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INTRODUCTION

1. Academic discipline purpose — to teach students about the peculiarities of physics, physico-
chemical, and mechanical characteristics of nanostructured composite materials; the basic approaches
to their manufacturing and testing; the general fields of their applications.

1. MeTa TUCHMILTIHM — O3HAMOMJICHHSI CTYJICHTA 3 OCOOMMBOCTAMH (i3MUHUX, (PI3UKO-XIMIYHHUX Ta
MEXaHIYHUX XapaKTePUCTHK HAHOCTPYKTYPOBAaHMX KOMIIO3MIIIMHMX MaTepialiB, CHOCOO0aMH iX
OJIepKaHHs, JOCIIKEHHS Ta MOKIIUBOCTSIMA BUKOPUCTAHHSI.

2. Preliminary requirements for the discipline selection:

Successful learning of the following courses: “Molecular Physics”, “Electrics and Magnetism”, “Solid
State Physics”, “Nanostructured Ceramic Materials”.

2. IlonepeaHi BUMOIH 10 ONIAHYBaHHSA 260 BUOOPY HABYAJIbHOI IMCHUILTIHU:

VYcnimHe onanyBaHHS KypcCiB 3arajibHOi (Pi3UKH Takux sK “MosekymnspHa ¢i3uka i TepMoJauHaMiKa”,
“EnexTpuka 1 mMarHeTu3m’ Ta creukypciB “@izumka TBepaoro Tina”, “HaHOCTpyKTYypHI KepamiuHi
Marepianm’.

3. Abstract:

The course “Physics of nanocomposite materials” improves the knowledge in the field of Condensed
State Physics with the focus on the approaches of creation and investigation of compound materials
with the essential content of nanostructured objects and the influence of such objects on the material
properties. The discipline purpose is to teach students about the peculiarities of physics, physico-
chemical, and mechanical characteristics of nanostructured hetero-phase materials based on metals,
ceramics and polymers; the basic approaches to their manufacturing and testing; the general fields of
their applications. Fundamental laws and concepts of the discipline have a broad application in
science, particularly in Condensed State Physics and Chemistry.

Teaching methods: lectures, independent work. Assessment methods: mid-semester tests, final test.
The overall score bases on mid-term evaluations (60%) and the final test (40%).

3. AHOTAaIlis HABYAJIBHOI JUCHUILTIHM / pedepeHc:

B pamkax kypcy «®i3vka HaHOKOMIIO3UTHUX MaTepiajliB» PO3IMIMPIOIOTHCS 3HAHHS CTYACHTIB B
HanpsAMKY (Di3MKH KOHAEHCOBAHOro cTaHy. OCHOBHA yBara MPHUIUISETHCS OCOOJUBOCTSAM METOJIIB
CTBOPEHHS Ta JIOCIIJKEHHSI KOMIIO3MIIIM, 1110 MICTATh ICTOTHY KUIBKICTh HAaHOPO3MIPHHMX 00’ €KTIB
MEBHOI CTPYKTYPH Ta BIUIUBY LIUX OO’€KTIB Ha XapaKTEpUCTHKH MarepiaiiB B LijoMy. HaBuambHa
3a/la4a JUCLUUILUIIHU — O3HAMOMIIEHHS CTY/AEHTIB 3 OCOOJIMBOCTAMHU (PI3UYHMX, (PI3UKO-XIMIYHUX Ta
MEXaHIYHUX XapaKTePUCTUK HAHOCTPYKTYpOBaHHMX rerepoda3HUX MaTepialliB Ha OCHOBI METaliB,
KepaMiK Ta MoJiMepiB, criocobamMu iX oJepKaHHS, JOCTIIKEHHS Ta MOXJIMBOCTSIMU BUKOPHUCTaHHS.
OdyHIaMEeHTanbHI 3aKOHM Ta TMOHSTTS, OTPHMAaHI MiJ 4Yac BUBYEHHS Ili€l AUCIMIUIIHU, IIMPOKO
BUKOPHUCTOBYIOThCS y (i3UIll, 30KpeMa y (13Ul KOH/IEHCOBAHOIO CTaHy.

Metoau BUKIaJaHHS: JIeKlii. MeToIu OLiHIOBAaHHS: KOHTPOJIbHI pOOOTH MIC/Is OCHOBHHUX PO3iIIB
crenKypcy, 3aiik. [lizcymMmkoBa oliHKa BUCTaBIISIETbCS HA OCHOBI MPOMIKHUX OILIIHOK (60%) Ta 3amiky
(40%).

