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The results of monitoring the production and organizational indicators of more
than 20 farms are presented with the definition of the main elements that characterize
them. The relationship between the degree of technical support or technological
equipment of the production process of milk production (quantitative composition of
tractors, trucks, machinery, aggregates, milking equipment) and the annual productivity
of cows is analyzed. Correlation coefficients indicate its moderate value (0.3<Rxy,<0.5).
A simulation model of the production of cattle breeding products in the conditions of
enterprises of medium production capacity has been created.

Technological elements that are characteristic of the rational process of
production of products — milk, beef, live weight of animals in rearing and fattening-are
substantiated. Within the technical parameters of enterprises with a number of cattle of
1000-1100 heads (350-450 cows with a capacity of 7000-9000 kg per cow), the annual
total energy costs for the production of cattle products are determined.

The structure of the energy content of products by type is calculated, namely milk,
live weight of culled animals, growth of reared animals, received offspring. The energy
content of excrement and bedding is also taken into account. It is established that the
largest share in the structure of the energy content of products suitable for nutrition
belongs to the energy content of produced milk — 78.9-86.1 %, and since it is the most
influential factor on the coefficients of energy efficiency of the main and general products,
the functional dependences of the energy content of products on fat in milk and the
relationship between the coefficients of energy content of products and milk fat are
determined.

Keywords: energy consumption, energy efficiency, technology parameters,
productivity, product quality.
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Haseoeno pesynomamu MoHimopunzy 6upoOHUUO-0p2aHi3ayitinux NOKA3HUKIE
nonao 20 2ocnodapcmé 3 BUSHAYEHHAM 20N0BHUX —elleMeHmis, AKUMU BOHU
xapaxkmepuszyromucs. [Ipoananizoeano 36’130k cmyneHs mexuiuHo2o 3abesneyenus abo
MEXHON02IYHO20 OCHAWEHHSI BUPOOHUYO20 NPOYECy 00ePIHCAHHS MONOKA (KilbKiCHUL
CKa0 MpaKkmopis, 6AHMAMNCIBOK, MeXHIKU, azpe2amis, 00iIbH020 00NA0HAHHS) | piuHOL
npodykmusHocmi kopie. Koeghiyicumu kopenayii ceiouams npo 1020 NOMIpHy 8elUUUHY
(0,3<Rxy,<0,5). Cmeopeno imimayiiny mooeib upoOHUYmMea npooyKyii ckomapcmea 8
YyMO8ax niONpueEMcme cepeorboi 8UPOOHUYUOT NOMYHICHOCTI.

Obrpynmosani  mexHoONO2IUHI  eleMeHmu, WO XapaKmepHi payioHaIbHOMY
npoyecy uUpOOHUYMSEA NPOOYKYIl — MOJIOKA, SNOBUUUHU, JHCUBOI MAcCU MBAPUH HA
BUPOWYBAHHI ma 6I0200i6ni. Y Mmedcax mexHIiUHUX napamempie NIONPUEMCE 3
yucenvHicmio no2onie’s eeauxoi poeamoi xyooou 1000-1100 zonis, (350-450 xopisg i3
npooykmusHicmio 7000-9000 ke na koposy) susHaueHi piuni 3a2anbHi 3ampamu CyKynHoi
eHepeii Ha 8UPOOHUYMEBO NPOOYKYII ckomapcmaa.

Obuucnena cmpykmypa enepeoemicmy npoOyKyii 3a 6UOAMU — MOJIOKO, JHCUBA
maca 6ubpaKky8aHux meapuH, NPUpicm mMeEapuH, w0 SUPOWyIOmvbCs, OMPUMAHUL
npunniod. ¥Ypaxoeawi makoic enepeoemicm eKcKpemeHmis i niocmuiku. Bcmanosneno,
Wo Haubitbwia vacmka 6 CMpYKmypi eHepeoemicmy npooyKyii, npudamuoi 0
XApuy8anHs HALeNCUMb eHepeosmicmy supobdienoco moaoka — 18,9-86,1 %, i ockinbku
B0HO € HAUDOLILUWL BNIUBOBUM YUHHUKOM HA KOeDiyicHMuU eHepeemudnoi eqhekmugHoCmi
OCHOBHOI I 3a2anbHOi NPOOYKYIi 8U3HAYUEHT DYHKYIOHAbHI 3ANIeHCHOCII eHepeosMicmy
NPOOYKYII 8I0 HCUPY 6 MOTIOYT MA B3AEMO38 130K KOeDiyicHmia eHepeoemicmy npooyKyii
i Jrcupy MoJIoKaA.

