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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

HaHHas yyebHas aucumnnvHa sknoydeHa B pasgen " 61.B.OB.7 OucumnavHel (Mogynm)" OCHOBHOW
obpasosaTtenbHol nporpammbl 03.04.02 duramka n OTHOCUTCS K AUCLMNIMHAM MO BblIOOpy.
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).

N3yyeHne naHHOM ancumnnvHbl 6a3npyeTcst Ha NOArOTOBKE MO Yn3MKe 1 MaTeMaTke 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. KomneTteHuumn obyuarowterocsi, popmMupyemble B pe3ynbTate 0CBOEHUSA AUCLUMNIINHDI
/mopynsi

B pesynbTate 0CBOEHUSI AMCLMNINHBI (OOPMUPYIOTCS CReaytowme KOMNeTEeHUNN:

Pacwucposka
LLinchp komneTeHumu npuobpeTaemMon KOMMNeTeHL MU
OK-1 FOTOBHOCTbIO K KOMMYHUMKALMW B YCTHOW U MMCbMEHHOW doopmax
(0bLekynbTypHbIE Ha PyCCKOM M MHOCTPaHHOM $3blKax Ons peweHns 3aaad
KOMMETEHLMN) NPOECCMOHANBHOW OEATENbHOCTY
OlK-4 CNOCOBHOCTBIO aAanTUPOBaTbCS K M3MEHEHMWIO HAYYHOrO
(npochbeccunoHanbHbie Npogounsa cBoe NPodPECCMOHaNbHOM OeATENbHOCTH,
KOMMeTeHLMN) COLMOKYNbTYPHBIX U COLMANbHbIX YCNOBUIA OeATENbHOCTM
CnocobHOCTbIO UCMONb30BaTh CBOHOAHOE BNaneHne
OlK-5 npodheccrnoHanbHO-NPOOMIMPOBAHHBIMU 3HAHNSIMK B 0bnacTu
(npodhbeccuoHanbHbie KOMMbIOTEPHbBIX TEXHONOIMIA ANS peweHns 3anad
KOMMETEHLMN) NPOECCOHANBHOW OEATENbHOCTW, B TOM YACE HAXOAAWMXCA
3a npenenamun HanpasneHHOCTU (Mpodomns) NOAroTOBKU
Ol1K-6 CNOCOBHOCTBLIO UCNONb30BaTh 3HAHUS COBPEMEHHbIX MPOBNEM 1
(npochbeccunoHanbHbIe HOBEMWWNX OOCTUXEHUIA OU3NKIN B HAYYHO-UCCNEenoBaTENbCKON
KOMMeTeHL W) paboTe
AK-2 cnocobHoCTbo CBOOOAHO BNaneTb pasaenamm pusmkim,
HEeobX0AMMbIMUA ONS PEWEHUS HAaYy4YHO-NHHOBALMOHHbIX 4, N
(npodbeccuoHanbHbie eobxon AnA pee aytHo oBaLno safad,
NPVMEHATb pe3yNbTaTbl HAYYHbIX UCCNEOOBAHWIA B
KOMMeTeHuun) 2
MHHOBALMOHHOW OEeATENbHOCTM
NnK-3 CNOCOBHOCTBIO NPMHUMATL y4acTre B pa3paboTke HOBbIX
(npochbeccunoHanbHbie METOLO0B U METOAMNYECKMX NOAXOA0B B HAYYHO-UHHOBALMOHHbIX
KOMMeTeHLMN) NCCNenoBaHUSAX N UHXEHEPHO-TEXHONOMMYECKON AeATEeNbHOCTY

B peaynbtate 0CBOEHUS ONCUMMNINHBI CTYAEHT:
1. DONXEH 3HaTb:
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KﬂaCCI/ICpI/IKaLI,VII-O CpOTOHHbIX KpncTtannos; Cpl/l3|/|'-leCKI/Ie NPUHUWMbI BOSHNKHOBEHUSA 3anpeLlleHHbIX
30H; ONTNYECKME CBONCTBA CpOTOHHbIX Kpuctannos n npumMeHeHmne nx B UHHOBALIMOHHbIX
TexHoNnormnsax; OCHoBHble MeTobl CMHTE3a CpOTOHHbIX KpncTannos;

2. DONIXEH yMeTb:

NPUMEHSTb COBPEMEHHbIE METOAbl TEOPETUYECKOrO NCCNEN0BAHNS (POTOHHBLIX KPUCTANNOB ANS
onpeneneHns CBONCTB 3NEKTPOMArHUTHBIX MOMEN BHYTPY HUX; OPUEHTUPOBATLCS B COXHOW CUCTEME
COBPEMEHHOI0 HaHOMaTepmanoBeLeHNs

3. DONXEH BnaneThb:

HaBblKaMy CUCTEMHOr0 Hay4YHOro aHanmaa npobnem (kak NPUPOOHbIX, TaK 1 NPOECCUOHANBbHBIX)
Pa3NNYHOro YPOBHS CNOXHOCTU; HaBblkamy paboTbl ¢ nabopatopHbIM 060PYAOBAHMEM U
COBPEMEHHO Hay4yHOW annapaTypoi; nposeneHns qonsn4eckoro aKkCneprumMeHTa.

4. nONXeH OEeMOHCTPNPOBaTb CMNOCOOHOCTb M FTOTOBHOCTb:
pewaTb NpuKnagHble 1 goyHAaMeHTanbHble 3a4a4K, CBA3aHHbIE C DOTOHHbBIMK KpUcTaniamm

4. CTpyKkTypa 1 cogepxaHve AUCLUNMUHBI MOAyns
Obwas Tpy[0EMKOCTb AUCLMINIIMHBI cocTaBnseT 3 3a4eTHbix(ble) eanHuL(bl) 108 yaca(os).
dopMa NPOMEXYTOYHOr0 KOHTPONS AMCUUNANHBI 3a4€eT B 3 CeEMeCTpe.

