HuctutyTt pusuku Mukpoctpyktyp PAH —
bunmman OenepaibHOTO TOCYAAPCTBEHHOTO OO PKETHOTO HAYYHOTO YUPEKACHUS
«DenepanabHbIN UCCIEN0BATEIILCKUN LIEHTP

WNuctutyT npuknagHon ¢puszuku Poccuiickoil akageMun HayK»

YTBEPXJAIO
Hupexkrop UOM PAH

3.®0.KpacuisHUK

"9" ampens 2018 1.

PaGouasi nporpamMma auCHUIIHHBI

dusuka KOHACHCHUPOBAHHOT'O COCTOSHHUA

Hanpagnenue moarotoBku

03.06.01 « Qusuxa u acmpoHoMus»

HamnpaBnenHocTs (po¢uiib) mporpaMmMbl

01.04.01 «llpubopol u MemoOvl SKCHEPUMEHMATILHOU DUUKUY

KBanudukanus (cTernenb) BHITyCKHUKA

uccnedosamevb - NPEeN0OABaAmMeb, UCCIe008amelb

dopma 00yueHus

OYHAA

Hwxuuin Hosropon

2018



1. MecTto nucuuniauabl B crpykrype OOII acnupaHTypsbl

Juctumuimaa «®u3nka KOHJISHCUPOBAHHOTO 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 (PU3UMKU U 3IIEKTpOoIMHAMHUKHU. J[aHHBII 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
pa3NINYHBIX (U3NYECKUX CBOMCTBAX TBEPIBIX TEJ: TEIUIOBBIX, DJIEKTPHUUECKUX, MATHUTHBIX U
ApYrux,

¢dopMHpOBaHHE Yy aCIHUPAHTOB COBPEMEHHBIX IMPEJICTaBICHUH 00 3IEKTPOHHO-UOHHON
CTPYKTYpe TBEPIBIX TEJN, O CBOMCTBAX BOJHOBBIX (YHKIMH M JHEPreTHYECKOrO CIEKTpa
3JIEKTPOHOB B KPHUCTAIaX, METOJAaX KBAHTOBOI'O OIMCAaHUS SJEKTPOHHBIX IPOLIECCOB B
TBEPIBIX TEIAX;

OCBOGHHE CTYyJEHTAaMH METOJOB TEOPETHUYECKOTO pacyéTa OCHOBHBIX (U3MUYECKUX
XapaKTEPUCTUK TBEPIOTEIbHBIX CUCTEM;

dbopmupoBanne y acnupanTtoB kommeTeHIui mnporpammbl 01.04.01 «I[IpubGopsl U MeTOIBI
JKCIEPUMEHTAIbHOW (U3uKU», B cooTBeTcTBUU C TpeboBanusiMu OI'OC BO no
HanpapyieHut0 1oaArotoBku 03.06.01 «du3uka u aCTpOHOMHUS».

Ilepeyenb NJaHMpyeMbIX Pe3yJbTATOB O0yYeHHS MO JMCUMILUIAHE, COOTHECEHHBIX C
IUVIAHUPYEMBIMH  pe3yJIbTATAMH OCBOEHUSI 00pa30BaTeIbHOW  MpoOrpaMmbl 1O
HanpaBJieHUuI0 «PHU3UKA U ACTPOHOMHUSD)

PE3YJIbTATC OCBOCHHUA OHUCHUILIMHBI 06y11a101111/1171cs1 AOJDKCH OBJIAACTh CJIICAYIOUIUMHA

KOMIICTCHIUAMU PE3YyJIbTATaMU O6y‘leHI/I5{ MO JUCIUITIINHEC!

Kon PesyabTarel ocBoenus OOII IlepedeHb pe3y1bTATOB INIAHHPYEMBbIX
KOMIIEeTEeHIMH Coaep:xanne KoMIeTeHIMii 00y4eHus 0 AMCUMILIMHE
YK-1 CIOCOOHOCTH K KpuTHYeCKOMY aHanu3y |3HATD:
M OLICHKE COBPEMCHHBIX HAYYHBIX METOZIbI KDUTHYCCKOIr'O aHalIn3a 1
JOCTHKEHHUH, TEHEPUPOBAHUIO HOBBIX OLICHKN COBPEMCHHBIX Hay4YHBIX
UJEH NIPU pELICHUH JOCTHIKEHHM, a TAK)KE METO/IBI
HCCIIEIOBATENILCKUX M MPAKTUYECKUX TCHEPUPOBAHUsI HOBBIX H/CH TPH
3a7a4, B TOM YKCIIE B pEIIEHNH UCCIEA0BATEILCKUX U
MEXIUCHUTUTMHAPHBIX 00JIaCTAX MPAKTHYCCKUX 3a7a4, B TOM YHUCIIC
MEXIUCLUITIIMHAPHBIX 00JIACTSIX.
YMETDb:

MIPOBOJUTEH aHAJIN3 JIUTEPATYPHBIX
JAaHHBIX B paMKax IOCTaBJIEHHON
HCCIIEIOBATEeNbCKOM (MPaKTUYECKOH,
o0pa3oBaTeNbHON) 33/1a4H, BBISABISATh
OCHOBHBIC BOITPOCHI U npo6neMm,
CYLIECTBYIOIUE B COBPEMEHHOMN
HayKe;




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

BJIAJIETD:

HAaBbIKAMHU KPUTUYECKOTO aHAIU3a U
OLICHKH COBPEMEHHBIX HAyYHBIX
JOCTHKEHHM U pe3ylIbTaTOB
JEATEIBHOCTH 10 PELICHUIO
HCCIIEA0BATENIbCKUX U MPAKTUYECKUX
3a/1a4, B TOM YHUCJIE B
MEKTUCIUIIITMHAPHBIX 00JIACTSIX.

