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llatrnilarayu /
HalBil|rle alcurrnnHHLr /

Name ofthe course

Kpearr

KpeIfiT

Crcdit

I(Lrct(ruta atr{orurrfl/

Kplrrle annoraulr /

Arrot!tion

flpepcrournrrep/

Ilpcpcraxlnrsr/

Pr.rcquisilas

/l ccMecr / Semester I
6oEgtxutl xomnoxerme / KoMnofieETbl no s6r6o ional Com nents

'fa

/ Choose onet; H Tarlta
BN TK
6I KB
BD EC

I(arru aeueaep,[ia
xaarrrrrr6 $urnxacu /

Kaarroaar $utura
reepaux rea /

Quantum Physics of Solids

5 I(ypgru{ cryreHTTcpri 3aMaHayx Karru ,ucue ouuracuxurBeprypni &cneKrinepiMeH, oHbtu iruinae Eerpngfla,ruH cMcc xarr6r3arrap MeH arolr olureuacpiHix llrcaHrapHrula xBaHTTbn(
KyounHcrapMeH TanLrcyra 6arErrranmH.Kypc coRuaf, _a{ 3aMafl avlt
fneKrpoH/tLrx rqTLrJrrHnapruH xylruc icrey *-*-upHn. aorrn
rurrL[e crHH-norrpn3aurr]laxmn rananHK_acepni rl,au3xcropnap.!6r.
cortaaf, -a( aft Har,[Hpy cBero.]lno.flirpLl Mc,r r-epnepin crnarru_f,uu.
JlcruxoHHun Kypc HanpaBneH Ha o3HaIxoMreHBe cry/,lerooD c
p&3nr{qHErMll acreKraMn coBpeMexHotr orcflxH TBgpAoro rena,
Exrtoqzu xBallToBLIC 

'BreHr,t, 
B HeTpuBxanLHLtx TBep,abrx Tenax 6

ooEeKmx aroM8oro pa3Mepa" B Kypce raloxe o[Ic6lBarorc,
nprHutnH pa6or6l coBpeMeuubrx e,rcrrpoltrlx np[6opoB Brnroqa,

A TAKXC CN'IHOBLIE3oBauHLte noJleB6tecnuH-noJ'rg lt

flapictix

Methodology and merhodsof scientific rcsearch

Fuauun reprrcyrepai
Mgrorolorur u ucro,l

{ r,uicHarr{acH MeH a^[icrepi./
6r HayqHoro ltccneloBaHr,rtl
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cBsTo.qro.(u r na3epEr.
The lecture coursc is dirccted to the students with different aspects of
the modem physics ofsolid body, including quantum intcrpretations in
nontrivial gcnetic bodies and atomic dimensions in objects. The course
also describes the principles of operation ofmodern elcctronic dcvices
including spin-polarized fi€ld-effect ransisrr$, as well as spin LEDs
and lasers.

Kypc 6iniM anyullrnapalt xolaeHcnpr.reBren Me,qHaHHE rBalrrLrx
Kacuerrepi 6ofiuHUra (a3ipri 3aualayt,t 3cptreyaepail xeri:ri 6arrnu
6orun ra6ur,rarsrn Mcranflrap,aLrE uerrpolrLlK TeoprrcLrHLrn Herirri
aaicrepi MeH HrruxenepiHe Ba3ap ay.sapa{Lr. KBasn-6onrueKrep xeHe
JIaH.qay QepMt,t-cyfibrKrllrH reopurchrurrr ryciuiri ra,runru

5Msrar.[ap.uu t( 3ncKrpoH,tLr
TeoP[rcH / 3neKrpoHHa,

Teoprir MgrannoB /
Electron Thcory of Metals

ETI TK
EA KB
BD EC

p6yn6TaTaMH 3neKrpoHuofi Teopflt MsTaIrIoB, Haxo.urult{ultc, a

$oryce coBpeMeHH6lx llccnc,qoBaHxft rBa[ToBbrx cBoicrB
xoqaeHcEpoBaHEbtx cpe& An,l otlt{caHH! cEof,cTB EopMallEll6tx
MCTAJTIOB t.lCnOnb3ytOTCrI KOHUeIlUrut r(BaSrr-qaCTHU r T€OpX{ QepMU-
xulxocru JIasIay.
Thc coursc introduces students to the basic methods and results of the
electronic theory of mctals that ar€ in the focus of modem rcscarch on
quantum properties of condensed media. The concept ofquasi-particles
and Landau's Fermi-liquid theory arc uscd to desc be the properties of
normalmetals.

C OCHOBHbIMU METOAAMI,I H

Hauorexnororurrapr6rtr ipreni Heri3,(epi/
(Dy HraM eHTar6Hr,re ocHoBLI HaflorexHororrl[/

Fundamental of Nanotechnologr'

EII TK
EA KB
BD EC

Ksa:lrpucraa.lap.luH
dr,3uranuK

(acnsrrepi/or|3x'recKxe
cBoficrBa

roa:xrpucra,r,roo/Physical
properties of quasicrystals

5 fleH kBa3fiKpricra,uap,u6rr( Qn3nxan6r( 6acuemepiu xeHe o]rapMeH
6afinaautcru (arr6! aeHenepri 3eplTey caJracbrrularut 3auauayu
xericrirrepai xapacruparbr. KBa3urprqraJlaap r+TulbrM6rHua
eperueairrepine xen Kenin 6oniHe.d.

Aucuururunu paccMarprBasr colpeMenulre aocrlxettutl B o6nacrl
accrcaoeaHni oara.recxBx cBoficrB xsa3xxpumannoB ll po.[crBeHHED(

uM TBep.qHx rer. 3EaqnrenEHoe BrrnMasle y.qeneso oco6eHHocrgM
cTpyKrypbr KBa3urpucrannoB.
Disciplines cxamines modem achievements in the field of research of
the physical properties of quasicrystals and rclaled solid bodies.
Considerablc attention is paid to the peculiarities of lhe sructue of
quasicrystals.

