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The problem of ensuring the required quality and operation of the properties of machine parts is
becoming increasingly important in mechanical engineering. However, to date, no generalized theoretical
relationships between surface quality parameters, machining accuracy, performance properties of parts and
parameters of machining processes, which allow to solve the problem of technological support of the specified
performance properties of parts. The control of the surface formation process with the required properties is
carried out mainly by using partial experimental dependences and tables of processing modes. The complexity
of the problem is that when machining parts it is necessary to establish such processing conditions that would
provide a set of requirements for tool wear, machining accuracy, surface quality characteristics, productivity
and more.

Working machines of special and general purpose, their separate knots and mechanisms are constantly
improved, thus increase of a technical level of machines is carried out by introduction of new technical
decisions, use of modern technologies and scientific developments.

The experience of development and operation of mechanisms of parallel kinematics confirms their
high efficiency and prospects of this direction of mechanical engineering. Due to the design features of the
layout, the mechanisms of parallel kinematics have closed kinematic chains that form spatial structures. As a
rule, these structures are based on triangular rod systems. They have high rigidity characteristics, provide
high speeds and acceleration of working bodies. Accordingly, these capabilities can significantly increase the
static and dynamic accuracy of positioning mechanisms. The lack of theoretical foundations for the
development of mechanisms, in particular high-precision mechanisms, hinders the widespread introduction of
parallel kinematics mechanisms. Improving accuracy requires a comprehensive study of kinematics and work
processes, taking place in their main nodes. Therefore, studies aimed at improving the parameters of static
and dynamic accuracy of spatial mechanisms of parallel kinematics are relevant.

Key words: Mathematical model, machine complex, functionality, monitoring, calibration of
equipment, machining vibro process, vibromachines, machines with parallel kinematics.

Fig. 7. Ref. 9.

1. Problem formulation

Working machines of special and general purpose, their separate knots and mechanisms are constantly
improved, thus increase of a technical level of machines is carried out by introduction of new technical
decisions, use of modern technologies and scientific developments.

During machining in the technological system there are many processes that affect the results of
processing: oscillatory and thermal processes due to internal and external perturbations, others. Mathematical
modeling of these processes at the stage of development and assessment of their impact on the initial
performance of parts is difficult due to the diversity of physical processes, so it is difficult to predict with
sufficient reliability the value of quality parameters of manufactured parts. It is known that the main production
reasons for deviations of the actual size and shape of parts from theoretical are: errors of equipment, devices,
cutting and measuring tools; inaccuracies in the installation and deformation of parts and tools under the action
of forces applied to them; uneven heating of parts and tools and tool wear during machining; deformation of
cast, welded and heat-treated parts under the action of residual and internal stresses. The nature of the
manifestation of these errors is random, so their calculation is based on the probabilistic characteristics of
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scattering, which is determined by the characteristics of the tolerance field and the assumed distribution laws
of the corresponding errors.

To maintain the working condition of the technological system and ensure the specifiedthe quality of
parts must be monitored in the conditions of operation of machines and technical process. Machine monitoring
is understood as a scientifically designed system (means and methods) of continuous observations and
measurements using appropriate assessment procedures for identification, analysis of the current situation,
recognition of special situations, short-term and long-term forecasting and automatic operational and tactical
decisions. The monitoring system allows you to operate the equipment by condition, resource or level of
reliability and on this basis to use the concept of maintenance as the most economical, flexible and efficient
method of operation of factory equipment and vehicles, which is a key component of the operation process .
Analyzing the initial results of monitoring, a conclusion is made about the need for additional work.
Programming the route of the technological process of machining a part is to set the trajectory and speed of
mutual movement of the tool and part, as well as the actions of auxiliary mechanisms of the machine with
parallel kinematics numerical program control device with appropriate control program.

To obtain the control program of the route of the technological process of machining parts:

— determine the amount of processing and select the machine;

— determine the method of fixing the workpiece in the working area of the machine and select the necessary tools;

— to organize a rational sequence of surface treatment and the possibility of replacing the tool;

— determine the processing conditions of each surface, namely the spindle speed, cutting speed, etc.