4. Teaching purposes —mastering of manufacturing approaches as well as the methods experimental
and theoretical investigations of structure and properties of nanocomposite materials, the
understanding of the physical mechanism of positive and negative influence of nanostructured
constituents on physico-mechanical characteristics of such materials.

4 3aBaanHsi (HaBYaJdbHi Wimi) — OCBOEHHA  CTYJEHTaMH  METOMAIB  OTPHUMAaHHS,
€KCIIEPUMEHTAJIbHOTO  JTOCHI/DKEHHS Ta TEOPEeTHYHOro omucy OyIoBM Ta BIACTHUBOCTEH
HAaHOKOMIIO3UTHUX MaTepiayiB, pO3yMiHHS (I3MKM [O3UTHBHOTO Ta HETaTUBHOTO BIUIUBY
HaHOPO3MIPHUX CKJIaJI0BUX Ha (DI3MKO-MEXaHIYHI XapaKTepUCTUKU KOMITO3UTIB.
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According to Ukrainian High Education Standard demands, the second (Master’s) level of the Higher
education, area of knowledge E "Natural Sciences, mathematics and statistics", specialty ES “Physics
and Astronomy” provides the achievement of the following competences:

3rigao BuMor CTaHAapTy BUIIOI OCBITH YKpaiHu (Ipyruil (MariCTepchKuil) piBeHb BHUINOI OCBITH,
rany3s 3HaHb E «lIpuponnudi Hayku, MaTeMaTHKa Ta CTATHUCTHKA», crerianbHicTh ES «®Dizuka Ta
actponomist», OHII «®i3uka HaHOCHUCTEM» JUCIUILIIHA 3a0e3neuye HaOyTTs 3400yBauaMu OCBITH
HACTYHUX KOMHEmeHmHOCHel.

Integral:

The capability to solve complex innovative and research problems in the field of physics and
astronomy.

InTerpanbuux:

31aTHICTh PO3B’A3yBaTH CKIIAHI 3a/1a4l 1 TPoOJIEeMHU JOCIITHUIILKOTO Ta IHHOBAIITHOTO XapaKkTepy
y (i3uii Ta acTpoHOMIi.

General:

3KO01. Capability of the knowledge application.

3K02. Understanding of substantive base and professional activity of the field.

3KO03. Capability to find, process and analyze scientific information from different sources.
3KO04. Capability of modern knowledge independent learning.

3KO05. Capability to use the modern communication and information technologies.

3K06. Capability to identify and solve problems.

3K07. Capability to perform high grade research.

3arajgbHux:

3KO01. 3gaTHicTh 3aCTOCOBYBATH 3HAHHS Y MPAKTHYHUX CHTYAIlisX.

3KO02. 3nanHs Ta po3yMiHHS IpeaIMETHOT 00J1acTi Ta po3yMiHHA MPOodeciiHOT AiSITBHOCTI.
3K03. 3aaTHicTh 10 MOIIYKY, 00poOICHHS Ta aHATI3Y iH(OpMAIIii 3 pI3HHUX JHKEPEI.
3KO04. 3naTHICTh BUUTHUCS 1 OBOJIOAIBATH CYYaCHUMH 3HAHHSAMU.

3KO05. 31atHicTh BUKOPUCTOBYBATH 1HPOPMAIIiiiHI Ta KOMYHIKAI[II{HI TEXHOJIOT1].

3K06. 3naTHicTh BUSABIIATH, CTABUTH TA BUPILTYBATH MPOOIIEMHU.

3KO07. 3gaTHiCTh MPOBEAEHHS TOCIIKEHb Ha BIIOBIAHOMY PIBHI.

Professional:

®KOS5. The capability to comprehend and integrate the obtained knowledge in physics and astronomy,
as well as the capability to obtain the new knowledge in physics, astronomy and interdisciplinary
sciences, required for complex problem solution.

