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International Scientific-Methodological Conference «How to teach material sciences:
new approaches and experiences from the MMATENG project»

Leuven, Thursday, 25 June 2015

Dear ladies and gentlemen,
Dear colleagues,

As the coordinator of Tempus MMATENG, it is my pleasure to welcome you on this con-
ference “How to teach Material Sciences: new approaches and experiences from
the MMATENG project.”.

New materials and better use of existing materials are the basis of technical innovations
worldwide. As a paradox material sciences in not very often regarded as important for engi-
neers, who are nevertheless the prime innovators in the world. To cope with the new materials
and material technologies and to incorporate them more in higher education we started the
tempus MMATENG-project. Therefore it is a real pleasure to see that many people in all par-
ticipating countries are engaged in the project and its ideas.

This methodological conference reflects the work done by all of you, and I hope that it will
give you new insights in how you can improve the teaching of material sciences to students.
Meeting colleagues from different institutions, discussing methods and solutions is one of the
aims of the project and this conference is a good opportunity to meet these colleagues face-to-
face for discussion and exchange of ideas, for discovery of good practices and for finding new
solutions. I also wish that collaboration in the project and beyond can be stimulated more by
this initiative.

Finally | would like to thank the Cracow University of Technology for its hospitality to
host this conference, and the Pryazovskyi State Technical University and the Cracow Universi-
ty of Technology for the organization of the conference. | wish for a successful conference and
look forward to the results of the work presented.

Yours sincerely,

Dr ing. Peter Arras

Coordinator tempus MMATENG

International relations officer

KU Leuven | Faculty of engineering technology
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Dear colleagues!

The solution of this urgent task has found its adequate reflection in international educa-
tional project, adopted by European TEMPUS Union, called: «Modernization of two cycles of
Masters’ and Bachelors’ (MA, BA) curricula on the basis of competence in the sphere of engi-
neering science of materials in accordance with the best experience, gained by Bologna pro-
cess» (MMATENG).

The Pryazovskyi State Technical University and the Cracow University of Technology or-
ganized International Scientific-Methodological Conference «<HOW TO TEACH MATERIAL
SCIENCES: NEW APPROACHES AND EXPERIENCES FROM THE MMATENG PRO-
JECT». Participants of MMATENG project Consortium, Universities scientists from Belgium,
Germany, Poland, France, Israel, Russia and Ukraine made presentations on the subjects relat-
ed to MMATENG with publication of presentation materials.

I am glad to greet all colleagues — participants of this very interesting and important Con-
ference.

The objective of Conference is integration of efforts of scientists in development of educa-
tional aspects and proposals for implementation of new European tuition programs and perfec-
tion of the methods of students training in the domain of engineering science of materials.

I, hereby, sincerely wish all participants of the Conference fruitful work, successful reports
and pleasant impressions at communication, discussing creative discoveries and rational useful
proposals.

I am quite confident that methodical and scientific findings of the researchers will help to
advance in implementing of tasks and objectives of MMATENG project and that will further
promote close cooperation of the systems of higher education of EU countries, Israel, Ukraine
and Russia.

Sincerely yours,

Professor Oleksandr P. Cheiliakh, DSc (Eng.) —
Coordinator of MMATENG project in Ukraine,
Vice-Rector in science and pedagogic of PSTU,
Head of Department of Metal Science and

Heat Treatment of Metals
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USE OF REMOTE LABORATORIES FOR MATERIAL SCIENCES IN EDUCATION AND
RESEARCH.

Arras P.%, Kozik T.?, Tabunshchyk G.?
1PhD., Docent KU Leuven, Leuven, Belgium (peter.arras@kuleuven.be)
2DrSc., Prof UKF, Nitra, Slovak Republic (tkozik@ukf.sk)
% PhD., Assoc Prof ZNTU, Zaparizhzhya, Ukraine (galina.tabunshchik@gmail.com)

Advancements in the development of materials and technologies significantly contribute
in successful progress in natural sciences and technical branches. But as teaching time is a limited
resource in education it is necessary to explore and propose new and more efficient ways of offer-
ing the knowledge on new findings to students. In this context we explore the use of remote experi-
ments in the field of material sciences as a new teaching method.

Introduction

There is an increasing amount of new materials and better use of materials. So universities
faces several problems: teaching engineers — in particular design engineers — requires for
an important part of the curriculum to devote to material sciences to teach on these new findings.
Teaching engineers also means offering ample opportunities for experimenting and training practi-
cal skills. As teaching resources (both in teaching time and in laboratory means) is limited and mo-
bility of the students is growing each year new methods for transferring knowledge and skills needs
to be explored.

University nowadays form the basis for research platforms for business. Similar problems are
faced in the research sphere - limited resources with international teams located in different coun-
tries.

Methods and materials

Considering the new learning approaches, we also need to take into consideration self-
learning and distant learning. One of the examples of good practice is developed in KU Leuven
technology Campus De Nayer with the e_learning environment CALM (Computer Aided Learning
Module). CALM (Computer Aided Learning Module) is an internet supported e_learning environ-

ment with the use of virtual and remote laboratories to teach material sciences (see Fig.1). [1]
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Fig. 1 View of the CALM e_learning environment


mailto:tkozik@ukf.sk

International Scientific-Methodological Conference «How to teach material sciences:
new approaches and experiences from the MMATENG project»

The CALM is a learning environment containing theoretical contents and backgrounds, la-
boratory manuals for the hands-on labs at university, and a virtual and a remote lab for the testing
on the difference between material and shape stiffness (see 2). CALM is aimed to be used in the
classroom sessions, as help during hands-on labs and for self-study. The learning environment and
the labs were tested with bachelor students in engineering to test the effectiveness on the learning.
Results showed no difference in knowledge between students using the remote lab and students us-
ing the hands-on labs for the bending test. The bending test is used to measure Young’s modulus.

Course on material sciences

e [

Self- Virtual = Remote
study Reallab lab lab

Classroom
teaching
e Hrperiest Hypenest Tessie Haness Banding Bendng
." smvoement | esirenment =ung Nyishiesing teetng feitirg testng

Fig. 2 Structure of the CALM.

As mentioned, an important role is given to remote labs in the CALM. The remote labs can
be classified as online interactive labs constructed as virtual or as interactive remote experiments
(RE). The RE in CALM is a 2-point bending test, where displacements are read on a simple reading
scale. As such it is close to an hands-on experiment: different parameters can be modified (force,
section) and no automated readings is provided so that students needs to use the experimental values
themselves to calculate Y oung’s modulus and need to also calculate the accuracy of their results
considering accuracy of readings, measuring tools et cetera. These outcomes were chosen so that
RE can really substitute the hands-on 3-point bending test lab with the same learning goals. The
construction of the RE was kept simple with standard pneumatic components to make a robust, safe
and easy to maintain lab. This setup allows the re-use of components and offer possibilities to more
easily rebuild the lab for new materials and different experimental approaches.

Extended possibilities of the RE: CALM and its’ labs are designed for educational purposes
but can be extended for more research purposes.

The idea is to use the infrastructure not only for teaching. By extending the supporting study
materials, it can be used as background information for more different experiments. The RE-
environment can be modified and enlarged with all sorts of the non-destruction experiments. This
can help to save resources for experiments and to synchronize the work of a distributed team.
Asanexample we refer to another remote laboratory for material sciences at
http://remotelabsup.fe.up.pt/experiments.htm . There is a remote lab with a 2-point bending test.
This system is used by the mechanical engineering students to validate experimentally the dis-
placements calculated by means of FEA for the different loads. [2]

The use of RE will become more popular in education and research when the technical prob-
lems concerning internet access and imaging will have been solved. Many existing RE struggle with
the technical solutions for streaming video and for security on the access to the labs [3]. Open ac-
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cess labs, as were once the mainstream idea in the RE-community, have mostly been abandoned as
maintenance costs are too high. Most RE nowadays have access exclusively for the own students of
the home university. However, networks of universities working closely together can benefit from
common RE-platforms and can easily exchange expertise on this. [4]

Conclusion

Constructing a mechanical RE with similar possibilities as a real lab was a challenge.
The learning outcomes reached through the use of the RE are the same as in the hands-on labs.
The CALM and RE proved to be very helpful to stimulate bachelor students in their study of mate-
rial sciences.

The construction of a RE needs careful planning — both from the technical side and the didac-
tical point of view [5] . When working on RE and internet supported learning environments users
can benefit a lot if a network of universities work on a common platform. The knowhow, contents
and use will be stronger and more widespread if more teachers work on the same experiments.
The network is also a guarantee that the didactical part of the learning environment is covered,
which is otherwise too often forgotten.

List of references
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TEACHING THEORETICAL AND APPLIED ASPECTS OF THE DESIGN OF NEW
MATERIALS FROM RENEWABLE SOURCES

Kuzniar P.}, Plichta P.2
*MSc., Cracow University of Technology, Krakéw, Polska. (pkuzniar@pk.edu.pl)
2 MSc., Cracow University of Technology, Krakow, Polska, (piotr.plichta@mech.pk.edu.pl)

Any modern course of materials engineering should provide the students with detailed but
simultaneously tailored information on the materials made from renewable sources — on their divi-
sion, applications, advantages and disadvantages. It is because such materials have become more
and more important for the global industry as the available amount of ores and fossil fuels is ex-
pected to gradually decrease posing a risk of future international conflicts not to mention the rapid
decline of entire market sectors and human life standards. Moreover, modern materials fully or par-
tially made from renewable sources — primarily biopolymers and their composites (natural and
synthetic or modified) obtained from various kinds of biomass feedstock — often have unusual
properties hardly obtainable solely from the traditional feedstock.

Therefore, one should teach students how to effectively distinguish between the traditional
and novel biomaterials and how to actively predict, recognize, and assess the trends regarding the
biomaterials market. In such teaching process much attention should be paid to the development of
students’ practical skills and knowledge connected with the advanced methods of prediction and
examination of mechanical and structural properties of the referred materials. However, the modern
course in materials engineering should also shape the ability of its alumni regarding the preliminary
assessment of materials biodegradability and water absorption measuring the expected impact of
these materials on the environment. It is also advisable to acknowledge the students with the pro-
found importance of the notion of material life cycle, the steps within it and how it influences the
overall possibility of recycling.

In the above-mentioned teaching process the most recent European Union standards should
be reflected, which would contribute to the current trends in legislation and in the wider policy of
the European Union towards the development of the verge and, at the same time, inseparable bond
of the society and environment, leading to the creation of more and more green, safe and sustainable
way of progress in our continent. As a result, materials engineering may become a real European
bridge to the future: literally and metaphorically.

List of references
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MODERNISATION OF CURRICULA IN MATERIAL ENGINEERING UNDER
MMATENG PROJECT

Oleksandr Cheilaikh
Professor, DSc (Engineering),
Vice-Rector of PSTU for Science and Pedagogics, Mariupol, Ukraine

The rapid development of today material science, which determines the level of equipment and
technologies for the production of materials in many economically developed countries, requires the
improvement of academic and training programmes for specialists with higher education in this
field of knowledge. The solution to this urgent problem has found its adequate reflection in TEM-
PUS international educational project of the European Union — “Modernization of two cycles (MA,
BA) of competence-based curricula in Material Engineering according to the best experience of
Bologna Process” (MMATENG).

The project is to be implemented within the 2014 - 2016 and involves 16 universities
in Belgium, Germany, Poland, France, Israel, Russia and Ukraine. Ukrainian partners include: Na-
tional Technical University of Ukraine Kiev Polytechnic Institute, Lviv Polytechnic National Uni-
versity, Lutsk National Technical University, and Pryazovskyi State Technical University, the latter
is the project coordinator for Ukraine. Among other Consortium members are: Ministry of Educa-
tion and Science of Ukraine, two factories — one in Russia, another in Ukraine - PJSC Azovstal Iron
& Steel Works.

The project envisages introduction of curricula and study programmes of 14 new courses, 11
of which relate directly to the field of Material Engineering and the other three are interdisciplinary
courses which are very important for many engineering disciplines in steel-making and other indus-
tries.

Based on the analysis of the existing curricula and syllabi, as well as on the survey among the
specialists of Mariupol factories - PJSC “MK” Azovstal”, PJSC “MMK Ilyich”, PJSC “Azovmash”
- PSTU project team developed scientific-methodical concept and the Workplan for modernization
of the curricula and the study programmes which belong to the degree area of Material Engineering:
Applied Materials, Metal Science, Heat Treatment of Metals as applied to Material Engineering.

The following courses which are taught to the students of metallurgical profile, like Metal-
lurgy of Ferrous Metals, Metal Working with Pressure, Industrial Heat Engineering, Foundry, have
been reviewed and revised: Metal Science and Heat Treatment of Metals, Mechanical Properties of
Metals. Among new disciplines recommended by Grant Holder - KU Leuven, Belgium — from their
experience as an EU university are Material Selection, Light Weight Materials for Transportation
Applications, Damage of Materials, Basics of Material Science, Metallurgy, Corrosion and Re-
sistance of Materials. These courses represent a special interest from the point of view of their pro-
fessional and practical applicability.

Among interdisciplinary courses which are extremely important for enhancing employability
of Ukrainian graduates but have not been in the curricula so far at Ukrainian universities are: Sur-
vival in Labour Market (carrier management), Effective Communication in Groups, Presentation
Skills (BA/MA), Project Management (business planning, funding, marketing, performance). These
courses are being implemented under the project Workplan.

Modernization of curricula and syllabi requires a differentiated approach to the process of
planning of the implementation of the recommended courses, i.e. replacing the less significant and
minor subjects, complementing the existing disciplines with new training modules, while maintain-
ing the integrity and coherence of a course.
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An interesting discipline, Perspective Strengthening Technologies of Materials Treatment,
developed at SHEI "PSTU" was recommended for implementation in the educational process
at the universities of the Consortium for the students of material engineering.

An important feature of the international educational project is a competence-based approach
to the modernization of curricula by formation of professional competencies of future professionals.
This approach provides orientation to the requirements of the today labour market with a focus on
the needs of industrial partners in ferrous metallurgy, machine building, power engineering, trans-
portation and other important industries. To realize this approach, surveys are conducted among the
graduates and leading specialists of metallurgical and machine-building enterprises to assess how
effective are individual disciplines and training programs for bachelors and masters. Based on
the results of the surveys, adjustment of curricula and syllabi is planned in order to address the de-
mands of modern production. Modernization of the curriculum, supplementing it with training
modules which address the needs of today industrial partners is done on the basis of the analysis of
job descriptions and professional standards for a number of professions in engineering and materials
science. All professional competences which are dictated by the present time must be reflected in
the array of concrete disciplines and subjects. To achieve this, it is recommended to complement
traditional teaching methods (lectures, laboratory work and practical’s, homework and term papers)
with new didactic tools: role-games, development and detailed analysis of case studies (technologi-
cal, organizational, economic, environmental, etc.), demonstration of educational films and docu-
mentaries on production facilities operation, conducting trainings.

In accordance with the project Workplan the academic staff is taking part in 2-week trainings

with a focus on 5-6 subject areas.
The trainings have already been conducted in KU Leuven (Belgium) and are scheduled for July
in Krakow (Poland). On return from the training, the PSTU participants held seminars and delivered
open lectures. A number of lectures on new courses were developed and given in the English lan-
guage. Teachers will design and develop new training materials, which will include new approach-
es, methodologies and competencies acquired during the training.

Service office for Engineering Materials (Material Engineering service office - MESO) and IT-
lab (MITL) are to be set up under MMATENG project. Their task is to transfer knowledge, exper-
tise, scientific and methodological approaches and methods of teaching, implementation of R&D for
businesses in the field of material science engineering, training of students and industrial specialists
in the framework of in-service training. It is planned to purchase PCs for a computer class, metallo-
graphic microscopes, hardness meters and other laboratory equipment produced by leading West
European countries.

Monitoring MMATENG project progress is carried out at regularly meetings of coordinators
and Consortium members. These meetings were held in the cities of Antwerp (Belgium), Kiev
(Ukraine), Tel Aviv (Israel) , Krakow (Poland) . Interesting and useful form of interaction between
the partner universities are Skype conferences during which a number of project participants share
the results of project work.

To sum it up, MMATENG project implementation will allow Ukrainian universities to reach
a new, higher level of training of bachelors and masters in material engineering based on the compe-
tence approach and experience of the best achievements of the universities of Western Europe, Isra-
el and Russia. Students enrolled in the corresponding degree programs will gain new knowledge,
skills and competences and be able to expand their career prospects not only in Ukraine but in West-
European countries as well.
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SUCCESSFUL CO-OPERATION OF UNIVERSITY AND INDUSTRIAL ENTERPRISES IS
IN REALIZATION OF AIMS OF PROJECT MMATENG FOR UPGRADING QUALITY
OF TRAINING SPECIALISTS

Oleksandr Cheiliakh
Professor, DSc (Engineering),
Vice-Rector of PSTU for Science and Pedagogics, Mariupol, Ukraine

The work of Pryazovskyi State Technical University (PSTU) in the direction of interaction
between 3 interested sides in the knowledge triangle defined as university — students — enterprises-
employers had been activated and carried out in direct accordance with modernization of higher
education into Eastern European.

PSTU signed and successfully realized the direct agreements on “Strategic Partnership” with
the largest industrial enterprises in Ukraine and Europe namely:  Azovstal Iron & Steel Works
PJSC, lllyich Iron & Steel Works PJSC of Mariupol, Azovmash PJSC and others connected with
improvements in bachelors’ and masters’ training, scientific and cultural partnership. As the result,
direct threelateral agreements were concluded between general secondary schools Nel4, Ne40, Ne5,
PSTU and  Azovstal Iron & Steel Works PJSC; between “Lingva-XXI century” private school,
PSTU and “Azovimpeks” Civil Construction Company Ltd; “PORTINVEST” Company and PSTU
etc. Totally more than 40 agreements were concluded, ‘“Pryazovye” Educational-Scientific-
Industrial Complex was set up under patronage of PSTU with participation of the large industrial
enterprises and educational institutions of Pryazovskyi region of Ukraine.

The following innovation educational projects named “Training of highly-qualified special-
ists to the enterprises demand” (2 projects) & School — University — Enterprise (3 projects), "Wa-
terway of success” had been elaborated and successfully realized. It allowed to accumulate efforts
of general education and high schools, enterprises and employers for modernization of the input of
higher education into business, quality improvement of training of undergraduates, and socially-
guaranteed career growth.

The projects include modernization and innovation of curricula of additional targeted train-
ing of engineering specialities include “Materials Engineering”, wide use of modern interactive and
deductive teaching methods and students’ motivation. Among them are interactive and problem-
oriented lectures, business games and simulation of non-standard situations, trainings, internships at
the enterprises, seeking for placement at the positions of potential work within the period of holi-
days, acquiring practical skills and work experience, realizing of course and diploma projects, mas-
ter papers on the essential problems of enterprises.

Center of Management of Working Resources had been also established at PSTU. It takes
care of signing and implementation of the direct agreements in the knowledge triangle defined as
university — students — enterprises (including general secondary schools), additional targeted train-
ing of students on innovation educational projects, holding jobs fairs, career days at the enterprises,
training of future specialists on studying and mastering methods of doing business, ensuring their
career growth, etc.

The outcomes of the projects under implementation have been reported and approved at the
international conferences in Varna (Bulgaria, 2007, 2010), Riga (Latvia, 2008), Egypt (2009), inter-
national exhibitions. “School — University — Enterprise” Innovation Educational Project was intro-
duced by Metinvest Holding of the System capital management Corporation as the most successful
business case-study at the international forum on Development of Reliable Leadership in the coun-
tries of Central and Eastern Europe(Lviv, 2010) and was recommended for compiling the portfolio
of case-studies for institutions of higher learning and business-schools of Ukraine and Europe.
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In 2009 Business-incubator’ had been established and is being successfully developed. Stu-
dents, postgraduates and young teachers using the principles of student self-governance determine
the details and methods of doing business.

Since 2011 PSTU is going to implement new curricula on business activation, investment-
innovations programs, economy and economical production management, quality management,
energy economy and resource saving into the core curriculum on all engineering and business de-
gree programs.

Business relations had been established and agreements had been concluded with Mariupol
Employment City Center aimed to ensure work placement for PSTU graduates, re-training, and in-
ternship for staff, creating the data base of vacancies.

PSTU has initiated the development of innovation educational business project called “In-
novation educational projects on individual training of engineering staff to the enterprises demand”
to be adopted in Donetsk region of Ukraine within the framework of realization Life-long Learning
principle for 2011-2015.

In 2004 PSTU re-animated and successfully developed the movement of student volunteer
labour brigades (VLB) to ensure work placement for 150-400 students at the enterprises during
their holidays every year and to acquire professional and communicative skills and competence.

The system of getting additional useful specialities by students (including business compe-
tences) had been set up to enlarge business opportunities for graduates at the labour market, work
placement and career growth at the enterprises and companies. Training students on 18 additional
specialities relevant to the labour market is already being realized.

In 2011 PSTU is seted up the Career Center to centralize and develop working procedures
for more effective cooperation with employers of small and big business, to create the data base on
the vacancies and opportunities of the labour market.

So, PSTU successfully works towards modernization and enhancing of quality in higher edu-
cation, expanding effective cooperation with economical and social partners, including prospective
employers in accordance with the programme priorities TEMPUS “Development partnerships with
enterprises”, “Development of Lifelong learning and Society at large”, project MMATENG.
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OBPA30BAHUS B PEAJIM3AIIMU TIPOEKTA MMATENG

Yeitanx AL, Bomomun B.C.?, Yeiinsix 5I.A.°, Boiiuenko B.C.
Y111, mpod., mpopekrtop II'TY,
21 1.1, mpod., pexrop IIT'TY,
3 K.T.H., Bea.crem. [TAO «MMK um. Unbnaay,
4Z[I/IpeKT0p 0 IepCcoHaly U conuanbHeIM BorpocaM ITAO «MMK um. Unbugar»

CoBpeMeHHOE  pa3BUTHE OOIIECTBA W MHTErpanus  BBICHICH  IIKOIBI Y KPawHBI
B o01IeeBporeiickoe 00pa3oBaTeIbHO-HAYYHOE MPOCTPAHCTBO MOTPEOOBATIO IMOBBIICHNS KayecTBa
MOATOTOBKH CIICIMAIMCTOB C BBICHIMM 0Opa30BaHMEM, IHHAMUYHOTO y4YeTa W MaKCHMAaJbHOTO
YZIOBJIETBOPEHUSI OBICTPOMEHSIOIINXCS ¥ BCE BO3PACTAIONIMX MOTPEOHOCTEH MPOU3BOACTBA U PHIHKA
Tpyna.

KapauHanpHBIM peIIeHHsSM 3TUX NPOOJeM SBISETCS WHTErpalys YCWIHH 00ydarolero,
oOy4aeMoro u paboTojaTess, Kak OCHOBHBIX CYOBEKTOB Ipolecca (OPMUPOBAHHUS MOJOAOTO
cnenuanucta. IIpm 3TOM B mocieqHee BpeMs KpoMe TpPAIULIMOHHBIX KPHUTEPHEB KauecTBa
MIOJITOTOBKHU CIIEIMAIMCTOB, TAKUX KaK 3HAHUS U YMEHHs, 0COOCHHO Ba)XKHOE 3HAUYEHHE MpHoOpenn
HaBBIKH U KOMIIETCHIIUH.

Tako#t monxox, rae TpeOOBaHWS K 3HAHUSM, YMEHUSM M KOMIICTCHIMSM BBITYCKHUKOB,
a Takke HE3aBHCHMMas OLCHKA KadeCcTBa MX IIOATOTOBKH, OCYMIECTBISETCS pabOTONATENeM HWIH
CHeUaIbHBIMU OpraHaM{ M OPTaHM3aIMAMH, OOBEANHIIONMMHI TAaKOBbIX, CYIIECTBYET BO MHOTHX
€BpOIEHCKNX CTpaHax.

B o0nactm WHXXEHEPHOTO MAaTEpPHAIIOBEACHUS Ha pEHICHHE J3THX AaKTyalbHBIX 3ajad
HampaBlIeH MEXAyHapoaHBI oOpa3oBarenbHel TpoekT EBpomelickoro Coroza TYMIIYC
"MMATENG”, B 0CHOBE KOTOPOTO 3aJOXEHBl TNPUHIUIB KOMIIETEHTHOCTHOI'O TOAXOMa
W Iydliero omnelta bosoHckoro mponecca. BaxHeWnell KOMIIOHEHTOH IIPOEKTa  SIBIIAETCS
s¢dexTrBHOE B3auMoaelicTBie BY30B ¢ paboromaTensiMu, MPEXIe BCErO C MPOMBIIUICHHBIME
MIPEIIPUATHIMH.

B3aumopeiicteue BY3o0B ¢ mnpeanpusitusimMu B oOpaszoBarenibHO# chepe 3dhdexTHBHO
peanmuzyercst uepe3 co3faHue OI(GQPEKTUBHOH CHCTEMBI U BBIIOJIHEHWE HMHHOBAIIMOHHBIX
oOpazoBarenbHBIX NpoekToB. B I[Ipna3oBCckOM TrocyaapcTBEHHOM TEXHHYECKOM YHUBEPCHTETE
(II'TY) pa3paboTaHbl COBMECTHO C BEAYIIMMH METAJUTyPTUUECKHUMHU HPEANPUSTHIMH TPYIIIBI
METHUHBECT, rpynnsl «IlopTuHBeCcT», 0praHaMu MECTHOI'O CaMOYTIPaBIIEHHsI 3a MOCIeAHUE 8 JeT
cleyolIe UHHOBAIIOHHbIE TPOEKTHI:

1. «Mum4yeBcka NMepcreKkTuBa» - NOATOTOBKA BHICOKOKBAIM(UIIMPOBAHHBIX CHEIUAINCTOB
no 3aka3y [IAT «MMK umenu Unbuda.

2. «IloaroToBka BEICOKOKBAMM(UIIMPOBAHHBIX CHEIIHAIICTOB 110 3aKa3y

AT «MK “A30BCTAJIb».
3. «llIxoma — BY3 — koMOuHaT» (y4eOHO-BOCIIUTATELHBIN KOMILJIEKC
«JInmeii-mkona Ne 14» - TII'TY - TTAT «MK “A30BCTAJIby).

4. «llkonma — BY3 — kombunaT» (crennain3upoBaHHas o0meoOpasoBarenpHas mkona Ne
40 um. E. - TII'TY - ITAT «MK “A30BCTAIJIb»).

5. «llIxona — BY3 — kombunary (OLI Ne 5 - [II'TY - [TAT «MK “A30BCTAIJIb»).

6. «@DapBarep ycrexa» - MOJr0TOBKAa BEICOKOKBATU(PHUIMPOBAHHBIX CIICLIHAINCTOB I10 3aKa3y
000 «(IIOPTHUHBECT».

7. «IToAroToBKa BBITYCKHUKOB TEXHMYECKOTO YHHBEPCUTETA B C(hepe OpraHU3aliK Majoro
ousnecay (III'TY coBMecTHO ¢ UCTIOTKOMOM MapHuymnoibCKoro ropoackoro Cosera).
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Muccueii  cucmembvt  nOAUGAPUAHMHOCHMU  00pPA306aHUA  SBIACTCA  KadeCTBEHHOE
U3MEHEHHE MOJXOA0B K IOATOTOBKE CIIELUAIUCTOB C BBHICIIMM 00pa3oBaHUEM, IIOJIyYeHHE
YHUKQJIBHOTO KOMIUIEKCAa 3HAaHWI, yMEHMH M TNpOQeCcCHOHAIBHBIX KOMIIETEHIMHA OT pabouux
npodeccuii 10 CMEXHOW WHKCHEPUH, COUYETAIOIIUX pPa3HbIEe IMPOQECCHOHANBHBIC HAIIPABICHHS
U CIICIIMAIBHOCTH.

OcHO8HbIMU 3a0auamu RPOEKMO8 AGNAIOMCA Clledyloujue:

- OpHEHTAIli Ha TEeKYIIUe M MEePCIeKTHBHBIC BO3pacTalone TPeOOBAaHU K KOMICTEHIIHSIM
1 3 PeKTUBHOCTH TPyIa MOJIOMIBIX CIIEIIHAJIIICTOB B 00JaCTH HHXCHEPHU;

- U3y4eHHe MOTPeOHOCTeH pPBIHKA TPyda B MHXKCHEPHBIX KaJpax C IENBI0 3aIlONHEHHUS UX
MOJIOABIMU CIICUATINCTAMU, O6J'IajlaIOHII/IMI/I YHUKAJIbHBIMU KOMIICTCHIIUAMMU

- pa3paboTka TpPaeKTOPHIl BO3MOXKHBIX KOMOHWHAIIMI 0O0pa30BATEIbHBIX HAMPaBJICHUMH,
KBaM(pUKAIMH W CIENUaTbHOCTEH JUIi COBMEIIEHHOI'O OOY4YEHUsI CTYJISHTOB HHIKEHEPHBIX
CTIEIUAIbHOCTEH;

- OpraHuzalus MNapajuieNbHOTO OOY4YeHHUS CTYACHTOB MO CMEXHBIM MHOTOBEKTOPHBIM
TPACKTOPHSIM.

Cymov u  codepyucanue cucmemwvt  «llonueapuanmuocmu  unousudyanuzayuu
U aKmyanu3ayuu uHICeHEPHOZ0 00pPa308aHUAY.

Peammzamms co3gamHoit B III'TY  cumcTeMBl, BKIIOYAKOIICH  HWHHOBAIIMOHHEIC
oOpazoBarenbHbIE IPOEKTHl OCYIIECTBISICTCS IyTeM (OpPMHPOBAHMS HMHAWBUAYAJIbHBIX YCIOBHH
CTy/IeHTaM HayMHAs CO IIKOJIBHOW CKaMbH, a 3aTeM Cc | Kypca B NOJY4E€HHH NPOo¢ecCHOHAIBHO-
00pa3oBaTeNbHBIX 3HAHWH, YyMEHMH M KOMIIETEHUMH MO HECKoNbKuM (2-3-M u Oosee)
00pazoBaTesbHBIM HAIIPaBJICHUAM U KBaIUpUKanusIM (puc. 1).

[Tpu 3TOM CTYIEeHT NpH MOMOLIM Kadeapbl BEIOMPAET M CTPOUT COOCTBEHHYIO TPACKTOPHUIO
BO3MOXKHBIX COUETaHHS Pa3HbIX 00pa30BaTENIbHBIX HAIIPABICHHH, CIEIIMAIBHOCTEH, ClIeaIn3aliii
u  KBaTM(UKAKI  JAIOIUX  CIOOCOOHOCTH K  HMHIAMBHIyadbHOMY oOpa3oBaHui. Takas
MOJIMBAPHAHTHOCTh  3HAYUTEIBHO  PACHIMPSeT  MHTEIICKTYaJbHBIH, o00Opa3oBaTeNbHBIN
1 IpodecCHOHATIBHBIN KpYro30p OyAyIero crennaiicta 3KcTpa-Kiacea, 1aeT eMy OYeHb HIHPOKHE
BO3MOXKHOCTH B MPO(ECCHOHAIFHONH caMopeanu3allid ¥ IIOCTPOCHHHM Kapbepbl € y4eTOM
TpeboBaHuUil paboTomaTens.

VYHHBEpCUTET COBMECTHO C JUPEKIMAMH M YIPaBICHHUSMH IE€PCOHAJIIOM MPEATPUSTHN
OCYILECTBJIIET MOHUTOPUHT TPYAOYCTPOMCTBA M KapbePHOTO POCTa BBIMTYCKHUKOB, PEAU3YHOTCA
pasHooOpa3Hble (GopMBbI HOBBIIEHHS NX KBaIH(UKaKU (BTOpoe 00pa3oBaHHUe, CHCTEMa TPEHUHIOB
[0 KITIOYEBBIM IMOKa3aTelsiM W HampaBlIeHWsM W T.1.) (cM. puc. 1). Briroma yHmBepcureTa
3aKJIIOYAaeTCS B MAKCHMaJbHOM HCIIOJIb30BAaHMHM CBOHMX OOpPa30BaTEIbHBIX BO3MOXKHOCTEH,
nuddepeHnnpoOBaHHOMN 3arpy3K0H HayYHO-TIETarOTHIECKOr0 cocTaBa (¥ JTOMOIHUTEIIFHOMN OIIaToH
UX Tpyna).
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NMpodec HaR PATHEHARA 1 TONLHaR
WKONL Ha nonromuxa CTYAGHTOB, afaNTHPOBIHHLIX
CeUUANLHOCTH xousunms K COBPOMEHHbLIM YCITOBUAM

OcHoBHble
HanpaeneHus
NpPOEKToB

TRpyAOYCTPORCTEO M YCKOPEHUEe up* PHOTrO pocTa
NPOULCCa ANANTAUMM BLINYCKHUKOB K L TOB
YCNOBMAM Npou3BoacTea Ha npmnpumux

Puc. 1. CxeMa OCHOBHBIX HaIlpaBJIeHUI HHHOBAIIMOHHBIX 00pa30BaTeIbHBIX IPOECKTOB

B ynuBepcutere paspaboTaH ClenyIOIINN nepeueHb 0ONOJIHUMENbHBIX 00PA306AMENbHBIX
npozpamm pasHvix ypoeHeii H0020Mo6Ku.
® lHHOBanMOHHBIE 00pa30BaTEILHBIE TPOEKTHI:
«[ToaroroBka BHICOKOKBAIM(HUITMPOBAHHBIX CHENHUAIICTOB 0 3aKa3aM IPeIIpHUITHI;
«lleneBast MOATOTOBKA BBIITYCKHUKOB TEXHWYECKUX YHHBEPCHUTETOB B chepe OpraHU3aALNH
MaJioro Ou3Heca;
«IIkona-BY3-koMOHUHATY;
e JlononHutensHOE OU3HeC-00pa3oBaHue yepes3 «MapuyHnosbCKyIo KOy Ou3Hecay;
e YriybneHHoe o0yueHHe HHOCTPAaHHBIM A3bIKaM depe3 «LIeHTp S3bIKOBOM MMOATOTOBKIY;
e [JonroroBka BojuTeneil aBToMoOMIeH Yepe3 «Y4eOHbIH [IEHTP ITOATOTOBKH BOJIUTENEH;
e O0yuenue padounm npodeccusim (Bcero 27 npodeccuii B Kouienkax u kadenpax);
® JIOTIOJTHUTEIbHBIE KYPChl 00Y4eHHS:
- HaBBIKaM JIEKTPOHHON KOMMEpPLUY;
- 9THKE M ATUKETY JIJIOBOTO OOLICHUS;
- HHTEHCH(UKALNY TPUHATHS pemenuii (Ha ocHoBe «Monepn- TPU3»);
- HaBBIKaM yTpaBJICHUs] YEIOBEUECKUMHU PECYPCAMU;
- CEKpeTaM yMEJOro pyKOBOJIUTES;
- OpaTOPCKOMY HCKYCCTBY;
- HCKYCCTBY OBITH CO0O1i;
- CEKpeTaM yYMEIOro pyKOBOAUTEIIS;
- YOpaBJICHUIO KOH(DINKTAMH ¥ BpEMEHEM; | JIP.
Mogens MOMMBAapHAaHTHOCTH WHIWBHIyadW3allid W aKkTyanm3anuu obpazoBanmsa B [II'TY
MIpHUBEJICHA Ha pHC. 2.
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TEMPUS

—— ”ﬂ?ﬁ ==

Puc. 2. Mojenp nonMBapuaHTHOCTH CUCTEMbl MHAMBUyann3aluu oopasosanus B [II'TY

NaaroTomea no yrnyGmeesouy

OcHogHble NPURYUNDBL U CROCOObI OP2AHU3AYUY YUEOHO-60CNUMAMENbHO20 NPOYecca:

1. CoBMmemeHHbI, NapauIeNbHO-TIOCIEIOBATEIBHBIN XapakTep OOyYeHHs IO pPa3HBIM
y4eOHBIM IJIaHaM Pa3HONPOQHUIBHBIX 00pPa30BaTENbHBIX HANPABJICHUH, CIICHATBHOCTEN U
pabounx npodeccuii B COOTBETCTBUH C BEIOPAHHO# TpaeKTOpuei 00ydeHHs.

2. Cucrema BO3MOXXHBIX KOMOMHAIIMN M TPAaeKTOpHil moydeHus odpaszoBanus. Onpenenenue
MIepeyHsl POJICTBEHHBIX CHEUHAIBHOCTEH, 10 KOTOPHIM BO3MOXHO IOJIyYEHHE AWILUIOMA
Marucrpa Ha 6a3e OCHOBHOTO AWILIOMa OaKajaBpa.

3. VYHndwuxanus, MHTETpanys ¥ COTVIACOBAHHOCTb MHIMBHUAYAIbHBIX W PabO4YMX ydeOHBIX
IUIAHOB JUTS 00JIeTYeHNsI KOHCTPYHUPOBAHUS TPACKTOPHH 00y IEHHS.

4. CaMoCTOSITENbHOE «KOHCTPYHMPOBAaHME» W IUIAHMPOBAaHHWE TPAEKTOPUH 00pa3oBaHMUA,
MOJIKPEIUICHHOE HMH/AWBUIYalbHBIM IUIAHOM OOy4YeHHUs, KOTopas 3aHHTEpPECOBHIBAET
CTYJICHTA.

5. CoueraHue OYHOMW, 3a0YHON M JAUCTAHIIMOHHON (OpMBI OOYYEHHs MO pPa3HBIM PabOYUM
W MH/IMBU/IyaJbHBIM IJIaHAM Pa3HOMPO(UILHBIX HANPABJICHHUH U CHIEHUAILHOCTEH.

Cmascupoeka npenooasameneit 'BY3 «III'TY» ¢ cmpykmypnuvix noopazoenenusx
6€0yuUX NPOMBIUTIEHHBIX NPEOnPUAMUIL

HoBbIM Hay4HO-MeTOJMYECKH OOOCHOBaHHBIM IIaroM KOpIOpaTHBHOM pa®orel BY3oB
U TIPOMBIIUICHHBIX TPEANPUATHH (B YaCTHOCTH METaJUTypTHYecKMX KOMOMHATOB r. Mapuymois
rpynnsl METUHBECT), siBnsercs noBbliieHne kBanudukamyun B GopMe CTKUPOBKH BEIYLIHX,
MOJIOJIBIX M MEPCIEKTUBHBIX IpeNnojaBaresell, B TMPOU3BOJACTBEHHBIX IleXaX, YIPAaBICHHUAX
notnenax BAT «MK «Asoscrame» u BAT «MMK wum. Unbuga» 06e3 oTppiBa OT y4eOHOTO
Tporecca, o COBMECTUTENBCTBY € y4eOHBIM IpolieccoM. Ha onpenenennslii cpok ctaxuposk (1-2
MecsIa) MIPEeTo1aBaTeIN-CTaXKEPHI CTaHOBSATCA HETIOCPEICTBEHHBIMHU YYaCTHUKaMU
IIPOU3BOJICTBEHHBIX IPOIIECCOB BEIyUUX MPEATIPHUITHH, TITyOOKO M3y9aroT BCE aCHEKTH W HIOAHCHI
TEXHOJIOTHYECKUX TIPOIECCOB W OpPraHU3alMd TPOU3BOACTBA IO CBOGH M  CMEKHBIM
CHELHUATBHOCTSIM, 3KCIUTyaTallud 000pyIOBaHMS, MIPEAOTBPAICHNsI Opaka U MOBBIIICHUS KadeCTBa
BBIITyCKAEMOM  NPOAYKIMH, PELICHUS SHEProcOEperalommx ¢ JKOJOTHYECKHX  IpoleMm,
3IpaBOOXpaHEHUss W Tpyna paboTHHKOB. OHM IOJYYalOT HEOLEHUMBIH Oarak NpaKTHYEeCKUX
3HAHWMH, HABBIKOB W KOMIETCHIMH, KOTOPBIH 3aTeM BOIUIOLIAETCS NpPU pa3paboTKe HOBBIX
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1 COBEPIICHCTBOBAHWN TPHMEHSIEMBIX YYEOHBIX IUIAHOB M IPOTPaMM, NMPOBEICHUH 3aHATHH, CO
CTyICHTAaMH. JTO TO3BOJSIET MM CKOPPEKTHPOBaTh YydeOHBIE NPOTPaMMBI W MaKCHMAIIbHO
aJanTHpPOBaTh y4YeOHBIM TIporecc K BCE BO3PACTAIOMMM W JHHAMHYHO H3MCEHSIOLIAMCS
MOTPEOHOCTSIM COBPEMEHHOT'O MPOM3BOJICTBA M PBIHKA TPyJa, TPeOOBaHUSAM NPO(ECCHOHATBHBIX
CTaHJAPTOB U MACIIOPTOB MPOQeCcCuii, COCTABICHHBIX Ha UX OCHOBE.

ITo 3axa3y III'TY cnenmnanucramu Beaymux npennpustuil rpynnst METUHBECT (ITAO
«MK «Aszoscrams» u ITAO «MMK wum. Wnpuya») co3gaHel BHACODWIEMBI 00 OCHOBHBIX
MIPOU3BOJICTBEHHBIX MPOLIECCaX B pPEaTbHOM BpPEMEHHU JESATENLHOCTH TMOJpa3felieHul, KOTOphIe
CTalld  HEOIICHUMBIM  MCTOJAWYCCKMM MAaKCUMalbHO HWH(GOPMATUBHBIM  MaTCPHUATIOM IS
WCTIONB30BaHUS TIPETOAABATEIIMA Ha YYEeOHBIX 3aHATHUSAX CO CTyOCHTaMH. OTOT TIPOIECC
HETPEPEIBHO PACIIUPSCTCS W COBEPIICHCTBYETCS, OIOJHSACTCS HOBBEIMH BHACOMAaTCpHAalIaMHu,
WCTIONB30BaHUE KOTOPBIX CIIOCOOCTBYET TIOBBINICHHUIO KadecTBa IIOATOTOBKH OaKaIaBpOB
1 MarucTpoB Ha OCHOBE MPO(ECCHOHATBHBIX KOMITETCHITHHA.

Mooenv cneyuanucma c nOaIUAPUAHMHBIM 00pPA306aAHUEM.

VYenemmnsrit BermyckHuk [T TY, koTOpEI 3a 5-5,5 et o0y4eHus (MU MOTYYCHUS TOTHOTO
BBICIIEro 00pa30BaHMs) KpoMe JIBYX 00s3aTeJbHBIX AWIUIOMOB (OakanaBpa, CHELUaIhcTa HIIH
MAarucTpa) o OJHOM CHELHANbHOCTH AOMOJHHUTENBHO IIOMYyYaeT CleRylollue oOpa3oBaTeNbHbIE
JIOKYMEHTBI:

® TUIUIOM MarucTpa 1o CIennalTbHOCTH HHOTO MPOQHIIS;

® JIUIIOM MAarucTpa OJHOTO U3 €BPONEHCKUX YHUBEPCUTETOB;

® CBUJIETEIBCTBO O TOJIydEHHWH pabodeill mpodeccuyu 1o H30paHHOW WM COBEPLICHHO
Jpyroii nmpodeccuu;

e cepTH(UKAT O TONYYCHWH [JONOJHUTEIbHONH IIEJeBOH TIIOATOTOBKM IO 3aKasy
NPEANpUsATHS B NpOeKTax «uikona-BY3-komOuHaT», «MnbudeBckas nepcriekTuBay, «Dapsarep
ycrexa, «[ToIroToBKka BbITYCKHUKOB TEXHUYECKUX CIIEIMAIbHOCTEH B chepe OpraHu3anuy Majioro
U cpeiHero Ou3Heca» | 1p.;

®dakTHYECKHE NOMNOJHUTENBHO IOJIy4aeMbIe CTYACHTaMH INEPCIEKTHBHBIE BO3MOXKHOCTHU
KapbepHOI'0 poCTa:

e yrayOJicHHbIE OCHOBHBIE M JIOTIONHUTEIbHBIC 3HAHUS, YMEHHsS, NPaKTUYECKHE HABBIKU
1 IpodecCHOHATIbHBIE KOMIIETEHIIMH 110 PA3HONPOQHIBHBIM CIIEHAIBLHOCTSIM U CHIEIHAIU3aLUsIM,
TIOJTBEPKICHHBIE COOTBETCTBYIOIMMHU 00pa30BaTeIbHBIMU JOKYMEHTaMH;

® HABHIKM COIMAJIHHOH KOMMYHHKAIIMH, YCIIEIIHOCTH, MOTPEOHOCTH CaMOOOpa30BAHUIO
U CaMOCOBEPILICHCTBOBAHUIO, HOBBIILIEHUIO KBaM(pUKaIIU u nepexBanduKamy,
LIENIEYCTPEMIICHHOCTh M aMOMIIMO3HOCTb, CIIOCOOHOCTh HAaBOAWTb, Pa3BHBaThb W  BBITOJHO
HCTONb30BaTh JIMUHbIE KOHTAKThI U HABBIKU KOPIOPATUBHOCTH;

® OIBIT U HaBBIKM PadOTHI B KOMaHJE, OOIIECTBEHHOI PabOThl, HAYYHOH NESATEINbHOCTH,
KyJbTypHO-KOMMYHHMKATUBHOTO PAa3BUTHUS, AKTUBHOW )KM3HEHHO! M COLIMANBHON MO3ULIUU.

Ipeumywiecmea cucmemovl NONUEAPUAHIMHOCIU UHOUGUOYAIUIAUUU 0OPA30GAHUA:

1. Bo3MoxHOCTH TOIy4eHHS OOpa3oBaHUS M [OUIUIOMOB B pa3HBIX 00pa3oBaTeIbHO-
KBaJTM(HUIUPOBAHHBIX HAIPaBICHUAX (HampuMmep OakamaBp — METAJUTypr, MEXaHUK WIIH
CBapIIMK, »JHEPreTHK W MAarucTp YIpaBJIeHWS HMHHOBAIIMOHHBIMH IIPOEKTaMH,
KOHCONMINPOBAHHOW WH(POpPMAIMK WM COoIManbHOH wHpopMmaTtuku u T.10.). T.e.
COYETaHHE COBEPIICHHO pa3HONPO(WILHBIX YpOBHEH BbICIIEro oOpa3oBaHUs (0a30BOro
U TIOJIHOT0), MTOATBEPKACHHOE TOCYAAPCTBEHHBIMU JUILIOMaMU (pHcC. 3).

2. IlonyueHue mPOYHBIX 3HAHUHM, YMEHHH M TIPAKTUYECKUX HABBIKOB IO JBYM-TPEM
CHELUMATIbHOCTSIM W CIIEUAJIM3aLMsIM, YTO II03BOJMT IIOJIYYHTh XOPOILIyI0 padoTy
U YCHELIHO ABUraThCs O KapbepHOIl JecTHULIE.
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3. ITlonyuenme Kak Tpex TOCYAApCTBEHHBIX JAWIUIOMOB (OakajaBpa, M JBYX JUIUIOMOB
MarucTpa WIM CHEeNuaNicTa) WIM JBYX JUIUIOMOB, IUIIOC CEpTU(HKATa LEeIeBOH
JIOTIOJTHUTEIBHONW TOJATOTOBKM TI0 3aKazy TNpEeNNpHUsTHs, a TaKkKe YAOCTOBEpEHUE
0 paboueii mpodeccun 1o M306paHHOM Wwim Apyroit mpodeccuu (cM. puc. 3).

4. TloBbleHHAs WHTCHCHBHOCTH Y4eOHO-BOCIHMTATENBHOTO IIporecca: 3a 5 jer — 5,5 jer
JIOCTHTAETCS PE3YJIbTAT, KOTOPhI B OOBIYHBIX YCIOBHSAX TMOCICIOBATEILHOTO OOYYEHHs
BO3MOJKEH JIMIIG 3a 6,5-8 JeT.

5. YV BBHIIYCKHUKOB, OOYYalOIIUXCA TIO0 CHCTEME IOJMBApUAHTHOTO 0Opa3oBaHUS
(GOpMHUPYIOTCSL  JIOTIONTHUTENHBIC — MMOJIC3HbIE  KadecTBA — KOMMYHHUKAOEIbHOCTD,
CrocOOHOCTP W MOTPEOHOCTH B €aMOOOpa3oBaHMM M NPOQPECCHOHATBHOM
CaMOCOBEPIICHCTBOBAHHH, CTpEMJICHUH K HWHHOBAIUM, aMOMITHO3HOCTH,
LEJIEYCTPEMIIEHHOCTH W JpyrHe, KOTOpPbhIE CIOCOOCTBOBYIOT YCKOPEHHUIO KapbepHOTO
pocTa.

6. Bo3MOXHOCTH  TOJydeHHs]  BTOpPOro  AMIuioMa  EBpomeilickoro  yHHUBepcHTETa
o «I[IporpaMMe MBOMHBIX TUILIOMOBY (CM. pHC. 3).

7. JlomomHuTENBbHAS IENIeBas IIOATOTOBKA B cepe OpTaHM3aIH MaJloTo OM3HECa.

8. VYruybneHHass s3bIKOBas MOJArOTOBKA IO OCHOBHOMY HWHOCTPAaHHOMY HIIH BTOPOMY-
TPEThEMY UHOCTPAHHBIM SI3bIKAM.

-MATENG ’. {} METIHBECT" @&~/ } .'i

TEMPUS
I Tpaanunowwoe | [ OCHOBHO® W RONONHWTRNLHOE |
m
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—J mm

Puc. 3. Bo3MoXHOCTH MOSTy4eHHsT JOKYMEHTOB 00 00pa30BaHIH B MOJIMBAPHAHTHON CHCTEME
obpazoBanus [IT'TY.

Peanm3anns MHHOBAIMOHHBIX OOpPA30BATEIBHBIX IPOEKTOB C PabOTOAATENSIMHU pPELIaeT
3aJa4M peaju3aliy 0OIerocy1apCTBEHHBIX MPOrPaMM M0 TPYAOYCTPOMCTBY BHIITYyCKHUKOB By30B,
NIPEIOCTaBJICHHUsT TEpBOro pabodero mecra, OOECHEYEHMS] MX YCIEIIHOTO TpyZAa M KapbepHOTO
pocTa.
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VIPABJITHHS CTPYKTYPOIO TA BJACTUBOCTSAMHU KOHCTPYKIIHHAX
CTAJIEHM 3A PAXYHOK XIMIKO-TEPMIYHOI OBPOBKH

Yeiiaax O.IL', KapagaeBa H.€.2
'nrm., mpod., IIATY, Mapiymons, Ykpaina. (cheylyakh_o_p@pstu.edu)
[IATY, Mapiymons, Yrpaina, (NatkaKaravaeva@yandex.ua)

OpxHUM 3 HaHBaXJIMBIIINX 3aBAAaHb CY9aCHOTO PO3BUTKY MAIIMHOOYIYBaHHS € IiABHUIICHHS
SIKOCTi, HaJIMHOCTI 1 OBIOBIYHOCTI JieTaneidl 1 By3iiB pi3HMX MaliuH 1 MexaHi3miB. EdexruBne
BUpINIEHHS Ii€i aKTyalbHOI MNpOOJEeMH MOMIIMBE 3a PAaXYHOK CTBOPECHHS MOMIIMBOCTEH
KOMILUICKCHOTO BIUTUBY OO'€MHHMMH 1 MOBEPXHCBUMH METOAaMH (OPMYBaHHS Ta 3MIiHH CKIIAdy,
($ha30BO-CTPYKTYpHOTO CTaHYy Ta METAcTaOUIBHOCTI CTPYKTYpPH CTaJeBUX BHPOOIB  uis
KOMIUIEKCHOT'O 3MILIHEHHSI Ta ITiIBUIIEHHS KOMIUIEKCY BJIACTUBOCTEH.

JAnst ounieHHs IpiOHUX BUIIMBKIB IIMPOKO 3aCTOCOBYIOThH IPOOEMETHI anaparyu nepiofgndHoi
nii. [Ipame3naTHiCTh IUX MAIIMH BU3HAYAETHCS B OCHOBHOMY 3HOCOCTIMKICTIO pOOOYHX OpTraHiB, sKi
BiUyBaIOTh iHTCHCHBHUH yIapHO-aOpa3uBHUH 3HOC.

Metoro nmaHoi poOOTH € BHBYCHHS MOXKJIMBOCTI HiABHINCHHs BiIactuBocTed crami 2001
IIJIIXOM TTOBEPXHEBOTO 3MIITHEHHS.

3pazku crami 20IJ1 posmipom 10x10x25 MM migmaBamucst IIEMEHTAlii y TBEPAOMY
kapOropu3zatopi 3 BuTpuMKor 10 romuH mpu temmneparypi 930 °C, rapTi B Macio Bix pi3HHX
temnepatyp B intepBaii 800 — 1150 °C 1 ausbkomy Bigmycky mpu 200 °C.

[Micnst rapry 3 temneparypu 780 °C, peKOMEHIOBaHOI JOBIAKOBOK JITEPaTyporo,
MOBEPXHEBUI MIap CKJIAJA€ThCS 3 BUCOKOBYIJICIIEBOTO MApTEHCHTY 3 JPIOHUMM 4YaCTHHKaMHU
KapOi/liB i HEBEJIMKOI KIJIBKOCTI 3aJIMIIKOBOIO ayCTEHITY (A,,,). [To Mipi migBUILEHHS TeMIeparypu
HarpiBy mig rapt a0 980 °C KiUIBKICTh 3aJMIIKOBOrO ayCTCHITY B IIOBEPXHEBOMY IIapi 3pOCTae,
a KUTbKICTh MapTEHCUTY 1 KapOi/liB 3MEHIITY€THCS.

Micna rapty 3 Temmeparypu 1080 °C wmikpocTpykTypa Oinsd TOBEpXHI sBIsE CO00IO
JpiOHOAMCIIEPCHUI MAPTEHCHT, 3ATHIIIKOBHH ayCTeHIT 1 KapOiau. [1igBUIIEHHS KiTbKOCTI ayCTEHITY
MIPU3BOINTS JI0 3HIDKEHHS piBHS TBepaocTi (3 60 mo 43 HRC).

Haii0inpIm BHCOKI TMOKAa3HUKH BiHOCHOT 3HOCOCTIMKOCTI, PH BUIPOOYBaHHSIX HA YIapHO-
abpa3uBHE 3HOIIYBAaHH:, OTpUMaHi Ha 3pa3kax micis rapty npu 1080 °C i Biamycky npu 200 °C. Le
MOSICHIOEThCSL OTPUMAHHSIM HaWOIIbLI JUCIIEPCHOT CyMillli MapTeHCUTY TapTy, LEMEHTHUTY
i MeTacTabinbHOTO A,,,. PeHTreHoCcTpykTypHHH (ha30BH aHANI3 HUX 3pa3KiB MIOKa3aB, IO MPUPICT
KUTBKOCTI MapTeHCUTY nedopmamii nmpu npomy pocsrae ~40 %., CriBBiJHOIIEHHS IHTEHCUBHOCTEH
PEHTIeHIBCHKHX JiHIH aycTeHITy (y-¢a3u) i MapTeHCcHTy (0-(ha3u) Ipu 3HOIIYBaHHI 3MIHIOETHCS Ha
KOPUCTh MapTEHCHUTY.

[Ipu mocnimkeHH] 3HOIIEHOI TTOBEPXHi 3pa3KiB 3a JOMOMOTO0 cKaHyodoro 3D mikpockomna
Digital microscope VHX-1000, oTpumaHuii peibed NOBEpXHi MiATBEPHXKYE 3MiHH BiIHOCHOI
3HOCOCTIMKOCTI. Bincranp Mixk MakcMMyMOM i MiHIMyMOM IO TJIMOMHI 3HOIIEHOI MOBEPXHI NpH
yllapHO-a0pa3sMBHOMY 3HOIIYBaHHI 3pa3KiB HaWOinbmia micns rapry 3 Temneparypu 780 °C
i cranoButh 121,4 MKM, a HaiiMeH1Ie - micas rapty 3 Temneparypu 1080 °C - 61,7 mxwm (puc. 1). Le
CBITYMTH Npo OinblI AU epeHniHoBaHIi BUOIPKOBOCTI 3HOCY CTPYKTYPH 3 IMiJBHIIEHOIO KUIBKICTIO
Az, HDK MApTEHCUTHO-KapOiTHO-ayCTEHITHOT CTPYKTYPH.
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sy!2 1.4 9m

Puc. 1 - TloBepxHs 3pa3kiB 3 nemeHToBaHHOI ctaimi 20I'J1 micns BUmpoOyBaHb Ha yJapHO-
aOpasuBHe 3HOIIYBaHH:A. ['apT 3 Temmnepatyp: a) 780 °C; 6) 1080 °C (Bimmyck 200 °C).

[lpoBeneno  BupoOHHMYI  BHIpPOOYBaHHA  JiomaTed  APOOOMETHHX  YCTAaHOBOK,
TepMOOOPOOICHUX 32 HOBOIO TEXHOIOTi€0 B yMOBax ITAT «A3oBmarn». AHasi3 3HONMICHHUX JIOTATEH
MIOKa3aB, IO JIOMATi, TePMOOOPOOIICHI 0 HOBOMY PEXHMY MAalOTh TepMiH ciyx0u g0 90-96 rox,
o B 3-4 pa3u OUIbIe, HiXK TEPMiH CITy>KOH JIOTIaTeH, 0 3aCTOCOBYIOTHCS Ha BUPOOHHIITBI.
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DEVELOPMENT OF NEW DISCIPLINES WITH THE AIM OF INPROVING THE
PROFESSIONAL COMPETENCE OF STUDENTS

Karavaieva N.E.
PSTU, Mariupol, Ukraine, (NatkaKaravaeva@yandex.ua)

Nowadays competent professionals (“the yuppies”), capable of quick adapting to new dy-
namic social and economic conditions are becoming increasingly popular. Employers are getting
increasingly interested not so much in the qualification of their employees but in their competence,
ability to work in a group, initiative, ability to cope with various life and professional situations.
Competence approach and its demands to other components of the educational process - the content,
methods, teaching techniques, the organization of the pedagogical process. In the context of modu-
lar competency approach within a single module is integrated development of skills and knowledge
through the formation of specific competences, which provides the performance of a specific job
description that reflects the requirements of the labor market.

When studying the content of the discipline it is necessary to demonstrate application of the
acquired knowledge to perform certain practical actions to address the problems arising in the pro-
cess of studying other disciplines of general and vocational modules, as well as the problems that
may arise in the professional activity

Computer tools are crated at present to conduct training courses.

The growing interest in computer training is attributed to the emergence of multimedia tech-
nology, as well as the development of means of communication, the Internet. Multimedia learning
more and more firmly part of our lives. More and more people learn the power of the Internet for
their personal purposes.

For delivering lectures application of electronic presentation of Microsoft PowerPoint for-
mat, consisting of a set of slides seem to be convenient. The basis of these lectures is a set of elec-
tronic slides that is transmitted onto the screen as graphical information. Students are interested in
colorful visual images, they learn the material faster and better remember the content. In presenting
the material with the help of electronic presentation during lectures and workshops is effectively
used. The teacher does not have to represent the solution to a problem on the blackboard, because
the whole sequence of decisions can be placed on separate slides. Also this method is useful in ex-
plaining the engineering process. You can demonstrate to students the process heating, mechanical
processing, or the structure of the metal. The cooperation with enterprises and an opportunity to
show students in on-line operation of individual departments (eg, steel, cast iron, rolling production,
the implementation of the thermal treatment, etc.) seems to be very promising. In addition, the
slides can be replaced by posters with the image of the table with enough volumetric image infor-
mation for defense of the graduation projects. Using a computer in the classroom greatly facilitates
the work of the teacher, saving much time. Unlike traditional types of visual aids, electronic presen-
tations can be used not only in the process of delivering lectures, but also to offer students electronic
media, which can be installed on a dedicated server for the institution of free access to students.
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FEATURES OF TEACHING OF MATERIALS SCIENCE AT THE TECHNICAL
UNIVERSITY OF MARIUPOL

Ryabikina M.A.
Ph.D., Docent PSTU, Mariupol, Ukraine, (maryna.ryabikina@mail.ru)

The material sciences and engineering program aims to study the relationships between the
chemical compositions, structure and properties of a materials and how it is made.

Pryazovskyi State Technical University (PSTU) is a Partner of the Catholic University of
Leuven (Belgium) under the Tempus project MMATENG (Modernization of two cycles (MA, BA)
of competence based curricula in Material Engineering according to the best experience of Bologna
Process). The name of discipline at the department Metallurgy and Materials Engineering at KU
Leuven is “Basics of material science incl. fatigue behavior”. Students (BA) learn the discipline
in the 3rd semester (3 credits ECTS, 42 contact hours and 32 individual hours). The aim of the
course unit is to give students knowledge about:

- the different classes of materials (metals, polymers, ceramics and composites);
- their principle properties;
- the way in which the material composition and microstructure affects these properties.

To manage this information, the engineer must have insight in the relationship between

the composition, microstructure of a materials and their mechanical properties, including fatigue.

- Stress, strain, stiffness;

- Elastic behavior, plastic behavior;

- Test methods for time independent behavior: tensile test, compression test, bending test, hardness;
- Failure of materials;

-Time dependent mechanical behavior including fatigue behavior.

At the department of Metal Science and Heat Treatment of Metals (PSTU), students study
the Material Science in the 4th semester. The volume of the discipline - 6 credits (1 credit - 36
hours), 102 contact hours and 114 hours — the individual work of students, oral exam. The main
themes of discipline are
Chemical bonding, crystal structure, amorphous structure;

Lattice defects (point defects, dislocations, grain boundaries);
Study of the microstructure (samples preparation, microscopy);
Thermodynamics, Gibbs phase rule, the binary system, the eutectic;
The phase diagram of Fe-C (steel, cast iron);
Phase transformations, the basics of heat treatment (quenching);
surface phenomena and reactions;
o The mechanical properties (elastic and plastic deformation, tensile test-
ing, hardness, fatigue behavior, destruction);
o Light metals;
o Polymers, glass and ceramics;
o Composites: dispersed, fibrous;

Laboratory experience is an important part of the program and emphasizes micro-structural
characterization using optical and electron microscopy and x-ray diffraction, materials processing,
determination of the physical and mechanical behavior of materials.

Due to the characteristics of the region - the presence in Mariupol of 2 steel giants “Azovstal
Iron and Steel Works”, “Ilyich Iron and Steel Works” and manufacturing machine complex
“Azovmash” we focus on the study of metals. Graduates of the department subsequently become
employees of these enterprises. In addition to Materials Science bachelor study Metallography — 4
ECTS (total — 144 hours), 72 contact hours and 72 hours — the individual work of students, exam is

O O O O O O
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in 5" semester and Mechanical properties and structural strength of materials — 5,5 ECTS, 68 con-
tact hours and 132 hours — the individual work of students, exam is in 6" semester.

Our students beginning to study the structure of metallic and non-metallic materials, and then
the mechanical properties of materials and test methods

It was very interesting for me to get acquainted with the methodology and logic of lectures
Dr. Jan lvens, ing. Chris Peeters “Basics of material science (BA)”, KU Leuven. Topics, which
aroused the greatest interest:

-Introduction of the mechanical behavior of materials;

-Static behavior of metals, ceramics and polymers;

- Industrial materials testing;

- Ductile fracture.

I am looking forward with confidence. And I don’t doubt about the success of the Tempus
project MMATENG and its usefulness in teaching students at the department of Metal Science and
Heat Treatment of Metals of Priasovskiy State Technical University.
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CAPABILITIES OF «CES EDUPACK 2014» SOFTWARE IN TEACHING OF STUDENTS
IN <MATERIALS ENGINEERING»

Efremenko V.G.
D.Sc., Prof. PSTU, Mariupol, Ukraine, (vgefremenko@mail.ru)

«CES Edupack 2014» software is a product of company «Granta Design». This software ap-
peared in the universities of Ukraine due to the implementation of the international project
MMATENG for reform of curriculum in Materials Engineering. Starting from 2015, this software
began to apply in four Ukrainian Universities (Priazovskyi State Technical University, NTU «KPI
NTU», NTU «Lviv Polytechnics», Lutsk NTU) in the educational process of training students in
«Materials Engineeringy. It is an informational and computation basis of the new subject «Selection
of Materials», introduced into the adjusted curricula. It should be noted that the CES Edupack de-
veloped on the basement of fundamental works and with personal participation of Cambridge Uni-
versity Professor Michael Ashby which is world known in the field of Materials Science.
It underlines the high scientific and methodological level of CES Edupack software product.

Besides to direct use in the curricula’s discipline «Selection of Materials», CES Edupack
gives ample opportunities for training of engineers in the field of Materials Science. The structure of
this software environment is a complex database on materials, technologies for their production and
processing, as well as the environmental consequences of their use. Each of these databases can be
successfully applied as a reference in teaching and learning (students) of various specialized disci-
plines in Materials Science, connected with features and properties of special steels and alloys, non-
metallic materials, ceramics, composites etc.

CES Edupack’s database includes 3921 materials, divided into four groups: Ceramics and
Glasses, Metals and Alloys, Polymers, Hybrids (Composites, Foams, Honycombs, Natural Materi-
als) (Fig. 1). Each of these groups is represented by several subgroups with deeper dividing of mate-
rials’ base, by alloying system, by the content of various additives, etc. For individual materials the
comprehensive information on their chemical composition, properties (physical, mechanical, ther-
mal, electrical, optical, magnetic, durable (specific for each material)) are provided. This allows to
apply CES Edupack as a convenient electronic directory for the various types of training activities,
including term and theses projection. Referring to these database will help to broaden teachers and
students' understanding of on available materials, their properties and fields of use. Above men-
tioned data allow students to get an overview of the world of materials and their role in modern life.

li is important to highlight, that among the above information, we can find the average cost of
the materials, which makes it possible to compare the cost-effectiveness of the usage of different
materials having similar properties. It is notable, that the information about labeling similar materi-
als presented in various national and international standards is included in CES Edupack. This in-
formation may be useful for specialists in the field of standardization, working at metallurgical and
engineering enterprises.

The modern engineer has to be an ecologically minded person. An important feature of the
training of engineers in world-leading universities is increasing attention to the coverage of the en-
vironmental consequences of producing, exploitation and processing of various materials.
In databases CES Edupack the summarized information regarding the average specific embodied
(in production) energy and on the amount of energy greenhouse gases emitted and water consumed
is presented. Also the possibility of recycling and life cycle of a material are analyzed in databases.
This information allows Ukrainian teachers actively implement environmental components
in teaching of various disciplines of Materials Science.
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Fig. 1. Starting window for selecting the base group of material among “Material Universe”

For each of the types of materials CES Edupack provides background information on the var-
ious types of testing methods for definitions of specific properties (including performance character-
istics). It is given in the form of separate articles (windows) with a comprehensive graphic and text
materials, which can be widely used in the independent work of students with the disciplines such
as, for example, «Mechanical Properties» and «Physical properties».

It is noteworthy that CES Edupack proposes the complexes comprehensive information about
technologies for production and processing of various materials. All the processes are divided into
three groups: «Joining Processes» (59 titles of processes), «Shaping Processes» (138 titles), «Sur-
face Treatment» (53 titles) — totally - 250 items of technology processes. For example, the directory
“Surface Treatment” is divided into four subdivisions: “Heat treatment and ion implantation”,
“Painting and printing”, “Polishig / etching / working / texturing” and “Surface coatings”. The last
one is presented by several technologies such as: “Chemical conversion coatings”, “Cladding”,
“Planting and metal coating”, “Polymer powder coating”, “Thermal spraying” and “Vapor process-
es”. Some of these technologies are presented more comprehensive by subtechnologies like (in later
case) “CVD process”, “PVD plating”, “PVD sputtering”. All this information can be used in teach-
ing of «Materials Technologies», «Technology of Heat Treatment, Chemical Heat Treatment, and
Thermo-Mechanical Treatment of Metals and Alloys», «Perspective Strengthened Technologies of
Materials Treatment» and so on. As well as it can be applied in the performance of course and di-
ploma projection. These data are of interest for industrial engineers and can be used during training
sessions.

For each of the technologies high quality graphic images of the process are given (Fig.2);
the data about its purpose, process parameters, physical parameters of the finished product (surface),
economic indicators (process time, the cost of using equipment and tools, work intensity)
are provided.
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Fig. 2. Schematic drawing of plasma-arc spaying process

Another area of CES Edupack application in the teaching process is scientific and research
work of students. CES Edupack’s data can be used as the basis for the selection of materials, for the
optimization of their chemical composition and structure, for proper selection of parameters of vari-
ous technologies of their processing. For example, we need to select abrasive wear resistant alloy
for high temperature application. For preliminary evaluation the database “Cast irons” can be used.
In this database we can find the information of seven high-chromium cast irons with Cr content var-
ying from 11 wt% till 28wt% which covers the most important range of these alloys. For each of
cast irons the information about maximum service temperature is presented in supplementary table.
Using this data we can build the chart “Chromium content — maximal service temperature” shown in
Fig.3. This Figure will help to solve the task of proper selecting of cast irons’ chemical composition.
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Fig. 3. The effect of Cr content on maximal service temperature of high-Cr cast irons (based
on “Metals and Alloys” database)

The same procedure can be done, for example, for the selecting of cast irons having higher
corrosive resistance in strong alkalis. For this purpose we can use the data concerning high-Cr cast
irons, low- alloyed cast irons and Cr-Ni cast irons. The evaluation of values attributed for different
alloys let us to resume that the best choice is Cr-Ni cast irons alloyed by 8-10 wt% Cr and 4.5-6.5
wt% Ni.
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The examples and features mentioned above don’t limit the capabilities of CES Edupack
2014 which can be used for mastering of Material Science related disciplines. That is why teachers
should extensively explore this software in purpose to increase its outcome for higher teaching
standarts.
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ON THE POSSIBILITY OF USING OF DIFFERENT ROLLED SHEET STEEL FOR
MANUFACTURE OF RAILWAY TANKCARS-CONTAINERS

Gavrilova V.G.}, Gogol A.B.?, Rusetsky V.A.?
ph.D., Docent PSTU, Mariupol, Ukraine, (victoriyal961@mail.ru)
ZChief of stamping laboratory NIOMET «Azovzagalmashy forge, Mariupol, Ukraine
3Ph.D., Docent PSTU, Mariupol, Ukraine

To create recommendations to improve the metal quality for the manufacture of railway
tankcars-containers in this article an investigation of samples of different groups of steel was per-
formed, such as groups made by standards E36, EN 10025-3,4 S460ML and 9MnSi5-14, made in
accordance with GOST 5520-79, chemical composition of which varies like melted by GOST
19281-91, but their structure is composed additionally of vanadium and niobium (Table 1).

The main problem in the manufacture of tank-containers is that these constructions are made
by welding the body with bottoms, made by hot stamping. During heating for stamping the steel
empact elasticity and fluidity are reduced significantly, that leads to crack formation. Moreover,
after tank-containers parts welding the material is in a tense state. So, it is necessary to select the
optimal way of heat treatment, which will minimize the disadvantages of the preliminary thermo-
mechanical processing.

The expediency of research was justified by the comparative testing of the sheet steel sheet,
manufactured by thermomechanical and normalizing rolling in order to determine the possibility of
their application for the production of tank-containers.

Initial state of rolling envisages the delivery condition, that is after thermomechanical (con-
trolled) or after normalizing rolling, depending on the technology of sheet metal manufacture of
companies- suppliers. Figure 1 shows the modes of controlled (a) and normalizing (b) rolling.

The expediency of research is substantiated by comparative tests of steel, sheets manufac-
tured by thermomechanical and normalizing rolling methods, made in accordance with the standards
E36, EN 10025-4 S460ML, 9MnSi5 with the objective of determining the opportunity for their use
for manufacturing parts of Railway cars.

The study of macro, microstructure and mechanical properties of high strength shipbuilding
steel E36 after various modes of heating in the range 920-980 °C showed high values of strength
properties and unsatisfactory results of values of impact energy at temperatures below 930 °C due to
significant banding structure, while at higher temperatures - due to rapid growth of grains. Thus, the
use of such rolled steel for stamping railway tanks bottoms at temperatures 950-980 °C is not advis-
able.

In tests of steel samples, made in accordance with the EN10025-4 S460 ML standard, it was
determined that by their heating to stamping temperature (normalization) impact resilience is re-
duced, therefore, the use of such steel for containers, working under pressure, is not recommended,
either.

Comparison of mechanical properties of steel 9MnSi5 of different heats showed that after
the initial thermomechanical rolling the mechanical properties of this steel did not meet
the requirements of GOST 19281-91 and customer’s requirements, according to which, the amount
of impact energy must be not less than 27 J across rolled steel and 41 J along the rolled steel. Heat-
ing for stamping after thermomechanical rolling also does not provide the desired results. Optimal
toughness values obtained after normalizing rolling and heat heating for stamping of heat samples
into which additional microadditives of vanadium and niobium were introduced.
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Fig. 1. Schemes of the modes of investigated steels thermomechanical treatment: a- thermo-
mechanical (controlled) rolling: t,,-1150-1220 °C, t;,.= Acs-Acs; b- normalizing rolling: t,,-900-
950 °C, t;,.= Acs-Ac,

Table 1- The chemical composition of the investigated steels and their check for compliance
with the requirements of GOST 19281-91 (GOST 5520-79)

The content of alloying elements, % of weight

Type of
steel
C Mn | Si S P Cr Ni Cu Al Ti Nb | V| Ca
Require- 0, No more than
ments of < 13- | 5- - - -
GOST 012 | 17 | 0, | 0,040 | 0,035 | 0,30 | 0,30 | 0,30 | 0,05 | 0,03
19281-91 8
9MnSi5 011 | 151 |0, |0,023 |0015 | 0,06 | 0,07 |009 |001 |0,01 - - -
52 2 1
9MnSi5- 0,10 | 1,58 | 0, | 0,009 | 0,018 | 0,04 | 0,02 | 0,04 | 0,03 | 0,02 | 0,05 | O, | 0,00
14 69 1 5 05 | 15
S460ML 0,18 | 1,70 | 0, | 0,020 | 0,025 | 0,30 | 0,80 | 0,55 - 0,05 | 0,05 | O, -
60 12
E36 0,18 | 150 | 0, | 0,007 | 0,016 | 0,08 | 0,04 | 0,03 | 0,03 - 0,02 | O, -
3 6 5 04

At manufacturing of bottoms of tank cars by hot stamping the stamping, temperature must be
within the range of 930-950 °C. In case of temperature excess above it there is the yield strength
reduction up to 360 MPa and a tensile strength reduction up to 520 MPa.

Tempering of steel 9MnSi5 after heating for stamping at temperature 580-620 °C slightly re-
duces the strength characteristics, but they remain high enough and meet the requirements of the
standard. At the same time, impact work after tank cars launching is increased by 3-6 J. To remove
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the common tension in the metal of car’s boiler tempering at 580-600 °C is required. The results can
be applied for developing the technology of thermal strengthening of boilers or containers of rail-
way tank cars. Increasing of the mechanical properties of steels used in the manufacture of these
constructions will reduce the thickness of the sheet for the manufacture of shells from 22 to 18 mm
and the bottom of the boiler from 18 to 16,8-16 mm, reduce the overall weight of the container
without reducing cargo capacity, and reduce the consumption of the metal.
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ANALYSIS OF THE ENERGY ABSORBING PROPERTIES OF COMPOSITE
MATERIALS USED IN TRANSPORT

Gavrilova V.G.}, Karavaieva N.E.?
ph.D., Docent PSTU, Mariupol, Ukraine, (victoriyal961@mail.ru)
ZEng., PSTU , Mariupol, Ukraine, (hatkakaravaeva@yandex.ua)

One of the most important properties of composite materials used in structural elements
of automotive and wagon building, is the ability to dissipate energy impact in a collision, while
lowering risk of injury to passengers.

Metal structural and traditional plating does not provide the ability of performing this task.
Composite materials capable of absorbing large amounts of energy during impact and minimally
deformed, while, in the amount of force it is constant during their destruction or has small fluc-
tuation s. In structural materials there is no elastic deformation phase, like metals and main pro-
cesses determining the absence of elastic deformation are cracking, fiber tear, destruction of
matrix detachment from the matrix of reinforcing fibers and bundles. Thus, the macro- and
microstructure of the composite material promote absorption of impact energy.

To keep the high-speed, high-energy impact of varying intensity composite materials formed
by polymerizing resins and reinforcing laminate of woven fabrics with are frequently used particular
fibers in the form of fiberglass and carbon fabric (carbon-fiber, carbon-Kevlar, Kevlar).

