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AHHOTANMA

Kypc "CoBpemennble HampapieHus (GOTOHHKH' TpeaycMarpuBacT (GOPMHPOBAHUE CIICIUATBHBIX 3HAHWHA B
00JIaCTH TPAJANLMOHHBIX MaTepPHUajIOB U JJIEMEHTOB IUIAHAPHBIX HHTETPAJIbHBIX ONTOIEKTPOHHBIX CTPYKTYD H
HOBBIX MCKYCCTBEHHBIX JIEKTPOMAarHUTHBIX MaT€pPUAIOB ¢ HETUIMYHBIMU 3JIEKTPOMArHUTHBIMH CBOWCTBAMHU
B 33JaHHBIX JHMana3oHax 4YacTOT 3JEKTPOMAarHUTHOTO H3JIyY€HUS] W YMEHHU KOHCTPYHUPOBATh TaKHe
Marepualibl Ipu pa3padoTKe Pa3IUYHOIO POAA AIEKTPOMArHUTHBIX ycTpoiicTB. OCHOBY BTOPOH 4acTH Kypca
COCTaBJISIIOT: (PU3HUYECKHE OCHOBBI MU MaTeMaTu4eCcKhe METOABI €TUHOOOPa3HOrO OMUCAHUS TIOBEPXHOCTHOTO U
00BEMHOTO paccessHUs KJIAaCCHYECKHX BOJIHOBBIX IOJIEH; METOJ MaTpUYHOrO ypaBHeHHMs Pukkatu pacuera
YaCTOTHBIX CHEKTPOB OTPaKEHHsSI M MPOXOKICHHUS OIHOMEPHBIX IU(PAKIMOHHBIX PEMIETOK M JABYMEPHBIX
(OTOHHBIX KPHCTAIJIOB IPOM3BOJILHON TOMOJIOTHHM 3JIEMEHTApPHOTO PACCEMBATENsl; METO/Abl YHCICHHOTO
MOJEJIMPOBAHMSI ONTUYECKUX 3334 MIMPOKOro MpoQuisi; METOAB! BOJIHOBOAHOM ONTHUKK NPUMEHHTENBHO K
3aj71a4yaM O IUIAaHAPHBIX BOJIHOBOJAX MHTErPaJbHOIN ONTHKH; PACCMOTPEHNE OCHOBHBIX THUIIOB METaMaTepHaioB
1 3¢ (eKTOB PEe30HAHCHOIO PACCEsiHHUS 3JICKTPOMArHWTHBIX BOJH Ha MallblX B MacmTade pabodeil IIHHBI
BOJIHBI JJIEMEHTApHBIX OJIOKaXx MeTaMarepualioB, OOYyCIaBIMBAIOIIMX MX JJICKTPOMAarHUTHBIC CBOWCTBA;
PE30HAHCHBIC ¥ BOJIHOBOAHBIE 3((EKThI, COCTABIAIOIINE OCHOBY (PU3UKH U TEXHUKH ONTHKH OJMKHETO TIOJS.

1. leau u 3apauu

eap AUCUMNIMHBI
- ¢opMupoBaHHE CIEIUANTBHBIX 3HAHUH B O00JACTH TPAJIUIIMOHHBIX MAaTEPHUAIOB U JJIEMEHTOB
IJIaHAPHBIX MHTETPATBHBIX ONTOAIEKTPOHHBIX CTPYKTYP M HOBBIX MCKYCCTBEHHBIX 3JIEKTPOMArHUTHBIX
MaTE€pUaIOB C HETUIHMYHBIMU JJICKTPOMATHUTHBIMU CBOMCTBAMU B 3aJlaHHBIX JMala30HAX YacTOT
AIIEKTPOMArHUTHOTO W3JIYYCHHUS M YMEHUM KOHCTPYHPOBATh TaKWe MaTepuaibl IMPH Pa3paboTKe
PAa3JIMYHOTO POAA EKTPOMArHUTHBIX YCTPOUCTB.

33]13‘[1/[ JAUCHUIIINHBI

- paccMoTpeHHe  (U3NYECKMX OCHOB W MaTeMaTHYECKHX METONOB EAMHOOOPA3HOTO OIMCAHUS
MOBEPXHOCTHOTO M 00BEMHOT0 paccesiHUs KIIACCHYECKUX BOJIHOBBIX IOJICH;

- pacCMOTpEHHE METOAA MaTPUYHOTO YpaBHEHMs PUKKaTH pacdyeTa 4acTOTHBIX CIEKTPOB OTPaXKEHUS U
MPOXOXK/IEHUST OJHOMEPHBIX JIU(PPAKIMOHHBIX PEIIETOK M JBYMEPHBIX (OTOHHBIX KpPUCTAJUIOB
MIPOU3BOJIBLHON TOMOJIOTHH JIEMEHTAPHOTO PacCEUBATENs;

- pacCMOTPCHUEC METOAOB YHUCIICHHOI'O MOACIIMPOBAHUA ONITUYCCKUX 3a/1avd IITUPOKOTO HpO(bHHH;

- PACCMOTPEHHE METOIOB BOITHOBOIHOM ONTHKHU MPUMEHMUTENIBHO K 337a4aM O ITUIAHAPHBIX BOJIHOBOJAX
HWHTETPaIbHOM OITHKY;

- pPacCMOTPCHUC OCHOBHBIX THUIIOB MCTAMATCPpUATIOB U 3(1)(1)CKTOB PE30HAHCHOI'O pPACCCAHUA
OJICKTPOMAarHuTHBIX BOJIH Ha MaJlblIX B Macirabe pa60qel71 JJIMHBI BOJIHBI 3JIEMCHTAPHBIX O1roxax
MCTaMaTrcpuaioB, O6YCJ'IaBJ'II/IBaIOH_[I/IX HX JJICKTPOMArHUTHBIC CBOﬁCTBa;

- PACCMOTPEHUE PE30HAHCHBIX U BOJHOBOIHBIX 3(P(PEKTOB, COCTABISIONINX OCHOBY (M3UKU U TEXHUKU
OIITUKH OJIMKHETO I0JI.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETCHIINH

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYAIINIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIME U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisier TMOWCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE

YK-1 CriocoGeH ocymecTBIsTh KpUTHIECKUN
JOCTYTHBIX UICTOYHUKOB HH(pOpMaLH

aHaM3 MPOOJIEMHBIX CHTYaIlMii Ha OCHOBE
CHUCTEMHOTO TI0/IX0/1a, BBIpadaThIBaTh
CTpaTeruro AecTBui

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS
MOCTABJICHHOM IIeld Kak IOCJICAOBAaTeIbHOCTh IIaroB,
HOpeABUIS PE3yabTaT KaKAOTO0 M3 HUX M OLEHMBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPY)KEHHE  IUIaHUPYyeMOi
JEATEIIbHOCTH U Ha B3aMMOOTHOIICHUS YYAaCTHMKOB ITOM
JesITeTbHOCTH




[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON

[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uuciie pazpadareBath 1 |[IK-1.2  CnocoGeH  BBLABHTAaTH  THUIOTE3BI, CTPOHTH
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICITN MareMaTHueCKHe MOAENM JUIsi  OIMCAHUS  U3Y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |SBJICHUIH M MPOILECCOB, OLEHHUTh Ka4eCTBO pa3pabOTaHHON
aHAJIN3UPOBATh HAyYHbIE MPOOJIEMBI, TIOJIy4aTh |MOJCIH

HOBBIC

HayqHBIC PC3YJIbTAThI I1K-1.3 CrnocobeH mnpuMeHATh TEOpeTHUeCKHue H (WIIHN)
9KCIIEPUMEHTAJIbHBIE METOJbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pE3yIbTaThl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)

B PE3YIbTATC OCBOCHUSA JUCHUIIJINHBI O6y‘{aIOH_II/I€C$I JOJI>KHBI

3HAThb:

YMETb:

- 3aBHCHUMOCTb YIJIOBBIX CHEKTPOB IH(PAKIMOHHOW PEHIETKM OT COOTHOIICHHS JUIMHBI BOJHBI H
HEepHOJIa PEILETKH;

- (hm3MUECKUi CMBICI UHIEKCOB M KOO PUIIMEHTOB ypaBHeHHs Pukkary;

- 3aBHCHMOCTb YaCTOTHOTO CIBHIA IOJIOCHI HEMPOIyCKAHMS DJIEKTPOMArHUTHOIO KPHCTalla OT ero
TeOMETPUIECKUX XapaKTEPUCTHUK;

- pamuanbHOE pacHpeleNieHHe OJJIEKTPUYECKOro TIONSl  DJICKTPOMAarHUTHOM BOJNHBI B MallbIX
ITHHIPUIECKUX U CPepHUYECKIX YacTUIIaX MPH PE30HAHCHOM PACCESHUY;

- OCHOBHBIC THIIBl IUIAHAPHBIX HWHTETPANBHBIX BOJIHOBOJIOB, JJICKTPOMAarHUTHBIX KPUCTAJUIOB U
MeTaMaTepraoB;

- 0 BO3MO)KHOCTH FOMOTCHHU3ALUH HEOJHOPOIHBIX CPE U UCIOIb30BaHMH d(P(PEKTUBHBIX MapaMeTpoOB
cpen;

- OCHOBBI allepPTYpHOU M Oe3anepTyPHOI ONTHKY OJIMKHETO TTOJIS.

