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1. MecTto nucuuniauabl B crpykrype OOII acnupaHTypsbl

Juctumuimaa «®u3nka KOHJSHCHPOBAHHOTO COCTOSIHHSY SIBIISICTCS TUCIUILUIMHON TIO BBIOOPY
BapuaTuBHOU yacTH nporpaMmbl 01.04.01 «IIpuGopbI 1 METOIBI SKCIIEPUMEHTATBHON (PUZUKIY.

Jlisi yCIIEIIHOTO YCBOGHHsI Kypca AaclHUpaHTy HEOOXOJUMO 3HaHUE OOIIMX KypCOB

(bu3MKYM, KBAHTOBOM MEXaHUKH, CTATUCTUYECKOW (DU3MKU U DIEKTpOJUHAMHKHU. J[aHHBIIN Kypc
sBIIsIeTCS. 0a30i ISl BBITIOJHEHUS aCIUPAHTAMU KCCIEAOBAaHUN B OOJACTH TBEPAOTEIbHBIX

HAHOCTPYKTYD.

JucuuruinHa u3ydaercs Ha 2 Kypcee (4 cemectp).

HCJIHMI/I OCBOCHMUS JUCHUILJIUHBI AABJISAKOTCH:

B

(dopMHpOBaHKE Y ACIHPAHTOB OOIIUX MPEACTABICHUIN O CTPOCHUN KPUCTAIUIOB U aMOP(HBIX
BEIIECTB, METOJIAX HCCIENOBAaHUS M KJIaCCU(UKALUU KPUCTAIUIMUECKUX CTPYKTYp, a TaKxKe
pa3IMYHbIX (PU3HUYECKUX CBOMCTBAX TBEPABIX TEJ: TEILJIOBBIX, ANEKTPUUCCKUX, MATHUTHBIX U
ApYTHX;

dopMHpOBaHHE Yy AaCIHUPAHTOB COBPEMEHHBIX IMPEJICTaBICHUH 00 3IEKTPOHHO-UOHHOU
CTPYKTYype TBEPIBIX TEJ, O CBOMCTBAX BOJHOBBIX (YHKIHMHA M JHEPreTHYECKOTO CHEKTpa
3JIEKTPOHOB B KPHUCTAIaX, METOJAaX KBAHTOBOI'O OIMCAaHUS SJEKTPOHHBIX IPOLIECCOB B
TBEPIBIX TEIAX;

OCBOGHHE CTYyJEHTAaMH METOJOB TEOPETUYECKOTO pacyéTa OCHOBHBIX (DU3HUECKUX
XapaKTEPUCTUK TBEPJOTENbHBIX CUCTEM;

dbopmupoBanne y acnupanTtoB kommeTeHIui mnporpammbl 01.04.01 «I[IpubGopsl U MeTOIBI
JKCIEPUMEHTAIbHOW (U3uKU», B cooTBeTcTBUU C TpeboBanusiMu OI'OC BO no
HanpapyieHuto 1oaArotoBku 03.06.01 «dusnka u aCTpOHOMHUS».

Ilepeyenb NJIaHHMpPyeMbIX Pe3yJbTATOB O0y4YeHHS MO JAUCHUIIJIMHE, COOTHECEHHBIX C
IUVIAHUPYEMBIMH  pe3yJIbTATAMH OCBOEHUSI 00pa30BaTeIbHOW  MpoOrpaMmbl 1O
HanpaBJieHUuI0 «PHU3UKA U ACTPOHOMHUSD)

PE3YJIbTATC OCBOCHUA OUCHUIIIIMHBI 06y11a}01111/1171c;1 AOJDKCH OBJIAaACTh CJIICAYHOIIUMHA

KOMIICTCHIUAMU PE3YyJIbTATaMU O6y‘leHI/I5{ MO JUCIUITIINHEC!

Kon PesyabTarel ocBoenus OOII IlepedeHb pe3y1bTATOB INIAHHPYEMBbIX
KOMIIETEeHIINH Conepxanne KOMIIETeHIHI 00y4eHHs 0 THCIUILINHE
YK-1 CHocoOHOCTh K Kputnueckomy ananuzy |3HATD:
1 OLICHKE COBPEMEHHBIX Hay4YHBIX METO/bI KPUTHUYECKOTI'O aHAIIN3a U
JNOCTUKEHHM, TEHEPUPOBAHUIO HOBBIX | OLIEHKH COBPEMEHHBIX HAyYHBIX
WJIeW PU pEIICHUN JIOCTMKEHHH, a TAKKE METOJIbI
HCCIIEIOBATENIbCKUX U MPAKTUYECKUX TEHEPUPOBAHUS HOBBIX UIEH IIPU
3a/1a4, B TOM YUCJIE B pELIEHUH UCCIIEN0BATEIBCKUX U
MEXIUCHUTUTMHAPHBIX 00JIaCTAX MIPAKTUYECKUX 3a7a4, B TOM YUCIIE
MEXIUCHUIIIMHAPHBIX 001aCTAX.
YMETD:

MMPOBOAWTH aHAJIU3 JIMTEPATYPHBIX
JAaHHBIX B pPaMKax IOCTaBIEHHON
HCCIIEIOBATENbCKOM (MMPaKTUYECKOMH,
o0pa3oBaTeNnbHON) 3a/1a41, BBIABIATD
OCHOBHBIC BOITPOCHI U HpO6J’IeMLI,
CYIIECTBYIOIINE B COBPEMEHHOMN

HayKe;




IIPY PEIICHNUU UCCIIEJOBATEIbCKUX U
MIPAaKTUYECKUX 3a/1a4 TEHEPUPOBATh
HOBBIE UJICH, TIOJA0IIHECS
ONEPALMOHATIN3ALMY UCXOAS U3
HaJINYHBIX PECYPCOB H
OTpaHUYCHUH.

BJIAJAETD:

HAaBBIKAMHM KPUTUYECKOTO aHAIN3a U
OLICHKH COBPEMEHHBIX HayYHBIX
JOCTHKEHUM U pe3ylIbTaTOB
JEATEIBHOCTH 10 PELICHUIO
HCCIIEA0BATEIIbCKUX U IIPAKTUYECKUX
3a/1a4, B TOM YHUCJIE B
MEKTUCIUIIITMHAPHBIX 00JIACTSIX.

