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Abstract. The cultivation of red clover for fodder purposes on typical low-humus chernozems of the
northern part of the Right-Bank Forest-Steppe of Ukraine is profitable. Regardless of the technology
components, it provides a net profit of UAH 14,962-23,743 per hectare with a profitability of 88-259%
and a cost of 1 ton of feed units of UAH 1,415-2,662 and raw protein of UAH 5,363-10,265, a payback
of energy costs in terms of gross energy (EER) yield per hectare of 6.2-9.0 and metabolisable energy
(BER) yield per hectare of 3.2-4.6, with energy costs per 1 ton of feed units of 2.86-4.20 GJ. The
purpose of the study was to determine changes in the economic and energy efficiency of growing
different varieties of red clover for fodder purposes depending on the methods of sowing, seed
inoculation with nodule bacteria and fertilisation. During the research, the following methods
were used: field and laboratory - for conducting research in the field and laboratory conditions,
analytical - to determine the chemical composition of dry biomass of red clover, calculation - to
determine the indicators of economic and energy efficiency. The best rates of economic and energy
efficiency of red clover cultivation are provided by the variety Typhoon when seeds are inoculated
with nodule bacteria on fertiliser-free soil. The additional application of P60K90 or N6OR60K90
against the background of inoculation, which is necessary to preserve soil fertility, worsens them,
reducing net profit by 3,486-5,943 UAH/ha
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RELEVANCE

The successful development of Ukraine’s live-
stock industry requires the development of en-
ergy- and resource-saving technologies in fod-
der production and grassland farming, based on
the use of the enormous potential of perennial
grasses, and legumes in particular, as a source
of natural cheap symbiotic nitrogen. Only calcu-
lations of economic and energy efficiency make
it possible to evaluate the relevant technological
elements, identify the best ones, and provide
the basis for a reasonable recommendation of
certain feed production technologies to be im-
plemented in agricultural production. There-
fore, the final stage of research, including the
identification of the best elements of technology
for the formation of forage phytocoenoses, their
fertilization systems and modes of use, etc. is
their economic and energy assessment (Babich
§ Motornyi, 1986).

Technologies for the improvement and ra-
tional use of perennial grasses, including leg-
umes, should be resource- and energy-saving,
based on a combination of the latest scientific
achievements and best practices, at the same
time, providing a high return on the material and
technical means used. Failure to comply with at
least one requirement in the overall techno-
logical process leads to a decrease in yield and
a sharper decline in the level of cost recovery.
The cost of grass feed produced on forage lands,
in particular on pastures, is several times lower
than that obtained in the field (Kurhak, 2010).

The summarisation of published data, re-
search results, and the experience of advanced
farms in terms of the economic efficiency of feed
production suggests that grass feed is the most
economically efficient. However, the cost of 1ton
of feed units of fodder obtained from cultivat-
ed pastures is 1.9 times lower than the mowed
green mass of perennial grasses, 2.5 times lower
than hay from natural hayfields, 10.5 times lower
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than fodder root crops, and 3.9 times lower than
concentrated fodder (Babich § Motornyi, 1986;
Kurhak, 2010; Blagoveshchenskiy, 1995).

The low cost of fodder from perennial grass-
es is primarily attributable to the fact that the
funds for grassland management and landscap-
ing are distributed over a number of years, dur-
ingwhichitis planned touse them with relatively
low maintenance and operation costs (Andreev
& Zotov, 1985; Kutuzova & Kozminykh, 1998;
Yarmolyuk et al., 2013).

It should be noted that in recent years, due
to rising energy costs and rising prices for min-
eral fertilisers and fuel, the cost of fertilising and
cuttings and, in general, grass feed production
has increased. Therefore, in the context of rising
prices of mineral fertilisers, in particular nitro-
gen, an important factor in reducing the cost of
feedisthe use of legumes as a source of symbiot-
ic nitrogen (Voloshyn, 2018; Prorochenko, 2020).

The energy analysis of technologies in feed
production is particularly important because
the energy contained in the feed is essential not
only for the functioning of animals but also for
the production of animal products. On the one
hand, the energy output from 1 ha of forage land
is used to determine the payback of costs for
growing forage crops or producing certain types
of grass feed, and on the other hand, to deter-
mine the energy-intensive units of feed. Ukraine
has a tendency to accelerate the development
of knowledge-intensive industries in line with
changes in the structure and investment policy
of the state in the agricultural sector (Medve-
dovsky & Ivanenko, 1988).