®K10. The capability to apply methods for obtaining nanosized nanocomposite materials.

daxoBuXx:

®KOS. 3paTHICTh cipuiiMaTi HOBO3400yTi 3HAHHS B 00Js1acTi (PI3UKHU Ta aCTPOHOMII Ta IHTETPyBaTU
iX 13 yXe HasgBHHUMH, a TaKOXX CAMOCTIHHO OMAHOBYBaTH 3HAHHS 1 HABWYKH, HEOOXIiTHI s
PO3B’s3aHHS CKJIAIHUX 3a/1a4 1 MpobjieM y HOBUX MJisi ce0e JeTalmi30BaHuX MPEAMETHUX 00JIacTsIX
(b13UKHM Ta aCTPOHOMIT i JOTUYHUX JIO0 HUX MDKIUCIUILTIHAPHUX 00JIaCTAX.

@®K10. 3paTHICTP 3acCTOCOBYBAaTM METOAM OTPUMAaHHS HAHOPO3MIPHHUX HAHOKOMIIO3UTHHUX
Marepiais.

5 Discipline outcomes:

The discipline learning outcome Assessment Percentage
(1. To know; 2. To be able to; 3. Communication; 4. Teaching methods thod of the total
Autonomy and responsibility) methods rating
Code \ The learning outcome




1.1 |To know the basic characteristics of|Lectures, independent |Interrogation 30
nanocomposite materials, their connections to|work during lectures,
the composite structure and nanoparticles modular test
content

2.1 |To be able to choose the type of material|Lectures, independent | Interrogation 30

according to its application, propose its
composition, structure, and possible ways of
manufacturing

work

during lectures,
modular test

5. Pe3yabTaTu HAaBYAHHSA 32 TUCHHILTIHOIO: (0nucyiomvcs 3 0emanbhoio 00CmosipHicmio 01 po3pooKu

3ax00i8 OYIHIOBAHHST)

Pesynemam nasuanus Biocomox y
(1. 3maru; 2. BmiTH; 3 KOMyHIKalis )4 aBTOHOMHICTb T4 | A fom 0oy eUKIAOAHHS I Memoou niocymMKo8iti
B1IITIOBIJAJIBbHICTH . . .
ANOBLL HABYaHHSA OYIHIOBAHHSL oYinyi 3
Kon Pe3ynbrar HaBUaHHs Oucyuninu
1.1 |3Hatu OCHOBHI ¢izuko-mexanivni [ JIeknii, camoctiiina | OnuTyBaHHS B 30
XapaKTECpHUCTUKHU HaAHOKOMITIO3UTHHUX p060Ta Hpoueci HeKHiﬁ,
MmarepialiB, iX 3B’A30K 13 CTPYKTYpormO Ta MOJTyJIbHA
BMiCTOM HaHOPO3MIipHOI CKIIaJ0BO1 KOHTPOJIbHA
pobota
2.1 |Bwmitn obupartu THI MaTepiany BiamoBimHo 1o [ JIekuii, camocriiina|OnuTyBanHs B 30
HOro mnpHU3HAYEHHS, HaJaBaTH peKOMeH,Z[aI_Iﬁ p060Ta Hpoueci neKHiﬁ’
II0JI0 ONTUMAJIBHOTO CKJIALy Ta CTPYKTYpH, a MOJLYJIbHA
TaKOK MOXKJIMBHX LIUISIXiB BUTOTOBJICHHS KOHTPOJIbHA
pobota

6. The relation of the discipline outcomes with the programoutcomes

Discipline outcomes
Program outcomes

11]21

ITPHO2. To carry out experimental and theoretical investigations in physics
and astronomy, analyze collected results in the context of the existing
theories, make reasonable conclusions (including error estimations) and
proposals for further investigations.

ITPHO4. Choose and use appropriate methods of physics experimental data
processing and credibility analysis

I[TPHO7. To value the novelty and credibility of the scientific results in
chosen field of physics, proclaimed in the oral or written form.

ITPHO09. To analyze and generalize the scientific results in the chosen field
of physics, track new achievements from communications with colleagues.

ITPH10. To find information and data required for complex physics problem
solution by means of scientific journals, databases, etc.; to value and analyze
the obtained information.

ITPH11. To use theories, principals, and methods of physics to solve
complex interdisciplinary and applied problems.

[TPH14. To be able to identify the calculation method required to solve the
specific scientific problem in physics of nanosystems.

[TPH23. Be able to calculate the redistribution of charge, potential, and field
on the surface and phase boundaries, estimate the degree of electron
localization, and determine the work function of electrons.

ITPH25. To know manufacturing methods and structure features of
nanosystems; to be able to determine the composition-property relations.




