oY BIIO «IOHEIKHWIT HAIIHOHAJILHBIIT YVHUBEPCHTET
OAKVJIBTET ®U3HKO - TEXHUYECKHI

Kadenpa Teopernyeckoii ¢puzmku 1 HaHOTeXHOTOr 1l

Pabouas mporpasma yueduoii qucuHmLInee!

«HOBBIE MATHIHTHBIE, ONTHYECKUE U INOJIYIIPOBOJAHHUKOBBIE
MATEPHAJIBD»

Hanpagneunne noaroroski: 03.03.02 «®U3NKA»

ITpoduiie moaroToBku: OO0t

ObpasoBarenbublii ypoBeHb
BBITYCKHHKA: Axanemmdeckuii GakanaBpuat

@opma 00yueHHsA: 0YHAsl

Honenk 2016



VTBEPKJAIO: ===

iR 1
Jlexkan (QH3HKO-TEX GAPaKynnTeTa
o2
;ee/ no ok H.IT

« 16 » h"

M.IT.

[Iporpaymma yuebuoit mncmummnsl «HOBBIE MATHHUTHBIE, OINTHUYECKHE H
HOJYINIPOBOAHHUKOBLIE MATEPHAJIBI» cocrasmena ma ocHoe I'OC BIIO 1o
HampapieHnio  noarotoskn  03.03.02 ®@wusuka, yTBepKACHHOTO NpHKa3oM MHHHCTepcTBa
obpazosanus u Hayku JIHP «04» ampers 2016 r. Ne284 u «IlonoseHHs 006 OpraHu3amii yIe6HOro
npornecca B 00pa3oBaTelbHLIX OPTraHH3allMAX BBICHICTO MPO(ECCHOHAILHOrO 00pa30BAHMA
Howenxoii Hapoxuoii PecriyGimkm», yTBepAKIEHHOro mpHKasoM MuHHCTepCTBa 06pa3oBaHHS H
Hayku JIHP «30» oxtabps 2015 r. Ne750.

PaspaboTuuk:

A. ¢.-M. H., npoeccop kapeapel TO uw HT FOpuenko B.M.

K.(QH3.-MaT. H., IOLEHT, 101CHT Kadeaps! obuieil pu3Hk

U IHAAKTHKH (QH3HKH ['onoBuan A.B.

[Iporpamma yyeGnoii AHCIHIUTHHBL yTBEPKACHA HA 3acelaHHH KadeIphl TeOPETHUECKOl
(bHU3HKH H HAHOTEXHOIOTHil

[IpoToxon Ne 8 ot «12» mexabpsa 2016 r.

3aB. kaeapoii TeopeTHueCcKOi (H3HKH U HAHOTEXHOJIOI Hii Baproxuu B.H

ITporpayma yueOHOI HCIMIUIIHHBI YTBEPAKIEHA Ha 3aceIaHHH
Kadeape! oduieif UMK 1 INIAKTHKA QH3HKH
ITpotokon Ne 5 ot «17» Hosa6psa 2016 .

3aB. kadenpoit o0mieil Qu31KH 1 THIAKTHKE GH3UKH W bemesnu b.H.

[Tporpanmya yueOnoii ancunminHBL oj100peHa y4eOHO-METOIHYECKOH KoMmuccHedt
(H3HKO-TEXHHYECKOTO (haKyIbTeTa

ITpotokon Ne 4 ot * 14 ~  nexabps 2016, /

[Tpencenatens yuebHo-meTomuecKkoii

KOMHCCHH (aKyIpTeTa Kotenxo B.H.



1 ObsaacTh NpUMeHEeHUs1 1 MeCTO IMCUMILUIMHBI B Y4eOHOM Mpoiiecce:
VYyeOnast nucruruinHa «HoBble MarHuTHBIE, ONTHYECKHE U MOJNYHIPOBOJHUKOBBIE MaTEpHUaIbD»
SBJISIIOTCS 4acThbI0O OCHOBHOM oOpa3oBareinbHOM mporpammbl B cootBercTBuU ¢ ['OC 1o

HarpaBieHuto noArotoBku 03.03.02 «du3uka» U COCTOUT U3 MOYJIEH: COAEPKATEIbHBIN MOAYb |

«MarHeTk W (DOTOHHBIE KPUCTAJUIBI», COJEpXKATeIbHBIH MOIynb 2 «llomynmpoBOJHUKOBEIE

MaTCpHaJbD).

VyeOnas pucnuminHa «HoBble MarHUTHBIE, ONTUYECKUE M IMOIYIPOBOAHUKOBBIE MaTEpUATBI»)
OTHOCUTCSI K ILMKIY BapUaTHBHOM uacTH mnpodeccuoHanbHoro Omoka. OcHOBbIBaeTcs Ha Oase
mucuuiuinH: - «Jlnddepennuanbaple  ypaBHeHUs. VHTerpanbHble ypaBHEHUS M BapUAIllHOHHOE
HCUHUCIICHUE», «AHAIMTHUYECKasi TeOMeTpus U InHelHas anredpa. Teopus rpynmy, « Teopetnyeckast

¢duzukay, «O0mas 1 SKCriepuMeHTaIbHas HU3NKAY.

2. HopMaTuBHBIE CCBUIKH (npuU He0OX00uMocmu)

3. CTpyKTYypa JUCUMILIHHBI

ouHast popma
o0ydeHus Ha O6a3ze

*3a0unas hopma
0Oyuenus Ha basze

XapakTepucTuka yueOHO! JUCIUITITMHBI CIIO BIIO
COO CI1O COO | (yckop. | (yckop
(yckop.) ) )y
O6pa3zoBarenbHO-KBATM(UKAITTOHHBIH Bakanasp
YPOBEHB:
HanpaBnenue noarotToBku (03.03.02) «Du3uxa»

[Tpodwib

KonngecTBO conepkaTenbHbIX MOLYyJIEH
(Tem)

2(9)

JucruminHa 6a30BOH / BApHATUBHON YacTH
00pa3oBaTeNLHON NpOrpaMmsI '

