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AND GAS WELLS (p. 4-9)

Oleg Kravchenko, Dmitry Velighotskiy,
Andrey Avramenko, Ruslan Habibullin

The research focuses on an advanced technology of improving
the collector properties of the bottom-hole zone in the productive
horizons of oil and gas wells. The technology is based on a complex
hydrogenic and thermal gas-chemical treatment of the wells.

The bottom-hole zone of the wells is directly exposed to a multi-
step thermal gas and chemical process that releases gas, including
hydrogen, and hot acids such as nitric and hydrochloric (in some
cases it is hydrofluoric).

Hydrogen, discharged at the initial stage of the thermal chemi-
cal process, improves the permeability of the reservoir and facilitates
filtering chemically active components into the layer. In order to
specify and improve these processes, the study suggests a math-
ematic modeling of how a mixture of gases (Hy, CO, NO, and NO»)
influences gas permeability in the carbonate core.

The suggested computer model facilitates precise calculation of
thermal gas dynamic as well as heat and mass exchange characteris-
tics of the process in the layer bottom-hole zone at all the stages of
its treatment. The model makes it possible to choose the most effec-
tive modes of processing and reduce the consumption of expensive
reagents.

This technology was applied in the treatment of wells in which
hydrocarbon reserves would usually be referred to the category of
“problematic extraction” for a number of reasons—water cutting
of the layer, high content of asphalt, resin and paraffin deposits, or
low permeability, etc. The research findings have confirmed a high
productivity of the devised technological approach.

Keywords: oil well, hydrogen, activation, permeability, collec-
tor, anomalous properties, bottom-hole zone.
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INVESTIGATION OF THE THERMAL EFFECT OF
THE CLEANING FLUID JET ON THE OIL SEDIMENT
IN THE TANK (p. 10-14)

Vladimir Lipovoy

When unloading the tank, a part of oil products stays on the
inner surfaces, structures, in the form of solid (stuck) layer. In addi-
tion, some of them remain in the pipes, valves and pumps of cargo and
stripping systems. Impurities, paraffin, asphalt-resinous inclusions,
exfoliated corrosion products settle at the tank bottom. As a result,
an unpumped residue is formed, the amount of which varies widely
and depends on several factors such as physicochemical properties of
oil products, transportation temperature, technical condition of the
cargo system, etc. The residue is a mixture of oil products, and when
cleaning tanks, there is a fire-dangerous situation that may result in
fire, explosion or environmental pollution of territories.

The problem of identifying the impact of factors on man-made
risks of environmental pollution by harmful substances that are
formed as a result of use and repair of tanks with oil products is a sci-
entific basis for improving environmental safety and reliable security
of human life near such objects.

It was found that the temperature difference of the oil residue
layer and cleaning fluid does not exceed 1.5°C, even with the in-
creased by several orders of magnitude layer thickness.

The temperature difference will be even less for the above values
of oil residue layer thicknesses, determined from experimental data.

The results allow to model and calculate the evaporation rate
of oil residues and forecast the size of pollution zone and man-made
risks, associated with these processes.

Keywords: heat transfer process, oil residue, tank with oil products,
fire and explosion hazard, environmental hazards, man-made risks.
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THE STUDY OF THE AMOUNT OF HEAT RELEASE
IN THE SINTER CHARGE LAYER (p. 14-18)

Anton Mnyh

Based on the data on the chemical composition of charge at the
sinter plant MK “Zaporizhstal” (Ukraine), dependencies, allowing to
determine the amount of released and absorbed heat energy per unit
volume of the sintered charge by the layer height from the average
diameter of the material particles were obtained in the paper.

Equations, allowing to calculate the amount of heat energy, re-
leased and absorbed per unit volume of the charge as a result of the
combustion of the fuel particles and exo- and endothermic reactions,
proceeding therein are presented.

The results allow a close approach to the problem of the opti-
mization of the thermal regime of the agglocharge sintering process
on the author’s model, based on finite element method, which takes
into account the internal heat release per unit volume, as well as de-
termination of polydisperse charge layer formation laws for rational
distribution of fuels and chemical components by the height of the
agglomerated layer.

Keywords: average charge diameter, heat energy, drum feeder,
agglomeration, segregation, polydisperse charge.

References

1. Bazilevich, S. V., Vegman, E. F (1967). Aglomeraciya. Moscow:
Metalurgiya, 368.

2. Sigov, A. A, Shurhal, V. A. (1969). Aglomeracioniy process. Kiev:
Tehnika, 232.

3. Brazjnikov, S. G., Berman, U. A., Belocerkovskiy Y. L. (1970).
Teplotehnika okuskovaniya gelozorudnogo sirya. Moscow: Metalur-
giya, 343.

