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: KBanTOBO-XMMHYECKOE MOACIIMPOBAHUC B HAHOIJICKTPOHUKEC
0 HANIPaBJICHUIO: HpI/IKHaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)PIJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: QJICKTPOHHKA U KBAHTOBLIC TCXHOJIOTUHN

OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa MUKpPO- U HAHODJICKTPOHHUKH

Kypc: 2
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOM arTectanuu: 3 (oceHHuil) - JluddepeHpoBanHblii 3a4eT

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 0 yac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 15 gac.
Bcero gacos: 45, Bcero 3ad. ef.: 1

[Iporpammy coctaBui: B.C. Koncrautunos

[Iporpamma obcyxneHa Ha 3aceqannu Kadenpsl MUKpO- U HaHOo3nekTporuku 03.03.2023



AHHOTANMA

Kpr "KBaHTOBO-XUMHUECKOE MOACIMPOBAHUC B HaHOSJ’IGKTpOHI/IKC" opeayCcMarpuBacT H3y4YCHHC
TCOPCTUUCCKUX OCHOB KBAaHTOBO-MEXaHUYECKOI'O MOACIMPOBAHHSA, OCBOCHHUEC KIIKOYEBOI'O q)YHKL[I/IOHaHa
NporpaMMHOIO I1akKCTa «Quantum Espresso» n (I)OpMI/IPOBaHI/Ie KOMIICTCHIIUM JJIT €T0 OPpaKTUYICCKOIO
MPUMCHCHUS IJId 3a1a49 HAHODJICKTPOHUKH.

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

Kypc "KBaHTOBO-XxMMHYECKO€ MOAETHUPOBAHHWE B HAHOZJIEKTPOHUKE" MpelycMaTpUBAET H3y4eHHE
TEOPETHYECKHUX OCHOB KBAHTOBO-MEXaHMYECKOTO MOJEIMPOBAHUS, OCBOCHHE KIII0YEBOro (DyHKIIMOHAIIA
nporpamMmmHoro nakera «Quantum Espresso» u ¢opmMupoBaHHE KOMIIETEHIMH AJISL €r0 MPAKTHYECKOTO
MPUMEHEHUs IS 3a]1a4 HAHODJICKTPOHHKH.

33)13‘11/[ JAUCHUIIINHBI
- U3YyUUTh TCOPECTHUICCKOC OCHOBLI TCOPHUUN (1)YHKL[I/IOH3II3. INIOTHOCTH U METOJA IICCBAOIIOTCHIIMAJIOB,
- OCBOUTDH pa60Ty ¢ Oazamu KpI/ICTaJIJIOFpa(i)I/I‘leCKI/IX JaHHBIX U IICCBAOIIOTCHIIMAJIOB,

- HAay4YMThCS COCTaBIATh, MOAM(MUIMPOBATH M BEpUPHUIMPOBATH KpHCTAIIOrpaguyecKoe ONUCAHUE
00BEMHBIX CTPYKTYP, CTPYKTYpP C HOBEPXHOCTHIO H/HII HECTEXMOMETPUUECKOTO COCTaBa JJIsl BXOIHBIX
¢aiinoB nporpammHoro naketa «Quantum Espresso»;

- HAy4WTHCS BBINOIHATH PACcUYEThl CaMOCOIIIACOBAHHOTO TIOJSA, PAaBHOBECHOM KpUCTAIIOrpaduiecKoi
CTPYKTYPbl M 30HHOW CTPYKTYpHI B IporpamMMHOM makere «Quantum Espresso» u ¢ mpumeHeHHeM
BCIIOMOT'aTEJIbHBIX YTHIIHT;

- HW3YYUTh TEPCIEKTUBBl MPUMEHEHHs METOAOB KBAaHTOBO-MEXaHMUYECKOTO MOJACIHPOBAHUS B
HAHOXJIEKTPOHHKE.

