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The object of research is the technical condition and bearing 
capacity of reinforced concrete structures of buildings and structures 
after power and high-temperature influences. Calculation methods, 
which are recommended by the current regulatory documents of 
Ukraine, do not always allow to correctly predict the growth of 
structural deformations and assess the real stock of bearing capacity.

One of the most problematic places is the calculation of struc-
tures working under forced displacements of supports and/or pos-
sible high-temperature influences. The situation is further aggra-
vated by the fact that calculations are carried out, as a rule, using 
non-deformable schemes.

Strengthening of structures of buildings that have suffered dam-
age after various impacts is usually carried out using metal elements. 
At the same time, the main thing remains to perform structural analy-
sis for the justified purpose of the sections of reinforcing elements.

In the course of the study, various methods were used, primar-
ily modeling the operation of structures using the finite element 
method and modern computer systems. This is due to the fact that 
the proposed method for solving the problem has a number of fea-
tures, in particular, it allows determining the distribution of forces 
in the building elements after changing the stiffness characteristics 
or introducing additional core elements into the design scheme. In 
the course of solving the problem, the appearance and development 
of cracks is modeled by changing the stiffness characteristics of the 
elements.

The efforts that could have arisen in the elements of the building 
and reinforcement are obtained. Thanks to this, it is possible to make 
decisions about the possibility of further operation, reinforcement or 
replacement of structures. Changing the conditions of consolidation 
is considered as action on the part of the foundation. Compared with 
similar well-known calculation methods, this approach makes it pos-
sible to predict changes in the technical condition over time, that is, 
taking into account changes in fixing conditions and characteristics 
of building materials will allow a more reasonable approach to as-
sessing the stress-strain state and the residual life of the structure or 
structure as a whole.

Keywords: reinforced concrete elements of buildings and struc-
tures, deflections of weakly armored elements, structural analysis, 
residual life.
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The object of research is the processes of hydroaerodynamics 
and heat and mass transfer that occur when icing the aerodynamic 
surfaces of aircraft during flight in adverse weather conditions. One 
of the problem areas in the development of software and methodo
logical support that allows to simulate the icing processes, there 
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are difficulties in the transition to solving the problem in three-
dimensional formulation. As well as the presence of contradictions in 
existing methods in describing the physical picture and, accordingly, 
the thermodynamics of the process of ice growth.

During the study, experimental and analytical methods were 
used to study the physical processes of ice growth on streamlined 
surfaces, based on a phased analysis of the interaction of supercooled 
droplets with the surface and their subsequent freezing at the wing 
edge. The proposed model of the process of ice growth is based on the 
use of the method of surface control volumes, based on the equations 
of continuity, conservation of momentum and energy. Based on the 
new experimental data obtained on the physics of icing, it is proposed 
to separate the processes of the formation of a bulk ice-water struc-
ture and subsequent complete freezing of this structure separately in 
the methodology for modeling ice growth. At the first stage of the 
fluid crystallization process, as part of the step on the icing time, the 
supercooled fluid contained in the droplets that fall on the stream-
lined surface passes into a state of thermodynamic equilibrium. That 
is, the latent heat of solidification released during the formation of 
an ice fraction in the ice-water structure will be equal to the internal 
heat required to heat the supercooled fluid from the temperature of 
the droplets to the temperature of the phase transition. At the second 
stage, the water contained in the ice-water structure will freeze due 
to heat loss by convection, evaporation, sublimation, thermal con-
ductivity (minus the latent heat of solidification, kinetic and aero-
dynamic heating). It should be noted that the water that will freeze 
will also fetter the spatial ice structure. In this case, the method of  
successive approximations is applied to determine the direction  
of fluid movement along the streamlined surface.

Compared with the well-known traditional methods, this ap-
proach makes it possible to take into account to a greater extent 
the real physical processes of icing of aerodynamic surfaces that are 
extremely complex for mathematical description.

The results can be used to optimize the operation of anti-icing 
systems and determine ways to reduce energy costs during the opera-
tion of such systems.

