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Paboyasi mporpaMma JAUCUUIJIMHBI pa3paboTaHa B COOTBETCTBHU C CaMOCTOSITEJbHO
ycTaHOBJeHHbIM MIY o6pa3oBatesnbHbiM cTa”HgapToM (OC MIY) ansa peanudyeMbix
OCHOBHBIX NpOoQecCHOHaJbHBIX 00pa30BaTe/IbHbIX NIPOrpaMM BbICIIETO 00pa30BaHUsA IO
HanpasJyieHUIo noAroToBky / cnenuanbHocTy 04.05.01 «PyHiaMeHTaNbHAA M IPUKJIaAHAsA
XUMHUsI» (MporpaMmMa crieljiaJuTeTa), yTBepKJeHHoro npukazom MI'Y ot 29 nekabps 2018

roga Ne 1770 (c uaMeHeHUsAMH 1o npukasy N2 1109 ot 11.09.2019).

['ox (rogbl) npreMa Ha o6yyenue 2019/2020, 2020/2021



1. MecTo AvcuUIIMHBI (MoayJisi) B cTpykType OOIl: BapuaTuBHasg yactb OO0II, 6s10k I1/1.

2. [InaHupyemble pe3y/ibTaTbl 00y4eHHs N0 JUCLUIIIIMHE, COOTHEeCEHHbIe C IJIAaHUPYEeMBbIMU pe3yJibTaTaMU OCBOEHHs 06pa3oBaTeIbHOW Mpo-
rpaMMbl (KOMIETEHLUSMHU BbITYCKHUKOB). COOTBETCTBUE Pe3yIbTAaTOB 00yuyeHus no JaHHoMy ajeMeHTy OIIOIl pesynbTaTam ocBoenus OIIOII (B
dopme kKoMIeTeHIUA - UHAUKATOD - 3YB) ykazaHo B 061el xapaktepuctuke OIOII.

KoMmnereHuus

WHAMKaTOp AOCTHXKEHUA

[l1aHupyeMble pe3yJbTaThl 00YYeHHUs N0 AUCHUIIMHE (MOAYJII0)

OIIK-1.C. CnocobeH peumaThb
COBpEMEHHbIE npo6JieMbl
byHAaMeHTa/bHOWU W TpU-
KJIaJJHOM XUMHH, UCHOJIb3YH
MeTO/,0JI0TUI0 Hay4HOTI'0
noaxoja U cucreMmy ¢yHpa-
MEHTA/JIbHBIX  XWUMHY€eCKHUX
NOHSATHUU U 3aKOHOB

OIIK-1.C.4. ®opwmyaupyeTt
3aKJIIOUEHUS] U BBIBOJBI IO
pe3y/ibTaTaM aHa/IM3a JIUTe-

paTypHbIX JaHHBIX, COGCT-
BEHHbIX JKCIEPUMEHTAJIb-
HBIX U pacyeTHoO-

TeOpeTU4YeCKUX paboT Xu-
MHYeCKOHW HallpaBJIEHHOCTH.

YMeTb aHa/IM3UPOBATh HAYYHYIO JIMTEPATYPY C 1[eJibI0 BbIOOpa HAMpaBJeHUs U Me-
TO/IOB, IPUMEHSIEMbIX B UCCJIEIOBAHUU 10 TeME BbIMYCKHON KBAIMPUKALIMOHHOM
paboThl,

YMeTh: caMOCTOAATE/JbHO COCTABJIATH IJIaH UCC/IeJOBAaHUS

Bs1ageTh HaBbIKAMHU MOMCKA, KPUTUYECKOTO aHa/IM3a, 0600IeHUsI U CUCTeMaTH3a-
MM Hay4yHOW MHOpMalLMU, NMOCTAHOBKM IeJied HcCleZJoBaHUsS U BbI6Opa OMNTH-
MaJIbHBIX NyTeW U METO/,0B UX IOCTHXKEHUS

CIIK-3.C. Crnoco6eH ¢opmy-
JINPOBaTb KBaHTOBOXUMHYe-
CKHe pacyeTHble 33/jla4u JJisl
MO/leJIMPOBAHUSA Pa3/IMYHbIX
HEOpPraHUYeCKUX CHUCTEM U
BbIOMpATh MapaMeTpbl MoO-
JleJIMpOBaHUs; BJlaJileHue Ha-
BbIKaMHU UHTEepIpeTanuu
nojy4yaeMoid  KBAaHTOBOXHU-
MHYeCKOU HHPOpMaLUU

CIIK-3.C.1 Bei6upaet
MeTO/bl KBaHTOBO-
XUMHUYECKUX pacyeToB
CTPYKTYPhbI 1’} CBOWCTB
HEOpraHUYEeCKUX BellecTB,

aJleKBaTHbIe IIOCTaBJIEHHOH
3ajiaye.

