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1. MecTo 1 nean aucuiinHbl B cTpykrype OOII acnupaHTypbI

Hucuummnaa «TyHHENbHBIC SIBICHUS B HAHO(PU3UKE» SBISETCS 00A3aTENbHONM JUCIUILIAHON
BapraTuBHOit yactu mporpammbl 01.04.01 «I[TpuGopsl 1 METOBI FIKCTIEPUMEHTATBHON (DU3UKH.
JIJis yCIIEITHOTO YCBOGHHS Kypca acUpaHTy HEOOXOAMMO 3HAHUE OOIINX KypCOB (DHM3UKHU
U MaTeMaTHK{, KBAaHTOBOM MEXaHHWKH, CTATUCTUYECKOW (U3UKH U AIEKTPOAMHAMUKH, (DU3HKU
TBepAoro Tena. JlaHHbld Kypc siBiisieTcss 0a30il JUisl BBINIOJIHEHHS aclUpaHTAaMU HMCCIIECOBAaHUN B
o0JacTu TBEPAOTENIbHBIX HAHOCTPYKTYD.
Juctuiuimna usydaetrcst Ha 1 kypee (1 cemectp).
LenssMu ocBOeHUs1 AUCHHUILINHBI SABJISIIOTCH:
e (GOopMUpOBaHHE Yy AaCHUPAHTOB COBPEMEHHOTO IMIpEACTaBIeHUS 00 OCHOBHBIX CBOMCTBax
TBEPAOTENbHBIX CTPYKTYP C TYHHEIBHOU CBA3BIO;
e ¢opmupoBanue y acrnupaHToB KommereHmnwii mporpammbl 01.04.01 «IIpubopsl u MeTomsl
HKCHEPUMEHTATBHON (U3NKN», B cooTBeTCTBHH ¢ TpeboBanusmu PI'OC BO no HampaBieHUIO
noarotoBku 03.06.01 «dusrika u aCTpOHOMHUS».

2. IlepeyeHb IIAHMPYEMBIX pPe3yJbTATOB O0y4YeHUS] MO AUCHMILJIMHE, COOTHECEHHBIX C
JIAHUPYEeMbIMH  pe3yJbTaTaMH  OCBOEHHSI  00pa30BaTe/IbHOHi  MPOrpaMMbl IO
HanpasJjiennio 03.06.01 «Pu3uka U ACTPOHOMMSD)

B pesynmprare OCBOCHHS IUCHMIUIMHBI OOYYArOIIMICS MJOJDKEH OBJAACTh  CIETYIOIIMH
KOMITETEHIUSIMH pe3yJibTaTaMu 00y4YeHUs MO0 JUCIUILTUHE:

Kon PesynabTaTsl ocBoenus OOII Ilepeyennb pe3yibTaTOB
KOMIIeTeHIIUH Coaeprxanue KoMIeTeH UM IUIAHMPYeMBbIX 00y4eHHs 110
AUCHMILIHHE
YK-1 COCOOHOCTH K Kputnueckomy ananmusy |3HATD:
Y OLIEHKE COBPEMEHHBIX HayUHBIX METO/Ibl KPUTUYECKOTO aHAJIN3a U
JOCTHUXKEHUH, FEHEPUPOBAHUIO HOBBIX | OILIEHKH COBPEMEHHBIX HayYHBIX
UJEH NpHU pelIeHUH JIOCTHKEHUH, a TAKKE METOBI
HCCJIEIOBATEIbCKUX U MPAKTUYECKUX reHEpUPOBaHNUS HOBBIX HJIeH TIpU
3a/1a4, B TOM YHUCJIE B PELIEHNN UCCIIE0BATEIbCKUX U
MEXIUCHUIIITMHAPHBIX 00J1aCTAX MIPAKTUYECKHX 3aj]a4, B TOM 4HCIIe
MEXTUCIUIUTMHAPHBIX 00JIACTSIX.
YMETHh:

IPOBOJIUTH AHAJIU3 JTUTEPATYPHBIX
JAHHBIX B paMKax MOCTaBICHHON
HCCIIEI0BATEIbCKON (MPaKTHUECKOMH,
00pa3oBaTeNIbHOI) 3a/1a4H, BBISBIATh
OCHOBHBIE BOIIPOCHI U ITPOOIIEMBI,
CYIIECTBYIOIINE B COBPEMEHHOM
HayKe;

MIPH pEIICHUU UCCIIEIOBATENbCKUX U
IIPAKTUYECKUX 3a7ja4 TeHEpUPOBaTh
HOBBIE UJIEH, TOJAIOIIHECS
ONepalMOHAIN3aLUN UCXOS U3
HAJIMYHBIX PECYpPCOB U
OIpaHUYECHUH.

BJIAJIETH:




HaBBIKAMHU KPUTHYECKOTO aHAIN3a U
OIICHKH COBPEMEHHBIX HaYUHBIX
JIOCTHDKCHHUH M pe3yIbTaTOB
JIeATETLHOCTH 10 PEIICHUIO
HCCJIE0BATEIbCKUX M MPAKTHYECKUX
3aJ71a4, B TOM YHCJIC B
MEXIUCITUTUIMHAPHBIX 001aCTsIX.

OIIK-1

CIOCOOHOCTH CaMOCTOSITEIBHO

OCYIIECTBIISATh HAYYHO-
HCCJICIOBATEILCKYIO ICSITEILHOCTD B
COOTBETCTBYIOLIEH
npodeccuoHaIBLHON 00J1aCTH C
HCITOJIb30BaHUEM COBPEMEHHBIX
METO/IOB UCCIIEIOBAHUS U
nH()OPMaAITMOHHO-KOMMYHHKAITMOHHBIX
TEXHOJIOTHI

3HATD:

TEOPETUYECKHE OCHOBBI OPraHU3aINH
Hay4HO-UCCIIEN0BATEIbCKON
JIeSITEIbHOCTH;

MeTO]IbI cOopa MHPOPMAITUH ISt
pEeIIeHUs TOCTaBIEHHBIX
MCCJIEI0BATENbCKUX 3a/1a4;

METO/Ibl aHAJIN3a IaHHBIX,
HEOOXOTUMBIX JIJISI TIPOBEACHHUS
KOHKPETHOT'O UCCIIEeIOBaHUS.

