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Precision of measuring the height of trees in various ways

Andrii Bilous®, Petro Diachuk, Roman Zadorozhniuk, Maksym Matsala, Maksym Burianchuk

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony, Kyiv, Ukraine

Abstract. This study investigated the precision of measuring the height of trees using different methods.
The paper evaluates the possibilities of using the stereophotogrammetric method to determine tree height
indicators using unmanned aerial vehicles (UAV) in the conditions of a mature pine stand. The study compares
the results of measuring the height of Scots pine trees with altimeters and height indicators determined from
remote sensing data obtained using UAVs. In total, the study investigated six diverse ways to measure the
height of growing trees. Experimental data on the height of the model trees were collected by three different
altimeters (hand-held ground instruments) and the Phantom 4 Pro UAV. The use of UAVs involved optical
capture and data collection using on-board equipment. Methods for determining the height of trees based
on the results of processing data collected by quadcopter attachments were used. Specifically, the authors of
this paper used the method of measuring the height of trees from a point cloud based on one-way vertical
survey of model trees and calculating a digital crown height model (CHM) based on aerial photography of
horizontal spans over a tree stand. The results of mathematical analysis of the conducted studies demonstrate
the highest precision of the method using CHM to determine the height of growing trees. The value of the
average random error in measuring the height of model trees using CHM was under 2%. The next most precise
method of determining tree height was the TruPulse 360B laser-optical device, which demonstrated the
highest precision among height meters. The use of the TruPulse 360b for ground-based measurements and
the CHM method (based on UAV optical imaging data) yielded better results that meet the height precision
standards for industrial inventory. Methods for determining the height of trees based on optical survey data
from UAVs can be used for survey, inventory, forest management, and other works related to forestry and
monitoring changes in forest ecosystems

Keywords: unmanned aerial vehicle, aerial photography, stereophotogrammetry, canopy height model,
altimeter

Introduction

One of the main forest inventory indicators for de- especially in complex tree stands with dense under-
termining forest productivity is the average height storey and undergrowth. These and other factors
of tree stands. Instrumental measurement of tree affect the precision of measurements, both in flat
height during a full-scale survey of a forest area is  terrain and in mountainous areas. The error in meas-
mandatory and requires considerable time and effort, uring the height of trees and calculating the average
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height of the stand directly affects the determination
of such indicators as site index class, height category,
stock of the tree stand and its change.

Altimeters by measurement technology are di-
vided into three groups: trigonometric and geomet-
ric principles of operation and optical. Altimeters of
the trigonometric principle of operation are always
basic, i.e., they require recording the distance from
the point of measuring the height of the trunk to the
tree on site. At the same time, the height is measured
by viewing angles to the base of the tree and its top.
The geometric principle of measuring the height of
trees is based on the rules of similarity of triangles.
Optical altimeters are constructed based on the laws
of optics (Myroniuk et al., 2019). If there is no cor-
rection for the slope of the terrain, the inclination of
the tree, the shape of the crown, this can lead to con-
siderable errors in measuring the height of a growing
tree (Bragg, 2008).

Recent decades have seen a widespread use of
laser-optical devices that are designed to measure
the height of a tree and are based on the use of
built-in elements, specifically an inclinometer and
a laser rangefinder. Apart from the height, other
measurements can be made, which gives these de-
vices advantages over others.

With the technological advance, new ways to
determine the parameters of growing trees based on
remote sensing data have emerged (Forsman et al.,
2016; Guimaraes et al., 2020; Magnussen et al.,
2016; Maselli et al., 2014; Mulla, 2013), which do
not require direct height measurement.

Unmanned aerial vehicles (UAVs) are widely
used for optical imaging or laser scanning to collect
data for local tasks in rural areas (Eskandari et al.,
2020) and forestry (Guimaraes et al., 2020). Improv-
ing photogrammetry methods and algorithms for
image processing helps improve the precision of
constructing a dense point cloud, which serves as
the basis for digital models of relief and terrain, as
well as 3D models of spatial objects. As a result, the
precision of the results of decrypting environmental
objects also increases.

Modern demands of society for the precision
and relevance of information on forest resources
require a review of the methods of forest inventory
used in practice (Myroniuk et al., 2018), and the in-
troduction of remote data collection into the prac-
tice of forest inventory is one of the principal mod-
ern trends in the development of forest inventory

methods (Myroniuk et al., 2019). That is why it is
relevant to justify the effectiveness and precision of
determining the height of trees in forest areas using
the data of remote sensing of the Earth using UAVs
compared to the use of altimeters.

