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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(UrypanuoHHeiMu. OOyuaromuecss HaydaTrcs CaMOCTOSITENBHO MOJIydaTh pabodne
YpaBHEHHUSI OCHOBHBIX COBPEMEHHBIX METOJOB KBAHTOBOW XMMHH, OIICHUBATH BBIYHCIHUTEIHLHYIO CIOKHOCTb
peanu3yIomuX UX aJrOPUTMOB, IOHMMAaTh BO3MOXXHOCTH M I'PAaHMIBI IPUMEHUMOCTH 00CYXJaeMbIX B Kypce
MozIeJel AIIEKTPOHHOU CTPYKTYpBI, a TaKKe NPaBHIBHO HHTEPIPETHPOBATH PE3YJBTAaThl PAacCueToOB C HX
MIPUMEHEHHUEM.

B pesynbrare ocBoeHMsi Kypca OOydaromIuecs OBJAICIOT PA3IUYHBIMH METONAMH pacdeTa 3JIeKTPOHHBIX
BOJIHOBBIX (DYHKIIMH MOJIEKYJ B OCHOBHOM M BO30Y>KICHHBIX 3JIE€KTPOHHBIX COCTOSHHSX, Oa3UPYIOIMMHUCS Ha
NPE/ICTaBICHUN B BHIE pa3IOKeHUs 1O Oaszucy jaerepmuHaHToB Creitepa, O3HAKOMATCS € O00JIACTBIO
MPUMEHUMOCTH Ka)JIOTO METO/a, MOJy4aT HaBbIKH paboThl ¢ GopmanuzMamu d(P(HEKTUBHBIX OMEpaTopoB,
BTOPUYHOTO KBAHTOBAaHMS M JMArpPaMMHOM TEXHHKOW /ISl BhIBOJA Pa0OYMX YpaBHEHHH METOIOB TEOPHUHU
MHOT'02JIEKTPOHHBIX CHCTEM.

1. lean u 3apa4n

Henp AucoMnInHBI

ITo pesympratam Kypca oOydwaromigecs IODKHBI YMETh IOJydaTh pabouyre YpaBHEHHMS OCHOBHBIX
COBPEMEHHBIX METOJIOB KBAHTOBOM XHMHH, OLICHUBATH BBIUHCIUTEIBHYIO CII0KHOCTh PEAIN3YIOIIUX UX
QJITOPUTMOB, MOHUMATh BO3MOKHOCTH M TPAHHUIBI MPUMEHUMOCTH OOCY)XJaeMBIX B Kypce Mojelneit
UIEKTPOHHOW CTPYKTYpPBI, a TaKXe IPaBWJIBHO HMHTEPIPETHPOBATh pE3YABTAThl pPacyeToB € HUX
npuMeHeHneM. Taxoke oOydaromuecs AOJKHBI yMETh CaMOCTOSITEIbHO NMPOBOAUTH HEIMITMPUUECKOE
MOJEJINPOBAHUE CTPYKTYpbl MOJIEKYJI B 3JIGKTPOHHBIX COCTOSIHHUSX, BOJHOBBIE ()YHKLIHH KOTOPBIX
SBJISIIOTCS.  CYLIECTBEHHO MHOTOKOH(MI'YPAaIlMOHHBIMH, C MCIIOJIb30BAaHUEM COBPEMEHHOIO IaKeTa
KBaHTOBOXMMHUYECKHX mporpamm Orca.

3agaum AUCUMIIUHBI
- O3HaKoMIIeHHE O0YYarOIUXCS C PA3IMYHBIME METOAAMH PacdeTa 3JIEKTPOHHBIX BOJHOBBIX (DYHKIUI
MOJIEKYI B OCHOBHOM U BO30YXACHHBIX OJEKTPOHHBIX COCTOSHHSX, Oa3UpYOIIUMHCS Ha
IPEe/ICTaBICHUH B BUJE Pa3IoKeHHs 1o Oa3zucy nerepMmuHanToB Crelitepa.

