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Abstract. Over the past 15-20 years, Ukrainian agricultural production has shifted to growing more profitable,
highly marketable, and drought-resistant crops, in particular, chickpeas and sunflower. Therewith, the technology
of growing these crops is energy-consuming, especially in irrigation conditions. Therefore, it is relevant to examine
the influence of microirrigation system designs on the energy parameters of chickpea and sunflower cultivation. The
purpose of the study is to perform an energy assessment of chickpea and sunflower cultivation depending on the
design of microirrigation systems and the method of water supply. Research methods: short-term field experiments,
analytical and statistical methods for processing experimental data. The scheme of experiments provided for laying
irrigation pipelines in the horizontal and vertical planes, and implementing a pulse water supply mode (standard).
Control is an option without irrigation. It is established that the method of laying pipelines (designs of microirrigation
systems) substantially affects the productivity of crops. Higher yields were recorded at shorter distances between
irrigation pipelines (0.7 and 1.0 m), regardless of the depth of laying. It is proved that the highest level of yield of
chickpeas (4.28 t/ha) and sunflower (4.50 t/ha) was obtained by implementing a pulse water supply mode, but this
increase was within the error of the experiment. The introduction of underground drip irrigation is more appropriate
for the cultivation of chickpeas and sunflower according to the criterion of total energy costs for the technology. The
analysis of energy efficiency by the value of the energy efficiency coefficient (EEC) indicates a high level of energy
efficiency of chickpea and sunflower cultivation in both ground and ground drip irrigation (EEC=2.03-2.23 and 2.32-
2.50, respectively). The most effective method was to grow these crops under a pulse water supply regime: the EEC was
244 for growing chickpeas and 2.61 for growing sunflower. The research materials are of practical value for farmers in
managing energy consumption in chickpea and sunflower microirrigation technologies.

Keywords: drip irrigation, underground drip irrigation, pulse drip irrigation, irrigation pipelines, energy efficiency
coefficient

INTRODUCTION

Climatic transformations and the high genetic potential
of crop productivity led to an increase in actual irrigation
standards in the Steppe zone to 4500-6000 m3/ha, which
is 2-2.5 times higher than the design parameters of irri-
gation systems (Shatkovsky & Zhuravlov, 2021). This prac-
tically makes it impossible to increase the irrigation area
on a large scale, because the existing pumping equip-
ment is used at maximum capacity. This problem is also
relevant for the Forest-Steppe zone of Ukraine, where,
in the absence of large state irrigation systems, access
to potential irrigation sources is practically nonexistent.

In addition, farmers use irrigation water extremely inef-
ficiently - from 60 to 90% are losses on infiltration and
physical evaporation from the surface of soil and plants.
That is, only 10 to 40% of the volume of water intake for
irrigation is received exclusively for the needs of plants -
transpiration (Shatkovsky & Zhuravlov, 2021)

In this context, the “Irrigation and drainage strat-
egy in Ukraine” (2019) defines that the development of
irrigation should be based solely on a new, water- and
energy-saving concept. It is known that microirrigation
methods correspond to this as much as possible: drip

Suggested Citation:

Shatkovskyi, A.P, Hulenko, O.I., & Kalilei, VV. (2022). Yield and energy assessment of chickpea and sunflower cultivation depending on the design of

microirrigation systems. Plant and Soil Science, 13(3), 60-67.

*Corresponding author

Plant and Soil Science (13) 3



Shatkovskyi et al.

irrigation with ground and underground placement of ir-
rigation pipelines and pulse drip irrigation. The essence
of the latter is the most synchronous compensation of
moisture consumption by the plant for transpiration
(Romashko et al., 2020, Shatkovskyi & Zhuravlov, 2021).
However, the introduction of these irrigation methods
requires substantial energy and material costs. There-
fore, in a market economy, the energy analysis of the in-
troduction of the latest agricultural technologies is im-
portant since it gives grounds to justify various options
for growing agricultural crops from the standpoint of
their energy saving. Thus, it was relevant to research the
justification and energy assessment of agricultural tech-
nologies for growing chickpeas and sunflower, depend-
ing on the design of microirrigation methods.

