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o AMCHUIIJIMHE: MCTO,Z[BI pacucTa BHCKTpOHHOﬁ CTPYKTYPbI MaTcpHraioB
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)I(lJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: AJIbTCpHAaTUBHAA SHCPTCTUKA, HAYYHOC
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AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexkuuu: 0 gac.
cemuHapsl: 30 gac.
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AHHOTANMA

Kypc 3HaKkoMuT cTygeHTOB C MeToJaMH pacuéra 53JIEKTPOHHOM CTPYKTYpbl MaTepHalioB, HadyWHasg C
NPOCTEUIINX WIUIIOCTPATUBHBIX 3a7ay, TAKUX KakK YHUCJIEHHOE PEUICHUE OJHOMEPHOIO YpaBHEHUS
[pénunrepa, U 3akaHYMUBas METOAAMH, KOTOPHIE MMEIOT MPAKTUYECKYIO0 3HAYMMOCTb, TAKUMH KaK TEOPHS
¢dyskmonana miotHoctu (DFT). B pesynbratre ocBoeHHS Kypca y CTYICHTOB C(HOpPMHPYETCS MOHUMaHUE
OOMIMX TPUHIUIIOB MOCTPOCHHS MPOTPAMMBI JIJIsl PAcUETOB, MOSBUTCS HABBIK HAMTUCAHHS KOMITBIOTEPHBIX
mporpaMMm Ha s3bike Python 11 mpoBemeHuss pacd€ToB 3IEKTPOHHON CTPYKTYPHl W BU3yaH3aIldd
pe3yabTaToB.

1. lean u 3apa4n

Henb 1ucUMNIMHBI
- IO pe3yibTaTaM Kypca oOydaromruecs AOJDKHBI MOHMMaTh (U3MYECKHE MPUHLUIbI, 3aJT0KCHHBIE B
pa3iIuyHbIe MOJENHU JUIsl OTIMCAHUSI MHOTOJIEKTPOHHBIX CHCTEM, OBITh B COCTOSSHUM IPOTPaMMHPOBAThH
HEKOTOpBIE TAKUE MOZCIN U INPAaBHIBLHO HMHTEPIPETUPOBATH PE3YNIBTAThl 3IEKTPOHHO-CTPYKTYPHBIX
pacy€Tos.

33]13‘[1/[ JAUCHUIIINHBI

- O3HAKOMJICHHE OOyYalOIIMXCS C Pa3MYHBIMA METOAAMH pacueTa 3JIEKTPOHHOH CTPYKTYpbl aTOMOB,
MOJEKyl W TBEPABIX Tel. BpipaboTka NOHMMaHMA NPEUMYIIECTB, HEAOCTATKOB U 001acTH
MPUMEHUMOCTH KaXKIAOT'0 METO/a, BHIPAOOTKa HAaBBIKA IJIAHUPOBAHUS APXUTEKTYpPhl PacuEéTHOU
[IpOrpaMMbl M HAIIUCAHUS TaKUX [IPOrpamMM.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NuaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM unciie pazpadareBath 1 |[IK-1.2  CnocoGeH  BBLABHTAaTH  THUIOTE3BI, CTPOHTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MareMaTHYeCKHe MOAEIM M ONHMCAaHUs H3y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHHUI M MPOIIECCOB, OIICHUBATH KAY€CTBO pa3padOTaHHON
aHaJM3MPOBATh HAy4YHbIE MPOOJIEMBI, TIOJIyYaTh |MOIENIN

HOBBIC HAayIHBIC PC3YJIbTATBI I1K-1.3 CrnocobeH mnpuMeHATh TEOpeTHUeCKue H (WIIHN)
IKCIIEPUMEHTAIbHBIE METOJbI MCCICAOBAHNN K KOHKPETHOM
HayyHOM 3ajaye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pe3yabTaThl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)

B pesynbrare ocBOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI

3HATB!
— TEOPETUYECKHE OCHOBAaHUSA PA3JINYHBIX METOJIOB pacuéra 3JIEKTPOHHOM CTPYKTYphl: MeToa XapTpH,
Xaprpu-Poka, Teopun ¢pyHkurnonana miotHoctu (DFT).

