degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI

3JIeKTPOHHUKH, JOTOHMKHU U
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A.C. barypun

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: COBpeMCHHLIe HallpaBJICHUSA (1)0TOHI/IKI/I
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)PIJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: QJICKTPOHHKA U KBAHTOBLIC TCXHOJIOTUHN

OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa MUKpPO- U HAHODJICKTPOHHUKH

Kypc: 1
KBAJM(PUKAIMA: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON ATTECTAIMH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIi 3a4eT

2 (BeceHHMI) - DK3aMeH

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 60 yac.
cemuHapsbl: 0 yac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositenpHas pabora: 45 gac.
[ToaroroBka k sk3ameny: 30 yac.

Bcero gacos: 135, Bcero 3au. en.: 3

[Iporpammy cocrtaBui: M.1O. bapabanenkos, a-p $hu3.-Mar. HayK

[Iporpamma obcyxneHa Ha 3acefjanny Kadenpbl MEKpO- U HaHodnekTporuku 03.03.2023



AHHOTANMA
Kypc "CoBpemennble HamnpaBieHUsT (OTOHUKH" MperycMaTpuBaeT (popMUpOBaHHE CHEIMATbHBIX 3HAHWUN B
00JIACTH TPaJAWLIMOHHBIX MaTE€PHUajIoOB U JIEMEHTOB INIAHAPHBIX MHTEIPAIbHBIX ONTOIEKTPOHHBIX CTPYKTYD U
HOBBIX HCKYCCTBEHHBIX 3JIEKTPOMAarHUTHBIX MaTepUaJIOB C HETUIIMYHBIMU 3JIEKTPOMArHUTHBIMU CBOMCTBAMHU
B 3aJaHHBIX JHMara3oHax 4YacTOT 3JCKTPOMATHUTHOTO H3JIyYeHHs] U YMEHUU KOHCTPYUPOBATh TaKHE
Marepualibl IpU pa3paboTKe Pa3IMYHOIO POAA HEKTPOMArHUTHBIX ycTpoiicTB. OCHOBY BTOPOH 4acTH Kypca
COCTaBJISIOT: (pU3MUYECKUE OCHOBBI M MaTEMaTHUECKHAE METObI €IMHOOOPA3HOTO ONMCAHUS IOBEPXHOCTHOTO U
00BEMHOTO paccesiHUs KIACCHYECKHUX BOJIHOBBIX IOJIEH; METOA MaTpUYHOTO ypaBHeHHMs Pukkatu pacuera
YaCTOTHBIX CIEKTPOB OTPAXKEHHS M IMPOXOXKACHHUS OJHOMEPHBIX AU(PAKIMOHHBIX PEHIETOK M JABYMEPHBIX
(OTOHHBIX KPHCTAIJIOB MPOM3BOJILHON TOIOJIOTHHM 3JIEMEHTApPHOTO PAaCCEMBATENsl; METOIbl YHCICHHOTO
MOJEJIMPOBAaHMs ONTUYECKUX 3aJa4 IIHPOKOro MpO(uiIs; METOAB! BOJIHOBOAHOM ONTHUKM NMPUMEHHTENBHO K
3aJayaM O IUIAHAPHBIX BOJIHOBOJAX MHTErPajbHOM ONTHKHU; pACCMOTPEHUE OCHOBHBIX TUIIOB METaMaTepHuasoB
1 3G (EKTOB PE30HAHCHOTO PACCESHUs SJIEKTPOMArHMTHBIX BOJH HAa MajblX B Maciutabe paboueil ATUHBI
BOJIHBI DJIEMEHTApPHBIX OJIOKaX MeTamMarepuaioB, OOYCJIaBIMBAIOIIMX WX 3JIEKTPOMArHUTHBIE CBOICTBA;
PE30HAHCHBIC ¥ BOJIHOBOAHBIE 3((EKThI, COCTABIAIOIINE OCHOBY (PU3UKH U TEXHUKH ONTHKH OJMKHETO TIOJS.

1. leau u 3apauu

eap AUCUMNIMHBI
- (QopmMupoBaHHE CHEIUANBHBIX 3HAHUH B 00NACTH TPAJAWIIMOHHBIX MAaTEPUATIOB M DJIIEMEHTOB
MJIaHAPHBIX UHTETPATBHBIX ONTOAIEKTPOHHBIX CTPYKTYP U HOBBIX MCKYCCTBEHHBIX AJIEKTPOMArHUTHBIX
MaTE€pUaIOB C HETUIHUYHBIMU DJICKTPOMArHUTHBIMU CBOMCTBAMHU B 33JaHHBIX JUANAa30HaX YacTOT
AIIEKTPOMArHUTHOTO W3JIYYCHHUST M YMEHUM KOHCTPYHpPOBATh TaKWe MaTepuaibl MpH pa3paboTKe
PAa3JIMYHOTO POAA EKTPOMArHUTHBIX YCTPOUCTB.

33]13‘[1/[ JAUCHUIIINHBI

- paccMoTpeHrHe  (U3UUYECKHX OCHOB M MAareMaTHYeCKHUX METOJOB €IUHOOOPa3HOro OMHMCaHUs
MOBEPXHOCTHOTO M 00BEMHOT0 paccesiHUs KIIACCHYECKUX BOJIHOBBIX IOJICH;

- PaCCMOTPEHHE METO/Ia MATPUYHOTO YpaBHEHHs PUKKaTH pacdera 4aCTOTHBIX CIIEKTPOB OTPAXKEHUS U
MPOXOXK/IEHUS OJHOMEPHBIX IU(PPAKIMOHHBIX PEIIETOK M JABYMEPHBIX (DOTOHHBIX KPHCTAJIOB
MIPOU3BOJIBLHON TOMOJIOTHH JIEMEHTAPHOTO PacCEUBATENs;

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

- PAaCCMOTPEHHE METOIOB BOJIHOBOJHOM ONTHUKH MPUMEHHUTENBHO K 3a7jadaM O IUTAaHapHBIX BOJIHOBOJAX
HWHTETPaIbHOM OITHKY;

- pacCMOTpCHUC OCHOBHBLIX THIIOB MCTAMATCPUAIIOB U Bq)(l)eKTOB PE30HAHCHOTO pacCCCAHUA
OJICKTPOMArHuTHBIX BOJIH Ha MAJIbIX B macirade pa6011e171 JUIMHBI BOJIHBI 3JICMCHTAPHBIX O1roxax
MCTaMaTrcpuaioB, O6YCJ'IaBJ'II/IBaIOH_[I/IX HX JJICKTPOMArHUTHBIC CBOﬁCTBa;

- PacCMOTPEHHUE PE3OHAHCHBIX M BOJIHOBOJHBIX 3()()EKTOB, COCTABNIAIONUX OCHOBY (DU3UKU 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 Ananuzupyet npoOIeMHYI0 CUTYaIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIME U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisieT MOUCK 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 PazpabarsiBaeT CTpaTeruio JIOCTH)KEHUSA
MOCTABJICHHOM 1€ Kak IOCJICAOBATeIbHOCTh IIaroB,
HOpeABUIS PE3yabTaT KaKAOTO0 M3 HUX M OLEHMBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPYXEHHE  IUIAHUPYEMOM
JEATEIIbHOCTH W Ha B3aUMOOTHOIICHHS] YYaCTHUKOB 3TOMN
JesITeTbHOCTH




IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAINHIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHHH B
pamMKax TeMmMaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON

[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uuciie paspadareBath 1 |[IK-1.2  CnocoGeH  BbIABUTaTH  THUIOTE3Bl, CTPOUTH
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICITN MaTeMaTUYeCKHe MOJAENU JUIS  ONUCAHUS HM3yYaeMBbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJICHHUI M MPOIIECCOB, OLICHUBATh KAYeCTBO pa3paboTaHHOM
aHAJIN3UPOBATh HAyYHbIE MPOOJIEMBI, TIOJIy4aTh |MOJCIH

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CnocoOeH mNpUMEHSTh TeOpeTHYeCcKHe U (WIIH)