YMETh:

BbIOHpATh U IPUMEHSTH B
PO EeCCUOHAIIBHON IeATETHHOCTH
HKCIIEPUMEHTAJIbHbIE U PACYETHO-
TEOPETUIECCKHE METO/IbI
WCCIIEIOBAHMUS

IUTAHUPOBATh, OPTaHU30BBIBATH U
MIPOBOAUTH HAYYHO-
MCCJIEI0BATENIbCKUE U
MIPOU3BOJICTBEHHO- TEXHUYECKHE
WCCJICIOBAHMSI C TPUMCHEHHUEM
COBPEMEHHOI1 anmaparypsl,
000pyI0BaHUS U KOMITBIOTEPHBIX
TEXHOJIOTHIi;

CaMOCTOSITEIILHO BBITTOJIHATH
TEOPETHUYECKHE,
IKCIIEPUMEHTAILHBIC U
BBIUHCIIUTENbHBIE (PU3HUECKUE
UCCIICTIOBAHMS TPU PEIICHUN
HAy4YHO-UCCIIEIOBATENbCKUX U
MTPOM3BOJICTBEHHBIX 33134 C
WCIIOJIb30BaHUEM COBPEMEHHOMU
anmapaTypsl ¥ BEIYACITUTEILHBIX
CpENCTB.

BJIAETD:

HaBBIKaMU TIOMCKA (B TOM YHUCIIE C
MCIIOJIb30BaHNEM WH(POPMAITUOHHBIX
CUCTeM U 0a3 JaHHBIX) U
KPUTHYECKOTO aHAIM3a HH(pOpMaIiH
M0 TEMaTUKEe MPOBOANMBIX
HCCIICIOBAHHIA;

HaBbIKaMU TUIAHUPOBAHUS HAYYHOTO
WCCJICIOBAHMS, aHAIIM3a




HOJTY4aeMbIX pe3yIbTaTOB U
(OopMyYITHPOBKH BHIBOJIOB;

HaBbIKaMH pabOTHI HA COBPEMEHHON
anmaparype u 000pyIOBaHUH IS
BBITIOJTHEHUS (PHU3NYECKUX
HCCIICIOBAHMI;

CIIOCOOHOCTBIO CAMOCTOSITEIBHO C
NPUMEHEHHEM COBPEMEHHBIX
KOMITBIOTEPHBIX TEXHOJIOTHIA;
aHAIIM3UPOBATh, 0000IATE U
CHCTEMaTH3UPOBAThH PE3YyIIbTAThHI
¢du3nveckux padborT.

IIK-1

CIIOCOOHOCTH CaMOCTOSITEIIBHO
MPOBOJINTH HAYYHBIC UCCIICIOBAHUS B
obsactu mpodecCuoHATbHON
JESTSIIbHOCTH W TPUMCHSITh
TIOJTyYCHHBIC PE3YJIbTATHI JIJIS
pEIICHUS TPAKTUICCKHUX 3312

3HATD:

OCHOBHBIC 3aKOHBI, TCOPETUICCKUE
MOJIEJIN U COBPEMEHHBIE METO/IbI
WCCJICIOBAaHUIA U MAaTEMATHIECKOTO
MOJIeJIMPOBaHUS B 001aCcTH
PO eCCUOHAIBHON JESATEIHHOCTH.

YMETh:

HCITOJIB30BAaTh MOJTYUYCHHBIC 3HAHW A
JUTSL aHaJIN3a Pe3yIbTaTOB HAyYHBIX
HCCIIE0BAHUM U PELLIECHUs
MPAKTUYECKHX 3a71a4 B 00JIaCTH
PO ECCHOHAIBHON JESTEIHHOCTH.

BJIAETD:

pa3pabOTKOI METOJIOB HAYYHOT'O
WCCJICTOBAHMUS JIJIsI TIOTYYCHHUS
HOBBIX ()yHJaMEHTAJIbHBIX 3HAaHUH B
obnactu npodeccuoHaNIbHON
JIeATeTLHOCTH U CIIoco0amMu
MPUMEHEHUS dTUX 3HAHUHN JIIs
CO3aHuA TPHUKIIAIHBIX TEXHOJIOTUH
Y pelIeHHs MPAKTUYECKUX 3a/1ad.

MK-2

CIIOCOOHOCTH K CUCTEMHOMY aHaJINU3y
COBPEMEHHBIX Mpo0sieM GU3UKU U
KOMIIJIEKCa HOBEHUIIINX 3HAHUM 1
JTOCTHKEHUH (PU3UKU B CBOEH Hay4HO-
HCCIIEA0BATENLCKOM JEeITCILHOCTU

3HATB:

bazoBble 3aKOHBI COBPEMEHHOU
(UBUKU U UX B3aUMOCBSI3b,
TEHJCHIIMU Pa3BUTHUS (U3UKH B
0003pUMOIi IEPCTIEKTUBE,
OCHOBHBIE MPOOJIEMBI, CTOSIIIHE
nepe COBpeMeHHOM (hU3UKOH, a
TaKKe MpeJiaraéMble CpesiCTBa UX
perieHusl.

VMETh:

TMOHUMATh CYTh SIBJICHUH U
MPOLIECCOB, U3yYaeMbIX (PU3UKOI.

BJIAJETh:

OCHOBaMH METOJIOJIOTUH U
MPaKTUYECKUMHU HaBbIKAMU
Hay4HOT'O MMO3HAHUS IPU U3YUYEHUU
pPa3IMYHBIX YPOBHEW OpraHU3aIliu




MaTepHH, TPOCTPAHCTBA U
BPEMCHH.

IIK-3 CIIOCOOHOCTH MCITOJIL30BaTh
COBPEMEHHBIE METOBI 00PaOOTKH
AKCTIEPUMECHTAIBHBIX JTAHHBIX U/WIIH
METOJIbI YUCIIEHHOTO MOJCITNPOBAHUS
CJIOKHBIX (PU3NYECKUX TTPOIIECCOB B
obnactu npodeccruoHaIbHON
IeITEILHOCTH.

3HATD:
OCHOBHBIE METOJIbI 00pa0OTKH
JAHHBIX, TIOJYYEHHBIX
HKCHEPUMEHTAIBHO UM METOAAMU
YHCIIEHHOTO MOJICTUPOBAHUSL.

