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1. HEJIX OCBOEHUSA

1.1| The purpose of this module is to prepare specialists to engineering and research activity in the field of nanomaterials and
heterostructures for creating nanodevices with controllable parameters. This module forms ability to define substance
property 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 OBPA3OBATEJBbHOM ITPOI'PAMMBI

Bnok OIT: b1.B.JIB.01

2.1 Tpeb6oBanus K npenBa]ImTenLHOﬁ MOAT0TOBKe 00y4alouerocs:

2.1.1 |Innovative IT: Trends and Perspectives / IHHOBaunOHHBIC HHPOPMAIIMOHHBIC TEXHOJIOTUHU: TPSHABI U MEPCICKTHBBI

2.1.2  [Management of Quality / MeHe)KMEHT KauecTBa

2.1.3 | Metal-carbon nanocomposites/MeTasnyrie-poaHble KOMIIO3UIIMOHHbIE HAHOMAaTEPHAJIbI

2.1.4 | Project Management / YnpaBieHuHe IpOeKTaMH

2.1.5 | Spintronics materials and devices / MaTepuansl 1 3I€MEHTHI CIUHTPOHUKA

2.2 Jucuuninnbl (MOAYJI4) U NPAKTHKH, AJ151 KOTOPBIX 0CBOEHUE JAHHOM JMCUUMIIJIMHBI (MOAYJIs1) HEOOXOAUMO KaK
npealIecTByoONIee:

2.2.1 |Embedded systems and software engineering / [IpoekTiupoBanue 1 MporpaMMHOe 00ecriedeHHe BCTPOSHHBIX CHCTEM

2.2.2 | Material Selection / Beibop marepuaiion

2.2.3 | Methods of mathematical modeling / MeTomsr MaTeMaTH4eCcKOTO MOJICITHPOBAHUS

2.2.4 | Micro and nano sensors/ MUKpO- 1 HAHOCEHCOPHI

2.2.5 | Simulation methods/ MonenupoBaHue u IPOSKTUPOBAHUE MHKPO- M HAHOCUCTEM

2.2.6 |IloaroroBka K Imporueaype 3aIlUTHI U 3alIUTa BBITYCKHON KBaJTH()UKAIIMOHHOM paboTHI

3. PE3YJIbTATBI OBYYEHMUSA 11O JUCHUIIIMHE, COOTHECEHHBIE C ®OPMUPYEMBIMHA
KOMIIETEHIIUAAMH

YK-1: Cnocoden OCYIIECTBJIATH Kpl/lTI/I‘{eCKl/lﬁ AHAJIN3 HOBBIX U CJ0KHBIX WHKEHEPHBIX Oﬁ’beKTOB, nmpoueccoB u CUCTEM B
MECKIAUCHUIINIHHAPHOM KOHTEKCTE, HpO6J’leMHLIX chyaunﬁ HAa OCHOBE€ CUCTEMHOI0 Imoaxoaa, Bbl6paTl> U IPUMCHUTDb
HauoboJIee MOAXOASIIHE U AKTyaJbHbIC METOAbI U3 CYHICCTBYIOIIHUX AHATUTHYECCKUX, BBIYUCTIUTECJIBbHBIX U
IKCNICePUMEHTAJBbHBIX METOA0B WJIH HOBBIX U HHHOBAIIHOHHBIX ME€TOA0B, BblpaﬁaTblBaTb cTpaTeruio JedcTBUIA

3HaThb:

YK-1-31 complex engineering objects and processes

YK-2: Cioco0eH MHTerpupoBATh 3HAHUS M IPUHUMATh PELICHHUSA B CJIO0KHBIX CUTYalusX, (POPMYJIHPOBATH CY:KACHUS Ha
OCHOBE HEIOJIHOM WM OTPAHUYCHHON HHPOPMaLMH, YIIPABJATH IPOEKTOM Ha BCeX ITANAX ero }KU3HEHHOI0 IIUKJIA

3HaThb:

YK-2-31 Scientific principles in study field

IIK-1: Cnocoben pa3p26aTMBaTb TEXHOJOTHYECKHUE MPOLECCHI U BHEAPEHUE UX B IIPOU3BOICTBO

3HaTh:

ITK-1-31 the nanoparticle physical and chemical theory; kinetic regularities for calculating nanomaterial synthesis

ITIK-2: Cnoco0eH oNITHMHM3UPOBATHL NapaMeTPbl TEXHOJIOTHYECKHX ONlepaluii

3HaTh:

TIK-2-31 kinetic regularities, mathematical thermodynamics methods for calculating processes of nanomaterial synthesis; defining
and calculating parameters of nanoparticle synthesis of s (quasiequilibrium, diffusive and kinetic stages)

ITIK-4: Cnioco0eH (popMyIMpoBaTh LeJIM H 321244 HAYYHBIX HCC/IeI0BAHMIA, peaJu30BbIBATH UX BHEAPEeHHe B 00J1aCTH
MaTepHAJTOBeAeHUs M TeXHOJIOTHH MATEPHAJIOB ISl MUKPO- M HAHOCHCTEM B COOTBETCTBMH C TEHICHUMSAMH U
nepcneKTHBAMHU Pa3BUTHSI MHKPO- H HAHOCHCTEMHOH TeXHHKH, JHeprocéeperaommux TeXHOJ0THi U HCNOIb30BaHUEM
MocJeJHUX JOCTUKEHUIH HAYKH M TeXHUKH

3HaTh:

[1K-4-31 tendencies and perspectives of the developments in the area of micro and nanoelectronics and related areas

YK-1: Cnocoden OCYIIECTBJIATH Kpl/lTI/I‘{eCKI/Iﬁ AHAJIN3 HOBBIX U CJ0KHBIX WHKEHEPHBIX 06']>EKTOB, nmpoueccoB u CUCTEM B
MEKIAUCHUIIITHHAPHOM KOHTEKCTE, Hp06JleMH]>IX chyaum“d HAa OCHOBE€ CUCTEMHOI'0 moaxoaa, BblﬁpaTL U IIPUMEHUTDb
Han0oJiee MOAXOASIINE U AKTYaJbHbIC METOAbI U3 CYHICCTBYIOIIHUX AHATUTUHYECCKUX, BBIYUCIUTECJIBbHBIX U
IKCNICePUMEHTAJIBbHBIX METOA0B WJIH HOBLIX U HHHOBAIIHOHHBIX ME€TOA0B, BLIpaﬁaTblBaTb CTpaTeruio JedcTBUH




YMmerh:

YK-1-V1 to carry out critical analysis of novel processes and systems in context of interbranch science

YK-2: CnocoGeH HHTErpHpPOBAaTh 3HAHUS M MPHHAMATD PelIeHUs] B CJI0KHBIX CHTYANUSAX, (POPMYJIMPOBATD CYKIEHHS HA
OCHOBe Hemo/IHOif WJIM OrpaHuYeHHOl HH(OpPMAalNH, yIPaBJIATh MPOEKTOM HAa BCEX 3TANAX ero >KU3HEHHOT0 UK/

YMmerhb:

VYK-2-V¥1 to integrate knowledge and to take solving in complex conditions

IIK-1: Cnioco6en pa3padaTbIBaTh TEXHOJOTHYECKHE MPOIECCHl M BHEIPEHHE UX B MPOU3BOICTBO

YMmerh:

[IK-1-V¥1 to calculate property parameters with using the theory of a solid and quantum mechanics

IK-2: Cnoco6eH oNTHMU3HPOBATH MApaMeTPhl TeXHOJIOTHYECKHX ONlepanuii

Ymers:

ITK-2-V1 to calculate and choose process parameters for obtaining nanomaterials

ITK-4: Cnoco0eH (hopMyIMpPOBaTh LeJIM M 3a1a41 HAYYHBIX UCC/IeI0BAHMIA, PeaIN30BbIBAThL UX BHEAPEHHE B 00J1aCTH
MaTepHaJIOBeeHUS M TEXHOJOTHH MATEPUAJIOB ISl MUKPO- H HAHOCHCTEM B COOTBETCTBHM C TeHIACHIHSIMH U
nepcrneKTHBAMH Pa3BUTHS MHKPO- 1 HAHOCHCTEMHON TeXHMKH, JHeprocéeperaommx TeXHOJIOTHii H HCIO0Ib30BaHHEM
TOCJIeTHUX JOCTH/KEeHNI HAYKH W TeXHUKH