To control the movement of the tool forming the contour of the part, it is necessary to determine the
relative position of the workpiece and the tool in the working space of the machine with parallel kinematics,
the accuracy of which directly affects the accuracy of the workpiece. This is due to the fact that the accuracy
of the dimensions of the part is maintained relative to the origin of the coordinate system of the multi-purpose
machine, and not relative to the base surfaces of the device, as when processing workpieces on machines with
unprogrammed processing. The location of individual surfaces and structural elements in the volume of the
part is set in the coordinate system of the part, which is associated with the coordinate system of the machine.
Therefore, during the technological process of machining on multi-purpose machines use three coordinate
systems: the coordinate system of the machine, the coordinate system of the part, the coordinate system of the
starting point. Accordingly, the accuracy of the location of the treated surfaces relative to the technological
bases of the part depends on the accuracy of the coordinate system of the part in the coordinate system of the
machine. When fixing the workpiece, the technological base is combined with the corresponding support
surface of the device. To ensure the connection between the coordinate systems of the part and the machine,
the coordinates of the base points are used. The base points of the machine characterize the position of the
working bodies in its coordinate system, which are determined by the design features of the working bodies.
To ensure the connection between the coordinate systems of the part and the machine, the coordinates of the
base points are used. The base points of the machine characterize the position of the working bodies in its
coordinate system, which are determined by the design features of the working bodies. To ensure the
connection between the coordinate systems of the part and the machine, the coordinates of the base points are
used. The base points of the machine characterize the position of the working bodies in its coordinate system,
which are determined by the design features of the working bodies.

2. Analysis of last researches and publications

The existing fleet of multi-purpose technological equipment in Ukraine has a fairly large stock of
management, which almost completely meets the needs of production, but there is a problem of extending the
technological life of this equipment. Suffice it to say that the cost of a new machine for the manufacture of
mechanical parts of the machine is up to 70-80%, and the possibility of restoration work with equipment of
modern automated control systems will significantly extend the service life of machines [1-3]. In addition, the
gradual rise of Ukrainian industry leads to the need to put into operation modern technological equipment with
mechanisms of parallel kinematics, but there is a problem of certification of this equipment for accuracy.
Existing methods of calibration of technological equipment or are not accurate enough.

3. Aim of the researches

The task of developing a methodology for studying the errors of multi-purpose technological
equipment using the universal complex of computer modeling STATEFLOW-SIMULINK, which in contrast
to the existing ones will be cheaper and not inferior in accuracy in application.
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4. Results of the researches

Implementation of a software method to increase the efficiency of machining process management.

The structure of decision - making strategy in technological process management is offered in the
work. The strategy is based on the use of special features of the Stateflow-Simulink complex, the purpose of
which is to create models of systems that can change their structure depending on changes in the state and
parameters of systems. The complex is selected from a large number of available software products. Its
capabilities exceed the capabilities of other modeling systems. This complex does not limit the level of
complexity of systems.

The use of this product is a new interactive tool for development in the field of modeling of complex
systems that are controlled by events and can significantly increase the efficiency of process control in
machining systems. An integrated environment with Mathlab and based on finite state machine theory is
proposed for the design of systems with built-in logic. New improvements include: data and operations
support; performing cancellation and repetition functions; programmable access to the complex; support for
two-dimensional matrices for data transmission; export of graphic functions from library tables. With the help
of this complex it is possible to control the technical condition of multi-coordinate equipment, parameters of
machining modes and parameters of the machine and parts.

