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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 HamnpaBJieHa Ha U3YYCHHE METO/I0B MOJICTMPOBAaHUS HAHOOOBEKTOB.

Lenpt0 OCBOSHMSI JUCHUIUIMHBL SBJISIETCS M3yYE€HHE OCHOB MOJAEIHPOBAHUS HAaHOOOBEKTOB,
BKJIFOYAsi METOIbI Teopuu (pyHKIMoHana miiotHoctu (DFT).

2. TPEBOBAHMA K PE3YJIBbTATAM OCBOEHUMA JUCIHUITJIMHDbI

OcBoeHune AUCIUIUTMHBI «MoeaupoBaHue HAHOOOBEKTOBY» HAIPABJICHO Ha (GOPMUPOBAHUE
y O0y4JaromuXcs CASAYIONIMX KOMIETSHINHN (4aCTH KOMITETEHIIHH ):

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

HNHauKaTopbl 10CTHKEHHS] KOMIIeTeHIMH
Iudp Komnerennus A pEI A N I
(B paMKax JaHHOMW NHUCUMUIUIMHBI)
Crioco6eH HCcKaTh HyKHbIE
HCTOYHHUKH HH(POPMALMH 1
JTaHHbIE, BOCIIPUHUMATB,
aHaJIM3MpPOBaTh, 3aoMuHaTh 1 | YK-7.1 3HaeT ocHOBHBIE IM(POBBIE TEXHOJIOTHUH, METOIBI [TOUCKA,
nepenaBaTh HHPOPMAIIHIO C 00paboTKH, aHAH3a, XPAHEHUS 1 IPEICTABICHU HH)OPMALIIH,
UCIIONIb30BaHUEM IU(POBBIX  |[IPUMEHSIEMBIE B COBPEMEHHBIX YCIOBUSIX IM(PPOBOI SKOHOMHKH;
CpencTB, a Takke ¢ moMompio | YK-7.2 YMeer uckate HyKHbIC HCTOYHAKA HHPOPMAITUH U
ITOPUTMOB IIpu paboTe ¢ JTaHHBIC, BOCIPUHUMATh, aHAJTM3HUPOBATh, 3alIOMUHATh
VK-7 MOTy9EHHBIMH W3 PA3IMYHBIX  |MepelaBaTh HHPOPMAIIHIO C UCIIOIB30BaHIEM IU(PPOBBIX CPECTB,
MCTOYHHMKOB JAHHBIMH C LIEJIBI0  |a TAKXKE C TOMOIIBIO aJITOPUTMOB IIPH PadOTE C MOIYICHHBIMHA 13
3¢ QEKTUBHOTO UCTIONH30BAHHS | PA3IMYHBIX HCTOYHHKOB JAHHBIMH;
nosydeHHoi napopmaru gt | YK-7.3 Bnageer coBpeMeHHBIMU HU(BPOBBIMUA TEXHOJIOTUSMH,
pelnieHus 3aja4; IPOBOAUTH METOJIaMH OL[EHKU MH(POPMAINH, €€ JOCTOBEPHOCTH, TOCTPOCHUS
OLIeHKY MH(pOpMaIHH, ee JIOTHYECKUX YMO3aKITIOUYCHUH Ha OCHOBAaHMHU TOCTYHAIOIINX
JIOCTOBEPHOCTb, CTPOUTH uH(poOpMalLNK U TaHHBIX;
JIOTHYECKUE YMO3AKIIIOUEeHHUS Ha
OCHOBaHMH ITOCTYITIAFOITIX
nH(popManny U TaHHBIX
OIIK-5.1 3HaeT OCHOBHOM MHCTpYMEHTapUil GpopMaIn3auu
WHKEHEPHBIX, HAyYHO-TEXHMYECKHX 33/1a4, TIPUKJIaHOe
Crnoco6eH HCIoIb30BaTh p > Hay Aat, TP A
N MpOrpaMMHOE OOecIieYeHHE ISl MOJISTTUPOBAHMS U
MHCTpyMEHTapuil (hopmanmzanuu
MIPOEKTUPOBAHUS OOBEKTOB, CHCTEM U IPOLIECCOB;
WHKCHEPHBIX, HAyYHO-
OIIK-5.2 YMmeeT ucnosib30BaTh MPUKIAIHOE IPOTPAMMHOE
TEXHUYECKUX 3aja4, MPUKIATHOE
OIIK-5 obecrieyeHne AJIsl MOJICTTUPOBAHUS U IIPOEKTUPOBAHUS 0OBEKTOB,
MpOTpaMMHOE 00OecTieyeHne s . o
CHCTEM H IIPOIIECCOB HAHOTEXHOJIOTHI U MUKPOCHCTEMHOI
MOJICIUPOBAHUSA U
MIPOEKTUPOBAHUS OOBEKTOB TOXHHKH,
p P ’ OIIK-5.3 Brageet nmoaxonamMu Ui MOJCIUPOBAHUS U
CHCTEM H IIPOIIECCOB .
MIPOEKTUPOBAHUS 0OBEKTOB, CUCTEM H IIPOIIECCOB HAHOTEXHOJIOTHI
U MUKPOCUCTEMHOM TEXHUKU;
I1K-3.1 3HakoM ¢ MporpaMMHBIM 00ecTIedeHUEM JUIs
I'otoBHOCTH pa3pabaTeIBaTh
KOMITBIOTEPHOT'O MO/ICINPOBAHUS UCCIEIYEMbIX (PU3NIECKUX
(usnyeckre 1 MaTeMaTHIECKHe .
MPOLIECCOB B 00JIACTH HAHOTEXHOJIOTMU U MUKPOCHCTEMHON
MOJIENH, IPOBOAUTH
KOMITBIOTEPHOE MOJIETUPOBAHHE | - oon oot
IK-3 P p [1K-3.2 Ymeer pa3padaTbiBaTh Gru3nUecKre 1 MaTeMaTHIECKHe
UCCIeyeMbIX (PU3NIECKUX .
MOJIETM B 001aCTH HAHOTEXHOJIOTUU U MUKPOCHCTEMHOM TEXHHKH;
MIPOIIECCOB B 00JIACTH
[1K-3.3 Bnageet HaBBIKAMU KOMIIBIOTEPHOTO MOJIEIMPOBAHUS
HaHOTEXHOJIOTHH 1
o HCCIeAyeMbIX (PU3NIECKHX MPOIIECCOB B 007IaCTH HAHOTEXHOJIOTHH
MHKPOCUCTEMHON TEXHUKH .
1 MHKPOCHCTEMHOM TEeXHUKH;