YMmeThb:

ITK-4-V1 to carry out collecting, processing, analyzing and systematizing scientific and technical information

YK-1: CniocodeH ocymecTBIAATh KPUTHYECKHI aHAJIN3 HOBBIX U CJI0KHBIX HHKEHEPHBIX 00bEKTOB, MPOLECCOB H CHCTEM B
MEKIUCHUIIINHAPHOM KOHTEKCTE, l'IpOﬁ.l'leMH])lX chyaum‘i Ha OCHOBE CUCTEMHOI0 Imoaxoaa, BblﬁpaTb U MIPUMEHUTD
HanoOoJee MOAXOASIHE U AKTYAIbHbIE METObI U3 CYLIECTBYIOUINX AHAJTUTHYECKUX, BHIYMCIAUTEIbHBIX H
IKCIEPUMEHTAIbHBIX METOI0B HJIM HOBHIX 1 HHHOBAIHOHHBIX METO0B, BLIPA0ATHIBATH CTPATETHIO AiiCTBHIA

Baagern:

YK-1-B1 to make action strategy

YK-2: Cioco6eH HHTETPUPOBATh 3HAHAS M MPUHHMATDH PellleHHs] B CJI0KHBIX CHTYAIINSAX, (POPMYJIUPOBATH CY:KIEHHS HA
OCHOBE HETOJHOI WJIH OTpaHuYeHHOI HHOpMaNK, yIPAaBJIATH MPOEKTOM Ha BCEX ITANAaxX ero ;KH3HEHHOT0 IUKJIa

Baanern:

VK-2-B1 to form conclusions based on incomplete or limited information

IIK-1: Cnioco6en pa3padaTbIBaTh TEXHOJOTHYECKHE MPOIECCHl M BHEIPEHUE UX B MPOU3BOACTBO

Baanern:

IIK-1-B1 the analysis and the solution of problems for property optimization in a nanocrystalline state

IIK-2: CnocoGeH onTHMU3NPOBATH NapaMeTPbl TEXHOJOTHYECKUX ONepanuii

Baanern:

ITK-2-B1 Methods of selecting, confirming, and defining for realization of technological process

ITK-4: Cnoco0eH (hopmMyIMpOBaTh LieJIM M 3a1a41 HAYYHBIX HCC/ICI0BAHMIA, PeaIN30BbIBAThL UX BHEAPEHHE B 00J1aCTH
MaTepHAI0BeAeHUs H TEXHOJI0THH MATEPHAJIOB JJIsi MUKPO- © HAHOCHCTEM B COOTBETCTBHH C TCHACHLUMAMHI U
NepPCNneKTHBAMHI Pa3BUTHSI MUKPO- H HAHOCHCTEMHOM TeXHHKH, JHeprocdeperalommux TeXHOJO0THil U HCI0Ib30BaHUEM
NOCJIeJHUX JOCTHKEHUH HAYKH M TeXHUKH

Baanern:

ITIK-4-B1 thermodynamic calculation for synthesis of multicomponent heterostructures

4. CTPYKTYPA U COJAEP)KAHUE

Kox HaunmenoBanue pa3neinoB u | Cemectp | YacoB | ®opmupyemsie | Jluteparypa | [Ipumeuanue KM Brinosn
3aHATHSA TeM /BUI 3aHATHUS/ / Kypce HHIUKATOPBI H L. sieMble
KOMMeTeHIHii pecypchl padoTsI