The purpose of this study was to test various
methods and devices for measuring the height of
trees in natural conditions and establish the pos-
sibility of using stereophotogrammetry methods to
determine the height of trees from optical data col-
lected using UAVs.

Materials and Methods

The experimental plot of this study was the princi-
pal use felling area in the Irzhavets Forestry of the
State Enterprise “Nizhyn Forestry” (block 30, allot-
ment 9) in the territory of Chernihiv region.

The study was conducted in an 80-year-old tree
stand of site index class I* with a composition of
7Ps3Qr and a relative density of 0.7, which grows in
the conditions of a fresh hornbeam-oak-pine sudu-
brava (C, ;C). The average diameter of the experi-
mental stand was 44 cm.

The object of the study was the precision of
measuring the height of trees using various meth-
ods and devices.

The study was conducted in three stages. The
first stage involved selecting 30 model trees, assign-
ing and applying unique identification numbers to
their trunks. Height measurements of growing trees
were made with Suunto PM-5, Haglof EC II-D and
TruPulse 360B laser range finder-altimeter accord-
ing to the instructions for use and measurement
work (Laser Technology Inc., 2017).

During the second stage, a Phantom 4 Pro UAV
was used to perform optical imaging. Remote sens-
ing data was processed using Agisoft Metashape
software (Agisoft Metashape, 2019).

To directly determine the height of trees,a meth-
od for measuring the height of trees and shrubs us-
ing UAVs was used (Bidolakh et al., 2018; Bidolakh
et al., 2019). The UAV was installed at the level of
the collar of a growing tree, which was subject to
measurement. Subsequently, the UAV was manually
raised to the top of the tree, the centre of the sight
of its camera, calibrated parallel to the horizon, and
aimed at the highest point of the tree. Under this
condition, the attributive data of the photo of the
top of the tree contained spatial information about
coordinates and height, which was automatically
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calculated by the GPS module (labelling method -
AM) (Bidolakh et al., 2019).

To use photogrammetry methods to create
spatial 3D models based on photographs, vertical
equidistant photographic evidence of the entire
axis of the trunk of the model tree was taken, with
filming at equal intervals of UAV altitude gain. A
total of 1,671 photos were taken for this method
and 17 vertical lifts were performed for 30 model
trees. This was conditioned upon the group spatial
arrangement of some model trees.

As a result of photo processing, a point cloud
of a model tree or tree group was created (Fig. 1)
(Agisoft Metashape, 2019). Each of the points in

such a cloud had corresponding spatial coordi-
nates in each system. The calculated point cloud
contained enough spatial information to dis-
play a growing tree in a 3D editor to determine
its height. The metric coordinate system WGS
84/UTM zone 36N (EPSG:32636) was used in the
study. Measurements were performed by manu-
ally setting the beginning and end of a segment
of interest using the linear measurement mode in
Agisoft Metashape software. In manual mode, the
highest point of the crown of the corresponding
model tree was selected, from which the distance
to the level of the collar was determined (method
marking - PC).

32.2m

Figure 1. Height measurement from a point cloud (PC method)

Additionally, tree height was determined using
the crown height model (CHM method), which in-
volved obtaining height based on a set of aerial photo
processing operations to obtain rasters of the digital
elevation model (DEM) and surface (DSM), as well

as calculating the output raster of the crown height
model CHM=DSM-DEM. To create digital models, two
horizontal spans were made over the tree stands at
an altitude of 70 and 90 meters. As a result, 251 aerial
photos were obtained, based on which a dense cloud of
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points was calculated using Agisoft Metashape soft-
ware, and they were classified by pertinence to land or
trees. The calculated CHM raster was analysed using
the Spatial Analyst tool package of the ArcGIS soft-
ware, using the “Focal statistics” filter to determine
height (Holiaka et al., 2018). The coordinates of the
model trees were superimposed on the raster, which
were determined from aerial photography materials
by visual identification of the individual number of
the model tree printed on the trunk. According to the
given coordinates, the height values were read on the
CHM raster image. Considering the displacement of
the treetop from the perpendicular growth axis, the

search radius for maximum values was set to 0.75 m.