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

- BeipaboTka HaBbIKOB paboTel ¢ (popManmu3maMu  3(GQGEKTUBHBIX ONEPaTOPOB, BTOPHUYHOIO
KBAaHTOBAHUS W JWArpaMMHOIl TEXHMKOW JUIsi BbIBOJA paOOYMX YpaBHEHHH METOAOB TEOPHHU
MHOTOJJIEKTPOHHBIX CUCTEM.

2. Ilepeyens opMupyeMbIX KOMIIETEH M

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

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-1 Cnocoben ocymectBisaTh kputnueckud | YK-1.1 Ananuzupyer npoOneMHyI0 CUTYaIuIo Kak CUCTEMY,
aHaJM3 MPOOIEMHBIX CUTYyalluii Ha OCHOBE BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU
CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh
CTpaTeruro AeUCTBUI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM unciie pazpadareBath 1 |[IK-1.2  CnocoGeH  BBLABHTAaTH — THUIOTE3BI, CTPOHTH
HCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MaTeMaTHYeCKHe MOAEIM JJIS ONHMCAaHUs H3y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJIICHUI M MPOIECCOB, OIICHUBATH KAY€CTBO pa3padOTaHHON
aHAJIM3MPOBATh HAy4YHbIEC MPOOJIEMBI, IOJIyYaTh |MOIENIN

HOBBIC HAayIHBIC PC3YJIbTAThI I1K-1.3 CrnocobeH mnpuMeHSTb TEOpeTHUeCKue H (WIIH)
OKCIIEPUMEHTAIbHBIE METObI MCCICIOBAHNN K KOHKPETHOM
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pe3yabTaThl

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCHIOIB3YEMOIO
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 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 pabouue ypaBHEHUS BCEX BBILICYITOMSHYTBIX METOJIOB pacyeTa 3JIeKTPOHHOH CTPYKTYpHI;

- HaXxOIWUTbh TEOPETUYECKH HIIU IIyTEM TECTOB ONTHUMAJbHBIEC ITApaMETPhl MOJAECIUPOBAHMS, ONPEAEIIATh
Pa3MEPHOCTH ONTUMAJIBHBIX JJIs1 KOHKPETHON 3aJjadi aKTUBHBIX IIPOCTPAHCTB B CIIy4ae UCIIOJIb30BaHUs
METOJI0B, OPHEHTHPOBAHHBIX HA MHOTOMEPHBIE MOJIETIbHBIE TPOCTPAHCTBA;

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

BJIAJIETh:

- IPAaKTUYECKMMHU HaBBIKAMH HCIIOJIb30BaHUS (pOpMann3Ma BTOPUYHOTO KBAHTOBAHUS U TUArpaMMHOI
TEXHUKH JJI51 TIOIY4EHUs! pabOurX YpaBHEHUH BCEX YIOMSHYTHIX BBIIIE METO/OB;

- NPAKTUYECKUMH HABBIKAMH pacdera 3JIEKTPOHHBIX COCTOSHMN MOJIEKyNl (B T.4. BO30YXIEHHBIX) B
IMPOKOM JHAara3oHe MapaMeTpoB SAEPHON reOMETpHH;

- TEOPETUYECKHUM aIIapaToM, MO3BOJISIOIMM MIPU HEOOXOAMMOCTH BHOCUTh KOPPEKTUBBI B H3yUEHHbIC
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 METOIBI y4€Ta DJIEKTPOHHOM
1 KOppENAINU TUTST OJTHOMEPHOTO 8 8 12
MOZIEIBHOTO IPOCTPAHCTBA
) MHOTrOKOH(UTYpallMOHHBIE 6 6 9
BapUaIlMOHHBIE METOIbI
3 dopmanu3M BTOPUYHOTO KBAaHTOBAHUS U 3 3 12
JMarpaMMHasi TEXHHKA
4 dopmanu3m 3G EKTUBHBIX OTIEPATOPOB 4 4 6
5 MerToz cBsI3aHHBIX KJIaCTEPOB 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 MeTOABl Yyu€Ta OJJIEKTPOHHOW KOPPENSIMH [JII OJHOMEPHOTO MOJEIHHOTO
NPOCTPAHCTBA

