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The catalog of disciplines educational program7M07140 —

Nanomaterials and nanotechnologiesfor the academic students of the2023 year admission

Ne | IMonnin ouuinaTaysl / Kpenu Kpickama anHoTAIMA/ Ilpepexeusurrep/
nHET / Ha3zsanue 1/
Muxnxnm JHUCTMIIAHBI / Kpenu Kparkas ansoranus / ITpepexpu3uTHY
counaa | Name of the course 1/
HbI Credit Annotation Prerequisites
/Cycle
of the
course
1 cemectp /1 cemectp / Semester 1
Tanpay Goiisinma komnonerrrep / KomnonenTs! mo Beioopy / OptionalComponents
Bipeyin Tannay / Bei6pars oqun / Choose one
1 BIITK Kartel gesenepaig 5 JlapicTik KYpCTBIH CTYHEHTTEPAi 3aMaHayH KaTTbl JeHe | T bUIBIMH 3€pTTeyJNIEpAiH 9iCHaMack MeH
B KB KB2HTTHIK (U3UKACHIHBIH OPTYPli acHeKTUIepiMeH, OHBIH iIIiHAe amicrepl/
BD EC | ¢usukacs/KBanToBadg HETPUBHANABI eMec  KaTThl  3aTTap MeH aroM MeToAONOTHA U METOABI HAYHIHOIO
(pu3nka enmeMIepiHiH HBICAHAAPHIHIA KBaHTTHIK . HccrnefoBanus/
TBEPIBIX TeI/ KyObUIbICTaApMEH TaHbICyFa GarsiTTanrad.Kype conpaii-ax Methodology and methods of scientific
Quantum Physics of 3aMaHayM 3JICKTPOHMBIK KYPBIIFBUTAPIBIH JKYMBIC icTey research
Solids KaFHAAIAphIH, COHBIH ILIiHAEC CHHH-MOJAPH3AIMIaHFaH
JanaibK-ocepii TPaH3UCTOPJIAPABL, COHJaM-aK
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alHaNABIPy CBETOUOATAPEI MEH JIA3EpiIepiH CHIIATTAABL.
JlekIMOHHEI Kypc HampaBleH Ha  O3HAKOMIIEHHE
CTYNEHTOB C pAa3iMYHBIMHACIICKTAMH COBPEMEHHOM
(M3MKH TBEPAOTO Tella, BKITIOYAA KBAHTOBBLICSBICHHS B
HETPHBHAIBHEIX TBEPIBIX TeNaX U OOBEKTax aTOMHOro
pasMepa. B Kypce Taloke OIMCHIBAIOTCS —IIPHHLMHITBL
paboTHl COBPEMEHHBIX 3JIEKTPOHHBIX NPUOOPOB BKIKOYAs
CIHH-TIOAPU30BAHHEIE TIOJEBEIe TPAH3UCTOPBL, a4 TAKKe
CITHHOBBIE CBETOAHOMBI H JIA3€PEL.

The lecture course is directed to the students with
different aspects of the modern physics of solid body,
including quantum interpretations in nontrivial genetic
bodies and atomic dimensions in objects. The course also
describes the principles of operation of modern electronic
devices including spin-polarized field-effect transistors, as
well as spin LEDs and lasers.

BII TK
B KB
BD EC

Meranuapasiy
9NIEKTPOHABI
TEOPHACHY/ JNIEKTPOHHA
s TEOpHS METaJIOB/
Electron Theory of
Metals

Kypc 6iniM amymsuiapabl KOHXCHCHPICHTEH MEAUaHBIH
KBAHTTHIK KacHeTTepi OoiipiHITa Kasipri 3amanayu
3eprTeynepain  Herisri GarbiThl GONBIN  TaOBUIATHIH
MeTANNJApABIH  DJIEKTPOHABIK TEOPHACHIHBIH  HErisri
oficTepi MeH HoTIDKenepiHe Hasap aynapaabl. Ksasu-
OemneKkTep JKSHE JlanpaydhepMu-cyHBIKTBIFEL
TEOPHMACBIHBIH ~ TYCIHIM  KaJbTel — METaIAapAbIH
KaCHeTTePiH CHIATTay YIIiH KOJIJAHELIAIbL.

Kypc 3HakoMHT 00y4aroImxcs ¢ OCHOBHBIMHM METONAMHU U
pesyipTaTaMd  2JIEeKTPOHHOH  TEOPMH  METaJUIOB,
HaxoAAIIuMuC B (OKyce COBPEMEHHBIX HCCIEIOBaHMI
KBAHTOBBIX CBOMCTB KOHACHCHPOBaHHBIX cpeld. Jlis
OMNMUCAHKA CBOMCTB HOPMAIBHBIX METAJLUIOB HCIIOJIB3YIOTCS
KOHLIENLYA KBAa3W-4acTHIl W Teopus (epMU-KHIKOCTH
Jlannay.

The course introduces students to the basic methods and
results of the electronic theory of metals that are in the
focus of modern research on quantum properties of
condensed media. The concept of quasi-particles and
Landau's Fermi-liquid theory are used to describe the