OIIK-1

CIIOCOOHOCTb CaMOCTOITEIBLHO

OCYIIIECTBISITH HAYYHO-
HCCIIEIOBATENBCKYIO ACSITENbHOCTD B
COOTBETCTBYIOILIEH
npodeCCHOHAIBHON 00JIaCTH C
HCIIOJIb30BAHUEM COBPEMEHHBIX
METOJIOB HCCIIEOBAHUS U
MH()OPMATMOHHO-KOMMYHHKAITHOHHBIX
TEXHOJIOTHI1

3HATD:

TEOPETUYECKHE OCHOBBI OPTaHU3AINH
HAYYHO-UCCIIEI0BATENbCKON
JIEATEIbHOCTH;

MeTOoIbl cOopa HMOpPMAIUU IS
PEIICHUS TOCTABICHHBIX
HCCIICIOBATEIIbCKUX 3a/1ad,

METO/IbI aHAJI13a JaHHBIX,
HEOOXOAMMBIX IS POBEACHUS
KOHKPETHOT'O UCCIICOBAHMUS.

YMETh:

BBIOMpATh M PUMCHSITH B
npodeCCHOHAIBHON JCATEIIbHOCTH
IKCIIEPUMEHTAIILHBIC U PACUCTHO-
TEOPETHYECKUE METOIbI
HCCIICAOBAHUS

MJIAHUPOBATh, OPTaHU30BBIBATH U
MIPOBOINTH HAYYHO-
HCCIICIOBATEIIbLCKHUE U
MIPOU3BOJICTBEHHO- TEXHUYICCKUE
UCCIIEJIOBaHUS C TPUMEHEHUEM
COBPEMEHHOM anmnaparypsl,
000pyIOBaHUs U KOMITBIOTEPHBIX
TEXHOJIOTHIA;

CaMOCTOSTEIIbHO BHITTOIHATH
TEOPETUUECKHE,
9KCIIEPUMEHTANILHBIE U
BBIYHCITUTEIIbHBIC (PH3UIeCKHe
UCCIICJIOBAHUSI TIPU PEIICHUH
Hay4YHO-UCCIIEA0BATEIIbCKUX 1
MIPOU3BOJICTBEHHBIX 3a/1a4 C
WCIIOI30BAaHUEM COBPEMEHHOMN
anmnapaTypbl U BEIUUCITHTEIbHBIX
CPEICTB.

BJIAJIETD:

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
KOMITBIOTEPHBIX TEXHOJIOTHH;
aHaJIM3UPOBaTh, 0000IIATh U
CUCTEMATHU3UPOBAThH PE3yIbTAThI
(buzndeckux padoT.

IIK-1

CITOCOOHOCTBH CAMOCTOSATEIBHO

HPOBOJUTH HAYYHBIC UCCIICIOBAHUS B
o0acT pa3zpaboTKu IpUOOPOB U
METO/IOB IKCIIEPUMEHTAIBbHON (PU3UKH

Y IPUMEHSATD ITOJYyYEHHBIE PE3YJIbTaThl

AJI1 pCIICHUA IMMPAKTUYCCKUX 3a/lav

3HATD:

OCHOBHBIE 3aKOHBI, TEOPETUYECKUE
MOJIENT! ¥ COBPEMEHHBIE METO/IbI
UCCJIEJIOBAaHUI U MAaTEeMaTHYECKOTO
MOJICJIMPOBAHUSA B 00JIaCTH
pa3paboTKu MPHUOOPOB ¥ METOIOB
HKCHEPUMEHTATBHON (PU3HUKH.

YMETh:

MCTIOJIb30BATh TMOTYYEHHBIC 3HAHUS
JUISL aHAJIN3a Pe3yIbTaTOB HAyYHBIX
VICCJIEIOBAHNUN U pELICHUS
NpPaKTUYECKUX 3a/1a4 B 00J1acTH
pa3paboTKu MPUOOPOB U METOIOB
HKCHEPUMEHTATBHON (PU3MKH.

BJIAJIETH:

pa3paboTKOI METOI0B HAYYHOT'O
WCCIICIOBAHMS JUTSI TIOTTYICHUS
HOBBIX ()yHJJAMEHTAIbHBIX 3HAHUU B
oOrnactu pa3zpabOTKu NpUOOPOB U
METO/I0B 3KCIIEPUMEHTAIBbHOM
(Gu3MKK U crioco0aMu PUMEHEHUS
9THX 3HAHUHU JJIS CO3JJaHUs
MPUKIIQIHBIX TEXHOJIOTHI U
peleHNs MPAKTUYECKHX 3a/1a4.