The third stage of the study consisted in control
measurements of the trunk length of 30 felled model
trees and the height of the stumps using the South
PD-520N laser range finder (Table 1). Diameters were
measured at breast height (1.3 m) using a Haglof
“Mantax blue calipers” measuring fork. The sum of
the length of the trunk of the felled tree and the height
of the stump was an indicator of the true height val-
ue of each model tree separately. The distribution of
the measured values of the height of model trees by
thickness degrees (Table 1) is characterized by a rep-
resentation of model trees on the experimental plot.

Table 1. Distribution of model trees by height and diameter at breast height

Height, m
Degree of thickness, cm
29 30 31 32 33 34 35 36
32 1
36 1 1
40 1 4 1 1 1 1
44 1 1 2 1
48 1 1 1 1
52 1 1 1
56 1 1
60 1 1 1

Distribution of model trees by height and di-
ameter at breast heightIn general, during the study,
height indicators were determined using six different
methods for each of the 30 model pine trees in the
growing state and 30 true height values of each mod-
el after felling (Table 2).

Results and Discussion

Table 2 presents the height data obtained by differ-
ent methods for each of the 30 model trees and their
true values.

The results of statistical data processing (Ta-
ble 3) allow evaluating the advantages and disad-
vantages of using different methods of measuring
growing trees that were used in this study. The high-
est measurement error was found for the AM meth-
od — 1.84, the lowest was 0.41 for Haglof EC II-D. The
systematic measurement error was the largest for
Suunto PM-5 - 133.67 m, and the smallest — 11.96 m
for CHM. The average random error, respectively, was
the highest for Suunto PM-5 - 2.01 and the lowest -
0.64 for CHM.
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Table 2. Results of measurements of model trees using different methods

Model Diameter, Growing tree height measuring method, m T;l:: gtlll.:e
tree No. cm Ha’?}?}; EC Sg},‘gf? Tr; g)uése AM PC CHM value, m
1 48.4 33.00 31.00 30.20 33.50 34.27 32.46 33.06
2 40.4 31.40 32.50 31.30 33.70 33.43 32.56 32.43
3 41.1 26.10 27.00 26.80 31.80 32.83 29.72 29.59
4 48.9 34.40 35.00 33.00 34.60 34.79 33.18 34.09
5 58.3 33.30 36.60 32.60 35.60 35.93 34.33 34.35
6 53.0 34.20 32.60 33.50 36.80 36.46 34.58 33.47
7 44.2 31.30 30.40 32.50 36.30 35.85 32.52 33.22
8 38.0 27.90 26.50 28.50 32.10 31.69 29.79 30.73
9 34.7 30.70 26.50 30.70 33.20 33.07 31.13 32.37
10 46.0 31.70 32.00 32.60 34.80 34.64 31.53 33.81
11 56.2 36.20 35.50 33.70 38.00 37.13 34.71 35.22
12 52.9 32.80 32.00 33.50 36.80 36.04 33.94 34.45
13 384 31.30 29.50 28.20 28.90 31.79 29.96 30.48
14 51.1 29.60 28.60 29.20 30.70 31.11 29.53 30.50
15 59.2 32.20 32.50 31.40 34.10 34.30 31.76 32.33
16 42.4 29.20 29.50 28.80 33.30 31.12 29.89 29.67
17 38.2 30.40 31.50 28.40 27.60 28.05 27.97 28.71
18 39.8 29.50 27.80 29.30 31.60 30.06 29.61 29.73
19 39.1 33.40 33.00 31.00 32.30 29.39 30.00 30.45
20 51.9 32.10 31.50 34.30 35.50 35.13 34.03 34.88
21 44.8 33.80 33.50 34.80 37.80 34.85 34.51 35.60
22 32.9 30.40 30.50 30.40 35.70 30.20 30.79 31.32
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Table 2, Continued