The analysis of investigations performed by different authors and the results of tests of
composite materials made by polymerizing resin and a reinforcement of fiberglass and carbon
fabric showed that the greatest strength and impact resistance has a composite based on carbon fab-
ric. The specific energy absorption does not depend on the speed of impact and the mass of the ob-
ject. The process of destruction of composites, FRP has a wavy character due to large deformation
zones, energy absorption occurs with a large amplitude. When you break the fiberglass fiber energy
absorption is minimal. More stable rates of destruction show composite materials made from carbon
fabric. The amplitude of the energy absorption is less pronounced than in the destruction of compo-
sites, glass reinforced plastic (Figure 1).

The tests at shock loads showed that the carbon fabric reinforcement provides the best results
in specific absorption of energy (60+62 J/g), whereas the specific energy absorption of fiber-
glass reinforcing materials is in the range of 18+34 J/g..

Holding high-speed impact of various carbon-fiber weave fibers provided a comprehensive
mechanism of inhibition of growth of cracks:

1) creation of barriers to crack; involving complex interactions in the redistribution of stress-
es between the fibers and structural elements of the interface area; branching cracks predominantly
in the axial direction.

2) blunting the crack tip due to the multistage relaxation processes;

3) low sensitivity to stress concentrators fibers.

Energy exchange between the two fracture systems arises from the fact that the cleavage and
slip limiting structural fiber elements with respect to each other, the fiber acts as a part of the matrix
up to the point of discontinuity fragment.
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Fig. 1. The nature of the destruction of composite materials reinforced with fiberglass
and carbon fabric.

Thus, macro- and microstructure of the composite material helps absorb impact energy.

Materials reinforced with carbon plastics can be used for indoor decoration of cars, cov-
ering of car seats and salons as a material that provides high specific strength and the best per-
formance of passive safety.
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THE MODERNIZATION OF THE COURSE «PHYSICS AND CHEMISTRY OF SOLIDS»
PROGRAM

Grigor'eva M.A.", Rusetsky, V.A.2
ph.D., Docent PSTU, Mariupol, Ukraine, ( mariya.grigoreva.51@mail.ru)
2ph.D., Docent PSTU, Mariupol, Ukraine. (belochka_1946@mail.ru)

Specificity of training in the field of «Metallurgy and heat treatment of metals» in PSTU is
carried out according to the curriculum, where in addition to the natural sciences there are cycles of
general technical and special disciplines, so the learning process is based on the interdisciplinary
relationships, which contribute to the successful mastery of professional knowledge and skills.
The formation of informative and creative activity of the future experts is based on an integrated
approach that combines fundamental (natural sciences) and general technical education, that in
focus on the identification of the essential principles and relations of production processes leads to
a holistic education. The lack of community of methodical and methodological units leads to a self-
teaching of academic subjects without tracking logic-substantive links between the general technical
and special disciplines, which should be aimed at solving the problems of our time.

Continuously increasing demands on the properties of materials cause the necessity of
advanced development of scientific research in the field of materials engineering. Modern materials
science as the science of the structure and properties of various materials, is significantly upgraded
by integrating of solid-state physics, chemistry and technology of inorganic materials, mechanics of
deformed body and nonlinear fracture mechanics. All materials "live", change its structure and
properties during their preparation, manufacture details from them and their further use. Therefore,
the current direction of materials science should reflect the direction of the microstructure to the
physical and mechanical properties, taking into account the evolution of the microstructure and
properties of materials during process of their use. Last time there is a trend of more and more rapid
transition of different researches from the science-research sphere to industry. Not last place in this
regard is occupied by pellicle technologies. Thin pellicles had widespread use in microelectronics,
computer science, materials for various sensors, etc. The uniqueness and difference in the
mechanical, electrical, magnetic, optical and many other properties between the thin pellicles and
bulk samples were the basis of their use in various fields of science and technology.

Department «Metallurgy and heat treatment of metals» of Priazovskyi State Technical
University collaborates with leading European universities in the framework of Tempus
MMATENG project in direction «Modernization of two cycles (MA, BA) of competence-based
curricula in Material Engineering according to the best experience of Bologna Process». Therefore,
significant changes on a number of disciplines, including the course «Physics and Chemistry of
Solids» have been conducted at the department in the working plans of training specialists. This
course is taught in the size - 5 ECTS credits, including: 34h. of lectures; 34h. of practical lessons
and 112h. of independent work. The program of discipline includes such topics: the electronic
structure of metals; interatomic interaction forces in solids; atomic-crystalline structure of solid
solutions and metal phases; diffusion in metals and alloys. Section of diffusion is expanded with
module «Thin Films in Energy Saving Technologies», in which the processes of the interaction of
atoms of neutral particles from the substrate surface are studied: «Potential and kinetic electron
emission of neutral particles by reacting of neutral particles with the substrate surface». «Adsorption
of the neutral particles falling on the surface». «The analysis of the potential curves of adsorption».
«Nuclear implantation and potential curves of adsorption». «The process of nucleation
and mechanisms of pellicles growth on substrates». «Embryonic growth mechanism of Volmer-
Weber». «Layered growth mechanism (the mechanism of the Frank - van- der - Merwe)». «Spiral
growth mechanism of Stransky — Krastanov». Methods for preparing pellicles are: chemical



40

International Scientific-Methodological Conference «How to teach material sciences:
new approaches and experiences from the MMATENG project»

sedimentation from vapor phaze; physical sedimentation from gaseous phaze and plasma
technologies of thin pellicles making.

It should be noted that the module is provided with teaching materials: lecture notes;
methodical development for practical training and methodic manuals for independent work.
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DEVELOPMENT OF THE “DOCUMENTATION”- STAGE OF THE “MATERIAL
SELECTION” APPROACH

Tkachenko I.
D.Sc,, Prof., PSTU, Mariupol, Ukraine, (ift955@gmail.com)

“Material Selection” is widly used approach for choosing a material among the currently ex-
isting ones to make a product with required combination of various pairs of properties.
The approach consists of several stages finishing of which is called “Documentation” and requires
searching as full property data as possible for a candidate material of a previously selected material
family. The searching is proposed to do by using the relevant data bases in various types of sourses
in literature, internet etc. Unfortunatly, some problems arise on the stage:

= Large number of relevant industrial material grades

= Inevitable statistical scattering of each property characteristic

= Unknown the real statistical scattering ranges for materials of some producers

= Overlapping the scattering intervals of one-type property characteristics for different mate-
rial grades

= Unpredictable scattering of some property characteristics due to:

- different kinds of embrittlement (metalic alloys, polymers, composites)
- synergetic effects of numerous technological parameters
¢ Undefined reliability of a finally choosen material
Proceeding from the above, an objective, scientifically grouded choice of an optimal highly re-
liable material is difficult.
As a way to solve the problems, the use of the developed computer statistical approach for
each material family is proposed. The approach consist of the following stages:

» Revealing technological parameters making statistically significant effects on each materi-
al property characteristic distribution

« Elaboration of the regression models and forecasting the frequency distributions

» Computer modeling of the joint and separate effects of technological parameters on statis-
tical distribution of each property characteristic

» Multipurpose optimization of the parameters for obtaining guaranteed with necessary con-
fidence probability combination of properties

Using the approach, different existing data bases for various material families may be treated
to obtain the corresponding highly adequate regression models. Such models give quantitative de-
scription of the influences of technological parameters on the controled performance characteristics
and may be used further to search the parameters values providing the requiered statistical distribu-
tion for each property characteristic. So, not only a potential property values but also the reliability
of a candidate material grade can be evaluated quantitatively.



42

International Scientific-Methodological Conference «How to teach material sciences:
new approaches and experiences from the MMATENG project»




43
International Scientific-Methodological Conference «How to teach material sciences:

new approaches and experiences from the MMATENG project»

MULTIPURPOSE OPTIMIZATION AS A KEY STAGE OF A MATERIAL
SELECTION PROCESS

Tkachenko I.
D.Sc,, Prof. PSTU, Mariupol, Ukraine , (ift955@gmail.com)

Most of modern industrial materials has to meet a number of technical, economical, ecological
etc. requirements in order to be used effectively at a given exploitation, manufacturing, waste utili-
zation etc. conditions. Besides, an important role in providing the effectiveness is played by the
reliability of a material. Therefore, according to the basic mathematical statistics principles,
a comprehensive performance characteristic of an industrial material has to be a multidimensional
(vector) function that provides taking into account the inevitable statistical scattering. Evidently,
that looking for an extremum of such a vector function by means of a multipurpose optimization
technique can only give a best material of choice.

An approach to realize the strategy is proposed based on computer statistical revealing, Mon-
te-Carlo modeling, prediction and multipurpose optimization of multi-dimensional material produc-
tion conditions. The aim of the approach is to provide guaranteed with necessary confidence proba-
bility exceeding of technical (economical, ecological etc.) requirements to all controlled quality
(economical, ecological etc.) characteristics.

The proposed approach was successfully used in industry to improve the quality of large scale
rolled industrial products made of high strength multi-element alloy steels with using multi-
parameter treating technologies.

The main capabilities of the developed computer statistical approach are:

«  Comparing quantitatively performance levels reached for different products or technologi-
cal processes with taking into account the statistical scattering

« Revealing production technology parameters giving statistically valuable effects on each
quality characteristic with further Monte Carlo modeling of the parameters joint and separate ac-
tions

«  Applicability assessment of new developed materials or technologies prior to their use
in industry

* Revealing possible effects of real manufacturing conditions on industrial product perfor-
mance which cannot be specified in laboratory conditions especially for multi-element (alloying and
impurity) materials with multi-parameters treating technologies

«  Specifying production technology parameters providing the guaranteed with necessary con-
fidence probability exceeding of technical (economical) requirements to all controlled quality (eco-
nomical) characteristics.

Nowdays, the basic elements of the approach are being tought to graduate students in Materials
Science Department of Pryazovsky State Technical University.
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QUANTITATIVE PREDICTION OF PHYSICAL AND MECHANICAL PROPERTIES OF
METALLIC SOLID SOLUTIONS BASED ON THE ATOM ELECTRONIC PARAMETERS
OF THE COMPONENTS

Tkachenko K.
PhD, Ass.Prof. PSTU, Mariupol, Ukraine , (kostyantynt@gmail.com)

Mechanical and physical properties of materials determine their performance particularly
at elevated temperatures. So, forecasting the properties for metallic solid solutions in wide tempera-
ture range is a key stroke in design of alloys with specific elastic, thermal expansion, heat resistance
etc. characteristics. One of the possible ways for solving the problem is the quantum mechanic “first
principles” calculations. Due to the strong limitations of such approach, especially for practical ap-
plications, more realistic is quantitative prediction of the solid solution properties based on the elec-
tronic structure parameters of the atoms.

The proposed approach is realized by elaborating regression models, describing inevitable,
physically based ties between various characteristics of the same object. The highly adequate re-
gression models were developed for some electron concentration parameters of pure metals and
their basic physical property characteristics: sublimation energy, Young modulus, melting energy
etc. Using further the known “mixture” rule the relevant physical and mechanical properties for
a dilute solid solution may be calculated.

One of the main advantages of the developed approach is physical grounding the well
known models of solid solutions: quasi-chemical theory, regular solutions theory etc. that improve
understanding the relations between chemical composition, structure parameters and properties of
materials.
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IMPO HEOBXIJHICTB BITPOBA/UKEHHS JUCHUITIJITHUA «MATEPIAJIN 13
TMTOHOBJIOBAHUX PECYPCIB» B HABUAJIBHI ILTAHU YKPATHCHKHX BY3IB

B. 1O. IBamienko
K .1.H., nonent, [Ipua3zoBcekuil nep>kaBHUNA TEXHIYHUN YHiBepcuteT, Mapiymnons, Ykpaina,
(gazetaxronos@gmail.com)

Cramuii eKOHOMIYHHMH pPO3BHTOK Tependadae po3IMUpeHHS c(epr BUKOPHCTaHHA
TIOHOBJIIOBAHUX pecypciB. 301UMbIICHHS HAaceJNEHHs IUIAHETH 1 3pOCTaHHS OOCSTIB CIOXXKUBaHHS
BEAYTh HAac 10 HEOOOPOTHOTO BHCHAXKCHHSI HEBITHOBIIOBAHUX PECYpCiB (KOPHCHI KOMAIMHH, 3eMIIi
rOCIOJIaPChKOTO TpH3Ha4YeHHs) 1 nediuuty cupoBuHU. OJHaK 3a 23 POKM HE3aleXHOCTI Biaja
VYkpaiHu Tak i He 3MOrJa MOAOJIATH COLIAJICTUYHY CHAJKOBICTh B OpraHizaiii BUpOOHHIITBa, sKa
IPYHTYyBanacsi Ha Jep)kaBHOMY (iHaAHCYBaHHI 1 HEOOMEXEHHMX CHUPOBMHHHX pecypcax. JlyOimoe
CUTYaLIO 1 aKkaAeMIYHUH MiIXiJ B OCBITHLOMY IPOLIEC], 32 TPAJHLIEI0 HE T03BOJISIIOUN ChopMyBaTH
y MaliOyTHBOTO (haxiBI TEXHIKO-EKOIOTIYHY KOMIIETEHTHICTh, OCKUTBKH IHXKEHEpa TOTYBallll IS
BHPOOHHUIITBA, IPIOPUTETOM ISl SIKOTO OyII0 BUKOHAHHS IDIAHY 32 BCAKY ILiHY, Y TOMY YHCIHI - 0e3
ypaxyBaHHs €KOJIOTIYHUX HACIIIKIB.

Ha miit morsig icHYrOUHIA MiIXi B OCBITHBOMY IIPOIIECi Ma€ i€OJOTIUHI MPOTHPITUS: MU
BYUNMO MAaiOyTHBOTO iHJKEHepa BPAaXxOBYBATH TEXHIKO-CKOHOMIUHI ()aKTOpH MPH MPOCKTYBaHHI
BUPOOHMUYOI OJUHMII, alc HEC HABYAEMO HOTO aHali3y Ta MPOTHO3YBAHHS CKOJOTIYHUX PH3HKIB.
OnHak PO3BUTOK BHPOOHMUYMX TOTY)KHOCTEH HEMHHYYe BIUIMBAE HA HABKOJIMIIHE CEPEIOBHIIE
1 Hae 3aBAaHHs - chopMyBaTu y (axiBus MaTepianio3HaBLsl TEXHIKO-EKOJIOTIYHY KOMIIETEHTHICTb,
Ha sIKili MIOBUHHA IPYHTYBATHCS HOTO COliajibHA BiIIOBIAAIBHICTS.

IHaycTpist sIK coIiafibHE SIBHIIE TPHUMAEThCS HA TPHOX CKIIAIOBUX: CHPOBHHHI PECypCH,
TEXHOJIOTIs1, IPOIYKT. BUITydeHHS pecypciB i3 CepeloBHINA, TEXHOJIOTTYHI 3a0py/THCHHS 1 BUKHHYTI
BiIIpaIibOBaHi MPOIYKTH - BCE II€ MOPYIIYE CEKOJOTIUHy piBHOBary. Jle(iluT CHpOBHHH CTa€e
TOJIOBHOIO TPOOJIEMOI0, a 3HAYUTDH BCi MOOIYHI MPOAYKTH, BUKUAX 1 CMITTS Tpeba MepEeTBOPUTH Ha
CHpOBHHY. B sKOCTI CHpPOBMHHM MOXHA pO3ISIIATH BIAXOAW POCIMHHOTO 1 TBAapHUHHOTO
MTOXOJKEHHS, 00CAT STKUX MOXKE 3a0€3MEUUTH MPOMHUCIIOBE BUPOOHHUIITBO, a TAKOXK TBEPIIi MOOYTOBI
Ta MPOMUCIIOBI BIAXOIM, TOMY MIO iX OOCSTH 3pOCTarOTh 3i 30UIBIICHHSM CHOXKHBAHHA. Takum
YHMHOM BUHHKAa€ HEOOXiTHICThP y CTBOPEHHI C€(QEKTHBHHX TEXHOJOTIH BTOPHHHOI IepepoOKH,
3a paXyHOK 4OIr0 MOKHa 30€perTH 3/IaTHICTh HABKOJIMITHBOTO CEPEAOBHIIA 0 CAMOIIOHOBIICHHSI.

YoMy BIPOBa/KEHHS AMCIUILTIHU «Matepiain 3 BiTHOBIIOBAHUX PECYPCIB» € aKTyalbHUM
JUIS yHiBepcUTETIB YKpaiHn? Mu MOXKeMO pO3TIISHYTH KiJIbKa HAWBAXKITUBIIINX TPUIHH.

Ilo-nepwe, YKpaina mMae BeNMHKi CiTbChKOTOCTIONAPChKi yrimas (72% Bim 3araibHOT IIIOMII
JIEp’KaBU) 1 € MOCTaYaIbHUKOM 3€pHa, COHSIITHUKOBOI OJIii Ta 06araThOX XapyoBUX i HEXapYOBHX
MPOIYKTIB Ha 30BHINIHIH PUHOK, OTXKE, CIIbCbKE TOCIOAAPCTBO BUPOOIsie OaraTo OioJoTidyHUX
BiJIXO/IiB, SIKI MOXKHA TIEPEPOOIIATH.

PosrissHeMo Tponykiito HaWOIIBIIMX yKpaiHCBKMX arpoxosigepiB (Tadum.l). OwikyBaHuiA
BasioBui 30ip 3epHa B Ykpaini B 2014/2015 poui 6e3 ypaxyBanus AP Kpum cknane 61,7 MiH ToH,
30ip ONIHHMUX - COHSIIHUKY, COI Ta pimaky - ouikyeTbcs B oOcs3i 15,6 muH ToH. Takum umHOM
€ MOKJIMBICTh BHPOOHHMITBA NaJMBHUX IPOAYKTIB 3 COJOMH - TTJETIB, a TAKOX IPOMHCIOBHX
POCIMHHUX OJii, MACTIJIFHUX MaTepialiB, POCIMHHUX BOJIOKOH 1 TEKCTHIIIO, Marepy, 010MmIacTUKY
Ta in. [1]

BigHoBIIOBaBHI JKEpeNia CHPOBUHHA TBAPUHHOTO TIOXOKEHHS BKIIOYAIOTH: IIip s, IIKipy,
TBapUHHUH JKHP, & TAKOXK TOXITHI MPOAYKTH - MACTHIIbHI MaTepialid, TBAPUHHUN KIIEH, CYyXOXKHUILIA,
mkapanymy. [ItamuHe mip’s 1 maHIupi CUThbChKOTOCTIONAPCHKUX PAKOTIOAIOHUX € CHPOBHHOIO IS
BHPOOHUIITBA IIEIIOJI03H, TUTIBOK, 3aXMCHHX IOKPHUTTIB, 0araThoX (apMaKoJOTIYHHX TMPOIYKTIB.
Bce e - npoaykTH arpapHOro Ta BOAHOTO TOCHOAAPCTB.
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[IpoGnema MOHOBIIOBaHHS pecypciB € Uil YKpaiHM TpaauuiiHOW. SIckpaBuii nmpukmaz -
KyKypyazsuuii nepioq 8 CPCP B 1955-1960 pp. Kykypyn3za Oyna nmoBuHHA JONOMOITH BUPIIIEHHIO
3epHOBOI Ta KOPMOBOI NPOOJIEMU PaJSIHCHKOTO CUIBCHKOTO TocronapcTBa. Kauanu wiel KyabTypH
MaJlil CTaTH JOAATKOBHUM JDKEPEIOM 3€PHa, a 3eJIeHa Maca 3a0e3NeUnTH TBAPUHHNITBO KOPMaMH.

3a 3amymom Mukutn XpyIeBa, arpapHuid TOCBi BupoiryBanHsa Kykypymsu y CIIIA moxxHa
6yno 6 moBtoputn B CPCP, mepeBaxkHo B VYkpaiHi. OmHak He3Ba)arodyW Ha Pi3HOMaHITHI
MIEPCIICKTHBH IIEPepOOKH Ta OTPUMAHHA KyKypyA3SHOI MyKH, Maciia, KOMOIKOpMiB, MOBCIOJHE
BIIPOBAIDKCHHS KyKypyI3u Benocsi 0e3 ypaxyBaHHS TIPYHTOBO-KJIIMAaTHYHUX 1 TOCIOJAPCHKUX
ocobmmBocTel perioHiB. B pesynbraTi mkona, mo 3aBJaHa 3eMIsIM, HU3bKI BpOXai HPHU3BEIH /10
nedinuTy KOpMIB IJIs1 TBAPHHHHUIITBA 1 TiABUIICHHS I1iH [2].

Ilo-0pyee, Ykpaina Kymye 3aKOpJOHHHIA Ta3 1 30UIbIICHHS YaCTKH BUPOOHHUIITBA OiomannBa
Ha BHYTPIIIHBOMY PUHKY MOTJIa OW 3MEHIIUTH HANPYKEHICTh y chepl EeHepreTHIHUX PECcypcCiB.

CTpykTypa CHOXXMBaHHS DpI3HMX BHIIB €HEPropecypciB 1 JAuWHaMika 3MiHM IiH
Ha 3aKyIOBYBaHMH MPUPOHUIA Ta3 IpeNCTaBiIeH] Ha puc. 1.

3a po3paxyHKaMu TPOMaJChKOi criiku «bioeHepreTruHa acomialis YKpaiHu», 3aralbHUI
€KOHOMIYHO OOTPYHTOBaHUI MOTCHINad BUPOOHHUITBA OioMeTaHy CTaHOBHTH 26,5 Mipa Ky0. M B
pik. Leit oOcsar Moxke OyTH OTPUMAaHHWH 3 BIAXOMIB MiANPHEMCTB arporpoOMHCIOBOTO KOMILICKCY,
JICOBOTO TOCIONAPCTBA, i3 CTIYHHX BOJ, a TAaKOX 3 TBEPOUX IOOYTOBHX BIIXOMiB Ha AESIKHX
Micekux 3Bamumax. Jms mopiBesHHEA: B 2013 p. VYkpaina immopryBama 27,974 mupm. ky0. M
MIPUPOJTHOTO Ta3y, OTXKE, TIIBKH 3a PaXxyHOK BHPOOHMITBa OioMeTaHy YKpaiHa WIJIKOM 3[aTHa
39acoM B3araji BiJMOBHUTHCS BiJl IMIIOPTHOTO MPHUPOAHOrO Trazy. B 1ijoMy X pO3BHUTOK
BUPOOHHUIITBA PIAKOro 1 rasomnoziOHoro Oiomanuea (OioeraHoidy, OioOyTaHONy, OiOMETaHOIY,
6ioau3ento, 6iorasy Ta 6i0BOJIHIO) BUMAarae MOJITUYHOTO pilieHHs. [3]

Tabnuus 1 — Haii6inbmi arpoxonaepu YKpaiHu Ta X IpOayKIist

Micue y Komnanis
CITUCKY . . .
arpoxoJiaep OcHOBHA poAYKLis / BUIM AislILHOCTI
®opoc,
2014
7 «Kernel» KyKypya3a, cosi, TIICHWIA 1 COHANIHUK, MACITHUCTI
1 KOPMOBI KYJIETypH
9 UkrLandFarming | kykypynsa, MIISHHUIs, COHALIHKK, SYMiHb, [yKPOBHUi OYpsK,
PLC O03MMHH pinak, cos 1 KOPMOBI KYJIbTYpH, SHISA, IYKOp,
MPOJYKTH M'SICHOT IPOMHCIIOBOCTI
15 Cargill Ukraine POCJIMHHA 0JIis, HACIHHSI COHSIIIHUKY, IIPOT, KOPMH
17 MupoHoBckue 3€pHOBI 1 TeXHIYHI KyJbTypH, HamiBdaOpukatu Ta M'sico
XJIeOOIPOIYKThI NTHL, KOPMH
34 «NIBULON» MIIICHAIIS, SYMiHb, COHSIIHUK, KOPMH, TPOJYKTH M'SICHOL
MTPOMHUCIIOBOCTI
35 «JTI Ukraine» TIOTIOH
37 «Kreativ» pOCIMHHA OJisl, MIPOT, KOMOIKOPM, JXHPH, MaprapuH,
CBMHAPCTBO, 3€PHOBI 1 TEXHIYHI KyJbTYpH: IMIICHUII,
COHSIIIIHUK, COsl, TIMiHb Ta iH. Bupobmse OGionanuBHi meneTn
3: BIIXOIIB CITBCHKOTO TOCIIOAAPCTBA; BiJXOMIB MEpPepOOKH
HACiHHS COHSAITHUKA (JIyIITTHHHSA).
46 Philip Morris TIOTIOH
Ukraine
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52 Astarta IyKpOBHIA OYPSK, IyKOP, COsl, MOJIOKO, 3¢PHOBI KYIbTYpH
56 Milkiland + MOJIOYHI POIYKTH CIIbCHKOTO TOCTIOAAPCTBa (MOJIOKO, CHP),
Milkiland Agro 3€pPHOBI KYJIBTypH

Ilo-mpeme, YxpaiHa 3HAXOAWUTHCS Ha 3arpO3IMBOMY MiCIi 3a KiNBKICTIO 3BAJHII TBEPIUX
moOyTOBHX BimxomiB. Y KpaiHi icHye 4,5 THC. CMITTE€3BANHWII i IOJNITOHIB 3arajbHOI0 IUIOMICIO
7,8 Tuc. ra. lle cranoButs 61mM3pk0 4% Tepuropii kpainu. [Iporsrom 2014 ykpaiHii HakOUYWIN
6mm3pko 59 mutH ky0. M abo 13 muH TOH cMmitTs. CTpykTypa moOyTOBHX BiAXOAIB HaBeleHa Ha
puc. 2.

baraTo 3 Bigxo[iB nepepoOIISIOTECS B MAJIUX KUIBKOCTSIX Yepe3 Te, [0 HEMae MepepoOHnX
MiAPUEMCTB TOTpiOHOTO THy. Haiikpaie npaimtoe nepepoOka MakylaTypH, JUIS SIKOT CUPOBHHY
JIOBOJJUTHCS 3aKYIIOBYBAaTH 32 KOPJOHOM, IPH LOMY AJISI CEPEAHBOTO YKpaiHIs 30ip MaKynaTypu
HE € HOPMOIO JKHUTTS 4epe3 11 IEeIEBU3HY.

[lepepobka mOOyTOBMX BigXOHmiB TOTpeOye HE TINBKH OpraHizamii BHPOOHHYIHX
MOTY>KHOCTEH, a W oprafi3amii IMOCITYT 3 MOBODKEHHS 3 BiIXOJaMH: a) €KOJIOTIYHE YIIPaBIiHHI
CHPOBHHHUAMH MOTOKAaMH - 30ip BiIXOJiB, JIOTICTHKA, COPTYBaHHs, epepoOKa, BUPOOHHUIITBO i 30yT
MPOAYKII 3 BTOPHHHOI CHPOBHHH, 0) po3poOKa IHAWBINYaNbHUX KOHIEMIH 3 yTWmizamii Ta
YIPaBJIiHHS B1IXOJJaMU; B) CUCTEMHI HOCIYT'H, HAIIPUKIIa, MepeXa TOUOK MO NPUHOMY MoOyTOBOTO
eNeKTpooONIaIHAHH B YTHJII3alilo; T) TPOEKTYBaHHS, OyAIBHHLTBO, 1 eKCIUTyaTaiis
cMiTTEnepepoOHHUX YCTAHOBOK.

OTKe, BpaxOBylO4YM HaBeseHI (akTH, B YKpaiHi iCHye 3aluT Ha BIPOBAPKEHHS ONMHUCAHUX
TEXHOJIOTIH Ta MiAr0TOBKY (haxiBIIiB.

Tipoereprm
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Puc. 1. CtpykTypa crio>KuBaHHS €HEpropecypciB B YKpaiHi y BiICOTKax cTaHOM Ha
2010p.(a) Ta 3MiHa IIiH Ha 3aKyMOBYBAaHUH Npupoaauii ra3 nmpotsrom 2000 — 2014 pp. (0).
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Puc. 2. Ctpykrypa moOyTOBUX BiIX0iB B YKpaiHi [4].

BmpoBamkyBana mucnuiutina «MaTepianyd 3 BiTHOBIIOBAHHX PECypCiB», 3allpOIIOHOBaHA
B pamkax mpoekty TEMPUS-MMATENG KpakiBcbKUM —TEXHOJIOTIYHHUM  YHIBEPCHUTETOM,
nependavyae OaraTOIUIaHOBY IMIATOTOBKY, OCKIJIBKHM 3adilae KOMILIEKCHY pecypco3oepiraiody
BUPOOHHYY MpoOJeMy, IO BKIIOYAE pecypco30epemeHHs (EKOJOTiYHUI acreKkT), BUPOOHHUIITBO
(TexHONOTIYHNN 1 EKOHOMIYHHHM acCHeKT), KIHIEBHA MNpOAyKT (comiambHUi acmekt). Tomy
3arajbHAM TEOPETUYHHM 3aBJaHHAM € - HABUNUTH CTYJCHTIB OIIHIOBATH DPI3HOMAHITTS THIIIB
rOCHOJAapChKOi MisSTBHOCTI, 3aCHOBAaHMX Ha BHUKOPHCTAHHI IOHOBIIOBAHMUX PECYPCiB i BTOPUHHOI
nepepoOKy, a HaA3aBlIaHHSAM — BUPOOHMTH CaMOCTiliHE BMIHHSI CTYAEHTA PO3YMITH SKi YMHHHUKH
Tpeba BpaxyBaTH IpU po3poOIIi TEXHOJIOTIT, III0 BHKOPUCTOBYE BiIIOBITHI CHPOBHUHHI MaTepialu.

B IIATY puciminrina BKIIFOYEHA OO IUIAHY MIATOTOBKH OaKalaBpiB-MaTepiajO3HABIIIB
B 7 ceMecTp 1 CKIamaeTbcs 3 24 TOAWMH JeKMid, 12 ToAWH CeMiHapChKHUX 3aHATh, 12 TOIUH
camocTiitHoi poboTu. [TizcymkoBa hopmMa KOHTPOIIO - 3aIiK.

[pu BopoamxenHi auciumwiinn B [IITY, nns ymoB miBIEHHOTO cXOAy YKpaiHU
MIPUITYCKA0 3pOOUTH MPIOPUTETHOIO TEMOIO - BUPOOHUIITBO OyAiBeIbHUX MaTepiamiB (amo0, reoxap,
Top(h'ssHi OJIOKM, KOMITO3UTH Ha OCHOBI TJIMHH, AEPEBHHX Ta IHIIMX POCIMHHHUX BIJIXOIB).
Ha apyromy wiciii - BUpOOHUIITBO KOMITO3UIIIHHUX MaTepialiB Ha OCHOBi 0i0JIOTIYHOI CHPOBHHH
i3 BUKOPUCTAaHHAM OioKOMITOHEHTiB. Jlami 3a cHOUCKOM - ONiMHI TNPOAYKTH I TEXHIKH,
(hapmaxosorii Ta KOCMETOJIOTIi, TIOJiMEpH Ha OCHOBI KPOXMAJIIO, PiKICHI MaTepiayd i HaperTi,
BUPOOHHLITBO Oi0-TIaKBa.

@dopmH NPaKTUYHUX 3aHSATH: TEMAaTUYHI CEeMiHapu Ta KOMAaHJHI MPOEKTH, 3 HOAAIBIION
y4acTIO y CTYJIEHTCHKMX KOH(epeHLisX. [IpoeKT MOBHHEH BKIIOYATH aHalli3 BIAKPUTUX IKepell
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iHpopmamii 3a oOcsraMH CHPOBHHH, OTJISAA ICHYIOUHX TEXHOJIOTIH IEepepOOKH, OTJISA METO.IB
KOHTPOJIIO SKOCTi TEXHOJIOTIYHOTO TPOIECy i TOTOBOi MPOMYKIi, iH)KEHEpHI MPOMO3HIIi MO0
oprasizatii nepepoOHOT0 MiAIPUEMCTBA.

Aemop eucnoguoe noodsky kanouoamosi ginocogpcokux nayk C. B. Anxoecvkomy,
Odoyenmy Mapiynonscbrkoeo Oepoicasnozo yhigepcumemy (Ykpaina), 3a inmepec 0o yiel
memu ma YiHHui OONOGHEHHS.

[epenik mocunaanp

1. http://forbes.ua/ua/ratings/2 - ®opbc Vkpaina: 200 HalGIIBIINX KOMITAHIH.

2. http://news.finance.ua/ua/news/~/310830 - Onekcanap Aprtem’eB. 110 KyJabTypy BCIOIH
BIIPOBAJKYH.

3. http://www.biowatt.com.ua/analitika/potentsial-proizvodstva-biogaza-v-ukraine - TloreHmuian
BUPOOHUIITBA Oiora3y B Y KpaiHi.

4. Tlorpi6umii 1.51. IIpoGnemu Bu3Ha4YEeHHS MOPQOIIOTIYHOTO CKIIaIy TBEpANX MOOYTOBHX BiIXOMIIB
3 ypaxyBaHHIM cy4acHUX yMoB mepepoOku / 1. S1. Tlorpiouuii // Haykosuit Bichuk HJITY Ykpainu : 30. Hayk.-
texH. mp. — 2012. — Bum. 22.2. — C. 59-63.


http://news.finance.ua/ua/news/~/310830
http://www.biowatt.com.ua/analitika/potentsial-proizvodstva-biogaza-v-ukraine
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HNPEINNOJABAHUE JUCIUIIVIMHBI «<MATEPUAJIOBEJEHHUE»
B TEXHUYECKOM BY3E

T'anumon 3.P.1, AbJsicoBa A.F.z, Beasies A.B.
Y1-p. Texn. Hayk, npodeccop KHUTY-KAM, Kazaus, Poccus, (engelgalimov@yandex.ru)
“kamy. TexH. Hayk, gouenT KHUTY-KAM, Kazans, Poccus, (kstu-material @mail.ru)
®kamy. Texn. Hayk, gonent KHUTY-KAU, Kasans, Poccus, (alexey-beljaev@mail.ru)

B macrosmee Bpems B Poccum omperneineHsl ciienylolie CTpaTerHYecKHe HalpaBIICHUS
pa3BuUTHS B O00JacTH MaTEepPHUANOBEOCHUS: «YMHBIC» KOHCTPYKIHH, KOMIIBIOTCPHBIE METOMBI
MOACINPOBAHUA CTPYKTYPBI U CBOMCTB MaTepuaioB, HHTCIJICKTYaJIbHbIC MAaTE€pHajibl U MMOKPLITUA,
9HEProdPPeKTUBHBIE M PECypcocOeperaroliue TEXHOJIOTHH, TOJUMEPHBIC KOMITO3HUIIMOHHBIC
Marepualibsl, aMopQHbIe MaTepHAIbl U IIOKPBITHSL, CBEPXJIETKHE MaTepHabl U JIp.

CoBpeMeHHOE OOIIECTBO HYXJIAETCsl B CIELHUAIHMCTaX, CHOCOOHBIX pellaTh pa3lInuHbIe
TEXHOJIOTHYCCKHUE 3aJaydH. KOHI_ICHI_[I/IH MHOFOYpOBHeBOﬁ IIOAIrOTOBKM H3MCHUJIA Tpe6OBaHI/Iﬂ
K Ka4€CTBY BBICIIECTO O6pa3OBaHI/ISI, YTO BBI3BIBACT HeO6XOZ[I/IMOCTL IIOCTOSAHHOT'O O6HOBHCHI/I$I €ro
COZEpXKaHMs U COBEPIICHCTBOBaHMS y4eOHOTro mpouecca. HoBbIe 3a1au ONpenessiioT U KOMIUIEKC
onpeenéHHpIX TpeOOBaHHI K BBIIYCKHHUKY, 2 IMEHHO, YMEHHE XOPOIIO OPUEHTHPOBATHCSA BO BCE
BO3PACTAIOIIEM IIOTOKE Hay4YHO-TeXHHYecKoi mHpopmarmu. Cnenuduka MOATOTOBKH CTYACHTOB
B TEXHHYCCKUX YHHBEPCUTETAaX BBI3bIBACT HEOOXOIUMOCTH DPa3pabOTKH Yy4eOHO-METOIHIECKOI
JHUTEPAaTYphl M Y4eOHBIX KOMIUICKCOB, YIOBICTBOPSIOIIMX TPEOOBAHMAM CTAaHAAPTAa BBICIIETO
o0Opa3oBaHUsL.

Becbma akTyanbHOM 3ajadyeidl  SBISETCS BHEAPEHME BUPTYAIbHBIX OKCIEPUMEHTOB
u jabopatopuii Ha 0a3e KOMIBIOTEPHBIX KiaccoB [l] ¢ mpuMeHEeHHeM COBpPEMEHHBIX
HH(DOPMAIMOHHBIX TEXHOJIOTHH U MPOrPAMMHBIX TPOAYKTOB, Takux kak CES EduPack u CES Se-
lector. Paspaborku Granta Design mupoko HCHONB3yrOTCs B oOpasoBannu BY3amu, HaydHBIX
HCCIICAOBAHUAX W IPOMBINUICHHBIX pa3pa60TI<ax. B YaCTHOCTH, B KypcCax MaTCpUaIOBCICHU,
BKJIIOYAsi BBIOOp MAarepHajoB, MAIIMHOCTPOCHUM, METAJUTypriu, HPOU3BOJACTBE, HayKax
0 nmojuMepax mupoko ucroinssytorest CES EduPack u crienmanbhbie 6a3b1 1aHHBIX.

HucuummHa  «MartepuanoBeneHue», SBISIFOLIAsACS ONHOM M3 0a30BBIX  JHCLHMIUIMH
OakanaBpuara, MO3BOJISET CTYJCHTaM MOJIYYHTh LEJOCTHOE MPEICTaBICHIE O B3aUMOCBS3U CBOHCTB
Marepuara C HX CTPOCHHEM M cocTaBoM. IIpM COBpeMEHHBIX MaciuTadax HOTPeOICHUS
MaTepHalbHBIX PECYpCOB BAXKHOH sBIseTCS MpoblieMa MOHUMAaHHS POJIM M MeECTa PasIMYHBIX
MaTepuajoB BO MHOTHX c(epax UYeIOBEUeCKOH IesATeIbHOCTH. YMEHHE pa3Ouparbcsi BO BCeM
MHOFOOGpaSI/II/I TPAJUIIMOHHBIX W COBPEMCHHBIX MATEPUATIOB ABJIACTCA OCHOBOM ycneuraoro
pelieHns UX IeJIeHANpaBIeHHOTO BhIOOpa /ISl peaju3aliid KOHKPETHBIX 3ahad. CyIlecTBYIOMIHMA
MapO‘IHBIﬁ ACCOPTUMEHT MATEPUAJIOB W HWHTCHCHUBHOC OOHOBJIEHHE WX HOMCHKJIATYPHI,
HETIPEphIBHOE pAacHIMpeHne o0yiacTeld TNPHUMEHEHWs NpPOAYKIMM Ha WX OCHOBE, a TakKxKe
HeO6XO}IHMOCTB TIOCTOAHHOI'O CTPEMJICHUS ITOBBIIIATH peHTa6eIIBHOCTB IIPOMU3BOJICTBA BBI3BIBACT
HEOOX0ANMOCTh 00OCHOBAaHHOTO MOAXOAA K BHIOOPY MaTepHaiOB AJISI NMPOEKTUPYEMBIX H3JEIUH
C YU4ETOM TEXHHYECKOW M HKOHOMHYECKOH nenecooOpasHoctd. C npumeHenneM mpoaykra CES
Selector cymecTBeHHO ympomiaeTcsi paboTa C BBIOOPOM MAaTEpUaloB, HUMEETCS BO3MOXHOCTB
BKJIIOYATh B OOIIYI0 6a3y JaHHBIX COOCTBEHHBIC MaTepHAJIbl U CHHTE3UPOBATH HOBBIC.

[lpy moAroToBke OaKalaBpOB, MArkMCTPOB M AaCIUPAHTOB MapaJUICIbHO C HMCHOLIMMHUCS
y4eOHO-METOANYECKUMH TOCOOMSAMH M JIUTEpaTypoil B obOiacTu MatepuanoseneHus (M. Amowu,
M.K. byauncku, ApzamacoBa b.H. [2] u mp.) ycrenrtHo MokeT OBITh HCIOJIb30BaHa MporpaMma
EduPack.

B o00y4eHMH CTYyZISHTOB TEXHHYECKHX CIICHHAJIBbHOCTEHl OTHEeNbHAs POJb OTBOAUTCS
HCTIONIb30BaHUIO TIPOTpaMMHBIX TpoAykToB CAIIP misi KOHCTPYKTOPCKOHM, TEXHOJIOTHYECKOM
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MOJrOTOBKA IIPOM3BOJCTBA M HH)KECHEPHOIO aHallk3a, KOTOpble MLIMPOKO IPHMEHSIOTCS
Ha Ja0OPaTOPHBIX 3aHATHAX MO AMCIMIUINHAM «ABTOMaTu3auus IpoleccoBy, «VHxeHepHOe
obecrieueHne Mpou3BOACTBaY, «IH(pOpMaIMOHHBIE TeXHOIO0THIY, «KoMmmbloTepHast rpaduka» u ap.

K takum mpoxykram otHocutcs mporpammuas cucteMa NX ot SIEMENS PLM Software,
BKJIIOYAIONIas CPEICTBA JBYXMEPHOIO M TpexMepHoro npoektupoBanus CAD, NmpOMBIIUICHHOTO
Q3aifHa, aBTOMATHU3aIK co3maHus mporpamM it ctaikoB ¢ UITY u CAE, HeoOXOomWMBIA it
aBTOMATH3aLMM HHIKCHEPHBIX pAcyeToB, AaHAlM3a M CHMYJIIMH (U3WYSCKHH MPOIECCOB.
K crienmaibHBIM BO3MOXKHOCTSIM, BOCTPEOOBAHHBIM B OOJACTH MaTEPHAJIOBEICHUH M TEXHOJOTUH
MaTepHaNoB, MOXHO OTHECTH HPOSKTUPOBAHUE JIMCTOBBIX JETANCH C IOMOLIBIO LITAaMIIOBKH,
BBITSDKKH, ()OPMOBKH, Pa3IMYHBIX METOJIOB CBAPKH, LIMPOKO NMPHUMEHSEMBIX B IPOMBIIUICHHOCTH,
" CO3JaHUEC X U3 KOMIIO3UTHBIX MaTCPpUAJIOB.

B Hacrosmiee Bpemsi HaOOAaeTCs TEHACHIMS YBEJIMYCHHUS YacoB CaMOCTOSTEIbHOU
pabotel. OTMETHM, YTO NPH €e BBINOJIHEHHH, a TaK)Ke HalUCcaHUuHM pedepaTroB U KypcoOBBIX paboT
B paMKax TMporpaMMbl JUCHUIIIIMHBL ((MaTCpI/IaHOBeILeHI/Ie» CTyACHTaM HeO6XOI[I/IMI)I HaBBbIKH
00paboTKM, cHUCTEMAaTH3allMd M aHajdu3a WH(QOpMaluH, NONYyYEeHHOW U3 HAy4HBIX CTarei,
JMCCepTalyid, MOHOTpadUid, TATEHTOB M Ap., Pa3MEIICHHBIX Ha AJIEKTPOHHBIX pecypcax, B TOM
YHCIIe ¥ HA HHOCTPAHHBIX SA3bIKaX. 31eCh TaKXkKe MOJE3HOH OKakeTcst mporpaMMHbIH npoxykt CES
EduPack.

Takum 00pa3oM, Ui YCHEHIHOrO H3Y4YeHHs Kypca «MarepHanoBeneHuey» Heo0X0auM
KOMIUICKCHBIH TMOJXOA C HCIOIb30BAHHEM HOCICIHUX NOCTH)KCHHH B OOJACTH MAaTepHaloB
U TEXHOJOTUIl WX TIepepaboTKM, COBPEMEHHOW SKCIEePHMEHTAlIbHOI 0a3bl, a Takke CpelCTB
o6yqu1/1ﬂ C MNPUMCHCHUEM I/IH(bOpMaHI/IOHHI)IX TEXHOJIOTHH U MPUKIaJHBIX KOMIIBIOTECPHBIX
mporpamMm, MmO3BOJIAIOMINX BbITYCKATh CIICIIUAJIMCTOB BHICOKOT'O YPOBHA.

[Iepeuens ccpliok

1. Baosuna C.B., I'puroppea O.C. I[Ipumenenme uu¢poBbIX TabOpaTOpuil NpH H3YUECHHH
o0IIeXuMUUECKIX TuciuIuinH. Bectauk Kaszan. rexnon. yH-Ta, 17, 5, 2014. ¢. 300-303.

2. ApzamacoB b.H., Makapos B.l., Myxun I'.I'. MatepuanoBenenue. — MockBa: M3a-8o MI'TY um.
H.D. baymana, 2008. — 648 c.
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BbICOKO2®®EKTHUBHBIE TEXHOJIOT'UH TIOJTYYEHUSI HOBBIX
KOMITO3UIIMOHHBIX MATEPUAJIOB HA OCHOBE INIOJINBUHWIXJIOPUJA

Taanmos D.P.}, Famumosa H.51.%, AGasicoBa AL, Hlapadyraunos P.®.}
'1-p Texn. Hayk, npodeccop KHUTY-KAM, Kazanb, Poccust, (engelgalimov@yandex.ru)
KaHZ. TexH. Hayk, qoueHT KHUTY-KAU, Kazans, Poccus. (kstu-material@mail.ru)
®kamy. Texn. Hayk, gonent KHUTY-KAM, Kazans, Poccus, (kstu-material @mail.ru)
*acrmpant KHUTY-KAU, Kasaus, Poccns, (kstu-material@mail.ru)

IToTpeOHOCTH COBpPEMEHHON TPOMBIIUICHHOCTH B HOBBIX MaTepHaliax U IIEPEAOBBIX
TEXHOJIOTHSIX TPEIyCMaTpUBaIOT pa3pabOTKy KOMITO3HIIHOHHBIX MaTEpPHANIOB C 3apaHee 3aJaHHBIM
KOMIUIEKCOM ~ TEXHHYECKHX CBOICTB, YPOBEHb W  COYETAHHE KOTOPBIX  OOYCIIOBIEHBI
(YHKIIMOHANGHBIM Ha3HAYCHHUEM H3JEJUH M KOHKPETHBIMH YCIOBHSAMH HMX SKCIUTyaTarmuu. [lpn
9TOM CJIeAyeT YUUTHIBAaTh, YTO CBOMCTBA KOMITO3HIIMOHHBIX MaT€pPHAaJOB CYIIECTBEHHO H3MEHSIIOTCA
oJI, IeficTBIEM (haKTOPOB XMMHUUYECKOTO, (PU3MUECKOTO U TEXHOJIOTHYECKOTO XapaKTepa, KOTOpbIe
o0ecreunBarT NPAaKTHYECKA HEOTPaHNYEHHBIE BO3MOXKHOCTH JJIsl COBEPILICHCTBOBAHHUS UX CBOMCTB
B 3aJJaHHOM HampaBieHUH. TpeOoBaHMsA, NpeabsABIAeMble K KOMIIO3UI[MOHHBIM MaTepuaiaMm,
KpaiiHe pa3HOOOpa3HbI U 3aBUCST OT YCJIOBHUH IOJIyYeHUs], IepepabOTKH M IKCIUTyaTalluy U3/IeNuni,
KOTOpBIE JOJDKHBI 00J1a/laTh BBICOKOW HAJEKHOCTBIO, paO0TOCIIOCOOHOCTHIO, TEXHOJIOTHIHOCTBIO,
YIOBIIETBOPSITH KPUTEPHAM «CTOMMOCTH-3((PEKTUBHOCTE» U IKOJIOTUIHOCTb.

B ®enepansHOM rocymapcTBEHHOM 00pa3oBaTelbHOM cTaHmapTe Hampasienus 22.03.01
«MarepuanoBeieHHe M TEXHOJOTMH MaTepuajoB» B OUCHHMIUIMHaX «O0Iiee MarepualioBeAeHHE
1 TEXHOJIOTUH MaTepHuanoB» 1 «HoBble MaTepHabl ¥ TEXHOJIOTHIY Ha JICKIMOHHBIX, IIPAKTHYECKUX
1 71a0OpaTOPHBIX 3aHATHSX, @ TAaKXKE MPH BBHIOJHEHHH KYpPCOBBIX pabOT mpeaycMaTpHBaeTCs
H3y4eHHE CTPYKTYpBl, CBOWCTB M OOJIaCTe MNPAaKTHYECKOTO IPHUMEHEHHS KOMIIO3UIIMOHHBIX
MaTepHaJiOB Ha OCHOBE KPYIMHOTOHHA)KHBIX MOJIMMEpOB. IIpu paccmoTpeHun 3Toro pasaena ocodoe
BHUMaHHE YJENAETCS METOJaM pEerylIHpOBaHUs CTPYKTyphl U CBOWCTB PpasziIMYHBIX BHJIOB
MTOJIMMEPOB, 00ECTIEYNBAONTINX HEOOXOJMMBIN YPOBEHb UX TEXHHUECKUX CBONCTB.

W3BecTHO, YTO OCHOBHBIM CHOCOOOM IIENEHANpaBIEHHOIO PETYJIMPOBAHUS CBOWCTB
MOJIIMEPOB  SIBNIAETCS  (DPU3UKO-XUMHUUYECKash MOIUGUKAIMS. BOJBIIMHCTBO KOMIO3HMIIMOHHBIX
MaTepHalioB MONY4YaroT (U3MKO-XUMHUYECKOH MOAM(UKALUEH ITyTeM CMEIICHUS pa3IndHbIX
110 (PYHKIIMOHAIEHOMY Ha3HAYEHHI0 MOIAM(PUIMPYIOINX J100aBOK C pacliulaBaMH IIOJIUMEPOB.
OnmHaKko pe3epBbl CHIKEHHUS CEO0ECTOMMOCTH BBHIITYCKaeMOM MpPOAYKIMH 3a CcYeT Ioadopa
MOJM(UKATOPOB IOJIMMEPHBIX KOMIIO3MIIMIA HE CJIMIIKOM BEJIMKH, TaK Kak OCHOBHas Macca
LIENIeBBIX J00ABOK 3aKymHaeTcs 3a pyoexoM. B cBs3W ¢ 3TUM BaKHOW 3amadeil SIBJISETCS pEIeHUE
npoOiemMbl geUINTa M JTOPOTOBH3HBI HMCXOJHBIX KOMIIOHEHTOB IJISI IOJIyYEHHS MOJIMMEPHBIX
MaTepHaJiOB, CHIDKCHHS CHIPbEBOM CEOECTOMMOCTH MPOAYKIMH 3a CUYET COBEPIICHCTBOBAHUS
U ONTHUMM3AINK  PEUenTyp  KOMIO3WIMOHHBIX ~ MaTepHaioB W PEXKHUMOB  PabOTHI
nepepadaThIBarOmero o0opyaoBaHUs. B 3THX yCIOBHSAX UYpe3BBIYAHO BaXXHBI MCCIIEIOBAHUA,
HaTpaBJIeHHBIE HA TOHCK J((EKTHBHBIX HMMIIOPTO3aMEINAIONINX KOMIIOHEHTOB ITOJMMEPHBIX
MaTepHayioB, 00JIaal0OMNX BBICOKIMH MOIU(UITMPYIONIMMH CBOMCTBaMH, TOCTYITHOCTBIO, HU3KOH
ce0ecTONMOCTBIO U 9KOJIOINYeCcKol 0€30MacHOCThIO.

B Hacrosimiee BpeMs OJHO M3 BEAYLIMX MECT MO 00beMaM IPOW3BOJCTBA M NPUMEHEHHUS
3anuMaer nosmBuHWIXIopH (IIBX), uro 00yciioBIEeHO AOCTYNHOCTBIO M CPAaBHHUTEIBLHO HU3KOM
CTOUMOCTBI0 HCXOJHOTO CBIpbSi, BO3MOXHOCTBIO TIOJIyUYEHHs] Ppa3IMYHBIX BHUAOB MOJIMMEpa
(CyClIeH3MOHHBIH,  OMYJIBCHOHHBIH,  OJIOYHBIM,  MHUKPOCYCIICH3HOHHBIH) W  YHHMKaJbHOU
CHOCOOHOCTBIO MOJBEPraThCsl MOAN(PHUKALIUH.

Komnosunmonnsie matepuansl Ha ocHoBe [IBX  ucCmonb3yloTcs HMCKIIOYUTEIHHO
B MOANGHUINPOBAHHOM BHUJIE U MPEJCTABIAIOT COO0I1 MHOTOKOMITIOHEHTHBIE CHCTEMBI, COZIEPIKAIIIHE
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pas3iuuHble IeneBble JO0aBKU Uil MOBBIMICHUS MMPOYHOCTHBIX IOKa3aTelel, CHIKCHUS BS3KOCTH
pacljaBoOB, PACHIMPEHHsS TEMIEPaTypHBIX HHTEPBAJOB INPHUMEHEHHs, YMEHBIIEHUS CTOUMOCTHU
W3AEIMH U TIPUJIAHUST UM 3aJlaHHBIX CBOUCTB. DddekruBHocts Momudukanuu [1BX onpenensercs
CTPYKTYpOil MaTpHUYHOTO TIOJMMEpAa, MPHUPOAOH, UHCIOM, COJAEPKAHHEM, COOTHOLICHHUEM
U crioco0aMy  BBeIEHUS [00aBOK, (U3UKO-XMMHYCCKHMH IIPOIIECCAMH Ha TpaHHIE pasfena
KOMITOHEHTOB, PEXHMHBIMH TapaMeTpaMH IIepepadOTKH B TOTOBBIC H3JAEIUS U JAPYTUMH
(akTopamu.

HampaBneHHOe perynmmpoBaHHE IapaMeTpOB IIPOIECCOB IOMYYEHUs U mepepaboTKh
KOMITO3MILIMOHHBIX MarepuanoB Ha ocHoBe [IBX nms momydeHms n3genuii ¢ rapaHTHPOBAaHHBIM
KayecTBOM  BBI3BIBAa€T  HEOOXOAMMOCTh  OOecCHeyeHHs  KadeCTBEHHOTO  JAUCIEepPrHMpPOBaHUS
1 CMEUICHUS UCXOHBIX KOMIIOHEHTOB B OJIMMEpHOH MaTtpulie. [ToaToMy TeopeTnueckoe onucaHue
NPOIIECCOB  CMEIIeHUs, AUCIEeprupoBaHus U TedeHud pacmiaBoB [IBX  kommnozunwmiit
C UCIIOJIb30BaHUEM METOJIOB MAaTeMaTHYECKOro MOAETHPOBAHMS HEOOXOIMMO U1 ONTHUMHU3ALUU
W MHTEHCH(UKAIMKM TPOLIECCOB MX MepepabOoTKM B TOTOBBIE M3IENHs, a Takke pacdera
U TIPOTHO3UPOBAHUS TEXHOJIOTHUECKUX U IKCILTyaTallMOHHBIX CBOICTB.

Ha ceroguamHuii 1eHb HCKIIOYMTENBHO aKTYalbHO pEIICHHE IpoOJIeMbl aedHunnTa
1 JIOPOTOBH3HBI IOJIMMEPHOTO CHIPhS, CHIDKEHHUS CHIPHEBOM CE0ECTOMMOCTH MPOAYKIMU 33 CUET
COBEPLICHCTBOBAHUS W  ONTHUMH3AIMK  PELENTYp KOMIO3UOUH ¥  PEeXUMOB  pabOTHI
nepepabatbiBatomiero ooopynoBanus. OXHAKO pe3epBbl CHIKEHUS ce0ECTOMMOCTH 3a CUET oadopa
KOMITOHEHTOB KOMITO3HMIIMI HE CIMIIKOM BEJIMKH, TaK KaK OCHOBHAs Macca IENEBBIX J00aBOK
3aKymaercs 3a pyOexoMm. B 3TuX ycnoBHSX 4pe3BBIYAfHO BaKHBI M aKTYyaJIbHBI HMCCIIEJOBAaHUS,
HarpaBJeHHble Ha Pa3paboTKy 3((EeKTHUBHBIX M OCTYIHBIX OTEYECTBEHHBIX KOMIOHEeHTOB [IBX
KOMITO3MLIMHA, 00NafalomuX, ¢ OJHOH CTOPOHBI, BBICOKUMH MOAMGHUIMPYIOLMMH CBOWCTBAMHU,
c apyroii — Oonee HHU3KOM cebecronmocThio. [loaTOMy WH3ydeHHE pPe3yIbTaTOB KOMIUIEKCHBIX
HCCIICIOBaHUH, HaIpPaBICHHBIX Ha pa3paboTky KOMIIO3HUITHOHHBIX MaTepHaJoB,
9HEprod(PEeKTUBHBIX pecypcocOeperarImx TEXHOJOTHH HX TOJNydYeHHss M 1epepaboTKH,
0€e3yCII0BHO, aKTyaJIbHBI.

Jnst  ONTHMH3AIMM  TEXHOJOTHYECKHX  PEXHMOB  MepepabOTKM  KOMITO3MIMOHHBIX
MaTepHalioB HCIIOJIB3YIOTCSI HOBBIE MAaTEMaTHIECKHE MOJICIIH, METOIUKH, aJITOPUTMBI U TIPOTPaMMBI
pacdyera XapakTepHCTHK COOTBETCTBYIOIIMX IIPOIECCOB, YUYMTHIBAIOUIME CIIOXKHYIO (opmy
U TEIUIOTHJPOJMHAMHYECKYI0O ~ OOCTAaHOBKY B  pabouyuMx  IOJIOCTSX  IepepadaThIBAIONIETO
000py/oBaHUs, HEHBIOTOHOBCKOE PEOJIOTHUECKOE COCTOSHHE pabouux cpel, HNepeMEeHHOCTh
KOHLEHTPAalLUU U NOKa3aTeell IUCIEPCHBIX BKIIIOUEHUH, IEHCTBUE M0JIEH MacCOBBIX CUIL.

B mpomecce w3ydeHWs JUCHMIUIMHBI —CTyAeHTaMu ompenensercss 3¢dexkTuBHOCTH
Monudukamun [1BX paznuaasiME 100aBKaMH, B TOM YHCJIE MPOMBIIUICHHBIMHA (TE€XHOTCHHBIMN)
OTXOJJaMH  MHHEPAJFHOTO, OPTaHMYECKOI0 WM  OPraHOMHUHEPAIBHOTO  MPOUCXOXKACHUS,
MIPUMEHEHNE KOTOPHIX B OTHACNBHOCTH WM B COYETAHHH C JPYTUMH MOAU(PHUIMPYIOUTIMH
J00aBKaMH TI03BOJIAET YIYYLIUTh HE TOJBKO TEXHOJIOTHYECKHE M HKCIUIyaTal[iOHHBIE CBOWCTBa
MaTepHalioB, HO OJHOBPEMEHHO pPEMINTh npodiieMy HMX 3QQekTuBHOH yTmimsanuu. Kpome Toro,
paccMaTpHBarOTCSl BONPOCH ONTHMH3ALMU COCTABOB W PEXHMMOB II€PEepadOTKH JIUCIIEPCHO-
HarosHeHHbIX [IBX koMmo3unmii. Y craHaBianBaloTcs 0COOEHHOCTH M 3aKOHOMEPHOCTH W3MEHEHHMS
CBOWCTB KOMITO3MIIMOHHBIX MaTEpHAIOB C Y4ETOM MOP(OIOTHYECKOH IreTepOreHHOCTH UCXOIHOTO
IojuMepa M TPOLECCOB CTPYKTYpOOOpa3oBaHMs B IIPOLECCE €ro MOMU(HKAIMH; TPHPOIbIL,
JVCHIEPCHOCTH, COJEPKaHUA M COOTHOIICHMS (DYHKIHMOHAIBHBIX HOOABOK; METOIOB M PEXHMOB
nepepaboTKH B 1MOTyhaOdpUKaThl HITH TOTOBBIE HU3CIH.

HaydHo o0oCHOBaHHBIE PEKOMEHIIAIIMU TI0 Pa3pabOTKe PEenTyp W CIIOCOOOB IMOITYICHHS
KOMITO3UIMOHHBIX MarepuanoB Ha ocHoBe [IBX, mHTeHCH(HKANNM TEXHOIOTHYECKHX PEKHMOB
nepepabaThIBaOMIEro 000pyA0BAHUS TTO3BOISIIOT PACIIMPUTh MAPOTIHBIN ACCOPTHUMEHT U MOBBICUTH
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Ka4eCTBO BBIITyCKAEMOH IPOIYKIMH, 00CCIICUUTh COEpPEKEHNE HPHEPIETHUECKUX M MaTepUalbHBIX
PeCypcoB, MOJIYYUThb 3HAYUTENIBHBI TEXHUKO-3KOHOMHUYECKHM, HKOJIOTMYECKUH M COLMAJIBHBII
3¢ dexT.

TakuM 00pa3oM, OCHOBHBIEC 3a/lau, KOTOPBIE PEIIAIOTCS NMPH M3YYEHHH AHHOTO pasjierna
y4eOHOM TUCIUIUIMHBI COCTOAT B TOM, YTO CTY/ACHTBI:

- MOJy4aroT MNPEACTaBICHUS O METOAaX MpPOBEIEHHs KauyeCTBEHHOTO M KOJHNYECTBEHHOTO
aHaIM3a IMPOLECCOB CTPYKTYpOOOpa30BaHKS B KOMIIO3MIMOHHBIX MaTeprasiaX ¢ MCHOJIb30BaHUEM
COBPEMEHHOI0  HCIBITATEIbHOIO  000pynoBaHMs (CKAaHUpYIOLIEH 30HAOBOHM, 3JIEKTPOHHOM
u ontuueckoi mukpockonuu, MK-crnexrpockonuu, BUCKO3UMETPUU U Jp.);

- YCTaHaBIMBAIOT 3aKOHOMEPHOCTH H3MEHEHHs TEXHOJOTHYECKUX M HKCILUTyaTallMOHHBIX
CBOMCTB KOMITO3UIIMOHHBIX MAaTEPHANOB B 3aBUCHUMOCTU OT MPHUPOJBI, COAEPKAHUA, NUCIEPCHOCTH
U COOTHOLICHUS KOMIIOHEHTOB, CIIOCOOOB M PEXHMOB ITOJITOTOBKH KOMITO3HIHH, (hopMHupoBaHNs
Mex(a3HbIX M IEPEXOAHBIX CIIOEB Ha TPAHUIIE Pa3/iela KOMIIOHEHTOB U JPYTHX (haKTOpoOB,;

- MOJY4YaloT TpEACTaBICHHs O mpoueccax mnepepadorkn IIBX KoMmo3uiuii B yCIOBHAX
TerI000MEHa, MNpU HAJIWYMKM MeX(a3HBIX T'PaHMI,, BHYTPEHHEH IHUCCUMALNH, IO3BOJIIONIAS
MIOBBICUTH a/IeKBATHOCTh OIMCAHUS peaIbHO MPOTEKAOIINX IPOLIECCOB;

- pemiar0T ONTUMU3AILMOHHBIC 3aJlavd, CBA3aHHBLIC C IMpPOLECCaMU TMOJYUCHHUSA U nepepa60TKn
[IBX koMmosuuuili B TOTOBBIE M3JAEIUSA C MCIOJIb30BAHUEM METONOB MAaTEMaTU4ECKOIro
MO/JICTIMPOBAHMUS, KDUTEPUEB Ka4EeCTBA ¥ YHEPrOPeCypcocOeperKeHNUSI.
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HOBASA DHEPI'OPECYPCOCBEPETI'AIOIIAAA KOMBUHUPOBAHHAS TEXHOJIOT A
HAHECEHMS MOJIMMEPHBIX ITOPOIIIKOBBIX MOKPBITHIA

l'anumon 3.P.1, T'anumona H.H.z, AbJsicoBa A.F.g, Beasies A.B.*

'1-p Texn. Hayk, npodeccop KHUTY-KAM, Kazanb, Poccust, (engelgalimov@yandex.ru)
KaHZ. TexH. Hayk, qoueHT KHUTY-KAU, Kazans, Poccust, (kstu-material@mail.ru)
Skann. TexH. Hayk, nouent KHUTY-KAW, Kazaus, Poccus, (kstu-material @mail.ru)

*xamy. Texn. Hayk, gonent KHUTY-KAW, Kasans, Poccus, (beljaev.a.v@gmail.com)

HayuyHo-TexHWYeckmii  mporpecc  HEpa3phlBHO  CBA3aH C  COBEPHIICHCTBOBAHUEM
TPAIUIMOHHBIX M pa3pabOTKON HOBBIX BBICOKOI((EKTHBHBIX MAaTCPHAIOB W TEXHOJOTHH. B
MIPUOPUTETHBIX HANPABICHISAX DPAa3BUTHS HAyKH, TEXHOJOTMH W TeXHUKH B P® BeimensroTcs
pa3paboTki B OOJIACTH KOMIUICKCHOW aHTHKOPPO3HOHHOM 3alIWTHI, YIPOUYHSIOMNX W APYTHX
(yHKIMOHATBHEIX TOKpHITHH. B ®enepanpHOM rocymapcTBEHHOM O0pa3oBaTeBHOM CTaHAAPTE
HanpasieHus 22.03.01 «MarepuanaoBeZeHHE U TEXHOJIOTHH MaTepHaiIoB» B TucHHIUIHAX «O01ee
MaTepHuaJoBeleHHe W TEXHOJOrMd MarepuanoBy u «HoBble MaTepuansbl U TEXHOJIOTHH
MPEAyCMOTPEHO H3yUYE€HHWE METOJOB M CPEICTB 3allUThl HW3JEIMA TyTeM HaHECEHUS
JIAKOKPACOYHBIX MATEPUAJIOB HA OCHOBE 3MOKCHIHBIX, MONHI()UPHBIX, MOTMBHHUIXJIOPUIHBIX
U APYTUX CBI3YIONIHX.

Cpemu OoOJIBIIIOrO  pa3HOOOpasusi MOKPBITHE 0coboe MecTto 1o  3(h(GEKTUBHOCTH
U TIEPCTIEKTUBHOCTH TPUMEHEHMsI 3aHUMAlOT TIOKPBHITHS HAa OCHOBE MOJWMEPHBIX MOPOIIKOBBIX
xomnosuruit  (IIT1K). B mociegnne mecsATHiaeTHss BO BCEX NPOMBINUICHHO Pa3BHTBIX CTpaHAX
HAOIIOMaeTCsl CTPEMUTENBHBIA POCT OOBEMOB TIPOM3BOACTBA W MPHUMEHEHHS IOPOIIKOBBIX
MaTepuajoB M NOKPHITUH Ha uX ocHoBe. B Hacrosmee Bpemsa 1o 20% Bcex OKpalllMBaeMbIX
M3JEIUI 1 KOHCTPYKLUMH U3roTaBiIuBaroTcs ¢ ucrnonb3oBanuem I1TTK.

OTIUIUTETFHBIMH OCOOCHHOCTSIMH TEXHOJIOTHIECKHX MPOIECCOB MONYYCHUS MOTMMEPHBIX
TIOPOIIKOBBIX IMOKPBITHH SBISIOTCS: BBICOKMH Ko3(p¢uument ucnons3oBanus K (mo 98%);
pe3Koe COKpallleHWe TEXHOJOTHYECKOro IMKIAa HaHeceHUS W (HOPMHUPOBAHMS TOKPBITHHA, 4YTO
MO3BOJISIET TIOBBICUTH  MPOU3BOJUTENILHOCTh TPYZAQ; IMOJY4YeHHE OJHOCIOWHBIX TMOKPBITHHA
C TIOBBIIIICHHON JIOJITOBEYHOCTHIO; PE3KOE COKpAIlleHWe MaTepHalbHBIX M DHEPreTHUECKHUX 3aTpar,
a Takke TPOM3BOJICTBEHHBIX IUIOMIAJIEH; OTCYTCTBHE B COCTaBe MOPOIIKOBBIX KOMITO3UIIUN
pacTBOpUTENCH, MPUBOJIAIIEE K YIYUIICHHUIO SKOJOTUYECKOW CHTYyallid M CHI)KCHUIO TIOXKApo —
Y B3pPBIBOOIIACHOCTH  OKPACOYHBIX IIPOWM3BOJCTB; JUIMTEIBHOE XpaHEHHE W yOoOHAas UX
TpaHCOPTHPOBKAa.  OCHOBHBIMH ~ TOTPEOMTEISIMH ~ TIOPOIIKOBBIX  IOKPHITHH  SIBISFOTCS
MAaIIMHOCTPOCHHE U YHEPTeTHKA, XUMUYECKask U HeTerazoBasi IPOMBIIIICHHOCTh, @ TAK)KE MHOTHUE
Jpyrue 0Tpaciiu COBPEMEHHOI0 IpOoU3BOACTBa [1].

[lonuMepHble  MOPOIIKOBBIE  MOKPBITUS ~ HAXOASAT  IIMPOKOE  MPUMEHEHHE  JUIs
AHTUKOPPO3UOHHOM M NE€KOPATHUBHOM 3alUTHI U3AEJIUN U3 METAJUIOB U UX CIUIABOB, IJIACTHYECKUX
Macc, CTEKOJ, KepaMUKH ¥ MHOTHX JPYTUX MaTepHalioB. YCJOBHS COOpPKH, MOHTaXa
1 OKCIUTyaTalliil TOTOBBIX W3JCIWHA W KOHCTPYKIHMH BBI3BIBAIOT HEOOXOIUMOCTh pa3pabOTKH
MIPOTPECCUBHBIX TEXHOJOTUH HAHECEHUS TMOKPBHITUH W KOMIUIEKCA BBICOKOTPOU3BOAUTEIHHOTO
CIIEIUATM3UPOBAHHOTO O0OpYIOBaHUS Il WX peanm3anui. BakHoil mpobiemoit sBiseTcs
HaHECEHHE TOPOUTKOBBIX MOKPHITHA HA MOBEPXHOCTH PA3IUYHBIX MAaTEPHAIOB B HECTAIIMOHAPHBIX
(TIONIeBBIX) YCNOBUSIX, HANPUMEp, HA KPYMHOTA0ApUTHBIC H3AENUS, JOPOKHBIC TOKPHITHS W T.II.
[MosToMy BONPOCHI, CBSA3aHHBIE C H3YYCHHUEM JHEPrOpPeCypcocOEpEraroux TEXHOJIOTUH
¥ MHOTO(YHKIIMOHAIBHOTO O0OpyIOBaHMs [JIi HAHECEHHUS TIOKPBITHH B CTalMOHAPHBIX
Y HECTAallMOHAPHBIX YCJIOBUSIX Ha TMOBEPXHOCTHU pa3IMUYHBIX MO MPUPOJIE MaTepHUaJoB,
SIBJISIIOTCSL YPE3BBIUAHHO aKTyaJIbHBIMHU.
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K 4mciy OCHOBHBIX HPOMBIIIJICHHBIX CIHOCOOOB TIIOJNYYECHUsSI IMOPOLIKOBBIX ITOKPBITHN
oTtHOocsaTcst HaHeceHue [IIIK B mceBIOOKMKEHHOM ClO€, B 3JIEKTPOCTaTHUECKOM IIOJIE, CTPYIHEIE,
ra3oTepMUYECKUe U KOMOUHHPOBAHHBIC CTOCOObI HanblieHus [1-3].

IMpn wm3yuennm pucnuminH «OOInee MaTepHalOBEACHHE M TEXHOJIOTHH MaTEpPHATIOB)
u «HoBble marepuansl u Texnosnorun» crygeHTsl KHUTY-KAUW 3HakoMATCS ¢ TpagulMOHHBIMU
U IEPCIECKTUBHBIMHA TEXHOJIOTHSAMH W OOOPYAOBAHHUEM IJIsi HAHECEHUs 3aIlIMTHO-IEKOPATHBHBIX
U IpyruxX (YHKIWOHAIBHBIX IOKPBITHH, B TOM YHCJIE C KOMOWHHPOBAaHHBIMH TEXHOJOTUSIMH
1 000pyIOBaHHEM, pa3paboTaHHBIMH Ha kadenpe «MartepuanoBeqeHue, cBapKa
U IPOM3BOACTBEHHAsT 0Oe30macHOCThY». JlaHHAas TEXHOJIOTHS M yCTPOWCTBO MOTYT  OBITh
HCIOJIb30BaHbl B MAIIMHOCTPOCHUHN U JPYTUX OTPACIAX NPOMBINUICHHOCTU I NOJTYYCHUA HOKpI)ITI/Iﬁ
pa3IMYHOrO  (DYHKUMOHAJIGHOTO Ha3HA4YeHHs (CBETOBO3BPAIUAIOIINX, JAMAJICKTPUYECKUX, 3all[UTHO-
JICKOPATHBHBIX, TETUIOCTONKUX, aTMOC(EPOCTOMKHX U T.11.)

W3BeCTHBI CEpUIHO BBIMYCKacMbIC IIPOMBIIUICHHBIE YCTAHOBKH [UIS 3JIEKTPOCTaTHYECKOTO
1 Ta30IUIaMCHHOI'O HaIlbUICHUSA TIOPOLIKOBBIX KOMHO3HHHﬁ. Hapﬂ,uy C JOCTOMHCTBAMU YKa3aHHbLIC
TEXHOJIOTHH HAaHECEHUsI MOKPBITHI UMEIOT psa HenocTaTkoB. OCHOBHOM 3a/iaduel, KoTopas pelianachk Ipu
pa3paboTKe MHOTO(YHKIHOHATEHOTO YCTPOWCTBA, SBILIOCH MOJMyYEHHWE KAuEeCTBEHHBIX MOKPBHITUHA Ha
MOBEPXHOCTU METAJLIMYECKUX M HEMETANIMYECKHX MaTepHalioB B CTALMOHAPHBIX M HECTALMOHAPHBIX
YCIOBHSIX IIyTE€M IIOCNIEIOBATENBHOIO TPOBEICHNS HEOOXOAMMBIX TEXHOJIOTHYECKHX — OIEpallHid.
O heKTHBHOCTh IPUMEHEHNSI pa3pabOTaHHOTO YCTPOWCTBA 3aKIIOYACTCS B YBEIMUCHUN WHTEHCHBHOCTH
TIPOLIECCOB TEIUIOOOMEHA MEXITy MOTOKOM TOpSYero BO3yXa M YacCTHIAMH TOPOIIKOBOM KOMITO3HIHH,
TIOBBIMNICHUM Ka4eCTBa TIOKPBITUA U PACIIUPEHUU €ro TEXHOJIOIMYCCKUX BO3MOKHOCTEH myTeM
TIOCTIEI0BATENIFHOTO TIPOBE/ICHIS CTAANH paciblIeHHs, OTUIABICHHS, paCTeKaHH M YCKOPEHHOTO Tpoliecca
HJ'IEHKOO6pa30BaHI/I${ TIOJIMMEPHBIX  TMMOPOIIKOBBIX KOMHO3HHHﬁ Ha TIOBEPXHOCTU METAIUIMYCCKUX
1 HEMETAJUTMYECKUX MaTePUAIOB.

