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Mporpammy avcumnnuHbl paspabotan(a)(1) AoueHT, K.H. (aoueHT) WreipnuH B.IN. Kadenpa
HeopraHM4yeckom xmummnm Xnmumyecknin MHCTUTYT uM. A.M. Bytneposa , Valery.Shtyrlin@kpfu.ru

1. LUenn ocBOEHNS AUCLUMINHBI

Llensimu ocsoeHuns aucumnnuHbl "CoBpeMEHHbIE TEOPUN XUMUYECKOW CBA3N" SBASIOTCS YCBOEHME
CTyAeHTaMu TeopeTnyecknx 3HaHmin o NpupoLe XMMNYEeCKon CBSA3KN, MeTogax pacyera
NPOCTPAHCTBEHHOW N 3NEKTPOHHOWM CTPYKTYPbl MONEKYN (B ra3oBoMn ¢oase 1 pactesopax), a Takxe
TBEPAbIX TeN, NprobpeTeHne yMeHusi aHanm3nmpoBaTb pe3ynbTaTbl PaCHeTOB MOMEKYN U TBEPAbIX TEN.

2. MecTo OUCLMN/MNHDbI B CTPYKTYpe OCHOBHOM o6pa3oBaTtesibHOM NPorpaMmbl BbiCLLIEro
npodpeccrmoHanbHoro o6pa3oBaHus

DaHHas yuebHas gucuunnnHa BkntodeHa B pasaen " 51.6.5 OucumnnmHel (Mogynum)" OCHOBHOM
obpaszoBatenbHoi nporpammbl 04.04.01 Xumus n oTHocKTCS K 6a30BoiA (06WwenpodeccnoHanbHom)
yactn. OcBauBaeTtcs Ha 1 kypce, 2 ceMecTp.

OucumnnmHa "CoBpeEMEHHbIE TEOPUN XMMUYECKOW CBSI3N" OTHOCMTCS K 6a30BOMY HMOKY AUCLMMANH
npodoeccuoHanbHoro uukna ( M2. 61.2) n onnpaetcsi Ha OCHOBHbIE pa3aenbl 0bweHay YHbIX
OUCUMMNNVH: BbiCIAs MateMaTrka, ouarka, HeopraHuyeckas Xmmusi.

TpeboBaHus K "BXOAHbIM" 3HAHUSIM, YMEHMSIM U FOTOBHOCTSIM 0By4atowerocsi, KoTopble HeobXoAMMbI
npy 0CBOEHUN AncLMnAnHbI "COBPEMEHHbBIE TEOPUM XUMUYECKOR CBA3N".

3. KomneteHuuu obyyarowlerocs, hopMmpyemble B pe3ynbTate 0CBOEHUS AUCLUMIUHDI
/mopynsi

B pesynbTate 0CBOEHUSI AMCLMNINHBI (OOPMUPYIOTCS Cleaytowme KOMNeTeHUNN:

PacwmdpbpoBka
LLincpp komneteHumu npuobpeTaemMon KOMNeTeHL N
OK-4 NOHUMaHWe PUNOCoOdOCKNX KOHLIEMNLNIA eCTECTBO3HaHUS, PO
(0bLeKkynbTypHbIE €CTECTBEHHbIX HayK (XMMMM B TOM YuCe) B BbipaboTke
KOMreTeHuun) Hay4YHOro MMPOBO33PEHNSA
BnageHne COBPEMEHHbIMU KOMMbIOTEPHBIMU TEXHONOTUSMMU,
OK-5 NPUMEHSEMbIMU NpK 06paboTke pedynbTaTtoB Hay4HbIX
(0BLekynbTypHbIE aKcnepunMeHToB 1 cbope, 06paboTke, XpaHeHUN 1 Nepenaym
KOMNeTeHLmm) NHJOopMaLInK NPy NPOBEAEHNN CAMOCTOSATENbHbIX HaY4YHbIX
nccnenoBaHnm
Hanm4ne npeacTaBneHns 0 Hambonee akTyanbHbIX
MK-1 HanpasBneHnsaxX NccnenoBaHnii B COBPEMEHHOM TEOPETUYECKON
N 9KCNEePUMEHTANbHOM XUMNN (CUHTE3 N NPUMEHEHNE B 8
(NPOChECCMOHaNbHbIE aKcnepuMeHTanbHoO (CUHTE3 N NpUMeHeHVe Bellec
KOMMETEHLIMN) B HAHOCTPYKTYPHbIX TEXHONOrNAX, NCCNefoBaHNs B
9KCTpeMasnbHbIX YCNOBUAX, XUMUSA XU3HEHHbIX NPOLIECCOB,
XVIMUS 1 SKONOTUS U Opyrue)
MK-11 BnageHne OCHOBaMu OENOBOro OOWEHNS, UMEET HABbIKM
(npodheccunoHanbHble MEX/IMYHOCTHbIX OTHOWEHMI 1 cnocobeH paboTaTtb B HAy4HOM
KOMNeTeHLmm) Konnektnee
3HaHWe OCHOBHbIX 3TarnoB 1 3aKOHOMEpPHOCTEN Pa3BUTUSA
XUMUYECKOI HayKu1, NOHMMaHne 06 bEKTUBHON HEOBX0AMMOCTH
MK-2 BO3HWKHOBEHWNSA HOBbIX HanpasneHun, Hanmune npencrasneHns
(npodhbeccmoHanbHble 0 cucTteme oyHOoaMeHTasbHbIX XUMUYECKUX NOHATUN U
KOMMeTeHuun) MEeTOO0/I0rMYyeckmnx acnekToB XMMmn, oopM 1 METOLOB
Hay4HOro No3HaHus, nx ponu B obweobpasoBaTenbHOM
npogpeccnoHanbHOM NOAroTOBKE XUMNUKOB

B pe3ynbTarte 0OCBOEHNA OUCUNMTINHDBI CTYOEHT:
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1. DONXEH 3HaThb:

- OCHOBbl reoOMeTpun4ecKkoro 1 anre6pamquKoro noaoxonoB K Teopun CUMMETPUN ONsA MONeKyn 1
TBEPObIX TEN,

- OCHOBbl COBPEMEHHbIX METOL0B ONMCaHUA XUMUYECKOW CBA3N;

- NpeLcTaBneHns 06 0COBEHHOCTSX Pas3nNNYHbIX TUMOB XMMUYECKON CBA3U B ra30BOW goase U
KOHAEHCMPOBAHHOM COCTOSIHUN.

