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1. EJIb OCBOEHUMA JTUCIIUITJIMHbI

Huctunmaa «Mathematical Modeling of Nanoobjects and Nanostructures» BXOIUT B
porpaMMy Maructparypbl «HKXEHEpHO-PU3NYECKUE TEXHOJIOTUA B HAHOWHIYCTPUU») IO
HanpasieHuo 28.04.01 «HaHOTEXHOJOrMM M MHUKPOCHUCTEMHAs TEXHUKa» M HU3y4aeTcs BO 2

ceMecTpe

1 kypca.

Huctuuimny  peanusyer basoBas  kadempa

«HagorexHonoruu "

MHUKPOCUCTEMHAsl TeXHHMKa». [lucuuIuimHa cocTouT M3 6 pa3nenoB W 38 TeM M HalpaBjieHa Ha
M3y4eHUE METOJI0B MOJICIIMPOBAHUS HAHOOOBEKTOB.

Iesnpt0 OCBOEHMSI JUCLUIUIMHBL SBISETCA U3yYE€HHE OCHOB MOJAEIMPOBAHUS HAaHOOOBEKTOB,
BKJIIOYast METObI Teopuu GpyHkunonana mwiotaoctu (DFT).

2. TPEBOBAHMUS K PE3YJIBTATAM OCBOEHMUS JUCHUIIVIMHbI

OcBoenue

JTUCIUTLINHEBI

«MaremaTtrnueckoe

MOJICIMPOBAHUE  HAHOOOBEKTOB U

HAHOCTPYKTYp» HaIIpaBJI€HO Ha (OpPMHUpPOBaHUE y OOYYArOIIMXCS CIEAYIOLUIMX KOMIETEHLUH
(4acTu KOMIEeTeHIUH):

Tabnuya 2.1. Ilepeuenv komnemenyuil, opmupyemvix y 00y4arOWuxcs npu 0c80eHuu
OUCYUNTIUHBL (Pe3VIbmambvl 0C80eHUS OUCYUNTIUHDL)

I/IHZ[I/IKaTOp])I JOCTHIKCHHUH KOMIICTCHIUHN

Iudp Komnerenuus N
(B paMKax JaHHOMW NHUCUMUIUIMHBI)
Crioco6eH HCcKaTh HyKHbIE
HCTOYHHUKH HH(POPMALMH 1
JTaHHbIE, BOCIIPUHUMATB,
aHaJIM3MpPOBaTh, 3anoMuHaTh 1 | YK-7.1 3HaeT ocHOBHBIE IM(POBBIE TEXHOJIOTHUH, METOBI TOUCKA,
nepenaBaTh HHPOPMAIIHIO C 00paboTKy, aHaM3a, XpaHEHHUs 1 NPEICTaBICHUS HHYOPMALIH,
WCIIONIb30BaHUEM IU(PPOBBIX  |IPUMEHSEMbIE B COBPEMEHHBIX YCIOBHUIX IN(PPOBOI SKOHOMHKH;
CpeICTB, a Takke ¢ moMomplo | YK-7.2 YMeer uckats HyKHbIC HCTOYHUKA HHPOPMAIUH U
ITOPUTMOB NIpH paborte ¢ 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 MOIyYEHHBIMHA 13
3¢ QEKTUBHOTO UCTIONb30BAHHS | PA3IMYHBIX HICTOYHUKOB JAHHBIMH;
nosyueHHoi napopmau gt | YK-7.3 Bnageer coBpeMeHHBIMU HU(PPOBBIMUA TEXHOJIOTUSMH,
pemieHus 3aja4; IPOBOANUTH METOJIaMH OLIEHKU MH(pOPMAIINH, ee JOCTOBEPHOCTH, TOCTPOCHUSI
OLIeHKY MH(pOpMaIHH, ee JIOTHYECKUX YMO3aK/IIOUYCHUH Ha OCHOBAHUH TTOCTYHAIOIINX
JIOCTOBEPHOCTb, CTPOUTH HHGOPMALINHU U JaHHBIX;
JIOTHYECKHE YMO3aKIIIOUCHHS Ha
OCHOBaHHH ITOCTYTIAFONTIX
nH(popManny U TaHHBIX
OIIK-5.1 3HaeT OCHOBHOI MHCTpyMeHTapuii hopMaIu3auu
UH)KEHEPHBIX, HAYYHO-TEXHUYECKUX 3a/1a4, IPUKIaJHOE
Cnoco0eH UCI0Ib30BaTh PHBIX, Hay Ad, TP A
N MpOrpaMMHOE 00ecIieYeHUEe ISl MOJIETTMPOBAHMS U
HHCTpyMEeHTapuil popmanuzanuu
MPOEKTUPOBAHUS OOBEKTOB, CUCTEM U IPOLIECCOB;
HMH)KEHEPHBIX, HAYYHO-
OIIK-5.2 YMmeeT ucnosib30BaTh MPUKIATHOE IPOTPAMMHOE
TEXHUYECKUX 3a]ad, MPUKIATHOE
OIIK-5 obecriedeHne Ayl MOJICITMPOBAHUS U TIPOSKTHPOBAHMS 0OBEKTOB,
IpoTpaMMHOE 0OecTIiedeHne s . o
CHCTEM H IIPOIIECCOB HAHOTEXHOJIOTHI N MHUKPOCHCTEMHO
MOJICIIUPOBAHUS U
MIPOEKTHPOBAaHUS 0OBEKTOB TeXBMKH,
p p ’ OI1K-5.3 Bnageet moaxoaamMu Jijisl MOJSIIUPOBAHUS U
CHCTEM H IIPOIIECCOB .
MIPOEKTUPOBAHUS 0OBEKTOB, CUCTEM H IIPOIIECCOB HAHOTEXHOJIOTHH
U MUKPOCUCTEMHOM TEXHUKUY;
I'otoBHOCTH pa3pabaThIBaTh I1K-3.1 3HaKoM C MpOrpaMMHBIM 00eCTIedeHHEM TS
(u3MyecKre 1 MaTeMaTHYECKHE |KOMITBIOTEPHOTO MOJAEIHPOBAHUS UCCIIEyEeMbIX (PH3HIECKUX
MOJIENH, IPOBOAUTH MPOLIECCOB B 00JIACTH HAHOTEXHOJIOTMU U MUKPOCHCTEMHON
K-3 KOMITBIOTEPHOE MOJICIMPOBAHUE |TEXHUKHY;