MK-2

CHOCOOHOCTh K CHCTEMHOMY aHAIHN3y

COBPEMEHHBIX Mpo0sIeM (GU3UKU U
KOMIUIEKCA HOBEMIIINX 3HAHUM U
JTOCTHKEHHUH (PU3MKU B CBOEH HAY4HO-
HCCIIEA0BATENBCKON 1€ATEIbHOCTH

SHATB:

ba3oBbIe 3aKOHBI COBPEMEHHOU
(bU3UKH U WX B3aHMOCBSI3b,
TEHJCHIIUU Pa3BUTHUS GUUKH B
0003pUMOI IEPCIIEKTUBE,
OCHOBHBIE MTPOOJIEMBI, CTOSIIIHE
repes; COBpeMEeHHON (DU3UKOH, a




TaK)Ke MpeIaraéMble CpeICTBA UX
pelIeHus.

YMETD:

IIOHMMATh CYTb SIBJICHUH U
IPOLIECCOB, U3Y4YaeMbIX (PU3UKOIA.

BJIAAETD:

OCHOBaMH METOJIOJIOTUH U
MIPaKTUYECKUMU HaBbIKaMU
HAy4HOI'O [TO3HAHUS MPU U3YYECHUU
Pa3IMYHbIX YPOBHEHN OpraHuzanuu
MaTepuH, IPOCTPAHCTBA U
BPEMEHH.

IIK-3 CIIOCOOHOCTH UCIIOIb30BAThH 3HATD:

COBPEMEHHBIE METO/IbI 00PaOOTKH
OKCTIEPUMEHTAIBHBIX JAHHBIX W/HITH
METOBI YUCIIEHHOT'O MOJICTUPOBAHHS
CIIOXKHBIX (PM3MYECKUX MPOLIECCOB B

OCHOBHBIE METO/IbI 00pabOTKHU
JTAHHBIX, TT0JIy4EHHbIX
9KCIIEPUMEHTAIILHO UM METOIaMHU
YHCIEHHOTO MOJIEIMPOBAHUS.

YMETH:
BBIJICIIATH U CHCTEMAaTU3UPOBATh
HeO6XOI[I/IMI)Ie Hay‘-IHI;IC JaHHBIC,
KPUTHYECKH OLIEHUBATH MX
JIOCTOBEPHOCTb.

BJIAJIETD:
HaBbIKaMU cOopa, 00padoTKH,
aHaJM3a U CUCTEMATU3AIMN HAyYHbBIX
JaHHBIX;
HABLIKAMH CTATHCTUYECKOrO aHaIM3a
3KCHepI/IMCHTa.HBHBIX JaHHBIX,
HABLIKAMH aHAJTUTHYECKUX U
YUCJIICHHBIX aHHpOKCI/IMaIII/If/'I

GbyHKIHI.

o0acTu pa3zpaboTKu IpUOOPOB U
METO/IOB IKCIIEPUMEHTAIBHON (DU3UKH.

3. O0beM TUCHMIUIMHBI B 32a4eTHBIX €IMHUIAX C YKAa3aHUEM KOJHYeCTBA aKaJeMHYeCKHUX
4acoB, BbIIEJEHHBIX HA KOHTAKTHYI0 padoTy o0ydamommxcs ¢ npemnoaasarteneM (1o
BU/IaM 3aHSITHIT) 1 HA CAMOCTOSITE/ILHYIO PA00Ty 00y4aroIUXCs

O01mas TpyI0eMKOCTh (00beM) TUCIUILTMHBI cocTaBiseT 3 3aueTHbix eaunuil (3E), 108 vacos.

3.1. O6vém Oucyunaunsvl HO UOAM YUEOHBIX 3aHAMUI (8 Yacax)

Buj yueOHoli padoThl Bcero yacos

OO611ast Tpy10€MKOCTh JUCIIUILIAHBI 108
KonrakTHast paboTta obyuaromuxcs ¢ mpernojiaBaresieM (1o BUaaM y4eOHbIX 36
3aHTHH) (BCErO)
AynutopHas pabota (Bcero): 36

B TOM YHCJIE:

Jlexmu 18

IIpakTHdeckne 3aHATHS 18
CamocrosTenpHas pabota odyuaromuxcs (Bcero) 72
Buja nTOroBoro KOHTpoJIsi 3ayer




3.2. Pazoensl oucyuniaunvl u mpyooemKocms no 6UOAM Y4EeOHbIX 3aHAMUIL (6 AKAOeMUYECKUX

yacax)

Ne Pa3nen aucuMnmiInHbI KonrakTHas padota

CamocrosiTenbHast
Bcero| JleknuoHHbIE IIpakTu4eckue
padora
3aHATHSA 3aHATHS

1 |Onekrponnsie coctosuusi B | 30 6 6 18
TBEPJIBIX TENAX

2 | Teopus xoneOaHui 26 4 4 18
peleTKH

3 |MaruutHbIe CBOICTBa 26 4 4 18
TBEPJIBIX TEI

4 |TpaHCIOPTHBIEC CBOMCTBA 26 4 4 18
TBEPJIBIX TEI
JucnnnanHa B neJioM 108 36 36 72

3.3 Cooepotcanue oucyunnunst, CMpyKmypupoeantoe no memam (pazoenam)

Ne

HaumenoBanue pazjeJia
JAMCHUIJIMHBI

Conep:xanue

DNEeKTPOHHBIE COCTOSTHUS B
TBEPJIBIX TEJax.

