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Summary

The course presents a description of two-years
educational master program with advanced lectures
and practical training related to Nanofilms and
Multicomponent  Nanostructured Coatings. The
program is dedicated to the first year graduate students
(master’s course) who specialize in the field of
Materials Science and Advanced Technologies of
Surface Engineering.

The course consists of a number of lectures about
fundamentals and most recent developments in the
fields of plasma physics and surface engineering. The
educational master program describes the advanced
methods of surface modification and deposition of
nanofilms and multicomponent nanostructured
coatings, the investigation methods of their structure
(elemental and phase composition, grain size, texture,
morphology, surface topography, structure of the grain
boundaries, dislocation structure, etc.) and properties
(hardness, Young’s modulus, elastic recovery, friction
and wear, 1impact resistance, electrochemical
characteristics) as well as novel characterization
technique and standards.

The lectures are accompanied by a large number of
seminars which will help the students to obtain the
necessary competencies. In addition, practical training
in various fields is organized using advanced
equipment available at the Scientific-Educational
Center of SHS and the Test Laboratory of Functional
Surfaces to help students to improve their knowledge
and competence in the field of Nanofilms.

Important part of the course is that every student is
involved in the real experimental and theoretical
research under supervision of senior staff by
individual working plan. This work includes the
preparation of literature overview, preparation of
experimental samples, their characterization and
testing, preparation of the final report and oral
presentation of the results at the laboratory seminar.

Kypc: «MHOroOKOMIIOHEHTHBIE
HAHOCTPYKTYPHPOBAHHbIE NOKPBITHA.
HanonuieHkm»

Astopsr: JI.B. Illtancknii, E.A. JleBamos,

@.B. Kuproxanues-Kopnees, M.U. IleTpxkuk,
10.C. Tloroxes, U.A. bamkosa, E.. 3amynaega,
K.A. Kymnnos, A.H. IlleBeiiko

AHHOTAIUA

Hacrosimuii Kypc COAEpKHUT ONHCAaHUE IBYXJIETHEH
00pa30BaTeNIbHON MpPOTrpamMMbl, COCTOSIIEH W3 LMKIIA
JEeKIMM W TOPaKTUYECKHUX 3aHATUH, IO Kypcy
«MHOTOKOMIIOHEHTHBIE HAaHOCTPYKTYPHUPOBAHHBIC
MOKPBITHS. Hanonnenkny. [Iporpamma
IpelHa3HayeHa s MarucTpoB IEpBOro roja
oOyueHusi, cCHeHHaTM3UpYyOIUXcs B olnactu
MaTepUaJOBEICHUss M  TEPEJOBBIX  TEXHOJOTHM
UHXEHEPUU OBEPXHOCTH.

Kypc Bxmtowaer cebsi LMK JICKIUW, TMOCBSIICHHBIN
(GyHIaMEHTaIbHBIM ~ OCHOBaM U IOCIEIHUM
JNOCTIDKCHHSIM B 00nacT  (PU3UKU  TUIa3Mbl U
UHXEHEepUn MIOBEPXHOCTH. ObpazoBarenbHast
[porpaMMa 3HaKOMHT C COBPEMEHHBIMH METOJAMHU
MO (UITMPOBAHUS MOBEPXHOCTH, OCaXKJCHUS
HAHOILJIEHOK u MHOTOKOMTIOHEHTHBIX
HaHOCTPYKTYPHUPOBAHHBIX MTOKPBITHH, METOIBI
aHaJln3a UX CTPYKTYpHI (OompesesieHue 3J€MEHTHOTO U
¢azoBoro cocraBa, pa3Mepa 3€peH, TEKCTYpBHI,
MOP(OJIOruy, Tonorpaguu MOBEPXHOCTU, CTPYKTYpPHI
IpaHULl pa3fiesia U JUCIOKAIIMOHHON CTPYKTYphlI) H
CBOMCTB (TBEpIOCTHU, MOAYNS YNPYrOoCTH, YIPYIOro
BOCCTaHOBJICHUS, TPEHHUS U M3HOCA, CTOMKOCTU K
MUKITHYECKUM, YAapHO IMHAMUYECKAM HCIBITAHHM,
AIIEKTPOXUMUYECKUE CBOICTBA), a TaKke
000pyI0BaHUE U CTAHAPTHI.

