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DEVELOPMENT OF THE ANALITICAL METHOD FOR
NONLINEAR CIRCUITS ANALYSIS WITH THE USE OF
THE ADMITTANCE AND RESISTANCE ORTHOGONAL
COMPONENTS (p. 4-12)

Atef Saleh Al-Mashakbeh
Tafila Technical University, Tafila, Et Tafila, Jordan

A method for the nonlinear electric circuit analysis with the
use of the orthogonal components of instantaneous admittance
and resistance is proposed. The mechanism of the generation
of the admittance orthogonal components of a nonlinear elec-
tric circuit is demonstrated. The analytical expressions for the
components of instantaneous admittance and resistance are
given and analyzed. The balance equations for the components of
instantaneous admittance and resistance are analyzed. On their
basis, the harmonic components of the current of the nonlinear
electric circuit consisting of an active linear and nonlinear resis-
tance, connected in series, are determined. The accuracy and ad-
equacy of the developed method are proved by the comparative
analysis of the current harmonic components calculated with the
use of the proposed method and the ones obtained as a result of
the numerical calculation of the researched circuit mathematical
model. The advantages of the proposed method include its ver-
satility in the use, the possibility to assess the circuit parameters
influence on the current spectrum composition, good adaptation
to the automation of the calculations in the frequency domain,
the ability to obtain the predicted result independently of the
degree of the approximating polynomial and the number of the
analyzed harmonics.

Keywords: instantaneous admittance, instantaneous resis-
tance, frequency domain, electric circuit, nonlinearity, analytical
method.
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We examined a dynamic model of the relationship between
basic parameters and indicators of reliability, taking into consid-
eration the structural and technological elements, for a single-
stage cooling device under various current modes of operation,
thermal load at a temperature difference of 40 K. The ratios
derived allow us to define the time required for a single-stage
of thermoelectric cooling device to enter a stationary mode of
operation, and the temperature of a heat-absorbing junction. The
dependences take into consideration values of a thermal load,
the number of thermoelements, current mode of operation, with
respect to both the mass and heat capacity of the object, and the
mass and heat capacity of structural and technological elements
at heat-absorbing junctions of the module. It was found that the
heat capacity and mass of structural and technological elements
of the module affect not only the time required to enter a station-
ary mode, but the device’s reliability indicators, reducing them
by 2-3 times. The results of analysis of dynamic characteristics
and energy indicators of a single-stage thermoelectric cooler
demonstrated the possibility to control the time required to
enter a stationary mode. Structural control, enabled by select-
ing the number and geometry of the cooler’s thermoelements,
and the mass and heat capacity of the load, makes it possible to
reduce the time required for a thermoelectric cooling device to
enter a stationary mode by up to 2.5 times. Operational control,
executed by changing working current of the cooler, makes it
possible to reduce the time required to enter a stationary mode
by up to 3 times.

Keywords: thermoelectric cooler, stationary mode, tempera-
ture of heat-absorbing junction, reliability indicators.

References

1. Salamova, N. A., Shalumov, A. S., Martynov, O. Yu., Bagaeva, T. A.
(2011). Analysis and provision of the thermal characteristics of
the radio electronic means’ designs using the subsystem ASON-
IKA-T. Successes of modern radio electronics, 1, 42—49.

2. Ndao, S., Peles, Y., Jensen, M. K. (2009). Multi-objective ther-
mal design optimization and comparative analysis of electronics
cooling technologies. International Journal of Heat and Mass



Transfer, 52 (19-20), 4317-4326. doi: 10.1016/j.ijheatmasstrans-
fer.2009.03.069

3. Zebarjadi, M., Esfarjani, K., Dresselhaus, M. S., Ren, Z. F,
Chen, G. (2012). Perspectives on thermoelectrics: from fun-

damentals to device applications. Energy Environ. Sci., 5 (1),
5147-5162. doi: 10.1039/c1ee02497¢

4. Rowe, D. M. (Ed.) (2012). Materials, Preparation, and Charac-
terization in Thermoelectrics. Vol. 1. 1-st ed. Boca Raton: CRC
Press, 552.

