495 0.469 0.457 0.453 0.454 0.456 0.456 0.454 0.448 0.506 
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4��������� ����������� Theoretical generalization
������ �������� ����������# ���������	 

�������	, ~� ������ �����# ����������# ��-
��� ����� ��������� � ����� ���������� ����-
������� #��� ����� �� �����
��������. �� 
�������	�� �������� ����� � ������, � ��
�� 
�� ���~���} � ��’�� �#��# ���������. ���-
����} ������������	 �������# �����	����� 
~��� ��������# ��������� #��� ����� ����� 
�� ��� ��
����
�� ����������}�	 ������-
�� ������������ ���#������ ��� �# �����	��� 
������, ~� ��������� 8–30 %. 

¤�������, ~� ��
� �������� ���������� 
��
����
�, ���������, �������	 ��� �����-
�������# ������������ 
��
�����# ����� ��-
�����# ������ �� ������� �# � ������� ���-
�#����# �������#. ����������	 ��
�# �������� 
��� ������ �������	, ���������, ��� ��
��	-
��# ������������# ���. �� 
��������, ���-
����� �� ������������ �������� ����, ����-
���� ������ �������� ����������	�� 
����������� 
����
��. ��
�� � ����-
����� �����
������	
�� ��������, ���	
�-
���’� ¤��
����, �������# �����, �#���� ����-

����’� ¬�����. ������� ���� ��������� ���-
�����}�	�� ����� ���������� ��������# 
��������, ��
��� – ������������#, �� �����-
����� �������������������� � ���}����� 
������� ��~�. �� ����������� �������� 
�-
���
�� ������� �����# ������������# ����-
��������. �� �� ���� ��
��	
������� ����-

�����������, ��� � ����
��	����� ��������. 
��
� ���������	
� ����	����	 �������� �� 
������ ���� �����
��������# ���. ��, ��-
�������, ���� ��������-������������# ��-
������. 

����
, ����������	 �
��������# �������� 
��������� � �����} ��� �������# ������ 
�����# �����, ~� ���� ������	 � �������-
����#. "��� �������	 ��� �������� �
�����-
���������� ��������� �� ������������ ������-
���� ����� 
��
�����# �����. �� �������	�� �# 
������� ����������������, ��������� �����	�� 
����� ��� ����� ���� � ��� �	�� �������	-
������ �����	�� ������� ������, ������ � 
�������# ������� ������, ��� �����
� – 
����������� ����
� ����� � ��#���}���� 
�������� �������. ����������� ���������� 
���������}�	 ���������� ���������	 ����� 
����� �� ��������� #��� �# ����� �� �����# 
������# ��
�. 

������� �����	���� ����������# �����-
����	 ��}�	 �������� ������� ��� ��
� ���
-
������	�� ������	����� ~��� �����# ����� ��-
�����# ������, �
� ������	 � �����# ������-
�����# � ����# �����# ��������# 
����
���. 

The presented analytical materials show that 
different biometric peculiarities of growth and 
productivity are characteristic of trees of 
different indigenous species of the forests. This 
is true for trees increment in height, and for 
thickness and volume of their trunks. The 
sufficient reliability of the results in connection 
ith the revealed tendencies of tree growth in 
accordance with these indicators, have confirms 
the values of the standard deviation from their 
variance. They made 8–15 %. 

Undoubtedly, such dynamic biometric indi-
cators, first of all, depend on the physiological 
features of concrete species of tree plants and 
their needs in vital resources. The availability of 
such resources for plants depends, first of all, on 
local forest-ecological conditions. These are 
climatic, edafical and hydrological natural con-
ditions that are characteristic of local natural 
territorial geographical complexes. These are the 
landscapes of the Carpathian Foothills, the Bes-
kidy low-mountains, the intermountain valleys, 
and the slopes of the altimontane zone of the 
Gorgany range. The mentioned types of land-
scape are characterized by different potential of 
such natural resources, in particular – hydro-
thermal and the potential of moisture and soil 
fertility, etc. These geographic natural complexes 
have undergone various anthropogenic transfor-
mations. This is not only a several of times the 
use of forests, but also agro-cultural develop-
ment. Such economic activity led to a certain 
change in the forest ecological conditions. First 
of all, it is the change of soil and hydrological 
resources. 

However, the accessibility of this landscape 
ecological resource is different for tree plants of 
different species, which grow together in forest 
stands. It depends on the vital ecological and 
phytocoenologycal strategy and features of the 
ontogenesis of trees of different species. This 
relates to their degree of shadow endurance, the 
ability to grow slowly under the forest canopy, 
while being satisfied with the minimum resource 
of light, moisture and nutrients of the soil, or vice 
versa – the ability to grow rapidly and seize living 
space, etc. The features of ontogenesis include the 
biological life expectancy of trees and the trends 
in the course of their growth at different stages of 
age. 

The presented results of biometric studies 
give us the reason to do such precisely functional 
generalizations regarding different species of tree 
plants that grow in mixed forest stands in con-
ditions of different natural complexes. 
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���������� ������ ������������ 
������$�� ���� ����� �����  

A comparative analysis of the 
general trends of the growth of trees 

���������� ���������� ��
����
� ����� 
����� ����������# �������# �����, �
� ���-
���	 � �������# ������������# ����#, �-
���	 ���� ��������� �� ����} �� ��
��-
��
�� ���������# ������	 [58]. �� ��� 
��������	 ������� ���������� ������
� �� 
�������� �# �����
������ ���������, ������ 
�� ����� ��� ���������� 100 ������	��# 
�����. ¢��� ��� �� �� 
������� �����-
��}�	 � ��������# 
�����# ����� �����-
����� ��
����
� ������������, ��
��� ��-
����} ������ ����� �����}���� ���� [38]. 

The averaged biometric indices of the 
growth of trees of native species that grow in 
similar forest ecological conditions can be 
compared with indicators of normative tables 
[58]. This makes it possible to draw conclu-
sions and forecasts of their productive ability, 
taking into account when calculating the 100 
largest trees. After all, according to this 
criterion biometric indices of forest stands are 
determined in the leading countries of the 
world, in particular the average height of trees 
of the dominant species [38]. 

����	���������� �������� Carpathian Foothills 
� �����# �����������# ��
� 20 ��
�� 

�����~�� ��
����
�� ����� � ������ 
��������}�	�� ������ �’��� ����
���, ������ 
�������� �� �����. "��� ������ ������-
���}�	 ������ ����# ����� (����. 53). �� � 
��������� ������������	�� � � ���� ����� 50 
��
��. � ���� 100–120 ��
�� 
��	�������� 
������� ������}�	 ������ ����� Abies alba �� 
Fagus sylvatica, � ��
��, ����	, Ulmus 
glabra. �# ������ ���������� ���� Ia �� II 
��������. ������	��� ���~��� ������}�	 
�������� ����� Abies alba, Fagus sylvatica �� 
Quercus robur. ���~� �# ����������� 
�������� ����� 0,26–0,29 2. "��������� � �# 
��’� �������� 3,1–5,5 3, � ������� �����-
���� �������� �� ��’�� ��� ��’�� ����-
����� ������}��� 2,5–3,2. �� ��� �������� 
���� �����#����� ������ ������� ��’�� 
��������� 100 ��
�# ����� Abies alba  � ���-
��� 12,5 3·��
-1, Fagus sylvatica – 9 3·��
-1 
�� Quercus robur – 5 3·��
-1. ��
� �����-
~���� ���
� ���������, ��
��	
� ��� ���~ 
�������� ��# 100 ����� ���������	 ����
� 
0,45–0,8 ��� ��������� �����# ������-
������ �� 1 ��. �����~� ��
����
� �����
-
�������� �������� ������ Quercus robur � 
���� 200 ��
��. ¦����#��
���� ������ 
������� ��’�� ��������� 100 ��
�# ����� 
�� �� ��������� 10,5 3·��
-1. � ������#��-

� �� ��� ���~ �������� �����	��# 
������������ � ���� 100 ��
�� ���� ���
�-
����, ~� ������ ��� ��
����
 �����
���-
����� �� �� ��������� 8–16 3·��
-1. 

In young forest stands of the age of 20 
years, the highest rates of growth in height are 
marked by the Ulmus glabra, Betula pendula
and Carpinus betulus trees. They are signi-
ficantly ahead of trees of other species (Tab-
le 53). Thies same trend is observed in the age 
of 50 years old trees. At the age of 100–120, 
trees of the species Abies alba and Fagus 
sylvatica, as well as Ulmus glabra, climax 
positions are acquired. Their height corresponds 
to the norm of Ia and II bonitetes. The trunks of 
the trees Abies alba, Fagus sylvatica and 
Quercus robur are the largest in thickness. Their 
area of cross-section reaches 0.26–0.29 m2.
Accordingly, their volume was 3.1–5.5 m3, 
and the percentage of the current increment in 
volume from the volume of the trunks was 
2.5–3.2. On this basis, one can calculate the 
annual increment in the volume of the trunks 
of 100 such Abies alba trees in the size of 
12.5 m3·yr-1, Fagus sylvatica – 9 m3·yr-1 and 
Quercus robur – 5 m3·yr-1. Such assumptions 
are quite probable, since the sum of the areas 
of the section of these 100 trees is a fraction of 
0.45–0.8 from the norms of full stands per 1 
ha. The highest indices of the productivity is 
characteristic of the Quercus robur trees at the 
age of 200. The estimated annual increment in 
the volume of the trunks of 100 such trees 
should be 10.5 m3·yr-1. In terms of the basal 
area of the normal forest stands in age 100 
years, it can be expected that, in general, this 
productivity index could be 8–16 m3·yr-1. 
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� !"#$% 53 
Table 53 

