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Abstract. Problem. The choice of the machine drive type at the design stage is a complex and multifaceted task,
the correct solution of which largely depends on its technical level and operational qualities. The aim of the
study is to identify the ways to increase the energy efficiency of technological machine drives and to develop an
algorithm for selecting the drive type. Methodology. System analysis made it possible to analyze the environ-
mental parameters in which it is appropriate to use a drive of one type or another, to develop criteria for com-
paring their application efficiency. The theory of automatic control methods made it possible to establish the
drive characteristics. The theory of mechanisms and machines methods made it possible to determine the mass,
size, and energy parameters of drives. Results. The main actions to improve the energy efficiency of technologi-
cal machine drives are considered, an algorithm for choosing the drive type has been developed and a table has
been created to compare the main consumer properties of drives. It has been established that the electrical drive
of the executive elements is currently the main one in the area of mechatronic systems. It provides good control,
easy feedback organization, high efficiency, and the best mass-dimensional efficiency. Originality. Considering
the maximum number of factors, an algorithm for choosing the drive type has been developed. Criteria for com-
paring the efficiency of different drive types are proposed. Areas of effective application of electrical, hydraulic,
pneumatic, and mechanical drives and their limiting output parameters are given. Practical value. Application
of the developed algorithm reduces the time for selecting the drive type. In the future, it is necessary to supple-
ment the existing database on the use of various drive types, based on the latest developments of their elements
and circuit solutions, to develop new criteria for comparing drives of various types.
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Introduction

The intensification of drive systems opera-
tions and machine units, energy saving, im-
provement of working conditions forms the
modern level and further development of tech-
nology [1-3]. Raising the technical level of ma-
chines requires increasing the energy efficiency
and reliability of the drives used in them. The
choice of the structure and drive type depends
on the purpose of the machine, environmental
conditions, the physical state of the object
moved by the actuator, static, dynamic, and
operational characteristics [4-6]. Choosing the
optimal drive type is not a trivial task and re-
quires the creation of an extensive database for
multi-criteria assessment and reasoned decision-
making [7-9].

Analysis of publications
Many scientific works are devoted to the cal-
culation and design of drive systems [10-18].
They describe in detail the methods for calculat-
ing and choosing the main design parameters of
various types of drives. In paper [14], effective
areas of hydraulic, pneumatic, and electrical

linear drive application are determined, the ad-
vantages and disadvantages of their use are de-
scribed. In paper [15], a table comparing the
characteristics of various linear drives is given,
as well as a comparison of gearing systems used
in conjunction with actuators (electrical cylin-
ders). However, these papers do not give the
characteristics of mechanical drives, do not con-
sider the schemes of their connection with me-
chanical transmissions. In paper [16], a compar-
ative analysis of the main indicators of hydraulic
and pneumatic drives and the peculiarities of
their use in mechatronic systems, a table of
comparison of their indicators by various criteria
is given. However, this paper does not consider
the performance of electrical and mechanical
drives. The paper [17] considers the actual prob-
lem of choosing the drive type for packaging
equipment based on the comparative characteris-
tics of electromechanical, pneumatic, hydraulic
drives and their combinations in order to achieve
a stepless change in rotational speed, linear mo-
tion and ensure complex motion laws of the
machine parts. However, this article does not
address mechanical drives. The criteria used to
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compare drives are selective. Article [18] is
devoted to the development of a comprehensive
universal criterion for assessing the technical
level of hydraulic machines, hydraulic units, and
hydraulic devices. It analyzes the existing single
criteria by which one can compare hydraulic
drives for various technological purposes. Some
of the criteria in this article can be used when
comparing different drive types. However, it
lacks a comparison of different drive types.

