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ASYMPTOTIC BEHAVIOUR OF GRADIENT LEARNING ALGORITHMS
IN NEURAL NETWORK MODELS FOR THE IDENTIFICATION OF NON-
LINEAR SYSTEMS

Azarskov V.N., Kucherov D.P., Nikolaienko S.A., Zhiteckii L.S.
(National Aviation University, Cybernetics Centre, Kiev, Ukraine)

This paper deals with studying the asymptotical properties of multilayer neural networks models
used for the adaptive identification of wide classes of nonlinearly system in stochastic environment
adjust the neural network’s weights, the standard online gradient type learning algorithms are em-
ployed. The learning set is assumed to be infinite but bounded. The Lyapunov-like tool is utilized to
analyze the ultimate behaviour of learning processes in the presence of stochastic input variables.
New sufficient conditions guaranteeing the global convergence of these algorithms in the stochastic
frameworks are derived.

Over the past decades, interest has been increasing toward the use of multilayer
neural networks as models for the adaptive identification of nonlinearly parameter-
ized dynamic systems [17,9,11,20]. This has been motivated by the theoretical works
of several researches including, in particular, Cybenko and Funahashi [3,7] who
proved that, even with one hidden layer, neural network can uniformly approximate
any continuous mapping over a compact domain, provided that the network has suffi-
cient number of neurons with corresponding weights.

Several learning methods for updating the weights of neural networks have been
advanced in literature. Most of these methods rely on the gradient concept [20,19].
Although this concept has been successfully used in many empirical studies, there are
very few fundamental results dealing with the convergence of gradient algorithms for
learning neural networks. One of these results is based on utilizing the Lyapunov sta-
bility theory [9,2].

The asymptotic behaviour of online adaptive gradient algorithms for the network
learning has been studied by many authors. In particular, White [21] investigated the
convergence of the learning process for the so-called feedforward network models
with single hidden layer by using the stochastic approximation theory. The conver-
gence results have been derived in [10,13,6,8,5,18] among many others provided that
input signals have a probabilistic nature. In their stochastic approach, the learning
rate goes to zero as the learning process tends to infinity. Unfortunately, this gives
that the learning goes faster in the beginning and slows down in the late stage.

The convergence analysis of learning algorithm with deterministic (non-stochastic)
nature has been given in [14,22,25,23,24,15]. In contrast to the stochastic approach,
several of these results allow to employ a constant learning rate [25,4]. However,
they assume that learning set must be finite whereas in online identification schemes,
this set is theoretically infinite. To the best of author’s knowledge, there are no gen-
eral results in literature concerning the global convergence properties of training pro-
cedures with a fixed learning rate applicable to the case of infinite learning set.



The distinguishing feature of multi-layer neural networks is that they describe
some nonlinearly parameterized models needed to be identified. This leads to diffi-
culties in deriving their convergence properties for a general case.

To avoid this difficulties in non-stochastic case, the assumption that similar non-
linear functions need to be convex (concave) is introduced in [16]. However, such an
assumption is not appropriate for neural network’s description of nonlinearity.

A popular approach to analyze the asymptotic behaviour of online gradient algo-
rithms in stochastic case is based on Martingale convergence theory [12]. This ap-
proach has been exploited in [26,1] to derive some local convergence in stochastic
framework for standard online gradient algorithms with the constant learning rate.

This paper is an extension of [26,1]. The main efforts is focused on establishing
sufficient conditions under which the global convergence of gradient algorithm for
learning neural networks

For better understanding its performance, the structure of this system is depicted in
Fig. 1.
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In this case, the components of the gradient VV(w) which represent these partial
derivatives are discontinuous at ws belonging to the boundary between the domains
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In all of the experiments, n was taken as n=0.01.

Fig. 3 illustrated the results of the first simulation example, where {x(n)} was cho-
sen (@) a non-stochastic sequence. It can be observed that in this example V, defined
by with w=w(n) no limit implying that the learning algorithm is not converge.
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The main contribution of this paper consisted in theoretical and experimental stud-
ying the asymptotical properties of standard online gradient algorithms applicable to
the learning neural networks in the stochastic framework. Namely, new sufficient
conditions for the global convergence of these algorithms have been established. It
was shown that adding a penalty term to the current error function is indeed neces-
sary to guarantee their convergence properties. Further analysis will provide a study
of asymptotic behaviour of online gradient learning algorithms in the presence of
noise whose importance was pointed out in [20].

The authors would like to thank Prof. S.V. Kovalevskyy for his invitation to sub-
mit this paper and also to anonymous reviewers for their valuable comments.
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HEWPOCETEBOE MOJIEJJMPOBAHUE MPOLIECCA BO3JENCTBUS
BBICOKOBOJIBTHOT'O PA3PSIIA HA HANPSIKEHHOE COCTOSIHHUE
JETAJENA MAIIMH

KosajneBckuii C.B., Pomanuenxo C.II.
([{onbacckas eocyoapcmeennas mawuHocmpoumenvHas akaoemus, 2. Kpama-
mopck, Ykpauna)

B pabome npeonocen cnocob cmabunuzayuu ocmamoyHvix Hanpsaxcenui. Mccredosano enusHue
8bICOKOBONILIMHO20 IJIEKMPUUECKO20 pa3psaoa HA 8elUYUHY BHYMPEHHUX (0CMAmOYHbIX) HAnpsice-
Hutl. Moowcem 6bimb npumeHen 0N CHUNCEHUS OCMAMOYHBIX HANPANCEHUN 8 PealbHOM NPOU3B00-
cmee.

Hcrnonp3yembie CETOHS METOIBI CTAOMIM3AIIMN OCTATOYHBIX HANIPSKCHUH SIB-
JISFOTCSI, TIPEXKAC BCETO, IHEPTOCMKUMH U TPYTOEMKHMH, a TaKKe€ HEIKOJIOTHIHBIMU
nporeccamu. [ToaToMy cymiecTByeT HEOOXOAMMOCTh B TIOUCKE pecypcocOeperaronux
METO/IOB CTAaOWJIM3allud OCTAaTOYHBIX HarpsikeHuid. TakuMm oOpas3om, mepea Hamu
CTOMT 3ajJia4ya pa3paboTaTh U UCCIEAOBATh METO/ CTAOMIM3AIMN OCTATOYHBIX Hamps-
KEHUH, TO3BOJISIONUN JOCTUTHYTh TpeOyeMblil 3d(HeKT Ha OCHOBE BO3JIECUCTBHS Ha
TOKOITPOBOJISAIIYIO TOBEPXHOCTD JCTAIM BEICOKOBOJBTHBIM pa3psiiom [1,2].

C ar1oii 11enbt0 B pabote chopMyIupoBaHa THIIOTE3a O TOM, YTO CTaOMIU3AIIMS
OCTATOYHBIX HAIPSKEHUN B M3CIUU, U3 METAUIMUYECKUX MATEpUaAJIOB, MPOUCXOIUT
ITyTeM BO3JACHCTBHUS Ha TOKOIIPOBOIAIIYIO MIOBEPXHOCTh M3/ICIHS MOIIHBIMH, TICPHUO-
TUYECKUMU pa3psilaMHi BEICOKOTO HAIPSDKEHUS, B PE3YNIbTATE YETO 3€pPHA MaTepHraia
(crmaBa) MEPUOIUYECKU TEPEOPUEHTUPYIOTCS, MPOUCXOAUT TEpUOANYECKas Tepe-
OpHEHTAIUS 3€pEH MaTepHuaya, YINIOTHEHUE BHYTPEHHEUW CTPYKTYPHI MPH COXpaHE-
HUU ero 00beMa, IPH ATOM MPOIECCHl IEPEOPUEHTAIINH 3ePEH B HATPY>KEHHOM CII0€
MOTYT OTIMYATCS OT MEPEOPUEHTAIIMH BO BHYTPEHHEM CIIO€, B PE3yJIbTaTe YeTro BO3-
MOXHO YaCTUYHOE YIMPOYHCHHE HAPYKHOW IMOBEPXHOCTH TPHU 3HAYMTEIBLHOHN IPO-
JOJKUTETHHOCTU BO3/ICUCTBUSI.

J1Jist MOATBEP>KIEHUSI OCHOBHOM THIIOTE3bl pabOTHl ObLTa pazpaboTaHa METOIU-
Ka DKCIIEPUMEHTAIBHBIX MCCIEAOBAHMM, KOTOpasi MPEAyCMaTPUBAET MOATBEPKICHUE
MIPEANOIOKEHUS BIUSHUS BHICOKOBOJIBTHOTO SJIEKTPUYECKOTO pas3psjia Ha CTaOUITU-
3aIMI0 OCTATOYHBIX HAMPSHKEHUN B JIETANSX MAIWH TUMA IJIaHOK. J{7s co3manus pe-
TYJIUPYEMBIX, HOPMUPYEMBIX BHYTPEHHHUX HAIPSKEHUN W KOHTPOJIS OCTATOYHBIX B
pe3ynbTaTe BO3JCUCTBHUS BBICOKOBOJIBTHBIMH pa3psiaMH HCIIOJIb30BaHA TPHHYIN-
TenbHas nedopmaiys oOpasloB Ha OMPEACICHHYIO BEIMYMHY, KOHTPOJIUPYEMYIO IO
CTpeJie mporuoa.

Hcnonp30BaHne MeTOJla HEHPOCETEBOTO MOJICITMPOBAHMS TIO3BOJISIET CO3/1aTh
J0CTaTOYHO WH()OPMATUBHYIO MOJICIb M MPUMEHSATH €€ JIJIT UCCIICIOBAHUS XapaKTep
W3MEHEHHUs OCTaTOYHBIX HanpspkeHuit [3].

OcHoBHas 3a7a4a HEMPOCETEBOTO MOJECIMPOBAHMS CO3/JaHUE MOJENIN OTpa-
KAIOIEN BIMSIHUS BBICOKOBOJBTHOTO DJIEKTPUYECKOTO pasps/ia Ha BEIWYUHY BHYT-
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pEeHHUX (OCTATOYHBIX) HAMPSKEHUM 00pa3oB MO pe3yJibTaTaM dKCIEPUMEHTAILHOTO
UCCJIEIOBAHUST — CTpEJibl IPOruda 3KCHEPUMEHTAIBHBIX O00pa3loB, HANpPSLKEHHS,
MPOJIOJKATELHOCTH BO3JEHCTBUS HA SKCHEPUMEHTAIbHbIE 00paslibl U WX aMILIU-
TYAHO-4aCTOTHBIE XapaKTEPUCTUKH, BO30YK/IEHHbIE aKyCTUYECKUMU CUTHAJaMU THU-
na «besplii urym» mpu pa3inyHbIX 3HAUCHUSIX BHYTPEHHUX HANPSKEHUNH 00pasiioB.

Ha ocHOBe HMCMOIB30BaHHOW TAOJMIIBI MCXOTHBIX JAHHBIX — KOPTEXEH (TO
€CTh PEe3yIbTaTOB AKCIIEPUMEHTA C W3BECTHBIMH BXOJHBIMU BO3JECHCTBUSIMH Ha 00-
pasibl U BHIXOAHBIMU MOKA3aTEISIMHM HAIPSKEHHOTO COCTOSTHUS 00pa3IioB) oOydeHa
HEHWPOHHAS CE€Th, KOTOPAsi COACPKUT MHPOPMAIIUIO 00 aCCOIMATUBHBIX CBSI3SIX MEXK-
1y U3BECTHBIMU BEKTOPaMHU BXOJIOB U BBIXOJOB TEXHUYECKOW CHCTEMBI M MPEACTaB-
JsieT co0OM MOJENb HCCIEAYEeMOro MpOoIecca, C TMOMOIIbI0 KOTOPOW IMPOBEIEHBI
IaJIbHEUIIINE UCCIEeAOBaHMUA.

Ha 6a3e npoBeeHHBIX IKCIIEPUMEHTOB M MCCIIECIOBAHUN MOJIYYEHBI Pe3yiib-
Tathl (puc. 1 - 6), KOTOpbIe CBUJIECTEIBCTBYIOT 00 YMEHBIIICHUU OCTATOYHBIX HaIpsi-
KEHUN HKCIIEPUMEHTANBHBIX oOpa3iiax paziuyHbix MarepuaioB («Ctans0912Cy,
«Cranb 45», «Cranb 65I'», «Ctanb 3»).
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BbIBO/IbI

1. HelipoceTeBoe MOJEIMpPOBAaHUE MpOLEcCa BO3IEUCTBUS BBICOKOBOJIBTHOTO
AJIEKTPUUYECKOTO pa3psga Ha CTaOWIIM3AIMI0 OCTATOYHBIX HAIMPSKEHUM MO3BOJISET
OMPENICIIUTh €T0 BIUSHUE HA BEJIMYMHY BHYTPEHHUX (OCTATOUHBIX ) HAPSIKEHUH.

2.IIpennoxeHHbil B paboTe crmocod cTabMIM3alid OCTaTOYHBIX HAIPSIKEHUH,
M0 pe3yJibTaTaM HCCIIECIOBAHUS, MOXKET OBITh MCIIOJB30BaH JIJIi YMEHBIICHUS OCTa-
TOYHBIX HAMPSHKEHUN B peajbHOM MPOU3BOJICTRE.
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ACOUSTIC MONITORING METHOD IN MECHANICS ON THE BASE
NEURAL SISTEMS

Kovalevskyy S.V., Kovalevska O.S.
(Donbass State Engineering Academy, Kramatorsk, Ukraine)

This paper aims at finding effective directions of perfection of non-destructive control for details of rotation bodies.
Investigational influence of acoustic vibrations is on the exposure of defects. The developed methodology of
experimental researches and conducted experimental researches are for the exposure of defects by means of gain-
frequency characteristic of non-destructive method of control. The developed mathematical models for determining
gain-frequency characteristic in order to find deviations from the set indexes of details. Practical recommendations in
relation to application of non-destructive method of control using the gain-frequency characteristic in machine-building
processes.
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The scale of production allowed to inspect and reject defective products. With
the development of industrial production, products became more complex; the
number of its features is constantly growing. There was a question of not checking
individual product properties, but its functional capacity as a whole. A quality control
system began to form, the essence of which was to identify the defective product and
its withdrawal from the manufacturing process. Quality control is to verify the
conformity of its quality requirements.

Improving the quality of industrial products, increasing reliability and
durability of equipment and products may be provided to improve the production and
implementation of quality management system, which is defined as "a set of
descriptions of objects that relate to its ability to meet conventional or predictable
necessity."

Quality control is to verify compliance with quality indicators to established
requirements.

Treasure, the absence of unacceptable defects, compliance with the physical
and mechanical properties and structure of the base material and coverage;
accordance of geometrical sizes and cleanness of surface treatment to the necessary
norms and others widespread use of non-destructive methods of control, samples that
do not require cutting or destruction of finished products, allows to avoid large losses
of time and material costs, to provide partial or full automation of control operations,
while significantly improving the quality and reliability .

Today, none of the technological process of responsible products is not
embedded in the industry without a corresponding system of non-destructive testing.
Relevance is directly related to the integrated control of the parameters of the
surfaces of machine parts, design and implementation of advanced non-destructive
testing method and the possibility of establishing a control system.

The aim of the work is to develop an advanced non-destructive method of
control through the use of amplitude-frequency characteristics which can provide the
necessary quality of the surfaces of machine parts. Scientific novelty: new principles
of upgrading of surfaces of machines details are offered 1. A new method for
controlling the rotation of bodies is developed. It is a non-destructive method of
control using the amplitude-frequency characteristics of the parts.

Integrated control system using several methods can be based on the 100th of
the total control of production by each method or based on sampling one or the other
(if all) the method of control. Sometimes, additional control is carried out only in
areas where the main method does not provide the specified requirements, or is
intended to enhance the information content.

Control of forgings, if billets do not have allowance for "dead" zone of
ultrasonic flaw detector, also uses a combination of acoustic and surface flaw
detection methods.

In particularly important cases to improve the reliability of defect detection for
various types, weld examination is conducted by the methods of the radiation x-
raying and acoustic. Control of founding, as a rule, is executed by the method of the
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radiation x-raying, and an acoustic method is used to determine the location of the
detected defects. Control of fungal screws provides a combination of acoustic
methods to surface techniques such as capillary, magnetic and eddy-current.

Current techniques and periscope review (visual-optical inspection method) or
periscope review and acoustic control are used to control the internal surfaces.

The formed problem influences on the quality of machine-building
products and that is why requires a management. The necessity of finding solutions is
also relevant because the control methods used today are resource-demanding,
especially energy-intensive and time consuming.

Due to the fact that in a market economy, one of the conditions for maintaining
the competitiveness of products is the use of resource-saving production processes,
one of the promising directions is the application of non-destructive method of
control based on the gain-frequency characteristic and creation of a new control
system of simultaneously various detail parameters (quantitative and qualitative).

Implementation of the new control system will reduce the cost of production
and current capital of enterprises through reduction of manufacturing cycle time of
parts, but will also improve the organization of production at the plant, since the
introduction of a new monitoring system will eliminate the delay for manual control
of parts.

Thus, in this section of the study were discussed issues of improving the
method of nondestructive control surfaces of machines and the proposed new system
for monitoring the quantity and quality parts. We can do the following conclusions:

1. Quite a lot of attention to the issue of non-destructive methods of control
surfaces of machine parts was revealed in the analysis of the literature on this subject.
Questions relating to the new integrated methods of control of machine parts are
considered only in scientific articles, abstracts of theses. The issue of control systems
is not completely considered, and those control systems that will monitor
simultaneously a number of parameters are not considered in general.

2. A method of making a research was developed, which allows the use of
nondestructive method of control based on the amplitude-frequency characteristics.

3. On the basis of data obtained using neural network modeling, a new method
of nondestructive monitoring using amplitude-frequency characteristic, which makes
it possible to create control systems that, relying on a verbal description of the two
mathematical models of integrated data processing performance of diameters and
widths, can monitor the process control of the parameters of details.
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CORPORATE CULTURE ORGANIZATIONS IN A GLOBALIZED ECON-
OMYAND NEURAL NETWORK

Kovalevskyy S.V., Kosheva L.V.
(Donbass State Engineering Academy, Kramatorsk, Ukraine)

The article contains the new materials reflecting application of neural network models in designing of inno-
vative processes in pedagogic. Such approach, according to authors' point of view, is actual because it is
very important to provide quantitative estimations along with quality standards for management of pedagog-
ical processes. They allow to reveal tendencies of innovative pedagogical approaches in education of new
generation of young men, but also to correspond to their aspirations, supporting the positive of their socio-
economic influence in every possible way.

Corporate culture as one of the most important components of any organization
today is the object of increased attention by managers at various levels. This can be
explained by the fact that the inclusion of factors that shape the corporate culture of
the organization directly contributes to its effectiveness. In fact, the corporate culture
of today should be seen as a basis for corporate governance with a developed system
of staff motivation [4].

Considering the corporate culture (CC) must be considered that the concept of
CC is rather arbitrary and organizations under different conditions is shown in
different ways. This property reflects the diversity of the Criminal Code of the
systemic nature. Considering the system for various positions, we have a real
opportunity to "see" different types of CC.

Corporate culture is defined as a unique set of norms, values, beliefs, patterns
of behavior that determine how union groups and individuals in the organization to
achieve its goals [1].

Corporate culture - not only the company's image, but also an effective tool for
strategic business development. Its formation is always associated with innovation
aimed at achieving business goals and, therefore, increase competitiveness [9]. In the
"classical" sense of corporate culture is seen as a tool for strategic development by
stimulating innovation and change management.

Corporate culture is focused on the internal environment and is manifested
primarily and mainly in the organizational behavior of employees. This should
include sustainability, efficiency and reliability of national institutional linkages,
discipline and culture of their performance, dynamism and adaptability to innovations
in the organization, generally (at all levels) management style based on cooperation,
active processes and positive self more, manifested in the corporate behavior of
employees in accordance with the recognized standards and values that unite the
interests of individuals, groups and the organization as a whole [6].

Corporate culture exists in an organization, regardless of whether it creates
someone special. But that corporate culture was positive, worked to create a
competitive image of the organization, attracted prospective customers and qualified

15



personnel, was the reasoning mechanism for all employees form needs to be
purposefully and systematically [6].

Meeting basic human needs in the field of professional activity (excellence in
the profession, the impact on other people, recognition of peers, the opportunity to
fulfill themselves) promotes the desire to work actively, and not just for the
paycheck.The very corporate culture workforce is a complex and multifaceted social
and psychological phenomenon, subject to change due to the influence of numerous
factors vzayemovplyvovyh. It may be subject to positive and negative external
factors like natural and motivated, which in turn positively or negatively affects the
mentality of professional team members [5].

Today corporate culture is defined by the presence of flexible, moving
relationships in its organizational structure, favorable moral and psychological
climate in the team, close contacts of workers in the process of innovation and
constructive relationships with external organizations corporation.

In recent years, corporate culture began to recognize the main index, necessary
not only for the proper understanding and managing organizational behavior, but also
to motivate employees.

Type of CC depends on what base and molded value system in the
organization. For any group can be divided into 15 to 25 core values, which can be
described of staff. Differences in CC, so combinations of values will be determined
by staff as a whole and each member organization in particular. Commitment to one
particular group of values (monosystemnist) is undoubtedly important and preferable
in terms of efficiency [4].

Depending on the nature of the impact of corporate culture on the overall
performance of the company distinguish "positive™" and "negative" culture [2,7].

Nowadays it became a tradition to provide three levels of corporate culture [3]:

1. Surface (symbolic) level - that's all a person can see and feel: corporate
symbols, logo, designer calendars, company flag, anthem firms, a special architecture
of the building, and so on are also symbolic level include myths, legends and history,
fl 'associated with the formation of the company, the activities of its leaders and
outstanding staff. These legends and stories usually transmitted orally. At this level,
things and events easy to find, but not always possible to decipher and interpret in
terms of corporate culture.

2. Subsurface level - combining the values and norms deliberately recorded in
the documents of the organization and are meant to be guidelines in daily activities of
the organization. A typical example of such a guideline value may be "customer is
always right" as opposed to the guidelines of the manufacturer's championship in the
Soviet period. In particular, the existence of the old values of the primacy
manufacturer that is still in process, prevents the efficient work of many
organizations and sectors. At this level of study are values and beliefs shared by
members of the organization, according to how these values are shown in symbols
and language. Perception of values and beliefs is conscious in nature and depends on
the willingness of people. Researchers often limited to this level.
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3. Basic (deep) level - basic assumptions arising from members on the basis of
individual patterns, backed by either changing the successful experience of joint
actions and in most cases unconscious, some without the smell and taste "air"
corporate culture, which all breathe, but in normal condition not notice. These basic
assumptions is difficult to understand even by members of the organization with
special focus on this issue. These hidden and taken for granted assumptions steering
behavior, helping them to perceive the attributes that characterize the corporate
culture.

Corporate culture is a complex, multidimensional phenomenon, an important
line of effective policies, including moral norms and values, the current pattern of
behavior, and traditions, rituals, and ceremonies aimed at rallying the team, motivate
staff to work in the company and achieve high financial performance of the company.
Culture is an integral part of focused work with staff focused on creating a team of
professionals capable of solving their tasks. Clear and established organizational
culture shapes the existence of long-term goals of the enterprise, creates and
implements corporate standards that contribute to the achievement of these goals,
passes designed values, and targets all members of the organization, including such
important categories as young professionals for further implementation and support.

Values that prevail in the individual consciousness employee firm, combine to
create the overall atmosphere of values within the organization. This allows to obtain
a quantitative description of concepts that dominate the organization.

Quantitative evaluation of the work performed by the authors, based on neural
network modeling of the phenomenon of corporate culture. To compile the model
used data from questionnaires. This proved effective enough to get a real model that's
just been investigated later.

Indeed, values are directly related to corporate culture and are essential
elements of the internal structure of personality. Therefore, consideration of values
applies more personal level.

It must be emphasized aspect of integration of "values,” formed as individual
characteristics and display of cultural identity, cultural identity interact with the
environment, ie corporate culture. Transformational value - a property of a social
object or phenomenon needs, motives and interests of the individual [8].

The main elements of corporate culture, providing an impact on the formation
and consolidation of corporate identity, according to experts, are: corporate
communications, corporate design, corporate behavior [1].

As noted above, the corporate culture is based on values and organizational
norms. Under the rules are understood generalized rules that govern the behavior of
employees and lead to the achievement of organizational goals. Roles determine the
contribution of each of the joint activity depending occupied it formal or informal
positions in the organization, as well as mutual expectations and mutual control staff.
Establishment of corporate values - it answers the question:- What we do;- What we
fit;- What we are capable of;- That our life guidance;- Which we plan;- Which
interest is our business to customers, employees, our partners;- Where my personal
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position in the overall development plan.Strength of organizational culture is defined
by at least two important factors: the degree of acceptance of members of the core
values of the company and the degree of their commitment to these
values.Difficulties maintain the required level of organizational culture lies in the fact
that the newly adopted members bring with them not only new ideas and approaches
to solving individual professional goals, and their own values, attitudes, beliefs.
Individual employees personal values are formed substantially undermine cultural
values within the organization. To maintain the existing system of cultural values
must always influence the formation of values employees to maximize the
convergence of the values of the organization.lt is divided socio-psychological
meaning of organizational culture on a number of agreed parameters, namely,
integration, differentiation and adaptation.Integration. Through the integration of
people within the production team may be quite different factors, including:
dissatisfaction with management, low wages, social problems, and maybe - total
activity only goal, to achieve which staff concentrate all their strength. The
integration can be carried out in the following areas:- ldentification of methods of
communication, the development of procedures for the exchange of views on
important issues;- Development of criteria for membership in divisions;- The
definition of rules to obtain, and loss of power and status.Differentiation, which can
be understood as a clarification of the concept of "uniqueness" to some extent extends
the concept of "specialization" within a particular organization.Practice certainly
confirms that, ultimately, it is advantageous to invest in its people than long attempt
to re-appropriate specialist training.Adapting established as a function of corporate
culture provides two important parameters of survival in the market. Internal e-mail
has long been one of the essential components of the corporate culture of the
company. If staff have any questions or there is any problem in this case, he must
necessarily submit three possible solutions to this problem:- Specific corporate
principles;- Continuous development and improvement;- Optimism, striving to give
people joy.

Quality of work can be changed only when a whole begin to treat it with a
positive attitude.Systems analysis of employment and remuneration should be
comprehensive and mutually agreed. In addition, attention should be focused on those
aspects that are closely associated with corporate values. Certainly for companies
with strong corporate culture, those who violate the common rules are different kinds
of sanctions (from moral condemnation to administrative punishment). These
sanctions can be expressed in the latent form, eg transfer the employee to another,
less prestigious jobs. Identification of key corporate values helps employees reconcile
with the inevitable sacrifices that they offer in order to become members. They
gradually begin to accept and then share the values of the organization. At the same
time they formed the belief that a company that has such a value system does not do
anything to harm them.The organization, in turn, tries to justify these costs by
creating your corporate values to higher human values, such as declaring as a public
service to improve the quality of their products or services.
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EXPERIMENTAL STUDIES OF EFFECTS ON THE WORKING SUR-
FACES OF MACHINE PARTS USING NEURAL NETWORK

Kovalevskyy S.V., Starodubcev I.N., Dasic P.
(Donbass State Engineering Academy, Kramatorsk, Ukraine, SaTCIP Ltd,
Vrnjacka Banja, Serbia)

We suggest a method of surface saturation in the corona discharge, which is saturated with metal ions (tungsten, alu-
minum, copper, etc.), details of the surface layer due to the formation of carrier ions, namely the pinch corona dis-
charge, which is being pulsed nature allows the process to flow in the air with self and with the help of surfactants.

Modification of the surface layer of detail applied to improve the performance

of surfaces of machine parts, molds, equipment and tools are widely used in modern
engineering. The treatment used to improve the wear resistance of parts operating un-
der conditions of adhesion and diffusion wear at high ambient temperatures perform
mainly in vacuum systems.

The widespread industrial use of hardfacing can solve a range of essential

. a significant increase in the strength and reliability of parts;
. Increased service life of the working surfaces of parts;
. reducing the consumption of expensive materials and scarce items.

19



The most promising method to obtain hard and wear-resistant coatings is modi-
fied by ion implantation, which provides coverage in the nano-crystalline states,
which is characterized by high physical processing properties.

lon implantation - is the introduction to the solid surface of almost any ion,
pre-overclocked in the electromagnetic field. These ions are introduced into the mate-
rial to a depth of 0.01 to a few tens of micrometers, creating a surface layer of a spe-
cial structural state. The thickness of modified layer depends on the ion energy, mass
and the mass of the target atoms. The ion energy can be varied within wide limits
(depending on the properties of a combination of ion - target of 1 (keV) to several
MeV (MeV). In addition the introduction of the ion in the target surface takes place
without complying with the laws of classical thermodynamics, which determines the
equilibrium processes such as diffusion. [1,3,6].

Plasma ion-implantation - the process of coating the surface of the part (prod-
uct) through the plasma column. Pinch - is partially or fully ionized gas with the
property and has electric heat [2].

The essence of the method is to spray refractory metal cathode, the formation
of ions in the low-temperature plasma and the bombardment of the surface to be
strengthening. Cathode material evaporates in the form of high-speed jets (evapora-
tion rate of 1 x 106 cm / s), containing both charged and neutral particles. The jets are
the plasma fluxes of atoms and ions with a high degree of ionization.