\'%))%&*(j5**L 6#575&*5*"N +5P'%) 7(#+6 <0 (#*()*"P" 4%(P5+7"D*"P" '(-0<*"-0P" 
&575) *0A'(j"75*%j"N 04(7"U5**"N )"&%), ?( 7(#+6+, *0 @575&-07'0+#,-%A )"#(D"*% 

The ratio of the average growth rates by the main biometric indices of trees of the  
widely-distributed native species that grow on the Carpathian Foothills 

"�
 �����, ��
� 
Age of trees, years 

Ulmus 
glabra 

Betula 
pendula 

Carpinus 
betulus 

Quercus
robur 

Fagus 
sylvatica

Alnus 
glutinosa

Abies 
alba 

"����� �����,  Height of trees, m 
20 8.4 7.0 6.9 5.9 5.5 3.9 2.0 
40 19.2 15.3 14.4 10.3 12.7 12.0 11.5 
50 22.8 17.2 17.1 13.1 15.4 15.1 15.5 
60 25.6 19.8 21.4 15.8 18.1 15.9 19.6 
80 28.1 22.0 – 18.5 21.4 18.9 27.2 

100 – – – 19.8 26.7 23.3 33.2 
120 – – – 21.4 29.0 25.5 34.7 
150 – – – 25.3 – – – 
200 – – – 29.5 – – – 

¤������, � �
����	��� ���� ����� Bonitet, in the maximum age of trees 
 Ia II I II II II Ia 

���~��� ���������, � Thickness of trunks, cm 
20 11.7 7.0 5.8 8.5 3.8 4.4 3.4 
40 33.2 20.8 15.0 17.3 12.8 18.4 13.0 
50 42.1 26.9 18.7 23.3 18.4 23.5 18.6 
60 53.8 36.1 24.9 31.1 25.3 27.7 24.2 
80 64.1 39.4 – 41.6 42.0 35.1 41.0 

100 – – – 58.0 58.7 39.2 60.5 
120 – – – 70.5 72.1 42.0 72.9 

���~� ����������� �������� ��������, 2 The trunk cross-sectional area, m2 
100 – – – 0.26 0.27 0.12 0.29 

��’� ��������, 3 Volume of the trunk, m3 
20 0.1 0.02 0.01 0.1 0.01 0.01 0.002 
40 0.8 0.2 0.1 0.3 0.1 0.2 0.1 
50 1.4 0.4 0.2 0.4 0.2 0.3 0.3 
60 2.2 0.8 0.4 0.7 0.4 0.5 0.7 
80 3.4 1.1 – 1.1 1.4 0.9 1.9 

100 – – – 2.0 3.2 1.5 3.9 
120 – – – 3.1 5.2 1.9 5.5 

������� ��������� ~�������� ��������  
�� ��’�� ��� ��’�� ��������� 

The percentage of the current annual volume 
increment from the volume of trunks 

100 – – – 2.5 2.8 1.7 3.2 
���~� ����������� �������� 100 ���������, 2 The 100 trunks cross-sectional area, m2 

100    26 27 12 29 
|�� ���~ �������� �����	���� �����������,  2·��-1 Basal area of normal stand, m2·ha-1 

120    32.9 33.8 26.4 52.1 
�������� ~������� ������� ��’��  

100 �����, 3·��
-1 
The current annual volume increment 

 of 100 trees, m3·yr-1 
100 – – – 5.0 9.0 2.4 12.5 
150    5.3    
200    10.5    
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%��������’
 &��	��� �����	�� Lowmountains of the Eastern Beskids
� �����# �����������# ��
� 20 ��
�� 

�����~�� ��
����
�� ����� � ������ 
��������}�	�� ������ ����� ��������	
��, 
~� ������	 �� ������# ��������# ������#. 
������� �������� � �� �����# 
�’������# 
�������#. ��������	���� ������	 ����� 
������ ��
� �� ����� (����. 54).  

�� � ��������� ������������	�� � � ���� 
����� 50 ��
��. � ���� 100–120 ��
�� 
��	�-
������� ������� � �����������#  ����
����-
��# ����� Picea abies � ������ ���������. 
������ ����# ����� ������}�	 � ����
���� 
�����. �����~�� � ������ Picea abies, ~� 
������	 �� ������# ��������# ������#  
(�d �������). ��
�� ������ ��
� ����}�	 ��-
���}�� ������� � ����� ������������. �# 
������ ����� 32  (� �������). 

�� �����# 
�’������# ������# ���� 
����� �����	�����, ���������� ��
����
� 
�� ��������. ��
�� ������}�	 � ����� � ��-
���� ������ Abies alba. �# ������ ����� ��-
�� 24 , ����� ���������� ���� ��� ��-
������. 

���~� ����������� �������� ��������� 
�����}��# ����� ����� 0,1–0,33 2. "����-
����� � �# ��’� � ���� 100 ��
�� �������� 
1,4–5,7 3, � ������� ��������� �������� �� 
��’�� ��� ��’�� ��������� ������}��� 
1,1–2,7. �� ��� �������� ���� �����#����� 
������ ������� ��’�� ��������� 100 ��
�# 
����� Picea abies  � ������ 5,3– 6,3 3·��
-1, 
Fagus sylvatica – 3,4 3·��
-1 �� Abies alba – 
4,1 3·��
-1. ��
� �����~���� ���
� ����-
�����, ��
��	
� ��� ���~ �������� ��# 100 
����� ���������	 ����
� 0,28–0,5 ��� ����-
����� �����# ������������ �� 1 ��. �����~� 
��
����
� �����
�������� �������� ������ 
Fagus sylvatica � Abies alba � ���� 120–140 
��
��. ¦����#��
���� ������ ������� ��’�� 
��������� 100 ��
�# ����� �� �� ��������� 
4,7–6,4 3·��
-1. � ������#��
� �� ��� 
���~ �������� �����	��# ������������ � 
�	�� ���� ���� �����������, ~� ������ 
��� ��
����
 �����
�������� �� �� �����-
����  10–12 3·��
-1. 

Young trees of the age of 20 years show the 
highest growth indices in the height of the 
Picea abies trees, which grow on on rich 
cambisoils.  A similar situation occurs on the 
poor stony brown soils. Younger Fagus syl-
vatica and Abies alba trees grow slowly 
(Table 54).  

This same trend is observed in the age of 50 
years old trees. At the age of 100–120 years, 
climatic positions in the trees of the fast-
growing Picea abies trees are further inherent. 
Trees of other species grow slower. The 
highest are Picea abies trees that grow on on 
rich cambisoils (Id bonitet). Also Fagus
sylvatica trees occupy the dominant position in 
the cannopy of the stands. Their height reaches 
32 m (I bonitet).  

On poor stony soils, Picea abies trees 
grown slower, consistent with the II bonitet. 
Also, they are lagging behind in the height of 
the Abies alba trees. Their height reaches only 
24 m, that is, corresponds to the norm of the 
III bonitet. 

The area of cross-section of trunks of these 
dominanted trees reaches 0.1–0.33 m2. Accor-
dingly, their volume in age 100 yaers was 
1.4–5.7 m3, and the percentage of the current 
increment in volume from the volume of the 
trunks was 1.1–2.7. On this basis, one can 
calculate the annual increment in the volume 
of the trunks of 100 such Picea abies  trees in 
the size of 6.3 m3·yr-1, Fagus sylvatica –
3.4 m3·yr-1 and Abies alba – 4.1 m3·yr-1. Such 
assumptions are quite probable, since the sum 
of the areas of the section of these 100 trees is 
a fraction of 0.28–0.5 from the norms of full 
stands per 1 ha. The highest indices of the 
productivity is characteristic of the Fagus 
sylvatica and Abies alba trees at the age of 
120–140. The estimated annual increment in 
the volume of the trunks of 100 such trees 
should be 4.7–6.4 m3·yr-1. In terms of the basal 
area of the normal forest stands in this age, it 
can be expected that, in general, this pro-
ductivity index could be 10–12 m3·yr-1. 
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� !"#$% 54 
Table 54 

\'%))%&*(j5**L 6#575&*5*"N +5P'%) 7(#+6 <0 (#*()*"P" 4%(P5+7"D*"P" '(-0<*"-0P" 
&575) *0A'(j"75*%j"N 04(7"U5**"N )"&%), ?( 7(#+6+, 6 *"<,-(U%7’= \N%&*"N ]5#-"&%) 

The ratio of the average growth rates by the main biometric indices of trees of the widely-
distributed native species that grow on the Eastern Beskids low mountains 

"�
 �����, ��
� 
Age of trees, years 

Picea 
abies K 

Acer pseu-
doplatanus 

Ulmus 
glabra 

Picea 
abies M 

Fagus 
sylvatica 

Abies 
alba 

"����� �����,  Height of trees, m 
20 11.3 8.4 7.7 6.6 3.3 2.5 
40 22.7 17.7 16.7 16.1 10.2 6.3 
50 27.1 20.8 20.2 18.6 14.5 8.8 
60 31.0 21.8 22.9 20.6 18.1 12.0 
80 36.9 – 29.3 21.4 24.3 17.8 
100 42.69 – – 24.6 29.1 22.2 
120 – – – – 32.2 24.0 

¤������, � �
����	��� ���� ����� Bonitet, in the maximum age of trees 
 Id I Ia II I III 

