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AHHOTANMA

B pamkax kypca OyayT mpeacTtaBieHbl METOABI JUIS MPEACKA3aHUs KPUCTAIUIMYECKONH CTPYKTYPBI MaTepHaIOB
W pacueTa WX CBOWCTB. Tarke OymyT pelleHbl MOJENbHBIC 3aJa4d JJIsl pacdera JJIeKTPOHHOH 30HHON
CTPYKTYPY U TUIOTHOCTH COCTOSHUH, (DOHOHHBIX CBOMCTB, CBEPXIPOBOISALINX CBOMCTBA U JIp. AJISI HEKOTOPHIX
MarepuasioB. J{i1si MopenupoBaHUs OOJBIIUX CHCTEM OyIyT OMHCAHBI METOAbI MOJEKYJISPHOW IUHAMUKU U
MPECTABICHB MEKAaTOMHBIE TIOTEHLMAIBI Ha OCHOBE MalIMHHOTo 00y4deHus. Kypc HaleneH Ha 03HaKOMIJIEHHE
ydamuxcsi ¢ 0COOCHHOCTSAMH BBIUMCICHUH B MHOTORJIEKTPOHHBIX CHCTeMax. PaccmarpuBaeTcs METOHOIOTHS
pacyeToB, OTPaHMYCHHS PA3JIMYHBIX IOAXOIOB, BBOISATCS IMOHATHE OO 3JIEMEHTapHBIX BO3OYXKICHHSIX B
cucTeMe, KOPpeNsIMOHHOW sHepruu. I3ydaercs BONpOC ONTHYECKHUX BO30YXKAEHHH B CHCTEME MHOIHUX
UEKTPOHOB. bynyT u3yuensl cinepyrommue Temel: Teopus cpennero monsd. Mertox Xaprpu-Poka u nepsble
MOIIPaBKU K HeMy. Teopusi (yHKIIMOHAA 3JIEKTPOHHON MIOTHOCTH, OOMEHHO-KOPPEIISIIMOHHBIM NOTEHINAIL.
Orpannuenuss Tteopuil cpeanero mnoms. CHEKTPHl ONTUYECKOTO IOIIOWICHHS, I1a3MOHBI, HKCHTOHBI,
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

- (I)OpMI/IpOBaHI/Ie MNpCACTAaBJICHUA 00 0COOCHHOCTSX BEIYUCIICHHH B MHOTO3JICKTPOHHBIX CUCTCMAX.

33]13‘[1/[ JAUCHUIIINHBI

- 3HAaKOMCTBO C MeTOHOHOFHeﬁ pacucToB, IMOHUMAHHC Ol"paHI/ILIeHI/Iﬁ U TpaHul] MNPUMCHUMOCTH

Pa3IUYHBIX  TOIXOJOB.

3HAKOMCTBO C TIOHATHEM DJJIEMEHTapHBIX BO3OYKICHUI B cCHCTEME,

KOppeHHL{I/IOHHOﬁ OHCPIUu. Hpe,I[CTaBJ'IeHI/Ie 00 ONTUYECKHX B036Y)K,I[GHI/I$IX B CHUCTEMC MHOI'MX

JNIEKTPOHOB.

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

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

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BaTh B
mpoeCCHOHANBFHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 00JacTH (PU3NKO-MATEMaTHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
OIBIT M PE3ylbTaThl HAYYHBIX HCCIEIOBaHUH B 001aCTH
(hOoTOHMKH ¥ ONITOMH(POPMATHKU

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MareMaTHKH W (U3UKH H CIOCOOCH HMX HPUMEHATh HpPHU
peleHun 3a/1ad B o0nactu (POTOHUKH U ONITOMH(OPMATUKN

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 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOJXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbLHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PCIICHHUS

OIIK-3.1 Cnocoben ananu3upoBarh 3ajady, IJIAHHPOBAThH
MyTH pEIIeHHs, MpeyiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHIE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHss 3HAHHS B
pa3IMYHBIX 001ACTAX HAYKH (TEXHUKH)