KuarouoBi cioBa: eHeproBuTrpaTd, €HepreTuyHa €QEeKTUBHICTb, IapamMeTpu
TEXHOJIOT11, MPOYKTUBHICTb, AKICTb MPOTYKIIi.

Management in the conditions of rational use of resource potential is the key to
the success of production and directly contributes to the development of the livestock
industry. In today's conditions, the creation and maintenance of such a production
structure is a complex, but relevant at any time task, since existing farms mostly do not
sufficiently meet the requirements of the market environment — they are moderately
competitive in terms of technical equipment, technological processes in production, and
not always high-quality products (Gadzalo et al., 2016; Baschenko et al., 2017,
Vedmedenko & Kovalenko, 2020). An increase in the load of production processes on
the environment increasingly causes its reverse reaction in the form of deterioration of
soil fertility, changes in climatic conditions, which in turn affects the energy efficiency
of cattle production (Rudenko et al., 2008; Rudenko et al., 2017; Marchenko et al., 2020;
Marchenko et al., 2023; Busenko, 2005 ; Kostenko & Kravchenko, 2019).
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At the present stage of development of the cattle breeding industry, an essential
point is to ensure optimal production indicators (live weight of young animals, average
daily increments, gross production, etc.), in the conditions of break — even production-
that is, its corresponding cost and sales price (Rudenko et al., 2008; Pankeev, 2022;
Pidpala, 2008; Ruban Y. & Ruban S., 2011).

Previous studies of milk production technologies for medium-sized enterprises
(with a population of 400 cows) allowed to develop their organizational, production and
economic parameters in conditions of fixed high productivity (8000 kg of milk per cow
per year) (Marchenko et al., 2020; Getmanets, 2012). Prior to this, consumption standards
were defined separately and patterns of their changes were established under conditions
of different cow productivity (from 4,000 to 9,000 kg of milk per year) (Getmanets, 2012;
Baranovsky et al., 2017). At the same time, changes in climate and other global conditions
indicate that the efficiency of existing technological solutions is suboptimal in terms of
energy efficiency of production, including taking into account the quality of raw materials
or finished products (Rudenko et al., 2008; Marchenko et al., 2019; Marchenko et al.,
2023; Ibatullin et al., 2016 ; Kostenko & Kravchenko, 2019).

It should be noted that among 1,533 enterprises, 129 (8.4% of the total number)
are those that keep from 1,000 to 1,499 heads of cattle and whose share in the total
structure of the cattle population is 16.6 %. Currently, among the total number of 1,400
enterprises, 614 (42.7% are enterprises with 100-499 cows), the same share is 40.0%, that
is, they are a significant sector both in terms of livestock and milk production
(Tvarinnitstvo, 2023). At the same time, the technologies used by such enterprises for the
most part do not always meet the requirements of modernity, and the quality of milk or
raw materials needs to be improved to a level that ensures high competitiveness
(Kostenko et al., 2010; Kostenko, 2018).

Within the specified parameters of pilot projects or their feasibility studies, it is
impossible without establishing and taking into account the Basic Laws of energy
efficiency formation of technological processes of production to create in practice in each
specific case an energy-efficient, scientifically justified, innovatively attractive
technology for the production of products of the required quality (Rudenko et al., 2008;
Getmanets, 2012; DBN00037, 1995; Ibatullin et al., 2016; Bogdanov et al., 2012). The
conducted research is aimed at establishing exactly such regularities in the formation of
energy efficiency of technological processes for the production of high-quality livestock
products in the context of climate change. They take into account the directions of savings
by types of resources (including labor and material) and, as a result, have an overall
positive result.

Directions for further improvement or principles of building basic technological
processes in the production of cattle breeding products for medium-sized enterprises are
determined using modeling and margin analysis methods. The regularities of the use of
energy resources are aimed at improving or more rational their use by Type (human,
material, land), respectively, taking into account the dependence of changes in product
quality (Merkurieva, 1980 ; Petrenko & Syrotyuk, 2021).