Jlexuun COIIPOBOXKAAIOTCS CEMUHAPCKUMHU
3aHATUSIMM, LEIbI0 KOTOPBIX SABJIAETCS IOMOYb
CTYACHTaM IIOJy4YUTb HEOOXOJUMBbIE 3HaHUSA U
KoMriereHIMu.  JlomonHUTENbHO, YTOOBI MOMOYb
CTYICHTaM YJIYYIIUTh UX 3HAHUS W KOMIECTCHIUH B
o0jacTM  HAHOIUIEHOK,  OyAyT  OpraHu30BaHbI
MPaKTUYECKHE 3aHATUS C MCIOJIb30BAaHUEM CaMOro
COBPEMEHHOTO  00OpyIOBaHUS, MMEIOIIErocsl B
Hayuno-yueObnom nentpe CBC u HcnwiTarenbHoit
naboparopuu GyHKITMOHATBHBIX TOBEPXHOCTEH.
Baxxnoll cocraBisironiell Kypcea siBIsS€TCs IPOBEJICHUE
cOOCTBEHHBIX Hay4YHBIX uccie10BaHui o
coOCTBEHHOMY paboyemy IUIaHy I0J] PYKOBOJICTBOM
KBIN(ULIIMPOBAHHBIX COTPYAHUKOB Kadeapbl. ITo
BKJIIOYAET MOATOTOBKY JIUTEpaTypHOTO 0030pa 1o
TEME€ HCCJelOBaHus, IMOArOTOBKA 00pa3loB, HUX
UCCIIeIOBaHUE u UCIIBITaHUS, MOJIrOTOBKA
3aKJIIOUUTENIBHOIO HAyyHOro OTYeTa U JIOKJIaja Ha
71a00paTOPHOM CEMHUHApE.



To conclude that the experimental/theoretical master
work is successful it is obligatory to publish the results
obtained at least in one review journal (international
or from the list of Highest Attestation Commission of
RF) and present it at one seminar or conference for
young scientists.

Course goal

The goal of the course is to provide a basic knowledge
and practical training on nanofilms and
multicomponent nanostructured coatings to train high-
educational personnel for work at the research
laboratories and industrial sector to solve various
problems in the filed of surface engineering and

development new technological processes and
advanced materials.

Competencies

The course provides students the following
competence:

- to get fundamental knowledge, competence
and practical skilling in the methods of surface
modification and nanostructured coatings
deposition;

- to get fundamental knowledge, competence
and practical skilling in the methods of
coatings characterization and testing;

- to be familiar with practical aspects of novel
nanomechanical characterization technique and
standards;

- to solve the theoretical and applied problems
connected with the development of advanced
nanostructured thin films and coatings for
mechanical engineering and medicine;

- to treat the experimental results using
equipment software and computer programs;

- to work independently with the literature in
search of the necessary information

Background

The course assumes that the student has a background
in physics, chemistry, and materials science as well as
has some basic mathematical skills on the bachelor
level.

Course program
The following instruments will be used during the
course:

- Lectures

- Practical training

OO0s13aTeNIbHBIM  YCIIOBUEM YCIIEIIHOTO 3aBEpLICHUS
MarucTepCcKON MPOTPaMMBI SIBISIETCS OMYOJMKOBAHHE
pe3yiapTaToB paboOThl IO KpailHe Mepe B OJHOM
MEXIyHApOIHOM JKypHaJe WM XypHalle U3 CIIHCKa
BAK, a Takke npeACTaBlIeHHE  pe3yJbTaTOB
WCCIIeZIOBaHUSI HAa KOH(MEPEHIMH WM CEMHUHApe s
MOJIOJIBIX CTICITHAITUCTOB.

eab kypca
Llenpto maHHOrO Kypca siBisieTcs: (opMHpOBaHUE Y

CTYJCHTOB (byHIaMEHTAIbHBIX 3HAHUH u
MIPAKTUYECKUX HABBIKOB, HEOOXOIUMBIX JUIsl pabOTHI B
Hay4YHO-HMCCIIEI0BATEIbCKUX OpraHu3alusix,
nabopatopusix M NPOMBIIUIEHHBIX  KOMIIAHHUSX,
CHEHATM3UPYIOLIUXCS B 001acTU pa3pabOTKH HOBBIX
MaTepHUajIoB, MPOLECCOB M TEXHOJIOTUM, CBA3aHHBIX C
VMH)KEHEepUEH TOBEPXHOCTH.