CyMMapHo no aucumnanHe MoxHo nony4ntb 100 6anno., 13 HUX Tekywas paboTta oueHusaetcs B 50
6annos, utorosasi dopma KoHTpons - B 50 6annos. MMHMManbHoe KONM4ecTBO ANs Aonycka K 3a4eTy
28 6annos.

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

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

55-70 6annos - "ynoBneTBOpUTENBHO" (YAO0B.);

54 6anna n MeHee - "HeyOBNETBOPUTENBHO" (Heyn.).

4.1 CTpyKTypa 1 comepXxaHue ayauTopHon paboTbl N0 AUCLMUNNNHE/ MOAYIO
TemaTnyeckum nnaH oUCUUNAUHbI/MOAYNA

Buabl un yachol

ayauTopHom paboTbl,
Paspen ¥ P P

nX TPyA0eMKOCTb
N .D.MI(\:’IL(I.)VII'IJ',I.II;IIHbI/ CemecTp ctﬁgg:;‘a ‘()g yacax) TeK¥(L(I)J.:Tepg:1(;|prI
i NMex ImI1pal(wwecmeJ1a6opaTopH|:|e
u 3aHATUA pa60TbI

Tema 1. BeegeHve B YCTHbI onpoc
1. 3 1 1 0 0

JOOTOHHbIE KpUcTanbi

Tema 2. )
2. |[dncnepCuoHHble 3 2 1 0 0 YCTHbIV ONpocC

COOTHOLWEHWS

Tema 3. MeTonbl
pacyeTa OnTU4ecKmx
3. |cBOCTB 3 3 1 0 0
nepmoanyecKmx
HaHOCTPYKTYpP

Tema 4. MeTon nnockumx
BOJIH onga 2-X 3 4 1 0 0 YCTHbIA ONpoC
3-XMepPHbIX POTOHHbIX
KpucTannos

Tema 5. MeTog matpuy YCTHbI onpoc
5. nepeHoca 3 5 1 0 0

YCTHbI Onpoc
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Buabl v yachbl
Pasgen ayauTopHOM paboThbl,
Henens MX TPy A0EMKOCTb Tekywume copmbl
N ‘D'"Kn"(")v;lr;m;”b'/ Cemectp cemecTpal (B yacax) KOHTpOnsi
Nek ImI'IpaKTW-lecm/leJ1a60pa1'op|-||>|e
u 3aHATUA paﬁoTbI
6 Tema 6. OQHOMEPHBbIN 3 6 1 0 0 YCTHbIA onpoc
" |POTOHHbBIN KpUcTann

Tema 7. MeTon

KOHEYHbIX pa3HoCcTen BO YCTHbIA ONpoC
/. BPEMEHHO 0bnacTtu : / 1 0 0

(FDTD)

Tema 8. MeTopg

CBA3aHHbIX MOJ, B YCTHbIA onpoc
8. npoctpaHcTee dypbe 3 8 1 0 0

(RCWA)

Tema 9. NnoTHOCTL YCTHbIA ONpocC
9. JOOTOHHbIX COCTOSAHUI 3 9 1 0 0

Tema 10. CuHTes YCTHbI ONpocC
10. JOOTOHHbIX KpUCTanNIoB 3 10 0 3 0

Tema 11. CosnaHune

OOTOHHbIX KPUCTANNoB YCTHbIA ONpoC
11'MeTO,EI,OM KOnnougHom : 1 : 8 :

cbopku.

Tema 12. MeToab!

doopMMpoBaHNS -
12.lynopsao4eHHbIX 3 12 0 2 0 yeTHbI onpoc

CTPYKTYp

NCKYCCTBEHHbIX OManos.

Tema 13. MeToabl o
13.|uccnenosanus 3 | 1314 | 0 4 0 yCTHBI onpoc

JOOTOHHbIX KPUCTAIOB.

Tema 14. Hosble

domnsmyeckne aBneHus i YCTHbIA Onpoc
14. Ha OCHOBE (POTOHHbIX 3 15-18 5 0 0

KpucTannos

Tema . Itorosas 3aver

doopma KOHTpons 3 0 0 0

Ntoro 14 12 0

4.2 CopepxaHvue oUCLUNMUHbI
Tema 1. BBeaeHue B POTOHHbIE KpUCTan bl
NeKkuunoHHoe 3aHsitne (1 yaca(os)):

OnpegneneHne POTOHHbIX KprcTannos. [NoHAaTNe 3anpeleHHon 30Hbl. Knaccndukaums goOTOHHBIX
KpUCTanoB No pasMepHOCTU NEePUOANYHOCTU U B 3aBMCUMOCTU OT WNPUHbI 3anpewéHHbIX 1
pas3peLéHHbIX 30H. Pe30HaHCHbIE N HEPEe30HAaHCHbIE DOTOHHbIE KpucTanbl. JedekTHbie n
6e3nedekTHble POTOHHbIE KpucTanibl. IcTopuyeckas cnpaska. POTOHHbIE KPUCTaNNbl B NPUPOAE.
[MprMeHeHne POTOHHbIX KPUCTANOB.

Tema 2. lIucnepcuoHHble COOTHOLLUEHUSI
JNeKLuMoHHoe 3aHsiTue (1 Haca(os)):
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CB#3b 4acTOTbl C BONHOBbIM BEKTOPOM. CooTHoweHusa Kpamepca n KpoHura. cBs3b AUCNEPCUOHHDBIX
COOTHOLIEHWI C nokasartenem npenomneHns. YpasHeHns Makcsenna ang qooOTOHHbIX KPUCTasnos.
OnHoMepHbIi cnyyaii. 3anpeleHHas 3oHa. OCHOBHblE 0COBEHHOCTM ANCTEPCUOHHbBIX
cooTHoweHu. MH1MMas KOMMOHeHTa BONMHOBOro BekTopa. PeleHne B AByX- 1 YHETPEXKOMMOHEHTHOM
NpnbnnxeHnsx. BapraHTbl 30HHbBIX CXEM.