'aMunbTOHMaH MHOTORJIEKTPOHHON CUCTeMBbI. JiekTpoHHoe ypaBHenue lllpeaunrepa. OcHOBHBIC
MOJXOABI K PELIEHHIO 3IeKTPOHHOTo ypaBHeHus: lllpenunrepa. BapuanuoHHbI IpUHLIUI U TEOpUs
Bogmyuiennid. Jlerepmunantel Ciefitepa. IlpaBmna Creiitepa Ui BBIYMCICHUS MaTPUYHBIX
anemenToB. Metong Xaptpu-®Poka, €ro IOCTOMHCTBA M HemocTarku. OgHOMEpHOE MOJENbHOE
MPOCTPAHCTBO. DIEKTPOHHAS KOPPEIISALIHUSI.

MHoroyactuuHass Teopus Bo3MmylleHHd Memepa-1lnecce mus  OZHOMEPHOIO  MOZEIBHOTO
mpocTpancTBa. BbIOOp HEBO3MYLIEHHOTO raMHJIBTOHMAaHAa M (QopMyia JUisl MONPAaBKU K SHEPTHH
BToporo nopsijka (Meton MP2). [IpeobpazoBanre MONEKYISIPHBIX UHTErPANIOB OT 0a3uca aTOMHBIX
opburazneil Kk 06a3ucy MOJEKYJISPHBIX CIHMH-opOuTaneil. CHUH-OrpaHWYeHHasi Bepcus Metona MP2.
Ob6nacte mpuMenuMoctd Meroga MP2, moctomnctBa u HenoctaTku. [lompaBku kK dHepruu Oonee
BBICOKHX MOpsAaKoB (MeToasl MP3 u MP4).

Meton KOHGUTypaMOHHOTO B3aWMOACHUCTBUSL JJSl OJHOMEPHOTO MOJEIBHOTO MPOCTPAHCTBA.
Moguenu DCI u CISD. O6nacte npuMEHUMOCTH MeToja. ANroput™ J[9BHUJICOHA JUIs TUArOHATIM3AIH
Oonpmmnx Marpui. PazmepHasi cormacoBaHHOCTb. MopeibHas 3ajgada Mpo IHEPTUI0 KOPPESIIMUA U
JUCCOLIMALIMI0 TIapbl MoJekyd Bopopoaa B momenu DCI. IlompaBka JPBHacoHa Il YaCTHYHOTO
BOCCTAHOBJICHHUS pa3MEPHOM COIIaCOBAaHHOCTH.

[IpuMeHeHne KBAaHTOBOXHMHUYECKOTO nakeTa Orca A pacuera NOTEHIMAIbHBIX KPUBBIX HEOOIBIINX
monekyn metonamu MP2 u CISD. /lemoHcTpanust 001acTv MPUMEHUMOCTH 3THX METOJIOB.

2. MHOTOKOH(UTYpallMOHHBIE BAPUAIIIOHHBIE METOIBI

MHorokoH(pUTypanmoHHbiii MeTof] camocorinacoBanHoro noisi (MCSCF). AKTHBHOE TPOCTPaHCTBO
opburaneii. Bepcust merona ans noinoro aktuBHoro npocrpanctsa (CASSCF). Paboune ypaBHeHUs
MeToJa, MOAXOAbl K ONTHMHU3AIMU opOuTaneil u ko3()(HUIMEHTOB AECTEPMUHAHTHOTO DPa3IOKEHHS
MHOTOJIEKTPOHHOW BONHOBOW ¢yHkumu. O6nacte mnpumenumoctu wMetona CASSCEF, ero
noctouHcTBa U HepocTtarku. Ilonstue o meroge RASSCEF.

