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Fig 1. Charts of circular  collectors of  the sewage system:  a - vertical gasket of circular  collector; - horizontal gasket of

circular  collector; ,  -  a transfer of flows from one district  of the sewage system in other, by without pressure collector and
pressure collectors.
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 Fig.2. Determination of charges in girdlings pressure and without pressure collectors 
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Fig. 3. Without pressure mode of even flow of sewage flows
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.4.
Fig.4. A calculation of girdling vertical collector is in the pressure mode

(3), (4).

 ( 2>Z2),
,

. P2
:

.

(8)

121 ,, PQQ .

1P
.

, P1 > , . .
,

.

 (4).

:

.

, (ZH1, ZH2 –

, ZK1,ZK2 –
),

.
,

,
.

,
,

, –
.

, . 5.

. 5.
Fig. 5. Without pressure mode in a vertical girdling collector
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Fig. 6. A design of distributing of streams is in the pressure circular systems of the sewage system
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Fig.7.  Calculation of distributing of streams in without pressure circular systems of the sewage
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Fig. 8. Distributing of streams is in the circular systems of the sewage system
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Fig.9.  Determination of calculation charges in the circular systems of the sewage
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Table 1. Calculation of cost of gasket of the circular systems of the sewage

j lj, qj
(1)

3/

qj
(2)

3/

h/d =0,8

.

. .

d(1) d(2)

1 2 3 4 5 6 7 8 9

1-2 0,0001 100 0,002 0,004 170 220 21,5 56,0

2-3 0,0001 100 0,0025 0,005 190 240 34,0 80,0

1-4 0,0001 100 0,002 0,004 170 220 21,5 56,0

2-5 0,0001 100 0,0025 0,007 190 280 34,0 136,0

3-6 0,0001 100 0,0045 0,007 230 280 67,0 136,0

4-5 0,0001 100 0,0015 0,006 150 260 16,0 108,0

5-6 0,0001 100 0,0025 0,135 190 350 34,0 234,0

4-7 0,0001 100 0,0015 0,003 150 200 16,0 38,5

7-8 0,0001 100 0,0045 0,006 230 260 67,0 108,0

5-8 0,0001 100 0,0025 0,0115 190 330 34,0 206,0

8-9 0,0001 100 0,011 0,020 330 410 206,0 318,0

6-9 0,0001 100 0,009 0,020 300 410 164,0 318,0

714,0                1794,5

 2.  ( ./ )

Table 2. Specific costs (rub/m) of pipes from PVH

d, 150 170 190 220 230 240 260 280 290 300 330 350 370 410

3 .

.

160 215 340 560 670 800 1080 1360 1500 1640 2060 2340 2620 3180
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. 10. .
Fig. 10. Chart of the system of the sewage system with the ramified structure and parallel collectors.

3.

able 3. Calculation of cost of the ramified systems of the sewage system with the parallel gasket of additional
collector

j lj, q
3/

d

. .

1-4 0,0001 100 0,004 220 56,0 112

2-5 0,0001 100 0,003 150 16,0 32

3-6 0,0001 100 0,002 170 21,5 43

4-7 0,0001 100 0,005 240 80,0 160

5-8 0,0001 100 0,004 220 56,0 112

6-9 0,0001 100 0,004 220 56,0 112

7-8 0,0001 100 0,008 290 15,0 30

8-9 0,0001 100 0,016 370 262,0 514,0

562,5                 1125,0 

( . .3).
,

.
3.
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,
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PRESSURE AND WITHOUT PRESSURE 
MOTION OF FLOWS IN SEWAGE  SYSTEM 

WITH CIRCULAR STRUCTURE
Summary. In the article the questions design of motion of
flows are considered in the systems of the sewage system with
a circular structure. Such systems take place at a
reconstruction and development of the sewage system. Sizes
of charges of flows which are distributed on separate girdling
collectors, it is suggested to determine on the basis of decision
of equalizations of maintenance of mass and energy. In the
article resulted equalization for the different cases of flows
motion in the sewage system. The examples of calculations of
all these cases are also given. The method of determination of
calculation charges is presented in the circular systems of the
sewage system. The examples of calculations are resulted on
this method.

Key words: sewage system, collector, flows, pressure and
without pressure mode, ring network, calculation pressure.
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Table 1. Characteristics that the affect the parameters of technological process. 

. 1. - :
 – ;  – , ;  – , .

Fig. 1. The distribution of space-planning features:
 – number of storeys;  – length of buildings, m;  – width of buildings, m.
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2, ).
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Fig. 2. The distribution of design characteristics:
 – floor-to-floor height, m; – distance between vertical supports, m.
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. 3. :  – , ;
 – , ; – , .

Fig. 3. The distribution of geometrical parameters:  – thickness of floor slab panel, mm;
 – vertical supports longitudinal size, m;  - vertical supports cross size, mm.

180
,

. ( . 3, ).

 [12, 13].

 ( . 3, ).

,
65 % ,

,
.

200
 400  300  ( . 3, ).

 ( . 2).

:
m* ( ) –

,
;

x  ( ) –

 95%; 
Me ( ) –

,
, ;

( ) –
,

;
 ( ) –

,
,

;
Q1 ( ) – 25%

;
Q3 ( ) – 25%

.

 2. 
Table 2. Factors analysis results 

n L, B, l, h, t, a1, a2,

m* 20,32 48,81 18,86 5,04 2,98 184,55 1674,42 308,14

x ±2,83 ±9,58 ±2,10 ±0,36 ±0,08 ±8,34 ±575,81 ±31,52

Me 21,50 43,20 18,30 4,85 3,00 180,00 1000,00 300,00

8,10 27,00 5,52 1,31 0,24 23,53 1871,00 102,41

39,8% 55,3% 29,3% 32,4% 8,0% 12,8% 111,7% 33,2%

Q1 16,00 26,00 14,40 3,68 2,80 170,00 725,00 235,00

Q3 24,00 60,00 22,00 6,05 3,10 200,00 1600,00 375,00
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RESEARCH OF SPACE-PLANNING AND
DESIGN DECISIONS OF MULTI-FRAME-
MONOLITHIC APARTMENT BUILDINGS

Summary. In the article report analyzes the major space-
planning and design decisions of modern multi-frame-
monolithic apartment buildings. Statistical analysis of the
results is produced. The possibility to determine dependence
for parameters of technological process from parameters of
building is grounded.

Key words: frame, building, parameter, factor, distribution,
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 1. 
Table 1. 

ε  (%) 
0 4 8 12 16 20

pE , 0 7,21±1,97 42,16±15,41 101,17±35,99 209,09±59,38 368,73±128,9

maxF , 0 9,44±2,55 25,97±8,16 38,54±10,16 54,88±13,47 63,13±13,5

cr 0,63±0,09 0,59±0,07 0,55±0,05 0,5±0,05 0,41±0,05

kr 3,62±0,89 4,85±1,29 4,59±1,02 4,53±1,03 4,5±1,13

cL , 64,40±4,65 65,56±6,47 67,27±5,98 65,83±4,32 67,13±5,91
ϕ 0,92±0,04 0,92±0,02 0,91±0,02 0,93±0,03 0,92±0,02

gD , 61,30±3,77 62,88±4,98 63,04±5,52 62,47±3,88 63,62±4,79

aD , 61,56±3,82 63,16±5,06 63,43±5,57 62,75±3,90 63,92±4,89

.
,

, ±
: 2 2 10

.

,
.2

. 2 – 
:

Fig. 2 - Coefficient of variation of mechanical and
physical properties of tomatoes:

4,96
pEV ; 41,56

max
FV ; 92,15

cr
V ;

57,10
krV ; 8,1

cLV ; 77,0ϕV ; 38,1
gDV ,

42,1
aDV

.

, pE ,

maxF ,
, 1.

 [1, 2]. ,
( ) cr

8 %
4 %.

,

 ( ). ,

 « -
»

( ).

.

 kcp rrFE ,,, max

 « - » )(L
 ( ) )(CW
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T CW; T L; F CW; F L –

,
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.

.
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. 3  – ,  pE
Fig. 3a - Three-chamber tomato,

. 3  –  maxF
Fig. 3b - Three-chamber tomato

. 3  – ,  cr
Fig. 3c - Three-chamber tomato,

. 3  – ,  kr
Fig. 3g - Three-chamber tomato,

. 3  – 
,  pE

Fig. 3d - Quad
tomato,

. 3  – 
,  maxF

Fig. 3e - Quad
tomato,

. 3  – 
,  cr

Fig. 3g - Quad
tomato,

. 3  – 
,  kr

Fig. 3h - Quad
tomato,

.

.

.

.

.

.

.

. .

.

.
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Table 2. Model coefficients extent of damage to
tomatoes

 ( )

( β )

t

1 2 3 4

– 0,1087 0,0515 – 2,11

ε
3,6375 0,3125 11,64

 CW
0,213 0,05 4,26

 L 
0

 T CW

– 0,1634 0,05 – 3,27

 F CW

0

 T L

0,0488 0,05 0,98

 F L

0

: 91,02 R
(91% , ,

).  ( . 4),
,

e .

. 4 –
Fig. 4 Hypothesis testing

(SAS) Version 9.1.3 (SAS
lnc., Cary, NC, USA).
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RESEARCH OF PHYSICAL PARAMETERS 
AND MECHANICAL CHRASHING OF
TOMATOES. STATISTICAL MODEL 

Summary. It is known that in the modern chart of production
and processing of tomatoes considerable losses take place in
the process of cleaning up and to treatment
as a result of mechanical damages as a result of vibrations,
deformations or falling of garden-stuffs from a certain height
to the surfaces of harvest and transport aggregates, and also at
co-operating with their working elements. 

Key words: mechanical damages, conveyer aggregates,
surface of working organs, working elements.
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. 1. : 1- ; 2 - ; 3 -
Fig. 1. Moment-resisting knot: 1 column of box-shaped section; 2 - beam; 3 – onlay
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. 2. .
Fig. 2. Plate scheme

 1. 
Table 1. Relative sagging plates 

a
mV 

610w
 ( ) aq /10

. 1 

(0,1 )

. 2 

(0,2 )

. 3 

(0,3 )

. 4 

(0,4 )

. 5 

(0,5 )

. 6 

(0,6 )

. 7 

(0,7 )

. 8 

(0,8 )

. 9 

(0,9 )

1 0.030 0.085 0.139 0.176 0.189 0.176 0.139 0.085 0.030

0.8 0.028 0.083 0.136 0.173 0.186 0.173 0.136 0.083 0.028

0.6 0.022 0.070 0.121 0.157 0.170 0.157 0.121 0.070 0.022

0.4 0.015 0.049 0.090 0.122 0.134 0.122 0.090 0.049 0.015

0.2 0.008 0.025 0.047 0.067 0.075 0.067 0.047 0.025 0.008
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METHOD OF DETERMINING THE 
DISTRIBUTION OF TENSION IN THE BELTS 

BEAM OF MOMENT-RESISTING KNOT

Summary. The technique of definition of tension in a belt of a
crossbar of frame knot of a steel framework with a column of
box-shaped section is considered. The offered technique is
based on definition of a deflection of a wall of a column by
methods of the theory of elasticity and further calculations
using the software package.

Key words: column, wall, deflection, belt, tension, rigidity.
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ABOUT FEATURES  OF CORROSION OF 
FIRE-TUBE PIPES HOT-WATER BOILERS

AND TO THEIR DEFENCE

Summary. The most characteristic types of corrosion became
- it chemical and electrochemical. Recognition of taking place
process of corrosion of destruction of steel elements of
constructions, allows to carry out defence their way of
increase of chemical resistance of construction materials,
isolations of surface of metals from an aggressive
environment, lowering of aggressiveness of the processed
material or influence of electric current. The results of
diagnostic analysis of unusual corrosive destruction of good
few of fire-tube pipes of a few hot-water boilers, that allowed
to define reasons causing their electrochemical corrosion and
to work out measures on the prophylactic protecting of
caldrons from their similar destruction, are presented.