YMETh:
BBIJICTISITh U CUCTEMAaTH3UPOBATh
HE00XO0/IMMbIEC HAYYHBIE JJAaHHBIC;
KPUTUYECKH OLIEHUBATH UX
JIOCTOBEPHOCTb.

BJIAIETD:
HaBbIKaMu cOopa, 00paboTKH,
aHaIM3a ¥ CUCTEMATU3alM1 HayYHbBIX
JIAHHBIX;
HaBBIKAMH CTaTHCTUYECKOTO aHAIIN3a
IKCIIEPUMEHTAIBHBIX JaHHbBIX;
HaBBIKAMH aHATUTHYECKHUX U
YHCJICHHBIX aNPOKCHMAIIUN

byHKIHIA.

3. O0bemM IMCUMIVIMHBI B 3a4eTHBIX €JIMHHMIAX € YKA3aHHMeM KOJIH4YeCTBa aKaJeMHU4YeCKHX
4acoB, BBIICJEHHBIX HAa KOHTAKTHYI0 padoTy o0y4awinuxcsi ¢ npemnojaasareaeM (1o
BU/IaM 3aHSITHIT) M1 HA CAMOCTOSITEILHYIO PAa00Ty 00y4aroIMXcs

O6miast Tpy0eMKOCTh (00BbEM) TUCHUILIMHEI cocTaBiigeT 3 3aueTHbIX equnull (3E), 108 vacos.

3.1. O6vém Ooucuyununvl no eudam yueoHvIX 3anamuil (6 uacax)

Bup yueoHoii paboThl Bcero yacos

OO011ast TPYAOEMKOCTh IUCHUIITUHBI 108
KonrtakTHas paboTa 00ydaronmxcs ¢ npernojiaBaTeneM (1o BuaaM y4yeOHbIX 36
3aHsTHI) (BCero)
AynuTopHas pabora (Bcero): 36

B TOM YHCIIE:

Jlexuun 18

ITpakTHyeckue 3aHsTHS 18
CamocrosiTenpHas pabota 00ydaronuxcs (BCero) 72
Bu HTOroBOro KOHTPOJIA 3auer




3.2. Pazoenvt Oucyuniunsl u mpyooemMKoCcHs Ho 6UOAM YUEOHBIX 3aHAMUIL (6 AKA0eMUYeCKUx

yacax)

Ne Paspen qucuunIMHbI KonrTakTHas padora

CamocrosiTeJIbHAs
Bcero| Jleknuonunnie | [IpakTuyeckune paGoTa
3aHATHSA 3aHATHSA

1 |Beenenue B cnenkypc. 3agavya| 12 2 2 8
paccesiHus B KBAaHTOBOM
MexaHuke. TouHbIe pelieHus

2 |KBa3uknaccuueckoe 24 4 4 16
OINMCAaHNE TYHHEIUPOBAHUS

3 |KBa3ucranuonapHsie 12 2 2 8
COCTOSTHUSI B KBAHTOBOM
MEXaHHUKE

4 \MeTtoa TYHHEITBHOTO 24 4 4 16
raMIIbTOHUAHA

5 |Ocob6eHHOCTH TYHHEIBHOTO 12 2 2 8
a¢ddexra B cucreme
HOPMAJIbHBIX METAJJIOB

6 |OcobeHHOCTH TYHHEIBHOTO 12 2 2 8
a¢dekra B cucreme
CBEPXIIPOBOISIINX METAJUIOB

7 |OcoOeHHOCTH TYHHEIBHOTO 12 2 2 8
s dekra B cucreme
(GeppOMArHUTHBIX METAJUIOB
JIncuunInHa B 1eJIOM 108 18 18 12

3.3 Cooepircanue oucyuniunsl, CMpyKmypupoeanHoe no memam (pazoenam)

Ne

HaumenoBanue pasjaeia
AMCUUIIMHBI

Conepxanue

1 |BBenenue B crienkypc.

3aiaua paccesiHuA B
KBAHTOBOU MEXaHUKE.
TouHble peleHus

Henu u 3amaun kypca. OnucaHue 3JeKTPOHHBIX BOJH B
TBEPJBIX TENaX C MOMOILBIO ypaBHeHus LlIpennunrepa.
OO6cyx/1eHrne aHAJIOTUH MEX1y TYHHEJIbHBIM 3P (PEKTOM B
KBaHTOBOM MEXaHUKE U HENPOIYCKaHUEM B Cpeliax ¢
MHHUMBIM BOJHOBBIM BEKTOPOM (TIOJTHOE BHYTPEHHEE
oTpakeHue). [ paHnYHbIE YCIOBUS AJIs1 BOJIHOBOM (DyHKIIMU.
MatpuyHas ¢popma 3aITUCH CBSI3U aMILTUTY/T
pacipoCTPaHSIOLIUXCSI MO/ B 00JIACTSIX ¢ IOCTOSTHHBIM
noteHuuaaoM. OCHOBHBIE CBOKWCTBAa MaTPHULIbI PACCESTHUS.
OcHoBHble cBo¥cTBa TpaHchep-maTpuipl. O6CyxaeHNEe
OCHOBHBIX OJIHO?JIEKTPOHHBIX U MHOT'OJIEKTPOHHBIX 3a7a4
TYHHEJIMPOBaHUS B TBEP/IbIX Tenax. Pacuet koadduimrenton
OTpaKEHUS U IPOXOXKACHUS OT MPSIMOYTOJIBHOTO
MOTEHITMATBLHOTO Oapbepa. Pacuer ypoBHEH pa3mepHOTro
KBAHTOBAHUS YaCTHUIbI B OJJHOMEPHOU MPSMOYTOJIbHOU
MOTEHIINATBHON IMe KOHEUHOM BEICOTHI. Pe3onancHoe
TYHHEJIMPOBaHHUE yepe3 ABYXO0apbepHYyIO CTPYKTYpY, hopma
JIWHUU pe30HaHCHOTO TpoxoxkaeHus (bpeiita-Burnepa).
YPOBHH pa3MEpPHOTro KBAaHTOBAHUS B TYHHEJIBHO-CBSA3aHHbIX
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NOTEHIMANBHBIX AMax. [IpeacraBienne o BpeMeHu
TyHHENIUpOBaHUs. TyHHENIbHBINA d3PPEKT B OTHOMEPHBIX
NEePUOINYECKUX CTPYKTYypax (3amaya Kponura-Ilenun).
30HHBII CIIEKTP.

