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-XUMHUIECKOE MOACIIMPOBAHUC B HaHOBJ’IeKTpOHI/IKe" npeayCcCMarpuBacT H3YyUYCHHUC
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-XxMMHYECKOE MOJAETHUPOBAHHWE B HAHOXJEKTPOHUKE' TMpeaycMarpuBaeT H3ydeHHE
TEOPETHYECKHUX OCHOB KBAHTOBO-MEXaHMYECKOTO MOJEIMPOBAHUS, OCBOCHHE KIII0YEBOro (DyHKIIMOHAIIA
nporpamMmHoro nakera «Quantum Espresso» u ¢gopmupoBaHHe KOMIETEHLUH Ul €r0 MPaKTUIEeCKOro
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,

- HAy4YUTbCS COCTABJIATH, MOAU(DUIMPOBATh M BEepU(UIMPOBATH KPUCTAIUIOrpaUUEecKOe ONMHCAHUE
00BEMHBIX CTPYKTYP, CTPYKTYpP C HOBEPXHOCTHIO H/HII HECTEXMOMETPUUECKOTO COCTaBa JJIsl BXOIHBIX
¢aiinoB nporpammHoro naketa «Quantum Espresso»;

- HAy4WTHCS BBIOJHITH PAcUEThl CaMOCOINIACOBAHHOTO TOJISI, PABHOBECHON KpHCTaLiorpaduyeckoit
CTPYKTYPbl M 30HHOHM CTPYKTyphl B mporpamMmHoM mnakere «Quantum Espresso» u ¢ mpuMeHeHHeM
BCIIOMOT'aTEJIbHBIX YTHIIHT;

- M3YyYdTh TIEPCHEKTUBBI TNPUMEHEHHUS METOJOB KBAHTOBO-MEXAHUYECKOTO MOJICIMPOBAHUS B
HAHOXJIEKTPOHHKE.

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNuaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[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 uncie pazpadareBath 1 |[IK-1.2  CnocoGeH  BBLABHTAaTH  THUIOTE3BI, CTPOHTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MaTeMaTHYeCKHe MOAEIM JJIS ONHCAaHUs H3y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHUI M MPOIECCOB, OIICHUBATH KAY€CTBO pa3padOTaHHON
aHAJIM3MPOBATh HAy4YHbIEC MPOOIEMBI, TIOJIyYaTh |MOIENIN

HOBBIC HAayIHBIC PC3YJIbTATBI I1K-1.3 CrnocobeH mnpuMeHSTh TEOpeTHUeCKHue H (WIIH)
OKCIIEPUMEHTAIbHBIE METObI MCCICIOBAHNN K KOHKPETHOM
HayyHOM 3ajaye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
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, MOTUGUIMPOBATh, M BepHPUIMPOBATH KpHCTALIOTpaQUUecKoe ONUcaHhe OOBEMHBIX
CTPYKTYp, CTPYKTYp C MOBEPXHOCTBIO W/HIM HECTEXMOMETPUYECKOrO COCTaBa IJIsi BXOIHBIX (hailjioB
nporpaMmHoro mnakera «Quantum Espresso»;
- BBITIOJIHATH Pacy€Thl CAMOCOIIACOBAHHOTO T10JIsl, PABHOBECHOM KPUCTAIOTPAPHUECKON CTPYKTYPBI U
30HHOH CTPYKTYpBI B IIPOrpaMMHOM nakere «Quantum Espresso» u ¢ npiMeHeHHeM BCIIOMOTaTeNIbHBIX
YTHJIHT.

BIIAJICTh!



- HaBBIKAMU HHTEPIIPETAlMH KPHCTAIIOrpaguIecKoro ONMUCaHHUsS OOBEMHBIX CTPYKTYp, CTPYKTYp C
MOBEPXHOCTHIO M/UJIH HECTEXUOMETPUUYECKOTO COCTABa;

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

- HaBbIKaMH OOpabOTKM M MHTEPIPETAlUN BBIXOAHBIX JAHHBIX, MOJYYaeMbIX B MPOrPAMMHOM IIaKeTE
«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-MEXaHMUYECKOE ) |
MOJEJINPOBaHHE
2 Ot ypaBuenus llpéaunrepa x Teopun > 1
(yHKIIMOHANA MJIOTHOCTH
Merton nCEeBIONOTEHLIMANIOB U BBEICHUE
3 B mporpaMMmMHbBId makeT «Quantum 2 1

