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The research is devoted to the development of a fuzzy model for 
assessing the technical condition of power oil transformers based on 
the DGA. The parametric identification of optimal values of mem-
bership functions of fuzzy terms for linguistic variables is carried out 
to increase the reliability and objectivity of fault identification. For 
this purpose, it is proposed to use the theory of fuzzy sets, the nonlin-
ear optimization method. A comparative analysis of the fuzzy simu-
lation results for the technical condition with the fault diagnostic 
results on existing power transformers has confirmed high efficiency. 
The diagnostic accuracy of the adapted fuzzy model for the technical 
condition assessment of power transformers is 97 %, which is accept-
able in the power transformers diagnostic. The developed model will 
be used for further research on the development of an algorithm for 
making effective decisions regarding the operation strategy of power 
transformers and preventive control of the subsystem operation of 
electric power systems. The obtained results of the fuzzy simula-
tion for the technical condition assessment of power transformers 
give grounds to assert regarding the possibility of implementation 
in software of operation risk analysis of electric power systems for 
power supply companies.

Keywords: power transformer, dissolved gas analysis (DGA), 
technical condition assessment, fuzzy model, membership function.
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Employing the proposed procedure in the control algorithm 
over electromotive system of the device made it possible to enable 
an energy-efficient change in power voltage at a constant frequency 
and partial loads. 

Keywords: autonomous swimming apparatus, control algo-
rithms, power losses, baro-unloaded propulsion asynchronous elec-
trical motor.
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Ensuring the maximum possible navigation range and duration 
of autonomous functioning of an unmanned swimming apparatus 
for special purposes was solved by minimizing energy consumption 
of the electromotive system. In order to achieve it, we proposed a 
procedure for the estimation of power losses at different static loads 
and power voltage of the asynchronous baro-unloaded motor of an 
autonomous swimming device. Special features of the procedure 
include determining an essentially descending character, loading 
characteristics of a baro-unloaded asynchronous motor of low 
capacity; determining the values for magnetic flux of the induc-
tion motor, at which under steady operational modes and a partial 
load, the total power losses are minimal; establishing dependences 
of performance efficiency and the stator current when controlling 
voltage at different loads.
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In the present research, it is proposed to use the methods of 
mathematical modeling of filtering flow taking into account a special 
type of boundary conditions, characteristic for underground stor-
ages, peculiarities of geometry and variable characteristics of perme-
ability of the medium, viscosity and density of fluid. 

The specified models found numerical implementation using the 
over-relaxation method for the Dirichlet problem with a special type 
of boundary conditions.

As a result of the performed calculations, it was found that 
regardless of the model of filtering flow and the number of zones 
of fluid penetration through the boundary zone, the impact of exis-
tence of these zones is tangible only in the vicinity of these zones, i. 
e. existence of outflows on the height of the well’s area almost does 
not affect parameters of the stream at the bottom of this area, the 
difference in the calculation results is less than 0.5 %. This makes 
it possible to conclude that detection of the outflow coordinate, as 
well as of the fact of its existence, is impossible within the Darcy and 
Forchheimer models. 
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We examined a model of transient processes for the thermoelectric 
cooler and performed its analysis when the device operated under a 
non-stationary mode. It is shown that the consideration of various 
factors influencing the transition process of a thermoelectric cooler 
comes down to the control over temperature of a thermoelement junc-
tion and to the variation of a heat load. The developed model connects 
thermophysical and structural parameters of the thermoelement, ex-
ternal load and operating current. The model employs the constraints: 
branches of thermoelements possess identical thermophysical param-
eters, side surfaces of the cooler are thermally insulated. 

An analysis of the model revealed the influence of working cur-
rent density on the temperature difference and the inertia of thermo-
elements. We determined conditions under which, by changing the 
magnitude of operating current, it is possible to minimize the time 
of transition of temperature difference of the thermoelement to the 
stationary state, typical of the systems for ensuring heat regimes of 
thermally-loaded components. The results obtained could serve as a 
basis for the creation of control system over dynamic characteristics 
of the thermoelectric cooler. 

Keywords: thermoelectric cooler, non-stationary mode, tem-
perature difference, control over inertia.
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The study has helped create a device by developing the design 
of a sensor to control the fire brightness of a coal burner as well as 
by using the electronic circuit of an information processing unit. The 
proposed optical fiber transformer design provides a comparison of 
the brightness of adjacent areas and the total area of a separate torch, 
and it increases the viewing angle of the sensor up to 20 degrees. A 
third channel has been introduced to correct measurements, tak-
ing into account the radiation of combustion products that hinder 
the accuracy of the measurement. The study has determined the 
radiation spectrum of combustion products in the furnace and their 
dependence on the temperature of the flame.

