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Abstract

Purpose: Development and approbation of the program-apparatus complex for the measurement of the basic
microclimatic characteristics at the vegetation cover. Methods: The complex allows to measure
simultaneously the air temperature and humidity, direct and indirect illumination into the sublayers and over
the grass stand with the entry of the findings into the acting permanently storage device. Results: The device
features control carried out on the experimental areas with the mire vegetation (Phragmito-Magno-
Caricetea class association of the Klika in Klika and Novak 1941) demonstrated the compliance of the
declared characteristics with the obtained results. Discussion: The question on the dependency form of the
vegetation ecological role in the natural settings has not only practical importance, but vital theoretical
significance, as the consequence transformation, in particular, the ecosystems, leads to the limit of their
buffer possibilities and to the cessation of work on supporting of the existing soil and atmosphere balances.
natural conditions, and under the anthropogenic impact, as well as the measures forming on the base of the
obtained results, aimed to their conservation, recovery and inexhaustible use, is important and burning
question. The systematic observation carrying out for the environment forming role change of the different
ecosystem types under natural conditions, and under the anthropogenic impact, as well as the measures
forming on the base of the obtained results, aimed to their conservation, recovery and inexhaustible use, is
important and burning question.

Keywords: automation; device; monitoring; microclimate; nature management.

1. Introduction the ecosystems current state. The development of the
methods in this direction will provide the activity of
immediacy and efficacy for the prevention of the
nonreversible consequences and will allow to take
measures on theirs localization, consequence
ecosystem recovery and maintenance in virgin state.
Not less important is the realization of the total
ecological evaluation and monitoring of the
vegetation environment forming role at the area of
economic use.

The estimation and monitoring of the vegetation
cover microclimatic indexes are the practical tasks
of big importance in view of the intensification of
the anthropogenic impact and global climatic
changes disturbing the balance of nature and the
ecosystems stable functioning. The development and
perfection of the vegetation cover microclimatic
characteristics estimation direct methods is one of
the key factors for the complex finding formation on
the ecosystem current state. The development and 2. Analysis of the latest research and publications
upgrading of the direct methods of the vegetation
cover microclimatic characteristics is one of the key
factors in formation of the complex conclusion of

There exists the broad store of means and methods
for ecological monitoring [1-8]. It was established
that the formation and steady existing of the
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vegetable associations is possible at the certain range
of the microclimatic characteristics — the
temperature and air humidity, direct and indirect
illumination, albedo. Differing by considerable
variability of values, depending of vertical and
horizontal structures and vegetation state, the
necessity arises in the synchronous measurement of
characteristics enumerated above by all-height
alignment of vegetation cover in the different points
of experimental area, distributed on the considerable
distance. The use of the conventional devices and
technics imposes the limit on time for the
experimenter movement from one point to another
one, in preparation stage to the gauging, in
convenience of measuring carrying out, and
expectancy of the result wrongly recorded.

The creation of the efficacious control facilities
operating with the minimum of hand man
participation during the ecological investigation
carrying out is very complicated problem, the
decision of that is the object of interest through
worldwide. The automatic posts for environment
ecological monitoring has proved to be the most
effective, have received the largest distribution [8]
and the self-acting portable complex of
meteorological stations too [9].

3. Research tasks

The similar posts created with some automation
level are used in the USA (Chicago, Los-Angeles,
and New-York) for example, in Japan, Gumma
prefecture, Nagoya city, in Great Britain (the posts
of Telstor firm), in Poland (Silesia mining industrial
district) and others. The program-apparatus complex
on such posts allows measuring of the temperature,
the environment humidity, the wind direction,
strength and velocity. Such posts are related to the
posts of stationary type of automation posts for the
environment ecological monitoring and are located
into the specially equipped halls or into the heat-
insulated containers. They are very complicated
during the fabrication and operation and they do not
allow deciding the problem of the microclimatic
characteristic change in the specific vegetation
associations. The second group, these are the
separate devices that can carry out the necessary
measurements as prepared for special tasks [11-12],
and as well as industry output. The most close on the
technical matter to the proposed method is the way
of the multipoint temperature measurement
necessary for the estimation of the environment
forming vegetation role measurement, that are

realized in the structures of A. Balakhtar [13] and 1.
Nechaev [14]. The versions of the multipoint
measurement of the air relative humidity, direct and
indirect illumination are absent.

