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Mporpammy ancumnnuHbl paspabotan(a)(un) Capanaaes E.B. ; accucteHT, k.H. Xamagees M.A.
Kadbenpa ontnku n HaHodpoToHNKK OTaeneHne gomanku , Marat. Khamadeev@kpfu.ru

1. LUenn ocBOEHNS AUCLUMINHBI

3HaKOMCTBO C HOBbIM TUMOM ONTUYECKUX HAHOMaTepuanos, Ha3biBAEMOM (POTOHHbIM KpUcTannamu,
nonyyeHune 3HAHWUI O NOCNeAHNX OOCTUXEHUSX B 9TOM HanpaBneHnn, CBA3aHHbIMKU C NCCNnenoBaHNEM

NX ONTMYECKUX CBOMNCTB U METOLOB CUHTE3A.

2. MecTO AMCUMUNNUHBI B CTPYKTYype OCHOBHOM 06pa3oBaTtefibHOM NPOrpammbl BbICLLETO
npocpeccuoHanbLHOro o6pasoBaHus

JaHHas yyebHas oncumnnnHa BkodeHa B pasgen " M2.[1B.6 NpodeccuoHanbHbI

ALl

OCHOBHOW

obpasosaTtenbHoi nporpammbl 011200.68 duanka 1 OTHOCMTCS K AUCUUMNINHAM MO BbIOOPY.
OcBauBaeTcs Ha 2 kypce, 3 CeMeCTp.

OucumnnnHa M2.1B6 "®oToHHbIe kpucTannbl" siBnsietcst 6a3oBoit YacTbio NporpamMmbl Ans
marnctpartypbl "®duanka atoMmos 1 Monekyn" no HanpasneHuto 011200.68 - "duauka" (6nok M2).

3y4yeHune naHHo avcumnnvHbl 6a3npyeTcs Ha NoaroToBKe Mo PU3NKe U MaTeMaTuke B pamkax
CocynapcTBeHHOro ctaHaapta obwero obpasoBaHns, AUCUMNIMH NOAroTOBKM BakanaBpoB no

HanpaeneHuto 011200.62 - "®dusnka":, b3.b.2 "MonekynspHas duamka", 63.6.3 "OnekTpnyecTtso u

marHetnam", 63.6.9 "OnekTpoanHammka", 63.6.4 "OnTtuka".

3. KomneTteHuun oﬁyqalom.eroca, cdopmMupyembie B pesyrnbraTte OCBOEHUSA AUNCLMMNIUHDbI

/mopynsi

B pesynbTate 0CBOEHUSI AMCLMNINHBI (OOPMUPYIOTCS CReaytowme KOMNeTEeHUNN:

Pacwucposka
LLinchp komneTeHumu npuobpeTaemMon KOMMNeTeHL MU
OK-1
CMNOCOBHOCTbIO AEMOHCTPUPOBATD YriybneHHble 3HaHNS B
(0BuekynkTypHLie obnactu MmateMaTuKy N eCTECTBEHHbIX Hayk
KOMreTeHuun) y
OK-5
(0BLweKkynbTypHbIE CNOCOBHOCTBLIO NOPOXAaTh HOBbIE NAEWN (KPEATUBHOCTD)
KOMMeTeHuunn)
OK-7 CNoCOBHOCTbIO a4anTMPOBaTbCS K UBMEHEHMIO HAYHYHOMO U
Hay4YHO-NPOM3BOACTBEHHOIO NPOUNS CBOEN
(0blWeKynbTypHbIe .
KOMNETEHLIN) NPOCHECCMOHaNbHOM NeATENbHOCTM, K UBMEHEHMIO
COLMOKYNbTYPHbIX 1 COUMnanbHbIX YCNOBUA OEATENbHOCTU
AK-1 CNocobHOCTbIO CBOOOAHO BnaneTb PyHAAMEHTANbHBIMU
namm gou3mnku, HeobxoaMmMbIMU
(NPOCDECCMOHANBHBIE pasgenamun pmsnkn, Heobxon LONS peweHns )
KOMMETEHLN) Hay4HO-CCnenoBaTenbCcknx 3anad (B COOTBETCTBMM CO CBOEW
MarmcTepcKom nporpammon)
MK-2 CMOCOBHOCTBIO MCMOIb30BaTh 3HAHWNS COBPEMEHHbIX Npobnem
(npodpbeccmoHanbHble PU3NKN, HOBENLWMX OOCTUXEHUIA (PU3NKU B CBOEN
KOMMeTeHuun) Hay4HO-uUccnenoBaTenbCkon AeaTeNlbHOCTH
CNoCOBHOCTBLIO UCNONb30BaTh CBOOOAHOE BNafeHme
AK-5 NpodheccrnoHanbHO-NPOOMIMPOBAHHBIMU 3HAHNSAMM B 06nacTu
VH MaLMOHHbIX TEXHONOIMIA, COBPEMEHHbIX KOMMbIOTEPHbIX
(npodheccunoHanbHble opmauo exHonorin, copeme OMMbIOTEP
KOMMETEHLM) ceTei, NporpaMmHbIX NMPOOYKTOB U pecypcoB VIHTepHeT ans
peleHns 3a8a4 NpogPecCnoHanbHon AesaTenbHOCTH, B TOM
Yyncne HaxoLAWMXCs 3a npenenamm NPoguIbLHON NOArOTOBKM
MNK-6 cnocobHoCTbiO cBOOOAHO BNageTb pasnenamm sk,
(npodheccunoHanbHbie HeobX0AMMbIMU ONSt PEWEHUst Hay4YHO- MHHOBALMOHHbIX 3a4ad
KOMMeTeHuunn) (B COOTBETCTBUN C NMPOCOUIEM NOATOTOBKN)
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Pacwmndpposka
Wincpp komneteHunu npuobpetaemon KOMNeTeHLUn
MK-7 CcnocobHOCTbIO CBOOOAHO BNaaeTb NPOdECCMOHaNbHBIMM
(npodheccunoHanbHble 3HaHMSaMN ONa aHanua3a u CUHTe3a PM3nyYeckom NHgopmaunm
KOMMeTeHuunm) (B COOTBETCTBUM C NPOCOUNEM NOATOTOBKN)

