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1. HEJIX OCBOEHUA

1.1 | The purpose of this module is to prepare specialists to engineering and research activity in the field metal-carbon
nanocomposites for creating nanodevices with controllable parameters.

1.2 | This module forms ability to define property of substance in a nanocrystalline state (structure; electronic nanocrystal
structure; electric, magnetic, optical and mechanical properties); ability to define substance properties as a function of
various parameters taking into account quantum-size effect in a nanocrystalline state.

2. MECTO B CTPYKTYPE OBPA3OBATEJILHOM ITPOT'PAMMBI

Bnok OIT: b1.B

2.1 TpeboBanus k npeuBalPuTenbﬂoﬁ NOAr0TOBKE 00y4ar01Ierocs:

2.2 JAucuuninHbl (MOIy/IH) U MPAKTHKHU, VI KOTOPBIX 0CBOEHHE JAHHON AUCUMIJIMHBI (MOAY/I5) HE00X0AUMO KaK
npeaecTByoiee:

2.2.1 | Modern methods of structural characterisation of micro- and nano-systems/CoBpeMeHHBIC METOABI AUATHOCTUKHU 1
UCCIIe/IOBaHMS MaTePUaIoB, HAHO- U MUKPOCHCTEM

2.2.2 | Photovoltaic materials / Matepuais! (pOTOBOIBTaUKH

2.2.3 | Physics & Engineering of magnetic nanomaterials, micro- and nanosystems / ®u3uKa 1 HHKEHEPHSI MATHUTHBIX
MaTepHaioB, MUKPO- U HAaHOCHCTEM

2.2.4 |Research practice/Hayuno-uccienoBarenbckas IpaKkTHKA

2.2.5 |Synthesis of nanomaterials and heterostructures / MeTozpl CHHTE3a HAHOMATEPHAJTIOB U TETEPOCTPYKTYP

2.2.6 |Technology and Materials of Quantum Electronics / TexHomoruu u Matepraibl KBAHTOBOH 3JICKTPOHUKH

2.2.7 | Meroasl UccaeJ0BaHUS MaTePHAIOB

2.2.8 | TexHONOruM MOIY4IEHHUS MAaTEPHAIOB

2.2.9 |Embedded systems and software engineering / IIpoexTupoBaHue 1 IPOrpaMMHOE 0OECTIeUeHUEe BCTPOCHHBIX CHCTEM

2.2.10 |Material Selection / Berbop marepranos

2.2.11 |Methods of mathematical modeling / MeToasl MaTeMaTHIECKOTO MOACIUPOBAHHS

2.2.12 | Micro and nano sensors/ MUKpo- 1 HAHOCEHCOPHI

2.2.13 | Simulation methods/ MoznennpoBaH#e 1 IPOSKTHPOBAHIE MUKPO- H HAHOCHCTEM

2.2.14 |IloxroroBka K IMpoIeRype 3alIUTHl U 3aIUTa BBITYCKHOM KBAMN(HUKAIIOHHON paboTHI

3. PE3YJIbTATBI OBYUYEHUMS IO JUCIHUITIJIMHE, COOTHECEHHBIE C ®OPMUPYEMBIMHA
KOMIIETEHIIUSAMMUA

IIK-4: CnocodeH ¢popMyI1npoBaTh HeJIH U 32241 HAYYHBIX HCCIEI0BAHUI, Pealn30BbIBATH UX BHEAPeHHe B 00J1aCTH
MAaTepHAIOBeACHNs U TEXHOJOTMH MaTepHAJIOB ISl MUKPO- M HAHOCHCTEM B COOTBETCTBHH C TCHACHIUAMHA H
neperneKTHBAMH Pa3BUTHS MHKPO- U HAHOCHCTEMHOI TEXHHKH, JHeprocdeperaloux TeXHOJ0THi 1 NCMOIb30BaAHHEM
MOCJeTHUX JOCTH:KEHUH HAYKH U TeXHUKHU

3HaThb:

[1K-4-31 kinetic regularities, mathematical thermodynamics methods for calculating processes of nanomaterial synthesis; defining
and calculating parameters of nanoparticle synthesis of quasiequilibrium, diffusive and kinetic stages

IK-1: Cnocoben pa3p262TblBaTb TEXHOJOIHYE€CKUE MPOLECCHI U BHEAPEHUE UX B NIPOU3BOACTBO

3HaTh:

ITK-1-31 the main substance types in a nanocrystalline state and their properties (structure; electronic structure of nanocrystals;
electric, magnetic, optical, mechanical properties); the nanoparticle physical and chemical theory; kinetic regularities for calculating
nanomaterial synthesis

YK-1: Cnioco0eH ocymiecTBJISATh KPUTHYECKH AaHAJIU3 HOBBIX M CJI0KHBIX MH/KEHEPHBIX 00bEKTOB, IPOLIECCOB U CHCTEM B
MEKIMCUUIVIMHAPHOM KOHTEKCTe, MPO00JIeMHBIX CUTYallUii HA 0CHOBE CUCTEMHOI0 M0X0/1a, BLIOPATh M IPUMEHUTH
Hau0oJ1ee MOAXOAsIIINE U AKTYaJIbHbIE€ METOIBI U3 CYIIECTBYIOIIUX AHAJIUTHYECKUX, BBIYHCINTEIBHBIX U
IKCNEPUMEHTAJIbHBIX METOA0B WJIH HOBBIX 1 HHHOBALIMOHHBIX METO10B, BHIPA0aThIBATh CTPATErnIO AeiiCTBUIA

3HaTh:

VYK-1-31 the theory of a solid with use of quantum mechanics for describing a substance in a nanocrystalline state; features of
substance physical and chemical properties in a nanocrystalline state

IIK-4: Cnioco6en opMyMpoBaTh LeJH U 321241 HAYYHBIX HCCIeJOBAHUI, PeajJM30BbIBATh HX BHeJpPeHUE B 00J1aCTH
MaTepHaI0BeJeHHs] U TeXHOJOTHU MaTepUAJIOB /ISl MUKPO- M HAHOCHCTEM B COOTBETCTBUH € TeHAeHIUSAMHU H
NepcneKTHBAMHU Pa3BUTHSI MHKPO- H HAHOCHCTEMHOI TeEXHUKH, JHeprocoeperaounx TeXHOJOrHii M NCI0JIb30BaHHEM
MOCJIeTHUX IOCTHKEHNH HAYKH U TEXHUKH

YMmerb:

IIK-4-V¥1 to calculate and choose process parameters for obtaining nanomaterials;
to carry out collecting, processing, analyzing and systematizing scientific and technical information




IIK-1: Cniocoben pazpadaTbiBaTh TEXHOJIOrHYeCKHe NPOLECChl U BHEJPEHHE HX B IPOU3BO/ACTBO

YMmerb:

ITK-1-V1 to determine property regularities taking into account quantum-size effect in a nanocrystalline state

YK-1: CnocobeH ocylecTBJIsITh KPUTHYECKHIi AHAJIN3 HOBBIX U CJI0KHBIX HHKEHEPHBIX 00bEKTOB, IPOIECCOB M CHCTEM B
MEXKIUCHUIIMHAPDHOM KOHTEKCTE, ﬂpOﬁJ]eMl-l])lX CP[TyilllPIﬁ Ha OCHOBE CUCTEMHOI0 1Imoaxoaa, BblﬁpaT]) U NIPUMEHUTH
HauboJ/Iee MOAXOASIIME U AKTYa/IbHbIE METOAbI U3 CYIIECTBYIOIIMX AHATUTHYECKHX, BBIYUCIUTEILHBIX U
IKCIEePUMEHTANIBHBIX METOI0B TN HOBBIX U HHHOBAIIMOHHBIX METO0B, BHIPA0ATHIBATH CTPATErNIO AeiiCTBHI

YMmerb:

YK-1-V¥1 to define substance properties in a nanocrystalline state (structure; electronic structure of nanocrystals; electric, magnetic,
optical and mechanical properties)