Coverage obtained by thermal evaporation, cathodic or ion - plasma spraying
or ion bombardment of the surface material is deposited. As a reactive gas is used,
nitrogen or carbon. According to the coating consists of a nitride or carbide com-
pounds of refractory metals. The method of thermal evaporation can be carried out
without the oxidative atmosphere of neutral gas or in air. The essential difference lies
in the different methods produced a plasma in a plasma having a neutral or charged
ionized component[4,5].

The proposed model of treatment by ion-plasma implantation:

- In the environment of the corona discharge;

- In the environment of the corona discharge using a surface-active substances;

- By regulating the automaticity of the gap.

Allow to obtain the following results on the effects of the surface layers of ma-
chine parts, in different environments and different materials, electrodes.

The essence of this method consist in the fact that we have proposed setting al-
lows you to eliminate the gas chambers, the role of oxygen used by cable insulator
corona discharge, which passed a current of high voltage.

Implementation of the saturation method by electron-ion implantation in an en-
vironment of corona discharge is carried out as follows.

The part which is to be processed (body rotation), mounted on a lathe, but for
the experiments in detail sufficient to establish the centers of the experimental setup.
From the source of high voltage electric current flow creates a corona discharge,
which affects the surface of the workpiece. In the body of the cord brings high-
voltage electrode is in agreement polarity high-voltage cable. The electrode, which is
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installed in the holder with the PCB and inside there is a corona discharge, detail, in
turn, makes a rotational movement, as a result, processing, and held a working sur-
face of the part.

The same process was carried out at different conditions by varying the voltage
and changing the duration of treatment.

On the basis of data obtained using neural network modeling have been ana-
lyzed a new way of working surfaces of the saturation of machine electron-ion im-
plantation, based on a verbal description of the two mathematical models of integrat-
ed data processing performance of the microhardness and roughness, can investigate
the effect of treatment regimes on the quality and performance of the machined sur-
face.

Obviously, when using the method of electron-ion implantation are expanding
technological possibilities of its use, increased convenience and ease of use under
normal operating conditions. Experimentally confirmed that the processing modes,
namely, the voltage and duration, affecting the quality and characteristics of the treat-
ed surface. The results indicate that the improved operational performance of work-
ing surfaces of parts.

So, we came to the conclusion that the need for more in-depth and thorough
investigation to continue this method to more clearly show the obvious advantages
and the need to use it in production.

For the case with the potential of accelerated with the use of surfactants per-
form analysis of the relationship of the material implanted electrodes and the time of
Implantation with the indicators of quality and micro-hardness of the surface layer of
the machined surface in the form of graphs, based on data from neural network mod-
eling. Before processing the material he had previously covered by a surfactant that
allows you to improve the properties of the surface layer of workpieces machines.
This allows us to determine the optimal time and material, under which achieved the
desired micro-hardness and surface quality.

In general, the graphical analysis of dependence, we can conclude that the use
of pulsed electron-implantation leads to an increase in the microhardness of the sur-
face layer of machine parts.

When processing an arc discharge with an excess of oxygen diffusion, due to
high temperatures. To avoid overheating in the area of treatment there are several
possible solutions.

The first is the use of a pulsed discharge. As a conductor, as previously, the
cord will be used corona discharge, but it will create a passage of pulse current,
which carries the flow of ions forming the electrode. As a result, the amendments
eliminated overheating of the treatment area, due to impulsive action on the part sur-
face, and combustion of carbon with the working surface of the part to be saturated,
and from a material that is implanted. Second, the possibility of a saturation of the
process of self-regulation, due to variable-length column of corona discharge.

Our experimental studies are based on the assumption of increasing the per-
formance of the working surfaces of parts by means of surface saturation in the coro-
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na discharge with self-regulation process. Research also is subject to the quality of
the surface, the resulting treatment.

Treatment was carried out with forward and reverse polarity to investigate the
effect of saturation. And it was noted that the straight polarity (electrode "plus"” part
"minus"), there was the transfer of ions from the electrode on the surface of the sam-
ple, and reverse polarity (electrode - "minus" part - the "plus"), the erosion surface
the sample.

Obviously, when using the method of electron-ion implantation are expanding
technological possibilities of its use, increased convenience and ease of use under
normal operating conditions. Experimentally confirmed that the processing modes,
namely, the voltage and duration, affecting the quality and characteristics of the treat-
ed surface. The results indicate that the improved operational performance of work-
ing surfaces of parts.

When using the method of surface saturation in the corona discharge process
with self expanding technological possibilities of its use, increased convenience and
ease of use in normal operating conditions. Experimentally confirmed that the pro-
cessing factors, namely, current, and material processing, affect the quality and char-
acteristics of the treated surface. The results indicate that the improved operational
performance of working surfaces of parts.
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NEURAL NETWORK STUDY OF THE NATURE AND STRUCTURE OF
CORPORATE CULTURE

Kovalevskyy S.V., Kosheva L.V., Marusic V.
(Donbass State Engineering Academy, Kramatorsk, Ukraine,
J. J. Strossmayer University of Osijek, Mechanical Engineering Faculty in Slavonski Brod, Croatia)

The article contains the new materials reflecting application of neural network models in designing
of innovative processes in pedagogic. Such approach, according to authors' point of view, is actual
because it is very important to provide quantitative estimations along with quality standards for
management of pedagogical processes. They allow to reveal tendencies of innovative pedagogical
approaches in education of new generation of young men, but also to correspond to their aspira-
tions, supporting the positive of their socioeconomic influence in every possible way.

Native culture conception of production (of corporative culture) foresees a sys-
tematic characteristic all totality of enterprise’s activity, taking into account a cultural
level of workers, degree of their professional skill, creative side of production pro-
cess. System of progress criteria which is in part of criteria of corporative culture and
also considerably wider of corporative culture frames as a complex of its all-cultural
and corporative values.

Today the culture of corporation is defined by the presence of flexible, mova-
ble interrelations in its organizational structure, favorable moral and psychological
climate in the collective, tight contacts of workers during the process of innovations
coming, constructive links of corporation with external organizations.

The notion of ««corporative culture)> assumes presence of a system which is de-
fined by behaviour of collaborators of an enterprise or a firm. This system is formed
by a language, speech, way of behaviour, main values, stable norms, life principles
and principles of an organization’s activity — all this reflects the culture of organiza-
tion and all this differs one organization from another, and also essentially influences
the development and survival of organization in along-term perspective. In fact it is a
system of values accepted by all the collaborators of organization. And the more suc-
cessful is a firm, the higher is level of its organizational culture. Undoubtedly subdu-
ing to a certain values system, members of organization are bearers and creators of
changes of these values. In such a way we can speak about a self-developing system
with a reverse link which forms during vital activity of organization (figure 1.).

Any enterprise philosophy is the basis of its existence that defines relations be-
tween administration and collaborators, between suppliers and consumers, and also
prestige of the whole enterprise. In fact an enterprise’s philosophy defines an array of
values, bearers of which are its collaborators.

Despite divergence in approaches concerning determination one should differ-
entiate notions of organizing culture and corporative culture.

Last years corporative culture has been recognized as a main index which is
necessary not only for proper understanding and management of organizing behavior
but for motivation of collaborators.
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Philosophy of an enterprise

Organizational culture as a system
of values

v

Members of organization
as bearers and creators
of values

A

Fig. 1. Self-developing system of organizational culture.

Corporative culture studies common approaches, principles, laws and regulari-
ties in such approaches: a person in organization; group behavior in organization; be-
havior of a manager in organization; adaptation of organization to internal and exter-
nal environment, rising of organizational efficiency in organization’s activity.

Corporate culture is a complex multi-aspect phenomenon, an important direc-
tion of effective organizational policy, which includes moral standards and values,
existing behavior as well as traditions, rituals, ceremonies aimed at the unity of the
staff, higher motivation of the employees to work in a certain company and to
achieve high financial results in the work of the enterprise.

Sufficient motivation of employees to work in the organization correlates with
their satisfaction with work, which favors stability and wellbeing of the employees
and organization in general.

The diagram in figure 2. helps to define the place of the motivational compo-
nent in the relations of corporate and organizational cultures.

Firm Motivation
Corporate culture of / Organizational cul- Product market of
the employees of the | __~__,1  ture of the firm > the firm
firm D —
A

Fig. 2. Corporate culture of the employees of the firm as the basis of the form-
ing of organizational culture of the firm and its products.

The above mentioned makes possible to come to the conclusion of the im-
portance of forming in a graduate of a higher educational establishment the ability to
meet the corporate culture of the employees of the firm, which would mark the
changes of this culture according to the demands of the organizational culture of the
firm and ultimately according to demands of the market.
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The most important element of the corporate culture of the organization is its
values significant for its work: public benefit, profit, satisfaction of needs of its em-
ployees, etc. This reflects in the corporate mission and main principles proclaimed by
the company. Still it is impossible to judge about the values of the company only by
the declared principles as the corporate culture of the company might be demonstra-
tive. The values of a company or its department, or in our case of a group of students,
are closely related to work values of individuals. The latter reflect both personal
values in life and the values of the whole group and at some degree of the company.

The values of the company are a total of the values of every its member, there-
fore, it is necessary to have a united system of them, which allows a professor, a re-
searcher, an administrator, an employee as well as a student, an employer, a universi-
ty entrant  and his/her parents feel comfortable. There are two main ways to make
these values general.

The first one is to unite the group by single spiritual environment, basing on
real or mythologized components of its history, traditions, habits and corresponding
behavioral patterns.

The second one is to form a system of values by education and creation of situ-
ations, able to change or to modify the values of very particular member of the group.
It is possible on the basis of forming of an environment with clear aims and ways of
their achievement, articulate problems and assigned resources for their resolution. In
this connection it is necessary to distinguish the idea of strategically aims from the
mission of the company. The mission is inaccessible as the horizon, which attracts a
creative searching person. But it is mission that outlines the corporate culture of the
company and in case of changing strategically and tactical tasks ensures the persis-
tence of the corporate culture and thus the existence of the company itself.

Along with the peculiarities of the corporate culture, the company also has cer-
tain functions, which can help to build an effective management system if taken into
account. According to many scholars’ opinion the functions of the corporate culture
are:

- the function of reproduction of the best elements of the corporate culture,

producing of new values and their accumulation;

- valuation and normative function, when basing on the comparison of real
behavior of people, group, corporation with the existing standards of culture behavior
and ideals, one can speak of positive and negative, humane and inhumane, progres-
sive and conservative deeds;

- the function of the corporate culture as of the indicator and regulator of the
employees’ behavior;

- the function of learning and mastering of the corporate culture, fulfilled at
the stage employee’s adaptation, favors his involvement into the joint activity, de-
fines his success and further promotion track;
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- the function of transforming of corporate values of the company into the
values of a person, or the enter into the state of a conflict;

- communication function, when through the values, standards of behavior
and other elements of culture accepted in the company, mutual understanding and co-
operation of the employees is ensured;

- the function of maintenance and accumulation of the company experience.

These relationships have been defined by the authors in order study the for-
mation of neural network model as a representative of the collective organization.

IMPROVING OF PROCEDURES FOR PREPARING OF TRAINING
SET FOR NEURAL NETWORKS

Gitis V.B., Gitis T.P.
(Donbass State Engineering Academy, Kramatorsk, Ukraine)

In the article procedure of rough-down of information is examined for teaching of neuron net-
works. Shown, that exists problem of normalization of ordinals of variables in part of their internal
levels. The improved chart of normalization, allowing setting ponder ability both ordinal of varia-
ble on the whole and its separate levels, is offered to application. Reverse normalization formulas
over are also brought for interpretation of gravimetric coefficients of neurons.

Since the neural networks analyze not the absolute values of input signals and their
changes, you should perform a shift input data to improve the legibility of signals
other than the zoom during pre-treatment data. The shift is provided in the identifica-
tion of the boundaries of the range change feature and considers them as the bounda-
ries of the input range [1].

Shifting and scaling operations together represent normalization input data. Nu-
meric signals must be scaled and shifted so, that the whole range of initial values falls
in the normalized range of the input signal. Original signals are normalized to the unit
hypercube or hypercube with the coordinates of angles a and b on a coordinate axis
corresponding to the scalable attribute, it depends on the type of neuron’s activation
functions.

Purpose of work is improving the procedure for pre-processing data for learning
neural network by obtaining the possibility of weight management variables of all
types.

The minimax conversion is used to normalize the data in a predetermined range,
which is calculated by the following formula [2]:

Xi —Xmin D—a
it = i~ Xmin ‘a
Xmax ~ Xmin (1)

where X; — normalized values;
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I — the index of vector’s component of the original data(i=1...n);
n —dimension of an input signal;
Xmin» Xmax — the minimum and maximum values of the normalized feature;
a, b — respectively lower and upper limits of the normalized range.
Formula (1) can be written as:
L, 2K Xip = Xmini
Xip = —ki ,

Xmax i ~ Xmin i )

If you use a range of normalization, which is symmetric around zero, when a = -b,
and taking b = k,

where “® — normalized p-th value of the i-th component of the vector of initial data,
which will be applied to the input of the network;

Xip — p-th value of the i-th component of the vector of initial data;

p — number of example in the training set (p =1 ... P);

P — number of examples;

k; — weighting coefficient of i-th factor.

Weighting coefficient allows you to control the importance of each input factor.

The baseline value is taken as k = 1, for all variables and then the output normalized
range will be [-1, 1]. The increase of this coefficient for some factor (or reduction of
the coefficient for other factors) increases the distance between the points and it al-
lows you to emphasize the difference between objects, it is based on the value of this
factor. Management of coefficients importance of factors allows ranking their role in
importance for the problem.

Application of the formula (2) solves the problem of normalization and weight
management of continuous variables. However, the ordinal variables must differ from
continuous by the method of encoding and normalization, because it is necessary to
be able to manage not only an important factor in the whole but also the distances be-
tween the levels of ordinal variable. This will allow increasing or decreasing the im-
portance of individual levels of criterion that is based on the characteristics of the
modeled object.

It is offered to use the following formula for values modification of level ordinal

variable for obtaining this possibility:
/
Xj :Xj—l 1—0(j +Xj+10(j,

(3)
/
where X the modified value of the j-th level of ordinal variable;

X;.1 and Xx; + 1 — values of the previous and subsequent levels of ordinal variable with
respect to modifiable;
o; — weighting factor of the i-th level of ordinal variable (a.€[0;1]);
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J — level’s number of ordinal variable (j =1 ... m);

m — a number of levels in ordinal variable.

For all levels a. = 0,5 corresponds to a uniform scale normalization of ordinal vari-
able. Reducing of o; approximates the j-th level to (j-1)-th and thus reduces its value.
And also increasing of o; shifts it to the (j + 1)-th level and weight of level increases.

Taking into account the ascending order of levels of ordinal variables and based on
formulas (2) and (3), formula for normalization of internal levels takes the form:

" 2k| le J—l l—aJ +X|p J+10(J—X|1

Xt o= -kj,
P Xim ~ %1 (4)

where %in and Kim _ the values of the first and the last (m-th) level of ordinal vari-
able, which correspond to the minimum and maximum values of this variable.

Normalization of the first and last level of ordinal variable is carried out according
to the formula (2).

Thus, the general scheme of intermediate minimax normalization of training set
has the form:

2Ki Xip i =X 1 _
nooo L P T evi=12; v =1m:
P Xim ~ X1
2ki Xin i1 l-aj +Xy i @i—X1 _
iToj = P : Lt it —ki;Vi=12;Vj=2,m-1; 5

Xim =%1

The proposed processing of data will not only correctly display the input infor-
mation to the neural network, but will also provide an opportunity to consider fea-
tures of the modeled object.

Reverse transition from minimax conversion (interpretation) is carried out by the
following formula:

X' +Ki  Xmaxi —Xmini
Xi = 2k + Xnmini- ©)

Formula (6) is used for continuous output signals which are subjected to the nor-
malization procedure according to the formula (2), and also for the boundary levels (1
and m-th) of ordinal variables.
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It is necessary to calculate the current ratio of the ordinal variable o for the inter-
pretation of internal levels of ordinal variables, this coefficient is defined according to
the relative position of a received signal level. That is, the coefficient &~ shows the
location of the value between the nearest (smaller and larger) normalized levels of
ordinal variable. The coefficient o can be calculated according to the formula:

S TR

1] N5 1) (7)

e
where 'Li'] — a value which is interpreted (the output signal network);

- Xt X<
i Lland LI+t _next to the value 'L Jthe lower and upper normalized values
of the ordinal variable;
j = conditional (non-integer) position in the ordinal variable.
So we have the inequality:

L) ) Al
Then the interpretation of signal to range of real values can be performed accord-
ing to the formula:

Xi[j*J:Xi[j*—l} 1-a +Xi[j*+l}a*

(8)

X Xir o
where 'Li'-t] and L+ - value of the ordinal variable in the real amount of data

Xt X
corresponding to the normalized items ~'Li 1] and LI+,

A continuous quantity will be received as a result of application the formulas (7)
and (8) in general. It is located in a discrete scale of the ordinal variable. Such a con-
tinuous number can carry additional information about the obtained solution, which
can be used in further analysis of the results. We should round the resulting number
to the nearest standardized position of the ordinal variable for practical application.

It is necessary to carry out pre-processing of data in order to ensure perception of
heterogeneous information by neural networks. The introduction to the procedure of
preprocessing minimax conversion allows not only leading variables to a single scale,
but also allows managing weight of continuous variables.

The normalization method of ordinal variables must provide the ability to manage
not only an importance of factor in general, but also the distances between the levels
of ordinal variable. For this formula of modification values levels of the ordinal vari-
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able are offered, which allows increasing or decreasing the importance of individual
levels of criterion, it is based on the characteristics of the current task.
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NEURAL NETWORK MANAGEMENT PERSONNEL AND NEW
TEACHING TECHNOLOGIES

Kovalevskyy S.V., Kosheva L.V.
(Donbass State Engineering Academy, Kramatorsk, Ukraine)

The article presents the main results of a new scientific direction in the formation of economic pro-
duction systems by using innovative educational technologies, based on the use of multi-system ap-
proach and synergy.

Authors of the study shows that the development of the theory of corporate
culture, as the order of society and the needs of employers in shaping students' base-
line personality traits that determine the formation of corporate culture, requires the
establishment of technical universities in the innovation environment in the training
of specialists capable of working in a team and to think independently, support the
value of the corporation and focus on achieving high performance in professional ac-
tivities. Analysis of the practice of preparing students in a technical college to work
in a market environment of the university and of physical culture in the formation of
values in the structure of personality traits that permit graduates to work in an institu-
tion with the highest standards of corporate culture, allowed the authors of the study
indicated the relevance of the study subjects.

The authors of the ideas in the context of the path of humanization justified and
humanization of a technical college - defined a theoretical background of the corpo-
rate environment of the university, refined the concept, the nature and structure of
corporate culture graduate, established new faces ways and means of physical culture
in the formation of student personality traits that determine the level of their corpo-
rate culture, scientifically substantiated and proven by an experimental study of the
effectiveness of the proposed author of educational technology of forming a system
of values, personality and corporate culture of the students by means of physical edu-
cation. The authors give a definition of value as an object that is of vital importance
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for the subject, as an aspect of motivation, value orientation as a social setting, occu-
pying a special place in the regulation of the individual. This allowed the authors to
develop a system of values, identify their relationship to prove their position and in-
fluence on the development of corporate culture by means of physical education. The
study showed that if: convert external motivation in physical education in the internal
motives, then the interest and purpose begin to operate in a system capable of form-
ing unity and personality of students through the persistent value orientation. Defini-
tion of physical education as a means of building a corporate culture of the students is
the original intention of the authors, opens new and promising horizons and possibili-
ties of using them in building necessary for the employer's personality traits, as well
as a future professional which ultimately will provide him competitive in the labor
market. The methodological basis of the scientific research plan serves a new and un-
expected approach to educational research entropy and homeostasis, revealing the
process of personal development as an open system that provides energy and material
exchange of the individual with the environment, developing the ability to transform,
change its entropy by organizing intellectual and motor functions.

In a theoretical chapter on the analysis of problems of corporate culture and
the specifics of its development in the physical education, the authors provide a de-
tailed analysis of a sufficiently extensive scientific material, determine the nature of
the basic concepts, highlight a number of contradictions in the formation of corporate
culture in a technical college, denote the author's position in resolving them. Causes
undoubted scientific interest established by the authors of the relationship between
the principles of educating students in high school and values that define the corpo-
rate nature of the relationship of students between professional career and personal
qualities, culture, interest - motivation - the purpose and results of professional activi-
ties. Identified the relationship strengthened the theoretical significance of the study
and allowed the authors to prove the necessity of finding the theoretical and methodo-
logical aspects of cultural and creative processes of technical universities in determin-
ing the success and effectiveness of personal development of future professionals.

The authors convincingly argue the need to change direction and conditions of
training students in technical colleges, following the labor market. As the theoretical
arguments put forward: the needs of market and business in preparing a new genera-
tion of staff (capable of systemic thinking, aimed at the career of mobile and adap-
tive, with adequate self-esteem, have team spirit, etc.);development of global com-
munications networks and the emergence of a single global space, causing formation
of students' needs in the development of new communications tools for creative de-
velopment, self-exploration and refining their knowledge of the conditions of activi-
ty, means to exchange information and material flows, energy - and others; Needs of
the individual in a successful career in creative activities that alter the environment of
life, etc. Argued describe an innovative approach to corporate culture by means of
physical education students from the existing market relations in the state.

The authors convincingly demonstrate the need to change the traditional tech-
nical education based on systems engineering, synergetic, the theory of fuzzy sets,
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and others to bridge the gap between the spiritual and corporal in. Personality devel-
opment, the formation of a new image through expert views about the world - "the
ideal model of the world", locomotors activity, allowing the ability to exercise self-
realization and so on As these conditions, authors offers: changes in the environment
of the university, giving it a creative activity-related nature, the terms of exchange of
the individual and the environment (information, energy, material) on the basis of di-
alogue and action that underlie the development of creativity, independence, spiritual
and physical health, etc.), The master image specialist who has the personal qualities
and corporate culture, educational technology, which integrates didactic and educa-
tional potential, which develops individual characteristics, taking into account the
principles of the corporate culture of companies-employers, defining a strategy trajec-
tory and the dynamics of personal and professional growth of students in today's
market and corporate environment. As an approach to the development of educational
technology corporate culture by means of physical culture authors of the study indi-
cate a system that allows you to define educational technology as a multisystem, pro-
vide structure and system of values, needs, functions and ways of cognitive activity,
and synergy, may influence the ability to manage the process self personality and
teacher interaction, aimed at disclosure of the unique individuality in the corporate
community.

The study adequately analyzes the nature and structure of corporate culture,
which builds on the theoretical concepts of cultural and spiritual creativity of human
development, organization and management of behavior and ability to live ": the
people. Corporate culture is considered by authors from different perspectives: as a
system of relations, a set of norms, rules and values of culture, activating the commu-
nity, personality development strategy for the company, that enabled the author to de-
fine the basic concept of the study - "corporate culture - a form of life and self-
organizing system, the main value and strategy specialist training, social mechanism
for the formation of values and personal qualities of students' and identify its criteria
performance. Analysis of local, Russian and American research on corporate culture
has allowed Ph.D. candidate identify the different types of dependencies revealing the
potential of the corporate culture to change society and the individual: corporate cul-
ture and its influence on the types of sub-cultures (values, ideals, traditions, Stile be-
haviors);corporate values, ethics, motivations, needs, personality and development of
her personality, corporate culture and adaptability of the individual in society, and the
system of corporate values and role models of individual behavior, etc.

The authors substantiate and predict on the basis of the scientific method of
learning the way corporate culture of students in technical colleges: the selection of
common values for the consolidation of the student and the first launch opportunity
of personality development (communication, creative ability to work in a team pride
in the university, and etc.) the definition of physical activity as a methodological ba-
sis and system factor of spiritual, predictive of physical training and education, the
design strategy of forming a corporate culture in two environments (outside - dial
plan demand in the labor market, etc. and internal - organizational culture, ethics and
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conduct, etc.), socio-cultural designation of functions of physical training (spiritual,
physical, and of health-, etc.);develop a model of personality from the perspective of
the integration of culture, physical and corporate culture and corporate culture of the
university model (communication, image, tradition, etc.), focused on the labor market
to support the intellectual potential, the social content of values; Identification of fac-
tors that support the corporate culture of the university (values, activities, programs,
cultural adaptation, etc.).Designated theoretical predictions in terms of developing
corporate culture and identity of the university suggests a prognostic scientific vision
of the author of the prospects for university-based labor market, the need of the indi-
vidual in a successful career, to promote a new image of the university - competitive.

In this paper, the authors note that physical education has lost its social func-
tion, divorced from the individual forms a positive attitude towards these kinds of
studies. Original scientific discovery is the authors' rationale for the use of funds of
physical culture in shaping personality and corporate culture of the students. As the
study authors put forward and argue on the belief that physical education is aimed at
creating a culture of body, personal physical training, spiritual, mental and physical
health, etc. and it can be defined as a method of preparing a professional in a tech-
nical college, establishing a system of values as the basis for the formation of corpo-
rate culture. The author analyzes the work of physical culture in a cultural, psycho-
logical, pedagogical approaches and. Convincingly argues that physical education is a
powerful tool for the formation of internal motivation to achieve professional suc-
cess, social-deterministic factor in optimizing the system of physical, spiritual and in-
tellectual values and healthy lifestyles; condition of the harmonious development of
personality and individual personal and business qualities. The main scientific idea is.
That a healthy lifestyle, are laid in the process of physical culture, it is professionally
and socially important value for those who want to succeed and climb the corporate
ladder in companies and enterprises, where there was a corporate culture of the or-
ganization. The authors raise the status of physical culture, define new tasks in the
education of the individual, the concept of "personal physical culture,” "personal
training physical culture,” reveals its value potential, not used in a technical college
in the development of personality, enhances the physical education requirements in
the decision of the Bologna agreement - the development of personal human culture,
communication, motivation, needs, teamwork skills, etc. That certainly enhances the
scientific novelty of the study. Expanding the potential of physical training in the ed-
ucation of the individual and corporate culture, a study based on acme logic, axiolog-
ical, psychological and pedagogical approaches developed and scientifically substan-
tiate the integration of culture in context - physical and corporate - a model of per-
sonality is a graduate of a technical college (work values and needs), model of spe-
cialist training in the technical - high school (technology, means communication,
etc.etc.), the model of a competitive professional (quality, symptoms, levels of train-
ing, etc.), the model of the corporate culture of the institution (external and internal
environment, management, etc.) that are tested in experimental work.
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Scientific interest and practical importance has developed and scientifically-
based logic of the experiment (goals, objectives, milestones, methods, and a working
hypothesis, criteria, expected results), teaching design principles of the corporate en-
vironment of a technical college, mission, goals, values, structures and unions (formal
and informal), community (students and faculty), the attributes of internal and exter-
nal corporate environment, university management mechanisms of corporate culture
of the university, the methods (dialogue, situation analysis, projects, simulations,
choice-making, etc.) Corporate culture subjects of the educational environment, the
levels of the corporate culture, formed by means of physical training (situational, ear-
ly literacy, awareness, creativity).Methodologically correctly, using a systematic ap-
proach, the authors build a coherent and balanced subject-subject, subject-object, ob-
ject-object system of the university's corporate culture and management processes of
planning, forecasting, education and training of students and faculty as creators and
carriers of corporate values and corporate image. It should be emphasized that the
material submitted sample is a highly strategic and tactical design innovation way of
development of the university and the individual in the prevailing market economy,
causing the competitiveness of the university and its graduates. The proposed model
can be used as a matrix of strategic planning in other higher educational establish-
ments of Ukraine. At the expense of clarity of descriptions of the structural, proce-
dural and methodological characteristics of successful and theoretical justification,
these design principles and governance arrangements.

Presenting a coherent and systematic model of corporate culture: a technical
college, the authors move from the general design of the corporate environment of
the university for more specific and detailed process of the formation of character and
corporate culture: the students by means of physical culture. Scientific and practice -
oriented researcher is finding a theoretical justification of programs, educational
technology and the predicted results in the formation of a corporate culture of the
students. Innovation proposed by the authors educational technology lies in the fact
that it is justified by an interdisciplinary (pedagogical, social, biological, mathemati-
cal) and correlated with the peculiarities of physical education, means of physical cul-
ture and the process of forming a system of values, personality and corporate culture
of the students. Educational technology is neural mathematical model, revealing the
algorithm for choosing solutions based on neural elements collected in the neural
network - IPFM, Neuro Pro software, the package Simulink, which allowed for virtu-
al learning and training in the selection of correct decisions, the quality of the tech-
nical solutions of situations, the construction of training samples, the impact on stu-
dents' abilities by using the "looping in and out", the ranking algorithm solutions and
other tasks. This technology has allowed to establish the effect of physical training on
formation of values and corporate culture; reveal a "spiral of growth of corporate cul-
ture”, to carry out the ranking values of physical education and their impact on the
levels of the corporate culture of students.

The authors of the research prove the effectiveness of educational technology
based on mathematical modeling of neural elements such parameters as the system
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approach, setting up the values of the coefficient on the error-free recognition, the
nonlinear activation and balance, etc. It can be argued that the author created a new
educational technology, resulting in the formation of not only the predicted values
that define the corporate culture of the students, but also ensures the influence of the
values appearing on the emergence of new values, causing the development of per-
sonal qualities required of future professionals (criticality, predictive, responsibility,
etc.).

