degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
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JAupexTop pusrex-mKoasl GU3NKu
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PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: [lepBOIIPHUHIMITHBIE METO/IBI PacueTa CBOWCTB MaTepUalioB
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenpa QU3NKA U TEXHOJIOTHH HAHOCTPYKTYP

Kypc: 2
KBaJIMpUKALS: MarucTp

CemecTp, hOpMBI MPOMEKYTOUHOH arTecTanuu: 3 (OCEHHUH) - DK3aMeH

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 30 gac.
nabopatopusle 3ansaTus: 0 gac.

CamocrositensHas padora: 45 yac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 135, Bcero 3a4. ex.: 3

[Iporpammy cocrasuin: H.JI. Marko, kauz. ¢pu3.-Mar. HayK

[Iporpamma obcyxaeHa Ha 3aceqanuu Kagenpsl GU3NKU U TEXHOIOTUN HaHOCTPYKTyp 05.02.2025



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
ONBIT M PE3yJbTaThl HAayYHBIX MCCIECJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
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 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

[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 CrocobeH HaxomuTh, aHAIM3UPOBaTh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHI B
paMKax TeMaTW4eCKOW OONacTH CBOEH MPOQECCHOHATHLHOMN
EITEILHOCTH

IIK-1.2 CnocobeH BbyIBHTaTb THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOACTH JUIS ONHCAHUS H3y4aeMbIX
SIBIICHUI W MIPOIIECCOB, OIICHUBATh KAY€CTBO Pa3padOTaHHON
MOJENN

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

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

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

[IK-2.2 CnocobeH mpoBOAWTH ampoOaIio pe3ylIETaTOB
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:

- TIOHATHE KOPPEIALMOHHON SHEPTUH, KOHLEMIMU 3JIEMEHTApPHBIX BO30YXKICHUH B CHCTEME MHOTHX

JJIEKTPOHOB.
YMETB:

- oueHuBath 3¢ eKTH

OJICKTPOH-3JICKTPOHHOI'O

BSHHMOHCﬁCTBHﬂ, OLICHUBATh BIIMAHHC

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
| Teopust cpegHero c€aMoCOINIACOBAHHOIO ) ) 3
OISt
OKpaHHPOBKa KYJIOHOBCKOTO
2 B3aUMOJEHCTBUS M IUIa3MOHBI B 2 2 3
MeTajiax
3 DNEeKTPOHHO-ONTUYECKUE BO3OYKICHHS 2 2 3
4 Teopust MHOTOYaCTUYHBIX BO3MYIIEHUI 4 4 6
UucneHHble NaKeTbl A pacyeToB B
5 pamKax MeToza CpeHero ] ] 12
CaMOCOIJIACOBAHHOIO IOl U 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

Beenenue. [locranoBka 3agaun. Teopust CpeTHETO CaMOCOITIACOBAHHOTO NOJIA. YpaBHEHUs XapTpy U
Xaprpu-®oka. Teopust pyHKIHOHANA HIEKTPOHHON TIOTHOCTH. OCHOBHBIE OIPAaHUYCHUS YKA3aHHBIX
IOJXOZ0B.

2. DKpaHUPOBKa KYJIOHOBCKOI'O B3aUMOAEHCTBUS U IIa3MOHBI B METAJLIaX

[Ipubnuxenne Xaprpu-Ooka Kaxk TEpBHI MNOPAAOK TEOPHUH BO3MYIICHHHA. OKpaHHPOBKA
KYJIOHOBCKOTO  B3aUMOJEHCTBUSL B  3JEKTPOHHOM rase. JlanbHONEWCTBUE  KYJIOHOBCKOIO
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. UucneHHble MaKeThl A1 pacueToOB B paMKax METOJAa CPEAHCTO CaMOCOITIaCOBAHHOTO II0JIA U 3a €Io
npeaciaMun

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

Cobonnas dynkuus [puna. [Tonmnas dynkums [puna. Yp-e Jlalicona. CoOcTBeHHO-dHEpreTHYECKAs
yacTh. BepmmuHas yacte. CrekTpanbHoe mnpexactasBienue ¢ynkuuu [puna. Keasmuactmynoe
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, M3y4arollui JUCHUIUIMHY, JTOJDKEH, C OJHOW CTOPOHBI, OBIAJETh OOIIUM IOHSITUHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbIL, JOJKEH HAYUYUTHCS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pe3yabTaTe HU3YUCHUA AUCHUIIIMHBI CTYACHT JOJIKCH 3HATb OCHOBHBLIC OIPCACIICHHUA W IOHATUSA,
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 y4yeOHOro MaTepuana, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

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

— IOATOTOBKY K BBITIOJTHEHHIO 33JaHHUI MPOMEKYTOUHOH aTTeCTalnu.

[lokazarenem BiaJeHHUs MaTEpUaIOM CIY)KUT yMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TeMaM
JUCLUAIUIMHBIL.

BaxHo 10oOWTHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHanus. llpu
3aTPYIHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CJIEAyeT OOpamiarbesi 3a KOHCYIbTalUAMH K
MIpenoAaBaTelto.



Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHS 337ad 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

KBaJIH(UKALUS: 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
ONBIT M PE3yJIbTaThl HAayYHBIX MCCIEJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKl M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
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 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

[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 CrocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAINKIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmMaTH4ecKoi o0macTé cBoed MpodeccHOHATLHOM
JEATEIEHOCTH

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTDH
MaTeMaTUYecKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KA4eCTBO pa3padOTaHHON
MOJENN

[MK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3ybTaThl

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

[IK-2.1 CnocoGeH I1ulaHUpOBaTh M MPOBOAWTH HAYUYHBIC
UCCJICZIOBAHUSI CAMOCTOSTENIbHO MJIM B COCTaBE Hay4HOIO
KOJIJIEKTHBA

[IK-2.2 CnocobeH mNpoBOAUTH ampoOanuio pe3yiIbTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NyOIMKalUK HAYYHBIX CTAaTeH U y4acTusi B KOHOEPEHIIUSIX

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B pe3yabTare MU3Yy4YCHHUA JUCHUIIIAHBI «HepBOHpI/IHHI/IHHLIe MCTOAbI pacucTa CBOICTB MaTcpuaioB»

00yJaromuiics JOKeH:

3HATb:




- TIOHATHE KOPPEIALMOHHON SHEPTUH, KOHLEMIMK 3JIEMEHTApPHBIX BO30YXKICHUH B CHCTEME MHOTHX
JJIEKTPOHOB.
yMeTh:

- oueHuBath 3QQEKTH  ANEKTPOH-3JICKTPOHHOTO  B3aUMOACWCTBHUS, OLIEHUBATH  BIIHMSHHE
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 1menplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC 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. Hammcarp muarpammbl Juisi omeparopoB Doka, OOMEHHOTO B3aWMOJCHCTBHSI, JAHATPAMMBI
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. CpobGomnas ¢ynkuuss ['puna. [lomnas ¢ysxous [puna. DKpaHUpOBaHHOE KyJIOHOBCKOE
B3aUMOJECHCTHE.

buner 4.

1. ®ynknus Ipuna. IlpakTuueckune acmekTbl. TUNWYHBIE AWarpaMMHBIE OJOKH. Jlmarpammbl
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. Tlonsarue ¢yHkuuM OTKIMKAa  cucTeMbl. lIpUHOMI  OPUYMHHOCTH W COOTHOLICHUS
Kpamepca-Kponura.

2. lmanektpudeckast QyHKIMS U 0OpaTHas AUAJIEKTpHUECKas PyHKITUS.

Kpurepun 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.