9KCIEPUMEHTAJIBHBIE METOABI UCCIEI0BaHNN K KOHKPETHON
Hay4yHOM 3ajau€ W HHTEPIPETUPOBATh  IOJIYUYEHHBIE
pe3yabpTarhl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbsrare oCBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:

- 3aBHCUMOCTH YIJIOBBIX CIIEKTPOB JU(PPAKIUOHHON PEIIETKH OT COOTHOUICHHWS JUIMHBI BOJHBI H
HEepHOJIa PEILETKH;

- (hm3MUECKUi CMBICI UHIEKCOB M KOO PUIIMEHTOB ypaBHeHHs Pukkary;

- 3aBHCHUMOCTh YaCTOTHOTO CIBHIA IIOJIOCHI HEIPOIYCKAaHUs 3JIEKTPOMArHUTHOTO KPUCTAJUIa OT €ro
TeOMETPUIECKUX XapaKTEPUCTHUK;

- pamuaibHOE paclpelelieHHe OJICKTPHUYECKOro IOJsl DJIEKTPOMAHUTHOW BOJHBI B MAJbIX
ITHHIPUIECKUX U CPepHUYECKIX YacTUIIaX MPH PE30HAHCHOM PACCESHUY;

- OCHOBHBIC THIBI IUIAHAPHBIX HHTETPAIBHBIX BOJHOBOJOB, DJEKTPOMArHUTHBIX KPHUCTAUIOB H
MeTaMaTepraoB;

- 0 BO3MO)KHOCTH FOMOTCHHU3ALUH HEOIHOPOIHBIX CPEI M UCIIOIb30BaHHU d(P(PEKTHBHBIX aPaMETPOB
cpen;

- OCHOBBI allepPTYpHOU M Oe3anepTyPHOI ONTHKY OJIMKHETO TTOJIS.

YMETb:

- IpPUMEHATh YypaBHeHME Puxkarm g 3agaun 00 OTpaXEHHMM U TMPOXOKICHUH IIOCKOM
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  pacye€Ta YaCTOTHBIX CHEKTPOB JAW(MPAKIMOHHBIX  PEIIETOK |
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 pa3BuTHsA TpeAcTaBICHUN 00 ) |
HCKYCCTBEHHBIX BOJIHOBBIX MaTepHaliax
3 VYepennenue MHUKPOCKOITHYECKHUX ) 1
ypaBHeHU Makcgeina — JIopeHna




Or maro JlapBuHa K (DOTOHHBIM

4 2 1
KpHUCTaJlIIaM

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

6 VYpaBHeHuss MakcBesnsa B BEIIECTBE 2 1

7 IIpocrpancrBeHHast JUcrepcust u ) |
MOSIBJICHUE HOBBIX THIIOB BOJIH

] DNneKTpOMarHuTHHIE BOJTHBI B ) 1
aHU30TPOIHBIX Cperax

9 ONEeKTPpOMarHuTHOE 110J1€ B HEMarHUTHOM ) |
OJJHOMEPHO HEOJTHOPOJHOMU cpene

10 I'eomeTpuueckass ONTHKA HEOIHOPOIHOMN ) 1
cpezbl

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

12 Cpenusisi MIOTHOCTD 3neKT130MarHHTH0171 ) 1
SHEpPIUU B AUCHIEPrUpYIOLIEH cpene
OTtpakenue u MIpeJIOMJICHHE

13 JJIEKTPOMATrHUTHBIX BOJIH HAa TpaHULE 2 1
IBYX Cpel

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

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

16 |omTHhKe. DOTOHHBIE KPUCTAJUIBIL. ) )
VYcnoBust  GpopMUpOBaHMS — YACTOTHOMH
10JIOCHI HEIIPOIY CKaHUSI.
[lepuonuueckue CTPYKTypbl: Ha MyTH K
EAMHOMY METONY ONMCaHUs

|7  |moBepxHOCTHOTO " 00bEMHOTO ) )
paccesHusT  KJIaCCHYECKMX  BOJHOBBIX
noneid. OT nudpakIMOHHBIX PEIIeTOK K
(OTOHHBIM KpHUCTAJLIaM
Pacuer 4acTOTHBIX CIEKTPOB OTPa)KEHUs
u MIPOXOKICHUS OJTHOMEPHBIX

18  |mudpakIMOHHBIX PEHIETOK W 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 OIMCAHUE ) )
BOJIHOBOJIOB

26  |Metox pacnpocTpaHEHU IMydKa 2 2

27 Ucropus u Kiaccuuranus ) )
MeTaMarepuasoB

28 | Tumsl MeTaMaTepuasoB 2 2

29 Pe3onancHoe paccesiHue: pe3oHaHChl My, ) )
®pénuxepa, PaHo

30 Pe3zonancHbie 1 BOTHOBOAHBIE 3P HEKTHI ) )

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

PasButne npencraBieHuit 0 GOTOHUKE W CBSI3aHHBIX C HEl TexHonoruit. ®oToHMKa Kak MOA0Tpaciib
1o 1980 roga - ontuueckue mpuOOpPHI, yIpasisieMble eKTpoHUKoi. HoBble HampaBneHust poToHUKH
1990 — 2000 romoB — MUKpO(GOTOHNKA, HAHOONTHKA, IJIA3MOHUKA, PaJo(OTOHHKA, OTHO(POTOHHKA,
ONITUYECKHE HCKYCCTBEHHbIE Marepuanbl. llpumepbl: BOJIHOBOAB M IU(PPAKLIMOHHBIE PELICTKH
MHUKPO(OTOHMKH, IUIA3MOHHKA, ONTHYECKHE HCKYCCTBEHHbIC MaTepuaibl. IlosicHeHMs: ypaBHEHUS
MakcBesuia, yactota u JyinHa OM BOJHBI B cpeze, ypaBHEHUsT MakcBejula B BEILECTBE, IpaHULla
paszena cpei «3HaeT» 4yacTOTy BOJHBI, HO HE «3HAeT» JUIMHY BOJHBL. CTPYKTypbl U Marepuabl
MUKPO(QOTOHMKM W  HaHoONTUKW. [losicHeHus: OWMAHU3OTPOINHBIE Cpenbl W HX CBOICTBA.
Mertamatepuainsl. Onpeaencare. O01acTH NPUMEHEHUST HICKYCCTBEHHBIX DM MaTepuaios.

2. Ucropus pa3BUTHS IIPEACTaBICHUH 00 NCKYCCTBEHHBIX BOJTHOBBIX MaTepHagax

Hcropust DM marepuasioB: BbICBeUMBaHUE NMapoB pTyTu. CIIOHTAHHOE W3JIy4eHHE B PE30HATOpE.
Jurmone B OTKPBITOM pe3oHaTope. MCKyCCTBEHHBIE MEPHOAWYECKUE BOJIHOBBIE CTPYKTYphl. THIBI
MeTamarepuaioB U MeranoBepxHoctei. [Ipumepsl: GmoceHcopsl Ha ocHoBe 10 HM wactuil Au u Ag,
BOJIHOBOJIbI U3 HAHOYACTHUI] AU, METAIOBEPXHOCTH C 3aIlaHHBIM CIIEKTPOM OTPa’KE€HHsI, HAHOAHTEHHBI

3. YcpenHeHne MUKPOCKOIMUECKUX ypaBHeHH MakcBesia — Jlopenna

OcHoBHas 3a/1a4a u ypaBHeHHs dnekTponuHamuky (D]1). [Ipubmmkenne 3JeKTpo- MarHUTOCTATHKY.
[TonHas cucTeMa ypaBHEHHH /ISl AJIEKTpoMarHuTHOro (DM) moJist ¥ ero CBSI3M € 3apsJaMy U TOKaMHU.
VpaBHeHuss i (yphe-KOMIIOHEHT IO BpPEMEHHM U anreOpanyeckas CUCTeMa YpaBHEHHH UL
¢dypbe-o6paszoB. [IpubmkeHus UIS yCpPEAHEHHS MHUKPOCKOIMYECKHX YpaBHEHUH - paslelieHHe
3apsI0B Ha CBOOOIHBIC M CBsI3aHHBIC; ciaaboe JAeHCTBHE IO HAa BEIIECTBO; YCPEAHEHHE IO
¢u3nuecKkn OCCKOHEYHO MajoMy O0BeMy IUIOTHOCTH MHUKPOTOKOB M 3apsioB; INPEHEOpEKeHUE
GayKTyanusMu IUIOTHOCTH TOKOB M 3apsAA0B. YCPEAHEHHE MHUKPOCKONHMYECKUX YpaBHEHUH
Makcseia — JlopeHIa B BEICOKOYacTOTHOM mipezese. J[Ba merona onmcanus DM 1ons B BElIECTBE B
obnact 0onbImMX YacToT. O0IacTh MPUMEHUMOCTH YpaBHEHUN B 00IacTH OONBIIMX 4acToT. bomee
nonHas teopuss DM siBieHMi Oe3 OrpaHWMuYEHHs YacTOTHl CHH3Y. OIIEKTPUYECKOE CMEIICHHE U
JNEKTpUUECcKasi MHIYKIKs. BBegeHne MakpoCKONMYECKOr0 MarHUTHOTO TOJIsl M CUCTEMa ypaBHEHUH
Makcseia B BemectBe. OTCYTCTBHE €MHOOOpa3Hs B TEPMUHAX CBOOOHBIC U CBS3aHHBIC 3aPSI/IbL.

