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Mporpamma gucumnnunHel "Teoprs CMMMETPUK B KOOPAUHAUMOHHOM XuMumn'"; 020201.65 dyHaamMeHTanbHas 1 npuknagHas XmMms; OLEHT,
K.H. (ooueHT) WrbipnnH 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

JaHHas yyebHas oncumnnnHa BktodeHa B pasgen " C3.0B.1 MpodgeccmnoHanbHbIA" OCHOBHOM
obpaszoBartenbHoit nporpamMmbl 020201.65 dyHOameHTanbHas 1 npuknagHas XMMns 1 OTHOCUTCS K
ancuunnvHam no Boibopy. OcBamBaeTcs Ha 4 kypce, 8 ceMecTp.

LaHHas gucumnnuHa (no Belbopy) OTHOCUTCA K pasaeny ANCUUNINH NPOtECCMOHANbHOrO LMKIa, HO
TECHO CBsI3aHa TakXe C 06WUMM MaTeMaTUHECKNMIN N eCTECTBEHHO-HAYYHbIMU OUCLUMNIMHAMK U
LPYruMun npodpeccrnonanbHbiMmn aucumnamHamm. OcobeHHOCTbIO AaHHO AUCUMUMVHDBI SBASIETCS TO,
4TO OHa CTPOUTCS U3 "NEPBbIX MPUHUMMOB" 1 He TpebyeT NpenBapuTENbHON MaTeEMaTNYECKO
MOArOTOBKW, XOTS1 HEKOTOPOE 3HAKOMCTBO CTYEHTOB C MaTpu4HOl anrebpoii BecbMa XenaTtenbHo.
OCHOBbI TEOPMM CUMMETPUK, NPenoaaBaeMble B pamMmkax AaHHON OAUCUUMANHBI, CYLECTBEHHbI AN4
0CBOeHUS KypcoB "HeopraHuyeckas xumns", "KoopamHaunoHHas xmmms", "KsaHTtoBas xmmmnsa",
"Kpuctannoxummg", "OpraHundeckas xummsa", "Xumng teepaoro tena”. [1o OTHOWEHMIO K 3TUM Kypcam
TEopusi CUMMETPUKN HeobxoamMMa 1 Kak nNpefwecTByowas, 1 kak nocneayowas ons 6onee rnybokoro
OCMbIC/IEHNS BCEro LMKNa XMMNUYECKUX OUCLIUMMNH, B KOTOPbIX MPUHLMMBI CUMMETPUN UrpatoT
KNO4€eBYyH0, METOLONOMMYECKYIO N CTPYKTYPUPYIOLLYIO POJib.

3. KomneteHuuu obyyarowerocs, hopMmpyemble B pe3ynbTate 0CBOEHUS OUCLUM/INHDI
/mopynsi

B pesynbTate 0CBOEHUS AMCLMNANHBI (DOPMUPYIOTCS CNeaytoWwmne KOMNeTEHUNN:

Pacwmndpposka
Wincpp komneteHunu npuobpetaemon KOMNeTeHLUn
MK-1 MOHMMAET CYLHOCTb 1 CoLManbHy0 3Ha4MMOCTb npodpeccun,
(I'IpocpeCCI/IOHaﬂbele OCHOBHbIX NMepcnekTne 1 r|p06neM, onpenendarwmnx KOHKPETHYIO
KOMI'IeTeHLI,I/II/I) obnactb [esTENbHOCTH

B peaynbtate 0CBOEHWS ONCUMMNINHBI CTYAEHT:
1. DONXeH 3HaTb:
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Mporpamma gucumnnunHel "Teoprs CMMMETPUK B KOOPAUHAUMOHHOM XuMumn'"; 020201.65 dyHaamMeHTanbHas 1 npuknagHas XmMms; OLEHT,
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3M1IEMEHTbI U onepauny TOYEYHON CUMMETPUK, MaTeMaTUYeCcKnii U OU3NYECKNIA CMbICHT
HEenprBOAUMbIX MPeACTaBNEHWNA, CNOCObbl CUCTEMATUYECKOrO NOCTPOEHMS TabnnL XapakTepoB Ha
OCHOBE reHepaTopOoB rPynn 1 NPOM3BEeAEHMS NOATPYNN, OOPMYNY Pa3NOXEHUS U MPON3BELEHNS
HenprBOAUMbIX MPeACTaBNEHWNIA, [BONHbIE rPYNMbl U ABY3HAYHbIE NPeacTaBneHus, anrebpanyeckyio
TEOPWIO rpynn, onepauun ¢ BeKTopamun 1 MaTpruaMun, HeNpMBOAUMbIE NPELCTABNEHNS TPy
CYIMMETPUM U NX OCHOBHblE CBOWCTBA, PeayKUMIO MPUBOAUMbBIX MPEeACTABNEHUA NO CUMMETPUN 1
Knaccugpmkauuto TepMOB aTOMOB 1 MONEKyn, npasuna otbopa ans MaTpUYHbIX 3/1IEMEHTOB,
CYMMETpPUYecKMe rpynbl NepecTaHoBOK, amarpammbl KOHra, cMMMeTpryeckme rpynnbl NepecTaHoBoK
C MHBEpPCKEN, CanT-CUMMETPUIO, MPOEKLIMOHHbIE OMepaTopbl, KOHUIypaLMoOHHOE B3anMOLENCTBYE,
HEenprBOAUMbIE NPeACTaBNEHNS SOEPHbBIX CMMHOBbLIX COCTOSIHWIA, aCNEKTbl CUMMETPUM B MEXaHU3MaXx
XUMUYECKNX peakuunii, BADPOHHbIE 1 POBUOPOHHBIE 3CPCPEKTBI M UX PONb B XMMUYECKMX PeakLnsiX.

2. DONIXEH yMeTb:

OpVEHTUPOBATLCS B TabnMLax xapakTepos rpynn, acnektax CUMMETPUN B TEOPUM KPUCTaNINYECKOro
nons, KOPPENSUNOHHBIX Tabnmuax, TepMax MHOFO3MIEKTPOHHbBIX COCTOSIHUIA, OLLEEHUBATbL PONb
MEX3NEKTPOHHOr0O OTTANKKMBAHWS 1 CMUH-0POUTaNbLHOrO B3aumoaencteus npu LS- u jj-cessu,
npumeHsTb cyneprpynny WpennHrepa, oueHnBaTb CBA3biIBaHNE CNMHOB saep no Knebwy-Mopaany,
Haxo4uTb HENPUBOAMMbIE NPEACTaBNEHNS S0EePHbIX CMTMHOBbIX COCTOSIHUIA, OLLeHMBaTb CBEPXTOHKOE
pacuwenneHve B cnektpax I1P.

3. DONXEH BnaneThb:

HaBblKaMu MPUMEHEHNS NMOHATUI TEOPUN CUMMETPUN K aHaNU3y ONTUYECKOW aKTUBHOCTH,
ONMNONbHBIX MOMEHTOB, CTEPEOXMMUYECKN HEXECTKUX CTPYKTYP, SKBMBANIEHTHBIX aTOMOB Y
anactepeotonun, anekTpoHHbIx, VK- n KP-cnekTpoB, K OTHECEHUIO 3N1EKTPOHHbIX NEPEX0O0B B
crnekTpax nongapu30BaHHOro N3Ny4eHns, rpynn CUMMETPUN HEXECTKMX MONIEKYN, K aHann3y
9NEKTPOHHOWN CTPYKTYpPbl MONEKYN, BpawaTteibHblX COCTOSHWIA, cnekTpoB AMP n OIP, cummeTpun B
MexaHn3Max XMMM4yeckunx peakuuim.

4. nONXeH OEeMOHCTPNPOBaTb CMNOCOOHOCTb M FTOTOBHOCTb:

NPUMEHEHNS NOHATUA TEOPUN CUMMETPUN K aHann3y ONTUYECKOM aKTUBHOCTU, AN-NONbHbIX
MOMEHTOB, CTEPEOXMMNYECKM HEXECTKNX CTPYKTYP, 9KBMBANEHTHbIX aTOMOB U AMacTe-peoTonuu,
9NeKkTpoHHbIX, VK- n KP-crnekTpoB, K OTHECEHMIO SNEKTPOHHbIX NepexXonoB B Crek-Tpax
NONSPU30BAHHOIO U3NYy4EeHUS, rPYnn CUMMETPUN HEXECTKUX MONEKYN, K aHaNn3y 31eKTPOHHOM
CTPYKTYpbl MONEKyn, BpawaresbHblX COCTOAHWUA, cnekTpos AMP n SIMP, cummeTpum B MexaHm3max
XUMUYECKUX peakLumi.

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

CyMMapHo No OMcumMnInHe MoxHo nony4ntb 100 6annos, U3 HMX Tekylas paboTta oueHmBaeTcs B 50
6annos, nTorosasi popma KoHTpons - B 50 6annos. MuHuManbHoe KOnM4ecTBo Onsl Aonycka K 3adeTy
28 6annos.

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

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

55-70 6annos - "ynoBnetBoputenbHO" (yYO0B.);

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

4.1 CTpyKTypa 1 comepXxaHue ayauTopHon paboTtbl No gucuunaMHe/ MOAynto
TemaTtnyeckuu nnaH gucUUNIUHbI/MOAYNS
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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 1. lNoHsATME
CYIMMETPUU B
donnocopmn n
€CTECTBO3HAHWMW.
["eomeTpuyeckuin
noaxon K Teopun
cuMMeTpumn. ToveyHas
cummeTpus. NHBepcus.
1. |OTpaxeHve B 8 1 0 2 0
NNOCKOCTN CUMMETPUN
CobcTBeHHOoE
BpaLLleHne BOKPYr ocu
CYMMETPUMN.
HecobcTBeHHoe
BpaLleHue.
ToxnecTBeHHOE
npeobpasoBaHue.

Tema 2. NoHaTHe o
TOYEYHbIX rpynnax
cummeTpun. CucTemsl
0603Ha4YeHMN TOYEYHbIX
rpynn rno WeHdonucy n
'epmaHy-MoreHy.
QeTupeﬂmnaTozeqHux lNucemenHoe
2. lrpynn: 1) C1,CS, Ci:2) | 8 2 0 2 0 fomalliHee
Cn, Sn, Cnv, Cnh; 3) salaxne
Dn, Dnh, Dnd; 4) Td,
Th, T; Oh, O; Ih, I.
OcobeHHocTH
HeMpepbIBHbIX TOYEYHbIX
rpynn Cllv, DOh n
Rh(3).

Tema 3. Anroputm
onpeneneHnsa To4e4yHom
rpynnbl CAMMETPUN
monekyn. Kputepui
onTmnyeckom
aKTUBHOCTW.
OnTuyeckas
aKTUBHOCTb

3. [komnnekcos. Tunbl 8 3 0 2
CYMMETPUN MONEKyn,
obnagatowmx
AMNOSNIbHBIM MOMEHTOM.
OKBUBA/IEHTHbIE aTOMBbI.
CrepeoxnmMuyeckun
HEeXeCTKMe CTPYKTYpbl
KOMMNEKCOB.
HnactepeoTonus.

NMucbMeHHoe
JomallHee
3ajaHue

NMncbMeHHoe
0 JomallHee
3agaHue

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PerunctpaumnoHHbii Homep 7120917 5AE
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Buabl n yachbl

Paspen
AducunnnuHol/
Moayns

CemecTp

Henens
cemecTtpa

ayauTopHOM paboThbl,
MX TPYA0EMKOCTb
(B yacax)

Nekuunn

MpakTnyeckue
3aHATUSA

NabopaTopHbie
paborbl

Tekywime coopmbl
KOHTpOns

Tema 4.
AHTUCMMMETPUSI.
CummeTpusa n
ONCCUMMETPUS B
npupoae N NCKyccTBe.
" |PeweHue 3apay c
NpUMeHeHeM
reomMeTpunyeckKoro
nogxona K reopuu
cMMeTpUun.

NMucbMeHHoe
JomallHee
3ajaHue

Tema 5.
Anrebpaunyeckuii
nogxon K Teopuu
CYMMETPUUN.
Komnoaunuuns
(nponsBeneHve)
onepauunm cUMMeTpun.
OcHoBHble cBONCTBA
mareMaTnyeckom
rpynnbl. [Mpumepsbl

" [rpynn. Tabnuua
YMHOXEHUS ong
rpynnbl. Moarpynnbl,
umMKnmnyeckue n
abenesbl rpynmnbi.
MNpeobpazoBaHune
nonobus (onepauus
conpsixeHus). Knaccbl
COMPSAXEHHbIX
9NEMEHTOB.

NncbmeHHoe
oomauiHee
3agaHue

Tema 6. ['eHepatopsbl
rpynnbl. MpsiMble 1
nonynpsmble
npou3BeneHns rpynn.
Onepauun Hag
BekTopamun. CkanspHoe
npousseneHne
BeKTOpOoB. BasuncHble
BEKTOPbI.
BekTop-cTonbed,
BEKTOP-CTPOKa,

" [TpaHCNOHUPOBaHHbIN U
obparHblil BEKTOP.
Onepauun Hag
matpuuamn. CkanspHoe
npou3BeneHne MaTpuu,
XapakTtep (cnen)
matpuubl. KBagpaTHble,
edVHUYHble, 0bpaTHble,
TPaHCMNOHNPOBAHHbIE,
9PMUTOBO-CONPSXKEHHDIG

N YHUTApPHbIE MaTpULbl.

NMncbMeHHoe
JomallHee
3ajaHue

PernctpaumoHHbin Homep 7120917
CtpaHnua 6 ns 39.
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Mporpamma gucumnnunHel "Teoprs CMMMETPUK B KOOPAUHAUMOHHOM XuMumn'"; 020201.65 dyHaamMeHTanbHas 1 npuknagHas XmMms; OLEHT,
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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 7.
MNpeobpazoBaHue
nogobvsa ons matpu.
MartpuLbl
npeobpasoBaHuii ons
onepauunm cummeTpun.
OT0bpaxeHus, n3o- un
rOMOMOPCOU3M.
Henpusoaumble

7. |npencTasneHns un nx 8 7 0 2
OCHOBHblE CBOWCTBA.
Tabnuubl xapakTepos
rpynn. Henpusogumbie
npeacTasneHus rpynn
C2un C3.
Pasnennmo-BbipoXaeHHble
KOMIMIEKCHO-COMpPAXEHHple
npencrasneHns n nx
6a3mcHble OyHKLMN.

Tema 8. Henpusoonmbie
npencrasneHns rpynnol
C2v. OnpegeneHne
npovn3seneHns
HEenprBOONMbIX
npencrasneHunin.
Tabnuupbl Kanw.
Dur3nYecKnin CMbICn
HEenprBOONMbIX
npencrasneHnm Ha
npuMepe Monekynbl

8. |Boabl. Cnocobol 8 8 0 2 0
CcUCTEMATMYECKOro
nocTpoeHns Tabnuu
XapakTepoB Ha OCHOBE
reHepaTopoB rpynn u
npovn3seneHns
noarpynmn. Tabnuubl
XapakTepoB TOYEYHbIX
rpynn n o603Ha4yeHns
npencrasneHnn no
MannukeHy.

NMucbMeHHoe
0 JomaliHee
3ajaHue

NncbmeHHoe
oomauiHee
3agaHue

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY
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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 9. Penykuus
NPUBOAMNMbIX
npencTasneHni.
dopmyna pasnoxeHus.
Penykums
npoun3eeneHns
HEeNpPUBO ANMbIX
npencTasneHuni.
MartpuLbl
npeobpasoBaHnii 1
HenpuBoANMble
npeacTasneHns rpynn
cummeTpun R(3) n
Rh(3). NpounsseneHuns
HEeNpUBO ANMbIX
npeacTasneHnn rpynn
R(3) n Rh(3), goopmyna
Knebwa-lopaaHa.

TectupoBaHue

10.

Tema 10.
Henpusogumble
npeacTasneHns u
Knaccugomkauuns
TepmoB. Teopema 9.11.
BurHepa.
Knaccugomkauns
TepMoB cB0o6O4HOrO
atoma. AcnekTbl
CUMMETPUN B TEOPUM
KpUCTann4eckoro
nong. Penoykuns
npencrtasneHnin rpynnbl
R(3) B kpuctannnyeckmx
nonax cummetpun Td n
Oh. Pacwennexve
OLHO3JIEKTPOHHbIX
d-opbuTtaneii B
KpUCTanIn4eckmnx nonsax
pasnnyHoOn CUMMETPUN.
MpyHUMNbI MHBEPCUYK
SHepreTn4eckmnx
YPOBHen ons
JOMONHUTENbHbIX
KoHdpurypauui B
OKTas4pun4eckom n
TeTpasapuy4eckom
nonsx.
KoppenaunoHHbie
Tabnuupbi.

10

NncbmeHHoe
oomauiHee
3agaHue
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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

11.

Tema 11. Tepmbl
MHOIO3NEKTPOHHbIX
COCTOSAHUI.
Henpusoaumble
npeacTaBneHns rpynn
CDV,DDhMTepMH
NIMHENHbIX MONEKY.
MeX3anekTpoHHoe
oTTankmeaHue n
CnuH-opbutanbHoe
B3aumogencTeme npu
LS- u jj-cBA3u. ATOMHbIE
TepMbl. Pacwennexve
non OencTBMeM
CnNUH-opbuTanbHOro
B3aMMOOelncTBng
TEPMOB C
LEeNno4YnNCNeHHbIMM
3HavyeHnsaMK J.
PacuwenneHue Tepmos ¢
nonyuensiMn
3HavyeHnsaMK J.
JlBOMHbIE rpynnbl 1
[By3Ha4Hble
npencrasneHuns.

