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A VERY INEXPENSIVE SCHEME ON RFEM TO USE
IN CFD AND OTHER PROBLEMS
Mohammad Reza Akhavan Khaleghi

The Office of Counseling and Research Fluid Engineering and Aerodynamic, Mashhad,
e-mail: rfemcfd@gmail.com

Note, Reference [1] should be read before reading this paper. In this paper I am going to use the Reduced Finite
Element Method (RFEM), see [ 1] with a constant amount of Element Degree Limiter, Field Variable Limiter (EDL,
FVL) coefficient to obtain an inexpensive scheme of non-oscillatory, for this purpose I used third degree Lagrangian
elements on full upwind difference scheme (FUDS) and its result was very successful.

Keywords: Reduced Finite Element Method, Non-oscillatory, Full upwind difference scheme, Third-order scheme.

The non-oscillatory shape functions [1] is
written as follows:

NgDL,FVL — (1 _ Si)N(()p) + SiN(()mf)
N;“DL,FVL — (1 _ Si)N}p) + SiN;ref) (1)
NlI::DL,FVL — (1 _ Si)N(Lp) + SiNZEf)

Where 6, is Element Degree Limiter, Field
Variable Limiter (EDL, FVL), N’ is p-order
shape functions (in this paper degree of p is 3)
and Ny, N and N, are reference func-
tions I used equation (40) of [1] as reference
function that is

Gef) — AT () ref) _ AT(D
Ng”' =Ny', N7 =0, Ny =N;"  (2)
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Fig. 1. 1D advective equation u, +u, =0
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Fig. 2. 1D convection-diffusion equation a¢, —k¢ . =0
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Fig. 3. Grid for flow over a NACA 0012 airfoil
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Fig. 4. Pressure distribution on surface of NACA 0012 airfoil, steady-state
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Fig. 5. Grid for flow around a cylinder.
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Fig. 6. Flow around a cylinder, steady-state

Where Ny’ and N.” are liner shape func-
tions, by putting equation (2) in (1) and also
8, =—1 we have

NgDL,FVL — 2N(()p) _N(()l)
NfDL,FVL — 2N;p) (3)
NzDL,FVL — 2N2p) _Ng)

Equation (3) is non-oscillatory shape func-
tions that will be used in this paper for CFD
problems.

Examples

In this section, I am going to use the equa-
tion (3) as shape function for approximating a
few equation and compare its result with non-
constant O,. As first example, I approximated
1D advective equation by Point Collocation
weight function, see figure (1). In second exam-

ple, 1 approximated 1D convection-diffusion
equation in p, =% by Galerkin weight func-
tion, see figure (2). In third example, I approxi-
mated 2D Euler equations for pressure distri-
bution on surface of NACA 0012 airfoil [1] by
Galerkin weight function and infinite elements
for non-solid boundaries, see figure (4), and
flow around a cylinder [1] by Subdomain Col-
location weight function see figure (6).

Conclusions

As can be seen from the results, with any
number of elements solutions are non-oscilla-
tory, and when we use fine mesh (usually in
CFD is used) solutions are very close together.
So, using of constant EDL, FVL is useful.

References

1. Khaleghi M.R.A. A new computational package for us-
ing in CFD and other problems.

EUROPEAN JOURNAL OF NATURAL HISTORY Ne 4, 2015



Technical sciences

Materials of Conferences
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The results of studying reaction of isphthtaloni-
trile hydration upon promoted catalysts at the foun-
dation of Ni-Rhenejais alloy Ni:Al = 1:1 in spirit
environment under the pressure of oxygen in pres-
ence of ammonia.

It is established that in the described conditions
studied catalysts can be placed in the following line ac-
cording to degradation of isophthalonitrile hydration:

Ni-Nb_>Ni-Ti >Ni-Mg >Ni,

And according to output of m-xylylenediamine
(m-XDA) sequence of catalysts preserves. Alloying
of Ni-Al-alloy with a small amount of Ti, Nb has
a positive effect upon activity and selectivity. Ac-
tivity of Ni-Nb__catalyst in 2-3 times greater that
of Ni-Ti__and Ni-Mgck, and 4-5 times greater than
that of Ni_.

It is shown that the studied solvents can be
placed in the following line according to degrada-
tion isophthalonitrile hydration speed on Ni-Nb_
under 4,0 MPa of H, and 80°C:

CH,OH + NH, > C,H.OH + NH, >
> is0-C,H,0OH + NH, > iso-C,H,OH + NH, >

In aliphatic spirits (C,-C,), under nitrile-ammo-
nia proportion = 1-3 (g/g), output of XDA equals
96-98% on Ni-Nb__catalyst.

Nowadays attention of reserchers is mostly
drawn to problems of using lipid-aromatic diamines
in synthesis of heat-resistant polymers, as introduc-
tion of aromatic rings into the chain of polymers
increases solidity of thermomolecula, temperature
of softening and melting sharply [1]. The basic sim-
ilar product for heat-resistant polymers will be m-,
p-xylylendiamines, synthesized via catalyst hydra-
tion of isophthalo- and terephthalonitriles, received
via oxidation ammonolysis of m-, p-xylols [1, 2].
Therefore, problem of synthesizing m-, p-xylylend-
iamines draws our interest for studying.

The most rational method of receiving m-xy-
lylendiamine is catalyst hydration of isophtholod-
initrile, received via oxidation ammonolysis of oil
m-xylol. Up until the modern days kinetics and
mechanisms of hydration isophthalodinitrile into
m-xylylendiamine are not studied sufficiently.

The objective of this work is to develop an
efficient method of receiving m-xylylendiamine,

monomer for heat-resistant polymers, via hydrating
isophthalonitrile.

Earlier all researches, devoted to a direct hydra-
tion of isophthalo-, terephthalonitriles were carried
out in static conditions, and consumption of hydro-
gen was monitored according to a drop of hydrogen
pressure in the system. Among such researches we
can outline works by academy member A.A. Balan-
din, L.K. Freindlin, T.A. Sladkova, and others [3, 4]
and academy member D.V. Sokolskiy, F.B. Bazh-
anov [5]. Among the disadvantages of these works
we can outline lack of studies on kinetics of ni-
trile group hydration, hard conditions of the pro-
cess, and insufficient output of the desired product
(B, =10,0-20,0 MPa H,, T = 120-150°C, output
of m-, p-xylylendiamine 80-90 %).

The work [6] describes catalyst method of re-
ceiving m-xylylendiamine from isophthalonitrile on
Ni/ fossil meal under 80-100°C, 8,0 MPa H, in pres-
ence of organic solvent and ammonia (mole propor-
tion of isophthalonitrile:dioxane:ammonia = 1:3:2).
Output of m-xylylendiamine equals 80-85 %).

The author’s testimony [7] describes catalyst
method of receiving m-, p-xylylendiamine from
isophthalo-, terephthalonitriles on Pt-Ni / ALO, or
Pd-Ni / ALO, under 120-130°C, 22,0 MPa H, in
presence of organic solvent (xylol, toluol, propanol)
and ammonia (mole proportion of isophthalonitrile/
ammonia = 1:50-100). Output of m-, p-xylylendi-
amine 90-95%. For disadvantages of this method
we can outline hard conditions of the process on no-
ble metals in presence of great amount of ammonia.

In industry m-xylylendiamine is received via
electrochemical restoration of isophthalonitrile, its
catalyst hydration on Ni-Rheneja, Pt, or Pd / ALO,
(60-100°C, 10,0-13,0 MPa H,) in organic solvents
leads to cyanbensilamine.

Materials and methods of research. With the aim
of intensifying the catalytic synthesis of m- xylylenedi-
amine isophthalonitrile for the first time we studied in
the presence of various alloyed catalysts based on Ni-
Raney, showed high activity and selectivity in hydro-
genation reactions of other aromatic compounds.

Catalytic hydrogenation of isophthalonitrile was
conducted in the liquid phase in the isobaric-isother-
mal mode to a high-pressure kinetic (KUVD) allow-
ing monitoring the consumption of hydrogen per unit
time [8]. The reactor is a catalytic “duck” stainless
steel. The volume of the reaction vessel is 0,15 1.,
the number of single-sided swing of 600—700 per
minute. Solvent — alcohol + NH,. Hydrogenation is
carried out until the termination of hydrogen uptake
from the gas phase. The equipment and the experi-
mental procedure described previously [9], the cata-
lyst is prepared according to known methods [5].

For the analysis of hydrogenation products
were applied potentiometric titration, IKS, Fourier-
spectroscopy and elemental analysis.
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Results of research and their discussion. In the
study of catalytic hydrogenation isophthalonitrile we
deliberately were trying to select such process condi-
tions — the catalyst, solvent, temperature, hydrogen
pressure, and the ratio of ammonia to dinitrile, which
could provide a high yield and quality of the desired
product while reducing the duration of the experiment.

Comparative results for the hydrogenation
of isophthalonitrile Ni-Reneyaiz Ni-alloy Ni:
Al =50:50 and modified with additives Mg, Ti, Nb
catalysts based on Ni-Raney in ethanol at 4,0MPa
H, pressure and 80°C show that a characteris-
tic feature of the kinetics of the hydrogenation of
isophthalonitrile as in the case of the hydrogenation
terephthalonitrile it is constant and fairly large (for
large initial velocities) reducing the reaction rate
throughout the experiment [1, 10].

On the Ni-Raney (Ni_), a fairly sharp decrease in
the rate of hydrogenation, and by the time hemihydro-
genation (after absorption of 2,0 moles (50%) of the
desired hydrogen) it becomes zero, that is, reaction dies,
apparently as a result of the formation of byproducts.

On the catalysts Ni-Mg_, Ni-Ti, and Ni-Nb_
hydrogenation rate of izoftalonitrile hemihydro-
genation becomes an order of magnitude lower than
the original; the test was terminated by absorption
of the calculated amount of hydrogen. By active
catalyst Ni-Nb_ turned is 5 times as active Ni, and
Ni-Mg, Ni-Ti - almost 2-3 times.

It has been established that catalysts Ni-Mg_,
Ni-Ti , and Ni-Nb_ izftalonitrila hydrogenation pro-
ceeds at a decreasing rate with time, the calculated
amount of hydrogen is absorbed. The hydrogena-
tion starts with a very high rate of absorption to two
moles of hydrogen per mole of dinitrile, after which
the rate of hydrogen absorption decreases somewhat,
the next two moles of hydrogen are joined slowly.

Hydrogenation of izoftalonitrile to m-xylylen-
ediamine in a liquid phase under a hydrogen pres-
sure of isobaric-isothermal conditions investigated
to reduce the activity of catalysts arranged in series:

Ni-Nb_>Ni-Ti >Ni-Mg >Ni

We have previously shown that the hydrogena-
tion terephthalonitrile significant influence on the pro-
cess by the nature of the solvent, and the best results
are achieved when using alcohols in the presence of
ammonia [1, 10] . Solubility of phthalonitriles, e.g.,
methanol at 25°C in order to increase the presence of
ammonia in comparison with pure methanol, and the
temperature rises to 50°C for a further two times.

We are in our studies under the hydrogenation
of izoftalonitrile to m-xylylenediamine for the cata-

_ _ +H, _
N=C-R°"C=EN—>HN-CH "R-"C=N

Dinitrile aldimine

lyst Ni-Nb_, in liquid phase under a hydrogen pres-
sure of isobaric-isothermal conditions (4,0 MPa H2,
at 80 C) was used as solvent, methanol, ethanol, iso-
propanol previously saturated with ammonia under
cooling (nitrile: ammonia = 1: 1 and 1: 3 ratio in g).

It was shown that the investigated solvents to
reduce the rate of hydrogenation of izoftalonitrile
arranged in the following series:

CH,OH + NH,> C,H.OH + NH >
> is0-C,;H,OH + NH, >iso-C,H,OH + NH, >

The output from m-xylylenediamine (m-CDA),
the sequence arrangement of solvents is maintained.
The shape of the kinetic curves does not change.

Suitable ratio of the reactants on the catalyst sur-
face in alcohol in our experiments is observed at a ra-
tio of nitrile: ammonia = 1:3 (g /g). In the alcohol in
a ratio of nitrile: ammonia = 1: 3 (g / g), the yield of
m-CDA on Ni, 68-70% on Ni-Mg_, Ni-Ni-Ti, and
Nb,, catalysts 90-91, 91-92 and 96-98 % respectively.

From this sequence, it follows that as the mo-
lecular weight increases the rate of hydrogenation
of izoftalonitrile alcohol in a solvent decreases.

Increasing the speed of hydrogenation and
high yield of m-xylylenediamine (96-98 %) in the
alcohol-ammonia solutions favors aldiminovogo
mechanism [1, 3, 5, 9-14].

To confirm the completeness of the reaction hy-
drogenation of izoftalonitrile to m-xylylenediamine,
we studied the infrared spectra of the final product
to catalytic reduction izoftalonitrile-promoted the
skeletal catalyst Ni-Nb_ .

The final product (after the absorption of
4.0 moles of hydrogen required) in the IR spectrum
the absorption bands disappear completely, corre-
sponding S=N group (valency fluctuations 2240—
2230 cm), and in 3400-3290 c¢cm™ manifested in-
tense absorption bands of stretching vibrations of
the NH, group [9, 10, 15].

The desired product m-xylylenediamine — a
colorless liquid; temp. Solidification 14°C. temp.
boiling. 245-248°C, 105°C /2 mm Hg.; d*°, 1,055;
n,”° 1,5720. It is readily soluble in ether, dioxane,
and lower aliphatic alcohols.

FT-IR and Raman spectra of the starting mate-
rials and reaction products were recorded on FTIR
spectrometer [FS-66 with Raman prefix FRA-106.

The formation of the aminonitrile in the catalyt-
ic hydrogenation of aromatic dinitriles indicates se-
quential recovery of the nitrile groups [1, 5, 10, 12].
First intermediate compound formed on the surface
of the catalyst in the hydrogenation of nitriles and
dinitriles is aldimine [1, 3, 5, 9-14]:

+H2 _ +H2
— H,N—CH,"R-CEN—>

aminonitrile

+H
—= H,N-CH,R-CH=NH —%» H,N-CH,—R-CH,—NH,
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The classic way of getting primary mono- and
diamines is hydrogenation process of nitriles and
dinitrils in the presence of ammonia [1, 37, 9-12].
Ammonia prevents reactive aldimines react with
a primary amine, which are formed by reacting a
Schiff base and further reaction with hydrogen pass-

N,
R—CH==NH +NH;—>=R~CH
NH,

To direct the reaction towards the formation
of primary mono- and diamines is necessary to
increase the hydrogen concentration on the cata-
lyst surface, for example, using elevated hydrogen
pressure and strengthen the adsorption of hydrogen
bond with the surface by promoting the skeletal
nickel, or the selection of the solvent, in particular,
its introduction into the ammonia or additives basic
character [1, 3-7, 9-12, 16, 17].

Many authors attributed the increased activity
of skeletal Ni-Ti_, and Ni-catalysts Nb_, to a change
ratio NiAl, aluminide alloy and Ni,Al, in upward
phase NiAl, which leads to a change in the lattice
parameters Ni. The observed deformation of the
lattice of nickel is an additional indication in ex-
plaining the higher activity of the catalyst. The ac-
tivity and selectivity of studied catalysts under the
catalytic synthesis of primary amines can be associ-
ated with a high degree of enrichment of the cata-
lyst strongly bound by adsorbed hydrogen and the
oxides of d-metal oxide catalysts in skeletal layer
leads to an increase in the proportion of micropo-
res, increase in the specific surface of the catalyst
influence the adsorption properties, selectivity and
stability.

Introduction to the Ni-Al-alloy and oxidize eas-
ily leachable infusion (up to 10 wt. %), leads to an
increase in efficiency factor [1, 10, 16, 17].

General Linear flowsheet producing polymers
can be represented as follows:

raw materials - oil

|

aromatic compounds of oil

p-.m- xylenes

oxidative ammonolysis

tere-, izoftalonitrily

hydrogenation

P'ym—v xylylenediamine

L synthesis of polymers
Polyamide, polyimide

es to a secondary amine. It is also possible interac-
tion with a secondary amine aldimine [5, 9—13]. A
reactive aldimine interacting with ammonia forms
an unstable compound, which is easily transferred
to the primary amine, by interacting with the hydro-
gen and splitting off the ammonia [1, 5, 9, 10, 12]:

+H,
— RTCH,7NH, + NH;

The authors of [1] terephthalonitrile synthe-
sized by hydrogenation of p-xylylenediamine, and
on its basis — heat-resistant polymers.

Conclusion. Experiments with a high-pressure
kinetic showed that under the conditions of the ex-
periment on Ni-promoted Mg, Ni-Ti , Ni-Nb_ cat-
alizators the liquid phase hydrogenation proceeds
at a decreasing rate over time. The hydrogenation
starts with a very high rate of absorption to two
moles of hydrogen per mole of dinitrile, after which
the rate of hydrogen absorption decreases some-
what, the next two moles of hydrogen are joined
slowly.

The activity of the catalyst Ni-Nb_, in 2-3 times
higher than Ni-Ti, and Ni-Mg_ and 4-5 times high-
er activity of Ni-Raney (Ni_.).

It is shown that the experimental conditions
studied (4,0 MPaN2 and 80 °C) with increasing mo-
lecular weight of the alcohol rate of hydrogenation
in a solvent izoftalonitrile is decreasing. The form
of the kinetic curves is being unchanged. The ali-
phatic alcohols (C-C)) at a ratio of nitrile: ammo-
nia = 1: 3 (g / g), the yield of m-xylylenediamine is
on Ni-catalyst Nb, 96-98 %.

An attempt was made to explain the course of
the process of catalytic hydrogenation of izoftaloni-
trile to m-xylylenediamine by aldimine mechanism.

General linear flowsheet producing polymers can
be represented as follows: Raw material — Oil — Aro-
matic compounds of oil — p, m-xylene — tereftalo-,
izoftalonitrily — p, m-xylylenediamine — polymers.
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came to the editorial office on 28.07.2015.