Komnerenuun
JlaHHBII KypC IIO3BOJIUT
CJIEYIOIIE KOMIIETEHIINH:

- pyHIaMeHTaIbHbIE 3HAHUSI, KOMIIETEHIIUH U
MPaKTUYECKUE HaBbIKU MOIU(DULIIMPOBAHUS
MTOBEPXHOCTHU U OCAXKIACHUS
HAaHOCTPYKTYPUPOBAHHBIX MOKPBITHIA;

- pyHIaMeHTaIbHbIE 3HAHUSI, KOMIIETEHIIUH U
MIPaKTUYECKHE HaBbIKU U3YUYE€HUSI CTPYKTYpPbI U
CBOWCTB ITOKPBITUH;

- 03HAKOMMUTHCS C MPAKTUYECKUMU aCIIEKTaMuU
COBPEMEHHBIX METOJI0OB HAHOMEXaHUYECKOTO
aHaJli3a U CTaHAapTamu;

- HAYYUTHCS pellaTh TEOPETHUECKUE U
MIPUKJIaIHBIE 3a/1a4M, CBSI3aHHBIE C Pa3pabOTKON
COBPEMEHHBIX HAHOCTPYKTYPUPOBAHHBIX
TOHKHUX IJIEHOK Y MOKPBITUN JJIs1
MalIMHOCTPOEHUS U MEIULIUHBI,

- Hay4uThCcsl 00pabaThIBaTh MOJYyUECHHbIE
Pe3yJbTaThl C MOMOUILIO TPOIPAMMHOTO
o0ecreyeHnst U KOMIIbIOTEPHBIX MPOrpamm;

- HAyYUThCS HE3aBHUCUMO PadOTaTh C
JUTEPaTypoOil C LeIbI0 IOUCKa HEOOX0IUMOM
uH(popMaLnH.

CTyACHTaAM  IIOJIYYUTH

TpeGoBanus K HAYaIbHOM MOATOTOBKE CTYACHTOB
[TonpaszymeBaeTcsi, 4TO CTYACHTHl UMEIOT HAYaIbHYIO
MOJATOTOBKY W 3HaHUA B 00JacTd (PU3HMKH, XUMHH,
MaTepUajOBECHUS W MAaTeMaTHKA Ha ypOBHE
Oakanaspa.

Conep:xanue Kypca
[Ipu IIPOBEJICHUU Hay4yHO-00pa30BaTEIbHOIO
IIpoLecca UCIOJIB3YIOTCS CIIETYIONNE HHCTPYMEHTHI:

- Jlextun;

- [IpakTryeckue 3aHATHSA;



- Seminars

- Scientific research (literature review,
experimental/theoretical work, scientific
report, publication, master theses)

- Self-study

Time schedule

Total credit points 3.6 (504 hours)
Auditorium learning 1.8 (104 hours)
Lectures 0.6 (40 hours)

Seminars 0.6 (28 hours)

Practical training 0.6 (36 hours)
Scientific research

Self-study 1.8 (400 hours)

Grading

Auditorium study: 10 %

Scientific research: 50%

Self-study: 40%, including:
Homework — 15%
Final exam, reports, master thesis: 20%
Participation in discussions during the seminars:

5%
Lectures — 0.6 (40 hours)
No. Title of lecture Lecturer
1 | Electrical gas Dr. Ph.
discharges, as a key Kiryukhantsev-
processes in the Korneev
modern coating
deposition
technologies
2 | Nanofilms preparation: Dr. Ph.
deposition techniques, Kiryukhantsev-
surface modification Korneev