Thus, we have not found any works that sim-
ultaneously consider electrical, hydraulic,
pneumatic, and mechanical drives. The criteria
for their comparison and the choice of the drive
type, considering the energy source, environ-
mental parameters, transported medium type,
parameters and characteristics of the technologi-
cal machine, have not been established. There
are no universal criteria for their comparison. It
should be noted that at the stage of schematics
choosing of technological machine and drive for
its implementation, there is a need to compare
the consumer properties of various types drives.
It also needs to identify effective areas of appli-
cation, which allows improving the technical
level, and therefore, competitiveness.

The aim and problem statement

The aim of this study is to develop the algo-
rithm for choosing the drive type of technologi-
cal machine and the table for comparing the
main consumer properties of drives. To achieve
this goal, it is necessary to analyze the environ-
mental parameters, establish the limiting ma-
chine parameters, develop criteria for comparing
the efficiency of using various types of drives.

Application and parameter analysis
of different drive types

The electrical drive allows converting elec-
trical energy directly into mechanical energy,
has a high (up to 90 %) efficiency and high posi-
tioning accuracy (up to 8 microns with repeata-
bility of at least 1 micron). It can be easily con-
figured to control motion parameters, to control
speed, position, moment of force application,
diagnostics in real-time. Electrical drives are
quieter than hydraulic and pneumatic drives.
There is no risk of environmental pollution. As a
rule, they have an affordable energy source,
provide the ability to transfer energy over long
distances without loss, simplicity of installation
and maintenance, and stable operation over a
wide temperature range. All this led to their
widespread distribution. Recently, electrical
cylinders (actuators) have been used to convert

the rotation of the motor shaft into linear mo-
tion. They use a roller screw, ball screw, or
screw-nut transmission [15]. The disadvantages
of electrical drives include the fact that they are
not used in explosive areas, magnetic fields,
high levels of radiation, and high humidity.
They are large in size. During their operation,
overheating and wear of the gearbox occurs.

Fig. 1. Drives of technological machines [19]: a —
linear electrical drive; b — hydraulic drive
(drive cylinder); ¢ — pneumatic drive (drive
cylinder); d — mechanical drive (gearing)
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Hydraulic drives provide high positioning
accuracy as the hydraulic fluid is practically
incompressible. They provide great efforts, have
a high relative power per volume, have low iner-
tia, easily change the motion direction, have low
power losses along the length of the pipeline, are
used in magnetic and radiation fields, and pro-
vide reliable operation at sufficiently high tem-
peratures. Their use enables miniaturization and
integration with electronics. The disadvantages
of hydraulic drives include wear of sealing ele-
ments and leaks of the working fluid, fire haz-
ard, heating of the working fluid due to energy
losses, which in turn leads to a decrease in the
liquid viscosity. Leakages of liquid lead to envi-
ronmental pollution. Hydraulic drives have a
complex maintenance system in which it is nec-
essary to replace the working fluid with a new
one, and it is also necessary to regularly check
and replace all seals. Also, the disadvantages
include the need to use lots of components (tank,
engine, pump, valves, heat exchanger, etc.), big
size, energy consumption during movement, and
resting state.

One of the directions of modern mobile and
construction equipment hydraulic systems is the
use of hydraulic rotators with a very high (more
than 5000 Nm) torque and very low (up to 10
rpm) rotational speeds. The advantages of such
hydraulic systems are: the ability to create a
drive without a gearbox; high starting torque;
fast acceleration and stabilization of power pa-
rameters is carried out using simple damping
devices [20]. The hydraulic rotator does not
have an output shaft, it is structurally designed
in such a way that it is connected to the shaft of
the active working body of a hydraulic machine
using a spline hole made in a male displacer
(rotor) [21]. The use of hydraulic rotators in-
stead of standard hydraulic motors allows reduc-
ing metal consumption and maintenance costs,
increasing reliability and technical level.