2. IONXeH yMeTb:

- dHa/IN3npoBaTb AaHHblE pacHeToB NMNapamMeTpos XUMMYECKOW CBA3U BELLECTB B Pa3nnyHbIX
arperartHbiX COCTOAHUAX;

- OPUEHTUPOBATLCS B NNTEPAType, Kacalowencs onmcaHns pasnnyHbIX TUMNOB XMMUYECKON CBA3MN.

3. 0OMXeH BnageTb:
- ONCaHnsa CUMMETPUM MONEKYN 1 TBEPObIX TEN;
- pacyeToB NapamMeTpoB XMMNYECKON CBA3UN BELWECTB B PA3NNYHbIX arperaTtHbIX COCTOSHUSX.

4. nONXeH OEeMOHCTPNPOBaTb CMNOCOOHOCTb M FTOTOBHOCTb:

- NPUMEHSATb FTEOMETPUYECKMI 1 anrebpanyecknii Noaxonbl K TEOPUN CUMMETPUN LNS
XapakTepUCTNKM MONEKYN 1 TBEPLbIX TEN;

- UICNONb30BaTb OCHOBbLI COBPEMEHHbBIX METO0B OMMCAHNS XUMUYECKOWN CBA3M MONEKYN,
CynpamoneKkynsipHblX CTPYKTYp U TBEPAbIX TEN;

- 0bcyxaatb 0COBEHHOCTU Pa3NNYHbIX TUMOB XMMUYECKOI CBS3M B ra30BOi hase u
KOHOEHCMPOBAHHOM COCTOSIHWW;

- aHanM3npoBaThb AaHHble PacyeToB NapamMeTpPoOB XMMMYECKON CBS3UN BEWECTB B Pa3/INYHbIX
arperatHbiX COCTOAHUAX;

- OPUEHTUPOBATLCS B NMTEpPATypeE, KacalowWwencs onmcaHns pasnmyHbiX TUMOB XMMUYECKOWN CBA3M;
- paccunTbIBaTh NapaMeTpbl XMMUYECKON CBA3UN BELWECTB B PAa3/IMYHbIX arperaTHbIX COCTOSHUSAX.

4. CTpyKTypa u cogepxaHve AUCLUMNIUHbI/ Moayns
Obwas TpyooemMKoCTb AMCLMMNANHBI COCTaBNseT 3 3a4eTHbIX(ble) eanHmu(bl) 108 yaca(os).
dopma NPOMEXYTOYHOr0 KOHTPONSA AUCLIMMNHBI 3a4€eT BO 2 CEMECTpe.

CyMMapHo no amcumnanHe MoxHo nony4ntb 100 6anno., U3 HMX Tekylwas paboTta oueHmBaeTcs B 50
6anno., ntorosas popma KoHTpons - B 50 6annos. MnHMManbHoe KONM4YeCcTBO ANs OOMnycKa K 3a4eTy
28 6annos.

86 6annos 1 bonee - "oTANYHO" (OTN.);

71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynoBnetBoputenbHo" (yaooB.);

54 6anna n MeHee - "HeynoBNeTBOpPUTENbHO" (Heya.).

4.1 CTpyKTypa 1 comepXxaHue ayguTopHon paboTtbl No gucuunimHe/ MOAynto
TemaTtnyeckun nnaH guUcUUNIUHbI/MOAYNS
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Paspen
AducunnnuHol/
Moayns

CemecTp

Henens
cemecTtpa

Bugbl n yachbl
ayauTopHOM paboThbl,
MX TPYAO0EMKOCTb
(B wacax)

Tekywime coopmbl
KOHTpOns

Nekuunn

MpakTnyeckue
3aHATUSA

NabopaTopHbie
paborbl

Tema 1. Teopus
CYMMEeTpUu B
NPUMEHeHU K

. [npobnemam xmmuyeckoii

cBa3n: FeomeTpryeckuii
nooxon

YCTHbIN onpoc

Tema 2. Teopus
CMMMETpUM B
NPUMEHEHUN K
npobnemam XMMn4ecKon
CBSI3U B MOJEKYNax:
Anrebpaunyeckuii
noaxon (Teopus rpynn).

YCTHbIN onpoc

Tema 3. Teopus
CYMMETPUU B
NPUMEHEHNN K
npobnemMam XxmMmMmn4eckom
CBS31 B TBEPAbIX TENAX.

KoHTponbHas
paboTta

Tema 4. KBaHTOBas
XVIMUS MONEKYN:
OCHOBHbI€ NMPUHLUMbI.

YCTHbIN onpoc

Tema 5. KBaHToBas
XMIMUS MONEKYN:
pacyeTbl CTPYKTYp
METOLOM (PyHKLMOHana
MIOTHOCTW.

YCTHbIN onpoc

Tema 6. OnncaHune
MONEKYN B TEOPUM
Benpepa "ATombl B
monekynax".

YCTHbIN onpoc

Tema 7. Pacyertnbl
CTPYKTYp MOnekyn c
y4eTOM 3PPEKTOB
cpenbl.

YCTHbIN onpoc

Tema 8. Xumnyeckas
CBSsI3b B
KOOPOVWHALMOHHbIX
COeONHEHUSIX.

YCTHbIN onpoc

Tema 9. OnekTpoHHas

. [CTPYKTYpa TBEPObIX TEN.

YCTHbIN onpoc

10.

Tema 10.
KBaHTOBO-XMNYECKU
aHanma
MEXMONEKYNAPHbIX
B3aMMoOeNCTBUNA.

