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Mathematical modeling — applied aspects
Exploration of describing the vector-parametric 
bi-spline, defined by the forth degree spline 
with control points incident with surface of 
appropriate smoothness

page 4–7

The article proposes description technique for spline vector 
& parametrical surfaces of the fourth degree with control points 
incidental to the surface and gives testing examples of applica-
tion of this technique. Main purpose of researches is to develop 
an algorithm for solving some application problems which often 
impose specific demands to tools available with developers’ or 
designers’ workplace. For instance, it sometime becomes trouble-
some to produce smooth configuration, since the obtained curve 
does not belong to pre-set dotted carcass.

The technique of producing a vector & parametrical bispline 
with control points incidental (belonging) to relevant surface is 
proposed to overcome such inconvenience. Hence, a polynomial 
function of the fourth degree determined with five points x0, y0, 
x1, y1, x2, y2, x3, y3, x4, y4 may be represented, as below:

y u y u y u y u y u y= + + + +α α α α α0 0 1 1 2 2 3 3 4 4( ) ( ) ( ) ( ) ( ) ,

with function αi(u) being the Lagrange polynomial coefficients.
Polynomial equation in matrix format may be expressed, as 

follows:
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With provided derivatives equity up to the third degree (in-
clusive) the equity of compound derivatives along the gluing line 
criterion is also met (i. e. continuity of the second quadric form is 
achieved throughout the entire surface). Equity of the compound 
derivatives should be achieved to obtain fine smoothness of the 
third degree surface, i. e.:
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Calculation formulae for spline with third degree of smooth-
ness should be applied to achieve this effect. Thus linear equa-
tions system with quadrodiagonal leading matrix may be ob-
tained by means of preset three boundary conditions (thus 
increasing the flexibility of the method) providing a stable and 
unambiguous solution. Algorithm for development of the fourth 
degree bispline with control points belonging to relevant surface 
is developed. Results of the research may be helpful for develo
pers, designers, APS users providing them with additional oppor-
tunities in developing smooth curved contours for elements and 
parts of machinery operating in mobile environments.

Test examples are provided for the fourth degree bisplines 
with third degree smoothness with control points incidental to 
the surface.

The proposed algorithm is suggested for implementation to 
improve efficient work of constructors, designers, developers.

Keywords: vector & parametric spline, bispline, spline with cont
rol points incidental to curved surface, third degree smoothness.
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Development of models and algorithms for 
optimization of resource consumption in the data 
storage based on cloud platform
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The use of cloud computing technology to build informa-
tion systems of research organization is discussed in this paper. 
The main purpose is to determine the key parameters that affect 
how each resource involved in the construction of systems and 
optimization of resource consumption taking into account sol
vable problem. The research results are based on queuing theory, 
methods of optimization and simulation. Mathematical models 
of service requests users to store data on a cloud platform. Also 
the algorithm of load balancing algorithm and intellectual mig
ration data in cloud storage data is developed. The algorithms 
allow scale information system without lowering the volume of 
resources involved in the work. Performance evaluation showed 
decrease query processing time by increasing system capacity by 
using developed technology. The research results can be used to 
improve the efficiency of software and hardware resources, quality  
of services in information systems to the cloud platform, as well 
as to avoid overloading services.



abstracts and References

68 Технологический аудит и резервы производства — № 5/7(25), 2015

ISSN 2226-3780

Keywords: load distribution, cloud computing, DSS, data 
migration, simulation.
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Technology organic and inorganic substances
Vibration influence research on melt jet 
hydrodynamics of nitrogen fertilizer production 
vibro-granulators
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This article discusses the use of vibro-granulators in the 
chemical industry and some results of theoretical research in this 
field. The main purpose of the study is to optimize the device 
operation by examining the effect of disk-emitter for creating 
periodic oscillations of the device basket to change the pressure 
in the flowing fluid streams. The solution of the Navier-Stokes 
equations to describe the hydrodynamics of axisymmetric jet 
allows obtaining expressions for the pressure, axial and radial 
velocity as a function of time and distance. Consideration of the 
solution with the initial conditions, which are determined by the 
hydrodynamics of the internal device and the boundary condi-
tions for the jet, allows obtaining an expression for the pressure. 
The presented method makes it possible to determine the impact 
of the characteristics of the disk-emitter of the vibro-granulators 
on the pressure in the jets, which determines the physics of the 
collapse them into individual droplets. The optimal choice of 
parameters according to the received results allows obtaining 
monodisperse droplets and beads, which significantly improves 
the quality of the finished product. We propose to use the study 
according to the calculation of hydrodynamic jets issuing from 
basket of vibro-granulator, which uses disk-emitter to create 
vibrations. The research results can be used by design engineers 
and technologists involved in the design and operation of new 
and modernization of existing production of mineral fertilizers.