OIIK-3.3 BnageeT aHAIUTUYECKHMMH U BBIYUCIUTEILHBIMHA
METOJaMU 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 CrnocobeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYITHPOBAHUS BHIBOJIOB M OLICHKU ITOJIYYEHHBIX
pe3yabTaToB




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

OIIK-4.3 CnocobeH apryMEHTHPOBAaHO BBIOMpATh CIOCO0
MPOBEICHUS] HAYYHOTO HCCIICOBAHUS

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJ1a4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIE/I0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[IK-1.1 CrocobeH HaxomuTh, aHAIM3UPOBaTh W 0000IIATH
nHpopMaIrio 00 aKTyalbHBIX pe3yabTraTax UcClIeI0BaHUN

IIK-1.2 CnocobeH  BbyIBHTaTh THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W MIPOIIECCOB, OIICHUBATh KA4€CTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIu)
9KCTIEPUMEHTAIbHBIE METOIbl HCCIEIOBaHUH B oOIacTu
¢oToHHKH W ONTOMH(POPMATUKUM K KOHKPETHOM HAy4HOM
3aj1a4ue ¥ HHTEPIPETUPOBATH MOTy4YEHHbIE PE3YIbTaThI

[1K-2 CnnocobeH caMOCTOSTEIEHO HITH B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOT0O
KOJUUICKTHBA OPTaHW30BEIBATh U MTPOBO/IUTH
HAyYHBIC UCCIICIOBAHMS U MX alpoOaIiyio

[IK-2.1 CnocoGeH caMOCTOSATENBHO WJIA B COCTaBe
HAy4YHOTO KOJUIEKTHBA IIAHUPOBATH U MPOBOIUTH HAyYHBIC
HCCIIeIOBaHYsI B 001acTH POTOHUKHU M ONTOMH(DOPMATHKH

[IK-2.2 CnocobeH mpoBOAWTH ampoOaIio pe3ylIETaTOB
HAYYHO-HCCIIE0BATEIHLCKON paboTh MOCPEICTBOM
MyONMKAIMY HAYYHBIX CTAaTe U yJacTusl B KOH(pEepeHIuIx

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0CBOHUS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI

3HATb.

- TIOHSATHE KOPPEIALMOHHON SHEPTUH, KOHLEMIMK 3JIEMEHTApPHBIX BO30YXKICHUH B CHCTEME MHOTHX

JJIEKTPOHOB.
YMETB:

- oueHuBath 3¢ eKTH

OJICKTPOH-3JICKTPOHHOI'O

BSHHMOHCﬁCTBHﬂ, OLICHUBATh BIIMAHHC

MHOT'03JIEKTPOHHBIX 3()(EKTOB HA ONTUYECKHE CBOIICTBA CUCTEMBI.

BJIAJIETD:

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

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJ€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIiInHbl (MOYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 Teopust cpeaHero caMoCOINIaCOBAHHOTO ) ’ 3
OISt
OKpaHHPOBKa KYJIOHOBCKOTO
2 B3aUMOJEHCTBUS M IUIa3MOHBI B 2 2 3
MeTajiax
3 DNEeKTPOHHO-ONTUYECKUE BO3OYKICHHS 2 2 3
Many-Body Perturbation Theory 4 4 6
YucreHHble MakKeThl MAJsl PacyeToB B
5 paMKax MeToza CpeHero ] ] 12
CaMOCOITIACOBAaHHOTO TIOJII M 3a €ro
npenenamMmu
6 ®ynkus [puna 2 2 3
TumoBesle nuarpaMMbl B TBEPIOM TeJe.
7 2 2 3
Meton GW
8 OTKIMK CUCTEMBI 2 2 3




9 Metox DFT+U 6 6 9
Hroro wacos 30 30 45
ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2.

Coneprxanue UCIUIUIAHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemecrtp: 3 (Ocennwii)

1. Teopus cpeqHEro caMOCOIIaCOBAHHOTO OIS

Bsenenne. [loctanoBka 3amaun. Teopus cpeTHEro caMOCOMIACOBAaHHOIO MOJIA. YpaBHEHUS XapTpy H
Xaprpu-Poka. Teopust pyHKIIMOHANA IIEKTPOHHOH IoTHOCTA. OCHOBHBIE OTPAaHUYCHUS YKA3aHHBIX
HOJXOZOB.