[Mpodeccuonanbubiii 010Kk, BapuatuBHas yacTh

POopMBI KOHTPOJIS

MO}IYJ'II)HI)II\/JI KOHTPOJIb U 3a4CT

oudHas Gopma
oOydeHus Ha 6aze

*3aounas popma
00yuenus Ha baze

[Tokazarenu *CTIO CIIO BITO
COO COO | (yckop. | (yckop.
(yckop.) ) )

KonnuecTBo 3aueTHBIX eIMHUI (KPEeIUTOB) 2
KonnuectBo yacoB 72
TI'om moaroTOBKH 4
CemecTtp 7
KonunuecTBo yacos
- JICKITMOHHBIX 28
- IPAKTUYECKHUX, CEMHHAPCKUX
- 1a00paTOPHBIX
- CaMOCTOSITEIHbHON PabOThI 44
B T.4. MHJIMBHIyaJIbHOE 3aJaHIE
HenenpHOE KOTUYECTBO YacoB, T.4.

ayAMTOPHBIX 2

COO — cpennee odiee 0Opa3oBaHue

CIIO — cpennee mpodeccnoHanbpHOE 00pa3oBaHue
BIIO — Briciiee npodeccronansHoe 00pa3oBaHue
1- B coorBercTBUU ¢ OOII (0OCHOBHOM 00pa30BaTEIHHON MPOTPAMMOKA)




4. Onucanue TUCHUINIMHBI

eau u 3agaun
Henbro nucuuninnbl «HoBble MATHUTHBIC, ONTHYECKHE M MOJAYNIPOBOAHUKOBBIC MATEPHAIBI»
aBnsieTcss (OPMHPOBAHME 3HAHUH W  (PHU3MUYECKUX TPEICTABICHUI COBPEMEHHOW (U3UKU
HAHOCHCTEM M  HAHOMATEepHaJiOB;  MPEIOCTaBICHHE  CTyJEHTaM  HEOOXOIUMyIo Ul
CaMOCTOSITENTLHONH ~ pabOTBl  COBOKYMHOCTh 3HaHMKW B 00JacTH HOBBIX HAHOMATEPUAJIOB;
03HAKOMJICHHE CTYJEHTOB C COBPEMEHHBIMHU Mpo0ieMaMu (PU3UKH HAaHOMATEPUasoB.
3agava qucuunimHbl «HoBble MAarHUTHBIE, ONITHYECKHE M MOJIYNIPOBOIHUKOBbIE MATEPHAJIBI»
pelycMaTpuBaeT mpopaboTKy CTYAEHTaMU TEOPETUYECKHMX OCHOB MPOCIYIIAHHOTO JEKIHOHHOTO
MaTepHaia, MOATr0TOBKY OyIymIero CrenualncTa K MpernojaBaHuio MOTYYeHHBIX 3HAaHUH YUeHUKaM
CpeIHe MIKOJe UM CaMOCTOATEIbHON HAayYyHOU paboThl B 001acT (PU3UKHU TBEPIOTO Teja.

TpeOoBanus Kk pe3yJbTaTaM OCBOEHMSI IMCHUILIMHBI: [Iponecc n3ydeHHs! AUCHUIUIMHBI
HampaBlieH Ha GOPMUPOBAHUE AIIEMEHTOB CIEAYIOMUX KoMreTeHuil B cootBeTcTBru ¢ ['OC BIIO
0 JTAHHOMY HAIPAaBJICHHUIO TIOJTOTOBKH (TIPOPIITIO):

00meKyJabTypHble kKommnereHmuu (OK):

— CIOCOOHOCTH K caMoOpraHu3anuu 1 camoobpaszosanuto (OK-7);

oomenpogeccuonanbubie komnerenun (OI1K):

—  CIIOCOOHOCTH HCIIOJIb30BAaTh B npogeccuoHaNbHOM JESATEIBHOCTH 0a3zoBbIe
€CTeCTBEHHOHAYYHbIe 3HAHUS, BKIIIOYasl 3HAHMUS O MpeaMeTe U 00beKTax M3Y4EHHs, METOAax
WICCIIEIOBAHMSI, COBPEMEHHBIX KOHLENUUAX, AOCTH)KEHUSAX WU OrPAaHUYEHMSIX €CTECTBEHHBIX
HayK (Tmpexze Bcero Gu3uKu, XUMHUH, OMOJIOTHH, SKOJIOTHH, HayK o 3emiie u yenoseke) (OITK-
1);

— CIIOCOOHOCTBH HCIIOJIb30BaTh 0a30Bble TEOpEeTHYECKHE 3HaHMUS (YHIaMEHTAJIbHBIX pa3/esioB
oOrielt 1 TeopeTHyeckoi (GU3MKHU s pereHus npodeccruoHanbHbIx 3a1au (OI1K-3);

— CIIOCOOHOCTH HCIOJIb30BAaTh OCHOBHBIE METOJIbI, CIIOCOOBI M CPEICTBA IMOJIyUYEHHUs, XpaHEHUS,
nepepaboTKu HH(POPMAIMK U HABBIKK PabOThI ¢ KOMIIBIOTEPOM KaK CO CPEICTBOM YIpPaBJICHHUS
uHpopmarnueit (OIIK-5);

npogeccuoHaibHble Komnerenunu (I1K):
HAY4YHO-HMCCJIeI0BaTeIbCKAsl U MIPOEKTHAsA 1eSTeJIbHOCTb:

— CIIOCOOHOCTH HCIIOJIb30BaTh CHENMATU3UPOBAHHBIC 3HAHUS B 00JACTH (DU3UKU U OCBOCHUS
npoduiabHbIX Gusndeckux aqucuumiul (I1K-1);

—  CIIOCOOHOCTH MPOBOJUTH HAYYHBIC MCCIIEOBAHUS B M30paHHON O0JIACTH HKCHEPUMEHTAIBHBIX
U (W) TeopeTHuecKux (U3MUECKUX HCCIIETOBAHUM C TMOMOIIBIO COBpPEMEHHOW MPUOOPHOM
6a3bl (B TOM YHCIIE CIOXKHOTO (pu3nyeckoro o60pyaoBaHus) 1 HHOOPMAITMOHHBIX TEXHOJIOTHHA
C YYETOM OTE€UYECTBEHHOI0 U 3apyoOexxkHoro omnbiTa (I1K-2);

HAYYHO-MHHOBAIIMOHHASA 1eATEJbHOCTD:

— CIIOCOOHOCTb TIOJIb30BAThCS COBPEMEHHBIMH METOJaMHM O0pabOTKH, aHajau3a M CHHTE3a

¢usnueckoit nupopmanmu B u3dbpaHHoi obnactu ¢puznueckux uccnenosanuii (I1K-5);
OPraHM3alMOHHO-YIIPABJIEHYeCKas eI TeJIbHOCTD:

— CIIOCOOHOCTHh MOHUMATh M MCIIOJIb30BaTh Ha MPAKTUKE TEOPETUYECKHE OCHOBBI OPraHU3alH U

iaHupoBanus pusndeckux uccrnenosanuii (I1K-6).

