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Development of reference materials for assessment of dynamics of biometric parame-
ters of modal stands is an important component of research of forests’ productivity. In this
research, on basis of a stand-level database of IA “Ukrderzhlisproekt” we have statistically
justified allocation of pure and mixed stands for hardwood broadleaved tree species by means
of cluster analysis and graphical comparison of dendrograms of cluster objects for the main
biometric indices (mean height, mean diameter and growing stock per 1 ha). The results prove
that for the majority of factors stands with 9 out of 10 units of a certain species in compo-
sition belong to the same cluster as those with 3 to 8 units. This has enabled us to allocate
pure stands as those featuring 10 units of a certain species in composition. The next stage
was to test the null hypothesis on the significance of the difference between the mean values
of the main biometric indices of the stand groups allocated from the stand-level database.
The groups included pure and mixed stands, stands of natural and artificial, seed and vegeta-
tive origin. The statistical toolbox applied includes the Student’s t-test and Fisher’s F-test. As
a result, after an analysis of the calculated indices, considering the structure of the stands in
question in terms of their species composition and origin, we have allocated 6 groups for oak,
2 — for beech, 3 — for hornbeam and 3 — for ash stands. Further research of growth and pro-
ductivity of the hardwood broadleaves linked with the development of yield tables for modal
stands should be based on the allocated groups and dynamic site index scales.

Keywords: composition of a stand, origin of a stand, cluster analysis, biometric indices,
Student’s t-test, Fisher’s F-test.
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Introduction. Improving the infor-
mation system for assessing forest re-
sources in Ukraine is a rather important
task that requires developing the appro-
priate reference data for estimating and
forecasting the growth of the main for-
est-forming tree species with an account
for regional characteristics and growth
conditions, origin, and composition.
The development of reference materials
for assessing the dynamics of biometric
indices of modal stands is an important
component of the research of forests’
productivity. The norms enable objec-
tive evaluating the current state of the
forest resources in the most widespread
tree stands, predicting their growth, and
controlling the related forest manage-
ment activities.

One of the crucial stages in develop-
ing growth forecasting standards for mod-
al stands is the analysis, evaluation, and
modeling of the dynamic growth process-
es that occur in them. First and foremost,
an important step is to decide which stands
have to be considered when developing
the yield tables for modal stands. For
this, it is required to know which stands
of hardwood tree species are the most
common. The next step is the study of the
possibility for grouping the experimental
data into statistically substantiated homo-
geneous groups, which differ from each
other or, conversely, are similar. Actually,
it is important to clarify the definition of a
pure stand in terms of the presence of an
admixture of other tree species in its com-
position. Also, it is expedient to statistical-
ly substantiate the similarity or difference
between the pure and mixed, natural and
artificial stands, as well as between the
stands of seed and vegetative origin for
the tree species in question.

Analysis of recent studies. The vast
majority of research in the sphere of
forest mensuration is accompanied by

the use of a large number of methods of
mathematical statistics and the systemat-
ic approach for establishing dependen-
cies between biometric indices (Nikitin
& Shvidenko, 1978). Recent works de-
voted to the modeling and forecasting
growth for the main biometric indices
are based on the theoretical precondi-
tions for modeling growth processes in
forest stands. In particular, Lakyda P.I
and other researchers (Lakyda & Volo-
dymyrenko, 2008, Lakyda & Bala, 2012,
Lakyda, Terentiev & Vasylyshyn, 2012,
Lakyda & Atamanchuk, 2014, Laky-
da & Aleksiiuk, 2017) have applied the
methods of cluster analysis and analysis
of variance. Similar studies have also
been carried out for oak stands in the
Forest-Steppe zone and beech stands in
the Carpathian region (Bala, Terentiev
& Vasylyshyn, 2011, Bala & Terentiev,
2011, Vasylyshyn, 2016). In those stud-
ies, hypotheses about the significance of
the difference between the main biomet-
ric indicators were statistically validated,
and also the average values and their
mean square deviations were graphically
compared. The article by Bala reports on
the statistical justification for the choice
of a grading factor for hardwood broad-
leaved tree species that was made by di-
viding the original experimental material
by site index classes and types of forest
growth conditions (Bala, 201 8). How-
ever, consideration should be given to
the possibility of separating the studied
stands into homogeneous groups by their
composition and origin.