Espresso»

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

OmnpeneneHue TIpaHUYHOM SHEPruMm MU
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

l'enepaums u Bepuduranus BXOTHOTO

10 daiina 11 CTPyKTyp C TOBEPXHOCTHIO

OmnpeneneHue MUHMMAJIbHOM TOJIIMHEI
11 BaKyyMa Juisi pacuéra CIPyKTyp ¢ 2 1
[IOBEPXHOCTHIO

Omnpenenenne TpaHUYHOM BSHEPruu M
12 |pasmepa WHMMIYJIbCHOM CeTKH pacdyéra 2 1
CTPYKTYP C IIOBEPXHOCTHIO

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

Onpenenenne TpaHUYHOM BSHEPruu M
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-MEXAHHUYECKOro MojenupoBaHus. OOnacTb NpHUMEHEHUS
KBaHTOBO-MEXaHHUYECKOTO MO/IeIMpOBaHus. [IepCceKTHBEI UCTIONB30BaHHS KBAHTOBO-MEXaHHYECKOTO
MOZIEIMPOBAHHUS B 3a/1a4aX COBPEMEHHON HAaHOIEKTPOHUKH.

2. Ot ypaBuenus [Ipéaunrepa k Teopuu QyHKIIMOHATA TUIOTHOCTH

OcHOBHBIE CBOWCTBa KOMIUIEKCHBIX 4YHcell. ba3oBble MOHSATHS KBaHTOBOM MEXAaHUKH: BOJIHOBAS
¢bynknus u ypasHenue [Ipénunarepa. [aMUIbTOHNAH HEPEIATUBUCTCKON CHCTEMBI B TIPUOIMKEHUH
Bopna-Onnenreiimepa. Teopema Xosubepra-Kona.

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

lenepupoBaHre W aHaW3 CTPYKTYpHI (haiina kpuctamnorpadudeckoit napopmanuu B dpopmare cif.
AHanm3 CTPYKTYpHI (aiiia IceBIonoTeHIIMANI0B. [ eHeprpoBaHue, aHaIu3 CTPYKTYPbl, MOAU(DUKAIIHS
1 BepudHKaIys BXOJHOTO (aiiia 1uis pacuéra camocoriacoBanHoro nosst B «Quantum Espresso».

4. Tenepanust BXOgHOTO (aiina s pacyéra caMOCOIIaCOBaHHOTO Toist Oe3nedekTHoi 00bEMHOM
CTPYKTYPBI

[lonsiTHE TpPaHWYHOM OHEPrUU ICEBAONOTEHIHANOB. PacuéT caMOCONIACOBAaHHOIO TONSA  JUIsS
pa3IMYHBIX TPAHUYHBIX SHEPIUi MCeBIONOTeHIMANOB B pexume «scf. IlocTtpoenne 3aBucumoctu
SHEPIruM OT TPAaHWYHOM DSHEPIHH IICEBAONOTEHLHUAJIOB M OMNPENECIICHHE TPaHUYHOIO 3HAYCHHS.
[TonsiTne nmmynbcHO# ceTku. OnpeneneHue UMITYJIbCHON CETKH MUHUMAJIBHOTO pa3Mepa.

5. OrmpefneneHue TpaHUYHOW SHEPTrUM M pa3Mepa HMITYJbCHOHW CeTKH pacuéra Oe3nedeKTHOH
00BEMHOM CTPYKTYPBI

OcobOeHHOCTH pEeKUMOB «relax» u «vc-relax» s pacuéra paBHOBECHOTO MOJIOKCHUS aTOMOB.
Bepudukanus paBHOBECHON KPUCTAILIOTPAPUUECKON CTPYKTYPHI.

6. Pacuér paBHOBECHOTO MOJIOXKCHUSI aTOMOB B MEXaHMUYECKU CBOOOJHON KpucTasumorpaduyeckoi
Oe3nedexkTHON 0OBEMHON CTPYKTYpE

OcobeHHOCTH PEXUMOB «relax» u «ve-relax» ans pacuéra paBHOBECHOTO TIOJNOXKEHHSI aTOMOB B
MEXaHUYECKH HaNpsKEHHBIX CTPYKTypax. 3aJjaHue IapaMeTPOB MEXaHUYECKOTO BO3AECHCTBUS.

