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AHHOTANMA

Kypc mo3BosisieTr Hay4yuThCS CaMOCTOSITENIbHO TPOBOAUTH HEIMIUPHUUYECKOE MOJAETUPOBAHUE CTPYKTYPHI
MOJIGKYl B DJIEKTPOHHBIX COCTOSHUSX, BOJIHOBBIE (DYHKIIMM KOTOPBIX  SIBIISIFOTCS  CYHIECTBEHHO
MHOTOKOH(QUTYPAIlMOHHBIMHA, a TaKXXe CaMOCTOATEIbHO TIONy4aTh pabodre YypaBHEHHS OCHOBHBIX
COBPEMEHHBIX METOJOB KBAHTOBOM XUMHH, OLICHUBATh BBIYUCIHUTEIBHYIO CIOXKHOCTh PEATH3YIOIIUX HX
QITOPUTMOB, TIOHUMATh BO3MOXXHOCTH UM TPaHUIBI MPUMEHUMOCTH OOCYXKJIaeMbIX B Kypce MOoenei
AIEKTPOHHOU CTPYKTYPHI, a TAK:KE MPABUIILHO UHTEPIPETUPOBATH PE3YIBTAThl PACUETOB C UX IPUMEHEHUEM.
B pesynbrare ocBoeHHs Kypca oOydaromipecs OBJIAJCIOT Pa3iMYHBIMH METOJaMHU pacdeTa dIIEKTPOHHBIX
BOJIHOBBIX (DYHKIIH MOJIEKYJI B OCHOBHOM M BO30YK/IEHHBIX JIEKTPOHHBIX COCTOSHHUSX, 0a3UPYIOIUMUCS Ha
MPEJCTaBICHNH B BHJE pa3liokeHHs 1Mo Oaszucy JnerepmuHanToB ClieliTepa, O3HAKOMATCS C OOJACTHIO
MPUMEHUMOCTH KaXKJIOTO METOJa, IOJIy4aT HABHIKA paboThl ¢ Gopmanm3mMamu 3(PPEKTUBHBIX ONEPaTOPOB,
BTOPUYHOTO KBAaHTOBaHHMS W JIMATPAMMHOM TEXHWUKOW HJIsl BBIBOJA pPabO4YMX YpaBHEHHWH METOJIOB TEOPHHU
MHOTO3JIEKTPOHHBIX CUCTEM.

1. leau u 3apauu

eap AUCUMNIMHBI

- IO pe3yJIbTaraM Kypca 00ydaroluecs JOJKHBI YMETh CAMOCTOSTEIBHO MPOBOIUTH HEAMITUPHUECKOE
MOJICTTUPOBAHUE CTPYKTYPHl MOJEKYT B JIIEKTPOHHBIX COCTOSHHUSX, BOJHOBBIE (DYHKIIMH KOTOPBIX
SIBIISIFOTCSL  CYHIECTBEHHO MHOTOKOH(GUTYypalMoHHbIMU. OOydaroruecss JOMKHBI yMETh MOJIyYarh
pabourie ypaBHEHHsS OCHOBHBIX COBPEMEHHBIX METOJOB KBAaHTOBOH XWMHHU, OIICHUBATh
BBIYHCIUTENBHYIO CIOXKHOCTh PEATH3YIOIMIUX WX aJIrOPUTMOB, MTOHMMATh BO3MOXXHOCTH M TPaHUIIBI
MPUMEHUMOCTH OO0CY)XKIaeMbIX B Kypc€ MOJENIeld JJIEKTPOHHOW CTPYKTYpPHI, a TaKkKe MPaBUIHHO
WHTEPIPETUPOBATH PE3YNIBTATHl PACYETOB C UX TPUMEHEHHUEM.

3agaum AU COMIIHHBI
- 03HAKOMJICHHE OO0YyYalOMIMXCS C Pa3IMYHBIMA METOIAMH pacueTa JIEKTPOHHBIX BOJHOBBIX (DyHKIIHIA
MOJEKyd B OCHOBHOM M BO30YXIEHHBIX O3JEKTPOHHBIX COCTOSIHMAX, Oa3upyloIIUMHCS Ha
MPEICTAaBICHUH B BUJE pa3jiokeHUs 1o Oaszucy nerepmuHanToB Creitepa. BeipaOboTka moHMMaHus
MPEUMYILECTB, HEIOCTATKOB U 00JacTH MPUMEHUMOCTH Ka)KA0To MeToa. BeipaboTka HaBBIKOB PabOTHI
¢ ¢opmanuzmamMu 3G (GEKTUBHBIX ONEPATOPOB, BTOPUYHOTO KBAHTOBAHWS M JHATPAMMHON TEXHHMKOU
IS BBIBOZIA paObOUYMX YPaBHEHUH METOI0B TEOPUU MHOTOICKTPOHHBIX CHCTEM.

