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1. Ilesan ocBOEHMSI AN CIUIIJIMHBI
[{enpro TUCHUTUIMHBI SBISIETCS OCBOCHHE (DU3MUECKUX OCHOB TIOCTPOCHUS U MCIIOIH30BaHUS METa-
MaTepHaJIOB B 3a7a4ax paano(Gu3nuKu, paguoTEeXHUKH U CBSI3H.

2. Mecro aucuMiiuibl B cTpykType OIl acnupaHTypbl

I[I/ICI_[I/IHJII/IHa OTHOCHUTCA K q)aKy.HbTaTI/IBHBIM JUCHUIIJIIMHAM.

JlucuminHa UMeeT JIOTHYECKHUE U COJIePKaTeIbHO-METOJUUECKIE B3aUMOCBSI3H C JPYTUMHU
JUCHUITJIMHAMHN OIl. I[JISI HU3Yy4YCHUS JUCHUIIIINHBI HCO6XOI[I/IMBI «BXOOHBIC» 3HAHUSA, YMCHUA, 10Ty~
YeHHbIE B Mpoliecce 00ydeHus Mo MporpaMMaM crieliuainTera, 0akajgaBpuara, MarucTpaTypsl B 00-
JIACTH JIEKTPOJUHAMUKH U PACIIPOCTPAHEHUSI PATUOBOJIH.

3. HnannpyeMble pe3yJbTaThbl OCBOCHUA NTUCHUIIJINHBI:
B PE3YIBTATEC OCBOCHUA JUCHUIIJIMHBI aCIIMPaHT AOJIXKCH:

3name:
- IOHATHE U KJIACCU(PUKALIMIO METaMaTEepHaJIOB;
- MOJIENU IBYMEPHBIX U TPEXMEPHBIX METaMaTEPUAaJIOB.

Ymems:

- OTHECTH KOHKPETHBIA MeTamaTepuail K OJHOMY U3 KJACCOB METaMaTepUalioB;

- 000CHOBaHHO BBIOMPATH MapaMETPbl TOKOMPOBOSAIIMX 3JIEMEHTOB U CTPYKTYpPy MeTama-
TepHUaJia MPUMEHUTEIIBHO K YCIOBHAM 3a/1a4H.

Braoems:
- HaBBIKAMHU aHAJIM3a CBOMCTB MeTamarepHasa 1o €ro CTPyKTYpe M CBOHCTBaM KOMIIOHECH-
TOB.

4. O0beM, CTPYKTYpA U coiepKaHue TUCHUTLTHHBI
OO61ast TpyA0€MKOCTh AUCHUTIIMHBI COCTABISAET 2 3a4eTHBIE eIMHULIBI, /2 Jaca.

Ne Tembl (pa3nennr) Buabl yueOHbIX 3anaTHH | POpPMBI TEKYIIET0 KOH-
n/n AMCHUILIMHBI, U UX TPYA0EMKOCTh TPOJIsl YCTIEBAEMOCTH
HX coJep:KaHue (B akanemMu4eckux yacax) |Popma npoMe:KyTOUYHOM
aTTecTAlMHU
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1 |Meramarepuainsl, ux 3Jiek- | 2 | 2 0,5 20 cobecenoBanue
TPOJUHAMUKA
2 |CroiicTBa MeTtamatepuaio| 2 | 1 0,5 15 cobecenoBanue
U BJIMSIHHE HA HUX pa3jiny-
HBIX (haKTOPOB
3 |[Ilpumenenue meramatepu- | 2 | 2 0,5 20 cobecenoBanue
aJoB
4 |MarautHsle 1 ontaueckue | 2 | 1 0,5 50 cobecenoBanue
MeTamMaTepruabl
2 4 3a4er
Bcero 6 2 64




Coaep:xaHue pa3aejioB IMCIHHUIIIHHBI

Tema 1. MeTamaTepuaJibl, X 3JIEKTPOAUHAMUKA

[TonsTre u kmaccudukaius MeraMmatepuano. JleneHue mo o01acTsIM C pPa3IMYHBIMU 3HA-
KaMU JTUAJIEKTPUYECKON U MAarHUTHOW MPOHUIIAEMOCTEH. YpaBHEHUS AJisi BEKTOPOB MOJIsl. XHUpaib-
Hble MaTepuaibl. Henuuelinbie MeTamaTepualibl. DKBUBAJICHTHAsI CXeMa 3JIEMEHTa MeTaMarepuania,
MoJieJIb OTpe3Ka JMHUU. MeTOobl MOJICTUPOBAHUS IBYMEPHBIX U TPEXMEPHBIX METaMaTEpUasIoOB.