4. Materials and methods of research

One of the modes for this problem deciding is the
application of the technology on temperature,
humidity and illumination sensors connection under
the 1-Wire record with the obtained results fixation.
As the temperature and humidity sensors, were
selected the DHT22 chips of the Aosong Electronics
Company [15]. In the range of -10°C up to +85°C,
the producer warrants the absolute measurement
error not less than +0.5°C. For the illumination
determination, is to be used MAX 44009, the Maxim
producer [16], as the most perfect one. The optimal
metrological characteristics, successful hardware-
constructive decision, the possibility to joining up
into the distributed network, makes attractive the
digital sensors use at the microclimatic
characteristics measurement under the field
conditions. The chips transform the meaning of the
temperature, humidity, and illumination into the
digital code, that don’t need the calibration and can
be used in the temperature range of - 40 up to
+85°C.

The task of the device created by the authors is
the prompt measurement of the vegetation
microclimatic characteristics (air temperature and
humidity, as well as direct and inverse intensity of
the solar radiation) in the different layers of the
vegetation cover and of realizing it program-
apparatus means, in that due to the introduction of
the structure-time duplication, it provides the
technical result obtaining, consisting of the linearity
calibration parameters providing, increasing the
sensibility, and practically, the exclusion of
dependency from the instability of the
semiconductor sensor individual parameters (Fig.1).

The given problem is to be decided by the
unification of the air temperature, humidity and
direct and inverse illumination sensors in the
structural blocks of the information channel, that are
connected with the electronic module for data
processing and the investigation results storage
(electronic memory).

The developed device involves the additional
facilities: RTC (real time clock with the calendar)
and the pressure sensor. All of them are connected in
parallel with the electronic modules for data
processing and the investigation results storage.
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Fig. 1. Structural device chart for the microclimatic
condition measurement

The device basic version allows connect four
remote sensor blocks that can determine the air
temperature in the range of -5° up to 100° C; the
relative air humidity: of 10 up to 100%; the direct
solar illumination of 1 to 999990 Lx; the
backscattered solar radiation of 1 up to 99999 Lx.

The device operates as follows (Fig. 2):

1. At device switching, the microcontroller
periphery initialization occurs: the readout from
EEPROM (energy independent memory), task
dispatcher starting. In case of malfunction detection
(the data-transmitter unit didn’t connect, or battery
constant-voltage charge is insufficient), the text
information is projected on display showing the
malfunctions character and the recommendations on
their elimination.

Initializaticn of the
controller periphery

Start-up of e
Job scheduler

Task 1
_ Dana recondingreading from RTC.
EEPRUM of the emgrerature.
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Fig. 2. Flow-chart of device operating

2. For user, on the display screen, the menu with
the functions “Adjustment” and “Work™ selections
are proposed. The function “Adjustment” allows to a
user with help of the key buttons “Up” and “Down”,
“Menu” and “Ok” to install the following
parameters: the date (day, month, year), the time,
manual or automatic mode for the characteristics
measuring, the sensors sampling periodicity (in
minutes), and the measuring result record in PSD
(permanent storage device), as well as the work time
beginning and end.

The function “Work” runs one of three modes
selected by the user: ‘“Manual”, “Automatic”, or
“Data transfer to PC”.

In any of listed modes, “Program control core” is
monitoring the battery voltage measuring, is making
the device keyboard sampling with the data
reporting on display.
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3. At “Manual” operation mode, the measuring
is making on the “Ok” button press. It is reading the
current time from the real time clock chip, reading
of the air temperature and humidity values, the
illumination level (direct and indirect), recording of
the date, time, sensor indications into the energy
independent memory with the data reporting on
display.

4. At “Automatic” operation mode, the
measuring is started to be conducted on the preset
time achievement. Reading of the current time from
the real time clock chip, reading of the air
temperature and humidity values, the illumination
level (direct and indirect), recording of the date,
time, sensor indications into the energy independent
memory are produced. At automatic mode operation,
the display supply is switched off, and the output of
the sensors stored data doesn’t occur.

