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Анотація

Проведено дослідження з організації та впровадження проектного менеджменту селекційних процесів та розробки адекватних моделей взаємодії багатьох параметрів мікроклімату технологічного процесу вирощування птиці м’ясних порід у виробничих приміщеннях. Підтверджено актуальність досліджень, обґрунтовано аналіз та вибір методів дослідження взаємодії параметрів. Показано ефективність використання фізичного моделювання із залученням відповідного експериментального обладнання та використання отриманих експериментальних результатів для геометричного моделювання на основі прикладної багатовимірної геометрії. Значущість дослідження полягає у встановленні особливостей характеру теплообміну повітря в приміщеннях з огляду на ефективність вирощування продукції та в різних видах землеробства. Обраний у процесі геометричного моделювання метод вимірювання температури в приміщенні дозволяє покрити лініями однакової температури всі точки житлових приміщень виробничих приміщень, в яких знаходиться птах. Запропонований метод дослідження можна практично адаптована для обробки результатів досліджень параметрів мікроклімату агропромислових об'єктів різного цільового призначення.
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Abstract: Researches on the organization and implementation of the project management of selection processes and the development of adequate models of interaction of many parameters of the microclimate of the technological process of raising the poultry meat breeds in industrial premises have been carried out. Actuality of the researches has been confirmed, the analysis and a choice of    interaction of parameters research methods are proved. It is shown that the use of physical modeling with the involvement of the corresponding experimental equipment and the use of the experimental results obtained for geometric modeling on the basis of applied multidimensional geometry are effective. The proposed method of research can be practically adapted for the processing of the results of studies on the microclimate parameters of agro-industrial objects of various intended uses.
Keywords: industrial premises, microclimate, parameters, physical and geometric modeling.
1. Intruduction

Ensuring the effective implementation of technological processes of production in the in- dustrial and agrarian sectors is extremely important at the present stage of development of the European economy, which is characterized by rational and economical use of energy resources while ensuring the proper quality of products. With regard to the food production, in particular, poultry, an important additional condition is the observance of the comfortable microclimate in the zone of its cultivation. For this, there are industrial buildings that con- tain poultry. The main elements of poultry keeping are such components of comfort as the air temperature and its purity. Heaters and ventilation systems are used to provide regula- tory requirements. Their effective work is possible when rational modes of operation of the corresponding technological equipment are used.

The development of appropriate approaches to the creation of industrial heating and ventilation systems for industrial buildings with the massive holding of poultry, the choice of means and the study of the parameters of the process constitute one of the promising directions of development of the agricultural sector for the holding of meat breed poultry.

The analysis of recent researches and publications on the scientific direction concerning the study of microclimate of production facilities for poultry breeding indicates the direct impact of the technological system of microclimate maintenance on the state of the poultry. The parameters of the microclimate , namely air temperature, air movement are investigated in scientific works [1–13] separately. Thus, in [4] the process of utilization of heat by an exhaust umbrella is investigated. Scientific investigations [2, 5] present the results of the study in the form of isotherms of the temperature field in the premises, taking into account the work of the infrared heating system and local ventilation system.

Scientific research, however, is scattered on a particular aspect of the study of the com- fortable stay of the poultry in the poultry house; they do not contain a methodologically grounded scientific approach to the process of organizing and choosing the processing means of the obtained experimental results, taking into account the project approach [14] to the organization and implementation of the technological process of poultry holding. A free scientific niche is the question of a reasonable choice based on the principles of project man- agement of selection and development of tools for processing graphical experimental data with the involvement of the apparatus of geometric modeling [15].

The selection of previously unsettled parts of the general problem points to a limited number of scientific publications in its separate direction concerning the provision of the comfortable microclimate in industrial premises with the massive holding of poultry. In addition, the recent studies and publications have been analyzed. They testify to the absence of a unified methodological approach to the organization and analysis of experimental studies, taking into account the project approach. Using the tools of project-oriented management provides an opportunity to highlight the main components of the study and choose the only method of preparation and conducting theoretical analysis of the experimental results obtained.