10-11

YCTHbIN onpoc
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Buabl n yacobl
Pasnen ayauTopHon paboTbl,
Henens UX TPYAO0EMKOCTb TexyLume oMb
N .D.Vllt\:nL(l.)Vll'Ir,I.IV;I'HbI/ CemecTp cemecTpa (8 uacax) \I,( ompﬁl ;.p
ay nem""npaxmqecxuenaﬁoparopuue
3aHATUA pa6oTtbl

Tema . Ntoroesas Zauer

doopMa KOHTpon4

Ntoro 20 5o 0

4.2 CopepxaHvue oUCLUMNUHDI

Tema 1. Teopusi CUMMETPUU B MPUMEHEHUM K NPOGEMaM XMMMYECKON CBA3MN:
FeomeTpuueckun nopxon,

neKuMnoHHoe 3aHsiTne (2 yaca(os)):

ONEMEHTbI U onepauunn TOYeYHOM CUMMETPUN. Onucaxwue CUMMETPUN CTEPEOXNMNYECKUN HEXECTKUX
CTPYKTYP. anIMeHeHI/Ie Teopun CMMMETpPUN K YCTAHOBNEHUIO HaTN4un4 ONTUYECKOW aKTUBHOCTN,
ONMNONbHOIro MOMEHTA, 3KBUBA/IEHTHbIX aTOMOB, ONaCcTepeoTonnn MoneKyn.

npakTudeckoe 3aHsitne (2 yaca(os)):

PeweHune 3a0ay Ha NpMMEHEHNE reoMeTPMYEecKoro Noaxoaa K Teopun CUMMETPUN K YCTaHOBNEHUIO
HaNM4nsi ONTUYECKO aKTUBHOCTU, OMNONbHOrO MOMEHTA, 3KBMBANIEHTHbLIX aTOMOB U
LMacTepeoTonuy MONeKyn.

Tema 2. Teopusi CUMMETPUU B MPUMEHEHUM K NPOOIEMaM XMMMYECKOM CBA3W B MONeKy/ax:
Anrebpanuyeckui nogxop, (Teopus rpynn).

JIeKLMOHHOe 3aHsiTne (2 4yaca(oB)):

OCHOBHbIe CBOCTBa MaTeMaTn4eckow rpynnbl. Tabnuua yMHOXeHUst ons rpynnel. Moarpynnbl,
umknnyeckme n abenesbl rpynnbl. Knaccbl CONpsixXeHHbIX 3nemMeHToB. MNpeobpasoBaHme noaobus
ons matpuu. MNpencrtaenexns rpynn. Henpreoommble NpeacTaBneHuns. Peoykumns nprBoanMbix
npeacTaBneHunii. Henprneoammble NpeacTaBneHUst U Knaccugpmkaumns TepmMoBs. TepMbl
MHOT03/1EKTPOHHbIX COCTOSIHWIA. PeayKumsi N0 CUMMETPUMN TEPMOB MHOTO3NIEKTPOHHbBIX CUCTEM.
MpaBnna otbopa Ans MaTpuyHbIX 3neMeHToB. CUMMETPUS MONEKYNSIPHbIX opbuTanei.

npaktnyeckoe 3aHsitne (2 4aca(os)):
PeleHne 3apay Ha peaykumio NPUBOANMbIX NPEeACTaBNEHWIA.

Tema 3. Teopusi CUMMETPUU B MPUMEHEHUM K NPOGEMaM XMMMYECKON CBSAA3N B TBEPAbIX
Tenax.

JNleKLLMOHHOe 3aHsiTue (2 Haca(os)):

Onepauun oTkpbiTOn cummeTpun. Kpnctannmyeckue cuctemol. Pewetkn bpasa. [NpocTpaHCTBEHHbIE
rpynnbl. AHTUCUMMETPUS. MarHUTHbIE U UBETHbIE FpynMbl CUMMETPUN.

npakTnyeckoe 3aHsitne (2 4aca(os)):

PeweHune 3anay Ha onpeneneHne NpoCTPaHCTBEHHbIX TPy CUMMETPUN 1N XapaKTEPUCTUK TBEPAbIX
Ten.

Tema 4. KBaHTOBasi XUMMUS MONEKYN: OCHOBHbIE MPUHLUNMbI.
JIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

YpasHeHue WpennHrepa ons monekyn. MpubnuxexHne bBopHa-OnneHreimepa. ObmeHHOe
B3aMMOIeNCTBUE. DNEKTPOHHAS NAOTHOCTb B Monekynax. Metoa camocornacoBaHHOro nons.
BaswncHble Habopbl. MonekynsipHble MHTErpanbl. ANeKTPOHHAS KOPPENALNS.

npaKkTudeckoe 3aHsitne (2 yaca(os)):

PeweHune ypaBHeHus LLpeanHrepa ans 4acTHbIX cnyyaes. PaccMoTpeHne pasnnyHblX 6a3ncHbIX
HabopoB.

Tema 5. KBaHTOBasi XUMMUS MONEKYN: pacyeTbl CTPYKTYP MeTOA0M cOYHKLMOHaNa NNOTHOCTU.
JNleKuMoHHoe 3aHsiTne (2 4yaca(oB)):

dyHKumoHan aHeprun. YpaBHeHns KoHa-lWama. O6MeHHO-KoppensunoHHble oyHKLMOHAanb! 1
pesynbTaTbl X MPUMEHEHUS K pacyeTam pasnyHblX CTPYKTYP MONEKY.
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npaKkTudeckoe 3aHsitne (2 yaca(os)):

ConocTaBuUTenbHbIA aHann3 pasnnyHbiXx 06MEHHO-KOPPENALMOHHBIX (OYHKLIMOHANOB 1 UX
NPUMEHEHUS K pacyeTaM CTPYKTYp MONEKYy.

