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1. EJIb OCBOEHUMA JTUCIIUITJIMHbI

Hucnunmmaa  «Modeling of Nanoobjects» BXoauT B NporpaMMy MarucTpaTypbl
«Hanorexnonorun» no HampasieHuto 28.04.01 «HaHOTeXHOIOTUU U MUKPOCUCTEMHAS TEXHUKA
u wu3ydaercss Bo 2 cemectpe 1 kypca. JucnummummHy peanusyer baszoBas  kadempa
«HaHOTEeXHOJIOTMU U MUKPOCUCTEMHAs TEXHUKa». /[ucuurimHa coctouT u3 6 pasaesoB u 38 teM

Y HalpaBJieHa Ha U3yYCHHE METOJI0B MOJICITUPOBAHKSI HAHOOOBEKTOB.
[lenpro OCBOEHUS NUCHIUIUIMHBI SBISETCS M3yUYEeHUE OCHOB MOJCIUPOBAHHSI HAHOOOHEKTOB,
BKJIFOYAsi METOIbI Teopuu (pyHKIMoHana miiotHoctu (DFT).

2. TPEBOBAHMA K PE3YJIBbTATAM OCBOEHUMA JUCIHUITJIMHDbI

OcBoeHune AUCIUIUTMHBI «MoiemupoBaHiue HAHOOOBEKTOBY» HAMPABJICHO Ha (GOPMUpPOBAHUE
y 00yYaronuXxcst CIESAYIONIUX KOMIETEHITUHN (4aCTH KOMITETCHIIHN ):

Tabnuya 2.1. Ilepeuenv komnemenyuil, opmupyemvix y 00y4arOWuxcs npu 0ce0eHuu
OUCYUNTIUHBL (Pe3VTIbMambvl 0C80EHUS OUCYUNTIUHDL)