YMETh:
— peamu30BbIBaTh YIOMSHYTHIE BBIIIE METOMABI pacdyeTa ¢ HCIOIb30BAHUEM fA3BIKA MPOTrPaMMHUPOBAHU
Python;
— HaXOJUTh TEOPETUUECKH UITU IIyTEM TECTOB ONTHUMAJIbHBIE TapaMeTPhl PacyETOB;
— MPaBWJIBHO HUHTEPIIPETUPOBATH PE3YJIBTATHI PACUETOB.

BJIaJIETh:
— MPaKTUYECKUMU HaBBbIKAMU MCIIOJIb30BAHUS YIIOMSHYTHIX BbIIIE METOJOB;
— TEOPETUYECKHUM aNIapaToM, IMO3BOJISIIOIINM OLIEHUTh I'PaHUIbl IPUMEHUMOCTH Pa3JINYHBIX METOJIOB
U BBIOpATh KOPPEKTHBIM METO/ IS PEIIEHHs] KOHKPETHOH 3a/1a4uH.



4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOYIIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOSTENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 [Mpubnnxenne BopHa-OnPeHreﬁMepa, ’ 3
MOBEPXHOCTH IMOTEHIHAILHONW YHEPTUN
2 Onnomepnoe ypasuenue lpéaunrepa 2 2 8
3 Bapunanmonsslii MmeTox 4 4 5
4 [Tpubnuxenue CaMOCOIIIACOBAHHOTO 4 5 ]
nonsi. Meton Xaptpu / Xaptpu-Doxa
5 Teopus GhyHKIIMOHATA IITIOTHOCTH 4 4 8
6 Teepaoe Teno 2 4 8
7 [IceBnonoreHuuabt 2 2 6
8 DJEeKTPOHHBIE CBONCTBA TBEPBIX TEI 4 4 8
9 lapMonnueckoe mpubIMKeHUE 4 4 8
10 I/IHTe:rpaum 3NEKTPOHHO-CTPYKTYPHBIX 4 ’ 3
pacy€ToB ¢ ApYTUMHU HHCTPYMEHTAMHU
Hroro yacos 30 30 75
IToaroTroBka k sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2. Cogpep:kaHue IUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennuii)
1. Ilpubnmwxenue bopua-OnnenreiiMepa, HOBEPXHOCTh NOTEHIIMAILHON SHEPTUU

Beenenue. MonenupoBanue cucTeMbl U3 SAEP U JNEKTPOHOB. Pa3iinyHble cuCTEMbl KOOPAUHAT JUIs
MpEICTaBICHUsST aToMHCTHUecKoi cucteMbl. llpubmmkenne bopna-Onmnenrelimepa. IloBepxHOCTB
MOTeHIMaNbHON 3Hepruu. [ panuiel npumenumocty [150O, mpumMeps! HeaguadbaTrnueckux dPPEeKToB.

2. OgnomepHoe ypasHenue Llpénunrepa

l'apmonnueckuit  ocmmisitop. CucremMa aTOMHBIX €OWHUI. TOYHOE pEIIeHHE YpaBHEHUS
pénuurepa. KBantoBas MexaHuWKa M YMCJICHHBIE PEIICHUS: HEKOTOpble HaOmomeHus. CetodHoe
IIPEJCTABICHNE 3a/lauH, [IaTOJIOrMYECKOe aCUMIITOTUUECKOE IToBeieHue pelieHusi. Meroa Hymeposa.
VpaBuenue Llpénunrepa mns cdepuueckn cumMMmerpuuHoro mnoreHuuana. Cdepuueckue
KOOp/AMHATBHI, OCOOEHHOCTH IIepexoja U3 [CKapToBOH B C(EpHUYECKYyl0 CHUCTEMY KOOPIHHAT.
Jlannacuan B cepuueckux koopaunarax. llorenunan KynoHa, CHHIYISIpHOCTh B Hayasie KOOPAUHAT.
Mertopl yCTpaHEHUsI CUHTYJISIPHOCTH. ['paHuIlbl IPUMEHUMOCTH OIHOMEPHOIO MPEACTaBICHUS IS
pacuéra IIEKTPOHHON CTPYKTYpHI.