2. llepedyens popmMupyemMbIX KOMIETEeHUHH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kon 1 HauMeHOBaHKME KOMIIETEHIIUH NHIuKaTopbl JOCTHKEHNUS KOMIIETEHIINH
YK-1 Cnocob6en ocymiectnsaTh kputuueckuid | YK-1.1 AHanuzupyet npoOieMHyI0 CUTYaIUIo KaKk CUCTEMY,
aHaJu3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh
CTPATEruIo NEUCTBUN

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJbTaTax MCCIe0BaHUN B
paMKax TeMaTW4YeCKOW OOJaCTH CBOEH MpodeCcCHOHATEHON

[IK-1 CnocoGeH craBuTh, (hopMann3oBeIBaTh 1 |ACATCIBHOCTH

pemarh 3aj1a4u, B ToM uncie pa3padareiBath 1 [[IK-1.2  CriocoOeH  BBIIBUTATh  TUIOTE3bI, CTPOHTH
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHHUH M MTPOIIECCOB, OLIEHNBATH KAY€CTBO pa3paboTaHHOMN
aHaJIM3UPOBATh HAy4YHbIE TPOOIEMBI, [TOy4YaTh |MOJEIN

HOBBIC HAYTHBIC PE3YJIbTAThI [IK-1.3 CrmocobeH mnpuUMEHATh TeopeTHyecKkue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pE3yNbTaThI

[MK-3.1 Tlonumaer npuMHOUNBI pPabOTHl HUCIOIB3YEMOTO
000opynoBaHUs (cienmanu3upOBaHHBIX MAaKETOB

[TK-3 Criocoben npodeccrnoHanbHO paboTaTh ¢ MPUKITAHBIX TPOTPAMM)




HCCICNOBATC/IIbCKUM U UCLIbITA1ICIIbHBIM
obopynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3NPOBAaHHBIMH TAKETaMH PUKIIAHBIX
porpamm) B U30paHHON TpeMeTHON 00JIacTH

[IK-3.2 Criocoben MIPOBOJINUTH 3KCIIEPUMEHT
(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEILCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocoOeH oOneHMBAaTH TOYHOCTh IOJyYEHHBIX
SKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaTOB

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOGHHS AUCIUIIMHBI 00y4alOIINecs JOIKHbBI

3HATb.

YMETB:

- TEOPETHUYECKHE OCHOBAHUS PA3IMUHBIX METOJIOB pacueTa 3JCKTPOHHBIX BOJTHOBBIX (DYHKIIMI MOJIEKYI
B OCHOBHOM U BO30Y’KAEHHBIX AJIEKTPOHHBIX COCTOSHHAX, Oa3MPYIOMINXCS HA MPEICTABICHUN B BUIIC
pasnoxeHus o 6azucy aerepMmuHaHToB ClieliTepa, Kak B BapHaHTaxX AJsl OJHOMEPHOTO MOAEIHHOIO
MpOCTpaHCTBa (MHOTOYACTHUYHAST Teopus Bo3MymieHuidi MP2, MeTombl KOHQUTYpaIrioHHOTO
B3aMMOJICHCTBHS, METO/ CBS3aHHBIX KJIACTEPOB), TaK U BapHaHTaX UIi MHOTOMEPHOTO MOJEIIBHOTO
MPOCTPaHCTBa (MHOTOKOH(HUTypallMOHHBIN METO/l CAMOCOITIACOBAHHOTO TOJISI, MHOTOYACTUYHAS TEOPHS
BO3MYLICHUH, MHOTOCCBUIOUHBIA METOJl KOH(PUTypaluoHHOTO B3aumozeictsus MR-CI);

- OCHOBBI (hopMaIN3Ma BTOPUYHOTO KBAHTOBAHHS M JUATPAMMHON TEXHUKH;

- OCHOBBI (pOopMaIM3Ma KBAHTOBOMEXaHUYECKUX IPPEKTHBHBIX ONEPATOPOB;

- IpUEMBI, TIO3BOJISIOIINE TTOMYYUTh paboune YpaBHEHHS Ul MHOTOYaCTUYHBIX METO/IOB NMPAKTUYECKU
000 CII0KHOCTH.

