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Fig. 1 The calculation scheme of hydraulic power unit: H – pump; – tank; – safety valve; 

– hydraulic cylinder; 1, 3 – pipeline with a branch; 2 – chamber with a volume 0V

0
g0

pr

0
rr0

)(
)(

)(

)(
1)(1)( srsr

p

tp
tz

tE

ptp
tzt , (12)

z (t) – -

)(

)(
)(

rp

r

tVV

tV
tz ; )(sr tp –

t

t

t

dttp

p

i

i

2

1
sr tp –

it – - 1it

2it – -

–
- -

)3(1)3(131)3(1 2AlttL

- -

2
)3(1)3(1

)3(131
)3(1

2

8

rA

lt
tR t

prElAC iii – i-

ri – i-
A – i-

CT 35 .

61t 42t

33t

q /18n

p 12n .

0V

6



%100
)(

)()(

0 7

0 37

p

p

t

t

P
tP

dttPtP
J , (13)

)(3 tP )(7 tP –

t –

–
– –

– –
– – –

–

Fig 2. The hydraulic circuit of lifting mechanism: – pump; 
– safety valve; – check valve; , 1 – valves; – pressure 

reducing valve; – pilot controlled check valve; – hydraulic 
cylinder; – filter; – tank

Fig 3. The Cyclogram of the lifting
mechanism

7



–
Table 1 - Results of researches

1 – –

–

3,5PJ 22pJ 3,0qJ

1 – 100f ;

2 – 150f ;

3 – 200f .

2,5PJ 18pJ 14,0qJ

0V

1 –
3

0 10V ;

2 – 3
0 20V ;

3 – 3
0 30V .

7,0PJ 16pJ 07,0qJ

                                                                     

0p 0V 4p
– –

3 – 7% 

Fig 4. Impact gas content in the working fluid: a) pressure 0p in camera 0V of hydraulic power unit; b) pressure 4p in the hydrau-

lic cylinder’s piston cavity: 1 – pressure at gas content in the working fluid 3%, 2 – pressure at gas content in the working fluid 5%, 
3 – pressure at gas content in the working fluid 7%
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INVESTIGATION OF WAVE PROCESSES IN 
HYDRAULIC POWER UNIT OF 

HYDROSYSTEMS

Summary. The article contains mathematical model of hy-
draulic power unit of hydrosystems, which takes into account 
the complex hydrodynamic processes and allows them to 
conduct research to establish the impact of these construc-
tive and operating parameters.

Key words: hydraulic power unit, resonance, the working
fluid, gas content, pulsation.
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NEW POSSIBILITIES FOR IMPROVING RELIABILITY OF HYDRAULIC EQUIPMENT
WITH THE HELP OF HYDRODYNAMIC CLEANING

Zelman Finkelstein*, Zinon Vasylechko**, Majid Asadi***

*Donbass State Technical University (Ukraine)
**(Poland)
***(Iran)

Adress: Ukraine, 94204, Alchevsk, Lenin b., 16, Lugansk ar.., 

Summary.The results of studies applying the method of hydrodynamic separation of the two-phase fluids and industrial filtering
polluted water, particularly in industries such as mining, metallurgy, agriculture and others that can reduce water consumption,
improve the durability of the equipment, improve the environment and reduce the cost of separation of solid impurities. Method
proved useful, because it requires no maintenance and supervision, and change the filter elements, or cleaning them, there are no
moving parts, does not require external power supply. The article is devoted a number of innovative technical solutions, some of
which have already been considered and tested in industry.

Key words: hydrodynamic cleaning, filters, recycling, fine purification in the suction line.

INTRODUCTION

Filtration plays an important role not only in ob-
taining high-quality liquid, but also in increasing lon-
gevity of hydraulic systems. Proved that if we increase
the fineness of purification of N times, the durability of
devices is increasing in N3 times. For example, if the
size of particles passing the liquid through a hydraulic
machine, dropped twice, the life of its increased 8-fold
[1, 2].

There is an entire industry to create devices for
purifying liquids: hundreds of companies worldwide
producing mechanical filters (delaying the particle baf-
fles), magnetic filters, electrostatic filters, hydrocy-
clones, centrifuges, clarifiers, etc [8, 13].

Each of these devices, along with the merits of
a number of significant disadvantages: mechanical fil-
ters and hydrocyclones takes a large pressure difference
to overcome the hydraulic resistance, centrifuges re-
quire a sufficiently large electric power, magnetic filters
trap basically only ferromagnetic particles, electrostatic
filters have high demands for quality fluid and require a
high voltage, septic tanks require large areas and long
periods of time.

THE STATEMENT OF THE PROBLEM

These shortcomings do not allow for fine clean-
ing fluid in the first place for the dynamic (centrifugal)
pumps. These pumps in the suction line should ideally
be a depression less than 1 bar. But considering the en-
ergy expended in frictional resistance of the liquid, to
ensure the speed, to lift the fluid, in practice the maxi-
mum vacuum does not exceed 0.65-0.75 bar. In addi-
tion, it should be noted that the pressure in the system
can not be lower vapor pressure, because In this case,

the liquid boils, there will be cavitation and liquid sup-
ply pump stops.

The same can be said about the bulk hy-
dromachines. For example, at the entrance to the gear
pump, which makes 2000 rpm, discharge is only 0.25
bar, which in practice does not allow the liquid to raise
even one meter.

It is clear that the installation of fine filters, re-
quiring the pressure drop in the network, equal to 2
bars, quite impossible. Therefore, the filters are in-
stalled in the suction lines (reception filter), only protect
the system from the remnants of paint, lint and large
particles of dirt. For example, if sufficiently prolonged
operation of the hydraulic machine to hold all the parti-
cles larger than 25 microns, the reception filter passes
particles up to 300 microns. As a result, in the presence
of abrasive contaminants life more expensive centrifu-
gal pump is reduced to 1.5 years instead of 12-15 years,
as provided for technical documentation.

As a rule, fine filters are installed in the dis-
charge line after the pump to protect the hydraulic and
other waterworks, and the pumps are still unprotected
and so are most alert and at the same time the most ex-
pensive element gidromashinostroeniya.

Thus, the idea of installing filtering devices on
the suction pump (to pump), not requiring to the same
summing them foreign sources of energy is a global
society and can bring huge savings and significant im-
provement of ecological condition.

Traditional mechanical filters (delaying the
particles with porous walls) are widely used in engi-
neering, but they are inherent high differential pressure,
lack of subtlety treatment, the need for periodic re-
placement or regeneration. Obligatory element of them
is a bypass valve which, with the filter pollution and the
growth differential pressure line connects the contami-

10
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nated fluid with a line of pure fluid, bypassing the filter elements.

a                                                         b

Fig. 1. Schematic Diagram of particles hydrodynamic Separation

Studies have shown that most of the time the
valve opened, bypassing the liquid. Thus, from a practi-
cal point of view to judge the subtleties of filtering
characteristics of the filter properly. The system is pol-
luted considerably stronger than it might appear [2].

In the 70 years of the last century in the Don-
bass State Technical University in Ukraine have been
proposed, theoretically grounded and are now widely
available so-called hydrodynamic filters.

In essence this is a fundamentally new princi-
ple of separation of two-phase liquids into fractions, ie
method of separation. There are many technical realiza-
tion of this principle [3, 4].

The essence of the hydrodynamic filtering is
shown in Fig. 1. When passing through a porous barrier
conventional filters provide out of the liquid particles,
large hole in the septum, and the smaller will be held
together with liquid (a). Detainees particles will close
the pores, increasing the pressure drop across the sep-
tum, while the latter did not reach the limit, and will not
open the bypass valve.

If you make the longitudinal motion of particle 2
along the porous surface, it will participate in two mo-
tions: a rate VPR and transverse speed Vpop. The result-
ing vector of the velocity V can pass above or below
point A (in Fig. 1b shows the particle 2 in the early sub-
sidence at the time (the hole) and at the end (2 '). In the
first case the particles do not pass through the porous
membrane, the second - will be held.

