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Abstract. The process of washing the elements
of milking machines is one of the most
important  technological  operations, the
efficiency of which depends on the level of
primary contamination of milk. The purpose is
to investigate the operating parameters of the air
injector operation of the milkweed flushing
system of the milking plant and to substantiate
their rational values.

As a result of numerical modeling in the
software package STAR-CCM+ and because of
numerical simulation and experimental studies
of the process of washing the milking line of the
milking plant using an injector, the dependence
of changes in the velocity of the milk and the
degree of purity of the milk line at different
values of its diameter from the working vacuum
pressure, the duration of the interval injection of
the air injector and the duration of the pause of
the air injector.

Comparing  the  theoretical  and
experimental dependences of the Fisher pressure
velocity change, the Pearson correlation

coefficient and the determination coefficient can
confirm the adequacy of theoretical studies.

Solving the compromise problem, which
minimizes the value of the rate of change of
pressure at the highest value of the degree of
purity of the milk line for different values of the
diameter of the milk line were obtained the
corresponding rational parameters of the modes
of operation of the injector.

Key words: milk, milking machine,
washing, modes, numerical modeling,
experimental studies.

INTRODUCTION

As a result of long-term operation of
milk-producing lines of milking machines on

their internal surfaces various in composition,
properties, thickness, strength of adhesion to the
surface of deposition of alkaline and acid nature
are formed. Their presence leads to bacterial
contamination of milk, resulting in a decrease in
its quality and shelf life (Ushakov et al. 2014).
These deposits are formed due to inefficient
washing of milking equipment (Kartashov et al.
2010). Therefore, the process of washing the
elements of milking machines is one of the most
important  technological  operations, the
effectiveness of which depends on the level of
primary contamination of milk.

ANALYSIS OF RECENT STUDIES
AND PUBLICATIONS

Analysis of literature sources has shown
that despite the difference in the quantitative
characteristics of the process of washing
milking machines (temperature, duration) as a
whole in the composition of operations and the
sequence of their execution, there exists
currently a consensus, namely (Ushakov et al.
2014):

— preliminary rinsing and removal of milk
residues with warm water (30-48 °C) for 2-10
minutes;

— preparation of washing alkaline liquids
in hot water at a temperature of 60-70 °C and
washing for 15-30 minutes;

—rinsing and removing residual cleaning
liquids with warm or hot water for 10 minutes;

— washing 1-2 times a week with acid
cleaning liquids;

— flushing the system before starting with
hot water and disinfectant liquids;

— treatment of communications with acidic
liquids with a temperature of 60-70 °C for the
removal of milk stone is carried out after pre-
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rinsing, followed by an intermediate rinse with
hot water at a temperature of 70 °C for 5
minutes, and then washed with an alkaline
liquids.

To increase the efficiency of washing
milking  equipment, systems with  the
spontaneous formation of cortical fluid and air
flow (Berezutsky et al. 2000) are used. The
latter is implemented using air injectors.
However, the modes of their work have not
been fully explored, both theoretically and
experimentally.

PURPOSE AND RESEARCH

Investigate the operating parameters of
the air injector of the milking system flushing
milking device parts and to substantiate their
rational values.

MATERIALS AND METHODS
RESEARCH

OF

The study of the process of operation of
the milk system flushing process with an air
injector was carried out in two stages.

The first stage was performed on the
basis of numerical simulation in STAR-CCM +
software package (Ushakov et al. 2014). The
scheme of numerical experiment is presented in
Fig. 1. Milking line of the milking device is a
straight horizontal pipe with a length of L = 5
m. On the right side on top is mounted an
injector with a diameter of D, = 10 mm. The
continuum of the milking line of the milking
device was formed on the basis of a surface net
mesh generator and a multifaceted cell
generator. The basic net mesh size was 0.001 m.

The  numerical simulations  were
performed on the basis of the following physical
models: multiphase interaction, isothermal fluid
energy equation, gravity field, k-¢ turbulence
model, averaged according to Reynolds
parameters, Noaye-Stokes equation, separated
flow, multiphase state equation, fluid volume
(VOF) , Euler multiphase.

It was assumed that the detergent liquid
during the movement had a constant density of
pr = 997.6 kg/m®, the dynamic viscosity was pi
= 8,88-10 Pa s. The milk also had a constant
density of pm = 1027 kg/m® in the course of
movement, and its dynamic viscosity was pm =

2,72:10° Pa's. The air obeyed the ideal gas
equation. The dynamic viscosity of air was pg =
1.85-10” Pa-s, molecular weight 28.9 kg/moll
(Tsoi et al. 2007).