Tema 3. MeToabl pacyeta onTUYECKUX CBOWCTB Nepuoanyeckmx HaHOCTPYKTYp
nekumnoHHoe 3aHsitne (1 yaca(os)):

OnemeHTapHas syelika. PelweTka choToHHOro kpuctanna. Aveka BurHepa?3eiitua. ObpatHas
peweTka. Teopus npencrasneHnin. Bektopa obpartHoi peweTkn. 3oHbl BpunnioaHa. Henpreoaumas
30Ha bpunniosHa. Teopema brnoxa ons anekTpoMarHUTHOro NOMs B POTOHHbIX KpUCTannax.
Onepatop TpaHcnaumw.

Tema 4. MeTon, NIOCKMX BOJTH ANS 2-X U 3-XMepPHbIX POTOHHbIX KPUCTaN/10B
NeKuunoHHoe 3aHsitne (1 yaca(os)):

MeToq nnockux BonH ? obwwuin cnyyai. YpasHeHue "'enbmronsua. Onepatopbl LE n LH. Ycnosune
nonepeyHocTu. Yuet nonspusaunmn. COOTHOWEHNE OPTOrOHaNbHOCTU U YCNOBUS HOPMUPOBKI
peleHns AN MarHUTHOro nons. YCcnosme nonepeyHocTy Ans aneKTPUYeCcKom KOMMNOHEHTbI. Bpems
pacyéTa 30HHOI CTPYKTYPbl ANS 3NeKTPMYECKOro 1 MarHUTHoro nonei. CxoammocTtun npu 6onblumx
N.

Tema 5. MeTon matpuu nepeHoca
JNeKLMoHHoe 3aHsiTue (1 Haca(os)):

PacnpocTtpaHeHne ceeTa B POTOHHbIX kKpuctannax. MNoHatme mynbTucnos. MHoronyyesas
NHTEPEPEHLIMS B KaXA0M 13 cnoés. Cynepnosnumns BOMH, pacnpoCTPaHSOWNXCS B MPSIMOM 1
obpaTHOM HanpasneHunsx. HopmanbHoe nageHue. MNMpeacTtaBneHune nons B Buae cronbua.
MNpencraBneHne B3aMOLENCTBIS NONS CO CPenoi B BUAE MaTpuLbl nepeHoca. MaTpuua nepeHoca
Ha rpaHuue OByx cnoés. Matpuua nepeHoca B cnoe. CnekTpbl OTPaXeEHUS U NPOMNYCKaHUS.

Tema 6. OnHOMepHbIN POTOHHbIN KpUcTann
NeKuunoHHoe 3aHsitne (1 yaca(os)):

LByMepHas dpopmynmpoBka TpexmMepHorn 3agadn. HaknoHHoe nageHne. TE n TM peweHus.
4-xMepHble cTonbubl 1 maTpuubl. Cryyan KOHEYHOro OnanekTpruyeckoro 3epkana. Cny4yai npocToro
nHTEepdpenca ?ananekTpuk-onanekTpuk?. Cnyyaii BonHosoaa. Cnyyai nonybeckoHe4YHOoro
AVanekTpuyeckoro 3epkana. Cnyyam 6€CKOHEYHOro NepUoaNYecKoro Mynbtucnos. JucnepcuoHHbie
COOTHOLWEHNS N 30HHAs AvarpamMma 6ecKOHe4YHOro NepnoamnyYeckoro MynbTUCIOS.

Tema 7. MeTon, KOHEUYHbIX pa3HOCTEN BO BpeMeHHon obnacTtu (FDTD)
neKkuunoHHoe 3aHsitne (1 4aca(os)):

MognenvpoBaHue yCTPOMCTB HA OCHOBE (DOTOHHBIX KpUCTannos ¢ nomouwbto metona FDTD.
[MocTaHoBka 3a8ayun 4ng BblMUCNEHUS pacrnpeneneHms nons. PasHOCTHbIN BUA ypaBHEHWI
Makcsenna. OnpegeneHue guanekTnieckon goyHkumm. OnpeneneHme HavanbHbIX U FPaHUYHbIX
ycnosuia. YctonumeocTtb Mmetoga FDTD. Npunoxenne metona FDTD ons skcnepumeHTanbHO
NONy4YeHHOro POTOHHOro KpucTasnia ¢ rekcaroHanbHOW CTPYKTYPOW PELLETKN.

Tema 8. MeTon cBsAi3aHHbIX MOA, B npocTpaHcTBe dypbe (RCWA)
nekumoHHoe 3aHsitne (1 yaca(os)):

OnTunyeckne n MarHUTOONTUYECKNE XapakTEPUCTUKN HAHOCTPYKTYPUPOBAHHBIX MHOMOCNONHbIX
MeTanno-guanekTpuyeckmx cpel. IHTeHCMBHOCTb, COCTOSIHUE Nonsipmu3aunn npoweniwen,
OTPaxXeHHOW N paccesiHHbIX BOJH. [MornoweHue cpebl. Yce4yeHHoe npocTpaHcTBO dypbe.
Cynepnosunumns 610x0BCKMX BOMH. HaxoxaeHne coBCTBEHHbBIX BOMH KaXA0ro CMos BHYTPU CPebl.
CwwmBka peweHunin Ha rpaHuuax cnoes. CnoxHocTb 0606weHna metona RCWA Ha aBymepHO
nepuoanyeckme CTpykTypbl