3. MECTO JUCIMIIJIMHBI B CTPYKTYPE OII BO

JucuuiuinHa «MopenupoBaHue HaHOOOBEKTOB» OTHOCUTCS K 00s13aTesIbHON yacTu Osoka 1
«ucuurmael (MOIysH)» 00pa30BaTEIbHOM MIPOrpaMMBbI BBICIIEIO 00pa30BaHMS .

B pamkax o0pa3zoBaTeNbHON MpPOTpamMMbl BBICIIETO OOpa30BaHUS OOYYAIOIIMECS TAKXKe
OCBaMBAIOT JApyrue JUCHUIUIMHBI W/MIUM  TPAKTHKH, CHOCOOCTBYIOUIME  JIOCTHKEHHUIO
3aIlIAaHUPOBAHHBIX PE3YJIbTATOB OCBOCHMS TUCHMIUIUHBI «MoJienupoBaHre HAaHOOOHEKTOBY.

Tabnuya 3.1. Ilepeuenv komnonenmos OI1 BO, cnocobcmeyrowux O00CmMuiceHur
3aNIAHUPOBAHHBIX PE3VIbMAMO8 0C80EHUS OUCYUNTUHBL

HpeamecrByrommue ocaenyromue
HIngp Haumenosanue le/lcf.)ll/lﬂﬂﬂﬂbl?’MOI;yﬂﬂ nncunnﬂniil/Moz[yﬂn
9 9

KoMueTeniu NPaKTHKH* NPaKTHKH*

Crioco0eH HCKaTh HyKHBIC
WCTOYHHUKH HH(POPMAIIH 1
JIaHHBIC, BOCIPUHNAMATH,
aHaIN3UPOBATh, 3a[IOMHHATH
U TiepenaBaTh HHGOPMAIIUIO
C MCHOJIb30BaHUEM
IU(POBBIX CPEACTB, a TAKKE
C IIOMOIIBIO AITOPUTMOB
IpH paboTe ¢ MOIyICHHBIMA
U3 pa3INgHbIX HICTOYHUKOB

VYK-7 JAHHBIMU C IENBIO
3¢ GEeKTHBHOTO
UCTIONIb30BAHMSA TTOTyYCHHON
nH(pOpMALUH AJIS pELIEHUS
3a]a4; IPOBOAUTH OLICHKY
nndopmanuy, ee
JIOCTOBEPHOCTH, CTPOUTH
JIOTHYECKHUe
YMO3aKIIIOUeHHs Ha
OCHOBaHHH ITOCTYTIAFOIINX
nH(popManny U TaHHBIX