The energy efficiency of agricultural technolo-
gies for growing both chickpeas and sunflower has been
thoroughly investigated both in Ukraine and by foreign
researchers. However, the analysed complex of papers
concerned the influence on the energy parameters of
such factors as fertiliser systems (Kyrychenko et al., 2014;
Parlikokoshko & Burykina, 2021; Mazur et al., 2022), seed
treatment (Mordovaniuk, 2020; Lohosha et al.,, 2020),
growth regulators (Elhami et al., 2016; Unakitan § Aydin,
2018), seeding schemes and dates (Krainiak, 2008; Oguz
§ Ogur, 2018; Pinkovsky § Tanchyk, 2019), plant pro-
tection products (Malysh et al., 2013; Korobko, 2019),
tillage (Koocheki et al, 2011; Nabavi-Pelesaraei, 2012;
Vozhehova et al,, 2021,) etc. Therewith, under irrigation
conditions, experiments were conducted only on sun-
flower culture. In particular, according to long-term data
from the Institute of Irrigated Agriculture of the National
Academy of Agrarian Sciences (Vozkhehova et al., 2021),
higher energy efficiency was achieved when applying
deep basic tillage with rotating topsoil. Researchers of
the Institute of Agriculture of the National Academy of
Agricultural Sciences (Kyrychenko et al., 2014), proved
that the highest increase in gross energy — 30901 MJ/ha,
was achieved when applying mineral fertilisers with
doses of N, P, K, for cultivation and N, P, K = when
sowing in rows. A comparison of energy efficiency and
economic analysis of sunflower cultivation in Turkey
was conducted based on a passive experiment - the sur-
vey method (Gokhan & Basak, 2018). Energy efficiency,
energy productivity, specific energy, and net energy for
sunflower cultivation were calculated as 3.77, 0.15 kg/M]J,
6.63 MJ/kg, and 28111 MJ/ha, respectively. In addition,
Turkish researchers (Oguz & Ogur, 2018) calculated the
energy value, productivity, and energy efficiency of re-
sources used for growing sunflower seeds. It was iden-
tified that the energy efficiency (EEC) was 4.94, and the
specific energy value was 5.06 MJ/kg.

Thus, a study on the influence of microirrigation
system designs on the energy parameters of chickpea
and sunflower cultivation in the southern region of
Ukraine has not been conducted.
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The purpose of the study was to perform an en-
ergy assessment of chickpea and sunflower cultivation
depending on the design of microirrigation systems and
the method of water supply.

MATERIALS AND METHODS

Field research within the framework of the state enter-
prise experimental establishment Brylivske of Institute
of Water Problems and Land Reclamation of the Na-
tional Academy of Agrarian Sciences (Privitne village,
Vinogradivska rural community of the Kherson district
of the Kherson region, Dry Steppe subzone, 46°40°N.
33°12°E) during 2020-2022. The energy parameters were
calculated depending on the following irrigation system
designs: drip irrigation (DI) with ground-based irrigation
pipeline laying (IP), underground drip irrigation (UDI)
with IP laying to a depth of 30 cm. In addition, the de-
sign parameter was the distance between IP. for growing
chickpeas 1.0 and 14 m, sunflower - 0.7 and 14 m. The
reference option was underground drip irrigation with
a pulse water supply mode (PUDI), and the conditional
control was the option with natural moisture supply -
without irrigation. The study was conducted according
to generally accepted methods: placement of land plots -
systematic, repetition - fourfold, the area of accounting
plots — 32 m? (Ushkarenko et al., 2014, Romashchenko
et al., 2014), sunflower hybrid of confectionery area of
use - Ukrains'kyi F1, chickpea variety - Budzhak.

The soil of the experimental plot is liver-co-
loured light loamy, the density of the layer composition
is 0-50 cm - 147 g/cm?, the content of humus - 1.44%,
alkaline hydrolysed nitrogen (Kornfield determination
method) (DSTU 7863:2015, 2016) - 70 mg/100 g of soil,
mobile compounds of phosphorus and potassium in the
soil according to the Chirikov method (DSTU 4115:2002,
2003) - 32.3 mg/100 g and 9.3 mg/100 g of soil, respectively.

The amount of productive precipitation during
the growing season of sunflower and chickpeas was
different over the years of research. Thus, in 2020, only
68 mm fell, which is 35.5% of the climatic norm, during
2021 - 393.8 mm or 205.5%, which is also an abnormal
phenomenon for the conditions of the Dry Steppe, and in
2022 - 167.6 mm, or 87.5% of the climatic norm. The level
of pre-irrigation humidity in experiments is 80% of the
lowest moisture capacity of 0-50 cm of the soil layer. In-
strumental complexes were used to set irrigation dates:
the Drill and Drop Sentek moisture meter probe and the
iMetos soil moisture station with Echo Probe EC-5 sen-
sors (Shatkovsky & Zhuravlov, 2016). Statistical analysis
of the research results was performed using variance,
correlation, and regression methods using the Statistica
6.0 programme.

