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AHHOTANMA

B pamkax kypca OyayT mpencTaBieHbl METOIBI AJIsl MIPEACKa3aHusl KPUCTAJUIMYECKON CTPYKTYPbl MaTepHaioB
W pacueTa WX CBOWCTB. Tarke OymyT pelieHbl MOJENbHbIC 3ajadd JJIsi pacueTa JIIEKTPOHHOW 30HHOU
CTPYKTYpY U IUIOTHOCTH COCTOSIHUH, (JOHOHHBIX CBOWCTB, CBEPXIPOBOASIIINX CBOMNCTBA U AP. JJI1 HEKOTOPBIX
MarepuayioB. Jli1si MomenupoBaHusa OONBIINX CHCTEM OymyT ONHCAHBI METOIbI MOJIEKYJISIPHOM AMHAMHMKH U
MPECTABICHBl MEKAaTOMHBIE MIOTEHLMAIBI HA OCHOBE MaIIMHHOTO 00ydeHus. Kypc HaleneH Ha 03HaKOMJICHHE
y4aIuxcsi ¢ 0COOEHHOCTAMH BBIYMCIICHHH B MHOTOIEKTPOHHBIX CHCTeMax. PaccmarpuBaercss METOOIOTHS
pacyeToB, OTPaHMYCHHS PA3JIMYHBIX IOAXOIOB, BBOISATCS IMOHATHE OO 3JIEMEHTapHBIX BO3OYXKICHHSIX B
cucTeMe, KOppeNSIMOHHOW sHepruu. M3ydaercs Bompoc ONTHYECKHX BO30Y)XKIEHHH B CHCTEME MHOTHX
UEKTPOHOB. bynyT u3yuensl cinepyrommue Temel: Teopus cpennero monsd. Mertox Xaprpu-Poka u nepsble
MOIIPaBKU K HeMy. Teopus (yHKIMOHANIA 3JIEKTPOHHON IUIOTHOCTH, 0OMEHHO-KOPPEISIMOHHBIN MOTEHIHAI.
Orpannuenuss Tteopuil cpeanero mojs. CHEKTphl ONTHYECKOrO MOIVIOUICHHS, IUIa3MOHBI, 3KCHTOHBI,
0COOCHHOCTH ANIEKTPOHHBIX CIeKTpoB. Koppensuonnas sHeprus. CBOHCTBa 3JIEKTPOHHOTO rasa. Mozeib
RPA. ®ynknnsa I'puna. JlmarpaMmHasi TEXHUKA B IPUMEHEHUHN K TBEPIOMY TEIY.

1. leau u 3apauu

eap AUCUMNIMHBI
- popMupoBaHUE TPEACTABICHUS 00 0COOEHHOCTSIX BEIYUCICHUI B MHOTOAJIEKTPOHHBIX CHCTEMAaX.

33]13‘[1/[ JAUCHUIIINHBI

- 3HAaKOMCTBO C METOMOJOTHEH pacyeToB, MOHMMAaHWE OTPAaHMYCHHH W TPAHHIl MPUMEHHMOCTH
pa3MUHBIX TOIXOAOB. 3HAKOMCTBO C IIOHATHEM JJIEMEHTapHBIX BO30OYXKAEHHH B CHCTEME,
KOppensiuoHHoi sHeprun. [IpeacraBieHne 00 oNTHYECKHX BO30YXKICHHSX B CHUCTEME MHOTHUX
JNIEKTPOHOB.

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

OIIK-1.1 SHaeTr W© CIOCOOEH  HCHONIL30BaTh B
nmpo)eCCUOHANBEHOW  NIeATEeNhbHOCTH  (PyHITaMEHTabHBIC
Hay4HbIC 3HAHUS B 00JacTH (PU3NKO-MATEMaTHIECKUX HAyK

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbBIX 3HaHUH B o0yacTu
(u3MKO-MaTeMaTHYECKUX HAyK

OIIK-1.2 Crmocoben 00001maTe ¥ KPUTHYECKH OILEHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICAOBaHUII B 00JacTH
mpoeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTHHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

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

OIIK-2.3 Brnageer mnpodeccHOHaNbHOW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN

OIIK-3.1 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH pemeHus], MpeiaraTh U KOMOMHHUPOBATh CIIOCOOBI

OIIK-3 Cnoco0OeH BbIOUpaTh U (UIH) peLICHUS

pa3pabaThIBaTh MOIAXO/IbI K PEIICHHIO THIIOBBIX
1 HOBBIX 3a71a4 B 00macTu npodeccrnoHanbHON
JEATeIbHOCTH, YIUTBIBAsi 0COOCHHOCTH U
OTrpaHUYEHUS Pa3IMYHBIX METOJOB PEIICHHS

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METObl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHSs 3HAHHS B
pa3IMYHBIX 001ACTAX HAYKH (TEXHUKH)

OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIHUTEIHLHBIMHU
METOJaMH pElIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJIyYaeMbIX PEIICHUN

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJM3 pe3yabTara U MPeACTaBUTh BHIBOIbI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B 00JIACTH

OIlK-4.2 CrocobeH TpUMEHSTh 3HaHWS B 0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1auy, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYYEHHBIX
pe3yabTaToB




(hM3UKO-MaTeMaTHYECKUX HAYK H
WH(POPMAIIMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJOTHHA

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpAThH CIIOCOO
MPOBEICHUS] HAYYHOTO HCCIICOBAHUS

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MAaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAyYHbIE TPOOIEMBI, [TOTyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThl

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIAThH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJbTaTax MCCIe0BaHUN B
paMKax TeMaTW4eCKOW OOJACTH CBOEH MpodeCCHOHATLHON
EITEILHOCTH

IIK-1.2 CnocobeH  BbyIBHTaTh  THUIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAaHHUA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OIICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrmocobeH mNpuUMEHATh TeopeTHUeckue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

[IK-2 CnnocoOeH caMOCTOSTEIEHO HITH B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOTO
KOJUICKTHBA OPTaHW30BEIBATh U IMTPOBOIUTH
HAyYHBIC UCCIICIOBAHMS U MX arpoOaIiuio

[MK-2.1 Cnoco0eH TulaHUpOBaTh ¥ TPOBOJAWTH Hay4dHBIC
HCCJICAOBAHUS CaMOCTOSITEIbHO MJIM B COCTaBE€ HAy4HOTO
KOJIJIEKTUBA

[IK-2.2 CnocobeH mNpoOBOAWTH arpoOaIuio pe3yiIbTaToB
HAYYHO-HCCIIE0BATEIHLCKON paboThI MOCPEICTBOM
TyONVKAIMY HAYYHBIX CTAaTeH U yJacTusl B KOH(pEepeHIuIx

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOGHUS AUCHUIIMHBI 00y4aIOIINeCs JOIKHbBI

3HATb:

- TIOHSATHE KOPPEISLMOHHON SHEPIuH, KOHIEMIUH 3JIEMEHTAPHbIX BO30YXKAEHHH B CHCTEME MHOTHX

JJIEKTPOHOB.
YMETB:

- oueHuBath  d(pdeKTH

QJICKTPOH-3JICKTPOHHOT'O

B3 aHMOI[GﬁCTBHSI, OLICHUBATh BIIMAHHUC

MHOT'02JIEKTPOHHBIX 3()(EKTOB HA ONTUYECKHE CBOIICTBA CUCTEMBI.

BJIAJIETD:

- OCHOBaMH1 ME€TOAO0JIOI'MH YUCJICHHBIX ME€TOJOB B CUCTEMAaX MHOTI'UX JJICKTPOHOB.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE IO TeMaM (pa3jejiaM) ¢ yKa3aHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYIIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 Teopust cpeaHero caMoCOINIaCOBAHHOTO ) ’ 3
OISt
OKpaHHPOBKa KYJIOHOBCKOTO
2 B3aUMOJEHCTBUS M IUIa3MOHBI B 2 2 3
MeTajuiax
3 DNEeKTPOHHO-ONTUYECKUE BO3OYKICHHS 2 2 3
4 Many-Body Perturbation Theory 4 4 6
YucreHHble MakKeThl sl pPacyeToB B
5 paMKax MeToza CpPEIHEro ] ] 12
CaMOCOITIACOBAaHHOTO TIOJII M 3a €ro
npenenamMmu
6 ®ynkus [puna 2 2 3