- IOJTy4aTh paboune ypaBHEHUS BCEX BBILICYITOMSHYTBIX METOJIOB pacyeTa 3JIeKTPOHHOH CTPYKTYpHI;

- HaXxOIWUTh TEOPETHUYECKH HUIIU IIyTEM TECTOB ONTHUMAJbHBIEC ITApaMETPhl MOJAECIHPOBAHMS, ONPEAEIIATh
Pa3MEPHOCTH ONTUMAJIBHBIX JJIs1 KOHKPETHON 3a/jadl aKTUBHBIX IIPOCTPAHCTB B CIIy4ae UCII0JIb30BaHUs
METOJI0B, OPHEHTHPOBAHHBIX HA MHOTOMEPHBIE MOJIETIbHBIE TPOCTPAHCTBA;

- IPaBUJIbHO UHTEPIPETUPOBATh PE3Y/IbTAThl PACUETOB U HAXOAUTh UCKOMbIE CBOMCTBA MOAEIUPYEMOM
MOJIEKYJIIPHOU.

BJIAJIETD:

- MPAKTUYECKUMH HABBIKAMHU HCIIONB30BaHMA (opManu3Ma BTOPUYHOTO KBAaHTOBAaHMSA M JUArpaMMHOM
TEXHUKH IS TOJTy4eHUs! pab0odyMX ypaBHEHUI BCEX YIOMSHYTHIX BBIIIE METOOB;

- MPaKTHYECKUMHU HABBIKAMU PacyeTa JJIEKTPOHHBIX COCTOSHHUM MOJIEKYJ (B T.4. BO30OY)KICHHBIX) B
LIMPOKOM JHAIla30HE apaMeTpOB sIEPHOI reoMeTpuy;

- TEOPETUUECKHUM arapaToM, HO3BOJISIOIUM IPU HEOOXOAUMOCTH BHOCHTh KOPPEKTHUBHI B U3y4YCHHBIC
METO/IbI 1101 KOHKPETHYIO 3a/1auy.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO paboTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
OCHOBHBIC METO/IbI Y4ETa JTHHAMHYECKOM
1 KOppENAINU 3IEKTPOHOB TUTSt 8 4 12
OJIHOMEPHOTO MOJIEIIFHOTO MPOCTPAHCTBA
MHoromepHbIe MoOJIeIbHbIE
MPOCTPAHCTBA u
2 POcTP 6 3 12
MHOTOKOH(UTypaIllMOHHBIE
BapUaIlMOHHBIE METOIbI
3 dopmanu3M BTOPUYHOTO KBAaHTOBAHUS U 3 4 12
JMarpaMMHasi TEXHHKA
4 dopmanu3m 3G EKTUBHBIX OTIEPATOPOB 4 2 12




5 MerToz cBsI3aHHBIX KJIacTepOB 4 2 12
Nroro yacos 30 15 60
ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopaepxaHue IUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 2 (Becennuit)

1. OcHOBHBIE METO/BI yuéTa TUHAMHUYECKON KOPPENALNU IEKTPOHOB JJIsI OTHOMEPHOTO MOAEIHEHOTO
MNPOCTPAHCTBA

'aMunbTOHMaH MHOTOZJEKTPOHHOM cHCTeMBbl. DJekTpoHHOe ypaBHeHue Llpenunrepa. basoBbie
MOAXOIB! K PEIICHUIO IEKTPOHHOTO ypaBHeHUs lllpenunrepa: BapHallMOHHBIN NPUHLIUI U TEOPHS
Bogmyuiennid. Jlerepmunantel Cieiitepa. IlpaBuna Creiitepa Ui BBIYMCICHUS MaTpPUYHBIX
anemeHToB. Meton Xaptpu-Poka, ero JOCTOMHCTBA M HEJOCTATKH. DIEKTPOHHAS KOPPEIIALIHS.

MHorouactuuHasi Teopuss Bo3MmyuleHnid Memepa-Ilnecce st OZHOMEPHOTO MOHEIBHOTO
IpOCTpaHCTBa. BpIOOpP HEBO3MYIIEHHOTO TaMWMJIBTOHMAaHa M (opMyia s MONPaBKH K SHEPTUU
Broporo mnopsiaka (MP2). IlpeoOGpa3oBaHre MOJICKYSIPHBIX HHTErPajIoB OT Oa3uca aTOMHBIX
opburazeii Kk 6a3ucy MOJEKYISPHBIX CIHH-opOuTanei. CMH-OrpaHnYeHHas Bepcus Metoga MP2.
Ob6nacte npumenumoctd mMeroga MP2, noctomnctBa u Hegoctatku. [lonmpaBku Kk 3Heprum Oosee
BBICOKHX TOPSAKOB.