11

NMucbMeHHoe
JomallHee
3ajaHue
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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 12. PacwenneHne
TEPMOB KOHpUrypaumm
d2 (uenoyncneHHole J) B
cnaboMm 1 CUNbHOM
KpUCTaNINY4eCcKmx nonsx
cummeTpum Oh.
Onpegnenexune
CNVHOBOM
MyNbTUNNETHOCTM
COCTOSAHU METOL4OM
CHUXEHUS CUMMETPUN.
Onarpammbl
TaHabe-CyraHo.
PacuwenneHve Tepmos
12.[KoHpurypaumm d7 8 12 0 2
(nonyuenble J) B cnabom
N CUIbHOM
OKTas4puyeCcKux nonsx.
ONEKTPOHHbIE CNEKTPbI
KOMIM/IEKCOB
nepexonHbIx
d-meTtannos.
Ouarpammbl Oprena
ans cnyyaes D- u
F-TepmMoB OCHOBHOrO
COCTOSIHUS B
KPUCTaNINYeCcKmx nonsx
cummeTpumn Oh n Td.

NMucbMeHHoe
0 JomallHee
3ajaHue

Tema 13. lNpasuna
oTbopa ans MaTpuyHbIX
SN1EMEHTOB.
NHTEHCMBHOCTL
9NEKTPOHHbIX
nepexonoB. NCTo4HMKN
13.|MHTEHCNBHOCTH 8 13 0 2 0
3anpelLeHHbIX
nepexonos. OTHeceHue
9NEKTPOHHbIX
nepexonoB B CriekTpax
Nonsap1U30BaHHOIoO
N3nyyeHus.

NncbmeHHoe
oomauiHee
3agaHue
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Paspen
AducunnnuHol/
Moayns

CemecTp

Henens
cemecTtpa

Buabl n yachbl

ayauTOpHOM p

MX TPYAO0EMKOCTb
(B yacax)

abortbl,

Tekywime coopmbl
KOHTpOns

Nekuunn

MpakTnyeckue
3aHATUSA

NabopaTopHbie
paborbl

14.

Tema 14.
Knaccudmkaums
konebaHuii No Tmnam
cvmmeTpuu. MNpasuna
oTtbopa ans
MOrNOWEHNS N3NYYeHNs
MOJEKYNIAPHBIMU
KonebaHusmu.
Onpegnenexve Tnna
CYIMMETPUU U Yncna
KonebaHuin, akTUBHbIX B
K- n KP-cnekTtpax.
PeweHwne 3apnay c
NPUMEHEHNEM
anrebpanyeckoro
nogxona K Teopuu
CYMMETPUMN.

14

NMucbMeHHoe
JomallHee
3ajaHue

15.

Tema 15. HekoTtopble
creumanbHble rpynmnbl.
CnmmeTpuyeckas
rpynna nepectaHoBOK.
Ouarpammbl FOHra.
CnmmeTpuyeckne
rpynnbl NepecTaHoBOK C
UHBEpCcuen (rpynnol
JNoHre-XurrunHca).

[ pynnbl cUMMETPUK
HEXEeCTKMX MONEKy .
3oanHamunyeckne
onepauuu.
Cyneprpynna
WpeouHrepa.

15

NncbmeHHoe
oomauiHee
3agaHue

16.

Tema 16. KBaHTOBas
MexaHuka u
SNEeKTPOHHAas CTPyKTypa
MONeKyIn.
MonekynspHble
opbutanu kak JIKAO.
Cant-cummeTtpus n
cummetpua MO.
Mbpnon3oBaHHbIE
opbuTanu.
[MpoekunoHHbIe
oneparopbl 1 MO
NKAO. BonHoBble
doyHKUNM MeToaa
Ba/IEHTHbIX CBSA3EN.
KoHdourypaumoHHoe
B3aMMoOencTBeue.

16

NMncbMeHHoe
JomallHee
3agaHue
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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

17.

Tema 17.
BpawarenbHblie n
AnepHbIe CIMHOBbIE
COCTOSIHUSI.
BpawarenbHble
BOSTHOBbIE (PYHKLINN.
MNpasuna otbopa.
NHTEHCMBHOCTb
BpaLaTenbHbIX
nepexonos.
Cesi3blBaHVE CNUHOB
anep no
Knebwy-IopaaHy.
Henpusoaumble
npeacrasneHus
A0EPHbIX CANHOBbIX
COCTOSIHUI N CNEKTPbI
AMP. CepxToHKOE
pacuenneHve B
cnekTpax JP.

17

NMucbMeHHoe
JomallHee
3ajaHue

18.

Tema 18. AcnekTbl
CYMMETPUU B
MexaHn3max
XVMUYECKNX peakuuni.
AHanuna cummeTpun.
Mpasuna otbopa.
OneKkTpoumKImyeckme
peakuunun. Peakuumn

umKknonpuncoegnHeHns.

Peakuun
neperpynnupoBKn 1
SNUMUHMPOBAHUS.
CTtpykTypHas
HEXEeCTKOCTb,
BUOPOHHbIE 1
POBMOPOHHbIE

3 eKTbl 1 NX PONb B

XNMN4YeCKnx peakuunsx.

18

KoHTponbHas
paboTta

Tema . Torosas
doopma KOHTpOns

3avert

NTtoro

36

4.2 CopepxaHvue oUCLUMNUHbI
Tema 1. NoHsATME cMMMeTpUM B chunococoumn n ectecTBo3HaHUKU. FeomeTprnyecknn noaxon, K
Teopun cummetTpun. ToueuyHas cummetpus. MHBepcusa. OTpaxeHne B MIOCKOCTU CUMMETPUM.
CobcTBeHHOE Bpall,eHue BOKpYr ocu cuMmeTpumn. Hecob6¢cTBeHHOE BpalleHue.

ToxnpecTtBeHHOe npeobpa3oBaHue.

npakTudeckoe 3aHsitne (2 yaca(os)):
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[MoHsaTHe cummeTpun B omnocodomn n ectecTBO3HaHUN. [le0yKTMBHO-akCMOMaTUYeCKNin MeToL B
Teopuu cumMmeTpumn. feomMeTpryeckmin Noaxon Kk Teopum cummetpumn. OnpeneneHme T04e4YHOM
cum-meTpun. Onepauun n anemeHTbl cummeTpumn. CobCTBEHHOE BpalleHMe BOKPYr OCY CUMMETPUN,
Nno-psiioK Ocu BpauleHus. [pasuna opueHTaumm Monekyn OTHOCUTENbHO CUCTEMbl KOOPAUHAT.
OTpa-xeHune B NNOCKOCTU CUMMETPUX, Npeobpa3oBaHne KOOPAMHAT NPU OTPAXEHUUN B MIOCKOCTH
cuM-mMeTpun. HecobcTBEHHOE BpalleHre, KONMYeCTBO onepaLmini HeCobBCTBEHHOMO BpaleHus npu
He4YyeT-HOM 1 YeTHOM nopsiaKe ocu nosopoTa. MiHBepcus, npeobpa3oBaHne KoopauHaTt npu
onepaumun nH-eepcuun. ToxaecTBeHHoe NpeobpasoBaHve (onepaumnst MOEHTUYHOCTH), POpPMasbHbIiA
N codepXa-TeNbHbl CMbICN onepauum MOEeHTUYHOCTH.

Tema 2. [oOHATUE O TOUYEYHbIX rpynnax cuMmmeTpumn. Cuctembl 0603HaYEHNUN TOYEYHbIX TPy
no WeHdpnucy u Nepmany-MoreHy. Yetbipe Tuna todeuHbix rpynn: 1) C1,CS, Ci; 2) Cn, Sn,
Cnv, Cnh; 3) Dn, Dnh, Dnd; 4) Td, Th, T; Oh, O; Ih, I. Oco6eHHOCTM HENpPepPbIBHbIX TOYEYHbIX
rpynn C0 v, DI h n Rh(3).

npakTudeckoe 3aHsitne (2 yaca(os)):

OnpepneneHne TodeyHol rpynnbl. Cuctembl 0603Ha4YeHNA ToueuHbIx rpynn WeHdpnnca n
"epmaHa-MoreHa (MexaoyHaponHas). Hetbipe Tuna To4edHbIx rpynn: 1) npoctenwme rpynnbl -
C1,CS, Ci; 2) umknuyeckue rpynnbl - Cn, Sn, Cnv, Cnh; 3) anagpuyeckme rpynnbl - Dn, Dnh, Dnd; 4)
Td, Th, T; Oh, O (kybunyeckme rpynnbl); Ih, |. MpaBunbHble MHOrorpaHHuky (tena MnatoHa).
[MprMepbl MONEKyN, OT-HOCSWMUXCS K Pa3nNnyHbIM rpyrnnam CUMMeTpUn, 1 KONNMYeCTBO onepaLmin
CYMMETPUM B 3TUX rpyn-nax. ApXxmMenoBbl U katanaHosbl Tena. OCO6EHHOCTN HENPEPbLIBHbIX
Toueyrbix rpynn Cllv, DIh u Rh(3). MapameTtpuueckue rpynnbi Nu.

Tema 3. Anroputm onpeneneHusi TO4e4YHOW rpynnbi cuMmeTpumn monekyn. Kpurepum
onTn4Yyeckom akTMBHOCTU. OnNTMYeckas akTUBHOCTb KOMMNEKCOB. TUNbI CUMMETPUM MONEKYN,
o6naparoLwmnx AunonbHbIM MOMEHTOM. DKBUBaNEHTHbIE aTOMbl. CTEPEOXUMUYECKM HEXECTKUE
CTPYKTYpbl KoMnniekcos. [lnactepeotonus.

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

AnropuTM onpeneneHns TOYEYHOW rpynnbl CUMMETPUN MONEKYST, MPUMEHEHNE anropuTMa K
OTHE-CEHUNIO CUMMETPUN CIHLBNYEBBIX KOMMIEKCHbIX coeamHeHnin. CTpornii KpuTepuii OoNTUYECKoi
aK-TUBHOCTM MONEKYN, rPynnbl CAMMETPUN ONTUYECKM akTUBHbIX Monekyn ? C1, Cn, Dn, O, |, R(3).
OnTnyeckas akTMBHOCTb KOMMIEKCOB. [ pynnbl CUMMETPUM MONEKYN, 06naaatowmx UNoNbHbIM
mMomeHTOM ? C1, CS, Cn, Cnv 1 Ceov. OkBMBANEHTHbIE aTOMbI. [1pYMEPBLI OTHECEHUS CUMMETPUN
MOJie-Ky/l Ha OCHOBE OMpeeneHnst Yicna sKBMBaNEHTHbIX aTOMOB CNeKTpanbHbIMM METOOAMU:
[VOF5]3-, [Ni(CN)5]3-, [Mo(CN)8]3-, NiL4. CTepeoxmmMmnyeckm HexXecTkne CTPYKTYpPbl KOMMIEKCOB.
MpUHLMN OTHOCUTENBHOCTY K CpeacTBam HabnoaeHns. I30XpoHHOCTb, AnactepeoTonms 1
npoxmpanbHOCTb (Ha npumepax coennHeHunin: H3C-CH2CI, ABDC-CH2CI un
(CH3)2CH-CH(NH2)COOQRH).

Tema 4. AHTUCMMMeTpUsi. CUMMETPUSA U BUCCUMMETPUSA B Npupoae U nckyccree. PellueHue
3apay ¢ NpMMEeHEeHUEeM reoMeTpMyYecKkoro noaxona K Teopun CUMMETPUM.

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

OnpepeneHune To4e4vHom rpynnbl No cuctemam WeHdpnmca n MepmaHa-MoreHa, Hann4us
ONTUYe-CKOM aKTUBHOCTU, AMMNOMIbHOrO MOMEHTA M YMCNa HEIKBMBANEHTHbIX aTOMOB Y Pa3/INyHbIX
MOfe-Kyfl Ha OCHOBE BBELEHHbIX anropuTMOB. AHaNn3 CUMMETPUN N PU3NKO-XMMNYECKMX CBONCTB
MONEKYN NCKaXEHHON TeTpasapu4eckor 1 okTasaprnyeckon cummeTpun. PaccmotpeHne
CYMMET-PUN 1 CON3NKO-XMMNYECKNX CBONCTB KOHCPOPMEPOB. [oHATME 06006IWEHHO CMMMETPUN.
Onepa-uus aHTUCUMMETPUU. ['pynnbl aHTUCUMMETPUMN (MArHUTHbIE UK WYOHUKOBCKME rpynnbl).
Mpu-mepbl TOYEYHbIX FPYNn aHTUcUMMeTpun: 17, 2?7/m?, 4?7, 32?. LiBeTHble (6enoBckue) rpynmbi.
Tema 5. Anrebpanueckum nogxon K Teopun cummetpun. Komnosuuus (nponsseneHume)
onepauun cummetpun. OCHOBHble CBOMCTBA MatemaTtnyeckon rpynnol. MpuMepsl rpynn.
Tabnuua ymHOXeHus ans rpynnbl. Moarpynnbl, uMKAu4yeckue u abenesbl rpynnbl.
MNpeobpa3oBaHue nNopobus (onepauus conpsixeHust). Knaccbl conpsiXXeHHbIX 3/1IEMEHTOB.

npakTnyeckoe 3aHsitne (2 4aca(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.

Tewma 6. NeHepaTopbl rpynnbl. [MpsmMbie 1 nonynpsimbie nponsseneHns rpynn. Onepauumn Hapg,
BeKkTopamu. CkansipHoe npou3seneHue BeKTopoB. BasncHble BekTopbl. BekTop-cTon6beu,
BEKTOP-CTPOKa, TPaHCNOHUPOBaHHbIN U 06paTHbIM BeKTOp. Onepauun Han, maTpuyL,amMu.
CkansipHoe npoun3BeneHue matpuu,. Xapaktep (cnean) matpuubl. KBagparHble, e JUHUYHbDIE,
obpaTHble, TPaHCMOHUPOBaHHbIE, 3PMUTOBO-CONPSIXEHHbIE U YHUTAPHbIe MaTpuLbl.

npakTudeckoe 3aHsitne (2 yaca(os)):

"eHepatopbl rpynnbl. Mpumep noctpoeHns rpynnbl C3v Ha ocHoBe reHepatopos C3 n ov. [Npsamble 1
nonynpsiMble npounsseneHuns 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-MaTemMatmyeckunin annapar Teopun cummetpun. OnpeneneHne TeH3opa Kak
yrnopsno4eHHOM CUCTeMbl OYHKLMIA OT KoopamuHat Todku. PaHr TeHsopa. Onepaunn Han
BEKTO-pamu: 1) CnoxeHue; 2) yMHOXEHMe Ha ckansap; 3) ckangapHoe npousseneHne BeKTopos; 4)
TEH-30pHOoe (NpsiMoe) Npon3BeaeHne BeKTopoB. basncHble BekTopbl. BekTop-cTonbed,
BEKTOP-CTPOKA, TPAHCMOHMPOBAaHHbIV 1 06paTHbIi BekTop. Onepaumun Hag matpuuamum: 1)
CNOXEHME; 2) YMHOXEHNEe MaTpuLbl Ha ckansap; 3) ckansgpHoe NnponsseneHne Mmatpul; 4) TEH30pHOE
(npsimoe) NpounsseneHne Matpuy. XapakTtep (cnen) matpuubl. KBagpaTtHble, eAMHNYHBbIE 1 0BpaTHbIE
MaT-puLbl, TPAHCMOHNPOBAHHbIE, 3PMUTOBO-COMPSXEHHbIE U YHUTapHble MaTpuubl. O603Ha4YeHne
eVHU4YHOoN MaTpuubl cumeonom KpoHekepa.

Tema 7. Npeobpa3oBaHue nopobus pns marpuu. Marpuubl npeobpa3soBaHui onsi onepaumn
cummeTpun. OTobpaxeHusi, N30- u romomopchusm. Henpmeoaumbie NpeacTaBneHUs U NX
OCHOBHble cBoncTBa. Tabnuubl xapakTepoB rpynn. Henpueoaumblie npeacrasnenus rpynn C2
1 C3. Pa3nenmmo-BbIpOXAEeHHbIE KOMIMIEKCHO-COMNPSXEHHbIe NpeacTaBleHns n ux 6asmncHblie
byHKUUN.

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

MpeobpasosaHne nonobus ons matpud. Npumep npeobpasoBaHns NoaobMs ¢ NOMOLLBbI BEKTO-POB
1 MaTpuy Npy NOBOpOTE CUCTEMBI KOOpAMHAT. MaTpuubl npeobpasoBaHuii ons onepaumnii
cummeTpun. MaTpuua noBopoTa B TPEXMEPHOM MPOCTPAHCTBE, YHUTAPHOCTb MaTpuLbl NOBOPO-Ta.
MaTtpuubl NpeobpasoBaHnii AN BCEX BBEAEHHbBIX FEHEPATOPOB TOYEYHbIX FPYMN CUMMETPUN.
OT0bpaxeHus, n3o- n romomopcpuam. OnpeneneHne npencraeneHms rpynnsl. OnpenenexHve
He-NpWBOAMMOro rnpeacTasneHns rpynnbl. TPy rnaBHbIX CBOMCTBA HEMPUBOONMbIX NPEeACTaBNEHUN:
1) 4Mcno HenpMBOAUMbIX NPEACTABAEHWUA FPYMMbl PABHO YXCAY €€ KNacCcoB; 2) CyMMa KBaaparToB
pasMepHOCTEN HENPUBOAUMBIX NPEeACTaBNeHU paBHa Nopsaaky rpynnbl; 3) eCnv HenpuBOANMbIE
npencTasneHns rpynnbl 0OQHOMEPHbI, TO OHK camm 06pasytoT rpynny. Tabnuubl xapakTepos rpynmn.
Henpueoammble npeactasneHuns rpynn C2 n C3. Pa3genMo-BbipoOXAeHHbIE
KOMMNEKCHO-COMNPSXEHHbIE NPeACTaBNEHNS N NX 6a3nCHble YHKUUN.

KTPOHHEBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PerunctpaumnoHHbii Homep 7120917 5 AE
CrpaHnua 14 n3 39. 111 YHI:I

S OEMALIGH



Mporpamma gucumnnunHel "Teoprs CMMMETPUK B KOOPAUHAUMOHHOM XuMumn'"; 020201.65 dyHaamMeHTanbHas 1 npuknagHas XmMms; OLEHT,
K.H. (ooueHT) WrbipnnH B.T.

Tema 8. HenpuBogumbie npeactasneHus rpynnbsl C2v. OnpeneneHve npousseneHns
HenpuBOAUMbIX NpencTasneHn. Tabnuubl Kanu. dPusanyecknn cMbiCi HENMPUBOAUMbIX
npencTaBneHU Ha NpuMepe MoneKynbl Boabl. Cnocobbl cuctemaTnyeckoro NocTpoeHus
Tabnuu xapakTepoB Ha OCHOBE FreHepaTopoB rpymnn u npousseneHus nogrpynn. Taénuubi
XapaKTepoB TOYeuHbIX rpynn u 0603HayeHns npeacrasneHun no MannmkeHy.

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

Henpusoanmble npeacrtasneHms rpynnsl C2v. OnpegeneHne npomsseeHns HENPUBOAUMBIX
npen-ctaBneHni (¢ npumepom gng rpynnsl C2v). 3agaHve HeNpMBOAUMBIX MPEACTaBNEHUA B
NPOCTPaH-CTBE OPTOrOHaNbHbIX PYHKUMIA. Tabnuubl Kanu. PaamepHOCTb HENPUBOANMBIX
NpeAacTaBNeHUiA B pas3fIMyHbIX TOYEYHbIX rpymnnax n ux o6osHadveHne. dPrnsnyeckunin CMbichn
HenprBOAUMbIX MPeA-CTaBNeHWn Ha NprMepe Monekynbl BoAbl. [peobpa3oBaHne BEKTOPOB
TPaHCASALMM N KOMMOHEHT BEKTOPA YrI0BOr0 MOMEHTa Npu onepaumax cummetpun rpynnbl G2v.
Cnocobbl cMcTeMaTMYeckoro NOCTPOEHMs TabnuL, xapakTepoB HA OCHOBE reHepaTopoB rpymnn K
npounsBeneHns Nnoa-rpynn (Npumepbl noctpoeHns Tabnuu ons rpynn C2v n C3v). Tabnuupbl
XapakTepoB TOYEYHbIX Fpynn 1 0603Ha4YeHNs npeacTaBneHunii. Kpatkuii BapuaHT Tabnuu xapakTepos
HenpuBoAMMbIX NpeactaeneHnn (u3 kypca Jlanpay-Jindpwmua). lNoctpoeHne HenpuBO ANMbIX
npenctasneHui rpynnsl D3d Ha ocHoBe npounsseneHus noarpynn D3 un Ci.

Tema 9. Peoykuunsa npusooumbix npeacrasneHnn. dopmyna pasnoxenus. Pepykums
npovsseneHust HeNnpMBOAUMbIX NpeacTrasneHnin. MaTpuubl npeobpasoBaHun U
HenpueBoauMble npeacrasneHns rpynn cummetpumn R(3) u Rh(3). NMpousseneHus
HenpuBoauMbix npenctasneHnn rpynn R(3) n Rh(3), cpopmyna Knebwa-roppaHa.

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

Cnocobbl pefykuumn NpUBoAMMbIX NPeacTaBneHnin. BekTopbl-CTPOKM HEMPUBOANMBIX
npencrasne-HUM Kak MHOXECTBO B3aUMHO-OPTOroOHasnbHbIX (PyHKUMA. PopMyna pasnoxeHus,
KpaTHOCTb BXOX-AEHUS HENPUBOAMMOro NpeacTasneHms B NpusoanmMoe. Penykums nponsseneHus
HenprBoaAuMbIX NpeacTaeneHunii E1xXE2 rpynnsl D6 meTonom noabopa v no oopmyne pasnoxeHus.
Penykuun npons-sefeHnin HenpmBoAUMbIX MPEeACTaBNEHUA TOYEYHbIX FPYMM C NOMOLLbIO NPaBun
n3MeHeHns 0603Ha-4yeHnn MannmkeHa. Matpuubl npeobpasoBaHnii U HENPUBOANMbIE
npencrtasneHms rpynn cummet-pun R(3) n Rh(3). Matpuua nosopoTa Npon3BonbHOro nopsaka u ee
6asuncHble PYHKUMM (04HOPOA-HbIE OPTOrOHANbHBIE MOIMHOMBI, MPUCOEANHEHHBIE MOIMHOMbI
Nexanppa). NponsseneHus Henpu-soaumblx 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
Kpuctannuyeckoro nons. Peoykuua npeacrasneHnu rpynnbl R(3) B Kpuctannnyeckux nonsax
cummetpum Td n Oh. PacluenneHne ooHO3NEKTPOHHbIX d-opbutanein B KpUCTanimyeckmx
nonsax pasnUYHon cuMMeTpuu. NMpPUHLUNBLI MHBEPCUUN 3HEPreTUYEeCKUX YPOBHEN ONg
DOMNONHUTENbHbIX KOHdUrypaLum B OKTad34pUYECKOM U TeTpadapuyecKom nonsx.
KoppensiumoHHbie Tabnuubl.

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

Teopema 3.I1. BurHepa: peweHnuns ypasHeHns LWpeanHrepa onpenenstor MHOXECTBO
HernpuBO-AMMbIX NPEACTABIEHNIA B MPOCTPAHCTBE (OYHKLMIA, 3a0aHHbIX STUMU PELLEHVSAMU.
KBaHTOBas MexaHuka kak puamyeckas uHTepnpetaumns Teopum CUMMeTpumn (Teopumn rpynn).
Knaccndgoumkaumsa tepmos cBO60AHOIO aToMa, Pr3MYECKUA CMbICTT HEMPUBOAMMBIX NPEACTaBNEHNI
rpynnbl Rh(3) n 0603Ha4YeHuns nx 6asncHbIx OyHKUMA. ACNEKTbI CUMMETPUN B TEOPUN
Kpuctannuyeckoro nons. Penykuusa npenctasnenunin Du(1) n Dg(2) rpynnsl Rh(3) B
Kpuctannunyeckumx nonax cummetpum Td, O n Oh. Peoykuuns HenpueoanMoro npencrasneHms T2
(F2) rpynnbl Td k HenpuBoaumbiM Npenctas-neHnsam rpynn C3v u C2v. KoppensaunoHHble Tabnuubl.
PacuwenneHne 0aHO3NeKTPOHHbIX d-opbutaneii B KpUCTaANINYECKMX NONSAX PA3NMYHON CUMMETPUN.
[MprHLMMbI MTHBEPCUN 3HEPrEeTU-YECKNX YPOBHEN AN OKTadApUYeCcKoro 1 TeTpasgpuyeckoro nonen
N 0Ns OONOSTHUTENbHBIX KOH-ourypauunin dn n d10-n.
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Tema 11. TepMbl MHOrO3N1EKTPOHHbIX COCTOSIHMIA. HenpusoauMble npeacTtasneHus rpynn Cl v,
D0 h n Tepmbl NMHENHbIX MoNeKyn. MeXaneKTpoHHOe OTTalkKMBaHWe U CrMH-opbuTanbHoe
B3auMopencteue npu LS- un jj-cea3n. ATomHble TepMbl. PaclienneHue nop aemcTemem
CNUH-0pOUTaNbHOro B3aUMOOeNCTBUS TEPMOB C LLe/IOYUC/IEHHBIMU 3HAYEHUSIMM J.
PacwenneHue TepMoB C nonyuenbiMM 3Ha4eHUsIMU J. [1BOMHbIE rpynnbl U ABYy3Ha4yHble
npeancras/ieHus.

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

Henpusoaumble npeactasnexns rpynn Clv, DIh u TepMbl nuHeiiHbIX Monekyn, 0603HaueHus
Henpu-BOAMMBbIX NPELACTABNEHWA N MX BA3UCHBIX (OYHKLIMIA, 3aMMCTBOBAHHbIE N3 aTOMHOA
cnekTpockonuu. KoHuenuus o-, -, 8- 1 Apyrux MonekynsipHbix opbutaneir. Tepmbl
MHOrO3MIEKTPOHHbIX COCTOSIHUIM NNHENHbIX MONEKYN: BblpaXeHne NonHOM MoNekynsipHOW BOTHOBOW
doyHKUUK (1 ee npencTaBneHns) B Buae npon3sefeHns 0OHO3NEKTPOHHbBIX BOMHOBbIX (PYHKUMI (M UX
HEeNPMBOANMbIX NPeAcTaBne-HUN); pasnoxeHne npeacTaBneHns NoNHON MONEKYNSPHON BOTHOBOWA
OYHKLMK B CNlyHae 3aMKHYTbIX M OTKPbITbIX 3N1EKTPOHHbLIX 0060M104€eK; NprMepbl TepMoB Monekyn H2
nO2. ATOMHblE TEPMbl MHOIO-3IEKTPOHHbIX COCTOSIHWIA. Y4YeT B MONHOW rpynne CUMMETpUn atoma
rpynnbl nepectaHoBok S(n), npuHuun Maynn. MexanekTpoHHOe oTTankuBaHne U cnuH-opbuTanbHoe
B3ammogencTeune npu LS- u jj-cea3n. PaclienneHne TepMoB noL OeACTBUEM MEXINEKTPOHHOIO
OTTaNKMBaHus, 0603HAYEHMS aTOMHbIX TEPMOB M NMPUHUMMbLI ONPeaeneHnst X MynbTUMNNETHOCTU.
Tep™ kKoHpurypauum d1. Pac-wennexHune non NencTBuem CnmH-opbutanbHOro B3auMoaencTeust
aTOMHbIX TEPMOB C LeNIoYNUCNEH-HbIMW 3HaYeHnamu J. Tepmbl KoHpurypaumm d2. PacwenneHune
aTOMHbIX TEPMOB C NonyuenbiMu 3HadeHnsMun J. [1BoiHble rpynnbl 1 ABY3HAYHbIE MPencTaBneHns.
Tepmbl KOHGUrypauuin d3 n d7.

Tema 12. PacwenneHne TepmoB KoHcpurypaumm d2 (uenouncneHHsolie J) B cnabom n cCUibHOM
Kpucrannmyeckux nonsix cummerpum Oh. OnpeneneHne CMMHOBOW MY/NbTUNNETHOCTU
COCTOSIHUA METOLAO0M CHUXEHUS cuMmmeTpun. Ouarpammbl TaHabe-CyraHo. PacwenneHue
TepmoB KoHdurypaumm d7 (nonyuenbie J) B cnabom U CUNbHOM OKTa3,4pUYecKMnX rnonsx.
OneKkTpoHHbIe CNeKTpbl KOMMIEKCOB nepexoaHbix d-metannos. duarpammbl Oprena ans
cny4yaeB D- n F-repMoB OCHOBHOIro COCTOSIHUS B KpUcTananyeckmux nonsix cummetpum Oh m Td.

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

PacwenneHune TepMoB KoHdurypauum d2 (uenoymcneHHole J) B cnabom v cuibHOM
Kpuctannuye-ckux nonsix cummetpum Oh. OnpeneneHve CrMHOBON MyNbTUNNETHOCTU COCTOSHUM
METOAO0M CHUXEHUS CUMMETPUN. [pMHLMNBI KOPPENSLUMM TePMOB ¢naboro 1 CUNbLHOMO
KpuCTannmyeckux none: 1) Bce COCTOSHUS cnaboro nons KOPPENUPYOT C COCTOSIHUSIMUA CUTbHOMO
nons TON Xe CUMMETPUM U TOW XEe MYNbTUMNAETHOCTN; 2) C UBMEHEHMEM CUJTbl KPUCTANNNYECKOro
nons Co-CTOSAHNS C OQNHAKOBOW CUMMETPUEN U MyNbTUNNETHOCTLIO HEe nepecekatoTcs. uarpammbl
TaHa-6e-CyraHo (npumep ons KoHgourypaumm d5). PacwenneHme TepMoB KoHdurypauum d7
(nonyue-nble J) B cnabom 1 CUNbHOM OKTa34puYecKnx nonsx. PacwenneHme atoMHbIX TEPMOB B
cny4ae jj-CBA3W. ONEeKTPOHHblE CNEKTPbl KOMMNNEKCOB nepexoaHbix d-meTtannos. [locTpoeHve
nnarpamm Oprena ons cnyvaes D- n F-TepMOB OCHOBHOIr0 COCTOSIHMSA B Cnabblx KPUCTaNNMYECKUX
nonsix cummetpum Oh 1 Td ¢ y4eToM Tpex NpUHUKUNOB: 1) MHBEPTUPOBAHNE SHEPTETUYECKNX
ypOBHe B nonsx cummeTpun Td no otHoweHuo K Oh; 2) nHBepTUPOBaHME SHEPreTUYeCcKmX ypoBHEN
[ONONMHUTENbHBIX KOHAUrypauuii dn n d10-n; 3) AEHTUYHOCTb BbICOKOCMUHOBBIX COCTOSAHUIA NS
KoHpurypaumin dn n dn+5. Ouarpamma Oprena ons koHdurypauum d5

Tema 13. NpaBuna ot6opa ANs MaTPUUHbIX 31eMeHTOB. MHTEHCUBHOCTb 3N1EKTPOHHbIX
nepexonoB. MICTOYHUKU MHTEHCUBHOCTU 3anpeLleHHbIX nepexonos. OTHeceHue 3N1eKTPOHHbIX
nepexonoB B cneKTpax noissipu3oBaHHOro U3nyyeHus.

npakTnyeckoe 3aHsitne (2 4aca(os)):
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MpaBnna otbopa Ans MaTPUYHbIX 3NIEMEHTOB (OFPaHNYEHUS MO CUMMETPUN Ha
KB2QHTOBO-MEXaHM4eCKne MHTerpasbl): MaTpUYHbIA SN1EMEHT OTIMYEH OT HYNS TONbKO TOrga, korna
ero npefcrasneHne CoaepXnT NOMHOCMMMETPUYHOE HernpusoamMoe npencraeneHve (A, A1, A1g).
NHTEeHCUBHOCTb 3NeKTPOHHBIX Nepexonos. MNpasmna otbopa anst MaTpU4YHOro aNeMeHTa onepa-topa
ONMNONbHOro MOMeHTa (MOMeHTa nepexona, P): 1) nepexodbl MeXay COCTOSAHUSAMM C O4MHA-KOBOM
4EeTHOCTbIO 3anpeuleHbl (Npasuno JlanopTa); 2) nepexonbl MEXAY COCTOSAHUAMU C pa3Hbl-MU
CMUHOBbLIMY MYNbTUMNETHOCTAMU 3anpelLeHbl; 3) nepexonbl ¢ BO30yXAeHneM AByx 1 6onee
9N1eKTPOHOB 3anpetLeHbl. ICTOYHUKM MHTEHCMBHOCTM 3arnpeLleHHbIX nepexonos: 1)
CNUH-opbuTanbHoe B3anMoAencTeue; 2) cMewmnsaHme opbuTanein pasHoi YeTHOCTM NPY HEKOTOPbIX
CUMMETPUSX (NprMep TeTpasapuydeckmnx komnnekcos kobanbta(ll)); 3) anekTpoHHO-saepHOE
(BMBpOHHOE) B3anmoaeicTerne. OTHECEHUE SNEKTPOHHbIX NMEPEXOLOB B CNEKTPAX NONsiPN30BaH-HOro
nanyy4eHuns (Ha npumepe moHokpuctannos komnnekcos K[Cu(NH3)5](PF6)3 cummetpun C4v n
K[Cu(NH3)2(NCS)3] cummeTpun D3h).