- IpUMEHATh YypaBHeHME Puxkarm s 3agadu 00 OTpaXeHHMM U TNPOXOKICHUU IJIOCKOM
3JIEKTPOMArHUTHOM BOJIHBI OT OJHOPOAHOTO TIOCKOTO CIIOS;

- PacCUUTHIBATH CHEKTPHI MPOXOXKICHUS OPETTOBCKUX 3€pKal;

- BeIOMpaTh Hanbosee 3¢ EeKTUBHBINA METO/] YUCIIEHHOTO pacueTa KOHKPETHOW ONITUYECKOM 3a1auu;

- KJIacCU(HULIUPOBATH METaMaTPHAIIBI.

BJIAJIETD:

-IlepBu4yHbIMH ~ HaBBIKAMH  pacyeTa YacTOTHBIX CIEKTPOB  JU(PPAKIMOHHBIX  PEHIETOK U
UIEKTPOMATHUTHBIX KPUCTAIIIOB;

- [lepBruHBIMU HaBBIKAMU pacueTa IJIaHAPHBIX JUAIEKTPUUECKUX U IIa3MOHHBIX BOJIHOBOJIOB;

- [lepBruHBIMU HaBBIKAMH HCIIONB30BaHUA dPPEKTUBHBIX TAPAMETPOB HEOTHOPOAHBIX CPE;

- Ou3nvYecKUMH OCHOBAMU alepTypPHOH U Oe3arepTypHO ONTUKA OJVKHETO OIS,

4. Conep:xkanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJEeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHSATHH

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 BBonnas nekuus 2 1
) Uctopust pa3BuTHs mpeAcTaBIeHHN 00 ) |
HCKYCCTBEHHBIX BOJIHOBBIX MaTepHaliax
3 VYepennenue MHUKPOCKOITHYECKHUX ) 1
ypaBHeHU Makcgeina — JIopeHna




Or mmaro JlappuHa K  (HOTOHHBIM

4 2 1
KpHUCTaJlIIaM

5 ®opmynsl Knaysmyca — Moccortn n > 1
Jlopenn — JlopenTua

6 VYpaBHeHuss MakcBesnsa B BEIIECTBE 2 1

7 IIpocrpancrBeHHast Jycrepcus U ) |
MOSIBJICHUE HOBBIX THIIOB BOJIH

] DNneKTpOMarHuTHHIE BOJIHBI B ) 1
aHU30TPOIHBIX Cperax

9 OJNEeKTpOMarHuTHOE 110J1e B HEMarHuTHOMN ) |
OJJHOMEPHO HEOJTHOPOJHOMU cpene

10 I'eomeTpuueckas ONTHKAa HEOTHOPOIHOM ) 1
cpezbl

1 [IpakTnueckas SaIla‘Iil FEOMETPHYECKOU ) |
ONTHKHU HEOAHOPOAHOMN CPEbI

12 Cpenusisi TJIOTHOCTD BHCKTE)OMaFHI/ITHOI\/'I ) 1
SHEpPIUU B AUCHIEPrUpYIOLIEH cpene
OTtpakenue u MIpeJIOMJICHHE

13 JJIEKTPOMATHUTHBIX BOJIH HAa TPaHHUILE 2 1
IBYX Cpel

14 Cosur  I'yca-XeHxeH: Teopuss U 2 1
[IPAKTUYECKUE TPUIIOKECHUS
[IpocrpaHcTBeHHAs JACIIepCHs,

15 OTPULIATEIILHOE [IPEIOMIICHUE u 2 1
OTpHLIaTeNIbHAs IPYIIIOBasi CKOPOCTb
[Tonsarue 0 TpaHChHOPMaITMOHHON

16 |omTHhKe. DOTOHHBIE KpHUCTAJLIbI. ) )
VYcnoBust  GpopMUpOBaHMS — YACTOTHOMH
10JIOCHI HEIIPOIY CKaHUSI.
[lepuonuueckue CTPyKTypbl: Ha IYTH K
EAMHOMY METOLY ONMCaHUs

|7  |moBepxHOCTHOTO 17§ 00bEMHOTO ) )
paccesHusT  KJIaCCHYECKMX  BOJHOBBIX
noneid. OT nudpakIMOHHBIX PEIIeTOK K
(OTOHHBIM KpHUCTAJLIaM
Pacuer 4acTOTHBIX CHEKTPOB OTpPa)KEHUS
u MIPOXOKICHUS OJTHOMEPHBIX

18  |mudpaKkIMOHHBIX PEIIETOK U JIBYMEPHBIX 2 2
(hOTOHHBIX KpHCTaJUIOB METOJIOM
MaTpU4HOIo ypaBHeHUs Pukkaru

19  |HMuTerpanbHO-ONTUYECKHE YCTPOHCTBA 2 2

20 Mertonpl YHMCIEHHOIO MOAEIMPOBAHUSA ) )
ONTHYECKUX 33]1a4

21 MeToa KOHEYHBIX DJIEMEHTOB 2 2

22 MeTo1bl KOHEUHBIX Pa3HOCTEM 2 2

23 OnTvka OJHOMEPHBIX MHOTOCIOWHBIX ) )
CTPYKTYD

24  |BonHOBOJHAs ONTHKA 2 2

25 I'eomerpuueckoe U BOJHOBOE OIMCAHME ) )
BOJIHOBOJIOB

26  |Metox pacnpocTpaHEHU IMydKa 2 2

27 Ucropus u Kiaccuuranus ) )
MeTaMarepuasoB

28 | Tumsl MeTaMaTepuasoB 2 2

29 Pe3onancHoe paccesiHue: pe3oHaHCh My, ) )
®pénuxepa, PaHo

30 Pe3zonancueie 1 BOMHOBOIHBIE 3()(EKTHI ) )

OIITUKH OJIMKHETO I1OJIS




Nroro yacos 60 45
[TonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopaepxaHue TUCHUILTUHBI (MOYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemectp: 1 (Ocennwii)

1. BBoguast mexnus

Pasputne npencraBieHuii o (OTOHHKE W CBSI3aHHBIX ¢ Hel TexHoNoruil. @OTOHUKA KaK MOJ0TPACb
1o 1980 rona - ontudeckue npuOOpPsI, ynpasisieMble JIeKTpoHUKoH. HoBrie HanpaBieHus: GOTOHUKH
1990 — 2000 romoB — MUKpO(OTOHKKA, HAHOOIITHKA, TNIA3MOHHKA, paAHNOPOTOHUKA, OJJHO(DOTOHHKA,
ONITUYECKHE HMCKYCCTBEHHbIEe Marepuaibl. [lpumMepsl: BOMHOBOIB M AM(PPAKIUOHHBIC PEIICTKU
MHUKPO(QOTOHMKH, IUIA3MOHHUKA, ONTHYECKHE HCKYCCTBEHHbIC Marepuaibl. IlosicHeHus: ypaBHEHHS
MakcBesia, yactota u JyinHa OM BOJIHBI B cpelie, ypaBHEHHs MakcBeijia B BEILIECTBE, I'pPaHHUIA
paszena cpel «3HaeT» 4YacTOTy BOJIHBL, HO HE «3HAaeT» JJIMHY BOJIHbL. CTPYKTypbl U Marepuallbl
MUKPO(QOTOHMKM ¥  HaHoONTHKH. IlloscHeHWs: OHAaHM3OTPONMHBIE Cpeasl M HUX CBOMCTBA.
Mertamatepuainsl. Onpeaencare. O01acTH NPUMEHEHUST HICKYCCTBEHHBIX DM MaTepuaios.

2. Ucropus pa3BUTHS IIPEACTaBICHUH 00 NCKYCCTBEHHBIX BOJTHOBBIX MaTepHagax

Hcropust OM marepuaioB: BbICBEUMBaHHE HapoB pTyTH. CHOHTaHHOE M3IIyY€HHE B PE30HATOpE.
Jurmone B OTKpHITOM pe3oHarope. McKyccTBeHHbIE NEPUOIMYECKHUE BOJHOBBIE CTPYKTYPBL. THIIBI
MeTamarepuaioB u MetanoBepxHocTel. [Ipumepsl: Onocencopsl Ha ocHOBe 10 HM yacTuil Au u Ag,
BOJIHOBOJIbI M3 HAHOYACTHUL AU, METAIIOBEPXHOCTHU C 3aJaHHBIM CIIEKTPOM OTPa)KCHHUS, HAHOAHTECHHBI

3. YcpenHeHne MUKPOCKOIMUECKUX ypaBHeHH MakcBesia — Jlopenna

OcHoBHas 3aj1a4a ¥ ypaBHeHUs nekrpoauHamuku (I/]). [TpubnwkeHnue MeKTpo- MarHUTOCTATHKH.
[MonHas cucTemMa ypaBHEHH IS IEKTPOMAarHUTHOTO (DM) MO ¥ €T0 CBS3H C 3apsAAaMu M TOKaMH.
VpaBHeHuss i (yphe-KOMIIOHEHT IO BpPEMEHHM U anreOpanyeckas CUCTeMa YpaBHEHHH UL
¢bypbe-o0pazoB. [lpubmkeHus A yCpeTHEHUS MUKPOCKONHMYECKUX YPaBHEHHH - pasZelieHue
3apsI0B Ha CBOOOJAHBIE M CBSI3aHHBIE; cilaboe NelCTBHE MOJsS Ha BEINECTBO; YCPEAHEHHE II0
¢u3nuecKkn OECKOHEYHO MajioMy OOBeMY IUIOTHOCTH MHKDPOTOKOB M 3apsioB; INpeHeOpexeHue
¢GayKTyansMu IUIOTHOCTH TOKOB M 3apsAlOB. YCpPEJHEHHE MHKPOCKONNYECKUX YpaBHEHHH
Makcseta — JlopeHa B BEICOKOUacTOTHOM mipezene. [IBa MeTona onucanust DM 1osis B BEIIECTBE B
obnactu 6onbmux yacToT. O0IacTh NPUMEHUMOCTH YpaBHEHUH B oOacTi Oonbiux vactoT. bonee
noiHas teopuss DM siBieHUWE Oe3 OrpaHWYEHHs YacTOTBI CHU3Y. DJIEKTPUYECKOE CMEIICHHE WU
JNEKTpUUecKasl HHAYKIKs. BBegeHne MakpoCKONMMYECKOT0 MarHUTHOTO TOJISl ¥ CUCTEMa YpaBHEHUI
Makcseia B BemectBe. OTCYTCTBHE €MHOOOpa3Hs B TEPMUHAX CBOOOHBIC U CBS3aHHBIC 3aPSI/IbL.

