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AHHOTANMA

B pamkax Kkypca OyIyT paccMOTpPEHBl COBPEMEHHBIE METOAbl BBICOKOTOYHOTO HEIMIIMPHUYECKOTO
MOZICIMPOBAHUS CTPYKTYpPBI MOJIEKYJ B DJICKTPOHHBIX COCTOSIHUSIX, BOJHOBBIC (DYHKIIMH KOTOPBIX SIBIISIOTCS
CYIECTBEHHO MHOTOKOH(UTyparMoHHbIMU. OOyuaromuecst Haydarcs CaMOCTOATENBHO MONIydaTb pabouue
YpaBHEHHUSI OCHOBHBIX COBPEMEHHBIX METOJOB KBAaHTOBOH XMMHH, OLICHHBATh BBIYUCIUTEIBHYIO CIOKHOCTH
peanu3yIomuX UX aJropuTMOB, IIOHUMAaTh BOSMOKHOCTH M TPAHUIIBI IPUMEHHUMOCTH 00CYK/IaeMbIX B Kypce
MozeJIel DIEKTPOHHOW CTPYKTYPBI, a TakXKe MPaBWIBHO HHTEPIPETHPOBATH PE3YJbTaThl pPacdeToB C HX
MIPUMEHEHHUEM.

B pesynbrare ocBoeHMsi Kypca OOydaromIMecs OBJIAJCIOT Pa3IMYHBIMH METOJAMH pPacueTa dJIEKTPOHHBIX
BOJTHOBBIX (DYHKIIMI MOJIEKYJ B OCHOBHOM M BO30Y>KAECHHBIX JIEKTPOHHBIX COCTOSHUAX, 0a3UPYIOMIMMUCS Ha
NPE/ICTaBICHUN B BHIE pa3lIOKEeHUs 1Mo Oasucy nerepMuHaHToB CrelTepa, O3HAKOMATCS C 00JAacThIO
MPUMEHUMOCTH KaXKJIOTO METOJ/a, MOIy4aT HaBbIKH paboThl ¢ popManm3mMaMu 3QQPEKTHBHBIX OIEpPaTopoB,
BTOPUYHOTO KBAHTOBaHMS M JUArpaMMHOI TEXHHKOW Ui BBIBOAA pabOYMX ypaBHEHUI METOIOB TEOPHH
MHOT'02JIEKTPOHHBIX CHCTEM.

1. lean u 3apa4n

Henp AucoMnInHBI

ITo pesympratam Kypca oOywaromiuecs IODKHBI YMETh MHOJNIydaTh pabouyne ypaBHEHHS OCHOBHBIX
COBPEMEHHBIX METOJIOB KBAHTOBOM XHMHH, OLICHUBATH BBIUNCIUTEIBHYIO CIIOKHOCTD PEATN3YIONINX UX
QJITOPUTMOB, NMOHMUMAaTh BO3MOXKHOCTH W TPAHUIIBI IPUMEHUMOCTH O0CYXIaeMbIX B Kypce Mojenei
UIEKTPOHHOW CTPYKTYpbI, a TaKKe MPaBUIbHO HHTEPIPETUPOBATh PE3YJIbTaThl pPACYETOB C HX
npuMeHeHneM. Taxoke oOydaromuecs AOJKHBI yMETh CaMOCTOSITEIbHO NMPOBOAUTH HEIMITMPUUECKOE
MOJEJINPOBAaHUE CTPYKTYphl MOJEKYNI B JJIEKTPOHHBIX COCTOSIHUSIX, BOJHOBBIC (PYHKIMH KOTOPBIX
SBJISIIOTCS.  CYLIECTBEHHO MHOTOKOH(MI'YPAaIlMOHHBIMH, C MCIIOJIb30BAaHUEM COBPEMEHHOIO IaKeTa
KBaHTOBOXMMHUYECKHX mporpamm Orca.

33]13‘[1/[ JAUCHUIIINHBI

- O3HaKoMIIeHHE O0YYarOIUXCs C PA3IMYHBIME METOAAMH PacueTa 3JIEKTPOHHBIX BOIHOBBIX (DYHKIIUHA
MOJIEKYI B OCHOBHOM M BO30YXJCHHBIX OJJEKTPOHHBIX COCTOSHHSIX, Oa3HpYIOIIUMHCI Ha
IPEe/ICTaBICHUH B BUJE Pa3IoKeHHs 1o Oa3zucy nerepMmuHanToB Crelitepa.

- BoipaboTka moHUMaHUS IPEUMYIIECTB, HEOCTATKOB M 00JIACTH MPUMEHUMOCTH KaXKJIOTO METOJIA.