Key words: caldrons hot-water, metal, corrosion, chemical,
electrochemical, destructions.
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Fig. 1. Comparative analysis of coefficient of the use of concrete
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. 2 -

Fig. 2 Technical and economic comparison of different types of foundations under columns

a(a) (b) (c)

. 3. - : ) ) « »;
) « »

Fig. 3. Precast-monolithic foundation: a) TSNIIOMPT b) "Ukrgiproenergoprom"
c) "Uralpromstroyniiproekt"

- « »  « -
»  ( . 3).
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(d)  (d) (e)

. 4. : ) ; ) L- ; ) ; ) ;
) ; )

Fig. 4. Types of non-removable formwork: a) flat b) L-like, c) a thin-walled, d) bloc;
d) anchor e) mesh

. 5. , %

Fig. 5. Comparison of inventory and fixed wooden formwork,%

. 6. : 1 - -
, 2 - , 3 -

( )

Fig. 6. The sequence of installation of foundations in tamped down the pit: 1 - load a special stamp of soil, 2 -
education forms a soil base, 3 - Installation of precast foundation (or embedment of concrete mix)
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Fig. 8 A separate foundation of the blockout: 1 - an array of foundation, 2 - blockouts
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Fig.1. Growth of length of crack depending on the
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INCREASE OF RELIABILITY OF MARINE
PIPELINES AT EXTREME INFLUENCES

Summary. The features of exploitation of marine pipelines
are examined for transporting of hydrocarbons. Factors,
influencing on reliability of pipelines, are probed. The
estimation of possible risks, arising up during exploitation is
given. Recommendations of increase reliability of marine
pipelines are given at extreme influences.

Key words: pipeline, loadings, influences, reliability
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THE EXERGETIC ANALYSIS FOR PREDICTING OF ENERGY EFFICIENCY OF THE 
HYDRAULIC DRIVE SYSTEMS

Oleg Yakhno, Aleksandr Gubarev, Oksana Ganpantsurova, Alyona Murashchenko

National Technical University of Ukraine «Kyiv Polytechnic Institute»
Address: 03056, Ukraine, Kiev, Prospect, 37, e-mail: a_kirya@i.ua

Summary. In the article was analyzed the peculiarities of influence the mode of exploitation on energy-consumption of the
hydrodrive. The energy efficiency was considered at the stage of circuit design of the hydrodrive. The resulted methods of
assessing the effectiveness for the exergetic approach, based on the analysis of circuit design with considering modes of work.

Key words: hydro drive, hydraulic calculation, temperature, viscosity, exergetic analysis

INTRODUCTION

In engineering being used multimode drives to enhance
the energy-efficiency of hydraulic systems of
hydrodrive. Such hydraulic drives providing work in
different exploitation modes. Arrangement of drives
provides for different modes of use the hydraulic drive.
This complicates the tasks of circuit design of hydraulic
drives constructions and makes special demands on the
assessment of their effectiveness [1-5, 16, 18].

Detection of the advantages and disadvantages of
hydraulic drive is possible to carry out at different
stages, from initial stages of design to experimental test
of construction. The purpose of research is to explore
the possibility of partial prediction of energy efficiency
of the drive at the stage of scheme development. The
exergetic analysis was used. It is often used to analyze
processes and units, which associated with the use of
energy and heat in the drive of control systems.

There is a growth of the fluid temperature during
operation, the oil viscosity decreases, and the change of
oil viscosity affects the pressure drop in the elements of
hydrodrive. This results to a change of energy losses for
the transportation of fluid and to the additional changes
of power [2, 14, 17-21].

Hydraulic drives for different modes have different
deadlocks, the flow channels, areas which accumulate
various additives and others. They are calculated by
methods, which consider changes in the physical
properties of the calculated dependences.

Trends in the development and modernization of
hydraulic drive are aimed at increasing of requirements,
imposed on the reliability, multifunctionality and
durability of engineering systems functioning. However,
taking into account the increase in energy prices much
attention is paid to increasing the energy efficient of
hydraulic drive. There are several different methods and
approaches for increase energy efficiency of automated
systems of drives. For example, the structural
optimization of multi-mode systems [11, 12, 15]. At the
stage of the hydraulic system design the energy
efficiency can be increased by selection of rational

structure of the system, which is appropriate with
regimes and operation conditions. Thus, taking into
account changes of the input energy flow and the power
consumption of drive the rational number of executive
devices can be defined. Herewith, the level of their
power being calculated, the effectiveness of system
modes operation being assessed, or several separate
systems for different modes and performance of the
same production functions being developed [7-11]. At
the following stages of system design the calculation of
operational parameters of each mode (flow, pressure,
rated power, duration of each mode) is carried out.

One of the promising approaches is the exergetic
analysis of systems, which is used for modernization of
existing systems and developing the new ones. The
approach allows to compare the potential of energy
efficiency of the physically different devices; and also,
allows to find the causes of energy losses (that ones that
can be removed and can’t be removed). These reasons
of energy losses are related with the elements of the
system, operational modes or conditions of their work
[16, 22]. When solving practical tasks two marked
approaches can complement each other.
Exergetic approach will allow extendedly estimate the
potential of energy efficiency and choose the general
principles of the automated system construction.
Structural optimization will give algorithm of
functioning and composition of the system. It will allow
finding ways of their reducing, realization of which will
result to the construction of a rational system.

BASIC MATERIALS

For the correct description of the hydraulic drive it is
necessary to perform the local taking into account of
rheological properties of fluids for individual elements
of the system and for the operational cycle, such as: the
coefficient of friction, coefficient of hydraulic
resistance, viscosity (period of use), and etc. The
principle scheme of an example of such drive is shown
in Figure 1 [12, 21].

For exergetic analysis of multimode drives is
used the type of exergy, which includes forms of energy
(such as the internal energy of matter, energy of
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chemical bonds, heat flow). For each of them the exergy calculated individually depending on the presence and

Fig.1. Principle scheme of the multimode drive:

1 – the electrohydraulic inlet valve; 2 – the hydraulic shutoff valve; 3 – the control valve of position the output shaft to «moving
output link»; 4 – the electrohydraulic valve of control valve 3; 5 – the electrohydraulic valve of control valve 6; 6 – the control
valve of position the output shaft to «return of output link»; 7 – the hydraulic motor; 8 – the brake coupling; 9 – the brake
hydromechanical; 10 – the shuttle valve; 11 – the flow control valve

the type of material carrier – different solids or other
objects. Such calculation required details on the
conditions of heat exchange within the analyzed
subsystem with the other subsystems of the drive [18,
22].

To define advantages and disadvantages of
reduced schemes such as hydraulic drive must be
performed pre-project predicting their performance in
the operating modes. When comparing the energy losses
in different modes of hydrodrive operation can be used
exergetic method. For the current method were
calculated the energy losses during the operation of
hydrodrive with different working fluids in different
operational modes.

During the exergetic analysis for each element in
the hydraulic system were calculated pressure losses,
losses of energy, and losses of power. These
calculations were carried out in several stages, i.e.,
depending on the operating conditions of the drive,
mode and with different working fluids.

To assess the effectiveness of circuit design
taking into account operating modes of drive was
constructed the graphic-analytical model. It is allowed
to perform a distributed elementwise assessment of
pressure losses and energy losses taking into account the
time of each element action.

The principle of the model explained in the
following example.

Hydrodrives work by successive energy transfer
or streaming signal from one element to another. Let’s
take some section of the drive functioning (Figure 2).
First, goes the signal for the «displacement of output
link» – valve (1) operates, then the motor (2) starts
working, what leads to the «displacement of the output
link», further valve ( 1) is disconnected and
respectively, the motor ( 2 ) stops – we have the lock
position. Thus, we have a cycle of operation:

2121  [3].

Fig.2. Application of logic-functional method on the 
example of the hydraulic scheme with motor

Input Output
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Fig.3. Example of constructing a graph

Power supply to the valve and its operation is

indicated (1), disconnection – ( 1 ). Sending a signal for
the valve operation and completion with pressure of
channels – arc ( 12  ); arc (1 – 2) – switching of the
valve and transmission of the signal from it on the
motor operation; ( 12  ) – signal transmission from the
motor and the filing of pressure to the channel of valve
to turn it off; arc ( 21 ) – transmission of the signal
from the turned off valve to the turning off the motor
(Fig. 2, 3).

Some elements realize both energy and
information function. That is at one mode the energy
signal leads to a work of certain element and in another
mode the same element performs only the informational
function – «Off».

The calculation by such method was made
individually for the process of «displacement of output
link» and «return the output link» for the two schemes
(Figure 1, 5).

The structure for the main process (hydraulic)
mode according to the notation of scheme elements
(Figure 1) consists of two sequences of system
components operation:

1) «moving output link»:

output12,6910,7324,1

9610,7341221







input

2) «return of output link»:

output

input





12119310,765,121211

9310,76521
.

Scheme of hydraulic drive with other elements,
i.e. with back pressure valve and without coupling of
separation presented in Fig.4.

For the example scheme (Figure 5) calculations
were carried out. Heat balances was made for those of
elements where the inlet of fluid at the first switch of
drive was carried out. The appraisal of energy losses for
each element of the system was carried out, and
duration of their work.

Calculations of parameters was based on exergetic
method, which takes into account the different types of
energy – thermal, electrical, mechanical and determine
the general costs of the process by individual elements
and blocks.

The structure of the process for the scheme with
an additional valve (Figure 4): 

1) «moving output link»:

output

input









121168,910,73,24,1

121168,910,7324,1
;

2) «return of output link»

output

input









121138,910,73,25,1

121138,910,7625,1
.

After drawing a graph perform the calculation of
drives operation.

Fig.4. The graph of operating modes of hydraulic drive for
modes «moving output link» and «return of output link» by

the scheme Fig.1.

(1-2)

)

1

2

Input

.

,
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Fig.5. Principle scheme of the multimode drive with valve of retaining (12)
When calculating the exergy flow system is limited by
the surface and determined its relationship with the
environment. Therefore, the parameters of the
environment for which the calculation is made, play a
significant role [21].

The feature of the calculation is exergetic
analysis of system for the most unfavorable conditions,
i.e. at sub-zero temperatures of hydraulic fluid (for
example, the value is – from -50° for -70° .

The initial data for the exergetic analysis is
temperature and pressure of fluid flows at the outlet and
in the inlet of each element of the scheme, flow and heat
of substances at a certain temperature. For the
multimode drive comparative exergy calculations
performed with the use of various hydraulic fluids.

Fig.6. The graph of operating modes of hydraulic drive for
modes «moving output link» and «return of output link» by
the scheme Fig.5.

The power consumption of the system is
determined by the product of the power and the
response time for each element according to the graph
in Fig. 4 and 6. Effective work of the drive does not
depend on its schematic solutions. Therefore,
determining the effectiveness of the scheme is based on
energy consumption of elements, by which these
schemes are different.
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it is take into account ( 1y ytNW  ). If
the system element is not working, the energy losses on
it does not take into account ( 0y

0 ytNW ).

Considered the influence of the fluid temperature
on the losses in hydraulic system:

WN
U

p
t

C 













ν
ρ

.

Taking into account the influence of the fluid
temperature variation, energy losses at a certain element
can be determined by the formula:

ytNW  )(ν .

Relative energy efficiency of the schematics is
determined by (2). The value B – ratio of the
difference of the total energy losses of one system and
another to the total energy loss of one of them, namely:


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According to initial data and geometrical
parameters the calculation of pressure losses in the
system based on rheological dependences of working
fluids AMG-10 and Skydrol. Received by the formula
(2) value of the relative energy efficiency is estimated
indicator of circuit solutions with additional element
and without it (Table 1).

Table 1. The relative effectiveness syst

Energy efficiency of two schemes of the drive
about was designed for two working fluids AMG-10
and Skydrol. It takes into account various operating
conditions, their duration and the operating time at a
certain temperature. For normal operating conditions,
the following indicators of energy efficiency were
obtained:
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The distribution of energy losses for elements of
the scheme in Figure 1 was obtained. The energy W 2,
obtained at the output of the system, also takes into
account the energy losses from effect of changes in
temperature )(  TW (Fig.7):
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Temperature, 0 AMG-10 Skydrol
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it is take into account ( 1y ytNW  ). If
the system element is not working, the energy losses on
it does not take into account ( 0y

0 ytNW ).