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNuaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAIKIO 00 aKTyaIbHBIX Pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTu cBoed MpodeccHOHATLHOM
[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uuciie paspadareBath 1 |[IK-1.2  CrnocoGeH  BbIABUTATH  THUIOTE3Bl, CTPOUTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MareMaTHYeCKHe MOAENM Ml  ONMCAaHWA HU3Y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHHUH M MPOIIECCOB, OLICHUBATh KAYe€CTBO pa3paboTaHHOM
aHAJIM3MPOBATh HAy4YHbIEC MPOOIEMBI, TIOJIyYaTh |MOIENIN

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

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOXYJII0)
B pesynbrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HATB!
- TEOPETHYECKOE OCHOBBI KBAHTOBO-MEXaHUYECKOTO MOJCIUPOBAHUS U 001aCTh €r0 IPUMEHUMOCTH;
- OCHOBHBIE (DyHKIIMH IpOorpaMMHOTo nakera «Quantum Espresso»;
- IEPCIIEKTUBBI IPUMEHEHHSI METOI0B KBAHTOBO-MEXaHMUECKOIO MOZIETIMPOBAHUS B HAHORJIEKTPOHHUKE.
YMETb:

- paboTars ¢ 6a3aMu KpUCTALIOrPAaPUUECKUX TaHHBIX U TICEBIONOTCHIINAIIOB;
- COCTaBIsITh, MOTU(PHUIMPOBATh U BepUDUIIUPOBATH KpHCTauorpadguyeckoe onmucanue 0ObEMHBIX
CTPYKTYp, CTPYKTYp C HOBEPXHOCTBIO H/HJIHM HECTEXMOMETPHUYECKOTO COCTaBa JUIS BXOAHBIX (hailiioB
nporpaMmHoro mnakera «Quantum Espresso»;
- BBITIOJIHATH Pacy€Thl CAMOCOIIACOBAHHOTO T10JIsl, PABHOBECHOM KPUCTAIITIOTrPadUUECKOI CTPYKTYpHI U
30HHOH CTPYKTYpBI B IPOrpaMMHOM rnakere «Quantum Espresso» ¥ ¢ mpuMeHeHHEeM BCIIOMOTaTeIbHBIX
YTHJIHT.

BIIAJICTh!



- HaBBIKAMU HHTEPIIPETAlMH KPHCTAIOrpapHUUECKOro OMHUCAHUA OOBEMHBIX CTPYKTYp, CTPYKTYp C
MOBEPXHOCTHIO M/UJIH HECTEXUOMETPUUYECKOTO COCTABa;

- HaBbIKAMM [IOCTAHOBKHU 3KCIIEPUMEHTOB C IPUMEHEHUEM KBAaHTOBO-MEXaHUUECKUX PacuEToB;

- HaBbIKaMH 0OpabOTKM M MHTEPIPETALUHN BBIXOJHBIX JAHHBIX, OJIYYaeMbIX B MIPOTPAMMHOM I1aKETe
«Quantum Espresso».

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

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

TpynoeMKoCTh O BUJaM Y4eOHBIX 3aHATHI, BKIIIOYas
CaMOCTOSTENIbHYIO padoTy, Jac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| BBenenne B KBaHTOBO-MEXAHHUYECKOE ) |
MOJEJINPOBaHHE
2 Ot ypaBuenus lllpénunrepa k Teopuu > 1
(yHKIIMOHANA MJIOTHOCTH
Merton NCEeBIONOTEHLMANIOB U BBEACHUE
3 B mporpamMmHbBId makeT «Quantum 2 1

Espresso»

I'eneparms BxomHOTO aiina aist pacuéra
4 CaMOCOTJIaCOBaHHOTO o 2 1
0e3nedexTHON 00BEMHOMN CTPYKTYPbI

OmnpeneneHue TIpaHUYHOM SHEPrUM U
5 pasMepa HWMITyJbCHOM CETKH pacuéra 2 1
0e3nedekTHON 0OBEMHON CTPYKTYPHI

Pacuér  paBHOBECHOTO  IOJIOXKCHUS
aTOMOB B  MEXaHHYECKH CBOOOAHOMU
Kpuctauiorpapuueckoid  6e3nedexkTHon
00BEMHOM CTPYKTYpE

