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Improvement of the Pneumo-—
hydraulic Amplifier for Press
Machines: Design and Parameter
calculation

Pneumohydraulic pressure amplifiers are widely used in
mechanical engineering. Using a pneumohydraulic amplifier
makes it possible to minimize the size of the presses while
simultaneously multiplying their technological effort. A
significant disadvantage of the classical method of force
multiplication is the low speed of movement of the working
bodies of technological equipment under a hydraulic drive.

The article proposes a fundamentally new design of a
pneumohydraulic amplifier, in which a high-speed pneumatic
cylinder carries out the idling of the technological tool, and
force multiplication is carried out only at the stage of the
working stroke, which allows many times to increase the
performance of the amplifier. This effect is achieved by using a
movable hydraulic chamber. The engineering formulas and
diagrams presented in the article for calculating the parameters
of a new pneumohydraulic amplifier allow engineers to adapt
the amplifier to various technological conditions. The economic
effect when using the proposed amplifier design is achieved by
multiplying the productivity of the press equipment.

Keywords: hydraulic amplifier, pneumatic press, force multipli—

cation, hydraulic transformer

1. INTRODUCTION

The classical method of multiplication of the techno—
logical force of the press drive is known, which is based
on the conversion of the low pressure of the compressed
air of the pneumatic cylinder into the high pressure of
the liquid of the working hydraulic cylinder. According
to this method, compressed air is supplied to the piston
cavity of the pneumatic cylinder, and the piston of the
same cylinder displaces liquid from the hydraulic cavity
of a smaller section into the cavity of a larger section.
As a result, the piston of the hydraulic cylinder is
subjected to increased fluid pressure (eg engine oil).
The value of pressure increase can reach several tens,
which is the main advantage of pneumohydraulic drives.

However, a significant disadvantage of this method
is the low speed of movement of the technological tool
of the pressing equipment. This is because as an idle,
i.e., the approach of the tool to the object of processing,
and the working stroke by the amount of processing are
carried out under the action of a force on the rod of the
hydraulic cylinder, the movement speed of which is an
order of magnitude less than that of the pneumatic
actuator. It is known that when performing such techno—
logical operations as riveting, punching, embossing,
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assembly of press joints of parts, and similar operations,
the working stroke of the tool is many times less than
the idle stroke also necessary for installing a techno—
logical tool. Therefore, the force multiplication until the
application of the technological load significantly slows
down the action of the press drive.

The fundamentally new design proposed below
(Patent UA 113679) of the pneumohydraulic amplifier
multiplies the technological force only at the stage of
the technological operation, and a high-speed pneumatic
drive implements the idling. With such a separation of
movements, the productivity of the press equipment is
greatly increased.

2. PREREQUISITES AND MEANS FOR SOLVING
THE PROBLEM

Currently, there are many technical solutions for wor—
king force multipliers. As a rule, they are based on the
conversion of low pressure of the medium at the inlet of
the system into a high pressure of the liquid at the outlet
of the devices. So, for example, the classical method of
force multiplication is known [1]. According to this
method, compressed air is supplied to the piston cavity
of the pneumatic cylinder, and the liquid is displaced
from the hydraulic cavity of a smaller section into the
cavity of a larger section of the cylinder by the rod of
the same cylinder. As a result, the piston of the
hydraulic cylinder is subjected to increased engine oil
pressure. However, in such devices, the output link of
the multiplier makes the entire path under the action of a
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hydraulic cylinder, the movement speed of which is an
order of magnitude less than that of a pneumatic drive.