���~��� ���������, � Thickness of trunks, cm 
20 14.1 7.4 11.3 11.0 3.3 3.1 
40 31.6 16.0 25.1 21.6 12.0 8.6 
50 39.9 19.7 30.9 25.5 18.3 11.9 
60 46.2 20.2 35.8 28.6 20.5 16.1 
80 57.9 – 54.6 36.9 28.7 25.7 
100 64.6 – – 44.4 36.0 34.9 
120 – – – – 46.0 40.3 

���~� ����������� �������� ��������, 2 The trunk cross-sectional area, m2 
100 0.33   0.15 0.10 0.10 

��’� ��������, 3 Volume of the trunk, m3 
20 0.1 0.02 0.1 0.03 0.01 0.01 
40 0.8 0.2 0.4 0.3 0.1 0.1 
50 1.5 0.29 0.8 0.5 0.2 0.2 
60 2.2 0.34 1.1 0.7 0.3 0.3 
80 4.0 – 3.2 1.3 0.8 0.8 
100 5.7 – – 2.0 1.4 1.6 
120 – – – – 2.3 2.2 

������� ��������� �������� 
�� ��’�� ��� ��’�� ��������� 

The percentage of the current volume increment 
from the volume of trunks 

100 1.1 – – 2.7 2.5 2.6 
���~� ����������� �������� 100 ���������, 2 The 100 trunks cross-sectional area, m2 

100 33 – – 15 10 10 
|�� ���~ �������� �����	���� �����������, 2·��-1 Basal area of normal stand, m2·ha-1 

100 >67 – – 46.8 37.4 36.1 
�������� ~������� ������� ��’��  

100 �����, 3·��
-1 
The current annual volume increment 

 of 100 trees, m3·yr-1 
100 6.3 – – 5.3 3.4 4.1 
120 – – – – 4.7 5.7 
140 – – – – – 6.4 

'(#)*+,#: K – ����
������ ������; M – �����	������� ������.  
Notes: È – fast growing trees; M – slowly growing trees. 
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2������ ������ � 3��+���� The river terraces in Gorgany range 
� �����# �����������# ��
� 20 ��
�� 

�����~�� ��
����
�� ����� � ������ 
��������}�	�� ������ ������ ��������. "��� 
������ ���������}�	 ������ ����# ����� 
(����. 55), ��
�# �
 ����� ��������	
�, 
����� ���� �� ����� ��������. � ���� ����� 
50 ��
�� ���� ����� ����� ���}}�	��. 
�����~�� � ������ ����� ��������	
��. 
����� ��
�� � ������ ������ ������ ��-
������. ������ ����# ����� ������ ������-
}�	 � ����� � ������. � ���� 80 ��
�� 
��	�-
������� ������� �����}�	 ������ ����� Abies 
alba �� Picea abies. �# ������ ���������� 
���� Ia �� I ��������. ������	��� ���~��� 
������}�	 � �������� ����� ��# �����. ���-
~� �# ����������� �������� � ���� 100 ��
�� 
����� 0,29–0,43 2. "��������� � �# ��’� 
�������� 4,3–5,1 3, � ������� ��������� 
�������� �� ��’�� ��� ��’�� ��������� 
������}��� 1,9–2.  

�� ��� �������� ���� �����#����� ���-
��� ������� ��’�� ��������� 100 ��
�# ��-
��� ����� � ������ 11,2 3·��
-1, �  ����� – 
8,3 3·��
-1. ��
� �����~���� ���
� ���������, 
��
��	
� ��� ���~ �������� ��# 100 ����� 
���������	 ����
� 0,43–0,7 ��� ��������� 
�����# ������������ �� 1 ��. ����, � ����-
��#��
� �� ��� ���~ �������� �����	��# 
������������ � ���� 100 ��
�� ���� �����-
������, ~� ������ ��� ��
����
 �����
-
�������� �� �� ��������� 16–19 3·��
-1. 

In young forest stands of the age of 20 
years, the highest rates of growth in height are 
marked by the Betula pendula trees. They are 
significantly ahead of trees of other species 
(Table 55), such as Picea abies, Abies alba 
and Pinus sylvestris. At the age of 50 years, 
the growth rate of trees to change. The highest 
are the Picea abies trees. Almost the same 
height as a Betula pendula trees. Trees of other 
species are significantly lagging in height 
growth. At the age of 80, trees of the species 
Abies alba and Picea abies. Their height 
corresponds to the norm of Ia and I bonitetes. 
The trunks of the trees of these species are the 
largest in thickness. Their area of cross-section 
at the age of 100 years is up 0.29–0.43 m2. 
Accordingly, their volume was 4.3–5.1 m3, 
and the percentage of the current increment in 
volume from the volume of the trunks was 
1.9–2. 

On this basis, one can calculate the annual 
increment in the volume of the trunks of 100 
such Abies alba trees in the size of
11.2 m3·yr-1 and Picea abies – 8.3 m3·yr-1. 
Such assumptions are quite probable, since the 
sum of the areas of the section of these 100 
trees is a fraction of 0.43–0.7 from the norms 
of full stands per 1 ha. In terms of the basal 
area of the normal forest stands in age 100 
years, it can be expected that, in general, this 
productivity index could be 16–19 m3·yr-1. 

&���	������’
 The montane zone 
� �����# �����������# ��
� 20 ��
�� 

�����~�� ��
����
�� ����� � ������ 
��������}�	�� ������ ����� ��������	
��, 
~� ������	 �� �������� �����# 
�’����-
��# ��������# ������#. ������ �����	-
���� ������	 ����� ������ ��
� �� ����� 
(����. 56). �� � ��������� ������������	�� � 
� ���� ����� 50, 100  � 150 ��
��. "����� 
����� ����� ��������	
�� ���������� ���-
����� �a ��������. ������ ����# ����� 
������}�	 � ����
���� �����, ����� � ���� 
200 �� 250 ��
�� ����}�	 ��
����
�� �c ��-
������ (�����) � � �������� (��
). � ���� 100 
��
�� ���~��� ��������� ����� ��������	-

�� ��������	 ���� 47 �, ���� �
 � ����� 
�� ��
� ���� 29 �.  

Young trees of the age of 20 years show the 
highest growth indices in the height of the Picea 
abies trees, which grow on rather poor leptic
cambisoils. Young Fagus sylvatica and Abies 
alba trees grow more slowly (Table 56). This 
same trend is observed in the age of 50, 100 and 
150 years old trees. Trees of other species grow 
slower. The height of the Picea abies trees 
corresponds to the norm of the Ia bonitet. Trees 
of other species lag behind in growth rate, 
however, at the age of 200 and 250 years the 
indexes of Ic bonitet (Abies alba) and I bonitet 
(Fagus sylvatica) reach. At the age of 100 years, 
the thickness of the Picea abies tree trunks is 
almost 47 cm, whereas in Abies alba and Fagus 
sylvatica it is only 29 cm.  
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� !"#$% 55 
Table 55 

\'%))%&*(j5**L 6#575&*5*"N +5P'%) 7(#+6 <0 (#*()*"P" 4%(P5+7"D*"P" '(-0<*"-0P" 
&575) *0A'(j"75*%j"N 04(7"U5**"N )"&%), ?( 7(#+6+, *0 7%D-()"N +570#0N 6 {(7z0*0N 

The ratio of the average growth rates by the main biometric indices of trees  
of the widely-distributed native species that grow on the river terraces in Gorgany range 

"�
 �����, ��
� 
Age of trees, years 

Betula 
 pendula Picea abies Pinus sylvestris 

K Abies alba Pinus sylvestris 
É 

 "����� �����,  Height of trees, m 
20 9.1 5.4 4.6 4.3 1.2 
40 17.6 15.3 12.4 12.6 3.8 
50 20.2 20.4 15.0 16.9 5.4 
60 24.0 24.0 17.4 20.7 6.9 
80 26.5 28.4 19.2 31.4 10.6 
100 – 33.6 – 33.5 – 
120 – 37.9 – 35.4 – 

¤������, � �
����	��� ���� ����� Bonitet, in the maximum age of trees 
 I Ib III Ia V 

���~��� ���������, � Thickness of trunks, cm 
20 11.1 8.7 5.0 5.5 0.8 
40 23.6 23.5 17.2 18.5 3.3 
50 28.3 32.4 20.3 26.9 5.6 
60 31.2 39.8 23.1 37.0 7.7 
80 39.4 52.8 27.0 62.1 11.0 
100 – 60.4 – 73.6 – 
120 – 67.5 – 80.9 – 

���~� ����������� �������� ��������, 2 The trunk cross-sectional area, m2 
100  0.29  0.43  

��’� ��������, 3 Volume of the trunk, m3 
20 0.06 0.0 0.0 0.01 0.0002 
40 0.4 0.3 0.2 0.2 0.004 
50 0.62 0.7 0.2 0.5 0.01 
60 0.84 1.3 0.4 1.1 0.03 
80 1.4 2.7 0.4 3.5 0.1 
100 – 4.3 – 5.1 – 
120 – 6.0 – 6.8 – 

������� ��������� �������� 
�� ��’�� ��� ��’�� ��������� 

The percentage of the current volume increment 
from the volume of trunks 

100 – 1.9 – 2.0 – 
���~� ����������� �������� 100 ���������, 2 The 100 trunks cross-sectional area, m2 

  29  43  
|�� ���~ �������� �����	���� �����������,  2·��-1 Basal area of normal stand, m2·ha-1 

100  67.3  60.6  
�������� ~������� ������� ��’��  

100 �����, 3·��
-1 
The current annual volume increment 

 of 100 trees, m3·yr-1 
100  8.3  11.2  
120  8.8    

'(#)*+,#: K – ����
������ ������; M – �����	������� ������. 
Notes: È – fast growing trees; M – slowly growing trees. 
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"���������, ���~� ����������� ������-
�� ��������� ����� ��# ����� ����� 0,07–
0,17 2, �# ��’� �������� 0,4–2,1 3, � 
������� ��������� �������� �� ��’�� 
��� ��’�� ��������� ������}��� 3–5. 