5. Sootsman, J. R., Chung, D. Y, Kanatzidis, M. G. (2009).
New and Old Concepts in Thermoelectric Materials. Ange-
wandte Chemie International Edition, 48 (46), 8616—8639.
doi: 10.1002/anie.200900598

6. Thermoelectric modules market. Analytical review (2009). Ros-
BussinessConsalting, 92.

7. Choi, H.-S., Seo, W.-S., Choi, D.-K. (2011). Prediction of reli-
ability on thermoelectric module through accelerated life test
and Physics-of-failure. Electronic Materials Letters, 7 (3),
271-275. doi: 10.1007 /s13391-011-0917-x

8. Wereszczak, A. A., Wang, H. (2011). Thermoelectric Mechanical
Reliability. 2011 Vehicle Technologies Annual Merit Review and
Peer Evaluation Meeting. Arlington, 18.

9. Zhang, L., Wu, Z., Xu, X, Xu, H., Wu, Y, Li, P, Yang, P. (2010).
Approach on thermoelectricity reliability of board-level back-
plane based on the orthogonal experiment design. International
Journal of Materials and Structural Integrity, 4 (2/3/4), 170.
doi: 10.1504/ijmsi.2010.035205

10. Zaikov, V. P, Kinshova, L. A., Moiseev, V. E. (2009). Prediction of
reliability on thermoelectric cooling devices. Kn. 1. Single-stage
devices. Odessa: Politehperiodika, 120.

11. Egorov, V. 1. (2006). Exact methods for solving heat conduction
problems. Sankt-Peterburg: SPb. GU ITMO, 48.

12. Shostakovskiy, P. (2010). Development of thermoelectric cool-
ing systems and thermostating using the computer program
KRYOTHERM. Components and technologies, 9, 113—120.

13. Zaykov, V., Mescheryakov, V., Zhuravlov, Yu. (2017). Analysis
of the possibility to control of the inertia of the thermoelectric
cooler. Eastern-European Journal of Enterprise Technologies,
6 (8 (90)), 17-24. doi: 10.15587,/1729-4061.2017.116005

DOI: 10.15587,/1729-4061.2018.123918
SUBSTANTIATION OF COUNTERVORTEX SPILLWAY
STRUCTURES OF HYDROTECHNICAL FACILITIES
(p. 24-32)
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The construction and reconstruction of waterworks sets a
number of scientific and engineering tasks that require a new
approach to their solution. One of the promising areas for solv-
ing these and a number of other problems is the use of swirling
water flows in hydrotechnical facilities. The article presents
the results of physical simulation of spillway counter-vortex
systems. The model had a damping chamber diameter of 0.15 m
and was tested at a head up to 8 mH,O and a flow rate up to
0.11 m3/s. As a result of the conducted experiments, the values
of the flow coefficient of the entire system were obtained. The
water-carrying capacity was determined for several modes of

operation of the model by means of a combination of switching
valves that brought water to the inlet nozzles of the model. In
addition, a change in the mode of operation of the model was
carried out by changing the vacuum in the near-vortex zone of
the counter-vortex flow in a wide range.

A self-similarity of the flow coefficient by the head and the
Reynolds number has been established. The physical modelling
has made it possible to formulate a well-grounded approach to
the hydraulic calculation of counter-vortex spillway systems.
One of the most important issues studied experimentally in the
process of the described hydraulic tests was the determination
of the energy damping capacity of counter-vortex spillways,
reflecting their effectiveness. The energy damping capacity was
determined by the energy damping factor, reduced to the general
head in the model. The article presents the main schemes of local
water flow swirlers for the formation of a counter-vortex flow,
which can be used in hydrotechnical practice. Some of their
geometric and hydraulic characteristics are considered. A simpli-
fied scheme of hydraulic calculation of a counter-vortex spillway
structure for various types of swirlers and constructive solutions
of a spillway system (an open type or an underground tunnel) is
proposed. The authors compared the efficiency of the proposed
method for damping the energy of the spillway flow and the hy-
draulic scheme with a sudden expansion of the flow according to
the Borda formula. The counter-vortex method of damping the
energy of the transit flow has a much higher efficiency in com-
parison with sudden expansion. The study suggests directions
for further research on complex counter-vortex flows.

Keywords: hydraulics, hydraulic spillways, swirling flow,
swirler, speed /velocity, flow rate.