Tema 9. MNNOTHOCTbL (POTOHHbLIX COCTOSAHUN
NeKuunoHHoe 3aHsitne (1 yaca(os)):
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OnTtuyeckune moapl nyctoro kyba obbvéma V. MNpencrasneHve B BUAE To4eK B pa30BOM
npocTpaHcTBe. O6bem wapa B ha3oBOM NPOCTPaHCTBE. YCno Mo Nonsi ¢ YacToTaMu, MEHbLWUMM
w. [MoHATME NAOTHOCTM COCTOSHUIA. CBA3b MAIOTHOCTU COCTOSAHWUIA C AMCNEPCUOHHbLIMU
COOTHOWEHNSMM B OOTOHHBIX KpucTannos. To4ykn BaH-XoBa. [NonHas n HenonHasg 3anpeleHHble
30HbI. [TpyMepbl NMOTHOCTEN COCTOSHWUIA ANS PasfiyHbIX QQOTOHHbBIX KPUCTANNOB.

Tema 10. CuHTe3 (POTOHHbLIX KpUCTannos
npakTudeckoe 3aHsitne (3 yaca(os)):

M3rotoBneHne ooTOHHbIX KpUcTannos. Knaccmgukaums Metogos cuHTesa. Metoabl CuHTe3a
?cHun3y-BBepx?. MeTtoabl cMHTE3a ?cBepxy-BHU3?. KonnonaHbie 0OTOHHbIE HAHOCTPYKTYPbI.
Co3spaHne OOTOHHbIX KPUCTaNN0B METOAOM KOnnonaHow coopkn. MeToabl TpasneHns. Macku ns
gooTtopesucTa. OrpaHnyeHne metona. [ronorpadunyeckne metogbl. pyrune Metonbl.

Tema 11. Co3paHne (pOTOHHbIX KPUCTA/JIOB METOA0M KOJUJIOMOHOMN COOPKM.
npaktnyeckoe 3aHsitne (3 4yaca(os)):

CuHTe3 Mukpocdep 13 amokcmaa kpemHus. Meton BuHbsinna. Metogn LWTobepa. MNMokasarens
NPENOMEHNS CUNIMKOHOBBIX MUKpPOCAdep. MNopucTocTb (OOTOHHbLIX KPUCTANOB HA OCHOBE OMasnoB.
BnngaHne Temnepartypbl KanbUUHMPOBaHUS Ha anameTp Mukpocdep OnTuyeckne CBONCTBA TOHKMX
NMEHOK Ha OCHOBE OMasoB..

Tema 12. MeToabl ooOpMUPOBAHUSA YNOPAAOYEHHbIX CTPYKTYP UCKYCCTBEHHbIX OManoB.
npakTnyeckoe 3aHsitne (2 4aca(os)):

Kpuctannusaums. EctectBeHHas ceagumeHTtaums. KonnongHble Kpuctanibl B BOGHON CYCNEH3MUW.
OcaxpneHne MeToaom anektTpodopesa. Meton BepTukanbHOro oCaxaeHns ans TOHKUX NAEeHOK.
MeTon ueHTpudoyrnposaHuns. Meton ocaxaeHusi Ha MembpaHax.

Tema 13. MeToabl uccnenoBaHunsi POTOHHbLIX KPUCTaNOB.
npaktnyeckoe 3aHsitne (4 4aca(os)):

O6wwme NPUHUMMBLI ONTUYECKOI CNEKTPOCKONMK. 3anpelleHHas 30Ha B CneKkTpax NponyckaHms 1
oTpaxeHus. 3akoH bperra-Bynbda. Cnocob BbluncneHns apdpekTUBHOrO nokasarens
npenomnexus. Kpuctannorpadomyeckme nnockocTh B CNekTpax POTOHHbIX KpUcTannos. BnusiHue
TONWWMHbI 06pasua Ha cnekTpbl nornoweHns. Metoa onpeneneHns TONWMH NAEHOK GOOTOHHbIX
Kpuctannos. MeToabl, OCHOBaHHbIE HA HEAECTPYKTVMBHOW NasepHoi andpakumm. Metoabl,
OCHOBaHHbIe Ha paccesiHnm ceeTa. MeToabl UccnenoBaHMs HAHOCTPYKTYPUPOBAHHbBIX MaTepranos,
OCHOBaHHbIE€ Ha CKaHMpYoLeld 30HL0BOV MUKPOCKOMMK

Tema 14. HoBble don3nyeckme siBieHUs1 Ha OCHOBEe (POTOHHbIX KPUCTaNoB
JNeKLMoHHoe 3aHsiTne (5 Yyaca(os)):

Nokannsauns ceeta. CNoHTaHHOE n3nyyeHne B OOTOHHbIX KpUcTannax. iges nokanusauumm ceeta.
dOTOH-aTOMHOE CBSI3aHHOE COCTOsIHME. [ledoekTHble Moabl. DOTOHHbIE KpUCTanibl kak 6asa ans
YCTPOMCTB ONTUYECKON MHGpopMaTukn. Ontruyeckme acpgekTbl Ha rpaHuLe 3oHbl. dhekT
oTpuuartenbHom pedpakumm B POTOHHbIX Kpuctannax. OTandme ot metamarepunanos. "MenoneHHbIn"
ceeT. Cynep-npuambl. CozpaHne cTo4HnKoB ceeta ¢ BbicokuM Kl L. MnkpononocTtn Ha ocHoBe
GPOTOHHbIX KpUCTanNoB. HoBbIM Knacc ONTUY4eCKMUX BOMHOBOAOB. DPEKT MU3MEHEHUS MACChl
aneKTpoHa B cpene POTOHHbIX KPUCTan/oBs.