UCCIIETYEMBIX (PU3UICCKUX
MPOIIECCOB B 001aCTH
HAHOTEXHOJIOTUH U
MHUKPOCHCTEMHOM TEXHHUKU

[1K-3.2 Ymeer pa3padaTbiBaTh prU3NUECKHE 1 MaTeMaTHUECKHIE
MOJIETM B 00J1aCTH HAHOTEXHOJIOTUH U MUKPOCUCTEMHOM TEXHHUKH;
[1K-3.3 Bnageet HaBBIKAMU KOMITBIOTEPHOTO MOJIEIIMPOBAHHUS
HCClIelyeMbIX (PU3HYECKHX MPOLECCOB B 00JaCTH HAHOTEXHOJIOTUH

2




I/IH}II/IKaTOPLI JOCTHIKCHHSI KOMIIETCHIINHN

I N
bp (B pamMKax JaHHOW JUCIHILIHHBI)

Komnerennus

)48 MHKpOCHCTeMHOfI TCXHUKHU,

3. MECTO JUCIIMIIJIMHBI B CTPYKTYPE OII BO

HucuummuHaa «MareMaTudeckoe MOJCIMPOBAHUE HAHOOOBEKTOB W HAHOCTPYKTYP»
OTHOCHUTCS K oOs3aTenpHOM yactu Oyoka 1 «Jlucuummbbel (Momaynn)» oOpa3oBaTeIbHOM
MIPOrPaMMEI BBICIIIETO 0OPa30BaHHUS.

B pamkax o0pa3zoBaTeNbHON MpPOTpamMMbl BBICIIETO OOpa30BaHUS OOYYAIOIIMECS TaKXKe
OCBaMBAIOT JApyru€ JUCHUIUIMHBI W/MIUM  OPAKTHKH, CHOCOOCTBYIOUIME  JTOCTHKEHHUIO
3alUIAHUPOBAHHBIX PE3YyJbTaTOB OCBOEHHUS JUCHUIUIMHBI «MaTeMaTuyeckoe MOACIUpPOBAHUE

HAaHOOOBEKTOB U HAaHOCTPYKTYP».