3. BapuanuoHHsiil MeTox




Bapuanuonneli  npuHuun.  JleMOHCTpanuss ~— BapMauMOHHOrO  npuHmoumna. IIpemmyniecrsa
BapUAIIMOHHOTO METOJ[a. DHEPTHs OCHOBHOTO COCTOsIHUS. basucHeie pyHkuum. ba3ucel rayccoBbIX U
CIIDTEPOBCKUX opOuTaneld, 6a3nuc MIOCKUX BOJH, UX MPEUMYIEcTBa W HemocTtaTku. OcoOeHHOCTH
HEOPTOTOHAJILHBIX HAOOPOB 0a3UCHBIX (PYHKIIUI.

Hanmcanue nporpaMMel s pacd€ra 1. CTPYKTYpPbl BAPHALIMOHHBIM METOAOM.
4. IlpubnuxeHue camocornacoBaHHOro noisi. Metox Xaprtpu / Xaprpu-Doka

MHorosnekTpoHHast 3afa4ya. OKCIIOHEHLMATIbHBII POCT CIOKHOCTH C POCTOM YHCJA JIEKTPOHOB.
Merton cpeanero noisi. Meton Xaptpu. YpaBaenusi Xaptpu. CoOCTBEHHBbIC 3HAUEHUS] M 3HEPTUs
Xaptpu. CamocoriacoBaHHoe Tmonie. YucieHHas peanus3anus MeTofa XapTpu Al paauajbHOU
3agaun. HexoppektHoctp meroma Xaprtpu. DepMHOHHBIE CBOWCTBa 3JICKTPOHOB. JleTepMUHAHT
Cnoarepa. Merton Xaprpu-®oxka. KynoHoBckuii 1 oOMeHHBIN moTeHIman. KoppesiiuoHHasi SHEpTusl.
Atom renus. MarpuuHble 3IeMEHTHl TaMUIbTOHMaHa. UnciaenHas peannzanust Mmetona Xaprpu-Doka
IS aTOMa TeNns B raycCOBOM Oasuce.

5. Teopust pyHKIIMOHATA TUIOTHOCTH

Teopema XooHOepra-Kona. VYpasuenust Kona-lllama, wux oTiauuue OT ypaBHEHWHA XapTpH.
[TpubmmxkEHHBIE 0OMEHHO-KOPPEISIIMOHHBIe (YHKIMOHANBI. [IpuOnmkeHne JTIOKaaIbHOH IUIOTHOCTH
(LDA), npubnmxkenue 0600ménnbix rpaguentoB (GGA), norennuan Ilepapro-bépka-OpHiepxoda
(PBE). I'nOpunnbie ¢GyHKINOHAIIBL.

6. TBepnoe Temno

WneansHBIN KpHUCTAUL: OCHOBHBIE CBOMCTBA M ompezeneHus. [lepruoanueckue rpaHUYHbBIE YCIOBHS.
Pemérka bpapa, 6a3uc BeKTOPOB TpaHCAIKUU. ToueuHbIe U MPOCTPAHCTBEHHBIE TPYIIIBI CHMMETPHH.
OOpartHOoe TIPOCTPAaHCTBO, comnpspKeHHBIM 0Oa3uc. [IpeobpazoBanne @Dypoe. Teopema bioxa,
6noxoBckue (pyHkuuu. Pemenue 3agaun 1y cBOOOJHOTO IEKTPOHA B MEPHOANYECKUX IPAHUYHBIX
ycanoBusX. PelieHne aiIeKTpOHHOM 3a7jaud B IIOTEHIMAJIe KpUCTauIa. ba3uc mIockux BOJIH. beicTpoe
npeobpazosanue Dypre.

7. IlceBmOmOTEHIINAIE]

KynoHoBckuii moTeHIMan U 0a3uc TUIOCKUX BOJH. [JyOOKHE BJIEKTPOHHBIC YPOBHHM M BaJICHTHAS
oOostouka. IlceBHonoOTEHIINAIIEI.