Stateflow - a tool for numerical modeling of systems characterized by complex behavior. Such systems
include hybrid systems. Such systems consist of analog and discrete components. Therefore, hybrid systems
are systems with complex interaction of discrete and continuous dynamics. They are characterized not only
continuous change in the state of the herd system, but also abrupt variations in accordance with the logic of
the control program device. In the case when the logic of the control subsystem is rigid, and external conditions
are relatively stable, we are talking about transformation systems (Fig. 1). For such systems, the acquisition
phase is obtained information, its processing and output signals are clearly demarcated. At the time of access
to the system, all input signals are identified. Output signals are generated after then some period of
calculations, which calculations are produced according to some algorithm that transforms the input data set
into the output. Otherwise, the system is classified as event-driven or reactive (Fig. 2). Reactive is a dynamic
system that perceives external discrete actions and responds with its reactions to these actions. Moreover, the
reactions of the system are different and themselves depend on both the actions and the state of the herd in
which the system is located. The main difference distinction reactive systems from transformational - in the
unpredictability of the moments of entry certain actions. Otherwise, the system is classified as event-driven or
reactive (Fig. 2). Reactive is a dynamic system that perceives external discrete actions and responds with its
reactions to these actions. Moreover, the reactions of the system are different and themselves depend on both
the actions and the state of the herd in which the system is located. The main difference distinction reactive
systems from transformational - in the unpredictability of the moments of entry certain actions. Otherwise, the
system is classified as event-driven or reactive (Fig. 2). Reactive is a dynamic system that perceives external
discrete actions and responds with its reactions to these actions. Moreover, the reactions of the system are
different and themselves depend on both the actions and the state of the herd in which the system is located.
The main difference distinction reactive systems from transformational - in the unpredictability of the moments
of entry certain actions. The main difference distinction reactive systems from transformational - in the
unpredictability of the moments of entry certain actions. The main difference distinction reactive systems from
transformational - in the unpredictability of the moments of entry certain actions.

—
A A ——
—»  Transformational [ 4 R Reactive
System N System ,
Inputs Outputs . )
Ready Ready fime . ! time
> —>
Fig.1. Transformation system Fig.2. Reactive system

Modeling of physics of technological processes (continuous component of system behavior) is
supplemented by modeling of logic of work by control devices (discrete component). The mathematical
apparatus of description in this case is a system of differential-algebraic-logical equations, for which there is
no coherent theory and a single approach, as well as with clarity. Visualization of the course of physical
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processes is provided by graphs of changes in time of certain quantities. Currently now for modeling the
discrete dynamics of jet systems is widely used visual formalism - Statechart (diagrams of states estates and
transitions). The main non-graphical components such diagrams are an event and an action, the basic graphic
components - state herd and transition. Construction lineup models are possible using Stateflow programs
and Simulink , which are part of the MATLAB package .

MATLAB provides access to various types of data, high-level programming and tools visualization.
Simulink supports the design of continuous and discrete dynamic systems in a graphical environment (in the
form of block diagrams). Stateflow - charts, included in Simulink - models to to provide the ability ability
modeling of event-driven processes. MATLAB-Simulink-Stateflow combination is powerful universal tool for
modeling systems. Additional capability monitor in real time the process of chart execution by enabling
animation mode does the process of modeling systems visually. Stateflow - powerful powerful graphical tool
for designing and modeling complex systems of local control and supervisory logical control allows :

1. Visually model complex systems.

2. Design deterministic supervisory
management systems.

3. Easy to change. Betray project, evaluate the
results of changes and investigate the behavior of the
system at any stage of the project.

4. Automatically generate software code
directly on the project.

5. Take advantage of integration with
environments MATLAB and Simulink in the

Fig.3. Integration of MATLAB , Simulinkand  rqcess of modeling and analysis of systems (Fig. 3).
programs Stateflow

Real-Time
Workshop

Stateflow consists of the following components:

1. Stateflow graphics editor - graphic editor

2. Stateflow Explorer - conductor

3. Stateflow Coder -generator object codes

4. Stateflow Debugger - debugger

5. Stateflow Dynamic Checker -dynamic test device device .

During the task provides verification of looping conditions and violation of the data range. When
designing models of jet systems Stateflow used in conjunction with Simulink and with with RTW (Real-Time
Workshop - real-time workshop) managed by MATLAB . The model is designed starting with with control
part of Stateflow share , and then composed Simulink model and the Stateflow It is possible to improve the
existing Simulink model by replacing Simulink logic blocks on Stateflow charts. Stateflow machine - a set of
Stateflow blocks in the Simulink model. Simulink Model and Stateflow the machine work together. Running
the simulation automatically starts both Simulink and Stateflow parts particles models. Simulink model may
consist of combinations of Simulink blocks, additional blocks with from Toolkits and Stateflow blocks
(Stateflow charts). Stateflow diagram (Stateflow chart) consists of a set of graphical (states states , transitions,
connections connections (nodes), chronological connections connections ) and non-graphical (events, data,
program program codes) objects (Fig. 4). Is available mutually unambiguous correspondence between the
Simulink model and Stateflow by car. Each Stateflow block in the Simulink model presented imagine in
Stateflow separate chart (Stateflow chart). Each Stateflow the machine has its own hierarchy of objects.
Stateflow machine - the highest level in Stateflow hierarchy. Below in the object hierarchy Stateflow the
machine is located a combination of graphic and non-graphic objects. Stateflow diagram (Stateflow chart )
consists of a set of graphical (states states , transitions, connections connections (nodes), chronological
connections connections ) and non-graphical (events, data, program program codes) objects (Fig. 4). Is
available mutually unambiguous correspondence between the Simulink model and Stateflow by car. Each
Stateflow block in the Simulink model presented imagine in Stateflow separate chart (Stateflow chart). Each
Stateflow the machine has its own hierarchy of objects. Stateflow machine - the highest level in Stateflow
hierarchy. Below in the object hierarchy Stateflow the machine is located a combination of graphic and non-
graphic objects. Stateflow diagram (Stateflow chart ) consists of a set of graphical (states states , transitions,
connections connections (nodes), chronological connections connections ) and non-graphical (events, data,
program program codes) objects (Fig. 4). Is available mutually unambiguous correspondence between the
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Simulink model and Stateflow by car. Each Stateflow block in the Simulink model presented imagine in
Stateflow separate chart (Stateflow chart). Each Stateflow the machine has its own hierarchy of objects.
Stateflow machine - the highest level in Stateflow hierarchy. Below in the object hierarchy Stateflow the
machine is located a combination of graphic and non-graphic objects. Is available mutually unambiguous
correspondence between the Simulink model and Stateflow by car. Each Stateflow block in the Simulink model
presented imagine in Stateflow separate chart (Stateflow chart). Each Stateflow the machine has its own
hierarchy of objects. Stateflow machine - the highest level in Stateflow hierarchy. Below in the object hierarchy
Stateflow the machine is located a combination of graphic and non-graphic objects. Is available mutually
unambiguous correspondence between the Simulink model and Stateflow by car. Each Stateflow block in the
Simulink model presented imagine in Stateflow separate chart (Stateflow chart). Each Stateflow the machine
has its own hierarchy of objects. Stateflow machine - the highest level in Stateflow hierarchy. Below in the
object hierarchy Stateflow the machine is located a combination of graphic and non-graphic objects.

Mogcs Simulink
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Fig.4. Simulink combination blocks, additional blocks with from Toolkits and Stateflow blocks

Defining the interface for the Stateflow block may include the following tasks:

1. Determining the method of modification of the Stateflow block

2. Defining Output to Simulink events.

3. Adding and determining nonlocal events and nonlocal data within the Stateflow diagram.
4. Defining connections with with by any external sources.

Consider in more detail the main features of this complex. The complex allows you to create and model
systems with complex behavior. In this case, the system, which can be in different states (modes) and make
transitions from one state to another when an event occurs. Using the complex, you can create diagrams that
are a graphical representation of the finite state machine. States and transitions are the main blocks of the
system that create a hierarchical system. Hierarchy allows you to organize a complex system of location of
some objects (states, decision points) within other objects (states, sub-diagrams). It is possible to perform
several operations with parallel access to the simulation unit simulink, as well as the use of recursive control
algorithms, performing a set of predictive estimates to clarify the strategy of GVS.

Optimization of the machining process on a parallel kinematics machine in a flexible production
system using Stateflow-Simulink.

As already mentioned, automation and technology cannot be separated. The areas of the most efficient
use of flexible production systems are primarily determined by technological equipment, which is an integral
part of the system, the range of machining parts and automated control system. With the help of Stateflow-
Simulink the general model of flexible production processing system is shown, which is shown in Fig.6. The
input data of the model is an electronic image of the part, which includes geometric and design parameters.
This system describes all the above streams and displays the following actions:

1) decomposition of the electronic image and its transformation into a technological process of
processing, which reflects the system;

2) obtaining an optimized technological process (by simulation in simulink);
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3) depending on the current state of the system, the processing route is selected.