B pesynbrate 0CBOEHUS OUCUUMINHBLI CTYOEHT:
1. DONXEH 3HaTb:

Knaccmgomkaumo POTOHHbIX KpUCTannos; donsndyeckmne npuHLUMnb BOSHUKHOBEHNSA 3anpeLleHHbIX
30H; ONTUYECKME CBONCTBA POTOHHbIX KPpUCTANNOB 1N NPUMEHEHNEe NX B MUHHOBALIMOHHbIX
TEXHONOrnsX; OCHOBHblEe MEeTOObl CUHTE3a DOTOHHbIX KPUCTan/oB.;

2. IONXEH yMeTb:

NPUMEHSITb COBPEMEHHbIE METOAbl TEOPETMYECKOrO NCCNEN0BaHNSA (OOTOHHbIX KPUCTaNN0B 4Ns
onpeneneHnsi CBOMNCTB 3NEKTPOMArHUTHBIX MOMER BHYTPY HUX; OPUEHTUPOBATLCS B COXHOW CUCTEME
COBPEMEHHOr0 HaHoOMaTepuanoBeoeHNs

3. 0OMXEeH BnageTb:

HaBblkaMN CUCTEMHOr0 Hay4YHOro aHanmaa npobnem (kak NPUPOAHbIX, TaK U NPOCPECCUOHANbHbIX)
PasnMYHOro YPOBHS CMOXHOCTYW; HaBblkammn paboTbl ¢ nabopatopHbiM 060pYNOBaAHNEM U
COBPEMEHHOI Hay4yHOI annapaTypoii; NPoBeaeHMs OU3NYECKOro 3KCNEepPrMEHTa.

4. nONXeH OEeMOHCTPUPOBaTb CMNOCOHOHOCTb M FTOTOBHOCTb:
pewarb NpuknagHbie U oyHOaMeHTaNbHbIe 3a1a4L, CBA3aHHbIe C (POTOHHBIMM KpUCTannamm

4. CTpyKkTypa U cogepXxaHvue OUCLUMNIUHBI MOAYNS
Obwas Tpya0eMKOCTb AUCLIMIMIMHBI COCTaBnseT 2 3a4eTHbIX(ble) eanHuL(bl) 72 Yaca(os).
dopmMa NPOMEXYTOHHOIr0 KOHTPONSA ANCUMMINHBI 3a4€T B 3 CEMECTpE.

CyMMapHo no amcumnanHe MoxHo nony4ntb 100 6annos, U3 HMX Tekylwas paboTta oueHmBaeTcs B 50
6anno., ntorosas popma KoHTpons - B 50 6annos. MnHMManbHoe KONMYeCTBO NS [OMnycKa K 3a4eTy
28 6annos.

86 6annos 1 6onee - "oTANYHO" (OTN.);

71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynoBnetBopuTenbHO" (YO0B.);

54 6anna 1 MeHee - "HeyOoBNETBOPUTENLHO" (Heya.).

4.1 CTpyKkTypa u coaepxaHue ayauTopHON paboTbl N0 AucUMNIMHe/ MOAYIO
TemaTuueckui NNaH AUCLUNINHBI/MOAYNS

Buabl n yachbl
ayauTopHOM paborThbl,

Paspen
Henens WX TpyAO0EeMKOCTb Tekywme cpopmMbl
N D.VIIC\:’IL:)V‘I:;,T;HH/ CemMecTPemectpa (B yacax) KOHTpOnNsi
Nex ImI'IpaxnmecxvleJ1a60parop|-|b|e
L 3aHATUSA pabortbl

Tema 1. BeepeHue B YCTHbI ONpOC
1. 3 1 1 0 0

OOTOHHbIE KpUcTannbi

Tema 2. .
2. |dncnepcuoHHble 3 2 1 0 0 yeTHbI onpoc

COOTHOLLEHNS
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Paspen
AducunnnuHol/
Moayns

CemecTp

Henens
cemecTtpa

Bugbl n yachbl
ayauTopHOM paboThbl,
MX TPYAO0EMKOCTb
(B wacax)

Tekywime coopmbl
KOHTpOns

Nekuunn

MpakTnyeckue
3aHATUSA

NabopaTopHbie
paborbl

Tema 3. MeTonpbl
pacyeTa OnTU4eckmx

. |cBonCTB

nepuoanyecKmnx
HaHOCTPYKTYP

YCTHbIA OnpocC

Tema 4. MeTton nnocCKnx
BONH ONd 2-X U
3-XMepPHbIX POTOHHbIX
Kpuctannos

YCTHbI ONpOC

Tema 5. MeTon maTpuy
nepeHoca

YCTHbI Onpoc

Tema 6. OQHOMEPHBbIN
JOOTOHHbBIV Kpuctann

YCTHbI ONpOC

Tema 7. MeTon
KOHEYHbIX pa3HOCTEN BO
BPEMEHHOI obnacTu
(FDTD)

YCTHbI Onpoc

Tema 8. MeTon
CBSI3aHHbIX MOJ, B
npocTpaHcTee Pypbe
(RCWA)

YCTHbI ONpOC

Tema 9. InoTHOCTL
JOOTOHHbIX COCTOSAHUI

YCTHbI ONpocC

10.

Tema 10. CuHTes
(OOTOHHbIX KpUCTaNnoB

10

YCTHbI ONpOC

11

Tema 11. CospaHue
JPOTOHHbIX KPUCTaNNoB

‘IMeToO0OM KONNouaHoOwMm

cbopku.

11

YCTHbI Onpoc

12

Tema 12. MeTtoabl
doopMUpoBaHNSA

lynopsiao4eHHbIX

CTPYKTYp
NCKYCCTBEHHbIX ONanos.

12

YCTHbI ONpOC

13.

Tema 13. MeToapbl
nccnenosaHus
(OOTOHHbIX KPUCTANNOB.

13-14

YCTHbI Onpoc

14.