MHoromepHble MOJENIbHBIE MPOCTPAHCTBA. MeTon KOH(QUIypalMOHHOTO B3aUMOICHCTBUS IS
MHOTOMEPHBIX MoAenbHbIX TpocTpaHcTB (MR-CI). Pacuér Bo30yXIEHHBIX COCTOSHUM MOJIEKYT U UX
cBoiictB MetonoM MR-CI. OueHka BpeMEH >XWU3HU BO30YXKICHHBIX COCTOSHHM W JUTIOJIHHBIC
MOMEHTHI 3JIEKTPOHHBIX TiepexonoB. [Ipobmembr metona 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 BTOPUUHOTO KBAHTOBAHUS U AMAarpaMMHasi TEXHUKA

dopManu3sM  BTOPUYHOIO  KBaHTOBaHMs. Omneparopbl pOXIEHUS M YHUUYTOXKEHUS, HX
KOMMYTallMOHHBIE COOTHOLIEHM. HopManbHOE ynopsgodeHre U CBEPTKA ONEPAaTOPOB BTOPUYHOTO
kBaHToBaHus. Teopema Buxa. KBaHTOBOMEXaHHMYECKHE ONEPATOPbl B IPEACTABICHUU BTOPUYHOIO
KBaHTOBaHUSI.

Ousnyeckuil BakyyMm. llepeHopmupoBka. KBasuuacTuiel M Omeparopbl HX POXKACHUS W
YHUUTOXKEHUS. TexHuka nuarpamm lonjacroyHa A MpencTaBICHUS BTOPUYHO-KBAaHTOBAHHBIX
orneparopos. JluarpaMMHOE IpeACTaBICHNE TaMUIBTOHUAHA.

Teopema Brka 1 HOpMaJIbHO-YTIOPSIIOUEHHOE NTPOU3BEACHHE KBAHTOBOMEXAHUUYECKHUX ONEPaTopoB B
[IPECTABJICHUH BTOPUYHOIO KBaHTOBaHMs. Vcrionb30BaHue quarpaMMHON TEXHUKY JUJIsl BBIYUCIICHUS
CBepTOK onepartopos. luarpammel I'yrenronsua-bpannosa, mpaBuiia nX HHTEPIPETALNN.



BriBon BeIpaXkeHHI JUIsI MAaTPUYHBIX 3J€MEHTOB MHOTO3JIEKTPOHHOTO TaMHIJIBTOHHAHA C MTOMOIIIBIO
BTOPUYHOTO KBAHTOBAHUS U AMArpaMMHON TEXHHUKHU. BBIBOJ BRIpAKESHHIA JIJISI MATPUIHBIX DJIEMEHTOB
OJTHOYACTHUYHOW MATPHIBl TUIOTHOCTH B METOJe KOH(PHUTYypalMOHHOTO B3aUMOJCWUCTBUSI C
MIPUMEHEHUEM TAarpaMMHOUN TEXHUKHU.

4. ®opmanu3m 3h(HEeKTUBHBIX ONIEPaTOPOB

dopManu3M KBaHTOBOMEXaHHYECKUX 3PQPEKTUBHBIX OIepaTopoB. MoaensHoe NpPOCTPAHCTBO,
MPOEKTOp Ha MOJENBHOE MPOCTPaHCTBO. BosHOBBIE omeparopbl. DQQEeKTUBHBII T'aMHIBTOHUAH.
OddexruBHpie ramuiasToHnanbl biaoxa u ge Knyaszo. YpaBaenue bioxa. D¢ dextuBHbe oneparops
CBOMCTB.

dopmManbHas TEOpHsl BO3MYIIEHHHA Uil SPQPEKTHBHBIX oOreparopoB. BriOop HEBO3MYIIEHHOTO
raMwiIbTOHHaHa. YpaBHeHue JIuHarpeHa. YacTHbeIM ciy4al  OZHOMEPHOIO  MOJEIBHOTO
npocTpaHcTBa. JluarpaMMHOE  IPENCTABICHHE PsANOB  TEOpUM  BO3MylleHui. Pasmepnas
COITIACOBAaHHOCTH SHEPTHI B TCOPUH BO3MYLICHUH.

