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AHHOTANMA

Kypc mo3Bosisier HayduThCs CaMOCTOSTENLHO MPOBOAWTH HEIMIMPUYECKOE MOJEIMPOBAHUE CTPYKTYPHI
MOJIGKYJl B DJIGKTPOHHBIX COCTOSHUSX, BOJHOBBIE (DYHKIIMM KOTOPBHIX SBISIFOTCS  CYIIECTBEHHO
MHOTOKOH(QUTYPAIlMOHHBIMK, a TaKKe CaMOCTOATENBHO TMOJIydaTh pabouue YpaBHEHHS OCHOBHBIX
COBPEMEHHBIX METOJOB KBAaHTOBOM XHMHH, OLICHUBATh BBIYUCIUTEIBHYIO CIOKHOCTh PEaU3YIOMIUX UX
QITOPUTMOB, TIOHUMATh BO3MOXHOCTH W TPaHUIBI MPUMEHUMOCTH OOCYXJTaeMbIX B Kypce Mojemen
AIEKTPOHHOU CTPYKTYPHI, a TAK:KE MPABUIILHO UHTEPIPETUPOBATH PE3YIBTAThl PACUETOB C UX IPUMEHEHUEM.
B pesynbrare ocBoeHusi Kypca oOydarolmuecs OBIQICIOT PAa3IMYHBIMH METOJAMH pacueTa 3JIEKTPOHHBIX
BOJIHOBBIX (DYHKIIMI MOJIEKYJI B OCHOBHOM M BO30YKJIEHHBIX JIEKTPOHHBIX COCTOSHUSX, 0a3UPYIOIMUMUCS Ha
MPEJCTaBICHNH B BHJIE pa3lioKEeHUs Mo Oasucy JerepMmuHaHToB Creiftepa, 03HAKOMATCS € 001acThIO
MPUMEHUMOCTH KaXKJIOTO METOJa, MOJydaT HaBBIKKM PaboThl ¢ (hopmanmuzMaMu 3((HEKTHBHBIX OIEPaTopoB,
BTOPUYHOTO KBAaHTOBAHMS W JUArpaMMHOW TEXHUKOH JUIS BHIBOJA pa0OYMX ypaBHEHHHA METONIOB TEOPHH
MHOTO3JIEKTPOHHBIX CUCTEM.

1. leau u 3apauu

eap AUCUMNIMHBI

- TI0 pe3yJbTaTaM Kypca oOydaronuecs JOMKHBI YMETh CaMOCTOSTENHLHO TPOBOANUTH HEAMITHPHUIECKOE
MOJICTTUPOBAHUE CTPYKTYPHl MOJEKYJIT B 3JEKTPOHHBIX COCTOSHHSX, BOJHOBBIC (YHKIIMM KOTOPBIX
SIBIISIFOTCSL  CYIIIECTBEHHO MHOTOKOHQUTryparroHHsIMU. OOydvaromuecss JODKHBI YMEThb IONydYarh
pabourie ypaBHEHHS OCHOBHBIX COBPEMEHHBIX METOJOB KBAHTOBOW XUMHUH, OIICHUBAThH
BBIYHCIUTENBHYIO CIOKHOCTh PEATH3YIOIMIUX WX aJITOPUTMOB, TOHMMAaTh BO3MOXKHOCTH U TPaHUIIBI
MIPUMEHUMOCTH OO0CYXIaeMbIX B Kypce MOCNeHd DICKTPOHHOW CTPYKTYphI, a TakKe NpPaBIILHO
WHTEPIPETUPOBATH PE3YNIBTATHl PACYETOB C UX TPUMEHEHHUEM.

3agaum AU COMIIHHBI
- O3HaKOMJICHHE 00yYaromKXCcs C pa3jIMYyHbIMU METOJAMH PacdyeTa 3JICKTPOHHBIX BOJHOBBIX (DYHKLUI
MOJEKyd B OCHOBHOM M BO30Y)KICHHBIX OJIEKTPOHHBIX COCTOSIHUSX, Oa3upymONIMMHUCS Ha
MPEICTABICHUN B BUAE Pa3lIOKeHHs MO Oa3ucy aerepMuHaHToB Cielitepa. BripaboTka moHumMaHus
MPEUMYILECTB, HEJOCTATKOB U 00IaCTH NPUMEHUMOCTH KaXX10T0 MeTo/1a. BbipaboTka HaBBIKOB PabOTHI
¢ ¢opmanuzmamu 3PPEKTUBHBIX OINEPATOPOB, BTOPUYHOTO KBAaHTOBAHUS M JUArPAMMHOM TEXHUKON
IS BBIBOZIA paObOUYMX YPaBHEHUH METOI0B TEOPUU MHOTOICKTPOHHBIX CHCTEM.