It is clear that the higher the ratio of VPR / Vpop,
especially fine particles will linger partition. Further-
more, even large particles can not close the hole in a
perforated septum and, therefore, take into account the
pressure drop.

RESULTS AND DISCUSSION

Schematic design of hydrodynamic filter is
shown in Fig. 2. Unfiltered liquid pump 1 through line
2 comes into the filter housing, partially cleaned filter
element 3 and goes to tons of pipeline 4. A smaller part
of the stream, which flows into the cavity between the
housing and filter element provides a longitudinal
movement of pollutant particles and after the throttle 5,
resets the pipeline 6 in the bath.

11
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Fig. 2. The schematic diagram of hydrodynamic filter

Cavity between the shell and a conical filter
element is performed to maintain the longitudinal ve-
locity of particles as purification of the stream. Adjust-
ing the throttle 5, you can change the fineness of purifi-
cation, increasing or decreasing the longitudinal veloci-
ty.

There are other design schemes, where the
contaminated liquid from the pump goes into the cylin-
der, and refined - comes from without.

Presented in Figure 2 scheme was first imple-
mented in 1971 in a coal power processor, which al-
lowed a 30% increase of their reliability. In 2000, a
Polish company Hert estimated DonSTU developed
plant dust control of coal dust by wetting of tiny drops.
These plants have successfully worked in the mines
Sofiyivka and Myslowice [5]. Fig. Figure 3 shows a
hydraulic circuit and the general form of the filter FHN
-150.

Fig. 3. The schematic Diagram of hydrodynamic, fluid filtration (graphic: FHN-150 filter)

Research of Dr. Moland showed that the filter
fully satisfies the requirements of the coal industry, not
missing a dirt particles greater than 50 mm, running
continuously for a year without replacement, cleaning
and maintenance. Dropped 10% of the flow is directed
to cool the motor.

Since 2005, in collaboration with the company
DonSTU Hert has developed a self-cleaning filter that
did not require a reset of the flow of the system, which
expanded the scope of its application. The filter has

passed the certification of the head of the Mining Insti-
tute and is recommended for use in coal mines for water
supplied to the dust control.

Figure 4 shows a general view and the hydrau-

lic circuit of the filter [8, 9].

12
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Fig. 4. Hydrodynamic filter with closed circuit (graphic: FHN-150A filter)

.

Fig. 5. The schematic diagram of the circular, hydrodynamic filter (graphic: OWHD 2000 filter)

Water is pumped a fire or a pipeline 1. It then
passes through the injector 2 and hydrodynamic filter 3.
Reset hydrodynamic filter enters the cyclone 4, where
the separated fluid flows back through the injector to
the fine cleaning and contaminated the hydrocyclone is
going in the hopper 4 and periodically removed through
a valve 6.

For fine purification of large amounts of fluid
(up to 10 000 m 3 / h) was designed filter, the general
form of which is shown in Figure 5. This filter is de-
signed for sprinkler systems in agriculture, for water
supplied to the centrifugal pump, but especially found
great use in the metallurgical industry.

The contaminated liquid is fed through conduit
1, which is divided into 2 streams around the drum 5, 4-
coated wire mesh, creating a centrifugal force, reducing
pressure drop during cleaning liquid drum 4. Part of the
liquid (10%) together with the contaminants discharged
through the filter outlet 3 and the purified fluid through
the pipe 2.

From our point of view, the best solution
would be installing filters at a hydrodynamic injection
line, ie after the pump and suction line, ie to the pump.

Such a decision would protect the pump from
abrasive particles, increasing its reliability in several
times.   Since the hydrodynamic filters work with any
pre-pollution, self-cleaning, require no maintenance and
ensure the highest fineness cleaning, installing them in
the suction line makes centrifugal pumps almost forever
. Moreover, there will be no need for cleaning fluid
after the filter (sand traps, etc.), because contaminants
remain at the point of liquid intake.

13
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.

Fig. 6. The schematic diagram of liquid filtration at the pump sucking point

Earlier implementation of such a system was
impossible due to the fact that the discharge at the inlet
to the pump was not enough to overcome the resistance
of filters (it is usually more than 0.2 MPa). Hydrody-
namic resistance of the same fine filters even on the
largest capacity is 0.02 MPa, and this allows us to apply
them in practice.

Fig. 6 shows the basic hydraulic circuit in
which the filter is installed before the pump [11]. The
solution is based on the principle of the liquid recircula-
tionPump 3 from the container 1 liquid is supplied to
the consumer 2, forming a negative pressure in the pipe
4 and the high pressure in the pipe 5. Part of the liquid
from the pipe line 5 to 7 is sent to the jet pump 6, which
increases the pressure in the line of the fluid on the fine
filter 8, increasing the anti-cavitation properties of the
pump 3 and compensating for pressure loss in the filter
8. Part of the liquid with contaminants discharged from
the filter 8 and 9 in the capacity of the pipeline 10.
Valves 11 and 12 are regulated depending on the flow
parameters in pipes 7 and 9 to optimize the whole.

Despite all the advantages of the above-
described system, it is necessary for its implementation
to evaluate the feasibility of energy losses. Tests have
shown that, in connection with recycling (supply of
fluid from the discharge line into the suction line),
pump efficiency is reduced by 20%. We believe that in
most cases, this energy loss is acceptable because it is
offset by the obvious advantages of the system and,
moreover, such a reduction in efficiency corresponds to
his downfall after a relatively short operation associated
with the wear of the pump. Recently, in order to reduce
energy loss company J . T . S . (The successor firm Hert
, Katowice, Poland) and the University DonSTU (Al-
chevsk, Ukraine) have made significant improvements
in the systems described that allowed to refuse relief of
fluid required for cleaning the bowl 10. Now reset only
particles of dirt, while maintaining self-cleaning. Thus
was the full-flow filtration. At the booths JTS . pass
debug mode.

CONCLUSION

Created as a result of work of Ukrainian and
Polish scientists hydrodynamic cleaning allowed to
make a fundamentally new approach to the problem of
cleaning fluid and the first to show the feasibility of
fine cleaning fluid in the suction line, the most protect-
ing all hydraulic components from wear.
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BACKGROUND AND METHODS OF KEY 
PARAMETERS AUTOMATIC TENSIONING 

REVERSIBLE V-BELT TRANSMISSION

Summary We describe the design, operation and method for 
determining the basic parameters and calculation automatic 
tensioning belt drives.

Key words: belt drive, of a self-tension transmission, auto-
matic tensioning belts, belt drive with tensioning roller.
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MATHEMATICAL MODELING OF MASS 
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STRENGTHENING OF THE WELD-
FABRICATED CONNECTIONS OF

REINFORCEMENT OF CLASS OF A500S
EXECUTED ON A STEEL PROTECTIVE

STAPLE-STRAP  

Summary. In this work examined questions of strengthening 
of the weld-fabricated joints of working reinfor of class of 
A500S executed on a steel protective staple strap.

Key words: reinforcement, A500S, strengthening, protective 
staple strap, defect
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– – –
Fig. 2. Construction of model  circular energy absorber and his section:

a) model circular energy absorber; ) type B – base; ) type  N – asymmetrical; ) type  U – with the areas of equal resistance 
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[12

.
Table 1.  Results of tests of circular energy absorber with a base ring

N
n

1 900 8.4 10 1071 900 115 144 5.0

2 940 9 11 1044 854 126 169 5.5

3 940 9 11.5 1044 817 126 179 5.75

4 940 9 11.2 - - - - 5.6

5 940 9 11.9 - - - - 5.95
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Fig. 3. Diagram of deformation for absorber with a base ring

N
U

U-
N-

-

U-

Fig. 4. Diagram of deformation for absorber  with the asym-
metrical section of ring

Fig. 5. Diagram of deformation for absorber  with the areas of 
equal   resistance
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Table 2. Comparing of results of tests  for absorber   with three  types of rings

Fig. 6. Chart of distributing of tensions on length of for absorber  with a megascopic width  (chart 1) and
base type (chart 2). 