Energy efficiency was calculated according to
the method of energy assessment of crop cultivation
technologies (Zasukha & Ponomarenko, 1998). The
energy efficiency coefficient was determined by the
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formula ( Medvedovsky & Ivanenko, 1988, Zasukha &
Ponomarenko, 1998) without considering by-products:

=%
k= QB (1)

where Q, - energy accumulated by the economically
valuable part of the crop, MJ/ha; Q, - total energy spent
on production, MJ/ha.

When calculating the energy accumulated by the
economically valuable part of the crop, reference data
on the energy value of dry organic matter were used: the
calculations took the energy content in one kilogram of
chickpeas - 36 MJ/kg and sunflower - 19.3 MJ/kg (Zasukha
& Ponomarenko, 1998; Demchak et al., 2015). Calculated
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specific energy consumption (Demchak et al., 2015) for
irrigation from the well amounted to 10.52 MJ/m?. This
considers the specific costs of electricity, the energy in-
tensity of the drip and underground drip irrigation, and
water systems.

RESULTS
The maximum yield of chickpea grain in the experiment
(at the standard humidity of 14%) was obtained in the
variant with the placement of irrigation pipelines at a
distance of 1 m - 4.00-4.17 t/ha (Figure 1). The yield for
placing IP at a distance of 1.4 m was substantially lower -
3.69-376 t/ha (0.31-0.41t/ha) (HIP,=0.285 t/ha).
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DI-14 DI- PUDI

Figure 1. Chickpea yield depending on the schemes of laying irrigation pipelines of drip irrigation
(HIP,,=0.285 t/ha)

The average yield indicator for underground drip ir-
rigation (3.85 t/ha) practically corresponded to the variant
with the ground placement of IP (397 t/ha), and the excess
of the latter (DI) of 0.12 t/ha was within the margin of error
of the field experiment. Considering the average amount of
productive precipitation during the three years of research
(it was higher than the climatic norm), productivity at the
control (without irrigation) was at the level of 163 t/ha,
which also confirms the characteristic feature of chick-
pea crops as drought resistance. The yield of dry chickpea
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beans in the experiment (pulse water supply mode) was
4.28 t/ha. Thus, the established level of productivity growth
was also within the margin of error of the field experiment
(compared to the drip irrigation option), and substantially
higher than the underground drip irrigation option.

In a parallel experiment, the highest yield of
sunflower grain was obtained in the variant with the
placement of irrigation pipelines at a distance of 0.7 m -
441t/hafordripirrigation and 4.09 t/ha for underground
drip irrigation (Figure 2).

DI-14 DI-0.7 PUDI

Figure 2. Sunflower yield depending on the schemes of laying irrigation pipelines of drip irrigation
(HIP,,=0.352 t/ha)
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The seed yield for placing irrigation pipelines at a
distance of 1.4 m was substantially lower - from 3.69 t/ha
(DI) to 3.91 t/ha (UDI).

The average yield for underground drip irrigation
(3.89 t/ha) was slightly lower compared to the option with
ground-based irrigation pipelines (4.16 t/ha), but the ex-
cess of 0.27 t/ha was within the margin of error of the
field experiment.

Considering the relatively sufficient availability
of productive precipitation during the growing season
of the years of the study (2020-2022), the yield of seeds
under control (without irrigation) was at the level of

1.66 t/ha, which is almost 2.5 times lower compared to
the irrigated conditions for growing sunflower.

The yield of sunflower seeds in the search experi-
ment (pulse mode of water supply with the underground
laying of pipelines) was a maximum of 4.50 t/ha. Thus, this
increase (+0.09-041 t/ha compared to UDI) in seed yield
was also within the margin of error of the field experiment.

Based on the productivity data of crops (main
products), calculations of the energy assessment of the
parameters of agricultural technologies for growing
chickpeas and sunflower for various designs of microir-
rigation systems were conducted (Table 1).