HNuaukaTopbl 10CTHKEHHS] KOMIIETEHITUT
Iudp Komnerenuus A pEI A N I
(B paMKax JaHHOMW NHUCUMUIUIMHBI)
Crioco6eH HCcKaTh HyKHbIE
HCTOYHHUKH HH(POPMALMH 1
JTaHHbIE, BOCIIPUHUMATB,
aHaIM3UpOBaTh, 3anoMuHaTh 1 |YK-7.1 3HaeT ocHOBHbIE IM(POBBIE TEXHOIOTHH, METObI TOUCKA,
nepenaBaTh HHPOPMAIIHIO C 00paboTKy, aHaM3a, XPAaHEHHUS 1 IPEACTABICHHUS HH)OPMALIIH,
UCIIONIb30BaHUEM IU(POBBIX  |IPUMEHSIEMBIE B COBPEMEHHBIX YCIOBHUIX IN(POBOI SKOHOMHKH;
CpeICTB, a Takke ¢ moMomplo | YK-7.2 YMeer uckate HyKHbIC HCTOYHUKA MHPOPMAITUH U
ITOPUTMOB IIpu paboTe ¢ JIaHHBIC, BOCIPUHUMATh, aHAJTM3UPOBATh, 3alIOMUHATh
VK-7 MIOJTyYEHHBIMHU M3 PA3IMYHBIX  |[epelaBaTh HHPOPMAIHIO C UCIIOIB30BaHHEM IU(PPOBHIX CPEICTB,
MCTOYHHMKOB JJAHHBIMH C LIEJIBI0  |a TAKXKe C TOMOIIBIO aJITOPUTMOB IIPH PadOTE C MOIyYEHHBIMH 13
3¢ QEKTUBHOTO UCTIONH30BAHHS | PA3IMYHBIX HICTOYHUKOB JAHHBIMH;
nosydeHHoi napopmaru gt | YK-7.3 Bnageer coBpeMeHHBIMU HU(PPOBBIMUA TEXHOJIOTUSMH,
pelnieHus 3aja4; IPOBOAUTH METOJIaMH OL[EHKU MH(pOPMAINH, €€ JOCTOBEPHOCTH, TOCTPOCHUS
OLIeHKY MH(pOpMaIHH, ee JIOTHYECKUX YMO3aKIIOUYCHUH Ha OCHOBAaHUH TOCTYIAIOIINX
JIOCTOBEPHOCTb, CTPOUTH uH(opMaLnK U TaHHBIX;
JIOTHYECKUE YMO3AKIIIOUEeHHUS Ha
OCHOBaHMH ITOCTYITIAFOITIX
nH(popManny U TaHHBIX
OIIK-5.1 3HaeT OCHOBHOH HHCTpYMEHTapuil popMaIn3anuu
WHKEHEPHBIX, HAyYHO-TEXHMYECKHX 33/1a4, TIPUKJIaHOe
Crnoco6eH HCIoIb30BaTh p > Hay Aa, TP A
N MpOrpaMMHOE 00ecIieYeHUE ISl MOJIETTMPOBAHMS U
HHCTpyMeHTapuil popmanuzanuu
MPOEKTUPOBAHUS OOBEKTOB, CUCTEM U MPOLIECCOB;
WH)KEHEPHBIX, HAy4HO-
OIIK-5.2 YMmeeT ucnonib30BaTh MPUKIATHOE IPOTPAMMHOE
TEXHUYECKUX 3a]ad, MPUKIATHOE
OIIK-5 obecrieueHne sl MOJICITUPOBAHUS U IPOCKTHPOBAHMS 0OBEKTOB,
IIpoTpaMMHOE 0OecTIeueHne I . o
CHCTEM H IIPOIIECCOB HAHOTEXHOJIOTHI N MUKPOCHCTEMHO
MOJICIIUPOBAHMS U
MMPOCKTUPOBAHUS 0OBEKTOB TEXHHIH,
p p ’ OI1K-5.3 Bnageet moaxoaamMu Jijisl MOJSIIUPOBAHUS U
CHCTEM H IIPOIIECCOB .
MIPOEKTUPOBAHUS 0OBEKTOB, CUCTEM H MIPOIIECCOB HAHOTEXHOJIOTHIH
Y MUKPOCHCTEMHOH TEXHHKH;
I1K-3.1 3HaKkoM ¢ MporpaMMHBIM 00ecTIedeHHEM TS
I'otoBHOCTH pa3pabaTeIBaTh
KOMITBIOTEPHOT'O MOJICJINPOBAHUS UCCIEAYEMbIX (PU3NIECKUX
(usnyeckre 1 MaTeMaTHIECKHe .
MPOLIECCOB B 00JIACTH HAHOTEXHOJIOTMU U MUKPOCHCTEMHON
MOJIENH, IPOBOAUTH
KOMITBIOTEPHOE MOJIETUPOBAHHE | - oon o st
IK-3 P p [1K-3.2 Ymeer pa3pabaTeiBaTh Gu3nUecKre 1 MaTeMaTHIECKHe
UCCIeyeMbIX (PU3NIECKUX .
MOJIETM B 00J1aCTH HAHOTEXHOJIOTUN U MUKPOCUCTEMHOM TEXHHUKH;
MIPOIIECCOB B 00JIACTH
[1K-3.3 Bnageet HaBBIKAMU KOMITBIOTEPHOTO MOJIEIIMPOBAHUS
HAHOTEXHOJIOTUH U
o HCCIENYeMbIX (PU3NIECKUX MPOIIECCOB B 00TACTH HAHOTECXHOIOTHUH
MHKPOCHUCTEMHOH TEXHUKH N
Y MUKPOCHCTEMHOH TEXHHKH;




3. MECTO JUCIMIIJIMHBI B CTPYKTYPE OII BO

HI/ICHI/IHHI/IHa ((MOI[GJ'II/IpOBaHI/IC HaHOOOBEKTOBY OTHOCHTCA K 00g3aTeILHOM YacTH OJioka 1

«ucuurmael (MOIysH)» 00pa30BaTEIbHOM MIPOrpaMMBbI BBICIIEIO 00pa30BaHMS .