The object of the study was selected agricultural enterprises for the production of
milk of medium capacity with a number of cows up to 500 heads.

The purpose of the research is to find out the regularities of the formation of an
energy — efficient system of parameters and standards of technological and technical
solutions for the production of cattle products when creating enterprises of medium
production capacity.

Materials and methods of research. According to various methods (economic-
statistical, economic-mathematical, expedition surveys, modeling, etc.) using the
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methodology of bioenergy assessment of production technologies (Kulik et al., 1997), as
well as official reports, monitoring, analysis and generalization of the components of the
production process in the conditions of tethered and loose methods of keeping cattle were
carried out.

Research results. Monitoring and generalization of technological and technical
solutions of enterprises of medium production capacity allowed to use technological
passports of production of dairy cattle products of a number of farms-SE " DG
"Agronomy" is Naas of Ukraine”, SE "DG" Artemida" IC Naas of Ukraine", SE "DG
Institute of Agriculture of the north-east of the NA-an", SE" DG" Gontareva "it Naas of
Ukraine", SE" DG "elite™ of the Mironovsky wheat institute named after V. M. Crafts of
Naas", Dpdg "elite" of Kirovohrad DSGDS of Naas, Dpdg "Alexandrovskoe" SPC "soy
of Naas, Dpdg "Pasechnaya”, SE DG "Hristinovskoe™ Irgt named after M. V. Zubets,
Dpdg Shevchenko™ Ibkitsb of Naas, Dpdg "lvanovka™ ISGPS of Naas, SE "DG named
after January 9" of the Institute of pig breeding and APV of the Naas of Ukraine", SE
"DG im. Decembrists"”, state enterprise "experimental base "Dachnaya". The distribution
of cows according to the systems of keeping is established — free (boxed, deep bedding)
—22 %, on a leash — 78 %. Productivity - at the level of 6470 kg and 4480 kg, respectively
(the advantage of the loose maintenance system is 1.4 times). Various milking
technologies were analyzed — in stalls (milking buckets) — 27 %, in stalls (milk pipeline)
— 51 %, in the milking parlor-22% with milk productivity of cows up to 4000 kg, up to
6000 kg and up to 7000 kg of milk per cow, respectively. The use of additional technical
means for the preparation and distribution of feed makes it possible to use the feed
mixture feeding system. The distribution of cows by feeding Technologies was 70 %
(separate ration by Feed type), and 30 % (for the use of feed mixtures). It is established
that under such conditions there is an increase in the milk productivity of cows by more
than 2100 kg per head. A limiting factor in the growth of cow productivity is also the
problem with reproduction with any technology, as indicated by the significant variability
in the yield of calves per 100 cows-from 51% to 97 %.

The influence of the intensity of animal rearing with the achievement of a certain
fatness on the energy consumption of production is studied. Data on the average daily
growth of calves under various technologies of their maintenance were obtained and
analyzed. So, from birth to 2 months of age, subject to the following distribution of animal
maintenance technology: 29%-on a leash, 25% — in Group machines and 46% — in
individual machines, respectively, productivity levels — 476 g, 409 g and 542 g of average
daily growth. Fatness is average for all cases. At an older age, the productivity of young
animals was 452 G on a leash, with loose content — an increase of 12.6 % (509 g).
Therefore, for a pilot project, it is more appropriate to choose the technology of loose
content. On the basis of statistical data for Ukraine of the last two years, the relationship
between the degree of technical support or technological equipment of the production
process of milk production (quantitative composition of tractors, trucks, machinery,
aggregates, milking equipment) and the annual productivity of cows is analyzed.
Correlation coefficients indicate its moderate value (0.3<Rxy,<0.5).

Thus, the generalization of data of agricultural milk producers, including
information on the state enterprise DG network of the National Academy of Sciences of
Kharkiv and other regions of Ukraine, allowed to substantiate the system of parameters
and standards of technological and technical solutions in the creation of enterprises of
medium production capacity, which showed the best results in terms of milk productivity
in conditions of different technologies of maintenance, milking systems, cow feeding,
intensity of young growth (Marchenko, 2020; Tvarinnitstvo, 2023).