Tema 14. Hosble
domsndeckne aBneHns
Ha OCHOBE (POTOHHbIX
Kpuctannos

15-18

YCTHbI ONpocC

Tema . torosas
doopMa KOHTpoOns

3a4ert

NTtoro

12

14

4.2 CopepxaHvue JUCLUMNUHbI
Tema 1. BBepeHne B OOTOHHbIE KpUCTaNNbI
JNeKLuMoHHoe 3aHsiTue (1 Haca(os)):
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OnpepneneHne OOTOHHbIX KpucTannos. MNMoHsaThe 3anpelleHHon 3oHbl. Knaccndomkaums ooTOHHbIX
KpWCTannoB No pasMepHOCTM NepPUOaNYHOCTM U B 3aBUCMMOCTY OT WMPUHBI 3anpewwéHHbIX 1
paspeléHHbIX 30H. Pe30HaHCHbIE 1 HEPe30HaHCHbIE POTOHHbIE KpUcTansbl. JedekTHbIe 1
6e3nedekTHble POTOHHbIE KpucTanibl. icTopuyeckas cnpaska. POTOHHbIE KPUCTanbl B NMPUPOAE.
MpuMeHeHe GOOTOHHbIX KPUCTaNOB.

Tema 2. lucnepcuoHHble COOTHOLLUEHUSI
nekumnoHHoe 3aHsitne (1 yaca(os)):

CB#A3b 4acTOTbl C BONHOBbIM BeKTOpoM. CooTHoweHusa Kpamepca n KpoHura. cBsi3b AUCNEPCUOHHDBIX
COOTHOLLEHWIA C Nokasarenem rnpenomneHus. YpasHeHns Makcsenna ons oOTOHHbIX KPUCTannos.
OnHoMepHbIii cnyyait. 3anpeweHHas 3oHa. OCHOBHblE 0COOEHHOCTM ANCNEPCUOHHBIX
COOTHOLWeHW. MHUMas KOMMOHEeHTa BONHOBOr0 BekTopa. PeweHne B AByX- N 4ETPEXKOMMNOHEHTHOM
NpubnnxeHnsx. BapmaHTbl 30HHbBIX CXEM.

Tema 3. MeToabl pacyeta ONTUYECKUX CBOUCTB Nepnoamn4yecKux HaHOCTPYKTYp
NeKuunoHHoe 3aHsitne (1 yaca(os)):

OnemeHTapHas syelika. PeweTtka dooToHHOro kprctanna. Aveka BurHepa?3eiitua. ObpatHas
peweTka. Teopusa npencTtasneHunii. Bektopa obpartHoi pewetkn. 3oHbl BpunntosHa. Henprneoaumas
30Ha bpunntoaHa. Teopema bnoxa ona anekTpoMarHUTHOroO Nons B POTOHHbIX KpUcTannax.
OnepaTtop TpaHCNsSUnN.

Tema 4. MeToa NNOCKMX BOJH ANS 2-X U 3-XMepPHbIX POTOHHbIX KPpUCTaNNoB
JNeKLMoHHoe 3aHsiTue (1 Haca(os)):

MeTtoq nnockmx BonH ? obwmin cnyyaii. YpasHeHue Menbmronbua. Onepatopsl LE n LH. Ycnosue
nonepeyHocTu. Yyet nonspusauunmn. COOTHOWEHNE OPTOrOHaNbHOCTU U YCNOBUSI HOPMUPOBKI
peleHns AN MarHUTHOro nons. YCnosme nonepeYyHocTn Ans aneKTpu4eckom KOMNOHEHTbl. Bpems
pacyéTa 30HHOW CTPYKTYPbl AN 9NEKTPUYECKOro 1 MarHUTHOro nonei. CxoammocTy npu 60nbLimnx
N

Tema 5. MeTon, maTpuL, nepeHoca

NeKuunoHHoe 3aHsitne (1 yaca(os)):

PacnpocTtpaHeHune ceBeTa B 0OTOHHbIX Kpuctannax. lNoHatne mynbtucnos. MHoronyyesas
NHTEpgIepeHLNS B KaxaoM nad cnoés. Cynepno3numns BonH, pacnpoCcTPaHSWNXCS B NPSIMOM Y
obpaTtHOM HanpaeneHnsx. HopmansHoe nageHwve. MNMpencrasneHune nons B Buae cronéua.
lMpencTaBneHne B3anMOLENCTBUSA MONS CO CPEOO B BMAE MaTpumLbl nepeHoca. Martpuua nepeHoca
Ha rpaHuvLe OByx cnoés. Martpuua nepeHoca B cnoe. CnekTpbl OTpaXeHUs U NPOonyCKaHMS.

Tema 6. OnHOMepHbIN POTOHHbIN KpUcTann
neKkuunoHHoe 3aHsitne (1 4aca(os)):

JBymMepHas dpopmynmpoeka TpexmepHorn 3agadv. HaknoHHoe nageHne. TE n TM peweHus.
4-xMepHble cTon6bubl 1 MaTpuubl. Cryyai KOHEYHOro AManeKTprYeckoro 3epkana. Cnyyai npocToro
nHTEepdeiica ?ananekTpuk-onanekTpuk?. Cnyyaii sonHosoga. Cnyyai nonybeckoHe4YHOro
LnanekTpnyeckoro 3epkana. Cnyyai 6€CKOHEYHOro NepnoanN4ecKoro Mynbtucnos. JucnepcuoHHble
COOTHOLEHNS 1 30HHas anarpamma 6eCKOHEYHOro Neproan4eCcKoro MynbTUCIOS.

Tema 7. MeTon, KOHEUYHbIX pa3HOCTEN BO BpeMeHHon obnacTtu (FDTD)
nekumoHHoe 3aHsitne (1 yaca(os)):

MognenupoBaHune yCTPOMNCTB Ha OCHOBE (POTOHHbIX KpUCTannoe ¢ nomoubio metoga FDTD.
[MocTaHoBKa 3ap0a4v Ong BblYUCNEHUS pacnpeneneHns nons. PasHOCTHbIN BUL YPaBHEHWIA
Makcsenna. OnpegneneHne guanekTnieckon goyHkumm. OnpenenexHme HavanbHbIX U rPaHUYHbIX
ycnosui. YctonumsocTtb Metona FDTD. MNpunoxerHne metona FDTD nns skcnepuMmeHTanbHO
Nony4eHHOro OOTOHHOrO KpucTanna ¢ rekcaroHanbHON CTPYKTYPOW peLleTKu.