Pacuér PaBHOBECHOTO MIOJIOKEHUS
aTOMOB B MEXaHUYECKH HaNpsHKEHHON
Kpuctayuiorpapudeckoii  6e3nedekTHon
00BEMHOM CTPYKTYpE

I'enepauus daitnos s pacuéra 30HHON
8 CTPYKTYpbI 0e31edeKTHOr0 00BEMHOTO 2 1
Marepuaa

Pacuér 30HHOU CTPYKTYpPBbI
Oe3nedexkTHOro 00bEMHOTr0 MaTepuana

lenepauns u BepuduKanuss BXOAHOTO

10 daiina 11 CTPyKTyp C TOBEPXHOCTHIO

OmnpeneneHue MUHMMAJIbHOM TOJIIMHEI
11 BaKyyMa Ui pacu€ra CIPYyKTyp ¢ 2 1
[IOBEPXHOCTHIO

OmnpeneneHne TpPaHUYHOW OSHEPrUH H
12 |pasmepa WHMMIYJIbCHOM CeTKH pacdyéra 2 1
CTPYKTYP C IIOBEPXHOCTHIO

Ienepanus BxomHOTO Qaiina it pacyéra
13 CaMOCOIIaCOBAHHOTO onsg 2 1
HECTEXUOMETPUIECKON CTPYKTYPHI

OmnpeneneHne TpPaHUYHOW OSHEPrUM H
14  |pasmepa WHMIYJIbCHOM CeTKH pacdyéra 2 1
HECTEXUOMETPUUIECKOM CTPYKTYPHI




Pacuér PaBHOBECHOTO IIOJIOKEHUS
|5 |ATOMOB B  MeXaHMYeCKH CBOOOITHOM 5 1
KpucTayuiorpagpuieckon
HECTEXHOMETPUIECKON CTPYKType
Hroro yacos 30 15
IToaroroBka K sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 45 ygac., 1 3au.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 3 (Ocennuii)
1. BBeneHre B KBaHTOBO-MEXaHHUUECKOE MOACITUPOBAHNE

[Tpeanocbuikn K pa3paboTKe KBAHTOBO-MEXAHHUUYECKOro MozenupoBaHus. OOnacTb NpUMEHEHHS
KBaHTOBO-MEXaHHUYECKOTO MOJIeMpOBaHus. [IepCreKTHBBI NCIIOIh30BaHHsI KBAHTOBO-MEXaHHYECKOTO
MOZIEIMPOBAHHUS B 3a/1a4aX COBPEMEHHON HAaHOIEKTPOHUKH.

2. Ot ypaBuenus [Ipéaunrepa k Teopuu QyHKIIMOHATA TUIOTHOCTH

OcCHOBHBIE CBOMCTBa KOMIUIEKCHBIX 4Hcel. ba3oBble MOHATHS KBAaHTOBOW MEXAaHUKH: BOJHOBAs
¢yuknus u ypasaenue llIpéaunarepa. ['aMuiIbTOHMAH HEPENSATUBUCTCKOW CUCTEMBI B MPUOIMKCHUN
Bopna-Onnenreiimepa. Teopema Xosubepra-Kona.

3. MCTO,I[ IICCBAOINOTCHIIMAIOB U BBEACHHUC B HpOFpaMMHLIﬁ IIaKeT «Quantum Espresso»

lenepupoBaHre U aHamu3 CTPYKTYpHI (aitia kpucramuiorpadudeckoin napopmamnuu B popmare cif.
AHanm3 CTPYKTYpHI (aiiia MceBIonoTeHINANIOB. [ eHepupoBaHue, aHAIN3 CTPYKTYPBI, MOITU(PHUKALIUSL
1 BepudHKaIys BXOJHOTO (aiiia 1uis pacuéra camocoriacoBanHoro nosst B «Quantum Espresso».