KBasuxkiaccudeckoe
OIMMMCAHUC TYHHCIMPOBAHUA

[Tpubmmwxenne Bentuensa-Kpamepca-bputtosna u ero
obmacth mpuMeHUMOoCTH. CBOKCTBA BOJTHOBOW (DYHKIIUU
BOJIM3U TOYKU OBOPOTA (CBSI3b OCHMUTHUPYIOIIUX U
3aryxaromux pemenuit). Meron Mumiepa u I'yaa. Pacuer
K03 (HULIMEHTOB OTPAXKEHUS U MPOXOKICHUS YACTHUIIBI
yepes napabosinyecKuil NoTeHManbHbIi Oapbep. Pacuer
K03 (HULMEHTOB OTPAXKEHUS U MPOXOKICHUS YaCTHUIIbI
Yyepe3 MOTeHIUATbHBIN Oapbep TPOU3BOILHON (OPMBI,
CpaBHEHHUE C TOYHBIM pereHneM. CIeKTp COCTOSHUM
YaCTHUIIbL, JOKAJIIM30BAHHOW B OJITHOMEPHOW IMOTEHIIMATIBbHON
sIME MPOU3BOJILHOTO BH1a. PopMyna kBaHTOBaHUs bopa-
3ommepdenbaa. Pacdyer cieKTpoB COCTOSIHUN /IJIs1 YaCTHUIIBI,
JIOKQJIM30BAHHON B CBSI3aHHBIX MOTEHUUAJIBHBIX IMaX.

KBaszucranmonapasie
COCTOSIHHSI B KBAHTOBOM
MEXAHUKE

Omnpenenenne KBa3UCTAIIMOHAPHBIX COCTOSTHUNA. CBSI3b
CKOPOCTH pacriajia ¢ Mpo3pavHOCThIO TYHHEIFHOTO Oapbepa.
Pacnan kBa3ucTanoHapHBIX COCTOSTHHI B ABYXOapbepHOM
noreHuuane. Pacraa kBa3ucTanmoHapHBIX COCTOSTHUN B
cepruiecKu-CHMMETPUIHOM MOTeHInane. Anbga-pacma,
¢dhopmyina ["amoBa.

Meroa TyHHEIBHOTO
raMWJIbTOHHAHA

Br1BoT 00111€TO BRIpOKCHHS TSI TYHHEIILHOTO TOKA B
TUIOCKOCTIOUCTON CTPYKTYPE «HOPMAJIbHBIA METaILI —
M30JISTOP — HOPMAIBHBIN METAJLI», CBSI3b MOJyUYEHHOTO
BbIpakeHus ¢ popmyioii Jlanaayspa. Pacuer TyHHETbHOTO
TOKa MEXy HOpMaJTbHBIMUA METAJIAMH B TIPUOIHKESHUN
3¢ HEeKTUBHON MAcChI AJIs CIIy4aeB MaJbIX U OOJBIITUX
CMEIICHUM.

Oco6eHHOCTH TYHHEIBHOTO
a¢ddexra B cucreme
HOPMAJIbHBIX METAJIJIOB

TyHHenbHast IPOBOAUMOCTb U 3aKOH OMa. XonoHas
nosieBas smuccus u popmyna daynepa-Hopaxeitma. Pacuer
TYHHEJIBHOTO TOKa MEX/1y HOPMaJIbHBIMU METANIAMH Y€pe3
YPOBHH Pa3MEPHOT0 KBAHTOBAHUSI IBYMEPHOTO
ANEKTPOHHOTO Tra3a (Pe30HAHCHO-TYHHENbHBIN TUO).
[IpuHnun paboThI JIEKTPOHHOTO YMUCCHOHHOTO
MuKpockormna. [TpuHIum paboThl CKAHUPYIOIIETO
TYHHEJIBHOTO MHUKPOCKOTA. 3a7a4a O TYHHEJIbHOM TOKE
M€Ky MOHOKPHUCTAJUIOM C IIJIOCKOM MOBEPXHOCTHIO U
MeTtayumaeckoit cepoit (3amava Tepcodda — Xamanna).
JlokanbHas MIIOTHOCTE cocTosiHUM. 1Ipeacrasinenue o
TYHHEJIbHOM MHUKPOCKOTIMH M CTIEKTPOCKOTIHH.
OAHOAIEKTPOHHBIN TPAH3UCTOP U KYyJIOHOBCKas OJ0Kaaa
TYHHEJIMPOBAHUS.

Oco0eHHOCTH TYHHEIBHOTO
a¢dekra B cucteme
CBEPXIPOBOISIINX METAJIIOB

KBa3zuuactuusl B cBepxnpoBogHukax. I lnotHocTs
COCTOSIHMHM KBAa3WYAaCTHUUHBIX BO30OYX/IEHUH, SHEpreTuuecKas
menb. KBasnyacTuuHOE TYHHETMPOBAHUE B CUCTEMAX
«CBEPXIIPOBOJHUK — U30JIATOP — HOPMAJIBHBIA METaD» U
«CBEPXITPOBOJHUK — M30JIATOP — CBEPXIIPOBOJHUKY B
NpUOIMKEHUN MaJIONIPO3PavyHOro TYHHEJIBHOTo 6aphepa.
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TyHHETBHAS] CHEKTPOCKONHUS CBEPXIPOBOISIICH IIEIIH.
KoHnBepcus cBepXIpoBOASIIETO TOKA B HOPMaJIbHBINA TOK H
aH/IPEEBCKOE OTPAKEHUE B CUCTEME «CBEPXIIPOBOJIHUK —
HOpMaJIbHBINA MeTa». CtanroHapHbIi 3 QexT
Jlxo3edcona. [lepexon /xo3edcona B MarHuTHOM T0JIC.
[TpunHIHI paboThl IBYXKOHTAKTHOTO CBEPXITPOBO/ISIIIETO
kBaHToBOTO MHTEpPepomerpa (CKBU /).
JIxo3edconoBckue Buxpu. [IpuHImn paboTs
repecTpauBacMoro reHepaTopa, OCHOBAaHHOTO Ha JABHXKEHUU
KBaHTOB MarHUTHOTO NoTOoKa. HecranmonapHsiii a3 ekt
Jlxo3edcona. Crynensku Illanupo. Peanuzanms KBAaHTOBOTO
CTaHJapTa HAPSHKEHUS Ha J1K03e()COHOBCKOM IEPEXO/Iie B
T10JI€ AJIEKTPOMArHUTHOM BOJIHBIL.