2. llepedyens popmMupyemMbIX KOMIETEeHUHH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HaumMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

YK-1 Cnocoben ocymiectBnsaTh kputhuueckuid | YK-1.1 Ananusupyet npoOIeMHYI0 CUTYAIHIO KaK CHCTEMY,
aHaJu3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh
CTpaTeruro AeucTBui

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh U 0000IIATH
nHpOpMaINIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHI B
paMKax TeMaTHYeCKOW 00NacTH cBoell mpodeccrnoHambHON

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

pelarh 3aja4u, B ToM uncie pa3padareiBath 1 [[IK-1.2  CriocoOeH  BBIABUTATH  THIOTE3bI, CTPOUTH
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH MareMaTH4ecKue MOACTH JUI ONHCAHUS H3y4YaeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHHH U MPOLIECCOB, OLIEHUBATh Ka4eCTBO pa3pabOTaHHOM
aHaJIM3UPOBATh HAy4YHbIE TPOOIEMBI, [TOy4YaTh |MOJEIN

HOBBIC HAYTHBIC PE3YJIbTAThI [IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEN0BAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pE3yNbTaThI

[MK-3.1 TloHuMaeT NPUHIUIBI PabOTHI HCIOIHE3YEMOTO
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 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 pe3ynbrare ocBoOeHUS JUCIIUIDTHHBI 00y4YaroNInecs JOKHBI

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 paboune ypaBHEHUS BCEX BBILICYITOMSHYTBIX METOJIOB pacyeTa 3JIeKTPOHHOH CTPYKTYpHI;

- HaXOIWUTh TEOPETHUECKHU MM IyTEM TECTOB ONTHUMAJIBHBIE ITApaMETPBI MOAEIUPOBAHUS, ONPENCIATh
Pa3MEpHOCTH ONTUMAJIBHBIX JUJIs1 KOHKPETHOM 3a7jad aKTUBHBIX IIPOCTPAHCTB B CIIy4ae UCIIOIb30BaHUsA
METOJI0B, OPHEHTHPOBAHHBIX HA MHOTOMEPHBIE MOJIETIbHBIE TPOCTPAHCTBA;

- IPaBUJIbHO UHTEPIIPETUPOBATh PE3y/IbTaThl PACUETOB U HAXOAUTh UCKOMbIE CBOMCTBA MOIEIUPYEMOiL
MOJIEKYJIIPHOU.

BJIAJIETD:

- IPaKTUYECKUMH HaBBIKAMHU HCIIOJIB30BaHUS (OpMaIn3Ma BTOPUYHOTO KBAHTOBAHUS U IUATPAMMHOMN
TEXHUKH IS TOJTy4eHUs! pab0odyMX ypaBHEHUI BCEX YIOMSHYTHIX BBIIIE METOOB;

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

- TEOPETUUECKHUM arapaToM, IO3BOJIIOIINM IPU HEOOXOAUMOCTH BHOCUTh KOPPEKTUBBI B U3yUCHHBIC
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
OCHOBHBIE METO/IBI Y4€Ta JUHAMHYECKOU
1 KOppENAINU 3IEKTPOHOB TUTSt 8 4 12
OJIHOMEPHOTO MOJIEIIFHOTO MPOCTPAHCTBA
MHoromepHbIe MoOJIeIbHbIE
MPOCTPAHCTBA u
2 POcTP 6 3 12
MHOTOKOH(UTypaIllMOHHBIE
BapUaIlMOHHBIE METOIbI
3 dopmanu3mM 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 METOABI yU€Ta JUHAMHYECKON KOPPEIALUU JIEKTPOHOB JIJISi OJHOMEPHOTO MOJIETIFHOTO
MNPOCTPAHCTBA

'aMunbTOHMaH MHOTO3JIEKTPOHHOM cucTeMbl. DnekrpoHHoe ypaBHeHue lllpeaunrepa. bazosbie
MOAXOIB! K PELICHUIO 3IEKTPOHHOTO ypaBHeHMs LllpenuHrepa: BapHallMOHHBIA MPUHIMII U TEOPUS
Bo3myuiennid. JlerepmuHantel Cineiitepa. IlpaBwia Creiitepa [Uis BBIYHCIECHUS MaTPUYHBIX
anemeHToB. Meton Xaptpu-Poka, ero JOCTOMHCTBA M HEJOCTATKH. DIEKTPOHHAS KOPPEIIALIHS.