5. “Data transfer to PC” function is intended for
the device porting through the USB port to the
personal computer. The obtained measuring results
represent the text file there the data are represented
as follows:

e The date and the time of the gagging carrying
out, the serial number of the gagging;

e The serial number of the data-transmitter units
(upward) 0 — 3. Where 3, the data-transmitter units,
shows the values of the abiotic parameters over the
vegetation level. The data-transmitter units 0-2
show the values of the abiotic parameters at I-III
vegetation sublayers;

e Sensor readout.

The transport of the obtained data to the Personal
Computer should be carried out in the operating
system Windows and Linux using the programs with
access to the virtual serial port, for example,
Cutecom.

The checkup of the functional possibilities put in
the designed device was carried out at the areas
occupied by the conventionally undisturbed mire
vegetation located on the Trukhanov island, Kyiv
city.

5. Results of the research

The determination of the mire vegetation
microclimatic condition dynamics were carried out
at the conventionally undisturbed Phragmito-
Magno-Cariceteaclass associations of Klika in Klika
et Novak 1941 represented by the Carici acutae-
Glycerietum maximae associations Jilek et Valisek
1964, Typhetum latifoliae Lang 1973,

Eleocharitetum palustris Ubrizsy 1948. The
microclimatic characteristic changes of considered
cenosis are connected with the species composition,
its density, the phytomass, the grass stand layer age,
as well as the growth place conditions. The
variability of these factors changes considerably the
character of the solar radiation distribution at the
considered associations that in the end, produces the
impact on their heat, water and energy balance.

As the initial base point, for the determination of
the paludal ecosystem vegetation microclimatic
characteristic variability, the riverside sandy strip
bare, close to the experimental areas was selected.
The measuring of the microclimatic characteristic
values at the pulpit was made at the height compliant
to the mire vegetation cover sublayers. Their
average values are represented at the Table 1.

6. Discussion of the results

The Carici acutae-Glycerietum maximae vegetation
association put together 13 — 15 species, the general
projective cover (GPC) consisted of 100%, the
phytomass varied of 644 up to 1048 g/m”, average —
926.4 g/m’. The dynamics of the microclimatic
conditions values has changed in the following
limits: the air temperature over the grass stand, min -
35.5°C, max — 36.5°C, average — 35.9°C; the
relative air humidity min — 37.4%, max — 45.7%,
average — 41.4%; direct illumination min -
57507Lx, max — 78520Lx, average — 63590Lx;
indirect illumination min — 3503Lx, max — 4262Lx,
average — 3841Lx; albedo min - 5.4%, max — 6.5%,
average — 6%; at the 3" sublayer, the air temperature
value changed of min — 37.8°C, up to 38.7°C,
average — 38.3°C; relative humidity min — 31.7°C,
max — 36.6%, average — 33.4%; direct illumination
min — 56770Lx, max - 80732Lx, average -
67461Lx; indirect illumination min — 3087Lx, max —
3594Lx, average — 3427Lx; albedo min — 3.8%,
max — 6.2%, average — 5.2%. The data for II and I
sublayers are represented at the Table 1. At the
Typhetum latifoliae vegetation association, it is
represented 2 — 4 species, GPC — 100%, the
phytomass varied of 1556 up to 6108g/m?, average —
4255g/m*. The data for II and I sublayers for the
given association are represented at the Table 1.