Model Diameter, Growing tree height measuring method, m T;.:zeie gtlll.:,e
tree No. cm Ha%l?}; EC Sgﬂfgo Tr; g)uése AM PC CHM value, m
23 48.9 37.50 37.50 35.40 38.40 35.65 35.15 36.33
24 49.8 35.10 35.50 34.60 37.30 34.27 34.43 34.70
25 39.5 35.00 34.50 34.50 39.30 37.38 34.99 35.90
26 57.8 38.10 38.50 36.90 40.20 38.85 36.31 35.48
27 45.7 34.90 35.50 32.00 35.70 33.17 33.52 33.70
28 41.5 34.30 34.30 32.80 38.00 34.46 34.56 35.30
29 40.0 29.90 29.20 28.70 31.70 31.30 30.13 30.23
30 53.9 32.20 33.50 30.90 33.90 33.79 31.34 31.98
Table 3. Results of statistical processing of the obtained tree height values
Tree height measuring method
Statistical indicators
Haglof EC II-D | Suunto PM-5 | TruPulse 360B AM PC CHM
Arithmetic mean 32.40 32.13 31.68 34.64 33.70 32.30
Mean square deviation 2.73 3.21 2.51 3.02 2.56 2.22
Standard error 0.50 0.59 0.46 0.55 0.47 0.40
Volatility ratio, % 8.42 9.98 7.91 8.73 7.59 6.86
Measurement error -0.41 -0.67 -1.12 1.84 0.90 -0.51
Systematic error, m 69.60 133.67 25.28 58.04 47.16 11.96
m‘gifﬁinr:&dgﬁ)r 1.45 2.01 0.88 1.41 1.28 0.64

The results obtained in this study, as well as re-
search data from (Bidolakh et al., 2018; Bidolakh
et al., 2019), further confirmed the study results in
(Williams et al., 1994) regarding the highest preci-
sion of hand-held laser measuring devices.

The measurement error of laser devices is as-
sociated with the interference of side branches in
aiming the laser at the top of the model tree, which
is especially observed in conditions of growth and

development of a sparse stand. Trees in such stands
of mature and over-mature age have a wide tent-
shaped crown, where the highest point of the top of
thetreeisnotalwayslocatedinthe centre ofthe crown
and causes an underestimation of height (Fig. 1).

The TruPulse 360B’s issue of underestimating
height readings with laser altimeters is illustrated
in Figure 2, where the height indicators of the main
number of model trees have underestimated values.
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Haglof EC II-D

41
39
37
35
33
31
29
27
25

25 27 29 31 33 35 37 39 41

Suunto PM-5

25 27 29 31 33 35 37 39 41

TruPulse 360B

25 27 29 31 33 35 37 39 41

Figure 2. Comparison of the results of tree height measurement using altimeters

The use of the Suunto PM-5 optical altimeter
involves the use of two basic distances (15 and 20
m) and is characterized by the impreciseness of the
height indicators of model trees. The specificity of
using the Haglof EC II-D trigonometric altimeter
compared to the Suunto PM-5 has the advantage of
the ability to arbitrarily change the base distance,
which increases the precision of measurements. An
increase in the base distance for the Haglof EC II-D
may lead to a deterioration of the visibility of the
top of the model trees and an increase in the time
required to find a satisfactory sighting location.
Most often, problems with viewing the top of a tree

25 27 29 31 33 35 37 39 41

25 27 29 31 33 35 37 39 41

arise in conditions of a dense tree stand and roll-
ing terrain. When discussing the precision of meth-
ods for tree height measurement involving UAVs
and the advantages of using CHM for tree stands, it
should be noted that there are a significant number
of methodological approaches to determining and
specifying the parameters of growing trees, which
are presented in (Guimaraes et al., 2020) and (Sade-
ghi & Sohrabi, 2019).

When comparing the precision of height deter-
mination methods using UAVs (Fig. 3), one should
note that creating a CHM requires the least amount
of time to collect data in the field.

CHM

25 27 29 31 33 35 37 39 41

Figure 3. Comparison of height measurement using UAVs

An added advantage of CHM is that there is no
need for a highly skilled UAV operator to pilot un-
der the tree canopy, in contrast to the AM method
(Bidolakh et al., 2018) and the creation of a growing

tree point cloud by the PC method. In addition, the
weak point of remote methods using UAVs in pine
stands is their dependence on the correctness of
determining geographical and spatial coordinates
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by the GPS module, due to the obstruction of signal
passage through the forest canopy. Due to an unsta-
ble signal, the time spent on clarifying coordinates
and constantly correcting them increases, which is
recorded in the photo metadata. The specificity of
the pine stand could lead to an increase in errors and
deviations compared to the data for the beech stand
(Bidolakh et al., 2019). Specifically, the average ran-
dom error in the study of measurement precision
was 0.72, and the systematic error was 15.03 m for
European beech trees (Fagus sylvatica L.) in a decid-
uous stand with a composition of 10 Fs and a den-
sity of 0.4 (Bidolakh et al., 2019), and for Scots pine
(Pinus sylvestris L.) trees in the stand under study,
the average random measurement error was 1.41,
while the systematic error was 58.04 m (Table 1).

