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Ne IMaunin IMonninaTayw / Kpeaur Keickama annotauns/ Ipepexsusurrep/
umki / Hassanue aucumninne: / /
TN Name of the course Kpeaur Kparkas annorauus / IpepexBu3nTHY/
AUCUMNIH /
Hbl /Cycle Credit Annotation Prerequisites
of the
course

1 cemectp /1 cemectp / Semester 1

Tanaay Goitbinma komnonerTrep / KoMmnonenTs: no BbiGopy / Optional Components

Bipeyin tanaay / Bui6pats oaun / Choose one

1 BITTK Karrel nenenepain . JlopicTik KypeTBIH CTYACHTTEP 3aManayH KaTThl 1cHe (hu3nKackIHBIR FoutbiMu seprreynepain anicnamacs! Men anicrepi/
/1 KB KBaHTTBIK (PU3HKACK! / OPTYPJi ACTeKTiNepiMeH, OHBIH imiHje HETPHUBHA/LLBI €MEC KaTThl Metononorus 1 MeToBI HAYYHOrO HecenoBaHus/
BD EC Ksanrosas jusuka 3aTTap  MEH  aTOM  @JIUEMIEPiHIH  HBICAHJAPBIHAA  KBAHTTBIK Methodology and methods of scientific research
TBEPABIX Ten / KyObUIBICTADMEH TaHbICYFa Garvbitranran.Kype comnadi-ak samanaym
Quantum Physics of Solids VICKTPOH/ILIK  KYPBUIFBUIAP/BIH KYMBIC iCTEY KAFMAANAPBIH, COHBIH

iliHAe CIMH-TIONSpH3ALIMAIAHFaH AanajiblK-9¢epit TpaH3MCTOpNApibl,
COH/1a-aK aliHaILIPY CBETOAMOATAPHI MEH Jlasepiepin cunarTaiisl.

JlekuHonnblii Kype HanmpaBieH Ha  03HAKOMUICHHE CTYIIEHTOB C
PA3/IMYHBIMH - acleKTaMH  COBPEMEHHON (M3MKH  TBepnoro Tena,
BKJIO4aA KBAHTOBBIC ABJICHHS B HETPHBHANBHBIX TBEPALIX TEAaX M
obbekTax aromHoro pasmepa. B Kypce TakKke OIHCHIBAIOTCH
NPHHUMILL PaboThl COBPEMEHHBIX JJIEKTPOHHBIX npubopoB BKIOYas
CHHH-MOJIIPH30BAHHbLIC T0JICBLIC TPAH3UCTOPBIL, @ TAKKE CHHMHOBLIC

® EHY 708-01-21 Karanor qucuummms mo obpasoBatenbHoli nporpamme. Usnanue Bropoe



CBETOIXHO/EI M JTa3ephl.
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.

BIT TK
bJ1 KB
BD EC

MeTanaapasiH 31eKTPOH/IBI 5
TEOpHACH! / DNEKTpOHHAs
TEOPHUS METANIIOB /
Electron Theory of Metals

Kype OiniM anyiusisiapibl KOHAEHCHPJIEHI€H MEIHAHbIH KBAHTTBIK
KacueTTepi GoiibiHIIA Ka3ipri 3aMaHayM 3epTTeyNepAiH Heri3ri 6arbIThl
Gonpin TabbUIATHIH METANIAPALIH EKTPOHIBIK, TEOPHACHIHBIH HEri3ri
alicTepi MeH HaTHKeNepiHe Hasap ayaapaibl. Keasu-Gemwexrep xoHe

HanoTexHonorusnap/siH ipreji Herizaepi/
@OyHIaMeHTAIbHEIE OCHOBBI HAHOTEXHOJIOTHIA/
Fundamental of Nanotechnology

Jlanpay  depMHU-CYWBIKTBIFBI  TEOPHACHIHBIH  TYCIHIM  KaJIBINITHI

IAEEETTEEE Y e 1)

Kype—= OOYUAlONINXCA C  OCHOBHBIMH METOJaMH H

pe3y/nbTaTaMH IMEKTPOHHOH TEOPHH METAIOB, HAXOAALUIMMHCH B
(okyce  COBpPEMEHHBIX  MCCIEIOBaHHH  KBAaHTOBBIX  CBOMHCTB
KOHJ/IEHCHPOBAHHbIX Cped. Jlns onucaHus CBOWHCTB HOPMAaJIbHbBIX
META/IIOB MCMONB3YIOTCA KOHLETIMA KBa3H-4acTHIL U TeopHs (epMu-
sunkoct 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 properties of
normal metals.

BITTK
B/1KB
BD EC

KBasukpucrannapasiy 5
(H3MKANBIK
Kacuerrepi/Du3ndeckue
cBOMHCTBA
kBazukpucrainos/Physical
properties of quasicrystals

ITon kBa3sMKpHCTALIAPABIH (DU3MKAIBIK KACHETTEPIH JK9HE OIApMEH
GalinaHbICTBl KaTTHl JAcHENMepAi 3epTTey CcalachiHAarkl 3amaHayw
skerictikrepai  kapactbipansl.  KBasMKpucTaiiap  KypbUIBIMBIHBIH
epeKILenikTepiHe ko keHin Gomineni.

JIMCLMIUIMHBI paccMaTpUBAeT COBPEMEHHbIE JOCTHXEHHS B 0OnacTH
ucce10BaHNuH PU3NYECKHX CBOHCTB KBA3UKPHCTANIOB H POJICTBEHHbIX
MM TBEPIBIX TeN. 3HAYMTENLHOE BHHMAaHHE YIENEHO 0COOEHHOCTAM
CTPYKTYPbl KBa3HKPHCTAILIOB.