7 TumoBsle TUarpaMMbl B TBEPIOM TeJe. ) ’ 3
Meton GW

8 OTKJIUK CUCTEMBI 2 2 3

9 Metox DFT+U 6 6 9

Htoro yacos 30 30 45

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 3 (Ocennuit)
1. Teopust cpeqHEro caMoCOrIaCOBaHHOTO OIS

Brenenue. [locranoBka 3agaun. Teopus CpeTHETO CaMOCOIIACOBAHHOIO 1OJIsA. YpaBHEHUsSI XapTpu U
Xaprpu-®oka. Teopusi GyHKLIHMOHATA NEKTPOHHON TNIOTHOCTH. OCHOBHBIE OTPaHUYCHHS YKa3aHHBIX
IOJXOZ0B.

2. DKpaHUPOBKa KYJIOHOBCKOI'O B3aUMOAEHCTBUS U IIa3MOHBI B METAJLIaX

[Ipubnmxenne Xaprpu-Doka Kak NEpPBbI MOPSAJOK TEOPUH BO3MYIUIECHUH. DKpaHUPOBKA
KYJIOHOBCKOTO  B3aUMOJEHCTBUS B  DJEKTPOHHOM rase. JlanpHO#EWCTBUE  KYJIOHOBCKOTO
B3auMoJieicTBH. JJTMHHOBOIHOBBIE BO3MYLICHUS TUIOTHOCTH, TUIa3MOHBI U puOnmxenne RPA.

3. DNEeKTPOHHO-ONTUYECKUE BO30YKICHUS

CnapuBaHue 3-M BOJIHBI C TIOBEPXHOCTHBIMU IIJa3MOHamH. KBazudacTuia mOBEpPXHOCTHBIN
I1a3MOH-TIOJIAPUTOH. I10BEpXHOCTHBIE I1a3MOHBI Ha CTPYKTYPUPOBAHHON IIOBEPXHOCTH.

4. Many-Body Perturbation Theory
Oynkius [puna 1 a3l AMarpaMMHON TeXHUKH. JlmarpaMMHoe paznoxkenne GyHKuu [puHa.

5. HucneHHble TaKeThl A1 pacueToOB B paMKax METO4a CPEAHCIO CaMOCOITIACOBAHHOI'O IIOJIAA U 3a €TI0
npeaciaMun

Quanyum Espresso, VASP, BerkeleyGW, Octopus.
6. @ynkus ['puna

Cobonnas dynkmnus [puna. [Tomnas dynkuus [puna. Yp-e [aiicona. CoOcTBeHHO-9HEpreTHYECKas
qacTh. BepmmuHas yacte. CrekrpanbHoe mpeacTaBieHue ¢QyHkiud [puna. KsasumyactuuHoe
OIMCAHKE DIICKTPOHHOW CUCTEMBI.

7. TunoBble AuarpaMmsl B TBepaoM tese. Metog GW

VYpasuenus Xenuna. Meron GW. [lpubmnmkenne miasMeHHOTO TOJIoca.

8. OTKIIUK CHUCTEMBI

Omnpenenenue. [Ipuunnnocts. CootHomenus: Kpamepca-Kponura. @yHKIHS OTKINKA CUCTEMBI.

9. Merox DFT+U




"Iepenenokanuzaus” snekrpoHoB B DFT. MotroBckue uzonsaropsl. Monens Xa66apaa. DFT+U
(LDA+U).

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0MMON AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

KoMImIeKT 1eKTpOHHBIX IPE3EHTALN/CIaliIoB; ayTUTOPHs, OCHAIICHHAS PE3EHTAMOHHON TeXHUKOM
(poekTop, 3KpaH, KOMITLIOTEP/HOYTOYK); TP HEOOXOTUMOCTH CIICIIUAIbHBIC TEXHUYECKHE CPEJICTBa
JUTSE 00y JaroIuXcsi HHBAM 0B 1 Il ¢ OB3.