6. CniBBigHOIIEHHS Pe3yJIbTATIB HABYAHHS AUCHUILIIHY i3 NpOorpaMHUMH pe3yJabTaTaMHu
HABYAHHS (#0008 '513K080 0I5l BUDIPKOBUX OUCYUNIIIH)

Pe3yibTaTi HAaBYAHHS QM CUUILTIHA
IIporpamHi pe3y/ibTaTH HABYAHHA
I[TPHO2. IlpoBomuTH eKCIIEpUMEHTAIbHI Ta TECOPETUYHI ITOCIIHKEHHSI 3
¢i3uKKM Ta acTpOHOMIi, aHali3yBaTH OTpPHUMaHi pe3yjbTaTH B KOHTEKCTI
ICHylOUMX Teopid, pOOMTH apryMeHTOBaHI BHCHOBKHM (BKItodarouw| +
OIIIHIOBaHHS CTYNEHS HEBH3HAYEHOCTI) Ta IMPOMO3MI] IIOA0 MOJANBIIIX
JOCIIIDKEHB.
[TPHO4. OOGupaTu i BUKOPHUCTOBYBAaTH BiANOBiIHI MeTOAM OOpOOKM Ta
aHaJTi3y JaHuX (DI3UYHUX JOCIIKEHb 1 OI[IHIOBAHHS 1X JIOCTOBIPHOCTI.
[TPHO7. OmiHroBaTH HOBH3HY Ta JOCTOBIPHICTP HAYKOBUX PE3yNbTaTIiB 3
oOpaHoro HampsiMy (Gi3uKH, ONpUIIOAHEHHX Y Gopmi mybmikamii i ycHo] +
JIOIIOBIl.
[TPHO09. AnamizyBaTu Ta y3arajibHIOBaTH HAyKOBI pe3yJlbTaTH 3 00paHOTO
HanpsiMy (i3uUKH, BIJICTIKOBYBaTH HAWHOBIII JOCATHCHHS B I[bOMY| +
HanpsMi, B3aEMOKOPUCHO CITIIKYIOYHCH 13 KOJIETAMH.
[MPH10. BimmykoByBatu iHdopMamito i JaHi, HECOOXiAHI U1 PO3B’A3aHHS
CKIamHUX 3a7ad (i3WKH, BUKOPHCTOBYIOUM pi3HI JDKepena, 30Kpema,
HayKOBi BHJaHHS, HayKOBI 0a3W JaHWX TOIIO, OIIHIOBATA Ta KPUTHYHO
aHaJi3yBaTH OTPUMaHi iHpopMallito Ta AaHi.
I[MPH11. 3acrocoByBaTu Teopii, NpUHUUNH 1 MeToAu Gi3UKH A
pPO3B’sI3aHHS CKJIAMHUX MDKIUCHUIUTIHADHUX HAYKOBUX 1 NPHUKIAIHUAX
3amad.
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[IPH14. BmiT BU3HaUaTH METOM PO3PaXyHKY, HEOOXITHUN ISl PO3B’S3KY|
KOHKPETHOI HayKOBO1 Mpo0OiieMH B 00J1acTi ()i3MKH HAHOCHUCTEM.

[TPH23. BmiTu po3paxoByBaTu Iepepo3noiii 3apsay, IOTEeHIiaty i Mo Ha
MOBEpXHI 1 TpaHUIMX po3Ally a3, OIHIOBATH CTYIIHB JIOKaJi3arii
CJIEKTPOHIB 1 BU3HAYATH POOOTY BUXOAY €IEKTPOHIB.

[TPH25. 3naTi METOM OTPUMAHHS Ta OCOOJIIMBOCTI CTPYKTYPH HAHOCHUCTEM,
a TaKOXX BMITH BCTAaHOBJIIOBAaTH NPUYMHHO-HACHIOKOBMHA 3B’s30k Mk + [+
0COOJIMBOCTSMHU IXHBOTO CKJIQJy Ta BIIACTUBOCTEH.

7. The assessment schedule:
7.1 Forms of student assessment:

- semester assessment:
1. Module test 1 - 25 points/ 15 points
2. Module test 2 - 25 points/ 15 points
3. Interrogation during lectures - 10 points/6 points

- Final assessment in the form of test.

The student having the semester score less than 36 points is not allowed for the test.
7. Cxema ¢opMyBaHHS OLIHKH:
7.1 ®opMH OLiHIOBAHHSA CTYIEHTIB:

- ceMeCcTpPOBe OI[iHIOBAHHS:
1. MonynbHa KOHTposIbHA poboTa 1 — 25 6ais (Min 15 6ais).