The above qualitative and quantitative "analysis of the experimental work,
mathematical and statistical processing of the material allowed the author to conclu-
sively prove the effectiveness of educational technology developed on the basis of
mathematical modeling with the use of physical culture E formation of values and
corporate culture of the students; determine the differentiated programs, tools, meth-
ods of physical education (evaluation, promotion, etc.), forms of organization activi-
ties (teaching, training, correlate, jet training with the floor exercise, sports, etc.)
With respect to group health, motives, values, needs and characteristics of adaptation
of students.

The study established pedagogical patterns that have theoretical significance:
the ranking of values and means to effectively affect the performance of corporate
culture; development of personal qualities of students is caused by a change of inter-
ests, motives and objectives; the relationship of knowledge, values, and determines
the level of corporate culture; systematic approach to determining the modalities for
physical activity (productive individual and collective activity, individual monitoring,
the hierarchy of values, etc.) provides for the formation of character and corporate
culture of students; corporate culture is increased by using the programs "adaptive
physical education", motives and values vary from vague to more severe, the devel-
opment of personal qualities of a student depends on the corporate environment of the
university; established the relationship between multiple values (excellence, self-
interest, knowledge, justice, etc.). Identified pedagogical patterns can be widely ap-
plied in practice, education of students from other universities.

ENERGY-SAVING TECHNOLOGIES AND RESEARCH | USING NEURAL
NETWORK MODELS

Kovalevskyy S.V., Zavgorodnyaya E.A.
(Donbass State Engineering Academy, Kramatorsk, Ukraine)

In article he results of researches in different aspects of surface treatment are submitted. New type
of the process of stabilization of residual pressure is considered. Also new ways of hardening of de-
tails are investigated and compared. The problem of new tools and the question of its more effective
using are considered. The way of neuron net modeling for data processing was used for in all ex-
periments.
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In the conditions of market economy the further development of mechanical
engineering is impossible without economy material, power and a manpower, an eco-
nomical expenditure of metal, fuel, the electric power. One of perspective directions
in economy material and power resources is creation of less power-intensive techno-
logical processes at the expense of wide application of progressive and perspective
technologies of processing of metals. Also the question of choose of tools is very dif-
ficult. Now, about 70 % of the metal-cutting tool make of a firm alloy of various
marks. Thus, it turns out, that to a waste there is a large quantity of a firm alloy, and it
basically consists of rare and expensive materials (carbides of tungsten, the titan,
etc.). Certainly, the worn out plates go to processing, but it is difficult enough and
expensive process.

One of the factors influencing on quality of machine-building production is
technological residual pressure which often makes defining impact on operational
properties of details of cars and demands on technological management. Thermal
processing as the basic method of removal of residual pressure is a power-intensive
technological process that demands big floor spaces and, besides, is not harmless
process [1]. The specified lacks it is deprived such method of removal of residual
pressure, as drawing on the processed surface of a detail of surface-active substances.

Such substances which are adsorbed on an interface of phases are called as sur-
face-active (SAS) and reduce superfluous superficial free energy. As a rule, have a
defile structure of molecules, that is contain of fragments of molecules possessing
with hydrophilous and waterproof properties [1].

It is known, that action of technological residual pressure is shown at various
stages of life cycle of a product: first, after machining process; secondly, in the
course of assemblage of details in a finished article; thirdly, while in service products,
or performance of the office appointment by it. A problem of the given researches
was to show, that at the first stage it is possible to apply to the problem decision hav-
ing fallen. Also it is possible to make an assumption about their application and at the
second stage.

The received experimental data have been analyzed with the help of neuron net
processing. For reception of mathematical models of dependence of resonant fre-
quencies from a kind of SAS, an arrow of a deflection of samples and time of its in-
fluence the neural network in program NeuroPro has been created and trained, the
verbal description of mathematical models is received. graphic dependences of net-
work resonant frequencies on time of drawing of SAS on a surface of samples are
constructed and analyzed on the basis of the received models.

The primary goals and simultaneously problems of modern mechanical engi-
neering is wear resistance increase, and also reliability and durability, details of ma-
chines. The most actual and effective along with traditionally applied technologies
are new or improved technologies [3]. To such new technological processes carry the
pulse technology capable repeatedly to raise labor productivity, efficiency of use of
resources, and also to decrease the material capacity and power consumption of man-
ufacture.
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Essence of these methods is processing of surfaces by the concentrated streams
of energy which provide the raised intensity of technological influence on a material,
the powerful energy sources based on use. Pulse methods have caused genuine inter-
est of many researchers and experimenters and their researches are actual and till to-
day [2].

Now possibility of a combination special turning and electromechanical bur-
nishing, applying a roller instead of a cutter with a firm-alloyed plate, and using a
pulse current, allows to receive a version of electromechanical hardening (EMH) —
electromechanical rough turning (EMRT) with use of a pulse current [3].

The electropulse burnishing instead of roller burnishing at processing of sam-
ples from the tempered steel has such advantage as high durability steel characteris-
tics that do not allow to deform substantially microroughness and to strengthen a
blanket during the rolling under the influence of the warmth allocated in a point of
contact of indenter with a detail, the secondary training raise the microhardness of a
surface, melting and deformation of microroughnesses. That leads to formation of
more wearproof surfaces [4].

Besides, at identical modes of EMP (electro mechanical processing) depth of
the strengthened layer above at smoothing by the tool with motionless. As numerous
experiences show the details strengthened by the tool with motionless fastening in
comparison with details, strengthened by the rotating tool, possess of more endurance
ability and wear resistance.

Traditionally for electropulse burnishing spherical indenter is used, rigidly
fixed roller tool or plates from a firm alloy [5]. The plate and a roller can settle down
in— vertical, horizontal planes, and sometimes and under some— corner to a detail ax-
IS, as in our case. A holder with vertical fastening of a plate it is convenient to apply
at EMP step shaft; such design of holder allows to use some times a contact surface
of a plate, from time to time displacing it concerning an axis of the centers of the ma-
chine tool. A holder with a roller plate will give the chance to turn periodically a roll-
er in process of deterioration of a contact surface and thus in tens times to increase
the general firmness of the tool. Spherical indenter allows to create high efforts of
stressing in a zone of contact to preparation for the account of the small area of a
stain of contact.

Self-propagating high-temperature synthesis (SHS) is a process of moving of a
wave of chemical reaction on a mix of reagents with formation of the firm end-
products, made for the purpose of synthesis of substances of materials. SHS repre-
sents a mode of course strong exothermic reactions (burning reaction) in which the
thermal emission is localised in a layer and it is transferred from a layer to a layer by
a heat transfer. Self-propagating high-temperature synthesis allows to receive refrac-
tory powders, refractory connections, powders of intermetallides, pottery and cover-
ings [7].

One of modern methods of increase of operational characteristics of details of
the machines, the cutting tool, and the foundry equipment is application of SHS-
coverings. This method allows to notice power-intensive chemistry-thermal pro-
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cessing (cementation, nitrating etc.) on less power-intensive and not less effective su-
perficial hardening of machine tools. This way allows to increase operational charac-
teristics, such as durability, wear resistance, corrosion resistance [5].

The purpose of present research work is studying of the wearproof coverings
putting on by a method of SHS-reactions, and their influence on durable properties of
machine detail’s. The use of processing consisting of 2-3 stages depending on ap-
pointment of a detail and demanded mechanical characteristics is offered in modern
machine-building [6]. Here are stages, which were investigated in the present work:

1) covering copper. Copper coverings protect steel from corrosion only in the
event that they haven’t pores. Functional copper coverings are applied to protection
of a steel against cementation. Very good electro conductivity copper it is widely
used in the electrical engineer and electronics. If the big durability and rigidity is re-
quired to put a copper layer is not necessary, if good antifriction qualities and adsorp-
tion decrease are required, the copper layer is simply irreplaceable.

2) drawing of a covering by the SHS-reaction method. Powders of connections
of manganese and aluminium were used. Manganese is the major component of steel.
Its application as alloying element promotes increasing of the hardenability to the
steel that characterise depth of the tempered zone at thermal processing. Aluminium
provides rising of the heat resistance and corrosion firmness of a steel. Aluminium
possesses high heat conductivity, firmness to corrosion for the account of fast for-
mation of strong oxide films protecting a surface from the further interaction. Alu-
minium introduction promotes formation of a protective film and reduction of the
sizes of grain.

3) burnishing. This method of electro physical processing provides not only in-
creasing of hardness of a blanket, but also improves quality of a surface of a detail.

The average hardness of samples increases in 1,5 — 2 times, the metal structure
is fine-grained, the core is plastic, the quality of a surface is Ra = 1,25 — 0,7 microns.
Processing of a detail in diameter of 400-600 mm and 800-1000 mm is made length
less than 90 minutes.

For reception of similar characteristics it is necessary to perform operations of
thermal or chemistry-thermal processing with the subsequent processing of a detail
by cutting and an abrasive which as a whole last an order of 2000-2500 minutes.

Now, about 70 % of the metal-cutting tool make of a firm alloy of various
marks. The most part is nonresharpened replaceable many-sided plates (NRP). They
are used in practically all kinds of tools (cutters, mills, drills etc.). It is known, that
worn out of NRP, loses in volume (in comparison with not worn out plate), only 2-4
%, and practically all NRP are made entirely of a firm alloy. Thus, it turns out, that to
a waste there is a large quantity of a firm alloy, and it basically consists of rare and
expensive materials (carbides of tungsten, the titan, etc.). Certainly, the worn out
plates go to processing, but it is difficult and expensive process [9].

The sharp increase in the market of quantity of marks of tool materials has
complicated a problem of their choice in concrete industrial conditions. Errors in a

38



tool choice lead out to decrease the level of reliability of the cutting tool and the raise
of expense of expensive tool materials .

Identification of areas of rational application of each of offered plates or their
groups is complicated in the absence of the effective engineering tool generalising the
recommendations about rational application of marks of tool materials taking into ac-
count the basic conditions of operation of the tool: marks of a processed material, op-
eration, a condition of a surface of preparation, modes of cutting, quality of a re-
ceived surface.

In presented work on a basis cluster the approach realised with the help of self-
optimizing cards of Kohonen, the area of rational use of new materials and designs of
firm-alloyed plates of cutting tools for turning processing that allows to reduce quan-
tity of the cutting material going for processing owing to a wrong choice of plates and
optimum modes of cutting is defined.

There had been made casual sample of 85 cutting plates with their basic indica-
tors (type, parameters and a plate material, depth of cutting and giving, processing
type) of the catalogue offered by firm-manufacturer on plates of turning group [8].

By means of Kohonen’s cards giving to us real possibility of a visual estima-
tion of the importance of indicators (characteristics) of firms-manufacturers resulted
in catalogues, we represent multidimensional space of entrance factors in a two-
dimensional kind in which he is convenient enough for analyzing.

Practical value of the made work consists of research of possibilities of appli-
cation of surface-active substances or SHS-coverings, use of electropulse processing
with different tools in technological process of manufacture of details. These methods
are energysafety and more harmless in comparison with traditional methods and will
allow the receiving of positive economic benefit in machine-building manufacture.
With the help self-organised cards of Kohonen it is possible to systematise character-
istics of modern materials of cutting plates, and to use them as the effective engineer-
ing tool generalising the recommendations about rational application of cutting plates
that allows to lower quantity of the cutting material going for processing owing to a
wrong choice of plates and modes of cutting.
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ANALYSIS OF LABOUR RESOURCES OF ENTERPRISES BY SELF-
ORGANIZING MAPS OF FEATURES USING KOHONEN MAPS

Gitis V.B., Gitis T.P.
(Donbass State Engineering Academy, Kramatorsk, Ukraine)

In the article possibility of application of maps of Kohonen is examined for the analysis of profes-
sional development of machine-operators of machine-building enterprises. It will allow to perfect
the traditional going near the estimation of qualification of workers, and also to promote the moti-
vational effect of evaluation procedures.

The presence of a highly skilled workforce is one of the most important factors in
improving productivity and providing production of competitive products. This leads
increasing of requirements to general education and vocational level of training ma-
chine worker. Machine operator must know perfectly design of maintained equip-
ment, all its components and mechanisms (mechanical, electrical, hydraulic, electron-
ic); be able to design processing technology of details, to choose cutting modes; ad-
just the control programs; to carry out professionally adjustment of the machine in the
shortest possible time. In fact, the work of machine operator becomes the same as
work of technicians and engineers and therefore machine worker must constantly in-
crease their professional level. Thus, improving the system of professional develop-
ment of machine operators is one of the priorities of personnel management of the en-
terprise [1].

An important step is the introduction of an objective evaluation system, which will
form the machine operators to have the motivation to raise their level of professional-
iIsm. Many Ukrainian and foreign scientists noted the imperfection of evaluation pro-
cedures and the lack of scientific validity of many of the recommendations, despite
numerous studies in the field of personnel evaluation [2].

The aim is to study the feasibility of using neural networks, of Kohonen maps to
enhance the accuracy, objectivity and scientific validity of assessment procedures.
Also there is an approach to assessing the level of individual professional develop-
ment of machine operators as to the problem of recognition of professional images,
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which are integrated in the set of characteristics that are formed in the process of
training and employment and which characterize the amount of savings and the prac-
tical use of knowledge and determine the level of professional development of ma-
chine operator.

The number of neurons in Kohonen maps should be sufficient to master the train-
ing sets with satisfactory accuracy. Euclidean distance of each data point to the near-
est map’s node is used in practice to assess the accuracy of approximation of the
training set examples. Usually the value of 0.05 is adopted as sufficient. You can take
the number of estimated machine operators as an initial number of neurons card. A
further increase in the number of neurons increases the accuracy of the classification.
Distribution of neurons to sides of the card should be such that the card was close to
square. This form of map allows you to set to neurons possible the number of neurons
neighbors.

The Kohonen map was built to study the proposed machine operators. The map
consists of 240 neurons. Gauss function was used as a function of the neighborhood
at training. The map was divided into four clusters — levels of professional develop-
ment (denoted by Roman numerals).

Distribution of labels allows to study the distribution of machine operators on neu-
rons of map.

Neurons, which are located in the top right corner of the map in the fourth cluster,
gets excited at the input of map machine operators with high levels as can be seen
from fig. 2, and, conversely, the neurons that respond to «weak» machine operators
are concentrated in the lower left corner in the first cluster. Machine operator with the
average index is posted in the center of the map in the third cluster (as in the one-
dimensional Kohonen network).

Thus, the level of professional development of machine operators increases as you
move through the map on the diagonal from lower left to upper right, as well as from
the bottom up and from left to right.

The most important way to analyze the results of the Kohonen maps is a «colora-
tion» of its values of individual input characters and subsequent study of colorings.

Location of machine operators on the map allows you to distinguish clearly be-
tween the four regions corresponding to categories of machine operators, it can be
seen from the figure. Category of machine operators increases diagonally of map
from the lower left corner to the upper right, that is, has the same direction as the lev-
el of professional development.

When we put previously obtained structure of cluster on bitwise partition, you can
see that in the first cluster machine operators are focused on the second category.
Field of the third rank is divided into two clusters (second and third). The third clus-
ter exclusively consists of machine operators of third rank.

Splitting the third category into two levels specifies the initial assessment of quali-
fication machine operators, making it more detailed. The fourth cluster is composed
mainly of machine operators fourth and fifth level, but also includes a small amount
of a third category of machine operators. Thus, the partition of map on the discharges
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of machine operators and their professional development shows a similar ranking of
machine operators in the evaluation of their professionalism.

At the same time, cluster boundaries and the boundaries of category do not match.
It is caused by the fact that when clusterization, in addition to category of machine
operators, consider additional evaluation criteria. So, we can conclude that the pro-
posed method of assessing the level of professional development of machine opera-
tors confirms the validity of existing that machine operators have, but it makes its
own specifications in assessment their professionalism.

If it is necessary you can use the resulting map together with the evaluation system
of qualification, which is used in the enterprise and based on the categories of ma-
chine operators. For this you can take as the basis of discharge system and carry out
through a network of Kohonen the partition machine operators to subclass within ex-
isting categories. The machine operators of each of the categories were divided with
using three-neural dimensional Kohonen network on three subclasses. The decompo-
sition was carried out for the second, third and fourth categories. Machine operators
fifth level is not broken due to their small number.

Borders of categories are marked on the map thick black line. Boundaries of sub-
classes are marked by the dashed line.

Breaking of categories on subclasses contains the main features of machine opera-
tors partition into clusters.

Location of subclasses from the third category close in shape to the partition this
area of map on the second and third cluster: second and third subclass constitute the
third cluster, and the first subclass — the second. And the third subclass demonstrates
the attraction of group machine operators of third category to the fourth.

The second category is divided into the first subclass which is contained in ma-
chine operators with the lowest rates, a second subclass, which tends to the second
cluster (or the first subclass of the third level) and a third subclass contains machine
operators, which gravitate to the third cluster.

Breaking of the fourth subclass corresponds to the location of machine operators in
the fourth cluster.

It was observed when analyzing the characteristics of the clusters, that the level of
individual professional development of machine operators increases as you move
from bottom to top of the map. Therefore, the first subclass of four category compris-
es machine operators with the lowest rates among the machine operators of the fourth
category. Then the third subclass comprises the most "powerful™ machine operators.

You can check the ratio of subclass in the ranks by setting markers on the map
(Table. 1).
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Table 1
Marks for identification subclasses

Category Mark's name Characteristic of mark Neuron-winner
2 B the maximal characteristics 213
A the averaged characteristics 178
W The minimum characteristics 209
13 The worst in vector's length 193
24 ) 230
The best in vector's length
36 The best by the number of maximums 113
3 2 The best by the number of maximums 25
5 The worst by the number of minimums 215
17 The best in vector's length 19
B the maximal characteristics 16
A the averaged characteristics 158
4 w The minimum characteristics 220
43 The worst in vector's length 236
48 The best in vector's length 96
71 The best by the number of maximums 32

There are tags that correspond to the real machine operators of department (name
of marks — the number of machine operators) and to hypothetical machine operator.

So, Kohonen maps can be used to classify the initial set of machine operators in an
arbitrary number of qualification levels, which determine the degree of workers pro-
fessional development.

The proposed approach to the evaluation of the professionalism of machine opera-

tors, who use Kohonen maps allows:

— to analyze level of professional development of each machine operator in the
complex;

— to establish a system of subclass within each skill category, which allows to
expand significantly career opportunities for machine operators;

— to provide the validity of decisions management on issues, the need for educa-
tion, training, career development, material incentives machine operators of different
levels of professional development;

— to increase motivational effect of assessment procedures.
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O MOBUJIBHOM CTAHKE-POBOTE JJISI OBPABOTKH KOPITYCHBIX
MOJILIX JETAJIEI TUIIA TEJ BPAILEHUSI CJIOKHONH KOHOUT'Y-
PALIMM

Emen B.B.
(L{lonbacckas 2ocyoapcmeenHas MawuHocmpoumenvHas akaoemus, 2. Kpamamopck,
Vkpauna)

Paspabomana npunyunuanvhuas KOHCMPYKYUs MOOUTbHO20 CIMAHKA-pOOOMA, pama Komopo-
20 npedcmasisem coboU CMepAHCHEYI0 KOHCIMPYKYUIO, NOCMPOEHHYI0 NO NPUHYUNY MPeYeOTbHUKA
01 NPUOAHUA KAPKACY JHCECMKOCMU U MeHbulell Memannoemxkocmu. Ilpu ycmanoeéke Ha pamy
CLEMHO20 MOOYJIsL Ol BHYMPeEHHel 06pabomku demanb 00padbamuvléaemcsi.

CoBpeMeHHBIE CTaHKH MPEJICTABISAIOT CO00M KOHCTPYKIIMIO, COUCTAIONIYIO OC-
HOBAaHHE - MACCUBHYIO CTAHMHY, HA KOTOPOIl HEMOJBHKHO KPEMUTCS PE3ELl, 3ar0TOB-
Ky, 3aKpEIJICHHYIO B MMaTPOHE MITUHICNS WU B LIEHTpaxX MepeaHei u 3aaHen 0a0ku,
U CYIIIOPT, MO3BOJISIFOLIMN TTOIaBaTh IE€TAJIM aBTOMAaTUYECKU WA B PYYHOM PEXKHUME.
[1]

3aroToBKa CTaHKa BPAUIAETCSl C PEryJIUPYEMOM CKOPOCTBHIO B COOTBETCTBHUHM C
TpeboBaHUsMU TIporiecca 00padoTku. CKOPOCTh €€ BpallleHUs MOKET PeryJIupoBaTh-
Cs Kak BPYYHYIO, TaK U aBTOMaTH4ecKh. HemoaBMKHBIN pe3en, MOXKET MOoAaBaThCs
BJIOJIb WJIM TIOTIEPEK OCHU IITTUHIETIS.

[Tpu 0OpabOTKe MOJBIX MUTUHAPUUECKHUX JETanei O0IBIIOro pa3Mepa UCTIOb-
3yeTcsl TOKapHO-KapyceiabHbIe U TOpUu3oHTalIbHO-pacTouHble cTaHku (TKC u I'PC).

TKC npemnazHaueHbsl st oOpabOTKH MOBEPXHOCTEH (HAPYKHBIX, BHYTPEH-
HUX) NAJTUHAPUYECKON U KOHMYECKOW (DOPMBI, a TaKKEe KaHABOK, OTPE3KHU, 00padoT-
KM TOPLIEBBIX IMMOBEPXHOCTEW, Hape3aHus pe3bObl. [Ipu HMCHONB30BAaHUM JIOTIOTHU-
TEJILHOTO TIPUCIIOCOOJIEHUS] MOKHO BBITIOJIHATH TaKue orepainuu, kak (acoHHOE TO-
yeHue, ppesepHyto U nuiMpoBaibHy0 00padoTku. OOBIYHO HA TAKUX CTaHKax oOpa-
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0aThIBAIOT 3arOTOBKM C MaJOW BBICOTOM OOJIBIIOTO JAMAaMeTpa U Beca. TOKapHO—
KapycCeJIbHbIe CTAHKU MPUMEHSIOTCS JIJIs1 YePHOBOW 00pabOTKU CTaNbHBIX U3JCNUH, a
TaK>Xe LIBETHOU CTaiu. [1]

['PC mnpennasnayeHsl Juisi 0OpaOOTKHM KOPIYCHBIX JI€TajJedl M OTIMYaIOTCS
OOJBIIION CTEMEHbIO YHUBEpCcaIbHOCTH. Kpome pacTodHbIX paboT HA HUX MOKHO
MIPOU3BOANTH CBEPJICHHE, HApE3aHUE BHYTPCHHUX M HAPYXXHBIX pe3b0, pa3BepThIBa-
HUe, 3€HKOBaHKME, 00TaYMBaHUEC IMIMHAPUICCKUAX TOBEPXHOCTEH W TOPIOB, (hpese-
pOBaHME TOPILEBBIMHU U KOHIIEBBIMH (Ppe3amu. [1]

KacarenbHo 00pabOTKM BHYTPEHHHUX MOBEPXHOCTEH I JETaJed THIA TeJ
Bpaienust ucnonb3zoBanue TKC u I'PC ne siBnsieTcss HaunydmuM BapuaHToM. Kak
TOBOPHUJIOCH BBIIIE, BCE CTAHKH, CYIIECTBYIOIIKNE B HAIIIE BPEMSI, SIBJISIFOTCS OUYCHb ME-
TAJUJIOEMKUMH, COOTBETCTBEHHO 3aTPAaTHBIMH MPU WX U3TOTOBJIEHHUH, CTATUYHBIMHU
T.K. I UX HWCIIOJB30BAHUA SIBISETCS 00s13aTE€NbHBIM Hainuuue OeToHHOTOo (yHIa-
MeHTa. Cpeau mpouux mpodiieM COBPEMEHHBIX CTAaHKOB €CTh TaKXe TO, YTO OTIENb-
HOE O00OpyJOBaHUE MOKET 00padaThIBaTh TOJILKO KOHKpETHBIC neTanu. [losromy
MEPCIEKTUBHBIM HAIIPABJICHUEM SBIBIETCA INPOCKTUPOBAHUE W H3TOTOBJIIEHHUE MO-
OWIBHOTO 000PY/IOBAHUS CIIOCOOHOTO TMEPECTPauBaThCsl KOHCTPYKTUBHO JUIsi 0oOpa-
OOTKH MOCTEAYIONIUX TUIIOB JIeTaJeH.

Ctanku-po0O0THI 0OJIBIIIOE PACIIPOCTPAHEHUE MOTYUUSIA OTHOCUTEIIHHO HEJIaB-
HO. K TakuM CTaHKaM OTHOCAT CTaHKH C MapayieIbHOM KMHEMATUKON THUMA: TPUIOJ,
rekcanoji, Oumno, meHTanoA, Ouriai, Tpuriaia, poTonoa u T..1. [2]

OTIUYATENBHBIM MPU3HAKOM CTAHKOB C MAPAIUICIIbHON KUHEMATUKOM SIBJISIETCS
THI IITAHT: Pa3ABUKHBIE U CTEPYKHH; KOJIMYECTBO IITAHT. [3]

MIIC
/ \ Pucynok 1 — Knaccu-

€O UITanraMi €O LITANTAMIL (I)HKaHHH MCXaHH3MOB
NepeMEHHON TNMHE NOCTORHHOMN JUTHHE HapaHHeHLHOfI CTPYK-

= Typsl (MIIC
2 wrrannt / ——I:mraum Hluanpanwoumx I——l ouraana ] P ( )

| HOAHIIIB |
—-I 4 mrranri I—.l 2 HANPARIAONIIX |—- Four-rod
(reawta)
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——I 3 urtanri H 3 Hanpamasox Tpuraaia |
[ |

——I 6 mranr -——| 6 nanpanIAIOMIX |—°| l‘cxcnr:mﬂ:ll
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Jlist 0OpaboTKM KOPIMYCHBIX TOJIBIX JETajel TUIa Tel BpalieHus Obl BHIOpaH
BapUAHT KOHCTPYKITUU C Pa3ABMKHBIMU IITAHTaAMH.

I'excanona (0T rekca - mecThb) — CTAHOK-pOOOT € MapaIeIbHON KHHEMATUKOMH,
BBHITIOJTHEH Ha 0a3e MIeCTH MeXaHHW3MaX IMOCTYIMATENbHOTO MEPEeMENIEHUS U IIeCTH
IITAHT.
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OCHOBHBIMH MMPpCUMYIICCTBAMM T'CKCAIIOA0B ABJIAIOTCA:

O

COKpamcHUC BPCMCHU IIOATOTOBKU IIPOU3BOJACTBA M IIOBBIMICHHUC CTO

pEHTA0ENIbHOCTH 3a CYEeT OObEIMHEHUsS 00palaThIBAIOIINX, PAa3METOYHBIX M H3-
MEPUTENIbHBIX (PYHKIIUN B €AMHON MEXATPOHHON CUCTEME;

O

BBICOKasl TOYHOCTD HSMepeHI/Iﬁ 151 O6pa6OTKI/I, KOTOpaAa oOecneynBa-

€TCS TOBBIIIEHHON KECTKOCTBHIO CTEPKHEBBIX MEXaHU3MOB (710 5 pa3), IPUMEHECHU-
€M MPEUU3UOHHBIX JaTYMKOB OOpPATHOW CBSI3U M JIA3€PHBIX H3MEPUTEIIbHBIX CH-
CTEM, HCIIOJIb30BAHUEM KOMIIBIOTEPHBIX METOJIOB KOPPEKIUH (HApuMep, TEIio-
BBIX BO3JICUCTBUIA);

MOBBIIICHHAS] CKOPOCTh JABUKEHUHN (CKOPOCTHh OBICTPBIX TIEPEMEIICHUIMA
nocturaet 10 m/c, pabounx HBYKEHHM — 70 2,5 M/C);

OTCYTCTBHC HAIPABISIONMX (B KAa4eCTBE HECYIIUX JJICMEHTOB KOH-
CTPYKIIMM HCIIOJB3YIOTCS TPUBOJHBIE MEXaHU3MbI), OTCIO/IA VYIIyY-
HICHHBbIE MaccorabapuTHBIE XapaKTEPUCTUKU U MAaTEPHUATIOEMKOCTb;
BBICOKAasi CTEMEHb YHU(DUKAIMU MEXaTPOHHBIX Y3JI0B, OOecreynBaro-
masi TEXHOJOTUYHOCTh HM3TOTOBJICHUS U COOPKH MAIlIMHBI U KOHCTPYK-
TUBHYIO TUOKOCTB;

BBICOKOE€ KauyeCTBO YIMPABJICHUs JABWKEHHEM OJyiaroaaps Majioi uHep-
ITMOHHOCTH MEXaHU3MOB, TPUMEHEHUIO JIMHEWHBIX MEXAaTPOHHBIX MO-
nyJiell JBWKCHHS KaK OOBEKTOB YIIPaBJICHUS, UCIIOJIB30BAHUIO METO-
JIOB aBTOMAaTH3WPOBAHHON ITOATOTOBKM ¥ WCIIOJIHCHHS B PpPeaJbHOM
BPEMEHU YIMPABIAIOMNUX TPOTPaMM, HAIMYHAIO JIPYKETIOOHOTO WH-
Tepdeiica "uyenoBek — MammmHa'".

