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1. Goals and objectives of the exam in the educational program **8D07110-Materials
Science and Technology of New Materials™

The exam is held to determine the practical and theoretical training of the master and to
check the compliance of knowledge and skills with the requirements of doctoral studies in the
field of training.

2. Previous minimum level of education for those wishing to master the doctoral
programs in the educational program "*8D07110-Materials Science and Technology of New
Materials"

Requirements for applicants: Applicants must
e be familiar with the physical nature of the formation of substances, the laws of formation of
the phase composition, structure and properties of materials depending on their chemical
composition, methods of preparation and processing;

e know the basic regularities of interrelationships between phase composition, structure and
properties of materials; theoretical bases of technological processes of production and processing
of materials and finished products from them; device and operation of scientific and
technological devices and equipment;

e be able to practical use the methods of studying the structure and properties of materials; to
develop technologies for obtaining and processing of new materials;

e must have the skills of mathematical processing of research results, compilation of scientific
and technological documentation;

e must be competent in matters of technical and environmental safety, protection of human
life, legal norms and economic problems.

3. Prerequisites of the educational program
1. Modern material science - 5 cr.

2. Nanotechnology in materials science - 5 cr.
3. Perspective functional materials - 5 cr.

4. List of exam topics
Discipline ""Modern Materials Science™

1. The purpose and place of the discipline of material science. A brief history of the
discipline.

2. General information about amorphous materials and ways to obtain them.

3. The main types of dielectrics. Electrical conductivity of dielectrics.

4. Types of chemical bonds in materials: ionic, covalent, metallic. Basic methods of
studying the structure of materials. Types of crystal lattices.

5. Concepts of phase, component and structural component. Micro and macro analysis.
Physical methods of studying materials.

6. Defects in the crystal and their types. The effect of defects on the properties of materials.
Dislocations and types.

7. Kinetics, mechanism and thermodynamic basis of crystallization of metals. Structures
and phases in metal solutions (solvents, chemical bonds, intermediate phase, impurities) and
conditions of their formation.

8. Phase equilibrium diagrams. Thermodynamic equilibrium conditions in two-component
mixtures. Dependence of Gibbs energy on the state of the mixture.

9. Metals: ferrous metals. Classification of steel and its quality, structure and application.

10. Instrumental steel. Non-ferrous metals and their alloys. Aluminum and copper alloys.



11. Methods of obtaining ceramic materials and their scope. Ways to deal with their
fragility.

12. Inorganic glass and their types. Organic glass. Heat treatment.

13. The main types of polymers and ways to obtain them. Characteristics and properties of
polymers and scope.

14. Types of semiconductor materials. Electrical properties of semiconductors. Scope of
application.

15. Composite materials and ways to obtain them. Composite materials with metal and
polymer matrices. Ways to obtain basic composite materials: glass plastic and carbon plastic.

16. Mechanical properties of materials. Stress and strain. Elastic and plastic deformation.
Properties determined by static stretching.

17. Methods for determining the mechanical strength and hardness of materials.

18. Electrical properties of materials: theory of conductivity, conductors, insulators,
superconductors.

19. Optical properties of materials: transparent and opaque materials. Light. Luminescence.
Optical fibers and modern optical devices. Lasers.

20. Magnetic properties of materials: ferromagnetism, dia-paramagnetism. Magnetic
materials.

21. Modern methods of studying materials. Optical microscopy. Scanning probe
microscopy.

22. Semiconductor devices: light-emitting semiconductor diodes, lasers.

23. Technology of obtaining nanomaterials, their properties and structure.

Discipline ""Nanotechnology in materials science."

1. What is nanotechnology? Areas and directions of application of nanotechnology.
History of the development of nanotechnology.

2. Types of nanomaterials: consolidated nanomaterials, nanoconductors, nanopolymers,
nanobiomaterials, fullerenes and tubular nanostructures, catalysts, nanoporous materials and
supramolecular structures. Nanoparticles (nanopowders). The science of small objects
(nanoscience).