Considered the influence of the fluid temperature
on the losses in hydraulic system:

WN
U

p
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
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
ν
ρ

.

Taking into account the influence of the fluid
temperature variation, energy losses at a certain element
can be determined by the formula:

ytNW  )(ν .

Relative energy efficiency of the schematics is
determined by (2). The value B – ratio of the
difference of the total energy losses of one system and
another to the total energy loss of one of them, namely:
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According to initial data and geometrical
parameters the calculation of pressure losses in the
system based on rheological dependences of working
fluids AMG-10 and Skydrol. Received by the formula
(2) value of the relative energy efficiency is estimated
indicator of circuit solutions with additional element
and without it (Table 1).

Table 1. The relative effectiveness syst

Energy efficiency of two schemes of the drive
about was designed for two working fluids AMG-10
and Skydrol. It takes into account various operating
conditions, their duration and the operating time at a
certain temperature. For normal operating conditions,
the following indicators of energy efficiency were
obtained:
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The distribution of energy losses for elements of
the scheme in Figure 1 was obtained. The energy W 2,
obtained at the output of the system, also takes into
account the energy losses from effect of changes in
temperature )(  TW (Fig.7):
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Bsyst

Temperature, 0 AMG-10 Skydrol
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+20 0,0709 0,0696

+60 0,0695 0,0779
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Fig.7.1. Scheme of distribution of energy losses in a hydraulic drive accordingly to the scheme in Fig.1

Fig.7.2. Scheme of distribution of energy losses in a hydraulic drive accordingly to the scheme in Fig. 6 
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In the calculation were taken into account
parameters and operation modes of the drive. In each
mode were taken into account which elements work and
which channels are involved. It was found that at the
different modes and operating conditions the energy
losses is much different. This can be explained by an
example. At the mode to «move the output link» operate
elements 1, 2, 4, 3, 10, 9, 11 and partly involving
channels of elements 6 and 10, and the valve 5 and the
channel that connect it to the valve 6 – unused. And by
«return of output link» – conversely, partially operate
channels of elements 3 and 10, the valve 4 and the
channel that connects it to the valve 3.

According to the results of modeling of two
schemes in calculated operation modes and considering
the proposed standards for accuracy and efficiency of
operation, we can conclude the following.

Unused elements provide additional energy
losses in the system, while negative temperature of
working fluids even more losses in reaction time of the
system (because of deadlock areas in which the
viscosity is very high). Calculation of pressure losses
according to the graph is made by the formulas:

    ;)..(.211 stopvelvinplin ppp  

    ;);1..()..(.12 vlinputstopvelvoutlin pppp  

   ;1.1 vlpp  etc.

       ....12 outputinputsystem pppp  

It was found that the change in the rheological
properties of the fluid (AMG-10 and Skydrol) in
different operating modes affect the energy losses
almost equally (±1%) [12].

By the results of research was determined the
relative effectiveness factor syst of circuit solutions of
multimode hydraulic drives, based on energy efficiency
of elements by which these schemes are different. There
was obtained that the scheme of hydrodrive in Figure 1
by the operating temperatures -20 0 on ~ 7%, at +200

on ~ 8%, at 600 on 7% more effectively than the
scheme with valve of retaining (Figure 5). These values
are valid for fluid AMG-10 and for Skydrol.

The exergetic analysis made it possible to
determine element of the scheme, which reduces the
energy efficiency by increasing the proportion of
anergy. It is necessary to view the valve of retaining, its
design parameters and the appropriateness of use.
Because it operate less than 3% of the time, and all the
rest absorbing a significant amount of energy forming
component of anergy, which can expect the developer in
the design and modernization drive with the goal of
improving its efficiency.

CONCLUSIONS

Analyzing the existing hydraulic models, along
with advantages in their design should take into account
their disadvantages. It is mainly caused by the
properties of the working medium (fluid). These include
leaks of the fluid, changing parameters of the working
fluid viscosity due to changes of operating temperature
range, quite low efficiency of mechanical transmission,
the formation of abrasives, isolation of the system from
the air, fire danger [21]. Before specialists-designers
must be presented certain tasks to the solution which
can include energy analysis.

The observed method of efficiency evaluation
can be used at the stage of the multimode hydraulic
drive circuit design for options that provide the same
control functions on «moving the output link» and
«return of the output link».

Method of exergetic analysis for multimode
hydraulic drives lets you to calculate the system when
choosing the design parameters, working fluid
according to its rheological properties.

It is proposed to combine branched elementwise
hydraulic and thermal calculations to determine the
hydraulic characteristics of the drive. This will increase
the accuracy of calculations of transition modes, and
predict performance indicators and performance of
drive.
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 1. 

Table 1. Change in the chemical composition of the initial biomass in growing hydroponic green fodder

0,75 1,57 1,25 3,40 0,68 1,80 2,15

0,85 1,40 1,31 3,50 0,75 1,89 1,96

0,76 1,07 0,99 1,00 0,91 1,71 2,43

0,75 1,92 1,23 2,12 0,77 2,27 1,69

0,76 1,56 1,37 0,85 0,81 2,89 2,83
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Table 2. Seeding rates of various forage crops 
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. 1.  LANDSAVERHD-1000 (Hydrodan):
1 – , 2 – , 3 –  , 4 – ,

5 – , 6 – , , 7 – 
, 8 – , 9 – , 10 – , 11 – , 12 – 

, 13 – .
Fig. 1. General view of the installation LANDSAVERHD-1000 (Hydrodan):

1 – front door, 2 – control panel, 3 – air conditioning, 4 – lamp, 5 – the spray nozzle, 6 – upper trays with the grain
laid for germination, 7 –irrigation pipe, 8 – level switch, 9 – filter, 10 – pump, 11 – heat-insulation, 12 – lower trays

with HGF ready for harvest, 13 – reservoir for the nutrient solution.

Fometa Overseas
FPU-1000,

 (
2030834).
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. 2.  LANDSAVERHD-150 (Hydrodan):
1 – , 2 – , 3 – 

.
Fig. 2. General view of the LANDSAVERHD-150 installation (Hydrodan):

1 – climatic chamber, 2 – upper trays with grain germination, 3 – lower trays ready for HGF harvest.
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. 3.  Herbagrass  TECNI-land Agrotechnik:
1 – , 2 – ,

3 – .
Fig. 3. General view of the Herbagrass firms TECNI-landi Agrotechnik installation:

1 – open frame of the single carrier rack, 2 – bath with flat heating elements, 3 – pallets. 
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. 4. :1 – , 2 – 
, 3 – , 4 – , 5 – , 6 – , 7 – , 8 – , 9 – ,

10 – , 11 – , 12, 13 – .
Fig. 4. Tiered hydroponic installation with rotating trays:1 – rigid frame, 2 – bearing, 3 – trumpet, 4 – tray, 5 – 

clamp, 6 – lever7 – general traction, 8 – intermediate traction, 9 – reducer, 10 – platform;11 – pan, 12, 13 – 
connection pipe. 
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IMPROVEMENT OF THE GREEN 
FODDER PRODUCTION BY HYDROPONIC

METHOD

Summary. The necessity of research in the field of
hydroponic cultivation of green fodder mechanization is given
and the construction and operation of developed tiered
hydroponic installation with rotating trays that allow
mechanizing of the harvesting-seeding operation are
described.

Keywords: hydroponic green fodder, hydroponic installation,
harvesting-sowing operations, technologies means of
mechanization.





75

MOTROL . COMMISSION OF MOTORIZATION AND ENERGETICS IN AGRICULTURE – 2014, Vol. 16, No. 5, 75–80MOTROL,2014,Vol 16, 5,91-95

91

.

, ,

. , .  3, . 403
kpa_gbk@mail.ru

: -
, .

.
.

: , , , ,
,

, ,
,

, ( ,
)

.
,

, ,
[12]

 [1]. 
,

- ,

,
[9],

.

. . ,
. ., . . , . . , . .

, . . , . . , .
, . . , . . . .

, . . , . . ,
. . , . . , . . .

.1.2-14-2009

 « »
,

[13] . [5]

3 2, . . ,

.

[4]
(10 13 ),

 (7 ).

-

[2,8,11].

-
(10 13 )
, . .

.1  2.  3 .

( .3).

.



76

, ,
,

,

92

. 1  1
Fig.1. Typical floor plan Section 1

. 2  2 
Fig.2. Typical floor plan Section 1
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Fig.3. Overview of calculation model
) Section 1, ) Section 2
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) )

) )

. 4  Z.
) , )  # 1, )  # 2, )

 # 3 
Fig.4. Isofields of movements overlap deteriorated structures along the axis Z.

) in normal operation, ) removing the column # 1, ) removing column and wall segment # 2, ) removing column and 
wall segment # 3 

) )

) )
. 5  Z. 

) , )  # 1, )
 # 2, )  # 3

Fig.5. Isofields of movements overlap deteriorated structures along the axis Z.
) in normal operation, ) removing the column and wall segment # 1, ) removing column and wall segment # 2, )

removing column and wall segment # 3

.
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Fig.3 Model of new technology of production of stamps of the cold sheet stamping in a country
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IMPROVEMENT CONSTRUCTION OF 
METERING PUMP-DEVICE SYSTEM OF 

HYDROVOLUMETRIC STEERING
MANAGEMENT IN

SELF-PROPELLED MACHINES

Summary. The paper considers an improved metering pump
design where distribution assembly has been modernized. In
this design the drain edge of the spool pair is made in the form
of an additional single-edge spool. An original system for
controlling the additional single-edge spool position is
proposed. A mathematical model of the hydrostatic steering
system, based on the proposed metering pump, has been
developed.

Key words: hydrostatic steering system, metering pump,
mathematical model.
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SOLAR CONCENTRATORS IN HEAT BALANCE OF THE BUILDING

Tetiana Denysova

National Academy of Nature Protection and Resort Building
Address: Ukraine, 95043, Simferopol, Kievskaya street, 181

E-mail: smorodina82@mail.ru

Summary. The article discusses the use of small solar installations for the production of heat and electricity. The proposed solar
installations are the toroidal reflectors and receivers located in a zone quasifocal line of the torus. The calculation of the heat
balance of one-floor house shows that the share of heat energy of the solar installation is 4%.

Key words: heat balance, solar installation, toroidal reflector.

INTRODUCTION
 The amount of solar energy falling on the

roofs and walls of buildings can significantly
compensate the annual energy consumption of the
residents of these homes.

With the help of solar collectors, we can
provide hot water to heat homes partially. In this
case, the concentrated solar power by mirrors is used
to provide heat at a temperature of several thousand
degrees. It can be used to produce electricity. In the
production of energy in photovoltaic technologies in
systems with concentrators, heat dissipation is
required for the normal operation of photovoltaic
cells.

ANALYSIS OF EXISTING RESEARCH
Technology for the production of electricity

are booming: solar station tower, and paraboloidal
dish concentrator (Fig. 1), parabolic trough
collectors, solar furnace, Fresnel technology (Fig. 2),
etc., which can be attributed to the industrial
production of electricity [1, 2, 8-12].

Small solar systems are used to provide heat
and electricity to individual dwellings or small
settlement.

Solar radiation can be converted into useful
energy using the so-called active and passive solar
systems.

Fig. 1. Paraboloidal dish
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Fig. 2. Fresnel collector 

Fig. 3. Parabolic trough concentrator for the receipt of hot water

Fig. 4. Solar concentrator for rooftops
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Solar installations for the production of heat
and electricity, including photovoltaic cells are the
active solar systems. Passive systems are part of the
building and are mainly for heating the indoor air by
solar energy.

The advantage of small solar systems with concentrators
(Fig. 3), primarily in the fact that the higher the
temperature the less the volume of tank – accumulator.
Such a system in the house for one family does not take
up much space

OBJECTIVE OF THE WORK

With the help of solar collectors we can heat
homes and provide them with hot water. What part of
the thermal energy can provide a solar collector in the
heat balance of the building?

RESULTS OF INVESTIGATIONS

The design of energy efficient buildings should
be installed with active solar systems including

concentrators. Such systems may be following the Sun
and fixed.