Aim of research. Within this re-
search we aim at statistical validation
of the null hypothesis about the signif-
icance of the difference between the
average biometric indices of different
groups of hardwood broadleaved stands,
separated by origin and composition.
Also, our aim is to determine which
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of those groups are suitable for further
development of yield tables for modal
stands oak, beech, ash and hornbeam.

Materials and methods of re-
search. To carry out the research, we
have used the data on the mean bio-
metric indices from the stand-level da-
tabase of IA “Ukrderzhlisproekt” for
the entire territory of Ukraine separated
by the studied hardwood broadleaved
tree species, by stand composition, and
origin. The research was based on the
principles of the systematic approach,
employed modern information technol-
ogies and software (IBM SPSS Statis-
tics). The research combines general
scientific and special (silvicultural,
mensurational, and biometric) methods
of cognition.

Results and discussion. At the first
stage of the research, we carried out a
comparison of pure and mixed stands of
the studied tree species and determined
the definition of pure and mixed stands
in terms of percentage of the main tree
species in the species composition. In
accordance with DSTU 3404-96 “Silvi-
culture. Terms and definitions” (DSTU
3404-96, 1997) pure stands are those
consisting of a certain tree species with
individual trees of other species. How-
ever, in forest management planning
practice, in particular, according to the
draft “Instruction on inventory of forest
fund of Ukraine” (State Agency of For-
est Resources of Ukraine, 2014) stands
are divided into separate compartments
when there is a difference equal to or
greater than 2 units (20 %) in the com-
position coefficients. Also, this docu-
ment regulates the determination of the
number of relascopic and circular enu-
meration sites under the applied mensu-
ration technique, in which one category
includes pure stands and stands with
the presence of 8 to 9 units (80-90 %)

of the dominant tree species. In fact, in

practice of forest management planning

and forest mensuration, nominally pure

stands are defined as those with 8 to 10

units (80-100 %) of the main tree spe-

cies in their composition.

For statistical validation of the null
hypothesis about the significance of the
difference between the mean biometric
indices of stands with different compo-
sition, the database was separated into
three groups for each tree species ac-
cording to the following features:

— the first group — stands that consist
of 10 composition units (100 %) of
the investigated tree species (herein-
after referred to as 10);

— the second group — stands with the
share of 9 units (90 %) of the investi-
gated tree species in the stand composi-
tion (hereinafter referred to as 9);

— the third group — stands that consist
of 30 to 80 % (from 3 to 8 units) of
the tree species in question (herein-
after referred to as 38).

Stands featuring less than 3 units
(30 %) of the studied tree species in
composition were not considered.

To compare the above groups,
we employ cluster analysis methods
(Shmoilova, Mynashkyn, Sadovnikova
& Shuvalova, 2005), which is used for
data classification and grouping. Clus-
ter analysis is a statistical procedure
that, based on information from certain
samples, organizes objects in relatively
homogeneous clusters. The algorithm of
calculations involves combining objects
according to certain features into suf-
ficiently large clusters, using a certain
degree of similarity or distance between
the objects.

When defining clusters, the follow-
ing concepts are used:

— distance measure — calculates distance
matrices by a certain chosen method;
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— association rule — chooses the meth-
ods of combining objects into differ-
ent clusters.

When conducting cluster analysis,
we calculate the matrix of distanc-
es using a certain distance measure,
depending on the chosen association
rule (method). Further, the assignment
of objects to certain clusters and the
formation of a tree-like structure takes
place.

The most widely used type of dis-
tance measure for the calculations is
the “Euclidean distance”. It is calculat-
ed as a simple geometric distance in a
multidimensional space, following the
special procedure, namely, the formula
below (Shmoilova et al., 2005):

dist (. y)=[X (-5, )2. ()

where x, — values of indices for the
first group;

y, — values of indices for the second
group.