Research [2] presents a theoretical substantiation of
the main parameters of a pneumohydraulic impulse
drive with a jet control system for micro tool move—
ments on metal-cutting machines. In these studies,
pneumohydraulic converters are made as pneumatic
membrane cylinders of one-way force action with return
springs, the rods of which are simultaneously plungers
of hydraulic cylinders with working cavities. This
solution is quite acceptable for micro-movements.
However, implementing pneumohydraulic converters in
the form of pneumatic membrane cylinders limits the
idle and working stroke of the amplifier, which is a
significant drawback in contrast to the technical solution
proposed in this article. The paper [3] presents the
results of an experimental study of the "nozzle-shutter"
mechano-pneumatic converter and a pneumatic power
amplifier created on its basis. This problem was solved
using differential hydraulic cylinders with cross-con—
nection of their piston and rod cavities, and compen—
sation for the difference in supply and consumption of
compressed air is provided using pneumohydraulic
accumulators. However, these studies are limited mainly
to developing a power amplifier control system and do
not offer technical solutions to increase the amplifier's
performance. Studies [4] provide an opportunity for
mathematical modeling and experimental testing of
pneumohydraulic systems in which single-level and
two-level pneumohydraulic springs. The results of these
studies are very useful for transport devices when the
mechanisms have a small amplifier stroke. But they do
not contain recommendations for designing pneumo—
hydraulic amplifiers for pressing process equipment
with a large stroke of the process tool.

The study's results [5] contribute to an increase in
the service life of the pneumohydraulic amplifier due to
the improvement of the sealing rings; however, based
on the classical principle of the amplifier, which, as
noted above, has a low performance.

Methodological recommendations for modeling
pneumohydraulic amplifiers for mobile equipment are
also known [6]. Here, the increase in transmitted power
occurs due to the energy supplied using liquid or
compressed air under pressure from a pumping station
or a hydraulic accumulator. However, in this academic
work, a classical power amplification scheme is used,
i.e., without increasing the speed of the technological
force multiplier. In studies [7], a method for theoretical
modeling of hydraulic amplifiers was proposed in order
to obtain quantitative and qualitative indicators of the
structural components of amplifiers and their elements,
but without taking into account the gain and its effect on
the speed of the amplifier. Unlike other research works
[8], the pneumohydraulic amplifier consists of three
cylinders, with hoses connecting the first two cylinders.
However, in the aggregate, the proposed scheme of the
pneumohydraulic multiplier is classical. It does not
contribute to an increase in the speed of movement of
the working cylinder at idle, in contrast to the design
proposed in this article. The papers [9, 10] present the
results of studies on using pneumohydraulic amplifiers
in-vehicle clutch mechanisms. However, in these works,
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classical multiplier schemes are used, the speed of
which depends on the speed of the engine oil flow,
which limits their speed.

Thus, the above analysis of studies shows that the
problem of increasing productivity remains relevant.
Next, consider the design solutions of pneumohydraulic
amplifiers.

A perfect method of force multiplication is the
method of sequential pneumatic and hydraulic amplifi—
cation [11]. This method includes two consecutive
stages: the operation of the amplifier at low pressure
when compressed air is applied to the working fluid
through an intermediate medium and the second stage is
the operation of the amplifier at high pressure. Thus, in
contrast to the previous technical solution, the speed of
the pneumohydraulic drive is increased. However,
because the flow rate of a liquid (for example, engine
oil) is an order of magnitude lower than the speed of
compressed air, increasing the speed of a drive of this
type remains relevant.

It was also known as the Hydraulic pressure trans—
former [12], which contains three consecutive cylinders:
pneumatic, hydraulic, and again pneumatic. At the first
stage (i.e., during the idling period), the tool is brought
to the object of processing using the second of the
indicated pneumatic cylinders, and simultaneously,
under the action of a spring-loaded piston, the liquid is
displaced from the first chamber into the cavity of the
hydraulic cylinder. In the second stage of work, i.e.,
when applying technological effort to the processing
object, the multiplication of technological effort is
carried out dozens of times. The device and principle of
operation of the pressure amplifier [13] and hydropne—
umatic pressure transformer [14] are similar. The
difference between the last two technical solutions from
the source [12] is the absence of a spring on the piston,
which separates the first pneumatic cylinder from the
hydraulic cavity. And the displacement of liquid in the
process of pneumohydraulic amplification is carried out
under a pneumatic drive.