The aim of the study is to find out on the basis of the project approach the main components of the project on the research of the microclimate of industrial premises, to substantiate, develop and apply means of geometric analysis of the graphic dependencies of its parameters.

1.1. Defining of  the Peculiarities of Resource Support for the Technological Process of Poultry Breeding

In many countries, a project to grow agricultural products under hothouse conditions is suc- cessfully implemented and improved. This applies to both vegetable and livestock breeding. In particular, projects for the implementation of appropriate technological processes are being carried out for the breeding of meat breed poultry.

In the process of the project initiating, fundamental decisions are taken on the creation and arrangement of an industrial building (poultry house). Project planning defines the purpose of the project and the peculiarities of resource support for the technological process of poultry breeding. At this stage of the project management, it is important to develop ap- propriate measures and to take measures to ensure proper conditions for holding of poultry, which is one of the important moments in the implementation of the technological process of poultry breeding. It is clear that the provision of proper conditions for holding of poultry requires that priority research be carried out on the impact of microclimate parameters on poultry holding, in the first place providing recommendations for ensuring rational values of microclimate parameters in accordance with regulatory documents. Such studies, again, require compliance with a certain sequence in their implementation, that is, the project ap- proach. Therefore, from the diversity of the parameters of ensuring the proper conditions for holding of poultry, we distinguish the main ones: indoor air temperature and air move- ment. To conduct the research laboratory equipment should be universal and ensure the implementation in full.

The process realization of research has been carried out on the example of determining the amount of heat utilized from the premises, the work of local tidal and exhaust ventilation. In accordance with the research objectives, a universal laboratory installation that can serve as a tool for conducting research is installed (Fig. 1).
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Fig. 1. Scheme of the laboratory installation

1 — room; 2 — infrared heater; 3 — exhaust outlet; 4 — air duct; 5 — ventilator; 6 — thermometer; 7 — coordinate grid; 8 — floor
The laboratory installation, located in the room 1, contains an infrared heater 2 over which there is an exhaust outlet 3 connected by an air duct 4 with a ventilator 5. To measure the temperature at an arbitrary point of space 1, a thermometer 6 with a coordinate grid 7 installed on the floor 8 is provided. In the scheme (Fig. 1) there are no commuting devices, conventionally not depicted, needed for the formation of the given equipment the scheme of intended use.

When studying the work of local exhaust ventilation the temperature fields in the room space 1 are compared with the ventilator 5 switched off and on. The study of the temperature fields in the room 1 in both cases was carried out by measuring the temperature of the air with the thermometer 6 using the coordinate meter 7. For an arbitrary section 1-1 (Fig. 1), under the exhaust outlet, a cutting plane parallel to one of the planes xz of the coordinate meter 7 was carried out. The results of measurements were given by the isotherms in the cutting plane with the measurements of the height of the room h and the coordinate x of the room 1 with a constant value of the coordinate y, that is the width of the room (Fig. 2 a, b).

A comparative analysis of graphic dependencies indicates the significant effect of local exhaust ventilation on the character of the temperature field in the room.

In the absence of local exhaust ventilation (Fig. 2 a) there is a flat character of the isotherm location at a height of h 0.6 m. At this height, the isotherms are slightly constricted and extended upwards when the fan is turned on. In both cases, each of the isotherms has a minimum. In addition, when the fan is on, there is an orderly movement of air up to the exhaust outlet 3, in the upper and middle part of the section 1-1, and in the vicinity of the exhaust conduit isotherms are more damp (Fig. 2 b).
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Fig.2. Isotherms of the cutting plane 1-1
2.  The Comparative Analysis of the Insulation Isotherms Experimental Results
The comparative analysis of (Fig. 2 a) and (Fig. 2 b) makes it possible to analyze the insulation of isotherms, that is, the effect of local exhaust ventilation on the nature of their location in a cutting plane. It is convenient to characterize such a density as the greatest values of the excess of the isotherm height ∆h at a certain interval ∆x; common to the isotherms is the interval ∆x = 0.3 0.8 m.