Giventherising costof non-renewable ener-
gy sources used for feed production, an increase
in feed and livestock production is possible with
the widespread introduction of energy and re-
source-saving technologies, unconventional
and continuously renewable energy sources,
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which reduce energy consumption for the pro-
duction of certain types of feed.

Depending on the type of livestock product,
feed accounts for 50 to 80% of the cost of pro-
duction, so reducing energy consumption for its
production is extremely important for reducing
the cost of livestock products.

It is known that feed is a source of energy
obtained both through photosynthesis and the
total energy consumption for its production. The
effect of converting the latter type of energy into
livestock products is a criterion for assessing
the energy saving balance. Therefore, the crite-
rion of economic assessment of any technolog-
ical process in agricultural production should
include the criterion of energy balance assess-
ment (Kulyk, 1997).

The life of any living organism is inextrica-
bly linked with the exchange and transforma-
tion of energy. Nutrients, in particular in the
form of hydrocarbons, proteins, fats, etc., play a
crucial role in the metabolism and energy in the
animal body. Therefore, energy analysis of feed
production is extremely important. The main
task of the energy analysis of agricultural pro-
duction is to comply with the basic principles
that provide for the rational use of non-renew-
able (fuels and lubricants) and renewable (solar
radiation) energy, operating assets and natural
resources, and the protection and improve-
ment of the agroecological condition of soils
and agrophytocenoses (Kulyk, 1997).

According to V. Kurhak (2010), the energy ef-
ficiency coefficient as a ratio of output per 1 ha of
gross energy to total costs for growing perennial
legumes ranged from 6-8, and the bioenergy co-
efficient as a ratio of output per 1 ha of metabo-

lisable energy to total costs - 3-4. An increase in
these coefficients means an increase in energy
efficiency. The task is reduced to obtaining the
largest yield from 1 ha of gross or exchange en-
ergy at the lowest total cost.

The purpose of the study is to determine
changes in the economic and energy efficiency
of growing different varieties of red clover for
fodder purposes depending on the methods of
sowing, seed inoculation with nodule bacteria
and fertilisation.

MATERIALS AND METHODS

The research plan included laboratory, field, and
production experiments that were carried out in
the scientific laboratories of the Department of
Feed Production, Land Reclamation, and Mete-
orology in Field Crop Rotation of the Agronomic
Research Station, a separate subdivision of the
National University of Life and Environmental
Sciences of Ukraine.

The soil structure is dominated by ordi-
nary chernozems (about 70%) and meadow
chernozems (20%), with a mix of meadow cher-
nozem and podzolised chernozems. Meadow
chernozems are characterised by the content
of carbonates, the line of which varies from the
surface to 1.2-1.5 m depending on moisture con-
ditions, which significantly affects the phos-
phate regime of the soil. Common chernozems
and meadow chernozems have a high supply
of nitrogen and phosphorus, and a medium to
low supply of potassium (according to Machy-
gin). The humus content in the arable layer is
44-4.6%. The research was conducted in the
period 2018-2020, according to the following
scheme (Table 1).

Table 1. Experiment scheme

Factor A (fertiliser)

Factor B (varieties)

Factor C (sowing method)

1. No fertilisers (control)

1. Lybid

1. Bezpokryvnyy

2. seed inoculation with nodule
bacteria (background)

2. Tayfun

2. undersown spring barley

»)
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Table 1, Continued

Factor A (fertiliser)

Factor B (varieties)

Factor C (sowing method)

3. Background + P_ K

60 90

3. Tina

4. Background + N_P_K

60 60 90

The economic assessment of the studied el-
ements of the technology for growing red clover
was carried out according to the methodology
for assessing the effectiveness of scientific re-
search using technological maps at prices pre-
vailing in 2020 (Babich § Motornyi, 1986).

The energy efficiency of the studied ele-
ments of the technology for growing red clo-
ver was estimated according to the methods of
0.K. Medvedovsky and PI. Ivanenko (1988).

The initial indicators for calculating eco-
nomic efficiency are the cost of gross output
received and the total cost of funds for its pro-
duction. Energy analysis is based on combining
all types of labour and production costs in feed
production through the production equivalent,
which is reflected as the amount of non-renew-
able energy consumed by a particular process
or technology in general. The energy efficiency

of the technologies was assessed by the pay-
back of total energy inputs in terms of gross or
exchangeable energy output per hectare in GJ,
which are called the energy efficiency ratio (EER)
and the bioenergy ratio (BER), respectively.