6.IlepeyeHnb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JTEparypa
1. ®deltnmaHOBCKHUE UarpaMMbl B ipooneme mHorux ten [Tekct]/P. JI. Marrtyk, -M., Mup, 1969

2. ®usuka tBepaoro Tena [Teker] : B 2 T. T. 1 / H. Amkpodt, H. Mepmus ; riep. ¢ anri. A. C.
Muxaiinosa ; mox pen. M. U. Karanoa .— M. : Mup, 1979 — 399 c.

3. ®usuka tBepaoro Tena [Teker] : B2 T. T. 2 : [yue6. mocobue 1 By3oB] / H. Amkpodt, H. Mepmun
; mep. ¢ anr. K. WM. Kyrena, A. C. Muxaiinosa ; nog pea. M. U. Karanosa .— M. : Mup, 1979 .— 424
C.

JomnonHurenbsHas auTeparypa

1. DnemenTapHbie Bo30y)aeHUs B TBepabix Tenax [Texct]//l. [laitac , mep. ¢ anmm. FO. B. I'ynsera ,
-M., Mup, 1965

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUS] JUCHMILIUHBI (MOLYJIs1)

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 oldecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

JleMoHCTpanus npe3eHTanui, BUICOKOHPEPEHIIUN.
9. MeTonuyeckne yKkazaHusl JUIsl 00y4AIOIIMXCH 10 OCBOCHUIO AU CIUILIHHBI (MOXYJIs)

CryneHT, M3y4arolui JUCHUIUIMHY, JOJDKEH, C OJHOW CTOPOHBI, OBJIAJIETh OOIIMM IMOHSITHHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbIL, JOJKEH HAYUYUTHCS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B PE3YyabTaTC HU3YUCHUA AUCHUIUIMHBI CTYACHT HOJUKCH 3HATb OCHOBHBLIC OIPCACIICHUA W IOHATHA,
YMETb NPUMEHATD IMOJYUCHHBIC 3HAHUS AJI1 pCUHICHUS pa3JIMYHbIX 3a/4a4.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YU€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENLHOM Pa0OTHI CTYJICHTA.

CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy y4eOHOro MaTepHaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSTENBHOTO U3yUEHUS;

— pelieHue 3a/1a4, MpeagaraeMblX CTy/IEHTaM Ha 3aHITHAX;

— IOATOTOBKY K BBITIOJTHEHHIO 33JaHHUI MPOMEKYTOUHOH aTTeCTalnu.

[lokazarenem BiajgeHHs MaTepHajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TeMaM
JUCLUAIUIMHBIL.

BaxxHo 10OWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU H3y4YCHHS OTICNBHBIX TEM, BOINPOCOB, CleXyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
MIpenoAaBaTelto.



Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMAaTUKOU 3aHATHIL.



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 U TEXHOJIOTHH HAHOCTPYKTYP
Kypc: 2
kBaTuuKkanus: MarucTp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 3 (OCeHHUH) - DK3aMeH

PaszpatGoTunk: H.JI. Mauko, kana. ¢pu3.-Mat. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3HMKO-MaTeMaTHYECKUX HayK

OIIK-1.1 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTh
mpoeCCUOHATBHOM IEATELHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeet npeacraBieHne 00 aKTyaabHBIX
mpo0OiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON NesTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOM  HAy4YHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-3 CriocoOeH BRIOMPATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbLHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH peIeHus], MpeyiaraTh U KOMOMHHUPOBATh CIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METObl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSs 3HAHHS B
pa3IMUYHBIX 001aCTAX HAYKH (TEXHUKN)

OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIMTEIHLHBIMHU
METOJJaMH pElIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJIYyYaeMbIX PEIICHUN

OIIK-4 CriocoOeH ycIeniHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJbTrara v [IpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrniocobeH TpUMEHSTh 3HaHWS B  0O0JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1auy, (POPMYITHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpAaTh CIIOCOO
MPOBEICHUS] HAYYHOTO MCCIIEOBAHUS

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
MCCIIE/I0BAaTh MaTeMAaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAy4YHBIE MPOOIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3UPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4ecKoi o0nacTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAENM Ul OIUCaHMUA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLIEHUBATh KAUECTBO pa3padoTaHHOU
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeTHdueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOAIUIo

[IK-2.1 Cnoco0eH miaHupoBaTb M MPOBOJAUTH Hay4dHBbIC
UCCJICZIOBAHUSI CAMOCTOSTENIbHO MJIM B COCTaBE€ HAydHOI'O
KOJIJIEKTHBA

[MIK-2.2 CnocobeH mNpoBOIUTH ampoOanuioo pe3yabTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NyOIMKalUK HAYYHBIX CTAaTeH U y4acTusi B KOHOEPEHIIUSIX

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare wusydenus aucumiuinibl «First Principles Simulations and Modeling/IlepBonpuHuniHbie
METOJIBI pacueTa CBOMCTB MaTepralioB» 00yJarOIUICs OIKEH:

3HATb:




- TIOHSATHE KOPPEISLMOHHON SHEPIuH, KOHIEMIUH 3JIEMEHTAPHbIX BO30YXKAEHHH B CHCTEME MHOTHX
JJIEKTPOHOB.
yMeTh:

- oueHuBath A(QQEKTh  IMEKTPOH-AICKTPOHHOTO  B3aMMOJICHCTBUS, OLICHWBATh  BIUSHHUE
MHOT'02JIEKTPOHHBIX 3()(EKTOB HA ONTUYECKHUE CBOIICTBA CUCTEMBI.
BJIaJeTh:

- OCHOBAMH METO/I0JIOTMH YHCIICHHBIX METOIOB B CHCTEMaX MHOTHX JIEKTPOHOB.
3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJII0

C 1menplo0 KOHTPOJISL OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuaina MpOBOAWUTCS YCTHBIH ONpOC B
HayaJje 3aHATUS 110 TEME IIPOIIOTO 3aHATHS.

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

. ChopmynupoBaTh OCHOBHBIE TTOJIOKEHHSI METOJ]a CAMOCOITIaCOBAHHOTO MOJIS

. DieMeHTapHbIe BO30YXKAECHHS B 2JIEKTPOHHOM rase. [1ma3mMoHs! 1 onTHyeckue Bo30yKICHNUS.
. IloBepXHOCTHBIE IJIa3MOHBI B METAJLJIE U ONITUYECKHE CBOWCTBA

. Koppenaunonnas sneprus

. OKpaHMPOBKa KyJIOHOBCKOI'O B3aUMOJAENHCTBU

. @puzeneBckue OCHMIISLIN

. 3anicarpb ypaBHeHHe XapTpu-Doka 1 paccka3aTh 0 €ro OCHOBHBIX CBOMCTBAaxX

0 3O L AW~

. ChopmynmupoBaTh OCHOBHBIE TTOJIOKEHHSI TEOPUH (PyHKIIMOHANA 3JIEKTPOHHOM IUIOTHOCTH
9. OcHOBHBIE CBOICTBA IUAIEKTPUIECKON (DYHKIIMH OTKJIMKA B AIEKTPOHHOM ra3e
10. HaitTu nna3MeHHYI0 4acTOTy B 3JIEKTPOHHOM ras3e

11. Hammcars nuarpammbel st onepatopoB @Doka, OOMEHHOTO B3aUMOJCHCTBUS, JHATPaAMMBbI
SKPaHUPOBKH B MOJEIIN Xa0THUYECKHUX (a3

12. HaXO)KI[eHI/Ie OINITUYCCKUX CIICKTPOB C MIOMOIIbBIO CIICKTPAJIBHOT'O MMPECACTABIICHUSA (bYHKI_II/II/I rpI/IHa

[IpumMepsl 3K3aMEHALMOHHBIX OUJIETOB:

burer 1.

1. Teopust cpeHEro caMOCOIIACOBAHHOIO MOJIA.

2. YpaBuenue Xaptpu-Poka. Teopust pyHKIHOHATA SIEKTPOHHON MJIOTHOCTH.
burer 2.

1. DkpaHHpOBKA U TUIa3MOHBI.

2. DJEKTPOHHO-ONTHYECKUE BO3OYKICHHUS.

burer 3.

1. Many-Body Perturbation Theory u @ynkuus ['puna.

2. CobOomnasi ¢ynkuus Ipuna. Ilomnas ¢yskuus [puna. OkpaHHpPOBaHHOE KYyJIOHOBCKOE
B3aUMOJECHCTHE.

buner 4.