KarrH.aeHcHiH xaaqrrHK orclrl(acLr, I 6./Kranrosa,
t[r.r:n<a reep,uoro re,r4 r. l/Quantum Physics of

Solids, p.l

Hauoua, epua,qapau ary
o.uicrepi /

Meroarr nonyreurr
HasoMareprjanoB/ Methods
for obtaining nanomaterials

5 AricufinrfiEa paccMarpBagr orcu'{ecrte r MexaflflqccKlle Msrojlsl
flonyqesx, HaHoqaqrrq n HaHoMaTeplrruto8. 3HaqrrelLHa, qacT6

Kypca nocBrrteHa aJrurHurc HarrocTpyKrypH Ha cBoficTBa MaTepHanoB.

The discipline is conducted to physical and mechanical methods for
fabrication ofnanoparticlss and nanomaterials. Corsc is devoted to the
effecl ofnanostucture on malerial propcrtigs.

HasorexHonorxrnap.(uE ipreni Eerbrepi/
OyH.[aMerflanbubte ocHoBH Hafl orexlroJlourfi/

Fundamental of Nanotechnology

2

BN TK AetDopnaauuouurre mcroau 5 KyDc ookyct pycrc, Ea cnoco6zl\ .tedopMaur.roHHoro floJrylreHr{ Hauorexrronorl,trnaDA6rrl iDreni Heri3aepi/
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EA KB
BD EC



EN KB
BD EC

flonyqeHt,lt
HttrroMaTepIaroB

EaHOCTpyrCryp ll laHoMaTeprit,toB H McToIax rccJleloBa[ur Il arajlt{3a
nx MexagmccKro( s (b[3l{qcc([x cBof,cTB.
Thc course focuscs on methods of fabrication of nanostructurcs and
nanomatcrials by deformation mcthods and analysis of their
mechanical and physical properties.

tDyuaaucnraaurrre ocHoau tlaHorexHonomt/
Fundamcntal of Nanotechnolory

Haloxytrenep $x3rxacr nra Kipicnc/BBc,ucfl[e I
rfnruxy uauocucreu,{ntroduction to the physics of

nanosystcms

Kypc raxo{.rcrfop,uu atyauu nerirri aar'ry ypaicrepi x::r rcprrey
eaicrepiveu, conaaf, -ar 6yr 6i,riuai anuoMHafl l(etriHri xlo{6rc
opnErH.(a rla lana|lyra 6a[6rrraJllaH.
Kypc t[orycnpyvrcr xa [3yqeHr{e ocr{oButrx reH.(elurtr pa3Brrfi,
noryverm uauoQoc$opa lt MgToIaMu xccJlc,(oBal{Ir, a raro(c
ttcflort63oBaH!,tc 3Tm( 3HaHxfi Ea flocIeIUUtoMfloM pa6oqeM Meqrc.
The course focuscs on

55N TK
E[ KB
BD EC

HaBoo. .-iDop any.[LrH

$t:lra-xunrrauK
uerir,qepi/Orcuxo-

xfiMllqeckl{e ocHoBLt
nonyqeB{{

HarrooocoopoB/Physico-
chemical fundamentals of

knowledge in thc postgraduatc workplacc.

5N TK
EA KB
BD EC

3lerrprir oxruay,ray xeue
(a6enE(ix rexHor,IorHrlarLr
Mo,[enuey/Morenr.ipoBaHrt

c a SneKrpor3onrufioHHofi t,l

ka6enbHofi
rexrnre/Modeling in

clcctrical insulating and
cable technologl

5 Eyn rleH.ae 3nercp epicinit acepi 6of,rrnrua rrcnercrprrrepae
6a raaarrrr neri:ri rq6Hnbrcrap xapacrlrpunaru, ocH
rq6uuHcraprutt Ti36eKri raraayH Kerrripinrex xrHe]nerrpoHJlu
Workbench, Elcut, Comsol Miltiphisics xene Mathcad KoMn6orepnir
6auapna anapHH nalua,'la8Hn ocH tq6EnucraprH xeHe orap./lun
uoaens,aepiu cyl6aauK Ta{nay.lu KaMTaMacH3 qrcli.
B,laulofi aucuxnn{Be paccMorpcHrr oclloBgEre,BreH r,
fia6nrolacMbte a.(ufneKrprxax no.[ Bo3,4cFcTBIcM ueKT?Hqecroro
ttojlr, Iafic, cxeMH6!, aHa"rlll3 3TLx ,BneHHi l,Ix Mo.[eI[poBaHHe c
,clon63oBa[xeM nplxnaAHLrx nporpaMM Electronic Workbench,
Elcut" Comsol Miltiphisics tr Mathcad Ba 3BM.
Thc basic disciplines considered in thc basic disciplines obs€rved in the
dielectric subtypes ofthc clcctric polcs arc givcn in the schematic
analysis and thcir modeling using thc Electronic Workbcnch, Elcut,
Comsol Mj!(iphisics and Mathcad computcr progmms.

Xuuyul

XrMxr/
Chcmislry

3

EN TK
EA KB
BD EC

3rcrrp oxuray,ray xeuc
raoeJtEAir rexHorlom,

6ofiuxrua xruy
ecemeynep/TennoBuc

pacqeTH a
ueKrpox3oJIiulloHsof, r.t

(a6enEHofi

rexxaxdThermal
calculations in elcctrical

insulatins and cable

5 Eyr neue xaoenb eriulepinirr xouurpyxunrnbrx cpexueniKrepi, ap
:renerrrriu ArgafiHu MeH ocu 3.[eMeHTTep xtScrc acErpluarufi
Mareprarl,lap, 3p rreMeurri enaipy yurin rcxHoJrofl{rJlLr(
oncpauxrnap.[Hn Teopnsrux rcrisAepi, rrerrp xerc xa6elsaix
xeailepaeri uerrpaix xene xulylsrl epicrep x.He onapaut
raerrprir xaue xuay cccmey eaicrepi auularbr, coHl8f,-a( ep
Typnl f,trcKrp MauilrHlrjrapbrnHu o(uaynay xytrcncpiH o(Aipy
Texl|o.Iornrcbt.
B,uafl Botr.ql{cunnnuHo pac(puBarorc, oco6cflBocrt,l xoEcrpyxuxf,