The  Eleocharitetum  palustris  vegetation
association put together 9 — 11 species, GPC —
100%, the phytomass varied of 368 up to 1148 g/m’,
average — 610 g/m”. The data for II and I sublayers
are represented at the Table 1.
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Table 1
Microclimatic characteristic value changes of Phragmito-Magno-Caricetea class association
Grass stand | Air temperature Relgt{ve air ' [llumination (I.Jx)' Albedo (%)
sublayer ©) humidity (%) direct indirect
X |min |max| x |min|max| x |min|max| x |min|max| x | min |max
Carici acutae-Glycerietum maximae
Over grass stand| 35,9 | 35,5 | 36,5 | 41 37 | 46 [63590(57508|78520| 3842 | 3502 | 4262 | 6,1 | 54 | 6,6
1T 38,3 137,8 38,7| 33 32 37 167461|56771|80732| 3427|3087 3594 | 52 | 3.8 | 6,2
11 37,4 | 36,1 | 38,8 | 40 39 | 42 |23806] 5368 |62669| 640 | 66 |1284| 64 | 0,2 | 18,1
I 343 | 33,1 | 36,9 | 48 | 44 | 53 [11572[1290 37786/ 293 9 | 63 | 0,5 | 02 | 0,7
Typhetum latifoliae
Over grass stand| 28,9 | 28,6 | 29,6 | 57 49 61 165249|57508]79258|61546(53292|75525| 5,8 | 39 | 7.3
1T 28,7 12731302 | 53 47 60 |26254| 7004 |77414|23786| 5564 |75007| 20,5 | 3,1 | 29,9
11 30,0 | 29,1 | 30,6 | 53 49 54 |54755| 6682 |77783| 2935|1394 |4585] 8,9 | 3,9 | 20,9
I 303 | 283 | 32,5 | 56 | 52 | 60 |2693|2177|3133| 153 | 107 | 207 | 5,7 | 3.5 | 7.9
Eleocharitetum palustris
Over grass stand| 26,9 | 25,7 | 28 56 52 60 124811901 |18248| 1388 | 622 [2004 | 144 | 7.3 | 32,7
1T 264 1246 273 | 54 | 49 62 | 79953364 116128 766 | 307 | 1319] 10,0 | 6,7 | 12,3
11 30,1 | 24,0 | 27,9 | 52 48 69 |714412592116036| 513 | 81 |1267] 5,8 | 2,3 | 10,2
I 27,8 24,1 | 31,6 | 53 43 67 13935] 392 [9861 | 113 2 126923105 44
Sandy beach

Over grass stand| 42,9 | - - 33 - - 172662| - - |18524| - - 255 - -
11 31,0 - - 37 - - 73359 - - |15465| - - 21,1 - -
1T 26,9 - - 37 - - 63775 - - 17787 - - 27,9 - -
I 25,8 - - 42 - - 63775 - - [10045] - - 158 | - -

The obtained result analysis showed that all
experimental areas of the mire vegetation are
characterized by 1.2—1.5 multiple lesser value of the
air temperature over the grass stand in comparison
with controls ones. Vertical temperature gradient at
the grass stand of all sublayers of the mire
vegetation is bigger on 15-20% in comparison with
control readings. The data of the relative air
humidity over the grass stand at the experimental
areas were higher on 30—45% than the control ones.
The analysis of vertical gradient of the relative air
humidity value showed that at III sublayer of
considered cenosis, they were at 3—5% lesser than
over the grass stand, whereas at Il and I sublayers,
the values of the air humidity increased a few (Table
1). Such distribution at the vertical cenosis structure
of the relative air humidity values is explained by
this that at III sublayer, two airflows intermixing
occurs.

First, that is over the grass stand, and second one,
that arises up from II and I sublayers. So, like this,
the moisture transport process from the vegetation to
the ground atmosphere occurs.

The temperature and the relative air humidity are
one of the basic limiting factors for the vegetation
existing. It was noted, that the environment factors

of the considered cenosis form some specific areas
defining the conditions of their habitat at the given
territory (Fig. 3a).

The vertical change gradient of direct, indirect
illuminations and albedo of paludal cenosis is
characterized, practically, by linear dependence of
the values dropping, depending of the vegetation
sublayers state, and were at 1.5-2 times less than the
control values (Table 1).

The direct and indirect grass stand illumination, also
are the basic limiting factors for the vegetation
development. It was identified, that the Carici acutae-
Glycerietum maximae and Typhetum latifoliae cenosis,
form two separated areas, that correspond to III and I
grass stand sublayers (Fig. 3b). Such a distributionn is
stipulated by the vertical cenosis structure with the
species predominance at III and I sublayers. The
Eleocharitetum palustris vegetation association 1is
characterized by dense vertical species distribution that
stipulates the compact area of the values distribution.

For the revelation of interdependency between
the habitat formation role change and the type of
cenosis organization, the comparative analysis of the
microclimatic characteristic changes with the
normalization of obtained results was carried out.
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Fig. 3. Distribution of the basic microclimatic
characteristics at the cenosis class Phragmito-Magno-
Caricetea (Flood-lands of the Dnipro river, close to Kyiv
city, Ukraine). Legend: T — air temperature in C,
HD — relative air humidity in %, PR — direct solar
radiation, OBR — indirect solar radiation.