4. Ot mnaro [lapBrHa K (JOTOHHBIM KpHCTaJJIaM

Ot mnaro [apBuHa K (QOTOHHBIM KpucTaimiaMm. udpakuus peHTreHOBCKHX Jy4ed B KpHCTaLIe.
®dypbe-KOMINOHEHTBI  mojsipu3yeMocTH  cpeabl.  OmeHka — BenuuuHbl  Dypbe-KOMIIOHEHTHI
NOJSAPU3yeMOCTH  Ha mnpuMmepe Kpuctauia Si. [IpubmmkeHHOe penieHne MHKPOCKOIUYECKOTO
ypaBHeHUs1 MakcBenna ¢ He YCpPeOTHEHHBIM 10 (U3NYECKH OECKOHEYHO MalloMy o00beMy
pacrpesieJIeHueM  KOHIICHTpPALMM  JJIEKTPOHOB.  [IpuOmmkeHHe  OJHOKPAaTHOTO — PaCCEsiHUS.
Kunemarnyeckoe npuOMKEHHEe W JUHamMu4eckas audpakuus. [pannunsie ycnoBus. [myOuna
NPOHUKHOBEHUSI HM3Iy4CHUS B TeOoMeTpuH bperra m NpUMEHUMOCTh METOIA TOCIIEAOBATEIBHBIX
npubmkenuit. [lnato [lapeuna. OnTuuecku cnabble W CHIBbHBIE CTPYKTYpbl. 3D  QoTOHHBIN
KPHCTAJII B PEHTTCHE.



5. ®opmynst Knayznyca — Moccortu u Jlopenir — Jlopentma

®opmyna Knaysmyca — Moccortn. @opmyna Jlopenn - Jlopentuna. Cemuuap 3. YmpakHeHHS:
IUIOCKasi JBaHECLIEHTHas BOJHA; oTiauuue psana Dypbe or uHTerpasa @Dypbe; MO IOBOLY
OTPHULATENBHBIX YaCTOT. TEH30p IUAIEKTpUUYECKON NMpoHUIaeMOocTh. [IpoCTpaHCTBEHHO OTHOPOIHAS
U crauuMoHapHas cpena. JlucnepcrnoHHoe ypaBHeHME. be3 IpOCTpaHCTBEHHOM JIUCIIEPCHH.
[IpocTpancTBennas aucnepcusi. BeiBoa ¢opmyinel 001ero Buaa CBsi3u TOKa U HOJsI B TUHEHHOU DJ1.
OM BOJHBI B OTHOPOAHOM cpejie 6e3 MPOCTPAHCTBEHHOH TUCTIEPCHH.

6. YpaBHeHHs1 MakcBeia B BEIIECTBE

VYpaBHenus: MakcBeiuia B BellecTBe 0e3 MPOCTpaHCTBEHHOM Jucriepcud. Pemienue B BemectBe 0e3
MIPOCTPAHCTBEHHON Jucnepcud. JIUCIIEpCHOHHOE YpaBHEHHME [UIsl MOIMEPEYHOrO 3NIEKTPUUYECKOTO
nosst. PemeHne B BeleCTBE C NMPOCTPAHCTBEHHOW aucnepcueid. YacToTHas M NMPOCTPaHCTBEHHAs
mucniepcus. Ouznueckuii cMbicia. DM BOJIHA B HENPOBOZSILEH cpeae. YUeT NpOBOAMMOCTH CPEIbI.
OM BoOJHBI B AUAIEKTpUKaxX M MpoBoaHukax. CkuH cioi. Cpena Kak MPOBOAHUK WIIH AMIIEKTPUK
npu pasHelx yactorax OM wusnyuyenus. IloBepxHocTHeie DM BONHBI Ha TpaHHULE BAKYyyM —
nuannekTpuk. [lonspuszanys MoBEpXHOCTHON BOJIHBL. 3aKOH JUCIIEPCUM OBEPXHOCTHOW BOJIHBI IS
Cllydasi XOJIOAHOM I1a3Mbl. DHEPrusi MOBEPXHOCTHON AIIEKTPOMArHUTHOM BOJTHBI

7. HpOCTpaHCTBCHHaﬂ AUCTICPCHUS U TTOABJIICHHUEC HOBBIX TUIIOB BOJIH

Honnbie kpuctaimbsl. OOmee npencrasnenue [lonspusyemMocTs MOHHBIX KpucTaiwioB. [loscHeHue:
OM mnone aunons. ATOMHasl MOJSPU3YEMOCTh HOHHBIX KpucTauioB. “IlomspusyemMocts cMenieHus”
HMOHHBIX KpHcTauioB. OLEHKH aTOMHOW MOJSIPU3YEMOCTH U “TIONIIPU3YEMOCTH CMELICHHUS HOHHBIX
KpHcTayioB. [lonspuToHBl B MOHHOM KpHCTajuie. AHAJIN3 peleHns: OMKBagpaTHOTO ypaBHEHUs. [IBe
BETBM 3aKoHa Jucnepcud. Jlucrepcuss NOISIPUTOHOB B OTHOPOAHOM H HM3OTPOIHOW Cpere.
Hemarnutasie cpenpl. “TlpaBbie” MONSPUTOHHBIC BOJHBL. PelieHre OMKBaJpaTHOTO ypaBHEHUS ISt
“npaBbIX” TOJSPUTOHHBIX BOJH. PerieHne OMKBagpaTHOrO ypaBHEHUS JUIS “JI€BBIX’ MOJISPUTOHHBIX
BOJH («oTpuuaresnbHsiey DM BoiHbI). [pynmoBas cKOPOCTh MPABBIX U JIEBBIX MOJSIPUTOHHBIX BOJIH.
JlucriepcioHHbIE 3aBUCUMOCTH IS KTIPaBBIX» M «JIEBBIX» DM BOIH

8. BHGKTpOMal"HI/ITHLIe BOJIHBI B aHU30TPOIIHBIX CpCAax

CBo0OOIHOE BJIEKTPOMArHUTHOE IOJIE€ B OXHOPOAHOM AaHM3OTPONMHOM BemiecTBe. [IpoxoxkimeHue
CBETa Yepe3 XO0JIEPUUYECKUH KUAKUHN KpUcTail. 3aKOH IUCIIEPCUU U TUIIbI JIEKTPOMArHUTHBIX BOJIH B
OJHOOCHOM KpucTtamie. HampaBieHue BekTOopa TIOTOKAa DJHEPrUUM HEOOBIKHOBEHHOW BOJIHBL,
pacnpocTpaHsIoIIENcss B OQHOOCHOM KPUCTAJIJIE C BOJIHOBBIM BEKTOPOM II0J] YIJIOM K ONTHYECKOH
ocu.

9. DnekTpoMarHuTHOE MOJIe B HEMarHUTHOM OTHOMEPHO HEOTHOPOAHOM cpefie

OM mnone B HEMarHUTHON HEOJHOPOAHOH cpefie. 1D HeoMHOPOAHOCTH BIOIL OCH Z. DPPEKTUBHBIHI
pasmMep HeogHOpoaHOCTH cpenbl. [IpubmmkenHoe pemenue. Pemenue oxono touek f = 0. YpaBHeHHE
[lyaccona. Ypauenue Jlammaca. ['padmku mepBeix monmuHoMmoB Jlexannpa. [IpoBoasmuii miap B
[TOCTOSSHHOM OAHOPOAHOM 3JIEKTPUYECKOM ToJie. J[MANEeKTpUYECKHH ap B HOCTOSHHOM OJTHOPOHOM
JIeKTpUUYecKoM 1ojie. Toueynsle 3apsiibl, pasaesieHHble mapoM. [lonHas sHeprus AByX 3apspKEHHBIX
METaJUIMYECKHX IIapOB.