Tp6saflxr r( l(oficTpyKqflfi raxlorora6easrrso< rtaeauf, , ocxosr{uc

Hanoxyf,clcp $usnxacuxa xipicno/Baeletnc a

Srarnry raaocrcreu/lnfoduction to the physics of
nanosystcms

O EHy 708-01-21 Kara.nor AucrIHnJrrrH tro o6pa3oBarerrHofi nporpar*.rrr.re. Hsaauue nropoe
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3neMcHra fl3aenru u MaTepxanu rc xoTopux BBrnoJlltrroTct 3Tu
3ICMeHT6rt Tcopgtr{qecl(t,le ocHoBu TcxHonorHecxrx onepaurrr
mroTo&lell]l raxlolo ]reMcllT4 UeKrpt{rtecl(rlx ll Terrnoaux nonel
B CHJIOBHX (a6€JUtX !,r apMarype xa6€nLg5D( nsBntr u MeTo,[E! nx
3neKrpnrrec(oro I, Tc[IoBOrO pacqgT4 a mI( xe Tcx8oJron fi
r,l3roToa.lcHlrx crcTcir ri3oJrtut,lll SnexTplqecrro( MatnHH pa3nmr ,.\
TUlloB.
In this discipline, thc design features ofcable products arc disclosed,
the basic rcquirements for the design of each elernent ofthe product
and the materials f.om which tlesc elemcnts ale carried ouL the

foundationstheoretical of technolo oal thcforgr operation production
Io each the e cctflc and

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

EN TK
ET KB
BD EC

3lcrrp uauuraaapuu
oruipy

TexHoJtorxrcEr/TexHonof r,
npoI3Bo.{cTBa

lJIeKTpfitecxrx
uaurun/Technology of
production of elcctrical

machines

5 Kypc varxrr xyf,eaepir uonraxlay xase opaMarapAE! xoHc
orurraynay.lu, KonnerTopnaplst, oqqey Tcx[onorlx,,lbr( npouccrcpiH,
rpaHc0opnaaroparrl< uucrepganap.[bt,(.Bcr(cpney, lqpacrulpy xeue
c6rHay MarrrxHanapuH xaHc rpaHcQopMaroprapAH TexHonorn n6tl(
yaepicrepai xauruu, yJrreH ?Jrertp Mar[IHaJIapH MeIl t$/arru
xoaaplr BonbrrH rpaucQopr,laropnap onuipicirit eperurenirrcpiu
ct,lnarTaf,ABr.

Kypcpaccuarpnoacr rexHonomqecnlc npoueccst tlraMnoartrr
c6op(ri MaaHtlrHLx cficreM, It3roroB.lesrl, o6umox n nloarurn,
xonnckTopoa! TexBo.florxqccrue npoueccBr Mcxamt,recl(or o6pa6qrxx,
coaprr 6aroa rpaxctpopuaropoe, c6opx[ tt rcn6naHr, Marrrul.t ll
TpaHcoopMaropoB, onncafl 6r xaparocpsue oco6eHHocrr
npo[38o.]lcTBa xpytIHbrx ?JrcKrpureckl{x MarrJuH t MouIHLlx
B6rcokoaorLTH6rx rf,auolopuaropoe.
The course cxamines the technological proccsses ofmagnetic systems,
thc production of winding and iosulation, collectors, tcchnological
proccsses of mcchanical proccssing, welding transformcrs,
transformcrs and testing machines and transformcrs, charactcrisic
featuae of of ectric tnesmachproduction and eredlarge high -po
h transformers.

HaHoxyf,cnep orBu(acuHa ripicne/Breaerue o
t[u:nry uanocucren/lntroduction to thc physics of

naflosystems

2 ceM ester 2
nentxoo tlOHCHTI BYfo t(oBCKXfi noEe ltT nu

.l KN
xooK
NA BK
PD UK

NanoCad-aaru Bxxegepnix
xo6aaay/Huxerepxoc
npoercxpoBar{Hc a
NanoCad,/Enginecring
design in NanoCad

5 anyulLuapm nanoCAD n,rar$opuacsrvcx xyr.asrc icrey
aaal6rJrapuH (tuLrmacT6rpa,[6r, (o3,rliaiFeH> os.qirificH ueuincriH
Heri3ri npnHurmepAi yfipeneai, r.dwg rfupMaruruta rexH[xzLrruK
rgmrrauarlr rqpaqupaau xanc erucf,.ti (crarrqaprru 2D xeue 3D
rrpr-lMrrrnBrep, I(one{Kenep, 6noKrap, enucM.uep, TytriH.aep, MsriHrep,
opicrcp, xecrcnep), r$.tblqrEu 6€rrini 6ip acnerrincpir

IIen 6i:rinr

YnaBTOM flH

Kounurctep:rixr,roaelL,qeyxeHexprcr&'uu xxMrq/
KounuocpHoe uo.qenupoaaHHe x

xpncraraoxrvxr/Computermodclingandcrystal

o EHy 708-01-21 Karaaor aucqfinnr,rH no o6pa3oBarenbHoft nporparr,ue. Hsganne nropoe
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, Yu enueM,Ui reRicrirreri Hasrrauflc

c BHCrrHr{Mt{ ccHrKaMXr HaBttraUUX B TF'eXMCpSOM npOCTpaHCrAe
I, ELIBOAa IIOIyqeHBEtX MaTepIaIOB Ha neLraTE.