OIIK-1

CIIOCOOHOCTh CaMOCTOSTEIBLHO

OCYIIIECTBISTh HAYIHO-
HCCIIEIOBATENBCKYIO ACSITENbHOCTD B
COOTBETCTBYIOILIEH
npodeCCHOHAIBHON 00JIaCTH C
HCIIOJIb30BAHUEM COBPEMEHHBIX
METOJIOB HCCIIEAOBAHUS U
WH(OPMAMOHHO-KOMMYHHKAITHOHHBIX
TEXHOJIOTHI1

3HATD:

TEOPETUIECCKHE OCHOBBI OPTaHU3AIHH
HAyYHO-UCCIIEI0BATENbCKON
JIEATEIbHOCTH;

MeTOobl cOopa nHMOpPMAIUU IS
PEIICHUS TOCTABICHHBIX
HCCIICI0OBATEIIbCKUX 3a/1ad,

METO/IbI aHAJIK3a JaHHBIX,
HEOOXOAMMBIX IS POBEACHUS
KOHKPETHOT'O UCCIICOBAHMUS.

YMETh:

BBIOMpATh M PUMCHSITH B
npodeCCHOHAIBHON JeATEIHbHOCTH
IKCIIEPUMEHTAIILHBIC U PACUCTHO-
TEOPETUYECKHE METO/IbI
HCCIEIOBaHUS

MJIAHUPOBATh, OPTaHU30BBIBATH U
MIPOBOINTH HAYYHO-
HCCIIEIOBATEIIbLCKHUE U
TIPOU3BOJICTBEHHO- TEXHUYICCKUE
UCCIIEJIOBaHUS C TPUMEHEHUEM
COBPEMEHHOM anmnaparypsl,
000pyIOBaHUS U KOMITBIOTEPHBIX
TEXHOJIOTHIA;

CaMOCTOSTEIIbHO BHITTOIHATH
TEOPETUUECKHE,
9KCIIEPUMEHTANILHBIE U
BBIYHCITUTEIIbHBIC (PH3UICCKHE
WCCIIeIOBAHUS TPU PEIICHUN
Hay4YHO-UCCIIEA0BATEIbCKUX 1
MIPOU3BOJICTBEHHBIX 3a/1a4 C
WCTIOIb30BAaHUEM COBPEMEHHOMN
anmnapaTypbl U BEIUUCITHTEIBHBIX
CPEICTB.

BJIAJIETh:

HABbIKaMU MOKCKA (B TOM YHCJIIE C




WCIIOIb30BaHUEM MH(POPMAIIMOHHBIX
cUCTeM U 0a3 JaHHBIX) U
KPUTHYECKOTO aHaIu3a HHpopMaruu
10 TEMAaTUKE MTPOBOIUMBIX
HCCJICTOBAHUM;

HABBIKAMU TUJIAHUPOBAHUS HAYYHOTO
HCCIIEA0BaHus, aHAIN3a
MOJIy9aeMbIX Pe3yJIbTaTOB U
(hbopMyITUPOBKH BBIBOJIOB;

HaBBIKaMU pa0OTHI HA COBPEMEHHOM
amnmaparype u 000pyJI0BaHUHU IS
BBITIOJTHEHUS (PU3NIECKUX
HCCJICTOBAHUM;

CIIOCOOHOCTBIO CAMOCTOSITEIILHO C
MPUMEHEHUEM COBPEMEHHBIX
KOMIIBIOTEPHBIX TEXHOJIOTHIA;
aHaJIM3UPOBaTh, 0000IIATh U
CUCTEMATHU3UPOBAThH PE3yIbTAThI
(buzndeckux padoT.

IIK-1

CITOCOOHOCTBH CAMOCTOSATEIBHO

IMPOBOAUTDH HAYUYHBIC UCCIICAOBAHUA B

obactu mpodeccHnoHATEHOM
NESATEIbHOCTH U IPUMEHSTh
[IOJIy4YE€HHBIEC PE3YJIbTAThI J1JIs
pELICHHUS MPAKTUIECKUX 33139

3HATD:

OCHOBHBIE 3aKOHBI, TCOPETUICCKHE
MOJIENT! ¥ COBPEMEHHBIE METO/IbI
UCCIICIOBAaHHI U MATEMATHYECKOT'O
MOJICJIMPOBAHUSA B 00J1aCTH
PO eCCUOHATIBHOM I TEITLHOCTH.

YMETh:

UCIIOJIB30BATh TMOTYYCHHBIC 3HAHHS
JUISL aHATIN3a PE3yIbTaTOB HAYUHBIX
UCCIIEIOBaHUN U peIIeHUs
MPaKTUYECKHUX 3a]a4 B 00J1aCTH
npodecCuoHaIbHOMN 1S TETbHOCTH.

BJIAJIETH:

pa3paboTKOI METOI0B HAYYHOTO
WCCIICIOBAHMS JUTSI TIOJTYIECHUS
HOBBIX ()yHJJAMEHTAILHBIX 3HAHUH B
obnactu mpodeccuoHaTbHON
JeSITeIbHOCTH U CIIoco0aMu
MPUMEHEHHS dTHX 3HAHUHN JITIS
CO3JIaHMsI TPUKJIATHBIX TEXHOJIOTUNA
Y pelIeHUs MPAKTUYECKUX 3a]1ad.

IK-2

CIIOCOOHOCTH K CUCTEMHOMY aHaIH3y
COBpPEMEHHBIX MpobsIeM GUBUKH U
KOMIUIEKCA HOBEUIINX 3HAHUI U

JOCTUXKEHUH (PU3UKK B CBOEH Hay4HO-

HUCCIIeA0BAaTEIbCKOM IeITEILHOCTH

3HAT:

ba3oBbIe 3aKOHBI COBPEMEHHOU
(GU3MKK U UX B3aMOCBSI3b,
TEH/ICHIINH Pa3BUTHS (DU3UKH B
0003prMOii IEePCIEKTHBE,
OCHOBHBIE MTPOOJIEMBI, CTOSIINE
nepe coBpeMeHHOM (pu3nKoil, a
TaKXe MpeJyiaraeMble CpecTBa UX
peleHHs.