SPACE MONITORING OF MAN-MADE
HAZARDS IN CENTRAL KAZAKHSTAN

Tbatov M.K., 'Yavorskiy V.V., 2Mozer D.V.,
'Sergeyeva A.O.
!Karaganda state industrial university, Temirtau;
’Karaganda state technical university, Temirtau,
e-mail: yavorskiy-v-v@mail.ru

In article features of data processing of space
monitoring of territories with the purpose of pre-
vention of technogenic emergencies are condsi-
dered. Here is the interferogram, settling in the re-
gion of Karaganda region.

Space monitoring is the continuous multiple get-
ting information about qualitative and quantitative
characteristics of natural and man-made objects and
processes with the exact geographical position at the
expense of processing the data received from the sat-
ellites, Earth remote sensing (ERS). Space monitor-
ing allows to obtain uniform and comparable quality
information at a time for vast territories, which is al-

most unattainable for any of ground surveys. Based
on this definition, we can distinguish a number of
basic requirements to space monitoring: the ability
to monitor large areas and long features; high spa-
tial resolution (up to 50 cm) and precision, includ-
ing without ground anchor points; high frequency of
surveys, the efficiency of obtaining the original and
processed RS data; the possibility of building digi-
tal elevation models (DEM) and of localities on the
stereo images from the SPACECRAFT (SC) remote
sensing; the ability to take the picture in a large num-
ber of spectral channels; possibility of use of materi-
als of space monitoring directly in all standard GIS.

Operational space monitoring of natural and
technogenic emergencies and disasters in recent
years has become the most important and neces-
sary component of information provision services
respond to emergencies. Every day we receive
space data is widely used for providing information
for audit and predictive models security areas and
hazardous production facilities. Using the modern
GIS-technologies, allowing to unite the diverse in-
formation with space data. This allows you to auto-
mate the calculations of the risk of disaster (fires,
droughts, floods etc). Possibilities of space monitor-
ing zones of emergency from space are determined
by the availability of imagery, spatial resolution of
observed objects, availability of images.

Data processing of remote sensing — the pro-
cess of the operations of aerospace images, includ-
ing their correction, transformation and improve-
ment, interpretation, visualization.

The main stages of space images processing:
the preliminary processing, the thematic.

Preliminary processing of multispectral data is
the correction and improvement of satellite images.

The pre-processing includes the geometric
correction of satellite images, the radiometric cali-
bration of images, the radiometric correction of
influence of the atmosphere, the restoration of the
missing pixels, the contrasting, the filtering. Geo-
metric correction includes the elimination of the
image geometric distortion (orthorectification), the
geographical location.

Photos, originally received from satellites that
have been recorded in the so-called “raw values”
brightness DN (Digital Number). The data in this
format cannot adequately be compared with the
data of other surveys. The task radiometric calibra-
tion is adjusting these values in physical units.

Image contrast is the difference between the
maximum and minimum values of brightness.

Weak contrast — the most widespread defect
images.

Filtering is a transformation that allows you to
enhance the reproduction of certain objects, sup-
press unwanted veiling, to resolve other random
interference (noise). The essence of objects is use-
ful to define at the image in natural colors, but to
share and delineate objects easier on the image in
false colors. Choosing the right scale allows the
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operator to visually identify objects that are a lit-
tle different in brightness on a gray scale image.
In such images more Yaro and contrastly allocated
objects compared to the original image. Principal
component analysis is a method of multispectral
analysis of correlated data. Classification of com-

puter image interpretation or process automated
units of all pixels of the picture into groups (class-
es), which correspond to different objects. To moni-
tor vertical distortion underworked areas Kostenko
mine (Karaganda region) was used satellite radar
interferometry.

Fig. 1. Sedimentation in the area of mine it. Kostenko

12.01.2003-19.04.2004

Fig. 2. Building a differentiated interferogram

GOgaIC &7
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Fig. 3. Settling between water store and the village of Aktau

The main output file when calculating the
displacement of the Earth’s surface is differen-
tial interferometer graph representing the result of
subtracting the synthesized phases of the topogra-
phy of integrated interferogram. Geocoding and
calibration are relative been obtained earlier digi-
tal elevation model of the city of Karaganda. The
calculations showed that in 2003 in the mine area
Kostenko have started to form 2 of the mould of
subsidence. Up to 2010. mould concretion only in-
crease. Sedimentation are on average 2,5 cm during
the reporting period, i.e. approximately 30-50 days.

On mine Kostenko currently conducted the work
on formation K1 on the lava 45 K1-C capacity remov-
able reservoir made up 2,m/ Subsidence of a terres-
trial surface is calculated by the method of PSI, also
showed subsidence in Kostenko mine area (fig. 1). Ac-
cording to the schedule, sedimentation are active char-
acter from 2003 to 2004-up to 80 mm 2005 to 2009
there is a small settlement in the region of 40 mm With
2009 is actively mining layer, which leads to an ac-
tive process of displacement of the Earth’s surface and
subsidence of the mould displacement.

The interferogram of the Karaganda region shown
in fig. 3. (Processing of satellite images ENVISAT
2010/07/31 and 2010/10/09, subsidence of up to 5 cm).

Found subsidence on the undermined territo-
ries of the city of Karaganda indicate geodynamic
processes, which may further lead to the destruction
of asphalt pavement, paludification or flooding of
land, and ultimately to failure. In this area it is nec-
essary to monitor the state of the earth’s surface to
predict the parameters of deformation and detection
of potentially dangerous zones.
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First, I should mention that this is a basic pack-
age and is not limited to CFD, it can also be used
for other problems.

Finite Element Method (FEM) is a powerful
numerical method which has been used successfully
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for the solution of the existing problems in various The operators £ and 9% in equations (1) can

scientific and engineering fields such as its applica-  pe zero-order, odd-order, even-order or a combina-
tion in CFD. Many algorithms have been expressed  tjon of two or all three

based on FEM, but none has been used in popu-

lar CFD software. In this section, full monopoly is R,=Sh+P= ’f@dd, L & +23'§°¢ P
according to Finite Volume Method (FVM) due to ?

better efficiency and adaptability with the physics odd  een oo

of problems in comparison with FEM. It doesn’t R =Mop+r=Mp+MPp+MP+r  (2)
seem that FEM could compete with FVM unless
it was fundamentally changed. In this paper, I am
going to show those changes and its result will be
a powerful method which has much better perfor- I

mance in all subjects in comparison with FVM and : W, R, dQ
other computational method, I called it Reduced Fi- ¢

nite Element Method (RFEM).

The weighted residual relationship for these re-
lationships on any element is

The general form of a linear differential equa- IW R.dT 3)
tion with boundary conditions can be shown as e
follows [Zienkiewicz and Morgan (1983); Zienkie- And
wicz and Taylor (2001)]:
R,=SLp+P IVKRQdQ+IWierF:O (4)
Q° re
R =9 g+r () By inserting (2) in (3) we have

odd even zero
J.W} @dQ+ )W, £ pdQ+ VK£¢dQ+IVKPdQ
& c & o
IVK£¢dQ+IVKPdQ (5)
. o

odd even —— zero

W, 9K pdT + ) W O ¢dT + W,.@wanWirdr
T e T

o
= J.Wi%¢dF+J.WirdF
g e
The approximate relation of the field also is equal to

A M A
b=¢=2. N4, ©)
j=0
By inserting (6) in (5) we have

odd M A even M A A
Im£ZNj¢de+Im eYN, ¢de+[ (Y N, ¢,dQ
o = &

j=0 Q° j=0

M A
+/mpd9=/w;£ZNj¢de+medrz (7
o° o° j=0 0°

—— odd
W,
re

M A —_— cven M A —_— zero M A
ZNj¢jdr+r[W,.@rc Nj¢jdr+r[W,.®rzZNj¢jdr
j =0 j=0

Jj=0 j J

— — M A —
+jW,. rdl =W, @KZNj¢de+_[VKrdF
re re =0 re

Together all the elements a comprehensive system of equations is obtained which can be written quite
generally as

K¢=r ®)
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And New Formulation for Finite
E . E . Element Method (NFFEM)
K. =SNK. f= ) Here I will introduce a new formulation for fi-
! ; » ) ; S © nite element method which its performance is much
better than all conventional algorithms of finite ele-
ment method in CFD. In NFFEM relationship (9) is
written as follows:

Finally by using of equation (7) can write

K, = IVKSdeQ+IWi®KdeF
Q° re

* E ex x E  ex
e B RN INED W (an
f =—IVKPdQ—IVKrdF (10) o -
o re And each of the matrix coefficients are
/\T A A A A ex odd ex even e* zero e*
¢ =005 0u) K, =K, +K, +K, (12)
And this is the general form of approximation to odd e+
a differential equation by the finite element method. Where K, become
odd ex b . _ I odd
K, = —5(| B = B, DI W SN, d (13)
For K; we have
cvenes b - _ J’
K, = (1—E(| Bivs| = Bns DI W LN, 2 (14)
For K,] we have
zero ex _ b . _ I
Ky == (B = B, ) I W N, 4O (15)
And for f, we have
o b - _ J‘
£ =q _5(| Bn.,.,|— Biwe ) W, PO (16)

These relations are used for boundary integrals the same way, these are relations completely of NFFEM.
In the equations (13) to (16), by choosing b = 1 full upwind difference scheme (FUDS) and by choos-
ing b = 0 central difference scheme (CDS) is obtained (Flux Vector Splitting Methods (FVSM) can also
use with NFFEM, in this form b = 1 is considered and equations are written separately for positive and
negative-terms after that the sum of the equations is done). These relationships are also valid for non-linear

operators ( £(¢) ), which leads to K U(¢) . In the equations presented above, /;’iklm(xvy,,) is given by

- _ 2(Bik{x) +Bil(y) +Bim(z))_(|5ik(x)|+|ﬁil(y) +|Bim(2) )
iklm(x,y,z) - — — — — — —
‘z(ﬂi"m + B, +ﬂi”’<z))_(|13i"(x> +|ﬂi’<y> +|IBi'”(z> )‘
For the central difference scheme the following equation can also be used instead of

b = . .
(1—E(|ﬁ,.k,mu,y,z, — Bum,.,.)) in equations (13) to (16)

an

(=2 (B |~ ) (8)
Where E,.k/m(w) is given by
fklm _ |Bi"m +IBi’<y> +Bi'"<z) _(|Bi"<x>| +|IBi’<y> +|Bi"’(z) ) (19)
ik .2 Hﬁi"m +Bi,(y) +ﬁi'”<z) —(|Bik(x)| +|Bil(y) +|,B,-m(z) )‘

In this form, the number of participating elements in the equation of node 7 are limited to two elements
in 1D, 2D and 3D. The B, By, and j.  are equal to

ﬁz‘"(x) = lBik(x)ai(x)’ ﬂil(y) = ﬂil(y)ai(y)’ lBi"‘(z) = Pimy Gz (20)
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Where
_ Xk — Xk Xik— Xk
ik = + ,
|xik—x0k| |xik—ka|

B =[yil_y01 4 yil_yLl]
LEY)

1)
=yl |yi= 2l

Zn—Zgm  Zm—Zym
ﬂ,"”(z) — i 0 + i L
|Zim_Z()m| |Zim_ZLm|
And a, is the sign of the unknown variable or

derivations coefficients (any term that changes the
sign of the matrix coefficients)

A B C,
i(x) ZM%’ Oy =|B%’ Ay = |C¢
X v z

Equation (17) can be written with 3, and — p,
instead of the f; that its result will be B, , de-
pending on the sign of B, that we have chosen, the
P, . gives the forward or backward differenc-
ing scheme.

Superscript k, [ and m represent the terms are
located on lines &, / and m (The node i in three di-
mensions is located on three lines, line k at x direc-
tion, line / at y direction, and line m at z direction,
see figures (1) and (2)).

For hierarchical shape functions, the shape
functions dependent to the sides and element as
shown in figures (3) and (4) attributable to the
points (these points as o756 0m , Sik>M1,6;m and
& 6T 6,m to calculate B, also to determine lines
k, [ and m are used).

When wind direction is constant before and
after discontinuity (shock), as an alternative (or as
another option for all position), 3 can be used in-

stead of B, where /3, is

a (22)

ﬂ;k(x) = ﬁik(x)ai’(x)’ lBiI(y) = ﬂil(y)ai(y)’
ﬂi"’(:) = ﬂi"‘(:)ai(:) . (23)
Where
L 3N 4 ¢ 0 3N ‘
Z axzj i Z zej 4
’ j=0 0 J<L B
Xy = - =
L 62Njk p 0 azNjk p
= o’ . / = o , /
L N[ | | e[
Z P 21 ¢/ - Z P 2, ¢j
’ jzo0 OY ) j<L Oy B
ai(y) = + _ (24)
L 3’N. ‘ 0 3N, ‘
Z P zj ¢,- - Z P zj ¢,—
jz0 9V | =L 9 |,

L A2 0 A2

IEEE ) N Sl )

jz0 aZ 0 JsL aZ L
Qi = - -

L O°Nn 0 0°Nn

z 2j ¢j - 2/ ¢j

o0 Oz . <1 oz

Because B, is zero for internal nodes, there is no

need to calculate @;, however it can be calculated
by the following equation

¢L_¢i _ ¢i_¢0
a, _ XLk—Xik xik—xok

i(x) — ’
-4 | |9-%
Xpk— Xk xl-k—xok
$-4| |%-%

o = Yo=Yl | Vit= Vo!
ity)

AR AR
Yo=Yl | Vit = Vo! (25)
-4 | |9-0

a, _ ZLm_Zim Zim_ZOm

i(z)

-4 | |90
ZLm_Zim Zim_ZOm

Note that NFFEM only for quadrilateral and
hexahedron elements can be used. Solving the sys-
tem of equations of the NFFEM can be performed
simply by element by element solving method and
line by line sweeping method.

Reduced Finite Element Method (RFEM)

A new method for the finite element formula-
tion presented in the previous section, In this sec-
tion, I’'m going to limit the participating nodes in
equation for each node to the nodes that are located
on lines k, [ and m the node. For this purpose, I in-
troduce reduced elements, characteristics of these
elements is as follows:

1 — The different elements are used for different
directions of operator, see figures (5) and (6).

2 — For each direction of operator, element only
in the same direction has DOF (for one direction
of shape function is used p — degree function and
for other directions is used zero degree function, see
figures (5), (6), (7) and (8)).

3 — For equation of node i, element only on the
lines &, [ and m the same node has the node, see
figures (7) and (8).

In RFEM relationship (11) is written as follows:

* E ex * E  ex
K,-jkll\m = zKl.jk\z\m, fikzm = Zfl.kzm (26)
e=1 e=1

And each of the matrix coefficients are
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e* odd e* even e* zero e*
Kijka = Kl.jk\zlm+ Kijk\zlm+ Kijka (27)
Where
odd ex odd ex odd ex odd e*
K jhlilm = Kt/k( o or Kljl( , O Kt/"‘(z)
even e* even e* even e* even e*
K Klilm = Kl]k( 9 OI”KUI( , or Kymm (28)
zero e* zero e* zero e* zero ex
K = Kk, or Kyi, or Kyn
odd ex odd ex odd e*
For Ky« . K1, and Kn,, we have
odd ex b _ _ J‘ odd
Ky, =(1 _E(| Bm., | = Bum., NI W, £ NidQ
o
0dd ex* j
t/ l =( __(|ﬂ K y.2) ﬂk””(xyn)) W, ‘£ N 1dQ (29)
odd ex b - R I odd
Ky, =(1 —5(| B, | = Bun,, NI W, £ NndQ
o
even ex even e* even ex
For Ky, , K, and K;n_ wehave
lj e (1 _(|ﬂ k2 ﬂklm(xyz))) W £ N xdQ
EVZYI ex I
Ky, =(1- —(|/3k1m(m) ~Bum NI WS N.dQ (30)
even e* b _ _ I even
K., =(1 _E(| Bon,, | = Bam., NI W, & NwdQ
o
zero e* zero e* zero e*
For Ky« , K;,, and K we have
Shape function changes in « direction
—_—>
s é/\L Y, Yr Yr Y
=5 ----z 7,
0 3 | i | 2 L

s 11

=2 === mEQ == === Om = = =0 == = O

Shape function changes in y direction

Fi

—

g. 1. Lines k and 1 on two fourth-degree elements in two dimensions
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zero e*

1. b, _ J’
Ky, =500 —3(| By | = Bn, ) I W N 12

zero ex

1. b, . I
Ky, =5 —5(| By = B, ) I W N1 31)

zero ex

1 by
Kyn, =5 0= (B,

—Bn,,.)) I W, N,ndQ
o

zero

Note: for the £ operator, unknown variable is written in all directions and each direction is no belongs

to particular unknown variable. And for fj;dm we have

e* b —_ —_
f;’kl”’ = (1 _E(|ﬂik1m(x,y,z) _ﬂiklm(x.y,z}))P[ (v)[ VV; dQ (32)

m=7-"7%

m=1-""

Fig. 2. Lines k, I and m on a quadratic element in three dimensions
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3 2
k=2 ----0O K O
A B S )J:< --------
' -
ket -t : o
6 O /F 1
: 1 :
=1 1=8,4,...M =2
3 2 3 2
k=2 -----0 o) O X 0
k=84, M === ---mm-- X-===--=3 n >:<
k=1 -----O O % O
0 1 o | ]
=1 1= 8,4,...M =2
k=M ----3 X - --mm - X-------X X X X
| 1 1
. | 1 1
: | I :
F=84yM = { k=f -mm-Mm-m--o- X-------X | : i
| 1 1
n o ox X X
| 1 1
k=8 -3 X - --mm - X-------X | ! !
| 1 1
§0 §I : : :
£ X X X
| I I
| 1 1
| 1 1
=3 =4 - =M
1= 34,.... M
=2 ---ay 2y 2’y aly oy
k=5 ---ayt 2%yt lyt atyt ayt
=4 -- _xyy Zgyy $3y3 z"yy zyﬂ
k=8 --- xye xeye Ia?ye Z“yg zye
k=1 ---ay 7’y zlsy zl‘y alcy

E1 =3 1= =5 =2

Fig. 3. Lines k and | also the places that {3 is calculated on for a hierarchical element in two dimensions

For approximating the mixed derivatives we will need to more DOF for example; if in three dimen-
sions, the mixed derivative be in two-direction, like following derivative
¢ 00