��
����	�� ��
����
� ��������� ����� 
����� � ���� 150 ��
��: ������ – 37 , 
���~��� – 64 �, ��’� – 4,1 3. ��� ����-
����� ����� � ���� 250 ��
�� ���� �����-
����� ���������	 44 , 106 � � 20 3, � ��� 
��
� – 35 , 63 � � 3,9 3. 

�� ��� �������� ���� �����#����� 
������ ������� ��’�� ��������� 100 ��
�# 
����� ����� � ������ 7,4 3·��
-1, ����� – 
3,7 3·��
-1 �� ��
� – 2,3 3·��
-1. ��
� ���-
��~���� ���
� ���������, ��
��	
� ��� 
���~ �������� ��# 100 ����� ���������	 
����
� 0,17–0,28 ��� ��������� �����# 
������������ �� 1 ��. ����� � �����
� ���-
��	��# ������������ �� ��
����
� ���� 
� ��������� 13–26 3·��
-1. 

�����~� ��
����
� �����
�������� 
�������� ������ ����� � ��
� � ���� 200–
250 ��
��. ¦����#��
���� ������ ������� 
��’�� ��������� 100 ��
�# ����� �� �� 
��������� 6,4–13 3·��
-1. � ������#��
� 
�� ��� ���~ �������� �����	��# ������-
������ � �	�� ���� ���� �����������, ~� 
������ ��� ��
����
 �����
�������� �� 
�� ������  16–26 3·��
-1. 

Accordingly, the area of cross-section of 
trunks of these trees reaches 0.07–0.17 m2. their 
volume was 0.4–2.1 m3, and the percentage of 
the current increment in volume from the volume 
of the trunks was 3–5.  

The maximum values of trunks of Picea abies 
trees at the age of 150 years are as follows: 
height – 37 m, thickness – 64 cm, volume – 4.1 m3. 
For trunks of Abies alba at the age of 250 yr, they 
are respectively 44 m, 106 cm and 20 m3, and for 
Fagus sylvatica – 35 m, 63 cm and 3.9 m3. 

On this basis, one can calculate the annual 
increment in the volume of the trunks of 100 
such Picea abies  trees in the size of 7.4 m3·yr-1,
Abies alba – 3.7 m3·yr-1 and Fagus sylvatica –
2.3 m3·yr-1. Such assumptions are quite probable, 
since the sum of the areas of the section of these 
100 trees is a fraction of 0.17–0.23 from the 
norms of full stands per 1 ha. That is, in the case 
of normal tree stands, these figures could be 
13–26 m3·yr-1. 

The highest indices of the productivity is 
characteristic of the Abies alba and Fagus syl-
vatica trees at the age of 200–250. The 
estimated annual increment in the volume of 
the trunks of 100 such trees should be 
6.7–13 m3·yr-1. In terms of the basal area of 
the normal forest stands in this age, it can be 
expected that, in general, this productivity 
index could be 16–26 m3·yr-1. 

���������’
  Altimontane zone 
� �����# �����������# ��
� 20 ��
�� 

�����~�� ��
����
�� ����� � ������ 
��������}�	�� ������ ����� ��������	
��, 
�
� ������ ���������}�	 ������ ����� 

������� (����. 56). �� � ��������� ������-
������	�� � � ��# ����� �������� ��
�. � 
�
����	��� ���� ������ ����� ����� 
��������	
�� ���������� �������� �–�� 
��������, � ����� 
������� – IV. 

� ���� 100 ��
�� ���~��� ��������� ����� 
��������	
�� ��������	 ���� 30 �, ���� �
 
� ����� 
������� ���� 19 �. "���������, 
���~� ����������� �������� ��������� 
����� ��# ����� ����� 0,03–0,07 2, �# ��’� 
�������� 0,2–0,8 3, � ������� ��������� 
�������� �� ��’�� ��� ��’�� ��������� 
������}��� ���� 0,6–1,5. 

��
����	�� ��
����
� ��������� ����� 
����� � ���� 200 ��
�� ��
�: ������ – 30 , 

Young forest stands of the age of 20 years 
show the highest growth indices in the height 
of the Picea abies trees, which considerably 
outgo Pinus cebra trees (Table 56). This same 
trend is observed also in these older trees. At 
the maximum age, the height of the Picea 
abies trees corresponds to the norm of the I–�� 
bonitet and Pinus cebra trees – IV.  

At the age of 100 years, the thickness of the 
Picea abies tree trunks is almost 30 cm, 
whereas in Pinus cebra trees it is only 19 cm. 
Accordingly, the area of cross-section of these 
tree trunks reaches 0.03–0.07 m2 and their 
volume was 0.2–0.8 m3, and the percentage of 
the current increment in volume from the 
volume of the trunks was only 0.6–1.5.  

The maximum values of trunks of Picea 
abies trees at the age of 200 years are as 
follows: height – 30 m, thickness – 46 cm, 
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���~��� – 46 �, ��’� – 2,5 3. ��� 
��������� ����� 
������� � ���� 250 ��
�� 
���� ���������� ���������	 ���� 21 ,  
51 � � 2 3. ����
 ����� ���������, ~� ���� 
����� ����� ����� � ������� ���������� 
��������� �����~��. ��� � 80 ��
�� ������ 
����� ������ 29 , � ��’� – 0,9 3. ��, ���-
�����, �������
 ����, ~� ���� ��# ������ 
������# ����� ���������� � ����# �����-
���� 
�����, ��� ������# �����, ��
 �
�# 
��������	 200–250 ��
��. 

�� ��� �������� ���� �����#����� ���-
��� ������� ��’�� ��������� 100 ��
�# 
����� ����� � ������ 1,5 3·��
-1, � ����� 

������� – 0,6 3·��
-1. ��
� �����~���� ���-

� ���������, ��
��	
� ��� ���~ �������� 
��# 100 ����� ���������	 ����
� 0,13–0,18 
��� ��������� �����# ������������ �� 1 ��. 
����� � �����
� �����	��# ������������ 
�� ��
����
� ���� � ��������� 4–9 3·��
-1. 

�����~� ��
����
� �����
�������� ����-
���� �� ������ � ���� 200–250 ��
��. ¦��-
��#��
���� ������ ������� ��’�� ������-
��� 100 ��
�# ����� �� �� ��������� 
1,3–1,7 3·��
-1. � ������#��
� �� ��� ���~ 
�������� �����	��# ������������ � �	�� ��-
�� ���� �����������, ~� ������ ��� ��
��-
��
 �����
�������� �� �� ������  7–9 3·��
-1. 

volume – 2.5 m3. For trunks of Pinus cebra trees 
at the age of 250 years, they are respectively 
only 21 m, 51 cm and 2 m3. However, it should 
be noted that the growth rate of Picea abies trees 
in silvaculture were the highest. Already in 80 
years the height of the trees reached 29 m, and 
the volume – 0.9 m3. This is evidently the conse-
quence of that the growth of these significantly 
younger trees took place under warmer climates 
conditions than the older trees, whose age is 
200–250 years. 

On this basis, one can calculate the annual 
increment in the volume of the trunks of 100 such 
Picea abies trees in the size of 1.5 m3·yr-1, and 
Pinus cebra – 0.6 m3·yr-1. Such assumptions are 
quite probable, since the sum of the areas of the 
section of these 100 trees is a fraction of 0.13–
0.18 from the norms of full stands per 1 ha. That 
is, in the case of normal tree stands, these figures 
could be 4–9 m3·yr-1. 

The highest indices of the productivity is 
characteristic of these trees at the age of 200–
250. The estimated annual increment in the 
volume of the trunks of 100 such trees should 
be 1.3–1.7 m3·yr-1. In terms of the basal area of 
the normal forest stands in this age, it can be 
expected that, in general, this productivity 
index could be 7–9 m3·yr-1. 

 
� !"#$% 56 

Table 56 
\'%))%&*(j5**L 6#575&*5*"N +5P'%) 7(#+6 <0 (#*()*"P" 4%(P5+7"D*"P"  

'(-0<*"-0P" &575) *0A'(j"75*%j"N 04(7"U5**"N )"&%), ?( 7(#+6+, *0 #N"/0N U%7  
+0 6 )"#(-(U%7’= 6 {(7z0*0N 

The ratio of the average growth rates by the main biometric indices  
of trees of the widely-distributed native species that grow on the on the mountain  

slopes and in the altimontane zone in the Gorgany range 
|�����	����’�   The mountain zone "���
����’�   Altimontane zone "�
 �����, ��
� 

Age of trees, 
years Picea abies Abies 

alba 
Fagus 

sylvatica Picea abies Picea abiesN Pinus cebra

"����� �����,  Height of trees, m 
20 6.3 3.1 2.4 3.5 3.7 1.6 
40 12.9 5.6 6.7 8.6 11.7 3.7 
50 15.4 7.4 9.1 11.2 15.3 5.0 
60 18.5 9.6 11.4 13.4 18.2 6.4 
80 21.0 14.0 16.6 17.3 22.9 7.3 