Tema 6. OnucaHune monekyn B Teopuu beinpepa "Atombl B MOnekynax'.
JNIeKLMOHHOe 3aHsiTne (2 4yaca(os)):

Tononornyeckuii aHanna pacnpeneneHns aneKTPOHHOM MNOTHOCTH.
npakTnyeckoe 3aHsitne (2 4aca(os)):

AHann3 pasnunyHbIX TUMOB KPUTUYECKMNX TOHYEK SNEKTPOHHOW MNOTHOCTW, MONYYEHHBIX B pacyeTax
Pa3NINYHbIX CTPYKTYP

Tema 7. PacueTtbl CTPYKTYp MOMNeKyn ¢ y4eToM 3achpekToB cpenbl.
JNleKLLMOHHOe 3aHsiTue (2 Haca(os)):

KOHTMHyanbHble 1 ONCKPETHbIE MOAENN yYeTa aPPeKTOB pacTBopuTens. Peaynbtarbl NpUMeHeHus
K pacyetam CTPyKTyp MOnekyn Mogenei AManeKTpuyeckoro KOHTUHyyMa 1 peakTMBHOro nons
Onsarepa, MeTogoB camocornacosaHHoro peaktnsHoro nons (SCRF) n nonapuayeMoro KoHTUHyyma
(PCM).

npaKkTundeckoe 3aHsitne (2 yaca(os)):

AHanns pesynbTaToB KBAHTOBO-XUMUYECKUX PACYETOB CTPYKTYP OpraHnyYeckmx U KoopanHaUNOHHbIX
COoefMHEHWNI C y4eTOoM 3PdPEKTOB Cpeabl.

Tema 8. Xumnyeckas cBA3b B KOOPAWHALMOHHbIX COeAUHEeHUsIX.
neKuMnoHHoe 3aHsiThe (2 yaca(os)):

OnucaHvne XMMN4ecKon CBA3N B TEOPUN KPUCTANINYECKOro Nons, Teopus nNons nMraHaos u
MONeKynspHbIX opbutanein. Cnektpoxmmmyeckuin psag. Komnnekcbl cunbHOro n cnaboro none.
MarHuTHble CBONCTBA KOMMNNEKCOB. DHEPrns cTabunnaaumm Kpuctaninyecknm nonem. ekt
SAHa-Tennepa. CnuH-kpoccosep.

npakTudeckoe 3aHsitne (2 yaca(os)):

PacueTbl aHeprns ctabunnsaumm KpUcTanIMYecknm NoiemM s pasnmyHbiX KOMNIEKCoB. AHanns
nposiBneHni adpgpekta AHa-Tennepa.

Tema 9. DnekTpoHHaAsA CTPYKTypa TBepAbIX TeN.
JNleKLMoOHHOe 3aHsiTne (2 4yaca(os)):

OLHO9NEKTPOHHbIE BOTHOBbLIE CRYHKLIMK B KpUCTannax u Metoapl nux pacyeta. MNpnbnuxeHne
NIOKanbHOM NNOTHOCTU. YpoBeHb PepmMu. [NOTHOCTb COCTOSAHWUA. 30HHAS CTPYKTYpa TBEPAbIX TeN.
Xa-meton. Mogenb I'yonHadgpa. Mogenb knactepos. KoonepaTtusHbie agodpekTbl AHa-Tennepa un
CMWHOBbIE NMepexobl B TBEPObIX TeNax.

npakTnyeckoe 3aHsitne (2 4aca(os)):

PaccMoTpeHune 30HHOM CTPYKTYpbl TBEPAbIX TeN. AHANN3 KoonepaTuBHbIX agodpekToB AHa-Tennepa v
CMWHOBbLIX MEPexonoB B PasfiNyHbIX TBEPObIX Tenax.

Tema 10. KBaHTOBO-XMMMYECKMI aHaNN3 MeXMONEKYNSAPHbIX B3aUMOOENUCTBUNA.
NeKLuMoOHHOe 3aHsiThe (2 yaca(os)):

BaH-nep-Baanbcosbl B3anmogenctems. JJOHOPHO-akLenTOPHbIE MONEKYNAPHbIE KOMMNIEKCHI.
Cneumdomyeckune HeBaneHTHble B3ammogencTtauns. BooopoaHas ceasb. CynpaMonekynsipHblie
CTPYKTYpBbI.

npaktnyeckoe 3aHsitne (4 4aca(os)):

AHanns pesynbTaToB onTUMM3aunn CTPyKTyp ¢ BaH-nep-BaanbcoBbiMn B3aumonencTensimu,
JOHOPHO-aKLIENTOPHbIX MOSIEKYNAPHbBIX KOMMIEKCOB, BOLOPOOHOW CBA3bIO, CYyNnpaMoiekynsapHbIX
KoMnnekcos. NpakTuyeckne 3aHATUSA NO NPUMEHEHNIO KOMMbIOTEPOB A1 KBAHTOBO-XMMNYECKMX
pacyeTos.

4.3 CTpyKTypa 1 copgepXxaHume caMOCTOSITe/IbHOM paboTbl AUCLMMINHBI (MOLYNSA)
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Buabl
N Paspen Cemect Hepens | camocTosiTensHon [TpyAo0eMKOCTb ;%%%::):?:;Ezg;
AducumnnuHbl pcemecrpa paborthbl (B yacax) 260TbI
CTYyAOEeHTOB P
Tema 1. Teopus
cummeTpun B
MPUMEHEHWI K NnoAroToBka K
1. [npobnemam xumuyeckom| 2 1 CTHOMY OMDOC 6 YCTHbI ONpocC
ceasun: ['eomeTpuyecknin y y onpocy
nooxopn
Tema 2. Teopus
cUMMeTpun B
NPUMEHEHUN K
npobnemMam XMMM4eckoi noaroToska K o
2.
CBS31 B MOMekynax: 2 2 YCTHOMY OMnpocy 6 yCTHBIN Onpoc
Anrebpanyeckuii
nogxon (Teopus rpynn).
Tema 3. Teopus
CMMETPUA B NoAroToBka K
3. [IPUMEHEeHMM K 5 3 |kOHTDONLHOI 6 KOHTpONbHas
" [npobnemam XMMmn4eckoi a6 oF; o pabota
CBS31 B TBEPObIX Tenax. P
Tema 4. KsaHTOBas
4. [XMMNSa MOnekyn: 2 4 nngrgthosoKrell '; o 6 YCTHbI ONpPOC
OCHOBHbI€ NPUHLMUMbI. y y onpocy
Tema 5. KBaHTOBas
XVIMUSI MONEKYN: NOArOTOBKA K
5. |pacyeTbl CTPYKTYpP 2 5 CTHOMY OMDOC 6 YCTHbIA ONpoC
MEeToA0oM (pyHKLMOHana y y onpocy
NNOTHOCTWN.
Tema 6. Onucaxvne
MONEKYN B TEOPUN 5 noaroToska K o
i g " THbIA ON
6 Bennepa "Atombl B 6 YCTHOMY Omnpocy 6 ye onpoc
monekynax".
Tema 7. PacyerTsbl
CTPYKTYpP MONekyn c NoAroToBKa K -
7. 2
y4eToM 3pPeKTOB / YCTHOMY Onpocy 6 yCTHBIN Ofpoc
cpenbl.
Tema 8. XuMmnyeckas
CBA3b B noaroToska K o
. 2 THbI On
8 KOOPLAMHALMNOHHbIX 8 YCTHOMY onpocy 6 ye onpoc
COEeaMHEHUSIX.
Tema 9. OnekTpoHHas
NnoAroToBka K -
. [cTpyKT TBEPObIX TEN. 2
9. [cTpyKTypa TBEPA, e 9 YCTHOMY OMPOCY 6 YCTHbIN ONpOC
Tema 10.
KBaHTOBO-XMMUYECKUIA
10.lananua 2 | 10-11 ”ngrg;OBoKr? '; . 12 |ycTHbIit onpoc
MEXMONEKYNAPHbIX y y onpocy
B3aVMOLENCTBUN.
WNtoro 66