=——=2 ¢ (33)
oxoy oxoy 7
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k=12,13,14
AN

We use the shape function with two DOF in x

Fig. 4. Lines k, 1 and m also the places that § is calculated on for a fourth-degree hierarchical element in three
L

and y directions, see figure (9). This elements are + Z Nn

used only for mixed operator. j=0

dimensions
4 i| +
When we use the hierarchical shape functions,
for some equations have two unknown variable (¢, L L
, H DN b+ DN =0 (34
j=0 j=0

L
,-¢1'+ZN1"”
=0

and a, see figure (6)), the additional equation for
additional unknown can be written as follows:

L L
3¢, — NAo+>Y Nia |+ RFEM can be used to isogeometric analysis as
,Z:;) ! |’ ! ,z::o ! |’ ! well (see the following sections and examples).
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FEM RFEM

FEM RFEM
Fig. 7. Nodes involved in the equation of node i for FEM and RFEM on several fourth-degree elements in two
dimensions
A new hybrid difference scheme (HDS) b=0. (35)
for liner shape functions e
In this section, I will introduce a technique to Where 6, is “Upwind Parameter” and is

eliminate oscillations for using the FEM and RFEM  chosen in the range 0<¢,  <1. It is clear that
on liner shape functions, in this case b is written as  there are many choices that can be used for. I used
follows: the following equation for it
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_x_m_y_mzmzl)

FEM RFEM

Fig. 8. Nodes involved in the equation of node i for FEM and RFEM on two quadratic elements in three dimensions

— _ 7
al'(xvy.Z) - (1 riklm(’t.yJ)) (36) min | ¢i+1 _¢l | ¢l _¢i71
b
Where P Zipqm = Zjim |Zi'" TZigm
i T
Vi, = mln[}'}k(x),l’;.l(y),f;-m(z)j 37) max{ G- , ¢-0. }
And Zigm = Zim| | Zim— Z;_qm
/R | o-0, The performance of this scheme is much better
i X,k — X ’| X=X,k than other second-order schemes that in the FEM
K, = L are used for CFD, see figure (11).
¢,»+1 - ¢, ¢, - ¢,-_1 A new shape functions for general problems
max ’ Equation (35) can be used only for the i
X=Xk | [ Xk = x,_ i quation (35) can be used only for the linear
. shape functions, in this section another technique
b.-d||d-0 is provided for eliminating oscillations that can be
: i+1 i i i—1 . . .
min S used for higher-order shape functions in any degree.
P Yirt! 7 Vil| |Vt = Viar'] ] (38)  This technique works directly on the shape func-
he b.-0||d-0 tions (this technique is equivalent to creating new
i+1 i i i—1 . .
max Il shape functions), for this purpose, the shape func-
Yiet! =Vt Vi = Vica?] tions are written as following
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NEPLFL _ (] Z SANY 4+ 5 N grangian, Serendipity anfl Bezier for standard shape
0 (I=0)Ny" +9Ng functions and the functions of Legendre, Cheby-
me’m =(1- @)N}” )+ QN}”” ) (39)  shev, Fourier, etc. for hierarchical shape functions).

NG, NY? and Ny in equation (39) are refer-

EDL,FVL () (ref)
=(1-0, + N . i :
Ny (1=0)N; L ence functions, original function for them become

'Where. 6{, is Element Degree Limiter, Field N = NP, N}mf =0, NI =NY (40)
Variable Limiter (EDL, FVL), and N’ can be any o 1 ) )
function of p > 2 (for example, the functions of La- Where Ny’ and N;" are liner shape functions.

For the nodes are located on this az surface

For the nodes are located on this xz surface

Fig. 9. A reduced quadratic element in three-dimensional with two DOF for approximation the mixed derivatives
0°¢/0x0y, 0°¢/0x0z and &*¢/Oyoz
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The 8, in equation (39) has two range:

1 — Using the 6, as EDL by choosing it in the
range 0< 5™ <.

2 — Using the 8, as FVL by choosing it in the
range —o0 < 5" <0.

Note: if the reference function is greater than
the shape function the sign of EDL and FVL will
change.

The EDL can be used only in the directions
of the shape function (directions of operator) that
B, # 0 is for, and the FVL is used only in the di-
rections of the shape function that 3, = 0 is for or
inverse, or the FVL and EDL can be added on all
nodes with identical or non-identical values, and
their relationship is written as follows:

_ |:|ﬁi|é‘i(EDL,FVL)1 + (1 _|ﬂi|)é‘i(EDL,FVL)2:|0i (41)

The value of the &, and &"”"" de-
pending on the application is, see examples. Note
that 3, is applied to shape functions as one-dimen-
sional (separately for each direction of shape func-
tions).

The following functions can also be used as
reference function on the Lagrangian, Serendipity
and Bezier functions to make the shape functions of
non-oscillatory

(ref) _ (ref) _ QO L
Ny =eN,, Ny’ =8;Ny+S;N, +N,,

Ny =eN, (42)
And for boundary elements become
N{?’ =N, +eN,, N(’ef’ SiN,+N,,
N(Lrtif) =0 N(()mf) =0
N}’e” = S;NO +N;, Ny =N +eN, (43)

Where e is a constant coefficient and N, N, and
N, can be the Lagrangian, Serendipity or Bezier
functions and degree them can be chosen 1 or p (for
1 — degree and p — degree the equations and results
are dlfferent) S}’ and S are a constant coefficients

and are given by

&-&.
(@ 50)

(éi f, .
é:L é:O

~&iv
Z(é z

Where § is the location of the nodes (control
points) and o is the weight coefficient (optional).
For p > 3 the hierarchical shape functions with

S; :(l—e)

L~

i =(1-e)— (44)

N{?" =0 can be used. e is chosen as, e = 1 — p for
o=00m,e=—1foro=0ande=1/1-p for ® =— 0.
Another reference function is

1
Ny = E(l+ai)(N0 +eN;)

(ref)
N;

1
= E[(1+oz,.)Sj.NL +(1-a)S)N, [+ N,

Nzref) — (45)

1

E(l—ai)(NL +eN,)
When o, = 1 equation (45) give backward dif-

ference approximation and when a, = — 1 give for-

ward difference approximation. A reference func-

tion with high performance around discontinuities

in derivative form is as follows:

NICD _1 1+al(§) _l 1- al(s‘)
© zé:k_é —1* 2§z+1’c ‘f’f
"ref) 1 1+a,(§)

e =

i-1($) 2 ék—fi_lk
") 1 1- az(g)
i+1(E) T

2 é:i+1"_‘§i
1(ref) —
Ni—1>i>z‘+1(.§) =0

ey 1 1+a 1 -,

i(n) 2 77‘1
1

i(n)

=1y

i(n)

2 it =1y

1 1+alw)

—1y

rref)
i-1(n)

2 1

_1 1 al(fz)

2 i =My

1(ref)
i+1(n)

N'(rE/)

—1>i>i+l(n) — =0 (46)

1 1+am 1 l_ai(g)

—Cim 2 GG

N!(re/) _ 1 1+ al(ﬁ)

S é/ é’l -1"

10ef) l 1-a,

T2 =

=0

N!(ref)
i€ =32,

N’(rifit >i+1(4) —

The difference between equation (46) and equa-

tions (40), (42) and (45) on a fourth-degree element
around the discontinuity in figure (10).
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\

/

Eq (46)

- (40), (42) and (45)

Fig. 10. The difference between equation (46) and equations (40), (42) and (45) on three fourth-degree elements

around the discontinuity with FUDS

Fig. 11. Liner functions for quadratic and cubic IGA functions

The r for higher-order shape functions is writ-
ten as 7, (the same for all nodes lines £, / and m)

7

ke = min |:r|k(x) sk r}km yeues rL_Ik(x) :|

]

rem(z) = mln[’im(”,rzm(z),r:,,m(z),..., rL_lm{I):I

r

e

7

I(y) = min [’il(y)’rzl(y)’ral(y)""’ Lfll(y)

(47)

Where r, is given by equation (38).
New isogeometric analysis and new functions

In this section, I’'m going by reference func-
tions presented in the previous section, I introduce
a new isogeometric analysis. The isogeometric
analysis [Hughes et al. (2005)] is done by the B-
Spline and NURBS functions, although the refer-
ence functions presented above are applicable with
B-Spline and NURBS functions, here I introduce a
new Isogeometric Analysis Functions that are clos-
er to the standard finite element method and more
comfortable for the use in CFD and engineering, I
made the following algorithm to make these func-
tions on the Bezier functions

1 i 1 ezier ezier
N(()IGA) — _N(()Bezzer)’ Nl(IGA) — _N(()B ) + N](B )
2 2

(1G4) _ (Bezier)
N2,3,4,...,L -2~ N2,3,4,,..,L -2

1

1
(Bezier) (Bezier) 1G4) __
N, + N, N7 =

NzniAl) 5 ;JBezier) (48)

Note that N33 ; , are local and can add as
hierarchical as well, for p = 2 these functions are
equivalent to the B-Spline functions and for p = 3
are similar the PHT-spline functions work of [Deng
et al. (2008)] and for more than a third degree are

completely new. The equation (48) for first and last
boundary elements become

G4y _ (Bezier) (IGA) __ (Bezier)
N{o0 = Ngien | pon _

(1G4) _ (Bezier)
N2,3,4,...,L -2~ N2,3,4,,..,L -2

1 ) ) 1 )
(GA) _ L p7(Bezier) (Bezier) (1G4) __ (Bezier)
N4 _2NL +N 5T, N _ENL (49)
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1 . 1 . . )
(IGA) __ (Bezier) G4 _ — (Bezier) (Bezier) (IGA) _ (Bezier)
Ny = ENO , M= 5 Ny ™+ N Nysa..1-2=Nosa 12
(IGA) __ (Bezier) 1G4) _ (Bezier)
N{Z) =N5", Np7=Np (50)
=1 —=— =4
b=0 (HDS, Eq (35)) b= 1 (FUDS)

Shape function; Standard (Lagrange), 200 uniform elements

Weight function; Subd Collocation Method
p=2 —

b=10

650

Shape function; IGA (Eq (48)), 200 uniform elements
Weight function; Point Collocation Method
Reference function; Eq (45), p =1, e = -1, w= 0

6; (EDL,FVL)1 = (EDL,FVL)2 = 1 (Eq (1)) = 0

Shape function; Standard (Lagrange), 20 uniform elements
Weight function: Galerkin Method

Reference function; Eq (46)

p=2 —_—

b= 1 (FUDS)

6 (EDL,FVL)I = 1/3, (EDL,FVL)2 = 1 (Eq (/1))

Shape function; Standard (Lagrange). 200 uniform elements
Weight function; Galerkin Method

Reference function; Eq (45), p=1, e= -1, w= 0

p=3 —=—

b= 1 (FUDS)

6: (EDL,FVL)1 = (EDL.FVL)2 = -10 (Eq (41)) = -10.6
Shape function; Standard (Bezier), 100 uniform elements
Weight function; Point Collocation Method

Reference function; Eq (40)

p=3 —e—

b= 1 (FUDS)

6; (EDL,FVL)1 = (EDL,FVL)2 = -10 (Eq (41)) = -10.0
Shape function; Standard (Lagrange), 100 uniform elements
Weight function; d Collocation Method

Reference function; Eq (42), p= 3. e = -1.25, w= 1

p=3

b=10

6;-10.0

Shape function: IGA (Eq (48)). 100 uniform elements
Weight function; Point Collocation Method

Reference function; Eq (40)

p=3 ——

b=0 (HDS)

6; (EDL,FVL)1 = (EDL,FVL)2 = -10 (Eq (41)) = -10.0
Shape function; Standard (Lagrange), 100 uniform elements
Weight function; Galerkin Method

Reference function; Eq (42), p= 3. e = -1.25, w= 1

Fig. 12. 1D advective equation u, +u_=0

L]

o
p=3 —
b= 1 (FUDS)

6: (EDLFVL)1 = (EDL,FVL)2 = -10 (Eq (41)) = -10.0

Shape function; Hierarchical (Legendre ), 100 uniform elements
Weight function: Galerkin Method

Reference function; Eq (40)

p=3 —_—

b= 1 (FUDS)

6; (EDL,FVL)1 = (EDL,FVL)2 = -10 (Eq (41)) = -10.0

Shape function; Hierarchical ( Fourier Sine Series), 100 uniform elements
Weight function: Galerkin Method

Reference function; Eq (40)

p=3 —e—

b= 1 (FUDS)

6; (EDL,FVL)1 = (EDL,FVL)2 = -10 (Eq (41)) = -10.0

Shape function: Hierarchical (Chebyshev First Kind ), 100 uniform elements
Weight function: Galerkin Method

Reference function; Eq (40)

=3 —<—

b= 0(CDS)

6; (EDL,FVL)1 = (EDL,FVL)2 = -10 (Eq (41)) = -10.0

Shape function; Hierarchical (Chebyshev Second Kind ), 100 uniform elements
Weight function: Galerkin Method

Reference function; Eq (40)
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For IGA functions, the liner functions to use  (10), while the p-order functions for using in
in equations (40), (42), (45) and (46) are a liner  equations (42) and (45) are the same IGA func-
functions between two control points, see figure tions.

1.1 1.2
1
0.9 A !
y /
0.8 i 0.8

0: 7 \‘ 0.6
0.6
y /

0.5
N
0.4 ‘l 0.2
0.3 \
0
0.2 t
!
0.1
0 01 02 0.8 04 0506 0.7 0.8 0.9 1 0 0.1 02 0804 0506 0.7 0.8 0.9 1
Density Velocity
1.4 3
12 2.5
1
2
0.8
15 N

0.9 % 0.5 l
0 0
0 01 02 03 04 0506 07 08 09 1 0 01 02 0304 0506 07 08 0.9 1
Pressure Energy
EXACT
p=3 —_— p=3 ——
b= 1(FUDS) b= 1 (FUDS)
é; (EDL,FVL)1 = (EDL,FVL)2 = -10 (Eq (41)) = -10.0 §; (EDL,FVL)1 = (EDL,FVL)2 = -10 (Eq (41)) = -10.6
Shape function; Standard (Bezier), 200 uniform elements Shape function; Hierarchical (Legendre), 200 uniform elements
Weight function; Point Collocation Method Weight function; Galerkin Method
Reference function; Eq (40) Reference function; Eq (40)
p=3 —— p=3 E—
b= 1(FUDS) b=10
6; (EDL,FVL)1 = (EDL,FVL)2 = -10 (Eq (41)) = -10.0 6 -10.0
Shape function; Standard (Lagrange), 200 uniform elements Shape function; IGA (Eq (48)), 200 uniform elements
Weight function; Subd in Collocation Method Weight function: Point Collocation Method
Reference function; Eq (42), p= 3, e = -1.25, w= 1 Reference function; Eq (40)
p=3 —b— p=3 R
b=0 (HDS) b= 0(CDS)
6: (EDL,FVL)! = (EDL,FVL)2 = -10 (Eq (41)) = -10.0 6; (EDL,FVL)I = (EDL,FVL)2 = -10 (Eq (41)) = -10.0
Shape function; Standard (Lagrange). 200 uniform elements Shape function; Hierarchical ( Fourier Sine Series), 200 uniform elements
Weight function; Galerkin Method Weight function; Galerkin Method
Reference function; Eq (42), p= 3. e = -1.25, w= 1 Reference function; Eq (40)

Fig. 13. Euler equations 1D based on sod’s shock tube problem (t = 0.2)
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Fig. 14. Grid for flow around a cylinder
3.5
y=0, M= 23
3 /
2.5 /
: \
" \J L/
0
-3 -2 -1 0 1 2 3
=4 e =4
b= 1 (FUDS) b= 1 (FUDS)
6; (EDL,FVL)1 = (EDL,FVL)2 = -10 (Eq (41)) = -10.0 6; (EDL,FVL)1 = (EDL,FVL)2 = -10 (Eq (41)) = -10.0
Shape function; Standard (Bezier) Shape function; Hierarchical (Chebyshev First Kind )
Weight function; Point Collocation Method Weight function; Galerkin Method
Reference function; Eq (40) Reference function; Eq (40)
p=4 —_— p=4
b= 1 (FUDS) b=0
§; (EDL,FVL)1 = (EDL,FVL)2 = -10 (Eq (41)) = -10.0 5 -10.0
Shape function; Standard (Lagrange) Shape function; IGA (Eq (48))
Weight function; Subdomain Collocation Method Weight function; Point Collocation Method
Reference function: Eq (42), p= 4, e= -3, w=o00 Reference function; Eq (40)

Fig. 15. Flow around a cylinder (steady-state Euler equations)
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M= 0.4
M= 0.4
M= 0.4
M= 0.4

p=4

b= 1 (FUDS)

6§; (EDL,FVL)1 = (EDL,FVL)2 = -10 (Eq (41)) = -10.0
Shape function; Standard (Bezier)

Weight function; Point Collocation Method

Reference function: Eq (40)

P=4

b= 1 (FUDS)

6; (EDL.FVL)1 = (EDL.FVL)2 = -10 (Eq (41)) = -10.0
Shape function; Standard (Lagrange)

Weight function; Subdomain Collocation Method
Reference function: Eq (42), p = 4, e = -3, w =0

p=4

b= 1 (FUDS)

6; (EDL,FVL)1 = (EDL,FVL)2 = -10 (Eq (41)) = -10.6
Shape function; Hierarchical (Chebyshev Second Kind)
Weight function; Galerkin Method

Reference function; Eq (40)

p=4

b=10

8;-10.0

Shape function; IGA (Eq (48))

Weight function; Point Collocation Method
Reference function; Eq (40)

Fig. 16. Mach contours for flow around a cylinder (steady-state Euler equations)

Solutions and Examples Bezier and hierarchical shape functions that are

In this section, some examples that have including functions of the Legendre, Chebyshev
been solved by standard shape functions that (first and second kind) and Fourier Sine Se-
are including functions of the Lagrangian and ries are presented. It explained that the volume
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examples were solved to test RFEM is very high
and here are just a few of them select and pre-
sented. Examples include 1D advective equation,
1D and 2D Euler equations, 2D Navier — Stokes
equations and1D convection equation. Here de-
tails of the solution of these equations due to the

length of paper and be less important are not pre-
sented and only the results are shown. Note: All
examples are RFEM (the results for the NFFEM
is almost identical). I used the infinite elements
for non-solid boundaries in all examples were
solved.