K HEOO0CTAaTKaM I'CKCariogoB CJICAYCT OTHECTH:

COOTHOIIIEHHUE TTPOCTPAHCTBA Jisi 00pabOTKHU U BCero o0beMa, 3aHUMa-
€MOT0 CTaHKOM - TEKCaroJOM, XYK€ [0 CPAaBHEHHIO C TPAJAUIIMOHHBI-
MU CTaHKAMH,

a000e JMHEHHOE TepeMenieHrne TpeOyeT OTHOBPEMEHHOTO YyIpaBiie-
HUS Cpa3y IO MIECTH OCSIM; - HEOOXOJMMO HMETh IIECTh HE3aBUCH-
MBIX TIPUBOJOB JUIsl TepeMenieHuit padoueil miaThopmbl;

OTpaHUYEH Yrojl TOBOpOTa pabodeit miatop™mel, AJiS €ro yBeluye-
HUST HEO0OXOJMMa JOMOJHUTENbHAs OCh MOBOPOTA (IPUBOJ U CUCTEMA
YIPABJICHHUS);

3aTPyJIHEH KOHTPOJIb TOYHOCTH TIEPEMEIICHHIH;

UMEIOTCS 3HAYMTENILHBIC TEIIOBBIC YJJIMHEHUS BIOJb OCCH B CBS3H C
OOJIbIIICH JITTUHOM Y3JI0B.

Takum oO0pa3oM, MOKHO CJieJlaTh BBIBOJ, YTO T€KcaroJl 3aHUMaeT B Ma-
IIMHOCTPOCHUN BIOJIHE OMNPEACICHHYIO HUIILY:

aBTOMaTHUYECKas COOpKa U CBapKa,
Ja3epHasi, Tula3MeHHas U CTpyHHas 00padoTKa;
00paboTKa KPUCTAIIJIOB M FOBEITUPHBIX W3JIEITHIA.
o0paboTka TUTEHHBIX (POPM M MATPHI] U JIPYTUX JETaNeH C MPOCTpaH-
CTBEHHO-CJIOKHOU (PopMOi;
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- nuiMdoBaHKE U 3aTOYKA PEXKYIIUX HHCTPYMEHTOB.

5

—

—

Pucynok 2 — pama cranka-po0ota

Pama mnpencraBisier coOOil CTEPKHEBYIO KOHCTPYKILHMIO, MOCTPOEHHYIO IIO
MPUHIUITY TPEYroJbHUKA JUIsl PUAAHMS KapKacy >KECTKOCTH UM MEHbILIEH MeTallo-
eMKOCTHU. [[71s1 yCTaHOBKHM paMbl Ha CTOJIE CTaHKa 1M03. 4 ObUIM IPUMEHEHBI [IAPHUPDI
03. 2, COEAMHSIONIUE PA3/IBUKHBIE CTOMKU 103. 1, KOTOpBIE CITy’KaT JJi1 U3MEHEHHUS
BBICOTHOI'O MapaMeTpa paMbl, a TaKKe AJI1 BOCIPUATUS HArpy30K, KOTOpPbIE, KaK U3-
BECTHO, CTEP)KHEBBIE KOHCTPYKIIMM BOCIHPUHUMAIOT BIOJb CBOeH ocu. Ha croikax
1o3.1 pacnosnoxeHsl na3bl 1Mo3. 3 sl YCTAHOBKM HAa paMy CMEHHbBIX MopayJiend. Jliis
NPUJIaHUS )KECTKOCTH CTEPXKHSAM pambl 103. 1 OblIM 100aBlIEHBI CTPEKHU 1103.5, cOo-
eIMHEHHBIC MEXTy COOOM M paMoi mapHUpamu 1o3.6. B BepxHel yacTu pambl ycra-
HOBJIEH «OJIOK-TIaHTOrpad» 1mo3. 8 A NO3UIMOHUPOBAHUS TOUHO 10 OCH.

OOpaboTKa MOJIBIX TN BpallleHHsI B OCHOBHOM MPOou3BoAMTCs npu d>h Ha Ka-
pycenbHOM 000pyaoBaHuH, a ipu h>0 ropu3oHTaILHO-PACTOUHBIX CTaHKaX. T.K. Ta-
KO€ 00OpyJOBaHHE SIBIISIETCA 3aTPaTHBIM CO CTOPOHBI €r0 H3TOTOBJIEHHS, HEKOU
CJIO)KHOCTH C €r0 HCIOJIb30BAaHUEM, TO LIETECOO0Pa3HBbIM SIBISETCS MPOESKTUPOBAHUE
MOOMJIBHOTO CTaHKa CO CMEHHBIMU MOAYJSIMU. OJHUM U3 TaKUX MOJIYJIEH SIBIISAETCS
MOJyJIb CTaHKa poOoTa JjIsi BHYTPEHHEW 00pabOTKH MOJIBIX JAETaIed MOCpPEeCTBOM
(dpe3o-ToueHus: (pacToyka) a TakKe Hape3aHWe BHYTPEHHUX 3yObeB (IPOPHUIbHBIM
UHCTPYMEHTOM).

Hwuxe npuBeneHa NpUHIMNUAIBHAS CXeMa MPOEKTUPYEMOIO0 MOAYJS, I IO-
CcJie YCTaHOBKHM MOJYJISA B Ma3bl 1103.8 (pe3epHblil MMUHAENb M03.1 Bparaer HHCTpY-
MEHT, KOTOpbIii 00pabaThiBaeT BHYTPEHHUE MOBEPXHOCTH 3aroToBku. Ero mepeme-
LIEHUE BJOJIb OCH I103. 3 PEryJIUPYETCS ABYMS «IOJA3YHKaMu» 1o3. 2. [Ipu ux B3anm-
HOM IE€pEMENIEHUN MOXHO HACTPauBaTh MOJIOKEHNE HHCTPYMEHTA U €ro Nepemenie-
HUE, a TaKKe JUHAMUYECKH U3MEHSATh IUaMeTp OOpabOTKHM — pPacCTOSTHUE OT OCH
BpaILlEHHs] MOAYJISl IO BEPIIMHBI PEXKYIIETO HHCTPYMEHTA. [4,5].
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YcTaHOBKA 3arOTOBKH M €€ 3a’KUM BBITIOJHSIETCS 3aKMMHBIMM pbluaramu 1os. 4
COCIMHEHHBIX MOMKUMHBIM OJIOKOM 103. 6. T.e. mpu yCTaHOBKE 3arOTOBKH pbIYaru
103. 4 yCTaHABJIMBAIOT M MOKUMAIOT €€ HAKOHEYHUKAMM 1103. 7. 3aTE€M IOJBOJSITCS
BEPXHHUE 3KUMHBIC pblyaru 1o3. 5. Jlajgee och 1mo3. 3 coeMHEHHas C MOKUMHBIMU
0JIOKaMU 3a)KUMAaeTCsl B MaTpoHe (HaXOJIUTCS B CTOJIE CTaHKa po0oTa) IS MPUIaHUS
BpaIeHUs MTHCTPYMEHTY U, COOTBETCTBEHHO, 00paboTKH 3aroToBku. [locie 3axknma
OCH T103. 3, TIOJKUMHBIE OJIOKH 1M03. 6 38KUMAIOT 3arOTOBKY, MEPEMEIIasch BHU3 110
ocH 1103. 3. [6]

Pucynok 3 — Monynb 17151 BHYTpEeHHEH 00paboTKH

BbIBO/IbI

PazpaboTtana npuHIMNHAIbHAS KOHCTPYKIMS MOOMJIBHOTO CTaHKa — poboTa
TUTst 00paObOTKU KOPITYCHBIX IMOJIBIX JIETale TUTIA TEJl BPAIlEHUs CIOXKHOW KOHDUTY-
paiuu, IOCTPOSHHAs TI0 MPUHIIUITY TPEYTOJAbHUKA JIJIs1 TPUIAHMS KapKacy )KECTKOCTH
Y MEHbIIIEH MEeTANTIOEMKOCTH. {151 00pabOTKM KOPIMYCHBIX TMOJIBIX AeTajel TUma Tel
BpaIeHus: Obl BEIOpAH BapHaHT KOHCTPYKIIUU C Pa3ABHUKHBIMH IITAHTaMH. Y CTAHOB-
Ka 3arOTOBKHM M €€ 3a)XUM BBITTOJTHACTCS 3QKUMHBIMH pbhlYaraMd U COCIWHEHHBIX
MO KUMHBIM OJIOKOM.
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PA3PABOTKA NPUHIIUIIUAJIBHON KOHCTPYKIIMA MOBUJIBHOI'O
CTAHKA-POBOTA JJI51 OBPABOTKH 3YBYATBIX KOJIEC.

Kyauk P.1O.
(donbaccras eocyoapcmeennas mauuHocmpoumenvhas akaoemus, 2. Kpamamopck,
Vrpauna)

Paspabomana npunyunuanvhas KOHCMPYKYus MOOUILHO2O0 CMAHKA-pOOOMA, pama KOmMopozco
npeocmasisiem coool CMepAHCHeSYI0 KOHCMPYKYUIO, NOCIMPOEHHYI0 N0 NPUHYUNY MPey20TbHUKA O
NPUOAHUSL KAPKACY MHCECMKOCU U MEHbULEl MeMAanl0eMKOCMU.

MeTammopexyIe CTaHKA ¢ IMapauieTbHON KHHEMATHKON TOJTy9aroT IIHPOKOe
MPUMEHEHNE B KAaueCTBE aJbTEPHATHBBI MHOTOKOOPAMHATHBIM 00pabaThIBAIOIIUM
IIEHTpaM TPAJUIUOHHON KOMIIOHOBKM C IOCJIEJI0BATEIbHBIM COCIUHEHHUEM Y3JIOB
dbopmoobpasyromieit cucrembl. Hanbonee pacnpocTpaHEeHHBIMH SIBISIFOTCSL (pe3ep-
HbIE CTAHKH C MIECTHIO CTENEHSIMU CBOOO/IbI, peaTu30BaHHbIE HA OCHOBE TUIAT(POPMBI
Crroapra [1], — rexcanoapl. O6nacTh UX TPUMEHEHUsT — 00paboTKa CIIOKHBIX TO-
BepxHocTel. OHAKO MCIOJIb30BAaHUE MPU CHHTE3€ 3aKOHOB yrpaBiieHHus GHopMoo0o-
pa3yIollIel CUCTEMBI 3TUX CTAHKOB CTPOMTCS HA TPAAUIIMOHHBIX MOjaxojax [2], 3a-
KITIOYAIOIINXCS B HA3HAYCHUHM TEXHOJOTOM TPACKTOPHH TIEPEMEIICHUS PEXKYIIETO
WHCTPYMEHTA TOJILKO Ha OCHOBE €T0 JIMYHOTO OMBITa. ITO HE MO3BOJIIECT MOJHOCTHIO
HCITOJIB30BaTh PECYPC TeKCAroI0B MO0 TOYHOCTH M MPOU3BOAUTEIIBHOCTH 00pabOTKH.
B nanHo#i paboTe nmoctaBieHa U pelieHa 3aj1ada pa3paboTku Mojienu mpoiiecca Gop-
MOO0Opa30BaHUs 1JII CTAHKOB C MapajljIeIbHON KUHEMATHUKOM.

CoBpeMeHHbIE CTaHKH MPEJICTABISIIOT COO0M KOHCTPYKIIUIO, COUETAIOITYHO OC-
HOBaHUE - MACCUBHYIO CTAHWHY, Ha KOTOPOM HEMOJIBIIKHO KPETHTCS Pe3ell, 3aroTOB-
Ky, 3aKpEIJICHHYIO B MMaTPOHE MIMUHJEIS WK B IIEHTPax MepeaHeit u 3aanei 6adkwu,
Y CYNIOPT, MO3BOJISIONIANA MOJIaBaTh I€Tad aBTOMAaTUYECKH WIIA B PYYHOM PEXKUME.
[1]

3aroToBKa CTaHKa BPAIIACTCS C PErYIUPYEMON CKOPOCTHIO B COOTBETCTBHH C
TpeboBaHmsIMU TIporiecca 00paboTku [12]. CKOpocTh ee BpallleHUs MOXKET PETYIHPO-
BaThCs KaK BPYUYHYIO, TaK U aBTOMaTH4YecKu. HemoaBMKHBIN pe3er] MOKET 10/1aBaTh-
Cs1 BJIOJIb MJTU TIOTIEPEK OCH IITTHH/ICIIA.
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OcHoBHasi mpoOJieMaTHKa COBPEMEHHBIX CTAHKOB 3aKJIOUAETCs B: OOJBIINX
rabapuTax U Macce, 3a4acTylo He OOJBIION YHUBEPCAIBHOCTH, OOJIBIION MOIIHOCTH
IPUBOJIOB HEOOXOAMMOM J1sl paboThl. [8] Pazdepem Bce mpoOiaemMbl OTACIBHO.

[lepBas nmpobsieMa COBPEMEHHBIX CTAHKOB 3TO — OOJIbIIasi METAIUIOEMKOCTh U
rabapuTtsl. [Ipu Mexanndeckoit 00padoOTKe cTanel U APYruxX METAIOB, BO3HHUKAIOT
OOJIBITINE CHUJTBI, COTIPOTHUBIISIONMINECS ATOMY Mporieccy. Bee aTu cuiibl mepenaroTcs B
KOHCTPYKITHIO CTaHKa. UTO OBl CIIPaBUTCS C TaKMMH TMEPErpy3KaMyd M HE TOTEPAThH
KECTKOCTh KOHCTPYKIIHH, Pa3pabOTIMKNA COBPEMEHHBIX CTAHKOB OOSCIEUIIIA UX J0-
CTAaTOYHO OOJIBIION METaIOEMKOCThIO. TspKennas CTaHWHA, MAaCCHUBHBIA CYIIIOPT,
BBIHYKJICHBI IPUHUMATh Ha C€0sI BCE HarPY3KH CBSI3aHHBIE C MPOIIECCOM pe3aHusl. [7]

Marnasi yHUBEpCaTbHOCTh TAKWX TPYIIT CTAHKOB KaK TOKApHBIE, CBEPJIMIIbHBIC,
(dbpe3epHbIe CTaHKH, 00YCITaBIMBACTCS Pa3HBIMHA CXeMaMU 00paOOTKU JaHHBIX TPYIIIT
cTaHkoB. JlaHHyro mpoOiemy pemiaeT Takoe o0OpyJoBaHUE Kak 00padaThIBAIOIIHIA
IIEHTP, KOTOPBI BOOpail B ceOsl Bce BapUaHThl MeXaHHYeCKOH 0O0padoTku. Ho rada-
PUTHI U CIOKHOCTh YCTAaHOBKH, HE IMO3BOJISIOT TOBOPUTH O KaKOM-TO MOOMIILHOCTH
JAHHOTO 00OpPYAOBaHMUS.

Crnenytomas mpobjieMa KOTOPYIO MOKHO BBIACIHTH ATO- OOJIbIIasi TOTpeOHas
MOIIHOCTh TipuBojia. C OJIHOM CTOPOHBI OOJIBIINE CUIIBI pe3aHUsl BEAYT K HE0OX0au-
MOCTH TOCTAaBUTh HA CTAHOK JOCTATOYHO MOIIHBIN MPUBOJ, HO HE PallMOHATHHOCTH
COBPEMEHHBIX CXEM METAIII000pa0OTKHU, BBIHYKIAIOT HAC ellle O0JIbIle YBEINYUBATh
MOIIIHOCTH TpuBOJa. Bo3pMeM, K MpuMepy, TOKapHBIC WM KapyCEIbHBIC CTAHKH.
['maBHBIM JBMIKEHUEM pPE3aHUs SBISACTCS BpaIlleHUE TSDKEIION NeTald, a JBIKCHUC
IOJa4M, 3TO ABWKEHUE CYNIopTa ¢ pe3uom. [ 1,4]

OCHOBHBIM DJICMEHTOM MEXaHHW3Ma B MAIIMHOCTPOCHHUE SIBJISETCS 3y0daToe 3a-
IETJICHUE, BEb MMEHHO OT HETO 3aBUCUT TOYHOCTH M IUIABHOCTH PabOTHI BCETO Me-
xaHu3mMa. [loaTomy ocoboe BHUMaHHE yIeseTcsl UMEHHO 3y0000paboTKe.

Ecth nBa MeTona Hape3aHus 3yObeB: METOJI KOMTMPOBAHUS U METO/ oOKaTa. [§]
Meron KONMUpPOBaHMS 3aKJIIOYAETCS B TOM, YTO 3yObs Hape3aroTcs (acOHHBIM HH-
CTPYMEHTOM WJIA PE3IIOM 0 3aJJaHHON TpaekTopuu. OCHOBHBIMU HEAOCTATKAMHU Me-
TOJA SBIISIOTCS: OOJIBIIOE KOJIMYECTBO (PaCOHHOTO MHCTPYMEHTA JIJISl KaXKI0TO MOJTY-
7 W 4yucia 3yObeB, a Tak)Ke HEBBICOKas MPOU3BOAUTENHHOCTH. [lepBas mpobiema
peraeTcsl M3roTOBJICHUEM YHUBEPCATBHOTO HaOOpa MHCTPYMEHTA, IIPH 3TOM JOITyC-
KaeTCsl HETOYHOCTh MPU HApE3aHUU KOJIEC ¢ KOJIMYECTBOM OTIUYHBIM OT TOTO, JJIS
KOTOPOTO TPOCKTUPOBAJIach JaHHas ¢pe3a wim Komup. [IpenMyriecTBoM Hapesa-
HUS METOZIOM KOITMPOBAHUS SBJISICTCSI OTHOCHTEIIbHAS IMPOCTOTAa W JICIICBU3HA WH-
cTpyMeHTa ((dpe3bl, Komupa), 4To BaXKHO MPU HEOOXOJMMOCTH Hape3aTh HEOOJbIIOE
YHCIIO AeTajie. 8]

B npousBoacTBe 3y0UaThIX Kojec Hape3aHue 3yObeB Ha 3y0o(dpe3epHBIX CTaH-
KaX 4epBIYHBIMH (hpe3aMH METOJIOM OOKaTa SIBIIIETCS HanboJee pacIpoCTPAaHCHHBIM
U TPYJIOEMKHM. ITUM METOJIOM MOXKHO Hape3aTh IWINHAPUYECKHE 3yOUaThie Kojeca
BHEIITHETO 3aIICTICHUS C MPSMBIMU U KOCBIMH 3YObSIMU CTaHIAPTHOM, KOHUYECKON U
060uko00Opa3zHoli (Gopmbl, OJIOYHBIE KOJeca, YepBAYHBIEC KOJeca, NIIUIEBHIC BaJbl,
3BE3I0YKHU IIEMHBIX TIepeaay u ap. [9]
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Meton oOkara oOecrneunBaeT 0ojiee BBICOKYHD TOYHOCTh 00pabOTKH,
yeM MeToJl KonupoBaHus. [1o3ToMy 3yObsi KOJIeC BBICOKMX CTETIEHEM TOYHOCTH, KaK
NpaBWJIO, HApPE3al0T Ha CTaHKax, paboTarolmux nmo mMeroay obOkara. Merton obkara
3HAUUTEIBFHO TPOU3BOJUTENIbHEE METoIa KonupoBanus. [loatoMy oH siBisieTcst oc-
HOBHBIM IPYU MAacCOBOM U KPYITHOCEPUHHOM MPOU3BOJICTBE 3y0UaThIX KOJIEC.

B coBpemMeHHOM MAamIMHOCTPOCHUH CYMIECTBYET 9 TumoB 3y0000pabaThiBaro-
IIUX CTAHKOB, KaXJbI M3 HHUX BBIIOJHSIET TOJIBKO ONPEAEIEHHBIA THUIT 3y04aToro
KoJieca (0e3 TOMoTHUTEILHOM OCHACTKH). Kak M3BeCTHO yHUBEpPCAIbHBIE CTAHKU 00-
JAJAI0T I0CTaTOYHON TMOKOCTBIO, HO HEBBICOKOW TOUHOCTHIO. [20]

OcHOBHBIMU TIpoOJEMaMHu 3y0000pabaThIBAIONIUX YHHUBEPCAJIbHBIX CTAHKOB
sBysiroTes [20]:

1. HeBbICcOKast mpOM3BOAUTENBHOCTE;

2. bonblioe KOJIM4eCTBO HAUMEHOBAaHUI CTaHKOB AJisi 0OpaOOTKH pa3HOIo TH-
na 3y04aTbIX KOJIEC;

3. bonpnioe KOJIMYECTBO OCHACTKY;

4. OrpaHr4eHHOE YHUCIIO CTENEHEN cBOOO bl U KOMIIOHOBOK 00pabOTKU;

5. bonbinasg METanI0EMKOCTD;

6. BrIcOKast CTOMMOCTb CTaHKOB;

7. BbICOKasi CTOMMOCTb BBIITYCKAEMBIX MU3CITUH.

Jlns petieHust 3TUX MpooOsieM, pa3padaThiBaeTCsl YHUBEPCATbHBIN, MOOUIIBLHBIN,
TOYHBIN, )KECTKUI CTAHOK POOOT, KOTOPHIN BHITIOJIHA Obl HApe3aHHE 3y0UaThIX KOJIEC
pPa3IMYHBIMM METOJAAMHU M Pa3IMYHBIM HHCTPYMEHTOM, HE yMEHbLIas, MPHU 3TOM,
MPOU3BOAUTEILHOCTD.

Hcxonsa u3 BCero BbllIe MEPEYUCICHHOT0, ObUIO MPUHSITO PEIICHHE MO0 CO3/a-
HUS MOOMJIBHOTO CTaHKa po0oTa, AJi1 00pabOTKM TaKUX AeTallel Kak:

1. Kopmyca penykTopoB, KOpOOOK CKOPOCTEN;
2. Baubl, BasibI-1IeCTepHU, YEPBSIUHBIE BaJIbI;
3. Kopnychble aeTanu, Tuna BOAWUIA;

4, 3yOuaTbie IpsiMO3yObIe Kojeca.

Ha ceroassiiiHuil AeHb UCIOJIB3YETCS OOJBIIOE KOJIMYECTBO MPO(eccHoHaAIb-
HOTO  PYYHOTO  MHCTPYMEHTa W  HEOOJBIIMX  HACTOJbHBIX  CTAHKOB.
MHHOBaMoOHHas pa3paboTKa, KOTOpas Mpeajaraercs, NpeacTaBisieT cOO0M CTaHOK
HeOoubIoi MoutHOCcTH ¢ cucteMoil UITY mopn ynpasnenuem HeliponHoi cetu. Ilop-
TaTUBHBIA 00pabaTHIBAIOUIUN LEHTP, KOTOPBIA MOXKET 3aMEHUTh PYyYHONU MHCTPYMEHT
Y HACTOJIbHBIE CTAaHKU 3y0000padaThIBaIOIIEH TPYIIIbI.

CraHOK mpejaraercs MCIoIb30BaTh B PA3IMUHbIX yciaoBusix. OH He TpeOyeT
MH(DPACTPYKTYphl MPOMBILIIEHHOTO npeanpusaTus. CTaHOK MMEeT HU3KYH MaTepHa-
JIOEMKOCTh, HEOOJIBIIYI0O Maccy. MOKHO MEHSATh KOH(PUTypalMiO HECYIEH CUCTEMBI
CTaHKa, YCTaHABJIMUBATh €0 B PA3JIMYHBIX YCIOBHUSAX, B TOM YHCJIE HAa MOOWIJIBHBIX
MalIuHax.
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Pucynok 1 — Cxema moOwibHOrO cTaHka pobOora (l-pama cranka; 2-
Pa3ABUKHOM CTOJI; 3-KOPITYC)

Ha pucyske (puc. 1) npencrasiieHa cxema, MOOUJIBHOTO CTaHKa poOoTa.

Pama siBnsieTcst chbeMHOM, Ha paMe pPacioJIoKeHbl (PyHKIIMOHAIBHBIE MTPUBO/IbI,
WIWHAEIU, UEHTPBI U npouee. Pama MoxkeT cxxumatbes 1o ocu 7 . BepxHss yacTthb
paMbl MOXKET CXOJUTHCS K LIEHTPY CTAHKA, B 3aBUCUMOCTH OT BBITIOJIHAEMON HA CTaH-
K€ TEXHOJIOTHYECKOU OTEpaIvu.

Cron cranka - pabouas mI0CKOCThb. CTOJ SIBJISIETCS HECMEHHBIM, BBIMOJHSICT
bynkuun 6azupoBanus. Ha cron ycranaBnuBaercs pama (CBepXy) W HOTU (CHH3Y).
BHyTpu cToisia pacrionoXeH OCHOBHOW MPUBOJ, JUJIS BBIIIOJHEHUS TEXHOJIOTHYECKOU
Omnepannu, a TaK XKe ISl MEPEMEIICHUsI CTaHKA, aKKyMYJIATOP MUTAIOIIUN BCKO CH-
CTEMY, TEHEPATOP JIJIsl BEIPAOOTKU SHEPTHUHU.

K crony kpensitcst HOru pob60Ta, HOTH MPUBOASATCS B JIBIDKCHHE OT OCHOBHOTO
MIPUBO/IA U BBITIOJHSIOT QYHKIIUU TIEPEMEIICHUS.

Ha cxeme (puc. 1) mokaszaHbl pa3Mepbl Ka)XJI0W W3 yacTel CTaHKa. A Tak xKe
rabapuThl CAaMOTO CTaHKa.

Hwxe mpezacraBiieHa cheMHasi, yHUBEpcalbHas pama ajisi 00paboTku neraneid
Ha cTaHke-poOoTe (puc. 2)
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Pucynok 2 — Pama cranka-po6ota

OCHOBHBIM JIEMEHTOM KOHCTPYKLIMH SIBJISIETCS paMa, BBIIIOJIHEHHAS U3 CTEPK-
Hell. Pama mpexncraBisier co0o0il CTEpKHEBYIO KOHCTPYKLHIO, IOCTPOEHHYIO IIO
IIPUHLUITY TPEYTrOJbHUKA JUIsl IPUJAHMS KapKacy jKECTKOCTH M MEHBIIEN MeTasulo-
€MKOCTH. [[J1s1 ycTaHOBKM paMbl Ha CTOJIE€ CTaHKa M03. 4 ObUIM MPUMEHEHBI IapHUPbI
103. 2, COEAMHSIOIIMUE PA3/IBUKHBIE CTOMKH 103. |, KOTOpBIE CIyXaT JJIsl U3MEHEHUS
BBICOTHOI'O ITapaMeTpa paMbl, a TaKKe JJI1 BOCIPUATUS HArpy30K, KOTOpPbIE, KaK W3-
BECTHO, CTEP)KHEBBIE KOHCTPYKIMM BOCIPHHHUMAIOT BIOJb CBOEH ocu. Ha croiikax
1o3.1 pacnosnokeHsl nassl 1M03. 3 I yCTAHOBKM HAa paMy CMEHHBIX Moxyneu. Jlis
MIPUAAHMS JKECTKOCTU CTEPKHSIM paMbl Mo3. 1 Obutn 100aBIIEHBI CTPEXHU 103.5, CO-
€JIMHEHHbBIC MEX]1y COOOM U paMoi IapHUpaMu 1103.6.

[TpuHiMnuanpHas cxema Jjisi 00pabOTKU 3y0UaThIX KOJIEC MPEACTABICHA HUXKE

(puc.3) [1]:

Pucynox 3 — I[lpuninunuanbHas cxeMa cTaHkKa-poboTa miis o0paboTku 3yOua-
TBIX KOJIEC.

Hwxe mpencraBineHa cxeMa MeXaHH3Ma HCIOJIb3YyeMOro s o0paboTKu 3y0-
YaThIX KOJIEC, TPH MOMOIIHU (hacOHHOTO HHCTpyMeHTa (puc. 4) [21]:
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Pucynok 4 — a) Mexanusm s o0paboTku 3y04aToro kojeca, 0) cxema MeXaHU3Ma
00paboTKH.

Pucynok 4 — Cxema 00paboTku
3yOuaToro KoJjeca ¢ IpuMeHe-
HUEM CTaHKa-poboTa

CraHok po6oT oOpabaTbiBaeT 3y0UaThie Kojeca pa3iuuHON (POPMBI, MOIYJIS, U
KoJinuecTBa 3yObeB. OOpabOTKa MPOUZBOAUTCSA MPHU MOMOIIU (PACOHHOTO HUHCTPY-
MEHTa YCTAaHOBJICHHOT'O HAa MHCTPYMEHTaIbHOU onpaBke 7. OOpaboTka OyneT mpous-
BOJMUTHCS TI0 METOAY KOMUPOBaHMA [8], AJT TOrO YTOOBI YMEHBIIUTh HE TOUYHOCTD,
BCJICZICTBUE HE COOTBETCTBUS MHCTPYMEHTA, M HU3KYIO MPOU3BOJUTEIBHOCTH 00pa-
00TKH, OYJET UCIOJIB30BATHCA CUCTEMA YIIPABJICHUS HA HEUPOHHBIX CETAX, a IS OJ1-
HOBPEMEHHOT'0, TOYHOTO MOBOPOTA JETalM U MHCTpyMEHTa OyAYyT HCIOJIb30BATHCA
JaTYMKU, TUTA CUIBCUHOB. [IpenmyIecTBo 3TOro THma JaTYMKOB B UX MPOCTOTE U
TOYHOCTH PETYJIUPOBKU MOBOPOTA. [14]

Heranp 3 ycTtaHaBnuBaeTcs Ha onpaBke 8. OrnpaBka 8 coeuHEeHa ¢ TPUBOJOM
U CIYXXHUT HE TOJBKO JJisi 0a3UpOBaHUs JETaliu 3, HO M JAJIsl MOBOPOTA €€ BO BpeMs
00paboTKH.