3HaTh: OCHOBHbIE N10AX0/bl K TEOPETUYECKOMY MOJIeJIMPOBAaHUI0 XUMHUYECKUX
CUCTEM Pa3/JINYHOTO TUIIA,

3HaTh: MeTO/ibl IPUOJIMKEHHOT0 pellieHUs ypaBHeHUA lllpeaunrepa, nexalyye B
OCHOBE pa3/JIMYHbIX KBAHTOBOXMMHUYECKUX METO/0B, UX OCHOBHBIE JJOCTOMHCTBA U
OrpaHUYeHMUH,

3HaTh: IyTH aHa/IM3a pacYeTHBIX JAHHBIX /IS I0Jy4YeHUsI XMMUYeCKU 3Ha4YMMOU
MH}OpMaIMy 0 CTPOEHUU U CBOMCTBAX MOJeJIMPYEMBIX 00'bEKTOB;

YMeThb: popMyIMpOBaTh KOHKPETHbIE pacyeTHbIe 3a/la4l U METO/[0JIOTMYeCKHU
IrPaMOTHO BbIOUPATh NapaMeTpbl MOJEJUPOBAHUSA B 3aBUCMMOCTH OT THUIIA
XUMHYECKOW CUCTEMBI;

YMeThb: OpUEHTHUPOBATHLCA B CIIEKTPE JOCTYNHbIX IAKETOB IPOTPaMM;

BJiaseThb: HaBbIKaMU HHTepNpeTaliMy UHGOpMalLuK, I0oJy4aeMoy B pe3yJibTaTe
KBaHTOBOXWMHYECKOI'0 MO/JleJITMPOBAHUS;

HUMeTh ONBIT: aHa/IM3a KBAHTOBOXMMUYECKUX JJAHHBIX,

HMeTh OonbIT: paboThl € TEeMAaTUYECKUMU UCTOYHHUKAMU,

HMeTh OnbIT: BbI6OpA yTH pellieHWs] KBAaHTOBOXUMHUYECKHX 3a/a4.

3. 06'beM JUCLUIIMHBI B 3a4€THBIX €JMHULAX C yKa3aHWeM KOJIMYeCcTBa aKaJleMUYeCKUX UM aCTPOHOMUYECKUX YacOB, BblleJIeHHbIX HAa KOHTAKT-
HYI0 paboTy 00y4yarolUXcs C npenojaBaTesieM (10 BUAaM y4eOHbIX 3aHSAATUM) U HA CAMOCTOSITEJIbHYI0 Pab0oTy 00y4YaloIUXCS:
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06seMm ducyunauHsvl (Modyas) cocmasasem 3 3a4uemHblx eduHUybl, 8ce2o 108 uacos, uz komopwvix 34 yaca cocmas.isiem KOHmMakmuasi paboma cmy-
denma c npenodasamesiem (14 uacos - 3aHssMus 1€KYUOHHO020 muna, 14 4acos — 3aHsAMus CeMUHapcko20 muna, 2 4aca - 2pynnoswle KoHcy1smayuu, 4
uaca - NpoMexcymoyHbslli KOHMpOAb ycnegaemocmu), 74 waca cocmasissem camocmosimeabHas paboma cmyodeHma.

4. BxogHble TpeboBaHU JJisl OCBOEHHUS JUCIUMIIMHBI (MOAYJIS), IpeABapUTebHble yca0BUs. TpebyeTcs ocBoeHUe AUCHUIIIKH « MaTeMaTU4eCKUM
aHa/Iu3», «KYpaBHEHUs MaTeMaTHU4eCKON QU3UKU», KOCHOBbI KBAHTOBOM MEXaHUKU», «JJIEMEHTHI CTPOEHHUS BellleCTBa» B 06'beMe, MPenojaBaeMoM
Ha XuMuyeckoM dpakyabtete MI'Y.