W,
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Figure 1. Schematic diagram of the
numerical experience of the process of motion
of a multiphase medium on a horizontal milk
line of a milking device

Initially, it was assumed that the entire
volume of the horizontal straight line was filled
with milk, ie an = 100%. The vacuum pressure
was p = 45 kPa. Further, a mass airflow Ws =
0.001 kg/s was performed on the left boundary,
a constant vacuum pressure p (L) = 45 kPa on
the right one, and the injector nozzle was
completely closed.

After 16 s (time was selected from the
condition of stabilization of the milk and air
content in the volume of the milk line), the air
flow stopped. Instead, a mass flow of the
washing solution Ws = 0.2 kg/s was performed
on the left border. Starting at 17 s, the injector
periodically closes (1 s and 9 s) and opens (1 s
and 9 s), combining the internal volume of the
milk mixture with atmospheric pressure and
letting the air into the milk line.

The factors of the studies were the
diameter of the milk line Dn, the working
vacuum pressure pw, the duration of the
injection time of the air injector t;y;, the duration
of the pause of the air injector t,. The
boundaries and intervals of research factors are
presented in Table. 1.

In the process of numerical modeling,
the dynamics of vacuum pressure at the distance
from the left boundary were determined (p (O

m), p (I m),p(@2Zm),p@Bm),p(4m),p(Em)
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and the dynamics of the content of the
components of the multiphase medium (washing
solution oy, air ag, milk om).

A qualitative criterion for the evaluation
of studies of the modes of operation of the milk
flushing system of milk-milking equipment with
an air injector is the average value of the layer
of milk on the pipe wall hy, which was
determined by the formula

Dm _ _ O(’m .
hm_z(l 1 100J @

Table 1 — Limits and intervals of numerical
modeling factors

- —_~ [«5]
?QE §§ Ec%\%ﬂ fma
el 8 S22« |0
T |EEX| S55 | BEES El28s
& |sxg| 2R | S265¢ |EEZ
- SEE| T3 S o288 |
(5] — d.)_coo [72 Bl
< o o O = X0 3 .=
£ =a o2 I
Upper
(+1) 70 75 9 9
Middle
60 60 5 5
(0)
Lower
50 45 1 1
(@)
Interval 10 15 4 4

The smaller was the thickness of the
layer of milk on the wall of the milk line hp, the
better the washing process was performed.

The simulation was performed by
alternating all levels of factors with a total of 3*
= 81 experiments. Then, using the Wolfram
Mathematica software package, a second-order
regression model was determined for each of the
proposed criteria.

The second experimental stage was
carried out on the basis of a laboratory milking
machine with available upper and lower milk
ducts with a flushing apparatus manufactured by
JSC "Bratslav".

The scheme of the experimental stand is
presented in Fig. 2.

MPXS100DP A' To a personal computer Ry

Vacuum pipe

Solenoid valve

)
27210 ((}

i Arduino Uno
i Almega328

— \\2:
$GM20539

MPXS5100DP
@

i MPXSI00DF

To a personal g
computer

& ZET 210

Figure 2. Diagram of an experimental
stand for investigating the operating modes of
the air injector of the milking system flushing
milking device

The stand booth includes: a laboratory of
milking machine (including a milk line and a
vacuum line); air injector, solenoid valve; MFS
- mass flow sensor; four MPX5100DP vacuum
pressure sensors, three of which are located on a
milk line 2 m apart and one is a vacuum wire,
and are connected to the ADC / DAC module
ZET 210; a milk sensor for detecting
contamination of a milk line consisting of LED
1W 100 Lm, photoresistor GM20539, resistor
Ri; = 10 kQ, adjustable resistor R, = 5 kQ,
control boards ArduinoUno ATmega328; Power
Supply.

The general view of the experimental
stand booth is presented in Fig. 3.

view of the

General
experimental stand booth for investigating the
operating modes of the air injector of the
milking system flushing milking device

Figure 3.
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The factors of the experimental studies
are the working vacuum pressure py, the
duration of the injection time of the air injector
tinj, the duration of the pause of the air injector t,
and the volume flow rate of air through the air
injector Qv. The boundaries and intervals of
research factors are presented in Table. 2.