Teopuu meramioB Jpyne u 3ommepdensaa. HegocraTku
MOJIeJIM CBOOOHBIX J1EKTPOHOB. udpakius
PEHTTCHOBCKHUX JIy4el B KpHCcTaIIax. AnuadaTHaecKoe
npubnmxenue. [Ipudbmkenne bopna — Onnenreiimepa.
HeszanmopeiicTByronme 3J1€KTPOHbI B KPUCTAIIIMYECKOM
pewierke. TpaHcasanuonHas cummeTpus. KBasuumimysisc.
OO01ue cBoiCTBAa 30HHOTO CIIEKTpa. Pa3ianuHble METOIbI
pacuera 30HHOM CTPYKTYpbl. MeTo/1bl CHIIBHOM U c11a0oii
cBs3U. [110THOCTH cOCTOSIHUI. 3arl0IHEHUE SHEPTETUYECKUX
30H JIEKTpOHaMU. MeTaiubl. J{uaneKTpuku.
[TonynpoBonnuku. IToBepxHocTe @epmu.
B3aumoneiictyromiue 3nekTpoHsl. [Ipubmmkenue Xaprpu-
®oka. Monens Xaptpu-®Poka /17151 CBOOOIHBIX AJIEKTPOHOB.
Okpanuposanue. Teopust Tomaca-®Pepmu. Teopus
Jlunaxapna. Cnabo HeuaeanbHBIN GepMu-Tas ¢
oTTaJIkuBaHueM. OCHOBBI TEOpUH (HepMH-KHUIKOCTH.
Kore3unonnas sneprusi. loHHble 1 KOBaJ€HTHbIE KPUCTAILIBI,
METaJLIIBL.

Teopus xonebanuii pemerku

Henocratkn Moaenn cratnyeckon pemerku. JlnHamMuka
pemtetku. ["apmonnueckoe npubnmxenne. HopmanabHbie
MO/JIbI OJTHOMEPHOW MOHOATOMHOM permieTku bpase.
HopmainbeHble MOIBI OJHOMEPHON PELIeTKH ¢ 0a31UCOM.
AKyCTHYECKHE U ONTUYECKHE MOJIbl KOJIEOAHUN PEIeTKH.
KBanTtoBas Teopus konebanuit peretku. DoOHOHBI. 3aKOHBI
JTUCTIEPCUH aKYCTHYECKUX M ONTUYECKUX (DOHOHOB MPHU
Manbix k. 3akoH aucniepcuu akyCTHUeCKUX (POHOHOB MPHU
Mansix k. CootHomenune boma-CraBepa. TemnoeMKocTh
MeTtasuioB. 3akoH Jtononra u [1tu. KBantoBas Teopus
TermnoeMKocTH. TermtoemkocTs. MHTEpIOIAIMOHHAS
¢dopmyna Jlebas. Termmoemkocts. [Tpubnmkenue
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DUWHITENHA. DNEKTPOHHAS TEIIOEMKOCTh. AHTAPMOHU3M
Kosiebanuii penetku. TernoBoe pacMpeHne TBepAbIX Tell.

3 |MarHuTHbIE CBOWCTBA DJIEKTPOH B PEIIETKE B MArHUTHOM 1oJie. CUMMETpUS
TBEPIBIX TEI. cocrosiauil. Dddexr ae ['aaza-Ban-AnbpeHna. J[namaraernsm
Jlannay. [Tapamaraerusm [laynu. MarautHas
BOCTIpUMMYHUBOCTE. Teopema Ban-Jleeren. O6MenHOE
B3auMozeicTBue. JunoapsHoe B3aumoiericTere. MarHuTHoe
ynopsiiouenre. Marnonsl. /luamaraeTusm, napaMmariHeTu3M
1 (eppoMarHeTu3M.

4 |TpaHcnopTHBIE CBOMCTBA Kunernueckoe ypaBuenue bonsnmana. MHTErpan

TBEPABIX TEJ. cronkHoBeHUH. [Ipubnmxenne BpemMeHu penakcauuu. 3aKkoH
Bunemana-®panna. [IpoBoAMMOCTS U TEIIONPOBOAHOCTb.
HnunHa cBoboaHoro mpobera. ITporeccel paccesHus.
Dddexr Xomra. Ckuna-3¢dexr. OnTudeckre CBONCTBA
TBEPABIX Tel. Mex30HHbIE Tepexosl. CBEpXIPOBOIUMOCTD.

Texymuii KOHTPOJb YCIEBAEMOCTH OCYLIECTBIISIETCA B paMKax 3aHATHA IHPAKTUYECKOrO MU
CEMUHApPCKOr0 THIIA, TPYNIOBBIX W WHIMBHIYAJIBHBIX KOHCYJIbTalUMW. VITOroBbI KOHTPOJIB
OCYLIECTBIIACTCA Ha 3a4€Te, INE OLCHUBAIOTCS YPOBEHb TEOPETHUYECKUX 3HAHMM U HaBBIKU
peleHus MpakTHIECKUX 3a/1ad.