Tema 14. Knaccucpukaums konebaHuin no tunam cummetpum. NMpasuna or6opa ans
NOrNoOLLEeHNS U3NTYYEeHUs1 MONEKYNSPHbIMK KonebaHusimu. OnpeneneHue Tmna CUMMETpUMU 1
yucna koneb6aHumn, aktueHbix B UK- n KP-cnekTtpax. PewueHue 3apay ¢ npuMeHeHUueM
anrebpavuyeckoro nogxona K TeOpun CUMMETPUM.

npakTudeckoe 3aHsitne (2 yaca(os)):

Knaccndgomkaums konebanuii no tmnam cumMmeTpumn. HopmanbHble konebaHus. MNpencrasneHne
MaTpuLbl NpeobpasoBaHmWin KOOPANHAT aTOMOB MPW ONepaLmnsx CUMMETPUM Ha NPUMEPE MONEKY-Tbl
BOAbI (TOYe4Has rpynna cummetpun C2v), ero pasnoxeHue Ha npeacTaBneHns TpaHCsunm,
BpalleHuii n konebaHuii. HenpreoamMbie NpeacTaBNeHNs HOpManbHbIX KonebaHnin Monekynbi
goopmanbaernaa (toyedHas rpynna cummetpumn C2v). icnonb3oBaHne cant-CUMMETPUN ANs
Ha-XO0XAEHNS HOPMasbHbIX KonebaTtenbHbix MoA. MNpuMeHeHe NPOEKLIMOHHbBIX ONEPaToOPOB ANS
aHanmaa HopManbHbix konebaTenbHbix Mog. BaneHTHble n gedopmaumoHHble konebanns. MNpasu-na
oTbopa 4N NornoweHns n3ny4yeHns MonekynsapHoiMu konebanmnamu. OnpegeneHune Tna CUMMETPUN
n yncna konebaHuii, akTneHbIX B VIK-cnektpax, Ha npumMepax paccMOTPeHHbIX Mone-kyn. OCHOBHbIE
nonocbl n 06epToHbl. ONpeaeneHune TMNa CUMMETPUN 1 Ynucna konebaHuii, ak-TUBHbIX B
KP-cnekTpax, Ha npuMepax pacCMOTPEHHbIX MONeKysn. BekTop nHayumpoBaHHOro An-nonbHOro
mMomeHTa D, TeH30p nonspm3yemMocT a N HENPUBOAMMbIE NPEACTABIEHNS €r0 KOMMO-HEHT.
OnpepneneHne TMNOB HOpMaNbHbIX KonebaHuii HUTpaT-noHa (TodeyHas rpynna cummetpumn D3h),
OTBETCTBEHHbIX 3a nosisneHne nepexona A1? — A1? (nmt*) B CnekTpe aneKTpu4eckoro An-nosbHoro
N3ny4yeHuns.

Tema 15. HekoTtopble cneunanbHble rpynnbl. CUMMeTpruYeckas rpyrnmna nepecraHoBOK.
Ouarpammbl FOHra. CummeTtpuyeckue rpynnbl NnepectaHOBOK C UHBepcUuen (rpynnbl
NoHre-XurruHca). Mpynnbl cMMMeTpUn HeXecTKux monekyn. aoamHaMuuyeckue onepauuu.
Cyneprpynna LLipeauHrepa.

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

CumMmeTpuyeckas rpynna nepectaHoBok. Linknmyeckune nepectaHoBku. O603HaAYEHNS
nepecTta-HOBOK. Knaccbl CONPSAXEHHbIX 91IEMEHTOB CUMMETPUYECKOW Fpynbl NepecTaHOBOK.
Henpreo-auMblie NnpencTaBneHns CUMMETPUYECKOW rpynnbl nepectaHoBok. Juarpammel KOHra.
Xyk-guarpammbl. Henpreoaumbie npeacTaBneHNs CUMMETPUYECKON rpynnbl S(4). somopdmam
rpynn S(4) n Td. CummeTpuryeckme rpynnbl NEPeCcTaHoOBOK C MHBEpPCUuei (rpynnbl JToHre-XurruHca) ?
S*(n). N3omopgomam rpynn S*(3), S(6) n D3d Ha npumepe 3aTOPMOXEHHON KOH-hopmaLnm
MONEKYNbl aTaHa. [ pynmnbl CAMMETPUN HEXECTKUX Monekyn. I3oanHammnyeckme one-paunu.
PaccMoTpeHue nsognHamMmyeckmnx onepaunin Ha npumepe Monekynbl aTaHa. Cyneprpynna
WpennHrepa. PaccmoTpenune cyneprpynn WWpeanHrepa Ha npumepe Monekyn aMmmmaka, MetaHo-na u
nponaHa. Tabnuua npon3seneHuin cyneprpynnbl nponaHa. Tabnuua xapakTepos cyneprpyn-nbl
nponaHa.

Tema 16. KBaHTOBasi MexaHuKa 1 aNeKTPOHHas CTPyKTypa monekyn. MonekynsipHbie opbutanu
kakK JIKAO. Cant-cummetpus n cummetpusa MO. M’mbpuamnsoBaHHbie opbutanu.
NMpoekuunoHHble onepatopbl 1 MO JIKAO. BonHoBble (hyHKLMMN MeTOAa BaleHTHbIX CBA3EN.
KoHdurypaumoHHoe B3auMmoaencreue.

npakTnyeckoe 3aHsitne (2 4aca(os)):
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MonekynsipHble opbutanu kak JIKAO. CummeTpus opbutaneit fByxaToOMHbIX MONEKYn (TOYeY-Hble
rpynnbl Desh nnn Ceov). CUMMETPUS MONEKYNSIPHBIX OpbuTanein Ha NnpuMepe MoNeKybl 3TU-NeHa
(ToyeyHas rpynna D2h). F'eomeTpuyecknii BbIBOL NPeCTaBNEHN MONEKYNSPHBIX OpbuTa-nei Ha
npumMepe rpynnbl D2h. Cant-cummetprs u cummetpus MO. OnpegeneHne CUMMETPUM BO3MOXHbIX
MONEKYNSPHbIX opbuTanein ammmuaka ¢ MoOMoLWbIo canT-cummeTpun. OnpeneneHne CUMMETPUK
BO3MOXHbIX MOMIEKYNSIPHBIX OpbuTanei TeTpasapruyeckoi Monekynbl C MOMOLLbIO CanT-CUMMETPUMN.
MmbpuansoBaHHble opbutanu. Mpynnbl canT-CUMMETPUN 1 FPYMMbl NEPECTa-HOBOK ANS MONEKYI.
Onwncanune rmbpramsaumm B TpUroHanbHO-NMpammuaanbHbix MONEKynax (To-4e4yHas rpynna
cummetpum C3v). MpoekunoHHblie onepatopbl 1 MO JIKAO. AganTupoBaHHbIE MO CUMMETPUN
MONeKynsipHble opbuTanu TeTpasgpuyecknx Mmonekyn. MonekynsipHole opbutanu oeppoLeHa.
MonekynsipHble opbuTtany umnknoneHTagneHunTpmkapboHnnMmapraHua. 3aceneH-HocTb opbutaneii B
Mmonekynax. OnpeneneHune 3aceneHHoCT! rmbpuaHbix opbuTanei Ha NprMepe MONEKyNbl aMMuaka
(ToveyHas rpynna cummeTtpumn C3v). BonHoBble GoyHKLMM METOLA BaNEHTHbIX CBA3€e. PacyeTbl
METOO0M BasIeHTHbIX CXEM C MOMOLLbIO FPYMNMN NEePecTaHOBOK Ha NpUMepe Mo-nekyn ¢ rpynnamm S(2),
S(4) n S(6). KoHpurypaumnoHHoe B3ammogencTane. daktopmsanms no CUMMETPUM OeTepMUHaHTa
KOHPUIypaunoHHOro B3anMOOENCTBMS Ha NpMMepax KooOpANHALMOH-HbIX COeAVHEHWIA.

Tema 17. BpalwuatenbHble U saepHble CMHOBbIE COCTOSIHUS. Bpall,arenbHble BOSIHOBbIE
c¢pyHkumn. NMpaeuna ot6opa. NHTEHCMBHOCTbL BpaLaTe/ibHbIX Nepexonos. CBs3biBaHUe
cnuHos siaep no Knebwy-MoppaHy. HenpueoaouMbie npencraBneHUs nepHbIX CIUMHOBbLIX
coctosiHum u cnekTpbl IMP. CBepxTOHKOE pacuienneHue B cnektpax SIP.

npakTudeckoe 3aHsitne (2 yaca(os)):

BpawaTtenbHble BONHOBblE (PYHKLUUN N YPOBHU 3HEPrun. TeopeTnko-rpyrnnoBor NOAXOL K aHanm-3y
BpawaTenbHbIX COCTOSHMI. Knaccudpukaumns 3HadeHnii J n K no HenpreBognMbIM npeactasne-HUsIM.
BpawarensHas noarpynna. Ctatnctmyeckue Beca BpalaTenbHbix COCTOsHMIA. MNpaBuna otbopa.
MHTeHcMBHOCTL BpallaTenbHbix nepexonos. Ces3biBaHWe cnvHoB saep no Knebwy-MopaaHy (Ha
npyMepe Monekyn xnopMeTaHa n gotopmeTaHa). Henpmusogmmble NpeacTaBneHns saepHbIx
CMMHOBBIX COCTOSIHWI 1 cnekTpbl AMP: aHann3 ¢ ncnonb3oBaHWeEM rpynn NepecTaHo-BoK N MeToda
NPOEKUMOHHbIX onepartopos. OnpeneneHne HeNPMBOANMbIX NPeACTaABNEHUN S4eP-HblX CTUHOBbIX
COCTOSIHUI Ha npuMepe Monekyn MetaHa v aTuneHa. CBepxToHKoe pacuenneHne B cnektpax Il1P.

Tema 18. AcnekTbl CAMMETPUM B MEXaHM3MaX XMMUYECKUX peakuui. AHanu3 CMMMeTpum.
MpaBuna ot60pa. AnekTpoumKanyeckme peakumn. Peakumm uuknonpucoeanHeHus. Peakuum
neperpynnupoBKU U 3IMMUHMPOBaHUSA. CTPYKTYpHasi HEXeCTKOCTb, BUBPOHHbIE U
pPOBUOPOHHbIE 3P PEKTbl U UX POJIb B XMMUYECKMUX peakLUsX.

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

I'pynna xumnyeckon peakuun. MNpasmnna Byasopna-XodpdpmaHa. PaspelleHHble 1 3anpetieHHble
peakumn. Tononornyeckas CMMMETpUs peakumin. AHanM3 CUMMETPUM Ha NpuMepe peakumnm
npe-BpalleHms bytaamneHa B unknobyTeH. Mpasuna otbopa ons 3anpeLeHHbIX Unu
HecornacoBaHHbIX peakLumin. ANeKTPoUMKINYecKne peakumm (Ha npruMepe naomMepusaumm bytagmeH
- uMknobyTeH). Peakuun unknonpucoeanHeHnst (Ha npuMepe auMepmnsaumm atuneHa). Peakumm
neperpynnupoB-Kn (Ha NPUMepPEe COornacoBaHHOro NepeHoca ABYX CBA3aHHbIX G-rpynn). Peakuun
3NMMUHNPOBA-HMSA ¢ 06pa30BaHNEM PaLMKaNoB (Ha NpuMepe YoToNM3a U TepMonm3a
uMKnoneHTaHoHa). CTpyk-TypHast HEXECTKOCTb, BUDPOHHbIE 1 POBUOPOHHbBIE 3CPCPEKTHI U NX POSb B
XMIMUYECKMX peakumsix

4.3 CTpyKTypa U copgepxaHue caMOCTOATENIbHOM paboTbl AUCLUNNIUHBI (MOAYNS)
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Paspen
AucumnnnHbl

CemecTp

Hepnens
cemecTpa

Buabi

caMoCTOsITe/IbHOM

paboTbl
CTY0EeHTOB

TPYyBOEeMKOCTb|
(B yacax)

dDopMbl KOHTPONSA
CaMOCTOATENIbHOMN
pabortbl

Tema 1. lNoHsATME
CYMMETPUM B
donnocooun n
€CTECTBO3HAHUN.
"eomeTpuryeckuni
Noaxon K Teopum
cuMMeTpumn. ToveyHas
cummeTpus. NHBepcus.
. |OTpaxeHue B
MNNOCKOCTWN CUMMETPUN.
CobcTBEHHOE
BpalleHne BOKPYr ocu
CYMMETPUMN.
HecobcTBeHHOe
BpalleHme.
ToxaecTBeHHoOe
npeobpasoBaHue.

noarotToBka
JomMallHero
3aaHns

JomMallHee
3anaHune

Tema 2. lNoHaTHe o
TOYEYHbIX rpynnax
cummetpumn. CncTemsl
0603Ha4YeHN TOYEYHbIX
rpynn no WeHdpnncy un
"'epmaHy-MoreHy.
YeTblpe TMNa TOYEYHbIX
. [rpynn: 1) C1,CS, Ci; 2)
Cn, Sn, Cnv, Cnh; 3)
Dn, Dnh, Dnd; 4) Td,
Th, T; Oh, O; Ih, I.
OcobeHHoCTH
HernpepbIBHbIX TOYEYHbIX
rpynn Clv, DOh v
Rh(3).

noarotToBka
JomallHero
3a0aHns

JomallHee
3a0aHne

Tema 3. Anroputm
onpeneneHnsa To4e4Hom
rpynmnbl CUMMETPUN
monekyn. Kpurtepuia
OnTMYeCcKomn
aKTUBHOCTMW.
Ontunyeckas
aKTUBHOCTb

. |komnnekcos. Tvnbl
CUMMETPUN MONEKyN,
obnapatowmx
ONNONbHBIM MOMEHTOM.
OKBMBANIEHTHbIE aTOMBbI.
Ctepeoxmmmnyeckm
HEeXeCTKMe CTPYKTYpbl
KOMMNEKCOB.
Hnactepeotonus.

noaroToBka
JomMallHero
3a4aHns

JomMaliHee
3agaHune

PernctpaumoHHbin Homep 7120917
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Paspen
AucumnnnHbl

CemecTp

Hepnens
cemecTpa

Buabi
caMoCTOsITe/IbHOM
paboTbl
CTYAEHTOB

TPYyBOEeMKOCTb|
(B yacax)

dDopMbl KOHTPONSA
CaMOCTOATENIbHOMN
pabortbl

Tema 4.
AHTUCMMMETPUS.
CummeTpus n
OMCCUMMETPUS B
npupoae N NCKycCTBe.
" |PeweHve 3apay c
NPUMEHeHneM
reoMeTprnyecKoro
noaxona K reopumn
CUMMETPUN.

noarotToBka
JomMallHero
3a4aHns

JomMallHee
3anaHne

Tema 5.
Anrebpawnyeckuii
noaxon K Teopun
CYMMETPUMN.
Komnoaunuuns
(npousseneHve)
onepauunn cummeTpun.
OcHoBHbIe cBONCTBA
mMaremaTnyeckom
rpynnol. MNprumMepsbl

" rpynn. Tabnuua
YMHOXEHUS ong
rpynnbl. Moarpynnbi,
LUMKInYeckue n
abenesbl rpynnbl.
MpeobpasoBaHune
nopobus (onepauns
conpsixeHus). Knacchbl
COMPSAXEHHbIX
SNEMEHTOB.

noarotToBka
JomallHero
3a0aHns

JomallHee
3a0aHne

Tema 6. ["'eHepatopbl
rpynnbl. Mpsmble n
nonynpsiMbie
Npou3BeAeHNS rpynmn.
Onepaunn Hapg,
BekTOopamu. CkanspHoe
npovsseneHvne
BekTOopoB. BasuncHble
BEKTOPbI.
BekTop-cTonbeL,
BEKTOP-CTPOKA,

" |TpaHCNOHNPOBAHHbBIN K
obpartHblil BEKTOP.
Onepaunn Hapg,
maTpuuamun. CkansipHoe
npou3sefeHne MaTpuL.
XapakTtep (cnepn)
maTpuubl. KsagpaTtHble,
eauHNYHble, obpaTHble,
TPaHCMOHNPOBAHHbIE,
SPMUTOBO-COMPSAXEHHbIG

N YHATAPHbIE MaTPULLbI.

noaroToBka
JomMallHero
3a4aHns

JomMallHee
3agaHune

PernctpaumoHHbin Homep 7120917
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Buabi
Hepens | camoctositenbHon [TpynoemMKOCTb
ceMecTpa paboTbl (B yacax)
CTYAEHTOB

dDopMbl KOHTPONSA
CaMOCTOATENIbHOMN
pabortbl

N Paspen

OucumnnuHbl CemecTp

Tema 7.
MpeobpazoBaHue
nopnobus ons matpuu,.
Matpuubl
npeobpasoBaHuii ons
onepaunm cuMMeTpun.
OT0bpaxeHus, n3o- u
roMOMOpPdOn3M.
Henpneoanmble NOAroToBKa
7. [npencTasneHns n nx 8 7  |oomallHero
OCHOBHbIE CBOWCTBA. 3apaHns
Tabnuubl xapakTepoB
rpynn. Henpueogumbie
npeacTasneHus rpynn
C2un C3.
Pasnenvmo-BbipoXaeHHbIe
KOMMNEKCHO-CONPSAXEHHpIE
NPeLCTaBNEHUS N UX
6asuncHble OYHKLMN.

Tema 8. Henpusoaumble
NpeLncTaBneHns rpynnsoi
C2v. Onpepenexune
Npon3BeneHNS
HENPUBOAUMbIX
npencrasneHumn.
Tabnuubl Kann.
Dur3nNYeCcKnin CMbICn
HENPUBOAUMbIX
npeacTaeneHnin Ha
npvMepe Monekynbl noaroToBka
8. [Boabl. Cnocobbl 8 8 |oomawHero
CUCTEMATMYECKOrO 3adaHus
NoCTpoeHus Tabnuy
XapakTepoB Ha OCHOBE
reHepartopoB rpynn un
Npon3BeneHNs
noarpynn. Tabnuubl
XapakTepoB TOYEYHbIX
rpynn u 0603HaveHns
npeacTasneHuin no
MannukeHy.