Tema 2. CBoiicTBa MeTaMaTePUAJIOB M BJIMSIHME HA HUX Pa3JIMYHbIX (PAKTOPOB

Pe3onancHBIN OTKINK COCTAaBJIAOIHUX MCTaMaTCpHaIOB. OKBUBaJICHTHBIE AUSJICKTpUYICCKAd
Y MarHuTHas MPOHMIIAEMOCTH MeTaMarepuaioB. Mojienu 4acTOTHBIX CBOWCTB MeTaMaTepHasoB.
MHuKpPOBOIHOBBIE MeTaMarepuasbl. TOKOIMPOBOIALIME DJIEMEHTHI Ul HUX: OTPE3KU IIPOBOJIOKH,
CIIUPAJIU, PE30HATOPHI Ha pa3pe3HbIX KOJNbIAX, Apyrue cTpykTyphl. Bektop [loiiTHra BOIHBI B Me-
tamatepuaie. IIpenomienue 31eKTpOMarHUTHBIX BOJH B JIEBOCTOPOHHEM Matepuane. OcoOeHHo-
CTH YEPEHKOBCKOT0 M3Iy4eHUs B MeTaMaTepuaax. CBoicTBa (a30Boil CKOPOCTU B IEBOCTOPOHHEM
Meramarepuaie. [lepecrpauBaembie MeTamaTepuaibl. KoMmeHncamus noreps B MeTaMaTrepuaiax.

Tema 3. [IpumeHeHne MeTaMaTEepHAJIOB.

ObecrieyeHre pPaguONpPO3PAYHOCTH M PATUOINOTIOMIAIONINX CPEICTB MeTaMaTepUaioB.
YMeHblIeHHe pa3MepOB aHTEHH 3a CUET MeTaMaTepualoB. Y MEHBIICHUE B3aUMHOIO BIIMSIHUS aH-
TEHHBIX 3JIEMEHTOB B aHTEHHBIX PEIIETKAX. YKpbIBatoIe 000JIOUKH Ha MeTaMarepuanax. Y MeHb-
mieHue paauosamerHoctu. Cynepnunia Becenaro. [Ipumenenue meramarepuanoB aiis oOecnede-
HUS JIy4IlIel pa3peniareid CnocoOHOCTH.

Tema 4. MarHuTHbIE M ONITHYECKHE METAMAaTePHAJIbI

doToHHBIC MCTaMaTCpHraJlbl, (bOTOHHI)Ie KpuUCTAJJIBI U YaCTOTHO-CCIICKTHUBHBIC IMOBCPXHO-
ctu. X gacToTHBIEe cBOMCTBA M 00JacTH mpuMeHeHusd. [lna3mMonHbie MeTamaTepualibl. Beicokonm-
NEAAaHCHBIC ITOBCPXHOCTH.

5. O6pa3oBaTe/IbHbIC TEXHOJOTHH, B TOM YHCJI€ TEXHOJIOTHH YICKTPOHHOIO O0y4YeHUsI M M-
CTAHIIMOHHBIe 00pa3oBaTe/ibHbIe TEXHOJIOTHM, MCIOJIb3yeMble NMPH OCYLIeCTBJIeHUN 00pa3o-
BaTEeJbHOIO Mpouecca 1o JMCHUILIHHE

B mpouecce 0o0ydeHHs NPOBOAATCS JEKIUH, MPAKTUYECKHE 3aHATHSA, B XOJl€ KOTOPBIX
UCTIOJIBb3YIOTCS CIIEIYIOIINE TUIIbI 3aHATUI U 00pa30BaTeNbHbIE TEXHOIOTHH.

