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

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI

3JIeKTPOHHUKH, JOTOHMKHU U

MOJICKYJISIPHOH QU3UKH
A.C. barypun

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

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

HpOrpaMMHpPOBaHKE U (PYHKIIMOHAIbHBIE MaTEePUAIIbI
®usrex-mrkoia nekrpoHuku, otonnku u Monexymnspraoit duzuku
kadeapa QU3NKU BHICOKOTEMIIEPATYPHBIX TIPOIIECCOB

Kypc: 1
KBaJIMpUKALS: MarucTp

Cemectp, hopMbl IpOMEXKYTOUHOH arTecTaunu: 1 (ocennuil) - JuddepenuupoBannslii 3a4eT

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexkuuu: 0 gac.
cemuHapsl: 30 gac.
nabopatopHsbie 3anaTus: 30 yac.

CamocrosrensHas padora: 75 4ac.
Bcero gacos: 135, Bcero 3au. en.: 3

[Iporpammy coctaBuiIu:

K.C. ®unanss, phd (x.¢.-M.H.)
B.B. Creraiinos, n-p ¢pu3.-mMart. HayK, JOICHT

[Iporpamma obcyxieHa Ha 3acefanny Kadeapbl GU3NKK BRICOKOTEMITEPATYPHBIX mporieccoB 12.02.2024



AHHOTANMA

Kypc 3HakoMuT CTyZeHTOB ¢ MeTOAaMH pacdé€Ta OJJIEKTPOHHOW CTPYKTYphl MarepHalioB, HadyMHAs C
NPOCTEUIINX WIUTIOCTPATUBHBIX 3a7ad, TAaKUX KaK YHUCJICHHOE pPEUICHUE OJHOMEPHOIO YpaBHEHUS
[pénunrepa, U 3akaHYUBasi METOAAMH, KOTOPHIE UMEIOT MPAKTUYECKYI0 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 s3eike Python s mpoBeneHus pacu€TOB AIIEKTPOHHOW CTPYKTYPHl W BU3yaH3aI[dU
pe3yabTaToB.

1. lean u 3apa4n

Henb 1ucUMNIMHBI
- IO pe3yiabTaTaM Kypca oOydarouiuecs IOJDKHBI MOHMMAaTh (PM3NYECKHE MPUHIMIIBI, 3aJI0)KEHHbIE B
pa3iIMyHbBIe MOJEINHU JUISl OIIMCAHHUSI MHOTORJIEKTPOHHBIX CHCTEM, OBITh B COCTOSIHMM NPOTPaMMHUPOBATh
HEKOTOpBIE TAKUE MOZCIN U INPAaBHIBLHO HMHTEPIPETUPOBATH PE3YNIBTAThl 3IEKTPOHHO-CTPYKTYPHBIX
pacy€Tos.

33]13‘[1/[ JAUCHUIIINHBI

- O3HAaKOMJICHHE O0YYaloIIMXCs C Pa3IMYHBIMU METOIAMH PacdeTa SJIEKTPOHHON CTPYKTYpbl aTOMOB,
MOJEKydl W TBEPABIX Tel. BbIpaboTka NOHMMaHHMA NPEHMYLIECTB, HEAOCTATKOB U 001acTH
MPUMEHUMOCTH KaXXJIOT0 METO[a, BBIPA00OTKA HAaBBIKA IUIAHUPOBAHHS AapXUTEKTYphl pacuETHOMN
[IpOrpaMMbl M HAIIUCAHUS TaKUX [IPOrpamMM.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NuaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

IMK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAINKIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmMaTH4ecKoi o0macTé cBoed MpodeccHOHATLHOM
[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM unciie paspadareBath 1 |[IK-1.2  CrnocoGeH  BbIABUTATH  THUIOTE3Bl, CTPOUTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MareMaTHYeCKHe MOAENHM M ONMCAHHWA HU3Y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHHUI U MPOIIECCOB, OLICHUBATh KAYeCTBO pa3paboTaHHOM
aHaJM3MPOBATh HAy4YHbIE MPOOJIEMBI, TIOJIyYaTh |MOIENIN