B pe3yabrare u3yuyeHus yueOHO TUCHMIIUHBI CTYAEHT H0JIKEH:

3Hams: OOIIME CBONCTB MarHUTHBIX HAHOMATEPUAIOB; OCHOBHBIC MJEH U (pU3MUYECKHUE SBICHHUS
CIIMHOBOW DJJIGKTPOHWKH;  OCHOBHBIE HIeH W (U3HMKY sBICHHH (POTOHUKM W MarHOHHKH,
¢usnueckoe mpoucxoxaeHre 3hpdexkroB O6IM30CTH B HAHOMATEepHaaX; CBOMCTBAa PacTBOPEHHBIX
MarHMTHBIX MOJYNPOBOJHUKOB; (U3MKY cBepxmpoBozsmero pdexra 6auzoctu B S / N, S / F
CTPYKTYypax; crenudpuruecKkue CBOUCTBa rpadeHa u My IbTU(EPPOUKOB; OCHOBHBIE CBOWCTBA HOBBIX
MOJTYTIPOBOTHUKOB.

ymemb: OOBSICHUTH OCOOCHHOCTH CBOMCTB MAarHMTHBIX HaHOMATepHajoB; (HOPMYJIHPOBATH HJIEU
CIIMHOBOM 3JICKTPOHHUKH;, OOBSICHUTH OCHOBHBIC WeH (POTOHUKH U MarHOHUKHU;



61a0emb: HaBBIKAMH CBOOOJHOTO OOpAIIEHUs] C COBPEMEHHBIMU MPUKIIAJHBIMUA KOMIIBIOTEPHBIMHU
IporpaMMaMHu JUIsl pellieHHs 3a/1a4 B 00JIaCTH CIUHTPOHUKHU, (POTOHUKU , MATrHOHUKH U JP.

5. Coaep:xkanue TUCHUILIMHBI U (OPMBbI OPraHM3alUM Y4eOHOr0 mpoiecca

Ne n/m Kpartkoe coaep:xanue TeMbl
U TeMa
Cooeporcamenvuvtit mooyas 1 «Maznemuku u ghomonHble KpUCMALIbLY)
Tema 1. | MarHUTHO-HEYTIOPS,AOUEHHBIE  BelleCTBA.  J(MaMareTusm. [TapamarneTusm.
[Tapamarnetusm: wmexanusm JlawxkeBeHa-Kropu. [TapamarneTusm MeTaJlIOB:

MexanusMm [laymu

Tema 2. | MarueTuku ¢ JadbHUM MarHUTHBIM MOPSIKOM.

@eppomarnHetusMm. Dusndeckas npupoaa ¢eppomMarHeTusma. TemmeparypHas
3aBUCUMOCTh MAarHUTHOW MPOHUIIAEMOCTH. TeMnepaTypHas 3aBUCUMOCTh CITOHTAaHHOM
HAMarHWYeHHOCTH. TermIoeMKOCTh (eppOMarHEeTHKOB. JlomeHHast CTpyKTypa
dbeppomarnetnkoB. KpuBas HamarHMYMBaHWUS. MarHuTHbIl  THCTEpPE3UC.
AHM30TpONIUSI MArHUTHBIX CBOMCTB. MAarHUTOCTPUKIUSL M TEPMOCTPUKIIUSI.
MarnuTokanopudekuii 3pdexr

AnTH]EppOMarHeTU3M
DeppumarneTnsM. PeppuThl HA OCHOBE PEIKO3EMEIBHBIX JIEMEHTOB
Tema MarsuTHble IOIYNPOBOJAHUKMA M JHUAJIEKTPUKH. MAarHuTOONTHYECKHUE SIBIICHMUS.
3. OcCHOBHBIE ONTHYECKHE CBOMCTBAa KpHUCTALIOB. Marnutoontudeckue 3(QeKTsl.
MarsuTHbl€ IOITYNIPOBOAHUKHU
Tema HaHo-cTpykTypHble ~ MarHuTHble MaTepuaibl. (OCOOEHHOCTM  HAHO(PH3MKH.
4. AMop¢HBIE CIUIaBl ¥ CIWHOBBIE CTEKJI. MarHUTOXXECTKHE M MarHUTOMSTKHE

HaHoOMaTepHaibl. JIMHaMHUYeCKUe CBOWCTBA HAHOMATHUTOB. MarHUTHbIE YacTHUIIBI B
HaHo-nopax. Hanoyrneponusie ¢eppomarHeTuku. [MraHTckoe M KOJOCCAIbHOE
MarHUTOCONPOTHBIEHHE. PeppOMarHUTHbIE KHUJIKOCTH

Cooeporcamenvuvtit modyns 2 «Ilonynpoeoonuxosvie mamepuanovt)

Tema 5 | 30HHas CTPYKTypa IrepMaHMsl, KpEMHMSI U apCeHMJIa rajus. J{BH>KEHNE 2JIEKTPOHOB B
OIIHOPOJHOM 3JeKTpudeckoM mone. Ilonsatue npipku. Menkue npumecu B
NOJYNpOBOJHUKAX. JIBwkeHne B ciaboM MarHuTHoM 1one. KoHueHTpauus
JJIEKTPOHOB B 30HE MPOBOAMMOCTH W JABIPOK B BAJICHTHOM 30He. KoHueHTpanwus
3JIEKTPOHOB Ha IIPUMECAX