5. O6pa3oBarenbHble TEXHONOrMU, BK/IOYAs MHTEPaKTUBHblEe hOpMbl 06yUYeHUs
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Kaxnas nekumsi ConpoBoXAaeTcs AeMOHCTPpaLMein NnocTpaTuBHbIX MaTepranos ¢
NCMONb30BaHNEM NMPOEKLMOHHON TEXHUKN 1 06a3aTenbHbIMU 3anncsiMmn Ha Jocke. HekoTopasi yacTb
NEKLMOHHOro Kypca NpoBOAUTCS B PEXUMe OManora yuyutenb-ydeHuk. Nocne 3aBeplieHns Kax-mnoin
neKkuun CTydeHTbl MonyyatoT OoMalHue 3a0aHust U Bce UNNcTpauuy npowenweii nekuum B
3NEeKTPOHHOI chopMe, a TakxXe Hambonee BaxHble MaTepuanbl Kypca B neYatHoMm Buae. Benay
OrPaHUYEHHOCTU ayaMTOPHBIX 3aHSATUI U BONbLIOro o6 bemMa caMoCTOSATENbHOW PaboThl CTyAEH-TaM
NpenocTaBnsieTcsi BO3MOXHOCTb KOHCYNbTMPOBATLCS C IEKTOPOM B HA3HAYEHHOE BHeayAMTOPHOE
BPEMSI.

6. OLeHOYHble CpeacTBa ANs TEKYLLLEro KOHTPONS ycneBaeMoCTh, MPOMeXYTOYHOW
aTTecrauum rno MToramMm OCBOeHUsi AUCLUIMINHDBI U y4eOHO-MeToauyeckoe obecneyeHune
camocTosiTe/IbHOM paboTbl CTYAEHTOB

Tema 1. Teopusi CUMMETPUU B NPUMEHEHUM K NpobnemMaM Xummyeckou cesa3n: FeomeTprnueckum
noaxopn,
YCTHbIA ONPOC , NPUMEpPHbIE BONPOCHI:

SneMeHTbI 1 onepaLumn To4eYHO cuMMeTpun. MNpruMeHeHe Teopun CUMMETPUN K YCTAHOBNEHMIO
HaNU4YMs ONTUYECKOW aKTUBHOCTMW, AUMONBbHOITO MOMEHTA, 9KBMBANIEHTHbLIX aTOMOB, AMACTEPEOTONNN
MOEKy.

Tema 2. Teopusi CUMMETPUU B NPUMEHEHUM K NPOOEMaM XMMMYECKOM CBA3U B MOJNeKynax:
Anrebpanuyeckun nogxop, (Teopus rpynn).

YCTHbIi OMPOC , NPMMEPHbIe BOMPOChHI:

OCHOBHbIe CBOCTBa MaTeMaTn4eckow rpynnbl. Tabnuua yMHOXeHUst ans rpynnbl. Mogrpynnebi,
umknn4eckme v abenesbl rpynnbl. Knaccbl cOnpsixXeHHbIX anemMeHToB. MNpeobpasoaHne nonoobusi ons
matpuu. MpencTtaeneHus rpynn. Henprueooumble npeacTaBneHuns. Peoykumns npvBoanuMbix
npeacTtaeneHuii. Mpasuna otbopa Ons MAaTPUYHbIX aNEMEHTOB. CMMMETPUSt MONEKYNSIPHBIX
opbuTane.

Tema 3. Teopns cMMMeTPUM B NPUMEHEHUN K npoﬁnemaM XUMNYECKOMN CBS3M B TBEpPAbIX Tenax.

KOHTponbHas paboTta , NpUMepPHbIE BONPOCHI:

Onepauvn/l OTKprTOVI CUMMETPUN. KpI/ICTaJ'IﬂI/I‘-IeCKI/Ie cuctembl. Pewetkn BpaBe. npOCTpaHCTBeHHbIe
rpynnbl. AHTI/ICVIMMeTpI/IFI. MarHuTHblEe U LBETHbIE rpynnbl CUMMETPUN.

Tema 4. KBaHTOBasi XuMuUA MOJieKyn: OCHOBHbIe MPUHUUMbI.
yCTHbIVI ornpoc , npuMepHble BOMNPOChHI:

YpaBHeHue WpenmnHrepa ans monekyn. MNpubnunxexHne bopHa-Onnenreimepa. O6mMeHHOE
B3aMMOeNCTBUE. DNEKTPOHHAs NAOTHOCTb B Monekynax. Meton camocornacoBaHHOro nonsi.
BasuncHble Habopbl. MonekynsipHble MHTErpasbl. ANEKTPOHHAS KOPPENALNS.