Compared with the technical solution of the source
[11], the last three devices [12-14] make it possible to
increase the speed of the drive since the passage of the
idle distance is carried out due to the action of the
pneumatic drive of the second stage. However, simul—
taneously, the liquid is simultaneously displaced in the
process of pneumohydraulic amplification from one ca—
vity to another, which is accompanied by hydraulic
friction, and hence the braking of the pneumatic drive.
In other words, the performance of the drive amplifier is
reduced due to the limitation of the hydraulic flow rate,
which is a significant drawback of the described tech—
nical solutions. This is also confirmed by the fact that if
the hydraulic flow is given the speed of a pneumatic
drive, such negative phenomena as liquid cavitation and
increased wear of hydraulic seals will occur, which is
unacceptable.

There is also a method of multiplication of techno—
logical effort [15]. According to this method, the multi—
plier contains two cylinders of large and small dia—
meters, which are rigidly connected to each other and
have a common working rod. This rod is connected to
the piston of the large cylinder, more precisely, to the
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amplifier in the form of a diaphragm drive. This pro—
perty, in contrast to previous technical solutions, makes
it possible to eliminate the limitation on the speed of the
idle drive, which, of course, increases the speed of the
pneumohydraulic amplifier. However, the presence of a
constant rigid connection between the cylinders of the
idle and working stroke drives limits the technological
capabilities of the amplifier since when the size of the
processing object changes (for example, rivets, cutting
depth, embossing, etc.), both of these cylinders cannot
change position relative to each other.

The use of pneumohydraulic amplifiers is very di—
verse. They are used in mechanical engineering for
force multiplication of clamping devices [16] or in the
automotive industry for clutch mechanisms [17]. The
use of technological force multipliers in the deformation
of various materials is very promising [18, 19]. It is also
advisable to use pneumohydraulic amplifiers to assem—
ble high-precision press joints [20]. However, in any
case, force multiplication should be carried out only at
the stage of performing a power operation without using
the idle distance of the technological tool. Thus, incre—
asing the speed of the pneumohydraulic force multiplier
remains relevant.

3. FORMULATION OF THE PROBLEM

To increase the productivity of pressing machines, it is
necessary to create a pneumohydraulic pressure ampli—
fier with the application of technological effort only at
the stage of performing a power operation, i.e., at the
stage of the working stroke, and idling is carried out
using a high-speed drive. In other words, it is necessary
to increase the speed of the working force multiplier
while eliminating the effect of hydraulic friction on the
speed of movement of the idle drive, i.e., tool supply
drive to the working area. At the same time, to ensure a
multiple (tens of times) increase in the technological
effort of the operation being performed. In addition, it is
necessary to develop analytical relationships and dia—
grams for calculating force multiplier parameters,
allowing engineers in the field to design similar devices
for different process conditions.

4. SOLUTION OF THE PROBLEM UNDER CONSI-
DERATION

The technical novelty of the proposed engineering
solutions lies in the fundamentally new design of the
pneumohydraulic amplifier [21], and graphical and ana—
lytical dependencies display the scientific novelty for
calculating the parameters and modeling the specified
technological module. The main motivation of this
research is the creation of a pneumohydraulic amplifier,
which has a higher performance when performing pres—
sing operations.

4.1 The design of the pneumohydraulic amplifier
Figure 1 shows a 3D model of a hydraulic amplifier.
The main difference in its design is the presence of a

movable chamber, which houses a hydraulic cylinder
filled with machine oil. A stationary pneumatic cylinder
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with piston 1 is installed in the amplifier housing for
idling, i.e., supply of a technological tool to the
processing object. Rod 1 of piston 1 enters the hydraulic
chamber and through piston 2, and rod 2 acts on the
object of processing. Moreover, compressed air is
supplied under piston 2 to return piston 2 to its original
position after performing a technological power opera—
tion. Another difference between the amplifier and
traditional designs is the locking mechanism for the
movable chamber to stop the chamber in a given
position depending on the magnitude of the stroke, i.e.,
displacement of the movable hydraulic chamber by the
amount of application of the multiplier force.

