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MODERN CONCEPTS OF IMPROVING THE TOOL RESISTANCE OF THE TOOL
DURING DEVELOPMENT

It has been established that increasing the vibration resistance of cutting processing
technological systems is one of the priority areas of intellectual activity in the field of technologies
and technical methods of equipping the cutting processing process. It is noted that the level of
intensity of self-oscillations of elastic technological systems significantly affects the stability of the
tool, the productivity of processing and the quality of the processed surface of products (waviness,
roughness, slander, residual stresses). For each technological process, there is a certain optimal
level of oscillations, at which the maximum stability of the tool and the high quality of the machined
surface are observed. Due to the control of the intensity of self-oscillations, it is possible to achieve
a tenfold increase in the stability of the tool, a two- to fivefold increase in productivity and a
significant improvement in the operational characteristics and quality of the machined surface. The
impact of the design parameters of reamers with variable tooth inclination angles on vibration
resistance, methods of improving the construction of reamers with the aim of increasing vibration
resistance are analyzed. An improvement of the technological method of manufacturing reamers,
which ensures a constant width of the rear surface along the cutting edge, is proposed. The principle
of sequential execution of helical teeth with alternating their inclination in the proposed version,
compared to their placement with an uneven angular step, provides significant advantages in
reducing vibrations during processing, primarily due to the greater universality of distribution to
different standard sizes of reamers and suitability for use in a wide range of modes. It was established
that the maximum value of the difference in inclination of the teeth is limited by the convergence of
two adjacent teeth at the end of the calibration part, depending on the length of the working part of
the reamer, as well as the diameter, number and angle of inclination of the reamer teeth. A significant
increase - by 1.5-2 times - was noted in the stability and reliability of sweeps with a variable
inclination of the teeth.

Keywords: vibration, reamer, multi-bladed tool, cutting edge, oscillations, disturbance force
tooth inclination, hole reaming.

Problem statement. Among the variety of ways to overcome vibrations when turning holes,
the most attractive is the use of tools with reduced vibration activity. The rest of the currently existing
methods, despite their originality and technical perfection of their implementation, in most cases have
extremely limited versatility in application and require additional resources and time for technical
preparation of production. Since most of the reamers used are tools for specialized purposes, the
maximum adaptation of their design to specific application conditions justifies the feasibility of this
particular method of solving the task of ensuring stable vibration-free operation — due to the
concentration of the anti-vibration effect in the tool itself by an appropriate combination of its design
and geometric parameters.

Analysis of recent research and publications. The presence of periodic oscillations that
accompany the process of metal cutting in all types of processing and have a significant impact on
this process has attracted the attention of researchers since the very beginning of the development of
the science of metal cutting. Almost all machine vibration studies are based to one degree or another
on the classical provisions of the theory of oscillations and stability of motion, elements of the theory
of automatic regulation and materials of experimental research of machine tools. It should be noted
that although until now there is no consensus on the issue of the occurrence and development of self-
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oscillations during cutting, the majority of scientific schools and scientists tend to consider the causes
of self-oscillations of the elements of the technological system to be caused by not one, but several
physical phenomena that can act simultaneously or separately from these phenomena can dominate.
It depends on the specific conditions and state of the elastic system of the machine tool - device - tool
- part (SID), first of all, the stiffness and damping ability of the system elements, the strength and
plasticity of the processed material, the type of processing, cutting modes, etc. [2]. The level of
intensity of self-oscillations of elastic technological systems significantly affects the stability of the
tool, processing productivity and the quality of the processed surface of products (waviness,
roughness, slander, residual stresses). For each technological process, there is a certain optimal level
of oscillations, at which the maximum stability of the tool and the high quality of the machined surface
are observed. By controlling the level of self-oscillation intensity, it is possible to achieve a tenfold
increase in tool stability, a two- to fivefold increase in productivity, and a significant improvement in
operational characteristics and the quality of the machined surface [2].

Goal (task) research. Improvement of the technique of designing tools with alternating
inclination of the teeth.