References

1. Huang, G., Hu, H., Wang, C., Du, L. (2017). Shock waves and
water wing in slit-type energy dissipaters. Journal of Hydrody-
namics, Ser. B, 29 (3), 504-509. doi: 10.1016/s1001-6058(16)
60762-x

2. Chen, H., Xu, W,, Deng, J., Niu, Z., Liu, S., Wang, W. (2010).
Theoretical and Experimental Studies of Hydraulic Charac-
teristics of Discharge Tunnel with Vortex Drop. Journal of
Hydrodynamics, Ser. B, 22 (4), 582-589. doi: 10.1016/s1001-
6058(09)60091-3

3. Gur'ev, A. P, Hanov, N. V,, Volgin, N. A. (2015). Vliyanie kon-
struktivnyh parametrov vodoboynogo kolodca na gashenie ener-
gii potoka. Prirodoobustroystvo, 4, 48—51.

4. Sudol’skiy, G. A. (2016). Gidravlicheskie issledovaniya dlya
obosnovaniya konstrukeii stupenchatogo vodosbrosa Boguchan-
skoy GES. Gidrotekhnicheskoe stroitel’stvo, 8, 21-30.

5. Wu, J., Yao, L., Ma, E, Wu, W. (2014). Hydraulics of a multiple
slit-type energy dissipater. Journal of Hydrodynamics, Ser. B,
26 (1), 86-93. doi: 10.1016,/51001-6058(14)60010-x

6. Ma, F, Xu, Z., Wy, J. (2015). Flow choking over weir flow slit-
type flip buckets. Journal of Hydrodynamics, Ser. B, 27 (6),
907-912. doi: 10.1016/s1001-6058(15)60553-4

7. Nan’ Fen, Kozlov, D. V., Rumyancey, 1. S. (2015). Gidravli-
cheskie issledovaniya stupenchatyh vodosbrosov razlichnyh
konstrukeiy. Gidrotekhnicheskoe stroitel’stvo, 8, 29-37.

8. Bayon, A., Toro, J. P, Bombardelli, F. A., Matos, J., Lopez-
Jiménez, P. A. (2017). Influence of VOF technique, turbulence
model and discretization scheme on the numerical simulation of
the non-aerated, skimming flow in stepped spillways. Journal of
Hydro-Environment Research. doi: 10.1016/j.jher.2017.10.002



9. Messa, G. V, De Lima Branco, R., Filho, J. G. D., Malavasi, S.
(2018). A combined CFD-experimental method for abrasive
erosion testing of concrete. Journal of Hydrology and Hydrome-
chanics, 66 (1), 121-128. doi: 10.1515/johh-2017-0042

10. Zamankhan, P. (2015). Simulation of Cavitation Water Flows.
Mathematical Problems in Engineering, 2015, 1-16. doi: 10.1155/
2015/872573

11. Sliva, I. V,, Lapin, G. G. (2017). Avariya na vodosbrosnyh sooru-
zheniyah gidrouzla Orovill. Gidrotekhnicheskoe stroitel’stvo,
11, 44-51.

12. Lempériere, F (2017). Dams and Floods. Engineering, 3 (1),
144-149. doi: 10.1016/j.eng.2017.01.018

13. Dehdar-behbahani, S., Parsaie, A. (2016). Numerical modeling of
flow pattern in dam spillway’s guide wall. Case study: Balaroud
dam, Iran. Alexandria Engineering Journal, 55 (1), 467-473.
doi: 10.1016/j.a¢j.2016.01.006

14. Zuykov, A. L. (2010). Gidrodinamika cirkulyacionnyh techeniy.
Moscow: Izd-vo ASV, 216.

15. Volshanik, V. V., Zuykov, A. L., Orekhov, G. V., Churin, P. S.
(2013). Propusk holostyh raskhodov cherez turbinnyy blok
sredne- ili vysokonapornoy GES (Chast’ 1). Gidrotekhniches-
koe stroitel’stvo, 4, 51-56.

16. GOST 8.009-84. Gosudarstvennaya sistema obespecheniya
edinstva izmereniy. Normiruemye metrologicheskie harakteris-
tiki sredstv izmereniy (2006). Moscow.

17. Volshanik, V. V,, Zuykov, A. L., Mordasov, A. P, Krivchenko, G. I.
(1990). Zakruchennye potoki v gidrotekhnicheskih sooruzheni-
yah. Sankt-Peterburg: Energoatomizdat, 280.

18. Shchukin, V. K., Halatov, A. A. (1982). Teploobmen, massoob-
men i gidrodinamika zakruchennyh potokov v osesimmetrich-
nyh kanalah. Moscow: Mashinostroenie, 200.