2. aKpaHI/IpOBKa KYJIOHOBCKOI'O BBaHMOHeﬁCTBHH U IJIa3MOHBI B MCTaJlJIaX

[Mpubmmxenne Xaprpu-Doka Kak TeEpBbIA MOPAAOK TEOPHUM BO3MYIICHHHA. JKpaHHPOBKA
KYJIOHOBCKOTO  B3aUMOZEMCTBHS B  DJIEKTPOHHOM Tas3e. JlaJbHONEHCTBHE  KYJIOHOBCKOTO
B3auMOJIeHCTBHS. JTMHHOBOIHOBBIE BO3MYIIICHHS TUIOTHOCTH, TUTa3MOHBI U Iprbimxkenne RPA.

3. DNEeKTPOHHO-ONTUYECKUE BO3OYKICHHSI

CHapI/IBaHI/Ie 3-M BOJIHbBI C TIIOBEPXHOCTHBIMU IIJIa3MOHAMMH. KBaSI/I‘IaCTI/IHa HOBerHOCTHBIﬁ
MJI1a3MOH-TTIOJIAPUTOH. HOBerHOCTHLIe IIJTa3MOHBI Ha CTPYKTypHpOBaHHOﬁ IMOBCPXHOCTHU.

4. Many-Body Perturbation Theory
Oynkuus [punHa u a3pl AMarpaMMHol TexHUKH. luarpamMMHoe pasiioxkenne GyHKuuu [ puHa.

5. HucneHHbIe NAKETHI JUIsl PaCU€TOB B pAMKax METOJIa CPEAHEr0 CaMOCOIIACOBAHHOIO MOJIS U 3a €ro
npenenamMu

Quanyum Espresso, VASP, BerkeleyGW, Octopus.
6. ®yuxius [puna

Cobonnas ¢ynkuus I'puna. [lonnas dynkuus [puna. Yp-e Jaiicona. CoOCcTBEHHO-3HEpreTHYECKas
yacTh. BepmmuHuas wacte. CrnekTpanbHoe npexacTtasieHune ¢yHkuuu I[puna. Keasnuactuunoe
OTIMCAHME IEKTPOHHON CHCTEMBI.

7. TunoBble nuarpamMmsl B TBepaoM Tese. Metog GW

VYpasuenus Xenuna. Merog GW. [IpubnuxeHnue mia3MeHHOTO MOJOCA.

8. OTKIIMK CUCTEMBI

Onpenenenune. [Ipuunnnocts. CootHomenust Kpamepca-Kponura. @yHKIUS OTKIMKA CUCTEMBI.
9. Merog DFT+U

"[lepenenoxamm3arus” anekrpoHoB B DFT. MotTtoBckue m3onstopsl. Mogens Xa06apaa. DFT+U
(LDA+U).




5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIEeHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

KoMIuIeKT a1eKTpOHHBIX MTPe3eHTallni/ClIaliIoB; ayAUTOPUS, OCHAIIICHHAS TPE3CHTAIIMOHHON TeXHUKON
(mpoexTop, 3KpaH, KOMITBIOTEP/HOYTOYK); TP HEOOXOAUMOCTH CIIEHUAIbHBIE TEXHUUYECKHE CPEACTBA
T 00yJaromuxcst MHBanuaoB u aui ¢ OB3.