It should be noted that since the strength of the influence of the studied
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technological factors (conditions) on the overall productivity of cows and young animals
is complex and complex, therefore, in the first approximation to the system of parameters
and standards of technological and technical solutions for the simulation model, such,
from our point of view, the most acceptable option is chosen, namely, the technology of
uniform production of marketable products (milk, beef, breeding cattle). For modeling,
the average annual number of cows in the range of 350-450 heads with an annual
productivity of 7000-9000 kg of milk per head was taken.

The calculated volumes of feed supply, livestock and their productivity make it
possible to obtain an annual shaft of milk of 2300-3800 tons. Taking into account its
drinking to calves, the size of milk sales will be 2160-3570 tons (marketability of 94 %).
Meat from culled and fattened cattle — 190-198 tons, in live weight, including 70-90
heifers.

Herd structure — cows-30.4 — 33.8 %; heifers-5.8 — 6.0 %; heifers older than one
year-13.8 — 14.8 %; heifers up to one year-18.4 — 20.6%; bitches older than one year —
9.8%, bitches up to one year-18.4%. Rejection and replacement of the main herd — 20-22
% (actual cultivation of repair heifers), full turnover of the herd. The method of keeping
livestock is loose, using straw bedding. It provides for the cultivation and fattening of
bitches on the farm to a live weight of 430-450 kg (900 g of average daily growth). The
age of the first insemination of heifers with a live weight of 1 head is 380-400 kg at 15-
16 months. The average daily growth of heifers up to a year is at the level of 760 g, older
than a year — 800 g. the care of young animals is 4-6 %.

Feed supply of cattle herds is based on a system of the same type of feeding with
feed mixtures. The yield of grain and fodder crops per 1 ha of sowing: cereals on average
— 35-72 C, winter wheat — 38-60 C, barley — 32-46 C, corn for grain — 56-90 C, peas —
19-26 C, corn for silage — 270-290 C, perennial grasses for hay — 45-55 C and for haylage
and green fodder — 270-290 C. Initial data for determining energy costs for the production
of dairy cattle products - costs for a cow with a plume: labor — 60-65 people.- H;, the
average annual Head of young animals — 18.0 people.- H., electricity-680-720 kwh.
Energy equivalents of other resources-according to certain or known reference values
(Rudenko et al., 2008; Kulik, 1997).

To ensure the required levels of productivity, annual feed harvesting and
consumption rates and their structure for cows and repair heifers have been developed,
depending on their productivity (Rudenko et al., 2008). These standards are based on the
norms of the need for nutrients and feeding of animals, taking into account their sex and
age composition and physiological state, live weight and productivity, seasons of the year
(winter and summer), requirements for the quality of milk, the need for feed to maintain
life and products, biological and technological losses of feed during harvesting, storage,
delivery and feeding, energy consumption for growing grain and feed crops and Feed
Production, their prime cost, etc. According to the standard, to obtain milk yields of 7000-
9000 kg of milk, it is necessary to prepare 78-95 centners of feed units (89-110 GJ of
exchange energy) per cow per year. At the same time, the type of feeding of cows and
young cattle is formed in the direction of increasing the consumption of Grain Group feed
in animal diets (50-54%), and their use is only as compound feeds, which are full —
fledged in composition, provide a given productivity and meet the needs of the
physiological state of cows and other sex and age groups of young animals. In the
composition of mixed feeds by weight, grain accounts for no more than 80% and 20% are
additives. Of the total amount of grain for the production of mixed feeds, 30% of the
nutritional value is occupied by corn, barley and wheat and 10% by peas, and in additives
at least 50% is occupied by high - protein components (meal, cake, etc.). Feeding of all
types of feed, including mixed feed as part of complete feed mixtures. The size of the
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feed fund is determined in accordance with the standard of accounting for the insurance
reserve — for concentrates — 8-10%, juicy and coarse feed — up to 15 %.

The total nutritional requirement for a dairy farm of 350 cows, depending on their
productivity (7000-9000 kg), is respectively 4910-5870 tons of feed units, of which it is
necessary to prepare in kind: mixed feed — 1608-2082 tons, silage — 4407-4919 tons, hay
of perennial grasses — 949-1138 tons, hay of annual grasses — 433-569 tons, haylage of
perennial grasses — 1924-1700 tons and green fodder — 2384-2539 tons.