MHorouacTuyHasi Teopusi Bo3MmyulleHud Memepa-Ilnecce s  OTHOMEPHOTO MOIEIBHOTO
IPOCTpPaHCTBAa. BBIOOpP HEBO3MYIIEHHOr0 raMWJIBTOHHMAHAa M (opMmyna JUid HONPAaBKU K SHEPIUU
Broporo mnopsizka (MP2). IIpeoGpa3oBaHue MOJEKYISPHBIX HHTErpajioB OT 0a3uca aTOMHBIX
opburaineii kK 6a3ucy MOJEKYISPHBIX CIHH-opOuTaneil. CruH-orpaHu4eHHas Bepcusi MeTona MP2.
Ob6nacte npumennmoctd meroga MP2, nocromnctBa u Hemocratku. [lompaBku k sHeprum Oonee
BBICOKHX TOPSAKOB.

Meton KOHGUIYpallMOHHOTO B3aWMOJCHCTBUS IJIi OJHOMEPHOTO MOZAEIBHOTO IPOCTPAHCTBA.
Mogenu DCI u CISD. PasmepHas cornmacoBanHOCTh. MojienbHast 3a7a4a Mpo 3HEPTHIO KOPPETSIUN 1
JMCCOLMALIMIO Tapbl MoJieKyn Bogopoaa B Mogenu DCI. Iompaska [I3Buncona.

[Ipumenenne mnporpammbl Orca g pacuera MOTEHLUUAIbHBIX KPHUBBIX HEOOJBIIMX MOJIEKYI
metogamu MP2 u CISD. JleMoHcTpanus 00acTH MPUMEHUMOCTH 3TUX METOIOB.

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

MHorokoH(pUTypalmonHeii ~ Metoy;  camocontacopanHoro monss (MCSCF).  AktuBHOE
npocTpancTBo opbutaneid. Bepcust mertoma st momHoro aktuBHOro mnpoctpanctBa (CASSCEF).
Paboune ypaBHeHHsS MeTOAa, OAXOABI K ONTUMH3AIMKA OpOuTaneil u kod3hQUIMeHTOB pa3noxeHus
MHOTOJIEKTPOHHOX BOJHOBOM (yHKIMH 1O neTtepMuHaHTaM. OOIacThb NPUMEHHMOCTH MeETOAa
CASSCEF, ero nocrouncrsa u Hegocrarku. Ilonarue o merone RASSCEF.

MHoromepHble MOJIENbHBIE HPOCTPAHCTBA. MeToa KOH(GUIypalMOHHOTO B3aUMOACHCTBUS IJIs
MHOTOMEPHBIX MoieNbHBIX TipocTpaHcTB (MR-CI). Pacuér Bo30yKIEHHBIX COCTOSIHUN MOJIEKYIT H HX
coiictB meronoM MR-CI. IIpo6nemsr meToga MR-CI.

[TpakTiueckoe 3aHsATHEe. PacdeT MNOTEHIMAIBHBIX KpPUBBIX HHU3KOJEKAIIUX JIEKTPOHHBIX
coctosgHui nByxaroMHoi monekynsl Merogamu CASSCF u MR-CI B nporpamme Orca. CummMeTpus
HNIEKTPOHHBIX COCTOSHUI aToMa U IByXaTOMHON MOJICKYJIBL.

3. ®opmManu3M BTOPUUHOTO KBAHTOBAHUS U AMAarpaMMHasi TEXHUKA

dopManu3sM BTOPUYHOIO KBaHTOBaHUA. Omeparopbl pOXKAEHUS U YHUUTOXKEHHUS, HX
KOMMYTAallMOHHBIE COOTHOIIEHMs. HopManbHOE ymnopsgodeHne u CBEPTKA ONEpPaToOpoOB BTOPHUYHOIO
kBaHTOBaHusA. Teopema Buka. KBaHTOBOMEXaHMYeCKHE OIEpPaTophl B IPENCTABIEHUH BTOPUYHOIO
KBaHTOBaHUSI.