For quantitative estimation of flux distribution
on the receiver it is necessary to have three dimensions
model of the surface of flux distribution. With the help
of the surface of flux distribution the zones of the
temperature maximum can be obtained and the lines of
equal energy can be constructed. This surface of flux
distribution on any section (Fig. 5) is constructed with
using special algorithm.

Fig. 5.The surface of flux distribution (3D) on the plate

Fig. 6. The energy map

up much space concentrators. Such systems may be follow-
ing the Sun and fixed.
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The flux distribution on the surface of
receiver is determined. The calculations are based on
the energy map (Fig. 6) obtained with mathematical and
computer simulation [14].

To analyze reflecting properties of surfaces can
be done on a base of the quasifocal points and lines
theory. This theory gives the possibility to design
reflectors using large class of reflecting surfaces:
rotation surfaces with a demand generator; canal
surfaces with demand focal zone; regular spiroid
surfaces with a demand generator and so on.

The effectiveness of a concentrating system
depends on form and location parameters of a receiver.
The theory of the quasifocal lines gives us the
possibility to determine zones of maximum energy
concentration and to locate receivers with correspondent
parameters. The computer simulation gives us the
possibility to obtain concentrating system exactly and
visually and calculate the concentration ratios for
different reflectors.

Three dimensions model as the surface of flux
distribution for quantitative estimation of flux
distribution on the receiver is obtained.

The proposed way of the flux distribution
calculation and the quasifocal points and lines theory
give us the possibility to design solar installations and

headlights with demand concentration ratio and flux
distribution.

A design of a solar collector [3, 6, 7], which
following the Sun, and contains elements with
concentrating reflectors in the form of a torus (Fig. 7).

The search of a zone of the greatest
concentration of the rays, reflected by the surface,
represents practical interest and can be used in
designing solar installations for converting solar energy
into thermal or electrical energy and in construction of
reflecting surface of lamps (Fig. 7). This zone is called
the quasifocal line [13].

The receiver is a circular copper tube filled
with water and placed in the quasifocal line of the torus
(Fig. 8). Photocells are attached to the tubes from two
sides Collector area is 4.2 m2. Electrical power (at
values of solar radiation 800 W/m2) is up to 400 watts.
Due to the removal of heat from the photovoltaic, the
installation provides an operating temperature of the
coolant up to 100 0C.

As an additional source of thermal energy for
heating and hot water supply of a building, the
installation of solar concentrator can be used. The
amount of energy per hour, receiving such installation is 
given by:

,kFIQ workconc 

where I - solar radiation, W/m2 is taken
from [5], 

workF - working area of concentrator, m2;

k - Concentration Ratio,
.45,08,075,08,0  receiverreflectormirror kkkk

For the month of December:

kWmmWQconc 1,045,04/52 22  .

Fig. 7. Zone of the greatest concentration of the rays of a torus
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Fig. 8. Solar collector with a toroidal reflector: 

1 - body, 2 - clear coat, 3 - thermal insulation, 4 - toroidal reflector 5 - receiver tube filled with water, 6 - photocells 

 

 

Fig. 9. Heat balance of one-story houses 

 

One-storey house with a ground floor open 
terrace, greenhouse (room air heating) and heated 
area of 110 m2 in the month of December has a heat 
loss of 4,1 kW with the 30% ventilation (Fig. 9). In 
the calculations, the minimum resistance of the 

building envelope heat transfer is used [4, 5]. The 
amount of energy per hour, the resulting installation 
with the concentrator for the month of December is 
0,1 kW. 

CONCLUSIONS 
The calculation of the heat balance (Fig. 9) one-story 
house for the month of December shows that 
compensate for the heat loss can be due to: 
• application of buffer space - 9% 
• use of active solar collectors - 4%. 
• «Sun Architecture» (solar air heating in the 
greenhouse of 12% and a veranda 18% - 30%. 
• Total by solar energy - 34%. 

Heat gain by the burning of fossil fuels decreased from 
100% to 57%. 
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.1  1 - :  – ; - ;  – 
 « »

Fig.1. Variant 1 - the frame with homogeneous overhead part: a – the design model; - the cantilever model; -
structural model of the programmatic complex “ -Windows”

.2  2 - ,
:  – ; - ;  –  « »

Fig.2. Variant 2 - the frame with heterogeneous overhead part containing through girder in the level of under floor:
a– the design model; - the cantilever model; - structural model of the programmatic  complex “  -

Windows”

.3  3 - ,
:  – ; - ;  –  « »

Fig.3. Variant 3 - the frame with heterogeneous overhead part containing through girder in the level of upper floor:
a– the design model; - the cantilever model; - structural model of the programmatic complex “ -Windows”

.
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 1. 
Table 1. Dynamic characteristics of eigenvibrations

 1  2  3 
 « -

Windows»
9.4

 « -
Windows»

9.4

 « -
Windows»

9.4

,
1 3.2 2.1 3.9 2.3 5.1 2.5
2 - 0.4 - 0.4 - 0.4
3 - 0.3 - 0.3 - 0.3

, /

1 2 3 1.6 2.7 1.2 2.5
2 - 17.3 - 13.8 - 15.3
3 - 22.2 - 17.7 - 18.6

, 1/
1 0.31 0.5 0.26 2.3 0.2 0.4
2 - 2.7 - 0.4 - 2.4
3 - 3.5 - 0.3 - 3
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         1 2    3 

           1             2 3

           1             2 3

.4  « ».:  – 1; - 2;  – 
3

Fig.4. Forms of eigenvibrations of frames according to the programmatic complex “  -Windows”: a - for variant
1; - for variant 2; - for variant 3 
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 2. 

Table 2. Dynamic characteristics of forced vibrations

,
 1  2  3 

 « -
Windows»

9.4

 « -
Windows»

9.4
« -

Windows
» 9.4

Q,

18.7 460.2 400.6 2135 384.6 - 362.7

22.3 392.3 356.8 - 339.4 - 356.8

25.3 392.3 356.8 - 339.4 - 356.8

28.6 392.3 356.8 - 339.4 - 356.8

31.9 392.3 356.8 - 339.4 - 356.8

35.2 283.2 245.6 - 236.6 225.2 247.9

S,

18.7 16.8 18.5 118.7 25.1 - 14

22.3 17.5 21.4 - 23.8 - 18.2

25.3 20.8 25 - 24.6 - 23.8

28.6 23.7 28.6 - 25.2 - 25.2

31.9 26.4 32 - 25.6 - 28.6

35.2 21 24.3 - 18 102.9 22.2

,

18.7 22 53 123 89 - 63

22.3 31 65 - 92 - 79

25.3 44 77 - 94 - 94

28.6 72 88 - 97 - 109

31.9 103 98 - 99 - 124

35.2 120 108 - 100 206 139
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TO QUESTION FOR DETERMINATION OF
DYNAMIC CHARACTERISTICS OF 

SUPERSTRUCTURES ON THE 
INDEPENDENT SUPPORTS 

Summary. The reconstruction of the housing with the use of
superstructures on the independent supports with metallic
frame is the perspective directions, especially for seismic
active regions. It is very significant to define reliably dynamic
characteristics to evaluate the seismic resistance of
superstructures on the independent supports It is the
comparative analysis of the dynamic characteristics of the
superstructure’s frames with different constructive decisions,
made by traditional calculated methods and with the help of
programmatic complex “ -Windows” version 9.4, shown
in the article. Directions of further researches are formulated.

Key words: superstructures, dynamic characteristics, seismic
resistance
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ANALYTICAL SOLUTION OF THE 
MATHEMATICAL MODEL OF

OPERATING PROCESS OF THE AIRLIFT
WITH THE DEVELOPED PROJECTILE

STRUCTURE OF THE WATER-AIR
STREAM

Summary. The analytical solution of the mathematical model
of operating process of the airlift is worked out with the
developed projectile structure of the water-air stream. It allows
to theoretically establish the effect of length of liquid corks,
gas projectiles and other meaningful factors on the modes and
the energy efficiency of the gas-liquid lift.

Key words: mathematical model, airlift, lift pipe, projectile
structure, serve, expense of air, energy efficiency, length of
the gas projectile, length of the liquid corks.
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HEAT LOSS REDUCTION OF ENERGY-EFFICIENT HOME BY BUFFER AREAS
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Summary. Architectural solution of a 4-storey residential house with allocation of buffer areas in it has been proposed. Various
variants of the heat balance have been calculated. Analysis and comparison of the results obtained have been carried out.

Key words: buffer area, energy-efficient building, heat loss.

INTRODUCTION

There are different ways to reduce the heat
loss while designing the energy-efficient buildings. In 
the present paper, we consider the method of
temperature regime regulation for the building areas,
i.e., the allocation of the unheated (buffer) areas, and
the method of blocking buildings. At the same time,
the problem of determining the influence of the
buffer areas on the energy-efficiency of the building
arises.

PUBLICATION ANALYSIS

The book [1] provides the main principles
for designing of passive houses. The design
principles for solar architecture and for device buffer
areas are considered in [2]. The design features of the
energy-efficient buildings for the south of Ukraine
with relatively cold winters, hot summers, and high
solar radiation (more than 2000 hours of sunshine per
year) are discussed in [5,6,7]. Each decision made at
the stage of conceptual design is evaluated
quantitatively, and the architect makes a significant
contribution to the result of the building's energy-
efficiency.

Conceptual design can be used to develop
technical and detailed design of energy efficient
building only when the overall heat transfer
coefficient is not more than a controlling specific
building total factor [3,4,8].

The energy-saving effect due to using
architectural solutions is possible with complex
parameterization of the building (orientation, the
parameters of the shape and position of translucent
structures, building design including buffer areas,
blocking of buildings, insulation properties of
building envelope, solar heating devices for indoor
air, sun protection devices) [5,8,9].

The possibilities on the increase of energy
effectiveness of small floor buildings due to
designing of forms and geometry of passive and
active solar installations and functional distributing of
apartments are considered in the article [10]. These

possibilities can decrease the expense of fuel
resources on 50%,that diminishes the troop landings
of hotbed gases and common negative influence on
an environment.

The systems of air hitting with given
characteristics are considered. Their design and
calculation are done with the help of computer
program Solidworks. It is the way to increase the
energy effectiveness of buildings [18].

The reasonability of building energy
efficiency of individual buildings in the Crimea with
the maximum use of solar energy is justified in article
[12, 13, and 20]. In this case, fuel savings can reach
50%, and the heating period can be shortened to three
months: December, January and February.

For a more thorough search of rational
parameters of a building, the method of energy
efficient low-rise building design for the south of
Ukraine at the stage of conceptual design is proposed
[14, 15, 16, and 17].

In this paper [19], we propose a method for
constructing solar energy maps, with isolines [11] of
solar radiation, incident on the vertical fa ade. Solar
energy maps allow evaluating architectural design
solutions of translucent constructions and shading
devices on the design stage, taking into account, in
particular, the influence of the solar energy on the
climate parameters of accommodation.

The problem of the production of heat from
solar radiation through the windows of the south
facade in winter and summer is considered [21]. The
results of data in case of the presence of shading
devices and without them are compared. The
quantitative estimates of solar radiation and
comparison of data for the winter and summer are
performed.

OBJECT AND PROBLEMS 

From the point of view of improving the heat balance
of enclosing structures for improving the energy
efficiency of the buildings, offer the architectural
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solution for the dwelling house and the most effective
way to reduce heat loss in it.

Using the main principles of designing the
energy-efficient buildings, the 4-storey apartment
building was designed with the ability to block it on
the east and west sides. In order to increase the
compactness and the conservation of the southern
orientation of all dwellings, the apartments are
designed in two levels, so there are only 2 apartments

per each 4-storey section. The basement provides a
garage with for 3 parking places. Fig. 1 shows the
plan of the ground and the first floor of the lower flat.
Fig. 2 shows a cross section 1-1, the roof is formed
gabled with an inclination angle of 30 °. 

A buffer zone was allocated on each floor,
which is a group of unheated spaces. It is shown in
figures 1and 2. 

Fig. 1. Plan of the ground and the first floor of the flat in the energy-efficient 4-storey building
with a block ability
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Fig. 2. The first floor of the flat in the energy-efficient 4-storey building with a block ability

Fig. 3. Cross-section1-1

The apartment itself is designed in such a
way that all dwellings have south facing orientation.
In the depths of the apartment has two bathrooms
(one above the other) that are lit by natural light
through the windows overlooking the front porch.