HOBBIC HAayIHBIC PC3YJIbTATBI I1K-1.3 CnocoOeH mNpUMEHSTh TeOpeTHYecKHe U (WiIH)
OKCIIEPUMEHTAIBHBIC METOJIbI MCCICAOBAaHUN K KOHKPETHOM
HayyHON 3ajadye W HMHTEPIPETHPOBATh  IOTyYEHHbIE
pe3yabTaThl

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

B pesynbrare ocBOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI

3HATB!
— TEOPETUYECKHE OCHOBAaHUS Pa3IMYHBIX METOJOB pacuéTa 3NEKTPOHHOW CTPYKTYpBL: METoAAa XapTpH,
Xaprpu-Poka, Teopun ¢pyHkurnonana miotHoctu (DFT).

YMETh:
— peanmu30BbIBaTh YIIOMSHYTHIE BBIIIE METOMBI pacueTa C MCIOJIb30BAHUEM SI3bIKa IPOrPAaMMUPOBAHUS
Python;
— HaXOJUTh TEOPETUUECKH UITU IIyTEM TECTOB ONTHUMAJIbHBIE TapaMeTPhl PacyETOB;
— MPaBWJIBHO HUHTEPIIPETUPOBATH PE3YJIBTATHI PACUETOB.

BJIaJIETh:
— MPaKTUYECKUMU HaBBbIKAMU MCIIOJIb30BAHUS YIIOMSHYTHIX BbIIIE METOJOB;
— TEOPETUYECKHUM aNNapaToM, MO3BOJISIOIIMM OLIEHUTh TPaHUIbl IPUMEHUMOCTH Pa3INYHbIX METONOB
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 cUCTEMBI U3 SIAEP U VIEKTPOHOB. Pa3uuHble CUCTEMBI KOOPAUHAT IS
MPECTAaBICHUST aTOMHUCTHUECKOH cucteMbl. [Ipubmmkenne bopaa-Omnmnenreiimepa. 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
[IPECTABICHUE 3a/lauH, [1aTOJI0OIrMYECKOe aCUMIITOTHYECKOE NIoBeieHue pewenust. Meton Hymepoga.
VpaBuenue Llpénunrepa mns cdepuueckun cuMMmerpuuHoro mnorteHuuana. Cdepuueckue
KOOp/IMHATBI, OCOOEHHOCTH MEpexofa W3 JAEKapTOBOW B CHEPHUECKYI0 CHUCTEMY KOOPIMHAT.
Jlannacuan B chepuueckux xkoopauHarax. [lorennuan Kynona, CHHTyIsIpHOCTD B Hauajie KOOpIUHAT.
Mertonpl yCTpaHEHHs CUHIYJIAPHOCTH. [paHUIBI IPUMEHUMOCTH OJHOMEPHOIO IIPENCTABICHUS LIS
pacuéra IIEKTPOHHON CTPYKTYpHI.

3. BapuanuoHHsiil MeTox




Bapuanuonnelii  npuHuun.  JlemMoHCTpauuss — BapMauMOHHOrO  npuHmouna. IIpemmyniectsa
BapUAIIMOHHOTO METOJ[a. DHEPTHs OCHOBHOTO COCTOsIHUS. basucHeie pyHkuum. ba3ucel rayccoBbIX U
CIIDTEPOBCKUX oOpOuTaneld, 0a3uc MIOCKUX BOJH, UX MpeuMyliecTBa U HeaocTarku. OCOOCHHOCTH
HEOPTOTOHAJILHBIX HAOOPOB 0a3UCHBIX (PYHKIIUI.

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

MHorosnekTpoHHasl 3a7a4ya. OKCIIOHEHLMAIbHBIM POCT CIOXHOCTH C POCTOM 4YMCJa 3JIEKTPOHOB.
Merton cpeanero noins. Meron Xaprpu. YpaBHeHus: Xaptpu. CoOCTBEHHbIE 3HAYCHHUS U JHEPIHS
Xaptpu. CamocornacoBaHHoe Tmosie. YucieHHas peanu3aiisi MeTona XapTpu A paauaibHOU
3agaun. HekoppektHocth Meroma XapTpu. DepMUOHHBIE CBOMCTBa 3IIEKTPOHOB. JleTepMHHAHT
Cnoarepa. Meton Xaptpu-®oxka. KynoHoBckuit 1 0OMeHHBIN moTeHIInaN. KoppensimonHast SHeprsl.
Atom renus. MarpuuHbie 3JIeMEHTHl TaMWIbTOHMAaHa. YnciaeHHas peanu3anus Metona Xaprpu-Poka
IS aTOMa TeNns B raycCOBOM Oasuce.