xeflc aJrErHm{ MaTcpfi aJLuapAH 6acEr[ ulblrapy,mftrLLlapElg
K8nErrnacTupalu.
,(acunnruna o6yraer $y.ucrroB OopMHporasrp raBlrroa pa6oru
c ruar,{opMof nanoCAD , o65,qcstrlo 6a]oBHM npriuurnaM
Hacrpotrxll pcutcHx, (flo.( ce6r), qepqcHl{o I,l pe.]larTxpoBanruo
rexsfiqecKotr.(oKyMcrraqxx 8 oopMarg..dwg (co.{epxauefi
craslapTBErc 2D- tr 3D-npnMrrrfiBH, rurpuxoBKh, 6roKr,L pa3MepLL
BUHOCXII, TekCTEL nOnX, Ta6nruu), aaToMaTE3aUX! OT.(en6Hbtx
acnerroa pa6orsr, nprMescru, npocrpaucrB Mo,aenE/JlxcrBr, pa6orEt

cinreMcncpMeH tqMHc icrey

DTrlnprmE rrzrlls sruoElrs wrlll a nano{iAu pla$()rm, whlch dqtitrE ]lhc
I afsctrmg up a suFsystem ofsolutions, including

umentation and cditing in * .dwg (containing standsrd 2D
tives, barcodes, blocks, dimcnsions, vynoski, poles,

automation ofsoparate aspccts ofwork, application ofmodels /
work with extcmally linked links, riple space nav

fDasrc pnnciples

rials.

technicaldoc
and 3D-primi
tables),
models, igation and
results ofDrinted mate

55 KN
xooK
NA BK
PD UK

HaHorcxHororfi ,HLt{ ipr€ri
treriraepi/
Oyuravcrra,uuue ocxotrr
HaHorcxsonorlr I
Fundamontals of
nanotechnologies

Ksalrrrstr eaucMli
xapr6t,1afi orri3riu

rcTepoKYpun6rM.uaplul{
3rleKTpOrul6t|(

xacuvrrepi,0nerrpouxuc
CBOFCTBA

r(BIU]TOBOpA3MeprGtx

noJlynpoaolHl.txoBblx
rff epocrpyKryp/Electronic

properties ofquantum
scmiconductor

hctcroslructures

Kypc HarorexHonorrruuq iarcpi yrrtulapsrH leprreyre, xoleuli
ecepnc (aTucrLr eH Mar(Ll3,/lu 3at(Iap,1lu ryciryre xarc aauural
6iriMAep,qi (onqauyra 6anrrraaran.
Kypc uanparaeu xa u3y,tcHlle oyH]laMenranbH6rx norrrufi
HafloTcxHoJlomfi, noErMaHxe HaufuIec B&(tl[tx 3a(oHoMepHocTer,
cBrBaH8hlx c pa3MepH6rM ,ooeKroM ll npl{MeBcHrc nonytesHLrx
3HaHxi.
Thc course is aimed at studying the fundamcntal concepts of
nanotcchnolos/. understanding the most important regularities
associated with the size cllcct and I the kn

'l'a 6ofil,lBulr KoMno / KoMnoxerrLr no sbt to ional Com nents
6i I Btr / Choose one

Ky
rir

pc KBarrruK erueM,/li Kyp[rnBrM,qap rypanu ryciuir 6epyre xanc
rBaHt'Tttx Hykrerix ra3cpAi( canbtcrlrpManu raluqayrrt a<ypri:y,ai

YruHIEIPAILI.
Kypc .mfl npe.[cra8neHnc o rGzrr.rroao-pa3MepHLrx crpyrcrypax I,r

IIpOBOATTb CpaBHmenLHLIf, anant3 BeprrxaJl6HLrx la3epoa Ha
xaaHToDux Toqxax.
Thc coursc gives all idea ofquantum-size structures and conduct a
comparative analysis ofvertical quantum dot las€rs.

Orcnxrorcxxa/Physics
XuM[rD(uMxrlchemistry

KoMIIbroepn itfi o,tenr^qeyxaHeKpucran tbt xl{Mxrl
Kounrorcpuoc voacaxpoBagttc r

rprcraraoxruur/Computermodclingatdcrystal

6 KN TK
N,q KB
PD EC

7 KII TK llal arn/rtap.qH H 5 HAIIOTEXHOJI 6o:rysr, xerirri I 6.tac eIIt I(BOHI-TLIK

o EHy 708-01 -2 I Karaaor Aucq[nJru' ro o6pa3oBarer6Hofi nporpanrrr,re. I4rgauue rropoe
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xltMt{t,lErx
Herblcpi/Xr{Mr.iqccxxe

ocrloa6l
fl aHoMarcpmnodChemical

bascs of nanomaterials

NA KB
PD EC

MeH xrMIrrLrK nprruxnr€piH, coHLrI itriHAe rrraHapnEr
TexHoJlorxrJrap, cynpaMorlcKyrarr,t( x[Mur, MoleryraJlbt(
3ncKrpoEux4 HaHo6onureKrcp MeE HaEotqpbrnLrMru MarcplaJlaap,(Lr
oH.upy.fl KapacT6rpa.[Ll.

,llxcI.(xnnHEa paccMarptBaer xcroptro Bo3Htt(HoBcHtr, ocHoBfl ue
lrurpaaJleltr x xrlMllqecxxc nptlHurlllu cospaMcHHux
HaHOTeXEOnOTUfi, BK'IIOq{U nnaHapHyro Texsonorfllor
cynpaMoncrynrpl{yto xxMr.tto, MoneKy.[rptiylo l,reKrpoHrKy,
nonyqeHxe saHoqacTflu x HanocrpykTypxpoBtllH6rx MaTep{aroB.
Discipline cxamines thc history ofthe emergcnce, main directions and
chcmical principles of modcm nsnotcchnologr, including planar
lechnology, supramolccular chcmistry, molccular elecbonics. the

6arurrEru Kaaxroeae Qurnraraep,qoro rer4 ,r. l/
Quantum Physics ofSolidr p.l

NA KB
PD EC

neKrpol(epaMt,ll(anux
MaTepxafllap MeH oPay

xeBe MoHT&t(
xeaiaep/3rerrpoxepaurrc

cK,le MaTcptaJlbr,
o6Mqtoq H6re l,l MotrraxHErc

npooo,qa/Elcctroceram ic
matcrials, winding snd

mounting wires

McH ra6ercaepait Herirri rycisirrepise seriraeares
6ip (xanrEB TanurLKru cHM) neMecc 6ipHeurc (xerl