YMETh:




HOHUMATH CYTh SIBICHUN U
MIPOLIECCOB, U3YYaEMBIX (PH3UKOM.

BJIAETD:

OCHOBaMH METOIOJIOTUU U
HPaKTHYECKUMHU HAaBBIKAMH
HAaY4YHOTI'O IMO3HAHUA IIPU U3YYCHUU
Pa3IMYHBIX YPOBHEH OpraHU3alnuu
MaTepuH, MPOCTPAHCTBA U
BPEMEHU.

IK-3

CIIOCOOHOCTH MCIOJIb30BaTh
COBPEMEHHBIE METOIbI 00PaOOTKH
IKCIIEPUMEHTAIBHBIX JTAHHBIX U/UITH
METO/IbI YUCIIEHHOT'O MOJICITUPOBAHHSI
CIIOKHBIX (PHU3UIECKHUX MPOIECCOB B
obnactu npodeccruoHaIbHOM
JESATCIILHOCTH.

3HATD:
OCHOBHBIEC METObI 00pa0OTKH
JTAHHBIX, TOJTYIeHHBIX
9KCIIEPUMEHTAJILHO WM METOIaMHU
YHUCIIEHHOTO MOJCITUPOBAHUS.
YMETh:
BBIJICTISTh M CHCTEMATHU3UPOBATh

HEOOXO0/IMMbIC HAYYHBIC JaHHBIC;
KPUTHYCCKH OIICHUBATH UX
JIOCTOBEPHOCTb.

BJIAJIETD:
HaBBIKaMH cOopa, 00paboTKH,
aHaJIM3a U CUCTEMATH3AIMHA HayYHBIX
JIAHHBIX;
HABBIKAMU CTATHCTUYCCKOTO aHATH3a
IKCIEPUMEHTAIBHBIX JaHHBIX;
HaBBIKAMH aHAJTUTHYCCKUX U
YHCJICHHBIX allpPOKCUMAITH

(GyHKIHH.

3. O0beM TUCHUILIHHBI B 3a4€THBIX €AUHULAX C YKA3aHHEM KOJHMYeCTBA aKaJAeMHYeCKHX
4acoB, BBIICJCHHBIX HAa KOHTAKTHYI0 padoTy oOydamommxcsi ¢ nmpemnojasaresneM (1o
BH/1aM 3aHATHI) H HA CAMOCTOAITEIbLHYIO pa0d0oTy 00y4aromuxcs

O061mas TpynoeMKocTh (00beM) TUCIUILTUHBI cocTaiseT 3 3aueTHbIX equnu (3E), 108 gacos.

3.1. O6vém Oucyunaunbvl HO UOAM YUEOHBIX 3aHAMUIL (6 Yacax)

Buj yueOHoii padboThl Bcero yacos

O01mas TpyI0eMKOCTh AUCITUTUIAHBI 108
KonTakTHast paboTa obydaromuxcs ¢ mpemnoaBaTenieM (110 BuIaM y4eOHbIX 36
3aHATHH) (BCEro)
AymutopHas pabota (Bcero): 36

B TOM YHCIIE:

Jlexuun 18

ITpakTHueckre 3aHATUS 18
CamocrosiTenpHas paboTa 00yJaronmxcst (BCero) 72
Buja nToroBoro KOHTpoJisi 3a4er

3.2. Pazoenvt Oucyuniunol u mpyooemKocms no 6u0am y4eoOHviX 3aHAmuil (6 aKkademudeckux
yacax)




Ne| Pazgesa nucuunJnHbI KontakTHas padoTa
CamocTosiTesIbHAA
Bcero| JleknmoHHBbIE IIpakTu4yeckue
pabora
3aHATHS 3aHATHS

1 |DnekrponHsie cocTosuusi B | 30 6 6 18
TBEPJIBIX TENIaX

2 | Teopus xoneOaHuit 26 4 4 18
peLeTKH

3 |MaruuTtHbIe cBOMCTBa 26 4 4 18
TBEPJIBIX TEI

4 | TpaHciopTHBIE CBOICTBA 26 4 4 18
TBEPJIBIX TEI
JMcHuMNJInHA B IEJI0M 108 36 36 72

3.3 Cooepotcanue oucyuniunvt, CMpyKmypupo8antoe no memam (pazoenam)

Ne

HaunMmenoBanue pasgesia
AUCUMILIHHBI

Coaep:xanue

9HeKTpOHHBIe COCTOsIHHUA B
TBCPABIX TCJIaX.

Teopun meramnos pyne u 3ommepdensaa. Hegocratku
MOJIENIA CBOOOTHBIX MEKTPOHOB. udpakius
PEHTIEHOBCKUX JIy4ell B KpucTayiax. AnuadaTuueckoe
npubmmxenne. [Ipudbmokenne boprna — Onmenreiimepa.
Hes3anmozeiicTByromue 3J€KTPOHBI B KPUCTAJUINYECKOU
pewietke. TpancmaunonHas cumMerpus. KBazuummyisc.
OO1u11e cBoiicTBa 30HHOTO CHEKTpa. PasnnyHbie MeTo b1
pacdera 30HHOU CTPYKTYpbl. METOIbI CHIIBHOU U CITa00o
cBsA3U. [1I0THOCTB COCTOSHUI. 3aIl0JIHEHUE YHEPTETUYECKUX
30H 3JIEKTpOoHaMU. MeTauibl. JIU3IeKTpUKHU.
[HonynpoBoanuku. [loBepxnocts Pepmu.
BsaumopeiicTByromue 35ekTpossl. [Ipubnmxenue Xaprpu-
®oxka. Monenb Xaptpu-Poka 111 CBOOOJHBIX JIEKTPOHOB.
Oxpanupoanue. Teopus Tomaca-Oepmu. Teopus
JIunaxapna. Cnabo HenaeanbHbIN GpepMu-ras ¢
ortaikuBanueM. OCHOBbI T€OpUU (HEPMHU-KUKOCTH.
Koresnonnas sneprus. IoHHbIE 1 KOBaJIEHTHBIE KPUCTAILIBI,
METaJUIBL.

