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Energy storage is very important for electricity as it improves the way electricity is generated,
delivered and consumed. Storage of energy helps during emergencies such as power outages from
natural calamities, equipment failures, accidents ete. It is very challenging to balance the power
supply needs with the demand instantaneously within milliseconds. This makes power networks
more resilient and efficient. Storage of excess energy. to meet the ever increasing levels of primary
energy derived from renewable sources needs further development and advancement. The intro-
duction of environmentally-conscious policies to lower greenhouse gas emissions and increase the
security of energy supplies heavily influences the market rules today. All these factors have led to
explore renewable energy sources, their use to meet the ever increasing energy demand and electrical
energy storage (EES). One of the energy storage methods, superconducting magnetic energy storage

(SMES),will be discussed in this paper.

Introduction

Energy storage plays an important role in the future
of renewable energy for the following reasons:

1. It helps the electrical grids to be more stable and
flexible, so that any surge in pesk demand can be
addressed effectively and more efficiently, therehy
allowing belance in supply and demand of energy.

2. It assists in mansging excess energy generated for
a later use.

3. It minimizes renewable energy curtailment, thereby
increasing the return on investment of renewable

energy generation.

4. It reduces the use of fossil-fuels.

. It facilitates in mamntaining power quality.

6. It defers or elimmates the need for additional gen-
eration or transmission infrastructure.

o

Many renewable energy sources (most notably solar
and wind) produce intermittent power. Wherever clec-
tricity generated from renewable energy sources such as
wind and solar are higher than what is required, energy
storage becomes an option to provide reliable energy sup-
ply. Individusl energy storage projects augment electri-
cal grids by storing excess electrical energy during pe-
riods of low demand in other forms until needed on an
clectrical grid. The energy is later returned to the grid
as needed. Different electrical energy storage (EES) sys-
tems have been listed in Figure 1.

SMES technology stores electrical energy directly into
electric current.!

Superconductivity

The complete disappearance of electrical resistance
and expulsion of magnetic fields in various solids when

they are cooled below a characteristic eritical tempera-
ture is known as Superconductivity.? This phenomenon
was discovered by Dutch physicist Hetke Kamerlingh
Onnes in 1911 in Leiden.

Expulsion of a magnetic field (which iz known as Dia-
magnetism) from & superconductor during its transition
to the superconducting state is known as the Meissner
Effect.

Critical temperature, known as the transition temper-
ature, differs for materials, as shown in Table 1.2

TABLE I Critical Temperatures of Different Materials

Material |[Critical Temperature
Gallium 11K
Aluminum 12K
Indium 34K
Tin 37K
Mercury 4.2
Lead 72K
Niobium 93K
La-Ba-Cu-oxide 179 K
Y-Ba-Cu-oxide 92 K
TI-Ba-Cu-oxide 125 K

Cooper Pairs and BCS Theory

Explanation of why the materials exhibit supercondue-
tivity was put forward by three physicists, John Bardeen,
Leon Cooper and Robert Schrieffer in their theory known
as BCS theory (named in the honor of its three discover-
ers). This theory explains that the materials become su-
perconductors when the electrons inside them join forees
to make Cooper pairs. Electrons generally are scattered)

3amanue 2. YcrHOE pedeprpoBaHUE ¢ PYCCKOTO SA3bIKa HA aHTITMUCKUH MPOQEeCCHOHATBHOTO