This state of toilets reduces heat loss, as in
these areas the estimated air temperature 25° C, while
in the rest of the premises +20oC.Thus, the center is
flat like "core heat." In addition, the front porch,
located next to the bathrooms will serve as green
houses, informing them of the additional heat
generated by the sun.

Despite the presence of a buffer zone in the
northern part of the building, each apartment, there is
an intermediate buffer zone provided by the inner hall
way and stairs that being a non-residential area,
located in the northern part of the apartment, just a
barrier to cold air. The apartment is divided into two
zones -day and night stay. Recreation area is located
on the 2nd floor, so that it is isolated from the hustle
and bustle.

Fig. 3 shows a cross-section1-1, the roof of
the house is made saddle, with an inclination of 30
degrees. Top floor attic, so the windows are located
in the roof to illuminate the rooms.
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The main objective was the determination of
a simple shape in the plan that would protect a heated
zone from unwanted cold northern winds. These
rooms use minimum glazing to reduce the heat loss.
In the south, on the contrary, the buffer zone is
represented by an unheated veranda with a large
percentage of glazing, which is used to heat the air
and transfer it to the living room at autumn, and
spring, when the outdoor temperature is low, but
there are many sunny days.

Fig. 4. Blocking variants

Several design cases were selected for
calculation of the heat balance:

1. In the first variant of calculations,
we assumed that

all areas of the house are heated, and the house is not
interlocked. In this case, the heat losses are 18.48 kW
• h.

2. In the second variant, only the
heated area was calculated, while unheated area
serves as a buffer zone in the northern part of the
building. Heat losses are 12.36 kW • h which equals
66% of the previous variant. This means that buffer
space and temperature regulation allows to reduce
heat loss by 34%.

3. In the third variant, in addition to
the second variant, it is assumed that the building is
interlocked (Fig.4) on the eastern side with the all
length of the heated zone. Heat losses are 10.18 kW •
h, which makes 55% of the first variant. Thus, by
blocking the eastern facade of the building heat loss
dropped further by 11%, and is reduced by 45% in
total.

4. In the fourth variant, it is assumed
that the building is also interlocked with the west
facade. Heat losses in this case are reduced to 8.67
kW • h, representing 47% of the first variant. Due to
all of the above methods the heat loss decreased by
53% in total. 

Thus, by controlling the temperature of the
building, we can significantly reduce the heat losses
of the building. Buffer areas in the building
considered occupy 30% of the total area. In case of
refusing from their heating, the building heat loss
reduces by 34%. Percentage of the building heat loss
reduction is almost linear proportional to the
percentage of the area, occupied by buffer zones (Fig.
5).

Fig. 5. The south fa ade of the building
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1
34%

2
11%

3
8%

4
47%

Fig. 6. Heat balance of the 4-storey building with buffer areas

CONCLUSIONS

The results obtained indicate that one of the
most effective ways to reduce heat losses in the
building is temperature regulation with the
implementation of the buffer unheated areas. In the
example considered, this method allowed to reduce
heat loss by 34% that is almost equivalent to the
percentage of linear proportional to the percentage of
the area, occupied by buffer zones (30%). 

The method of blocking on the outer wall of
the heated area of the buildings allowed to reduce the
heat loss by 11% in case of blocking from the east
facade, and by 8% at blocking from the west.

Fig. 6 presents the data, obtained for various
variants of heat losses reducing. Reducing heat loss due
to: 1 - buffer space - 34%; 2 - blocking off the east
facade - 11%; 3 - blocking from the west facade - 8%;
4 - Fossil fuel - 47%.
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Table 1. Classification of the sorption capacity of some pharmaceuticals according to their n-octanol-water distribution
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 8 – .
Fig.1. Chart of the experimental setting for

determination of parameters  of to mix a warmth system: 1 – 
sun collector; 2 - is a reservoir; 3 -  is a

motor-reducing gear; 4 - is a frame mixer; 5- is a branch box;
6,7 - are pumps; 8 – electric heater.
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 1. -

Table 1. Main physical and mechanical properties of concrete

 2. 

Table 2 he results of experiments

/

, / 3 ,
/  Rc.,

/ /
28

,
.

28 28
,
.

28

1 600 430 1100 180 0,3 0,4 2390 2350 2375 61,1 58,9 74,5

2 450 465 1195 180 0,4 0,4 2425 2450 2430 47,8 49,6 66,5

3 600 670 855 180 0,3 0,8 2370 2345 2375 58,5 60,9 84,6

4 450 725 930 180 0,4 0,8 2345 2385 2385 39,2 42,9 59,9

5 515 590 1010 180 0,35 0,6 2405 2345 2380 51,0 51,5 68,5

3

,
,

, / 3
R ,

/
28

,
.

28 28
,
.

28

450 600 1040 - 0,43 0,7 2420 2400 2400 39,1 41,8 58,5

Vibropor 450 600 1040 1,83 0,28 1,0 2405 2375 2380 42,1 43,4 61

.
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OPTIMIZATION OF THE PROCESS FOR 
CONCRETE LINE "TENSILAND"

Summary: The results of the optimization of a heavy fine
grained concrete with the use of additives VIBROPOR. The
parameters of the strength characteristics of the optimized
composition.
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.1.  «  –  – »
Fig. 1. Damage to the system, "an array of ground - retention structure - foundation"
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Table 1. Changes in the calculation model in the evaluation of survivability pile retaining structures with specified
single lesions
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Fig. 2. Models of the soil mass and pile retaining structures: a - the array model; b - a potential prism slip; c - single-row retaining
structure, d, - double-row design with a separate grillage and a parallel arrangement of piles: e - same-staggered piles, f - duplex

with a common grillage. cf - respectively the model 1-4
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APPLICATION OF THE APPROACH OF UNIT
VITALITY TO EVALUATE THE 

SURVIVABILITY OF THE PILE RESTRAINT
OF STRUCTURES

Summary. Resistance pile retaining structures ensures
safe use of areas, buildings and structures located above
and below the terrain. In line with this, many of these
facilities in accordance with the regulations require
approaches to ensure their survivability. The proposed
method of determining the survivability of pile retaining
structures allows for the operation stage to assess the
need of strengthening or replacement facilities, and at
the design stage to provide the necessary resistance to
the progressive destruction of the buildings.

Key words: pile retaining structures, persistence,
persistence, progressive destruction
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.1.

1 –  ( ) ; 2 –  ( ) ; 3 – ; 4 –
 ( ); 5 – ; 6 – .

Fig.1. Chart of the swept volume of device of the infra-red drying

1 - corps (chamber) of device; 2 - a tray (surface) with the product of drying; 3 - a source IK radiations; 4 - a lateral
reflector (reflector); 5 - are overhead and lower reflectors; 6 - an air-exhauster.

c.2.

Fig. 2. Calculation area and net of eventual elements at a border
a radiant
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.3.

(  5 )

Fig.3. Calculation area and distributing of temperature on the surface of irradiation 

(a radiant displaced on 5 mm)

. 4. 

1 – ; 2 – ; 3 – ; 4 – ; 5 – 

Fig. 4. Infra-red drying chamber

1 - emitter; 2 -  a lower reflector; 3 - overhead; 4 -  the reticulated tray; 5 -  a corps 
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. 8. 

Fig. 8. Arrangement chart of setting of the infra-red drying of the vine pressing out
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Fig. 9. Sensor for control of temperature
of pressing out
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Table 1. Technical descriptions of conveyer device of the infra-red drying
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ENERGY EFFICIENCY UNIT OF INFRARED
DRYING OF GRAPE POMACE IN A 
CONTINUOUSLY MOVING LAYER

Summary. The poster presents the infrared drying device,
which ensures uniform heat exposure of the upper and lower
surfaces of the drying belt conveyor. Sources of heat radiation
are arranged in one plane with the plane of the conveyor belt,
and the radiation is transmitted to the tape surfaces reflected
from specular surfaces surrounding the tape. It was confirmed
experimentally, that the device provides a product drying
temperature unevenness not more than 2,5 C at average value
from 48 C to 65 C. Energy costs of the device are 1.2 - 1.4
kW•h/kg of evaporated moisture. On the basis of this device,
an infrared drying unit for grape pomace was designed. It
consists of 6 modules of belt conveyor and screw conveyor
with horizontal and vertical parts. The device allows for
turning and loosening the drying product due to oversleeping
product tape-to-tape. Control and management of the emitters
on the product temperature during drying provides high
quality dried pomace.

Key words:drying, vine pressing out, infra-red emitter,
conveyer line, control of temperature.
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. 3.  « »
Fig. 3. Flowsheet ATP and "Diamond"
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Fig. 4. The scheme of movement of a particle under
the influence of gravity and pressure flow of air
entraining
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Fig. 11. The proposed design aeroseparatora
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AERODYNAMIC SEPARATION OF SEED OF 
AGRICULTURAL CULTURES IS IN SMALL 

DEVICES
Summary. Work is devoted the decision of task of the
processing of seed of agricultural cultures in small
agricultural enterprises and directed on the increase of
efficiency of devices for pre-cleaning of seed by
conditioning for the high-quality division of seminal
lots in the aerodynamic devices of cleaning and
separation.
Keywords: rough-down, seed, aerodynamic
separation.
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. 7. -50

Fig. 7. Breaking machine MR-50
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3.
. ( . 10).

4.
.

( .1. .2.) .

. 8.

Fig. 8. Step uploading samples, followed by adjustment to 
failure

.1.

Table 1. Series with side plates without bias

, %

,
.

,
.

1 1 8 12,5 12,5

3

2

3

5

8

12,7

12,5

13,3

12,5

5

6

7

8

8

12,5

12,8

12,8

12,7

7

9

10

11

8

12,6

12,4

12,92

12,64

10

12

14

15

8

12,6

12,5

12,4

12,5

15

16

17

18

8

12,5

12,5

12,04

12,46
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.2.

Table  2. Series with side plates shifted

,
%

,
.

,
.

4 8 12,8 12,8

1 34 8 12,6 12,6

3

20

32

33

8

12,6

12,48

12,72

12,6

5

29

30

31

8

12,58

13,16

12,8

12,85

7

26

27

28

8

12,88

12,76

12,6

12,75

10

13

24

25

8

12,7

12,96

12,24

12,63

15

21

22

23

8

12,56

12,44

12,58

12,53

)

)
. 9.

) -3; ) -100
Fig. 9. Reading of tensometry

) CTM-3; ) PD-100M

. 10..

Fig. 10. Tests a reinforcing bar being supply
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. 11.. V-

Fig. 11. V-shaped fuller with staggered joints plates

. 12..

Fig. 12. Crownlike fuller offset joints without plates
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INFLUENCE OF ASYMMETRY LOCATION
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REINFORCEMENT A500S AT LOW-CYCLE

FATIGUE RESERCH

Summary. In this paper are presented for the consideration of
the results of research rebar A500S for differences in the types
of welded joints in accordance with GOST 14098-91 S21Rn
executed in parallel and offset. The recommendations on the
implementation of welded joints of heat-strengthened steel.
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 1. 

-  « »

Table 1. Results of researches of maintenance of oil are in soils of sanitary-hygienic area of «Neftebazy»

/ ,

/  [15]
, /

1 106 , 0,0-0,05

240

928,0

2 107 , 0,0-0,05 810,0

3 111 , 0,0-0,05 1330,0

4 114 , 0,0-0,05 1320,0

5 122 360,0

.

,
« », ,

.

 « »,

.
 « »

1,5…2,5

 ( . 2). 
. 2

 « ».

, ,
2,5 ,

 (
,

,
, ).

. 2.
 « »

Fig. 2. Chart of selection of ecological tests of ground-waters from the bored mining holes
there is «Stroydetal'» on territory of factory
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Table 2. Results of determination of concentration of oil of ground-waters from mining holes on territory of factory
«Stroydetal'»

/

,

/

, /  [16] 0,05

1 154 1,  2,2 158,0

2 155 2,  1,5 1,47

3 156 3,  1,5 2200,0

4 157 4,  1,5 1,32

5 159 5,  2,2 175,0

6 161 6,  1,5 26600,0

7 162 7,  2,2 1,32

8 163 8,  2,5 0,37

 « »

24 . 2, 100
.