7 |OcoGennoctu TyHHenbHOro |HeszaBucumblie pemieHus: oqHOMepHOro ypaBHeHus [laymm.
s¢dexTa B cucteme PaccesiHue ciMH-NIONIApU30BaHHON YaCTHULIBI HA
(beppOMarHUTHBHIX METAJUIOB  |TIOTEHIIMATIBHOM Oapbepe MeXTy ABYyMs (eppOMarHUTHBIMHU
MeTaJlJIaMH C pa3HOM HaMarHM4E€HHOCTbIO. [IpuHiun
paboThl TYHHEIBHOTO MarHUTOPE3UCTUBHOTO 3JIEMEHTA.
[Tpunun paboThl CIMH-TIOJIIPU30BAHHON CKaHUPYIOLIEH
TYHHEJIbHOM MUKPOCKOIIHH.

Texkymuil KOHTPOJb YCIEBAEMOCTH OCYLIECTBISAETCS B paMKaX 3aHATHHA IPAKTHYECKOIO H
CEMMHApPCKOI0 THIIA, TPYNIOBBIX M HHIUBUAYAJIBbHBIX KOHCYJbTalMil. MTOroBblli KOHTpOJIB
OCYLIECTBJISICTCS Ha 3a4eTe, B XOJ€ KOTOPOr0 OLEHUBAIOTCSA YPOBEHb TECOPETUYECKHUX 3HAHUU U
HAaBBIKM PELIEHUs NIPAKTUYECKUX 3a1ad.

4. O0pa3oBaTe/ibHbIE TEXHOJIOTHH

[Ipu M3yyeHUM TUCHUILIIMHBI UCTIONB3YIOTCS COBPEMEHHBIE 00pa30oBaTeIbHbIE TEXHOJIOTHH.
[IpenycmaTtpuBaeTcsi UCHOIB30BaHUE B y4EOHOM MPOIECCE AKTUBHBIX M HMHTEPAKTUBHBIX (HOpM
MPOBEACHUS 3aHATUM (Pa300p KOHKPETHBIX CUTYallMil, TPEHUHTH IO PEIICHUIO MPAKTHUYECKUX
3ala4) B COYETAaHWU C BHEAYIUTOPHOM paboToil ¢ 1enblo (HOPMHUPOBAHHS €  PaA3BUTHUA
PO eCCHOHAIBHBIX HABBIKOB 00YJArOIITUXCSI.

KonTaktHas pabora (paboTa BO B3aMMOJCHCTBUHM C MpENojaBaTeieM) MO AUCIHUIIIMHE
mpoxXoAuT B (GopMe JIeKIIUH W TPAKTUYECKUX 3aHIATHH, a TaKkKe B BUJE KOJUIEKTUBHBIX H
WHJIMBHUIYAIbHBIX  KOHCyJIbTauMii. Ha  3aHATHSAX  JIGKUMOHHOTO  THUIMA  HUCMOJIb3YHOTCA
MYJIbTUMEANIHBIE CPEICTBA TOMJEPKKH 00pa3oBaTEIbHOTO TMpOIEcca, YacTh 3aHITHI
MPOBOASATCS B BHUJE JIEKIMA C MpoOJEeMHBIM U3JOKEHHEM Marepuana. Ha 3aHATHAX
MPAKTUYECKOTO TUIIA Pa30UPAIOTCS pEIICHUs 3a7a4 Pa3IMYHON CTENEHU CIIOKHOCTH, MMPOBOSTCS
00CYXKJIEHUSI pacCMaTpUBaEMBIX MPOOJIEM B CBETE MOCIEIHUX HAYYHBIX JIOCTHKEHUN B JaHHOU
obnactu. AcniupaHThl pabOTaIOT KaK WHIMBUIYATBHO, TaK M KOJJIEKTUBHO.

CamoctosiTenbHast paboTa BKIIIOUAET B ce0sl BBHIMIOJHEHUE TOMAIIHUX 33JaHUH, TOJTOTOBKY
CEMHUHAPOB, a TAaKXE TEOPETHYECKYIO IOJATOTOBKY K 3aHATHSIM II0 MaTepuajgaM JIeKIud u
PEKOMEHJIOBAaHHOM JIMTEepaType, MPUBEIECHHON B KOHLE JaHHOW mnporpammel. Kpome Toro,
aCIUpaHThl WMEIOT BO3MOXXHOCTh TPUHUMATHh ydYacTHE€ B CEMHUHApax C MPeACTaBUTEISIMU
POCCHUHCKHX U 3apyO0eKHBIX HAYYHBIX OpPraHU3allMi, MacTep-KiIaccax dKCIEePTOB U CIEIUATHCTOB
B 00JIaCTH COBPEMEHHBIX 3a/1a4 (PU3UKH TYHHEIBHBIX SBIICHUM.




5. YueOHO-MeTOANYECKOE 00ecTIeYeHre CAMOCTOAITeIbHOI padoThl 00y4aromuxcst

B kypce 3amnaHupoBaHO HA CAMOCTOSATEIBHYIO paboTy acnupanToB 72 vaca (67 % obmiero
o0bema). CamocTosiTenbHas paboTa acMpPaHTOB SABISETCS OJHUM M3 BUAOB YUEOHBIX 3aHATHI,
BBIIIOJHAETCS 10 3aJaHMI0 IIpernojaBaTelis HWHIMBUIYaJbHO M 0€3 €ro HENoCpeiICTBEHHOIO
yuactus. CamocrosiTenbHas paboTra acnupaHTa — HEOThEeMJIeMas 4YacTh MOJrOTOBKHU
BBICOKOKBATM(UIIUPOBAHHOTO  CIIEIHAIMCTa B COOTBETCTBYyMIIeH obOmactu. Ee wemp —
CUCTeMAaTH3alMsl U 3aKperyieHHe MOJyYeHHBIX 3HAHUW M yMEHUH, yriayOJeHue U pacliupeHue
3HAHWUW, TPUOOPETCHHE HABBIKOB CAMOCTOSATEIBHOW pPabOTBl C JUTEpaTypou, (GopmMupoBaHue
CIIOCOOHOCTE M HaBBIKOB K HEMPEPHIBHOMY CaMOOOPa30BaHHIO M MPOo(hecCHOHATLHOMY
COBEpPIIEHCTBOBAHUIO.