Main text. Overview of ways to prevent vibrations during turning machining

To increase the dynamic stability of machining operations, a large number of advanced tools,
special devices and equipment have been developed and are currently under development and
research. The use of such tools, devices and equipment with increased coefficients 1 o and C allows
almost always to change the amplitude of oscillations in the desired direction and to bring it closer to
the optimal value of A .., i.e. successfully complete the process of controlling the intensity of self-
oscillations and significantly increase productivity, stability of the tool and the quality of the
processed surface of the products. Some examples of such tools, devices and equipment are described
below.

Increasing the vibration resistance and productivity of metal-cutting tools can be achieved as a
result of increasing their rigidity or, with even greater success, increasing their damping capacity.

The damping capacity of the tool can be increased by the so-called constructive damping, i.e.
by increasing the resistance in the joints, in the places where the cutting plates are connected to the
cutting block and the Block to the tool holder, as well as by active damping, i.e. by introducing special
vibration dampening devices into the design of the tools .

The development of tools with active damping is also promising. Active damping is achieved
through the use of disturbing devices with an additional energy source. The force of resistance
(damping) is proportional to the speed of vibration, so it is advisable to apply an additional force
proportional to the speed to the tool to increase the damping.

The intensity of self-oscillations of the technological system can be controlled by tools with
adjustable stiffness.

Overview of reamer designs and prospects for improving their designs and use as part of
technological systems to increase vibration resistance.

Purpose and types of sweeps . The reamer is designed for making precise holes. Depending
on the technological requirements, with the help of reamers, holes can be obtained with an accuracy
of 10 to 6 qualities for the roughness of the treated surface Ra = (6.3-0.4). The reamer is used after
preliminary processing of the holes with a countersink, boring cutter or drill, it can be used as a
finishing or roughing tool. The correct operation of the reamer depends on the design and quality of
its manufacture, operating conditions (cutting mode, cooling, size of allowance, quality of sharpening
and sharpening of cutting edges).

Domestic manufacturers of cutting tools supply the market with reamers of the following types:
cylindrical; conical (for instrumental , boiler ( rivet ) and other cones); stepped for processing holes
of tolerance classes G6, H6, Js6, K6, G7, H7, Js7, K7, M7, N7, P7, E8, U8, F8, H8, D9, E9, F9, H9,
H10, H11, as well as complete reamers No. 1...No. 6 for processing holes for proofing. The majority
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of this assortment consists of reamers made of tool steels, which ensure the stability of the declared
accuracy and quality indicators of the processed holes when they are processed with extremely low
(6...8 m/min) cutting speeds. Such tools no longer correspond to the current state of metalworking
technologies.

Leading foreign manufacturing companies, such as Sandvik Coromant, Kennametal, and
Korean, Chinese and Israeli companies Korloy, ZCC, ISCAR, which are widely represented in
Ukraine, have recently focused their efforts on the production and saturation of the market with
reamers made of hard alloys. The use of reamers with a cutting part made of hard alloys, capable of
processing at cutting speeds of more than 200 m/min, allows you to radically increase the productivity
of reaming when implementing modern concepts of High Speed Cutting/Multi Task Cutting
processing technology [3-8].

As an example, the characteristics of carbide reamers of the CoroReamer 435 series are given
[3-8]. CoroReamer 435 is a series of universal high-performance reamers for processing a wide range
of materials - steels, cast irons, non-ferrous metals. It provides tight hole tolerances and high surface
quality due to the internal alignment of the MOR, the geometry of the cutting edge and the maximum
uneven arrangement of the teeth. The maximally uneven arrangement of teeth implies a different
angular pitch for all teeth without exception. With this step distribution, none of the teeth is located
diametrically opposite the other, thanks to which the reamer forms holes with much smaller deviations
from roundness than after processing with reamers of a cross-sectional design (Fig. 1).