Keywords: icing of aerodynamic surfaces, icing protection sys-
tems, mathematical modeling of the ice growth process.
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The object of research is the process of ensuring 24-hour com
pliance with the technical specifications of the aerodynamic runway 
illumination. Under these conditions, the existence of a diffuse 
structure of the process of heat transfer of the working fluid and light 
radiation is explained.

One of the most problematic places is the complexity of manu-
facturing and the sufficiently large material intensity of the tungsten 
incandescent body and the subsequent control of compliance of the 
incandescent body with the requirements of Cassini ovals.
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In the course of the study, mathematical analysis of eight-shaped 
fourth-order algebraic curves is done. Cassini oval and represent  
a generalization of a separate case, was made by the Bernoulli 
lemniscate «Bernoulli flower». «Eight-shaped» Cassini ovals form  
a geometric location of points whose product of distance, to two 
fixed points, focuses, remains unchanged. Conformity analysis was 
conducted to check the required diffuse structure of the heat transfer 
of the working fluid and the light scale generated by it, which does 
not take place in the known designs of incandescent lamps.

The feasibility of using the landing zone on the runways of the in-
candescent tungsten body in the form of a conductive «Cassini oval» 
is analyzed in the signal lights. Attention is drawn to the possibility 
of forming a diffuse structure of heat flux and light radiation. The 
prospects for increasing the reliability and durability of illuminating 
the runway signal lights are explained. The principles of choice of 
mass-dimensional characteristics of the working body of incandes-
cent signal lights are substantiated.

Two further forms of Cassini ovals were obtained with the ini-
tially unchanged product being performed, in particular, the Cassini 
output oval deformed inside, as well as the case of the Cassini output 
oval falling into two autonomous ovals around the focuses.

The heated tungsten conductive «Cassini oval» emits diffuse 
thermal and light fluxes in all directions of the surrounding space. 
Due to this, the light triangles in the «Cassini oval» plane, in their 
totality, will outline the mosaic of radiating elements of equal bright-
ness, and thus create a continuous radiating bright light in the form 
of an oval plate.

Keywords: runway, Cassini ovals, incandescent lamp, fourth-
order algebraic curves.

References

1.	 Antonov, O. K. et. al.; Bazhan, M. P. (Ed.) (1985). Vol. 4: Elektrod – 
Kantarydyn. Ukrainska radianska entsyklopediia. Kyiv: Holovna 
redaktsiia URE, 558.

2.	 V Zaporozhskom aeroportu zameniat svetosignalnuiu sistemu za 62  mil-
liona (2019). Available at: https://ipne.ws/news/zp/v-zaporozhs-
kom-aeroportu-zamenyat-svetosignalnuyu-sistemu-za-62-milliona/

3.	 Zlitno-posadkova smuha. Wikipedia. Available at: https://uk.wikipedia.
org/wiki/Злітно-посадкова_смуга

4.	 Glushkov, G. I., Babkov, V. F., Trigoni, V. E. et. al. (1992). Izyskanie  
i proektirovanie aerodromov. Moscow: Transport, 463.

5.	 Vzletno-posadochnaia polosa. Svetosignalnoe oborudovanie. Wiki-
pedia. Available at: https://ru.wikipedia.org/wiki/Взлётно-поса
дочная_полоса

6.	 Akymov, O. O., Oliinyk, R. M, Pylypchyk, S. V., Habieva, T. V., 
Sydko, I. P. (2018). Nove svitlo-tekhnichne obladnannia dlia aero-
dromiv. Stvorennia ta modernizatsiia ozbroiennia i viiskovoi tekhniky  
v suchasnykh umovakh. Chernihiv, 36–37.