B ycrpoiicTBe 111 HaHECEHUS TOJMMEPHBIX IMOPOLIKOBBIX MOKPBITHH 3JIEKTPOra30IlIaMEHHBIM
crocoboM, cofepkalieM pYKOSTKY CO CMOHTHPOBAHHBIM Ha HeEH 3apsAmHbIM BJIEMEHTOM, CTBOJ
C HEHTPAJIbHBIM KaHAJIOM BHYTPH AJA MOTOKAa PacHbUIIEMON MOPOMIKOBOM KOMIIO3MIMH, Y3€l HarpeBa
MOTOKa BO31yXa, HOBBIM SIBISIETCA TO, YTO LEHTPAbHBI KaHA BHYTPH CTBOJIA BBINOJIHEH B BHIE
KepaMH4uecKoi TPyOKM ¢ aHTH(PHUKIMOHHBIM HMOKPHITHEM BHYTPH, y3€J HarpeBa MOTOKa BO3IyXa
BKIIIOYAeT KOPIYC C PACIIUPSAIOMMUMCA BXOJHBIM M CY’XKAOIIMMCS BBIXOJHBIM Y4acTKaMH, Ha
BBIXOJIE KOTOPOTO HMMEETCA BBIXOJHOM HACaJOK, BHYTPH KOpIyca YCTAHOBIEH TOPOMIAJIbHBIN
KOJIJIEKTOP C PSJOM OTBEPCTUH, OCH KOTOPBIX HAalpaBJIEHbl BIONb IMOTOKA JJsl PaBHOMEPHOTO
pacupeneneHusi BO3AyXa BIOJIb ILEHTPANbHOM TpyOkW. 3a TOPOMTANBHBIM KOJIEKTOPOM
YCTaHOBJICHBI, IIO MEHBIIICH MEpPE, JBa psjaa IHIPOBOJOYHBIX HarpeBaTeneﬁ, PacCroJI0KEHHBIX
B3aMMOIIEPIICHANKYJSIPHO OTHOCHTEIBHO OCH Kopiryca. Ha BBIXOZHON Hacagke yCTaHOBJICH
nHpPAKpacHBIH H3ITydaTelb, COAEPKAIIWNA CHEMHBIH KOPITYC, KOAKCHAJIBHO PACIIOJIOKEHHBIH
OTHOCHUTEIIbHO BHEIIHEH CTEHKHM BBIXOJHOTO Hacagka ¢ 0Opa30oBaHHMEM KOJIBIIEBOH IIOJIOCTH,
3aKPBITOH CO CTOPOHBI ABMXKEHHUS TIOTOKA M OTKPHITOH CO CTOPOHBI BBIX0/A IIOTOKA, COOOIIEHHOM
C UICTOUYHUKOM ra3a, BHYTPHU KOJBIEBON IOJOCTU YCTAHOBIEHO KEPaMHMUYECKOE KOJIBLO C PAIOM
OTBEPCTHH MaJloro jauaMeTpa aist obecredeHust OecruiaMeHHOro TopeHust razoBoii cmecu. Ilo
BHYTPEHHEMY JIMaMeTpy BBIXOIHOTO HacajKa BBINOJIHEHB HAKJIOHHbIE BUHTOOOpa3HbIC KaHABKH,
pacroyiokeHHble 1Moa  yrioM 15-18° OTHOCHTENBHO TPOIONBHOW OCH, M  OOecledYeHus
MHTEHCH(UKALMU [polecca TEIIo0OOMEHAa MEXIY 4YacTUIAMH MOPOIIKOBOM  KOMITO3HLIUH
1 TIOTOKOM TOPSIYEro BO3yXa 3a CYET BPAIaTEIbHOTO ABHYKEHUS 3TOrO MOTOKA.

Ha pucynke npejactaBneHa cxema YCTpOMCTBA Ui HAHECEHUS TOKPBITHHA W3 TMOJMMEPHBIX
TIOPOIIKOBBIX KOMIIO3UIMNA. YCTPOHCTBO COJEPKUT PYKOSTKY 1 CO CMOHTHMPOBAaHHBIM Ha HEH 3apsiIHBIM
aJieMeHTOM 2, KypoK 16, cTBOm 3 ¢ TEHTPaJIbHBIM KaHAJIOM BHYTPH Uil TIOTOKAa PACHbUISIEMOM
TIOPOIIIKOBOM KOMIIO3WIIMY, BBITIOJHEHHBIM B BHIE KEpPaMHUUYECKOH TPYOKH 4 C aHTH(PHUKIMOHHBIM
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TIOKPBITHEM BHYTpPH. Y3€Ill HarpeBa IOTOKa BO3/LyXa COACP)KHT KOPITYC 5, ¢ PaCIIMPSIOIMCS] BXOAHBIM
1 CYXaIOIMMCSI BBIXOZHBIM y4acTKaMH, Ha BBIXOZIE KOTOPOTO MMEETCsI BBIXOZHOW Hacamok 8. BHyTtpn
KOpITyca 5 CMOHTHPOBAaH TOPOUINAIBHBIA KOUIEKTOp 6 C PSOOM TOPM3OHTANBHBIX OTBEPCTUH I
PaBHOMEPHOTO pacHpeiesIeHHs BO3/IyXa BOJb KepaMHUIecKoil TpyOKH 4. 3a TOpOUIaIbHBIM KOJUIEKTOPOM
6 YCTaHOBIEHBI, IO MEHBIIEH Mepe, /Ba psga INPOBOJOYHBIX HAarpeBaTesiell 7, pPacHoJIOKEHHBIX
B3aMMOIEPIEHUKYISIPHO OTHOCUTENIBHO oOcu Koprmyca 5. Ha BbIXomHOM Hacajke 8 YCTaHOBIEH
WH(PAKPaCHBII H3IIydaTenb, CONICPKAIMI CHhEMHBIH KOpImyc 9, KOaKCHAIBHO —PacHOI0KEHHBINA
OTHOCHTEJIFHO BHEIIHEH CTEHKH BBIXOJJHOTO Hacajka 8 ¢ 00pa3oBaHIeM KOJIBLIEBOH MOJIOCTH, 3aKPBITOH CO
CTOPOHBI JIBUKEHHS TIOTOKa M OTKPBITOH CO CTOPOHBI BBIXOJA MOTOKA, COOOLIEHHOW C MCTOYHHUKOM rasa.
BHyTpH KONBIIEBOW TOJNOCTH YCTAHOBIECHO Kepamirdeckoe Komblo 10 ¢ psmom otBepermit 11 mamoro
JuameTpa Uil oOecriedeHus OecIIaMeHHOro TropeHust ra3oBoid cMecd. [lo BHyTpeHHeMy IHameTpy
BBIXO/THOTO HACa/IKa 8 BBINOJHEHBI HAKJIOHHBIC BUHTOOOPAa3HbIe KaHABKH 12, paclooyKEeHHbIE TIOI yIIIoM
15-18° oTHOCHTENHFHO MPOAOIBEHOW OCH UIs OOecTiedeHHs] WHTCHCHU(HKAIMN IpoIecca TEIIooOMeHa
MEXIy YacTHUIAMH TOPOLIKOBOM KOMIIO3MIIMM M TIOTOKOM TOpSTMEro BO3[yXa 3a CUeT BpaILaTebHOTO
JIBVDKEHUSI 3TOTO TOTOKA.

INopormmkoso-Bo3aymmHas cmech (IIBC) u3 moporkoBoro nuraresnst 13 3»keKTopHBIM HacocoM 17
TIPH OTKPBITOM KJIATIaHe y3J1a MpeABAPUTEIHHOTO HarpeBa 14 MOpOIIKOBO-BO3MYIIIHON CMECH MOIBOAUTCS
Ha BXOJ 3apsAHOTO YCTpOIiCTBa M 4epe3 ero CTBOJN 3 MOJAaeTcs Ha BXOJ LEHTPAIBHON KepaMHYecKOH
TpyOku 4. IlpenBapurensro Harperas [IBC momagaeT B BBIXOAHOM HAcaZoK 8 C BUHTOOOpa3HBIMU
KaHaBKaMHM 12 1, BcTpedasich BHYTPH C IIOTOKOM rOpsTIero Bo3yXa, IpHoOpeTaeT BUXPEBOE ABIDKEHHE IS
WHTEHCU(UKAIMK TEIIOOOMEHHBIX IIPOIIECCOB TMOPOIMIKOBBIX YaCTHI[ B IOTOKE TOPSYEro BO3/yXa.
OrutaBrieHHBbIE YacTHIIBI MOJIMMEPHOH TOPOIIKOBOW KOMITO3MIIMM, TOTA/asi Ha TIOBEPXHOCTH W3/IEIHS,
HarpeToro TOTOKOM TOPSMMEro BO3AyXa M MH(PAKPACHOTO H3ITy4eHHs, PACTEKAIOTCS IO MOBEPXHOCTH,
o0pa3ys paciuiaB, M TOJ BO3JACHCTBHEM WH(PAKPACHBIX W3IyYEHHWH IO/IBEPraloTCsl YCKOPEHHOMY
IUIeHKOo0Opa3oBanmio. OCYIIECTBIEHNE TIEPEHOCa YacTHI] MOJMMEPHBIX IOPOIIKOBBIX KOMIIO3WIIMH
K [IOBEPXHOCTH ~ W3/IENHs  OOECIEYMBAET  IIOCJEAOBATEBHOE  BBINOJHEHHE —CIEAYIOMMX — CTauaui
TEXHOJIOTHMYECKOTO TpoIlecca: paclbUIeHHe, OIUIABICHHWE, pacTeKaHHe M IUICHKOOOpa30BaHME, He
TozIBeprasi JECTPYKLUMH YacTHI[I MOJMMEPHON ITOPOIIKOBOM KOMITO3MIIMHM, IIPH IMPOXOXICHUH 30HBI
NIOBBIIEHHOM TEMIIEPATYPBI B yCTPOUCTBE Ta30IUIAMEHHOIO HAIIBUICHHUSL.

B paspabotanHOM ycTpoiicTBe obecneunBaercs mpenBapuTensHblii HarpeB [IBC mepen
3apsAKON MOPOUIKOBBIX YAaCTHII, KOTOPBIE 3aT€M CMEIINBAIOTCS C MTOTOKOM TOPSYEro BO3AyXa y3ia
HarpeBa B CY)KaloIeMcsl COIlie ¢ 00pa3oBaHUEM BHXPEBOTO JIBMXKEHHUS C 1IEJIbI0 MHTEHCU(DHUKAIIUH
TerI000MEHa IOPOIIKOBBIX YacTHI[ C IIOTOKOM TOpSIYEr0o BO3/1yXa JMJIsl IOCIEA0BAaTEILHOTO
NIPOBEJICHUSI CTaJUi pACIbUICHUS, OIUIABJICHUS W pacTEeKaHWs 4YacTUIl Ha IOKPBIBaeMOW
MIOBEPXHOCTH C OJHOBPEMEHHBIM BO3/ICHCTBHEM JJIEKTPOMArHUTHBIX BOJH HWH(paKpacHOro
JMana3oHa, OOeCIeYMBAIOIIMX YCKOPEHHBIH Tmpoliecc IIeHKooOpa3oBaHus ((hOpMHUPOBAHMS)
MOJUMEPHOH MOPOIIKOBON KOMIIO3HUIIHU.

Takum o00pa3oM, yCTpOICTBO MO3BOJISIET YBEIWYHTh WHTCHCHUBHOCTH IIOJIa4M ITOTOKA,
MTOBBICUTH KAa4eCTBO MOKPBITUS M PACIIMPHUTH TEXHOJIOTMYECKHE BO3MOXHOCTH YCTAHOBKH IIyTEM
MIOCTIEIOBATENBHOTO TPOBEACHUS CTaIU PACTbUICHHS, OIUIABICHUS, PACTEKaHUS M YCKOPEHHOTO
Tporiecca TIeHKO0Opa30BaHUs TTOKPBITHS.
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Puc.1. YcTpolicTBO 1 HaHECCHHUS TIOKPHITHIH KOMOMHHPOBAHHBIM AJIEKTPOTa30IUIAMEHHBIM
criocoboM: 1 — pykosiTKa; 2 — 3apsIIHBIN 3JE€MEHT; 3 — CTBOIT; 4 — KepaMHudecKas TpyoOka; 5 - Kopmyc
y37a HarpeBa; 6 — TOPOMIANBHBIA KOJIIEKTOP; 7 — TPOBOJIOYHBIC HATPEBATEIH;, 8 — BBIXOJHOM
Hacajok; 9 — kopnyc uH@pakpacHoro uanyuarens; 10 — kepaMuueckoe KOJIBIO MHPPAKPACHOTO
m3nydarens; 11 — orBepctust B kepamuueckoM Kouibile 10; 12 — BUHTOOOpa3Hble KaHABKU; 13 —
MOPOILKOBBIN MHTATENb; 14 — y3en npelBapUTeNbHOrO Harpeea; 15 — Mydra npucoearHUTENbHAS
16 - kypok; 17 — 2KEeKTOpHBIH Hacoc; 18 - OJOK MOArOTOBKM BO3ayXa; 19 — mHeBMaTHYECKas
naHenb; 20 — ra3oBbIi 6710K; 21, 22, 23, 24 -manomeTpsl; 27, 28, 29, 30 - peryasTopsl JaBISHHS.

Hcnonb3yss TpeIUIoKeHHYI0O MHOTO(QYHKIHOHAIBHYIO MOJYJIbHYIO YCTaHOBKY, MOXHO
peanu30BaTh CIEAYIOLIME BCIIOMOraTE/IbHBIE U OCHOBHBIE OIIEPALUU TEXHOJIOTHYECKOTO MIpoLiecca:

- OCyLIeHHe, IOJO0rpeB 00pabaThIBacMON MOBEPXHOCTH C HCIIOJIb30BAaHMEM Kak Teruia
HarpeThIX Ta30B, TaK ¥ HHPPAKPACHOTO H3ITydaTeis;

- HambUICHHE TOJMMEPHBIX MOPOIIKOBBIX KOMIIO3UIMA Ha MpPEIBAapUTEIBHO HArpeTyro
MTOBEPXHOCTH (THEBMOHAIBUICHHUE);

- paauanmonHoe Hamnbuienue [1I1K, korjga Harpes, paciiaBiieHHe 4acTHI] TOPOIIKA, a TAKKE
TepMooOpaboTKa MaTepuana MOKPBITHS TNPOU3BOAWUTCS C HCHOJIB30BAHMEM JIYUHCTOW HSHEPTUU
TOPLIEBOI'O HAIPEBATENIBHOIO 3JIEMEHTA,

- tepmonamsiieane uactun IIITK, pacmimaBieHHBIX B pPabOYMX IIOJIOCTAX ITHCTOJETA-
pACHBUIMTENS MPH TEIUIOBOM B3aUMOJEHCTBHM HMX JHOO C MPOAYKTaMH CTOPAaHUs TOIUIMBA, JHOO
C DJIEKTPOHArpeBaTEIbHBIMU YIEMEHTAMU;

- TepMorasonjekTpocratuueckoe HambuleHue IIIIK, mpu »3ToM B  jAoOmONHEHHE
K IpebIIyIIEeMy CHOCO0Y OCYIIECTBISETCS 3apsijika YacTUIl IOpOIIKa W OCaXJICHHE HX Ha
00pabaTbIBaEMO TIOBEPXHOCTH;
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- TIOCTIEAYIOmIasi TepMOOOpaboTKa M3AENHs MaTepraia MOKPBITHS C HCIOIB30BAaHUEM HArpeThIX
B IMHCTOJIETE-PACTIBLINTENIE Ta30B, JIN00 MH(PPAKPACHOTO M3ITydaTeNst M 0OOMX 3THX CIIOCOOOB.

TakuM oOpas3om, mpHu U3yd4eHHH IUcOUILIMH «OOIiee MaTepHalloBEICHHE M TEXHOJOTHH
MaTepuanoB» U «HoBble MaTepuanbl U TEXHOJIOTUH» CTYISHTBI 3HAKOMSTCS C KOHCTpYKLUEH
U MIPUHIMIIOM PabOThl MHOTO(YHKIMOHAJIFHOW MOJYJIBHOW YCTAHOBKH, C HCIIOJIB30BAHHEM KOTOPOU
MOXKHO pealli30BaTh HECKOJbKOo crocoboB HambuieHust [IIIK m ¢opmupoBanus (meHkooOpazoBaHus)
MIOKPBITHI HA UX OCHOBE C YYETOM MPUPOJIBI  XapaKTEPUCTUK KOMIIO3UIINH, Ta0apuTOB, TEOMETPHU
W YCJIOBUH 3KCIUTyaTallud M3AENHH, a TakkKe pafa Apyrux (GpakropoB. BeIOOp COOTBETCTBYIOIIMX
CHOCOOOB HalbUICHNUS, HarpeBa MOBEPXHOCTH U3J/ENUI U MOCIEAYIOmEeH TepMooOpaboTKH creayer
TIPOM3BOUTH C YUETOM MOKa3aTeIel KauecTBa MOKPBITHH, 3aTpaT MaTepHalioB U SHEPTOPECYPCOB.
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HNEPCHEKTHUBbI HCITIO/1Ib30OBAHMSI 3HAHUM 11O HOBBIM JIUCHUILIMHAM
INPOEKTA MMATENG B HAYYHOMU PABOTE CTYJJEHTOB MATUCTPATYPbI
KHUTY-KAHU

Wasunkosa T.A., Kypraesa ®.H.2 YepHoria3osa A.B.2
1.1, npodeccop KHUTY-KAU, Kasams, Poccus, (pochta20006@bk.ru)
K.T.H., fouent KHUTY-KAM, Kasans, Poccus, (kurtaeva@yandex.ru)
3¢.1.1., nouent KHUTY-KAU, Kasaub, Poceus, (alevtinac@mail.ru)

B macrosmmii MOMEHT pedOopMBI, IPOBOANMEIE B PoccHICKOW BBICHICH INKOJE, IPUBEIH
K IIMPOKOMY BHEJIPEHHUIO 2-X CTYNEHYaToro oOpasoBaHui. OCOOEHHO BakHA 2-asi CTYNEHb I
HAaYYHO-HCCIIEAOBATEILCKIX YHHBEPCUTETOB, TaK KaK, COIJIACHO 3apyOeKHOMY OIBITY, UMEHHO
MarucTpaTypbl 0o0ecreunBarOT OCHOBHYIO YacTh HaydHbIX IyOnmkammid BY3oB. Maructpatypa mo
MatepuanoseneHnio B KHUTVY-KAU nossunace B 90-x rogax, HO €e CTaHOBJIEHHE NPOTEKANO
MEIJICHHO, U B HAcCTOsIee BpeMs HMMEETCs BeCbMa HE3HAYUTENbHBIN OIBIT B OPraHU3AIMOHHOM
U METOAMYECKOM aclleKTax 2-0il CTyIeHH Bbicuiero odpasoBaHus. [loaToMy M3y4arh 3apyOeKHbIH
OIBIT JJIsI HAC BEChbMa aKTyalbHO, C TEM, 4TOObI MHUHUMHM3HUPOBATh MPUMEHEHHE METOJa «Ipod
U OIIMOO0K», KOTOPOMY CBOMCTBEHHBI OOJIBIINE TOTEPU BPEMEHH, SHEPTUH U PECYPCOB.

Hampasnenne wmaructparypsr B KHUTY-KAU (dopmMupyeTcss B COOTBETCTBHE
¢ TpeboBaHUAMH HAIIMOHAIBEHOTO 0Opa3oBarenbHOro crangapta ®I'OC-3. [Ipodune Marucrepckoit
MOJATOTOBKA B paMKaxXx KOHKPETHOTO HalpaBiEHUs, T.C. HalpaBJICHHOCTh OCHOBHOM

00pa3oBaTeNFHOM TMPOTpaMMBl Ha KOHKPETHBIH BHI © (WiH) OOBEKT NPOQecCHOHATEHOM
JeATeIbHOCTH, CO3/1a€TCSl B COOTBETCTBHU C MOTPEOHOCTSMH PETMOHA M YYUTHIBACT HAIPABIICHUS
HayYHOH JAeATEeIbHOCTH IpenojasaTenei kadenpbl. Marucrparypa xadeapsl MarepuanoBeAeHHs
MIPOBOJUT IIOJATOTOBKY B paMKax JIMHUM HcclienoBanus «llepcriekTHBHbIE KOHCTPYKLMOHHBIE
MaTepHabl ¥ BBICOKOA(Q(PEKTUBHBIE TEXHOJIOTHIY.

PykoBoauTens mporpamMMmoi CHenHaIu3HpOBaHHOW TOATOTOBKH B Marucrparype (TepMUH
u3 Ilpumoxenus kK mnucbkMy MunoOpasoBanus Poccun ot 26.06.2003 N 14-55-84un/15)
OCYIIECTBIISIET pa3paboTKy y4eOHOro IuUlaHa MarucTepCKOW MPOrpaMMBbl; PYKOBOJIMT peaiu3aluen
oO01IeHayyHOIl coJiepiKkaTeIbHON YaCTH MarucTepCKOW MpOrpaMMBbl; OIpEJeNsieT CoiepKanue Ooka
CHEUHUaIbHBIX AWUCHUIUINH; KOHTPOJIMPYET KauecTBO IOJIrOTOBKM MAaruCTPaHTOB IO IPOrpaMme
B IIEJIOM; BBITIOJHSET 00IIee PyKOBOICTBO HAYYHO-UCCIIEI0BATENbCKON MTPAKTHKOH MarucTpaHTOB;
MIPOBOANT SKCHEPTHYIO OLEHKY W KOPPEKTHPOBKY TEMAaTHKH MAarucTepCKUX JHMCCEpPTaIUi;
OpraHM3yeT 3allUTy MAarkuCTepCKHX JHMCCEPTAlMi; OCYIIECTBIAET KOOPAMHALMIO M KOHTPOJIb
JIeATeIbHOCTH HAyYHBIX PYKOBOJUTENIEH MarCTPaHTOB; TOTOBUT ITPOEKTHI IPUKA30B O Ha3HAYEHUN
HaYYHBIX PYKOBOJHTENICHl MarrucTpaHTOB, O IE€PEBOJIC Ha CIEXYIOMMH Kypc W 00 OTYHCIICHUH,
MPOEKTHl CTUICHMAIBHBIX MPUKa30B. PyKOBOAMTEIEM MarimcTepckod mporpaMmbl Ha Kademupe
MaTepHaloBeICHNUS SBISETCS 3aBeAYIOMUN KadeIpon.

Y4eOHbII MIaH MarucTepcKOM IIOATOTOBKM HAIIPaBJIEH Ha YCIEIIHOE OCBOCHHE
MarucTpaHToM Oyaymied obmactu ero gestenbHocTH. CormacHo  ®I'OC-3 B «TEXHUYECKHX)
MarucTpaTypax MIPEeIyCMaTPUBAIOTCA  CIEIYIONINEe BHIBI  JESTEIHHOCTH: Hay4HO-
nccie0BaTeIbCKasl, MPOEKTHO-KOHCTPYKTOPCKAs,, PacueTHO-NPOEKTHAs, IPOM3BOACTBEHHO-
TEXHOJIOTHYECKast, HAyYHO-TIelaroruueckas, OpraHu3aluoHHO-YIIpaBJIeHIeCKasl.

[Tocne 3aBepuieHUs] OCBOGHUSI y4eOHOTO IUIaHa MarkCTPaHT JOJDKEH MyOJIMYHO 3allUuTHTh
JMCCEPTALMI0 —HAYYHYIO paboTy, BBINOJHAEMYIO Ha 0a3e HKCIEPUMEHTAIbHBIX U TCOPETHYECKUX
pEe3yNbTaToB, IOJIYYEHHBIX CTYJICHTOM CaMOCTOSTEIBHO 3a BpeMsi y4eObl B Marucrparype.
HuccepranuonHas paboTa Marucrpa sSBJSIETCS UTOTOM OPUTMHAIBHBIX HAy4YHBIX HCCIIEIOBaHMH,
CBSI3aHHBIX C pa3pabOTKOH KOHKPETHBIX OSKCIECPHUMEHTANBHBIX M TEOPETHUCCKHX 3a3/ad
B COOTBETCTBYIOIICH 00JIaCTH. Pe3ynbTaThl  caMOCTOATEIBHBIX OOOOIICHHH IO MarucTepCKOM
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JMCCEPTalM KaK MPaBUIIO MPEBAPUTENILHO anpoOUpOBaHbl HAa HAayYHBIX KOH(DEPEHIHAX B BHIC
BBICTYIUICHHH M Hay4HOH IyOsMKanuy (Te3ucoB KOH(pEPEHIUH).

YHuBepcHUTeT TUNA HALIMOHAIBHBIN HCCleA0BaTeNbCKUil, K KOTopoMy oTHocutcs KHUTY -

KAU, wumeer pocratrodyHo cremeHeld CcBOOONBI, dYTOOBI  CHOPMHPOBATH  MaruCTEPCKHE
00pa3oBaTenbHbIE TPOrPAMMBI, COOTBETCTBYIOLIME €r0 OMBITY, TPAguUMsIM M 3amadaM. OpHaKo
MHOTHE BO3MOXKHOCTH JI0 CHX TIOp HE PEa30BaHbL.
Tak TexHONMOrMM OOy4YEHHS MAarrMCTPaHTOB Majo YEeM OTIMYAETCS OT TEXHOJOTMH MOATOTOBKU
crenuanucToB M OakamaBpoB. C MarmcTpaHTaMH HPOBOASATCA AyIWTOPHBIC 3aHATHS (JIEKIWH,
nmabopaTopHble PabOTHI), OJHAKO  TUCLHUIUIMHBI, UYHTa€Mble B HHIWBUAYAJIHHOM IOPSIIKE,
MOJHOCTBIO OTCYTCTBYIOT. JlucuuiuiMuel, kotopble mnpemmaraer mpoekt MMATENG Oyayr
IIpeJCTaBICHbl B BapHaTUBHOM dacTH y4yeOHoro IuiaHa. OmHaKO B CBSA3M C BBEACHUEM
B OmmxkaiiieM  Oyayiiem TpeboBanuii cranmapra DI'OC-3+ cozgaHue ydeOHOro IuIaHa
C AUCIUIIMHAMU NPOEKTa OTKJIAbIBACTCSI MUHIMYM Ha IOJIT0/a.

W3-3a MaJO4YMCIEHHOCTH CTYJEHYECKHX TPYII MarucTepcKod MOATOTOBKH B YHHUBEPCUTETE
He OoTpaboTaHa cxeMma, M0 KOTOPO MaruCTpaHT MOXKET MojaoOparh cebe TOT Habop JUCHUILIMH,
KOTOpBIi 00Jiee BCETO COOTBETCTBYET NPOMIIII0 €ro HaydHOH padoTsl. [Ipu 3TOM B MocnenHue aBa
roga moTrepsHa mpakTuka 90-X TONOB COCTaBJICHHS WHAMBUIYalbHBIX IIIAHOB MaruCTpaHTa,
B KOTOPBIHM BKIJIFOYAIN HE TOJBKO IUIAH BBIMIOJIHEHUS HAYYHOH PabOThI, HO U MEPEUCHb H3y4aeMBbIX
JUCIUIUIMH 10 BBIOOpY. OJHAKO THpPH 3TOM IEPEUYCHb TUCLUIUIMH, IO KOTOPHIM Y4EeOHBIM
yIpaBJeHWEM OPraHW30BLIBAJIMCH I'PYINOBBIE 3aHATHS, ObUI BechbMa orpaHnueH. OCHOBHOH OJIOK
TEXHHUYECKHUX JUCLUHUIUIMH BEJ CaM PYKOBOIMUTENIb MarmcrpaHTta, 0e3 Harpy3ku. B Hacrosiiee
BpeMsI Harpy3ka Ha IpOBEIEHHE BCEX AayAUTOPHBIX YacOB BBIACNACTCS, U B LEJIAX SKOHOMHH
CPEJICTB BCE 3aHATHUSA BEAYTCS TOJIBKO B TPYIIIIE.

CxeMa JBYXCTYNEHYATOTO BBICIIET0 OOpa30BaHUS MPUMEHSETCS BO MHOTHX 3apyOexHBIX
yHHBepcuTeTax. OCOOCHHO YCHEMIHO W IIUPOKO 3Ta cxema ucnonsdyercs B CIIA, Anrmmm,
Kanage. OTu cTpaHsl HMEIOT MHOTOJIETHHH OMBIT M MOIIHBIM KOPIyC y4eHbIX (IpenojaBateiei),
YTO MO3BOJISIET UM «BO3TJIABJIATEY HAyYHO-TEXHHUECKHH MpoTpecc.

AHanuz psana JMICCepPTALMi MarvCTPOB, BHIMIOJHEHHBIX B yHUBEpPCHTETaX EBpoIbI
(Tepmanuu, AHriinM) Ha couckaHnue ydeHoro 3Banus Master of Science in Materials Science Engi-
neering mokasplBaeT, YTO  MAarucrepckas AuccepTalus B 00JacTH MaTepHaOBEACHHUS
HE MIPETeHAYET Ha CEephEe3HYI0 TEOpPETHUEeCKylo paboTy, a TpeincTaBiseT coOOW Tpyad, aBTOp
KOTOPOrO JOCTaTOYHO CEPhE3HO OBNAJEN METOJO0JOrHeld HaydyHOrO HCCIIEAOBaHMS, HAaBBIKAMU
9KCIEPUMEHTAIBHOW PabOThI ¢ MPUMEHEHHWEM JOCTaTOYHO OONBIIOr0 pa3HOOOpa3usi METOJOB
HCCIICIOBAHMS MaTEePHAIOB (0T PEHTTEHOCTPYKTYPHOTO aHAJIHM3a M NEKTPOHHONH MUKPOCKOIHHU JI0
MEXaHHYECKUX HCTBITAHWN). Pe3ynpTaThl SKCIIepUMEHTaIbHOI paboThl, Kak MpPaBUIIO, TIIATEIHEHO
AHATMBUPYIOTCST W COTMOCTABJIAIOTCS C HAay4YHBIMH paboTamMu Jpyrux aBTopoB. OObeM
9KCIEPUMEHTAIBHOW TJIAaBBI COOTBETCTBYET OOBEMY COOTBETCTBYIOIIMX TJaB KaHAMOATCKOH
aucceptany B Pocenu n naxke 6oxpire. OHako B KaHIUIATCKOM AUCCEPTALMU TAKUX TJ1aB OOBIYHO
He MeHee ABYX (wacto Tpu). Kpome Toro, s Marucrepckod AMCCEpTaliM  XapaKTepeH
JOCTaTOYHO TIyOOKMit 0030p JmuTepaTypsl M OOOCHOBAaHHE JOCTOBEPHOCTH IIOJyYEHHBIX
pe3yNbTaToB (XOTS M HEOONBIINX, HO HAYYHBIX).

D¢ dexTuBHOCTS PabOTHl MarucTpaTypbl, 0 MHEHHIO aBTOPOB, HANPSMYIO 3aBHCHT OT
BO3MOXKHOCTH TPOAOJDKEHHS Y4eObl B acnupaHType (TpEeTHH YpPOBEHb MOJATOTOBKH) B JTOM XKe
By3€, a TAKXKE€ BO3MOYKHOCTHU 3aIMTHl KaHAWAATCKOI AMCCEPTALNH B IUCCEPTALIOHHOM COBETE,
paborarorem JOO B OTOM JK€ By3e, JIMOO B By3€, PpAaCIOJIO)KEHHOM TEPPUTOPHAILHO
OTHOCHTENIFHO HEJAJIEKO, U C KOTOPBIM €CTh HAay4YHbIC CBS3M NpEnojaBaTencii. ITo crnocoOCTByeT
MOBBIIICHUIO IIEJICHANPABICHHOCTH HCCIIEI0BATENbCKOM PabOTBl MAarucTpaHTa, MOBBIIICHHIO
Ka4ecTBa M KOJHMYECTBA ITyOIUKALUil MATUCTPAHTa, €r0 JUCCEPTALIUH.
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[ostomy oTcyrcTBHE acmmpaHTypsl mo MartepuanoBeneHnio B KHUTY-KAU 6e3ycioBHO
CHIDKaeT >(QQEKTHBHOCTh HAaydyHOW paboOTHl MarucTpaHToB. Kpome TOrO, B HACTOsIIee BpeMs
B Poccun HEyKIOHHO COKpamiaeTcs KOJIWYECTBO [JHCCEPTALMOHHBIX COBETOB [0  3aIUTE
KaHIUJIATCKUX JauccepTaiuii (moktopckux PhD) B menom, u mo MaTepHanoBeACHHIO, B YaCTHOCTH.
Tem cambIM co3zaercst psii NPEnITCTBUMH, B TOM YHCIIe ¥ (PUHAHCOBBIX, IO 3aIIUTE YK€ TOTOBBIX
KaH/IUIATCKUX JMCCEePTaIHii, B COCTaB KOTOPOM BOIIUIN PE3YJIBTAThl U MATUCTEPCKOH pabOTEHI.

Tem He MeHee, MHOTME MarucCTpPaHTbl, OKOHYMBIIME MarucTpaTypy IO HalpaBJEHUIO
MaTepHalioBeICHUE 110 Hameld Kadeape, NMOCTYMAlOT M YCHEIIHO 3aKaHYUBAIOT ACIUPaHTYPy
IO CIIEIUANTBHOCTH «TemyIoBbIe, 3IEKTPOPaKEeTHBIE JBUTATEIN 1 SHEProycTaHOBKH JIA», MOCKOIBbKY
Kadenpa paboOTaeT B COCTaBE MHCTUTYTA aBHAIMM, HA3EMHOT'O TPAHCIIOPTA M YHEPTETUKH U BEAET
HaydHyl0 pabory B 00NacTM aBHAalMOHHOTO [JBHUTAaTEJECTPOCHHUS W SHEPTETHYECKOTO
MamuHocTpoeHus. Ilponomkenne mcciaenoBaHui, HauYaThIX B Marucrparype, eme 3-4 roga 6e3
N3MEHEHHS TEMbI CIIOCOOCTBYET SKOHOMHM BPEMEHH (HE HAZ0 «BHEAPSATHCS» B HOBYIO TEMYy IpH
Iepexofic M3 MAarucTparypbl B aclUpPaHTypy, COKpamiaercs BpeMs Ha 0030p JHTEpaTypbl)
BO3pacTaeT 00bEM U KauyeCcTBO CO3/[aBaCMOM MHTEIUIEKTYaIbHON MTPOTyKINH.

3akioueHue

Maructparypa B Poccuiickoii Bricmieii mkone u B KHUTY-KAU nepexuBaer HenpocToi
MIEpUO/ CTAHOBJICHHS U SIBJISAETCS MOKa HEJOCTATOYHO OCBOCHHOW (popMoi 0OydeHUs it HAy4HO-
NeIaror4eckKoi 0OLIECTBEHHOCTH YHUBEPCUTETA, XOTSI HEOOXOANMOCTh €€ Pa3BUTHUS B HACTOSIIEE
BpeMs TIOHMMAIOT KaK MPEToaBaTed, Tak U PYKOBOJIUTENIN. Y CKOPEHHIO 3TOTO IPOIIecca MOXKET
CHOCOOCTBOBaTh OCBOCHHUE OMBITA OPTaHU3AIMOHHO-METOINYECKOi paboThl 3apyOexxHsIx BY30B -
Y4acTHHUKOB TpoekTa. [IpeacraBnsier OONBIION MHTEPEC OMBIT BEAYIINX YYaCTHHKOB — MApTHEPOB
B OOJIaCTH OpraHM3allMid HAYYHBIX HCCJIEJOBaHWH MAariucTpaHTOB, IIOATOTOBKE U  3aIlUTe
MarucTepCcKux JUCCepTanuii.
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PEAJIM3ALIMS IMTPOEKTA « TEMPUS-MMATENG» B OBPA3OBATEJILHOM
IHPOI'PAMME «<MATEPUAJIOBEJEHUE U TEXHOJIOTYUN MATEPHUAJIOB»
B KHUTY-KAH

KypraeBa ®.H., YepHoriiazoBa A.B.%, Wiabunkosa T.A.2
kaun. Texm. Hayk, gouent KHUTY-KAM, Kazanb, Poccust, (Kurtaeva@yandex.ru)
%kaHz. TexH. HayK, nouenT KHUTY-KAM, Kasaus, Poccus, (alevtinac@mail.ru)
®10k. Texn. Hayk, npodeccop KHATY-KAU, Kasaus, Poccns, (pochta20006@bk.ru)

Pa3zpaboTka HanMOHATBHOM CTPYKTYpHl KBalH(UKAIMi SBISETCS dYacThio bosoHCKOTO
mporecca. bomoHckuit mpouecc oxBaTeiBaeT 46 cTpaH. bosoHCKHMH mpoliecc CTUMYIHpPYeET
pedopMupoBaHHe M TPUHITHE psiia OOWMX CTPYKTYp M MHCTpyMeHTOB. IIpomecc ornnuaercs
TMOKOCTBIO M TIO3BOJISIET OXBAaTUTh INUPOKHU psii THOKMX IyTei, METOJOB M BO3MOXKHOCTEU
00yueHHUS.

B pesynapraTe MOryT OBITh pa3pabOTaHbl HAIMOHAIBHBIC KBaTU()UKAIMOHHBIC PaMKH,
KOTOpBIE OTPaXKAIOT MPEAyCMOTPEHHbIE B bBOJOHCKOM mpolecce LUKIbI KYpCcOB OOY4eHHs
1 OTHOCAIINECS K HUM KBaJH(DUKAIMU 110 COAEp)KaTeIbHBIM ITapaMeTpaM 3J1eMeHToB. bes ymepoa
JUIl HUX HaI[MOHAJbHBIC KBAJH()UKAIMOHHBIC PAMKH MOTYT TaKXXe B ONpPENCICHHOM OOBeMe
JIOIyCKaTh MHOE TPOCKTHPOBAHWE YUYCOHBIX CIUHMI] M HHAYe OPHEHTHPOBAHHOE KauCCTBECHHOE
ONMCaHWE, HE CBA3aHHOE C C€BPOINCHCKUMH KBaIH(UKAINOHHBIMH paMKaMH, KOTZA TakKoe
OTKJIOHEHHE ONIPABIAHHO 0CO00 BaXXKHBIMH ITpUYHHaAMH /1/.

VYuactue Hamero yHuBepcutera B mpoekre « EMPUS-MMATENG» mo3BonseT akTuBHEE
peann30BaTh MHTETPAIMIO B €BPOIEHCKYIO cCUCTeMy 00pa3oBaHus B paMkax bosoHckoro mpoiecca.

[Mpu peanuzauuu npoekra  ObUIM NPOAHATU3UPOBAHBI IIOJyYEHHBIE MaTEepPHANbl IS
0akaJaBpCKOW CTYNEHH T[OJIrOTOBKM W OCHOBHas oOpa3oBareiibHasi IporpamMma, yueOHO-
METOIMuYEeCKoe oOecreueHre ee JUCHUILIMH [0 HAIpaBJICHUIO IIOATOTOBKH OakalaBpoB
«MatepuanoBeeHne M TexHojormu Matepuanos» 150100.62 (22.03.01). VYueOHwlii maH
U KaJIeHAApHBIH IIIaH TIOATOTOBKM 0aKajJaBpOB BKIIIOYACT IMCIMIUIMHBI OJIM3KWE 3asBICHHBIM
B ipoekte «TEMPUS-MMATENG»Y (pacnpenenerne uacoB ayauTOpHbIE/caMOCTOsTENbHAs paGoTa/
KonmuectBo KpeautoB): «OOIIee MaTepHalOBEeICHHE M TeXHOJOorms MatepuaioB» (108/72/10),
«Teopust crutaBoB» (54/54/3), «@uznko-xumust matepuanoBy (108/108/7), «Teopus U TEXHOIOTHS
MIPOIIECCOB TNPOU3BOJICTBA, 00pabOTKM W TepepadOTKHM MaTepHaNIoB M MOKpHITHI» (126/90/7),
«HoBble Matepuanbl u TexHonorum» (126/126/8), «MeToapl HMcclenoBaHUS W MOJEIMPOBAHMUS
MarepuanoB W mporeccoBy (126/126/8), «/luarHocTHKa, KOHTPOJIb W YOpPaBIeHHE KadyeCTBOM
TEXHOJIOTUYECKHX MTPOLIECCOB M MaTepuaiosy (108/72/6).

Jucnummmaa «OO01ee MaTepuaioBeJIeHHEe W TEXHOJOTHS MaTepHalioB» 00pa3oBaTelIbHOMN
nporpamMMbl 1o HampasieHuto 150100.62 (22.03.01), peanm3yemModl B HalleM YHHUBEPCHUTETE,
COCTOMT W3 Tpex Moxyiel: l.- Hemeramamdeckue wmarepuansl (1-9 Henmens 5 cemectpa), 2.-
MmeraoBenenne (10-18 nemenst 5 cemectpa) m 3. — TexHosorus MarepuanoB (1-18 nemens
6 cemectpa). OtanMume coJepXKaHHWsS MaTepHAJIOBEUECKOro MoOIyns paboyeld mporpaMmsl
JUCUUIUIMHBL 3aKJIIOYAeTCs B TOPAIKE TMpecTaBieHus HHGOpMauuu W B Ooiiee LIMPOKOM
OCBEIIEHWH BWJOB MaTepHajoB. TpaaunuoHHas Ha kadenape «MaTepuanoBeneHue, cBapKa
1 ipou3BoicTBeHHast Oe3omacHOCTh» (MC u I1b) momaua Marepuaia HAYMHAECTCS C TEOPETUIECKUX
OCHOB CTpPOEHMSI MaTrepuaja, 3aTeM - BJIMSHHE CTPOCHUS Ha MEXaHHUUYECKHE, TEXHOJIOTHYECKHE
cBOlicTBa MarepuanoB. IIpuMeHeHHWe MaTepualoB pacCMaTpUBACTCs, KaK CIEICTBUE COCTaBa,
CTPOCHUS U CBOMCTB. B paboueit mporpamme 1mo cooTBeTCTBYOMmEH quctuminHe Basics of material
science incl. fatigue behavior (BA) (aBTop Jan Ivens) Hayka o MaTepmanax mpeIcTaBicHa ¢ TOUKH
3pEHUs] TEOPUH MPOYHOCTH, MEXAHHYECKOTO IOBEACHHS MATEpHaloB, W3YYCHUS BO3MOXKHBIX
NIPUYUH pa3pyILICHNH TPUMEHHUTENIFHO K ONpeIeIeHHON TpyIie u3nenuii. OueBuIHO, TaKOH MMOIX0.
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B Oonbliedl CTENEHW MOTHBUPYET H3Y4YEHHE MAaTEepHAOBEJCHUS M IpHUBJIEKaeT OOJbLIMN
MO3HABATENLHBII MHTEpEC W MOXET OBITh NPHMEHEH IPH IMOJATrOTOBKE OaKallaBpOB /IS Y3KOM
OTpaciy MNPOMBIIUIEHHOCTH. Hampumep, NpoM3BOJICTBO JABUTATENECH JIETAaTEIbHBIX almaparos.
Bormpocsl, CcBs3aHHBIE C H3YYEHHEM BBIHOCIMBOCTH, HAJS)KHOCTH HAIIM OaKajJaBpbl H3Y4aroT,
B Kypcax «/lmarHocTuka, KOHTPOJb M YIPaBICHHE KaueCTBOM TEXHOJIOTHYECKHX IIPOIECCOB
U MaTepHanoB» U «MexaHNKa MaTepHuaoB U OCHOBBI KOHCTPYHUPOBAHUS».

Marepuaibl, TpecTaBieHHbIe B chaaiimax «Light weight_materials for transport» moctymmsr
10t 6akanaBpckoro ypoBHsS. OHHM BKIIIOYAKOT CBEICHUS O KOHCTPYKLMH HM3IEHS, NPUMEHIEMbIX
METaJUTMYECKUX W TMOJUMEPHBIX MaTepuajiaxX, a TakKe MX MEXaHWYeCKHX CBOWCTBaX. JlaHHas
dopMa mpe3eHTAMH Kypca MaTepHalOBEICHUS JEMOHCTPUPYIOT MOJAXOJ B IOATOTOBKE
CHELHUAIMCTOB OPUCHTHPOBAHHBIM Ha KOHKPETHYIO OTPAcib IMPOMBIIUICHHOCTH, B YaCTHOCTH
B aBTOMOOWJIECTpOeHUH. Marepuaibl HCHONB3yIOTCS B Kypce «OOIiee MaTepuanoBeleHUe
U TEXHOJIOTHS ~ MaTepUaloB»  JIns  CTyldeHToB  Hampamienus  150100.62, B kypce
«MarepuanoBesieHe» Uil HarpaBieHus «OKCIUTyaTalys TPaHCIOPTHO-TEXHOJOTHYECKUX MAallHH
u xomrutekcoBy» (190600.62). Ipezentanmonnsie Matepuaisl «KUL materials selection» n «Class
1 introduction to Materials Selection» ucmons3ytoTest B nucrumuinHe «OOmee MaTepraioBeIeHIe
Y TEXHOJIOTHUSI MaTEPHAJIOB MPH PEIICHUH NMPAKTHYSCKHX 3a/1ad MO BEIOOPY MaTepHaIoOB BO BpeMs
NPOBEICHNUS IPAKTUUECKUX 3aHATHI, a TaKXKEe IIPU BHINOJIHCHUH CAMOCTOATEIBHON PaOoTHL

IMpesenTarnmonnsie Matepuaibl u3 manku «Material selection»: Class 2 Materials Propery
Charts - Material Indices — Examples, Class 3 Shape - Processes - Eco-design, Class
5 example_case study mwa Ham B3rsim, garoT Gosiee yriyOJeHHBIE 3HAHHS W MOTYT OBITh
HCIIOJIb30BAHbI ITPH TIOATOTOBKE MarucTpoB.

Crnenyrommii mpuUMep pealu3aluy Ipoekra - aucuuiuinHa «Teopust W TeXHOJOorus
MIPOLIECCOB MPOM3BOJICTBA, O0pabOTKM M mepepabOTKM MaTepHaloB M HAHECEHUs IOKPBITHI
(126/90/7), (6,7 cemecTp), BXOOUT B COCTaB BAPHATHUBHOW 4YaCTH MPOPECCHOHATLHOTO IHKIIA.
OCHOBHOW LENbI0 HM3y4YeHUs IUCLMIUIMHBI SBISETCS (OpMHpOBaHHME y Oyaymimx, OakalaBpoB
TEXHOJIOTMYECKOr0 MBIIIICHHS Ha OCHOBE 3HAaHHMS TEXHOJOTMYECKHX MPOLECCOB MPOHM3BOJCTBA
MaTepuaNoB M IOKPBITHIl, a TaKXe OCHOB HX MNPOCKTHpoBaHHA. OCHOBHBIMH 3aJadyaMH
JIMCLUIUIMHBI SBISFOTCS: 03HAKOMIICHHE CTYAEHTOB ¢ MHOTO()YHKIIMOHAIBHBIMU KPHTEPHATBHBIMH
CHUCTEMaMH KOMILIEKCHON Pa3pabOTKH TEXHOJIOTHYECKHUX IMPOIECCOB MX IOJyYeHUs] U 00paboTKH;
yIpaBJIEHUsI CTPYKTYPOIl U XapaKTepUCTHUKAMU KOHKPETHBIX TPYII MaTepualioB, 1nojy(hadbpukaToB
W U3AENHMH; OCBOGHHE TMPAKTUKH pAcyeTOB OCHOBHBIX TEXHOJOTHYECKHX MapaMeTpOB
U TEXHOJIOTMYECKON OCHACTKHU Ul NPOLIECCOB MOPOIIKOBBIX TEXHOJOTUH, NOIYyYEHUN MOKPBITUH,
JUThs,, TepepaboTku ruiactMacc. JlucuuiuinHa — GasupyeTcs Ha 3HAHHSX, MOJYYCHHBIX MPU
H3Yy4YCHUH CIEAYIOUIMX OUCHUIUIMH: «Dusuueckas Xumus», «MeTposiorus, CTaHIapTH3aHs
u ceprudukanysy», «O0IIee MaTepHaIoBEeJeHUEe U TEXHOJIOTHsT MaTepHajioB», «TexHomormyeckas
MIOJIrOTOBKA ITPOM3BOICTBAY», «HOBBIE MaTepHanbl M TEXHOJIOTHWY. [IMCIMIUINHA BKIIIOYAST MOJLYIIH
(Tembl gt m3ydeHus): mMoxyss 1. Teopernmdeckne OCHOBBI TEXHOJOTHYECKHX IPOLECCOB JIMTHS
(JruTeiiHBIE CBOWMCTBAa pACIIABICHHOTO MeETalIa; THAPABIMYECKHE W TEIUIOBBIE IPOLECCHI
B JINTEHHOI (opMe; TeopHs KpUCTAIUIM3ALMN CIUIABOB; NPUHLMUIIBI IIPOSKTUPOBAHHS JIMTHUKOBBIX
cucreMm). B pamkax moxmyns 2 «llepepaboTka MOJMMEPHBIX MaTepHalioB» paccMaTpHBAIOTCS
BOIPOCHI 110 TEXHOJIOTHH HAHECEHHsI IOKPBITHI Ha OCHOBE MOJIMMEPHBIX MTOPOUIKOBBIX MATEPUAIIOB.
Monyins 3 - «[lopomkoBast MeTaIyprus» (OCHOBHBIC METObI TPOM3BOJICTBA OPOIIKOB ¥ BOJIOKOH
U3 METAUIMYECKHX U HEMETANIMYECKHX MaTePHAaIOB U METOJBI HX KOHTPOJIS; METOAB! ()OPMOBAHUS
MOPOLIKOB M BOJIOKOH; CIIEKaHHe MaTepHayoB). B 3 Moxmyme CTyIeHTHI 3HAKOMSATCS C METOJaMH
IPOU3BOACTBA IOPOIIKOB, B TOM YHCJIE HAHONOPOIIKOB, HM3Y4YalOT OOIIYI0 XapaKTEPUCTHKY
HaHOMAaTEepHaJIOB M HaHOTeXHOJOTMH. Monynp 4 - «TexHosormyeckue NPOLECChl HAaHECEHHS
HEOPraHWYECKUX MOKPBITHHY» ((PHU3MKO-XMMHUUECKHE CBOMCTBA MOBEPXHOCTH TBEPAOTO Tea;
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ra30TepMUYECKHE NPOLECCHl ~ HAHECCHMS  HEOPTaHMYECKHX  IOKPBITHH;  yIpaBICHHE
(hopMupoBaHUEM U CBOWCTBaMH Ta30TEPMHYECKHX IOKPBITHH; METOMBI BaKyyMHOTO
KOHJCHCAlUOHHOTO HAHECEHHsS HEOPraHWYECKHX IIOKPHITHI; KOMOWHHPOBAHHBIE IPOLECCHI
HAHECCHHUS 3all[UTHBIX MOKPBITHH). MaTtepuainbsl kKypca «MeTo/bl HaHeceHust MOoKpbIThity (42/33/3),
JUISL MATUCTPATYPBI IPOEKTa MOTYT OBITh HCIIOJIE30BaHBI B IAHHOM paserie.

B mpoekte MMATENG cymectByer aucuumianHa «TexHOIOruss HaHOMaTepHaloB»
(75/50/5)  anst cryneneit GakanmaBpuaT M Maructpatypa. llemsmu kypca  «TexHOJIOTHS
HAaHOMATEPHAJIOB» SBIAIOTCA: MNPUOOpEeTeHHE 3HAaHUII O COBPEMEHHBIX M TEPCIEKTUBHBIX
HaNpaBJICHUSAX CO3JaHHMS U TEXHOJOIMYECKUX pelleHn 3((GEeKTHBHOTO YNPAaBICHHUS CTPYKTYPOH
1 CBOMCTBAMH HAHOCTPYKTYPHBIX MaTEpHAJIOB,; MOATOTOBKA BBIMYCKHUKOB K HAyYHBIM
WCCIECIOBAHMAM ISl PELICHUs 337ad, CBA3aHHBIX C pa3pabOTKOi HMHHOBAIMOHHBIX METOJOB
MOJTy4eHHs 1 00paOb0TKH HAHOMATEPHAIIOB.

JuctuumHa «TexXHOIOTHsI HAHOMATEPHAJIOBY BKJIIOYACT B CE0sI CIICAYIONIIE Pa3IeIbl:

1. Beenenne. OOmas xapakTepUCTHKa HAHOTEXHOJIOTMH 1 HAHOMAaTEPHAIOB.

2. MeTozpl MoTydeHHs HAHOKPHCTAJUIMYECKHUX TTOPOIIKOB.

3. IlomydeHne HAaHOKPUCTATUINYECKUX MAaTepHalIoB KOMIAKTHPOBAHHUEM ITOPOIIKOB.

4 Kpucrammusanuss  00beMHO-aMOP(OU3UPYIOIIUXCS  CIUIABOB.  MeETOIbl  HAHECEHUS
HaHOCTPYKTYPHBIX ITOKPBITHH.

5. JledbopMalMOHHBIE  METOABI  IOJYyYeHHS OOBEMHBIX  HAHOCTPYKTYPHPOBAHHBIX
MaTepHajoB.

6. CTpyKTypa 1 CBOHCTBa OOBEMHBIX HAHOMATEPHAJIOB.

7. YCTOMUMBOCTH HAHOCTPYKTYPK TYPHBIX MAaTEPHAIOB K BHEIITHUM BO3AEHCTBUSIM.

8. MeToibI HcclieIoBaHuUsI HAHOCTPYKTYPHBIX M HAHOCTPYKTYPHUPOBAHHBIX MAaTEPHAIIOB.

9. IlpuMeHeHe HAHOMATEPHAJIOB U HAHOCTPYKTYPUPOBAHHBIX TIOKPBITHI.

[Ipe3zeHTanMoHHBIE MaTepHajbl JAaHHOTO Kypca TeM 1-3 MOryT OBITh HCIOJB30BaHBI
B aucuuiuimiHe «Teopus M TEXHOJIOTHS IPOIECCOB IPOM3BOJCTBA, 00pabOTKM W TepepaboTKu
MaTepHaJiOB M HAaHECEHUS MOKPHITHH». Marepuansl mo TtemaMm 4-9 MoryT OBITh HCIIOJIB30BaHbI
Ha cJIelyIoIeM ypoBHe 00pa3oBaHus (MarucTepckas MoAroToBka) B aucuuiuinHe «Hanomarepuanst
u texuonorum» (48/96/4).

B wuccnenoBatensckoil paboTe NMpu pemeHHH 3agad M0 BBIOOPY MaTepHaioB CTYICHTaMHU
ucmone3yercst mporpamma EduPack, kotopast comepkuT THraHTCKyro 6a3y JaHHBIX (BKIFOYas OH-
JailH pecypchl) W TO3BOJSIET HaWTH HMHGOpPMAaIMI0O O Marepuainax, O €ero CBOMCTBaXx,
MPOU3BOJUTENSIX U CTOMMOCTH Ha MHUPOBOM pbIHKE. JIaHHBI  OpPOTrpaMMHBIA  IPOJTYKT
npepocraBiieH Kadeape «MarepualioBeieHHe, CBapKka M HPOWU3BOJICTBEHHAsh OE30IacCHOCTH)
(MCullb) B o0OpasoBaTenbHBIX LENX B paMKax peanu3auud mnpoekra «Tempus-Mmateng»
1 YCTAQHOBJIEH B KOMITBIOTEPHBIX KJIaccax JUIsi CBOOOHOTO JJOCTYIIA U MOJIb30BaHUS CTYACHTOB.

Hcnons3oBanue B 00pa3oBaTesIbHOM NporpamMMe npeocTaBieHHbIx npoektom MMATENG
MIPOTPAMHBIX PECYpPCOB, MPE3CHTAIIOHHBIX MaTepUaoB, Y4eOHBIX ocoouit M. Ambu, M. Amou
u B. JI. Kammucrep, K.I'. 1 M.K. Byauncku u np. aBTOpOB Ha aHITIMHCKOM fA3bIKE, HECOMHEHHO,
MOBBICUT YPOBEHb IIPENOJaBaTEIILCKOTO MAcTepCTBA, M YPOBEHb 3HAHHSA TEXHHYECKOTO
AHIJIMICKOTO SI3bIKa.

[epedens ccpuTOK

1. Bononckuii mporecc: EBporeiickue u HalmoHaNbHBIE CTPYKTYphI KBanmuukanuit /Tlog HaydHO#
penakuueit B.M. baiimenko. - M3maTenbcTBO: MCCIENOBAaTENbCKUNA IEHTP MPOOJIEM KadyecTBa MOJATOTOBKH
crienuanucToB. Mocksa 2009r.
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CIIOCOBBI NIOJYYEHUA KOMIIO3UIIMOHHBIX MATEPHUAJIOB

YepHoriiazoBa A.B.}, Baiiranues B.E.’
kann. Texn. nayk, nonenr KHUTY-KAMW, Kazans, Poccus, (alevtinac@mail.ru)
2lok. TexH. Hayk, mpodeccop KHUTY-KAU, Kazans, Pocens, (baigaliev@rambler.ru)

W3BecTHBI cr1ocoObl EepepadOTKH MOIUMEPHBIX MaTepHaIOB W M3TOTOBJICHUE W3JENUN U3
HHUX, KOTOpPbIE MOXHO KJIacCH(UIMPOBaTh HA OCHOBAaHMM (PU3MYECKOTO COCTOSIHUS Marepuaja
B MOMEHT (OpMOBaHHA: (pOpMOBaHHE W3 MOJMMEPOB, HAXOIAMIUXCA B BA3KO-TEKY4eM COCTOSIHUH,
(uThe TON ABJCHWEM, OKCTPY3HWsA, MpPECCOBaHWE W Jp.); (OpPMOBaHHE W3 TOIUMEPOB,
HAXOMAIINXCSI B BBICOKOAIACTHYSCKOM COCTOSHHUH, OOBIYHO C WCIIOJNBE30BAaHHEM JIUCTOB U
IUICHOYHBIX 3arO0TOBOK (BakyyM(popMOBaHHE, MTHEBMO(GOpPMOBaHHUE, TOpsSdas IITAMIIOBKAa H Ip.);
(opMOBaHHE U3 MMOJUMEPOB, HAXOMSIINXCS B TBEPAOM (KPUCTAIUIMICCKOM WA CTEKIOOOPa3HOM)
COCTOSIHHM, OCHOBaHHOE Ha CIIOCOOHOCTH TaKHX IIOJIMMEPOB TMPOSBIATE BHIHYKICHHYIO
BBICOKODJIACTUYHOCTH (ITaMIIOBKA P KOMHATHOW TeMIIepaTtype, MpoKaTka u Jp.).

ITonyuenue 1563 (S105051 NEPEUYUCIIEHHBIMA criocobamu CBSI3aHO c BBICOKOM
MaTepHaIOEMKOCTBIO U OOJIBLIIMMU SHEpro3arpaTami [1, 2].

HpeﬂMeTOM HaIlaux I/ICCHC}IOBaHI/Iﬁ SABJIACTCA BO3MOXHOCTHb IMPUMCHCHUA TMMOPOIIKOBBIX
U rpaHyJIMPOBAHHBIX MOJMMEPHBIX MATEPUATIOB JIA NOJTYYCHUA I/ISJICJ'II/Iﬁ C MajlbiIMU YyJIEJIbHBIM
BeCOM W »Hepro3aTpaTamu. llpemnmaraemplii croco0 H3TOTOBICHUS W3ACIHHA U3 IMOPOIIKOBBIX
MTOJTMMEPHBIX MaTEPHAJIOB 3aKIFOYAETCS B XOJIOIHOM MPECCOBAHMHU 3aTOTOBOK B 3aKpBITOH (hopme,
MOCTECNYIOMEM WX CHEKAaHWH W OXJaXIeHHH. [IpuueM cIriekaHHWe 3aroTOBOK MPOBOIAT IIPH
TeMIepaType HIDKE TeMIIepaTyphl IUIaBICHUS monuMepa. [lpemmaraemsrii cmoco® MO3BOISET
M3TOTAaBJIMBATh M3ACTHS W3 TOPOIMIKOBHIX TOJIHMEPOB HaXKe B TEX CIIydasX, KOTJa TeMIlepaTypa
IUTABIICHUS TIOJIMMepa OJTM3Ka K TeMITepaType JeCTPYKINH.

B kauecTBe MOJIMMEPHOTO MOPOIIKA UCIIOIb30BAIN MEHTAILIACT — OECIBETHBII TEPMOILIACT,
co crenenpio kpuctammuaHocTd 20-30%, mmotHOCThIO 1.4 r/em®, TEMIIEPATypOl IIaBICHUS 180°C,
TBeprocThio 1o bpunemmo 80-110 Mmna [3].

Cnoco0 mnosyueHHs MOPUCTOW CTPYKTYphl KOMIIO3UIIMOHHOTO MaTepHaia, 3aKiouaeTcs
B U3TOTOBJICHUU I/ISI[CJ'II/Iﬁ N3 TIOPOMIKOBBIX MOJMMEPHBIX MATCpHUAIOB XOJOAHOM IIPECCOBAHUU
3aroTOBOK B 3aKpBITOH (OpMe, MOCIEAYIONEM UX CIIEKaHWW M OXJIaXIEeHUH. [IpuyeM crekaHue
3ar0TOBOK IPOBOJAT MPH TEMIIEpaType HWKE TEMIICpaTyphl IUIaBIIeHus noixuMepa. [IpemimaraeMorii
€1oco0 MO3BOJISIET U3TOTaBJINBATh M3/ICNIUs U3 TIOPOIIKOBBIX MMOJMMEPOB JaXKe B T€X CIIydasx, KOraa
TeMIepaTypa IUIABJICHHUS ToJIuMepa OJII3Ka K TeMIlepaType JecTpyKuuu. [3].

Jns wccnenoBaHus BIUSIHHA t,, Ha MEXaHWYECKHE CBONCTBA W3ICIHA W3 ICHTAIDIAcTa
MOJTYYEHHBIX T10 JAaHHOW TEXHOJOTMH M WX MaTepHalloeMKOCTb, OBUTM M3TOTOBJIEHBI OOpas3libl,
TeMIepaTypa clekaHus KoTopbix cocraBmsina 0,81, 0,66-t,,, 04-t,, roe t,, -remmepaTypa
TUIABJICHHS TIOJIUMEPA.

MartepuaaoeMKOCTh M3/eINHA Oblla OXapaKTepH30BaHA IABYMS HE3aBHCHMBIMHU CIIOCOOaMU:
OTIpeJieNIeHUE TOPUCTOCTH MMOBEPXHOCTH 00pa3IoB, U ONpe/IelICHNE IUIOTHOCTH 00pa3IioB.

Jnst onpexeneHus MOPUCTOCTH CTPYKTypa 0O0pasloB Obula HCCIEAOBaHA C MOMOIIBIO
onmTHYecKoro MuKpockoma Axiovert 200. Ha pucynke 1 mpeacTaBieHBl TONYYEHHBIC
(dhoTomukporpadsl, cHAThie TTpu S0x yBenudeHUH. KoiaumdecTBEHHBIM aHAN3 W300pakeHWH ObLI
MPOBEJIEH C UCIIOIB30BAHUEM IIPOrpaMMHOro obecrieuenus Image Processing System (IPS). Jlannas
IporpamMma II03BOJISE€T OINPENEIUTh MOPUCTOCTb, KOJMYECTBO MOP HAa EAMHHILY IUIOLIAIM, WX

F
CcpemHu 3KBUBaJCHTHBIN pamamyc Rep. Ilopuctocth € onpeaenunu mo ¢opmyne: € = % 'TIe
o6p

Fosp — mmomane obpasua, Fy,,, — cymmapHas niomane mnop.
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®dotomukporpad obpasua ¢ t,=0,4-t,, (pucyHok 1B) mpu oOpabortke mporpammoii IPS
MIpeJCTaBJICHA Ha PHCYHKE 2.

Pe3ynbTaThl KOJIMYECTBEHHOrO aHANIN3a CTPYKTYPHI NMOBEPXHOCTH OOPA3LOB MPEICTaBICHBI
B Tabmuue 1. V3 Tabmuubel BHOHO, YTO C YBEJIMYEHHUEM TEMIIEPATyphl CHEKaHUs MOPHCTOCTh
CHIDKAeTCS, YMEHbBIIAETCS] KOJMYECTBO IIOp HA EAMHHI IUIOMIQAHM, MPU OSTOM CpeaHuit
SKBUBAJICHTHBIH PaJInyC OCTAETCs IIOCTOSHHBIM B TIepe/ieiax CTaHAaPTHOTO OTKJIOHEHHSI.

Hns obpasua c t,=0,66-t,, Obl1a Takke OmpeAeicHa IIOTHOCTh. [ITOTHOCTH OMpPEeIIsIn
JIUJIATOMETPUYECKHM METOJOM. V3MepeHHs INIOTHOCTH o0paslia NMpu KOMHATHOM TeMmIeparype
MIPOBEJICHBl METOJIOM THAPOCTATHYECKOTO B3BEUIMBAaHHMS Ha aHAIUTHYeCKuX Becax AJ[B-2M.
B xauecTBe WMMEpPCHOHHON MXHIKOCTH HWCIONB30BaH W300KTaH sTanoHHB ['OCT 12433-83.
IIpenen nomyckaemMoii OCHOBHOM NorpenHocTH He mpessiman 0,1%.

B pesynbraTe M3MepeHHH OBUIO ONpPEAENCHO, YTO IUIOTHOCTB 3TOro o0pasla cocTaBuiia
0,94-p,, Tie: p,— MWIOTHOCTH 00pa3ia, MOIYICHHOTO pH TeMIrepatype to, = ty; .

O0e METOAWKH OLEHKH MAaTepHUAIOEMKOCTH MOKAa3bIBAIOT, YTO MpEeIaraeMbIidi CIIOcO0
mrortoneHns mpu  t,;=0,66-t;;, TMO3BONAET YMCHBIINTH MATCPHANIOEMKOCTh W3ACIHHA W3
MOPOILIKOBBIX MOJMMEPHBIX MaTrepuainoB Ha 3-6%.

a) - B)
Puc.1. ®otomukporpads 00pasios (50um x S0um): a) obpaserr ¢ TeMIepaTypoil CrieKaHus
0,8 t,,;; ©6) oOpasern ¢ Temreparypoii criekanus 0,66 t;; B)oOpaser ¢ Temmepatypoit criekanus 0,4 t;.

OTimans B pe3yibTaTaxX IMOJYYECHHBIX PAa3HBIMA METOJUKAMH MOXHO OOBSCHHTH TEM, UTO
M3MEPEHUE TUIOTHOCTH MPOHM3BOIWIOCH B 00IIEM 00beMe, a aHaJIH3 MOPHCTOCTH Ha MOBEPXHOCTH
o0pasia, rue t,, BeposiTHO Oblia BbIle, YeM B TiIyOnHe 00pasiia, B pe3ylbTaTe Yero CreKkaHue ObLIo
00JIee CHIIBHBIM M KOJIMYECTBO [TOP MEHBIIIMM, Y€M B 00BEME.

CHMmKeHne TeMIIepaTypsl CIEKaHHs MPUBOANT K YBEIUYECHUIO OPUCTOCTH MaTepHaia, 9To
CHIXXAET MaTepUATOEMKOCTh, HO B TOXE BPEMS MPHUBOIUT K CHIDKEHUIO TBEPAOCTH H3JIEITHA.
Hcnons3zoBanue t,;=0,66 t,, 1Ig M3roTOBIEHHS H3AEIHMM W3 IIEHTAILIACTA II03BOJSET CHHU3HUTH
MaTepUAIOEMKOCTh MUHHMAIBHO YXYIIast MEXaHUUECKUE CBOMCTBA U3/ICIIHSL.

Jannas paspabotka 3anmumieHa nateHToM P@® Ne2404055 «Croco0 M3roToBICHUS M3ACITHIA
U3 TOPOIIKOBEIX TOJIMMEPHBIX MATEPHUAIIOBY.

Ha pucyHke 3 paccMOTpEeHO BIMSHHUE TEMIIEPAaTyphl cliekaHus ., Ha MHKpPOTBEPIOCThH
m3genuit Hp. Mukpotsepmocts Hy momydeHHBIX 00pa3ioB onpejesieHa Ha MEKpoTBepaomepe HX
1000-TM.



76

International Scientific-Methodological Conference «How to teach material sciences:
new approaches and experiences from the MMATENG project»

Puc. 2. ®orommkporpad oOpasia H300paKCHHOTO Ha pUCYHKE 1B mpu o00paboTKe

nporpammoit IPS.

Tabnmna 1 — KonmdecTBEHHBIN aHAN3 CTPYKTYPHI TOBEPXHOCTH 00pa3IoOB.

Temneparypa Konngectso nop Ha Cpennnit Iopucrocrts, ¢
crekanus t,, €IUHUITY TUTOIIATH 3KBHUBAJICHTHBIN [%]
[°cl [trr/mm?] pamuyc, Rep
[MEM]
72 (04t,) 143,8-10° 0,41 14,15
119 (0,66 t,,) 33,4-10° 0,44 2,98
144 (0,8t,,) 7,8:10° 0,47 0,70
16
14 1
12 1
10 -
£ 8-
6 -
4
2
0 . . . .
60 80 100 120 140 160
ten

Puc.3. Bimsgaue Temmepatyps! ciekaHus ., Ha MEKPOTBEPAOCTD u3menmii HL.

B kauectBe TpaHyn mnpuMeHsIM HonmdTWIEH Huskoro pasieHus (TY/TU 2211-145-
05766801). IMonmdTHICH- OecUBETHBIA TepMoIuiacT, mIoTHOCTh 0,95-0,97 MF/Ms, TeMIeparypa
miasnenns  129-135°C. Tokasarens Tekydectd pacmiaBa (mpu 190°C/2,16 xr) 3aBuCHT OT
Ha3HA4YEHUsI MOJIMATHIEHA U HaXOIUTCS B IIMPOKUX npuenax ot 0,85 mo 65 (r/10 mun).

IIpeccoBanne ocymectBusercs npu gasneann 3 Mlla. TemmnepaTtypa crnexaHus 110-140°C.
IMocne cnekanusi mpecc-popMa OXJIAXKIAETCS 10 TEMIEPaTypbl CTEKJIOBaHMS MOJIMMEpa 30°C,
npecc-hopMa pacKphIBaeTCsl, H3/1eJINe BHIHUMACTCSL.

Ha pucynke 4 npezcraBiicH BHEIIHNN BHJ 00pa3i0B HOIyYEHHBIX MO JaHHOW TEXHOJIOTHH.


http://www.xumuk.ru/encyklopedia/2/4381.html
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Wznenue, monydeHHOE MpH TeMIlepaType crekaHus ., HIbKe TeMIepaTypsl TeKydecTH t;
mosamepa (t,,;=0,58 t;), umeer mroTHOCTH OOpasma p.=0,95:p,, THE: Pe; — TUIOTHOCTH OOpAa3Iia,
MIOJyYCHHOTO TIPH TEMIlepaType creKaHus {., HIKe TeMIepaTypbl TEKy4ecTH MOIHMepa, P, -
IUIOTHOCTH 00pasiia, MOJIyYCHHOTO MPH TeMIIepaType CrekaHus t., paBHOI TeMIepaType TeKy4eCTH
t, mosnmmepa.

Uznenue, monydeHHOE MpHU TEMIEpPAType CICKaHUs pPAaBHOW TeMIepaType TEeKy4eCcTH
momumepa (t.,=1,00-t; ), umeet p, =1,00.

Ha pucynke 5 npencraBieHbl 00pas3iibl, TOTYUYCHHBIC MPU MPECCOBAHUU TPAHYJ YIO0KCHHBIX
B (hopMy B ouH cioii (naBienune-3MIla, 5 MUHYT BBIAEPIKKH).

- a) 0)

Puc. 4. ®ororpaduun o0pasoB: MOPUCTHI obOpaserr (a), obpaser; 6e3 mop (0); a) t.,=0,58t,,
(110°C) pes=0,95 p, 6) te;=1,00" t,,, ,( 190°C) pe=1,00

Puc. 5. ®otorpaduu 06pasios: a) t,=0,77t,,( 133°C) 6) t,;=0,8" t,, ( 140°C)

CprKTypa o6pa3u03 ObLIa ucciegoBaHa ¢ IMOMOIINBIO  ONTUYECKOI0 MHUKPOCKOIIa

Axiovert200. Ha pucyHke 6 TpeiCTaBieHbI MONydYeHHbIE (OTOMHKpOrpadsl, CHsThIE mpH 50X
YBEJIIMYCHUU.
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Puc. 6. dotomukporpadsl oOpa3ios: a) obpaszen ¢ Temmeparypoir crekanus 0,8 t; 0)
oOpa3err ¢ Temmnepatypoii criekanus 0,7 t,.

Ha pucynke 6,a HaOmromaeTcs HaJUYME CBAapHOTO IIBA, 4YTO W TMPHIACT HU3ICIHIO
MOBBILICHHYIO POYHOCTb.

Ha cmoco6 momyuen mareHT P® Ne2527049 «Crmoco® W3roTOBICHHS W3IENAN U3
rpaHyJIUPOBAHHBIX MMOJMMEPHBIX MATEPUATIOB).

Takum 00pa3oM, NPEIOKEH CHOCOO0 M3TOTOBICHUS KOMIIO3UIIMOHHOIO MAaTepUAIOB
C MCHOJIb30BAaHUEM H3JICTHH MONYYCHHBIX M3 MOJMMEPHBIX MOPOIIKOB M TPaHyI, MO3BOJISIOIINI
YMEHBIIUTh YACHbHBIH Bec. JlaHHAs TEXHOJOTHS MOXET ObITh HCHONB30BaHA B AajbHEHIIMX
HCCIICOBAHUSX U Pa3paboTKaX MPHU CO3aHUN HOBBIX MAaTEPUAIOB.

[Iepeuens cepliok

1. CipaBouYHUK 1O IUIACTHYECKUM Maccam, rnoa pen. B.M. Karaesa, 2 uzn., 1. 1, M., 1975;

2. Mynns 10.A. 3amuTHbIE TOKPHITHS U QyTEepOBKU HAa OCHOBE TEPMOILIACTOB, JI., 1984.

3.Mynus [0.A., Apues U.K., [lenramnacr, JI., 1975.

4 Jlynonee [.H., 3apuunsx FO.Il. TemnonpoBOAHOCTh CMECEH W KOMIIO3HIIMOHHBIX MaTEpPHAJIOB.
JL.: Dueprus, 1974.
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HIGHER ENVIRONMENTAL EDUCATION FOR SUSTAINABLE DEVELOPMENT
THROUGHOUT THE TEACHING DISCIPLINE “ENVIRONMENTAL MATERIALS”

Murtazina L.G.
Vice-Head of International Department KNRTU-KAI, Kazan, Russia, (mourt@mail.ru)

Abstract: It is common knowledge that issues of Sustainable Development are gaining im-
portance in everyday life. In the field of Materials Science and Engineering almost every aspect of
material usage is now subject to environmental consideration. Engineers play a significant role to
help achieving sustainable development throughout the world. It is impossible to be a professional
in engineering area and ignore the environmental challenges and opportunities for their sustainable
decisions. The main task of higher school is to equip society with professionals who can address our
21-st century sustainable living challenges. If the universities are eager to attract the brightest stu-
dents and industry companies want to get high qualified employees who are equipped with appro-
priate knowledge and skills, then environmental education for sustainability is now recognized as
essential. The author makes an accent on the urgent need for a transformation of engineering educa-
tion globally through implementing environmental component within higher education institutions
and in professional training programs.

Keywords: Engineering Education, Environmental Education, Sustainable Solutions, Sus-
tainable Development, Rapid Curriculum Renewal, Durability, Machine Building Industry, Teach-
ing Methodology of Materials Science, Environmental Materials.

The technological advances that have transformed our world over the last 20 years have been
founded on developments in Materials Science and Engineering. Materials are evolving faster today
than at any time in history; enabling engineers to improve the performance of existing products and
to develop innovative technologies that will enhance every aspect of our lives. Materials Science
and Engineering has become a key discipline in the competitive global economy and is recognized
as one of the technical disciplines with the most exciting career opportunities. It is common
knowledge that the social order for a transformation of graduate knowledge and capabilities comes
from industry and prospective learners respectively. It is very important that the latest information
about global systems and current and emerging strengths to address sustainability challenges are
to be integrated into engineering education in a timely manner.

In order to meet the challenge of achieving sustainable development two initiatives are cur-
rently discussed:

- Development of a wide range of freely available, so called “Engineering Sustainable Solu-
tions Programs” (ESSP) [1];

- Development of a rapid transition strategy for curriculum renewal in engineering education
through curriculum renewal framework.

Materials science and Engineering is arguably the most important engineering discipline.
Materials have always been important to the advance of civilization: entire eras are named after
them. After evolving from the Stone Age through the Bronze and Iron Ages, now in the modern era
we have vast numbers of tailored materials to make use of. We are really living in the Materials Age

[2].

The field of Materials Science deals with all classes of materials from a unified viewpoint
and with an emphasis on the connections between the underlying structure and the processing, prop-
erties, and performance of the material. A materials scientist studies how materials react when under
different conditions and understands that all materials can be approached from a common set of
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principles. Most fields in science and engineering are concerned in some way or other with materi-
als, but only the field of materials science and engineering focuses directly on them.