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.

Karrel nenenin kBaHTThIK (pu3nkacel, 1 6./KBanrobas
(pu3mka TBepaoro Tena, u. 1/Quantum Physics of
Solids, p.1

2 BIT TK
B KB
BD EC

Hanomarepuaizapas any 5
anicrepi /
MeToasl nony4eHus
HaHoMmarepuanos/ Methods
for obtaining nanomaterials

JlucuMninHa paccMaTpBacT (U3MYECKHE M MEXAHHYECKHE METOJIbI
MOJTYYEHHUs! HAHOYACTHIL WM HAHOMATEpHalloB. 3HAYMTENbHAsA YacTh
Kypca NnoCBAlICHA BIMAHHIO HAHOCTPYKTYPbI HA CBOHCTBA MAarcpHalos.
The discipline is conducted to physical and mechanical methods for
fabrication of nanoparticles and nanomaterials. Corse is devoted to the
effect of nanostructure on material properties.

HanorexHonorusnap/s ipresni Herizaepi/
DyHIaMeHTaNLHBIE OCHOBbI HAHOTEXHOIOTHI/
Fundamental of Nanotechnology

BIT TK

Jedopmannonnsie MeTos! 5

Kypc dokycupyercs Ha cnocobax neOpMAalMOHHOIO [OJy4YeHHs

HaunorexHosorusnapasH ipreii Herizuepi/

® EHY 708-01-21 Karanor aucunmuias mo o6pasoBarelibHO#M nporpamme. U3nanue BTopoe



B/1 KB MOy 4YeHHs HAHOCTPYKTYP M HAHOMATEPHAJIOB H METOJAX HCCIEN0BAHMA M aHAITH3A DyHnamMeHTaTbHbIE OCHOBBI HAHOTEXHOMOTHit/
BDEC HaHOMATEPHAJIOB MX MEXAHHYECKHX U (PU3MYECKHX CBOUCTB. Fundamental of Nanotechnology
The course focuses on methods of fabrication of nanostructures and
nanomaterials by deformation methods and analysis of their
mechanical and physical properties.
BIT TK Hanod: chop anyawin Kypc nanodocgopas anyasin Herisri gamy ypaictepi x2:e seprrey Hanoxyiienep pusnkaciiiia kipicne/Bsenenue B
B/1KB (pu3MKa-XHMHATIBIK anictepimen, coHnai-ak 6y GiniMai aunnoMuan kelfinri xymeic ¢usuxy Hanocucrem/Introduction to the physics of
BD EC Herizaepi/Pusuko- OpHbIH/1A Maiiiananyra GareITTanFaH. nanosystems
XHMHYECKHE OCHOBBI Kypc dokycupyercs Ha u3ydeHne 0CHOBHBIX TeHAEHLMI pasBUTHS
TNoJTy49eHHs nosyyeHns HaHoocdopa u METOAMH HCCIIEIOBAHMS, @ TAKHKE
Hanoocpopos/Physico- MCIOJIb30BAHNE ITHX 3HAHWH HA MOCICAMIIOMHOM pabouem MecTe.
chemical fundamentals of The course focuses on studying the main trends in the development of —
—hanophesphere syntesis — — b and et e e e —————————
= - knowledge in the postgraduate workplace.
3 BIT TK DnekTpnik oKuiaynay xoHe Byn nanae snekTp epicinin acepi GoMbiHILA AMIEKTPHKTEPAE Xumus/
B/1KB KabenbIiK TeXHONOrHA A GaiikanarelH Heri3ri KyObUIBLICTAp KapacThIphLIa/bl, OCHI o
BD EC Mmoaensaey/Monenuposann KyObUIbICTApIBIH Ti30EKTi Tan1ay bl KEATIPireH KIHEINEKTPOHILI )
€ B EKTPOM3ONAHOHHOM 1 Workbench, Elcut, Comsol Miltiphisics sane MathCad kommbioTepaik Chemistry
kabenbHoi Garnapnamanapbii MailIanaHeIn 0ckl KyOBUIBICTAP/L! KIHE 0NAPALIH
Texuuke/Modeling in MOJIeNbIepiH cynOaNbIK TaNIay bl KAMTaMAachl3 eTe/li.
electrical insulating and B nanHoii IMCLMIIMHE PACCMOTPEHBI OCHOBHBIE ABJICHMUS,
cable technology Hab/monaeMble B IMIIEKTPHKAX 0] BO3ASHCTBHEM 1EKTPHYECKOrD
MOJISl, MACTCA CXEMHBIH aHATTH3 ITHX ABJICHHUI M X MOACITHPOBAHUE C
HCTIONL30BAHUEM NpHKAaAHBIX nporpamm Electronic Workbench,
Elcut, Comsol Miltiphisics 1 MathCad na DBM.
The basic disciplines considered in the basic disciplines observed in the
dielectric subtypes of the electric poles are given in the schematic
analysis and their modeling using the Electronic Workbench, Elcut,
Comsol Miltiphisics and MathCad computer programs.
bIT TK DnekTp oKluaynay xKoHe Byn nanae kabens oHiMACPiHIH KOHCTPYKUMSIBIK epeKILIeiKTepi, ap Hanoxyiienep dusukaceiva kipicne/Beenenne B
B/1KB kabebaik TeXHONO0THA NMEMEHTTIH JH3aiHBI MEH OCBI JIEMEHTTEP HKY3€ere aChIPLLIATHIN (pu3uky nanocucrem/Introduction to the physics of
BD EC GoiibiHia Kbty MaTepHaIap, 9p MEMEHTTI OHIIpY YIIiH TEXHONOIHABIK nanosystems
ecenreynep/Tennossie OnepaLManapbiH TCOPHAIBIK HETi3Aepi, IMeKTp kaHe Kabeblik
pacuersbl B Kesineperi MEKTPIK HKIHE KBUTYIBIK OPICTEp IHe 0Nap/IbiH
INEKTPOH30NALMOHHOMN H IMEKTPIIK KIHE KBUIY ECENTey dicTepi ambLIaL], coHaaii-ak ap
kabensHOMR TYPJIi 2/IEKTP MalIHHATAPBIHBIH OKIIAY1ay KyHenepin enaipy
TexHuke/Thermal TEXHOIOTHSACHL.
calculations in electrical B naHHO#M AMCIIMITIMHE PACKPLIBAIOTCS 0COOEHHOCTH KOHCTPYKIMI
insulating and cable kabeIbHLIX H3enui, OCHOBHBIE TPeGOBAHMA K KOHCTPYKLIMH KaX/10r0
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technology