Tema 5. KBaHTOBasi XuMus MOneKyn: pacyeTbl CTPYKTYp MeToaoM pyHKLIMOHaNna nioTHOCTM.
YCTHbI ONPOC , NPYMEPHbIE BOMPOCHI:

dyHKunoHan aHeprun. YpasHeHus KoHa-LWama. O6MeHHO-KOpPensunoHHbIE PYHKLMOHANbI 1
pe3ynbTaTbl UX NMPUMEHEHWS K pacyeTam pasnnyHbiX CTPYKTYP MONEKyn.

Tema 6. OnucaHune monekyn B Teopuu beinpepa "Atombl B MOnekynax'.
YCTHbI ONpoC , NPUMEpPHbIE BOMPOCHI:

Tornonornyeckuin aHanna pacrnpeneneHms aNeKTPOHHON MNOTHOCTM.

Tema 7. PacueTtbl CTPYKTYp MOneKyn ¢ y4eToM achpekToB cpeabl.
YCTHbIV ONpPOC , NPUMEpPHbIE BOMPOCHI:

KOHTUHyanbHble U AMCKpeTHbIe MOAEeNu y4eTa apdpekToB pacTeoputens. PeaynbTartbl NPUMEHEHUS K
pacyeTam CTPyKTyp MONeKyn Moaenen OuanekTpm4yeckoro KOHTUHyyMa u peakTMBHOrO nons
Onsarepa, MeTogoB camocornacosaHHoro peaktnsHoro nons (SCRF) n nonapunayemMoro KoHTUHyyma
(PCM).

Tema 8. Xumnueckas cBsisb B KOOPANHALMOHHbIX COe AUHEHUSAX.
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YCTHbIA ONPOC , NPMMEPHbIe BOMPOCHI:

OnucaHne XMMNYeCKoWn CBSA3M B TEOPUN KPUCTANNNYECKOro Nons, Teopus nons nuraHaos v
MONeKyNspHbIX opbutanein. Cnektpoxmmmyeckuin psg. Komnnekcbl cunbHOro n cnaboro none.
MarHuTHble CBOMCTBA KOMMNEKCOB. DHEPrns CTabunnaaumm KpuctTaninyecknm nonem. ekt
SAHa-Tennepa. CnnH-kpoccosep.

Tema 9. neKkTpoHHasi CTPYKTypa TBepAbIX Tes.
YCTHbI ONPOC , NPYMEpPHbIe BOMPOCHI:

OLHO3NEKTPOHHbIE BONHOBbLIE (OYHKUUN B KpUCTannax u Metonbl nx pacyeta. MpnbnmnxeHne
NoKanibHOM NNOTHOCTW. YpoBeHb Pepmu. MNMNOTHOCTb COCTOSAHWNIA. 30HHAS CTPYKTypa TBEpAbIX TEN.
Xa-meTon B pacyeTax CTpykTyp tBepabix Ten. Mogens N'yonHadpa. Mogenb knactepos.
KoonepatusHble agpdpekTbl AHa-Tennepa n CNUHOBbIE NEPEXOabl B TBEPAbIX TENax.

Tema 10. KBaHTOBO-XMMMYECKMI aHaNU3 MeXMONEKYNAPHbIX B3aUMOOENCTBUNA.
YCTHbIA ONPOC , NPUMEPHbIE BOMPOCHI:

BaH-nep-BaanbcoBbl B3aumoneincTems. JJOHOPHO-aKLENTOPHbLIE MONEKYNSIPHBIE KOMMEKCHI.
Cneumnduyeckne HeBaneHTHble B3anmoaencTens. BogoponHas cesasdb. CynpamonekynsipHole

CTPYKTYpbl.
Tema . UToroBasi oopma KOHTpOns

MpumMepHbIe BONPOCHI K 3a4eTy:

Bonpochkl k 3a4eTy 1 KOHTPO/bHbBIM paboTam

1. OnemeHTbl 1 onepaumm TO4EYHON CUMMETPUN.

2. OnucaHne CUMMETPUUN CTEPEOXNMNYECKN HEXECTKMX CTPYKTYP.

3. I'IpmmeHeHme Teopunn CMMMETPUN K YCTAHOBNEHUIO HANMN4nA ONTUYECKOW aKTUBHOCTW, OMMNONbHOIO
MOMEHTA, 3KBUBAJIEHTHbLIX aTOMOB, OMACTEPEOTONNI MONTEKYII.

4. OCHOBHblE CBONCTBA MatemMaTtn4eckom rpynnbi.

5. Tabnuua ymMHOXeHMs ans rpynnbl. [Moarpynnbl, umknndeckme 1 abenesbl rpynnbl.
6. Knaccbl conpsixeHHbIx anemeHToB. MNpeobpasosaHne nonobus ons MaTpul.

7. Mpepctasnenuns rpynn. Henpreoaumble NnpeacTaBneHns.

8. Peoykums npmMBoANMbIX NPeOcTaBnEHNA.

9. HenpuBoanmble npeactaBneHns n knaccmgukaums TepMoB.

10. TepMbl MHOFO9NEKTPOHHBIX COCTOSIHWIA. PenyKumnsi no CMMMETPUM TEPMOB MHOT03/1EK-TPOHHBbIX
CUCTEM.

11. NpaBuna otbopa ans MaTPUYHbIX ANEMEHTOB.
12. CuMMeTpUs MonekynsipHoix opbutanei.

13. Onepaunn OTKPbLITON CUMMETPUN.

14. Kpnctannunyeckue cuctembl. Pewetkn bpass.
15. [lpocTpaHCTBEHHbIE rpynmnbl.

16. AHTUCUMMeETPUSA. MarHNTHbIE 1 LBETHbIE FpynMbl CUMMETPUN.
17. YpaBHeHve WpennHrepa ons Moneky”n.

18. MpunbnuxeHne bBopHa-OnneHreimepa.

19. ObMeHHOe B3anuMoOencTBume.

20. OneKTpOHHas NIOTHOCTb B MONEKynax.

21. MeTopg camocornacoBaHHOro nons.

22. basncHble Habopbl. MonekynsipHble MHTErpanbi.
23. OneKTpoHHas Koppensaums.