4. Obpa3oBaTejibHbIE TEXHOJIOTHH

[Tpu n3ydeHN” TUCIMILIMHBI HCIIOB3YIOTCS COBPEMEHHbBIE 00pa30BaTEIbHBIC TEXHOIOTHH.
[IpenycmarpuBaeTcss UCHOIb30BAHUE B y4EOHOM IPOLIECCE AKTUBHBIX U MHTEPAKTUBHBIX (hOpM
NpOBEICHUS 3aHATUH (Pa300p KOHKPETHBIX CUTYalMid, TPEHUHTH MO PEIICHHIO MPAKTHYECKUX
3ajjay) B COYETaHUU C BHEAYAUTOPHOW paboTON ¢ 1enplo (GopMUPOBaHHS M pPa3BUTHUS
PO EeCCHOHAILHBIX HABBIKOB 00 YJAIOIITNXCSI.

KonraktHas pabGora (paboTa BO B3aMMOJEHCTBMM C HIpenojaBaTeieM) IO JAUCHUILIMHE
IPOXOJUT B (QopMe JEeKIUH U MPaKTUYECKUX 3aHATHH, a Takke B BHAE KOJUIEKTUBHBIX U
WHIVBUAYAJIBHBIX KOHCYlbTaMW. Ha 3aHATHAX  JEKIMOHHOIO THUMA  UCIOJB3YHOTCS
MYyJbTUMEAUMHBIE CpPEICTBA TMOJACPKKH O00pa30BaTEIbHOIO Mpollecca, 4YacTb 3aHATUH
OPOBOJATCS B BUJAE JEKIMH ¢ NpoOleMHBIM U3JI0KEHHeM Marepuana. Ha 3aHATHAX
IPAKTUYECKOr0 THUMa pa30MpaloTcs pelleHus 3ajad  pa3IiMyHOM CTENeHH CJOYKHOCTH,
IOPOBOJATCS  OOCYXKIEHHsS pacCMaTpUBaeMbIX MpoOJieM B CBET€ MOCIEIHUX Hay4HBIX
JOCTHXKEHUN B JaHHOM oOnacTh. AcnupaHTbl paOOTalOT Kak WHIUBUAYalbHO, TaK U
KOJUJIEKTUBHO.

CamocrosiTennbHass paboTa BKJIOYAaeT B ce0s BBINOJIHEHUE JOMAIHUX 3aJIaHHM,
MOArOTOBKY CEMHMHApPOB, a TAaK)K€ TEOPETHUYECKYI0 IMOArOTOBKY K 3aHATUSAM IO MaTepuallaM
JEKIMM M PEKOMEHJIOBAaHHOM JIMTEpaType, NPUBEICHHON B KOHIE JTaHHOM mporpaMmmsl. Kpome
TOT0, aCIMPAHTBl UMEIOT BO3MOXHOCTh IIPUHUMATh Y4acTHE B CEMHHApaxX C MPEICTABUTEISIMU
pOCCHHMCKMX M 3apyO€KHBIX HAay4HbIX OpraHM3alMii, MacTep-Kjaccax »dKCIEpTOB U
CHELHATNCTOB B 001aCTH COBPEMEHHBIX 33a]1a4 (PU3UKH KOHIEHCHPOBAHHOTO COCTOSIHHUS.

5. Y4eOHO-MeTOAHYeCKOe 00ecTieYeHHe CAMOCTOSTeIbHOI padoThl 00y4aomuXxcs

B kypce 3amiaHupoBaHo Ha CaMOCTOSTENbHYIO paboTy actiupanToB 72 vaca (67 % oOiero
o6bema). CamocTosTenbHas paboTa aCIUPAHTOB SBISETCS OJHUM U3 BUJIOB YUYEOHBIX 3aHATHH,
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BBITOJIHSCTCST IO 3a/IaHUI0 IPerojaBaTelis MHIANBHIYaIbHO U 0€3 ero HernocpeiICTBEHHOTO
yuactusi. CamocrositenbHas paboTa acmupaHTa — HEOoTheMJIeMas 4YacTh IOJATOTOBKHU
BBICOKOKBIM()UIIIPOBAHHOTO CIIEMUAIMCTa B COOTBETCTBYyIomeld oOmactu. Ee menp —
CUCTeMaTH3alMsl U 3aKpeIUIeHue MOJYYSHHBIX 3HAHUW M YMEHHH, yriyOJieHHe U pacllupeHue
3HAHWH, TPUOOPETEHUE HABBIKOB CAaMOCTOSITENLHON pabOThI ¢ JHTEparypou, (HopMHUpPOBAHHE
CIIOCOOHOCTE! M HABBIKOB K HENPEPHIBHOMY CamMo00pa3oBaHUI0 U MNPOPECCHOHATHHOMY
COBEPILECHCTBOBAHUIO.