19. Gidravlicheskie raschety vodosbrosnyh gidrotekhnicheskih
sooruzheniy (1988). Moscow: Energoatomizdat, 233—248.

20. Orekhov, G. V. (2008). Vodnye ob’ekty na urbanizirovannyh
territoriyah i inzhenernye sistemy aeracii i zamknutogo vodoo-
borota. Ekologiya urbanizirovannyh territoriy, 2, 88—93.

21. Zuykov, A. L., Orekhov, G. V., Volshanik, V. V. (2013). Raspre-
delenie azimutal'nyh skorostey v laminarnom kontrvihrevom
techenii. Vestnik MGSU, 5, 150-161.

22. Pilipenko, O. V. (1982). Dinamicheskie harakteristiki trubopro-
vodov pri vrashchatel'no-postupatel’'nom dvizhenii zhidkosti s
obrazovaniem kavitacionnoy polosti. Gidrodinamika energet-
icheskih ustanovok. Kyiv: Naukova dumka, 94—100.

DOL: 10.15587,/1729-4061.2018.120546

ADVANTAGES OF USING CHANNELS WITH
DIFFERENT CORRUGATION HEIGHT IN THE PLATE
HEAT EXCHANGERS (p. 33-38)

Gennadii Khavin

National Technical University «Kharkiv Polytechnic Institute»,
Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0002-4340-7615

Tatiana Babak

National Technical University «Kharkiv Polytechnic Institute»,
Kharkiv, Ukraine

ORCID: http//orcid.org/0000-0003-2944-5110

In the case when there is a difference in consumption on
the side of the cold and hot heat carriers, the use of channels
with the same corrugation height in one heat exchanger leads

to a decrease in velocity of the heat carrier on the side with low
consumption.

Low velocity contributes to appearance of deposits on the
heat transfer surface, which leads to disruption of operation
mode of the apparatus and a forced clean-up stop. In case of using
channels with a different corrugation height (cross-section area),
velocities in the channels are aligned and intensity of emergence
and growth of contamination falls sharply. It also allows us to
reduce the heat transfer surface area of the apparatus and fully
implement permissible pressure losses on the sides of the heat
exchanger. For designing of heat exchangers of this structure, the
authors developed the mathematical model that allows making
calculations of heat exchangers for assigned operation conditions
with the use of geometrical data of the plates, thermophysical
properties of heat carriers and criterial equations for plates of
the selected type.

The calculation algorithm involves determining of the ratio
between corrugation heights. Practical value lies in the fact that
the proposed approach makes it possible to extend the service life
of the heat exchanger prior to a maintenance stop. This enables
provision of continuity of the technological process and decreases
operation costs. Calculation of the heat exchanger of hot water
supply by the parallel scheme of attachment to heating networks
and the heat exchanger of stage 1 of the two-stage hybrid scheme
was presented. Calculation data indicate a decrease in the heat
transfer surface area compared to heat exchangers with channels
of equal height, full realization of pressure losses and their align-
ment in the channels, which facilitates an increase in resistance to
contamination of the plates’ surface.

Calculation showed the advantage of using apparatuses with
channels of different cross-section area. The higher the ratio be-
tween consumption of heat carriers in the channels, the stronger
this advantage.

Keywords: plate heat exchangers, corrugation height, heat
transfer analysis, resistance to contamination, hot water supply.
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Based on the classical method for calculating parameters
of gas pipelines using electrohydraulic analogy, a mathematical

model of the object, the process of gas transmission in an industrial
pipeline, has been developed. The study subject was the change
of gas temperature after its passing through a throttling device
which brings about thermal pump effect in the receiving strand
of the gas pipeline. It was proposed to use gas-dynamic thermal
pumps to minimize the risk of plug and hydrate formation in the
gas pipeline of Kharkivtransgaz Co. It was shown that the change
of the ground body temperature by #10 °C in the 20 km long gas
transmission section of the multi-strand pipeline system causes a
change of gas pressure by 5-15 %. A theoretical-empirical formula
for determining the Joule-Thomson coefficient was derived which
allows one to estimate the thermal pump effect on the energy
and thermobaric parameters of nonstationary gas transmission
processes. It was determined that the integral coefficient of per-
formance (COP) for the network system of multi-strand pipelines
including gas-dynamic thermal pumps varies within the range
of 1.00-1.09 depending on the ambient temperature (0-20 °C).
The principles of constructing the topology of the diagram of the
gas pipeline with bridges and branches which, due to the use of
the thermal pump effect, ensures a minimal risk of plugging and
hydration consist in activation and regulation of the energy-
transforming and heat exchange processes in the sections of the
network system. This is achieved by introduction of additional
throttling devices in front of the bridges and branches of the pipe-
line and by checking for proximity and bordering with critical
temperatures of plug and hydrate formation.