5. Teopust pyHKIIMOHATA TUIOTHOCTH

Teopema XooHOepra-Kona. VYpasuenwss Kona-lllama, wux omimume or ypaBHeHHH XapTpw.
[TpubmmkEHHBIE 0OMEHHO-KOPPEISIIMOHHBIE (yHKIMOHANBI. [IpuOnmkeHne JTOKaIbHOW TUIOTHOCTH
(LDA), npubnmkenue 0600ménnbix rpaguentoB (GGA), nmoreniman [lepapto-bépka-OpHiiepxoda
(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.
OOparHOoe TPOCTPAHCTBO, coONpshKeHHBI 0Oazuc. [IpeoOpazoBanme Dypre. Teopema broxa,
OnoxoBckue pyHkiuu. Pemenue 3amadn A1 cBOOOJHOTO 3JIEKTPOHA B MEPUOIUYECCKUX TPAaHUYHBIX
ycnoBusiX. PelieHne ayIeKTpOHHOM 3a7jaur B IIOTEHLMAe KpUCTaula. ba3uc IIockux BOJIH. beicTpoe
npeobpazosanue Dypre.

7. IlceBmOmOTEHIINAIE]

KynoHoBckuii moTeHIMan W 0asuc TUIOCKUX BOJNH. [J1yOOKHE 3JCKTPOHHBIC YPOBHH W BajCHTHAs
oOostouka. IlceBHonoOTEHIINAIIEI.

8. DieKTpOoHHbIE CBOMCTBA TBEPBIX Tell

Jucnepcus 3JIEKTPOHHBIX YPOBHEH. DJIEKTPOHHbIE 30HBI, CBOMCTBA METAJUIOB, I1OJIyIIPOBOJAHUKOB U
JTUDIIEKTpUKOB. IlpuMecHbIle ypOBHH, NONMPOBAaHUE, MOMYNPOBOJHUKH p- U n-Tuna. IInoTHOCTH
JNIEKTPOHHBIX COCTOSIHUHM, €€ pOJb B KOHTEKCTE CKaHUPYIOIIEW TYHHEJIbHOH MHUKPOCKOIIHH.
Ontuyeckue cBOMCTBA.

9. l'apmonnveckoe npubImKeHue

lapmoHMueckoe mpuOIMKEHHEe NOBEPXHOCTH MOTCHUIUANBHON dHepruu. KoneOaHus B Monekynax.
Konebanust pemrerku B TBEpAOM Tene, QoHOHBI. CBi3b (OHOHOB C TEIUIONPOBOTHOCTHIO U
ANIEKTPOIIPOBOAHOCTHIO. BBIXONM 3a mpenesbl TapMOHUYECKOTO MPUOMIKESHUS: NPUOIKEHUE 3-TO
nopsiaka. MosekynsipHasi AUHAMHUKA KaK CPEJICTBO pacuyéra KoieOarelbHBIX CBOWCTB.

10. MHTerpanus 3neKTpoHHO-CTPYKTYPHBIX pacyéToB € IPyTUMU UHCTPYMEHTaMU

CoBpeMeHHBIE POrpaMMHBIE MAKEThl U 3JICKTPOHHO-CTPYKTYpHBIX pacuéroB. [lakerst VASP,
Quantum Espresso. CoBpeMeHHBIE MaKeThI JiIsl pacyéra MoJeKkyisipHoi quaamuku: 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 caMOCTOSTEeNbHON paboThl cTyaeHTa. B mporpamme kypea 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 CaMOCTOSATENBHOM pabOTBI CTygeHTa ocymecTBiuserca B (opme
WHAMBHUIYaJbHBIX KOHCynabTauuil. llokaszarenem BiazeHUsi MarepuajoM CIYXHT YMEHHE peIlaTh
3agaun. J{ns GopMupoBaHUS yMEHHMS NPHMEHSTH TEOPETUYECKHE 3HAHWSA Ha IPAKTHUKE CTYIEHTY
HEoOXOAMMO pelaTh Kak MOKHO Oosnbiie 3axad. Ilpu periennu 3agaq Kaxaoe IeHCTBHE HEOOXOIUMO
apryMEHTHPOBaTh, CChIIAsICh HA PACCMOTPEHHBIN paHee TEOPETUUECKUH anmapar.