RESULTS AND DISCUSSION

Analysis of the data on the economic efficien-
cy of the cultivation of different varieties of
red clover under different cultivation technol-
ogies showed that the cost of gross production
ranged from 27,700-38,200 UAH/ha (Table 2).
Similarly, to the fodder productivity, the highest
yield per 1ha of gross production among the va-
rieties of red clover was achieved by the Tayfun
variety, which outperformed the Lybid and Tina
varieties by 2,550-6,000 UAH on different fer-
tilisation backgrounds and with different sow-
ing methods.

Table 2. Economic efficiency of growing red clover varieties
under different cultivation technologies (average for 2018-2020)

Gross . - Cost price per ton. UAH
Fertilisation Cultivar roduction Costs. el
P . UAH / ha UAH/ha % fodder crude
UAH/ha . .
unit protein
Pure sowing
Lybid 28.350 8.325 20.025 241 1.468 6.033
No fertilisers Tayfun 31.900 9.025 22.875 253 1.415 5.785
Tina 27.700 8.205 19.495 238 1.481 5.659
Lybid 30.400 8.755 21.645 247 1.440 5.956
Inoculation Tayfun 34.100 9.495 24.605 259 1.392 5.790
(background)
Tina 30.100 8.675 21.425 247 1.441 5.597
Lybid 31.350 14.868 16.482 111 2.371 9.470
Ba:kfrzund Tayfun 35.700 15.748 19.952 127 2.206 8.999
60 90
Tina 31.050 14.808 16.242 110 2.385 8.975
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Table 2, Continued

Cost price per ton. UAH
Fertilisation Cultivar ro(;:xc:st?on Costs. LG AL I o
p . UAH / ha UAH/ha % fodder crude
UAH/ha unit protein
Lybid 32.000 17.038 14.962 88 2.662 10.264
Background | fin 36.050 17.838 18.662 105 2.474 9.642
+ NSUPGOKQD
Tina 32.200 17.078 15.122 89 2.652 9.703
Undersown spring barley
Lybid 28.900 8.455 20.445 242 1.463 5.831
No fertilisers Tayfun 31.450 8.956 22.494 251 1.424 5.363
Tina 28.600 8.395 20.205 241 1.468 5.750
Lybid 29.950 9.052 20.898 231 1.511 5.955
Inoculation Tayfun 33.500 9.757 23.743 243 1.456 5.607
(background)
Tina 28.650 8.793 19.857 226 1.535 5.710
Lybid 31.300 14.994 16.306 109 2.395 9.458
Baikfrzund Tayfun 34.100 15.554 18.546 119 2.281 8.546
60 90
Tina 31.900 15.674 16.226 104 2.457 9.616
Lybid 32.200 17.143 15.057 88 2.662 10.265
Background | . fin 38.200 17.943 20.257 113 2.349 9.544
+ N60P60K90
Tina 33.050 17.303 15.747 91 2618 9.944

Regardless of the variety of red clover,
the highest value of gross output (32,200-
38,200 UAH/ha) was obtained by inoculating
seeds with nodule bacteria in combination with
the introduction of N P K, , which is 8-11%
more compared to the variant without fertil-
isers. When seeds were inoculated with nodule
bacteria in the background without fertilizers
and when P, K, was applied in the background
of inoculation, the cost of gross production in-
creased less, namely by 3-8% compared to the
variant without fertilisers.

On average, over the three years of research,
there was no significant difference in the cost of
gross production between sowing methods.

The lowest total costs for the cultivation

of different varieties of meadow clover were

2)

in the variant without fertilisation and with
different sowing methods, ranging from 8,325-
9,025 UAH/ha. When seeds were inoculated
with nodule bacteria, compared to the variant
without fertilisers, they increased by only 403-
470 UAH/ha. When applied in combination with
inoculation of seeds with nodule bacteria P, K,
they increased to 14,868-15,748 UAH/ha, which
is 1.7-1.8 times more compared to the variant
without fertilisers. The highest total costs were
for inoculation of seeds with nodule bacteria in
combination with N P, K, , which ranged from
17038-17,943 UAH/ha, 11-1.2 times more com-
pared to the variant of inoculation of seeds with
nodule bacteria in combination with P, K  and
2.0 times more compared to the variant without

fertilisation.

Plant and Soil Science (12)1
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The sowing method and use of grass stands
did not naturally affect the total costs of grow-
ing red clover over an average of three years
of research. Among the varieties, regardless of
fertilizers and sowing methods, energy costs
were somewhat higher for the cultivation of the
Tayfun variety.