Fig. 1 — Circular pattern of a hole machined with CoroReamer™ 435 Sandvik Coromant reamer
[3-8]

In addition to the specified effect, when using reamers with the most uneven angular
arrangement of the teeth, a significant reduction in vibrations is observed when processing at high
cutting speeds. A characteristic feature of the tools of this series is their adaptability to processing
with an internal supply of MOR. The internal supply of MOR is carried out through nozzles (axial
for reamers with straight chip grooves and lateral for reamers with helical chip grooves) ensures the
supply of MOR exactly to the cutting zone, which contributes to increasing the stability of the tool
and the efficiency of chip removal (Fig. 2).
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Fig. 2 — Hole machining with CoroReamer™ 435 Sandvik Coromant series reamers [3-8]

The above features make it attractive to use reamers of the considered design in various
branches of mechanical engineering, such as general mechanical engineering, processing of molds
and stamps, automotive, energy, aerospace industries, etc. [3-8].

Innovative developments of prefab constructions of reamers and modular instrument systems
for reaming are gaining some popularity.

According to the design of the replaceable cutting part, assembled reamers are divided into
reamers with replaceable heads and reamers with replaceable plates. For examples of similar designs
in fig. 3 and 5 show, respectively, Kennametal's RMR™ Reamers, Kennametal's RHM E™
Interchangeable Reamer Modular Tooling System, and Korloy's IRT and IRB Series Prefabricated
Adjustable Reamers with Mechanical Interchangeable Inserts.-

Fig. 3— RHM E™ modular tooling system with interchangeable heads -for Kennametal turning
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Fig. 4 — Assembled adjustable sweeper of the IRT and IRB series with mechanical attachment of
replaceable plates of the company Korloy

Among the original design improvements of the working part of the reamers, it is worth
mentioning the design of the so-called "pulling” reamer HBRE of the Korloy company. The main
difference of this design is the large inclination of the helical teeth in the left direction — o = 45° —
uncharacteristic of most scanners. According to the developer, this solution provides a significant
increase in the accuracy and quality of processing of through holes with a diameter of 3 mm to 20
mm, favorable conditions for the removal of chips without the involvement of forced removal of its
MOR, a more even distribution of the load on the cutting edges and an increase in the stability of the
tool. The increased total length of the cutting edges in this case contributes to the improvement of
dynamic characteristics and has a positive effect on the vibration resistance of the technological
system.

Analysis of the influence of the design parameters of reamers with alternating inclination of
helical teeth on vibration resistance and substantiation of the conceptual features of their structure

According to [1], a rational choice of cutting modes and, especially, cutting speed contributes
to damping of oscillations during multi-blade processing; optimal sharpening of tool blades;
arrangement of teeth, which achieves stability in the system; taking into account the directional
characteristics of the oscillating properties of multi-blade tools.

One of the effective ways to reduce vibrations during reaming processing with constructive
measures is the implementation of reamer teeth with their arrangement with an uneven angular step.
However [1], the use of tools with an uneven tooth pitch is not universal and is largely determined by
a combination of certain technological processing conditions and the state of the technological
system. The ambiguity of the manifestation of the anti-vibration effect when reaming holes with
reamers with different angular steps of the teeth arrangement is clearly manifested in the works of
various authors, in which there is a certain discrepancy in the conclusions regarding the optimal values
of the difference in the angular steps of the teeth. The use of additional damping elements to reduce
vibration in the designs of an axial tool for processing holes is not always advisable primarily due to
design limitations and, in addition, leads to its increase in price, a certain decrease in reliability, and
an increase in the cost of time and resources for production preparation. Therefore, the improvement
of sweeps in this direction can be expedient only under the conditions of sustainable production and
under justified serial production.

Vibrations during multi-blade processing have their own specificity due to the fact that several
blades are involved in cutting, so the dynamic system of the machine simultaneously receives a
significant number of disturbing influences, different in magnitude and direction.