8. DieKTpOoHHbIE CBOMCTBA TBEPBIX Tell

Jucnepcus IEKTPOHHBIX YPOBHEH. DIEKTPOHHBIE 30HbI, CBOMCTBA METAJIJIOB, IIOJIYIPOBOJHUKOB U
JTVDIEKTpUKOB. IIpuMecHBIe YpOBHM, AONMUPOBAaHHE, MONYINPOBOAHHKM pP- W n-tuna. IlmoTHOCTH
JNIEKTPOHHBIX COCTOSIHUHM, €€ pOJb B KOHTEKCTE CKaHUPYIOIIEW TYHHEJIbHOH MHUKPOCKOIIHH.
Ontuyeckue cBOMCTBA.

9. l'apmonnveckoe npubImKeHue

lapmoHMueckoe mpHOIMKEHHE TMOBEPXHOCTH MOTCHUIUANbHON dHepruu. KoneGanus B Monekynax.
Konebanust pemrerku B TBEpAOM Tene, (QoHOHBIL. CBs3b (OHOHOB C TEIUIONPOBOMHOCTBIO H
ANIEKTPOIIPOBOAHOCTHIO. BBIXONM 3a mpenenbl TapMOHUYECKOTO MPUOIMKECHUS: MPUOIIKEHUE 3-TO
nopsiaka. MosekynsipHasi AUHAMHUKA KaK CPEJICTBO pacuyéra KoieOarelbHBIX CBOWCTB.

10. MHTerpanus 3neKTpoHHO-CTPYKTYPHBIX pacyéToB € IPyTUMU UHCTPYMEHTaMU

CoBpeMeHHBIE MPOrpaMMHBIE MAKEThl I 3JIEKTPOHHO-CTPYKTYpHBIX pacuéroB. Ilakersr VASP,
Quantum Espresso. CoBpeMeHHbIE TTAKeThI JJisi pacuéra MoneKysipHol nuHamuku: LAMMPS, i-PL.
WnTepdeiicsl conpssKeHust TAKeTOB IS PELICHUs] aTOMHOMN U 3J1eKTpoHHOM 3a1au. [laket ASE.



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

yueOHast ayTUTOpHsl, OCHAIICHHAS KOMIIBIOTEPOM U MYJIBTUMEIUHHBIM 000pya0BaHHEM (TIPOEKTOD,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa
Jluteparypa Bolgaercs Ha kadenpe:

1. Catanun A.M. Beenenue B Teoputo pyHKLIMOHAA IVIOTHOCTH. Y 4e0OHO-METOIUIECKOE

nocobue. Hkxnuit Hosropon, 2009, 64 c.

2. Kucenés B. B. KBanTtoBas Mexanuka. Kypc nexnuii. (Yuebnoe nmocobue) — M.: MIITHMO, 2009. —
560 c.

3. Beenenue B ¢pusuky tBepaoro tena / Y. Kurrens, [lep. ¢ anm. @usmarrusz, 1963.

4. Jlannay JI.J1., Jludpmun E.M. Teopetnueckas ¢pusnka: yaedbHoe mocodue st By3os. B 10 1. T. I11.
KBanrtoBas mexanuka (HepensaTuBucTckas teopusi). — M.: @usmariut, 2004. — 800 ¢

JlononHuTEIbHAS TUTEPATypa
Jluteparypa Bolaercst Ha 6a30BOH Kadenpe:

1. Amikpodt H., Mepmun H. ®usuka tBEpaoro Tena (B AByx Tomax) [lep. ¢ anrn. A. Muxaiinosa. — M.:
Mup, 1979. T. 1 —458 c.; T. 2 — 486 c.