3. Quantum funnels, dots and wires. Nanoparticles (Nna powders).

4. Obtaining nanomaterials on the principle of "top-down™ and "bottom-up".

5. Production of nanomaterials: Nanostructuring under the influence of shear pressure.

6. Obtaining nanomaterials: Nanostructuring by crystallization of amorphous structure.

7. Production of nanomaterials: compaction of nanoclusters. Ways to obtain nanopowders.

8. Production of nanomaterials: Condensation method (Gleiter method). High energy
grinding.

9. Production of nanomaterials: Mechanochemical synthesis. Plasmochemical synthesis.

10. Obtaining nanomaterials: Synthesis under the influence of ultrasound.

11. Extraction of nanomaterials: Electric explosion of wires. Consolidation methods.
Electric discharge welding.

12. Extraction of nanomaterials: Intensive plastic deformation (rotation under the influence
of high pressure, angular sealing of the channel).

13. Production of nanomaterials: Nanostructuring by crystallization of amorphous
structure.

14. Technology of nanostructured membranes: thermal evaporation, ion deposition, gas
phase deposition, pulse electroplating, thermal decomposition.

15. Fundamentals of nanotechnology of semiconductor nanomaterials. Molecular-beam
epitaxy. Mechanisms for obtaining semiconductor quantum dots.

16. Mechanisms of nanofilm growth on the mechanisms of Folmer-Weber, Franco-van der
Merve, Krastanovu-Stransky



17. Methods of CVD and PCVD.

18. Basics of technology of polymeric, porous, tubular and biological nanomaterials.
Hybrid and supramolecular materials. Nanoporous materials (molecular filters). Tubular
nanomaterials. Polymeric nanomaterials.

19. The main methods of design of nanostructures: electronolithography and
nanoimprinting, local epitaxy and epitaxy of surface stress structures, self-formation and
synthesis in matrices (template synthesis), probing methods of lithography.

20. The method of local probe oxidation. Physicochemical basis of the method of local
probe oxidation.

"Perspective or advanced functional materials*

. General characteristics of the study of metals and structural methods of research.
. Atomic-crystalline structure of metal

. Defects of the metal crystal lattice

. Materials based on high molecular weight compounds

. Non-metallic inorganic materials

. Ceramic materials

. Composites

. Classification of materials according to the structural basis
. Materials with electrical functions

10. Materials with magnetic functions

11. Materials with optical functions

12. Materials with biological functions

13. Materials with thermophysical functions
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5. List of used literature

""Modern material science™

The basic literatures:

1.Kopo6osa H.E., CapcemOunos III.I11. “Introduction to the material science” (Beenenue B
marepuanosenenue)/ N. Korobova, Sh. Sarsembinov. — Anmarsl: Kazak ynusepcurteri, 2006. —
325c.

Additional literatures:

1. Modern Physical Metallurgy and Materials Engineering, /Ed. R. E. Smallman, R J
Bishop.- 1999.

2. Smallman R.E., Ngan A.H.W. «Physical Metallurgy and Advanced Materials,
http://www.twirpx.com/file/432338/

3. http://swiat-zaproszen.pl/materials-science&page=2

4. Barett C.R., Nix W.D., Tetelman A. S. “ The principles of engineering materials”, 1998.

Nanotechnology in materials science
The basic literatures:

1. KobOoscu H. Beengenne B HanorexHonoruo. M.: BMHOM. 2005, -134 c.

2. Tomorun F0.U. Beeaenne B HaHOTEeXHOJOTHIO. M.: MammraocTpoenue. 2007, -496 c.

3. Cyznanes W.II. HanorexHonorus: (pU3MKO-XUMHsSI HAHOKJIACTEPOB, HAHOCTPYKTYp H
HanomatepuasioB. M.: KomKnura, 2006, -592 c. (CunepreTrka: OT MpoIuIoro K Oyaymemy).