IIK-4: CnocodeH ¢popMyI1npoBaTh HeJIH U 32244 HAYYHBIX HCCIEI0BAHUI, Pea/ln30BbIBATH UX BHEAPeHHe B 00J1aCTH
MAaTepHAIOBeICHNs U TEXHOJOTHH MaTepHAJIOB /ISl MUKPO- M HAHOCHCTEM B COOTBETCTBHH C TCHACHIUAMHA H
neperneKTHBAMH Pa3BUTHS MHKPO- U HAHOCHCTEMHOI TEXHHKH, JHeprocdeperalumx TeXHOJ0THi 1 NCMOIb30BaHHEM
MOCJeTHUX AOCTH:KEHUH HAYKH U TeXHUKHU

Baanernb:

ITIK-4-B1 the analysis and the solution of problems for property optimization in a nanocrystalline state

IK-1: Cnocoben pa3p262TblBaTl) TEXHOJOIHYE€CKUE MPOLECCHI 1 BHEAPEHUE UX B IIPOU3BOACTBO

Baanernb:

ITK-1-B1 methods and processes of nanoparticle synthesis and also solutions of theoretical and practical problems of nanoparticle
synthesis

YK-1: Crioco6eH ocylecTBJIsAITh KPUTHYECKUH aHAJIM3 HOBBIX U CJIOKHBIX HH/KEHEPHBIX 00bEKTOB, IIPOLIECCOB M CUCTEM B
MEKIMCHUIIMHAPHOM KOHTEKCTE, IPO0JIEMHBIX CUTYAllUii HA 0CHOBE CHCTEMHOI0 I101X0/1a, BLIOPATh U IIPHMEHUTH
Han0oJiee MOAXOAMAIINE H AKTYaJbHbIe METOIbI U3 CYLIECTBYIOIINX AHATHTUYCCKHX, BBIYHCIUTEILHBIX H
JKCNEPUMEHTANIBHBIX METO0B HJIH HOBBIX U HHHOBAIIMOHHBIX METO0B, BLIPA0aThIBAThL CTPATErHIO ACiHCTBHI

Baagernb:

VYK-1-B1 experience of choosing, basing and calculating for process realization

4. CTPYKTYPA U COJAEP)KAHUE

Kon Haumenopanue pasnenop u | Cemecrp | Yacos | @opmupyemsblie | Jluteparypa | Ilpumedanue KM Beinoan
3aHATHA TeM /BUJ 3aHATHS/ / Kypc HHIUKATOPBI H JJL. sieMble
KOMIIeTeHIMit pecypcbl padoThI

Pasnea 1. Perspective
properties of substances in
a nanocrystalline state

1.1 Features of regularities for 1 5 VYK-1-31 YK-1- J1.1 KM1 P1
physical properties of Y1 VK-1-B1 | JI1.1J12.1J13.
substance in a nanocrystalline 2
state with using the theory of 01323354
a solid and quantum 25

mechanics (structure;
quantum-size effect; electric,
magnetic, optical and
mechanical properties) /JIex/

1.2 Calculate a band gap for 1 5 IMK-1-31 TIK-1- | JI1.1JI1.1J12. KM2 P2
polymer solutions by using V1IIK-1-B1 1
UV-Vis spectra /ITp/ 01323334
35
1.3 Property peculiarity for metal 1 25 ITK-4-31 TIK-4- J3.2 KM3 P3
nanoparticles /Cp/ V1I1IK-4-B1 | JI1.1J12.1J11.
1
21523354
325