10. T'eomeTpuueckas ONTUKAa HEOAHOPOJIHOM CpeIbl

I'eomeTpuueckass onTHKa HEOTHOPOIHOM cpenbl. PaznmoxeHue Mo CTENEHSM Majoro rnapamerpa B
BHUJI€ OTHOLICHUS JJIMHBI BOJIHBI K XapaKTEpHOMY pa3zmepy HeopHopoxaHocTH. [lepBoe nmpubnmkenue.
VYciioBue CylecTBOBaHUS NMPOJOIBHBIX M MONEPEYHBIX BOJH B HEOAHOPOAHOW cpene. BomHoBoMH
(GPOHT M JTyd B SHKOHAJIBHOM NMPUOIMKEHUH. VIHTEHCUBHOCTD U ONTHYECKas JAJIMHA JIyda

11. IIpakTryeckas 3agaua TeOMETPUIECKON ONTUKH HEOTHOPOIHON CPEIbI



[IpakTuyeckas 3ajaua TeOMETPUUECKON ONTHKUA HEOMHOPOAHOW cpenbl (cnmaiia. Jndpakuus ceta.
Onpenenennsa. Ob6nactu gudpakumun  Dpenenss u  Dpaynrodepa. dudpakums Dpenens.
CxeMarnueckoe n3odpaxkenue odnactei nudpaxiyn. [IpuOImKeHHbIH Tepexo K MapadoIndecKoMy
ypaBHeHUIO. Pemenue. YpaBHeHHE IS JBYXYaCTOTHOW KOPPEISATHBHON (QyHKIMH. XapaKTepHbIC
nmapaMeTpbl JIla3epHOTO IMydyka. BiwmsHue perynaspHoii W TypOylneHTHOH armocdepsl Ha
pacmpocTpaHeHHE CBETOBOrO HMIyjibca. ONHCaHWE ONTHYECKUX CBOICTB HEMarHUTHBIX
MarepuanoB. Jludnekrpuueckas ¢ynkus. HopmambHas w  aHomanbHas jaucriepcus. Mogenb
Jlopentna. IlonpaBku Jlopenna — Jlopentna. ®opmyna Knaysnyca — Moccort. AHcam6iab N
ocumusitopoB Mogens [pyne

12. CpenHas MIOTHOCTH 3JIEKTPOMAarHUTHOM SHEPTUH B TUCIIEPTUPYIOLIEH cpezie

Cpennsist TUIOTHOCTh DM 3HEPruu B Hemoromaromei cpene ¢ nucnepcueit. Meron M.JI. JleBuHa.
@u3nyecKuil CMBICI CpelHEel M0 BPEMEHH IIOTHOCTHU dHeprun. CpeqHss MmIoTHOCT, DM sHepruu B
mucneprupytomnieit cpene. O6muit cmyvait. Ilouemy paccmarpuBaem JHCIIEPCUIO BOJH Ha MPUMEPE
ma3mMel? . TeH30p AHUANEKTPUYECKOW MPOHUIIAEMOCTH XOJOAHOW IUIa3Mbl BO BHEIIHEM MarHUTHOM
rosie; XOJOoAHAs TUia3Ma Oe3 BHEIIHEr0 MAarHWTHOTO Tojs; JluanexTpudueckas MpOHUIAEMOCTh B
BBICOKOYAaCTOTHOM CITy4ae

13. OTpakeHue 1 MPENIOMIICHHE JIEKTPOMAarHUTHBIX BOJH HA TPAHUIIE JBYX CPEl

OTpakeHne TUIOCKOMOSIPU30BaHHONM DM BONHBI OT IUIOCKOM MOBEPXHOCTH cpeabl. [lmockocThb
nonsipuzauud OM BONHBL: § — W p — BonHBL. llomyOeckoHedHbIe cpelbl - TPAHUYHBIE YCIIOBHSL.
[Ipo3paunbie cpeapl - OTpakeHHE, TMpeIOMIICHHE. AMIUINTYABl MaJaroliel, OTPaXeHHOW W
npesioMyIeHHON BonH. Ilomspuszanmst BoiaHbl Ipu oTpakeHuu. dasa BOIHBI MPH OTPAKEHUH U
npenoMiIeHnd. AMIUIMTYa U ¢da3a BOJHBI NPH OTPAKEHUHM YIIIOBas 3aBUCUMOCTH Kod(dduimeHTa
OTpa’KeHHsI BOJIH pa3HoM moisipu3anuu. [IpuMepsl: mpenomienue BoaHbI U3 0oJiee TIIOTHOM Cpelibl —
BHEIIHS 3 (PEeKTUBHOCTD cBeToM3Mydaronmx anonos (CHU/I); ckanupoBanue HEOAHOPOAHOM BOJIHBI,
MOSABIISIONICHCS. TIPU TIOJIHOM BHYTpPeHHeM oTpaxkeHuu; 3ddexkr dEnoposa - MmOepra: cnivHOBBIN
addext Xomna st cBera. OrpaHuveHus: IpuMeHIMOcTH Gopmyn Openens.

14. Casur I'yca-XeHxeH: Teopus M MpaKTUYECKHUE MTPUIIOKEHUS

Oddekr T'yca-XeHXeH, NPOSBISIOMUICSI B TPOJOIHHOM CJABHIE IIy4Ka [0 OTHOIICHHUIO K
MPEICKa3bIBAEMON T'€OMETPHUUYECKON ONTHKON TPACKTOPUH PACHPOCTPAHEHHS ONTHYECKOrO ITy4Ka,
UCTIBITHIBAIONIETO TIOJTHOE BHYTPEHHEE OTpakKeHHE INpH MajJeHHMM U3 Oojee IUIOTHOW B MeHee
wioTHyl0 cpeny CBs3p cuBura ¢ BO30YKICHHEM MOBEPXHOCTHBIX BOJH, SKCIOHEHIHAIBHO
3aTyXawIux B MeHee TIOTHOH cpefie. CriocoObl ycunenus spdexTa.

15. IlpocTpaHCTBEHHas IUCIEpPCHsl, OTPULATEIBHOE IIPEJIOMJICHHE U OTpULArelbHas IpyIIoBas
CKOPOCTh

[IpocTpaHcTBeHHAss JUCHEPCHS, OTPHULATENLHOE MPEJIOMIICHWE M OTpHULATeNbHAas TIPYIIOoBas
ckopocTb. Jleonnn NcaakoBuu Mannensmtam, Jlekiun 1944 roma: BOMHOBOI BEKTOp, TPYMIIOBast
CKOPOCTh, MPUHLHXIT HPUYMHHOCTH. [ paHMYHAs 3a7a4ya W MPaBWIO OTOOpa MPEIOMIICHHOW BOJHBI.
I'pannynas 3aga4a ¥ NPUHLIUI NPUYUHHOCTU JJISI UMITYJIbCA C MEPEIHUM aMIUTUTYIHBIM (POHTOM.
Heoano3znauHoCTh pelieHus: TpaHUYHON 3a/1a4u Ui IJIOCKOM MOHOXpOMAaTHYeCKOW BOJHBIL. Br1Oop
KOHCTaHT Ha TpUMEpe S IMOJSApU3AlMM BOJHBL. YHUBEpcaibHas (OPMYIHpOBKa IpaBUiI OTOOpa
MPEJIOMJIICHHOW BOJHBI. BBIOOp 3Haka momepeyHOH KOMIIOHEHTHI BOJIHOBOTO BEKTOpa B Cpele
MPEIOMJICHUS: TPU SHEPTeTHMYECKHX COOOpa)XeHUs! NpU BHIOOpE 3HAKA IMONEPEYHOW KOMIIOHEHTBHI
BOJIHOBOTO BeKTOpa B cpene mnpenomieHus. DynaameHTtanpHoe cooTHoumeHue [[.B. CuByxuna,
CBSI3BIBAIOILIEE CPEIHIOI0 1O BPEMEHHM OOBEMHYIO IUIOTHOCTH 3HEPruM DM MOis cO CPeIHHM II0
BpEMEHHU 3HaueHHeM BekTopa lIoHHTHHTra, BOIHOBBIM BEKTOPOM M IPYMIIOBOW CKOPOCTHIO. BaxkHble
daxkTopel cpeasl M BOJHBI B MpoOieMEe 3aKOHOB TNPEJIOMIICHUS W TPYINIOBOH CKOPOCTH:
HCKYCCTBEHHBIE CPE/Ibl U OTPHULATENIbHAS IPYIIIOBasi CKOPOCTD

Cemecrtp: 2 (Becennuit)

16. Ilonarue o TpanchopmanroHHON onTHke. POTOHHBIE KPUCTALIBL.  YCIOBUS (POPMUPOBAHUS
YaCTOTHOM IOJIOCHI HEIIPOIYCKaHUSI.