Meton KOH(QUIYpPaLMOHHOTO B3aMMOIEHCTBHS JUISI OIXHOMEPHOTO MOJENBHOTO IPOCTPAHCTBA.
Mogenu DCI u CISD. Pazmepnas cornmacoBaHHOCTh. MozenpHas 3a/1a4a Mpo SHEPTUI0 KOPPETSIUN 1
JMCCOLMALIMIO Tapbl MoJieKyn Bogopoaa B Mogenu DCI. Iompaska [I3Buncona.

[Ipumenenne mporpammsl Orca sl pacyera MOTEHIUAIBHBIX KPUBBIX HEOOJIBIIUX MOJIEKYII
metogamu MP2 u CISD. JleMoHcTpanus 00acTH MPUMEHUMOCTH 3TUX METOIOB.

2. MHOTrOMepHbIe MOZIETbHBIE IPOCTPAHCTBA M MHOTOKOH(DUTYPaIllMIOHHbIE BapUAIIMOHHBIE METO/IbI

MHorokoH(pUTypalMoHHblii ~ Metos;  camocoriacoBanHoro  noist (MCSCF).  AxrtuBHoe
mpocTpaHcTBO opbutaneid. Bepcusi metoma mist monHoro aktuBHoro mnpocrpanctBa (CASSCEF).
Paboune ypaBHeHHsI MeTo/a, MOAXOABI K ONTUMHU3AIMU OopOuTaneld u Kod(Q(UIIMCHTOB pa3IoKEeHUs
MHOTO3JIGKTPOHHOHW BOJHOBOM (yHKUIMM 1o agerepMuHaHTtaM. OO0jacTh NPUMEHUMOCTH METOIA
CASSCEF, ero nocrouncrsa u Hegocrarku. Ilonarue o merone RASSCEF.

MHoromepHble MOJIENbHBIE HPOCTPAHCTBA. MeToa KOH(QUIYpalMOHHOTO B3aUMOACUCTBUS IS
MHOTOMEPHBIX MOJIeNbHBIX TIpocTpaHcTB (MR-CI). Pacuér Bo30ykIEHHBIX COCTOSHUI MOJEKYN U UX
coiictB meronoM MR-CI. IIpo6nemsr meToga MR-CI.

[TpakTiueckoe 3aHsATHE. PacdeT NOTEHIMANBHBIX KPHUBBIX HHU3KOJICKAIIHUX 3IEKTPOHHBIX
coctosgHui nByxaromHoi mMonekynsl meronamu CASSCF u MR-CI B nporpamme Orca. Cummerpust
HNIEKTPOHHBIX COCTOSHUI aToMa U IByXaTOMHON MOJICKYJIBL.

3. ®opmManu3M BTOPUUHOTO KBAHTOBAHUS U AMAarpaMMHasi TEXHUKA

dopManu3sM BTOPUYHOIO KBaHTOBaHMA. Ormeparopsl pOXAEHUS M YHUUYTOKEHMs, HX
KOMMYTallMOHHBIE COOTHOLIEHM. HopManbHOE ynopsgodeHne U CBEPTKA ONEPATOPOB BTOPUYHOTO
kBaHToBaHus. Teopema Buxa. KBaHTOBOMEXaHHMYECKHE ONEPATOPbl B IPEACTABICHUU BTOPUYHOIO
KBaHTOBaHUSI.

Ousnyeckuid BakyyM. IlepeHopmupoBka. Omneparopbl pOXIEHHUS U YHUUYTOKEHHS KBa3MYACTHII.
JlnarpamMmHas TEXHHMKa IJs MPENCTABIEHUS BTOPUYHO-KBAHTOBAHHBIX OIEpaTropoB. JluarpammHoe
[IPECTABICHUE FAMUIIBTOHUAHA.



Teopema Brka 1 HOpMaJIbHO-YIIOPSIOYEHHOE TIPOU3BEICHUE KBAHTOBOMEXAaHNUECKUX OIEPATOPOB
B IIPEJCTAaBIE€HUM BTOPUYHOIO KBaHTOBaHUA. lcronb3oBaHMe JUArpaMMHOM TEXHUKU Ui
BBIYMCIICHUS CBEPTOK onepaTopos. uarpammel I'yrenronsua-bpangosa.

BrIBOn BRIpa)K€HHH 11 MATPUYHBIX DJIEMEHTOB MHOTO3JIEKTPOHHOIO TaMHUJIBTOHHAHA C TOMOIIBIO
BTOPUYHOI'O KBAHTOBaHUSI U AUArPaMMHON TEXHHUKHU.

