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

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay
A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: Tononornueckne 3¢ GeKTh 1 HOBast CBEPXIIPOBOAUMOCTh
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenpa QUMK CBEPXIIPOBOANMOCTH U KBAHTOBBIX MaTepPHAaJIOB

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 0 yac.
nabopatopusle 3ansaTus: 0 gac.

CamocrosrensHas padora: 30 gac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocrasuin: A.JI. PaxMaHOB, a-p $u3.-Mar. HayK

[Iporpamma obcyxneHa Ha 3aceqannu kKadenpa Gpu3nKu CBepXIMpOBOAUMOCTH U KBaHTOBBIX Marepuainos 21.02.2025



AHHOTANMA

JlucuuruinHa mpeasiaraeT CTyJAeHTaM MOTPy3UThCsS B MUP MEPEIOBOM KBAHTOBOW (DU3HMKH, COCPETOTOUECHHON
Ha MCCIIEOBAHUAX TOMOJIOTMYECKNX XapaKTEPUCTUK COBPEMEHHBIX CBEPXIPOBOIHUKOB. L{ens Kypca cocTouT
B TOM, 4TOOBI C()OPMHUPOBATH y CTYACHTOB INIyOOKHE 3HAHMSA O B3aHMMOJCHCTBMM TOIOJIOTHM M KBAaHTOBBIX
SIBIIGHUH, YTO UMEET pellarollee 3HaYeHHE )11 NOHMMAaHHS COBPEMEHHBIX MHHOBALIMOHHBIX TEXHOJOTUH B
00J1acTH HAHOIEKTPOHUKU M COMHTPOHUKH. OOy4aromuecs Mo3HaKOMATCS ¢ KIF0YEBBIMU AKCIIEPUMEHTAMH U
TEOPETHYECKUMHU PE3YyNbTaTaMu, KOTOpPbIE OOYCIOBIMBAIOT NPOSIBICHUE YHHUKAJIbHBIX TOMOJOTHMYECKUX
CBOMCTB 3THUX CHCTEM.

B xome wu3ydeHus Kypca CTyneHTbl OyAyT pa3BHBaTb HaBBIKH, HEOOXOOMMBIE IS CaMOCTOSTENIbHBIX
UCCIICAOBAaHUM B 0OJACTH TOIMOJOTHYECKHX CBEPXIPOBOASIIMX CHCTEM, 4YTO CTaHET OCHOBOM aisi HX
YCHEITHOW JanbHelInel HaydyHOW JnesTenbHOCTH. Kypc oxBarThiBaeT pa3HOOOpa3HbIe TEMBI, BKIIOUYas
JUPAKOBCKHE CUCTEMBI, JEKTOH-3JIEKTPOHHOE B3aUMOJICHCTBHE U TOMIOJIOTHYECKYIO CBEPXIIPOBOJUMOCTb, YTO
[IO3BOJIMT CTYIAEHTaM HE TOJIbKO OCBOUTb TEOPETUYECKUE MOJENM, HO M IPUMEHUTh UX Ha Ipaktuke. B
KOHEYHOM HTOTE, BBITYCKHUKHN Kypca MOIydaT KOMIUIEKCHOE NPEACTABIEHUE O COBPEMEHHBIX JOCTHKECHUSAX B
obnactu (pU3MKN KOHICHCHPOBAHHOTO COCTOSHUS U OylyT TOTOBBI BHOCUTH CBOW BKJIAJ] B IEpEIOBbIC HAyYHbIE
pa3paboTKu.

1. leau u 3apauu

eap AUCUMNIMHBI
OcBoeHue cTygeHTamMu (yHJAMEHTaIbHBIX 3HAaHMKW B OONACTH  TOIMOJIOTUYECKHX CBOWMCTB
CBEPXIIPOBOMSIIUX CHUCTEM, (PyHAAMEHTANBHBIX 3(PQPEKTOB, TPOSBISAIONIMXCS B COBPEMEHHBIX
CBEPXIIPOBOISIINX CHCTEMAX.

3axayu QUCHUNIHHBI
- ®opmupoBaHre 0a30BBIX 3HAHMH B O0JIACTH KBAaHTOBOW (DM3MKH TOIOJIOTMYECKH HETPUBHAIBHBIX
CHCTeM KaK TUCLUIUIMHBI, WHTETpUpYomeld o0mednu3ndeckyro 1 00MIeTEOPETHYECKYIO MOATOTOBKY
¢u3MKOB M oOecneyMBaroOUIel TEXHOJIOTMYECKHE OCHOBBI COBPEMEHHBIX HHHOBALMOHHBIX cdep
JeSTeIIbHOCTH,
- TIOHMMaHHE KIFOYEBBIX (PU3MYECKHX DKCIEPUMEHTOB U TEOPETHUECKUX PE3YJBTATOB, JISKAIIUX B
OCHOBE IPOSIBIICHUS TONOJIOTHYECKUX CBOMCTB CBEPXIPOBOASALINX CHCTEM;
- (opMHpOBaHWE TIOJXOJOB K BBIIOJHECHUIO CTYJICHTAMU HCCICAOBaHMH B O0JAaCTH CBOWCTB
COBPEMEHHBIX TOIOJIOTUYECKH HETPUBHAIBHBIX CBEPXIPOBOMISIINX CHCTEM B paMKax BBIITYCKHBIX
pabor Ha creneHb MarucTpa, (opmMupoBaHHe O0a30BBIX 3HAHUM M YMEHWH IS JallbHEHIINX
WCCIICIOBAaHHUI B paMKaX BBIITYCKHBIX KBAIM(HKALMOHHBIX PaOOT.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie CIeayronux KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIKCHHUA KOMIICTCHIIMH