Figure 4 shows the numbers and spatial lo-
cation of model trees on the experimental plot
according to the established coordinates. Addi-
tionally, Fig. 4 shows a coordinate grid, a legend
(scale) of height values with gradation by colour.
The results of height determination from the CHM
raster image after using the “Focal statistics” fil-
ter (Fig. 4) were compared with other methods of
height measurement based on aerial photography
materials (Fig. 3). The obtained values are char-
acterized by a considerable overestimation of the
height indicators for the AM and PC methods. The
height indicators found by the CHM method have
the smallest deviations and are placed grouped
regarding the true values of the height of the
model trees.

Figure 4. CHM after using the “Focal statistics” tools

CHM was the most precise of all the methods of
measuring growing trees considered in this study.
The TruPulse 360B laser-optical instrument was the
most precise of the handheld ground altimeters. The
mean random error of measurement for TruPulse
360B was 0.88 and for CHM was 0.64. First of all, this
is explained by the independence of the CHM from

the actions of the operator, i.e., the human factor in
the measurement is minimized.

The advantage of ground-based manual altime-
ters is the ability to quickly obtain the height value
of the measured tree on site. The use of optical im-
aging using a UAV requires time to process and ana-
lyse the raw data using specialized software. On the
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other hand, if it is necessary to establish the height
of a considerable number of trees in the stand, the
use of stereophotogrammetry methods has substan-
tial advantages, which include less time spent on
field work, the availability of information about the
height of all identified trees, diverse possibilities in
working with the obtained results; restriction of the
area of interest (polygon, allotment), where inven-
tory indicators are automatically set and simulated.
In addition, when processing materials, aerial pho-
tos acquire a digital terrain model, which can later be
used to create a scheme for developing a cutting area.
Furthermore, the use of UAVs to determine the height
of trees leaves an archive of records of the measure-
ment process, which can be an additional tool for
quality control of forest inventory operations.

Conclusions
Comparison of different methods allowed evaluat-
ing the precision of measurements and establish
the advantages and disadvantages of height meas-
uring devices that are actively used on the territo-
ry of Ukraine. The capabilities of UAVs for height
measurement show the advantages and prospects of
using optical surveying using UAVs to obtain data

during inventory, forest management, and survey
work in forest areas.

The analysis of the results of using the CHM
method showed the least impact of the human fac-
tor on the results, since the height of trees is meas-
ured with minimal operator involvement, which is
essential for quality control of the implementation
of economic measures and their design.

The value of the average random error for CHM
was less than 2%, which allows determining the
height of trees in pine stands with high precision
and meets the requirements for production inven-
tory according to the “Instructions for the regula-
tion of the forest fund of Ukraine” (2014).

Further study is required to estimate the impact
of the quality of signals from satellite positioning
systems, under the forest canopy, on the precision
of determining the height of trees using on-board
UAV equipment in coniferous stands compared to
deciduous ones.

The accumulation of ultra-high-resolution ras-
ter data obtained using UAVs allows increasing the
ability to monitor forest stands and detect chang-
es in their structure at the local level (forest area,
block, stratum).
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TouHiCTh BUMipIOBaHHSI BUCOTH JI€PEB PisHMMM CII0CO0aAMM

Anpapiit Muxaiinosuu Binoyc, ITerpo IlerpoBuu [Issuyk, Poman MuxaitnoBuu 3aJ0pPOKHIOK,
Maxkcum CraniciaBoBuu Maunana, Makcum MuxkosnarioBuu Byp’ sHuyk

HauionanbHMit yHiBepcuTeT 6iopecypciB i mpMpogoKOpuUCTyBaHHS YKpaiHu
03041, Byn. 'epoiB O6oponu, 15, m. Kuis, Ykpaina