7.	 Milashkina, O. V. (2014). Elektrosvetotekhnicheskoe oborudovanie 
aerodromov. Ulianovsk: UVAU GA(I), 117.

8.	 Ulmishek, L. G. (1958). Proizvodstvo elektricheskikh lamp nakaliva-
niia. Moscow-Leningrad: Energiia, 274.

9.	 Polischuk, D. D., Polischuk, D. Ia. (1983). Pat. SU 1023451 A. 
Elektricheskaia lampa nakalivaniia. MPK: H01K 1/32. No. 3316959. 
Declareted: 13.07.1981; published: 15.06.1983. Available at: http://
patents.su/3-1023451-ehlektricheskaya-lampa-nakalivaniya.html

10.	 Uschkamp, G., Meseberg, Н. (1995). Zusammenhand Zwischen dem 
Niveau der Suabehbelcuchtung und dem Verkchrsunfallgeschehen. 
Licht, 47, 7–8.

11.	 Abramian, A. A., Sarkisian, A. A., Radko, A. V. (1992). A.s.  
No. 1714721. Trubchataia galogennaia lampa nakalivaniia s proiz-
volnym polozheniem goreniia. MPK: H01K 1/28. No. 4653635. De
clareted: 22.02.1989; published: 23.02.1992, Bul. No. 7.

12.	 Radko, A. V., Sarkisian, A. A., Martirosian, E. A. (1990). A.s.  
No. 1543475. Lampa nakalivaniia. MPK: H01K 1/16. No. 4456919. 
Declareted: 12.05.1988; published: 15.02.1990, Bul. No. 2.

13.	 Slushkov, A. M., Smirnov, N. N., Pukhin, N. P. (1995). Pat. SU 
1834586 A1. Sposob izgotovleniia lampy nakalivaniia. MPK: H01K 
1/10. No. 4765195/07. Declareted: 16.10.1989; published: 20.08.1995, 
Bul. No. 23. Available at: http://patents.su/3-1834586-sposob-izgo-
tovleniya-lampy-nakalivaniya.html

14.	 Vugman, S. M., Volkov, V. I. (1980). Gologennye lampy nakalivaniia. 
Moscow: Energiia, 136.

15.	 Prokhorov, A. M. (Ed.) (1982). Sovetskii enciklopedicheskii slovar. 
Moscow: Sovetskaia enciklopediia, 1600.

16.	 Korobiichuk, I., Mel’nick, V., Karachun, V. (2019). Modeling of 
voltaic pile surface formation using current-carrying cassini ovals. 
Engineering Science and Technology, an International Journal, 22 (1), 
353–358. doi: http://doi.org/10.1016/j.jestch.2018.08.004 

DOI: 10.15587/2312-8372.2019.180740

ANALYSIS OF EXPERIENCE, SAFETY AND PROSPECTS OF 
DIVERSIFICATION OF NUCLEAR FUEL AT NUCLEAR POWER 
PLANTS

page 26–33

Skalozubov Vladimir, Doctor of Technical Sciences, Professor, 
Laureate of the State Prize of Ukraine for Science and Techno
logy, Intersectoral Center for Fundamental Scientific Research in 
the Field of Energy and Ecology, Odessa National Polytechnic 
University, Ukraine, e-mail: skalozubov@opu.ua, ORCID: http://
orcid.org/0000-0003-2361-223X

Melnik Serg, PhD, Senior Lecturer, Department of Theoretical, 
General and Alternative Energy, Odessa National Polytechnic Uni-
versity, Ukraine, e-mail: mardaud@i.ua, ORCID: http://orcid.org/ 
0000-0002-4784-9736

Pantak Oksana, Postgraduate Student, Department of Nuclear 
Power Plants, Odessa National Polytechnic University, Ukraine, 
e-mail: polyakowa09@gmail.com, ORCID: http://orcid.org/0000-
0002-5481-6246

Gryb Vitalii, Postgraduate Student, Department of Nuclear Power 
Plants, Odessa National Polytechnic University, Ukraine, е-mail: 
grib@gmail.com, ORCID: http://orcid.org/0000-0001-8287-1405

Spinov Vladyslav, PhD, Researcher, Intersectoral Center for Funda-
mental Scientific Research in the Field of Energy and Ecology, Odessa 

National Polytechnic University, Ukraine, е-mail: sssvm@ukr.net,  
ORCID: http://orcid.org/0000-0001-7555-847X