JMIEMEHTa M3JIE/IUA U MATEPHAIIbl U3 KOTOPBIX BBIONHAIOTCS ITH
JIEMEHTBI, TCOPETHYECKHE OCHOBBI TEXHONOTHYECKHX Onepauii
M3rOTOB/NICHHA KAXI0I0 JIEMEHTA, JEKTPHYECKHX M TEIIOBBIX Noei
B CHIIOBBIX Kabessix U apMarype kabenbHbIX JTHHHI U METOIbI MX
SJIEKTPHYECKOT0 M TEMIOBOrO PACYeTa,  TAK 3Ke TEXHONOrHH
H3TOTOBJICHHA CHCTEM K30MSUMH SNEKTPHIECKHX MAIIHH PasIHIHL X
THIOB.

In this discipline, the design features of cable products are disclosed,
the basic requirements for the design of each element of the product
and the materials from which these elements are carried out, the
theoretical foundations of technological operations for the production

of each element, the electric and thermal fields in

e 1ittings. an thods for their elecirical an o ———

calculation , as well as the manufacturing technology of insulation
systems of electrical machines of various types.

BIT TK DNEKTp MaulHHAIApbIH 5 Kypc MaruuT xyiienepin MOHTaX1ay %aHe opamanapisl koHe Hanoxyf#ienep dusukaceina kipicne/Beenenue B

BJ1 KB OHIIpY OKILayJ1ay1bl, KOJUICKTOPJIAP/bl, OHICY TEXHONOTHAILIK NPOLIECTEPiH, (usnky nanocucrenm/Introduction to the physics of

BD EC TexHonoruscel/ TexHonorus TPAHC(OPMATOPILIK LIMCTEPHANAP/IBI IOHEKEPIIEY, KYPACTBIPY KIHE nanosystems

MPOH3BOJICTBA CBIHAY MAIIHHANAPKIH KIHE TPAHC(OPMATOPAAP/LI TEXHOMOTHAIBIK
INEKTPHUECKHUX YAepicTep/i KaMTHIBI, YIIKEH IEKTP MAlUMHANAPEI MEH KyaTTbl
mawun/Technology of HKOFapbl BOJILTTHI TPaHChOpMaTopiap eHipiciHi epekuienikTepin
production of electrical cHnaTTakibl.
machines KypcpaccmaTpiBaeT TeXHOIOrHYECKHE NIPOLIECCHI WITAMITOBKH U
cOOPKH MarHUTHBIX CHCTEM, H3rOTOBJIEHH OGMOTOK M M30/IALIHH,
KOJUIEKTOPOB, TEXHOIOMHYECKHE MPOLIECCH MEXaHHYECKOH 06paboTkH,
cBapku 6akos TpaHcOpPMATOPOB, COOPKM M HCIIBITAHNA MAITHH U
TpaHcopMaTopoB, ONMCAHBl XapaKTEPHLIE 0COBEHHOCTH
NPOH3BOJICTBA KPYIHBIX 3/IEKTPHHECKHX MALIHH M MOLIHBIX
BBICOKOBOJIBTHBIX TPaHC(OPMATOPOB.
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.
2 cemectp/2 cemectp/Semester 2
KOO komnonenti / BY3oBcknii komnounent / Universitycomponent
KII NanoCad-narbl umkenepik 5 Ilon Ginim anywsinapra nanoCAD niaropmackiMeH kyMbic icTey KomneiotepnikmoenbaeyxaHeKpucTanis Xumus/

KOOK wobanay/HinkenepHoe JAFABUTAPEIH KABIITACTBIPAB], «O3AIiriHEH» O3/IriHEH WemiIeTiH KoMnbroTrepHoe MOeIHpOBaHHe H

ITJ1 BK NPOCKTHPOBAHHE B HeTi3ri npuHLUMNTep i Yiipeneni, *.dwg dopMaThiHIa TeXHHKATBIK kpuctannoxumus/Computermodelingandcrystal

PD UK NanoCad/Engineering KYJKaTTamaHbl KypacTeIpaisl kaHe enaciini (cranaaprrel 2D xone 3D

design in NanoCad TIPHMHTHBTE, KosleHkenep, Giokrap, emuemaep, Tyiinaep, Matinaep,

opictep, kectenep), KymbicThin Gearini Gip acnexrinepin

aBTOMATTaHABIPY, Yri/napak KEHiCTiriH KoJiaHy, ChIPTKbI
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CilITEMENEPMEH XKyMBIC iCTey, YUl ©/IIeMi KeHiCTIKTeri HABHrals
KIHE ATBIHFAH MATEPHANAAP/BI GAChIN WILIFAPY JAaFIbLIapbiH
KAJIBITTACThIPABL.