4.3 CTpyKTypa 1 copgepxaHue caMOCTOSITe/IbHOM paboTbl AUCLUMINHBI (MOLYNISA)

Buaobl
N Paspen Cemect Hepens | camocTosiTensHon [TpyA0eMKOCTb 3%%’3:55?2;'3323
JAducumnninHbl pcemecrpa aboThbl (B yacax)
P paboTbl
CTyOEeHTOB
Tema 1. BeegeHue B noaroToBka K o
1. OTOHHbIE Kpuctannbl 3 1 CTHOMY onpoc 5 yCTHBI OMpoc
y y onpocy
Tema 2.
2. [duncnepCcuoHHble 3 2 MOAroroska k 5 YCTHbI ONpocC
COOTHOLWeHus yCTHOMy Onpocy
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Buabl
N Paspen Cemect Hepens | camocTosiTensHon [TpyAo0eMKOCTb ;%%%::):?:;Ezg;
AducumnnuHbl pcemecrpa paborthbl (B yacax) 260TbI
CTYyAOEeHTOB P

Tema 3. MeToapl
pacyeTa onTU4eCcKumx

3. |cBOMCTB 3 3 nngrg;osoKr? 'é c 5 YCTHbIN ONpoC
nepuoan4eckmx y y onpocy
HaHOCTPYKTYp
Tema 4. MeTton NNOCKKX
BOJMH ong 2-X u noaroToBska K o

4. 3-XMEpPHbIX POTOHHbIX 3 4 YCTHOMY Onpocy 5 yCTHBIN Onpoc
KpucTannos
Tema 5. MeTton matpuy, NoAroToBKa K o

5. nepeHoca 3 5 YCTHOMY OMnpocy 5 YCTHBIN OMpoC
Tema 6. OgHOMEPHBbIN noaroToBka K o

6. OOTOHHbIN KpucTann 3 6 YCTHOMY onpocy S yCTHBIN ONpoc
Tema 7. MeToq
KOHEe4YHbIX pa3HOCTeN BO NoOAroToBKa K o

7. BPEMEHHO obnacTtu 3 / YCTHOMY Onpocy 5 YCTHBIN Ofpoc
(FDTD)
Tema 8. MeTopg
CBSI3aHHbIX MO B NoAroToBka K o

8. npocTpaHcTee Pypbe 3 8 YCTHOMY onpocy S yCTHBIN Onpoc
(RCWA)
Tema 9. [noTHOCTL NoAroToBKa K -

9. OOTOHHbIX COCTOSHUIA 3 9 YCTHOMY Onpocy 5 yCTHBIN ONpoc
Tema 10. CuHTe3 MOAroToBka K .

10. POTOHHbIX KPUCTaNN0B 3 10 yYCTHOMY onpocy S yCTHEI Onpoc
Tema 11. Co3naHue
OOTOHHbIX KPUCTaNIoB NnoAroToBka K -

1. METOO0M KOS/TOMOHOM 3 1 YCTHOMY Onpocy 5 yCTHBIN Ofpoc
cbopku.
Tema 12. MeToqbl
doopmmnpoBaHus

12.lynopsanoyeHHbIX 3 12 nngrg;OBoKl_? 'é ° 5 YCTHbI ONpocC
MCKYCCTBEHHbIX OManos.
Tema 13. MeToqbl

13.luccnepnoBaHus 3 13-14 nngrg;osoKr? ';C 9 YCTHbIA ONpOoC
POTOHHbIX KPMUCTAaNMOB. y y onpocy
Tema 14. HoBble
domnamyeckne aBneHus i noaroToBka K o

14. Ha OCHOBE DOTOHHbIX 3 15-18 YCTHOMY Ornpocy 13 YCTHBIN ONIpoc
KpucTannos
WNtoro 82

5. O6pa3soBarefibHble TEXHONOIMU, BK/OYasi MHTepPaKTUBHbIe POpPMbl 06yyeHuUs
Jlexumm ¢ BO3MOXHOCTbIO 06CYXAEHUS NpeaMeTa 3aHsATHS

6. OueHOUYHble CpeacTBa OJ1s TEKYLLLero KOHTPOS yCrneBaeMoCT!, NPOMEXYTOYHOMN
aTTecTauum no UToram OCBOEHUS OUCLMMNIIMHBI U y4e6HO-MmeToanyeckoe obecneyeHme
CaMOCTOSITe/IbHOW paboTbl CTYAEHTOB

PernctpaumoHHbIn Homep
CtpaHnua 8 ns 13.
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Tema 1. BBeneHue B POTOHHbIE KpUCTannbl
YCTHbI ONPOC , MPUMEpPHbIE BOMPOCHI:

1. HazoBunTe Kak MOXHO 60o/blie NPUNOXEHWn POTOHHBLIX KpucTannos. 2. B kakom rogy 6bin co3naH
S6noHoBUT?

Tema 2. lIucnepcuoHHble COOTHOLLEHUSI
YCTHbIA ONPOC , NPUMEPHbIE BOMPOCHI:

1. MNepeuncnmte BCe BapraHTbl 30HHbIX CxeM. 2. J[lokaxuTe, Y4TO B 3anpeLLeHHO 30HE Y BOTHOBOIO
BEKTOpA MNOSBNAETCH MHMMAs KOMMOHEHTA

Tema 3. MeToabl pacueTa ONTUYECKMX CBOMCTB Nepuoanyeckmnx HaHOCTpYKTyp
YCTHbI ONPOC , NPVUMEPHbIE BOMPOCHI:

1. Hanpgute aneMeHTapHyto S4ernky y o4AHOMEPHOro OOTOHHOIo kKpuctanna. 2. Hangnte s4eiky
BurHepa-3eiua y o4HOMEPHOro OOTOHHOrO KprcTanna.