CaMmocrosTenbHass paboTa acmnupaHTa MOJApa3syMeBaeT MpopabOTKy JEKIUOHHOTO U
JIOTIOJIHUTEIBHOIO MaTepuaia, pellieHue JOMAIHUX 3ajjad ¢ MOCIeNyIOlIed MPOBEPKON HaBBIKOB
pemienus 3anad. [IpopaboTka JEKIMOHHOTO MaTepHaja OCYILECTBISETCS €KEHEIENbHO Iocie
IIPOBEJECHUS ayAMTOPHBIX 3aHSATUA B paMKax 4YacoB, OTBEJACHHBIX acCHUpaHTaM Ha
camocTosTensHy0 padoTy. Kpome Toro, paboTa ¢ JIEKIIMOHHBIM U JAOMOJHUTEIBHBIM MaTepruaioM
(pekoMeHI0BaHHOM JIUTEpAaTypoll, IPUBEJCHHONW B KOHIIE JAHHOW MPOrpPaMMBbI) MPOBOJUTCS HpPHU
MOATOTOBKE K 3a4eTy IO JUCHUIUIMHE. BblmomHeHue pomamHux paboT OCYHIECTBIAETCS
€KEHE/ICbHO MITM pa3 B JIBE HEJEIN B COOTBETCTBHH C IPa)MKOM M3Y4YEHHUSI COOTBETCTBYIOIIETO
JIEKIMOHHOT'O MaTepuasa U MPOBEICHUS MPAKTUUECKUX 3aHATHH [0 COOTBETCTBYIOIICH TeMaTHKE.

6. DoHJ O1LIEHOYHBIX CpPpEaACTB 10 JTUCHUIIJIUHE
6.1 Tunoeuie KOHmMpOJ/lbHble 3a0aHUA WU UHbLE mamepuaiibl

1. 3anucarb MaTpuily pacHpOCTpaHEHHUs ISl Cilydas HAKJIOHHOIO TaJeHUs 4YacTHLbl Ha
OJTHOMEPHBIN MOTeHIMAIBbHBIA Oapbep. PaccunTarh BEpOSATHOCTh OTPAXKEHUSI M MPOXOXKIACHUS
B 3TOM CJIy4ae.

2. Hcnonw3ys MeToJ MaTpHUIbl paclpOCTPAHEHHsI PACCUUTATh SHEPreTUYECKUN CIEKTP YacTUIIbI
B OJIHOMEPHOW NOTECHIHAIBHOM M€ KOHEYHOUW BBICOTHI. PaccMOTpeTh CHMMETPHUYHBIN M
HECUMMETPUYHBIN CITy4aH.

3. MHcnonp3ys MeTom MaTpuilbl paclpoCTpaHEHHs pPACCUATATh CHEKTP YacCTHIBI B JIBYX
CBSI3aHHBIX TOTCHIUAJIBHBIX SIMAX.

4. Hcnonp3ys METOJI MaTpPUIbl pacpOCTPAHEHUS PACCUUTATh CIIEKTP pa3pelIeHHbIX COCTOSHHUN

s anekTpoHa B mepuoandeckoM moreHnuane U(X): U(X)=0 mpu 0<x<a u U(X)=Up npu

a<x<b, rae a+b — nepuox crpykrypsl (Mmogen» Kponura-Ilenunu).

Hcnone3ys BKb-meTon paccuurars ypoBHU 3HEPTHH YaCTHULIBI B IOTEHIIMAIBHOM SIME.

6. MUcnomszys BKB-meron paccuutarth YpOBHU SHEPrHMM YacTHIBI B JBYX CBSI3aHHBIX
MOTEHLIMAJIbHBIX SIMaX.

7. PaccuuTaTh BOJIBT-aMIIEPHYIO XapaKTEPUCTUKY TYHHEIBHOTO MEPEX0/ia, COCTOSIIETO U3 IBYX
HOpPMaJIbHBIX METALIOB, ipu T=0.

8. PaccunTaTh BOJIBT-aMIIEPHYIO XapaKTEPUCTUKY TYHHEIFHOTO MEPEX0/Ia, COCTOSIIETO U3 IBYX
HOPMaJbHBIX METAJVIOB M KBAaHTOBOM MBI C JUCKPETHBIM JHEPIETUYECKUM CIIEKTPOM
(pe3oHaHCHO-TYHHENbHBIN A10N), ipu T=0.

9. PaccunTaTh BOJBT-aMIEPHYIO XaPAKTEPUCTUKY TYHHEIBHOTO IEpexo/a, COCTOSIIEro U3
CBEPXMPOBOJHUKA U HOPMAJIIBHOTO MeTasuia, npu T=0.

10. PaccumTarh KBa3MYaCTUYHYIO BETKY BOJBT-aMIEPHOW XapaKTEPUCTUKU TYHHEIBHOTO
Mepexoja, COCTOSIIETO U3 ABYX OJJMHAKOBBIX CBEPXIIPOBOJHUKOB, Tpu T=0.
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11. PaccumTarh  3aBHCHMOCTh  TOJHOTO  JKO3€()COHOBCKOTO  TOKa  4Yepe3  KOPOTKHUHU
JK03€(PCOHOBCKUHM KOHTAKT OT BHEIIHET'O MAarHUTHOTO MOJIS.

12. Pemmths 3amady O CTPYKTYpe [K03e()COHOBCKOTO BUXPS B LIMPOKOM JKO3€(COHOBCKOM
nepexoe.

13. B paMkax Mopenu pe3UCTUBHO-IIYHTHPOBAHHOTO IEPEX0Ja PacCYUTATh BOJIBT-aMIEPHYIO
XapaKTePUCTHUKY JK03e(DCOHOBCKOrO IMepexoja Ajs 3aJaHHOr0 CTOPOHHEro TOKa (3aaaya o
cranroHapaoM 3¢ dekre Jlxo3edcona).