4. ®opmanuzm 3(h(HEKTUBHBIX ONIEPATOPOB

dopmanu3M KBaHTOBOMEXaHMYECKHX A(P(EKTUBHBIX ONepaTopoB. MozeiabHOE NPOCTPAHCTBO,
MPOEKTOpP Ha MOJENIbHOE NPOCTPAaHCTBO. BoyHOBBIE omeparopbl. DPQEKTHBHBII T'aMUIBTOHUAH.
Db dekruBHbie TamuasToHMaHbl bioxa u ge Kiyaszo. YpaBHenue broxa. D¢ dexTuBHbIE omneparops
CBOICTB.

dopmanbHas Teopusi BO3MyIIeHHH IS 3()(EKTUBHBIX oreparopoB. YpaBHeHue JIMHATpeHa.
YacTHbBIN cay4yail OMHOMEPHOTO MOJAEIBHOIO MPOCTPAHCTBA. /[MarpaMMHOE NpPEICTaBICHHE PAIOB
TEOpPUU BO3MYLIEHUN. Pa3mMepHas CONIacOBAHHOCTh 3HEPTUK B TEOPUU BO3MYLIEHUI.

5. Meron cBsI3aHHBIX KJIACTEPOB

OKcroHeHIManbHas (Gopma BOJIHOBOrO omeparopa. Teopema @puapuxca O CBSI3aHHBIX
auarpamMMax. MeToJ CBS3aHHBIX KIIACTEPOB /ISl OTHOMEPHOTO MOJICIBHOTO MPOCTPAHCTBA.

BriBon pabounx ypaBHEHH METO/a CBS3aHHBIX KJIACTEPOB U (OPMYIIBI JUIS SHEPTHH B MOJACIH
CCD. BelumcnurensHast CIOXKHOCTh METOZa CBfA3aHHBIX kiactepoB. Dopmyna ans SHEpPruu
koppemsimun B mozmenmn  CCSD, ob0mas crpykrypa pabounx ypaBHenudd wmeroga CCSD.
[leprypbaTiBHasi OLEHKAa BKJIAJ0B AaMIUIUTYH TPEXKPAaTHBIX BO30YKAEHHH B paMKax MOIEIH
CCSD(T). locTonHCTBa ¥ HEAOCTATKA METO/Ia CBA3aHHBIX KIIACTEPOB.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOXMMOM AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYueOHast ayTuTOpHs, OCHAIICHHAS IOCKOH, MyJBTUMEIMHHBIM TIPOCKTOPOM U IKPAHOM.
VY Bcex CTyAEHTOB JOJKEH OBITh AOCTYI K IIEPCOHATBHOMY KOMIIBIOTEPY.

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI
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7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

LAMMPS Documentation (https://docs.lammps.org/Manual.html)
Hayunas snextponnas 6udnunoreka POOU www.elibrary.ru

EnuHoe okHO nocTyna k oOpa3oBareibHbIM pecypcam Denepanbaoro noprana Poccuiickoe
obpazoBanue http://www.window.edu.ru

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00Pa30BaTeJIbHOIO0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AMMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

JUiist 3aHATHI MOXKET OTPeOOoBATHCS Cleyollee MPorpaMMHoe oOecrieueHHe:
UnTepuer-6payzep, MS Word, MS Power Point, Adobe Reader, Anaconda Python distribution,
LAMMPS, OVITO.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCIHUIIJINHBI (MO)_Iy.Tlﬂ)

CryneHT, W3ydYaromui JUCIUIUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIJETh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pe3YIbTAaTC U3YUYCHUA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATH OCHOBHBIC OIPCACICHUSA AUCHUIIINHBI,
YMETb NPUMCHATD IMOJYUYCHHBIC 3HAHUSA IJIA PCIICHUA pa3IMIHbIX 3a/1a4d.

VYenenrHoe ocBoeHUe Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSITEIEHOM PaboThI CTYy/IEHTA.

CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4deOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MpPEAHA3HAYECHHBIX LIS
CaMOCTOSTENBHOTO U3yUEHUS;

— peleHue 3aaad, MpeAgaraéMbpIX CTyAeHTaM Ha 3aHATHAX;

— IOATOTOBKY K BBINOJTHEHHIO 3aJaHUH TEKYIeW U MPOMEXYTOUYHON aTTECTALUH.

[loka3zarenem BiajgeHHs MaTepHajoM CIYXXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TEMaM
JUCLUAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU H3y4YCHHS OTICNBHBIX TEM, BOINPOCOB, CleXyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
MIpenoAaBaTelto.