Komarov Yurii, Doctor of Technical Sciences, Laureate of the 
State Prize of Ukraine for Science and Technology, State Enter-
prise «National Nuclear Energy Generating Company «Energoatom», 
Kyiv, Ukraine, e-mail: skalozubov@opu.ua, ORCID: http://orcid.org/ 
0000-0003-2295-4713

The object of research is the design fuel assemblies (FA-A) at 
nuclear power plants with water-cooled water reactors located in 
Ukraine. The analysis of the experience and prospects of diversifi-
cation of design fuel assemblies of pressurized water reactors with 
alternative heat generating assemblies of Westinghouse Electric 
Company is carried out. The analysis is carried out on the basis 
of measures and results of diversification of fuel assemblies at the 
Temelin nuclear power plant (Czech Republic), as well as the South 
Ukrainian and Zaporizhzhia nuclear power plants (Ukraine). As  
a result of the analysis, it is shown that the diversification of design 
fuel assemblies by alternative heat assemblies by Westinghouse Elec-
tric Company provides the necessary nuclear safety conditions for 
the maximum allowable temperature of the gratings of fuel rods and 
the temperature of nuclear fuel.

The work determines the need for additional analysis of nuclear 
safety and reliability of the reactor loop equipment in relation to the 
conditions of critical hydrodynamic shock during the diversification 
of fuel assemblies. It is revealed that the known results of nuclear 
safety analysis during diversification of fuel assemblies by traditional 
accident modeling approaches are not sufficiently substantiated. 
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And they also significantly depend on the negative effects of «dif-
ferences in the results of accident modeling by different users of the 
same codes» and «differences in the results of accident modeling 
by different codes». In addition, well-known deterministic codes 
do not simulate the conditions and consequences of hydrodynamic 
shock and various types of thermohydrodynamic instability in the 
reactor loop. It is shown that it is necessary to develop alternative 
methods for analyzing nuclear safety and equipment reliability of 
systems important to safety in diversifying fuel assemblies that are 
independent of the above negative effects. A calculation analysis 
of the influence of the coolant speed on the external heat transfer 
coefficients determined that the safety conditions for the permissible 
temperature of the Westinghouse Electric Company fuel rods are 
provided up to a maximum design temperature of 90 °C in safety heat  
exchangers.

Keywords: diversification of nuclear fuel, nuclear safety, reliabi
lity of the nuclear reactor core.
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The object of research is an apparatus with jet injection gas fill-
ing. The studies are conducted on an experimental installation of  
a working medium of water-air. The distribution of gas phase bubbles 
is studied depending on the operating parameters of the apparatus. 
The value of the local and total gas content, as well as the specific 
surface of the phase contact, is determined. The gas content and the 
contact surface of the phases in the downflow pipes of the circula-
tion apparatus with jet injection gas filling are investigated. The use 
of circulating apparatuses with jet injection gas filling is promising 
for carrying out mass transfer and reaction mass transfer processes. 
Due to the use of water energy for gas filling of the reaction space, 
the devices have advantages over airlift and gas-lift devices, bubble 

columns in chemisorption processes with slightly soluble gases. Ex-
perimental studies of the gas content and the contact surfaces of the 
phases from the operating-technological and hardware-structural 
parameters makes it possible to determine the optimal operating 
conditions. According to the results of studies, it is found that the 
diameter of the bubbles increases with an increase in the number 
of revolutions of the shaft of the mixing device. The mode of sus-
pension of the gas phase took place at shaft rotation numbers from 
600 rpm up to 750 rpm. With an increase in the number of revolu-
tions, the resistance to the force of bubbling of bubbles increases 
and the suspension mode switches to the gas-liquid flow circulation 
mode. The ability to control the gas saturation process due to fluid 
circulation, regardless of the fluid load of the apparatus, is one of 
the advantages of the developed design. It is established that the 
total gas content in the downflow channels varies from 0.07…0.10 
to 0.1...0.18, which is typical for gas-liquid devices. The total gas 
content in the downflow channels of the apparatus is in the range 
from 100 to 260 m2/m3 of the reaction volume and is typical for 
most gas-liquid bubblers. The results of studies of the operating 
modes of the apparatus with jet injection gas filling in the suspen-
sion mode of the gas phase can be used to calculate the mass transfer  
coefficient.