4. Frolov, U. A. (2005). Teplotehnicheskoe issledovanie processa
aglomeracii I sovershenstvovanie tehnologii I tehniki proizvodstva
aglomerata. Ekaterinburg, 49.

5. Dmitrieva, E. G. (2009). Sovershenstvovanie technologii I oborudo-
vaniya dlya proizvodstva aglomerata. Stal, 2, 4—6.

6. Vatkin, A. A. (2008). Metod prognozirovaniya prochnosnih svoistv
aglomerata. Chernaya metalurgiya, 3, 44—47.

7. Kalashnikov, S. N. (2002). Matematicheskoe modelirovanie teplovih
procesov v metalurgicheskih agregatah na osnove ob’ektnoy tech-
nologii. Novokuznetsk, 278.

8. Eliseev, A. A. (2006). Issledovanie teplo-massoobmenih procesov pri
aglomeracii shihty. Cherepovec, 165.

9. Bokovikov, B. A. (2010). Matematicheskaya model obzigovoy kon-
veernoy mashini kak instrument dlya optimizacii teplovoy shemi
agregata. Stal, 9, 84-87.

10. Mnyh, A. S. (2014). Issledovanie himicheskogo sostava frakciy
aglomeracionnoy shihty dlya usloviy kombinata “Zaporijstal”. Teo-
riya I praktika metalurgii, 3-6, 35-38.

11. Mnyh, A. S. (2014). Reshenie zadachi raspredeleniya temperaturi
v edinichnom ob’eme aglomeracionogo sloya motodom konechnih
elementov s uchetom vnutrenih istochnikov tepla. Zbirnyk naukovih
prac DDTU (tehnichni nauky), 2 (25), 47-51.

12. Mnyh, A. S. (2014). Sintez trehmernoy modeli teplovogo regima
procesa spekaniya aglomeracionoy shihty. Visnyk KrNU (zbirnyk
naukovih prac), 38, 44—47.

13. Korotich, V. I. (1978). Osnovy teorii I tehnologii podgotovki syr’a k
domennoy plavke. Moscow: Metalurgiya, 208.

14. Minakov, N. S, Arykov, G. A., Kolokolcev, B. I. (1996). Issledovanie
vliyaniya gazodinamicheskogo regima na pokazateli procesa aglom-
eracii pri spekanii shihty v visokom sloe. Stal, 6, 6—11.

15. Tarasov, P. V. (2006). Osnovnie zakonomernosti soprotivleniya I
gazopronicaemosti zernistogo sloya. Stal, 3, 12—15.

DEVELOPMENT OF EXPRESS-EVALUATION
METHOD OF WATER BIOLOGICAL PROPERTIES
(p. 18-25)

Natalia Glukhova

The paper deals with experimental methods for studying the
biological properties of water. The existing problems of theoretical
and experimental study of the anomalous water properties that are
not consistent with the known theoretical models were considered.
The crucial importance of water structure features for normal func-
tioning of living organisms was shown. Since the standard classical
methods of physical-chemical analysis do not provide the possibility
of implementing experimental evaluation of specific biological prop-
erties of water, a method for registering images of the gas discharge
flow of liquid-phase objects in an electromagnetic field with the
subsequent software image processing based on cluster analysis was
proposed as an alternative. The following tasks were set and solved
in the paper: allocation of patterns in gas discharge water glow im-
ages, digital processing of image samples, construction of image clas-
sification methods and algorithms. Bezdek-Dunn algorithm (Fuzzy
ISODATA algorithm, FCM algorithm) was used for the fuzzy image
clustering. The effectiveness of the proposed research method was
tested on real data samples for waste and natural water samples. The
characteristic features of the gas discharge glow of natural water as
the coherent material, which provides a significant response to an
external impact in the form of an electromagnetic field were deter-
mined. The obtained results of the extraction of specific parameters
from the structural features of the gas discharge glow images show
the effectiveness of algorithms for fuzzy clustering of water samples
with different biological properties.

Keywords: gas discharge glow, water quality, digital image pro-
cessing, cluster analysis.