tekcta. O6beM 300 cnoB, BpeMsi OJATOTOBKU 4-5 MUH.
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B xas=H0#E paboTe peccMOTPeH HIBSCTHRDE (DOCOD H3MepesHg CONPOTHENSHHY HIOASIHEE Oe-
Ded DOCTORHHONO TOK:, HOIEOISIONIEE XOHTPOIHPORATH COCTOXEHS MATePHATa H30IHPYEOINEro mo-
EDEITHE IDHE IHTIHEE OTHOCHTEIREO Kopnyca obopynosasny Kax 8 00eCTOTEEBOM COCTOZHHE, TIK B
noa HanpaxeERes. BEISENSH0 YOIOEHE, OPH XOTOPOM DaCCIHTIHECS COTTIACHO DACCMITDHBISMOMY
coocofy CONPOTHRIEHEE HIOMAUEE He COOTESTCTEYET r0 JSHCTEHTeNEHOMY IHITeENE0. [Iposenes
PacTeT TOKA B HIMEDHTEIEHOH HENH H BEESNeHA (QOPMYR3 DACISTa CONPOTHETEHHS HIONEIEE
B pesynsTaTe YCTAHORISEA OPHEIHES BOSHHEEKEOBSERE OmmR0xE BanepeEns. [IpEBeIeE0 HePABSHCTEO,
B COOTBETCTEEH C XOTOPEDM OMHECAHELL CO0COS MOXET OPHMEEITECE CO CIeTYIONEM Of PAEHISHEEM:
EANpEESHHe HIMEPRTEIRHOND BCTOTHEES NODEHEO OHITH Ee MESEINE DOIOBHEE! BEDIOTEOTO Eanpd-
HEeHHE HCTOYHRKS DOCTOSEHOIO TOXA, ITHHE NHTAHHE XOTOPOr0 HAXOJHTCE B OpONECcCe HIMEDeHHE
CONPOTHSREHRE HX 3MEKTPOH3OMHEPYIOMErD Marepzana HeSRNIONHSEREe JIEHONO VCIOEES BENeT K
DOSENeHEI0 JONOTEHTETEHOH IOTPEIIHOCTH B ONPeJeleHHe CONPOTHETeHEE Maonamn. [Ipearoxes
EOBIH (Oocob, XOTODEDE CHIDM3ST YX33aEHOE orpazpTeswe. KpoMe TOTO, OE DOBOISET HIMEDATS
CONPOTHEISHNE HIONENHH HE TOIBXO OTEOCHTENEHO KOPIOYCA, HO H MESTY IMHHIWMH DETIEHR Iatb-
BREHNTECKH DaIBEIZEHEX CTA0HIHIHDOSAHEERIX HCTOTEHEOE IIOCTORHEOIO Toxa CyImEocTs mpeamo-
HEHHOIO COocoda 3aXFOT2eTCHE B TOM, WTO B EIMEPHTETEHYIO IEeNs BEMOTII0T HCTOTHHN HIMEDH-
TEMREOr0 EaNpPOXeHES C OHEM IEGIEEEeM HANDAKEeHHE, KOTOPO2 MOXeT O5ITs pasHo Eymo, 3aTeM C
OPYTEM, [IOCTE FeT0 ONpefendior IHITeHNE EXMeDHTeILHEIS TOKOS S1d OO0HX VEI3IHERI IHITeEHE
ITocae 3TOro NPOBOJMTCE PAcIeT CONPOTHENSHEHES H30MENHE DO COOTSeTCTEyomen gopayne. Ilpex-
CTERIEEO YCTPOHCTSO SSTOMITHIECKONO KOHTPONR CONPOTHEIEEHY HIOMSNEH, DeaNHIVIOMEes JaH-
ERIE CHOCOD, PACOMOTPesa ero JyHEXOHOEATEEAY CXeMa B ONHCAH NPEHEIHED paboTsL

Kaogessie CI0BAT ITEXTPHISCEAS BI0MS0HE, HiIMeDeHEe CONPOTHEISEHRS OTHOCHTEIREO
KOPITYCa, SBTOMATHISCKRH KOETPOTS, IOTPemI=HOCTs (nocoba HaMepeEHs, Hems NOCTOEHEOND TOX4,
BCTOTEEE DOCTOSHEONO TOKS, TATEEAENISCKaE PABEIKS, IIHEE] ITHTIEHS
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2. Kpurepun ouenkun
* OrtBer Ha 3aJaHUs 3a4YETHOTO OWJIETAa CUNTACTCS HeY/I0BJETBOPHUTEIBHBIM, €CIIH ACIHPAHT
Opu TIEPEeBOJIE MCKA3WJ CMBICH COJCp)KaHMs M TepeBeNl He NOdHbI o0beM.  [lpu



pedepupoBaHUM TOMYCTHI 3HAYUTEIBHOE KOJIMYECTBO OIIMOOK B peud. B mpeseHTarmu
JIOITYCTUJI MHOTO SI3bIKOBBIX OIIMOOK, HE COOJIIOIaN MpaBUia MyOIMYHOTO BBICKAa3bIBAaHHUSL.
Onenka cocrasiser 0 6annos.