1. 

N-
U-

1. , 1989.:
– . – 

320.
,

1976.:

1-

1-
1max,

- -

8.4 10 900 4780 4500 1071 900 115 144 5.0

10.3 12.2 892 4462 4460 866 731 149 184 6.1

16.2 19.4 895 4478 4475 552 461 256 313 9.7
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EXPERIMENTAL RESEARCH OF RING-TYPE 
ENERGY ABSORBER BY THE 

ALTERNATING LOADS

Summary. The results of physical experimental research of 
ring-type energy absorber with usage of tensiometric equip-
ment are represented in the article. The braced framing’s cell 
that was being loaded by the alternating load was modeled.
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Fig. 2. Flow-chart of measuring of parameters of friction in a transmission and resulted moment of inertia of transmission.
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Fig. 3.  A block is a chart of measuring of effective twisting moment and effective power of car.
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METHOD OF DIAGNOSTICATING OF THE 
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Fig. 1. The constructive decision of the retaining wall
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28

Fig. 2. Structural models of retaining walls: a - with a vertical disposition of an obverse membrane; - with a disposi-
tion of an obverse membrane at the slope 28
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28
Fig. 3. Deformed structural models of retaining walls: a - with 
a vertical disposition of an obverse membrane; - with a dis-

position of an obverse membrane at the slope 28
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-
-

Fig. 4. Vertical normal stresses in the obverse membrane at various slope: a - in the section at the support; - in the sec-
tion on the center of an obverse membrane

                                                                                          

                                          

-
- -

-
Fig. 5. Horizontal normal stresses in an obverse membrane at various slope: a - in the section at height 0.05m from the 

foundation; - in the section at height 0.45m from the foundation; - - in the 
section at height 1.150m from the foundation
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WORK OF FACIAL MEMBRANE OF 
DIAPHRAGM RETAINING WALL AT 

DIFFERENT ANGLES OF SLOPE

Summary. One of perspective directions of perfection of 
constructions in area of podpornykh sthenes there is appli-
cation of diaphragm podpornykh sthenes. An author is offer 
a few structural solutions of diaphragm podpornykh sthe-

nes. The results of numeral experiment are presented on the 
study of change of the tense-deformed state, depending on 
the angle of slope of facial membrane. Directions of further 
researches are certain.

Key words: retaining wall, facial membrane, angle of 
slope
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Fig.1. The structural model of the reconstructed building: a - spatial structural model of the building; - an investigated 
- an investigated fragment of the reconstructed building with a superstructure
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- Y -
Y -

Y

Fig.2. Distribution of stresses in the interior longitudinal load bearing wall of the reconstructed building at action of 
basic DCL: a - isofields of normal stresses NY in the wall of the reconstructed building; - isofields of normal stresses NY in the 
wall of the reconstructed building with a superstructure; - the graph of change of normal stresses NY in the wall of the recon-

structed building
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- Y -
Y -

NY - Y

Fig.3. Distribution of stresses in exterior longitudinal load bearing walls of the reconstructed building at action of spe-
cial DCL: a - isofields of normal stresses NY in the compressed wall of the reconstructed building; - isofields of normal stresses 
NY in the stretched wall of the reconstructed building; - the graph of change of normal stresses NY in the compressed wall of the 

reconstructed building; - the graph of change of normal stresses NY in the stretched wall of the reconstructed building
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Fig.4. Distribution of stresses in external longitudinal load bearing walls of the reconstructed building with a superstruc-
ture at action of special DCL: a - isofields of normal stresses NY in the compressed wall of the reconstructed building with a su-

perstructure; - isofields of normal stresses NY in the stretched wall of the reconstructed building with a superstructure; the graph 
of change of normal stresses NY in the compressed wall of the reconstructed building with a superstructure; - the graph of 

change of normal stresses NY in the stretched wall of the reconstructed building with a superstructure
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EARTHQUAKE FIRMNESS  OF THE 
RECONSTRUCTED BUILDINGS OF 

MIDDLE FLOOR

Summary. With introduction to the action of new norma-
tive document on building in seismic districts the areas of 
territories of Ukraine, being dangerous in a seismic rela-
tion, broadened considerably. During rekonstruk-cii of 
model dwellings buildings providing of their earthquake 
firmness is needed. The estimation of earthquake firmness 
of model four floor building is in-process executed with 
building on. It is suggested to provide earthquake firm-
ness f the reconstructed building of setting of rubber and 
metallic supports a method in a place

Key words: earthquake firmness, reconstruction,  build-
ing on, rubber and metallic support
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Fig. 1. Comparative analysis of the current regulations with the existing water consumption.

1 – ;
2 – ; 3 – .
Fig. 2. The excess of current standards of the real water consumption.

1 - lack of water meters; 2 - existing norm of water consumption; 3 -availability of water meters.

. 3. 
Fig. 3. Changing water use depending on the composition of the family.

1. 

200

210

220

230

240

250

260

1 2 3

1 2 3

160

170

180

190

200

210

220

230

240

1 2 3 4 5

–

–

56



-

-
-

, 2002.:
.02.2002 – 23.

-
, 2004.:

- .02.
. – 17.
3

, 2005.:
.07. . – 38.

, 2005.:
.09. 2005 

. – 27.
-84., 1985.:

– :
– 135.

-85, 1985.:
– :-

– 146.
, 2008.:

. . –
, 246 – 260.

, 2010.:

.
.- . . –

– – 159.
, 2008.:

-
– ,

25 – 39.

, , 2009.:

– – -2
(76), 125 – 129.

, 1999.:
-

- 179.
12. 

MOTROL. – – 119.
13 - , 2003.:

-

.- .

- – 3.
14 , 2007.:

– – -2 (64), 3 –
5.

15.
, 2007.:

– – 38.
16 , 2009.:

.- .
– –

29.
17 , 2010.:

–
60, 163 – 167.

18 , 2004.: -

.
– – – 209.

19 , 2004.:

– . – 40.
20 , 1999.:

- -
– . – 53.

21 , 2007.:

– –
462.

ANALYSIS OF THE REAL WATER
CONSUMPTION IN THE HOUSING STOCK

Summary. The main factors affecting the formation of norms of 
water consumption are considered. A comparative analysis of the 
current regulations with the real water consumption in the popu-
lated locality is given.

Key words: degree of improvement, water consumption, the real 
rate of water consumption.
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Fig.1. The basic circuit of a deep pneumopatron.
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Table 1. ontents of phosphatide is in vegetable oils

0,2 – 0,8 0,6 – 1,2 0,8 – 1,4
0,5 – 1,6 1,4 – 1,9 2,0 – 2,5
1,1 – 2,1 2,7 – 3,4 3,9 – 4,5
0,19 – 0,46 0,64 – 0,87 0,8 – 1,62

                                            
                               

. -
-

Fig. 1. Consisting of phosphatide is of oil: a- association of molecules of phosphatide as a result of hydrophilic interac-
tions; b- association of molecules on the drop of reagent(waters and other).
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Table 2.  Physical and chemical indexes of tests of sunflower-seed oil
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3.

Fig. 2. Fluidizer two degrees  of cleaning of vegetable oil.
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Fig. 3. General view of filter with two stages of cleaning.