(fundamental aspects)
3 | Nanofilms:
Fundamental
Principals,
Characterization,
Testing, and
Application

4 | Mechanical
characterization of
Nanofilms

5 | Friction and wear of
coatings

6 | Methods of contact and
non-contact
characterization of
surface topography

Prof. D. Shtansky

Dr. M. Petrzhik

Dr. 1. Bashkova

Dr. Yu. Pogozhev

- CemuHapsl;

- Hayuno-uccnenoBarenbckas padora (pabota c
JUTEpPaTypoil W coCTaBlieHHE aBTopedepara,
AKCIIEpUMEHTAJIbHAsI/TeOpeTUUecKast ~ paboTa,
MOJTOTOBKA HAYYHOTO [OKJaJa, HaIHCaHWe
nyOnuKanmuii M TE3MCOB 10 MarucTepckoit
JTUCCEPTAIINH);

- CamonoAroToBka.

Pacnucanue

O6mee uncno 6amios 3.6 (504 gaca)
Aynutopubie 3ausaTus 1.8 (104 yaca)
Jlexuuu 0.6 (40 yacoB)

Cemunapst 0.6 (28 yacoB)
[Tpaktuueckue 3ausarus 0.6 (36 yacoB)
Hay4no-uccnenoBarenbckas padboTa
Camomnoaroroska 1.8 (400 yacoB)

Harpyska
Aynutopubie 3ausaTus — 10%
Hayuno-uccnenoBarensckas padora — 50%
Camonoaroroska — 40%, B TOM 4HCHE:

- noMamnHss padora — 15%

- MOATOTOBKA K 9K3aMEHaM, OTYETHBIX
MaTepHUajoB, TUIUIOMHON paboTel — 20%

- Yuactue B ceMuHapax — 5%

Jeknuu — 0.6 (40 yacon)

No. Haszsanue nexknuu JlekTop

1 | Dnexrpuyeckuit Houent @©.B.
ra3oBbIM pa3psj Kak Kuproxanues-
KJIFOUE€BOM MPOLECC Kophees
COBPEMEHHBIX
TEXHOJIOTUH OCAXKICHUS
ITOKPBITHI

2 | U3rotoBnenue Houent @.B.
HaHOIUJICHOK: METObI Kuproxanues-
OCaXIEHHUS U Kophees
MOAU(PUIMPOBAHUS
MTOBEPXHOCTH
(pynnamenranbHbIE
aCIEKThl)

3 | Hanomnenku: [Ipod. A.B.
(GbyH1aMeHTaJIbHbIE [[Iranckuit
MPUHIIUIIBI, METObI
HCCIeN0BaHus
CTPYKTYpPBI U CBOWCTB,

IPUMEHEHUSI

4 | U3yuenue Jonent M.U.
MEXaHUYECKNX CBOWCTB [Terpxuk
HAaHOIUICHOK

5 | Tpenue u uzHoc H.c. 1.A.
ITOKPBITHI bamkosa

6 | MeToapl KOHTAaKTHOTO U Homent 10.C.




7 | Hard tribological
Nanofilms with other
enhanced
characteristics

8 | Disperse-strengthened
by nanoparticles
tribological coatings

9 | Nanofilms for
biological applications
10 | Novel nanomechanical
characterization
technique and
standards

Prof. D. Shtansky

Prof. E. Levashov

Prof. D. Shtansky

Dr. M. Petrzhik

Practical trainings — 0.6 (36 hours)
1. Magnetron sputtering and ion implantation assisted

magnetron sputtering

Influence of magnetron sputtering parameters on structure
and properties of nanostructured coatings. The main
features of sputtering of metal, ceramic, and composite
SHS targets.

Equipment: Magnetron Sputtering, lon Implantation
Assisted Magnetron Sputtering, and lon Implantation Units

2. Pulsed electrospark deposition (PED) and chemical
reaction assisted PED

Investigation of kinetics of deposition process during the
PED. Coating characterization by means of profilometry
and optical microscopy.

Equipment: Set of Equipment for Pulsed Electrospark
Deposition

3. Nanoindentation

Determination of hardness and Young modulus of thin
films and the near surface layer of bulk materials using
nanoindentation.