Ousnyeckuid BakyyM. IlepeHopmupoBka. Omneparopbl pOXIEHHUS U YHUUYTOKEHHS KBa3MYACTHII.
JuarpamMmHas TEXHHKA OIS MPEICTABIEHHS BTOPHUYHO-KBAHTOBAHHBIX ONEparopoB. Jmarpammuoe
[IPECTABICHUE FAMUIIBTOHUAHA.




Teopema Brka 1 HOpMaJIbHO-YITOPSAIOYEHHOE TIPOU3BEICHUE KBAHTOBOMEXAHUUECKUX ONEPATOPOB
B IIPEICTAaBJICHUM BTOPUYHOIO KBaHTOBaHUs. lcronp30BaHME AMArpaMMHONM TEXHUKU IS
BBIYMCIICHUS CBEPTOK onepaTopos. uarpammel I'yrenronsua-bpangosa.

BrIBOn BBIpa)ke€HUH JIs1 MATPUYHBIX JIEMEHTOB MHOTOIEKTPOHHOTO TaMUJIBTOHHAHA C IIOMOIIBIO
BTOPUYHOI'O KBAHTOBaHUSI U AUArPaMMHON TEXHHUKHU.

4. ®opmanuzm 3(h(HEKTUBHBIX ONIEPATOPOB

dopmanu3M KBaHTOBOMEXaHMYECKHX 3(P(EKTHUBHBIX omepaTopoB. MopenbHOE NPOCTPAHCTBO,
MPOEKTOpP Ha MOZAEIBHOE MpOCTpaHcTBO. BomHoBbIe omepatopbl. D((EeKTUBHBIA TaMHJIBTOHHAH.
Db dekruBHbIe TamMuabTOHMAHBI bioxa u ge Knyaszo. Ypasaenue bnoxa. DddexTrBHBIE OMepaTopbl
CBOICTB.

dopmManbHas Teopusi BO3MYIICHHH i 3GGEKTUBHBIX ONeparopoB. YpaBHeHue JIMHIrpeHa.
YacTHBIN cily4ail OZHOMEPHOIO MOJIEIBHOIO MPOCTPAHCTBA. JlMarpaMMHOE NMpPEACTABICHUE DPSIOB
TEOpPUU BO3MYLIEHUN. Pa3mMepHas CONIacOBAHHOCTh 3HEPTUK B TEOPUU BO3MYLIEHUI.

5. Meron cBsI3aHHBIX KJIACTEPOB

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

BeiBon pabounx ypaBHEHHI METONA CBSI3aHHBIX KJIACTEPOB M (POPMYIBI JJIsl DHEPTHH B MOJCIH
CCD. BelumcnurensHast CIOXKHOCTh METOZAa CBS3aHHBIX KiactepoB. Popmyna anst 3HEpruu
koppemsimun - B monenun  CCSD, ob0mast crpykrypa pabounx ypaBHeHuit mertoma CCSD.
[leprypbaTiBHasi OLEHKAa BKJIAJ0B aMIUIUTYA TPEXKPAaTHBIX BO30YXKAEHHH B paMKax MOJAEIH
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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Moutekyit. 2004.

3. HoBaxkogckas, 10. B. Monekynsipasie cuctemsl. Teopus CTpOSHUS U B3aUMOACHCTBHS C U3ITy4YEHHUEM.
Y. II: KeanToBsie coctossHust Monekyn / 0. B. HoBakosckas. — M.: Enuropuan YPCC, 2004. — 176 c.
4. lupenncon, B. I'.. KBanTtoBas xumus. Mosnekysbl, MOJIEKYISpHbIE CUCTEMBI U TBEpbIC TENA:
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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)

JList 3aHATHIT MOXKET TOTPEOOBAThLCS CIEAYIOIIEe TPOrpaMMHOE 00ECIIEUCHHE:

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

B PE3IYIBTATC UIYUYCHUA AUCHUILIMHBI CTYACHT AOJDKCH 3HATH OCHOBHBIC OIIPCACIICHUA NUCHUILIIINHBI,
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 y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

— pelIeHue 3a/1a4, IPEAIaraéMbIX CTYICHTaM Ha 3aHATHUSX;
— MOJATOTOBKY K BBIMOJIHEHUIO 3aJJaHUI TEKYLIEH U IPOMEKYTOUHOM arTecTaluu.