Keywords: vibro-granulator, granule, disk-emitter, oscilla-
tions, hydrodynamics, liquid jet.
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Analysis of foreign diesel fuels and prospect of 
improvement of their ecological performance
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The progressive development of humanity determines the 
increase in energy consumption in general and diesel fuel as well.

Increasing the consumption of diesel fuel leads to negative 
consequences. In this regard all over the world there is a problem 
to improve their environmental performance. A comparative 
evaluation of the consumption of cleaner diesel fuel and fuel with 
high sulfur content among the various countries of the world 
is conducted. On the example of the Russian Federation it is 
presented information on the annual emissions of combustion 
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products. The effect of the sulfur content in diesel fuel emissions 
of solid particles in the exhaust gases is evaluated.

The hazard of diesel soot by increasing adsorption on its sur-
face of polycyclic aromatic hydrocarbons is proved.

The effect on emissions of solid particles of fractional compo-
sition of the product and the content of aromatic hydrocarbons 
is considered.

The hazardous effects on the environment of sulfur com-
pounds in the diesel fuel are shown.

The necessity of purposeful study the possibility of replacing 
the aromatic component in the fuel using a strategy of environ-
mentally-friendly additives is proved.

Keywords: diesel fuel, environmental hazard, sulfur com-
pounds, emissions, additives.
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Destruction analysis of the antifoam additive
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The article presents the results of a study changes in the 
structural-group composition of molecules of the antifoam addi-
tives, which occur during long-term use of hydraulic oil «Hydra
unycoil FH-51», thereby reducing the guaranteed resource life 
of oil and, in turn, the reliability of the hydraulic system of the 
aircraft and the aircraft safety factor. The types of structural 
molecules of polyorganosiloxane liquid, their group composition 

and atomic mass are defined. It is found that during long-term 
use of hydraulic oil antifoam additive molecule susceptible to 
degradation breaking Si–O linkages and internal molecular rear-
rangement. As a result, these processes are formed low-molecular 
structure capable of sealing, thermal degradation, and participa-
tion in the processes of oxidation of hydrocarbons of all types.

Keywords: antifoam additive, oil aging, destruction of mole-
cules, oxygen-containing compounds, oxidation of hydrocarbons.
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Regularities of the coatings formation from 
bronze and babbit powders by hot pressing method
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The paper is devoted to the development of new coating 
made of bronze and babbit powders by hot pressing method. The 
purpose of the work is to explore the possibility and establish the 
regularities of coating formation on the surface with use of pow-
ders which have been obtained by grinding waste products. The 
new device for hot-pressing processes which allows you to cont
rol shrinkage has been developed for experimental studies. The 
studies of the coating were carried out by the methods of optical 
metallography, X-ray analysis, mechanical testing. It is shown 
that the formation of the structure combines the processes of the 
liquid phase sintering of the powder mixture and the diffusion in-
teraction with tinned of steel surface 20. The structure of coating  
consists of the bronze solid phase and babbit soft phase that  
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provides wear resistance. The established regularities allow you 
to control the processes of coating formation, creating permanent 
connections with the steel surface and using waste products. The 
developed technology can be used for manufacturing new and for 
their repair worn details of ship locking reinforcement of cargo 
systems (flanges, cranes, valves).

Keywords: hot pressing, bronze powders, babbit shavings, 
coating.
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Influence of multipass welding on the energy of 
grain boundaries in nickel alloys

page 27–30

The problem of crack resistance in nickel-based alloys re-
quires an individual approach in the study for each case. Especial-
ly difficult to describe the mechanism of crack formation is the 
presence of welding heat. Nickel-based alloy In52 during deposi-
tion multilayer fusing tend to form ductility dip cracks (DDC) in 
the heat-affected zone. Taking into account all the factors affec
ting the process of cracking was developed a method of numerical 
evaluation the strength of the grain boundaries. 

It was calculated the cohesive energy of the multilayer 
fusing made by wire In52, in the heat-affected zone, based the 
thermodynamics theory of grain boundaries. Scanning electron 
microscope, optical microinterferometer were used to evaluate 
the crystallographic orientation of grain boundaries and it profile 
after vacuum etching.