Teopus konebanuit pemeTku

HenocraTkn Mozenu craTudeckor pemeTky. JJuHaMuka
pewerku. ["apmonnueckoe npubnmxenue. Hopmaiababie
MOZbI OJTHOMEPHON MOHOATOMHOM peeTku bpase.
HopmanbHble MOJIbI OTHOMEPHOM PELeTKH ¢ 0a31CcoM.
AKyCTHYECKHE U ONTHYECKUE MO/IbI KOJeOaHHH PeleTKH.
KBanroBas Teopus konebanuii pemerki. @OHOHBI. 3aKOHbI
JMCTIEPCUN aKyCTHYECKUX U ONTHYECKUX (DOHOHOB MpPHU
Manbix k. 3akoH aucrepcun akyCcTHUeCKUX (POHOHOB MPHU
Mmaibix k. CootHomenue boma-Crasepa. TemnoeMKocTb
MeTauioB. 3akoH Jlrononra u [Itu. KBanToBas Teopus
TEIUIOEMKOCTH. TeroeMKkocTs. HTepnonsiuoHHas
dbopmyna Jlebas. TermmoemkocTs. [Tpubnmkenue
OWHIITENHA. DIEKTPOHHAs TEIIIOEMKOCTb. AHTApMOHU3M
koseOanuil pemeTku. TernaoBoe pacupeHne TBEPbIX Tell.

MarauTtHsle cBOMCTBA

3J'IeKTp0H B PCHICTKC B MA'HUTHOM IIOJIC. CI/IMMeTpI/ISI
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TBEPJIBIX TEII. cocrosiani. D ekt e ['aaza-Ban-Anbdena. J[namarnernsm
Jlanpay. [lapamaraetusm [laynu. MarautHas
BOCIIpUUMYHUBOCTE. Teopema Ban-JleeBen. OOMeHHOE
B3auMo/ieicTBue. J[unoyibHOE B3auMoiecTBUE. MarHUTHOE
ynopsgoueHre. Maraonsl. /luamaraetTusm, napaMmaroieTu3M
1 peppoMarHeTH3M.

4 | TpaHCcrOpTHBIE CBOWCTBA Kunernueckoe ypaBuenue bonpuimana. MaTerpan

TBEPIBIX TEI. cronkHoBeHUH. [IpubnmkeHne BpeMeHH pellakcaiiy. 3aKOH
Bunemana-®panna. [IpoBoguMocTh U TEMIONPOBOIHOCTD.
Jmna cBo6oaHOTO TIpodera. [Iporecch paccesHusI.
Dddext Xomra. Ckun-3¢pdext. OnTuyeckue cBONCTBA
TBEPJABIX Tel. Mexk30HHbIE mepexopl. CBEepXIPOBOIUMOCTD.

Texkymui KOHTpOJIb YCIIEBAEMOCTH OCYILIECTBIISIETCS B paMKaxX 3aHATHM IPAKTUYECKOTO U
CEMHHApPCKOr0 THIIA, I'PYNIOBBIX W HMHAWBHUIYaJIbHBIX KOHCYJIbTaUud. KWTOroBbIli KOHTpOIB
OCYILIECTBIISICTCA Ha 3a4eTe, IJIE€ OLICHUBAIOTCS YPOBEHb TEOPETHYECKUX 3HAHUM W HaBBIKU
pELIeHUs IPAKTUYECKUX 3aad.

4. O0pa3oBaTesibHbIC TEXHOJIOTHH

[Ipn u3ydeHnn QUCHUILIMHBI UCTIONB3YIOTCSI COBPEMEHHBIE 00pa30BaTEIbHbBIC TEXHOIOTHH.
[IpenycmarpuBaeTcsi HCIOIB30BAHNE B y4eOHOM IMPOIIECCE AaKTUBHBIX M MHTEPAKTHBHBIX (HhOpM
NPOBEJCHUS 3aHATHH (Pa300p KOHKPETHBIX CUTYalWd, TPEHHHTH 110 PEIICHHIO MPaKTHYECKUX
3aJa4) B COUYETAHWM C BHEAYTUTOPHOH paboToil ¢ menbio (OPMHUPOBAHUS U Pa3BUTHA
npodeccCHOHaIbHBIX HABBIKOB 00YYarOIIIXCSI.

KonTaktHas pabora (paboTa BO B3aMMOJEMCTBMM C MPENOJABATEIEM) IO TUCLHUIUIMHE
npoxoauT B (opMe NEeKIHMH M TPAKTUYECKUX 3aHATHH, a TakKe B BHJE KOJUICKTHBHBIX H
HHIUBHUIYAJIbHBIX KOHCYJ'II)TaIII/H\/JI. Ha 3aHATUAX JJEKIIMOHHOTI'O THUIIa HCIIOJIB3YIOTCHA
MYJIbTUMEAMWHBIE CPEJACTBA MOJAECPKKM 00pa3oBaTeNbHOTO Ipolecca, YacTb 3aHATUH
MMpoOBOAATCA B BHILC HGKHI/Iﬁ C HpO6J’ICMHI>IM H3JI0OKCHUCM MaTcpuaia. Ha 3amsarmax
NPaKTUYECKOro TUMA pa3duparoTcs pelIeHus 3a4ad  Pa3IndHOM CTENEeHH CIOXKHOCTH,
MpPOBOJATCS  OOCYKICHHS pacCMaTpUBAaeMbIX TIPOOJIEM B CBETE TMOCICAHUX HAyIHBIX
JOCTIDKEHUH B JTaHHOM oOmacTh. AcnupaHThl paboTaroT Kak HMHIUBUAYaJIbHO, TaKk H
KOJUIEKTHBHO.