Table 1. Energy assessment of chickpea and sunflower cultivation
depending on the design of microirrigation systems

oy | Pl | b onmpon | Erergy ffincy o
CHICKPEA
[P atadistance of 1.0 m 177.84 79.6 2.23
o IP at adistance of 1,4 m 157.68 776 203
UDI IP at adistance of 1.0 m 16740 783 214
(-30 cm) IP at a distance of 14 m 155.52 765 203
Pulse UDI (standard, IP at a distance of 1.0 m) 181.80 74.4 244
Without irrigation (control) 72.80 388 1.88
SUNFLOWER

IP atadistance of 0,7 m 10615 425 2.50
o IP at adistance of 1,4 m 9418 39.0 241
UDI IP at a distance of 0.7 m 98.62 414 2.38
(-30 cm) IP at a distance of 14 m 8878 383 2.32
Pulse UDI (standard, IP at a distance of 0.7 m) 107.50 412 261
Without irrigation (control) 41.88 210 199

Analysis of the table data shows that the introduc-
tion of microirrigation increased the energy intensity of
chickpea cultivation technologies by almost 2 times — up
to 74.4-79.6 GJ/ha, respectively. Without irrigation (con-
trol), energy costs for chickpea production were within
38.8 GJ/ha. The basic analysis of the energy efficiency co-
efficient (EEC) indicates a high level of energy efficiency
of chickpea cultivation in both ground and underground
irrigation conditions (EEC=2.03-2.23) and an average
level of energy efficiency of the option without irrigation
(EEC=1.88). The most effective cultivation of chickpeas
was underground drip irrigation with a pulse water sup-
ply mode (standard), where the energy efficiency coeffi-
cient was 2.44.

The introduction of microirrigation has also in-
creased the energy intensity of agricultural technologies
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for growing sunflower almost twice - up to 380-
425 GJ/ha, respectively. Without irrigation (control),
energy costs for growing sunflower hybrids were within
210 GJ/ha. The analysis of the value of the energy effi-
ciency coefficient (EEC) indicates a high level of energy
efficiency of growing sunflower hybrids in both under-
ground and ground irrigation conditions (EEC=2.32-2.50)
and the average level of energy efficiency of the control
option without irrigation (EEC=1.99). The most effective
method was the cultivation of sunflower hybrids with
underground drip irrigation with a pulse water supply
mode (standard version), where an energy efficiency co-
efficient of 2.61 was obtained.

The results of this study are original for the soil
and climatic conditions of the Dry Steppe subzone of
Ukraine. For the first time, an energy assessment of

C



Yield and energy assessment of chickpea and sunflower cultivation depending on the design of microirrigation systems

chickpea and sunflower cultivation using various de-
signs of microirrigation systems was performed and
their reliable impact on crop productivity was proved.

DISCUSSION

The results obtained on the productivity of chickpeas
under various water supply conditions confirm the re-
sults of Indian researchers (Rao et al.,, 2019), although,
they were obtained using mulching. However, research-
ers from the Central Queensland University and the
Queensland Department of Agriculture and Fisheries
(Bhattarai et al., 2010) identified that chickpea yields in
areas irrigated by aerial underground drip irrigation
(oxygenation) were 27% higher than in drip irrigation
with ground-based IP. The same researchers (Bhattarai
et al., 2008) proved that underground drip irrigation in-
creases the efficiency of irrigation water use (IWUE) by
minimising evaporation losses and maximising the use
of seasonal precipitation by the soil profile. Similar pa-
rameters for increasing the yield of chickpea grain by
drip irrigation (by 2.3-2.5 times) were obtained in the
experiments of Indian researchers (Rai § Singh, 2019).
Researchers of the Brazilian Agricultural Research Cor-
poration have investigated the water demand and pro-
ductivity of various chickpea varieties on irrigation in
a more comprehensive manner (Silva et al, 2021). In
particular, they substantiate the coefficients of the cul-
ture by plant development phases (0.38-1.0) and water
requirement parameters (4.1-5.6 mm/day). Lower yield
parameters were obtained in the experiments of Serbian
researchers (Stepanovi¢ et al., 2019) subject to irrigation
of chickpeas by sprinkling - 2.82-3.12 t/ha.