The model of flexible production processing system consists of subsystems:

— decomposition of the geometric image of the part obtained from the computer-aided design system;

— decoding the control program for the numerical program control system obtained from the adaptive
control system;

— selection and purpose of the tool;

— monitoring the state of the machining process on the machine, etc.

In addition to automated production, monitoring of equipment and process is focused on the
maintenance of machines on the actual technical condition and includes in practice a control system that
monitors, monitors, protects and manages the technical condition of the object using real-time computer
systems. In the general case, equipment monitoring is an integral part of production monitoring together with
monitoring of work processes that provide control of determining parameters of machines, technical process
and products, detection of degree of disorder, forecasting of moments of correction, prevention of emergency
modes, etc. Some different concepts of monitoring include diagnosing, identifying, forecasting and managing
the state of the machine system based on information analysis and decision making. In the machines of
traditional circuit solutions are set and measured relatively simple graphic objects lines, planes, cylinders,
which correspond to simple movements. Machines of parallel kinematics have complex elementary
movements which are difficult to control. Elementary movements change under the influence of operational
factors of temperature, deformation, etc., so in order to significantly increase the processing, periodic control
of the accuracy of the machine is proposed to determine its actual geometry. With the help of STATEFLOW-
SIMULINK a set of rational processing options in GIVS is formed.
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Fig.5. The general model of a flexible production system is implemented by means Stateflow Simulink complex

Options are compared by modeling or calculation. The best options for a certain period of time are
selected. The stage (interval) of monitoring after the implementation of this optimal option is repeated. At the
same time the optimum and rational variant of all system is chosen. The application of the complex requires a
detailed description of each element and flow in the system. The obtained model of part processing from the
sequence of control actions and STATEFLOW-SIMULINK diagrams of the state of a separate block of the
model and monitoring of the state of both the individual machine and the system as a whole is given. The
possibilities of monitoring are quite wide, from determining the efficiency to the energy of the whole complex.
An event-oriented graph of the states of the processing process has been developed and implemented with the
help of the complex. The mode in which the event-driven system is located is presented. Events change their
properties, and the state of the system can be active and passive. The occurrence of such events is controlled
by the STATEFLOW-SIMULINK diagram. As you can see - all states can be located in each other. Modeling
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the behavior of the system is carried out by changing the active states, ie the system changes its modes, moving
from one state to another through objects.

The main production reasons for deviations of the actual size and shape of parts from theoretical are:
errors of equipment, devices, cutting and measuring tools; inaccuracies in the installation and deformation of
parts and tools under the action of forces applied to them; uneven heating of parts and tools and tool wear during
machining; deformation of cast, welded and heat-treated parts under the action of residual and internal stresses.
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Fig.6. Event-oriented graph of the machine tool complex for cutting process, implemented by
means of the STATEFLOW-SIMULINK complex

The nature of the manifestation of these errors is random, so their calculation is based on the
probabilistic characteristics of scattering, which is determined by the characteristics of the tolerance field and
the assumed distribution laws of the corresponding errors.

Dimensional errors are scalar primary errors and cause the accumulated errors of movement and
deviation of the velocities of the known links. Errors in the location of working surfaces, as well as assembly
shifts and skews, scalar and vector; in the first case, they cause the accumulation of errors of movement and
deviations of velocities, and in the second - periodic errors of movement and fluctuations of speeds. Errors in
the shape of the working surfaces are always caused by variable irregular errors of movement and fluctuations
in speed. During the operation of the mechanisms there are errors caused by shifts in the gaps of kinematic
pairs, deformations of parts and wear. They can be caused by forces acting on the parts, heating of parts and
internal residual stresses. The magnitudes of these displacements are determined by the magnitudes of the
gaps, the directions of the displacements - the direction of the forces. The gaps are technological errors and are
random. Their values are determined by the probabilistic characteristics of scattering. Regular and smooth
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shifts in the gaps cause the accumulated errors of movement or deviation of the speed of the known link. Jump
shifts that occur when reversing motion are the main causes of deadlifts.