Equipment: Nanohardness Tester, CSM Instruments,
Switzerland

4. Scratch Testing

Evaluation of the adhesive/cohesive strength, scratch
resistance, and mechanisms of coating failure during
scratch testing.

Equipment: Scratch Tester REVETEST, CSM Instruments,
Switzerland

5. Surface Topography

Analysis of surface topography and roughness parameters
using optical profilometry.

Equipment: Optical profiling system Veeco WYKO NT1100,
USA

OE3KOHTAKTHOTO [Toroxes
U3y4eHHUs Tonorpaduu
MMOBEPXHOCTH

7 | Tepasle [Ipod. A.B.
HU3HOCOCTOMKHE [ITanckuit
HaHOTIOKPBITHS C
JIPYTUMU YIy4IIeHHBIMA
XapaKTEPUCTHKAMHU

8 | Tpubonoruueckue [Ipod. E.A.
IIOKPBITHS, JleBamos
YIPOYHEHHBIE
HaHOYACTHUIAMU

9 | Hanomnenku myist [Ipod. J1.B.
METAITAHBI IITanckuit

10 | HoBas Texnuka st Houent M.I.
HaHOMEXaHUYECKUX [Terpxuk
WCCIIEIOBAaHUI U
CTaHJApTHI

IMpakTuyeckue 3anaTus — 0.6 (36 yacos)
I. Maruerponnoe pacnsuienue (MP) u MP npu

OJHOBPEMEHHON MOHHOW UMILIAHTAIlUU

BnusiHne napameTpoB MarHETPOHHOIO pachbifieHnst Ha
CTPYKTYPY ¥ CBOMCTBA HAaHOCTPYKTYPUPOBAHHbIX MOKPbITUNA.
OcobeHHOCTU pacnbifieHnsa MeTanIMYeckumx,
KepaMn4ecKknx 1 KOMMNO3ULMOHHBIX MULLEHEN.
O6opynoBaHue: YCTaHOBKM MarHETPOHHOMO pacnbifieHns
(MP), nonHHon nmnnaHtauum n MP npu accuctupoBaHuu
WOHHOW UMNaHTaumen

2. NmnynbCcHOE 3IIEKTPOUCKPOBOE OCAXKACHUE

(U30) u xummnuecku aktuBupoBanHoe 120
VccnenoBaHue KMHETUKM Npouecca ocaxaeHusa npyn N30.
ViccnepgoBaHWe CTPYKTYpPbl MOKPLITUA MeTogaMM
MeXaHN4eCcKon 1 onTU4eckon NPoUNIoMeTpUn.
O6opynoaHue: komnnekT obopygosaHua ans N30.

3. HanounnentupoBanue

Onpepenexuve TBEPAOCTU 1 MOAYNSA YNPYrOCTN TOHKMX
MMEHOK, a Takke NOBEPXHOCTHbIX XapakTepUCTMK
06bEeMHbIX MaTeEpPNanoB METO4OM HaHOMHAEHTUPOBAHUS
O6opyposaHue: HaHoTBepgomep, CSM Instruments,
Lsenuapus

4. CkpaT4-TeCTUpOBaHUE

OnpepeneHve afre3noHHON/KOre3aMoHHOM MPOYHOCTH,
COMPOTMBIEHNS LlapanaHbto, a Takke MexaH1u3ma
pa3pyLleHnst MOKPbLITUIA NPU CKpaT4Y-TECTUPOBaHMUMN.
O6opyposaHue: Ckpaty-tectep REVETEST, CSM
Instruments, Lsenuapus

5. Tomnorpadust moBepxHoCcTH

AHanu3 Tonorpaduu NOBEPXHOCTU U NapaMeTpoB
LLIEePOXOBATOCTN METOAOM ONTUYECKOW NPotUnomMeTpun
O6opynoBaHue: ontuyeckuii npocounometp Veeco WYKO
NT1100, CLLA



6. Friction and Wear

Characterization of tribological properties of nanostructured
coatings under different conditions: 1. at room and elevated
temperatures; 2. in air and under various solutions.
Equipment: Tribometer, CSM Instruments, Switzerland;
High-temperature Tribometer, CSM Instruments,
Switzerland

7. Impact Testing

Impact tests under cyclic load to estimate life time and
mechanism of failure of PVD coatings.