Tema 8. MeTon cBAA3aHHbIX MOA, B pocTpaHcTBe dypbe (RCWA)
NeKuunoHHoe 3aHsitne (1 yaca(os)):

KTPOHHEBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PerunctpaumnoHHbii Homep 678614 5 AE
CtpaHnua 6 ns 13. 111 yLH,lf[

o



Mporpamma aucumnnuHbl "®oToHHbIE KpucTannsl"; 011200.68 duramnka; CapaHaaes E.B. , accucteHT, k.H. Xamanees M.A.

OnTuyeckne N MarHUTOONTUYECKNE XapakTEPUCTUKN HAHOCTPYKTYPUPOBAHHBIX MHOMOCNONHbIX
MeTanno-gnanekTpuyeckmx cpel. IHTEHCMBHOCTb, COCTOSIHUE NONApM3aunmn npoweawe,
OTPaXeEHHOW 1 paccesiHHbIX BOMH. NornoweHne cpenbl. YceyeHHoe NpocTpaHCTBO Pypbe.
Cynepnosunuusi 610x0BCKMX BOMH. HaxoxaeHne cobCTBEHHbIX BOMH KaXA0Oro COS BHYTPU CPebl.
CwwmBka peweHunin Ha rpaHuuax cnoes. CnoxHocTb 0606weHms metona RCWA Ha aBymepHO
nepuoamnyeckme CTpykKTypbl

Tema 9. NnoTHOCTb POTOHHBIX COCTOSAHUN
nekumnoHHoe 3aHsitTne (1 yaca(os)):

OnTtuuyeckne moapl nyctoro kyba obbvéma V. MNpencrasneHve B BUAE TO4EK B (pa30BOM
npocTpaHcTBe. O6bem wapa B ha3oBOM NPOCTPAHCTBE. YCNO MOA NOAS C YacToTaMu, MEHbLWUMU
w. MoHATMe NNOoTHOCTN cocTosiHMIA. CBA3b MNOTHOCTU COCTOSAHUIA C AMCNEPCUOHHbBIMU
COOTHOLWEHUSAMN B POTOHHbIX KpncTannoBs. To4kn BaH-Xoea. [MonHas n HenonHas 3anpeleHHble
30Hbl. [1prMepbl NNOTHOCTEN COCTOSHUI AN PasfnyHbIX OTOHHBIX KPUCTANOB.

Tema 10. CuHTe3 (POTOHHbLIX KpUCTaN/o0B
npaktnyeckoe 3aHsitne (3 4yaca(os)):

M3rotoBneHmne poToHHbIX Kpuctannos. Knaccudmkauna metonos cuHTeda. MeTtoabl cMHTE3a
?cHU3y-BBepx?. MeTtoabl cuHTE3a ?cBepxy-BHU3?. KonnonaHbie 0OTOHHbIE HAHOCTPYKTYPbI.
CosnaHue OOTOHHbBIX KPUCTaNNoB METOLOM KONNOWOHOM coopkn. MeTtoabl TpaeneHms. Macku 13
goTopesucta. OrpaHuyeHre metona. Monorpadmyeckne metoabl. [dpyrune metogpl.

Tema 11. Co3paHune (pOTOHHbIX KPUCTANIOB METOA0M KOJUIOMAHOM COOPKM.
npaktnyeckoe 3aHsitne (3 4aca(os)):

CuvHTe3 Mukpocdep 13 amokcmaa kpeMHus. Meton BuHbsinna. Meton LUTobepa. Mokasartens
NPenoMIeHNs CUNMKOHOBbLIX MUKpOcdoep. NopucTocTb GOOTOHHbBIX KPUCTaNN0B HA OCHOBE OManos.
BnnsaHue Temnepatypbl KanbUMHMPOBAHNSA Ha anameTp Mukpocdep OnTnyeckmne CBOMNCTBA TOHKMUX
MNEHOK Ha OCHOBE OManos.

Tema 12. Metoabl hOpMMPOBAHUSA YNOPSAOUYEHHbIX CTPYKTYP UCKYCCTBEHHbIX ONasnos.
npakTnyeckoe 3aHsitne (4 4aca(os)):

Kpuctannmnsaums. EctectBeHHas ceanmeHTtaums. KonnonaHble KpucTannibl B BOOHON CyCrNeH3uu.
OcaxgeHne MeTooM anekTpodoopesa. Meton BepTMKanbHOro 0OCaXAEHMS ANt TOHKUX MNEHOK.
MeTon ueHTpudoyrnposaHus. Meton ocaxaeHusi Ha MembpaHax.

Tema 13. MeTtoabl nccnepoBaHnst OTOHHbIX KPUCTaNOB.
npakTtnyeckoe 3aHsitne (4 4aca(os)):

O6wwme NPVHUMMBLI ONTUYECKON CNEKTPOCKONMK. 3anpelleHHas 30Ha B CnekTpax nponyckaHms u
oTpaxeHus. 3akoH bperra-Bynbga. Cnocob BbluncneHns 3odekTMBHOro nokasaTens
npenomnenus. Kpuctannorpadguyeckme niockoCTy B CnekTpax POTOHHbIX Kpuctanios. BnvsHue
TONWWMHbI 06pasua Ha cnekTpbl nornoweHns. Meton onpeneneHns TONWMH NIEHOK OOTOHHbBIX
Kpuctannos. Metoapbl, OCHOBaHHblE HA HELECTPYKTUBHOW nasepHoin audpakumm. Metonabl,
OCHOBaHHble Ha paccesHun ceeta. MeToabl nCccnenoBaHNs HAHOCTPYKTYPUPOBAHHbBIX MaTepranos,
OCHOBaHHbIEe Ha CKaHupyoLwern 30H40BOW MUKPOCKOMNN

Tema 14. HoBble chusmnyeckue siBieHUsi Ha ocHoBe (POTOHHbIX KPUCTanoB
neKuMnoHHoe 3aHsiTne (3 yaca(os)):

INokanusaumns ceeta. CNoHTaHHOE n3nyYyeHne B OOTOHHbIX Kpuctannax. ioes nokanmsaumm ceeta.
dOoTOH-aTOMHOE CBA3aHHOe cocTosiHMe. [edekTHble Moabl. POTOHHbIE KpUCTanbl kak 6asa ans
YCTPOMCTB ONTU4eCKOon nHgopMmatukun. Ontnyeckme sapgekTbl Ha rpaHunLe 30Hbl. dPdekT
oTpuLaTenbHON pedopakummn B OOTOHHbIX Kpuctannax. Otnnyme ot metamarepuanos. "MenneHHbIn"
ceeT. Cynep-npuambl. Co3gaHne NCTo4YHMKOB ceeTa ¢ Bbicokum Kl . Mnkpononoctn Ha ocHoBe
(OOTOHHbIX KpUCTannos. HoBbIA KNacc ONTUYECKMX BOTHOBOOOB. ONAEKT MBMEHEHNS MACChI
9NEeKTPOHA B cpelie (POTOHHbIX KPUCTaNoB.