Jucumunnuua oGyuaer cTyAeHTOB JOPMHPOBAHHIO HABLIKOB paboTsl

¢ nuatopmoii nanoCAD , 06yuennio GazoBeIM NpHHIHIIAM
HACTPOHKH PeLIeHHs «10a ceOsy, YePUCHHIO W PEaKTHPOBAHHIO
TEXHHYECKOH J0KyMeHTaumuu B hopmare *.dwg (conepkaureii
craHaapTHeie 2D- U 3D-NpUMHTHBEL, WTPHUXOBKH, GI0KH, pasMmepsl,
BBIHOCKH, TEKCTbI, 11015, TAOIHIIBI), ABTOMATH3ALIMM OTACBHEIX
acrekToB paboTkI, MPUMeHEHHUs npocTpascTs Moaens/JIucTe, paGoTsi
C BHEIIHHMH CChUIKAMH, HABHIALIMH B TPEXMEPHOM IPOCTPAHCTBE

M BBIBOZIA NOTYYEHHBIX MaTepPHAJIOB HA Me4aTh.

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.

ACIpIcs of setiing up a subsystem of solutions, including |

5 KI1 HanoTtexnonorususiy ipreni 5 Kypc HaHOTeXHONMOrHAHBIN irepi yreIMAaphIH 3epTTeyTE, Konemi DOuznka/@usuka/Physics
JKOOK Herisaepi/ ACEPre KaTICThl €H MAHBI3/ALI 3aHAaP/bI TYCIHYTe KIHE albIHFaH Xumua/Xumus/Chemistry
I1]1 BK DyHIaAMEHTAILHBIC OCHOBbI GiniMaepai konnanyra GarbITTanFaH,
PD UK HAHOTEXHOJIOrHii A Kypc nanpapiien na usydenue yHaaMeHTaNbHbIX NOHATHIA
Fundamentals of HAHOTEXHOMOTHH, NOHMMaHHE Hauboee BAKHBIX 3aKOHOMEPHOCTE,
nanotechnologies CBA3AHHBIX € Pa3sMEPHBIM HPPeKTOM M NMPUMEHEHHE NOTYYEHHBIX
3HAHMIA.
The course is aimed at studying the fundamental concepts of
nanotechnology, understanding the most important regularities
associated with the size effect and applying the knowledge gained.
Tannay GoiibiHma komnounertTTep / KoMnoHenTr no BbiGopy / Optional Components
bipeyin Tanaay / Boibpats oaun / Choose one
6 KITTK KpauTTeiK emuemai 5 Kypc KBaHTTBIK @/1IeMIi KYPBLIBIMAAP TYPaTbI TYCIHIK Gepyre xaHe Komnsiorepiikmoenaey kaHeKpUCTa s XuMus/
[ KB KapThuUiail eTKi3rim TiK KBAHTTBIK HYKTETIK 1a3€PAiH CANBICTRIPMAIB TALAAYBIH Kyprisyai KomnsiotepHoe Mozenuposanue u
PD EC ICTEPOKYPBLILIMAAPABIH YFBIH/IbIPAIBI. kprcTaioxumus/Computermodelingandcrystal
EKTPOHIBIK Kypc naet npencrasnenme o kBaHTOBO-pasMepHBIX CTPYKTYpax 1
KacHeTTepi/DIeKTPOHHbIE TNPOBOJMTE CPABHMTEIbHBIH AHATM3 BEPTHKAILHBIX JIA3¢POB Ha
CBOHCTBa KBAHTOBBIX TOYKAX.
KBaHTOBOPA3MEPHBIX The course gives an idea of quantum-size structures and conduct a
MOJYIIPOBOIHHKOBbIX comparative analysis of vertical quantum dot lasers.
rerepoctpykryp/Electronic
properties of quantum
semiconductor
heterostructures
7 KIT TK Haunomarepuaniapasiu 5 ITonnep 3aMaHayH HAHOTEXHOJIOMHSAIAP/IBIM Naiina Gonyel, Herisri Karrel senenin kBaHTTBIK H3nkacel, 1 6./
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IJ1KB
PDEC

XHMHSIBIK
Herizaepi/Xumuueckue
OCHOBBI
HaHoMarepuanos/Chemical
bases of nanomaterials

GarbITTaphl MEH XHMHSUIBIK IPHHUMIITEDIH, COHBIH iIIiHe NIaHAPIIbI
TEXHOJIOTHANAP, CYNPaMONCKY TATBIK XMMHS, MOJIEKY JAJIBIK
3MEKTPOHHKA, HAHOGOIILIEKTEP MEH HAHOKYPBUILIMIIBI MATEPHAIIAP/IbI
OHIIpYIi KapacTHIpab!,

JIMCUMILTMHA PACCMATPHBAET HCTOPHIO BOSHHKHOBEHHS, OCHOBHBIE
HANPABICHAS H XHMHYECKHE IPHHLMIbI CORPEMEHHBIX
HAHOTEXHOJIOrHH, BKIIOYAs MIAHAPHYIO TEXHOJIOTHIO,

CyNpamoJIeKy IAPHYI0 XUMHIO, MOJIEKY IAPHYIO JIEKTPOHHKY,
N0Ty4€HHE HAHOYACTHIL M HAHOCTPYKTYPHPOBAHHEIX MATEPHAIIOB.
Discipline examines the history of the emergence, main directions and
chemical principles of modern nanotechnology, including planar