For a dairy farm for 450 cows (depending on their productivity of 7000-9000 kg),
the total nutritional requirement is 6309-7550 tons of feed units, of which it is necessary
to prepare in kind: mixed feed — 2067-2677 tons, silage — 5666-6324 tons, hay of
perennial grasses — 1216-1463 tons, hay of annual grasses — 557-732 tons, haylage of
perennial grasses — 1527-2186 tons and green fodder — 3065-3264 tons.

Variants of calculations within the parameters of productivity (7000-9000 kg per
cow) with the total number of cattle herds of 1000-1100 heads (350-450 cows) showed
that the density of the average annual livestock on its own feed base per 100 hectares of
farmland is respectively — cattle — 92-82 heads, including cows — 29-26 heads.

The annual total cost of total energy for production (milk, growth, Live weight) is
determined.

According to the structure within the standard size of 350 cows, the total total
energy costs are as follows: 9.3-7.6 % — for herd reproduction, 1.8-1.5 % — from fixed
assets of production, 3.5-3.0 % — from working capital without feed and bedding. The
total energy of direct and indirect labor costs is 2.0 — 1.7 %, the total energy converted in
feed and litter is 83.4-86.1 %. It was found that for 350 cows with a plume with an
increase in productivity from 7000 kg/head to 9000 kg/head. (by 28.6 %) total total
energy costs for production increase by only 16.3 % — from 155,152 GJ to 180,346 GJ
(or from 443 GJ to 515 GJ per cow).

According to the structure within the standard size of 400 cows, the total total
energy costs are as follows: 9.3-7.6 % — for herd reproduction, 1.6-1.4 % — from fixed
assets of production, 3.5-3.0 % — from working capital without feed and bedding. The
total energy of direct and indirect labor costs is 1.8 — 1.5 %, the total energy converted in
feed and litter is 83.8-86.5 %. For 400 cows with a plume with an increase in productivity
in the same range (28.6%), total and specific energy costs for production increase by
16.3% from 176568 GJ to 205350 GJ (or from 441 GJ to 513 GJ per cow).

According to the structure within the standard size of 450 cows, the total total
energy costs are as follows: 9.4-7.6 % — for herd reproduction, 1.6-1.4 % — from fixed
assets of production, 3.5-3.0 % — from working capital without feed and bedding. The
total energy of direct and indirect labor costs is 1.8 — 1.5 %, the total energy converted in
feed and litter is 83.7-86.5 %. For 450 cows with a plume with an increase in productivity
by the same 28.6%, the total total energy expenditure for production increases by 16.4%
from 197986 GJ to 230373 GJ (or from 440 GJ to 512 GJ per cow).

Thus, if we compare the total energy costs in absolute values and within any one
level of productivity of either 7000 kg, 8000 kg or 9000 kg, then they increase linearly
by 42834 GJ; 46282 GJ and 50027 GJ per 100 additional cows within the limits of
productivity increase-from 7000 kg to 9000 kg of milk, respectively. At the same time,
per 1 cow, the cost of total energy practically does not depend on their productivity. Thus,
they decrease by 0.7 % for 7000 kg and 8000 kg of milk yield and amount to 443 and 478
GJ (350 cows), respectively; 441 and 476 GJ (400 cows) and 440 and 474 GJ (450 cows).
At 9,000 kg, a 0.6% reduction is 515 GJ (350 cows) versus 512 GJ (450 cows).
Consequently, increasing the capacity of the enterprise by increasing the number of cows
requires additional costs of total energy, depending on their productivity level of 7000
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kg; 8000 kg; 9000 kg at the level of 428.3 GJ/head; 462.8 GJ/head and 500.3 GJ/head,
respectively. There is no significant difference in the structure of energy costs.

So, the use of the energy efficiency assessment of production (milk, growth, Live
weight) according to the indicator of annual total energy costs allowed us to determine
that increasing the productivity of cows requires additional energy costs in the amount of
16.3-16.4% to the "conditionally initial base level™, regardless of the standard size and
per 1 kg of added milk corresponds to 0.036 GJ of total energy.