HanoTtexHomorusuiapasiy ipresii Herizaepi/
OyHIaMeHTaIFHbIE OCHOBBI
HAHOTEXHOJIOr vt/
Fundamental of Nanotechnology
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properties of normal metals.
BIITK | KeazukpucTangapaslH TToH KBa3MKPHUCTATAAPABIH (DU3UKATBIK KACHETTEPIH XKoHEe Karre! AeHeHiH KBaHTTHIK (GH3UKACHL, 1
B KB bU3HKANBIK omapMeH OGallaHBICTBI KaTThl JIGHENEpAi  3epTTey 6./KBantoBas pu3HKa TBEpIOTO TeNa, 4.
BD EC | kacuerrepi/®@usudecku caJachIHAAFbl 3aMAHAYH JKEeTICTIKTepAlL KapacThIpajbl. 1/Quantum Physics of Solids, p.1
e CBOlicTBa KpazukpucTangap KYPhUIBIMBIHBLY €peKUISTiKTepiHe Ko
kBazukpHcTaLIoB/Phys KeHLI Geninemi.
ical properties of JIMCIMIUIMHBI pACCMATPHBAeT COBPEMEHHEIE JTOCTHXEHHS
quasicrystals B 00jgacTM HUCCNENOBaHWH  (H3MMECKMX  CBOWCTB
KBa3WMKPUCTAUIOB M POIACTBEHHBIX MM TBEPIBIX TeIL.
3HauMTENBHOE BHHMAHHE  YJEeIeHO  OCOOCHHOCTAM
CTPYKTYpPbl KBa3HKPHUCTAJLIOB.
Disciplines examines modern achievements in the field of
research of the physical properties of quasicrystals and
related solid bodies. Considerable attention is paid to the
peculiarities of the structure of quasicrystals.
2 | BIITK | Hanomarepuangapabla JIMCLMIUIAHA pPacCMATpBaeT (U3HYeCcKUe U MexaHudeckre | HaHoTexHOmOrusnapasH ipreii Herisaepi/
B/ KB Tyamictepi/ METOABIIONYYCHUAHAHOYACTHIH HAaHOMATEPHAIIOB. DyHIaMEeHTAIBHbIE OCHOBBI
BD EC | Mertonslnony4eHHaHa 3HauMTeNnpHAad YAacTh Kypca IOCBAINEHA  BIHMAHHIO HAHOTEXHOJIOTHE/
Homatepuanos/Method HAHOCTPYKTYpPHI Ha CBOMCTBA MaTepUaJIOB. Fundamental of Nanotechnology
s for obtaining The discipline is conducted to physical and mechanical
nanomaterials methods for fabrication ofnanoparticlesand nanomaterials.
Corse is devoted to the effect of nanostructure on material
properties.
BII TK HedopmarmonHsie Kypc ®okycupyercs ma crocobax AeopmanponHoro | HaHOTeXHONOrHANapAsIH ipreni Heriznepi/
B1 KB METOIBI OTYYECHUS TIOJTy4EHHA HAHOCTPYKTYP M HAaHOMATEPHAIOB M METOAAX @OyHIaMEHTaTbHBIE OCHOBBI
BD EC HaHOMATepHaJIOB HCC/ICHOBAHAS M aHANW3a WX MEXaHWYeCKUX H HAHOTEXHONIOT Ui/
(U3HYECKUX CBOJCTB. Fundamental of Nanotechnology
The course focuses on methods offabrication of
nanostructures and nanomaterials by deformation methods
and analysis of their mechanical and physical properties.
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BIITK | Hanodocgop amyasy Kypc HanodochopasianyapiH Herisri gaMy ypaictepi Hanoxyiienep ¢pusnkacsiaa
B KB (DH3HKA-XAMUSAIBIK JKOHE 3epTTey SNicTepiMeH, coHpaii-ak Oyn OimiMai Kipicrie/BBenieHue B QU3UKY
BD EC Herizaepi/duznko- JMIUIOMHAaH XeHiHri »KyMbIC OpHBIHOAa makpananyra | nHaHocucreM/Introduction to the physics of
XHMHYECKHE OCHOBBI OarpiITTANFaH. nanosystems
- TIONy4eHHS Kypc- dokycupyeTcs Ha W3ydeHHE OCHOBHBIXTEHIACHUMIA
HaHopochopos/Physic pa3BUTHA nonydeHusHaHohochopan METOAAMH
o-chemical HCCIIEHOBAHMS, a TAKKE HCHOIH30BAHUE 3TUX 3HAHWN Ha
fundamentals of HOCIIeTUIIOMHOMpaboueM MecTe.
nanophosphoresyntesis The course focuses on studying the main trends in the
development of nanophosphorus and research methods, as
well as the use of this knowledge in the postgraduate
workplace.
3 | BII OJeKTpIiK OKImaynay Byn rmoHAae onmekTp  epiciHiH  ocepi  GoibiHmIA Xumus/
TK JXKoHe kKabenpRik OUDJICKTPUKTEpAe OaifKamaThlH Herisri  KyOBLbICTap Xovnsi/
B TEXHOJIOTHAIAFbI KapacTHIPBUIAIbI, OCHl KYOBUIBICTAPBIH Ti30EKTi Taugaysl )
KB Mogesaey/ Moaenupo KenTipiired  >koHesnektpoHasl  Workbench,  Elcut, Chemistr
BD BaHME B ComsolMiltiphisics xone MathCad xommbloTEpIiK y
EC ANEKTPOUZONAIMOHHON OarmapnaMajyapblH  MAWJaJaHel  OCBI  KYOBUIBICTApIBI
H KOHEC ONApABIH MOJENbAepiH cynbalblK —Tangayasl
kabenpHOMTEXHIKE/ MO KaMTaMachI3 eTeli.
deling in electrical B manHOH JUCIMIDIMHEPACCMOTPEHB! OCHOBHEIE SIBJICHMS,
insulating and cable Halro1aeMble B
technology JIMDNIEKTPUKAXTIOABO3IeHCTBHEMANIEKTPUYECKOr0  MOJIH,
JACTCACXEMHBIM  aHanmu3 53THX SBJGHHH H  HX
MOJETHPOBaHHE C  MCIIONB30BAaHHEM  MPHKJIATHBIX
mporpamMm Electronic Workbench, Elcut,
ComsolMiltiphisics 1 MathCad na 9BM. 7
The basic disciplines considered in the basic disciplines
observed in the dielectricsubtypes of the electricpoles are
given in the schematic analysis and their modeling using
the Electronic Workbench, Elcut, ComsolMiltiphisics and
MathCad computer programs.
BITTK ONeKTp oKwaynay bynr moHme kabemb 6HIMIEPIHIH KOHCTPYKLMAIBIK Hanoxxyiienep ¢pu3nkacsHa
BJ1 KB JKoHe Kabenbpik €peKWEeNTiKTepl, 9p OJIEMCHTTIH IH3aiiHPl MEH OCHI Kipicne/Beenenue B GpusHKy
BD EC | TexHonorusa GoMbIHIIA SJIEMEHTTEpP JKY3€re AachIPbIIAaTHIH MarepHanzap, op | nHanocucrem/Introduction to the physics of
KBLTY QJIEMEHTTI OHIIPY yLIiH TeXHONOTHAIBIK nanosystems
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ecenreysep/ Terossie
pacueTsl B
SIIEKTPOU3OJIAIMOHHOH
7}

kabenpHoiitexuuke/Th
ermalcalculations in
electrical insulating
and cable technology

OIEepalMsNAP/bIH, TEOPHIBIK HEri3fiepi, JMeKTp JKoHe
kabenbJik JKediiepAeri DJEKTPJIK KOHE S KBUTYJBIK
opicTep oHe ONapIbIH JEKTPIIK XKOHE XKbUIYy €cenTey
omicTepi ambUIAmBl, COHAad-aKk op TYPJi  3MIEKTp
MAaIMHANAPHIHGIH ~ OKWIaynay  JKylenepiH  eHAipy
TEXHOJIOTHACHL.

B faHHOH MUCHMINIMHE PACKPHIBAIOTCS OCOOEHHOCTH
KOHCTPYKLHH xabeNbHBIX H3MICIHH, OCHOBHEIE
TpeGOBaHHMSA K KOHCTPYKIHH KaXZOTO 3JIEMEHTa H3/eIus
U MATEPHAJIBI K3 KOTOPBIX BBITIONHAIOTCA 3T DJIEMEHTHI,
TEOPETHYECKHE OCHOBBI TEXHOJOTHYECKHMX —ONEpariii
H3FOTOBJICHHSA KAKIOTO 3JIEMEHTa, 3JMCKTPHYECKHX |
TEIUIOBBIX TMOJeH B CHIOBBIX Kalelsx M apMatype
KaOeJNbHBIX JTHHHM M METOAbl HX 3JEKTPHYECKOro H
TENJIOBOrO pacyera, a TaK K€ TEXHONOTHH H3IOTOBJICHHSA
CHCTEM M3OJIHHA SJIEKTPUIECKHX MAaIlMH pasIHYHbIX
THIIOB.