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa
1. deitHMaHOBCKHE AUarpaMMbl B ipobieme MHorux tei [ Teker]/P. JI. Martyk, -M., Mup, 1969
2. ®usuka tBepaoro tena [Teker] : B 2 1. T. 1 / H. AmkpodT, H. Mepmun ; niep. ¢ anri. A. C.
Muxaiinosa ; nox pen. M. U. Karanosa .— M. : Mup, 1979 .— 399 c.
3. ®uzuka tBepaoro Tena [Teker] : B 2 T. T. 2 : [y4e6. mocobue s By3oB] / H. Amkpodt, H. Mepmun
; mep. ¢ aar. K. U. Kyrens, A. C. Muxaiinosa ; nox pen. M. U. Karanosa .— M. : Mup, 1979 .— 424
C.

JomnonHurensHas aureparypa

1. DnemenTapHbie BO30yKaeHUs B TBepabIx Tenax [Texct]/[. [laitac , nep. ¢ anr. 0. B. I'ynsesa ,
-M., Mup, 1965

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

He ucnonesyrores

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIECTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NPOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

JleMoHCTpaIus mpe3eHTaIni, BUICOKOH(DEPEHITHH.
9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMd IUCLUUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBIAAeTh OOIIMM IOHSATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT AOJDKCH 3HAThb OCHOBHBLIC ONPEACIICHUSA W IIOHATHA,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUA JId PCUICHUS PA3JIMYHBIX 3aa4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;
— BeJICHUS KOHCIICKTA 3aHSITUH;

— HaNPsDKEHHOW CaMOCTOATEILHOU PabOTHI CTYIEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], MPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAaraéMpIx CTyJIeHTaM Ha 3aHATHSX;

— TIOATOTOBKY K BBITIOJTHEHHIO 3aJaHHUI MPOMEKYyTOUHOM aTTeCTalru.

[Mokazarenem BiajeHUsS MaTEpUATIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TEMaM
JHUCUUILINHEL.

BaxxHo 10OWTHCS TMOHMMaHMsI U3y4yaeMoro mMarepualna, a He MEXaHHYeCcKOro ero 3amoMmuHaHus. [lpu
3aTPYINHEHWN W3yYCHUsS OTIEIBHBIX TEM, BOIPOCOB, CIEIyeT OOpamiarhCs 3a KOHCYIbTAIMSAMH K
MIpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTYIEHTOB B BHJE PEIICHHS 33a7ad B COOTBETCTBUH C
TEMATUKOH 3aHSATHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: ®DoToHUKa 1 ONTOMH(POPMATHKA

npopuiIb NOArOTOBKHU: ®DOTOHNKA, KBAHTOBBIE TEXHOJIOTUU U JBYMEPHBIE MaTepHaIbl
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 3Haer w© croco0eH HCIIOJIL30BaTh B
nmpoeCCHOHANBHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
OIBIT M PEe3yNbTaThl HAYYHBIX HCCIEIOBAaHUH B 001aCTH
(oTOHMKH ¥ ONITOMH(POPMATHKI

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTreMaTHKH W (HU3UKH H CIOCOOCH HMX HPUMEHATh HpPHU
peleHun 3a/1ad B o06nactu (POTOHUKH U ONITOMH(OPMATUKN

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 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOM  HAy4YHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMH YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH 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 CnocobeHn ananmu3upoBarh 3ajady, [JIaHHPOBAThH
MyTH pEIIeHHs, MpeiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
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-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 CrnocobeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1auy, (POPMYIHPOBAHUS BHIBOJIOB M OLICHKU ITOJIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobOeH apryMeHTHPOBAaHO BBIOMpAaTh CIOCOO
MPOBEICHUS] HAYYHOTO MCCIIEOBAHUS

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOy4YaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

[MK-1.1 CrocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIIeJOBAaHHN

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYecKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

[MK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
OKCIIEPUMEHTAIbHBIE METOIBl HCCIIENOBaHUH B 00JacTh
($oTOHMKH W ONTOWH(GOPMATUKKA K KOHKPETHOW HAy4HOM
3aj1a4ye ¥ HHTEPIPETUPOBATH MOTYYCHHBIC PE3Y/IbTaThI