~ sCompressed air

Press body- g

Piston 1 -

Stationary
cylinder

Movable
camera

Pneumatic .
cylinder mechanism

Figure 1. The design of the pneumohydraulic amplifier (the
3D model in the quarter section)

In this case, the mechanism for fixing the movable
hydraulic chamber (cylinder) is made as a diaphragm
pneumatic cylinder. When compressed air is supplied to
the membrane of this drive, its rod fixes the hydraulic
chamber in a predetermined position, depending on the
magnitude of the application of the multiplication force.
To evenly distribute the fixing force of the hydraulic
chamber, it is desirable to install three diaphragm
locking cylinders on the amplifier body at an angle of
120 degrees in the horizontal plane. In addition, the
housing of the movable hydraulic chamber has a gui—
ding mechanism in the direction of the translational
movement of the hydraulic chamber. It excludes the
possibility of its rotation around the axis of the amplifier
housing. For a better understanding of the design,
Figure 2 shows the front view of the amplifier in %
section of its case. As can be seen from this figure, the
diameter of the hydraulic multiplier cylinder is D;,
piston 1 of the stationary pneumatic cylinder has a
diameter of D, and its rod has a diameter of d. These last
two parameters d and D, determine the pressure ampli—
fication factor in the hydraulic chamber.

Figure 2 also shows the holes in the body of the
movable hydraulic chamber for stopping it with a
diaphragm actuator retainer. There can be many of these
holes, depending on the distance to the point of appli—
cation of the animation force to the processing object.
The diameter of rod 2 is not of fundamental importance
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and is determined only by the strength of the amplifier
mechanism. A technological tool is placed on rod 2.

Compressed air

Piston 1
Stationary
pneumatic
cylinder

Stock 1
Movable
camera

Membrane

Stem for
fixation

EH Piston 2 _JStock 2 I

Compressed air

Figure 2. Frontal view of the pneumohydraulic amplifier (1/4
section)

4.2 Operation process of the amplifier

Figure 3 shows the stages of operation of a
pneumohydraulic amplifier using the example of rivet
deformation for two arbitrary parts. In the initial
position "A", the piston of the stationary pneumatic
cylinder with a diameter D is in the upper position. Its
rod with a diameter d through a lock is rigidly
connected to the body of a movable hydraulic chamber
with an inner diameter D). This hydraulic chamber is
filled with engine oil.

Press machine

=
A |- ,
] d
‘ [ Lock
ﬂ_’_ D Machine
5 1 oil 4
1 2
| ——

mechanism  Movable camera

Detail 1
Detail 2 Rivet
Support

A B C

Figure 3. Stages of movement of the pneumohydraulic
amplifier

By supplying compressed air with pressure p; to the
upper cavity of cylinder D, its piston moves to the idle
stroke value L, ; (stage "B") with the idle force:

F,=F.<<F

2
where: Fj, = F, = ”Tpl ; F-technological effort. A rod

with a diameter d, connected by a lock to the hydraulic
chamber D;, moves the chamber by the same amount
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with speed V' >0, i.e., by the amount of idling until the
tool contacts the rivet. Further, at the command of the
control system, the lock latch using a diaphragm
pneumatic actuator (see also Figure 2) disengages from
a rod with a diameter d and engages with the amplifier
housing, i.e., fixes the position of the hydraulic chamber
D relative to the amplifier housing (stage "C"). As a
result, the rod with a diameter d displaces the engine oil
into chamber D; and passes the distance of application
of the technological force, namely: ;.. .

In this case, the compressed air under piston D, is
released into the atmosphere. As a result of the displa—
cement of machine oil from the cavity with a diameter d
into the cavity with a diameter D), the technological
force F increases many times with a gain factor. Upon
completion of the operation, in this case, the rivet de—
formation, compressed air is supplied under piston D
and piston D;. As a result, the elements of the amplifier
return to their original position, "A". Then the cycle
repeats.