Tema 4. MeToa NNOCKMX BOJH ANS 2-X U 3-XMepPHbIX POTOHHbIX KPUCTaNNoB
YCTHbIA ONPOC , MPUMEpPHbIE BOMPOCHI:

1. MNonyunte anrebpanyeckoe ypaBHEHUE 015 ANEKTPMYECKOro nons 2. B3se BEKTOPHbIE
npoun3BeneHns B pasHbix 6asucax, nonyynte matpuuy M(G, G')

Tema 5. MeTopn, maTpuL, nepeHoca
YCTHbIA ONPOC , NPUMEpPHbIE BOMPOCHI:

1. BblBeanTe COOTHOWEHME OPTOroHa/IbHOCTU ONg 3JIEKTPNUHECKOro nond 4epel3 aHaliorm4Hoe
COOTHOWEHME AN MarHMTHoro 2. [lokaxuTte SPMUTOBOCTb oneparopa LH

Tema 6. OnHOMepHbIN POTOHHbIN KpUcTann

YCTHbI ONPOC , MPUMEpPHbIEe BOMPOCHI:

1. JlokaxuTte HeapMMTOBOCTb onepartopa 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 Anst HopManbHOro nafeHus 2. BoleeanTe obwuii
BUI MaTpULLbl NepeHoca Ha rpaHuLie AByx CNOEB A/ HOPMaNIbHOro NafaeHUs

Tema 8. MeTon cBsAi3aHHbIX MOA, B npocTpaHcTBe dypbe (RCWA)
YCTHbI ONPOC , MPUMEpPHbIE BOMNPOCHI:

1. Kak 6ygneT Boirnsaetb Teopema bnoxa B TepMuHax matpul, nepeHoca? 2. MocTpoiTe 30HHY0
anarpammy 0HOMEepPHOro OOTOHHOro KpucTanna ans HopManbHOro nageHus.

Tema 9. NnoTHOCTb POTOHHBIX COCTOSAHUN
YCTHbIA ONPOC , NPUMEPHbIE BOMPOCHI:

1. JJokaxuTe, 4TO NNOTHOCTb COCTOSIHUIA OLHOMEPHOro OOTOHHOro KpucTanna bynet Bectn cebs
CUHTYNSPHO Ha rpaHuue 3anpeleHHon 30Hbl. 2. BoiBeanTte xapaktep CUHIYNSPHOCTEN NNOTHOCTU
cocTosiHUIA B Toukax BaH-XoBa

Tema 10. CuHTe3 (POTOHHbLIX KpUCTaN/0B
YCTHbI ONPOC , NPUMEPHbIE BONPOCHI:

1. MNpuBeaunTe npMMepbl METOO0B CMHTE3a ?CHU3Y-BBEPX?. 2. [1puBeanTte npuMepbl METOL0B CUHTE3A
?cBEpXy-BHU3?.

Tema 11. Co3paHune (pOTOHHbIX KPUCTANIOB METOA0M KOJUJIOUOHOM COOPKM.
YCTHbI ONPOC , MPUMEpPHbIE BOMPOCHI:

1. MNpuBennTe onpeneneHne 3EEKTUBHOrO nokasaTtens npenomneHns 2. Yemy pasHa 06 bEMHaS
nons 3anonHeHus vactuy gng cnydas UK v I'T1Y ynakosok

Tema 12. MeToabl hopMUPOBaAHUS YNIOPSA0UYEHHbIX CTPYKTYP UCKYCCTBEHHbIX ONanos.
YCTHbI ONPOC , NPVUMEPHbIE BOMPOCHI:

1. Ckonbko no BpeMEeHN ONNTCA peakunda CUMHTe3a 4acTtul ouokcmnoa erMHVISI? 2. Ckonbko no
BpeMeHn ONNTCA BepTukKalibHoOe ocaxgaeHue?

Tema 13. MeTtoabl uccnepoBaHnst POTOHHbIX KPUCTaNOB.
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YCTHbIA ONPOC , NPMMEPHbIe BOMPOCHI:

1. I'Iplee,u.MTe cnocob Bbl4MCNEHNS 9d0PEKTMBHOIO nokasarens NpenomneHns no cnekTpam
oTpaxeHuns 2. rlpVIBe,D,I/ITe cnocob onpepneneHnda TonwnH NNEHOK (POTOHHbIX KpUCTANIOB Mo
CrneKkTpam nponyckaHus.

Tema 14. HoBble don3nyeckme siBieHUss Ha OCHoBe (POTOHHbIX KPUCTaN/I0B
YCTHbIA ONPOC , NPUMEpPHbIE BOMPOCHI:

1. O6bsACHWTE, YEM SBNEHNE OTPULLATENBHON pedopakLmMmn Ha POTOHHBIX KpUcTaniax otTnmyaeTcs ot
aHanornyHoro B Metamarepuanax. 2. YkaxuTte HanpasneHue rpynnoson 1 goa3oBor CKOPOCTEN Npu
oTpuUAaTENbHOM NPENOMIEHNN.

Tema . UToroesasi popma KOHTpons

MprMepHble BOMPOCHI K 3a4eTy:
1. MecTo (POTOHHBIX KPUCTANNOB B HAHOHAYKe U HaHOTexHonorusix. Knaccngoukaumns ooToHHbIX
KpWcTannos.

2 Nctopms oTKpbITUS. POTOHHbIE KpUCTanibl B npupoae. Pramyeckne ocobeHHOCTH
nepuoamnyeckmx a1eKTPOMarHUTHbIX CTPYKTYP.

3 3oHHas CTPYKTYpa POTOHHbIX KPUCTannos. ,D,I/ICI'IepCI/IOHHbIe COOTHOLWEHNA: CBA3b YaCTOThbl C
BOJTHOBbIM BEKTOPOM.