References

1. Kuharski, R. A., Rossky, P. J. (1985). A Quantum Mechanical Study
of Structure in Liquid H20 and D20. The Journal of Chemical Phys-
ics, 82 (11), 5164-5177. doi: 10.1063,/1.448641

2. Habershon, S, Thomas, E. Markland, D. E. (2009). Competing Quan-
tum Effects in the Dynamics of a Flexible Water Molecule. The Jour-
nal of Chemical Physics, 131 (2), 234—241. doi: 10.1063/1.3167790

3. Krasnobryzhev, V. G., Couric, M. V. (2010). Kvantovye effekty v
prirodnoy vode. Kvantovaya Magiya, 7 (4), 4132-4138.

4. Zeidler, A. (2011). Oxygen as a Site Specific Probe of the Structure
of Water and Oxide. Materials Physical Review Letters, 107 (14).
doi: 10.1103/physrevlett.108.259603



5. Reiter, G. F, Aniruddha, D. Y. Sakurai, I. M., Krishnan, V. G., Paddi-
son, S. J. (2013). Anomalous Ground State of the Electrons in Nano-
confined Water. Physical review letters, 111 (3). Available at: http://
journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.036803
doi: 10.1103/physrevlett.111.036803

6. Mayers, J., Reiter, G. (2012). Spurious indications of energetic conse-
quences of decoherence at short times for scattering from open quan-
tum systems. AIP Advances, 2 (3), 032137. Available at: http://sci-
tation.aip.org/content/aip/ journal/adva/2/3/10.1063/1.4746093
doi: 10.1063,/1.4746093

7. Tedeschi, A. (2014). On the coherent water’s edge. Conference on the

Physics, Chemistry and Biology of Water. Available at: http://www.
waterconf.org/participants-materials/abstracts/Tedeschi.docx

. Kuryk, M. V, Pisotska, L. A, Glukhova, N. V., Horova, A. 1., Borysov-

ska, O. A., Pavlishyn, A. V. (2013). Kirlianohrafichne otsinyuvannya bio-
dostupnosti rechovyny. Medychna informatyka ta inzheneriya, 2, 37—-41.
9. Arani, R., Bono, 1., Del Giudice, E., Preparata, G. (1995). Qed coher-
ence and the thermodynamics of water. Condensed matter physics;
statistical physics; atomic, molecular and optical physics, 9, 510-532.

10. Bono, I., Emilio Del Giudice, Luca Gamberale, Marc Henry. (2012).
Emergence of the Coherent Structure of Liquid Water. Water, 4 (4),
510-532. doi: 10.3390/w4030510

11. Johannson, B. (2014). Do quantum state oscillations in natural
drinking water benefit human health? Conference on the Physics,
Chemistry and Biologi of Water. Available at: http://www.water-
conf.org/participants-materials/abstracts/Johansson.pdf

12. Ignatov, L, Mosin, O. (2012). Water in the Human Body is In-
formational Bearer about Longevity. Sofia, Bulgaria. Available at:
http://www.medicalbiophysics.dir.bg/en/longevity.html

13. Marinov, M., Ignatov, 1. (2008). Color Coronal (Kirlian) Spectral
Analysis. Color Observation with Visual Analyzer, International.
Medical Congress EUROMEDICA, European Academy of Natural
Sciences, Hanover.

14. Thirumaal, A. (2005). Kirlian Photography...a novel concept. Ho-
moeo Times, 2, 14-22.

15. Pesotskaya, L. A, Glukhova, N. V, Lapytskyy, V. N. (2013). Analyz
yzobrazhenyy kyrlyanovskoho svechenyya kapel vody. Naukovyy
visnyk Natsionalnoho hirnychoho universytetu, 1, 91-96.

16. Glukhova, N. V, Pisotska, L. A., Horova, A. I. (2014) Sposib ekspres-
otsinky stanu ridynno-faznoho obyckta. Patent 86701 (Ukraine).

17. Pesotskaya, L. A, Lapytskyy, V. N., Botsman, K. I., Gerashenko, S. V.
(2007) Sposib otsinky enerhoinformatsiynoho stanu ridynno faznoho
ob’yektu i prystriy dlya yoho zdiysnennya. Patent 22212 (Ukraine).

18. Everitt, B. S,, Leese, L. S., Stahl, M. D. (2011). Cluster Analysis. 5th
Edition, Wiley, 346.

19. Nock, R., Nielsen, E (2006). On Weighting Clustering. IEEE Trans.
on Pattern Analysis and Machine Intelligence, 28 (8), 1-13.