The main indicator of economic efficiency
is the net profit, which in this study on cultiva-
tion under different technologies and varieties
of red clover ranged from 14,962 to 23,743 UAH/
ha. Among the varieties of red clover, the highest
net profit was provided by Tayfun, which on dif-
ferent fertiliser backgrounds and with different
sowing methods prevailed over Lybid and Tina
varieties - by 2,049-5,200 UAH/ha.

In the cultivation of different varieties of red
clover among the fertilizer variants, the high-
est (except for the variety Tina with undersown
spring barley) net profit (19,857-24,605 UAH/
ha) was obtained for inoculation of seeds with
nodule bacteria, which is 1,620-1,930 UAH/ha
more compared to the variant without fertilisa-
tion, 3631-5,197 UAH/ha more compared to the
fertilisation of seeds with nodule bacteria . K.,
and 3,486-5,841 UAH/ha more compared to in-
oculation of seeds with nodule bacteria in com-
bination with the introduction of N, P, K., With
the additional application of N, on the back-
ground of P, K for the cultivation of red clover,
the net profit varied differently. In most cases,
it decreased by 479-1,249 UAH/ha, and for the
Tayfun variety with undersown spring barley, it
increased by 1,711 UAH/ha.

The analysis of economic efficiency indica-
tors showed that the profitability of cultivating
varieties of red clover under different technol-
ogies ranged from 88-251%. Regardless of the
method of sowing and variety, it was the high-
est in the variant without fertilisers and under
inoculation of seeds with nodule bacteria with
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fluctuations of 226-253%, which is 2.0-2.2 times
more compared to the introduction of seeds with
nodule bacteria P, K., and 2.2-2.8 times more
compared to the introduction of seeds with nod-
ule bacteria N, P, K.

Among the varieties of red clover, the high-
est profitability was provided by Tayfun, which
on different fertiliser backgrounds and with
different sowing methods prevailed over Ly-
bid and Tina varieties - by 12-25%. According
to the calculations for an average of three years
of research and use of grass stands, the method
of sowing did not influence the profitability of
growing red clover.

Unlike profit and profitability, the cost of 1t
of feed units and crude protein had an oppo-
site dependence on varieties and technologies
of growing red clover and ranged from 1,392-
2,662 UAH and 5,363-10,265 UAH, respectively.
Regardless of the method of sowing and variety,
itwas the lowest in the variant without fertilisers
and under inoculation of seeds with nodule bac-
teria with fluctuations of 1,392-1,535 and 5,363-
10,265 UAH, respectively, which is 1.6-17 times
less compared to the introduction of seeds with
nodule bacteria P, K, and 17-18 times more
compared to the introduction of seeds with nod-
ule bacteriaN_ P, K.

Among the varieties of red clover, the most
cost effective was Tayfun, which was 3-12% less
expensive than Lybid and Tina with different
fertilisers and different sowing methods. Ac-
cording to the calculations for an average of
three years of research and use of grass stands,
the method of sowing did not influence the cost
of growing red clover.

The analysis of data on the energy efficien-
cy of cultivating different varieties of red clover
for fodder purposes showed that the total en-
ergy consumption ranged from 17.6-277 GJ/ha
(Table 3).



Economic and energy efficiency of growing...

Table 3. The energy efficiency of growing red clover varieties
under different cultivation technologies (average for 2018-2020)

Energy Energy
Fertiliser Cultivar costs, EER BER consumption per
GJ/ha 1 ton of feed, GJ
Pure sowing
Lybid 17.8 8.4 4.2 3.14
No fertilisers Tayfun 18.3 8.9 4.6 2.87
Tina 17.8 83 4.3 3.21
Lybid 18.5 8.5 4.4 3.04
Inoculation
(background) Tayfun 19.3 8.7 4.6 2.83
Tina 18.5 8.5 4.3 3.07
Lybid 22.6 7.2 3.7 3.76
Background + Tayfun 234 7.4 3.9 3.28
P60K90
Tina 22.5 7.2 3.8 3.62
Lybid 26.9 6.3 3.2 4.20
Background + Tayfun 275 6.6 3.4 3.81
N60P60K90
Tina 27.0 6.3 3.3 4.19
Undersown spring barley
Lybid 17.6 8.6 4.4 3.04
No fertilisers Tayfun 18.0 9.0 4.6 2.86
Tina 17.6 8.6 4.4 3.08
Lybid 18.4 8.5 4.4 3.07
Inoculation
(background) Tayfun 19.0 8.8 4.6 2.84
Tina 18.3 8.4 4.4 3.19
Lybid 22.6 7.1 3.7 3.61
Background + Tayfun 23.1 7.5 3.9 3.39
PGOKQD
Tina 22.7 7.4 3.7 3.52
Lybid 27.0 6.2 3.3 4.19
Background + Tayfun 27.7 6.5 35 3.62
N60P60K90
Tina 27.1 6.5 3.3 4.10