The calculations were carried out
using the IBM SPSS Statistics software
package. We defined Ward’s method
with the interval measure of the squared
«Euclidean distance» as an association
rule. The selected method employs the
approaches of analysis of variance to
estimate the distance between clus-
ters. The method minimizes the sum of
squares for any two clusters that can be
formed at each step.

We have carried out grouping into
clusters for the following biometric in-
dices: average height, average diame-
ter and growing stock per hectare. The
results have been obtained in the form
of a dendrogram that reflects separation
of the research data into the two clus-
ters. That is, from the three initial data
groups, the most similar two are identi-
fied and grouped into one cluster.

The calculations described above en-
able us to draw a conclusion that by av-
erage height and diameter of the stands,
those with the share of 3 to 8 units (30 to
80 %) of the investigated tree species in its
composition are in the same cluster with
a group of stands with 10 units (100 %).
A separate cluster is formed by the stands,
which feature 9 units (90 %) of the studied
tree species in composition. Since clusters
are formed by groups that are not adjacent,
this is a prerequisite to assert that there
is no need for the separation of pure and
mixed oak stands. By the average growing
stock, the “38” group of stands is associat-
ed with the “9” group into a single cluster.
This can serve as another confirmation for
allocation of pure stands as those featuring
exclusively 10 units of oak (100 %) in their
composition.

A similar analysis was carried out
for other hardwood broadleaved tree
species. The results prove that for beech
stands, the pure ones should be defined
as those with 9 and 10 units (90 and 100
%) of beech in composition, and accord-
ing to average height and growing stock
— exclusively 10 units (100 %). For ash
and hornbeam stands, the “38” group is
associated with the “9” group into a sin-
gle cluster for all biometric indices in
question. This testifies the need to allo-
cate pure stands as those with 10 units
(100 %) of the respective tree species.
Summing up, it can be argued that for all
the studied species the most substantial
differences are observed when consider-
ing the index of average diameter since
the “9” group can be attributed both to
group “10” and to group “38” for differ-
ent tree species. When analyzing average
height, for all tree species, except for
oak, the group “9” belongs to the same
cluster as the group “38”. By growing
stock, this tendency is observed for all
the investigated tree species. Taking into
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account that the share of tree species in
growing stock of a stand is used for de-
termining its composition, it is possible
to conclude that pure stands are those
that feature 10 units (100 %) of the main
tree species, the others should be consid-
ered as mixed.

The next stage of the research is
linked with the verification of the null
hypothesis about the significance of the
difference between the mean values of
the main biometric indices for stands
of hardwood broadleaved species in the
groups of pure and mixed ones, of arti-
ficial and natural origin, and of seed and
vegetative origin. To do this, we have
separated the stand-level database of

IA “Ukrderzhlisproekt” into the groups
by composition and origin and calculat-
ed Student’s #-criterion (Student, 1908)
and Fischer’s F-criterion (Abramowitz,
Milton, Stegun & Irene, 1965). The first
one is calculated based on the mean val-
ues of the studied groups and their main
errors, the second one — on the basis of
calculation of the variances of the two
samples by comparing them with the
corresponding critical values (Nikitin
& Shvidenko, 1978). We have used the
four main biometric indices, namely
average age, average height, average di-
ameter and growing stock per hectare.
The calculated statistical indices for oak
stands are presented in Table 1.