CamocrosTenbHas paboTa BKJIIOYaeT B ce0s BBINOJIHEHUWE JIOMAUIHUX 3aJlaHUi,
MMOATOTOBKY CEMHWHAPOB, a TAKXKC TCOPCTHYCCKYIO IIOATOTOBKY K 3aHATHAM II0 MaTcpHaiaM
JEeKIMA U peKOMEHIOBaHHON JMTepaType, NMPUBEAEHHON B KOHIE JaHHOW mporpammbl. Kpome
TOro, aClmupaHTbl UMCIOT BO3SMOXXHOCTb IMPUHUMATL Y4aCTUC B CEMHHApax € MpPECACTAaBUTCIIAMHA
pPOCCHMCKMX UM  3apyOeXHBIX HAayuyHBIX OpraHU3alMif, MacTep-Kjiaccax »JKCIEpTOB H
CTEIHAIHNCTOB B 00J1aCTH COBPEMEHHBIX 337124 (PU3UKH KOHIEHCHPOBAHHOTO COCTOSTHUSI.

5. YueOHO-MeTOAHYeCKOe 00ecTieYeHHe CAMOCTOSTe/IbHOI padoThl 00y4aomuXcs

B kypce 3amiaHupoBaHO Ha CaMOCTOSTENbHYIO paboTy actiupanToB 72 vaca (67 % oOmiero
o6bema). CamocTosTenbHas paboTa aCIMPAHTOB SBISETCS OJHUM W3 BUJIOB YUYEOHBIX 3aHATHH,
BBITIOJIHSCTCS. IO 3a/IaHUI0 IperojaBaTelis MHIAUBHIYaIbHO U 0€3 ero HernocpeCTBEHHOIO
yuactus. CamocrosiTenbHas paboTa acmupaHTa — HEOThemJIeMash YacTh MOJTOTOBKH
BBICOKOKBJIM()UIIUPOBAHHOTO CIIEUAIMCTa B COOTBETCTBYyMOmIeH obOnactu. Ee wnenp —
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cUCTeMaTH3alus M 3aKperuieHHue MOJYYCHHBIX 3HAHUN U YMEHHH, YriyOJleHue W paciiupeHue
3HaHWH, MPUOOPETCHHE HABBIKOB CAMOCTOATEIBLHON PaOOTHI ¢ JIUTEpaTypoil, (GOpMHpPOBAHUE
CIOCOOHOCTE W HAaBBIKOB K HENPEPhIBHOMY CaMOOOpa30BaHHIO U TMPOo(hecCHOHATBHOMY
COBEPILICHCTBOBAHUIO.

CamocrosTenbHass paboTa acmupaHTa NOAPa3yMeBaeT MNPOPadOTKY JEKIMOHHOTO U
JIOTIOJTHUTEIILHOTO MaTepuaia, pelieHre JOMAITHUX 3a/1a4 ¢ TIOCIIe YOS MPOBEPKO HABBIKOB
pemenns 3anad. [IpopaboTka JIEKIMOHHOTO MaTepuana OCYIIECTBIISACTCS €KEHENENbHO IOCIe
NPOBE/ICHUSI ayIUTOPHBIX 3aHATHH B paMKaX 4YacoB, OTBEICHHBIX AacClUpPaHTaM Ha
camocTosiTennbHyl0 pabory. Kpome Toro, pabora ¢ IJIEKUMOHHBIM U JOMOJHUTEIHHBIM
MaTtepraioM (PEKOMEHJOBAaHHOW JMTEPaTypod, NMPUBEACHHOW B KOHIIE JAHHOW MPOTPaMMBI)
MMpOBOAUTCA IPH MNOATOTOBKC K 3a4UCTy MO AWCHMILIMHE. Brimonnenune JOMaITHUX pa60T
OCYILECTBIISICTCS €KEHEICIbHO WIHM pa3 B JBE HENEIU B COOTBETCTBHH C TPaQHUKOM H3Y4CHUS
COOTBETCTBYIOIIETO JICKIIMOHHOTO MaTepualia W MPOBEACHHS MPAKTUYECKUX 3aHATHH TI0
COOTBETCTBYIOIIEH TEMaTHKE.

6. (I)OHII OLCHOYHBIX CPEACTB MO JUCHHUILJIMHE

6.1 Tunosste KOHmMpOJibHble 3a0aHUs UIU UHbLE mamepuaiiobl

1. BeposTHOCTP NIPOLECCOB MEXAIEKTPOHHOIO paccesHus B caab0-B3aUMOAECHCTBYIOLIEM

®epmu-raze. [Ipumenumocts Teopuu GepMU-KUIKOCTH B peallbHbIX METaJlIaX.

DJNEKTPOH B peleTKe B claboM MarHUTHOM noJje. KBa3zukiiaccuka.

Tenmoemkocth. Moaensr DUHIITENHA.

OxpanupoBka. Teopusi Tomaca—Depmu.

KoneGanus u BOJHBI B 3-X MEPHOUN KPUCTALTMYECKON PEIIeTKE.

Coxpansiercs JIi KBa3UMMITYJIbC?

Metoxa Xaptpu—Doka.

ONEeMEHTbl CUMMETPUU KPUCTAJUIMYECKOMN PEIIeTKH.

CuMMeTpHUsl COCTOSHHMM 3JIEKTPOHA B pEUIETKE B MarHUTHOM mnoje. KBasuknaccuueckuii

criektp. LluknorponHas macca.

10. Ten3op 3¢ (eKTUBHBIX Macc NEKTPOHA B pEIIETKE.

11. AkycTuueckue u onTuueckrue (POHOHBI.

12. 3akoH nucnepcun kBazuyacTull B GepMu-KHUJIKOCTH.

13. Kpucramnmueckue pemeTku. Pemerka bpaso.

14. DHepreTuyeckuil CHEKTP 3JIEKTPOHA B CIaA0OM MEPUOJUUECKOM MOTEHIHAIE.

15. [I10THOCTH dHEPreTUYECKUX YPOBHEM.

16. TennoeMKOCTb METAIIIOB.

17. 3akoHbl AMCTIEPCUH AKYCTUYECKUX U ONTUYECKUX (DOHOHOB MPHU MaJIbIX K.