YK-6.1 Ymeer pemars 3aga4u COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBLHOTO  pa3BUTHS,  ONPENeNsaTb |
peann30BBIBATH MIPUOPUTETHI COBEPIIICHCTBOBAHUS
CcOOCTBEHHOM AEATENHHOCTH

YK-6 Criocoben onpeessTh U peaan30BhIBaTh
MPHOPUTETHI COOCTBEHHOMN AEATENBHOCTH U
CIIOCOOBI €€ COBEPIIEHCTBOBAHUS HA OCHOBE
CaMOOILICHKH

VK-6.2 OueHuBaeT CBOIO JI€STEILHOCTb, COOTHOCHUT LIE/H,
CIIOCOOBI WM CPEJICTBA BBITIONHEHUS JACITEIHHOCTH C e
pe3ynbTaraMu

OIIK-1.1 3HaeT ©W  cOocoOCH  HCIOJB30BaTh B
mpoeCCUOHANBHON  JesATeNbHOCTH  (yHAaMeHTalbHbIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAYK

OIIK-1 Bnaneet cucremoit pynnamentanbibeix |OIMK-1.2 CrnocobeH 0600mark M KpUTHYECKH OIICHWUBAThH
Hay4YHBIX 3HAHUH B 00JacTu OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCIENOBaHUA B 00IaCTH
(HU3MKO-MaTEMaTHYECKUX HAyK npo(heCCHOHATBHOM e TEIbHOCTH

OIIK-1.3 IlonnmMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTh
MareMaTuku ¥ (U3UKH M CHOCOOCH WX TPUMEHSTh MpPH
peleHun 3a1a4 NpoQeccuOHaNbHON AEATENbHOCTH




OIIK-2 Nmeet npeacrapieHne 00 aKTyaabHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON NesTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
HCCIICAOBAaHUM B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJIbHOCTh
WCCIIe/IOBaHW B 00JacTh cBoeil  Mpod)eCCHOHANBHOM
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Bnaameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCIOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHYECKON
auTepatype, o0azaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HayYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 Cnioco6eH BbIOUpaTh 1 (MIIN)
pa3pabaThIBaTh MOIAXO/IBI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 00actu npodeccrnoHansHon
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrPaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PEIIeHHs, MpeiaraTb U KOMOWHUPOBATH CHOCOOBI
peleHus

OIIK-3.2 CnocobeH HCIOIL30BaTh HMCCIEIOBATEILCKUE
METObl NP PEIICHUH HOBBIX 3ajad, NIPUMEHSs 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Binazeer aHaAIUTUYECKUMU U BBIUYUCIHUTEIHLHBIMUA
METOJIaMU pEIICHHs], TOHNMAET U YYUTHIBAET HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeIICHUN

OIIK-5 CniocoOeH 1 roTOB K MOBBIILIEHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJICKTHBOM B chepe cBocit
npodeCcCHOHAILHOM I TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3Indus

OIIK-5.3 CrpeMutrcsi K TMOJYyYEHUIO HOBBIX 3HAHHUH,
poQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

[IK-1 CnocoGen craBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBaTh HAy4HbIE TPOOIEMBI, [TOy4aTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh U 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAHHIN B
pamMKax TeMaTHUeCKOW 00yacTH cBoell mpodeccroHambHON
IEITEILHOCTH

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

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBe uiieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[IK-2.1 CnocoGeH I1ulaHUPOBaTh M MPOBOAWTH HAYYHBIC
UCCJICZI0BAHUSI CAMOCTOSTENIbHO MJIM B COCTaBE€ HAay4yHOIO
KOJIJIEKTHBA

[IK-2.2 CnocobeH mNpoBOAUTH ampoOanuio pe3yibTaToB
HayYHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NMyOIMKalUuK HAYYHBIX CTATeH U y4acTusi B KOH()EPEHIUSIX

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

3HAThb:

1. CoBpemMeHnHbIe TPoOIIeMBI (PU3UKH KOHIECHCHUPOBAHHOTO COCTOSTHHUSL.

2. Hoseiimuie oTKpbITHS B GU3UKE, B T.4. B KBAHTOBOM (PU3HKE TBEPIOTO Tea.

3. O B3auMOCBA3sX U (PyHIaMEHTAIFHOM €IUHCTBE ECTECTBEHHBIX HAYK.

4. Teopernueckue mMozenu (yHAaMEHTAIbHBIX MPOLECCOB M SBJICHUI B (U3MKE KOHIAEHCHPOBAHHOTO

COCTOsSIHHA.