OnpeneneHre NoJ0KEHUsI XMMUYECKOT0 MOTEHIMala B OJYPOBOIHUKAX

Tema PenakcanimonHble  XapakTepUCTHKH  NpoOHOW  wactuipbl.  PaccesHue — Ha
6. JUTMHHOBOJTHOBBIX ~ (poHOHaX. PaccesHme Ha nmedopMalioHHOM — TOTEHIHAJE
akyctuueckux ¢oHoHOB ([IA- paccesnue). IIbe3oakyctuueckoe paccesue (ITA-
paccesinue). Paccesuue Ha makpomone ontudeckux (ononoB (IIO - paccesnwme).
PaccesiHue Ha neopMallMOHHOM NOTeHIMaNe onTudeckux GoHoHoB (1O-paccesHue).
Paccessnne Ha MexAOMMHHBIX (DOHOHAX. DJIEKTPOH-IJIEKTPOHHOE paccesHue (e-e-
paccesinue). PaccesiHue Ha 3apsyKCHHBIX PUMECSIX

Tema Huddysunonno-apeiidopoe npudmkenrne. CooTHOMEHUE DUHIITEHHA

7. Bpemss  KuM3HM  HEpPaBHOBECHBIX  HOCUTENIEW. YpPaBHEHHE  HEIPEPHIBHOCTHU.
®dorompoBomumocts.  KBazuypoBaum  ®Depmu.  AmOunonspHas gubdy3us u
amOunossipueid apeitd. Anuna apeiida

Tema MexaHu3MBbl TOTJIOIIEHHUS CBETa B IMOJYNMPOBOAHMKAX. [loriomenne Ha CBOOOIHBIX
8. HOCUTENSX. MEX30HHOE TOTJIONEHUE CBETa. DKCHUTOHHBIE A(PPEKTH B MOTJIOMICHUH
cserallorsomenne cBeTa B HENPSMO30HHBIX MOJYITPOBOAHUKAX. D dext byprreiina-
MoccaDddexr Dpanna-Kennprma. I[IpumecHoe  mornomienue.  Pemrerodnoe
nornomenue. lcmyckanume cBera mnoiynpoBonHMKaMu. ONTHYECKHE CBOMCTBa
HU3KOPa3MCPHBIX CUCTCM. FeTepOHepexom)I. KBanToBnie sAMBbI, KBAHTOBBIC IIPOBOJA U
KBAaHTOBBIC TOYKH. MOAYJISTOPHI CBETa HAa KBAHTOBBIX siMax. DOTONMPHEMHHKH Ha




KBaHTOBBIX siMax. KBaHTOBO-KacKaHbIN Ja3ep

Tema KonrakTHas pasHocTte norteHuuanoB. dopmyna Puuyapcona-/[pmmana. Konrakr
9. [HoTTku. BonapT-amnepHas xapaktepuctuka KoHTakTa [loTTkn. OMUYecKHil KOHTAKT.

Kypc nmucuummmbbel npenycMmarpuBaeT —ciefyoomue ¢GopMbl  OpraHu3anuu - yueOHOro
npouecca:

1. nexummu;

2. camocTosITeNIbHas paboTa CTy/IeHTa.

[lo ucrouHuKy mepenaud W BOCHPUATHS YUeOHON MH(POpPMAIMHN HCIIONb3YIOTCS CIOBECHbBIE
(;mexmust, 6ecena), HarIAAHBIE (MIUTIOCTPALHS, TEMOHCTPAIINs) METO/IBL.

[lo xapakTepy mHO3HaBaTENbHOM IESATENBHOCTU CTYICHTOB HCHOIb3YIOTCS OOBSICHUTENHHO-
WITIOCTPATUBHBIEC U PENPOAYKTUBHBIE METOIbI, TIPOOIEMHOE MPETOIaBaHHE.

B 3aBHCHMOCTH OT OCHOBHOM AMIAKTUYECKOW LENH U 33]1a4 UCHOIb3YIOTCS METO/bI YCTHOTO
M3JI0KECHUS 3HAHUM, 3aKperieHne y4eOHOro MarepHaia, CaMOCTOATENbHOM paboThl CTY/AEHTOB IO
OCMBICJICHHIO U YCBOEHHIO HOBOTO MarepHalia, paboThl MO0 MPUMEHEHHIO 3HAHUN Ha MpakTHKE U
BbIpAOOTKE YMEHHUI M HaBBIKOB, IPOBEPKU U OLICHKH 3HAHUI, YMEHUN 1 HAaBBIKOB.

Hcnonb3yroTes cienyronme MeTo ibl KOHTPOJIS:

1. yCTHBII KOHTPOJIB (IKCIPECC-OMPOC HA JIEKLHUSAX);
2. MpoBepKa CaMOCTOSITEIIbHBIX padoT;
3. UTOrOBBIM TECT IO BOIIPOCAM K 3aUETY.



TemMaTu4eCcKui TUIaH M0 MOJTYJIIO

ConepxareibHbIH MOAYJIb 1 «MarHeTuku u ()OTOHHbIE KPUCTAJLIbI»

KoJgunuecTBo 4acoB

OuHnas ¢opma

3aouHas popma

Ha 0a3e 001ero

Ha 0a3e cpeaHero

Ha 0a3e BLICHIETO

npo¢eccuoOHATBLHOT0 npo¢eccuoHATBHOT0
cpefiHero o0pa3oBaHusA
o0pa3oBaHusi 00pa3oBaHus
H B T.4. B T.4. B T.d. B T.4.
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Tema 1.
MarnutHo- 9 5
HEYTIOPSIOYCHHBIC
BEIIECTBA
Tema 2. 5
Marsetuku ¢ 1ajJpbHUM 8
MarHUTHBIM TOPSIIKOM.
Tema 3. 5
MarauTHbie ]
MOJIYITPOBOTHUKH u
JIURJICKTPUKHU
Tema 4. 5
Hano-ctpyktypHbIe 8

MAarovMTHBIC MaTCPUAJIbL




ConepmaTeﬂben‘i MOAYJIb 2 «HOJIyl’[pOBO}IHI/IKOBLIe MaTepuajab»

HazBanus
coJepKaTeJIbHbIX
MoJyJIeil M TeM

KoanuyecTBO 4acoB

Ounas popma

3aouHas popma

Ha 0a3e 001Iero cpeaHero
oOpa3zoBanus

Ha 0a3e cpeHero
npodeccuoHAJIBLHOI0
00pa3oBaHus

Ha 0a3e BBICLIEro

npodeccuoHaILHOI0

00pa3oBaHus

B T.4.