Table 2 — Limits and intervals of experimental
research factors

5 S w kS 8 3
- = _O .
> d5S0 2848597
T :gm:zﬁﬁ“;-q—".:mgoz
2 ES35FEL«s5FE] EST
b m $ SO+ P =9 5 c .5
-~ E S8 E =08 hw | 5L CE
>>q§_'22§'q§)‘§m* 25-;:
:-l—lo._LE q__.a
Upper 300
(.+1) 75 9 9
Mzg;ﬂe 60 5 5 200
Lower (— 45 1 1 100
1)
Interval 15 4 4 100

The working vacuum pressure py Is set
on a laboratory milking machine using a
vacuum regulator and is controlled by the
MPX5100DP vacuum pressure sensor.

The error level of measuring the vacuum
pressure within the test range is + 0.1 kPa.

The duration of the tyy injection and
pause times of the t, air injector is set using the
solenoid valve that is connected to the
ArduinoUno ATmega328 control board. The
error level of the injection and pause cycles is +
1 ms.

The volumetric air flow rate through the
Qv air injector is determined by closing the
openings on the air injector and is controlled by
the BOSH 280218037 FMS sensor.

Before each experiment, the photo
sensor was removed from the laboratory
milking machine, washed, wiped and immersed
in a container with milk, where it was stored for
20 min.

Next, the study factors were set at the
required level and the washing machine was
started in continuous rinsing mode for 30 min.

In the course of the experimental studies,
the dynamics of the vacuum pressure at each of
the connected sensors (po, P1, P2, P3) and the

dynamics of the resistance change on the photo
sensor R¢ were determined.

A qualitative criterion for evaluating
studies of modes of operation of the milking
system flushing system with an air injector is
the degree of purity Omi, which is defined as the
change in the average value of the layer of milk
hmilk on the pipe wall:

h”

_ 100 Mo = Mo, (2

milk h/

milk

0

where . - initial value of the thickness of the

layer of milk on the pipe wall, m;
h” . — the final value of the thickness of

the layer of milk on the pipe wall, m.

According to previous laboratory studies
(Shevchenko et al. 2013) the thickness of the
layer of milk on the wall of the tube was
determined taking into account the value of the
resistance on the photo sensor according to the

formula
hmilk = 1 In & '
k R,

amilk

©)

where Rf — the current value of the resistance
on the photo sensor, Ohm;

Rt — the initial value of the resistance on
the photo sensor, Ohm;

Kumik — indicator of light absorption by
milk, which was determined as a result of
laboratory tests (Coj et al. 2005), m™.

The criterion that limits the operating
parameters of the milking system of the milking
device with the air injector is the value of the
change in pressure at the injection frequency
and the pause of the air injector (rate of change
of pressure) Ap, which is calculated by the

At
formula

& — Prex — Prin (4)

AUttt

The greater the rate of change in
pressure in the milking system of the milking
plant, the greater the likelihood of an
unmanaged hydraulic shock that will destroy
not only the layer of milk and milk deposits on
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the surface of the wall of the milk line, but also
the milk line itself.

Therefore, the rational modes of
operation of the milking system flushing system
with an air injector can be achieved by
minimizing the value of the layer of milk on the
wall of the milk line, the minimum allowable
washing time and the rate of change of pressure.

Experimental studies were conducted
according to the Hartley-Kono plan (Na-Co4)
for four factors at three levels with a total of 18
experiments (Aliyev et al. 2011). Then, using
the Wolfram Mathematica software package, a
second-order regression model was determined
for each of the proposed criteria.

RESEARCH RESULTS

As a result of the first stage, namely
numerical modeling and further processing of
the received data in the software package
Wolfram Mathematica, the dependence of the
change in the value of the thickness of the layer
of milk based on the factors of research was
obtained in the form

hm = 0,87386 — 0,0378379 D, +
0,000609942 D,,* + 0,013656 py —
0,000488142 Dypw + 0,000135725 p,° —
0,02288 tjnj + 0,0001143 Dptinj + (5)
0,00285755 tiy; > — 0,0324547 t, +
0,000305141 Dpt, — 0,00114002 tjnit, +
0,00381425 t,°.

Having the result of dependency (5) it is
established that the larger the diameter of the
milk line used in the milking machine, the
higher the vacuum pressure should be created to
ensure the quality of its walls from the milk
residue. The duration of injection of the air
injector ti,; and the duration of the pause of the
air injector t, should be in the range of 2.9-3.6 s
and 1.9-2.8 s, respectively.