4. Tlyn-mn. Y., Oysnc @. Hanorexnonoruu, (Mup marepuasoB M TeXHONOTUH). M.:
Texnocdepa, 2006, -336 c.

5. Awngapuenckuil P.A., Paryns A.B. HanoctpykrypHble Matepuaisl. M.: «AkageMus»,
2005, -192 c.

6. MuponoB B. OcHOBBI ckaHupyromei 30H10BoH Mukpockonuu. M.: «Texnocdepar,
2005, 144 c.



7. CO0. mox pen. Manbnesa I1.I1. Hanomarepuansl. Hanotexnonoruu. Hanocucremuas

TeXHUKa. Mup MatepuasioB u TexHonoruii. M.: Texnocdepa, 2006, -152 c.
Additional literatures:

1. Hesomun B.K. 30H710BbI€ HAHOTEXHOJIOTUU B ANEKTpOHUKE, (Mup 351eKTpOoHUKH). M.:
Texnocdepa, 2006, -160 c.

2. CoOopuuk mon pea. MambsueBa ILII. Hanomarepuansl. HaHOTeXHOJIOTHH.
Hanocucremuas texnuka, (Mup MarepuanioB W TeXHOJOTHWA. Muposie moctixkeHus 3a 2005
ron). M.: Texunocdepa, 2006, -152 c.

3. Ilox pen. Yanmeiruna F0.A. Hanotexnosnoruu B anexktponuke. M.: Texaocdepa, 2005,
-448c.

4. AmnnpueBckuii P.A. Hanomarepuasnbl: KOHIENIMS M COBPEMEHHBIC MpoOJIeMbl //
Poccuiickuit xumuaeckuit xxypHai. - 2002, - T. 46. - Ne 5. - C. 50-56.

5. HanorexHonorus B GnmxaiiieM aecaruiaetud. [Ipornos HanpapieHus: ucciaea0BaHul
/ Tlom pen. M. Poko, P.C. Bumesamca, IlI. AmmBucaroca; Ilep. C anmrm. mox pen. P.A.
Anpapuesckoro. -M.: Mup, 2002. - 292 c.

6. @ecitnmMan P. BHU3Y MOJHBIM MOJHO MECTa: MPHUIJIANICHUE B HOBBIM Mup ¢usuku //
Xumus u xu3ab. 2002. Ne 12. - C. 20-26.

7. Xappuc Il. Yraepoansie HAaHOTPYOBl U POACTBEHHBIE CTPYKTYpbl. HOBBIE MaTepuabl
XXl Beka / Ilep. ¢ anri. ox pex. JI.A.Yepno3aronckoro. M.: Texnocdepa, 2003. - 336 c.

8. Tlomoraiino A.Jl., Poszenbepr A.C., Yomsan W.E. HanowyacTuubl MeTa/uiOB B
noiauMepax. M.: Xumus, 2000, -672 c.

9. Capcem6Ounos IILII., ITpuxompko O.FO., MakcumoBa C.f1. ®usnueckue OCHOBBI
Moau(UKAIIMK  SJEKTPOHHBIX CBOWCTB HEKPUCTAIUIMYECKUX TMOJIYNpPOBOAHUKOB. [, X.
Moudukamysi SJIEKTPOHHBIX CBOWCTB IUICHOK aMOp(GHOTO aiaMa3onoJo0HOr0 yriepoja.
Anmarsr: Kazak yausepcureri, 2005, -341 c.

""Perspective or advanced functional materials*

The basic literatures
1. Bect A. Xumus tBepaoro tena. Teopus u npunoxenus. // M.: Mup, 2008, T.1.-558c.,
T.2.-336¢.

2. Tpetrpsikos 10./1., Metnun 10.I'. ®ynnaMenTanbHble GU3NKO-XUMUYECKHUE MTPUHIUIBI B
Heoprannueckom marepuanoBeaenuu. // JKBXO, T.36, Ne6, 1991, c.265.

3. [Tanuu A.E., Kynpusinos M.®. ®usuka u TexHosorusi cernetokepamuku. // PoctoB v//1,
n31-Bo PocToBckoro yHus.-ta, 2009.—180c.

4. bapoyr k., Teinop k. IonspHble NUANEKTpUKH W UX mpuMmeHeHue. // M.: Mup,
2001.-527c.

5. buxsmes D.A. YuyebHoe nmocobue: "AKTHBHBIE MOJSIPHBIC UIIEKTPUKU” TSI CTYJEHTOB

IV-ro kypca xumuueckoro ¢axyibrera HODY (cnenumansHocTh: "XuMus, GU3NKa U MEXaHUKA
matepuainos"). / UK IODY.