4.3 CTpyKTypa 1 copepXxaHume caMOCTOSATE/IbHOM paboTbl AUCLMMIUHBI (MOLYNA)

KTPOHHEBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PerunctpaumnoHHbii Homep 678614 5 AE
CtpaHnua 7 ns 13. 111 yLH,l:[

o



Mporpamma aucumnnuHbl "®oToHHbIE KpucTannsl"; 011200.68 duramnka; CapaHaaes E.B. , accucteHT, k.H. Xamanees M.A.

Buabl
N Paspen Cemect Hepens | camocTosiTensHon [TpyAo0eMKOCTb ;%%%::):?:;Ezg;
AducumnnuHbl pcemecrpa paborthbl (B yacax) 260TbI
CTYyAOEeHTOB P
Buabl
N Paspen Cemect Hepens | camoctositenbHomn [TpynoeMKOCTb ;ﬁ%ﬂ:'o;?:;ﬁgﬂﬁ
AducumnnnmHbl pcemecrpa paboTbl (B yacax) 260Tbi
CTYAOEeHTOB P
Tema 1. BeegeHue B NnoAroToBka K o
1. '
OOTOHHbIE KpUcTansbl 3 1 YCTHOMY Onpocy 3 ycTHEI Onpoc
Tema 2. nooroToBka K
2. |[dncnepcuoHHble 3 2 CTHOMY OMDOC 3 YCTHbIA ONpOoC
COOTHOLLEHNS y y onpocy
Tema 3. MeToapl
pacyeta OnTUYECKUX
3. |cBOMCTB 3 3 nngrg;OBoKr? ':) c 3 YCTHbI ONpocC
nepuoany4ecknx y y onpocy
HaHOCTPYKTYp
Tema 4. MeTton nnockumx
BOJIH O/ 2-X U noaroToBska K o
4.
3-XMEpPHbIX POTOHHbIX 8 4 YCTHOMY Onpocy 3 ycTHEI Onpoc
Kpuctannos
Tema 5. MeTton matpuy, noaroToBka K o
5. nepeHoca 3 5 YCTHOMY Onpocy 3 ycTHEI Onpoc
Tema 6. OgHOMepHbI noAroToBka K o
6. OOTOHHbBIV KpucTann 3 6 YCTHOMY Onpocy 3 YCTHBIN ONpoc
Tema 7. MeTon
KOHEYHbIX pa3HOoCTeN BO NoAroToBKa K o
7. N 7
BPEMEHHO obnacTtu 3 YCTHOMY Onpocy 3 ycTHEI Onpoc
(FDTD)
Tema 8. MeTon
CBSI3aHHbIX MOJ B NOAroToBKa K o
8. npocTtpaHcTee Pypbe 3 8 YCTHOMY Onpocy 3 yCTHBI ONpoc
(RCWA)
Tema 9. NnoTHOCTL NoAroToBKa K o
9. POTOHHbIX COCTOSAHMUI 3 9 YCTHOMY Onpocy 3 ycTHEI Onpoc
Tema 10. CuHTes noaroToeka K o
10. 1
0 POTOHHbIX KPMUCTaNN0B 3 0 YCTHOMY ONpocCy 3 yCTHEI ONpoC
Tema 11. CospnaHne
OTOHHbIX KPUCTAIIOB NoAroToBka K -
11.|® C 11
MEeTOLO0M KONMOUOHOW 3 YCTHOMY onpocy 3 ycTHEI onpoc
cbopku.
Tema 12. Metoapl
doopmmnpoBaHus
12.lynopanoyeHHbIX 3 12 I'Ig.TuHrgthOBoKrell 'é c 3 YCTHbI ONpocC
NCKYCCTBEHHbIX OMasnos.
Tema 13. MeToabl
13.luccnepnosaHus 3 13-14 nngrg;OBoKr? I:)c 3 YCTHbIA ONpOoC
POTOHHbIX KPMUCTAaNMOB. y y onpocy
Tema 14. HoBble
n3n4yeckune sBreHns NoOAroToBKa K o
14| 15-1 7 THbI OnN
Ha OCHOBE POTOHHbIX 3 5-18 YCTHOMY Ornpocy ye onpoc
5. 06 p@eBanénBHbIe TEXHONPIMK, BKOYasi MHTepaKTUBHbIE ¢popMbl 06yUeHuUs
Nekunl(1EHOmoxHOCTbIO 06CcyXaeHus [Npeameta 3aHATIS 46
PerncrpaumnoHHblii Homep 678614 DAEKTPOHHEH
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6. OueHOUYHble cpeacTBa OJ1sl TEKYLLLEro KOHTPOS yCreBaeMoCT!, NPOMEXYTOYHOMN
aTTecTauum no UToram OCBOEHUS OUCLIMINIIMHBI U y4eBHO-MmeToanyeckoe obecneyeHme
CaMOCTOSITe/IbHOW paboTbl CTYAEHTOB

Tema 1. BBeneHue B (pOTOHHbIE KpUCTannbl
YCTHbI ONPOC , MPUMEpPHbIE BOMPOCHI:

1. HazoBunTe Kak MOXHO 6orblie NPUNoXeHWin POTOHHBLIX KpucTannos. 2. B kakom rogy 6bin co3naH
Sl6noHoBUT?

Tema 2. lIucnepcuoHHble COOTHOLLEHUSI
YCTHbIA ONPOC , NPUMEpPHbIE BONPOCHI:

1. I'Iepeqmcnme BCE BapunaHTbl 30HHbIX CXEM. 2. [lokaxuTte, 4To B 3anpemeHHO|7| 30HE Y BO/THOBOIo
BEKTOpPa nosasnyaetcda MHMMasa KOMNOHEHTA

Tema 3. Metoabl pacydeTa onTu4yeckux CBOWCTB nepunoanyecknx HAHOCTPYKTyp
yCTHbIVI ornpoc , npnMepHblie BOMNPOCHI:

1. Hangute aneMeHTapHyo S4erky y oAHOMEPHOro OOTOHHOIro kpuctanna. 2. Hangnte syeiky
BurHepa-3eiua y o4HOMEPHOro OOTOHHOrO KpucTanna.