7. Pacuér paBHOBECHOTO IMOJIOKEHHUSI aTOMOB B MEXaHHUYECKU HANPSKEHHON KpHucTamtorpadguyeckoi
Oe3nedexkTHON 0OBEMHOMN CTPYKTYpE

OcobeHHOCTH PEXUMOB «relax» u «ve-relax» ans pacuéra paBHOBECHOTO TIOJNOXKEHHSI 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

OcobeHHoCTH KpHCcTauiorpadguyeckoro onucaHusi noBepxHocTd. IlpoBepka cummerpun Qaiina c
[IOBEPXHOCTHIO.

11. OnpezneneHre MUHUMAaJIbHON TOJIIMHBI BaKyyMa JUIsl pacuéra CTPYKTYp ¢ IOBEPXHOCTBIO

Oddexr B3auMHOrO BiMAHUSA Pacu€T cyMMapHON 3HEPruM CTPYKTYp C pa3iMyHON TOJLIMHOMN
BakyyMa. OlieHKa MUHUMAaJIbHOM TOJIIMHBI BaKyyMa JUIl UCKII0YeHuUs 3(dexTa B3aMMHOTO BIHSHUS
MTOBEPXHOCTEM.

12. OmpeneneHue TpaHUYHOM B3HEPrUM M pasMepa HMITYJIbCHOH CETKH pacyéra CTPYKTyp ¢
[IOBEPXHOCTHIO

OcoOeHHOCTH OIpeaesIeHUs] pa3Mepa UMIYJIbCHOW CETKH AJIsi pacuéra CTPYKTYP C MOBEPXHOCTBIO.
CpaBHEeHME IpaHUYHBIX SHEPIUH 111 00BEMHOM CTPYKTYPBI U CTPYKTYPHI C MOBEPXHOCTHIO. OneHka

MMOBCPXHO CTHOH OHCPIUu.

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

Monudukamuss u Bepudukays BxogHoro ¢aina ans pacu€ra CcamMOCOTIIACOBAHHOTO OIS
HECTEXHOMETPUUECKOI CTPYKTYpHl B «Quantum Espresso».

14.  OmnpeneneHue TpaHWUYHOW SHEPrUM W pa3Mepa  HMIYJIbCHOH  CeTKM  pacuéra
HECTEXUOMETPUUECKOHN CTPYKTYpPBI

CpaBHEHUE TPaHUYHBIX SHEPrHM M pa3Mepa MUHHMAaJIbHOH WMIYJIBCHOW CETKH sl 0ObEeMHOM
HECTEXHUOMETPUUECKON CTPYKTYPBHI.

15. Pacu€r paBHOBECHOTO IMOJIOXKEHHUSI aTOMOB B MEXaHWYECKH CBOOOAHON KpHCTaJuIOTrpaduyuecKkon
HECTEXUOMETPUUECKOH CTPYKType

OcobeHHOCTH PEeXUMOB «relax» W «ve-relax» ams pacu€ra paBHOBECHOTO TIOJOXKEHHSI 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)

CryaeHT, W3ydYalIuid AWCIHILINHY, JODKEH C OJHOH CTOPOHBI, OBJIAJETh OOIIMM IMOHATHIHHBIM
anmapaToM, a ¢ JPYroil CTOPOHBIL, AOKEH HAYYUThCS IPUMEHATh TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.
B pesynbrare m3yueHus NUCHUIUIMHBI CTYACHT JOJDKEH 3HATh OCHOBHBIEC OIpeNeTeHUs AUCIUILIMHBI,
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 Marepuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAjaraéMpIx CTyJIeHTaM Ha 3aHATHAX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUI TEKYLIEH U IPOMEKYTOYHOM arTeCcTaluu.

[Mokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JTVCIIATLIAHEL.

BaxHo 10OWTHCS MOHMMAaHUS W3ydaeMOro MaTepuala, a He MEXaHH4YECKOro ero 3armoMmuHaHus. [lpu
3aTPYIMHEHUN W3yYCHUs OTJENBHBIX TEM, BOMIPOCOB, CIEAYeT OOpamarhcsd 3a KOHCYIBTAUAMHU K
MIpenoaBaTesio.

Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad 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

KBAJM(PUKAIMA: 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

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBaHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uncie pazpadareBath 1 |[IK-1.2  CnocoGeH  BBLABHTAaTH  THUIOTE3BI, CTPOHTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MaTreMaTHYeCKHe MOAEIM M ONHMCAaHUs H3y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHUI M MPOIIECCOB, OIICHNUBATH KAY€CTBO pa3pabOTaHHON
aHAJIM3MPOBATh HAy4YHbIEC MPOOIEMBI, TIOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CrnocobeH mnpuMeHSTh TEOpeTHUeCKue H (WIIH)
OKCIIEPUMEHTAIbHBIE METOJbI MCCICAOBAHNN K KOHKPETHOM
HAayyHOM 3ajaye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pe3yabTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pesymerare wu3ydeHHs IUCHUIUIMHBI «KBaHTOBO-XMMHYECKOE MOJCIMPOBAHUE B HAHOMICKTPOHUKE»
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, MOAMGUIMPOBATE M BEPUPHIMPOBATH KPHCTALIOrpaQHUUECKOEe ONMUCAHUE OOBEMHBIX
CTPYKTYp, CTPYKTYp C HOBEPXHOCTBIO H/WJIM HECTEXHOMETPHUYECKOIO COCTaBa VISl BXOAHBIX (hailiioB
nporpaMmmHoro nakera «Quantum Espresso»;
- BBHINOJIHATH PAcU€Thl CAMOCOIIIACOBAHHOTO TIOJISl, PABHOBECHOM KPHUCTAIIOrpaduuecKoi CTPYKTyphl U
30HHOM CTPYKTYpPBI B IPOrpaMMHOM makete «Quantum Espresso» u ¢ mpuMeHeHneM BCIOMOTaTeIbHBIX
YTUIINT.
BJIaJIeTh:
- HaBBIKAMU HMHTEPIIPETAUU KPUCTAILIOrPaUYECKOro OMHMCAHUS OOBEMHBIX CTPYKTYp, CTPYKTYp C
TIOBEPXHOCTHIO W/WITH HECTEXHOMETPUIECKOTO COCTABA;
- HaBBIKaMH TIOCTaHOBKH YKCIIEPUMEHTOB C IPUMEHEHHUEM KBAHTOBO-MEXaHHUYECKHUX PACUETOB;
- HaBBIKAMH OOPa0OOTKH M MHTEPIIPETAIIMU BBIXOJHBIX JAaHHBIX, ITOJy4aeMbIX B MMPOTPAMMHOM I1AKEeTe
«Quantum Espresso».

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

C 1menplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuaina MPOBOAUTCS YCTHBIH ONpoC B
HayaJje 3aHATUS 110 TEME IIPOIIOTO 3aHATHS.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yvyarommxcst

1. TIpoGmembl pemienuss ypaBHeHus [lpenuHrepa MHOTO4acTHYHOW CcHCTEMBL.  Teopema
XosHbepra-Kona u Teopust pyHKUIHOHAIA MIJIOTHOCTH.

2. Teopuss mnceBmomnoreHuuanoB. Ilpubmmxenue nokaibHON TMwoTHOCTH LDA u mpuOnmxeHue
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 paBHOBECHOT'O ITOJIOKEHHS aTOMOB B MEXaHHYECKH CBOOOTHON M MEXaHWYECKU
HaNpsHKEHHOU CTPYKTYpax.



7. AnropuTM pacyéra 30HHOH CTPYKTYpbl M OLEHKa LIMPUHBI 3anpeiéHHON 30HbI. COOTHOIICHHE
3HAQUEHUW IIMPUHBI 3alpPElIEHHON 30HBI, ONPEHENEHHOM METONAMHM KBAaHTOBO-MEXAHUUYECKOIO
MOJEJIMPOBAHUS U IKCTIEPUMEHTOM M €r0 000CHOBAHUE.

8. OcoOeHHOCTH KBaHTOBO-MEXaHWYECKOTO MOJEIHPOBAHUA CTPYKTYp C TIOBEPXHOCTBIO W/WIH
HECTEXMOMETpUYEeCKOro  coctaBa. (Crnoco®  OIEHKH  IOBEPXHOCTHOW  SHEPrHM  METOAAMHU
KBaHTOBO-MEXaHUYECKOTO MOJEIINPOBAHMSL.