In this discipline, the design features of cable products are
disclosed, the basic requirements for the design of
eachelement of the product and the materials from which
these elements are carried out, the theoretical foundations
of technological operations for the production of
eachelement, the electric and thermal fields in
powercables and cable line fittings, and methods for their
electrical and thermal calculation , as well as the
manufacturing technology of insulation systems of
electrical machines of various types.

BII TK
B KB
BD EC

D7eKTp ManluHaIapsIH
eHIIpY
texHonorusacel/ Texnon
OTHS POU3BOACTBA
INMEKTPUUECKHX
maiuus/ Technology of
production of electrical
machines

Kypc Marnurt »yienepiH MOHTKAAY XKOHE OpamasiapIbl
XKoHe OKIIayJiayAel, KOJUICKTOPJIapABL, oHAEY
TEXHOJIOTHANIBIK ~ IIPOLIECTEPIH, TpaHc(HOPMaTOPIBIK
LUECTEPHANAPIEl JSHEKepiey, KYPACTHIPY MKOHE ChIHAY
MalTHHaIapbIH JKOHE TpaHchopMaTOpIapBI
TEXHOJOTHAIBIK YJepicTepAi KaMTHABL, YIKEH 3IIEKTp

MalllMHATIapel ~ MEH  KyaTThl  JKOFapbl  BOJIBTTHI
TpaHcopmaropiap  OHAIpiciHiH epeKuIeniKTepiH
CHITATTAM L.

Hanoxyiienep ¢puznkacsiHa
kipicrie/Brenenue B Gpu3suKy
Ha”ocucTem/Introduction to the physics of
nanosystems
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KypcpaccmarpuBaeT — TEXHOJNOTHYECKHE TIPOLIECCHI
IITAMITOBKHM U COOPKH MAarHUTHBIX CHCTEM, H3TOTOBJICHHS
OOMOTOK M H30JIALMH, KOJIEKTOPOB, TEXHOIOTHYECKHE
HPOIECCH  MeXaHM4decKoil 00paboTky, cBapku OakoB
TpaHchopMaTopoB, COCPKM M MCHBITAHMA MallMd M
TpaHC(OPMATOPOB, OMUCAHBI XapakTepHble OCOOEHHOCTH
MPOM3BOJCTBA KPYNHBIX OIEKTPHYECKHMX MAllMH |
MOIIHBIX BHICOKOBOJBTHBIX TPaHC(HOPMATOPOB.

The course examines the technological processes of
magnetic systems, the production of winding and
insulation, collectors, technological processes of
mechanical processing, welding transformers,
transformers and testing machines and transformers,
characteristic feature of production of large -electric
machines and high-powered high-voltage transformers.

2cemectp/2 cemecTp/Semester 2

KOO komnonenti / BY3onckuii komnonenT / Universitycompon:

ent

4 KI1 NanoCad-nars1
XOOK | unxeHepik

PD UK | npoexTupoBaHHE
NanoCad/Engineering
design in NanoCad

I BK | xobanay/MrxeHepHOE

B

5

IMoun Gimim amymsiapra nanoCAD mnnardopmaceiMen
KYMBIC icrey  [DaFmpUIapblH  KaJBIITACTHIPAMEL,
«o3/irinen» eo3MiriHeH UIeMiNieTiH Heri3ri DpHHUMITEepAi
yiipeneni, *dwg tdhopmatsiHaa TEXHUKATBIK,
KyKaTTaMaHbl KypacThIpaIbl JKoHe eHAeHAl (CTaHAapTThI
2D xome 3D mpUMHTHBTEP, KeJieHKenep, OmoKTap,
enmiemMaep, Ty#iHaep, MOTiHIep, epicTep, KecTenep),
JKYMBICTBIH, Oenrimi 6ip acnekTinepiH aBTOMATTaHABIPY,
Yri/mapak KeHiCTiriH KongaHy, CBIPTKBI CLITeMeJIepMEH
JKYMBIC iCTey, VI ©IeMAl KeHiCTiKTeri HaBuralys >koHe
aJIBIHFaH MaTepHangapasl Gachll MIBIFapy NaFbUIaphIH
KaJTBINTaCTRIPabL.

IMucipiuimaa  ofydaer  CTYReHTOB  (OPMHMPOBAHHIO
HaBEIKOB paboThl ¢ miardopmoit nanoCAD , obyderuro
0a30BBIM NPUHLIHNAM HACTPOUKH PEIICHUS «TIOA ceba»,
YePUCHHUIO U PeNaKTHPOBAHHIO TEXHUYECKOH
poxymentaiuu B dopmare  *.dwg  (comepxaiei
cra"aaptHbie 2D- u 3D-npUMHUTHBEI, IITPHXOBKH, 6J10KH,
pasMepsl,  BBIHOCKM,  TEKCTHI,  TIONs,  TabMipl),

KoMusroTeprikMoaensaeyKoHeKPUCTATIbI
xumMusa/ KoMIploTepHOEe MOIETUPOBaHHE U
kpucramoxumus/Computermodelingandcerys
tal
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OT/ENBHBIX aCIeKTOB paboThl,
Mogens/JIucTEl, paboTHI
HABWTAIlMM B TPEXMEPHOM
[OJIYYEHHBIX ~ MAaTePHAIIOB

aBTOMATH3aIMH
NPUMEHEHU MPOCTPAHCTB
C BHELIHMMM  CCHUIKaMH,
NPOCTPAHCTBE M BBHIBOIA
Ha TIe4aTh.

Discipline trains students with a nanoCAD platform,
which defines the basic principles of setting up a
subsystem of solutions, including technical documentation
and editing in * .dwg (containing standard 2D and 3D-
primitives, barcodes, blocks, dimensions, vynoski, poles,
tables), automation of separate aspects of work,
application of models / models, work with externally
linked links, triple space navigation and results of printed
materials.