For teacher it is very important to understand how Environmental Materials can be taught
under the broad title of Materials Science; how it can be most effectively delivered to students; and
how it might be assessed. Life Cycle Analysis is essentially a method of considering the entire envi-
ronmental impact, energy and resource usage of a material or product [3]. It is often known as
a 'cradle-to-grave' analysis and can encompass the entire lifetime from extraction to end-of-life dis-
posal. Life cycle analysis can be an extremely effective way of linking many different aspects of the
environmental impacts of materials usage.

Over last 7 years Kazan National Research Technical University has won 9 TEMPUS pro-
jects. Thanks to TEMPUS project « Modernization of two cycles (MA, BA) of competence-based
curricula in Material Engineering according to the best experience of Bologna Process»
(MMATENG) we have got a platform which through a transfer knowledge model provides us with
mentoring and support from a wide range of experts and leading higher education institutions inter-
nationally. We have received advanced technological solutions such as «Granta Design» program
which contains a comprehensive database for project teaching and Eco-Design. Using this program
in Lab design activities it brings easier for students to develop ecological-professional competen-
cies. It facilitates students to make assessment of the Eco-impact which a product could have
throughout its life cycle or to select environmental materials, make sustainable decisions towards
applying green technologies (see Figure 1).

The methods by which students obtain the information can vary, depending on the level of
initiative expected from the students. It could be presented via conventional lectures, with support-
ing multi-media material. If students are given more time and responsibility for their learning, they
could be required to undertake a literature survey, however with this method it is quite common for
important information to be missed or not understood. The area of environmental materials presents
an exceptionally good opportunity for other teaching and learning methods that are much more suit-
ed to the quite subjective and rapidly changing nature of the subject such as:

- Group discussion;

- Self-directed information review;

- Market research;

- Case-study work.

In order to make a transition to engineering education for sustainable development, it is criti-
cal to systematically address a number of common key elements (regardless of which academic in-
stitution) within the curriculum renewal process. Driving factors for undertaking a curriculum re-
newal process include the need to address industry and government demand for engineering gradu-
ates who are literate and competent in addressing sustainable development; the need to meet chang-
ing student expectations on course content (i.e. recruitment); and the need to respond in a critical
timeframe of one decade. Table 2 comprises the identified key elements of Curriculum Renewal
Framework [4].

It is critical that higher education institutions undertake curriculum renewal to make the tran-
sition to engineering education for sustainable development. The task of universities is to consider
a range of incentive mechanisms for encouraging lecturers to commit to course renewal. Participa-
tion in TEMPUS projects can be used as a tool encouragement through funding opportunities for
university staff.
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Fig. 1. Teaching Environmental Materials with Granta Design program

Table 1. — Curriculum Renewal Framework: Identified Key Elements

Awareness Raising Activities: Facilitate opportunities for staff and students to become aware of
the current context of sustainability, through activities such as keynote lectures, keynote addresses,
lunchtime seminars,

media articles, and profiling of existing sustainability related initiatives and/or champions within the
university.

Scoping Workshops with Key Staff: Undertake scoping workshops involving academic staff and
other collaborators within the university hierarchy, to work through a SWOT Analysis (strengths,
weaknesses, opportunities and threats) and Gap Analysis relating to sustainability, across the pro-
gram/s of focus. This

includes consideration of the university’s ‘Graduate Attribute’ requirements for graduating students
and how sustainability knowledge and skills relate to these requirements.

Desktop Audit & Classification of Programs: Identify all areas that conflict with recognized sus-
tainability principles, theory and application, through an assessment and classification of all courses
in the program/s of focus. Map out where courses need to be further developed with embedded
sustainability content, renewed, or replaced. Include the scoping of resource and timing require-
ments for existing course renewal and new course development/ replacement. This element facili-
tates planned and strategic incorporation of content across (breadth) and within (depth) program
curriculum, in order for students to successfully transition in their exposure to sustainability content
within their discipline area. It is a collective group, departmental, program and course planning ini-
tiative that depends on participation of program and course convertors to scaffold the introduction
of introductory, then detailed content on technologies and advancements appropriate to the disci-
pline area. It is also critical that the audit and classification of programs acknowledges requirements
for changes to course assessment and representation in course outlines.

New Curriculum - Existing Course Renewal (Integrated Approach)

Introductory Level: Develop and embed sustainability content in a case study format, across first
year courses in the program of focus. This needs a commitment from the first year teaching team
with teaching support to embed materials into lecture/ tutorial/ workshop/ assignments/ laboratories/
site visits.

Detailed (Intermediate — Advanced) Level: Develop and embed content for those courses identi-
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fied as needing minor changes. For example, in a numerical methods course, this could involve
bringing in programming that incorporates ‘efficiency’ calculations, which may not have been con-
sidered previously. Develop and embed content for those courses identified as needing major
changes. Here it is important to address the issue of managing the lag time between training in sus-
tainability content and the demand for graduates with this new knowledge and skill set. Planned and
strategic integration of ‘detailed’ sustainability content will cater for such changing graduate skill
requirements.

New Curriculum - New Course Development/ Replacement (Flagship Approach)

Introductory Level: Develop a common introductory course for first year students to ‘kick-start’
the transition process. This may comprise either replacement of a previous course, or development
of an existing course.

This is also an opportunity to engage staff to begin their professional development in sustainable
development content. This approach requires one or more ‘champion lecturers’ with teaching sup-
port.

Detailed (Intermediate — Advanced) Level: Develop new courses to cater for learning in new sus-
tainability content areas, previously not addressed in the program, replacing courses that no longer
cater for graduate employment. As for existing course renewal, it is important to address the issue of
managing the lag time between training in sustainability content and the demand for graduates with
this new knowledge and skill set. Planned and strategic development and replacement with interme-
diate to advanced sustainability content will cater for such changing graduate skill requirements.

Outreach and Bridging (Recruitment): Use courses as outreach and bridging material for students
considering study in the field. First year courses could be promoted to high schools as an accelerat-
ed Year 12 course. Masters first year/ introductory core courses could also be promoted internally to
other sectors within the university, and to international potential student audiences.

In KNRTU-KAI during realization TEMPUS project 9 Core Modules (taught by Depart-
ment of Material Science, Welding and Manufacturing Safety) and 3 transferable modules (taught
by Department of Economics and Management on Enterprise) were determined as targeted. Current
curricula in Material Engineering was reviewed and analyzed. New and upgraded modules in Mate-
rial Engineering are now in process.
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Nanoquasicrystalline Al-Fe-Cr based alloys, which belong to the group of metal matrix
nanocomposite, show excellent balance between high strength and sufficient ductility [1, 2]. Com-
pared to other commercial Al alloys, Al-Fe-Cr based alloys show better structural stability, making
them promising to be employed at elevated temperatures and, therefore, attractive for industrial ap-
plication in automotive and aircraft industries [1, 2]. These alloys are composed of icosahedral
quasicrystalline particles (i-phase) with sizes about 100 nm embedded in a-Al matrix [3]. However,
quasicrystalline particles of i-phase presented in Al-Fe-Cr based alloys are of metastable nature,
retaining in surrounding of a-Al solid solution at heating up to ultimate temperatures. On this evi-
dence detailed knowledge concerning the range of temperatures where i-phase particles survive
in Al-Fe-Cr alloys of particular elementary composition is of great importance. In the present study,
therefore, the kinetic parameters for structural evolution and phase transformation in water atomized
Al-Fe-Cr based alloy have been examined by means of precise method of DSC technique and con-
firmed by the results of XRD analysis.

Quasicrystalline powders of Al-based alloy with nominal composition of AlgFe;Cr; was em-
ployed in experimentation and fabricated by water-atomisation technique using inhibited high-pressure
water with Ph 3.5 [4]. Fraction volume of quasicrystalline particles contained by Alg,FesCrs powders did
not exceed 30% [5]. DSC measurements were performed using commercial apparatus STA449F1
(Netzsch, Germany). XRD analysis was performed using Cu K, radiation. The i-phase was indexed
using Cahn’s indexation scheme [6].

Fig. 1 shows typical DSC run at constant heating rate of 10 K-min™.

One endothermic and two exothermic reactions are clearly recognised in DSC runs of pow-
dered Alg;FesCrs alloy detected by DSC measurements. An attention should be paid to the fact that
endothermic peak is accompanied by powder mass loss, suggesting dehydration of aluminium hy-
droxide usually presented on aluminium surface in a form of ultrathin layer. It should be noted that
endothermic peak becomes strongly pronounced as powder particles size increases. This is because
fraction of pores in the interior of powder particles increases, resulting in bigger length of oxidized
surface. Actually, the results of XRD analysis confirm the presence of hydroxide on the surface of
powder particles and pores in their interior, as can be seen in fig. 2.
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Fig, 1. DSC runs and TGA measurements detected under heating of AlgFes;Crs powder with
different mesh fractions: 1 — particles of 40 um and less; 2 — particle size ranged from 40 to 63 um;
3 — particle size ranged from 63 to 100 pum.
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Fig. 2. Sections of XRD patterns of (a) as-received AlgsFe;Crs powder and (b) powder of pure
Al

XRD patterns for Alg,FesCrs powder shows pronounced halo at the range of small angles that
is generally intrinsic to gibbsite Al,O3;x3H,0 and, thus, strongly suggest the presence of X-ray
amorphous hydroxide Al,Os;xnH,O of variable composition. It should be noted that similar pro-
nounced halo of increased intensity is observed in the XRD patterns for pure Al powder that has
smaller corrosion resistance compared to that of AlgFesCrs alloy. As evidenced from fig. 2, the mass
loss history of Al,O3xnH,O hydroxide starts under temperature higher than 453 K, ensuring its trans-
formation into intermediate phases. Among those is boehmite, y-AIO(OH), which is formed at tem-
perature about 500 K, although it is also gradually decomposed during further heating up to the
higher temperatures. These results are in good agreements with the data reported previously [12-14].

There are weak and broad exothermic peaks clearly recognised in DSC curves with a maxi-
mum at 653-673 K (B) and a main exothermic peak around 813K (C) commonly associated with i-
phase decomposition [7-10]. The nature of the first exothermic peak B is rather different from that
of main exothermic peak C. As opposed to the letter first exothermic peak B is thought to arise from
dislocation reorganisation and recrystallization processes within the Al matrix. This is of common
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knowledge that the latter processes arise from dislocation activity and occurred in many other met-
als and alloys result in exothermic heat release [11-13]. Actually, the value of the first exothermic
peak B is gradually reduced down to complete elimination as the temperature of preliminary heat
treatment of the powder increases up to 673 K, as can be seen in fig.1. The argumentation above is
confirmed by the results of XRD analysis. Fig. 3 shows sections of XRD patterns for AlgFesCrs
powder prior and after heat treatment at different temperatures. XRD pattern of the AlgFe;Cr; pow-
der heat treated at 653 K remain similar to that of the as-received powder. Reflections of the o-Al
and quasicrystalline i-phase together with weak diffraction peaks corresponded to the metastable
AlgFe phase are identified in the XRD pattern of the AlgsFesCrs powder heat treated at 783 K, sug-
gesting the partial decomposition of i-phase. Gradual dissolution of metastable quasicrystalline par-
ticles and simultaneous formation of more stable crystalline particles is still in progress with further
increasing the temperature of heat treatment, as was shown by direct observation of TEM images
[14]. Coexistence of the quasicrystalline i-phase and metastable AlgFe phase with the stable crystal-
line 6-Al;sCr, phase becomes true for the AlgFesCrz alloy powder heat treated at 803 K, which is
in agreement with the data published by other authors [9, 15]. Diffraction peaks of the a-Al together
with reflections of the stable crystalline 6-phases compositionally corresponded to the 6-AlsCr, and
0-AlsFe, are identified in the XRD pattern of the quasicrystalline powder after heat treatment
at873 K.

Attention should be drawn to the fact that main exothermic heat release C increases with in-
creasing the temperature of preliminary heat treatment up to 673 K for 10 min, as can be seen in
Fig.1. Again, the main exothermic heat release B increases essentially with increasing the annealing
time up to 4 hours during heat treatment at 673 K. These phenomena are thought to be caused by
increasing the fraction volume of quasicrystalline particles. As evidenced from [9, 10] coarsening
by 150% of the icosahedral quasicrystalline particles accompanied by extraction of solute Fe and Cr
from the Al matrix of melt-spun AlgsFe,,Cr, ¢ alloy was found to be true after heat treatment at 723
K for 30 min, indicating the increased fraction volume of quasicrystalline particles. This is because
of Al matrix for as-spun AlgsFe, ,Cr, g alloy was oversaturated by solute Fe and Cr compared to that
corresponded to the stable equilibrium concentration at liquidus temperature [9, 16].

In the present study, the results of XRD analysis proof of the evidence above. As can be
seen in Table, lattice parameter a for the a-Al solid solution presented in AlyFesCrs alloy powder
is gradually reduced with increasing the annealing temperature up to 783 K, indicating the enrich-
ment of the Al matrix by solute Fe and Cr whose atomic radii are smaller by roughly about 12 %
than Al atomic radius. Kinetic of i-phase decomposition is presumably to be faster compared to that
for nucleation and growth of AlgFe phase. The increase of lattice parameter a resulted from extrac-
tion of solute Fe and Cr from the Al matrix occurs only after heat treatment at 803 K when amount
of metastable AlgFe phase increases in comparison with that indicative of Alg,FesCrs alloy powder
heat treated at 783 K. This fact is evidenced from increased integral intensity of reflections corre-
sponded to AlgFe phase that was detected after heat treatment at 803 K, as can be seen in Fig. 3.
It is noticeable that increasing the temperature of heat treatment up to 803 K causes the reflections
corresponded to AlgFe phase to shift towards smaller 26, suggesting its alloying by Cr whose atomic
radius is greater than that of Fe. However, lattice parameter a, for the a-Al somewhat decrease after
heat treatment at 873 K when metastable AlgFe phase transforms into conventional crystalline 6-
phases such as 8-Al;3Cr, and 0-AlsFe,.

Another aspect concerns the fact that the start of main exothermic reaction tends to shift to-
ward lower temperatures with increasing the annealing parameters (temperature and time). Alt-
hough the reason for this effect is not clear at the present, it could be thought that promoting action
of dislocation activity under preliminary heat treatment favours the achievement of a stable equilib-
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rium concentration of solute elements in the a-Al and growth of the metastable quasicrystalline par-
ticles, accelerating their further dissolution and simultaneous formation of more stable crystalline
particles.

i:i-phase ¢ :0-Al Cr,

o:AlFe g: 0-Al Fe,

(111) Al

(200) Al

803 K, 0 min

Intensity

as-received

36 38 40 42 44 46 48 50 52
20 (degree)
Fig. 3. Sections of XRD patterns for AlgFesCr; powder (2) prior and (b-e) after heat treat-
ment at different temperatures during 30 min.

Table — Lattice parameter a of the a-Al solid solution presented in AlgFesCrs alloy powder af-
ter heat treatment for 30 min at different temperatures

Tempera- _As- 653 783 803 873
ture, K received
- 0.403 0.40 0.40 0.40 0.40
’ 91 369 356 456 434

By using water atomised powder of AlgsFe;Crs alloy efficient application of newly devel-
oped precise method of DSC analysis for examination of phase transformation and microstructural
stability of nanoquasicrystalline Al-Fe-Cr alloys composed of metastable quasicrystalline particles
embedded in an Al matrix was justified. Two exothermic reactions during continuous heating of
powdered AlyFesCrs alloy up to 873 K were detected by DSC measurements. Weak and broad exo-
thermic peak with a maximum at 653-673 K can be explained by dislocation reorganisation
and recrystallization process within the Al matrix whereas the main exothermic peak around 813 K
was believed to arise from decomposition of icosahedral quasicrystalline particles and simultaneous
formation of the metastable AlgFe phase and more stable crystalline particles compositionally corre-
sponded to the 6-Al5Cr, and 6-AljsFe, phases. Promoting action of dislocation activity on diffusive
mobility of Fe and Cr in the Al-matrix under preliminary heat treatment is thought to favour the
arrangement of solute elements, accelerating dissolution of quasicrystalline particles and simultane-
ous formation of more stable AlgFe phase.
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High entropy alloys (HEAS) are a new generation alloys and are quite different from tradi-
tional ones, which are based on one or two elements. HEAs defined as alloys that generally have at
least 5 major metallic elements and each of which has an atomic percentage between 5 % and 35%
have attracted increasing attentions. According to the regular solution model, the alloys have very
high entropy of mixing, which makes HEAs usually form BCC and/or FCC solid solutions rather
than intermetallic compounds or other complex ordered phases [1]. A number of these high entropy
alloys have been developed for both functional applications, and have demonstrated favorable com-
binations of strength, ductility, oxidation resistance, and thermal stability [2]. So far, various tech-
niques have been adopted to synthesize HEAs, such as vacuum arc melting, rapid solidification,
coating, and mechanical alloying (MA) [3]. MA is a widely used solid state processing route for
synthesis of advanced materials, which can easily lead to the formation of nanocrystalline and will
definitely increase the properties and application scope of high entropy alloys [1]. In this paper,
AICuNiFeCr high-entropy solid solution alloy was synthesized by MA, and the structural evolution
during milling and subsequent annealing processes were investigated. The as-milled powder was
consolidated by pressure sintering and the structure and microhardness were investigated too.

Elemental powders of Al, Cu, Ni, Fe, Cr, in equiatomic ratio were used as the starting mate-
rials for MA. Milling of elemental powders was carried out up to 5 h in high energy planetary ball
mill with ball to powder weight ratio of 10:1. The powder samples were extracted at intervals of 0,5;
1; 2; 5 hduring milling. The 5 h ball milled alloy powder was then heat treated 1 h at different tem-
peratures under flowing high purity argon atmosphere. Then, ball milled alloy powder was consoli-
dated by pressure sintering at 800 °C for 30 min at a pressure of 5 GPa. X-ray diffraction (XRD)
was performed with Rigaku Ultima IV X-ray diffractometer with Cu K, radiation to analyze struc-
ture and phase evolution during milling, subsequent annealing at temperatures ranging from 500 to
1000 °C and after sintering. The chemical compositions of the milled powders were calculated from
the results of energy-dispersive X-ray spectrometer (EDX) equipped with SEM. The thermal analy-
sis was carried out in a STA449F1 differential scanning calorimeter (DSC) at a heating rate of 20
K/min under flowing purified argon atmosphere. Vickers hardness measurement of the consolidated
samples was performed with a Micro Hardness Tester HV-1000 under a loading of 1,5N and a dura-
tion time of 15s. The reported hardness value is an average of at least twenty measurements.

Fig. 1shows the XRD patterns of the equiatomic AICuNiFeCr high-entropy alloy powders
prepared under different milling durations. The primitive blending powder includes diffraction pat-
terns of all alloy elements. Drastic decrement of diffraction intensity is observed after 0.5 h of mill-
ing. Many diffraction peaks can hardly be seen after be ball milled for 1 h. The disappearance of
diffraction peaks can be seen as the beginning of the solid solution formation. Only the most intense
diffraction peak can be clearly seen in the 2 h ball milled powder, which indicates the complete
formation of BCC solid solution structure (B-phase). As the milling time reaches up to 5 h, the dif-
fraction peaks exhibit no change except for a broadening. The intensity decrement and peak broad-
ening in the diffraction can be attributed to the formation of nanocrystalline and high lattice strain
induced by mechanical deformation during the MA processing [4]. Alloying occurs when the grain
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sizes of the elemental components decrease down to nanometer range and then a substantial amount
of enthalpy can be stored in nanocrystalline alloys due to the large grain boundary area. The crystal-
line size is greatly refined as the milling duration increases. The crystal size of the alloy powders
under different milling times have been calculated from the X-ray peak broadening using Scherrer’s
formula after eliminating the instrumental contribution. The 5 h MA powder exhibits a crystal size
of 18 nm.

The MA powders with milling duration higher than 2 h show simple solid solution structure,
which can be attributed to the formation of supersaturated solid solution. The solid solubility exten-
sion is introduced by: the effect of high mixing entropy [1] and the non-equilibrium state of the MA
process. As the component number increases, the random diffusion between different elements will
be enhanced and thus the solid solubility is extended. In addition, the high-entropy of mixing can
lower the tendency to order and segregate, and so makes the solid solution more easily formed and
more stable than intermetallics and other ordered phases [3].

The EDX microanalysis results (not listed in this paper) exhibit the chemical homogeneity
and the equiatomic composition of alloy particles after 5 h of ball milling.

Fig. 2 shows the DTA curve of the 5 h mechanically alloyed AICuNiFeCr powder.

The 5 h, MA powder exhibits exothermic/endothermic trends in the temperature range of 30-
1430 °C. The endothermic peak at 72 °C is associated with energy absorption which can be related
to the evaporation of process controlling agent (PCA) and gas. The long exothermic line in the tem-
perature range of 120 to 550 °C is associated with the release of internal stresses, such as structural
deformation, lattice strain, etc. This exothermic line in the DTA curve demonstrates the recovery
and recrystallization processes under isothermal annealing. Fig. 3 shows that after annealing at 500
°C, the XRD pattern exhibits small FCC peaks along with original BCC peaks. The DSC results
shown in Fig. 2 clearly reveal that there is no predominant endothermic or exothermic peak up to
550°C, which indicates that there is no phase change in the nanocrystalline equiatomic AICuNiFeCr
HEA up to 550 °C. This suggests that the small fraction of FCC phase observed in the annealed
samples possibly existed in the as-milled condition itself. However, the small volume fraction of
FCC phase is not visible in the as-milled condition due to the peak broadening caused by nanocrys-
talline nature of the FCC phase. Moreover, peak broadening caused by nanocrystalline nature of the
BCC and FCC phases is the reason for the overlapping of the peaks in the as-milled condition due to
severe plastic deformation under MA process. The exothermic peak at approximately 580 °C is re-
lated to the energy release during the phase transformation process. Fig. 3 shows that after annealing
at 600 °C, the XRD pattern exhibits small FCC1(a;) peaks along with original BCC and FCC peaks.
This reveals the precipitation of the FCC1 phase, which corresponds to the sharp exothermic peak at
580 °C in the DTA curve. After annealing at 700 and 800 °C, Fig. 3 shows that the powders exhibit
BCC, FCC and FCC1 mixed phases. However, the minor increasing XRD peak intensities of the
FCC and BCC phases indicate the grain growth of both phases, which correspond to the exothermic
line in the temperature range of 650 to 800 °C in the DTA curve.

Fig. 3 indicates that after annealing at 900 and 1000 °C, the powders exhibit both BCC and
FCC mixed phases. However, the increasing XRD peak intensities of the BCC and FCC phases in-
dicate the grain growth of both phases. After heating to 800°C, a long endothermic curve appears
and it can be attributed to the gradual collapse of crystalline structure under high temperature. The
endothermic peak at 1310 °C in the DTA curve is designated as the alloys’ melting point.

The XRD patterns of nanocrystalline equiatomic AICuNiFeCr HEA are shown in Fig. 4,
which evidences the phases formed in as milled and consolidated conditions, i.e. after 5 h of milling
and pressure sintering at 800 °C with 5 GPa pressure for 30 min. The XRD pattern shows the single
BCC phase in the 5 h milled sample. The consolidated samples show the BCC phase and a small
volume fraction of FCC phase. Obvious peak broadening, shown in Fig. 4, confirm the nanocrystal-
line nature of AICuNiFeCr HEA with BCC and FCC structure.
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The Vickers’s hardness HV of as-consolidated nanostructured equiatomic AICuNiFeCr HEA
has been found to be 9.5+0.2 GPa. The high hardness could be attributed to the nanocrystalline
nature of the alloy, the solid solution strengthening equiatomic nature of the phases and the presence
of two-phase structure [4] with a larger volume fraction of nanocrystalline BCC phase and minor
FCC phase. In general, nanocrystalline structure is expected to enhance the hardness and wear re-
sistance of the material.

The entropy of fusion of all the elements in the present system is less than that of the config-
urational entropy of the five-component system (ASmix= 13.38 J-mol™-K™), which means the ran-
domness due to the number of elements present in the system is higher than the randomness in the
melting. This high configurational entropy (high randomness in the system) and also the large quan-
tity of defects induced during MA may lead to the formation of simple crystal structure in this HEA.
The formation of amorphous phase at the equiatomic composition in the present system is not ob-
served, possibly due to the smaller differences in the atomic sizes (6 = 4.9 %).
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Fig. 2. DTA curve of the 5 h mechanically alloyed AICuNiFeCr HEA powder

It was justified experimentally that MA of Al-Cu-Ni-Fe-Cr powder mixture during 5 hours
resulted in a two-phase nanocrystalline HEA with a structure of BCC and minor FCC solid solu-
tions. During thermal annealing recovery and recrystallization of the BCC and FCC solid solutions
take place at temperatures ranging from 120 to 550°C, and precipitation of second FCC1 phase and
grain growth of equilibrium phases occur at higher temperatures. The BCC and FCC solid solution
structure can be maintained even after the alloy was annealed at 1000°C. The alloy powder was
successfully consolidated by pressure sintering at 800 °C with 5 GPa for 30 min. The sintered sam-
ples exhibit 9.5+0.2 GPa in Vickers hardness.
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temperatures
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Fig. 4. XRD patterns of equiatomic AICuNiFeCr HEA after MA and sintering at 800 °C with
5 GPa pressure for 0.5 h
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JOCBIJ] IMILIEMEHTALIi HOBUX HABUAJIBHUX JUCLUAILIIH B
PAMKAX IIPOEKTY «<MMATENG» HA IHZKEHEPHO-®I3UYHOMY
®AKYJbTETI HTYY «KIII»

Bipioxosnu JI. O. %, Boromou IO. L. 2
! kamn. Texu. Hayk, gouent HTYY «KIIly», Kuis, Ykpaina, (linabiruk@ukr.net)
2 kaHZ. TexH. Hayk, goreHT HTYY «KIlly, Kuis, Yrpaina, (ubogomol@iff.kpi.ua)

CporosiHi cTayo 3araJibHOIPUHHATHM OB’ I3yBaTl MaOyTHE KpaiHH 3 TUM, HACKIIBKU BOHA
YCIIIIHO TPOCYBAETHCSI B OCBOEHHI TaKMX HANPSAMKIB, SIKi CIIPHAIOTH PO3BUTKY EKOHOMIKH Ta
30epeKEHHIO HaBKOJMIIHBOTO CepeioBHINa. TakuMU HalpsMKaMH € €HepreTHka, ska 3abe3mnedye
BHUPOOHHUIITBO JICIICBOK Ta CKOJOTIYHO OC3MCYHOI0 EJICKTPOCHEPTIE0, Ta HAHOTEXHOJIOTII, IO
JIO3BOJIAFOTH iICTOTHO TIOJIIIIIATH BIACTHBOCTI BXKE BIIOMHX HPOIYKTIB 1 PO3POOHUTH MPHUHIUIIOBO
HOBI.

3abe3neunTi YKpaiHi JiZEpCTBO B HAYKOBO-TEXHIYHOMY IPOTPECi JO3BOIUTH IiArOTOBKA
BHCOKOKBaJi(ikoBaHnx (axiBmiB B o00xacTi IiHKCHEpHOTO Marepiallo3HaBCTBa, SKi 3IaTHI
CTBOPIOBATH, €KCIIyaTyBaTH 1 yTHJII3yBaTH MaTepiaiy Uil IUX HampsMkiB. s 3a0e3nedcHHS
BHCOKOTO DPiBHA MiATOTOBKHU (paxiBIiB HEOOXiTHO MPUBECTH y BiAMOBIIHICTh HaBYANIBHI IPOTPaMHU
1 CKOpPUCTaTHCsl HalpalloBaHHSAMHM Ta JOCBIIOM yHiBepcuteTiB Kpain-naptHepiB €C. Taky
MOJUJIMBICTh Haja€e mporpama Temilyc, sika € OCBITHROO mporpamoro €sponeiicbkoro Cor3y. Bona
Oyna 3acHoBaHa B 1990 pori 3 MeTOI MiATPUMKHA MOJEpHi3alil CHCTEMH BHIIOI OCBITH
Ta CTBOPEHHsI POCTOPY JUIs CIIiBIpali B KpaiHax-napTHepax €C uepe3 yHIBEPCUTETChKI MPOEKTH.
Takoxk mporpaMa copsiMOBaHa Ha JOOpOBiNbHE HAOJIMIKEHHS CHUCTEM BHILOI OCBITH B KpaiHax-
napTHepax 10 37100yTKiB PO3BUTKY BHIIOI OCBITH B JiepkaBax-uwieHax €C, i J0AaTKOBO Mpomarye
LAX 1D MDKITIOJICBKOI criBmparti (people to people approach).

Hagecni 2013 poky B pamkax 6-ro koHKypcy nporpamu TEMPUS IV no €Bpokowmicii 0ymo
MIOJIAHO CIIUIBHY TPOEKTHY 3asiBKY BiJ KOHcOpLiyMy 3 19 opranizamiii, 6 3 SKUX NPEACTaBISIOTH
VYxpainy, B Tomy uucini HTYY "KIII". B mucronani BukoHaBue areHTCTBO 3 MUTAaHb OCBITH,
aynioBizyanpHuX 3aco0iB i kymbTtypu (EACEA) oronocuimo pe3ympTaTéd KOHKYPCY: cCepeln
BifiOpanux 171 mpoekTy, pekOMeHIOBaHUX Juisi (hiHAHCYBaHHS, 33 HPOEKTH peai3yBaTUMyThCs
3a y4acTI0O YKpalHChKHMX YHIBEPCHTETIB, acoIliamiii Ta HEYpsJIO0BUX OpraHizaiid, IiANpPHEMCTB
Ta JIOCHIAHUX IHCTHTYTIB — YCBOTO OJHM3BKO IBOXCOT MapTHEpiB Bin YKpaiHi OepyTe ydacThb
Y BIPOBAHKECHHI BHI[E3a3HAYEHUX TIPOEKTIB.

[IpoekTHa 3asBKa, y MIATOTOBII SIKOi OpaB y4acTs iHkeHepHO-(i3muHMiA (akynsrer HTYY
"KIII" "Modernization of two cycles (MA, BA) of competence-based curricula in Material
Engineering according to the best experience of Bologna Process" (MMATENG)" ("MonepHi3auis
HaBYAJILHUX IUIAHIB JIBOPIBHEBOI NpOrpaMu MiAroTOBKHM (OakajaBpH/MaricTpu) 3 iHKEHEPHOTO
MaTepialo3HaBCTBA Ha OCHOBI KOMIIETEHTHOTO IIJXOJy IO HaWKpamioro JOCBiNy BIPOBAPKCHHS
noJ10’keHb bonoHcbkoro npouecy") ycniniHo npoinuia Bixoip.

PoGora y pamkax mnpoekty Temmyc posmouanack y rpyzaHi 2013 poky 3 anami3y IuiaHiB
HampsiMy MiArotoBku "[HkeHepHe Marepiano3HaBCTBO" OCBiTHBO-KBanidikamiiHux piHiB (OKP)
"Bakanasp" Ta "Marictp". 3aranom mpoananizoBaHo 3 miaanu OKP "bakamasp" 3a mporpamamu
npodeciitHoro  cnpsmyBaHHs ~ "KoMmMmo3uiliiiHi Ta  MOpPONIKOBI  MaTepialii, TOKPUTTA",
"Merano3naBctBo" Ta "®ismuHe MmarepianozHaBctBo" i 3 mimamm 3a OKP  wmarictp
3a crieniaabHOCTAMU "KoMmmo3utifini Ta mopomkoBi marepiand, TokputTsa", "Merano3HaBcTBO"
Ta "®i3uyHe Marepiano3HaBcTBO". Bu3HaueHO TPIOPUTETHI AWCHUIUTIHA JJIS  TOJATBIIOTO
NOpIBHsUIbHOTO aHaii3y ix mporpam. Cepex mucumiutin OKP "BakanaBp" oOpano 38 nucuumiin
Takux sk "Merano3HaBcTBo", "MexaHiyHI BIACTUBOCTI Ta KOHCTPYKLiHHA MIillHICTH MaTepiani”,
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"Martepiaio3HaBCTBO TYTOIUIABKMX Ta KOMITO3MMiHHMX MatepiamiB", "Bukopucramas IIK
Ta KOMIT TOTepHIX MoJiesiell B imkeHepHil nmpaktuii”, "IIpoexkTyBaHHSI KOHCTPYKIIiH 3 TOPOITKOBIX
Ta KOMIIO3WIIHHUX MatepiamiB", "MeToam NOCHiKeHHS BIACTHBOCTEH MartepianiB Ta BHpOOiB",
"Kopo3sis i 3axuct MmarepianiB", "KomnbopoBi Merann Ta crutaBu", "HemeraneBi marepiamu”,
"Marepianu BigHOBHOI eHepretuku'", "@dyHIaMeHTanbHI OCHOBM HaHOTexHouorii", "Tepmiuna

o0pobka MetamiB i cmiaBiB", "TexHosoris BuUpoOHMITBA Ta 00poOKa Marepiamis",
"Marepiajlo3HaBCTBO Ta iHkeHepist mokputTs”, "EnexTpoHHa Mikpockomis" TOIIO.

Cepen aumcumrmuiin OKP  "Marictp" o6pano 13 gucnummiin —  "[mkeHepre
MaTepianio3HaBcTBO", "Di3WYHI OCHOBM MIIHOCTI Ta miactuuHocti", "®yHKIiOHATBHI

HaHOMATepiall Ta HAHOCTPYKTYpoBaHi MHOKpHUTTA", "®Di3MKO-XiMidHI OCHOBH CTaHy NOBEPXHi
pedoBuHK", "EEKTpOHHO-30HAOBI METOOM aHaJi3y pedyoBHH Ta MatepiamiB", "PeHTreHiBChKUit
aHami3 nucrnepcHux cucrteM', "Hanomarepiamm Ta HaHOTexHONOTII", "KOHCTpYIOBaHHS CTPYKTYpH
Ta BIACTUBOCTEH MaTepialliB Ha OCHOBI 0a3 nanux", "ATOMHUI AW3aifH Ta 30HI0BI HAHOTEXHOJOTI]
Monudikarii moBepxHi" TOIMIO.

VY mopmanemomy OyIio MPOBENEHO MOPIBHAIBHUN aHANI3 KUTBKOCTI KPETUTIB Ta TOAWH, IO
BIIBOJIATHCS HA BHBYCHHS JMCIUIUIIH, JCKIIHHUX TEM, TEM MpPAKTHYHUX, CEMIHAPCHKHUX
Ta 1abOpPaTOPHUX 3aHATh NPOTpaM AMCIMIUIIH 3alPOIOHOBAHUX €BPONEHCHKUMH YHIBEpCHTETAMH
mict Jlimns (Dpanuis), JIboena (bexnbris), Kpakosa (ITosipmia) Tomo Ta mporpam ITUCHUILIIH
BiZiOpaHUX JUIs TOPIBHSUIBHOTO aHawi3y, sIKi BHKIAJAlOThCS Yy paMKax HampsMy MiArOTOBKA
"lImkenepne Matepiano3HaBctBo" OKP  "bakamaBp" Ta OKP "Marictp". 3arajgom 0ymo
npoananizoBano 11 gucuuIutin eBponeichkux yHiBepcuTeTiB cepen sikux "Basics of material sci-
ence incl. fatigue behavior", "Material selection (with the use of CES-software) ", "CAD-CAM-
CAE Siemens NX", "Microstructure investigation techniques”, "Damage and reliability of
materials”, "Metallurgy, corrosion and surface treatment" tomo Ta 54 BingiOpani IUCHHUILTIHU
HaTpsAMY TATOTOBKY "[HXKeHepHe MaTepialo3HaBCTBO".

Y pe3ymeTaTi MPOBENECHOrO TMOPIBHAIBHOIO aHaji3y OyIM OCTaTOYHO BCTAHOBIICHI
JUCUMILTIHY, TPOrpaMu SIKUX MiJISraloTh MOJANBINIH MojepHizauil. 3 54 mnpoaHanizoBaHUX
JUCHUIUTIH 00paHo 28.

BaxiMBMM BHCHOBKOM TOPIBHSUIBHOTO aHaJi3y 0110 Te, IO MPOrpaMy OUIbIIOCT] AUCIHUILTIH
He oTpeOYIOTh paIuKaIbHOI MepepoOKH, a MOTPeOYIOTh JONOBHEHHS OKPEMUMH TEMaMHU.

[loBHicTIO mUIaHyeThCS  3aMIHUTH  TOporpamy aucumiuiing  "Buxopucranus 1K
Ta KOMITIOTEPHUX MoJeJiell B 1HXKEHEpHii mpakTumi', ska BHKIazaloThecs cryaeHTam OKP
"bakanaBp", yepe3 Te, mo 3amicTe Hei uaHyerscst BnpoBazutu auciuiuiiny "CAD-CAM-CAE
Siemens NX".

B ciuni 2015 poky BuKkianmaudi iHkeHepHO-(i3W4HOrO (HaKyJIbTETy JOLEHT Kadeapu
BHCOKOTEMIIEpaTypHUX MarepianiB Ta nopomkosoi meranyprii (BTM ta IIM) Crenanos O. B.,
acucrentH Kadenpu BTM ta IIM Tpochikosa I. }O., kadenpn merano3HaBCTBO Ta TEPMidHOI
00pobku Apmiyk M. B., kadenpu ¢isuxu metaniB Bmagumupcpkuii 1. A. mpoHnum craxyBaHHS
3a mporpamoio Tempus MMATENG Ha 6a3i Katonumpekoro yHiBepcutery JIroBeHa (benbris).

Jlexmii Ta mpakTH4HI 3aHATTS MPOBOIMIN TpoBinHi (axiBmi Karomumpkoro YHiBepcHTETy
JIroBena (KU Leuven), Bumoi nepsxaBroi mkomm ximii (ENSCL, Jline, ®panmis), KoMmaHiHil
Granta Design — pospo6uuka cucremun CES, kowmepuy Siemens — pospobuuka CAD-CAM
cucremu Siemens NX.

VYike 3 HacTYymHOTO HABYAIBHOIO POKY CTYAGHTH HampsiMy MiArotoBku "[mxeHepHe
Marepiano3HaBcTBO" OyAyTh OBOJIOAIBATH IpHiioMamMu poboTu B mnporpamuux npoaykrax CES
Edupack ta Siemens NX 9. 3HaHHs OTpuUMaHi CTyAE€HTaMH JO3BOJISTH SIKICHO 3MIHUTH iX yMIiHHS
KOMIT FOTEPHOT'O IIPOEKTYBaHHS BUPOOIB Ta BUOOPY MaTepialiB ISl HUX.

l'osloBHOIO METONMYHOIO NPOOJIEMOIO IMIUIEMEHTalii HOBHX HAaBYAIBHMX JUCLUILUIH
B pamkax npoekry «MMATENG» na imxenepHo-¢iznunHomy dakynsreri HTYY «KIII» € 3Minu
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NOB’sI3aHi 13 3alpOBa/PKCHHS HOBOTO 3akoHy mpo Bumly ocBity Big 01.07.2014 Nel556-VII
i po3poOKoto HOBoi HartioHanbHOT paMku KBastidikariii.

3MiHM BIPOBa/UKEHI 3aKOHOM NPO BHUILYy OCBITY IIOAO KUIBKOCTI TOJMH y KpeauTi Oynn
BpaxoBaHi MiJ 4ac po3poOKH HaBUAIBHUX IUIaHIB Ha 2-4 pik HaBuaHHS OKP "bakamaBp" Ta 6 pik
HaBuaHHs1 OKP "Marictp".

OcHoBHi 3MiHN B HaB4aibHHX m1aHax OKP "Marictp" mmanyBanocs 3podutn Ha 1-My porti
HaBYaHHS, TaK K CaMe TYT 3HAXOAATHCS AWCIUIUTIHU 0OpaHi I MoAepHi3amii. Aie BiICyTHICTH
3aTBepKeHoi ocTatouHoi pemakmii HamionanpHOT paMku kBamigikamiif He ga€ 3MOTH 3aBEPIIUTH
po3poOKy nux 1wiaHiB A 1-ro poxy HaBuanHs sk OKP "Marictp" tak i OKP "Bakanasp".

[Ipote, He 3BaXkal04M HA MEBHI TPYIHOIII MPOEKT YCIHIIIHO BHUKOHYEThCS 1 IMIUIEMEHTALis
HOBUX HaBYAJILHMX IIJIaHIB 1 IporpaM B y4OOBUIi Ipolec Oyie MpoBe/ieHa B 3aIUIaHOBaHI B TPOEKTI
CTPOKH.
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MOJIUPIKYBAHHSA ITIOBEPXHI MAT'HITHO-ABPABUBHUM METO/OM

Crenanos O.B.", MaiiGopoaa B.C.?
kann. Texn. Hayx, gonent HTYY "KIII", Kuis, Ykpaina, (ostepanoff@iff.kpi.ua)
2J1-p Texu. Hayk, mpodecop HTYY "KIII", Kuis, Ykpaina, (maiborodavs@mail.ru)

CporonHi, IpH CTBOPEHHI HOBHX 3pa3KiB TEXHIKH, aKTyaJbHAM 3aJIUIIAETECA (POPMYyBaHHS
ONTUMAIIFHUX BIIACTHBOCTEH BHPOOIB, BKIIOYAIOUYW MOAW(DIKYBAaHHS MOBEPXHI Ta IOBEPXHEBOTO
mrapy, HaJaHHS HOMy CIeIialbHIX BIACTUBOCTEH. Y HUTOMY psi TEPMiYHHX, XiMIKO-TePMIiUHIX,
MEXaHIYHAX METOJiB MOIU(IKYBaHHSA IOBEPXHI MOCHTHh PIOKO 3TaAyIOTh TEXHOJOTIK0 MAarHiTHO-
abpasuBHOTO 00p0oOIeHHA. Lle BiOyBaeThCs HE TUBIIAYNCH HA Te, IO TaKa TEXHOJIOTIA yke OaraTo
POKIB PO3BUBA€EThCS BYCHHUMH PI3HHX KpaiH, ocoOnuBO ycmilmHO B YKpaiHi, binopyci, bonrapii
ta Snowii [1-3].

OO'eKTHBHI TPYIHOIII 3 BUKJIQJAHHAM Ta BUKOPUCTAHHSIM METOJY MarHiTHO-aOpa3sMBHOTO
00poOIeHHs MoB's13aHi 3 WIIMM psiioM obcTaBuH. Hacamnepen, MarHiTHo-abpa3uBHe 0OpOOJIeHHS -
METOJ, IO 3aifiMae NPOMDKHE CTAHOBHUIE MDK OOpPOOKOI 3B'S3aHUM a0Opa3uBOM Ta BLIBHUM
abpa3nBoM. 3B'I3K0I0 MarHiTHO-aOpa3MHOTO IHCTPYMEHTY BUCTYIIA€ MarHiTHe moJje. 3 0JHOro OOKy
Ile TO3UTHBHO BIUIMBAE HA Mporec 0OpOOJICHHS, 3 iHIIIOTO BHOCHTH TONATKOBHU psix (aKTOPIB, AKI
BH3HAYAIOTh AKICTh Ta MPOAYKTHBHICTE OOpOOJICHHS, a 3HAYUTH 30UIBIITYE PO3MIPHICTH 3amad
aHamizy Ta omrTuMizamii npomecy. I[Hma mpobiemMa MarHITHO-aOpa3sMBHOTO METOAY IIOJIATAE
B CKJIATHOCTI 1 HEJOCTATHIN BUBYCHOCTI MEXaHI3MiB BILUIMBY MarHiTHO-aOpa3HMBHOTO iHCTPYMEHTY
Ha 0OpoOJIOBaHY IIOBEPXHIO Ta IPHUIIOBEPXHEBHII miap. BBakaeTbcs, MmO MEpeBaXKHO BILIMB
MarHiTHO-aOpa3WBHOTO I1HCTPYMEHTY Ha TIIOBEPXHIO CKJIQJAETBCS 3 pi3aHHSI HE3aKpUICHUM
abpasuBHUM 3epHOM. O/IHAK, 1€ HE MOBHOI MIPOIO MOSICHIOE CTBOPECHHS B 0OPOOIIIOBAHUX ETAIISX
CTHCKAIOUMX 3AJIMIIKOBHUX HAIPYKEHb Ha JOCTATHBO BEJIUKIiil IITHOUHI.

JlocnipkeHHsI TpOLIeCciB  MarHiTHO-aOpa3uBHOTO OOpPOOJIEHHST Ta HOro MOIU(]iKyrUoro
BIUIMBY Ha noBepxHio netaneil B HTYY "KIII" 3pilicHIOETbCS 3a J€KiJIbKOMa HallpsMaMH, a caMe:

- 3MIIHIOYe-TIOIipyoue 00poOsieHHss ToBepxHi geraneit. OO0'ektamMu  00OpOOIICHHS
BHCTYNAIOTh JIeTali MalllMH, 30KpeMa KOMIIPECOPHI JIOMAaTKA Ta30TypOiHHWUX JIBUTYHIB,
MeTaNopi3aIbHUH IHCTPYMEHT 3 IIBUIKOPI3aJIbHUX CTaJel Ta TBEPHX CIUIABIB;

- HamiBpo3MipHe 00poOieHHs: (OpMyBaHHS KpPOMOK JIOMATOK 3 3aJaHAM paiycoM,
(opMyBaHHS pi3aJbHUX KPOMOK IHCTPYMEHTY 3 33JlaHHM pajiiycoM abo 3 3aJJaHUM 3aKOHOM 3MiHH
paniycy 3aKpyrJIeHHS;

- 3aCTOCYBaHHSI MarHiTHO-aOpa3MBHOTO MOJXU(]IKYBaHHS IMOBEPXHI JeTaleil Ta IHCTPYMEHTY
3 METOIO0 HAHECEHHS 3aXHCHUX Ta (PYHKI[IOHATbHUX MOKPHUTTIB;

- MiJBUIICHHS CTIHKOCTI Ta CTBOPEHHS YMOB JIJIsl BiJIHOBJICHHS NPAaIe3laTHOCTI MarHiTHO-
abpa3uBHOTO IHCTPYMEHTY;

- po3po0OKa obaHaHHS AJIsl TPOBEICHHSI MarHITHO-a0pa3uBHOTO 0OPOOICHHS.

JocmipkeHHs 3a BKa3aHUMH HampsiMaMH TI0OKa3ajH, [0 MPOIeC MarHiTHO-aOpa3uBHOTO
00po0sIeHHS He 00MEXY€eThCsl aOpa3sUBHUM pi3aHHIM, a CYHPOBOIKYETHCS KOMIIEKCHUM (Di3HKO-
MEXaHIYHUM BIUIMBOM Ha HOBEPXHIO Ta IPUIIOBEPXHEBHUHI Iap.

Po3pobneno cxemy o0poOienHs sonatok kommpecopiB I'TJl Ta oOmagHaHHSA Ui HOTO
peamizawmii, ski 3a0e3neuyyloTh OJHOYacHE (OPMYBAaHHS IIOPCTKOCTI IOBEpXHI Ha piBHI
Ra<(0.16MKM, CTBOpPEHHS B IIOBEPXHEBOMY INApi CTUCKAIOYMX 3aJMIIKOBUX HAlpYXKEHb,
3 rOMHO0 3aisiraHHs 1o 200 MKM (3aJ1eXHO Bix MaTepiaiy JonaTku), 6e3nedextHe popMyBaHHS
KPOMOK Iiepa JIONATKH 3TiiH0 poOounx KpecieHb. Lle, B CBOIO uepry, NpU3BOIUTH 10 CYTTEBOTO,
na 20-25% 3pocranns onopy Bromi. [2,3]
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Po3pobneno pexumu 0OpoOIIeHHS KiHIIEBOTO Pi3alIbHOTO iHCTPYMEHTY (CBEpIUia, MITYUKH,
¢pe3n, po3ropTkr), mo 3abe3nedye 3HIWKEHHS IMOPCTKOCTI IMOBEPXOHb pi3albHOI KPOMKH
Ta CTPYXKKOBI/IBITHUX €JIEMEHTIB, 3MIIIHEHHS IIOBEPXHEBOTO Imapy Ta (OpMYyBaHHSI 3aTaHOTO
paniycy pizanbHUX KpoMokK. IIlopcTKicTh MOBEpXHI 3HMXKYETHCS Ha OJUH KJIac i MOXE JIOCATaTH
Ra<0,16mkm [4], moBepxHeBa TBepAicTh 30uMbIIyeThes Ha 20-35%, i nocsrae 3Hauens 9-9.5 I'Tla
(Ha mBuAKopizanbHii crani kinacy POMS). KommiekcHuid Monudikyrouuil BIUIMB 3HMXKYE CHIIH
pi3aHHs Ta 3a0e3meuye CyTTeBE MiABUIIEHHS CTIHKOCTI IHCTPYMEHTY.

MarniTHO-a0Opa3uBHe 0OpOOJIEHHsT OaraTorpaHHUX HEMEepPeTOYyBaHUX TBEPAOCIIIABHUX
IUIACTUH TaKOX HOCHUTh KOMILUIEKCHUH XapaKTep: 3HIKEHHS IIOPCTKOCTI MOBEPXHI, MiJBHILIEHHS
ITOBEPXHEBOI TBEPAOCTi, BUIAJICHHS MiKpOAe(EKTIB pi3aJbHIX KPOMOK Ta KepoBaHe (popMyBaHHS
3agaHoi (pOpMH pi3aJbHUX KPOMOK, IIO BKJIIOYAE SK 3A0KPYIJICHHS 3 3aJaHUM paliycoM Tak
i popmyBanas K-cpakropy kpomkm 1-1.7 [5]. Lle, B cBOWO Yepry HpU3BOAUTH IO CYTTEBOTO
MABUIIEHHS CTIMKOCTI IUIACTHH.

TakuMm 9rHOM MarHiTHO-aOpa3uBHE OOpOOJICHHS Ma€e KOMIDIEKCHAH MOIM(IKYIOUN BILTHB
Ha TOBEPXHIO Ta IIPUIOBEPXHEBUH map BUPOOIB Pi3HOMAHITHOTO MPU3HAYEHHS, III0 MOXKE CYTTEBO
MOKpallyBaTu iX CiIy)KO0OBI XapaKTepUCTHKW. BBeieHHS pO3AiTiB MOB'I3aHUX 3 TEOPIEO
Ta MPAKTUKO TPOLECy B MPOrpaMy MaTepiajo3HaBUOi MiIrOTOBKH J03BOJHUThH PO3LIMPUTH MOXKIMBI
MEXI 3aCTOCYBaHHS 1IbOTO TEXHOJIOTYHOTO MPOLIECY.
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CIIPSIMOBAHO APMOBAHI KOMITO3UIIVMHI MATEPIAJIA CUCTEM
Mo-Si-B, WC-W,C

Tpocuikosa L¥O.%, JloGoaa IL.L°
kann. Texn. Hayk., acucrent HTVY «KIll», m.Kuis, Vipaina, (irina2510@ukr.net)
21-p Texu. Hayk, gexan IO® HTYY «KIIl», m.Kuis, Yipaina, (petrloboda@yandex.ru )

Jerami, mo mpamioloTh B yMOBaxX BEIMKHX JHHAMIYHUX HaBaHTa)KeHb, a0pa3sMBHOTO
3HOLIYBaHHS, B arpecUBHOMY CEpEJOBHINI Ta NPH BHCOKHX TeMIeparypax, Hanpukiaa, Oypu
HahTO- Ta TIPHUYOBUAOOYBHOrO OOJAJHAHHSI, METAJIO00POOHOTO I1HCTPYMEHTY, JIOTIATKH
ra3oTypOiHHUX JBHTYHIB Ta IHII, MalOTh CTPOK CITy>KOW B 3-5 pa3iB HIDKYHMH, aHDX 1HIN YaCTHHH
MeXaHi3MiB I1i€l TexHiky [1]. 3HomeH] aeTani moTpeOyoTh 3aMiHM, 10 MPU3BOIUTH 10 3HIKESHHS
peHTabebHOCTI BUPOOHUIITBA Ta 30UIBINICHHS BUTpPAT Ha PEMOHT oONamHaHHA. [IpoGiieMa miomo
I IBUIIICHHS] 3HOCOCTIMKOCTI Il YKpaiHM — aKTyalbHa IIe U Y 3B’s3KYy 3 AShIlIUTOM KapOMIITHIX
JIETYI0YHX H00aBOK Ta MOCTIHHUM PO3IMIMPEHHAM 00JacTi IXHPOTO 3acTOCYBaHHS (HAPUKIAM, I
BHJIOOYTKY CIIAHIIEBOTO Ta3y). [IpoOiemMy MmiIBHIICHHS 3HOCOCTIHKOCTI MOYKHA BHUPIIIUTH IUITXOM
BUTOTOBJICHHS KOHCTPYKIIIMHUX JeTalei MaIlluH 1 MEXaHi3MiB 13 HOBUX MaTepiaiB 3 MiBUIICHUMHU
TBEPICTIO, MIIHICTIO Ta B’S3KICTIO, a00 MOIU(]IKYBaHHSIM MOBEPXHI TPaJULiHHUX  IUIIXOM
HAHECECHHS 3HOCOCTIMKHMX MOKPUTTIB [2].

Kepamiuni MaTepianu MarOTh HAWOUIBII BUCOKI 3HAYCHHS TEMIIEPATyPH IIABICHHS MOIYJIS
MIPY>KHOCTI, TEMIIEPAaTypH MOYaTKy IHTEHCUBHOI MOB3y40CTi, TBepaocTi. Cepell mepCHeKTUBHUX JUIs
BUTOTOBJICHHS JieTajiell ra30TypOiHHUX ABUTYHIB € crutaBu cuctemu Mo-Si-B, a cepen TpaaumiiiHux
JUI 3aXUCTy MeTaneBuX BHpoOiB Bix 3HomryBaHHS WC-W,C. ['omoBHEM HENOJIKOM KEpaMidHHX
MaTepialiB € HU3bKa MIIHICTh Ta BUCOKAa KPUXKICTh. 3 yCiX MEXaHi3MiB 3MIIIHEHHS (IT0APiOHEHHS
3epHa, apMyBaHHS BOJIOKHAMH, BBEJICHHS TUIACTUYHOI 3B’SI3KH, CTBOPCHHS BHYTPIIIHIX HAIPYKEHb
Ta iHIIE) TUTBKW apMyBaHHS MOHOKPHCTAIIYHIMHU BOJIOKHAMH 3a0e3redye 301bIICHHS MIITHOCTI
OibIIe HiXK Ha MOPSAAOK [3].

OnepxaHHS apMOBAaHMX KepaMIuHMX MaTepialiiB 3MIIIYBaHHSAM IOPOLIKIB MAaTpU4HOI (a3u
Ta BOJIOKOH 3 HACTYIIHUM CHIKaHHSIM, Taps4uM IIPECYBaHHSM, I30CTaTUYHUM IPECYBaHHAM
HE JI03BOJISIE 30€perTH IUIICHICTh 1 PIBHOMIPHHUI PO3MOJI BOJIOKOH 1O 00’eMy Marpu4Hoi ¢asiu.
MeToau KpucTami3allii i3 po3IUIaBiB €BTEKTUYHUX CIUIABIB I03BOJIAIOTH OTPHUMYBATH DPErYISIpHE
po3TalllyBaHHsI BOJIOKOH Ta (pOpMYyBaHHS KOT€pPEHTHHX Ta HAIliBKOTEPEHTHHX TPaHMIb PO3MOALIY
MK MaTpuyHOIO (a30i0 i BOJOKHAMH, [I0 € TOJOBHOI YMOBOIO MiJBUIIEHHS TEPMidHOL
CTaOUIBHOCTI CTPYKTYpPH Ta MOJIMNIIEHHS (i3NKO-MeXaHIYHUX BJIACTHBOCTEH Marepiary. Boanouac
CTYIIHb KOT€PEHTHOCTI, PIBHOMIPHICTb PO3MOJALTY 32 PO3MipaMH, pO3Mip BOJIOKOH 3aJI€XKHUTh Bif
TEIUIOBUX yMOB KpHCTalizamii, XIMIYHOTO CKJIaxy Ta npupoad (asoBUX  CKIAJOBHX
KOMITO3HILIiifHOTO Marepiaiy [4].

l'onoBHOIO yMOBOIO (OpPMyBaHHS apMOBaHMX KepaMidyHHX MarepialiB KpUCTaNi3alliero
3 pO3IUIaBiB € E€BTEKTHYHMI XapakTep aiarpamMu craHy. Bigomo, mo B3aemomis MiX KapOimom
1 HammiBKapOiIoM Bosb(paMy ONMUCYETHCA €BTEKTHYHOIO JiarpaMol0 CTaHy, TOMI SK KBa3iOiHapHMMA
po3piz MoSi,-MoB, nortpedye BupueHHst. OKpiM TOro He BUBYEHHMH € MUTAHHS BILIMBY TEILIOBHUX
YMOB KpHcTaii3aiii Ha MIiKpoCTpyKTypy Ta ¢azoBuii ckiax cmiasiB cuctemu WC-W,C. Tomy
aKTyaJIbHUM € BU3HAYCHHS CKJIQIy Ta KOHIEHTpPAIIMHO-TeMIEpaTypHUX IHTEpBAJiB KpHCTaTi3allii
eBTEKTHKHM B cucTeMi MOSi,-MoB, Ta mociimkeHHs BIUIMBY IIapaMeTpiB MpPOIECy KpHcTasisarlii
Ta MPUPOJAX KOMIIOHEHTIB Ha MIKpOCTPYKTYpy ciuiaBiB cucteM MoSi,-MoB,, WC-W,C 3 meroro
MiABUIIEHHS IX MEXaHIYHOI MIIIHOCTI T4 3HOCOCTIMKOCTI.

Jlis BUBYCHHS MPOLIECY CIUIABOYTBOPEHHs y KBasibiHapHiit cuctemi MoSi,-MoB, BuxigHi
KOMITOHEHTH OTPUMYBAJIM Yy BHUIJISIII HOPOLIKIB NPSMHM CHHTE30M i3 eleMeHTIB. BuBuaBcs
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ximMiuHMHA, (a3oBuil ckiaam Ta (i3MYHI BIACTUBOCTI IMOPOIIKIB. BCTaHOBIEHO, IO YaCTHHKHU
3 po3mipom 5-10 Mxm mopomky MoB, matots chepruuny, a MoSi, 6isbIin HenpaBUIBHY HOPMH.

BceranoBneHo, mo 3i 30UTBPIIEHHSAM IMIBHUIKOCTI KPHUCTAJI3aIlii KPHUCTANB €BTCKTHIHOTO CIUIABY
po3Mip BKIIFOYEHBb 13 AuOOpHay MONiO/IeHy 3pOCTae B IOB3JOBXKHBOMY HAIpPSMKY 1 3MEHILYETHCS
B IUIOIMHI TIONIEPEYHOTO MepeTuHy KpHctary. KpiM Toro, 30UIbIIYeThCS KUIBKICTh BKIIIOYEHb OOPHIIHOT
¢dazy, mo cBimUMTH NPo (OpPMYBaHHS CTPIKHIB Ta IUIACTHH, sIKi 3a0€3MeUylOTh e(eKT apMyBaHHS
MaTpHU4HOi (hazu i3 TUCHITIIUTY MONIOAeHY.

BuMiproBaHHs MeXaHIYHHMX BJIACTUBOCTEH KPHCTaliB E€BTEKTHYHOIO CIUIABY IIOKAa3aylo, IO 3i
30UTBLICHHAM MIBUJIKOCTI KpHCTatizawii Big 1 10 4 MM/XB. MiKpOMEXaHI4HI XapaKTEPUCTHKH CIUIaBY
3pocTaroTh B 1,5-2 pasy, 5K y IUIONIMHI MONEPEYHOro, TaK i B HO3IOBXKHBOMY Mepepi3i KPHCTALy, IIO0
MOKHa TOSICHUTH e(peKTOM apMyBaHHS Oe3ne(eKTHUMH MOHOKPHCTAIIYHIMH BOJOKHAMH
3 quOOpUAY MOIiOAeHY MaTPHYHOI (a3u 3 AUCHITINUAY MONiOACHY.

TakuM 4nHOM MOOYIOBAHO Jiarpamy miaBkocti cuctemu MoSi,-MoB; (puc.1), BcTanosieHO
ckinaz eBTekTuku — MoSi,-18%(mMac.)MOB,, BIUIMB MIBUAKOCTI KPUCTANi3a1lil eBTEKTHYHOTO CILUIABY
Ha (opMyBaHHS KOMIO3HMLIIHOIO Martepiany, IO NPEACTaBIsAE COOOK MATPHIO 3 AUCHIILHIY
MoJiO/ieHy, apMOBaHy CTPW)KHEBMMH BKIIIOUEHHSMH 3 JAMOOpHIY MONiOIeHy, 1o 3abesrneuye
MiJBUINEHI MeXaHiYHI BIACTUBOCTI Ta HAWBHMINI cepel BiIOMHUX CIUIaBiB cuctemu Mo-Si-B
XapaKTEePUCTUKU BUCOKOTEMIIEPATYPHOI OB3YUOCTI.

Ha ocHOBi BUBYEHHS CTPYKTYpH, TEMIIEpaTypH IUIaBlIeHHs, (a30BOro Ckiaay BCTAHOBIICHO
EBTEKTHYHHMI XapakTep IiarpaMu CTaHy KBasiOiHapHoi cuctemu MoSi,-MoB,, ckinan eBrexTrkn —
82 mac.%MoSi, - 18 mac.%MoB, Ta Temmeparypa mmasienns — 1650°C. BcraHoBieHo
3aKOHOMIPHOCTI  ()OPMYBaHHS CTPYKTypH TIIpH  CHPSAMOBaHii  KpHCTami3amii  po3IUIaBy
KBa3i0iHAPHOIO €BTEKTHYHOTO CIUIaBy cucremu MoSi,-M0oB,, siki mossiraroth y ToMy, 110 BUPOIIECHI
B YMOBax CIPSIMOBAHOi KpHUCTali3alil KPHCTaId €BTEKTHYHOI'O CIUIABY MNPEICTaBISIOTH COOOO
Marpuio i3 MoSi, 3 peryispHo po3raioBaHuMHU BojokHaMu i3 M0OB,, po3mip SKuUX 3MEHIIYEThCS,
a KUTBKICTB 3pOCTae MpH 301IbIICHHI IBUKOCTI POCTY KPUCTAMIB Bix 1 10 4 MM/XB.

T,'C :
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Puc.1. Jliarpama muraBkocTi kBa3ioiHapHoi cuctremMu MoSi, — MoB,

BcraHoBieHO, MO KpHCTadW €BTEKTHYHOTO CIUIaBy cucteMu MoSi,-MoB, 3 marpurero
3 MoSi, Ta peryaspHO pO3TallOBaHHUMH CTPHYKHEBUMH BKJIIOUCHHAMU 3 MoB, MaroTh Ha TOPSIOK
HU)KYY NIBHJKICTh BHCOKOTEMIICPATYypHOI MOB3YYOCTi, MOPIBHAHO 31 CIUIABAMU 3 XAOTHYHUM
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po3TalryBaHHsAM (a30BUX CKJIQJOBHX 1 € HAWOUIbII MEPCIIEKTHBHUMH JJISi BUTOTOBJICHHS JeTayeit
ra3oTypOiHHHX JIBUTYHIB.

CnnaBu cuctemu WC-W,C mMpOKo BUKOPHUCTOBYIOTH Ha MPAKTHLI SIK HAILIABOYHI MaTepiaiy Uit
JIeTaseid, M0 TIPAIFol0Th B YMOBAX BENMKHMX JMHAMIUHHX HaBaHTakeHb [2]. CyTTEBOTO TIBHIICHHS iX
MEXaHIYHIX BIIACTUBOCTEH MOXKHA JOCSAITH 32 PaxyHOK apMyBaHHA [5], yTiM cmpoba oTpmmaTh
apmoBanmii komro3ut B cructeMi WC-W,C B yMOBax 30HHOI IUIaBKH, aHasoriyHo cucteMi MoSi,-MoB,
3 MAKCHMAJIbHO MOJKITHBOIO IIBHAKICTIO OXOMOMKeHHs 10° rpajy/c BUABHMIACS HE MOKIHBOK. ToMmy
BIUIMB IIBHAKOCTI OXOJIOMKECHHA Ha (OPMYBaHHS CTPYKTYPH Ta BIACTHBOCTEH EBTEKTUYHOTO
crmaBy cucremun WC-W,C — WC-78+82%(mac.) W,C (peniTy) BUBYaiIM Ha CIUIaBaX, OTPHMaHHUX
B yMOBax BIJIIGHTPOBOTO pPO3NMJICHHS pO3IUIaBy eBTeKTHYHOro ckiaay cucrtemu WC-W,C,
Jie peati3yeThest LIBHAKICTH oxomomkeHHs 10° rpayc.

BCTaHOBIICHO, 110 31 3pOCTAHHAM IIBHAKOCTI 0Xo1omKenHs Bix 10° 10 10° rpay/c Bugosxkeni
IUIACTUHH Ta CTPHMXKHI 3MIHIOIOTH CBOIO MODP(OJIOTiI0 Ha ACHAPHUTHY 3 Triikamu 1 Ta 2 mopsuky,
a IIpd MaKCUMAJIbHIN IIBUIKOCTI OXOJIOKCHHS (105 rpan/c) GpopMyeThcsi KOMipuacTa CTPYKTYpa,
Jie HasiBHI AGHAPHUTH Tinbku 1 nmopsaxy. Takuii npouec ¢opMyBaHHSI CTPYKTYpH CBIJUUTH MPO TE,
0 31 3pOCTaHHSAM IIBUAKOCTI KpHCTami3amii 301TBIIyeTbCS KOHIEHTpAMiiHE IMEpeoXO0JI0KeHHS
B PO3IUIaBi Ha PPOHTI pOCTy KpUCTATY (pHC.2).

MertoaMu PEHTICHOCTPYKTYPHOTO aHaji3y BCTAHOBJICHO BIUIMB HIBUAKOCTI OXOJIOKCHHS
Ha (a30BHil CKIIAM, PO3MIp Ta HAMPYKEHO-Ie(POPMOBAHHIA CTaH (a30BUX CKIAZOBUX Ta BIACTHBOCTI
eBrekTiyHOro cruiaBy cucremu WC-W,C [6]. BusBreHo, mo 3 MiIBUINICHHSIM IIBUAKOCTI
oxonopkenus cmiBigHomenns WC ta W,C mnpakTu4HO HE 3MIHIOETHCS, PO3Mipu obiacteit
KOTEPEHTHOTO PO3CIIOBaHHS 3MEHIIYIOThcs y 1,5-2 pasu, HanpyXeHHsS SK y MaTpuili, Tak
1y BKJIIOYEHHSIX 3pOCTaioTh B 2—2,5 pas3u, npu yoMmy apmyroda (aza WC 3HaXoIUThCs B CIIaBax
y pO3TSIrHyTOMY, a MaTpu4Ha (aza W,C — y CTUCHYTOMY CTaHaX, 110 MPU3BOIUTH O i ABUIICHHS
MikpoTBepaocTi Ha 30%, B 2—4 pa3u MiuHOCTI Ha cTucHEeHHs Ta Ha 30—40% 3HOCOCTIHKOCTI.

00RY a3

Puc. 2. Mikpoctpykrypa cruiaBy cucremu WC-W,C, oTpuMaHOro 3 pi3HOI MIBUAKICTIO
OXOJIOKSHHSI
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METO/I0JIOT'ISI PEAJIIBALIIL KOMIIETEHTHICHOI'O MIAXOY
Y BUKJIAJIAHHI TEXHIYHUX JUCHUIIJITH
HAIIPAMKY «IHJKEHEPHE MATEPIAJIO3HABCTBO»

XoasBko B.B.
KaHJI. TexH. HayK, noueHtT HTYY «KIII», m. Kuis, Ykpaina. (kholval@ukr.net)

Hacrorozni, B mpormeci iMIuieMeHTallii HOBOi MapaJurMy BHIIOI OCBITH, siKa 0a3yeThCs Ha
TPHOX «KUTAX»: MDKAUCIUILTIHAPHICTD - iHTEpHAI[IOHAIbHA MOOUTBHICTD - TMPAKTHYHA ITiArOTOBKa
[1], 3acTocyBaHHS Cy4acHMX MENAroTiYHUX TEXHOJIOTIH HABYAHHS CTa€ 3alOPYKOI0 YCIITHOTO
(hopMyBaHHS Y BUITYCKHHUKIB HEOOXiTHUX KOMIIETCHTHOCTEH.

BuknaganHs B paMKax KOMIIETCHTHICHOTO MiIX0y BUMArae, B IEPIINY Yepry, YCBIIOMIICHHS
CaMHM BHKJIQJa4eM PI3HUI[ MK KIACHYHOIO JJII MUHYJIOIO CTOJITTS MEJAroriyHo CHCTEMOIO
B KOOpPJMHATAX <«BHAHHS — YMIHHS — HABHYKH» Ta CY4YaCHOK OCOOHCTICHO OpPiEHTOBaHOIO
KOMIICTCHTHICHOIO  cucTeMoto. (OCHOBHa  BIIMIHHICTh KPHUETBCS B CaMOMYy  IOHATTI
«KOMIIETEHTHICThY». Ha pric.1 HaBeeHO cxeMy, sika BiToOpakae BCi CKJIa0BI ILOTO MOHATTSL.

KOMMNEeTeHTHICTb

ForoBHicTL O
npaxkTu4Hoi
ApiansHocTi

OcobucricHi akocri
ansa 3abesneveHHn
ycniwHoi gisnsHocTi

KomnereHTHoOCTI

Anropurmm

lFoToBHicTL
RIATH

BHKOHAHHA
Aocsia- npocpecinHmnx
sagav

NPUAMaTH
iweHHn

Puc. 1 — CkimaoBi MOHATTSA «KOMIIETEHTHICTEY.

TakuM 4YMHOM, KOMIETEHTHICHUH MIiIXiA € MOJE/UII0 BUKJIAAaHHs, B AKill IOPs 3 HAAaHHAM
HEOOXiTHMX 3HaHb, YMiHb Ta HAaBHYOK, BHKJIAJad HAJA€ CTYJCHTAM MOXIIUBICTh OIAHYBaTH
Il THIIOBI METOAMKM pO3B’S3aHHS CTAaHAAPTHUX MNpoQeciiHuX 3ajad Ta pPO3BHHYTH HEOOXimHI
TICHXOJIOTIYHI SIKOCTI JUIsl YCHIITHOTO MO/AANBIIOrO MpaleBIATyBaHHs, 1110, O€3IIEPEYHO, € OHIEI0
3 OCHOBHHX LIIJIEH BHIIOT OCBITH.

B pamkax wmixHapomHoro TEMPUS - mnpoexty “MoaepHizanis HaBYalbHUX IUIAHIB
JIBOPIBHEBOi IpOTpamMH MiJAroTOBKH (OakanaBpu/maricTpu) 3 IHXKEHEPHOTO MaTepiajlo3HaBCTBA
Ha OCHOBI KOMIIETEHTHICHOTO MIiIXOAy Ta HAWKpamoro JHOCBiLy 3 BIPOBA/KCHHS IOJIO)KEHb
Bononcekoro  mpomecy” (MMATENG) micns mpoBemeHOTo — aHami3y 3MIiCTy — HasBHHX
Ta 3aIPOTIOHOBAHUX I peaji3amii HaBYaIbHUX NUCHUIUTIH, BHKJIAAadi, OO0 MPUHMAIOTh y4dacTh
Yy IbOMY TIPOEKTi, MEpeHIuin IO pPO3pOOKH Ta BIPOBAIKEHHS PI3SHOMAHITHUX MENaroTidHUX
TEXHOJIOTiH, AKi 3a0e3meuaTh YCIinIHy iMITIEMEHTAII0 MO/IETi KOMIIETEHTHICHOI OCBITH.

B mepmry wepry Oyno HEoOXimHO AN KOXKHOI IUCHUIUTIHM YiTKO BU3HAYUTH CTApPTOBHUIL
piBeHb 00i3HAHOCTI, SIKMH MOBUHEH OYTH y CTY/AEHTIB Ha MOYATKy BUBUCHHS KOXHOI JUCLHILTIHH,
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a TaKoXX BIJMOBIAHI CKJIAaJ0BI KOMIIETEHTHOCTi, SKi CQOPMYIOTECA y CTYACHTIB BHACIIIOK
HaB4aHHA. [[11 mporo Oyno po3pobieHo ctaHAapTHY GopMy IJIs ONMUCY AUCLUILTIHY, SIKY HaBEICHO
Ha puc.2. Takuil aHami3 MO3BOJSE YITKO BU3HAYUTH Miclle KOXKHOI AWCIUIUTIHM B CTPYKTYPHO-
JIOT1YHIA CXeMi HaBYaHHs, a TAKOX MOJIETIIYE CTPYKTYpPYBaHHSI caMoi JHUCIMIUTIHYU IIPU CTBOPEHHI
il poboyoi mporpamMu Ta BH3HAUYEHHI OOCATY 3alpOIIOHOBAHOTO Ui ONAHYyBaHHS MaTepiaty,
KIJIBKOCTI KPEAMTIB, MOCTIJOBHOCTI TEM, TOLIO.

B mporeci oHOBJIEHHS 3MICTY AUCUMIUTIH, YUM Ha pasi i 3aliMaroThCsl BUKJIaaadi, ki 6epyTh
y4acTh Yy MPOEKTi, HEOOXiJHO 30UIBLIMTH MPAaKTHYHY CIIPSIMOBAHICTh B mojadi marepiany. Jlekmii,
0CcOOJIMBO Uil MaricTpiB, MOBUHHI IepecTaTd OyTH mpocto pkepesnoM iHdopmanii. Koxen ¢axr,
KOXKHa (popMyna, 3aJeXHICTh, TOIIO MAlOTh ITIOCTPYBATUCS IPAaKTHYHUM  IPHUKIATOM
X 3aCTOCYBaHHS 3 HAJaHHSIM CTYJCHTaM IPOTSITOM INPAaKTHYHHUX 3aHITh MOMIIMBOCTI CaMOCTIHHO
PO3B’s3aTH KOHKPETHE THIIOBE BHPOOHWYE 3aBHAHHs. [lepemik mMX 3aBAaHb MOXE PO3POOIIATHCS
pa3oM 3 MOTECHIIMHUMH pOOOTOAABIIMM, LIO 3aWBUH pa3 MPOJEMOHCTPYE iX aKTyaJlbHICTh
Ta MOCHPUSIE MiIBUIICHHIO BMOTHBOBAHOCTI CTY/ICHTIB y TPOIECi HABYAHHS.

Tak, Hampuwkiang B OUCHUILTIHI «MeXaHiYHI BIIaCTHBOCTI Ha KOHCTPYKIfHA MIIHICTH
MmarepiaiiB» (ananor aucuurmtinu «Basics of material science including fatigue behavior (BA)» mpu
BUKJIQNaHHI PO3MALTIB, IO CTOCYIOTHCS KOHCTPYKIIHOT MIIIHOCTI JOPEYHO 3aIpOMOHYBATH
pO3B’si3yBaTH 3aiavi Uil BU3HAUYEHHS HECIBHOI 37aTHOCTI €JIEMEHTIB KOHCTPYKIIiH, Oe3neyHnx
PO3MIpiB KOHCTPYKTUBHHUX KOHLIEHTPATOPIB HANpyXKeHb, Tomio. [Ticis BcTaHOBIEHHS BIAMOBIAHUX
BEJINYMH, KOPUCHO 3aIllpOIOHYBATH IMOPIBHATH IX 3 BU3HAUYEHHMH paHillle TPAaHHULEI0 IIMHHOCTI
Ta rPAaHMICIO MIITHOCTI MaTepiairy, 3 IKoro 3pobieHa KoHCTpyKisd. Take 3aBlaHHS IPOJEMOHCTPYE,
IO TIOSIBa KOHIEHTPAaTOpa CYTTEBO 3MEHIIYE MakKCHMaibHe Oe3leYHe HaBaHTAXEHHs, a 3MiHa
(OopMH KOHILICHTPATOPa MOJKE JI0JIaTKOBO 3MEHITYBATH IIi 3HAYE€HHS B JAEKiJbKa pa3iB. Takox myxe
TIOKa30Bi1 3aJa4ui Ha BTOMHY HOBEIHKY, SIKi BUPa3HO JEMOHCTPYIOTh HU3bKHH PIBEHb PYHHYIOUHX
Hanpy)XeHb B TaKUX BHIaakax. [y 10AaTKOBOI HAOYHOCTI MOXKHA AEMOHCTPYBaTH (oTo 4M Bineo
pe3yNbTaTiB BTOMHUX pyHHYBaHb. 3aBEpIICHHSIM TaKMX MPAaKTHYHHUX 3aBAaHb MOXe OyTH KypcoBa
YM pO3paxyHKOBa po0OTa, B MPOLECI BUKOHAHHS SKOI CTYAEHTH MalTh OOpaTH Matepian s
3aJlaHUX YMOB €KCIUTyaTallii 3 BpaXyBaHHSIM HEraTUBHOTO BIUIUBY (aKTOPIB KOHCTPYKIIIi.