In the capacity of 1, it was selected the values
over the grass stand and was made the diagram of
normalized value changes of the mire vegetation
cenosis microclimatic characteristic (Fig. 4). The
vertical gradient changes of the normalized
temperature values and the relative air humidity for
all considered cenosis are, practically, the same.
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Fig. 4. Microclimatic characteristic value changes of the
Phragmito-Magno-Caricetea class associations.

7. Conclusions

The question on the dependency form of the
vegetation ecological role in the natural settings has
not only practical importance, but vital theoretical
significance, as the consequence transformation, in
particular, the ecosystems, leads to the limit of their
buffer possibilities and to the cessation of work on
supporting of the existing soil and atmosphere
balances. The systematic observation carrying out
for the environment forming role change of the
different ecosystem types under natural conditions,
and under the anthropogenic impact, as well as the
measures forming on the base of the obtained
results, aimed to their conservation, recovery and
inexhaustible use, is important and burning question.
The analysis of the direct anthropogenic impact to
the vegetation environment forming role, taking into
account the nature changes, the most reasonably is to
realize on the base of the complex approach — the
consequence consideration of the basic factor impact
to the ecosystem elements, the clarification of the
relationships between them, the determination of the
character and their interconnection direction.
Evidently, to form the national policy on the
anthropogenic impact consequence minimization, it
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is mnecessary to carry out the permanent
comprehensive tests aimed to the change
determination of the vegetation microclimatic
characteristics of the different ecosystem types.
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MPOTPaMHO-aNapaTHOTO

KOMITJIEKCY I BHMIPIiB  OCHOBHHUX

MIKPOKITIMATHYHUX XapaKTePUCTHK B POCIMHHOMY mMOKpuBi. MeToau: KoMruiekc m03BOJISIE OJHOYACHO
BHUMIpPIOBATH TEMIIEPAaTypy 1 BOJIOTICTH HOBITps, MpAMY 1 3BOPOTHY OCBITJIEHICTH B MiJ sipycax 1 Haj
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TPaBOCTAHOM 13 3aHECEHHSM OTPUMaHMX OaHWX B MOCTIMHO 3amam'sATOBYrOuMii npuctpiii. PesyanbTaTn:
[lepeBipka (QyHKIiOHAIEHUX MOXIMBOCTEH MpHIIAAy, MPOBEACHAa Ha OCIHIAHUX MJUITHKAaX OOJOTHOL
pocimHHOCTI (yrpynoBanHs kiacy Phragmito - Magno - Caricetea Klika in Klika et Novak 1941) mokazaia
BIJIMOBIIHICTD 3asIBIICHUX XapaKTEPUCTHK 3 OTPUMaHHMHU pesyibTaramu. Qo0roBopenHs: [lutaHHs mpo
(hopMy 3aJIe)KHOCTI €KOJIOTIYHOI POJIi POCIMHHOCTI B MPUPOAHUX yMOBaX Ma€ He JIMINE MPaKTHYHE, aie i
Iy’ke BaXIIMBE TEOPETHYHE 3HAYCHHS, OCKUIBKU MOJAblIa TpaHC(HOpMAIlS 30KpeMa €KOCHCTEM Bele N0
Mexi iX OydepHHX MOXIHMBOCTEH 1 TpPUNHMHEHHS POOOTH IO IMiITPUMIN iCHYIOUMX OajaHCiB IPYHTY 1
atMocdepu. [IpoBeneHHsI cHCTEMaTHYHHX CHOCTEPEKEHb 32 3MIHOIO CPeJOyTBOPIOYOI POJIi POCIWHHOCTI
pI3HMX THIIIB €KOCHCTEM B TNPHPOAHUX YMOBaxX 1 MiJ BIUIMBOM AaHTPOIOTCHHHX YHHHHKIB, a TaKOX
(hopMyBaHHS Ha OCHOBI OTPUMaHMX PE3YJIbTATIB 3aXOIB CHPSIMOBAaHUX Ha 1X 30€pEeKEHHS, BITHOBICHHS 1
HEBUUEPITHE BUKOPUCTAHHS € BXKIMBOIO 1 aKTYalIbHOIO MPOOIEMOIO.