100 29.0 19.1 21.3 21.0 – 11.1 
150 37.0 31.7 26.4 26.6 – 14.4 
200 – 39.1 33.6 30.4 – 17.6 
250 – 44.0 35.3 – – 21.0 
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'(=>=?@IJJ% + !"#$* 56 
Continuation of Table 56 

|�����	����’�   The mountain zone "���
����’�   Altimontane zone "�
 �����, ��
� 
Age of trees, 

years Picea abies Abies 
alba 

Fagus 
sylvatica Picea abies Picea abiesN Pinus cebra

¤������, � �
����	��� ���� ����� Bonitet, in the maximum age of trees 
– Ia Ic I I� I IV 

���~��� ���������, � Thickness of trunks, cm 
20 8.1 2.7 1.4 4.9 4.3 1.1 
40 12.9 7.2 7.2 14.3 17.1 5.7 
50 16.0 9.2 10.3 18.5 15.3 8.1 
60 19.7 11.0 14.3 21.7 24.7 10.4 
80 31.6 17.3 22.0 26.5 29.3 12.6 

100 46.8 29.1 29.1 30.3 – 19.3 
150 64.00 54.5 40.0 38.9  27.8 
200  81.7 65.7 45.9  35.0 
250  106.6 63.0   50.9 

���~� ����������� �������� ��������, 2 The trunk cross-sectional area, m2 
100 0.17 0.07 0.07 0.07 – 0.03 

��’� ��������, 3 Volume of the trunk, m3 
20 0.02 0.004 0.001 0.01 0.01 0.001 
40 0.1 0.03 0.02 0.1 0.2 0.01 
50 0.2 0.1 0.1 0.1 0.4 0.02 
60 0.7 0.1 0.1 0.3 0.5 0.05 
80 0.8 0.3 0.4 0.5 0.9 0.1 

100 2.1 0.7 0.8 0.8 – 0.2 
150 4.1 3.6 1.5 1.6 – 0.5 
200 – 9.7 4.3 2.4 – 0.9 
250 – 20.7 3.9  – 2.0 

������� ��������� �������� 
�� ��’�� ��� ��’�� ��������� 

The percentage of the current volume increment 
from the volume of trunks 

100 3.5 5.0 3.0 1.8  2.4 
���~� ����������� �������� 100 ���������, 2 The 100 trunks cross-sectional area, m2 

100 17 7 7 7  3 
|�� ���~ �������� �����	���� �����������,  2·��-1 Basal area of normal stand, m2·ha-1 

100 60.6 40.4 29.5 39.7  23.0* 
�������� ~������� ������� ��’��  

100 �����, 3·��
-1 
The current annual volume increment 

 of 100 trees, m3·yr- 
100 7.4 3.7 2.3 1.5 – 0.6 
150 6.5 7.7 3.3 1.5 – 0.7 
200 – 11.1 6.4 1.7 – 0.9 
250 – 13.0 3.8 – – 1.3 

'(#)*+,#: Ë – ������ 
��	����. 
Notes: Ë – silviculture. 
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*������� ���������  
�� ���������$�5 

Critical considerations  
and recommendations 

������ �������� ����������# �����-
����	 #��� ����� �����, ~� ����� � �����# 
��������-�����������# ������������# ��-
��# 
������	
��� �������, ������� �����-
�}}�	 ���� ������ � ��� ������ ����	. �� 
�������� �������	�� �������
���# �����, ��
 
�
�# ����� ����� 200 ��
��, � ��
�� ����-
������
�� ������ ���
����# �����, �
 �’�� 
����
�� �� ����� 
������. ������, � ���
�-
��� ���������� ���
�� ��������� ��� ����-
������� ����� �� ������
� ��# ����� � 
��
�� ����.  

�������� ���������� �� ���������� ���-
���	����� �
�������}�	 ������� ������-
����� ���������# ���������# �����
���# 
��������� ��� ��
����� ����� ������ � �
��-
���. ��������� �� �������	�� ����� �� 
������������ ��
� ����� 100 ��
��. ��� �� 
����
������ �������	 ����}�� �
��� ���-
�����# ���������, �
� � ������� ��� �����-
���	 �����
�������� ������������ �� ���� 
� �
�����, � � � �����	�# 
�����# ��������� 
������� [59]. "����� 
�����, �� ����� �� � 
�
��� �����
��������, ��
��	
� ����������-
}�	 ���� ���
���	 ����� ������������ � 
������. ������, ������� ������ � �����
� 
��
� ������������ 100–200 ��
�� �, ������-
�������, ���������. ������ � ��� �����
�-
��� ���������� �������� �������	 ��� ����, 
��
���, ��� ��������������	 ���� ����� � 
������ ����������# ����� �� �������� 
���������. ��� 
��~� ��������� �� ��-
����}���� ����
���	 ����� ����� �� ��
��-
��
�� �����}���# ���������. ��� �	���, 
����	, ���� ������������� ����
�� ������ 
����� ��� ������������ � 50, 100 ��
��, �
 
�� ������	 �������
� � �����	�# 
�����# 
����� [6, 8, 29, 38, 47]. "��������� �� ��# ��-
��
��� ����� � ������ (SI50, SI100,), �������� 
��
�� ���������� �# �������� � 150, 200, 250 
� ���	�� ��
��. �
�� �	���, ��
� ����
�� 
����� ��� � ��� ~� � ���������� � �	�� 
���� ����� ��
����
� ���~��� ���������, 
���~� �# �������� �� ��’��, � ��
�� ��-
������� �������� �� ��’��. ��
� ����
�� 
����� ����� � ����������� ����������� 
��
����
�� �������� ������� ��
� ������� 
���� ���������� ��������������� �������� 
�����# �������# ����� �� ������������# 

The materials of biometric studies of the 
growth course of trees, which growing in 
different natural geographical forest ecologycal 
conditions of the Carpathian region are sub-
stantially supplemented by our imaginations in 
this field of knowledge. This is especially true 
for old-age trees, whose age is over 200 years, 
as well as representatives of rather rare species, 
such as Ulmus glabra and Pinus cembra. In 
general, in scientific literature lacks informa-
tion on the peculiarities of these trees growth 
and development at such an age. 

The presented analytical and theoretical 
generalizations make an actual the problem of 
modernization of obsolete normative reference 
materials for the taxation of the Carpathian 
forests in Ukraine. First of all, it concerns of 
trees and forest stands of the age over of 100 
years. The existing scales of relative bonitetes, 
which are the basis for comparing the pro-
ductivity of forest stands not only in Ukraine, 
but also in many countries of northern Eurasia, 
are convincingly testified by this [59]. Actu-
ally, this is not at all a scale of productivity, 
since they represent only the speed growth of 
forest stands in height. Moreover, the incre-
ment of grow of the trees in height in the age of 
100–200 years is, believably, understated. The 
analytical materials presented in this publica-
tion indicate another, in particular, the incon-
sistency of the growth rate with the height of 
the investigation trees with these established 
tendencies. Therefore, it is better to describe 
and compare the growth rate of trees with the 
indicators of absolute bonitetes. To do this, 
perhaps, you should apply the height of trees or 
trees at 50, 100, as foresters do in many 
countries around the World [6, 8, 29, 38, 47]. 
According to these growth indices of trees in 
height (SI50, SI100,), is needed also their cor-
responding values in age 150, 200, 250 and
more years. In addition, such growth indices 
should have the corresponding indicators at the 
age of trees for the thickness of the trunks, the 
area of their intersection and volume, as well as 
the current increase in volume. Such growth 
indices of trees with corresponding biometric 
indices for different ages should be developed 
in a differentiated manner for different tree 
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���. �����
���, ��� ����� ����� �����, ~� 
������	 � ������	����’� ¬�����, ��
� ��
��-
��
� ������ ���� � ����: SI50 = 8 , SI100 = 
=20 , SI150 = 31 , SI200 = 41 , SI250 = 45 . 

§� ��������� ��
����
� �������  
���� ���������	 ��������� �������� ��’�-
� ��� ��’�� ���������. ��
, �� �����-

������	
�� �������� � ����� ��
� ��������, 
��
 �
�# 100–120 ��
��, ��’� ��������� ��� 
������ 3–5 3, � �������� ������� ���������� 
�������� ���������� 0,09–0,11 3·��
-1. 
��
� � ��
����
� ��������� �������� ��’�-
� �������� ������� � ��� ����� ���� 
���������� � ���� 200–250 ��
��, 
��� ��’� 
�# ��������� ��� ������ 8–13 3. ����
 
������	�� ��
����
� ��
�� �����
��������, 
0,12–0,17 3·��
-1, �������� � ����� ����� 
����� � ���� 100–135 ��
��, ��’� ��������� 
�
�# ��� ������ 4–8 3.  

� ���	
����’� ¤��
���� ��
� ��
����
� 
�����
�������� ����� ������ ����.  ��-
���
���, �������� ��’� ��������� ��
� � 
���� 120 ��
�� ��������	 ���� 2 3, � ��-
������ ���� ������� � ������ �����, ��� 
�� �����
������	
�� ��������. "�� �����-
���	 ���� 0,04 3·��
-1. ����� � ����� ����-
����	
�� �� ��
����
� ����}�	 �������� 
0,06–0,08 3·��
-1 ��� ��’�� ���������  
1,5–8 3 � ���� 50–120 ��
��. � ����� ����� 
����� �
����	�� ��
����
� ��
��� �����-
���� �������� ��’��, 0,08–0,1 3·��
-1, 
����	 �������������� ���� �� ���� ��’�-
�� ��������� 4–6 3, ~� �}�	 ��
 180–210 
��
��. ������� �����
�������	 � � ����� 
�’��� ������ � ���� 80 ��
��, 
��� ��’� 
�������� ��� ������ ���	�� 3 3. 