HactymHum erarnom mae OyTH OHOBJIEHHS METOJOJIOTIT NMPOBENEHHS JabopaTOpHUX poOir,
IIPY BUKOHAHHI SIKMX CTYACHTH IMOBHHHI HE JIMILE ONAaHYBaTH METOAMKY BUKOHAHHS BUNPOOYBaHb,
ayie i HaBUMTHCS 0OpOOJIATH pe3ysibTaTH BUMIpIOBaHb Ta aHai3yBaTH iX. /st hopMyBaHHS yMiHb
aHai3yBaTH pe3yJbTaTh CTYAEHTaM KOPHUCHO CTaBUTH KOHKpeTHI 3aBaaHHs. Hanpuxnan,
«3’sICYyBaTH MOXKJIMBICTh €KCIUTyaTallil JaHOTO MaTepiaidy IpH BU3HAUYCHUX YMOBax». TakuM YMHOM,
CTY/IEHTH 32 BECh IIMKJI JJAOOPATOPHHUX pOOIT, [0 BOHW BHUKOHYIOTH NPOTATOM TE€PMiHY BHUBUCHHS
JMCIUILTIHY, HABYATHCS ITUCATH BUCHOBKH 3 aHAJIi30M IH(QOpMaIlii, a He ITPOCTO NEPENUCYBATH METY
pobOTH, SK IIe YacTO NPAKTHKYEThCS B MIKOJax. JIjsl TOJETIIEHHS IbOTO IPOIlECy MOJKHA
3aIpOINIOHYBATH KOPHUCTYBATUCS HACTYITHOIO 0a30Bot0 KoHeTpykieto «11[0? — HY I IIIO?», cxemy
SIKO1 HAaBEJICHO Ha puC.3:
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BukoHaHHS BHUIEONHCAHOTO KOMIUIEKCY il B IpoIieci MOIEpHi3aIlii KOXKHOI HaBYAIEHOL
JOUCIUIUTIHA TO3BOJUTH CTYICHTAM HAaOYTH BCiX CKJIQJOBUX BiANOBITHOI KOMIIETEHIIi — BiJ 3HaHBb
JI0 TOCBiy 1ii B KOHKPETHil THITOBiH mpodeciiiHiil cuTyarlil, ychimHe po3B’si3aHHs SKO1 3aJICKUTH
BiJl HAITOJICTJIMBOCTI Ta HAIIJICHOCTI Ha PEe3yJIbTaT.

Tlepenik mocunanb
1. Appel R. Standards of Engineering Degree Programmes, the Requirements of Industry? / The EU-
ROPEAN Engineers. — Issue 12, March 2015. — P. 61-63.
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OCHOBI 3AJII3A TA CAMO®JIIOCUBHUX CILJIABIB KOHCTPYKIIHHOI'O
MPU3HAYEHHS HA IX CTPYKTYPY I BIACTHUBOCTI
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OnHUM 3 HampsIMIB MaTepiajo3HaBCTBA € pO3poOKa HOBUX MarepialliB 3 BHUKOPUCTAHHSIM
TexHoyorii mopomkoBoi Metanyprii. Tomy y BiamoBigHocti mo mpoekty MMATENG, skuit
nepedavae po3UIMPEeHHs MpodeciiiHol KOMIETeHIlT (axiBIliB 3 IHKCHEPHOIO MaTepiaJo3HaBCTRA,
NPOBEJICHHS HAYKOBUX JIOCHI/UKEHb 3a YYacTIO CTYJCHTIB 3 PO3POOKM HOBUX IIOPOIIKOBUX
MarepialiB € JOCHUTh aKTyaJbHOK 3anadeto. J[o Takux MarepianiB MOXYTb OYTH BiJHECEHI
MIOPOIIKOBI MaTepiaii KOHCTPYKIIHHOTO MPU3HAYCHHS.

[opomrkoBi KOHCTPYKIIifiHI MaTepialli Ha OCHOBI 3aii3a € HaWOLIBII PO3MOBCIOKCHUMH
BU/IaMH IIPOIYKIii HOPOMIKOBOI MeTanyprii. THHIOBMMH feTamsIMA KOHCTPYKIIITHOTO IpU3HAYCHHS,
10 BHTOTOBIISIOTHCS METOJAMH TOPOIIKOBOI METadyprii, € 3ipOYKH, IIECTEpHi, KT, maiowu,
3arNIyIIKM, KOpmyca Ta IHIN JeTami MammH 1 npuaagiB. Di3WKo-MeXaHidHI  BIACTHBOCTI
ITOPOIITKOBUX KOHCTPYKIIIHUX MaTepiaiiB, MPH IHIIUX PIBHUX yMOBaX, BU3HAYAIOTHCS HIUTBHICTIO
BUPOOIB, a TAKOXK TX CTPYKTYPOIO, 3yMOBJICHOIO YMOBaMH 1X oTpuMmaHHs [1].

3a ymMoBaMHu eKcIulyaTali NOPOIIKOBI KOHCTPYKLiHHI BUPOOH pO3IiNSIOTh HA YOTHUPHU
rpyHu: MajJOHaBaHTa)XXEHi, IOMIpHOHAaBAaHTaXXEHIi, CepeIHbOHABAaHTAXEHI 1 TSIKKO
HaBaHTaXeHi.

Oco0nuBe 3HauYeHHS MarOTh MOPOIIKOBI KOHCTPYKIIiHI MaTepiaiu it poOOTH B yMOBax
BUCOKMX HaBaHT@XeHb JIJ1 BHUTOTOBICHHA TSXKKO HABAaHTAKEHHX JeTanell  HeoOXimHO
3aCTOCOBYBATH MaTepialy MiIBUIMICHOI MIITHOCTI, SIKa IJIs TOPOIIKOBUX MaTepialliB Ha OCHOBI 3aitiza
ICTOTHO 3alexuTh Bix mopucrocti. Tomy s moBHOI peamizamii BIACTMBOCTEH MOPOIIKOBHX
MaTepiaiiB HeoOXiTHO OTPUMYBATH X 3 MiHIMAJEHO MOXKIIHBOK OE3MOPHCTO cTpyKTyporo. [Ipu
IFOMY HeMa€e HeoOXiAHOCTI HoOmBaTUCs ii OAIOHOCTI i3 CTPYKTYpOXO BiAMOBITHUX JUTHX CTaleH,
OCKIJIbKM TOPOIIKOBI Marepiald MaroThb OLIbII JPiOHO3EPHUCTY CTPYKTYpY, L0 3abe3medye ix
BHCOKI MEXaHIYHI XapaKTePUCTUKH.

HeoOxigHy miiiabpHICTh JeTaneil MOXKHa JOCSTTH, BHUKOPHUCTOBYIOUM BHCOKOEHEPTETHYHI
Meronu (OpMyBaHHS, MPOCOYCHHSIM MOPUCTHX 3arOTOBOK JIETKOIIABKUMH MeTanaMu (Mifb,
JIaTyHb, €BTEKTHYHI CIJIAaBH Ha OCHOBI 3aji3a 1 iHIIMX METaNiB), a TAKOX JIETYIOUH iX MapraHIeM,
HiKeJIeM, XpOMOM, MOTiOAEHOM.

OpmHUM 3 BapiaHTIB OTPUMaHHS MOPOIIKOBUX MaTepiajiiB KOHCTPYKIIHHOTO MPH3HAYEHHS IS
poOOTH B TSHKKO HAaBAaHTA)KEHHX BY3JIaX, OCOOJIMBO KOJNM KiHIIEBOIO METOIO € OTPUMAaHHS BHCOKOI
IIIJIBHOCTI BUPOOIB, MOXe OyTH CHIKaHHS BHUXIJHHX IPECOBOK y NMPHUCYTHOCTI pigkoi ¢asu abo
IIPOCOYCHHSI TIOPUCTUX KapKaciB Ha OCHOBI 3aii3a i HOro CIUIaBiB JIETKOIUIABKOIO METAJIEBOIO
3B’513K010. [Ipn 1IbOMY SIK JIETKOIIIIABKY METaJIeBY CKJIAJ0BY, 1110 YTBOPIOE PiAKy (a3y NpH CIikaHHI
a0 po3maB Kol MpOCOYye MOPUCTHH KapKac IOMIJIbHO BUKOPHCTOBYBATH CaMO(IIIOCIBHI CIIaBU
Ha OCHOBI Hikeno abo 3aiiza. OCTaHHI MarOTh BIIHOCHO Majly TeMIeparypy IUIaBJICHHS y MeKax
980-1100°C 3amexHo Bix iX CKiamy Ta BHCOKI MEXaHI4Hi XapaKTEPUCTHKH — TBEPAICTh Ta YIApHY
B’SI3KICTh, 3HOCOCTIHKICTh [2]. OKpiM TOTO, TaKi CIIJIABH MAIOTh BUCOKY CTIMKICTh 10 OKMCHEHHS [3].
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B poboti nmocmimKyBaBcs BIDIMB yMOB OTPHMAaHHS KOMIIO3UIIIHHX  MarepialiB
KOHCTPYKIIHHOTO TpPHW3HAYEHHS 3 CYMIMI TMOPOINKIB 3aiiza i camodurocuBHuX cruaBiB (CD3)
3 BMicToM octaHHBOTO 10, 20 Ta 30%. Cxian BUXiZHAX MaTepianiB HaBelIeHO B TaOmmii 1.

Tabmunst 1 — XapakTepucTHKa BUXITHUX MaTepialiB

I'ycTuHa, TBepaicTb, BwmicT enemenTiB, %
IMoporiku r/em® MIla Fe Ni | Cr | Cu P C Si | B
3aniza
DKP-3.200 78 900 99,7 0050100101
Co3 8,0 9000 57,71 20 | 10 5 06 |12 |25]| 3

Jnst [oCIiKeHHs POIIeCiB KOMIAKTYBaHHsI CIIIKAHHSAM Yy CEPEAOBHIIl BOJHIO Ta Y BaKyyMi
TOTYBJIM 3pa3KH IIPECyBaHHSIM Ha TiIpaBIiYHOMY IIpeci 32 ONTHMAJIBHHX YMOB BCTaHOBJICHHX
B po6ori [4]. Tak Tuck npecyBanns ckinaaas 550—600 MITa.

IIpn npocnmimKeHHI TPONIECiB KOMIAKTYBaHHSA IPOCOYYBAHHSAM TOTYBAIHCh IPECOBKU
3 MMOPHUCTICTIO HeoOXimHowo ams ix 3amoBHeHHS 10, 20 Ta 30 Bincotkamm C®3. [y mpocodeHHS
rotyBanu 3pa3ku 3 CO3, ki npecyBamu 3 BUximHoro nopomky CD3 3 BUKOPUCTAHHAM SIK 3B’ SI3KH
2% po3uMHYy TONIBIHIJIOBOTO CHHPTY Yy Boxai mpu THCKy mnpecyBanHa 400 MIla. Cmikanas
Y CepelloBHIII BONHIO Ta y BaKyyMi HpPOBOIHMIN 3a TEeMIEpaTypu 1200°C i BUTpUMII 45 XB.
IIpocodyBaHHs TMPOBOIWIM B My(eibHiil meui y cepenoBumi Bommio 3a Temmeparypu 1200°C
i Burpumii 30 xB.

Amnaii3 pe3ynbTaTiB OTPUMaHUX B pOOOTI TMOKa3ye, CTPYKTypa KOMIIO3UIIHUX MaTepiajiB Ha
OCHOBI 3asi3a JieroBanoro C®3 i, ik HACIIOK, HOTO BIACTUBOCTI (TBEPIICTh) 3AJICKUTh BiJl CKIAy
Marepiairy Ta MeToJly HOro KOMIAKTyBaHHs. SIK BUIHO 3 pUCYHKY | MaTepiaiu, siki BUTOTOBIISUIUCH
MIPECYBAHHSM 3 HACTYIIHHUM CIIIKaHHSM Yy C CEpPE/IOBHIIII BOJHIO MaIOTh MOPHUCTICTD, sIKa, MTPU 1HIIKX
PIBHHX yMOBaX, 3aJIC)KHTH BiJl BMicTy camodirociBHOTO crutaBy. Tak, npu 30iipmenHi BMicty CD3
KUTBKICTH TTOP 3MEHIITYETHCS aje 30UTBITYEThCS IX PO3MIp.
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Puc. 1. Crpykrypa marepianiB cruedeHux y cepenosuii BojgHo: 1 — Fe+10%C®d3 (x100); 2
— Fe+20%C®d3 (x100); 3 — Fe+10%Cd3, BrmtoueHHs nuiaky (x20)

BuHUKHEHHS TOPHUCTOCTI B MaTepiaigax Mo)ke OyTH 3yMOBIICHE THM, 1110 Y TPOLECi CHiKaHHS
3a 3aJlaHUX YMOB YTBOPIOEThCS pinka (asza 3a paxyHok miaBieHHs CD3. YV 3B’sA3Ky 3 THM, IIO
posmiaB CO3 npakTHYHO MUTTEBO 3MOUYE MOBEPXHIO YACTHHOK 3aili3a [5], BIH MPOHUKAE MK HUM
1 130JTF0€ TMOYATKOBI TOPH. Y TMOAAIBIIOMY TPOIEC CIIKaHHS CYMPOBOKYETHCS 3alliKOBYBaHHIM
mop. Ilpyn oMy Ha Te# TpoIeC BILTMBAIOTH JIAMIACIBCHKI CHIIM, SIKi BUHMKAIOTh 32 PaXyHOK Iii
MTOBEPXHEBUX CHJI Ha CKpHBIIEHIH MoBepxHi po3muiapy CD3 i HampaBieHi 10 HMEHTPY MOPH, i CHIIH
THCKY Ta3y B 3aKpHTHUX TOpax, SKi 30iIbIIYIOTHCS TPH IMIIBUIICHHI TEMIIEPATypH 3a YMOB iX
noctiiHoro 06’emy. Ilpu 11boMy 3a€KHO BijI CIIBBITHOIIEHHS IIUX CHJI MOXeE BiJJOyBaTHCh ycalka
abo 3pocraHHs po3Mipy 3paskiB. [Ipum mnepeBakaHHI JlaIIaciBCBKUX CHJI HaJl TUCKOM rasy
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B 3aKPUTHX 1Opax BiIOYBa€ThCs ycaaka 3pas3KiB . Y MPOTHIC)KHOMY BUITaAKYy HAaBIIAKH — 3pOCTaHHS
ix 00’eMy. 3 uyacoM BiJOYBA€ThCS KOAryJslis IOp 3a pPaXyHOK IOTJHMHAHHS JPIOHMX OULIBII
KPYIHHUMH 1 KiJIBKICTh TIOp 3MEHIIYETHCS 3 OJHOYACHMM 3pOCTaHHSAM iX po3mipy. Posrisnyti
mporiecd 1HTeHCH]IKyeThCs 13 30LIBIMIEHHAM KUTBKOCTI piAkoi ¢a3u, mo 1 crocTepiraeTbes
Y HalloMy BUIIAJIKY.

V Bumazaky cuikaHHg MatepiamiB y BakyyMi 0,3 Ila cTpykTypa iX ogHOpigHA i MPAKTHIHO
6esnopucta (puc.2, 2). if MoxHa xapakrepusysatu K “coToBy”. Y cepeauHi KOMipok (coT) , sKi
yrBOpHB po3miaB CD3, posmimiene 3amizo. Ciin 3ayBakWTH, IO HA XapakTep CTPYKTYPU TaKOX
BIUIMBa€ piBeHb BakyyMy. [Ipm cmikanHi y Bakyymi 40 Ila (dpopBakyym) B MaTepiami NMPHUCYTHI
npiOHI MOpH Ta He3HAYHA KiNbKiCTh HITaKoBOi (asu (puc. 2, 1).

Taxkuii XapakTep CTpyKTYpH Marepially CIIEYeHOT0 B BaKyyMi MIATBEPAKYE MOXKIMBHUI BIUIMB
Ha (opMyBaHHSI CTPYKTYpH, 30KpeMa HasBHOCTI B Hiii MOp, THCKY ra3y B 3aKpUTHX MOpax, SKi
YTBOPIOIOTHCSL MPU TMOsBI B MaTepiani piakoi ¢a3u npu miasienni CPO3. [Ipu BigcyTHOCTI THCKY
ra3y B 3aKpUTHX IOpax IpH CIIKaHHI Y BaKyyMi OCHOBHOIO MiIOYOIO CHJIOIO, sIKa CHpHSIE yCaall
MaTepialy € JIAIUIACiBChKI CHJIH, IO 1 € IPUYUHO0 OS3MOPUCTOT CTPYKTYPH.

[Ipo MoXnWBHI BIUIMB 3aKpUTHUX THOp Ha (HOpPMyBaHHS CTPYKTYpH MaTepialliB 3a yJacTIO
3amiza Ta CO3 cBigyaTh pe3yabTaTH MOCITIHKEHb NMPOIECIB KOMIAKTYBaHHS TaKHX MarepialiB
METOJIOM IPOCOYEHHSI MOPUCTOTO KapKacy 3 MOPOMIKY 3aiiza po3miaBoM CP3. V npomy BUMAAKY
3TiIHO CYTHOCTI TPOIECIB OTPUMAaHHSA IOPOIIKOBHX BHPOOIB MPOCOYYBaHHAM [8], 3allOBHEHHS
posmraBoM C®D3 mopucToro kapkacy 3 HOPOIIKY 3aii3a BiIOyBa€ThCsl HAIpaBJICHO (OIHOOIYHO)
noctynoBo. Posmnap CO3 mij Hi€r0 KamIsspHUX CHJI 3allOBHIOE MOPOBI KaHAIW 3 OJHOTO OOKY
1 BUTICHsI€ ra3 B iHmui Oik (puc. 3). Sk HACTIIOK YTBOPIOETHCS OE3MOPUCTa CTPYKTypa MaTepiaty.

Puc. 2. Ctpykrypa MmarepiaiiB OTPUMaHUX CIIKaHHSIM y BakyyMmi Ta MPOCOYYBaBHHSIM:
1- cnikannst y Bakyymi 40 Ia.; 2 — cikanust y Bakyymi 0,3 ITa.; 3 — npocodeHHst
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Puc. 3. Cxema criikaHHs IPOCOYYBaHHSIM 3Bepxy: 1 — 4HOBHUK; 2 — 3acuinka; 3 — OpHKeT 3
Cd3; 4 — nopucTHii KapKac 3 OPOLIKY 3aJliza

JocmimKkeHHs TBEPAOCTI OTPUMAHUX MaTepialliB IM0Ka3ajo, 0 BOHA 3aJISKUTh K B CKIamLy
Marepiary Ta METOy HOro KOMITAaKTYBaHHS Tak 1 BiJf HOTO CTPYKTYpH.

[Ipu iHIMX piBHUX YMOBAaxX, TBEPIICTh MaTepiajiB 3aJie)kKUTh Bil BMicTy B HhoMy CD3, sxuit
Mae€ 3HaYHO OUBIIY TBEpAiCTh Hixk 3ami30. UM Oinpmuii BMict CD3 B MaTepiaini, THM OLibIIe HOTo
TBEpJiCTh. AJie BOHAa HE € IHTErpajbHOI0 TBEPJICTIO CKJIaAOoBUX. IIpM HasBHOCTI MOPHUCTOCTI
B Marepiajli #oro TBepIicTh HMXYa HIX TBEPJICTh YUCTOrO 3aii3a. 31 3MEHIICHHSIM MOPHCTOCTI
TBEpAiCTh 30UIbIIyeThCs. [l Oe3mopucTUX MarepianiB TBEPAICTh 3aJISKUTh BiJl METONLy iX
oTpuManHs. Tak MaTepiajau OTpUMaHi MPOCOYYBAHHSIM Ta CIIKaHHSIM y BaKyyMi MarOTh TBEPJIICTh
HHU3bKY TMOPIBHSHO 3 TBEPICTIO caMO(IIIOCHBHOTO CIUIaBy. A Marepiaii ClieueHi Yy BHCOKOMY
Bakyymi MmaroTh TBepaicth (55-57 HRC), sxa nepeBumrye tBepuaicte C®3. OcranHe [1ae
MOXJIMBICTh CTBEpPKYBaTH, II0 HA TBEPHICTh BIUIMBA€ BUIJIAJ CTPYKTYpH Martepiasy Ta SKiCTh
KOHTAaKTy MK (pa30BHMH CKJIaJOBHMH. Tak HaWOULIBIIy TBEpAICTH MArOTh MaTepialu sKi MaroTh
KapKacHy CTPYKTYpY, KapKac sIKOi yTBOPHB 3aKpHUCTaJII30BaHUH caMO(IIIOCUBHHUH CIIJIaB, SIK LIE Ma€e
MiCIIe ITPH CITiKaHHI y BHCOKOMY BaKyyMi a00 MpOCOYyBaHHI.

TakuM 4YMHOM, YHACIHiJIOK TPOBEAEHOI pOOOTH OyJIO BCTAaHOBICHO, IO Ha CTPYKTYPY
KOMIIO3HIIITHAX MaTepialliB BIDIMBAE METOJ iX KOMITAaKTyBaHHS. Marepiaj ClledeHni B CepeIOBHIII
BOJIHIO B JIOCHIDKEHUX yMOBaX SIK CTPYKTYpHI CKiIagoBi asu 3amiza i CD3 ta mopwu, 1o 3yMOBIECHO
YTBOPEHHSAM 3aKPUTHX HOp MpH HOsABI piakoi ¢asm 3 posmmaBy CO3 Ta HAsBHICTIO MOBEPXHEBHUX
OKCHJIIB Ha YaCTHHKAaX BUXITHOTO MOPOIIKY 3aji3a. Martepial OTpUMaHHH CHIKaHHAM y BaKyyMi
Ta IPOCOYEHHSIM B CEPEOBHIII BOAHIO Mae MBO(a3Hy (COTOBY) CTPYKTYPY Y AKiH BiACYTHI MOpH
Ta IITAKOBI BKIFOYEHHS.

[TokazaHo, o TBEpiCTh MaTepiaily 3aJeKUTh Bijl HOTO CKilay, HAsSBHOCTI MOp Ta IUIAKOBUX
BKJIFOUCHb , SIKOCTI KOHTaKTy MiX (ha30BUMH CKJIAJIOBUMH Ta BHIJINY CTpyKTypu. HaiGinbury
TBEPIICTh MAOTh MaTepiajk OTPHMaHI CIIIKAHHIM Y BaKyyMi Ta siKi MAtOTh COTOBY CTPYKTYpY. \
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Nitriding with pre-activation of the surface by the Magnetic Abrasive Treatment. The use
of titanium and its alloys finds a place in the different sectors: aeronautics, mechanical engineering,
chemical and food industries due to its specific strength, corrosion resistance, biological inertness.
However, a characteristic of Ti is a tendency to stick, superficial pretension with other metals. This
determines its low wear resistance and limits the use in friction mechanisms. Without additional
hardening treatment the use of titanium alloys is limited. Therefore definitely there is an actual
problem of development methods of titanium alloys surface hardening [1].

To increase operational characteristics of of titanium alloys is possible by different meth-
ods and ways, one of which is a surface hardening.

In this work had been investigated the effect of preliminary activation to the nitriding pro-
cess of the working surface of blades of GTE compressor made from titanium alloy VT8.
Preliminary activation had been performed by magnetic abrasive powder, which consisted from
a mixture of POLIMAM-T with a size of particles 200/100 microns - 80-90% and a spherical pow-
der PR R6M5 with a size of particles 100/63 microns in an amount of 10-20%. The regime of Mag-
netic Abrasive Treatment: processing speed (2-3) m/s; magnetic induction 0.32 T, processing time
(120-240) sec.

MAT contains the influence of an alternating magnetic field onto the treated sample and the
processes which occurs during the collision of the tool surface with the powder - microcutting, mi-
croimpacts of abrasive particles, plastic deformation of the surface zone this leads the surface layers
of metal in the active state, which plays an important role in absorption, surface diffusion, chemical
reactions on the surface and diffusive processes in the surface layers that are rich in structural de-
fects. Totality of action of these factors leads to a certain degree of strengthening of the workpiece
surface layers.

Nitriding of blades from alloy VT8 like after MAT, as well as in original state, was carried
out at a temperature of 900 ° C for 2 hours in a closed reaction space with a flow rate of nitrogen
(0.3-0.5) liters per 1 m? of saturating surface.

X-ray structure analysis determined that on the surface of both samples formed titanium ni-
tride TiN with almost the same period of the crystal lattice (Table 1).

Table 1 Microhardness and thickness of the obtained coating

Method of . . The periods of the Thickness, Microhardness,
- The phase composition of coatings . .
processing crystal lattice, nm microns GPa
TiN a=0,4252 1,5-2,0 18,3
Nitriding a-Ti (N) | onthe a=0,2913 c=0,4644 8,4
(o +B) -Ti(N) . border _ 35-40

B-Ti (N) of TiN a=0,3255 10,0
Nitriding + TiN a=0,4252 5,0-6,0 18,5
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MAT a-Ti (N) | onthe | a=0,2913 c=0,4644 10,2
(o +B) -Ti(N) border 55-60
B-Ti (N) | of TiN a=0,3255 10,5

Under the layer of titanium nitride is a zone of solid solution of nitrogen in a-Ti and B-Ti.
The lattice parameters of o-and B-solid solutions are also weakly depend from the state of
the surface before saturation.

Preliminary activation of the surface affects on many aspects of the nitrided layer as its
thickness and microhardness of the solid solution zone.

Upon heating up to temperatures of nitriding the mobility of dislocations increases.

Due to preliminary MAT in the surface layers there is a high density of dislocations, which
facilitates the diffusion of the saturating atoms. It’s allowed to significantly increase the depth of
the diffusion layer and its microhardness (Table 1)

Activation of the surface by the Magnetic Abrasive Treatment allowed to get nitrided coat-
ing, on the blades of GTE compressor maded from VT8 alloy, which does not differ by the phase
composition from the coating obtained on the inactivated surface, but it exceeds by the thickness in
1,5 times and by the microhardness of the solid solution — up to 25 %. The thickness of the nitride
phase in the equal microhardness in the 2-2,5 times more.
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POJIb CMAYUBAEMOCTHU IIPU ITIOJIYYEHHUU CIIEYEHHBIX
BE3BOJIb®PAMOBBIX TBEPJbIX CIIJIABOB

Cremanuyk A.H'., Burpsmiox B.K%.
! kanp. TexH. Hayk, ipodeccop, npodeccop HTVY “Kuesckuii monuTeXHUYeCKHil MHCTUTYT , Y KpauHa
(astepanchuk@iff.kpi.ua)
? KaHI. TeXH. HayK, CT. Hay4H. coTp. HTYY “KueBckuil nonurexHuueckuii HHCTUTYT”, YKpanHa

OnHNM U3 BapHAHTOB PACIIMPEHUS KOMIETCHIINH BBIITYCKHUKOB B 00J1aCTH MaTepHalOBEACHHS
B cootBeTcTBUU ¢ mpoekToM MMATENG wmoxer OpITh uX mnpodeccroHambHas IOATOTOBKA
B O0JIACTH CO3JIaHMSI HOBBIX MaTepHAIOB W M3leuii M3 HuX. OZHUM W3 TakuX MarepUajoB
SIBJISIFOTCS 0e3BOJIb()PAMOBBIE TBEP/IbIE CILIABBI.

[TpousBoncTBy 0e3BOIB(GPAMOBBIX TBEPIBIX CIUIABOB YIEISUIOCH M YACNSETCS B HACTOsIIEe
Bpemst Oonbiioe BHuManue [1-3]. B psme pabor yOemuTeNpHO MOKa3aHO, YTO OHH BO MHOTHX
Clly4asix MOTYT KOHKYpUPOBAaTh ¢ HauOoJiee pacrpoCTpaHEHHBIMHI TBEPAbIMHU CIUIAaBAMH HA OCHOBE
KapOuna Bosb(ppama. B mepByro ouepens 3TO 0OYCIOBIEHO JOCTYIHOCTHEO HMCXOJHOTO CBIPbS —
TUTaHa, KOTOPBIA SBISETCS CBHIPbEM ISl MOIYy4YCHHS KapOWZOB M HUTPHAOB (KapOOHUTPHIOB)
TUTaHa — OCHOBBI 0€3BOJIL(PAMOBBIX TBEPABIX CIUIaBOB [1].

Kak mnpaBwio, m3genus u3 0e3BoNb()PaMOBBIX TBEPABIX CIUIABOB H3TOTABIMBAIOT IO
OOIIENPHHATON TEXHOJOTHMYECKOW CXeMe, KOTOpas BKJIIOYAET OINEpaldH MOArOTOBKY HCXOIHOTO
CBIPbS C 33/IaHHBIMH CBOWCTBAMH, IPUTOTOBJIEHHE TBEPJOCIUIABHBIX CMECEH COCTOSIIMX U3
TBEPJIOW COCTaBISIONIEH CINIaBOB (KapOW0B, HUTPHUIOB M MX CIUIABOB) U METAJIMUECKON CBSI3KH,
IIPECCOBAHUS 3aTOTOBOK U UX CIeKaHue [4]

Kak u3BecTHO [4], 0THMM U3 IITaBHBIX TPpeOOBaHUMN, KOTOPBIE MPEABSIBISIOTCS K COCTaBISIONIIM
TBEpJBIX CIIJIABOB SBJSIETCS HAJHMYME CMAayMBAEMOCTH PACIUIaBOM HX METAJUIMYECKOl CBA3KHU
(MeTaJyuThl TMOATPYMIIBI XKejle3a M WX CIUIaBbl) TBEpJOM cocrasisitolleii. [locienHee oOyciaoBieHO
TeM, 9YTO MHUKPOCTPYKTypa M MEXaHWYECKHE CBOHCTBA CIIEYCHHBIX TBEPIBIX CIUIAaBOB
OTIPEJIETISIIOTCS. HE TOJIBKO CBOMCTBAMH TYTOIUIABKOW COCTABIAIOUICH, HO M (DPHU3MKO-XUMHYECKUMHU
SIBTICHUSIMH, KOTOpBIE TPOMCXOAAT HA TpaHHIE paszena (as—TBepIoH COCTaBIIIOMIEH TBEPABIX
CIIAaBOB M METAJUIMYECKON CBA3KH. B mporecce criekaHusi TBEpbIX CIUIABOB CBSI3KAa HAXOAWTCS B
XKHJKOM COCTOSHHM M OKa3bIBAeT CYIIECTBEHHOE BIHMSHHE Ha MPOIECC YCaaKH M (OPMHUpPOBAHHE
CTPYKTYpPbl W CBOWCTB KOHEYHOIO CIUIaBa B 3aBHCHMOCTH OT CMAauWBaeMOCTH TBEPIOH
COCTaBIIAIOLIEH pacIaBaMU CBSI3YIOLIETO METallla.

H.E. Exner [1] Ha ocHOBaHWMM aHamW3a pPE3yJIbTATOB IPOBEIEHHBIX MHOTOYNCIICHHBIX
HCCIICIOBAaHUHA CMA4YMBAaEMOCTH KapOHMIOB OTMEYaeT, YTO Ha IOBEPXHOCTH pa3lena MexXIy
KapOugaMu W MeTaulaMH MOATPYIIBI JKele3a CYIIeCTBYeT MpOoYHas XuMudeckas cBs3b. OHa
ocobenHo OnaronpusitHa it cucrembl WC—CO, Tak Kak MPUBOAUT K OYEHb HU3KOU Mex(asHoi
€HepTUH M, KaK CJIEICTBHE, K IOYTH HICaTbHOH CMadynBaeMOCTH (KpaeBOW YIrol CMadyMBaHHA
ONM3KHI K HYJIIO) U, KaK CJIC/ICTBHE, OYSHb XOPOIIEH afre3uy Mexay (a30BbIMU COCTaBIISTIOIIUMH B
9TOM cucTeMe B TBEpJOM cocTosiHMM. I[Ipm 3TOM IojHOE pacTekaHWe paciiaBa KoOaybTa IO
MIOBEPXHOCTH KapOHJa IMPOMCXOAWUT HE3aBHCHUMO OT Cpelbl CMauuBaHUS (BakyyM, BOJOPO],
WHEPTHBIE I'a3bl).

B npyrux cucremax kapOuA—CBS3YIONIMIA METAI CMaYMBAEeMOCTh HE CTOJIb COBEpILEHHA (TabII.
1). O1u pesynbratel, nomydenusie M. Humenik u N. Parikh [1] npu usydeHun cmaduBaeMOCTH
KapOuJa THTaHa pacIUIaBaMH jKeje3a, KoOajabTa M HUKENS MOKa3alid, 4TO B Cpele BOAOpOJa
M Telnns BBICOKOH CTENeHH 4HCTOTHI W B BakyyMme 1,3310° Ia yron cMmaumBams Gojiblie HYIIS.
JloOaBKM K HUKEIIO XpoMa, HHOOWs, TaHTana, BOJIb()paMa HECKOIBKO CHIDKAIOT yroJl CMadMBaHHS
B BaKyyMe, a B ciry4ae 100aBku 10 % mMonubaeHa OH yMEHbIIACTCSA 10 HYJIS.
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OTHMHU Ke aBTOpaMH OBbLIO YCTAHOBJICHO, YTO TIPH CHIEKAHUH CIUIaBOB Ha OCHOBE KOMIIO3UIMU
TiC—(Ni +10% Mo) HabGmomaeTcsi 3HAYMTEIBHO MEHBUIMH pPOCT 3epeH KapOuaa THTaHa,
a MMOJIy4aeMblii TBEpIbIA CIUIaB MMEET JOCTaTOYHO BBICOKHE TBEPIOCTh, NMPOYHOCTH U yJapHYIO
BA3KOCTh, YTO IOATBEP)KAACT OTMEUCHHOE HaMH BBIIIE O BIMSHHUM Ha 3TH XapaKTCPHCTHKH
CMadMBaEMOCTH.

H.E. Exner otmeuaer [1], aro K.Tahtinen u M. Tikkanen (1978 r.) moaTBep»IeHO BIHIHUC
Ha KPaeBOM yros CMadMBaHUs CPEAbl CMauyuBaHUs. Tak, IpH cMadMBaHUM KapOHWJa THTAaHA HUKEIEM
npu temmeparype 1400 °C B Bakyyme 1 cyxom Bogopose (apiuanbHOE JaBIeHHe KHcaopoaa — 10°
° a) Yrol cMauduBaHus cocTaBwi 18 u 42° coorBercTBeHHO. Kpome Toro, coobmanocs, 41O
NpeIBapUTEIbHOE HACBINICHHE PACIlaBa HUKENS TUTAHOM WM YIJIEPOJIOM HE OKa3bIBaeT BIIMSHHS
Ha CMa4YMBaHUE U PACTEKaHUE.

B pabGore [5] npu W3yd4yeHUM CMaYMBaeMOCTH HUTPHUIOB U KapOOHUTPHUIOB IE€PEXOIHBIX
MetawioB 1Ya-Ya moxarpynnm ObUIO YCTaHOBJEHO, 4YTO TOJBKO Uil KapOOHHMTpWAa THTaHA
HaOIIoIaeTCs CPABHUTEIBHO XOPOIlias CMaunBaeMOCTh HuKeneM U criaBoM Ni—-Mo (3:1), a uucTsrit
HUTPHI TUTaHA CMaYMBACTCs XyXKe, UeM KapOu]| TUTaHa.

Ta6nHua 1- KpaeBLIe YIJibl CMA4YUBAHUSA Kap61/ma TUTaHd HCKOTOPbIMU METAJIJIAMH U CIIJIABAMH

Merann (craB) Cpena cMadnBaHUs
Bonopon Bakyym
Fe 46 41
Co 37 5
Ni 17 30
Ni + 10 %Cr — 23
Ni + 10 %Nb — 22
Ni+ 10 %Ta — 15
Ni + 10 %W — 14
Ni + 10 %Mo — 0

CMmauynBaHue CHOXHOTO KapOoHuTpuaa turaHa—taHTtana (TigzsTlagos)(CoaaNosi)
MeTaJUlaMH TOITPYIIBL JKee3a m3ydanun B paborax [6,7]. IlokazaHo, d9TO KpaeBOW yrou
CMavMBaHUs yMeHbIuaercs B psay metaioB Fe—Co—Ni — B Bakyyme 24, 13 u 10° cooTBeTcTBEHHO,
a B asote —109, 103 u 47°. Jlns yKa3aHHBIX METAIOB KpaeBble YI/Ibl CMAYMBAHMS B BAKYyMe JUIS
CJIOKHOTO KapOOHHUTPHIA MEHBILIE, YeM ISl YUCTOTrO KapOuia TUTaHa.

Io naHHBIM NpUBEIEHHBIM B [ 1] MMeEeT MECTO CHIKEHUE KPaeBOro yrila CMaulBaHHsl HUKEIEM
kapOoHuTpHuIa TuTaHa mnpu goOaBiaeHuu 10 % KapOHWIOB B CIEMYIOMICH MOCIEIOBATEILHOCTH
NbC, VC, WC, TaC, Mo,C, uto 0OBsCHSIETCS  JIETMPOBAHHUEM, KOTJa METAJUIHYECKHE aTOMBI
n00aBOK TU(PPYHAUPYIOT B HHUKENEBYIO (a3y W TEM CaMbIM CIIOCOOCTBYIOT YMEHBIICHUIO
MmexdasHoit sneprun Ha rpanuue Ni-Ti(C, N).

CorylacHO JaHHBIM, NPUBEICHHBIM B MOHOTpaduu [1], cMauMBaeMOCTh TBEPIBIX PacTBOPOB
(Ti, Ta, W)C pacmiaBieHHbIM HHKEIEM B BaKyyMe TaKXKe CHIDKACTCS C YBEIMYCHHEM B HHX
KapOu/a TaHTana:

Cocras cruiasa, %:

TiC 76,5 715 66,5 61,0

TaC - 50 100 155

WC 235 235 235 235
Yron cMaunBaHus, Tpal. 28 27 24 20
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OTH JaHHbIE CBUICTEILCTBYIOT O MEPCIEKTHBHOCTH JIETMPOBAHMS TBEPIBIX CIUIABOB HAa OCHOBE
KapOuIa THTaHA KapOHMIOM TaHTaJIA.

B.C. TlamoB wm np. [8] wm3ywamm B3amMopelcTBHe KapOmma ¥ KapOOHHTpHIA THTaHA
¢ uarepmetammaeckumu coenurerusamMu NiAl, NisAl u NiTi, ciocoGHsIME paboTaTh MpU BHICOKHX
TEMIIEpaTypax B arpecCHUBHBIX Cpelax, Ha MpeAMET MX BO3MOXXHOTO HCIIOJB30BaHUS B KaueCTBE
METaTMYECKOH CBSI3KM 0€3BOJIL(PAMOBBIX TBEPIBIX CIIaBOB. PaBHOBECHBIE YIJIBI CMayMBaHUS
paclulaBaMM  yKa3aHHBIX HHUKEIHMJOB TOPSYEHPECCOBAHHBIX 00pasloB  KapOuna THUTaHa
u kapOonutpuaa coctaBa TiCysNgs C octatouHoil mopuctocThio MeHee 3% B cpele BOIOpoJa He
npesbimama 30° ¥ PE3KO YMEHBIIATHCH C MOBHIMICHHEM TEMIEPATyphl. IIPaKTHUECKH MOTHOE
cvaunBanne B cucreme Ti(C, N)-NisAl u TiC-NizAl mocruraercst mpu Ttemmeparype 1700 °C,
a B cucreme TiC-NiAl mpu 1800 °C.

PesynbraThl ncenenoanus cMauuaemoctr TiCy N, pacruiaBamu HUKes1, KoOanbTa, a TAKKe
crraBamu 75 % Ni + 25 % Mo u 75 % Ni + 25 % W npusenensl B Mororpaduu [1]. ITokasaHo,
YTO HaMIIydIlHUe TI0Ka3aTelIn cMadynBaeMocTu y cmasa 75 % Ni + 25 % Mo.

Kax  ommeuaemcss 6 [1], 3amemmnoe emusnue Ha ceoticmea Kapbuoa mMumara
U CMAYUBAEMOCb €20 PACNAAAMU Memailos OKA3bledem cooepicanue yenepood 6 npeoenax
obracmu 2comozennocmu. Tax, nanpumep, npu ymeHvuieHuu cooepaicanusi yeiepooa om 50 0o 37 %
am. yeon cmavusanus TiIC  pacnaasom nuxens ymenvuiaemesi ¢ 20 0o 0°.

Takum 00pa3oM, U3 NMPHUBEAECHHBIX PE3YJbTATOB HCCIENOBaHMH MOYKHa HAMETHTh HEKOTOPBIE
MYTH yJIYYLICHUs] CMa4yMBaeMOCTH KapOuaa U KapOOHUTPUAA THTaHA MPH U3TOTOBJICHUH TBEPABIX
cw1aBoB. OTHAKO MMEIOLIMECS JaHHBIE BCE JK€ HETOCTATOYHO MPOSCHAIOT MEXaHH3M CMAa4YHBaHUS
U BIIMSIHUE PA3IMYHBIX J0OABOK Ha BEIWYMHY KPAeBOrO yrjla CMauyMBaHMs. 3/1€Ch BaXKHO OBUIO OBl
YCTaHOBUTBH, HACKOJBKO CMAUYMBAEMOCTh 3aBHCHT OT CTECHECHH PacTBOPUMOCTH OOABOK B TBEPHOM
COCTAaBIISIIOLICH M B METAJNIMYECKOH CBSA3KE; YTO BaKHEe; B KAKOM IOCIECHOBATEIBHOCTH 3TO
MPOUCXOJINUT; 11eJIeCO00Pa3HO JIM C ITOH TOYKH 3PEHHS HCIIOJIb30BAaHUE KOMIUICKCHOH cB3kH He Ni—
Mo, a Ni-Co, o 4em cooOIaercsi B 1I€JIOM psifie MATEHTOB (BeAb KOOAJIBT 3HAYUTEIHHO JOPOKE
HUKEJs; WIM €ro polib — JOCTHXKEHHE Oojiee BBICOKHMX IPOYHOCTHBIX XapaKTEPHCTHK); Kak
H3MEHSIETCS CMayMBaEeMOCTh JTHMH KOMOHMHAIMSMH CBS3YIOIEr0 MeTajula IpPH BapbUPOBaHHU
cootHoureHus yrieposa u azota B uatepsaie N/(C + N) — ot 0 10 0,5 BKapOOHAIPHIE THTAHA | T. T1.

BbIsicHeHHE 3THX BOINPOCOB IMO3BOJIMIIO Obl HAa HAY4YHOW OCHOBE IOJXOJUTH K BONpOCAM
JIETUPOBAHMS Kak TBEPJOH cocraBisiiomed — kapOuga W KapOOHMTpUAA THTAaHA, Tak
U LUEMEHTHUPYIOIIEH CBA3KH.
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BIIVINB BIAIIAJTY Y MATHITHOMY I10JII HA MAPTEHCHUTHI
NEPETBOPEHHSI B CIIJIABI Cu-Al-Mn

J. lemuenxo’, A. Tirenxo?, O. MapelleHﬁs
kamn. Texm. Hayk, qouent, HamjioHanpHuil TexHiuHMiT yHiBepcuTeT YKpainn «KuiBChKHi TOMiTeXHiaHmit
iHcTHTYTY, KHiB, Ykpaina, (lesyademch@gmail.com)
%KaHJ. TeXH. HAYK, C.H.C., IncTuTyT Marsermsmy HAH Vipainn, Kuis, Vipaina, (titenko@imag.kiev.ua)
Scryment, HamionansHuii Texuiunmii yaisepcurer Ykpainn «KniBchKui momiTexHivnmii incTury, Kuis,
Vkpaina, (aleeksandr.maretskij@yandex.ru)

@azoBi MepeTBOPEHHsI MAPTEHCUTHOTO THUITy NPUTaMaHHI IIMPOKOMY KJIacy MarepialniB
Ta CIUIABIB, VIS SKUX XapaKTEpHI CTPYKTYypHI O3HAKH, [0 BH3HAYAIOTh OCOONMBOCTI iX yTBOpEHHS
i ¢pizmuHi BmactuBOCTI. [IpiOpUTETHICTS B MOCTIMKCHHAX HOBHX MaTepiajiB HAJIC)KUTh CIUIABAM,
B SIKMX CTPYKTYPHO-(a30Bi MEPETBOPEHHS MAapTCHCHUTHOTO THITy pEali3yloThcs B (hepOMarHiTHIN
marpuii. Cepel HUX BapTO BiJOKpeMUTH ciuiaBu [ elicnepa, intepmeranivni cnonyku Co-Ni-Al, Co-
Ni-Ga i cmaBu Ha ocHoBi Fe. He MeHII mpHBaOIMBHM € MEXaHi3M MpPOTIKaHHS MapTEeHCHTHOTO
neperBopernst (MII), sikuii peanizyeTbCs TPH po3Maiai TBEPAUX PO3UMHIB 3  BUIUICHHAM
(epoMarHiTHUX HaHOYACTHHOK B HehepoMarHiTHIM MaTpui. Taka noBeiHKa XapakTepHa JIs CILUIaBiB
Cu-Co, Cu-Ni-Fe, Cu-Ni-Co, Ni-Mn. B motpiiiniit cucremi cmmapiB ['eiicmepa Cu-Mn-Al
MoxuBa peamizauis MII, komm B TBepAMX pPO3YMHAX YTBOPIOIOTHCS KOHLEHTpALiiiHi
HEOJHOPIMHOCTI. PoJb TakMx HEOTHOPITHOCTEH BHUKOHYIOTh KOTEPEHTHI HAaHOYACTHHKH, SIKi
BUIUTAIOTBCS TPH PO3Maji BHCOKOTemIiepatypHoi [i-dpasu cmmaBy Cu-Al-Mn, 1mo KorepeHTHO
NOB’s3aHI 3 MAaTpUIE0 i NpH LbOMY HE 3a3HaroTh croHtaHHoro MII mpu oxoxomxeHH.
MapTeHCHUTHI KpUCTAIN yCHAJKOBYIOTh 3 ayCTEHITY KOT'€pEHTHI YaCTHHKH, KpUCTAJiYHA IpaTKa
SIKMX 3MIHFOETBCS 32 PaxXyHOK HpYXHOI gedopMariii, mo oOyMOBJIeHA 3MIHOIO YMOB CIIOJYYEHHS
I'PaTOK HAHOYACTHHOK Ta Marpuii npu MII.

3MIHIOIOUM PEXUMH CTapiHHS BHUCOKOTEMIIEpAaTypHOi (a3d, MOXHA CYTTEBO BIIMBATH
Ha npouec po3nany [1], mo Moxe NMPU3BOIUTH A0 CYTTEBOI 3MIHM XapaKTEPUCTHYHUX TEMIIEpaTyp
i ricrepezucy MII B crmaBax Cu-Mn-Al. JloTpumMy04nCch TIEBHUX YMOB B TPOILECI CTAPIHHSI MOXKHA
JIOCATATH CHUTYyallii, sSika TPU3BOAUTH 0 MiABUIIEHHS TemmepaTrypu nodatky MII Mg i 3MeHmeHHS
TemnepatypHoro rictepesucy A7 MII. Tlepma ymoBa moB’s3aHa i3 30iMHEHHSIM [3;—MaTpwHIli
Maprasiiem, Apyra - i3 3MeHIIeHHAM Jedopmanii GopMu nepeTBoproBaHoi o0nacTi B pe3ynbTari
3MEHIIIeHHS NPYXKHOI eHeprii E, Ha rpannmi po3ainy da3. B poboti [2] BcTaHOBICHA KOPEIALisS MiX
gacoM Biamany (30iIbpImeHHSIM 00’€MHOI 0TI HAHOYACTHHOK, IO BHIUIAIOTHCS) MPH TeMIepaTypi
200°C Ta BemmuMHOIO TemmepaTypHOro rictepesncy MII, sika Mae HEMOHOTOHHHH XapakTep.
HenaBhi qociimkeHHs mokasai, 1o ciuiasu Cu-Mn-Al 3 Bucokum Bmictom MN MaroTh npuitHATHI
MEXaHi4HI BJIACTHBOCTI, 1[0 BIJIKPUBAE MOKIIMBICTH iX NMPAKTUYHOIO 3aCTOCYBaHHS B MEAMIIMHI
[5,6].

Jnst po3BUTKY YsIBIICHb PO NPHPOAY i Xapakrtep mnpotikaHHS MII mpencrasisie Benmkuii
inTepec BuBYeHHS Mopdororii mportikanHs MII cmmaBy Cu-Al-Mn B pesynbrati crapiHHs
BHCOKOTEMITEpaTYpHOi (a3u 3 BUKOPHCTAHHSIM BiJIaly B MOCTIHHOMY MarHiTHOMY TIOJIi 3 Pi3HOIO
Opi€HTAIli€EI0 3pa3ka M0 BiJHOMIEHHIO 10 TOJisA, MmO Oyno 3po0JeHO0 BHepiie, a TaKOX
3 Oe3rmocepeHiM KepyBaHHAM caMoOTo Tporecy iHaykyBaHHs MIL. JIis moCmigKeHHs 3 METOIo
BHOOPY ONTHMAJBHOTO pEXHMY TepMidHOI abo TepMoMarHiTHoi 0O0poOkm o00paHO CIUIaB
MTOCTIHOTO XIMIYHOTO CKJIaay, SKUH Mae HalMEHIy BEIHYMHY TeMIepaTypHOro rictepesucy MII.
MeTtoro po6OTH OYJI0 BCTAHOBJICHHS XapakTepy 3MiHH OCOOIMBOCTEH MPOTIKAHHSI MAapTEHCHUTHOTO
MIePETBOPEHHS ITiJ] BILTMBOM TEMIIEPATypHOTO TMOJIS B 3aJIS)KHOCTI Bil pEeKUMY TepMidHOI 00poOKH
CIUIaBY sIK B MarHiTHOMY MOCTIHHOMY 101l pi3HOT opieHTalii, Tak i 6e3 HpOTO.
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Cmnas Cu-Al-Mn 6yno BumiaBieHo B iHAYKLiiHIA medi B aTMocdepi aprony. XimiuHui
CKJIaJ CIUIaBy, BU3HAYEHUH 3a JaHHUMH EHEProAMCIEPCIHOHHOTO PEHTI€HO-(III0OPECHEHTHOTO
aHamizy 1mo MeToay (yHIaMEHTaNIbHUX IapaMeTpiB i3 30yXICHHSM EHEpreTHYHOTO CIEKTpa,
ckmamae: Cu 85,3 mac.%, Al 9,2 mac %, Mn 4,3 mac %. ITicist TOMOT€EHI3YI0Y0TO Bifmany mpu
1123 K TpuBamictio 10 rogmH 3pa3Kyl 3arapTOBYBaJIM B BOMY, IICIA HYOTO BiINANIOBATH MpU
mocTifHii Temnepatypi 498 K mpotsrom 3 rogma. IlocrifiHe MarHiTHE NOJ€ HAMpPYKEHICTIO
1,23 xE cTBOprOBasocs NUIAXOM MigO0py (epoMarHiTHHX IUIACTHH, AKi OynH po3HeceHi Ha
BiJICTaHB, MOTPIOHY IS PO3MIIIIEHHS B HOTO 3a30pi €JIeKTpOHATpiBaya i3 3pa3KoM.

dazoBuii ckiaja 3paskiB crmaBy Cu-Al-Mn micist 3arapTyBaHHS Ta BiANany y MarHiTHOMY
moJii 1 6e3 MoJis MpH Pi3HUX PEKUMAX MPEICTABICHO Ha puc. 1. SIk pe3yabTaT 3arapTyBaHHs Y BOIY
Bin 1123 K BucokoremmepatypHa fi-¢asza cruiaBy 3a3Ha€ iHAYKOBAaHOT'O MapTEHCHUTHOTO
MIEPETBOPEHHS, B HACIIIOK YOTO YTBOPIOETHCS [31'-MapTEHCUT 3 OpTOpoMOidHOIO IpaTkoio (puc. 1,
a). Bizomo, 1o Biamaja NpH3BOAWTE O BHAIICHHS YaCTHHOK ApYroi (asu, KOTepeHTHO MOB'3aHOT
3 Matpurero [1, 2]. IMicns Bimnmany 3paskiB npu 498 K mpotsrom 3 roauH 6e3 MarHiTHOTO IOJIS
CIOCTEPIraeThCsl MEPepo3IoAlT IHTEeHCUBHOCTEH AM(PAaKUiHUX MaKCUMyMIB BHACHIJOK CTapiHHS
MmapteHcuTHOI dasu i yrBoperns CuzAl (Bi-¢dasu) 3 LK rpartkoto (puc. 1, b).
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Puc. 1 Judpaxrorpamu 3paskie cmiaBy CUAIMN, orpuMani B MOHOXpOMATH30BaHOMY
Bunpomideni Cu-aHoxy: a) Iicis 3arapTyBaHHs, b) micis Bignmamy 6e3 MarHiTHOrO moiisi, C) Iicys
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BiAllaly y TEpHEeHANKYIAPHOMY TOJOBHIH oci 3paska MarHiTHomy moxi, d) micims Bimmamy
y TapajelbHOMY TOJIOBHIH OCi 3pa3Kka MarHiTHOMY ITOJT

Binnman y MarHiTHOMY IO CHpHs€ BHUOUICHHIO 3 1'-MapTEHCHTHOI MATPHIi JAUCIEPCHIX
yacTHHOK (epomarHiTHOI Cu,AlMn dasu, nmpo mo cBiguuTh MosiBa ciaOKuX JIiHIHA 1€l Qa3u Ha
BiAMOBiMHUX KyTax (puc 2. ¢, d), a 3MiHa opieHTaUil 3pa3ka 10 BiIHOIICHHIO J0 HANPSMKY ii
MarHiTHOT'O 1OJIt0 (EPIEeHANKYJSIPHO a0 MapajenbHo) BIUIMBAE Ha ii KUIBKICTb.

3rifiHO pe3ynbTaTaM BUMIpIOBaHb HU3bKOIIOJIHOBOI MarHiTHOI CpuitHATIMBOCTI cruiaBy Cu-
Al-Mn mnpu pi3HHX pexumax cTapiHHi (puc.2) Mae Micue He3HayHe miABUIICHHS Ms —
TeMIepaTypy IMOYaTKy MPSIMOTO 1<>f' mepeTBOpeHHs I BiANaxy B MarHiTHOMY IIOJi, a TaKOX
3MeHIIeHHs mupuHu rictepesucy MIL AT (AT=A+—M;— ricrepesuc MII, ne A;— Temreparypa KiHIISI
3BOPOTHOTO Iiepexony, Ms — Temieparypa MouyaTKy npsMoro neperBopeHHs). IlinBuienHs Mg
B IaHOMY BHIIQJIKy TOSICHIOETBCS 301IHEHHSM [1-MaTpulli MapraHueMm. MeHIna aMIuliTyaa crpuoka
TIEPEXOAY Y/ Ynax [UIA 3PA3KIB 3 TEPMOMATHITHOIO OOpOOKOIO OB’ sA3aHA 3 IEPEBAKHOIO OPIEHTAITIEO
HAHOYACTHUHOK, IO BUIUIIOTHCS, B HANPSIMKY NPHUKIAJCHOTO 30BHINIHBOIO MATHiTHOTO MOJIS.
B Bumanky o0poOku ©0e3 MmarHiTHOrO moNs ceponoiOHI KOHICHTpaMiiHI HEOJHOPIAHOCTI
PO3IOAIUISAIOTECS B 3pa3Ky MEPEBaYKHO XAOTWYHO, HA BIIMIHY BiJl TEPMOMArHITHOI O0OpoOKH, siKa
BIOPSIKOBYE 3apOJKOYTBOPEHHS HaHOYacTHHOK (asu Cu;MnAl.

Hmax
.

-200 150 -100  -5O 0 50 100
T°C
Puc. 2 TemnepaTypHi 3a71e3KHOCTI HU3bKOIIOJILOBOT MarHiTHOI clipuitHATIIMBOCTI cruiaBy Cu-
Al-Mn 1ipu pisHuX pexumax crapidus micis 3araprysanss Bix 850°C ta Bigmani 225°C npotsirom
3 ronuH: a) 6e3 moyst; 0) B NEPIEHANKYISIPHOMY MarHiTHOMY I10JIi; B) B HapajleIbHOMY MarHiTHOMY
TI0JTi; CTPUIKAaMH IIO3HAYEHO HArpiB-OXOJIOJDKEHHS

Brnue TepMoMarHiTHOI 00pOoOKH Ha BETMYMHY MAarHiTHOI CIPHUHHSATIMBOCTI MOSICHIOETHCS
THM, IO MAarHITHI XapakTepUCTUKH JIOCHI[PKYBAaHOTO CIUIaBYy BH3HAYAIOTHCA B3aEMOJIEIO
HAaHOYACTHHOK (a3u BuIiNeHHA. [Ipy 1bOMy HAHOYAaCTHMHKH, SKI 3HAaXOOITBCA B MeEXKax
MapTEHCUTHHUX KPUCTANTIB, MiJJAIOTHCS BIUIMBY 3HAYHUX KOTEPEHTHHX HAINpy>Ke€Hb, 00yMOBICHUX
HEBIJIMOBIAHICTIO KPHUCTATIYHUX TIPATOK MApPTEHCUTY 1 HAHOYACTUHOK, IO MNPU3BOIAUTH
JIO BUHWKHCHHS MAarHiTHOI  aHi30Tpomil aHcaMOlii HAHOYACTHMHOK. Il  HEBiIMOBiTHICTH
KPHUCTAJIIYHUX IPAaTOK CTPUOKONOMIOHO 3pocTae, KoM KyOidHa IpaTKa ayCTEHITHOI MaTpuli
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MIEPETBOPIOETECSI B OPTOPOMOIUHY IpaTKy MapTEHCHUTY, i, TAKMM YHHOM, TEeMIIEpaTypHHH Xin
MarHiTHOi CHPUHHATIMBOCTI, OOYMOBJIEHHMH BIANOBIJHOIO 3MIHOIO MAarHiTHOI aHi3oTporii
HAaHOYAaCTHUHOK.

Sk BummmBae 3 puc. 1 1 2, KiIBKICTP HAHOYACTHUHOK, IO BHAIISIOTHCS, € MaKCHMAJIFHOIO
Yy BUIIAAKy BiAllay B MapajelhbHOMY MarHiTHOMY mojii. B cBoro depry, 30iUMbHOICHHSA dHcia
HAaHOYACTUHOK, IO BUIUISIOTBCSA, CTUMYIIOE 3pPOCTAHHS TeMIeEpaTypH Iodatky mpsmoro MII
i 3MeHmenHs ricrepesucy MII.

3MEHIIeHHIO TeMIlepaTypHoro rictepesucy MII cmpusie 30impmieHHs 00’€MHOT 10T
HAaHOYACTUHOK (a3W BHAUICHHS, fKa HPH3BOIUTH 10 3MEHIICHHS nedopmanii mepeTBopeHHS,
i, SIK pe3yNIbTaT, 10 3MEHIIICHHS TIPYXHO1 eHeprii E, cuctemu [3].

B pobGoti 3pobneHa cmpoba KepyBaHHS MPOIEcOM (Pa30yTBOPEHHS TMPH CTapiHHI
BHUCOKOTEeMIIepaTypHoi a3y 3a JOMOMOTOI0 MOCTIHHOTO MArHiTHOTO MOJis HampyxeHicTio 1,23 kE
JUIsL OTTHMI3allii mapaMeTpiB MPOTIKaHHS MapTEHCUTHOTO TepeTBopeHHs B cruiaBi Cu-Al-Mn.
3a nonomororw (GpeHoMEeHOIOTTYHOT Teopil Tudy3iHHOro po3naay i OTPUMaHUX EKCIIEPUMEHTAIbHUX
pe3yNbTaTiB BJAJIOCS TOSCHUTH MOBEAIHKY Ta 3°ICyBaTH NPHYMHU IPOTIKaHHS I1HIYKOBaHOTO
MapTEHCUTHOTO IEPETBOPEHHS B CIUIaBi. MOXKHa BBaXKaTH, IO NPUKJIAJaHHS MarHiTHOTO IOJS
CTUMYIJIIOE YTBOPECHHS (pepOMarHiTHUX HAaHOYACTHHOK IPU PO3IMaii TBepAoro po3uuHy. Kpim toro,
TepMOMarHiTHa o0poOka Jomomara€ CTBOpPIOBaTH €(EKTHBHI LEHTPH 3apOIKOYTBOPECHHS
HAHOHAHOYACTHHOK B crutaBi Cu-Al-Mn mpu crapinHi BUCOKOTeMIIepaTypHOi dasu.

TakuM YWHOM, TIpH Bigmali B MAarHITHOMY IIOJNi CTBOPIOIOTBCS YMOBH, SIKi CHPHSIOTH
30UIBIIEHHIO KIJIBKOCTI YyTBOPEHMX (EPOMArHiTHUX HAHOYACTHHOK B He()epOMArHITHIH MaTpuii,
PO IO CBIiIYaTh Pe3yJabTaTH BUMIPIOBAHHS MarHiTHUX BJIAaCTHBOCTEH Marepially 3pa3ka, a came
MOJIBOBHX 3aJI€KHOCTEH HAMArHi4€HOCTI 1 HU3bKOIOJIbOBOI MarHiTHOT CIIPUHHSATIMBOCTI.

Jns  mojanblioro po3yMiHHS MPOLECIB  po3nany Ha MPOTIKAHHS MapTEeHCHTHOTO
NEPETBOPEHHS IUIAHYETHCS TPOJOBKUTH POOOTY B HANpPSIMKY JOCHIIPKEHHS MIKPOCTPYKTYPHHX
ocobnmBocTel (pa3oyTBOPEHHS.
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CPABHMTEJIbHBIN AHAJIN3 METOJMKH ITPOBEJIEHUAA 3AHATHAN
N YCBOEHUSI MATEPHUAJIA ITPU U3YYEHWH JUCHUTIJINHBI
«TEXHOJIOTUA HAHOMATEPHUAJIOB» HA TPUMEPE ITPENNOJABAHUSA
JJIA PYCCKHUX, PPAHIY3CKUX U TYPEIIKUX CTYJAEHTOB

KopuyHnos A.I'!, Konmuesa H.B.%, Iossikoa MLA.2
'1-p Texn. Hayk, npodeccop, MI'TY nm. .. Hocosa, Maruuroropck, Poccust, (agkorchunov@mail.ru)
21-p TexH. Hayk, mpodeccop, MI'TY um. I.1. Hocosa, Maruutoropck, Poccust. (kopceval948@mail.ru)
KaHJ. TeXH. HayK, noueHt, MI'TY um. I'.'11. HocoBa, Marauroropck, Poccust
(m.polyakova-64@mail.ru)

K HacTosmieMy BpeMEHH B MHPOBOM TEXHHUKO-3KOHOMHYECKOM Pa3BUTHHA MOXHO BBIICIUTH
KI3HCHHBIC UKl MATH TOCIEIOBATEIFHO CMEHSBIINX APYT NPyra TEXHOJOTHYSCKUX YKIAIOB.
KiroueBblMH  (pakTOpaMH JOMHMHHPYIOIIETO CErOJHs TEXHOJIOTHUECKOTO YKJIaJa SBIISIOTCS
MHUKPOJJIEKTPOHUKA M MporpaMMHoe obecriedenue. Ceronst popMupyeTcss BOCIPOU3BOICTBEHHAS
CHCTEMa HOBOTO, IIECTOT0 TEXHOJOIHYECKOoro ykinaaa. HaHnorexHonoruu npeoOpa3oBaHus BELECTB
U KOHCTPYUPOBaHHSI HOBBIX MaTepUaJbHBIX OOBEKTOB, & TAK)KE KIETOYHBIC TEXHOJIOTHU U3MEHEHUS
KHUBBIX OPraHM3MOB, BKJIOYAash METOJbl T'€HHOW WH)KEHEPHH, 3JCKTPOHHAs MPOMBIIUIEHHOCTH,
WHPOPMALIMOHHBIC TEXHOJIOTHH SBILIIOTCS KIFOYCBHIMH  (PAaKTOPAMHU, COCTABILIONIMMHU  SIIPO
LIECTOr0 TEXHOJIOTUYECKOro ykiaazaa [1].

ITo mpuOMIKeHHBIM OLICHKaM, B OMIKaifiee necaTHiIeTre KaJpoBble TOTPEOHOCTH MUPOBOM
HAHOOTPACIH COCTAaBAT HE MeHee 2 MIH CHEIHAIHNCTOB, a TOTPeOHOCTh Pocchi B HAHOTEXHOJIOTaX
coctaBuT He MeHee 30 TbIC. yesnoBeK exeronHo [2]. EcrecTBeHHO, MX Haj0 TOTOBUTH Ha BCEX
00pa30BaTeNBFHBIX YPOBHAX: OT MIKOJBI 1O By3a. «CTparerus pa3BUTHS HaHOWHIYCTpUU» [3]
NpEABSBISIET HOBbIE TpeOOBaHWsI K cucreMe oOpa3oBaHusi B cepe HAHOTEXHOJIOTHIA:
«O6pa3zoBanne B XXI Beke MODKHO CTaTh MO-HACTOSIIEMY JIOCTYIHBIM M HEIPEPHIBHBIM.
MeXIUCIUIUIMHAPHBIA TOAX0J OyAeT IOCTENeHHO NPUXOAWTH HAa CMEHY OTpaciieBOMY, YTO
chopMupyeT yciIOBUS A HOATOTOBKM CIELHANUCTOB C CHCTEMHBIM MBIIIJICHHEM — JIHAEPOB,
CHOCOOHBIX BOCIIPHHHUMATh HAHOTEXHUKY KaK CIUIAB WHIYCTPUH, HAYKH, SKOHOMHKH U JTyXOBHOM
OpraHu3auu o0IIecTBay.

MHoOroakToOpHOCTh HAHOTEXHOJIOTHI BBIENSeT HUX Kak CHenu(UIecKyr0 OO0JIacTh
MEXTUCIUIUIMHAPHBIX HAyYHBIX W WH)KCHEPHBIX 3HaHWU. Pa3BuTHEe TakuxX TexXHOJOTHHA OymeT
B 3HAYMTEJILHOM CTENIEHH 3aBUCETh OT HAJIMYHS IPYII BEICOKOKBAIN(HIIMPOBAHHBIX CIICIIHAINCTOB,
00a1ar0mux 3HaHUSIMH B TAKUX 00JIACTAX, KaK (PU3MKa, XMMUS, OMOJIOTHs, MEANIIMHA, ITPHUKIIaHAS
U BBIYMCIMTENBbHAs MaTeMaTHKa, OJJIEKTPOTEXHHMKA, MAaTE€pPHalOBEACHUE M MAIIUHOCTPOCHUE.
[TosTOMYy BOIIPOC MOJIrOTOBKM HAy4YHBIX, MHXXEHEPHBIX W pabO4YMX KaJpoB AJIsl HAHOWHIYCTPHUH
TpedyeT pa3paboTKu crennaIbHBIX 00pa30BaTENIbHBIX MPOrpaMM | TIOJIXOJIOB K MPEnoaaBaHuio [4,
5].

B MareuToropckom rocy1apcTBEHHOM TexHn4eckoM yHuBepcurere uM I.J1. Hocoa (MI'TY
nMm. I'1. HocoBa) B 2010 r. oTkpeiTa HOBas cnennanbHOcTh 210602 «HaHOMaTepmambny it
CTYICHTOB OYHOH M 3a049HON (hopM oOyueHmsa. OOpa3zoBaHHe B 00JaCTH HAHOTEXHOJIOTHHA — JIEJIO
HOBOE, KaX/IbIii By3 caM peEIIaeT, YTO HYXXHO NperojaaBaTh, Ha 4TO JAeiaTh yrnop. PasHooOpasue
HanpasJjeHUI B pa3BUTHH HAaHOMATEPHAJIOB HE MOXKET HE OTPA3HUThCS Ha CHCTeMe 0Opa3oBaHMS.
Pa3Hble TeXHOJOrMU TPEOYIOT PA3IMYHBIX ITOJIXOI0B B 0OydeHHH. [10CKOIBKY HaHOTEXHOJIOTHH
MHOroo0pasHbl, To 0e3 omnpenenéHHol crnenuanuzanuu He ododtncs. MI'TY um. .M. Hocosa
SIBIISIETCSL OHUM M3 BEIyLIMX BY30B B 00JIaCTM NPOBEAEHUS (QyHIaMEHTAIbHBIX HCCIECJOBAHHUN
0COOCHHOCTEH CTPYKTYpooOpa3oBaHusi M (OPMHUPOBAHHS CBOMCTB YIJIEPOJMCTBIX CTaleil mNpu
Pa3NMMYHBIX BHAAX Je(POPMAIMOHHOTO HAHOCTPYKTYPHUPOBaHMA. bBIM30CTE NPOMBINUICHHBIX
MPEANPUATHH METAITYPrU4eCKOd M METHU3HOW OTpacieil, MHOTOJETHUN OIBIT COTPYIHHUYECTBA
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YUYEHBIX YHUBEPCHUTETA U CHELUAIMCTOB JJAHHBIX NPEIIPHUSITHII T03BOJISIET MPUMEHITh NMEIOIIUECS
pe3yNbTaThl TEOPETUUECKUX HWCCIENOBAaHMN ISl pa3pabOTKH MHHOBAIIMOHHBIX TEXHOJIOTHYECKUX
MIPOLIECCOB MPOW3BOJICTBA METAIJIOU3/IENNI M3 HAHOCTPYKTYPHBIX cTaield. HayuHo-npakTuueckue
pa3paboOTKM MOCIEAHUX JIET JOKAa3blBAlOT IEPCICKTHBHOCTH M BO3MOXKHOCTH BHEIPEHUS
HAHOTEXHOJOTUI B JEHCTBYIOIINE TEXHOJOTHYECKHE IIPOIECCH MPOM3BOJCTBA METAIUIOM3ICIHH
pasmugHOTO HasHaueHHWs [6]. Benmymme yueHble yHHBepcHTeTa W3 4UHCIa Tpodeccopcko-
MIPENOAaBaTENbCKOTO COCTaBa By3a HCHONB3YIOT MMCEIONIMECS OoraTble 3HAaHWA B 00JacTH
HAHOTEXHOJOTUH IIPU MPENOJaBaHNUH COOTBETCTBYIOIINX ANUCIMIUINH, YTO TO3BOJIIET PEaIn30BaTh
OJIMH U3 OCHOBHBIX NPHHIMIIOB OOYYEHHsI — MPHUHIMIT HAYYHOCTH, T.€. COOTBETCTBHE COJACPKAHUS
00pa3zoBaHusl yPOBHIO Pa3BUTHUs COBPEMEHHOM HAYKH U TEXHUKH [7].

[MpuHoun ¢yHAaMEHTANIBHOCTH M TNPHUKIATHON HANpaBJICHHOCTH OOydeHHs TpeOyeT
OCHOBATEJIbHOI TEOpPEeTH4eCKoil M MPaKTUYECKOH MOJATOTOBKM CTYyAEHTOB [7]. B TpamunnonHOM
JIUJIaKTUKE OH (OPMYIHpYETCS KaK CBs3b OOy4YEHHs C JKU3HBIO, TEOPUH C MpakTukoil. OOydeHue
pOCCHIICKHX CTYACHTOB B OOJIACTH HAHOTEXHOJOTHUH MOCTPOEHO TaKMM 00pa3oM, UYTO Ha MEPBBIX
Kypcax OHHM TMOJydYaloT 0a30Bble 3HAaHUS 1O (yHIAMEHTAILHBIM JAUCHMIUIMHAM: (DU3UKeE,
MaTeMaTuke, XWMHHM, Owmonormu. Ha crapmmx Kypcax WM Ipenofaercs psAl CHEeNHalbHBIX
JVUCIUTUIMH, CPEIW KOTOPBIX MMEIOTCS TEOPETHUYECKHE TUCLUILIMHBI, HarmpuMmep «DH3HKOXUMHS
HAaHOYACTUII W HaHOMAarepualioB», «DHU3MKOXMMHS HAHOCTPYKTYPHPOBAHHBIX MAaTEpHalIOBY,
«KoHCcTpynpoBaHHE HAHOTEXHOJOTHI», a TAKXKE IUCLUIUIMHBI, B XO/A€ KOTOPHIX OHH H3y4aioT
NIPUKJIaJAHBIE acmeKThl HaHOoTexHosornmid «lIpomeccsl u  oOopyldoBaHMe ISl MOJTYYCHHS
HaHOMaTepHajoBy», «MeToibl W [puOOpBl sl  W3y4YEHUs, aHanu3a ¢ JAUArHOCTHKU
HaHOMaTepHuajioBy» M 1p. [loAroroBka JeKuWil MO CHEUUaIbHBIM JUCHUILIMHAM HENOCPEACTBEHHO
HA4MHAeTCs C pa3pabOTKH CTPYKTYpHl pabodero JIEKIHOHHOTO Kypca MO JaHHOM IUCIMIUIMHE.
PykoBojcTBOM 3zech CiyUT pabodyas NporpamMma, y4YHUTBIBAIOIIAs CHEUUPHUKY COIEepIKaHMs
o0OpazoBaHust B BeICIIEM TPO(ecCHOHAIbHOM 00pa3oBaTelbHOM yupexkaeHun. Pabodas nporpamma
JMHAMHUYHA, M KXl MperojaBarellb UMEET BO3MOXXHOCTh BHECTH B HEE CBOM H3MEHEHUSI.
KonmuecTBO wacoB, BbBIIENAEMBIX JJIsi TPOBEACHHS J1a0OPAaTOPHBIX/TPAKTUYECKUX —3aHITHH,
TI03BOJISIET 3aKPENHUTh TEOPETHUECKHE 3HAHUS, TIOJTydaeMble Ha JICKIIHAX.

[IpuHIMT HAYYHOCTH MMEET OTHOIIIEHUE U K MeToAaM oOydeHus [7]. B cooTBeTcTBHH ¢ HUM
MelarorMyeckoe  B3aUMOJICHCTBHE JODKHO OBITh HANpaBlICHO Ha pPa3BUTHE Yy Y4YaIlIuxcs
MIO3HABATEJIbHOH  aKTHBHOCTH, KPEAaTHBHOTO MBIIUICHUS, TBOpYecTBa. [l  IOBBIICHMS
[I03HABATEJILHON aKTUBHOCTH CTY/EHTOB JIEKTOP MOXKET HCIOJIb30BaTh PAJ MPHEMOB: IOCTAHOBKA
nepes CTY/ACHTaMH BOIPOCOB - PUTOPUYECKHX WM TPEOYIOMIMX PeajbHOr0 OTBETa, BKIIOYCHHUE
B JIGKIIMIO 3JIEMEHTOB Oeceipl, MpeayioKeHne CPOPMYIHPOBAaTh T€ WM WHBIEC ITOJIOKCHHS WIIH
orpejeneHus. JTO MO3BOJSIET YCTAHOBUTh MEXIPEIMETHYIO CBS3b NPU M3YYEHHH CIEIHAIbHBIX
JMCUMIUIMH, C JIPyroidl CTOPOHBI NMPOBEPUTH YPOBEHb OCTATOYHBIX 3HAHUI MO M3Y4YCHHBIM paHee
JUCUUTUIHHAM.