Kpanrosas ¢usmka Teepaoro Tena, 4. 1/
Quantum Physics of Solids, p.1

technology, supramolecular chemistry, molecular electronics, the

| DreKTpoKepaMHKabiK

MaTepHaIIap MeH opay
HIHE MOHTAXK
Keninep/dnekTpokepamuye
CKHE MarepHabl,

0OMOTOYHBIE H MOHTAKHEIE
nposona/Electroceramic
materials, winding and

mounting wires

Kypc ceimaap men kabesbaepaiin Herisri TycinikTepine Herisaenrex.
OnexTp chiM - Bip (KANFLI3 TANIBIKTH CbIM) HeMece Gipuewe (ken
KabaTThl ChIMIAP) CHIMIAP/IAH TYPATBIH (IETTE MBIC, ATIOMHHMI
Hemece kobinece Gonar) TYpaThiH IEKTP TOFBIHBIH OKIIAy TaHGaran
HEMECE OKILIay IaHFaH OTKI3rimi. DekTp xkeninepin camy (anekp Gepy
KeJtifiepi), ANeKTP MaHHANAPKIHBIH OPAMATAPBIH BHIIpY,

PAIHOTEX HHKAJIBIK KabABIKTapIbl OpHATY, GaiIaHbIC Kypanaaphl KaHe
1.6.

Kypc dokycupyercs Ha OCHOBHBIX MOHATHAX O NPOBOAX U Kabensx.
[IpoBoxa anekTputeckHii — 30 HEM30MMPOBAHHBIA WIH H30JIHPOBaHHbIA
MPOBOIHMK JJIEKTPUYECKOIO TOKA, COCTOANIMIH U3 OHOTO
(OAHOKMILHEIH MPOBOJL) MM HECKOMBKUX (MHOMOKHIBHLIH nposos)
MPOBOJIOK (YAllE BCEro MEIHBIX, ATIOMHHHEBBIX HITH, 3HAYHTENLHO
pexe, craibhbix). [IpoBoja HCNoL3yIOT NPU cOOpyKEHHH THHMI
snexrponepenay (JISII), uarorosnennn 0GMOTOK 2NEKTPHYECKHX
MaIlIHH, MOHTAXE PaJMoanmapaTyphl, B YCTPOHCTBAX CBA3M H T.JL.

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.

Hanomatepuaniap MeH HaHOKYPbUIBIMAAP/IbI
3EPTTEYiH IKCTIEPHMMEHTTIK
aticTepi/IKCIEPUMEHTANILHBIE METO/IbI HCCIIEI0BAHMS
HaHOMATEPHAIOB H HaHocTpyKTyp/Experimental
methods for studying nanomaterials and nanostructures

3cemectp / Icemectp / Semester 3

Tanaay Goiibinma komnonertTep / KomnoxenTsi no BbiGopy / Optional Components

Bipeyin Tanaay / Bui6pats oaun / Choose one

® EHY 708-01-21 Karanor AUCIHILUIHH 110 obpasoarenbHOIt iporpamme. M3nanue BTopoe




9 | KIITK

I KB
PD EC

KBaHTTBIK 2IEKTPOHUKAHBIH
TEXHOIOTUANAPHI KIHE
MarepHaniapsy/
TexHonoruu u MaTepuasl
KBaHTOBOH MICKTPOHHKH/
Technologizc and materials
in quantum electronics

IMoH HAHOAIEKTPOHKKA, ONTOIEKTPOHHKA, KBAHTTEIK KYPBUIFBLIAP
MEH KYPbUIFBIIAP/bIH JIEMEHTTIK 0a3achiH KypyFa KaThICTBl HEri3ri
AKapTeuai eTKi3rill MaTepHas1ap MEH HAHOTEXHONOTHA AiCTEpPiH
KapacTbipabl.

JIMCLMIIIHHA PacCMaTPHBACT OCHOBHBIE M0y IPOBOIHHKOBLIE
MAaTEpPHAIbI ¥ METO/IbI HAHOTEXHOIOTHH NPUMEHHTENBHO ! CO3AHMIO
INEMEHTHOM Ga3bl HAHOANEKTPOHHUKH, OITTOINEKTPOHHKH, KBAHTOBBIX
npubopoB u 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.

Hanomarepnaniap MEH HAHOKYPbUIBIMAAPIbI
3epTTeyAiH IKCTICPHMEHTTIK
anicTepi/DKCnepHMEHTABHBIE METO/IbI HCCIIEIOBAHUA
HaHoOMarepuaios U HaHocTpykTyp/Experimental
methods for studying nanomaterials and nanostructures

[11 KB
PD EC

KITTK

ToMer oaIeMal Ayheaep
(hM3MKaCHIHIAFbI
IKCTIEPUMEHTTIK

azticTep/IKCNEPUMEHTANIBH
bl¢ METO/IbI B hH3HKE
HH3KOPa3MEpHbIX CHCTEM/
Experimental methods in
physics of low-dimensional
systems

Kypc Temen emmemai xyienepai seprreyain Taxipubenik agicrepinin
TEOPHSIBIK HETi31epiH KaHe Toxipubenik 3epTTey aaicTepiu eHrisyai
KapacTbipabl.

Kypc paccMmatpHBaeT TEOpETHYECKHE OCHOBBI IKCIEPHMEHTABHBIX
METO/I0B HCC/IEI0BAHHA HH3KOPa3MEPHBIX CHCTEM H 03HAKOMMHTh C
MCTOJAHKAMH JKCIIEPHMEHTATBHBIX HCCJIeIOBAHMIA.

The course examines the theoretical foundations of experimental
methods for the study of low-dimensional systems and to introduce
methods of experimental research.