The recalculation of equation (5) by the
formula (2) makes it possible to determine the
theoretical dependence of the change in the
degree of purity Oy On the research factors:

Omi = 12,614 + 3,78379 D, —
0,0609942 D2 — 1,3656 py +
+ 0,0488142 Dpw — 0,0135725 p,/” +
2,288 tinj — 0,01143 Dmtinj — (6)
—0,285755 tin; > + 3,24547 t, —
0,0305141 Dnt, +
+0,114002 tinit, — 0,381425 t,°.

A graphical interpretation of the
theoretical dependence (6) at D, = 50 mm is
presented in Fig. 4.

As a result of numerical simulation and
further processing of the obtained data in the
Wolfram Mathematica software package, the
dependence of the pressure change on the
injection frequency and the pause of the air
injector (the rate of change of pressure) on the
research factors is shown in the form

Ap = 37,6294 — 0,226911 Dy, + 1,75826
At
pw — 0,00763316 p,.° —
— 15,3799 tiy; — 0,0737435 pytin; +

1,01054 ti2 — 3,37464 t, - (7)
—0,0442911 pyt, + 0,925824 tint, —
0,0872651t,’.
A graphical interpretation of the

theoretical dependence (7) at D, = 50 mm is
presented in Fig. 5.

As a result of the second stage, namely
experimental studies and further processing of
the obtained data in the software package
Wolfram Mathematica, the dependence of the
change in the degree of purity Omik on the
research factors is shown in the form

Omi = 29,5872 + 1,42395 py —
0,0155436 p, 2 + 0,0640533 Qy —
—0,0000718187 p,Qv + 0,000110483
Qv’ - 0,121902 tin; —
—0,00398034 pytinj + 0,000214527 Qtin;
—0,080346 tin” + 1,64717 t, +
+0,00567526 put, + 0,00148151 Qut, +
0,129843 tint, — 0,389542 t,2.

Graphical interpretation of theoretical
dependence (8) at Qv = 100 I/min. is presented
in Fig. 4.

The analysis of Figure 4 and the
dependencies (6) and (8) makes it possible to
confirm the variability of the injector operating
modes. Thus, as the working vacuum pressure
pw increases, the degree of purity of the Omik
milk line increases. This observation is quite
logical, as the interaction of the shock wave
resulting from the pulsations of the vacuum
pressure with the layer of milk on the walls of
the milk line increases. For the duration of the
injection cycles ti,; and pause t, of the air
injector, an optimum is observed at which the
degree of purity of the Oy milk line is at its

(8)
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maximum. At the lowest stroke rates, the speed
of propagation of the shock wave is high, which
leads to a decrease in the speed of its interaction
with the layer of milk on the walls of the milk
line. At the highest values of strokes the
magnitude of the shock wave is not large, which
leads to less destructive action on the layer of
milk, which is placed on the walls of the milk
line.

1y
By, %o

— D=

63+ \ I)"'Nu S(Jmm S ‘\"
60
D, =
5
\ D,,,N“".)‘Ulllm :

0055 60 65 00N

Figure 4. Dependence of the value of
the purity of the milk line Omiik on the working
vacuum pressure pw, the duration of the
injection cycle of the air injector ti,; and the
duration of the pause of the air injector t,

Comparing  theoretical (6) and
experimental (8) dependences according to
Fisher's criterion F = 1,88 < Fogs (17; 26) =
2.04, Pearson correlation coefficient r = 0.98
and coefficient of determination R? = 0.96 can
be asserted the adequacy of theoretical studies.

As a result of experimental studies and
further processing of the obtained data in the
software package Wolfram Mathematica, the
dependence of the change in pressure on the
injection frequency and the pause of the air
injector (the rate of change of pressure) from the
research factors is shown in the form

Ap =—9,25598 + 2,04533 py, —
At
0,0117884 p,? + 0,145057 Qy —
12,0428 tiy — 0,0504414 putinj + ©)
0,796128 t;,® — 4,45978 t, —
—0,0270083 putp + 0,812068 tin;ty,.

A graphical interpretation of the
theoretical dependence (9) at Qy = 100 I/min is
presented in Fig. 5.