18. Annabarnueckoe npubamxkenue. Teopema bopHa-Onnenreiimepa.

19. CrimH-opOuTaTBPHOE B3aUMOJICHCTBHE M BBIPOXKIICHHE YHEPTETUIECKUX YPOBHEH B TBEPAOM
tesie. CUMMETpUS OTHOCUTENIBHO 0OpalleHus BpeMEHHU.

20. Dddexr ne ['aaza — Ban AnbdeHa.

21. HemoctraTku MOJENM CTaTUYECKOM PEIIeTKH.

22. 3aKOH JUCNEPCUH aKyCTHUYECKMX (POHOHOB TpH MajbiX K. CootHomenne boma—Crasepa.

23. O6MeHHOe B3auMO/IeHCTBHE.

24. Meto CHITBHOM CBSI3M JUTSI pacdeTa 30HHOU CTPYKTYPHI.

25. Teopema bopa — Ban JleeBeH.

26. ®ynkuuu Banbe.

27. Konnenuus kBazngactull. OCHOBHBIE TIOCTYJIAThl TeOpHH DEepMU-KUIKOCTH.

CoNoOAWN

8



28. ®oHOH-()OHOHHOE B3aUMOACHUCTBUE. AHTAPMOHH3M U TEIJIOBOE PACIIUPEHHE.

29. 3amoHEHWEe ~ JHEPreTHYEeCKMX  30H  JJICKTPOHAMHM. Meranel. JManeKTpuKH.
IToynpoBOIHUKH.

30. Teopus Xaptpu — ®@oka 1151 CBOOOTHBIX IJIEKTPOHOB.

31. DnekTpoH — GOHOHHOE B3aUMOJICHCTBHE.

32. DxpanupoBka. Teopus Jlunaxapaa.

33. Teopust metaiioB Jpyne.

34. OnepaTop CKOPOCTH 3JIEKTpoHA B perieTke. CpeaHsisi CKOPOCTb.

35. Teopust metamioB 3ommepdernba.

36. IIponeccol paccesinust B TBepaoM Tene. [IpaBuno Maruccena. TemnepaTypHasi 3aBUCUMOCTh
COIIPOTHUBIICHUS METaLIA.

37. ludpakiuys peHTTeHOBCKOTO U3JIy4Y€HHUs B KpUCTAIIaX.

38. OnTuueckoe MorIomEeHUe B TBEPABIX Telax. MeX30HHBIC TIEPEXO/IbI.

39. HopmainbHbIN 1 aHOMaJIBHBIA CKUH — (D QEKT.

40. KBaHTOBaHHME MarHUTHOTO MOTOKA B CBEPXIPOBOJIHUKAX.

41. Teopema broxa asis 2eKTpOHA B IEPUOTUIECKOM MTOTEHIIUATIE.

42. Termmoemkocts. MaTEpHioNnsnonHas popmyna Jledas.

43. TloBepxuocts @epmu. MeTobl €€ HIKCIIEPUMEHTATILHOTO OMPEICICHHUS.

44. ®ononbl. KBanTOBas TEOpUs KOJIEOAHUN PELIETKU.

45. VaTerpan CTOIKHOBEHHM JIsl paCCEsTHUSI SJICKTPOHOB Ha MPUMECSIX.

46. CrieKTp 3JeKTPOHOB B TBEPJIOM TEJIe B MATHUTHOM IIOJIE.

47. TennonpoBOAHOCTb.

48. deppomaraerusm. Inamarnerusm. [lapamaraerusm.

49. IIpuMeHUMOCTh KBA3UKIJIACCHYECKOTO OMMCAHUS BUKCHHSI SJIEKTPOHOB B METaJlIax.

50. Merox cnaboii cBsI3u AJIs pacyeTa 30HHOTO CIICKTPA.

51. YcnoBus akcriepuMeHTaIbHOTO HaOmoaeHus 3 dekra ne ["aaza- Ban Anbdena.

52. TemnoeMKOCTh JUAICKTPUKOB.

53. ObpaTHas pelieTka U ee CBOMCTBA.

54. Jlnamaruetusm Jlannay.

55. CBepXNnpoBOAUMOCTb. DKCHEpUMEHTalIbHbIE (DAaKThl. 3aBUCUMOCTh CONPOTUBJIEHUS OT
temneparypbl. Dpdext Meiiccuepa.

56. [Tapamaruerusm Ilaynu.

6.2. Onucanue wWKai1 OUeHUGAHUA

KoHTponbs kadecTBa yCBOGHHWS acCIHpaHTaMHU COACP)KaHUS JAUCIUIUIMHBI TPOBOIUTCS B
BUJIE 3a4YeTa, Ha KOTOPOM OIPEeseTCs:
® YpOBEHb YCBOCHHSI OCHOBHOTO YU4E€OHOTO MaTepuaa 1o AUCIUIUINHE;
® YpOBEHb MOHMUMAaHUS H3yYEHHOTO MaTepHaa;
® CIIOCOOHOCTH MCIOJIH30BATh MOTYYEHHBIC 3HAHUS TSI PEIICHUsT KOHKPETHBIX 3a/1a4.

3aueT mpoBOAUTCA B YCTHOU (popme. YcTHAs 4acTh 3aKIHOYAETCS B OTBETE ACUPAHTOM
Ha TEOpETHYECKHE BOMpoca Kypca (C TpEeABapUTEIHHON IOATOTOBKOW) H MOCIEIYIOIEM
cobece/JOBaHUU B paMKax TeMaTuku Kypca. CobecenoBaHue MPOBOAUTCSA B pOpME BOIPOCOB, Ha
KOTOpBIE AaCIUpPaHT JOJDKeH IaTh KpaTKui oTBeT. [IpakTmueckas 4YacTh TNpeaycMaTpHUBAET
peleHre AByX 3a/1a4 M0 pa3InyHbIM pa3/eliaM Kypca.

3auer cTaBUTCS PU YPOBHE 3HAHHIA HA OI[EHKY «YIIOBJIIETBOPUTEIHHO)» U BBIIIE.