Hanomarepuaniap MeH HaHOKYPBUTBIMAAPIbI
3epTTeYAiH IKCIEPHMEHTTIK
alicTepi/DKCNePUMEHTATBHBIE METO/IBI MCCIIEI0BAHMS
HaHOMaTepHaloB W HaHocTpyKTYp/Experimental
methods for studying nanomaterials and nanostructures
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KII TK
IIJTKB
PD EC

Aca eTkisrim Tizbekrep
KIHE
KyOutTep/CepxnpoBosiimu
€ LeIH 1
Ky6uTh/Superconducting

circuits and qubits -

Kypc Mamanzap/ibi MakpoCKONMsIBIK KBAHTTBIK pexumje ap Typii
OTKI3rilm xKylenepain syMBICEHBIN TCOPHANBIK HerizepiMen
TaHbICTRIpaAbl. Ockl Xkyiienepain napamerpepin TaHJ1ay, TeMIeparypa
MEH JTHCCHINALHMAHBIH 9CEPi, MUKPOTO/IKBIHBI caynenieHyiMeH e3apa
IPEKETTECY HKIHE MAKPOCKOIHSIIBIK KBAHTTBIK 3CepJIepili ey
Mace/eNepiMeH TaHBICTE paJlbL.

PA3THYHBIX CBEPXNPOBOAAIIMX CHCTEM B MAKPOCKOMHYECKOM

KBAHTOBOM peXHME. ByJlyT paccMOTpeHbl BONPOCK!, CBA3aHHbIE ¢

BBIGOPOM NAPAMETPOB THX CHCTEM, BIAHSHHEM TEMIIEPATY LI U

AHCCHINALHH, B3AUMOACHCTBHEM C MHKPOBOJIHOBBIM H3Ty4EHHEM

M3MEPEHHEM MAKPOCKOMHYECKHX KBAHTOBBIX dekToB,
a-1h

Kpr3HaKOMHT CIICLHAJIMCTOB C TEOPETHYECKHMH OCHOBAMH ]33601']:[

Hanorexnonorusnapasin ipreni nerisnepi/
DyHIaMEHTAIBHEIE OCHOBEI HAHOTEXHONOIHIT/
Fundamental of Nanotechnology

- Qe incorclical foun:

~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.

KITTK
INIKB
PDEC

KBaHTTBIK MexaHuka xkaHe
HaHoGeekTep
cratucrukacel/KpanTtoBas
MEXAaHHKA M CTATHCTHKA
HaHoyacTHL/Quantum
mechanics and statistics of
nanoparticles

Kypc ruinbiMu-3eprrey 3CPTXAHAIAPLIH/A JKYMBIC iCTElTiH
MamaHaapabl nagpnayra Garbirranran. Kype Taicti eHipicrepie
(Gainanbic xone Gaitnansic #KyHesnepi), enepkacinTik cexropaa
AJIbIHFAH MaTEepHANIAP/Ib 3aMaHayH OHIPIC TEXHOIOIHACH
CaNnachHAAFLI APTYPJI MaceeepAi ey Yimin oTki3rim, KapThinaii
OTKI3ril %aHe HdneKTpik MaTepPHALIAPABIH KYPBUILIMBI MEH
ONap/LIH KACHETTEPIiH KapacThpabl.

Kypc nanpasnen va noarotosky CrelManucToB, paboralomux B
Hay4HO-HCCIIE10BATE/ILCKHX Ta0OPATOPHAX H

TIPEANPHATHAX, HCITOJIB3YIOLIMX HAYKOEMKHE TEXHOJOrHYECKHe
npoueccel. B kypce paceMoTpensl dyHIaMeHTaTbHBIE OCHOBEI
CTPOCHHSA NPOBOIHHKOBLIX, MOTYNPOBOJAHHKOBBIX H AHIIEKTPHUECKHX
MATCPHAIIOB M MX CBOWCTBA C LE/BI0 MPHUMEHCHHS 110y 4CHHBIX 3HAHMI
B CMEXKHBIX OTPAC/ISX (CHCTEMbI KOMMYHHKAIIHH H CBAI3H),
NPOMBILLIEHHOM CEKTOpE, pelias Pa3HOro pojia BOMpOCH B 06/1acTH
COBPEMEHHOI TEXHOJIOTHH NPOM3BOJICTBA MATEPHAJIOB.

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

Karrsl 1eHeHin KBaHTThIK tusukacel, 1 6./Ksanropas
(u3snka teepaoro Tena, 4. 1/Quantum Physics of
Solids, p.1
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(communication and communication systems), the industrial sector,
solving various kinds of issues in the field of modern production
technology of materials.