O6yyarouncsa JoKeH

3HaTh: OCHOBBI MaTEeMAaTHY€ECKOI'0 aHa/IN3a, AuddepeHLMabHbIe yPaBHEHHs], YpaBHEHUsI MaTeMaTHYeCKOH GU3UKH, OCHOBHbIE OTlepaTopbl GU-
3UYECKUX BEJIMYMH, OCHOBHbIE MO/IX0/Ibl K OMUCAHUIO CTPOEHHUS BEleCTBA.

YMeTb: IpUMeHSTh 3HaHUS BbllIeyKa3aHHbIX pa3/iesI0B AJs1 ONMCaHUS XUMUYECKUX 060'beKTOB Ha aTOMHO-MOJIEKYJISIPHOM YpPOBHE.

Bs1ageTb: COBpeMeHHBIMU MPeICTABIEHHUSIMU O CTPOEHUH aTOMOB, MOJIEKYJI U TBEPAbIX TeJ.

5. Cozep:kaHue AUCHUIIMHBI (MOAYJIsA), CTPYKTYPUPOBAHHOE 110 TEMaM.

HauMmeHoBaHMe U KpaTKoe coaep- | Bcero B ToM uucie
»KaHUe pa3jesioB U TeM AUCI M- (4acsi)
JINHBI (MOAY.IfA), KoHTakTHas pa6oTa (pa6oTa BO B3aUMOAelCTBUH C npeno- | CamocTosATe /IbHaA pado-
JlaBaTeJieM), 4achl Ta 00y4aruierocs, 4achol
¢dopma npomeKyTOUYHOI aTTECTA- 13 HUX U3 HUX
MY MO0 AMCIMILIUHe (MOAYJI10)
. ° Y4yeGHbIe 3aHA- Bcero , Bcero
o, L )
, I~ - o THSI, HallpaB- = o~
o) s o T S Q
=3 § o 2 = JIEHHBbIE Ha [po- o © o
g E ol v < S 2 | BejeHHUe TeKy- = o g g
e m 2]
w E ® = m 5 3 1[Er0 KOHTPOJIsA g o L
SEle! SIS © = nos =S B =
[~ = o B & < > yCleBaeMoCTH, 3 = © m
=2 |5 |58 | =28 = 3 5 O
T E T 2 25 é z [POMEXYTOY- = g S g
m © m o ~ © = HOM aTTecTaluu M -
Tema 1. BBesienue 1 1 1
Tema 2. TeopeTHdeckre OCHOBBI: 10 2 2 4 6 6
pewieHue ypaBHeHus lllpeaunrepa
Tema 3. MeToAbl yuyeTa 3JIEKTPOHHOH | 8 2 2 6 6




KOppesiliuu

TeMma 4. Teopus ¢pyHkuuoHasa miot- | 10 2 2 4 6 6
HOCTH

Tema 5. basucHble HabOPbI 10 2 2 4 6 6
Tema 6. PacyeTbl KOHEUHBIX CUCTEM 10 2 2 4 6 6
Tema 7. PacueTs! 6eckoHeuHbIX cuc- | 10 2 2 4 6 6
TEeM

Tema 8. AHanu3 pe3ysbTaTOB pacye- | 9 1 2 3 6 6
TOB

Tema 9. [IporpaMMHoOe ob6ecnieueHue | 4 2 2 4

[IpoMexxyTO4YHas aTTecTalUs IK3d- 36 4 4 32
MeH

HToro 108 14 14 2 4 34 42 74

6. 06pa3oBaTe/ibHbIE TEXHOJIOTUU:
-IpUMeHEeHNEe KOMIIbIOTEPHBIX CUMYJISTOPOB, 00paboTKa JaHHBIX HA KOMIIbIOTEPAX, UC0JIb30BaHUE KOMIIbIOTEPHBIX IPOrpaMM, yInpaB-
JIFLUX Npubopamu;
-MCIOJIb30BaHUE CPeJICTB JUCTAHLIMOHHOTO CONMPOBOX/AEHUA y4eOHOro Mpouecca;
-npenojiaBaHue JUCLHUILINH B GOopMe aBTOPCKUX KypPCOB M0 MPOrpaMMaM, COCTaBJI€HHBIM Ha OCHOBE pe3yJIbTaTOB UCCJIeJ0OBaHUN HAayYHBIX
mkosa MI'Y.