20. Bezdek, J. C. (1981). Pattern Recognition with Fuzzy Objective
Function Algorithms. Plenum New York, 284. doi: 10.1007,/978-1-
4757-0450-1

[==]

INDUSTRIAL RESEARCH TESTS ON UTILIZING
PRODUCTION WASTE IN FERROSILICON
SMELTING (p. 25-28)

Olena Protsenko, Timofei Shukovskyj, Sergey Borysenko

Utilization of batch materials with a significant amount of small
fraction in ferroalloy smelting worsens the technical and economic
indices of the working ovens, exceeds the norm of the pollutant
emissions in the atmosphere, and aggravates further processing (or
utilizing) of the dust waste.

The paper presents the findings of industrial research tests on
ferrosilicon smelting by the method of electro-slag remelting in
which the batch contains bricks of dust waste (aspiration dust as well
as dust captured by gas treatment equipment).

We have determined that the main constituents of dust waste
bricks are very similar to those of batch materials, which proves
expediency of utilizing dust waste in ferrosilicon (FeSi) smelting.
We have devised a technological scheme and tried utilization of dust
bricks in electro-slag remelting for FeSi smelting. The tests have
proved that the obtained quality of ferrosilicon FeSi45 meets world
standards. The instrumental measuring of dust emissions in the
atmosphere enabled us to determine interdependence between the
emissions and the technical and economic indices of smelting (the
smelting time and the output).

The industrial research tests have proved that using dust bricks
in the batch reduces dust emissions by 10 % to 25 % and makes it
possible to utilize dust waste.

Keywords: dust, waste, bricks, ferrosilicon (FeSi) smelting,
direct current (DC) ovens, environmental safety.
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CRITICAL PARAMETERS SHIFT IN CLASSICAL
FLUIDS UNDER THE INFLUENCE OF
NANOPARTICLE ADDITIVES (p. 29-33)

Sergiy Artemenko

The last decade has brought a growing number of studies about
nanofluids as perspective working fluids with abnormally high
thermal conductivity and a huge potential for intensifying heat and
mass transfer. Despite the abundance of published research papers
on nanofluid heat and mass transfer, the critical properties of these
systems have been hardly considered at all. The key factors that
determine the thermodynamic properties and the phase behavior of
working fluids are the critical point for pure liquids and the critical
lines for binary mixtures.

Therefore, we have devised a thermodynamic model for estimat-
ing the impact of nanoparticles upon the shift of the critical point
and the balance line between fluid and steam for traditional working
fluids. Using the model, we have estimated the shift of the critical
point for a classical working fluid—carbon dioxide—with additives of
structured carbonic materials (nanotubes, fullerenes, and graphene
flakes) and metal oxides (titanium and silicon dioxides as well as zinc
and copper oxides).

The research findings prove a positive shift of the critical tem-
perature and density of the system point with increasing density of
nanoparticle material.

Knowing the critical point is as important as taking into ac-
count the characteristics of heat and mass transfer because addition
of nanostructured materials changes both the thermal and dynamic
surface of nanofluids and the topology of their phase behavior.

Keywords: nanofluid, critical point, nanotubes, fullerenes, gra-
phene, titanium dioxide, zinc oxide.
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FEATURES OF SCHEMATIC AND PHYSICAL AND
TOPOLOGICAL DESIGN OF ANALOG INTEGRATED
COMPARATORS (p. 34-39)

Stepan Novosyadlyy

In practice, devices, which form either voltage with opposite po-
larity at the output at almost equal absolute values or voltage with
the same polarity are the most widely used. The first option is typical
for using as a comparison circuit of operational amplifier (OP), and
the second — in using specialized integrated circuits. In the second
case, the output voltages of the comparator are consistent in magni-
tude and polarity with the signals, used in digital technology.

Based on the above, we can say that the input signal of the com-
parator is of the analog nature, and output — digital. Consequently,
comparators often act as elements of communication between analog
and digital devices, i.e. act as analog-digital converters (ADC).

Due to the fact that both analog and digital signals are used in
modern telecommunication systems, we have both analog and digi-
tal comparators, respectively. Digital comparator differs from analog
in that it is designed to compare two numbers that are given in the
form of binary codes.

Keywords: operational amplifier, single-limit analog compara-
tor and Schmitt trigger, C-MOS.
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COMPARISON OF TWO METHODS OF
RADIOTHERAPY BASED ON 3D COMPUTER
SIMULATION(p. 40-44)

Oleh Ovsiienko, Mykola Budnyk

With the development of radiotherapy (RT), linear
electron accelerators have almost replaced cobalt machines.
Therefore, treatment planning methods and techniques of dose
delivery to the tumor have changed. Comparison of different
methods of RT based on computer simulation was carried out
in the paper. On the example of a real patient, it is shown that
intensity-modulated RT has certain advantages compared to 3D
conformal RT.