The values of ∆h for some of the isotherms constructed in cutting plane 1-1 are summa rized in Table 1.
2.1. Solving Model Based on Graphic Dependencies

The values of ∆h for some of the isotherms constructed in cutting plane 1-1 are summa- rized in Table 1.
Table 1. The value of the slope of some isotherms ∆h
	Isotherm
	16.5
	16.6
	17
	18
	19

	∆h, m without a fan
	0.45
	0.11
	0.1
	0.09
	0.08

	∆h, m with a fan
	> 1.4
	0.3
	0.1
	0.11
	0.15


Graphic dependencies, constructed according to the data of Table 1, give an opportunity to determine the effectiveness of exhaust ventilation (Fig. 3).
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Fig. 3. Determination of the field of effective influence of the work of local exhaust ventilation: 
· [image: image12.png]


the work of local exhaust ventilation;

· [image: image13.png]


without with the work of local exhaust ventilation
From analysis of graphic dependencies ∆h = f (t ◦C) we have that the area of the effective influence of the work of the local exhaust ventilation starts at a higher altitude then h > 1.0 m (isotherm of 17◦C).

Almost each of the isotherms has a minimum. In the case of local exhaust ventilation, there is a slight change in the height h of the location of the minimum height value of each isotherm (Table 2), in addition to the isotherm 17◦C, as well as their condensation in the upper part of the room.

Height interval ∆hb of the location of isotherms in the upper part of the room:

-
without the work of local exhaust ventilation for isotherms of interval       17◦C . . . 19◦C value ∆hb = 0.42 m;

-
with the work of local exhaust ventilation for the same isotherm interval of  17◦C . . . 19◦C value ∆hb = 0.28 m.

Table 2. Minimum height values of the isotherm location
	Isotherm
	16.5
	16.6
	17
	18
	19

	∆h, m without a fan
	0
	0.51
	0.83
	1.18
	1.25

	∆h, m with a fan
	0
	0
	1.08
	1.19
	1.3


Height interval ∆hb of the location of isotherms in the lower part of the room:

-
without the work of local exhaust ventilation for isotherms of interval 0◦C    16.7◦C value ∆hb = 0.68 m;


-
with the work of local exhaust ventilation for the same isotherm interval of 0◦C    16.8◦C value ∆hb = 0.23 m.

Thus, there is the decrease in the height interval in the upper part of the room in relation to the lower part of the room without the work of local exhaust ventilation 0.6 times and the increase in the height interval in the upper part of the room in relation to the lower part of the room with the work of local exhaust ventilation 1.2 times.

3. Processing Results by Geometric Method Using Complex Drawing
In the process of scientific research of the thermal field using experimentally obtained isotherms (Fig. 2), it becomes necessary to use those isotherms that are not on the graph. It is possible to construct the necessary isotherms, if we consider such lines as the result of intersection of the surface of the temperature field with the horizontal cutting plane with a given required temperature value.

Let’s show the sequence of construction of an isotherm at a temperature value, for ex- ample, 18.5◦C in the case of local exhaust ventilation system work.

We isolate two neighboring isotherms, in this case the isotherms are with temperature values 18.0◦C and 19.0◦C (Fig. 4).

We construct a complex drawing of the section of the temperature field with values of isotherms 18.0◦C and 19.0◦C (Fig. 5).

Typically, the required lines of level of surface of the temperature field are constructed by passing the cutting plane 18.5 between the planes of level with traces 18 and 19 (Fig. 5).
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Fig. 4. Determination of the field of effective influence of the work of local exhaust ventilation
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Fig. 5. Determination of the field of effective influence of the work of local exhaust ventilation

Taking into account that the surface of the temperature field is smooth, the line of intersection of the temperature field with the cutting plane of level 18.5 is equidistant to the lines, isotherms, with traces 18 and 19 (in Figure 5 it is indicated by a dashed line).

The proposed complex drawing allows determining the temperature of the air at an arbitrary point on the surface of the thermal field.