The results obtained confirm the experimental
data of Spanish researchers (Soriano et al., 2004), where
the productivity of early hybrids was 3.0 t/ha, and late
hybrids - 2.4 t/ha. The effectiveness of drip irrigation of
sunflower seeds for placing irrigation pipelines on the
soil surface has also been proven by other researchers
(Sesen et al,, 2011, Kadasiddappa et al., 2017), however, in
these studies, the method of irrigation by sprinkling was
used as a control. In particular, in the study by Turkish
researchers (Sezen et al., 2011), drip irrigation productiv-
ity was 17 times higher and amounted to 3.82 t/ha, and
in the one by Indian researchers (Kadasiddappa et al,,
2017) - 1.5 times and amounted to 3.36 t/ha.

In general, the highest productivity of sunflower
grain was obtained by researchers from Lebanon (Karam
et al., 2007), who investigated the response of plants to
insufficient and optimal irrigation. The average annual yield
under optimal irrigation was 5.36 t/ha, which is 25.4%

more than under scarce irrigation. In the context of
Pakistan (Qureshi, A. et al., 2015), drip irrigation provided
a 26% increase in sunflower grain yield (up to 3.24 t/ha),
56% savings in irrigation water, and the efficiency of
water use was 3.2 times higher than drip irrigation. The
influence of various irrigation systems and row spacing
on growth processes and yield of sunflower hybrids was
investigated by W. Simdes et al., (2020). The highest yield
(3.96 t/ha) of the Helio 251 hybrid was obtained with drip
irrigation systems and row spacing of 0.55 m, the Helio
360 hybrid achieved the highest yield (3.25 t/ha) with mi-
croirrigation and row spacing of 0.55 m and 045 m. On
sprinkling, the Helio 360 hybrid had the highest yield
with a row spacing of 045 m (3.02 t/ha).

CONCLUSIONS

Based on the results of experimental studies, it is proved
that the designs of microirrigation systems, namely, the
method of laying irrigation pipelines, substantially affect
the yield and energy parameters of chickpea and sun-
flower cultivation technology. Primarily, the effective-
ness of drip irrigation of these crops in the conditions
of the steppe of dry Ukraine is generally confirmed. In
addition, it was identified that the introduction of un-
derground drip irrigation is more appropriate for these
crops from the standpoint of energy efficiency, which is
explained by their relative biological drought resistance.
The pilot version with the underground installation of ir-
rigation pipelines and pulse water supply mode provided
the highest level of the yield of these crops - 4.28 t/ha of
chickpea grain and 4.50 t/ha of sunflower grain.

The introduction of microirrigation technologies
increased the energy consumption of agricultural tech-
nologies for growing chickpeas and sunflower almost
twice - up to 74.4-79.6 GJ/ha and 38.0-42.5 GJ/ha, respec-
tively. The analysis of energy efficiency by the value of
the energy efficiency coefficient (EEC) indicates a high
level of energy efficiency of chickpea and sunflower
cultivation both in the conditions of ground and under-
ground laying of drip irrigation pipelines (EEC=2.03-2.23
and 2.32-2.50 for chickpeas and sunflower, respectively).
The most effective cultivation of these crops was under the
pulse water supply mode, when the calculated energy ef-
ficiency coefficient amounted to 2.44 for growing chick-
peas and 2.61 for growing sunflower.

The issue of introducing various microirrigation
technologies for growing chickpeas and sunflowers re-
quires further research. In particular, the environmental
aspects of the impact of fertigation and irrigation water
of different soil quality are currently unresolved.
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AHppi MeTtposuu LLIaTKOBCbKMUIM, OnekcaHap IBaHoBuY MyneHko,
Bonoaumup Bauecnasosuu Kaninei

IHCTUTYT BOOHMX NMpobnem i Meniopauii HAAH YkpaiHu
03022, By”n. BacmnbkiBCbKa, 37, M. K1iB, YKpaiHa

