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Mporpamma aucumnavHbl "Teopusi cUMMeTpUn B KoopanHaunoHHom xumun"; 04.03.01 Xumuns; noueHT, K.H. (aoueHT) WrbipnuH B.T.

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

1) ®opMmpoBaHme LIeIbHOrO MUPOBO33PEHNS CTYAEHTOB, OCHOBAHHOIO HAa NMPOCTLIX U SICHbIX
ApPVHUMNAx TEOPUN CUMMETPUN.

2) MoprotoBka CTYAEHTOB K OCBOEHUIO (DOPMUPYIOWEACS METOLONOMMI CCNELOBAHNS COXHbBIX
XUMUYECKMNX CUCTEM C MOMOLLBIO MPVHLUMMOB 1 annaparta Teopun CUMMETpUN (Teopuu rpynn).

3) MapMoHM3aumns 06pas3HOro 1 abCTpakTHOrO MbIWIEHUS CTYAEHTOB MyTEM COYETAHNS
reoMeTprnyecKoro n anredpamnyeckoro Noaxon0B K CUMMETPUN MONEKYNSIPHBIX CTPYKTYP U
XUMNYECKUX peakuuni.

4) Pa3BuTre HaBbIKOB PELIEHNS NPaKTUYEeCKMX 3a4a4 COBPEMEHHO KOOPAMHALMOHHOWM 1
HeopraHM4Yeckoli XMMUN Ha OCHOBE MOAXOA0B TEOPUM CUMMETPUN.

2. MecTo AMcUMNNUHBI B CTPYKTYype OCHOBHOM 06pa3oBaTtefibHOM NPOrpamMmmbl BbICLLETO
npocpeccuoHanbHoro o6pasoBaHus

HaHHas yyebHas oncumnnnHa BkodeHa B pasgen " 51.B.AB.9 OucuunnunHbl (Mogynm)" OCHOBHOW
obpaszoBartenbHoit nporpamMmbl 04.03.01 XrMusa 1 0OTHOCKTCS K AMCUUNIMHAM Mo BbIOOpPY.
OcBaunBaeTcs Ha 4 Kypce, 8 cemecTp.

JaHHas oMcumMnanHa oTHOCUTCS K BapuaTtmeHOM Yactu 6noka ancumnnuH b1 (kypcbl no Bbibopy
CTY[EHTOB) 1 TECHO CBSI3aHa C 0OWMUMN MATEMATUYECKMI N €CTECTBEHHO-HAYYHbIMW ONCLMNINHAMY
N OPYyruMm npodpeccuoHanbHeiMu aucumnnamHamm. OcobeHHOCTbIO AaHHOW AMCLMNIUHBI SBISIETCS
TO, 4TO OHa CTPOUTCS 13 'MEPBbIX NPUHUMUMOB' U He TpebyeT NpeaBapUTENbHON MaTeEMaTNYECKON
NOArOTOBKW, XOTS1 HEKOTOPOE 3HAKOMCTBO CTYEHTOB C MaTpu4HOl anrebpoii BecbMa XenaTtenbHo.
[ns n3y4yeHns ocHOB Teopum CUMMETPUK, NPenoLaBaeMbixX B pamMmKax JaHHON OANCLMUMINHDI,
HeobxoAMMO 0CBOEHUE KypcoB 'HeopraHuyeckas xumms', 'KoopanHaumoHHas xumuns', 'OpraHnyeckast
xumust', Xumns TBepaoro Tena'. Mo OTHOWEHWMIO K 3TUM KypcaM TeopUsi CUMMETpUM Heobxoamnma u
Kak npenwecTByowWwas, n kak nocnegyouwas ons éonee rnybokoro 0OCMbICNEHNS BCEro Lukna
XUMUYECKUX OUCUUMNNH, B KOTOPbIX NPUHLUMbLI CAMMETPUX NUTPatoT Ko4YEeBYo, METOL0NOMMYECKYHO U

CTPYKTYPVPYIOLLYIO POfib.

3. KomneteHuuu obyyatoLlerocs, hopMmpyemble B pe3ynbTtate 0CBOEHUS AUCLUMIUHDI
/mopynsi

B pesynbrate 0CBOEHNS AMCUMMIMHBI (OOPMUPYIOTCS Cneayowme KOMNeTEHUUN:

Pacwucpposka

LLincpp komnereHumu npuobpeTaemMon KOMMNeTeHL N
OK-6 crnocobHocTbo paboTaTtb B KOMNEKTMBE, TONEPAHTHO
(0blWeKynbTypHbIE BOCMPUHUMATb CoUManbHble, STHUYECKNE, KOHZDECCUOHANbHbIE
KOMMNEeTeHL M) N KyNbTYPHbIE Pa3nnyns
OK-7
(0bLWeKynbTypHbIE CMOCOBHOCTBIO K CaMoopraHmnsaumm n camoobpasoBaHumto
KOMMeTeHuunn)
OrlnK-1 CMOCOBHOCTBIO MCMOIb30BaTb MONYyYEHHbIE 3HAHWS
(npodcheccunoHanbHble TEOPETUYECKNX OCHOB (PyHOAMEHTANbHbIX Pa3aenioB XMMUM npu
KOMMNEeTeHL M) peleHnn NpodeccnoHanbHbIx 3aaa4
OrK-3 CMOCOOHOCTBIO MCMOJIb30BaTb OCHOBHbIE 3aKOHbI
(npodheccunoHanbHble €CTECTBEHHOHAYYHbIX OUCLMNANH B NPOGECCMOHANBHOM
KOMNEeTEeHL M) LEeATENbHOCTM
MK-3
(npodcheccunoHanbHble BNafeHNeM CUCTEMOIN yHAAMEHTANbHBIX XMMUYECKUX MOHSATMIA
KOMreTeHuun)
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Mporpamma aucumnavHbl "Teopusi cUMMeTpUn B KoopanHaunoHHom xumun"; 04.03.01 Xumuns; noueHT, K.H. (aoueHT) WrbipnuH B.T.

B pesynbtate 0CBOEHUS ONCUMMNUHBI CTYAEHT:
1. QONXeH 3HaThb:

3M1EMEHTbI U onepauny TOYEYHON CUMMETPUK, MaTeMaTUYeCKnii U GOU3NYECKNIA CMbICTT
HEenprBOAUMbIX MPeACTaBNEHWNA, CNOcobbl CUCTEMATUYECKOrO NOCTPOEHMS TabnmL XxapakTepoB Ha
OCHOBE reHepaTopOoB rpynn 1 NPOM3BEeAEHMS NOArPYNM, OOPMYNy Pa3NOXEHUS U MPON3BELEHNS
HenprBOAUMbIX MPeACTaBNEHWNIA, [BONHbIE rPyNMbl U ABY3HAYHbIE NPeacTaBneHus, anrebpanyeckyio
TEOPWIO rpynmn, onepauun ¢ BeKTopamun 1 maTpruaMun, HenpuBOAUMbIE NPELCTABNEHNS Fpynn
CYIMMETPWM N NX OCHOBHblE CBOWCTBA, PeayKUMI0 NPMBOAUMbBIX MPEeACTaBAEHUA N0 CUMMETPUN 1
Knaccugpmkauuto TepMOB aTOMOB 1 MONEKyn, nNpasuna otbopa Ans MaTpUYHbIX 3N1IEMEHTOB,
CYMMeTpUYecKkme rpynnbl NepecTtaHoBoK, avarpammbl FOHra, cuMMeTpryeckme rpynnbl NepecTaHoBoK
C MHBEpPCKEN, CanT-CUMMETPIIO, MPOEKLIMOHHbIE ONepaTopbl, KOHGUIypaLMoHHOe B3anMoaencTBume,
HenprBOAUMbIE NPeACTaBNEHNS SOEPHbIX CMMHOBbLIX COCTOSIHWIA, aCNEKTbl CUMMETPUM B MEXaHU3MaXx
XUMUYECKNX peakuunii, BUDPOHHbIE N POBUOPOHHBIE 3CPCPEKTBI U UX PONb B XMMUYECKMX PeakLnsiX.

2. DONIXEH yMeTb:

OpVEHTUPOBATbCS B Tabnmuax xapakTepos rpynn, acnektax CUMMETPUN B TEOPUM KPUCTaNINYECKOro
nons, KOPPENSUNOHHBIX Tabnmuax, TepMax MHOFO3MIEKTPOHHbBIX COCTOSIHUIA, OLLEHUBATbL PONb
MEX3NEKTPOHHOrO OTTANKMBAHWS 1 CMUH-0POUTaNbLHOrO B3auMoaencteus npu LS- u jj-cessu,
npumeHsTb cyneprpynny WpennHrepa, oueHnBaTb CBA3bIBaHWE CNMHOB saep no Knebwy-opaany,
Haxo4uTb HENPUBOAMMbIE NPEACTaBNEHNS S0EePHbIX CMTMHOBbIX COCTOSIHUIA, OLLeHMBaTb CBEPXTOHKOE
pacwenneHve B cnektpax J1P.

3. DONXEH BnaneThb:

HaBblKaMu MPUMEHEHNS NMOHATUI TEOPUN CUMMETPUN K aHaNU3y ONTUYECKOM aKTUBHOCTH,
ONMNONbHBIX MOMEHTOB, CTEPEOXMMUYECKN HEXECTKUX CTPYKTYP, SKBMBANTEHTHBIX aTOMOB Y
anactepeotonunn, anekTpoHHbIX, VK- n KP-cnekTpoB, K OTHECEHUIO 3NIEKTPOHHbIX NEPEX0a0B B
crnekTpax nongapu30BaHHOro N3Ny4eHns, rpynn CUMMETPUN HEXECTKMX MONIEKYN, K aHann3y
9NEKTPOHHOWN CTPYKTYpPbl MONEKYN, BpawaTtebHblX COCTOSHWIA, cnekTpoB AMP n OINP, cummeTpun B
MexaHn3Max XMMmnyeckunx peakuuim.

4. nONXeH OEeMOHCTPUPOBaTb CMNOCOOHOCTb M FTOTOBHOCTb:

NPUMEHEHNS NMOHATUA TEOPUN CUMMETPUN K aHaNn3y ONTUYECKOW akTUBHOCTU, AN-NOMbHbIX
MOMEHTOB, CTEPEOXMMNYECKM HEXECTKUX CTPYKTYP, SKBMBANEHTHbIX aTOMOB U AMacTe-peoTonuu,
9NeKkTPOHHbIX, VK- n KP-cnekTpoB, K OTHECEHMIO SNEKTPOHHbIX NepPeEXoioB B Crek-Tpax
NONSPU30BAHHOIO U3NYy4EeHUS, rPYNn CUMMETPUN HEXECTKUX MONEKYN, K aHaNn3y 3M1eKTPOHHOM
CTPYKTYpbl MONEKy, BpawaresbHbiX COCTOSAHWUA, cnekTpos AMP n 3INP, cummeTpum B MexaHmM3max
XUMUYECKUX peakumm.

4. CTpyKTypa u cogepxaHve AUCLUMNIUHbI/ Moayns
Obwas TpyooeMKOCTb AMCLMMNANHBI COCTABASET 2 3a4eTHbIX(ble) eanHuL(bl) 72 Yyaca(oB).
dopma NPOMEXYTOYHOro KOHTPONS AUCLMMANHBI 3a4eT B 8 cemecTpe.

CyMMapHo no amcumnanHe MoxHo nony4ntb 100 6annos, U3 HMX Tekylwas paboTta oueHmBaeTcs B 50
6anno., ntorosas popma KoHTpons - B 50 6annos. MnHMManbHoe KONM4YeCcTBO Ans [OMnycka K 3adeTy
28 6annos.

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

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

55-70 6annos - "ynoBnetBoputenbHO" (yaoo0B.);

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

4.1 CTpyKTypa 1 comepXxaHue ayguTopHon paboTtbl No gucuunamHe/ MOaynto
TemaTtnyeckuu nnaH gucUUNIUHbI/MOAYNS
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Paspen

Moayns

AducunnnuHol/

CemecTp

Henens
cemecTtpa

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

Nekuunn

MpakTnyeckue
3aHATUSA

NabopaTopHbie
paborbl

Tekywime coopmbl
KOHTpOns

CUMMETpUN B
donnocopmn n

CUMMETPUA.

Tema 1. lNoHATHE

{_|ecTecTBosHaHmu.
" [T eomeTpuyecknii
noaxom kK Teopun
cuMMeTpuKn. ToveyHas

TOYEYHBIX rPymnm.
OcobeHHOCTH

rpynn.

Tema 2. loHATME O
TOYEYHbIX rpynnax
cummeTpun. CrucTemsl
0003HaYeHNIN TOYEYHbIX
rpynn. Yetbipe Tvna

HenpepbIBHbIX TOYEYHbIX

adKTUBHOCTU U

KOMTJ1IeKCOB.

Tema 3. Anroputm
onpeneneHnsa To4e4Hom
rpynmnbl CUMMETPUU
monekyn. Kputepun
HanM4ns onTUYecKom

ONMOSIbHOrO MOMEHTA.
OKBMBaNEHTHbIE aTOMbI.
CrepeoxnmMuyeckun
HEeXeCTKune CTPYKTypbl

HnactepeoTonus.

Tema 4.
AHTUCUMMETPUS.
CnmmeTpusa n
ONCCUMMETPUS B

npnMeHeHnem

CUMMETPUMN.

npupoLe 1 NCKYCCTBE.
PelweHue 3apay c

reoMeTpumn4eckoro
nooxona K teopun

PernctpaunoHHbii Homep 730817
CtpaHwnua 5 ns 30.
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Mporpamma aucumnavHbl "Teopusi cUMMeTpUn B KoopanHaunoHHom xumun"; 04.03.01 Xumuns; noueHT, K.H. (aoueHT) WrbipnuH B.T.

Buabl 1 yacbl
ayauTopHOM paboThbl,
Henens MX TPy A0EMKOCTb Tekywume copmbl

cemecTpa (B yacax) KOHTpons
MpakTnyecknellaboparopHbie
3aHATUSA pabotbi

Paspen
N AducunnnuHol/ CemecTp
Moayns

Nekuunn

Tema 5.
Anrebpaunyeckunii
noaxon K Teopun
cvmmeTpumn. OCHOBHblE
cBoKcTBa
MaTeMaTn4ecKom
rpynnbl. Tabnuua

5. [yMHOXeHWs ons 8 5 0 2 0
rpynnbl. Moarpynnbi,
LUMKInYeckme n
abenesbl rpynnbi.
MNpeobpazoBaHue
nonobus. Knaccobl
COMNPSIKEHHbIX
3NEMEHTOB.

Tema 6. ['eHepaTopbl
rpynnbl. [NponsseneHns
rpynn. Onepauuun Hag
BekTopamu. Onepaunu
6. [Han matpuuamu.

" |IKBagopaTHble,
eanHn4Hble, obpaTHble,
TPaHCMOHMPOBAHHbIE,
9PMUTOBO-COMPSAXEHHbBIE
N YHUTapPHbIE MaTpuLbl.

Tema 7.
MNpeobpazoBaHue
nonobvsa onsg matpu.
MatpuLbl
npeobpasoBaHnii ons
onepauunm cummeTpun.
7. |OT0bpaxeHuns, n3o- n 8 7 0 2 0
rOMOMOPCOU3M.
Henpusoaumble
npencrasneHns n nx
OCHOBHblE CBOWCTBA.
Tabnuubl xapakTepos

rpynn.

KETPOHHBH
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Paspen
AducunnnuHol/
Moayns

CemecTp

Henens
cemecTtpa

Buabl n yachbl

ayauTopHOM paboThbl,
MX TPYA0EMKOCTb

(B yacax)

Tekywime coopmbl
KOHTpOns

Nekuunn

MpakTnyecknellaboparopHbie

3aHATUA

paborbl

Tema 8. lNpounsseneHuns
HEenprBOANMbIX
npencTasneHni.
Tabnuupbl Kanw.
DU3NYECKNIA CMbICH
HEenpMBOANMbIX
npencTasneHunin.

. |Cnocobbl

CUCTEMATMYECKOTO
nocTpoeHns Tabnuy
xapakTepos. Tabnuupbl
XapakTepoB TOYEYHbIX
rpynn n obo3HayveHus
npeacTaBneHnin no
MannukeHy.

Tema 9. Penykuuns
NPUBOONUMBIX
npencrasneHunin.
dopmyna pasnoxeHus.
Penykums
npovn3seneHns
HEenprBOONMbIX
npencrasneHuni.
®dopmyna
Knebwa-opaaHa.