4. Ot mnaro [lapBrHa K (JOTOHHBIM KpHCTaJJIaM

Ot mraro JlapBuHa K (HOTOHHBIM KpucTayuiaM. Judpaknus peHTreHOBCKUX Jy4el B KpHCTaLIe.
dypbe-KOMINOHEHTBI  mojsipusyeMocTH  cpeabl.  OneHka — BenMuuHBl  Dypbe-KOMIIOHEHTHI
NOJAPU3yeMOCTH  Ha mnpuMmepe Kpuctayuia Si. [IpuOmmkeHHOe pelIeHHe MHKPOCKOITUYECKOTO
ypaBHeHUs1 MakcBemla ¢ He YCpeAHEHHBIM 1o (u3nueckn OECKOHEYHO MalioMy o00BbeMy
pacrmpesieIeHueM  KOHICHTPALUMH  JJEKTPOHOB.  [IpuOMkeHHe  OZHOKPAaTHOTO  PacCEsiHUS.
Kunemarnyeckoe mnpuOmmkeHne M IuHamudeckas audpakuus. [panuuneie ycioBus. [iyOuna
NPOHUKHOBEHUSI M3IYYCHUS B IeOMETpHM bperra u NmpUMEHMMOCTh METOAA IMOCIEIOBATEIbHBIX
npubmkenuit. [lnato [lapeuna. OnTuuecku cnabble W CHIBbHBIE CTPYKTYpbl. 3D  QoTOHHBIN
KPHCTAJII B PEHTTCHE.



5. ®opmynst Knayznyca — Moccortu u Jlopenir — Jlopentma

®opmyna Krnaysmyca — Moccortu. @opmyna Jlopenn - Jlopentna. CemuHap 3. YrnpakHeHUs:
IUIOCKas HBaHECLIEHTHas BoJHA; omivuve psaga PDyppe or wuHrerpana Pypre; 1O MOBORY
OTPHULATENBHBIX YacTOT. TEeH30p AUAIEKTPUUECKON MPOHUIIaeMOCTH. IIpocTpaHCTBEHHO OQHOpOAHAs
U crauuMoHapHas cpena. /[lucnepcroHHoe ypaBHeHHE. be3 IPOCTpaHCTBEHHOM JUCIIEPCHU.
[IpocTpancTBennas aucnepcus. BeiBog ¢opmyiiel o01iero Buja cBs3u ToKa M 1Ol B TuHeHON I/,
OM BOJHBI B OTHOPOAHOM cpejie 6e3 MPOCTPAHCTBEHHOH TUCTIEPCHH.

6. YpaBHeHHs1 MakcBeia B BEIIECTBE

VYpaBHenus: MakcBeiuia B BelecTBe 0e3 MPOCTPaHCTBEHHOHW Aucriepcuu. PeiieHne B BemlecTBe 0e3
MIPOCTPAHCTBEHHON Jucnepcud. JIUCIEpCHOHHOE YpaBHEHHME [UISl MONEPEYHOTO IEKTPUYECKOTO
nosst. PemeHne B BeleCTBE C NMPOCTPAHCTBEHHOW aucnepcueid. YacToTHas M NMPOCTPaHCTBEHHAs
mucniepcus. Ouznueckuii cMbicia. DM BOJIHA B HENPOBOZSILEH cpeae. YUeT NpOBOAMMOCTH CPEIbI.
OM BodHBI B AM3JIEKTpUKax U npoBogHukax. Ckun cioil. Cpena Kak MPOBOAHHUK WU JUDIEKTPHUK
npu pasHeix dvactorax OM wusznyuenus. IloBepxHocTHple DM BONHBI Ha TpaHUIEC BaKyyM —
nanekTpuk. Ionspuszanus noBepXHOCTHON BOJIHBL. 3aKOH JMCIIEPCUU NOBEPXHOCTHON BOJIHBI JJIs
Cllydasi XOJIOAHOM I1a3Mbl. DHEPrusi MOBEPXHOCTHON AIIEKTPOMArHUTHOM BOJTHBI

7. HpOCTpaHCTBCHHaﬂ AUCTICPCHUS U TTOABJIICHHUEC HOBBIX TUIIOB BOJIH

Honnbie kpuctaisl. OOmee npencrasinenue [lomsipuzyeMocTs HOHHBIX KpucTayuioB. llosicHeHue:
OM none qunoss. ATOMHas MOJSIPU3YeMOCTh HOHHBIX KpucTamioB. “Ilonmsipu3yeMocTs cMmerieHus’”
HMOHHBIX KpHCTaoB. OUEHKH aTOMHOM MOJIAPU3YEMOCTH U “NOJSIPU3YEMOCTH CMEIICHUSI” MOHHBIX
KpHcTayioB. [lonsspuToHBl B HFOHHOM KpHCTailie. AHaIU3 pelieHust OMKBaJpaTHOTO ypaBHEeHus. J[Be
BETBM 3aKoHa Jucnepcud. Jlucrepcuss NOISIPUTOHOB B OTHOPOAHOM H HM3OTPOIHOW Cpere.
Hemarnutabie cpenpl. “TIpaBbie” monsipuTOHHBIC BOJHBL. PerieHne OMKBaJpaTHOTO ypaBHEHHs JJIs
“npaBbIX” TONAPUTOHHBIX BOJH. Pernienne OMKBagpaTHOTO ypaBHEHUs IS “NEBBIX” MOISIPUTOHHBIX
BOJH («oTpuuaresnpHsiey DM BoiHbI). [pynmoBas cKOpOCTh MPaBIX U JIEBBIX MOISIPUTOHHBIX BOJH.
JlucriepcioHHbIE 3aBUCUMOCTH IS KTIPaBBIX» M «JIEBBIX» DM BOIH

8. BHGKTpOMal"HI/ITHLIe BOJIHBI B aHU30TPOIIHBIX CpCAax

CBo0OOIHOE 3IIEKTPOMAarHUTHOE TOJI€ B OJHOPOAHOM AaHU3OTPONMHOM BemiecTBe. IIpoxokneHue
CBETa Yepe3 XOJepUUECKUH KUAKUM KpUCTAIUL. 3aKOH JUCIIEPCUU U TUIIBI AJIEKTPOMAarHUTHBIX BOJIH B
OJHOOCHOM KpucTtamie. HampaBieHue BekTOopa TIOTOKAa DJHEPrUUM HEOOBIKHOBEHHOW BOJIHBL,
pacnpocTpaHsIoIIEcss B OJHOOCHOM KPHUCTAJUIE C BOJHOBBIM BEKTOPOM IIOJ YIVIOM K ONTHYECKOH
ocu.