Awnoranis. [TociIskeHHS TPUCBSTYEHO TEPEBipIi TOUHOCTi BUMipPIOBAHHS BUCOTY IEPEB Pi3HUMMU CIIOCOOAMMU.
B pob6oTi o1iHeHO MOKJIMBOCTI BMKOPMUCTAHHSI CTepeodOTOrpaMMETPUYHOTO0 MeTOAY IJisl BU3HAUEHHS
TOKA3HMKIiB BUCOTU AEPeB 3a JOMOMOroI0 3HIMaHHS 3 6e3MmiIoTHUX JiTaapHux amapartiB (BITVIA) B ymoBax
CTUIJIOTO COCHOBOTO AepeBocTaHy. [I[poBefieHO OPiBHSHHS pe3y/bTaTiB BUMipIOBaHHSI BUCOTU JepeB COCHU
3BMYAfHOI BMCOTOMipaMy Ta TOKAa3HMKIB BUCOTM, BU3HAUEHUX 3a NAHMMMU OUCTAHIIITHOTO 30HIyBaHHS,
oTpMMaHuX 3a mornomorow BIUIA. 3arajioMm y AOCTIIKEHHI 6Yy/0 PO3WISHYTO MICTh Pi3HUX CHOCOGIB
BMMIipIOBaHHSI BUCOTM POCTYyUMX NepeB. JlocaimHi maHi mpo BUCOTY MOMENbHUX AepeB 36Mpasu TphboMa
pisHMMM BucoTOMipamu (pydHuMM HazeMHuMM npwiagamu) ta BIUIA Phantom 4 Pro. 3acTocyBaHHS
BIUVIA monsrajio B ONTUMYHOMY 3HiMaHHi Ta 30MpaHHiI JaHMX 3a JOMOMOIOI OGOPTOBOTO OOGIATHAHHS.
BukopucraHo croco6y BU3HAUEHHSI BUCOTU [IepPEB, SIKi CIIMPAIOThCS HA Pe3yabTaTyv OOPOOJEHHS HaHUX,
3i6paHuX HaBiCHMM OOGJIamIHAHHSIM KBaJpOKOITepa. 30KpeMa, 3aCTOCOBAHO BUMIipIOBaHHS BMCOTY JIepeB
i3 XMapu TOUYOK, MOOYJOBAaHOI HA OCHOBI OFHOCTOPOHHBOTO BEPTUKAIBLHOTO 3HIMAHHS MOIEIbHUX [IePEB,
Ta po3paxyHOK LudpoBoi moneni Bucotu kpoH (CHM) 3a manumu aepodoTO3HIMaHHS TOPU3OHTATbHUX
MIPOJIbOTIB HAaJ, AE€PEBOCTaHOM. Pe3ynbTaT MaTeMaTUMUYHOTO aHAJTi3y IIPOBeLEeHUX SOCTiAKeHb e MOHCTPYIOTh
HaMBUIIY TOUHICTH cIIocoOy 3 BuKopuctanHIM CHM mjis BM3HaueHHS] BUCOTU POCTYUMX A€peB. SHAUYEHHS
cepelHbOI BUITAAKOBOI ITOMMJIKM BUMipIOBaHHS BMCOTM ModeabHUX AepeB s CHM cTaHOBWIO MeHIIe HixX
2 %. HaCcTyITHUM 3a TOYHICTIO BU3HAUEHHS BUCOTHU AepeB OYB CIOCiO BMMipIOBaHHS 3a JOIIOMOTOIO JIa3epHO-
ontuuHoro npuiaaxy TruPulse 360B, 3acTocyBaHHS SIKOTO MTPOJEMOHCTPYBAJIO HAMBUIIY TOYHICTh 3-TTIOMiK
BUCOTOMIpiB. Bukopucranus TruPulse 360B mj1st Ha3eMHUX BUMipIoBaHb Ta crioco6y CHM (3a maHMMM ONITUYHOT
3iiomku 3 BITJIA) rokasasio Kpalili pe3yabTaTi, SIKi BiITIOBiAal0Th HOpMaTUBaM TOUHOCTI BM3HAUEHHS BUCOTHU
IJ1sT BUpOoOHMYOi Takcarlii. Crtoco6u BU3HAUEHHSI BUCOTY JepeB 3a JaHMMM OITUYHOI 3710MKM 3 BITJIA MOKYTb
BYKOPVUCTOBYBATUCS IS TPOBEAEHHS 00CTEKYBaTbHIX, iIHBEHTApU3aIlifHMX, TICOBIIOPSIIHNX Ta iHIINX POOIT,
SIKi TOB’s13aHi i3 BeZ@eHHSM JIiCOBOTO TOCIIOAaPCTBA Ta MOHITOPUMHIOM 3MiH Y JIiICOBUX €KOCUCTEMax

KimouoBi cimoBa: 6e3minioTHMIT JiTa/ibHUIT amapat, aepodoTO3HIMaHHS, CTepeoGOTOrpaMMeTpisi, MOIETb
BUCOTU KPOH, BUCOTOMIp
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