2 JomMallHee
3anaHune

) JomallHee
3a0aHne

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PerunctpaumnoHHbii Homep 7120917 5AE
CrpaHwnua 21 n3 39. 111 yHlf[

S OEMALIGH
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Paspen
AucumnnnHbl

CemecTp

Hepnens
cemecTpa

Buabi
caMoCTOsITe/IbHOM
paboTbl
CTYAEHTOB

TPYyBOEeMKOCTb|
(B yacax)

dDopMbl KOHTPONSA
CaMOCTOATENIbHOMN
pabortbl

Tema 9. Penykumns
NPVBOANMBIX
npeacTaBneHun.
dopmyna pasnoxeHus.
Penykuns
nponsseneHns
HEenpPuBOANMbIX
npeacTaBneHun.
Matpuubl
Npeobpa3oBaHnii 1
HenpuMeoaNMbIe
npencTasneHns rpynn
cummeTpumn R(3) n
Rh(3). NpounsseneHuns
HEenpuBOANMbIX
npencTasneHnin rpynn
R(3) n Rh(3), doopmyna
Knebwa-lopaaHa.

noaroToBka K
TeCTnpoBaHUoO

TecTnpoesaHumne

10.

Tema 10.
Henpueoaumbie
npencTaBneHns n
Knaccugpmkauus
TepmoB. Teopema 3.I1.
BurHepa.
Knaccugomkaums
TepMoB cBOOOOHOMO
aToma. AcnekTbl
CUMMETPUN B TEOpUN
KpuCTaninyeckoro
nong. Penykuns
npeacTaBneHuin rpynnsol
R(3) B kpuctannuyeckmnx
nonax cummetpun Td un
Oh. PacuwenneHue
OLHO3MEKTPOHHbIX
d-opbutanei B
KpUCTanInyeckmnx nonsax
pPasnUYHO CUMMETPUN.
[MpyvHUKMNbI HBEPCUK
SHepreTN4eckunx
YpOBHeNn ons
LOMONHUTENbHBIX
KOHJourypauum B
OKTad4pu4eCcKoM 1
TeTpasapu4ecKom
nonsx.
KoppensaunoHHbie
Tabnuupl.

10

noarotToBka
JomallHero
3a0aHns

JomallHee
3a0aHne
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Paspen
AucumnnnHbl

Hepnens

MEecCT
Cemec pcemecrpa

Buabi
caMoCTOsITe/IbHOM
paboTbl
CTYAEHTOB

TPYyBOEeMKOCTb|
(B yacax)

dDopMbl KOHTPONSA
CaMOCTOATENIbHOMN
pabortbl

11.

Tema 11. Tepmbl
MHOMO3NEKTPOHHbIX
COCTOSHUI.
Henpusoaumble
npencTasneHns rpynn
Clv, Dlh n Tepmbi
NINHENHbIX MONEKYN.
MeXxanekTpoHHOe
oTTanknesaHue u
CnuH-opbutanbHoe
B3anmonencTeme npu
LS- v jj-cBa3n. ATOMHble
TepMbl. PacwennexHve
noa oencrevem
CNUH-opbuTanbHoOro
B3anMMOOenCcTBUSA
TEPMOB C
LeN0YNCNEHHbBIMM
3Ha4veHusIMu J.
PacwenneHue TepmoB
nonyuensiMu
3Ha4veHusIMu J.

L BoHble rpynnbl 1
[By3Ha4Hble
npencTasneHus.

11

noarotToBka
JomMallHero
3a4aHns

JomMallHee
3anaHune
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Paspen
AucumnnnHbl

CemecTp

Hepnens
cemecTpa

Buabi
caMoCTOsITe/IbHOM
paboTbl
CTYAEHTOB

TPYyBOEeMKOCTb|
(B yacax)

dDopMbl KOHTPONSA
CaMOCTOATENIbHOMN
pabortbl

12.

Tema 12. PacwenneHne
TEPMOB KOHGoUrypaLmm
d2 (uenoyncneHHble J) B
cnabom 1 CUIbHOM
KpUCTanInm4eckmx nonsx
cummetpum Oh.
Onpepenenve
CNUHOBON
MyNbTUMNETHOCTK
COCTOSIHM METOLAOM
CHUXEHUS CUMMETPUN.
Ounarpammbl
TaHabe-CyraHo.
PacwenneHve Tepmos
KoHcpurypaumn d7
(nonyuensie J) B cnabom
N CUNbHOM
OKTas4pnyeCKux nonsx.
ONeKTPOHHbIE CNEKTPbI
KOMMNekcos
nepexonHbIX
d-meTtannos.
Hunarpammbl Oprena
ons cnyyaes D- n
F-TepMoB OCHOBHOIO
COCTOSIHWS B
KpUCTannnm4eckmx nonsx
cummetpumn Oh un Td.

12

noarotToBka
JomMallHero
3a4aHns

JomMallHee
3anaHune

13.

Tema 13. lNpasuna
otbopa Ans MaTpuYHbIX
9NEMEHTOB.
VIHTEeHCMBHOCTb
9NEKTPOHHbIX
nepexonos. NCTo4HMKN
WHTEHCUBHOCTU
3anpeLLeHHbIX
nepexonos. OTHeceHue
9NEKTPOHHbIX
nepexonoB B CrekTpax
NONSPU30BaHHOIO
N3ny4YeHuns.

13

noarotToBka
JomallHero
3a0aHns

JomallHee
3a0aHne
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Mporpamma gucumnnunHel "Teoprs CMMMETPUK B KOOPAUHAUMOHHOM XuMumn'"; 020201.65 dyHaamMeHTanbHas 1 npuknagHas XmMms; OLEHT,
K.H. (ooueHT) WrbipnnH B.T.

Paspen
AucumnnnHbl

CemecTp

Hepnens
cemecTpa

Buabi

caMoCTOsITe/IbHOM

paboTbl
CTY0EeHTOB

TpynoeMKOCTb
(B yacax)

dDopMbl KOHTPONSA
CaMOCTOATENIbHOMN
pabortbl

14.

Tema 14.
Knaccudumkauns
KonebaHwuiA No Tunam
cummetpuun. Mpasuna
oTtbopa ons
NOrNOWEeHNS N3ny4eHns
MONEKYNSPHbLIMM
KonebaHnsmu.
OnpepeneHuve Tnna
CYMMETPUUN N Yucna
KonebaHwuiA, aKTUBHbIX B
VK- n KP-cnekTtpax.
PeweHwne 3apnay ¢
NPYMEHEHMEM
anrebpanyeckoro
nooxona K reopum
CYMMETPUMN.

14

noarotToBka
JomMallHero
3aaHns

JomMallHee
3anaHune

15.

Tema 15. HekoTtopble
crneumanbHble rpynmnbl.
CrmMmeTpuyeckas
rpynna nepectaHoBOK.
Ounarpammbl FOHra.
CuMmeTpuyeckme
rpynnbl NepecTaHoBOK C
NHBEpPCUen (rpynnbi
INloHre-XurrunHca).
[pynnbl cumMMeTpum
HEXEeCTKMX MONEKY.
3oamHamunyeckue
onepaumu.
Cyneprpynna
WpenuHrepa.

15

noarotToBka
JomallHero
3a0aHns

JomallHee
3a0aHne

16.

Tema 16. KBaHTOBas
MexaHuKa u
SNEeKTPOHHas CTpyKTypa
Monekyn.
MonekynspHble
opbutanu kak JIKAO.
Cant-cummeTtpus un
cummetpusa MO.
mbpunon3oBaHHbIE
opbutanu.
[MpoeKuUnoHHbIe
onepatopbl 1 MO
NKAO. BonHoBble
doyHKUUM MeTona
BaNIeHTHbIX CBA3EMN.
KoHgourypaumoHHoe

B3aMMoOencTeme.

16

noaroToBka
JomMallHero
3a4aHns

JomMaliHee
3agaHune
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Buabi
Hepens | camoctositenbHon [TpynoemMKOCTb
ceMecTpa paboTbl (B yacax)

CTYAEHTOB

dDopMbl KOHTPONSA
CaMOCTOATENIbHOMN
pabortbl

Paspen

OucumnnuHbl CemecTp

Tema 17.
BpawarenbHble un
AnepHble CIMHOBbIE
COCTOSIHMS.
BpawarenbHble
BONHOBbIE (OYHKLUUN.
Mpasuna otbopa.
NHTEeHCMBHOCTb
BpalaTenbHbIX NOAroTOoBKa

nepexonos. JomaliHee
17. 17 mMawHer 2
CBs3biBaHME CNWHOB 8 AOMalIHero 3agaHue

a0ep o 3afaHus
Knebwy-opaaHy.
Henpusoaumble
npencrasneHus
ANEPHbIX CANHOBbIX
COCTOSIHUI N CNEKTPbI
AMP. CepxTOHKOE
pacuenneHue B
cnekTpax 3l1P.

Tema 18. AcnekTbl
CYMMETPUU B
MexaHn3Max
XUMUYECKUX peakLumi.
AHanuna cummeTpun.
Mpasuna otbopa.
OneKkTpounKnmnyeckmne
peakunn. Peakuunu
LMKNONPUCOEANHEHNS.
Peakuwnn
neperpynnupoBKuy K
SNUMUHMPOBAHMS.
CTtpykTypHas
HEXEeCTKOCTb,
BUOPOHHbIE 1
POBMOPOHHbIE
9dpEKTbl N X POSb B
XMMNYECKMX peakumnsix.

NTtoro 36

noaroToBka K
8 18 |[KOHTpONbHOM 2
paboTte

KOHTPO/bHas

18. paboTta

5. O6bpa3oBarenbHble TEXHONOIMU, BK/IHOYAA MHTEPaKTUBHbIE hOpMbl 06yUYeHUs

Kaxnpas nekums conpoBoXaaeTcs AEMOHCTPAUMER MNNOCTPATMBHBIX MAaTeEPManoB C
NCMNONMb30BaHNEM NMPOEKLMOHHON TEXHUKN 1N 00A3aTeNbHbIMU 3anNnCsSMK Ha Jocke. 3HaYnTeENbHas
4acTb NEKLMOHHOrO Kypca NPOBOAMTCS B peXMMe auanora yumtenb-yyeHuk. lNocne 3aBepuieHmns
KaXX[oW nekuum CTyaeHTbl MoNyYaroT AOMalHUe 3a4aHns U BCe WNoCTpauuy npoweaweii nekuum B
3NEKTPOHHOIN hopMe, a TakxXe Hambonee BaxHble MaTepuassl Kypca B neyatHoMm Buae. B
3aKNOYEHNE KX O0ro 3aHATUS CTYAEHTbl KOHCYNbTUPYIOTCS C NpenoaaBaTenieM OTHOCUTENBHO
pelweHns 3a4ady npeaplaywmx 3aHatuin. Kpome toro, cTyaeHTam NnpenoctaBnsieTcs BO3MOXHOCTb
KOHCYNbTUPOBATbCS C NEKTOPOM B HA3HAYEHHOE BHEAyOAUTOPHOE BPeEMS. 3a HEOCTATKOM
ayaUTOPHOro BpeMeHM pasbop KOHTPOMbHbIX paboT NPOBOAMTCS TakXe BO BHEAYANTOPHOE BPEMSI.
Hanbonee 3anHTepecoBaHHbIE CTYAEHTbI NMOMYYaloT LOMNONHUTENbHBIE 3a4aHNS, BKIOYaoWwme
pelweHve 3aay, HanncaHue pedoepartos 1 3cce, KOTOPble NPEACTABNAOTCSA 1 3aCyLWMBAOTCA HA
3aKNIOYUTENBHOM 3aHATUN Kypca BO BHEQYAUTOPHOE BPEMS.
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Mporpamma gucumnnunHel "Teoprs CMMMETPUK B KOOPAUHAUMOHHOM XuMumn'"; 020201.65 dyHaamMeHTanbHas 1 npuknagHas XmMms; OLEHT,
K.H. (ooueHT) WrbipnnH B.T.

6. OueHOUYHble cpeacTBa OJ1sl TEKYLLLEro KOHTPOS yCreBaeMoCT!, NPOMEXYTOYHOMN
aTTecTauum no UToram OCBOEHUS OUCLIMINIIMHBI U y4eBHO-MmeToanyeckoe obecneyeHme
CaMOCTOSITe/IbHOW paboTbl CTYAEHTOB

Tema 1. NoHaTUEe cummeTpun B chunococpmmn u ectectBo3HaHUW. FeomeTpuyeckum noaoxon K
Teopun cummeTpun. ToyeuHasa cummeTpus. UHBepcusa. OTpaxeHune B NIIOCKOCTU CUMMETPUN.
CobcTBEeHHOe BpauLeHne BOKpyr ocu cummetpun. HecobctBeHHoe BpauieHne. ToXAeCcTBeHHoe
npeobpa3oBaHue.

JOoMallHee 3aaHune , NpuMepHblie BONPOChHI:

Jatb onpeneneHve NOHATUA CUMMETPUN B COBPEMEHHON chunocodun n ectectso3HaHuu. [latb
onpegeneHne To4e4Hon cummeTpun. PaccMoTpeTb, B 4EM COCTOUT OT/IMYME Oonepaumnii U SNeMeHTOB
cvmmeTpun. [atb onpeneneHme cobCTBEHHOrO BpalleHnst U COBCTBEHHOM OCU BpaLLeHNs, Nopsiaka
OCV BpalleHus, NPUBECTM NpuMepbl Monekyn ¢ ocamu BpaweHus C2, C3, C4, Ce. PaccMoTpeTb
npasuna opueHTauum Monekyn OTHOCUTENbHO CUCTEMbI KoopanHaT. OnpenennTb onepauuio
OTPaxeHus B NIOCKOCTU CUMMETPUW, NPUBECTY NPUMEPbLI MONEKYN C NAOCKOCTSMU CUMMETpUn oh,
ov, od. PaccMoTpeTb npeobpasoBaHne KOOPAMHAT NPK OTPaXeHMN B MOCKOCTN cummeTpun. [aTb
onpegneneHne onepaummn HecobCTBEHHOMO BpaLeHWs, MPUBECTM NPUMepPbl Monekyn ¢ ocammn S1, S2,
S3, S4, Se. OnpenennTb KONMYECTBO ONepaLmnii He-COOCTBEHHOIO BPALLEHNS NMPU HEYETHOM
4YEeTHOM MopsaAKe OCK NOBOPOTA Ha npuMmepax ocent S3 n S4. [latb onpeneneHne onepaunn
NHBEPCUW, NPUBECTN NMPUMEPBI MOMEKYN C onepaumel i. Pac-cMoTpeTb Nnpeobpa3oBaHne KoopanHaTt
npw onepauun nHieepcun. OnNpenenntb onepaunto ToXae-CTBEHHOro Nnpeobpa3oBaHns (onepaumio
NOEHTUYHOCTM), PACCMOTPETb (POPMasbHbIA 1 CooepXa-TeNbHbIA CMbICN onepaLmMm MAEHTUYHOCTH.
[MokasaTb, 4TO AN ONUCAHUS TOYEYHON CUMMETPUN JOCTATOYHO TONbKO AByX onepauuii, Cn n Sn.
YCTaHOBWTb, Kakme ornepaumm CUMMETPUM UMELOT: a) cdoepa; 6) KOHYC; KOHUYECKME CEeYEHNS
(OKpPY>XHOCTb, anaunc, runepbona). Ykasartb, Kakol 3N1EMEHT CMMMETPUM Hambonee pacnpocTpaHeH B
npupoae. Yemy akeumBaneHtHa onepaums: S34, S35, S377 B yeM cocTonT OTAnYmMe onepauuni
cummeTpumn S4 n 47

Tema 2. MoHATME O TOYEYHDbIX rpynnax cuMmeTpun. Cuctembl 0603Ha4Y€HUM TOYEYHbIX FPYMM No
LWeHdpnucy n NepmaHy-MoreHy. YeTbipe Tuna toyeuHbix rpynn: 1) C1,CS, Ci; 2) Cn, Sn, Cnv,
Cnh; 3) Dn, Dnh, Dnd; 4) Td, Th, T; Oh, O; |h, . Oco6eHHOCTN HeNnpepbIBHbIX TOYEYHbIX FPyNI
Cl v, DI h 1 Rh(3).

noMalHee 3afaHue , NpUMeEpPHbIe BOMPOCHI:

JaTb onpeneneHne To4e4YHOW rpynnbl. PaccMoTpeTb CcucTeMbl 0603HAYEHMWI TOYEYHbBIX FPYMMN
lengonnca n N'epmaHa-MoreHa (MexayHaponHon). PaccMoTpeTb YeTbipe Tvna TO4YeYHbIX Fpynmn C
COOTBEeTCTBYIOWMMU NnpuMmepamu Monekyn: 1) npoctenwue rpynnsl ? CG1,CS, Ci; 2) uuknnyeckune
rpynnbl ? Cn, Sn, Cnv, Cnh; 3) anagpudeckue rpynnbl ? Dn, Dnh, Dnd; 4) rpynnbl BbiCLLEN
cummetpum ? Td, Th, T, Oh, O (kybuyeckune rpynnsl); Ih, I. OxapaktepraoBaTtb NpaBuibHbIE
MHOrorpaHHuku (tena lNnatoHa). Ykasatb KONM4eCcTBO onepaumnini CUMMeTpUn B 3TUX rpynnax.
PaccMoTpeTh 0co6eHHOCTU HempepbiBHbIX TodeuHbix rpynn Cllv, DIh u Rh(3). Oatb onpeneneHve
napametpuyeckux rpynn Jln. MNpueecty npumepbl 0OHO- 1 TpexnapameTpudeckmx rpynn Jn. Hro
Takoe apxumenoBbl U katanaHosbl Tena? K kakow rpynne CUMMETPUN OTHOCUTCS TEHHUCHBIN MsY (C
y4yeTom wWweoB)? K kakum rpynnam cummetpum otHocatcs monekynbl SF5CI, POCI3, H2C=C=CH2,
xnopbeHson, 1,2-gmxnopbeHson, 1,3-amxnopbeHson, 1,4-guxnopbenHson, 1,2,3-TpuxnopbeHson,
1,2,4-tpnxnopbeHszon, 1,3,5-TpnxnopbeHzon? K kakow rpynne CUMMETPUN NPUHALNEXNT
TPUroHanbHbIA (He NneHTaroHanbHbI!) gonekasap? K kakonm rpynne CMMMeTpUn OTHOCUTCS dourypa,
nony4yeHHas NOBOPOTOM BepXHeN rpaHu Kyba Bokpyr ocu C4 Ha yron 4507

Tema 3. Anroputm onpeneneHusi TO4E4YHOW rpynnbl cMMmMeTpumn monekyn. Kpurepum
ONTUYECKOMN aKTUBHOCTU. ONTUYecKas aKkTUBHOCTb KOMMEKCOB. TUMNbl CUMMETPUN MONEKYN,
obnaparolmnx oMNoNbHbIM MOMEHTOM. DKBUBAJIEHTHbIE aTOMbl. CTepeoxuMmnyeckun HexecTtkme
CTPYKTYpbl KOMMNNeKcoB. Jlnacrepeotonus.