- Bripaborka HaBbIKOB paboTbl c ¢opmanuzmamu 3()(EKTUBHBIX OMEpPaTopoB, BTOPHUYHOTO
KBAaHTOBAHUS W JMArpaMMHON TEXHMKOW JUIS BBIBOJA pPAa0OYMX YpaBHEHWH METONOB TEOPHUU
MHOTOJJIEKTPOHHBIX CUCTEM.

2. Ilepeyens opMupyeMbIX KOMIIETEH M

OcBocHue AUCHUIIJIMHBI HAIIPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

Kon n HanMeHOBaHNE KOMITETEHIIUT MHaukaTopsl JOCTHKEHUS KOMITETEHIIUN
YK-1 Cnocoben ocymectBisaTs kputnueckuid | YK-1.1 Ananusupyer npoOieMHy0 CUTYaIHIO KaK CUCTEMY,
aHaJM3 MPOOIEMHBIX CUTYyalluii Ha OCHOBE BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh
CTpaTeruro AeUCTBUI

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBaTh M 0000IIATH
nHpOpMANHIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHOM

[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pears 3a1a4y, B ToM uncie paspadareiBath 1 |[IK-1.2  CnocobGeH  BBIOABUTATH  THIOTE3bl, CTPOUTH
UCCIIE0BAaTh MaTeMaTHYECKUE MOJEIH MaTeMaTUYeCcKue MOAEIM JUIsl OIMCAHUS H3ydaeMbIX
W3y4YaeMbIX SBJICHUN U MPOLIECCOB, CHCTEMHO  |SBJICHHH U MIPOLIECCOB, OLICHUBATh KA4€CTBO pa3padOTaHHON
aHAJIM3MPOBATh HAy4YHbIEC MPOOJIEMBI, IOJIyYaTh |MOIENIN

HOBBIC HAayIHBIC PC3YJIbTAThI I1K-1.3 CnocoOeH mNpUMEHSTh TeOpeTHYecKHe U (WiIH)
SKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
PE3ybTaThl

[IK-3.1 IloHumaer mnpuHOUIBI PabOTHl MCIOJIB3YEMOTO
00opynoBaHUsS (cienmanu3upoBaHHBIX [IaKETOB

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢ NPUKITAHBIX TIPOTPAMM)




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

[IK-3.2 Criocoben MIPOBOJINUTH 3KCIIEPUMEHT
(MozmenupoBaHUE) C HCIOIB30BAHUEM HCCIEIOBATEIBCKOTO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTHh ITOJYYCHHBIX
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 M BO30YX/I€HHBIX 3JIEKTPOHHBIX COCTOSIHUSX, 0a3UPYIOLINXCSA Ha MPEACTaBICHUN B BHUIE
pasnoxeHus o 6azucy aerepMmuHaHToB CliediTepa, Kak B BapuaHTaxX Ajsl OJHOMEPHOTO MOJEIBHOTO
MpOCTpaHCTBa (MHOTOYACTHUYHAST Teopus Bo3MymieHuidi MP2, MeTombl KOHQUTYpaIrioHHOTO
B3aMMOJICHCTBHS, METOJ CBSI3aHHBIX KJIACTEPOB), TaK M BApUAHTAX JJIsl MHOTOMEPHOTO MOJIEIBHOTO
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, TIO3BOJISIONINE MTOMYYUTh Paboune ypaBHEHHUS U1 MHOTOYACTHYHBIX METOJOB IIPAKTHUECKU
000 CII0KHOCTH.

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

- HaXOIWUTh TEOPETHUECKH MM ITyTEM TECTOB ONTHUMAJIBHBIE ITApaMETPBI MOAEINPOBAHUS, ONPENCIATh
Pa3MEpHOCTH ONTUMAJIBHBIX JUJIsl KOHKPETHOM 3a7jad aKTUBHBIX IIPOCTPAHCTB B CIIy4ae UCIIOIb30BaHUs
METOJI0B, OPHEHTHPOBAHHBIX HA MHOTOMEPHBIE MOJIETIbHBIE TPOCTPAHCTBA;

- IPaBUJIbHO UHTEPIIPETUPOBATh PE3y/IbTaThl PACUETOB U HAXOJAUTh UCKOMbIE CBOMCTBA MOIEIUPYEMOiL
MOJIEKYJIIPHOH CHCTEMBI.

BJIAJIETh:

- IPaKTUYECKMMHU HaBBIKAMH HCIIOIb30BaHUS (popMann3Ma BTOPHYHOTO KBAaHTOBAHHS M AWArpaMMHOMN
TEXHUKH JJI51 TIOIY4EHUs! pabOurX YpaBHEHUH BCEX YIOMSHYTHIX BBIIIE METO/OB;

- MPAKTUYECKUMH HaBBIKAMM pacdeTa 3JIEKTPOHHBIX COCTOSHUI MOJEKyn (B T.4. BO3OYKICHHBIX) B
IMPOKOM JHAara3oHe MapaMeTpoB SAEPHON reOMETpHH;

- TEOPETUYECKUM alIapaToM, MO3BOJISIOMINM IPU HEOOXOANMOCTH BHOCUTH KOPPEKTHBHI B N3yUCHHBIC
METOJBI ITOJT KOHKPETHYIO 3a7auy.

