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The mechanical and technological grounds for the formalization of agroecosystem structure have been substantiated in the research.
The paper presents the simulation model of an agroecosystem functioning based on growing of winter wheat, maize for silage as well
as of grain, winter rape, oats, sugar beets and perennial herbs. The model anticipates the production of pork, beef, fish, chicken, milk,
eggs, oil, sugar and honey as well as growing of mushrooms and production of compost. Besides, the given model anticipates the
production of diesel biofuel and bioethanol in the amount necessary for providing mobile machines with power, as well as the
production of biogas for receiving heat and electricity. The model suggests using the updated equipment for the production of bioenergy
resources.
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INTRODUCTION

The mankind has been faced with several problems: providing the population with food stuff (food problem),
providing the technological processes and everyday life with energy resources (energy problem) and the conservation of
the environment (ecological problem) (Golub, Kukharets, Yarosh, Kukharets, 2017; Pollmann, Podruzsik, Fehér, 2014).
To solve these problems we need to overcome the contradiction which lies in the fact that an increase in the production
of food stuff or in the production and in utilization of energy results in disturbing the ecological balance and in the
deterioration of the environment, and conversely keeping to ecological demands under the existing level of population
growth will result in food and energy deficit.

The modern agriculture is partly solving the food problem (Golub, Kukharets, Yarosh, Kukharets, 2017; Geletuha,
Zhelezna, 2014). But the level of providing the agrarian production with energy made of raw materials is law. For example,
animal breeding branch of Ukraine producing a great amount of organic wastes, has significant resources for biogas
production, at the same time the level of biogas production made of manure is very low (Geletukha, Kucheruk, Matveev,
2013; Geletuha, Zhelezna, 2014; Borja, Rincon, 2017). The energy potential of crop growing branch which is based on straw
utilization as fuel as well as on the production of diesel biofuel is rather high (Geletuha, Zhelezna 2014; Baranauskas, llves,
Kiiiit, Olt, 2015; Ivanova, Stoyanov, 2016; Baskar, Aiswarya, 2016), but its utilization in Ukraine does not exceed 3%.

A typical agroecosystem anticipates crop growing in a corresponding crop rotation and it provides the production
of plants produce, fodder for animal breeding and poultry breeding as well as energy resources. The energy basis for the
agroecosystem is heat and energy production from biogas received from manure and chicken faeces fermentation, as well
as from the utilization in a scientifically based limits of a non- grain part of the yield in the form of round balls, wads,
straw cut, or granules, cubes and generator gas, produced from straw utilization for heat use. The raw basis for the
production of liquid fuel- diesel biofuel and bioethanol is also a constituent part of agroecosystem. The diversification of
the areas of focus in the agricultural production is a serious financial precondition for soil fertility sustaining on the basis
of compost production by using the biological conversion of an organic raw material (Di Maria, Sordi, Micale, 2012;
Golub, Kukharets, Yarosh, Kukharets, 2017).

But the estimation of technical and economic efficiency of agroecosystem functioning with multifunctional
production of the agrarian produce as well as of biofuel, needs further specification.
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The simulation model of agricultural production functioning (Fig.1) includes crop rotation in growing the basic

agricultural crops, as well as it anticipates the production of pork, beef, fish and chicken, milk, eggs, oil, honey and
burning of round balls and straw cuts for receiving heat and electricity. The model anticipates crops drying on account of

providing mobile machines with energy, the production of biogas for further receiving of energy and heat, as well as
OWN energy resources.

mushrooms. The given model anticipates the production of diesel biofuel and bioethanol in the amount necessary for

MATERIALS AND METHOD
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Figure 1. Conception of diversified production of agricultural goods and biofuel in agroecosystems
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The analysis anticipates the functioning of 3 variants of the agroecosystem:

— with the production of plants produce, animal produce and biofuel (variant 1);

— with the production of the plants and animal produce but without the production of biofuel (variant 2);

— with the production of plants produce but without the production of animal produce and biofuel (variant 3).

The main efficiency indexes of the agrarian production functioning were established on the basis of the developed
computer simulation model of the agroecosystem functioning with a diversified (multifunctional) production of the
agrarian produce and of biofuel.

The determination of technical and economic efficiency of the agroecosystem functioning with diversified
(multifunctional) production of the agrarian produce and of biofuel was performed on the basis of imitative computer
simulation.

RESULTS AND DISCUSSION

The parameters analysis of the agroecosystem functioning, received on the basis of simulation, made it possible to
receive graphically the dependence of humus balance of the basic crop yields — winter wheat.

The graphic analysis enables us to conclude that the best indexes as for humus balance are achieved in an
agroecosystem free of biofuel production. But a positive humus balance is achieved in the agroecosystem with biofuel
production when grain yields are more than 30 ha. In an agroecosystem without animal breeding it is impossible to have
a positive humus balance.

The highest profit in terms of per ha is achieved in agroecosystem with biofuel production (Fig. 3).

The highest economic effect can be achieved in a balanced agroecosystem, which combines crop growing, animal
breeding and biofuel production, herewith having provided non-deficit humus balance.

The level of fuel supply and heat supply can be shown graphically (Fig.4) and by dependence:

ES=27,905In(u)-77,951; 1)
HS=196,59In(u)-485,68, )

where ES is the level of energy supply, %; HS is the level of heat supply, %; u is basic crop yields (winter wheat), centner
per ha.
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Figure 2. The dependence of humus balance on the basic crop yields.
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Figure 3. The dependence of profit of the basic crop.
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Figure 4. The level of energy and heat supply (without transforming the excess of heat energy into electricity).

Level of heat supply

Agroecosystem is capable to provide itself with necessary heat energy under grain yields of 20 centner per ha and
more, and under the condition of higher yields the excess of heat energy can be transformed into electrical one, herewith
having increased the level of energy supply.

The structure of financial income, under the condition of agroecosystem functioning, can be shown graphically (Fig. 5).
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Figure 5. The structure of received profit from agricultural products and biofuels manufacturing in agroecosystems

The graphic shows that up to 42% of all financial investments into an agroecosystem can be provided on account
of biofuel production and utilization.

CONCLUSIONS

Computer simulation model of agroecosystem with multidisciplinary production of agricultural products and
biofuels was created. Model allows determining of main functioning efficiency indicators of agricultural production.

The greatest economic effect can be achieved in a balanced agroecosystem, which combines crop growing, animal
breeding and biofuel production, herewith having provided a non-deficit humus balance. Under winter wheat yields of 38
¢ per ha the income for the balanced agroecosystem with the biofuel production is 2568 hr per ha, which is 51.6% higher
than for an agroecosystem without biofuel production. Up to 42% of all financial investments into the agricultural
production can be saved under the condition of biofuel producing and utilizing.
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