5. IIpyHIMIIBI CHMMETPHUU U 3aKOHBI COXPAHECHUSL.
6. OCHOBHBIC IPUHIUIIBI (PYHKIIMOHUPOBAHUS YCTPOHCTB HAHOIEKTPOHUKH ¥ CIUHTPOHHKH.
7. Hayunwle 3aja4ym, HaJl KOTOPBIMH paboTalOT B J1a0OpaTropusix - MapTHEpax oOpa3oBaTEIbHOM

MPOrpamMMmBl.

8. Texnuky 6e30macHOCTH U MpaBWiIa pabOTHl B HU3KOTEMIIEPAaTypHBIX (PU3MYECKUX HKCIIEPUMEHTaX U
B OKCTIIEPUMEHTAX C CHJIbHBIMA MarHUTHBIMH TIOJISIMU.

YMETb:




1. D¢ddexTrBHO MCTIOIB30BATH HA MPAKTHKE TEOPETUUECKNE 3HAHUS: TOHATHS, PE3YJIbTaThl, TUIIOTE3bI,
3aKOHBI.

2. IlpencraBuTh MaHOpPaMy YHHBEPCAJIbHBIX METOJOB M 3aKOHOB COBPEMEHHOM KBaHTOBOW (pu3MKu
COBPEMEHHBIX CBEPXITPOBO/IAIINX M TONOJIOTUYECKU HETPUBUAIILHBIX CHCTEM.

3. AGcTparupoBaThCsi OT HECYIIECTBEHHBIX (DAaKTOPOB NPH MOJCIMPOBAHMM PEATBbHBIX (U3NUECKUX
MPOILIECCOB U SIBJIICHUM.

4. Jlenarh YMCICHHBIE OIICHKHM MacITada 0KuaaeMbix 3hHeKToB.

5. [InaHnpoBaTh ONTUMAIILHOE MTPOBEICHUE SKCIEPUMEHTOB JUTS PELICHUS TOCTABICHHBIX 3a/1a4.

BJIAJIETh:

1. TeopeTHuecKMMH OCHOBaMH 3KCIIEPUMEHTAILHBIX METOJOB IPOBEACHUS W3MEPEHUH B 00NacTu
KBaHTOBOH (M3WKH COBPEMEHHBIX CBEPXIPOBOISALIMX W TOIMOJOTHUYECKH HETPUBHAIBHBIX CHCTEM C
KCIIOJIb30BaHNEM TPAHCIIOPTHBIX, TYHHEIBHBIX, TEPMOAMHAMHYECKIX U PE30HAHCHBIX METOJIOB.

2. Nadopmanueii 0 COBpeMEHHOM COCTOSIHMM HCCIIEIOBAaHUN B 00J1aCTH KBAaHTOBOW (PM3UKH TBEPIOTO
Tena.

3. Teopernueckumu MopensiMu  (YHIAMEHTAIbHBIX MPOLECCOB M  SBJICHUH B  (U3UKE
KOHJICHCHPOBAHHOTO COCTOSTHUS

4. Meronamu aHanu3a U 00padOTKH SKCIIEPUMEHTAIBHBIX TaHHBIX.

4. Coep:xanue JUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Pa3znenbl TUCTMITIIMHEI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YUE€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTsr Camocr.
pabora
1 Beenenwne u 0630p. UTo Takoe TOMOJIOTHS 3 3
) OcHOBHBIE MaTeMaTW4eCKUe TOHSITHSA 3 3
(mponmomxeHue)
3 JnpakoBCKHUE CUCTEMBI 3 3
4 I'paden (mpomomxenue) 3 3
5 Tononoruueckue JUJIEKTPUKH 3 3
(mponomkeHue)
DNEeKTPOH-3IEKTPOHHOE
6 BSaI/IMO,Z[e\I:/'ICTBI/Ie, BOJIHBI CIIMHOBOH H 3 3
3apsAOBOM  IUIOTHOCTH, — IapameTphl
nopsiaka
7 Tononoruyeckas KJIacCUpUKaIus 4 4
apaMeTpoB MOPsiIKa (IPOLOIKEHHE)
8 Tononoruveckas CBEpXIPOBOAUMOCTh 4 4
9 Tomonornveckass  CBepXNMpPOBOIUMOCTD 4 4
(mpomomxeHue)
Nroro yacos 30 30
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.
4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 2 (Becennuit)




1. Beeaenue u 0630p. UTo Takoe TOMOIOTHS

OcHOBHBIE MOHATUA. 3aueM OHa HyxkHa B ¢usuke. Uro bl OyaeM wusydarb. OCHOBHBIC
MaTeMaTH4YecKue IMOHSTUS, C KOTOpbIMH MBI OymeM uMmeTh neno. Addunabsie nmpeoOpazoBaHus u
Torojornyeckue naBapuantel. ®aza beppu u apdexr Aponosa-boma.