It was found that with increasing misorientation angle θ the 
cohesive energy is decreased. Less resistant to formation DDC 

are high-angle grain boundaries with range misorientation inside 
of 45–60° and average Ecoh 3,1 J/m2. The reasons of decrease the 
cohesive energy in alloys In52 during multipass fusion welding 
is adsorption of S and O from the grains body to grain boundary. 
Given similar energy absorption S and O on the GB, it can be 
assumed that GB concentration of oxygen is 4,5–5 times higher 
than the sulfur. The average concentration of O and S on the 
surface of DDC for high angle boundaries is inside of 2,3–4,5 and 
0,5–1 at. %, respectively.

Determination of the cohesive energy as a criterion of the 
probability formation DDC, permit to evaluate crack resistance 
of fusing, as well as to develop technological recommendations 
for prevent the formation of defects in the brittleness tempera-
ture range.

Keywords: grain boundary, ductility-dip crack, segregation 
energy, cohesive energy, adsorption.
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Synthesis and investigation of magnetite 
dissolution kinetics in the model environments

page 31–32

The article describes the magnetite dissolution kinetics in 
the modeling environment depending on the time of dissolution 
and pH. The results of solubility by spectrophotometry, atomic 
absorption and gravimetric methods are given. It is revealed that 
the magnetite is better soluble in an acidic medium with a de-
crease in acidity and in alkaline environment magnetite is more 
soluble at higher pH. It is revealed that the magnetite solubility 
increases with increasing time of incubation. The order of reac-
tion (I-st order) and rate constant of magnetite dissolution are 
determined. The optimum concentration of the starting materi-
als and conditions of the magnetite synthesis are matched. It is 
found that the magnetite is able to dissolve in the model environ-
ments and can be used for delivery of the iron (II) into the body.

Keywords: synthesis, kinetics, magnetite, solubility, concen-
tration, environment.
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Development of new welding consumables for 
wet underwater welding of high-alloy corrosion-
resistant steel

page 33–35

The paper describes the technology for mechanized wet 
underwater welding of high-alloy corrosion-resistant steel. The 
main purpose of the research is development of the pioneering 
self-shielding flux-cored wire for wet underwater welding. Quan-
tity and quality characteristics were determined by using the 
mathematical experimental design method. Quantity and quality 
welding-technological characteristics, such as gas saturation of 
the weld metal, stability of the arc burning process in water en-

vironment, and optimal composition of slag-forming components 
of the flux-cored wire charge, were specified. Application of the 
experimental self-shielding wire for mechanized wet underwater 
welding of high-alloy corrosion-resistant steel will make it pos-
sible to increase productivity and improve quality of underwater 
welding-repair operations, and receive an economic effect due 
to reduction of downtime in production cycle of an object being 
repaired. Application of this technology will allow a partial or 
even complete absence of participation of humans in the wel
ding process performed under extreme conditions in radioactive 
environment (in case of nuclear power plants) and in welding in 
deep waters. The research results can be used for welding-repair 
operations at nuclear power plants, ship-repair and ship-raising 
operations, and at hydraulic facilities. The proposed innovation 
technology makes it possible to fully replace the wet underwater 
covered-electrode welding technology. 

Keywords: flux-cored wire, steel Ch18Ni10Ti, covered elect
rode, nuclear power plants, gas saturation, wet welding.
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Processes and equipment of food  
and chemical industries

Impact of electrically activated water fractions 
on solubility of meat proteins

page 36–38

The article examines and discusses the influence of electrical-
ly activated water on the proteins of muscle tissue. The aim of the 
study is to improve the solubility of proteins in muscle tissue to 
achieve greater yields and improve their quality through the use 
of electrically activated water fractions. The results of the studies 
of solubility change of sarcoplasmic and myofibrillar proteins are 
given. It is established the solubility level of sarcoplasmic and 
myofibrillar proteins in the presence of a catholyte, anolyte and 
drinking tap water (control). The efficiency of using electrically 

activated water fractions to improve the solubility of proteins in 
muscle tissue is shown. It is determined the dependence of the 
water-holding and fat-holding capacity, emulsifying capacity and 
emulsion stability on the protein solubility under the influence of 
the electrically activated water fractions. The results can be used 
in the production technology of emulsified sausage.

Keywords: electrically activated water, catholyte, anolyte, 
meat, proteins, solubility.
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Receiving high-quality raw materials with 
improvement of drying process

page 38–40

This article discusses the use of more effective and energy 
saving apparatus with counter-current swirling flows after the 
perfection in food, pharmaceutical, chemical, metallurgical and 
construction industries and gives the examples of some results of 
our research in this area.