-\ At
D5 =50 mm
18 \
et D, =50 mm 60
16 iy S 4
5 D, =60 mm 30CS %
\ D, =70 mm ~2 S

Ap,. kPa fas §

50 5 60 65 70 75

Figure 5  Dependence of pressure

change rate value Ap from the working vacuum
At

pressure pw, the duration of the injection cycle
of the air injector ti,; and the duration of the air
injector pause t,

With the increase of the working
vacuum pressure p,, and the duration of the
pause of the air injector t,, the rate of change of
pressure increases. Conversely, with the
increase in the duration of injection of the air

injector ti,, the rate of pressure change
decreases.
Comparing  theoretical (7) and

experimental (9) Fisher's criterion dependences

F = 1,15 < Fogs (17; 26) = 2,04, Pearson
correlation  coefficient r = 0,99 and
determination coefficient R* = 0,98 can be
asserted the adequacy of theoretical studies.

Due to the fact that the rational
parameters of theoretical (6) s (7) and

experimental (8) - (9) dependencies differ, it is
necessary to solve the compromise problem,
which is reduced to minimize the value of the
rate of change of pressure at the highest value of
the degree of purity of the milk:

Q:EL(Dm’ pw ! tinj' tp) - maX,

O (Pus tops £, Qy) = max,

milk

(Apj .(Dm,pw,tinj,tp) —> min, (10)

At

A exper. )
(ATJ (pw’tinj’tp'QV)_)mln'

Solving the system of equations (10) in
the software package Wolfram Mathematica for
different values of the diameter of the milk line,
we obtain the corresponding rational parameters
of the modes of operation of the injector:
at D =50 mm — py = 45,0 kPa, tinj= 6,1

s, t, = 3,85, Q, =300 I/min, (11)
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Omilk = 92,3 %, AP =420 kPa/s:
At
at D =60 mm — py = 45,0 kPa, ti,= 6,1
s, t, = 3,5, Qu =300 I/min,
Omilk = 92,1 %, AP = 42,1 kPa/c;
At
at D =70 mm — py = 60,6 kPa, ti,= 5,9
s, t, = 3,45, Qy =300 I/min
Omilc = 88,4 %, AP = 40,0 kPa/c.
At

CONCLUSIONS

1. As a result of numerical simulation in the
software  package STAR-CCM+ and
experimental studies of the process of
washing the milk line of the milking device
using an injector, we determined the
dependence of the change in pressure
velocity AP/At and the value of the degree of
purity of the milk line Om;i at different values
of its diameter Dy, from the working vacuum
injection of air injector tj,; and duration of
pause of the air injector t,,.

2. Comparing the theoretical and experimental
dependence of the change in pressure
velocity AP/At according to the Fisher
criterion F = 1,88 < Fops (17; 26) = 2,04,
Pearson correlation coefficient r = 0,98 and
the coefficient of determination R? = 0,9 can
be asserted the adequacy of theoretical
studies.

3. Comparing the theoretical and experimental
dependence of the degree of purity of the
Omik milk by the Fisher criterion F = 1,15 <
Foos (17; 26) = 2.04, Pearson correlation
coefficient r = 0.99 and the coefficient of
determination R = 0.98 can be stated the
adequacy of theoretical studies.

4. Solving the compromise problem, which
minimizes the value of the rate of change of
pressure at the highest value of the degree of
purity of the milk line for different values of
the diameter of the milk line were obtained
the corresponding rational parameters of the
modes of operation of the injector: when D =
50 mm — py, = 45,0 kPa, tnj=6,1s,t, =38
s, Qy =300 I/min, Omik = 92,3 %, AP/At =
42,0 kPa/c; at D = 60 mm— p,, = 45,0 kPa,
tinj: 6,1 s, tp = 3,55, QV =300 I/min, Omilk =
92,1 %, AP/At = 42,1 kPa/c; at D = 70 mm
— pw = 60,6 kPa, tini=59 s, t, = 3,4 s, Qy

=300 I/min, Omik = 88,4 %, AP/At = 40,0
kPa/c.

5. It is worth noting that at the Department of
Agricultural Machines of Vinnitsa National
Agrarian University, other scientific studies
on the mechanization of animal husbandry
were conducted. For example, (Hunko et al.
2007) — where the results of studies of heat
utilizer according to given technological and
design parameters are presented.

REFERENCES

Ushakov Yu. A., Terekhov O. N., Vasilevsky
G.P., Danilova N.G. (2014). Preservation of
milk quality by engineering methods.
Achievements of science and technology in
the agro-industrial complex. No. 5. p. 53-56.
(in Russian).

Kartashov L. P., Ushakov Yu. A,
Kolpakov A. V., Korolev A. S., Panin A. A,
Vasilevsky G. P. (2010). Engineering
methods to ensure the quality of milk.
Mechanization and power supply of
agricultural sector in farming. Glevaha.
Issues 84. p. 26-29. (in Russian).