4 AHanorusa ¢ gomankon Teepaoro tena. O4HOMEpPHbIV, OBYMEPHbIV U TPEXMEPHBIN Cnydan. 30HHbIE
anarpammbl.

5 3ar|pemeHHb|e 30HbI. [1N1OTHOCTb COCTOSAHWIA ANEeKTPOMarHMTHOro Nonsa B POTOHHbIX KpUcTannax.
lMoHsATME nonHom 3anpemeHHO|7| 30HbI 1 NCeBAO30HbI. PUINYECKUIA CMbICT

6 Tornonorna POTOHHbBIX KPUCTANNOB C MONHON 3anpeLeHHON 30HON: TeOPUS U MpakTuKa.

7 Jlokanuzaumsa ceeta. CnoHTaHHOE n3ny4yeHne B POTOHHbIX KpucTannax. Mloes nokannsauun
cseTa.

8 POoTOH-aTOMHOE CBSiI3aHHOE cocTosiHMe. [ledoekTHble Moabl. POTOHHbIE KpUcTannbl Kak 6asa ons
YCTPOWCTB ONTUYECKOW MHGpopMaTukn. Ontudeckmne apgekTbl Ha rpaHmLEe 30HbI.

9 MeToapbl CMHTE3a (POTOHHbLIX KprcTannoB. PasHoobpaaune CTpyKTyp OOTOHHbLIX KPUCTaNOB.

10 Knaccudpukaumns Mmetonos cuHTesa. Metoabl cnHTe3a ?cHuady Beepx?. Metoabl cMHTE3a ?cBepxy
BHU3?. Jlutorpacpums. VickyccteseHHble onanbl. [fonorpagus

11 CuHTe3 Mmkpocdoep u3 auokcuaa kpemHus. Meton BuHbsinna. Meton Wtobepa. Mokazatens
NPenoMIEeHNs CUNMKOHOBbLIX MUKpOcdep. NMopucTocTb OOTOHHbBIX KPUCTaNN0B HA OCHOBE OManos.
BnnsaHue Temnepatypbl KanbLUMHMPOBAHUS Ha OnamMeTp Mukpocdep

12 MeToabl oopMMpPOBaHMS YNOPALOHEHHbIX CTPYKTYP MCKYCCTBEHHbIX onanos. Kpuctannnsaums.
EcTtecTBeHHas cegumeHTauums.

13 KonnonaHble kpuctannbl B BOAHOM cycneHaun. OcaxaeHne MeTonoM anekTpogpopesa. Meton
BEPTUKANbHOIO OCaXAEHUS ANs TOHKMX NneHok. MeTton LeHTpudpyrnposaHus. Meton ocaxaeHns
Ha MembpaHax.

14 OnTuyeckas xapakrTepmaaLums NCKYCCTBEHHbIX ONanoB. 3anpeleHHas 30Ha NCKYCCTBEHHbIX
onanoB. 3akoH Bpera. [NoHATUE 3g0heKTUBHOIO Nokasartens NnpenomMneHns. Xapakrepmsaums
KONNOUAHbIX KPUCTaNNOoB.

15 OnTuyeckne cBoMcTBa TOHKMX NNEHOK Ha ocHoBe onanos. Cnocobbl ONarHOCTUKN "
nccnenoBaHnAa CMHTE3NPOBAHHbBIX CpOTOHHbIX Kpuctannos.

16 MpunoxeHnsa POTOHHbIX KPUCTaNNoB. SEEKT OTpULATENBHON pedopakLmn B OOTOHHbIX
kpuctannax. OtTnmyme oT MeTamarepuanos.

17 "MegnneHHbIn" ceeT. Cynep-npuambl. Co3gaHne NCTOYHMUKOB cBeTa C Bbicokum KT,

18 MI/IKpOFIOJ'IOCTI/I Ha OCHOBE (POTOHHbIX KPUCTaIoB. HoBbI Knacc onTUYeCcknx BONHOBOAOB.
Vicnonb3oBaHue (POTOHHbIX KPUCTANNOB B TEXHUKE.

7.1. OcHOBHas nuTeparypa:
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Canex, baxaa E. A. Ontuka n gpotoHmka. MprHUmnbl n NnpuMeHeHns: [yuebHoe nocobue: B 2 Tomax] /
B. Canex, M. Telix; nep. ¢ aHrn. B. J1. lepbosa.? OonronpyaHbiii: MiHTennekt, 2012 .

T.1.?72012.7 759 c., [4] n. wn. : vn., nopTp.

Canex, baxaa E. A. Ontuka n gpotoHmka. MprHUmnbl u NpuMeHeHns: [yuebHoe nocobue: B 2 Tomax] /
B. Canex, M. Telix; nep. ¢ aHrn. B. J1. lepbosa.? donronpyaHbiii: MiHTennekt, 2012 .

T.2.72012.?7780c. : vn.

HoBoTHbIR, J1. OcHOBbI HAHOONTKKN: NepeBoq ¢ aHrnuckoro / J1. HoBoTHbin, B. XexT ; MNep. ¢ aHrn.
A. A. KoHosko, O. A. lyTosoi; MNop pen. B. B. Camapuesa.? M.: dusmatnut, 2009 .7 484 c.: wn.