CamocTtosTenbHass paboTa acmupaHTa MOApa3syMeBaeT NPOpadOTKy JEKIMOHHOTO H
JIOTIOJIHUTEIbHOTO MaTepHalla, pelIeHUue JOMAIIHUX 3a/1a4 ¢ ITOCJIEYIOLIEN TPOBEPKOM HABBIKOB
pemenus 3anad. [IpopaboTka JEKIMOHHOIO MaTepHalia OCYIIECTBISIETCS €XKEHEIEIbHO Iocie
IPOBEJACHUS AayAUTOPHBIX 3aHATHMM B paMKax 4acoB, OTBEACHHBIX acCHUpaHTaM Ha
camocrosTenbHylo pabory. Kpome Ttoro, pabGora ¢ JEKIMOHHBIM U JOMOJHUTEIbHBIM
MaTepuaioM (peKOMEHJOBAaHHOM JMTEpaTypoi, NPUBEIEHHOW B KOHLE JAHHOM MpOrpamMMbl)
NPOBOAMUTCA TMpU TMOATOTOBKE K 3a4eTy M0 IJUCIHUIUIMHE. BbImogHeHHe aoMamiHux padoT
OCYILECTBIISICTCS €KEHEIENbHO WIHM pa3 B JBE HENENN B COOTBETCTBHM C TPAQUKOM HM3Y4EHUS
COOTBETCTBYIOIIETO JICKIMOHHOTO MaTepHalla W IPOBEACHUS NPAKTUYECKUX 3aHITHH 10
COOTBETCTBYIOLIEH TEMAaTHUKE.

6. @OH/ OLIEHOYHBIX CPEACTB MO TUCHHUILINHE

6.1 Tunosovie KonmpaoJibHble 3a0aHUs UTIU UHDLE Mmamepuaiiol

1. BeposTHOCTb MPOLECCOB MEXKAIEKTPOHHOIO paccesHus B clab0-B3aUMOICHCTBYOLIEM

®epmu-rase. [Ipumennmocts Teopun PepMHU-KUIKOCTH B pEaIbHBIX METaJLIAX.

DJEeKTPOH B pelleTKe B c1laboM MarHUTHOM 1osie. KBaszukiaccuka.

Temnoemkocts. Monens DiHIITEHHA.

OxpanupoBka. Teopust Tomaca—Depmu.

Kosneb6anus 1 BOIHBI B 3-X MEPHOM KPUCTAIUTMYECKON pEIIeTKE.

Coxpansiercs 11 KBa3UUMIYyJIbC?

Meron Xaptpu—Poxka.

DNEMEHTBI CUMMETPUH KPUCTAJUIMYECKOM PEIIETKH.

CuMMeTpHsi COCTOSIHUN 3JIEKTpOHA B pelIeTKe B MarHUTHOM mnose. KBasukiaccuueckuit

cnektp. [L{lukinorponHas Macca.

10. Tenzop 3¢ (eKTUBHBIX MAcC IEKTPOHA B PEIIETKE.

11. Axyctudeckue 1 onTHYecKre (POHOHBI.

12. 3akoH nucnepcun KBa3udacTull B DepMu-KHuIKOCTH.

13. Kpucrannnueckue pemerku. Pemerka bpasa.

14. DHepreTryeckuil CEKTp MEKTPOHA B c1a00OM MEPUOANYECKOM MOTEHIIHAIE.

15. IIIOTHOCTD YHEPreTUUYECKUX YPOBHEH.

16. TermmoeMKOCTb METAJIOB.

17. 3akoHBI AUCTIEPCUU AKYCTHUECKUX U ONTHYECKUX (POHOHOB IPU MAJIBIX K.

18. Amnabarnyeckoe npudmmkenue. Teopema bopra-Ormnmenreiimepa.

19. Cniun-opOuTanbHOE B3aUMOJECHCTBHE U BBIPOXKJIEHHE SHEPreTHYECKUX YPOBHEH B TBEpAOM
tesne. CUMMETpHSI OTHOCUTEIHHO 00pallleHnsl BpEMEHH.

20. O¢pdexr ne 'aaza — Ban Anbgena.

21. HemoctaTku MOJIETTH CTATUYECKOM PEIICTKH.

22. 3aKOH JAUCHEPCUH aKyCTHUYeCKHX (POHOHOB Mpu MajbiX K. CootHomenne boma—Crasepa.

23. OOMeHHOE B3aMOJIEHCTBHE.

24. MeTos CUIIBHOM CBS3M ISl pacueTa 30HHOU CTPYKTYPHI.

©CoNoORWN
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25.
26.
27.
28.
29.

30.
31.
32.
33.
34.
35.
36.

37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54,
55.

56.

Teopema bopa — Ban JleeseH.

®yukiuu Banbe.

Konuenmus kBazuuactuil. OCHOBHBIE IOCTYJIAThl T€OpUN PEPMU-KUAKOCTH.
®DoHOH-(POHOHHOE B3aUMOEHCTBHE. AHTAPMOHM3M U TEIJIOBOE PaCUIMpPEHUE.
3anojHEHUe  SHEPreTMYEeCKMX  30H  DJIEKTPOHaMHU. Meraisl. JIM3neKTpuKH.
[TonynpoBOIHUKH.

Teopus Xaptpu — @oka 151 CBOOOIHBIX 3JEKTPOHOB.

DIIeKTpOH — (OHOHHOE B3aUMO/ICHCTBHE.

OxpanupoBka. Teopus Jlunaxapaa.

Teopust metaiioB [pyne.

Omneparop CKOpOCTH 3JEKTpOoHa B pemeTke. CpelHss CKOPOCTb.

Teopus meramios 3ommepdensa.

ITpouecchl paccesHus B TBepaoM teiie. [IpaBuiio Matuccena. TemrieparypHas 3aBUCUMOCTb
CONPOTHUBIICHUS METAJLIA.