2. Giustino F. Materials Modelling using Density Functional Theory. Properties and Predictions //
Oxford University Press, 2014. ISBN 978-0-19-966243-2

3. Giannozzi P. Numerical Methods in Quantum Mechanics (Lecture notes)

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

Kypuans! o ¢pusuke TBepaoro tena (Pusnka TBepaoro tena, Kpucramnorpadus, XKITOD, [Tucema B
XKOTD, Physical Review B, Phys. Rev. Lett., Physica Status Solidi b, u ap.), nocrynusie uepe3 Internet
Hay4HbIC U HAyYHO-TeXHUUECKUE XypHaibl: http://scitation.aip.org/, http://www.sciencemag.org/
ANIEKTPOHHBIE KOHCIIEKTHI JICKIIUH, ydeOHbIe TOCOOUs 1 COOPHUKY 3aa4, pa3paOOTaHHBIC sl JAHHOTO

Kypca.

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMBbIX IPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

JIokyMeHTaIus K SI3bIKY mporpaMMmupoBanust Python u ero pacmmpenuo Numpy:
https://www.python.org
https://numpy.org

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

VYenemHoe ocBoeHHE Kypca TpeOyeT caMOCTOSTeNbHONW paboThl cTyaeHTa. B mporpamme Kypca s
CaMOCTOSATEJILHON paboThI CTyA€HTa Ha/l TEMOW OTBOANUTCS MUHUMAJIBHOE BPEMsL.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— npopaboTKy yueOHOro Marepuana (1o yueOHOM 1 HayYHOU JIUTEpaType);

— YTEHHE U KOHCIIEKTHPOBAHUE JONOIHUTEIBHOM JTUTEPaTyphl;

— MO/ITOTOBKY OTBETOB HA BONPOCHI, NPETHA3HAYCHHBIX ISl CAMOCTOSATEIBHOTO N3YYCHHS;
— TMOJTOTOBKY K UG GEPEHIIUPOBAHHOMY 3a4ETYy.



PyKkoBOICTBO M KOHTPOJIb CaMOCTOATENBHOM pabOThl CTylEHTa OCyHIecTBIseTcss B (opme
WHAMBHUIYaJbHBIX KOHCynbrauuid. Ilokasarenem BIaZieHHs MaTepUaoM CIY>KUT YMEHHE pellaTh
3agaun. Jns (opMHpOBaHHS yMEHHsSI NPUMEHATh TEOPETHUYECKHE 3HAHUS Ha MPAKTHKE CTYACHTY
HEoOXOAMMO pelaTh Kak MOKHO Oosnbiie 3aaad. [lpu pemennun 3agaq Kaxaoe AeHCTBHE HEOOXOAUMO
apryMEHTHPOBaTh, CChIIAsICh HA PACCMOTPEHHBIN paHee TEOPETUUECKUH anmapar.

BaxxHo 10oOWTHCS MOHMMAaHUS M3y4aeMOro MaTepuala, a He MEXaHM4YeCKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHHS OTICIBHBIX TEM, BOINPOCOB, CleIyeT oOpamiarbcs 3a KOHCYIBTALMSAMU K
MPETIOJaBaTeNo.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIG Mar€MaTuKa nu (1)I/I3I/IKa

Nnpo¢uJIb NOATOTOBKH: ®Du3uKa MepCIeKTUBHBIX TEXHOJIOTUH: aJIbTepHATUBHAS SHEPreTHKa, HayYHOE
IpOrpaMMHpPOBaHKE U (PYHKIIMOHAIBHBIE MaTePUAIIbI

®usrex-mrkoia nekTpoHuku, otonnku u Monexymnspraoit Ouzuku
kadenpa QU3NKU BHICOKOTEMIIEPATYPHBIX MPOIIECCOB

Kypc: 1

KBau(pukanus: MarucTp

Cemectp, hopMbl IpOMEXKYyTOUHOH arTecTauuu: 1 (ocennuil) - JuddepennupoBannslii 3a4eT
PazpaGoTunkm:

K.C. ®upanss, phd (x.¢.-m.H.)
B.B. Creraiinos, n-p ¢u3.-mMar. HayK, JOLEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBaHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