2. OCHOBHBIE MaTeMaTHYECKUE MOHATHS (IIPOIOIDKEHUE )

Kpususzna beppu (Berry curvature and Berry connection). Yucna UepHa. Oneparopbl CHMMETPUH B
KBaHTOBOHM MexaHuke. «Torojgornyeckue) KBaHTOBBIE YUCIIA U «TOMOJOTHYECKHe» TOKU. CIMHOBBIE
U TICEBJO-CIIMHOBBIE Oneparopsl U TOKU. [IOHSATHE TOMOJIOrMYecKOW 3aIIMIICHHOCTH B KBaHTOBOM
MexaHuke. Toronornyeckue 3(h(eKTsl B ONTUKE: aHAJIOTHs KBAHTOBOI MEXaHUKU M ONTUKH.

3. AupaKkoBCKHE CUCTEMBI

[Tpu4nHBI, IO KOTOPHIM BO3HUKACT TUPAKOBCKHH CHEKTP B KpUCTAJUIAX: criel(ruiecKas CHMMETPHUs
pEIeTKH, CUJIbHOE CNHH-OpOMTanbHOE B3auMonercTue. Spin-momentum locking. KsanroBanue
Jlangay n KBaHTOBBIE OCIIMJUIALIMH B TUPAKOBCKUX CHCTEMAaX: OTIMYHE OT «OOBIYHBIX» 3JIEKTPOHHBIX
cucreM. ['paden. Kpucrannuueckas crpykrypa. Konyca upaka. KupansHoCTb.

4. I'paden (mpopomxeHue)

OnHoCIIOMHBIN U NBYXCIOWHBINA rpadeH (cTpykTypsl Tuna AB, AA, ckpyuennsiii). KupansHocTs 1
JNONWHHBI wHAEKe. OcoOeHHOCTH KBaHTOBaHus Jlanmay u  kBaHToBoro 3ddekra Xomna B
OIHOCJIOWHOM TrpadeHe U AByXclloiHOM rpadene. Hapymenus cummerpun B rpadeHe 1 BO3MOXKHBIC
rapaMeTpbl OpsIKa.

BeiineBckue n AUpaKoBCKUE MOyMeTasuibl (semi-metals). OCHOBHBIC TIOHSITHS I CBOMCTBA.
5. Tornojoru4eckue AMIIEKTPUKH (IPOJOTHKEHUE)

Amnanorus ¢ KBaHTOBBIM 3¢ dexroM Xosuia. CyIiecTByIOIUEe B HACTOAIIEE BPEMs TOMOIOTHYECKHE
mnekTpuku. Ux  crpykrypa. CunbHoe cnuH-opOMTanbHOE B3aumojeiictBue. [loBepxHOCTHBIE
COCTOSHUS M HX TOIOJOTMYECKas 3allUIEHHOCTb: YE€M IIOBEPXHOCTHBIE COCTOSHUS B
TOTIOJIOTUYECKUX JUIIEKTPUKAX OTIIMYAIOTCS OT OOBIYHBIX TAMMOBCKHX ITOBEPXHOCTHBIX COCTOSIHUH.
DJIeKTPOHHBIE COCTOSIHUS B 00bEME TOMOJIOIMYECKUX TUAIEKTPUKOB.

6. DIEKTPOH-VIEKTPOHHOE B3aUMOIEUCTBUE, BOIHbBI CIIMHOBOW U 3apsJ0BOM INIOTHOCTH, ITapaMeTphbl
nopsiaKa

Tomonornueckast knaccupukanus mapamerpos nopsaka. [lpumepst: rpaden, apyxcnoitaslii (AB, AA
U CKpYYEHHBIH) rpadeH, TOMoJI0rn4eckue IudIeKTpuKku. HeMaTnaHOCTS.

7. Tononornueckast KjaccupHKaLus napaMmeTpoB HopsaKa (IPoIoJIKEHNE)

«OK30THYECKUE» CHMMETPUU B OIHOCIIOMHOM M ABYXCIOWMHOM (AB, AA u ckpydueHHOM) TrpadeHe.
Tononornueckue pa3oBbie MEPEXOIBL.