7.2. lononHutenbHasa nuteparypa:

Knumos, Bacunuin Bacunbesny. HaHonnaamoHuka / B. B. Knumos .? 3pnaHue 2-e, ucnpasneHHoe .7
Mocksa : ®dunamatnut, 2010 .? 480 c. : un., UB. Wn.
http://e.lanbook.com/books/element.php?pli_id=2204

"aBpunos A.B. un op. dudpakumoHHas HaHodgooToHuKa / [FaBpunos A. B., 'onosawkuH L. J1.,
Hockonoswny 1. J1. n gp.] ; noa pea. B. A. Colicbep .? Mocka : DUSMATIINT, 2011 .7 679 c. : un.
http://e.lanbook.com/books/element.php?pl1_id=5296

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

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

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

[MakeT nporpamMm onsa pacyéta 30HHbIX guarpamMm oToHHbIX kpucTtannos RSOFT BandSolve -
http://www.rsoftdesign.com/products/component_design/BandSOLVE/

Mporpamma n basa pnaHHbix "CnekTpa” - hitp://spectra.at.tut.by/

8. MatepuanbHo-TexHM4Yeckoe obecrneyeHme oUCLMMINHBI(MOAYNS)

OcBoeHmne ancumninunHbl "POoToHHbIE KpUCTannbl" npeanonaraeT NCNonb3oBaHWe cneayowero
MaTepuanbHO-TEXHMYECKOro obecneyeHus:

MynbTumMeguiiHas ayantopus, BMECTUMOCTbO bonee 60 yenosek. MynbTumMeauiiHas ayamtopums
COCTOUT N3 UHTErPUPOBAHHbBIX UHXEHEPHbIX CUCTEM C €ANHOWN CUCTEMOWN yNpaBneHns, OCHaLWeHHas
COBPEMEHHBIMM CPeacTBamMy BOCMPOU3BEAEHNS 1 BU3yannaaumm nobor Bnaeo n ayamo
NHpopMaLUK, NONy4EeHNS 1 Nepenadn aNeKTPOHHbIX JOKYMEHTOB. TnoBas KoMnnekTaums
MyNbTUMEONIAHON ayanTOPUM COCTOUT U3: MyNbTUMEONAHOrO NPOEKTOpPa, aBTOMaTU3NPOBAHHOIO
MPOEKLMOHHOr0 9KpaHa, akyCTMYEeCKON CUCTEMBI, a TAKXe MHTEPAKTMBHOWM TPMOYHbI MpenonaBaTens,
BK/OYaoLWen Ta4-CKPUH MOHUTOP C AnaroHasnbio He MeHee 22 OI0MOB, NepCOoHaNbHbIA KOMMbIOTEP
(C TexHUYecknMm xapaktepuctmkamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHdpepeHL-MUKPOOoH, 6ecnpoBofHOM MUKPOMOH, 610K ynpaeneHus 060pynoBaHNEM, UHTEPGOECHI
noaknoyeHms: USB,audio, HDMI. HTepakTnBHas TpnbyHa npenonasaTens SBnseTcs KNo4YeBbiM
9NEMEHTOM yrnpaBneHns, 06 beANHAOWNM BCE YCTPONCTBA B €AMHYIO CUCTEMY, 1 CNYXUT
MONHOLUEHHbIM paboynm MecToM npenogasartens. lNpenonasatenb MMeET BO3MOXHOCTb NIErko
yrnpaBnsiTb BCE CUCTEMOW, HE OTX0AS OT TPMOYHbI, YTO MO3BONSIET NPOBOAMTDL NEKLUMN, NPaKTU4ecKne
3aHATUSA, Npe3eHTaumm, BebrHapbl, KOHEPEHLMN 1 Opyrie BUabl ayAMTOPHON Harpy3km
oby4yarowmxcs B yooOHON 1 OOCTYNHOW ONsi HUX POPME C MPUMEHEHNEM COBPEMEHHbIX
MNHTEPaKTMBHbIX CPeACTB 0Oy4eHMs, B TOM YMCne C MCNONb30BaHMEM B npoLecce 0by4yeHns Bcex
KopnopaTusHbIX pecypcoB. MynbTumMeouinHas ayautopus Takxke oCHaleHa WUpPOoKOrnonOCHbIM
LOCTYrNOM B CETb MHTEpHET. KoMnbloTepHoe 060pynoBaHMEM NMEET COOTBETCTBYIOWEE
NIMLLEH3NOHHOE NPOorpaMMHoOe obecneyeHue.
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YyebHo-MeToan4eckas nutepartypa ans 4aHHOW ONCLUMMINHBI UIMEETCS B HAIMYUN B
3NEKTPOHHO-6MbNMoTEYHOI cucTeMe MapatenbcTea "flaHb" , 4OCTYN K KOTOPOW NpenocTaB/eH
ctyneHTam. 9bC MNapatenbctea "/laHb" BKOYaET B cebs aNEeKTPOHHbIE BEPCUMUN KHUT U3AaTENbCTBA
"IlaHb" 1 Opyrnx Beaywmux n3natenbcTB y4ebHo nuTepaTtypbl, @ TakXXe 9NeKTPOHHbIE BepCUm
nepuoanyecknx N3aaHuim no eCTeCTBEHHbIM, TEXHUYECKUM U r'yMaHUTapHbiM Haykam. ObC
N3patenbcTBa "/laHb" obecneynBaeT LOCTYN K HAy4HO, y4ebHON nnTepaType 1 Hay4HbIM
nepuoanyecknm n3naHmam no MakCManbHOMY KONMMYECTBY NPOOUIbHbLIX HanpasneHui ¢
cobntoeHneM BCeX aBTOPCKUX M CMEXHbIX Npas.

Mporpamma cocTtasneHa B cootBeTcTBumM ¢ TpeboBaHnsmm GrOC BINO 1 y4ebHbIM nnaHoM no
HanpasneHuio 03.04.02 "®Pusunka" n marmctepckon nporpamme dusmka atoMoB U MONEKYN .

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

BAE
il YHH

A 5 (1,

PernctpaumoHHbIn Homep
CrtpaHnua 12 n3 13.

o



Mporpamma ancumnnuHbl "®oToHHbIE KpucTanns!"; 03.04.02 dusnka; CapaHpaes E.B. , accucteHT, kK.H. Xamanees M.A.

ABTOpP(bI):
Caparpaes E.B.
Xamapees M.A.

PeueH3eHT(bl):

"anHyTomHoB P.X.

PervnctpaunoHHbili Homep
Crtpanunua 13 n3 13.
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