Tpumnoas! 5 u 4 cayxaT A B3aUMHOTO NepeMeIleHus JeTalu 3 1 HHCTPYMEH-
ta 7. Taxke Tpunoapl 5 U 4 MOTYT IEPEMELIATHCS IO paMe | B OCEBOM HaIPaBIICHUH.
Bcst KoHCTpyKIIMS yCTaHABIMBAETCS HA CTOJ 2.
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KHMHEMATHUKA, KOMIIOHOBKA U ®OPMOOBPA3YIOIIUE
JABUXKXEHUA TOKAPHBIX MHOI'OIEJIEBBIX CTAHKOB C MEXAHUN3-
MAMM MAPAJLUIEJBHOM CTPYKTYPhI

Ilnemans B.1O.
(Honbacckasn eocyoapcmeennas mawiunocmpoumenvHas akaoemus, 2. Kpamva-
mopck, Ykpauna)

HpeaCl’l’lCIBJleHbl pes3yibmanivl uccieo0o8anue MexaHusmos napaﬂﬂejleOZZ Kunemamuxku C¢ ux
NPUMEHEHUEM 6 MHO20YeNIeBbLX NMOKAPHBLIX CMAHKAX. OnpedeﬂeHbl Memoobl pacuiupeHus d)yHKI/[MO-
HANLHBIX U MEXHON02UYECKUX BO3MONCHOCMElU MOKApHblX CMAHKOS, HABEOeHO MamemMamuyecKoe
ONUCAHUE NONONCCHUL KUHeMAMUYUECKUX 36€HbEB, UX ceomenmpuu U cKkopocmu osudicenusi. Boinon-
HeHo KUHeMamu4eckuil anaius qbopmoo6pa3y;ou;ux O0BUICEHULL 6 CMAHKAX HOBbIX KOMHOHOBOK.

CoBpeMEeHHOE MAIIMHOCTPOCHHUE XapaKTEpU3yeTCsl MOCTOSHHBIM OOHOBJICHUEM
¥ YCOBEPIIIEHCTBOBAHMEM MAIIMH M TEXHOJOTHUH MX M3roToBIeHMs. Crenuann3anus
CTAaHOYHOI'O 00OPYJOBaHMS HE MOJHOCTHIO OTBEYAET MPOrPECCUBHBIM TEXHOJIOTHUSM
M3-32 MHOTOKPATHOTO INepe0a3upoBaHus JeTallel, KOrjia CTaBsITcs 3a1a4u obecreye-
HUS TOBBIIIICHHOW TOYHOCTH MO3UIIMOHUPOBAHUS 00bEeKTa 00pabOTKH M TEXHOJIOTHU-
YEeCKUX, B TOM 4Hcie U (HOpMOOOPA3yIOMIMX ABMKEHUN HCIOJHUTEIBHOTO OpraHa
(MO) cranka, o6ecrieurnBaOIIEero MHCTPYMEHTAIbHYIO (DYHKITHIO.

TpaguioHHble CTaHKH OOBIYHO MMEIOT MOCJIEN0BATEeNIbHYIO CTPYKTYpy. OHuU
UMEIOT TOJIBKO OJIHY KMHEMAaTHYeCKYIO Iemb, cBsa3aHHyto ¢ MO, koTopas u obecrme-
YHBAeT BCE CTEMEHHM CBOOOABI B JIEKAPTOBOM CHCTEME KOOpAMHAT. Bo3MmokHOCTH
YIIYYIIEHUST XapPaKTEPUCTUK TOYHOCTH M KECTKOCTH CTAHKOB IOCIIEOBATEIbHOM
CTPYKTYpBI OTpaHHUEHBI, TaK KaK Kaxaas kuHematuueckas napa (KII) npuaumaer u
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nepenaeT Harpy3Ky Bo BCeX HamnpaBlIeHUsX. Takum o0pa3oM, OTAEIbHOE 3BEHO
KMHEMaTHUYeCKOM 1eny BOCHpUHUMAET U nepemeniaeT maccel Bcex KII Baomb
yIpaBIIIEMbIX OCel KoopAuHAT cTanka. Hamuuue O0NbIINX MOJBUKHBIX Macc,
pa3MmepHbIX 1emnei, 3a30poB B KII yxyamaer nuHaMuKy 0OCOOEHHO Y CTaHKOB,
UMEIOIIUX 3HAYUTENbHbIE rabapUTHBIE pa3MephI.

[lepcnieKTUBHBIM HaIpaBJICHUEM TPOCKTHPOBAHUS MHOTOIICJIEBBIX Me-
TaJUI000pabaTHIBAIONIUX CTAHKOB C 3aJaHHOM CTeneHbl0 ¢cB0OOIbI MO sBiseT-
Csl, UCIIOJIH30BAaHNE HECKOJIBKUX BXOJIHBIX 3BEHBEB, KOTOPHIC MPOU3BOJIAT IO-
CTyIaTebHOE WJIM BPAIIAaTEeILHOE NBI)KCHHE HA CTAIIMOHAPHOW IIaThopMme H
cBs3aHbl ¢ KoprycoM MO 3aMKHYTBIMH TIPOCTPAHCTBEHHBIMH ITAPHUPHO-
CTEP>)KHEBBIMU CHCTEMaMH. Takue CHCTeMbl MPAKTUKE CTAaHKOCTPOCHHUSI TOJTY-
YU Ha3BaHWE MEXaHW3Mbl NapasuiesbHou cTpykTypbl (MIIC), a moctpoeH-
HbIE Ha X 0a3e — CTaHKU C MapajuieIbHON KHHEMaTUKOU. PacnonoskeHue 3Be-
HbEB MEXaHM3Ma TMapaUIeJIbHOM KHHEMAaTUKH Ha HEMOJBI)KHOW OCHOBE
YMEHBIIIAET BEIMYMHY MEPEMEIIaeMbIX MacC, YTO CIOCOOCTBYET BBICOKHM
HHEPreTUYECKUM TOKa3aTesiaM, a mneperavya (HopmMooOpa3yromuX IBUKEHUN
mwiatdopme, kotopas HeceT MO cTaHka rmpu MOMOIIHU KECTKUX CTEpIKHEH, yBe-
JUYUBAET TOYHOCTh MO3ULMOHUpPOBaHUs uHCTpymeHTa. Kpome toro, MIIC u
CO3JaHHBIC HA MX OCHOBE CTAaHKH O0ECIICYMBAIOT BO3MOKHOCTHh OJTHUM H TEM
K€ MEXaHHW3MOM BBITIOJHUTH TPAHCIIOPTHBIE W TEXHOJIOTHYECKHUE OIEpaIlny,
PACIIMPSIOT BO3MOXHOCTH TIEpEMEIICHU Mpu 00pabOTKEe CIOXKHBIX MOBEPX-
HOCTEH neTaliei.

Coznmanre 00JIETYeHHBIX CTAHOYHBIX KOHCTPYKIIMKM Ha 0a3e MOJABMKHBIX
CTEP)KHEBBIX MEXaHU3MOB MOTYT TPHBECTH K CHIKCHHIO JKECTKOCTH U BO3-
HUKHOBEHHIO BHOpaIuii, a 3HaUYUT, K CHIYKCHUIO TOYHOCTH WM3TOTOBJICHHS W3-
JeNHiA, 4TO TpeOyeT BCTpamBaHUs JTOTOJHUTEIBHBIX JATYMKOB, YCIOXHEHUS
CUCTEMBI YIIpaBJICHHUS.

VYrpoiieHHble U OOJErYeHHBIE CTAaHKU C TMapayljIeIbHOW KUHEMAaTHKOU
(CIIK) moryT moJIiy4uTh HIMPOKOE PACHpOCTpaHEHUE B MEOEIbHON U JIepEBO-
00pabaThIBarOIIEH MPOMBIITUICHHOCTH B YCJIOBHUSX BBICOKOCKOPOCTHOM 00pa-
OO0TKHM HEMETATUYECKUX JIeTaNIel Pa3IMYHON KOH(MUTYpaIIUU.

JIst ycnientHoro pa3BUTHS MapalICIbHBIX CTPYKTYP B CTAHKOCTPOCHUH,
pactMpeHust ¥ yriayOJeHus oTpaciied WX HCIOJIb30BaHMUs HEOOXOIUMO YETKO
OTIpENIEIUTh TPEOOBAHMS, KOTOPBIC NIPEIBSIBIIIOTCS K 3TOMY 000pPY/I0BaHHIO B
MeTaI000paboTKe.

[TpakTryeckmii OTBIT TTOKA3bIBACT, YTO B TOKAPHBIX CTAHKAX CTPEMJICHUC
K MHOTO(QYHKIIMOHATBHOCTH CTAHOBHUTCS MPEUMYIIESCTBEHHBIM. BOJBIITUHCTBO
CTAaHKOCTPOUTEIBHBIX (PUPM BKIIFOYAET B HOBBIE MOJCIHA TOKAPHBIX CTAHKOB
BO3MOKHOCTh BBITIOJHATE (ppe3epOBaHKUE MOBEPXHOCTEH, B TOM YHCIIC CIIOXK-
HOMPOMWIBHBIX, NUTM(OBAHKUE, TPEUMYIIIECTBEHHO YHMCTOBOE, CBEPJICHUE, 3Y-
OoHape3aHue, U3MepPEeHue U psl Apyrux onepanuii. [lepBoiil TOKapHBINA CTAHOK
mozaenu VIOO Ha ocHoBe MIIC co mranramMu nepeMeHHOU JUTHHBI pa3paboTaH
dbupmoii Index-Werke (puc. 1) u npeacraBieH Ha MEXTYHAPOIHON BHICTABKE
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METAV' 2000. B atom cranke mapHupHO-cTepaxkHEBble MIIC ncnonb3oBaHbl 11
($hopMOo0Opa3yOIMMX JBUKEHUN IIMUHIACILHOM 0a0KH C TOKapHBIM 3aKMMHBIM Ta-
TPOHOM MJig 3aroToBok. Pabouee mpoctpanHcTBO cTtanka V100 orpaHuyeHo 30HOM
25072507150 MM npu MakcUMaJIbHOM auameTpe aetanu 130 mm.

Pucynox 1 — Toxapuwiii cmanok Moo.
V100 na 6aze MIIC ¢pupmwr Index-
Werke (DPI')

[Tpu 0Opa®oTKe MACCHUBHBIX JA€Tajeil A YIy4llIeHUs AMHAMUYECKUX Xapak-
TEPUCTUK, OCOOEHHO MPU BBICOKOCKOPOCTHON 00paboTKe, 1es1eco00pa3Ho sl To-
KApHBIX ONEepaluii COXPAaHUTh KECTKYIO HEMOBUKHYIO HJIM MOJBUKHYIO (IIPpU HEOO-
XOJIMMOCTH) 0a0Ky, a mapHupHO-cTepkHeBble MIIC ucnonb3oBaTh 1715 popmooOpa-
3YIOIIUX CYNIOPTa ¢ UHCTPYMEHTOM (MJIM MHCTPYMEHTAJbHON CHCTEMOI), KaK 3TO
MPEIOKEHO Ha puC. 2.

Pucynok 2 — Toxapuwiu cmanok ¢
MIIC no nam. @PI’ Ne1994092

B ciyuyae ToueHus NJIMHHOMEPHBIX JeTajiel HEOOXOAMMO YBEIMYUBATh pado-
gyee mpocTpancTBO. C 3TOM 1EJIbI0 TPEOYETCsI COBMECTUTh PE3YJbTUPYIOIIYIO TPaCK-
TOPHIO BEPIIUHBI HHCTPYMEHTA C KUHEMAaTUYECKUMHU CBOMCTBAMU U COCIMHUTH 00b-
€M JIBIKEHUN CO CTPYKTYpPOIO CTaHKa. Takum 00pa3oM, MOXKHO 3a/1aTh HYXKHYIO CTe-
neHb ¢Bo0oabpl O 1151 BBIMIOSHEHUS TOKAPHBIM CTAaHKOM MHOTO()YHKITMOHATBHBIX
3a7a4 ¥ Pa3ACIUTh UX MEXIAY TPAAULUHUOHHOW M IMapauleIbHOM CTpyKTypamu. B pe-
3yJbTaT€ YEro MoJIy4aeTcss KOMIOHOBKA TOKAPHOTO MHOTOLIENIEBOTO cTaHka (puc. 3)
I7I€ 32 CYET KECTKUX KMHEMATUYECKUX CBSI3€M B BUJIE IITAHT MOCTOSIHHOW JJIMHBI Ye-
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pe3 IIApHUPHBIE COCAMHEHMS OTACIBHOIO MEXaHWU3Ma MPOJ0JIbHON MOoJa4yu C
COOTBETCTBYIOIIEH TOUYKOM HA KOPITyCE MOJBUKHOM TIATPOPMBI, MPOUCXOIUT
CaMOOPHUEHTAIMsI OCH PEBOJIBBEPHOM TOJIOBKU C HHCTPYMEHTOM.

JI71st IpoA0ABHON MOJaul HUXKHUX KOHIIOB Ka)IOW IITAHTH 10 Halpas-
JSIOIIMM CTaHKa MCIOJIb3YIOTCS IIAPUKOBBIE BUHTOBBIEC Mepenaun. Koporkue
TEXHOJIOTHYECKHUE JABUKEHUS C BBICOKOW IMHAMHUKOW MOTYT OBITH peajnu30oBa-
HbI IPY IOMOLIY NapaJJIEIbHOW CTPYKTYPbl B COYETAHUU C TPAAUIIMOHHON KHU-
HEMAaTHUKOW, KOTOPAas MO3BOJISIET UCIIOJIB30BATh BCIO padOUyIO 30HY.

VYrpasiieHre nojadyed U OpUEHTANMEN PEXKYILEr0 MUHCTPYMEHTA BBITIOJI-
HAETCS KOMIUIEKCHO CUCTEMOM YMCIIOBOrO mporpammHoro ynpasiaeHus (UITY)
OT YEThIPEX IIArOBBIX JABUIATENEH, KAXKIbIA U3 KOTOPBIX 33/1a€T ABUKEHUE OT-
JENbHOTO MEXaHW3Ma MPOAOJbHON MOJa4M, YCTAHOBJIEHHBIMH IIAPHUPAMU
HUKHUX KOHIIOB IITAHT MOJIBMKHOM TIaTQOPMBI.

B03MOXkHBI pa3iuyHbIe BapHaHThl peaii3alii KUHEMAaTHUYECKON CXEMBI
cTaHka JiJisi peanuzanuu Gopmoodpazyronux asmxeHuit 1O (puc.4) u obecne-
YEeHMsI TJIABHOTO JIBM)KEHMSI — BPAILIEHUs IUIIUHACIBHOIO y3/1a C AeTalbIo (CTY-
NEHYaThIi NPUBOJ, OeCCTyNeHYaThIil MPUBOJ, MOTOP-INIUHAENB). [Tpu Monep-
HU3ALUU CYIIECTBYIOIIMX TOKAapHBIX CTAHKOB MOKET OBITh HCIOJIb30BaHA
MMeEIoIascs MNuHAeIbHas 0a0ka, a cynmnoptHas rpynmna 3amensiercss MIIC c
peslenepKaTesieM Uil PeBOJIbBEPHOI IOJOBKOIA.

Cranok (puc. 4, @) cogepX uT cTaHuHy 1 ¢ HampaBJISIOMMMH 2, TIMHH-
AeNbHYI0 0a0Ky CO HIMUHACIBHBIM Y3JIOM 3 M 32)KUMHBIM HaTpoHOM 4, 3a-
HIOI0 0a0Ky 5 M peBOJBLBEPHYI0 WHCTPYMEHTAIBHYIO TOJIOBKY 6 ¢ HETOIBHIK-
HBIM PEXYIIUM MHCTPYMEHTOM JIJIsli TOYEHUSI M BPALIAIOIIUMCS OT OTIIEIBHOIO
MpUBOJAA ISl 00pabOTKM OTBEPCTUI U (ppe3epoBaHUs MOBEpXHOCTEH. [ 1aBHOE
JABUKEHHUE — BpalCHHE 3arOTOBKM 00ECIIEUMBAETCS 3JIEKTpOJBUTaTeNeM / ye-
pe3 KIMHOPEMEHHYIO nepeaady 8, aBTOMaTUYeCKyr0 KOpoOKy CKOpOCTeH C me-
PEKIIIOYEHHEM, HampuMep, ABYX JAMANa30HOB CKOpOCTed 3yO4aThIMU Mepera-
gamu 9 1 10 ¢ momoIIp0 AMEKTPOMAarHUTHEIX My(PT. [TomKuM AITMHHOMEPHBIX
3aroTOBOK LIEHTPOM 3aJiHel 0aOKu CO3/1aeTcs C MOMOIIbIO AJIEKTPOJIBUraTels
11.

PeBonbBepHas romoBka 6 pacmosokeHa Ha KOPITyce MOJBMXKHOW YacTh
13, ycraHOBJICHHOM Ha YeThIpex mTanrax 14...17 mocrosaHOM nmuHbl. Kaxmas
HITaHTa MAPHUPHO CBSI3aHA BEPXHUM KOHIIOM C KOPIIYCOM MOJBM)XHOW YacTH
13, a HKHUM KOHLIOM — C COOCTBEHHBIM C(PEPUUECKUM IIAPHUPOM, YCTAHOB-
JIEHHBIM COOTBETCTBEHHO Ha MOIBMKHBIX 4dacTax 18...21 oT AeIbHBIX Mexa-
HU3MOB MPOAOJIBHON 1MOJJaYM Ha HAMPABIISAIOMIUX CTAHKA.
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Pucynox 3 — Mnoeoyenesoii moxkapuwiii cmanok ¢ MIIC no nam. Yxpaunsi
No27808

]

e

Pucynox 4 — Bapuanmvl npunyunuaibHoUu KUHEMAMUYECKOU cXembl MHO20YENe68020
moxapnozo cmanxa ¢ MIIC no nam. Yxkpaunvr Ne27808

VYnpapieHue IBIKEHUSIMU CTaHKa obOecrieunBaeTcst cuctemoit UITY 22 (puc.
3), KoTopas moaaeT KOMaH bl Ha AekTpoaBuratenu /7, 11, 12, a Takyke Ha mMIaroBbie
anektpoasuratenu 23...26, COOTBETCTBEHHO CBSI3aHHBIE C MIAPUKOBBIMU BUHTOBBIMU
nepenauamu 27...30. BmecTo mapukoBbix BUHTOBBIX mepeaad 27...30 (puc. 4, a)
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MOTYT OBITh MCIOJB30BAHbI THIPO- WM MHEBMOILIMIIMHIPHI (puc. 4, 6) ¢ Taku-
MU ke ronzyHamu 27...30.

B kauecTBe BapuaHTa UCIOIHEHUS] CTAHKA MOKET OBITh Pa3IMYHOE MO-
PUBOJIOB MOJ]a4 HIDKHUX KOHIIOB IITAHT. ISl paciimpeHus: pa3MepoB paboue-
ro IPOCTPaHCTBA TOKAPHOTO CTaHKA I1eJIeCOO0pa3HO MapajuiebHOE PaCIoJio-
KEHUE OCEe MEXAaHU3MOB IMPOJOJBHOW MOAAYM IO HAMPABISIOIINM CTAaHUHBI
(puc. 4, 6). B TakoM HCITOJIHEHUH TIOJIBUKHAS YaCTh C PEBOJIBBEPHON TOJIOBKOKH
MOKET 0e3 MpemsITCTBUIA ABUTaThCsA BIOJbL BCEH JETANM U 3a €€ Mpeaeiamu,
HaJ 32KMMHBIM TaTPOHOM M 3agHeil 0aOKoW, BBIMOJHSIS BCIOMOTAaTEIbHBIC
JBUKEHUS, HAIPUMED, ISl CMEHBI HHCTPYMEHTA.

B pesynbrare ynpaBisieMoro JIBHKEHHS HUKHUX KOHIIOB INTAHT MPOMC-
XOJIUT MEPEMEILIEHUE U BpalleHUE MOABUKHOM MIaTGOPMbl OTHOCUTEIBHO KO-
OpAMHATHBIX ocei cranka X , Y , Z . CMeHa MoJI0KEeHHsI HUKHETO KOHIIa OJHON
U3 LITAHT OCTaBJIsIeT 0€3 U3MEHEHU MOJI0KEHUE APYTUX IITAHT, XOTSI ¥ BbI3bI-
BaeT CMEHY MOJIOKEHUS B MPOCTPAHCTBE MOJIBUKHON MIIAT(OPMBI, HA KOTOPOH
YCTAHOBJIEH MHCTPYMEHT. [Ipy OMHOBPEMEHHOM JBUKEHUU HUKHHUX OIIOp Ye-
ThIpEX ILUTAHT, B KaKoW 100 KOMOMHAIMU C Pa3HbIM 3HAUEHHUEM IPOJOJIBHOU
IIO/IaYM ¥ HAIPABJICHUEM IPOUCXOIUT CIIOKHOE JBMKEHUE U OPUEHTALUs UH-
CTPYMEHTA 3a CUET TOT'0, YTO KOPIYC MOJBHKHON YacCTH CaMOYCTaHABIIMBAETCS
B COOTBETCTBYIOLIEE IMOJIOKEHUE B KOOPAMHATHOM IMPOCTPAHCTBE CTaHKa. Ta-
KHM 00pa3oM, NOJBHKHASI MHCTPYMEHTAJIbHAS MIaT(GOpMa UMEET YEThIPE CTe-
MIEHU CBOOOJbI OTHOCUTEIBHO CUCTEMbI KOOPAMHAT CTAHKA W YIpaBIsAETCA Ie-
pEMENIEHUEM TOJIBKO MO KOOpAWHATE Z HUYKHUX KOHIIOB IITaHT MOCTOSIHHOM
JUTMHBI, IIAPHUPHO CBA3aHHBIX C MpUBOJaMu nojad. Kaxaas mraHra noctosiH-
HOM JJIMHBI SIBJIAETCS )KECTKUM KMHEMATUYECKUM 3BEHOM, KOTOpas yNpaBIIseT-
Csl IPUBOJOM IOJIaYM IO HAIPABJISIOIIMM CTaHKA M CBSI3aHA C KOPILYCOM II0O-
JBYKHOM 1I1aT(HOPMBI YCTAHOBJICHHBIMUA HHCTPYMEHTAMHU.

C y4yeToMm paHee ITPOBENEHHOIO KNHEMATHYECKOTO U CTPYKTYPHOTO aHa-
JM3a BBINOJHEHO MojeIupoBaHue (HopMOOOPa3yIOIMUX ABMKEHUN TOKapHBIX
CTaHKOB TMPEJIOKEHHbIX KOMIOHOBOK B makere 3D StudioMax koprnopanuu
Autodesk (CHIA). Co3mana mepapxudeckasi TpeXMepHas MoJieJb MHOTOILIeTe-
BOI'0 TOKAapHOro CTaHka (puc.5) ¢ MOJBMXKHOM IIAaTGOPMOM IIAPHUPHO CBS-
3aHHOW IIECTHIO IITAHTAMU MOCTOSHHOW JUIMHBI ¢ MHAWBUYAIbHBIMU MPUBO-
JaMu TI0Jlay Ha HampaBlAOMMX cTaHka. [loaBwxkHas miardopma, mecTta co-
€AVMHEHUS IAPHUPOB, IITAHTY UX JJIMHA U MOJ0KEHUE CBSI3aHbI BIBEICHHBIMU
MEPEMEHHBIMU U MaTEMaTUYECKUMHU 3aBUCUMOCTSIMU C TTIOMOIIBIO BCTPOEHHOTO
B 3D StudioMax si3b1ka nporpammupoBanusi MaxScript.

H3meHeHne NOJI0KEHUs] M OPUEHTAMU MOJABWXKHOU MIaThOpMbI C pe-
BOJIbBEPHOU T'OJIOBKO aBTOMaTUYECKH BBI3BIBAET PAcUeT NEPEMEHHBIX U yCTa-
HABJIMBACT KNHEMATHUECKHE 3BEHbS B HEOOXOUMOE MOJI0KEHHE HIIU COOTBET-
CTBYIOULIYIO JUIMHY LITAaHT.
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Pa3pabotanHblii mporpaMMHBIM MOAYJIb HMEET COOCTBEHHBINM HHTEpderic,
BcTpanBaeMblil B cpeny 3D StudioMax, KOTOpbId 1TO3BOISET MOIB30BATEINIO:

— 3a7aBaTh TpaekTopuio ABMKEeHUS MO yka3zaHMEM HYXHOIO CIUIaiiHa MPOU3-
BOJIbHOU (DOPMBI HETIOCPEACTBEHHO B TPEXMEPHOM MTPOCTPAHCTBE MOCIUPOBAHNS;

— BBITOJIHATH aHaIu3 (OPMBI U pa3MepOB paboUeii 30HbI CTAHKA,

— MPOU3BOAUTH 3aAlMCh AHUMALUM CO3JaHHBIX TEXHOJOTMYECKUX JIBUKCHUU
CTaHKa;

— MOJIy4aTh YMCJIOBBIE JAHHBIE O JIJIMHE IITAHT, MOJIOKEHUS ONOP U LIAPHUPOB
B CHCTEME KOOPJIMHAT CTAaHKa, KpaT4yailllline pacCTOSIHUSI MEXIY HUMH, YTIIbl Dinepa
Ka)JOM IITAaHT U, INIOCKUE YIJIbl MEXIY 3BEHbSIMA MEXaHU3Ma;

— MOJy4aTh TPACKTOPHIO JIO00M XapaKTepHON TOYKH Ha MOBEPXHOCTH 3BCHHCB
WU CBSI3aHHOW ¢ HUMH, HampuMep radapuThl MOABMKHOMN MIaTGOpPMBI MEXaHU3MA,
cieasbl WTadr npu AsuxkeHnn MO 1o 3aaHHON TPAEKTOPUHU.

Pucynox 5 — Toxkapuwviii mnoeoyenesou cmamnok na 6aze MIIC ¢ wecmvio
wmaneamu NOCMOSIHHOU ONIUHbL. a4 — MpexmMepHas Mooelb, 6 — pacyemuas cxema
MIIC.

[IporpamMmMupoBaHue ¥ aHAIN3 MOJICJIEM CTAHKOB C IMapajuIeIbHON KHUHEMAaTH-
kol B cpeae 3D StudioMax oTimMyaeTcsi JErKOCThIO CO3JaHUsl, TIOCTYIIOM K CBOM-
CTBaM TPEXMEPHBIX OOBEKTOB, UX YINPABJICHUEM C MOMOIL CTAHJAPTHBIX KOHTPOJI-
nepoB TpaHchopMaumii u mpeoOpazoBaHuit Xform, Scriptcontroller, Position
Expression, Path Constrain, Attachment, LookAt Constrain. [IporpamMmma mo3BoJisieT
HaOJI0/1aTh 3a MEpPEMENISHUSIMU 3BEHhEB MEXaHU3Ma W IMOJBHXKHOU TIaT(OpMBI ¢
NO B peanbHOM BpeMeHH, 3alUChIBATh AHUMAIIUIO B BUIEO (haiisl, MOIydaTh TPACKTO-
puu u xapakrep nepemernennit KI1 B Bune rpaduxos.

BrimotHeHO TecTupoBaHue pa3padOTaHHOTO MPOTPAMMHOTO MOJYJIS IS BU3Y-
aNu3alu JBU>KEHUN MHOTOLIENIEBBIX TOKAPHBIX CTAHKOB MPEJIOKEHHBIX KOMIIOHO-
BOK. TecTpoBaHUE MPOEJACHO NIl KOMIJIEKCHOW KOHTYPHOW W TO3WUIIMOHHOM 00pa-
00TKM cTymeH4aToro Bana (puc. 6).

MopenupoBaHue TOKapHON ONepaly BKIIOYAJIO MATh TEXHOJOTHYECKUX IIe-
PEXOJIOB:
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— TOYCHHE IMOJYOTKPBITOM 30HBI MO TPaeKTOpUHU "meTist" ¢ moadopKoi
10 KOHTYDY;

— CBEpJICHHE OTBEPCTHUSI COOCHOTO C JACTANBIO (LIEHTPOBAHUE);

— 00paboTka (acok U KaHABOK IO TPACKTOPHH "CITycK";

— CBEpJICHME OTBEPCTUM NOJA MPOU3BOJBHBIM YIJIOM K OCH JAETalu
(mmuHaens);

— JIBYKEHUE MHCTPYMEHTA 110 BUHTOBOM JIMHUYU HA UUJIMHAPUYECKOM I10-
BepxHocTH feTanu (ppesepoBanue).

[Tomy4yeHHbIe 3HaYEHUS PUPALICHUN IO KOOpAnHAaTe Z KaXK10M [TaHTH
npu pabdote cucteMbl YI1Y B OTHOCHTENBHBIX KOOpAWHATAX MOKa3aHbl HA PUC.