9. DnekTpoMarHuTHOE MOJIe B HEMarHUTHOM OTHOMEPHO HEOTHOPOAHOM cpefie

OM mnone B HEMarHUTHOW HEOJHOPOAHOM cpene. 1D HeoqHOPOAHOCTh BIOdb OcH Z. DddeKkTuBHBIH
pasMep HeogHOpoaHOCTH cpenbl. [lpubmmnkenHoe pemenne. Pemenue okono Touek f = 0. YpaBHeHue
[lyaccona. Ypasuenue Jlamnaca. ['paduku mepBbix nonmumHoMoB Jlexxanapa. [IpoBogsmuii map B
ITOCTOSSHHOM OHOPOAHOM JJIEKTPUYECKOM ToJ€e. [udmekTpudecKkuil map B MOCTOSHHOM OXHOPOAHOM
JIeKTpUUYecKoM 1ojie. Toueynsle 3apsiibl, pasaesieHHble mapoM. [lonHas sHeprus AByX 3apspKEHHBIX
METaJUIMYECKHX IIapOB.

10. T'eomeTpuueckas ONTUKAa HEOAHOPOJIHOM CpeIbl

I'eomeTpuueckas onTHKa HEOJHOPOAHOW cpenbl. PasnokeHHWe Mo CTENeHsM MaJloro napaMmerpa B
BHUJI€ OTHOUICHUS JUTMHBI BOJHBI K XapaKTEpPHOMY pa3Mepy HeOIHOpoAHOCTH. IlepBoe mpubmmxenue.
VYcioBue cymecTBOBaHUS NMPOJOJBHBIX W MONEPEYHBIX BOJH B HEOJHOPOAHOW cpere. BomHoBoM
(GPOHT M JTyd B SHKOHAJIBHOM NMPUOIMKEHUH. VIHTEHCUBHOCTD U ONTHYECKas JAJIMHA JIyda

11. IIpakTryeckas 3agaua TeOMETPUIECKON ONTUKH HEOTHOPOIHON CPEIbI



[IpakTuyeckas 3ajlaua TeOMETPUYECKOW ONTHUKK HEOTHOPOAHOU cpenbl (cnaiin. Judpakmus ceera.
Onpenenennsa. Ob6nactu audpakuun Dpenenss u  Dpaynrodepa. Hudpaxuus Dpenens.
CxeMarnueckoe n3obpakenue oonactei nudpakuun. [TpuOnmkeHHbIN epexo/l K mapabolniecKoMy
ypaBHeHUIO. Pemenne. YpaBHeHHE Uil ABYX4aCTOTHOH KOPpENATUBHOW (DyHKIMH. XapaKTepHbIC
nmapaMeTpbl Jla3epHOTO TMyuyka. BrusHWe perymsipHoii W TypOyJeHTHOW arMocdepbl Ha
pacmpocTpaHeHHE CBETOBOrO HMITylIbca. OmnncaHue ONTHYECKUX CBOWMCTB HEMarHUTHBIX
MarepuanoB. [udnekrpudeckas ¢ynkius. HopmanbHas W aHomanbpHas jaucnepcus. Mojenb
Jlopentna. IlonpaBku Jlopenna — Jlopentna. ®opmyna Knaysnyca — Moccort. AHcam6iab N
ocumusitopoB Mogens [pyne

12. CpenHas MIOTHOCTH 3JIEKTPOMAarHUTHOM SHEPTUH B TUCIIEPTUPYIOLIEH cpezie

Cpennsist TWIOTHOCTh DM SHEPTUU B HEMONIOMIAIOIIeH cpeze ¢ aucnepcueit. Meronx M.JI. JleBuHa.
@u3nyecKkuil CMBICH CpeTHEN MO0 BpeMeHH IUIOTHOCTH dHeprun. CpeaHsis MIOTHOCT, DM sHepruu B
mucneprupytomnieit cpene. OOmmii ciryqaii. [louemy paccMaTpuBaeM IUCTIEPCHIO BOJH HAa TIpUMEpeE
ma3mMel? . TeH30p IUANEKTPUYECKOW MPOHUIIAEMOCTH XOJOAHOW IUIa3Mbl BO BHEIIHEM MarHUTHOM
roie; XOJNOAHAas TUia3Ma 0e3 BHEUTHEr0 MAarHWTHOTO 1o, Jludnekrpudeckas MPOHUIIAEMOCTh B
BBICOKOYAaCTOTHOM CITy4ae

13. OTpakeHue 1 MPENIOMIICHHE JIEKTPOMAarHUTHBIX BOJH HA TPAHUIIE JBYX CPEl

OTpakeHue IIOCKOTONSIPU30BaHHOM DM BOJIHBI OT IJIOCKOM TOBEPXHOCTH cpedbl. llmockocTh
nonsipuzauud OM BONHBL: § — W p — BonHBL. llomyOeckoHedHbIe cpelbl - TPAHUYHBIE YCIIOBHSL.
[Ipo3paunbie cpembl - OTpak€HHE, MpeJoMJIeHHE. AMIUIUTYAbl TMaJalolield, OTPaKeHHOW W
npesnoMiIeHHOM BonH. [lomsipu3anms BonHbl npH oTpakeHMH. Pas3a BONHBI IPH OTPAXKEHUH H
npenoMieHnd. AMIIMTYa U ¢a3a BOJIHBI NPU OTPAXKEHUH YIIOBas 3aBHCUMOCTbh KO3 HUINEHTA
OTpa’keHHsI BOJIH pa3HoW nossipuzaunu. [lpumMepsl: npenomiieHre BOIHbBI U3 0osee MIOTHOM Cpeabl —
BHEIIHS 3()(PEKTUBHOCTh cBeToM3Mydaronmx auonos (CH/L); ckaHupoBaHHE HEOIHOPOIHON BOJHBL,
MOSABJISIONICHCS. TIPU TIOJIHOM BHYTpeHHEM oTpakeHuH; 3pdext Dénoposa - Mmbepra: cnMHOBBIN
addext Xomna st cBera. OrpaHuveHus: IpuMeHIMOcTH Gopmyn Openens.

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

Oddekr I'yca-XeHxXeH, NPOSBISIONMICS B TMPOJOIBHOM CIBUTE Mydyka II0 OTHOIICHHWIO K
MPEICKa3bIBAEMON T'€OMETPHUYECKON ONTHKON TPACKTOPUHU PACHPOCTPAHEHHS ONTHYECKOrO ITy4Ka,
UCTIBITHIBAIOIIETO IIOJJHOC BHYTPEHHEE OTpaKeHHWE IpH MNaJeHUH Hu3 Oojee IUIOTHOM B MeHee
wioTHyl0 cpeny CBs3p caBura ¢ Bo30YXACHHEM TIOBEPXHOCTHBIX BOJIH, 3KCIIOHEHLHUAIBHO
3aTyXawIux B MeHee TIOTHOH cpefie. CriocoObl ycunenus spdexTa.

15. IlpocTpaHCTBEHHas JuclepcHsl, OTpULATENbHOE IPEIOMIIEHUE M OTpULIaTeNbHas IpyIIoBas
CKOPOCTh

[IpocTpancTBeHHass AucCIEpcHs, OTPULATEIBHOE INPENIOMIICHHE W OTpULATEIbHAs TPYIIOBas
ckopocTbh. Jleonnn HcaakoBma Mannensmtam, Jlekiun 1944 roma: BONHOBOM BEKTOp, TPYIITOBAs
CKOPOCTb, NMPUHLMUI NPUYMHHOCTU. [paHnyHas 3ajadya ¥ MPaBHIO OTOOpa MPEJTOMIICHHOW BOJHBI.
I'pannynas 3agada ¥ NPUHLUI NPUYMHHOCTH JUIS UMILyJIbCa C HMEPEIHUM aMIUTUTYAHBIM (POHTOM.
Heonano3znauHOCTh pelieHus] TpaHUYHON 3a/auu IJisl IUIOCKOW MOHOXpPOMAarudeckoil BoiHbI. BeiOop
KOHCTaHT Ha NpHMEpe S MOJISIPH3aLUU BOJHBI. YHHBepcanbHas (OpPMYIMPOBKA MpaBUI OTOOpa
MPEJIOMJICHHOW BOJHBL. BBIOOp 3HaKa NONEPEYHOM KOMIIOHEHTHI BOJHOBOTO BEKTOpa B Cpele
MPEIOMJICHUS: TPU JHEPTeTUYECKUX COOOpaKEHHs NMPH BBIOOpE 3HAKa MONEPEYHON KOMIIOHEHTHI
BOJIHOBOTO BeKTOopa B cpefe mnpenomienus. DynnamenransHoe cootHomeHue JI.B. Cuyxuna,
CBSI3BIBAIOILEE CPEIHIOI0 10 BPEMEHH OOBEMHYIO MJIOTHOCTH HEPruu OM Mol cO CpeaHHM IO
BpEMEHHU 3HaueHHeM Bekropa [lofiHTHHTa, BOTHOBBIM BEKTOPOM M TPYIIOBOM CKOpOCThIO. BaxxHbie
daxkTopel cpeasl M BOJHBI B MpoOieMEe 3aKOHOB TNPEJIOMIICHUS W TPYINIOBOH CKOPOCTH:
HCKYCCTBEHHBIE CPE/Ibl U OTPHULATENIbHAS IPYIIIOBasi CKOPOCTD

Cemecrtp: 2 (Becennuit)

16. Ilonarue o TpaHchopMaMOHHON onTuKe. POTOHHBIE KPUCTALIBL. YCIIOBHUS (HOPMHUPOBAHUS
YaCTOTHOM IOJIOCHI HEIIPOIYCKaHUSI.