B T.4.

B T.4.

BCETO
JIEKITANA
NPaKTUYECKUE
J1a00paATOPHEIE

pa6OTacaMOCTOHTeHBHa}I

nqﬁn'rnnn THUBUIOVAIEHAYS

—

BCETO
JIEKIIUU
NPaKTHYCCKHE
nabopatopHbie
[paboTacaMoCTOsITEIbHAS

paboTauHANBUIyaTbHAS

BCEro

r

JICKIIUHU
r

MPAKTUYCCKUC
1a00paTOPHEIC
pa60TaC3MOCTOHTeHBHaH
paboTanHIMBHIyalIbHAS

BCEro

B T.4.

JIEKIIIA
MIPAKTHYCCKHE
[paboTacamocTosITeNnbHas

paboTanHINBHIyalIbHAS

Tema 5.
3oHHas CTPYKTypa
repMaHusi, KpEeMHHUS U
apceHuIa TaJUTHSL.
JIBuKeHHE SIEKTPOHOB B
OJIHOPOJTHOM
AIEKTPUYECKOM I0JIe

W
(9]

Tema 6.

PenakcanuonHnsle
XapaKTePUCTUKU MPOOHOM
YaCTHIIbI

Tema 7.

Huddyszuonno-nperidoBoe
pUOJIKEHNE

Tema 8.
MexaHu3MBI ITOrJIOIEHUS




CBETa B MOJTYIIPOBOJHUKAX
Tema 9. 4
KonTakTHas pa3HOCTh 7 3

IIOTCHIIMAJIOB

Hmozo no oucuyunnune 72 | 28 44




8. CamocrosiTesbHas pabora
CamocrosarenbHass pa®oTra CTylneHTOB 1o Kypcy "HoBble MarHuTHble, OINTHYECKHE U
MOJIyIPOBO/IHUKOBBIE MaTepHalIbl" IPEeTyCMAaTPUBAET:

* pa3pabOTKU TEOPETUUYECKUX OCHOB MPOCIYLIAHHOTO JEKIIMOHHOTO MaTepHaa;

* UW3y4YEHHME OTHENIbHBIX TEM WM BOIPOCOB, KOTOpPBIE MPEIyCMOTPEHBI IS
CaMOCTOSITENILHON PabOThI;

* MOJITOTOBKY K MPAaKTUYECKUM 3aHITHSM;

* CaMOCTOATENBHOE pelleHHE 3aa4;

* IOATOTOBKY K MOAYJIBHOMY KOHTPOJIIO.

Tembl 17151 CAaMOCTOSAITEILHOI PadoThI:

1. Meton pekyppeHTHbIX cooTHomeHuit Ilappara (merox MaTpuil mepeHoca
U3ITyYEHUS).

2. YBenuueHue IMIOTHOCTH SHEPTUM DJICKTPUYECKOTO Moy Ha Kpawo (HOTOHHOM
3anpenieHHON 30HBI.

3. Oddext bopmana, sBiIeHHE [eNE€HUS Ja3epPHBIX MMITYJIbCOB B (DOTOHHBIX
kpucramiax (©K).

4. KBa3uCMHXpOHHU3M M HECHHXpPOHHOE YycuiieHHe 3()(PEKTUBHOCTH TeHEpaluu
CUTHAJIOB CYMMAapHOW 4acTOThl B HEIMHENHBIX DK.

5. JlnHamuka reHepauuu curHaiga BTopoil rapmoHuku B DK. JIuHamumyeckue
YPaBHEHUS U UX PEUICHUS.

6. Henunelinsie ontryeckue sBineHus B pe3oHaHCHBIX DK (PDK).

7. JByxBOsHOBBIE ypaBHeHUs1 MakcBeiuia-bnoxa nis quckpetrHoro POK.

8. VYpaBHeHue cuHyc-1'0p/I0H, CTallMOHAPHBIE PEILICHHUS.

0. KonTpoabHbIe BONPOCHI K MPOMEKYTOYHOI aTTeCTAlMU

1. Uto Takoe ujeaibHble MarHETUKN?

2. B yeM cMbICI Ki1accu4yecKkoi Teopun JlanxeBeHna?

3. [JapamarHeTusm M 1MaMarHeTu3M CBOOOHBIX 3JIEKTPOHOB.

4. OCHOBHBIE XapaKTEPUCTUKN TEXHUUYECKON KPUBOH HAMarHU4EHHOCTH.

5. Kak cBsi3aHbl ynpyrue HanpssKeHUS. 1 MarHUTOCTPUKIUS.

6. MaruuTHbIi rucrepe3uc. [IpudrHbI 1 TUIIBI TUCTEpE3UCa.

7. DNEKTPOHHBIN U SAEPHBIM TapaMarHUTHBINA PE30HAHC.

8. IosicauTe npunnun [ 'rolirenca — Gpenens.

9. IlosicauTe HU3NIECKUNA CMBICI TIOHSATHSI TOBEPXHOCTH BOJTHOBBIX BEKTOPOB.

10. OTpakeHue 1 MpeIOMIICHHE FJIEKTPOMArHUTHBIX BOJIH HA TPAHUIIE pa3jiesa ABYX Cpesl.
11. 3anummre Ha rpaHula - >KUJIKOCTb — TBEPAOE TEJIO OCHOBHBIE YPABHEHHS M TpaHUYHbIE
YCJOBHSL.

10. Bompocsl Kk 3aueTy

1. OcHOBHBIE TOHATHS MarHetusMa. Kiaccudukanus MPUPOIHBIX  MarHUTHBIX
CTPYKTYyp. JAMII0JIb — IUNOJBHOE, CIIMH — OopOuTanpHOe U 0OMeHHoe B3ammojeictus. Ilapa-,
ma- M QeppomarHeTuku; (eppumarneTuku. Buasl B3aumoneiicTBus B (heppoMarseTuke.
JIOMeHHBIE CTPYKTYpPbl MATHETHKOB.