The main purpose of the research is to determine the optimal 
designs of dust collectors to increase the productivity of drying 
process.

The use of the apparatus with counter-current swirling flows 
after the improvements in technological process of drying allows 
to increase the productivity of technological process, to improve 
the collection efficiency of the smallest fractions of the solid par-
ticles of milk, to reduce the hydraulic resistance of the apparatus 
and its geometrical dimensions.

While analysing the obtained results with the use of different 
designs of dust collecting equipment the most optimum design 
for carrying out this technological process was determined.

The research results can be applied by the process engineers 
involved in the field of food industry as well as construction, 
chemical, pharmaceutical and metallurgical ones.

We propose to introduce more efficient energy-saving appa-
ratus with counter-current swirling flows for the technological 
process of food drying.

Keywords: drying, milk, collection, counter-current swirling 
flows, dust collection equipment.
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Transport technology
Intregration of the circular pipes in the 
supporting system of boxcar to ensure the 
rational strength indexes

page 41–44

This article presents the features and results of the study 
on the integration of circular pipes in the supporting system of 
boxcar on the basis of the method proposed by the author. Appli-
cation of this method ensures minimal consumption of materials 
under the conditions of strength and operational reliability by 
ensuring rational indicators of strength. Results of complex theo-
retical and computational checks of durability and operational 
reliability of improved boxcar design by the computer modeling 
pointed to the efficiency and effectiveness of the implemented 
technical solutions. So as a result of its test of strength in all 
cases calculated according to calculation mode found that the 

resulting equivalent load does not exceed the allowable norma
lized values, fatigue strength (in a test in 107 cycles) is provided, 
project service life is more than 32 years. Moreover, the results of 
additional analysis to ensure strength in welded joints have also 
confirmed their performance.

Keywords: boxcar, improving the supporting structure, integ
ration of circular pipes, rational strength indicators.
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Recommendations for implementation of ship 
unloading processes for transportation of 
compressed natural gas

page 44–47

The article deals with the application of transportation tech-
nology of compressed natural gas in the development of offshore 
deposits of the Black Sea. The main purpose of the research 
is to develop recommendations for improvement of unloading 
terminals and modes of operation. Laying of two branches of con-
necting gas pipeline and use of them as a buffer capacity enables 
maintenance of the critical mode of gas leakage and the introduc-
tion of the compression equipment in circumstances where the 
gas pressure at the outlet of the compressor exceeds the pressure 
in the cargo tanks system. Observance of the recommendations 
concerning modes of unloading terminals facilitates implementa-
tion of unloading process with minimum energy and material 
costs. The research results can be used to successfully implement 

the project of gas transportation in the compressed state of different 
options for their implementation. For detailed justification of the 
modes of unloading terminals it is necessary an information about 
volumes of the transported gas using CNG technology and con-
ditions of laying and connecting of the branches of connecting  
gas pipeline to the existing gas transportation infrastructure.

Keywords: compressed natural gas, unloading of vehicles, gas 
compression equipment, connecting gas pipeline.
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Mechanical engineering texnology
Systematization of applications of the operator 
of parallel transport in modeling of flat 
compartments of tool surfaces

page 48–51

The application of the flat compartments as modules of the 
models of tool surfaces for machine-building and other purpose 
in industries with the shape-generating technologies has been 
considered. The main purpose of the study is allocation and 
systematization the basic typical elementary flat compartments 
of tool surfaces, the use of which by means of the operator of 
parallel transport allows to reproduce virtually any of them. The 
application of the theory of multi-parameter affine mappings of 
the space and some of the results of our research in the direction 

of its applied unification have been discussed in this paper. A sys-
tematic morphological selection of elementary flat compartments 
of tool surfaces formed by the action of the operator of parallel 
transport, the results of which are visualized and mathematically 
described, was made in this paper. The methodical example of the 
practical application of development is being shown. The pre-
sented complex of geometric modules and their mathematical de-
scriptions is being offered for a diversified use in computer-aided 
design to development with tool component, service-oriented to 
shape-generating machine-building and other technologies. The 
proposed system of flat compartments formed by the action of 
the operator of parallel transport allows to perform modeling of 
tool production objects of any complexity, from a flat in planning 
application to a complex profile shape-generating edge in manu-
facture of turbine blade.
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Keywords: tool surface, modeling, multi-parameter mappings, 
operator of parallel transport, flat compartment, systematization.
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Increased rigidity and technological possibilities 
of the spindle with pneumatic supports

page 51–54

This article presents the use of spindles on the conical air 
bearings in high-speed machines and the results of our research 
in this area. The main goal of the research is to develop methods 
and schemes for the collection, analysis, dissemination and use 
of knowledge about the possibilities of pneumatic supports from 
various sources to improve the technological capabilities of the 
spindles.