1. Statistical indices of comparison of the studied groups of oak stands

. Statistical indices
% § mean ‘8 number of k) § standard » .§
.g 'g value é dfrgere?;gf g E deviation j:Z Fé
a2 3 T 5 i3l
AlB]| 2 A | B ~«2] A | B 2
Pure (A) and mixed (B) stands
Age, years 73 | 63 | 92,607 | 82196 | 352420 | 0,000 [25368 |27,577| 1,182
Average height, m | 19,9 | 18,6 | 56,192 | 82196 | 352420 | 0,000 | 5,341 | 6,400 | 1,436
?I;emge diameter, | 5531536 | 70,011 | 82142 | 352340 | 0,000 | 8,927 | 9,988 | 1252
gﬁf’gﬁ?g stock: 1514 [ 200 | 38,198 | 82196 | 352420 | 0,000 | 85,540 | 93,593 | 1,197
Stands of seed (A) and vegetative (B) origin
Age, years 61 | 80 | 185,773 (352999 | 81617 | 0,000 [27,361 | 21,831 1,571
Average height, m | 18,2 | 21,6 | 143,281 | 352999 | 81617 | 0,000 | 6,4438 | 42621 | 2,286
?fage diameter, | » ¢ 130,0 | 196,511 | 352876 | 81606 | 0,000 | 9,8049 | 7,6671 | 1,635
ng(-)l‘;ﬁ?g stock, 1198 | 202 | 67,825 | 352999 | 81617 | 0,000 |95.467| 73,836 | 1,672
Stands of artificial (A) and natural (B) origin
Age, years 53 | 84 [ 417,703 | 269783 | 164833 | 0,000 |21,401 | 25,826 | 1,456
Average height, m | 16,8 | 22,2 | 306,023 | 269783 | 164833 | 0,000 | 6,2946 | 4,4180 | 2,030
frjfrage diameter, | 5 30,8 | 415,845 | 269663 | 164819 | 0,000 | 8,0170 | 8,8220 | 1,211
gﬁ‘,’l‘l’ﬁ?g stock, 1185 | 232 | 167,507 | 269783 | 164833 | 0,000 |96,719| 76,027 | 1,618
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The data in Table 1 shows that the
actual values of the Fisher’s F-criterion
for all the compared groups of stands
and for all biometric indicators exceed
the critical ones, which for our number
of degrees of freedom are equal to 1000.
This indicates the absence of similarity
between the studied groups of stands.
According to the Student’s z-criterion,
the sample should be considered similar
if the #-value does not exceed the critical
one, which is equal to 2 at the probabil-
ity of 0,95. According to this criterion,
the biggest difference is between the
groups of stands of artificial and natural
origin, the smallest — between pure and
mixed oak stands. Taking into account

that stands of vegetative origin have a

share of about 26 % all the oak stands,

of natural seed origin — over 20 %, and

of artificial origin — about 52 %, it is

decided that in future yield tables for

modal stands should be developed for

the following groups:

— seed natural pure stands;

— seed natural mixed stands;

— seed artificial pure stands;

— seed artificial mixed stands;

— vegetative natural pure stands;

— vegetative natural mixed stands.
Similar calculations of statistical

indices of the compared groups were

made for beech stands and are shown in

Table 2.