4. Tenepanust BXxofHOro (paiina s pacu€ra caMOCOITIACOBAHHOTO IoJisi Oe3nedeKTHONH 0O0BEMHOMN
CTPYKTYPBI

IlonsiTHE TpaHWYHON OHHEPrUM IICEBAONOTEHUMANOB. PacuéT caMOCOITIaCOBAHHOIO NONSA I
pa3IMUHBIX TPAHUYHBIX SHEPTUH ICEBAONOTEHINAIOB B pexkume «sch. [loctpoenue 3aBucumocTn
SHEPIruM OT TPAaHWYHOM DSHEPIHH IICEBAONOTEHLHUAJIOB M OMNPENECIICHHE TPaHUYHOIO 3HAYCHHS.
[TonsiTne nmmynbcHO# ceTku. OnpeneneHue UMITYJIbCHON CETKH MUHUMAJIBHOTO pa3Mepa.

5. Ompepnenenue TpaHWUYHOW DHEPrMH M pa3Mepa HMITYIBCHOW ceTKh pacuéra Oe3nedekTHOn
00BEMHOM CTPYKTYPBI

OcoOeHHOCTH pEeKUMOB «relax» u «ve-relax» mast pacy€ra paBHOBECHOTO IOJIOKEHHS aTOMOB.
Bepudukanus paBHOBECHON KPUCTAILIOTPAPUUECKON CTPYKTYPHI.

6. Pacuér paBHOBECHOTO IMOJIOKCHHUSI aTOMOB B MEXaHMUYECKH CBOOOJHOUN KpucTautorpaduyeckoit
Oe3nedexkTHON 0OBEMHON CTPYKTYpE

OcobeHHOCTH PEXUMOB «relax» m «ve-relax» ans pacu€ra paBHOBECHOTO IMOJIOKEHHSI aTOMOB B
MEXaHUYECKH HaNpsKEHHBIX CTPYKTypax. 3aJjaHue IapaMeTPOB MEXaHUYECKOTO BO3AECHCTBUS.

7. Pacdér paBHOBECHOTO TIOJIOKEHUSI aTOMOB B MEXaHUYECKH HAIPSHKEHHON KpUCTAILIOTpadueckon
Oe3nedexkTHON 0OBEMHOMN CTPYKTYpE

OcobeHHOCTH PEXUMOB «relax» m «ve-relax» ans pacu€ra paBHOBECHOTO IMOJIOKEHHSI aTOMOB B
MEXaHUYECKH HaNpsKEHHBIX CTPYKTypax. 3aJjaHue IapaMeTPOB MEXaHUYECKOTO BO3AECHCTBUS.



8. eneparnus Qaiinos st pacuéra 30HHOU CTPYKTYpbI O0e371e(heKTHOr0 00BEMHOTO MaTepraa
[TonsaTHe ToueyHo cuMMeTpuur. TOUKU BBICOKOM CUMMETPHH.
9. Pacuét 30HHOU CTpYKTYpHI Oe31eekTHOro 00bEMHOTO MaTepuaa

Ocobennoctu pacuéroB B pexume «bandsy. IlocTpoenme 30HHON CTpyKTypbl. OmnpeneneHue
IIMPHUHBI 3aNPEIEHHON 30HBI.

10. T'enepanust 1 Bepudukanus BXOAHOTO (aiiia Ui CTPYKTYP € OBEPXHOCTHIO

OcobenHocTn KpucTamorpadguyeckoro onucaHusi noBepxHoctd. llpoBepka cummerpuun Qaiina c
[IOBEPXHOCTHIO.

11. OnpezneneHre MUHUMAaJIbHON TOJIIMHBI BaKyyMa JUIsl pacuéra CTPYKTYp ¢ IOBEPXHOCTBIO

Oddexkr B3aumHOro BiMsAHUS Pacuér cymmapHOW SHEpruu CTPYKTYp C Pa3iIUYHOW TONIIMHON
BakyyMa. OnieHKa MUHMMaJIbHOW TONIIMHBI BaKyyMa Ul UCKIIIOUeHHS 3G PeKTa B3aMMHOTO BIMSHUSA
MTOBEPXHOCTEM.