7. Y4e6HO-MeTOoJuYeCcKre MaTeprasbl Jis CAMOCTOSATEbHON paboThl O AUCLHUININHE (MOAYJIIO):

Kypc vMeeT 3/71eKTPOHHYI0 BEPCHUIO AJIs Mpe3eHTaluU. JIEKIIMK YUTAIOTCS C UCN0JIb30BAHUEM COBPEMEHHbBIX MYJIbTUMEIUNHBIX BO3MOKHOCTEN U
IPOEKIIMOHHOI'0 060pyA0BaHUsA. 3aHATHUSA MOTYT NPOXOAUTbH HA PYCCKOM WJIM aHIJIMHCKOM f3bIKaX. /lJil caMONOATOTOBKY NpeJJjaraeTcsl CMCoK
BOIIPOCOB M0 KAX/01 TEMe, KOHTPOJIbHBIE 33/IaHUsI U IepeyeHb BOIPOCOB K IK3aMeHY.

8. PecypcHoe obecneyeHue:
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[lepeyeHb OCHOBHOM ¥ BCIIOMOTaTe/JbHOM Y4eOHOU IUTEPATYPbI KO BCEMY KYpPCY

[lepeyeHb OCHOBHOM M BCIOMOTaTe/IbHON y4eOHOM INTepaTypbl Ko BceMy Kypcy. Co Bcex komnbioTepoB MI'Y opraHU30BaH A0CTYH K OJHBIM TeK-
CTaM Hay4YHbIX KYPHaJIOB U KHUT Ha PYCCKOM U MHOCTPAaHHBIX A3bIKax. JlocTyn oTKpHIT o [P-afipecaMm, IOrMH ¥ napoJib He TpebyTCA:
http://nbmgu.ru/

OCHOBHas JIMTEpaTypa

1. H.®.CrenanoB. KBaHTOBass MexaHUKa U KBaHTOBasi XuMus. MockBa. Mup / U3a-Bo MI'Y. 2001

2. F.]Jensen. Introduction to Computational Chemistry, 2nd Edition. Chichester John Wiley & Sons. 2007
3.

4. JI. Uronuke. KBanToBas xumu4, T.1. MockBa. Mup. 1976

5.

B.U.MunkuH, b.{1.CumkuH, P.M.Munses. Teopusi cTpoeHus MoJieKyJ, 2-e u3a. PoctoB-Ha-/lony. ®enukc. 1997

5. B.I'. HupenbcoH. KBanTOBast XuMusi. MoJsieKyJibl, MOJIEKYJISIPHbIE CUCTEMBI U TBep/ble Tesia. M: BunowMm, 2012.

JlonoiHMTe/IbHAA JUTEpPATypa

1.

o W

P.Belifep. ATOMBI B MOJIeKyJ/1ax: KBaHTOBas Teopus. MockBa. Mup . 2001

B.A.l'y6aHoB, 3.3.KypMaes, A.JI.UBaHoBckui. KBaHTOBast XuMus TBepAoro Tesaa. MockBa. Hayka. 1984

P. XodpdmaH. CTpoeHUe TBEPbIX TeJ U MOBEPXHOCTEM - B3TJISA/L XMMUKA TeopeTHka. MockBa. Mup. 1990

C. Fiolhais, F. Nogueira, M. Marques. A Primer in Density Functional Theory. Springer-Verlag. New York. 2003

R.G. Parr, W. Yang. Density Functional Theory of Atoms and Molecules. Oxford University Press. Oxford. 1989

A.D. Becke, K. E. Edgecombe. A simple measure of electron localization in atomic and molecular systems. Melville. AIP Publishing. 1990.
Journal of Chemical Physics. V.92. N29. p.5397

A. Savin. The electron localization function (ELF) and its relatives:interpretations and difficulties. Amsterdam. Elsevier. 2005. Journal of
Molecular Structure: THEOCHEM. 727. p.127

M. Kohout. A Measure of Electron Localizability. Hoboken. Wiley Periodicals, Inc. 2004. International Journal of Quantum Chemistry 97.

p.651

A.l. Baranov, M. Kohout. Electron Localization and Delocalization Indices for Solids. Hoboken. Wiley Periodicals, Inc. 2011. Journal of
Computational Chemistry. 32. p.2064

Ilepuoanyeckasa sureparypa

1. A.D. Becke, K. E. Edgecombe. A simple measure of electron localization in atomic and molecular systems. Melville AIP Publishing 1990 Journal
of Chemical Physics 92 v/ 9 (p.5397)