The back reaction of the elastic system is manifested on each individual blade in the form of
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elastic movements and increases in cutting force. Stability in the system is achieved when the forces
of disturbance and damping are equal, the magnitude of which largely depends on the design and
current technical condition of the machine tool, the tool, the stiffness of their individual elements and
connections, the speed of movement of the elements of the technological system, the degree of
damping in them, as well as on the design parameters of the multi-blade tool: shape, size, number and
mutual arrangement of teeth, geometric parameters of cutting blades, rigidity of the body of the tool
and the frequency of its own oscillations.

To a large extent, dynamic processes in the technological system are influenced by variable
technological factors — the mechanical properties of the surface layer of the processed workpiece
and the uniformity of their distribution over the processed surface, the uniformity of the allowance to
be cut, the actual dimensions of the tool used at the time of use, which in turn are caused by primary
technological errors its manufacture, technological errors in the restoration of the tool and its current
wear and tear. All of the above factors can be a source of fluctuations, while their ambiguity and
randomness of occurrence affect the magnitude and direction of disturbing forces. Reduction of tool
vibrations can in principle be achieved by controlling the cutting modes in the machining process
when using machines with stepless adjustment with adaptive CNC systems. However, with regard to
reaming, as with other types of hole processing with an axial multi-blade tool, this method has not
become widespread today due to the complexity of technical implementation and limited application,
primarily due to the fact that it allows you to control the magnitude and direction of the vector of
disturbing forces.

The use of reamers with alternating inclination of helical teeth allows to increase the vibration
resistance of the reaming process due to the large angle of inclination of the teeth (0=30°) and the
difference in the angles of inclination of adjacent teeth. At the same time, the uniform arrangement
of the teeth on the end of the reamer (section A—A in fig. 5) ensures the constancy of the section of
the sheared layer, which eliminates one of the main causes of the disturbance force, and the large
angle of inclination of the teeth increases the damping of the tool from the side of the calibration part
(section C— C in fig. 5).

Fig. 5 — Reamers with different inclination of the teeth
The change in the value of the central angle as it moves away from the end of the reamer

(sections B—B, C—C in Fig. 5) ensures the manifestation of the effect of the unevenness of the
angular steps, which vary from 0° to 6-8°; which is explained by the provision of self-intersection of

46



Hayka Ta BUpOGHHUIITBO

2023 p. Bun. 26
MamuHoOy1yBaHHs i 3BaproBajibHe BUPOOHHITBO

waves that are formed by teeth with a constant angle of inclination of the teeth and the phase shift of
these waves. At the same time, it is noted that the greater the angle of inclination of the sweep teeth,
the smaller the difference in the inclination of adjacent teeth ensures vibration-free operation.

The cutting edges of the reamer blades of the considered design are symmetrical curves of
different inclinations (®w = 40°+ 4°...6°), which provide favorable working conditions for the teeth
when the reamer is withdrawn from the treated hole.

It was established that the maximum value of the difference in the inclination of the teeth A w
max IS limited by the convergence of two adjacent teeth at the end of the calibration part depending on
the length of the working part of the reamer | p, as well as the diameter d , the number z and the angle
of inclination w of the reamer teeth.

The limitation of the angle of inclination difference A @ to no more than 8° can be explained
by ensuring the vibration-free operation of reamers at A w <6°, as well as by reducing the penetration
of MOR into the chip grooves when adjacent teeth converge with a large value of A @ over 8° and
the technological difficulties associated with chip groove machining between these teeth.

The principle of sequential execution of helical teeth with alternating their inclination in the
proposed version, in comparison with their placement with an uneven angular step, provides
significant advantages in terms of reducing vibrations during processing, primarily due to greater
versatility in spreading to different standard sizes of reamers and in suitability for use in a wide range
of cutting modes.

In this way, the design of the working part of the reamers according to the specified principle
allows to significantly reduce the manifestation of the factor of secondary excitation of vibrations in
the cutting process. This can be explained by the fact that when cutting with a multi-bladed tool with
successive changes in the shape of the cutting edges, the marks on the cutting surfaces from the
movements of successively located teeth do not coincide. The intersection of these traces eliminates
slipping of the teeth and copying of the contact relief, which occurs when processing tools with
different angular steps of the teeth. During reaming, the change in the width of the sheared layer and
the length of contact with the machined surface of the calibration areas of the teeth affect the value
of the slope difference A w , namely: the increase in both of these values corresponds to the decrease
in the difference in the slope of adjacent reamer teeth.