Equipment: Impact Tester, CemeCon, Germany

8. Electrochemical testing

Characterization of electrochemical properties of
nanostructured coatings

Equipment: Complete System for Electrochemical
Research (VoltaLab)

9. Glow Discharge Optical Emission Spectroscopy
Chemical analysis of thin and thick coatings using
radiofrequency glow discharge optical emission
spectroscopy

Equipment: PROFILER-2, Horiba Jobin Yvon, France

Seminars — 0.6 (28 hours)
1. Recent deposition technologies for production of
nanofilms

Each student makes a short oral presentation about some
method of nanofilm deposition

2. Calculation of Hertz (or starting) stresses at elastic

mechanical contact for typical indenters and loads
Quantitative description of conditions of mechanical contact
will be done using solutions of Hertz task due to variations
of geometry of indenters, Poisson ratios and elastic moduli
of involved materials.

3. Mechanical characterization of Nanofilms

Short oral presentations prepared by each student. The
topics of presentation will be defined by lecturer at the start
of each semester. For example, “Application of
nanoindentation to control production of thin film”.

4. Structural characterization of Nanofilms

During seminar students must demonstrate their
knowledge in structural characterization of nanofiims using
a standard set of materials. The test materials include XRD
patterns, selected area electron diffraction patterns, XPS
and Raman spectra, reference tables and books.

5. Friction and wear

Calculation of the worn track section of the sample and the
diameter of the wear spot of counterpart material, wear rate
of both ball and coating (using optical microscopes, two-
dimensional cross-section profile of the wear track and
diameter of wear spot of counterpart material,

6. Tpenue u uzHoC

M3y4yeHne Tpubonornyecknx CBOMCTB
HaHOCTPYKTYPUPOBAHHbIX MOKPbITUIA NPU Pa3fNYHbIX
YCNOBUSAX: MPU KOMHaTHOW Temneparype, npu
MOBbILLIEHHbIX TEeMMepaTypax, B XUOKMX cpedax
O6opynoBaHue: TpnboOMETP U BbICOKOTEMMNEPATYPHbIN
TpnubomeTp, CSM Instruments, LLiBenuapusa

7. NmnakT-TecTupoBaHue (LIMKINYECKHE YAAPHO-
JTUHAMUAYECKHUE MCTIBITAHMS)

MpoBegeHne LMKNUYECKNX, YAAPHO-ANHAMUYECKUX
UCNbITaHWA AN onpeaeneHns cpoka cnyxobl 1 MexaHu3ma
paspyLLUEeHNs NOKPbITUIA.

O6opynosaHue: NmnakT-Tectep, CemeCon, NepMaHus

8. DNEeKTPOXUMHUYECCKUE UCTIBITAHUS

M3yyeHne aneKkTpoXMMmM4ecKknx CBOMNCTB
HaHOCTPYKTYPUPOBAHHbIX MOKPbITUIA

O6opynoBaHue: ycTaHOBKa AN NpoBegeHns KOPPO3MOHHO-
ANEKTPOXUMMYECKMX ncnbiTaHui, VoltaLab

9. OnTryeckass SMUCCHOHHAS CIIEKTPOCKOTIHS
TJIEIOLIETO pa3psiaa

XUMUYECKNI N NOCITONHBIN 3NTEMEHTHbIN aHanmM3 TOHKUX K
TONCTbIX MOKPbITUIA METOLOM ONTUYECKON 3MUCCUOHHON
CMEeKTPOCKONMU TnetoLLero paspsaaa

O6opynoBaHue: ONTUYECKUA IMUCCUOHHbBIN CNEKTPOMETP,
PROFILER-2, Horiba Jobin Yvon, ®paHuus

Cemunapsbi — 0.6 (28 yacos)
l.COBpCMeHHBIe TEXHOJIOTHMHU IMOJTYUCHUA HAHOIIJICHOK