Paznen 2. Diffusion and
kinetic processes for
nanomaterial synthesis
reactions




2.1 Kinetic regularities for 1 6 VYK-1-31 YK-1- | JI1.1JI2.1J13. KM1 P1
calculating nanomaterial VY1 YK-1-Bl 2
synthesis processes; the 2122093 54
determination of synthesis 25
parameters (quasiequilibrium,
diffusion and kinetic
stages). /JIex/
2.2 The characterization of metal, 1 6 TIK-1-31 TIK-1- JI3.2 KM2 P2
polymer and carbon VI1ITK-1-B1 | JI1.1JI1.1J12.
nanostructures by using an 1
UV spectroscopy, an electron 013232354
microscopy, and an X- 25
ray /Ip/
23 Formation of FeNi3/C 1 26 | [IK-4-31 IIK-4- | JI2.1JI1.1J13. KM3 P3
Nanocomposite from Fe and V1 IIK-4-B1 2
Ni Salts and Polyacrylonitrile 01323334
Under IR-Heating /Cp/ 25
Pa3gen 3. The control
methods of nanoparticle
synthesis
3.1 Defining the properties of 1 5 VYK-1-31 YK-1- | JI1.1JI2.1JI1. KM1 P1
nanostructures by using X- Y1 YK-1-Bl1 1
ray, electronic microscopy, 212293 54
differential scanning 25
calorimetry, UV- and Vis-
spectroscopy,
thermogravimetric
analyses. /JIex/
32 Studying materials by using 1 5 TIK-1-31 TIK-1- | JI1.1J13.2J11. KM2 P2
thermogravimetric V1TIIK-1-B1 1
analysis /IIp/ 313233 54
25
33 A Novel Functional Material 1 25 TIK-4-31 TIK-4- | JI2.1J13.2J11. KM3 P3
Based on Carbon Nanotubes V1 IIK-4-B1 1
Modified by Copper D132 323 54
Nanoparticles /Cp/ 95
5. POHJ OIIEHOYHBIX MATEPHUAJIOB
5.1. KoutposabHble MeponpusTHs (KOHTPOJIbHAS padoTa, TECT, KOJUIOKBHYM, 3K3aMeH H T.I), BOMPOCHI IJIs
CaMOCTOSITETbHOM MOATOTOBKH
Kon KonTponbHoe l_I[/II;O];e}EmeMHe B
KM MepOnpHATHE ZMKATOPB OMPOCHI AJIsI TIOATOTOBKH
KOMIICTCHITUI
KM1 Test YK-1-31 Nanotechnology advantages. Using Ag Nanoparticles for Low-

Temperature Welding

Nanomaterial applications. The Electromagnetic shield based on
FeNi3/PAN nanocomposite

Quantum heterostructure properties

Quantum dots (QD), OD-structures

Quantum wires (QWr), 1D-structures

Quantum wells (QW), 2D-structures

Quantum-size effect

Nanotechnology methods up-down and down-up

Methods for studying nanomaterials

Catalysts based on nanomaterials. FeNi3/C nanocomposite for growing
carbon nanotubes




KM2

Test

IK-1-31

Cu/C nanocomposite catalyst in the reaction of methanol oxidation
Kinetics for FeNi3/C nanocomposite synthesis under IR heating
The mechanism of carbon nanotube growth by using CO

The mechanism of carbon nanotube growth by using CH4

Method of synthesizing Carbon Nanocrystalline Material under IR
heating

The properties of polymer and metal salt solutions

The IR-heating synergetic effect for organic materials

Chemical polymer transformations under IR heating

Structure Polyacrylonitrile Transformations under IR Heating
Polymer after an IR-heating

KM3

Test

I1K-4-31

Metal-polymer nanocomposite synthesis under the IR heating

The temperature dependence of carbon nanocrystalline material and
Me/C nanocomposite conductivity

Visible and ultraviolet spectroscopy for studying nanomaterial. The
Beer-Lambert-Bouguer Law

UV-Visible absorption spectra. Polyacrylonitrile UV- Vis spectrometry
The microcapsuling method for synthesizing nanomaterials
Synthesis of microspheres

Thermogravimetric analysis

Template method for synthesizing nanomaterials

Synthesizing new functional material based on carbon nanotubes
modified by Cu nanoparticles

The transformations in the CuAc—CNT system under the IR heating
Determining atomic structures. Bragg's law.