[onymeramnnst (half-metal).
8. Tononoruueckasi CBEpXInpoBOIUMOCTh

Cummerpun mapamerpa mopsiaka (s, d, p). MHOTOKOMIIOHEHTHBIE MapaMeTpbl mopsiaka. [e
HaOJIIOAeTCs TOMOJIOTUYECKAsi CBEPXIPOBOIUMOCTh. CBEPXIPOBOJMMOCTb, BO3HHUKAIOIIAS H3-32
sddekTa OAM30CTH HA TOBEPXHOCTH TOIMOJIOTHYECKOTO JUAJIEKTpUKa. CBEpXIPOBOJUMOCTh B
Marepualie C CHIBHBIM CIUH-OPOUTAILHBIM B3aMMOJICHCTBHEM, CBEPXIIPOBOJHUMOCTh B 00BEME
JONUPOBAaHHOTO  TOIOJIOTMYECKOTO0  JUAJIEKTpHKa.  Hemaruueckas — CBEpXIPOBOAMMOCTb.
CBepXnpoBOAMMOCTE B rpad)eHe, B TOM YHCIIE B CKPYYCHHOM JIBYXCIIOHHOM Tpadene.

9. Tononoruyueckas CBEPXNPOBOAUMOCTD (IIPOIOIDKEHHUE)



®depmrion MaiiopaHbl B Teopuu MO U (U3UKE KOHICHCHUPOBAHHOTO COCTOSIHUS. TOMOJOTHYECKU
3alUILEHHbIC KBaHTOBbIE BbIYMCICHHS M (QepmuoH Maitopansl. Mogens KurtaeBa. Bo3moxkHbie
¢usnueckue peamusanuu  (pepmMuona  MalioHpaHBl B TBEpAOM  TeJIe:  TONOJOTHYECKHE
CBEPXITPOBOAHMKHU ¥ HAHOIPOBOJIOKH, MATHUTHBIE LIETTOYKH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0X0AMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

KommeroTep, mpoekTop, 10cKa.
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8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBICHUU 00pPa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

He npexycmorpeHo.
9. MeToauyeckue yKazaHusi AJis1 00y4ar0IIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)
CryaeHT, W3ydalIui JAUCIUILINHY, JOJDKEH C OJHOW CTOPOHBI, OBIAQJETh OONIUM TMOHSTUHHBIM

arnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B Ppe3yabTaTe U3YUCHHUS AUCHUIUIMHBI CTYACHT OOJDKCH 3HAThb OCHOBHBIC OIPCACIICHUA AUCHUIINHBI,
YMETh IPUMCHATH IMOJTYUYCHHBIC 3HAHUSA JId PCUICHUS PA3JIMYHBIX 3aa4.



VYeneniHoe OcCBOcHHME Kypca TpeOyeT HanpsKEHHOH CcaMOCTOSITeIbHOH paboThl  CTyJeHTa B
COOTBETCTBUH C JaHHBIMH B pabodei mporpamme. CamocTosTenbHas padoTa BKIIOYaeT B ceOsl:

— YTE€HHE PEKOMEHI0BAHHOW JIUTEPATYPBI;

— TpopaboTKy yueOHOro Marepuasna, IMOATOTOBKY OTBETOB Ha BOIIPOCHI, MpeIHA3HAYCHHBIX IS
CaMOCTOATEJILHOIO U3yUCHMUS];

— pellIeHue 3a/1a4, IpeAIaraéMblx CTyleHTaM Ha JIEKLUSX;

— IIpU HEOOXOANMOCTH MOJATOTOBKY K JIEKLIUSAM, KOJJIOKBUYMaM, K3aMEHY.

ITokazaTteneM BiaJeHUs] MaTepUaOM CIYXKHUT YMEHHUE pemarh 3agadd. g dbopMupoBaHus yMeHUs
MPUMEHSThH 3HAHUA Ha MPAKTHKE CTYACHTY HEOOXOAMMO pelIaTh Kak MOXKHO OOJIbIIe 3a/1a4.

BaxHo 100UThCA MOHMMAHMS HW3y4aeMOro Marepuana, a He MEXaHHYeCKOro ero 3arnoMuHaHus. [Ipu
3aTPyJHEHUM M3YYEHHUS OTAEIBbHBIX TEM, BOIIPOCOB, CiIEAyeT oOpalaTbcs 3a KOHCYJIbTalUsAMHU K
JIEKTODY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka

OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

kadeapa QU3NKU CBEPXIIPOBOJAUMOCTH M KBAHTOBBIX MarepHajioB
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

PaszpatGoTunk: AL PaxmaHOB, A-p (u3.-Mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh
HNPUOPUTETHI COOCTBEHHOM JEATEILHOCTH U
CIIOCOOBI €€ COBEPIICHCTBOBAHUS HA OCHOBE
CaMOOLICHKH

YK-6.1 YmMmeer pemarp 3a/1aud COOCTBEHHOTO JIMYHOCTHOTO
u  npoeccHOHANBHOTO  Pa3BUTHS,  ONPEHENATh |
peann30BbIBaTh MPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM IESITELHOCTH

VK-6.2 OueHuBaeT CBOI ACATECIBHOCTH, COOTHOCHUT IICJIH,
CHOCOOBI M CpPEICTBa BBHIMOJHEHUS JIESTEILHOCTH C €€

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3MKO-MaTeMaTHYECKUX HAyK

pe3yabTaraMu
OIIK-1.1 3Haer w© Croco0eH HCIIOJIL30BAaTh B
nmpoeCCHOHANBPHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC

Hay4HbIe 3HaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKU OLIEHUBATH
ONBIT M PE3yJbTaThl HAayYHBIX MCCIEJOBaHUI B 0O0JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPUMEHSTh NpHU
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer npeacraBicHre 00 aKTyalTbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOH JIeTENNLHOCTH, CIIOCOOCH
Ha HayYHOM s13bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.1 Umeet npeacrapieHHe 0 COBPEMEHHOM COCTOSTHUH
WCCIIC/IOBAaHUI B paMKax TEMaTW4YecKoil obmactu cBoei
npo¢ecCHOHANIBHON eI TeNbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
HCCIICIOBAaHUH B o0jacth cBoeil mpodeCcCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3yEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHambLHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUUHBIX METOJIOB PEIICHHUS

OIIK-3.1 CnocobeHn ananmu3upoBarh 3ajady, [JIaHHPOBAThH
MyTH pEIIeHHs, Mpeyiarath U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHIE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHss 3HAHHS B
pa3IMUYHBIX 001aCTAX HAYKH (TEXHUKN)

OIIK-3.3 BnageeT aHaIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METOJaMU pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJIYyYaeMbIX PEIICHUN

OIIK-5 CriocobeH 1 roTOB K ITOBBIIIEHHIO

kB (pHuKaIy, MpodeccuoHaTbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cepe cBoeit
podeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCIIPUHUMasI COIMAJIbHBIE, STHHUECKUE,
KOH(ECCHOHAIILHEIE U KYJIETYPHBIC PA3IHIUS

OIIK-5.3 Crpemurcs K TOJYyYEHHUIO HOBBIX 3HAHUIA,

HpO(l)eCCI/IOHaJ'IBHOMy " JIMYHOCTHOMY POCTY

[MK-1 Crocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaTeIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMANHIO 00 aKTyaIbHBIX pe3ylIbTaTax UCCISIOBaHHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIIEHOCTH

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pe3yabTaThl

I1K-2 CrnocoOeH caMOCTOITENBHO WU B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOTr0O

[IK-2.1 Cnoco0eH IUIaHUPOBaTh M TPOBOAWUTH HAYYHBIC
HCCJICAOBAHUS CaMOCTOSITENIbHO MJIM B COCTaBE HAy4HOTO
KOJIJIEKTUBA




KOJUICKTUBA OPraHU30BbIBATH U POBOJIUTh I1K-2.2 CnocobeH mNpoBOAWUTH ampoOaluio pe3ylbTaToB
HAy4YHbIC UCCIICAOBAHUA U UX aHp06aLII/IIO HayIJHo—Hccnez[OBaTenLCKOﬁ pa60TBI OCPECTBOM
MyOIMKAIUK HAYYHBIX CTATeH U y4yacTHs B KOH(EPEHIUIX

2. Iloka3arem OLleHUBAHUS KOMIIeTeHITHHA

B pesynbrare wu3ydenus aucuuiuinebl  «Tomonormdyeckne d3((GEKTHl W HOBAas CBEPXIPOBOIUMOCTHY
00yJaromuiics JOKeH:

3HATb:

1. CoBpemenHble poOIeMbl PU3UKK KOHICHCHPOBAHHOTO COCTOSHUSL.

2. Hoseiimme oTkpeITUS B GU3UKE, B T.4. B KBAHTOBOMW (PM3HKE TBEPAOTO Tea.

3. O B3auMOCBS34X U (PyHIAMEHTAIBbHOM €INHCTBE €CTECTBEHHBIX HayK.

4. Teopernueckue Monenu (PpyHIaMEHTAIBHBIX MPOLECCOB U SIBICHUI B (U3MKE KOHACHCUPOBAHHOTO
COCTOSIHUSI.

5. IlpuHIMIBI CAMMETPHUH U 3aKOHBI COXPAHEHHUS.

6. OcHOBHBIE IPUHLUIIBI (PYHKIIMOHUPOBAHUS yCTPOHCTB HAHOIEKTPOHUKH M CIUHTPOHHKH.

7. Hayunsle 3amaud, Haja KOTOPBIMH paboTalOT B Ja0opaTropusix - MapTHepax o0pa3oBaTesIbHOM
[IPOrpaMMBl.

8. Texuuky 6e30MacHOCTH M MpaBuiia pabOThl B HU3KOTEMIIEPATYPHBIX (PU3UUECKUX IKCIICPUMEHTAX U
B 9KCIIEPUMEHTAX C CUJIBHBIMU MarHUTHBIMU I1OJIIMU.