CONCLUSIONS

In the presented work, the solution to the problem of overcoming vibration during hole reaming
was considered. Modern concepts of the development of metalworking technologies provide for an
increase in the efficiency of the use of cutting tools primarily due to an increase in processing
productivity with a significant increase in cutting modes. Under the conditions of growth of speed
and power characteristics of cutting processing, the occurrence of vibrations very often turns out to
be a restraining factor, which in production conditions forces to impose regime restrictions on
processing processes and not to fully use the potential capabilities of the available tools and
equipment. Therefore, increasing the vibration resistance of cutting processing technological systems
is one of the priority directions of intellectual activity in the field of technologies and technical means
of equipping cutting processing processes.

It is proposed to improve the methodology of designing tools with alternating inclination of the
teeth, namely: the methodology of verifiable geometric calculations of such tools has been clarified
and the technological method of their manufacture has been improved, which ensures a constant width
along the cutting edge of the back surface of the reamer teeth of this design. A significant increase -
up to 1.5-2 times - in the stability and reliability of sweeps with alternating inclination of the teeth
was revealed.
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Mamnoiisios O.B., Kyninosa K.M.

CYYACHI KOHIENIIT MIIBUIEHHSA CTIHMKOCTI IHCTPYMEHTY IIIJ{ YAC
PO3POBKH

Bcmanoeneno, wo niosuwenns iopocmitikocmi mexHoi02iYHUX cucmem 00poOKU Pi3AHHAM €
OOHUM (3 NPIOPUMEMHUX HANPAMIG [HMeNeKMYAIbHOI OINbHOCMI 8 2AJly3i MEXHONO02Il | MeXHIUHUX
npuliomie OCHaweHHs npoyecy 00pobKu pisauHAM. Biosnaueno, wo pieenv iHmencuenocmi
ABMOKOIUBAHL NPYHCHUX MEXHOTOLITYHUX CUCTEM ICIOMHO 8NAUBAE HA CMIUKICMb IHCMPYMEHmY,
NPOOYKMUBHICMb 00pOOKU ma AKicmb 00poOIeHOi nosepxXHi upo0dI8 (XEUNACMICMb, WOPCMKICMb,
HaK1enu, 3a1uKosi nanpyau). /[ns KojcH020 mexHoI02IYHO20 NPoyecy iCHYE NeGHUL ONMUMATbHUL
Pi6eHb KONUBAHb, NPU AKOMY CNOCMEPI2AEMbCA MAKCUMATIbHA CMADIIbHICMb IHCMPYMEHmY [ 6UCOKA
AKicmb 06pobneHoi nosepxwi. 3a80AKU pe2yN08AHHIO THMEHCUBHOCI A8MOKONUBAHL BOAEMbCS
docsiemu  0ecAMUKpamHo20 NiOBUWEHHsT CMIUKOCMI THCmMpyMeHmy, 2-5-Kpamuozo Nio8uueHHs.
NPOOYKMUBHOCII MA 3HAYHO20 NONINUEHHS eKCNLYamayiuHux Xapakmepucmux i AKocmi oopoonenoi
noegepxui. Ilpoananizosano 6naue KOHCMPYKMUGHUX NAPAMEMPI8 PO320OPMOK 31 3MIHHUMU KYMAMU
Haxuny 3y6a Ha 6iOpocmiuKicmb, Memoou B00CKOHANEHHA KOHCMPYKYIi pO320PMOK 3 Memoio
nioguweHHs  8ibpocmitikocmi.  3anponoHo8aHo  YOOCKOHANEHHS  MEXHOJO02IUHO20 — CHOCoOy
8UCOMOBIIEHHS PO320PMOK, WO 3a6e3nedye NoCMItiHY WUPUHY MUTbHOI NOBEPXHI NO PIdCYYIl KPOMYI.
Ipunyun nocnioo6no2o GUKOHAHHA 26UHMOBUX 3Y0I6 [3 3MIHHUM IX HAXULIOM ) NPONOHOBAHOMY
8apianmi NOPIGHAHO 3 POIMIWEHHAM iX 3 HEPIBHOMIDHUM KYMOBUM KPOKOM OA€ 3HAYHI nepesacu y
SHUMNCEHHI 8lOpayill nio yac 06podKuU, Hacamnepeo 3a paxyHoK OLILWOL YHIBEPCATbHOCIE PO3ZNOOITY
Ha pi3HI MUNoOposMipu po32opmokK. i NpuOamHicms OJisi 8UKOPUCNAHHA 8 UWUPOKOMY OIanda3oHi
peoicumis. Bcmanoseneno, wjo makcumanvhme 3HAUeHHs PISHUYI Haxuny 3y0i6 o00OMedcyemuvcs
30IUANCEHHAM 080X CYCIOHIX 3)0i8 y KIHYI KaniOpy8anbHOI YaACMUHU 8 3ANIeHCHOCMI 810 O0B8IUCUHU
PoOOUOT yacmuHu po32o0pmKu, a MAKoHC Oiamempa, KilbKicmb i Kym Haxuny 3y0i8 po3copmKu.
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3naune niosuwenns - 6 1,5-2 pazu - 6i03Haueno cmitikocmi i HAOIUHOCMI PO320PMOK 3i 3MIHHUM
Haxunom 3y0ie.