OnHoit n3 npoOiieM 00y4eHHst OCHOBaM HAHOTEXHOJIOTHH SIBJISIETCS TO, YTO AJISI IIPOBEACHUS
HAarJISHOTO SKCIIEpUMEHTa TpeOyeTcs goporocrosiiee odopynosanue. [eiictBytomuii B MI'TY um.
I''"1. Hocosa HMU HaHocTanei U pecypcHbIil IEHTP OCHAILEHBI COBPEMEHHBIM UCCIIEA0BATEIbCKIM
000py/iOBaHHEM, KOTOpPOE TAaKXKE HCIOJIb3yeTcs IpU NPOBEICHUH JIaDOPAaTOPHBIX 3aHATHH
cocryneHtamM.  CTyHneHTBl  HM3Yy4alOT  COBPEMEHHBIE  METOJABl  aHalmnW3a  HAHOCTPYKTYD
1 HAHOMAaTepuaJloB C HCIIOJIb30BAHHEM PacTpOBOTO 3JEeKTpOHHOro mukpockomna JEOL JSM-6490
LV  (Snounwms), crepeomukpockorna  MeijiTechnoRZ-B  (Slmonust), MHBEPTUPOBAHHOIO
Metaiorpaduueckoro Mukpockoma Maiji IM-7200 (Amonust). Jins u3ydeHHS MeXaHMYECKHX
CBOUCTB MMEIOTCS YHHBepcalbHble ucnbiTatensipie Mammusl AG 1C-300 kN u AG 1C-50 kN
(SInonwst), yHuBepcanbHblii TBepaoMep M4C075G3 Emco Test (ABctpwust), Komep MasTHHKOBBIH
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MK 300 (Poccus). OCHOBBI (hM3HYECKOTO MOZECTHPOBAHUS MPOIECCOB 00pabOTKH MaTepHallOB
CTYICHTHI H3Y4YaIOT C UCoNb30BanneM komiiekca Gleeble 3500 (CIIIA).

B mocnemHee BpeMs Bce OONBIIYIO aKTyaJdbHOCTh IPUOOPETACT  HCHOJIb30BaHUC
WHTEPaKTHBHBIX W  MYJbTHMEIUHHBIX TEXHOJNOTMH B oOpa3oBanmu. Tak, B pamkax
counancupoBanusi no mnpoekty TEMPUS MMATENG MarHuroropckuM TrocynapCTBEHHBIM
TexHuyeckuM yHuBepcureromM uM. [.M. HocoBa Ob1 mnpHoOpereH y4eOHO-METOIUYECKHN
anmapaTHO-IPOrPaMMHBIN KOMIUIEKC «MHOromaciTabHoe MOJEIMPOBaHHE B HAHOTEXHOJIOTHSX
NanoModel.ru», xoTopslit mpeacTaBiser co0OH  JOKAIbHYIH)  BBIYUCIHTEIBHYIO  CETh
(KOMIIBIOTEpHBIM Kilacc), Ha KOMIIBIOTEpPaX KOTOPOM yCTaHOBJIEHA HWHTEpaKTHBHas IuiaTdopma
C €OMHBIM BeO-MHTEepQElcoM, BKIIOYAOMAs B ce0s KOMIIBIOTEPHBIE MOJAEIH, PACUCTHBIE MOIYIIH,
AITOPUTMBl W BH3YaJIM3aTOPBI, MOJEIHPYIOIME HAHOOOBEKTHI M HAHOCTPYKTYpPHPOBAHHBIC
Mmarepuansl. Komruteke npenocrasier komnanueir OO0 «CUAMC» [8]. Kommieke npeaHazHaueH
JUISL TIPOEKTHPOBAHMS M BHPTYaJbHOTO MPOTOTUIIMPOBAHUS HOBBIX MAaTEPHAJIOB M yCTPOWCTB HA
OCHOBE TIPOBEICHMS KOMMBIOTEPHBIX BBIYMCIMTEIBHBIX OJKCIIEPUMEHTOB, a TalkKe JUIs
UCTIONB30BaHMA B ydeOHOM mpouecce BY3a mpu BHINOJHEHHWH CTyJCHTAaMH HAYYHO-
HCCIIeI0BATEIbCKUX U KyPCOBBIX Pa0OT M MPOBEICHUH BUPTYaJIbHBIX JIAOOPATOPHBIX PAKTHKYMOB.
Jnst ocylecTBIEHHS pPacueToB INpHUMeHseTcs «oOnauHas» IardopMa, KOTOpas HCHONb3YeT
KOMITBIOTEPHBIE PECYPCHl K MOLIHOCTH OTAEIBHOIO BHIYUCIUTEIBHOTO Yy31a, a He pad0ounX CTaHLIUH,
YTO TO3BOJISIET COXPAHATh PE3YJbTAThl NMPOBEJCHHBIX BBIYHUCICHUN B OJHOM MecTe, o0Jierdas ux
JanbHEUIINNA aHaIu3.

Bce BemmenepeuncinenHsle  ()aKTOphl TO3BOJSIIOT  OPTaHU30BaTh Ipolecc 00ydeHus
POCCHHCKHX CTYJECHTOB Ha BBICOKOM YpPOBHE, OOECHEUMBAIOT TAKOE COYETaHHWE TEOPETHUECKHUX
1 1a0OpaTOPHBIX/TIPAKTUYECKUX ~ 3aHSATHH, KOTOPOE  CHOCOOCTBYeT  OBICTPOMY  YCBOEHHIO
OPHUTMHAIBHOTO Y4eOHOTO MaTepHraia B 00JIacTH HAaHOTEXHOJIOTHH. Mcnonb3oBanue mpodeccopeko-
MIPETOoaBaTEIbCKUM COCTAaBOM PE3yJbTATOB HAYYHBIX MCCIEJOBAaHHWN B 00JIACTH HaHOTEXHOJIOTHH
IIPU YTEHUM JIEKIUH JenaeT mnpouecc oOydeHHs IEHCTBHUTENLHO YBIICKATEIbHBIM, COKPAIIAeT
pasphlB  MEXJAy ~TEOpUed M MPaKTHYECKMM  INPUMEHEHHEeM  II0JIy4aeMbIX  3HAHHH.
[MocnenoBaresbHOCTh M3yueHHs! (YyHAAMEHTAIBHBIX JUCUUILIMH 0a30BOW 4yacTH y4eOHOTro ILIaHa,
a3areM CHeUHabHBIX JUCHUILIMH TT03BOJSET YCTAHOBUTh MEKIIPEIMETHYIO CBSI3b U IOATOTOBUTH
KBaTM(UIMPOBAHHBIX CIIEIHAINCTOB, BOCTPEOOBAHHBIX B Pa3JIMUHbIX chepax JAesTebHOCTH.

B MI'TY um. I'1. HocoBa Taxke y4aTcss M CTYAEHTH M3 3apyOeXHBIX cTpaH (PpaHiuy,
Typuun u gap.). Cucrema oOpa3oBaHusl 3a pPyOEKOM HMMEET CYLIECTBEHHBIE OTIMYHS OT
cymecTBylomeid B Poccum cuctembl 00pa3oBaHUsl TpeXKie BCEro TeM, YTO CTYJIEHTBHI CaMiu
BBIOMPAIOT T IPEIMETHI, KOTOPbIE UM HEOOXOIUMO M3YUHTh IS JanbHenel kapsepsl. C npyroi
CTOPOHBI, OHM NPHUE3KAIOT B YHHBEPCUTET M 3aUUCISIOTCA HAa TPETUI-YETBEPTHIN KypChbl, MMes
Garaxx 3HaHMH 1O 0a30BBIM JUCLUILIMHAM, KOTOPBIE OHHM HM3Y4YHJIN JIMOO y cebst Ha pojuHe, 100
B IpYTuX 3apyOexHbIX By3ax. Kak mpaBuiio, cpok oOy4eHHS! COCTAaBISIET OJIMH CEMECTp, NPHYEM
KOJIMYECTBO YacOB JICKIIMOHHBIX W JIA0OPATOPHBIX/MPAKTUUECKUX 3aHATHH HE COBNAJAeT
C COOTBETCTBYIOII[MMH 4YacaMH, KOTOPbIE YCTAHOBJICHBI YU4EOHBIM IJIAHOM OOYUYEHHsS POCCHHCKUX
cryneHToB. Emie omHol crnernu@uueckoil OCOOCHHOCTBIO TIporiecca OOYy4YeHHsI CTYACHTOB U3
@panin w1 Typuuu sSBsieTcsl TO, YTO BCE JMCIMIUIMHBI MM HEOOXOIUMO MpernojaBaTh Ha
AHTJIMICKOM $I3bIKE, MOCKOJIBbKY OHH MPHE3XKAI0T Ha 00y4YeHHE B YHHBEPCHTET, HE MMesi 0a30BOro
YPOBHSI 3HaHUI PYCCKOTO s13bIKa. Bce 3TH (hakTopbl HAKIIABIBAIOT ONPE/ICICHHbIe OTPAaHUYCHHS KaK
Ha MpoLecC OpraHu3aly 0o0y4YeHUs CTY/ICHTOB U3 STHX CTpPaH, TaKk M Ha METOAMKY HpEIoaBaHus
COOTBETCTBYIOIINX HPEIMETOB.

OnHOM M3 OCHOBHBIX INpoOJjeM oOydeHHs cTyaeHTOB u3 Ppanumu n Typuum sisercs
s36IKOBOH  Oapbep. C OmHOW CTOPOHBI, HE BCE IIPENOJaBaTe]d B YHHBEPCUTETE BIIAJICIOT
AHIJIMICKUM SI3BIKOM Ha YpOBHE, HEOOXOAMMOM I IpoBeleHus 3aHATHH. C Apyroil CTOPOHEI,
pOCCHICKHE CTYJEHTHl B CBOEM IIOJABISIONIEM OOJBIIMHCTBE HE CIIOCOOHBI BOCIPHHUMATh
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U IOHUMATh TIPEIMETHYI0 00JIacTh JUCLUIUIMHBI Ha aHTJIMHCKOM si3bike. [103TOMY CTyAEHTHI U3
@panuu u Typuun o0ydaroTcs N0 MHIMBHAYAILHOMY PaclUCaHHIO B IPyIe He Oojiee 5 YenoBek.
OO0OpOTHOI CTOPOHOW MEIall TaKOro OOYUCHHUS SBISIETCS TO, YTO MHOCTPAHHbIE CTYIEHTHI MO PSIY
JVCIUIUIMH OTPAHWYCHBI B OOIIEHWM Ha 3aHATUSX C POCCHHCKMMH CTYICHTaMH, MeEAJICHHEE
aZanTUPYIOTCSI B HE3HAKOMOW cpelie, MM HE XBaTaeT €KEIHEBHOTO OOIIEHMS Ha pPa3rOBOPHOM
PYCCKOM SI3BIKE.

OrpaHWYCHHOCTh YacOB JIGKIMOHHBIX M JIAOOPATOPHBIX/TIPAKTHUYECKUX 3aHATHH Tpelyer
OT IpenojaBarelisi  Oojee THIATENBHON IOATOTOBKM K 3aHATHAM, Iog0opa Marepuana Uit
JICKIMOHHBIX 3aHATHH, IUIAHWPOBAHUS IPOBEACHHS BO3MOXHBIX JIAOOPATOPHBIX/MPAKTHICCKUX
3ansaTuil. Kpome Toro, nmpenoaaBaTeio JOBOJIBHO CI0XKHO YCTAHOBHUTh M OLEHUTh YPOBEHb 0a30BOM
MOATOTOBKU CTYACHTOB, KaKHUE€ MPCAMCTBI OHU YK€ M3YUYUJTIM U KaKOBO 6])1.]'[0 COOTHOUICHHUEC YaCOB
JICKIIMOHHBIX ¥ Ja0OpaTOPHBIX 3aHATHUH. DTO MNPUBOIUT K TOMY, 4YTO TMOPOil JOBOJBHO
HpO6J’IeMaTI/I‘IHO O61)HCHI/ITI> N TI0Ka3aTb HWHOCTPAHHBIM CTYACHTAM MEKIAUCHUIUIMHAPHOCTD
HaHOHAYKHU U HAHOTEXHOJIOT UM,

st nydmiero ycBOeHWsI Marepuaia, Ais OOBSCHEHHsS OCHOBHBIX INPHUHIMIOB Pa3pabOTKU
TEXHOJIOTM HAHOMATEepHaJoOB, Ul OIMCAHHWS MEPCIEKTHB WX IPUMEHEHHS NPEIoAaBaTelio
HEOOXOANMO B OJHOM HEOOJBIIOM MO KOJMYECTBY YacoOB NPEAMETE Ul CTYACHTOB M3 PpaHInn
n Typunu «COenHHUTBY KaK TEOPETHYECKNE KYPChI, TaK M NMPHUKIAJHbIE BOIPOCH HAHOTECXHOIOTHH.
ITpu 3TOM mepen mpenojaBaTelieM CTOUT JOBOJBHO HEMPOCTas 3a/ada: HEe TOJBKO c(hOpMHPOBAThH
NIPE/ICTAaBICHNE O HaHOMaTepHallaX, MX Pa3HOOOpPa3UM, TEXHOJIOTHSIX IOJyYEHHS M YHHKAIbHBIX
CBOMCTBaX, HO TAK)Ke [MO3HAKOMHUTD CTY/ICHTOB C Pa3HOOOpa3neM HaHOMATEPHAJIOB U HAHOCTPYKTYD
H UX cBoiicTBamu. Ha na60paT0pH1,1x 3aAHATUAX HHOCTPAHHBIC CTYIACHTHI UMEIOT BO3MOXHOCTH
mopaboTaTe Ha COBPEMEHHOM HccienoBareiabckoM obopymoBannu HUW nHanoctanmeit MITY um.
I''1. HocoBa. C 3To#1 TOUKHM 3peHus JaOOpaTOPHBIE 3aHITHS HUYEM HE OTIMYAIOTCA OT 3aHATUN
POCCUMCKHUX CTYJEHTOB.

OpHako 3TH NPOOJIEMBI HUCKOJIBKO HE YMAJSIOT CTPEeMJIEHHE CTYAEHTOB 3 DpaHImu
n Typunu y3HaTh Kak MOXKHO OOJIbIIE O TEXHOJIOTHSIX HaHOMarepuasoB. [10 MX MHEHHIO yUHTHCS
10 JaHHOMY HpeAMETy CJI0XHO, HO HMHTEpecHO. B mporecce o0ydeHHMs OHM Takke, Kak
U POCCHHCKHE CTYJEHTBI, NPOSBISIIOT IENeyCTPEeMIICHHOCTh, WHHUIMATUBY, YyCEpIue, yMEHHe
JIOTUYECKH MBICIHTh, CAMOCTOSITEIbHO BBICKA3bIBATH CBOIO TOUKY 3peHMs. VHAMBHAYaIbHOCTH
MIPENoAaBaTeNst U TOT (DaKT, YTO OH MOXKET MOCTOSHHO COBEPIICHCTBOBATH COJEPKATEIHHYIO YacTh
3aHATHH  Onaronmapsi COOCTBEHHBIM HCCIEJOBAaHMSAM, 3HAKOMCTBY C BHOBb IPHHSATHIMU
HOPMATUBHBIMM aKTaMHU W WX TPOEKTaMH, aKTyaJlbHOW JHMTEpaTypod, HAydYHOMY OOIICHHUIO
C KOJUIETaMH M T.N., 00OramiaeT cojJepiKaHue IUCUUILIHHBI «TeXHOJIOTHS HAaHOMAaTEepHAaIOBY
HeﬁCTBHTCHBHO OpUTHHAJIIBHBIMH, @ BOBMOYXHO, U YHUKAJIbHBIMH HAYYHbIMU JaHHBIMU.
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THE BOLOGNA PROCESS IS A WAY OF THE UKRAIN’S INTEGRATION INTO
EUROPEAN EDUCATIONAL SPASE

Zoya Duriagna’, Eduard Pleshakov?
! professor, National University “ Lviv polytechnic”, Lviv, Ukrain. (zduriagina@ukr.net)
2 assistant professors, National University “ Lviv polytechnic”, Lviv, Ukrain,
(ed.matchak@gmail.com)

At present 46 European countries, including Ukraine, are participants of this process.
Launched in 1999 by the Ministers of Education and university leaders of 29 countries, the Bologna
Process aims to create a European Higher Educational Area ( EHEA). It should be noted that this
process doesn’t foresee the formation of identical educational systems in member-countries. Its
main task is to improve the mutual understanding and strengthening of relations between different
educational systems. Several projects have been proposed by the European community with the aim
to enhance the integration of Eastern countries in the Bologna process [1-4]. One of them is
the educational program TEMPUS, launched in 1990 for improvement of educational systems in 27
EU member-states and partner-countries. It provides a financial support for realization of structural
reforms of higher education, interuniversity cooperation on improvement and application of educa-
tional programs, development of scientific and methodical investigations [5]. Ukraine has been an
active participant of TEMPUS program since 1993, the time of joining it [6].

We fulfill project “Modernization of two cycles (MA, BA) of competence-based curricula
in Material Engineering according to the best experience of Bologna Process — 543994-TEMPUS-
1-2013-1-BE-TEMPUS-JPCR” (MMATTENG), which operates for 3 years (2013-2016)

The main goal of the MMATTENG project - to improve the quality of training of specialists
in the field of materials science - is realized via:

— analysis and modernization of educational programs of qualification levels of Bachelor
and Master in materials science;

— formation of modernized educational programs with the integrated infrastructure
support;

— introduction of computer-integrated technologies in educational process;

— training and retraining of lecturers of member-countries by participation in trainings,
seminars on the base of EU Universities, enterprises and companies-developers of software prod-
ucts;

— creation of training-scientific laboratories “Material Engineering Service-Office”
(MESO).

Thus, realization of the “MMATTENG” program will allow the higher schools of Eurointe-
grated countries to develop a common platform for specialists training in the field of materials sci-
ence and will form prospects for the development of didactic and scientific cooperation.

Directions of “MMATTENG” project realization by AMSME chair .

High schools — coordinators of “MMATTENG” project — proposed to introduce
the following disciplines into the training process:

— “Metallurgy”, “Microstructure investigation technique” and “Damage and reliability of
materials” — Ecole Nationale Supérieure de Chimie de Lille (ENSCL);

— “Technologies and applications of Superconductive materials”, “Effective
communication with groups, presentation techniques” and “Survival in Labor Market (carrier
managing)” — Technische Universitit Berlin (TU Berlin);

— “Materials Selection”, “Basics of material science incl. fatigue behavior”, “Light weight
materials for transportation applications”, “:CAD-CAM - CAE Siemens NX” — Katholieke
Universiteit Leuven (KU Leuven);


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.ensc-lille.fr%2F&ei=w0qVVOXjEqbXyQP38IGICw&usg=AFQjCNHLt1hKj47XUUaEoNnjB3RNjIVWZw&sig2=2JVuERpVnVCkT44Gut12cg&bvm=bv.82001339,d.bGQ
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— “Strengthening technologies of materials treatment” — Pryazovskyi State Technical
University;

— “Nano materials technologies” — Nosov Magnitogorsk State University;

— “Materials from renewable source” and “Project management (business planning,
funding, marketing, performance)” — Cracow University of Technology;

Realization of the “MMATTENG” project by the chair of applied materials science
and materials treatment of the National University « Lviv Polytechnic” started from the analysis of
current training plans for students in the direction 6.050403 ““ Engineering materials science”
and in speciality 8.05040301 “Applied materials science” and also their comparison with the disci-
plines proposed by the “MMATTENG” project. Programs of some disciplines were very similar by
content to those recommended by the project and didn’t require special matching. These subjects
were as follows (Table 1).

Table 1 - Curricular MMATENG-TEMPUS

Ne Curricular Jucrumnina JITT Pisensn Buknagau
1 Metallurgy MeTaso3HaBCTBO b Hypsrixa 3.
2 Materials from renewable | Hemeranesi matepianu b

sources Po3znin. BinaosaroBansHi Termma T.
TEXHOJIOTI1
3 Damage and reliability of | Jeepaoayis i naoii- M | Ilnemaxos E.
materials Hicmb Mamepianie
3amicTh
Ilpoyecu mennogoi
00pobKuU
4 Basics of material science | MexaHiuHi BIacTHBOCTI b [nemakos E.
incl. fatigue behavior H KOHCTpYKIIiiHA
MilHICTh
5 Materials Selection [puntmmm BHGOpY M | TemnaT.
Marepiaiis
3amicms [TpuHIUIH
CTBOPEHHS MaTepiaiiB
6 Light weight materials for | Kompopogsi merainu i b | boryn JI.
transportation CILJIaBH
applications Po3nin
Jlerki Martepiaiu uis
TPAaHCHOPTY
7 Microstructure CTpyKTypHI METOH b Pomaka B.
investigation technique JIOCITiJKEHb
8 Strengthening technologi- | 3minHOBaNBHI TEXHO- M | boryn JI.
es of materials treatment | morii marepianis
3amicTh
3acaay miaBUIIIEHHS
Tpare3aaTHoOCTi BUPOOiB
9 Technologies and appli- dizuka Ta Ximis M | dypsrina 3.
cations of Superconduc- MTOBEPXHI
tive materials Posnin
Texnomorii # 3acT0-
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CyBaHHS HaAIPOBiI-
HUKOBHX MaTepialiB
10 Nano materials Hanomarepiamm i M [TpoctsiHumnn A.
Technologies TEXHOJIOTIi
3amicTh
CyuacHi mpo0iemu
¢bizugHOrO
Marepialo3HaBCTBA
11 CAD-CAM - CAE Komn’rorepre mozernto- M [TpoctsHumH A.
Siemens NX BaHHs BUPOOIB Ta
ONTUMI3AIlis X
BJIACTUBOCTEN
(CAD/CAMICAE)
12 Effective communication Pomaxa B.
with groups, presentation
techniques
13 Project management [IBauko C.
(business planning,
funding, marketing,
performance)

— ”Metal Science” (“Metallurgy”);

“Structure investigation technique” (“Microstructure investigation technique”);
“Principles of materials selection” (“Materials Selection™).

Other disciplines of the project will be used as separate modules in disciplines of training
Bachelors and Masters in the field of materials science:

Module “Materials from renewable sources” in discipline ”Non-metallic materials”;

— Module “Technologies and applications of superconductive materials” in discipline
“Physics and chemistry of surface”;

— Module “Basics of material science incl. fatigue behavior” in discipline “Mechanical
properties and structural strength of materials”;

— Module “Light weight materials for transportation applications” in discipline ‘“Non-
ferrous metals and alloys”;

Remaining disciplines of the project were introduced by the AMSME chair into educational
programs for training specialists in materials science, namely:

- “Damage and reliability of materials”;
“Nano materials technologies”;

— “CAD-CAM - CAE Siemens NX”;

— “Strengthening technologies of materials treatment”;

— “Effective communication with groups, presentation techniques”;

— “Survival in Labor Market (carrier managing)”;

— “Project management (business planning, funding, marketing, performance)”.

— At present the staff of AMSME chair works intensively on introduction of the developed
recommendations under the project in the educational process: lecturers develop educational work-
ing programs of new disciplines and modules , lecture summaries, work out the methods of labora-
tory and practical lessons, in cooperation with assistance staff prepare the methodical materials for
lessons, they are preparing to deliver these disciplines and modules in English.

— With the MMATENG project support (computer class, integrated package
CAD/CAM/CAE of modern NX9 version, CES EduPack software, equipment) the Material
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Engineering Service-Office (MESO) was created at AMSME chair. A strategic task of MESO is
the application of the results of the TEMPUS MMATENG project for scientific investigations and
training of competitive specialists in materials science. The main directions of its activity are:

— Development and realization of innovation educational-scientific programs
in engineering materials science, based on modern achievements of science, technology, mecha-
nisms of students involvement in research activity on all levels of educational process;

— Formation of educational working programs on engineering materials science with ac-
count of the requirements and proposals of industry partners and prospective employers;

— Development of end-to-end educational programs on engineering and applied materials
science according to EU standard that foresee the issue of double diplomas of higher education (
including post-graduate courses) on the base of high schools of Poland, Germany, France, and Bel-
gium;

— More intensive international mobility of students , lecturers and scientists in the field of
engineering materials science;

— Monitoring and assessing the demands of the region in applied developments
on engineering materials science;

— Engineering- technical and research activity in the field of materials science to the order
of management subjects;

— Organizing and holding trainings and retraining of specialists — materials scientists, spe-
cialists in heat-related problems, specialists in casting for companies of different ownership of the
Western region of Ukraine;

— Systematic advanced training of lecturers in materials science of the university and relat-
ed chairs in high schools of the Western region, using information technologies in educational activ-
ity;

— Conducting scientific researches on the formation of creative teams, which will include
scientific-pedagogical experts, doctoral candidates, post-graduate students, masters;

— Widening of scientific cooperation with NAS establishments, national branch academies
and high schools of Ukraine;

— Development of the system of common scientific-educational centers with participation
of foreign companies and high-technology firms.
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IMPLEMENTATION OF COMPUTER-INTEGRATED TECHNOLOGIES WITHIN
THE MMATENG PROJECT
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! assistant professors, National University “ Lviv polytechnic”, Lviv, Ukrain, (lidabohun@gmail.com)
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A wide use of computer-integrated technologies is the basis of not only production
and science quality and efficiency but also of education. Mastering of computer technologies by
students- materials science researchers will allow them in their professional activity to make the
most optimal decisions: from design modeling and selection of the components materials via crea-
tion of the technological processes of their manufacture to prediction and assessment of their ser-
vice properties.

Students training and their work in open information and computer-integrated systems starts
with mastering the elementary computer software for computer aided design ( CAD), computer-
aided manufacture (CAM), computer- aided engineering (CAE) and ends with mastering
the industrial- licensed programs.

Within the project activities the MMATENG chair of the National University “Lviv
polytechnic” was presented the computer class AB, integrated package CAD/CAM/CAE of modern
version NX9 by the company Siemens PLM Software and educational program CES EduPack
2014 by the company Granta Design. Training in KU Leuven gave the opportunity to the lectures to
make acquaintance with those up-to-date program resources during master classes organized by
the representatives of companies Siemens PLM Software (Germany) and Granta Design (University
of Cambridge, Great Britain) (Fig. 1.) [1].

The NX resources of CAD/CAM/CAE system are highly-productive, integrated solutions for
engineering and technological design including all basic functionality, necessary for solving
the tasks of engineering training. In Ukraine NX occupies the sound positions due to the wide pos-
sibilities of this system use in different branches of industry of Ukraine (aviation, machine-building,
ship-building and other industries). Its use simplifies and enhances the processes of the components
development by engineers when creating innovative products, thus ensuring their competitiveness
on the market.

The modern version of NX Student Edition available for students training possesses all pos-
sibilities of commercial NX version for modeling, however it does not include the functions of
CAE- and CAM. Through participation in the MMATENG project the students, post-graduate stu-
dents and scientific and teaching staff of AMSME chair had access to the complete NX9 resource
(Fig. 1) [2-4]. Attachment CAD to NX resource [2, 4] contains a system of three-dimensional hy-
brid solid modeling, providing everything necessary for an engineer working with a solid, surface
and wire-frame model. The navigator visually represents the model elements, order of its construc-
tion, allows us to select the structural elements, change them and connections between them effi-
ciently. The history of model construction can be observed step-by step, copied and it is possible to
insert into a model structural elements of unlimited number. Moreover, a designer can work directly
with geometrical elements of a 3D model, thus enabling the introduction of the necessary changes
both into parametrized and non-parametrized model, transform surfaces and solids into typical ele-
ments and also introduce them in the design data base for the repeated use. It is possible to create
families of components and control them, to form libraries of standard products used at enterprises.

The presence of associative connection between components significantly simplifies
the work: when one part is changed all other parts related with it automatically move or even
change their geometry. A three-dimensional model of packaging arrangement allows estimating of
the possibility of mounting and demounting of different aggregates of the design product, conven-
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ience of access to them. The above mentioned makes it possible not only to improve the project
quality but also to reduce its creation time and costs.

Y

Fig. 1 Master-class on mastering the computer program CAD NX9 (a) and example of
object made by solid modeling (b) [3].

A key component of the technological design system is the CAM NX 9 attachment, which
contains complete software package for components manufacturing on machines with a digital con-
trol system. A wide set of CAM functions allow treatment of the components of complex configu-
ration, like turbine blades, moulds, punches. The better control over cutting zones in manufacturing
cast and weld tools, more rapid programming due to simultaneous treatment of several elements
increase the effectiveness of creation of the treatment programs. New programming tools of
the checking-measuring systems in NX9 enable measuring of components of different configura-
tion. A module of measuring results analysis proposes new tools, powerful graphical medium for
visualization of measuring. The NX9 enhances the development of instrument models thanks to
the easier access to the library of standard components of cast and die tools.

Computer-aided engineering (CAE) is the integral part of NX9 software product. The at-
tachment proposes modern tools and solutions for modeling of structural, thermal, in-line, kinematic
tasks and further optimization and control over modeling and design data. It consists of the main
integrated modules:NX Nastran — instrument for solving problems of solid deformation mechnics
by the finite element analysis method(FEA); NX Thermal — for solving a wide spectrum of thermal
problems; NX Flow- for modeling problems of hydro-gas-dynamics and heat mass exchange.

NX Nastran module [4, 5] allows the construction of a finite elements mesh based on the ex-
isting geometry. All performed constructions are related associatively with the model of the compo-
nent and therefore when changing the component parameters they are automatically changed too.
When the finite element model is built, the module proposes a wide choice of calculation methods,
including the stress-strain state, eigenfrequencies and oscillations, stability, durability and so on.
To model casting a special module is created. By setting a calculation model, which is related asso-
ciatively with the component geometry, it is possible to analyze the casting process by the time of
pouring, probability of air bubbles formation, lines of flows fusion and obtaining a final ingot.
The library of typical materials is used in calculations. There are also tools of visual emulation of
the process. The results of analysis include the animation of the cast front movement, time of form
filling, location of junction lines and temperature variation during casting. All mentioned above
makes it possible to evaluate the applicability of the created model and if necessary to introduce
the required changes. All attachments and modules of NX 9 resource are deeply integrated and as-
sociatively related with the data base of the resource. In this way the main principle of NX is real-
ized: once introduced information is used in the work of other modules when solving various tasks.


https://ru.wikipedia.org/wiki/NX_CAE
https://ru.wikipedia.org/wiki/NX_CAE
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To introduce NX9 in the educational process a corresponding infrastructure (in particular
the computer class with software) was prepared at the AMSME chair, special educational program
of the discipline “CAD-CAM - CAE Siemens NX” was developed, and a possibility to use NX 9
for solving separate engineering problems, e.g in the discipline “Mechanical properties and
structural strength of materials” was considered. This resource will be applicable during study and
use of modern 3-D printing technologies of the components both during laboratory lessons and also
for industrial application in different branches of materials and components manufacture.
The spectrum of materials for 3D- printing is extremely wide: from metals and metal alloys to non-
metal, composite and powder-sintered materials. In the training program this technology was paid
main attention to: methods of manufacturing products and workpieces on modern 3 —D printers
were considered, schemes of formation and structure-formation, advantages and their restrictions
were characterized [6]. For example, for some types of components the use of 3-D printing can be
limited by the formation of anisotropic structure. On the other hand this technology can be actively
integrated in the traditional manufacturing processes. For example in 3-D printing it can be used
instead of preliminary compression operation before sintering as a highly-efficient operation to
compare with compression. In foundry engineering it allows to obtain accurate models that can be
manufactured from different materials.

From the point of view of preparation of specialists in engineering materials science the
software CES EduPack of company Granta Design is of a special interest (Fig. 2). The CES soft-
ware was created together with the leading materials science experts and programming specialists of
Cambridge University, therefore the materials science aspects and modern computer possibilities
are successfully combined in this software [7-9].

The software is based on the wide data base, allowing to select from all groups of metal ,
non-metal, composite materials and modern biomaterials the one most suitable for the given com-
ponent production. By entering the initial properties into the program (mechanical, physical, eco-
nomic and other) a required group of materials can be separated from which, by introducing addi-
tional parameters, one can choose this only material most optimal for a component manufacturing
[9]. Applying this software the selected material can be completely described: its chemical compo-
sition, physical and mechanical properties, possible way of manufacturing, economic and environ-
mental suitability of its use. When necessary different types of surface treatment can be suggested
and assessment of the properties change of selected materials after treatment can be done. One more
interesting thing is that the program allows to choose cheap materials. Recently in the world prac-
tice the cheap materials — plastic materials, composite materials, ceramics and many others - have
often been substituted for expensive steel materials. All these materials are described, illustrated in
detail, their properties and ways of manufacturing are presented on the screen and economic suita-
bility is compared by plots with those for steels, iron and nonferrous metals.

Fig. 2 Branches of application of CES Edu Pack software (from presentation [9]).

Since recently people care about the planet cleanness, a special accent is done in the CES
EduPack software on ecology-friendly and sustainable development of materials. Using this pro-
gram students study how to select materials not only by their functional properties but also by their
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biological features, ability for recycling and decomposition time. That is, when using the software
such materials can be selected which meet not only the requirements for mechanical physical, chem-
ical and technological properties but will be also environment-friendly.

One thousand (1000) universities and colleges worldwide are now using the CES EduPack
software and teaching resources to support their training on materials in engineering, science, pro-
cessing, and design. Therefore the introduction of this software in Ukraine will not only improve the
efficiency of professional training in materials science but will also allow our students to integrate
into the education process of European high schools within the program of students academic mo-
bility. In the process of students training at AMSME chair the CES EduPack software will be used
in many professional-oriented disciplines: “Material Science”, “Heat Treatment” “Non-ferrous met-
als and alloys”, “Non-metallic materials”, “Alloys with special properties”, “ Powder and composite
materials” and other.

Except of the environmental aspect, the problem of application of resource-saving technolo-
gies and new materials, which are more and more actively introduced into production, is very im-
portant. In this relation this problems must be paid much attention to when preparing materials sci-
ence specialists. For example, ceramic and composite materials can be full-value substitutes of
the existing metallic materials. At present instead of high-strength, heat-resistant and refractory
steels the leading automobile, aviation and aerospace EU companies investigate and introduce
composite materials [10], in particular with frequent use of 3D printing technologies. Main ad-
vantages, that stipulate the use of composite materials, is the possibility of the last to provide
the required service characteristics, to decrease the construction weight and to prepare a solid as-
sembly which is usually manufactured of several units. This allows one to obtain the higher service
parameters of aircraft with less consumption of fuel.

List of references

1. https://iiw.kuleuven.be/denayer/programmaMMATENG

2. Ming C Leu, Albin Thomas, Krishna Kolan. NX 9.0 for Engineering Design/ Missouri University
of Science and Technology / https://web.mst.edu/~mleu/NX9.0%20Manual.pdf

3. Hans Valkenaers. “Siemens NX9, startup course” and practice session of Siemens NX9.
Presentation. TEMPUS MMATENG KU Leuven - Department of Mechanical Engineering Mechanical Engi-
neering, train the trainer sessions 19-30 January 2015.

4. Peter Arras, Kurt Coppens, Matthias Faes. Computer Aided Design. Theory and applications
in NX/Nastran . Technology Cluster. KU Leuven - Department of Mechanical Engineering Mechanical Engi-
neering. - Juli, 2014 .

5. Christoph Vandevelde. Workshop by Siemens Industry Software. Workshop all day on CFD and
FLOW (numerical simulation techniques) in NX. (CAE Product/Business Manager BeNeLux)._Presenta-
tion. TEMPUS MMATENG KU Leuven - Department of Mechanical Engineering Mechanical Engineering,
train the trainer sessions 19-30 January 2015.

6. Jasper Cerneels “The process of joining materials to make object from 3D model data, usually layer
upon layer, as opposed to subtractive manufacturing methodologies” ASTM F2792. Presentation. TEMPUS
MMATENG KU Leuven - Department of Mechanical Engineering Mechanical Engineering, train the trainer
sessions 19-30 January 2015.

7. D R HJones and Michael F. Ashby. Engineering Materials 1: An Introduction to Properties, Ap-
plications and Design Fourth Edition - Sep 26, 2011

8. DR HJones and Michael F. Ashby. Engineering Materials 2: An Introduction to Microstructures
and Processing (International Series... Fourth Edition: - Dec 19, 2012

9. Dr Claes Fredriksson. CES Workshop on material properties and selection of materials.
Presentation. TEMPUS MMATENG KU Leuven - Department of Mechanical Engineering Mechanical Engi-
neering, train the trainer sessions 19-30 January 2015.


http://www.amazon.com/Engineering-Materials-Fourth-Introduction-Applications/dp/0080966659/ref=sr_1_3?s=books&ie=UTF8&qid=1425202298&sr=1-3&keywords=ashby+materials
http://www.amazon.com/Engineering-Materials-Fourth-Introduction-Applications/dp/0080966659/ref=sr_1_3?s=books&ie=UTF8&qid=1425202298&sr=1-3&keywords=ashby+materials
http://www.amazon.com/Engineering-Materials-Fourth-Introduction-Applications/dp/0080966659/ref=sr_1_3?s=books&ie=UTF8&qid=1425202298&sr=1-3&keywords=ashby+materials
http://www.amazon.com/Engineering-Materials-Fourth-Introduction-Applications/dp/0080966659/ref=sr_1_3?s=books&ie=UTF8&qid=1425202298&sr=1-3&keywords=ashby+materials
http://www.amazon.com/Engineering-Materials-Fourth-Introduction-Applications/dp/0080966659/ref=sr_1_3?s=books&ie=UTF8&qid=1425202298&sr=1-3&keywords=ashby+materials
http://www.amazon.com/Engineering-Materials-Fourth-Introduction-Applications/dp/0080966659/ref=sr_1_3?s=books&ie=UTF8&qid=1425202298&sr=1-3&keywords=ashby+materials
http://www.amazon.com/Engineering-Materials-Fourth-Introduction-Applications/dp/0080966659/ref=sr_1_3?s=books&ie=UTF8&qid=1425202298&sr=1-3&keywords=ashby+materials
http://www.amazon.com/Engineering-Materials-Fourth-Introduction-Applications/dp/0080966659/ref=sr_1_3?s=books&ie=UTF8&qid=1425202298&sr=1-3&keywords=ashby+materials
http://www.amazon.com/Engineering-Materials-Fourth-Introduction-Applications/dp/0080966659/ref=sr_1_3?s=books&ie=UTF8&qid=1425202298&sr=1-3&keywords=ashby+materials
http://www.amazon.com/Engineering-Materials-Fourth-Introduction-Applications/dp/0080966659/ref=sr_1_3?s=books&ie=UTF8&qid=1425202298&sr=1-3&keywords=ashby+materials
http://www.amazon.com/Engineering-Materials-Fourth-Introduction-Applications/dp/0080966659/ref=sr_1_3?s=books&ie=UTF8&qid=1425202298&sr=1-3&keywords=ashby+materials
http://www.amazon.com/Engineering-Materials-Fourth-Microstructures-International/dp/0080966683/ref=sr_1_8?s=books&ie=UTF8&qid=1425203349&sr=1-8&keywords=ashby+materials
http://www.amazon.com/Engineering-Materials-Fourth-Microstructures-International/dp/0080966683/ref=sr_1_8?s=books&ie=UTF8&qid=1425203349&sr=1-8&keywords=ashby+materials
http://www.amazon.com/Engineering-Materials-Fourth-Microstructures-International/dp/0080966683/ref=sr_1_8?s=books&ie=UTF8&qid=1425203349&sr=1-8&keywords=ashby+materials

139
International Scientific-Methodological Conference «How to teach material sciences:
new approaches and experiences from the MMATENG project»

10. Jan Ivens “Basics of Material Sciences, our approach”. TEMPUS MMATENG KU Leuven - De-
partment of Mechanical Engineering Mechanical Engineering, train the trainer sessions 19-30 January 2015.



140

International Scientific-Methodological Conference «How to teach material sciences:
new approaches and experiences from the MMATENG project»




141
International Scientific-Methodological Conference «How to teach material sciences:
new approaches and experiences from the MMATENG project»

DFT MODELING OF TiNi,Sn PRECIPITATES FORMATION IN TiNiSn MATRIX
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Numerous thermoelectric materials have been developed, but only some of them suitable for
high temperature utilization. To such materials belong thermoelectric Half-Heusler phases (HH) that
crystallize in cubic F-43m space group (SG) and MgAgAs structure type (ST). Recent investigations
of these materials [1-3] showed that the formation of nanoinclusions (precipitates) of Full-Heusler
phase (FH) inside the Half-Heusler matrix is the new way to significant improvement of their ther-
moelectric figure of merit (Z). Such improvement is caused by the formation of additional centers of
phonon scattering on the grain boundaries due to the deformation of the crystal structure and for-
mation of point defects. To check the solubility of additional Ni atoms in TiNiSn Half-Heusler
phase and shed a light on the crystal and electronic structure of TiNiSn-TiNi,Sn grain boundaries
the DFT modeling was performed.

The first principles DFT calculations were carried out using Elk v2.3.22 package [4] — an all-
electron full-potential linearized augmented-plane wave (FP-LAPW) code with Perdew-Burke-
Enzerhoff exchange-correlation functional in generalized gradient approximation (GGA) [5].
The APW basis set cut-off used in the calculations was set to 190 eV, and the k-grid was equal or
higher than 20x20x10 k-points. Before the final total energy calculations the geometry of the initial
structures (lattice vectors and atomic coordinates) was completely relaxed. The proper values of
the muffin-tin radii were selected automatically at the initial stage of the calculations. In general
case the enthalpy of formation (AH) at T = 0 K was calculated according to the following formula:
AH (meV/atom) = 10° (E(TiaNipSne) - a (Ew(Ti)/j) - b (Ew(Ni)/K) — ¢ (Ew(Sn)/I))/(a + b + c),
where a, b, ¢ — number of each type of atoms in the crystal lattice of compound used in calculations;
j» k, I = number of atoms in the crystal lattice of Ti, Ni, and Sn, respectively, used in calculations;
E.t — the total energy of compound in eV. For the thermodynamic calculations the entropy of mix-
ing and appropriate temperature were taken into account. VESTA package was used for visualiza-
tion of the electron localization function distribution.

The results of the thermodynamic calculations showed that the solubility of additional Ni at-
oms in TiNiSn depends on the temperature (Fig. 1a). At 0 K the formation of interstitial solid solu-
tion TiNip,Sn is practically absent and at 1073 K two local minima appear on the curve of
the thermodynamic potential. At intermediate temperature (673 K) the local minimum is observed
only from the TiNi,Sn phase and this result is in a good agreement with experimental results [6].
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Fig. 1. The distribution of the thermodynamic potential (AG) in TiNiy.,Sn solid solution (a)
and the total density of electronic states (DOS) in TiNiSn-TiNi,Sn structure (b)

The modeling of the coherent grain boundary between TiNiSn and TiNi,Sn phases was per-
formed by partial diffusion of Ni atoms of TiNiSn phase with formation of TiNi,Sn phase (Fig. 2).
The crystal structure optimization of this system showed that the values of the lattice parameter of
TiNi,Sn subcell are in the range 0.60766+0.67062 nm. The values of the lattice parameter of TiNiSn
subcell are in the range 0.58693-0.58686 nm. This difference in crystal structure geometry leads to
the deformation of the initial structure and shifting of atoms from original positions (Fig. 2). Such
deformation causes additional scattering of phonons and affects the lattice thermal conductivity
term.

The analysis of the density of states distribution (Fig. 1b) revealed the presence of the addi-
tional band in the energy gap at Fermi level. This result predicts lowering of the electrical resistivity
with formation of TiNi,Sn nanoinclusions in the matrix of TiNiSn semiconductor. Significant dif-
ference of the electronic structure inside the grains of TiNiSn and TiNi,Sn and at their boundaries
opens the new way for improvement of the thermoelectric performance of Half-Heusler materials.

The distribution of the electron localization function (y) (Fig. 3) shows that its localization
between Ni and Sn strongly depends on the fragment (subcell) of the structure. In the FH subcell
the localization is rather low and indicates mainly metallic bonding between Ni and Sn atoms.
In the intermediate subcell (FH/HH) the bonding between Ni and Sn atoms is stronger and in the
HH subcell electron localization function between them has the highest values. This indicates high
impacts of the covalent bonding on the structure formation. Similar electron localization function
distribution takes place between Ti and Ni atoms.
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Fig. 3. Distribution of the electron localization function along the lattice plane in TiNiSn-
TiNi,Sn structure

The DFT calculations allowed us to explain and predict the structure and physical properties
of the Half-Heusler material with Full-Heusler precipitates and gave the key for modeling of new
thermoelectric materials with promising thermoelectric performance.
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MOEJHAHHS HAYKOBUX JOCJIII)KEHDb TA HABYAJIBHOI'O ITPOLIECY
Y KOHTEKCTI KOMIIETEHTHICHOTI'O IIIAXOAY

I'ynaii O. 1. !, llemer B. 51.°
'kaun. Texm. Hayk, nouent JIHTY, Jlyisk, Vipaina, (hulay@i.ua)
Zkam. XiMm. Hayk, poueHt JIHTY, JIyupk, Ykpaina

OpmHUM 3 TOJOBHHUX 3aBJaHb BHINOi OCBITH € (opMyBaHHS MpodeciiiHOi KOMIIETEHTHOCTI
BUIYCKHHKA, SKa Ma€ y3arajbHeHy (€TaJIOHHY) MOJENb Y BHIVIAI OCBITHBO-KBamidikariiinoi
xapakTepucTuku (axiBisg 1 mepenbavae igcalbHHUI KIHIIEBUH pe3yabTaT, TOOTO MiArOTOBKY
¢daxiBus, SKWi oOmaHyBaB HEOOXiJHI 3HAHHS, YMIHHS, HAaBUYKH TBOPYOi MiSUIBHOCTI, Mae
BIJIMIOBITHUI CBITOTJIAA Ta CPYIUINIO, IHTCICKTyadbHHH piBeHb, HaOyB HABHYOK CaMOOCBITH,
B sIKOTO copMoBaHi mpodeciiiHi  SIKOCTi, MOpajbHa, €CTEeTUYHa, EeKOJIOriYyHa KyJbTypa.
BripoBapkeHHs1 y HaBYaIbHUI MPOLIEC PE3yNbTaTiB (yHIAMEHTAJIbHUX Ta MPHUKIAIHUX HAYKOBUX
JOCIIKEHb, SKHUMH 3aiMarOThCSl BUKJIA[adl BUIIMX HaBYAJIBHHUX 3aKJIA/iB, OPTaHIYHO BIUCYETHCS
Y KOHIIEIIi}0 KOMIETEHTHICHOT ITapaiur My BUILO1 OCBITH.

KomnereHTHICHUI TiAXiA KapIWHANBHO BIAPI3HAETHCS BiJ TPAAHMMIHHOTO «3HAHHEBOTOY
3a QYHKIISIMA BUKJIANava i CTyJASHTa y TpOIeci HaBYAHHS, 32 METOI HAaBUYAIBHOI MisUTPHOCTI
Ta pe3yslibTaTaMi HaBYaHHS, y TOH e dYac BiH Mae 0araTo CHUIBHHX pHC i3 OCOOHCTICHO
OpIEHTOBAHMM Ta AisIIBHICHUM IiJJX0JJaMH, OCKUTBKU IPYHTY€EThCSI Ha 0COOMCTOCTI CTYJICHTA 1 MOXKeE
OyTu 3peaii3oBaHUM 1 NEPEeBIPEHUM TUIbKH B MPOLECI BUKOHAHHS KOHKPETHOK OCO0OI0 MEBHOI'O
KkoMmIutekcy Aiii [1]. Bin motpebye TpaHcdopmarii 3MicTy OCBITH, IEPETBOPEHHS HOT0 3 MOJIE, siKa
icHye OO0’€KTHMBHO, JUII «yCiX» CTYyIEHTIB, Ha Cy0O’€KTHBHI HaJ0aHHsS KOXXHOTO KOHKPETHOI'O
CTy/IeHTa, SIKI MOXXHa BHMIpATH Ta OLIHUTH. KOMIETeHTHICHMH WIiIXiJ aKIeHTye yBary
Ha pe3yJibTaTtax OCBITH, MPUYOMY B SIKOCTI pe3yJIbTaTy OCBITH PO3IJISAAETHCS HE CyMa 3aCBOEHOI
iH(pOopMaii, a 3MaTHICTH JIOIMHA JiATH Y PI3HAX MPOOJIEMHHX CUTYAIlisnx [2].

Ha mamry nymMKy, KOMIETEHIIiSl — IIe [UTb OCBITHBOI NISTTPHOCTI, 2 KOMIIETEHTHICTh — Mipa,
CTYIIiHb, TIOBHOTA ii JTOCSITHEHHS KOHKPETHAM Cy0’€KTOM OCBITHBOI HisIIbHOCTI. Ha OCcHOBI aHamizy
JTepaTypHUX HKepel 300pa3suMo CTPYKTYPY KOMMeTeHTHOCTI (quB. puc. 1). KommereHTHICTD, HA
Hally JAyMKY, IHTEIpaTUBHO IOE€JHYE OCOOMCTHI JIOCBIiJ Ta 3HAHHS, B3a€MOIIOB’sI3aHI MOTHBALIIEI0
Ta IIHHOCTSMH OCOOMCTOCTI. Pe3ynbraToM MoOeAHAHHS € IMi3HABANBHI Ta MPAKTHUYHI BMIHHSA, SIKi
JI03BOJISIFOTH CYAUTH PO PiBEHh KOMIIETEHTHOCTI 0co6u [2].

OKpecMMO JIOCBiJ] BIPOBA/KCHHS PE3yJbTaTiB HAYKOBUX JOCIHIDKEHb Yy HaBYAJIbLHOMY
mporieci, SKWH pealizyeTbcs BHUKIagadaMu Kadeapu MaTepiaio3HaBCTBA Ta IIIACTUYHOTO
dbopMyBaHHS ~ KOHCTPYKIi  MamuHOOymyBaHHS  JIyIbKOTO  HAIIOHAIBHOTO  TEXHIYHOTO
yHiBepcuteTy. llpe3eHToBaHe  JOCTI[UKEHHS 3MAiiCHEHE B  paMmMKax yd4acTi  Kadeapu
MaTepiallo3HABCTBA Ta INTACTHYHOTO (POPMYBaHHS KOHCTPYKIiH MammH0OynyBanHa (M Ta IIOKM)
JIynpKoro HamioHaNBHOTO TEXHIYHOTO YHIBEPCHUTETY Y MiKHApoJHOMY IpoekTi «MojepHizaris
HaBYAJILHUX IUIAHIB JIBOPIBHEBOI NpOrpaMu MiAroToBkH (OakaiaBp/MaricTpu) 3 iHKEHEPHOTO
MaTepiaio3HaBCTBA Ha OCHOBI KOMIIETEHTHICTHOTO IiAXOAy Ta HAWKpamoro JocBimy
3 BIIPOBaDKEHHS MOJ0XeHb bomoHcekoro mpomecy (MMATENG)» 543994-TEMPUS-1-2013-1-
BE-TEMPUS-JPCR MixperionanpHoi nporpamu €BporneiicbKoro CycifictBa 1 IapTHepCcTBa
TEMPUS. 3a 3akonom Ykpainum Big 12.10.2010 Ne 2519-17 mpiopuTeTHHM HAmpsiMOM PO3BHTKY
HAyKH 1 TEXHIKM BH3HAHO (yHIAMEHTAIbHI HAyKOBIi JOCIIIKEHHS 3 HAHOUTBII BaKIMBHUX MIPOOIEM
PO3BUTKY HAyKOBO-TEXHIYHOTO, COIiaIbHO-€KOHOMIYHOTO, CYCHUIBHO-TIONITHYHOTO, JIOJACHKOTO
MOTEHIN ANy I 3a0e3MeYeHHs] KOHKYPEHTOCIIPOMOXHOCTI YKpaiHW y CBIiTi Ta CTaJOTO PO3BHTKY
cycmisibetBa 1 gepxkaBu. 3 2013 poxy HayKOBISIMH Kadeapu 3IIHCHIOETHCS (QyHIaMEHTAIbHE
JOCITiPKEHHS 32 paXyHOK BHAATKIB ep)kaBHOTO O10/pkeTy «HOBI XambKOTEHIIN PiIkiCHO3EMETbHUX
METaJiB: CHHTE3, CTPYKTYpa Ta BJIACTUBOCTI» [3].
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Puc. 1. CTpykTypa KOMIETEHTHOCTI 0COOMCTOCTI

CucreMaTHyHe IOCTIKCHHs 0OaraTOKOMITIOHEHTHHX CHUCTEM 3 METOI IOOYIOBH [iarpam
CTaHy, MOIIYKY HOBHX CIOJYK, BCTAaHOBJICHHS YMOB iX YTBOPEHHs, BUBUEHHS iX KpPUCTaTiYHUX
CTPYKTYp 1 BJIACTHBOCTEH € HEOOXiTHOI YMOBOIO TOIMOBHEHHS 0a3 JaHUX HOBUX MaTepiajiB.
BcraHoBneHHS B3a€MO3B’SI3Ky MiX CKJIaJJaMH CIIOJIYK, iX CTPYKTYpOIO 1 BIIACTHBOCTSIMH JI03BOJISIE
BECTH MiJECHPSIMOBAaHMI TMOUIYK HOBHMX MarepialliB 3 Hamlepel 3aJaHUMH BIIACTUBOCTSIMHU.
VY3araibHEHHsI 1 CHCTEMaTHKa EKCIIEPUMEHTAJIbHNUX JAaHUX IpO JiarpaMu CTaHy, KpUCTaJidHi
CTPYKTYpPH 1 BJIAaCTUBOCTI [acThb MOXKIIHMBICTb BCTaHOBHTH 3aKOHOMIPHOCTI Ta OCOOJIHMBOCTI
B3a€MO/Iii KOMITOHEHTIB B IIHX CHCTEMaX; BUSABUTH KPHCTAIOXIMIYHI OCOOIMBOCTI CTPYKTYP CIIONYK;
BHUBYMTH B33a€EMO3B’SI3KH MK CKIIQJIOM 1 CTPYKTYpOIO; 3pOOHTH IIPOIEC MOIIYKY HOBHX MarepiaiiB
Ha X OCHOBI HIJIECTIPSIMOBAHUM, TIOJIETIIATD JOCIiPKEHHS CIIOPITHEHUX CHUCTEM.

HaykoBo-TexHIYHHMI Mporpec BUMAarae IIOCTIHHOTO TIONIYKy HOBHX MaTepialiB, II0
BiJNIOBIJAIOTh BUMOTaM Cy4acHOi TexHiKH. OTpHUMaHHS CIONYK MNUISXOM 30UTBIICHHS KiNBKOCTI
KOMIIOHEHTIB, SIKi BXOJATh O IXHBOTO CKJIaAy, TaKUX SK TEpHApHi, TETpapHi, CTal0 OJHUM
i3 OCHOBHHX HANpPSIMKiB TaKoro Mmomryky. JlocimimpkeHHsT 6araTOKOMIIOHEHTHHX CHCTEM € BaKITMBUM
eranioM y (opmyBaHHI OaHKYy HOBHX MarepianiB. XaJbKOT€HIM € MepCHeKTHBHUMHU 00’e€KTaMu
HAyKOBHUX JOCH/DKEHb 3aBIKH CHEHU(IYHUM TEPMIYHUM, EINEKTPUYHMM 1 ONTHYHUM
BJIACTHBOCTSIM. MaTepiaiyu Ha iX OCHOBI 3aCTOCOBYIOTHCS B iH()padepBOHIH Ta Ja3epHil TexHili,
HEeJHIHHIM ONTHIII, TEPMOEIEKTPUYHIX TeHEPaTOPax, 3araM’ STOBYIOUHX ITPUCTPOSIX.

OtpumaHi pe3ynbTaTH MalOTh HE TIJIbKM HAyKOBE Ta MNpPAKTH4YHE, ajle i HaBYaJbHO-
METOIMYHE 3Ha4YeHHS. BIpoBa/pKeHHsT HAyKOBUX PE3YNbTATiB BiJOyBAa€THCS YOTHPMA OCHOBHUMH
HanpsiIMaMH:

— ITIOCTPaTUBHUN MaTepiajl MPU YATaHHI JIEKITii;

—33aCTOCYBaHHs OKPEMUX METOJVK Ha J1a00paTOPHUX Ta MPAKTUYHUX 3aHATTAX;

— BUKOPUCTaHHS IIPH PO3poO1i HaBUaIbHO-METOIUIHNX BUIaHb;

—HayKoBa po0O0Ta CTYIEHTIB, BUKOHAHHS MariCTepChbKUX pooiT.
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[Hdopmanis mpo HOBITHI MaTepiald Ha OCHOBI XaJbKOTEHIIB PiAKiICHO3EMEIHHUX METajiB
BKITIOYCHA [0 JICKIIHHOTO MaTepiany IUCHHUIUIHHA «XiMis», SIKy BHBYAIOTH CTYICHTH OUIBIIOCTI
imKeHepHUX  criemianbHOCTe. TicHMI B3a€EMO3B’S30K MK  HAyKOBUMH  JOCIHiKEHHSIMH
Ta HaBYAJIBHUM IPOLIECOM iCHY€ NPH BHUKJIQJIaHHI 3arajbHUX Ta (PaxoBUX JAUCIMIUIIH JUIS CTYACHTIB
HanpsiMy «lH)keHepHe Marepiaio3HaBCTBO». Taki qucHUILIiHM, K «Pi3uka Ta XiMmis TBepAOTro
Tina», «®Pizuuna ximis», «Kpucramoximis, kpucramorpadis ta MiHepanoris», «PDi3uko-XimiuHi
METOIM aHali3y MarepialiB» Ta iH. 0Oe3locepeHbO MOB’s3aHi 13 PO3MIIAAOM 3aKOHOMIpHOCTEH
OTpUMaHHsl 0araTOKOMIIOHEHTHHX CHCTEM, JOCH/DKeHHS iX BIIACTHBOCTEH Ta CTPYKTYpH,
NIPOTHO3YBaHHS cdep MOXIMBOTO 3acTocyBaHHS. Kparii CTyneHTH BxXe i3 TpeTboro Kypcy
3aJTy4aloThCsl 10 POOOTH CTYIEHTCHKOTO HayKOBOTO T'YPTKa, CHCTEMAaTH3YIOTh HayKOBY JIiTEpaTypy,
NPOBOJATh OKPeMi eKCIICpUMEHTAJbHI JOCHI/UKEHHS Ta PO3PAaXyHKH, pe3yJbTaTH SKHX
NPE3CHTYIOTh HA CTYICHTCHKHX HAYKOBUX KOH(EPEeHLISX YHIBEPCHUTETCHKOTO Ta BCEYKPAiHCHKOTO
piBHA. HaykoBi IOCHiIKEHHS y paMKaX BHKOHAHHS AEPXKOIOKETHOI TEMHU JIATalOTh B OCHOBY
MaHOyTHIX MaricTepCchKUX pooiT.

TakuM YHMHOM, NO€IHAHHA HAYKOBOI Ta BHKJIAJAIBKOI MiSUIBHOCTI CHPHSE HAIOBHCHHIO
HaBYAJIILHOTO Martepiajly peajbHUMH (aKTaMi HAYKOBHX JOCIHIIKEHb, (OpMYE NOCITITHULBKY
KOMITETEHTHICTh Mai0yTHIX (axiBIiB, 30KkpeMa, HamnpsMmy «lH)XeHepHe MaTepialo3HaABCTBOY,
Iporarye HayKoOBY AisUIBHICTB SIK PYIIIHHY CHJIy HayKOBO-TEXHIYHOTO mporpecy. BukopucraHHs
y HABYAJILHOMY TIpOLECI aKTyaJbHUX PE3YJbTAaTiB HAYKOBUX JIOCHIPKEHb POOUTH HOTO IKUBUM
Ta JUHAMIYHUM.
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MEPCIIEKTABU BUKOPUCTAHHS €BPONIEMCHKOI'O TOCBITY B
VYKPATHCHKHUX HABUAJBHUX
3AKJIAJAX ITPU BUKJIAJTAHHI MATEPIAJIO3HABCTBA

H.3al71qylc1, C.l_l_lanyRZ, IO.(I’eIIIst,
123 anm.Texy. HayK., foueHT, Jlyupkuit HTY, JIyupk, Vkpaina, (Sotha@meta.ua)

Marepiallo3HaBCTBO HaJEKUTh O OJHOTO i3 HAaWBaroMilMX Ta MPIOPUTETHHX HAIPSMIB
Cy4acHOI HayKu. BOHO € IIMpPOKOIO Ta TEpCHEeKTHBHOI Taily33l0, sKa OXOIUIIE Oe3iid
BY3bKONPO(DIIbHUX HampsMIB Ta € HAHOULIBIIO HAyKOBOIO JIAHKOK siKa IOCTIHHO mOTpedye
BJJOCKOHAJICHHS, OHOBJICHHSI Ta PO3BUTKY. MaTepiajlo3HaBCTBO € HAayKOl0, sKa BHBYae OYJOBY,
CTPYKTYpPY, BIACTHBOCTI MaTepialliB, ITyKae i OOIPYHTOBYE 3B’S30K MK HHMH, TOCTIIKYE
3aJICKHICTh OyMOBH 1 BIIACTHBOCTEHW Bim Oe3midi (akTopiB: BHUPOOHUITBA, OOPOOKH; BILTUBY
30BHIIIHIX YHWHHUKIB, CWJI, HaBaHTAXCHb, KIIMATHYHAX yMOB;, TEPMIYHOTO BIUIHBY,
eKCIUTyaTaIlifHX YMOB Ta iH.

3 PO3BUTKOM CYCIHIJIbCTBA, HAYKW, TEXHIKH, BIOCKOHAJICHHS BUPOOHMITBA, IMOCTiI{HOTO
MIONTYKY ONTHMAJBHUX MaTepiaiiB s pi3HOMAaHITHHUX Tary3eil BHHUKae MOTpeda y BUTOTOBIICHHI
Ta po3poOIi MarepialiB, sSKi JOMOBHIOIOTH a00 3aMIiHIOIOTH yKe icHyroui. HoBi Marepianu noBuHHI
BOJIOMITH OIUIBII ONTHMAIbHUMH BIACTUBOCTSAMH — MATHITHUMH, (I3MYHHUMH, TCIUIOBHMHU,
€JICKTPOIPOBITHUMH, TEXHOJIOTTYHIUMH, O10JIOTIYHUMH, CKOJIOTIYHUMHU Ta iH.

OmHuMH 13 HaWBaXIMBIIIMX IHTETPAlliHHUX IOKa3HUKIB Cy4YacHHX JepKaB Y CBITI
€ HayKOBO-TEXHIYHUH pIBEHb Ta 3JATHICTb JO PO3BUTKY TEXHOJIOTii 1 iX BHpPOBa/PKEHHSI.
VY OuIbIIOCTI BUMAAKIB BUIPa€ TOH, XTO yMi€ IO€JIHATH HAYKOBI JIOCATHEHHS Ta IHHOBAIiitHI
TEXHOJIOTi1, YMi€ peai30ByBaTH PeCypCH MaTepiaibHi, TATy3eBi Ta periOHAIBHI.

VY pe3ynpTaTi BUBYCHHS Ta MOPIBHIHHS OUTBIIOCTI HAYKOBHUX HAINPIMKIB, MOXKHA TIPUHTH 10
BHCHOBKY, III0 BUBYCHHS MaTepiallo3HABCTBA HA OYAb-AKHX HAINPSIMKAX Ta CHEMiaji3alisX pi3HOTO
npoditro crpuse GopMyBaHHIO MPOQeECiifHO BaXXIMBHX sSKOCTeH ocobmcTocTi ¢axiBms. Ilix gac
BUBYEHHS Marepiallo3HaBCTBa (POPMYIOThCS IHTETpOBaHI 3HAHHS Ta YSBICHHS, SKi JISTAIOTh
B OCHOBY ITpodeciiiHOT KOMIIETEHTHOCTI Maii0yTHIX (axiBIiB. 3MIHCHIOIOTCS MOPIBHSHHS Y PI3HUX
HanpsiIMKax BUKOPHCTaHHsS, 00poOku. HampanboBYrOTHCS HaBUKH Y NMPAaBUILHOMY MiIXOJI IOJ0
BUOOpY Marepially y KOHKPETHOMY BHITQJIKY.

Ha croroaHimHiit JeHb pO3BUTOK IPOMHUCIIOBOCTI YKpaiHU Ta IHIIMX JiepkaB MoTpedye came
BHCOKOKBaJipikOBaHWX  (axiBI[iB-IH)KEHEpiB, 3AaTHUX Ha  OOIPYHTYBaHHS,  pO3POOKY,
BIIPOBA/KEHHS, OOCITYrOBYBaHHS HOBITHIX TeXHOJNOTiIH. KoMmeTeHTHiCTh CydacHOTo iHKeHepa-
Marepialo3HaBLs € 3alOpPYyKOI HOro KOHKYPEHTOCIIPOMOXKHOCTI, CTBOPIOE OLIBII IIMPOKUH
npocTip Ui peamizanii foro HaykoBoro mnoreHuiany. OAHOYacHO M€ CTBOPIOE MOXKIMBICTb
JI0 3aJTy4eHHsI HABUILOTO HAyKOBOTO TA TEXHIYHOTO MOTEHIIAIY.

Buxonsun i3 €Bponeicbkoro JIOCBiIy 3 MOJEpHi3amii BHINOI I1H)KEHEPHOI OCBIiTH
Ta MOJKJIMBOCTEH 3aCTOCYBaHHS OKPEMHX JOCATHEHb B HaBUYAIBHUX 3aKianax YKpaiHM MOKHa
3pOOHTH PsiJI BUCHOBKIB Ta pO3pOOUTH IPONO3HUIIIT 11010 BUKJIaAaHHs [IEBHOT'O MEPeNiKy JUCIUILTIH
JUI CHemiadbHOCTI «lHXeHepHe MaTepiano3HaBCTBOY». YdacTh y npoekTi MMATENG nanae
MOJUJIMBICTP O3HAHOMHTHCH 13 cHenu(ikol0 BUKIAJAaHHSI MaTepialO3HABUMX JAHUCIUIUIH
y npoBigHUX By3ax bensrii, @panmii, Aurmii. HaifGinbpmono nepeBaroro HaBYaJlbHUX 3aKIaiB € iX
ABTOHOMHICTh Ta 3/aTHICTh CAMOCTIHO BH3HAYaTH 3MICT CBOIX OCBITHIX MPOTpaM, OI[iIHKH 3HAHb
CTYJIEHTiB 1 BHpINIyBaTH YyCi THUTAaHHA, SKI TIOB’sA3aHi 13 TpoOJieMaMH BUKIAIaHHSI caMe
IHKEHEepHOTo MaTepiajao3HaBcTBa. Lle Hagae 3MOTy 3HAXOMUTH MIAXIM 10 BUPIMICHHS PETiOHATBHUX
npoOieM i3 3abe3reueHHs] BAPOOHUIITBA KOMIIETEHTHUMH (DaXiBLISIMH.

[HTEeHCHMBHMI PO3BUTOK METATyprii, MamIMHOOYIyBaHHS, CLIBCBKOTO I'OCIIONAPCTBA, JIETKOT
IIPOMHCIIOBOCTI, KOCMIYHOI raiy3i, 610€HEpreTMKH Ta IHIIMX Taly3eld BHMara€ BHCOKOOCBIUCHHX,
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KOMITETEHTHUX 1H)KEHEPIB, SIKI MOXXYTh LIBHIKO IEpPEOpIEHTOBYBAaTHCH. ISl MOKpAIIeHHS SKOCTI
HAYKOBHX CTYJCHTCHKHX POOIT PO3KPUBAIOTHCS IIMPOKI MOKIMBOCTI 13 3alydeHHSIM HayKOBOTO
JIOCBily 3aKOpAOHHUX BUILIB. Ile y cBOIO yepry mokpaiiye CHIBIpamio MK By3aMH Ta CIpHsE
TTiABHUIICHHIO KOMITETCHIIIN 1HyKeHepa-MaTepiano3HaBIll. Bennki MOXIIMBOCTI HaJja€ BUKOPHCTAHHS
JineHsiifHoro mporpaMHoro 3abesmedeHHs. Tak, Hampukiax, MporpamMHe 3abe3nedeHHs
CES EduPack 1no3Boxisie SKiCHO MiJBHIINTH BHKJIAIAHHS BEIHKOTO CIIEKTPY MaTepiallo3HaBUMX
JTUCTATLTIH [1].

Marepianu gaHOi mporpamMyl OXOIDTIOIOTH MIMPOKY 00JacTh MarepiaiiB. TuMm He MeHIme,
CTYICHTH Ta BUKJIAIadi MPU OCBOEHHI Ta BUKJIANAHHI Pi3HUX TUCIHIDTIHA OBHHHI PO3YMITH pi3Hi
MIPOMUCIIOBI T2 BUPOOHNYI aCTICKTH.

BuBuaroun ekcruryaTauiiiHi BIIACTUBOCTI MOXXHA HaJaBaTH IepeBary MiIHOCTI, KOpO3iiiHil
CTIfIKOCTI, TEPMOCTAaOLIBHOCTI, 3HONIYBAHHIO, YW IH. SIKIO MpU MOSICHEHHI JaHOTO Marepiany
oOpaTu pi3Hi criocoOM BHKJIAJaHHS, TO MOKHA 3HAWTH MiIXiJ A0 HaWpi3HOMAHITHINIOI ayauTOpii.
BukopHcTOBYIOYH MOXIMBOCTI IPOTPAaMHUX MPOAYKTIB MOYKHA 3alliKaBUTH CTYIEHTa Yepe3 MPOEKT,
HAyKOBY po0OTy, poOOTY OHJIAiH, cAMOHABYaHHS, 1 Tak Aaii. Ile crpusie po3BUTKY caMOCTIHHOCTI
y BuOOpi Matepially B KOHKPETHOMY BHIIIKy, PO3MIMPIOE KPYTo3ip, Aa€ 3MOTy MOBTOPUTH BiIOMi
(akTH, MAKPECITIOe IHIUBIAYaIbHICTh BUKJIAIa4a Ta CTYJCHTa y TOIIYKY pilreHs [2].

[upoka 0a3za maHUX Ja€ MOXKIMBICT OLIHUTH HEOOXITHHWH MaTepiall Ta MOPIBHATH HOTO
i3 MOXKIIMBUMH IJIsl JaHOI Taiy3i 3aMiHHHKaMH. Y CBOIO Yepry, IIe CIIPHsE CTYIEHTY y BHOOpI
Marepialy 3a 3aJaHMMH BIACTHBOCTSAMH a00 3a IHIIMMH MNEpEeBAXAIOUMMH XapaKTEPHCTHKAMH.
Cnpusie caMOHaBUAHHIO Ta BUPOOJICHHIO KOHIICTILIT Ha/l pOOOTOIO UM JICKIIHHIM MaTepiaioM.

BpaxoByloun mparHeHHs BHPOOHHMKIB 3JEIIEBUTH MNPOIAYKILII Ta 3po0uTH T OUIbII
€KOJIOTIYHO0, JIOCTYIHOI Ta MEHII SHEPrOEMHOIO, MEPCHEKTUBU BUKOPHCTAHHS JaHUX MPOrpam
€ IOCTaTHhO IIUPOKI IPU BHUKJIAJaHHI JIOCTATHHO BEJMKOTrO MEPeNiKy AWCUMIUIIH. Buxoasuu
i3 HaByaipHuX 1aHiB Jlynekoro HTY juis  imkeHepiB Marepiajlo3HaBIB, 3aCTOCYBaHHs
nporpamuoro 3abesneueHns CES EduPack Moske cTatv HEBiI €éMHOIO YaCTHHOI KYpPCOBHX,
HAYKOBO-JIOCIITHUX, PO3PaXyHKOBHX pPOOIT, 0COOIHMBO y THUX BHITaJKaX, KOJNW Migbip MaTepiamy
Ta HOro OOTPYHTYBAaHHS € JOCHTh BRXJIMBUM. Y CTYJICHTIB BUHHKA€ MOIJIMBICTH MOPIBHATH 10 50
BJIACTMBOCTEH MiX CO0OI0, BCTAHOBHUTH B3a€MO3B’S30K MK HHMH, BH3HAUWUTH JOLUIBHICTH iX
MTOPIBHSIHHS.

3BakalouM HA NEBHUM MOBHMH ©Oap’ep YKpaiHCBKMX CTYJCHTIB, BOHH OTPHUMYIOTh
MOXKJIMBICTh MOMOBHUTHU CBill CIIOBHUKOBHH 3amac Ta PO3LIMPHUTH CBil KPyrosip, BAKOPUCTOBYIOUH
JaHe TporpamHe 3a0e3redeHHs Mg Jac JeKmid Ta mo3a HUMH. [Ipu mboMy BHHUKAE MOXIUBICTD
03HAMOMHTHCH 13 HEOOXiIHMM MaTepiaJioM, MeTOJaMH BHU3HAUEHHSIMH 1 BUMIpIOBaHHS,
MTOXO/KEHHSIM Ta XapaKTEPUCTUKOIO BIACTHBOCTEH. Taki MaTepianu CylpoBOKYIOTECS rpadikamMu,
JliarpaMaMu Ta € JIOCTaTHbO 3PO3YMIiTUMH.

BusnauanM mpu ¢opMyBaHHI Martepiady JeKmii JUid BUKJIanada € migdip AOCTOBIPHOTO
Marepianry, cOPMOBAHOTO TaKUM YHHOM, 1100 HE BIAIITOBXHYTH CTYJIEHTA, a 3alliKaBUTH HOTO
PI3HOMAHITHICTIO Ta JOCTYIHICTIO, 3pO3YMUIICTIO Ta aKTyaJbHICTIO. BUKOpUCTaHHS MPOrpaMHOTO
3abe3neueHHss Hagae Takoi MoxumBocTi [3]. OkpiM 1poro iHdopmamiliHi pecypcu MiCTITh
Marepiamn 1 0a3um JaHWX, [0 HAAAIOTh BUYEPHHY IH(GOPMAII0O 3 TEXHIYHHX, EKOJIOT1YHHX
Ta EKOHOMIYHHMX BJIACTHBOCTEH, a Il HaJacTh MiATPUMKY pIBHS BHKJIAJaHHS IIEBHHX KYypCiB,
MOJYNIB  OKpPEMHX  JUCHMIUIIH  BKJIOYHO 13  METaJO3HAaBCTBOM, MarTepialo3HaBCTBOM,
OioMarepiasamu, cruiaBaMu 3 (QYHKIIOHATEHUMH BIACTHBOCTSAMH, KOMIT IOTEPHUMH TEXHOJIOTiIMHU
Marepiallo3HaBCTBa Ta iH.

Takmii Tiaxig HAZACTh MOMXKJIMBOCTI TIOKpAICHHS CHPUHHATTSA MarTepiary Ta Horo
3aCBOIOBAHOCTI CTyAEHTaMH. Buknnde 3alikaBICHHS Ta CTHMYJIIOBAHHSA IO HAyKOBHUX PO3pOOOK
Ta MOIIYKY HAWOIBII TPOTPECUBHUX MarepiamiB 1 TexHosorid. IlpusBeme 1m0 moOCTiHHOTO
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cTabiTbHOTO PO3BHUTKY (axiBIiB iH)KEHEpHOro TpodiNto, MiABHIMHUTE IX KBajdidikariro
Ta KOMITETCHTHICTh y Pi3HUX TalTy3iX BUPOOHHIITBA.

[lepenik nocunanbp
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OCOBJIMBOCTI ®OPMYBAHHS CTPYKTYPU BUCOKOMIJJUCTUX YABYHIB

I'ycauyk LA, HapdentbeBa 1.0 MenbHUYYK M.
kamn. Texm. Hayk, gouent Jlyiskoro HTY, Jlyusk, Ykpaina (gda2002@yandex.ua)
2KaHT. TEXH. Hayk, goueHt Jlyuskoro HTY, JIyusk, Ykpaina (innalutsk@yandex.ua)
Skamy. Texn. Hayk, gouent Jlymskoro HTY, Jlyusk, Yrpaina (melnuchyk80@gmail.com)

B cyuacHOMy MaTepialio3HaBCTBI YaBYHIB aKTyaJbHUM HalpsSIMOK € CTBOPEHHS Ha iX OCHOBI
JUTUX KOMNO3UTHUX MarepianiB (JIKM). IlpuuoMy mnepcrieKTUBHHMH SIBISIFOTBCS JOCIHIIKEHHS
3 (OpMYBaHHS TETEPOTCHHUX CTPYKTYp CILIABIB €HIOTCHHOTO MOXOMKeHHS [1].