4. Coep:xanue JUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAaHHOE 110 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
OCHOBHBIE METOIBl Y4€Ta IJIEKTPOHHOM
1 KOppENAINU TUIS OJTHOMEPHOTO 8 8 12
MOZEIBHOTO MPOCTPAHCTBA.
) MHOTrOKOH(UTYpallMOHHBIE 6 6 9
BapUaIlMOHHBIC METO/BI.
3 dopmanu3M BTOPUYHOTO KBAaHTOBAHUS U 3 3 12
JMarpaMMHasi TEXHHKA.
4 dopmanu3m > PEKTUBHBIX OTIEPATOPOB. 4 4 6
5 MerTon cBsI3aHHBIX KJIAaCTEPOB. 4 4 6
Nroro gacos 30 30 45

ITonroToBka k 3K3aMeHy 30 gac.




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

4.2.

Coneprxanue JUCIUIUIAHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemecrtp: 2 (Becennuit)

1. OcHOBHblE MeTONbl Y4&€Ta OSJIEKTPOHHON KOPPENSAUU M1 OIHOMEPHOTO MOJAEIBHOTO
MPOCTPAHCTBA.

'aMunbTOHMaH MHOTORJIEKTPOHHON CUCTeMBbI. JiekTpoHHoe ypaBHenue lllpeaunrepa. OcHOBHBIC
MOJXOABI K PELIEHUIO MIEKTpOoHHOro ypaBHeHus lllpenunrepa. BapuannoHHbl NpUHLIKI U TeOpuUs
Bo3myuiennid. JlerepmuHantel Cuneiitepa. IlpaBwia Creiitepa [Uis BBIYHCIECHUS MaTPUYHBIX
anemeHToB. Meton Xaptpu-Poka, €ro MOCTOMHCTBA M HegocTtaTku. OmHOMEpHOE MOAETbHOE
MPOCTPAHCTBO. DIEKTPOHHAS KOPPEIISALIHUSI.

MHoroyactuuHass Teopus Bo3MmylleHud Meiepa-Iliecce s  OIHOMEPHONO  MOIEIBHOTO
npocTpancTBa. BpiOOp HEBO3MYIIEHHOTO TraMUJIbTOHMAHa W (opMysa AJsl MONPaBKH K SHEPTHH
BToporo nopsijka (Meton MP2). [IpeobpazoBanre MONEKYISIPHBIX UHTErPANIOB OT 0a3uca aTOMHBIX
opburazneil Kk 0a3ucy MOJEKYISIPHBIX CIHMH-opOuTaneid. CnuH-orpaHn4eHHas Bepcus metona MP2.
Ob6nacte npuMeHuMocTd Metoga MP2, mocromncTBa M HemocraTku. [lompaBku k dHeprum Oonee
BBICOKHX MOpsAaKoB (MeToasl MP3 u MP4).

Meton KOHGUTypaMOHHOTO B3aWMOACHUCTBUSL JJSl OJHOMEPHOTO MOJEIBHOTO MPOCTPAHCTBA.
Moguenu DCI u CISD. O6nacts npuMeHHMOCTH MeToaa. AJroput™ JPBUICcOHa /I AMaroHaIM3aluu
Oonpmmx Mmarpuu. PazmepHas cormacoBaHHOCTb. MonenbHas 3afjada Mpo DHEPTUI0 KOPPENALUU U
JTUCCOLManrio mapsl Mojekyn Bomopoaa B mogenu DCI. Ilompaska J[pBuicoHa asis 4acTUYHOTO
BOCCTAHOBJICHHUS pa3MEPHOM COIIaCOBAaHHOCTH.

[IpumeHeHne KBAaHTOBOXUMHUYECKOTO MakeTa Orca i1 pacyeTa MOTEHIUAIBHBIX KPUBBIX HEOONbIINX
monekyn metonamu MP2 u CISD. /lemoHcTpanust 001acTv MPUMEHUMOCTH 3THX METOJIOB.

2. MHOTOKOH(UTYpaLMOHHbIE BapUAIIMOHHBIE METOMBI.

MHorokoH(puUTypanuoHHslii MeTof] camocorinacoBanHoro noist (MCSCF). AKTHBHOE TIPOCTPaHCTBO
opburaneii. Bepcust merona amnst nonnoro akruBHoro npoctpanctsa (CASSCF). Paboune ypaBHeHHS
MeToJa, MOAXOAbl K ONTHMHU3AIMU opOuTaneil u ko3()(HUIMEHTOB AECTEPMUHAHTHOTO DPa3IOKEHHS
MHOTOJIEKTPOHHOH BOMHOBOH  QyHKiuu. OOmacts npumenumoctu Meropa CASSCEF, ero
noctouHcTBa U HepocTtarku. Ilonstue o meroge RASSCEF.