O BO3MOXXHOCTH OTPHLATEIBHOTO MpPEJIOMIICHHSA. VHXEHEepus ONTHUYECKOro MpPOCTPAHCTBA
(Tpancdopmanmonnas  onrtuka). [IpeoOpazoBaHHe HEOJHOPOIHOW BOJIHBI TOJIHOTO BHYTPEHHETO
OTpaXeHHsI B PaCIpOCTPAHSAIOUIYIOCS BOJHY. Mcropus Bompoca: ombT KBUHKE M TOCIEIyrOIIue
uccienoBanus. [lonoxurensHbll  kodhduuent npenomuenus. Dpdexr cynep — npusmbl. 2D
¢dortonHble KpucTaLIbl. «CTOMKa» IpoB. YCIOBHS (POPMHUPOBAHMS IIOJIOCH HEMpomyckanus B 3D
(GOTOHHBIX KpUCTAUIAX M €€ YCTOMYMBOCTb NPU HAPYLIICHUH MWICAIBHOCTH CTPYKTYpBI.
OnrumanbHas TommuHa cinost 2D mHBepcHOro (OTOHHOTO KpHcTamia. YactoTHele cnekTpsl 2D
(OTOHHBIX KPHUCTANIOB M3 CTEpKHEH miaM mop. YacToTHble (GMIBTPBI, IOBOPOTHBIE 3epKaia,
BOJIHOBOJIBI, CMECHUTENIN — JICIUTEIH, coracoBarenn (taper) Ha ocHoBe 2D ()OTOHHBIX KPHCTAJLIOB.
Cno#i 2D ¢oroHHOro kpuctanna. TUNUYHBIA CHEKTp Npo3padHocTH 2D CUCTEMBI CTepiKHEH.
@dopmupoBaHHE YACTOTHBIX TOJIOC  HEMPONMyCKaHHWsA. MaKpOCKOIHYECKOe HEpEe30HAHCHOE
MHOT'OKpPAaTHOE paccesiHue OPerroBckoro TUIa Ha MEePUOANYECKOM MOTEHINANe 1 MUKPOCKOIIMYECKOEe
pE30HAHCHOE paccesHHe Ha YyCAMHCHHOM IoTeHnuane. Pe3oHancHoe — paccesHue Mu  Ha
OecKkoHeYHOM KpyroBoM LutuHpe. [louemy ocHoBHast monoca?. OCHOBHas HOJIOCAa U MOHOIOJIBHOE
paccessaue. [lnotHas ymakoBka OS(QEKTHBHBIX IMJIMHIPOB W  I0JOCAa  HENPOITyCKAaHUS.
JlomoyTHUTENbHAS 110JI0Ca HEeTIPOIyCKaHus ¢ BeIuleckamu. [loBeieHe monocsl HEMpOIyCKaHus pH
M3MECHEHHH JHAJICKTPUYECKOr0 KOHTpAcTa, yIia MajeHUs BOJHBI, Je()OpMalH dIIEMEHTapHBIX
pacceuBateneil CTpykTypsl (Ha mpumepe cTepxHeit). Ilomoca wempomyckanusi. YacroTHas
MOACTPOMKA.

17. Ilepuoguueckue CTPYKTYpbl: Ha IyTHM K €JUHOMY METOAY OIIMCAHUS IIOBEPXHOCTHOIO U
00BbEMHOTO paccesHus KIIACCHYECKUX BOIHOBBIX Nosiel. OT AudpakMOHHBIX PEHIETOK K (POTOHHBIM
KpUCTaJllIaM

JlBa Tuna 3ajay MHOIOKPAaTHOIO paccesiHMs KJIACCHUUYECKUX BOJIHOBBIX IIOJICH: paccesiHue Ha
MOBEPXHOCTH U 00BEMHOE paccesiHue. DIeMEeHTapHbIe MpeacTaBieHust 00 ypaBHeHusAx Opearonbma
u Bonsreppa. Eannoo0pasHoe onucanne NoBEpXHOCTHOTO U 0OBEMHOTO MHOTOKPAaTHOTO pacCesHUs
OM BonH. Ilepuoanyeckue CTPYKTYypbl: Ha MyTH K €AMHOMY METOMY OIMCAHHs TOBEPXHOCTHOTO U
o0beMHOrO paccessHus. [locraHoBka 3amaum paccessuus OM  BomHbl Ha 3D HeomHOpOAHOM
M30TPOITHOM Cpellbl CO CKAISIPHOM AUAIEKTpUYecKod npoHumaeMoctero. Ilonstue o T oneparope
paccesiHUsl HEeIpepbIBHOW U JUCKpeTHOU cpen. IIpencraBieHue yIvIOBbIX CHEKTpPajIbHBIX aMIUIUTY.
OmneparopHble BOJTHOBBIE KOA(MQGUIHEHTH OTPAKEHHUS M IMPOXOXKACHHUS CHUCTEMBI SJIEMEHTapHBIX
CJIOEB IIPH BUPTYaJIbHOM PACCIOEHMH Cllosl cpefpbl. Miutoctpauus npasuina Barcona xoMmosunuu
OTIEpaTOpPOB paccesiHUsl CHCTEMBbI paccenBaresiell. CMelIaHHasi CHUCTEMa TOYHBIX OIEPATOPHBIX
YpaBHEHUH Ui BOJHOBBIX KOX(P(UIMEHTOB OTPAXEHUS U TPOXOXKICHHUS CHCTEMbIl H3 N
JIEMEHTApHBIX CJIO0EB. PeKyppeHTHBIE ypaBHEHMs IJI1 CHCTEMBI N-1 SJIEMEHTApHBIX CIOEB IPH
n00aBIEHUH N-0ro 3jJeMeHTapHoro cios. dyHmaMmeHtanbHas TpaHcdep Marpuna. OmepatopHoe
ypaBHEHHE PUKKaTH 1 acCOLMMPOBAHHOE ¢ HUM YpaBHEHHUE B KOHEUHBIX pa3HOCTIX. Ilepronnueckas
MOBEPXHOCTHAs M 00BEMHAs CTPYKTYpbI: IprMepbl. Pemenne ypaBHeHus: PUKKaTH U1 OTHOPOIHOTO
wiockoro cios. OTpakeHue U MPOXOKICHUE OAHOPOIHOTO TIOCKOTO CJI0S. YIVIOBBIE CIEKTpPAIbHbIC
nopsiku 1D pemerku. OT 1udpakiMOHHBIX PEIIEeTOK K (POTOHHBIM KPUCTAILIAM.