Thus, due to the movement of the movable hydraulic
chamber at the idle stage L,_; under the action of a

high-speed pneumatic drive and fixation of this chamber
at the stage L;,_., the amplifier's performance is signi—

ficantly increased. This becomes possible because,
according to the new technical solution, the speed of the
engine oil outflow is no longer the speed limiter of the
high-speed pneumatic cylinder. And only at this stage
L;,_,. there is a pressure p, multiplication in the hyd—

raulic chamber with a diameter D; and, as a result, a
multiple increase in the technological force F.

5. CALCULATION OF AMPLIFIER PARAMETERS

The method for calculating the parameters of a pneu—
mohydraulic amplifier is necessary for engineers who
create press equipment for performing technological
power operations, such as riveting, rolling, pressing
parts, punching, stamping and stamping, and similar
power operations. According to the formulation of the
problem, increasing the speed of the working force
multiplier is necessary. In this case, it is necessary to
exclude the influence of hydraulic friction on the speed
of movement of the idle drive, i.e. drive for bringing the
tool to the working area, while ensuring a multiple (tens
of times) increase in the technological effort of the
operation being performed, namely when:

F>>Fb or F:ka, (l)

where: F, Fj,— respectively, the force of the working

and idle movement of the tool (see Figure 3); k — is the
amplification factor (force multiplication), as a rule
k= 10..40. It is also necessary to ensure the
fulfillment of the conditions for high performance of the
operation:

Va—b >> Vb—C when La—b >> Lb—C . (2)

where: V,_,, V;_.— the speed of movement of the tec—
hnological tool in the areas of idle and working strokes,
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respectively; L,

working movements of the tool (see Figure 3).

_p> Ly_.— the values of the idle and

5.1 Method for calculating the parameters of the
amplifier

The method for calculating the parameters of the
technological force multiplier is as follows. Initially, it
would help if you calculated the gain:

2
k= [3) 3).

where: D — is the diameter of the pneumatic cylinder
piston; d — is the diameter of the pneumatic cylinder
rod. Then the pressure of the liquid (machine oil) in the
hydraulic cylinder of the multiplier will be:

2
D
D2 =D (7) 4

Consequently, the technological effort of the
operation will reach the value:

2 2 2
D, 7D D
F= 41 PaK KKy == P1(g) KKKy (5)

where: D, — the diameter of the piston of the hydraulic
cylinder; p; — pressure of compressed air in the
pneumatic cylinder; p, — engine oil pressure in the
hydraulic cylinder; K; — volumetric efficiency of the
entire drive, K; = 0.95; K, — is the mechanical efficiency
of the multiplier, K, = 0.95; K3 — is the mechanical
efficiency of the hydraulic cylinder, K; = 0.9. Pneumatic
cylinder stroke at the stage of technological power
operation:

2
DY n
Ly .=ll—| — 6

b—c ( d] Kl ( )
where: [/ — the necessary movement of the hydraulic
cylinder rod to perform the technological operation; n — is

the number of hydraulic cylinders (if there are several). It
is expedient to present function (6) in a different form:

2
1=yt (?] ™)

Then it becomes more obvious that the allowable
value of the technological movement of the working
tool is inversely proportional to the gain. Compressed
air consumption for the full cycle of moving the
working tool will be:

2 2 2
D w(D° —d
O=——(L,p +Lb—c)+—( )L1+
4
D242 (®)
+27T( 14 1 )L2

where: L, ; — the value of the idle stroke of the tool at

the stage of its approach to the working area. This para—
meter shows that at the stage of idling, force multi—
plication is not carried out, which significantly improves
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the performance of the technological module; L;—

length of the pneumatic cylinder D rod part (see Figure
3); d; — diameter of the hydraulic cylinder D; rod; L,

— length of the rod part of the lower pneumatic cylinder.