12. Ompenenenue TpaHUYHON SHEPrUM M pa3Mepa HMMITYIbCHOM CETKH pacuéra CTPYKTyp C
[IOBEPXHOCTHIO

Oco0eHHOCTH OIpeaesieHus] pa3Mepa UMIYJIbCHOW CETKH AJISl pacyéra CTPYKTYpP C HOBEPXHOCTHIO.
CpaBHeHHE I'paHMYHBIX YHEPTUil 151 00BEMHOM CTPYKTYpPBI  CTPYKTYPBI C IIOBEpXHOCTHIO. O1eHKa
MTOBEPXHOCTHOW YHEPTHUHU.

13. l'enepaums BxomHOro (aiina g pacu€ra caMOCOITIACOBAHHOIO IOJISI HECTEXHOMETPHUYECKON
CTPYKTYPbI

Monudukanuss U BepudHuKanus BXoAHOro ¢aiia st pacdéra CaMOCOIIIACOBAHHOTO —TIOJIS
HECTEXHOMETPUUECKOI CTPYKTYpHl B «Quantum Espresso».

14.  OnpeneneHue TpaHUYHOW  SHEPrUM W pa3Mepa  HMIYIbCHOM  CETKM  pacuéra
HECTEXUOMETPUUECKOHN CTPYKTYpPBI

CpaBHEHUE TPaHUYHBIX DJHEPrHid M pa3Mepa MHHUMAIBHON WMIYIBCHOW CETKH Ui OO0BEeMHOMN
HECTEXHUOMETPUUECKON CTPYKTYPBHI.

15. Pacu€Tr paBHOBECHOTO MOJIOKEHHSI aTOMOB B MEXaHHYECKH CBOOOAHOH KpucTaiorpaduyeckoi
HECTEXUOMETPUUECKOH CTPYKType

OcobeHHOCTH PEeXKUMOB «relax» W «ve-relax» anst pacu€ra paBHOBECHOTO TOJIOKEHHSI aTOMOB B
MeXaHUYECKH CBOOOJHON KpHUcTaiorpadgpuieckoil HeCTEXHOMETPHUECKON CTPYKTYpe.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00X0MMON AJIsl OCYIIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)

AynuTopus, OCHallIeHHAs! KOMIIBIOTEPOM U MYJIBTUMEIUHHBIM 000pyI0BaHUEM (IIPOEKTOP, 3ByKOBasi
cucTeMa), JOCTYI K MHOTOSJIEpHOMY BBIYHCIUTEILHOMY KOMIUIEKCY ¢ 00pa3oM, COAEprKaIluM
nporpaMMHbIi komIieke «Quantum Espresso».

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa



1. Catanun A. M. Beenenue B Teopuro GpyHKIMOHANA TuIoTHOCTH //Huxanii HoB ropon:
Hwxeroponckuii rocynapctsennsiii yausepeuret uMm. HU Jlo6agesckoro. — 2009.

2. Kon B. DnexkTpoHHast cTpyKTypa BellecTBa-BOJHOBbIC (PYHKINHU U (YHKIIMOHAJIBI ITIOTHOCTH
//Ycnexu pusnueckux Hayk. — 2002, — T. 172, — Ne. 3. — C. 336-348.

JlononHuTeNbHAS TUTEpATypa
1. Kucenér B. B. KpanTtoBas mexanuka. Kypc nekuuit. — 2009.
2. Bartolotti L. J., Flurchick K. An introduction to density functional theory //Reviews in computational
chemistry. — 2009. - T. 7. — C. 187-216.