18. Pacuer 4YacCTOTHBIX CIEKTPOB OTPAXEHUs M TPOXOKICHUS OJHOMEPHBIX AU(PAKIMOHHBIX
PEIIETOK U AByMEPHBIX (DOTOHHBIX KPUCTAJUIOB METOJOM MAaTPUYHOIO YpaBHEHUsI PukkaTu

VYpaBHenue Pukkatu IUisi MaTpu4HOrO BOJHOBOrO KodddumueHnta orpaxenus. TE momspuszauus.
duznueckuil cMmbict HHAEKCOB. «HadanbHbley» ycnoBus. DPU3MUecKuid CMbICT KO3(PQUIMESHTOB.
OyHkuus TpaHchopmanuu BOJH. . Y — KOMIIOHEHTA MOJII U IJIOTHOCTh OTPAKEHHOIO MOTOKA
SHEPruH. YpaBHEHUE JUII MAaTPUYHOTO BOJHOBOTO KO3((uIMEeHTa NPOXOKIACHUS. YpaBHEHHE
Pukkaru anst MaTpu4HOTO BOJIHOBOTO Koddduiuenta orpaxenus. TH nmonspuszauus. YpaBHenue njst
MaTPUYHOTO BOJIHOBOTO Koddduimenta npoxoxaenus. TH nomspuzanus. [Ipumepsl pacdeToB Ha
OCHOBE YpaBHEHHUS PUKKaTH M acCOUMMPOBAHHOTO C HMM ypaBHEHHs. bperroBckue 3epkana Ha
OCHOBE IOpHCTOro KpeMHHs. Ontudeckuid MOHUTOpUHL. KoHTposib (opMbl permeTox Ipu
HaHouMnpuHTHOH Jsmtorpaduu (Nanolmprint Lithography NIL). Pednextomerpusi  cronku
JICHTOYHBIX pemieTok. 2D uHBepcHbIE (DOTOHHBIE CTPYKTYpBI: pa3yHopsIOYEHHE 3IIEMEHTapHOMH
STYEHKU. D1eMeHThl POTOHHBIX MHTErpaibHbIX CTPYKTYp (PHUC). Cxembl BomHOBOIOB ¢ nBYMs 1D n
2D mudpaknnoHHBIME perieTkamu Ha 6ase ctpykryp KHU

19. aTerpanbpHO-ONTHYECKHUE YCTPOICTBA



HNHuterpanpHo-onTHYeCcKUEe ycTpolicTBa. IlaccuBHbIE M aKTUBHBIE 3JEMEHTHL. BOJIOKOHHBIE
CBETOBOABI. BOMHOBOIBI € ()OTOHHO — KPUCTAIIMYECKOW CTPYKTYpoH. BONOKOHHBIE CBETOBOABI C
OporroBckumMu  pemerkamu.  CeHCOpbl  Ha ~ OCHOBE  ONTHYECKHMX  BOJIHOBOJOB €
(hOTOHHO-KPUCTAIIMYECKON CTPYKTYpoil. CKOpOCTh Tepeaaydn M CUCTeMbl OOpabOTKH JaHHBIX.
Uepapxust nnuH Mexcoenaunenunit. Ontuueckue mexcoeaunenus. Cxema ®UC Ha ocHoBe Si ¢
sreMeHTaMu 1a3MoHuKH. [lotepu u ycunenue B nennbenax. BoloKOHHO-ONTHYECKUN COEAUHUTE.
[Tnanapuble quanekTpudeckre BOTHOBOABI. [lorepu Ha uarnbax. BoiaHoBoy B mHBepcHON PoTOHHOH
CTpyKType. JINHNA 3a1epKKU: aKTUBHOE JIIEKTPUUECKOE YIPABIEHHE CKOPOCTHIO cBeTa. [1010CKoBRIN
TUTa3MOHHBIN BOJIHOBOJA. BONHOBOIBI W3 HAHOMPOBOJOK OJaropoAHBIX METaUIOB. TpexXclOWHbIC
CTPYKTYpbl (ceHaBu4). KoMmmakTHbie yCTpOWCTBA CIEKTPAJIBHOTO YIUIOTHEHHs kaHaioB (WDM).
YacroTHbld QUIBTP M JIMHUS 33JepXKKW Ha Kojiblax. Moja mremdymield raiepen. DorogerekTop.
[Ipumep snementoB Si ®UC. CnocoOwl BBoma/BeiBoga OM wusmydeHus. [Ipumepsl pacueroB Ha
OCHOBe ypaBHeHUsi Pukkaru. Pe3onancHoe paccesaue Ha 1D 1nudpakiMOHHBIX —pelleTKax.
Anomanuu Byna peneeBckoro tuma. KoadduuueHt orpaxenns yceueHHOH CTPYKTypbl. AHOMaJIUU
Byna-Ilanme. Ponb aBanecuienTHbIX Mon. Ilepromudeckue cTpyKTyphl U3 MONBIX TPYOOK. CIEKTpbI
OTPaKEHHsI CTPYKTYp U3 MOJbIX TpyOok SiO2 m MeTayul-AudiIeKTpUYecKHX TPyOOoK. 3epkaiio u
HOJISIPU3ATOP U3 «HUYETOM.

20. MeTonpl UMCIEHHOTO MOJEIUPOBAHMS ONTHUYECKUX 3a/1a4

Uucnennoe monenupoBanue. [Ipocreiiiias nuHeliHas kpaeBas 3agada. CTpyKTypa MOJds U KpaeBble
ycioBusi. Meton nporoHkud. MeToa WHBapUaHTHOTO norpykeHus. OCHOBHBIE METOABI YUCIEHHOTO
MOZEIMPOBaHUS ONTHYECKUX 3a]a4. [10THOBOIHOBBIC M MPUOIMKEHHbIE METOIbl. MeTo/] KOHEUHBIX
pasHocteii Bo Bpemenu, FDTD. Pa3znoctHelii Bug ypaBHeHuil Makcsenna. PekyppentHas ¢opmyna.
VYcnosue Kypanra. 2D ¢oronnwni kpucramr: TM wu TE nonspuzanus. 1D cTpykTyphI.
Husnexrpuueckas ¢ynkuusi, FDTD. Hauanbnbeie, rpannunsie ycinoBusi FDTD.  VYcnoBusi Ha
rpanunax obmnactu Berumcienudd, FDTD. FDTD, mporpammHuas peanmzainusi. Meton S MarpHIibl
paccestHus. MeToq pasyioKeHHs 10 COOCTBEHHBIM MojaaM. Metoj pacmpocTpaHeHus Imy4yka. Mertox
IUIOCKUX BONMH. Metox tpaHcdep (nepemaun) T marpuiibl. MeTon KOHEYHBIX 2JIeMEHTOB. Bribop
YUCICHHOTO METOAa MJIsi MOAEIHPOBaHUS (OTOHHBIX KpUCTaioB. Ilpumepsl MonennpoBaHUs
onrtudeckoro pazsersutens Meronamu FDTD u EME. JluckperHass Moneisb rojIoOBBI U COTOBOTO
tenedona, FDTD. [Ipumep monenupoBanus BoiHOBoAa MetonoM BPM.

21. MeTo1 KOHEUHEIX JIEMEHTOB

UmncneHHOE MOJICTUPOBaHHE — KOMMEPUYECKUE TTAKEThl U CBOOOIHBIC porpaMMbl. O030p CBOOOITHBIX
nporpamM U naketoB. CBOOOIHBIE AKETHI IS YUCICHHBIX PAcueToB. MeTOl KOHEUYHBIX DJIEMEHTOB.
[NakeTs! KOHEUHO-3NIeMeHTHOTO aHanu3a. CemuHap 7. CBOOOHBIE TTAKETHI JIJIsl YUCIICHHBIX PACUETOB.
OpenFOAM. Impact. Elmer. ®usnyeckue momenu. «Pemarenmm» COMSOL u Elmer. Pacuérer B
Elmer u cpaBuenue ¢ Comsol. UncineHHbIe METOIBI PElICHUs BOJHOBBIX 3aj1a4. KpaTkue oCHOBBI
MeTOoJa  KOHEYHBIX  JJIEMEHTOB.  [IpOEKIMOHHBIE  METONbl.  BapualMOHHBIH  METOA.
[TocnenoBarensHOCTH maroB MKO.