5.2 Analysis of the numerical parameters of the
amplifier

Figure 4 shows the dependencies of the multiplication
factor k of the technological force on the diameter D of
the pneumatic cylinder of the amplifier for various
values of the diameter d of the pneumatic cylinder rod.
As can be seen from these graphs, as the diameter of the
rod, which displaces engine oil into the hydraulic cylin—
der, increases, the gain decreases. For reasons of pro—
portionality of the design ratios of the diameters of the
piston and the rod of the pneumatic cylinder, it is re—
commended to limit the values of the multiplication
factor in the range k£ = 15 ... 35, which will fully ensure
the efficient operation of the pneumohydraulic ampli—
fier, depending on its technological purpose.

k
40 ,

d—Oy d=0.05

/ / a':OOﬁ

A

o AN

98]
(e

N
(e

NS

)_.
o

/’ — /?/
%’. T a=007 | d=0.08

= D

Amplification factor

\\

0
0.10 0.15 020 0.25 0.30 (m)

Pneumatic cylinder diameter

Figure 4. Dependence of the amplification factor k on the
diameter of the pneumatic cylinder D (where d is the
diameter of the pneumatic cylinder rod, m)

Figure 5 shows the dependence of the technological for—
ce F (i.e., the force after multiplication) on the dia—
meters of the piston D and rod d of the pneumatic cy—
linder, provided that the diameters of the pneumatic and
hydraulic cylinders D = D, of the multiplier are equal.

F(N)
L1 510"
S d=0.04
s /!
= F1.0x10°
9
2 / d=0.05
—8 5 /| /dO 06
L ) A*r Y-
§ 5.0x10 / ////d—().07
—~ L~~~ Ai=008
//f_/’ L
0l eg—t— D
0.10 0.15 020 025 0.30 (m)

Pneumatic cylinder diameter

Figure 5. The dependence of the technological force F on
the diameters of the piston D and rod d (m) of the

pneumatic cylinder of the amplifier (at D = D,)
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As can be seen from the graphs in Figure 5, the
values of the working forces after the multiplication are
quite significant, which is typical for the conditions of
mechanical engineering. For the production conditions
of instrumentation, it is recommended to take the ratio
of the diameters of the pneumatic and hydraulic cylin—
ders within D, = (0.25, ... 0.50)D. This ratio of diame—
ters will allow you to create compact multiplier designs.

Figure 6 shows the dependence of the value of the
technological displacement / of the tool (i.e., the rod of
the hydraulic cylinder) on the gain & for various values
of the displacement of the pneumatic cylinder L;_, (m)

rod at the stage of multiple increases in the working for—
ce at n = 1, see function (7). Obviously, with an increase
in the gain (force multiplication), the technological
movement of the working tool decreases.

[ (m)

0.020 |
\/L =0, 100
0.015

\X\Lh . :07075
|

\\a‘

__,_

Technological movement

0.010 N L =050
| ( |
0.005| | )\ N Ly =0,025
NG S
|\\ ) i B iy \__\
0 3| -d3=—4k

0 10 20 30 40
Amplification factor

Figure 6. Dependence of technological displacement / of
the hydraulic cylinder rod on the amplification factor k at
the stage of multiplication of the technological force

Therefore, for various technological operations, the
appropriate amplification factor should be taken into
account. For example, to install bearings on a shaft with
a press fit, technological displacement values in the
range / = 0.015...0.040(m) are sufficient. To do this, it
is necessary either to increase the movement of the
pneumatic cylinder rod or to reduce the amplification
factor. And for such operations as the deformation of
rivets, technological displacement in the range / = 0.005
...0.010(m) is sufficient. For other technological opera—
tions, it is enough to change the values of the function's
parameters (7) and, based on the technological
movement of the tool specified by the assembly, either
increase the movement of the pneumatic cylinder rod or
change the multiplication factor of the labor force.

6. RESULTS AND DISCUSSION

In contrast to the technical solutions discussed above
[2-5], in the proposed new design of the working force
multiplier, the idle motion, when the tool approaches the
processing object, and the working stroke, when the
technological force is applied (after multiplication) are
divided into two stages. This became possible due to the
presence of a movable hydraulic chamber, alternately
connected to the pneumatic cylinder rod at the idle stage
and the pneumohydraulic amplifier body at the stage of
working technological effort. Therefore, the speed of
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the hydraulic drive of the multiplier does not limit the
speed of movement of the high-speed pneumatic drive.