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

He ucnonesyrores

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecnedeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

https://www.quantum-espresso.org/
https://gitlab.com/QEF/q-e
https://materialsproject.org/
https://dev-www.materialscloud.org’/home
https://www.cryst.ehu.es/

wkwbh -

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

CryneHT, W3ydalImui JAUCIUILINHY, JOJDKEH C OJHOW CTOPOHBI, OBIQJETh OONIUM TMOHSTHHHBIM
anmapaToM, a ¢ JPYroil CTOPOHBIL, AOKEH HAYYUThCS IPUMEHATh TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.
B pesynbrate u3yueHus TUCHUIUIMHBI CTYAECHT IOJKEH 3HAaTh OCHOBHBIEC OMpPEIEICHUS AUCIUIIUHBL,
YMETh IPUMEHSATH TTOyYCHHBIC 3HAHUS JIJISl PEIICHUS pa3InIHbIX 3a/1ad.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHSATUH, MPETYCMOTPEHHBIX YUEOHBIM TUTAHOM T10 AUCIHILTHHE;

— BeJICHUS KOHCITCKTa 3aHATHH;

— HANPSHKEHHOW CaMOCTOSTEILHON PaOOTHI CTY/ICHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YTEHHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], IMPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAjaraéMpIx CTyJIeHTaM Ha 3aHATHAX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUI TEKYLIEH U IPOMEKYTOYHOM arTeCcTaluu.

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

BaxxHo 10OWTHCS TMOHMMaHMs U3y4yaeMOro mMarepuala, a He MEXaHHYeCKOro ero 3amomuHaHus. [lpu
3aTPYIMHEHWN W3yYCHUs OTICIBHBIX TEM, BOIPOCOB, CIEMyeT OOpaIiarhCs 3a KOHCYIbTAIMSAMH K
MIpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHS 33a7ad B COOTBETCTBUH C
TEMATUKOH 3aHSATHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTHUI: JJIEKTPOHUKA Y KBAHTOBBIE TEXHOJIOTUU
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kageapa MUKpPO- ¥ HAHODJICKTPOHHUKH

Kypc: 2

KBaJIH(UKALUS: MarucTp
Cemectp, hopMBbI IPOMEKYTOUHOH arTecTanuu: 3 (oceHHuil) - JluddepeHpoBanHblii 3a4eT

Pa3paborunk: B.C. KoncranTuHoB



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 pesymerare wu3yueHHs TUCHUIUTMHBI «KBaHTOBO-XMMHYECKOE MOJICIMPOBAHUE B HAHODJICKTPOHHKE)
00yJaromuiicst JOmKeH:

3HATH:
- TEOPETHYECKOE OCHOBBI KBAHTOBO-MEXaHUYECKOTO MOJICITUPOBAHUS U 00IaCTh €r0 MPUMEHUMOCTH;
- OCHOBHBIE (D)YHKIIMY IIPpOrpaMMHOTo nakera «Quantum Espressoy;
- IEPCIIEKTUBBI PUMEHEHHUSI METOI0B KBAHTOBO-MEXaHUYECKOTO MOJICITHPOBAHHS B HAHOAIICKTPOHUKE.
yMeThb:
- pabotath ¢ 6azamu KpucTaUIOrpadUIEeCKUX TAaHHBIX U TICEB/IOTIOTCHITUAIIOB;
- COCTaBIIsITh, MOIU(HUIMPOBATH U BEPHUPHUIUPOBATH KpHCTAILIOTpaduiyeckoe onmucaHue 0ObEMHBIX
CTPYKTYp, CTPYKTYp C HOBEPXHOCTBIO HM/WIIM HECTEXHOMETPHYECKOTO COCTaBa IJIsl BXOAHBIX (ailiioB
nporpaMmmHoro nakera «Quantum Espresso»;
- BBINIOJIHATH PACU€Thl CAMOCOIIIACOBAHHOTO TI0JIS, PABHOBECHOW KPUCTAIOrPahyUuECKON CTPYKTYPHI U
30HHOM CTPYKTYpBI B IPOrpaMMHOM makete «Quantum Espresso» u ¢ mpuMeHeHneM BCIIOMOTaTeIbHBIX
YTUIINT.
BJIaJIeTh:
- HaBBIKAMU HMHTEPIIPETALUN KPUCTAIUIOrPApHUUYECKOr0 OMUCAHUS OOBEMHBIX CTPYKTYp, CTPYKTYp C
TIOBEPXHOCTHIO W/WITH HECTEXHOMETPUIECKOTO COCTABA;
- HaBBIKaMH TIOCTaHOBKH YKCIIEPUMEHTOB C IPUMEHEHHUEM KBAHTOBO-MEXaHHUYECKHUX PACUETOB;
- HaBBIKAMH OOPa0OTKH M MHTEPIIPETAIIMU BBIXOAHBIX JAHHBIX, ITOJYYaeMbIX B MPOTPAMMHOM IAKEeTe
«Quantum Espresso».