OTBer Ha 3auere 3aCUUTHIBACTCS Ha IMOPOrOBOM YpPOBHE, €CIU  TEPEBOJA COJEPKUT
¢dakTrueckue ommOKku. Hu3kas KOMMYHHKATHBHOCTh W IUIOXas «YUTA0EITBHOCTBY TEKCTa
3aTpyIHSIOT ero nmoHuManue. [Ipu mepeBojie TEPMUHOIOTMYECKOTO armapara He COOJII0/IeH
MPHUHIINAI eMHO00pasus. B mepeBo/ie HapyIIeHbI CHCTEMHO-SI3bIKOBBIC HOPMBI M CTHITh SI3bIKA
nepeBoja. HeanekBaTHO pelieHbl MPOOJIeMbl peanu3aldd KOMMYHHKATUBHOTO 3a/IaHUs.
Nmerorcss Hapymenuss B ¢GopMe npenbsBicHus mnepeBoaa. Ilpu  pedepupoBanuun
BBICKA3bIBAHUE HE TIOJHOCTHIO IMEPEllaeT CMBICIIOBOE COJEp)KaHWe, May3bl Ui MOMCKa
rpaMMaTHYECKUX U JIEKCHYECKUX CPEJCTB 3aMETHBI, CaMOCTOSITEIIBHO HE WCHPABISET
JOTIYIIEHHbIE OINOKHU. B mpe3eHTaiuy nyoInyHoe BHICKa3bIBAHUE COACPIKUT JIGKCUUYECKUE U
rpaMMaTHYeCKUE OMIMOKH, TEMIT PEYU MEJJICHHBIN, JJOTUMHOCTh BBICKA3bIBAHUS HAPYIICHA,
KOHTaKT C ayJUTOpUEl MOJIJIEP>KUBACTCS HE HAa JOHKHOM YPOBHE, COJEPKATEIbHOCTh PEUU
HE OTBEYACT IICTH, BU3yallbHBIC CPEJICTBA HE TOJICPKUBAIOT COJCPIKAHUS BBICKA3BIBAHUSI.
Bonpocsl moHUMAarOTCs ¢ TPYZAOM, OTBETHI COAECPKAT CMBICIIOBBIE U S3bIKOBbIE HETOUHOCTH.
Onenka cocrasisier 10 6annos.

OtBer Ha 3a4yeTe 3aCUUTHIBACTCS HAa H230BOM YPOBHE, €CJIM MEPEBO/] MOJHBIN, 0e3 MPOMyCKOB
U TPOHU3BOJIBHBIX COKPAICHUI TEKCTa OPUTHMHANA, TOMyCKaeTcs oaHa (pakTudeckas ommoka,
[IPU YCIIOBUU OTCYTCTBHS OTEPh HHPOPMAIIUN U CTUIIUCTUYECKUX MOTPEIIHOCTEN Ha JPYTUX
¢parmeHTax TekcTa. VIMEOTCS HECYIMIECTBEHHBIC TOTPEITHOCTH B  HCIOJIH30BAHUU
TepMuHOIOruu. [lepeBos B 10CTaTOUHOM CTENEHH OTBEYAaET CUCTEMHO-SI3bIKOBBIM HOpMaM U
CTIIIIO sI3bIKa TiepeBoaa. KynbTypHbIe U (DYHKIIMOHAIBHBIC ITApAMETPhl HCXOJIHOTO TEKCTa B
OCHOBHOM  aJIeKBaTHO TmepedaHbl. KoOMMYHHMKaTHMBHOE 3aJlaHHE peajln30BaHO, HO
HEJOCTATOYHO ONTHUMAIIbHO. J[OmyCKaroTCs HEKOTOpBIE HapyHICHHs B (hOpME MPEabSIBICHUS
nepeBoga. Ilpu pedepupoBaHuu BBICKAa3bIBAHUE B OCHOBHOM TNIEPEIAET CMBICIOBOE
coJiepkaHue MPo(PeCcCHOHATBHOTO TEKCTa HA PYCCKOM SI3BIKE, HE COJEPKHUT IMay3 IS MOMCKa
rpaMMaTHYEeCKUX MU JIEKCUYECKHX CPEJICTB, aCMUPAHT HCIPABIAET JOMYIIEHHBIE OIMIMOKH.
Ucnonp3yer mnpodeccuoHanbHbie TEPMUHBI. B mpe3eHTanmu myO0iMYHOE BBICKA3bIBAaHHE
COJICP)KUT HE3HAUUTENbHBIE JIEKCMYECKHEe M TpaMMaTHUYeCKHe OLIMOKH, TEeMI pPeuyu
HOPMaJIbHBIM, JIOTHMHOCTh BBICKA3bIBAaHUS HE HApyIIeHa, KOHTAaKT C ayJuTOpHueH
MOJJEP)KUBACTCS Ha JIOJDKHOM YpPOBHE, COAEPXKATeNbHOCTh pEeYd  OTBEuYaeT Iely,
BU3YyaJbHBIC  CPENICTBA MOJIJICP)KUBAIOT ~ COJICP)KAHHWE  BBICKA3BIBAHUSA.  BOIPOCH
BOCIIPUHUMAIOTCA  XOpoiio. OTBEThl B OCHOBHOM MPaBUJIbHBI B CMBICIIOBOM U SI3BIKOBOM
acnekte. OueHka coctaBiser 15 b6annos.