24. dyHkumnoHan sHeprun. YpaeHeHus KoHa-Llama.
25. O6MeHHO-KOpPENSALMOHHBbIE COYHKLIMOHANbI.

26. Tononorn4yecknin aHanus pacnpeneneHns aNnekKTPoOHHOM NAOTHOCTN B Teopumn bengepa "ATombl B
monekynax".
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27. KOHTUHyasbHble 1 OUCKPETHbIE MOLeNy y4yeTa acpdpekToB pacTBOPUTENS.

28. Pacuet CTpyKTyp MONeKkyn B MOAENAX ANINEKTPUYECKOrO KOHTUHYYMA N PEaKTUBHOMO Nons
OH3zarepa.

29. PacyeT CTpyKTyp MONEKyn C UCMO/Ib30BaHMEM METOOB CAMOCOIrNacoBaHHOIO PeakT1B-HOMO
nonsa (SCRF) n nonspunayemoro KoHTnHyyma (PCM).

30. OnucaHne XMMMYeCKOn CBA3N B KOoOpAMHaUMOHHbBIX COeONHEHNAX B TEOPUN KPpUCTaTNN-4EeCKOro
nons.

31. OnncaHne XxMMNYeckor CBA3M B KOOPAVNHALMOHHBIX COEAMHEHMSX B TEOPUSX NONS N-raHa0B U
MONEKYNSIPHbIX opbuTanei.

32. CnekTpoxmmmyeckuii psag. Komnnekcbl cunbHOro n cnaboro noneii. MarH1THble CBOR-CTBA
KOMMNEKCOB.

33. SHeprusa ctabunuaaumm KpUCTanIMYeCcKM Nnonem.
34. 3dppekT AHa-Tennepa B KOOPAMHALMOHHbBIX COEANHEHNSIX.
35. CnunH-KpoccoBep B KOOPANHALMOHHbBIX COEANHEHUSIX.

36. OLLHO3NEKTPOHHbIE BOMHOBbLIE (RYHKLIMW B KpUCTannax n Metoapl nx pacyeta. Mpnbnu-xexHune
NOKanbHOM NNOTHOCTU. YpoBeHb depmu. [MNOTHOCTb COCTOSHUIA.

37. 30HHasa CTpyKTypa TBEPAbIX TeN. Xa-MeTon.

38. Mogenb N'yanHadba ong onvcaHus TBepablX Ten.

39. Mogenb knactepos A1 onnucaHusa Teepablx Ten.

40. KoonepartumeHble adpdoekTbl AHa-Tennepa B TBepabiX Tenax.
41. CnnHoBbIE Nepexobl B TBEPAbIX TENAX.

42. BaH-gep-Baanbcoebl B3anmonencreums.

43. [1oHOpHO-aKLenTopHbIe MONEKYNAPHbIE KOMMNIEKCHI.

44. BooopogHas CBS3b.

45. CynpamonekynsipHble CTPYKTYypbl.

7.1. OcHOBHas nuTeparypa:

1. Koyenaes, bopuc BaHoBWY (4-p cpuns.-mat. Hayk ; 1934-) . KBaHTOBas Teopus : KOHCMEKT nekuunn /
b. . Kouenaes ; KasaH. cbenep. yH-T, IH-T domnankn, Kadp TeopeTt. pusukum .- [2-e nsg., nepepad.,
non. v ucnp.] .- KasaHb : [KazaHckun yHusepcuret], 2013 .- 222 c.

2. UnpenbcoH, B.I'. KBaHTOBasi xumns. Monekynbl, MONeKynsipHbie CUCTEMbI U TBEPAbIE Tena.
[OnekTpoHHbIN pecypc] - nekTpoH. aaH. - M. : MUapatenbcTtBo 'labopatopust 3HaHwuiA', 2014. - 522 c.
- Pexxum poctyna: http://e.lanbook.com/book/66357

3. XeMouHopmMaTrka 1 MONeKkynsapHoe MoAeNMpPOBaHMe: ANCTAHUNOHHDBIA KypC AN CTyOEeHTOB
bakanaspuaTa n maructpaTypbl Hanpaenenus noarotosku: 020100 'Xumns' [SneKTPOHHbIN
obpasoBaTtesbHbIil pecypcl/Xumnyecknii MHCTUTYT M. A.M. ByTtnepoBa, kadbenpa opraHm4eckon
xumnn/ Maoxunnos T.U. - KazaHb: KazaHckuin dpenepanbHbiin yHuBepcuteT, 2013. -URL:
http://zilant.kpfu.ru/course/view.php?id=376

4. Peytos, O.A. OpraHnyeckas xumus. B 4 yactax. Hactb 1. [OnekTpoHHbIn pecypc] / O.A. PeyTos,
AJ1. Kypu, K.I. ByTuH. - 9nekTpoH. gaH. - M. : iapatenbctBo 'Jlabopatopus 3HaHwuid', 2014. - 570 c.
- Pexxum poctyna: http://e.lanbook.com/book/66361

7.2. lononHutenbHasa nuteparypa:

1. Maliiep, . N3bpaHHble rnaBbl KBAHTOBOW XMMUMW: AOKA3aTENbCTBA TEOPEM U BbIBOL OOPMYII.
[OnekTpOoHHBbIN pecypc] - nekTpoH. aaH. - M. : MUsapatenbctBo 'labopatopust 3HaHuiA', 2014. - 383 c.
- Pexxum poctyna: http://e.lanbook.com/book/50535
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2. Toy6, M. MexaHn3Mbl HeopraHU4ecknx peakumii. [SnekTpoHHblii pecypc] / M. Toy6, L.
Bepaxecc. - AnekTpoH. faH. - M. : iapatenbctio 'Jlabopatopus 3HaHuiA', 2014. - 681 c. - Pexum
noctyna: http://e.lanbook.com/book/66360