Kntouoei cnoea: siopayis, poseopmra, Oacamone3o8uti iHCmMpyMenm, pidcydd KpOoMKda,
KOJIUBAHHS, CULA 30YPeHHs HaXul 3Y0ad, pO3C8ePONIIO8AHHS OMBODY.

Cmamms naoivwna 15.09.2023 p.

YK 621.873.11 doi.org/10.31498/2522-9990262023294136
Cyriao60s B.B., Kpynko B.I'., Kpynko 1.B.

OBI'PYHTYBAHHS KOHCTPYKIIIA NPUBO/IB 3 XBUJILOBUMHU
JJAHIIOTOBUMMU IMNEPEJAYAMU

YV pobomi poszensnymo 3acmocy8aHusi CyuacHux 0y0ieibHUX, OOPOJICHIX,  NIOUOMHO -
MPAHCNOPMHUX, 3eMACPULIHUX [ THUWUX MUNIE MAWUH, AKI BIOHOCAMbCSA 00 MEXHONO02IUHUX, Y
8I00Y008I 3PYUHOBAHUX GIUIHOW [HOPACMPYKMYPU, NPOMUCTIOBUX, YUBLILHUX OYyOigenb, WLiixie i
iHwux 06 ’exkmie Egexmuena poboma HageOeHUux MAuuH 8 3HAYHIU MIpi 3anedcums 8i0 KOHCMPYKYill
POOOUUX 0P2aHi8 IX BUKOHABUUX MEXAHIZMIE MA 0OHO20 I3 OCHOBHUX CKAAO0BUX eleMeHMi6 MEeXHIYHUX
cucmem, a came npugodie ma nepeoamHux mexaizmis. llepeoamui mexauizmu sabe3neuyromeo
HeoOXiOHUll pedxcum pobomu, 3a0ani napamempu i 3aKOHU pPYXy poOOuux opeawis,, abo IHWuUx
KiHYesux elemenmie MawuH. Y pobomi HagedeHo Npuxiaou YOOCKOHALEHHS KOHCMPYKYIli npueooie
HA OCHOBI CYYACHUX OOCNIONCEeHb MEXAHIYHUX nepeoay, NOWLyKy HO8UX @Qisuunux egexmis, wo
0036015Mb NIOGUUMU eheKMUBHICMb 3ACMOCYBAHHA MAWMUH, 3MEHWUMU eHepeemuyHi 3ampamu
HA BUKOHAHHS MEXHON02IUHUX onepayii.