[IK-1.2 CnocoGeH  BbABHrarh THIIOTE3bl, CTPOHUTH
MaTeMaTHYeCcKue MOAEIM Ul OIHUCaHMA H3ydaeMbIX
SIBICHUH U MPOLIECCOB, OLIEHUBATh KAYECTBO pa3padoTaHHOU
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajaye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pe3ysbTare MU3ydCHUA JUCHUILIMHBI «MCTO,I[BI pacucTa BHCKTPOHHOfI CTPYKTYPbBI MAaTrcpuaJIOB»

00yJaromuiicst JOmKeH:

3HATb:

— TEOPeTHYECKHE OCHOBAHMS PA3JIMYHBIX METOIOB pacuéra 3JIeKTPOHHON CTPYKTYpbI: MeTola XapTpH,
Xaprpu-®oka, Teopun ¢pyHkunonana miotHoctu (DFT).

yMeTh:

— pCajIn30BbIBATh YIIOMAHYTBIC BBIIIC MCTOABI pacucTa C UCIHOJJbB30BAHHUCM A3bIKa IPOTPpaAMMUPOBAHUA

Python;

— HaXOJUTh TEOPETHUYECKH HITU IIyTEM TECTOB ONTUMAJIBHBIE TApaMeTPhl PACUETOB;
— NPaBWIBHO UHTEPIIPETUPOBATH PE3YJIbTAThl PACUETOB.

BJIaJeTh:

— NPAKTUICCKUMU HABbIKAMU HCITIOJIB30BAHUA YIIOMAHYTHIX BBIIIC MCTOLOB,
— TCOPETUYCCKUM aIlllapaToM, IMO3BOJIAIOIINUM OLUCHUTH I'PAaHULIBI IPUMCHUMOCTHU PA3JIMYHbBIX METOOOB
n BLI6paTL KOppeKTHBIfI MCTOA IJId PCIICHUA KOHerTHOﬁ 3a1a4u.

3. IlepeyeHb THNOBBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJII0

C nenpio KOHTPOJIS OCBOCHHS OOy4aroIIMMHUCS y4eOHOro Marepuana B KOHIE 3aHSATHS IPOBEPSETCS
CHOCOOHOCTh HamucaTh NPOrpamMMy Mo TeMme 3aHsATus. Eciu 3aHATHE HE mpenycMaTprBaeT HalMCaHUue
[IporpamMM, B Hayaje CJEAYIOLIEro 3aHATUS IPOBOAMTCS YCTHBIM ONpPOC A IPOBEPKH YCBOEHUS

Marcpualia.

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

o0yuyarommxcst

Bonpocs k quddepeHnmanbHOMY 3a4eTy (TeMbI 3aJIaHUH ):

1. Hammcare mnporpammy misi HaxoIeHUs MeTronoM HymepoBa »dNEeKTpOHHBIX YpOBHEH B

rapMOHHWYCCKOM IMOTCHIHAJIC.

2. Hammucarp nporpaMmy JUist HAXOXKIECHHS METoJoM HyMepoBa 31IeKTpOHHBIX YPOBHEH aToMa BOIOpOAa
B OJTHOMEPHOM C(HEepUYECKH CHMMETPUIHOM MPUOITHIKSHHN.

3. Hanucars nporpamMmy [UIsl HaXOXAEHUS 2JIEKTPOHHBIX YPOBHEH aToma reius MeTofoM XapTpu B
OIHOMEPHOM CHEepUIECKH CHUMMETPUIHOM IIPHOINKESHUH.

4. Hanucathb nporpamMmmy Jid HAXOKACHUSA 3JICKTPOHHBIX ypOBHCﬁ aromMa rejimsa MEeToaoM XaprI/I C
HCIIOJIb30BAHUEM BapUALIMOHHOI'O IPHUHIIUIIA B TayCCOBOM basmce.



5. Hanucates nporpammy JJIs HAXOXKIAEHUS AIEKTPOHHBIX YPOBHEHN aroma refvs MeToaoM Xaprpu-Poka
C MCTOJIb30BaHUEM BapUALMOHHOTO IIPUHLINIIA.