Ka6arrEr c6rM.{ap) cErM,qap.qas a}?ar6tn (e.ucrre MElc, aJlpMr.tHr{tr
HeMece Ko6igece 6onar) ryparuH uerrp roruHBrR o(uaynag6aras
HcMece oKrlayraHmri erri3riuri. 3neKrp xcnirepiH c&Ty (tneKr? 6epy
xcnincpi), fneKrp MalltrHarapHHLltl opaManapuu onaipy,
palrorexHlranHx xa6,(HmapAu opHary, 6af,nafl Lrc Kypajuapu xeHe
r.6.
Kypc Qoxygrpyercr xa ocroBHHx nourrflrx o npoBo]lax u Kaftnrx.
llposoa ererrpuqccrxf, - yro Hell3onrpoBaflEufi trr ruonlpoBauHLrtr
npoBo.qHxK SrleKrplqccroro roxa, cocrorul,ltr ll3 o.lHono
(o,(Hoxt{nrHLrtr npoBo.() l{nll xecxonL(xx (MnoroxEnbHur npoBor)
npoBono( (qarqe Bcero Me.utEr& alIoMr,rHr{cablx tu[.t, 3HaqmerbHo
pcxc, crar6B6rx). [IpoBo.(a ucnonL3ysr npx coopyxcHrx nlrHfltr
:rerrponepeaal (JI3II), rcrqroBneHrfl o6Moro( ?reKrplqecKnx
Marl,xlt, MoFraxc p3ltxoanmparypEr, B ycrpoficTaax cBr3r.t l.t T..q.
Thc course focuscs on the basic concepts ofwires and cablcs. An
clcctric wire is an uninsulated or insutated conductor ofelectric
current, consisting ofone (single core wirc) or s€veral (multicorc
wires) wircs (most often coppcr, aluminum, or, much less often, steel).
Wires arc used in the construction ofpower lines (power lincs), the
manufacture of windings ofelcctrical machines, installation of radio

Kypc cuuaap
3rerrp cuu -

communication devi etc.

HagoMarepxaJuap MeH Hdrorqpur6rM,[ap,qLt
reprrcy,uin txcnepruon'rix

a,[icrepi/3KclepuMeHrarbHbre M gToAbl xccne.(oBaHll,
HaHoMaTep[anoB r,l HtutocrpyKryp/Exp€rimcntal

methods for studying nsnomaterials and nanostructur€s

/ Semester 3
60E6lHUrt KoMn / Kolrnoretrur no to nal Com enls

/ Bu6 / Choose onet; lt

tffi
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Hauouarcpuarlap vcx Hanorq?6rnBrM,(ap.q6!

3cp(rcyltir.l lxcncprMexTTix
eaicrepi/3xcnepuvenrarbBHe Meror6r rrccJre,[oBaHm

HrrEoMarepraJroB l, HaHocrpym]?/Experimental
methods for studying nanomaterials aDd nanostructures

nau Haro3rleKrpoBrx4 omo?reKrpour,rx4 kBarrrlr( rqpLrnrunap
MeH rqplrnrauap,lurt r,rcMcrtTiK 6a3acuH rcFpym (aTHcrLr Herisri
xaPr6uaf, grKi3riru MaTepxajuap MeH HaHoTexsororxr a,Uictepix
(apaqTErparl6!.

Axcuxrunla paccMarprBafi ooroBrrlre florryflpoao,lHxr(oBHe
MaTeprarH y nrfio,lEr HaHorcxHonorxtr npt{MeHtrrcrLHo r: co3trallmo
lneMeHrHor 6a3H EaHo3rleKlpoHl.rx4 omolneKrpoHr,rKx, KBaHToBLTx

npx6opoB x ycrpoilcrB.
The discipline considers the main semiconductor materials and
nanotcchnolos/ methods in relation to the creation ofthe elcment basc
of nanoelcctronics, optoelcctronics, quantum devices and deviccs.

6KBarrrIHK 3neKrpoBrr(a}rb! E
TexHonor rnapH xtlrc

MArCpl{an qapE/

Texuo,'roruu r uarepraaut
k8a{ToBon 3ncKrpoBnKr,

Technologi:e and materials
in quantum clectronics

9 KN TK
nu KB
PD EC

t\l I I11,

NA KB
PD EC

urwai xyfienep
tlr:uracrrugarr,r
axcnepnuorrrix

aaicrep/3xcncptuenraarx
6!e MfiO,(H B oB3rKe

flt3ropaSMepHux c creM/
Experimcntal methods in

physics of low-dimensional
systems

OMCH O'I Kypc reueu enueuai xytrenepni 3epmey.qix raxipr.r6enix aaicrcpirirr
reopurmrl xeriracpir xarc raxipn6eaix reprrcy aaicrepiH eHri3yri
xapacrHpalH.
Kypc paccuarpuaacr reopcrttqccrttc ocHoBLt 3t(ctteprtMerrar6Hbrx
Mero.(oB r,lccneaoraHs, rrx3xop&3McpltLlx cl{cTeM u o3HaloMmE c
MCTOAllTalt,'l f KCnepfi MeFrarr6H6rX fi CCreIOBarlrfi .

The coursc exanines thc theoretical foundations of€xperimontal
methods for the study of low{imensional systems and lo introduce
mcthods of experimental research.

HaroMarepxaJlqap MeH fiarorq?unHM,laplb!
3egrrcy,uirt lxcncpxMenrrix

erifl epi/3KcnepxMcErarEHHe Mero.(H rccrc.qoBaHrn
HaHOMATeplaroB r HaHocrpyKryp/Expcrimcntal

mcthods for studying oanomatcrials and nalostructur€s

O EHy 708-01-2 I Karanor gncquflJruH rro o6p:BoBarenbHofi flporprMMe. ]Is4anue nropoe



KN TK
N,4 KB
PD EC

Aca erri3riu rb6eKrep

Ky6HTrep/CBepxnpoBo.{rul

(y6rrL/Supcrconducting
circuits and qubits

xaHe
5

Kypcruaxounr cncqrarttcroa c rcopcrlrqecxlMx ocHoBaMu pa6srll
pa3nlqHLrx cB€pxnpoBollruxx q{steM B MaXpOCKOnIqec(oM