2. Marnetuku. Marnonsl. B3aumogeiictBue MarHoHoB. CITMHOBBIE BOJIHBI B MATHUTHBIX
cpenax: (QeppomarHeTukax, aHTH(deppomarHeTukax M ¢eppurax. COIUTOHBI B MarHeTHKax
(HenmMHEHbIE CIIMHOBBIE BOJIHBI). MarHUTHbIE NMOMYNpPOBOJHUKUA. HaHomarHuThl. MaruutHele
CBOMCTBA M30JIMPOBAaHHBIX HAHOYACTHUL U HAHOKPUCTAIUIMYECKHUX TIOPOLLIKOB.

3. DneKTpoMarHuTHoe mojie. BHyTpukpucramimueckoe moje. MeTon JeHCTBYIOMIETO
nons. (OTpakeHHe W MpeIOMIICHHE IUIOCKOW BOJHBI. DJIEMEHThl TEOPUHM HHTEp(EpeHLUU U
mrdpakium. )



4. OKCHUTOHBI U TIOJISIPUTOHBI B KpHUCTaJlIe. DKCUTOHHBIE MOJISPUTOHBI B aTOMapHBIX
kprokpucramiax. ®otonnsle kpuctasubl. [lepemerienue poToHOB B KpUCTaIax.

S. OnTHyeckue Mmpoueccsl B HAHOCTPYKTypax. MeramaTtepuansl. OnTHuyeckue cBOMCTBa
W30JIMPOBAHHBIX HAHOYACTULl U HAHOKPUCTAJUIMYECKUX ITIOPOIIKOB.
6. 30HHAas CTPYKTypa repMaHusi, KpEMHMsSI U apCeHU1a raJijius. J|BUkeHue 3J1eKTPOHOB B

OJTHOPOJIHOM 3JeKTpuueckoM mose. [lonstue npipku. Menkue mpuMecHd B MOJTYNPOBOJHUKAX.
JIBrkeHre B ciiaboM MarHUTHOM Tmojie. KoHIeHTpalus 3JeKTPOHOB B 30HE MPOBOJMMOCTH U
JBIPOK B BaJIeHTHOU 30He. KoHIIEeHTpalus 3J€KTPOHOB Ha MPUMECSX

7. Onpeznenenne NOJI0KESHNS XUMUIECKOTO TMTOTEHITHANA B TTOJIYTIPOBOAHUKAX

8. PenakcanioHHble  XapaKTepUCTHKH  NpoOHOM  dyactuipl.  PaccesHue — Ha
JUTMHHOBOJTHOBBIX (poHOHax. Paccesnume Ha nedOpMAMOHHOM TOTEHIMAIE aKyCTUYECKHX
¢dononoB (/IA- paccesnue). Ilbezoakyctuueckoe paccesuue (ITA-paccesnue). Paccesnune Ha
Makponojie onrtudeckux ¢onoHoB (IIO - paccesnue). Paccesnune Ha nedopmMarmoHHOM
noteHuuane ontudeckux ¢GpoHoHoB ([{O-paccesnue). PaccesHre Ha MEXIOJUHHBIX (DOHOHAX.
DNEeKTPOH-3JIEKTPOHHOE paccesiHue (e-e-paccesiHue). PaccesiHue Ha 3apsiKEeHHBIX TPUMECTX

9. Huddy3unonno-apeiidoroe npudnmkenne. CooTHOIICHHE DHHINITCITHA

10. BpeMss  KM3HM  HEpPaBHOBECHBIX  HOCUTENEH. YpaBHEHHE  HENPEPHIBHOCTH.
®oronpoBoauMocTh. KBazuypoBuu @Pepmu. AmbumnonspHas auddy3us U aMOUNONSPHBIMA
npetid. Jnuaa npeiida

11. MexaHu3Mbl TIOTJIONIEHUST CBETAa B TMOJYNpoBOAHUKAxX. [lormomienne Ha CBOOOTHBIX
HOCHTENSIX. MEX30HHOE MOTJIONIEHUE CBETa. DKCUTOHHBIC A(h()DEKTHI B TIOTJIOIICHUN CBETa

12. [Tormomenre cBeTa B HEMPSMO30HHBIX IMONYNPOBOJHHMKAX. DddekT bypireitna-
Mocca

13. Dddexr Dpanna-Kengeima. [IpumecHoe moriomeHue. PemeroyHoe IMOTIIONICHHUE.

Hcnyckanue cBera MonynpoBoAHMKamMH. ONTHYECKHE CBOMCTBA HU3KOPA3MEPHBIX CHUCTEM.
I'ereponiepexonbl. KBaHTOBBIE MBI, KBAHTOBBIE ITPOBOAA M KBAHTOBBIE TOYKH. MOIyJIATOpBI
CBETa Ha KBAaHTOBBIX siMax. POTONPUEMHUKN HAa KBAaHTOBBIX sIMax. KBaHTOBO-KAaCKaHBIN J1a3ep
14. KonTakTHas pasHocTh mnorteHuuanos. Popmyna Puuapcona-/[pmmana. Konrtakr
[HoTTku. BonpT-amnepHas xapaktepructuka koHTakTa [lloTTkn. OMu4ecKuii KOHTaKT.

11. Kpurtepuu oueHnBaHus
CoryacHO MOJYJbHOMY TIPHHIIMIY OpraHW3allud Y4eOHOro TIpolecca CoJepiKaHue
JUCHUITIINHBI «Hosrie MAarauTHBIC, OIITUYCCKUC U IMOJIYIIPOBOAHUKOBBIC MAaTCPUAJIbI» BKIIOYACT
B ce0s 2 3a4ETHBIX MOYJIS, KOTOPBIM TpeOyeT OBIaJeHUs TEOpHEH B YKa3aHHOM 00BEME.
Ouenka 3HaHUW CTylneHToB mpoBoauTcs no 100-OamipHOM 1IKale Mo
CHENYIOIINM KPUTEPUSIM:

3auéTHble MOLYJIH ®opMa KOHTPOJIS Banasl
ConepxarenpHplii MOAYIb 1 CamocrosrenbHas pabora 25
ConepxatenbHbld MOTYJIb 2 CamocrosTenpHas padbora 25
3auer 50
OO6mmuit utor 100

K nmepBomMy mpoMexyTOUHOMY MOAYJIHHOMY KOHTPOJIO CTYIEHT AOJKEH IMOATOTOBUTH
pedepar Ha TeMy U3 CIUCKAa MPEAYCMOTPEHHBIX [JISI CAMOCTOATEIbHOW paboOThl U HMEET
BO3MO>KHOCTh TIOJIYYHTh 25 OaJIoB.