3 - Y
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Pucynox 6 — Omnocumenvnvie nepemewenus onop wmane A , ¢ B no
ocu Z 8 cucmeme KOOpOUHAM CMAHKA NPpU KOMNIAEKCHOU 0Opabomke CmyneH-
yamoeo 8ana

BriBoabl

1. Jlna yBenuueHusi pabodeil 30HBI MHOTOIIEJIEBBIX CTAaHKOB C Tapaj-
JENHbHOM KMHEMATUKOW MOYKHO Pa3IesIuTh HEOOXOIMMOE YUCIIO CTETICHEH CBO-
60161 1O Mexmy TpaaullnOHHOW U MapaieIbHON CTPYKTYPaMH.

2. MoaynbHBIN OPUHIUIT TOCTPOCHHUSI KOMIIOHOBOK TO3BOJISIET PacUIv-
PUTH TEXHOJIOTHYECKUE BO3MOXKHOCTH CTAHKOB C IMApAJUICIIbHON KUHEMATUKOM.

3. Haumbomee mNOIXOAAIUM TAKETOM TPEXMEPHOTO MOACIUPOBAHUSA,
aHaJIN3a T€OMETPUU U KUHEMATUKH HOBBIX CTAHKOB C MApAJUICTbHON KMHEMa-
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TUKOMU sByIsieTcsl NMpoAykT kommnanuu Autodesk 3D StudioMax c¢ BCTpOCHHBIM SI3bI-
KOM mporpammupoBanus MaxScript.
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MOJAEJIb POBOTA I'EKCAIIOJJA HA MUKPO-CEPBAX

Cuimnna E.B.
(L[onbacckas 2ocyoapcmeenHas MawuHocmpoumenvHas akaoemus, 2. Kpamamopck,
Vkpauna)

Paszpabomana npunyunuanvnas modenv MooOurbHO20 poboma-eekcanoda Ha muxpo-cepgax. Oco-
OEHHOCMBIO OAHHO20 CMAHKA AGNISIEMCsl, MO, YMO 8 MEXAHUIME NepemMeweHus: UCNOb3VIOMC S MUK-
po-cepsonpusodvl. Pobom mooicem ucnonvzosamvcs 051 peuwieHus 3a0ay 0o0pabomku noepxHo-
cmell CLOJCHOU 2eomempuu. YnpaeneHue paboyum uHCMPYMeHmMoM, NPOU3B0OUMCS Npu NOMOwU
KoMnbvlomepa.

Pa3BuTre MamMHOCTPOUTEIHLHOW MHIYCTPUM TpeOyeT COBEPILIECHCTBOBAHUS
CPEICTB U METOAO0B 00pabOTKH, a TaKkKe KOHTPOJIS T€OMETPUN MOBEPXHOCTEH JeTa-
JeH CII0KHOM (POPMBI HA OCHOBE TEXHOJIOTMUECKOTO 000PYI0BaHUS, HCIIOIb3YIOIIErO
MPUHLNNBI MEXaHOTPOHUKH [2]. [IpumeneHne TpaguumoHHbIX cTaHkoB ¢ YIIY Bce
yaie oKas3blBaeTcsl Manod((EKTUBHBIM JUJIsl pelieHusl 3a1a4 0OpabOTKU MOBEPXHO-
CTEU CJIIO)KHOU F'€OMETPUHU.

Jlnst petieHust 3ToM MpoOIeMbl UCTIONB3YIOT MEXAaHU3MbI C MapajyieIbHON KH-
HEMAaTUKOW, KOTOPbIE UMEIOT: HAJIC)KHYI0 KOHCTPYKLMIO, BBICOKYIO HMPOU3BOAUTEIb-
HOCTb, THOKOCTh HACTPOMKH, HU3KYIO CE0€CTOMMOCTb.
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B ornvume OT TpaJWLIMOHHBIX MAaHHUITYJISITOPOB, MAHUIYJATOPBI HA OCHOBE
reKcanoza UMEIOT 3aMKHYThIE KMHEMAaTU4YECKHE LIENU W BOCIIPUHUMAIOT HArpys3Ky
KaK MPOCTpaHCTBEHHbIE (pepMbl. T.€. IITAHTU ITUX MEXaHU3MOB pa0dOTaIOT TOJBKO Ha
pacTsHKEHUE-CKaTHE, YTO BEJET K MOBBIIICHUIO JKECTKOCTU BCEW KOHCTPYKIIMH U, KaK
CJIEICTBHE, K IOBBIIICHUI TOYHOCTH MO3UIIMOHUPOBAHUSA U IPY30IIOABEMHOCTH Me-
XaHU3MOB [4].

OcCHOBHOI Npo0OIEMON KOHCTPYUPOBAHUS MPU U3TOTOBJIECHUU CTAHKOB Iapali-
JICNIbHOM CTPYKTYPHI CO 3BEHBSIMU CMEHHOM JTMHBI SIBJISICTCS] BEIOOP HAUTYYIIETO Ba-
puaHTa KOMIOHOBKH [1]. Tak kak, JaHHOE€ 000pYIOBAHKE B OTJIMYUU OT CTaHAAPTHO-
ro, UIMEET CIOXKHYI0 opMy pabouero mpocTpaHCTBAa KOTOPYIO HEBO3MOXHO pacCyu-
TaTh 3Has TOJBKO I'PAaHUYHBIE 3HAYEHUS NEpEMEIECHNs padodyero opraia no KOopau-
HATHBIM OCSIM, a MMapaMETPhl KECTKOCTH CUCTEMbI CTaHKA OMPEIEISAIOTCS 3a CUET Ma-
TEMaTUYECKHUX 3aBUCUMOCTEN MexaHu3Ma. [1oaToMy Ui JOCTHXKEHHS HEOOXOAMMBIX
TEXHUUYECKUX XapaKTEPUCTUK CTaHKa, CIEAyeT OTpaboTaTh pa3jNyHble BapHUaHTHI
KOMITOHOBOK, €I1I€ Ha 3Tale KOHCTPYUPOBAHUS.

B KoHCTpyKuMsIX moJJ0OHOTO poAa OAUH CEPBONPHUBOJ YIPABISIET TOBOPOTOM
HOTH B TOPU30HTAJIBHOM IUIOCKOCTH, BTOPOW — ee noaseMoM. Hora, kak u B Tpexcep-
BOBOM BapHaHTE COCTOMUT W3 JIBYX YacTEd, HO COCIMHEHBI OHH PaMKOM, a HE JOIOJI-
HUTEJIBHBIM CEpBONPHUBOAOM. TakuM 00pazoM, B KpalHUX MOJOKEHUIX HOTa MOXKET
ObITh JTMOO «IOJHSATA W MpPUXKATa K TENy», JIMOO «OMylIeHAa Ha MOBEPXHOCTh U OT-
CTaBJIeHa», B OTJIMYME OT TPEXCEPBOBOro BapuaHTa [4]. dopma kKoHeuHOCTEH U Tena
po0oTa co3aaHa caMOCTOSATEIBHO MO CYIIECTBYIOIUM aHAJIOTaM.

Bce neranu npoektupyrorcs s ppe3epoBaHUs U3 ATIOMHUHUS, TOATOMY OHHU
JOJKHBI ObUIM MMETh JMOO TJIOCKYI0 (opmy [1]. OCHOBHBIMU KPUTEPHUSIMHU CTaJIH
pa3Mep MPUBOJIOB U UX CKOPOCTb.

Pucynok 1 — Koncrpykuus
neramu Solidworks.

| / 71|74

[TpoOnemMbl MPOEKTUPOBAHUS:
1. MG90S, kak u OOJBIIMHCTBO CEPBOMPUBOIOB, UMEIOT OCh TOJBKO C OJI-
HOI cTOpoHBI. KpenuTh X 3a 0JIHY OCh HE XOTEJIOCh ObI, TaK KaK 3TO MO-
KET CO3/1aTh HEXKENaTeIbHbIC JehOpMaIIii.
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2. TImacTUKOBBIC «yIIM» IJI KPEIUICHUS CEPBBI TAK)KE HAXOJSATCS TOJIBKO
CBEpXY, IOATOMY OJTHOM CKOOOM ObLIIO HE 0OONTHUCH.

BapuaHT KOHCTPYKIIMU ABYX CEPBONPUBOJOB U300pakeH Ha (puc.2).

PucyHnok 2 — BHeNIHUIA BU]T CEpBONPUBOIA

V3en COCTOUT U3 ABYX CKOO, CBMHUCHHBIX APYT C APYIOM, K KOTOPBIM KPEISTCS
cepBonpuBobl [7]. B ckoOe, mpemHazHaueHHOW ISl KPEIUICHUS CEPBOIPHUBOJA,
OCYIIECTBIIAIONIETO MIOBOPOT B TOPU3OHTAIBHOM IJIOCKOCTH, OBLIO TIPOJICTIaHO OTBEP-
CTHE HANpOTHUB €ro OCH, B KOTOpOE mpejrnoJiaractcs BcTaButh BUHT. Solid Works
NPEIOCTABISICT OUeHb YAOOHYIO YTUIMTY, MO3BOJISIONLYIO MTOJIYUYUTh Pa3BEPTKY JeTa-
i 0e3 KakuxX JIM0O YCHJIMH, 3a Tapy KJIMKOB — ISl 3TOTO JOCTATOYHO HAPHCOBAThH
camy JIeTajib B TOM BHJIE, B KOTOPOM BbI XOTUTE €€ TOTYYHUTh.

LY
[EREOER

Pucynok 3 — Koncrpykuus nerama SolidWorks.
KoHcTtpykius nepskaresneit n3oopaxxeHa Ha pucyHKe 4.
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PucyHok 4 — Jlepxkarenu

VY3ei1 COCTOUT U3 IBYX COBEPIICHHO IJIOCKUX JETAJIEH C MPOPE3SIMHU MO/ BBICTY-
Il CEPBOIIPUBOJIOB U CBUHYMBAETCS MIPU ITOMOIIHU ABYX CTaHAAPTHBIX CTOEK. B Kaue-
CTBE OCH, KaK U paHbIIE, BHICTYNAET BUHT, KOTOPBIA, OJHAKO, MPUIIOCH 3aMEHUTH
BUHTOM CO CKPBITOM royioBkoi [3]. B mpoTuBHOM ciyyae, OAMH U3 NPUBOAOB OBl
yIupaJics B FOJIOBKY BUHTA.

Pucynoxk 5 — KoHcTpoykius Horu rekcarnoaa

Hrorom Bcei pa6OTI>I cTajia HOBasg MOACJIb po60Ta:

Pucynoxk 6 — I'ekcanog Ha MUKpPO-CEpBOIIPUBOIAX
BriBonsr:

Takum o00pa3zoM Obuta pa3paboTaHa MOJEIb Te€Kcarnoja ¢ NPUMEHEHHEM
CepBOMpPHUBOJOB. JlaHHYI0O MOJAENh MOXHO HCIOJIb30BaTh i 00pabOTKH
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CJIOKHOMPO(MUIBHBIX JeTalel. yrpaBieHrne poOOTOM OCYIIECTBISIETCS MPU MTOMOIIU
HEUPOHHBIX CETEH.

MOI[CJ'II) po60Ta reKkcamnoga MMECT HAACKHYIO KOHCTPYKIIUIO, BBICOKYIO IIPOU3-
BOIAUTCIBHOCTD, r'HOKOCTh HaCTPOﬁKH, HHU3KYIO ce0ECTOMMOCTh B OTJIMYHU OT Tpa-
JAUITNOHHBIX CTAHKOB C YIlY u CTaHIAPTHBIX MAHUITYJIATOPOB.
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INPUMEHEHME MOBHUJIBHOI'O CTAHKA-POBOTA IJ51 OBPABOTKHA
JETAJIEV THIIA «KOPITYC MOAIINITHUKA»

AOpamuenko A.B.
(Lonbacckas eocyoapcmeennas mawunocmpoumenvHas akademus, 2. Kpamamopck,
Vkpauna)

B cmamve paccmompenvl npeumywecmsea mobunibHo2o cmanka-poooma 0iusi 0opabomku oemanu
Muna «Kopnyc nOOWUNHUKAay», nepeod obpabamuviearowumu yenmpamu. Paccmompen ceepnunbho-
ppe3epnbiti MOOYIb, 0I5l NPUMEHEHUU HA CMaHKe-pobome.

CrtaHKu-poOOTHI MPUOOPETAIOT OOJBIIYIO MOMYJISPHOCTh B OTIMYM OT 00pada-
TBIBAIOIIUX IIEHTPOB, 3a CUYET CBOEH MOOWJIBHOCTH M YHUBEPCAIBLHOCTH. B naHHOMU
CTaThe MOUJET peub 00 CBEpIMIbHO-(bpe3epHbIX cTaHKax. CTaHKU AAHHOW TPYMIIbI
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MpeHa3HAYEeHBI JJI1 CBEpJICHUsS U ¢pe3epoBaHus jeranei miockoil gopmel. Takue
CTaHKU XapaKTEPU3YIOTCS JOBOJILHO OOJIBIIUM KOJIMYECTBOM OIEpalliid: CBEPJICHUS
[UIyXUX U CKBO3HBIX OTBEPCTHH B JIMCTOBOM IPOKATE, MPOLEAYpP MO paccBEpIUBa-
HUI0, 36HKEPOBAHUIO, Pa3BePThIBAHUIO, HAPE3aHUIO BHYTpEeHHEH pe3nObl. [7] dpese-
POBaHHUE OCYUIECTBIIAETCS B OCHOBHOM TOPIIEBBIMU T'OJIOBKAMH C TBEPIOCIUIABHBIMU
IUTACTUHAMHU U KOHIIEBBIMU (pe3amu. [ TaBHBIM JBHKEHUEM SIBIISETCS TEpEMEICHHE
HNO (ucnonuurensHoro oprana) u PU (pexymiero mHctpyMeHTa). J[aHHbIE CTaHKH
TpeOYIOT KECTKOCTH M TOYHOCTU KOHCTPYKITUH, AJIsi KAaUeCTBEHHOW 00paboTKu JeTa-
JEeN.

Ha npumepe mpoektupoBanus npuBoja-6apadana 160/140 paccmoTpum, oc-
HOBHBIE TIPOOJIEMBI TAHHOW CTaThH.

VY CTpOoKCTBO ABISIETCS TOIY3/10M KOHBEWEepa TPAaHCHOPTHOM CUCTEMBI 00OraTH-
TeIbHOrO0 KoMOMHaTa. bapa®aH — omoOpHBINA y3es JEHTOYHOro KOHBeWepa, co3aaro-
IIMH yCIOBUS BO3BpaTa JIEHTHl B 0OpaTHOM HampaBJICHUH, a TaK K€ ONOpy MpH mepe-
MEIICHUH TT0JIOTHA JIEHThl TPAHCIIOPTHOM CUCTEMBI. ¥Y3€J COJAEPKUT /1B 0a30BbIE Je-
Tanau, cobupaemble Ha MEPBOM 3Tane COOPKU — Ooch U Kopmyc Oapabana. dukcanuu
OapabaHa Ha OCH TPOU3ZBOAMUTCS KOJbLIOM M Oonrtamu. OmnopHbie y3i1bl OapadaHa
copMupoBaHbl Ha ocu. ONOpHbIE Y3kl COOpaHbl HAa MOAMMMHUKAX. [loAmunHIKN
(duKcupyroTcs o OypTaM OCH M 3aKpeIuIsItoTCa Ha 3ToM ocu manbamu. 1laitosr kpe-
IATCA K TOPIy OcH TpeMs OositaMu. OT pa3BUHYMBAHMS OOJITHI MPEIOXPAHEHBI CIie-
LMAJbHBIMU IJIAHKaMHU.

BHyTpeHHUE TOPLBI MOAIMITHUKOB OTPaHUYEHBI JAOUPUHTHBIMU KPBILIKAMH U
JTAOMPUHTHBIMU BTYJIKAMHU.

[ToammnHauKoBBIE Y37l (puc.l) moMenieHsl B KOpiyca MOAMUIHUKOB. [los-
munHuKY 3anoiHsatoTces cmaszkoit JIMTOJL 24 (TOCT 21150-87) u 3akpbIThl BHEIII-
HEU IIyXOW KPBIKOW. KpBIIKK NOAIIMITHUKOBBIX y3JI0B YIUIOTHEHBI MPOKIAAKON U
MMEIOT MaciieHkH BUHTOBBIe MB R 3/8. MacieHku uCnonb3yroTcs JJIs MoJauu CMa3-
KU BO BPEMsI PEMOHTHBIX paOOT MpH 3KCIUTyaTallluy y3ia.

Kopmnyca noamunHukoB BeIIOAHEHBI cOopHbIMU. Koprnyca coOpaHbl KphIlKa-
MU MOAIINITHAKOB Ha IIIMUJIBKAX U TalKax.

Pucynox 1 — [loAmIMITHUKOBBIN y3€.
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Ha xadenpe Texnonoruu mamumHOCTpoeHHs, J[oHOAcCKOM ToCyaapCTBEHHOM
MaIIMHOCTPOUTENIbHON aKaJeMuH, pa3padaThIBACTCs YHUBEPCAIbHBIN, MOOUIIBHBIMH,
TOYHBIN, JKECTKUI CTAaHOK pOOOT, KOTOPBIM BBHIMOJHSI Obl METauI000pabOTKy, HE
yMEHbIIasi, MpU 3TOM, MPOU3BOAMUTENBLHOCTh. [IpenmyiiecTBoM poboTa sBIsETCA
Hanuuue 6 creneHed cBoOOAbI MpPU JABUKEHUU MaHHUMyssiTopa. [lomumo 3Toro, co-
3maBas paboune siaeku Ha 6a3e poOOTOB, MOYKHO 3a/ICMCTBOBATH €IIe U 3 JOTOTHU-
TeIbHBIC JIMHEWHBIE OCH IUIIOC Pa3HOTO POJa KOMOMHAIIMU JBYX HAPYKHBIX MOBO-
poTHbIX oceil. ClenoBaTeabHO, B CyMME KOJMYECTBO CTENEHEN CBOOOJbI JOCTUTAET

11. [2,3]

Wcxons U3 BCero BhINIE MIEPEUUCICHHOTO, OBIIO MIPUHATO pPEIICHUE 0 CO3/1a-
HUIO MOOMJIBHOTO CTaHKa poO0OTa CO CMEHHBIM MOJYJIEM JJisi 00pabOTKH pa3HBIX MO-
BepxHocTel. Ha cTon ctanka-poO0Ta 3aroToBKa 3aKperisieTcs ¢ MOMOIIBIO MPHUCTIO-
cobnenus. [Ipu pabore pobota, Bpamaercs MO, mo TpeOOBaHMIO TakKe BpallaeTcs
PU. 3aroroBka cHauana mpocBepiuBaeTcs, 3aTeM pacdpesepoByerca. C MOMOIIBIO
BBIJIBHKHBIX KOHCTPYKIIMH paMbl, 103. 2 JOCTUTAETCS OMPEACIICHHOS PACCTOSHUE OT
HNO, no3 1 u PU, o3 8§ no 3aroroBku, no3.7. llapaupHoe kpermienue, no3. 9 MO
MO3BOJISIET BBIMIOJIHSTH BpalieHue Jyis 0oJbiiel (PyHKIMOHATIBHOCTH, 00pabOTKH 3a-
TOTOBKH (puc. 2).

Pucynox 2 — pama niist 06pabOTKH eTanell TUIa «KOPITyC MO ITUITHIKAY.

BbIBO/IbI
Pa3zpaboTanHasi KOHCTPYKLHMS HMMEET NPUUMYLIECTBO MO CPaBHEHHUIO C Me-
TANIOEMKUMHU CTaHKaMU U oOpadarhIBalouMu IieHTpaMu. [Ipu He3HaYMTEeNnhHOM
METAJJIOEMKOCTH M pa3Mepax OCYIIECTBIISIETCS JIOCTAaTOYHO XOPOIIasi TOYHOCTh IO-
3ULIMOHUPOBAHUS MHCTpyMEHTa, MaHeBpeHHOCTh MO s Gonee mpakTuuHOU oOpa-
00TKH 3aroToBOK. [IpocToTa KOHCTpPYKIIMU poOOTa JeiaeT €ro MOOWJIBHBIM, a Jier-
KOCMEHHBIE MOJIYJIN JAETAIOT €r0 YHUBEPCAIBHBIM.
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CTAHOK-POBOT JIs1 OBPABOTKU TEJI BPAIIEHUA

boopos /J.C.
(Lonbacckas eocyoapcmeennas mawunocmpoumenvHas akademus, 2. Kpamamopck,
Vkpauna)

B ecmamve paccmompenvl npeumywecmea cmanka poboma 0ns 06pabomku men 6paujeHus nepeo
MOKApHLIM cmankom. Paccmompenvl 00was komnonoeka, cxemvl KOHCMPYKYUU U NPUHYUN pado-
Myl CMaHKka poboma.

B coBpemMeHHOM MpPOHU3BOACTBE OOJBIIYIO POJb UIPAET MOOMIBHOCTh U YHU-
BEpCAIBHOCTh 000py/oBaHusl. B maHHON cTaThe peub MOMAET O CTaHKaX TOKapHOM
rpynnbl. CTaHKW JaHHOW TPYIIIBI MpeaHa3HAYEHBI JJisi 0OpabOTKU TEJl BpAIICHUS,
OTPAaHUYCHBIX 0 TUAMETPY pa3MepaMH IIMUHJENA, HO MOTYT 00padaThiBaTh KaK KO-
pPOTKHME AETalli TaK U JJIMHHBIC, JUIMHHA KOTOPBIX HA MHOTO Oojblle nuamerpa. Ta-
KHE CTaHKH XapaKTEPU3YIOTCS TIOBOJIBHO OOJBIIION HOMEHKIIATYpOU OIepalui: mpo-
TOYKa TMaMETPOB, KOHYCOB, (haCOHHBIX MMOBEPXHOCTEH; TIOIPE3aHNE TOPIIEB, OTPE3Ka
JIeTaJIi; YepHOBAsI U YUCTOBAsE 00pabOTKa OTBEPCTHI; 00pabOTKa KaHAaBOK BHITOUYEK M
T.J., MEJIKUX KOHCTPYKTOPCKHUX JJICMEHTOB; Hape3aHHWE BCEX BUJIOB pe3b0; HAKATHI-
BaHue peduieHnil. [ TaBHBIM ABMKEHUEM SBJISIETCS BpallleHUE JETalH, KOTopas 3a 4a-
CTYIO MOXET OBITh TSDKEJIOM, 4TO TpeOyeT MOIIHOTO MPUBOJIa U MACCUBHON KOPOOKH.
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OTHOCHUTENBHO HE OOJBIION pe3ell COBEpILIAeT Majo3aTPATHOE JBUXKEHUE IMOJAYH.
Bces ata koHCTpyKIMs TpeOyeT OOIbIION METalNIOEMKOCTH /Jis 00eclieueHus: TOUHO-
CTH, B CJEACTBUM OOJBIIMX CHUJI PEe3aHUs KOTOPhIE IMEPEXOJUT HA KOHCTPYKIUIO
ctanka. Yto Obl M30eXaTh NMEPEKPYUYMBAHUS WM M3TMOa CTaHWHBI, OHA CIEJIaHa U3
OOJIBIIIOTO 32 YAaCTYIO IEILHOI0 KycKa MeTayiia. [1]

Jlnst permenust 3tux mpooOsieMm, Ha kadenpe TexXHOIOTMM MaANIMHOCTPOCHHSI,
JlonGacckoil ToCyJapCTBEHHON MalIMHOCTPOUTENIBHON akaJeMuu, pa3padaThiBacTCs
YHUBEPCATbHBIA, MOOUIBHBIN, TOUHBIHN, KECTKUNU CTAHOK POOOT, KOTOPHIN BBHITOTHSIT
Obl METaI000padOTKY, HE YMEHbIIIAs, IPU ITOM, MPOU3BOIUTENBHOCTE. [Ipenmyie-
CTBOM po0O0Ta SBISICTCS HaU4Ke 6 cTerneHeid CBOOOIbI IPH ABMKEHUN MAHHUITYJISTO-
pa. [lomumo aTOTO, CO3/MaBasi paboune sYCKH Ha O6a3e poOOTOB, MOKHO 3aJ€HCTBO-
BaTh €lle U 3 JOMOJHUTENIbHBIC JIMHEHUHBIE OCH TUIIOC PA3HOr0 PojJia KOMOMHAIIUU
IBYX Hapy>KHbIX HOBOPOTHBIX oceil. ClienoBaTeNbHO, B CYMME KOJIMYECTBO CTEIIECHEH
cBoOobI gocTuraet 11. [2,3]

[Toxoxue pazpabotku yxe Benyrces B HTYY «KIIW», mox pykoBoiacTBOM
Kysuenosa FO.H. (puc.1) [1,5]

Pucynok 1- KoHcTpykiusi ctanka ¢ mapamienbHod kuHemarukor (HTYY
«KTIN»)

B pesynbrare aHanm3a MPUHSTO PEUICHUE IO CO3JTaHHI0 MOOMJIBHOTO CTaHKa
poboTa, 115 Tena BpalieHus

Hwxe mpencraBieHa Tabnuma ABMKECHUNH HEOOXOIUMBIX JIJISI OCYIICCTBICHHS
BCE TEXHOJIOTHUECKHX OTIEPAIM HEOOXOAUMBIX IS CO3/IaHUS TAHHOM JeTasei.
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Tabmuma 1 —Tabauna IBMKEHUN

Omneparnus Hanpapnenue aBukeHus

Bpamenue Bokpyr ocu Z

005 @ -
PC3CPHO-LICHTOPBAIbHAS Bpamenue Bokpyr ocu Z

[Tepememenue BoJb ocu X
010 ToxapHO-BHHTOpE3HAs
Bpamenue no ocu Z

[Iepemenienune BooJIb OCU Z
015 PannanbHO-cBEpIMIIBbHAS
BpaIllCHUE 10 OCHU 7

[Iepememnienune Bnoab ocu Z
020 Pactounas ¢ UI1Y [Iepememenue Baosnb ocu Y
[Tepememienue BoJib ocu X

OO6m1asi KOHCTPYKIIUSI CTaHKA COCTOUT U3 OTJEIbHBIX B3aMMO3aMEHSEMBIX MO-
nynei. Ectb 06a30BbIi MOAYJIb — CTOJ, KOTOPBINA SBJISETCS 2JIEMEHTOM Oa3upOBaHMS,
UMECIOTCSI TaK K€ U MOYJIH, IIPEAHA3HAYCHBI [T pa3HbIX BUIOB 00paboTKH. [6,7]

& I 4 2 1
‘ Pucynok 2 -

Cxema  MOOHMIJILHOIO
. cranka pobora (1. Pa-
‘. . Ma cTaHka, 2. Moaynb
/ | JUTST KPETUICHUS IIIITHH-
9 — i o . Jlesis, CUJIOBOHM TOJIOB-
1 - £} R I kA 1 T.4., 3. nun-
JIeIb, CUJIOBAs TOJOBKA
8 mil : u T.4., 4. OceBoll HH-
N4 6 CTpyMeHT, ¢pe3a u
T.a., 5. Jlerams, 6.
DOnemeHTHl 0a3upoBa-
VTIT, HUS, 7. Cron-
' pa3nBmxkHOU, 8. bazo-
= { M Basg 4YacTh cToya, 9.

£y 1IN _ /S S A Huuie, 10. Onopsrn)
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Ha puc.2 npencraBneHa cxema, MOOMJIBHOTO CTaHKa pooorta. Kak BunHO cra-
HOK COCTOUT U3 TpeX (PYHKIIMOHAJIBHBIX YaCTEH:

1. Pama (30Ha 00paboTKM);

2. Croum;

3. Horu ctanka po0orta;

Pama siBisieTcs CheMHOM, Ha paMe pacroioskeHbl (PYHKIIMOHATBHBIE TPUBO/IHI,
IIIMHJEIU, UEHTPBI U npouee. Pama MoxkeT cxuMartbes o ocu Z . BepxHsAs 4acTh
paMbl MOKET CXOJIUTHCA K LEHTPY CTaHKa, B 3aBUCUMOCTH OT BBIIIOJIHSIEMOU Ha CTaH-
Ke TexHoJoruueckor omepauuu. Ha cxeme (puc. 2) mokaszaHbl pa3Mepbl Kaxaou u3
JacTell cTaHka. A Tak ke rabapuThl CaMOTo CTaHKa. 8]

Cron cranka-po6ota (puc.3) siBisiercsa 0a30BbIM MOJYJIEM JJI BCEX KOHCTPYK-
i ctaHka. OCHOBHOW MOBEPXHOCTBIO SIBISIETCS PA3ABHKHOW CTOJI. B crone BbI-
CBEPJICHBI KpPENEXXHbIE OTBEPCTHSI JUIsl KPEIJICHUsI 00pabaThIBaIOIIEro MOJYJIsA, TaK
K€ Ha HMX MOKHO 0a3upoBaTh CTAaHOYHbBIE IPUCIIOCOOJIEHUS, OTIOPBI, U IO HEOOXO-
JUMOCTH CaMy AETalIb.
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Pucynok 3 — Pa3aBrkHOM cTON, BUJ CBEPXY

Cron obsagaeT AByMsl MOJIOKEHHUSIMU: B COOPAHHOM COCTOSIHUU, MOJYJIb CO-
BEpUIAET MEPEIBUKEHUS U TOXOIUT A0 MecTa 00pabOTKH; /Il Hayaia paboThl, MO-
IOyJb « CAIUTCS» HA JHULIE, IPU 3TOM YCUJIME B MPUBOJIAX COXPAHAETCS, ISl TOTOJI-
HUTEJIBHON YCTOMYMBOCTH, U YETHIPE CEIMEHTAa CTOJa pa3be3’KaloTCsi B pa3Hble CTO-
POHBI, 3TO MO3BOJISIET YBEJIUUUTD MOJIE3HYIO MOBEPXHOCTh cToda. CHUTIMEHTHI CTOJa
JABMKYTCSL BIOJIb JABYX HAIPaBIISIONINX, (POPMBI «JIACTOUKUH XBOCT», M03. 1, Takas
cUCTeMa MO3BOJISIET MUHUMU3UPOBATh Nepekoc ctona (puc.4). B aBuxkeHue mpuBo-
JIUTHCS TIPU IIOMOILIM CEPBOIPUBO/IA, 1103 2, W YEPBAYHOU Nepenad, mo3 3.