2. MoaynbHa KOHTpOsIbHA poboTa 2 — 25 Gasis (Min 15 GasiB).

3. OnryBaHH B nporieci Jekuii — 10 6anis (Min 6 6aiB).

- miicyMKoOBe olliHIOBaHHA Y opMi 3aitiky.



CTyaeHT He TOMyCKa€EThCs JI0 3a1KY, SIKIIO ITi1 Yac ceMecTpy HaOpaB MeHIie 36 OaiB.

7.2 The assessment relevance:

Passed 60-100
Fail 0-59
IIxasna BignoBigHoCTI
3apaxosano / Passed 60-100
He 3apaxoBano / Fail 0-59




8. The discipline structure

Ne

Lecture title

Number of hours

lectures

Seminar
S

Laborato

ry work

Independent
work

Module 1. Peculiarities of physico-mechanical characteristics and research methods of nanocomposite
materials/ Po3oin 1. Ocoonueocmi hizuxo-mexaHivtHux Xapaxmepucmux ma mMemooie 00CioIHceHHs
HAHOKOMNO3UUIIHUX Mamepiaie

Topic 1. Lecture 1. Introduction. Peculiarities of mechanical
characteristics of nanocomposite materials.

l.w. Lecture studying.

Abnormal Hall-Petch relations for nano-sized systems

1 Tema 1. Jleknist 1. Beryn. Oco6nuBocTi MEXaHIYHUX 2 4
XapaKTEepUCTUK HAHOKOMITO3MLIITHUX MaTepialiB.
c.p.c. BuBuenns matepiary Jexiii.
O6epuennii epext Xona-Ilerya st HAHOPO3MIPHUX CUCTEM.
Topic 1. Lecture 2. Physics of impact of the structure on
metal, polymer and ceramic mechanical characteristics.
l.w. Lecture studying.
Connections between hardness, toughness, and strength of
2 metals, ceramics, and polymres. 9 4
Tema 1. Jlekuis 2. ®i3uka BIUIUBY CTPYKTYPH Ha MEXaHIIHI
XapaKTePUCTHKH METAJiB, KEPaMiKH Ta ITOJIMEPiB.
c.p.c. BuBuenns marepiany sekuii.
3B’5130K MK MILIHICTIO, TPIIIMHOCTIMKICTIO Ta TBEPICTIO
METaiB, KepaMiK1 Ta MoJIiMepiB.
Topic 2. Lecture 3. The influence of hano-sized components
on the composite electrical characteristics.
l.w. Lecture studying.
The influence of intergrain boundaries on the material
3 electrical conductivity. 2 4
Tema 2. Jlekuis 3. Brutus HaHOPO3MIpHOT CKJIaJ0BOT Ha
SNIEKTPUYHI XapaKTePUCTUKU MaTepiaiB.
c.p.c. BuBuenns marepiany sekuii.
Brme MiXk3epeHHHUX IPaHUIs Ha SIEKTPOOIIip MaTepialiB.
Topic 3. Lecture 4. Nanocomposite thermal stability.
l.w. Lecture studying.
4 CrilikicTh HAHOMATEpialliB IPU TEPMOYIapi. 9 4
Tema 3. Jlekuis 4. TepmiuHa cTaOiIbHICTE HAHOKOMITO3HTIB.
c.p.c. BuBuenHs Matepiany JeKIiii.
CrilikicTh HAHOMATEpiaJliB IPU TEPMOYIapi.
Topic 3. Lecture 5. Nanograins influence on the material
heat resistance.
l.w. Lecture studying.
5 Peculiarities of ceramic refractories. 9 4
Tema 3. Jlekuis 5. Brius HaHO3epeH Ha JKapOCTiIHKICTh
MaTepiaiy.
c.p.c. BuBuenns MaTepiary Jexiii.
Oco0IMBOCTI )KapOCTIMKOCTI KepaMidHUX HAHOKOMITO3UTIB.
Topic 4. Lecture 6. Methods of nanocomposite system
research. Nanoindentation.
l.w. Lecture studying.
6 [TizroToBKa 10 MOIYILHOT KOHTPOJIBHOI pOOOTH. 2 6
Tema 4. Jekuisn 6. Metoan JOCTIKEHHS
HaHOKOMIIO3UIIHHUX cucTeM. HaHOiHAeHTYBaHHS.
c.p.c. BuBuenns marepiainy sekuii.
ITinroToBKa 10 MOAYIHHOT KOHTPOJILHOT pOOOTH.
Topic 4. Lecture 7. Basic approaches to nanocomposite
manufacturing. Modular test 1
7 l.w. Lecture studying. 2 2

Tema 4. Jlekuin 7. OCHOBHI METOAM CHHTE3Y
HAHOKOMIIO3UTiB. Moy 1bHA KOHTPOJILHA podoTa 1
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| c.p.c. BuBueHHs MaTepiamy JeKitii.