CTyp.eHTbI BbICTYNakOT C YCTHbIM OOKNagaomM no ogHoMy m3
MeToA0B oCaXaeHUA HaHOMNJITEHOK

2. Pacyer HanpspkeHuil ['epiia npu MexaHU4eCcKOM
KOHTAKTE JJIs OIIPEAEIIEHHOTO TUIIA NHJEHTOPA U

BEJIMYUHBI HATPY3KU

KonuuectBeHHOEe onucaHWe YCNOBUW  MEXaHWYECKOro
KOHTakTa Ha OCHOBe pelleHVs 3agadm [lepua ansg
pasfMyHON  reomeTpun  MHOEHTopa,  KoadduumneHTa
[MyaccoHa 1 Mogyns ynpyroctu pasnuyHbIX MaTepuanos

3. Mexann4ecKkre CBOMCTBA HAHOIIJICHOK

CTyaeHTbl BbICTYNalT C YCTHbIM AOKNagoM Mo 3afjaHHoOM
Teme. Tembl 4OKNagoB ONPeaensanTca B Havane Kaxaoro
cemecTpa. Hanpuwmep: «lMpumeHeHne mMeToaa
HaHOVMHOEHTUPOBAHMA [MS KOHTPOMNS KayecTBa TOHKUX
MIEHOK»

4. CTpyKTYpHBIEC HCCIICIOBAHUS

Bo Bpems cemuHapa CTydeHTbl [OEeMOHCTPUPYIOT CBOU
3HaHWs B 06nacTn CTPYKTYPHOro aHanu3a HaHOMMEHOK Ha
OCHOBE CTaHAapTHbIX MaTepuanos, KOTOpblE BKIOYAIOT:
PEHTTEeHOBCKME CMEKTPbl, 3MeKTPOHOrpaMMbl,  CNEKTPbI
P®C 1 PamaH, cnpaBoyHble Tabnuubl U CNPaBoOYHUKK.

5. Tpenue u u3HOC

M3mepeHne KaHaBOK W MSATHA M3HOCA, pacyeT CKOpPOCTU
M3HOCa MNOKPbLITUA U KOHTP-Tena C MOMOLLbIO OMTUYECKON
Mukpockonuun, 2D npodunen kaHaBoOK M3HOCa, AuameTpa
NSATHa N3HOCa M COOTBETCTBYOLLMNX (DOPMYIT.



corresponding formulas).

6. Surface topography

The calculation of amplitude and spacing surface
roughness parameters using two-dimensional profiles of
different surfaces.

7. Creating and disseminating novel nanomechanical

characterization technique and standards

Short oral presentations prepared by each student. The
topics of presentation will be defined by lecturer at the start
of each semester.

Basic literature

a) Nanostructured Thin Films and Nanodispersion
Strengthened Coatings, NATO Science Series,
edited by A.A. Voevodin, D.V. Shtansky, E.A.
Levashov, J.J. Moore, Vol. 155, 2004.

b) Protective Coatings & Thin Fims -03. Symposia
Proceedings 149, Surface and Coatings
Technology, vol. 180-181, 2004, 684 p.p.

c) K. Holmberg, A. Matthews Coatings Tribology:
Properties, = Mechanisms, = Techniques  and
Applications in Surface Engineering, Tribology
and Interface Engineering Series, Ne 56, 560pp.

d) J.A. Williams Wear and wear particles-some
fundamentals, Tribology International 38 (2005)
863-870.

e) Stout K.J. Development of methods for the
characterization of roughness in three dimensions.
Penton Press. London. 2000.

f) Pawley J.B. Handbook of Biological Confocal
Microscopy (3rd edition). Berlin: Springer. 2006.

g) Micro-and opto-electronic materials and structures:
physics, mechanics, design, reliability, packagigng
/ Ed. by Suhir E. - Berlin: Springer
Science+Business Media, Inc. Vol.1. Materials
physics - materials mechanics. Vol. II Physical
Design - Reliability and Packaging - 2007. - xxx,
725 p. - ISBN: 978-0-387-2794-0....

Supplementary literature
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