The causes of force deformations of parts are the forces of gravity of parts, external forces, friction
forces, forces arising from statically indeterminate design. The greatest influence on the accuracy of the
mechanisms are usually deformations from external forces. However, in machines with massive structures,
deformations due to the forces of gravity of parts are also important.

Deformations can be of the following types:

1) volumetric- stretching, compression, displacement, bending, torsion;

2) contact;

3) deformation in the oil layers.

Volumetric deformations are determined quite accurately by conventional methods of resistance of
materials. The greatest influence of them is made by deformations of cross bending and torsion.

Temperature deformations of detailsarise from fluctuations in the thermal mode of operation of the
machine. The errors of the mechanism caused by thermal deformations are small, and they can be ignored if
all parts are made of one material and are evenly heated or cooled. In this case, the volume and dimensions of
all parts change evenly and the accuracy of the mechanism changes little. If the parts are made of materials
with different coefficients of thermal expansion, the thermal deformations will significantly affect the accuracy
of the mechanism and must be taken into account. At uneven heating and at heating of bimetallic details
deformations of a bend also appear.

Deformations of parts from friction forces in kinematic pairs are the main causes of elastic deadlocks,
which play a particularly important role in long kinematic circuits. Wear of parts - one of the characteristics of
the reliability of the mechanisms of precision instruments.

Irregular displacement of parts in kinematic pairs due to the instability of friction forces are the main
reasons for the non-reproducibility of the positions of the known links.

The causes of oscillations and vibrations in machines are:

- imbalance of parts rotating at high speed;

- gaps and friction in kinematic pairs;

- insufficient rigidity of load-bearing structures;

- absence or insufficiency of depreciation devices.

The influence of primary errors on the accuracy of the mechanism must be limited by rational design
and manufacturing technology. The indication of the states of the unit of equipment during monitoring (pulses
on-off), the parameters to be monitored are presented (Fig. 7).
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Fig.7. Indication of the state of the equipment unit during the monitoring of the machine tool
complex cutting by means of the STATEFLOW-SIMULINK

After running the STATEFLOW chart and fully processing the initial startup of the SIMULINK event,
it passes control of the SIMULINK model and enters standby mode, but remains active. In the work of
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improving the management efficiency with the help of the STATEFLOW-SIMULINK complex, it is possible
to significantly improve the quality of the processing process organization and streamline the system of
optimization strategy selection taking into account the results of DHW monitoring. The presence of an
extensive system of modeling complex implements effective simulation modeling of the processing process.

5. Conclusions

1. The use of this tool allows you to automate the process of programming and modification and
configuration of the CNC system in order to reduce the complexity of the control work.

2. The use of work results will significantly increase the efficiency and reliability of production
systems of machining and will allow to adjust the schedule of the automated line, which provides more efficient
use and reduction of energy consumption by eleven percent (11%).

3. The established conditions of processing provide the requirement to tool wear, accuracy of
processing, characteristics of quality of a surface, productivity. The productivity of the body part with the
number of holes to be processed, 8-12 increases the efficiency of processing by 15-20%, and with a larger
number of holes is 25-32%. Error compensation by calibration reduces the overall error rate by 2-10 times.
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YIPABJIIHHA HOBITHIMA METOJAMM MEXAHIYHOI OBPOBKH TA BIEPO
MNPOLECAMU
IIpobrema 3abe3neyenns HeoOXioHoi akocmi ma QYHKYIOHY8anHs eracmugocmell oemanei Mauium
cmae 6ce Oibl AKMyanbHow 6 Mawunodyodyeanui. Ilpome Ha cbO2OOHIWHILL OeHb GIOCYMHI Y3A2ANbHEH]
meopemuymi 36 ’S13KU MIdC napamempamu SKOCMI NOBEPXHi, MOUYHICMIO 00pOOKU, eKCHIyamayiiHumu
enacmusocmamuy oemaneil i LApAMempamu npoyecie Mexaniunoi 06pooKu, ki 6 003801UNU BUPTUUMU 3A0AYY
MEXHONI02IUHO20 3abe3nevents 3a0anux eKcniyamayiunux eiacmueocmei Oemaneu. Koumponv npoyecy
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Gopmysanns noeepxHi 3 HeOOXIOHUMU 6AACMUBOCMAMU 30IUCHIOEMbCSL 8 OCHOBHOMY 3d OONOMOZ20I0
YACTNKOBUX EeKCNEPUMEHMATbHUX 3aledcHocmeti | mabauyb pedcumie 00pooxu. Criaduicms npobremu
noJa2ae 8 Momy, wjo npu 06pooyi demaineti HeOOXIOHO BCMAHOBUMU MAKI YMOBU 00pOOKU, AKI b 3a6e3neyysanu
KOMAIEKC 6UMO2 00 3HOCY IHCMPYMEeHmy, MO4YHOCMI 00pOOKU, SAKICHUX XAPAKMEPUCMUK NOBEPXHI,
nPOOYKMUBHOCMI Npayi mowjo.