Bo3MOXeH NpoMeXyTOUHBINH KOHTPOJIb 3HAHUM CTYAEHTOB B BHJE PEIICHHA 337ad B COOTBETCTBUU C
TEMaTHKOW 3aHATUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIG Mar€MaTuKa nu (1)I/I3I/IKa

Nnpo¢uJIb NOATOTOBKH: ®Du3uKa MepCIeKTUBHBIX TEXHOJIOTUH: aJIbTepHATUBHAS SHEPreTHKa, HayYHOE
IpOrpaMMHpPOBaHKE U (PYHKIIMOHAIBHBIE MaTePUAIIbI

®usrex-mrkoia nekTpoHuku, otonnku u Monexymnspraoit Ouzuku
kadenpa QU3NKU BHICOKOTEMIIEPATYPHBIX MPOIIECCOB

Kypc: 1

KBau(pukanus: MarucTp

CemecTp, (hOpMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH

Pa3zpatGoTunk: A.B. OneitHU4eHKO, KaH1. (U3.-MaT. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh
CTPATEruIo0 NEUCTBUN

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CACTEMHO
aHaJIM3MPOBATh HAy4YHbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax HCCIIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

IIK-1.2 CnocobeH BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MareMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mNpuUMEHATh TeopeTHyecKkue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN

HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl
[MK-3.1 Tlonumaer npuMHOUNBI pPabOTHl HUCIONB3YEMOTO
K3 C 5 5 00opynoBaHuUs (cienmanu3upOBaHHBIX MAKETOB
-3 Cniocob6en npodeccuoHanbHO paboTars ¢ MPUKITAHBIX TPOTPAMM)
UCCIIeI0BATEIbCKUM U UCTIBITATEIbHBIM
IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT

o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CHEIHAaTN3UPOBAHHBIMH MTAKETAMH MTPHUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00IacTH

(MonenupoBaHUe) C MCIOIb30BAaHMEM HCCIIEI0BATEIBCKOTO
00opynoBaHus (IIAKETOB MPUKIIAAHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIleHUBaTh TOYHOCTH IOJyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIBTaTOB

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3YIBTATC U3YUCHUSA JUCIUTIIINHBI «MGTO,I[BI TCOPpHUU MHOTOYACTUYHBIX CUCTCM B COBpeMeHHOI\/’I KBaHTOBOM

XUMHW» 00yUarONIANCS JTOJIKEH:

3HATb:

- TCOPCTUYCCKNUC OCHOBAHHUA PA3JIMYHBIX MCTOAOB pacuCTa 3JICKTPOHHBIX BOJHOBLIX ®YHKHHﬁ MOJICKYIT
B OCHOBHOM H B036y)KI[eHHBIX OJICKTPOHHBIX COCTOSAHUSX, 6a31/1py}ou11/1xc;1 Ha NpeACTaBJICHUN B BUIC
PAa3JI0KCHUA 110 6a31/1cy JACTCPMUHAHTOB CneﬁTepa, KaK B BapvaHTax s OAHOMCPHOIO MOICIBHOIO

IPOCTpaHCTBA  (MHOTOYACTHYHAS

Teopus

Bo3MmymieHnii  MP2, wmetonsl  KOH(UTYpaIrOHHOTO

B3aMMOJICHCTBHSI, METO/ CBS3aHHBIX KJIACTEPOB), TaK U BapHaHTaX UIi MHOTOMEPHOTO MOJIEIIBHOTO
MPOCTPaHCTBA (MHOTOKOH(HUTypallMOHHBIN METO/l CAaMOCOITIACOBAHHOTO TOJISI, MHOTOYACTUYHAS TEOPHS
BO3MYLICHUH, MHOTOCCBUIOUHBIA METOJl KOH(PUTypaluoHHOTO B3aumozeictsus MR-CI);

- OCHOBBI (hopMaIN3Ma BTOPUYHOTO KBAHTOBAHHS M TUATPAMMHON TEXHUKH;

- OCHOBBI (pOopMasIM3Ma KBAHTOBOMEXaHUYECKUX IPPEKTHUBHBIX OIEPATOPOB;

- IPUEMBI, TIO3BOJISIOIINE TTOMYYUTh pabodne YpaBHEHHS Ul MHOTOYaCTUYHBIX METO/IOB NMPAKTUYECKU

JIF00O¥ CIIOKHOCTH.
YMeThb:

- IOJTy4aTh pabouue ypaBHEHUS BCEX BBILICYITOMSHYTBIX METOJIOB pacyeTa 3JIeKTPOHHOH CTPYKTYpHI;

- HaXxOIWUTbh TEOPETUYECKH HIIU IIyTEM TECTOB ONTHUMAJbHBIC ITApaMETPbl MOJAECIUPOBAHMS, ONPEAEIIATh
Pa3MEPHOCTH ONTUMAJIBHBIX JJIs1 KOHKPETHON 3a/jadl aKTUBHBIX IIPOCTPAHCTB B CIIy4ae UCIIOJIb30BaHUs
METOJI0B, OPHEHTHPOBAHHBIX HA MHOTOMEPHBIE MOJIETIbHBIE TPOCTPAHCTBA;

- IPaBUJIbHO UHTEPIPETUPOBATh PE3Y/IbTAThl PACUETOB U HAXOAUTh UCKOMbIE CBOMCTBA MOAEIUPYEMOM

MOJIEKYJIIPHOU.