5 KII HaHoTexHONMOruAHBIH 5 Kypc HaHOTEXHOJIOTMAHBIH UIrepi YFEIMApBIH 3ePTTEYTE, Ouzuka/duzuka/Physics
XKOOK | ipremi Herizaepi/ KOJIEM/II ocepre KaThICTHl ©H MaHBI3ABL  3aHOapisl Xumus/Xumust/Chemistry
II/I1 BK | ®yHnamMeHTaJIEHEIE TYCiHyre >KeHe alblHFaH OUTIMAEpAL  KOIJaHyra
PD UK | ocHOBBEI OarbITTANFaH.
HAaHOTEXHOJIOT Uit/ Kypc HamnpasJIeH Ha H3y4eHHE
Fundamentals of thyHIaMeHTaNEHEIXHOHATHIHHAHOTEXHOIOTHH, TIOHUMaHHE
nanotechnologies Hapbonee BaXKHBIX3aKOHOMEPHOCTEH, CBS3aHHEIX C
pasMepHBIM3(GpEeKTOM M MPHMEHEHHE MOMYYEHHBIX
3HaHMHA.
The course is aimed at studying the fundamental concepts
of nanotechnology, understanding the most important
regularitiesassociated with the size effect and applying the
knowledge gained.
Tanaay Goiipinma komnonerrrep / Komnonents! o Bbidopy / OptionalComponents
Bipeyin Tangay / BeiopaTte onun / Choose one
6 | KIITK KBaHTTBIK enmeMai 5 Kypc KBaHTTHIK emueMAi KyphUIBIMAAp TYPAIb! TYCiHIK | KOMIBIOTEpIiKMOAENbAEYIKOHEKPHUCTAIIBI
I KB JKapTbUIal Gepyre JkoHe TIK KBaHTTBIK HYKTemiK JasepAiH | XuMusa/ KoMIbIOTEpHOE MONENMPOBAHME H
PDEC OTKI3TiIreTepOKYPhLT CaJIBICTHIPMAJIBI TATIAYBIH XKYPTi3y Al YFBIHABIPaJBLL. kpucrautoxumus/Computermodelingandcrys
BIMAAPIBIH Kypc JmaeTr mnpeictaBieHHE O KBAHTOBO-Pa3MEPHBIX tal
SNIEKTPOHABIK, CTPYKTypax ¥ MpPOBOAMTb CPAaBHUTENBHBIH aHAIN3
KacuerTepi/ BEPTUKANBHBIX JIa3€POB Ha KBAHTOBBIX TOYKAX.
OJeKTpoHHbBIe The course gives an idea of quantum-size structures and
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CBOMCTBA conduct a comparative analysis of vertical quantum
KBaHTOBOPa3MEPHBIX dotlasers.
TIOJTYTIPOBOJHUKOBBIX
reTepPOCTPYKTYp/
Electronic properties of
quantum
semiconductor
heterostructures
7 | KIITK | Hanmomarepuangapasis TTonmep 3aMaHayH HAHOTEXHOJIOTHAIAPABIH Maiia Gomysl, | KaTThl NeHeHiH KBaHTTEIK (u3HKacs], 1 6./
I KB XUMHSIBIK HETi3ri OarsITTaphl MEH XUMESITBIK NPUHITHIITEPiH, COHBIH KsantoBas ¢usuka TBEpAOro Temna, 4. 1/
PD EC | Heriznepi/Xumudeckue imipe TUTaBapiBl TEXHONOrMANap, CyNpaMOJICKyJIaIbIK Quantum Physics of Solids, p.1
OCHOBBHI XUMHS, MOJIEKYJIAJIBIK dI€KTPOHMKA, HaHOOOIEKTEp MEH
HaHoMmarepuaiios/Che HAHOKYPbUTBIMABI MaTepHaIiapasl SHIIpYAi
mical bases of KapacTeIpazbl.
nanomaterials JIMCIHIUTHHAPACCMATPUBAET UCTOPHUIO BO3HHUKHOBEHHA,
OCHOBHBIE HAMPABNEHAS M XUMHYECKHE IPHHIUIIEI
COBPEMEHHBIX HAHOTEXHOJIOTHH, BKIIIOYas IUIAHAPHYIO
TEXHOJIOTHIO, CYIpaMoJIeKyIPHYIO XHMHIO,
MOJIEKYJIIPHYIO 3JIEKTPOHHKY, MOIyYeHHe HAHOYACTHIL K
HAHOCTPYKTYPUPOBAHHBIX MaTepHAIIOB.
Discipline examines the history of the emergence, main
directions and chemical principles of modemn
nanotechnology, including planar technology,
supramolecular chemistry, molecular electronics, the
production of nanoparticles and nanostructured materials.
8 | KIITK | OnexrpokepaMHKaJIbIK Kypc ceimpap men kabenpaepiiH Herisri TyciHikrepine | Hanomatepuaniap MeH HAHOKYPHUIBIMIAPIBI
IIAKB | matepuangap MCH opay Herizzenred. DJEKTP CBIM - Oip (3KaTFbI3 TAMIBIKTHI CHIM) 3epTTEYHiH KCIEPUMEHTTIK
PD EC JkaHE MOHTAX HeMece OipHemme (Kem KabaTTel ChIMZAAp) ChIMIAAPAaH azicTepi/DKCIIepUMEHTATBHbIE METOIBI

JKeep/IneKTpoKepa
MHYECKHE
MaTepHab,00MOTOYH
BlE U
MOHTaXXHBIeTIpoBoaa/E
lectroceramic
materials, winding and
mounting wires

TypaThiH (9HeTTe MbIC, ATOMHHHI Hemece KebiHece
Gonar) TYpaTBIH 3JEKTp TOFBIHBIH OKUIayiaHOaraH
HEeMeCe OKLUAYJIAHFaH OTKI3rili. DNEeKTp JKeMiNepiH cany
(onextp Oepy keminepi), 5SMEKTP MaIIHHAIAPBIHBIH
opaMajapbid OHIIpPY, PaIVOTEXHHMKABIK >KaOIbIKTapIbl
opHary, Gaiiansic KYpaltnapsl XkeHe T.0.

Kypc ¢okycupyercs Ha OCHOBHBIX IIOHATHAX O IPOBOJAAX
u  kabemsx. IIpoBOX  DJNEKTPHYECKMH —  3TO

HCCIIeOBaHUA HAHOMATEPHAJIOB H
HaHocTpyKTyp/Experimental methods for
studying nanomaterials and nanostructures

@ EHY 708-01-21 Karanor Aucuumiing mo o6pazosateabHol nporpamme. Mznanue BTopoe




HEH3OJHPOBAHHBIM WIH H3OJMPOBAaHHBIH IPOBOXHMK
9NMEKTPHYECKOTO  TOKA, COCTOANMH W3  OJHOTO
(OHOMWMNBHBIA MPOBOJI) HIH HECKOJIbKHX
(MHOrOXMIIBHBI IIPOBOJ) IPOBOJIOK (damme BCero
MEIHBIX, AaNIOMHHHEBBIX HIH, 3HAYHTEJBHO Pexe,
cTaypHBIX). IIpoBosa WCHONBE3YIOT NPH  COOPYXKEHHH
nuHui snextponepeaad (JIOII), usroroneHun o6MOTOK
SMEKTPUYECKHX MAlIWH, MOHTaXe pagHoanmapaTypsl, B
YCTpOICTBAX CRA3M H T.1.