2. A. Savin. The electron localization function (ELF) and its relatives:interpretations and difficulties. Amsterdam. Elsevier. 2005. Journal of Mo-
lecular Structure: THEOCHEM. v/ 727 (p.127)

3. M. Kohout. A Measure of Electron Localizability. Hoboken Wiley Periodicals, Inc. 2004 International Journal of Quantum Chemistry v. 97
(p.651)



4. Al Baranov, M. Kohout. Electron Localization and Delocalization Indices for Solids. Hoboken. Wiley Periodicals, Inc. 2011. Journal of
Computational Chemistry v. 32 (p.2064)

e MarepHasbHO-TEXHUYECKOE 06eclieyeHue: ClleliMaJbHbIX TPEOOBAHUIN HET, 3aHATHS MPOBOJSTCA B 00BIYHOM ayAUTOPHUHU, OCHALIEHHOU [10-
CKOU ¥ MeJIoM (MapKepaMH)

9. AI3bIK penoJaBaHus — pyCCKUU

10. [lpenopaBaTtenu: KysHenoB Anekcert HukosaeBuy, J.X.H., BeJyLIUH HAYYHbIHA COTPYAHUK
®oHABI OLIEHOYHBIX CPEACTB, HE00X0AMMBIe AJI OLleHKH pe3y/IbTATOB 00y4YeHus

O6pa3LU:>I OLEHOYHBIX CpeACTB AJId TEKYIEero KOHTpPOJId YCBO€HUA MaTepUuajia 1 HpOMe}KYTO‘{HOﬁ aTTeCTallhH - 3K3daMEHa. Ha sk3ameHe ImpoBepA-
€TCA JOCTHXEHHE TPOMEXKYTOYHbIX MHAWNKATOPOB KOMHETEHHHﬁ, nepevYrcCjJeHHbIX B m.2.

Bomnpocs! A1 CaMOCTOATe/IbHON Pa60ThI U NOATOTOBKHU K 9K3aMeHY:

1. TeopeTHYeckre OCHOBbI KBAHTOBOM XMMHUH

Knaccudukanys MeTos0B «KKOMIbIOTEPHOU XUMHUU». MoJieKyIsipHasi MexaHUKa (MeTOo/bl CUJIOBOTO I0Ji1S1) U METO/bl 3JIEKTPOHHOU CTPYKTYpPbI
(kBaHTOBass XUMHs1). CpaBHUTEJbHBIA aHA/JU3 JOCTOMHCTB U HEJOCTAaTKOB COOTBETCTBYIOIIUX IPyNN MeTO/JO0B. [I[pUHIUNBI MOJieIMPOBAHUSA
XUMHUYECKUX 00'bEKTOB B MOJIEKYJIIPHOM MeXaHUKe U METOJax 3JIEKTPOHHOU CTPYKTYypbl. [aMU/IbTOHUAH MHOT'03JIEKTPOHHOU crucTeMbl. CTa-
nuoHapHoe ypaBHeHUe lllpeauHrepa. Ainabatudyeckoe npub/mkeHue U npubamxkeHre bopHa-Onnenrerimepa. OZJHO3JIEKTPOHHOE NPUOJIU-
keHue (Xaptpu). Metog MO-JIKAO. Onpenenutensb CinediTepa. Meton XapTpu-®oka. CamocorsiacoBaHHOe I0Jie U CAaMOCOTJIaCOBaHHbIE OpOU-
Tanu. [lonyamnupudeckre MeTOAbl, 00lLIMe MPUHLUIBI U Kiaaccupukauus. HyneBoe guddepeHnpanbHoe nepekpbiBanue. Metoasr [TJJI],
YIIAIL, IIIAT. MeTon XtokkeJisl, pacClUMPeHHbIN MeTo, XI0KKeJI.

[Ipuposa 3/1eKTPOHHOM KOppessiLUH, KyJIOHOBCKas Abipa U Abipa Pepmu. CTaThdeckas U JUHaMUA4YecKas Koppensanuda. MeTobl ydyeTa 3JieK-
TPOHHOW KOppeasiuu: KOHPUTypalMOHHblE B3aUMOJENCTBUS], MHOTOYACTUYHAsl Teopusi Bo3MylleHU Mesnepa-Ilineccera, meTo/; B3auMo-
JeicTByolero (nmapHoro) kjaactepa. CpaBHeHUEe NPOU3BOUTENbHOCTH PA3JIMYHbIX METO/IOB yUeTa 3JIeKTPOHHON KOppeJsIUH.