MHoromepHble MOJIENIBHBIE TPOCTPAHCTBA. MeTon KOH(HUIYpPalMOHHOTO B3aMMOICHUCTBHUSA JUIS
MHOTOMEPHBIX MoAenbHbIX npocTpaHcTB (MR-CI). Pacuér Bo30yKIEHHBIX COCTOSIHUN MOJIEKYI M HX
cBoiictB MetonoM MR-CI. OneHka BpeMeH JXU3HU BO30YXKICHHBIX COCTOSIHUH W JUMOJNBHBIC
MOMEHTHI JIEKTPOHHBIX niepexonoB. [Ipodnemsr MmeTtona MR-CI.

[IpaxkTuyeckoe 3aHsTHE. PacueT NOTEHIMAIBHBIX KPUBBIX HU3KOJIEKAIIUX IEKTPOHHBIX COCTOSHUM
nByxatomMHod Monekynsl Metonamu CASSCF um MR-CI B mnporpamme Orca. Cummerpus
JIEKTPOHHBIX COCTOSIHUN aTOMa U IByXaTOMHON MOJIEKYJIBL.

3. ®opmManu3M BTOPUUHOIO KBAHTOBAaHUS U AMAarpaMMHasi TEXHUKA.

dopManu3sM  BTOPUYHOTO  KBaHTOBaHMA. Oneparopbl pOXKAEHUS U YHUYTOXKECHMS, UX
KOMMYTAaIlMOHHBIE COOTHOIIEHMs. HopManbHOE ymnopsigodeHrne u CBEPTKA ONEpPaTOpOB BTOPHUUYHOIO
kBaHToBaHusA. Teopema Buka. KBanTOBOMEXaHMYecKHUE OIEpPaTophl B IPENCTaBIECHUH BTOPUYHOIO
KBaHTOBaHUSI.

Ousnyeckuii BakyyMm. IlepeHopmupoBka. KBazuwacTuisl W omepaTopsl HUX POXISHUS U
YHUUTOXKEHUs. TexHuka pauarpamMm lonacToyHa Il NpPEACTaBIEHHMsS BTOPHUYHO-KBAaHTOBAaHHBIX
orneparopos. JluarpaMMHOE IpeACTaBICHNE TaMUIBTOHUAHA.

Teopema Buka 1 HOpMaJIbHO-YIIOPSIOUEHHOE MTPOU3BENCHNE KBAHTOBOMEXaHNYECKHUX ONEPATOPOB B
[IPECTABJICHUH BTOPUUHOI'O KBaHTOBaHMs. Vcriosnb30BaHue quarpaMMHON TEXHUKY JUIsl BBIYUCIICHUS
CBepTOK onepartopos. luarpammel I'yrenronsua-bpannosa, mpaBuiia nX HHTEPIPETALNN.




BriBon BeIpaxeHHi 1711 MAaTpUYHBIX 3JIEMEHTOB MHOTORJIEKTPOHHOTO TaMUJIBTOHMAHA C MOMOIIBIO
BTOPUYHOTO KBAHTOBAHUS U JIMATPAMMHON TEXHUKH. BBIBO BRIpOXKEHUH I MaTPUYHBIX DJIIEMEHTOB
OJTHOYACTHUYHOW MAaTpHIBl TUIOTHOCTH B METOJE KOH(PHUTYpAIIMOHHOTO B3aUMOJCHCTBUS C
MIPUMEHEHUEM TAarpaMMHOUN TEXHUKHU.

4. ®opmanu3m 3h(HEeKTUBHBIX ONIEPATOPOB.

dopManu3M KBaHTOBOMEXaHHYECKUX 3PQPEKTUBHBIX OIepaTopoB. MoaensHoe NpPOCTPAHCTBO,
MPOEKTOp Ha MOJEJIbHOE MPOCTpaHCTBO. BomHOBBIE omepaTopbl. D((EKTHBHBIH TaMUIBTOHHUAH.
OddexkruBHble TamuasToHUaHbl biaoxa u gae Knyazo. Ypasuenue bnoxa. DddexTuBHbIE OnepaTopbl
CBOMCTB.

dopmManbHas TEOpHsl BO3MYIIEHHHA Uil SPQPEKTHBHBIX oOreparopoB. BriOop HEBO3MYIIEHHOTO
raMwiIbTOHHaHa. YpaBHeHue JIuHarpeHa. YacTHeIM  ciiy4ail  OZHOMEPHOTO  MOJEIBHOIO
npocrpaHcTea. JluarpaMMHOE  NPEICTABICHHE PANOB  TEOPUM  BO3MylLleHMH. PasmepHas
COITIACOBAaHHOCTH SHEPTHI B TCOPUH BO3MYLICHUH.