The course focuses on the basic concepts of wires and
cables. An electric wire is an uninsulated or insulated
conductor of electric current, consisting of one (single
core wire) or several (multicore wires) wires (most often
copper, aluminum, or, much less often, steel). Wires are
used in the construction of power lines (power lines), the
manufacture of windings of electrical machines,
installation of radio equipment, communication devices,
etc.

9| KIITK

ITA KB
PD EC

Mukpo- >xoHe
HAHOJIEKTPOHABL
KYPHLIFBUIAPABIH

(busHKackl MEH

TEXHOJIOTHACHY/
DHU3UKA ¥ TEXHOJIOFHS
npHOOPOB MHKpPO- U
HAHODJIEKTPOHMKH/
Physics and technology
of micro- and
nanoelectronicdevices

KypctbiH MaKcaThl-MariCTPaHTTaPABI foramak
MaMaHJBIKTBIH ~ HeTi3gepiMeH  TaHBICTHIPY,  SFHU
MaMaHIAPAbIH JKYMEIC o0BeKTici, eHZipicTiH

TeXHOJOTHSIBIK TIPOLECTepi Typamsl TYCIHIK Oepy
JaiblH ©HIMHIH capacel YHIIH Jko0anaymel MeH

TEXHONOTTHIH  JKayamKepUIiUliri  Typajasl,  Kasipri
MHKDPOI/IEKTPOHHKAHBIH ~ TEXHUKATBIK >KOHE FBUIBIMH
Macenenepi Typajsl, XXI FACBIPJAFEI

MHuEKpO3IeKTPOHHKAHBIH JaMy HEPCIIEKTHRANIAPEI TYPaIbL.
[ens xypca — 03HAKOMIICHHE MATHCTPAHTOB ¢ OCHOBAMH
Oynyweii mpodeccHd, TO €CTh AaTh NpeAcTaBleHHe 00
oO0bekTe paboTHl CHEIHATMCTOB, O TEXHOJOTHUYECKHX
MIPOLIECCAX H3TOTOBIECHHS

H3JeMHHd  MHKPOAJIEKTPOHHKH, 00  OTBETCTBEHHOCTH
TPOEKTUPOBINHMKA W TEXHOJOTa 3a KayeCTBO TOTOBOTO
M3AEIMAA, O TEeXHUYeCKHX W HaydHeIx mnpobiemMax
COBPEMEHHONH MHKpPOJIEKTPOHHKH, O IEePCHEKTHBAaX
pPa3BUTHA MUKPO3JIEKTPOHUKH B X X1 Beke.

Hanomatepuangap MeH HaHOKYPBUIBIMAAPIHI
3epTTeyAiH IKCIEPUMEHTTIK
anicTepi/DKCIIepUMEHTAIBHBIE METOIbI
UCCIIeIOBaHUS HAHOMATEPHAIIOB U
HaHocTpyKTyp/Experimental methods for
studying nanomaterials and nanostructures

@ EHY 708-01-21 Karayor auciumiuH no obpasoparenbHoil nporpamme. znanue rropoe




The purpose of the course is to familiarize undergraduates
with the basics of the future profession, that is, to give an
idea about the object of work of specialists, about
manufacturing processes

about the responsibility of the designer and technologist
for the quality of the finished product, about the technical
and scientific problems of modern microelectronics, about
the prospects for the development of microelectronics in
the XXI century.

3cemectp /3cemectp / Semester 3

Tanaay ooiipinma kommnounerTTep / Komnonentsl no BeiGopy / OptionalComponents

Bipeyin Tannay / Bei6pate oans / Choose one

9 |KIITK

ITJT KB
PD EC

KeaHTTHIK
ANEKTPOHNKAHBIH
TEXHONOTHANIAPHI JKIHE
Marepuaniapsy/
Texnonoruu 1
MaTepHaJIbl
KBaHTOBOMIIEKTPOHUK
i/ Technologies and
materials in quantum
electronics

6

[ToH HAaHOAIEKTPOHHKA, ONTOICKTPOHWKA, KBAHTTBIK
KYPBUIFBINAp MEH KYPBUTFBUIapbIH 37eMEHTTIK 6a3achlH
KyYpyFa  KaThiCTBl  Herisri  JkapTeulaii  ©TKI3rim
MarepHanfap  MeH  HAHOTEXHONOrHs  9JicTepiH

KapacTeipaapl.
I[HCLIHHJIPIH& paccMarpuBacT OCHOBHEIC
TMOJIYIIPOBOJAHHUKOBEIC MAaTepHaIbI " METOObI

HAHOTEXHOJIOTHH  NPHMEHHTENBHO K  CO3/aHHIO
3JieMEHTHOH 0a3bl HaHOAMEKTPOHHUKH, ONTO3IEKTPOHUKH,
KBaHTOBBIX MPHUOOPOB M YCTPOHCTB.

The discipline considers the main semiconductor materials
and nanotechnology methods in relation to the creation of
the element base of nanoelectronics, optoelectronics,
quantum devices and devices.

HaHoMareprannap MeH HAaHOKYPBUTBIMAAPABL
3€pPTTEYHiH SKCIEPHMEHTTIK
oficTepl/ DKCIIEPUMEHTAIFHEIE METOTbI
HCCIIeOBaHNA HAHOMATEPUATIOB U

" HaHOCTPYKTYpP/
Experimental methods for studying
nanomaterials and nanostructures

©® EHY 708-01-21 Karanor aucrunngd 1o obpaszosarelbHoii mporpamme. M3nanue sTopoe