6. Tpetrpsakos 10./1., I'ynunmun E.A. XuMndeckue NpUHIUIBI TOTYyYEHUS METAJUIOKCHIHBIX
CBEpXITPOBOAHUKOB. // Ycnexu xumun, 2000, T.69, Nel, C.3-40.
7. TpetbsixoB 10.J[. Heopranuueckass XUMusi — OCHOBa HOBBIX MarepHaioB. // XuMus u

x’u3Hb, 2007, Ne5, C. 15-17.
Additional literatures:
1. PomanoBckuit  b.B., Makmmnaa E.B. Hanoxkommo3utsl kak (yHKIIMOHATHHBIC
matepuaisl. // CopocoBckuit oOpa3oBatenbHblii xkypHail, 2004, T.8, Ne2, C.50-55.
2. Vkue E.A., Bykyn H.I'. TBepabie anextponutsl. // M.: Hayka, 1977.— 176c.
3. IMukun C.A., biunos JI.M. XXunkue kpuctamisl. / M.: Kant, 1982.-208c.



6 Scale of examination results in doctoral studies in 8D07110 - ""Materials Science and
Technology of New Materials™

- Numeric Competence scale
Pricing .
in al in the
. | equivalen | % content | traditional
alphabeti
tofa system
cal order
score
A 4.0 95-100 OTe XKaKChl ArtanmMpiin - Gara  Keneci  JKarmaiiapial
KOWBLIAa/bI, €rep JOKTOPAHT
1) Kocibu KpI3METTEpAE JKAIIbl  KOHE
OHIIPICTIK MEHEKMEHTTIH HeT13T1
KaTeropHsUTapbIH O1Ie/Il )KOHE KOJIIaHa alajibl,
TeXHOJIOTUSUTBIK yaepicrepai Oackapy|
0o0beKTiCi  peTiHAe  capanTay,  Herisri
OHIIPICTIK pecypcTapabia OaraJbIK
KYHIBUTBIFBIH OTKI3Y, KOCIMIOPBIH|

[PECYPCTaphIH KOJJAaHy OOWBIHIIA aKIapaTThl
caparitay KoHe KaMTy JaFbIChbIHA He.

2) OHiIMHIH caracelH OackapyabIy|
DKYHEJIEpIHIH HETI31H KOHE  OCBl JKYHCHIH
€HY1HE JaibIHIBIFBIH UTCPE/Ii.

3) JKacamaTelH MaTepHala, TEXHHUKA JKOHE
TeXHOJIOTUSIIIAPIbIH TEXHUKAJIBIK KOHE|
SKOJIOTHSUIBIK KayiNCI3JIriH KaMTaMachl3 €Ty
OOMBIHIITA OIPIHIIUIIK OHAIPICTIK OOIIMIepAiH
PKYMBICTAPBIHBIH OMNEPAaTUBTIK KOCMapiapbiH,
MalbIHAAy,  TEXHOJOTHUSIIBIK  yAepicTepii
0ackapy, TOyeKel €Ty >KOHE OJIIIEM/Ii aHBIKTaY)|
PKYMBICTApPbIH urepe aJIaJIbl, OKBIC
pKaFqaitnapaa a3 YKYMBICIIBLTAPIbIH|
OpEKETIHJIErl peTi MeH KOopray ToCUIIEepiH|
oineni.

4)  JKoraphITEXHOJIOTHSIIBIK ~HHHOBAIUSITBIK
OW3HECTIH, COHBIH IIIiHAE Kiml OW3HECTIH
MEHE/DKMEHT1 HeTi3iH, «Marepuanrany >KoHe
MaTepHasIap TEXHOJIOTHACHD) OaFrbITH]
OOMBIHIIA KOCIOM KBI3METTE OIIiM, €I KOHE

TaF IBUTAPBIH KOJJIAHY JAbIHIBIFBIH UTEPE/I].