Bimomo, w0 JleryBaHHA YaBYHIB MiJUi0, BHUKIHKA€ TIOSBY BUIbHUX BKIIOYCHD
BHUCOKOMIZHMCTOI €-(a3u [2], TPUBOASYM JO HEOAHOPITHOCTI CTPYKTYPH, 3 YHUM MOB'SI3yIOThH
HOTipLICHHS BJIACTUBOCTEH BUPOOiB. IIpoTe, AN CKIAJHUX CHUCTEM, N0 SKUX BiTHOCSTH YaBYHH,
MIIBHUIICHHS CTYIEHS T'eTePOreHHOCTI € NOLIIBHUM, 3 OISy Ha 1X TPUOOTEXHIYHE NPH3HAYCHHSL.
OTpuMaHHS BWIMBKIB MIKpO- Ta MAaKpOTETEPOTCHHOTO CTPYKTYPHOIO CTaHy CJiJ MOB'S3aTH
3 MOXKJIMBHM MOKPAIIEHHM 1X TPUOOTEXHIYHUX XapaKTEPUCTHUK.

Y JOCHiIKEHHAX TNPOBOAWIM BHBYCHHS CTPYKTYpPH BHCOKOMIIHCTHX 4YaBYHIB SIK
B PO3ILIaBax, Tak i y BHiIMBKax. JlofaBaHHs Milli B pO3IJIaBU BUKOHYBAJIU B KUIBKOCTSIX, 1[0 3HAYHO
MEPEBHIIYIOTh MEXi 1i pO3YMHHOCTI B po3unHax 3aiisa (monan 4,0 %).

CTpyKTypHO-TapTyBaJbHUM METOJIOM BCTAHOBJICHO, IO PO3IUIaBH y BUOpPaHOMY iHTepBali
KoHUeHTpauiit Mimi (6...12 %) sBusoTh co00I0 emyibcito. | B gaHOMY BUMNAAKy AMCHEPCIHHUM
cepeIoBHIIEM € Pifkuii po3unn Fe-C-Si, a aucreproBaHoro $a30r BUCTYNAIOTh KPAIUTi PiAKOT Mii.
OCHOBHOI0 IPUUUHOIO iICHYBaHHSI €MYJIbCIHHOTO CTaHy PO3IUIABIB OCHIIIKYBaHUX YaBYHIB € SBUIIE
He3MinryBaHocTi [3], sKe 3a NpPOBEAEHHMMH PO3paxyHKaMHU CHOCTEPIraeThCs B IMIMPOKHX MeEXax
KOHIICHTpAIIi MiJli Ta TEMIIEpaTyp:

U FeCu = k_T i + ;
Hey 1- Me —Hey
abo

KT 1 1
UFeC >

—
2 \He 1-pe —Hg,

Urecy Ta Upec — IOTCHIIMHI €HEpTii 3MINTyBaHHS aTOMIB 3ai3a i MiJi Ta 3aji3a 1 BYIJICIO,
BiANOBIIHO;

k — crana Bospimana;

T — Temnepatypa;

Mc — KOHIIEHTparlis B po3iiasi Byriento (=1 Binnosizae 100 % C);

Hcy — KOHIIEHTPAILIisS MiIi.

[ligBuIIeHHS KOHIIGHTpAIil Mili BHKJIWKAae 30UIBIICHHS 4YHCIA Kpamelb eMYJbCii
B 3arapTOBaHMX 3 PIJKOro CTaHy Ipobax 4aByHy. BcraHOBiIEHO, IO CIUIaBM 3 BMICTOM Miji
70 8 % mac. XapaKTepu3ylOThCs, TPAKTHYHO, MOHOAMCIIEPCHICTIO €MYJbCIHHOTO cTaHy ix
po3mnaBiB. HacTymmi mopiii Migi BHKIMKAlOTh PO3BHTOK IIPOIECIB KOArymslii Ta sBHIIA
TTOJIiANCTIEPCHICTI eMYNIbCIHHOTO CTaHy PO3ILIABIB.

EMynbciiHUM cTaH PO3IUIAaBiB CHPHSIE MiIBUIICHHIO MIKpPOTE€TEPOTeHHOCTI YaBYHIB Ha BCIX
CTaisIX TpoIecy iX KpHcTaji3alii Ta CyTTEBO BINIMBATH Ha i1i MEXaHi3M, OCOOJMBO B MeXax
eBTCKTHYHOTO TIEPETBOPEHHS. 30Kpema, B TpadiTH30BaHUX YaBYHAX, 3 BHCOKHM BYTJICIICBHM
ekBiBanentoM (>3,0 % Si), Bigommii MexaHi3M QopmyBaHHA rpadiTHOI EBTEKTHKH, MOXKE
nocnabnroBatiuck. [IpUYMHOI0 LBOTO € YacTKOBE 3HUKHEHHS TpadiTHOI MiIKIAIKH, LIUIIXOM
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3axOIUIeHHs ii KpammsiMu Mifgl. B Takux Bumamkax pesyipraroM Kpucranizauii Fe-C posmiaBy
€ hopmyBaHHs JeAcOypUTY 3 BiIOITIOBAHHAM CTPYKTYPH BUIIHBKIB (puc. 1).

OcobnuBy yBary mopdouiorii ciuiaBiB npuBepTae (akT YTBOPEHHsS OOOJOHKM Ha OCHOBI
BHUCOKOMIZMCTOT €-(ha3u HABKOJIO KpHCTaNiTiB rpadity (mmB. puc. 1, a). JocmimkeHHs miel
cxinanoBoi yactuHU JIKM moka3yioTh, mo 0O0OJOHKa € IMPOAYKTOM IEPUTEKTUYHOI peakuil.
3a BizoMumH JaHUMH [4] B yaByHaxX OJIM3BKHX /IO €BTEKTHYHOTIO CKJaJy HaBKOJIO TIpadiTHUX
KpHUCTaNiTiB (PopMyeThCsi OOOJOHKA AayCTeHITYy, sKa B XOAi TEPUTEKTHYHOI peakiii pearye
3 pO3YMHOM HacuueHHM Mimmo. [Ipu mpomy e-haza Hacuuyetbes 3amizom (Fe mo 4,5 %), mio
MiATBEPIKYETHCA JTAHUMHU MiKpOpEHTTeHOaHami3y (Tadi. 1).

Puc. 1. JIura ctpykTypa BUCOKOMIHCTOTO 4aByHy (8...10 % Cu):
a — 3aranpHui BUrsLA, X100; 6 — chepoinue BrmoueHus ['+e, x500.

Tabmmms 1. BmicT enemenTiB B ctpykTypi JIKM

Hazga BwmicT enemeHTiB 3a ¢dasamu, % mac.
€IIEMEHT o0osoHKa g-(hazu .
y (cthepoim I'-¢) e-(haza y BUIJIAl Kparenb MeTaJieBa MaTPHI
Fe 4,475 1,598 89,318
Cu 94,633 94,347 7,825
Si 0,462 0,180 1,478
Mn 0,162 0,668 0,460
S - 2,344 0,001
P 0,101 0,100 0,015

PospaxyHnku, a Takox meTanmorpadidHi JOCHiHPKEHHS MOKa3yIOTh, 110 TOBIIMHA OOOJOHKH
e-(pa3m mepedyBae B MEBHiM 3aJIe)KHOCTI BiJl pO3Mipy OOOJIOHKH ayCTEHITYy HAaBKOJIO KPHCTAJITiB
rpadity. PicT 0607I0HKH NiAIOPAAKOBYEThCS NoOpe BizoMoMy mpaBuiy [5], kot Ra/Rrp,=2,4 (Ra —
paniyc 000nOHKHM aycTeHiTy, Rp, — pamiyc rpadirnoi xymi). lle NiaTBEpI’KEHO YMCICHHUMH
JOCITIKEHHSIMHY CITiBBITHOIIEHHS MIX paaiycaMmu €-(asu i TpadiTy B JOCTIHKYBaHNX YaByHAX.

[Ipu xpucramizamii HaBKOIO OOONIOHKH ayCTEHITY, IO OXOIUTIOE TpadiT, MATPUMYETHCS
MOCTIMHUH TpajieHT KOHLEHTpaUiii 1o Miai Ta Bymiempo. BHacHiOK pIi3KOro 3MEHIICHHS
PO3YMHHOCTI aTOMiB BYIJICLIO B AyCTEHITI MiJ BIUIMBOM MiJIl IIpU TEPUTEKTUYHIA peaxuii
CTBODIOIOTbCS. YMOBHM JUIS PIBHOMIPHOTO BHIUICHHS JpPIOHOMMCIIEPCHUX BKIIOYEHb TIpadity
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B g-¢ha3i. TakuM 4MHOM, HABKOJIO NMEPBUHHUX KPHUCTANITIB rpadity Kyysicroi GopMu yTBOPIOETHCS
MOTOBIIICHA 000JIOHKA, IO CKIATAeThes i3 cyMirr ¢a3: [+&. OcCHOBY Takoi 000JIOHKH, 110 BU3HAYAE
OiBpLIICT,  BJIACTHUBOCTEH  OCTAaHHBOI, CKJajgae  BUcOKomizucra  e-¢aza.  KinbkicHuUM
MeTanorpadivyHUM aHaIi30M BCTaHOBJICHO, 110 32 00’€MOM KUIBKICTh BUCOKOMIZHMCTOI &-(ha3H, siKa
BHUTPAYA€THCSI HA YTBOPEHHA OOOJIOHKH HABKOJIO MEPBUHHUX KPUCTANITIB rpadiTy, 3HA4HO OLIbIIE
BHCOKOMIIMCTHX YaBYHIB.

[IpoBexneHi HoCIiIKEHHS TO3BOJSAIOTH PO3KPUTH OCOOIMBOCTI (POPMYBAHHS JTUTOI CTPYKTYpH
BHCOKOMIZIMCTHX 4YaBYHIB, Ik HOBoro kinacy JIKM enmorenHoro moxomkeHHs. Ilepmoro ymMoBoio
€ HasBHICTh (paykTyamiii B pigkoMy posiuiaBi Cu-uaByHIB, sIKi TOB's3aHi 13 30arauycHHIM ACSIKHX
o0'emiB Fe-C piannu minmro. Po3BuTok Takoi ¢urykTyauiliHOT cuTyanii IPUBOAUTH A0 MEPEXONy
METaIeBOi CUCTEMH B HEPIBHOBKHHI CTaH 1 IMOJAIBILIOTO JIOKAJILHOTO MiKpOpO3IIapyBaHHs, TOOTO
JI0 YTBOpEHHs eMybcii. [le 00yMOBIIIOE MOSBY Kpariesib MiTUCTOT PiIUHHA B PO3IUIABI pO3POOICHUX
JIKM 3 BmictoM Mini moHax 6 % wMac. Benuwky poib, mpu IbOMY, I'parOTh KiHETHYHI yMOBH
KpHUCTaji3alii, 0 y CBOI Yepry BIUIMBAE HA MOJMJIMBI PO3MIPH Kpamesb 1 KiHIEBI pe3yIbTaTH
T(epeHIiIOBaHHS METaJIeBOI CHCTEMH. 30KpeMa IpH OTPHUMaHHI BHJIMBKIB BHKOPHCTOBYBAJIN
TEXHOJIOTIYHI IPUHOMH TepMOYIacoBOi 0OPOOKH PO3ILIABiB.

CTilfiKiCTh eMyIBCIITHOTO CTaHy | YHHKHEHHS MOXIIMBUX MPHYHH JIKBAIlil Ta ceIMMEHTAIlii
MiIi €, TakoX, HacmigkoM edekry OopOoTamii po3miaBy mnpu MOTU(IKyBaHHI MarHi€BUMH
miratypamu, a Takox BumoiaBka JIKM B iHOyKOiHHUX medax, jae 3a0e3lMedyeTbcs iHTEHCHBHE
MepeMilTyBaHHS.

TakuMm YMHOM, eMyJIBCIHHHI CTaH PO3IUIaBiB BUCOKOMIIMCTUX YaBYHIB CIIpHsi€e GOpMYBaHHIO
Yy BHJIMBKAaX OCOOJUBOI CTPYKTYPHOI ckianoBoi — cepoiniB [+e. 1i BroueHHS (GOPMYIOTECS TIPH
MepBUHHIN KpUCTaNi3alii po3IUIaBiB, HUIIXOM 3aXOIUIEHHS rpadiTHUX BKIIOYEHb YU AyCTEHITO-
rpadiTHUX KOJIOHIH B YaBYHaxX JOEBTEKTHYHOTO YM E€BTEKTHYHOTo ckiany. s ocraHHIX e
NPOLIEC CYNPOBOJPKYE WYITKO BHUpaKeHa IEPUTEKTHYHA peakiis. Takuidl MeXaHi3M J03BOJIsIE
OTPUMATH TOPIBHIHO PIBHOMIpHE pO3MOAUICHHA cdepoiniB [+e& y BHIMBKaX BHUCOKOMIIHUCTHX
YaBYHIB, 1[0 € TEXHOJOTIYHOIO MEPEBAarol PO3pOOJCHUX CIUIABIB, B IOPIBHIHHI 3 KOMIIO3UTaMHU
€K30T€HHOTO TOXO/KEHHSI.

Bucokuit cTymiHB SIK MIKpO- Tak 1 MaKpOT€TEPOTEHHOCTI CTPYKTYPH BHCOKOMIIHCTHX
YaByHIB JIO3BOJIIE 3aCTOCOBYBaTH iX B YMOBax TepTs KOB3aHHA Y BYy3JlaX 3 OOMEXECHUMH
MOXIIMBOCTSIMH IIONO 3MAlleHHs Jeraned. TeopeTWuHi Ta TpPHUKIagHI aCIEKTH CHHTE3Y
BHCOKOMIZINCTHX YaBYHIB OyJIM BUKOPUCTaHI IIPH BUKJIAJaHHI CIELKYPCIB JUI CTYAEHTIB MaricTpis
CHeLiaJIbHOCTI TIPUKJIaJHE MaTepialo3HaBCTBO. 30KpeMa, CTyJIeHTaM JAeTalbHO IpeJCTaBlIeHi
SBHINA Ta IIPOIECH CaMOOpTraHi3amii CKJIAJHMX METaJeBHX CHUCTEM Ha  MPUKIai
CTPYKTYPOYTBOPEHHS Ta €BOJIOMI{ CTPYKTYPH BUCOKOMIANCTHX YaBYHIB, IPU BUBYECHHI AUCIUITIIHA
"HepiBHOBa)kHa TepMOAMHAMIKA 1 CHHEpTeTHKa MaTepiao3HaBcTBa" y Jlynmpkomy HTY.
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OCOBJMBOCTI PO3POBKH HABYAJIBHUX IIJIAHIB B KOHTEKCTI
PEAJIIBAII IPOEKTY «MMATENG»

Kammnueknii B.ILY, 3a6oaorunii O.B.2
'kamz. Texn. Hayk, mouent Jlyrpkoro HTY, Jlyupk, Yipaina (kashickij@yandex.ru)
ZkaHz. TexH. HayK, notent JIynskoro HTY, JIyiek, Ykpaina (volynasi@gmail.com)

3rigHo i3 craTsamu 3akoHy Ykpainu «llpo Bumry ocBiTy», Hakasy MiHicTepcTBa OCBITH Ta
Hayku Ykpainu Bix 25.01.2015 p. [1, 2], [onoxeHHs TPO OpraHi3aimild OCBITHROTO MPOIECY
B Jlynpkomy HTYVY, Hakazy npo moxaroroeky no 2015/2016 naBuansHoro poky B Jlynpkomy HTY
(hopMyBaHHS HOBHMX HaBUQJIBHUX IUIAHIB BiOYBA€ThCS 3 MEIKUMH OCOOJHBOCTSMH TOPiBHSHO
3 momepenHiMu  pokamu. Ile cToCyeThcs OOMEKEHHS KINBKOCTI IUCIMIUIIH B CeMecTpi
Ta (IKCOBAHOI0 HIKHBOIO MEXKEI0 KIUIBKOCTI KPEAWTIB Ha OKpeMy IUCLUUILIIHY. B ocHoBHOMY
1€ IPU3BOJUTH 10 30UIbIICHHS 00CATy ayAMTOPHUX TOJMH Ha JWUCLUHUIUIIHM, SKi Oynu nependadeHi
HAa JIBa CEMECTPH Ta CKOPOUCHHS AUCIUILIIH 3 TYMaHITAPHOTO IHKITY.

BaxxmmBuM MoMeHTOM Ipu (OpMYBaHHS HaBUANBHUX IUIAHIB € TMOsSBa TPYNH JUCHUILTIH
BUTRHOTO BHOOPY CTYIEHTOM, 1[0 OyJ0 3poOJIEHO 3 BpaXyBaHHAM €BPONEHCHKOTO JocBimy. [lana
rpyma BKIIOYae B ceOe MIMPOKHWH TEperiK MUCHUILIH BY3bKOCIEHiaNi30BaHOTO HAIPSMKY, SK
MiHIMYM 32 aBoMma Onokamu. Hemomikamu maHoi MiAXOoy € MO-TiepIIe OJHOYACHWH BHOIp BCIX
TUCHUIUTIH OJIOKY, 1 mo-Apyre BuOip ONOKY Tpymor y KidbKocTi He MeHmIid 20 CTYICHTIB, IO
BI/INIOBITHO HE BPaxXOBYE 1HIMBIMyaabHHUHA MIAXII.

B pesynbTaTi anamizy IMCUMIUIIH, L0 BHUKJIAQJAIOTBCS B MPOBIIHMX YHIBEpCHUTETaxX
€BPOIMCHCHKOTO MPOCTOPY Ta YKpaiHH BCTAHOBJICHO, IO ICHYIOTh BIAMIHHOCTI SIK y Ha3Bax
JMCUMILTIH TaK 1y iX KiUIbKOCTi. BpaxoByloun cOpiJHEHICTh AUCIMILIIH HPOBEACHO Kiacudikallito
(puc. 1), sika BKa3ye Ha OCOOJHMBOCTI BiIOOPa)KCHHS BY3bKOCIICIIATI30BAHOTO 3MICTY MUCHHUIUTIH
€BPONCHCHKOTO 3pa3ka Ta pO3IIUpPEHE TMPEICTaBICHHS MOMIOHMX 3a 3MICTOM JHCIUILTIH
B yKpaiHChKOMY BapiaHTi. [Ipu QopmyBaHHI HOBHX HaBYaJIbHUX IUIaHIB HEOOXITHO BpaxyBaTH
JOCBIJ] CKJIAJaHHS HaBYAIbHUX IUIAHIB B €BPOIECHCHKIN BHIIIH KO, [0 BKa3y€e Ha 3HAYHY MCHIITY
KUTBKICTh TUCIHIUTIH B HABYAIBHUX TUIAHAX €BPONEHUCHKOTO 3pa3Ka.

B pamkax peamizanii nmpoekty « MMATENG» HeoOXimHO BH3HAYUTHCH i3 AUCIHUILIIHAMUA
€BPONEHCHKOT BHIIOT IITKOIH, SKi MafOTh 0a30BUX 3MICT a00 MalOTh CTpaTeridyHe 3HAYEHHS, MO00 1X
30epertn ab0 BHECTH B HOBi HaBYaJbHI IUTAHW MiATOTOBKM (haxiBIiB B YKpaiHCHKHX By3ax. llpm
BOMY JA€SKi TUCIMIUIIHA He MoTpeOyroTh AeTaipbHoro BuBueHHS B Jlymskomy HTY (meramypris,
TEXHOJIOTil Ta 3aCTOCYBAaHHS HAANPOBIAHMX MartepialliB, BUKOPUCTAaHHSA JIETKUX MaTepiaiiB Iyt
aBTOTPAHCTIOPTY), TOMY HE Ma€ IMOTpeOW BUAIATA iX B OKpeMy JWCIMILIIHY, a 3a0e3NeYnTH
BHKJIAJIAaHHS SIK OKPEMHX 3MICTOBUX MOJYJII B MEXaX iCHYFOUHMX JTUCIUTUTIH.

30KkpeMa, JOCHUThH IIKaBUM € HasSBHICTh BY3bKOcMemianizoBaHuX aucuuiiiH («Kommosntu
3 OHOBJIOBAIBHUX JKEpeN»), SIKI CTBOPIOIOTH IEPCHEKTUBY PO3BUTKY BHIOTOBJICHHSI HOBHX
€KOJIOTIYHO Oe3MeYHNX MaTepiaiB.

I'pyna mucummin («YmnpaBiniHHS TpOeKTaMu», «YTpaBiiHHA Kap epoto» Ta «EdextnBHa
KOMYHIKaIlisl 3 TPyIIaMi») € He MEHII BayKJIMBOIO B TIOAAJIBLIIN TPYAOBii MisUIBHOCTI BUITYCKHUKA Ta
JIOTIOMO’K€ OMY OpiEHTYBATHCS HA PHHKY Ipalii.

B pesynbrari, HEOOXiqHO BIAMITHTH TO3MUTUBHMH MOMEHT Y HaJ@aHHI By3aM OUIbIIO]
CaMOCTIMHOCTI y CKJIa[IaHHI HaBYAJIbHUX TUIAHIB, 30KpeMa y 4acTHHI (OpMyBaHHS OJIOKY TUCITUTLTIH
BUTLHOTO BHOOpPY CTYAEHTOM, IO JO3BOJSE TOTYBaTH (axiBIiB BY3bKOTO MPOQiiIto
3a CIIeIiaJbHICTIO 11 OKPEMOTO PETioHY.

[TigBUIIMTH MOMJIMBOCTI TPAIEBIAINTYBATUCS BHUITYCKHUKY Ha TMiIIPUEMCTBAX pETiOHY
MOXIIMBO 33 PaxyHOK PO3IIUPEHHS Jiana3oHy TUCITUILIIH IiJTOTOBKH CTYIEHTIB Y paMKax Oijbil
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BY3bKOI criemiamizamii 3a paxyHOK 30UTbIICHHS KUTBKOCTI HOBHUX IUCIMILUIIH B OJIOKAaX BITBHOTO
BUOOpy cryneHra. lle crocyeTbesl sIK OKpEMHUX CIIELiaJIbHUX TEXHOJIOTIH BHI'OTOBJICHHS BHPOOIB,
TaK 1 CHCTEM aBTOMAaTH3alil IPOEKTIB, JAOKYMEHTOOOIry, MpOrpaMyBaHHS pEXHMIB pOOOTH
oOJIaTHAHHA.
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Puc. 1 TlopiBHsuIbHA OIliHKa HaBYaJbHUX JMCLMILIIH, BIIPOBAIDKEHHS SKUX BiJOyBa€ThCS
srigHo peamizanii npoekty «MMATENG» mns ocBiTHpO-KBamiikamifHOTO piBHS OakamaBp 3a
HampsIMOM ~ MIJATOTOBKH «[H)KEHEpHE MaTepiajo3HABCTBO» Ta MaricTp 3a CHELialbHICTIO
«IIpuKiagHe MaTepiao3HaBCTBOY»

Jnst edexTuBHOT peamizamii cmiBmpami MK ITJIIPHEMCTBAMH OKPEMOI'O pETioHYy Ta
VHIBEpPCUTETOM HEOOXIIHO HAJAroJUTH MIIlHI 3B’SI3KH, SKi O HO3BOJILIM TOCTIHHO OHOBIIIOBATH
MporpaMy BUKJIQJaHHs, a IPU HEOOXiAHOCTI BIPOBAIKYBaTH HOBI JUCIMILIIHY, SKIIO HABYATHLHUX
00csT HEe JO3BOJISE MATOTOBUTH (DaxiBIM B iCHYIOUMX YAaCOBUX MEXKax JaHOI TUCHUILTIHA. JlaHux
MiIXi € OUTBI JOCKOHATWH, OCKUIBKHM MiABUINYE THYYKICTh MOJIEPHi3allii HaBUAIbHHUX IUIAHIB.
OHOBJICHHS HaBUAJIBHUX IUIAHIB € HEOOXiTHOK BUMOTOIO, OCKUIBKH OUIBIIICTh AUCHIHUILIIH Oyin
BIPOBA/DKEHI IIEHTPANI30BaHO, MICTATh KJIACHYHWIM MiIXiJg Ta BIJOMOCTI B TMpEICTaBIICHHI
TEXHOJIOTIH Ta MaTepialiB Ta HE BPaxOBYIOTh CHELH(]iKy €KOHOMIYHOTO PO3BHUTKY perioHy. Kpim
TOTO BBEACHHS HOBHX TUCHHILTIH Oylo MpoOJIeMaTHYHUM | BHKOHYBAJIOCh Ha PIBHI MOTOJKECHHS
3 [lenapramenrtom Bumoi ocBitht MOH VYkpainu, [HcTuTyTOM iHHOBaLIHMX TEXHOJIOTIH Ta 3MicCTy
ocBitTh ¥ HaykoBO-METOAMYHOIO KOMICI€F0 3 HANPsAMKY MArOTOBKH. BiImoBigZHO 3MiHU
B HAaBYAJBHUX IUIAHAX OyIIM Maibke HEMOXKIMBHMH, OCKUTBKH MOTOPKEHHS MOTPEOYBaIO 3HAYHUX
3arpar 4Jacy.

B mporeci peanizanii npoekty «MMATENG» HeobximHO Oyi0 BCTaHOBHTH 00’€M 3HAHB,
BMiHP Ta HAaBHYOK, SKAMH IIOBHHEH BOJIOJAITH BHITYCKHHK crHemiambHOCTI «lIpmkimagHe
MaTepiallo3HaBCTBO». 3 MAHOI0 METOI0 OyJI0 CKIaJeHO AaHKeTy Ta TPOBEICHO OIMUTYBAaHHSI
MIPOBIAHMUX CHEUialicTi BEAYYHX MiANPHEMCTB PErioHy. MeToro aHKeTyBaHHS OyJi0 BCTaHOBHWTH,
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SIKI KOMIETEHIII] € BaKIMBAMU IS iH)KEeHepa-MaTepiaJo3HaBIs Ta sKi Kypcu abo TeMH HeoOXiTHO
JOJAaTH 10 TIpoTrpaMy HaBYaHHA (axXiBIiB 32 HANIPSIMOM iH)XKEHEPHE MaTepialo3HABCTBO, MO0 BOHH
BIANOBIiJaJId BHUMOTAaM IAaHOTO IANPHEMCTBA. Psn 3amuTaHh TakoX OyJO ITOCTaBICHO IS
BU3HAYCHHS PIBHSA MIArOTOBKM (axiBIB Ta HaJaro/KeHHs  e(eKTHBHOI CIIBIpali Mix
MIAPUEMCTBOM Ta YHIBEPCUTETOM.

B 0ocHOBHOMY MHi/IrOTOBKa CHEMIaNICTIB B YKPAaiHCHKUX By3axX 3IIHCHIOETHCS 3a MPOTpaMoro
IIMPOKOT CHeIiai3allil, 1[0 BU3HAYAETHCS HASBHICTIO BEJIUKOT Pi3HOIUIAHOBOT KUTBKOCTI TUCIMILTIH
3a HaIpsIMOM HiJTOTOBKH MaTepialo3HaBCTBO Ta HAJlAa€ BUITYCKHUKY Olnblle IIaHCIB 3HANTH Micle
NpaleBIallTyBaHHs MpU poOOTi 3 PI3HUMH KJacaMHM MarepiaiiB, ajie pa3oM 3 THM BTPa4a€ThCs
MOJJIMBICTh OYTH CIICIialliCTOM B OKpeMiii ramy3i. Ha xanp, e TUKTY€eThCSI BUMOTaMH €KOHOMIKH
Ta HEJOCTaTHIM PO3BUTKOM MacCOBOTO BUPOOHHITBA B OKPEMO B3SITOMY PETiOHI.

B ocHOBHOMY MiANpHEMCTBA ITYKAIOTh CIEMIaicTiB 3 JOCBIIOM pOOOTH, alie He JOKIaIaloTh
3yCHIIb Y HANpsAMKY CIIBIpali 3 yHIBEpCHUTETaMHM, 3aBHaHHS SKHX HOJITA€ y MiATOTOBLI JAHHUX
cremiamictiB. JlaHWH pO3pHB NPUHOCHTH OIKOMY SIK MIANPHEMCTBAM TaK 1 YHIBEpCHUTETaM.
BinmoBigHO mimmpWeMCTBA HE MAKOTh CIEIIANICTIB, a YHIBEpPCHUTETH HEOOXiTHOI KUTBKOCTI
a0iTypi€EHTIB, OCKUJIBKY 1O 3aKIHUCHHIO BUITYCKHHUKY CKJIAIHO MPAIlCBIAITYBATUCh.

INepenik mocuianb
1. 3axon Ykpainu «IIpo BUIIY OCBITY».
2. Haka3 MiHicTepcTBa ocBiTH Ta Hayku Y kpainu Ned7 Bix 25.01.2015 p.
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PO3POBKA HABYAJIBHUX ITPOI'PAM 3 MATEPIAJIO3HABCTBA HA OCHOBI
KOMIIETEHTHICTHOI'O IIAXOAY

MeabHUYYK M.Il.l, CaBuyk ILIL.2
kann. Texn. Hayx, nouent Jlymskoro HTY, Jlyusk, Yipaina (melnuchyk80@gmail.com)
2ok, Texn. HayK, mpod. JIymskoro HTY, Jlyuek, Yrpaina (savechuk71@gmail.com)

Peanizanis npoexty MMateng cripusie hopMyBaHHIO CTpaTETIYHUX IIiJIeil Ta BIPOBaIKEHHIO
TaKTUYHUX KPOKiB CIPSIMOBaHMX Ha MOJEpHi3allilo HaB4ajgbHOTO mporecy y Jlympkomy HTY
HAa OCHOBI BHBYEHOTO [IOCBIy CY4YacHHX CBITOBHX TCHICHUIM y Bwumiiii iHXEHEpHiH OCBITI.
Komanna npoekry y JIHTY posrisHyna Ta AeTaqbHO NMpoaHaTi3yBasla yCi acTeKTH 3arpoBa/HKEHHS
KOMIIETEHTHICTHOTO MiIXO0AY 0 MOOYIOBH Ta peati3alii OCBITHIX MporpaM, METOIN iHCTPYMEHTH,
SIKi AJIs1 IOTO BUKOPHCTOBYIOTECS B yHiBepcuTeTax €C.

Huska B3aeMOmNoB’si3aHUX NpoOJieM, TaKUX SK HU3BKUHA pPIBEHb IpalleBIAIITYBaHHS
BUITYCKHHKIB-IH)KEHEPIB,  HETOMYJSIPHICTh ~ CepeA  MOJIOAI  IH)KEHEPHHUX  CHeLiaIbHOCTeH,
HEBIAMOBIAHICTS OTPUMAHMUX 3HAHb Ta HABHYOK BHMOTaM CYYaCHOIO PHHKY IIpaii, ciadka
CHIBIpalsl MK BUIIMMH HaBYaJbHUMH 3aKjIaJaMd Ta MiANPUEMCTBAMH, BiJCYTHICTh Cy4acHOI
HaBYaJIbHOT TeXHIYHO-MaTepianbHol 6a3u B BH3 npu3BoanTh 10 GopMyBaHHS HENOCTATHHOTO PiBHS
KOMIICTEHTHOCTI ~ cepel] BUIYCKHHUKIB IH)KCHEpHHUX  CICIANIFHOCTEH y TOMYy  YHCHi
it Mmatepiano3HaBcTBa. OJHUM i3 3aXO[IiB, KU MO3BOJSE B IEBHIM Mipi BHPIIIUTH KOMIUIEKCHY
mpobieMy, € MOJEpHi3alis HaBUANbHUX IUIAHIB Ta po3poOka HOBHUX HABYANBHUX AWCIUILIIH,
KypcCiB, MOJYJIB, OpPI€HTOBAaHUX Ha 33JOBOJICHHS CYYacHHX HOTPeO SIK BITYM3HSHOTO PHHKY IIparli
IE)KEHepiB, TaK i CBITOBOTO.

[aptHepcTBO y KOHCcopmiyMi mpoekTy «MMateng», mT03BOMIIO BHBYUTH ITiIXOIU
3 po3p0o0KM HaBYaJbHUX NUCLMIUIIH Ta MOJYJIB 3a NPHHUMUIIOM cBiToBOi iHiniatuBu CDIO, ski
JIaI0Th MOXKJIMBICTh 3HAWTH HEBIAMOBIJHICT, MK HAYKOBUMH Ta MPAaKTHYHUMH I1H)KEHEPHUMHU
norpedamMu Ta BiJIIYKaTH MOXJIMBICTh pedopMyBaTh iHXEHEPHY OCBITY; CTBOPUTH MEpEIiK
MOXIIUBOCTEH, SIKUMHU IiJIPHEMCTBA 0a)karoTh, 11100 BOJIOAUIM iX iH)KeHEepH. 3acTOocoBYIOUH iei
CDIO 110 po3po0OKy HOBHX MOJYJIIB Ta TUCIMILIIH KOXHHUN e€Tarm Mae CBill 3MICT. 30KpeMa, Ha eTarti
«iZies’» BU3HAYAIOTh BAXKIIMBI KOMIIETEHIII], [0 KOPHCTYIOTHCS MOMUTOM 31 CTOPOHH Ipale/1aBlliB.
Ha eram «po3poOka» po3poOISIOTECS KypcH, SKi 3a0e3medyloTh (OpMyBaHHS Y CTYICHTIB
HEOoOXiTHUX KoMIleTeHTHocTed. Etam «BIpoBakeHHS» O3Hauae pPO3POOKY 3MICTOBOI YacTHHHU
JUCIUILTIHU Y1 MOZYJISL Ta HOr0 METOJMYHOTO 3a0e3leUeHHs, a TaKOX IPOXOKEHHs NPHHHATOT
B 3aKJIaJl Tpouenypy 3arBepikeHHs. Etanm «ekcruryatanii» mepenbauae 3abe3nedeHHs SIKICHOTO
HaBYAJILHOTO MPOLECY 3 PO3BUTKY BU3HAYEHOTO HA00OpY KOMIETEHTHOCTEH Y CTYIEHTIB.

B CDIO ininiaTiBax HPUHHATO BENHMKY yBary HPUAIISATH CTYAEHTCBKUM HPOEKTaM, IO
MOXYTh TPOXOOUTH y (opMi CTaXyBaHHS Ha MigIPHEMCTBaX. AKTHBHE HAaBUaHHS TPYI MOXKeE
MIPOXOAUTH SIK B AyJUTOPIAX, TaK 1 Ha CyYaCHMX HABUYAIbHHUX CeMiHapaxX, B JabopaTopisx.
XapakTepHUMH KOMIIOHEHTaMH € CyBOPa aTeCTallisl Ta MPOIeC OL[IHIOBAHHSI.

KirouoBe 3HaueHHS s 3a0e3medeHHs HEOOXiIHOI SIKOCTI OCBITHBOI HPOTpPaMH HOBOTO
MOKOJIHHA Mae€ 3allydeHHA [0 IMIpoIecy 3alliKaBIeHHX oOci0 3 HeakaJeMidHOi CIiITbHOTH:
poOOTONABIIB, MPEACTABHUKIB MPOQECIHHUX TOBAPHCTB, IPEACTABHHUKIB MiCIeBOi BIaly,
IPOMAJICBKMX oOpraHizamidi. B OCHOBI CTyIEHTOLEHTPOBAaHOTO HABYAHHS IOKJIAJICHO iJIEf0
MaKCHMaJIbHOTO 3a0e3MeYeHHs] CTyJeHTaM IX IIAHCIB OTPUMAaTH IIeplie MiCIe Ha PHUHKY Ipall,
IIBUINEHHS iXHBOI "BapTocTi”" y IparenaBlLiB, 33J0BOJICHHS THM CaMHUM aKTyaJbHUX HOTpeO
OCTaHHiX.

B ymoBax Ha/i3BHYaiiHO AMHAMIYHOTO PUHKY Ipalli, BUKIMKAHOTO TEXHOJIOTIYHUM BHOYXOM
Yy KiHIII MUHYJIOTO CTOJITTSI, CIIBIPAIS OCBITSH Ta MpaleAaBIliB Ha0yBae 0COOIMBOI BaXIJIUBOCTI.
VY cydacHMX yMOBax 3BWYaWHUU MiAXiJ 1O aHAI3y TEHACHINNH Ta PU3UKIB cTa€ MaIoe()EKTUBHUM,
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a ioro pe3ynbTaTd MaloTh KOPOTKOTEPMIHOBHMH xapakrep. ['ocTpuMHU cTaroTh mpobieMu BUOODY:
CTaOUIBHICTh YN €(EKTHBHICTD, CIEliajibHI 3HAHHS YW IMMPOKI HAaBUYKH. [IpakTHYHO HE MOKIIUBO
nepen0aYnTH, HaBITh y CEPEeIHBOTEPMIHOBIM NepCHeKTHBi, MaiHOyTHI BUMOTH 10 KBasridikamii
imkeHepa. TpamIsioThCSI BUMAIKH KOJIM XUTTEBUHA UKJ CIEHIATBHOCTI CTA€ KOPOTIIAM BiJ] Hacy
HEOOXiHOTO [IJIsI BUBYCHHS i1 B YHIBEPCHUTETI.

BinnmoBimHo nmo iHpopmamii oTpuMaHoi BiJ NPEACTaBHUKIB MiANPHEMCTB CHOTOTHINTHIM
PHHOK ITpalii MO)KHa OXapaKTepU3yBaTH HACTYITHUM YHHOM:

BCE MEHINE CTa€ Micub Tparl, SKi MOXXKHA 3aliMaTH MPOTATOM IIJIOTO JKHTTSA, 3POCTAE
BiJICOTOK TUMYACOBHX ITOCA]], POOIT y paMKax OKPECICHOI TPHUBAJIOCTI MPOSKTIB TOIIO;

3HUXKYETHCS CTYIIHb 3aXHUINEHOCTI 3aiiMaHOI0 MICIIs Tpalli, HACIIIKOM Y0TO CTa€ HE TIIBKH
3MiHa Micls Tpaili, aje i MOIIyKH HOTo Ha «4y>KHX TEPUTOPISX», 11032 OCHOBHOIO KBaJIi(iKali€o;

MOCTIMHI 3MIHM CepeloBHINA Mpali MPUBOAATH JO LIBHAKOIO CTapiHHS HasSBHUX
y HpaliBHUKA YMiHb T2 HABUYOK IIpalli.

VY pamax peanizamnii mpoekty «MMatengy», Mu mpoBenu JOCHTIHKECHHS /I BHU3HAYCHHS
3arajJbHUX Ta  (aXOBHX  KOMIIETGHTHOCTEH  CTyAEHTIB  OakajaBpiB 3  IH)KEHEPHOTO
Marepiajgo3HaBcTBa. J[OCHi/UKEHHS TMOJATANO Yy ONHMTYBaHHI NPEICTAaBHUKIB MiIIPHEMCTB
(IpaiiBHHK yTIpaBIIiHHS TIEPCOHAIIOM, TOJIOBHUHN 1HXKCHEP, TEXHIYHUN MTUPEKTOp Ta iHIIi), a TaKOX
BUITyCKHHKIB, [0 3aKiHYWIM OakajaBpaT 3a HampsiMoM «lH)XeHepHe MaTepiaJlo3HaBCTBO» Ta
NPaLIOIOTh HA IH)KCHEpHHX Iocamax. s OomMTyBaHHS KOMaHIOK BHKIanadiB OyiaH po3poliieHi
aHKeTH y sKuX copmymoBanu 23 3arambHuX i Ta 12 (aXoBHX KOMIETEHTHOCTEH, SKi MOTPiOHO
OyJI0 OLIHUTH 33 BAXJIMBICTIO s (haxiBI[iB MaTepialio3HABINB. 3arajom OyJo OMUTaHO 57
pecrioHIeHTiB 3 12 BEJIMKHX Ta CepeiHiX MiAnprueMCTB perioHy. [lo Toro x Oyno nependadeHo nosie
JUIsL TOTIOBHEHHSI MepeltiKy (paxoBHX KOMIIETEHTHOCTEH PECTIOHIEHTOM.

OmnuTyBaHHSI NPOBEAEHI cepell MPeJCTaBHHUKIB MPOMHUCIOBOCTI Ta Oi3HeCy, IOKa3alu, M0
LIAHCH OTPUMATH POOOUE MICIie 3aJIeKaTh Bil:

®  yMiHHS BUKOHYBaTH KOHKpeTHI (axoBi 3aBIaHHS; 3HAHHS CIELialli30BaHUX

KOMIT'IOTEpHUX MPOTpaM; HaBUYOK BHOOpPY MaTepiaiiB, Oepydd IO yBarW ixHi MeXaHidHi,

TEXHOJIOTIYHI, SKCIUTyaTalliifHi BIACTHBOCTI Ta MPOTHO3YBaHHS PH3HUKIB TOB’SM3aHUX 3 iX

BUKOPUCTAHHSIM; HAaBUYOK OIIIHIOBAaHHS, IHTEpIpeTalii Ta CHHTE3y iHpopMamii Ta NaHHX;

YMIHHS CKJIaJaTH KapTH TEXHOJIOTIYHHX nporeciB — 84%

"  HaBUYOK, 1[0 XapaKTEepHU3YIOTh PiBEHb CAMOOpIraHi3alii Ta 31aTHOCTI 10 CaMOHaBYaHHS,

3JaTHICTB 10 pOOOTH B TPYIIi, YMIHHS CIIIJIKYBaTHUCS iIHO3EMHOIO MOBOIO, YMIHHSI PO3pOOIISITH

Ta KepyBaTu MPOEKTaMH , 3HAHHS ITiIX0JIiB CTAJIOTO PO3BUTKY) - 78%0,

*  [O3WTHBHE CTaBJICHHS 10 poboTH - 64%;

®  BiJNOBITHHU{ MPAKTUYHUHN MOCBIT (BUpOOHWYA MpaKkTHKa) - 60%0;

=  HanpsMy 3100yToi ocBiTH Ta KBaidikauii - 41%0;

"  IPECTIPKHOCTI 3aKiHYEHOT0 HaBYaJIbHOTO 3aKiany - 12%0

PesynbraTi TpOBEAEHOTO JOCIHI/KEHHS BPaxoBaHO MiJl 4yac pPO3POOKM HOBOi OCBITHBOL
nporpamu 3 «MaTtepiao3HaBcTBa» y BIAMOBIIHOCTI 10 CBITOBHMX MiJIXOJIB Ta BUMOI MiHicTepcTBa
OCBiTH YKpaiHu.

[Tepernik mocuitanb:

1. PamkeBuu FO.M. BosjoHChkHiA mporiec Ta HOBa MapaanrMa BUIIOi OCBITH: MOHOTpadis/
JIpBiB: BugaBHUIITBO JIBBIBCHKOT momiTexHiky, 2014. — 168 c.

2. CyyacHi TeHAEHIII y BHIIIH IH)KEHEPHINA OCBITI: €BPONEHCHKUI IOCBIA Ta PEKOMEHIALT
st Ykpaian: monorpadis// B.1. Illatoxa, B. Kopnac, A.Ilerpenko, E. MakKeii ta iHmi. —
JuinporneTpoBebk: «JIpianT». — 116 c.
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OIIHKA BEJWYAHHA JE®OPMAIII HEXKOPCTKOI JIMCTOBOI 3ATOTOBKH ITPH
KOHCOJIbBHOMY MAHIITYJIIOBAHHI HA TIAPOPI3BHUX BEPCTATAX

Opea B. M.}, Uenuena O. 0.}, lerunin B.T.?, Canenxo O.®.°
Yacimpantn kadeapu [IOM®TO KpeMeHdyIBKOro HAL[iOHATEHOTO yHiBepeHTETY iM.M.OCTporpaschkoro,
Kpemenuyk, Ykpaina
%kann. Texm.Hayk, gouent KpHY iM.. M.OcTporpancskoro
111, ipod..,3aB.kapenporo [IOMOTO KpHY im.. M.Ocrporpascskoro (Salenko2006@ukr.net)

lmpopi3Hi BepcTaTH TpamuIiifHOT0 KOMIIOHYBAaHHS, SIKi SBJISAIOTH COOOO MTOPTATBHI CHCTEMHU
i3 pO3TAIIOBaHUMHU BaHHAMH-POOOYMMHU CTOJAMH, HHMHI MalOTh HalOllbIle NPEACTAaBICHHSA Ha
puHKY oOnamHanHA. OIHAK NEPCHEKTUBHUMH 13 TOUKH 30py 3a0e3IedeHHs CTa0lIbHOCTI 00pOOKH
Ta MIUPOKOTO JianasoHy oOpOOIIOBaHHMX 3arOTOBOK € MAIWHH IHIIOTO THITY — 3 BIIOKPEMIICHUMHU
NIPUBOJIOM MOJia4 Ta 3 NMPUHMAaIbHAM COILIOM 3aMicTh BaHHH (puc. 1). [loniOHI KOMNoHyBaHHs
JIOCUTh aKTHBHO MNpOCyBa€ Ha puHKY (ipma Trumpf, ogHak cucTeMa MO3MIIIFOBAHHS 3arOTOBKHU
B TAKMX MalIMHAX 3aJIMIIAEThCS HAWOUIBLI IIPOCTOI, OCKUIBKM He Iependayae MepeMillleHHs
3arOTOBKH 332 KOHTYPOM.

Puc. 1 — BepcraTt mis rigpopisaHHs i3 BiZKOpeMJICHHM IPHBOAOM II0/adi Ta BaXKiJIbHOIO
OpI€HTYBAJIIFHOIO CHCTEMOIO

[IponoHyeThCs ¥ SKOCTI MPHUBOJY MOAAaY BHKOPHCTOBYBATH BaXKITbHUHA JSIMOIa-MEXaHi3M,
KOHCTPYKTUBHO BUKOHAHUN OKPEMO 1 BCTAHOBIICHHI HA TaKii BiJICTaHI BiJ] CAMOTO BEpPCTAT, Ha SAKii
3a0be3neuyeThCsl MOTPiOHA poOoYa 30HA JUII BHUKOPHCTOBYBAHOI JIMCTOBOi 3aroToBKd. OmHAK
MPOOJIEMOI0 3aHIIAEThCS BU3HAYCHHS PO3MIPIB CTONA-TIATpHMYyBada, SKHHA 3a0e3redyBaTUMeE
nepelyBaHHs BUHUKHEHHIO NPYXXHHX a00 HE3BOPOTHIX JedopMaliiii BHACHIJOK BTPATH CTAIOCTI
3arOTOBKH.

3 1i€r0 METOX PO3MIISAIAIM YMOBH PO3TalllyBaHHS 3arOTOBKHM Ha CTOJI BepcraTta. Hexai maca
3aroTOBKH 30cepemkeHa y Touni C, Tomi cuma iHepIii mpuKiIajgeHa came 10 Ii€l Toukd. PiBHSAHHS
pIBHOBarm 3aroTOBKH ITIpM 3pPYIICHHI Ta BiACYTHOCTI CHJI KOPHCHOTO OMOpY (CHJI pi3aHH:)
3aNMIIEThCA TaK AK F =ma+ F,, Nne TpPUCKOPEHHA a BHM3HAYATHMETHCSA YMOBAMM DPO3TOHY
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Av.
3arOTOBKM g —=—", a cuwia Tepra F, = mg 3a YMOBH, IIO 3aroToBKa pO3TallOBaHa

t
ropu30oHTaIbHO. OTXKeE:

F, = m(Atv+ﬂ(.gj '

M, — CHJIa TEPTSI CIOKOIO.

3 iHOmoro OOKy, MEPeBUILEHHS CHJIM KPUTHYHOTO 3HAUCHHS MPU3BELE 10 MOXIIUBOI BTpaTH
CTIMKOCTI 3arOTOBKH, i, BIATOMI, 10 BUHUKHEHHA Aedopmartii y HanpsMKy Y (pyX y HampsaMky —Y
00MeKeHHH IUI0MIeI0 POOOIOTO CTONY).

3a popmynoro Eiinepa Ui BUMAaAKy )KOPCTKOIO KOHCOJNBHOTO 3aKPiIUICHHS KPUTHYHA CHJIA
CTaHOBHTb:

ne L — BifcTaHp IO TOYKM BHUHHWKHEHHS CHIIM TEPTA HA OIMOPI CTONA; Jyin — MiHIMaIbHHA
MOMEHT iHepuil, 1Jist aHoro Bunazaky J,. Ilicist nepeTBopeHb MaeMo:
r*EJ
s 22 g
4L°m
TOOTO JOIMyCTHME NPUCKOPEHHS PyXy 3aroTOBKH Oyle THM MEHIINM, YuM Oinbpina maca
3arOTOBKH, MCHIIIHMH 1I MOMEHT iHepIii J,, OiTbIIa TOBKWHA BiJICTaHI, HA SIKii BUHUKAE CHJIA TEPTS
CIIOKOIO.
BpaxyBaHHs CHUIIM KOPHUCHOTO OMOPY (CHJIM pi3aHHs) e OLTbIIe 3MEHIIHUTH JOIYCTHME
n’EJ, P,
———— Mg ——— 3a YMOBH, 1|0 BUHUKHCHHS
4L m m
CHJI TepPTS BiIOYBAETHCA Yy Till JKe TOUII, IO 1 MPUKIIATAHHS CHJI KOPHCHOTO OTIOpY.
[Tpu 3pyIIeHHS 3ar0TOBKH 3 MiCIsl CHJIa TEPTsI OApasy XK Hajae, BiATOIl, 3MIHIOETBCS 1 chila
onpy pyxy, AF =(u, —)gm, IpUMOMY Taka 3MiHA CHIIM HE 3AIEKUTH Bijl TOTO, 3HAXOIUTHCS

MIPUCKOPEHHS MPH MEePEMIllIeHH] 3ar0TOBKH: [a] <

3aroTOBKA Y CTaHi CTAJIOCTi YK BiKE BTPATHIA TaKuii cTaH (TO6TO y BUMaaKy, komu F > F) ).

Bpaxyemo 3MiHY TIIOJIOXKEHHSI XapaKTepHOI TOYKM 3aroToBKM Ipu 1i JedopmyBaHHI
y BUIIAJKy, KOJM pyIIiliHa CHiIa MEepeBHIIUTh AOIMycTUMY KpuThuHy. Ckopucraemocs [14] Ta
BB)XKaTHMEMO, 1110 Ma€ Micle TUIbKH O7Ha ()opMa KOJIMBaHb, KOJIM 3ar0OTOBKAa BUTMHAETHCS JIOTOPU
(puc. 2).
SIkmo HexTyBaTH JeOpMali€l0 CTHCHEHHsS 3aroTOBKHM Y3IOBX 1l HEHTpaJbHOI Bici Ta
VSIBUTH, III0 €IEMEHT 3ar0TOBKHU (IS MPOEKTYETHCS HA OCh Z K Z, OTPUMAEMO BETHMIHHY A!

1 v 1A avY
A:j(ds—dz)=zj 1+| = | dz—dz =fj W i,
0 0 dZ 20 dZ

3a yMOBH, 110 KpaidoBe 3yCHILIS Ha KiHIli 3arOTOBKH v(/ — A)=0.
KpuBr3Ha 3aroTOBKH BU3HAYUTHCS
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3BijicH BeIMYMHA MaKCUMaJIbHOTO MPOTUHY Vmax CTAHOBUTUME:

v :&L fl_i 3a ymoBu, mo £ > F) .
max 7Z' E

s mepepizytodoi cwin P nudepeHIiiiHe piBHIHHSI Ha0yAe BATIISAY:

2 2
gy v _p_p . P=—Llp TV iE,
dz dz* dz dz dz,

Otrxe, BU3HAYCHHS 3a OCTAHHIM pIBHAHHSIM BEIWYMHH 3MIHM CHJIM OIOpY IpH pyci

3arOTOBKH JIa€ 3MOTY PO3PAXyBaTH SIK BEIIMUUHY TPOTHHY Vmay, TAK 1 BEIHMYHHY HEPEPi3yr0d0i CHIH
P.

Y P
ds dv(z)/dz
Fr —_—— Fl‘+Ft
== — 7 ——»
¥ o S 7
z
dz
< < A
L

Puc. 2. Jlo po3paxyHKy KpUBH3HHM Ta BUITy4yBaHb 3arOTOBKH IPH PYCi Ha XOJIOCTOMY XOJi

[epioguyna 3MiHa mepepidyrodoi cuiau P 3a NEBHUX YMOB MOXE IOPYIINTH CTaliCTh
JMHaMIYHOT CHCTEMHM Ta BMKJIMKAaTH BiOpamii Hpu pyci 3aroToBKH, sIKi YCKJIAJHATH IPOILEC
MOHITOPHUHTY.

[Mix miero 30ypeHb BiJ CHIIM TEpTS Ta HECTalOi PYMIIMHOI CHIIM KOXKHA TOYKAa 3aroTOBKU
3MIHCHIOBAaTHME MOTICPEYHI KOJUBAHHS, SIKI BU3HAYAIOTHCS KOOPJIMHATOIO Z Ta 9acoM L.
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JudepeHuiiine piBHSIHHS MONEPEYHUX KOJIMBAHb 3arOTOBKM Y BHIJISINI  CTPHIKHA
3 PO3MOAITICHOI0 MAaCOI0, PO3MIIIEHOT0 Ha Oropax, 0e3 ypaxyBaHHs BTpaT €HEpril Mae BUIIIS:

2 4
0 y_‘_az.@ y
ot? oz’

Jie y — TIONEPEYHE TEePEMIIICHHS Tepepi3y 3arOTOBKH, IO 3HAXOAUTHCS Ha BIJICTaHi Z BiJl OYATKY
KoopamHAT, t — 4Wac, @ — TOCTifiHa BeNWYMHA, SKa 3aJEXKUTH BiJ] MAaCOBHX Ta >XOPCTKICHHUX

:0,

. . “ 2
apaMeTpiB 3aroToOBKHU 1 UIA CTPHUIKHS BU3HAYAECTHCA HOTO IApaMETpaMu: a = _F , E - MOAYyJib

Yo,
NPY>KHOCTI Marepiaiy; J — MOMEHT iHeplii NepeTuHy 3aroToBKH; p - T'yCTHHa Marepiany; F —
IUIOIIA [IONIEPEYHOro Mepepisy.
P03B’5130K OCTaHHBOTO PiBHAHHS MOJAETHCS Y BUII TPUTOHOMETPHYHOTO PSIY:

Y(z,t) = 2, (2)-[A cos(p,t) + B, sin(p,1)],

Y, (z) - HopManbHa (QyHKIIA, IO BU3HAYAE i-Ty HOpMaibHY (OpPMY KOIMBaHb; p; — i-Ta 4acToTa

KoNuBaHb, A;, B; — TOCTIHI IHTErpyBaHHs, sKi 3aJeKaTh Bil YMOB OIMPAHHS CTPWKHSA Ta
30ypIOIOYH CHJI.

. ) d*Y. (z
J1i1s1t pO3TIISTHYTOTO BUIIAJIKY PIllIEHHS PiBHSHHS d—l“() - 2%, (z) = 0 cranoBuTHME:
X

Y, (z) = ¢, - [cos(4,z) + ch(4,2)]+c,, -[cos(4,z) —ch(4,2) ]+ ¢, - [sin(4,2) + sh(4,2) ]+
+C, -[sin(4,2) — sh(4,2)]

Jis mapHipHO-OMEepTOro eIEMEHTa PiBHSHHS Ma€ TaKUH PO3B’SI30K:
i AV AN
y(z,t) => D, -sm(Tj-sm(pit)
i=1

HKIIIO HaBaHTAXXCHHA PAITOBO 3MiHIO€TLC${, MaeEMo piBHSIHHH JUId BU3HAUYCHHSA BJIACHHUX
KOJIMBAHb 3arOTOBKH:

y(z,1) :EZ%-sin[iﬁ)sin(iﬂzljcos(pit),
i L L

7*EJ

a4 9aCTOTHU KOJIMBAHb p; CTAHOBJIATE!:

Gk
I+—|
o\ 2) " [E
‘ L2 pF

B pesynbraTi po3paxyHKiB YCT@HOBJEHO, IO [UISi JIMCTIB HEKOPCTKUX 3aroTOBKO
TOBILIMHOIO MEHIIOIO 32 2,5 MM 1pu po3mipax 1250x2500 MM KiJbKiCTh XBWIIb IPOTHHY CTaHOBHUTH
2-3. ToOTo i3 MeBHUM piBHEM NPHITYLICHHS CaMy 3aroTOBKY IpH BHU3HA4YECHHI CTaJOCTI Hpolecy



167
International Scientific-Methodological Conference «How to teach material sciences:
new approaches and experiences from the MMATENG project»

00pOoOKHN MOYKHA YSIBUTH y BHTIIAZI 1BOX- 200 TphOXMacoBoi cucteMu. Hacmpasai, BTpara CTiHKOCTi
Ta BUHHKHEHHS INIPOTHHY, 3a SKOTO OIIp CTHUCHEHHA pi3KO Majgae, NMPU3BOAUTH OO TOTO, IO
TIepeMIIIeHHs] YacTHH 3arOTOBKH 10 BUHHKHEHHS IMPOTHHY 1 32 HUM BigOyBa€ThCS 3a BIIACHUM
3aKOHOM, 1, BIZITIOBIJTHO, MIEPEMIIIICHHS 3a/IaHE HE CIIBMAJAE 13 IepEMIllleHHIM (aKTUIHUM.

TakuM 4YMHOM, HEJIHIHHICTH CHJI ONOPY IIPU PYCi 3arOTOBKHM INPHU3BOAUTH HE TUIBKU 0
BUHHMKHEHHS TOXUOOK BIITBOPEHHSI KOHTYPY BHACIIIOK BUHHUKHEHHS AedopMalliii 3aroToBky, a i 10
BUHHMKHECHHS MEPIOJUYHUX KOJMBAaHb 3 aMIUIITYAaMH (pHc.3) II0 MOXYTh CAraTH KiJdbKa MM, SIKi
BEAYTBH JI0 MOTIPIIEHHS SIKOCTI 0OPOOKH 1 YTBOPEHHSI XBIISCTOCTI Ha TOPLSIX.

s 3
7
6
5 i 4
4 € 0,45 mm
3 @ 1,0 mm
2
1 2
* |
0O +— — — i
0 1 2 3 4

Puc. 3. OuikyBaHuii MporuH 3arotoBok ToBiuHo 0,45 MM Ta 1,0 MM npH 1X nepemimeHHi
KOHCTOJIBHO PO3TAallIOBAHMM KPIiIMIBHUM €JIEMEHTOM

OTxe, 3 METOIO IMTiABUICHHS CTAJIOCTI JOLIIbHE BUKOHAHHS THEBMATUYHOTO PO3BAHTAXKCHHS
BiJl BarW 3aroTOBKH, SIKE Ma€ BHKOHYBATHCS y pa3i, KOJM MaKCHMaJbHUHA PO3MIp NpHU 3pyLICHHI
BHKITYE BIIMTOBiTHE CTPIMKE 3pOCTAHHS MIPOTHHY.
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PO NEPCIHHEKTUBHICTb BUKOPUCTAHHS I'TJIPOABPA3UIHUX METOIIB AJIsA
MNEP®OPYBAHHS CTIVIBHUKIB TYPBOAT'PEI'ATIB

KoBanenko C.B.l, IMaBaoYeHKo lO.A.l, Mamna O.M.Z, Canenxo 0.®.°
Yacrimpantn kadeapu [IOM®TO KpeMeHdyIIBKOro HallioHANTEHOTO yHiBepcHTeTY iM.M.OCTpOrpaacskoro
KaHJ.TexH.Hayk,noneHT KpHY iMm.. M.Octporpancekoro
*1r.1., mpod..,3aB.kadenporo IOMDTO KpHY im.. M.Octporpaacskoro (Salenko2006@ukr.net)

P03BHTOK KOHKYPEHTOCIIPOMOXHOI MPOAYKIii MaIMHHOOYIyBaHHS, aBialliifHOI Ta KOCMI9HOT
ramy3eil HepO3pUBHO OB’ SI3aHUH 13 PO3IMIMPEHHSAM BIPOBAKEHHS 0COOIMBOTO KJIacy MarepialliB —
KOHCTPYKLIHHUX KOMIIO3HUTIB, IO BOJIOJIIOTH MiJABUINCHUMH, (YHKIIOHAJIHHO OPi€HTOBAHUMU
(hi3UKO-MeXaHIYHUMH, TeII0(I3NIHIUMH, T1eJICKTPUYHUMHE Ta IHITHMHU XapaKTePUCTHKAMH.

KoncTpykuii 3 mosmimepanx koMmmnosuniinux marepianis (IIKM) BosofiroTh CipoMOXXHICTIO
e(eKTUBHO racuTH IIyMOBHH (OH, IO CYNPOBOKYE poOOTY TypOoarperaris, siKi HUHI 3HaXOAATh
3aCTOCYBAaHHSl B CYYacHHX JIiTakax, B MepeKayyBAIbHHX arperarax ra3oKOMIIPECOPHUX CTaHIIH.
[IymonornuHaHHs 3HAYHO MiJBUINYETHCS Y BUNanky, koiu i3 [IKM BHUTOTOBISIIOTH CTiIBHUKOBI
HEHANOBHEHI /BO- a00 MATHKaMepHI maHewni. 3aBOIKM [UM BIACTUBOCTAM, 3a3Bmyail 3 [IKM
(ByrnemmactukiB Mapok KMVY—43, KMVY-113 abo ckmomnactukiB Mapok CBM), BUTOTOBISIOTH
3BYKOTIOTJIMHAIOUI TIaHeNl AJs aBiaABHUTYHIB (Hampukiaz, pociiicbkkoro [IC-90A2, BiTYM3HSIHOTO
TO-117 Ta in.).

3BykonornuHarodi nareni (3[1K), mo HuHI BUPOOISIOTECS CepiiHO, MAIOTh BUCOKY BapTiCTh,
OCKIJIBKM € HeTexHoJoriyHuMu Yy BurorosieHHi. KonctpykrusHo 3IIK sBisioTs coGoro
OJTHOILIAPOBI, TPHUIIAPOBI ab0 M’SATHLIAPOBI OOOJOHKM CKIaJHOI KOHQIrypauii, i BUKOHYIOTbCS
y BUIJISIII KOXKYXiB, 00TiKa4iB, miapparm Ta iH. 3[1K MaroTh 3Ha4HY KUIBKICTh OTBOPIB HEBEIMKOTO
miamerpa (0ins 1,6...2,0 Mm), siki BUKOHaHi i3 kpokoM 10 MM X 10 MM 1o BCiii mIomuKHI 000JIOHKH
1 IpU3HauYeHI JUIsl MiABHINCHHS NIYMOIOTIMHAIOYMX BIACTUBOCTEH, 1 miamerpoMm 6,5...10,0 mwm,
BUKOHAHMX 13 3a0e3Me4eHHsIM BHCOKOI TOYHOCTI Z0 B3a€MHOTO PO3TAIyBaHHS 1 3 BUTPUMKOIO
KBaJIITETHUX PO3MIpIB BiI KOMIUICKTY TEXHOJOTIUYHUX 0a3. OCTaHHI MPU3HAYEHI IS KPIIUICHHS [IUX
€JIEMEHTIB JI0 HECy40i CHCTEMH JIiTaka a0 BCTAHOBJIEHHS JOAATKOBUX A€Tajel Ta MPHCTPOIB.

Ockinbku MexaHigHa 00poOKa meraineit i3 [IKM cTHKaeThCs i3 pSIIOM CKIATHOMIIB, 30KpeEMa,
3 TOSBOIO CKOJIOBaHb, pO3IIapyBaHb Ta IHII JOe(eKTiB, a TaKOX 13 BHICPEHKAIOTIM
MTOIIKO/KCHHSAM 1HCTPYMEHTY, BHHHKAa€ HEOOXITHICTh TOMIYKY HOBHX METOMIB 1 cImocodiB
(hopMyBaHHS MOIIOHUX €TICMEHTIB.

[IpommBKa OTBOPIB rigpoadpa3suBHUM CTpyMEHEeM e(heKTHBHA JUIS OJTHOPITHHUX MaTepiaiB,
omHak y Bumaaky o6pooku I[IKM xaptuHH 1nedexTiB MOXyTh OyTH pI3HUMH: CITy4€HHS,
po3LIapyBaHHs, BOJOIOTIIMHEHHS, BIAIIApYBaHHS Ta CKOJIIOBAHHS Ha OTPUMAHUX TOPIIX, TOLIO.
3ajaya OTpUMaHHs SIKICHOTO OTBOPY B CTUIBHUKOBHX IMaHENSIX e OUIBII YCKIIAIHIOETHCS: KiHIIEBa
KOPCTKICTh 3aTOTOBKH, IIIO BiTGHO PO3TAIIOBYETHCS Ha POOOYOMY CTOJI, 3HAYHMH Yac peaKcariii
Marepiay Beie 0 3HAYHOTO 3POCTaHHS PO3MIPIB JECTPYKTOBAHOI 30HH, IO MPH HEOOXiTHOCTI
BUKOHAHHS MAacHBY OTBOPIB MOXE NPHU3BECTH JO IOBHOTO IIOUIKO/DKEHHS 00poOIIIoBaHOl
3aroToBKd. OKpiM TOro, mapu y Takiil 3aroToBILi pO3TalIOBaHI Ha BiJICTAHI OJMH BiJl OJHOTO,
MOPIBHAHOI 13 pO3MipaMy ITONEPEYHOro MEepeTHHY CTPyMEHs Yy BIJIOBIAHUX HOro mnepepizax,
BHACJIJIOK YOTO OTPUMaHi OTBOPH MalOTh 3HAUYHE PO3CIIOBaHHSI JliaMeTpabHUX PO3MIpiB.

HesBakaroun Ha 3a3HaueHi HEJONIKH, caMe TiJpoadpasvBHE NPOLIMBAHHS OTBOPIB MaJIOrO
JliaMeTpa € HaiOUIbII HEepCIIeKTUBHUM METOJIOM Iep(opyBaHHS CTIIBHUKOBUX HaHENCH, OCKUIBKA
el METOJ] BOJIOJIi€ BUCOKOIO MPOTYKTUBHICTIO Ta BiITBOPIOBAHICTIO.

3pobireHa cnpoba YIOCKOHAIUTH Tporiec rmephopyBaHHS CTUTBHUKOBHX TMaHENIeH 3acobamu
cTpyMUHHOI 00poOKu. Ilpum 1bOMy npuiiMamM 10 yBard, IO cCaM TPOIEC XapaKTePU3YEThCS
BH3HAYEHOIO KiTBKICTIO (aKTOpiB, SIKi YMOBHO MOXKHa 3BECTH N0 TaKMX MHOXHWH: MHOXHHA
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XapaKTepUCTUK 00poOIIIOBaHOTO MaTepiany, B = {Gi;P}-;Zk}; MHOXHMHA XapaKTepHCTHK YMOB
(opMyBaHHS PpI3aIBHOTO CTPYMEHS Ta OCOOJIMBOCTEH WOro HATIKAHHS Ha IOBEPXHIO
o0OpoOoBaHOrO  Marepiainy, C= {SL-;Nj}; MHOXMHa  JUHAMIYHUX  XapaKTEPUCTUK
TiIPOCTPYMUHHHX TOJOBOK Ta MPHUBOXIB mogad D = {GLi; PRJ-}; HasBHicTh akTHBi3aTOpiB IpoIECy
00pobku, E = {AB;; Tj; M. }.

Kom0inariss enementiB MHOXUH B, C, D Ta E pmns KOXHOTO PI3HOBHIY OOpPOOKH IO
BUKOHYIOTbCsA, A = {P;; R;}, nac MHOXHMHY BHXIIHMX IapaMeTpiB sAKocTi @, IO SKOI MOKHA
BITHECTH TIOKa3HWKH{, L0 OJHO3HAYHO XapaKTepU3YyIOTh CTaH Marepiasy Iicias CTPyMHUHHOTO
BIUBY. OCKUTBKH TIPH OTPHMaHHI OTBOPIB Y 0OpOOIIOBAHMX 3arOTOBKAaX PEalli3yIOThCS MPOLECH
R, — pos3pi3aHHS 3aroTOBOK 3HAYHHX pO3MipiB Ta R3; — MpOIIMBKAa MOYAaTKOBOTO OTBOPY,
XapaKTepUCTHKA IHIINX CKJIQJIOBUX MaTUME HACTITHUI BUTJISI.

XapakTepucTHKA OOpOOJIOBaHO 3aroTOBKH, IO CKJIAJAIOTh MHOXUHY B = {Gl-;F]-;Zk},
TaKOX MOXYTh OYTH TpEICTaBICHI BOMa OCHOBHHMH BEKTOPaMH: BEKTOPOM TI'€OMETPHIHHX
napamMeTpiB G; Ta BEKTOPOM (i3MKO-MEXaHIYHMX XapakTepUCTUK F; (OpU LbOMY €lEMEHTH
OCTaHHBOTO BEKTOpa Zj, IO XapakTepu3ye (hi3UuHI BIACTHBOCTI IIApy MpH IOIIApoBiid 00poOIi,
MEPETBOPIOIOTHCS HA HyJb). CkiIamoBi MHOKHHU C = {Si; N]} SIBIITUMYTh COOOI0 sIK aireopaidHi
3MiHHI (BEKTOp MapaMeTpiB BUTIKaHHS CTpyMeHs 3 cTpyMeHe(opMyrodoi cOIioBoi HacaaKH), TakK
1 JIOTi4YHI 3MiHHI (BEKTOp OCOOJIMBOCTEH HATIKAHHS CTPYMCHS Ha MEPETOHY).

MHoXuHa napaMeTpiB AuHaMidHOi cucremu D = {GLi;PRj} BKJIIOYA€ [1Ba BEKTOPU —
JMHAMIYHHUX TapaMeTpiB TiIpOCTPyMEeHEBOi rojoBKM GL; Ta JMHAMIYHUX MapamMeTpiB BepcTaTHOL
cuctemu PR;, a MHOXMHA MapaMeTpiB aKTHBi3alii BejeHHs 00poOku E = {ABL-;T}-;MR}
CKIIANIA€TBCS 13 BEKTOPIB XapaKTepHCTHK JOMImok AB; (abpasuBy, TMOJiMepiB TOIIO),
XapaKTEPUCTHK TEMIIEPATYPHOTO BIUIMBY T; Ta XapakTEPHCTUK MEXaHiYHOi aKTWBizamii My
(30KpeMa, JJI0aITKOBUX 3yCHJIb Ta BUHUKAIOUNX HAIIPY>KEHB).

[TapameTpu sKOCTI BUKOHaHOI OOpPOOKM IOJAMO y BUIJISJI MHOXHUHH Q = {PPL- ; RP]-}, sIKa

(PR
PR,
JUIsl BUIAJKY Tifipoabpa3uBHOiI 00poOKM OTBOpiB HacTymuuil Burisa: Q = { PRs ., ne PR, —
PR,
\PRs)
mmapaMeTpH SKOCTI TMOBEpXHEBOTo mapy; PR, — mapameTpu SIKOCTI IDIOIIMHHU mepepidy; PRz —
3arajipHa reomerpis o0pobku; PR, — mapaMeTpu SKOCTi HIDKHBOTO Imapy; PRs — HampyxXeHHH
CTaH MOBEPXHI.

3 ypaxyBaHHSAM TOrO, IO TpH TepPOPYBaHHI PO3IIAAAETHCS TPOILEC CTPYMHUHHO-
abpasuBHOTO ()OpMYBaHHS OTBOPIB 3 KOHTYPHOIO Mojadeto abo 0e3 Hei, 3a3Ha4eHi MHOKXUHH
HaOyyTh BUTIIAY:

Pm
hi;  ToEnGrn O de 0 5,
B = 1 kC 0 ) C - l;-k g-) ) D = 6}/ )
Lj,n,Hm 1 0 1 0 82
;)
ag 0 04, Tqg DN
E=iM, 0 0 (;Q=3PS
0 O 0 GR
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Kom0iHaris BIUIMBY peXUMiB BeA€HHS 00pOOKH, KOHCTPYKTUBHHUX OCOOIHMBOCTEH EIIEMEHTIB
TiIpOCTpyMeHEeBOro 00JafHAHHA Ta 3arajlbHOI cXeMH 00pPOOKH T03BOJISIE TIOCTYIIOBATH TaKuil Tpad
00yMOBJIEHOCTI Q = {RP]} napamerpamu B = {Gi;Fj;Zk}, C = {Si;Nj}, D = {GLi;PRj}, E =
{ABi;Y};Mk}, ne GR — TouHicTh BiATBOpeHHS (GOpMH OTBOpIB Ta iX MicueposramryBaHHsA, PS —
mapaMeTpH MopcTKocTi, Ra, Mkm, Ta DN — BenmamHa nectpykuii. OCKUTbKM BUKOHAHHS OTBOPIB ¥
CTUTPHUKOBHX TAHENAX MOXE 3[iMCHIOBATHCS i3 3a YCIM HEPEeTHHOM, TaK i BHKIIOYHO B OJHOMY
(abo B IBOX) elleMeHTaX, JAETaNi30BaHUI MacHB BHXIJIHUX MapaMeTpiB MO3HAUYHUTECS TakK: Ry, hé -
TOBILIMHA JIECTPYKTHBHOIO IIapy HAa BEPXHBOMY Ta HIDKHHOMY €JIEMEHTaX CTUILHMKOBOI MaHei
BIIMOBIHO (TIEPIINHA MOKA3HUK — JUIsI JIKCTA); hdp, h,;p — TOBIIMHA TOYATKOBOI MECTPYKIIi, MM
(B MOMEHT HAaCKpI3HOTO MPOIIUBaHH:) 00pOOIIOBaHOT 3arOTOBKH; W, W’ — BEJIMYMHA PO3IIapyBaHHs
apMoBaHOTo Marepiany; R, Ry, OR, — WOPCTKICTh TOPIIB BEPXHBOI Ta HIKHBOI MAHENEH CTIILHUKA
Ta JAUCIIEPCis PO3CIIOBAHHS TAHOTO MOKA3HUKA, MKM; A, A, — MOXMOKM PO3TaIllyBaHHS BiCi OTBODY,
mM; Dy, Dy — (hakTHBHHMIA po3Mip OTBOPY HAa BEpXHili Ta HMKHill MAHeNsX CTiIbHMKA, MM; Tp —
BIZIXMJICHHS B1Jl IMJTIHAPHYHOCTI HACKPIZHOT'O OTBOPY, MM.

3BaXkaloyM Ha Te, L0 OJMH 1 TOW K€ BUXIIHHUU Mapamerp eramy, nepexony, abo omeparii
MOXe OYTH SIK KOPUCHHM (KOJIM BiH 3HaXOJUTHCS y BCTAHOBIICHUX MEXKaX), TaK 1 IIKIJJIUBUM (KOJIH
BiH BHUXOJWThH 332 MEXIi Ta MOTpeOye BHKOHAHHS HACTYIHOrO 3a HUM Iepexoay abo eramy) abo
HEWTpaNbHUM, OTPUMAaHHS OTBOPY TiApoaOpasMBHUM MPOIIMBAHHAM i3 00XOIOM KOHTYPY MOXeE
OyTH IIpeJcTaBICHE BIAMOBIIHO 110 puc. 1.

3 aHamizy cxemMu (HOpMyBaHHS BIACTHBOCTEH CTAa€ OUEBHIHHMM, IO OTPHMAaHHS OTBOPIB
niametpiB D, 110 3HAYHO MEPEBMIIYIOTh JiaMETp TiIpoabpasMBHOIO CTpyMmeHs Dy, MOXIMBHiH
JIUIIE i3 BUKOPUCTaHHAM PYXY MOJadi Sy 3 KPYTOBUM iHTEPIOIATOPOM, IIPU IKOMY 3a0€3MeUy€eThCS
BUJANICHHS YCiX Je(eKTiB, BAHUKINX Ha eTarax MOYaTKOBOI'O BpPi3aHHS CTPYMEHs B 00pOOIIIOBaHY
3aroTOBKY; TOBILIMHA JIECTPYKTHBHOIO LIapy Ta MOTPiIOHMIT piBeHb MIOPCTKOCTI R, 3a0e3rnedyerhes
TEXHOJIOTIYHUMH PEXMMaMH; OTPHUMaHHS OTBOPIB y CTUIBHHKOBHX IIAHENAX aiamerpoMm D,
MOPIBHAHUM 13 JiaMeTpoM Tigpoadpa3suBHOTO CTpyMeHs, ToOTto D, = D) (Hanpukiam, mpu
nepdopyBaHHI TaHeNeH, y TOMY UYHCIHI, CTUIBHUKOBHX), MOXIHBE METOAOM KOMIIOBaHHS
MIONIEPEYHOT0  MEPeTHHY CTPYMEHs, OJHAaK IpH CTBOPEHHI TaKUX YMOB IIOTIEPEIHHOTO
HaBaHTa)XEHHs] 00pOOIIIOBAHOT 3arOTOBKH, 32 SKMX OTPHUMYyBaHa AECTPYKIlis HE MEpPEBHILYBaTUME
BCTaHOBJICHOT'O PiBHSL.