BaxHo 10OWTBHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU H3y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CIEAyeT OOpamiarbesi 3a KOHCYIbTAlUAMH 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
KBaJIMpUKALUS: 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

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMaNKIO 00 aKTyaIbHBIX Pe3ylIbTaTax UCCISIOBaHHH B
pamMKax TeMmaTH4ecKoi o0macTu cBoed MpodeccHOHATLHOM
[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uuciie paspadareBath 1 |[IK-1.2  CrnocoGeH  BbIIBUTATH  THUIOTE3Bl, CTPOUTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MaTeMaTHYeCKHe MOAENHM M ONMCAHHWA HU3Y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHHUH U MPOIIECCOB, OLICHUBATh KAYeCTBO pa3paboTaHHOM
aHAJIM3MPOBATh HAy4YHbIEC MPOOIEMBI, TIOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CnocoOeH mNpUMEHSTh TeOpeTHYecKHe U (WiIH)
OKCIIEPUMEHTAIBHBIC METOJIbl MCCICAOBAHUN K KOHKPETHOM
HayyHON 3ajadye W HMHTEPIPETHPOBATh  IOTyYEHHbIE
pe3yabTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pesymprate wu3ydeHHs IUCHMIUIMHBI «MeToapl pacdera DICKTPOHHOH CTPYKTYPBI MarephalioBy»
00yJaromuiicst JOmKeH:

3HATh:
— TEOPETHYECKHE OCHOBAHMS Pa3JIMYHBIX METOAOB pacuéTa 3JIeKTPOHHOM CTPYKTYphl: MeToAa XapTpH,
Xaprpu-®oka, Teopun ¢pyHkunonana miotHoctu (DFT).

yMeThb:
— peaNr30BbIBaTh YIOMSHYTHIEC BBILIE METOABI pacyeTa ¢ UCIOJIb30BAHUEM S3bIKA MPOTPAMMHUPOBAHHUS
Python;
— HaXxOIUTh TEOPETHUUECKU WIIM IIyTEM TECTOB ONTUMAJIbHBIE [TAPAMETPHI PACUETOB;
— MIPABUJIBHO MHTEPIIPETUPOBATH PE3YJIBTATHI PACUETOB.

BJIaJeTh:
— IPaKTHYECKUMH HaBBIKAMH HCIIOJIb30BaHUS YIIOMSHYTHIX BBIIIIE METOMIOB;
— TEOPETUYECKHUM ammapaToM, MO3BOJISIONIMM OLIEHUTh TPAHUIIBl MPUMEHUMOCTH Pa3INYHbIX METOIOB
Y BEIOpATh KOPPEKTHBIN METOJ JJIS PEIICHUs KOHKPETHOM 3a1a4u.

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

C menbio KOHTPOJIS OCBOCHHS OOy4arolIMMHUCS y4eOHOro MaTrepuana B KOHIE 3aHSATHUS MPOBEPSETCS
CHOCOOHOCTh HamucaTh IPOTrpaMMy I10 TeMe 3aHsATHs. Eciu 3aHsaTHe He MpeaycMaTpuBaeT HalucaHue
[IporpamMM, B Hadaje CJEAYIOIIEro 3aHATHs IPOBOAUTCS YCTHBIA ONpOC sl IPOBEPKU YCBOEHUS
Marepuarna.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

Bonpocs k quddepeHnmanbHOMY 3a4eTy (TeMbI 3aJIaHUH ):

1. Hamwmcare mnporpaMmy IS HaxOXIEHUS MeTogoM HymepoBa 3J€KTPOHHBIX YpOBHEH B
rapMOHHYECKOM MOTEHIHAIIE.

2. Hanmcatp nporpammy 11 Haxox1eHusl MeTogoM HymepoBa 3ieKTpOHHBIX ypPOBHEH aroMa BOAOPOAa
B OJTHOMEPHOM C(HEepUYECKH CHMMETPUIHOM MPUOITHIKSHHN.