TectnposaHue

10.

Tema 10.
Henpusoaumble
npeacTaBneHns n
Knaccugomnkaums
TepmoB. Teopema 3.1
Burnepa.
Knaccugomkaums
TepmMoB cBOOOLHOro
atoma. AcnekTbl
CYMMETPUUN B TEOPUN
KpUCTanIn4eckoro
nons. KoppensaumnoHHble
Tabnmupl.

10

PernctpaunoHHbii Homep 730817
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Mporpamma aucumnavHbl "Teopusi cUMMeTpUn B KoopanHaunoHHom xumun"; 04.03.01 Xumuns; noueHT, K.H. (aoueHT) WrbipnuH B.T.

Paspen
AducunnnuHol/
Moayns

CemecTp

Henens
cemecTtpa

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

Tekywime coopmbl
KOHTpOns

Nekuunn

MpakTnyecknellaboparopHbie

3aHATUA pa60Tu

11.

Tema 11. Tepmbl
MHOIO3NEKTPOHHbIX
COCTOSAHUI.
Henpusoaumble
npencrasneHns n
TEePMbl JINHENHbIX
Monekyn.
MeX3anekTpoHHoe
oTTankneBaHue u
CnuH-opbutanbHoe
B3aMMoOerncTeune npu
LS- u jj-cBA3u. ATOMHbIE
TepMbl. Pacwennexve
TEPMOB NoA, AEeNCTBUEM
CnNUH-opbuTanbHOro
B3aMMOOENCTBUS.
JlBOMHbIE rpynnbl 1
[By3Ha4Hble
npencrasneHuns.

11

12.

Tema 12. Pacwennenune
TepMoB B cnabom u
CUNbHOM
KpUCTannn4eckmx nonsax
cummeTpun Oh.
Onpepenexve
CNUHOBOM
MYNbTUMNETHOCTH
COCTOSIHUA METOLOM
CHUXEHNS CUMMETPUN.
Hdunarpammbl
TaHabe-CyraHo.
ONEeKTPOHHbIE CNEKTPbI
KOMMNEeKCoB
nepexonHbIx
d-metannos.
Ouarpammbl Oprena.

12

13.

Tema 13. lpasuna
oTbopa anst MaTpPUYHbIX
SNEMEHTOB.
NHTEeHCMBHOCTb
SNEKTPOHHbIX
nepexonos. NCTOYHNKK
WHTEHCUBHOCTH
3anpeLeHHbIX
nepexonos. OTHeceHne
SNEKTPOHHbIX
nepexonoB B criekTpax
NoNsPM30BaHHOIO
N3ny4eHuns.

13
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Mporpamma aucumnavHbl "Teopusi cUMMeTpUn B KoopanHaunoHHom xumun"; 04.03.01 Xumuns; noueHT, K.H. (aoueHT) WrbipnuH B.T.

Paspen
AducunnnuHol/
Moayns

CemecTp

Henens
cemecTtpa

Buabl n yachbl
ayauTopHOM paboThbl,
MX TPYAO0EMKOCTb

(B yacax) KOHTpOns

Tekywime coopmbl

Nekuunn

MpakTnyeckue
3aHATUSA

NabopaTopHbie
paborbl

14.

Tema 14.
Knaccudmkaums
konebaHuii No Tmnam
cvmmeTpuu. MNpasuna
oTtbopa ans
MOrNOWEHNS N3NYYeHNs
MOJEKYNIAPHBIMU
konebaHusmn. PeweHne
3a4ay C NPUMEHEHNEM
anrebpanyeckoro
noaxona K Teopum
CYMMETPUMN.

14

15.

Tema 15. HekoTtopble
creumanbHble rpynmnbl.
CnmmeTpuyeckas
rpynna nepectaHoBOK.
Ouarpammbl FOHra.
CnmmeTpuyeckne
rpynnbl NepecTaHoBOK C
nHBepcuein. [pynnb
CYMMETPUN HEXECTKMX
MONeKyI.
N3oanHamunyeckne
onepauuu.
Cyneprpynna
peouHrepa.

15

16.

Tema 16. KBaHTOBa#s
MexaHuka v
9NeKTPOHHAas CTPyKTypa
monekyn. Metog MO
NKAO.
Cant-cummeTtpus n
cummetpusa MO.
mMbpnan3oBaHHbIE
opbuTanu.
MNpoekunoHHble
oneparopbl 1 MO
NNKAO. BonHosble
doyHKkuMKn metona BC.
KoHdourypaumoHHoe
B3anmogencTseume.

16
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Buabl 1 yacbl
ayauTopHOM paboThbl,
Henens MX TPy A0EMKOCTb Tekywume copmbl
cemecTpa (B yacax) KOHTpons
MpakTnyecknellaboparopHbie

3aHATUSA pabotbi

Paspen
N AducunnnuHol/ CemecTp
Moayns

Nekuunn

Tema 17.
BpawarenbHblie n
ANepHble CrMHOBbIE
COCTOSIHUSI.
NHTEHCMBHOCTb
BpaLaTenbHbIX
nepexonos.
Cesi3blBaHVE CNUHOB
17.|a0ep no 8 17 0 2 0
Knebwy-IopaaHy.
Henpusoaumblie
npencrasneHms
ANEPHbIX CAVHOBbLIX
COCTOSIHUI N CNEKTPbI
AMP. CepxToHKOE
pacuenneHve B
cnekTpax IP.

Tema 18. AcnekTbl
CYMMETPUU B
MexaHn3max
XVMUYECKNX peakuuni.
OneKkTpoumKmyeckme
peakuunun. Peakuumn
LUMKNONPUCOE ANHEHUS.
18_PeaKLu/||/|
neperpynnupoBKn 1
SNUMUHMPOBAHUS.
CTtpykTypHas
HEXEeCTKOCTb,
BUOPOHHbIE 1
POBMOPOHHbIE
3 eKTbl 1 NX PONb B
XUMNYECKMX peakumsix.

Tema . Itoroeas 3avert
doopma KOHTpOns 8 0 0 0

NTtoro 0 36 0

KoHTponbHas
8 18 0 2 0 paboTta

4.2 CopepxaHvue oUCLUMNUHbI

Tema 1. NoHsATME cMMMeTpUM B chunococoumn n ectecTBo3HaHUKU. FeomeTprnyecknn noaxon, K
Teopuu cummeTpuun. ToueyHas CUMMeETpPUS.

npaKkTudeckoe 3aHsitne (2 yaca(os)):

MoHATME CUMMETPUN B OMNIOCOOMM 1 eCTEeCTBO3HaHUN. [1leayKTMBHO-aKCMoMaTU4eCcKuin Meto B
Teopun cumMmeTpumn. FeomMeTpuyecknii noaxon K Teopun cummetpun. OnpeneneHne To4e4How
cum-mMeTpun. Onepauunn 1 anemeHTbl cummeTpumn. CobCTBEHHOE BpalleHMe BOKPYr OCY CUMMETPUN,
No-psaaoK ocu BpalleHus. MNpasunna opreHTaunm MoneKkyn OTHOCMTENbHO CUCTEMbI KOOPAMHAT.
OTpa-XxeHune B NNOCKOCTV CUMMETPUX, Npeobpas3oBaHne KOOPAMHAT NPU OTPaXEHUUN B MIIOCKOCTH
cuM-mMeTpun. HecobcTBEHHOE BpalleHme, KONMYeCcTBO onepaLmin HecobCTBEHHOMO BpalleHWs npu
He4YeT-HOM 1 YeTHOM rnopsiake ocu nosopoTa. MHBepcus, npeobpasoBaHe KoopauHaTt npu
onepaumun nH-eepcuun. ToxaecTBeHHoe npeobpasoBaHne (onepaumnst MOeHTUYHOCTH), oopMasbHbIiA
N cofepxKa-TenbHblA CMbIC/ onepaunm UOEHTUYHOCTY.
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Tema 2. NMoHsATME O TOUEYHbIX Fpynnax cumMeTpun. Cuctembl 0603HaYeHU TOYEYHbIX FPyn.
YeTbipe TMNa ToYeuHbIX rpynn. Oco6eHHOCTU HenpepbIBHbIX TOYEYHbIX FPYMM.

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

OnpegneneHne Tode4Hol rpynnbl. CuctemMbl 0603Ha4YeHNA ToueyHbIX rpynn LWeHdpnnca m
'epmaHa-MoreHa (MexayHapogHas). HeTbipe Trna To4eyHbIX rpynn: 1) npocTenumne rpynnbl -
C1,CS, Ci; 2) umknuyeckme rpynnbl - Cn, Sn, Cnv, Cnh; 3) anagpuyeckme rpynnbl - Dn, Dnh, Dnd; 4)
Td, Th, T; Oh, O (kybundeckme rpynnbl); Ih, |I. MpaBunbHble MHOrorpaHHukK (Tena MnatoHa).
[MprMepbl MONEKy”, OT-HOCAWMNXCA K PasfMyHbIM rpynnam CUMMETPUX, 1 KONMYECTBO onepauuni
CYMMETPUM B 3TUX rpyn-nax. ApXMMenoBbl U katanaHoBbl Tena. OCo6eHHOCTM HenpepbIBHbIX
TOYEYHbIX rpynn cllv, bllhu Rh(3). NapameTtpunyeckue rpynnbl 1.

Tema 3. Anroputm onpeneneHns TO4eYHOW rpynnbl CUMMETPUK Monekyn. Kputepumn Hannmums
ONTUYECKOM aKTUBHOCTW U AUMNONbHONO MOMEHTa. 3KBUBa/IEHTHble aTOMbl. CTepeoxXxnMmnyeckm
HeXecTKue CTpyKTypbl KOMNIeKcoB. JinactepeoTonus.

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

Anroputm onpeneneHns TO4e4HOM rpynnbl CUMMETPUN MONEKYN, NPUMEHEHNE anropuTMa K
OTHE-CEeHWNI0 CUMMETPUN CIHOBUYEBbIX KOMMIEKCHbIX coeguHeHnin. CTpornm Kputepuin onTu4eckom
aKk-TMBHOCTM MONEKYN, FPYNnbl CAMMETPUN ONTUYECKM akTUBHbIX Moniekyn ? C1, Cn, Dn, O, |, R(3).
OnTunyeckas akTMBHOCTb KOMMNEKCOB. [ pynnbl CUMMETPMKU MONeEKyN, 06nafatowwmx 4MNONbHbIM
momeHToM ? C1, CS, Cn, Cnv 1 Ceov. OKBUBANIEHTHbIE aTOMbI. [1pUMEpPbI OTHECEHNS CUMMETPUM
MOsie-KyNl Ha OCHOBE OrnpefeneHns Yucna akBMBasnieHTHbIX aTOMOB CNeKTpabHbIMU METO4AMU:
[VOF5]3-, [Ni(CN)5]3-, [Mo(CN)8]3-, NiL4. CTepeoxmMmnyeckm HexecTkne CTPpyKTypbl KOMMIEKCOB.
MpUHLMN OTHOCUTENBHOCTY K CpeacTBam HabnoaeHns. I30XpoHHOCTb, ANacTepeoTonms 1
npoxupanbHOCTb (Ha npumepax coeanHeHnin: H3C-CH2CI, ABDC-CH2CI un
(CH3)2CH-CH(NH2)COOH).

Tema 4. AHTUCMMMeTpUsi. CUMMETPUSA U BUCCUMMETPUSA B NpUpoae U nckyccree. PellieHue
3apaJy c NpMMeHeHWeM reomeTpmyeckoro noaxona K Teopum CUMMeTpUN.

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

OnpegneneHune To4e4HOM rpynnbl No cuctemam Wendgonuca u Nepmana-Morena, Hannyuns
OMNTNYE-CKOW aKTMBHOCTM, AUMONIbHOrO MOMEHTA M YMCna HE3KBMBANIEHTHBIX aTOMOB Y Pa3/INYHbIX
MOsie-Ky/l Ha OCHOBE BBELEHHbIX airOPUTMOB. AHaNN3 CUMMETPUN N PUINKO-XMMNYECKMX CBONCTB
MOJEKYN UCKaXEHHOW TeTpasapuyecKom U oKTasapuyeckon cummetpumn. Paccmotperue
CUMMET-PUN N OU3NKO-XUMNYECKINX CBOMCTB KOHOPOPMEPOB. MoHATNE 0000IWEHHO CUMMETPUN.
Onepa-uns aHTUCMMMETpUK. [ pynnbl aHTUCMMMETPUM (MArHUTHbIE UK WYOHNKOBCKWE rpynnbi).
[Mpn-Mepbl TOYEYHbIX rPynn aHTucuMmeTpumn: 1?, 2?/m?, 4?, 32?. LiBeTHble (benoeckue) rpynnbi.

Tema 5. Anrebpanyeckui nogxon K Teopum cummeTpmumn. OCHOBHbIE CBOMCTBA
MateMaTMyeckow rpynnbi. Tabnuua yMHOXeHUs ons rpynnbl. Moarpynnbl, LMKAMYeckKue u
abenesbl rpynnbl. NMpeobpa3oBaHne nopobus. Knaccbl CONpsiXeHHbIX 3/IEMEHTOB.

npaKkTundeckoe 3aHsitne (2 yaca(os)):
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Anrebpaunyecknii Noaxon K Teopun cummetpun. Komnoauums (npomsseaeHne) onepaunii
CUM-MeTpun. Mpynnbl ¢ KOMMYTHPYOWUMK onepaunsMm (abenesbl) U HEKOMMYTUPYOLLMMIA
onepa-unsmmn (Heabenesbl). MprMepbl NponsseneHns onepaumii B rpynnax C2v (monekyna H20) u
D3h (monekyna BF3). Matematunyeckoe onpeneneHue rpynnol. 13 nctopum ctaHoBneHus Teopum
rpynn (3. Manya ? K. XopaaH ? ®. Kneinn ? C. J1n). HYeTbipe OCHOBHbIX CBOCTBA MaremaTtnye-CcKow
rpynnbl: 1) KOMNO3MLMS NOBbBIX OBYX 3NIEMEHTOB rPYNMbl AAET 9NEMEHT, TakXe NpuHaaie-Xalluii
LaHHOW rpynne (ycnoBme 3aMKHyTOCTW); 2) Ons NoObIX 9NEMEHTOB rPynMbl BbINOAHAETCA
accoumaTtuBHbBIA 3aKOH (rpyrnnoBble CBONCTBA); 3) CyLWeCTBYET eAMHCTBEHHbIN € ANHNYHbIA 31e-MEHT
(E), KOMMyTUMpytOwWwmiA ¢ NtobbIM APYrM SNEMEHTOM FPYMMbl U AAKOWWIA B MPOU3BELEHUN C HUM 3TOT
Xe aNeMeHT; 4) ons Kaxaoro anemeHTa rpynnbl (A) cylwecTByeT 0bpaTHbiii eMy ane-MeHT (A-1),
KOMMYTUPYIOLWWUA C HAM 1 JalOWmii B NPON3BEAEHUN C HUM € ONHNYHbIA anemMeHT. [prumepsb! rpynn.
Tabnuua yMHOXeHUst ans rpynnbl. CBONCTBA Tabnuubl YMHOXEHNUS Ans rpyn-nol. NMocTpoeHne
Tabnuubl YMHOXEHUS ANns abCTpakTHOM rpynnbl U3 Tpex anemeHToB ? E, A n B. Moarpynnel,
umknnyeckme rpynnbl. MpeobpasoBaHne nonobus (onepauunsi conpsixxeHus). Tpu cBoicTea
onepauun conpsxxeHusi: 1) kaxablii SNEMEHT rpynnbl COMNPSIXeH cam ¢ coboit; 2) ecnun anemMeHT A
conpsixeH ¢ anemeHToM B, 10 1 B conpsxeH ¢ A; 3) ecnu anemMeHT A conpsxeH ¢ anemeHTamm B un
C, 10 B 1 C conpsixeHbl mexay coboit. Knaccbl conpsixeHHbIx anemeHToB. Knaccudomkaums
anemeHTOoB rpynnbl C3v.