KITTK Temen enmemai Kypc Temen emmemni yienepai zeprreynin | HaHomaTepuanmap MeH HAaHOKYPHUIBIMAAP LI
IO KB Kykenep ToKIpHOeNiK OMICTEpiHIH TEOPHIBIK HETi3OepiH >KoHe 3epTTEeyAiH 3KCIePUMEHTTIK
PDEC (U3HKaCBIHAAFEI TXKIpUOENTiK 3epTTey 9JliCTepiH €Hri3yaAi KapacThIpaibl. oIliCTEPY/ DKCIIEPUMEHTATBHBIE METOBI
3KCIIEPHMEHTTIK Kype paccMaTpUBaeT  TEOPETHYECKHE OCHOBEI HCCIIeIOBAHHS HAHOMATEPHAJIOB H
apicTep/OKcIepUMEHTA 9KCIIePHMEHTAIBHBIX METOAOB.. .  HCCIeNOBaHHA HaHocTpykTyp/Experimental methods for
JIbHBIE METO/IBI B HH3KOpa3MEpHBIX CHCTEM H O3HAaKOMUTh ¢ Meroiaukamu | studying nanomaterials and nanostructures
buzuKe SKCHEPHMEHTANIBHBIX HCCIIEIOBaHMIA.
HHU3KOPa3MEPHBIX The course examines the theoretical foundations of
cuctem/ Experimental experimental methods for the study of low-dimensional
methods in physics of systems and to introduce methods of experimental
low-dimensional research.
systems
KII TK Aca eTKisrim Kypc MamMaHaap/ie1 MAKPOCKOMIMATIBIK, KBAHTTHIK peskumae | HaHOTeXHONOrHsNapAsH ipremi Herizaepi/
I KB Ti30eKTep koHe op TYPJIi ©TKI3ril JKyHenepAiH KYMBICBIHBIH TEOPHUAIBIK @OyHAaMeHTaNbHEIE OCHOBBI
PD EC Kyourtep/CrepxnpoBo HerisnepiMeH  TaHeicThpamel.  Ocel  xyifenepnin HAHOTEXHOJIOTHI/
JAIIHEICTTH 1 napameTpiepin TaHjaay, TeMIIepaTypa MEH FundamentalofNanotechnology
ky6utsl/Superconducti JOUCCHIAIMAHBIH dcepi, MUKPOTOJKBIH/B! CayJeleHyiMeH
ngcircuits and qubits ©3apa OpEKETTeCY JKOHE MAaKpPOCKONHMSIIBIK KBAHTTHIK
acepepii eney MacesenepiMeH TAHBICTHIPAIBL.
Kypc3HakoMHT  CHELMANHCTOR C  TEOPETHUECKUMMU
OCHOBaMHU PabOTHI PA3IMUHBIX CBEPXIIPOBOMALLMX CHCTEM
B MAaKpOCKONMYEeCKOM .KBaHTOBOM pexume. bBymyt
pacCMOTpPEHBI  BONPOCEHL, CBA3aHHBLIE C  BBEIOOpPOM
[IapaMeTPOB 3THX CHCTEM, BIHSAHHEM TEMIIEPATYpPHl H
JIMCCHNIALMY, B3aUMOICHCTBHEM C MHKPOBOJIHOBBIM
H3IyYeHHEM H  U3MEPeHHeM  MAaKPOCKOIHYECKHX
KBaHTOBBIX 3¢ (eKTOB.
The course introduces specialists to the theoretical
foundations of the work of various superconducting
systems in a macroscopic quantum mode. Issues related to
the choice of parameters of these systems, the effect of
temperature and dissipation, interaction with microwave
radiation and the measurement of macroscopic quantum
effects will be considered. -
KII TK KBaHTTHIK MexaHHKa Kypc reueIMu-3epTTey  3epTXaHanapelHAa  OKyMbIc | KaTThl IeHEeHIH KBaHTTHIK QHU3UKACHL, 1

@® EHY 708-01-21 Karanor aucnumnms mo o6pa3oBaTeNsHOM mporpaMme. M3nanue Bropoe




TIJ1 KB
PD EC

JKOHE HaHOOeeKTep
cratuctakacel/Ksanto
Bag MCXaHHMKa U
CTATHCTHKA
HaHOYACTHL/Quantum
mechanics and
statistics of
nanopariicles

ICTEHTIH MaMmaHpapApl Hmaspnayra Oarerrranran. Kype
THiCTI  eHmipicrepme (Gaiinampic koHe OGailmaHbic
JKyiHenepi), ©HEPKOCIIITIK ceKTopaa anBIHFaH
MaTepHaJlapabl  3aMaHayH  OHAIpIC  TeXHONOIHICHI
CaJIaChIHAFbl SPTYPIIi MoceneNep i ey YIuiH oTKI3rimI,
JKAPTBUIAH OTKI3rill )KoHe JUANIEKTPIIK MaTepHaIapIbiH
KYPBUIBIMBI MEH OJIap/IbIH KACHETTEPiH KAapacThIpasbl.

Kypc mHampaeneH Ha MNOATOTOBKY —CIELHANKCTOB,
paboTaronmx B HAay4YHO-HCCIIEAOBATEECKHX
nabopaTopusx 7§ NPeANPUATHIX, HCIOIB3YIOIIHX
HayKOEMKHe TEXHOJIOTHYEeCKHe IIpoLeccsl. B Kypce
paccMOTpeHbl  (DyHIaMeHTalbHBIE OCHOBBI CTPOEHHS
MPOBOAHHKOBBIX, TOTYTIPOBOTHUKOBBIX U
JH3IEKTPUYECKHX MATepHAIOB H MX CBOMCTBA C IIEJBIO
IPUMEHEHMS MOIYYSHHBIX 3HAHWH B CMEXHBIX OTpPaCiIx
(cHMCTeMEI KOMMYHHKALMH H CBS3H), [IPOMBIIUICHHOM
CeKTOpe, pelllas pa3HOTO poja BONPOCEHL B 00IacTH
COBPEMEHHOMN TEXHOJIOTHUH IIPOM3BOACTBA MATCPHAJIOB.

.The course is aimed at training specialists working in

research laboratories and enterprises using knowledge-
intensive technological processes. The course examines
the fundamentals of the structure of conductor,
semiconductor and dielectric materials and their properties
in order to apply the knowledge gained in related
industries (communication and communication systems),
the industrial sector, solving various kinds of issues in the
field of modern production technology of materials.

6./KBaHTOBasI JM3HKA TBEPAOIO TeN4, .
1/Quantum Physics of Solids, p.1

10

KIITK

I KB
PD EC

Matepuanmapaot
CIIEKTPOCKOIIHSUIBIK,
Tajugay
anicrepi/CriexTpockon
HYECKHE METOMBI
aHanm3a
MaTepHanoB/Spectrosc
opic methods for
analysis of materials

Ilon  oxe-smexTponzasl  cnekTpockomuscsr  (D0C),),
peHTreHaik  QoroanekrponasikcnexTpockomua  (POC),
eKIHUTIK HOHZap Macc-criektpomerpuscel  (EMMC)
JKOHE CKaHepyi HOHJAPBIHBIH MuKpockomuscel (CHM)
CHSKTBl ~ MaTepHaIgapAbl  TAINAyAbH  3aMaHayM
CTIIEKTPOCKONUAILIK ~ OMIiCTepiHiH Heri3mepiH Yyiiperyre
OarbITTaNIFaH.

Jucrpruiina YUHTE OCHOBaM COBPEMEHHBIX
CIEKTPOCKONUYECKHX METONOB AaHAH3a MAaTepHasIoB,

HanorexHomorusnapasiy ipreni Herizaepi/
dyHraMeHTaIbHBIE OCHOBbI
HAHOTEXHOJIOTHiH/
Fundamental of Nanotechnology

@ EHY 708-01-21 Karayor IuCHOMILIMH IO 00pa30BaTebHOM porpaMMe. Vsnanue BTopoe




TAKUX KAaK OJIeKTPOHHAs oxe-cniekrpockomus (30C),
PeHTreHoBckas ~ (OTO3NEKTPOHHAA  CHEKTPOCKOMHS
(P®C), sropuuHas nonHas macc-crierpomerpus (BUMC),
CKaHHpyIomas uoHHas Mukpockomus (CUM).