Keywords: gas transmission system, inter-strand bridge,
throttle effect, thermal pump, electrohydraulic analogy, math-
ematical model of gas transmission in pipelines.
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We substantiated design and construction-technological
solutions for increasing the energy efficiency of thermomodern-
izable buildings and structures based on the conducted calcula-
tion-and-experimental and numerical studies. We investigated
effective structural parameters and material of examined ele-
ments of a thermomodernization system of residential buildings
and structures, which started their operation before the 90-ies
of the last century. We proposed a number of innovative design
and construction-technological solutions for the thermomod-
ernization of residential buildings and structures that provide
simultaneous modernization of a system of central water heating
and facade insulation. Distribution of the temperature field in-
side a building structure, temperature on the surface of a facade
thermal insulation at variation of its thickness by different forms
of making of new indents, where new pipelines of a two-pipe sys-
tem of a central water heating are located, were investigated. In
particular, we established that such placement of pipelines makes
it possible to reduce heat losses from these pipelines significantly
(by up to 74 %) comparing with the placement in a layer of fa-
cade insulation at the side of a wall. We investigated the depen-
dence of the cooling time of a heat-transfer agent temperature to
0 °C at the complete cessation of its flow through pipelines on
the thickness of a thermal insulation. We determined experimen-
tally the minimum thickness of a facade insulation layer, which is
50 mm, for the studied temperature mode and operating condi-
tions, as well as for characteristics of the materials used, the
geometry of pipelines and the facade insulation.

We obtained the optimum thickness of a facade insulation
layer, which is 100 mm. It provides up to a 100 % freeze protec-
tion of pipelines even when a heat-transfer agent movement
stops for more than 24 hours. We established that an increase in
the thickness of a facade heat insulation contributes to the ad-
ditional drainage of a building structure, which leads to improve-



ment of thermal characteristics of the thermomodernized build-
ing. The study showed that the developed innovative design
and construction-technological solutions lead to a significant
reduction in the energy consumption of existing buildings and
structures of the housing stock, which has been in operation for
longer than 30 years, and contribute to maintaining comfortable
living conditions.

Keywords: thermomodernization of buildings and struc-

tures, facade, energy efficiency, thermal insulation, water heating
system.
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We propose a method for creating optimum temperature
microclimate modes at livestock facilities of different functional
purpose by using a multi-layer heating floor. A structural math-
ematical model was constructed that makes it possible, under a
preset operation mode of m-tiered tubular heaters, with respect
to thermal conductivity of each layer of heat-generating mod-
ules, to define structural heat engineering parameters. We have
obtained a general solution to the boundary value problem on
determining the distribution of a steady temperature field in the
multi-layered structure of MEHHS in the form of a prism with
randomly arranged tubular heat sources.

The respective mathematical model of MEHHS that was
developed solves the task on the optimization of formation of
temperature parameters of the heating floor surface with an
accuracy to 0.5-1 °C. We have studied the model of automated
MEHHS for effectiveness of resource-saving electrotechnology
and for techniques for creating optimal thermal parameters of
the heating floor surface in technologically-active zones (TAZ)
at a livestock facility. It is proposed to substantiate parameters of
MEHHS systems in terms of creating automated means to form
the microclimate at PF in the agricultural sector that would en-
able structural-functional control over energy fluxes of power
to STH of MEHHS under the mode consumer-regulator, which
could ensure preset levels of temperature at the heating floor
surface at livestock facilities of different functional purpose.

Keywords: temperature fields, heating floor, heat-generating
modules, tubular heaters, layered structure.
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The work addresses the issue of solving a scientific-applied
task on the substantiation of operation modes of the solar fruit
dryer in order to improve energy efficiency of the technological
process of fruit drying for small amounts of fruit processed at
private farms.

We have explored the use of solar energy for fruit drying
at the latitude of the location of Rivne oblast, Ukraine, which
has the average annual solar radiation power of the order of
3.41 kW-h/m? per daylight. This makes it possible to receive
from 1.5 to 2.3 kW-h of energy per day from the air collector
area of 1 m2,

The series of analytical and experimental studies that we
conducted has confirmed the possibility for a significant in-



tensification of the process of fruit drying in the solar dryer.
Compared with modern convective drying devices, the specific
energy consumption when drying the fruit in the solar dryer is
reduced by 3..3.7 MJ/kg. The degree of intensification grows
by 3.3..12 times compared to drying devices of the mine and
tunnel types. Such results were achieved by implementing the
proposed design of a flat mirror concentrator, to enhance the
slanting fluxes of morning and evening sun irradiation, and a
heat accumulator, based on pebbles, for accumulating at night
the excessive heat from the reserve source of energy.