Tema 6. NeHepaTopbl rpynnbl. Nponssenenus rpynn. Onepauum Hag BeKTopamu. Onepauumn
Hap matpuuamu. KBagpatHble, e AMHUYHbIE, OOpaTHble, TPaHCNOHUPOBaHHbIE,
3PMUTOBO-COMNPSAXEHHbIE U YHUTapHble MaTpuLbl.

npakTudeckoe 3aHsitne (2 yaca(os)):

"eHepatopbl rpynnbl. Mpumep noctpoeHns rpynnbl C3v Ha ocHoBe reHepatopos C3 n ov. [NpsaMmble 1
nonynpsiMble npovnsseneHuns rpynn. Npumep noctpoeHns rpynnsl C3v Ha ocHose noarpynn C3 n
CS. NpaBble 1 neBble CMEXHbIE KNACChl 3NeMEHTOB. IHBapraHTHble noarpynnbl. Tabnuua
ne-papxum TO4EYHbIX rpynm, 3anmcaHHbIX Yepes reHepaTopbl Y NPOM3BeaeHNS He3aBUCHMbIX
non-rpynn. dopmanbHo-MaTemMatmyeckuin annapar Teopun cummetpun. OnpeneneHne TeH3opa Kak
yrnopsno4eHHOM CUCTEMbI OYHKLMIA OT KoopamnHat Todku. PaHr TeH3opa. Onepaunn Han
BEKTO-pamu: 1) CnoxeHue; 2) yMHOXEHMe Ha ckansap; 3) ckansapHoe npousseneHne BeKTopos; 4)
TEH-30pHOE (NPsIMOE) Npon3BeieHNe BEKTOPOB. basuncHble BekTopbl. BekTop-cTonbeL,
BEKTOP-CTPOKA, TPAHCMNOHMPOBAHHbIV 1 06paTHbIi BekTop. Onepaumun Hag matpuuamum: 1)
CNOXEHME; 2) YMHOXEHNEe MaTpuLbl Ha ckansap; 3) ckanspHoe NnponsseneHne Mmatpul; 4) TEH30pHOE
(npsimoe) NpounsseneHne Matpuy. XapakTtep (cnen) matpuubl. KBagpaTtHble, eAMHNYHbIE 1 0BpaTHbIE
MaT-pu1Lbl, TPAHCMOHNPOBAHHbIE, 3PMUTOBO-COMPSXEHHbIE U YHUTapPHble MaTpuubl. O603Ha4YeHne
eVHU4YHOoN MaTpuubl cumeonom KpoHekepa.

Tema 7. NMpeobpa3oBaHue nopobus pns marpuu. Marpuubl npeobpa3soBaHui onsi onepaumn
cummeTpun. OTobpaxeHusi, N30- u romomopchusm. Henpmeoaumbie NpeacTaBneHUs U NX
OCHOBHble CBONCTBa. Tabnuubl xapakTepos rpymnn.

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

MpeobpasosaHne nonobus ons matpud. Npumep npeobpasoBaHUs NoaobMs ¢ NOMOLLBI BEKTO-POB
1 MaTpuy Npy NOBOpOTE CUCTEMBI KOOpAMHAT. MaTpuubl npeobpa3oBaHuii ons onepaumi
cummeTpuun. Matpuua nosopoTta B TPEXMEPHOM NPOCTPAHCTBE, YHUTAPHOCTb MaTpKLbl MOBOPO-Ta.
MaTtpuubl NpeobpasoBaHnii AN BCEX BBEAEHHbBIX FEHEPATOPOB TOYEYHbIX FPYMN CUMMETPUN.
OT0bpaxeHus, n3o- n romomopcpuam. OnpeneneHne npencraeneHms rpynnol. OnpenenexHve
He-nNp1BOAMMOro npeacTasneHuns rpynnbl. TPy rnaBHbIX CBOMCTBA HEMPUBOONMbIX NPEeACTaBNEHUN:
1) 4ncno HenpMBOAUMbIX NPEACTaBAEHWUA FPYMMbl PABHO YMCAY €€ KNacCcoB; 2) CyMMa KBaaparToB
pasMepHOCTEN HeNPUBOANMBIX NPEeLCTaBNeHU paBHa Nopsaaky rpynnbl; 3) eCnv HenNpuBOANMbIE
NpPeLCcTaBeHNs rpynnbl OAHOMEPHbI, TO OHM camu 0bpasytoT rpynny. Tabnuubl xapakTepos rpynmn.
Henpueoammble npeactasneHuns rpynn C2 n C3. Pa3gennMo-BbipoXAeHHbIE
KOMMNEKCHO-COMPAXEHHbIE NPeACTaBNEHUS N X 6a3NCHbIE OYHKLNW.

Tema 8. NMpousBeneHNs HenpuBOAUMbIX NpeacrtaBneHnn. Tabnuubl Kanu. dusnueckun cmbicn
HenpuBoAMMbIX NpeacTasneHnin. Cnocobbl cUCTeMaTMYecKoro NocTpoeHus Tabnuu,
xapaktepoB. Tabnuubl XapakTepoB TOYEUYHbIX rpynmn u 0603Ha4YeHUs npeacTaBieHUm Nno
MannukeHy.

npakTnyeckoe 3aHsitne (2 4aca(os)):
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Henpusoanmble npeacrtasneHms rpynnsl C2v. OnpegeneHne npomsseeHns HeNpUBOAUMBIX
npen-ctaBneHuni (¢ npumepoM ang rpynnsl C2v). 3agaHve HeNpMBOAUMBIX MPEACTaBNEHUA B
NPOCTPaH-CTBE OPTOrOHaNbHbIX PYHKUMIA. Tabnuubl Kanu. PaamepHOCTb HENPUBOAMMBIX
NpeAacTaBNeHUiA B pas3fINyHbIX TOYEYHbIX rpynnax n ux o6osHaveHne. dPnsnyeckunin cMbichn
HenprBOAUMbIX MPeA-CTaBNeHWn Ha NpruMepe Monekynbl BoAbl. [peobpa3oBaHne BEKTOPOB
TPaHCASALMM N KOMMOHEHT BEKTOPA YrfI0BOr0 MOMEHTAa Npu onepaumax cummetpun rpynnbl C2v.
Cnocobbl cMCTEMATMHYECKOro NOCTPOEHUS TabnuL, XxapakTepoB HA OCHOBE reHepaTopOB rpymnn v
npoun3BeneHns noa-rpynn (Nprumepbl noctpoeHns Tabnuy ons rpynn C2v n C3v). Tabnuupbl
XapakTepoB TOYEYHbIX Fpynn 1 0603Ha4YeHNs npeacTaBneHunii. Kpatkuii BapuaHT Tabnuu xapakTepos
HenpuBoANMbIX NpeactaeneHnin (u3 kypca JlaHpay-Jindpwmua). lNoctpoeHne HenpuBO ANMbIX
npenctasneHun rpynnsl D3d Ha ocHose nponsseneHus noarpynn D3 un Ci.

Tema 9. Peoykuuns npusoaoumbix npeacrasneHnn. dopmyna pasnoxenus. Pepykums
npovsseneHust HenpuMBoAUMbIX NpeacrasneHnin. ®opmyna Knebwa-roppaHa.

npakTudeckoe 3aHsitne (2 yaca(os)):

Cnocobbl pefykuum NpUBOAMMbIX NPeACTaBNeHWA. BeKTopbl-CTPOKM HENPUBOANMbIX
npencrasne-HU Kak MHOXECTBO B3aUMHO-OPTOroHasnbHbIX PyHKLUMA. PopMyna pasnoxeHus,
KpaTHOCTb BXOX-AEHUS HENPMBOAMMOro NpeacTasneHms B NnpusoanmMoe. Penykums nponsseneHuns
HenprBoaAUMbIX NpeacTaeneHunini E1xXE2 rpynnsl D6 meTonom noabopa v no oopmyne pasnoxeHus.
Penykuun npons-sefeHnin HenpmBoaUMbIX MPeACTaBNEHUA TOYEYHbIX FPYMM C MOMOLLbIO NPaBun
N3MeHeHnsa 0603Ha-4yeHnin MannmkeHa. Matpuubl npeobpasoBaHnii 1 HENPUBOANMbIE
npencrasneHuns rpynn cummet-pumn R(3) n Rh(3). MaTpuua nosopoTta Nnpon3BosibHOro nopsaka u ee
6asuncHble PYHKUMM (0AHOPOA-HbIE OPTOrOHANbHBIE MOMHOMBI, MPUCOEANHEHHBIE MOIMHOMbI
Nexanppa). NponsseneHuns Henpu-soaumblix npegctasneHun rpynn R(3) n Rh(3), doopmyna
Knebwa-IopnaHa.

Tema 10. HenpusoauMmbie npeacrasneHus u knaccucpukaums tepmos. Teopema 3.11. BurHepa.
Knaccudomkauus TepmoB cBo60,aHOro atoMma. ACnekTbl CAMMETPUM B TEOPUM
Kpuctannuuyeckoro nonsi. KoppensiumoHHble Tabnuubi.

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

Teopema O.I1. BurHepa: peweHuns ypasHeHns LWpeanHrepa onpenenstor MHOXECTBO
HernpuBO-AMMbIX NPEACTABIEHNIA B MPOCTPAHCTBE QOYHKLMIA, 3a0aHHbIX STUMU PELLEHVSAMU.
KBaHTOBas MexaHuka kak puamyeckas nHTepnpetaumns Teopmum CUMMeTpumn (Teopumn rpynn).
Knaccudpukaums tepmoB cBo604HOro atoMa, oM3nM4eckunii CMbICN HENPUBOANMbIX NPEACTaBNEHWIA
rpynnbl Rh(3) n 0603HavYeHuns nx 6asncHbIx OyHKUMA. ACNEKTbI CUMMETPUN B TEOPUN
Kpuctannuyeckoro nons. Penykuunsa npenctasnennin Du(1) n Dg(2) rpynnsl Rh(3) B
Kpuctannundeckumx nonax cummetpum Td, O n Oh. Peoykuuns HenpueoanMoro npencrasneHms T2
(F2) rpynnbl Td k HenpuBoanMbiM npencTae-neHnsm rpynn C3v n C2v. KoppensiumoHHble Tabnumubl.
PacuwenneHne 0aHO3NeKTPOHHbIX d-opbutaneii B KpUCTaANINYECKMX NONSX PA3NMYHON CUMMETPUN.
[MprHLMMbI MIHBEPCUN 3HEPreTU-YECKNX YPOBHEN AN OKTadApUY4eckoro n TeTpasgpuyeckoro nonen
W 0Ns OONOSTHUTENbHBIX KOH-ourypauunin dn n d10-n.

Tema 11. Tepmbl MHOro3N1eKTPOHHbIX COCTOAAHMI. Henpusooumblie npeacTasneHUst U TePMbl
NUHEeNHbIX Monekyn. MexXxanekTpoHHOe OoTTafnkuBaHue U CMUH-OpbuTanbHOe B3auMoaencTeme
npu LS- u jj-cBA3n. ATOMHbIe TepMbl. PacLuenneHme TepMoB Noa AencresueM
CnuH-opbuTanbHOro B3aumoaencTeus. [ BonHbIe rpynnbl U ABY3HauyHble NpeacTaBieHus.

npakTnyeckoe 3aHsitne (2 4aca(os)):
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Henpusoaumble npeanctasnenns rpynn Cv, Dh n TepMbl NMHERHBIX MONekyn, 0603HaYeHus!
HenpW-BOAMMBbIX NPELACTABNEHWA N nX BA3UCHBIX (OYHKLIMIA, 3aMMCTBOBAHHbIE N3 aTOMHOIA
cnekTpockonuu. KoHuenuus o-, -, 8- 1 ApYyrux MonekynsipHbix opbutaneir. Tepmbl
MHOrO3MIEKTPOHHbIX COCTOSIHUI NMHENHbIX MONEKYN: BblpaXXeHne NonHOM MoNekynspHOW BOTHOBOW
doyHKUUK (1 ee npencTasneHuns) B Buae npon3seneHns 0OHO3NEKTPOHHbBIX BOMHOBbIX (PYHKUMI (1 UX
HEenpPMBOAMNMbIX NPeAcTaBne-HUN); pasnoxeHne npeacTaBneHns NoIHON MONEKYNSPHON BOTHOBOWA
OYHKLLMK B CNlyHae 3aMKHYTbIX U OTKPbITbIX 3N1EKTPOHHbLIX 0060N104€eK; NprMepbl TePMOB Monekyn H2
nO2. ATOMHblE TEePMbl MHOIO-3MEKTPOHHbIX COCTOSIHWIA. Y4eT B MOMHONW rpynne CUMMeTpun atoma
rpynnbl nepectaHoBok S(n), npuHuun Maynu. MexanekTpoHHOe oTTankmBaHne u cnuH-opbuTanbHoe
B3aumogencTeune npu LS- u jj-ceasn. PaclienneHne TepMoB NoL OeACTBUEM MEXINEKTPOHHOIO
OTTaNKMBaHus, 0603HAYEHNS aTOMHbIX TEPMOB M NMPUHUMMbLI ONPeAENeHnst X MynbTUMNETHOCTU.
Tep™ kKoHpurypauum d1. Pac-wenneHue non NenACTBUEM CMMH-0POUTaNIbHOMO B3aUMOAENCTBUS
aTOMHbIX TEPMOB C LeNIOYNUCNEH-HbIMW 3HaYeHnamun J. Tepmbl KoHurypaumm d2. PacwenneHue
aTOMHbIX TEPMOB C NonyuenbiMu 3HadeHnsMu J. [1BoiHble rpynnbl 1 ABY3HAYHbIE MPeacTaBNeHns.
Tepmbl KOHGUrypauuin d3 n d7.

Tema 12. PacwienneHne TepMOB B CN1labOM U CUNIbHOM KpUCTaNnIN4eckmx nonsix cummetpum Oh.
OnpepeneHve CMMHOBOW MY/IbTUMNNETHOCTU COCTOSAHUA METOO0M CHUXEHUSA CUMMETpUWN.
Ouarpammbl TaHabe-CyraHo. QneKTPOHHbIe CNeKTPbl KOMM/IEKCOB NepexoaHbix d-MmeTannos.
HAdwarpammbl Oprena.

npakTudeckoe 3aHsitne (2 yaca(os)):

PacwenneHune TepMoB KoHdurypauum d2 (LuenoymcneHHole J) B cnabom n cuibHOM
Kpuctannuye-ckux nonsix cummetpum Oh. OnpeneneHve CrNMHOBON MyNbTUNNETHOCTU COCTOSHUM
METOAO0M CHUXEHUS CUMMETPUN. MprMHUMNBI KOPPENsSUMmM TepMOoB ¢naboro 1 CUIbLHOMO
KpUCTannmMyeckux nonen: 1) Bce COCTOSHUS cnaboro nons KOPPENUPYOT C COCTOSIHUSIMU CUTNbHOTO
nons TON Xe CUMMETPUM U TOW Xe MYNbTUMNNETHOCTN; 2) C UBMEHEHMEM CUJTbl KPUCTANNNYECKOro
nonst CO-CTOSAHNS C OQNHAKOBOW CUMMETPUEN U MyNbTUNNETHOCTbIO He nepecekatoTcs. Juarpammbl
TaHa-6e-CyraHo (npumep ons koHdgurypaumm d5). PacwenneHme TepMoB KoHdurypauum d7
(nonyue-nbie J) B cnabom 1 CUNbHOM OKTa34pUYecKnx nonsx. PacwenneHme atoMHbIX TEPMOB B
cny4ae jj-CBA3W. ONEeKTPOHHbIE CNEKTPbl KOMMNNEKCOB NepexoaHbix d-meTtannos. [locTpoeHve
nmarpamm Oprena ans cnyvaes D- n F-TepMOB OCHOBHOIr0 COCTOSIHMSA B Cnabblx KPUCTaNNMYECKUX
nonsix cummetpum Oh n Td ¢ y4eToM Tpex NpuHUKUNOB: 1) HBEPTUPOBAHNE SHEPTEeTUYECKNX
ypoBHen B nonsx cummeTpun Td no otHoweHuo K Oh; 2) nHBepTUPOBaHWE SHEPreTUYeCcKmX ypoBHEN
[ONOMHUTENbHBIX KOHAUrypauuii dn n d10-n; 3) NAEHTUYHOCTb BbICOKOCMUHOBBIX COCTOSAHUIA ANS
KoHpurypaumin dn n dn+5. Ouarpamma Oprena ons koHdurypauumn d5

Tema 13. NpaBuna ot6opa ANs MaTPUUHbIX 31eMeHTOB. MHTEHCUBHOCTb 3N1EKTPOHHbIX
nepexonoB. MICTOYHUKU MHTEHCUMBHOCTU 3anpeLleHHbIX nepexonos. OTHeceHue 3N1eKTPOHHbIX
nepexonoB B crneKTpax nonsspu3oBaHHOro U3nyyeHus.