6. Hamucare mporpamMmy g pacd€ra 3JIeKTPOHHOM IUIOTHOCTHM aToMa Telusl METOJAOM TEeOpUHu
(yHKUIMOHANA TUIOTHOCTH ¢ OOMEHHO-KOPPEISILIMOHHBIM (yHKUIMOHAIOM XapTpu-DPoka B OIHOM U3
0a31COB: TayCCOBBI (PYHKIUH, CIATEPOBBI QYHKIINH, TJIOCKHIE BOIHBIL.

7. O0BACHUTS JI00YI0 U3 BBIICIIEPEUNCICHHBIX IPOTPaMM.

8. OOBACHUTH (PU3NYECKUI CMBICH AEKTPOHHBIX AUCHEPCHOHHBIX KPUBBIX B TBEPIOM TEJIE.

9. IlpomsBectn pacu€T KoueOaTeNbHBIX CBOMCTB KPHUCTAUIMYECKOW PpEMIETKA JUIS 3aJaHHOTO
MperoaBareieM MaTepuaia OHUM U3 SIEKTPOHHO-CTPYKTYPHBIX KOOB. OOBSCHUTD PE3yIIbTaTHhI.

10. IInOTHOCTH DSJEKTPOHHBIX COCTOSHUH, €€ poJb B KOHTEKCTE CKAaHUPYIOLIEH TyHHENbHON
MUKPOCKOTHH (OIPOC).

Kpurepun onennBanus
Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U IPaBUIbLHOE 0OOCHOBAHHE
HNPUHATHIX PELLICHAMN.
Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.
Onenka ommyHO 8§ OamioB - BBICTaBIIIETCS CTYHCHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PEHICHNH KOHKPETHBIX 3a]ad4, MPaBUIbHOE 000CHOBAaHHME MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BBICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHuall, TPaMOTHO U 1O
CYILECTBY M3JIaraeT €ro, ymeeT HPUMEHATh IOJy4YCHHbIC 3HAHUS HAa NPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YNIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh NOTY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIYCKAeT B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka Xopomo 5 6ayuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HA€T MaTepuall, FPaMOTHO
U TI0 CYIIECTBY HM3JIaraeT €ro, yMeeT INPUMEHATH MOJydYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
Onenka ynoBIEeTBOpUTENbHO 4 Oamya - BBICTABIACTCS CTYHCHTY, IOKa3aBlIeMy (parMEeHTapHBII,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHHUs JIOTHYECKON MOCIIeI0BATEIIbHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIC Pa3Jieibl yueOHOW NMpOrpaMMBbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOJKET IPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
OneHka yaoOBIETBOPUTENbHO 3 Oajla - BBICTABIACTCS CTYHCHTY, IOKa3aBlIeMy (parMeHTapHBII,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEeI0BAaTeIbHOCTH B H3JIOKEHMHM IPOrPaMMHOIO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3jesiaMH y4eOHOW MporpaMmbl, HEOOXOAUMBIMHE JUTS JaJIbHEHIIEro o0y4eHus U
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HEyJOBJIETBOPUTENIBHO 2 Oalia - BBICTABISIETCA CTYACHTY, KOTOPBI HE 3HAaeT OOJNbIIEH YacTH
OCHOBHOTO COJEp)KaHUs y4eOHON IporpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmUOKH B
(hopMyIIMpOBKaxX OCHOBHBIX MPHUHIUIIOB M HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.
OrneHka HEYOBJIETBOPUTENbHO | Oaiul - BBICTABIAETCS CTYACHTY, KOTOPBIH HE 3HA€T OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne omuOKd B (GOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTUYECKHX
3ajay.

5. MeTonuueckune MaTepuasbl, onpeaeasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH



Ouenka 3a auQQepeHIMPOBaHHBI 3a4eT BBICTABISICTCS 10 pe3ylibaTaM TEKyIero KOHTPOJIS
ycreBaeMoCcTH (cpeaHee apu(MecTHYecKoe BCEX OIEHOK). TeKkymuii KOHTPOJb YCIIEBaeMOCTH
MPOBOIUTCS ITyTEM MPOBEPKH 33JaHUH MM OHPOCOB 110 BOIPOCaM K TUPPEPCHIUPOBHHOMY 3aUeTYy.