2. Statistical indices of comparison of the studied groups of beech stands

Statistical indices
L number of
g »n Q [=
B mm | g | demwor || g |Lf
g-g 3 freedom 298 22
M = L= 45
A| B 2 A B a8 | A B |E_7
Pure (A) and mixed (B) stands
Age, years 87 | 75 | 43,811 | 27990 | 113785 | 0,000 | 37,292 | 41,818 | 1,257
Average height, m | 24,8 | 21,8 | 59,839 | 27990 | 113785 | 0,000 | 5,766 | 7,685 |1,776
(?V“age 31,4127,5| 48,788 | 27987 | 113718 | 0,000 | 10,498 | 12,372 | 1,389
1amqter, cm
gﬁf’lf;f?g““k’ 317 | 276 | 48,544 | 27990 | 113783 | 0,000 | 107,01 | 128,11 | 1,433
Stands of seed (A) and vegetative (B) origin
Age, years 77 | 78 | 0,956 |136328| 5447 | 0,000 | 41,437 | 35,989 | 1,326
Average height, m | 22,5 [ 20,8 | 16,556 |136328| 5447 | 0,000 | 7,493 | 5,656 |1,755
(?V‘*rage 283126,5| 10,761 |136259| 5446 | 0,000 | 12,202 | 9,866 | 1,530
1ame}er, cm
gﬁf’g{?g stock, | 5e6 [ 254 | 18,196 | 136327| 5447 | 0,000 | 125,64 | 111,08 | 1,279
Stands of artificial (A) and natural (B) origin
Age, years 36 | 83 150,899 | 17172 | 124603 | 0,000 | 22,104 | 40,001 | 3,275
Average height, m | 13,5 | 23,7 | 187,869 | 17172 | 124603 | 0,000 | 8,156 | 6,421 | 1,613
?V“age 15,1]30,1]166,347| 17160 | 124545 | 0,000 | 9,773 | 11,261 | 1,328
1ame}er, cm
gﬁf’lj;{?g stock. | 176 | 299 [127,399 | 17172 | 124601 | 0,000 | 139.49 | 115,48 | 1,459
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The results in Table 2 show that the ac-
tual values of the Fisher’s F-criterion for
all the compared groups of stands and for
all biometric indicators exceed the critical
ones, so the groups are not similar. Accord-
ing to the Student’s #-criterion, the biggest
difference is between the groups of stands
of artificial and natural origin, the smallest —
between beech stands of seed and vegeta-
tive origin. Taking into account that stands
of vegetative origin have a share of about
3,7 % all the beech stands, of artificial or-
igin — about 8,8 %, it is decided that in fu-
ture yield tables for modal stands should be
developed for the following groups:

— seed natural pure stands;
seed natural mixed stands.

Calculations of the statistical indices
for the compared groups of hornbeam
stands are presented in Table 3.

Statistical indices of comparison of the
studied groups of hornbeam stands (Table
3) show that there is almost no difference
between artificial and natural hornbeam
stands. The least similar are the stands
of seed and vegetative origin. Pure and
mixed stands have a significant difference
by average growing stock per hectare.
Considering that vegetative stands occu-
py 67,2 % of all the stands with hornbeam
in their composition, and those of artificial
origin—only 0,6 %, it is decided that in fu-
ture yield tables for modal stands should
be developed for the following groups:

3. Statistical indices of comparison of the studied groups of hornbeam stands

Statistical indices
Q

‘= ()
53 g number of s e standard » _5
£:5 mean value -2 degreesof | = § deviati 55
o= 2 freedom % & cviation 2 =
A | B 2| aA B | &2 A | B |*&

Pure (A) and mixed (B) stands

Age, years 58 | 57 | 1,402 | 7130 | 109249 | 0,000 | 21,966 | 23,629 | 1,157
Average height, m | 17,5 | 17,1 | 6,195 | 7130 | 109249 | 0,000 | 4,644 | 5,170 | 1,239
cArjlerage diameter, | 1o ¢ 1 124 | 15900 | 7129 | 109238 | 0,000 | 5.807 | 6.246 | 1,157
Slﬁ‘_’lj;{?g stock, 162 | 192 | 29,543 | 7130 | 109249 | 0,000 | 72,241 | 84,192 | 1,358

Stands of seed (A) and vegetative (B) origin
Age, years 59 | 57 | 18,930 37222 79157 | 0,000 | 23,661 | 23,416 | 1,021
Average height, m | 17,8 | 16,8 | 30,689 |37222| 79157 | 0,000 | 5,403 | 4,980 | 1,177
?Ifrage diameter, | 15 | 131 | 29,198 37218 | 79149 | 0,000 | 6.540 | 6.040 | 1172
Slﬁ?ll’;{?g stock, 205 | 183 | 41,477 [37222| 79157 | 0,000 | 89,570 | 80,044 | 1,252

Stands of artificial (A) and natural (B) origin
Age, years 55 | 57 | 3,099 | 1078 | 115301 | 0,000 | 20,150 | 23,559 | 1,367
Average height, m | 17,3 | 17,1 | 1,293 | 1078 | 115301 | 0,000 | 5,037 | 5,141 | 1,042
g}erage diameter, | 166 | 184 | 2925 | 1078 | 115289 | 0,000 | 6,022 | 6229 | 1,070
gﬁ?ﬁg?g stock, 184 | 190 | 2,401 | 1078 | 115301 | 0,000 | 80,453 | 83,851 | 1,086
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vegetative natural pure stands;
vegetative natural mixed stands;
seed natural mixed stands.
Calculations of statistical indices for
the compared groups of ash stands are
given in Table 4.