Poboui mawunu cneyianbnoeo ma 3a2a1bH020 RPUSHAYEHHS, iX OKpeMi 8Y31U MA MEXAHIZMU NOCMITIHO
B800CKOHATIOIOMbCS, NPU YbOMY NIOBUUYEHHS MEXHIYHO20 PIBHA MAWUH 30TUCHIOEMbCS WAXOM NPOBAONCEHHS
HOBUX MEXHIYHUX PilleHb, GUKOPUCIAHHS CYYACHUX MEXHONO2I I HAYKOBUX PO3POOOK.

Llocsio po3pobxu ma excniyamayii Mexamizmié napaneibHol KIHeMamuxky niOomeepoXcye ix 8UCOKY
ehekmuenicms i NEPCHNEKMUBHICMb UbO2O HANPAMY MAWUHOOYOY8aHHA. 3a6805KU KOHCMPYKMUSHUM
0COOIUBOCTNAM KOMNOHYBAHHA MEXAHI3MU NAPALeNbHOI KIHeMAMUKU Mamoms 30MKHYmMi KiHeMamuuHi
Janyioay, AKI YMeoploioms Npocmoposi CmpyKmypu. K npasuno, 8 oCHO8i Yux KOHCMPYKYIL Jexcams
MPUKYMHI cmpudicHesi cucmemu. Maroms 8UCOKI XAPAKMEPUCTNUKU HCOPCMKOCMI, 3a06e3neuyiomsb 6UCOKI
weuoKocmi i NPUCKOpenHs pobouux opeanis. Bionoeiono, yi mosicausocmi 00380510Mb iCIMOMHO RIOSUUUMU
cmamuyny | OUHAMIYHY MOYHICIb MEXAHIZMIE NO3UYIOHY8AHHS. BiocymHicmb meopemuihux 0CHO8 po3pooKu
MEeXAaHI3Mi8, 30KpeMa MexaHizmMié GUCOKOI MOYHOCHI, NEPeUKOOHCAE WUPOKOMY BNPOBAONCEHHIO MEXAHI3MIB
napanenvHoi Kinemamuku. I1ioguuentns mouHocmi 8uMazae 8ceOiuH020 O0CHIOHNCeHHs KIHeMamuKy i poooyux
npoyecie, wo npomiKaromy 6 ix OCHOSHUX 8y31ax. Tomy axmyanvHumMu € OOCHIONCEeHHS, CNPAMOBAMI HA
NIOGUWEHHS NAPAMEMPIE CIMAMU4YHOT Ma OUHAMIMHOL MOYHOCMI NPOCMOPOSUX MEXAHI3MI6 NapaneibHol
KIHeMamuxu.

Knwuosi cnosa: mamemamuyna mooensb, MAWUHHUL KOMNIEKC, (QYHKYIOHATLHICIb, MOHITMOPUHS,
Kaniopysanusi 001a0HAHHA, IOPONpOYecU, MexXaniyHa 06poOKa, GIOPOMAUUHU, MAWUNHU 3 NAPANETLHONO
KIHeMamuxoio.
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