Tema 4. MeToa NNOCKMX BOJH ANs 2-X U 3-XMepHbIX POTOHHbIX KpUCTaNIoB
YCTHbI ONPOC , NPUMEpPHbIEe BOMPOCHI:

1. MNonyunte anrebpanyeckoe ypaBHEHNE 45 ANEKTPMYECKOro nons 2. B3ss BEKTOPHblE
npoun3BeneHns B pasHbix 6asucax, nonyymnte matpuuy M(G, G')

Tema 5. MeTon, maTpuL, nepeHoca
YCTHbIA ONpPOC , NPUMEPHbIE BOMPOCHI:

1. BboiBeanTe COOTHOWEHME OPTOrOHaNbHOCTM ONS 9NEKTPUYECKOro Nons Yepes aHanornyHoe
COOTHOWEHNE AN MarHMTHoro 2. [lokaxuTte spMUTOBOCTb onepaTopa LH

Tema 6. OnHOMepHbIN POTOHHbIN KpUcTann

YCTHbIA ONPOC , NPUMEPHbIE BOMPOCHI:

1. [lokaxuTte HeapMMTOBOCTb oneparopa LE 2. [lokaxute spMmToBOCTb onepartopa LQ
Tema 7. MeTon, KOHEUYHbIX pa3HOCTEN BO BpeMeHHon obnactu (FDTD)

YCTHbI ONPOC , NPUMEpPHbIE BOMPOChI:

1. BoiBeanTe obwuii BUA MatpurLbl NepeHoca B cnoe Ans HopManbHOro nafneHus 2. BoieeamTe obwuii
BUI MaTpULLbl NEpeHoca Ha rpaHuLLe AByx CNOEB A/ HOPMANIbHOro NafaeHUs

Tema 8. MeTon cBA3aHHbIX MOA, B npocTpaHcTBe dypbe (RCWA)
YCTHbI ONPOC , MPUMEpPHbIE BOMPOCHI:

1. Kak 6ygneT Boirnsaaetb Teopema bnoxa B TepMuHax matpul, nepeHoca? 2. MocTpoiTe 30HHY0
Anarpammy 0HOMEpPHOro OOTOHHOro KprcTanna ans HopManbHOro nageHus.

Tema 9. NnoTHOCTb POTOHHBIX COCTOSAHUN
YCTHbIV ONPOC , NPUMEpPHbIE BOMPOCHI:

1. JokaxuTe, 4YTO NNOTHOCTb COCTOSIHUIA OLHOMEPHOro OOTOHHOro KpucTtanna bynet Bectn cebs
CUHTYNSPHO Ha rpaHuue 3anpeweHHoOn 30Hbl. 2. BbiBeanTte xapaktep CUHIYNSPHOCTEN NNOTHOCTU
COCTOSIHUIA B Toukax BaH-XoBa

Tema 10. CuHTE3 (POTOHHbBIX KpUCTaNIoB

YCTHbI ONPOC , MPUMEpPHbIE BOMPOCHI:

1. MpuBeauTe npMMepbl METOO0B CUHTE3a ?CHU3Y-BBEpPX?. 2. [1puBeanTte npnMepbl METOL0B CUHTE3A
?cBEpXy-BHU3?.

Tema 11. Co3paHune (pOTOHHbIX KPUCTAIOB METOA0M KOJ/IOUAHON COOPKM.

YCTHbI ONPOC , NPUMEpPHbIEe BOMPOCHI:

1. MpuBeamnTe onpeneneHne appekTUBHOro nokasartens npenomneHus 2. Yemy pasHa o6 bEMHas
nons 3anonHeHus vactuy gng cnydasa UK v I'T1Y ynakosok

Tema 12. MeToabl (pOpMMPOBaHUS YNOPSAOYEHHbIX CTPYKTYP UCKYCCTBEHHbIX OMNaros.
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YCTHbIA ONPOC , NPMMEPHbIe BOMPOCHI:

1. CKonbko no BpPpeEMEHN ONNTCA peakunda CUMHTE3a 4aCcTul ouokcnoa erMHI/ISI? 2. Ckonbko no
BpEeMEHN ONNTCA BEPTUKalIbHOE ocaxnaeHune?

Tema 13. MeTtoabl nccnepoBaHnst POTOHHbIX KPUCTaNOB.
YCTHbIA ONPOC , NPMMEpPHbIe BOMPOCHI:

1. MpueeaunTe cnocob BbIYMCNEHNS 3DAEKTUBHOMO NoKasaTens NPenoMIeHNs No CnekTpam
oTpaxeHus 2. Npueeante cnocob onpeneneHns ToNWmH NNEHOK GOOTOHHbIX KPUCTaNNoB No
cnekTpam nponyckaHus.

Tema 14. HoBble chusmnyeckume siBneHUsi Ha ocHoBe (POTOHHbIX KPUCTanNNoB
YCTHbIA ONPOC , NPUMEpPHbIE BOMPOCHI:

1. O6bsACHWTE, YEM SIBNEHNE OTPULLATENBHON pedopakLmmn Ha POTOHHbIX KpUcTaniax oTnmyaeTcs ot
aHanorn4yHoro B Metamarepmanax. 2. YKaxute HanpasneHue rpyrnnoBon U ¢oa3oBor CKOPOCTEN Npu
oTpuUaTenbHOM NPEenomMIeHun.