Table 3.  Indexes of quality of sunflower-seed oil after two stages of cleaning
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Fig. 1. Universal fluidizer production of biodiesel fuel
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Table 1.  Properties of biodiesel fuel and fuel-oil of oil origin

t=20°C,
2/c

°C
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Table 1. Stages of technological process

-1
+ + +

+ + +
+ + -

+ + +

+ + +

+ + +

2-3 2-3 2-4

- 500 400 390

- 600 500 390

2-6 5-24
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Table 2. Duration of process of impregnation

2-6 8,26-10,33
8-12 10,33-12,40
10-12 12,40-15,40
15-20 15,40-16,53
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Fig.1 Chart of device of PMP-1: 1 is a corps; 2 is a gas burn-
er; 3 is a turning lid; 4 is a clamping device
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MODERN WAYS AND MEANS OF FIRE 
PROTECTION OF WOODEN STRUCTURES,
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Summary. The actual methods and means of fire protection 
of wooden structures and the technology they use. Studied the 
evaluation of quality fire retardant wooden structures and 
materials.
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Fig.1. The logical model of transformation of aim of 
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ensure ecological security of a region into the object of man-
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Fig. 2. Structure-process model of mechanism of management of ecological security of a region,
in – block of management tasks; management methods: - - organizational and administrative,  – economic, -

– socio-psychological; - program and purpose-oriented technology, – technology of management by results; –
technology of management by exception; situational management.
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ECOLOGICAL AUDIT AND  ECOLOGICAL 
MONITORING IN ENVIRONMENTAL 

SAFETY MANAGEMENT OF A REGION

Summary. The main characteristics of a system of environ-
mental safety of region have been considered.  The author has 
singled out  the role and place of  ecological monitoring and 
ecological audit in the system environmental management at 
the  present stage of ecological and economic systems func-
tioning. 
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monitoring, ecological audit.
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Fig. 1. Layout of the reconstructed boiler-rooms

.
Table 1. Options boiler-rooms selected for reconstruction

-

4 -32 3 7,49
5 -5 7 4,54

[4-5].
[6-9]. 

Table 2. Mass emissions of pollutants into the air during the operation of existing boilers and after modernization
-

NOx SO2

-32 3 7,49 12523 2382 -
-5 7 4,54 7524 1431 14850

1 2,42 3646 750 -

2 3,0 - - -
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Fig. 2. Layout of equipment in the building HPS: a) 
boiler- - – heat exchanger, 
TS – transformer substation, CGU – cogeneration gas-piston 

unit, HP – heat pump, GDP – gas distribution point.
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Table 3. Cost-effectiveness of the existing building HPS boiler- in the town of Feodosia

3,0 3,0
2 1

6,0 3,0
74445 24815
0,067 0,022

2,42 2,42
2,4 2,4

15016 15016
14892 14892
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89461 39831
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28628 15445

4,6 3,8
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ENVIRONMENTAL ASSESSMENT OF 
COMBINED YARDS FOR HEAT PUMP 

SEASIDE TOWN (ON THE EXAMPLE OF 
FEODOSIA)

Summary. The paper considers the use of heat pumps as an 
alternative to fuel burning settings. For example, Feodosia on 
the two boilers is shown the feasibility of upgrading the heat-
ing and hot water through the use of low potential energy of 
sea water. The calculation of environmental and economic 
performance, the projected payback period of the combined 
power system.

Key words: heat pump, fuel burning installation, Feodosia, 
low potential energy of sea water, pollutants, cost-
effectiveness.
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Fig. 1. Changes of average monthly concentrations  ( ) a copper in waters of the river  S. ug near-by the water intake of 
YU  AES, depending on a month (N):. row 1 – 2005; row 2 – 2006;  row 3 – 2007;  row 4; – 2008.

.
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. 4

3 NO3
-

N – - - – 2
Fig. 2. Changes of average monthly concentrations  ( ) PO4

3 ( ) and NO3
- ( ) in waters of the river  S. ug near-by the 

water intake of YU  AES, depending on a month (N):. row 1 – 2005; row 2 – 2006;  row 3 – 2007;  row 4; – 2008.
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Fig. 3. Changes of average monthly concentrations (Ñ) a copper are in waters of Tashlyk  reservoir – cooler, depending on 
the number of month (N). row 1 – 2005; row 2 – 2006; row 3 – 2007; row 4 - 2008.
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FEATURES OF INFLUENCE SEASONAL 
CHANGES OF CONCENTRATIONS 

BIOGENES ARE IN WATERS OF RIVER
SONTH BUG, ACTINGS IN TASHLYKSKIY 

RESERVOIR VODOEM-COOLER of 
YUZHNO-UKRAINIAN AES, ON 

CONTAMINATION of HIS WATERS 
COPPER.

Summary. The features  of influence of seasonal changes of 
concentrations of biogenes are considered in waters of the 
river Sonth Bug, actings every day in Tashlykskiy reservoir-
cooler of Yuzhno-Ukrainian AES,  on the changes of concen-
trations  of me-di in waters, thrown down from him  at blow-
ing out. An upcast is offered for diminishing of chemical and 
mechanical contamination of waters of this storage pool in 
him technological (circulation) waters from power units to 
carry out through additional teploobmenniki, that will result in 
diminishing of his thermal contamination, and also intensity 
of evaporation of water from his surface and will allow the 
umenshit' volumes of waters, pumped from the river Sonth 
Bug,  which bring both a copper and biogenes.

Key words: ecological safety, copper, biogenes, AES, a res-
ervoir is a cooler, bioscrubbing.
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CHANGES OF TEMPERATURES  
SUPERFICIAL FLOWS OF SONTH 

HEMISPHERE OF EARTH, ENTERING IN THE 
COMPLEMENT OF GLOBAL THERMAL 

OCEAN CONVEYER AT  MODERN RISE IN 
TEMPERATURE OF CLIMATE

Summary. It is set that exchange of water between North and 
South aquatoriums of Atlantic ocean  perceptibly influences 

-
going on in a modern period. 

The meaningful factors of this process it is been also steady 
decline of superficial temperatures of the aquatoriums of the 
South hemisphere, located in the zone of north periphery of 
flow of westerliess, and also rise in temperature of waters of 
Bengalian
Trade winds and Monsoon flows of the Indian ocean.   

Key words: superficial ocean flows, anomaly of temperature, 
stream of heat, Atlantic ocean, Indian ocean, Pacific ocean, 

modern rise in temperature of climate.
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perience of creation deep-water technique testifies to readi-
ness of Ukraine to entering into international organization of 
"Interoceanmetal" and participating in a general project on 
mastering of marine deposits of mineral raw material.
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Fig. 1. Stand for research of the crack cutting of soil under geostatic pressure:
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Table 1. Technical description of stand
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STAND FOR RESEARCH OF CRACK 
CUTTING OF SOIL UNDER GEOSTATIC 

PRESSURE

Summary. A stand is worked out for research of process of 
undercut of crack in the array of soil which is under the action 
of hydrostatical pressure. Sensors and measuring apparatus 
allow to determine resistance to cutting of soil depending on 
his physical and mechanical properties geometrical and kine-
matics parameters of working process. The off-line system of 
registration provides processing of data in the real mode of 
time.

Key words: Stand, soil, resistance to cutting, crack, working 
process, system of data logging.
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Fig. 2. Orgraf of transport ways of South-west Crimea
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FORMING OF MUNICIPAL WASTS 
UTILIZATION REGIONAL SYSTEM IN AR OF 

CRIMEA

Summary. The modern state of the municipal wasts handling 
regional system in Ukraine is considered. It is developed the 
model of wasts utilization complex location. It is suggested to 
form the regional system of wasts utilization on the basis of 
an industrial approach in AR of Crimea.

Key words: hard domestic wastes, system of utilization,  
complex on processing of garbage
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THE ECONOMIC AND ENERGY EFFICIENT OF SELECTED TECHNOLOGY OF SUGAR 
BEET PRODUCTION  

Stanis aw Sosnowski, Grzegorz Zagu a, Mi osz Zardzewia y 

Department of Production Engineering of Agriculture and Food, University of Rzeszow.

Summary. The present work is the analysis of selected costs and energy-consumption of three variants of sugar beet production 
engineering. The work is based on authors’ own research and source materials. The economic and energy efficiency of sugar beet 
production has been determined, including crop and sucrose content in the yield  from 1 ha.

Key words: sugar beet, production engineering, production costs, energy efficient

INTRODUCTION

The sugar beet in Poland, as well as other 38 countries, is the 
basic raw material for sugar production in the temperate climatic 

accounts for 23% of the world’s sugar production with 
a downward tendency [Ostrowska 2002].      