The data presented in Table 4 enables
to trace the fact that by the Fisher’s F-crite-
rion all the compared groups of stands and
for all biometric indicators are different
from one another. According to the Stu-
dent’s t-criterion, the biggest difference is
between the groups of stands of artificial
and natural origin, the smallest — between
pure and mixed ash stands. Given that
stands of vegetative origin have a share of
about 39,2 % of all the ash stands, of seed

natural origin — 24,2 %, of artificial origin
— 36,6 %, and pure stands — only 4,6 %,
it is decided that in future yield tables for
modal ash stands should be developed for
the following groups:
seed natural mixed stands;
seed artificial mixed stands;
— vegetative natural mixed stands.
Conclusions and opportunities. As a
result of the statistical processing (cluster
analysis) of the database of IA “Ukrder-
zhlisproekt” for hardwood broadleaved
tree species of Ukraine, namely for stands
with the participation of oak, beech, ash
and hornbeam, we have justified that those
stands that have 10 units of the main tree
species in their compositions should be

4. Statistical indices of comparison of the studied groups of ash stands

Statistical indices
Q
T w number of oy =
g% meian 8 degrees of E % ;tarildgrclll .2
QE value § freedom %é cviatio E%’
.= B=) o= )
- AlB| @ A B | 29| A B |E72
Pure (A) and mixed (B) stands
Age, years 54 | 59 | 20,177 | 9479 | 95567 | 0,000 | 20,309 | 24,636 | 1,471
Average height, m| 17,5 [ 19,1 | 23,661 | 9479 | 95567 | 0,000 | 6,564 | 6,603 |1,012
?r;erage diameter, | 51 51535 | 21,573 | 9454 | 95556 | 0,000 | 7,942 | 8,934 | 1,266
S}Ef’lﬁf?g stock, 118 | 197 | 14,511 | 9479 | 95567 | 0,000 | 103,79 | 99,027 | 1,099
Stands of seed (A) and vegetative (B) origin
Age, years 56 | 63 | 42,961 | 73602 | 31444 | 0,000 | 22,082 | 28,304 | 1,643
Average height, m | 18,6 [ 20,0 | 32,458 | 73602 | 31444 | 0,000 | 6,635 | 6,464 | 1,053
fr;erage diameter, | 55 31247 | 39,963 | 73589 | 31421 | 0,000 | 8,587 | 9,288 | 1,170
gﬁf’ﬁ?g stock, 1191 | 208 | 25,313 | 73602 | 31444 | 0,000 | 99,832 | 97,921 | 1,039
Stands of artificial (A) and natural (B) origin
Age, years 52 | 65 | 87,830 | 52881 | 52165 | 0,000 | 18,381 | 27,703 | 2,271
Average height, m| 17,3 [20,7| 87,978 | 52881 | 52165 | 0,000 | 6,262 | 6,510 | 1,081
fr;erage diameter, | 5 61955 | 93,741 | 52869 | 52141 | 0,000 | 7,599 | 9361 | 1,517
Slﬁ?lf;??g““k’ 173 | 218 | 75,185 | 52881 | 52165 | 0,000 | 94,322 | 99,623 | 1,116
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considered as pure stands. The analysis of
variance was carried out for the following
biometric indices: age, average height,
average diameter and growing stock per
hectare. The statistical toolbox applied in-
cluded Fisher’s F-criterion and Student’s
t-criterion. As a result of the analysis of
calculated indices and the distribution pat-
terns of the studied stands by composition
and origin, we have established homoge-
neous groups of stands for the tree species
in question. From there, 6 groups of oak
stands, 2 groups of beech stands, 3 groups
of hornbeam stands, and 3 groups of ash
stands were allocated. In the future, in the
context of the received groups, it is expedi-
ent to produce yield tables for modal stands
as well as other forest mensuration refer-
ence materials and information support.