OCHOBBI TPUMEHEHHUS
HaHOTEXHOJIOTHH 1
MUKPOCHCTEMHON TEXHUKH; [penumioMHas NIpaKkTHKA;
TeXHOJIOrHH MPOrpaMMHPOBAHUS B
HaHOUHIYCTPHH;

Crnoco0eH HCIoIb30BaTh
MHCTpyMEHTapuit
(opmanuzanyn BBenenue B Mukpo- u
WH)KCHEPHBIX, HAyYHO- HaHO3JIEKTPOMEXaHMUECKHE
TEXHHYECKUX 33/1a4, CHCTEMBI;
NIPUKIIATHOE TIPOrPAMMHOE TexHon0ruy NporpaMMHUpOBaHUs B
obecriedeHne IS HaHOMH]IyCTPHH;
MOJICTIMPOBAHUS U
MPOEKTUPOBAHUS OOBEKTOB,
CHCTEM H IIPOIIECCOB

Hay‘IHO'I/ICCJ'IGZ[OBaTGJ'ILCKaH

OIIK-5 paborta;

I'oToBHOCTE pa3zpabaTHIBATH
¢busnyeckue u
MaTeMaTHYECKHE MOIEIH, TexHOIOTHH MPOTPaMMHUPOBAHHS B

MIPOBOAUTH KOMITBIOTEPHOE HAaHOWH]TY CTPHU;
TIK-3 MOJEIIMPOBaHUE KBanToBas MexaHuka B
UCCIIETYEMBIX (PU3UICCKUX HaHOCHCTEMaXx;
MPOIIECCOB B 001aCTH
HAHOTEXHOJIOTUH 1
MHKPOCUCTEMHOH TEXHUKH

HayuHo-uccnenoBatensckas
pabora;
[NpenaumnioMHas NPaKTHKA;

* - 3aMONHACTCS B COOTBETCTBUH ¢ MaTpuuei kommerenuii u CYII OIT BO
** - 3JIEKTUBHBIC TUCITUTUINHBI /TIPAKTUKH




4. OFBEM JJVCHUIJIMHBI U BUbI YYEBHOMN PABOTHI

O6mas Tpynoemkocts aucumiuasl «Modeling of Nanoobjects» cocTaBisieT «2» 3a4eTHbIC €TUHHIIBI.
Tabauya 4.1. Buowvl yuebHol pabomvl no nepuooam 0C80eHUs 00pA308AMENbHOU NPOCPAMMBL 8biCULE20 00pA308aHUs OJisl OYHOU (HOopMbl
00yuenus.

Buja yue6Hoii padoThI BCEIO, ak.u. CEMeczT pCeD)

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.ell. 2 2




5. COAEPKAHUE JUCIUIIJINHBI

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

Bun
Homep | HammeHnoBaHue pasnena "
Copep:xanue pa3aesia (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_5|ty 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)

npaKmuquKue/cemuHapCKue SAHAMUAL.

6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJINHBI

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

Tabnuya 6.1. Mamepuanbno-mexuuseckoe obecneuere OUCYUNIUHBL




Crnennanu3npoBaHHoOe
yueOHoe/1adopaTopHoe
obopynoBanme, I1O u
MaTepHuaIbl 1J151 0CBOEHHSA
AMCUMILTUHBI
(Ipu HEOOXOTUMOCTH)

Tun ayauropum OcHamenue ayiuropuu

AynuTopus Ui IpoBeeHus 1ab0paTOPHBIX
paloT, MHAMBUAYAIBHBIX KOHCYJIbTALIUH,
TEKYILEro KOHTPOJI U IPOMEKYTOUHON

Jlaboparopus
aTTeCTAIllU, OCHAIICHHAS KOMILIEKTOM
CHEIMATM3UPOBAHHON MeOeH 1
000pYIOBAaHUEM.
AyIuTOpHs U CAaMOCTOSTENIbHOU PabOTHI
Tiis oOyuaromuxcst (MOXeT UCTIOIb30BATHCS JIJIS
., | IpOBEIEHUS] CEMUHAPCKUX 3aHATHH U
CaMOCTOSITEIILHOM 9
KOHCYJIBTaIWi1 ), OCHAIIIEHHAS] KOMILICKTOM
paboThI

CIeIMaTU3UPOBAHHON MeOeH U
KomnbloTepamu ¢ goctynom B QUOC.