Simulation has shown that it is better to use the intensity-
modulated RT technique in irradiation of tumors in the neck
area since using 3D conformal RT increases treatment duration
and dose, i.e. the load on critical organs.

Thus, the minimum dose, received by various targets (tumor
bed GTV, clinical target volume CTVmod, and clinical target
volume along with surrounding lymph nodes CTV1mod) at
intensity-modulated RT is lower by 7.9 %, 28 % and 35.4 % re-
spectively, than at 3D conformal RT. Therefore, radiation dose
decreases differently, namely, the larger the target the greater
the reduction. So, when planning treatment, it is necessary to
weigh positive and negative effects for a particular patient since
selecting irradiation technique is always a compromise between
saving critical organs and the optimal dose distribution in dif-
ferent targets.

Keywords: linear accelerator, radiotherapy, 3D computer
simulation.
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STABLE SOUND WAVE GENERATION IN WEAKLY
IONIZED AIR MEDIUM (p. 45-51)

Maxim Chizhov, Maxim Eingorn,
Vladimir Kulinskii, Vladimir Marenkov

Results of experimental and theoretical research of the labo-
ratory prototype of “diaphragmless” non-thermal electroacoustic
transducer of original design, working as a broadband acoustic
monopole are discussed.

Radiation patterns of acoustic emission, current-voltage char-
acteristic of corona discharge at the given electrode geometry were
investigated, based on which a theoretical scheme for calculating the
acoustic emission power depending on the magnitude of the poten-
tial difference between the electrodes was built. The calculation of
the basic characteristics of the loudspeaker was performed within the
quasi-stationary approximation using a standard three-component
hydrodynamic model of weakly ionized gas, supplemented by the
equations of chemical kinetics.

It is shown that the sound generation process is a scalar effect,
arising due to the gas ionization degree modulation.

The theoretical model, developed in the paper is the basis for
a detailed simulation of sound generation processes, and possible
improvement of the proposed design of so-called “ionic loudspeaker”.

Keywords: sound wave generation in weakly ionized air medium,
ionic loudspeaker, acoustic monopole, diaphragmless loudspeaker.
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LONGITUDINAL RESONANCE VIBRATIONS
IN DETERMINING DYNAMIC VISCOELASTIC
PROPERTIES OF TEXTILE MATERIALS (p. 52-58)

Svetlana Demishonkova

The study presents a method for estimating dynamic viscoelas-
tic properties of textile materials. The method allows solving the
problem of express analyzing of the properties of fabrics for sewing
products with predictable consumer indices. The suggested direct
determining of the angle of mechanical loss due to the simplified
algorithm of technical playback does not require measuring vibration
amplitudes. The fabric elasticity module is determined by measur-
ing longitudinal resonance vibrations. The suggested method is
especially convenient in measuring phasal angles for low frequency
vibrations as well as angles of phasal shift in the range (-n/2; n/2) for
harmonic vibrations. The maximal errors for the dynamic elasticity
module E(t) and the damping decrement & do not exceed 1,5 % and
+2,5 % respectively. The obtained findings enable a rational choice of
textile materials for industrial sewing.

Keywords: viscoelastic properties, elasticity module, damping
decrement, mechanical loss angle, vibration amplitude.
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THE INFLUENCE OF AN OBJECT SURFACE ON
MEASURING GEOMETRIC DIMENSIONS IN
DIGITAL OPTICAL MICROSCOPY (p. 59-64)

Olga Markina, Olena Syngaivska,
Volodymyr Maslov, Nataliya Kachur

The paper presents experimental findings on measuring metro-
logical parameters of LOMO projections obtained with an atomic
force microscope. The research has proved that gauge-producing
technologies that consist in mechanical mirror cutting result in
flood coating. The floods obscure the position of the marker point
in the program of the coordinates that outline object dimensions.
We have determined that, with equal deviations from the focus, the
biggest measurement error is observed while using a LOMO gauge
on the projection. The experiment has proved that, under the same
conditions of the experiment, a gauge on LOMO transmission (pho-
tolithography technology) and a 2D Bruker projection gauge, which
is produced by means of electronic lithography, cause much smaller
measurement errors. This should be taken into account while choos-
ing a microscope focus gauge.

Keywords: micrometer object, digital optical microscopy, geo-
metric dimensions.
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