Keywords: jet injection apparatus, downflow, circulation circuit, 
gas content, phase contact surface.
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The object of research is the process of propagation of vibrations 
from technological equipment to the metal structures of a building. 
One of the problems in the inspection and monitoring of construction 
objects is the assessment of the vibrational impact of technological 
equipment on the load-bearing elements of the building. Existing 

regulatory documents and methods for accounting for dynamic im-
pact fully cover this problem, as evidenced by the presence of emer-
gency cases of operating structures that are subject to dynamic loads.

The proposed approach, which is based on the hypothesis of con-
sidering the structure and technological equipment, has a dynamic 
impact as a single system with its corresponding dynamic charac-
teristics. The implementation of this approach can be carried out 
by determining the integral dynamic parameters of the system with 
subsequent analysis and the establishment of causal relationships. 
During the study, records of continuous fixation of the parameters of 
the dynamic effect on the elements of the building structure, which 
are determined on the basis of preliminary analysis, were used. As 
a result of the analysis of the vibrograms, the vibrational spectra of 
the structure are constructed, from which the dominant vibrational 
frequencies of 3.470 and 3.625 Hz are determined. The established 
frequencies correspond to the main frequencies and their harmonics of 
the technological process implementation according to the technical 
characteristics of the equipment, amount to 3.670 Hz. The discovered 
phenomena of the internal resonance of the general construction sys-
tem of the technological workshop make it possible to clearly formu-
late the causes of the appearance of excessive vibrations. Experimental 
studies of the influence of technological equipment on the frame of the 
structure are carried out. A finite element model of the frame based on 
an instrumental examination of the building is developed.

The obtained research results can be used to develop methods 
and technologies for diagnosing and establishing the causes of ex-
cessive fluctuations in the supporting and enclosing structures of 
structures under the action of a dynamic load of technogenic origin.

Keywords: survey of the structure, vibration diagnostics, natural 
frequencies of vibrations, mode of vibrations, dynamic load, finite 
element model.
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The object of research is wells with a low temperature gradient of 
less than 2–2.5 °С per 100 m (regions of Tataria, Bashkiria, Udmurtia, 
etc.). In studying the layout of a device for utilizing geothermal ener-
gy, a system analysis method was used. And in the course of the study 
of the sucker rod pumping unit (SRPU) and the electric centrifugal 
pumping unit (ECPU), the comparative analysis method is used.

The paper discusses the possibility of energy savings in the 
exploitation of oil fields located in regions with low geothermal 
potential of development facilities. A method for solving the prob-
lem is considered as an option for the integrated use of not only 
the petrothermal energy of the subsoil, but also the hydrokinetic 
energy of the formation water. It is shown that the utilization of 
low-temperature geothermal energy due to its combination with the 
utilization of the hydrokinetic energy of the water pumped through 
the RPM system (maintaining reservoir pressure) is economically 
beneficial. This is due to the fact that the method proposed in the 
work has a number of features, in particular, production (reactive) 
wells are equipped at the wellhead with thermoelectric generators 
that convert the thermal energy of the formation fluid into electri-
cal energy. The use of such devices will reduce the cost of electricity 
to power the electric drive DPE (deep pumping equipment) and 
other consumers of electricity in the well. Electricity generated 
by thermoelectric DC modules is summed from all thermoelectric 
converters. The received energy is sent along the line to the power 
supply system of the ACS-TP (automated process control system). 
Thanks to this, it is possible to obtain electrical energy from low 
temperature wells. Compared with similar known classical meth-
ods, when the gas factor of the produced products is sufficiently  
high (³80–100 m3/t), the use of associated gas is used to power 
electric gas and turbine generators that generate power for DPE 
directly at the production well. However, this method of utilization 
of associated gas at a late stage of development is not economically 
feasible, since in this case it is extremely low for its implementation.