Onenka YpoBeHb MOATOTOBKHU

OtimaHO Bricokuii YPOBCHL IMOATOTOBKH C HE3HAYUTCIbHBIMU OIIMOKAMH. ACHI/IpaHT
JacT IIOJIHBINA B paBBepHYTLIﬁ OTBCT Ha BCC TCOPECTUUCCKUC BOIIPOCHI 6I/IJ'IeTa;
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TOYHO OTBEYACT HA JOMOIHUTEIHHBIC BOTPOCHI; IPUBOJIUT MIOYTH TOJTHbIE,
apryMEHTHPOBAHHBIC PEIICHUs BceX CHOPMYIMPOBAHHBIX B OMIIETE 337124 C
HE3HAYHUTEIHHBIMU HeoueTaMu. M310xkeHre penieHuid 1 Oy YCHHBIC
OTBETHI OTJIMYAFOTCS JIOTHYECKOH MOCIICIOBATEIBHOCTHIO, YETKOCTHIO B
BBIPQKCHHUH MBICJICH B 000CHOBaHHOCTHIO BBIBOJIOB, IEMOHCTPHPYIOIIHX
3HaHHE 00MIePH3NIECKUX U TPOECCHOHANBHBIX UCIUIUINH, YMEHHE
MPUMEHSATH Ha MPAKTUKE MPUOOPETCHHBIC HABBIKH, BJIaJICHUE METOIMKAMU
pereHus 3aaad.

BrlImorHeHIe KOHTPOJIBHBIX DK3aMeHAIMOHHBIX 3a1anuii Ha 90% u BhIIe

Xoporiio

B nenom xopomasi moArOTOBKa C 3aMETHBIMH OLIMOKAaMH WM HEJOYETaMHU.
AcHIHpaHT JAaeT MOJTHBIN OTBET Ha BCE TEOPETUUECKUE BOIPOCH OHIIeTa C
HEOOJIBIINMHI HETOYHOCTSIMH, AOIYCKAaeT OLIMOKU IIPH OTBETaX Ha
JIOTIOJTHUTENbHBIE BOIIPOCHI; IPUBOAMT IIOUTH IOJIHBIC PEILICHUS BCEX
chOopMyNHpOBaHHBIX B OMIIETE 3a7a4 C HEKOTOPBIMH HEIOUETaMU; HITH
MCYEpIBIBAIOLIEE PEIICHUE IPUBEACHO TOJIBKO AJIS OJHON U3 ABYX 3a]a4
Ounera, a BTOpas 3a7iaya pelieHa co 3HaYUTEIbHBIMU IIOTPELTHOCTSIMU.
N3noxenue penieHnii ¥ NoJy4eHHbIE OTBETHI OTINYAIOTCS JIOTUYECKOU
IIOCJIEI0BATENBHOCTBIO, JOCTATOYHONW YETKOCTBIO B BEIPAKEHUU MBICIIEH U
HE BCer/a MoJiHoi 000CHOBaHHOCTBIO BBIBOJIOB, IEMOHCTPUPYIOIIUX, B
1IeJIOM, 3HaHHue 00MIepr3NIecKuX 1 MPOo(eCCHOHATBHBIX JUCIUTUIHH,
YMEHHUE MPUMEHSTH Ha MPAKTUKE PUOOPETCHHBIC HABBIKH, BIIAJICHUE
OCHOBHBIMH METOJMKAMH PELICHUS 3a1a4.

BrimonmHeHIe KOHTPOIBHBIX 9K3aMeHAMOHHbBIX 3a1anuii oT 70 mo 90%.

Y 10BIETBOPUTENBHO

MUHHAMAaNILHO IOCTaTOYHBIH YPOBEHb MOATOTOBKH. ACITUPAHT MOKa3bIBACT
MUHHMANBHBIA YPOBEHb TEOPETUUECKUX 3HAHHHN, TOMTYyCKAET OMNOKH MpU
OTBETax Ha JONOJHUTEIbHbBIE BOIPOCHL; IPUBOIUT HETIOJIHBIE, C1a00
apryMEHTHPOBaHHBIE PELICHUs BceX c(hOPMyNUPOBaHHBIX B Ouiere 3a1ady.
N3noxeHue petieHui U MOIy4YEHHbIE OTBETHI HE OTIIMYAIOTCS CTPOMHOM JIO-
THYECKON MOCIIE0BATENbHOCTBIO, YETKOCTBIO B BRIPAKEHUU MBICIEH 1
000CHOBAHHOCTBIO BBIBOJIOB, YTO TOBOPUT O HE AOCTATOYHO MOJTHOM
MOHUMaHUU 00mepu3nIeckux 1 Npo(ecCHOHaTbHBIX TUCIUIUIHH, YMECHUU
MPUMEHSTh Ha IPAKTHKE JIMITh HEKOTOPhIe IPUOOPETEHHBIE HABBIKH,
BJIaJICHUU HE BCEMH U3yYCHHBIMU METOJUKAMHU PEIICHUs 3a1a4.
BrlmotHeHIE KOHTPOJIBHBIX AK3aMEHAITMOHHBIX 3adaamii oT S0 g0 70%.

HeynosnersopurenbHo

IMoxroroBka HeIOCTaTOYHAS U TPEOYET AOMOJHUTEIBLHOTO U3yUEHUS
MaTtepuana. ACIHpaHT JJaeT OIMNOOYHBIE OTBETHI, KAK HA TEOPETUIECKHE
BOTPOCHI OMJIETA, TAaK ¥ HA HABOJSIINE U JIOTIOTHHUTEIBHEIE BOITPOCHI
9K3aMEHATOpa; MPUBOJIUT PEIICHUs CHOPMYITUPOBAHHBIX B OMIIETE 3a/1a4 C
rpyObIMH HEJIOYETAMH, YTO TOBOPUT O HEAOCTATKE 3HAHUH 110
o0megu3nIeckiM 1 NpohecCHOHATEHBIM JUCIUIDINHAM, OTCYTCTBUU
YMEHHSI TPUMEHSTh Ha MPaKTUKE NPUOOPETCHHBIC HABBIKH, HE BIIaJICHUE
METOJMKAMU PEIICHUS 3a/1a4.