Module 2. Chosen classes of functional nanocomposites/ Po3oin 2. /leaki knacu pynxyionaipvHux

HAHOKOMRO3UMIG

Topic 5. Lecture 8. General classes of thermoelectric
materials.

l.w. Lecture studying.

Necessary conditions of thermoelectric efficiency.

Tema 5. Jlekmist 8. OCHOBHI KJacu TepMOCICKTPHYHHIX
Marepianis.

c.p.c. BuBuenns marepiainy sekuii.

HeoOxiiHi yMOBH eHeproe()eKTHBHOCTI TEPMOEIIEKTPHKIB.

Topic 5. Lecture 9. Nanocomposite formation as an approach
to thermoelectric efficiency improvement.

l.w. Lecture studying.

Ceramic thermoelectrics.

Tema S. Jlekuis 9. CTBOpeHHS HAHOKOMIIOZUTY SIK METO
MiABUIOICHHS  TOKa3HWKAa  SKOCTI  TEPMOEIEKTPHIHOTO
Marepiany.

c.p.c. BuBueHHs MaTepiary Jexiii.

KepamigHi TepMOEIEKTPUKH.

10

Topic 6. Lecture 10. Radiation stability of nanomaterials.
l.w. Lecture studying.

Elements with the low neutron capture section.

Tema 6. Jexuin 10. QcoﬁnHBOCTi paniariitHoi cTiikocTi
HaHONIOPYBAaTHX MaTepialis.

c.p.c. BuBuenns marepiany sekuii.

EnemeHTH 3 HU3bKUM IEpepi3oM 3aXBaTy HEHTPOHIB.

11

Topic 6. Lecture 11. Reaction sintering of materials with
nanovoids.

l.w. Lecture studying.

Nanoporous boron carbide toughness degradation.

Tema 6. Jlekuis 11. Peakuilinuii cuHTe3 Martepiaiis i3
HAHOIOPOKHUHAMM.

c.p.c. BuBueHns MaTepiary Jexiii.

Po3paxyHok aerpanaiii TpillMHOCTIHKOCTI HAHOTIOPYBATOTO
KapOiny O6opy

12

Topic 7. Lecture 12. MAX-phases as functional
nanocomposites.

l.w. Lecture studying.
MAX-phases radiation stability.

Tema 7. Jlekuis 12. MAX-da3u sik okpeMuii Kiiac
HaHOKOMITO3HUIIITHAX MaTepianiB (YHKIIOHAIEHOTO
MPU3HAYCHHS.

c.p.c. BuBuenns marepiainy yekuii.
®dizuka migsuineHoi crifikocti MAX-das 10 10HI3yI090r0o
OTIPOMiHEHHSI.

13

Topic 8. Lecture 13. Physics of MAX-phase structure
formation.

l.w. Lecture studying.

Max-phase synthesis and sintering methods

Tema 8. Jlekuis 13. ®i3uuni oco6mmBoCTI hOpMyBaHHSI
HaHOIIAPyBaToi CTpyKTypn MAX-da3.

c.p.c. BuBuenns marepiany Jgexiii.

Metonu curresy MAX-da3. [linroroBka 10 MOIyIbHOT
KOHTPOJIbHOT poO0TH

14

Topic 9. Lecture 14. High entropy and multiphase
nanocomposites. Modular test 2

l.w. Lecture studying.

Tema 9 Jlekuis 14. BucokoeHTpormiiiHi Ta MyIbTH(A3HI

HaHOKOMMNO3uTH. Moay/ibHa KOHTPO/IbHa podoTa 2
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c.p.c. BuBueHHs MaTepiamy JeKitii.

Total

29

61

Total 90 h.:

Lectures — 29 h.

Seminars — 0 h.
Laboratories — 0 h.
Independent work — 61 h.
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