It has been revealed that the developed optical fiber sensor in-
creases the area of the controlled flame, which increases the accuracy 
of control. The presence of a “window” in the logic source block will 
help adapt the device to the temperature and location of burners in 
the furnace.

The design of the optical fiber transformer and some nodes of 
the electronic unit can be used in the development of serial combus-
tion control devices for coal burners. The use of CCD matrices will 
help achieve future two-coordinate control of the burner flame and 
increase the selectivity and performance of the device.

Keywords: torch, burner, optical control, combustion products, 
pulverized fuel, spectrum, furnace.

References 

1.	 Navrotsky, B., Sukhin, E. (2004). About Natural Gas Losses. Scien-
tific Bulletin of the National Technical University of Oil and Gas,  
2 (8), 168–171.

2.	 Fedutenko, A. (1997). Planning of gas recovery regimes from UGS. 
Gas industry, 12, 44–45.

3.	 Tek, M. R. (Ed.) (1989). Underground Storage of Natural Gas. 
Springer Science & Business Media, 458. doi: 10.1007/978-94- 
009-0993-9 

4.	 Boyko, V. (2002). Underground repair of wells. Ivano-Frankivsk, 
465.

5.	 Bulatov, A. (2009). Detective biography of tightness of crepes of oil 
and gas wells. Krasnodar: Education – South, 862. 

6.	 Galia, P., Semchyshyn, A., Susak, А. et. al. (2004). Analysis of the effi-
ciency of replacement of the fountain pipes of wells of the Dashavsky 
PSG to a larger diameter. Scientific Bulletin of the National Techni-
cal University of Oil and Gas, 2 (8), 181–185. 

7.	 Shimko, R., Vecheryk, R., Khayetsky, Yu., Fedutenko, A., Shvachen-
ko, I. (2002). Ensuring reliable functioning of the UGS Ukrtransgas. 
Oil and gas, 4, 40–43.

8.	 Anyadiegwu, C. I. C. (2013). Model for detection of gas loss by leak-
age from the gas storage reservoir. Academic Research International, 
4 (3), 208–214. 

9.	 Rampit, I. A. (2004). About measurements emanation of soil factor. 
ANRT, 3, 51–52.

10.	 Report on the research work “Technological project of cyclic 
operation of the Dashavsky Substation” (1999). Kharkiv: UKRN-
DIGAZ, 282.

11.	 Leibenzon, L. (1947). Movement of natural liquids and gases in a 
porous medium. Мoscow: Gostekhizdat, 244. 

12.	 Silva, E. J. G., Tirabassi, T., Vilhena, M. T., Buske, D. (2013). A 
puff model using a three-dimensional analytical solution for the 
pollutant diffusion process. Atmospheric Research, 134, 131–136.  
doi: 10.1016/j.atmosres.2013.07.009 

13.	 Semubarinova-Kochina, P. (1977). The theory of groundwater move-
ment. Мoscow: Science, 664. 

14.	 Tek, M. R. (1996). Natural Gas Underground Storage Inventory and 
Deliverability. Pennwell Publishing, 375. 

15.	 Leontiev, N. (2009). Fundamentals of the theory of filtration. 
Мoscow: In the Applied Studies at the Faculty of Mechanics and 
Mathematics of Moscow State University, 88.

16.	 Oliinuk, A., Panchuk, M. (1992). Mathematical modeling of non-
stationary filtration for the purpose of estimating the physical and 
mechanical properties of soils in the pipeline. Sb. Schools XI of the 
Interuniversity School of Seminar “Methods and Tools for Technical 
Diagnostics”. Ivano-Frankivsk, 137–140.

17.	 Samarsky, A. (2005). Mathematical modeling. Ideas. Methods. Ex-
amples. Мoscow: Fizmatlit, 320.

18.	 Shkadov, V., Zapiryan, Z. (1984). Flows of a viscous fluid. Мoscow: 
Moscow Universities, 200.

19.	 Sedov, P. (1983). Mechanics of complex media. Мoscow: Science, 
528.

20.	 Sahoo, B. K., Mayya, Y. S. (2010). Two dimensional diffusion theory 
of trace gas emission into soil chambers for flux measurements. Agri-
cultural and Forest Meteorology, 150 (9), 1211–1224. doi: 10.1016/ 
j.agrformet.2010.05.009 

21.	 Oliinuk, A., Steiner, L. (2012). Investigation of the effect of relax-
ation parameters on the convergence of the numerical method of 
successive upper relaxation for the Dirichlet problem. Carpathian 
Mathematical Publications, 4 (2), 289–296.