5. MCTO,I[ CBA3aHHBIX KJIACTCPOB.

OkcnoHeHIMabHas (opMa BomHOBOrO oneparopa. Teopema @puapuxca 0 CBA3aHHBIX JUarpamMmax.
Mertox CBsI3aHHBIX KJIACTEPOB I OAHOMEPHOTO MOJEIBHOIO IIPOCTPAHCTBA.

BeiBoz pabounx ypaBHEHHI METOa CBSI3aHHBIX KJIACTEPOB U (hopMyisl aist sHepruu B moaenu CCD.
BoruncnurenbHas CIOXKHOCTh METOZA CBSI3aHHBIX KiacTepoB. Dopmyna JUIsl SHEPTUH KOPPEJSILUU B
monenu CCSD, obmast ctpykrypa pabounx ypaBHeHuit meroga CCSD. IleprypOartuBHasi oneHka
BKJIAZIOB aMIUTUTYH TpeXKpaTrHbIX Bo30yxkneHuil B pamkax mozaenun CCSD(T). HocrounctBa n
HEJIOCTAaTKHM METO/a CBSI3aHHBIX KJIACTEPOB, €ro 00J1acTh MPUMEHUMOCTH.

5. Onucanue MaTepuaJbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHS 00pa30BaATEILHOTO
npouecca 1no JUCHUILInHe (MOIYJII0)

VYueOHast ayTuTOpHs, OCHAIICHHAS TOCKOH, MyJTUMEINHHBIM IPOEKTOPOM U KPAHOM.
VY Bcex CTyAEHTOB JIOJDKEH OBITh JOCTYIH K MEPCOHAIILHOMY KOMITBIOTEPY.

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas 1uTeparypa
1. KBanToBas xumusi. MoJIeKyIibl, MOJIEKYIISIpHBIE cucTeMbl 1 TBepbie Tena [Teker] / B. I Ilupenscon
- M.BUHOM. JIa6. 31anuii,2010
®onp 6a30Boi Kadeapor:
1. 3aiineBckuii, A. B. MeToapl TeOpUH MHOTOYACTHYHBIX CUCTEM B KBAaHTOBOM xumuu. / A. B.
3aifnieBckuii. — Metoamueckoe ocobue. M., xumbax MI'Y, 1993. — 121 c.
2. 3aiiueBckuii, A. B. D¢ dexTruBHBIE OnepaTopsl B TEOPUH cTpoeHUs 3¢ (PeKTUBHBIX 00010UEK
Moutekyi. 2004.
3. Hoakosckas, FO. B. Monekyinsipable cucteMsl. Teopust CTpOCHHS U B3aUMOACHCTBUS C U3TyUYCHHEM.
Y. II: KanToBble coctosiaus Monekyi / FO. B. HoBakosckas. — M.: Enutopuan YPCC, 2004. — 176 c.
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7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

ORCA tutorials (https://www.orcasoftware.de/tutorials_orca/)
Hayunas snextponnas 6ubnnoreka PODOU www.elibrary.ru

Enunoe okHo joctyma k oOpazoBarenbHbIM pecypcam DenepansHoro noprana Poccuiickoe
oOpa3zoBanue http://www.window.edu.ru

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

JUi1st 3aHATHI MOXKET OTPeOOBaThCs ClIeyoNIee IPOrpaMMHOe 00ecTieyeHuE:
Unrepuer-6paysep, MS Word, MS Power Point, Adobe Reader, Orca.

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

CryneHT, W3y4aromuid IUCIUILINHY, JODKEH C OJHOW CTOPOHBI, OBIAACTh OOIIWM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B PE3IYIBTATC UIYUCHUA NUCHUILIMHBI CTYACHT AOJDKCH 3HATH OCHOBHBIC OIIPCACIICHUA NUCHUILIIIMHBI,
YMETb NPUMEHATD IMOJYUCHHBIC 3HAHUS AJI1 pCUHICHUS pa3JIMYHbIX 3a/4a4.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YU€OHBIM IJIAHOM IO AUCIMILINHE,
— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENLHOM Pa0OTHI CTYJICHTA.

CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;



— TpopaboTKy y4yeOHOro MaTepuana, IOATOTOBKY OTBETOB HA BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOATENBHOTO U3yUEHUS;

— pelIeHue 3a/1a4, MPEeAIaraéMbIX CTYICHTaM Ha 3aHATUSX;

— MOJATOTOBKY K BBIMOJIHEHUIO 33JJaHUM TEKYLIEH U TPOMEKYTOUHOM arTecTaluu.