K BTOpOMYy mpOMEKYyTOUYHOMY MOJYJIHHOMY KOHTPOJIIO CTYJEHT JIOJDKEH IMOJTOTOBUTH
pedepaT Ha TeMy U3 CIHCKa MPEAYCMOTPEHHBIX ISl CAMOCTOATENBbHON pabOThl M UMEET
BO3MOXXHOCTH TMOJXYYHUThH 25 OaJIIOB.

Ha 3adere cTyeHT uMeeT BO3MOXHOCTh MONy4duTh S0 6aoB. OCHOBOH TSl IOTyUYeHUS
OLICHKM Ha 3a4yeTe SIBJISICTCS YPOBEHb OBJAJACHHUS CTyACHTaMu Marepuana kKypca «Hosble
MarHMTHbIE, ONTUYECKUE U TOJIYIPOBOJHUKOBBIE MATEPUANIBI», MPEAYCMOTPEHHOTO y4eOHBIM
r1aHoM HampasiieHus nmoarotoBku 03.03.02 dusuka.



Ot crtymenTa TpeOyeTcsi YCTHOE W3JI0KEHHE OTBETOB Ha 2 TEOPETHUYECKHX BOIPOCA.

OtBer Ha KaXObIH M3 BOIIPOCOB OLCHHUBACTCA B 25 0amnos.

BBICTABJIACTCH IO CIACAYIOMIUM ITPHUHIIUITAM

OLICHKa 3a OBJIAACHUC KypcCa

(Paszpabamuisaromces u ymeepacoaromes kagheopoti Ha ocnose Ilonoxcenusn [JonHY)

Onenxa o 100- OrneHka no
O0LTHHOI ITo TOCY/IAPCTBEHHOM HIKAIe
HIKAIe, KOTopasi | LIKaJIe (OKx3aMeH, Onpenesnienne
AeiicTByeT B ECTS nudgrpepeHIMPOBAHHLIN
JlonHY 3a4eT. 324€T)
OTJINYHO — OTJIMYHOE BBIMIOJIHEHHE C
«OtmmaaOo» (5)
90-100 A HE3HAUYUTENIbHBIM KOJIMYECTBOM
(3aumeno) .
HETOYHOCTEN
XOPOILIO — B LIEJI0M MPABUIBHO
80-89 B BBINOJIHEHHAs paboTa ¢ He3HAYMTENIbHBIM
«Xopoto» (4) KOJITYeCTBOM OomHO0K (710 10%)
(3aumeno) XOPOIIIO — B I1€JIOM MPABUIBHO BBITTOTHEHHAS
75-79 C paboTa ¢ He3HAYNTENLHBIM KOJTMYECTBOM
ombok (10 15%)
JIOBJIETBOPUTEIILHO — HEILIOXO, HO CO
70-74 D «Y IOBJIETBOPUTEIILHOY y P ’
3) 3HAYUTEILHBIM KOJIMYECTBOM HEJIOCTATKOB
OCTaTOYHO — BBIIIOJIHEHHUE YJIOBJIETBOPSIET
60—69 E (3aumeno) A ya P
MUHUMAJIbHBIE KPUTEPUHU
«HeynoBnerBopuTessHO
HEYJIOBJIETBOPUTEIBHO — HAJ10 OpaboTaTh
» C BO3MOXHOCTBIO
35-59 FX . HaJ TEM, KaK ITOJyYUTb MTOJIOKUTEIBHYIO
HOBTOPHOM aTTecTalu
OLIEHKY
(2) (He3aumero)
034 F «HeynoBneTBOpUTENBbHO HEYJOBJIETBOPUTEIIHLHO - C BOBMOKHOCTBEO
»(2) (He3aumero) TIOBTOPHOM C/IauM MPH YCTIOBUM OOSI3ATENTHBHOTO
Ha0opa IOTOTHUTENFHBIX OaIIOB

12. MaTepuajibHO-TeXHHYeCKOe o0ecrneueHne yueOHOro npouecca

,HJ'ISI MPOBCACHNA JIEKIHHOHHBIX
HHTCpaKTHBHOﬁ HOCKOﬁ, MynLTHMeI[PIfIHBIM IMPOCKTOPOM.

13. PexomennoBaHHas JquTepaTrypa

OcHoBHAafA

3aHATHH wucnonb3yerca ayna. 0016,

o0opyToBaHHAS

1. ArpanoBuu B.M., T'mu3z6ypr B.JI. Kpucrammoontmka ¢ ydeTroM MpOCTPaHCTBEHHOM
JUCTIEPCUH U Teopus SKCUTOHOB. — M.: Hayka, 1979. —432c.
2. Ilexap C.M. KpucramnoonTtuka u nob6aBouHble cBeroBble BoiHbL. — K.: HaykoBa mymka,

1982. —296¢.

3.  Spus A., IOx I1. Ontrueckue BoJIHBI B KpucTamiax. — M.: Mup, 1987. — 616c¢.

4. 1llabanoB B.®., Berpos C.4., [llabanoB A.B. OnTHka peaqbHbIX (OTOHHBIX KPUCTAIUIOB.
Hosocubupck: CO PAH, 2005, 240c.

5. Joannopoulos J.D., Johnson S.G., Winn J.N., Meade R.D. Photonic Crystals. Molding the
Flow of Light / Second Edition. Princeton: Princeton University Press, 2008, 305p.

6. Kurrens Y. Beenenue B ¢pusuky tBepaoro tena. M., Hayxka, 1978. 792 ctp.

7.  Amkpodt H., Mepmun H. ®usuka tBepmoro tema. M., Mup, 1979. 1.1, 400cTp., T.2.

424cTp.