Paznen 1. Perspective
properties of nanomaterials
and heterostructures




1.1 Features of regularities for 4 YK-2-31 YK-2- J1.1 KM1 P1
physical properties of V1 VK-2-B1 | JI1.1J12.1J13.
substance in a nanocrystalline 3
state with using the theory of 01323354
a solid and quantum 25
mechanics (structure;
quantum-size effect; electric,
magnetic, optical and
mechanical properties /Jlex/
1.2 Studying UV-Vis 4 IK-1-31 TIK-1- 2.1 KM2 P2
spectrometer for studying a V11K-1-B1 | JI3.3JI1.1J11.
polymer solution /IIp/ VYK-1-31 YK-1- 1
Y1VK-1-B1 | 213233 54
35
1.3 Metal-polymer 18 | [IK-2-31 IIK-2- | JI1.1J13.3J12. KM3 P3
nanocomposite synthesis V1IIK-2-Bl 1
under the IR heating /Cp/ IIK-4-31 TIK-4- | 31 32 33 B4
V1 IIK-4-B1 25
Pazgen 2. Methods of
obtaining nanomaterials
and heterostructures
2.1 The main types of substance 4 VK-2-31 YK-2- | JI3.3J12.1J11. KM1 P1
in a nanocrystalline state and Y1 YK-2-Bl1 1
their properties (structure; 012233 54
electronic structure of 25
nanocrystals; electric,
magnetic, optical and
mechanical properties); bases
of the physical and chemical
theory for nanoparticles;
kinetic regularities for
calculating nanomaterial
synthesis processes /JIex/
2.2 The characterization of metal, 4 IMK-1-31 TIK-1- | JI1.1J13.3JI1. KM2 P2
polymer and carbon V1TIIK-1-B1 1
nanostructures by using an VYK-1-31 YK-1- | D122 33 54
UV spectroscopy, an electron Y1 YK-1-Bl1 25
microscopy, and an X-
ray /IIp/
2.3 Template method for 20 TK-2-31 TIK-2- | JI1.1J11.1J13. KM3 P3
synthesizing V1IIK-2-Bl 3
nanomaterials /Cp/ IMK-4-31 TIK-4- | D1 92 33 24
V1TIIK-4-B1 25
Paznea 3. Diffusion and
kinetic processes for
nanomaterial synthesis
reactions
3.1 Heterogeneous mechanism 4 VK-2-31 YK-2- | JI3.3J11.1J12. KM1 P1
for synthesis of Y1 VK-2-Bl 1
nanostructures and 212233 54
nanomaterials. 35
Features of physical and
chemical methods of
nanomaterial synthesis. /JIex/
32 Defining kinetic parameters 4 IMK-1-31 TIK-1- | JI1.1J11.1J13. KM2 P2
by using thermogravimetric V1IIK-1-B1 3
analysis /I1p/ VYK-1-31 YK-1- | D122 33 54
VY1 YK-1-Bl 35
33 Structure Polyacrylonitrile 20 IMK-2-31 TIK-2- | JI1.1J13.3JI1. KM3 P3
Transformations under IR V1IIK-2-B1 1
Heating /Cp/ IIK-4-31 TIK-4- | 31 32 33 B4
V1 IIK-4-B1 25

Paznea 4. Kinetic
regularities for calculating
nanomaterial synthesis
processes




4.1

Kinetic regularities for
calculating nanomaterial
synthesis processes; the
determination of synthesis
parameters (quasiequilibrium,
diffusion and kinetic stages).
The control methods of
nanomaterial synthesis /JIex/

[K-1-31 IIK-2-
31 IIK-4-31

JI3.3J12.1J11.

1
24

KM1

P1

4.2

Synthesis of heterogeneous
carbon composite from
polymer by an IR-heating -
course work /TIp/

[1K-4-Y1 IIK-4
-B1

JIT.1JIL.1J13.

3
Ol

KM2

P2

43

The mechanism of carbon
nanotube growth by using
CO /Cp/

18

[K-2-31 IIK-2-
V1IIK-2-Bl
I1K-4-31 I1IK-4-

JI3.3J11.1J12.