5.2. Ilepeyenb paGoT, BHINOJIHSE

MBbIX 110 JUCIHUIIJINHE (

Kypcosasi padora, Kypcosoii npoexr, PI'P, Pedepar, JIP, IIP u 1.11.)

IIpoBepsiemble
Kon HaszBanue
WHIUKATOPBI ConeprxaHue paboTbI
paboTsl paboTsl .
KOMITCTCHITUH
P1 Practical work Nel. YK-1-Y1;YK-1-Bl Preparing a polymer solution. Studying dissolving polymer. Defining a
Calculate a band gap chemical bond between the polymer and the solvent. Recording a UV-
for polymer Vis spectrum. Calculating an energy gap for polymer solutions from a
solutions by using UV-Vis spectrum.
UV-Vis spectra
P2 Practical work Ne2. | IIK-1-Y1;I1IK-1-B1 | Properties of polymer. Polymer stabilizes metal nanoparticles in
The characterization nanocomposites. Defining a functional group in a polymer by using UV
of metal, polymer spectroscopy. Calculating the metal size of nanoparticles by using an X-
and carbon ray method.
nanostructures by
using an UV
spectroscopy, an
electron microscopy,
and an X-ray
P3 Homework Nel. [MK-4-V1;I1K-4-B1 | Nanoparticle properties. Electrical conductivity as a function of a metal

Property peculiarity
for metal
nanoparticles

nanoparticle size in a nanocomposite. Studying nanocomposite
conductivity versus metal nanoparticle size.

5.3. OueHouHble MaTepuabl, HCNOJIb3yeMble IS IK3aMeHa (onucanue OWJIeTOB, TECTOB M T.II.)

No exam is provided for this course.

5.4. MeToauka OueHKH OCBOEHUS AUCUMILIMHBI (Moayis, npakTuku. HUP)

To pass the test a student has to complete all practical works and homeworks. The mark is set as the arithmetic mean of the sum of
marks for practical works and homeworks.