* - ayauTOpHs U CaMOCTOATENFHON paboThl oOydatontixcs ykaspBaetcss OBA3SATEJBHO!

7. YYEBHO-METOJUMYECKOE 1 TH®OPMAIIMOHHOE OBECIIEYEHUE JUCHUITJINHbBI

Ocnoeénas numepamypa:
1. lembsinoB, Anekcannp, Hukonait EBcees, and Oner /IlunapueB. OCHOBBI MeTO1a
(dyHKIMOHANA IUIOTHOCTH B THApoaAnHaMHuKe. Litres, 2022
2. Zhu, Chaoyuan, ed. Time-Dependent Density Functional Theory: Nonadiabatic
Molecular Dynamics. CRC Press, 2022
HononnumenvHasn numepamypa:
1. bapanosckwuii, B.M. KBanToBast MexaHuKa U KBAaHTOBasi XUMUS: yueOHOe Tocooue /
B.U. bapanoBckuii. - DnektpoH. naH. - Cankr-IletepOypr: 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
Pecypcuvl ungpopmayuonno-menekommynuxayuonnou cemu « nmepnemy:
1. ObC PY1H u ctoponnne ObC, Kk KOTOPBIM CTyI€HThl YHUBEPCUTETA UMEIOT JOCTYII
Ha OCHOBaHMH 3aKJIIOYEHHBIX JJOTOBOPOB
- DnektpoHHo-6ubmorteunas cuctema PY/IH — ObC PYIH
http://lib.rudn.ru/MegaPro/Web
- OBC «YHuBepcurerckas Oubnuoreka oniain» http://www.biblioclub.ru
- OBC IOpaiit http://www.biblio-online.ru
- OBC «KoncynbTaHT cTyaeHTay www.studentlibrary.ru
- OBC «Tpounxuii MmocT»
2. ba3pl JaHHBIX U TOMCKOBBIE CUCTEMBI
- OJIEKTPOHHBIN (POH]I TPABOBOM M HOPMATUBHO-TEXHUYECKOUN IOKYMEHTAIIUH
http://docs.cntd.ru/
- mouckoBas cuctema Snnekc https://www.yandex.ru/
- mouckoBas cucreMa Google https://www.google.ru/
- pedepatuBHas 6a3a manabIx SCOPUS
http://www.elsevierscience.ru/products/scopus/
Yuebno-memoouueckue mamepuanvt 051 cCAamocmosamenbHou pabomuvl 0OYUaAOWUXCSL NPU
0CB80CHUU OUCYUNTUHBL/MOOYIA*:
1. Kypc nexunmii mo gucrumuinae « MogennpoBanue HaHOOOBEKTOBY.




* - Bce yu4eOHO-METOIMYECKUE MATCPUAIIBI JIJII CAMOCTOSITEIHLHON pabOThl 00yUYaIOIINUXCS
pa3MeIarTCs B COOTBETCTBUHU € ACUCTBYIOLIUM NOPsAKOM Ha cTpaHule aucuuiuiiasl B TYHUC!

8. OLIEHOYHBIE MATEPHAJIbI U BAJLIbHO-PEITHHIOBASI CUCTEMA
OLEHUBAHMSI YPOBHSI C®OPMHUPOBAHHOCTM KOMIETEHLUI IO
JTUCHUIJINHE

OneHounble MaTepuanbl W OaUIbHO-pEHTHHTOBAs CcUCTeMa* OLEHUBAHUSA YPOBHS
c(OpMHUPOBAHHOCTH KOMIETEHIMNA (YaCTH KOMIIETCHIIMI) MO0 UTOraM OCBOEHUS JIUCIUIUIMHBI
«MopnenupoBanue HaHOOOBEKTOB» mpencTaBieHsl B [lpunoxxkennn k Hacrosmed Paboueit
Iporpamme AUCIUIUINHBL.

* - OM u BPC opmupyroTcst Ha OCHOBaHWUHU TPEOOBAHHIA COOTBETCTBYIOIIETO
JIOKaJIbHOTO HOpMaTuBHOTrO akta PY JIH.



PA3BPABOTYMUK:

JlouieHT

Jonoxcnocmo, BYIT

PYKOBOJIUTEJIb BYII:

3aBeayromuii kadeapoit

Kapuer Anexceit IBanoBuu

Jonoscnocmo BYIT

PYKOBOJIMUTEJIb OII BO:

JlomeHT

Damunus U.0.

[Tonos Cepreit BukropoBuu

Honoxcnocmo, BYIT

Damunus U.0.

Aracuesa CseTiiaHa
BukroposHa

@amunus U.0.