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

MNpaBnna otbopa ana MaTpuyHbIX 3NEMEHTOB (OrpPaHNYEHNs N0 CUMMETPUM Ha
KBAHTOBO-MEXaHNYeCKMEe UHTErpasbl): MaTpUYHbIA 3N1IEMEHT OTIMYEH OT HyNS TONbKO TOrAa, Koraa
ero npeacTasBneHne CooepXuT NONHOCUMMETPUYHOE Henpueoaumoe npeacrtaeneHne (A, A1, A1g).
MHTEHCMBHOCTb 3NeKTPOHHbIX Nepexonos. [pasuna otbopa ans MaTpMyYHOro anemMeHTa onepa-topa
OMNONbHOro MOMeHTa (MOMeHTa nepexoaa, P): 1) nepexoabl Mexay COCTOSHUSAMU C OANHA-KOBOW
4EeTHOCTbIO 3anpeuleHbl (Npasuno JlanopTa); 2) nepexoabl MEXAY COCTOSHUAMU C pa3Hbl-MU
CMVHOBBIMM MYNbTUMNIETHOCTAMM 3anpelleHbl; 3) nepexoabl ¢ BO30yxaeHneM aByx u bonee
SNEeKTPOHOB 3arnpelleHbl. ICTOYHMKM MHTEHCUBHOCTU 3anpeLlleHHbIX nepexonos: 1)
CMnH-opbuTanbHOE B3anMOAENCTBME; 2) CMELBAHNE opbutanen pa3Hoin YeTHOCTM NMPU HEKOTOPbIX
cUMMeTpUAX (NpuMep TeTpasapuyecknx komnnekcos kobanbta(ll)); 3) anekTpoHHo-sAepHoe
(BMbpoHHOE) B3aumopaeincTane. OTHeECEHME 3NEKTPOHHbBIX MEPEXO0B B CNEKTpax Nonspu3oBaH-HOro
nanyyveHuns (Ha npumepe moHokpuctannos komnnekcos K[Cu(NH3)5](PF6)3 cummetpun C4v n
K[Cu(NH3)2(NCS)3] cummeTtpun D3h).

Tema 14. Knaccucpukaums konebaHmin no tunam cummetpum. NMpasuna or6opa ans
NOrNOLLEHUS U3JTYYEeHUSI MONIEKYNAPHbIMU KonebaHusaMu. PelleHne 3apay ¢ NpUMEHEHUEM
anrebpavuyeckoro nogxona K TeOpUun CUMMETPUM.

npakTnyeckoe 3aHsitne (2 4aca(os)):
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Knaccudgomkaums konebanuii no tmnam cummeTpumn. HopmanbHble konebaHus. MNpeanctaBneHne
MaTpuLbl NpeobpasoBaHWin KOOPANHAT aTOMOB MPW ONepaLmnsix CUMMETPUM Ha NPUMEPE MONEKY-Ibl
BOAbI (TOYeYHas rpynna cummetpum C2v), ero pasnoxeHue Ha NpeacTaBneHns TpaHCNsSUni,
BpalleHuiA 1 konebaHuii. Henpreoammble NpeacTaBneHNs HopManbHbIX KonebaHuin Monekynbl
doopmanbiernga (todedHas rpynna cummetpun C2v). Micnonb3oBaHne caiT-cuMMeTpun ans
Ha-X0XAEeHNS HOpMasbHbIX KonebaTtenbHbix MoA. MNpuMeHeHe NPOEKLMOHHbBIX ONeEpPaTopPoB ANS
aHanmaa HopManbHbIx konebaTenbHbix MoA. BaneHTHble n aedopmaumoHHble konebaHus. MNpasu-na
oTbopa AN NOrnowWeHNs N3Ny4yeHns MonekynsapHbiMu konebanmnamu. OnpeneneHne Tuna CUMMETPUN
1 ymcna konebaHuii, akTnBHbIX B VIK-cnektpax, Ha npumMepax paccMOTPeHHbIX Mone-kyn. OCHOBHbIE
nonocbl 1 06epToHbl. ONpeaeneHne Tna CUMMETPUN 1 Ynucna konebaHuii, ak-TUBHbIX B
KP-cnekTtpax, Ha npnMepax pacCMOTPEHHbIX MOnekyn. BekTop nHoyUMpoOBaHHOIO ON-NOMbHOIrO
MOoMeHTa D, TeH30p Nonspmn3yeMoCcT a U HENPUBOAUMbIE NPEACTaBNEHNS ero KOMMO-HEHT.
OnpepnenexHne TUNOB HOpMasbHbIX KonebaHuii HUTpaT-noHa (TodevHas rpynna cummetpumn D3h),
OTBETCTBEHHbIX 3a noseneHme nepexona A1? — A1? (ntt*) B CNekTpe aneKTpny4eckoro Au-nonbHOro
N3Ny4eHns.

Tema 15. HekoTopble cneuunanbHble rpynnbl. CUMMeTpuyeckas rpynna nepecraHoBOK.
HAduarpammbl FOHra. CummeTtpuyeckue rpynnbl nepectaHoBoK ¢ UHBepcuen. Npynnebi
CMMMeTpUM HeXXecTkux monekyn. UsoamHamuyeckue onepauun. Cyneprpynna LpeauHrepa.

npaKkTudeckoe 3aHsitne (2 yaca(os)):

CumMmeTpuryeckas rpynna nepectaHoBok. Liuknuyeckne nepectaHoBkm. O603Ha4YeHNs
nepecTta-HOBOK. Knaccbl CONPSAXEHHbIX 9N1EMEHTOB CUMMETPUYECKOW rpynbl NepecTaHOBOK.
Henpuso-gumble npeacTaBneHns CUMMETPUYECKOW rpynnbl nepectaHoBok. uarpammbl FOHra.
Xyk-guarpammbl. Henpreoanmblie npeactaBneHns CUMMETpPUYeckor rpynnsl S(4). somopcmsm
rpynn S(4) n Td. CummeTpuryeckme rpynnbl NepecTaHoBOK C MHBepcuen (rpynnbl JIoHre-XurruHca) ?
S*(n). N3omopgomam rpynn S*(3), S(6) n D3d Ha npumepe 3aTOPMOXEHHON KOH-hopmaumnm
MOneKynbl aTaHa. [pynnbl CUMMETPUM HEXeCTKUX Monekyn. 3oanHammyeckme one-paunn.
PaccMoTpeHue nsoguHammyeckmnx onepaunin Ha npumepe Monekynbl atTaHa. Cyneprpynna
WpennHrepa. PaccmoTperne cyneprpynn WpeaunHrepa Ha npyMepe Monekyn ammumaka, MetaHo-na u
nponaHa. Tabnuua NnponsseneHnii cyneprpynnbl nponaHa. Tabnuua xapakTepos cyneprpyn-nb
npornaxa.

Tema 16. KBaHTOBasi MEXaHMKa U INEKTPOHHas CTpyKTypa monekyn. Meton MO JIKAO.
Canrt-cummeTpus n cummetpus MO. FrmMbpupnsoBaHHble opbutanu. MpoeKUNOoHHbIe
oneparopbl 1 MO JIKAO. BonHoBble chyHKUuM metona BC. KoHdurypaumoHHoe
B3aumogeuncTeue.

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

MonekynsipHble opbutanu kak JIKAO. CummeTpus opbutaneii AByxaTOMHbIX MONEKyN (To4ey-Hble
rpynnbl Deoh nnu Ceov). CMMETPUMSA MONEKYNSPHbIX opbuTaneit Ha NpMepe MONEKybl 9TU-NeHa
(ToyeyHas rpynna D2h). T'eomeTpryecknii BbIBOA NPELACTABIEHNA MONEKYNSPHBLIX opbuTa-nei Ha
npumMepe rpynnbl D2h. Cant-cummetpns u cummetpus MO. OnpegeneHne CUMMETPUM BO3MOXHbIX
MONEKYNAPHbIX opbuTanein ammmuaka ¢ MOMOLWbIO canT-cummeTpun. OnpeneneHne cuMMeTpum
BO3MOXHbIX MONEKYNSAPHbIX opbuTanei TeTpasapuyeckort MoONeKkysnbl C MOMOLLbIO CalnT-CUMMETPUN.
MmMbpwnansoBaHHble opbuTtanu. [pynnbl cakT-CUMMETPWM U TPYNMbl NePeCcTa-HOBOK AJ1S1 MONIEKY/I.
OnucaHne rmbpunansaumm B TPUroHanbHO-NMpamMmaanbHbIX MOnekynax (To-4e4yHas rpynna
cummeTpumn C3v). NMpoekumoHHble onepatopbl 1 MO JIKAO. AnantupoBaHHble N0 CUMMETPUN
MONeKynsipHble opbutanu TetTpasgpuyeckmx monekyn. MonekynsipHole opbutanu deppoLeHa.
MonekynsipHble opbuTtanu umMknoneHTagueHnnTpukapboHmnMapraHua. 3aceneH-HocTb opbuTanein B
monekynax. OnpeneneHne 3aceneHHoCTV rmbpuoHbix opbuTtanein Ha NpuMepe Monekynbl aMmmmnaka
(ToyeyHas rpynna cummeTtpum C3v). BonHoBble doyHKLMN METOLA BaneHTHbIX cBA3ei. PacyeThl
METO0M BalleHTHbIX CXEM C MOMOLLbIO FPYNM NepecTaHOBOK Ha MpUMepe MOo-Nekyn ¢ rpynnammn S(2),
S(4) n S(6). KoHgomrypaumnoHHoe B3anmogericTame. daktopmsauns no CUMMETPMM OeTePMMHAHTA
KOHCpMrypaumoHHOro B3aMMo4encTBmsa Ha npuMepax KoopANHALMOH-HbIX COEANHEHWIA.

Tema 17. BpawiatenbHble U ssaepHble CMIMHOBbIE COCTOSAHUSA. MHTEHCUBHOCTDb Bpall,aTtesibHbIX
nepexopnoB. CBA3biBaHUe cnUHOB sigep no Knebwy-MopaaHy. Henpusoaumbie
npencraeneHUs soepHbIX CMMHOBBLIX cocTosiHUM U cnekTpbl SMP. CBepxTOoHKOE
pacwienneHue B cnekTpax 3IP.

npakTnyeckoe 3aHsitne (2 4aca(os)):
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BpauwarenbHble BOTHOBblIE OYHKLIMN 1 YPOBHU 3HEPrun. TeopeTrKo-rpyrnnoBoi NoaxoL K aHanun-3y
BpaLaTtenbHbIX COCTOSHUIA. Knaccudgomkaums sHadeHunin J u K no HenprveoauMbIiM NpeacTaBne-HUSM.
BpawartenbHas noarpynna. Ctatnuctmyeckue Beca BpallaTesbHbix COCTOsHMIA. MNpaBuna otbopa.
NHTeHcnBHOCTD BpawatenbHbix nepexonos. CeasbiBaHne cnvHoB saep no Knebwy-MopaaHy (Ha
npuMepe Monekyn XnopMeTtaHa n gotopmeTtaHa). Henpveoaumble npeacTaBneHns So0epHbixX
CMUHOBbLIX COCTOSHMIA 1 cnekTpbl AMP: aHanna ¢ ncnonb3oBaHMEM rpynn NepecTaHo-BoK U MeTona
NPOEKUMOHHbIX onepatopos. OnpeneneHne HeENPMBOANMbIX NPEACTABNEHUN S4EeP-HbIX CIUHOBbLIX
COCTOSIHUI Ha NpuMepe MOonekyn MetaHa v aTuneHa. CBepxToHKoe pacuenneHne B cnektpax Il1P.

Tema 18. AcnekTbl CAMMETPUM B MEXaHU3MaX XMMUYECKUX peakL . dneKTpouuKamyeckme
peakuuu. Peakumm uuknonpucoeaumHeHusl. Peakuuum neperpynnupoBkyu U 3JIMMUHUPOBaHMS.
CTpyKTypHasi HeXXeCTKOCTb, BUOPOHHbIE U POBUMOPOHHbBIE 3cpPeKTbl U UX POJIb B XMMUYECKUX
peakumsx.

npakTudeckoe 3aHsitne (2 yaca(os)):

["'pynna xumnyeckon peakuunn. MNpasmuna Byasopana-XoddpmaHa. PaspeleHHblie 1 3anpeLieHHble
peakunn. Tononornyeckas CMMMeTpUs peakumin. AHanM3 CUMMETpPUK Ha NpuMepe peakumm
npe-spauweHns bytaaueHa B umknobyTeH. MNpasnna otbopa aona 3anpeLeHHbIX Uam
HEeCOrnacoBaHHbIX peakumin. DNEeKTPOLMKNINYECKME peakLmn (Ha NpumMepe n3omMepusaunn bytagmneH
- unKnobyTeH). Peakumm umknonpncoeanHeHns (Ha NpuMepe auMeprsaunn atuneHa). Peakumm
neperpynnupoB-K1 (Ha NpUMepe CornacoBaHHOro NepeHoca ABYX CBA3aHHbIX o-rpynn). Peakuun
3NMMNHNPOBA-HUS ¢ 06pa3oBaHMEM pafmkanos (Ha NpuMepe KoToNn3a u TepMonun3a
umknoneHTaHoHa). CTpyk-TypHas HEXECTKOCTb, BUOPOHHbIE 1 POBUOPOHHBIE 3CPHEKTBI U X PONb B
XMMUYECKMX peakumnsx

4.3 CTpyKTypa 1 copepXxaHue caMOCTOSITe/IbHOM paboTbl AUCLUMNIUHBI (MOLYNSA)

Buabl
N Paspen CemecTp Hepens | camocTosiTensHon [TpyA0eMKOCTb ;%%%:LZ?:;EESE
AducumnnuHel cemecTpa paborthbl (B yacax) pa6oTb
CTYyAOEeHTOB
Tema 1. lNoHsATME
cummeTpun B
donnocooun n
1 |ecTecTosHaHuu. 8 1 Egﬂ;?;ﬁgr'(g 5 JomallHee
"eomeTpuryeckmi 3ananms 3apjaHve
noaxon K Teopumn
cummeTpun. ToyeyHas
cUMMeTpus.
Tema 2. lNoHATME O
TOYEYHbIX rpynnax
cummeTpun. Cnctemsl
0603Ha4YeHWn TOYEYHbIX noaroToBka
2. [rpynn. YeTbipe Tuna 8 2 |oDomalHero 2 gggaaﬁ;:e
TOYEYHbIX Fpynm. 3apaHusg
OcobeHHoCTH
HenpepbIBHbIX TOYEYHbIX
rpynn.
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Paspen
AucumnnnHbl

CemecTp

Hepnens
cemecTpa

Buabi
caMoCTOsITe/IbHOM
paboTbl
CTYAEHTOB

TpynoeMKOCTb
(B yacax)

dDopMbl KOHTPONSA
CaMOCTOATENIbHOMN
pabortbl

Tema 3. Anroputm
onpeneneHnsa To4e4Hom
rpynnbl CUMMETPUN
monekyn. Kputepun
HanMymns onTUYECKOoM
aKTUBHOCTU 1

" |BMNONBbHOro MOMEHTA.
OKBVBANIEHTHbIE aTOMBbI.
CTtepeoxmmmnyeckm
HEeXeCTKMe CTPYKTYpbl
KOMMJIEKCOB.
Hunactepeotonus.

noarotToBka
JomMallHero
3a4aHns

JomMallHee
3anaHne

Tema 4.
AHTCUMMETPUS.
CummeTpus n
ONCCUMMETPUS B
NpUpoLe 1 UCKYCCTBE.
" |PeweHve 3apay c
NPUMEHEHNEM
reoMeTpmyeckoro
nogxona K Teopuu
cuMMeTpuun.

noarotToBka
JomallHero
3a0aHns

JomallHee
3a0aHne

Tema 5.
Anrebpaunyeckuii
noaxon K Teopun
cummeTpun. OCHOBHbIE
cBoKcTBa
mMaremMaTn4yeckowu
rpynnbl. Tabnuua

. [YMHOXeHMs ans
rpynnbl. Moarpynnel,
LMKNNYECKUNE 1
abenesbl rpynnbi.
MpeobpazoBaHue
nonobus. Knaccobl
COMNPSIXEHHbIX
3NEMEHTOB.

noaroToBka
JomMallHero
3a4aHns

JomMallHee
3agaHune

Tema 6. ['eHepaTopsbl
rpynnbl. [Npon3seneHns
rpynn. Onepaunn Hag
BekTopamu. Onepauun
Hag Matpuulamm.