5. Meron cBsI3aHHBIX KJIACTEPOB

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

BeiBoz pabounx ypaBHEHHI MeToJa CBA3aHHBIX KJIacTepoB U GOpMyIbl i s3Hepruu B Moaenn CCD.
BoruncnurenbHas CIOXHOCTh METOZA CBSI3aHHBIX KilacTepoB. Dopmyna Ajsl SHEPTUH KOPPEISIUH B
monenn CCSD, obmas ctpykrypa pabounx ypaBaenuit meroma CCSD. [leprypOaruBHas OleHKa
BKJIAZIOB aMIUTUTYH TpeXKpaTHbIX Bo30yxaeHud B pamkax monenu CCSD(T). doctomHcTtBa u
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. HoBaxkoBckas, 10. B. Monekynspabie cucTembl. Teoprs CTPOCHUS U B3aMMOACHCTBHUSI C U3ITy9ICHUCM.
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)

CTyneHT, W3ydYaroNmMid JUCIUILUINHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJETh OOIIUM IOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pe3YIbTAaTC U3YyUYCHUA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATH OCHOBHBIC OIPCACICHUSA AUCHUIIINHBI,
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 y4eOHOro MaTepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOATENBHOTO U3yUEHUS;

— peUICHUC 3a1a4, npcajraraCMbiX CTyACHTAM Ha 3aHATUAX,
— INOATOTOBKY K BBIITIOJIHCHUIO 3a,[[aHPII7[ TeKyu[efI n HpOMe)KyTO‘lHOﬁ aTTCCTalum.

[loka3zarenem BiajgeHHs MaTepHajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TEMaM
JUCLIAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHHS OTICIBHBIX TEM, BOINPOCOB, ClexyeT oOpamarbcs 3a KOHCYIBTALMSMU K
MIpenoAaBaTesio.

Bo3MoxxeH mpOMEKYyTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 33a/1a4 B COOTBETCTBUU C
TEeMAaTHUKOU 3aHATHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

Du3zTex-KIIacTep aKaJeMUIeCcKOi U HayuyHO! Kapbepsl (Boruncnurensuas husnka
KOH/ICHCUPOBAaHHOTO COCTOSIHUS M )KUBBIX CUCTEM)

Kypc: 1
KBaJIMpUKALUS: 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 AUCHUIIIINHBI «MGTO,I[BI TCOPpUHU MHOTIOYaCTUYHBIX CUCTCM JJIA pacqéTa BHGKTpOHHOﬁ

CTPYKTYPbD» 00y4aromuiics J0KeH:

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 paboune ypaBHEHHUS BCEX BBILICYITOMSHYTBIX METOJIOB pacyeTa 3JIeKTPOHHOHN CTPYKTYpHI;

- HaXxOIWUTh TEOPETUYECKH HIIU IIyTEM TECTOB ONTHUMAJbHBIEC ITApaMETPhl MOJAECIHPOBAHMS, ONPEAEIIATh
Pa3MEpHOCTH ONTUMAJIBHBIX JJIs1 KOHKPETHON 3a/jadl aKTUBHBIX IIPOCTPAHCTB B CIIy4ae UCIIOJIb30BaHUs
METOJI0B, OPHEHTHPOBAHHBIX HA MHOTOMEPHBIE MOJIETIbHBIE TPOCTPAHCTBA;

- IPaBUJIbHO UHTEPIPETUPOBATh PE3YIbTAThl PACYETOB U HAXOAUTh UCKOMbIE CBOMCTBA MOAEIUPYEMOM

MOJIEKYJSPHOI CUCTEMBI.
BJaJeTh:




- IPAKTUYECKUMH HABBIKAMU HCIIONB30BaHUA (opMaiu3Ma BTOPUYHOTO KBAHTOBAaHMSA M JUArpaMMHOM
TEXHUKH IS TOJTydeHUs! pabo4uMX ypaBHEHHUH BCEX YIOMSHYTBIX BBIIIE METOOB;

- MPaKTUYECKUMHU HABBIKAMU PacyeTa JIEKTPOHHBIX COCTOSHHUM MOJIEKYJ (B T.4. BO30OY)KICHHBIX) B
LIMPOKOM JHAIla30HE IapaMeTPOB sIEPHOI reoMeTpuy;

- TEOPETUUECKHUM ariapaToM, HO3BOJISIOIUM IPU HEOOXOAMMOCTH BHOCHTh KOPPEKTHUBHI B U3yUYCHHBIC
METO/IbI 1101 KOHKPETHYIO 3a/1a4y.