[Tokazarenem BiIajieHUs MaTepUaIOM CITY>)KUT YMeHHE Oe3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TeMaM
JUCIUTLIAHEL

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

Bo3MoxxeH npoMeKyTOUHBIM KOHTPOJIb 3HAHUM CTYJEHTOB B BHUJE PEIICHUS 331a4 B COOTBETCTBUU C
TEMAaTUKON 3aHSITHH.



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

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 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 JUCHUIIIINHBI «MCTOI[BI TCOPHUH MHOTOYACTUYIHBIX CUCTCM B COBpeMeHHOﬁ KBAaHTOBOM

XUMHW» 00yUarONIANCS JTOJIKEH:

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 pabouue ypaBHEHUS BCEX BBILICYITOMSHYTBIX METOJIOB pacyeTa 3JIeKTPOHHOH CTPYKTYpHI;

- HaXOIWUTh TEOPETHUECKHU MM ITyTEM TECTOB ONTHUMAJIBHBIE ITApaMETPBI MOAEINPOBAHUS, ONPENCIATh
Pa3MEpHOCTH ONTUMAJIBHBIX JIJIs1 KOHKPETHOM 3a7jad aKTUBHBIX IIPOCTPAHCTB B CIIy4ae UCII0Ib30BaHUsA
METOJI0B, OPHEHTHPOBAHHBIX HA MHOTOMEPHBIE MOJIETIbHBIE TPOCTPAHCTBA;

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

MOJIEKYJIIPHOU.

BJIA1€Th:




- IPaKTUYECKUMH HaBBIKAMHU HCIIOJIB30BaHUS (OpMaIn3Ma BTOPUYHOTO KBAHTOBAHUS U IUATPAMMHOMN
TEXHHUKH IS TOJTydeHUs! pab0o4uMX ypaBHEHUH BCeX YIOMSHYTHIX BBIIIE METOOB;

- MPaKTHYECKUMHU HAaBBIKAMU PAacdeTa SJIEKTPOHHBIX COCTOSHHHA MOJIEKY1 (B T.4. BO30Y)KICHHBIX) B
LIMPOKOM JHMAIla30HE IapaMeTPOB sIEPHOI reoMeTpuy;

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

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

C LCJIBIO KOHTPOJISI OCBOCHUA O6y‘laIOH_[I/IMI/IC$I yLIC6HOl"O Marcpuajia MmpoBOAUTCA YCTHBII\/’I OIIpoC 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 COCTOSIHUU nByxaromHoi mojekynsl MetogamMu CASSCF u MR-CI; mis ocHOBHOTO
COCTOSIHUSL CPAaBHUThH PE3YJbTaTbl C METOJaMH JUIsl OHOMEPHOIO MOAEIBHOIo mnpocrpaHcrsa: MP2,
CISD, CCSD, CCSD(T).

3. TomyuuTb BBIpaKEHHs AN MATPUYHBIX SIIEMEHTOB OHJIEKTPOHHOTO T'aMWIBTOHMAHa B Oasuce
nerepmMuHaHTOB Creifrepa, HCHonb3ys (GOopMann3M BTOPHYHOTO KBAHTOBAHUSI.

4. TlomyunTh BBIp@XKEHUS JUII MATPHUUHBIX 3JIEMEHTOB JJICKTPOHHOTO TaMHJIbTOHHAHa B Oasuce
nerepmuHaHToOB CreiTepa, UCIOb3ys TEXHUKY auarpamm [ 'yrenronsua-bpangosa.

5. Tlomyuntp BbIpaXXEHHE AJISi TOMPABKUM K DHEPIMH B TPETbEM MOPSAKE TEOPHUH BO3MYILEHHH
(MozenbpHOE MPOCTPAHCTBO MOJIAraTh OJHOMEPHBIM).