Tema . UToroBasi oopma KOHTpOns

MpuMepHbIe BONPOCHI K 3a4eTy:

1. MecTo OOTOHHbIX KPUCTANNOB B HAHOHAYKE M HaHOTExXHonorusx. Knaccugpmkaumns ooTOHHbIX
KpWCTansnos.

2 NcTopuns oTKpbITUS. DPOTOHHBIE KpUCTanbl B npupoae. ®usnyeckne ocobeHHOCTM
NeproaNYECKNX BNEKTPOMArHUTHbIX CTPYKTYP.

3 30HHas CTpyKTypa OOTOHHbIX KpUCTannoB. AMCnepcroHHbIE COOTHOLWEHUS: CBSI3b YaCTOThl C
BO/IHOBbIM BEKTOPOM.

4 Ananorusa ¢ gomsnkon Teepaoro tena. O4HOMEpPHbIV, OBYMEPHbIA U TPEXMEPHbIN cnydan. 30HHbIE
anarpammbl.

5 3anpeteHHble 30HbI. [110THOCTb COCTOSAHWI SNEKTPOMArHUTHOMO MONS B POTOHHBIX KpUcTannax.
[MoHATME NonHOM 3anpeLeHHON 30Hbl U NCEBOO30HbLI. PUINYECKNIA CMbICTT

6 Tononornsa POTOHHbLIX KPUCTANNO0B C MOMHON 3anpeLeHHON 30HON: TeEoPUs U NPaKTUKa.

7 Nokanuzauusi ceeta. CnoHTaHHOE U3ny4yeHne B GPOTOHHbIX KpucTannax. Moes nokanusaumm
ceeTa.

8 POoTOH-aTOMHOE CBA3aHHOEe cocTosiHMe. [ledhekTHble Moabl. POTOHHBLIE KpUCTanbl Kak 6asa ans
YCTPOWCTB ONTMYECKOM MHApopMaTukm. Ontnyeckmne agodekTbl Ha rPaHULLE 30HbI.

9 MeTobl CMHTE3a (POTOHHBIX KPUCTanNoB. PasHoobpasne CTPyKTyp OOTOHHbIX KPUCTaOB.

10 Knaccudpukaumns metonos cuHTesa. Metoabl cnHTe3a ?cHuady Beepx?. Metonbl cMHTe3a ?cBepxy
BHU3?. Jlutorpadums. VickycctseHHble onanbl. [fonorpagwus

11 CnHTe3 Mmnkpocdep 13 agmokcmnaa kpemHus. Meton Bunbsinna. Metog Wtobepa. MNokasatenb
NPENoOMNEHNS CUNMKOHOBbLIX MUKpocdoep. MopucTocTb POTOHHbLIX KPUCTANIOB HA OCHOBE OManos.
BnunsHue TemnepaTtypbl KanbLUUHMPOBAHMS Ha AMaMeTp Mukpocoep

12 MeTtoabl hopMMPOBaHUS yNOPSA0YEHHbBIX CTPYKTYP UCKYCCTBEHHbBIX onanos. Kpuctannmsaums.
EctecTBeHHas cennmeHTaums.

13 KonnonaHbie kpuctannsl B BOAHON cycneHaun. OcaxaeHne MeTonom anekTpocpopesa. Meton
BEPTUKANbHOIO 0CaXAEHUS ANS TOHKMX NneHok. MeTton ueHTpudpyrnposaHus. Meton ocaxneHns
Ha MembpaHax.

14 OnTuyeckas xapakrTepumaaLums UCKYCCTBEHHbIX ONanoB. 3anpeleHHas 30Ha NCKYCCTBEHHbIX
onanos. 3akoH bpera. [NoHATUE 3dpdPekTUBHOIO Nokasarens npenomMneHns. Xapakrepmsaums
KONNOWAHbIX KPUCTaNOoB.

15 OnTuyeckmne cBoMcTBa TOHKMX NNEHOK HA OCHOBe onanoB. Cnocobbl AMarHOCTMKM 1
ncenenoBaHMsa CUHTE3NPOBAHHbLIX POTOHHbLIX KPUCTaNNOoB.

16 MprnoxeHns POTOHHbIX KPUCTANNOB. SPAEKT OTpULATENBHON pedpakumnm B OTOHHbIX
kpuctannax. OTanyme ot MmetamaTepunanos.

17 "MenneHHbin" ceeT. Cynep-npuambl. Co3agaHne NCToYHMKOB cBeTa ¢ Bbicokum KT,
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18 Mukpononoct Ha 0CHOBE POTOHHBIX KpUcTanioB. HoBbIM knacc onTn4Yeckmx BOMHOBOAOB.
Ncnonb3oBaHme OOTOHHbIX KPUCTANNOB B TEXHMKE.

7.1. OcHOBHas nuTeparypa:

Canex, baxaa E. A. Ontuka n dootoHmka. MNpuHUMnbl 1 NpuMeHeHns: [ysebHoe nocobue: B 2 Tomax] /
B. Canex, M. Telix; nep. ¢ anrn. B. J1. dep6osa.? OonronpyaHbiii: MUuTennekt, 2012 .

T.1.?72012.?7 759 c., [4] n. vin. : un., NnopTp.

Canex, baxaa E. A. Ontuka n dootoHmka. MNpuHUMNbI 1 NnpuMeHeHus: [ysebHoe nocobue: B 2 Tomax] /
B. Canex, M. Teiix; nep. ¢ aHrn. B. J1. ep6osa.? OonronpynHbivi: VIHTennekt, 2012 .

T.2.72012.?780c. : vn.

HoBoTHbIN, J1. OCHOBBI HAHOONTUKN: NepeBoL ¢ aHrnuinckoro / J1. HoBoTHbIl, B. XexT ; Mep. ¢ aHrn.
A. A. KoHosko, O. A. WyTtosoii; MNog pea. B. B. Camapuesa.? M.: ®uamarnut, 2009 .7 484 c.: un.