Pneumatic drives have the following ad-
vantages: simplicity of design, sufficient posi-
tioning accuracy (up to 2.5 mm with repeatabil-
ity within 0.25 mm). They are used in magnetic
and radiation fields, operate reliably at suffi-
ciently high temperatures, are lightweight and
provide miniaturization in integration with elec-
tronics, are easy to maintain, and have the abil-
ity to connect many consumers to a single ener-
gy source. The disadvantages of the pneumatic
drive include low efficiency of 5 ... 30 %, com-
pared to other drives. Compressibility of air
makes pneumatic drives less efficient, they have
low forces and motion speeds of the working
body, are explosive, require careful air prepara-

tion (filtration), high noise level, and do not
provide a stable actuator speed, especially under
variable load, have large size and weight, high
noise level, reaching 95 ... 130 dBA. These
drives consume energy while driving and at
resting state. Note that when using hydraulic and
pneumatic drives, the pressure levels in the sys-
tem must be indicated.

Mechanical drive is a set of devices de-
signed to transmit motion. It is located between
a motor and a loading mechanism. Belts, chain,
cylindrical and conical gear transmissions,
worm, planetary, wave, screw-nut, etc. transmis-
sions are used as motion transducers. transmis-
sion. The mechanical drive includes a motor, a
transmission mechanism, a working machine
and a coupling. Since the motor shaft rotational
speeds and the machine drive shaft rotational
speeds are, as a rule, equal to each other, a gear-
box consisting of a set of mechanical transmis-
sions is used for matching in a mechanical drive.
One of the most common types of modern me-
chanical systems is a gearbox. Drive gearboxes
in which worm gears are used (worm cylindri-
cal, globoid, spiroid, worm-cylindrical and cy-
lindrical-worm gears) are able to provide a high
gear ratio at a low noise level but have low effi-
ciency and resource. The advantage of mechani-
cal drives is the simplicity of design and reliabil-
ity in operation.

The mechanical drive disadvantage is their
large sizes when the branching of the transmitted
power. Among mechanical drives, gear motors
are widely used, which provide the conversion of
electrical energy into mechanical energy. The use
of geared motors can significantly simplify and
reduce the drive design cost, reduce their sizes, as
well as reduce maintenance costs. They provide a
change in torque (decrease or increase), which, in
combination with the regulation of the electrical
motor speed, allows them to be used in servosys-
tems.

Planetary gearboxes have the highest efficien-
cy and longer service life. The most widespread
are gear motors of cylindrical and worm type.
Gearboxes are expensive and complex in design.
Their efficiency is 0.98 and does not depend on
the gear ratio. They allow transmitting significant
torque with virtually no loss, have high accuracy
and work stably under uneven load, and have
high reliability. The disadvantages of gearboxes
include a small gear ratio at one stage.

Worm gearboxes with a larger gear ratio pro-
vide smoothness and self-braking. However, they
have low efficiency and resource, in comparison
with cylindrical, limited power up to 60 kW.
Their use under uneven loading is limited.



Comparison of different drive types characteristics

Table 1

Indi- Criterion Drive type
cator Electrical Hydraulic Pneumatic Mechanical
1 2 3 4 5 6
Radiation field Not used Does not effect Does not effect Affects strength
§ Magnetic field Not used Does not effect Does not effect
E
S
L% Temperature (standard range) -30...+70 °C -50...+100 °C -40...+120 °C -50...+350 °C
Fire and explosion safety _ Not used in - Fire hazard Explosive fire and explosion safety
high fire hazard conditions
Leakages, dustiness Does not effect Contaminates Does not effect Contaminates
Engine:
heat Not used Not used
electrical Used Pump drive Compressor drive Transmission drive
pneumatic Not used Not used Used Transmission drive
hydraulic Not used Not used Used Transmission drive
Mineral oils, emulsions,
Working body Electicity aqueous solutions, special Air Mechanical transmissions
liquids
> iccions:
= Power transmission devices Electrical wire Pipeline Pipeline Transmissions: gear,
c wave, belt, chain, friction
[<5]
(5]
% Energy storage Accumulator Hydraulic accumulator Receiver Spring
wn
Power transmission Long distances 250...300 m Upto1lkm Minor distance
Power transmission rate (signal transmis- Up to 300000 km/s Up to 1.4 km/s Up to 40 m/s Transmission dependent

sion)