!
! 10 | KITTK Marepuannapust 6 TIoH  Oxe-IMeKTPOHABI  CHEKTPOCKOMMSICHI (20C),), peurrenix Hanotexnonorusnapapis ipreni nerizaepi/
I KB CMEKTPOCKOMHANBIK Tasl1ay (otosnexrponbik cnekrpockonus (P®C), eximwminik HOHJap Macc- DyHaaMeHTaNbHbIE OCHOBBI HAHOTEXHONOrHil/
PDEC anicrepi/Cnekrpockonuyeck cnekrpomerpusicel  (EMMC)  wome  ckamepni  mommapeinbin Fundamental of Nanotechnology
HE METO/Ibl aHAH3a Mukpockonusacel  (CHM)  cuskTel  MaTepuangapasl — Tanjayabin
MatepHanos/Spectroscopic 3aMaHayu  CTeKTPOCKOMMAIBIK  o4iCTepiHin  Herisaepin  yiiperyre
methods for analysis of GarerrTanraH.
materials JlucumnianHa yuuTh ocHoBaM COBPEMEHHBIX CMEKTPOCKOTIHYECKHX
MCTOJOB aHAM3a MATEPHAIOB, TAKMX KaK J/EKTPOHHAA Oe-
CHEKTPOCKOITHS (20C), —_——
— ~ — — | ciexapockonns (PPC), BTOpHYHEAY —MOHEAY MAT p—————————————— —
o e | | (BUMC), ckanupyIouIas HOHHAS MHKPOCKOTHS (CHUM).
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).
KITTK Hanodoronnxa 6 Kypc kenemai soHe mekrenren HaHOKYpbUIBIMAApaa (oHoHAap, Hanorexnonorusnapasiu ipreni Herisaepi/
I1J1KB Hanodoronuka/ @JIIEML IEKTEY i KPHCTAIIBI OPTANA, ANCKPETTI TONKBLIHIBIK BEKTOP, DyunameHTaIbHbIE OCHOBBI HAHOTEXHOJOrHIY/
PD EC Nanophotonics OYKTE/IreH  aKyCTMKANBIK  peRMMIED, KBAaHTThIK-UHTEepeicTik Fundamental of Nanotechnology
ONTHKAIBIK PEXHMIEPi KapacThIpaisl.
Kypc pacmarpusaer ¢oHoHEI B oGBeMHBIX H OrpaHHYeHHBIX
HAHOCTPYKTYpaX, PasMEPHO OrPAHMMEHHBIE KPHCTAILIMMECKHE CPElbl,
AMCKPETHOCTD BOJHOBOIO BEKTOPA, C/IOKEHHBIE AKYCTHYCCKHE MOJIBL,
KBAHTOBbIC HHTEP(EHCHBIC ONTHYECKHE MOJIBI.
The course examines phonons in volume and limited nanostructures,
dimensionally bounded crystal media, discrete wave vector, folded
acoustic modes, quantum interface optical modes.
KITTK Hauosxyiienep 5 Kypc MuKpo *oHe HAHOIIEKTPOHHKAHBIH KO KabarThi, I1aHapJIBI Hanotexnonornsnap/sin ipreni verisaepi/
[T KB (pu3ukace/dusuka KIHE  O3MIrIHEH  JKYPETIH  KypbUILIMAAPHIH KaJILINTACThIPY DyHIaMEHTaIbHBIE OCHOBBI HAHOTEXHOOMHIT/
PD EC Hanocucrem/ Physics of TEXHONOTHACKIH  3CPTTEHAI; MHKDO- OHE HAHOIIEKTPOHMKAHBIH Fundamental of Nanotechnology
nanosystems KYPLUILIMBIH JIHArHOCTHKaNay JAiCTepiH xoHe KabAbIKTapsiH xkacay;

HAHOMETPIIK  KYPBUILIMAADABIH  JNEKTPAIK  KOHE  ONTHKAIBIK
KacuerTepi yiperyre Herisaenren.

Kypc wusywaer rtexwonoruio (opmupoBanns  MHOrOCHOMHBIX,
[UIAHAPHBIX M CAMOTIOMUICPKHBAIOLIMXCA ~ CTPYKTYP MMKpO- M
HAHOJJICKTPOHHKH;  paspabOTKy METOJ0B M  anmaparypsl s
JAHArHOCTHKH CTPYKTYP MMKPO- W HAHOJNECKTPOHMKM, TEXHOJOIMH
(opmupoBaHMs TIEHOK M MX  TpaBieHMS; INEKTPHYECKHE H
ONTHYECKHE CBOHTBA CTPYKTYDP HAHOMETPOBBIX PAIMEPOB.

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
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nanoelectronics structures; technology of film formation and etching;
Electrical and optical properties of nanometer-sized structures.

ocHose/Superconducting
materials and devices based
on them

3epPTTeyAiH kaHa diCTepiH xkacaiibl.

Jdcumnnuna  npoBOAMT  (yHIAMEHTANBHBIE M TOMCKOBbIE
HCCTIeI0BaHHs! B obnactu u3HKH TBEPJOro Tena,
CBEPXNPOBOJMMOCTH, (M3MKH TOHKMX IUICHOK, pPaJIMAIHOHHOIO
MaTepHANOBEICHHSA, TMMOBEACHHA MATEPHUAIOB B IKCTPEMAIBHBIX
YCIIOBHSX. Paspabotka HAy4YHBIX OCHOB (husnyeckoro
MarepHallOBEACHHA M  Pa3’BUTHE HOBBIX METOJOB MCCIEN0BAHHSA
KOHCTPYKLUHMOHHBIX M CBEPXTNIPOBOJAIIMX MAaTePHAIOB M CTPYKTYP,
CHHTE3HPYEMBIX B SKCTPEMAIBHBIX YC/IOBHAX.