YPOXXaMHICTb Ta eHepreTU4YHa ouiHKa BUPOLLYBAHHSA HYTY i COHSAILUHUKY
3a/1e)KHO Bif KOHCTPYKLUIiN CUCTEM MIKPO3pPOLUEHHS

AHoTauifa. 3a ocrtaHHi 15-20 POKIB CilIbCHKOTOCIIOAAPChKE BHUPOOHUIITBO YKpaiHW I[epeopieHTyBasioch Ha
BUPOIIYBaHHA 6i/IbII peHTabebHUX, BUCOKONIKBIIHUX, a TAKOK ITOCYXOCTIMKUX KyJIBTYp, 30KpeMa — HYTy i
COHAUTHUKY. OTHOYACHO, TEXHOJIOTII BUPOUIYBAHHSA IUX KYIbTYp € €HEePrOBUTPATHUM, OCOGJIMBO — B yMOBaX
3polieHHs. TOMy aKTyaJIbHUM € JOCTIiPKeHHS 11010 BIUIMBY KOHCTPYKIIiM CHCTEeM MiKpO3pOIIeHHs Ha eHepreTUdHi
rapaMeTpU BUPOLTYBaHHA HYTY i COHAIIHUKY. MeTa HayKOBOI p060TH — BUKOHATH eHepreTUUHY OLIiHKY BUPOIIyBaHHI
HYTY i COHSIITHUKY 3aJI€KHO BiJI KOHCTPYKLIil CUCTEM MiKpO3pOIIEeHHS Ta CII0CO6Y BOZOIOAaYi. MeTOIU LOCTiIKe HHS:
KOPOTKOTEPMIiHOBI ITOJIBOBI LOCITIIN, aHaTITUYHI i CTATUCTUYHI MeTo 06pO6KY eKCIIepUMEHTAIBHUX JaHUX. CxeMa
IOCTiziB epenbayaa yKIagaHH TOJIMBHUX TPYOOIIPOBOIB ¥ TOPU30HTAIbHIM Ta BEPTUKAJIBHIM TUTONIMHI, 8 TAKOK
peautisaliito iMIyIbCHOTO peXXUMy Boonoadi (etaioH). KOHTPoIb — BapiaHT 6e3 3polieHHs. BCTaHOBJIEHO, IO CIIoci6
YRIIaJaHHSA TPY6OMPOBOAiB (KOHCTPYKILIi CCTEM MIKPO3POLIEHHS) AOCTOBIPHO BIUTUBAE HA ITPOAYKTUBHICTh KYJIBTY.
BuLIy BpOKAMHICTb 3aGiKCOBAHO 38 MEHIINX BiICTAHEM MK TOTUBHUMU Tpy6orpoogamu (0,7 Ta 1,0 M) He3aJIesKHO
Bif mmnbuHu yriazaHHA. JOBENEHO, [0 BUIIMI piBeHb BpOXKaWHOCTI HyTy (4,28 T/ra) i coHsauHuky (4,50 T/ra)
OTPUMAHO 3a peatizallii iMITyTbCHOTO peXKMMY BOZOITOIadi, IPOTe TaKe 361IbliIeHHA 610 y MeyKaX ITOXUOKHU JOCITiAY.
BIIpoBaIKEHHS MiIPYHTOBOTO KPAIUIMHHOTO 3POIIEHHS € GBI HOIIIBHUM 32 BUPOIIYBaHHS HYTY i COHALIHUKY
3a KpUTepieEM CyMapHHX eHepreTUYHHX BUTpAaT Ha TEXHOJIOTi0. AHai3 eHeproepeKTHBHOCTI 33 BEJINYNHOIO
KoedillieHTa eHepreTUYHOI epeKTUBHOCTI (Kee), CBIIUUTE [TPO BUCOKUY PiBEHb eHeproeGeKTUBHOCTI BUPOIIyBaHHI
HYTY i COHAIIHUKY 9K B yMOBax HA3€MHOT0, TaK i MMiArPYHTOBOr0 KParIMHHOTO 3poireHHd (Kee = 2,03-2,23 Ta 2,32-
2,50 BigmoBigHo). Haribineur ebeRTUBHIM 6y710 BUPOIIYBAHHS LIUX KYJIETYP 38 IMITyJIbCHOTO PEsKUMY BoJoImoAadi: Kee
IOPiBHIOBAB 2,44 332 BUPOIIYBaHHA HYTY Ta 2,61 32 BUPOLIyBaHHA COHAIIHUKY. MaTepiaiu JOCIiAKeHHA CTaHOBJIATh
MIPaKTUYHY LiHHICTb 119 depMepiB y MUTaHHI yIIPaBliHHA eHEPTOBUTPaTaMU ¥ TEXHOJIOTIAX MIiKpO3POIIeHHS HyTy
1 COHAITHUKY

KniouoBi cnoBa: KpalIMHHe 3pOIIeHHS, IiIIPYHTOBE KpaIUIMHHE 3pOLIeHHS, IMITy/IbCHE KpAIUIMHHE 3pOLIeHH ],
TTOJIMBHI Tpy6oIIpoBOAH, KoedillieHT eHepreTUYHO1 epeRTUBHOCTI
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