14. B pamkax MoJenH PE3UCTUBHO-IIYHTUPOBAHHOIO NEPEX0Jla PAaCCUUTATh BOJIBT-aMIIEPHYIO
XapaKTePUCTHKY JKO3€()COHOBCKOTO Iepexoja i 3aJaHHOTO MEePEeMEHHOTO HAIpsIKCHUS
(3amava o HectanmoHapHoM dddekre [[xo3edcona).

6.2. Onucanue wiKan OueHUBAHUA

WTOroBeIii KOHTPOJH KadeCcTBA YCBOCHMS AaClUMpaHTaMU COAEP)KaHMS JHUCIHILIMHBI
IIPOBOAUTCS B BUJIE 3aU€Ta, HA KOTOPOM OIPEeIIAeTCs:
® ypOBEHb YCBOCHHMSI OCHOBHOTO YU4E€OHOrO MaTepuasa 1o JUCIUILIHHE;
® YpPOBEHb IIOHUMAaHWA U3YYEHHOI'0 MaTepHUala;
® CII0COOHOCTH HCIOJIB30BAThH IMMOJIYYCHHBIC 3HAHUSA AJId PCIHICHUA KOHKPCTHBIX 3a/1a4.

3a4yeT MPOBOAUTCS B YCTHOM (opMe. YCTHAS 4acTh 3aKJIIOYACTCS B OTBETE aCIIUPAHTOM Ha
TEOpeTHUECKHe Bompoca Kypca (C TpeaBapUTEIbHOW IMOArOTOBKOH) M IMOCIEAYIOIIEM
cobeceloBaHUH B paMKax TeMaTuku Kypca. CobecemoBaHue MpPOBOAUTCS B (OopMe BOMPOCOB, HA
KOTOpBhIE AaCHHpaHT JOJDKEH JaTh KpaTkuii orBeT. [lpakThueckas dacTb mpeaycMaTpHBaeT
pelIeHne ByX 3a1ad [0 Pa3IMYHBIM pa3JiesiaM Kypca.

3ayeT CTaBUTCA IPU YPOBHE 3HAHUN HA OLICHKY «yJOBJIECTBOPUTEIBHO» U BBILIE.

Ounenka YpoBeHb IOATOTOBKH

OTnnyaO Bricokuii ypoBeHb MOATOTOBKY C HE3HAYUTEIBHBIMU OLTHOKAMHU.
AcnupaHT JjaeT NOJIHBIN U pa3BepHYTHIN OTBET HA BCE TEOPETUUYECKHE
BOTIPOCHI OMJIETa; TOYHO OTBEYAET HA JIOTIOIHUTEIHHBIE BOIIPOCHI;
MPUBOAMT MOYTH MOJHbIE, ApTYMEHTHUPOBAHHBIE PEIICHUS BCEX
cOpPMYITHPOBAHHBIX B OMIIETE 3a/1a4 C HE3HAYUTEIHHBIMHI HEI0YETaMHU.
W3noxeHue perieHnii 1 NoJy4eHHbIe OTBEThI OTINYAIOTCS JIOTHYECKOM
MOCTIeIOBATEIHHOCTHIO, YETKOCTHIO B BEIPAKEHUH MBICIIEH 1
000CHOBAHHOCTBIO BBIBOJIOB, IEMOHCTPUPYIOLINX 3HAHHUE
oOuiegu3nyeckux U NpoheCcCUOHAIbHBIX AUCHUIUIMH, YMEHUE
MIPUMEHSATh Ha MPAKTUKE NMPUOOPETEHHbIE HABBIKH, BIaJICHUE
METOIMKAMH PEIICHHS 3a/1a4.

BeInonHeHne KOHTPOJIBHBIX 9K3aMEHAI[MOHHBIX 3aJaHuii Ha 90% u
BBIIIIE

XOpOI_HO B [EJIOM XOopomias nmoAroToBka ¢ 3aMETHbBIMU OIIMOKAMH HJIN
HEAO0UCTaMHU. ACHI/IpaHT JacT TIOJTHEIA OTBET Ha BCE TCOPETUICCKUC
BOIIPOCHI ouieTa ¢ HeOONbITUMHU HCTOYHOCTAMU, JOITYCKACT OIIMOKH
IIpH OTBETAX HA JOIMMOJIHUTCIIBHBIC BOIIPOCHI; IPUBOAUT IMOYTH ITOJIHBIC
peuIcHud BCEX C(I)OpMyJ'II/IpOBaHHBIX B Omiere 3aZla4 ¢ HCKOTOPbIMU
HEO0YCTaMU,; UJIKW UCUCPIBIBAIOIICC PECIICHUEC ITPUBCACHO TOJIBKO JJIA
O,Z[HOI>'I N3 IBYX 3a1a4 61/IJ'ICTa, a BTOpas 3ajJiavya pCuiCHa Co
SHAYUTECIbHBIMHA ITOTPCUIHOCTAMMU. H3noxxenue pemeHHﬁ 1 IOJTYYCHHBIC
OTBETHI OTJINYAOTCS JIOTHYECKOM nociaea10BaTCIbHOCTBIO, ,Z[OCTaTOLIHOI\/’I
YCTKOCTHIO B BBIPAXKCHUHN MBICJICH U HE BCErga ITOJTHOH
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000CHOBAHHOCTBIO BBIBOJIOB, JICMOHCTPUPYIOIINX, B 11€JIOM, 3HAHUE
o0medu3nyeckux u MpoheCCUOHATBHBIX TUCIUIUINH, YMEHHE
MIPUMEHATH Ha NMPAKTUKE MPHUOOPETCHHBIC HABBIKH, BIIAJICHUE
OCHOBHBIMHM METOJUKAMH PELICHUS 3a/1a4.

BrinonHeHHE KOHTPOIBHBIX SK3aMeHAaIMOHHBIX 3aaanuii oT 70 10 90%.