� ����	
�# ������# ¬����� �����~� 
��
����
� �����
�������� �������� � ��-
��� ����� �����. "��� ����}�	 �
����	��� 
�������� 0,11 3·��
-1 � ���� ����� 80–100 
��
��, 
��� ��’�� �# ��������� ���������	 
3,5–6 3. ��
����	��� �������� ������� 
� ����� ����� ��������	
�� �������� ���#� 
�����, ���� 0,08 3·��
-1, � ���� ����� 90–
130 ��
��, 
��� ��’�� �# ��������� ����}�	 
�������� ��������. 

� ����# � ������	����’� ¬����� �������� 
������� ����� ��
� ��������	
��� ����� 
�
����, 0,05–0,07 3·��
-1, � ���� 200–
300 ��
��, ��� ��’�� ��������� 3–7 3. � 
����� ����� ��������	
�� ��� �
����	-

species and forest ecological conditions. For 
example, for Abies alba trees that grow on the 
the Gorgany range montane zone, such indices 
could be: SIh50 = 7 m, SIh100 = 19 m, SIh150 = 
=32 m, SIh200 = 39 m, SIh250 = 45 m. 

An even more important indicator should be 
the dependence of the current volume increase 
on the volume of trunks. So, on the Carpathian 
Foothill in Fagus sylvatica trees, whose age is 
100–120 years, the volume of trunks can reach 
3–5 m3, and the current increment of stem wood 
will be 0.09–0.11 m3·yr-1. The same indicators of 
the current increase of trunk volume are obtained 
also for Quercus robur trees in the age of 200–
250 years, when the volume of their trunks to be 
8–13 m3. However, the highest indicators of such 
produ�tivity, 0.12–0.17 m3·yr-1, were found in 
Abies alba trees at the age of 100–135 years, 
when the trunks volume can reach 4–8 m3. 

In the Beskid low-mountains, such indica-
tors of tree productivity are much smaller. For 
example, the average volume of Fagus sylva-
tica trunks in the age of 120 years is only 
2 m3, and its current growth is twice smaller 
than in the Carpathian Foothills. It is only 
0.04 m3·yr-1. However, in the Picea abies trees, 
these indices to be 0.06–0.08 m3·yr-1 with at 
volume of 1.5–8 m3 trunks at the age of 50–120 
years. At Abies alba trees, white maximum 
values of such current increase of volume, 
0.08–0.1 m3·yr-1, can be observed only if the 
volumes of the stems were 4–6 m3, having an 
age of 180–210 years. Similar productivity and 
at Ulmus glabra  trees in age 80 years, when 
the volume of the trunk can reach more than 
3 m3. 

In the mountain valleys of Gorgany range, 
the highest productivity indicators were found 
in Abies alba trees. They reach the maximum 
value of 0,11 m3·yr-1 at the age of 80–100 years 
old when the volume of their trunks is 
3.5–6 m3. The maximum current growth in the 
Picea abies trees is found to be slightly smaller, 
only 0.08 m3·yr-1, at the age of 90–130 years 
old trees, when the volume of their trunks 
reaches a similar magnitude. 

In the forests on the Gorgany range montane 
zone, the current growth of Fagus sylvatica
trees reaches a maximum, 0.05–0.07 m3·yr-1, at
the age of 200–300 years, with a volume of 
trunks of 3–7 m3. In the trees of the Picea abies, 
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���, ��������� 0,08 3·��
-1, � ���� ����� 
110–130 ��
��, 
��� ��’� �# ��������� 
��������	 3–4 3. ������	�� ��
����
� ��-

��� ��������, 0,1–0,13 3·��
-1, �������� � 
����� ����� ����� � ���� 170–250 ��
��, 
��� 
��’� �# ��������� ����� 6–21 3. 

� ����
����’� ¬����� ���� ���#�	�� ��� 
���� �����
�������	 ����� ������ ����-
��
�. �����~� ��
����
� ��������� ���-
����� ��’�� ��������� �������� � ����� 
����� 
�������, 0,15–0,2 3·��
-1, � ���� 
250–340 ��
��, �� ��’�� ��������� 2–5 3. 
��
�� �
����	��� ������� ����� ����� 
��������	
�� �������� � ���� 100–380 ��
��, 

��� ��’� �# ��������� ����� 1–3 3. ����� 
� ������ ��������� ����������� ��� ��-

����
 �������� ��~�, 0,02–0,04 3·��
-1, 
��� � ���� ����� 60–90 ��
��, 
��� ��’� �# 
��������� �������� 0,5–1,5 3. ��
� �����-
�} � ��
����
�# �������� ���� ����-
���� ���	� ����������� ��� ����� ����� 

��������� ����� �������# 30–50 
��
��. 

��
� ����, �� �������� ��~���
����-
����, ������� �����	�� ��������������� 
������� �������� ������������ �� ����
�� 
�
����	���� ��������� �������� ��’��� 
��������� ������# ����� ������������, �
� � 
��������� �� ����������# ����������# 
��
����
�� ��������� (����. 57). 

¤����� �� ����� �
�����-�
������� 
����������, � ��� �
����	�� ��
����
� 
�������� ��’�� ���������, ���� �������, 
~� ���� �������� ��� ������# �����, ��’� 
��������� �
�# � ���	�� �� 5 3, ��� �# 
���~��� ���	�� �� 70 �. �� �������, ~� 
�����	��� ��’� ��������� 100 ������# 
����� �� ��������� ����� 500 3·��-1, � ��-
� ���~ �# �������� – ����� 50 2·��-1. 
����, �����	��� ����� ��
�# ������������, 
� ���#������ ������}��# � ����� �����, 
�� �� ���� ���	�� 700 3 ��-1, � ��� 
���~ �# �������� – ���	�� 70 2·��-1. |�� ��-

� ����������� �����	 ������������� �
��-
��	��� ~������� ������� ��’�� ����-
����� �� ����� 10–15 3·��-1·��
-1. �� ������ 
���	��, ��� ����������� �������� ��
����
 
��� ����� �
����� [26]. �� ��� �������� ���-
����, ~� � ����� ���������� CO2 � ���-
����� �� �������� � ��������� ������� ��
�� 
������������ ���� ������ ���	���, � 

it is maximal, approximately 0.08 m3·yr-1, at the 
age of 110–130 years old trees, when the volume 
of their trunks is 3–4 m3. The highest rates of such 
increase, 0.1–0.13 m3·yr-1, were found in Abies 
alba trees  at the age of 170–250 years, when the 
volume of their trunks reaches 6–21 m3. 

In the Gorgany range altimontane zone of 
near the upper limit of the forest, the produc-
tivity of trees in general is small. The highest 
indicators of the current increase of the volume 
of trunks were found in Pinus cembra trees, 
0.15–0.2 m3·yr-1, at the age of 250–340 years, 
when the volume of their trunks is 2–5 m3. 
Such maximum growth of Picea abies trees 
was at the age of 100–380 years, when the 
volume of their trunks reached 1–3 m3. Howe-
ver, in artificially created stand, this indicator 
was higher, 0.02–0.04 m3·yr-1, already at the 
age of trees 60–90 years old, when the volume 
of their trunks was 0.5–1.5 m3. Such a diffe-
rence in growth rates can be explained by more 
favorable for tree growth by climatic conditions 
of the last 30–50 years. 

Thus, on the basis of the foregoing, it is 
considered appropriate to reorient forest 
management to the indices of the maximum 
current increase in the volume of trunks of 
elite trees of stands that are characteristic of 
the corresponding biometric indices of the 
trunks (Table 57). 

Taking into account the ecological and 
economic priorities, namely, the maximum 
growth rates for stems volume, it can be 
assumed that they are typical of elite trees with 
a volume of trunks must be more than 5 m3 or 
a thickness – more than 70 cm. This means that 
the general volume of trunks of 100 elite trees 
should be more than 500 m3·ha-1, and their 
basal area is greater than 50 m2·ha-1. Conse-
quently, the total stock of such trees, taking 
into account lagging trees, should have been 
greater than 700 m3·ha-1, and the sum of their 
area of cross-section is greater than 70 m2·ha-1. 
Such tree stands will provide the maximum of 
annual increase in the volume of trunks at the 
level of 10–15 m3·ha-1·yr-1. This is three times 
more than the corresponding average for the 
forests of Ukraine [26]. This suggests that the 
consumption of CO2 from the atmosphere and 
the thermal and light energy of such trees will 
be three times greater, as well as three times 
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��
�� ������ ���	�� ��� ��
�# ������������ 
������� � ������� �������� 
���} �� 
�������������� ������. 

more from such woodlands will enter into the 
surface atmosphere of oxygen and trans-
pirational moisture. 