7.2. lononHuTenbHasa nureparypa:

Knumos, Bacunuin Bacunbesundy. HaHonnasmoHuka / B. B. Knumos .? V3gaHue 2-e, ucnpaeneHHoe .?
Mocksa : duamarnut, 2010 .7 480 c. : un., uB. un.
http://e.lanbook.com/books/element.php?pli_id=2204

Maspunos A.B. n gp. dugopakumnmoHHas HaHogooToHuka / [FaBpunos A. B., NonosawkwnH O. J1.,
Hockonoswny J1. J1. n gp.] ; non pean. B. A. Conicpep .? Mocka : DUSMATIINT, 2011 .7 679 c. : vn.
http://e.lanbook.com/books/element.php?pl1_id=5296

7.3. UHTepHeT-pecypcChbl:
BcnomoraTtenbHbin Mmatepuan - http://ab-initio.mit.edu/photons/tutorial/

BcnomorartenbHbili matepuan -
http://www.elettra.trieste.it/experiments/beamlines/lilit/htdocs/people/luca/tesintml/node14.html

MakeT ona pacyetos - http://ab-initio.mit.edu/wiki/index.php/MIT_Photonic_Bands

MakeT nporpamm ans pac4yéra 30HHbIX gnarpamm potoHHbIX kpuctannos RSOFT BandSolve -
http://www.rsoftdesign.com/products/component_design/BandSOLVE/

Mporpamma 1 basa gaHHbix "CnekTpa” - hitp://spectra.at.tut.by/

8. MarepmanbHo-TexHU4eckoe obecrneyeHne QUCLMUNINHbI(MOAYNS)

OcBoeHve gncumnnnmHbl "AOTOHHbIE KpUCTanbl" NpeanonaraeT NCNONb30BaHNE CneayoLwero
MaTepuanbHO-TEXHNYECKOro obecneyeHmns:

PerncrpaumnoHHblii Homep 678614 DAEKTPOHHEH
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MynbTumMeauiiHas ayautopusi, BMECTUMOCTbO 6onee 60 Yenosek. MynbTumMeaniiHas ayautopus
COCTOUT N3 UHTErPUPOBAHHBIX UHXEHEPHbIX CUCTEM C €AUHOWN CUCTEMON yNpaBneHns, OCHalWeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCNPOU3BEAEHUS U BU3yanu3auum noboit Buaeo n ayamno
NHdpopMauuu, NOyYeHNs 1 nepenadn SNeKTPOHHbIX JOKYMEHTOB. TUNoBasi KOMMIeKTaLms
MyNbTUMEOMNAHOM ay AUTOPUN COCTOUT U3: MyNbTUMELMIHOrO NPoeKTopa, aBTOMaTN3NPOBAHHOIO
MPOEKLIMOHHOrO 3KpaHa, akyCTUYECKO CUCTEMDI, a TaKXe MHTepPaKTMBHONM TpMbyHbI NpenoaaBsaTens,
BK/IlOYaloLWen Ta4y-CKpMH MOHUTOP C AMaroHasnblo He MeHee 22 Ol0IMOB, NepCcoHalbHbI KOMMbIOTEP
(C TexHnyecknmm xapaktepucTukamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHJOepeHL-MUKPOOH, 6ecnpoBoaHOM MUKPOGIOH, 610K ynpaeneHns obopynoBaHUeM, MHTEPAENChHI
noakntoyermns: USB,audio, HDMI. MiHTepakTBHas TpmbyHa npenoaaBaTtens sBnsieTCcs KMo4eBbIM
3N1EMEHTOM yrpaBneHns, 06 beANHSIOWMNM BCE YCTPONCTBA B EANHYIO CUCTEMY, U CIYXUT
NONHOLIEHHbIM paboymm MecToM npenoaasatens. MNpenoaaeatens MMeEET BO3MOXHOCTb JIErKO
ynpaBnsiTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONSIET MPOBOANTL NEKLMMW, MPaKTUYEeCKNe
3aHATWA, Npe3eHTauun, BebrHapbl, KOHEPEHUNM U Opyrie BUObl ayAUTOPHON Harpy3Ku
obyyatowmxcs B yA06HON 1 DOCTYMHOW ANSt HAX CPOPME C MPUMEHEHNEM COBPEMEHHbIX
NHTEPaKTMBHbIX CPeaCcTB 0Oy4eHMs, B TOM YMC/e C MCNONb30BaHMEM B NpoLiecce 0by4yeHuns Bcex
KopnopaTuBHbIX pecypcoB. MynbTumMeouinHas ayautopus Takxke oCHalleHa WupPOoKOrnonOCHbIM
LOCTYNOM B CETb MHTEpHET. KomnbloTepHoe 060pynoBaHMEM NMEET COOTBETCTBYIOWEE
NVLEH3NOHHOE NporpaMmMHoe obecneyeHue.

YyebHo-MeToaMYecKas nutepatypa Ans 4aHHON AUCLMMAVHBI UMEETCS B HANMYun B
3NeKTPOHHO-6ubnnoTeyHol cucteme Mapatenoctea "/laHb" , 4OCTYN K KOTOPOW NpeaocTaBneH
ctyneHtaMm. 9bC Mapnatenbctea "/laHb" BkioYaeT B cebs 9NeKTPOHHblE BEPCUM KHUT N34aTenbcTBa
"laHb" 1 opyrux Beoywmx n3natenbcTB y4ebHOM nnTepatypbl, a TakXXe aNeKTPOHHbIe BEPCUM
NepuoaNYEeCcKNX U3naHnii No eCTECTBEHHbIM, TEXHUYECKMM M FTyMaHUTapHbIM Haykam. ObC
NapatenbcTBa "/laHb" obecneymBaeT LOCTYN K HAYYHOR, y4ebHOM nuTepatype 1 Hay4HbIM
NeprvoanYecKUM N34aHNSIM MO MakCUManbHOMY KOMYECTBY NPOGUIbHBIX HaNpPaBneHWii ¢
cobnoneHneM Bcex aBTOPCKMX U CMEXHbIX Npas.

Mporpamma coctaeneHa B cootBeTcTBum ¢ TpeboBaHnsmm ®rOC BIO n y4ebHbIM nnaHoM no
HanpasneHuio 011200.68 "duaunka" n marnctepckorm nporpamme Puamka atoMoB N MONEKYN .
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Mporpamma aucumnnuHbl "®oToHHbIE KpucTannsl"; 011200.68 duramnka; CapaHaaes E.B. , accucteHT, k.H. Xamanees M.A.
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