High-speed processing is widely used in many fields. Using 
this kind of processing allows to largely reduce the manufactu
ring costs and, along with this, to improve the cleanliness and 
accuracy by increasing the rigidity of the spindle.

The presented method allows you to quickly and accurately 
obtain important information (the result of) using the specified 
input and output characteristics of the projected processing.

The research results can be applied to process engineers in-
volved in the field of high-speed processing, as well as to obtain 
accurate parameters without extra costs.

We offer the use of this methodology for the calculation of 
the technological capabilities of the spindle, as well as determine 

its stiffness, which allows to increase the rigidity depending on 
the input parameter of the air support.

Keywords: spindle, air support, the groove of variable depth, 
geometrical parameters, stiffness, technological opportunity.
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Improving of wear resistance of screw parts by 
plasma surfacing by powdered materials

page 54–57

The use of reverse polarity plasma surfacing of the screw 
parts for the equipment of the processing enterprises of agricul-
tural production and the results of our research in this area are 
discussed in this article. The main purpose of the research is the 
substantiation of the method of plasma surfacing of cylindrical 
equipment parts of the processing enterprises of agricultural pro-
duction. The modern instruments and methods are used during 
research. The results of staged experiments provided the basis 
for the selection of the factors for matrix planning of laboratory 
tests in determining the geometric parameters of the deposited 
layer on the surfacing modes. The method of plasma surfacing by 
the powdered mixture, which provides the required mechanical 
properties of the deposited layer and offers for reclamation of the 
details of the processing equipment of agricultural enterprises, is 
proved. The tests at the company confirmed the results of labo-
ratory tests to ensure the durability and quality of the deposited 
layers of detail.

Keywords: plasma surfacing, powder mixture, stainless steel, 
DC reverse polarity.
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Simulation of formation waviness on working 
surfaces rings of roller bearings during 
centerless grinding operations

page 57–61

In the article was investigated the formation of waviness 
on working surfaces rings of roller bearings, which causes the 
appearance of noise and vibration in the bearing units of ma-
chines and mechanisms. To establish patterns of appearance of 
waviness were used some principles of systems theory and math-
ematic simulation; in particular the establishments of transfer 
functions, finding the equation of dynamics, usage of Laplace 
transformations to solve differential equations, building locus 
diagrams and others.

For the purpose of analysis, centerless grinding system, 
with some simplifications was considered as a linear, conti
nuous, closed dynamic system. On the basis of this was com-
piled flow-chart of plunge centerless grinding model on rigid 

shoes, and was found the transfer function. The solution of the 
system’s characteristic equation revealed influence of waviness 
on the ground surface and the regeneration process of this 
waviness on the locus diagram of displacement vector of the 
workpiece’s center.

As the investigation, result established a regularity of 
change of waviness harmonics depending on the geometry of 
rigid shoes setting. Management of waviness surface bodies of 
revolution on centerless grinding operations is an important 
prerequisite for getting optimum quality parameters of wor
king surfaces of the roller bearing rings and as a result effect 
on exploitation properties of the bearing, such as noise, durabi
lity, and reliability. Using the results of this research will allow  
choosing such geometry of setting grinding on rigid shoes, 
which predictably increases or decreases the parameters of 
a particular harmonic of waviness.

Keywords: roller bearing, waviness, rigid shoes, locus diagram.
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Power and energy saving

Development of operation support methods of the 
drying plant within a cogeneration system

page 62–66

In the article on the basis of the proposed cogeneration sys-
tem it is developed a method to support the functioning of the 
dryer at the level of decision-making for the production of pellet 
fuel. Prediction of changes in moisture content of air in measu

ring air temperature at the inlet to the heat exchanger for heating 
air maintains temperature and aerodynamic drying modes based 
on the change speed of the fan motor of the air with a heating 
medium consisting of a cogeneration unit. In the production of, 
for example, 5,8 ths of wood pellets per year is possible to pro-
vide 860 flats of 120 m2 area by pellet fuel, which allows taking 
into account the frequency control of the fan motor of the air to 
reduce the production cost of electricity and heat in the range of  
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20–30 % to obtain saving money by using pellet fuel for heating 
and hot water supply up to 40 %.

Keywords: pellet fuel, cogeneration system, drying plant.
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