     Changes in the home sugar industry have 
caused the decrease of sugar beet acreage and the increase of an average 
plantation area, yield harvest and sucrose content from 1 ha [Gorzelany 
2010]. For the producers the most important are the production costs and 
the energy expenditure per 1 ha. The necessity of min-
imising costs and energy expenditure in sugar beet pro-
duction exacts the search of low-cost methods of engi-
neering [Zimny 2008]. The modern cultivation is con-
nected with changing from traditional to simplified 
methods such as no-ploughing method - direct sowing 

u-
ments for simplifying the cultivation are:  less fuel con-
sumption and energy expenditure, less rides in the field, 
less time needed. New farming machinery is being 
used, which enables introducing considerable modifica-
tions in the hitherto methods of engineering within the 
post-harvest, basic and pre-sowing cultivation [Bana-
siak 1999, Findura 2004].    The conducted 
research shows that the method of sugar beet produc-
tion engineering has a significant impact on the costs 
and energy-consumption of production process [Gor-
zelany 2010, Gorzelany et al. 2011]. Using modern 
technologies of harvest and improving the process of 
loading and delivering the yield to the sugar refinery 
have a positive effect on profitability, labour input dur-
ing the harvest, harvest duration, loss reduction and the 
quality of the delivered raw material [Gorzelany, 
Puchalski 2008]. According to the source materials 
[Szeptycki 2004, Gorzelany, Puchalski 2006] the least 
energy-consuming technology of sugar beet harvesting 
is a single-stage harvest with combine harvesters. The 
profitability of farming is connected not only to the 
crop and the price of produce but also to the costs of 
production. Any simplification of production process al-
lows reduction of costs with simultaneous increase of crop.

MATERIAL AND METHODS
The research was carried out on three farms in 

the Podkarpacie Province. On the “A” farm (Przeworsk 
commune) the traditional method of sugar beet produc-
tion engineering was applied. The average sugar beet 

-1. In the structure of the farm’s 
sowing the sugar beet took 8 ha (20%). It was grown on 
the soils of II and III b rate.  On the “B” farm 
(Cieszanów commune) the mulch-mustard technology 
was used. In the sowing structure of the farm the sugar 
beet took 38 ha (11%). The average sugar beet crop in 

-1. It was grown on the soils of II, 
III a and IV b rate. On the “C” far n-
ty) the direct sowing was used. In the farm’s sowing 
structure, the sugar beet took 17 ha (17%). The average 

-1. It was 
grown on the soils of II, III a and III b rate. Within the 
traditional method (17 procedures) the most energy-
consuming procedure was carried out - the pre-winter 
ploughing. The manure was used in the amount of 30 

-1. Within both the mustard-mulch method and the 
direct sowing method 14 procedures were carried out. 
On the basis of the survey, the technological charts 
filled out in the years 2009-2010 as well as the data 
obtained from the farms and the source materials while 
applying the method of calculating the costs and the 
machinery energy expenditure, the analysis of the ener-
gy expenditure and costs of fuel and labour as well as 
the material and operational costs was conducted. The 
economic efficiency and the energy yield of sugar beet 
production was determined for the three selected meth-
ods of production engineering. In the cost accounting 
the IBMER method was used [Muzalewski 2006] and 
also the prices and technical specifications of the trac-
tors and other farming machinery for the years 2008-
2009. The energy-consumption of the sugar beet pro-
duction process was calculated according to the IBMER 
method [Anuszewski et al. 1999, Wójcicki 2002], tak-
ing into account selected unitary indexes of energy-consumption pub-
lished in the professional literature [Banasiak et al. 1999, Wójcicki 2002].
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Table 1. The machinery used on particular farms and within particular methods of production engineering.

Process

Technology

Traditional farm „A” Mulch-mustard farm „B” Direct sowing farm “C”

Manure fertilizing
Ursus 5714 + layer Tytan 7 

plus
- - 

Stubble planting
John Deere 6620 + stubble 

aggregate Brodnica              
1A U753/A/2

Fendt 716 Vario + stub-
ble aggregate KOS 4,5 B

- 

Fertilizer sowing
Ursus 5714 + fertilizer layer 

Motyl N031-M1

Fendt 716 Vario +  ferti-
lizer layer SIPMA 

N049/1

Fendt 712 + fertilizer 
layer Amazone           

ZA-M 1500

Cultivation + after-
crop: mustard plant - 

Fendt 716Vario + farm-
ing aggregate Ares TL 

4.0
- 

Scarifying soil with 
cultivator 

- - 
Fendt 714 + stubble cul-
tivator Gruber KP-260 S

Ploughing
John Deere 6620 + five-

furrow plough 151/8
- - 

Aggregate cultivation
John Deere 6620 +  cultiva-
tion aggregate KOMBI 4,2 

BH
- - 

Fertilizing
Ursus 5714 + fertilizer layer

Motyl N057/1

Fendt 716 Vario +  ferti-
lizer layer SIPMA 

N049/1
- 

Pre-sowing cultivation
John Deere 6620 + cultiva-

tion aggregate
KOMBI 4,2 BH

Fendt 716Vario + culti-
vation aggregate Ares TL 

4.0
- 

Sowing
John Deere 6620 + seed drill

Omega B 3.0

MTZ 82 + seed drill
Kverneland Accord 

Monopill S

Fendt 712 +  seed drill 
Monosem NG 6

Weed spraying

Ursus 5714 + attached 
sprayer 600/15/H

(4 times) 

MTZ 82+ sprayer Pilmet 
818

(4 times) 

Fendt 712
+ sprayer ORP 3000/20/ 

PHN             
Goliat Plus
(4 times)

Nitrogen fertilizing
Ursus 5714 +

layer Motyl N057/1
- 

Fendt 712 + layer
MXL 1600 H

Spraying - leaf infusion
Ursus 5714 + attached 

sprayer 600/15/H
MTZ 82+ sprayer Pilmet 

818
Self-propelled sprayer

RAU-2000 l

Anti-fungal spraying - 
Cercospora beticola

Ursus 5714 + attached 
sprayer 600/15/H

(2 times) 

MTZ 82+ sprayer Pilmet 
818

(2 times) 

Fendt 712 + sprayer
ORP 3000/20/ PHN            

Goliat Plus
(2 times) 

Harvest Harvester Ropa Euro Tiger
Harvester Ropa Euro 

Tiger
Harvester Ropa Euro 

Tiger
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RESULTS

As a result of time studies of labour input, fuel 
consumption measurement and source data on prices of 
fuel and labour, the costs of fuel and labour were de-

termined for each method of sugar beet production en-
gineering presenting in Table 2. 

Table 2. The costs of labour input and fuel in sugar beet production engineering.

Production engineering
Labour input

[h.ha-1]

Fuel consump-
tion

[kg .ha-1]

Labour cost

.ha-1]

Fuel cost

.ha-1]

Traditional 9.62 128.9 96.2 528.5

Mulch-mustard 4.11 69.4 41.1 284.5

Direct sowing 3.35 58.7 33.5 240.7

Table 3. The material costs of sugar beet production engineering.

Type of used material

Material costs of production engineering ha-1]

Traditional Mulch-mustard Direct sowing

Seed 598.0 810.0 676.0

Fertilizers 1750.2 638.6 658.4

Pesticides 735.6 908.6 1174.2

3083.8 2357.2 2508.6

.ha-1 and 
f .ha-1 were in the traditional sugar beet 
production engineering. According to Gorzelany [2010] 

.ha-1 .ha-1

.ha-1

.ha-1 occurred within the direct sow-
ing method presenting in Table 3. 
A considerable part of sugar beet production costs is the 
cost of used materials such as seed, pesticides and ferti-
lizers. On the basis of data on factual material-
consumption within the three methods of sugar beet 
production engineering as well as the materials’ prices, 
the costs of used materials were calculated (table 3). 
The highest material costs were carried within the tradi-

.ha-1. Where-

as, the lowest material costs were borne within the 
mulch-mustard .ha-1. By comparison, 

.ha-1 on 99 
farms [Chudoba 2008]. 