BJIA1€Th:




- MPAKTUYECKUMH HABBIKAMHU HCIIONB30BaHUA (opMaTu3Ma BTOPUYHOTO KBAHTOBAaHMSA M JUArpaMMHOM
TEXHHUKH IS TOJTydeHUs! pab0o4uMX ypaBHEHUH BCeX YIOMSHYTHIX BBIIIE METOOB;

- MPaKTHYECKUMHU HABBIKAMU PacyeTa JJIEKTPOHHBIX COCTOSHHUM MOJIEKYJ (B T.4. BO30OY)KICHHBIX) B
LIMPOKOM JHMAIla30HE IapaMeTPOB sIEPHOI reoMeTpuy;

- TEOPETUUECKHUM ariapaToM, HO3BOJISIOMUM IPU HEOOXOAUMOCTH BHOCHTh KOPPEKTHUBHI B U3yUYCHHBIC
METO/IbI 1101 KOHKPETHYIO 3a/1auy.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMY KOHTPOJII0

C HCJIBIO KOHTPOJISI OCBOCHUSA O6y‘laIOH_[I/IMI/IC$I yqe6H0ro Marcepurajia InpoOBOAUTCH YCTHBII\/’I OorpocC B
HavaJi€ 3aHATUA 110 TCMC ITPOULJIOTO 3aHATUA.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

BOHpOCLI K 3K3aMCHY:

1. Paccuntarh moTeHUIMAIBHBIC KPUBBIE OCHOBHOTO M HECKOJIBKMX HM3KOJEKAIIUX BO30Y>KAECHHBIX
COCTOSIHUH JIByXaTOMHOW MOJIEKYJIBl B IIMPOKOM [HAra3oHe MEXBbSACPHBIX PACcCTOSHUN METOAaMu
CASSCF u MR-CI.

2. Paccuntarh CHEKTPOCKOIIMYECKHE IIOCTOSIHHbIE OCHOBHOIO UM HECKOJIBKHX HH3KOJIEXKAIUX
BO30Y>KICHHBIX cOcTossHMH nByxaroMHoi Monekynbl merogamu CASSCF u MR-CI; mist ocHoBHOTO
COCTOSIHUSL CPAaBHUThH PE3YJbTaThl ¢ METONAMH JAJIsl OAHOMEPHOIO MOZEIBHOro IpocTpaHcTBa: MP2,
CISD, CCSD, CCSD(T).

3. TlomyuuTb BBIp@XKEHHUS A MATPUYHBIX SJIEMEHTOB JJIEKTPOHHOIO TaMHMJIBTOHHAHAa B Oasuce
nerepmMuHaHTOB Creifrepa, HCHonb3ys (GOopMann3M BTOPHYHOTO KBAHTOBAHUSI.

4. TlomyunTh BBIpRXEHHUS A1 MaTPUYHBIX DSJIEMEHTOB 3JIEKTPOHHOIO TaMWIBTOHHAHa B 0asuce
nerepmuHaHToOB CreiTepa, UCIOb3ys TEXHUKY auarpamm [ 'yrenronsua-bpangosa.

5. lomyuyutp BbIpaKeHHE Ui MOMPABKU K SHEPrHM B TPETHEM IMOPSIKE TEOPUH BO3MYIICHUH
(MozenbpHOE MPOCTPAHCTBO MOJIAraTh OJHOMEPHBIM).

6. ITomyunTs BbIpaKeHHE IS HONPABKU K 3 PEKTHBHOMY I'AMIJIBTOHHAHY B TPETHEM MOPSIIKE TEOPUH
BO3MYLICHUH (MOZIEIBHOE MPOCTPAHCTBO MOJIAraTh MHOTOMEPHBIM).

7. C ucnosnp30BaHUEM AUAarpaMMHON TEXHUKH MOyYUTh BhIpakeHue A 3Hepruu B mertoge CCSD.

8. C ucnonb30oBaHWEM AMArPaMMHON TEXHUKU MOJMYYUTh aMIUIMTyAHble ypaBHeHusi metoma CCSD.
OueHUTh aCUMIITOTUYECKYIO BBIUYMCIUTENbHYIO CII0)KHOCTh METO/A.

9. C ucnonbp30BaHUEM JMAarpaMMHON TEXHUKH HONYyYUTh paboure GOpMyIbl AJs HONPAaBKU K SHEPTUH
B MeTonax MP3 nu MP4. OueHnTh aCHMOTOTHYECKYIO BBIYUCIUTEIBHYIO CIIOKHOCTh METO/IA.