MKypc aMa8,qapaLr aKpocKoIII,Irn6t KBAHTTLI( ( pexxMlle ap r\?n
oTKl3nul 6lcxyfcneprirr xlM HE cll\tTeopHrn scn3.qcp
't'aH6l OcurcT6rplulbt. xY II I]fienep,ui TCMnapaM flpnepr rarulay nepary pa

cI llt,rar,lcchnaunl II Mecept |(r,IltIBt rMelluKpo-ton neneHycey
xateepcxgrTecy nHrltHI(Marpoct(o l(BAHTT[II( o,l Iecepaep,ui ey
MCtl Ta LtCT',Mecelejrep 'pa.!Lr

BAHTOBOM pexIMc. 6yIYT ca,paccMoTpcHLt 3anrl cBOnpocLt,
l\{BU60po u\', t' cucTeM lllIt,lnapaMeTpoB ,IH TCMcNl LIneparyp

ilHccx Blahnatl,l{. Mo,IleFcrB cTCM l1\t OOJI IIO BLIMkpo tIelt,reMu3ny
l-l3MepeHreM r,tqccxoll KUXMaKpoc kBatmoB6tx eQQerroa.

Fundamental of Nanotechnolo$/

HaumexHoaonrr:rap.arrrl
@y[qaucrraltuuc ocuolu

ipreai uerit4epi/
HaHorcxEonorrF,/

choicc
ffect

vanous s ln asystem macroscorn8 ptc quantum
odcnl lssues rclated lheto oI ol theseparametcrs rhsystems,

c of dand tssltemperaturc ation, ntcaaclion mithp
rad atio n dan th mcasurcmcn ol' u antum effects hcmacroscop q
considered

KTI TK
NI KB
PD EC

Kgalrau( uexa{rixa xrHc
uauo6e,r urerrep

crrruqtuxacu/Kaartosa,
MCXIU{XXa l{ CTaTrcTfixa
Hatroqacrau/Quantum

mechanics and statistics of
nanopaiicles

5 ypc runuMx-3eprrcy 3eprxa.BanaprrH,[a rqrrruc icref,-rifl
M,aMaruap.qH,rarpnayra 6arsrrra,rrau. Kypc rricri oHripicrep^qe
(6afinafl6rc xeHe 6arnaHUc xynenepi), eHepxacimin cerropaa
anHHrafl MarcpxaJ!.[apru rauanayn onaipic rexHorortltc6t
canacbrfltraBt ,prypni uaceaelep.qi ureuy yruis erxirriur, xagrulai
oT(r3nur xgH€.afi]IeKrpnil( uaTeprajuap.{Lttl lqp6rnuMLr MeIt
oaapaun racuertepin Kapac-rupa,rlt,
Kypc uanpaaacu Ha nofforoBry cneurarrcroB. pafuralouflx B
HayqHo-uccreroBarcrBcx[x na6opatopurx fi
npe.utpurTHrx,r.Icnonb3yroutrr( Hayr(oeMxxe TcxHoJIOrl,lqecrl{c
npoucccu. B Kypce paccMo.rpcuu $yflAauerralrrlusrc ocHoau
crpocHu, IlpoBo.[fi xr(oDux, [onylpoBoIH[xoBLIX lr,]ll.tt rcKlpllrccxfix
Marcpra.JroB t r.tx cBoficrBa c qcnbro [prMeHcHt , [ory.rerHbrx 3Haflt fi
a cMo(HLrX mpacnrx (cnfleMu xoMMyHfiXaunfi x cBr3rr),

K

ial
intensi

materials

II ItovU,'IEHpovLr ceKrope, pcruzlrr pa3Horo !t o6;raPolla ACT!IBOnpoc
co O,'lOTCXII t uttBpcMeHHotr IIpox3BoIcTBa Marcpl{anoB.

couascl'he atls med a1 lrain sls tnrng spcc researchworking
c5laboratori and ses us knoenterpri ng technowlcdgc- ogical
The courseprocesses. amrn thecs fundaJnental theof slructure of

conduclor scnl iconductor dand ielectric theand properti
n order lo rhc know n related ndustries

{ KBarrrlrx (brfixt<acu, I 6./Kaarrooae
olr3rxa rBepAoro ren4 !. l/euantum physics of
Solids, p.l

Kattu acueri
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sector,unicationcomm communand tcatl thesystems industrial),
vaflous ofkindsvmg lnlssues fieldthe modcmof production

techno of material
t0 KN TK

NA KB
PD SC

Marepxa,lAap,q6t
cnerrpoc!(oflnrnu( TaJL(ay
e,4icrepi/Cnerrpocxontvecr

H€ MfiO,q6t aHaJlr8a
MarepnanoB/Spectroscopic

methods for analysis of
materials

6

3aMa8ayx cncrrpocl(onEnut( alicrepiuin xeri:aepit yf,peryre
6artrrralrau.
,(lcqrnauaa yqmb ocHoBaM coBpeMeHHLtx cnetrpocroflxqecl<rx
Mero,IoB asalr3a MaTepua.[oB, ftlKrlx kal( ?neKrpoHHtu oxc_
caeKrpocxonr{ (3OC), penrrenoscxa,

itlII LIlnemporI,q LIllI,lrc 30ccneKrpoct(o x). pemreHA
!lxQomucrrpor4url crleKrpocKo t_1tcl(tHut HOt(POC), Macc-H,lap

UIL^ HMCcIIekrpoMeTp xaHe(E cKaHepni tJllITTAPLIH
MXKpOCkOnU' CI,IM) CU'KILI MaTep ILI r{x&'uap,Ilt r Ta!,Llay

Fundamental of Nanotechnologr

HaHorexHonoartnaprLt{
Oy[,qaMertan6Hue ocHoBEr

ipreni Beri3ncpi/
HaflorexHonorHl/

(l] r4MC). c KaHxpy toua, CHM).
Th dlsc ine s k) thc ofbasicsip modem c methodsspect oscop
for such as uger S x(EOspectroscopy ).

lectronray photoe xPs nlion itssspectroscopy ), secondarv
s IMS and scann m IMSKN TK