Berezutsky V. 1. (2000). Improving the
technology of circulating washing of the milk
line in the milking unit UDS-ZA: Diss ...
cand. of tech. sciences. Zernograd. 158 p. (in
Russian).

Tsoi Yu. A., Mamedova R. A. (2007).
Parameters of the plug mode of the liquid
flow in the milk line during washing.
Machines used in agriculture. No. 2. p. 3-4.
(in Russian).

Shevchenko I. A., Aliev E. B. (2013).
Scientific-methodical recommendations for
multi-criterion in virological monitoring of
prefabricated installations / With the
editorship of a doctor of technical sciences,
professor, corresponding member of the
NAAS of Ukraine, I1.A. Shevchenko.
Zaporizhzhia: Accent Invest-trade. 156 p.
ISBN 978-966-2602-41-VIII. (in Ukrainian).

CojJ. A, MamedovaR.A. (2005). The
influence of parameters in milk pipeline of
milking installation on modes of motion and

gas-liquid to mixtures. Problemy
intensyfikacji ~ produkcji  zwierzecej z
uwzgledmememochronysrodowiska i

standardow UE. Warszawa. p. 355-359.



12 V. Pryshliak, 1. Babyn

Aliyev E. B. (2011). Optimization of technical
and technological parameters of the milking
machine vacuum system. A journal of
scientific works. Proceedings of the Tavrida
State Agro-Technological University. No. 12.
Vol. 1. Melitopol: TDATU. p. 138-147. (in
Ukrainian).

Linnyk Y.O., PavlenkoS.1., AliyevE.B.,
Gritsun A. B. (2014). Results of numerical
simulation of the workflow of a rotary plate
vacuum pump of a milking machine. A
journal of scientific works. Works of the
Vinnytsia National Agrarian University,
Series: Technical Sciences. No. 2 (85). p. 74-
80. (in Ukrainian).

Babyn I. A. (2018). Investigation of
metrological characteristics of the device for
measuring the vacuum parameters of the
washing line of the milking machine.
Engineering, energy, transportation of
agricultural industry. No. 3 (102). VNAU. p.
5-10. (in Ukrainian).

Kiselev O. V., Komaroval. B., MilkoD. O.,
Bakardzhiev R. O. (2017). Statistical
processing and design of the results of
experimental studies (from the experience of
writing dissertations): Textbook. Written by
the title and printed by D. O. Milka. Institute
of Livestock Mechanization of NAAS.
Electronic copy of the print edition (e-book).
Zaporozhye: STATUS, 2017. 1181 p. (in
Ukrainian).

Pryshliak Viktor. Experimental studies of the
structural and technological parameters of a
heat insulator / Viktor Pryshliak, Vitaliy
Yaropud // MOTROL: Commission of
motorization and Energetics in Agriculture.
An international journal on operation of farm
and agri-food industry machinery. —
Lublin—Rzeséw: Mot. and Energ. Rol.,
Commission of Motorization and Energetics
in Agriculture, 2015. — Vol 17., No 3, 342-
347. (in Russian).

Hunko Irina. Three-pipe concentric heat
exchanger for livestock buildings / Irina
Hunko, Viktor Pryshliak, Vitaly Yaropud,
Yuriy Branitskyy / MOTROL: Commission
of  Motorization and Energetics in
Agriculture. An international journal on
operation of farm and agri-food industry
machinery. — Lublin—Rzeszow: Mot. and
Energ. Rol., Commission of Motorization
and Energetics in Agriculture, 2007. — Vol
19, No 3, 33-37.



Table of contents

V. Pryshliak, 1. Babyn
Justification of the modes of the milk washing system of the milking installation............. 5

M. Andrushko, V. Lykhochvor, O. Andrushko
Tne influence of variety and rate sowing on tne yield and quality of pea grain (pisum
- LAY 11) PPN 13

S. Kiurchev, K. Samoichuk, O. Kovalyov, R. Leshchij

Method of calculation of an industrial model of jet-slot milk homogenizer...................... 23
O. Shevchuk

Technology of ink combining process control in web-fed rotary printing
PIESSES. .. ettt ettt ettt ettt ettt bt b et a b b s e s e e bR s b b s s ses et a s n e 31

S. Stepanenko, B. Kotov
Investigation of the fractionation process of grain materials in pneumatic channels of the
ANNUIAE SBCTION. ..ot 41