Using the developed algorithm of the MS Excel Office program within the system
of parameters of the simulation model, a margin analysis by types of energy consumption
was carried out and the dependences of changes in energy efficiency of production were
modeled, taking into account the energy content of milk and its primary qualitative
characteristic — fat (Merkurieva, 1980).

It is established that the energy content of products produced within reasonable
technological parameters and directly suitable for consumption with an increase in
productivity from 7000 kg to 9000 kg (28.6 %) increases from 8929 GJ to 11088 GJ.
(24.2 %) for 350 cows and from 11,480 GJ to 14,256 GJ (24.2%) for 450 cows. The
largest share in the structure of energy content of products suitable for food, namely, the
energy content of produced milk occupies — 84.2 % (350 cows) and 87.2 % (450 cows),
respectively, which is the determining factor of both the coefficient of energy efficiency
of products suitable for food and the total product.

The structure of the energy content of products by type for the capacity variant of
7000 kg; 8000 kg and 9000 kg of milk per cow per year is shown in Table 1.

Table 1.
Structure of energy content of products by type, %
cow productivity, kg / year
Energy content, GJ:

7000 8000 9000
obtained milk (with a fat content of 3.8 %) 84.2 85.9 87.2
live weight of culled animals 10.0 9.0 8.2
offspring received for the year 0.9 0.8 0.7
weight gain of reared animals 4.9 4.3 3.9
products suitable for food 100 100 100

For productivity from 7000 kg to 9000 kg per cow per year with an interval of
growth of fat content in milk by 0.1% from 3.8% to 4.2%, it was determined that the
coefficient of energy efficiency of products suitable for nutrition slightly improves from
5.45-6.42 % (350 cows) with an increase in the number of cows to 5.49-6.46 % (450
cows). The energy efficiency coefficient of total products increases from 25.6% -26.8%
to 25.8-27.0% in accordance with the standard size and productivity level of cows.
Patterns of changes reflect graphical dependencies in figures 1-6.
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Fig. 1. Dependence of the energy efficiency coefficient of products suitable for
nutrition on the fat content in milk and productivity of cows.
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nutrition on the fat content in milk and productivity of cows.
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Fig. 3. dependence of the energy efficiency coefficient of products suitable
for nutrition on the fat content in milk and productivity of cows.
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the fat content in milk and cow productivity.
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Fig. 6. Dependence of the energy efficiency coefficient of total production on
the fat content in milk and cow productivity.

Under the same conditions, namely, for productivity from 7000 kg to 9000 kg per
cow per year with an interval of growth of fat content in milk by 0.1% from 3.8% to 4.2%,
regularities of changes in the energy content of products suitable for nutrition and the
energy content of all products, taking into account the combined one, are established. The
patterns of changes reflect the graphical dependencies in figures 7-12.
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Fig. 7. Dependence of the energy content of products suitable for nutrition on
the fat content in milk and productivity of cows.
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Fig. 8. Dependence of the energy content of products suitable for nutrition on
the fat content in milk and productivity of cows.
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Fig. 9. dependence of the energy content of products suitable for nutrition on
the fat content in milk and productivity of cows.
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Fig. 10. dependence of the energy content of all products, taking into
account conjugated products, on the fat content in milk and cow productivity.
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Fig. 11. Dependence of the energy content of all products, taking into account
conjugated products, on the fat content in milk and cow productivity.
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Fig. 12. Dependence of the energy content of all products, taking into account
conjugated products, on the fat content in milk and cow productivity.

The established linear dependencies prove the general axiom that regardless of
the fat content in milk, with an increase in productivity, there is an increase in both the
energy content of products suitable for nutrition and the energy content of all products.
At the same time, both an increase in the number of cows and their productivity affects
the growth of absolute indicators. The result of productivity growth for every 1000 kg is
an increase in this energy content by 1079-1135 GJ (350 cows with a plume), 1234-1298
GJ (400 cows), 1388-1460 GJ (450 cows) or by 5.2% in accordance with the quality of
milk in terms of fat content. For the energy content indicator of all products, the
corresponding increase is by 2914-2970 GJ; 3331-3395 GJ; 3747-3819 GJ or by 1.9 %.
Based on 1 cow with a plume, the dependencies are shown in Table 2.
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Table 2.