IIA KB
PD EC

Haflo$oroHxl(a
HaroQorouu ra,/
Nanophotonics

xeHe rrrerTcJrrcH HaEOtq?HnHMIapIa ooHor{,[ap,
onrxeM./ uteKrcynt Kpxcrarru opral& rl.tckperri TonKlrrulbu( BcKTop.
6yKrerreH arycrlxaulrx pcxltMttep, ruarrrrur<-unrcpQefioir
om[Kanu( pex{MAepli rcpacrupalu.
Kypc pacMarplBacr r[oHouu a o6LeMH6D( t,t orpasxqeulux
HaHOCTpyKrypaX, pa3MepHo orpallxgeEHLre kpncTan,lllqeckse cpe/lu,
/IXCTpeTHOCTL BOJITOBOTO BCKTOp4 CJIO)(CHHUe arycr,|yccKr,tc MoI6r.
xSarrroBue fl tlrcpoetrcELrc olTlttlccr(ttc Mo,ILt.
The coursc exarnines phonons in volumc and limited nanostructures,
dimensionally boundcd crystal medi4 discrete wavc vcctor, foldcj
acouslic m antum intcrface ical modes.

Kyprc reaeuai aBoTexHoIorfi ,IapaBrr( ipreni Heri:l.qcpi/
OyruaucnralrHue ocHoBH flaHorexHonortr/

Fundamcntal of Naootechnologr

II

KN TK
NA KB
PD EC

HaHoxynenep

0lr3xxac6r/Or$]lra
Hanoc creM/ Physics of

nanosystems

5

rqpunf,rMuH trxafltocTfKar8y raicrepiH xeHe xa6lLrKrap6rH xacay;
HaHOMeTpntX tqpLlnuM.uap.lbtH :Aerr?lir xeHc omHk{Lru(
mcxcnepi ytrpcryrE scri:.qearcr.
Kypc lt3yqacr rcxronorEro $opvrporauu MEor{,croFHErx,
rrnaHapHLrx x caMonol(epxfiBapunc, qpyrryp Mxrpo- r.t
HaHo3JreKrpo8r{k[; pa3pafurry Mero,[oB
axarHocTr{lq crpyKryp Mxrpo- x Ha8o3rctopoHrKr,t; TexHonorfl[
QopMxpooanx[ rrJlcnot( l rx rpaBneHfls; sJrcKrpr.lqccxlrc x

Kypc xSHCMrrpo xon Ka6amLr. IlnaHapnL!
xalle Iftoril HCH xl?cru, II LITITAC'T&IK'!JIKYp6tnbrMlapEr pv

HOJtOfllTCX cLDt v )t(aHc3eprrefi.[ ul(po- tKa LtHHaHofrerTpoH

self-su rcs;

cckxcoITllrt cBofrrBa ltaHoMcDyKryp fipoB6rx epoB.pa:]M
The coursc diesstu the formationof Io mutcchnolos/ Itilayered. planar
and lcro-n1struclures ofpporti ng and lectronnanoc
deve of methods and lor d cs l'o m cro- and

,1-I,r,l aflnapaTypEl

HalorexHonormnaplurr ipre,ri ueriraepi/
Oy ruaucnraatHtre ocI{oBBr tr€ulorcxronom /

Fundamental of Nanotechnology

o EHy 708-01-21 Kararor ascqurnr{H ro o6pa3oBarenbHofi nporpaMMe. [I3.qa,xe Bropoe
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HOIllIZUI MIlKpOCKOnXI
teach

materialsanalyzing electron

6
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finanoc ectronics of lm lbrmation and etchtechnology ing:
l:lectri andcal of nanometer-sizedpropcrticsoptical struclurcs

Hasmexnoro {rraprua ipreai reri:1epi/
tDyuraucuraruture ocHoBbI HaHo rexronorrfi/

FundamentalolNanotechnology

5

nprrlrqunrepiu, ary npouecrepin, olapau enlipyre apualrat
flonrMeprll< Marepx&r.(ap.uu, xrlMltrJltrr uoriHrincp.qi 3eprreyai
KapacTEQaIE.

Arcuanausa paccMarpxaaET Teopfiflqecrre ocHoBEr McM6parubrx
Tcxsonomtr, xaaccnQnxaurp H nprrusrru MeM6pa[HLrx npoueccol
$rmrpauna, npo[cccbr noJryqeHflr rpexosru uev6pan, no]urM€pulrc

IleE TexHor'toMeM6paHanHX rxrxap!uH TeopBrrr6tx .Hcri3,[ep
ItM.M6pasan cY3nney rrpo xellcuecTepr xlKrervlH

KN TK
TII KB
PD EC

Mcu6pananap xcrlc
. ueu6pararux

rcxrororr.raap[\4cu6panu
u MeMOpaBHHe

rexHorloru&Membrarcs
and mcmbrane tcchnology

technologics, the classification and principles of membrane filtration
processes, the production of track membranes, polymeric materials for

clion chemical etchi

tnes ons of membrale

thcir
KN TK
TI,[ KB
PD EC

6

xeHe ceH.Uik, xannbuLtKt6t xeHe Xo.,latrI6t iruri x,uuarru
laurauacro crcrir rqpHn6rc MaTcpxa,ulapuu reprcyai yf,pcre.ui.
B rypce u:yvaror crporrcnbH6ri Marepxan, (orop6ri o6ecneqBsact
KOITCTpykUXTM TerrJlou3ojr{uloHH6rc, rxlpor{3onrul,lol{HLre c0o[cTaa
u ,AcKopaTrBHocT6, roMoopT r.l bnaronpnrTHutr KrrlMaT BrD|TpI,
noMeueHxF.
The cou.se is studied building materisl, which provides structurcs with
insulation, watcrproofing propenies and decorativc. comfon and a
favorable indoor climate.

orrxaynarms Xy?unLrMIapIH, cy erri:6c*rix (acxcrrepliKlpc HasmexHorron rnapaurr iprcai Heriracpi/
(Dy ulau eura:urue ocHoa6r EaHorexHorrorqtr/