BBoaHas Jjekuusi - OpUEHTHUPYET CTYJIEHTAa B CHCTEME HU3Y4YEHHS JaHHOW IUCIUIUIMHBI.
CryneHTbl 3HAKOMSATCSI ¢ Ha3HAUEHHEM U 3a/1adaMi Kypca, €ro pojbl0 U MECTOM B CHUCTEME yuel-
HBIX JUCIUIUIMH U B CHCTEME MOATOTOBKH B LieioM. JlaeTcsa kpaTkuil 0030p Kypca, UCTOPHS pa3BU-
TUSL HAYKU M MPAKTHKH, JOCTHKEHUS B 3TOW cdepe, MMeHa M3BECTHBIX YUYEHBIX, U3JaratoTcs nep-
CIIEKTUBHbIE HANpaBJieHUs HcciaenoBaHuil. Ha 3Tol nekuuu BhICKa3bIBAIOTCS METOAMYECKUE U Op-
raHW3alMOHHBIE OCOOCHHOCTH paboTHl B paMKaX JaHHON AMCLUUIUIMHBI, & TAKXKe JaeTcs aHaIu3 pe-
KOMEHAYeMOH yueOHO-METOANYECKOI IUTEPATYpPHI.

AxkaneMuyeckasi JeKuus (WM JeKIus oOIIero Kypca) — MOCIeI0BATEIbHOE U3II0KEHHE
MaTepuaia, OCyIIECTBIsIEMOe MPEUMYILECTBEHHO B BUI€ MOHOJIOra Mpernoaasarenis. TpedboBaHus K
aKaJeMUYEeCKON JIEKIIMU: COBPEMEHHBIM HayyHBIH YpOBEHb M HACBIIICHHAs WH(POPMATUBHOCTS,
yOenuTenbHas apryMeHTalus, JOCTyITHAsl U MOHATHAs pedb, YeTKasi CTPYKTypa U JIOTHKA, HaJlHune
SPKUX MPUMEPOB, HAYYHBIX JT0KA3aTeIbCTB, 000CHOBaHUMN, (PaKTOB.

Koncynbrauus — 3aHatue, NOCBAMIEHHOE KOHCYJITAUSAM 110 OpraHU3allui CaMOCTOSTEb-
HOU pabOThI, OTBETaM Ha BOIIPOCHI CTY/IEHTOB WM Pa300py TPYAHBIX TEM.

ColecenoBanme — yCTHBIN ONMPOC MO0 MaTepUaliaM 3aHITUH.

B nporiecce ocymiecTBiaeHust 00pa30BaTENIbHOTO MPOIECCca UCTIONb3YIOTCS:



JUTsl TIOMCKa ydeOHOo# nutepatrypsl ounbnuoreku Spl'Y: ABTomaTtm3upoBaHHas OMOIHMOTEY-
Has uHpopmarmonHas cucrema "BYKU-NEXT" (ABUC "Byku-Next").
YyeOHo-mMeTonuueckoe odecreueHne, HeoOX0IMMOoe sl OCYLIECTBICHUS 00pa30BaTEIbHO-

T'O Impouecca 1o JUCHUIIIMHC BKIIFOYACT B CBOM COCTaB:

a) [Ipogeccuonanbubie 6a3bl JTAHHBIX:

1. Tlopran Hay4HOI1 AneKTpOoHHOU OubIHOTEeKH - http://elibrary.ru/defaultx.asp

2. OenepaibHas YHHBEPCHTETCKas KOMIBIOTEpHAs ceTh Poccuu - http://www.runnet.ru/
0) UHdopmannoHHbIe CIPABOYHBIE MPABOBbIE CHCTEMbI:

1. CIIC «Koucyasrant-muirocy - http://www.consultant.ru/

2. CIIC «I"apant» - http://www.garant.ru/

6. IlepeyeHb OCHOBHOW U [IONMOJHHUTEJILHOH JMTEPATYpPbl, pPecypcoB HH(OPMAIMOHHO-
TeJIEKOMMYHUKANIUOHHON ceTH «UHTepHeT» (MPHM HEOOXOAMMOCTH), PeKOMEHIYeMbIX J1JIf
OCBOCHHUSA TUCIHHUILINHEI

a) OCHOBHAsI JIUTEpPaTypa:

1.