VY noBneTBopuTeNnbHO | MMHMMAaJIbHO JOCTATOUHBIM ypOBEHb IOArOTOBKU. ACIUPAHT

MIOKa3bIBA€T MUHIUMAJIbHBIN YPOBEHb TEOPETUUYECKUX 3HAHUH,
JIOTyCKAeT OMIMOKY MPU OTBETAX HA JOMOJHHUTEIbHBIE BOIPOCHI;
MPUBOJIUT HETIONHBIE, ClTa00 apryMEeHTHPOBAHHBIC PELICHUS BCEX
chopMyIMPOBAHHBIX B OmiieTe 3ana4. M3noxxeHue pereHuii u
MOJTyYEHHbIE OTBETHI HE OTJIMYAIOTCS CTPOWHOM JIOTHYECKOM
MOCTIeIOBATEIbHOCTHIO, YETKOCTHIO B BEIPAKEHUH MBICIICH 1
000CHOBaHHOCTBIO BBIBOJIOB, YTO TOBOPHUT O HE JOCTATOYHO ITOJTHOM
MOHUMaHUH 001Iepu3nyecKnx 1 Npo(hecCHOHATBHBIX TUCIHUILINH,
YMEHHMHY TIPUMEHSTH Ha MIPAKTHKE JIUIIb HEKOTOPbIE MPUOOPETCHHBIE
HaBBIKH, BJIAJICHUH HE BCEMHU M3yYCHHBIMU METOUKAMHU PEIICHUS
3ajad.

BrinosiHeHNE KOHTPOJIBHBIX 3K3aMEHAMOHHBIX 3a1aHuil ot 50 1o 70%.

Hey,Z[OBJ'IeTBOpI/ITCJIBHO IToaroroBka HemocTaTOUHAS U Tpe6yeT AOMOJIHUTCIIBHOT'O U3YYCHU A

MaTtepuasa. ACIUPAHT JaeT OMMOOYHBIC OTBETHI, KaK Ha TCOPETHUCCKUC
BOTIPOCHI OWJIETa, TaK ¥ HA HABOMSIIUE U JOTIOJHUTEIBHBIC BOIIPOCHI
9K3aMEHATOPA; MPUBOIUT PEIICHHS CPOPMYITHPOBAHHBIX B OUIIETE
3aja4 ¢ rpyObIMH HEI0YETaMH, YTO TOBOPUT O HEIOCTATKE 3HAHHUH 110
o0mepu3nIeCKuM U MPoPeCcCHOHATBHBIM TUCIUTUTHHAM, OTCYTCTBHH
YMEHUS IPUMEHSTh Ha MPAKTHKE IPHUOOPETCHHBIC HABBIKU, HE BIIAJICHHE
METOJIMKAMH PEIICHUS 33]1ad.

BrinonHenue KOHTPOJIBHBIX IK3aMEHAIMOHHBIX 3a1anuit 10 50%.

7. IlepeyeHb OCHOBHOW H JAONMOJHHUTEIbHOH Y4yeOHOH JIMTEpPaTypbl, HEOOXOAMMOH [JIAA
OCBOCHMS AMCUHUIIMHBI

a) ocHOBHasA Tumepamypa.

1.

2.

o

~

Jangay JI.JI., Jludmmun E.M., kypc "Teopernueckas ¢puszuka", Tom Ill. «kKBanToBas
MexaHuka». M.: Hayxka. 2002.

Jangay JI.J., Jludmmu E.M., kypc "Teopernueckas ¢pusuka", Tom V. «CraTuctuyeckas
¢uszuka. Yacte 1». M.: Hayka. 1976.

Jangay JI.J., Jludmmun E.M., kypc "Teopernueckas ¢puzuka", Tom VIII.
«OJIEeKTpOIMHAMUKa CIUIOIHBIX cpe». M.: Hayka. 1982.

JInpmmn E.M., [Tutaesckuii JLII., kypc "Teoperuueckas gusuka", Tom X. «Dusndeckas
kuHeTuka». M.: Hayka. 1979.

Ab6puxocoB A.A., «OcHOBbI Teopuu MeTaiIoB», M.: ®usmariur, 2010.

lNanmuuxuit B.M., KapnakoB b.M. u Koran B.1. «3aiaun no KBaHTOBOI MEXaHUKE.
Mocksa: Hayka, 1992.

Je Ken I1., «CBepxnpoBoAMMOCTh METAIOB U cIIaBoBY». M.: Mup, 1968.

Ananeimkud AJO. «TyHHenbHBIE SIBIEHUS B HAHO(DU3UKE». DIEKTPOHHOE YIeOHOe
noco6ue (http://www.unn.ru/books/met_files/Aladyshkin_1.pdf).
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17. Blonder G.E., Tinkham M. and Klapwijk T.M. «Transition from metallic to tunneling
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B) (hakyJbTaTUBHAS JIUTEPATYpa
1. [Hdemuxosckuii B.f., Byranerep ['.A., «®u3nka KBaHTOBBIX HU3KOPA3MEPHBIX CTPYKTYPH.
M: Jloroc, 2000
2. Comumap JI. «TyHnHenbHbIN 23 dEKT B CBEPXIIPOBOAHUKAX U €T0 MpUMeHeHue». MockBa:
Mup, 1974.
3. ®péman H. u @péman I1.0. «BKB-npubnmxenune». Mocksa: Mup, 1967.

8. IlepeueHb HHMOPMAIMOHHBIX TEXHOJOIHH, MCHOJb3YeMbIX MPH OCYIIECTBJICHUH
00pa30BaTeJILHOIO MPOIecca Mo THCIUTIINHE

Hcnonp3oBanue IIPOTrpaMMHOTO 06eCHequI/IHZ
1. Microsoft Office Word.
2. Microsoft Office Excel.
3. Microsoft Office Power Point.
4. Free Origin Viewer.

9. Onucanue MaTepHAJIbHO-TEXHHYECKON 0a3bl, He00XOAUMON I OCYLIEeCTBJICHUSA
o0pa30BaTeIbHOIO NMpouecca mo JUCHUIINHE

Jlns mpoBeneHusl JIEKUUH M MPakTHYECKUX 3aHATHH TpeOyeTcs TUIOBOE O00OpYAOBaHHE
JIEKIIMOHHOM ayJIUTOPHH.
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JlJis  TOATOTOBKHM CaMOCTOSITEIbHBIX KOHTPOJIBHBIX PA0OT W i WX TrpaduuecKkoro
npejacTaBieHust (€ciau 3TO HEoOXOOUMO), a Takke IJs PACIIUPEHHUS KOMMYHUKAIIMOHHBIX
BO3MOXXHOCTEH  aCUpaHThl ~UMEIOT  BO3MOXHOCTh  paboTaTh 32  KOMIIBIOTEPOM €
COOTBETCTBYIOIIUM JINIIEH3UOHHBIM NIPOTPAMMHBIM OOecrieueHrneM U BbIX0JJ0M B HTepHeT.
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