Energy content of products suitable for nutrition, and energy content of all
products in accordance with the fat content in milk.

Eat content of Er]ergy content of products !Energy content of all products
: suitable for nutrition (), GJ per | including conjugated (Y), GJ
milk (X), % . .
1 cow with a plume per 1 cow with a plume

3,8 y = 3,0846x + 22,425 y =8,6153x + 111,09

3.9 y = 3,1246x + 22,665 y =8,6553x + 111,33

4,0 y = 3,1646x + 22,905 y =8,6953x + 111,57

4,1 y = 3,2046x + 23,145 y =8,7353x + 111,81

4,2 y = 3,2446x + 23,385 y =8,7753x + 112,05

In the conditions of increasing the productivity of cows from 7000 kg of milk to
9000 kg of milk, the coefficients of energy efficiency of products suitable for nutrition
and total products, respectively, the quality characteristics of milk change in the direction

of improvement in the following dependence (Table. 3 and Table. 4).

Table 3.

Relationship between the energy efficiency ratio of food-friendly products
(Y),%, and milk fat (X), %

Milk fat number of cows, heads
conens (X), 350 400 450
(6]
3,8 y =0,3412x + 5,1236 | y=0,3414x +5,1454 | y=0,3415x + 5,1620
3,9 y =0,3461x + 5,1787 | y =0,3463x + 5,2007 | y =0,3465x +5,2175
4,0 y =0,3511x +5,2337 | y=0,3513x +5,2560 | y=0,3514x +5,2730
4,1 y =0,3560x +5,2888 | y =0,3562x +5,3113 | y =0,3564x + 5,3284
4,2 y =0,3609x +5,3439 | y=0,3612x +5,3666 | y=0,3613x + 5,3839

Table 4.

Relationship between the energy efficiency ratio of total production (Y),%,
and milk fat (X), %

Milk fat number of cows, heads
content (X),
% 350 400 450
3,8 y =0,4650x + 25,160 | y=0,4619x + 25,265 | y =0,4593x + 25,348
3,9 y =0,4699x + 25,215 | y=0,4669x + 25,321 | y =0,4643x + 25,404
4,0 y =0,4749x + 25,270 | y=0,4718x + 25,376 | y =0,4692x + 25,459
4,1 y =0,4798x + 25,325 | y=0,4767x + 25,431 | y=0,4742x + 25,515
4,2 y =0,4847x + 25,380 | y=0,4817x+ 25,487 | y=0,4791x + 25,570

Thus, it is proved that both increasing productivity and improving the quality of

milk has a positive effect on the energy efficiency of production.

Discussion. According to many scientists, the effective use of the resource
potential of cattle breeding enterprises is an urgent problem today, and therefore the
materials of our research are aimed at deepening solutions to this complex problem
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because they coincide with common challenges. In this context, it should be taken into
account that ensuring the necessary production indicators in the conditions of break-even
production from an economic point of view is aimed at achieving the corresponding cost
of production in the conditions of actual sales prices. Since the price does not fully
(indirectly) describe the characteristics of energy costs of resources, more adequate, in
our opinion, is the application of energy assessment and calculation of resource
requirements through natural indicators of parameters and standards of production
technology.

Our analysis and numerous studies have confirmed the facts that existing
technologies do not always meet the requirements of our time, and the quality of milk or
raw materials needs to be improved to a level that ensures high competitiveness.

Monitoring and generalization of technological and technical solutions of
enterprises of medium production capacity allowed us to analyze the systems of keeping
animals, the relationship between the degree of technical support for the production
process of milk production, establish inhibitory or contributing factors of influence and
determine the initial parameters when creating a simulation model.

Within the specified parameters of the multi-factor simulation model of medium-
capacity enterprises, calculations are made and regularities of energy efficiency formation
are established, which are disclosed in the presented materials.

The substantiated dependencies and established regularities make it possible,
taking into account the qualitative characteristics of products (milk fat), to form the main
technological elements of the cattle production system within the parameters of medium-
sized enterprises (350-450 cows with a plume). Modeling of production using equations
of dependence of its energy content on qualitative characteristics makes it possible to
objectively assess the energy components of individual technological processes in the
production of products by types of resources. This is of wide practical importance, since
the energy efficiency of technological solutions directly correlates with the efficiency of
the livestock production process.