JOoMallHee 3aaHune , npuMepHblie BONPOChHI:
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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 aTuMm ceoicteamm. K Kakoi To4e4HOW rpyrnne OTHOCUTCS NCeB-A0TeTPasapuyecKuii
buc-xenaTHbIi komnnekc coctasa M(AA)2? K kakoi rpynne cUMMeTpun oT-HOCUTCS 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
Tpu-U-KapboHUn-6uc(tTprkapboHnnxeneso)? NIMetT nu onTuye-ckyro akTMBHOCTb KOMMIEKChI
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. Anre6panueckumn nogxon kK Teopun cummetpun. Komnosuuus (nponaseneHune)
onepauun cummeTpmn. OCHOBHbIe CBOWUCTBa MaTteMaTu4yeckowu rpynnbl. Mpumepsl rpynn.
Tabnuua ymMHOXeHUs onsa rpynnbl. Moarpynnbl, LMKNMYeckne n abenesbl rpynnbl.
Mpeobpa3oBaHue nopnobus (onepauuns conpsixeHus). Knaccbl conpsiXeHHbIX 3/1IEMEHTOB.

noMalHee 3afnaHne , NpUMepPHbIE BOMPOCHI:

Jatb onpeneneHne koMnosnuus (NpovsseneHns) onepaunin cummetpun. Kakos nopsanok
BbINOMHEHUS onepauunin B komMnosnumm? MNpusectn npuMepbl rpynn ¢ KOMMYTUPYIOWUMU onepaumamim
(abenesbIx) 1 C HEKOMMYTUPYOWUMK onepaunsamn (Heabenesbix). [latb MatemaTnyeckoe
onpeneneHune rpynnbl, PACCMOTPETb YeTbipe OCHOBHbIX CBOWCTBA (NOCTynara) MmaremMaTtuyeckom
rpynnbl: 1) ycnoBme 3aMKHYTOCTU; 2) aCCOUMATUBHbIV 3aKOH; 3) CyLWecTBOBa-HME €AUHUYHOIO
9NeMeHTa; 4) CylwecTBOBaHME ONS KaXA0ro afeMeHTa rpynmnbl 06paTtHoro eMy anemeHTa.
[MpounniocTpmpoBaTh BbINOAHEHWE NOCTYNATOB rPYNMbl HA NpPUMepe To4e4Hon rpyn-nbl C2v.
MpuBecTn Heckonbko NpumepoB rpynn. OnpenennTb Tabnnuy yMHOXEHUS ONS rpynnbl 1 nokasaTtb
€e OCHOBHO€e CBOWMCTBO. [MocTponTb Tabnuuy yMHOXEHNS ans abCcTpakTHOWM rpynnbl N3 Tpex
sanemeHToB ? E, A n B. latb onpeneneHune nogrpynnbl, LmMknndeckom rpynnbsl. Onpenenvtb
onepauuto npeobpasoBaHns Nonobus (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 coboit. [Jokazatb BTOPOE CBOWCTBO onepauun conpsxexus. datb
onpeneneHne KnaccoB COMPSXEHHbIX 311eMeHTOB. [1poBecTy knaccudukauunio 31EMEHTOB FPynMbl
C3v ¢ nomoubio onepaummn conpsixeHus. Ykasartb knaccbl anemMeHTos B rpynnax C2v un C4v.
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Tema 6. 'eHepaTopbl rpynnbl. Mpsimbie n nonynpsiMbie NpousseaeHns rpynn. Onepaunuv Han,
BekTopamu. CKkansipHoe npousBeneHue BeKTopoB. ba3sucHbie BekTopbl. BekTop-cTonbeu,
BEKTOP-CTPOKa, TPAHCMNOHUPOBaHHbIN U 06paTHbIN BeKTop. Onepauun Hap, MaTpuL.aMu.
CkansipHoe npounsBeneHue matpuu,. Xapaktep (cnean) matpuubl. KBagpartHble, e AUHUYHbDIE,
obparHbie, TPAHCNOHUPOBaHHbIe, 3PMUTOBO-CONPSXKEHHbIE U YHUTAPHbIe MaTpPULLbl.

JOoMallHee 3aaHune , npuMepHblie BOMNPOChHI:

Hatb onpeneneHne reHepatopos rpynnbl. [octponTb rpynny C3v Ha ocHose reHepaTopos C3 1 ov.
Onpegnenutb Npsamble 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
4eTblpeXx TUNOB OCHOBHbIX TOYEYHbIX FPYMM, 3annCaHHbIX Yepes3 reHepaTopbl U NPON3BEAEHUS
He3aBucuMbIx noarpynn. [JaTte onpeneneHne TeH3aopa. YTo Takoe paHr TeH3opa? Onpenenutb
onepauuy HaL BEKTOpPaMU: CIOXEHNE; YMHOXEHNE Ha CKansp; ckansapHoe Npov3BeaeHne BEKTOPOB;
TEH30PHOE (MpsIMOe) NPOoM3BeaeHME BEKTOPOB. YTO Takoe OPTOHOPMU-POBaHHbIE Ha3nCHble
BEKTOPbI? YTO Takoe BekTop-cTonbeL, BEKTOP-CTPOKa, TPAHCMNOHMPOBAH-HbIA 1 06paTHbIi BEKTOP?
Onpegnenntb onepauun Hag MaTpuLaMmmn: CNOXEHNE; YMHOXEHME MaT-puLbl HA CKangap; ckanspHoe
npoun3eeneHne MaTpul; TeH30pHOe (NpsMoe) NponsseneHne MaTpul. YTo Takoe xapaktep (cnen)
maTpuubl? OnpenennTb KBagpaTHble, eAMHUYHbIE 1 0BpaTHbIE MaT-puULLbl, TPAHCMOHMPOBAHHbIE,
SPMUTOBO-COMPSIXEHHbIE 1 YHUTapHble MaTpuubl. YTo 06o3Ha4aeT cumeon KpoHekepa?

Tema 7. NMpeobpasosaHue nonobus ons matpuu. Matpuubl npeobpa3oBaHui Ans onepauumn
cummeTpun. OTtobpaxeHusi, N30- U romomopchunam. HenpmeoouMbie NpeacTaBNeHUs U NX
OCHOBHble cBoMcCTBa. Tabnuubl xapakTepos rpynn. HenpusoauMbie npeacrasneHus rpynn C2
u C3. Pa3pennMo-BbipOXAEHHbIE KOMMIEKCHO-CONPSIXXEHHbIe NpeacTaBNeHust u ux 6asucHbole
oyHKUUN.

LoMallHee 3afaHne , MPUMEpPHbIE BOMPOCHI:

Onpepnenutb npeobpasoBaHne nogobus ons matpuy. PaccmoTpeTb B 06weM Buae npeobpasoBaHune
noaobusi ¢ NOMOLLbIO BEKTOPOB 1 MATpUL, MpY NOBOPOTE CUCTEMbI KOOPAMHAT. BbiBECT MaTpuuy
noBopoTa B TPEXMEPHOM NPOCTPAHCTBE, NOKa3aTb YHUTAPHOCTb MaTpuLbl NOBOpoOTa. 3anucartb
MaTpuvLbl Npeobpa3oBaHuWii ANsi BCEX BBEAEHHbIX FEHEPaTOPOB TOYEYHbIX FPynn cumMmeTpun. Yto
Takoe otobpaxeHus, n3o- n romomopdmam? [latb onpeneneHne npeactaBneHns rpynnoi.
Onpenenntb HeNpMBOONMbIE NpeacTaBneHns rpynnbl, 6asmcHble yHK-LUN HENPUBOANMbIX
npencrtasneHnin. CopMynnpoBaTb TPY rMaBHbIX CBONCTBA HEMPUBOANMbIX NPeacTaBneHnin. Boisectun
HenpusoanmMble 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 natb 0603HAYEHUS NX HEMPU-BOONMbIX
npencTasneHnn.

Tema 8. HenpuBoaumbie npeactasneHus rpynnosl C2v. OnpeneneHve npousseneHus
HenpuBOAUMbIX NpeacTaBneHN. Tabnuubl Kanu. dPusnuecknin cMbicn HENMPUBOAUMbIX
npencTaBneHU Ha NpuMepe MoneKynbl Boabl. Cnocobbl cuctemaTnyeckoro NoCTpoeHus
Tabnuu, xapakTepoB Ha OCHOBE FreHepaTopoB rpynn 1 Npou3BeneHUs nogrpynn. Tabnuubl
XapaKTepoB TOYEYHbIX rpynn n o603HavyeHus npeacTaBneHun no MannukeHy.

LoMalHee 3afaHne , NpUMepPHbIe BOMPOCHI:

Onpenenntb Npon3BeaeHe HENPUBOAUMbIX NpeacTaBneHnii. NMprBecTn Bce NpoV3BeaEHUS
HenprMBOAUMbIX NpeacTaeneHunii rpynnbl C2v. [atb 0603HAYEHUS HENPUBOAMMBIX NPELACTABNEHWIA
rpynnbl C2v. PaccMoTpeTb, Kak 3a4arTcs HENpMBOAMMbIE NPEACTABNEHUS B MPOCTPAHCTBE
OPTOroHasnbHbIX APYHKUMIA 1 Tabnuubl Kanwn. Mpusectn 0603HaYeHne HenpuBOAMMbIX MPeaCTaBNEHNI
Pa3NMYHON Pa3MEPHOCTU B Pa3HbIX TOYEYHbIX rpynnax. [ponnntocTpupoBaTb PUNYECKUIA CMbICH
HEeNpPMBOAUMbIX MPEeACTaBNEHUIA HA NPUMEPE MONEKYIbl BOAbI, paccMaTpusas npeobpasoBaHune
BEKTOPOB TPAHCNSALMN 1 KOMMOHEHT BEKTOPA YrNOBOr0 MOMEHTA Mpu onepaun-ax CUMMETPUX rpynnbl
C2v. PaccmoTpeTb aBa cnocoba cmcteMatmyeckoro nocTpoeHns Tabnmu xapakTepos Ha OCHOBE
reHepaTopoB rpynn 1 NPoM3BeaeHns NOArpynn Ha npuMepax NnoctTpoeHns tTabnuuy ang rpynn C2v n
C3v. Onucatb B 06wem Buae Tabnuupbl xapakTeposB N30MOPAIHBIX TOYEY-HbIX Fpynn 1 0603Ha4YeHNS
npencrasneHunin (13 kypca JlaHoay-Jincpwmua). Noctpontb HENpUBOANMbIE NPELACTABNEHWIA rpynn: a)
D3d Ha ocHoBe npousseneHns noarpynn D3 u Ci; 6) D4h Ha ocHoBe npousseneHns noarpynn D4 un
Ci; B) Oh Ha ocHoBe npousseneHus noarpynn O u Ci;
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Tema 9. Pepykuus npusoauMbiX npeacrasneHun. ®opmyna pasnoxeHus. Pepykuus
npovMsBeneHust HenpuMBOAUMbIX NpeacTasneHnin. MaTpuubl npeobpasoBaHun U
HenpusoauMblie npeacrasneHus rpynn cumMmetpum R(3) n Rh(3). NMponsseneHus
HenpueBoauMbix npeactasneHun rpynn R(3) u Rh(3), dopmyna Knebwa-roppana.

TecTnpoBaHune , npmMMepHbIe BOMpPOChI:

Beectun aBa cnocoba penykuun (pasnoxXeHusl) NpUBOAMMbIX NPeACTaBNeHWl - MeTonoM nogbopa v
no cpopmyne pasnoxeHus. PaccMoTpeTb BEKTOPbI-CTPOKM HEMPUBOAMMbIX MPEeACTaBNEeHNA Kak
MHOXECTBO B3aMMHO-OPTOroHanbHbIX yHKUUIA. BeiBeCcTr doopmyny pasnoxeHus. Onpenenntb
KPaTHOCTb BXOXAEHMS HENPUBOAUMOro NpeacTaBneHns B npusoanmMoe. lNponssecTtn penykumio
Npoun3BeneHNs HENPUBOAMMbIX NpeacTaBneHnin E1xXE2 rpynnel D6 meTonomM nogbopa v no goopmyne
pasnoxeHns. PaccMoTpeTb penykuuio npoussefeHuin HEeNMpBOAMMbIX MPeaCcTaBNEeHUN TOYEYHbIX
rpynn ¢ NOMOLWbIO NPaBun 3MeHeHns o6o3HaveHnin MannvkeHa. PaccMoTpeTb MaTpuupl
npeobpa3oBaHnii U HEMPMBOAUMbIE NpeacTaBneHns rpynnbl cummeTpumn R(3). Onpenenntb Matpuuy
NoBOPOTA NPOM3BONILHOrO Nopsiaka u ee 6asncHble PYHKLUMN (0AHOPOAHbIE OPTOroHaNbHbIE
NOSIMHOMBI, NPUCOEeANHEHHbIE NONMHOMBI JlexxaHapa). Mony4nTte MaTpurubl NpeobpasoBaHnii 1
HenpruBoOAUMbIE NpeacTaBneHns rpynnol cummeTpumn Rh(3), ncnonbays Matpuuy HeCoBCTBEHHOMO
nosopoTta, R(S(d)). PaccmoTpeTb peaykumio NponsBeaeHNin He-NpuBOAUMBIX MPEeACTaBNEHUA rpynn
R(3) n Rh(3) ¢ nomowpbto goopmynbl Knebwa-ropaaHa. Jate onpeaeneHne perynsipHoro
npeacTaeneHusi. Penyunposatb perynsipHble npenctasnenuns rpynn: a) C2v; 6) C3v; B) Oh.
PenyunpoBatb Bce bBrHapHble Npoun3BeneHns npeactasneHunin ons rpynn: a) D3; 6) D3d; B) D4h.

Tema 10. HenpuBoauMbie npencTaBneHns U knaccucpukauma tepmos. Teopema 3.11. BurHepa.
Knaccucpukaums rTepMos cBO60,4HOro atoma. ACrnekTbl CUMMETPUU B TEOPUM
Kpucrannuyeckoro nonsi. Peaykuus npencrasneHui rpynnol R(3) B Kpuctannuyeckux nonsx
cummeTpumn Td n Oh. PacwenneHne ooHO3NEeKTPOHHbIX d-opbuTtanen B KpUcTanimyeckmx
nonsax pasnuyHon cuMmMmeTpuu. NMPUHLMNBLI MHBEPCUU IHEPreTMYeCcKMX ypoBHen onsa
DOMNONMHUTENbHbIX KOHdOUrypaLum B OKTa3ApU4YEeCKOM U TeTpasapuyecKom nonsx.
KoppensiumoHHble Tabnuubl.

nomallHee 3aaaHve , NpuMepHble BOMPOCHI:

Cdpopmynuposatb Teopemy 3.I1. BurHepa. [Nokasartb, 4TO KBAHTOBaS MeXaHWKa SBNSETCS
oM3N4ECKON NHTepNpeTaunen Teopmum cumMmeTpum (Teopun rpynn). MNpoeecTtn knaccugomkaumio
TepmMoB CBOOOLHOr0 atoMa 1 NOSICHNTb PU3NYECKMIA CMBICT HEMPUBOLANMbIX NPEeACTABNEHWNIA TPyNnMbl
Rh(3) ¢ pasnunyHbiMM 3Ha4YeHnsMK nHaekca |, gatb 0603Ha4YeHNs Nx 6a3nCHBIX PYHKLNIA.
PaccMoTpeTb acnekTbl CUMMETPUN B TEOPUM KPUCTANIMYECKOro NoNs 1 3adady penykuum
npeacTaBneHnii cBo60AHOIo aToMa K NoNsM pasnmnyHo cuMMeTpun. NMponssBecTn pesykuuio
npenctasneHun Du(1) n Dg(2) rpynnel Rh(3) B kpuctannuyeckux nonsx cummetpum Td, O n Oh.
BbinonHuTb peaykumio HenpusoaMMoro npeacraeneHns T2 (F2) rpynnsl Td K HeNnpuBOAMMbIM
npeancTtaeneHusm rpynn C3v n C2v. [atb NOHATUE KOPPENAUMOHHBIX Tabnuu. MpeactaBntb
pacllenneHe 04HO3NEKTPOHHbIX d-opbuTtanei B KpUCTaNIMYECKMX NOASX PA3NNYHON CUMMET-PUN.
Ob6DBACHNTL NPUHLMUMBI MHBEPCUM SHEPrETUYECKMX YPOBHEN AN151 OKTa34pNYECKOro U
TeTpasgpu4eckoro nonem n ans OononHUTeNbHbIX KoHurypauuin dn n d10-n.