,
, ,

.
i = 0,016.

k = 10 / .
m = 0,135.

H =
1,5 .

L = 2,5 .

,

 [17]: 

ikV  , (1)

: k –
; i

– .

 (2):

mVV / , (2)

: m – .

24

.

,

.

,

, -
:
 [18].
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COMPREHENSIVE APPROACH TO AN 
ASSESSMENT OF CONTAMINATION BY OIL
PRODUCTS OF ECOSYSTEMS OF SEASIDE

CITIES (an example Feodosiya)

Summary. The results of complex geoecological researches
of territory are presented in the article Feodosiya and the
coefficients of danger of ecosystem of functional areas of city
are certain. For Feodosiya, on the example of enterprise on
providing oil, contamination of soils is exposed, ground-
waters and off-shore area exterminating oil. Technical
decisions are considered on deleting of oil from ground-waters
and localization of hearth of contamination.

Key words: coefficient of danger of ecosystem,
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(2+3,5+4,5 - 70°  ( + +
)).

- / ,

- ,

, ,
28 ,

1.
. .2.7-223:2009

 1.
Table. 1. Summery plate of facts multifactorial experiment

.
.

.
/ 3.

.
.

/ 3.

.

.

,

.

.
.

28 .X1 X2 X3

, % 

/

1 1 1 1 21.22 0.45 1.175 2103 2097 18,05 26,2

2 -1 1 1 8.78 0.45 1.175 2037 2037 20,08 22,8

3 1 -1 1 21.22 0.41 1.175 2001 2036 11,79 19

4 -1 -1 1 8.78 0.41 1.175 1989 1999 16,32 18,3

5 1 1 -1 21.22 0.45 1.145 2135 2108 19,17 23,3

6 -1 1 -1 8.78 0.45 1.145 2095 2082 22,03 22,7

7 1 -1 -1 21.22 0.41 1.145 2034 2046 11,19 18,4

8 -1 -1 -1 8.78 0.41 1.145 1996 2010 13,64 17,6

 2. 
Table. 2. Concrete analyses for the multifactorial experiment

, , , ,
1 850 783 513 197
2 850 785 513 197
3 850 831 513 179
4 850 833 513 179
5 850 769 513 202
6 850 771 513 202
7 850 818 513 184
8 850 820 513 184
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.1,2,3,4

. 1. .  5.
Fig. 1. photo of the assays after the extrusion. Analyses 5. 

. 2. .  6.
Fig. 2. photo of the assays after the extrusion. Analyses 6 

. 3. . 5
 Fig. 3. photo of the assays after the steaming. Analyses 5 

. 4. .  6. 
Fig. 4. photo of the assays after the steaming. Analyses 6
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[2].

,
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.

[3, 5].

.

0.05. . .
0.269209

0.390993.

6.08258
32.
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32 0.025 (2-
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, .
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4.

1.4022.

4 32
0.05 – 2.66844. ,
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(1)

3.
. 3. /

 – 1,16 / 3.
Fig.3. Relation of the strength on pressure after TVO from the amount of the addition and R/S with the proportion by

fixated – 1,16 g/sm3.
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Fig.4. Relation of the concrete body from R/S with the proportion and the amount of addition
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MATERIAL CONSERVING FACTORS IN THE
TECHNOLOGY OF WALL PRODUCTS OF 
SLAG ALKALI CONCRETES BASED ON 

WASTE MATERIAL OF LIMESTONE, SHELL 
ROCK AND ALKALI SILICATE SAWING

WITH ACIDITY INDEX MC = 1,5…1,7 AFTER 
WARM AND HUMID MANUFACTURE.

Summary: Presented optimizations of analyses light-duty
concretes using carbonaceous waste materials, blast-furnace
slags and modificated alkali silicate with mc= 1,5-1,7.
Ascertained parameters of stability characteristics with middle
body and resistance to the atmosphere effect.

Key words: alkali silicate, blast-furnace grained slag, slag
alkali cement, water absorption, coefficient of softening,
fineness of milling, body of solution, strength.
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
=1,65 =1,59, =1,18 / 3.


.


.
  ( . . .

) – .

 -
 – .

=1,12.

.

.

(Na2SiO3)
.

 –

,
 ( ),

.
,

,
,

.

-

( ) ,
.

:
5-10

0,9 / 3;
<5 1,2 / 3;

– 2,71 / 3
.

 1. .
Table. 1. Chemical analyses of the metallurgical slag and natural zeolite

%

SiO2 Al2O3 Fe2O3 CaO MgO SO3 2 5

41,66 3,52 1,015 47,78 3,03 0,34 0,008

77,75 12,57 1,42 2,26 0,93 2,68 0,088
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. 1.  3 
Fig. 1. Structure of breakup of the cylinder analyses diameter 3 cm after the test on compressing

 2.  3 ,

Table. 2. The results of the test on compressing after the steaming of different analyses of the cylinder assays diameter 3 cm,
produced by the technology of the half-dry pressing

, S , 2/ R ,

1.1 " " 10 5800 28,4

1.2 " " 30 5800 42,8

2.1 " " 10 3270 11,4

2.2 " " 30 3270 22,2

3.1 " " 10 3270 11,75

3.2 " " 30 3270 25,4

4.1 " " 10 4200 9,4

4.2 " " 30 4200 25,5

5.1 " " 10 4200 9,2

5.2 " " 30 4200 20,3
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: – (70%)
(30%); – (85%) (15%); –

, (60:10:30%); « » - ; « » - .
, =1,18 / 3 (7%).

 50:50 %.

:

R  = 0.68-5.82*X1+0.44*X2+0.66*X3+0.005*X4,

:

 X1 - ;

X2 -

X3 - ;

 X4 -  (S );

 ( ).

.2

Fig.2 The diagram of the bound strength relation by
pressure of cylinders specimen from the pression of
compaction and specific surface

:  – 
 ( ).

 3.  ( . , )  (Wm)

Table. 3. Indices of water-resistance K softening and water absorption from the concrete analyses by the half-dry
technology

1 2 3 4 5

3 28
28 28

28

. 0,77 0,95 0,82 0,99 0,87 1 0,87 0,79 0,86 0,89

Wm, % 9 4,5 18 17,5 18 17,5 18 9,5 15,7 15

:  ( )
.

 1.  +18  – 2 ;
 2.  +18  +80 - 3 ;

 3.  +80 
±5  – 7 ;

 4.  +35  – 3 ;
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.3  ( . )

Fig.3 The diagram of the bound of water-resistance K softening and water absorption from the concrete analyses by the half-dry
technology

.4.  28 .
Fig.4. Analyses cylinders from the slag alkali concrete after the steaming with maturing 28 days

1.

15%
.

 30  25,4 .
2.

.

3.

.
4.

.
5.

.
 0,8. 

.

.



, , Irina Levshits,

216

1. . ., 1967.
. – ., . – 286.

2. . ., 1975. . –
XXI .- . . -

. – .: , 124 - 126.
3. . ., 1959. . -

.: . – 172.
4. . ., . . ., 1993.

. – .,
. -  224. 

5. ,
., 1976. / . . . –

.: . -144.
6. 2.7-188: 2009. .

. - .:
. - 84.

7. 2.7-187: 2009.
. .

. – .:
. – 126.

8. 2.7-214: 2009.
. .

. – .:
. – 96.

9. 2.7-187: 2008. .
. – .:

. – 56.
10.

ACI 302.1R-04: 2004.
11. 2.7-46: 2008. .

. – .:
. – 48.

12. 2.7-185: 2009. « .
,

». –
.: . – 76.

13. . ., . .,
., 2013.

-
.//

MOTROL. -  Vol. 15, 5, 23 - 30. 
14. . ., 2009.

.// MOTROL. - 11 , 239 -
246.

15. ., 2013. -

.//
MOTROL. -  Vol 15, 5, 107 – 113

RESEARCHING THE INFLUENCE OF 
CARBONACEOUS WASTE MATERIALS AND 

ZEOLITES ON THE PHYSIC AND 
MECHANICAL PROPERTIES OF THE FINE-
GRAINED SLAG ALKALI CONCRETES ON

THE BASE OF ALKALI SILICATE WITH
ACIDITY INDEX MC=1,5…1,7

Summary: Presented optimizations of analyses light-duty
concretes using carbonaceous waste materials, blast-furnace
slags and modificated alkali silicate with mc= 1,5-1,7.
Ascertained parameters of stability characteristics with middle
body and resistance to the atmosphere effect.

Key words: alkali silicate, blast-furnace grained slag, slag
alkali cement, water absorption, coefficient of softening,
specific surface, body of solution, strength.



195

MOTROL . COMMISSION OF MOTORIZATION AND ENERGETICS IN AGRICULTURE – 2014, Vol. 16, No. 5, 195–202MOTROL,2014,Vol 16, 5,217-223

217

-

-

: . , .  181

. .
.

.
.

: , , , , ,

,
.

.

, ,
.

,
,

.
,

,

[2, 3] ( .1). ,
,

.

 «
»,

.

:
-  (

, , );
-

;
-

;
-

;
- .

.1
1

2
3

. 1
2 ,

3 -
.  1 .

 ( .1)
1 2,

,
,  ( .2)

.1.
Fig.1. General view of supporting block of marine platform



196

-

218

.2. : 1 – , 2 – , 3 –

Fig.2. A calculation model of pile is in the directing union coupling: 1 – a pile, 2 – directing union coupling, 3 – cementfiller
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Fig.7. Value of coefficient  depending on n and l
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TENSE-DEFORMED CONSISTING OF 
ELEMENTS OF KNOT FIXING OF PILES OF 

SUPPORTING GRILLAGE OF MARINE
STATIONARY PLATFORM

Summary. The tense-deformed consisting of elements of knot
of fixing of piles is examined of supporting grillage of MSP.
The calculation model of structural decision of knot is offered.
Character of distributing of moving efforts in an interpipe
filler along fixing and influence on it of correlation of areas of
cross-sectional of pile and sending union coupling is rotined.
A method over of determination of maximum bearing strength
of fixing of pile is brought in a grillage.

Key words: marine platform, fixing, piles, union coupling,
interpipe filler, efforts.
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FATIGUE RESERCH

Summary. In this paper are presented for the consideration of
the results of research rebar A500S for differences in the types
of welded joints in accordance with GOST 14098-91 S21Rn
executed in parallel and offset. The recommendations on the
implementation of welded joints of heat-strengthened steel.

Key words: A500S, S21Rn, pair.
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Fig. 2. Elements of the samples after the
destruction of OSB sheet:

and - the destruction element OSB with single
pegs from stretching;

b - the destruction element OSB with two pegs
(step 100 mm) of the shear.
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 2 .
Table 2 Limit loads on composite beams

, ,

,

max

*

Qmax, .,
2

J ,

4

-200 200 10 35 35 4/60 4,35 2,75 57,7 2094

-250 250 10 38 38 4/65 6,5 3,45 68,64 4807

-400 400 12 38 38 4/50 13,50 7,45 78,64 19200

 3.
Table 3. Allowable spans composite beams

-200

, 1,00

, 1,5 2,00 2,50

, ,

0,4 4,75 4,45 4,10

0,5 4,35 3,95 3,67

0,6 3,95 3,65 3,35

-250

, 1,00

, 1,5 2,00 2,50

, ,

0,4 5,95 5,55 5,25

0,5 5,45 4,97 4,85

0,6 5,10 4,71 4,53

-400

, 1,00

, 1,5 2,00 2,50

, ,

0,4 9,30 8,90 8,40

0,5 8,70 8,30 7,75

0,6 8,30 7,65 7,10
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Fig. 1. Schematic of the formation of vapor-gas bubble in a gas-liquid vortex layer plates [7]: 1 - swirl

vane 2 - slit opening 3 - core swirler 4 - oval-cylindrical bubble.
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между лопастями завихрителей b = 3 мм. Средняя 
скорость газа перед вихревой тарелкой 
варьировалась в пределах 1,5-3 м/с, 
влагосодержание варьировалось в диапазоне 0,01-
0,5 кг/кг с.в. параметр kb для расчета скорости у 
поверхности пузыря принимался равным 0,003. 