22.	 Young, D. (1954). Iterative methods for solving partial difference 
equations of elliptic type. Transactions of the American Mathemati-
cal Society, 76 (1), 92–92. doi: 10.1090/s0002-9947-1954-0059635-7 



67

Abstract and References. Energy-saving technologies and equipment

At present, the processes of diagnosing the degree of fuel at-
omization by injectors are carried out either using too complicated 
and expensive methods, or at a basic, visual level with conclusions 
about the injector efficiency. Based on the analysis of the methods 
of diagnostics of diesel engine injectors, the method of fractal diag-
nostics, which does not require the verification of elements either on 
a working engine, or with the use of complex and expensive devices 
is proposed.

The research has shown the effectiveness of the proposed quan-
titative fractal diagnostics to assess the wear rate of diesel engine 
injector nozzles. The proposed method of fractal diagnostics of the 
degree of fuel atomization by injectors can be divided into the fol-
lowing stages: getting an image of the spot of fuel atomized by an 
injector, allocation of the area for the fractal analysis and dimension-
ing, image segmentation, generation of features and comparison with 
the reference image.

The experimental research using the method of fractal diagnos-
tics of the degree of fuel atomization by diesel engine injectors is 
carried out. On the basis of experimental data, the fractal dimension 
of the spot of fuel atomized by the diagnosed injector allows drawing 
conclusions about the readiness of injector operation on an engine or 
about the need for repairing such an injector.

Keywords: fractal diagnostics, degree of fuel atomization, injec-
tor, fractal modeling, computer model support.
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We report results of experimental research into effects of heat 
treatment of different plant materials in a microwave field. The ef-
fects of seed bio-stimulation are investigated, as well as features of 
drying and the influence of thermal treatment on the properties of 
moistened straw. A procedure is proposed for calculating a threshold 
time of seed exposure to a microwave field, compiled on the basis of 
hypothesis on the emergence of a bio-stimulation effect. We identi-
fied a cascade pressure growth in a container with humid grain when 
the layer’s temperature exceeds 70 оС. The moisturizing effect of the 
lower layer of grain was established during its drying in MW field 
under conditions of a leakproof bottom. It is shown that at an initial 
moisture content in grain of 20 %, after 14 minutes of drying, the 
moisture content of the upper layer reached 15.5 %, of the middle 
layer – 14.5 %, of the lower layer – 21.6 %. 

It was established that performance efficiency of a microwave 
chamber substantially depends on the loading volume, material’s 
type, and moisture content. The chamber’s performance efficiency 
while heating water can reach 90 %, the chamber’s performance ef-
ficiency when loaded with grain does not exceed 67 %. To estimate 
energy effectiveness of using microwave energy, a dependence is pro-
posed, which includes power output of the magnetron, load volume, 
and the value of performance efficiency. Dependences for the calcula-
tion of performance efficiency when loading a material are proposed 
to be established experimentally. 

Keywords: microwave energy, heating, plant tissue, bio-stimula-
tion, drying, performance efficiency.
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removal from gatch. In the experiment, technical propane with the 
content of the main component of 91–96 % by weight was used as 
the coolant, the rest was made up by hydrocarbon impurities. To 
determine the composition of the coolant, chromatographic method 
for separation of hydrocarbons was used.

The impact of propane quality on total pressure of coolant vapor 
in the refrigeration cycle was determined. Impurities were found to 
contribute to an increase in total pressure and temperature in evapo-
ration and condensation processes.

A decrease in propane content in the coolant from 95 % by 
weight to 89 % by weight leads to an increase in pressure in condens-
ers from 57 to 86 kPa, in condensers – from 1,385 to 1,524 kPa. At 
the same time, there is an increase in temperature of evaporation and 
condensation by 4–5 oС.

Contribution of each separate impurity to total pressure of 
saturated vapors of the coolant in evaporators and condensers was 
determined. The most harmful impurities are ethane and butane. 
Ethane and methane under conditions of cold production are in 
gaseous state and increase total pressure in the refrigeration cycle. 
The content of methane in the raw material mixture does not ex-
ceed 0.03 % by weight, which is why its impact on total pressure 
is negligible. 

Butanes form a liquid film on the surface of the equipment, 
worsen heat exchange processes, and contribute to an increase in the 
total pressure. 

Propylene behaves in the system as a coolant and its impact on 
total pressure is insignificant.

The impact of hydrocarbon impurities on operation of refrig-
eration department was established. The impurities differently af-
fect operation of the equipment, however, on the whole, this impact 
is negative. 

An increase in amount of impurities in the coolant contributes to 
an increase in power consumption of the compressor, worsens com-
pression process and increases consumption of electricity.

A decrease in propane content in the raw material mixture 
from 97 % to 95 % leads to an increase in total thermal loading 
on the condenser and the refrigerator by 1.7 %. This causes ad-
ditional material and energy consumption in the course of cold 
production. 

Keywords: refrigeration unit, refrigeration equipment, propane 
coolant, hydrocarbon impurities, vapor pressure.
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