Tema 11. Tepmbl MHOrO3NEKTPOHHbIX COCTOSAHMIA. Henpusoaumbie npeacrasneHus rpynn Cl v,
D0 h n TepMbl NIMHEeNHbIX MoneKkyn. MeXanekTpoHHOe OTTalkKMBaHUe U CMUH-OpOuTanbHoe
B3auMopencteue npu LS- un jj-cesa3n. ATomHble TepMbl. PacwienneHuve nop nemcTsmem
CNUH-0p6UTaNnbHOro B3aMMO4ENCTBUSA TEPMOB C LLeSIOYUCIIEHHbIMU 3HAYEeHUAMM J.
PacwienneHne TepMmoB ¢ nonyuenbiM1 3Ha4yeHMsMU J. [1BOMHbIe rpynnbl U ABYy3HauyHble
npencraBfieHUs.

LoMalHee 3afaHne , NpUMepPHbIe BOMPOCHI:

KTPOHHEBH
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PaccmoTpeTb HenpreoaMMble NpeacTaBneHns rpynn Clv, blh u TepMbl IMHENHbBIX MONEKY,
0603Ha4YeHNs HeNPBOAUMbBIX MPEeACTABNEHUIA N UX 6A3NCHBIX PYHKUMIA. [TOSCHUTDL KOHLENLUMIO O-,
-, O- 1 APYrnx MOnekynsipHolx opbutaneii. NMpuBecT TepMbl MHOFOSNEKTPOHHBIX COCTOSIHUIA
NHenHbIX Monekyn. NpeacTaBnTb BbipaXXeHWe NOHOW MONEKYNSIPHOM BOMHOBOW oyHKUMK (U ee
npencTaBneHns) B BUAe Npon3eBefeHns 04HOSNEKTPOHHbIX BOTHOBbLIX QOYHKLNIA (M X HEMPUBOAMMbIX
npeacrtaeneHnin). BoiNONHUTL pasnoXxeHne npeactaBneHns NonHOM MONEKYNSPHOM BONHOBOM
PYHKLLMK B CllyHae 3aMKHYTbIX U OTKPbITbIX 3N1EKTPOHHbIX 060/104eKk Ha npumMepe Mone-kyn H2 n02.
Onpenenntb aToOMHbIE TEPMbl MHOFO3IEKTPOHHbLIX COCTOSIHUIA. Kak y4uTbiBAE€TCS B MONHOW rpynne
CYMMEeTpUK atoma rpynmnbl nepectaHoBok S(n)? CdopmynuposaTb NnpuHuun Maynn. Kak
YYUTbIBAETCS MEXINEKTPOHHOE OTTaNKMBaHME 1 CNMH-opbuTanbHoe B3aumoaenctame npu LS- un
jj-cBa3n? PaccMoTpeTb pacluenneHme TepMoB Noa AEACTBMEM MEXINEKTPOHHOIO OTTanknBaHUS.
BeecTn 0603HaYEHNSI aTOMHbBIX TEPMOB M PACCMOTPETb NPUHLMMbBI ONPEeaeNeHns nx
MyNbTUMNNETHO-CTU. PaccMoTpeTb TepM cBoboaHOro atoma koHdomrypaumm di. OnmcaTtb
paclienneHve noa AeCT-BUeM CNUH-0pObUTaNbHOrO B3aUMOAENCTBUS aTOMHbIX TEPMOB C
LlenoYncneHHbIM1 3HadeHnsmMm J. PaccMoTtpeTb TepMbl CBOBOAHOMO aTtoMa KoHdpurypaumm d2.
Onucartb pacuenneHne atoMHbIX TeP-MOB C NONyLEeNbiMA 3HAYEeHUAMY J, BBEAS, ABOMHbIE FPYMMbl 1
IBy3HayHble npeacTaBneHns. BoiBec-Tn aTOMHbIe TepMbl KOHGUrypaumii d3 n d7. Haintn tepmbl
OCHOBHOIrO COCTOSIHUS OJ151 NepBbIX Aecs-TU aToOMOoB [leprnoanyeckon cuctembl. Hamtu Tepmbl
OCHOBHOI0O COCTOSIHMS 0N 3NIEMEHTOB NEepBOro nepexogHoro nepuoga (£ = 21-30).

Tema 12. PacwenneHne TepmoB KoHcpurypaumm d2 (uenouncneHHsblie J) B cnabom n cCUibHOM
Kpucrannmyeckux nonsix cummetrpum Oh. OnpeneneHne CMMHOBOW MY/NbTUNNIETHOCTU
COCTOSIHUA METOLAO0M CHUXEHUs cuMmmeTpumn. Ouarpammbl TaHabe-CyraHo. PacwenneHue
TepmoB KoHcurypauum d7 (nonyuenbie J) B cnabom U CUNbHOM OKTa34pUYecKMUX rnonsx.
AneKkTpoHHbIE CNEeKTpbl KOMM/IEKCOB nepexoaHbix d-metannos. duarpammbl Oprena ons
cny4yaes D- n F-TepMoB OCHOBHOro COCTOSIHUS B KpUcTanam4yeckmx nonsix cummetpum Oh m Td.

noMallHee 3afaHue , NpUMepHbIe BOMPOCHI:

PaccmoTtpeTb 3agady peaykuum no CUMMETPUM TEPMOB MHOMO3/1EKTPOHHBIX aTtoMOB. Hantu
paclienneHe TepMoB KoHpurypaumm d2 (uenodmcneHHblie J) B cnabom n CUnbHOM KPUCTann4Yeckmnx
nonsix cummetpum Oh. PaccMoTpeTb MeTo onpeneneHns CrMHOBON MyNbTUNNETHOCTM COCTOSHUIA
nyTeM CHUXeHus cummeTpun. CopMynnpoBaTth ABa NPUHUMUNA KOPPENsSUmMm TepMoB cnaboro u
CUNbHOMO KpucTannuyecknx nonein. OxapaktepnaoBatb ava-rpamMmmbl TaHabe-CyraHo n npueecTtu
npuvmMep Takom anarpammbl ons koHdpurypauumn d5. Haintm pacuwenneHne tepmos KoHdurypaumm d7
(nonyuensie J) B cnabom 1 cunbHOM okTasgpuyeckmx nonsx. CopmynupoBaTb NPUHLIMN
pacLienneHme atoMHbIX TEPMOB B cnyyae jj-cBa3n. Onncatb 9NeKTPOHHbIE CMEKTPbI KOMMNEKCOB
nepexofHbix d-metannos, noctTpous amarpammbl Oprena ons cnyvaes D- u F-TepMoB OCHOBHOIO
COCTOSIHMSA B cnabbix kpuctannnyeckmx nonsx cummetpum Oh n Td ¢ yyetom Tpex npuHUMNoB: 1)
WHBEPTUPOBAHNE SHEPreTU4eCcKnX ypoBHEN B Nonsax cuMmmeT-pun Td no oTHoweHuto K Oh; 2)
WHBEPTMPOBaHME SHEPreTUYeCcKmX YPOBHEN OONONHUTENbHbIX KOHGoUrypaumn dn n d10-n; 3)
NOEHTUYHOCTb BbICOKOCMUHOBbBIX COCTOSIHWIA ANns KoHdourypaumi dn n dn+5. Kakoea guarpamma
Oprena ong koHgourypaumm d5? Onpenenntb CUMMETPUIO OCHOBHOIO COCTOSIHMS KOHUrypaumm d2
B KpUcTannmyeckmx nonsix cummetpun: a) Deh; 6) D4h; B) D2d; r) C4v. Onpenenvtb CUMMETPUIO
OCHOBHOIO COCTOSIHUS KOHoMrypaumm d4 B CUNbHbIX KPUCTANAN-4€CKNX NoNsx cumMmeTpun: a) Deoh;
6) Oh; B) Td; r) D4h; n) D2d; e) C4v.

Tema 13. NpaBuna ot6opa ANs MaTPUUHbIX 31eMeHTOB. MHTEHCUBHOCTb 3N1EKTPOHHbIX
nepexonoB. MICTOYHUKU MHTEHCUMBHOCTM 3anpeLleHHbIX nepexonos. OTHeceHue 3N1eKTPOHHbIX
nepexonoB B CrieKTpax NoNspu3oBaHHOro U3ny4YyeHus.

LoMalHee 3afaHne , NpUMepPHbIe BOMPOCHI:

CdhopmynmpoBatb npaBuna otbopa Anisi MaTpPUYHbIX SNEMEHTOB (OrpaHNYEeHUs! MO CUMMETPUN Ha
KBAHTOBO-MexaHn4yeckne uHterpansl). CopmynmpoBatb Tpu npasuna otbopa ons MaTpuyHoOro
3afieMeHTa orneparopa AMnonbHOro MOMeHTa (MOMeHTa nepexona, P). lNoscHnTte, kak OencTByrOT
MCTOYHMKN UHTEHCMBHOCTM 3anpeLeHHbIX nepexonos: 1) cnuH-opbutanbHoe B3anMoLencTeume; 2)
CMelwnBaHne opbutanel pa3Hol YeTHOCTU NPY HEKOTOPbIX CUMMETPUSX (MPUMep TeTPasapuYHecKux
komnnekcoB kobanbta(ll)); 3) anekTpoHHO-sOepHOEe (BUOPOHHOE) B3anMoaeincTeme. BoinonHute
OTHECEHME NEKTPOHHbIX NEPEXOAOB B CEKTpax NONSpU30BaHHOIO U3Ny4EeHNS Ha NpuMepe
moHokpucTtannos komnnekcoB K[Cu(NH3)5](PF6)3 cummetpum C4v n K[Cu(NH3)2(NCS)3]
cummetpun D3h.

PerncrpaumnoHHblii Homep 7120917 DAEKTPOHHEH
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Tema 14. Knaccudpmkaums KkonebaHui no tunam cummetpun. NMpasuna orbopa ons
NOrNoLLEeHNS N3NTy4YeHUs1 MONEeKYNSPHbIMK KonebaHusmu. OnpeneneHne Tuna CUMMeETpUmn 1
yucna koneb6aHumn, akTueHbix B UK- n KP-cnekTtpax. PewieHue 3apay ¢ npuMeHeHUneM
anrebpavuyeckoro nogxona K TeOpun CUMMETPUM.

JOoMallHee 3a4aHune , npuMepHblie BOMNPOChHI:

Yo Takoe HopMmanbHble konebaHmsa? Mpueeante npeacTaBneHne MaTpuubl npeobpasoBaHuni
KoopAMHaT aTOMOB Mpu ornepaumnsx CUMMETPUX Ha npruMepe Moneky bl BoAbl (ToYeYHas rpynna
cummeTpum C2v) 1 pasnoxuTe ero Ha NpeacTaBneHns TPaHCNAUWUA, BpalleHuin n konebaHuii. Kakosbl
HenprBOAUMbIE NPeACcTaBNEHNS HOpMabHbIX KonebaHuin Monekynbl hopManbaernia (ToyeqHas
rpynna cummetpum C2v)? Yto Takoe cant-cummeTpmusa? PaccMoTpute Mcnonb3oBaHme
CanT-CUMMETPUUN ANS HAXOXAEHUS HOpManbHbIX KonebaTtenbHblX Mo Ha NpuMepax monekyn H20 n
BF3. YTo Takoe npoekumnoHHbI onepatop? PaccMoTpuTe npuMeHeHne NpoekLUMOHHbIX OnepaTopoB
L5 aHann3a HopMasbHbIX konebaTenbHbiX MO MOJIEKyN BOAbI, aMMuaka u coopmanbaernia. 4ro
Takoe BaNeHTHble U AedoopMaumoHHble konebaHns? Copopmynupyiite npa-suna otbopa ans
NOrNoWeHNs N3ny4eHns MonekynsipHoiMu konebaHunsmu. Onpenennte TMN CUMMETPUN 1 Yucna
konebaHuin, akTmBHbIX B MIK-cnekTpax Monekyn Boabl, aMmmmuaka n goop-mManbaermnaa. Yro takoe
OCHOBHbIE Monochl 1 06epToHbI? OxapakTepuayiTe BEKTOP UHOYLMPOBAHHOIO ANMONbHOrO MOMEHTA
D, TeH30p Nonsapm3yemMocT a 1 HENPUBOAMMbIE NPEACTABEHNS ero KOMNOHEHT. OnpegenuTe Tvn
CYMMeTPUKM 1 Yncna konebaHuii, akTuBHbIX B KP-cniekTpax, Ha npuMepax Monekyn BoAbl, aMMuaka v
coopmanbaernna. Onpenenute TUMbl HOPManbHbIX kKonebaHnii HATPaT-MoHa (To4eyHas rpynna
cummeTpum D3h), oTBETCTBEHHbIX 3a nosiBneHune nepexona A1? — A17? (nmt*) B cnekTpe
9NIEKTPMYECKOro AUMNOSIbHOIO U3Ny4eHuns.

Tema 15. HekoTopble cneuunanbHble rpynnbl. CUMMeTpuyeckas rpynna nepecraHoBOK.
Oduarpammbl FOHra. CummeTtpuyeckue rpynnbl nepectaHoOBOK ¢ UHBepcuen (rpynnbi
NoHre-XurruHca). Fpynnbl cMMMeTpUN HeXecTKux monekyn. UaoamHaMuueckue onepawuu.
Cyneprpynna LWWpeauHrepa.

nomallHee 3afaHve , NpuMepHble BOMPOChI:

Yrto npencrtasnsiet cobo cuMMeTpuyeckas rpynna nepectaHoBok? YTo Takoe Lmknnyeckmne
nepecTtaHoBkn? MNpuBeanTte 0603HaYEHNs NepecTaHoBOK. YTo npeacTaBnsioT coboii knacchbl
COMPSXEHHbIX 3MIEMEHTOB U HEMPUBOAUMbIE MPEACTaBNEHNS CUMMETPUYECKON rpynmbl
nepectaHoBok? OxapakTepusynte aguarpammbl FOHra. [1ns 4yero 1 Kkak MCnonb3yTcs
XyK-gmarpammbl? Kakosbl HENpYBOAUMbIE MPEACTaBNEHNS CUMMETPUYECKon rpynnbl S(4)? Kakoi
ToYeyHoM rpynne nsomoppHa rpynna S(4)? Onpenennte CUMMETPUYECKME rpynnbl Nepecta-HOBOK C
nHeepcuen (rpynnol JloHre-Xurrunca) ? S*(n). MNokaxuTte naomopdomnam rpynn S*(3), S(6) n D3d Ha
npyMepe 3aTOPMOXEHHON KOHbopMauum Monekynbl ataHa. OnpegenuTe rpynnbl CUMMETPUA
HEeXeCTKMX MONEKYn U n3oamHammyeckue onepauuun. Paccmotpute nsogmHammye-ckme onepaumi Ha
npumMepe Monekynbl ataHa. Onpegenute cyneprpynny WpeaunHrepa. PaccmoT-pute cyneprpynnbi
peonHrepa Ha npyMepe MONeEKyNn aMmmmaka, MetaHona u nponaxa. Npuse-gute tabnuuy
npov3BeaeHnin cyneprpynmnbl NponaHa.

Tema 16. KBaHTOBasi MexaHuKa 1 aNeKTPOHHas CTPyKTypa monekyn. MonekynsipHbie opbutanm
kaK JIKAO. Cant-cummeTtpusi u cummetpust MO. M’mbpupnsoBaHHble opbutanu. MpoeKuNoHHbIe
onepatopbl U MO JIKAO. BonHoBble cpyHKLUN METO4A BalleHTHbIX CBSI3EN.
KoHdourypaumoHHoe B3aumonencreue.

LoMalHee 3afaHne , NpUMepPHbIe BOMPOCHI:
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3anuwunte monekynspHble opbutanu kak JIKAO. PaccmoTtpute cummeTputo opbutanein aByxaTOMHbIX
Monekyn (TodeyHble rpynmnbl Deoh nam Ceov). ONnwmMTE CUMMETPUIO MONEKYNSIPHBIX OpbuTanei Ha
npumepe Monekynbl aTuneHa (ToyeyHas rpynna D2h). 'eomeTpuyecknum MeToooMm BbiBeguTe
npeacTaBneHns MONekynsipHblx opbutaneit Ha npumepe rpynnbl D2h. Kak cooTHocuTCS
cant-cummeTpusa ¢ cummetpren MO? Onpenennte CUMMETPUIO BO3MOXHbIX MONEKYNSAPHbIX
opbutaneit ammmnaka ¢ NOMOLWbIO canT-cuMMeTpun. OnpenenmTe CUMMETPUIO BO3MOXHbIX
MOJNEKYNSPHbIX opbuTanei TeTpasapuyeckol Moneky bl C MOMOLLbIO canT-cumMeTpun. HYT1o
npeacTaBnsitoT coboli rmbpuamsoaHHble opbutann? Kak cooTHocaTcs Mmexay coboii rpynnbl
CanT-CUMMETPUU 1 FPynnbl NEPeCTaHOBOK ANns Monekyn. OnuwnTe rubpunamnsaunto B
TPUroHanbHO-NMpaMuaanbHbIX Monekynax (TodyedHas rpynna cummeTpun C3v). Kak nc-nonbayrorcs
nNpoekunoHHble onepaTtopbl B MeTone MO JIKAO? MNpuseaunTte agantupoBaHHble MO CUMMETPUM
MONEKYNsipHble OpbUTanu TeTpasapuHecKnx Monekyn. 3anuwmTte MoNeKkynsipHole op-butanu
doeppoLieHa. 3anmwmnte MonekynsipHble opbutanu LMKIoneHTaameHunTpukapboHnnMap-raHua.
Onpepnenute 3aceneHHOCT rMbpuaHbIx opbutanein Ha NPUMepPe MoNekybl aMmuaka (To-4eqyHas
rpynna cummetpum C3v). Kak 3anncbiBatoTCS BONHOBbIE (OYHKLMN METOAA BANIEHTHbIX CBA3EN?
PaccmoTpuTe pacyeTbl METOLOM BaneHTHbIX CXEM C MOMOLLbIO rpynn NepecTaHOBOK Ha npuMmepe
mMonekyn ¢ rpynnammn S(2), S(4) n S(6). BoinonHnte dhaktopmnaaumto no CUMMETPUN ge-TepMMHaHTa
KOHQOUIypaunoHHOro B3anMO4ENCTBMS Ha NpuMepax KOopaAMHaUNOHHBbIX coeanHe-Hun meau(ll)
cummetpumn C2v, D2h n D4h.