6. ITonmyuuTs BbIpaKE€HHE U1 HONPABKU K (P(PEKTUBHOMY I'aMIIIBTOHHAHY B TPETHEM MOPSIIKE TEOPUH
BO3MYLICHUH (MOZIEIBHOE MPOCTPAHCTBO MOJIAraTh MHOTOMEPHBIM).

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

8. C ucrnonbp30BaHWEM AMArPAMMHON TEXHUKM MOJIYYHTh aMIUIMTYAHbIe ypaBHeHUs metona CCSD.
OueHUTh aCUMIITOTUYECKYIO BBIUYMCIUTENbHYIO CII0)KHOCTh METO/A.

9. C ucnonb30BaHUEM AMArpaMMHOM TEXHUKH MOIYYHUTh paboune (popMysibl AJisl HONPAaBKU K SHEPTHU
B MeTonax MP3 nu MP4. OueHnTh aCHMOTOTHYECKYIO BBIYUCIUTEIBHYIO CIIOKHOCTh METO/IA.

10. Ilomyunts npubMMKEHHY0 GOpMyTy JUIs OLEHKH CPEIHEro 3HAueHHs oleparopa
ofHOANeKTpoHHOTo cBoiicTBa B MeTogax CCD u CCSD (¢ TOYHOCTBIO 10 YICHOB BTOPOTO MOPSAKA 110
KJIACTEPHOMY OIIEPATOPY).

[Tpumeps! 3K3aMEHAMOHHBIX OUIIETOB:

[Ipumep 1.
1. ITomyuuTs BBIpaKEHHE IS HOMPABKU K 3 (PEKTHBHOMY I'aMIIIBTOHHAHY B TPETHEM MOPSIIKE TEOPUH
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. IlomyunTs BBIpaXKEHHS Ul MaTPUYHBIX SJIEMEHTOB JJIEKTPOHHOIO TraMHMJIBTOHMAaHa B 0asuce
nerepmuHaHToOB CreiTepa, UCIONb3ys TEXHUKY auarpamm [ 'yrenronsua-bpangosa.

2. C nucnosnbp30BaHUEM JUArpaMMHON TEXHUKH TONYy4UTh paboure (GopMyIibl AJsl MONPaBKU K SHEPTUU
B MeTogax MP3 u MP4. OnieHUTh aCUMIITOTUYECKYIO BEIYMCIUTENBHYIO CI0KHOCTh METO/Ia.



Kpurepun onennBanus
Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEeOHOHM MpOorpaMMbl AMCHUUIUIMHBI, TMPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI M YMEHHUE YBEPEHHO
MPUMEHATh UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a/]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.
Onenka ommMyHO 8§ OaysioB - BBICTaBISIETCSl CTYACHTY, IIOKa3aBLUIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh X Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 00O0CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHATHh IOIy4YEHHbIC 3HAHUS HA IMPAKTUKE, HO HEIO0CTAaTOYHO
rpaMOTHO 00OCHOBBIBAET MOIYUYCHHBIEC PE3YIJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTABISAETCS CTYACHTY, €CIIM OH TBEPJO 3HACT 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 0aioB - BHICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAaHHUs HA MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
Onenka ynoBieTBOpuTeNbHO 4 Oaiia - BBICTABISIETCS CTYACHTY, MOKa3aBleMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH O0a30BBIX MOHSTHI,
HapyLIEeHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOydeHus, u
MOJKET IPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.
OneHka ymoBIETBOpUTENbHO 3 Oajuia - BBICTABISIETCS CTYIACHTY, MOKa3aBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynupoBKax 0a30BbIX HOHSTHH,
HapylIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHWH NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HeyIOBJIETBOPUTENIBHO 2 Oajuia - BBICTABISETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJIbLICH 4acTH
OCHOBHOTO COAEp)KaHUsI y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JAOIyCKaeT rpyOble OmHOKH B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
OrneHka HEYJIOBJIETBOPUTENBHO | 0ajm - BBICTABISETCS CTYIEHTY, KOTOPBIH HE 3HAET OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeilmue omuOKd B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaJIbl, ONpeIeJsONINe MPoueIyPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

OueHka 3a ceMecTp BBICTABIAETCS MO pe3yiabTaTaM YCTHOTO HK3aMeHa. DK3aMeH NPOBOIUTCS II0
Omneram. B Ounere nBa Borpoca. Ha moaroToBky y orBety naercst He MmeHee 60 MUHYT.