B pamkax o0pa3zoBaTeNbHON MpPOTpamMMbl BBICIIETO OOpa30BaHUS OOYYAIOIIMECS TAKXKe

OCBauBaArOT CHOCO6CTBYIOH_II/IG

apyrue

JUCLIUILINHEI

W/WTW  TIPAaKTHKH,

3aIlJTaHUPOBAHHBIX PE3YJILbTATOB OCBOCHUA JUCHUITIIMHBI ((MOIIGJII/IPOBaHI/Ie HAHOOOBCKTOBY.

Tabnuya 3.1. Ilepeuenv komnonenmos OI1 BO, cnocobcmeyrowux 00CmuiceHur
3ANIAHUPOBARHbLX pEe3)1bmamoe OC60E€HUA ducuunﬂqul
IIpeamecTBylomme Ilocaenyomue
Mudg Hanwenosanue ancﬁunnngJMoz[ JIH ):ll/lcul/lﬂﬂﬂill)l:I/MO}l JI
P KOMIIETeHIIHH * YT, . YT,
NMPaAKTHKH NMPaKTHKH
Crioco0OeH NcKaTh HyKHEIC
HUCTOYHHUKH MHPOPMAIIUH U
JTaHHEIE, BOCIIPHHUMATB,
aHAJTU3UPOBATh, 3aTIOMUHATH
U TiepenaBaTh HHGOPMAIIUIO
C HCIOIL30BaHUEM
IU(POBBIX CPEACTB, a TAKKE
C TIOMOII[bIO aJITOPUTMOB OCHOBBI TPUMEHCHHUS
pu paboTe ¢ TOITyICHHBIMU HAHOTEXHOJIOTUH K
U3 Pa3TUYHBIX HCTOYHUKOB MHUKPOCUCTEMHON TEXHHK;
[IpenoumuioMHast MpaKTHUKA;
YK-7 JIAHHBIMU C LEJIBI0 WudopmannonHsie 6a36l TaHHBIX;
3¢ PEKTHBHOTO TexHOIOTHH IPOTPAMMHUPOBAHUS B
HCTIOJIB30BaHUS MTOTydYeHHOM HaHOWHITY CTPHU;
UHPOPMALUH [T PEIICHUS
3a/1a4; IPOBOIUTh OLICHKY
nHpOpMaLNH, ee
JIOCTOBEPHOCTD, CTPOUTH
JIOTHYECKHUE
YMO3aKJIIOUYEHUS Ha
OCHOBAHHU TOCTYIAOIINX
WHGOPMALIUU ¥ JAHHBIX
Crioco0€eH MCII0JIb30BaTh
HHCTPYMEHTapHA
(hopmanmzaun Beenenue B MUKpO- U
WH)XEHEPHBIX, HAYYHO- HAHOAJIEKTPOMEXAHIMUCCKHUE
HayuHo-uccnemoBarenbckas
TEXHUYECKUX 3a/ad4, CHCTEMEL,
OIIK-5 paborta;
MIPUKJIAJHOE IPOTPAMMHOE TexHOIOTHK IPOTPAMMHUPOBAHHUS B
obecrnieueHne s HaHOMH]TyCTPHH;
MOJICJTMPOBAHHS U
MPOEKTUPOBAHUS OOBEKTOB,
CHCTEM M ITPOIIECCOB
T'oToBHOCTE pa3zpabaThIBaTH
¢usngeckne u
MaTeMaTUYEeCKUE MOJIEIIH, TexHONIOTHH POTPaMMUPOBAHHS B
HayuHo-uccnemoBarenbckas
MPOBOJUTH KOMITBIOTEPHOE HAHOWH]TY CTPHU;
pabora;
TIK-3 MOJEJIMPOBAaHUE KBanToBas MexaHuka B
[IpenauiuioMHast MpaKkTHUKA;
UCCIIETYEMBIX (PU3UICCKUX HaHOCHCTEMaX;