The main elements of
the power system

Transformers,
Safety valves, equipment,
switches, electromagnets,

motors, devices

Pump, tank, filters, distribu-
tion and control equipment,
actuators (energy consump-
tion during rest and motion)

Compressor, receiver, air
conditioning devices, reduc-
er, control equipment,
pneumatic actuators

Gearboxes, belt, chain,
gear, worm, wave, plane-
tary gear or screw-nut




1 2 3 4 5 6
Movable body:
solid Applicable Applicable Applicable Applicable
fragile Applicable Applicable Applicable Applicable
liquid Not applicable Applicable Applicable Applicable
Motion direction:
Rotation Electrical motor Hydraulic motor Pneumatic motor Gearbox
Linear Electrical cylinder Hydraulic actuator Pneumatic actuator Screw-nut
Actuator speed (max) Significant, depends on the 1.0 m/s 1510 m/s Significant, depends on the
o actuator actuator
é Actuator load Big Up to 3000 kN Up to 120 kN Depends on the type
S Continuous overload Overcurrent is not allowed Allowable Allowable Allowable
‘g Power level Up to 10° W Up to 10° W Up to 10° W Up to 10° W
g Output link speed regulation Wide control range Wide control range Sufﬁment:znvg\]/:ade control Wide control range
Positioning accuracy 8 mm 0.5 mm 100 mm
Stiffness High High Low High. Depends on the type
Efficiency More than 0.9 More than 0.9 Upto 0.3 More than 0.9
Relative costs of energy saving Low 1 High 3...5 Very high 7...10 Low 1
Th Comparable to pneumatic Above pneumatic and elec- Comparable to pneumatic
€ cost drive trical drive drive
e Specialists with knowledge Lower than for servicing Lower than for servicing Lower than for servicing
Staff qualification - . . . . . X .
of electronics required electrical drives electrical drives electrical drives
Characteristic size |
Overall dimension L
Compactness factor k, =m/W
- Energy intensity factor k, =P /W
o ~
5 Drive uptime probability P(t)
o Overload criterion Ko, = P / ([N, 1Pmom )

Quality factor of the drive D, =2= f, E/P.

pos

Relative noise level L o =L ion / Loousa

Unification indicator K
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The choice of the drive type is carried out in
accordance with the requirements for the de-
signed machine. In this regard, it is advisable to
compare the characteristics of drives in terms of
their performance. It should be noted that each
of the drive types has a certain set of advantages
and disadvantages. A qualitative assessment of
the main indicators of drive types is given in the
table. 1 [1-21].

The table uses the following notation: m is
the mass, W is the volume that the hydraulic
machine occupies; P is the drive output power;

P 1S the maximum load; p,, is the nominal

load; [n, ] is the safety factor; f, is the resonant

frequency of drive oscillations; E is the energy
stored by the oscillating drive system; P, is the

dissipated power; L. .., L.oga are respectively

the basic noise level during the operation of the
drive and the noise level in the design office.

Drive type selection algorithm

1. Consider the environmental conditions in
which the drive operates (radiation, electrical,
magnetic field, fire and explosion safety, tem-
perature, leakage, dustiness (see Table 1). Ex-
clude from consideration the drive type is not
used in the conditions specified in the technical
specifications for the development of a drive for
a technological machine.

2. Analyze the presence of an energy source,
devices for its storage and transmission, the
power transmission distance, the main elements
of the power system. According to Table 1, a
power source is selected, which significantly
affects the choice of the drive type.

3. The characteristics of the technological
machine drive are considered. This point of the
algorithm is carried out based on the terms of
reference for the drive design. A preliminary
design of drives is developed that can be used in
the given environmental conditions with the
selected type of power source. Special criteria
are calculated and a comparison table of various
drive types is compiled (criteria in Table 1), and
it is analyzed. Consider the complexity of organ-
izing feedback.