Let’s construct projections of a point of the temperature field with the value of temperature, for example, t = 18.7◦C at x = 0.3 m (Fig. 6).

The construction is carried out in the following sequence:

1.
First we conduct a trace of the cutting plane at 18.7 (in Figure 6 it is indicated by a dotted-dashed line).

2.
Then we conduct a projection link line at x = 0.3 m perpendicular to the axis Ox.  At the intersection of both lines we obtain point T1, which is a horizontal projection of the temperature value 18.7◦C of surface of the temperature field.

3.
Through the point T1 we pass a section a1 of an arbitrary straight line which intersects the traces of the cutting planes 18.5 and 19.0 at points 11 and 21 respectively.
[image: image7.png]h,om

1,5- i
ST iJ
141\ NN2 T -

NGE
1,3 D

J SN

1,2 ENNT
N [ fo iy o

b of 02| 0304 05 06 07 08 09 10 11 12 xm

18,0
185
19,0

1%




Fig. 6. Constructing projections of a point of the temperature field                           

4.
Their projections 12 and 22 are found on isotherms 18.5 and 19.0, respectively. By connecting the points 12 and 22, we obtain the projection a2 of the section of an arbitrary line a.

5.
Point T2 of the intersection of the projection lines and section a2 is the required point of the temperature field surface with the temperature value of 18.7◦C.
The complex drawing in Figure 5 gives two projections of the temperature field in Oxht0 space. According to such projections, a 3D model of the temperature field, for example, in the work- ing range 18 . . . 19◦C of temperature changes in the room can be constructed by means of graphic information technologies (Fig. 7).

A visual computer model of temperature distribution in the room is also constructed when the coordinate is changed (Fig. 8).

The researches of the air temperature at change of coordinate value show constancy of the pattern of temperature distribution in cutting plane 1-1.

Effective project implementation of the technological process of raising poultry in the direction of conducting comprehensive scientific research also involves identifying the features of the influence of tidal ventilation on the microclimate in the production premises.

In the process of conducting research on the influence of tidal ventilation, the ventilator 5 of the laboratory installation provided air from the air channel 4 and the exhaust outlet 3 to the room 1. The overall picture of the location of the isotherms is the same: all lines have a minimum located within 3 < x <4 m. As with exhaust ventilation, there is an extension of all isotherms without exception. An increase in the speed of supply of inflow air causes a decrease in the height of the maximum value of the temperature in the room.

The trends in the influence of the exhaust ventilation on the nature of the distribution of heat in the room will be considered by the example of the isotherm displacement, in
[image: image8.png]



Fig. 7. Constructing projections of a point of the temperature field
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Fig. 8. 3D model of temperature distribution along the axis
particular 24◦C (Fig. 9).
With an increase in the velocity of the flow of tidal air from 0.1 m/s to 0.2 m/s, the isotherm of 24◦C dropped from a height h = 1.5 m to a height of h = 0.9 m, that is 60%. With an increase in the velocity v of the flow of tidal air from 0.2 m/s to 0.35 m/s it dropped to a height of 0.55 m.

Exceeding ∆h height of isotherm 24◦C across the entire gap ∆x = 0 . . . 7 m is 0.18 m for the velocity of the flow of tidal air v = 0.1 m/s; 0.45 m for v = 0.2 m/s; 0.46 m for v = 0.35 m/s.
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Fig. 9. Effect of the velocity of the inflow air on the location of isotherms
4. Summary And Conclusion
In this paper, we analyzed that the involvement of a project-oriented approach makes it possible to organize the implementation of a project effectively and study the parameters of the microclimate of industrial buildings for the technological process of poultry breeding.

The geometrically grounded method for processing experimentally taken parameters and the determination of those values that it is difficult or impossible to determine in the condi- tions of an experiment is suggested and tested on examples.

The practical significance of the scientific results obtained in the work is to develop a new methodical approach based on the combination of physical and geometric modeling using a constructive device of applied multidimensional geometry, which can be an instrumental basis for the purposeful study of similar technological processes in the production premises of the agro-industrial complex for various purposes.
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