3. IlepeyeHb THNOBLIX (IIPHMMEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIIeMy KOHTPOJIIO

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 IIPOMEKYTOYHOM aTTecTaluu
o0yvyarommxcst

1. TIpobmembl pemenust ypaBHenus Illpeamnrepa MHOrouacTHYHOW cucTeMbl. Teopema
XosHbepra-Kona u Teopust pyHKUIHOHAIA MIJIOTHOCTH.

2. Teopust mceBnonoTeHnuanoB. [IpubmmkeHne mokanpHOW mIoTHOCTH LDA w mpubnmxenue
rpaauenTHoro npubamkeHust GGA NceBI0NOTeHIINATIOB.

3. [lonsiTHe TouedHoi cuMMeTprr. TOYKH BBICOKOM CHMMETPHH.
4. OcHoBHBbIe pacuéTHble yTHINUTHI «Quantum Espresso» u nx HazHaueHUe.
5. AaropuTt™ pacuyéra rpaHHYHOMN HEPTUH TICEBIONOTEHIINAIOB 1 MUHUMAJIbHON UMITYJIbCHOM CETKH.

6. Anroput™m pacyéra paBHOBECHOI'O IOJOKEHHS aTOMOB B MEXaHHMUYECKH CBOOOIHOM M MEXaHHMUECKU
HaNpsHKEHHOU CTPYKTYpax.



7. AnropuTM pacdyéTa 30HHOM CTPYKTYphl M OIICHKa IIWPHHBI 3anpelIEHHON 30HBI. COOTHOLICHHE
3HAQUEHUW IIUPHUHBI 3alpelIEHHOM 30HBI, ONPEACIEHHOW METOJAaMH KBAaHTOBO-MEXaHUYECKOTO
MOJEJIMPOBAHUS U IKCTIEPUMEHTOM M €r0 000CHOBAHUE.

8. OcCoOEeHHOCTH KBaHTOBO-MEXaHWYECKOTO MOJAEIMPOBAHUSA CTPYKTYp C TOBEPXHOCTBIO W/WIN
HECTEeXMOMETpUYecKoro  coctaBa. Crnoco0 OLEHKM MOBEPXHOCTHOHM  DHEPIUU  METOJAMHU
KBaHTOBO-MEXaHUYECKOTO MOJEIINPOBAHMSL.

Kpurepun onennBanus

Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHUS YYEeOHOHM MNpOorpaMMbl AMCHUIUIMHBI, TMPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTh UX Ha MPAKTHKE MPU PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Ouenka omM4HO 9 0aulOB -  BBICTAaBISI€TCS  CTYAGHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCLHUILUIMHBI M YMEHHE YBEPEHHO
NPUMEHSTh MX Ha MIPAKTHUKE [PU PEIICHUH KOHKPETHBIX 3/1a4, CBOOOIHOE U MPaBHILHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.

Omenka omm4HO 8§ 0amwioB - BBICTaBISICTCA CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIE, TIIyOOKHE 3HAHMs y4eOHOH NpOrpaMMbl JUCLHUILIMHBI U YMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE TPU PEIICHUM KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHHH, C HEKOTOPBIMU HEIOUYETaMHU.

OmeHka Xopo1o 7 6ajioB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HACT MaTepHall, IPaMOTHO H IO
CYLIECTBY M3JaraeT €ro, ymMeeT IPHMEHATh IOJIYyYCHHBIC 3HAHMS HA INPAKTHKE, HO HEIO0CTATOYHO
IpaMOTHO 0OOCHOBBIBAET IOJYYCHHBIE PE3YIIBTATHI.