Teopuss dyHkuuoHana snekTpoHHod maoTHocTU (DFT). Teopema XosH6Gepra-Kona. YpaBHeHuss Kona-lllama. O6MeHHO-KOppeJSALMOHHbBIN
¢yHK1MoHaM. OCHOBHbIE TUIIBI PYHKLMOHAJIOB. JIoKa/ibHbIE U HeJIOKaJibHble METO/bl, OCHOBHbIE CXeMbI MapaMeTpu3anuu. [IpubaxeHue Jyo-
kaJbHOU (LDA) u JiokasibHOU cIUHOBOM MJIOTHOCTH (LSDA), TUnoBble GyHKIIMOHAJIbI, IPOU3BOAUTENbHOCTD U OrpaHudYeHusd. [IpubankeHue
o6061eHHoro rpaguenTa (GGA), ocHOBbI MeTO/ja U TUNOBbIE QYHKIMOHAJIBI, TpernMyllecTBa 1o cpaBHeHHUIO ¢ LDA. [louatue o Meta-GGA. 'u6-
puaHble QyHKIHMOHAJbL. CpaBHUTEJIbHAS NPOU3BOUTENbHOCTb PAa3HbIX 0OMEHHO-KOPPEISAUOHHbBIX QYHKIIMOHAJOB.

2. ba3sucHbie HA60Pbl B KBAHTOBOXMMHUYECKHUX pacyeTax



[lonsaTHe «b6a3uvca» B KBAHTOBOXMMHUYECKUX pacyeTax. Kiaccudpukanus 6a3ucHbIX HAaOGOpPOB, TUIbI QYHKIMHU, UCMOJIb3yeMbIX B 6a3UCHBIX
Habopax. C/elTepoBbl U rayccoBbl OpoUTaNU. MUHKMMa/bHble U pacliupeHHble 6a3uckl. basucel no Ilomny, HoMeHkaTypa. JuddysHbie u
noJisipyu3anMoHHble 6a3ucHble GyHKIMU. OMKUOKU Cyneprno3uuu 6a3ucoB, METOAbl UX YcTpaHeHUs. DPeKTUBHbIE si/iepHble MOTEHLUab] U
0a3uChbl AJ1 HUX.

3. PacyeTbl KOHEYHbIX U IEPUOAUYECKHUX CUCTEM

[ToBepxHOCTb MoTeHIMaNbHON 3Hepruu (II13). Tomosorusa u cranymoHapHblie To4ykH [1I13. OnTUMU3aIMs reoMeTPUHM KOHEYHbIX 0O0'bEKTOB.
CpaBHHUTENIbHBIN aHA/JIU3 AJITOPUTMOB MOKUCKA CTALlMOHAPHBIX Touek. [[po6sieMa rji06aibHOr0 MUHUMyMa. AJITOPUTMBbI NMOUCKA IJ1I06AIbHOTO
MHUHUMYyMa.

Teopus nepexofHOro coctossHud. PacueTsl TepMOAMHAMUYECKUX U KUHETUYECKUX TapaMeTpPOB MOJIEKYJISPHBIX cucTeM. KOHTUHYya/IbHBIE, JUC-
KpeTHble U TUOpU/IHbIE MOJIEJIU MO/IeJIU yYeTa BJAUSHUSA cpeibl. MosieKy/IspHble CBOMCTBA KaK MPOU3BO/HblEe SHEPTUMU.