6. YHEBHO-METOAWYECKOE U HHO®OPMAIIMOHHOE OBECIIEYEHHME

6.1. Pexomenayemas aureparypa

6.1.2. JlonoHUTeILHAS JIMTEpPaTYpa

ABTOpBI, COCTaBUTEIN

3ariaBue

Bubnnoreka W3zparenscTBO, TON




ABTOpBI, COCTABUTEIH 3armaBue Bubnnorexa WznarenscTBo, rox
JI2.1 |Topemuk C. C., MarepuanoseneHue DnexkTpoHHas OuOnMroTeKa M.: Uzn-Bo MUCuC, 2003
JameBckuit M. 5. MIOJIyIIPOBOITHUKOB 1
JTUDJICKTPUKOB: YICOHUK JIJISI
CTYJ. By30B IO Hafp.
'MarepuanoBeneHue 1
TEXHOJIOTHSI HOBBIX
MaTepuaios',
'MarepuanoBeneHue,
TEXHOJIOTHU MATEPUAJIOB
HNOKPBITUIH'
6.1.3. Meroauyeckue pa3padoTku
ABTOpBI, COCTABUTEIH 3arnmaBue Bubnnorexa W3narenscTBo, rox
JI3.1 |Hesepora O. A., ITumeBast OnoTEXHONTOTHS DnexkTpoHHas OuOnIroTeKa HoBocubupck: Cubupckoe
TopenukoBa I'. A., MPOJYKTOB U3 CHIPHS YHUBEPCUTETCKOEC
ITo3nsikoBckuit B. M. | pactutensHoro nznarenscrso, 2007
MPOUCXOXK/ICHUS: YIeOHUK
JI3.2 | Kopmynos H. M., Y4acrue npokypopa B OnexTpoHHas OuOIMOTEKA Mocxksa: FOunTH, 2012
bopucosa JI. B., TpayKJaHCKOM
T'openux A. I1., CYZOMPOU3BOJICTBE: ydeOHOE
Cunarposa O. T, nocodue
I'pumun A. B.,
Kopurynos H. M.
JI3.3 |Topenux C. C., Pentrenorpadudeckuii u DnekTpoHHas OuOIMoTeKa M.: U3a-so MUCuC, 2002
Ckaxos 10. A, 3JIEKTPOHHO-ONTUYECKUI
Pactopryes JI. H. aHanmu3: yue0. mocooue st
BY30B
6.2. Ilepeuenn pecypcoB HH(GOPMAIMOHHO-TEIeKOMMYHUKANMOHHOM ceTu «UHTEepHeT»
D1 |nano https://nano.nature.com
32 | SpringerMaterials https://materials.springer.com
73 | Royal Society of Chemistry https://pubs.rsc.org/en/journals
D4 | ScienceDirect www.sciencedirect.com
95 | Scopus WWW.SCopus.com
6.3 Ilepeuenb NPOrpaMMHOro odecrneyeHust
I1.1 | Win Pro 10 32-bit/64-bit
1.2 | ANSYS Academic Research CFD
1.3 | Dusnueckas Xxumus
6.4. Tlepeyens MHPOPMANMOHHBIX CIPABOYHBIX CHCTEM H MPOodeccHOHAIBHBIX 023 JaHHBIX
U.1 |Nano (https://nano.nature.com)
N.2 | SpringerMaterials (https://materials.springer.com)
N.3 |Royal Society of Chemistry (https://pubs.rsc.org/en/journals)
.4 |ScienceDirect (www.sciencedirect.com)
N.5 |Scopus (www.scopus.com)
7. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE
Ayn. | Haznauenue OcHareHue
Jlro6oit Kopryc | YueOHass ayauTopus Uil TPOBEAEHUS | KOMIUIEKT yueOHoW mebenu 10 36 MecT At 00ydaromXxcs,
MynbsTuMeanitHas 3aHATHH JICKUMOHHOTO THIIA W/WIK U | MyJbTUMEAWHHOE  00OpYyIOBaHHE, MAaTHHTHO-MapKepHas
MIPOBEJCHUSI TPAKTHYECKUX 3aHATHIA: JocKa, pabodee Mmecto mpemonasarens, IIKc moctymoMm k
UTC «Uureprer», DUOC yHHBepcHTeTa 4Yepe3 IHMIHBIA
kabuner Ha 1iargopme LMS Canvas, nHIIEH3UMOHHBIC
nporpammel MS Office, MS Teams, ESET Antivirus
JIro6oit Koproyc | YueOHass ayauTopus Uil NPOBEACHUS | KOMIUIEKT yuyeOHoH mebenu 10 36 MecT At 00ydaromXxcs,
MynbTUMeAHHHAS 3aHATHA JICKIIMOHHOTO THIA W/WIM JUIA | MyIbTUMEIUiHHOe  00OpYyIOBaHWE, MarHUTHO-MapKepHas
MIPOBEJCHUSI TPAKTUYECKUX 3aHATHIA: Jocka, pabodee mecto mpemonasarens, I[IKc moctymom x
UTC «UWutepuer», DMOC yHHBepcuTeTa dYepe3 IUYHBIN
kabuHer Ha 1uiatgopme LMS Canvas, JIHIICH3MOHHBIC
nporpamMel MS Office, MS Teams, ESET Antivirus




YnraneHsrit 321 Ne3 (B)

KOMIUTEKT  ydeOHOM  wmebemn Ha 44  Mecrta  UId
obyuaronmuxcs, MOV Xerox VersaLink B7025 ¢ ¢ynxumeit
MaciuTabupoBaHuss TEeKCTOB M u3o0paxenuii, 8§ IIK ¢
nocryiom k HUTC «Uurtepuer», OUOC yHuBepcuteTa
yepe3 JNHYHBIN kabuHer Ha Tuatgopme LMS Canvas,
muuen3uonHsle nporpammel MS Office, MS Teams, ESET
Antivirus.

8. METOANYECKHUE YKA3AHUSA 1JIS1 OBYYAIOIINXCA

For course studying firstly student should learn the lesson topic using the literature shown in the Content sector.