IIpoBeneHHs eKCIIEPUMEHTAIBHUX JAOCTIKEHD JOBEJIO, IO TEXHOJOTIYHI YNHHUKH (a came
TUCK PIIMHH P;, Ta IiaMeTp KaliOpyBaibHOI TpyOKH D; ) iCTOTHO BINTMBAIOTH HE TUTBKU Ha TOBIIUHY
NECTPYKTHBHOTO Wapy Hhgp, YTBOPIOBAHOrO MpH TIPOCIYEHHI TiJpoaOpasMBHUM CTPyMEHEM
00po0III0BaHOTO Matepiaiy, a TaKOK BU3HAYAIOTh 1 BIAXMIICHHS JiaMeTpa OTBOPY BijJ O4iKyBaHOTO
3HAYEHHS (TOOTO MOXUOKH Ac15= f (Sk; Py, Di) Ta Az= f(Sk; Py, Di)).

B3siBiu /10 yBaru BiICYTHICTh KOHTYpHOI nozgadi (yMoBy S, = 0) Ta npuiiHsBIIK 10 yBaru
€HepreTUYHI MapaMeTpu CTPYMEHs, OTPUMaHO BUpa3 JUlsi BU3HAYCHHS BEJIMYMHU TOXHMOKH A
y yHKIii  pp, D, Ha OCHOBI peaimi3amii MOBHOTO (AKTOPHOTO EKCIHEPUMEHTY, 3T€HEPOBAHOTO
makeToMm Statgraphics Centurion. Ilpu 11bOMy BIUIHB BifcTaHi l; MK €JIEMEHTaMH CTUIBHHKOBOT
IaHeNi BPaxOBYBAJIHM BBEJCHHSIM BiJIIOBIAHOTO Koe(illieHTYy TOBIIMHHM. BBecTw meil YnHHUK 1O
IUIAaHY EKCIIEpUMEHTY JIOCHTH CKJIaJIHO, OCKUIBKM CTUIBHMKOBI ITaHENI MaroTh YiTKO BU3HAYEHI
reoMeTpuyHi nmapamerpy. PiBHI BapitoBaHHS (akTOpiB BCTAHOBWIIHN TaKi: Ppmin= 200 MIla, ppmax=
350 MIla, niamerp KaniopyBanbHUX TPYOOK Djynin=0,8 MM, Dypnar=1,8 MM, niamMeTp cTpyMHUHHOTO
comna d.=0,24 MM, MOCIIKCHHIO MiAgaBalid MMaHENl i3 MK IIApoBOK BiacTaHHIO [;=9,0 MM.
JlocmimpkyBanu OKpeMO KOKHUH THUI KOMIO3HIiHOTO Marepiamy: 1 Tum — ckioruactuk CBM; 11
Tri — kap6on C-49; 11l Tun — GakeniTOBUH CTUTLHUK.
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Puc.1. ®opMyBaHHS BIIACTUBOCTEH €JIEMEHTIB OTBOPY Ha PI3HUX €Tamax rigpoadpa3uBHOTO
BIIMBY OTBOPY IPH KOHTYPHIH mojadi

Hocnigm ny6moBanu y koxHid Touni mo 10 pasiB, Ais ommcy 3MiHM KOHTPOJILOBAHOT
BEJIMYMHH TIOCTYIOBAM PiBHAHHA BUmy A;= CD*ppl*, sxe npu nmorapupmysanHi Moxe OyTH
npuBeaeHe A0 JiHidHOTO Buay [nA;= C+ minD, + ninp, + kinl. B pe3ynpraTi CTaTUCTUIHOTO
OTIPAIFOBAHHA JaHUX OTPUMAHO PErpeciiHi piBHAHHSA, SKi JO3BOJIAIOTH BPAaXyBaTH BIUIMB PEXHIMIB
BUTIKAHHS PIOWHA Ha 30iNMBIICHHSA JiaMeTpy OTBOPY 1 fAKi MOXYTb OyTH BHUKOPUCTAHI IIPH
MIPOTHO3YBaHHI BUXITHHUX MapaMeTpiB AKOCTi. B3aemMHOTO BIIUBY P, Ta D), HE BHABICHO, BILIUB
BiZicTaHi [; Ma€ MpaKTUYHO JIIHIMHUKA XapakTep, a okpeMi edekTH aii ux Gakropis imoctpye Tabm. 1
Ta Tabmn.2.

OCKUIBKY 1HTEpBaJ BapitoBaHHs MPUHHATHX /10 yBaru (hakToOpiB € JOCUTh OOMEXEHNM, (THCK
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piauHU y Tigpocuctemi He Mae Oytu OinpmmM 3a 250-280 Mlla, a xaniGpyBansHi TpyOKH cepiitHO
BHITyCKAIOTHCS po3MipaMu mpotouHoi gactuHH 0,8 — 1,5 MM), i iHmkeHepHOI METOIMKH Oy
MOCTYJIFOBaHI JIiHINAHI perpeciiiHi piBHAHHA 3 (hiKCcarlOBaHOIO TOBIIMHM CTimpHHKA [; = 9,0 MM;
MOPIBHSHHA OTPUMAHUX pe3yJbTaTiB i3 pO3paxyHKaMH 3a pIiBHAHHAMH Tabn. 1 J103BOJIMIIO
KOHCTaTyBaTH, IO MOMMWJIKA PO3PaxyHKY HE INepeBHIyBana 5-7%, puc. 2, MO € 33J0BUILHUM i3
TOYKH 30py AOIYCKY Ha BUKOHYBaHUI pO3Mip OTBOPY.

BpaxyBaHHSI BIUIMBY MDKEJIEMEHTHOI BiACTaHI [; CTUTBHMKOBOI MaHENi y CIpPOLIEHUX
JIiHEapU30BaHUX 3ANEKHOCTIX TabN. 2 A 3a3HAYCHHX MEX 3MiH MapaMeTpiB Tigpoadpa3uBHOTO
CTPYMEHS Ta THIIB OOpOOTIOBAaHMX CTUTPHHKIB 3MIMCHEHO BIINOBIZHAM KOPWUTYBaHHIM
KOE(QIIi€HTIB piBHIHB.

[IpoBexeHi mOCTiMKEHHS MO3BONMIM 3POOMTH BHUCHOBOK, MO (OPMYBaHHS OUYIKYBaHHUX
napaMeTpiB AKOCTI 00poOKH, 30KpeMa, hy, h,;' — TOBIIMHM NeCTPYKTHBHOIO MIapy HA BEPXHBOMY Ta
HIDKHBOMY €JIEMCHTaX CTUIFHHKOBOI MaHENl BIAMOBINHO (HMEpPIIMH MOKAa3HWK — AN JIUCTA); hdp,
hg,' — TOBIIMHY TIOYATKOBOT JECTPYKIIii, MM (B MOMEHT HACKPi3HOTO NPONIMBAHHSA) 06pOOIOBAHOT
3arOTOBKH; W, W' — BEeJIMYMHU PO3IIAPYBAHHS apMOBAHOTO Marepiany; Ry, R,', 0ge — mopcrkocti
TOPLIB BEpXHbOI Ta HIKHBOI IaHEJNeH CTUIPHMKA Ta IHCIEPCisl pO3CiIOBaHHS JAaHOTO IOKAa3HUKA,
MKM; Ay, A, — moxubku posramyBaHHs Bici oTBOpy, MM; Do', Dy" — daxrmummii nxiamerp
OTPUMYBAHOT'O OTBOPY Ha BEPXHbOMY Ta HW)KHbOMY €JIEMEHTaX CTiUIbHUKOBOI maHeni, mMm; Tp —
BIIXWJICHHS BiJl HWIIHIPUYHOCTI HACKPIZHOTO OTBOPY, MM, OOYMOBJIOETHCS SIK JUHAMIYHUMHU
BJIACTUBOCTSIMH T1APOPI3HOI CUCTEMH, BIACTUBOCTSIMHU T4 YMOBaMH (OopMyBaHHS Tiipoadpa3HBHOIO
CTPYMEHS, TaK 1 BIACTHBOCTAMH Matepiaiy, y TOMY YHCIi, MIIJBHICTIO MPOCOYEHHS apMyBaJlbHUX
BOJIOKOH Marpuieto. OTpuMaHi PIiBHSHHS Ui KOKHOTO JOCHTIIDKYBaHOTO MaTepiany 3BeleHi J0
Tabm. 2.

Tabmms | - Perpeciiiai piBHIHHSI 00yMOBIICHOCTI A; pe)kKUMaMH BUTIKaHHS CTPYMEHS

o . Mean
O6pob roBaHMiA . Correlation .
. PiBHsiHHS perpecil L absolute [pumitka
Marepian Coefficient
error
CBM A.= 1,034D, ~%31p, ~06710.92 | 0,9243 0,0999986
C-49 A= 0,76D,,~%%*p, 0431095 | 0,9115 0,0999932
baesiropuii A= 2,16D,,~%35p, 071095 | 0,9326 0,0999932
CTUJIBHUK

Tabnmus 2 —JliHeapu3oBaHi perpeciiHi piBHIHHA 00yMOBICHOCTI A; pe)XMMaMH BHUTIKaHHS
CTpYMEHS, T BIJICTAHHIO MK €JIeMEHTaMH CTIJIbHUKA

. : Mean
O06pobmoBaHuit . Correlation .
. PiBHsHHS perpecii - absolute [Mpumitka
Marepian Coefficient
error
A
CBM = (0,25 —0,06D;, 0,9032 0,0956
—0,00042p,)!
A
C-49 = (0,13 — 0,024D; 0,8925 0,0934
—0,00027p,)!
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BakenitoBuii A= (0,085 —0,012D; —
CTIILHUK 0,001802)!1. 0,9056 0,09342
1 1,5
M M
T ] Tl
05 | 0,5
A Ag
Y 0,75 1,25 1,75
150 200 250 . 300 D, —> mMmm
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Puc. 2. 3MiHM KOHTPOJNBOBAaHOTO mapameTpy A, y OJyHKUii py, Dy, moOynoBaHi
3a CIPOILEHUMH JiHIHHUMH eMITIPUYHUMH PiBHSIHHAM

BceraHoBiIeHI 3aKOHOMIPHOCTI OyJiM BHKOPHUCTAHI SK BU3HAYaNbHI (QYHKINI IS PO3POOKH
IH)KEHEPHOT METOIMKH BCTAHOBJICHHS PEXXUMIB BeJleHHsI 00pOOKHM Ta pO3pOOKH BiJIIOBIIHMX HOBUX
TEXHIYHHUX pillIeHb MPUCTPOIB JuIs 11 peanizanii. byso 3amponoHoBaHO BUKOHYBaTH nepdopyBaHHs
OTBOPIB i3 OJHOYACHWUM CTATUYHHM HABAHTA)KCHHSIM OOpPOOIIOBAHO! MOBEPXHI Ta MEXaHIYHUM
BiJICIKAaHHSIM ITOTOKY PIAMHH, 3aBISIKH YOMY BIANOCS JOCATTH BHCOKOI SIKOCTI OOpOOKH Ta TOYHOCTI
OTPUMYBAHHX OTBOPIB 1 YHUKHYTH PO3IIapyBaHHS Ta CKOJIIOBAHHS ITOBEPXHI.

OTpuMaHi pe3yIbTaT JO3BOIIIN CYTTEBO TONIIIINTH SIKICTh OTPUMYBAaHIX OTBOPIB (pHLC.
3) Ta 3a0e3neYUTH NPAKTUYHO TIOBHY BIJICYTHICTh CIYYEHB, IOIIKO/DKEHb Ta pPO3MIapyBaHb
CTUTLHUKOBOI 3arOTOBKH IIi/1 YaC BUKOHAHHS riepdopaiii.

Puc. 3. TlopiBHSHHS OTBOpPIB, OTPHMAaHUX y 3BHYAiiHMU CHociO (a) Ta i3 BUKOPUCTAHHAM
pe3ynbTaTiB JOCIiKeHb (0)

TakuM 4uHOM, Tiipo abpasuBHe nepdopyBaHHS € MEPCIEKTHBHUM 1 BHCOKOE()EKTUBHUM
crocoOOM OTpHMaHHS MacHBY OTBOpPIiB Majoro JiamMerpa B CTUTBHHKOBHX 3arOTOBKaXx,
BUKOPHCTOBYBAHHX JUISl 3aXUCTy TypOoarperariB JiTajdpHUX anapatis. IIopiBHSHO 13 MeXaHIYHUM
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crocoOOM OTpHMaHHS OTBOPIB MPOIOHOBAHWH IMEPEBHINYE 33 MPOTYKTHBHICTIO B 7-9 pasiB, mpu
pOMY 3a0e3MeuyeThCs HaJle)KHA AKiCTh IOBEPXHI OTBOPY.
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MOKJIUBOCTI 3MIHA ®OPMH 30HU PI3Y CTPYMHUHHO-JTASEPHUMHA
3ACOBAMH

Canenxo O.®.", Xoxoxunii B.10.2, I'ady3sin I'.B.2
Y111, npog..,3aB.kadenporo IOMDTO KpemeHuyLbKOro HALLIOHAIBHOTO YHIBEpCHTETY iM.. Muxaiina
Ocrporpaacekoro Kpemenuyk, Ykpaina, (Salenko2006@ukr.net)
ZaCHI/IpaHTI/I kadenpu [IOMOPTO Kpemenaynpkoro HamioHaIBHOTO yHiBepcuTeTy iM.M.OcTporpancbkoro

TOHKOIIMCTOBI 3aTOTOBKH i3 amfoMiHieBuX (30kpema, AMr2-H), turanosux (BT-15, BT-19)
abo weipxapirounx (12X17) cmmaBiB 3HAXOOATH ITUPOKE BUKOPUCTAHHSA TMpH BHPOOHHUIITBI
CTUIbHUKOBHX IaHeJed B aBiauiifHii Ta kocMiuHii npomucioBocti. ®onbra (ToBmuuoro 0,025-
0,055 MM) BHKOPHCTOBYETBCSI JJIsi BUTOTOBJICHHS 3allOBHIOBAYiB CTIIFHHKOBUX CaH[BIU-TIAHEIEH;
BOHa momepeaHbo mnepdopyerbes orBopamu  0,05-0,18 MM i BukIagaetscst y rodponadip
i3 KJIeHOBUMH CMYyKKamH Sk mpaBmiio, 0OpOOKY MOJMIOHMX 3arOTOBOK 31MCHIOIOTH MEXaHIYHHM
cnocobom ([uist nepopyBaHHS e HAWOUIBII NPOJYKTUBHUHN Ta e(heKTHBHUIT IPpUIHOM (GopMyBaHHS
MacHBY OTBODIB, JI0 SKHX BHCOKHX BHMOT i3 TOYHOCTI HE BHCOBYIOTbH); PiAIIe OTBOPH (POPMYIOThH
3a JIOTIIOMOTOI0 JIa3€pHOTO MPOMEHA. Y TEpLIOMY BHUIAIKy MalOTh MICIE pPO3pHBH MaTepiaiy, IO
HOCSITh BHUITQAKOBHH XapakTep, y Ipyromy — Ha Topui (GopMyeTbes AehEKTHHH miap; caMm OTBIp
TaKOX Mae€ JOBUIbHY (OopMy, a TOMIMPEHHS AECTPYKIIl Marepialy HOCHTh HENPOTHO30BAHUH
xapakTep. [HKomu mepdopanii miamarTh i OIUH i3 eIEeMEHTIB CaHIBIYY — BUKOHYIOTh oTBOpH 0,8-
1,2 MM i3 KpOKOM, TIPOTIOPLIHHAM CTiHKaM CTUTEHHKOBOTO HarmoBHIOBada (5x5...12x12 mMm).

PosrisnaeTsess MOXKIMBICTS BUKOHAHHSI OTBOPIB CTPYMHUHHO-JIA3€PHUM CIIOCOOOM SIK TaKuM,
IO Tepelye BUHUKHEHHIO MEXaHIYHHUX IOLIKO/PKEHb Ta TEPMIYHUX AC(EKTIB MPHIETIOol 1O 30HU
00poOKH MOBepXHi. BigoMo, 0 CTPYMUHHO-JIa3epHE pi3aHHS sBIsE cOO0K 0OpOOKY MaTepiamy
CHOJIYYEHUM TEpMIUHO-TiAPOANHAMIYHUM MOTOKOM BH3HA4€HOI ()OPMH, BHACIIZOK YOTO MEperoHa
— o0OpoOiyioBaHa TIOBEpXHSI — CIpUIIMae IOCTIIOBHO 3MIHIOBaHE YyJapHE TIiIpoJuHaMiuHe
Ta TeMIepaTypHe HaBaHTakeHHs. UepryBaHHs nux (a3 oOpoOku BinOyBaeThCsl yCUIAKUI pa3, KOJIH
ITiCIIS IMITYJIbCY BUIIPOMIHIOBAHHS JIa3epy MTOBEPXHS IEPETIOHH, 10 KOHTAKTYE 31 CTPYMEHEM, y 30Hi
3 HaWOUTPIIMM TpagieHTOM IIBUAKOCTI TOTOKY MHTTEBO TMEPETrpiBAETBCA 1 PO3IIIABISETHCS
3 YTBOPEHHSIM MOPOXKHUHU IIEPECHYEHO] Tapy; B May3i MK IMITyJIbcaMH L HOPOKHMHA B ITOTOI
3MUKAa€ThCSA, 1 TOBEPXHEIO TMOUIMPIOEThCA YAApHA XBWIS, 3 OJHOYACHUM IHTEHCHBHHM
OXOJIO/KEHHSIM 30HH BILIHBY.

SIKIIO NPUHHATH, 10 NOTYXHicTh Bunpomintosanns W posnosinena piBHOMIpHO Ha JesKiii

00po0IoBaHii OBEPXHi, a BUIPOMIHIOBaHHS HAJIXOIUTH MO HOpMall, TO 3a 4ac 0t 1o TTOBEPXHI
naniiine eweprin WA, Jlns nokunn yTBOpeHOi 60po3eHKHM S 00CAT BHIApEHOro MaTepiary

cranosutume SDI . Ha mincrasi 3aKOoHy 30epeskeHoi eHeprii MokHa 3anucata Spbl - h = Wét, ne
h - kinekicTs Tera, HEOGXiHOTO JUIS BUIIAPOBYBAHHS OJMHMII MacH Matepiany. IlepeTBOproroun

ueﬁ BHUpa3 Ta NPUITYCKAO4YU, 110 5t —> O , MATUMEMO IHBI/IZ[KiCTL 3POCTaHHA 60pO3GHKI/I y BI/II‘J'IH)_Ii

ds w . . .
E = m . Ocranne PIBHAHHA AOBOAUTH, MIO JJIA 6y}1L-HKOF 0 Mareplajady MeEKoBa HIBUAKICTH
P

3pOCTaHHsS OOpPO3EHKH IPOMNOpIiifHa MIJILHOCTI E€HEProBUBUILHEHHS W /A. Toni nosxuna

. . E(t) t .
GOpO3eHKH B JOBUIbHHN MOMEHT 4acy t cranoButume [(t) = hp(—sl fo Wdt, ne E(t)- noBHa enepris,

BUBUILHEHA JDKEPEJIOM 32 ITPOMIKOK Hacy (0, t) .

OTxe, y TPaHHYHOMY pPEXKUMi BUTIAPOBYBAaHHS pPO3Mip OOPO3EHKH 3JICKHUTHh BiJ TIOBHOI
€Heprii, 0 HaIXOIUTh Ha MOBEPXHIO. 3 1HIIOTO OOKY, BiJIOYyBAa€ThCs TEBHE MEPEHECEHHS SHepTii
BIIMO MaTepianmy, OOyMOBJIGHE TEIUIONpOBinHICTIO. l[le sBUINEe NPU3BOAWTH N0 YTBOPEHHS
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JIECTPYKTUBHOT'O IIapy — mapy 3i 3MiHEHUMH (Di3MKO-MEXaHIYHUMH BJIACTHBOCTSAMH. 3ajada pyxy
rpaHdib ToAlly ¢da3 i3 ypaxyBaHHSIM TEIUIONPOBITHOCTI Bigoma sK 3anadya Credana.
[Ipunyckarouy, IO TEIUIO MOIIMPIOEThCS MO HOpMaii [0 MOBEpXHi, MaTMMEMO OIHOMIpHE
8%T _ 14T
822 Dot
T(z, t) pasom i3 rpaHUYHHMHE YMOBaMH Ha PyXOMiii rpanumi z = [(t) Ta Ha 3BOPOTHBOMY 0oL
sarotoBkd. Tyt D = K/(pc) - xoediuieHT TemmepaTyponposigHocTi, K,p,c- KoedimieHT

HecTalioOHapHe PIBHSHHS TETUIONPOBITHOCTI , JUIsl TeMIlepaTypu BCEpeaMHI MaTepiaiy

TEIUTOTIPOBITHOCTI, TYCTHHA Ta MUTOMA TEIUIOEMHICTD BiTIOBITHO.

HexTyroun BIDIMBOM TEIUIONMPOBIIHOCTI MaTepiaiy, PiBHSIHHS U1 BU3HAYCHHS 0€3p03MipHOT
IIBUJIKOCTI pyXy I'PaHULi BUIIAPOBYBAHHS 3aJICXKHO Bil 6€3p03MIpHOro Yacy MaTHMe BUIJISL

at [, [t '/ 1
dr Tz (nrt'/2 ¢ T

Po3B’s13aHHS BOTO PIBHAHHS J03BOJIIE OOYHCIATH IWHAMIKY Ta OLIHUTH QOpMY OOPO3EHKH
micias BIUIMBY iMITYJIbCHOTO JIa3¢PHOTO NMPOMEHS Ta BH3HAYMTH MEXI IOLIMPEHHS NeCTPyKii
Marepiaiy, TOOTO BU3HAYUTH TOBLIMHY LIapy 31 3MIHEHUMH (Pi3MKO-MEXaHIYHUMHU BJIACTUBOCTSIMHU.
[Tpu 11bOMY 3MHKaHHS TapOTa30BOI IIOPOYKHUHH HAJl BAHHOIO PO3ILIaBY MPUBOAUTH O BUHUKHEHHS
riIpoIHaMIvYHOrO yaapy. THCK B MOMEHT yAapy CTPyMEHs IO TOBEpXHI BaHHHU pO3ILIABY JUIs

. Zo(t)c . .
P1OMHHA, 0 CTHUCKYETHCSA, B MOMCHT yJapy CTAaHOBUTb p = %, i (§ pl — IIUIBHICTH
1 _P1 =R
J(1+u)(1—2u)

T 2 £ me?
_= . 1/2
4 X—{l +W}QTCSLTL (1—?) /

cTpyMeHst; E, @ — BIaCTUBOCTI CTPYMEHS PiJIMHU.

ITpu Aii MIBUAKOIUTMHHOTO CTPyMEHs Ha pPO3ILJIaB BiJOYyBAaeThCS HOTo MPAKTUYHO MHTTEBE
OXOJIOJIKEHHsI 31 MIBUAKICTIO, IO NMPHOJIM3HO JOPIBHIOE IIBUIKOCTI 3BYKY B Marepiani. Enepris
CTpYMEHsI NPU LIbOMY BHUTPAuYacThCsl HAa BiJ[BEIEHHS TeIUIa BiJl 30HU PO3IUIaBy, Ha JedopMmarlito
MIKpOOOCSTIB Ta Ha SIBUIIA y 30HI 3pyIIeHb Ha MeXi Tija 0OpoOIIOBaHOI 3arOTOBKHM 1 BaHHH
posmutaBy. [IpuiHABIIN, 110 JOAATKOBA BTpaTa KIHETUYHOI €HEPrii, BUKJINKaHA BILIMBOM 3pYILICHH,
nopiBaroe G, OanmaHc eHeprii CTAHOBUTHME:

0,5m, -z —E+G = 0,5m,-2z% + 0,5m, - 22,

ne Z — WBMAKICTH TIicis pyiHyBaHHs MaTepiaiy, E - BUTpay€eHa eHEpris, 110 BU3HAYAETHCS
PI3HHILICIO KIHETUYHHUX €HEepriii CTPYMEeHs 0 i micis MOMeHTy KoHTakTy, E = 0,5 (%) me - 28,
Je M — Maca CTpPyMEHs 3a 3pi30M coIlIa; My— Maca 3pyiHOBaHOTrO MaTepiaiy.

TecToBy 00poOKy BUKOHYBalH Ha MiacTuHkax AMr-2H, 12X17 toBmuaOIO 3,5 MM Ha Takux
pexumax (auB. TabmUIO): MOTYXHICTh - 300 BT, 9actoTta iMmmynsciB — 75 ', mpoayBaHHS 30HH
pizy ctucHeHnM noBiTpsiM TuckoM 0,35 MIla, mBuakicts pobouoi nogaui — 12 mm/c. B pesynbrarti
OyJI0 OTpUMaHO 3BUYAKWHY KpalKy MIOPCTKICTIO Ra 3,2 MKM, 30HOIO TepMidyHOTO BILIUBY Oimst 1,2-
1,5 mMm. JleTanmpHE €1eKTPOHHO-MIKPOCKOIIIYHE AOCHTIPKEHHS JOBEJO HAasBHICTH OKpeMHX (pa3oBUX
NIepeTBOPEHb y NpPHIErTid 10 KpaWKW MAUSIHKM, 31 3MIHOIO PO3MIpIB 3€peH Tila 3paska.
[Mpunyckanocs, o NPOMiHE J1a3epy MOXE IOJaBaTHCS y CTPYMiHb SIK Y TOYKY HOTO KOHTAKTy
3 IOBEPXHEI0, TaK 1 y JOBUIBHY TOYKY Ha OCi CTpyMeHs. 3Bakaid, IO BIAOUTTS TIPOMEHS B
0GomoHIi crpymens (Ha kyT Gims 47° 1S KOTEPEHTHOro MydKy 3 IOBKHHOK XBH 1062 HM)
JI03BOJIMTH 3a0€3IIEUUTH MPSMYBAaHHS IIPOMEHS BCEPEHHI 000JIOHKH CTPYMEHSL.

Jami BCTaHOBWJIM IIiJi KYTOM o=15% comnoBwuit HACaOK 1 BHKOHAIM CYMIICHHS
c(hOKyCOBaHOTO My4YKa JIa3epy 3 TEOPETHIHMUM LIEHTPOM HATiKaHHSA CTPYMEHs Ha mosepxHio. [Ipn
bOMY CyMimieHHss (OKycy 3 BICCIO CTpyMeHS 3a0e3ledyBalidi 3a YMOBH, IO CTPyMiHb

3aIMIIATHMEThCS KOMIAakTHUM, To0To Ly, < H,, C0S(cr). Takox mpumyckanu, MmO TNEpeTsHKKa

KayCTUK{ Yy ICHYIOUi ONTHYHIA CHUCTeMi Maja, a yMOBa CYMIIIEHHS TPOMEHsS Jia3epy 3 BiCCIO
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crpymens Bukonyetbes, komu W, =L, —@sin(f) =0, @ — dokycHa BifcTanb 06’€KTHBY ONTHYHOT

JIa3epHOI CUCTEMH.

3Ba)kaloud Ha Te, III0 BUKOPHCTOBYBAIH COILIO C OTBOPOM Ha 3pi3i 0,25 MM, TOOTO Take, 1o
3a0e3nedye KOMITAaKTHE SAPO AOBXKHUHOIO 20-25 MM, i3 KOHCTPYKTHBHHX MapaMeTpiB HaXwiI TyOycy
Jla3epy BCTaHOBUIIH [3=30°, OTPUMABIIIH, BiIOBIHO, BifcTaHi L=52 MM Ta Ly=21 mm. [IpoBeneHHs
poOHOTO pi3y Ha MIBUAKOCTI mojadi S=12 MM/c mokasao, 1o MpoLec JIa3epHO-CTPYMHHHOI epo3il
OiBbLI NMPOAYKTHBHHUM 32 TpaJuLidHMN 1 OTPUMAaTH KapTHHY CaMOro pi3y B IEPETHHI IOCHTh
cxiraaHo. ToMy IBUAKICT MoJadi MiBUIIMIM 10 S=35 MM/C, OTpUMaBIIM OOPO3CHKY TIIMOMHOIO
2,1-2,2 mm. TTopiBHSIHHS KapTHH pi3aHHS [10Ka3aJ0 HACTYIIHE.

Pesynbratn BuMipiB rmHOMHA OOPO3EHKH pi3a MpH mojadi S=35 MM/C Ta iHIIKUX mapaMeTpax,
MOJaHUX y Tabi., MokasaHi Ha puc.l. BcraHoBieHo, MmO 3pocTaHHS AiaMeTpa CTPYMEHS IIpU
30UTBIICHHI OTBOPY COIUIA MPU3BOAUTH O HEPIBHOMIPHOTO 3pOCTaHHS TIHOMHH OOPO3EHKH; IS
nociimkyBadoro Tucky 100 MIla Bukopuctanas comen 3 otBopoM moHayn 0,4 MM BeZie 10 TOTO, IO
rMUOMHA JIyHKM TOYHMHA€ 3MEHIIYBaTUCS, MOPH OJHOYACHOMY BHIICPEKAIOYOMY 3POCTaHHI
mupuHu OoposeHkn. CaM TepeTHH cTae Ounbml 3aokpyriamMm. llpm mepepaxyHKy o0cary
BHITYYEHOT0 Martepiaiy (y 32 dYac i, 110 BU3HAYAETHCS MOMEPEUHHM MEPETHHOM OGOpo3eHKH f, 5K

g, = fb -S-t, Maemo, IO Iei mapaMeTp 3pOCTae MPONOPLiiHO. TakoXK MiABHUIICHHS TUCKY PIIHMHA

3 50 mo 100 MIla 3a iHIMHUX PiBHIX YMOB BHUKIIMKAIIO 301IbIICHAS TTHOWHY B 1,8 pasu.

Mo’kHa IPHUITYCTHTH, IO MOAANbIIE 30UTBIICHHS AiaMeTpa OTBOPY COILIa MPU3BOAUTHME JI0
3HAYHOIO 3MEHIICHHS TIMOMHM OOPO3CHKM pi3a, TOOTO 3a MEBHMX YMOB MOJKIIMBE JOCSTHEHHS
e(peKTy IMOBEPXHEBOTO IMONIpYyBaHHA (3HATTA Mikpoae(eKTiB), Mpo IO 3a3Hayalocs B poOOTi
aBTOpPaMU JESIKUX poOOIT y I[bOMY HampsiMi. TakOX YCTaHOBIEHO, IO PO3CifOBaHHS
BUIIPOMIHIOBAHHSI 32 IIEPETHHOM CTPyMEHsI Ha palliOHAJIBHIM BiJCTaHI BiAOYBA€ThCSI MPAKTUUHO
3a BCIM IIEPETHHOM, OJIHAK CIIOCTEPIracThCsl CYTTEBA BIIMIHHICTh IHTEHCUBHOCTI BUIIPOMIHIOBaHHSI.

Tabmuus — EnextponHi Mikpogororpadii mocimimHux 3paskiB, OTpUMaHMX IIiJ dYac
nociipkens (Matepian — cranb 40X)

Pexxumu BUKOHAHHS

06pobKH Enexrponna mikpogororpadis TpumMiTkn

CnocrepiraroTscst HOBEpXHEBI
MIKpPOTPIIINHHU, TOBEPXHS MAE YiTKO
BUpaXKEeHI OOPO3CHKH CTiKaHHS
pacruiaBy 00po0GIIIOBAHOTO METaITy

1. JlazepHe pi3aHHust

p,~=0,35 MIla; S=12 mm/c;
P=300W; F=75Hz

TToBepxHs OJIHOpiHA, HIOPCTKICTH 32
napamerpoMm Ra=1,6-0,8 mxm,

BanHa po31iaBy Mae 3aJUIIKKA
YaCTHHOK MeTainy y GopMi KyJIbOK
d=10-50 mMkMm. Pi3 HeCHMETpHUYHHIA,
KyT HaXWIIy TiNOTETHYHOTO LIEHTPY
BIZIMOBI/ZIa€ HAXHUJTY CTPYMEHS

2. JlazepHO-CTpyMHUHHE 3
¢oxycyBaHHSIM Ha
NOBEpPXHi

p~0,35 MIla; S=35
mMm/c; P=300W; F=75
Hz; P,=100 MIIa;

D.=0,25MM, KkyT Haxwmiry
crpymens 0=15°, doxyc
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onTuyHoi cucremu — 80
MM

3. JIazepHo-cTpyMHHHE 3
(oxycyBannam y Tiii
CTpYMeHsl

Cnocrepiraerbcst ogHa 60pO3eHKa BiJ
Jla3eHb CTPYMHUHHOTO BIUIMBY 1 pyra
Ha Bigcrtani 61151 500-600 MKM,
BHHHKJIA BHACIITOK IPOCBIUYBaHHS
IIPOMEHEM JIa3epy CTPyMEHs PiAUHH.
HepiBHOMIipHIiCTb TOgaYi piAUHU
TIPU3BOINTH 1O BUHUKHEHHS KaBEPH
Oib1IIOT TTIMONHH

ps=0,35 MIla;S=35 mm/c;
P=300W; F=75 Hz
P,=100 MIla;D=0,25MMm,
KyT HAXWIy CTPyMEHs
0=15°, ¢oxyc omruunoi
cuctemu — 80 Mm

OCKIJIBKH TaKa BiIMIHHICTh MOXE MPHU3BECTU A0 3MIHM OYIKYBAaHOrO HpPOQiI0 OTBOPY,
MIPOBOJMIIN OCII/KEHHST (POPMH Ta TOYHOCTI OTBOPIB y 3arOTOBKAXx i3 HeipikaBitouoi cTani MapKH
12X17 toBumuHo 1,5 MM Ta B antoMiHieBiil (oib3i Ha ycranoBii JICK-400-5; o0po0Oky
BHKOHYBAJIH 3 HACTYIHHMH PEXHMaMU. THCK BuTikaHHI — 5,0 — 60,0 MIla, gac 06podku — 0,1 c,
poboua gacroTa iazepy — 65 I'm.

Ilpu anami3zi kapTHH pyHHYBaHHS Ta OTPUMAaHHX OTBOPIB YCTaHOBJICHO, LIO MPOIEC
BiIOYBAa€THCS €TAaHO 1 HOCUTHh KBa3iNWKIIYHUN xapakTtep. L[UKITIUHICTh TpPOSBIIETCS Ha KiJTBKOX
TapMOHIKaX Ta BU3HAYAETHCA K YMOBAaMHU Te4ii PiTUHM, TaK 1 YaCTOTOO IOJIadi IMITYJIBCIB J1a3epy;
MPAaKTHYHO HE 3aJeXaTh BiJ CTPYKTYpH OOpoOMIOBaHOTO Marepially Ta (Hi3HMKO-MEXaHI9HUX
BJIACTHUBOCTEH #foro kommoHeHTiB. [1pu BukopucTanHi TBepaotinsHoro Nd:Yag nasepy 3 10BXUHOO
xBwii A= 1062 HM miKOBi aMIuTiTYiM BHUKAIOTH Ha Yactorax (0,2-0,25)n, ta (2,4-3,5)n,. [Ipu upomy
B MOBEPXHEBOMY IIapi 3arOTOBKH BHHHMKAIOTH SIBHIA, MOB’s3aHi 31 3MIHOIO CTPYKTYPH IIapy
Ta HOro XIMIYHOTO CKJIaay, OCKUIBKA B MOMEHT IOJIaHHs IMITyJIbCY BUIPOMIHIOBaHHS Ha MOBEPXHI
BUHHMKAE MOPOKHUHA PIAMHM 13 MEPECHYCHOI0 Tapolo, PO3MIPH SIKOi IMKIIYHO 3MIHIOIOTHCS MPH
3MiHI PE)KHMIB €HEPreTHYHOTO BILUIUBY.

2,7

B

19 —

h1

151

1,1

07k

0,3 0,4 0,5
Dc _—)

Puc.l. 3mina rmubuau 60poseHku piza hl, MM y byHkii giamerpa crpymens, D¢, Mm

VY T0ii Xe yac CTpyMHUHHO-IIPOMEHEBHMH BIUIMB 3aJI0BIJIbHO (opMye npodiiboBaHUH OTBIp,
(dopMa SIKOro BiHOCHO IIOBHO BiJNOBizae npodinio comuia, a TakoX IOIEpe/PKac IOMIUPEHHS
TEIJIOBOTO BIUIMBY 3a Mexi aii npomens. IIpu nboMy 4nM Oinbllie peXXUM PyXy PIAMHM BiINOBigae
JlaMiHApHOMY, THM Kpalia SKICTb OTPHMMYBaHOTO OTBOPY, MEHII Ae(eKTH ITOBEPXHEBUX ILIapiB
Ta MEHIII BiIXWJICHHS B/l O4iKyBaHOi (hopMH.
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2 - )
Puc.2. OtBip y dopmi erincy, oOTpUMaHui NPpH YCTAaJIEHOMY pyci piiuHH (a) Ta OTpUMaHUi
TIpH NOPYIICHH] pexkuMy Tedii (0)

BucnoBkn. IlpoBeneHi AOCTiIKEHHS JO3BOJIMIN 3alpPOMIOHYBATH Mi€BHHA Ta e(QeKTHBHUI
croci0 oTpuMaHHS MPO(DITBPHUX OTBOPIB y HAINOBHIOBAYaX CTLIFHHKOBHX IAHENCH Ta y caMuX
MAHeTSX, KU BiAPI3HAETHCSA BHCOKOK TMPONYKTUBHICTIO Ta JO3BOJIIE OTPUMYBATH OTBOpH 0Oe3
TepMiyHUX 1 MexaHIiYHuX AedekTiB. Croci®O Moke OyTH BHKOPHUCTAHHH SK Ui (hOJIBroBa HHUX
HAIOBHIOBAYIB, TaK 1 Ul METAJICBUX MaHEeJeH 13 HeipKaBilo4ol cTajii TOBLUIMHOIO 10 1,5 MM.
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PO BUKOPUCTAHHS I'NBPUIHAX TEXHOJIOI'T B OBPOBIII IVIACTHH 13
HAIMIITHUX MATEPIAJIIB

Caiaenko 0.0.", IleTunin B.T.’, ®omoBcbka 0.B.2 PINAIDN B.O.’
1.1, mpog..,3aB.kademporo [IOMDPTO KpemeHayLbKOro HAIOHATBHOTO YHiBEpCHTETY iM.. Muxaiima
Ocrporpazcekoro Kpemenuyk, Ykpaina, (Salenko2006 @ukr.net)
KaHJ.TexH.HayK,noneHT KpHY iMm.. M.Octporpancekoro

HesBaxxaroun Ha Te, IO TOTOBI BHPOOHW 3 IMOJIKPHCTANIYHOI aMa3HOi CyMilli, KyOidHOTO
HITpUAY O00pYy, OTPUMYIOTH MOTPiOHI hopMy 1 po3Mipu TpH iX BUTOTOBJICHHI, iCHye HEOOXiIHICTP
BUKOHAHHSA OOpOOKHM TaKuX IUIACTHH 3 METOK 3a0e3ICUCHHs SKOCTI MOBEPXHEBOro Imapy ado
KOopuryBaHHs (opMHu. Y mepuioMy BHIIAJKy MOBa iifie PO MPAaKTUYHO IOBHY HE3MIHHICTH (HOpMHU
BUpoOy; Apyruil mepenbayae BUKOHAHHS Omepaliid BIIOKpEMJICHHS YacTUHM Marepiainy Bif Tina
3aroTOBKH Ta (JOpMyBaHHSI HOBHX MOBEPXOHb 1 KpaioK.

«X 0o IHUI» METOT 00POOKH — Tiipo abpa3uBHE pi3aHHI — Ma€ psij Oe33anepeyHnX mepeBar
y TOPIBHSHHS i3 METOJAaMM TEPMIYHOTO pPi3aHHS: BIJCYTHICTH TEPMIUYHOTO BIUIMBY HE BHKIIHKAE
TEPMOHAINpPYXEHb IOBEPXHEBOTO APy, NEPETBOPEHb Yy 30HI BIUIMBY, @ TAaKOXK MOSBY IHIINX
HETaTUBHHUX (PAKTOPIB, y TOMY YHCIIi, CAaHITAPHO-CKOJIOTIIHOTO XapaKTepy.

«[Capsai» MeTomu 0OpoOKH, 30KpeMa, JIa3epHEe Pi3aHHs, TAKOK HE MOKe OyTH MOBHOIO MipOI0
BUKOPHCTaHE ISl PO3KPIHHMX oOmNepamiii IUIAaCTHHOK TOBIIMHOK MOHaX 2-3 MM, OCKIJIBKH
iApi3aHHS TPOMEHS Ja3epy NPHU3BOAWTH IO MEPETPIBaHHA TOPLS Pi3y i3 HACTYHHUM CYTTEBHM
TEPMIYHIM HaBAaHTAKCHHAM ITOBEPXHI, IO BPEIITI MPU3BOIUTH IO PO3BUTKY CITKH MIKPOTPIIIHH,
CKOJIFOBaHb, a TAKOX IHIINX MOUIKOKEeHb. 3a/iaua cTa€e 1ie OUTbII CKIIAJHO0 IS pi3aHHS IUIACTHH,
IO CKJIAJAloThCS 13 IIapy HaJMIpHOro Marepiany (Hampukian, KeOopiTy), HaHECEHOro Ha
MOBEPXHIO TBEPAOro CIUIABY, OCKUIBKM TEPMIYHMIM BIUIMB Bele SK JO KOre3iifHOro, Tak i 10
a/re3iiHOrO MOUIKOXKEHHS.

Hamu 3anporioHoBaHO 3jiiicHIOBaTH OOpOOKY IUIACTUHOK METOJOM, SIKMH  ITiCIs
BigBiAyBaHHS cyMicHOi naboparopii KpHY im.. M.Octporpancekoro axaxa.. M.B.HosikoBum
(ImcturyT HagTBepAMX MaTepiamiB iM.. B.bakyns), oTpuMaB Ha3By TiOpPHIHOTO, i CYTHICTH SIKOTO
MoJATae y IOCHTIJOBHO-TIAPAJEIbHOMY CHOJYYCHHI BHCOKOGHEPTeTHMYHHMX KBAaHTOBOTO Ta
TiApOaMHAMIYHOTO TOTOKY. [Ipn HOCiKeHHI JAHOTO METOLy OTPUMAHO PSJI MIKABHX PE3yNbTaTiB,
MIPUBEJICHUX HIDKYE.

Jnst BUKOHAHHSI TECTOBUX pi3iB BUKopuctoByBany miacTuHky i3 CBN ToBmmHoo 4,0 MM,
niamerpom 10,0 mm. IlnactuHy Ha 06poOHOMY BepcTaTi KPilMIIHM 3a JOIOMOTOI0 YHiBEPCAaIbHOTO
3aTHUCKada, CIPOMOXKHOTO 3a0e3meunTH HajiiiHe (IKCyBaHHS IUIACTHHKH Yy 3aJaHOMY
MIPOCTOPOBOMY IOJIOXkKEHHI (puc. 1).

[TomepenHi nocmiUKEHHS Ta aHaNi3 HANpPyKEHO-Ie(OpPMOBAHOTO CTaHY IOBEJH, IO MpPH
MIEPIICHANKYJIIPHOMY HATiKaHHI CTPYMEHS BHHUKA€ BHCOKOIHTCHCHBHE 0araTOIMKIIOBE JIOKAJbHE
HABaHTAXXCHHS, CIPOMOXHE TPU3BOAWTH OO BHHUKHEHHS 1 PO3BUTKY CITKH MIiKpOTPIIINH,
OpI€HTOBAHHX TIiJl ICBHIMHU KyTaMH BiTHOCHO JiHii 1ii cuiu. Byno mokasaHno, mo i MiKpOTpIIuHU
00yMOBIIIOIOTh HAsBHICTH CKOJIIB Ha IOBEPXHI Ta BUKPHUBJIICHHS JIiHIi pi3y, sIKy, BHACIIIOK MEBHOT
«THYYKOCTI» CTpYMEHS, BUIIPAaBUTH y MOJAJIBIIOMY JTIOCUTH NPOOJIEMAaTHIHO.

Came Tomy Oyino mNpHHHATE pIMIEHHS NPO pi3aHHS IUIACTHHKA HE MEPIeHIUKYISPHO
OpiEHOBAaHMM CTPYMEHEM, a KOB3HMM. [Ipu bOMy BiJMiHHOCTEH HaOyBaB caM MeXaHi3M B3a€EMOJIi
CTpyMeHs i3 0OpoOIIOBaHMM MartepialloM: 3aMiCTh yJIapHO-pellaKcallifHOro pyHHyBaHHS
3’IBJSIETHCSL MEXAHI3M KOB3HOTO MIKpopi3aHHs. I[IpomayKTHBHICTH IPH HbOMY 30imbnryBanacs y 2-3
pasu. PexxmMm BeneHHS 0oO0poOku: THCK pimuHu — 250 MIla, BUKOpHCTOBYBaHHWI abOpasuB —
rpanatoBuii micok mem 300-400, Burpata abpasuBy — g0 0,5 kr/xB. PizaHHs BUKOHYBanu Oarato
npoxigauM. 3azpuuaii 10 mpoxoiB i3 MBHIKICTIO KOHTYPHOI TIoadi AaBaiu 3arinubiaeHus a0 0, 25
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MM. Y NOAajJbLIOMY IHTEHCHBHICTh 3HIMAaHHS MaTepiajly Hajajia, a HoOyloBaHa KpUBAa Ma€ YiTKO
BUpP@)XEHY HE JIIHIHHICTb.

Puc. 1. 3akpiruieHa mIacTUHKA MiCHs MEPIIOTro eTamy 00pooKu

OTtprMaHa SKICTh KpallKi BUSBUIIACS HETOCTATHBO BHCOKOIO BHACIIOK KiJIBKOX TPHYHH:

1) IToBepTanHs TONOBKM Ta i HAXWJI BITHOCHO TOBEpXHI OOPOOICHHS
BUKJIMKAJIO TOSBY MOMIJIKMA IO3WLIIOBaHHA. BHAcCHigOK LBOro CTpyMiHb OTpPHMaB
MOYATKOBE BiAXWJICHHS, puc. 1, sKe HOTIM Tak 1 HE BIAJOCS BUIIPABUTH IMiJ 4Yac
00pOOIICHHS;

2) HikHs uyacTMHa KpalKu BHSBHIIACS JIOCUTh HU3BKOI SIKOCTi, OCKIUJIBKH
IUIacTHHA OyJia BCTAHOBJIEHA KOHCOJIBHO, a, OTXKE, NPH CTIKaHHI CTBOpPEHE HaBAHTAXKEHHS
MPU3BOAWIO O JIABHHOMOAIOHOTO 3pOCTaHHsS e€Heprii BHUBUIbHEHHS sAedopmariiii Ta
NPAaKTUYHO MHUTTEBOTO PO3BUTKY TpIIMH CKOMoBaHHA.  Jlo peui, 3MiHa cxeMHu
TEXHOJIOTIYHOTO HABAHTAXXCHHS Ta IOIMEPEJHE CTBOPEHHS CTHCKYIOUYHMX HAIPY>KEHb MPU
pi3aHHI TUIACTUHOK i3 KapOIHMX Ta OKCHIHMX KPEMHIEBUX CIOJYK a0 3MOTY 3HaYyHO
MIIBUIIATH SKICTh KPaKK Ta YHUKHYTH BiJKONIOBaHb. SIK HACiIOK, OYEBUIHOIO € BUMOTra
ITOBHOTO ONHMpPaHHS 00pOOIIOBaHOTO MaTepially Ha 0a30BY MMOBEPXHIO;

3) Iamoro mpobiemMor0 CTano OTPUMAaHHSA «KOCHHHM BXOJIy Ta BHXOIY
CTpYMEHS»,  NpOpi3aHHSA  CYNPOBO/UKYBAJOCS  TOPLEBMMH  CKOJIIOBAaHHAMH  Ta
TIOIKO/KEHHSIM.

TakuM 4YMHOM, JUIi OTPHMAaHHS TECTOBOTO pi3y rmbuuHoio 3,2 MM Oyno mpoBeneHo 50
OUKITB TIPOXOAY CTPyMeHS i3 pobodoro momadero 250 MM/XB.. mpH LBOMY TOJOBKa Oymna
BCTaHOBJICHA ITiJT KyTOM 71/3 BiIHOCHO OBEPXHI 0OpOOIICHHS.

He 3Bakaroum Ha TPUNYIICHHS MO0 «XOJOJHOCTI» Pi3y, NpH BUKOHAHHI MPOIECY
CHOCTEPIrajocs sICKpaBe CBIUEHHS YaCTUHU CTPYMEHsI, sika BiacHe OyJia 3allepTor0 MiX COIUIOM Ta
MOBEPXHEI0 00POOKH; 3 OISy Ha Pe3yJIbTaTH, OTPUMAaHI akaj.. HEBAXKKO NMPUIYCTUTH ICHYBaHHS
temneparyp 1000-2000 °C y 30mi pi3aHHS; 9YaCTKOBO TaKe MPHITYIICHHS IiATBEDIKYEThCS
ICHYBaHHSM IIap)KOBAHOTO ILIapy Ha JOCIIIHUX 3pa3kax, B SKUX YAaCTHHKH abpa3uBy MPaKTUYHO
«3aHypHIHCs» B MoBepxHI0. HecroniBanmii pe3ynpTar OyB OTpUMaHUK HAMU TpH clipo0i BUKOHATH
pisanns mnactuHu 3a gonomorow Nd:YAG nasepy, motyxsictio 400 BT Ta mnpaurorodomy
Ha yactoTi 50 't (puc. 2).

@doxycyBaHHsS IPOMEHS BUKOHYBAIM 33 TPAAMLIMHOI METOAMKOIO, IEpeBipsAI0OYN
LEHTPYBaHHs POMEHS Ta NPaBUIbLHE NOTPAIUIIHHS yCiX HOoro Moa Ha (GoKycyBaibHi JIiH3U TyOyCy.
[TpoxyBaHHS 30HM BIUIMBY 3JiHCHIOBAJIOCS 3BHYAaHMM CTHCHEHUM IOBITPSM, IO MOTPAILISUIO JIO
comra pgiamerpoM 2,8 MM mix HammmkoBuM THCKOM 0.05 MIla;, moBiTps ¢ineTpyBamocs
1 HAIXO/INJIO Bif pecuBepy.
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OCKIiJTbKH BIIEBHEHOCTI B e€(eKTHBHOCTI 00poOkH He Oylo, NIpH MepIoMy JOCIHimIi
BCTaHOBJIIOBAK Pobody momady Ha piBHI 300 MM/XB., JTa3epHil TOIOBII HaJaBaIX MPAMOIIHIHHAN
PYyX, a BIICTaHb MiX 3pi30M COIUIa Ta IMOBEPXHEIO Pi3y BCTAHOBIIIOBAIH 32 YMOBH PO3TAUTYBAaHHSI
(OKaNbHOI IUIONMHM Ha TOBEpXHI IUIACTWHKHM, TOOTO Ha Biactani 7,2 mm. lle mo3Bosio
0 oTpuMyBaTH HaiOUIBIy TeMmmepaTypy B TOYli [Jii NPOMEHs, a NpPOJYBAaHHAM MOBITPS
3a0e3nedyBaT MepeMilieHHs] BAHHUM pO3ILJIaBy Ha MEBHY BIJICTAaHb yriMO IUIACTUHKH. 3BUYAMHO,
LS BiJCTaHb NPHITyCKajacsi JOCHTh MAaJIOI0, OCKUIBKM JUISi Takoi JOBXKHHU (DOKYCY NpOMEHs
ICTOTHUM MOXK€ BHSIBUTHCS e(eKT miapizanHs npomeHs. OTxe, odiKyBayocs, 110 O0Opo3eHKa Mae
OyTH HEr’aMOOKOI0, 13 3a0KPYTIIEHUMHU KPasiMH.

Puc. 2 — FOcTupoBKa peAMETHOTO CTOJNUKY Tepe]] JOCIiIOM

OnHak MIKpOCKOIIYHUI aHaNi3 pi3y, BAKOHAHHI 3 TAKMMH PEXHUMAaMH, ITIOKa3aB HACTYITHE.
[pu momagi 300 Mmm/xB. Baamocst orpuMaTs 60po3eHKy mupuHotw 0,13-0,14 MM rimbuHOO 2,5-2,6
MM; TIpH LIbOMY KOCHHA Pi3y HE NepeBHIIlyBajia KiJIbKOX KYTOBUX I'pajlyCiB, a IOPCTKICTh MOBEPXHI
Oyna ua piBai R, 6,3 MxmM. (puc. 3) .

Puc. 3 — Boposenka, orpuMaHa npH IBUAKOCTI poboyoi momaui 300 mm/xe. Nd:YAG —
nazepoM: (GoTo 3 IIonHU 00pPOOKH Ta 3 TOPIL; OOPO3EHKHU BiJ KPAIUIMH PiAWHH, AKi IOTPAMIA Ha
TOpeIb BiJl HOBITPSHOTO MOTOKY Ta OYyJIM aKTHBOBaHI JIa3epOM

MikpockomiyHe IOCTiUKeHHS TOpIS 3pa3Ka JOBEJO, N0 Ha HbOMY YTBOPHIIUCS IOCHUTH
rOOKI OOpO3EHKM PO3OPU3KYBaHHS, SIKI MOXHA IOSCHHUTH J€I0 Kpamneib PiANHH, YTBOPEHHX
BHACJIJIOK TOTPAIUISIHHS TOBITPSHOTO MOTOKY B pPIAMHHY BaHHY, Haj SKOI BiacHe i OyB
po3ramoBaHuii 3pa3ok. PyliHyBaHHS OBEPXHI BiIOYJIOCS BHACIIIOK sy MPOLECiB, 00yMOBICHUX
HasIBHICTIO BOJY Ha MTOBEPXHI, aKTUBOBAHIH IIPOMEHEM JIa3epy.

Binpm neransHe BuBUeHHS Mikpodororpadiit Topus pi3y sk 3 00Ky HaJiHHS IPOMEHs, TakK
13 IPOTUJICKHOI CTOPOHHM I0KA3aJ10, IO Pi3 HEOMHOPIJHUHN 32 CTPYKTYPOIO, @ TaKOX 32 KUIbKICTIO
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MMOBEPXHEBUX NE(eKTIiB. I3 MpuBeAeHOT UTIOCTpAIlil CTa€ OUEBUIHUM, IO CYTTEBI BIAMIHHOCTI MiX
TOPISAMH K 3 OOKy Jil MpOMEHs Ta 3 IPOTHJIEKHOI CTOPOHH OOYMOBJIEHI OLTBIIMM TEPMIYHUM
BIUIMBOM; TakK, 3 OOKy Jii NMPOMEHsl CIOCTEpIraeThcsi 30HA MEPErpiBy 3aroTOBKH, PO3MIpPH SIKOT
00yMOBJIEHI SIK PSKUMaMH{ BIUTUBY, TaK i JOOPOTHICTIO Ta MPEHH3IHHICTIO PETYIIOBAHHS Ja3epy.
3 ormany Ha 1€, MABHINEHHS YacTOTH CIIAYyBaHHSA IMITYJBCIB MOKE MPH3BECTH IO 30iMBIICHHS
MIPOAYKTHUBHOCTI IIPOIIeCy pi3aHHs, OHAK HEOAMIHHO BECTHME 1 10 3pOCTAaHHS 30HH MEPETrpiBy

OpHak HAaWOUTBIIY HiKaBICTH SIBISE Pi3, OTPUMAHUI JTa3epHO-CTPYMHHHUM BIUIMBOM (pHC.
4). Ilum BIUIMBOM BAaNOCSd MOBHICTIO YHHKHYTH TEPMIiYHOI NECTPYKWii y TpPHIErdiii 30HI Ta
3a0e3neYnTH 3HAYHO OLTBITY TITHOWHY MPOPi3aHHS IIACTUHKH.

Puc. 4 - BepxHs Ta HIDKHSI TOBEPXHI 00pOOIIOBAHOT IITACTHHU:3 OOKY il Ta3epHOTO
MIPOMEHS CIIOCTEPITAETHCSI OLTBIT MIPOKA CMYTa TEPMOIECTPYKIIil

OnHaxk, 5K 1 y BUNIaJIKy BUKOPUCTaHHSI ONTHYHOT CUCTEMH Jia3epy, NOCATHEHHS TIIMOUHU Y 3-
4 MM TPU3BOIWIO 10 IMPAKTHYHO MOBHOTO 3YIHMHEHHS IMPOIECY Pi3aHHs, JIOHIC OOPO3EeHKHU pi3a
MaJIo 30HM OIUIABIB, 10 MOSICHIOETHCS OYEBUAHO THUM, II0 OXOJOMKYIOYa PiJMHA HE CIPOMOXKHA
3a0e3neunTH HaJiiiHe OXOJIOJKEHHs TOBEpXHI, BHACIIJIOK YOr0 OCTaHHs IeperpiBaerhcs. Termep,
HABITh HE 3BA)KAIOYH HA Te, 10 0YJI0 MOBHE MPOPIi3aHHS BUCOKOMII[HOTO MIapy, BUKOHATH HACKPI3HY
00pOoOKy Tak i He BIAIOCS.

Puc.5 — BukoHaHe KOHTypHE pi3aHHS IUIACTUHKH MPOITOHOBAHUM T1OpUAHUM criocoOboM (Ta
JUIS TIOPIBHSIHHS CLIPOOY BUKOHATH Pi3aHHS TPaJULiHHUMHU TEXHOJIOTISIMHA — Ha (JOTO 3HU3Y)

Came TOMy Oyno 3po0ieHO crnpo0y BHUKOHATH MOJANbIIC OOPOOJICHHS CTPYMUHHUM
METO/IOM, BUKOPHCTOBYIOYM 30BHIIIHIO MOBEPXHIO SIK MacKy. B pe3yibraTi Baanocs OTpUMAaTH
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BHCOKOSIKICHUH pi3 KpUBOJIHIMHOT pOpMH, KW HE MaB iCTOTHHIX IOIIKO/PKEHB Ta CKOIOBAHb, 1 HE
moTpeOyBaB JOAATKOBOI 0OPOOKH.

OTxe, TiOpuaHuil poriec 0OpPOOIICHHS TOBIB HOTO BHUCOKY €(EKTHBHICTh Ta MOLIIBHICTH
JUIS pi3aHHS IUTACTHHOK i3 HAHECEHUMH BHCOKOMIIIHUMH ILIapaMH.
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MPUKJIATHBIE ACIIEKTBI TOJYUYEHUSA MATEPUAJIOB M CTPYKTYP JIETKOI
BPOHE3AIIIUTHI

3arupusx M.B.}, Iparo6euxuii B.B.”, Haymosa E.A. , IllanoBan A.A. *
! 1.1, mpodeccop, pexTop, KpeMeHuyrcKoro HalMOHATLHOTO YHUBEPCHTETa BM. Muxanita OcTporpaickoro,
r. Kpemenuyr, Vkpauna, secr@Kkdu.edu.ua
211, podeccop, 3aB. Kaenpoit « TeXHOTOT s MAITHHOCTPOEHHs» KpeMeHIyrckoro HaHOHATEHOTO
yHuBepcuTeTa M. Muxamia Ocrporpazackoro, r. Kpemenuyr, Ykpauna, vidrag@kdu.edu.ua
3umxenep kadeapsr « TeXHOTOTHs MAIIHHOCTPOCHUsD) KpeMEHUYTrcKoro HalMOHATBHOTO YHHBEPCUTETA HM.
Muxaunna Octporpackoro, r. Kpemenuyr, Ykpaunna, vidrag@kdu.edu.ua
*K.T.H., cTapummii mpenoaasarens kadenps « TeXHOIOrHs MAIHHOCTpoeHHsD Kpemerayrckoro
HAMOHAILHOTO yHUBepcuTeTa uM. Muxama Octporpajckoro, r. Kpemenuyr, Ykpaunna, vidrag@kdu.edu.ua

HoBbeiM HanpaBJICHUEM KapAUHAJIBHOI'O YIIYUIICHUA 6aJ'IJ'IPICTH‘IeCKOI>i CTOMKOCTH 3alIUTHBIX
CTPYKTYp JIOKJILHON OpOHE3aIUTHI SBISETCS pa3padoTKa TEXHOJIOTHMU M3TOTOBJICHUS MaTepUaioB
C HOBBIMH XHMHYCCKMMU H (Da30BBIMH COCTaBaMH M CTPYKTypaMH. MHOTOE Hay4HO-
HCCIICIOBATEIBCKUE JIA0OpaTOpUM MHpa pa3pabaThIBAIOT HOBBIC OpOHEMAaTepHalbl Ha OCHOBE
JOCTHKEHUH HaHOTexHoJorud. [Ipu 3ToM s mosydeHHs: OOBEMHBIX HaHOMATepUallOB CPEICTB
OpOHE3aIIUTHI UCTIONB3YIOT JIMO0 MOPOIIKOBBIE TEXHOJIOTHUH, JTMOO OJHOCIOWHBIE M MHOTOCIIOHHBIE
HaHOTPYOKH. OqHAKO, HAHOMATEPHAIBI M TEXHOJIOTHH MX IMPOU3BOJCTBA 10 CHX TOpP YPE3BBIYANHO
JOPOTH.

[losToMy, BHONHE  [ENECOOOpa3HO  WM3BICKUBATh  PE3EPBBl  COBEPIICHCTBOBAHUS
TPaIUIMOHHBIX TEXHOJOTHH, 00eCIeYHBAIOINX OpOHEMaTepHalaM CBOWCTBA, HE YCTYHAIOIIUE
HaHOMAaTepHaJaM.

OcHOBHBIE TIPOOJEMBI, KOTOpPBIE CBSA3aHBI C OOECHEeUeHHEM 3alUINaomield CrnocoOHOCTH
W TEXHOJIOTUH MTPOM3BOJICTBA CPEJICTB JIETKOI OPOHE3AIHTHI, CIEIYIOIINE:

— OTCYTCTBHE TEXHOJIOTHH CEPUHHOIO MPOM3BOACTBA OMMETAIUIMYCCKONH OPOHU C BHEIIHUM
BBICOKOTBEpABIM ciioeM 55...60 HRC U ThIIbHBIM BS3KUM CJIOEM;

— obecrieueHrne OCTaTOYHOM MPOYHOCTH KepaMHU4eCKol OPOHH, T.e. CIOCOOHOCTH COXPAHSTh
KUBYUCCTD IPHU NMONMAJaHUN HECKOJIbKUX MMYJIb.

Uro kacaercst mpoOIeMbl, TEXHOJIOTHS OTYICHHUS CIOUCTHIX KOMIIO3UIIMOHHBIX MaTepHAIOB
C 3aJaHHBIMH CBOHCTBaMH OTpaboTaHa aBTOpamMH. PekoMeHIyeMblld OMMETaT MOMYYeH METOIIOM
CBapKH B3pBHIBOM. [lapaMeTpbl CBapKH B3pHIBOM IMOJOOpaHBI TaKMM OOpa3oM, YTOOBI ITOMHMO
MPOYHOTO COCAMHEHHS CJIOCB MPOUCXOIMIO (OPMHPOBAHUS ONTUMAIBHOTO (PHU3UIECKOTO
COCTOSIHUSI TIOBEPXHOCTHOTO ciosi. [locnemuuii, popMupyeTcss IpU MHTEHCHBHOCTHU Jie(OpMaIni,
KOTOpasi COOTBETCTBYET MpPEICIIbHOW PABHOMEPHON WIIM MPEANISCTBYIOMICH JIOKAIBHON MOTEpH
ycroitunBoctu. [Ipn Takux ycioBusx AeGopMHpOBaHHS CBOMCTBAa 00pabaThIBaEMBIX MaTepHAIOB
6J'II/I3KI/I K CBOMCTBam HaHOO6'beMHBIX MaT€pHaIOB IO MPOYHOCTHU U IJIACTUYHOCTH. JIIIH CO31aHUs
HEOOXOANMBIX YCIOBHI JIehOpMHUPOBAHHS CKOPOCTh AETOHAIIMY B3PHIBYATOIO BEIECTBA, €r0 Macca
U CBAapOYHBIA 3a30p MOAOUPATUCH CIEIYIOINMM o0pa3oM. Bo-mepBhix, nedhopMmanuyd MeTaeMoi
IJTIaCTUHBI, BO3HHUKAIOIIWUE TIpHU €€ HBOﬁHOM nepeFI/I6e JOJDKHBI COOTBETCTBOBATH IPEACIIbHBIM
paBHOMEpHBIM aedopmarusiM. Bo-BTopsIx, nedopmanms BS3KOTO CIIOS, KOTOpas BO3HUKAET MPHU
COYJapCHUU CBAPMBACMBIX IUIACTHH, TAKXKE JOJDKHA COOTBETCTBOBATH MPEJCIBHBIM PaBHOMEPHBIM
negopmanusaM. BEIMONHEHNE 3THX YCIOBHH MO3BOJHIO TOJXYYHTh OpOHE3AIIUTHBIC CIOUCTEHIC
IUTACTUHBI  (CTalb-aIFOMUHUI-CTAllb; TUTAH-ATIOMUHUI-TUTaH) C BBICOKOW OaTUCTUYECKOM
CTOWKOCTBIO. 3alUTHBIC IIACTUHBI MPOILTH 00EBbIe HCIbITaHMsl. DOTO MIACTHH MOCIE MCIBITAHUMA
HA MPOCTPEN U3 JITUHHOCTBOJIBHOTO OPYKUS MPEIICTaBICHBI Ha puc. 1.
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Puc. 1 — KomMnosunuu TUTaH-aJIOMUHUN-TUTAH, MOJYYEHHbIE CBApKOW B3PBIBOM, IIOCIE
npocTpena myJisiMu Kanuopa 7.62 u 5.56

IIpu ynapHOM BO3AEHCTBHUH ITyJIb U OCKOJIKOB PUKOIETa HE BO3HMKaeT. [lyns 3acTpeBaeT
B BSI3KOM CJloe KoMMo3uiuu. Hawiydmive mokaszarenu 0ayuIMCTUYECKON CTOMKOCTH JOCTUTAOTCS
TIPH MCTIONB30BAaHUN MAaPTEHCUTO-CTAPCIONINX CTaleH, 00Iaaromnx Hanoosee BRICOKON yACTbHOM
MPOYHOCTHI0O WM TEXHUYECKH YHCTOTO aMOMUHUSI. Ha OammmcTHdeckyro CTOWKOCTh THTAaHO-
TFOMHHUCBOW KOMITO3UIIMHM BHI IMOJUMOPPHON MOAM(UKAIIMN HCIOIB3yeMOro THTAaHA HE
OKa3bIBACT CYIICCTBCHHOTO BIUSHUA. [Ipu TONIIMHE THUTaHOBOTO Cilos Oojee 3 MM MPOOWBaHUS
OpOHEIUIACTHH HE ITPOUCXOTUT.

Crnemyer OTMETHTB, YTO MHOTHE CIOHCTBIE KOMIO3HIIMU MOTYT YCIEUTHO KOHKYPHUpPOBATH
C KEpaMUYECKUMHU MaTepUallaMi, YCTOMYHBBIMU K BO3JCHCTBUIO OpPOHEOOMHO-3a)KUTaTEIbHBIX
nyib. OJHAKO BMECTO HHMX MOXHO HCIOJIb30BaTh 0Oojiee JIelIeBble CIOUCThIE MaTepHAJbI
C HAKJIOHHBIM ~ PACHOJOXEHHEM Habopa IUIAaCTHH  IPOMEXYTOYHBIX  CJIOEB,  CIOHCTHIC
KOMIIO3UIIMOHHBIE MaTCpUaIbl C KECPAMUYECKUMH TMMOPUCTBIMHU HpOCHOﬁKaMH, KOMITIO3UIITMOHHBIC
Marepualibl C JIOKaJbHBIMHU 30HaAMU HyJIeBOﬁ IIPOYHOCTH. Hannuwne Takux IIPOCIIOCK MNPHUBOAUT
K yBEIMYEHHIO Y3 PEKTUBHOI 30HBI AehOopMaIiK 1 OAJUTUCTUUECKOI CTOHKOCTH.

HawnGomnee 3¢ ¢dexTnBHOI 3aMTON OT CPEACTB MOPAKEHMs, 00T AAI0MINX BEICOKOM SHEprueh
U TIPOHUKAIOMIEH CIIOCOOHOCTHIO, — OpPOHEOOWHBIX IMyTh C TEPMOYIPOYHEHHBIM CEPICIHUKOM
SIBIIIIOTCS. KepaMHUUYecKue OpoHeMaTepHanbl. DTH MaTepHaibl 00IaJaroT BRICOKOI TBEpPIOCTHIO, HO
B TO K€ BpeMs — O4YCeHb Xpymnkue. [lo3ToMy, pelieHue 3Toil nmpoOieMbl HAIIPABICHHO HA MPHUIAHHE
UM IIACTUYECKUX CBOWCTB.

Wznenust w3 KepaMHKH H TBEPHIBIX CIUIABOB IIONYYalOT CICKAHHEM IIPH BBICOKOM
TeMImepaType  MpeaBapuUTEeNbHO  CIPECCOBAaHHBIX  3aroToBoK.  CBoiicTBa  KepaMHYECKHX
OpoHEeMaTepHaloB, TaKUX Kak: KOPYHJ, KapOua Oopa u KapOHJ KpeMHHs M U3JCIHH W3 TBEPAbIX
CIUTAaBOB B 3HAYMTEIHOW Mepe ONpeAesIoTCS WX TMOpHCTOCThIo. K coxaneHwmio, aBTopam He
MPe/ICTaBUIACh BO3MOXKHOCTh paboTaTh ¢ OpoHeMaTepraIaMu, HO ObLI BBITIOJIHEH KOMILIEKC padoT
10 TIOBBIIICHHIO SKCIUTYaTallMOHHBIX CBOUCTB TBepAbIX cmiiaBoB (WC+Co). BeimonHeH KOMITIEKC
SKCHEPUMCHTAIBHBIX HCCICOBAHUI 10 YIPOYHCHHIO W (POPMHUPOBAHUIO IUIOTHOW CTPYKTYPHI
y u3Ienuid 1 00pa3oB U3 TBEPIBIX CIUIABOB. J[JIs1 MOBHIIICHUS KCILTyaTAI[HOHHBIX XapaKTEPUCTHK
U3JICNUI U3 TBEPIBIX CIUIABOB TPAIUIMOHHO KCIIONB3YETCsS B3PBHIBHOE JIETHPOBAHHUE, B3PBIBHOEC
aKTUBUPOBAHWEC CIICKAHUS U PEAKIHOHHON CIIOCOOHOCTH IOPOINKOB, (POpPMUpOBAHWE HW3ICIUSL
B YCJIOBUSAX MHTCHCUBHOW IUIACTHYCCKON JehOpMAIK U JMHAMUYCCKUX JTaBlicHUi. [IepBbie OMBITHI
MIPOBOAMIIMCH 10 O0XATHIO IMJIMHAPHYECKUX 3aroTOBOK M3 CIIaBa KapOua Bosb(ppama+KkoOanbT
(BK-6) B MmemHOif o6omouke Oerymeidl IeToHaMOHHON BomHOW. [Ipm TakoM HarpyXKeHHH
MIPOU30IIUIA CBapKa B3PHIBOM MeIH cO ciuiaBoM BK-6, 9TO CBHIOETENBCTBYET O BBICOKOM YPOBHE
CABUTAIOMINX HANPSHKCHHH W JAWHAMHYECKHX HaBileHud. OXHAKO YIUIOTHEHHS CTPYKTyp He
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MIPOM30ILI0. B3pBIBHOE aKTHMBHPOBAHWE CHEKAHUS W PEAKIMOHHONH CIIOCOOHOCTH IIOPOIIKOB
B IIMPOKOM JMANa30HE MpPWIATaeMbIX MaBICHUH HE MJal IIOJIOKHUTEIBHBIX pPE3YJIbTATOM IO
YIUIOTHEHHIO CTPYKTYpPBI TIOCIE€ OKOHYATEIHHOTO CIICKaHMS. OJIEKTPOB3PBIBHOE JIETMPOBAHUE,
Harpy>KeHHOE CHUCTEMOH yIapHBIX BOJIH OETYIIMX M HOPMAJIBHO JEHUCTBYIOIIMX Ha MaTepual
o0pasua, CXOSIIMMHUCS yJapHBIMH BOJIHAMH, TAaK)K€ HE TIPUBEJIO K YILIOTHEHHIO CTPYKTYPBHI.

OpHako, MPH Harpy:XeHUH 00pas3loB, MPOMIEIIINX NEPBUYHOE CIIEKAHWE M MOMENICHHBIX
B KUJAKYIO Cpely IO/ JAaBICHHEM, HMIIYJIbCOM HEeOOJbIIOW HHTCHCHMBHOCTH OBUIM IIOJYYEHBI
TIOJIOKUTEJIbHBIE PE3YJIbTAThI.

B pesynbrate mpoBeneHHS ITHX HCCIEIOBAHUH MO MaJOUHTCHCUBHOMY HMIIYJIbCHOMY
Harpy’>KCHMIO IIMXTHl WJIM IPEABAPUTEIBHO ONPECCOBAHHBIX M TOTOBBIX H3JENUH W3 TBEPIBIX
CIIABOB TOJIy4€Ha CTPYKTYPa, MOHOJIHMTHOCTH KOTOPOH 3HAYMTENHHO NPEBBIIIAET MOHOJIHTHOCThH
M3IEIU M3 M3BECTHBIX TBEPABIX cIulaBoB. Ha pucynke 2, 3 ans npuMepa NpUBEICHBI
MHUKPOCTPYKTYPBI 00pa3IoB U3rOTOBICHHBIX U3 TBepaoro cmasa (WC+Co).

B pesympraTe MEXaHWYECKMX HCIBITAHMHA JIOTNOJHHUTENBHOE HArpy>KEHHE  IOCIiIe
MIPEABAPUTEIHHOTO JOONPECCOBAHMS yBEIMYMIO Ha 24 - 27% NpOYHOCTP Ha M3TUO TOTOBBIX
U3AeIMd U3 TBepbIX criaBoB. Clieq0BaTeIbHO, UMITYJIHCHOE HArPy)KEHHUE MO MHTEHCUBHOCTH
NPU  YaCTOTHBIX XapaKTEepPUCTUKAX, COOTBETCTBYIOIIUX 3BYKOBBIM  4YacTOTaM, IPHBOJIUT
K HOJIyYSHHIO OE3MOPHUCTBIX CTPYKTYp W mnpuoOpereHuto TBepiabiMu cruiaBamMu  (WC+Co)
TUIACTUYECKUX CBOWCTB.

Puc. 2 — MukpocTpykTypa 00pasiia, Puc. 3 — MukpocTpykTypa odpasiia mocie
HU3TOTOBJIEHHOTO MO CEPUMHON TEXHOJIOTUH HUMITYJIbCHOTO Harpy>KeHUsl MaJloi
WHTCHCUBHOCTH

PazpaboTaHpl NPOMBIIIIEHHBIE TEXHOJIOTHH TTOJMYYEHUs CIOMCTBIX OPOHEIUIaCTHH CTallb-
ANMIOMUHUI-CTaJb, TUTAH-ATIOMUHUI-THTaH. Hanmuuume Bsi3koro ciios oOecrieunBaeT yJIaBiMBaHHE
ITyJIM ¥ OTCYTCTBUE OCKOJIKOB OpPOHE3JIEMEHTOB NP MOPaYKEHUH.

Takum 00pa3oM, YCTAHOBJIEHO, YTO JOIOJIHHTEIFHOE HMITYJILCHOE HarpyXeHue Majoi
WHTEHCHBHOCTH 3aroTOBOK M3 TBEPIBIX CIUIABOB NPHBOJUT K CHIDKEHHIO HX IIOPUCTOCTH
U XPYIKOCTH, 4YTO IO3BOJSICT MHOTOKDPATHO HCIIOJIB30BaTh KepaMHUYeCKUe OpOHETIEMEHTHI
B OOEBBIX YCIIOBHSIX.
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