Within the analysed methods of production 
engineering, the highest costs were the material costs 
coming to 52%. The average costs of machinery operat-
ing amounted to 39.9%. The lowest costs were the la-
bour costs 1.1%. The highest overall cost occurred 

.ha-1. When using manure, the cost of the traditional 
.ha-1 [Gor-

zelany 2010]. The lowest overall cost was found within 
the mustard- .ha-1.
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.ha-1] of sugar beet production engineering.

Table 4. The profitability of sugar beet growing depending on the method of production engineering.

Method of 
production 
engineering

Sugar beet 
crop

[t .ha-1] 

Sucrose 
content

[%]

Value 
fetched for 

the raw mate-
rial

.ha-1]

Overall cost

.ha-1] 

Profit

.ha-1] 

Economic 
efficiency

Traditional 63 14.8 6393.7 5927.0 466.7 1.07

Mulch-
mustard

57 14.3 5559.3 4661.2 898.1 1.19

Direct sowing 58 14.6 724.6 4696.7 1027.9 1.20

Adverse climate conditions in the analysed 
year (lower yield crop, lower sucrose content and lower 
price for a tonne of raw material) have caused that the 
profit from growing 1ha of sugar beet was relatively 

.ha-1 within the direct sowing 
method. The profit from the mulch-mustard method 

.ha-1 and from the traditional method 466.7 

.ha-1. According to Gorzelany [2010]  the profit from 
the analysed methods was higher.      

In order to determine the structure of energy ex-
penditure (table 5), the operational and material ma-
chinery data were used as well as unitary energy index-
es [Banasiak et al. 1999, Wójcicki 2002] and the results 
of authors’ own research. 
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Table 5. The structure of energy expenditure within sugar beet production process

Method of 
production 
engineering

Labour 
input

[MJ.ha-1]

Fuel

[MJ.ha-1]

Direct energy 
expenditure

[MJ.ha-1]

Energy ex-
penditure on 
production 

and machinery 
repairs

[MJ.ha-1]

Energy ex-
penditure on 

materials

[MJ.ha-1]

Overall en-
ergy ex-
penditure

[MJ.ha-1]

Traditional 769.6 6187.2 6956.8 3641.6 34083.5 44681.9
Mulch-
mustard

328.8 3331.2 3660.0 2808.4 22028.5 28469.9

Direct sow-
ing

268.0 2817.6 3085.6 2377.3 23059.0 28521.9

Table 6. The energy yield of sugar beet production engineering.

Method of 
production 
engineering

Yield

[t .ha-1]

Sucrose 
content

[%]

Sugar crop

[kg .ha-1]

Sugar/obtained 
food energy

[MJ .ha-1]*

Overall ener-
gy expendi-

ture

[MJ .ha -1]

Energy effi-
ciency

Traditional 63 14.8 9324.0 148251.6 44681.9 3.3

Mulch-
mustard

57 14.3 8151.1 129600.0 28469.0 4.6

Direct sow-
ing

58 14.6 8468.0 134641.0 28521.9 4.7

* food energy of 1 kg of sugar - 15.9 MJ. 

As far as the analysed methods of sugar beet 
production engineering are concerned, the highest direct 
energy expenditure was found within the traditional 
method 6956.8 
MJ.ha-1, while the lowest within the direct sowing 
method 3085.6 MJ.ha-1.

The traditional method required the highest 
energy expenditure on production and machinery re-
pairs as well as materials used, and amounted to 3641.6 
MJ.ha-1 and 34083.5 MJ.ha-1, respectively, and consid-

ering that the manure was used (10000 MJ.ha-1). Rela-
tively low energy expenditure on materials was noted 
within the mulch-mustard method 22028.5 
MJ.ha-1. On these farms, a low mineral fertilizer was 
used on the basis of soil analysis. 

The highest overall energy expenditure of 
44681.9 MJ.ha-1 was marked for the traditional method. 
The overall energy expenditure for the mulch-mustard 
method was 28469.9 MJ.ha-1 and for the direct sowing 
method  28521.9 MJ.ha-1.

The highest energy efficiency was obtained 
within the direct sowing and it came up to 4.7. In the 
other methods of sugar beet production engineering the 
values were respectively: mulch-mustard method 4.6, 
and traditional method 3.3. 

CONCLUSIONS
1. The highest labour and fuel costs were borne within the 

traditional method of sugar beet production engineer-
.ha-1 .ha-1.

2. The material costs varied among the three methods: 
- .ha-1

- mulch-mustard .ha-1

- dir .ha-1.
3. The economic efficiency of sugar beet production 

ranged from 1.07 for traditional method to 1.2 for direct 
sowing. 

4. Within the analysed methods of sugar beet production 
engineering, the overall                costs of sugar beet
production varied and totalled up to: traditional method                       
44681.9 MJ.ha-1, direct sowing 28521.9 MJ.ha-1, mulch-
mustard 28469.0 MJ.ha-1.

5. The energy affectivity of sugar beet production within 
the analysed methods ranged from 3.3 for traditional 
method to 4.7 for direct sowing. 
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Fig. 2. Model of construction of the system of the assured energy supply of refuges with a thermal store

-

3

143



-

-

1.

2.

3.

4. -

1. , 1962.:

- . - 84.
2. , 1985.:

- . - 124.
3. , 1980.:

- . - 186.
4. ,

1985.: . .- . . -

5. -85, 1985.:

. –
- 86.

6. , 1991.: –
. - 62.

7. , 1991.: -
– -

. - 168.
8.

144



…

.
-

9. , 1986.:
–

. – 286.
10. , 1987.:

– . – 134.
11. , 1990.:

–
. – 152.
12. , 1978.:

–
. – 168.
13. , 1980.:

–
. – 235.

14. , 1986.:
. – .– 248.

15.

// MOTROL. – – 166.
16. ,

1987.:
– . –

212.
17. . 1990.:

// . .
– 219. 

18. ,
1992.: 

-
. - 292.

19. , 1996.:

// –
. – – 83.

20. , 1996.:
.- . . -

- . - 265.
21. , 2001.:

//
. . –

120 - 124.
22. , 2001.:

//
. . . . - 221 - 225.

23. , 2001.: -

// . .: , 156.
24. , 2002.:

- // . .
– 137. 

25. ,
2003.:

. .
136.

26. ,
2003.:

// .
. – 141.

27.

// MOTROL. - 12C,  
171 – 180.

PLANNING OF ENERGYSAVING SYSTEMS
OF POWER SUPPLY OF SMALL REFUGES OF

CIVIL DEFENCE
Summary. In the article the new going is offered near plan-
ning of more reliable, energysaving systems of elek-
trosnabzheniya users, providing vital functions covered in 
small refuges of civil defence.
Key words: refuge, system of energy supply, store  of thermal 
energy, thermo-electric generator.

145



MOTROL, 2012, 14-

. 

, 181. e- mail: www. napks.edu.ua

– 00 00 -
00

— 

j 

1.

- 

t
2. – 

B(P

3.

k 

—
t=1,2,…,k; 

—

—

—

 — 

146



4.