The discipline is to teach the basics of modern
spectroscopic methods for analyzing materials such as
Auger electron spectroscopy (EOS), X-ray photoelectron
spectroscopy (XPS), secondary ion mass spectrometry
(SIMS), and scanning ion microscopy (SIM).

KII TK
I KB
PD EC

Hanodoronuka
Hanodoronuka/
Nanophotonics

Kype KeneMai JKOHe IICKTEJIreH
HAHOKYPRUIBIMAApAaQOHOHAp,  OmmeMAi  LIeKTeyi
KPUCTaIABl OpTaja, [JHUCKPETTi TONKBIHABIK BEKTOP,
OyKTenreH  aKyCTHKANbIK  PeXHUMIEP,  KBAHTTHIK-
HHTep(EHCTIK ONTHKAIBIK PEXXUMACPAI KApacThIpaisl.
Kypc pacmarpuBaer (QoHOHEI B  OOBEMHBIX U
OFPaHMYEHHBIX -  HAHOCTPYKTypaXx, pazMepHo
OTpaHUYEHHbIE KPUCTAUIHYECKHe Cpefbl, AUCKPETHOCTH
BOJTHOBOTO BEKTOpa, CJIOXKEHHBIE aKyCTHYECKHE MO,
KBaHTOBbIe HHTep(eiiCHbIE ONTHYECKUE MOJIEL.

The course examines phonons in volume and limited
nanostructures, dimensionally bounded crystal media,
discrete wave vector, folded acoustic modes, quantum
interface optical modes.

Hanotexnomnoruanapasiy ipreni Herizaepi/
@DyHIaMeHTaIbHbIe OCHOBEI
HAHOTEXHOJIOT Mt/
Fundamental of Nanotechnology

KII TK

I KB
PD EC

Hanoxyiienep
¢dusukacel/Pusnka
HaHocucTeM/ Physics
of nanosystems

Kypc MHKpO *oHe HAHOIEKTPOHMKAHBIH KOI KabaTThl,
IJIaHAp/Ibl JKOHE O3MIriHeH JKYPeTiH KypbUIBIMAAPBIH
KaJbINTaCTHIPY TEXHOJOIWACBHIH 3€PTTei/Ii,; MUKPO- >KoHE
HAHO3NEKTPOHUKAHBIH ~ KYPBUIBIMBIH  JHATHOCTHKAIAY
oficTepiH KoHe >KaONBIKTAPBIH JKacay; HAHOMETPJIK
KYPBUIBIMAAPABIH JIEKTPIIiK XaHE ONTHKANBIK KaCHETTEp]
YHpeTyre HerizfieireH. '

Kype H3y4aeT TEXHOJIOTHIO (opMHpOBaHHL
MHOTOCJIOMHBIX, IUTAHAPHBIX M CaMOIIOUICPXKUBAIOLLHXCS
CTPYKTYp MHKPO- H HAHOIIEKTPOHHKH; pa3paboTkKy
METOJOB M amlapaTypbl MS JMATHOCTHUKH CTPYKTYp
MMKpPO- ¥ HAHODJICKTPOHHUKH; TEXHOJIIOTHH (OPMHPOBAHMS
IUICHOK M WX TPAaBJICHHUS; SMEKTPHYECKHE U OITTHYECKHME

HanoTexHonorusnapasiy ipresni Herizaepi/
DyHAAMEHTANEHBIE OCHOBBI
HAHOTEXHOJOTHii/
Fundamental of Nanotechnology

@ EHY 708-01-21 Karayor qucouiuiaH 1o o6pazoBatensHoM mporpamme. Usnanue BTopoe




CBOMTBA CTPYKTYP HAHOMETPOBHIX pa3MepOB.

The course studies the technology of formation of
multilayered, planar and self-supporting structures of
micro- and nanoelectronics; development of methods and
equipment for diagnostics of micro- and nanoelectronics
structures; technology of film formation and etching;
Electrical and optical properties of nanometer-sized
structures.

KIITK MewmOpananap skoHe Ilon  mem6paHalBIK TEXHONMOTHAIAPIABIH  TEOPHSITHIK HanorexHonorusanapasiy ipreni Herizaepi/
I KB MeMOpaHaJIbIK, Herizgepid, MeMOpaHANBIK CY3Tifey NPOLECTEPiHIH QyHIaMEHTAITEHEIE OCHOBHI
PD EC TexHonorusuiap/Mem6 KIKTETyiH JKoHe WpPHHIHMNTEPIH, aTy MpoOIecTepiH, HaHOTEXHOJIOTHE/
paHbl 1 MeEMOpaHHEIE ONIapAibl OHAIPYre apHAFaH MNONTHMEPIiK MATEPHATAD/IEL, FundamentalofNanotechnology
TexHosorun/Membran XUMHSIBIK IIOTIHALICP/] 3epTTey i KapacThIpapsl.
es and membrane JuCLHMILTHHApacCMATPUBAET — TEOPETHUECKHME  OCHOBBI
technology MeMOpaHHEBIX TeXHONOTHH, KIACCH(HMKALHMIO U TIPUHIHIIB
MeMOpaHHBIX ~ NIPOLECCOB  (WIBTPALMH,  MPOLECCHI
Oy YeHHUs. TPEKOBBIX MeMOPaH, IMOMMEPHEIE MATEPHAIIBI
IJIs ¥IX TIPOH3BOJICTBA, XUMHUYECKOE TPABICHHE.
The discipline examines the theoretical foundations of
membrane technologies, the classification and principles
of membrane filtration processes, the production of track
membranes, polymeric materials for their production,
chemical etching.

11 [ KIITK Oxuaynarsim Kypc oxmaymaHFaH KypsUIBIMIApabl, Cy e©TKi3GeiiTin HaHoTtexHomorusapapr ipreni Herisaepi/
IO KB MaTepHaIIap, bl KaCHETTEP/Ii JKOHE COHMIK, XKAMIBUIBIKTEI XKOHE KOIaiibl DyHIaMEHTAbHBIE OCHOBEI
PD EC SHIIpY IINKi ~ KIMMATTBI ~ KaMTamachl3  eTeTiH  KypBITBIC HaHOTEXHOJIOTHIA/