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

C 1menpl0 KOHTPOJISL OCBOEHHS OOy4aroIMMHUCS Y4eOHOro Marepuaina MpOBOAWUTCS YCTHBIM ONpOC 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
BO30YKJICHHBIX COCTOSIHUE nByxaroMHoi Monekynbl Metogamu CASSCF u MR-CI; mist ocHOBHOTO
COCTOSIHUSI CPAaBHUTBH PE3YJBTaThl ¢ METONAMH JJisi OAHOMEPHOIO MOZAEIBHOro mpocTpaHcTBa: MP2,
CISD, CCSD, CCSD(T).

3. IlomyuuTh BBIpaXKEHHS Ul MAaTPUYHBIX JJIEMEHTOB JJICKTPOHHOTO TaMHJIbTOHHAaHAa B Oasuce
nerepmuHaHToB Creirepa, UCToNb3ys GopMain3M BTOPUYHOTO KBAHTOBAHUS.

4. TlomyuuTh BBIpAXKEHUS JUIA MAaTPUYHBIX 3JEMEHTOB 3JIEKTPOHHOIO TraMHJIBTOHMAaHa B 0Oasuce
netrepMmuHanToB Crelitepa, UCIONb3ys TEXHUKY nuarpamm [ 'yrenronbia-bpangosa.

5. Ilomyuuts BbIpakeHHE Ui IONPABKU K DSHEPrMM B TPETbEM IOPSAIKE TEOPUU BO3IMYILIECHUMN
(MozenbpHOE MPOCTPAHCTBO MOJIATaTh OTHOMEPHBIM).

6. [omyuuTs BBIpaskeHHE JUIsI IIONPABKH K A3PPEKTUBHOMY FaMHUIIBTOHUAHY B TPETHEM MOPSIKE TEOPHH
BO3MYLIEHUH (MOZIEIBbHOE IPOCTPAHCTBO [10JIaraTh MHOTOMEPHBIM).

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

8. C ucnonp30BaHUEM IUATPAaMMHON TEXHUKU IMONYYUTh aMIUIMTyAHbIe ypaBHeHHs meTtoma CCSD.
OueHNnTh aCUMIITOTHYECKYIO BEIYUCIUTENBHYIO CIIOKHOCTh METO/A.

9. C ncnonbp30BaHUEM JUArpaMMHON TEXHUKH MOIYYHUTh padoure GopMysbl UIsl OMPABKU K YHEPTUU
B MeTogax MP3 u MP4. OnieHUTh aCUMIITOTUYECKYIO BEIYMCIUTENBHYIO CI0KHOCTh METO/Ia.

10. Tlomyuntes nOpHOMMKEHHYIO (QOpPMYydy Ui OLEHKM CpPEIHEro 3HAYeHHWs omeparopa
oHO3JIeKTpoHHOTO cBo¥icTBa B MeTonax CCD u CCSD (¢ TOYHOCTBIO 10 WIEHOB BTOPOTO MOPAIKA IO
KJIACTEPHOMY OIIEPaTOpYy).

[Ipumep sx3aMeHaIMOHHOTO Onera:

1. Paccuutarh CHEKTPOCKOIHMYECKHE TIOCTOSHHBIE OCHOBHOIO M HECKOJBKMX HHU3KOJEKAIINX
BO30YXKJCHHBIX COCTOsSIHUE nByxaroMHoi Monekyinbl metogamu CASSCF u MR-CI; mist ocHOBHOTO
COCTOSIHUSI CPAaBHUTBH PE3YJBTaThl ¢ METONAMH JJisi OAHOMEPHOIO MOZAEIBHOro mpocTpaHcTBa: MP2,
CISD, CCSD, CCSD(T).