22. MeTonbl KOHEUHBIX Pa3HOCTeH

Metoasl koHeYHBIX pa3HocTel. KoHeunbie pasnHoctu. OyHkiuu. YacTHbIE MPOU3BOJHBIE MEPBOTO
MOpsJIKa MO BPEMEHHM MU MPOCTPAHCTBY.. YpaBHeHMs MakcBemna. JlMCKpeTH3anusl ypaBHEHUN
MakcBemnia mo BpeMeHu. PasHocTHble ypaBHeHusi MaxkcBemna B 1D cinydae. Hawano pacuéra.
VYpaBuenust Makcpemna B 2D ciyuae. 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

Mogp!l BonHOBOIOB. CBOMCTBAa MOJI BOJHOBOJIOB. BOJIIHOBOAHAS ONTHKA M ONTHKA MHOTOCJIOMHBIX
cTpykTyp. Ilpumep: CUMMETpHYHBIA IUTAaHAPHBIA BOJHOBOA. BOJIHOBOAHAs ONTHMKAa M KBAHTOBAs
MexaHuKa. [{ucnepeus BoaHoBona. I'pynmosas ckopocTs B BosHOBOxE. [loTrepu B BonHOBOzE. 1loTepu
B Marepuasie BosHOBoja. Ilorepu BcnencTBue onthueckux ytedek. [loTepm mpu paccedHHH Ha
mepoxoBarocTy. IloTepu M OUANEKTPUYECKHIM KOHTPACT BOJIHOBOAA. l€OMETpus BOJHOBOIOB.
OnToBOJOKHO. THITBI MOJIOCKOBBIX BOJTHOBOJIOB. XapaKTEPHbIC MOTEPH B METANTUYECKUX MPOBOIAX,
ONTHYECKUX M IUIA3MOHHBIX BOJHOBOAAaxX. CHexTpaipHble O0JIACTH TNPOMYCKAaHHUS 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 CUCTEMbl. AKTUBHBIE M PEAaKTUBHBIE MOJbl B HEAUCCUIIATUBHBIX CHUCTEMAX.
Hexortopsie ¢opMynsl 0 MEpeHOCMMOH MOIaMU MOIIHOCTH. 3aKpBITHI BOJHOBOX ©O€3 IOTEpb.
CtpykTypa moisi BHE 3aKpBITOTO IITAHAPHOTO BOJIHOBoAA Oe3 motepb. Ilomepeunoe pacnpenenenue
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
wim (M) MarHUTHOW TIPOHMIAEMOCTBIO; cpeda Becemaro; rumepOonnueckue MeTamarepuasbl;
MeTamarepuanbl ¢ OMM3KoH K HyMr0 JO(PQPEKTHBHON JHUAIEKTPHUYECKOW MPOHHUIIAEMOCTHIO;
OayMcTHUECKHEe MeTaMaTrephalibl, ()OTOHHBIE TUIEPKpUCTAIUIBI. Hamnume HEKOTOpHIX CBOKCTB
MeTamarepuaioB y MPUPOIHBIX BemlecTB. [In€Hka cepebpa kak 1uiockas cynepiwnza [lenapu (J.
Pendry) c paspemienuem 64 HM. Meramarepuansl ¢ TOpeAeIbHO MalbIM 3¢ PEeKTUBHBIM
koddurmenrom mnpenomnenus (UltraLow refractive-Index Metamaterials, ULIM) B Buaumom
JyanazoHe. AHAJIOTHS C PEHTICHOBCKUM M3JyuyeHHEM. BO3MOXHOCTh HMOCTPOEHUSI MacKUpYoUei
00OJIOUKH: HEeIMHCTBEHHOCTb pemieHus 3agaun  KampaepoHa i ypaBHeHMH MakcBesuia;
CHUHTYJISIDHOE BBICBEUMBaHHE [e(EKTOB OOOJIOYKM; BH3yasu3alusi OOOJOYKH HYEPEHKOBCKUM
U3JTy4eHHEM OBICTPBIX JIEKTPOHOB.

28. Tumbl MeTamaTrepraioB

Meramarepuanbl. TUIBl MeTamMarepuanoB “W3 pPagUOTEXHHYECKUX JJIeMEHTOB”. MckyccTBeHHAs
miasMa H3 MeTajuinyeckux mnpoBojok. OrtpunarensHoe mpenomiienue. Cpema Becemnaro.
[Ipenomnenne Bakyym - cpema Becemaro. Ilepenoc sHeprum u mpupocT ¢as3el BOJHBL JInH3a
oOwikHOBeHHast. Cioit ieBocTopoHnero Marepuana (LHM) — nunza Becenaro. HeoqHoponnas nun3a
Becenaro. IlonoxurenbHblii k03 GUIUEHT mpenoMiieHus. J[BaKapl OTpUIIATEIBHBIE U MarHUTO
oTpunarensHple cpeapl. llpuMep - MarHuTHas BOCHPHUMYKBOCTH MPOBOASAIIEIO IPOBOJIOYHOTO
KOJIbIIA C MHIyKTUBHOCTBIO B EMKOCTBIO. M30TpomnHbIe MeTaMaTepruaibl W 000JIOYKH HA pe30HAHCAX
Mu. AHcamMOnIM W CTPYKTYpBI U3 MasbIX YacTHll. Jlua- mapamMarHUTHBIA MUK OKOJO TUIa3MOHHOTO
pe3oHaHca. J[MHaMHUYeCKuii MarHUTHBIA OTKIHK 4actuil Si. Bo30yxnenue 6onee omHoit Moasr Mu.
Mopna uremraytieii ranepeu. Ctpykrypa mouist u 1o6potHocts MILIT.

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

Pe3onancel B HaHowactunax. [1mazmonnsie pacceuBatenu. KonblieBsle pe3oHaTopsl. BomHOBOABI 1
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)

CryneHT, W3y4aromuid IUCIUILINHY, JODKEH C OJHOW CTOPOHBI, OBIIAACTh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbI, JOJKEH HAYUYUTHCSA IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynbrate M3ydeHus TUCHUIUIMHBI CTYAEHT IOJDKEH 3HAaTh OCHOBHBIC ONPEIECICHMS AMCLIMIINHBL,
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 y4yeOHOro MaTepuana, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

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

— IOATOTOBKY K BBINOJTHEHHIO 3aJaHUH TEKYIeW U MPOMEXYTOUYHON aTTECTALUH.

[lokazarenem BiajeHHUs MaTEpUaIoOM CIY>KUT yMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TeMaM
JUCLUAIUIMHBIL.



BaxxHO m0OWTHCS MOHMMaHUS M3y4aeMOro Marepuana, a He MEXaHHYEeCKOTrOo ero 3amoMuHaHus. [lpum
3aTPYJHCHUH WM3YYCHHUS OTACIBHBIX TEM, BOIIPOCOB, CIEAyeT oOpamiarbcs 3a KOHCYIbTAIUAMH K
MPEIoIaBaTelio.

Bo3MoxxeH npoMeXyTOYHBIM KOHTPOJIb 3HAHUM CTYJEHTOB B BHUJE PEIICHUS 33/1a4 B COOTBETCTBUU C
TEMaTUKON 3aHSITHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTHUI: JJIEKTPOHUKA Y KBAHTOBBIE TEXHOJIOTUU
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kageapa MUKpPO- ¥ HAHODJICKTPOHHUKH

Kypc: 1

kBaTuuKkanus: 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 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisier MOHCK BapUaHTOB PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PaspabarsiBaeT CTpaTeruio JIOCTH)KEHUSA

MOCTABICHHON IIEIM KaK ITOCJIEIOBAaTeILHOCTE IIIaros,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHHE HA  BHEIIHEE  OKPYXEHUE  IUIAHUPYEMOU
JESATENbHOCTH W Ha B3aMMOOTHOLIEHHUS 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

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMANKIO 00 aKTyaIbHBIX Pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHOM
JEATEIIEHOCTH

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYeCcKue MOAEIM Ul ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
JKCIIEPUMEHTAJILHBIE METOJIbI MCCIIEIOBAHUI K KOHKPETHOM
HAayyHON 3ajadye W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
pE3yIbTaThl

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

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

3HAThb:

- 3aBUCHUMOCTb YIJTIOBBIX CIICKTPOB I[H(i)paKL[HOHHOfI PCIICTKU OT COOTHOLICHUA IJIMHBI BOJIHBI H

MepHo/ia PeIeTKH;