The execution of the mechanism for fixing the
hydraulic chamber relative to the multiplier body in the
form of a diaphragm pneumatic drive is not mandatory.
Other drives for fixing the hydraulic chamber are also
possible, for example, in the form of an electromagnetic,
electric, or hydraulic drive of the locking mechanism.

The technical implementation of the new method of
multiplication of technological forces allows the modi—
fication of drives, which contributes to the application
of the proposed method in various areas of industrial
production.

7. CONCLUSION

In this article, the authors proposed a fundamentally
new design of a pneumohydraulic amplifier, the main
difference of which is the presence of a moving hydra—
ulic chamber of the multiplier. The proposed method of
technological force multiplication, due to the presence
of a movable hydraulic chamber and the possibility of
its alternate fixation relative to both the leading link at
the idle stages of the multiplier and relative to the fixed
body at the stage of the technological operation, pro—
vides an opportunity to significantly increase the speed
and expand the technological capabilities of the force
multiplier.

The results of modeling the functioning of the new
pneumohydraulic amplifier illustrate its industrial appli—
cability when used in various production conditions.
The developed analytical and graphic dependences of
the design parameters of the multiplier of working
technological forces allow for the multivariate design of
such devices. However, the new multiplier can provide
the greatest effect in the mass production of industrial
products when the need for high productivity is the
dominant factor.

Ultimately, due to the passage of the idle speed of
the technological tool at high speed (i.e., without multi—
plication of the labor force), the proposed multiplier can
significantly increase the productivity of the press
equipment.
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YHAINIPEBEILE ITHEYMO-XHU/JPAYJINYKOI'
IMOJAYAJIA 3A MAIIIMHE 3A ITPECOBAIBE:
HNPOJEKTOBAILE U ITPOPAYYH
IHAPAMETAPA

M. Hoaumuyk, M. Tkau, U. Kopnara

[THeyMOXuapayIu4HH  II0jaYdBayd  IPHTHCKA  Ce
IIMPOKO KOpUCTe y MamuHCTBY. Kopumheme mHeyMo—
XUIPAyJIAIHOT Tojadana omoryhasa 1a ce MUHUMH3HPA
BEJIMYMHA IIPeca y3 HCTOBPEMEHO YMHOXKaBABE HH—
XOBOI' TEXHOJIOLIKOT Hamopa. 3HayajaH HeJoCcTaTak
KJIACHYHE METOJIC MHOXKCHA CHJIC je Majia Op3uHA Kpe—
Tamba paJHUX Tejla TEXHOJIOUIKE OINpeMe IO XWApa—
YIMYHUM TTOTOHOM.

VY unaHky ce mnpemiaxe (yHIaMEHTaIHO HOBH JAW3ajH
ITHEYMOXHU/IPAYJIMYKOT TI0javyaiia, y KOjeM ITHEYyMAaTCKH
OWIMHAAp Benuke Op3uHe o0aBhba pagHU  XOJ
TEXHOJIOILKOT ajlaTa, a MHOXKEHE CHIIE CE€ BPIIU CaMo y
(asu pamHOT X012, ITO OMOTryhaBa BHIIECTPYKO TIOBE—
hame nepdopmance nojauana. OBaj edekar ce MocTiKe
kopumhemeM IOKpeTHe XuapayandHe Komope. Mmke—
Bepcke GopMylie U IijarpaMy NPeICTaBJbeHN Y WIAHKY
3a [popauyyH Iapamerapa HOBOT  ITHEYMOXHJ—
paynuyHOr Tmojadyaia omoryhaBajy HHXemepuMa Ja
Ipuiiaroie IojayaBad pasiIMYUTUM  TEXHOJIOIIKUM
ycinoBuma. ExoHomckm edexar mnpu  kopumthemy
MIPEAJIOKEHOT M3ajHa Mojavaa IOCTHKE €& MHOXKEHEM
NPOAYKTHBHOCTH ONIPEMe 32 IITaMITy.
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