Tabnuya 3.1. Ilepeuenv komnonenmos OII BO, cnocobcmeyrowux oOocmudiceHuro
3ANIAHUPOBARHbLX pe3)1bmamoe OC60E€HUA ducuunﬂqul
IIpenmecrByromue Iocnenyromue
ngp Haumenosanue uncﬂninnﬂmyMoI;ynu, nncunnnnﬁil/ﬁlouynn,
KOMIeTeHI[U! * %
NPaKTHKH NMPaKTHKH
CriocobeH HCcKaTh HyKHbIE
HCTOYHHUKH MH(POPMAIMH 1
JaHHbIE, BOCIIPHHIMATH,
AHAIIM3HPOBATh, 3aIIOMHHATh
U IepeaBaTh HHPOPMALHIO
C HCIIOJIb30BaHHEM
IU(POBBIX CPEICTB, A TAKKE
C MOMOIIIBIO AITOPHTMOB OCHOBBI IPUMEHEHUS
pu paboTe ¢ MOITy4eHHBIMU HAaHOTEXHOJIOTUH U
13 pa3JIMYHbIX UICTOYHUKOB MI/IKPOCI/ICTGMHOﬁ TCXHUKHU, TexHonornueckas IIpaKTUKa,
YK-7 JIAHHBIMU C LIEJIBIO WNudopmannonnsie 6a3bl naHHbX; | [IpenanmuioMHas npakTHKa;
3 PEeKTUBHOTO TexHoNIOrMM IPOTrPaMMUPOBAHUS B
HCIIOJIb30BAaHUA HOHy‘IeHHOﬁ HaHOUHIYCTPHU,
HHQOPMALUH [T PELICHUS
3a/1a4; MPOBOJHUTH OLICHKY
uHpOpMaIuH, ee
JIOCTOBEPHOCTb, CTPOUTH
JIOTUYECKUEe
YMO3aKJIIOYCHHS Ha
OCHOBAaHUM MOCTYNAIOIINUX
nHGOPMAIINHU M JAHHBIX
CriocobeH ucrons30BaTh
MHCTpYMEHTapui
dhopmanuzanuu Brexnenne B MUkpo- u
WH)KEHEPHBIX, HAy4HO- HAHOYJIEKTPOMEXaHHUYECKHE HayuHo-uccrnenoBarenbckas
OTIK-5 TEXHUYCSCKHX 3aJ1ad, CHCTEMBI; pabora;
NIPUKJIaAHOE IporpaMMHoe | TexHosoruu nporpaMMupoBanust B | TexHosornyeckas IpaKkTHKa;
obecrieueHue Juis HaHOWH/IYCTPHH;
MOJICTIMPOBAHUS U
MPOEKTHPOBAHUS OOBEKTOB,
CHCTEM U ITPOIIECCOB
I'otoBHOCTH pa3pabaThIBaTh
®H3quCKHe " Texuomorun IporpaMMHUpPOBaHNA B
MaTreMaTUYeCcK1e MOJIEIH, HayuHo-uccrnenoBarenbckas
HaHOWH/YCTpPHH, .
ITK-3 IPOBOJUTE KOMIIBIOTEPHOE KBAHTOBAS MEXAHMKA B paborta;
MOJEIIUPOBaHUE [MpennumioMHas NpakTHKa;
HAaHOCHCTEMax;
HCCIIeIyeMbIX (PU3HIECKHUX
MIPOIIECCOB B 00JIACTH
HAHOTEXHOJIOTUH U




IIpenmecTBylomme ITocnenxyrommue
HaumenoBanme pen yiom Ayromt
Hndpp JHCHUITHHBI/MOIYJIH, JHCHUITHHBI/MOYJIH,
KoMueTeHmH NpaKTHKA* NpaKTHKH*

MI/IKPOCI/ICTCMHOﬁ TCXHHUKH

* - 3amoJIHAETCS B COOTBETCTBUM ¢ MaTpHueil komnerenuid u CYII OI1 BO
** - 3NIeKTUBHBIC TUCIUIUIMHEI /TIPAKTHKH




4. OFBEM JJVCHUILJIMHBI U BUbI YYEBHOH PABOTHI

O6mas TpynoeMkocTh nucturuinabl «Mathematical Modeling of Nanoobjects and Nanostructures» coctaBisieT «2» 3a4eTHBIC €TUHUIIBI.
Tabauya 4.1. Buowvl yuebHol pabomvl no nepuooam 0C80eHUs 00pA308AMENbHOU NPOCPAMMbL 8biCULE20 00paA308anuUsi OJisi OYHOU (OpMbl
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. 55 55
Koumponw (sx3amen/3auem c oyenkou), ax.u. 0 0
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 nexnuii mo aucturummae «MareMaTndeckoe MOIeTMpOBaHNE HAaHOOOBEKTOB U
HaHOCTPYKTYpP».

* - Bce yueOHO-METOANYECKHE MaTepHallbl Uil CaMOCTOATENbHOM paboThl 00yJaromuxcs
pa3MeIIalTcs B COOTBETCTBUHU € ACHCTBYIOLIUM NOpsiAKoM Ha cTpanule aucuuruinasl B TYUC!
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