OtBer Ha Ouner A 3ayera OWJIET 3aCYUTHIBAECTCS Ha MPOJABMHYTOM YPOBHE, €CIIU MEPEBO]I
MOJTHBIM, 0€3 MPOITYCKOB W IMPOU3BOJLHBIX COKPAIIEHUN TEKCTa OPUTHHAJNA, HE COICPKUT
dakTryeckux ommoOoK. TepMHHOIOTHS UCIIONB30BaHa MPAaBIIBHO U eaquHo00pasHo. [lepeBon
OTBEUAET CHUCTEMHO-SI3BIKOBEIM HOpPMaM W CTHJIIO SI3bIKa TepeBoja. AJEKBATHO TepeIaHbl
KYJIbTYpHbIE U (DYHKIIMOHAIbHBIE TTapaMeTPhl UCXOJHOTO TEeKCTa. J{OmycKarTCsl HEKOTOphIS
MOTPEITHOCTH B (hopMe MpeabsBlieHUs niepeBoa. [Ipu pedeprupoBaHnn BRICKA3BIBAHUE TOYHO
nepesacT CMBICIIOBOE COAEpkKaHue MPO(EecCHOHALHOTO TEKCTa Ha PYCCKOM SI3BIKE, May3bl
JUISE TIONCKA TPaMMATHYECKUX M JIGKCHYECKHX CPEJICTB HE3aMETHBI, CaMOCTOSATEIHHO
UCIPaBIseT HE3HAUMTEIbHBIC OMMOKUA. B mpe3eHTamuu myOIMYHOE BBICKA3bIBAHHE HE
COJICP)KUT JICKCHUECKHE W TpaMMAaTHYECKHE OIMUOKH, TEMIT PEYd M BBIPA3UTEIHLHOCTH Ha
BBICOKOM YpOBHE, JIOTHYHOCTh BBICKA3bIBAHHUS COOJNIIOJIEHA, KOHTAKT C ayauTopuei
MOJIJICP)KUBACTCS HA BBICOKOM YPOBHE, HCIIOJIB3YIOTCS pedeBbie 000POTHI IS TOJIIEPIKAHUS
KOHTaKTa C ayJuTOpHUEH, CONEp:KaTeNbHOCTh PeYH OTBEYAeT IIeNH, BH3yaJbHBbIC CpPEICTBa
MOJIJICP)KUBAIOT COJICPYKAHUE PEUH, MPaBWIBHO O(OpMIICHBL. BOIpPOCH BOCIIPUHUMAIOTCS
cpazy. OTBETHI IO PEYEBOMY U CMBICIIOBOMY COJIEP>KAHUIO TOUHBI.

Onenka cocrasisier 20 6anios.



3. IlIkana oneHKH
OOm1as oreHKa Mo JUCIUITINHE ¢ YIeTOM OICHKH 32 3a4eT MpeJICTaBlICHa B TabJIHIIe:

N DueHWBaemMan patoTa B

H
CEMECTPE AUMEHOBaHWE

MakcumansHe Bann
MuHuManeHew Gann®

1 2

—
om

1 1 MpakTuka YecTHaA W NUCBEMEHHaA pedb Ha NPaKTUYECKU 30
1 2 Tecr 10
2 Pr3 [MUCEMEHHBIM NEPEBOA, C 3 NEMEHTaMU pedef 40
3 Javer 20

- D
o o

Menee 10 6anioB Ha 3a4€Te COOTBETCTBYIOT OLIEHKE 2 (Heyx),
10 6ai10B Ha 3a4eTe COOTBETCTBYIOT OIICHKE 3 (YIOBJICTB),

15 GayutoB Ha 3a4eTe COOTBETCTBYIOT OIIEHKE 4 (XOpOIIIo),

20 6asI0B Ha 3a4eTe COOTBETCTBYIOT OLIEHKE 5 (OTJIIMYHO).