 
� !"#$% 57 

Table 57 
�*&5-#" P%#Y5<7(#+0*, (SI) &575) (-75P"N )"&%) <0 4%(P5+7"D*"P" '(-0<*"-0P" 7(#+6  

Site indices (SI) of trees of individual species at the growth biometric values 
 SI50 SI100 SI150 SI200 SI250 SI300 

A 50 100 150 200 250 300 
��� ��������� �� �����
������	
�� �������� 

H 13 21 24 27 29  
D 28 53 76 98 116  
V 0.6 2 4.7 7.8 13  

¸V/¸A 0.02 0.45 0.07 0.095 0.105  
½���� ���� � ���	
����’� ¤��
���� 

H 9,5 19 29 27   
D 16 32 48 64   
V 0.5 1,1 2.8 5   

¸V/¸A 0.018 0.038 0.07 0.092   
½���� ���� �� �#���# ¬����� 

H 8 20 31 41 45  
D 9 27 48 54 83  
V 0.05 0,8 3.2 10 21  

¸V/¸A 0.003 0.03 0.08 0.13 0.14  
¤�
 �� �#���# ¬����� 

H 9 21 28 32 35 39 
D 10 28 44 57 67 77 
V 0.3 1 1.9 3 4.5 7 

¸V/¸A 0.005 0.022 0.04 0.05 0.05 0.065 
 

§�� ������� ��
�# ����������# ��
��-
��
�� ������������, �����	�� ����������� 
������	�� ���������	 ����~������ ��
�# 
������# ����� � �# �
����. ��� ����� ��
� 
�������� �� ����� �����, ~� ������	 �� �����-

������	
�� ��������, �� ���� 100–130 ��
��, 
� ��� ����� ���� ���������� – 200–250 ��-

��. ��� ����� ��
� ��������, �
� ������	 � 
���	
����’� ¤��
����, �� ���� 100–140 ��-

��, � ��� ����� ��������	
�� – 50–120 ��-

�� � ����� ����� – 180–210 ��
��. � ������-
�����#, ~� ������	 � ������# ¬�����, ��
�� 
������	��� ��
 ���� ��� ����� ����-
����	
�� – 90–130 ��
��, � ����� ����� – 80–
100 ��
��. � �����������#, ~� ������	 � 
������	����’� ¬�����, ��� ��
 ���� ��� ��
� 
�������� – 200—300 ��
��, ����� ����-
����	
�� – 110—130 ��
��, � ��� ����� ����� – 
170–250 ��
��. � ����
����’� ¬�����, ���� 
���#�	�� ��� ����, ~�� ������� �
��-

In order to achieve such biometric indices of 
forest stands, it is expedient to predict the 
optimal duration of cultivation of such elite 
trees in their composition. For Fagus sylvatica
and Abies alba trees, which grow on the 
Carpathian foothills, it will be 100–130 years 
old, and for Quercus robur trees – 200–250 
years. For trees of Fagus sylvatica, which grow 
in the Beskydy lowmountain, it will be 100–
140 years, and for the Picea abies trees – 50–
120 years and Abies alba – 180–210 years. In 
forest stands, which grows in the Gorgany 
range valleys, such an optimal age will be for 
the Picea abies – 90–130 years, and Abies alba –
80–100 years. In the stands that grow on the the 
Gorgany range montane zone, this age will be 
for the Fagus sylvatica – 200–300 years, Picea 
abies – 110–130 years and for Abies alba –
170–250 years. In the altimontane zone of the 
Gorgany range, near the upper limit of the
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�� �������� ������ ����� 
������� 
������� ����� 250–350 ��
��, � ����� ����-
����	
�� – 200–350 ��
��. ��� �	�� ���� 
����������, ~�, �����}�� �� ������ �����-
���	����	 ����� ������	��# �������, �
��-
��	��� ��
 ����~������ ��
�# ����� �-
�� ���� �����. 

��
�� ��������� ���#�� ��������	 ���-

����� ����}���� �������� ������� ���-
���
� �����# ������������ [17, 18] �� ���-

���� �������� [24]. ��
�� �� ��������	 
��������� ���� ��������� ������� ��� ��
-
����� ������������# � �������
���# ������-
������, ~� ������	 � �����# �
��������# 
����# � ����#. �� ��� ������ �����	�� 
���������� ���� ���������	
� 
�������} 
����~������ ��
�# ����� � ���} ����-
���� �������������� �
�����-�
�����-
���� ���
��. 

forest, in order to reach the maximum growth 
of the Pinus cembra trees must grow 250–350 
years, and Picea abies – 200–350 years. It 
should be noted that, due to the considerable 
windfall of trees of the largest size, the 
maximum age of growing such trees may be 
smaller.  

Such a methodical approach will allow to 
effectively model dynamic processes of the 
development of mixed forest stands[17, 18] by 
example of virgin forests [24]. It will also allow 
the development of new normative tables for 
taxing of forest stands with different-aged trees 
of different spesies that grow in different 
ecological conditions in the mountains. On this 
basis, it is advisable to build a new economic 
concept for the cultivation of such forests in 
order to obtain a long-term ecological and 
economic effect. 
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�������� Conclusion 
��
����	�� �����
�������	 ����� ���	-

����� ����#�����# ����� ������������	�� � 
���� ����� 80 ��
��. �� �� ����, 
��� ��’� 
��������� ����� ������	���� 3–6 3. ��
��-
�, ��������, ~� ������ ���� ����������, 
�
� ������	 �� �����
������	
�� ��������, 
����	 �������� �
����	��# ��
����
�� 
��������� �������� ��'�� ���������� ����-
���� (0,1 3·��
-1) ���� � ���� 250 ��
��, 

��� ��’� �# ��������� ����� 13 3. ������� 
� �
����	�� ��’�� ���������� �������� � 
����� ����� �����, ~� ������	 � ������	����'� 
¬�����, � ���� 250 ��
�� ����	 ������ 20 3, 
� �������� ������� �# ����������  
0,13 3·��
-1.  

� �������# ����# ������ ��
� �
��-
��	�� �����
����� � 300 ��
��. �# ��’� 
��� ������ 7 3, � �������� ������� 
0,06 3·��
-1. �������, #�� ���#� ����, 
�������� ������� � ��� ����� ����# 
�������# �����. � ����
����’� ���� ���#�	�� 
��� ���� ������ ����� ��������	
�� �� 
����� 
������� � �
����	�� �����
���-
��� � ���� 200–350 ��
��. ������� ��’�� 
��������� ���������� ����� ����� 0,02 �� 
0,01 3·��
-1. 

�������� ���������� �� ���������� ���-
���	����� ����	 ���� ��
�������� ���  
����������� �� ����������� ���������# ���-
������# �����
���# ��������� ��� ��
��-
��� ����� ������ � �
�����. 

��
����	�� ��
����
� �����
�������� 
������# ����� �����# ����� ������� ���� 
��
������ � ������ �������� ��������� ����-
~������ ����	
�# �����. "��� �}�	 �����-
���� ������	��� ��
 ���������	
�� ��������� 
����. |�� ��
�� ���#�� ��� ����������� 
�������� �
����	���� �
�����-�
�����-
���� ���
�� ��� ����~������ ����# �����. 

 

The maximum productivity of trees of most 
autochthonous species is observed at the age of 
80 years. This is provided when the volume of 
the trunks reaches for the most part 3–6 m3. In 
particular, it has been found that the Quercus 
robur trees, which they grow on the 
Carpathian foothills, can reach the maximum 
values of the current increase in the volume of 
stem wood (0.1 m3·yr-1) at the age of only 250 
years when the volume of their trunks reaches 
13 m3. Similarly, the maximum volumes of 
trunks in Abies alba trees they grow On the 
slopes in the Gorgany range, at the age of 250 
years can reach 20 m3, and its current growth 
is 0.13 m3·yr-1.  

In these conditions, Fagus sylvatica trees 
are as productive as possible in 300 years. 
Their volume can reach 7 m3, and the current 
increase is 0.06 m3·yr-1. Similar, even slightly 
smaller, values have been obtained for trees of 
other woody species. In the high montains near 
the upper the forest line, the Picea abies and 
Pinus cembra trees is maximally productive at 
the age of 200–350 years. The increase in the 
volume of the trunks accordingly exceeds 0.02 
and 0.01 m3·yr-1. 

The presented analytical and theoretical 
generalizations can be used for updating and of 
modernization of obsolete normative reference 
materials for the taxation of the Carpathian 
forests in Ukraine. 

The maximum indicators of productivity of 
elite trees of different species should be the 
basis of the modern strategy of cultivating 
mountain forests. They have to determine the 
optimal age of economic maturation of the 
forest. Only this approach can ensure the 
maximum ecological and economic effect of 
growing our forests. 
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0��6�� Summary 
���������� ������ ������������ ����-

������ �������� ����� �����# ����#�����# 
�����, ~� ������	 � ����# 
������	
�� ���-
���� ������� ��
� �������. �������������� 
��
� �����
�������	 219 ����	��# ����� 
���	����� ����� � ������ �# ����� �� ��
� 
80–140, � ��� �
���# �����, ��
�# �
 ��� 
���������, ����� ����, ����� 
������, ����� 
��������	
�, �'�� �����, �� ��
� 200–340 
(440) ��
��. ����������� �����	������� 
����� ���������# ����}���	 � ��������-
��# ���������	. 

������ � ��������� ��������	�� �����-
����� �������� �������	 ��� ����������-
����	 ��
�����# ����� ����� ����������# 
����� ������ �������� ���������. !���-

���	 �# ����� � ������ �� �������� ��’�� 
�� �������	�� � ����}��� ������ ������ 
� ����������} �
���} ���������, �
� �����-
������	�� � �
����� �� � �����	�# 
�����# 
��������� �������. ��
, �
����	�� ���-
��
�������	 ����� ���	����� ����#�����# 
����� �������� �� � ������ ����, � � ���� 
����� 80 ��
��. ����� ����, �
 � ��� ���� 
���������� ��
����
� #��� ����� �����, 
������� �������	 ��� ��
��	��# ��������-

��������# �� ��������-������������# ����-
��������# ���. 

"�������, ~� �� �����
������	
�� ����-
���� � ����# ������ #�������� �������� 

�����, �
�� ��������� ��� �#�����������-
�	
�# ����������# ����
��������# �����, �� 
���-��������# �����
����# ����� ������# 
������� �����~�� ��
����
�� �����
���-
����� ��������}�	�� ������ ��
� �� ����� ��-
��� � ���� 100–120 ��
��, � ��
�� ������ ���� 
���������� � ���� 200 ��
��. ��
����	�� 
��
����
� ��������� �������� ��’��� ����-
����� ���� ����}�	 0,1–0,16 3·��
-1. 