Conclusions:

1. Monitoring and analysis of technological and technical solutions of enterprises
of medium production capacity, which showed the best results in milk productivity in the
conditions of various technologies of maintenance, milking systems, feeding cows, the
intensity of young growth allowed to justify the initial parameters and standards of
technological and technical solutions. This, in the conditions of regulated product quality
and the use of the developed algorithm for modeling the energy efficiency levels of its
production, makes it possible to create feasibility studies for pilot projects of enterprises
of this type.

2. A correlation analysis of statistical data for Ukraine over the past two years is
carried out. The strength of the impact on the annual productivity of cows of the degree
of technical support or technological equipment of the production process of milk
production (quantitative composition of tractors, trucks, machinery, aggregates, milking
equipment) is estimated. Correlation coefficients indicate a moderate association between
traits (0.3<Rxy,<0.5).

3. It was found that the energy content of products directly suitable for
consumption with an increase in productivity from 7000 kg to 9000 kg increases from
9532 GJ to 11683 GJ (by 22.6 %) for 350 cows and from 11670 GJ to 14436 GJ (by 23.7
%) for 450 cows. The largest share in the structure of energy content of products suitable
for nutrition, namely, the energy content of produced milk occupies 78.9-82.8 % (350
cows) and 82.9-86.1 % (450 cows) in accordance with productivity, which is the
determining factor of both the coefficient of energy efficiency of products suitable for

80



g[
Hayxoeo-mexniunuii broremens Incmumymy meapunnuymea HAAH, 2025, Nol134 F=F

nutrition and total products.

4. Increasing the capacity of the enterprise by increasing the number of cows
requires additional costs of total energy, depending on their productivity level of 7000
kg; 8000 kg; 9000 kg at the level of 428.3 GJ/head; 462.8 GJ/head and 500.3 GJ/head,
respectively. There is no significant difference in the structure of energy costs.

5. Within the parameters of the enterprise of one standard size of average capacity
per 1 cow, the total energy costs for 7000 kg and 8000 kg are 443 and 478 GJ (350 cows),
respectively; 441 and 476 GJ (400 cows) and 440 and 474 GJ (450 cows), that is, they
are slightly reduced if the number of cows changes from 350 to 450 heads — by 0.7% if
the milk yield increases to 9000 kg — reduction costs increased by 0.6 % — 515 GJ (350
cows) against 512 GJ (450 cows).

6. Increasing the productivity of cows from 7000 kg to 9000 kg requires additional
total energy costs in the amount of 16.3-16.4% to the base level, regardless of the
standard size, which corresponds to 0.036 GJ of total energy per 1 kg of added milk.

7. Itis established that the coefficient of energy efficiency of products suitable for
nutrition under conditions of increasing productivity of cows from 7000 kg to 9000 kg
within each standard size improves from 5.45% to 6.14 % (350 cows), from 5.49% to
6.18 % (450 cows), but practically does not increase when it changes. The coefficient of
energy efficiency of total products, respectively, the standard size and productivity level
of cows is at the level of 25.6% -26.6% and 25.8-26.7%, that is, it also maintains a similar
trend.

8. Regularities of the influence of changes in the quality characteristics of
products on the energy consumption of their production are established. Thus, within the
productivity range from 7,000 kg to 9,000 kg of milk per cow per year, an increase in the
fat content in milk by 0.1% improves the energy efficiency coefficients by 0.06-0.07 %.

9. A systematic approach based on which an algorithm for calculating the main
elements of competitiveness of an enterprise of average production capacity is created in
the MS Excel environment, combining a margin assessment of its activities by types of
energy consumption within the established technical and production indicators depending
on changes in the energy efficiency of beef and milk production and its primary
qualitative characteristic-fat.

10. Within the parameters of the simulation model, the assessment of existing
technologies, taking into account the costs of total energy for the production of products
in accordance with its energy content, allows us to determine the energy component of
each type of resource and, based on their availability, form the most efficient production
process in terms of energy efficiency and make operational decisions on its practical
improvement.
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