Fig. 17. Grid for flow over a NACA 0012 airfoil

p=3
b= 1(FUDS)

0.2 6; (EDL.FVL)1 = (EDL,FVL)2 = -10 (Eq (41)) = -10.6
Shape function; Standard (Bezier)
- 0 1 5 Weight function; Point Collocation Method
g \ M=o 5’ Re — 50007 P 20 Reference function; Eq (40)
§ 0 1 p=3
5‘5 \ b= 1 (FUDS)
S 0.05 6; (EDL,FVL)1 = (EDL,FVL)2 = -10 (Eq (41)) = -10.0
o Shape function; Standard (Lagrange)
S \ Weight function; Subdomain Collocation Method
§ 0 // Reference function; Eq (42), p = 3, e = -1.25, w =1
“L\ p=3
g -0.05 b= 1 (FUDS)
% 6: (EDL,FVL)1 = (EDL,FVL)2 = -10 (Eq (/1)) = -10.0
- 0 1 Shape function; Hierarchical (Legendre)
Weight function; Galerkin Method
-0.15 Reference function; Eq (40)

0 02 04 06 0.8

xr/c

1

p=3

b=10

5:-10.0

Shape function; IGA (Eq (48))

Weight function; Point Collocation Method
Reference function; Eq (40)

Fig. 18. Surface skin friction coefficient distributions on NACA 0012 airfoil (steady-state Navier-Stokes equations)
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Reference function; Eq (40)
N\

A\

M=063%a=2

@

0.2 04 06 08 1

z/c

p=3

b= 1 (FUDS)

6: (EDL,FVL)1 = (EDL,FVL)2 = -10 (Eq (41)) = -10.0
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Weight function; Subdomain Collocation Method
Reference function; Eq (42), p= 5, e = -1.25, w =1
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Weight function; Galerkin Method

Reference function; Eq (40)
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Reference function; Eq (40)

M=063a=2

1.25 T

0 02 04 06 08 1

z/c

-0.75 4

-0.5 1

-0.25 A

cp Y
0.25 4
0.5 1
0.75 7

_— —
e l
i |
YA
VAN
| / ~
|/ \‘
I S
If N
G“ \
M=0.8a=1.25

1.25

cp

02 04 06 08 1

z/c

M=0.8a=125

-1.25 5

-0.75
-0.5
-0.25

01
0.25 4

cp

0.54
0.75 4

0.2 04 06 08 1

z/c

0

M=0.8a=1.25

1.25

cp

0.2 04 06 08 1

z/c

0

M=0.8,a=1.25"

02 04 06 08 1

z/c

0

Figure 19. Surface pressure distribution for subcritical NACA 0012 airfoil (steady-state Euler equations)
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Fig. 20. Solution domain and lines grid for flat plate flow
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0.8 &
C; 02
m Blasius —
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0 0.25 0.5 0.75 1
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=4 —B— =4 —A—
b= 1 (FUDS) b= 1 (FUDS)
8: (EDL,FVL)1 = (EDL,FVL)2 = -10 (Eq (41)) = -10.0 §: (EDL.FVL)1 = (EDL.FVL)2 = -10 (Eq (41)) = -10.0
Shape function; Standard (Bezier) Shape function; Hierarchical (Fourier Sine Series)
Weight function; Point Collocation Method Weight function; Galerkin Method
Reference function; Eq (40) Reference function; Eq (40)
=4 —O— =4 ——
b= 1 (FUDS) b=10
8: (EDL.FVL)1 = (EDL,FVL)2 = -10 (Eq (41)) = -10.9 8:-10.0
Shape function; Standard (Lagrange) Shape function; IGA (Eq (48))
Weight function; Subdomain Collocation Method Weight function; Point Collocation Method
Reference function; Eq (42), p = 4, e = -8, w =00 Reference function; Eq (40)

Fig. 21. Skin friction distributions for flat plate flow (steady-state Navier-Stokes equations)
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0.8

0.4

0.2

p=2

b=0(CDS)

6; =100

Shape function; Standard (Lagrange), 4 uniform elements
Weight function; Point Collocation Method

Reference function; Eq (40)

p=2 ——

= 0(CDS)
§; (EDL,FVL)1 = (EDL,FVL)2 = -10 (Eq (41)) = -10.0
Shape function; Standard (Lagrange), 4 uniform elements
Weight function; Point Collocation Method
Reference function; Eq (40)

p=1 — a8
b=0(CDS)

Shape function; Standard (Lagrange), 16 uniform elements

0 ©/8 w/f 3x/8 w/2

X

/8  3n/4 9n/8 T

Weight function; Point Collocation Method

Fig. 22. 1D convection equation with source term, au_= cos(x) on [0, zr] and a = 1

Conclusions

The best criterion for evaluate a numerical meth-
od is the results of the method and as can be seen
in the examples were solved, the result of RFEM
comparable to the best results were obtained by other
methods is (for these examples, because of the small
size of the elements, the difference between the re-
sults from different methods can not be seen) and
given that the system of equations resulting from this
approach similar (in terms of density) Finite Differ-
ence Method (FDM) is its efficiency can be com-
pared with finite difference methods (although the
use of the Legendre shape functions gives an effi-
ciency much higher than FDM) so do not think other
methods that are used in CFD be able to compete
with it. Also, due to the similarity of relations many
of the techniques used in the FDM can be used to
RFEM [Hoffmann, and Chiang (1998)].
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Currently search for new efficient coatings with
high wear resistance, corrosion resistance, thermal
resistance for spare parts of machines and mecha-
nisms of different purpose is an ongoing process.
Due to the above a comparatively new method for
treatment of valve metals surface — micro-arc oxi-
dation method — is of interest. This method allows
obtaining fundamentally new coatings, which are
characterized through different physical, chemical
and mechanical properties. Pulse mode of perform-
ing micro-arc oxidation is of great interest. When
forming oxide coating under the pulse mode by mi-
cro-arc oxidation method the value of current anode
pulse duration has a significant impact on rough-
ness of the coating. The work studies influence of
current anode pulse duration on properties of oxide
coating obtained by micro-arc oxidation method.

Aluminum, titanium, zirconium alloys and other
materials are widely used as structural materials in
modern engineering and airspace industry. Search
for new efficient coatings with high wear resistance,
corrosion resistance, thermal resistance for spare
parts of machines and mechanisms of different pur-
pose is an ongoing process. Due to this micro-arc
oxidation method (MAO) [1-3], which is compara-
tively new method for treatment of valve metals, is
of interest. The method allows obtaining brand new
coatings with unique complex of properties charac-
terized through high performance indicators. The
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peculiarity of micro-arc oxidation method is that the
process runs under high electric field intensity and
is accompanied by formation of micro-plasma and
micro-regions with high pressure due to appearing
gases, which leads to developing of high tempera-
ture chemical transformations and transportation of
the substance in the arc. Micro-plasma charges activ-
ity results in formation of coating layer consisting of
oxidized forms of metal elements of electrolyte basis
and components. The coating basis predominantly
consists of a-ALO, (corundum) [3].

Topical is the issue of obtaining oxide coating in
MAO mode with low roughness in order to exclude
additional mechanical treatment of surface layer.

In this regard research of influence of current
anode pulse duration on properties of oxide coat-
ings obtained by micro-arc oxidation method is of
interest.

Materials and methods. Samples for appli-
cation of oxide coating were made out of AO alu-
minum with dimensions of 2x2 cm and thickness of
3 mm, area of the surface to be treated was 8 cm?.
The samples prior to application of oxide coating by
MAO method underwent mechanical polishing and
had roughness of Ra =— 0,098 pum.

Oxide coating was formed in electrolyte so-
lution consisting of, g/I: Na,HPO,-12H,0 — 40;
Na,B,0.10 HO — 30; H,BO, — 20, NaF — 10.
Electrolyte was prepared out of distilled water and
analytically pure and chemically pure reagents. Mi-
cro-arc oxidation was carried out in a 700 ml capac-
ity tub made of stainless steel. With the purpose of
cooling the electrolyte the tub was provided with
water cooling system. Tub body served as cathode
in the process of MAO.

MAO process was performed using pulse power
source, which allowed obtaining voltage pulses of rec-
tangular, trapezoidal form with pulses flow frequency
of 50 Hz and current density of 114-130 A/dm>.

Roughness of coatings was measured with ap-
plication of proximity MICRO MEASURE 3D sta-
tion 3D-profiler. Micro-hardness of coatings was
identified by means of Nano Hardness Tester by in-
denting the penetrator with diamond tip under max-
imum load of 20 mN. Wear resistance of coating
was measured on high temperature friction gauge
THT-S-AXO0000. Identification of coating durabil-
ity was based on friction principle of ball indentor
made of BK alloy against surface. Whereas the load
was equal to 1N, linear velocity — 2,5 cm/s, meas-
urements were taken under temperature of 250°C,
50% air humidity. Durability value was identified
by track area measured on three-dimensional profil-
er using Mountains Map Universal software and ob-
taining three-dimensional images of sample surface
with track. For each sample 9 values of track area
were obtained and arithmetic average was found.
Coatings thickness was measured on QuaNix-1500
thickness gauge. The thickness was calculated as an
average among 15 measurements, from both sides
of the sample. Porosity, form, distribution of pores

by dimension were analyzed by processing micro-
photos of surface of samples being studied, which
photos were obtained on Quanta 2001 3D raster type
electronic microscope using planimetry, secant and
dots methods as a ratio of pore image area to total
area of a section under observation [4].

Discussion of results. Conducting of MAO
process in constant current mode causes intense
warming up of near-electrode layer, which leads to
formation of partial melting on the sample surface,
destruction and peeling of coating, formation of
coatings with high roughness.

It is known that when forming oxide coating
by micro-arc oxidation method in the pulse mode
the value of current anode pulse duration has a sig-
nificant impact on coating roughness [5]. In case
the process is carried out with small values of cur-
rent anode pulse duration the micro-arc charges
arise during short period of time. In this case the
material under treatment is not overheated and in
the interval between pulses the heat is able to flow
to the solution. Small values of pulse duration lead
to appearance of small oxide buildups and to sig-
nificant quantity of pores per unit of area. This fa-
cilitates formation of uniform coatings with low
roughness.

Voltage value influences final thickness of the
coating. Values of current anode pulse duration in-
fluences coating quality, in particular, roughness
thereof, whereas pulse amplitude influences the
coating formation rate. Changes of thickness and
roughness of coatings formed under polarizing volt-
age Up = 300V under different duration of current
anode pulse are in table 1.

As it is seen from the obtained data with increase
in current anode pulse duration the coating thickness
grows, coating roughness increases. The latter is re-
lated to the fact that with growth of coating thickness
increases power, intensity of micro-plasma charges.
Whereas increase in dimensions of individual micro-
arc charges is observed, warming up takes place in
near-clectrode layer of the solution.

In the process of study of these coatings for
wear resistance (durability) three dimensional im-
ages of samples surface with track were obtained,
on these pictures it is seen that track width of initial
sample without coating exceeds the width of tracks
of samples with oxide coating obtained under dif-
ferent current anode pulse duration.

Track areas values for samples without coating
and with oxide coating are shown in form of a dia-
gram in figure.

As it is seen from the diagram track areas of
samples with oxide coating are significantly less
than track area of initial sample, which testifies of
high wear resistance of samples with oxide coat-
ing. As anode pulse duration increases with coat-
ing thickness growth the coating wear resistance
increases. Since coating roughness is related to fric-
tion ratio, along with roughness increase friction
ratio increases as well (table 2).
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Table 1

Dependence of thickness and roughness of coatings on current anode pulse duration

Ne | Current anode pulse duration, ms | Time, min | Coating thickness, um | Roughness Ra, um
1 50 20 7,8 0,34
2 100 20 11,1 0,57
3 150 20 19,7 0,92
4 200 20 26,5 2,21

2
wm 13592
14000 - @B track area, pm?
12000 -
10000 -
8000 -
6000 -
3127,2
4000 -
2000 - 241,6 178,5 113,3
. 4 V4 V4
1 2 3 4 5

Track areas values when performing durability test of samples without coating and with oxide coating obtained under
different durations of current anode pulse. 1 — initial sample; 2 — 50 ms; 3 — 100 ms; 4 — 150 ms; 5 — 200 ms

Table 2
Micro-hardness of coating
Ne | Polarizing voltage, V | Current anode pulse duration, ms | Micro-hardness, MPa | Friction ratio
1 300 50 1522,7 0,85
2 300 100 1888,2 1,12
3 300 150 3775,7 2,16
4 300 200 335439 3,68

An important physical and mechanical feature
of coating is its micro-hardness. Micro-hardness
values on surface of samples depending on coating
obtainment modes are shown in table 2.

Study of micro-hardness deep into the sample
showed that in the MAO process a transient layer
deep into the metal is generated from oxide layer
with gradual decrease of micro-hardness value. For
instance, when pulse duration is 100 ms the micro-
hardness of transient layer gradually decreases from
1047,4 MPa to 846,2 MPa when measuring at depth
of 15 to 40 um deep into the metal. Micro-hardness
of initial material is equal in this case to around
150 MPa. In this depth interval also Young module
increase is observed, which is below 89 GPa in av-
erage, whereas initial material has Young module
of 70 GPa.

Research of coating surface morphology by
means of raster electronic microscope showed that
with 50 ms anode pulse duration a thin coating
is formed due to low productivity of the process.
Whereas formation of basic external functional
layer is not complete, coating is formed in spots.
With current anode pulse duration of 50 ms forma-
tion of significant quantity of round shaped pores
per unit of surface area is observed. As current an-
ode pulse duration increases to 200 ms the nature of
micro-plasma charges change. Small spark charges
are replaced with large ones. Coating thickness
growth leads to of refilling pores, quantity of pores
decreases. As a result of spark charges enlargement
the average dimension of pores increases with cur-
rent anode pulse duration of 200 ms. Surface poros-
ity values are shown in table 3.
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Table 3

Surface porosity of oxide coatings

Ne | Current anode pulse | Coating thick- | Porosity AS,% | Quantity of pores | Average diameter
duration, ms ness, um per 1 cm2 of coating |  of pores, pm
1 50 7,8 6,4 1,1-10¢ 2,72
2 100 11,1 11,7 7,3°10° 4,5
3 150 19,7 5,6 3,5:10° 4,5
4 200 26,5 8,7 3,02-10° 6,06
Conclusions The work has been performed within frames of

Impact of current anode pulse duration on prop-
erties of oxide coatings has been studied. It has been
shown that current anode pulse duration has signifi-
cant impact on coating roughness. As pulse duration
increases coating roughness, friction ratio increase
as well.

Tribometric research of coatings showed that
as a result of micro-arc oxidation durable coatings
are formed, whereas with increase of anode pulse
duration and thickness of coating the durability of
the coating increases. Micro-hardness on coating
thickness of 19,7 and 26,5 pum is equal to 3,8 and
33,5 GPa respectively. It has been found out that
as a result of micro-arc oxidation a transient layer
is formed deep into the metal with high value of
micro-hardness in comparison with untreated alu-
minum. Micro-hardness of transient layer is gradu-
ally decreasing deep into the metal.

Authors of the article express thanks to Profes-
sor Mamayev A.I. as well as to the Center for ma-
terial properties research of the physical-technical
institute of Tomskiy polytechnic university, to Ka-
zakhstan national university named after Al-Farabi
for conducting tests of obtained oxide coatings.

grant financing by the Republic of Kazakhstan Min-
istry of Education and Science.

References

1. Kurze P. et all. Micro Arc/ Spark Anodizing — was ist
das? Micro Arc/ Spark Anodizing — what is that? Galvanotech-
nik. 2003. — Ne 8. — P. 1850-1863.

2. Mamayev A.l, Mamayeva V.A. Intense current pro-
cesses in solutions of electrolytes. — Novosibirsk.: Edition of
Sybirian Department of Russian Academy of Science, 2005. —
255 p. (Russ.)

3. Suminov L.B., Epelfeld A.B., Lyudin V.B. and other. Mi-
cro-arc oxidation: Theory, technology, equipment. M.: ECOM-
ET, 2005. — 368 p. (Russ.)

4. Saltykov S.A. Stereometric metallography. — M.: Metal-
lurgy, 1970. — 375 p. (Russ.)

5. Chubenko A.K., Mamayev A.I., Budnitskaya Y.Y., Doro-
feyeva T.I. Role of current pulse duration as a factor of controlling
physical and mechanical characteristics of anode-oxide coatings
using the example of J[16 aluminum alloy. Scientific-technical
newsletter of Volga region. — 2013. — Ne 2. — P. 62-64. (Russ.)

The work is submitted to the International Sci-
entific Conference “ Manufacturing technologies”,
ITALY (Rome, Florence), September 5-12, 2015,
came to the editorial office on 11.08.2015.

EUROPEAN JOURNAL OF NATURAL HISTORY Ne 4, 2015



Technical sciences

Short Reports

A VERY POWERFUL TECHNIQUE
TO CREATE LIFT FORCE (THRUST)
ON VTOL AIRCRAFT
Mohammad Reza Akhavan Khaleghi
The Office of Counseling and Research Fluid

Engineering and Aerodynamic, Mashhad,
e-mail: rfemcfd@gmail.com

To create a high lift force (thrust) with low power
consumption and small size of power unit is very im-
portant for the aviation industry. In military aircraft
vertical takeoff and landing is usually done with an
extra engine (like the fighters Yak-36, Yak-38 and
Yak-141) or an extra fan (like fighter F-35). The thrust
equation for VTOL engine can be written as follows:

Thrust=mV, + A4,(P, - F,)

First section of the equation is called the gross
momentum thrust and second section is called pres-
sure thrust, where m is mass flow, V, is the jet ve-
locity, 4, is exit area, P, is exit pressure and P is
atmospheric pressure. fn the fighters mentioned
above, the second section of the equation is zero
(P.= P) and all thrust is created by momentum
thrust, but this method is not efficient, because high
weight and volume and also high fuel consumption.
If we can get more power by pressure thrust and
minimal thrust by momentum thrust we will have a
very efficient system for creating lift force (thrust)
for using on VTOL aircraft.