Judpakiust peHTTeHOBCKOTO U3JTy4YeHHS B KPHCTaJLIax.

Onrtryeckoe NOTJOIeHUE B TBEPIbIX TelaX. MeK30HHbIE TEPEXOBI.

HopmanbHblii 1 aHOMaTbHBINA CKUH — 3(D(]EKT.

KBaHTOBaHME MarHUTHOI'O MMOTOKA B CBEPXITPOBOIHUKAX.

Teopema bitoxa miis 211€KTpOHA B IEPUOJUYECKOM IIOTCHIMAIIE.

Temnoemkocts. MuTepnonsunonHas ¢popmyna Jlebas.

IToBepxnocTh depmu. MeTo1bI €€ IKCIEPUMEHTAIIBHOTO ONPEICIICHHUS.

®oHonbl. KBaHTOBas TEOpHs KOIEOAHUIA PEILIETKH.

WHTerpan CTOJIKHOBEHUH /1Sl paccesiHUS 3JIEKTPOHOB Ha MPUMECSX.

CHexTp 3JIEKTPOHOB B TBEPAOM TE€JI€ B MArHUTHOM I10JI€.

TennonpoBoAHOCTS.

®eppomarnerusm. Jlnamaraerusm. [lapamaraernsm.

[TpMEHUMOCTb KBa3UKJIACCUYECKOTO OIMCAHMSI IBUYKEHUS DJIEKTPOHOB B METalIaXx.
Meton crnaboii cBs3M ISl pacueTa 30HHOTO CIEKTpa.

YcnoBus sKkcriepuMeHTaIbHOro HabmoneHus s ¢exra ne ['aasa- Ban Anbgena.
TennoeMKoCTbh TU3JIEKTPUKOB.

OOGparHas peleTka 1 ee CBOKWCTBA.

Hnamarnetusm Jlanaay.

CBepXIMpOBOAUMOCTb. JKCIIEPUMEHTAIbHbIE (aKThl. 3aBUCUMOCTH COMPOTUBICHUS OT
temneparypsl. Dddext MeiiccHepa.

ITapamarnerusm [laymnu.

6.2. Onucanue wKa1 OYeHUBAHUA

KOHTpOHB Ka4ueCTBa YCBOCHHA aClIUpaHTAMU COACPIKAHUA AUCHHUIIIIMHBI IIPOBOJUTCA B

BHUJIC 3a4€Ta, HaA KOTOPOM OIPEACIIACTCA:

® YPOBCHb YCBOCHHA OCHOBHOI'O yqe6H0r0 MaTepuraia 1o JUCHUIIINHE,

® YPOBCHb IIOHMMAHUA U3YYCHHOI'O MaTCpUaia,

® CrHOCOOHOCTH MCIIOJIB30BaTh MOJIYYCHHBIC 3HAHUS IS pCHICHUA KOHKPCTHBIX 3a1a4.

3adeT mpoBOAMTCS B YCTHOUM (hopme. YCTHas 4acTh 3aKJIFOYAETCS B OTBETE aCIUPAHTOM

Ha TEOpEeTHYEeCKHe BOMpoca Kypca (C TNpeABAPUTEIbHOM IMOATOTOBKOW) M IMOCIEIYIOLIEM
co0ecel0BaHNHU B paMKax TeMaTuku Kypca. CobecenoBaHue NpoBOoaAUTCS B GopMe BOIIPOCOB, Ha
KOTOpBIE AaCMHMPAHT JOJDKEH JaTh KpaTKWi oTBeT. lIpakTuyeckas 4YacTh IpemaycMaTpUBAET
peleHre AByX 3aJa4 Mo Pa3IuyHbIM pa3jenaM Kypca.

3adeT cTaBUTCS IIpu YpOBHE 3HAHUM Ha OLCHKY «YOOBJICTBOPUTCIBHO» U BBIIIC.



Onenka

YPOBCHL MOATr0OTOBKH

OTauuHO

Bricokuil ypoBeHb OATOTOBKH C HE3HAUYUTEIBHBIMY OIIMOKAaMU. ACITUPAHT
JTAeT TIOJIHBIA U Pa3BEPHYTHIM OTBET HA BCE TEOPETUUCCKUE BOPOCHI OWIIETa;
TOYHO OTBEYAET Ha JOMOIHUTEIHHBIE BOIPOCH; IPUBOIUT MIOYTH TOJTHBIE,
apryMeHTHPOBaHHBIC PEUIeHHUS BCeX C(POPMYIMPOBAHHBIX B OWJIeTe 33724 C
HE3HAYUTEIHHBIMU HeoueTaMu. M30xKeHe perieHuid U OTyYeHHbBIS
OTBETHI OTJIMYAIOTCS JIOTHIECKOH TTOCIIeIOBATEIHbHOCTHIO, YETKOCTHIO B
BBIPQXEHUH MBICITIEH 1 000CHOBAaHHOCTHIO BBIBOJIOB, J€MOHCTPUPYIOIIIX
3HaHUE 00IIeQU3NIECKUX U TPOPECCHOHATBLHBIX IUCIUILINH, YMCHHE
MPUMEHSATH Ha MPAKTUKE MPUOOPETCHHBIC HABBIKH, BIaJICHUE METOTUKAMU
pelieHus 3aaay.