EmuzapoB, A. A. MUKpPOBOJHOBBIE YaCTOTHO-CEJICKTUBHBIE YCTPONCTBA Ha PE30HAHCHBIX
OTpE3Kax dSJIEKTPOAMHAMUYECKUX 3aMEUISAIONIMX CHUCTEeM U CTPYKTypax C MeTa-
matepuainamu / A. A. Enuzapos, A. C. Kyxapenko. - 2-e uzn. - Mocksa : Breiciias mkona
9KOHOMHUKH, 2020. - 330 c. - URL
https://www.studentlibrary.ru/book/ISBN9785759814078.html. - Pexum moctyma : DBC
"KoncynpTaHT crynenTta” no nogmnucke Apl'y.

0) 10MOTHUTE/ILHAS JIUTepaTypa:

2.

3.

4.

Kusmaps, 0. C. HenuHeliHOCTH B IEpUOJMUECKUX CTPYKTypax U Metamatepuanax / Ilog
pen. npod. 0. C. Kubmaps, npod. H. H. Po3anosa - Mocksa : ®DUSMATIJINT, 2015. - 384
c. - URL : https://www.studentlibrary.ru/book/ISBN9785922115933.html. - Pexxum mocry-
na: ObC "KoncynpranT cryaenrta" no noanucke Apl'Y.

Anekceenko A.I. TIpadpen. - M. : Jlaboparopus 3Hanmif, 2017. URL: -
http://www.studentlibrary.ru/book/ISBN9785001014720.html. - Pexum moctyma: DBC
"KoncynpTaHT cTyzneHTa" nmo nogmnucke Apl'y.

bankos C. E. DnextpomarautHble kpuctamisl. - M.: ®U3MATIIUT, 2010. - 352 c.
https://www.studentlibrary.ru/ru/doc/ISBN9785922112727-SCN0002.html. - Pexum mo-
cryna: ObC "Koncynbrant ctynenta" no noanucke Apl'Y.

B) pecypcbl cetu UHTepHeT:

1.

2.
3.

4.

OnexkTpoHHas Oubnuoreka yueOHbIX MaTepuanon Spl'yY
(http://www.lib.uniyar.ac.ru/opac/bk_cat_find.php).

OnextpoHHas Oubnuoreka elibrary.ru.

A. H. JlarapskoB, B. H. Kucens, A.K. CapsiueB, B. H. Cemenenko. Jpaextpodusuka u
AIIEKTPOUHAMUKA MeTamMaTepuaioB // TBT, 48:6 (2010), 1031-1048; High
Temperature, 48:6 (2010), 983-999.
https://www.mathnet.ru/links/404cc376ff64b7c1b87ec66547d5e887/tvt892.pdf (oTkpmITHIi
JIOCTYII)

I'opnau M.A., Casenbe P.C., KoHncnekT nekuuii mo «9JI€KTpOINHAMUKE METaMaTEPUAIIOB)
(Lecture notes on “Electrodynamics of Metamaterials”) — CI16: Yausepcuter U'TMO, 2020.
— 108 c. https://books.ifmo.ru/file/pdf/2652.pdf (oTkphITHIH qOCTYII)

7. MaTtepuajnbHO-TeXHH4YecKasi 0a3a, HeoOXoaUMAasl IS OCYLIeCTBJIEHUSI 00Pa30BATEJIHLHOIO
npouecca no AUCHUIINHE

MaTCpI/IaJ'IBHO-TCXHI/IquKa}I 68.38., HGO6XOJII/IM8.H AJIL OCYHICCTBJICHUA O6p330BaTeHBHOTO

mnmponecca mo JUCHUILIMHE BKIIIOYACT B CBOM COCTaB CIICIUATLHBIC TIOMCIICHHS


https://www.studentlibrary.ru/book/ISBN9785759814078.html
https://www.studentlibrary.ru/book/ISBN9785922115933.html
http://www.studentlibrary.ru/book/ISBN9785001014720.html
https://www.studentlibrary.ru/ru/doc/ISBN9785922112727-SCN0002.html
http://www.lib.uniyar.ac.ru/opac/bk_cat_find.php
https://www.mathnet.ru/links/404cc376ff64b7c1b87ec66547d5e887/tvt892.pdf
https://books.ifmo.ru/file/pdf/2652.pdf