74



Pucynox 4 - Hampapis-
IOIIME U TIPUBO/I CTOJIA.

Mexy CMTMEHTaMH CTOJIa HaXOJAUTCS MIUHENb (puc.S) , 1o3. 7, ¢ KOHYCHOM
MMOBEPXHOCTHIO, JIUIS TIOCAIKK TTaTpoHa. KoHyc /1 mocaaku maTpoHa HEMHOTO YTOTI-
JIeH B CTOJ, 3a CYET 3TOT0 MATPOH CAIUTCA B YPOBEHb CTOJIA M SKOHOMHT IOJIE3HOE
MIPOCTPAHCTBO, HO YCTAHOBHUTH €0 MOXHO TOJBKO MPU PA3IBUHYTHIX CHUTMEHTaX
ctona. [IpuBomoM matpoHa sBisieTcs: ACUHXPOHHBIN YacTOTHO-perynupyemMsblil 1BU-
ratelb, 1mo3. 4. Tak Kak y 4aCTOTHO-PEryJIUPYEMbIX JBUTATENIed HU3KUM MOMEHT, B
I[EMb MOJa4i YCTAaHOBJIEH IUIAHETAPHBIA peayKTOop, 1M03.5. OOmKUM KOPIYyCcoM SBIIS-
€TCsl CBapHasi KOHCTPYKIIMS B BUJE Tpameluu, mo3. 8, KoTopasi paclmpsaercs K HU3Y
JUTSL yBETTUYCHUS] YCTOMYMBOCTH.

N
o
!

Pucynok 5 —IIpuBon crona

JI71s1 TIOHMDKEHHMS 1IEHTpA TSHKECTH dJISKTpUUecKas 0arapes, mo3. 3, pacioioxe-
Ha B HU3Y JTHUINA U 3aHUMAET BCIO TUIOMIAIN HIDKHETo ocHoBaHMs. C Bepxy Ha Oara-
pee KpemuTcsl yCTaHOBOYHAS IUIKTA, 1M03. 10, Ha KOTOPOU yCTaHABIMBAIOTCS, ACHH-
XPOHHBIN IBUTATENh, THIPOCTAHIINS, 1103. 6, OJIOK yIpaBiaeHus, mo3. 9.
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Jlyist 00paboTKK Ten BpalleHus: paMa MOAUQPHUIIMPYETCs] KaK MPEACTaBICHO Ha
puc.6.

Pucynok 6 - Pama
U1 00paOOTKH  Tel
BpaICHUS

B orBepctue oOpasyeMoe pa3iBHKHBIMH CEKIUSIMU CTOJIa YCTaHABIMBAETCS
TpeX KyJIauKOBBIN MATPOH, 103 7. B marpoHe 3akperuisieTcs AeTaib, B BEPTUKAIBHOM
IIOJIOXKEHUH, C JIPYrOil CTOPOHBI AECTAJIb MOANUPAETCS LIEHTPOM PACIIOIOKEHHOM B
MOTOpP-LINUH/AENE, 103. 6 TpU NOMOIIU NaHTorpad, no3 4. ACUHXPOHHBIA YaCTOTHO-
peryJiupyeMbIil ABUTATEIb NMEPEAACT Yepe3 TPEXKYJIAuKOBBI MAaTPOH BpAIICHUE HA
JieTalb, 00ECIEYMBaI0 TEM CaMbIM JIBIKEHUE MOJa4H. | JTaBHBIM JBUYKEHUEM SIBIISICT-
cs BpaimieHue ¢pessl, 103.8. Ilepemernienrne Gpe3bl B BEPTUKAILHOM IOJIOKEHUU
00€eCcreynBalOT TEIECKOMUYECKUE CTOMKH, 1103.9, 1 mon3yHsbl, o3. 10. ITon3yHsl kpe-
MATCA K OMOPHOM CTOMKE pambl U nepemerniatoTcs no Heil. [lantorpad Ha mon3zyHax
SIBJISIETCS AJIEMEHTOM JIOpaOOTKU paMbl MPU HEOOXOIUMOCTH 00paboTaTh Teya Bpa-
IIEHUSI 1 CHUMAETCSI TIOCJI€ PabOThI.

BriBoabI

CoBpeMeHHbIE TEXHOJOTHMYECKHE MPOIECChl TOKApHOW 00pabOTKH OCHOBBIBA-
IOTCSI Ha CTapbIX METOJaX M HE MPAaKTUIHOM 000pynoBanuu. OCHOBHbIC U3MEHEHUS B
TEXHOJOTMYECKOM TIPOIECCE KACaIOTCA: CXeMbl 00paOOTKH, 3aMEHBI METaJNIOEMKOM
CTaHWUHBI Ha CUCTEMY CTEpI)KHEW, M3MEHEHHUE KOMITAHOBKH CTaHKA, aBTOMATH3aIlvs
npoiecca 00padoTKH.
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COBEPHIEHCTBOBAHHUE COBPEMEHHOI'O OBOPYJIOBAHUSA "
BHEJIPEHUE HOBBIX CTAHKOB-IIPUCIIOCOBJIEHUI

bposko O.A.
(Lonbacckas 2ocyoapcmeennas mawunocmpoumenvHasa akademus, 2. Kpamamopck,
Vkpauna)

B pabome npedcmaenen anmanuz coépemeHHbIX npobiem MAWUHOCMPOCHUsl, UX NPUYUHBL,
Memoobl peutenusi, 0ocmueaemble YCOBEPULCHCBOBAHUEM U PA3PAOOMKOU HOB8020 MOOUNIbHOZO
000pY006aHUs, A UMEHHO NEPEHOCHLIX MOOUNILHBIX CMAHKO8 U CMAHKO8 C NAPANIENIbHOU KUHEMA-
MuKo.

OO6meit mpo6yeMor 111 OOJBIIMHCTBA MAIIMHOCTPOUTEIBHBIX MPEIPUSTUI
Ha SIBJISIETCS MpoOJieMa KayecTBa U CBOMCTB MaTepUasoB, UCIOIb3yEeMbIX ISl TPOU3-
BOJICTBA, U, KaK CJIEJICTBUE — MpoOJeMa KauecTBa KOHEUHON MPOIYKIIUU, & TAKXKE B
TEXHOJIOTUI, TPUMEHSIEMBIX B TPOU3BOJICTBE.[6]

MOXXHO BBIJICAUTH CIEAYIONME MPUYMHBI HU3KOW KOHKYPEHTOCIOCOOHOCTH
MaIlIUHOCTPOUTENBHBIX ~ MPEANPUITHH  YKpauWHbl: HU3KAE TEMIbl  HAy4YHO-
TEXHUYECKOTO MPOrpecca; OTCYTCTBUE MOPAIBHBIX U MaTepUATIbHBIX CTUMYJIOB K I10-
BBIIIICHUIO Ka4eCTBA MPOAYKIHMHU U PACHIMPEHUIO aCCOPTUMEHTA, OTCYTCTBHE COBpE-
MEHHOTO 00OpYJOBaHUS U BHEAPEHUE MEPEIOBBIX TEXHOJIOTUN MPOU3BOACTBA; U3HOC
OCHOBHBIX MPOM3BOJICTBEHHBIX (DOHJOB M HCIOJIb3YEMbIX TEXHOJOTHM, a TaKXkKe Ma-
JieHre MacITaboB MPOU3BOCTBA. [6]

3a ouH pa3, TOUYHEE 32 OJHO MPABWIBHOE PEIICHUE, HEBO3ZMOKHO M30aBUTHCSA
OT BCEX BBINIENIEPEUNCICHHBIX MPOoOJieM, HO HAYHEM pelaTh OJHY, cileayromas 0y-
net npoiie. Camoe TJIaBHOE pacro3HaTh MpodsieMy U pa3padoTaTh X0/ €€ pPelIeHHUs.
B nanHOI cTaThe pacCMOTPUM HECKOJIBKO OCHOBHBIX MPOOJIeM, U TOMPOOyeM OIu-
CaTh UX PEIIEHUE U CIIPOTHO3UPOBATH JaIbHEUIINI ITyTh U Pa3BUTEE.

UtoOsl BBINTH Ha O0Jiee BBICOKHME TEMIIbl POCTAa U MEPEUTH Ha WHHOBAIMOHHBIN
MyTh Pa3BUTUS, HEOOXOIUMO PEIIUTh psia npoodseM. M npexae Bcero — npobieMy
HEYIOBJIETBOPUTEIILHOTO COCTOSIHUS pabouero o00pya0BaHUs, MOCKOIbKY OoJibIas
4acTh ero pusznuecku u MmopasibHO yctapena. (Ilo nanubiM, 65 % o0opymoBaHus dKC-
wryatupyetcst 15—20 net, a obopynoBanue, KOTOpOE€ MOXHO Ha3BaTh COBpPEMEH-
HBIM, T. €. CPOK JKCIUTyaTalldd KOTOPOTrO MEHbILIE MATH JIET, COCTABJISIET MeHee 5
%.).B OCHOBHOM MpeanpHUsATUS OCHAIIEHBI Pa3IuYHBIMUA O0padaThIBAIOIMIMMH LIECH-
Tpamu, ctaHkamu ¢ YIIY, 1OBOJBHO 4acTO MOKHO BCTPETUTh YHUBEPCAIbHBIE CTAH-
KH €I COBETCKOT'O MPOM3BOICTBA. [7]

Jlaxke mpu BBICOKOM TOYHOCTH 00pabOTKH y 00pabdaThIBAIOIIETO IIEHTPA Psijl HETO-
cTaTKkoB. HeBbicoKass MpOM3BOIUTENHHOCTh — JAaHHAS TPyIna MOXeT ObITh 3¢ dek-
TUBHOW TOJBKO MPHU CPABHUTEITHLHO HEOOJBIINX 00OBEMax MPOU3BOJCTBA WM B pas-
JTUYHBIX KOMOMHAIMIX CO CTAHKAMHM JAPYTHX BUIOB. A 3TO yXe TpeOyeT rpaMOTHOTO
COCTABJICHHSI TEXHOJIOTHYECKOTO TIpoliecca 0€3 CHMKEHUS TOYHOCTH U KauecTBa 00-
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paboTku. Henb3s He ynmOMSIHYTH II€HY OJIHOTO CTaHKA, & TaKKe BCEX KOMILIEKTYIO-
mux. HekoTtopeie u3 HUX NPEANPUATUE MOKET U3TOTOBUTH CAMOCTOSITENIbHO, OCTalb-
HbI€ MPUOOPETAIOT HA CTOPOHE, Yy MPOU3BOJUTENEH, CHEIUATM3UPYIOMUXCA HA HX
paspaboTke. [5]

Bpewmsi, yxozsiiee Ha pa3pabOTKy U CO3JaHHE TEXHOJIOTMYECKOW OCHACTKU BEJHU-
KO, HO MOKHO CKa3aTh B ONpPAaBJaHHUE, UYTO JJI Pa3IMUYHBIX Olepauuid He Tpedyercs
nepebazupoBanue. Takxke HENb3sl 3a0bIBaTh CIOXHOCTh €€ CO3JaHus, 4yTo TpeOyer
BBICOKYIO KBaJH(UKALMIO U OOJBIION ONBIT MHKEHEPOB-TEXHOJIOIOB U cliecapei, a
3TO BJIMSET HA WX 3apabOTHYIO IIATYy .

Emie olHUM SIBHBIM M CYIECTBEHHBIM HEOCTATKOM SIBJIIFOTCSI pa3Mepbl U 3aHU-
Maemasi riomanb. s oOpaboTku HEOONBIIONW [eTand, YCTaHOBJEH rabapUTHBIN
oOpabaTbIBatOIIMil LEHTp. Jlake mpu MpaBUIBHOM PACCTAaHOBKE CTAHKOB B LEXY, U3-
3a CBOMX pa3MepoB U TpeOyeMoil miomaay GyH1aMeHTa, CTAHKOB Oy/IeT HE TaK MHO-
ro. Tpebyercst Gombliasi TEPPUTOPUS JUJISL BCETO MPEANPUATHS. A 3TO, KaK BCEM H3-
BECTHO, CYJIUT CaMbIMU Pa3JIMYHBIMU pacTpaTaMu, HAIPUMEP apeH/a 3eMJIM UIU pac-
XO/JIbl Ha 3JIEKTPOIHEPTHUIO U T. 1.

Ecnu mocMoTpeTs ¢ Apyroi CTOPOHBI, CO CTOPOHBI 3aroToBku. He Bceraa sBiseT-
csl yIOOHBIM TPaHCHOPTUPOBATH OTPOMHYIO 3aroTOBKY K CTaHKy. [lyis atoro motpe-
OyIOTCSI caMble Pa3JIMYHbBIC KPAaHBI U TPAHCIIOPTHBIE YCTPOKCTBA. [4]

Crnenyromei rpynmnoit Mel Beiaenunu cranku ¢ UIIY. Ecnu onmcsiBaTh BKpaTtLe,
To ctaHku ¢ YIIY umeroT psg HEAOCTATKOB, HEKOTOPHIE M3 KOTOPBIX COBIAAAIOT C
LEHTpaMH, a €CTh U OTIMYHble. CTOMMOCTh CAMOI'0 CTAaHKa MO>KHO OIUCATh JAJIEKO
HE HECKOJIbKUMU HYJISIMHU, a CIIOKHOCTh PEMOHTA U LI€HA JIONOJHUTEILHOIO OCHAIIe-
HUS TaKXXe He JelleBas, y>ke He ToBops 0 goporoM gyHnamenre. Ha namumx npen-
MPUATUSAX TOBOJIBHO YacTasi MpoliieMa HEPAIMOHAIBLHOTO MCIOJIb30BaHUS CTaHKA Ha
IPOCTHIX ornepanusx. s coBpeMeHHOro npuoObLILHOIO MPOU3BOJICTBA - ATO HE JI0-
ITyCTUMO.

Henb3s 3a0bIBaTh PO XOPOIIO M3BECTHBIE BCEM YHUBEpCalbHbIE CTaHKuU. [Ipu
OYCHb OOJIBIIIMM KOJUYECTBOM MPOOJIEM, BBIJIEIH CaMble OCHOBHBIE U TPEOYIOIINE
pemeHnii. Hu3kast mpon3BoIMTENBHOCTD, HU3Kasl CTAOUIBHOCTh TOYHOCTH U KayecTBa
00pabOTKH, BHICOKAs KBATM(PHUKALIMS ONEepaTopa-CTAaHOUYHHKA, TaK Ka4eCTBEHHOE BbI-
MOJIHEHHE BCEro LMKJIa 00pabOTKU 3aBUCUT OT Hero. M3 aToro cienyert, 4To 1eHa o-
HOTO u3zenus OyAeT OOJblle YeM aHAaJIOTMYHOr0, KOTOPOE CO3/1aHO Ha COBPEMEHHOM
000pyI0BaHUH, M BBIBOJI M3JICJIME HE KOHKYPEHTHO CITOCOOHO. [8]

Pemienue 3Tux npo6seM CylmecTBEHHO 00JIETYUT padboTy MPEANPUSTUSIM, U TIPO-
OYKIUsl HAIEro MAaIMHOCTPOEHUS BBIIIET HA MUPOBOM PHIHOK U OyAeT BocTpeOoBa-
HO.

Cranku ¢ mapaiienbHON KUHEMATUKOM SIBIIIFOTCS NMEPCIIEKTUBHON allbTEPHATUBOM
TpaJlMLIMOHHOMY MeTajuiooOpabarteiBatonieMy o6opyaoBaHuio. IIpocTpaHcTBeHHBIE
MIIC nHa mrTanrax nepeMeHHON WM MOCTOSHHOW JIJTMHBI JTaf0T BO3MOXXKHOCTH 00O€ec-
NEYUTh MCIOJIHUTEILHOMY OpraHy A0 6-u cTemeHeld CcBOOOIbI MpU HEU3MEHHOU
CTPYKTYPE MEXAaHHM3Ma, BBINOJHATH YCKOPEHHBIC JMHEIHBIE MMEPEMENIEHUS C OJHO-
BPEMEHHOM OpHEHTAIuel OTHOCUTEILHO 00beKkTa 00paboTku, mo3Bossitor MO cranka
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BBITIOJIHATD JIEIMKATHBIE U TOYHBIE MAHUITYJISIIIUU C OOBEKTOM OOpabOTKH, HAMpH-
Mep, Takhe, Kak M3MEpeHHe, NepeyCTaHOBKa WM nepedaszupoBaHue. Bo3aMmoxkHOCTH
TexHoJiornueckoro odopynoBanusi ¢ MIIC ciaumkom mupokue, OHM MOTYT BBITIOJI-
HSITh MPAKTUYECKU BCE BUJIBI PAOOT, CBS3aHHBIX ¢ 00pabOTKOM, COOPKOM, UCITBITAHU-
eM u kKoHTpoJieM m3aenui. Cranku ¢ MIIC cnocoOHBI 3aMEHUTH TPOMO3JIKHE 0Opa-
OaThIBAFOIINE KOMIUICKCHI JJISI CPEAHUX W HEOOJBIIHX JAeTalleld, a B HEKOTOPBIX CITy-
JasX BBITCCHUTHh IMOJTHOCTHIO CTAaHKH TPAJAWIIMOHHONW KOMITOHOBKHM 3a CUET CBOECH
MHOTO(YHKITMOHANBHOCTH. [1]

HeoOxoaum yriryOJIeHHBIA HamNpaBJICHHBIA MOWCK KOMIIOHOBOYHBIX pEHIEHUI
CTaHKOB HOBOTO IMOKOJICHUS U UX MTapaMETPHICCKUX COOTHOIICHHUM JIJIsi 00eCTICUCHUS
Y TIOBBIIIIEHUS TIOKa3aTesield KadyecTBa oOpabOTKH, pacupeHns (yHKIIMOHATLHOCTH,
CHIKCHUSI METAJUIOEMKOCTH, YMEHBIIICHUS WIIM PAllMOHATHM3AIIN 3aHUMAEMBbIX TPO-
M3BOJICTBEHHBIX IJIOMIA e U 00beMOB. ITO TpeOyeT HOBBIX HAay4HBIX Pa3padOTOK,
HOBBIX METOJIOJIOTHYECKUX MOAXOJ0B K CO3JAaHUIO0 CTAHKOB U APYTOro TEXHOJIOTHUYE-
CKOT0 000pyI0BaHMUs HOBOI'O MoKojcHus. [1,2,3]

Hampumep, B pabote paccMaTpuBaeTcsi METOIOJIOTHSI CHHTE3a CUCTEM, Oa3upylo-
masicss Ha 3aKOHOMEPHOCTSIX Pa3BUTHSL aHTPOTOTEHHBIX (MCKYCCTBEHHBIX) CHCTEM,
IJI€ UCIOJIb3YeTCs] (PYHKIMOHAIBHO-CTPYKTYPHBIM MOAXOJ K CHHTE3Y CTPYKTYPBI
CIIOKHBIX MHOTOYPOBHEBBIX CHCTEM. [IpM KOMIIOHOBKE CTAaHKOB M CTaHOYHBIX CH-
CTEM, KaK M IPyTUX UCKYCCTBEHHBIX CHCTEM, I1eJIECO00PA3HO YIUTHIBATh OOBEKTHUBHO
CYIIECTBYIOIIYIO B TIPUPOJIE CUMMETPHIO KaK OCOOBIH POJI TEOMETPHIECKOMN 3aKOHO-
MEPHOCTH TPH TOCTPOSCHUHN TEOMETPUIECCKUX (PUTYDP B TIPOCTPAHCTRE.

B coderaHnu ¢ TeHETHYECKUMU OTepaTopaMu JIJIsi CHHTE3a KOMITIOHOBOK CTaHKOB,
BBIOOpa (POPMBI MCIIOJTHEHUS HECYIIEH CHCTEMBl M Pa3MEIICHHS HCITOJHUTEIbHBIX
OpTaHOB MOTYT NMPUMEHATHCSI TEOMETPUUICCKHE OINepaToOphl MpeoOpa3oBaHus B BHUJC
YCIOBHBIX "XpoMocoM" (PHCYHOK 3), MyTallMiO KOTOPBIX IIPH U3MEHEHUH KOJIMYECTBA
BEpIINH, pedep U rpaHeit yj00HO UMUTUPOBATH HA KOMIIBIOTEPE.

MoOusbHbIE CTAaHKU MTO3BOJISIIOT BBITOJIHATH T€ K€ pa0OTHI, UTO U CTAI[MOHAPHEIE,
C IIByMS JIMIIb PA3IMYUSIMU: HE 00pabdaThiBaEMOE U3JIETTUE JOCTABIISIETCS K CTAHKY, a
CTaHOK JIOCTaBJIsIETCS K oOpabaThiBaeMOMY M3ENINIO; HE 00pabaTbiBaeMoe U3/eine
MOHTHUPYETCSl Ha CTaHKE, a CTAHOK MOHTHPYETCSI HETIOCPEJACTBEHHO Ha 0OpabaThiBae-
MOM H3enui. MOOMIBHOCTh CO3aeT YHUKAJIBHBIE BO3MOKHOCTH YKOHOMHUHU BpeMe-
HU U CPEICTB MpHU 00paboTKe W peMoHTe u3iaenus. [{eHa Takoro mpucrnocoOJieHus -
CTaHKa B JIECATKH pa3, a TO U B COTHU pa3 MCHbIIE, YEM CTAaHKHA HCIIOIb3yeMbIC Ha
3aBoje. [6,7]

PacTouHble CTaHKH MMO3BOJIIOT pacTaYMBaTh OTBEPCTHS PA3IMYHOTO JTHAMETPOM
C TOW € TOYHOCTBIO W MPOU3BOAUTEIBHOCTHIO, YTO U CTallMOHApHBIC cTaHKH. O00-
pPYJIOBaHHE CIICUAILHO pa3paboTaHO I MCIOJB30BaHUS B OTPAHUYCHHOM IIPO-
CTPAHCTBE WJIM TaM, TJI€ UCIOJIb30BAHNE TPATUITMOHHOTO PACTOYHOTO 000PYI0BAHUS
HEBO3MOXKHO. K 0COOEHHOCTSIM CTaHKOB MOKHO OTHECTH KECTKHE HECYIIHE Y3IIbI,
Y376l COUJICHEHUS, PACCUMTAHHBIC Ha >KECTKHE YCIOBUS DJKCIUTyaTallud, a TaKXKe
KOMITAKTHBIE CUCTEMBI TPHUBOJOB I JOCTHKEHUS ONTUMAIBLHOTO COOTHOIIEHUS
MOIITHOCTH, B€ca U rabapuTOB.
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Pucynoxk 1 - a — poaurenbckue "XpoMocombl" (IIEpBUYHbBIE T€OMETpUYECKUEe (Pu-
TYphl B IIPOLIECCE TEHETUYECKOTO CUHTE3a); O — "XpOMOCOMBI"-MMOTOMKHU (ITPOCTPaH-
CTBEHHbIE KOMOMHAIMU ABYX U Ooiee "XpomocoM"); B — "XpOMOCOMBI"-peTIUKATOPHI
(pa3HOBUAHOCTh MOBEPHYTOM XPOMOCOMHOM CTPYKTYpbl — MUHCTPYMEHTAJIBHBIX CH-
CTEM Ha MOJBWXHBIX TuIaTgopMax) (MOpoxKIaroiiie HOBbie (GOpMBI B MPOIEAypax
perumKanun); T — "Xxpomocomuas" nasepcus. [1,2,3]

TokapHbIe MOOMIIBHBIC CTAHKH KPEMATCS HEMOCPEACTBEHHO K BAy C MTOMOIIBIO
PETYIUPYIOMUX BUHTOB M OOJNTOB ISl TOYHOW yCTaHOBKHU. JKecTKkas IeibHas Bpa-
IIAfOIIAsiCs TOJOBKa, cOamaHCHpOBAaHHAS OTHOCHUTENBHO OCH, 00ECIEYMBAET MSTKOE
pe3aHue.

B pe3ynbTaTe aHanuza cnocoO0OB U CpesICTB 00paOOTKHU JeTaneld CI0XHOU (GOpMBbI,
re 0COOCHHO aKTyaJbHBIM SIBJISIETCS BHICOKOCKOPOCTHOE (ppe3epoBaHue, JOKa3aHa
MEePCIEKTUBHOCTh HOBOM TEXHOJIOTMM 00pabOTKM Ha 06a3e CTaHKOB C MapaylyIeIbHOM
kuHemaTukod. [lo cpaBHEHHIO ¢ TpagUIIMOHHONW O0OpPabOTKOW BBICOKOCKOPOCTHOE
(bpe3epoBaHue Ha CTaHKaX C MapajyIeIbHOW KMHEMATUKOW 00ecTieunBaeT: CHUKEHUE
CWJI p€3aHMsl; YMEHbIIICHUE TeMIIepaTyphbl 00padaThIBaeMOU J1eTaiu, MojJyueHue Iie-
POXOBAaTOCTH 00pabaThIBAEMO MOBEPXHOCTH MO KAY€CTBY aHAJIOTUYHOMN aOpa3uBHOM
00pabOTKH; CHUKEHHE BpeMEHU 00pabOTKH U CTOMMOCTH. Takke Hanbosee BaXKHBIM
JIOCTOMHCTBOM CTaHKOB C TMapajlIeIbHOW KWHEMAaTHKOW B CPAaBHCHHH CO CTaHKaMHU
TPaJAWIIMOHHONW KOMIIOHOBKH SIBJIIETCSI 0OJiee BBICOKHE IMHAMHUYCCKHUE XapaKTepH-
CTUKH W, KaK CIICJICTBHE, 00Jiee BHICOKHE IMOKA3aTeIN YCKOPECHWH BBIXOJHOTO 3BECHA
MIPU MEHBIITUX 3HAYCHUSIX MOMECHTOB IMPUBOJIOB. BEISBIIEHO, UTO U3YYCHHUE THHAMUKA
SIBJISICTCS. OJTHMM W3 HAIIPaBJICHUI Pa3BUTHsI CTAHKOB C MapajlIeIbHON KHHEMAaTHKOM.

[8.9]
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N3 Bcero BBIIICIICPCUYHUCIICHHOTI'O MOKHO YBCPCHHO YTBCPIKIATb pazpa60TKa HO-

BBIX CHCTEM, HOBBIX KOMIIOHOBOK M HOBBIX CTaHKOB Hy)XHa. Beab MCHOIb30BaHUS
CYLIECTBEHHO OOJETYUT U3Hb NpeanpusaTuio. OOJerdyutr TpaHCIOPTUPOBKY, 00Opa-
OO0TKY(XOTh TOYHOCTh M KaUeCTBO TaK)K€ OCTAHYTCS Ha BHICOTE), YMEHBIIUT BCEBO3-
MOYKHBIE 3aTPAaThl OT IIEHbI 000PYAOBaHUS M KOMIUIEKTYIOIIMX 0 TpeOOBaHUI K KBa-
nuduKanuy pabOTHUKOB U UX 3apaOO0THBIX TLIAT.
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BBIBOP PAIIMOHAJIbBHOM KOMIIOHOBKHA IF'EKCAIIOJA IS OBPA-
BOTKHU CJOKHOITPO®UJIBbHBIX JETAJIEN

Pynaxkosa K.A.

(L[onbacckas 2ocyoapcmeenHas MawuHocmpoumenvHas akaoemus, 2. Kpamamopck,

Vkpauna)

B cmamve paccmompenuvl paspabomka u eneopenue 8 npousgo0cmeo MHO2OKOOPOUHAMHO20 000-

PYO0BAHUS NAPATLIENbHOU CMPYKMYPbl, NPOOIEMbl KOHCMPYUPOSAHUS, NPEUMYUWecmea CIManKka po-

boma 0ns 0bpabomku men 8paweHus nepeo ghpesepuvim cmankom. Paccmompenwvt odwas komna-

HOBKA U NPUHYUN pabomsi cmanka poooma.

B HACTOAIICC BpEMSA rJIaBHOU LEJIbI0 COBPEMEHHOI'O MAITMHOCTPOCHUS ABJISACT-

Cs U3rOoTOBJICHHUEC IMPOAYKIHWHW BBICOKOI'O Ka4€CTBa, C MUHUMAJIbHBIMU KaIlMTAJIOBJIO-

JKCHUSAMHA, KOTOPLIC COIIPOBOXAAIOTCA IMOCTOAHHBIM ITOBBIIIICHUEM CJIIOJKHOCTHU I'€O-
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METPUYECKO (hOpMBI JeTael, a TaKxKe WX TOUHOCTH. MalIMHOCTPOUTENbHBIM MPE/I-
OPUATHSM IPEAIAraloT UCIOJIb30BATh CTAHKHU C MapaJUIeIbHOM KMHEMAaTHKOM, KOTO-
pble€ TPOCTHI B KOHCTPYKIMHU. Y HUX BBICOKME NOKA3aTeNId CKOPOCTH MEPEMENIEHUS,
YCKOPEHMS U )KECTKOCTH CTaHKA, a TaK e MpocTas cucremMa o0paTHOM cBsA3u. Takue
CTAHKHU 3HAUYUTEIIBHO MPOIIE, JIETUE U KECTYE CTAHKOB CTAHJAPTHON KOMIIOHOBKH.