BrInmonHeHHe KOHTPOJILHBIX SK3aMEHAIIMOHHBIX 3a1anuii Ha 90% u BbIIIIe

Xopowo

B nienom xopoiiast moiroToBKa ¢ 3aMETHBIMHU OITMOKAMU WJIH HEJ0YECTaMU.
AcTupaHT IaeT TMOJTHBIN OTBET Ha BCE TEOPETUIECKIE BOIPOCHI OHieTa ¢
HEOOJIBITNMHU HETOYHOCTSMH, IOIYCKaeT OITHOKY TP OTBETaxX Ha
JTOTIOJTHUTENIBHBIC BOMTPOCHL; TPUBOMT MOYTH IOJIHBIC PEIICHUS BCEX
c(hopMyJIMPOBaHHBIX B OWIeTE 3a7]a4 C HEKOTOPBIMU HEJIOUYCTAMU; HITU
MCYEpIBIBAIOIIEe PEIICHNE PUBEACHO TOIBKO IS OJTHOW U3 ABYX 3a/1a4
Ouiieta, a BTopas 3aj1aya pelieHa CO 3HAYMTEIbHBIMU ITOTPEIITHOCTSIMH.
N3noxenune penieHnii ¥ NoJy4eHHbIE OTBETHI OTINYAIOTCS JIOTUYECKOU
MOCIIEI0BATENIEHOCTHIO, JOCTATOYHON YE€TKOCTHIO B BEIPAKEHUH MBICTICH 1
He BCeT/ja IMOJIHOM 000CHOBaHHOCTHIO BEIBOJIOB, IEMOHCTPUPYIOIINX, B
[EJIOM, 3HaHKE 00IePU3nIECKUX U POo(ecCHOHATBHBIX AUCIUITIINH,
yMEHHE MTPUMEHATH Ha MMPaKTHKE MPHOOPETEHHBIC HABBIKH, BIaICHUE
OCHOBHBIMH METOJUKAMH PEIICHHUS 3aa4.

BrInosHeHHE KOHTPOJIBHBIX 3K3aMeHaIMOHHbBIX 3aanuii oT 70 no 90%.

Y 10BIETBOPUTENBHO

MUHHAMAaIIEHO IOCTaTOYHBIH YPOBEHb MOATOTOBKH. ACITUPAHT MOKa3bIBACT
MHHUMAJIBHBIN YPOBEHb TEOPETUUECKIX 3HAHUH, TOIYCKAET OLIIHOKH PH
OTBETax Ha JOTOJHHUTEIbHBIE BONPOCH!; IIPHBOIUT HETIOIHBIE, C1a00
apryMeHTHPOBaHHBIEC PELICHUs BceX c(hOpMyYIMPOBAaHHBIX B OWieTe 3a1ad.
W3noxeHue pemieHui U NOIyYEHHbIE OTBETHI HE OTJIMYAIOTCS CTPOMHOM J10-
THYECKOH TTOCIIeJOBATEIEHOCTHIO, YETKOCTBIO B BBIPQKEHHN MBICIICH 1
000CHOBaHHOCTBIO BBIBOJIOB, YTO TOBOPUT O HE JOCTATOYHO MOJTHOM
MOHUMaHUU 00mepu3nIeckux 1 Npo(ecCHOHaTbHBIX IUCIUIUIHH, YMECHUU
NPUMEHSTH Ha MPAKTUKE JIUIIb HEKOTOPBIE IPUOOPETCHHBIE HABBIKH,
BJIQJICHUH HE BCEMH N3yYEeHHBIMU METOANKAMH PEIICHHUS 3a/a4.
BrlmotHeHIE KOHTPOJIBHBIX AK3aMEHAITMOHHBIX 3adaamii oT S0 g0 70%.

HeynosnersopurenbHo

[MoxroroBka HeIOCTaTOYHAS U TPEOYET AOMOJHUTEIBLHOTO U3YyUEHUS
MaTtepuana. ACIHpaHT JJaeT OINOOYHBIE OTBETHI, KAK HA TEOPETUIECKHE
BOITPOCHI OMJIETa, TaK M HA HABOIAIITUE U TOTIOTHUTEIHHBIE BOIIPOCHI
9K3aMEHATOpa; MPUBOJIUT PEIICHUs CHOPMYITUPOBAHHBIX B OMIIETE 3a/1a4 C
rpyOBIMH HEJIOYETaMH, YTO TOBOPUT O HEAOCTATKE 3HAHUH 110
o0megu3nIeckiM 1 NpohecCHOHATEHBIM JUCIIUIDINHAM, OTCYTCTBUU
YMEHHMSI IPUMEHSATh Ha NMPaKTUKE TPUOOPETCHHBIC HABBIKH, HE BIIaJICHUE
METOJIMKaMU PelIeHHS 3a/1ad.

BrlnonHeHre KOHTPOJIbHBIX AK3aMEHAIMOHHBIX 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.

. JIupumn E.M., [Turaesckuii JI.I1., kypc "Teoperndeckas pusuka", Tom X. dusnyeckas

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. Hepeqeﬂb l/lH(l)OpMaIII/IOHHbIX TeXHOHOFHﬁ, HCIIOJIB3YEMBIX TIIPH OCYIIECTBJICHHUU

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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