O BO3MOXXHOCTH OTPHIATEIBHOTO TpeloMiIeHUs. MHKeHepus ONTHYECKOTO IPOCTPAHCTBA
(Tpancdopmanmonnas  onrtuka). [IpeoOpazoBaHHe HEOJHOPOIHOW BOJIHBI TOJIHOTO BHYTPEHHETO
OTpaXEHHsI B PaclpOCTpaHSIONIylocs BoiHy. Mcropus Bompoca: omblT KBHHKE M mOCieqyromne
uccienoBanvs. [lonoxurensupii  kodhdunment mnpenomnenus. Ipdext cymnep — npu3mbl. 2D
¢dotoHHbIe KpucTaLibl. «CTOmKa» ApOB. YCIOBHS (OPMUPOBAHUS TOJIOCH Hempomyckanus B 3D
(GOTOHHBIX KpUCTaJUIAX W €€ YCTOMYMBOCTb NpPU HAPYIICHUH HICATBHOCTH CTPYKTYpBHI.
OnrumanbHas TommuHa cios 2D wmHBepcHOro QoroHHOro Kpuctaymuia. YactoTHeie cnektpsl 2D
(OTOHHBIX KpPHUCTAIOB M3 CTEep)kKHeW wiau mop. YacToTHele (QUIBTPHI, MOBOPOTHBIC 3€pKaia,
BOJIHOBOJIBI, CMECHTEIIN — JICJIUTEIN, coriacoBaTenu (taper) Ha ocHoBe 2D (pOTOHHBIX KpUCTAJIIOB.
Cno#i 2D ¢oroHHOro kpuctanna. TUNUYHBIA CHEKTp Npo3padHocTH 2D CUCTEMBI CTepiKHEH.
@dopmupoBaHHE YACTOTHBIX TMOJOC  HENPOIyCKaHHs. MaKpOCKOIMHMYECKOe HEPEe30HAaHCHOE
MHOT'OKpPaTHOE paccesHue OperroBCKoro THIa Ha MEePUOJMYECKOM MOTEHIINANIE 1 MUKPOCKOITMYECKOe
pPE30HAHCHOE paccesHHEe Ha YEIMHEHHOM TIOTeHIuane. Pe3oHaHcHoe  paccesHune Mwu Ha
OeckoHeYyHOM KpyroBoM muinHzape. Ilouemy ocHoBHas nosoca?. OCHOBHas 1OJI0OCA U MOHOIOJIBHOE
paccesaue. [lnotHas ymakoBka dS((EKTHBHBIX LWIMHAPOB H  TOJOCA  HEMPOIYCKAHHS.
JlomoyTHUTENbHAS T0JI0CAa HETPOIYCKaHMs ¢ Beiieckamu. [loBeaeHue mojaockl HENPOMyCKaHUs IpU
M3MECHEHHH JMAJIEKTPUYECKOTO KOHTpAcTa, yIiia IaJeHUs BOJHBL, JAe(opMaluy 3IEeMEHTapHBIX
pacceuBateneil CTpykTypsl (Ha mnpumepe crepxkHeit). I[lomoca Hempomyckanus. YactoTHas
MOACTPOMKA.

17. Ilepuoguueckue CTPYKTYpbl: Ha IyTM K €IUHOMY METOJYy OIIMCaHMsS IIOBEPXHOCTHOIO H
00BEMHOTO paccesiHUsl KJIACCHUECKUX BOJHOBBIX mojieil. OT nupakIMOHHBIX PEIIETOK K (POTOHHBIM
KpUCTaJllIaM

JlBa Tuna 3azad MHOIOKPAaTHOIO pPacCesHUs KJIacCUUYECKMX BOJHOBBIX IIOJNIEH: paccesHUEe Ha
MOBEPXHOCTH U 00BEMHOE paccesiHue. DIeMEeHTapHbIe MpeacTaBieHust 00 ypaBHeHusAx Opearonbma
u Bonbsreppa. Eqnnoo6pasHoe onucanne moBepxXHOCTHOTO M 0OBEMHOTO MHOTOKPATHOTO PACCESHUS
OM BonH. Ilepuognueckue CTPyKTypbl: Ha MyTH K €JMHOMY METOAY ONKCAHUS NMOBEPXHOCTHOTO H
o0beMHOro paccessHus. [locraHoBka 3amaum paccessuus OM  BonHbl Ha 3D HeomHOpOIHOM
M30TPOITHOM Cpenbl CO CKaJspPHOM IMANIEKTpUdeckod mpoHunaemoctsio. [lonsatue o T omeparope
paccesiHUsL HENpepbIBHOM U IUCKpeTHOH cpell. IlpencraBineHue ynioBbIX CIEKTPAJIbHBIX aMIUIUTYH.
OmneparopHble BOJTHOBBIE KOA(MQHUIMEHTHl OTPAKEHHS U IMPOXOXKICHHUS CHUCTEMBI 3JIEMEHTApHBIX
CJIOEB IIPU BUPTYaJIbHOM pPAcCiOeHUM ciosi cpenbl. Mimtoctpanus npasuia Barcona koMnosunuu
OTIEpPaTOPOB paccesiHUsl CHUCTEMBI paccewBaresneld. CMelIaHHas CHCTEMa TOUYHBIX OIEPaTOPHBIX
YpaBHEHUI [UIi BOJHOBBIX KOA(P(UIMEHTOB OTPaXEHHsI U TPOXOKICHHS CHCTEMBI U3 N
JJIEMEHTApHBIX CJIOEB. PEKyppeHTHBIE ypaBHEHHS JUIsI CHUCTEMBI n-1 3IEMEHTapHBIX CJIOEB NpHU
n00aBIeHUH N-0ro »JaeMeHTapHoro cios. dyHnameHTanpHas TpaHchep Mmarpuma. OneparopHoe
ypaBHEHHE PUKKaTH 1 acCOLMMPOBAHHOE C HUM YpaBHEHHE B KOHEUHBIX pasHOCTAX. [lepnonnyeckas
MOBEPXHOCTHAS M 00BEMHAs CTPYKTYpbI: IpUMepbl. Perienne ypaBHeHUs: PUKKaTH 17151 OTHOPOIHOTO
I0ckoro ciod. OTpaxkeHue U MPOXOXKIEHUE OJHOPOAHOTO IUIOCKOTO CIIOSA. YTIIOBBIE CIIEKTPaJIbHBIC
nopsiku 1D pemerku. OT 1udpakiMOHHBIX PEIIEeTOK K (POTOHHBIM KPUCTAILIAM.

18. Pacuer 4YaCTOTHBIX CIEKTPOB OTPAXKECHUS U MPOXOXKICHHS OIHOMEPHBIX TU(PPAKIIMOHHBIX
PEIIETOK U AByMEPHBIX (DOTOHHBIX KPUCTAJUIOB METOJOM MAaTPUYHOIO YpaBHEHUsI PukkaTu

VYpaBHenue Pukkartu nasi MaTpUYHOTO BOJHOBOTO ko3 ¢duumenra orpaxkenus. TE mnomspuzanus.
Ouznueckuil cMbICT HWHIEKCOB. «HawanmbHbley ycioBus. Puzndeckuil cMbIcl Kod(DOUITUEHTOB.
Oynkuus TpanchopManuu BOJH. . Y — KOMIIOHEHTA MOJS W IUIOTHOCTh OTPaKEHHOTO MOTOKA
SHEPruH. YpaBHEHHE JUII MaTPUYHOIO BOJHOBOTO KOX(QUIMEHTa NPOXOXKICHUSA. YpaBHEHHE
Pukkaru anst MaTpu4HOrO BOJIHOBOTO Kodg¢unuenta orpaxenus. TH nonspuzauus. YpaBHeHue ams
MaTPUYHOTO BOJIHOBOTO Kod(dunuenta mpoxoxaeHus. TH monspuzanus. [Ipumepbl pacdeToB Ha
OCHOBE YpaBHEHHS PWKKaTH M acCOLMUPOBAHHOTO C HUM YpaBHEHHUsS. bperroBckue 3epkana Ha
OCHOBE TMOpHCTOro KpeMHus. OnTuyeckuii MOHHUTOPUHI. KOHTponb (opmbl pemeTok mpu
HaHouMnpuHTHOH Jsmrtorpadguu (Nanolmprint Lithography NIL). Pednexromerpuss  cTonku
JICHTOYHBIX pemeTok. 2D uHBepcHbIE (DOTOHHBIE CTPYKTYpBI: Pa3yHopsIOYCHUE 3IEMEHTapHON
sTUeHKU. DJIeMeHThl GOTOHHBIX UHTErpalbHBIX CTPYKTYp (PUC). Cxembl BoiHOBOAOB ¢ AByMA 1D u
2D mudpaknnoHHBIME perieTkamu Ha 6ase ctpykryp KHU