MPOIIECCOB B 001aCTH
HAHOTEXHOJIOTHU 1
MI/IKpOCPICTeMHOﬁ TEXHUKHN

* - 3aIONTHAETCS B COOTBETCTBHUH ¢ MaTpuieii kommnereniuii u CYII OIT BO

** - 3JIEKTUBHBIC TUCIUIUINHBI /TIPAKTHKH

JOCTHIXCHHIO




4. OFBEM JJVCHUILJIMHBI U BUbI YYEBHOH PABOTHI

O6mas Tpynoemkocts auctumiuabl «Modeling of Nanoobjects» cocTaBisieT «2» 3a4eTHbIC €TUHHIIBI.
Tabauya 4.1. Buowvl yuebHol pabomvl no nepuooam 0C80eHUs 00pA308AMENbHOU NPOCPAMMbL 8biCULe20 00pA308aHUs OJisl OYHOU (OopMbl
00yuenus.

Buja yue6Hoii padoThI BCEI'O, ak.u. CEMeczT pCBD)

Konumaxmmnas paboma, ax.u. 17 17
Jlexuuu (JIK) 0 0
JlaGopartopusie pabotsl (JIP) 17 17
IMpaktuueckue/cemunapckue 3ansatus (C3) 0 0
Camocmosmenvras paboma 0by4arowuxcs, ax.u. 46 46
Koumponw (sx3amen/3auem c oyenkou), ax.u. 9 9
Oo0masi Tpy10eMKOCTH T CHUIIHHBI aK.4. 72 72

3a4.e/l. 2 2




5. COAEPKAHUE JUCIUIIJINHBI

Tabauya 5.1. Codeporcanue oucyuniunsl (Mo0yis) no euoam y4ebHou pabomuol

Bun
Homep | HammeHnoBaHue pasnena "
Copep:xanue pa3aesa (TeMbl) yueOHoit
pa3aeja AUCHHUITJIMHBI %
padoThI
1.1 Wave function of a multielectron system JIP
Symmetry of physical systems and types of wave
. 1.2 . JIP
Initial concepts of the functions
Pasnen 1 |theory of multielectron 1.3 The concept of space and spin orbitals JIP
systems 1.4 Single and multi-determinant functions JIP
15 Full energy JIP
1.6 The structure of the potential energy surface JIP
2.1 Energy of a one-determinant state JIP
2.2 Closed and open shells JIP
Variation of the total energy - the functional of the
2.3 - JIP
wave function
2.4 Method of indefinite Lagrange multipliers JIP
Pasien 2 Self-consistent field 25 Hartree-Fock equations JIP
A equations 2.6 Expansion of orbitals in terms of basic functions JIP
2.7 Base types JIP
2.8 Rutan's equations JIP
2.9 Population analysis JIP
Block diagram of solutions of self-consistent field
2.10 ) : . JIP
equations in quantum-chemical packages
3.1 Post-Hartrifock approximations JIP
Matrix of electron density of the 1st and 2nd order
. 3.2 . . JIP
Pasmen 3 |Electron correlation (correlation function)
3.3 Correlation hole function JIP
3.4 Energy as a functional of density matrices JIP
Density functional theor 4.1 Electron density as a fundamental variable JIP
Paznen 4 of Kohinber -Kohn-Shgm 4.2 The first and second Kohenberg-Kohn theorems JIP
g 4.3 Kohn-Sham equations JIP
5.1 Local density approximation JIP
5.2 Gradient expansion JIP
Exchanae-correlation 5.3 Generalized Gradient decomposition (GGA) JIP
Paszen 5 | * T OE 5.4 Meta GGA JIP
5.5 Hybrid functionality JIP
5.6 Orbitally dependent functionals JIP
5.7 DFT+U JIP
6.1 Bloch's theorem JIP
6.2 Brillouin zones JIP
6.3 Symmetrical points JIP
Fundamentals of Solids 6.4 Den_sny of states P
Paznen 6 Calculations 6.5 Basis plane waves JIP
6.6 Pseudopotentials JIP
6.7 Method of attached plane waves JIP
6.8 Structure of popular packages for periodic DFT P

calculations (VASP, ESPRESSO)

npakmuqecme/cemuyapcxue SAHAMUAL.