Проведенный анализ параметров 
тепломассообмена вихревой тарелки (αвт) и их 
сопоставление с эксперементальными и расчетными 
зависимостями  для традиционной (дырчатой) 
тарелки (αдт) [12] показывает превышение 
коэффициента теплоотдачи вихревой тарелки на 5% 
при скорости газа 1,5 м/с и dв0 = 0,2 кг/кг с.в., и 9% 
при dв0 = 0,5 кг/кг с.в., а при скорости 3м/с – 5,7% и 
13% соответственно. 

Температура жидкости Тж по которой 
определяется температура жидкости на поверхности 
пузыря Тw в (3), является переменной величиной. 
Для ее определения записано уравнение теплового 
баланса в контрольном объеме газожидкостной 
смеси. Изменение теплосодержания жидкости за 
единицу времени можно определить из 
соотношения [9]: 

,
)(
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)1(
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


              (5) 

где Тж0 – температура охлаждающей 
жидкости поступающей в камеру аппарата; vпf

n – 
нормальная составляющая скорости охлаждающей 
жидкости, поступающей в контрольный объем; Sv – 
площадь поверхности ограничивающая 
контрольный объем; sп =4πrw

2/V – удельная 
теплоотводящая поверхность пузыря; ds – 
ориентированный по нормали элемент площади 
поверхности Sv. 

Уравнение теплового баланса для жидкости 
в контактном аппарате с вихревой тарелкой (5) 
может быть представлено в интегрально-
дифференциальном виде:  
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                                             (6) 
 
Здесь 0/~ rrr ww , где r0 – радиус отверстия; 

h0 – высота светлого столба жидкости над решеткой; 
S0 – относительная площадь живого сечения 
решетки;  – газосодержание в пенном слое; q – 
коэффициент орошения; f – частота отрыва пузырей 
(для воды f = 20 1/с) 

Расчеты изменения температуры жидкости 
в пенном слое при подаче воздуха с невысоким 

начальным влагосодержанием (dв0 = 0,4 кг/кг), 
позволили показать, что количество теплоты, 
поступающее из газа в жидкость оказывается 
недостаточным для преодоления потерь тепла на 
испарение.  

Поэтому с течением времени происходит 
незначительное уменьшение температуры жидкости 
в слое, которое не превышает 2 % от 
первоначального значения. Однако массообменные 
процессы, протекающие при повышенном 
влагосодержании, оказывают существенное влияние 
на теплопередачу. Это подтверждает быстрый рост 
температуры, с которой жидкость поступает в 
камеру аппарата (dв0 = 0,5 кг/кг).  

 
ВЫВОДЫ. 

 
Анализ результатов расчета теплообмена в 

вихревой тарелке также показывает, что 
определяющая роль принадлежит процессам 
конденсации реализующимся на внутренней 
поверхности формирующихся пузырей. 

На эффективность теплопередачи 
оказывают существенное влияние массообменные 
процессы, протекающие при повышенном 
влагосодержании, при этом определяющая роль 
принадлежит процессам конденсации, которые 
происходят на внутренней поверхности 
формирующихся пузырей. 
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Summary. The analysis of the devices for the 
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devices. Improved mathematical model for the 
conditions of heat and mass transfer in a foam apparatus 
with vortex plate. Calculated heat transfer coefficients, 
and compares them with the heat transfer characteristics 
of the traditional plate. 
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. 1. 1.
Fig.1. Stand for study of the discharge blower models
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. 2.  ( lk =3.5)

Fig.2. Dependence between the performance of an intake model and disk speed totation.
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Fig.3. Dependence between the performance anf capacity of an intake model and concrete layer thickness.

1,2 – derived curves;
3,4 – experimental dependences.
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INCREASING ENVIRONMENTAL SAFETY
AND REDUCTION OF ENERGY

REQUIREMENT OF CONVEYING
EQUIPMENT IN THE CONSTRUCTION

INDUSTRY

Summary The paper contains experimental technique for
studying pneumatic conveying equipment based on the
principle of workflow physical modeling, allowing to reduce
cost and time of setting up a mass production of new machines
by 2-3 times. The paper describes the optimal parameters for
discharge blower intake of concrete and mineral powder that
reduce external spray losses by 15 - 20 % for concrete and 30-
50% for mineral powder that enables to reduce industrial
pollution and improve sanitary conditions of work.
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Fig. 2. the erection of
monolithic columns in
the formwork from
durable cardboard
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Fig. 5. the erection of monolithic columns in

timbering of firm cardboard at building of hotel
"Moscow"
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STUDY ON THE EFFICIENCY OF 
ORGANIZATIONAL AND TECHNOLOGICAL
PROCESS OF ERECTION OF THE COLUMNS 

OF THE PARKING LOT IN CONCRETE 
FORMS

Summary. Construction technology of formwork and its price
depends on the material from which it is made: steel, wood,
laminated plywood, aluminum, plastic, etc. in the article are
invited to consider the application of permanent formwork for
parking along with common formwork systems. Shows the
advantages of the application of permanent formwork.
describes the technology works on the device of columns in
concrete forms. compare key technical and economic and
technological indicators of main types of formwork.

Key words. Permanent shuttering, trubobeton, cardboard,
styrofoam, concrete formwork, temporary stability,
complexity
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МЕХАНИКО-ТЕХНОЛОГИЧЕСКИЕПРОБЛЕМЫ УСОВЕРШЕНСТВОВАНИЯТЕХНИКИ ДЛЯ
РАЗБОРКИ ЗАВАЛОВ РАЗРУШЕННЫХ ЗДАНИЙ

Шатов Сергей

ГВУЗ «Приднепровская государственная академия строительства и архитектуры»

Украина, 49000, Днепропетровск, ул. Чернышевского, 24а, e-mail: shatovsv@yandex.ua

Аннотация. При ликвидации аварий и стихийных бедствий гидравлические экскаваторы являются основными
технологическими машинами при разборке завалов разрушенных зданий и сооружений. Разработано рабочее оборудование,
которое может адаптироваться к разнообразной форме и размерам обломков разрушенных объектов, что сокращает время
спасательных и восстановительных работ.

Ключевые слова: аварии, стихийные бедствия, разрушения, разборка завалов, оборудование экскаваторов.

ВВЕДЕНИЕ

Техногенные катастрофы, аварии и
стихийные бедствия приводят к повреждению или
разрушению зданий, сооружений и транспортных
сетей. Под завалами разрушенных объектов могут
находиться потерпевшие. Разборка завалов и
поврежденных зданий выполняется машинами и
механизмами, которые не отвечают требованиям
этих работ, что приводит к выполнению
спасательных или восстановительных работ по
несовершенным технологическим схемами, а это
увеличивает сроки и трудоемкость их ведения.
Поэтому необходима разработка технологических
решений разборки завалов, поврежденных или
разрушенных зданий и сооружений с
использованием новых типов машин и их рабочего
оборудования.

АНАЛИЗ ПУБЛИКАЦИЙ

Проявлениями техногенных катастроф и
аварий являются взрывы газа, пожара, разрушения
сетей водоснабжения и канализации. К стихийным
бедствиям относят землетрясения, ураганы, сдвиги
грунта и наводнения. Сооружения и здания могут
быть разрушены или повреждены во время
военных конфликтов и террористических актов.

Разрушение сооружений и зданий в зависимости от
источника аварии или стихийного бедствия, их
мощности, времени действия и других факторов
имеет вероятный характер [1 - 9]. В то же время
определены отдельные закономерности их
разрушения [10]. Знание этих закономерностей
позволяет обоснованно спланировать и выполнить
работы по разборке завалов и поврежденных
зданий.

Анализ аварийно-спасательных работ в
Армении (1989 г.), Нью-Йорке (2001 г.),
Днепропетровске (2007 г.), Евпатории (2008 г.),
Луганске (2009 г.), Астрахани (2011 г.), Харькове
(2012 г.) показал, что разборка завалов и
поврежденных зданий выполнялась путем
подготовки площадки, обрушением неустойчивых
строительных конструкций, разрушением
поврежденных конструкций и крупногабаритных
обломков; погрузкой и вывозом продуктов
разборки завалов [1 -2]. На всех этапах используют
самоходные краны с телескопической стрелой
(рис. 1, а). Это позволяет захватывать и поднимать
обломки завалов на расстоянии 30 – 40 м от крана.
В качестве рабочего оборудования на кранах
используют крюковые подвески со стропами.

Сергей Шатов
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2006р.)

а) б)

Рис. 1. Разборка завалов в Днепропетровске (Украина, 2007 г.):

а - телескопическим краном; б – экскаватором с ковшом

Fig. 1. Sorting out the obstructions in Dnepropetrovsk (Ukraine, 2007):

a - with a telescopic faucet; b – with  a power-shovel with a scoop

а) б) в)

Рис. 2. Рабочие органы для разборки завалов:

а - ковш с захватом в виде челюсти; б – гидроножницы; в – захват

Fig. 2. Labour bodies for sorting out  obstructions:

а - a scoop with a grip as a jaw; б – hydraulic shears; в – a grip

Сергей Шатов
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Существенным недостатком такого
оборудования является необходимость заведения
строп под обломки в случае невозможности
захвата обломков за обнаженные металлические
детали. Это требует ручного труда спасателей и не
всегда возможно завести стропы под обломки.
Ручные операции со стропами увеличивают
вероятность повторного обрушения элементов
завалов и не обеспечивают безопасность ведения
спасательных и восстановительных работ.

Значительный объем работ по разборке
завалов и поврежденных зданий выполняется
гидравлическими экскаваторами с разными типами
рабочих органов (рис. 1, б и рис. 2): ковши,
захваты, ковши с захватами в виде челюсти,
гидроножницы, рыхлители.

Применение ковшей на экскаваторах
обеспечивает возможность разборки завалов,
которые имеют объем обломков не больше
0,3...0,5 м3. Большие обломки не загружаются в
ковш экскаватора (рис. 1, б), который нуждается в
использовании другой дополнительной техники
или применения ковша с захватом в виде челюсти
(рис. 2, а). Обломки крупных размеров (плиты
перекрытия, панели, перемычки) измельчают и
схватывают гидроножницами (рис. 2, б). Однако,
рабочие части их зубьев не могут адаптироваться к
разным формам обломков, что ухудшает
надежность их удержания и безопасность
выполнения работ. Тот же недостаток имеют
конструкции захватов (рис. 2, в).

Недостатком известных технологических
схем разборки завалов и поврежденных зданий с
использованием экскаваторов является отсутствие
рабочего оборудования, которое позволило
эффективно извлекать из завалов обломки разных
форм, размеров, массы и надежно фиксировать при
перемещении их в автотранспорт.

ОСНОВНЫЕ РЕЗУЛЬТАТЫ И ИХ
АНАЛИЗ

Разработаны конструкции выполнения
захватов, которые позволяют адаптироваться к
разнообразной форме обломков и поврежденных
строительных элементов зданий, что обеспечивает
их надежное удержание [11, 12].

Технологическое оборудование (рис. 3)
содержит рукоять 1, на который с помощью
кронштейнов 2 шарнирно установлены подвижные
зубья 3, связанные с гидроцилиндрами управления
4. Внутренние поверхности подвижных зубьев 3
оборудованы эластичными камерами 5, которые
связаны трубопроводами 7 с компрессором 6
пневматической системы. Внешние поверхности 8
эластичных камер 5 имеют протекторы 9, а
внутренние поверхности 10 скобами и клиньями
зафиксированы на подвижных зубьях 3.
Захватывание мелких обломков 11 (рис. 3, а)
выполняется эластичными камерами 5 с малым
внутренним давлением воздуха и подвижными
зубьями 3. Внешние поверхности 8 эластичных
камер 5 деформируются, охватывают обломок 11 и
повторяют его форму, что позволяет надежно его
удерживать при подъеме. Наличие внешних
протекторов 9 на камерах 5 также обеспечивает
надежную фиксацию обломков.