3. Hamucars nporpaMmy Ui HaxXOKICHMs JIEKTPOHHBIX YPOBHEH aroMma Iejus METONOM XapTpu B
OIHOMEPHOM CHEepUIECKH CHUMMETPUIHOM IIPHOINKESHUH.

4. Hanmcath mporpamMmy Ajisi HaXOKACHHS DJIEKTPOHHBIX YPOBHEH aroma reiiusi METOJOM XapTpH C
UCIIONIb30BaHNEM BapHALMOHHOIO IIPUHIIMIIA B FAyCCOBOM 0asuce.




5. Hanucats nporpamMmy [ist HAXOXKACHUS JIEKTPOHHBIX YPOBHEH aToMa requsi MeToqoM Xaptpu-Poka
C MCTOJIb30BaHUEM BapUALMOHHOTO IIPUHLINIIA.

6. Hamucars mporpamMmy mansi pacuéra 3JI€KTPOHHON IUIOTHOCTH aroMa Telus METOJOM TEeOpUHr
(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 pacuy€r KoIeOATEIBHBIX CBOWCTB KPUCTAIMYECKOW PEImETKU i 3aJlaHHOTO
MperoaBareieM MaTepuaia OHUM U3 SIEKTPOHHO-CTPYKTYPHBIX KOOB. OOBSCHUTD PE3yIIbTaTHhI.

10. IInNOTHOCTBH ONEKTPOHHBIX COCTOSSHUH, €€ poilb B KOHTEKCTE CKAaHHPYIOIIEH TYHHEIbHOU
MUKPOCKOTHH (OIPOC).

Kpurepun onennBanus
Onenka ormuuHo 10 OamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS YYEeOHOHM MpOorpaMMbl AMCHUIUIMHBI, MPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTh UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUILHOE 0OOCHOBAHHE
HNPUHATHIX PELLICHAMN.
Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh UX Ha MPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.
Onenka ommMyHO 8§ OaysioB - BBICTaBISIETCSl CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATHh IOIy4YEHHbIC 3HAHUS HA INPAKTUKE, HO HEIO0CTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YNIBTATHI.
Ouenka xopo1o 6 6ajIoB - BBICTABISAECTCS CTYACHTY, €CIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3JIaraeT ero, yMeeT NPUMEHATh MIOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAeT B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka xopomio 5 0ajioB - BHICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAaHHUs Ha MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
Onenka ynoBieTBOpuTenbHO 4 Oaiia - BBICTABISiETCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyLIEeHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOydeHus, u
MOJKET IPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
OneHka yaoBIETBOpUTENbHO 3 Oajuia - BBICTABISIETCS CTYACHTY, MOKa3aBleMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynrpoBKax 0a30BBIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeJ0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00ydeHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HeyIOBJIETBOPUTENIBLHO 2 Oajuia - BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbLICH YacTH
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOorpaMMbl JUCHMIUIMHBI, JOIyCKaeT rpyOble OmHOKH B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
OrneHka HEYJIOBJIETBOPUTENBHO | 0ajm - BBICTAaBISETCS CTYIEHTY, KOTOPBIH HE 3HAET OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOKd B (GOPMYIUpPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpeesoNIne MPoueIypPbl OIleHNBAHUS 3HAHUI, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH



Ouenka 3a auddepeHIMpPOBaHHBI 3aueT BBICTABISCTCS IO pe3yJbaTaM TEKYIIEro KOHTPOJIS
ycreBaeMoCTH (CpeaHee apu(MeCcTHYecKoe BCEX OLEHOK). TeKyliuii KOHTPOJIb YCHEeBaeMOCTH
MPOBOIUTCS ITyTEM MPOBEPKH 33JaHUH MM OHPOCOB 110 BOIPOCaM K TUPPEPCHIUPOBHHOMY 3aUeTYy.