References

Abramowitz, Milton, Stegun & Irene A.
(1965). Handbook of Mathematical Func-
tions with Formulas, Graphs, and Mathe-
matical Tables. New York: Dover.

Bala, O.P. & Terentiey, A. Yu. (2011). Comparative
characteristic of stands indicators of modal
oak stands of Ukraine. Scientific bulletin of
NULES of Ukraine, series ”Forestry and park
gardening”, 164(3), 11-19 (in Ukrainian).

Bala, O. P. (2018). Foundation of the choice of
the ranking factor for the creation of yield
tables of modal hardwood tree species
stands. The sustainable management of the
forest complex and the balanced develop-
ment of the urban landscapes, 14-15. Kyiv,
Ukraine: National University of Life and En-
vironment Science of Ukraine (in Ukrainian).

Bala, O. P, Terentiev, A. Yu., & Vasylyshyn, R.
D. (2011). Comparative characteristic of
stands indicators of modal beech stands
in Carpathian region of Ukraine. Scien-
tific reports of NULES of Ukraine, 6(28),
http://www.nbuv.gov.ua/e-journals/
Nd/2011_6/11bop.pdf (in Ukrainian).

DSTU 3404-96 (1997). “Forestry. Terms and
definitions” Effective from 01.07.1997.
Kyiv: Ukraine (in Ukrainian).

Lakyda P. I. & Bala O. P. (2012). Actualization of
growth parameters of artificial oak stands of
Forest-Steppe of Ukraine’s. Korsun-Shevchen-
kivskyi: FOP Havryshenko V. M. (in Ukrainian).

Lakyda, P. I., Terentiev, A. Yu., & Vasylyshyn, R.
D. (2012). Scots pine stands of artificial ori-
gin in Ukrainian Polissya — growth and pro-
ductivity forecast. Korsun-Shevchenkivskyi:
FOP Maydachenko I.S. (in Ukrainian).

Lakyda, P.I. & Aleksiiuk, I. L. (2017). Natural
pine forest stands of Ukrainian Polissya:
growth and productivity forecast. Kor-
sun-Shevchenkivskyi: FOP Maydachenko
1.S. (in Ukrainian).

Lakyda, PI. & Atamanchuk, R. V. (2014).
Forecast and productivity of modal
birch stands in Ukrainian Polissya. Kor-
sun-Shevchenkivskyi: FOP  Havryshen-
ko V. M. (in Ukrainian).

Lakyda, P.I. & Volodymyrenko, V. M. (2008).
Artificial spruce stands of the Ukrainian
Carpathians - growth and productivity fore-
cast. Kyiv : ESC IAE (in Ukrainian).

Nikitin, K. E. & Shvidenko, A. Z. (1978). Meth-
ods and techniques for processing forest
information. Moscow : Forestry industry (in
Russian).

Shmoilova, R.A., Mynashkyn, V.H., Sadovniko-
va, N.A. & Shuvalova, E.B. (2005). Theory
of statistics. Moscow : Finance and statis-
tics (in Russian).

State Forest Resources Agency of Ukraine
(2014). Project “Instruction for the in-
ventory of the forest fund of Ukraine”.
Retrieved from http://dklg.kmu.gov.ua/
forest/control/uk/publish/article?art_
id=119314.

Student. (1908). The probable error of a mean.
Biometrika, Ne 6 (1), 1-25.

Vasylyshyn, R. D. (2016). Forests of Ukrainian
Carpathians - features of growth, biological
and energy productivity. Kyiv: TOV “KOM-
PRINT” (in Ukrainian).

12| ISSN 2664-4452

«UKRAINIAN JOURNAL OF FOREST AND WOOD SCIENCE»

Vol. 10, N2 2, 2019



Jlicose 2ocriodapcmeo

O. M. bana, A. I0. Tepenmees, I. M. /lakuda (2019). TeopemuyHi nepedymosu
MO00Oesn08aHHA X00y pocmy Mo0dasibHUX 0epesocmaHie meepoonucmaHUX
depesHux sudie. UKRAINIAN JOURNAL OF FOREST AND WOOD SCIENCE, 10(2): 4-13.
http.//dx.doi.org/10.31548/forest2019.02.004.