It was established that regardless of a blanching technique
for fruit raw materials, the duration of drying in the solar dryer
varies depending on physical parameters of the environment.
In the process of drying, the experiments were carried out at
a temperature of 289.15...333.15 K, and the duration of drying
was from 50 to 74 hours. We have analyzed the effect of opera-
tional parameters on a change in the chemical indicators and
quality of the dried fruit. Specifically, the content of vitamin C,
which was 5.2 mg/% for pear, and 4.3 mg/% for apple. The
acidity was 0.29 % for pear, and 0.46 % for apple. The content
of dry nutrients was 87.5 % for pear, and 85.9 % for apple. The
sugar content of fruit raw materials was 59.36 % for pear, and
57.8 % for apple.

Keywords: solar energy, solar dryer, temperature-humidity
fields, heat mass transfer, intensification, convective drying.

References

1. Khazimov, Z. M., Bora, G. C., Khazimov, K. M., Khazi-
mov, M. Z. (2014). Modeling of the motion of free convec-
tive drying agent in plastic helio dryer. Journal of Engineer-
ing Thermophysics, 23 (4), 306-315. doi: 10.1134,/s181023
2814040080

2. Kituu, G. M., Shitanda, D., Kanali, C. L., Mailutha, J. T.,, Njoro-
ge, C. K., Wainaina, J. K., Silayo, V. K. (2010). Thin layer drying
model for simulating the drying of Tilapia fish (Oreochromis

niloticus) in a solar tunnel dryer. Journal of Food Engineering,
98 (3), 325-331. doi: 10.1016/j.jfoodeng.2010.01.009

. Janjai, S., Phusampao, C., Nilnont, W., Pankaew, P. (2014).

Experimental performance and modeling of a greenhouse solar
dryer for drying macadamia nuts. International Journal of Sci-
entific & Engineering Research, 5 (6), 1155-1161.

. Manoj, M., Manivaimair, A. (2013). Simulation of solar dryer

utilizing green house effect for cocoa bean drying. International
Journal of Advanced Engineering Technology. 2013. Vol. 4, Issue
2. P.24-27.

. Holmanskiy, A. S., Tilov, A. Z., Tyuhov, I. I. (2012). Issledovanie

kinetiki sushki rastitel'nyh pishchevyh produktov. Vestnik Ros-
siyskoy akademii sel’skohozyaystvennyh nauk, 2, 15-17.

. Goyal, R. K,, Kingsly, A. R. P, Manikantan, M. R,, Ilyas, S. M.

(2007). Mathematical modelling of thin layer drying kinetics
of plum in a tunnel dryer. Journal of Food Engineering, 79 (1),
176-180. doi: 10.1016/j.jfoodeng.2006.01.041

. Azimi A, Tavakoli T, Beheshti H. K., Rahimi A. (2012). Experi-

mental Study on Eggplant Drying by an Indirect Solar Dryer
and Open Sun Drying. Iranica Journal of Energy & Environ-
ment, 3 (4), 347-353. doi: 10.5829/idosi.ijee.2012.03.04.14

. Korobka, S. V. (2014). Heliosusharka z teplovym akumuliato-

rom: Pat. No. 97139U UA. MPK A23L3/00. No. UA 97139U;
declareted: 26.12.2014; published: 25.02.2016, Bul. No. 4, 3.

. Korobka, S., Babych, M. (2017). Substatiation of the construc-

tive-technologocal parameters of a solar fruit dryer. Eastern-
European Journal of Enterprise Technologies, 1 (8 (85)), 13—19.
doi: 10.15587,/1729-4061.2017.90299

. Korobka, S., Babych, M., Krygul, R., Tolstushko, N., Tolstush-

ko, M. (2017). Research into technological process of convec-
tive fruit drying in a solar dryer. Eastern-European Journal of
Enterprise Technologies, 3 (8 (87)), 55-63. doi: 10.15587/1729-
4061.2017.103846

. NASA Surface meteorology and Solar Energy. Available at:

https://eosweb.larc.nasa.gov/