[Ipo6sieMa KBaHTOBOXMMHYECKOTO ONMUCAHUA TBepZoro Tesa. Cmocobsl npejcTaBleHUs] KPUCTAMI0B. MoJiesib uZiea/lbHOr0 KpUCTa/lla U KJa-
CTepHas MoJiesib TBepioro Tesa. TpaHcasMoHHasA cUMMeTpuUs KpucTtasuia. Teopema bioxa. JHepreTU4ecKril CHEKTP KpUCTasjia B 30HHOU Mo-
fennd. OCHOBHbIE METO/bI pacyeTa 3JIeKTPOHHOM CTPYKTYPHI UZleaJIbHOT0 KPUCTaJlJIa: pacluIUpeHHbIN MeTo/ XI0KKed, MeTo/ bl XapTpu-Poka u
DFT. MeToabl lokaJin30BaHHbIX MapUH-TUH opouTasien (LMTO) u niockux BosH (PW). [IpucoeanHeHHbie n1ockre BoJIHbI (APW). [Ipo6sieMa
TOYHOCTU B pacueTaxX CBOWCTB TBep/bIX TeJ. PacyeThbl MPOBOAMMOCTH, MarHUTHBIX CBOMCTB, MEXaHUYECKHUX CBOMCTB TBepAbix Tes. Koseba-
TeJIbHble U pe30HAHCHbIE CIEKTPbl KPUCTA/IOB. PacueT $OTO3/IEKTPOHHBIX CIEKTPOB. TeopeTHyecKkue KapThl pacnpejesieHus: 3JIeKTPOHHOU
mJI0THOCTH. DOHOHHBIE KOJIEOaHHUS B pacuyeTax TBEPAOro TeJa.

4. AHa/1M3 BOJIHOBOM QpyHKIIMM.

OfHO3/1eKTpOHHBIE CBOMCTBA B MeToZie XapTpu-Poka u DFT. AHa/iu3 XMMHU4YeCKOW CBSI3K B paMKax Teopuu MO. PeKOHCTpYKIIMOHHBIHA aHAJIU3,
rpaHyuyHble opouTanu. [IpobseMbl GparMeHTHOTO aHa/Jiu3a MHOT03JIEKTPOHHbBIX cCUCTeM. CpaBHUTEJIbHBIMA aHa/Ju3 Pa3JIMYHbIX CXeMbl BbIUMC-
JieHUs 3aps/10B Ha aToMax. [loHsiTHe aToMa B MoJieKyJie corjiacHo Teopuu baiepa (AIM), Tomosiorus 3jieKTpoHHOM muoTHOCTH. Kinaccuduka-
111l 0COOBIX To4YeK. [loHATHEe KBaHTOBOM MOACHUCTEMBI aTOMA B MOJIEKYJIE U €T0 XapaKTEePUCTUKH.

Croco6bl BH3yasiM3al Uy 3JIEKTPOHHOM MJIOTHOCTU. JJIEKTPOHHAS MJIOTHOCTb U €€ «IPOU3BOJHbIE», PA3HOCTHAS MJIOTHOCTb. OYHKIUSA 3J/eK-
TpoHHOU Jsiokanu3anuu (ELF). Ee onpegenenue aisa metoaa Xaptpu-®oka u DFT. UHAauKaTOp 3/iekTpoHHOU yiokanusyemoctu (ELI). Onpege-
nenue ELI, cxoacTBo u otsinyue ot ELF.

5. [IporpaMMHOe o6ecriedyeHue KBAHTOBOXMMUYECKHX PACYETOB.

CpaBHHUTe/IbHAA XapaKTePUCTHKA OCHOBHBIX MAKETOB /IS MOJIEKYJIIPHBIX pacyeToB. CpaBHUTe/IbHAA XapaKTePUCTHUKA OCHOBHBIX TIAKETOB JJI
pacyeToB 3JIEKTPOHHOU CTPYKTYpbl 6eCKOHEUHbIX (mepuojudeckux) cucteM. OcobeHHocTu naketa DGrid B cpaBHEHUH C TUNOBBIMU MHOTO-
$YHKIMOHA/NbHBIMY NTAKeTaMMU.

MeToau4eckue MaTepuasbl AJif NIPOBeJAeHHs NPoLeAyp OlleHUBAaHUA pe3y/IbTaTOB 06y4YeHUs
[llkasa oneHUBaHMSA 3HAaHWH, yMEHUH U HaBbIKOB SIBJISIETCS €JUHOM [/ BCeX JUCLMIIMH (IpHBeJieHa B TabJ/IulLe HUXe)



INIKAJIA U KPUTEPUU OUEHUBAHHWA PE3YJIbTATA OBYYEHHUA no gucuunyivHe (MoAyJa10)

OneHka 2 3 4 5
PesysibTaTt
3HaHus OTcyTcTBUE @®parmeHTapHbIe 3HAHHUA O61Me, HO He CTPYKTYPHUPOBaHHbIE CdopmMupoBaHHbIE CUCTEMaTHYe-
3HaHUHU 3HaHUs CKHe 3HaHUs
YMmenus OTcyTcTBUE B nesiom ycneuiHoe, HO He B LiesioM ycnelHoe, HO cofiepskalliee | YchneuHoe U CUCTEMaTU4YeCKOe yMe-
yMEeHHUH CUCTeMAaTHU4YEeCKOEe YMEHUE OTJeJibHbIe TPo6esbl yMeHHe (10- HHUe