Kpurepun onennBanus

Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 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 MPaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh UX Ha NPAKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka ommmyHO 8§ OamioB - BBICTABJIAE€TCA CTYIAEHTY, IIOKa3aBLIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HA MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIbHOE 00OCHOBAHME MPUHATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.

OHGHKa XOopouio 7 0alI0B - BEICTABISACTCS CTYACHTY, €CJIKM OH TBCPAO 3HACT MATCPpHAJI, TPAMOTHO U I10
CylmIeCTBY H3Jiarac€t €ro, ymMeCcT NPUMCHATH IIOJIYUCHHBIC 3HAHWA HaA IMPAKTUKE, HO HEAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThI.

Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYILLECTBY M3JIaraeT €ro, yMeeT NPUMEHATh MOJIYYEHHbIC 3HAHUS HAa MIPAKTHKE, HO JOIYCKAET B OTBETE
WM B PELIEHUH 3a7jad HEKOTOPblE HETOYHOCTH.

OHGHKa XOpo1Io 5 0alIoB - BEICTABIAETCS CTYACHTY, €CJIK OH B OCHOBHOM 3HACT MaTcpuall, rpaMOTHO
1 IO CYHICCTBY H3JIaracT €ro, yMeeT NPUMCHATH IOJYUCHHBIC 3HAHUA HaA IPAKTHUKE, HO JOIIYCKAcT B
OTBCTC WJIM B PCUICHUU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

OreHka yHIOBIECTBOPUTENBHO 4 Oaia - BBICTAaBISETCS CTYACHTY, HOKa3aBIIEMy (parMeHTapHBIH,
Pa3pO3HEHHBIH XapaKkTep 3HAHWIl, HEIOCTaTOYHO IpPAaBHIbHBIE (DOPMYIUPOBKU 0a30BBIX MOHSATHH,
HapyUICHUS JOTUYECKOU IOCIIEOBATEILHOCTH B U3JIOKEHHU TPOrPAMMHOTO Marepuala, HO IPU STOM
OH OCBOWJI OCHOBHBIC Pa3zeibl y4eOHON HPOrpaMMbl, HEOOXOAUMBIE Ul NallbHEHIIero o0y4eHus, u
MOKET MPUMEHSTH TOJTyYSHHBIC 3HAHUS 110 00pa3ily B CTAHJAPTHOW CHTYaIlHH.

OreHka yHIOBICTBOPUTENIBHO 3 Oajula - BBICTAaBISETCS CTYACHTY, HOKa3aBIIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JONycKarolnlemy OmHOKH B (GOpMyIHpoBKax 0a30BBIX MOHATHH,
HapyUICHUS JIOTHYECKOW IOCIEeIOBAaTEeIbHOCTH B H3JIOKECHUHM IPOrPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3/iejaMH y4eOHO!H MpOorpaMMbl, HEOOXOIMMBIMH JUIsl AaIbHEHIIero o0yueHus 1
C TPYAOM MIPUMEHSET MOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1reHKa HEYIOBIECTBOPUTENBHO 2 Oaluia - BHICTABISCTCS CTYACHTY, KOTOPBIA HE 3HAET OOJIBIICH YacTh
OCHOBHOTO COZEp)KaHUsl Y4eOHOW IpOrpaMMbl JUCHMIUIMHBL, JIONMYCKaeT TIpyOble OMMOKH B
(OpMyITHPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BATh IOJyYCHHBIC 3HAHHS TP PEIICHUN
THIIOBBIX 33]1a4.

OreHKa HEYJIOBIETBOPUTENILHO | 0ajul - BBICTABIISICTCS CTYICHTY, KOTOPBIH HE 3HA€T OCHOBHOIO
cozepKaHusi yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKu B (popMyITUpOBKax
0a30BBIX HOHATHH JUCLHUILIMHBI U BOOOIIE HE MMEET HAaBBIKOB PEIICHHs THUIIOBBIX IMPAKTHYECKUX
3ajad.

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

OreHka BBICTABISIETCS IO pe3ylibTaraM ycrHoro auddepennupoBanHoro 3adera. Omnpoc cTyneHTa He
JIOJIKEH MpeBbIaTh 60 MUHYT.