BrlnonHeHre KOHTPOJIbHBIX AK3aMEHAMOHHBIX 3aaHuil 10 50%.
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7. IlepeyeHb OCHOBHOM M JONOJHUTEJIbHOWH Yy4yeOHOU JIUTEPATYpPbl, HEOOXOAMMOIi
JJISL OCBOCHMSI AMCLHUIINHbBI

a) OCHOBHAS JUTEpaTypa.

7. YueOHO-MeToauYecKoe U MH(POPMAITMOHHOE o0ecTieyeHne TUCHMILTUHBI (MO1YJIA)

a)
1.

2.

3.

~

OCHOBHasl JIUTepaTypa:

Jangay JI.JI., Jludmmu E.M., kypc "Teopernueckas ¢puszuka", Tom III. «kKBanToBas
Mexanuka». M.: Hayka. 2002.

Janpay JI.JL., Jlupmmun E.M., kypc "Teopernueckas ¢pusuka", Tom V. «Cratucruueckas
¢uszuka. Yacts 1.» M. Hayka. 1976.

Jangay JI.JI., Jludmmun E.M., kypc "Teopernueckas ¢puszuka", Tom VIII.
«INeKTpoIMHAMHKKA CIUIOMHBIX cpea.» M. Hayka. 1982.

. JIupumr E.M., [Turaesckuii JL.I1., kypc "Teopernueckas ¢puszuka", Tom IX.

«Craructuueckas ¢usuka. Yacts 2.» M. Hayka. 1978.

. Jludmm E.M., ITuraesckuit JLIL., kypc "Teopernueckas duzuka", Tom X. Ousndeckas

kuHetnka. M. Hayka. 1979.
Kurrens Y., KBanroBas Teopus tBepasix Tea. M.: Mup, 1967.

. AGpukocoB A.A., «OcHOBHI Teopur MeTauioBy, M.: ®usmariut, 2010.
. e XKen I1., «CBepXnpoBOAMMOCTb METAIIJIOB U CIUIaBOB». M.: Mup, 1968.

0) IonoJIHUTEbHAS JUTEpATypa;

ok wdpE

8)

3aitman JIx., «[IpuHumnel Teopun TBEpAOro Tena», M.: Mup, 1966.

Kurrens Y., «Benenue B pusuky TBepaoro tena». M.: Hayka. 1978.

Venexu pusndeckux Hayk (https://ufn.ru/ru/)

Reviews of Modern Physics (RMP) (https://journals.aps.org/rmp/)

Physical Review B (PRB) (https://journals.aps.org/prb/)

Superconductor Science and Technology (http://iopscience.iop.org/journal/0953-2048)

KyJIbTaTHBHAA JUTEpATYpa

da
1.
2
3

4.

5.

M. AmikpodT, H. Mepmun, «®usnka tBeproro tenay, 1. 1-2. M.: Mup,1979.

JI.C. JleButoB, A.B. lllutoB, «®yukiuu ['puna», M.: ®uszmatiut, 2003.

A.A. Abpuxocos, JL.IL. 'opekoB, N.E. [I3snommuHckuii, «MeTo sl KBaHTOBOI TeOpuH
0JI B CTaTUCTUYECKOH pusuke», M.: duszmarrus, 1962.

B.A. lemuxoBckuii, I'.A. Byranbrep, «®u3nka KBaHTOBBIX HU3KOPAa3MEPHBIX CTPYKTYpP»,
W3n. HHI'Y, 2005.

P. Vaiit, «KBantoBas teopust maraetuzma», M.: Mup, 1985.

A.C, MenbHukoB, A.B. CamoxBaiioB. JlonogHUTENbHbIE pa3aeisl GU3UKU TBEPAOTO Tea.
DNEeKTPOHHOE METOIMUYECKOE TToCoOue.
(http://www.pnn.unn.ru/UserFiles/lectures/Melnikov_Add_Chapters_SSP.pdf)

8. IlepeyeHbr HHGPOPMALMOHHBIX TEXHOJOTHH, MCIHOJb3yeMbIX IPH OCYLIECTBJCHUH

00

Hcno

Ppa3oBaTEeJIbHOr0 mpouecca 1mo 1MCumnJanHe

JIb30BAHHE TTPOT'PaMMHOI'O obecneucHus:

1.
2.
3.
4.

Microsoft Office Word.
Microsoft Office Excel.
Microsoft Office Power Point.
Free Origin Viewer
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http://iopscience.iop.org/journal/0953-2048
http://www.pnn.unn.ru/UserFiles/lectures/Melnikov_Add_Chapters_SSP.pdf

9. Onucanne MaTepUAIbHO-TeXHUYECKOH 0a3bl, HEOOXOIUMOI JIsl OCYIIEeCTBJICHUSI
00pa3oBaTeIHLHOTO MPOLECCA MO TUCIHUIITHHE

JUis mpoBeneHus JEKUMH U MPAKTUYECKUX 3aHATUI TpeOyeTcs TUIIOBOE 00OpyAOBaHHE
JIEKIIMOHHOM ayIUTOPHH.

JUIs NOArOTOBKM CaMOCTOATENBHBIX KOHTPOJBHBIX PA0OT M AN MX TIpapuuecKoro
npecTaBieHus (€CIUM 3TO HEOO0XOAWMO), a TaKKe Uil PACHIMPEHHs] KOMMYHHMKAIIMOHHBIX
BO3MOYKHOCTEH acnupaHTbl IMEIOT BO3MOKHOCTh PA0OTaTh 3a KOMMbIOTEPOM C COOTBETCTBYIOIIIUM
JMILIEH3UOHHBIM ITPOrPaMMHBIM 00€CIIeUeHHEeM U BbIXOJI0M B MIHTEpHET.

CocraBureib:
CamoxsanoB A.B., 1.¢.-M.H., B.H.C. oT1ena Gpu3uku ceepxmnpooanukos MOM PAH

Penensent:
Toxman U.J1., k.¢.-M.H., ¢.H.C. oTaena PU3HKU cBepXnpoBogaukoB MOM PAH
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