При разборке завалов с обломками 12
среднего и крупного размера (рис. 3, б), их
схватывание осуществляется гибкими камерами 5
с большим внутренним давлением, создаваемым
работой компрессора 6 и автоматической системой
его регулирования.

Обломки из завалов, поврежденных или
разрушенных зданий и сооружений, загружают в
транспортные средства, или перемещают на
площадки-склады.

а) б)
Рис. 3. Рабочий орган захвата, который адаптируется к форме и размерам обломков:

а – захватывание мелких обломков; б - захватывание крупных обломков

Fig. 3. Labour body of the grip which adapts oneself to the form and sizes of wreckages:

а - gripping shallow wreckages; б - gripping large wreckages
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а) б) в)
Рис. 4. Рабочий орган захвата с выступающими элементами на протекторах:

а – общий вид; б – фрагмент эластичной камеры; в – захватывание обломка

Fig. 4. Labour body of the grip with scarcements on protectors: 

a - general view; б – fragment of elastic chamber; в – gripping a fragment

Вариантом выполнения рабочего органа
является конструкция захвата (рис. 4), в котором
внешние поверхности 8 эластичных камер 5 имеют
протекторы 9 с выступающими элементами 10,
выполненные с наклоном во внутрь рабочего
органа (рис. 4, б).Во время захватывания обломков
11, наклон выступающих элементов 10 во внутрь
рабочего органа обеспечивает свободный вход
обломков в пространство между эластичными
камерами 5. При сжимании обломков зубьями 3

(рис. 4, в) и его подъеме, выступающие элементы
10 предотвращают обратный выход (падение)
схваченного груза.

Для повышения эксплуатационной
надежности разработанных захватов внешние
поверхности эластичных камер целесообразно
армировать кордом (в виде металлического
провода) или использовать захват, который
приведен на рисунке 5.

а) б)

Рис. 5. Рабочий орган захвата с ребристыми асимметричными зубьями:
а – общий вид; б – захватывание обломка

Fig. 5. Labour body of the grip with ribbed asymmetric teeth:
а - general view; б – gripping fragment

Сергей Шатов
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Внутренние поверхности 7 и 8
подвижных зубьев 3 и 4 выполнены ребристыми.
Меньшие по размеру участки 9 и 10 поверхностей
7 и 8 ориентированные во внутрь рабочего
органа, а на зубьях 3 и 4 они смещены между
собой по высоте (рис. 5, а). При выполнении
работ по разборке завалов, а также поврежденных
зданий и сооружений, захватывание обломков 11
выполняется подвижными зубьями 3 и 4 (рис. 5,
б). Наличие ребристых внутренних поверхностей
7 и 8 обеспечивает надежное удержание грузов за
счет большого удельного давления на их
поверхности. Кроме того, меньшие по размеру
участки 9 и 10 ориентированные во внутрь
рабочего органа, что не позволяет грузу 11
выходить из него при сомкнутых зубьях 3 и 4. 

Каждый из разработанных видов захватов
устанавливается на поворотном модуле рабочего
оборудования экскаваторов, что обеспечивает их
пространственную ориентацию для схватывания
из определенной части завала одного или
нескольких обломков зданий. В гидросхемах
управления гидроцилиндрами замыкания зубьев
или ножниц установлены гидрозамки,
предохраняющие оборудование от падения
давления в системе и размыкания рабочих
органов, а следовательно от падения груза
(обломка). Наличие в захватах гибких камер или
зубьев с ребристыми рабочими поверхностями
дублирует работу гидрозамков (в случае утечек
рабочей жидкости), повышает эффективность и
безопасность применения оборудования.
Особенно это является важным при разборке тех
частей завалов, где могут находиться
потерпевшие.

Эксплуатационная производительность
ПЕЗ экскаваторов с захватом при разборке
разрушенных зданий и сооружений может быть
рассчитана выражением:

ВГ
цз

ЕЗ KKQ
Т

=П ⋅⋅⋅3600
,  (1)

где Q – грузоподъемность, т;

КГ – коэффициент использования
экскаватора по грузоподъемности, КГ= 0,6…0,8;

КВ– коэффициент использования
экскаватора по времени, КВ = 0,8…0,85;

ТЦЗ – длительность рабочего цикла, с.

Длительность рабочего цикла ТЦЗ при

работе захватом

..... 2 опрозвперпсхцз tttt=tТ ++++ , [с], (2)

где сх.t – время схватывания обломка, с; пt –

время на подъем обломков, с; .перt – время на

перемещение обломков, с; розв.t – время разгрузки, с;

оп.t – время на опускание рабочего оборудования к

разрушенному зданию, с.

Эксплуатационная производительность ПЕК

экскаваторов с ковшом обратной лопаты
рассчитывается выражением:

ВН
ц

ЕК KKq
Т

3600=П ⋅⋅⋅ ,  (3)

где q – вместимость ковша, м3;

КН – коэффициент наполнения ковша,

КН = 0,8…0,9.

Длительность рабочего цикла ТЦК при работе
ковшом

..... 2 опрозвперпзапцк tttt=tТ ++++ , [с] (4)

где зап.t – время заполнения ковша

обломками, с.

Анализ и сравнение показателей работы
экскаваторов с разными видами рабочего
оборудования целесообразно выполнять отдельно для
спасательных и восстановительных работ. При
ведении спасательных работ, когда из-под завалов
необходимо освободить потерпевших, критерием
является минимальный срок разборки этих частей
завалов. В этом случае выбирают оборудование,
обеспечивающее наибольшую производительность
работ, а также определяют количество машин
(экскаваторов) исходя из возможностей их размещения
в стесненных условиях разрушенных зданий и
сооружений [10]. 

При восстановительных работах виды
рабочего оборудования экскаваторов определяются не
только характером разрушений и их объемом,
последовательностью извлечения обломков, их
размерами и массой, но и экономическими
критериями: меньшей стоимостью машино-смены

(1)

(2)

(3)

(4)

:

:

:
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экскаваторов и транспортных средств,
используемых для вывозки обломков и элементов
зданий; себестоимостью разработки 1м3 завала.
Кроме того, для этих работ требуется
специальное исполнение рабочего оборудования
экскаваторов – стрелы должны иметь
значительную длину для разборки элементов
верхних этажей поврежденных зданий. Для
снижения утомляемости машинистов
экскаваторов и повышения производительности
работ кабина оператора выполняется с
возможностью регулирования ее наклона, что
улучшает обзорность разбираемой части здания.
При восстановительных работах,
характеризуемых значительным количеством
одновременно выполняемых операций в разных
частях разбираемого завала или здания, надежное
удержание извлекаемых обломков
разработанными конструкциями захватов
способствует их безопасной организации и
проведению.

Количественный состав машин для
разборки разрушенных зданий определяется на
основе исходной информации о размерах, массе
обломков и фракционном составе завала. Такие
исходные данные получают обследованием
завалов спасателями или разработанным методом
их сканирования с последующей компьютерной
обработкой [10]. Обломки объемом более 0,8 м3

целесообразно извлекать из завала экскаваторами
с захватами, выполненные с гибкими рабочими
поверхностями, а обломки объемом менее 0,8 м3 –
с привлечением также и экскаваторов, которые
оснащены ковшами с челюстью (многоцелевыми
рабочими органами).

Расчет количества техники для разборки
завалов производится в такой
последовательности:

1. Определяется количество обломков в
завале:

1

,грi
грi

грi

к Vi зin G
γ⋅

= ∑ (5)

где кі – коэффициент, учитывающий
фракционный состав обломков разрушенного
сооружения; Vгрі – объем обломков; γз – объемная
масса завала, γз = 1,5 – 1,7 т/м3; Gгрі – масса
обломков.

2. Время разборки завала, когда
убирается часть крупных обломков и не

трогаются мелкие обломки (спасательные работы):

( )
( )1

,грі Giі м
СпР цi п

гр і м

к V Рзі
Т Т к G

γ⋅−

−

⋅ ⋅ ⋅
= ⋅ ⋅∑ (6)

где Тцi – продолжительность рабочего цикла
экскаватора (2); кn – коэффициент, учитывающий
подъем части обломков завала при спасательных
работах, кп = 0,3…0,5; (і-м) – грузы без мелких
обломков; PGi – вероятность появления
соответствующего по объему обломка.

Вероятность появления обломка определенной
массы может быть представлена на основании теории
массового обслуживания, как вероятность появления
числа, событий для стационарных (Пуассоновских)
потоков.

( )
( )

!

nt tP en n
λ λ−= ⋅ , (7)

где n – число событий (обломков) в системе; λ
– интенсивность появления обломков; t – промежуток
времени, в течении которого осуществляется событие.

Относительно данной задачи выражение (7)
примет вид:

1

1
!1 ( )!

,Gi nm

n

P
m
m n

ψ
=

=
+ ∑ −

(8)

где m – максимально возможно число
обломков в завале; Ψ – коэффициент загрузки
экскаватора

Ψ=λ / μ,
где λ – интенсивность поступления

транспортных средств для вывоза элементов завала; μ-
интенсивность работы экскаватора.

Для рассматриваемой задачи PGi = 0,1…0,7.
Коэффициент загрузки экскаватора также может

быть определен выражением

,ц П

ц

T Т
Тψ
−

= (9)

где ТП – время простоя экскаватора.
3. Время разборки завала, когда необходимо

убрать все обломки разрушенного здания
(восстановительные работы ):

1

,грi
ВсР цi грi цi

грi

к Vі зiT Т n Т G
γ⋅ ⋅

= ⋅ = ∑ (10)

4. Количество экскаваторов при спасательных
работах NСпР и число экскаваторов при
восстановительных работах NВсР:

Сергей Шатов
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; ,СпР ВсР
СпР ВcР

ф B

Т Т
N NТ Т= = (11)

где Тф – минимальное время на разборку
завала (фактор времени), Тф = 6…8 часов [9];

ТВ – время на восстановительные работы.
Минимальное время на разборку завала

(фактор времени) определяется исходя из условия
оказания помощи пострадавшим, находящимся
под обломками в завале. Из опыта ликвидации
стихийных бедствий и техногенных аварий
продолжительность нахождения людей в завалах
разрушенных зданий и сооружений составляет
6…8 часов.

При необходимости использования
других типов машин (погрузчиков, кранов) для
разборки завалов и разрушенных зданий, их
выбор осуществляется по разработанной
методике с учетом фракционной структуры
завалов, месторасположения разбираемого
объекта, наличия транспортных путей движения
техники

Все описанные этапы данной методики
определения размеров обломков, выбора состава
машин и их количества входят в электронную
базу алгоритма принятия научно-обоснованных
организационно-технологических решений
разборки завалов разрушенных зданий и
сооружений, что позволяет в минимальные сроки
составить эти решения для их реализации.

Сопоставительный анализ технико-
экономических показателей ликвидации
последствий взрыва бытового газа по ул.
Мандрыковская, 127, (Днепропетровск, 2007 г.)
показал, что применение разработанных
конструкций захватов обеспечило бы сокращение
продолжительности и себестоимости работ в два
раза.

ВЫВОДЫ

Анализ ликвидации последствий
техногенных аварий и стихийных бедствий
показал, что гидравлические экскаваторы
являются одними из основных технологических
машин при разборке завалов разрушенных зданий
и сооружений, но не могут адаптировать рабочее
оборудование к разнообразной форме и
размерами обломков, что приводит к снижению
надежности захватывания обломков.

Разработаны механико-технологические
решения для захватывания, перемещения и
загрузки в транспорт обломков разной формы и
размеров на базе экскаваторов, которые

обеспечивают повышению эффективности
спасательных и восстановительных работ.
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MEKHANIKO-TECHNOLOGICAL PROBLEMS
OF IMPROVEMENT OF TECHNIQUE

FOR SORTING OUT OF OBSTRUCTIONS OF 
BLASTED BUILDINGS

Summary. At liquidation of accidents and natural disasters
hydraulic power-shovels are basic technological machines
for sorting out obstructions of the blasted buildings and
constructions. Operational equipment which can adapt
oneself to the various forms and sizes of wreckages of the
blasted objects is developed, that shortens time of rescue
and restoration works.

Key words: accidents, natural disasters, destructions,
sorting out obstructions, equipment of power-shovels.
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