10. TIlomyunts mnpubmKeHHy0o GopMydy AasS OIEHKM CpeIHEero 3HAa4deHus omeparopa
onHoanekTpoHHOro cBoiictBa B Merogax CCD u CCSD (¢ TOYHOCTBIO 1O YICHOB BTOPOIO MOPsAKA MO
KJIACTEPHOMY OIIEPATOPY).

[Tpumeps! 3K3aMEHAMOHHBIX OUIIETOB:

[Ipumep 1.
1. ITomyunTs BBIpaK€HHE VIS MOMPABKU K 3((HEKTUBHOMY raMUIBTOHHAHY B TPETHEM MOPSAAKE TEOPUU
BO3MYLICHUH (MOZIEIBHOE MPOCTPAHCTBO MOJIAraTh MHOTOMEPHBIM).

2. Paccuurarh NOTCHIMAJIbHBIC KPUBBIC OCHOBHOI'O M HCCKOJIBKHX HHU3KOJICKAIIUX BO36y)KIIeHHBIX
COCTOSIHHI ,I[ByxaTOMHOI\/’I MOJICKYJIBI B HIMPOKOM JUAINa30HC MCKDBAJACPHBIX paCCTOHHI/Iﬁ METOAAMH
CASSCF u MR-CI.

[Ipumep?2.

1. IlomyunTh BBIp@XKEHHS JUIS MATPUYHBIX SJIEMEHTOB JJICKTPOHHOIO TaMHJIbTOHHAaHAa B Oasuce
nerepmuHaHToOB CreiTepa, UCIONb3ys TEXHUKY auarpamm [ 'yrenronsua-bpangosa.

2. C ucronp30BaHUEM TUArpaMMHOM TEXHUKH MOMYYUTh padoure (GOpMyIIbl AJ MONPABKU K SHEPTHH
B MeTogax MP3 u MP4. OnieHUTh aCUMIITOTUYECKYIO BEIYMCIUTENBHYIO CI0KHOCTh METO/Ia.



Kpurepun onennBanus
Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW NPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.
Ouenka ommyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.
Onenka ommyHO 8§ OamioB - BBICTaBIIIETCS CTYHCHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PEHICHNH KOHKPETHBIX 3a]ad4, MPaBUIbHOE 000CHOBAaHHME MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BBICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHuall, TPaMOTHO U 1O
CYILECTBY M3JIaraeT €ro, ymeeT HPUMEHATh IOJy4YCHHbIC 3HAHUS HAa NPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOIYUYCHHBIEC PE3YIJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh MOIY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIMYCKAeT B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka Xopomio 5 6ayuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U TI0 CYIIECTBY HM3JIaraeT €ro, yMeeT INPUMEHATH MOJydYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
Onenka ynoBIEeTBOpUTENbHO 4 Oamya - BBICTABIACTCS CTYHCHTY, IOKa3aBlIeMy (parMEeHTapHBII,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHHUs JIOTHYECKON MOCIIeI0BATEIIbHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIC Pa3Jieibl yueOHOW NMpOrpaMMBbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOJKET IPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.
OneHka yaOBIETBOpUTENbHO 3 Oajla - BBICTABIACTCS CTYHCHTY, IOKa3aBlIeMy (parMeHTapHBII,
pa3po3HEHHBIH XapakTep 3HAHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbHOCTH B H3JIOKEHHHM IPOrPaMMHOrO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3jesiaMH y4eOHOW MporpaMmbl, HEOOXOAUMBIMHE JUTS JaJIbHEHIIEro o0y4eHus U
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HEyJOBJIETBOPUTENIBHO 2 Oalia - BBICTABISIETCA CTYACHTY, KOTOPBII HE 3HAaeT OOJNbIIeH YacTH
OCHOBHOTO COACp)KaHUs y4eOHON IporpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX MPHUHIUIIOB M HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.
OrneHka HEYIOBJIETBOPUTENbHO | Oaiul - BBICTABIAETCS CTYJACHTY, KOTOPBIH HE 3HA€T OCHOBHOTO
cozep kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimune omuOKy B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTUYECKHX
3ajay.

5. MeTonuueckne MaTepuajbl, onpeneasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

OueHka 3a ceMECTp BBICTABISIETCS IO pe3ylbTaTaM YCTHOTO 3K3aMeHa. JK3aMEH IMPOBOAUTCS 10
Omneram. B Ounere nBa Borpoca. Ha moaroToBky y orBety naercst He MmeHee 60 MUHYT.