Note: EER is the ratio per 1 ha of gross energy to total energy consumption. BER is the ratio per 1 ha of exchangeable
energy to total energy consumption

@ Plant and Soil Science (12)1
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The lowest total energy costs for the cultiva-
tion of different varieties of red clover and sow-
ing methods were in the variant without fertilis-
ation, which ranged from 17.6-18.3 GJ/ha. When
seeds were inoculated with nodule bacteria, they
increased by 07-1.0 GJ/ha compared to the var-
iant without fertilisers. When applied in com-
bination with inoculation of seeds with nodule
bacteria P, K, they increased to 22.5-23. GJ/ha,
which is 1.2-1.3 times more compared to the var-
iant without fertilisers. The highest total energy
costs were for inoculation of seeds with nodule
bacteria in combination with N, P, K., which
ranged from 26.9-277 GJ/ha, being 1.1-1.2 times
more compared to the variant of inoculation of
seeds with nodule bacteria in combination with
P, K., and 1.5 times more compared to the vari-
ant without fertilisation.

The method of sowing did not affect the to-
tal energy consumption for the cultivation of
meadow clover on average over three years of
cultivation and use of grass stands.

The main indicator of energy efficiency in
fodder production is the return on energy costs
per hectare of gross (energy efficiency ratio) and
metabolic (bioenergy ratio) energy, which in this
study on cultivation under different technolo-
gies and different varieties of red clover ranged
from 6.2-9.0 and 3.3-4.6, respectively. Among the
varieties of red clover, the Tayfun variety provid-
ed a slightly higher return on energy inputs in
terms of gross and metabolisable energy per1ha
than the Lybid and Tina varieties.

When growing different varieties of red clo-
ver among the fertilizer variants, the highest
EER and BER were obtained in the variants with-
out fertilisation and under seed inoculation with
nodule bacteria with indicators of 8.3-9.0 and
3.2-4.6, respectively, which is 1.2-1, 5 and 0.5-0.8
units more compared to the application against
the background of seed inoculation with nodule

Plant and Soil Science (12)1

bacteria P, K, and 2.1-2.3 and 1.0-1.2 units more
compared to the inoculation of seeds with nod-
ule bacteria in combination with the application
of NP K,, With the additional application of
N, on the background of P_ K, for the cultiva-
tion of red clover, the payback of energy costs
per 1 ha of gross and metabolisable energy de-
creased by 0.8-1.0 and 0.4-0.5, respectively.

Energy consumption per 1t of feed units un-
der different technologies of cultivation of red
clover varieties ranged from 2.84-4.20 G]J. Re-
gardless of the method of sowing and variety, it
was the lowest in the variant without fertilisers
and under inoculation of seeds with nodule bac-
teria with fluctuations of 2.84-3.21 GJ, which is
1.2 times compared to the background of inoc-
ulation of seeds with nodule bacteria P, K, and
1.3-14 times less compared to the background
of inoculation of seeds with nodule bacteria
N60P6OK90'

The lowest energy consumption per 1 ton of
feed units among the varieties of meadow clover
was provided by Tayfun, and on different fertil-
isation backgrounds and with different sowing
methods it was inferior to Lybid and Tina vari-
eties — by 0.27-0.57 GJ. According to the calcula-
tions for an average of three years of cultivation
and use of grass stands, the method of sowing
did not affect the energy consumption per 1t of

feed units for growing red clover.

CONCLUSIONS

The cultivation of red clover for fodder purposes
on typical low-humus chernozems of the north-
ern part of the Right-Bank Forest-Steppe of
Ukraine is profitable. Regardless of the technol-
ogy components, it provides a net profit of UAH
14,962-23,743 per hectare with a profitability of
88-259% and a cost of 1 ton of feed units of UAH
1,415-2,662 and raw protein of UAH 5,363-10,265,
a payback of energy costs in terms of gross
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energy (EER) yield per hectare of 6.2-90 and
metabolisable energy (BER) yield per hectare of
3.2-4.6, with energy costs per 1 ton of feed units
0f2.86-4.20 GJ.