MyCKaeT HETOYHOCTHU HEMPUHLUITU-
aJIbHOT0 XapakTepa)

Hanuune OTAEJIbHBIX HABbI-
KOB

HaBbiku (Bi1age-
HUS)

OTcyTcTBHE Ha-
BBIKOB

B niesioM, copMUpoBaHHbIE HABBIKH,
HO He B aKTUBHOU popMe

CdopMUpOBaHHbBIE HABBIKY, IpUMe-
HseMble IIpY pellleHUH 3a/a4

PE3YJIbTAT OBYYEHHUA
1o AUCHUIIMHE (MOAYJII0)

$®OPMA OLEHUBAHHUA

3HaTb: OCHOBHbIE NOAXO0/bl K TEOPETUYECKOMY MOJI€JIMPOBAaHUI0 XUMUYECKUX CUCTEM Pa3/IMYHOTO THUIIA,
3HaThb: MeTO/bl NPUOJIMXKEHHOTO pelleHUs1 ypaBHeHus llpesuHrepa, Jiexkaliye B OCHOBe pa3JIMYHbIX KBaH-
TOBOXMMHYECKHUX METOJI0B, UX OCHOBHbIE JOCTOMHCTBA U OrPaHUYEeHHUS,

3HaTh: NYyTH aHa/IM3a pacyeTHBIX JAaHHBIX JJ15 I0JyYeHUsl XMMUYeCKH 3HaYUMOM HHPOpMaL MU O CTPOEHUH
Y CBOMCTBAX MOJleJIUPYEMBbIX 00'beKTOB

MepOoNpUATUSA TEKYLLETr0 KOHTPOJIA
yCrneBaeMOCTH, YCTHBIN ONpOC Ha
JK3aMeHe

YMeTb aHa/IM3UPOBaTh HAYYHYIO JINTEPATYypPY C LieJIbI0 BbIOOpA HallpaBJIeHUA U MeTO/0B, IPUMEHSIEMBbIX B
ycc/1eJlOBaHUH N0 TeMe BBINYCKHOM KBaJIMPUKALLMOHHON paboThI,

YMeTh: CaMOCTOATEIBHO COCTABJIATD IJIaH UCCJIeJOBAHUA

YMeTb: GopMyIMpPOBAaTh KOHKPETHbIE pacyeTHbIE 3a/ja4y U MeTO/0JI0TUYeCKU TPaMOTHO BbIOMpaTh Napa-
MeTpbl MO/JIeJINPOBAaHUSA B 3aBUCHUMOCTH OT TUIAa XUMUYECKON CUCTEMBI;

YMeTb: OpUEHTUPOBATHCA B CIIEKTPE AOCTYIIHBIX NIAKeTOB NPOrpaMy;

MepONpUATUSA TEKYLEero KOHTPOJIA
yCrneBaeMOCTH, YCTHBIN ONpOC Ha
JK3aMeHe

BiazieTh HaBbIKaMU OMCKA, KPUTUYECKOI'0 aHa/IN3a, 000011eHUs U CUCTeMaTU3alMu HaydYHOH MHPOpMa-
LIMY, TOCTAHOBKHU LieJIed uccaeJoBaHUs U BbIOOpA ONTHMaJIbHbIX IyTel U METO/I0B UX JJOCTUKEHUS
BiiaseTh: HaBbIKaMU MHTepIIpeTal MU UHOPMALMY, 10J1y4aeMOH B pe3y/ibTaTe KBAHTOBOXMMHUYECKOT0 MO-
JleJTMpOBaHUs;

VMeTb ONBIT: aHA/IM3a KBAHTOBOXUMHUYECKHX JaHHBIX,

WMeTb onbIT: pabOThI C TEMaTUYECKUMU UCTOYHHUKAMY,

MMeTb onbIT: BbIOOpA NYTH pellleHHs] KBAHTOBOXMMHUYECKHUX 33/1aY.

MepOoNpUATUSA TEKYLLETr0 KOHTPOJIA
yCrneBaeMOCTH, YCTHBIN ONpOC Ha
JK3aMeHe