1
35

KM3

P3

V1IIK-4-Bl

5. ®OHJ OIEHOYHbBIX MATEPHUAJIOB

5.1. KontposabHble MeponpusaTus (KOHTPOJIbHAsI padoTa, TeCT, KOJUIOKBUYM, 3K3aMeH H T.I), BONPOCHI JJs
CaMOCTOSITe/ILHOM MOATOTOBKH

Kon
KM

KonTtponsHoe
MEpOIpPHUATHE

[IpoBepsiembie
HWHIUKATOPBI
KOMIIeTeHLIUH

BOHpOCBI JUJIA IOATOTOBKHU

KM1

Test

YK-2-31

Quantum heterostructure properties/ CBoiicTBa KBaHTOBOM
reTepOCTPYKTYPHI

Quantum dots (QD), 0D-structures/ KBantossie Touku (KT), 0D-
CTPYKTYPBI

Quantum wires (QWr), 1D-structures/ KBanToBbie npoBosioku (QWr),
1D-cTpyKTYpBL

Quantum wells (QW), 2D-structures/ Ksantosbie ssmbi (K51), 2D-
CTPYKTYPBI

Quantum-size effect/ KBantoBo-pa3smepHsIii 3ppexT

The IR-heating synergetic effect for organic materials/
Cunepreruueckuil 3¢ GexT HHPPaKpacHOro HarpeBa OPraHNnICCKUX
MaTepHaIoB

Chemical polymer transformations under IR heating/ Xumuueckue
NpeBpalICHUs MOJIUMEPOB IPU HH(PPAKPACHOM HarpeBe

Structure Polyacrylonitrile Transformations under IR Heating/
CTpyKTypHBIC TPEBPALICHNUS MOIHMAKPUIOHUTPHUIIA IPYU HHOPAKPACHOM
HarpeBse

Polymer after an IR-heating/ [Tonumep mocne MK-narpesa

The mechanism of carbon nanotube growth by using CH4/ Mexanusm
pocTa yriaepoaHbIX HAHOTPYOOK ¢ ucnonb3oBanuem CH4

Method of synthesizing Carbon Nanocrystalline Material under IR
heating/MeTton crHTE3a yTIIepoIHOTO HAHOKPUCTAIITHIECKOTO
Mmatepuana npu MK-narpese

KM2

Test

YK-1-31;T1IK-1-31

Nanotechnology methods up-down and down-up:

Methods for studying nanomaterials

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

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 nanoparticle physical and chemical theory; kinetic regularities for
calculating nanomaterial synthesis:

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

The mechanism of carbon nanotube growth by using CH4

Method of synthesizing Carbon Nanocrystalline Material under IR
heating




KM3

Test

TIK-2-31;11K-4-31

kinetic regularities, mathematical thermodynamics methods for
calculating processes of nanomaterial synthesis;

defining and calculating parameters of nanoparticle synthesis of s
(quasiequilibrium, diffusive and kinetic stages):

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

tendencies and perspectives of the developments in the area of micro
and nanoelectronics and related areas:

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
DMetal-polymer nanocomposite synthesis under the IR heating

The temperature dependence of carbon nanocrystalline material and
Me/C nanocomposite conductivityetermining atomic structures. Bragg's
law.

5.2. Ilepeyennb padoT, BINIOJIHSIE

MbIX o gucuuminHe (Kypcosas pa6ora, Kypcosoii npoexkr, PI'P, Pedepar, JIP, IIP u T1.11.)

ITpoBepsemMsble
Kon HasBanune
UHJIUKATOPbL Conepxanue pabOTHI
paboTsI paboTsI .
KOMITCTCHIIUI
P1 Practical work YVK-2-Y1;VK-2-B1 UV-Vis spectroscopy. Dissolving polymer in solvent. Defining a
chemical bond brtweem polymer and solvent by using an UV and Vis
spectroscopy.
P2 Practical work YK-1-V1;VK-1- Properties of metal-carbon nanocomposite. Chemical interaction
B1;TIK-1-YI;IIK-1- | between metal nanopaticles and a polymer matrix. Calculating metal
B1 nanoparticle size by using an X-ray method. Transformations in
polymer under heating. Mechanism of polymer carbonization
P3 Kypcosast paborta IK-2-V 1;I1K-2- Visible and ultraviolet spectroscopy for studying nanomaterial. The

(course work)