3anpononosano 3acmocy8ants npueooie 3 HEPIBHOMIPHUM «NYTbCYIOUUM» PYXOM BUKOHABUO20
opeany, wo 3abesneyyc Xeunrbosa Jaanylo208a nepeoayd. Buxonamnws npoeionoco enemenmy
JIAHYI020801 nepedaui, wo CIyscums 05 niogicy ma nogopomy bapabaua, y 6uiiadi 080X HEPYXOMUX
3IpoK, 3a0e3neueHux pOoIMIYEHUM MIJC HUMU BOOUIOM 3 080MA KOMKAMU, 3a0e3neuye,
ABMOMAMUYHULL NOKPOKOBULL KPY208Ull pyX bapabana minvKu 3a paxyHoK npuHyuny Oii MexaniyHoi
nepeoaui «600UNO - HepyXoMmi 3ipouku - bapabany. 3amicme Oapabana modxice OymMu 3acmoco8aHO
KiHYesull 6e0enUll eleMenm (Hanpukiao Kieui, pomopHe KoJleco, Cmpiuka KOH8eepa ma iHui poboui
opeanu). Hepyxomi 3ipouku eapanmyoms 3ynunky 6a2amopsaono2o 1anylo2d, a omaice, i MeXanizmy
niotoMy 8AHMAICY 8 YIIOMY, Y MOMEHM 3YNUHKU eleKmpPOoO08U2YHA, OO Npu panmosomy pyuHy8aHHi
3’e€oHysanvHoi my¢pmu, wo 3abesneuye Oesnexy pobomu obraouauusa. Ilpu yvomy, obepmanms
800UNA 3 PONUKAMU 3 NOCMIUHOI KYMOBOI0 WEUOKICMIO, 3a0e3neyye ny1bCyroyy Kymogy ueuoKicms
0bepmanHs 3ipoyKU, a 3MIHA KIIbKOCMI Ma 2eOMempUuyHUX napamempis CKiao08ux elemMeHmis
nepeoayi 00380aUMb 00CASMU 3A0AHO20 3AKOHY PYXY KIHYEGUX eleMEeHMi8 GUKOHABYUX MEXAHIZMIE.

Knrouoei cnosa: xsunvosi nanyio2o8i nepeoaui, NyIoCyIOUUL pPYX BUKOHABUO20 Op2aHY,
KOHCMpYKYii npugoodie npoyecis, 3abe3neyeHHss 3A0aAHUX 3AKOHIE8 pYXY KIHYeeux ejleMeHmis
001a0HANHSL

IlocTanoBka npodjaemu. B cygacHoOMy rocmoapcbkoMy KOMITJIEKCT YKpaiHU 3HauHa yBara
Oyzae MPHUIUIATUCA TEXHOJOTIYHHUM IpoIecaM, MOB’sA3aHUX 3 BiJOYJ0BOIO 3pyHHOBAaHUX BiHHOIO
1H(PaCcTPyKTYpH , IPOMUCIIOBUX, IIUBLILHUX Oy/IiBeJb, IUISXIB 1 1HIIUX 00’ e€kTiB Has3BaHui mpouecu
noTpeOyIoTh 3aCTOCYBaHHS Cy4YaCHHMX OYJiBeNbHUX, JIOPOXKHIX,  HiAHOMHO - TPAaHCHOPTHHX,
3eMJICPUIHHUX 1 THITNX TUITIB MAIINH,IK1 MOXHA BigHecTH 10 TexHoyoriuaux|1]. EdbextuBHa podoTa
HaBE/IEHUX MAIUH B 3HAYHIA Mipi 3aJIeKHUTh BiJ KOHCTPYKLIA poOOYMX OpraHiB iX BHKOHABUMX
MEXaHI3MIB Ta OJTHOTO 13 OCHOBHHUX CKJIQJIOBUX E€JIEMEHTIB TEXHIYHUX CHCTEM, a caMe IPHUBOJIB Ta
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