" IKBaoparHble,
edVHUYHbIe, obpaTHble,
TPaHCNOHMPOBAHHbIE,
SPMUTOBO-COMPSAXEHHDIE

N YHUTaPHbIE MaTPULLbI.

noarotToBka
JomalliHero
3a0aHns

JomMallHee
3an0aHne
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Paspen
AucumnnnHbl

CemecTp

Hepnens
cemecTpa

Buabi
caMoCTOsITe/IbHOM
paboTbl
CTYAEHTOB

TPYyBOEeMKOCTb|
(B yacax)

dDopMbl KOHTPONSA
CaMOCTOATENIbHOMN
pabortbl

Tema 7.
MpeobpazoBaHue
nopnobus ons matpuu,.
Matpuubl
npeobpasoBaHuii ons
onepaunm cuMMeTpun.

. |OTobpaxeHuns, n3o- n

roMOMOpPdOn3M.
Henpusoaumble
npeacTaBneHns n nx
OCHOBHblE CBOMCTBA.
Tabnuubl xapakTepoB

rpynn.

noarotToBka
JomMallHero
3a4aHns

JomMallHee
3anaHune

Tema 8. NpounsseneHus
HEenprBOONMbIX
npencrasneHun.
Tabnuubl Kann.
Dur3nYeCcKnin CMbICh
HEenprBOONMbIX
npencrasneHumn.
Cnocobbl
CUCTEMATMYECKOrO
NoCTpoeHus Tabnuy
xapakTepos. Tabnuubl
XapakTepoB TOYEYHbIX
rpynn n o6o3Ha4YeHus
npencrasneHnin rno
MannukeHy.

noarotToBka
JomallHero
3a0aHns

JomallHee
3a0aHne

Tema 9. Penykuns
NPUBOANMBIX
npencrasneHnin.
dopMmyna pasnoxeHus.
Penykuns
npou3BeneHNs
HENPUBOAUMbIX
npencTasneHnin.
dopmyna
Knebwa-opaaHa.

NoAroToBka K
TECTUPOBAHNIO

TECTUPOBaHue

10.

Tema 10.
Henpueoaumbie
npeacTaBneHns u
Knaccudumkaums
TepmoB. Teopema 3.I1.
BurHepa.
Knaccundomkaums
TepMoB cBOOOLOHOMO
atoma. AcnekTbl
CUMMETPUN B TEOPUN
KpUCTannn4eckoro
nons. KoppensumoHHble
Tabnuupbl.

10

noarotToBka
JomalliHero
3a0aHns

JomMallHee
3anaHne
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Paspen
AucumnnnHbl

CemecTp

Hepnens
cemecTpa

Buabi
caMoCTOsITe/IbHOM
paboTbl
CTYAEHTOB

TPYyBOEeMKOCTb|
(B yacax)

dDopMbl KOHTPONSA
CaMOCTOATENIbHOMN
pabortbl

11.

Tema 11. Tepmbl
MHOMO3NEKTPOHHbIX
COCTOSHUI.
Henpusoaumble
npencTasneHns n
TEPMbl INHENHbIX
Monekyn.
MeXxanekTpoHHOe
oTTanknesaHue u
CnuH-opbutanbHoe
B3anmonencTeme npu
LS- v jj-cBa3n. ATOMHble
TepMbl. PacwennexHve
TEPMOB NoA, AEeNCTBUEM
CNUH-opbuTanbHoOro
B3aMMOOeNCTBUS.

[ BowHble rpynnbl 1
NBYy3Ha4Hble
npencTasneHus.

11

noarotToBka
JomMallHero
3aaHns

JomMallHee
3anaHune

12.

Tema 12. PacwenneHune
TepMoB B cnabom un
CUNbHOM
KpUCTanamyeckmx nonsx
cummetpum Oh.
Onpenenenune
CNUHOBOM
MYyNbTUMNETHOCTN
COCTOSIHU METOLOM
CHUXEHNS CUMMETPUMN.
Hunarpammbl
TaHabe-CyraHo.
ONEeKTPOHHbIE CNEKTPbI
KOMMNAEKCoB
nepexonHbixX
d-meTannos.
Ounarpammbl Oprena.

12

noarotToBka
JomallHero
3a0aHns

JomallHee
3a0aHne

13.

Tema 13. lNpasuna
oTbopa ans MaTpuyHbIX
SNEeMEHTOB.
NHTEHCMBHOCTb
9NEKTPOHHbIX
nepexonos. VICToOYHMKN
WHTEHCUBHOCTU
3anpeLeHHbIX
nepexonos. OTHeceHue
9NEKTPOHHbIX
nepexonoB B CNeKTpax
NoNsipN30BaHHOI0

n3ny4eHuns.

13

noaroToBka
JomMallHero
3a4aHns

JomMaliHee
3agaHune
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Paspen
AucumnnnHbl

CemecTp

Hepnens
cemecTpa

Buabi
caMoCTOsITe/IbHOM
paboTbl
CTYAEHTOB

TpynoeMKOCTb
(B yacax)

dDopMbl KOHTPONSA
CaMOCTOATENIbHOMN
pabortbl

14.

Tema 14.
Knaccudumkauns
KonebaHwuiA No Tunam
cummeTpun. Mpasuna
oTtbopa ons
MOrNOWEHNS N3NYYEeHNS
MONEKYNAPHbLIMU
kKonebaHnsmn. PelweHne
3a4ay c NPUMEHeHNeM
anrebpanyeckoro
noaxoaa K Teopum
CYMMETPUMN.

14

noarotToBka
JomMallHero
3a4aHns

JomMallHee
3anaHune

15.

Tema 15. HekoTtopble
crneumanbHble rpynmnbl.
CrmMmeTpuyeckas
rpynna nepectaHoBOK.
Ounarpammbl FOHra.
CuMmeTpuyeckme
rpynnbl NepecTaHoBOK C
nHBepcuein. [pynnol
CYIMMETPUUN HEXECTKMX
MOEKyII.
3oamHamunyeckue
onepaumu.
Cyneprpynna
WpenuHrepa.

15

noarotToBka
JomallHero
3a0aHns

JomallHee
3a0aHne

16.

Tema 16. KBaHTOBas
MexaHuka u
SNEeKTPOHHas CTpyKTypa
monekyn. Metog MO
NKAO.
Cant-cummeTtpus un
cummetpusa MO.
mbpunan3oBaHHbIE
opbutanu.
[MpoeKuUnoHHbIe
onepatopbl 1 MO
NKAO. BonHoBble
goyHKuumn metona BC.
KoHgourypaumoHHoe
B3aMMoOencTBueE.

16

noaroToBka
JomMallHero
3a4aHns

JomMaliHee
3agaHune
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N Paspen

AucumnnnHbl

CemecTp

Hepnens
cemecTpa

Buabi

caMoCTOsITe/IbHOM

paboTbl
CTY0EeHTOB

TPYyBOEeMKOCTb|
(B yacax)

dDopMbl KOHTPONSA
CaMOCTOATENIbHOMN
pabortbl

Tema 17.

COCTOSIHUS.
NHTEeHCMBHOCTb
BpaLlaTenbHbIX
nepexonos.

17.|90ep no

Henpusoaumble
npencrasneHus

paclenneHmne B
cnekTpax 3l1P.

BpawarenbHble un
AnepHble CIMHOBbIE

CBs3blBaHME CMNHOB
Knebwy-opaaHy.
ANEPHbIX CMMHOBBIX

COCTOSIHUI N CNEKTPbI
AMP. CeepxTOHKOE

17

noarotToBka
JomMallHero
3aaHns

JomMallHee
3anaHune

cnMMeTpun B
MexaHn3max

18_Pea|<u,|/||/|

CTtpykTypHas
HEXECTKOCTb,
BUOPOHHbIE 1
POBMOPOHHbIE

Tema 18. AcnekTbl

XUMUYECKUX peakLmi.
OnekTpounKnmnyeckmne
peakunn. Peakuunu
LMKNONPUCOEANHEHNS.

neperpynnMpoBKN 1
3NVMNHUPOBAHUS.

9dpEKTbl N X PONb B
XUMUYECKNX peakLnsx.

18

noaroToBka K
KOHTPOSbHOM
paboTte

KOHTPO/NbHAs
paboTta

NTtoro

36

5. O6pa3oBarenbHble TEXHONOIMU, BK/IHOYAA MHTEPaKTUBHbIE hOpMbl 06yUYeHUs

Kaxnpas nekums conpoBoXaaeTcs AEMOHCTpAUMER MNNOCTPATMBHBIX MAaTePManoB C
NCMNONMb30BaHNEM NMPOEKLMOHHON TEXHUKN 1N 00A3aTeNbHbIMU 3anNnCsSMK Ha Jocke. 3HaYnTeENbHas
4acTb NEKLIMOHHOrO Kypca NPOBOAMTCS B peXMME auanora yumtenb-yuyeHuk. lNocne 3aBepieHns
KaXX[ow nekuum CTyaeHTbl MoNyYatoT AOMalHUE 3a4aHns U BCe WNOCTpauuy npoweawei nekuum B
3NEKTPOHHOIN hopMe, a TakxXe Hambonee BaxHble MaTepuassl Kypca B neyatHoMm Buae. B
3aKNOYEHNE KX O0ro 3aHATUS CTYAEHTbl KOHCYNbTUPYIOTCS C NpenoaaBaTeneM OTHOCUTENBHO
pelweHns 3a4ady npeaplaywmx 3aHatuin. Kpome toro, cTyaeHTam NpenoctaBnsieTcs BO3MOXHOCTb
KOHCYNbTUPOBATbCS C NEKTOPOM B HA3HAYEHHOE BHeAyAUTOPHOE BPeEMS. 3a HELOCTATKOM
ayaUTOPHOro BpeMeHM pasbop KOHTPOMbHbIX paboT NPOBOAMTCS TakXe BO BHEAYANTOPHOE BPEMSI.
Hanbonee 3anHTepecoBaHHbIE CTYAEHTbI NOMYYaloT LOMNONHUTENbHBIE 3a4aHNS, BKIOYaoWwme
pelweHne 3aay, HanncaHue pedoepartos 1 3cce, KOTOPble NPEACTABNAOTCA U 3aCYyLWMBAOTCA HA
3aKNIOYNTENBHOM 3aHATUN Kypca BO BHEQYAUTOPHOE BPEMS.

6. OLeHOYHble cpeacTBa NS TEKYLLLEro KOHTPONS ycneBaeMoCT!, MPOMeXYTOYHOW
aTTecrauum rno MToramMm OCBOeHUs1 AUCLUMINHDBI U y4eOHO-MeToauYeckoe obecneyeHune
camocTosiTeNIbHOM paboThbl CTYAEHTOB
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Tewma 1. NoHsATME cuMMeTpUuKn B chunococoumn n ectecTso3HaHUKU. FeomeTpuyeckm noaxon, K
Teopuu cummeTpuun. ToyeyHas CUMMETpPUS.

noMallHee 3afaHue , NpUMepHbIe BOMPOCHI:

Jatb onpeneneHve NOHATUA CUMMETPUN B COBPEMEHHON dounocodun n ectectsosHaHuun. [latb
onpegeneHne To4e4HoONn cummeTpun. PaccMoTpeTb, B 4EM COCTOUT OT/IMYME Oonepaumnii U SNeMeHTOB
cummeTpun. [atb onpeneneHme cOBCTBEHHOrO BpaleHns U COBCTBEHHOM OCU BpaLLEHNS, Nopsaka
OCV BpalleHus, NpUBeCTM NpuMepbl Monekyn ¢ ocamu spaweHns C2, C3, C4, Ce. PaccMoTpeTb
npasuna opueHTauum Monekyn OTHOCUTENbHO CUCTEMbI koopavHaT. OnpenennTb onepaumio
OTpaxeHus B NIOCKOCTU CUMMETPUX, NPUBECTU NPUMEpPbI MONEKYN C NAIOCKOCTSMU CUMMETpUn oh,
ov, od. PaccmoTpeTb npeobpasoBaHne KOOPAMHAT NPU OTPaXEeHMU B MOCKOCTN cummeTpun. [aTb
onpeneneHne onepaumm HecobCTBEHHOrO BpaLleHWs, MPUBECTM NPUMEPbl MONeKyn ¢ ocammn S1, S2,
S3, S4, Seo. ONpenennTb KONMYECTBO ONepaLnii He-COOCTBEHHOIO BPALLEHNS NMPU HEYETHOM ©
4eTHOM MNopsaKe OCY NOBOPOTa Ha NpuMmepax ocen S3 n S4. [latb onpeneneHne onepaunm
NHBEPCUN, NPUBECTU MPUMEPBI MOMNEKYN C onepaumel i. Pac-cMoTpeTb Nnpeobpa3oBaHne KoopanHaTt
npw onepauun nHieepcun. OnNpenenutb onepaunto ToXae-CTBEHHOro Nnpeobpa3oBaHns (onepaumio
NOEHTUYHOCTM), PaCCMOTPETb (POPMasbHbIA 1 CoaepXa-TeNbHbliA CMbICN onepaLmMm NAEHTUYHOCTH.
[MokasaTb, 4TO AN ONUCAHUS TOYEYHON CUMMETPUN JOCTATOYHO TONbKO AByX onepauui, Cn n Sn.
YCTaHOBWTb, Kakme onepaumm CUMMETPUM UMEIOT: a) cdoepa; 6) KOHYC; KOHNYECKME CEYEHNS
(OKpYXHOCTb, annmnc, runepbona). YkasaTb, Kakoii 3NeMeHT cuMMeTpun Hanbonee pacnpocTpaHeH B
npupone. Yemy akBmaneHtHa onepaums: S34, S35, S377 B yeM cocTomnT OTAnYmMe onepauui
cummeTpun S4 n 47

Tema 2. MoHATME O TOYEYHbIX Fpynnax cUMMeTpun. CucteMbl 0603Ha4YE€HUI TOYEYHbIX Fpynn.
YeTbipe TMNA TOYEYHbIX rpynn. OCO6eHHOCTU HeNpPepbIBHbIX TOYEYHbIX rpynmn.

LoMalHee 3afaHne , NpUMepPHbIe BOMPOCHI:

JaTb onpeneneHve To4e4HOW rpynnbl. PaccMoTpeTb cucTeMbl 0603HAYEHMWI TOYEYHbBIX FPYMN
WeHgonuca n N'epmaHa-MoreHa (MexayHapogHor). PaccMOTpeTb YeTbipe TUna TOYEYHbIX Fpynn ¢
cooTBeTCTBYylOWMMY NpuMepammn monekyn: 1) npoctenwwue rpynnsl ? C1,CS, Ci; 2) umknnyeckne
rpynnbl ? Cn, Sn, Cnv, Cnh; 3) anagpuyeckune rpynnsl ? Dn, Dnh, Dnd; 4) rpynnbl BbiCLIEN
cummeTpum ? Td, Th, T, Oh, O (kybuyeckue rpynnsi); Ih, I. OxapaktepudoBartb NpaBubHble
MHoOrorpaHHuku (tena lNnaTtoHa). YkasaTb KONMYEeCTBO onepaunin CUMMETPUN B 3TUX rpynnax.
PaccMoTpeTb 0coBeHHOCTU HempepbiBHbIX TodeuHbix rpynn Clv, DIh u Rh(3). Oatb onpeneneHue
napameTpuyeckux rpynn Jln. MNpusectn npuMepbl 04HO- 1 TpexnapameTpudeckux rpynn Jin. Yo
Takoe apxmMenoBbl U katanaHoBbl Tena? K kakow rpynne CUMMETpun OTHOCUTCS TEHHUCHBIA MSY (C
y4yeToMm WBoB)? K kakum rpynnam cummetpum otHocatcs monekynbl SF5CI, POCI3, H2C=C=CH2,
xnopbeHson, 1,2-nomuxnopbeHson, 1,3-amxnopbeHson, 1,4-guxnopbenHson, 1,2,3-TpuxnopbeHson,
1,2,4-TpuxnopbeHson, 1,3,5-TpuxnopbeHson? K kakow rpynne cUMMeTpun NpUHaONexumT
TPUroHanbHbIA (He NeHTaroHanbHbIN!) goaekasap? K kakon rpynne CMMMETpUn OTHOCUTCS dourypa,
nony4yeHHasi NOBOPOTOM BEPXHE rpaHun kyba Bokpyr ocu C4 Ha yron 4507

Tema 3. Anroputm onpepeneHnsi TO4e4YHOW rpynnbi CUMMETpUM Monekyn. Kputepumn Hanmums
ONTUYECKOM aKTUBHOCTU U AMUMONIbHONO MOMeHTa. 3KBUBaNIEHTHble aTOMbl. CTepeoxXxnMmnyeckm
HeXecTKue CTpyKTypbl KOMNeKcoB. JiuactepeoTonusi.