yMeTh:
1. D¢ dexTHBHO HCTIOIB30BATH HA MPAKTUKE TEOPETHUECKUE 3HAHUS: MOHITHS, PE3YIbTaThl, TUIIOTE3bI,
3aKOHBI.
2. IlpeacraBuTh MaHOpaMy YHHMBEPCAJIBHBIX METOAOB M 3aKOHOB COBPEMEHHOW KBAaHTOBOW (PH3MKH
COBPEMEHHBIX CBEPXIIPOBOISALINX U TONOJOTMYECKH HETPUBUAIbHBIX CUCTEM.
3. AOcCTparupoBarhCsi OT HECYLIECTBEHHBIX ()aKTOPOB NMPH MOACIHPOBAHUU PEATBHBIX (PU3UUIECKHUX
MPOLIECCOB U SIBJICHUM.
4. lenatb YMCICHHbIE OLICHKH MacIuTada 0KuaaeMbix 3h(HeKToB.
5. IlnanupoBark ONTUMAJIBHOE IIPOBEIEHUE SKCIIEPUMEHTOB JUJIsl PEILIEHUs I0CTaBJICHHBIX 3a1au.

BJIA/IETh:
1. TeopeTnuecKuMH OCHOBAMH JKCIEPHUMEHTAIBHBIX METOJOB IPOBEACHUS HM3MEpeHHH B 00JacTh
KBAaHTOBOW (DM3MKH COBPEMEHHBIX CBEPXIPOBOSIIMX M TONOJOTHMYECKH HETPUBHAIBHBIX CHUCTEM C
UCIIOJIb30BaHNEM TPAHCIIOPTHBIX, TYHHEIBHBIX, TEPMOITUHAMUYECKUX U PE30HAHCHBIX METOJIOB.
2. Madopmanneiit 0 COBpeMEHHOM COCTOSHHM HCCIIEIOBAHUN B 00J1aCTH KBAaHTOBOW (PM3UKH TBEPJIOTO
Tena.
3. TeopermueckuMu MoaeinsMH  (yHIAMEHTAJIBHBIX HPOLECCOB U  SIBICHUH B  (H3HKE
KOH/IGHCHPOBAHHOTO COCTOSIHUS
4. Meropamu aHanu3a u 00pabOTKU SKCIIEPUMEHTAJIBHBIX JaHHBIX.

3. IlepeyeHb THNOBLIX (IPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

C 1enplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
Hayaje 3aHATUS 110 TEME IIPOIIOTO 3aHATHS.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yvyarommxcst

1. Addunnele npeobpazoBaHuss W Tomojorumueckue uHBapuaHTel. @®aza beppu u sddekr
Aponosa-boma

2. Omneparopbl CHUMMETPUM B KBaHTOBOW MexaHUKe. «Tomojoruueckue» KBAHTOBBIE 4YHCIAa U
«romoyiornyeckre» Toku. CIMHOBBIE U MICEBAO-CIIMHOBBIE ONEpaTopsl U TOKU [IpoBOaMMOCTE CyKXeHuit
B JIBYMEPHOU CUCTEME.

3. Konyca Jlupaka. KupanbHocTts
4. BelineBckue U IUPAKOBCKHUE MOTyMeTaslbl (semi-metals). OCHOBHBIC TIOHSITHS U CBOWCTBA.




5. CunsHOE CHI/IH—Op6I/ITaJIBHOG B3aHMOﬂeﬁCTBHe. HOBerHOCTHBIe COCTOSAHHUA U UX TOIIOJIOIM4CCKas
3allIUIICHHOCTL: Y€M IMOBEPXHOCTHBIC COCTOAHHA B TOIIOJOTMYCCKUX AUDJICKTPUKAX OTIHNYAKOTCA OT
OOBIYHBIX TAMMOBCKHX MOBCPXHOCTHBIX COCTOSHHIA.

6. AHOMAJIbHEIC OPpOAOJJIBHOC U IMOMICPEIYHOC MATHUTOCOIIPOTUBIICHHC. KBanTtoBriii cina-Xo0m11 3(1)(1)6KT
7. SHGKTpOH-BHeKTpOHHOC B3aHMO,I[eﬁCTBPIe, BOJIHbI CIIMHOBOH H 3ap$[;[030171 IJIOTHOCTH, IMapaMCTPhI

TopsiiKa

8. Tonosnoruueckue Gpa3zoBble MEPEXO/bI.

9.  MHOTrOKOMIOHEHTHbIE  MapaMmeTpsl  mopsaka. [ne  HaOmomaercs — TOMOJIOTHYECKas
CBEPXIIPOBOANMOCTD

10. Tononoru4ecky 3aIuIeHHbIC KBAHTOBBIE BRIYHCIICHUS U epMuoH Matiopansl. Monens Kuraesa.

[Tpumeps! 3K3aMEHAIMOHHBIX OUIIETOB:

buner 1.

1. Adodunneie npeobOpazoBaHuss W Tomojorumueckue uHBapuaHTel. @®aza beppu u sddekr
Aponosa-boma.

2. OnHOCONHBIN U MBYXCIOHHBIN TpadeH (cTpykrypsl Tunia AB, AA, ckpyueHHsbli). KupansHocTh U
noNMHHBIA nHIeKc. OcobeHHOCTH KBaHTOBaHUs Jlannay u kBanToBOTO 3(ppexra Xoma B OAHOCIONHOM
rpadeHe u ABYXCIOHHOM rpadeHe.

buner 2.