Ouenka xopomo 6 6ajuioB - BEICTABISIETCS CTYJCHTY, €CJIM OH TBEPO 3HACT MaTepHal, IPaMOTHO U MO
CYILECTBY M3JIaraeT ero, yMeeT MPHUMEHSTh MOJyYCHHBIC 3HAHHUS Ha MPAKTUKE, HO JIOIYCKAeT B OTBETE
WY B PEILICHUH 33/1a4 HEKOTOPbIe HETOYHOCTH.

OtmeHka X0poIo 5 6ajioB - BBICTABISECTCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, [paMOTHO
U 110 CYIIECTBY M3JIaraeT ero, yMeeT NPUMEHSTh IOJy4eHHbIe 3HAHUS HA TPAKTHKE, HO JOIyCKaeT B
OTBETE WJIM B PEIICHUH 3334 JOCTATOYHO OOJIBIIOE KOJTMYECTBO HETOYHOCTEH.

OreHka yHIOBIECTBOPUTENbHO 4 Oayuia - BBICTABISICTCS CTYACHTY, MOKa3aBIIeMY (parMeHTapHBIH,
Pa3pO3HEHHBI XapaKkTep 3HAHWIl, HEIOCTaTOYHO MNpaBHJIbHBIE (OPMYIUPOBKU 0a30BBIX HOHSITHH,
HapyUICHUS JOTUYECKOU MOCIIENOBATEIbHOCTH B U3JIOKECHUU MTPOTPAMMHOTO Marepualia, HO IPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3zieibl Y4eOHON HpOrpaMMbl, HEOOXOAUMBIE Ul JajbHEHIIero o0y4eHus, 1
MOKET MPUMEHSTH TOJTyYSHHBIC 3HAHUS 110 00pa3ily B CTAHJAPTHOW CHTYaIlHH.

OreHka yHOBIETBOPUTENHHO 3 Oajia - BBICTABISCTCS CTYACHTY, MOKa3aBIIeMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronemy omuOku B (GopMynupoBKax 0a30BbIX MOHSTHH,
HapyLICHUS JIOTHYECKOW IOCIEeIOBAaTEeIbHOCTH B M3JIOKEHUH IPOTPaMMHOIO Marepuania, ciabo
BJI3JICET OCHOBHBIMH pa3zieiaMu yueOHO MporpaMMbl, HEOOXOAMMBIMHU ISl TAJIbHEHIIEro 00y4YeHus U
C TPYAOM MIPUMEHSET MOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1reHKa HEYIOBICTBOPUTEIHHO 2 0ajia - BBICTABISCTCS CTYICHTY, KOTOPBIA HE 3HAeT OOJNbIICH YacTh
OCHOBHOTO COZAEP)KaHUsI Y4eOHOW NpOrpaMMbl JHUCHMIUIMHBL, JONYCKAaeT TIpyOble OMMOKH B
(OpMyITHPOBKaX OCHOBHBIX IMPHUHIIMIIOB i HE YMEET HCIOIb30BaTh NOIYYCHHbBIC 3HAHUS TP PEIICHUN
THIIOBBIX 33]1a4.

OreHKa HEYJOBICTBOPUTENBLHO | Oaia - BBICTAaBISAETCS CTYICHTY, KOTOPBI HE 3HA€T OCHOBHOTO
coziepKaHusi yu4eOHOW MPOrpaMMBbl TUCHUILIUHEL, JTOMyCKaeT rpyoeiinie ommoku B (GOPMYIHPOBKAX
0a30BBIX TOHATHH IUCHUIUIMHBI U BOOOIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX IPAKTHYECKHX
3ajad.

5. MeTonuueckne MaTepuaIbl, ONpeIeJsoNINe MPoueIyPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

OreHKa BBICTABISIETCS 110 pe3yabTraTaM YCTHOTO TuddepeHupoBaHHoro 3auera. Ompoc cTylaeHTa He
JIOJIKEH MpeBbIaTh 60 MUHYT.