The discipline carries out fundamental and exploratory research in the

field of solid state physics, superconductivity, thin film physics,

KII TK MembGpananap xoue [lon  MeMOpaHaIbik TEXHONOTHANAPABIH TCOPHAIBIK HEri3AepiH, HanotexHonorusnapasiy ipreni Heriznepi/
I[TIKB " MemOpaHanbIK MemOpanansik — cysriney MPOLECTEPIHIN. . JKiKTeNnyiH  sioHe DyHaaMeHTaTbHBIE OCHOBBI HAHOTEXHOIOTHIH/
PD EC TexHosorusnap/Mem6pans! NPUHUMITEDIH, aly NpOLECTEpiH, OJlapibl eHAIpyre apHaiFan FundamentalofNanotechnology
W MeMOpaHHbie NOTMMEPIIK MaTepHALIApILL, XHMHSIBIK IOriHaiIepai 3eprreyai
TexHonoruw/Membranes KapacThIpaibl.
and membrane technology JlucuMniMHa paccMmaTpHBaeT TEOpETHUECKHe OCHOBHI MeMOpaHHbIX
TEXHOJIOTHH, KIACCH(MKALMIO W NPHHUMIEL MeMOPAHHBIX NPOIECCOB
(hrbTPALK, NPOLECCH NOTYHEHHS TPEKOBBLIX MeMGpar, MOUMEPHBIE
— ATCPHANGL IUTE X TIPOH3BOACTEA, XHMHYCCKOE TPpabBjieHHe. — === === =
— —————————— T 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 | KII TK Oxunay narpim Kypc oxmaynawraH KypeuUisMaapasl, cy eTki3GeiTin KacHeTTep/i HawnotexHonorusnapsin ipreni Herizaepi/
ITJ1 KB MaTtepHaIapbl OHLipY JOHE  COMIIK, XalIBUIBLIKTBL KoHE KOMakibl ilKi  KIMMATThI DyHIaMeHTaNbHbIe OCHOBEI HAHOTEXHOOT M/
FDEC TeXHONOrusACk/ TexHONOrHA KAMTAaMackl3 eTETiH KYPBUIbIC MATEPHA/LIAPBIH 3epTTEY i YipeTeni. Fundamental of Nanotechnology

NPOM3BOJACTBA B kypce usyuaior crpouTensHbiii Marepuan, kotophiii obecneunsaer
H30/IALIHOHHBIX KOHCTPYKUMAM TEIIOM30JISAIHOHHEIE, MHAPOM3O0NALIMOHHBIE CBOWCTBA
marepuanos/Technology of W JCKOPaTHBHOCTb, KOM(OPT M GIaronpusaTHeIi KIHMar BHYTpH
production of insulating MOMEIIEHHI.
materials The course is studied building material, which provides structures with
insulation, waterproofing properties and decorative, comfort and a
favorable indoor climate.
KIT TK Cynepeotkisrim Ilon  kartel newe dusnkacel, acaerkisrimTik, skyka ynGipnep Hanotexnomnorusuiapein ipreni Herizaepi/
[J1 KB MaTepHaap MeH onapra (u3nKackl, paaMaLMSNIBIK MATEPHANTAHY JKOHE TOTEHIE Kariainap ®yH1aMeHTaNbHEIE OCHOBBI HAHOTEXHOMOrHIT/
PD EC HETi3/ereH Ke3iHie MAaTepHAIIAp/bIH CHIIAThl CANACKIHAAFHI ipreJii ’aHe 3epTTey Fundamental of Nanotechnology
KypbuirsL1ap/CBepXnpoBois KYMBICTAPBIH  KYprisesi. OUIMKIBIK MaTepHALIAPAbIH  FHUIBIMH
1IIHE MaTepHANIBI M HETi3JepiH NaMBITY KOHE TOTCHINE Xarjaiiap KesiHae eHienreH
YCTPOHCTBA Ha MX KYPBUILIMJIBIK OKOHE OTKI3rill MaTepuaniap MeH KypbUThIMIAp/bI
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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.

KITTK DNEKT] YTEXHHKATBIK Kypc Hanorerpaik Macutabrarsl, HAHO JKOHE ME30TEHONOrMAIArE! Hanotexnonorusnap i ipreni Heriznepi/
[MAKB MarepHaiapiars 3aTTApAbIH  KACHETTEPIH 3epTTeyre »aHe TYCIHAIpYre MyMKiHmik DyHnamMeHTaNbHbIE OCHOBBI HAHOTEXHONOTHI/
PD EC HaHoTexHonorusanap/Hanor Gepeni, 6yn skeke aromaap MeH Monekynanapasi 1-100 HAHOMETp Fundamental of Nanotechnology
E€XHONOIHH B xone 100-1000 nanomerp wkanacw GofiniHma Gackapyra MYMKIHIIK
IEKTPOTEXHHYECKHX Gepeni.

matepuanax/Nanotechnologi
es in electrotechnical

Kypc nossonser oGcnenosath M 0GBACHHTH 0COGEHHOCTH CBOMCTB

BEUIECTBA B HAHOMETPOBOM _ Macwitale  pa3MepoB,  HAHO- M

aTOMaMH H MOJieKyaMH B Maciutabax 1-100 wanomerpos u 100-1000
HAHOMETPOB.

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.

KIT TK DneKTp MaluHANApLIH Kypc anexrp mauwmmanapel men TpaHc(opMaTopiapasl Tectineyai Xumus/
IJ1 KB ChIHAY JKIHE YHBIMAACTEIDY ~ MEH  KOJUIAYAbl,  COHBIMEH Karap  ChlHAYbl Xumums/
PD EC naiaanany/Mensrranus u ABTOMATTAHALIPY MACENeNepiH, COHAaH-aK IeKTP MallMHANAPEl MEH Chemistry
IKCIUTyaTaluus TpaHcopMaTopnapeiH  CakTay, OpHATY 3KIHE KbI3MET Kepcery
MEKTPUHECKHX MacenenepiMen aiHanbcaib.

mawun/Tests and operation

B kypce paccMoTpeHbl BONpOCHl OpraHMzauMM M obecrneueHms

of electrical machines MCTIBITAHMI JNICKTPHYECKHX MAIHH M TPAHC(OPMATOPOB, B TOM HHCIE
NpoG/IeMbl aBTOMATH3ALMH MCIILITAHMI, @ Takke XpaHEHHe, MOHTAK U
TeXHHYeCKoe  o0CiIyKMBaHHE NEKTPHYECKHX  MAallHH H
TpaHc(hopMaTopos.

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.

Kadenpa oteipeickinma KapacTsIpsuis! skone GekiTini
PaceMotpeno u yTBepiieno Ha 3acenanun kaeapot
Considered and approved at the meeting of the department
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