Po3pobkaHopmamusis 0715 0YiHKU OUHAMIKU MAKCauiliHUX MoKa3HUKIB MOOAs1bHUX OepesocmaHie
€ 0OHI€E 3 8aMHIUBUX CKAAO0BUX AOCAiOHeEHb MpodykmusHocmi nicie. OOHUM i3 Halisaxcusiwux
emanie y npouyeci po3pobku Hopmamusgie npozHo3y pocmy 07A MOOAsbHUX OepesocmaHie
€ QaHanI3, OYiHKa ma MoOentosaHHA OUHAMIYHUX Mpouecie pocmy, AKi 8 HuUx 8i06ysarombcs.
Ha ocHosi nosudineHoi 6a3u O0aHux BO «Ykpdepxcicnpoekm» nposedeHo cmamucmu4He
06rpyHMYB8AHHA 8UODINEHHA YUCMUX MA MiluaHUX Oepesocmatie 015 MeepooaUCMAHUX 0epesHUX
sudie 3a 0OMOMO20H0 KAACMEPHO20 aHAsZY Ma 2paghiyHo20 MOpiBHAHHA 0eHOPOo2PaM KAaCmepHUX
06’ekmie 30 OCHOBHUMU MAKCAUIlIHUMU MOKA3HUKaMU (cepedHs sucoma, cepeodHili diamemp,
3anac Ha 1 2a). 3 ompumaHux pesysbmamie b6ysa10 8CMAHOB/MEHO, WO 3a nepesaxcHoto binbwicmio
MOKA3HUKI8 HACaOMeHHA 3 y4acmio 9 o0uHUUb y cKkaadi 8i0HOCAMbCA 00 00HO20 Kaacmepa 3
depesocmaHamu 3 y4acmio 6i0 3 do 8 00UHUUb, WO 0aa10 MOXAUBICMb cmeepoxcysamu rnpo
sudineHHA Oepesocmatie 3 yyacmio 10 00UHUYb y cknadi 8 AKocmi yucmux. HacmynHum emarnom
byna nepesipka Hynb0BOI 2inome3u 3Ha4ywocmi Pi3HUUi Mix< cepeOHIMU 8eaAUYUHAMU OCHOBHUX
makcayiliHux NoKasHUKie 8 po3pisi epyn depesocmaHris nosudinbHoi 6a3u 3 MNOOiAOM Ha yucmi ma
MiWaHi 30 cKNadoMm, WMy4yHO20 Ma MPUPOOHLO20, G MAKOM HACIHHEBO20 MA 8e2emamusHo20
MTOXOOH(EHHSA 3 BUKOPUCMAHHAM t-kpumepito Cm’todeHma ma F-kpumepito @iwepa. B pesynomami
aHanizy po3paxo8aHUX MOKA3HUKI8 Ma NepesaMaHHA 3p0CMaHHA 00CNIOHY8aHUX OepesHuX suodie
30 ck1adom ma MoxooxceHHAM bys10 sudineHo 6 2pyn depesocmatie 015 0ybosux, 2 — 015 byKosux, 3
— 0115 2pabosux ma 3 — 0414 AceHe8UX HacadHeHb. B modanswomy cknadaHHa mabauyeb xody pocmy
018 MoOanbHUX OepesocmaHie meepoonucmsaHuUx 0epesHux sudie byde 30ilicHroeamucs 8 po3pisi
oMmpuMaHux 2pyn depesocmaHie ma OUHAMIYHUX Kraacie 6oHimemy.

Knto4oei cnoea: cknad O0epesocmaHy, MOXOOMeHHA HACAOM(EHHS, KaacmepHull aHanis,
biomempuyHi nokasHuKu, kpumepil Cm’todeHma, kpumepil Giwepa.
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