KitrouoBi cijioBa: aBTOMaTn3aniss; npuiaa; MOHITOPUHT; MIKPOKIiMaT; IPUPOIOKOPUCTYBAHHSI.

T.B. IBopenxkuii', B.B. Kyxrun®

TexH0J10THsI HOBOTO HHCTPYMEHTAJBLHOI0 MeTOJa OLEHKH MUKPOKJIUMATHYECKHX XapaKTepHUCTHK
PACTUTEIBHOI0 TOKPOBA.

"MucturyT Gotanuku umernn H.I'. Xonomuoro HAH Ykpaunsi r. Kues, yn. Tepemenkockas, 2

*LleHTp Hay4HO-TEXHHUECKOro TBOpuecTBa Monoaexu "Coepa", r. Kues.np. Tepoes Cramuurpana, 18 02000
E-mails: geobot@ukr.net; uanorb@ukr.net

Hean: PaspaboTka u ampobamus NpPOrpaMMHO-ANIapaTHOTO KOMIUIEKCAa JUIsi HM3MEPEHHUH OCHOBHBIX
MHUKPOKIMMAaTHYECKUX XapPaKTEPUCTHK B PACTUTENILHOM IOKpoBe. Metoabl: Vcmonb3oBaHue KOMILIEKCa
[O3BOJISIET OJHOBPEMEHHO H3MEpATh TEMIEparypy M BIQKHOCTh BO3IyXa, MNPSIMyl0 U OOpaTHYyIO
OCBEIICHHOCTh B MOIBAPYCaX W HaJ TPaBOCTOEM C 3aHECEHHEM IOJYYCHHBIX IaHHBIX B ITOCTOSHHO
3amoMuHamomee ycrpoiictBo. PesyabTarbi: [IpoBepka (yHKIHMOHAJIBHBIX BO3MOXKHOCTEH mpuoOOpa,
MIPOBEAEHHAS HA OIBITHBIX TUTONIAIKaX OO0JOTHON pacTUTEBHOCTH (coolmecTBa Kiacca Phragmito-Magno-
Caricetea Klika in Klika et Novak 1941) mokaszasa COOTBETCTBHE 3asiBICHHBIX XapaKTEPHUCTHK C
MOJyYeHHBIMU pe3ynbTatamu. OOcy:kaeHue: Bompoc o Qopme 3aBHCHMOCTH SKOJOTHUECKOH pPOJH
pPacTUTENbHOCTH B NPUPOAHBIX YCJIOBHAX HMMEET HE TOJNBKO NPAaKTHUECKOE, HO M BEChbMa Ba)KHOE
TEOPETUYECKOE 3HAYeHHE, IIOCKOJbKY MAajbHEeHInas TpaHc(hopMalus B YaCTHOCTH IJKOCHUCTEM BEAET K
npeneny ux OydepHBIX BO3MOXKHOCTEH M TpeKpalleHHI0 padoThl MO MOAJCPKAHUIO CYLIECTBYIOLIMX
OamancoB mouBbl M aTMmocdepsl. llpoBeneHume cucTeMaTHUECKMX HaOMIONCHMH 3a W3MEHEHHEM
cpenoo0pa3yome poiau pacTUTENbHOCTH Pa3jIMYHBIX THIIOB 3KOCHCTEM B IPUPOAHBIX YCIOBHSX W IOJ
BO3JICHICTBHEM aHTPOIIOTEHHBIX (AKTOPOB, a Takke (OPMUPOBAHHE HA OCHOBE ITOJyYEHHBIX PE3yJbTATOB
MEpONPHUATUH HANpaBICHHBIX Ha WX COXpaHEHHE, BOCCTAHOBICHHE M HEHCTOLUIMMOE HCIIOJIb30BaHUE
SIBIIIETCS] BAYKHOM M aKTyaJIbHOU TIPOOIIEMOH.

KiroueBble cj10Ba: aBTOMaTH3AIMS; TPUOOP; MOHUTOPUHT; MEKPOKIUMAT; TIPUPOJIONIOIE30BAHUE.
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