The best rates of economic and energy effi-
ciency of red clover cultivation are provided by

the variety Typhoon when seeds are inoculat-
ed with nodule bacteria on fertiliser-free soil.
The additional application of P, K, or N_ R, K.
against the background of inoculation, which
is necessary to preserve soil fertility, worsens

them, reducing net profit by 3,486-5,943 UAH/ha.
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H. Aemigac

JOKTOP CiNbCbKOrocnoaapcbKkmx Hayk, npodecop

HauioHanbHMI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHK
03041, Byn. lrepois O6opoH#n, 15, m. Kunis, YkpaiHa

l. B. lanywko

AcnipaHT

HauioHanbHWI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHM
03041, Byn. lepois ObopoHu, 15, m. Knis, YkpaiHa

EKOHOMIYHa Ta eHepreTuiHa epeKTUBHICTb BUPOLLYBaHHS
Pi3HUX COPTIB KOHIOWWMHM NY4YHOI (Trifolium pratense L.) Ha KOpM

AHoTauia. BupollyBaHHS KOHIOMIMHU JIyYHOI HA KOPMOBI Iiji Ha 4YOpHO3eMax TUIIOBUX
MaJIOTYyMyCHUX MiBHiYHOI 4yacTMHU I[IpaBobepeskHoro JlicocTemy VKpaiHU € peHTabebHUM.
He3aseyXHO BiJj CKJIAZOBUX TEXHOJOTII BOHO 3abe3redye OTPUMAaHHA YUCTOTO IMPUGYTKY 14 962-
23 743 rpH 3 TeKTapa 3a piBHA peHTabeabHOoCTi 88-259% Ta cobiBapTOCTi 1 T KOPMOBUX OAVHULIS 1
415-2 662 TpH i cuporo npoTeidy 5 363-10 265 IrpH, OKYIIHICTb eHepreTUYHUX BUTPAT 32 BUXOIOM
BasoBoi eHeprii (BEP) 3 rektapa 6. 2-9,0 Ta Buxoay o6MinHoi eHeprii (OE) 3 rexrapa 3,2-4,6, Ipu
BUTpaTax eHeprii Ha 1 T KOPMOBUX OAVHUIIE 2,86-4,20 TIIK. MeTO0 AOCIiIXeHHS 6y/10 BUSHAYUTH
3MiHM E€KOHOMIUHOI Ta eHepreTUYHOI ePEeKTUBHOCTI BUPOLIYBAHHSA Pi3HUX COPTIB KOHIOIIMHU
JIyYHOI Ha KOPMOBI WM 3aJEXHO Bif crocobiB ciB6u, iHORymALil HAaCiHHA 6yIB6OUYKOBUMU
HaKTepiaMU Ta BHECEHHA JOo6pUB. ITif yac JoCTiaKeHb BUKOPUCTOBYBAJIHU TaKi METOAM: TIOJTBOBUH i
J1ab0paTOPHUM — IJIS IPOBEIeHHS NOCIII’KEHB Y ITOJIBOBHX i Ta60paTOPHUX YMOBAaX, aHAI TUYHUH —
IJi1 BU3HAUYeHHS XiMIYHOTO CKJIAZy Cyxoi 6ioMacu KOHIOIIMHYU JIYYHOI, pO3paxyHKOBUM - IJIS
BM3HAUEHHS IIOKA3HUKIB €KOHOMIUHOI Ta eHepreTUYHOI epeKTUBHOCTI. HalKpallli MOKa3HUKU
€KOHOMIYHOI Ta eHepreTUYHO1 epeKTUBHOCTI BUPOIIyBaHHA KOHIOIIWHY JIYYHOI 3a6e31meuye copT
TaidyH 3a iHORynALii HaciHHs 6yIE60YKOBUMU 6aKTepiaMU Ha 6€3006pMBHOMY IPYHTI. JoLaTKOBe
BHeceHHS P60K90 abo N60R60K90 Ha ¢oHi iHOKyAIlii, HeobxinHe g 36epeskeHHs POIOYOCTi
TPYHTY, TIOTipIIyE iX, 3MEHIIYIOUM YUCTUH ITPUOYTOK Ha 3486-5943 rpH/Ta

KniouoBi cnoBa: 6ioeHepreTuuHuil GakTOp, 3aTpaTy KOIITIB Ta eHeprii, eKOHOMiYHa Ta
eHepreTUyYHa epeKTUBHICTh, OKYITHICTb BUTPAT, pEHTAbeIbHICTb, CO6iBapTiCTh, YMCTUM ITPUOYTOK
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