nomallHee 3afaHve , NpUMepHble BOMPOCHI:
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M3noxuTb anropntm onpeneneHns To4eyHom rpynnsl CUMMeTpuM Mornekyn. PaccmoTtpeTb npuMepsl
NPUMEHEHNE anropuTMa K OTHECEHNIO CUMMETPUW COHOBUYEBBIX KOMMIEKCHbIX coeanHeHui. [aTb
CTPOruin KPUTEPUIA OMTUYECKON aKTUBHOCTWN Monekyn. [NprBecTn npumMepbl Monekyn unm guryp,
OTHOCSILUXCS K rpyrnnamM CUMMETPUM ONTUYECKU akTnBHbIX monekyn ? C1, Cn, Dn, O, I, R(3).
PaccMoTpeTb CMMMETPUIO 1 0603HAYEHUSI ONTUYECKMX N30OMEPOB OMNTMYECKAs aKTUBHBbIX
necesnoTeTpasgpuyecknx N NCcesaooKTasapu4ecknx Kommnnekcos. [latb Kputepun onpeneneHuns
rpynn CUMMETPUKN Monekyn, obnagatowmx amnonbHbIM MoMeHToM - C1, CS, Cn, Cnv 1 Ceov. [aTb
onpeneneHne aKkBUBaNEHTHbIX aTOMOB. [1pMBECTU NpUMepPbl OTHECEHUS CUMMETPUN MONEKYN Ha
OCHOBE onpeneneHns Yncna akBUBaneHTHbIX aTOMOB cnekTpanbHbiMu metogamm: [VOF5]3-,
[Ni(CN)5]3-, [Mo(CN)8]3-, NiL4. [Jatb onpeneneHne CTEPEOXNMMNYECKIN HEXECTKNX CTPYKTYP.
CdpopMynnpoBaTtb NPUHLMN OTHOCMTENBHOCTY K CpeacTBaM HabntoaeHns. YTo o3HavatoT TePMUHDI
N30XPOHHOCTb, ANaCTEPEOTONNS U NPOXNPanbHOCTL? MNprUBECTM NPUMEpPBLI COeAUHEHNIA,
obnagatowmx aTuMmn ceoicteamm. K kakoin TO4E4YHO rpynmne OTHOCUTCS NCeBAOTETPadAPNYECKUIA
buc-xenaTHbIi komnnekc coctaBa M(AA)2? K kakoi rpynne cuMMeTpun 0THOCUTCS MONeKyna
TpuatuneHanammna (1,4-anasabuumkno[2,2,2JoktaH nnm dabco), ectb N1 y Hee ANNONbHbIA MOMEHT?
K Kakum rpynnam CMMMeTpuu OTHOCATCS MONEKY bl 3TUNEHa, XNopa-TuneHa, 1,1-guxnopatunenHa,
1,2-TpaHc-amxnopatmneHa, 1,2-umc-ouxnopaTuneHa, Kakme N3 HUX UMeKT OUNONbHbLIA MOMEHT?
KakoBa ToyeyHas rpynna CMMMeTPUM 1 KaKoBbl 9KBUBANEHTHbIE aTOMbl B OUSiIEPHOM KOMMEKCe
TpuU-U-KapboHUN-6uc(tTprkapboHnnxeneso)? NIMetT N ONTUYECKY akTUBHOCTb KOMMIEKCh
cis-M(AA)2B2, trans-M(AA)2B27?

Tema 4. AHTUCMMMeTpUsi. CUMMeETpUSA U BUCCUMMETPUSA B Npupoae U nckyccree. PellueHue
3apay c NnpMMeHeHMeM reoMeTpuyeckoro noaxona K TeoOpum CUMMETpUn.

noMallHee 3afaHue , NpUMepHbIe BOMPOCHI:

Onpepnenntb ToYeYHyto rpynny no cuctemam Wengonuca v N'epmaHa-Morena, Hanmyme nnu
OTCYTCTBME OMNTMUYECKOW aKTUBHOCTM, AMUMONbHOIO MOMEHTA U YACNO HESKBUBASIEHTHBIX aTOMOB Y
3alaHHbIX Monekyn. [poeecTn aHann3 cMMMETPUnN N PU3NKO-XUMUYECKNX CBOMCTB MONEKYN
NCKaXEHHOW TeTpasapuyeckor 1 oKTasapuyeckon cummeTpun. PaccMoTpeTb CUMMETPUIO U
PU3NKO-XMMNYECKNE CBONCTBA KOHGOPMEPOB. [laTb NoHATME 0606WEHHOV CUMMETPUN.
PaccMoTtpeTb onepaumio aHTucMMMeTpun. Hto Takoe rpynnbl aHTUCUMMETPUM (MArHUTHbIE UK
wybHMKOoBCKKe rpynnbl)? MNpuBecT NpMMepbl TOYEYHbIX FPYNN aHTUCMMMETPUX. YTO NpeacTaBnsoT
coboin uBeTHble (6enoBckue) rpynmnbl?

Tema 5. Anre6panueckum nogxon K Teopun cummeTpun. OCHOBHble CBOMCTBA MaTteMaTu4yeckomn
rpynnbl. Tabnuua ymHoXeHust gns rpynnbl. Moarpynnbl, LMKnnyeckue n abenesbl rpynnbi.
Mpeobpa3oBaHme nopobusi. Knaccbl CONpSXEHHbIX 3/IEMEHTOB.

LoMalHee 3afaHne , NpUMepPHbIe BOMPOCHI:

Jatb onpeneneHne koMnosnuus (NpovsseneHns) onepaunin cummetpun. Kakos nopsnok
BbINOMHEHUS onepaunin B komMnosunumm? MNpusectn npuMepbl rpynn ¢ KOMMYTUPYIOWUMU onepaumsamim
(abeneBbIx) 1 C HEKOMMYTUPYOWUMK onepaunsamn (Heabenesbix). [latb MatemaTnyeckoe
onpeneneHune rpynnbl, PACCMOTPETb YeTbipe OCHOBHbIX CBOWCTBA (NOCTynara) MmaremaTtuyeckom
rpynnbl: 1) ycnoBue 3aMKHYTOCTU; 2) aCCOUMATUBHbIV 3aKOH; 3) CyLWecTBOBa-HMNE €AUHUYHOIO
9NeMeHTa; 4) CylwecTBOBaHME ONS KaXA0ro afeMeHTa rpynmnbl 06paTtHoro emy anemeHTa.
MpounnocTprpoBaTb BbINOMHEHWE NOCTYNATOB rpynbl HA NpUMepe To4evHow rpynnbl C2v.
MpuBecTn Heckonbko NpumepoB rpynn. OnpenennTb Tabnuuy yMHOXEHUS ONS rpynnbl 1 nokasaTtb
€e OCHOBHO€e CBOWMCTBO. [MocTponTb Tabnuuy yMHOXEHNS ans abCcTpakTHOWM rpynnbl U3 Tpex
sanemeHToB ? E, A n B. latb onpeneneHune nogrpynnbl, LmMknnyeckom rpynnbsl. Onpenenvtb
onepauuto npeobpasoBaHns Nnonobus (onepaumnto conpsixxenns). MNpunBecTn Tpu CBONCTBA
onepa-uumn conpsixxeHns: 1) kaxablil 3NeMEHT rpynnbl CONPSXXEH cam ¢ coboi; 2) ecnu anemMeHT A
CO-NpsixXeH ¢ anemeHToM B, 10 n B conpsixeH ¢ A; 3) ecnn aneMeHT A conpsixkeH ¢ anemeHTamn B n
C, 10 B 1 C conpsixeHbl mexay coboi. [Jokazatb BTOPOE CBOWCTBO onepauun conpsxenus. datb
onpeneneHne KnaccoB COMPSXEHHbIX 311eMeHTOB. [1poBecTy knaccmdukauunio 31EMEHTOB FPynbl
C3v ¢ nomoubio onepaummn conpsixeHus. Ykasartb knaccbl anemMeHTos B rpynnax C2v un C4v.

Tema 6. NeHepaTopbl rpynnbl. Nponssenenus rpynn. Onepauum Hag BeKTopamu. Onepauumn
Hap matpuuamu. KBagpatHble, e AMHUYHbIE, OOpaTHble, TPaHCNOHUPOBaHHbIE,
3PMUTOBO-COMPSAXEHHbIE U YHUTAaPHble MaTpuLbl.

nomallHee 3afaHve , NpUMepHble BOMPOChI:
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Hatb onpeneneHve reHepartopos rpynnbl. [ocTpontsb rpynny C3v Ha ocHose reHepaTopos C3 1 ov.
Onpegnenutb NpsMble 1 Nonynpsmble nponsseneHuns rpynn. MNoctpontb rpynny C2v Ha 0OCHoBe
nogrpynn C2 n CS u rpynny C3v Ha ocHose noarpynn C3 n CS. Onpenenntb npasble 1 NeBble
CMeXHbIe Knaccbl 9N1eMeHTOB. Y10 Takoe MHBapuaHTHas noarpynna? Mpueecty Tabnuuy nepapxmm
YeTblpex TUMNOB OCHOBHbIX TOYEYHbIX FPYMM, 3annCaHHbIX Yepes3 reHepaTopbl U NPON3BEAEHUS
HesaBucuMbIx noarpynn. [JaTte onpeneneHne TeH3opa. YTo Takoe paHr TeH3opa? Onpenenutb
onepauuy HaL BEKTOPaMU: CIOXEHNE; YMHOXEHNE Ha CKansp; ckansapHoe Npov3BeaeHne BEKTOPOB;
TEH30pHOE (MPSIMOE) NPOoM3BeAEHNE BEKTOPOB. YTO Takoe OpTOHOPMMPOBaHHbIE Ha3nNCHbIE BEKTOPbI?
Yrto Takoe BekTOp-cTONbEL, BEKTOP-CTPOKA, TPAHCNOHMPOBaHHbI 1 06paTHbIi BekTop? Onpeaenuntb
onepauuy Hag MaTpuuaMn: COXEHNe; YMHOXEHME MaTpuLbl Ha cKansap; CKansapHoe npon3seneHme
MaTpuL; TEH30PHOE (NPsSIMOE) NpoudsedeHne MaTpul. HYTo Takoe xapaktep (cnen) marpuubl?
Onpenenutb KBafpaTtHble, eANHNYHbIE N 0BpaTHbIE MaTPULbl, TPAHCMOHNPOBAHHbIE,
3PMUTOBO-COMPSIXEHHbIE U YHUTapHble MaTpuLbl. YTo 06o3Ha4aeT cumeon KpoHekepa?

Tema 7. NMpeobpasosaHue nonobus ons matpuu. Matpuubl npeobpasoBaHui Ans onepauumn
cummeTpun. OtobpaxeHusi, N30- U romomopchunsm. Henpmeoagumbie NpeacTaBneHUs U NX
OCHOBHble cBoMCTBa. Tabnuubl XapakTepoB rpynn.

noMallHee 3afaHue , NpUMepHbIe BOMPOCHI:

Onpepnenutb npeobpasoBaHne nogobus ons matpuy. PaccmoTpeTb B 06wem Buae npeobpasoBaHune
noaobusi ¢ NOMOLLbIO BEKTOPOB 1 MaTpUL, NPy NOBOPOTE CUCTEMbI KOOPAMHAT. BbiBECT MaTpuuy
noBopoTa B TPEXMEPHOM NPOCTPAHCTBE, NOKa3aTb YHUTAPHOCTb MaTpuubl NOBOpoTa. 3anucartb
MaTpuvLbl Npecbpa3oBaHuWii ANst BCEX BBEAEHHbIX FEHEPaTOPOB TOYEYHbIX FPynn cumMmeTpun. Yto
Takoe otobpaxeHus, n3o- n romomopdmam? [latb onpeneneHne npeactaBneHns rpynnol.
Onpenenntb HeNpMBOAMMbIE NpeacTaBneHns rpynnbl, 6asmcHble OyHK-UUN HENPUBOANMbIX
npencrtasneHnin. CoopMynnpoBaTb TPY rMaBHbIX CBONCTBA HEMPUBOAMMbIX NPeacTaBneHnin. Boisectun
HenpusoanMble npenctaeneHus rpynn C2 n C3. Onpenenntb pasnenn-Mo-BbIpOXAEHHbIE
KOMMNEKCHO-CONPSIXEHHbIE NPeacTaBneHns n nx basncHole yHKUUM Ha Npu-mepe rpynnol C3.
MpueecTtn Tabnuubl xapaktepos rpynn C2 n C3 1 nate 0603HAYEHUS NX HEMPU-BOONMbIX
npencTasneHuin.

Tema 8. NMpounsBeneHUs HeNpPMBOAUMBIX NpencTaBneHnin. Tabnuubl Kanu. dPuamyeckuinn cmbicn
HenpuBOAMMbIX NpeacTasieHnin. Cnocobbl cMCTEMaTUYECKOro NOCTpoeHus Tabnuy,
XapaktepoB. Tabnuubl xapakTepoB TOYEYHbIX rpynn u 0603Ha4YeHUs NnpeacTaBieHUn Nno
MannukeHy.

noMalHee 3afaHne , NpUMepPHbIE BOMPOCHI:

Onpenenntb Npon3BeaeHe HENPUBOAUMbIX NpeacTaBneHnii. NMpruBecTn BCe NpoV3BeaEHUS
HenpMBOAUMbIX NpeacTaeneHunii rpynnbl C2v. Jatb 0603HAYEHUS HENPUBOAMMbIX NPELACTABNEHWIA
rpynnbl C2v. PaccMoTpeTb, Kak 3a4arTcs HENpMBOAMMbIE NPEACTABNEHUS B MPOCTPAHCTBE
OPTOroHasnbHbIX APYHKUMIA 1 Tabnuubl Kanwn. Mpusectn 0603Ha4eHne HeMpuBOAMMbIX MPeacTaBNeHNI
Pa3NMYHON Pa3MEPHOCTU B Pa3HbIX TOYEYHbIX rpynnax. [ponnntocTpupoBaTb (PU3NYECKUIA CMbICH
HEeNpPMBOAUMbIX MPEeACTaBNEHUA HA NPUMEPE MONEKYbl BOAbI, paccMaTpusas npeobpasoBaHune
BEKTOPOB TPAHCNSALMN 1 KOMAOHEHT BEKTOPA YrNOBOrO MOMEHTA Mpun onepaun-ax CUMMETPUX rpynbl
C2v. PaccmotpeTb aBa cnocoba cmcteMatmyeckoro NnoCcTpoeHns Tabnmu xapakTepos Ha OCHOBE
reHepaTopoB rpynn 1 NPoM3BeaeHns NOArpynn Ha npuMepax NnoctTpoeHna tTabnuuy ang rpynn C2v n
C3v. Onucatb B 06wem Buae Tabnuupbl xapakTepoB U30MOPAIHBIX TOYEY-HbIX Fpynn 1 0603Ha4YeHNs
npencrasneHunin (13 kypca JlaHoay-Jindpwmua). Noctpontb HeNpUBOANMbIE NPELACTaBAEHWIA rpynn: a)
D3d Ha ocHoBe npousseneHns noarpynn D3 u Ci; 6) D4h Ha ocHoBe npousseneHns noarpynn D4 un
Ci; B) Oh Ha ocHoBe npowusseneHusa noarpynn O u Ci;

Tema 9. Peoykuunsa npusogumbix npeacrasneHnn. dopmyna pasnoxenus. Pepykuums
npovsseneHust HenpuMBoAUMbIX NpepacrasneHnin. ®opmyna Knebwa-oppaHa.