— yudeOHbIE ayAUTOPUH [T IPOBEACHUS 3aHATUI JIGKIIMOHHOTO TUIIA;

— yudeOHbIe ayAUTOPHUH Ul IPYIIIOBBIX U MHIUBUAYAIbHBIX KOHCY/IbTALUI;

— y4eOHble ayIUTOPHUH Ul TEKYLIEr0 KOHTPOJIS U IPOMEKYTOUYHOM aTTecTaliiy;

— TIOMELIEHMs Ul CAaMOCTOSTENIbHOU PaboThI;

— TOMELIEHMs [Vl XPaHEHUs U MPO(YUIAKTUYECKOT0 00CITyKUBaHHsI 000pYy10BaHHUS.

[Tomemienus st caMOCTOSATENBHOM pabOThl 00YYarOIIMXCsl OCHAIIEHB KOMIIBIOTEPHON TEX-
HUKOW ¢ BO3MOXKHOCTBIO MOJIKIIIOYEHUs K ceTu «VHTepHeT» u o0ecreyeHueM JOCTyIa B 3IEKTPOH-
HYI0 HH(POPMAIIMOHHO-00pa30BaTEbHYIO CPEly OPraHU3aIINH.

ABTOD:

Houent xadpenper UUPC, k.¢.-M.H., go11. T. K. AprémoBa



IMpuiaoxenne Nel k padoyeil nporpaMMe I CIUAININHbBI
«JIeKTPOANHAMHUKA MeTAMATEePUAIOB»

OueHovHbIe MaTEePHAJIBI
JJIS1 IPOBeEHUS TeKYyleil W/WId MPOMEeKYTOYHOM aTTeCcTAlluN AaCIMPAHTOB
1O JUCHUIJINHE

1. KoHTpoJIbHBIE 3a/IaHUSI 1 HHBbIE MATePUAJIbI,
HCMOJIb3yeMble B Mpollecce TeKyIero KOHTPOJIsl YCIeBaeMOCTH

Cnucok BONPoOCoB K codece10BaAHUIO

CobecenoBanue MPOBOJUTCS 11O BOIPOCAM K 3a4ETy.

2. KoHTpoJibHbIE 3a1aHNs U HHbIE MaTePUAJIbl, HCIOJIb3yeMble B MPOIecce MPOMEKYTOY-
HOH aTTecTALNH

Bompocsl k 3a4ery
[TonsaTne u kIaccupuKamus MeTaMaTepHasoB.
YpaBHeHUs U1 BEKTOPOB I0JIS 111 OOBIYHBIX M METaMaTepUaoB.
DKBUBaJIEHTHAs CXEMa JIEMEHTa MeTamaTepuala, MoJIeb OTPE3Ka JIMHUU.
MeToapl MOAETUPOBAaHUS ABYMEPHBIX U TPEXMEPHBIX METAMATEPUAIIOB.
TokornpoBoasIMe 3IEMEHTHI JUIsI MUKPOBOJIHOBBIX METaMaTEpHUaOB: OTPE3KH IPOBOJIOKH,
CIIUPAJIY, PE30HATOPBI Ha Pa3pPE3HBIX KOJIBLAX, IPYTHE CTPYKTYPHI.
Pe3oHaHCHBINM OTKIIMK COCTABISAIOIIMX METAMaTEPUAIIOB.
IIpenomiieHne 371EKTPOMAarHUTHBIX BOJIH B JIEBOCTOPOHHEM MaTepHUae.
ObecnieyeHne paguonpo3pavyHOCTH 3a CYET METaMaTEPHUAIIOB.
Paguonornomaronue cpeacrsa MeTraMaTEpHUaoB.
10. YMeHbIIeHHE pa3MepOB aHTEHH 3a CUET METaMaTepHaloB.
11. YMeHbII€HHE B3aUMHOTO BIMSIHUS QHTEHHBIX 3JIEMEHTOB B aHTEHHBIX PEIETKAX.
12. YxpsiBatomirie 000JI09KH Ha METaMaTepraiax.
13. YMeHbII€HHE PaI03aMETHOCTH OOBEKTOB ¢ TOMOILBI0 METaMaTepHAJIOB.
14. Cynepnunsa Becenaro.
15. [IpumeHeHne MeTaMaTepranoB A 0OecreueH s Tydlle pa3pelaromieil ClloCOOHOCTH.
16. ®oroHHBIe MeTamMaTepHaibl, (POTOHHBIE KPUCTAJUTHI M YaCTOTHO-CEJIIEKTUBHBIC MOBEPXHO-
cti. X 9acToTHBIE CBOWCTBA U 00J1aCTH IPUMEHEHUS.