19. aTerpanbpHO-ONTHYECKHUE YCTPOICTBA



HNuterpanpHo-onTuueckue ycTporcTBa. [lacCUBHbIE M aKTUBHBIE DJIEMEHTHL. BOJOKOHHBIE
CBETOBOABI. BOMHOBOIBI € ()OTOHHO — KPUCTAIIMYECKOW CTPYKTYpoH. BONOKOHHBIE CBETOBOABI C
OporroBckumu  pemerkamMu.  CeHCOpbl  Ha ~ OCHOBE  ONTHYECKHX  BOJIHOBOJOB €
(hOTOHHO-KPUCTAIUIMYECKON CTPYKTYpol. CKOpoCTh mepefadn M CHCTEeMbl OOpaOOTKH [TaHHBIX.
Uepapxust anmuH mexcoeaunenuil. Ontudeckue MexcoenuHenus. Cxema @UC Ha ocHoBe Si ¢
aneMeHTaMu 1a3MoHuKH. [lorepu u ycunenue B nenubenax. BomokoHHO-ONTHYECKUN COSAMHUTENb.
[Mnanapuble qudNEKTpUUecKre BOTHOBOALL. [loTepu Ha n3rnbax. BomHOBOM B MHBEPCHOU (DOTOHHOM
CTpyKType. JINHNA 3a1epKKU: aKTUBHOE AIIEKTPUIECKOE YIPABIECHUE CKOPOCTHIO cBeTa. [1om0CcKoBbIi
TUTa3MOHHBIN BOJIHOBOJA. BONHOBOIBI W3 HAHOMPOBOJIOK OJaropojHBIX METaJUIOB. TpeXCIIOWHbIE
CTpYKTYpbl (cenaBu4). KommakTHbIe yCTpoOMCTBa CHEKTPajbHOrO YIUIOTHEHUs KaHaioB (WDM).
YacroTHblid QUIABTp W JHMHUS 3aJIepPKKH Ha Koiiblax. Mopa menuyieii raneped. PoTogeTeKTop.
[Ipumep snementoB Si @UC. CnocoOwsl BBoma/BbiBoga DM wu3nyuenus. llpumepsl pacueToB Ha
OCHOBe ypaBHeHHMs Pukkaru. Pe3onancHoe paccesHue Ha 1D JudpakiMOHHBIX —pelIeTKax.
Anomanuu Byna peneeBckoro tumna. KoadduuueHTt orpakeHus ycedeHHOH CTPYKTYphl. AHOMalIUu
Byna-Ilanme. Ponb sBanecueHTHBIX Moa. [lepronndeckue CTPYKTYphl U3 MOIBIX TPyOOK. CHEKTpEI
OTPaXEHHsI CTPYKTYp M3 MONBIX TpyOok SiO2 u MeTaui-AudIeKTPHYECKUX TPYOOK. 3epkajo u
HOJISIPU3ATOP U3 «HUYETOM.

20. MeTonpl UMCIEHHOTO MOJEIUPOBAHMS ONTHUYECKUX 3a/1a4

Uucnennoe monenupoBanue. [Ipocreiiimas nuneiHas kpaeBas 3amada. CTpyKTypa IMojid U KpaeBble
ycioBusi. Meron nporoHkd. MeToq MHBapHaHTHOTO MOTpyKeHusi. OCHOBHBIE METOIbI YHCICHHOTO
MOZEIMPOBAHUS ONTHYECKUX 3a/1ay. [10JTHOBOITHOBBIE M MPUOIMKEHHBIE METOABI. MeTOo KOHEUHBIX
pasHocreii Bo Bpemenu, FDTD. Pa3znoctuslii Bun ypaBHeHuii MakcBema. PekyppentHas ¢opmyna.
VYenosue Kypanra. 2D ¢oronnsiii kpuctam: TM u TE mnomspuzanus. 1D cTpyKTypsl.
Husnexrpuueckas ¢ynkuus, FDTD. Hauanbuele, rpanuunsie ycioBus FDTD.  VYcnoBusi Ha
rpanunax obmactu Berumciennid, FDTD. FDTD, nporpammuas peanuzanus. Metog S MaTpHIIbI
paccesiHus. MeToq pa3yioKeHHs 10 COOCTBEHHBIM MoaaM. MeTtoj pacnpocTpaHeHHs Imydka. Metox
IUIOCKUX BONH. Metoa TpaHcdep (meperadn) T marpumbl. MeTos KOHEUHBIX BJIEMEHTOB. BbiOop
YUCICHHOTO METOAa Uil MOAENHpoBaHMsA (OTOHHBIX KpucTaioB. I[lpuMepsl MopenupoBaHUs
onrtudeckoro pazsersutens Meronamu FDTD u EME. [luckperHas MoOZeENb T'OJOBBI U COTOBOTO
tenedona, FDTD. [Ipumep monenupoBanus BoiHOBoAa MetonoM BPM.

21. MeTo1 KOHEUHEIX JIEMEHTOB

UuncneHHOE MOJICTMPOBaHHE — KOMMEPUECKHE MAaKeThl U CBOOOIHBIE TIporpaMMbl. O030p CBOOOIHBIX
nporpamM U naketoB. CBOOOIHBIE AKETHI IS YUCICHHBIX PAcueToB. MeTOl KOHEUYHBIX DJIEMEHTOB.
[NakeTsl KOHEUHO-3MIeMeHTHOTO aHanu3a. CemuHap 7. CBOOOTHBIC TAKETHI JIJISl YUCICHHBIX PAcUETOB.
OpenFOAM. Impact. Elmer. ®usnueckue monmenu. «Pemarenm» COMSOL u Elmer. Pacuérer B
Elmer u cpaBHenue ¢ Comsol. UncieHHbIe METONBI PEIIeHHsI BOIHOBBIX 3ajad. Kparkue OCHOBBI
MeTOoJa  KOHEYHBIX  JJIEMEHTOB.  [IpOEKIMOHHBIE  METONbl.  BapualMOHHBIH  METOA.
[TocnenoBarensHOCTH maroB MKO.

22. MeTonbl KOHEUHBIX Pa3HOCTeH

Metonsl koHeuHBIX paszHocTeil. Koneunsie paznoctH. dynkunu. YacTHbIE TPOM3BOAHBIE MEPBOTO
MOopsAJIKa IO BPEMEHHM M MPOCTPAHCTBY.. YpaBHeHMs MakcBemna. JlUckpeTusanus ypaBHEHHUI
MakcBemia mo BpeMeHH. PasnocTtHble ypaBHeHuss MaxkcBemia B 1D cnywae. Hauanmo pacuéra.
VYpaBuenus Makcpemna B 2D cinyuae. TE u TM mozsl. Juckperusanus 0o NpoCTPaHCTBY U BPEMEHU.
TE u TM mogs1. YpaBuenust MakcBesuia B 3D ciyuae. 3D sueiika Yee.

23. OnTuka OJHOMEPHBIX MHOTOCIIOMHBIX CTPYKTYP

Pesonaropsr @adpu — [lepo. Bperrosckue orpakareim.



24. BoiiHOBOIHAS OIITHKA

Mogs! BoHOBOOB. CBOMCTBAa MOJI BOJIHOBOJIOB. BONHOBOAHAS ONTHKA M ONTHKA MHOTOCIOWHBIX
cTpykTyp. Ilpumep: CUMMETpHYHBIA IUTAaHAPHBIA BOJHOBOA. BOJIHOBOAHAs ONTHMKAa M KBAHTOBAs
MexaHuKa. Jucnepens BosHOBoAA. I pynnoBas ckopocTs B BonHOBoAE. 1lotepu B BostHOBOAE. [ToTepu
B Marepuasie BosHOBoja. Ilorepu BcnencTBue onthueckux ytedek. [loTepm mpu paccedHHH Ha
mepoxoBarocTy. Ilotepu M IHANEKTPUYECKUM KOHTPACT BOJIHOBOAA. leoMeTpus BOJIHOBOZOB.
OnToBOJOKHO. THITBI MOJIOCKOBBIX BOJTHOBOJIOB. XapaKTEPHbIC MOTEPH B METANTUYECKUX MPOBOIAX,
ONTHYECKUX M IUIA3MOHHBIX BOJHOBOAAx. CHeKkTpaibHble OOJIACTH TNPOMYCKAHHS ONTHYECKHX
BOJIHOBOZIOB. DJIEKTPO-ONTHYECKUE XapPaKTEPUCTUKU ONTHUECKUX MaTePUAIOB.

25. 'eomeTpuueCKOE U BOJTHOBOE OMUCAHKE BOJTHOBOJOB

Tpu »sTama pemieHus BOJHOBOAHBIX 3ajzad. Jlucmepcus Mopx BOJHOBoAA. JluccumaTuBHBIE U
HE/IUCCUIIATUBHBIE CUCTEMBbl. AKTUBHBIE M PEAKTHBHBIE MOJbl B HEJMCCHUIIATUBHBIX CHUCTEMAX.
Hexortopsie ¢opMmynasl 0 MEPeHOCMMOH MOAaMH MOIIHOCTH. 3aKpbITBI BOJIHOBOA 0€3 MOTepb.
CtpykTypa moJsi BHE 3aKpbITOrO IUIAHAPHOTO BOJIHOBOAA Oe3 moreps. Ilonepeunoe pacmpeneneHue
moJist m-oi Moabl. [eomeTpuieckoe onrcanne BOIHOBOAOB. BoIHOBOE onricanre BOJTHOBOOB.

26. MeTton pacpocTpaHEeHHs ITydKa
OnTHryeckoe B3auMoJeHCTBUE MEKAY BOJTHOBOJAMH. Teopusi CBSI3aHHBIX MO/,
27. Vcropus u knaccuukanus MeraMaTepruaion

Uctopus n knaccudukanus MetTamarepuanoB. MeraMaTepralibl C OTPUIIATENILHON TURIIEKTPUIECKON
Wi (M) MarHUTHOM TNPOHMIAEMOCThIO; cpena Becemaro; rumepOonudeckre MeTamarepualibl;
MeTamarepuaibl ¢ Onu3kod K Hymo dS(GEKTUBHONW JTUAICKTPUUYECKOM MPOHHUIIAEMOCTHIO;
OayMcTHYECKHEe MeTaMaTepualibl, ()OTOHHBIE THUIEPKpUCTAIUIBL. Hanuume HEKOTOpBIX CBOWCTB
MeTamarepuaioB y TPUPONHBIX BemiecTB. [InéHka cepebpa kak mockas cynepnunia [lenapu (J.
Pendry) c paspemenuem 64 HMm. Mertamatepuasibl ¢ TIpeAeIbHO MalbIM 3¢ PEeKTUBHBIM
koddurmenrom npenomnenus (UltraLow refractive-Index Metamaterials, ULIM) B BuauMom
JyanazoHe. AHAJNOTHSA C PEHTICHOBCKUM H3IIydeHHEM. BO3MOXXHOCTH MOCTPOEHHS MACKUPYIOIIEeH
00OJIOUKH: HEeIMHCTBEHHOCTh pemleHus 3agaun  Kampaepona s  ypaBHeHMH Makcseia;
CHUHTYJISIDHOE BBICBEUMBaHHE [e(EKTOB OOOJIOYKM; BH3yasu3alusi OOOJOYKH HYEPEHKOBCKUM
U3JTy4eHHEM OBICTPBIX JIEKTPOHOB.