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

[IK-2.1 Cnoco0eH caMOCTOSTEIILHO WIA B COCTaBE
Hay4YHOTO KOJJIEKTHBA TUIAHUPOBATh M MPOBOAUTH Hay4HbIE
HccieoBaHus B 00acT (DOTOHUKU U OTITOMH(OPMATUKH

[MIK-2.2 CnocobeH mNpoBOAUTH ampoOanuio pe3yiIbTaToB
HayYHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NyONMKalUK HAYYHBIX CTATeH U y4acTusi B KOH)EPEHIUSIX

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

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

3HATb:

- TIOHSATHE KOPPEIALMOHHON SHEPTUH, KOHIEMIMK 3JIEMEHTApPHBIX BO30YXKICHUH B CHCTEME MHOTHX

JJIEKTPOHOB.




yMeThb:

- omeHuBaTh  3(P(PEKTHl  AIEKTPOH-NICKTPOHHOTO  B3aMMOJCWCTBHS,  OLEHMBAaTh  BIMSHHUE
MHOTO3JIEKTPOHHBIX 3()()EeKTOB HA ONTHYECKHUE CBOWCTBA CUCTEMBI.

BJIaJeTh:
- OCHOBaMH METOAOJIOTMH YUCIEHHBIX METOJJOB B CUCTEMaX MHOTHX JJIEKTPOHOB.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylleMy KOHTPOJII0

C LCJIBIO KOHTPOJISI OCBOCHUA O6y‘laIOH_[I/IMI/IC$I yLIC6HOl"O Marcpuajia mpoBOAUTCA YCTHBII\/’I OIIpoC B
HavaJi€ 3aHATUA 110 TCMC ITPOULIIOTO 3aHATUA.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuarouuxcst

. ChopmynupoBaTh OCHOBHBIC TTOJIOKEHUS METO/IA CAMOCOTIIACOBAHHOTO TTOJIS

. DnemMeHTapHbBIe BO30YKJICHHUS B 3JIEKTPOHHOM ra3e. [ [i1a3MoHbI 1 onTHdecKue Bo30yKIeHUS.
. [ToBepXHOCTHBIE MJIa3MOHBI B METAJIIE U ONITUYECKUE CBOICTBA

. Koppensauuonnas sueprus

. DKpaHUPOBKA KyJIOHOBCKOTO B3aUMOCHCTBUS

. OpuaeneBcKkue OCHULIALNT

. 3armcars ypaBHeHHe XapTpu-Doka 1 paccka3arh 0 €r0 OCHOBHBIX CBOMCTBAX

0 NN N bW~

. ChopmynupoBaTh OCHOBHBIE MTOJIOKEHUS TEOPUU (PYHKLIMOHAJIA IEKTPOHHON TUIOTHOCTH
9. OCHOBHBIE CBOWCTBA TUAJICKTPUICCKON (PYHKIMH OTKIMKA B SJIEKTPOHHOM Ta3e
10. HaiiTi nna3MeHHYI0 4acTOTy B 3JIEKTPOHHOM ras3e

11. Hanwmcarp amarpamMmel aiast  omepatopoB @Doka, OOMEHHOTO B3aWMOACHCTBHS, IHArPaMMBbI
9KPaHUPOBKH B MOJIEJIN XaO0THUYECKHX (a3

12. HaxoxaeHue ONTHYECKUX CIIEKTPOB C MOMOIIIBIO CIIEKTPAJIbHOTO IpecTaBiaeHus GpyHkunu [puna

[Tpumeps! 3K3aMEHAIMOHHBIX OUIIETOB:

buner 1.

1. Teopus cpenHero caMocoIIacoBaHHOI'O 10JIA.

2. YpaBuenue Xaptpu-dPoka. Teopust pyHKIIMOHATA HIEKTPOHHON TIIOTHOCTH.
buner 2.

1. DxpaHMpOBKA U MJIA3MOHBI.

2. DJAEKTPOHHO-ONTHYECKUE BO3OYKICHMSI.

buner 3.