8. VYapr V., Tomcon P. ®uznka tBepaoro tena. M., Mup, 1969. 590 ctp.




9. AoOpuxocoB A.A. 1. BBenenue B Teoputo HopMaabHbIX MeTauioB. M., Hayka, 1972.
288 c1p.
2. Teopust HOpMaJTBHBIX METAJLIOB.

10. baart ®. ®usuka 37€KTPOHHON NPOBOJUMOCTH B TBEpIbIX Tenax. M., Mup, 1971.

472 ctp.

11. Amncensm A.11 BBeaenue B Teopuro noynpoBogHuKkoB. M., Hayka. 1978.

12. ®penxkens SA.U. Beegenue B Teoputo metaios. JI., Hayxka, 1972. 424 ctp.

13. Boncosckuit CB., Kartnenscon M.W. KBanToBas ¢usuka tBepaoro tena. M., Hayka, 1983.
336 crp.

14. bonu-bpyesuu B.JI., Kanamnukos C.I'. ®usuka noaynpoBogaukoB. M., Hayka, 1977.

15. 3aitman J[x. @usnka metamion. [. Dnextponsl. M., Mup, 1972. 464 ctp.

3aiiman JIx. DnexTpoHsl U (GOHOHBIL. Teopus sBICHMI MepeHoca B TBepAbIx Tenax. M., U3n-Bo
NJI, 1962. 488ctp.

16. Hosuxkos N.W. JledekThl KpUCTAUTMYECKOTO CTPOCHUS MeTaiuoB. M., Metamryprus, 1983.
232 ctp.

17. T'yceB A.W. Hanomarepuaibl, HAHOCTPYKTYpbl, HaHOTeXHOJOTHH. M., duszmariur, 2005.
416 ctp.

JlonoJtHUTEIbHAS
[Imunar B.B. BBenenue B ¢pusuky ceepxmpoBoauukoB. M., Hayka, 1982. 240ctp.
e Ken I1. CBepxnpoBoIuMOCTh METAIIOB U CIUTaBOB. M., Mup, 1968. 280 ctp.
Jlunron 3. CepxnpoBoaumocts. M., Mup, 1971. 264 ctp.
I'ynse A.I1. MetamnoBenenue. M., O6oponrus, 1948. 556 ctp.
I'pabekmii M.B. CtpykTypa rpanuil 3epeH B Mmetaiuiax. M., Meramryprus, 1972. 152 ctp.
. Kaiiopmmer O.A., Banues P.3. I'panuiisl 3epeH u cBoiictBa meramioB. M., Mertamnyprus,
1987. 216 ctp.
7. bokmreiin b.C., Konenxuit YU.B., llIBunanepman JI.C. TepmoauHamMuka 1 KWHETUKA TPaHMIL
3epeH B Metayiax. M., Metamnyprus, 1986. 224 ctp.
8. Mortt H., /IpBuC O. DneKTpoHHBIE NpoLECChl B HEKPUCTANIMYECKUX BemecTBax. M., Mup,
1974. 472 ctp.
9. CospemenHnas kpuctaorpadus. T.3. UepHnoB A.A., I'uBapruzos E.U., barmacapos X.C.,
Kysnemnor B.A., Jlembsinenn JI.H., JlobaueB A.H. OGpa3zoBanue kpucrtamioB. M., Hayka, 1980.
408 ctp.
10. CoBpemennas kpucrtamiorpadus. T.4. IllysamoB JI.A., YpycoBckas A.A., Xenyaes U.C.,
3anecckuit A.B., CemmneroB C.A., I'peuymnukoB b.H., UYucrakos W.I'., Iluxkun C.A.
dusnyeckne cBorcTBa KpuctaioB. M., Hayka, 1981. 496 ctp.
11. Ilon penakuueii Kana P. ®usnueckoe maTepuanoBecHUE.
1. 1.1. ATOMHOE CTpOeHHE METAIOB U cIuiaBoB. M., Mup, 1967. 336 ctp.
2. 1.2. ®a3zossie npeBparieaus. Metaiorpadus. M., Mup, 1968. 492 ctp.
3. 1.3. JleheKThl KpHUCTAJUIMYECKOTO CTPOCHUS. MeXaHnYecKue CBOMCTBAa METAIJIOB
u cruiaBoB. M., Mup, 1968. 484 ctp.)
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Pabouas mporpamma paccMoTpeHa U MepeyTBEpIK/IeHa Ha 3aceJaHUH Kadeaphbl ¢ U3MEHEHUSIMU
(6e3 m3amenennii) Ha 2017 rox. [IpoTokoin 3acenanus Kadeaps
Ne oT

3aB. kadempoit



Pabouas nmporpamMma pacCMOTpEHa U MepeyTBEepIKIeHa Ha 3acelaHnH KadeIpbl C U3MCHEHUSIMU
(6e3 mamenenuit) Ha 2018/2019 rox. [IpoTokoun 3acenanus kapenpst No oT

3aB. kadenpoii

Pabouas nmporpamMma pacCMOTpEHa U MepeyTBEepIKIeHa Ha 3acelaHnH KadeIpbl C U3MCHEHUSIMU
(6e3 mamenenuit) Ha 2019/2020 rox. [IpoTokoun 3acemanus xadenpst No oT

3aB. kadenpoii




PaGouas IporpamMma pacCMOTpCHa H IICPEVTBCPIRIICHA HA 3accIaHHuH Ka})e:[pfﬂ C H3MCHCHHAMH
= = - AN A7 ANFD
(0e3 uzmenenuii) Ha 2018/2019 roa. [IpoToko:n 3aceaanus kadeapsi Noe 7 o1 A A, ,3?,¢ I

>/
3aB. kadenpoii . “f,//—ﬁ
/

PaGouas nporpamma pacCMOTpPEHa U NepeyTBepKACHa Ha 3aceJanuy KadeIphl ¢ H3MEHEHUAMH
(6e3 u3menenuii) Ha 2019/2020 roa. Ilpotoko: 3acenanns kadeaps: Ne oT

3aB. kadeapoii




	1. Область применения и место дисциплины в учебном процессе:
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