28. Tumbl MeTamaTrepraioB

Meramarepuanbl. TUIBl MeTamMarepuanoB “W3 pPagUOTEXHHYECKUX JJIeMEHTOB”. MckyccTBeHHAs
miazMa ©3 MeTauIMdeckux mpoBojiok. OrtpunarensHoe mpenomiieHune. Cpema Becemaro.
[Ipenomnenne Bakyym - cpema Becemaro. Ilepenoc sHeprum u mpupoct (a3sl BonHbL JImH3a
oOwikHOBeHHast. Cioit teBoctoponHero matepuana (LHM) — nun3a Becenaro. HeopHopoaHast nH3a
Becenaro. IlonoxurensHbiii ko3 dunmuent npernomieHus. J[BaKapl OTpHUIATEIHHBIE U MAarHUTO
oTpunarenpHple cpeapl. Ilpumep - MarHuTHas BOCIPUUMYHMBOCTH TPOBOSIIETO IMPOBOJIOYHOTO
KOJIbIIa C MHAYKTUBHOCTHIO M EMKOCTHIO. M30TpoITHBIE MeTaMarepuansl M 000JIOYKH HA Pe30HAHCAX
Mu. AHcamMOnIM W CTPYKTYphl M3 MaibIX 4acTull. Jlua- mapaMarHUTHBIA MUK OKOJIO IJIa3MOHHOTO
pe3oHaHca. /J[MHaMUYeCKuii MAarHUTHBIA OTKJIMK Yactuil Si. Bo30yxnenue OGonee ogHONW MOIBI Mu.
Mopna uremraytieii ranepeu. Ctpykrypa mouist u 1o6potHocts MILIT.

29. Pe3onancHoe paccesiHue: pe3oHancbl Mu, @pénuxepa, PaHo

Pe3onancel B HaHouacTumax. [lnmasmonHble pacceuBarenu. KombieBbie pe3oHaropbl. BomHoBOIBI U
pe3oHaTopsl U3 HaHoyacTHIl. [lormoTuTeNMn Ha TIa3MOHHBIX A deKTax

30. Pe3onancHble U BOTHOBOAHBIE 3()()EKTHI ONTUKH OJIM>KHETO OIS

dusnueckre OCHOBBI allEPTYPHOM 1 Oe3anepTypHON ONTHKA OIMKHETO OIS



5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIEeHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

Heo0xonrmoe obopynoBaHue 1Jist JIeKUUN: yueOHast ayAuTOpHsl, OCHAILICHHAS KOMIIBIOTEPOM U
MYJIBTUMEIUHHBIM 000pyI0BaHNEM (IIPOEKTOP, 3BYKOBasi CUCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa

1.M. bops, 3. Bonbd, OcHoBEI ontuku, M.: Hayka, 1973, 719 ctp

2.K.Bopen, /1. Xadwmen, [Tornonienue u paccessHue cBera MallbiMi 4acTuiiamu, M.: Mup, 1986, 664
CTp.

3. bapeiOun A. A., DneKTpoMHAMHKA BOTHOBEAYIIIHX CTPYKTYp. Teopus BO30YKACHHUS U CBS3H BOJIH. -
M.: DUSMATIIAT, 2007

4. Toponenkuit M. JI. OCHOBBI TEOpHH ONITUYECKUX MUKPOpe30HaTopoB, @usndeckuii hakyasrer MI'Y
M. M. B. Jlomonocosa, 2010

JomnonHurensHas auTeparypa

1.5puB A. OnTrueckue BoiHbI B Kpuctaimiax. [lep. ¢ anm. M.: Mup, 1987. 616 ¢

2. O.B. lBanos, PacnipocTpanenue 31eKTpOMarHUTHBIX BOJIH B @HU30TPOIHBIX M OMaHU30TPOIIHBIX
CIIONCTBIX CTPYKTypax, MoHorpadus Yal'TV, 2010, 264 ctp

3. A.K. Caprrues, B.M. lllanaes, DnekrpoaguHamuka MmetTamarepuaios, [lepesoz ¢ anmi. B.I.
Apaxuees, 10.B. Bnagumuposa, Hayunsiit mup, 2011

7. llepedyeHs pecypcoB HH()OPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHeT", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

He ncnonesyrores

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX IPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NporpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

https://www.photonics.com/Articles/What Is Photonics/a65926
http://www.metamorphose-vi.org/research/metamaterialsdefinition
https://faculty.sites.iastate.edu/soukouli/publications-1995-2004
https://www.yumpu.com/en/document/view/43446692/silicon-integrated-nanophotonics-road-from-res
earcher-ibm

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)

CTyneHT, W3ydYarolmMid JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJETh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbI, JOJKEH HAYUYUTHCSA IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynerare M3ydeHUs IUCLHUIUIMHBI CTYAEHT JOJDKEH 3HATHh OCHOBHBIE OINPENEIEHUS AUCIUILINHEL,
YMETb IPUMEHSTH [10JIyUEHHbIE 3HAHUA JJIs PELICHUs Pa3IM4HbIX 3a/ady.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, IPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSITENIEHOM PabOoThI CTy/IEHTA.

CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4deOHOro MarepHuaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX [UIS
CaMOCTOSTENBHOTO U3yUEHUS;

— pelieHue 3a/1a4, MpeagaraeMblX CTy/IEHTaM Ha 3aHITHAX;

— IOATOTOBKY K BBINOJTHEHHIO 3aJaHUH TEKYIeW U MPOMEXYTOUYHON aTTECTALUH.

[loka3zarenem BiajgeHHs MaTepHajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TEMaM
JUCLUAIUIMHBIL.



BaxxHO moOWTHCS TTOHMMAaHHS W3y9aeMOT0 MaTepualia, a He MEXaHWYECKOTO ero 3anmoMuHaHus. [lpum
3aTPYJHCHUN W3YYCHHUsS OTJAEIBHBIX TEM, BOMPOCOB, CIEAYyeT OOpamaTrhCsi 3a KOHCYJABTAIUSMH K
MPEIoIaBaTelio.

Bo3MoxxeH mpOMEKYTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 33a/1a4 B COOTBETCTBUU C
TEMaTUKON 3aHSITHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: DJIEeKTPOHMKA U HAHOZJIEKTPOHHKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTUI: MUKPO- K HAHOZJIEKTPOHUKA
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kageapa MUKpPO- ¥ HAHODJICKTPOHHUKH

Kypc: 1

KBAJM(PUKAIMA: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIH 3a4eT

2 (BeceHHMH) - DK3aMeH

PaszpatGoTunk: M.1O. bapabanenkos, a-p $hu3.-Mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBiser MOWCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS

MOCTABICHHON IIEIW KaK IIOCJIeNOBaTCIbHOCTh IITaroB,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHUE HA  BHEIIHEE  OKPYKEHHUE  IIAHHUPYEeMOM
JESTENbHOCTH W Ha B3aUMOOTHOIIEHHUS yYaCTHUKOB 3TOM
JIeATCIbHOCTH

[MK-1 Crocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNNIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMA H3y4aeMbIX
SIBICHUH M TPOLECCOB, OLCHUTh KaueCTBO pa3pabOTaHHON
MOJENN

IMK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pE3yIbTaThl

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC U3YUCHUA TUCHUILIJIMHBI «COBpeMeHHLIC HallpaBJICHUSA (1)OTOHI/IKI/I)> OGy‘laIOH_II/II\/’ICH JOJIKCH:

3HAThb:

- 3aBUCUMOCTb YIJIOBBIX CIICKTPOB ,Z[I/I(i)paKLII/IOHHOI\/’I PCIICTKU OT COOTHOIICHHA JIMHBI BOJIHBI W

MepHo/ia PeIeTKH;

- (puznueckuil cMBICT HHIEKCOB U KO PUIMEHTOB ypaBHeHUs PUkkary;
- 3aBUCHUMOCTb YaCTOTHOI'O CJIIBUTA I10JIOCHI HENPOIyCKaHWs JIEKTPOMArHUTHOIO KpUCTalja OT €ro

TFCOMCTPHUYCCKUX XaPAKTCPUCTHUK;,

- pagManbHOE paCHpelelieHHe dJIEeKTPUYECKOro IO  AIEKTPOMArHUTHOM  BOJHBI

B MaJbIX

OUIMHAPUYCCKUX U C(i)epI/I‘leCKI/IX HacTulax 1rnpu pe30HaHCHOM PACCCAHUU,
- OCHOBHBLIC THIIBI IUIAHAPHBIX HMHTErPAJIbHBIX BOJHOBOAOB, J3JICKTPOMAIHUTHBIX KPUCTAJJIOB U