TecTMpOoBaHue , MPUMepPHbIe BOMPOCHI:
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MpuMepbl BONPOCOB K TecTnpoBaHuio: BeecTn aea cnocoba peaykunmn (pasnoxeHns) NpuBoanMbIX
npeacTaBneHunii - MetTonom nogbopa 1 no popmyne pasnoxeHust. PaccMoTpeTb BEKTOPbI-CTPOKM
HEeNpPUBOANMbIX NPEeACTaBNEHNI KaKk MHOXECTBO B3aVIMHO-OPTOroHanbHbIX OYHKLUNA. BbiBeCcTn
doopmyny pasnoxeHus. Onpenenntb KPaTHOCTb BXOXAEHUS HENPUBOLAMMOro NpeacTaBneHus B
npusoaumoe. lNponseecTn penykuuio NpoMsBeLeHNst HENPUBOAUMbIX NpeacTasneHnin E1xXE2 rpynnsbi
D6 meTonom nonbopa u no popmyne pasnoxeHusi. PaccMotpeTtb peaykumio Npon3seneHuni
HEenpPMBOAUMbIX MPEeACTABNEHUNA TOYEYHbIX FPYMNM C MOMOLbIO NPaBUI N3MEHEHNSI 0603HAYEHWIA
MannvkeHa. PaccMoTpeTb MaTpuubl npeobpa3oBaHnii U HEMPMBOAUMbIE NPELCTABNEHNS FPYnMbl
cummeTpumn R(3). Onpeaenntb MaTpumuy NOBOPOTa NPOU3BONBHOrO Nopsaka u ee 6asncHble oyHKLMK
(0oHOPOAHbIE OPTOroHasbHbIE MOMNHOMbI, NMPUCOEANHEHHbIE NONMHOMbI JlexxaHapa). [onyyntb
MaTpuLbl NpeobpasoBaHmWii 1 HEMPUBOAMMbIE NPELACTaBNeHMS rpynnbl cummeTpun Rh(3), ncnonbays
MaTpuLy HecobcTBeHHOro noesopoTa, R(S($)). PaccmoTpeTb peaykumto nponsseneHuii
He-npueoaMMbIx npeactasneruii rpynn R(3) n Rh(3) ¢ nomowbio doopmynbl Knebwa-opnana. datb
onpeneneHne perynsapHoro npencraeneHus. PenyunposaTb perynsapHbie npeactasneHns rpynn: a)
C2v; 6) C3v; B) Oh. PepyunpoBatb Bce brHapHble Mpou3BeneHNs NpeactaBneHunin ans rpynn: a) D3;
6) D3d; B) D4h.

Tema 10. HenpuBoauMbie npencTasneHns U knaccucpukaumsa tepmos. Teopema 3.M1. BurHepa.
Knaccudpukaums tTepMos cBo60,4HOro atoma. ACrnekTbl CUMMETPUU B TEOPUM
Kpuctannuuyeckoro nonsi. KoppensiumoHHble Tabnmubl.

noMallHee 3afaHue , NpUMepHbIe BOMPOCHI:

Cdpopmynmposatb Teopemy 3.I1. BurHepa. NokasaTb, 4TO KBAHTOBAsS MEXaHWKa SBNSETCS
doM3n4eCcKon NHTepnpeTaumen Teopmum cummeTpum (tTeopun rpynn). lNMpoeecTn knaccudpukauuio
TepmMoB CBOOOLHOr0 atoMa 1 NOSICHNTb (PU3NYECKMIA CMbICN HEMPUBOLANMbIX MPEACTABNEHWNIA FPyNMbl
Rh(3) ¢ pasnnyHbiMm 3Ha4YeHNsMK nHaekca |, gatb 0603Ha4YeHNs Nx 6a3NCHBIX YHKLNIA.
PaccMoTpeTb acnekTbl CUMMETPUKN B TEOPUM KPUCTANIMYECKOro NoNns 1 3adady peaykuum
npeacTaBneHnii cBo60OHOIO aToMa K NoNsM pasnnyHo cuMMeTpun. NMponssBecTn penykLuuio
npenctasneHun Du(1) n Dg(2) rpynnel Rh(3) B kpuctannuyeckux nonsx cummetpum Td, O n Oh.
BbinonHuTb peaykumio HenpusoamMMoro npeacraeneHns T2 (F2) rpynnol Td K HeNnpuBOAMMbIM
npeacTtaeneHusm rpynn C3v n C2v. [latb NOHATUE KOPPENAUMOHHBIX Tabnuu. MpeactaBntb
pacllenneHe 04HO3NEKTPOHHbIX d-opbuTtanei B KpUCTaNIMYECKMX NOASX PA3NUYHON CUMMET-PUN.
OB6BACHNTL NPUHLMUMBI MHBEPCUM SHEPrETUYECKMX YPOBHEN AN151 OKTad4pUYECKOro U
TeTpasgpu4eckoro nonem n ans OononHUTeNbHbIX KoHurypauuin dn n d10-n.

Tema 11. TepMbl MHOrO3NEKTPOHHbIX COCTOSAHUW. HenpusoanMble NpeacTraBieHUsa U TepMbl
NUHEeNHbIX Monekyn. MeXxanekTpoHHOe OTTalKuBaHWe U CrH-opbuTanbHOe B3auMoaencTene
npu LS- u jj-cBAA3n. ATOMHbIe TepMbl. PacLuenneHmne TepMoB noa AencrsueM
CNUH-op6UTanbHOro B3aumoaencTeus. [ BOMHbIE FPyNnbl U ABY3Ha4YHble NpeacTaBieHus.

noMalHee 3afaHne , NpUMepHbIe BOMPOCHI:

PaccmoTtpetb Henpusoammble npeacTtasneHus rpynn Cv, Dh n Tepmbl IMHERHbIX MOnekyn,
0603HaYeHNS1 HENPUBOAUMbIX NPEACTABNEHWI U NX 6A3UCHBIX PYHKLMIA. MOACHUTL KOHLENUMIO O-,
-, O- 1 Opyrux MonekynsipHbix opbutaneii. [MprBecT TEPMbl MHOrO3MEKTPOHHBIX COCTOSIHIA
NMHEeNHbIX Monekyn. MNpenctaBnTb BbipaXeHne NONHON MONEKYNSPHOM BOMHOBOW (PyHKLMK (U ee
npencTasneHuns) B Buae nponsseneHns 04HONEKTPOHHbIX BONMHOBbIX GOYHKLMIA (M NX HENPUBOLAMMbIX
npencraeneHnin). BoinonHUTL pasnoxeHne npeacTtasneHns nonHOM MONEKyNsSpPHOM BOTHOBOW
OYHKLUMW B Clly4ae 3aMKHYTbIX 1 OTKPbITbIX 9IEKTPOHHBIX 060n104eKk Ha npumepe mone-kyn H2 nO2.
Onpenenntb aToOMHbIE TEPMbl MHOFO3IEKTPOHHbIX COCTOSIHUIA. Kak y4uTbiBAa€TCS B NOAHOW rpynne
CYMMETpUKM aToma rpynmnbl nepectaHoBok S(n)? CdopmynuposaTb NnpuHumn Maynn. Kak
YYMTBIBAETCS MEXANIEKTPOHHOE OTTaNIKMBAHNE M CMMH-0pOUTanbHOE B3anMoaencTeme npu LS-
jji-cBa3n? PaccMoTpeTb paclenneHne TepMoB Nog AefCTBUEM MEXINEKTPOHHOrO OTTanknBaHms.
BeecTn 0603Ha4YeHNSt aTOMHbIX TEPMOB M PACCMOTPETb MPUHLMIMbBI ONPEeaeNneHns nx
MyNbTUMNNIETHO-CTU. PaccMoTpeTb TepM cBO60AHOro atoma koHdpurypauum di. Onucatb
pacLienneHve noa OeincTBmeM CnH-opbrTanbHOro B3aMMOAENCTBNS aTOMHbIX TEPMOB C
LieNoYNCNEHHbIMU 3Ha4YeHnsMn J. PaccMoTpeTb Tepmbl cBOOOAHOMO atoMa KoHgourypaumm d2.
Onucatb pacuienneHve atoMHbIX TEP-MOB C NONyLEeNbIMU 3HaYeHUsSMK J, BBEAS, OBOVHbIE rpynmbl U
[By3HayHble npeacTasneHns. BoiBeCcT aToMHble TepMbl KOHGpurypauwmin d3 n d7. Hantun Tepmbl
OCHOBHOIrO COCTOSIHUS OJ15 NepBbIX AecsAaTn atomos [Neprnogunyeckon cuctemol. Hantu Tepmol
OCHOBHOIO COCTOSIHUS OJ151 91IEMEHTOB NepBoro nepexonHoro nepuoga (£ = 21-30).
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Tema 12. PacwienneHve TepMOB B C/1TaOOM U CUNTbHOM KpUCTaN/IM4eCcKMx nonsix cummetpum Oh.
OnpepneneHve CMMHOBOW MY/NIbTUMNNETHOCTU COCTOSSHUA METOO0M CHUXEHUSA CUMMETPUWN.
Iunarpammbl TaHab6e-CyraHo. 9neKTpoHHble CNeKTPbl KOMM/IEKCOB NepexoaHbix d-meTannos.
Ouarpammbl Oprena.

JOoMallHee 3a4aHune , npuMepHblie BOMNPOChHI:

PaccmoTpeTb 3agady peaykumm no CUMMETPUN TEPMOB MHOIO3M1EKTPOHHBIX aTOMOB. HanTn
paclienneHne TepMoB KoHpurypaumm d2 (uenodncneHHblie J) B cnabom 1 CUnbHOM KpUCTanin4eckmx
nonsix cummetpum Oh. PaccMoTpeTb MeTOA onpeaeneHms CrMHOBON MyNbTUMNETHOCTM COCTOSHUNA
nyTeM CHUXeHus cummeTpun. CopMynnpoBaTh ABa NPUHLMNA KOPPEensiumMm TepMoB cnaboro u
CWNIbHOMO KpucTannuyecknx nonei. Oxapaktepnaosatb Ava-rpaMmmbl TaHabe-CyraHo 1 npueecTu
npuMep Takonm guarpammbl onsg KoHgourypaumm d5. Hantu paclwenneHne TepMoB KoHgourypaumm d7
(nonyuensie J) B cnabom 1 cunbHOM okTasapuyeckmx nonsx. CopMynmpoBaTb NPUHLMN
pacuienneHme atoMHbIX TEPMOB B ciyyae jj-cBa3n. Onncatb 9NEeKTPOHHbIE CMEKTPbI KOMMNEKCOB
nepexofHbix d-metannos, noctTpous guarpammbl Oprena ons cnyvyaes D- n F-TepMoB OCHOBHOIO
COCTOSIHMS B cnabbix kpuctannnyeckmx nonsix cummetpum Oh n Td ¢ y4yeToM Tpex npuHUmMnoB: 1)
WHBEPTUPOBAHNE SHEPreTUYEeCKNX ypoBHEN B Nonsax cuMmeT-pun Td no oTHoweHuto K Oh; 2)
WHBEPTUPOBAHNE SHEPreTUYECKUX YPOBHEN OONONHUTENbHbBIX KOHGMrypauun dn n d10-n; 3)
NOEHTUYHOCTb BbICOKOCMUHOBBLIX COCTOSIHUIA AN1s KOoHdurypaumii dn n dn+5. Kakosa guarpamma
Oprena aong koHpurypauum d5? OnpenennTtb CUMMETPUIO OCHOBHOIO COCTOSIHUS KOHGourypaumm d2
B KPUCTaNIMYeCKnx nonsix cummeTpun: a) Deoh; 6) D4h; B) D2d; r) C4v. Onpenenntb CUMMETPUIO
OCHOBHOIO COCTOSIHUS KOHpurypaumm d4 B CUNbHbBIX KPUCTANN-YECKUX MONSAX CUMMETpUK: a) Deoh;
6) Oh; B) Td; r) D4h; o) D2d; e) C4v.

Tema 13. MNpaBuna ot6opa ANnst MaTPUYHbIX 3NE€MEHTOB. MHTEHCUBHOCTb 3N1EKTPOHHbIX
nepexonos. NICTOYHMKU MHTEHCUBHOCTM 3anpeLLeHHbIX nepexonos. OTHeceHne 3N1eKTPOHHbIX
nepexonoB B crieKTpax NoNsipu3oBaHHOro U3nyyeHus.

nomallHee 3aaaHve , NpUMepHble BOMPOChI:

CdhopmynupoBaTb npasuna otbéopa Ans MaTpuyHbIX 3N1EMEHTOB (OrpaHUYeHNst N0 CUMMETPUN Ha
KBAHTOBO-MexaHn4yeckne uHterpanbl). CopMynmpoBatb Tpu npasuna otbopa ons MaTpuyHoOro
9NeMeHTa onepaTopa AMMoNbHOro MoMeHTa (MoMeHTa nepexona, P). lNMoscHute, kak 4encTByOT
NCTOYHMKN UHTEHCUBHOCTM 3anpeLleHHbIX nepexonos: 1) cnnH-opbutanbHoe B3auMoaencTene; 2)
CcMelwnBaHne opbutaneit pa3Hoi YeTHOCTU MPU HEKOTOPbIX CUMMETPUSX (NMPUMep TeTpasapuyecKnx
komnnekcos kobanbTa(ll)); 3) anekTpoHHO-AepHOEe (BUOPOHHOE) B3aumMoaencTeune. BoinonHnte
OTHECEHME 3NEKTPOHHbIX NEPEXOAOB B CEKTPAX NONSAPN30BAHHOIO U3NyYEHNS Ha NpuMepe
moHokpucTannos komnnekcoB K[Cu(NH3)5](PF6)3 cummetpum C4v n K[Cu(NH3)2(NCS)3]
cummetpum D3h.

Tema 14. Knaccudpumkaums konebaHui no Tunam cummetpun. NMpasuna or6opa aons
NOrNOLLEHUS U3NTyYEHUSI MONEKYNSIPHbIMU KonebaHusiMu. PelleHne 3agay ¢ npuMeHeHueM
anrebpavyeckoro nogxona K TeOpMm CUMMETPUMN.

LoMalHee 3afaHne , NpUMepPHbIe BOMPOCHI:

Yrto Takoe HopManbHble konebaHns? MNMpneeauTe npeacTaBneHne MaTpuLbl NpeobpasoBaHuin
KoopAMHaT aTOMOB Npu onepaumnsax CUMMETPUM Ha NPUMEpPEe MOMEKYNbl BOAbI (TOYeYHas rpynna
cummeTpum C2v) 1 pasnoxuTe ero Ha NnpeacTaBneHnst TpaHCNSUWiA, BpaleHnii n konebanunin. Kakosbl
HEeNpUBOAUMbIE NPELACTABNEHNS HOPMaNbHbIX KonebaHuii Monekynbl goopManbaernaa (ToyeyHas
rpynna cummetpum C2v)? Yto Takoe cant-cummeTpmusa? PaccMoTpute Mcnonb3oBaHme
CanT-CUMMETPUM A1 HAXOXAEHNSI HOpManbHbIX KonebaTenbHbIX MOA Ha npumMepax monekyn H20 u
BF3. YTo Takoe npoekumnoHHbI onepatop? PaccMoTpuTe npuMeHeHne NpoekLMOHHbIX OnepaTopoB
NS aHanM3a HopMasbHbIX konebaTenbHbIX MOL MOMEKy/ BOAbl, aMMuaka u popmanbaernga. 4ro
Takoe BaneHTHble 1 JedpopMaunoHHble konebaHna? CcopmMynumpyitTe npa-suna otbopa ans
MOrNOLWEHNS N3Ny4eHUs MONEKyNsipHbIMK KonebaHnamu. Onpegennte TN CUMMETPUN 1 Yucna
KonebaHwuiA, akTnBHbIX B MIK-cnekTpax Monekyn Boabl, aMmmaka n goop-manbaermaa. 4ro takoe
OCHOBHbIe NMosniockl 1 06epToHbI? OxapakTepnayiTe BEKTOP MHAYLIMPOBAHHOIO ANMONIbHOrO MOMEHTA
D, TeH30p NoNapM3yemMoCTy a 1 HENPUBOAMMbIE NPEACTABNEHNS ero KOMNOHEHT. OnpegenvTe Tvn
cMMMeTpuM 1 Yncna konebaHuii, aktueHbIx B KP-cnekTpax, Ha npuMepax Monekyn BoAbl, aMMuaka v
dopmanbaernna. Onpenennte TUMNbl HOPMasbHbIX KONebaHMn HATPaT-MoHa (ToYeyHas rpynna
cummeTpum D3h), oTBeTCTBEHHbIX 3a nosisneHue nepexona A1? — A1? (nmt*) B cnekTpe
9NEKTPMYECKOro AUNONIbHOIO U3Ny4eHuns.
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Tema 15. HekoTopblie cneumanbHbie rpynnbl. CUMMeTpuyeckas rpynna nepecraHoOBOK.
IOuarpammbl FOHra. CummeTpuuyeckue rpynnbl nepectaHoBOK C MHBepcuen. Mpynnbl
CUMMETPUM HeXeCcTKUX Monekyn. UsoamHammueckue onepauun. Cyneprpynna LLpeauHrepa.