[Tokazarenem BiajieHUs MaTepUaIoM CIY>KAT YMeHHE Oe3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TeMaM
JUCIUTLIAHEL

BaxxHO m0OWTHCS MOHMMaHUS M3y4aeMOro Marepuana, a He MEXaHHYEeCKOTrOo ero 3amoMuHaHus. [lpum
3aTPYJHCHUH WM3YYCHHUS OTACIBHBIX TEM, BOIIPOCOB, CIEAyeT oOpaliarbcs 3a KOHCYIbTAUAMH K
MPEIoIaBaTelio.

Bo3MoxxeH npoMeKyTOYHBIM KOHTPOJIb 3HAHUM CTYJEHTOB B BHUJE PEILICHUS 331a4 B COOTBETCTBUU C
TEMAaTUKON 3aHSITHI.
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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 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
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

IIK-1.1 CrocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHI B
pamMKax TeMaTHYeCKOW 00NacTH cBoell mpodeccrnoHambHON
IEITEILHOCTH

I[IK-1.2 CnocobeH BbIBHTaTh  THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W MIPOIIECCOB, OIICHUBATh KAY€CTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU

HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH MOJIYUYCHHBIC
pe3yabTaThl
[MK-3.1 TloHumaeT NpPUHOUIBI PabOTHI HCIOIBE3YEMOTO
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

(MonenMpoBaHUe) ¢ MCHONBb30BAHUEM HCCIIEIOBATEIbCKOTO
00opynoBaHus (IIAKETOB MPUKIIAAHBIX IPOTPAMM)

IMK-3.3 CnocobeH oOIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIBTaTOB

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3YIBTATC U3YUCHUA AUCHUILIJIMHBI «MCTOI[BI TCOPUHU MHOI'OYACTUYHBIX CUCTCM IJIA pacqéTa BHGKTpOHHOﬁ

CTPYKTYPbD» 00y4aromuiics J0KeH:

3HATb:

- TCOPCTUYCCKNUC OCHOBAHHUA PA3JIMYHBIX MCTOAOB pacuCTa 3JICKTPOHHBIX BOJHOBLIX ®YHKHHﬁ MOJICKYIT
B OCHOBHOM H BO36y)KI[eHHBIX QJICKTPOHHBIX COCTOAHUSAX, 6a31/1py101u14xc;{ Ha IpeACTaBJICHUN B BUIC
PAa3JI0XKCHUA 110 6a31/1cy JACTCPMUHAHTOB CneﬁTepa, KaK B BapuaHTax IJIA OAHOMCPHOIO MOICJIBHOI'O

IPOCTpaHCTBA  (MHOTOYACTHYHAS

Teopus

Bo3MmymieHnii  MP2, wmetonsl  KOH(UTYpaIrOHHOTO

B3aMMOJICHCTBHS, METOJ CBSI3aHHBIX KJIACTEPOB), TaK M BapUAHTaxX IJIsl MHOTOMEPHOTO MOJIEIBHOTO
MPOCTpPaHCTBA (MHOTOKOH(HUTypallMOHHBIN METO/l CAMOCOITIACOBAHHOTO TOJISI, MHOTOYACTUYHAS TEOPHS
BO3MYLICHUH, MHOTOCCBUIOUHBIA METOJl KOH(PUTypaluoHHOTO B3aumozeictsus MR-CI);

- OCHOBBI (hopMaIN3Ma BTOPUYHOTO KBAHTOBAHHS M TUATPAMMHON TEXHUKH;

- OCHOBBI (pOopMasIM3Ma KBAHTOBOMEXaHUYECKUX IPPEKTHUBHBIX OIEPATOPOB;

- IpUEMBI, TIO3BOJISIOIIUE MTOMYYUTh Paboune ypaBHEHHUS U1 MHOTOYACTHYHBIX METOJOB IIPAKTHUECKU

JIF00O¥ CIIOKHOCTH.
YMeThb:

- IOJTy4aTh paboune ypaBHEHHUS BCEX BBILICYITOMSHYTBIX METOJIOB pacyeTa 3JIeKTPOHHOHN CTPYKTYpHI;

- HaXOIWUTh TEOPETHUECKH MM ITyTEM TECTOB ONTHUMAJIBHBIE ITApaMETPBI MOAEINPOBAHUS, ONPENCIATh
Pa3MEpHOCTH ONTUMAJIBHBIX JIJIs1 KOHKPETHOM 3a7jad aKTUBHBIX IIPOCTPAHCTB B CIIy4ae UCIIOIb30BaHUsA
METOJI0B, OPHEHTHPOBAHHBIX HA MHOTOMEPHBIE MOJIETIbHBIE TPOCTPAHCTBA;