- (puznueckuil cMBICT HHIEKCOB U KO PUIMEHTOB ypaBHeHUs PUkkary;
- 3aBUCHUMOCTb YacCTOTHOI'O CIBUIA II0JOCHI HEIPOIYCKaHUsS 3JIEKTPOMAarHUTHOTO KpHCTaula OT €ro

TFCOMCTPHUYCCKUX XaPAKTCPUCTHUK;,

- paaManbHOE paclpelesieHHe IEKTPUYECKOro MO  3JIeKTPOMAarHUTHOH  BOJHBI

B MaJIbIX

OUIMHAPUYCCKUX U C(i)epI/I‘leCKI/IX HacTulax 1rnpu pe30HaHCHOM PACCCAHUU,
- OCHOBHBIC THIIBI IIJIAHAPHBIX HWHTCTPAJIBbHBIX BOJIHOBOAOB, OJJICKTPOMArHUTHBIX KPHUCTAJUIOB H

MCTaMaTCpHraIOB;

- 0 BO3MOXKHOCTH TOMOTE€HHU3AIIMH HEOJHOPOJHBIX Cpell U MCIIOIb30BaHUU 3()(HEKTUBHBIX MapaMeTPOB

cpea;

- OCHOBBI allepPTYpHOU M Oe3anepTyPHOI ONTHKY OJIMKHETO TTOJIS.

yMeThb:

- IpUMEHATh YypaBHeHME Puxkarm g 3agaun 00 OTpaXEHHMH U TMPOXOKICHUH IIIIOCKOM
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  HaBBIKAMU  pacyera
3JIEKTPOMAarHUTHBIX KPUCTAJUIOB,;

YAaCTOTHBIX  CHEKTPOB  AU(MPAKIMOHHBIX  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. 3aBUCHUMOCTb YIVIOBBIX CIIEKTPOB AM(PAKIMOHHOW PELIETKH OT COOTHOIIEHMS JUIMHBI BOJIHBI U
nepuoAa pemeTky. JManekTpudyeckas HMPOHULAEMOCTh M DHEPrETHUECKOE HAIMOJHEHUE YITIOBBIX
CIIEKTPOB.

2. OnHOpPOIHBIE U HEOJHOPOAHBIE MOJIbl B CIIEKTPE OTPAXKEHUS 3JIEKTPOMArHUTHOIO KpHUCTaLIa.
3.MakpocKoIIMuecKkoe pe30HaHCHOE paccesHUEe OpPErrOBCKOrO THUMA M MHUKPOCKOIMYECKOE PacCesHue
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. 3aBUCHUMOCTb YIVIOBBIX CIIEKTPOB AM(PAKIMOHHOW PEIIeTKH OT COOTHOIIEHHS JUIMHBI BOJIHBI U
nepuoja pemeTky. Juanekrpuueckas NPOHMLAEMOCTh W JHEPreTHYeCKOe HAINOJIHEHUE YIJIOBBIX
CIIEKTPOB.

2. JIBa OCHOBHBIX METOJa ONTUKH OJIM>KHETO TOJIS.

Kpurepun onennBanus

Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS YYEeOHOHM MpOorpaMMbl AMCHUIUIMHBI, MPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00acTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
IPUMEHATH UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3aj]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka ommMyHO 8§ OaysioB - BBICTaBISIETCSl CTYACHTY, IIOKa3aBLUIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad4, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.



OtmeHka Xopoto 7 6ajioB - BBICTABISETCS CTYACHTY, €CJIM OH TBEPJO 3HACT MaTepHall, TPaMOTHO H IO
CYLIECTBY M3JIaraeT €ro, ymMeeT IPHMEHATh IOJIYyYCHHbIC 3HAHMS HA INPAKTHKE, HO HEIO0CTATOYHO
IpaMOTHO 0OOCHOBBIBAET MOYYCHHBIE PE3YJIBTATHI.

Ouenka xopomo 6 6ajuioB - BEICTABISIETCS CTYJCHTY, €CJIM OH TBEP/O 3HACT MaTepHal, IPaMOTHO U MO
CYILECTBY M3JIaraeT ero, yMeeT NMPHUMEHSTh MOJyYCHHBIC 3HAHHUS Ha MPAKTUKE, HO JIOIYCKAET B OTBETE
WY B PEILICHUH 33/1a4 HEKOTOPbIe HETOYHOCTH.

OteHka XOpoIo 5 6ajioB - BBICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT Marepuall, IpaMOTHO
U 110 CYIIECTBY M3JIaraeT ero, yMeeT NPUMEHSTh IOJydeHHbIe 3HAHUS HA IPAKTHKE, HO JOIyCKaeT B
OTBETE WJIM B PEIICHUH 3334 JOCTATOYHO OOJIBIIOE KOIMYECTBO HETOYHOCTEH.

OreHka yHIOBICTBOPUTENHHO 4 Oayuia - BBICTABISICTCS CTYACHTY, MOKa3aBIIeMY (parMeHTapHBIH,
Pa3pO3HEHHBIH XapaKTep 3HaHWIl, HEIOCTaTOYHO MNpaBHJIbHBIE (OPMYIUPOBKU 0a30BBIX HOHSITHH,
HapyUICHUS JOTUYECKON MMOCIIENOBATEIbHOCTH B U3JIOKEHUU MTPOTPAMMHOTO Marepualia, HO IPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3zieibl y4eOHOH IPOrpaMMbl, HEOOXOAUMBIE Ul JajbHEHIIero o0y4eHus, 1
MOKET MMPUMEHSTH TIOJTyYSHHBIC 3HAHUS 110 00pa3ily B CTAHJAPTHOW CHTYaIHH.

OreHKka yHIOBIETBOPUTENBHO 3 Oajia - BBICTABISCTCS CTYACHTY, MOKa3aBIIeMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (GopMynupoBKax 0a30BbIX MOHSTHH,
HapyLICHUS JIOTHYECKOW IOCIEeIOBAaTEeIbHOCTH B H3JIOKEHUH IPOTPAMMHOIO Marepuania, ciabo
BJI3JICET OCHOBHBIMH pa3zieiaMu yueOHO porpaMMbl, HEOOXOAMMBIMHU ISl TAJIbHEHIIEro 00y4YeHus U
C TPYAOM MIPUMEHSET MOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1reHKa HEYIOBICTBOPUTEIHHO 2 0ajia - BBICTABISCTCS CTYICHTY, KOTOPBIA HE 3HAeT OOJNbIICH YacTh
OCHOBHOTO COZAEP)KaHUsl Y4eOHOW NpOrpaMMbl JHUCHMIUIMHBL, JONYCKAaeT TIpyOble OMMOKH B
(OopMyITHPOBKaX OCHOBHBIX IMPHUHIIMIIOB i HE YMEET MCIOIb30BaTh MOTYYCHHbBIC 3HAHUS TP PEIICHHN
THIIOBBIX 33]1a4.

OreHKa HEYJOBICTBOPUTENBLHO | Oaiia - BBICTAaBISAETCS CTYICHTY, KOTOPBI HE 3HA€T OCHOBHOTO
cozepKaHusi yd4eOHOW MPOrpaMMBbl TUCHUILIUHEL, JIOMyCcKaeT rpydeiiniie ommoku B (GOPMYIHPOBKAX
0a30BBIX TMOHATHH IUCHHUIUIMHBI U BOOOIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX IPAKTHYECKHX
3ajad.

5. MeTonuueckne MaTepuaIbl, ONpPeIesONINe MPoueIyPbl OIleHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(Wy1K) oNbITA AESITEILHOCTH

OueHka 3a OCEHHUH CEMECTp BBICTABISACTCSA M0 PE3yJIbTaTaM yCTHOTo A GepeHInpoOBaHHOTO 3a4eTa.
Omnpoc He AomKeH mpeBblaTh 40 MUHYT.

OneHka 3a ¢ BECEHHUI eMeCTp BBICTABISIETCS 110 Pe3yJIbTaraM yCTHOro 3k3aMeHa. Onpoc CTyaeHTa Ha
9K3aME€HE HE JOJIKEH IIPEBBIIIATh OIHOTO aCTPOHOMHUYECKOI0 Yyaca.