V=10m/s, P =5 atm

diffuser-exhaust

Flow in outlet of diffuser (exhaust)

In this paper, I am going to introduce a very
powerful technique to create lift force (thrust), in
this technique I used a stream of air (gas) at very
low velocity (10 m/s) and very high pressure (5
atm) in outlet of diffuser which is an exhaust, see
figure, in these circumstances outlet gases of dif-
fuser (exhaust) are highly unstable, to stabilize
the flow and fix this problem, I used an innovative
technique that I have called it False Wall Tech-
nique (FWT), by FWT we have the quite stable
flow and diffuser-exhaust create very high lift
force (thrust) with very low fuel consumption by
very small power unit.
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PRACTICAL TRAINING IN INNOVATIVE ENGINEERING ACTIVITY
Grocheva E.P., Naumkin N.I., Shabanov G.I., Shekshaeva N.N.,
Kupryashkin V.F., Panyushkina E.N.

N.P. Ogarev Mordovia State University, e-mail: gvmbio@mail.ru, Naumn@yandex.ru,
Shabanovgi@mail.ru, nata-frolova08@mail.ru, kupwf@mail ru

The recently declared modernisation of Russia’s industry and its new stage of industrialisation based on an
innovative approach is impossible without the development and improvement of engineering education as the latter
sets the goal of raising the level of students’ training, prepared to embrace innovative engineering activity (IEA). To
enhance efficiency of such training, the Russia’s government awarded to a group of higher education institutions a
specific status — national research universities (NRU). It enables to strengthen and integrate a university’s scientific,
technical and educational potential and to turn it towards inventing a comprehensive strategy for the country’s in-
novative development. On the one hand, such universities offer new and unique opportunities for effective learning,
on the other — set new advanced requirements to university’s students, teaching staff and researchers [9, 10].

Keywords: innovative engineering activity, competency, competence, elements of competency, national research university,
summer science schools, tangible innovative product, intangible innovative product

The above IEA includes certain stages of
the full innovation cycle: analysis of the cur-
rent technical level, the synthesis of a new
technical solution, development, production
of new equipment and technologies available
as commercial output, presented by intangible
innovative products (IIP) in the form of docu-
ments of title for results of intellectual activity,
scientific and technological documentation, as
well as tangible innovative products (TIP) in
the form of goods, works and services ensur-
ing economic, social or other impact and thus
being competitive [1, 2, 7]. Therefore, prepar-
ing students for the IEA should be based on
their involvement, during training, in all these
stages of the innovation cycle. This paper is
concerned with extending bachelor training ef-
ficiency in IEA at research-intensive universi-
ties based on hands-on training i.e. obtaining
TIP, in the framework of the regional summer
science schools for students, postgraduates and
young scholars.

In our earlier papers [6, 8, 11] we explained
that for the practical training in innovative ac-
tivity it is advisable to teach how to obtain tan-
gible innovative products through summer sci-
ence schools. Such schools have been held by
the Chair of mechanical design of mechanisms
and machines at Ogarev Mordovia State Uni-
versity since 2001 [11] and the accumulated
experience allows us to conclude the follow-
ing: “1) summer schools studies enable to fully
develop competence in innovative engineering
activity because this form of active study com-
bines active recreation and intensive learning;
2) creation of academic environment for learn-
ers in summer time is efficient not only for stu-
dents but also for a region in general as young
people is the most open and proactive part of
society and to use their potential in solving
topical issues quite often allows to work out
new ideas and mechanisms for putting them

into practice; 3) choice of regional summer
science schools for students, postgraduates and
young scholars as a second (practical) stage
of broadening IEA’s competences ensures the
enhancement of efficiency of students’ training
in IEA; 4) enhancement of efficiency of sum-
mer schools is ensured by the use of teaching
methodology based on integrated pedagogical
technology where cooperative pedagogy is un-
derlying” [6, P. 88—89].

As stated earlier and proved by the re-
searches of E.P. Groshevoi, N.I. Naumkin and
other authors [3, 4, 7, 10, 13, 14] innovative
engineering activity is mainly carried out in the
framework of the innovation cycle. Therefore,
the most successfully development of com-
petences through summer school will be per-
formed if we organise the learning process in
a way when students go through all stages of
practical work being engaged in IEA modeling
with further obtaining an innovative product in
the form of industrial sample (prototype). In
our opinion, such training can be conducted by
using digital technologies for the fabrication
of innovative products [5, 12], which began
to develop rapidly approximately from 80-ies
of the last century and are being widely used
worldwide. Their main difference from pre-
vious technologies pertaining to creation of
three-dimensional objects is that they are not
based on the removal of material (lathe turn-
ing, milling, EDM etc.) or change of a rough
workpiece shape (such as forging, stamping,
pressing), but on the gradual growth (adding)
of material or change of the phase state of mat-
ter in a given area of space.

Today these technologies are known as [5]:
SFF (Solid Freeform Fabrication), FFFF (Fast
Free Form Fabrication) or CARP (Computer
Aided Rapid Prototyping); (STL — stereo-
lithography); (SGC — Solid Ground Curing);
(FDM - Fused Deposition Modeling); (BPM —
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Ballistic Particle Manufacturing); (SLS — Se-
lective Laser Sintering); (LOM — Laminated
Object Modeling); (MJM Multi Jet Modeling);
immersion centres or virtual reality systems.
All these technologies require the presence of a
three-dimensional computer model of a work-
piece being fabricated and the process of ob-
taining products has received a generic name —
rapid prototyping.

Considering the great possibilities of the
above technologies Institute of Mechanics and
Power Engineering of N.P. Ogarev Mordovia
State University, in complience with the de-
velopment programme of a national research
university has created, on the basis of the Cen-
tre for digital production, the division of rapid
prototyping [12], where one of the above-
mentioned technological schemes is used: 3D
model — 3D printing — prototype — copying.

Of all available means of digital production
for summer science school we have chosen as
an innovative technology teaching aid a 3D
printer BFB 3000 which represents a unique,
modern model from the company Bits From
Bytes. With its performance and functionality
similar to full-printers, it has the advantage of
a light weight and compact dimensions and can
therefore be installed in a regular office, any
room or premises, not mentioning the off-site
nature of a science school, and is operable 24
hours a day. The device has a simple and easy-
to-understand interface, in some cases, it can
be used without connecting to the computer,
downloading all the necessary data via remov-
able media. The device allows you to model
objects with cross dimensions of up to 30 cm
and with a speed of up to 15 mm? sec. Impor-
tant feature of this model is the capability of
color printing. Due to this, it allows you to get
the most complete picture of the design char-
acteristics of the facility and to pay due atten-
tion to the experiments in this area. The models
obtained in this printer, are characterised by the
required quality, reasonable accuracy and the
highest level of detail, conditioned that quality
supplies are used. It is using this 3D printer that
enabled all summer school learners to prepare
models of tangible innovative products (TIP).

Teaching IEA in the above schools, as no-
ticed in our early papers [11], is carried out in
the form of a business game “Firm-2” (Figure),
an upgrade of the business game Firm-1, con-
taining the 2™ practical stage with additional
teaching aids (3D printer, collection of scripts
for creative competitions and sporting events)
and advanced content (creation of TIP), which
allows you to simulate all stages of IEA inno-
vation cycle, engaging students. The Figure
shows that in comparison with the previous
business game “Firm-17, this game is carried
out in several stages:

1) team building;

2) establishment of a company, the choice
of company’s activities and brand name;

3) formulation of the problem to be solved;

4) finding technical solution;

5) development of a 3D workpiece model;

6) development of the product using a 3D
printer;

7) submitting applications for RIA;

8) defence of the project.

A group of students (67 persons) indepen-
dently turns into a firm (company), which oper-
ates throughout their studies and includes an in-
termediate and final assessment, but, in contrast
to the traditional activity, the teamwork is carried
out not only during studies but also during all
creative competitions, sporting and other events.
Members of the group choose a leader who as-
signs roles (director, technical director, chief
designer, patent engineer, economist, marketing
manager). He/She then holds a meeting devoted
to the choice of activities of the newly-formed
“company”’, development of a “brand name” as
the object of intellectual property. For the fulfill-
ment of the main stage of the game (obtaining in-
tangible and tangible IP) the team independently
defines a problem in the chosen field of activity,
formulates a clear objective to be gained to solve
a problem, synthesises technical solutions (TS).

Of all available TS the team has to choose
the most eligible one for registration, submits the
documentation for a RF patent to protect the ob-
tained solution. Next assignment for the “firm” is
to develop a trademark or service mark for the an-
ticipated release of the product (product, service)
and to submit applicant materials for registration
and issuance of a trademark certificate. Along
with the above assignments each team received
another task: to develop a 3D model of one of the
main work pieces based on the obtained techni-
cal solutions, print it out using a 3D printer and
demonstrate it when the project is being defend-
ed. This ensures the efficient development of the
students’ ability to synthesise and to design the
product, to use knowledge of CAD and informa-
tion storage, facilitates the development of crea-
tive imaging [ 15]. Obtaining the finished product,
in turn, encourages the ability to commercialise
the solution and to possess production technolo-
gies, the ability to follow up on to the decision.
All this altogether forms a positive motivation in
obtaining an IP. Defence of the project, as well as
in the game “Firm-1" is carried out in the form
of slide presentation prepared by each “firm” in
front of a group of experts and members of other
teams. Each participant has the floor in accord-
ance with his/her position who presents the RIA,
developed and fabricated IP (brand name, trade-
mark or service mark, invention, utility model,
industrial prototype), describes its potential ap-
plication and the expected effect.
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Attendees can ask questions and participate
in discussions. Experts take the final decision
based on the results of the defense (preparation
of patent application, publication of scientific
papers, recommendation for implementation).
Additional participation of summer school
learners in competitions and sporting activities
was aimed at team building when solving prob-
lems, at identifying the true leaders, creating
the ability to act and make decisions quickly
and be responsible for them afterwards. More-
over, creative competitions contribute to the
development of creative students’ potential
which is the essential element of the [EA.

Throughout the game cumulative points
system (individual and team) was used when
each team member was responsible for his/her
actions before the team and for the team as a
whole, under conditions of the need for man-
datory decision-making in extreme situations
(stress, lack of time, responsibility and so on).
To demonstrate the amount of accumulated
points there was a wall-mount record of learn-
ers’ and teams’ activity to be constantly filled
in. It was also one of the main motives of ac-
tive, responsible and effective work. Therefore,

theoretical and practical training in educational
innovative engineering activity (EIEA) simu-
lates all stages of the innovation cycle, provid-
ing effective preparedness to carry out [EA.

Apart from qualitative results of the peda-
gogical experiment the effectiveness of summer
schools is proved by quantitative indicators:

1) learners participation resulted in over
50 publications, including peer-reviewed pub-
lications;

2) 10 patents for utility models and inven-
tions were received and proposals for technical
improvement were made;

3) from 2012 to 2014, three students from
N.P. Ogarev Mordovia State University be-
came the laureates of the Presidential pro-
gramme of support for talented young people;

4) a grant totaling 2 million rubles for the
competitive selection of one and two-year pro-
jects pertaining to implementation and devel-
opment of programmes encouraging student
design bureaus and similar public associations
of students in the framework of the clause
2,4 under the Federal earmarked programme
“Science and pedagogical staff of innovation
Russia” was won;

Developing competences in IEA
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5) annual victories of students in inter-
national and nation-wide student academic
Olympics in Agro engineering;

6) 4 students won presidential and govern-
mental scholarships.

In view of the foregoing it can be conclud-
ed that high efficiency of summer schools is
achieved by modeling all stages of innovation,
a proper organisation of its operation mode, an
intelligent combination of studies and recrea-
tion, a rational distribution of studies timetable
aimed at fruitful creative work.
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The analysis of the factors, having influenced
the students’ tendency formation to the scientific
research, has already been conducted. Moreo-
ver, it has been shown, that the environment is
practically affected the motivation formation to
the scientific research, in which the student is
found himself. The formation technologies of
the scientific skills in the teaching and research
laboratories, having created at the enterprises
on the chairs’ initiative, are being provided. The
methodical questions of the final subject confer-
ences, laboratory practical and independent work
organization, with due regard for the programs
of the students’ personal creative growth are also
being considered.

The raw orientation of the Russian economy,
the law social status after the thesis defending,
the low percentage of the theses defending after
the post — graduate course, — all this is practically
led to the students’ motivation decrease to be en-
gaged in the scientific work. So, the State pro-
grams of the Russian further development for the
2013-2020-es are being focused on the use of the
obtained scientific research achievements. Then,
the poor school training, the priorities change in
the life, the age peculiarities, the specific engi-
neering training are practically the main factors,
having influenced the students’ motivation to the
scientific research.

Purpose of the Study. The factors study, hav-
ing influenced the motivation formation for the sci-
entific research.

Material and research method. The factors’
study, having influence the students’ inclination to
the scientific research, has been conducted by the
students’ groups interviewing from the various In-
stitutes of the Higher Education, Colleges and Uni-
versities in the Tomsk city, the teachers, the heads
of the teaching, educational, scientific and research
laboratories, the students’ parents.

Research results and their discussion

The Degree Influence of the Discipline Mas-
tering. According to the research, the interest
to the scientific research is practically appeared
just after the discipline mastering at the level of
about 75% of the curriculum volume. The hy-
brid training and blending learning are the most
promising ones, having combined practically all
types of the training and learning, that can be
further improved the materials presentation for

any students’ type. So, the hybrid training and
blending learning — these are the lectures, prac-
tices and laboratories parallels. All levels of the
development is suggested the master — class,
video — fragments, laboratory practice conduct-
ing discussion and demonstration directly in the
teaching and research laboratories. The testing
trajectory, in which all the learning methods are
practically intertwined, has already been shown,
that psychological barrier is being reduced to the
complex technology at the students.

The Group Project Learning — this is the frag-
ment scientific research decision by the small team
of the students from two or three people — this is
the source of the students’ creative applications.
So, the democracy in the group project is practi-
cally allowed the students, as how to be partici-
pated and to be engaged in the scientific and initia-
tive works, well as to offer their projects. Thus,
the other Institutes of Higher Education, Colleges
and Universities experience (e.g. TPU, TGU,
TGASU) has been shown, that about 40 % of all
the students are being engaged and involved in the
group projects. So, the Group Projects — this is the
communication between the treatment courses, the
opportunity to see the work of others and to be
weighted oneself. The practice — oriented learn-
ing function, the humanitarian and aesthetic one,
and the educational one are being assigned on the
group projects. Thus, the students are given the
opportunity: “to be expressed themselves in the
team”, “to be felt the leader’s occurrence situa-
tion”, and to be played “the role of the manager or
the subordinate”.

The Interdisciplinarity. Currently, the science —
is the sum of physics, chemistry, mathematics and
many other areas of the knowledge. The introduc-
tion of such interdisciplinary subjects and courses,
as “Patenting”, “History and Methodology of Sci-
ence”, “Applied Engineering Tasks”, and others is
practically further developed the students’ interest
to the scientific research.

The Laboratory Practical Training Session.
The studies have been conducted at the laboratory
practical workshop on the technical disciplines
oriented (e.g. Technology, Electronics, Optics).
So, the interest excitation in the scientific research
can be practically realized at the laboratory prac-
tical workshop, through the compulsory modules
partition on the creative tasks [1]. Thus, the stu-
dent has the right to choose the creative develop-
ment of any fragment of the compulsory modules,
which is developed the interest to the work and, it,
moreover, is created the necessary reserve in the
scientific and research, and practical activity of the
student.

The approximate scheme of the laboratory
workshop building has been presented in the Figure.
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a) level; b) laboratory works at the enterprise; c) No. lab.;

d) creative task;

f) courses’ fragments and VKR;

e) gifted ones identification;

j) projects coordination;

h) planning, restructuring, service fragments; 1) multi — variance;

g) equipment study, emulation, master-class; k) individual statements; 1) No. group.

The Laboratory Practical Training Session Building Scheme

So, the laboratory practical training session is
practically conducted by the three — level scheme.
Then, the students’ activation is laid in the increas-
ingly individual task and the operational “final re-
view” just after each session. The excitation level
of the program of the creative growth is practically
based on the student’s opportunities agreement and
the degree of confidence. The laboratory practical
training session, in the form of the physical experi-
ment [2] is caused the most popular and the stu-
dents’ motivation.

The Teaching and Research Laboratories. The
teaching and research laboratories and the student
design office are practically allowed to realize the
most advanced to date “the hybrid training and
blended learning”. So, the students’ intercourse in-
teraction in the scientific work is acted, as the factor
of the support for the senior ones the undergraduate
students. The stimulatory effect of the assignment
has the title of “The Activist NIRS” and “The Ex-
cellent NIRS”.

Thus, the experience has been shown [3], that
the successful integration of the research, educa-
tional and industrial activity is quite possible only
with the involvement of the employees of the firms
and companies, as the teachers of the special sub-
jects and disciplines of the curriculum and the use
of the laboratory and technological base, as the
chair, well as the production partner. The motiva-
tion is being increased at the students, that it is
quite allowed to organize the full practices passage,
the real coursework and projects implementation,
the final qualifying works and the master’s theses
preparation, as well as the scientific and technical
publications preparation, The variety of the interac-
tive technologies are being practically implemented
in the teaching and research laboratories. These are
included the following: the meetings with the scien-
tists and scholars, the heads of the departments, the
works presentation at the conferences of the differ-
ent, (e.g. especially, international) level and more
et. al. The leading specialists and experts of the edu-
cational and scientific laboratories, having attracted
to the educational process, contribute the increase
of the quantitative and qualitative assessments of
the management level by the students during the
practice, the course design, or the final graduate
works implementation.

The Creative Activity in the Discipline. Just
after the main modules completion of the disci-
pline, the student can get the creative task. So, the
scientific research, having conducted by our chair,
have already been shown, that any creative task, no
matter, how attractive externally it did not seem the
students, it cannot be entered into the training until,
they have the necessary skills for its implementa-
tion. So, the series of the successive creative tasks
is converted to the results, which are worthy of
their further publication, and then, it is being trans-
formed into the student’s creative further growth
program. That is why, many graduates are grateful
to the chair for the submitted creative tasks, having
already grown into the occupation and vocation.