TexHonorusAcel/ Texnon MaTepHAIIAPBIH 3epTTEey X YilpeTeTi. Fundamental of Nanotechnology
OTHi IPOU3BOJICTRA B Kypce H3y4alOT CTPOMTENbHBIH MATEPHAN, KOTOPHIHA
U30JSILMOHHBIX o0ecrneynBaeT  KOHCTPYKUMSM  TEIIOH3OJIALMOHHEIE,
MarepHanos/Technolo THAPOM3OJIIMOHHBIE  CBOMCTBA M JECKOPATHBHOCTB,
gy of production of KOMGOPT ¥ 61arONpHATHBIA KIMMAT BHYTPH ITOMELISHHIA.
insulating materials The course is studied building material, which provides

structures with insulation, waterproofing properties and
decorative, comfort and a favorable indoor climate.
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KII TK CymepeTKisrim [Ton xaTTel JieHe (U3MKACH, AaCaeTKI3TiMITiK, XyKa | HaHoTexHONOrMsNMapabIH ipreni Herizaepi/
I11 KB MarepHaaiap MeH yaGipiep ¢m3ukacel, paguanusiIblK MaTepHalITaHy >KOHE OyHIaMeHTaIbHbIE OCHOBEI
PD EC oNapra HeTi3JleNreH TOTEHIIe JKaFJalinap Ke3iHae MarepHanmapAblH CHIIATHI HaHOTEXHONOT Uit/
KypsurbLiap/Ceepxop cajlaChlHIAFbl  ipredi JKOHE 3epTTey  JKYMBICTAapbhlH Fundamental of Nanotechnology
OBOJAIIHE MaTepHAITBI Kyprizeni. DHUMKATBIK  MaTepHANIAPABIH  FBUTBIMH
¥ YCTpOHCTBa Ha MX HEri3JiepiH JaMBITY >KoHE TOTCHIIe >Karaaiap KesiHae
ocHoBe/Superconductin OHJIENITeH KYPBUIBIMABIK JKSHE OTKI3ril MaTepHangap MeH
g materials and devices KYPBUIBIMAAPIBI 3€pTTEY/IiH jkaHa SJliCTepiH xKacalbl.
based on them Jucupiuiiia nporoauT GYHIAMEHTATBHBIE U OUCKOBBIE
HccenoBaHus B objmacTM (u3MKM  TBepHoro Tena,
CBEPXIIPOBONUMOCTH,  (M3MKM  TOHKHX  IUICHOK,
PaguanHOHHOTO MAaTepHaNOBEACHHS, HIOBENICHUS
MaTepHalioB B BKCTpeMalbHBIX YCJIOBHAX. Paspaborka
HAyYHBIX OCHOB (U3UUECKOr0 MAaTepHATOBEHCHHS M
pa3BUTHE HOBBIX METOIOB HCCITEOBaHHUS
KOHCTPYKIIMOHHBIX M CBEPXIPOBOIIILMX MATEPUAJIOB H
CTPYKTYP, CHHTE3UPYEMBIX B SKCTPEMANEHBIX YCIIOBHSIX.
The discipline carries out fundamental and exploratory
research in the field of solid state physics,
superconductivity, thin film physics, radiation material
science, and materials behavior under extreme conditions.
Development of the scientific foundations of physical
materials science and the development of new methods for
the study of structural and superconducting materials and
structures synthesized under extreme conditions.
K[ TK ONEeKTPOTEXHHKAIBIK, Kypc Hanomerpmik  MacmTabTarbl, HaHO >koHe | HanorexHomorusnmapaeiH ipreii Herizaepi/
I1] KB MaTepHaNIapAaFsl ME30TEXHOJIOTHANAFEl 3aTTAPABIH KaCHETTepiH 3epTreyre OyHIaMeHTaTBHBIE OCHOBBI
PD EC HaHOTexHONorHsap/H JQHE TYCiHIipyre MyMKiHIIK Gepeni, 6y >keke atoMaap HAHOTEXHONOTHit/
aHOTEXHOJIOTHH B MeH Mojekynanapabl 1-100 Hanomerp ixemne 100-1000 Fundamental of Nanotechnology
3IIEKTPOTEXHHYIECKUXM HaHOMETp mKanackl OoiibiHIIA Oackapyra MYMKIiHIIK
atepuanax/Nanotechno Oepeni.
logies in Kypc nmosBonsger obcnexoBars u o0BACHUTE 0COOCHHOCTH
electrotechnical CBOMCTB BeILlECTBA B HAHOMETPOBOM MacIITade pa3MepoB,
materials HaHO~ H ME30TE€XHOJIOTHH, TIO3BOJIAIOITHE
MaHHITyTHPOBATh OTAENBHBIMH aTOMaMH U MOJIEKYTIaMH B
macmrabax 1-100 sanomerpos 1 100-1000 HaHOMeETPOB.
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The course allows you to explore and explain the
characteristics of the properties of a substance on a
nanometer-scale size, nano-and mesotechnology, allowing
you to manipulate individual atoms and molecules on a
scale of 1-100 nanometers and 100-1000 nanometers

KITTK OnexTp MarMHAJIApPbIH 5 Kypc anextp MammHamapsl MeH TpaHC(HOpMaToOpiapbl
I KB CBIHAY KOHE TecTiJiey i YHEIMAACTEIPY MEH KOJAAy/bl, COHBIMEH KaTap
PD EC naiganany/crmiranu CHIHAYJBl ABTOMATTAHABIPY MOcCeNenepiH, CoHmal-ak
s ¥ 9KCIUTyaTauus SNEKTp MAIIHHATAPEl MEH TpaHC(OPMATOpIApbIH CAKTay,
ANEKTPHUUECKUX OpHaTy KSHE KbI3MET KOpceTy  MocelelepiMeH

maums/Tests and aliHaIBICa IBI.
operation of electrical B Kkypce paccMOTpeHBI BOIPOCH OpraHH3allHH W
machines obecnedeHHs HCOBITAHHH SJIEKTPHYSCKHX MAUIHH |

TpaHchopMaTopoB, B TOM  UMClIe  IIPOOJIEMEI
ABTOMATH3AI[MH MCIBITAHHHN, 2 TakKe XpaHEeHHe, MOHTAK
H TEXHHYECKOe OOCITy)KHBAHHE 3JICKTPHYCCKHX MAINMH K
TpaHc(hOpMaTOpOB.

The course deals with the organization and support of
testing electrical machines and transformers, including the
problems of test automation, as well as the storage,
installation and maintenance of electrical machines and
transformers.

Xumua/
Xumus/
Chemistry

AxaeMHSUTBIK KOMHTET OTBIPBICEIH/IA KApacThIPEUIAEY PaccMOTpeHO Ha 3aceaHuH AKaIeMHIecKoro KoMuTeTa/
Considered at the meeting of the Academic Committee
Kywi / nara / date?% /23 xartama / iporokon / Record Ne €
AKrteparacsl/ HpeJICCJIaTCJILAK/ “hairman of the AC
Ka6apaxumosa I'. 1. [ / 0% 0423
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Kadenpa merrepymmici/ Bwenyi?ﬁ kadenpoit/ Department heat
Kymammmos K.III, / o 01 2%

(ATs-xeHI/OUO/ Name)(nonnncb/uonbgslgng( nata/KyHi/date)

® EHY 708-01-21 Karanor auciuminl no o0pa3oBarenbHoi nporpamMe. M3nanue BTopoe