" ����# ���������, ��� #���������� 
��-
��� �����# �������-��
���# ����� ���	-

����’� |#����# ¤��
���� �����~� ��
����
� 
��������� ��������, ��������� 0,04 3·��
-1, 
�������� � ����� ��
� � ���� 120 ��
��. "��-
�������, 0,07 3·��
-1, � ��������� ��
����-

�� ��
��� �������� ��� ����� �’��� ������ 
� ���� 80 ��
��, � ��
�� ����� ��������	
�� � 
���� 120 ��
��. ������	�� ��
����
� ���-
�����, 0,09 3 ��
-1, #���
����� ��� ����� 
����� ����� � ���� 200 ��
��. 

The process of of stem wood accumulation 
of different autochthonous species trees that 
growing in the forests of the Carpathian part of 
the Dnister river basin is explored. The 
productivity of 219 model trees of most 
species during the period of their growth up to 
the age of 80–140 was analyzed and for certain 
species such as Quercus robur, Abies alba, 
Pinus cembra, Picea abies, Ulmus glabra, up 
to the age of 200–340 (440) years. Well-known 
methods of the forest measurement and the 
biometric research were applied.  

The original analytical materials presented 
in the monograph indicate, the discrepancy of 
sampled trees growth rates to previously 
established tendencies. The speed of their 
growth in height and growth in volume does 
not coincide with the existing models 
according to the traditional scale of bonitetes, 
used in Ukraine and in countries of northern 
Eurasia. It was observed the maximum produc-
tivity of trees of most autochthonous species is 
not characteristic inherent to the young age, 
but is observed in the age over the 80 years. 
However this feature, like all other biometric 
parameters of the trees growth, essentially 
depends on the local natural-climatic and soil-
hydrological forest-ecological conditions. 

It was revealed that on the Carpathian hill in 
conditions of moderately cold humid climate, 
which is typical for East-European deciduous 
broad-leaved forests, and meso-eutrophic 
weakly acid variable moist soils, the highest 
productivity values of trees of Fagus sylvatica 
and Abies alba are inherent at the age of 
100–120 years, and also Quercus robur are at 
the age of 200 years. The maximum indicators 
of the current increment in the volume of 
trunks at this age reach 0.1–0.16 m3 yr-1. 

In similar conditions, but in colder climate of 
mixed fir-beech forests of the low-mountains of 
the Eastern Beskids, the highest indicators of the 
current increment) in Fagus sylvatica trees at the 
age of 120 years were found (approximately 
0.04 m3 yr-1). Accordingly, 0.07 m3 yr-1 is 
characteristic indicator of such increment for trees 
of Ulmus glabra at the age of 80 years, as well as 
Picea abies trees at the age of 120 years. The 
highest growth rates, 0.09 m3 yr-1, are characte-
ristic of Abies alba trees at the age of 200 years. 
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" ����# #�������� �������� 
����� 
����	
�# ����� � ¬������#, �� ��������� � 
�����-��������� �� ���-�������� �����
��-
�� ������
��� 
�'������ (Leptic, Eutric and 
Gleyic Fluvisols) ���������� ������, ���� �� 
�
�� ������, �����~� ��
����
� ��������� 
�������� ��’�� ���������, 0,11 3·��
-1,  ��-
������ � ����� ����� ����� � ���� 80–100 ��
��. 
�������, � ����� ����� ��������	
�� � ���� 
100–120 ��
�� ���� ��������� ���#� ���	�� 
0,08 3·��
-1. ������ ����� ��������� ��
� 
��
����
� �����
�������� � ����� ������ ��-
������, ~� ����� �� ����# ����’������# 

�’������# ������# (Histic Skeletic Fluvisols). 
��
����	�� ��
����
�, ���� 0,03 3·��
-1, 
�������� � ���� ����� 80 ��
��. ��
����	�� 
��
����
� ��������, �� ���	�� 0,01 3·��
-1, 
���� ��������� ��� ����� ����� ��������� 
��
� 50–70 ��
��. "��� ����� �� �
��# 
����’���# ������# (Dystric Histosols). 

������ ����
� ��
����
� �������� ��’�-
�� ��������� �������� � � ����� �������� 
��
�, ~� ������	 � ������	����’� ¬����� � 
���# ������ 700–1000  �. �. . "��� 
��������� ���	�� 0,05 3·��
-1 � ����� ��
� 
�������� ��
� 200–340 ��
��, ������  
0,08 3·��
-1 � ����� ����� ��������	
�� � 
���� 120–130 ��
��, � ��
�� ����	�������� 
��� 0,1 �� 0,14 3·��
-1 � ����� ����� ����� � 
���� 200–250 ��
��. ��� #���
����� � ���� 
#������� ������� 
���� � ������ ���-
�������� �����
���� ������
��� ������
�-
’������ ������ (Dystric-Eutric Cambisols).  

� ����
����’� ���� ���#�	�� ��� ����, �� 
���� #������� �� ������� 
���� � ����-
���� �����-��������� 
���� ���� 
�'������ 
(Cambic Leptosols) ���������� ����� �� ��-
���� ������, ������� ��’�� ��������� ����� 
���� ����. ��
����	�� ���� ��
����
�, 
���	�� 0,015 3·��
-1, �������� � ����� ����� 

������� � ���� 250–360 ��
��, � � ����� 
����� ��������	
��, ��������� 0,02 3·��
-1, 
� ���� 200–380 ��
��.  

������� �����	���� �}�	 ������� 
���������� �� ���
����� �������� � ������ 
�� �
�����-�
������� ����������. 

 
�/�D()% #/()0: ����� ������, ���������� 

��
����
�, �������, ����}�����, �����, 
�
�������� ���
���. 

In the cold, humid climate of the mountain 
valleys of Gorgany range with typical oligo-
mesotrophic and meso-eutrophic weakly sour 
loamy stones (Leptic, Eutric and Gleyic
Fluvisols) periodically moist, wet and very 
wet soils, the highest indices of trunks 
volume increment, 0.11 m3 yr-1, inherent to 
Abies alba trees at the age of 80–100 years. 
Similarly, in Picea abies trees at the age of 
100–120 years he were slightly more than 
0.08 m3 yr-1. Significantly lower productivity 
indicators of the Betula pendula trees, that 
grow on wet peaty stony soils (Histic Skeletic 
Fluvisols). The maximum values, almost 
0.03 m3 yr-1, were found at the trees of 
80 years age. Maximum growth rates, not 
more than 0.01 m3 yr-1, were typical for 
Pinus sylvestris trees of the 50–70 years 
age. They grew on wet peat soils (Dystric 
Histosols).  

Sufficiently high rates of growth of trunks 
volume were also observed in older trees that 
grow on the Gorgany range montane zone 
within a height of 700–1 000 m �.s.l. They 
amounted to more than 0.05 at Fagus sylvatica
trees in the 200–340 years age, they reached 
0.08 m3 yr-1 at the Picea abies trees in the age 
of 120–130 years, and also increased from 0.1 
to 0.14 m3 yr-1 at Abies alba trees in the age of 
200–250 years. Conditions here are charac-
terized by a very cold humid climate and damp 
meso-eutrophic weakly sour loamy shallow 
stony soils (Dystric-Eutric Cambisols). 

In the altimontane zone near the upper limit 
of the forest, where the very cold and humid 
climate and the oligo-mesotrophic acidic very 
stony periodically fresh and moist soils (Cambic 
Leptosols) are predominantly, the growth of the 
volume of tree trunks is very small. Its maximum 
indicators, more than 0.015 m3 yr-1, were found 
in Pinus cembra trees in the 250–360 years age, 
and in the Picea abies trees, approximately  
0.02 m3 yr-1, at the 200–380 years age. 

The obtained results may have important 
theoretical and practical value in terms of 
ecological and economic priorities. 

 
Keywords: old trees, biometric indices, 

growth, modeling, optimum, ecological 
functrions.  

 

 

235



5��������� �����������
                                                                    Theoretical generalization 

 236 

�¢���"Ù  "Á�¢��½ 
 
 
 
 
 

�75+L- @/0+(*, �57*5)"A �7%A  
 
 

!�\� ��!�$  
��!@��\���� X�\�$ 
(� ������� ��
� �������) 

 
 
 

THE GROWTH OF TREES  
OF THE CARPATHIAN FORESTS  

(in the basin of the Dniester River) 
 
 
 
 

¦���
���  }(#J  ~=J,I?#� 
��#������ ����
���  ~*"*% � " )*J 

���’}����� ���������  � "#J# ��,) J=?��,=� 
�����}����� ����������  �"%J# �I"I) J 

¾������
-��������  � (*% }? JI$� 
 
 
 
 
 
 
 
 
 
 

 
����� � �����������  22.04.2018. ��������� �� ���
�  8.11.2018. 

¥���� 60�84 1/8. ����� ��������. ���
 ��������. 
����. ���
. ��
. 24,2. ���.-���. ��
. 18,1. 

��
��� 300 ���. ��. 181128. 
 

"������	 � ���������
: "���������� �	����	
�� ������#��
� 
�?*>=$+?= ��!’�,+  ?#> ?J#�=� ��( ?# �� �  4459 ?*> 27.12.2012 (. 

 
?�". �. �="I��#, 4, ~�?*?, 79013 

���. +380 32 2582146, ��
� +380 32 2582136 
vlp.com.ua, ��. �����: vmr@vlp.com.ua 

 

 