2. [lomyunTh BBIpaXKEHHUE JUIS MONPABKU K 3()(EKTUBHOMY raMUIBTOHHAHY B TPETHEM MOPSAAKE TEOPUU
BO3MYLICHUH (MOZIEIBHOE MPOCTPAHCTBO MOJIAraTh MHOTOMEPHBIM).

Kpurepun oneHuBaHus

Onenka ommuHo 10 OGamnoB - BBICTABIISIETCSL  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCLUIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JTaHHOW NPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKH
MPUMEHATh UX Ha NPAaKTHKE MPU PEIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELIECHU.

Onenka omM4YHO 9 Oa/uioB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE NMPH PElICHUH KOHKPETHBIX 3a7a4, CBOOOJHOE U PaBUIbHOE 0OOCHOBaHHE
HNPUHATHIX PELICHAMN.



Ouenka ommyHO 8§ 0OamioB - BBICTABIISICTCS  CTYACHTY, II0Ka3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TTyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCHHUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHSTh MX Ha MPAKTHKE IPH PELICHHH KOHKPETHBIX 3aj]ad4, IPaBUIbHOE 000CHOBAaHHE TPHHSTHIX
pelIeHn i, ¢ HEKOTOPBIMU HE0UeTaMHu.

Ouenka xopomuo 7 6ajuioB - BHICTABISETCS CTYJCHTY, €CJIM OH TBEPAO 3HAET Marepuaj, IPaMOTHO H IO
CYIIECTBY H3JIaraeT €ro, ymMeeT NPUMEHSATh IOJYYCHHBbIC 3HAHUS Ha TPAKTHKE, HO HEIOCTATOYHO
IpaMOTHO 00OCHOBBIBAET MOJTYYCHHBIE PE3YJIbTATHI.

OueHka Xopoio 6 0ajioB - BBICTABISETCS CTYIACHTY, €CIIM OH TBEPIO 3HAET MaTepHa, IPaMOTHO H I10
CYLIECTBY M3JIaraeT e€ro, yMeeT MPUMEHSTD MOJTyUYCHHBIC 3HAHUS Ha MPAKTHKE, HO JIOMYCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

OueHka XopoIo 5 6ajuIoB - BBICTABISCTCS CTY/ACHTY, €CIIH OH B OCHOBHOM 3HAaeT MaTepuall, paMOTHO
W TI0 CYIIECTBY M3JIaraeT €ro, yMeeT IMPUMEHSTH IOJyYCHHBIC 3HAHMS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIM B PEILICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOJTHYECTBO HETOYHOCTEH.

OueHka yIOBICTBOPHTENbHO 4 Oamga - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIeMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHJIbHBIC (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapYILECHUS JIOTUUECKON MOCIIECA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOTO MaTepHala, HO MPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeiibl y4eOHOW MPOTrpaMMBbl, HEOOXOAMMBIC [UIs NalbHEWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIC 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka yIOBICTBOPHTENBHO 3 Oajula - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIeMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYyCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX O0a30BBIX MOHSATHH,
HApYILCHUS JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM NPOrPAMMHOIO Marepuaina, ciiabo
BJIaJICET OCHOBHBIMU pa3jeliaMy yueOHOW MpOorpaMMbl, HEOOXOMUMBIMHE JUIS JaJIbHEHUIIEro 00yUeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbIIEeH YacTH
OCHOBHOTO COJCpKaHUsl y4eOHOH MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMYIHPOBKaX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS ITPU PEIICHUN
THUIIOBBIX 33]1a4.

OreHka HEYIOBIETBOPUTEIBHO 1 0ayl - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYECCKHX
3aj1au.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

OK3aMeH MpOBOIUTCS B ycTHOW Qopme mo Owuseram. B kaxjgom OuiieTe mNpencTaBICHO JBa
TeopeTuuecKux Bompoca. [Ipu nmpoBeneHnn sK3amMeHa odydaromemycs npenocrasisercs 40 MUHYT Ha
noarotoBky. Onpoc 00y4arommerocsi He JOJKEH MPEBBIIIATh OJHOTO aCTPOHOMHYECKOI0 Jaca.