1. ®ynkmusa [puna. Ilpaktudeckwe acnekThl. TWUMUYHBIE aUarpaMMHbie OJoku. Jluarpammbr
omneparopoB Xaptpu u ®oka, RPA.

2. OnTHYecKHe CIEKTPHI U CIIEKTpalibHOE MpeacTasieHue GyHkuuu [ puHa
burer 5.

1. Ipubnmwxenuss GW u DFT+U

2. YpaBuenue Xaptpu-Poka. Teopust pyHKIHOHATA HIEKTPOHHON MIIOTHOCTH.
burer 6.

1. Tlonstue ¢yHKOMM OTKIMKAa cHUCTeMbl. lIpUHOMI  NPUYMHHOCTH W COOTHOLICHUS
Kpamepca-Kponura.

2. lmanektpudeckast QyHKIMS U 0OpaTHas AUAJIEKTpHUECKas PyHKITUS.

Kpurepun onennBanus



Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIC, DIIyOOKHE 3HAHUS YYEeOHOW TWPOrpaMMbl IHCHUILIHHBL, TPOSBIISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
NPUMEHSATh X Ha MPAKTHKE MPU PEIIeHHH KOHKPETHBIX 3aj1a4, CBOOOIHOE U MPAaBUIbHOE 000CHOBAHUE
HNPUHATHIX PELICHAMN.

Ouenka ommmMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCLHHUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.

Onenka oOmIMYHO § Oa/uIOB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, ITyOOKHe 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PEHICHUH KOHKPETHBIX 3a]ad4, MPaBUIbHOE 000CHOBAaHHME MPUHSATHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.

Onenka xoporio 7 0aioB - BBICTABIISETCS CTYACHTY, €CJIM OH TBEPJO 3HAET Marepuall, TPaMOTHO U 1O
CYILECTBY M3JIaraeT €ro, ymeeT HPUMEHATh IOJy4YCHHbIC 3HAHUS Ha MNPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.

Ouenka xopoio 6 6ajoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh NOITY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIYCKAeT B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOpbIe HETOYHOCTH.

Onenka Xopomio 5 6ajuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT INPUMEHATH MOJyUYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.

OreHka ymOBIETBOPUTEIbHO 4 Oaiia - BBICTABISETCS CTYICHTY, MOKa3aBIIEMY (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCIIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jieibl yueOHOW MpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOy4eHus, U
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OreHka yIOBICTBOPUTEIbHO 3 Oamia - BBICTABISETCS CTYICHTY, MOKa3aBIIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbBHOCTH B H3JIOKEHHHM IPOrPaMMHOrIO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3jesiaMH y4eOHOW porpaMmbl, HEOOXOAUMBIMHE JUTS TaJIbHEHIIEro o0ydeHus U
C TPYAOM MIPUMEHSET MMOJYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHTYAIIHH.

OneHka HEyJOBJIETBOPUTENBHO 2 Oalia - BBICTABISIETCA CTYACHTY, KOTOPBII HE 3HAaeT OOJNbIIEH YacTH
OCHOBHOTO COAEp)KaHUs y4eOHON IpOorpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmMOKH B
(OpMyIHPOBKaX OCHOBHBIX IMPHHIUIIOB U HE YMEET UCIIOJIb30BATh ITOJyYCHHBIC 3HAHHS TPH PEIICHUN
THUIIOBBIX 33/a4.

OueHka HEYNOBIETBOPUTENbHO | 0aml - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
coziep)KaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKu B (popMyITupoBKax
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHHUS THIOBBIX MPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

OK3aMeH MpOBOOUTCS B ycTHOW Qopme mo Owusneram. B kaxgom Ouiere mnpencTaBieHO [Ba
TeopeTuueckux Bompoca. IIpu nmpoBeneHnu sk3amena obydaronemycs npenocrasisercs 30 MUHYT Ha
noaroroBky. Onpoc o0ydaromerocs: He JOJKEeH MPEBbIIaTh OIHOTO ACTPOHOMHYECKOTO Yaca.