3,67

90-94

|ATaJIMBIIII Oara KeJiecl Karanapaal
KOMbLIa/bI, €rep JOKTOPaHT

1) Oprypii TaraibIHIATBIMIAFbI OPraHUKAJIBIK|
eMeC JKOHE OpraHMKaJblK MaTepHajiaplblH,
OHBIH 1IIiHAE€ HaHOMAaTepUalAapAbl, HEri3ri
TypJiepiH Ouresi, ojapIblH KOJIAHBUTYBIHBIH
CeHIMIUTIK  OHE  y3aK  KOJJIAHBLIYBI,

HKOHOTMHKAJIBIK KoHE 9KOJIOTHSUTBIK
caliapblH  €CENKe  aJFaHjIarbl  OepiiareH
HKCILUTyaTalUs IapTTaphI yLIiH

MaTepHUaIIapAbl ©3INIMEH TaHAy JIaFAbIChIHA
ue.;

2) TexXHOIOTUsIIBIK yzaepicrep MeH|
orepanusuiapAbl  oflapibl  ICKE  aCybIHBIH]
TaFalbIHOAYBl MEH  ofictepi  ecebimMeH
KOJJlaHa  ajajbl,  HOPMATUBTIK  >KOHE
O/ICTEMENIIK ~ MaTepuaigapisl  OHIIPICTIH
TeXHOJIOTUSUIBIK JAWBIHIBIFBI, YKOHOMHKAIIBIK
capanTamMa ece0IMEH OHIM MEH YIepicTepaiH|
camachl, CTaHIapTH3aIUs XKOHE cepTuduUKaImsy
OOMBIHILIA KOJIJaHa aajbl.

3) wMarepuaniap MeH OJIapJiaH  aJbIHFaH
OHIMJICP/IIH KYPBUIBIMBI MEH KacueTTepi,
3epTTEY JKOHE JUBIHIAYBIH JKY3€re acybIHbBIH|
TEXHOJIOTUSIIBIK YAepicTepiHiH Heri3ri
rapaMeTpJiepiH ©JIIey >KOHE Oakpuiay YIIiH]
©3/IrMeH KOJ/IaHa ally JIaFabIChIHA He€.

4) Omnuipic yaepicTepiHiH aBTOMATTAaHIBIPY)|
olicTepi  MEH  KypaJJapblH  e3JiriMeH|
MaWbIHAAM aly, THIMII, TEXHHUKAJBIK JKOHE
HKOJIOTUSUIBIK Kayilci3 eHAIpICTI KaMTaMachl3
eTeTIH eHOEeK YHBIMBIH KaObuliay HKoHe
omicTepiH, >KaOABIKTap MEH KaOIbIKTaIly/bl

Tamial anabl.




B+

3,33

85-89

3,0

80-84

JKaxkcel

This grade is given in the following cases, if &
doctoral student

1) Knows the main types of inorganic and
organic materials for various purposes,
including nanomaterials, has the ability to
independently select materials for the given
operating conditions, taking into account the
reliability and longevity of their use, economic
and environmental consequences;

2) apply technological processes and
operations, taking into account the purpose
and methods of their implementation, apply|
regulatory and methodological materials on
the technological readiness of production, the
quality of  products and  processes,
standardization and certification, taking into|
account economic expertise.

3) the ability to independently use the structure
and properties of materials and their products,
to measure and control the main parameters of
technological processes of research and
development.

4) be able to independently develop methods
and tools for automation of production
processes, to accept the organization of labor|
and choose the methods, equipment and
supplies that provide efficient, technically and
environmentally safe production.

This grade is given in the following cases, if a
doctoral student

1) Has mastered the basic base of theoretical
and applied sciences and can develop them
independently by applying them in
professional activities in the theoretical and
practical research, analysis and modeling of
materials and processes.

2) Has mastered the basic state and methods of]
social sciences, humanities and economics and
can apply them in solving professional
problems, taking into account its consequences
for society, economy and ecology.

3) can apply in practice the natural sciences,
general vocational and special disciplines in
order to understand the problems of "Materials
Science and Materials Technology"”. material
and technology of materials ».

4) Can develop and apply ideas, make an
original  contribution to this science,

engineering and technology.




2,67

75-79

This grade is given in the following cases, if &
doctoral student

1) master the purpose and complex research,
practice and diagnostics of materials, the
process of production, processing and
modification of manufactured substances.

2) the use of technical substances and its basic
parameters, the properties of substances
contained in the material.

3) purification of the process environment, the
study of physical and chemical properties of
metals.

4) knows about the production and
technological defects, extensively on the
methods of non-destructive testing, know their|

domestic, modern and foreign methods.