The Personal Creative Growth Program [4]
is practically suggested the creative tasks continu-
ity, in relation to the student’s inclination. So, in
the process of the creative tasks carrying out, the
student is practically led to answer the question:
how and where does he see himself in a year (e.g.
12 months), two years (e.g. 24 months), three years
(36 months)? The Personal Creative Growth Pro-
gram in the first year — this is the ways development
to be overcome the difficulties: communication with
the curator, the resources mobilization. Along with
the “Introduction to the Occupation” educational
discipline, the laboratories tours and the meetings
with the teachers are the significant elements. The
motivators to the learning — are the history of the
discoveries, the history of the graduates (e.g. the
positive, negative ones). The goals formation and
the program content are taken their place in the
subsequent courses. The students are usually given
the right to study the disciplines “by their choice”,
and to be developed the communication type “one
with many”. So, the participation in the scientific
and research projects implementation within the
group of a few people is practically being formed
the special space for the engineering activity. It is
quite necessary to the head of the group project, that
“it is come” at the student, as the students are at
such age, that they work by their interest, and not
by their debt. Thus, “notebook” with the work plans
records, experiments schemes, and the references to
the literature is the significant element.

The Subject Conference. The conference is
practically held on the basis of the creative and
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independent assignments by the disciplines. At the
end of the semester, each student practically per-
forms at the subject conference on the final results
of his “creative” activity. So, the presentation is con-
sisted of the separate modules: the challenge state,
the solution method, the simulation studies, the car-
ried out scientific research, the obtained results and
the conclusions. So, the presentation quality is prac-
tically reflected the local and the promising level of
the creative growth program realization. Thus, the
preliminary discussion of the works is encouraged
the student a higher level of the accountability.
Conclusions

Thus, the conducted monitoring has already
been shown, that the specialists and experts for-
mation, having passed the track data, is usually
occurred in 3-5 years (e.g. 36-60 months). About
50% of them defend the theses for the graduate
school. So, the bad students do not happen. There
are only the bad conditions. Those students, who
are not capable of the creative activity, work suc-
cessfully in the scientific and industrial sector, and
they are often become the heads of the departments
of the promising technologies.
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This article is devoted to research of efficiency of
cultivation of various hybrids of tomatoes by a method
of a small-volume hydroponics in the greenhouse in
the conditions of the PreAral area of Kazakhstan.

Relevance of the research. Currently the key
problem of saturation of the domestic market of Ka-
zakhstan for fruits and vegetables is associated with a
pronounced seasonal nature of vegetables and fruits.

However, if we compare Kazakhstan with coun-
tries that have similar climatic conditions, the avail-
ability of greenhouse area per an inhabitant in the
country is several times lower than the world average
and is only 0,1 % of the total vegetable production.

The situation is compounded by a lack of exist-
ing facilities of closed ground and their technologi-
cal backwardness. Deficit areas of protected ground
in different parts of Kazakhstan range from 4 to 35
ha, in the PreAral area — 5 hectares [1].

As a result, there is a seasonal lack of fresh
vegetables in the country every year; therefore, the
prices are increasing in the offseason.

Solving the problem of providing the popula-
tion with vegetables throughout the year cannot be
done without the intensification of the horticulture
industry of protected ground which main and deci-
sive factor is the development and implementation
of scientific and technological progress.

A world trend in greenhouse production devel-
opment is almost universal shift to intensive tech-

nologies and methods for growing plants in pro-
tected ground.

To date, these requirements are satisfied by
small-volume system technology — growing plants
on soil substrate using a drip irrigation system [2].

Insufficient level of development and the rel-
evance of many of the issues of improving the effi-
ciency of production of a protected ground, includ-
ing the question of selection of new indeterminate
tomato hybrids with generative type of develop-
ment and the development of high-quality technol-
ogy elements determined the direction of research.

Purpose and objectives of the research The
aim of research was to conduct variety trials of in-
determinate tomato hybrids such as small volume
elements and rationale of their cultivation tech-
niques adapted to the climatic conditions of the
PreAral region.

Objectives and methods of research The ob-
ject of the study is a full low-volume process of
growing vegetables, tomato hybrids.

The studies included the consistent implemen-
tation of laboratory semi-industrial and industrial
experiments using conventional methods in vegeta-
ble protected ground.

The scheme based on the method of split plots
with randomized placement of options within each
block was chosen for the experiment.

Because now all the production of vegetable
crops in the greenhouses of Kazakhstan is based on
the cultivation of hybrids of foreign selection, so 7
indeterminate tomato hybrids were chosen for this
study: three Israeli selections — Sharlotta F1, Garem
F1, Franchesca F1 and four selections — Dutch —
Sample F1, Lilos F1, Favorita F1, Grace F1.

Cultures were grown in the extended circula-
tion (Fig. 1) on a substrate of sawdust.

For mineral nutrition of plants the nutrient mix-
ture, fully balanced in all macro- and micronutrients
was used (Table 1) [4].

Month YII YIII IX X XI XII 1 11 111 1Y Y Y1

Decade12312323123123123123123123123123123
— - period of cultivation of seedling - vegetation period . - fruiting season
Fig. 1. Extension of the cultivation of tomatoes in a greenhouse
Table 1
Composition of nutrient mixtures for growing tomatoes, ppm
N P K Ca Mg Mn Fe Cu B Zn Mo
200 55 300 200 55 0,5 3,0 0,12 0,09 0,2 0,12
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Watering and feeding of tomato plants was car-
ried out by drip method. Plants were watered every
hour from 7.00 a.m to 17.00 p.m. so that a certain
percentage of the nutrient solution was withdrawn
from the substrate through the drain with every wa-
tering (total drainage per day — 30 %).

Power level was maintained depending on the
phase of plant development from 0,5 to 3,0 Ms /cm,
a pH of the nutrient solution was 5,5 — 6,5.

During the growing season the following stages
were performed:

— phenological observations of plant growth
and development,

— control of greenhouse microclimate parameters,

— monitoring of phytosanitary condition of
landings and preventive measures,

—measures to build the plant, — measurement of
the volume and concentration of the nutrient solu-
tion and drainage (daily),

—yielding and accounting.

The disperse analysis of variance results for
their yield results was performed to test the statisti-
cal null hypothesis HO that there are significant dif-
ferences in the productivity of the studied hybrids
and validation [3].

Results of research. Research has shown that
the use of small-volume technology of growing in-
determinate tomato hybrids in greenhouses adapted

— amount of fetus

— average weight of 1 fetus

to the climatic conditions of the PreAral region al-
lows to obtain a high yield of quality products. The
investigated hybrids of tomato were significantly
different in terms of yield from each other.

Under the experimental conditions in terms of
yield the tomato hybrids were located in the follow-
ing descending order: Franchesca F1> Lilos F1>
Grace F1> Garem F1> Sample F1> Favorita F1>
Sharlotta F 1.

The highest yield was demonstrated by a hy-
brid Franchesca F1 11,2 kg /plant. Enough fruitful
hybrids were Lilos F1, Grace F1, Garem F1.The
lowest yields compared with other studied hybrids
were shown by Sharlotta F1 hybrids, Sample F1
and Favorita F1.

Such parameters as the number of mature fruit,
the average weight of one fetus and uniform crop
returns during the period of cultivation influence on
tomato yield (Table 2, Fig. 2).

Since the highest yield of Franchesca F1 hybrid
is explained by the fact that during the vegetation
period of the plants at a hybrid the largest amount of
112 fruits was formed, though fruit weight was even
lower than that of other hybrids — 100.0 g.

Sufficiently high yield of Lilos F1 and Grace
F1 hybrids was identified contrary not by amount of
fruits and a high average of one fetus weight. The
same dependence of yield had the rest of hybrids:

Garem F1 = Favorita F1 = Sharlotta F 1;
Grace F1 = Sample F1
Garem F1 > Favorita F1 > Sharlotta F 1;
Grace F1 > Sample F1

—yield Garem F1 > Favorita F1 > Sharlotta F 1;
Grace F1 > Sample F1
Table 2
Yields of hybrid tomatoes grown by small-volume hydroponics

Hybrid Number of fetus of 1 plant, pieces | Average mass of | fetus, g | Yield of 1 plant, kg
Sharlotta F 1 86 91,0 7,8
Garem F1 88 106,5 9.4
Franchesca F1 112 100,0 11,2
Sample F1 73 124,6 9,1
Lilos F1 80 126,2 10,1
Favorita F1 85 113,3 8,5
Grace F1 75 129,3 9,7

LED,.=0,37

An important role in obtaining high yields of veg-
etables under growing in the greenhouse has such a re-
cord as the uniformity of the crop. Dynamics yields re-
sults shown in Fig. 2 demonstrate that during the rearing
period was uneven efficiency and yield was cyclical.

This is due primarily to the fact that the mid-
dle period of growing tomatoes in extended trade
turnover is in the winter months, at a time when the
main limiting factor is light.

The lowest yield of all hybrids was observed
in February and March, as the flowering and the
maturing of fruit was in the shortest day of the
light period (December-January) and cloudy
weather.

Most crop output was observed in all hy-
brids between April and June, because during
this period the light factor ceased to be a limiting
factor.
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—&—Sharlotta F1 ——Garem F1 —#— Franchesca F1 —>— Sample F1
== Lilos F1 —®—FavoritaF1  —— GraceF1
Fig. 2. Dynamics of the yield of tomatoes in the extended rotation, kg /1 plant
Table 3
Cost-effectiveness of small-volume method of growing tomatoes hydroponically
on the substrate of sawdust
Index Hybrids
Sharlotta | Garem | Franchesca | Sample Lilos | Favorita | Grace
F1 F1 F1 F1 F1 F1 F1
Yield net, kg/1 plant 7,8 9,4 11,2 9,1 10,1 8,5 9,4
Cost, $ USA/ kg 1,08 0,98 0,66 1,10 0,84 1,16 0,98
Cost, $ USA/ 1 plant 8,42 9,21 7,39 10,01 8,48 9,86 9,21
Price, $ USA /kg 1,59 1,59 1,59 1,59 1,59 1,59 1,59
Total sum of sell, $ USA 12,40 14,95 17,81 14,45 16,06 13,51 14,95
Profit, $ USA 3,98 5,74 9,88 4,49 7,58 3,65 5,74
Profitability, % 47,3 62,3 124,6 443 89,4 37,0 62,3
This is due primarily to the fact that the mid- Conclusion

dle period of growing tomatoes in extended trade
turnover is in the winter months, at a time when the
main limiting factor is light.

The lowest yield of all hybrids was observed in
February and March, as the flowering and the ma-
turing of fruit was in the shortest day of the light
period (December-January) and cloudy weather.

Most crop output was observed in all hybrids
between April and June, because during this period
the light factor ceased to be a limiting factor.

Uniform crop out within the growing season
was demonstrated by hybrid Franchesca F1 that ex-
plains its high yield compared to other hybrids.

Indicators of economic efficiency of small-vol-
ume method of growing tomatoes hydroponically
on substrates of sawdust demonstrate that the inten-
sification of production of tomatoes in the green-
house through the introduction of smallvolume
technology of cultivation of high-yielding hybrids
significantly increases the profitability of industry
and guarantees getting profit.

A fundamental factor in increasing the efficien-
cy of tomatoes production in greenhouses is the use
of small-volume hydroponics technology adapted
to the conditions of a particular region and enter-
prises, as well as to the requirements of a particular
genotype varieties (hybrid).
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It was established that reparation of ulcer defect
heals by cicatrization. Main element of cicatricial
tissue is collagen having amino acid oxyproline in
its structure. Results of studying the latter in bio-
logic fluids adequately reflect process of collagen
formation [1,2]. Therefore studying content of this
amino acid in tissues it may be predetermined a
state of collagen formation and regeneration pro-
cesses of ulcerous-erosive disorders in mucosa of
gastrointestinal tract (GIT). As regards renal tissue
a content of oxyproline specifies a state of inflam-
mation process accompanying by sclerosis of renal
tissue [3, 4, 5, 6, 7].

Aim of research: was to study a state of col-
lagen synthesis in gastric mucosa and renal tissue
in indometacin gastropathy in animals with experi-
mental rheumatoid arthritis.

Materials and methods of research: Experi-
mental studies were carried out on 21 male rats of
mixed population with mass 160-200 g that were on
common ration of vivarium. Animals were divided
into 3 groups of 7 animals each. The 1% group was
intact, the 2™ group with experimental rheumatoid
arthritis (ERA), the 3™ group — animals with ERA
and indometacin gastropathy (GERA).

single-stage decapitated under etherization. Stom-
ach was extracted, then purified, washed with a cold
physiological solution, proventriculus was removed.
Mucous layer then was scarified, weighed and slur-
ried in distilled water at a rate 30 mg/ml.

Kidneys were crushed and homogenized in a
glass homogenizer with Teflon pestle in 3-4-fold
volume of excretion medium consisting of 0,25M
saccharose, 0,05M KCl in 0,05M solution tris HCI
buffer (pH 7,4). To precipitate nuclei, mitochon-
dria and disordered cells homogenates were cen-
trifuged in 9000 g during 20 minutes. Content of
oxyproline in supernatant fraction of homogenate
was determined by a method of A. Steven and co-
authors [10].

Results obtained were treated with using of
Student’s t-criterion by a statistically standard pack-
age of Microsoft Excel. Differences considered val-
uable in p < 0,05.

Results and their discussion: Results of study-
ing a content of oxyproline in gastric and renal tis-
sue are given in the table.

How it is seen from the presented data a content
of oxyproline in gastric mucosa in ERA is practical-
ly not differed from control group, whereas it is reli-
ably increased 35,6 % from index of control group.
Reduction in content of oxyproline noted to be in
gastric mucosa 79,3 % from control group in using
of indometacin (GERA). Content of oxyproline in
renal tissue was increasing 174,8 % in this group.
Probably, suppression of regeneration processes
by indometacin in gastric mucosa was caused by
abnormalities in functioning of numerous inter-
caused cytoprotective factors that leads to lowering

Content of oxyproline in gastric mucosa and renal tissue in indometacin gastropathy
in animals with experimental rheumatoid arthritis.

Ne Group of animals Oxyproline, nmol/mg
Stomach p kidneys p
1 Control 2,12+0,077 5,28 £0,180
2 ERA 1,95+ 0,062 7,16 £ 0,315
3 GERA 0,44 +£0,019 0,001 14,51 £ 0,384 0,001

Note: p-reliability from indices of control group.

Experimental model of rheumatoid arthritis was
reproduced by a single administration of 0,2 ml Fre-
und’s adjuvant into posterior right leg of animal [8].
Indometacin induced gastro- and nephropathies were
produced by administration of indometacin per os
as water suspension at a dose 2,5 mg/kg during 5
days [9]. All painful procedures were performed in
accordance with the WMA Declaration of Helsinki.
To perform biochemical studies all the animals were

of post-epithelial factors of protection, which prin-
cipal element are “cytoprotective” prostaglandins.
It is established that prostaglandin E, implements
its protective potential on suppression of formation
of gastric acid, increase of mucus and bicarbonate
secretion, stimulation of regeneration.

Unlike to stomach a considerable increase of
oxyproline in application of indometacin observed
to be in kidneys. It is likely to be caused by some
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inter-related mechanisms. Block of synthesis of
renal prostaglandins by indometacin increases
and prolongs vasoconstrictive action of angioten-
sin II playing a key role in progressive lowering
of renal function by means of hemodynamic and
“non hemodynamic” mechanisms [11, 12]. Renin-
angiotensin-aldosteron system actuates when re-
lease of renin by juxtaglomerular cells of kidneys
occurs. The latter catalyzes transformation of an-
giotensin in angiotensin I in the liver. Then locally
in tissues occurs transformation of angiotensin I
in angiotensin II (active form) — under participa-
tion of angiotensin I converting enzyme. Produc-
tion and release of aldosteron, proximal canalicu-
lar re-absorption of sodium, shortening of afferent
and efferent arterioles, heightened saline appetite,
inhibition of parasympathetic nervous system,
stimulation of [-adrenoreceptors, intensification
of proteinuria — it is not complete list of effects
provoked by angiotensin II. Mechanisms consid-
ered prove involvement of both glomerular and
tubular-interstitial apparatus in damage of kidneys
by indometacin.
Conclusions

1. Indometacin considerably reduces a content
of oxyproline in gastric mucosa that confirmed sup-
pression of regeneration processes.

2. Preparation increases a content of oxyproline
in renal tissues in indometacin gastropathy that ex-
hibited appearance of inflammation process leading
to renal tissue sclerosis.
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DYNAMICS OF STEPPE VEGETATION
AFTER FIRE IN TUVA
Sambuu A.D., Khomushku N.G.
Tuvinian Institute for the exploration of natural

resources SB RAS,
Tuvinian state university, Kyzyl, e-mail: sambuu@mail.ru

Currently, the issue of conservation of biologi-
cal diversity is one of global environmental prob-
lems [1, 2]. Fires are an important ecological fac-
tor influencing species composition, functioning,
seasonal and long-term dynamics of inland ecosys-
tems. Especially significant is the role fires play in
the formation and maintenance of biodiversity of
the Eurasian steppes, the prairies of North America,
the savannas of Africa, downblended New Zealand
and other ecosystems.

In recent years, in the steppe zone of the Re-
public of Tyva (RT) increased unregulated fires.
The main causes of fires is the anthropogenic fac-
tor, reducing grazing pressure, in which there is
an accumulation of dead aboveground biomass. In
addition, the emergence of steppe fires contribute
to climatic conditions of the region, with frequent
periods of summer drought. Dry the mortmass
steppe grass is flammable during droughts. The fire
spreads quickly, covering large areas. Often used by
the population fire as land treatment to improve the
quality of steppe grassland herbage.

For the conservation and management of bio-
logical diversity of natural ecosystems should be
explored in detail the impact of fire on natural eco-
systems. In our work the results of studying the
influence of different timing of fires on vegetation
component of steppe ecosystems of Tuva.

The aim of this work was to study the influence
of different timing of fires on dry steppe plant com-
munities of Tuva.