4. Analyze the parameters of the table. 1 for
each criterion. Depending on their values, a
number is assigned from one to four. The num-
bers obtained in each column are added togeth-
er. The drive that will have the smallest amount
and is rational, and will provide the conditions
specified in the project.

To select the drive type, the method of inde-
pendent expert evaluation, or the method of rank

correlation can also be applied [22]. The essence
of the method lies in the fact that a group of
expert assesses is asked a number of questions
concerning the structure and parameters of the
projected drive. Each expert expresses his opin-
ion on the basis of experience and knowledge.
The forecast is determined by the appropriate
processing of expert responses. In this case, the
opinion of experts is interpreted as an intelligent
statistical experiment. It is advisable to use this
method to solve problems of forecasting devel-
opment prospects, substantiating the develop-
ment of new schemes and improving the drive
parameters; determination of reliability indica-
tors in conditions when the use of other methods
is impossible due to the lack of a priori infor-
mation.

Key energy saving measures in drive
systems

A significant proportion of modern drive sys-
tems are electrically driven. Therefore, energy
saving in an electrical drive has a significant
impact on the energy saving of hydraulic,
pneumatic, and mechanical drives. Thus, the
main direction of energy saving in drive systems
should be the transition from an unregulated
electrical drive to a controlled one. Its use al-
lows saving from 2 to 30 % of electricity and
eliminating the use of control valves, which
leads not only to direct energy savings but also
contributes to higher labor productivity and
reduced wear and tear of mechanical equipment
[23].

The main ways of energy saving in an elec-
trical drive are:

- the use of energy-efficient engines that due
to an increase in the mass of the active materi-
als, their quality, as well as due to special design
techniques, it is possible to increase the rated
efficiency by 1 ... 5%, by choosing a motor in
order to comply with the rated thermal regime of
the engine during operation;

- increasing the power supply frequency to
500 ... 1000 Hz and above;

- application of adjustable electric drives
power modules with maximum efficiency and
power;

- using braking resistors;

- reduction of losses in supply networks due
to the use of switching capacitor banks, syn-
chronous compensators, filter-compensating
devices, etc.;

- the use of simple thyristor voltage regula-
tors used for soft start and stop of the electrical
drive;
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- use of adaptive control methods, elimina-
tion of intermediate transmissions;

- selection of operation rational modes, opti-
mization of dynamic modes, use of energy ac-
cumulators; exclusion of idling.

The main ways of energy saving in the hy-
draulic drive are:

- the use of variable pumps, including those
with pressure compensators; p/q control pro-
vides electronic control of pressure and flow in
accordance with the requirement of a particular
cycle transition, or LS control;

- use of multi-flow pumps with the possibil-
ity of individual unloading of sections or pump-
accumulator hydraulic drives, where the pump
periodically charges the battery and unloads in
pauses between recharge cycles;

- use of pressure compensators and energy
recuperators; electrical feedback and electro-
hydraulic flow control;

- increasing the efficiency of hydraulic ma-
chines, optimizing circuit solutions, using the
latest systems of proportional electrical control,
replacing throttle control with machine control
and using the principle of frequency control or a
pump-accumulator hydraulic drive, various
methods of energy recovery; integration of elec-
tronics into the hydraulic drive control loop;

- use of energy-efficient pump-accumulator
drives and multipliers, which allow increasing
the pressure up to 200 ... 500 MPa;

- equipping hydraulic systems with devices
that ensure functioning in a closed circulation
system of a working fluid - safety and anti-
cavitation valves, a feed pump, a flushing valve,
regulators for various functional purposes, hy-
draulic devices that prevent operation in the
mode of the constant opening of the safety
valves of the main lines [8];

-the use of a small piston mini-pump
"Egide", the rotation of which is carried out
directly from the electric motor located next to
the drive;

- the use of proportional control systems, the
use of unsprung pressure compensators in elec-
tro-hydraulic flow sharing drives with the theo-
retical efficiency is close to unity [8].