Fuodamental of Nanotcchnolos/

u

KN TK
NA KB
PD EC

Cyncperrirriu
MaTepxa4[ap McH onap.a

HCn3IC.'IteH
rqpurrulap/Caepxnpoaoar

IIItlC MATCPIAIEI II
ycrpoficrBa Ha tlx

ocFoBry'Sup€rconducting
materials and devices based

on them

(r

!(qllll-qe MaTcptuuaplut{ ctlnaTu caJracuslafu iprcni xelle 3cprrey
,q{Hcrap6rx xlryri:cai. Orrnxa,ru( Marepxanlap,[but FbrJruMl
HerbrepiH ,raubry xeHe rererue xaltra.Inap xe3irlqo o(renrcE
KypunHMrLlK xesc erri:riu Mar€pxar,lap MeH tqpunuM.qap,url
rcgrreyaix xaHa e,uicrepiH xacalhH.
Aucqunausa npoBo.[rrr rfyHaauenramuuc
lrcc]lc,qoBallfi, B o6nacll{ t[uruKrr
cBepxnpoBo.afiMocTfi, oxlxrn ToHK[x nJlcHoK, pa.uHau[ottfloro
MaTepIanoBcleHr,tr, noBellcHl,' MaT€pxanoB B 3KcTpeMalbHbrx

MmepuaroaeaeH[, tl pa3Brrxe SoaEtx MSTO,IOA {CCneIOBasI,l,
KOHCTpyT(u|{OgHBrx }l cBepxnpoBoaiulro( MaTep]ranosI, qpyKD,p,
cur E3npyeMb[x a 3KcrpcManLHbrx yCIOAUTX,

xaalainap
Blle Kalt Lt Kac'ltt!c e acaoTKt3rlQr H. urTlK. xY(a

lIllTK CLI, K M4)H3 pajthaqIls c)tiAII TOTe!uteaTepr{al[aHy

fie 1l

dThe nc outcamesiscipli and aesearch thelnexploratory
otd f Iid statc nrhi lm

rfrsu,rccxoro

H NOTCKOAHE

TBep.qorc Tcna,

ycnoorxx. Pa:pa6orxa HayqHux oclroB

HarorexHororBrnapmr{ ipreri Heri:1epi/
OyH4auerra,,rurre ocEoB6r HaHorexHororrfi/

Fundamcntal of Nanotechnology
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structures:

Oxruayraruu
uarepfi aaaap.qH ox.qipy

Tcxsoromrcr/Tcxnoloml
npottlBo,IcTBa

l{3OnTUltogHLD(
uarepaaaory'Technologr of

production of insulating
matcrials

ya6iprep

fundamental



conditions. Development of thc scientific foundations of physical
materials scicnce and the devclopment of new methods for thc itudv of
structural and supcrconducting materials and structures syntheslzed
under cxtrcmc conditions.

science, and matcrials behavior under extremeradiation matorial

KII TK
IIA KB
PD EC

3rcKrl)icxl xanu(
MArepfiaJl,(ap.qar'Lr

HanorexBolror[rnap/Hauor
EXHOJIOTTT B

3leKrpgtexHq9ecxtx
MarEpuanax/Nanotechnologi

es in clcctrotechnical

5

lmaparu (acrerrepiB 3cpmeyre xeHe rycirraipyrr uynxinaix
6epeai, 

-6y,r- - 
xere aroM.rap MeH MoneKyranaprlr I-100 narouerp

xene .100-1000 HauoMcrp urxanacu 6ofiusua 6acrcpym uyurinaix
6epeai.
Kypc so3Bonrq o6crcroBar'L x ooErcHmr oco6cllHocrx caoficla

Kyfrc Haflo::Erprix nacurra6raru, Hzuto xtHe MEloTe.:Eonorxtlaf 5I

BeuecTBa a Ha80M BoM MacETa6e

fioMarlrx l{ MoreKyJraMl.t s uacujTa6ax l-100 HaHoMcrpoB n 100_1000
HaHOMCTpOB.

Thc coursc allows you to cxplore and cxplain the characteristics of the
properties of a substance on a nanometer-scalc size, nano-and
mosotechnology, allowing you to manipulate individual atoms and

and 100-1000 nanorneters-molecules on a scalc of l- 100 nanomeleas
KIl TK
tI,[ KB
PD EC

3rerrp ual,rrualapuu
cLtHay xeHc

naq.tanaHy/I.lcnLrraxx, tr
skcIIJryaTaux,

3ncKtpuqecl(Ilx
MaunH/Tcsts and operation

ofelectrical machines

5 Mar[rnarrapu MeH rpauc$opMaropnapau rccrircyai
MCH r(OUAy.[6r, COHETMeH XSTA CUHay.]tu

aaroMerTafi,uEtpy ueccaeaepit, coH.uafi-a( 3lrcKrp MautlHanapH MeH
r?aflcoopMaroprapuE caKray, opHary xase (LBMer ropcery
MaccJteIepiMetl atrH!!,lLrcalEr.
B Kypcc paccMofpeHu aonpoc&t opraru3aulu la o6ecncqeHm
llcIIHaaHllI f,ICKTp qCCKT,tX UaUAU r rparcrlopuaTopoB, B ToM trrcJtc
npo6rcM6t aBToMaTruaUUI,l xcnhtTarlxr, a Taiol(c xpaHcEl{e, MoKIar( r
TexHxtecKoe o6clyxnaaune f,.,rcxTpuqecKrx MaurtH vt
rparc$opuaropoa.
The_course dcals with the organiztion and support oftesting clectrical
machincs and transformers, including thc problems of tes iutomarioq
as wcll as the storage, instsllation and maintcnance of electrical
machines and rarsformers-

Kypc ancrrp
yfi 6!M.[acrErpy

Xuuusl
XnMuxl

Chemistry

Ka0eapa orupnchrg.qa KapacrbrpbrnArr xeHe 6exirinai
Paccuorpeuo t.r yrBepxleHo Ha 3aceaaHlru
Considered and approved at the meeting of the department
Klirdi / Aara I date < oL > o

Xyr,raaunos K.l[.
(ArEr-rx6{ i/OHO/Nane)

HaflqrexHoror[rrap.rurr iprcli xeri:,acpi/
(Dyu,uavetra,ruue ocHoBbr HaHorexHonorufi /

Fundamental of Nanotechnolos/

I(aOeApbr

20 3L xanatta / npororol / Record .l\& +
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