- IPaBUJIbHO UHTEPIIPETUPOBATh PE3y/IbTaThl PACUETOB U HAXOAUTh UCKOMbIE CBOMCTBA MOIEIUPYEMOi

MOJIEKYJSPHOI CUCTEMBI.
BJaJeTh:




- IPaKTUYECKUMH HaBBIKAMHU HCIIOJIB30BaHUS (OpMaIn3Ma BTOPUYHOTO KBAHTOBAHUS U AUATPAMMHOMN
TEXHUKH IS TOJTydeHUs! pabo4uMX ypaBHEHHUH BCEX YIOMSHYTBIX BBIIIE METOOB;

- MPaKTHYECKUMHU HaBBIKAMU PAacdeTa SJIEKTPOHHBIX COCTOSHHHA MOJIEKY1 (B T.4. BO30Y)KICHHBIX) B
LIMPOKOM JHAIla30HE IapaMeTPOB sIEPHOI reoMeTpuy;

- TEOPETUUECKHUM arapaToM, IO3BOJIIOIIUM IPU HEOOXOAUMOCTH BHOCUTh KOPPEKTUBBI B U3yUCHHBIC
METO/IbI 1101 KOHKPETHYIO 3a/1a4y.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

C 1menplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
HayaJe 3aHATUS WIK B KOHIIE 3aHATHUS 10 IPOUJEHHON TEME.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBeAEeHHUA ITPOMEKYTOYHOM aTTecTaluu
o0yvyarommxcst

1. Paccunrare MOTEHLMANbHbIE KPUBBIE OCHOBHOIO M HECKOJBKHX HHU3KOJIEXKAIIUX BO30Y>KICHHBIX
COCTOSHUHM JIByXaTOMHOW MOJIEKYJIbl B IIMPOKOM [JHala3oHe MeEXbAIACPHBIX PAcCTOSHUN MeTopaMu
CASSCF u MR-CI.

2. PaccunTarh CHEKTPOCKONMYECKHE MOCTOSHHBIE OCHOBHOTO MW HECKOJIBKHX HH3KOJIEKALINX
BO30Y>KJICHHBIX COCTOSIHUE JByxaromMHoi mojekynbl MetogamMu CASSCF m MR-CI; mis ocHOBHOTO
COCTOSIHUSI CPaBHUTBH PE3YJbTaThl C METOJAMH UJIsl OAHOMEPHOIO MOAEIBHOro mpoctpaHcTta: MP2,
CISD, CCSD, CCSD(T).

3. IlomyuuTh BBIp@XEHHS [UI MAaTPUYHBIX SJIEMEHTOB SJIEKTPOHHOIO TraMWMJIBTOHMAaHa B 0asuce
nerepmuHaHToB Creirepa, UCToNb3ys GopMain3M BTOPUYHOTO KBAHTOBAHUS.

4. Tlomy4uTh BBIpAXKEHUS I MaTPUYHBIX SJIEMEHTOB SJIEKTPOHHOIO TaMHJIBTOHHMAaHAa B Oasuce
netrepMmuHanToB Crelitepa, UCIONb3ys TEXHUKY nuarpamm [ 'yrenronbia-bpangosa.

5. Ilomyuuth BbIpaXkeHHE IJI1 IONPABKU K DHEPIMU B TPETbEM IOPSAKE TEOPUM BO3MYILEHMI
(MozenbpHOE MPOCTPAHCTBO MOJIATaTh OTHOMEPHBIM).

6. [TomyuuTs BBIpaskeHHE IS TONPABKH K 3PPEKTUBHOMY TaMUJIIBTOHUAHY B TPETHEM MOPAIKE TEOPUU
BO3MYLIEHUH (MOZIEIBbHOE IPOCTPAHCTBO [10JIaraTh MHOTOMEPHBIM).

7. C UCTIoNb30BaHUEM JUArpaMMHOM TEXHHUKH MOJIYYUTh BeIpaxkeHue it suepruu B metoge CCSD.

8. C uCcnonp30BaHUEM JUArpaMMHOM TEXHUKU TMONYYHTHh aMIUIUTyAHbIe ypaBHeHHs meTtoma CCSD.
OueHNnTh aCUMIITOTHYECKYIO BEIYUCIUTENBHYIO CIIOKHOCTh METO/A.

9. C ucnonp30BaHUEM AUArPaMMHON TEXHUKU MONYyYUTH paboure GOpMyIIbl Ul OMPABKU K 3HEPTUU
B MeTogax MP3 u MP4. OnieHUTh aCUMIITOTUYECKYIO BEIYMCIUTENBHYIO CI0KHOCTh METO/Ia.

10. Ilomyuuntes npubMKEHHY0O (QopMyly Uit OLEHKM CpEeJHEro 3Ha4eHUs oreparopa
ofiHOANEeKTpoHHOTO cBoiicTBa B MeTogax CCD u CCSD (¢ TOYHOCTBIO JI0 YICHOB BTOPOTO MOPSIKA 110
KJIACTEPHOMY OIIEPaTOpYy).