In pneumatic drives, high-quality com-
pressed air preparation is a prerequisite for ener-
gy saving. With the centralized production of
compressed air, energy savings can be achieved
by using a soft start device for the drive electric
motor of the compressor by including electronic
air controllers in the pneumatic system, mini-
mizing losses along the length and on local re-
sistances, choosing a rational diameter of pipe-

lines.

It is possible to increase the energy efficien-
cy of pneumatic systems:

- by supplying air to individual consumers
through a local pressure booster or by installing
an individual compressor;

- by switching to local systems for the pro-
duction of compressed air located directly in the
divisions of the enterprise and by the rational
choice of the layout of pneumatic devices, in-
cluding the use of gravity and energy saving
braking schemes;

- reducing the pressure level in the system or
the pneumatic cylinder pressure of the idling,
the use of an effective control scheme, including
the use of vacuum and regulated power off;

- the use of an air engine with holding brakes
during long periods of inactivity, energy recov-
ery [24];

- wear and leakages minimizing; reducing
the length of pneumatic lines, rational organiza-
tion of the suction line, using as an energy sav-
ing device compressed air energy accumulator
connected to the exhaust line of the pneumatic
drive through a check valve, utilizing the heat
removed from the compressed air, which in-
creases efficiency.

In mechanical drives, energy savings can be
achieved by reducing weight and friction. The
materials of the friction pairs, in addition to the
required high strength, must have good antifric-
tion properties. To reduce the friction force, the
clearances of friction pairs should provide slid-
ing friction with the oil layer. For this, it is ad-
visable to use vibration rolling, which reduces
the friction force by 20 ... 30 %, and increases
the tightness by 10 ... 18 %.

The main way of energy saving is to increase
the efficiency of mechanical transmissions [25],
equip mechanical drives with energy recovery
devices, and efficient speed control systems.

Conclusion

As a result of theoretical studies, compara-
tive characteristics of electrical, hydraulic,
pneumatic, and mechanical drives, areas of their
effective application are presented. The algo-
rithm for choosing the drive type of a technolog-
ical machine is proposed.

It has been found that the electrical drive is
currently the main one in the mechatronic sys-
tems area. It provides good control, easy feed-
back organization, high efficiency, and the best
weight and size efficiency.

The hydraulic drive is more complex and ex-
pensive than the pneumatic and electrical drive.
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However, in the power range up to 1 kW, the
hydraulic system has the best weight and size and
can be successfully used in systems where it is
necessary to obtain significant efforts of the actu-
ators with high positioning accuracy.

The pneumatic drive is the simplest, rather re-
liable and the cheapest. However, it has a limited
load capacity, up to 10-20 kg and is badly con-
trolled.

A mechanical drive is comparable in cost to a
pneumatic drive, has high efficiency, high relia-
bility, and ease of maintenance. The complexity
of its manufacture largely depends on the type of
transmission.

The proposed algorithm for selecting the drive
type allows considering the maximum number of
factors, to reasonably select the system type, to
ensure the optimal design and operating parame-
ters of the designed technological machine. In the
future, it is necessary to supplement the existing
database on the use of various type drives, based
on the latest developments of their elements and
circuit solutions, to develop new criteria for com-
paring various type systems.

The main measures for energy saving in
drive systems are considered.
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Annomayusn. C yuemom MaxcumaibHO20 KOIUHECH-
6a ¢axmopos paspabomanvl anrcopumm 8vloopa
Mmuna npueooa MexHoI02u4ecKol MawuHbl U mabau-
ya 015l CPABHEHUs UX OCHOBHBIX NOMPEOUMENbCKUX
ceoticms. Ilpeodnosicenvl Kpumepuu 071 CpaGHeHUs.
aghpexmugHocmu npuMeHeHUs: NPUB0O08 PA3IUYHbBIX
munog. Paccmompenvl 0CHOGHbIE MepOnpusimust no
9IHEP20COEPENCEHUIO 8 CUCTEMAX NPUBOOOS.
Kniouesvie cnosa: 2uopagiuieckuii npuood, Mexanu-
yecKkuil npueood, CpagHeHue npueodos, Kpumepuu
apexmusnocmu, xXapakmepucmuKu, MexaHuieckuil
npusoo.
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EneproedgekTuBHiCTH Ta  aJIrOpUTM
NMPUBOJIB TEXHOJIOTIYHUX MAIIIUH