VY CTaHKOB C mapajuieIbHOW KMHEMATUKOW BCE KOOPJHMHATHI CBSI3aHBI, U MEPE-
MELIEHUE M0 OJHOM KOOpAHHATE TPeOyeT OJJHOBPEMEHHOIO U3MEHEHUS BCEX APYTHUX.
OTnM4YaroTCs OHU CBSA3BIO IMIAPHUPHBIX HITAHT Y374, HA KOTOPOM YCTaHOBJEHa oOpa-
OaTbIBaeMasi JieTab, C y3JIOM, HECYIIIUM UHCTPYMEHT, IIPU 3TOM Tpedyemasi TpaeKTo-
pUs NEpPEMEIICHHUS] UHCTPYMEHTA OTHOCUTEIBHO JIE€Talld JOCTUTaeTCsl W3MEHEHHEM
100 JUITMH ATUX IITAHT, JJUOO YIJIOBBIX U JIMHEHHBIX MOJIOKEHUM IITAHT TOCTOSTHHOMN
TMHBL. K TakuM cTaHKaM CO IITaHTaMU NIEPEMEHHOM JJIMHBI OTHOCATCS] TaK Ha3bIBa-
eMble «rekcanoy (¢ 6 mranramu) u «Tpunoy» (¢ 3 mranramu) [8].

Takue MamvHbl Ha 0a3e MEXaHU3MOB MapaJUIeIbHOM KUHEMATUKU MPUMEHS-
I0TCSI B KQUeCTBE BUOPAIIMOHHBIX CTEHOB, TPEHAXKEPOB, U3MEPUTEIBHBIX KOMILICK-
COB, MO3UIIMOHUPYIOMIUX YCTPOUCTB, MAHUITYJISITOPOB U MUKPOMAHUITYJISITOPOB, Me-
TAJJIOPEKYIIEro ooopynosanus [1-3].

[IpeumytiecTBa Takoro o0OpyA0BaHUSI OUYEHb BBHICOKHM, TaK KaK y/ayHas KOH-
CTPYKLIMSI CTaHKA C MapaJljIebHOW KMHEMAaTUKOW CIOCOOHA MPEB30MTU CTaHKHU Tpa-
JUIMOHHOW CXEMBbI N0 radapuTaM M Macce, SHepreTU4ecko 3pQeKTUBHOCTHIO, qU-
HaMHYECKUMH XapaKTepucTUKaMu. [IpeumMyIecTBo 3akiro4aeTcsi i€ u B TOM, YTO
BCE TOTPEIIHOCTH KaK KOHCTPYKTHBHBIC, TAaK M KMHEMAaTHYECKHE MPU MeXaHOOoOpa-
00TKEe MOXKHO KOMIIEHCUPOBATh IPOTPAMMHBIM KOMIIBIOTEPHBIM obecrieueHueM. [lpu
HaJa)XCHHOM CEPUHHOM BBIITYCKE KOMIBIOTEPHOE 00CCIICUCHHE TO3BOJSET CHU3UTD
CTOMMOCTb M3TOTOBJICHUS M YBEJIUYHUTHh WHTEpBajd 00paboTku. PazpaboTka u OmbIT-
HOE IPUMEHEHHE TaKOr0 000PYI0BAHUS SIBIISICTCS aKTYaJIbHBIM.

Ha ceroansimiHuii 1eHb B MPOTPECCUPYIOMIMX CTpaHaX MHpA BEIETCS paspa-
00TKa M BHEIPEHHE B MPOU3BOACTBO MHOTOKOOPAMHATHOTO OOOpYAOBaHUS Mapal-
JEIBbHON CTPYKTYPBI CO 3BEHbSIMU CMEHHOW JHHBL. Cpelu CTpaH-TIPOU3BOIUTENEH
nuaupytone no3uuuu 3anuMaroT ['epmanus, CILIA u fAnonus. UuteHcuBHOE pas-
BUTHE TIPOM3BOJICTBA JAaHHOTO 000pyaI0BaHus HaOmomaeTcs Takke B Uramuu, Opan-
uuu, HIBennu, ABctpuu u Poccuu.

Komnanus Mikrolar (CIIA) [3] pa3pabaThiBaeT U BBITYCKaeT 000pYI0BaHKE
napasuieIbHOM CTPYKTYPhI, B YaCTHOCTH Ps MOJIEJIEH CO 3BEHbSIMU CMEHHOM JIJTUHBI:
craHok-rekcanoa P3000 (puc.l), KOTOpPBII MOXKET OCYHIECTBJIATH MSATUKOOPAUHAT-
HYI0 THApoabpa3uBHy0 00paboTky, rexcamnon P2100 (puc.2), KOTOpsIii MOXKET Tpu-
MEHATHCSI B Ka4eCTBE MOBOPOTHOTO CTOJA WJIM 0OpadatkiBatomiero Moayis. Komma-
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Husg Motoman Robotics mmanupyet ucnonb3oBath Moayiau P2100 mis pacmmpenus
TE€XHOJIOTUYE-
CKMX  BO3MOX-
HOCTEW POOOTH-
3UPOBAHHBIX
COOpPOYHBIX JTH-
HHUI, 4YTO I103BO-
JUT TPOBOIUTH

MexaHooOpa-
OOTKYy.
Pucynok 1 — Cranok rekcanon P3000 Pucynoxk 2 — O6pabareIBaromuii Mo-
¢bupmbl Mikrolar (CILIA) nyne P2100 ¢dupmer Mikrolar

(CLLIA)

Anonckas pupma OKUMA 3aHuMaeT Beaylee MecTo B MUPE 1Mo 00bemMaM u3-
rotoBieHusi ctankoB ¢ YITY. OgauMm u3 pemaronux maros (GpupMsel B pa3zpaboTke
BEPTUKAIBHBIX 00padaThIBAIONINX IICHTPOB €CTh co3aanue cranka PM600 (puc.3) Ha
OCHOBE TapajuIeIbHOM CTPYKTYPHI C IIECTHIO IITAHTAMU CMEHHOU JuHbI [4]. JlaHHas
KOHCTPYKITUS TIO3BOJISIET 00ECTICUNTh MOJHBIN JOCTYIT K €T, KOoTopas 00padaThl-
BaeTcs ¢ UcnoJib3oBaHueM Oozee yeM 20 TUNOB MHCTpyMeHTa. C MOMOIIBIO 3TOTO
CTaHKa BO3MO’KHa 00pabOTKa CIOKHBIX MOBEPXHOCTEH M OTBEPCTHUM IO Pa3HBIMU
yIJIaMH.

Pucynok 3 — Cranok PM600 ¢gupmsr
OKUMA (Smonust)
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Hemeukast ¢upma Metrom 3aHuMaercsi pa3pabOTKOl MHOTOKOOPAMHATHBIX
CTaHKOB Ha OCHOBE MexaHu3Ma meHranoj [5]. OHu obecreynBarOT MATh CTEMEHEH
cBOOO/IBI paboyero oprasa, a IIecras COBINAZaeT ¢ OChbIO BpamleHus mmuuaens. [o
CPaBHEHHUIO C T€KCaNoJAaMH OTCYTCTBYET MpobieMa JHIIHEH CTEIeHH CBOOO b pabo-
Yero opraa, yTo TpedyeT OT/EIbHOIO MPUBOJIA U CUCTEMBI yrpaBieHus. Hampumep,
MATUKOOpANHATHBIN (ppesepHbiit ctanok P1000 (puc.4) [5] Ha KOTOPOM MOXKHO OCY-
HIECTBIIATh TOueHHE, (pesepoBanue, oOpabOTKy (pesepoBaHHEM MMOBEPXHOCTEH
BpALICHUS, HEKPYTJIOE TOUYEeHUE, 00paboTKy (pe3epoBaHUEM HEKPYTJIBIX MOBEPXHO-
CTEH BpalllCHUS.

Pucynox 4 — Cranok P1000 dbupmsr
Metrom (I'epmanust)

[Io cpaBHEHMIO CO CTaHKAMHU CTaHAAPTHOM KOMITOHOBKOM, B CTaHKax Iapall-
JIENbHOM CTPYKTYpPHI 32 CUET MEPEMEIEHHUsI TOJIBKO IIMUHJENSA, HAOMI01aeTCs BbICO-
Kasi JUHAMHKA U SKOHOMHS 3nekTpodHepruu (mpumepno 40%) [S]. bmarogaps ne-
00JIbIIOMY KOJMYECTBY MEXAHMUYECKUX COCTABJISIOUIMX YIPOIIAETCA 00CTyKUBAaHUE
U TEXOCMOTp, CTAHOBUTCSI BO3MOKHBIM KOMOMHUPOBAaHUE HA OJJHOM CTAHKE Pa3HbIX
MeT0/10B 00paboTku ( ppe3epoBaHue, TOUCHHUE, JIa3epHas 00padoTKa).

OcHOBHOI Tpo0OIEeMON KOHCTPYUPOBAHUS MPU M3TOTOBJICHUU CTAHKOB IMapali-
JIENBHOM CTPYKTYPBI CO 3BEHBSIMA CMEHHOM JIJTMHBI SIBJISICTCS BHIOOP HAUITy4lIEro Ba-
puaHnTa KoMIoHOBKH [8]. Tak kak, 1aHHOE€ 00OpyAOBaHUE B OTJIMYUU OT CTaHAAPTHO-
ro, UMEET CJIOXKHYI0 opMy pabouero npocTpaHCTBAa KOTOPYIO HEBO3MOXHO pacCyu-
TaTh 3Hasl TOJBKO FPAHUYHBIC 3HAUYEHHUS MepeMelIeHns pabouero opraHa rno KOopau-
HaTHBIM OCSIM, a ITapaMeTpPhl )KECTKOCTH CUCTEMBI CTaHKa ONPENEIAIOTCSA 3a CUET Ma-
TEMaTUYECKHUX 3aBUCUMOCTel MexaHu3Ma. [1oaToMy Uit JOCTHKEHUS HEOOXOANMBIX
TEXHUYECKUX XapaKTEePUCTUK CTaHKa, CIEAyeT OTpadOTaTh pa3IMYHbIE BapUAHTHI
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KOMIIOHOBOK, €III€ Ha 3Tarne€ KOHCTPYUPOBAHHS C MOMOIIBIO PACUETHBIX MOAYJIEH U
rpaguUecKux MporpamMmm.

[IpoekTrupyeMblii CTAHOK C NapajUyIeIbHOM KUHEMATUKOM Ha OCHOBE T'eKcaroza
(puc. 5) COCTOUT U3 CTaHUHBI, B LIECHTPE KOTOPOU CTOJN MJii YCTAHOBKHU 3arOTOBKH,
MPUBO/JIA IITaHTU (PUC.6) HA OCHOBE IIAPUKOBOM BUHTOBOM Iepeauu ¢ Bpalllaroei-
Cs TaKOM, COBMEIICHHBIN C KApJIaHHBIM MOJABECOM. | JTaBHBIM CBOMCTBOM KapIaHOBA
MOJIBECA SIBIIICTCS TO, YTO €CIIM B HETO 3aKPEIHUTh BpaIlaroIieecs Teao, TO OHO OymeT
COXpaHSTh HANPAaBJIECHNUE OCH BPAIICHUS HE3aBUCUMO OT OPUEHTALIMU CAMOTrO MOJIBE-

Pucynok 5 — I'ekcanon
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Pucynoxk 6 — [IpuBoa mtanru rekcamnosia

B omope raiiky, MOMIIMITHUKA POJHKOBBIE PaJdaIbHO-YIOpPHBIC, B OMOpax
MOJIBECa — UTOJIbYATHIE OT KapJAaHHBIX Mepeaad.

YToOBI POBEPUTH MPUHAIICKHOCTh TOYKH K pabodemMy MpOCTPAHCTBY HEOO-
XOJMMO: pacCYuTaTh JJIMHBI IITAHT, YTkl OTKIOHEHHUS oced mapHupoB. Ecim oHn
HAXOZATCS B AOMyCTUMBIX JHANa30Hax, TO JaHHAs TOYKa 100aBIsETCS B MACCUB TO-
yek pabouero npoctpaHcTsa [7,10]. Eciu ecTh, HEOOXOAUMOCTb, TO CIEIYET MPOBE-
CTH NPOBEPKY Ha CTOJIKHOBEHUE LITAHT.

Ha ocHoBe BbINoIHEHHOTO aHanu3a [6] BbIOpaH palMoHaIbHBIA BapUaHT KOM-
MOHOBKH MHOT'OKOOPJIMHATHOTO CTaHKa MapajieIbHON CTPYKTYPhI TUIIA «TEKCATIOM.

BriBogbl

PazpaboTka u uccienoBanusi CTaHKOB Ha OCHOBE MEXaHM3MOB MapasuieIbHON
CTPYKTYPBbI SBJISIETCS BAXXHBIM IIarOM B HAIPaBJIECHUU YCOBEPIIEHCTBOBAHUS COBpE-
MEHHOTO MAIIIMHOCTPOEHHUSI, TaK KaK Takoe O0OpYyJOBAHHE IMO3BOJISIET JIOCTUTHYTh
BBICOKHMX IMOKa3aTesie MPOAYKTUBHOCTH M TUOKOCTH MPOU3BOJCTBA 3a CUET OCOOECH-
HOCTEMN CBOEU CTPYKTYPHI.

B MupoBoil npakTUKEe CTAaHKOCTPOEHUS HAMEYAETCS YETKO BBIPAKEHHAsI TEH-
JEHLHUS UCIIOJIb30BAHUS METAIIOPEKYIIUX CTAHKOB, KOMIIOHOBKA KOTOPBIX OCHOBaHa
Ha MPUHIUIIAX TapaJUIeIbHOW KUHEMATHUKH, 00ECTICUNBAIONIEH MEHBINE TabapuThI
U Maccy, MOTEHUUAIBHO OOJNBIIYIO YACIbHYIO K€CTKOCTb, MOBBIIICHHbIE JUHAMUYE-
CKHE XapaKTEPUCTUKH, IPOCTOTY U TEXHOJOTHYHOCTh KOHCTPYKLHHU.

[IpoBeneHHbI aHaMU3 3apyOEkKHBIX W OTEUECTBEHHBIX IMyOJMKAIUN CBHJIE-
TEJIBCTBYET 00 OTCYTCTBUU B HUX CUCTEMHOCTH B MOJXOJI€ K MPOSKTUPOBAHUIO CTaH-
KOB, KOMIIOHOBKAa KOTOPBIX OCHOBaHA HA MPUHIMIIAX NapaJUIeIbHON KUHEMATHUKHU.
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O ITPUMEHEHUWU ATPET'ATHBIX CTAHKOB C UIlY

Nynuux J.A.

(Llonbacckas eocyoapcmeenHas mawiuHocmpoumenvras akaoemus, 2. Kpamamopck,

Vkpauna)

B pabome paccmompenul npeumywecmea acpecamuvlx cmankog ¢ 4I1Y nepeo opyeumu eu-

oamu obopyoosanus. Coenranvl 66160061 OMHOCUMENbHO OANbHENULe20 COBEPULEHCTNEOBAHUSL CIAH-
K08 0J151 00pabomKu CLONHCHLIX Oemaieti MauuH

COBpeMeHHLIe MAallMHOCTPOUTCIIBHBIC IIPOU3BOACTBA AOJIZKHBI HMCTH BO3-

MOYXHOCTh THOKO M OBICTPO pearupoBaTh HAa M3MEHEHHE CIPOCAa 3aKa34YMKOB. ITO
MIPUBOJIUT K HEOOXOJUMOCTH HCIIOJB30BAHUS TaKUX TEXHOJOTMUYECKHUX CUCTEM, KO-
TOpbie oOecrieunBaiu Obl OBICTPhIE M3MEHEHHUsI B JACHCTBYIOIIEM MPOU3BOACTBE. Bo
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MHOTHX OTPacisIX MPOMBIIUIEHHOCTH, B YaCTHOCTH, B ABTOMOOMJIECTPOCHUH, HAPSTY
¢ TpeboBaHHEM TMOKOCTH, COXpaHseTcsi TpeboBaHHe 00ecreueHrs BbICOKOW MpOu3-
BoAUTENIbHOCTU. Hanbosiee nepcrneKTUBHBIMU B IAHHBIX 001AaCTSIX MPOMBIIIIIEHHOCTH
ObLITM ObI TEXHOJIOTUYECKHE CUCTEMBI, MTO3BOJISIONINE 00ECIIEUNTh BHICOKYIO CTEIIECHb
TMOKOCTH TIPHU BBICOKOM MPOU3BOAUTEIHLHOCTH. TakuM TpeOOBaHUSIM YAOBIETBOPSIOT
arperatsuble ctaHku ¢ UIIY. B HacTosmmee Bpems BBIIIyCKOM TaKMX CTAaHKOB 3aHHUMa-
€TCsl MHOKECTBO CTAHKOCTPOUTEIBHBIX (PUPM, KOHCTPYKIIUH, CXEMbI TOCTPOCHUS Ta-
KHX CTaHKOB XOpPOIIO OTPa0OTaHBbI.

Arperatabie ctanku ¢ UITY cocToaT u3 yHUPHUIIMPOBAHHBIX Y3JI0B, COOpPaHHBIX
BMECTE B €AMHYI0O KOHCTPYKIHUIO M OOBEAMHEHHBIX €IWHON CHUCTEMOW YHCIOBOTO
IIPOTPaMMHOTO ynpasieHus. PacrpocTpanenuto arperaTHbix ctaHkoB ¢ YIIY cro-
cooctByeT pazBurue cucteM UITY. Hanuuue cucrem UITY ¢ BO3MOXKXHOCTHhIO MHOTO-
KaHaJbHOW (MHOTOKOHTYPHOM) OOpaOOTKH JaeT BO3MOKHOCTb OJHOBPEMEHHO H
HE3aBUCUMO YIIPABIATh NO3ULHAMU arperaTHOro CTaHKa.

[IpeumyiiecTBa NMPUMEHEHHsI arperaTHbIX CTAHKOB IEpe] APYTHMMHM BHAAMU
o0opynoBaHusi (OJHOMO3UIMOHHBIMU cTaHKamu ¢ UIIY, arperaTHbIMU CTaHKamH ¢
KECTKUM IMKJIOM) 3aKJII0YAOTCS B CIEAYIOLIEM:

1. IToBbIIEHME IPOU3BOAUTEIBHOCTH 32 CYET MHOTOIIO3ULIMOHHON U1 MHOTOMH-
CTPYMEHTaJbHON 00pabOoTKH. EcTecTBEHHO, 4YTO NEPEeXOoAbl MEXKIY MO3ULUIMU
JOJDKHBI PacHpesieNsiTbCAd TaK, YTOObl 00ECHEeYUTh MPUOIU3UTENBHO OJMHAKOBOE
BpeMs 00pabOTKH Ha MO3ULUSAX.

2. IloBbllIeHNE THOKOCTH 32 CYET:

-PUHLUNHAAIIBHON BO3MOXHOCTH OOpabOTKHM AeTalield pa3iu4yHONd KOH-
¢durypanuu 3a c4et OOJBIIOr0 KOJWYECTBA YIPABISEMbIX MO MPOrpaMMe JBU-
KEHUU, TPUMEHEHHUSI TPOrPAMMHOTO YIIPABJIEHUSI U BO3MOKHOCTH CMEHBI MH-
CTPYMEHTA.

-COKpallleHUsl BpEMEHU NepeHanaaku. [lepeHananka 3akinrodyaercs B 3a-
MEHE YIpPaBJIAIOIIEN NpOrpaMMbl, 3aME€HE HHCTPYMEHTOB, 3aMEHE MPUCIOCO0-
JICHHM.

[Ipu xopomen opranu3aunuy IPpOU3BOACTBA:

-BO3MOKHA IOATOTOBKA YNPABIIAIOIIMX IPOrpaMM 3apaHee, BO BpeMs
00paboTKHU MpenbIayIIe mapTUu JeTajied, ¢ BO3MOXXHOCTBIO MPEIBaAPUTEb-
HOM OTJIaJKHU;

- BO3MOJKHA NpeABapUTEIbHAs HACTPOMKA PEXKYIIUX MHCTPYMEHTOB, C
repegayen ux nmapamerpoB B cucteMmy UIIY craHka depes JIOKaJbHYIO CETh WU
AJIEKTPOHHBIE HOCUTENU UH(OPMAIIK;

-BO3MOYKHA TIpeIBapUTeIbHasi COOpPKa U HACTPOMKA MPUCTIOCOOJEHUM Ha
najieTax.

Ecnu npuHSATh NPOU3BOAUTENBHOCTH OJIHOTIO3UIIMOHHOTO 00padaThIBaIOIIEro
nentpa ¢ UITY, to:

1

Qp= 1)

tp+tx+ tscn+tcob+topr+toep
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rae tp - BpemMs pabouux XOJZIOB, tX - BpEMsI XOJIOCTBIX XOJIOB, {BCH - BpeMs
BCIIOMOTaTEJbHBIX MEPEXO/I0B, tc00 — COOCTBEHHBIE IPOCTOU, tOPT - IPOCTOU 1O Op-
raHU3aIMOHHO-TEXHUYECKUM IIPUYUHAM, tnep — MPOCTOM U3-3a IepeHanagku o0opy-
JOBaHUS.

Ecnu B arperatHoMm crtanke ¢ UIIY cokpamarorcs morepu BpeMEHH, TAK KaK
OTIepaly pacHpeeNseTcs MEXAY MO3UIUSMHU CTaHKa, a 00paboTka Ha MO3HULUAX
BBITIOJIHAETCS] OTHOBPEMEHHO, TO:

tp arp =% 2)

IJI€ ( - YUCJIO MTO3UIUHI B arperaTHOM CTaHKE.

Ecnn B arperaTHOM CTaHKe HpeaycMOTpeHa oOpaboTKa ¢ MOMOIIbI0 MHOTO-

MITMHACIBHBIX KOpO6OK, TO 3aTpaTbl BPCMCHH Ha pa60‘lI/I€ MCPCXOIbI HpI/I6J'II/IBH-
TCJIbHO MOJKHO OIIPCACINTD KaK:

— ip

tp arp = gql+g2+qmMu 3)

rac ql — YHCJIO HO3I/IHPII>1, Ha KOTOPBIX IIPOU3BOAHUTCA OAHOMHCTPYMCHTAJIbHAA
o6pa60TKa, q2 — YHUCJIIO0 HOSHHHﬁ, Ha KOTOPBIX IIPOU3BOJUTCA MHOI'OMHCTPYMCHTAJIb-
Hasiz 06pa60TI<a, (qMH — YHUCJIO OAHOBPCMCHHO 06pa6aTBIBa€MI>IX HOBCpXHOCTGﬁ IIpu
MHOFOHHCTPYMCHTaHBHOﬁ o6pa60TKe.

HOCKOJ’IBKy OIICpanu 06pa6OTKI/I pa3sHbIMHU HHCTPYMCHTAMMU PACIIPCACIIAIOTCA
MCKIY Pa3IMYHBIMU IMO3UOHUAMH, TO BPEMA XOJOCTBIX XOAOB, KOTOPOC TPATHUTCA B
OCHOBHOM Ha CMCHY, IIOABOJ M OTBOJ MHCTPYMCHTA, TAKKC MOXKXHO CUHUTATh pPaCIIpC-
ACJICHHBIM MCXKAY ITO3HUIUAMMU:

tx
tx arp=— 4)

g
BcmoMorarenbHoe BpeMs, KOTOPOEe 3aTpaurBaeTCsl Ha CMEHY 3arOTOBKH, SIBIISI-

€TCSl COBMEILIEHHBIM, TaK KaK IepeyCcTaHOBKA 3arOTOBKH MPOU3BOJIUTCS BO BpeMs 00-
paboTKM Ha Apyrux no3uuusx. K BcmomoraTelbHOMY BPEMEHU MOKHO OTHECTH Tie-
peMelleHre 3ar0TOBKH M3 OJIHOM MO3UIIMU B APYTYI0, KOTOPOE BbIMOHsAETCS 32 1 — 3
ceKyHbl. [I09TOMy B IIPOM3BOAMUTEIBHOCTH arperaTHOrO CTaHKa 3TO BPEMS MOKHO
HE YYUTHIBATb.

Uro kacaeTcs BpeMEHH COOCTBEHHBIX MPOCTOEB U MPOCTOEB MO OPraHU3alNOH-
HO- TEXHUYECKUM NPUYMHAM, TO JJIsA arperatHoro cranka ¢ YIIY onm moryr oka-
3aTbCs BBINIE, YE€M Y OJHOIO3UIIMOHHOIO oOpabaThiBaromiero 1eHrpa. [lockonbky
MHOTOITIO3ULIMOHHBIN arperaTHbld CTAHOK IPEACTABIACTCS CHUCTEMOW, B KOTOpPOU
AJIEMEHTBI COEIMHEHBI TOCIE0BATENbHO, CIIEI0BATEIbHO, OTKA3 J000T0 U3 HUX Be-
JET K OTKa3y Bcell cucTeMBbI. [10ATOMY CTENEHb yBEIWYEHUS BPEMEHH MOXKHO IPH-
OJIU3UTENIBHO ONPEJEIUTh KaK:
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tco0 arp + toprarp = k*q(tco6+topr) 5)

rac k — KOB(I)@)I/IHI/IGHT, SaBI/ICSIHII/If;I OT CTCIICHU HAACKHOCTHU aneFaTOB CTaHKa,
k<1.

1

6)

Qarpd = = _ : ﬂ
qi+qz +qmr:+ 3 +k=q (tcod+topr) +inep

B o6miem ciydae, 3 (peKTUBHOCTD MOCTPOSHUS TEXHOJIOTHUECKON CHCTEMBI U3
arperatHeix ctankoB ¢ YIIY mo cpaBHEHHIO C IPYrMMH BapuaHTaMH MOXKET OBITh
omnpeseneHa u3 neneBoi pyukmuu [1]:

* Tnso

a0,
F=a; Q00 d Tm

+ay* — 7)

C

€ - TPOU3BOAUTEILHOCTH BBINYCKA MPOIYKIWHA MPU HUCIIOJIB30BAHUU arpe-
raTHoro ctanka ¢ UIIY, - mpou3BOAUTENBHOCTh BBITYCKA MPOAYKIIMU MO 0a30BOMY
BapUaHTy (MpU HUC- MOJIH30BAHUU OJTHOTIO3UIIMOHHBIX cTaHKOB ¢ UIIY wmnm arperat-
HBIX CTAHKOB C YKE€CTKUM ITUKIIOM), - CpeJIHEE MOATOTOBUTEIHHO - 3aKIIOUUTEIHLHOE
BpeMs IPU UCITOJIB30BAaHUM arperaTHoro crad- ka ¢ Ully:

T, = n ,Tnd 8)
n

T7Ie N — YMCJI0 HAMMEHOBAHUH JeTaje, MPeanoiaraéMbiX K BBIITYCKY;

T, - TOATOTOBUTENHHO-3aKTIOUUTEIHLHOE BpeMs MPHU HajaJKe CTaHKa K oOpa-
00TKe KaKIOM M3 mapTHii aerajel; 110 — aHaJIOrMYHBINA [MOKa3arelb 1Mo 0a30BOMY
BapHaHTY; C - KallUTaJIbHBIC M IKCILTyaTallMOHHBIE 3aTPATHI MPU HCIIOIH30BAHUH ar-
peratHoro cranka ¢ UIIVY:

C= K + Cp + C3
9), rne K — HauanpHOE KaUTAIOBIOKEHHE B 000pYI0BaHNE, BKIIOYAIOIIEE €ro 1EeHY,
3aTpaThl Ha JOCTaBKY, MOHTaX, MycKo-Hamaaky ; Cp — 3aTpaThl Ha TEXHUYECKOE 00-
CIIy>)KMUBaHHE , TEKYIIMHA U KaUTAJIbHBIA peMOHT o0opyaoBanus ; C3 — 3apmiaTa oc-
HOBHBIX IMPOU3BOJICTBEHHBIX Pab0OYMX, 3aHATHIX 3a paboToif Ha obopyaoBanuu ; CO —
aHaJIOTUYHbIE TOKa3aTenu no 0a3oBoMy BapHuaHty; 1, 2 , 3 — BecoBble KO3 PUINECH-
ThI, XapaKTePU3YIOIINE BaXKHOCTh OT/AEIbHBIX MOKa3aTeneH, npuuem 1+ 2+ 3=1.

Ecau F>1, To npumenenne arperatHoro ctanka ¢ YIIY moxxHO cuuTaTh 1emne-
COOOpa3HBIM.

BriBoabI

Arperathbeie ctanku ¢ YIIY mo3BoJsitOT 00eCreunuTh BBICOKYHO MPOU3BOIM-
TEIBHOCTh, HAPSAY ¢ THOKOCTHIO MPOU3BOACTBEHHOTO mporiecca. OHAKO UX MpUMe-
HEHUE JIOJDKHO OBITh 000CHOBAHO TEXHUKO-9KOHOMUYECKHUMH pacueTaMHu.
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