Keywords: petrothermal energy, hydrokinetic energy, electric 
energy, thermal energy, reservoir fluid, complex utilization.
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The object of research is a new method for the approach to control 
the optimal technological regime of gas and gas condensate wells. It is 
noted that in order to optimize the technological regime of the well, by 
extracting liquid and solid particles, it is necessary to know the mini-
mum value of gas production or gas flow rate, which, in turn, is provid-
ed by determining the corresponding value of the bottomhole pressure. 
To determine the bottomhole pressure at which the well reaches the 
optimal operating mode, an equation is obtained that has a complex 
structure with respect to the bottomhole pressure (pressure in the 
elevator shoe), for the solution of which the graphoanalytical method 
was used. The proposed method for optimizing the operation of gas and 
gas condensate wells was tested on the basis of actual data. And it is 
shown that it is possible to determine the optimal operating mode of 
gas and gas condensate wells by determining bottomhole pressure va
lues at which liquid and solid particles are transported from the bottom 
of the wells to the earth’s surface. In this case, the initial data for wells 
(No. 652 and 704) operated on the VII horizon of the Sangachal-Sea-
Duvanny-Sea-Khara-Zira (Azerbaijan) field is used to determine their 
technological regimes. It is shown that it seems possible to increase 
the productivity of offshore gas and gas condensate wells by changing 
the design of their lifts and the proposed method allows to extract 
liquid and solid particles from the trunk to the earth’s surface. For 
each case, the particle deposition rates in the gas medium and the gas 
flow rate in the elevator shoe were calculated. Judging by the value of 
the difference in the determined particle deposition rates and gas flow 
in the elevator shoe, the possibility of the formation of liquid plugs in 
the well is established. If a situation arises when the gas flow rate does 
not ensure the extraction of liquid particles on the earth’s surface, it is 
proposed to change the diameters of the lifting pipes.

Keywords: production well, optimal technological regime, gas 
and condensate production, gas and gas condensate fields.
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The object of research is the forging line L-408 (Ukraine) for the 
production of workpieces for rings of railway bearings. This line is in-
stalled at Kharkiv Bearing Plant (JSC HARP, Ukraine) and consists 
of a KIN 750 induction heating section, a P-2038A hydraulic three-
position press and a KPS 250 ring-rolling unit. Based on the results 
of the technical audit of the line, it is revealed that the KIN 750 is 
produced on an outdated hardware base and has a deliberately lower 
efficiency. In addition, the lack of control over power and frequency 
during the heating process does not make it possible to optimize the 
process for energy costs. Also, the presses of all six lines operate from 
one hydraulic pump station, which provokes its obviously inefficient 
operation when only part of the lines is involved. In addition, the 
principle of operation of the P-2038A press in the absence of a hy-
draulic pressure control system in the executive bodies of the press 
does not allow for optimal control of hydraulic pumps according to 
the criterion of minimum electric power consumption.

In the course of the study, the finite element method is chosen 
as the main method of mathematical modeling of induction heating 
of the workpiece and forging operations. A new induction heating 
system has been developed and produced, which has undoubted 
advantages over the previously existing induction heating line, since 
it is made on a modern elemental base and has the ability to pro-
grammatically control power during the heating process. The press 
is modernized with an autonomous pump station with a capacity of 
132 kW (instead of a central station with a capacity of 900 kW). The 
use of kinetic energy of the slider and traverse gives a radical reduc-
tion in energy consumption, especially when several or even more of 
the six forging lines L-408 are working.

Mathematical models and numerical methods developed for 
modeling controlled induction heating of workpieces and volume 
press operations have proved their effectiveness in calculating and 
optimizing the design and operating parameters of the hot forging 
line. The effects detected by mathematical modeling are fully con-
firmed during field tests, and the temperatures and pressures them-
selves slightly differed from the measurement results.

Keywords: induction heating, hydraulic press, hot shaping, inter-
connected multi-physical problem, thermoplastic deformation, finite 
element method.
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