Anomauin. Ilpobnema. Bubip muny npusoda Ha
cmaoii’ npoeKmy8anHs MAWUHU € CKIaOHUM ma 6a-
2amozpanHuM 3a80aHHAM, 6i0 NPAGUNILHOZ0 GUDI-
WIEHHSA AIKO20 3HAYHOIO MIPOIO 3ANeNHCUMb ii MexHIy-

BUOOpY

HUll pigeHb ma ekcnayamayitni axocmi. Memoto
pobomu € U3HAYEHHS WIAXI8 NOKPAUEHHS eHepaoe-
GexmusHocmi npugooie MexHONO2IUHUX MAWUH md
Ppo3pobKa ancopummy 8ubopy muny npusody. Memo-
oonocin. Cucmemuuti ananiz 003601U8 NPOGECHU
aHaniz napamempié 00BKILIS, 6 SIKUX OOYLIbHO BUKO-
pucmosgysamu npUBoo mMo2o Yu iHU020 Muny, po3po-
oumu Kpumepii 051 NOPIGHSAHHS eheKmueHocmi ix-
Hb02o 3acmocyeants. Memoou meopii asmomamuy-
HO20 pe2ylio8anHs O0360AUNU 6CMAHOBUMU XAPAK-
mepucmuku npugodis. Memoou meopii mexanizmie i
Mawiun 00360UNU BUBHAYUMU Maco2abapumHi ma
eHepeemuyHi NOKasHuKu npusodis. Pesynvmamu.
Posenanymo ocnosni 3ax00u wooo niosuujents eHe-
peoepexmuenocmi npueoodie MeXHOIOLIYHUX MAULUH,
PO3pOOAEHO anzopumm 6ubopy muny npueoda ma
cmeopeno mabauyto 01 NOPIGHAHHA OCHOBHUX CHO-
HCUBYUX rACIUGOCHel Npusodis.  Ycmarnosnewo,
Wo eneKmpuyHull NPueoo BUKOHABUUX OpP2aHie HA
CbO2OOHI € OCHOBHUM V 2ANLY3l MEXAMPOHHUX CUCEM.
Bin 3abesneuye 0obpe ynpagninus, neeky opeauiza-
yiro 36opomuoco 36’a3xy, eucoxuti KKJ/[, natixpawyy
Mmaco-eabapumny egpexmusnicmo. Haykoea nosusna.
3 ypaxyeanuam maxcumanrbHoi Kirtbkocmi pakmopis
Ppo3pobreno ancopumm 6ubopy muna npusood. 3a-
NPONOHOBAHO Kpumepii OJis NOPIGHHHS eqheKmUHO-
cmi 3acmocy8antsa npusooie pisHux munis. Hageoeno
epexmusHi obaacmi 3acmocy8aHHs eneKmpuiHozo,
2i0pasniuno2o, NHEBMAMUYHO20 MA MeXAHIYHO20
npueodie ma ixwi epanuuMi GUXIOHI napamempu.
Ilpakmuuna yinnicme. 3acmocyeants po3pooaeHo-
20 AN20PUMMY CKOPOUYE Yac UOOPY Muny npugood.
Y nooanvwomy cnio oonosuiosamu hnasewy 6a3y
O0aHUX w000 BUKOPUCHAHHS NPUBOOI8 PIZHUX MUNIE,
CRUPAIOYUCL HA HOBIMHI PO3POOKU IXHIX elemeHmie
ma cxemui piwlenHs, po3poonsmu HOGI Kpumepii
NOPIGHSHHS NPUBOOI8 PIZHUX MUNIE.
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