—

—

—

j t-
jt+t

t

j
jt+2t+j

jt+2t+j

jt+t j
— t

-b -i

147



able 1. Description of the sun module
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Table 2 Calculation values of parameters of joint work by a sun and thermal ES  by power for 80 MWt

—

—

—

—

—

—

—

—

—

—

— 2

j=0,01 – 2

1 2 3 4 5 6 7 8 9 10 11 12

1 W 59520 53760 59520 57600 59520 57600 59520 59520 57600 59520 57600 59520

2 20237 18278 20237 19584 20237 19584 20237 20237 19584 20237 19584 20237

3 I 2 107848 125584 176012 195249 213881 209416 211557 207104 187242 159486 126324 93316
4 I 2 33275 45516 77708 106544 137744 147329 156550 143012 122177 89771 46565 28173

5 W 8628 10047 14081 15620 17111 16753 16925 16568 14979 12759 10106 7465

6 W
·

2662 3641 6217 8524 11020 11786 12524 11441 9774 7182 3725 2254

7 µ % 14,50 16,88 23,66 26,24 28,75 28,15 28,44 27,84 25,17 21,44 16,98 12,54
8 µ % 4,47 6,12 10,44 14,32 18,51 19,80 21,04 19,22 16,42 12,07 6,26 3,79

9 W 50892 43713 45439 41980 42410 40847 42595 42952 42621 46761 47494 52055

10
W

56858 50119 53303 49076 48500 45814 46996 48079 47826 52338 53875 57266

11 B 17303 14862 15449 14273 14419 13888 14482 14604 14491 15899 16148 17699

12 B 19332 17041 18123 16686 16490 15577 15978 16347 16261 17795 18317 19471

13 B 2933 3416 4788 5311 5818 5696 5754 5633 5093 4338 3436 2538

14 B 905 1238 2113 2898 3747 4007 4258 3890 3323 2442 1267 766
15 M 4804 5594 7841 8697 9528 9329 9424 9226 8341 7104 5627 4157
16 M 1482 2028 3462 4746 6136 6563 6974 6371 5442 4000 2074 1255
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Fig. 1. Generuting by a sun and thermal ES in a clear day.

.
Fig. 2. Generuting by a sun and thermal ES  at a middle cloudiness.
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OPTIMIZATION OF MODES OF PARTITION
OF LOAD IN THE COMBINED SYSTEM WITH 

RENEWABLE ENERGY SOURCES

Summary. Possibility of optimization of the modes of opera-
tions of sun power-station and thermal power-station is in-
process examined. Calculations are produced and an analysis 
is conducted when in the system of power supply there is a 
generation of electric energy from sun power-station and the 
economy of traditional resources of renewable energy sources 
is expected.

Key words: optimization, electric stations, expense of fuel, 
power, renewable energy, sun power-station.
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Fig. 1 The schedule of distribution of speeds in the pipeline at a
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Fig. 2 the Basic circuit of accommodation of a design in the pipeline

Fig. 3 the Circuit of work of pump station at direct washing soaking up pipelines
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Fig. 4 the Circuit of a design creating a turbulent stream for clearing the pipeline of oozy adjournment

.5 
Fig. 5 Rigid fastening of the device oozy adjournment
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-

Fig. 7 the Circuit of work of pump station at return washing soaking up pipelines

Fig. 6 Fastening of free rotation  

154



…

Vmin

[4,

0 1 10

D   

Fig. 8 the Circuit of installation of a design of indignation of a stream in the pipeline of return washing

Fig. 9 the Circuit of a design creating a turbulent stream in wall areas of the pipeline 
for prevention silt
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Fig. 11 Clearing from deposits

Fig. 10 the Circuit of installation of the device in soaking up pipeline
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THE ADAPTATION FOR SELF-CLEANING
SOAKING UP PIPELINES OF PUMP 

STATIONS FROM SILT

Summary.. the method of self-cleaning of soaking up pipe-
lines of pump stations Is submitted by means of the device 
creating a turbulent stream at walls of the soaking up pipeline.

Key words: ; turbulence; the soaking up pipeline; 
pump station.
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PUMPING EQUIPMENT EFFECTIVENESS INCREASE BY MEANS OF EJECTOR 

APPLICATION AS PRELIMINARY STAGE FOR HIGH-SPEED PUMP UNITS

Alexander Gulyi, nastasiia Kobyzska  

Sumy State University

Adres: Ukraine, 40007, Sumy, Korsakova St., 2. e-mail: kobyzska@mail.ru

Summary. The efficiency of ejectors application as preliminary stage for high-speed dynamic pumps is regarded in the given 
article. The research was carried out for two different types of pumps by simulation in Ansys CFX program package. It was 
concluded that main characteristics of pumps are improving when using ejectors as preliminary stage, i.e. these booster pumps 
application efficiency was proved.

Key words. Ejector, high-speed pump, booster pump, jet device.

INTRODUCTION
Cavitation control for pumps and other hydraulic

machines is of great importance, because cavitation 
leads to fast destruction of hydraulic flow part elements 
and their reliability decrease. That is why cavitation 
problem and its overcome techniques appeared practi-
cally simultaneously with pump units appearance of the 
modern interpretation. 

These techniques may be classified into three main groups for 
vane pumps [2]:

Geometric head increase before pump – fluid 
collectors lift or pump penetration from several meters 
to several dozens meters. 

Pump modernization – inlet funnel expansion, 
preliminary screws installation, input flow partition into 
two parallel flows. 

Additional preliminary pumps of different types 
installation at the inlet of the main pump. 

As a rule, centrifugal pumps with reduced rota-
tional speed and electro or turbo drive from pumping 
medium of the main pump outlet or its first stage are 
used as booster pumps [12]. The booster pump may be 
combined with the main pump in one casing for turbo 
variant. 

PRIOR ART
Theoretically, jet pump (ejector) or jet device 

may be used as booster pump. The main advantages are 
simplicity, reliability and durability because of moving 
parts absence. The main disadvantage is low efficiency. 
That is why jet pumps are not widely used for different branches of indus-
try.

However, according to some facts, jet pumps are used as booster 
pumps for power turbo-pump units in rocket technology and for 
borehole pump units of low productivity. Besides, there 
are volume theoretical works of this subject [10].

Effectiveness estimation of jet pump application 
as booster pump is presented by means of two 
centrifugal multistage pumps at this paper. One of them 
is a perspective analog of PE580-185 with rotational 
speed 9000rev/min, causing cavitational characteristic 

degradation and requiring additional 60m head back-up 
and another is an ammoniac ten-stage pump with 
parameters 10m3/h and 100m for heat pump of 100kW 
with low geometrical height of condenser-pump 
column. Head back-up of 2 m is required for this pump. 

JET DEVICE CALCULATION 
TECHNIQUE

The first part of the work consists of effectiveness analysis of the 
various booster pump feed circuits – turning on for total or partial head 
from intermediate stages. Calculations were carried out 
according to the technique [1], the results are given in 
the tables and in the figures. 

Calculated values of necessary fluid circulation 
flow for the booster pump feed during head variation at 
the expense of different stages discharge connection are 
given at the following table.

Table 1. The Booster Pump Calculation for the Four-
Stage Boiler-Feed Pump.

Fluid 
Bleeding 

Stage

Relative 
Head, 

m

Ejector 
Flow, 
m3/h

Power, 
kW

Useful 
Power, 

kW

Ejector 
Efficiency

1 0,12 168 229 95 0,41
2 0,06 128 347 95 0,27
3 0,04 99 403 95 0,24
4 0,03 87 474 95 0,2

Obviously, flow of 168m3/h is required for the first stage feed and 
flow of 87m3/h is required for the last stage feed. However, energy effec-
tiveness is worse for the last stage in spite of low flow. Required power 
equals 229kW and 474kW respectively. Intermediate results 
were obtained for intermediate stages. Thereby, booster 
jet pump connection to the first stage of the main pump 
is more effective for the given example. It is necessary 
to mention that useful hydraulic power of the jet pump 
equals 95kW, that corresponds to the efficiency higher 
than 40%. It is a bit lower than the efficiency of prelim-
inary turbo pump unit, which equals about 50% for the 
pump and the turbine efficiency of 70%. Although loss-
es will decrease by 40W (about 1%) for the given case. 
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Table 2. The Booster Pump Calculation Results for the Ten-Stage Ammoniac Pump.