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

2. CpoOomnast ¢ynkmus ['puna. [lomnas ¢yaknus [puna. DKpaHUpOBAaHHOE KYJIOHOBCKOE
B3aUMOJEICTHE.

buier 4.

1. ®ynkuusa Ipuna. IlpakTuueckue acmexktbl. TuUnWYHBIE AWarpaMMHbIe OJOKH. JlMarpammbl
orepatopoB XapTtpu u @oka, RPA.

2. Onruueckue CHeKTpsl ¥ CHeKTpalibHOe NpeacTaBienne GyHkimu [puna
buner 5.

1. lpubnmxenus GW u DFT+U

2. YpaBuenue Xaptpu-dPoka. Teopust pyHKIIMOHATA AIEKTPOHHON TIIOTHOCTH.
buner 6.

1. Tlonstne ¢yHKIMH OTKIMKAa cHCTeMbl. IIpuHIMI ~ NPUYMHHOCTH W COOTHOIICHHSA
Kpamepca-Kponwura.
2. Nuanexktpuueckas GyHKUUS U oOpaTHas AUAIEKTpHUYECcKas GyHKLIUS.

Kputepun onennBanus



Onenka ommuuHo 10 OamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHBIC, DIIyOOKHE 3HAHUS YYEOHOW MPOrpaMMbl JUCIHMIUIMHBI, MPOSBISIOMEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
NPUMEHSATh X Ha IPAKTHKE TPH PEIICHUU KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBHIbHOE 000CHOBAHUE
HNPUHATHIX PELICHAMN.

Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCHUILUIMHBI U YMEHHE YBEPEHHO
IPUMEHATH UX Ha MPAKTHUKE MPH PEIICHNU KOHKPETHBIX 3aj]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.

Onenka OTIMYHO § OauioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.

Onenka xopomio 7 0aioB - BEICTABISIETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPpaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATHh IOJy4YEHHbIC 3HAHUS HA INPAKTUKE, HO HEIO0CTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.

Ouenka xopoio 6 6ajIoB - BBICTABISAETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh [IOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOpbIe HETOYHOCTH.

Onenka xopomio 5 0ajioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAaHHUs HAa MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.

OreHka yIOBIETBOPUTEIBHO 4 Oajula - BBICTABISICTCS CTYIEHTY, IMOKa3aBLIEMY (parMeHTapHBIN,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHI,
HapyILIEHUs JIOTHYECKON MOCIe0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIEero oOydeHus, u
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OreHka yIOBIETBOPUTEIBHO 3 Oajula - BBICTABISICTCS CTYIEHTY, IMOKa3aBLIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynrpoBKax 0a30BbIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYAOM MIPUMEHSET MMOJYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHTYAIIHH.

OneHka HeyIOBJIETBOPUTENIBHO 2 Oauia - BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJIbLICH 4acTH
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JOIyCKaeT TrpyOble OmHOKH B
(OpMyITHpPOBKaX OCHOBHBIX IMPHUHIIMIIOB i HE YMEET MCIOIb30BaTh NOIYYCHHbBIC 3HAHUS TP PEIICHUN
THUIIOBBIX 33/a4.

OueHka HEYIOBIETBOPUTENbHO 1 Oajnm - BBICTABISAETCS CTYIEHTY, KOTOPHI HE 3HAeT OCHOBHOTO
coziepKaHusi yu4eOHOW MPOrpaMMBbl TUCHUILTUHEL, JTOMyCKaeT rpyOeiinire ommoku B (GOPMYIHPOBKAX
0a30BBIX TMOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNIne MPoueIypPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH

OK3aMeH MpOBOOUTCS B YyCTHOW Qopme mo Owieram. B kaxxgom OwiieTe npencTaBieHO [Ba
TeopeTuueckux Bompoca. [Ipu nposeaenun sx3ameHa oOydaromemycs npegocrasisercd 30 MUHYT Ha
noaroroBky. Onpoc o0ydaromerocs: He JOJKEeH MPEBbIIaTh OIHOTO ACTPOHOMHYECKOTO Yaca.