JOoMallHee 3a4aHune , npuMepHblie BOMNPOChHI:

Yo npencrasnsiet coboii cMMMeTpUYeckas rpynna nepectaHoBok? YTo Takoe unknnyeckme
nepectaHoBkmn? MNprBennTe 0603Ha4YeHMS NepecTaHoBOK. YTo npencTasnsioT coboit knacchl
COMPSAXEHHbIX 3MIEMEHTOB U HEMPUBOAUMbIE MPEACTABNEHNS CUMMETPUYECKOA rpynmbl
nepectaHoBok? OxapakTepuayite gnarpammsl FOHra. [1ns 4yero n kak MCNonb3ytTcs
XyK-gmarpammbl? KakoBbl HEMPUBOAUMBIE MPEACTABNEHNS CUMMETPUYECKO rpynnbl S(4)? Kakoi
TOYeYHOW rpynne ndomopdHa rpynna S(4)? Onpenenvte CUMMETPUYECKUE rpynibl NepecTaHoBOK C
nHBepcmen (rpynnbl JloHre-XurruHeca) ? S*(n). MNokaxunte naomopcgomsm rpynn S*(3), S(6) n D3d Ha
npuyMepe 3aTOPMOXEHHON KOHbopMauum Mmonekynbl ataHa. OnpegenuTe rpynnbl CUMMETPUN
HEXEeCTKMX MONEKYN U 304nHaMmnyeckme onepaumm. PaccMoTpute nsogmHammyeckme onepaumin Ha
npumMepe Monekynbl ataHa. Onpenenute cyneprpynny WpeaunHrepa. Paccmotpute cyneprpynnbi
penvHrepa Ha npuMepe Monekyn aMmmmaka, MetaHona u nponana. lNMpueeante Tabnuuy
npon3BeaeHnNiA Cyneprpynmbl NponaHa.

Tema 16. KBaHTOBasi MexaHuKa U aneKTpoHHas cTpyktypa monekyn. Meton MO JIKAO.
Cant-cummetpus u cummeTpust MO. MrmbpmnaonsoBaHHbie opbuTtanu. NMpoekKuMOHHbIE onepaTopbl
1 MO JIKAO. BonHoBsble ¢pyHKuuu metona BC. KoHpurypaumoHHoe sB3aumogencreme.

nomallHee 3afaHve , NpUMepHble BOMPOCHI:

3anuwunte monekynspHble opbutann kak JIKAO. PaccmoTtpute cummeTtputo opbutanein oByxaTOMHbIX
Monekyn (ToyeyHble rpynnbl Deoh nnm Ceov). ONnwmMTE CUMMETPUIO MONEKYNSIPHBIX OpbuTanei Ha
npumepe Monekynbl aTuneHa (ToyeyHas rpynna D2h). F'eomeTpuyecknm MeTo40M BbiBEOUTE
NpeacTaBneHns MONeKynsipHblx opbutanein Ha npumepe rpynnbl D2h. Kak cooTHocuTcS
cant-cummeTpus ¢ cummetpren MO? Onpenennte CUMMETPUIO BO3MOXHbIX MONEKYNSPHbIX
opbutaneit ammmaka ¢ NOMOLWbIO canT-cuMMeTpun. OnpenenmTe CUMMETPUIO BO3MOXHbIX
MONEKYNAPHBbIX opbuTanei TeTpasapuyeckoin Monekynbl C MOMOLLbIO CaiT-CUMMETpUK. YTo
npeacTaBnsoT cobol rmbpnandoaHHble opbutann? Kak cooTHocATcs Mexay coboii rpynnbl
CalT-CUMMETPUU 1 TPYNMbl NEPECTAHOBOK A5 Monekyn. OnuwmnTe rubprnamsaunio B
TPUroHanbHO-NMpaMuaanbHblX Monekynax (TodedHas rpynna cummeTpun C3v). Kak ncnonbsyorcs
npoekunoHHble onepatopbl B Metone MO JIKAO? lNpuseaunTe afgantupoBaHHble MO CUMMETPUM
MONEKYNSPHbIE OPOUTaNN TETPA3APUYECKNX MONEKYN. 3annwmnMTe MONEKYNSPHble opbuTanm
heppoLeHa. 3anmwmnte MonekynspHble opbuTanu LMKNoNeHTaameHMnTprkapboHnnIMapraHua.
Onpepnenute 3aceneHHOCT rmbpunaHbIx opbutanei Ha NpUMepPe MoNeKyNbl aMmMmaka (TodevHas
rpynna cummetpumn C3v). Kak 3anncbiBatoTCS BONHOBbIE OYHKLMN METOAA BANEHTHbIX CBA3EN?
PaccmoTtpute pacyeTbl METOOOM BaneHTHbIX CXEM C MOMOLLbLIO FPyrnn NepecTaHoBOK Ha npuMepe
mMonekyn ¢ rpynnammn S(2), S(4) n S(6). BoinonHnte chaktopmnaaumto no CUMMETPUN LeTepMUHAHTA
KOHOOUIypaunoHHOro B3aMMOLENCTBMS Ha NpMMepax KoopaANHaUMOHHbBIX coeanHeHnin meau(ll)
cummetpumn CG2v, D2h n D4h.

Tema 17. BpawiaTtenbHble U saepHble CMIUHOBbIE COCTOSIHUA. MHTEHCUBHOCTb BpaLlaTesibHbIX
nepexonos. Cesi3biBaHMe cnuHoB siaep no Kne6wy-roppaHy. Henpvsoaoumblie npeacraBneHus
siAepPHbIX CMTIUMHOBbIX COCTOSAHUM U cneKkTpbl AMP. CBepXTOHKOE pacLuernsieHue B cnekTpax
anP.

LoMalHee 3afaHne , NpUMepPHbIe BOMPOCHI:

3anuwunTe BblipaXxeHusa Ans BpalatenbHbiX BOHOBbIX (OYHKLUWIA 1 YPOBHEN 3HEPTN CUMMETPUYHOIO
N aCMMMETPUYHOro Bonyka. lNposennte knaccmdumkauuio aHadeHnin J n K no Henpusoanmbim
npeacTtaeneHnsam ons monekyn cummetpun Td, C3v n C2v. Cchopmynupyiite npasmna otbopa ons
MUKPOBOJSTHOBOIO nornoweHns. Kak ¢ noMoubio Teopun CUMMETPUN MOXHO OnpeaennTb
cTaTtMCTMYeckmne Beca BpallartenbHbIX COCTOSAHUIA M MIHTEHCMBHOCTb BpallaTenbHbIX Nepexonos?
OnuwnTe cBsi3biBaHWe cnnHOB siaep no Knebwy-MopaaHy Ha npumepe MONeKyn xnopMeTtaHa u
goTopMeTaHa. BbinonHuTe aHanM3 HeNpMBOANMbIX NPEeACTaBNEHUN AAEPHBIX CMIMHOBBIX COCTOSIHWIA 1
cnekTtpos AIMP ¢ ncnonb3oBaHnem rpynn nepectaHoBOK N METoAa NPOEKLNOHHbIX ONepaTopoB Ha
npvMepe Monekyn MetaHa u atuneHa. BoinonHuTe aHanm3 cBEpPXTOHKOro pacluenneHns B cnekrpax
OrlP komnnekcos meaun(ll). Hainoute HenpnBoaMMble NpeacTaBneHns ons BCex NPOTOHHbIX CIIMHOBLIX
COCTOSIHMIA MONEKy bl aMMmnaka. YCTaHoB/Te, kakas KoMOMHauns BpawaTesbHbIX 1 konebartenbHbIX
COCTOSIHUIA oenaeT paspelleHHbIM 3NeK-TPOHHbBI nepexon Blu ? A1g B 6eH3one.
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Tema 18. AcnekTbl CUMMETPUMN B MEXaHU3MaxX XMMMYECKUX peakuui. dneKTpoumKandeckme
peakuun. Peakuum umknonpucoeouHeHusl. Peakuum neperpynnupoBKy U 3IMMUHUPOBaHMUS.
CTpYKTypHasi HeXeCTKOCTb, BUGPOHHbIE U POBUGPOHHbBIE 3P PeKTbl U UX POSib B XMMUYECKMUX
peakumsx.

KOHTponbHas paboTta , NpUMeEpPHbIE BONPOCHI:
MpumMepbl BUNETOB K KOHTPONbHOM paboTe AaHbl B pasaene Npoyee.
Tema . UToroeasi popma KOHTpons

[MprMepHble BOMPOCHI K 3a4eTy:
MPUMEPbBI BUNETOB k koHTponbHOI paboTe

Bunert 1
1. MNpuBeauTe BCE onepaLmm CUMMETPUN TOYEYHOM rpynnbl S6.
2. Mponseegute penykumio nponsseneHns npeacrasneHuii E 8 toyevHon rpynne C3v.

Bunert 2
1. MpuBeauTe BCe onepaLmm CUMMETPUMN To4YedHoM rpynnbl C3v.
2. NpounsseauTe penykumo nponsseneHnsa npeacrasneHuii E B TovevHon rpynne D3h.

Bunet 3
1. MpuBeaunTe BCe onepaLmm CUMMETPUKN TodeyHom rpynnbl C3h.
2. Mponseegute penykumio npomsseneHns npeacrasneHnii E B toyeqHon rpynne Td.

NMPUMEPbBI BUNTETOB « 3auety

Bunet N 1

1. OneMeHTbl 1 ornepaunn To4e4YHON CUMMETPUN: UHBEPCUS, OTPaXeHne B NIOCKOCTU CUMMETPUN,
cobcTBEHHOE BpalweHmne BoKpyr oc CUMMETPUN.

2. Matpuubl npeobpasoBaHunii ans onepaunii cummeTpumn. OTobpaxeHns, n30- 1 rOMOMOPEUN3M.
3. BbINonHUTL 0OTHECEHWEe nonapusaunmn anekTPpoHHbIX d-d NepexonoB B CriekTpax MOHOKPUCTaNIoB
komnnekcos meau(ll) cummetpum D4h (D2d).

Bunet N 2

1. OneMeHTbl 1 onepaunm TOYEe4YHON CUMMETPUN: HECOOCTBEHHOE BpalleHne, TOXOECTBEHHOe
npeobpasoBaHue.

2. MNpencrasnexuns rpynn. Henpreoammbie NpeacTaBNeHNs U NX OCHOBHblE CBOWCTBA. Tabnuubl
xapakTepos To4eyHbIx rpynn C2 n C3.

3. 3anucaTb MaTpuLbl, OTBEYalOWmMe reHepaTopam To4e4Ho rpynnbl C3v.

Bunet N 3
1. Cnmmetpuyeckas rpynna nepecrtaHoBok. Jduarpammbl FOHra.
2. Cant-cummeTtpus u cummetpust MO.

3. MNocTponTb Tabnuuy xapakTepos ans ToyeyHor rpynnel D6h Ha ocHOBe maHHOW Tabnuupl
xapakTepos rpynmnbl D6.

7.1. OcHOBHas nuTteparypa:

1.AxmeToB H.C. Obwas n HeopraHnyeckas XuMust [9neKTpoHHbIA pecypc] : y4ebHMK. ? DNeKTpoH.
naH. ? Cl6. : NaHb, 2014. ? 744 c. ? Pexum pocTtyna:
http://e.lanbook.com/books/element.php?pl1_id=50684

2. Nenbpman M.U., lOcTpartos B.1. HeopraHudeckas xumus. [SNeKTPOHHbIN pecypc] - 2-e u3g. -
CaHkT-lNeTepbypr: JlaHb, 2009. - 528 c.

Pexum goctyna: http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=4032
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7.2. lononHutenbHasa nuteparypa:

1.AmuHOB, J1. K. Teopuns cummeTpun (Kpatkme KOHCMNEKTbI NeKunid 1 3apaym) : yiebHoe nocobue ans
maructpaHToB doua.goakynbteta. Y. 2 / J1.K.LAMuHoB .? KasaHb, 2000 .7 82 c.

2. ®epotos M.A. SoepHblid MArHUTHbIA PE30HaHC B HEOPraHMYeCcKom 1 KOOPANHALMOHHOM XUMUN.
PacTtBopbl 1 XnAKOCTU[ONEKTPOHHBIN pecypc]. - M.: duamatnut, 2010. - 384 c.

Pexwum poctyna:http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=2151

7.3. UHTepHeT-pecypcChbl:

Mocobue - http://www.kinetics.nsc.ru/chichinin/books/spectroscopy/Poklonskii03.pdf

Canr - http://graphics.distant.ru/nachgeom/05.html

Canr - http://www.chem.msu.su/rus/teaching/zorkii2/welcome.html

Canr - http://chemlib.ru/books/item/f00/s00/z0000036/st022.shtml

Canr - http://900igr.net/prezentatsii/geometrija/Simmetrija-v-prirode/024-Simmetrija-v-prirode.html

8. MarepuanbHo-TexHU4eckoe obecrneyeHne QUCLMUNINHbI(MOAYNS)

OcBoeHve gucunnnuvHbl "Teopus CMMMETPUN B KOOPAVUHALMOHHON XuMun'" npegnonaraet
NCMONb30BaHNE CNeayoLWEro MaTepmnanbHO-TEXHNYECKOro obecneyeHms:

MynbTumMeouiiHas ayoutopus, BMECTUMOCTbIO 6bonee 60 yenosek. MynbTumMeauiiHas ayantopums
COCTOUT U3 UHTErPUPOBAHHbIX UHXEHEPHbIX CUCTEM C €AMHON CUCTEMON YyNpaBneHns, OCHaLeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCNPOU3BEAEHUS U BU3yanv3auum noboi BUAeo 1 ayamno
nHGOPMaLMK, NONYYEHNS N Nepeaayn 3NeKTPOHHbIX 4OKYMEHTOB. TUNOBas KOMNnekrauus
MyNbTUMEAVNAHOW ayaNTOPUU COCTOUT U3: MyNbTUMEAMAHOrO NPOEKTOpPa, aBTOMaTU3NPOBAHHOMO
MPOEKLIMOHHOrO 3KpaHa, akyCTUYECKON CUCTEMDI, a TAKXEe MHTEPAKTMBHONM TpMbyHbI NpenoaaBsartens,
BK/IOYAIOLWEN Ta4y-CKPUH MOHUTOP C AMaroHasnbio He MeHee 22 OI0NMOB, NEPCOHANbHbBIA KOMMbIOTEP
(Cc TexHnyecknmm xapaktepucTukamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHdoepeHL-MUKPOoH, 6ecnpoBoAHOM MUKPOGIOH, 610K ynpaeneHns obopynoBaHueM, MHTepAeNChI
noakntouerms: USB,audio, HDMI. MHTepakTMBHas TpmbyHa npenoaaBatens ABnseTCcs Kno4eBbiM
3N1EMEHTOM yNpaBNeHns, 00 bEANHSIOWMNM BCE YCTPONCTBA B EAMNHYIO CUCTEMY, U CIYXUT
NONMHOLIEHHbIM paboymm MecToM npenoaasatens. lNpenonasartens MMEET BO3MOXHOCTb NIEMKO
ynpaBnsTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONSET NPOBOANTL NEKLMMW, MPAKTUYECKUE
3aHATWA, Npe3eHTauunn, BebrHapbl, KOHPEPEHLMM U Opyrie BUObl ayAUTOPHON Harpy3Ku
obyyarowmxcs B yA0O6HON 1 DOCTYMHOW ANS HAX POPME C MPUMEHEHNEM COBPEMEHHbIX
MNHTEPAKTMBHbIX CPEACTB 0Oy4eHMS, B TOM YMC/E C MCNONb30BAHMEM B NnpoLecce 0by4yeHuns BCex
KopriopaTtusHbIX pecypcoB. MynbTmeoniiHas ayamTopus TakXe OCHaLeHa WMPOKOMONOCHbIM
LOCTYNOM B CETb MHTEPHET. KoMNbloTEPHOE 060pYyA0OBAHMEM NMEET COOTBETCTBYIOWEE
NVLEH3MOHHOE NPOrpaMmMHoe obecneyeHue.

OucumnnuHa obecneyeHa KOMMNbOTEPaMM, MPOEKLIMOHHOM TEXHWUKOIN, CKaHEPOM, MPUHTEPOM,
neyvaTHbIMU N30aHUSMU U NEKTPOHHBIMW KOMUSIMN OCHOBHbIX Y4EOHMKOB, a Takxe 6a3amu faHHbIX U
NHTepHeT-pecypcamu.

Mporpamma coctaeneHa B cootBeTcTBumM ¢ TpeboBaHnsmm ®rOC BIO n yyebHbiM nnaHoM no
HanpasneHnto 04.03.01 "Xumunsa" n npodpunto noarotoskn HeopraHmyeckas xmmms .
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