Study areas and Methods. The study was
carried out on grasslands within Tuvinian steppes
(48°=51°N 91°-99°E) of Central Asia. The climate
of this area is characterized by a rigorous cold and
late spring. The yearly mean temperature is — 5°C
(1975-2010). The coldest month is January with a
mean temperature of — 37°C. July is the warmest
month with 17°C. On the basis of definition of the
growing season as the period over which the daily
mean temperature remains above + 5°C [3].

Steppes are linked to chestnut soils. Their spe-
cies composition is dependent on relief, soil and an-
thropogenic load.

The soil at the study sites have developed on
chestnut with sand material. The humus profile is
10-20 cm deep and roots grow down to 50 cm.

To study the effect of different terms has fallen
on above-ground phytomass and species composi-
tion of the steppes us was founded experimental
plots in Tuvinian dry steppes district RT. To book-

mark the site was chosen ecologically homogene-
ous areas of steppe grass with minimal anthropo-
genic impact. The study area was divided into 5
variations of experience 100 m?. Around the plot
was laid down protective fire lane width of 3 m.
the Burning of herbage produced in the following
order: in mid-April 2009, in mid-may 2009, in the
middle of June 2009, the middle of October 2009.
Control plot action the fire has not been. In 2009,
the experiment was expanded and similar versions
of the experiments were planted on the South and
North of RT. The distance between the Northern
and southern areas within 250 km. The Study was
conducted in 2009-2014.

Records of the aboveground biomass produced
in mid-July 2009-2014 by cutting the plants at a
height of 1-2 ¢cm from the soil surface at sites 1 m?
in five replications. In addition, each site was col-
lected litter. The cuts were sorted into fractions of
green plants and rags.

The biomass of living plants was dismantled
by agro groups. The biomass samples were dried
until totally dry condition and weighed on an elec-
tronic balance accurate to 0,01 g. According to the
five replicates was calculated the average value and
standard deviation.

Data on aboveground biomass of steppe grass
were subjected to univariate analysis of variance. In
our calculations we adopted a significance level of
0,95. According to the results of univariate analysis
of variance was determined by the strength of influ-
ence of factor on Snedecor:

2 2
h2 — X e
s+ (1)

were s > — intergroup dispersion;

s — intra-group dispersion;

n —number variant in a separate gradations disper-
sion complex [4].

The objects used the same versions of the
experiments, and in the study of productivity.
Geobotanical descriptions of the experimental vari-
ants was carried out in mid-July by using Braun-BI-
anquet method [5]. In this case, fixed all the species
of higher vascular plants. Latin names of species
are listed by Cherepanov S.K. [6].

The similarity of geobotanical descriptions of
the variants of the experience was determined by
the method of P. jacquard [7]. The coefficient of
similarity jacquard (K,) is calculated by the formu-
la: K, =N, /N, +N,-N_ ), where N,  —total
number of species in compared the descriptions of
Aand B, N, and N, is the number of species in each
of the descriptions.

Results. Experimental data on post-fire dy-
namics of common stock of the aboveground
biomass of steppe grass in the survey area dry
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steppe indicate that fires, regardless of application
deadlines, significantly affect the stock of total
aboveground biomass. While post-fire dynamics
of common stock of the aboveground biomass in
different years varies considerably. Changes in
aboveground biomass of steppe grass after burn-
ing, are confirmed by the results of analysis of var-
iance. It is seen that in 2009 between the data of
the total aboveground biomass on the experimen-
tal variants where used fire and control there is a
significant difference. The force of the impact fac-
tor on the April version is 91 %, the may — 92 %, in
June — 93 %. It should be emphasized that the April
fire has no negative impact on the accumulation of
aboveground live biomass. At a later date fire has
a devastating effect on the living above-ground
phytomass. In particular, the June embodiment,
the force of the impact factor on live aboveground
phytomass is 87 %. Fire significantly affects the
accumulation of dead aboveground biomass of all
variants. The strength of the factor in the first year
and reaches 94 %.

Conclusions

So, after fire in mid-may live aboveground phy-
tomass of steppe grass cover is reduced. Thus from
the fire significantly damaged grains, legumes, sedg-
es. It should be emphasized that the June fire exerts a
most pernicious influence on the regrowth of above-
ground live biomass. With steppe species of legumes
and sedges stop the formation of the aboveground
biomass to the end of the growing season.
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MYOCARDIAL REVASCULARIZATION
IN PATIENTS WITH ADVANCED
ATHEROSCLEROSIS: TACTICAL ISSUES

'Abzaliev K.B., 'Kuzhukeyev M.E.,
’Dosmailov N.S.

'Kazakh Medical University for Continuing Education,
Almaty, e-mail: abzaliev_kuat@mail.ru;
’National Scientific Center of Surgery named
after A.N. Syzganov, Almaty

In order to assess the efficiency of CABG us-
ing nonlinear venous bypass grafts (experimental
group) we compared its outcomes with linear ve-
nous bypass grafts-only CABG (control group).
A total of 272 coronary arteries were bypassed
in experimental group vs. 217 arteries in control
one. Using sequential venous bypass grafts, we
managed to restore blood flow in a total of 145
coronary arteries (53,3 %). Most bypassed were
left margin artery 48 (33,1 %), circumflex artery
33 (22,7%), diagonal artery 28 (19,3 %), poste-
rior interventricular artery 17 (11,7%). Using
naturally bifurcated venous bypass grafts, we re-
stored blood flow in 68 (25 %) coronary arteries.
Most bypassed were CA 18 (26,4 %), left mar-
gin artery 16 (23,5 %), diagonal artery 15 (22 %),
and posterior interventricular artery 11 (16,1 %).
Using composite and combined bypass grafts,
we restored blood flow in 12 (4,4%) coronary
arteries. The incidence of intraoperative injury
to the aorta in both groups differ dramatically:
2% vs. 11,1 %, respectively. Such a difference
in intraoperative injury to the aorta is due to a
lesser number of aortic anastomoses in experi-
mental group where nonlinear versions of venous
grafts were used. Acute heart failure was also
notably higher in the control group: 14,8 % vs.
3,9%. Acute heart failure caused death in four
(7,4%) control patients. Acute cerebrovascular
event rate was higher in controls: 14,8 % vs. 2 %.
One patient in the control group succumbed to
acute cerebrovascular event. Also, there was re-
ported high rate of respiratory failure (25,9 %)
among controls compared to experimental group
(11,7 %). Infective complications as represented
by mediastinitis in all cases were noted in 3,9 %
of experimental cases, which was almost twice as
less than in controls (9,2 %). Postop hemorrhage
mandating resternotomy was almost equal in both
groups (3,9 % vs. 3,7 %). Significant difference in
the rates of acute heart failure, acute cerebrovas-
cular events, respiratory insufficiency, and infec-
tions is secondary to the length of pump and aorta
cross-clamping times in both experimental, and
control groups: 116/71 minutes vs. 138/85 min-
utes, respectively.

So, using the algorithm developed for non-
linear venous bypass graft CABG in multivessel

coronary lesions, combined with atherosclerosis
of the ascending aorta, we managed to reduce the
number of aortic anastomoses and achieve com-
plete myocardial revascularization, reduce pump
time and aorta cross clamping time.

The work is submitted to the International Sci-
entific Conference “Fundamental research”, CRO-
ATIA (Istria) 23 July—30 July 2015, came to the
editorial office on 20.07.2015.
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THE LEFT ATRIUM VOLUME
DURING ATRIOPLASTY

'Abzaliev K.B., 'Kuzhukeyev M.E.,
*Dosmailov N.S.

'Kazakh Medical University for Continuing Education,
Almaty, e-mail: abzaliev_kuat@mail.ru;
’National Scientific Center of Surgery named
after A.N. Syzganov, Almaty

Johnson Jetal, 1967, Barnhorst D.A. et al.
1975., Deeg P. et al. 1977, Kawazoe J. et al, 1983).
Piccoh G.P. et al. (1984) made a comparative analy-
sis of outcomes of surgically treated patients who
underwent mitral valve replacement. They found
total mortality at 8,5 %, with mortality in a group of
patients with giant left atrium (GLA) being as high
as 20 %. Many researchers were able to demonstrate
that the repair of atriomegaly would have positive
effect on both early, and late postoperative period
with improved life expectancy in such patients.

The purpose of the study was to reliably
measure the LA volume and specify indications
for atrioplasty. To achieve this goal, the follow-
ing tasks were set:

1. Develop a new method for measuring the
LA volume.

2. Compare the obtained data with those
in the control group where measurements were
made using echocardiography.

Material and methods. From 2005 to 2014,
176 patients suffering from mitral valve diseases
complicated with atriomegaly and atrial fibril-
lation were operated upon at the cardiac sur-
gery unit, National Scientific Center of Surgery.
Seventy-three were male (41.5%) and 103 were
female (58,5 %), with median age of 41,5 + 27,5
years. The breakdown of patients by the degree
of heart failure was as follows: 124 (70,4 %)
patients were in NYHA Class III, the remain-
ing 52 (29,5%) in NYHA Class IV; 119 patients
(67,6 %) were in ACC 2 stage with remaining 57
(32,3%) in ACC 3 stage. All patients had the his-
tory of atrial fibrillation in excess of three years.
The LA sizes were obtained using the heart ultra-
sound (see Table).
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Echocardiographic indicators

Parameters EDS,cm | ESS, cm EDV, ml ESV, ml LA, cm EF, %
Before operation | 6,7 +0,1 49+0,5 258 £ 30 127+ 1,5 7,8+0,3 50,8 +1
After operation 59+0,5 | 41+0,3 173 +£48,5 72 +10,5 48+1,0 58+1

Note: EDS — end-diastolic size, ESS — end-systolic size, EDV — end-diastolic volume, EDV — end-systolic

volume, LA — left atrium, EF — ejection fraction.

We performed mitral valve replacement with
suture ligation of the left atrial appendage in 111 pa-
tients (63 %), Another 62 patients (35,2 %) received
the Kawazoe atrioplasty, three patients (1,7%) had
Mercedes type atrioplasty, and in five cases, we per-
formed additionally the maze procedure. The LA cav-
ity was measured in 27 control patients (41,5 %) us-
ing echocardiography: LA volume was 270 + 60 mL
preoperatively, and 140 £ 25 mL postoperatively.

Intraoperatively, we measured the left atrial
volume in 38 (58,5 %) patients in Group 2 using the
methodology developed in our clinic: 520 + 50 mL
before and 175 £ 20 mL after the operation. We
would question the reliability of the echocar-
diographic measurement of the LA volume when
the preoperative reading had been 265 + 40 vs.
140 £+ 15 mL postoperatively.

The method we developed is as simple as that:
a surgical glove would be placed into the left atri-
um preoperatively, then filled with saline, and the
volume of fluid instilled would be accurately meas-
ured. The same manipulation would be done after
the completion of atrioplasty.

Results: Left atrioplasty resulted in shrinkage
of the left atrium from 8,6 cm to 5,4 cm, on average
(Group 1). In immediate postoperative period, only
87 (49,3 %) patients required inotropic support with
Dopamine up 5 mg per kg body weight per minute.
The remaining patients did not need any cardiotonic
agents. Atrial fibrillation disappeared in 94 (53,4 %)
patients.

Conclusions: 1. Left atrioplasty does result in
a marked reduction in the LA size, resolves the left
postero-basal left ventricular compression syndrome,
reduces the tracheal bifurcation angle, and decom-
presses the left main bronchus and the lower lobes of
the right lung. This explains the drop in frequency and
duration of acute heart failure early postoperatively.

2. Secondary to decompression of the left main
bronchus and the lower lobes of the right lung,
the length of postoperative lung ventilation would
shorten, the lungs would spread better; hence, the
incidence of postoperative pulmonary atelectasis,
pneumonia and tracheobronchitis would drop. As
a result, the patients would have a shorter stay in
the ICU, rehab quicker and generally, have a shorter
length of stay in the hospital.

The work is submitted to the International Sci-
entific Conference “Fundamental research”, CRO-

ATIA (Istria) 23 July—30 July 2015, came to the
editorial office on 20.07.2015.

THORACOTOMY APPROACH IN
REPLACEMENT OF TRICUSPID VALVE:
TACTICS AND OUTCOMES

'Abzaliev K.B., 'Kuzhukeyev M.E.,
’Dosmailov N.S.

!Kazakh Medical University for Continuing Education,
Almaty, e-mail: abzaliev_kuat@mail.ru;
’National Scientific Center of Surgery named
after A.N. Syzganov, Almaty

Objective of the research: define surgical tac-
tics for replacement of tricuspid valve.

Material and methods: From 2007 to 2014,
eighteen patients underwent tricuspid-valve re-
placement (TVR) at the National Scientific Center
of Surgery named after A.N. Syzganov. In half (nine
patients), TVR followed prior operations on repair
of'acquired heart diseases. Six patients (33,3 %) had
Ebstein anomaly, two were drug addicts with infec-
tive endocarditis, and another one had traumatic
tricuspid regurgitation. Four were male, 14 female
(22,2% vs. 77,7%). Two (11,11%) were in ACC
stage B, with remaining sixteen (88,9%) in ACC
stage 3. Four (22,2 %) patients were in NYHA class
111, while 14 (77,7 %) were in NYHA class IV. Four-
teen had regurgitation Grade 3 to 4, two patients
had combined heart disease, while two had stenotic
tricuspid valve with calcified cusps.

Results: All ecighteen patients underwent tri-
cuspid-valve replacement: four (22,2%) were im-
planted with MedInge-2 33 sized prosthesis (Rus-
sia), while fourteen (77,8 %) were implanted with
bioprostheses (Pericor, Comcor, Russia). In nine
patients (50%) who previously underwent mitral
and aortic valve replacement and were on continu-
ous anticoagulation, the following tactics was cho-
sen: right sided thoracotomy approach through the
4% intercostal space was attempted in 6 (66,7 %) pa-
tients, CPB was initiated in a standard way, though
a 9-size cuffed intubation tubes were used instead of
venous cannulae through the pericardium, without
any cardiolysis. This helped us avoid circumvent-
ing the venae cavae, thus considerably reducing
the bleeding. In three patients, the heart prostheses
were implanted under parallel perfusion, using con-
tinuous Prolene 2/0 suture, with 2 or 3 mattress su-
tures in the bundle of His area.
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In 8 of 18 cases the aortic cannula was inserted
in the ascending aorta, while in the remaining cas-
es the left femoral artery was cannulated. In nine
patients, we were lucky not to release the heart of
cohesions and had a routine operation. Four pa-
tients (22,2 %) required inotropic support with Do-
pamine (5 mg/kg body weight per minute), another
four (22,2 %) needed up to 10 mg/kg body weight
per minute. The rest of the patients did not require
any cardiotonic agents. No deaths or complications
were observed. The patients were discharged on
day 12 to 14 post-op.

Coclusions: In patients with previously im-
planted mitral or aortic prostheses and on VKA an-
ticoagulation, tricuspid-valve replacement should
be performed via thoracotomy, under parallel per-
fusion, with 9-size cuffed intubation tubes used in-
stead of venous cannulae. This does not deteriorate
the pump and contractile function of the left ven-
tricle, while improving the respiratory dysfunction.
When performing primary tricuspid valve repair,
the surgical approach and all the rest is done a rou-
tine fashion.

The work is submitted to the International Sci-
entific Conference “Fundamental research”, CRO-
ATIA (Istria) 23 July-30 July 2015, came to the
editorial office on 20.07.2015.
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‘Altai State Technical University the name
of I. I. Polzunov, Barnaul;

*Altai State Medical University, Barnaul

In recent years, modern man is increasingly
looks narrowly at the state of their own health and
of their children. He began to undergo regular medi-
cal examinations to monitor the quality of the food,
engage in physical culture, he giving up bad habits.

According to the Federal State Statistics Ser-
vice, since 2000 on average number of born alive per
year, 36,6 % children born sick with various diseases,
3% — with congenital anomalies, 50,3 % — with indi-
vidual adverse conditions originating in the perinatal
period. To 7 years almost 33 % of children diagnosed
with chronic diseases, and to 14 years - variations
in health status have almost 60 % of adolescents [2].
According to the chairman of the Public Chamber
of Russia Yevgeny Ochkasova in 2013 only 10% of
high school graduates can be called healthy [1].

If only 10% of high school graduates can be
considered relatively healthy, what happens to them
in higher educational institutions (later in universi-
ties)? Obviously, the health of students during the
years of education only gets worse: suffering mental
health, musculoskeletal system, cardio — vascular
and respiratory system, digestive organs, deteriorat-
ing eyesight and other organs and body systems.

As a result of the medical examination first-
year students, by health workers, all students of ed-
ucational institutions for physical training, depend-
ing on the state of health, physical development and
functional training are divided into three groups:
primary, preparatory and special. Separately dis-
tinguished students who are fully exempt from the
practical lessons on discipline “Physical training”.

In order to determine the state of health of stu-
dents of the Altai Territory, we have analyzed the
results of the medical examination of freshmen
2014-2015 academic year, the five main universities
of Altai Territory: Altai State University (AltUni),
Altai State Technical University the name of L.I. Pol-
zunov (AltTechUni), Altai State Agricultural Univer-
sity (AltGAUni), Altai State Pedagogical University
(AltGPUni) and the Altai State Medical University
(AItGMUni). A total of 5532 analyzed the results of
the medical examination of first-year students of full-
time academic year 2014-2015 (Table 1).

The obtained results showed, that to the pri-
mary group of health for physical training, there are
3478 students, accounting for 62,87 % of the total
number received, the preparatory — 817 students,
accounting for 14,77 %, to a special medical group
there were 1061 students (19,18 %).

It is worth noting, that according to the results
of the medical examination, to the primary group
of health belong practically healthy students with
minor deviations in health, good physical develop-
ment and physical preparedness.