3. Jlopa, 9.9. HoBas reomeTpust Ans HOBbIX MaTepunanoBs. [DNEKTPOHHbIN pecypc] / 3.9. Jlopa, A.J1.
Makken, C. PaHraHataH. - 9nekTpoH. gaH. - M. : duamarnut, 2010. - 260 c. - Pexum goctyna:
http://e.lanbook.com/book/48204

4. Mapwakos, A.H. BeeneHve B KBAHTOBYIO (pU3KMKY. [ONEKTPOHHBIA pecypc] - SnekTpoH. aaH. - CI16.
: lanb, 2010. - 352 c. - Pexxum goctyna: http://e.lanbook.com/book/297

7.3. UHTepHeT-pecypcChbl:

Basis Set Exchange - https://bse.pnl.gov/bse/portal

Firefly - http://classic.chem.msu.su/gran/gamess/

Gaussian Website - http://www.gaussian.com/

nomckoBas cuctema - www.google.ru

xmMmmnyeckas ceasb - http://ru.wikiversity.org/wiki/Xnmuyeckas_ces3b

8. MarepuanbHo-TexHU4eckoe obecrneueHne QUCLMUNINHbI(MOAYS)

OcBoeHune ancumnnuHbl "CoBpeMEHHbIE TEOPUN XMMUYECKOW CBA3N" npeanonaraeTt Ucnonb3oBaHme
cnenyowero MmatepranbHO-TEXHNYECKOro obecneyeHuns:

MynbTumMeouiiHas ayoutopus, BMECTUMOCTbIO 6bonee 60 yenosek. MynbTumMeauiiHas ayamtopums
COCTOUT U3 UHTErPUPOBAHHbIX UHXEHEPHbIX CUCTEM C €AMHON CUCTEMON YyNpaBneHns, OCHaLEeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCNPON3BEAEHUS U BU3yanv3auum noboin Buaeo n ayamno
nHGOpMaLMK, NONYYEHNS N Nepeaayn 3NeKTPOHHbIX 4OKYMEHTOB. TUNoBas KoMnnekrauus
MyNbTUMEANAHOW ayANTOPUU COCTOUT U3: MyNbTUMEAMAHOrO NPOEKTOpPa, aBTOMaTU3NPOBAHHOMO
MPOEKLIMOHHOr0 3KpaHa, akyCTUYECKON CUCTEMDI, a TaKXEe MHTEPAKTMBHOM TpMbyHbI NpenonaBsartens,
BK/IIOYAIOLWEN Ta4y-CKPUH MOHUTOP C AMaroHanbio He MeHee 22 OI0AMOB, NEPCOHANbHbBIA KOMMbIOTEP
(c TexHnyecknmm xapaktepucTukamm He HuXxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHgoepeHL-MUKPOoH, 6ecnpoBoAHOM MUKPOGIOH, 610K ynpaeneHns obopynoBaHueM, MHTepAeiichl
noakntoyermns: USB,audio, HDMI. MHTepakTmBHas TpmbyHa npenoaaBatens SBnseTCcs Kno4eBbiM
3NEMEHTOM yNpaBneHns, 00 bEANHSIOWMNM BCE YCTPONCTBA B EANHYIO CUCTEMY, U CIYXUT
NONHOLIEHHbIM paboymM MecToM npenoaasatens. lNpenonasartens MMEET BO3MOXHOCTb NIErKO
ynpaBnsTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONSET MPOBOANTL NEKLMMW, MPAKTUYECKNE
3aHATWA, Npe3eHTaunn, BebrHapbl, KOHPEPEHLMM U Opyrie BUObl ayAUTOPHON Harpy3Ku
obyyatowwmxcs B yoO6HON 1 DOCTYMHOW ANS HAX POPME C MPUMEHEHNEM COBPEMEHHbIX
MNHTEPAKTMBHbIX CPEACTB 0Oy4eHMS, B TOM YMC/E C MCNONb30BAHMEM B NnpoLecce 0by4yeHns BCex
KopropaTtusHbIX pecypcoB. MynbTumeoniiHasa ayamTopus TakXe OCHaLWeHa WMPOKOMONOCHbIM
LLOCTYMOM B CETb MHTEPHET. KoMnbloTepHOE 060pyn0oBaHMEM NMEET COOTBETCTBYIOWEE
NVLEH3NOHHOE NPOrpaMmMHoe obecneyeHue.

YyebHo-MeToan4eckas nutepartypa ans 4aHHOW OMCLMMNANHBI UIMEETCS B HANMYUN B
9NEKTPOHHO-bMbNMoTeyHom cnucteme Miaparenocrea "/laHb" , BOCTyN K KOTOPOW NpenocTaBneH
ctyneHtam. O6C Mapatenbctea "[laHb" BkNtoYaeT B cebst aNeKTPOHHbIE BEPCUUN KHUT N30aTeNnbCTBa
"laHb" 1 opyrux BeOylwmnx N3natenbCcTB y4ebHOM nMTepaTyphbl, a Takxe 3N1eKTPOHHbIE BEpCUn
Nepuoanyecknx N3aaHnim No eCTeCTBEHHbIM, TEXHUYECKNM U r'yMaHUTapHbiM Haykam. OBC
N3patenbctBa "flaHb" obecneymBaeT 4OCTYN K HAy4YHOW, y4ebHON nuTtepatype N Hay4HbIM
nepuoanyeckmm n3gaHnsm no MakCManbHOMY KONMMYECTBY NPOCOUIbHBIX HanpasneHun ¢
cobnogeHneM BCeEX aBTOPCKUX N CMEXHbIX NPaB.

OucumnnuHa obecneyeHa KOMMNbIOTEPAMM, MPOEKLIMOHHOM TEXHWKON, CKaHEPOM, MPUHTEPOM,
neyaTHbIMU N30AHUSMU N ANEKTPOHHBIMU KOMUAMUN OCHOBHbIX Y4EOHNKOB.
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Mporpamma cocTtasneHa B cootBeTcTeum ¢ TpebosaHnsmm GrOC BIMO 1 y4ebHbIM nnaHoM no
HanpasneHnio 04.04.01 "Xumua" n marnctepckom nporpamme XeMonHdopmatmka n MonekynspHoe
MOJeNnnpoBaHue .
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