[Ipumepsl OuIETOB:

burer 1.

1. Paccuutarh CHEKTPOCKONHMYECKHE TIOCTOSHHBIE OCHOBHOIO M HECKOJBKMX HHU3KOJEKAIINX
BO30YKJICHHBIX COCTOSIHUE JByxaromHoi mojekynbl MetogamMu CASSCF m MR-CI; mis ocHOBHOTO
COCTOSIHUSI CPaBHUTH PE3YJbTaThl C METOJAaMH IUIsl OAHOMEPHOIO MOAEIBHOro mpoctpaHcTta: MP2,
CISD, CCSD, CCSD(T).

2. [lomy4nTh BBIpaXKEHHE VIS MOMPABKU K 3((PEKTHBHOMY I'AMIJIBTOHHAHY B TPETHEM MOPSIIKE TEOPUH
BO3MYLICHUH (MOZIEIBHOE MPOCTPAHCTBO MOJIAraTh MHOTOMEPHBIM).

buier 2.

1. TlomyuuTh BBIp@XEHUS IJIi MATPUYHBIX 3JIEMEHTOB JJIEKTPOHHOIO TaMHJIBTOHHMAaHAa B Oasuce
netrepMmuHanToB Crelitepa, UCIONb3ys TEXHUKY nuarpamm [ 'yrenronsia-bpangosa.

2. TlomyuuTh BBIpa)KCHHME [UId IIONPABKU K DHEPrMM B TPETbEM IOPSIKE TEOPUU BO3MYILEHUI
(MozenbpHOE MPOCTPAHCTBO MOJIATaTh OTHOMEPHBIM).

Kputepun oniennBanus



Onenka ommuuHo 10 OamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHBIC, DIIyOOKHE 3HAHUS YYEOHOW MPOrpaMMbl JUCIHMIUIMHBI, MPOSBISIOMEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
NPUMEHSATh X Ha IPAKTHKE TPH PEIICHUU KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBHIbHOE 000CHOBAHUE
HNPUHATHIX PELICHAMN.

Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCHUILUIMHBI U YMEHHE YBEPEHHO
IPUMEHATH UX Ha MPAKTHUKE MPH PEIICHNU KOHKPETHBIX 3aj]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.

Onenka ommMyHO 8§ OaysioB - BBICTaBISIETCSl CTYACHTY, IIOKa3aBLUIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.

Onenka xopomio 7 0aioB - BEICTABISIETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPpaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATHh IOJy4YEHHbIC 3HAHUS HA INPAKTUKE, HO HEIO0CTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.

Ouenka xopoio 6 6ajIoB - BBICTABISAETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh [IOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOpbIe HETOYHOCTH.

Onenka xopomio 5 0ajioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAaHHUs HAa MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.

OreHka yHOBIETBOPUTEIHHO 4 Oayuia - BBICTABISCTCS CTYACHTY, MOKa3zaBIIeMY (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHI,
HapyILIEHUs JIOTHYECKON MOCIe0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIEero oOydeHus, u
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OreHka yHIOBICTBOPUTENBHO 3 Oaia - BBICTABISCTCS CTYACHTY, MOKa3aBIIeMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynrpoBKax 0a30BbIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYAOM MIPUMEHSET MMOJYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHTYAIIHH.

OneHka HeyIOBJIETBOPUTENIBHO 2 Oauia - BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJIbLICH 4acTH
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JOIyCKaeT TrpyOble OmHOKH B
(OpMyITHpPOBKaX OCHOBHBIX IMPHUHIIMIIOB i HE YMEET MCIOIb30BaTh NOIYYCHHbBIC 3HAHUS TP PEIICHUN
THUIIOBBIX 33/a4.

OueHka HEYIOBIETBOPUTENbHO 1 Oajnm - BBICTABISAETCS CTYIEHTY, KOTOPHI HE 3HAeT OCHOBHOTO
coziepKaHusi yu4eOHOW MPOrpaMMBbl TUCHUILTUHEL, JTOMyCKaeT rpyOeiinire ommoku B (GOPMYIHPOBKAX
0a30BBIX TMOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNIne MPoueIypPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH

OK3aMeH MpOBOOUTCS B YyCTHOW Qopme mo Owieram. B kaxxgom OwiieTe npencTaBieHO [Ba
TeopeTuueckux Bompoca. [Ipu nposeaenun sx3ameHa oOydaromemycs npegocrasisercd 40 MUHYT Ha
noaroroBky. Onpoc o0ydaromerocs: He JOJKEeH MPEBbIIaTh OIHOTO ACTPOHOMHYECKOTO Yaca.