3adeT cunTaeTCs CIAHHBIM, €CITM CyMMa OaJlIOB IO BCEM 3aaHHsIM OMIIeTa OCTaBIISIET HE MEHEe
10 6amnoB (13 20 BO3MOXKHBIX).

st BeicTaBneHUsl OOIIEH TPaIUIIMOHHOW OIIEHKU MO JUCUUIUIMHE U OykBeHHOW oreHku ECTS
npumensercs npunsras B HI'TY cucrema BPC.
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HAyYHBIX JKypHAJIOB, MHIEKCHUPYEMBIX B HayKOMeTprueckux 6azax Scopus, WoS.

3amanue 2. TekcTol i ycTHOTO pedeprpoBaHus C PYCCKOTO HA aHTJIMHCKHUI S3bIK TIOJOOpaHbI U3
PYCCKOSI3bIYHBIX OTPACIIEBBIX HAYUHBIX M3/1aHUI U )KYPHAJIOB.

3aganure 3. TeMbl mpe3eHTanMil JOMKHBI COOTBETCTBOBATh HampaBieHHIO moarotoBku 13.06.01
DJNEKTPO U TEIJIOTEXHUKA.

IIpumepHbIE TEMBI:

- TEOPETUYECKOE M DSKCIEPUMEHTAIbHOE HCCIIeI0OBaHNe, MaTeMaTHYeCKOe M KOMIIbIOTEPHOE
MOJIENIUPOBaHNEe, KOHCTPYHMPOBAHHE W IPOCKTUPOBAHHWE MAaTepuajoB, NpPUOOPOB, YCTPOICTB,
YCTaHOBOK, KOMIUIEKCOB 00OPY/I0BaHHUS 3JIEKTPO- U TEINIOTEXHUUECKOT0 Ha3HAUSHMUS,

- COBOKYITHOCTb TEXHHYECKHUX CpEJCTB, CIIOCOOOB M METOJIOB YEJIOBEYECKOH IEATEeIbHOCTH IO
MPOU3BO/ICTBY, PACIPEIEIECHUIO IEKTPUUECKON U TETJIOBOW SHEPIUH, YIPABICHHUIO €€ MOTOKaMU U
npeoOpa30BaHUIO UHBIX BUIOB SHEPIHHU B TEILIOTY;

- TMPOEKTHPOBAaHHE, KOHCTPYHPOBAHHE, CO3JAHHWE, MOHTaX M OKCIUTyaTallUI0 AJIEKTPUUECKUX U
AIIEKTPOHHBIX aIaparos.;

- DKCILTyaTallisl COBPEMEHHBIX MPOMBIILIICHHBIX MPEANPHUSITHN, TPAHCIIOPTHBIX CHCTEM, TEIUIOBBIX,
THJPO- U aTOMHBIX 3JIEKTPOCTAHINN, 3aBO/I0B, JIMHUM AJIIEKTpoOIIepead.

- TEIJIOBbIE M aTOMHBIE AJIEKTPUUECKHE CTAHIMH, CHCTEMbl SHEProoOecreueHus NpeArpUsTHiA,
00BEKTHI MaJION SHEPreTUKH HETPAIUIIMOHHbIE HCTOYHUKH SHEPIUH;



- BHEpProOJIOKH, TApOTra30BbIe M a30TypOMHHBIC YCTAHOBKY;

- TEIUIOBBIE HACOCHI,

- TOIUIUBHBIE AJIEMEHTBI, YCTAHOBKU BOAOPOIHON SHEPIE€THKH;

- TEIUIO- U MACCOOOMEHHBIE alIapaThl Pa3IMYHOr0 HA3HAYEHMUS;

- TEIUIOBBIE U 3JIEKTPUYECKHE CETH;

- TEIUVIOHOCHUTEIIN U pabodure Tesla SHEPreTUYECKUX U TeIIOTEXHOJIOIMYECKHX YCTaHOBOK;

- CUCTEMBI CTaHIAPTU3ALUH;-

- CHCTEMbl M TMarHOCTMKH aBTOMAaTU3UPOBAHHOIO YIPABJICHUS TEXHOJIOTMYECKUMH IpoLeccaMu B
TEIUIO- U DJIEKTPOIHEPIETUKE.