B1;[IK-4-V I;TTK-4-
Bl

Beer-Lambert-Bouguer Law/ Bunumas u ynerpaduoneroBas
CIIEKTPOCKOINHS ISl UCCIIeI0BAaHMsI HaHOMaTepuaoB. 3akoH bepa-
JlamGepa-byrepa

UV-Visible absorption spectra. Polyacrylonitrile UV- Vis spectrometry/
Crektpsl ormnomienus B Y ®-punumoit oonactu. Y @- BuaumMas
CIEKTPOMETPHS TIOJTHAKPHIOHUTPUIIA

The microcapsuling method for synthesizing nanomaterials/ Metoxa
MHKpPOKAICYJIMPOBAHHS ISl CHHTE3a HAHOMATEPHAJIOB

Synthesis of microspheres/ Cunre3 Mukpocdep

Thermogravimetric analysis/ TepMorpaBUMeTpUYeCKHUI aHATH3
Template method for synthesizing nanomaterials/ TemrieiTHBIH MeTOT
CHHTE3a HaHOMaTepPHaJIOB

Synthesizing new functional material based on carbon nanotubes
modified by Cu nanoparticles/ CuHTE3 HOBOTO (PYHKITHOHATEHOTO
Marepuajia Ha OCHOBE YIJIEPOJHBIX HAHOTPYOOK, MOJH(UIIUPOBAHHBIX
HaHovactuamu Cu

The transformations in the CuAc—CNT system under the IR heating/
IIpespamenus B cucteme CuAc — YHT npu UK-narpese
Metal-polymer nanocomposite synthesis under the IR heating/ Cuate3
METaJUIONOIMMEPHBIX HAHOKOMITO3UTOB IIPH HH(PAKPACHOM Harpese
The temperature dependence of carbon nanocrystalline material and
Me/C nanocomposite conductivityetermining atomic structures. Bragg's
law./ TemnepartypHast 3aBUCUMOCTb IIPOBOIUMOCTH YIJIEPOIHOTO
HAHOKPHCTAIUTMIECKOI0 MaTepuaa u HaHokoMmosuta Me / C,
OIIPEICIISIONIMX ATOMHYIO CTPYKTYpY. 3akoH bparra.

5.3. OueHo4Hble MaTepHAJIbI, HCIIOJb3YyeMble U1 IK3aMeHa (onucaHue GUI1eToB, TECTOB M T.II.)

The exam card contains two theoretical questions and a sum. The sum is typical and is solved during the course.

5.4. MeToinka ouleHKH OCBOEHHS THCIUILTUHBI (MoayJs, npakTuku. HUP)

A satisfactory mark for the exam is put if the student has answered one question or solved the task;
a good mark is put if two correct answers or solving the task and one correct answer is given;
an excellent one is put for three correct answers.




6. YYHEBHO-METOJNYECKOE U UH®OPMALIMOHHOE OBECIIEYEHUE

6.1. Pexomenayemas iureparypa

6.1.3. MeTtonuueckue pa3padoTku

MMPOBCACHUSA MMPAKTUICCKUX 3aHATUMN:

ABTOpBI, COCTaBUTEIH 3arnaBue Bbubnmnoteka W3narenscTBO, TOX
JI3.1 |Hesepora O. A., [MumeBas 6noTeXHOIOTUSA DnexTpoHHas 6ubInoTeKa Hoocubupck: Cubupckoe
TopenmnkoBa I. A., MPOIYKTOB U3 CHIPHS YHHBEPCUTETCKOE
Io3nsaxosckuit B. M. | pacTurensHoro n3aTenscTso, 2007
MPOUCXOXKICHHA: YIeOHUK
JI3.2 | Kopmynos H. M., Yyactue npokypopa B DnexTpoHHas 6ubInoTeKa Mockga: FOunutn, 2012
Bopucosa JI. B., Trpa’kIaHCKOM
Topenux A. I1,, CYIIOTIPOU3BOJICTBE: YIeOHOE
Cunarposa O. I, nocobue
T'pumun A. B.,
Kopurynos H. M.
JI3.3 [Topemux C. C., MarepuainoseneHue OnexTpoHHas OHONMMOTEKa M.: M3a-80 MU CuC, 2003
Hamesckuii M. . MOJIyIPOBOJTHUKOB 1
JIJICKTPUKOB: YICOHUK JUIS
CTYA. BY30B IO HAIIp.
'MaTepuanoBeieHUE U
TEXHOJIOT Ul HOBBIX
MaTepHayoB',
'MarepuanoseieHuE,
TEXHOJIOT'MU MATCPHAJIOB
TTOKPBITHH'
JI3.4 |Topemuxk C. C., PenTrenorpadudeckuii u DNeKTpOHHAs OMOJIMOTEKA M.: Uzn-Bo MUCuC, 2002
Ckakos 10. A, 3JIEKTPOHHO-ONTHYECKUH
Pactopryes JI. H. aHanu3: yueb. mocodue s
BY30B
6.2. Ilepeyenn pecypcoB HH(OPMALMOHHO-TEJIEKOMMYHUKANMOHHOI ceTn « AHTepHET»
31 |nano https://nano.nature.com
32 | SpringerMaterials https://materials.springer.com
73 | Royal Society of Chemistry https://pubs.rsc.org/en/journals
94 | ScienceDirect www.sciencedirect.com
95 | Scopus WWW.SCOpUS.com
6.3 IlepeueHb MPOrpaMMHOIO O0ecreYeHust
I1.1 | Win Pro 10 32-bit/64-bit
1.2 |ANSYS Academic Research CFD
1.3 | Duznueckast XuMus
6.4. Tlepeuyens MHGPOPMATUOHHBIX CIPABOYHBIX CHCTEM M MPOGeCCHOHATBHBIX a3 TaHHBIX
N.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 OBECIIEUEHUE
Ayn. | Hasnauenue OcHanieHue
Jlro6oit Kopryc| YueOHast ayauTopuss Uil IPOBENEHUs | KOMIUIEKT yueOHo# Mebenu 10 36 mect s o0ydaromuxcs,
MyneTHMe IuiHAS 3aHATHH JICKIMOHHOTO THOA W/WIM Ui | MyJIbTHMEIMAHOE OOOpYyAOBaHHE, MAarHUTHO-MapKepHas

Jocka, pabodee Mecto mperomasarend, [IKc moctymom k
HUTC «Hnteprer», DUOC yHuUBepcuTeTa depe3 JIUYHBIN
kabuner Ha twiatpopme LMS Canvas,
nporpammbl MS Office, MS Teams, ESET Antivirus

JIMICH3UOHHBIC




JIro6oit Kopryc | YueOHas ayIauTopHus Il IPOBEICHUS
MynsTume nuitHas 3aHATHNA JIEKIHOHHOTO THIIA W/WIN IS
MIPOBEACHUS PAKTUUECKUX 3aHATHI:

KOMIUTEKT y4eOHOI Mebenn 1o 36 MecT aisl 00ydJaromixcs,
MyJIbTUMEIUHHOEe  000OpyJOBaHHWE, MAaTrHHUTHO-MapKepHas
JIocka, pabodee mecto mpemnopmaBarens, [IKc nmocrymom k
UTC «Untepuery, DUOC yHUBepcuTeTa uepe3 JINYHBIN
kabuHer Ha tuiatdpopme LMS Canvas, IHIIEH3UOHHBIC
nporpammsl MS Office, MS Teams, ESET Antivirus

YuTaabHbIH 3all
3JIEKTPOHHBIX PECYPCOB

KOMIUIEKT y4eOHOH MeOenn Ha 55 mecT aist oOydaromuxcs,
50 IIK c¢ pmocrymom k HWTC «MuTeprery, OHUOC
YHUBEpCUTETA Yepe3 JIMYHbIA KabuHeT Ha miatdopme LMS
Canvas, nuneH3uoHHBIe mporpammel MS Office, MS
Teams, ESET Antivirus.

8. METOAUYECKHUE YKA3AHUA VI OBYYAIOIIUXCA

To learn the course a student has to first study the lesson topic using the literature shown in the Content sector.