6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJINHBI

* - zanonusiercs Tonbko 1o QUHOWM dopme o6yuenus: JIK — nexyuu; JIP — nabopamopuvie pabomuwr; C3 —

Tabnuya 6.1. Mamepuanbro-mexuuueckoe obecneuerue OUCYUNIUHBL




Crnennann3npoBaHHoOe
yueOHoe/1a00paTopHoe
obopynoBanme, I1O u
Tun ayauropun OcHaleHue ayIMTOPUH
MAaTepHaJIbl 1J151 0CBOEHHS
AUCIHUTLTUHBI
(Ipu HEOOXOTUMOCTH)
Jlaboparopus
Host
CaMOCTOSATEIIbHOMU
paboTHI

* - ayauTOpHs I CaMOCTOSATENFHON paboThl oO0ydatrontuxcs ykaspBaetcss OBA3SATEJBHO!

7. YAEBHO-METOJUYECKOE 1 TH®OPMAIIMOHHOE OBECIIEYEHHUE JUCIUITIJINHBI

Ocnoeénas numepamypa:
1. lembsinoB, Anekcannp, Hukomnait EBcees, and Oner /[unapueB. OCHOBBI MeTO1a
(dyHKIMOHAA IUIOTHOCTH B THApoaAnHamMHuKe. Litres, 2022
2. Zhu, Chaoyuan, ed. Time-Dependent Density Functional Theory: Nonadiabatic
Molecular Dynamics. CRC Press, 2022
Llononnumenvnas naumepamypa:
1. bapanosckwuii, B.M. KBanToBast MexaHuKa U KBAaHTOBasi XUMUS: y4eOHOe Tocooue /
B.U. bapanoBckuii. - DnekTpoH. naH. - Cankr-IlerepOypr: Jlans, 2019. - 428 ¢
2. Chen, Jianhua, Zhenghe Xu, and Ye Chen. "Electronic structure and surfaces of sulfide
minerals.” Density functional theory and applications (2020): 181-236
Pecypcwi ungopmayuonno-menexomMmyHuKayuoHHou cemu « Mnmepuemy»:
1. ObC PY1H u croponnne ObC, Kk KOTOPBIM CTYI€HTHl YHUBEPCUTETA UMEIOT JOCTYII
Ha OCHOBaHMUH 3aKJIHOYEHHBIX JJOTOBOPOB
- DnekTpoHHO-6ubmoteunas cuctema PY/IH — 9bC PYIH
http://lib.rudn.ru/MegaPro/Web
- OBC «YHuBepcurerckas Oubauorexa onnain» http://www.biblioclub.ru
- OBC IOpaiit http://www.biblio-online.ru
- OBC «KoncynbraHT cTyaeHTay www.studentlibrary.ru
- OBC «Tpounxkuii MmocT»
2. ba3bl JaHHBIX U TOMCKOBBIE CUCTEMBbI
- OJIEKTPOHHBIN (POH]T TPABOBOM M HOPMATUBHO-TEXHUYECKON IOKYMEHTAIIUH
http://docs.cntd.ru/
- mouckoBas cuctema fAnnekc https://www.yandex.ru/
- mouckoBas cucreMa Google https://www.google.ru/
- pedepatuBHas 6a3a nanasix SCOPUS
http://www.elsevierscience.ru/products/scopus/
Yuebno-memoouueckue mamepuanvt 051 cCamocmosamenbHol pabomuvl 0OYUaAOWUXCSL NPU
0CB8OEHUU OUCYUNTUHBL/MOOYIA*:
1. Kypc nexunmii mo gucrumuinae « MogennpoBanue HaHOOOBEKTOBY.

* - Bce yueOHO-METOIMYECKUE MATePUAIIbI I CAMOCTOSITEIFHON pabOThl 00yUYaIOIINUXCS
pa3MeIIarTcs B COOTBETCTBHUHU C ACHCTBYIONIUM MOpsiAKoM Ha cTpanulle aucuurinabl B TYUC!
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Jouent Kapues Anekceil IBanoBuu
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