1. Omeparopbl CHUMMETPUU B KBaHTOBOW MexaHUKe. «TOMOJIOTHYECKHEe» KBAHTOBBIE YHCIA U
«romnojoru4yeckrey» Toku. CIHHOBBIE U TICEBAO-CIMHOBBIE ONepaTopsl U TOKU [IpoBoIMMOCTE CyKeHUit
B IBYMEPHOH CHUCTEME.

2. Tononmornyecky 3anuIIeHABIE KBAHTOBBIC BEIUKCIeHUS 1 pepmuod Maiiopanbsl. Monens Kutaega.

Kpurepun oneHuBaHus
Onenka ommyHo 10 OGayioB -  BBICTABISETCS  CTYIEHTY, I[IOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOorpaMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHATHIX PELIEHUM.
Onenka oOmIMYHO 9 0auioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSThH UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka oOmIMYHO 8§ Oa/IOB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.
Ouenka xopo1o 7 6ajioB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, FpaMOTHO U IO
CYLIECTBY M3JIaracT €ro, yMeeT NPHUMEHATH IOJYYCHHBIE 3HAHHWA Ha IPAKTUKE, HO HEJOCTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIbTAThI.
Onenka xopomio 6 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYLIECTBY U3J1araer ero, yMeer NPUMEHATh [10JyUYCHHbIC 3HAHUS Ha [IPAKTUKE, HO JIOILyCKAeT B OTBETE
WJIM B PELIEHUH 33/1a49 HEKOTOPBIE HETOYHOCTH.
Ouenka Xopo1o 5 6aioB - BBICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, IpaMOTHO
U IO CYLIECTBY M3JIAraeT €ro, yMeeT NPUMEHTh MOJIyYEHHbIE 3HaHHUS Ha NMPAKTHKE, HO JOIYCKAeT B
OTBETE WJIH B PEIICHUH 3371a4 JOCTATOYHO OOJIBIIOE KOJTUYECTBO HETOYHOCTEH.
OueHka ynOBIETBOPUTENbHO 4 Oajla - BBICTABISETCS CTYIEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapylleHHUs JOrMYECKON M0CIeJ0BaTebHOCTU B U3JI0KEHUN [IPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
OH OCBOMJI OCHOBHBIE pa3ienbl yueOHOH MporpamMmbl, HEOOXOAUMBIE sl AajbHeimero o0y4eHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.



OueHka yIOBIETBOPUTENbHO 3 Oajula - BBICTABISETCS CTYIEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
Pa3po3HEHHBIH XapakTep 3HaHWW, AOMycKaroulemy omHOKH B (popMynupoBKax 0a30BbIX NOHSTH,
HapyLICHUs] JIOTHYECKOM IOCIEeIOBaTEeIbHOCTH B M3JIOKEHHH IPOrPaMMHOIO Marepuana, ciabo
BJIaJIe€T OCHOBHBIMH pa3iesiaMu yueOHOM mporpaMMbl, HEOOXOAUMBIMHU JUTSI TabHEHUIIETO 00yUeHHS U
C TPYZIOM IIPUMEHSET [10JyUYCHHbIE 3HAHUS AAXKE B CTAHAAPTHOM CUTYalUH.

OueHka HEyIOBIETBOPUTENHHO 2 Oajia - BBICTABISCTCS CTYIEHTY, KOTOPBIIl He 3HAaeT OoJblIel yacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHPOBKaX OCHOBHBIX ITPUHIIMIIOB M HE YMEET MCIOIb30BaTh NOITYyUYEHHbIC 3HAHUS NP PEIICHUN
TUTIOBBIX 3a]a4.

OueHka HEYIOBIETBOPUTENbHO 1 0aiim - BBICTABISAETCS CTYNEHTY, KOTOPHIH HE 3HAeT OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOKd B (GOPMYIUPOBKaX
0a30BBIX HOHATUN TUCIUIUINHBI U BOOOIIIE HE MMEET HAaBBIKOB PELICHUS TUMIOBBIX MTPAKTHUECKUX

5. MeTonuyeckne MaTepuaJbl, onpeaesiioe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

[Ipomexxyrounast — arrectanust 1o  aucuumiuHe  «Tomomormueckue  3Pdexrsl U HoBad
CBEPXIIPOBOAMMOCTB» OCYIIECTBIsCTCA B (hOpMe YCTHOTO dK3aMeHa. [Ipuem sk3aMeHa npoBOIUTCS 110
ouneram. B xaxxnom Ousnete npencrasieHo 1Ba Bonpoca. O0yyvaromemycs npegocrasisierca 30 MUHYT
Ha 1oAroToBKy. Onpoc o0yyaronerocsi He J0JHKEH MPEBBINIATh OHOTO ACTPOHOMUYECKOT0 Yaca.