Table 1
The distribution of first-year students on medical teams for the physical training
Indicator Medical teams
Primary Preparatory Special Exemption
Number of students 3478 817 1061 176
% o students 62,87 14,77 19,18 3,18
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Table 2

The results of the medical examination of the full-time first-year students, enrolled in the major
universities of the Altai Territory in the 2014-2015 school year

University Medical teams, %
Primary Preparatory Special Exemption
AlItFMU 29,34 33,09 36,56 1,01
AItGTU 68,86 13,85 15,6 1,69
AItGAU 70,24 2,35 23,29 4,12
AltU 55,52 20,05 20,23 4,19
AltGPU 87,84 2,85 4,27 5,05

Thus, 37,13 % of the students, of the total num-
ber received in all the relevant universities have
varying degrees of deviations in health status (pre-
paratory, special medical group and released from
physical training). Of these 176 students, which is
3,18 %, they have a serious illness, including dis-
ability, and fully exempted from practical lessons
on discipline “Physical training”.

In the Altai State University, according to the
results of medical examination admitted roughly
equal number of students belonged to preparatory
and special medical group — 20,05% and 20,23 %
respectively of the total number admitted to this
school, and in the Altai State Technical University —
13,85 %, and 15,60 %, respectively (Table 2).

In AItGAU and AltGPU the preparatory medi-
cal group on the results of a medical examination
referred smallest number of students compared to
other universities — 2,35 % and 2,85 % respectively.
As a result of the medical examination of the first
year students of AItGPU also recorded the lowest
number of students assigned to special medical
group — 4.27% of the total received by the Acad-
emy. Among the other distinguished universities
AItGMU, which, in the period under review, re-
ceived the largest number of students with different
variations in health status. The preparatory medi-
cal group medical university enrolled — 33,09 %, in
special medical groups — 36,56 % of the students.

Based on the findings, we can say that in Alt-
GPU in the 2014-2015 academic year admitted the
maximum number of relatively healthy students,
compared to other universities — 87,84 %, and the
largest number of students exempt from practical
physical training — 5,05%. In AItGMU there was
recorded the lowest number of relatively healthy
students — 29,34 %, and 1,01 % — exempt.

From the results of medical examination we can
say that the quality of health of highly qualified grad-
uates desired to be better, because today’s freshmen,
will be graduates “tomorrow”. In this connection,
in our opinion, we have to not just be in the active
search for new effective means and methods of phys-
ical education aimed at the preservation of health and
prevention of major diseases, but already starting to
use them in the educational process.

The main diseases of young people in Russia
are cardio — vascular, respiratory, nervous system,
musculoskeletal system, and organs of sight [2].
Given this fact, we believe that it is necessary to
include in the content of each physical education
classes for students of preparatory and basic health
group corrective exercises aimed at disease preven-
tion and health promotion. Exercises that bear such
a nature, has long included in the content of the
classes of special medical group, but as a rule, are
not compulsory in primary and preparatory group
health.

If today the teachers of secondary schools and
teachers of higher and secondary specialized edu-
cational institutions of physical education in their
classrooms will apply corrective exercises aimed at
disease prevention and health promotion, then to-
morrow we will see a completely different data.
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The article considers the advantages of ex-
osomes as vectors of medications over artificially
constructed vesicles.

The main problem of modern therapy is the low
pointness of drugs and obsolescent over time medi-
cines. In connection with this it is necessary to cre-
ate new delivery agents providing direct delivery of
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the medical product in the pathological process area
in the required therapeutic concentration, to reduce
the adverse effects on the body of toxic compounds,
which can extend the life of existing drugs, and
more fully realize their potential.

Currently, work is underway on the construc-
tion and improvement of artificial vectors, which
main problem is the lack of focus, not investigated
biocompatibility, the labor intensiveness, high cost of
production and consequently expensiveness drugs.
By focusing on this complex process, we forget about
the existence of biological containers — exosomes.

Exosomes — natural microvesicles consisting of
a lipid shell by diameter of 30-100 nm secreted into
the extracellular space by the various cells of the
body, which fundamental function is intercellular
communication [1, 4].

Compounds, included in the exosomes (micro-
RNA, proteins, lipids annexins, and other) is deter-
mine their properties. Exosomes are able to protect
the medical product from degradation, implement
its directed transporting, protect the organism from
the effects of highly toxic medical product, pene-
trate through all kinds of barriers, opening the pos-
sibility for the treatment of previously inaccessible
pathological centers, they are not captured by cells
of the reticuloendothelial system, and remain invis-
ible to the immune system cells [2, 3].

To achieve the pointness there is necessary to
attach specific ligand to the surface of exosomes
for which there is a specific receptor or other ob-
ject to be linked. Under the influence of annexin
there occurs endocytosis of exosomes with a cell,
and under the action of intracellular enzymes drug
is release, which modifies the functions of the target
molecules.

A potential problem of using exosomes as vec-
tors may be the presence of the major histocompat-
ibility complex on their surface, but the solution
to this problem, as well as the source of the mass
production of exosomes may serve as mesenchymal
cells with suppressed synthesis of major histocom-
patibility complex [5].

Getting exosomes does not require complicated
methodics and the availability of expensive equip-
ment. Why use a time-consuming and expensive
production of drugs, where there is the possibility
of an alternative use of natural biological delivery
system that does not require global costs?
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In recent years, we see increasing attention of
pediatricians, neurologists, epileptology problem
attracted febrile seizures (FS). Febrile seizures are
paroxysms different duration, including other forms
of tonic or tonic-clonic seizures in infants, young
and school-age children with body temperature of
at least 38°C (except convulsions in neuroinfec-
tion). FS can be transformed into afebrile seizures
and epilepsy. FS are not epilepsy, but may be the
cause of epilepsy and forming a stable intellectual
and neurological deficit. To date, there is no clear
understanding of the causes of FS, but as an oppor-
tunity to consider several factors. It is assumed that
any infection can trigger the development of attack.
In the structure of infectious diseases in children are
leading acute respiratory infections (ARI).

Purpose — the study of FS etiology in children
aged from 3 till 36 months (3 years old) with ARI.

Methods and patients. We observed 58 pa-
tients with FS on the background of ARI in the
Krasnoyarsk Inter-District Children’s Hospital
Nel (October 2013 — February 2014). In order to
decipher the underlying disease etiologic research
was conducted from nasal swabs in the reaction im-
munofluorescence antigen detection of respiratory
viruses, identification markers herpesvirus (HSV
types 1 and 2, HHV-5 (CMV), HHV-6) in serum
by enzyme immunoassay with the definition of the
index of antibody avidity. We study determination
of DNA viruses in blood lymphocytes, nasopharyn-
geal mucus and urine by PCR.

Results. The average age of the patients was
24,6 months: 56,9 % of boys (33 pers.), 43,1 % girls
(25 pers.). Among the children surveyed we have
found the following etiological structure FS: anti-
gens of influenza A virus (H3N2) — 15,5% (9 peo-
ple); respiratory syncytial virus, adenovirus and
parainfluenza virus type 1 accounted from 7% till
9% of FS cases. Along with the respiratory virus
group, one of the leading agents in subjects herpes
viruses were the 5th and 6th type. Determined by
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enzyme immunoassay Ig G titers to HHV-6 type at
22.4% (13 pers.) In the study of blood serum en-
zyme immunoassay were detected CMV Ig G an-
tibodies in 25.9% (15 people.) Observed patients
have antibodies CMV Ig M and Ig G were detected
in 1 child. At 5.2% (3 pers.) enzyme immunoas-
say surveyed registered a high titer of Ig G HSV
types 1 and 2 (1:3200). Among all surveyed virus
viral mixed infections (ARI + infections caused by
herpesviruses 1st, 5th and 6th type or combinations
thereof) are installed in 36,2 % (21 pers.)
Conclusion. The results of the study confirm
the diversity of etiological structure of ARI, as
well as high herpesvirus infection of children with
FS development. FS are actual problem of modern
pediatrics. For proper diagnosis, choice of caus-
al treatment and dispensary observation of this

group of patients is necessary to continue research
in this area.
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The article provides a comprehensive descrip-
tion of the process and result of modalation of ver-
bal adverbs with dependent words in the Russian
language. It reveals the cause of this type of trans-
position, lying in the enhancement of the subjective
factor in the language, the speaker’s intention to
give a multidimensional assessment to disclosures,
identifying its authenticity / non-authenticity (by
referring to the source); speaker’s own attitude to-
wards style of speech, way of expression of thought,
its place in the discourse; assessing the speech in
terms of adherence to various communicative fea-
tures i.e. pureness, accuracy, simplicity, integrity,
etc., as well as in the context of synchrony / dia-
chrony , scope of use, etc. The authors draw atten-
tion to the fact that modalation of verbal adverbs
causes the appearance of grammatical homonyms,
which can be differentiated, on the one hand, by
verbal adverbs and their verbal properties (adjunc-
tive action, perfective/imperfective aspect, relative
time and voice, function of the secondary predicate,
etc.) and on the other hand — by modal words and
their characteristics (semantics of subjective mo-
dality, function of parenthetic part, invariability,
a certain degree of clause phraseologisation with
verbal-adverb modalate, a special type of intonation
characterised by falling tone and a more accelerated
pace of speech, introductive relation with the utter-
ance or its part, the ability to participate in the ac-
tual division of a sentence, pinpointing its comment
or topic, the opportunity to use it in the informal
conversation in comparison with sentences with
verbal adverbs, etc.).

Among the transpositional processes occurring
in the grammatical structure of the Russian lan-
guage a special place is occupied by modalation of
words belonging to different parts of speech: verbs
in different grammatical forms — gerunds (cosops,
svipascasicy — speaking, expressing, etc.), infinitives
(3Hamw, euoamv, npusHamscs — to know, to see, to
admit oneself, etc.), short participials (6udumo, e
8 0budy oyoem ckasamo — apparently, no offense
meant, etc.) and finite forms (npusnarocw, co6opsm,
kaoicemest — I confess, they speak, it seems, etc.).
Verbal adverbs, unlike other verbal forms, are
transposed in the semantic-syntactic category of
parenthetic-modal units only in combination with
other words.

The reason for modalation of verbal adverbs
within the parenthetic construction lies in the en-
hancement of the subjective factor in the language,
the speaker’s intention to give a multidimensional

assessment to disclosures, identifying its authentic-
ity/non-authenticity by referring to the source (cyos
nO UMEIWUMCS Y C1e0Cmeus 00KA3AmenbCmeam;
2oseopsa croeamu — judging by available evidenc-
es; putting it in the words of ...); the speaker’s at-
titude towards style of speech, way of expression
of thought, its place in the discourse (paccyacoas
@unocogcku, 30paso; uHaue 2080ps; KCmamu
2osops — reasoning philosophically, maturely; oth-
erwise speaking in other words, speaking of which);,
assessing the speech in terms of adherence to vari-
ous communicative features i.e. purenes, accuracy,
accessibility, integrity, etc., as well as in the con-
text of synchrony / diachrony , scope of use, etc
(vipasicaacy npaguibHO, SpAMOMHO;  00PA3HO;
mounee, NONYIAPHO,; 2py60, COBPEMEHHBIM AZLIKOM,
BbICKA3LIBAACL KPAMKO; USLACHAACH npouje —
speaking accurately, properly, competently, meta-
phorically, more precisely, in lay terms, roughly; in
modern language; speaking concisely, speaking in
simple terms.

The subject of the modus assesses the reported
information from the point of view of a responsi-
ble / irresponsible approach to something; compli-
ance / non-compliance with the laws of logic or life
experience, awareness / ignorance about the real
state of things, objective / subjective approach to
something; in terms of any theory or anyone’s opin-
ion; taking into account official / unofficial nature
of speech; in terms of the norms of ethics and mo-
rality, etc. (see also [1-2, 4-5]).

As a result of modalation verbal adverbs lose,
except for rare cases (such as Ilonws3ysce ciyuaem,
xouy ckazams — Relishing this opportunity I would
like to say...), basic grammatical properties of the
verb — semantics of adjunctive action and means
of its expression — aspect, relative time and voice,
function of the secondary predicate, preserving, at
the same time, syntactic relations with dependent
words in an isolated structure and semantic relation
with the source verb-predicate. Keeping some of
the syntactic attributes of the verb, verbal adverbs
in parenthetic-modal use lose their semantic rela-
tionship with the subject of dictum in the predica-
tive nucleus of the utterance, not allowing to fulfill
the verbal function of the secondary predicate.

As it is known, sentences in which verbal ad-
verbs have no relation with real or potential subject,
correlated with the position of logical subject, are
on the verge or beyond the grammatical norms of
modern Russian literary language. Cf.: */Ipoe3sorcas
no mocmy, y MmeHa clemena uwiiana. *Riding
through the bridge, I lost my hat. 1t is hardly le-
gitimate to discern a verbal adverb in impersonal
sentences with parenthetic phrases such as /oeops
OMKPOBeHHO, e20 mam 8ooduje He Ovlio — Frank-
ly speaking, he was not there at all. Moreover,
verbal-adverb modalates like cosops — speaking,
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being uninformative as metatextual operators, can be
removed without any damage to the general mean-
ing of the statement. Cf.: (l'osops) omxposento, e2o
mam eoodbuye e ovino. (Speaking) honestly, he was
not there at all.

The morphemic structure of verbal-adverb
modalates such as (cobcmeenno) cosops (properly)
speaking has an “obscure” character, hindering the
identification of separate morphemes, in particu-
lar the formative suffix —a/ya: it loses grammatical
function, i.e. the ability to express the relative tem-
poral values of simultaneity (adjunctive action with
basic action), turning into an “empty” morpheme,
a structural component of the word stem. A similar
picture can be observed when the functional pred-
icativation of short passive participles occurs in
impersonal statements, such as Hu odnozo nucoema
ewe e omnpasieno — Not a single letter has been
sent so far where flexion —o has lost grammatical
meaning of neuter gender, singular and was trans-
formed in a nonsemantic, structural element of the
word, similar to some extent to the suffix —o in short
passive participles involved in the transpositional
processes of functional adjectivation and predica-
tivation in such contexts as B kyne ne yopano, ne
npogempero — The compartment is not cleaned, not
aired (about two combined types of transposition of
short passive participles — adjectivation and pred-
icativation see [3] ).

Modalation of verbal adverbs in the Russian
language, which has a purely grammatical char-
acter, nevertheless, occurs in the framework of the
source verbal lexemes, without violating the se-
mantic identity of the word. As a result of this type
of transposition of linguistic units grammatical (not
lexical!) homonyms appear such as swipasicasce —
swearing (verbal adverb) (1a) — loosely speaking
(modalate) (1b):

(1) (a) Ou pasmaxusan pyxamu, epybo evipa-
Jeaacy npu dmom 6 aopec cobeceonuxa He was
gesticulating and at the same time swearing at his
opponent (verbal adverb from the verb to express
oneself);

(6) Uou moi, epybo ewipasrcasce, nooanvuie...
Get, loosely speaking, lost (verbal-adverb modalate,
functioning within verb lexeme ssipasrcamoca — to
express oneself).

It is important to underscore that along with
verbal-adverb modalates Russian language speak-
ers also use verbal adverbs that cause appearance
of those modalates. This means that, for example,
the existence of modalates cosops, ewipasicascs,
paccyscoas, mvicas, cyos — speaking, expressing
oneself, reasoning, thinking, judging in the position
of parenthetics does not exclude the existence of
verbal adverbs eosops, ewvipadsicasce, paccyacoas,
melcas, cyos — speaking, expressing oneself, rea-
soning, thinking, judging that function as second-
ary predicate and/or modifier. To differentiate them,
one can apply to, on the one hand, verbal adverbs
and their verbal properties and on the other hand —

modal words and their characteristics (semantics of
subjective modality, function of parenthetic part,
invariability, (cf. the forms of active and passive
voice of verbal adverbs: cyos no... / 6yoyuu cyou-
mbl no... judging by / being judged on...), a certain
degree of clause phraseologisation with verbal-ad-
verb modalate, a special type of intonation charac-
terised by falling tone and a more accelerated pace
of speech, introductive relation with the utterance
or its part, the ability to participate in the actual di-
vision of a sentence highlighting its comment and
topic, the opportunity to use it in informal conver-
sation in comparison with sentences with verbal
adverbs, etc.].

The absence in the analysed word form the
most important semantic-grammatical characteris-
tics of the verb, such as the semantics of adjunctive
action and means of its expression — aspect, relative
time and voice; function of the secondary predi-
cate and the presence of the main characteristics of
modalates — subjective modal meaning expressing
the subject of modus’ attitude to what is said, the
function of parenthetics, etc. speak for its paren-
thetic-modal nature, i.e., that before us is a specific
parenthetic-modal type of using word-forms such
as (uecmmuo) 2060ps, (2py6o) svipadcascs, cyos (no
scemy) — (honestly) speaking, (roughly) speaking,
judging (by everything). Verbal adverbs and verbal-
adverbs modalates are similar in distinctive features
such as the identity of the lexical meaning; the abil-
ity to collocate with objective and adverbial modi-
fiers; to be part of unattached phrase which is en-
closed in commas, or — less often — hyphenated; the
presence of condition-effect relationships between
the unattached clause and predicative nucleus of the
utterance. Cf.:

(2) (a) YecmHno 2o6ops, OH He 0JHCUOAT MAKO2O
pazeumus codvimutl (= ‘Eciii TOBOPUTH Y€CTHO, OH
HE OJKHZAN TaKOTO pa3BHUTHUsS coObITuii’ ) Honestly
speaking, he did not expect such an outcome (~ To
speak honestly, he did not expect such an outcome);

(6) Yecmmo eo6opsa o ciyuusuiemcs, on 6pso
U Mo2 Obl paccyumuvléamsb HA CHUCXONCOEHUE
(= ‘Ecau OB OH TOBOPHJI YECTHO, TO BPS JIK MOT
OBl paccuuTHIBaTh Ha CHUCXOXAeHUE ). Telling the
truth about the occurrence, he would hardly have
counted on indulgence (~ If he told the truth he
would hardly have counted on indulgence).

The difference between condition-effect rela-
tions in the above statements is that in one of them
the condition is linked with the position of the
speaker — the subject of modus (2a) and in the other
with the potential implementation of adjunctive,
secondary action (2b).

Based on what has been said it follows that the
process of modalation of verbal adverbs occurring
within the parenthetic constructions is related to
significant reduction of verbal characteristics and
enhancement of subjective-modal principle, allow-
ing the speaker (the subject of the modus) to assess
the information or its part from different angles.
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