Fluid 
Bleeding 

Stage

Relative 
Head, m

Ejector 
Flow, m3/h

Power, kW
Useful Pow-

er, kW
Ejector Effi-

ciency

1

2

3 0,133 3,395 0,167 0,065 0,393

4 0,1 2,825 0,185 0,065 0,354

5 0,08 2,53 0,207 0,065 0,316

6 0,067 2,32 0,228 0,065 0,287

7 0,057 2,11 0,242 0,065 0,271

8 0,05 1,93 0,253 0,065 0,259

9 0,044 1,78 0,262 0,065 0,25

10 0,04 1,71 0,28 0,065 0,234

The same pattern is for the ammoniac pump too. 
Unfortunately, there is no necessary data for withdraw 
from the 1st, 2nd and 3rd stages calculation in the litera-
ture. Variant for the 3rd stage was calculated by means 
of extrapolation. Booster feed from the minimal stage 
(the 3rd stage) is the most effective according to the 
calculations. Preliminary stage efficiency equals about 
40%. The given scheme is very effective because losses 
are about 0,1% of the heat pump power value in spite of 
the fact that power losses equal 100W or 5% of the 
pump power. The main requirements for the heat pump 
are high reliability, resource and minimal service.

The given device calculation technique by means 
of the Ansys CFX [4, 5] program package was devel-
oped and test calculation with optimization for both 
pump types was carried out, because jet devices appli-
cation effectiveness was proved.

JET DEVICES FLUID FLOW 
NUMERIC SIMULATION TECHNIQUE 

The prime target of numerical calculations is 
jet device inspection for cavitation absence, which 
was implemented by means of accurate probing of 

jet leaving nozzle and main fluid volume primary 
contact area. This work was implemented in sever-
al stages. 

Fluid density was accepted as constant value 
for calculation. Stream line simulation was imple-
mented by means of Reynolds equation and the 
range of turbulence models (k- , SST etc.) was ap-
plied for the calculation [18].

3D models of jet devices working fluid bodies 
for boiler-feed and ammoniac pumps correspond-
ingly were created by means of SolidWorks Pro-
gram Software on the first stage.

Calculation data preparation was implemented 
and computational grid (fig.1 and fig.2) was creat-
ed by means of Ansys ICEM CFD Program Soft-
ware [4, 5] on the second stage. The grid has the 
following parameters: global mesh size – 0.01mm, 
amount of all mesh elements – 4millions 600 thou-
sand.

Prism mesh was created for necessary descrip-
tion of boundary layer near jet device solid walls. 
The prism mesh parameters are: the first prism 
mesh height – 0.001mm, geometric progression 
exponent – 1.2, amount of prism mesh layers – 5. 
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Fig. 1. Computational Grid of Jet Device Model for Ammoniac Pump.

Fig. 2. Computational Grid of Jet Device Model for Boiler-Feed Pump.

Numerical experiment was carried out on the 
third stage. Numerical experiment was carried out 
by means of stationary statement for single-phase 
fluid [15]. Pressure in the inlet and velocity in the 
outlet were set as boundary conditions. Fluid flow 
pattern, velocity and pressure distribution in the 
working fluid body were obtained by menas of the 
given calculation.

Obtained data analysis and visualization were 
the fourth stage. Nozzle position optimum parame-
ters and ejector geometric sizes were defined by 
means of visualization and obtained static pres-
sure.

Optimization problem of nozzle diameter and its 
axial position definition was solved within the scope of 
this problem. Optimum parameters are corresponding-
ly: nozzle diameter – 16mm and it is 40mm remote 
from mixing chamber for ammoniac pump, nozzle di-
ameter – 25mm and it is 200mm remote from mixing 
chamber for boiler-feed pump.

Streamlines in the working fluid body (fig.3 and 
fig.4) were obtained, besides hydrostatic pressure dis-
tribution contours of all construction elements for op-
timum variants of jet device for every pump type (fig.5 
and fig.6) were obtained too.
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Fig. 3. Lines of Absolute Velocity Fluid Flow in Jet Device of Ammoniac Pump.

Fig. 4. Lines of Absolute Velocity Fluid Flow in Jet Device of Boiler-Feed Pump.
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Fig. 5. Hydrostatic Pressure Distribution Pattern in Jet Device of Ammoniac Pump.

Fig. 6. Hydrostatic Pressure Distribution Pattern in Jet Device of Boiler-Feed Pump.

CONCLUSIONS

Obtained integral results comparison with analyti-
cal and experimental researches results, obtained by B.
Lyamayev [1] and Y.Sokolov [3], allows to draw a 
conclusion about developed calculation technique ade-

quacy and possibility of its introduction to computa-
tional-engineering practice. Jet device geometrical pa-
rameters optimization possibility was inspected for the 
highest effectiveness achievement using the given 
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technique. Nozzle diameter and its axial location were 
optimized as the first approximation. Multifactor opti-
mization is a very labour-intensive task and will be 
solved in the following researches.

According to the above-mentioned material, it is 
obvious that the work continuation with numerical and 
physical experiment implementation is reasonable.

REFERENCES

1. , 1988.:
- - 256.

2. , 1977.:
– . – 288.

3. , 1989.:
– . - 352.

4. ANSYS CFX 11.0, 2008.: Solver Theory. 
–

: http://www.ansys.com.
5. Lymer A., 1999.: An engineering approach 

to the selection and application of mechanical seals// 4-
th Int. Conf. on Fluid Sealing, USA,  30 - 32.

6. Zuchao Z., 2000.: Theoretical study and en-
gineering implementation of superlow-specific-speed 
high-speed centrifugal pumps// Journal of Mechanical 
Engineering. - 36(4), 30 – 33.

7. ., 1978.:
– . 3- ., 3. – .: 

. – 559.
8. , 1987.:

–
– 256.

9. , 1966.:
– – 364.

10. Feldle G., 1995.: Einflub der
Gesamtkostenbetrachtung auf die Entwicklung einer
neuen Gliederpumpenbaureihe //KSB Technische Ber-
ichte. - 20, 50 – 55.

11.

–
– 256.
12. , 1958.:  

–
– 3, 17 – 26.

13. , 1989.:

– – 184.
14.

– (59), 178 – 187.
15. Zangeneh ., 2007.: Advanced design soft-

ware for pumps / M. Zangeneh // WorldPumps. – June,
28 – 31.

16. ., 2007.: ANSYS Turbo:

// ANSYS Solution : – ,31–37.
17. ., 2005.: ANSYS Turbo:

// ANSYS Solution : (
). – , 9 – 11.

18. Kang S, Hirsh C., 2001.:. Numerical simula-
tion and theoretical analysis of the 3D viscous flow in 
centrifugal impellers// Task Quarterly. – , 433–458.

19. Brennen C., 1994.: Hydrodynamics of 
pumps. - [ ] – :
http://caltechbook.library.caltech.edu/22/1/pumps.htm.

20. Kalinkevich N. and oth., 2008.: Theoretical 
and experimental investigations of return channels of 
turbomachines// MOTROL. – 10 ,  71 – 80.

NSYS CFX. 

: ,

163



MOTROL, 2012, 14D, 16

 « »  – 

,

: , 65021, . . , . , 15. 

.

,

 « » .

: , , , «

» .

,

:

1.

.

2.

-

 60%  85%.  

3. -

, -

.

 ( -

)

.

-

.

-

-

, -

, -

-

.

( )

,

,

.

-

[1] -

.

-

,

-

 « » .

.

-

 ( ) -

 [3] .1.

 - 

.

.

-

.

-

-

[10,11,12,13,14,19]. 

:  « »:

 ( -

 I);  « »:  ( -

) -

;  « »: -

( );  « »:

-

 ( ) , (

);  « » LS-

[1,2,4,5,6]. 

- : -

 (

)  (

II).  

164



. 1. 

Fig. 1. Model of computer-integrated through computer technology 
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LAST OF LIFE CYCLE OF STAMP 

INSTRUMENT IS BASIC CRITERION OF 

COMPUTER-INTEGRATED THROUGH 

SYSTEM OF AUTOMATION OF  PROJECT 

STAMPS

Summary. We consider reduction of time of planning and 

making of details of stamps  as a result application of comput-

er-integrated adaptive through computer technology of pre-

production, and also new technology of extension of «life 

cycle» of stamps. 

Key words: adaptation, through computer technology, new 

technology of production, «life cycle» of stamps. 
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