s E
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3. KpnTepml BbICTABJICHUA OLICHKU

ITo oKOHYAHWH OCBOEHHSA JUCHUIINIMHBI aCIIUPAaHTy BBICTABIACTCA OAHA M3 OLICHOK: «3a4YTC-
HO», «HE3aYTECHOM.

OmneHka «3a4TEHO» BBICTABISAECTCS aCIUPAHTY, €CJIM OTBET HA BOIPOC B XOJE 3a4€Ta COOT-
BETCTBYET KaK MHHMMYM IOPOTOBOMY YPOBHIO (CM. TaOJMIly KPUTEpHUEB OLICHWBAHUS OTBETOB Ha
BOIIPOCHI).

Ecnu ke OTBETHI Ha BOIPOCHI MMEIOT YPOBEHb HMKE MOPOTOBOIO, BBHICTABISAETCS OLIEHKA
«HE3aUTECHO.



Kputepuu onieHMBaHNs 0TBETOB HA BONPOCHI K 3a4€Ty

IToporoBblii ypoBeHb IIpoaBuHYTHIN ypo- Boicokuid
Kpurepuii (Ha «y/10BJIE€TBOPHU- BeHb YPOBEHb
TeJbHO») (HA «XOPOIO0Y) (HA «OTJIHYHOY)
CooTBeTCTBHE Xots 0b1 yactuuHoe (ke | IloaHoe [Tonnoe

0TBETAa BOMPOCY

omHocsaweecs K 60npocy
He NOOEeHCUM NPOsepKe)

ITosnora orBeTa

Bompoc 6uiera packpsiT
Ha 50 u Ooiee %

OTBeT MOYTH MOJIHBIHN,
0e3 omunboK, He XBaTa-
€T OTACNIbHBIX dJICMCH-
TOB U TOHKOCTEH

OrTBeT IOJIHBIA U 0€3
omboK

Hanuume npu-

HNmerotcs OTACIBbHBIC

MHoro npumMepoB

Ectb IMPAKTUYCCKHU KO

MEpOB MIPUMEPHI BCEM YTBEPXKICHUSIM

Pucynku (ecsim | merotcs KoppekrtHbie KoppekTHbie

TpeOyI0TCS)

Baanenune metro- | YIIOMHUHAIOTCS HAaUMe- Jaércsa kpatkoe onuca- | [IpuBoaurcsa cpaBHU-

A0JIOTHeH HOBaHUS METOJIOB HUE METOJIOB TEJIbHBIN aHaIu3 pas-
JIMYHBIX METOJIOB

Kpurnueckui Ilepeuncisarorcs nocro- | Ilepeuncistores no- IIepeuncisarorcs no-

aHaJu3 cylle-
CTBYHOIIUX Me-
TOIOB

WHCTBA U HEJIOCTATKH
CYILLIECTBYIOIIUX METOJIOB

CTOMHCTBA M HEJIOCTAT-
KM CYIIECTBYIOIINX M€-
TonoB. [IpuBonsTcs 1e-
JIEBBIE MOKA3aTENN U UX
MEePCIIEKTUBHOE 3HaUE-
HHE.

CTOMHCTBA U HEJ0-
CTaTKU CYIIECTBYIO-
mux MeToioB. [Ipu-
BOJATCS 1€JIEBBIE IO~
Ka3aTeyiv U UX Imep-
CIIEKTUBHOE 3Haue-
HHE. YKa3bIBaIOTCS
MyTH Pa3BUTUS METO-
JTIOJIOTHYECKOM Oa3kbl.