MCTaMaTCpHraIOB;

- 0 BO3MOYKHOCTH T'OMOTE€HU3AI[MH HEOJHOPOIHBIX CpeJl M UCIOIb30BaHUU 3()(HEKTHBHBIX MapaMeTpoOB

cpea;

- OCHOBBI allepPTYpHOU M Oe3anepTyPHOI ONTHKY OJIMKHETO TTOJIS.

yMeThb:

- INpUMEHATh YypaBHeHHE Puxkarm s 3agadu 00 OTpaXeHHMM U TNPOXOKICHUH IJIOCKOM
3JIEKTPOMArHUTHOM BOJIHBI OT OJHOPOAHOTO TIOCKOTO CIIOS;

- PacCUUTHIBATH CHEKTPHI MPOXOXKICHUS OPETTOBCKUX 3€pKal;

- BeIOMpaTh Hanbosee 3¢ GEeKTUBHBINA METO/] YUCIIEHHOTO pacueTa KOHKPETHOW ONTUYECKOM 3a1a4u;

- KJIacCU(HULIUPOBATH METaMaTPHAIIBI.
BJIaJeTh:

-IlepBuuHBIMM ~ HaBBIKAMHU  pacyera
3JIEKTPOMAarHUTHBIX KPUCTAJUIOB,;

YAaCTOTHBIX  CHEKTPOB  JAW(QPAKIMOHHBIX  PEIIETOK |

- [lepBruHBIMU HaBBIKAMU pacueTa IJIaHAPHBIX JUAIEKTPUUECKUX U IUIa3MOHHBIX BOJIHOBOJIOB;
- [lepBruHBIMU HaBBIKAMH HCIIONB30BaHUA dPPEKTUBHBIX TAPAMETPOB HEOTHOPOAHBIX CPE;
- Ou3nvYecKUMH OCHOBAMU alepTypPHOU U Oe3arnepTypHO ONTUKU OJVKHETO OIS,

3. IlepeyeHb THNOBLIX (IPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIleMy KOHTPOJII0




B Hauane ka)xnoil JIeKUMU IPOBOAUTCS KPATKUI ONPOC 10 TEME IIPEABIAYIIETO 3aHATUSA

4. llepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuarumuxcst

Bonpocs! k auddepeHurpoBaHHOMY 3a4eTy:

1. DnekTpoMarHuTHBIE KPUCTAIUIBI M MX OCHOBHBIE CBOMCTBA.

2. Meramarepuaisl ¥ X OTIMYHE OT AIEKTPOMArHUTHBIX KPUCTAIIIOB.

3.®opmynsl Knayzuyca — Moccortu u Jlopenr - Jlopentua.

4. Yetpipe nmpuOIMKEHUS PU BBIBOJIE MAKPOCKOITMYECKUX YpaBHEHU MakcBea.
5. @U3HYECKHUI CMBICI TPOCTPAHCTBEHHOW TUCIIEPCHH.

6. OIHOOCHBIN KPUCTAJLIL.

7. ®opmynsl Openens. OTpuniaTelbHOE TPEIOMIICHHE.

8.IlomHOE BHYTpEHHEE OTpakeHUE U CIBUT ['yca-X eHXeH.

Bormpocs! k 5x3ameny:

1. 3aBHCHUMOCTb YITIOBBIX CHEKTPOB IU(PPAKIMOHHOM PEIIETKH OT COOTHOLICHMS JUIMHBI BOJIHBI U
nepuoAa pemerku. JludnekTpudeckas NPOHUIAEMOCTh W JHEPreTHYECKOE HAIlOJHEHUE YITIOBBIX
CIIEKTPOB.

2. OnHOpPOIHBIE U HEOJHOPOAHBIE MOJIbl B CIIEKTPE OTPAXKEHUS 3JIEKTPOMArHUTHOIO KpHUCTaLIa.
3.MakpocCKoIIMuecKkoe pe30HAHCHOE PacCestHHe OPerroBCKOTO THUIA U MHUKPOCKOIIMUYECKOE paccesHHe
Mu B n€pHOANYECKUX IIEKTPOMAarHUTHBIX CTPYKTypax.

4. Mopapl menyyiien rajxepeu.

5. Knaccudukanus meramarepuaioB 1o ux 3¢(GeKTUBHBIM TapaMeTpam.

6.OCHOBHBIE METO/IbI YHUCIIEHHOTO pacueTa ONTHYECKUX 3aad.

7. OCHOBHBIE H/IeH BOJTHOBOTO U T€OMETPUUECKOTO OMMCAHUS BOJTHOBOJOB.

8.JlBa OCHOBHBIX METOJ]a ONTUKH OJIMXKHETO OIS

HpI/IMepBI OK3aMCHAIIMOHHBIX OUIICTOB.

IIpumep 1.
1. Monps! menuyiie rajiepeu.
2. OCHOBHBIE METOJIbI YUCIICHHOTO paciyeTa ONTHICSCKUX 3a]1ad.

[Ipumep 2.

1. 3aBHCHMOCTb YIJIOBBIX CHEKTPOB IU(PPAKIMOHHOM DEIIETKH OT COOTHOLICHMS JUIMHBI BOJIHBI U
nepuoja pemeTky. JusnekTpuueckas NPOHULAEMOCTh M HHEPreTUUYECKOE HAIOJIHEHHE YIIIOBBIX
CIIEKTPOB.

2. JIBa OCHOBHBIX METOJa ONTUKH OJIM>KHETO TOJIS.

Kpurepun onennBanus

Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBIAIOMIEMY
MHTEpeC K JaHHOW MPeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka ommyHO § OamioB - BBICTAaBJIIETCS CTYHCHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIbHOE 00OCHOBAHME MPUHATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.



OHGHKa XOpouIo 7 0alI0B - BEICTABISACTCS CTYACHTY, €CJIKM OH TBCPAO 3HACT MATCPpHAJI, TPAMOTHO U I10
CylmIeCTBY H3Jiarac€t €ro, yMeCcT NPUMCHATH IIOJIYUCHHBIC 3HAHWA Ha IMPAKTUKE, HO HEAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThL.

Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYILLECTBY M3JIAaraeT €ro, yMeeT MPUMEHATh MOJIYYEHHbIC 3HAHUS HAa MIPAKTHKE, HO JOIYCKAET B OTBETE
WM B PELIEHUH 3a7jad HEKOTOPble HETOYHOCTH.

OHGHKa XOpo1Io 5 0aIoB - BEICTABISAETCS CTYACHTY, €CJIK OH B OCHOBHOM 3HACT MaTCpuall, rpaMOTHO
" IO CYHICCTBY H3JIaracT €ro, yMeeT NPUMCHATH IMOJYUCHHBIC 3HAHUA Ha IIPAKTHUKE, HO JOIIYCKAcT B
OTBCTC WJIM B PCUICHUHU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

Onenka ynoBIEeTBOpUTENbHO 4 Oamja - BBICTABISACTCS CTYHCHTY, IOKa3aBlIeMy (parMeHTapHBII,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIeHHs JJOTHYECKON MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jieiibl yueOHOW NMpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEeHIIero oOy4eHus, U
MOJKET MIPUMEHSTH MOJy4YeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

OreHka yHIOBIECTBOPUTENBHO 3 Oajula - BBICTABISETCS CTYACHTY, HOKa3aBIIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHH,
HapyLICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B M3JIOKEHUH IPOTPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3JieiaMH y4eOHOH MpOorpaMmbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus u
C TPYAOM MIPUMEHSET MOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1rieHKa HEYIOBIECTBOPUTENBHO 2 0aluia - BHICTABISCTCS CTYACHTY, KOTOPBIA HE 3HAET OOJIBIICH YacTh
OCHOBHOTO COZEp)KaHUsl Y4eOHOW IpOrpaMMbl JUCHHIUIMHBI, JIONMYCKaeT TIpyOble OMMOKH B
(bOpMyITHPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh ITOJyYCHHBIC 3HAHHS TP PEIICHUN
THIIOBBIX 33]1a4.

OreHKa HEYJIOBJIETBOPUTENILHO | 0ajul - BBICTABIISICTCS CTYICHTY, KOTOPBIH HE 3HA€T OCHOBHOTO
coziep)KaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKd B (popMyITupoBKax
0a30BBIX HOHATHH JUCLHUILIMHBI U BOOOIIE HE MMECT HAaBBIKOB PEIICHHS THUIIOBBIX IMPAKTHYECKUX
3ajad.

5. MeTonuueckune MaTepuasbl, onpeaeasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1K) oNbITA AESITEILHOCTH

OueHka 3a OCEHHHH CeMeCTp BBICTaBIISICTCA IO pe3yiabraraM ycTHOTro auddepeHmpoBaHHOTO 3a4era.
Omnpoc He AomKeH mpeBblaTh 40 MUHYT.

OneHka 3a ¢ BECCHHUH €MECTp BBICTABIIACTCS 110 Pe3yJbTaTaM yCTHOTO dk3aMeHa. Onpoc CTyleHTa Ha
9K3aME€HE HE JOJIKEH IIPEBBIIIATh OIHOTO aCTPOHOMHUYECKOI0 Yyaca.