Tema 17. BpalwatenbHble U saepHble CMHOBbIE COCTOSIHUS. Bpall,arenbHble BOSIHOBbIE
c¢pyHkumun. NMpaeuna or6opa. MHTEHCMBHOCTb BpaLaTesibHbIX Nepexonos. CBsi3biBaHME CMUHOB
snep no Kne6bwy-ropaaHy. Henpusoaumbie npencraBneHUs soepHbIX CIMHOBbIX COCTOSIHUIA U
cnektpbl AMP. CBepxToHKOe pacluenneHue B cnektpax JlP.

noMallHee 3afaHue , NpUMepHbIe BOMPOCHI:

3anuwnTe BbipaxeHus Ons BpalaTebHbIX BOMHOBbLIX (OYHKLUWA 1 YPOBHEN SHEPIN CUMMETPUYHOIO
N acuMMeTpuyHOro Bonyka. lNMpoeennte knaccmdmkaumio 3Ha4eHunin J n K no HenpmeoanMbiM
npencTaeneHnsm ons monekyn cummetpun Td, C3v n C2v. Cchopmynupyiite npasmna otbopa ons
MMKPOBOMHOBOIO MOrnoweHns. Kak ¢ NnoMoLwbio TeopMy CUMMETPUN MOXHO ONpenennTb
cTaTUCTU4eckre Beca BpallaTenbHbIX COCTOSHUIA U UHTEHCUBHOCTb BpallatesibHblX Nepexonos?
OnwnwwnTe cBs3biBaHWE cnnHOB saep no Knebwy-IropaaHy Ha npu-Mepe MONeKyn xnopMetaHa un
goTopMeTaHa. BbinonHuTe aHann3 HenpyMBOANMbIX MPEeLACTaBNEeHNA SOePHbIX CIMHOBLIX COCTOSAHUIA Y
cnekTpos SIMP ¢ ncnonb3oBaHveM rpynn NnepectaHoBOK U Me-ToAa NPOEKLUMOHHbIX ONepaTopoB Ha
npuvMepe Monekyn MetaHa u atuneHa. BeinonHUTe aHannM3 CBEPXTOHKOro pacluenneHns B CnekTpax
9IlNP komnnekcos meau(ll). Hangute HenpusoaMble NpeacTaBneHns Ans BCeX NMPOTOHHbIX CMUHOBbIX
COCTOSIHWIA MONEKY/bl aMMMaka. YCTaHOoBUTE, Kakas KoMbuHaums BpalatenbHbix U KonebaTtenbHbIx
COCTOSIHWIA fienaeT paspeLleHHbIM anek-TPOoHHbIN nepexon B1u ? A1g B 6eH3one.

Tema 18. AcnekTbl CAMMETPUM B MEXaHM3MaX XMMUYECKUX peakuui. AHanu3 CMMMeTpum.
MpaBuna ot60pa. AnekTpoumKanyeckme peakumn. Peakumm uuknonpucoeanHeHus. Peakuum
neperpynnupoBKU U 3IMMUHMPOBaHUSA. CTPYKTYpHasi HEXeCTKOCTb, BUOPOHHbIE U
pPOBUOPOHHbIE 3 PEKTbI U UX POJ/Ib B XMMUYECKMX peaKkLUsX.

KOHTponbHas paboTta , NpUMeEpPHbIE BONPOCHI:

Yrto npencrtaenset cobow rpynna xmMMmnyeckon peakumm? MIanoxmre sHepreTnyecknii noaxon K
OMNMCaHUIO peakLnii B TEPMUHAX raMunbToHMaHa. OnpenenuTe paspelleHHbie U 3anpeLLeHHble
peakuun. CchopmMynmpyinte Tpy npasuna otbopa ANs 3anpeLleHHbIX NN HECOrNacoBaHHbIX peakLunii,
npasuna Bynsopaa-XodpdmaHa. BeinonHuTe aHanms cuMMeTpum anekTpoLMKIMYECKNX peakumi Ha
nprumepe nsomepnsaumm bytagueH - UMknobyteH. NpoaHanmanpyinTte CUMMETPUIO peakLmii
LUUKNONPUCOEONHEHNS Ha NMpMepe AnMepusaunn atuneHa. PaccMoTpuTte CUMMETPUIO peakuuni
neperpynnupPOBKN Ha NpUMepe COornacoBaHHOro nepeHoca AByxX CBA3aHHbIX o-rpynmn. BoinonHute
aHanma3 CMMMeTpUM peakunii SNMMMHUPOBaHNS ¢ 0O6pa3oBaHNEM pagmnkanos Ha npumepe ooTonmaa
N TEPMONN3a UMKNoNeHTaHoHa. lNMpoaHannanpyinTte CTPYKTYPHYHO HEXECTKOCTb, BUOPOHHbIE 1
POBUOPOHHBLIE 3CPAEKTHI 1 NX POSb B XMMUYECKMX peakuusix. Ha ocHoBaHWM aHannsa CUMMETPUM
chenanTte 3akoyeHe 0 TOM, paspeLleHa N TepMUYecKkn Unn gOOTOXMMUYECKN peakumns
npespalleHns aueTuneHa B 6eH3on. KoHTponbHas paboTa

Tema . UToroesasi popma KOHTpons

MpuMepHbIe BONPOCHI K 3a4eTy:
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NMPUMEPbBI BUNTETOB
K KOHTPONbHOW paboTe

Bunert 1
1. NpuBeauTe BCe onepaLmm CUMMETPUN TOYEYHOM rpynnbl S6.
2. MpownsseauTe pedykumio npoussenenus npenctasnequii EJE B toueyHoit rpynne C3v.

Bunet 2
1. MpuBeauTe BCe onepaLmm CUMMETPUMN To4YeyHoM rpynnbl C3v.
2. MpownseeauTe peaykumio npoussenerus npeactasnequii E'lE" B ToueyHoit rpynne D3h.

Bunet 3
1. lNpuBeamnTe BCE onepauumn cuMMeTpumn TodedHorn rpynnsl C3h.
2. [ponseeguTe penoykumio Npon3seneHns npencrasneHui E[E B ToueuHoi rpynne Td.

bunert 4
1. lNpunBeaunTe BCe onepaumm CUMMETPUKN ToYeyHou rpynnbl D4
2. [ponseeguTe penoykumio Npon3seneHns npencTasneHui E0T1 B Toueuron rpynne Td.

Bunet 5
1. NpuBeaunTe BCe onepaLmm CUMMETPUKN TodeyHom rpynnsl D2h.
2. [NpousseguTe penykumio Npon3seneHns npencrasneHui E[T2 B Toueuron rpynne Td.

Bunet 6
1. NpuBeauTe BCe onepaLmm CUMMETPUKN ToYeyHom rpynnsl D2d.
2. [Nponssenute penykumio nponsseneHns npeancrasneHnii T1 [T1 B TOUEYHOIA rpynne O.

bunet 7

1. lNpuBeauTe BCe onepaumm CUMMETPUM TOHEYHON rpynnbl Td.

2. [NpounseeguTe penykumio Npon3seneHns npeacTasneHum T2[T2 B TO4EUHOM rpynne O.
Bunet 8

1. MNpuBeamnTe BCE ONepaLmm cuMMeTpumn TodedHor rpynnbl O.

2. MpownssenuTe pedykumio npoussenenus npenctasnequii T10T2 B ToyeyHoit rpynne O.

Bunet 9
1. MNpuBeamnTe BCE ONepaLnm cumMmMeTpumn TodedHorn rpynnb Oh.
2. [ponseeguTe penykumio Npon3seneHns npeacrasneHui AlA B ToueuHoi rpynne Ceov.

Bunet 10
1. MNpuBeOuTe BCe onepauny CUMMETPUU To4eYHOM rpynnsl |h.
2. [Nponseegunte penykumnio Nnpon3seneHns npeacTasneHunmn MullMu B ToueyHoi rpynne Deoh.

Buner 11
1. lNpuBeauTe BCe onepaLmm CUMMETPUN TOYEYHOM rpynnbl Deoh.
2. [NponseeguTe penykumio Npon3seneHns npencTasneHui T1g|:|T1g B To4e4yHom rpynne |h.

Bunet 12

1. MpueeauTe Bce onepaumm cummeTpumn TodedHon rpynnsl Rh(3).
2. MpousseaunTe peaykumio npoussenenus npeacrasneHnii Dg(1)IDu(3) B ToyeuHoi rpynine Rh(3).

BANETHI
K 3a4eTy

Bunet N 1

1. DnemeHTbl 1 onepaunm TOHEYHON CUMMETPUN: NHBEPCUS, OTPaXEHWE B MIOCKOCTU CUMMET-pUM,
cobCTBEHHOE BpalleHne BOKPYr OCM CUMMETPUMN.

2. Matpuupl npeobpa3soBaHunii ons onepaumnin cummeTpumn. OTobpaxeHus, N30- 1 roMOMOPKN3M.
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3. BbInonHUTL OTHECEHME Nonapu3aumn aNeKTPOHHbIX d-d NepexonoB B CNEKTpax MOHOKpUCTan-noB
komnnekcos meau(ll) cnmmetpun D4h (D2d).
bunet N 2

1. OneMeHTbl 1 onepaunm TO4EeYHON CUMMETPUN: HECOBCTBEHHOE BpaLLEHNE, TOXOECTBEHHOE
npeobpasoBaHue.

2. MpencrtasneHus rpynn. Henpmeoanmblie NpeacTaBNeHNs 1 X OCHOBHblE CBOVCTBA. Tabnmupl
XapakTepos To4eyHbIx rpynn C2 n C3.

3. 3anucartb MaTpuubl, oTBEYarwWwmne reHepaTopam To4eyHom rpynnbl C3v.

Bunet N 3

1. OnemeHTbl cummeTpum TodeyHblx rpynn C1, CS, Ci, Td, Th, T; Oh, O; |h, I. OcobeHHoCTH
Herpe-pbiBHbIX TodeuHbix rpynn Cllv, Dh n Rh(3).

2. Tabnuua xapakTepoB TodeyHoin rpynnbl C2v. drnanyecknii CMbICN HENPUBOAUMbIX
npeacTasfe-HUN Ha NPUMEPE MONEKYNbl BOAbI.

3. MNMpomnssecTn penykuuio npencrtasneHms I B TodeyHow rpynne C3v:
C3v E 2¢3 3llv
Mr410

bunetr N 4
1. OneMeHTbl cMMMeTpun TodedHbIx rpynn Cn, Sn, Cnv, Cnh; Dn, Dnh n Dnd.

2. Cnocobbl ccTEMaTMYECKOro NoCcTPOeHNs Tabnuw, xapakTepoB Ha OCHOBE FreHepaTopPoB rpynm 1
npounsseneHuns noarpynn. Ob6osHaveHUs npenctaeneHnin no MannvkeHy.

3. OcywectsuTb pegykuno npenctasneHnsa Du(1) rpynnsl Rh(3) k C3v.
Bunetr N 5
1. OnpeneneHune Tna CUMMETPUN 1 Yyucna konebaHuin, akTmeHbix B VK- n KP-cnekTpax.

2. Penykuns npuBoauMblx NnpeacTasneHnin. @opmyna pasnoxeHusi. Peaykums nponsseneHus
OBY-KPaTHO BbIPOXAEHHbIX HEMPVBOAMMbIX NMPEACTABNEHWIA.

3. OnpepnennTtb TOYEYHYIO rpynny cumMmeTpumn komnnekcHoro noHa Cr(DAB)33+ (DAB -
2,3-anamnHobyTaH). iMeeT nnm oH onTUYeckyto akTMBHOCTb Y AUMNONbHbIA MOMEHT?
Bunet N 6

1. Kputepuin ontnyeckoin aktueHoCcTU. OnTrnyeckas akTMBHOCTb KOMIMIEKCOB.

2. Matpuubl npeobpasosaHunii 1 HenpuBoAMMble NpeacTasneHns rpynn cummetpun R(3) n Rh(3).
MpownseeneHns HenpuBoaumMbix npenctaenexHnin rpynn R(3) n Rh(3), opmyna Knebwa-MopaaHa.

3. MNocTtponTb BCe BMHApPHbIE NPOM3BEAEHNS HENMPUBOAUMBIX MpeacTaBneHunii rpynnol C4v.

Bunet N 7

1. OKBMBaneHTHble aTtoMbl. CTEPEOXMMNYECKN HEXECTKME CTPYKTYPbl KOMMNIEKCOB.
LunacTtepeo-Tonnsa n npoxmpanbHOCTb.

2. Henpueoaonmble npeactaeneHust n knaccugpukaums tepmos. Knaccudomkaums TepMos
cBoboa-HOro atoma.

3. 3anncaTb MaTpuLbl, OTBEYaloWMe reHepatopam To4eyHor rpynnbl D3.

Bunet N 8
1. YeTblpe OCHOBHbIX CBOMNCTBA MaremMartnyeckom rpynmbi.

2. PacwenneHwne OOHO3NEKTPOHHbIX d-Op6VITaerI7I B KpUCTaMIN4eCKnX nonsx paSHI/I‘-IHOVI
CUMMET-pUN. an/IHLI,I/II'IbI OONOJIHNTENIbHOCTN KOH(*)VIpral_lVIVI n nHBepcun ypOBHeVI B
OKTaspn4eCkoM 1 TeTpasgpn4eCckom nonsx. [MoHsaTME O KOPPENAUNOHHbIX Tabnuuax.

3. BbiNONHUTL penykumio Npon3BefeHNs HeNnpUBOAMMbIX MPencTaBneHnin B1E20E1 B ToueyHoit
rpynne D6 no naHHoi Tabnuue xapakTepos.

Bunet N 9

1. Tabnuua ymMHOXeHns anga rpynnbl. [oarpynnbl, unknnydeckme 1 abenesbl rpynnbi.

2. MexanekTpoHHOe OTTankmBaHue 1 CnuH-opbutanbHoe B3anmonenctaune npu LS- u jj-cessu.
ATOMHbIE TEPMBI.
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3. OcywectuTb penykuno npenctasneHnsa Du(1) rpynnel Rh(3) k C2v.
Bunetr N 10
1. NpeobpasoBaHune Nnoaobusi (onepaums conpsixeHns). Knaccol Conpsixk€HHbIX 31EMEHTOB.

2. PacwenneHvne noa OencTBmMeM CI'IVIH-Op6VITaJ'IbHOFO B3aMMOLenCcTBuMA TEePMOB C Ueno4ncrneH-HbiMn
n nonyuenbiMn 3Ha4YE€HNAMN J. [1BOliHbIE rpynnbl 1 ABy3HA4YHblE NpencTaBneHns.

3. Onpepenntb ToYeYHble rpynnbl cuMmeTpumn nnaHapHoro noHa Ni(CN)42- ¢ npsambiMK CBA3AMM
Ni-C-N 1 uzorHytbimMu cesizsimm Ni/C\N.

Buner N 11

1. leHepatopsbl rpynnbl. [psMbie 1 NonynpsMbie NPOU3BEOEHMS TPYNM.

2. PacwenneHune TepMoB KoHpurypauum d2 B cnabom 1 CUIbHOM KPUCTaNINYECKMX Nonsix
cum-metpum Oh. OnpeneneHne CNMHOBOW MyNbTUMAETHOCTN COCTOSIHMIA METOOOM CHUXEHUS
cummeT-pun. umarpammel TaHabe-CyraHo.

3. Onpepnenntb To4eYHbIe rpynnbl cuMmeTpumn monekyn unc-PtCI2Br2 v TpaHc-PtCI2Br2.

Bunetr N 12

1. CkansipHoe Npou3BeneHne BEKTOPOB 1 MaTpul,. basuncHele BekTopsbl. MpeobpasoBaHune nonobus
ons matpuu,.

2. DNEeKTPOHHbIE CMEKTPbI KOMMNEKCOB nepexodHblx d-metannos. duarpammbel Oprena ons cny-4aes
D- n F-TepMOB OCHOBHOr0 COCTOSIHUS B KpucTanandeckux nonsx cummetpumn Oh n Td.

3. MocTponTb Tabnmuy xapakTepoB ons To4eyHor rpynnbl C3h Ha OCHOBE OaHHOM Tabnumubl
xa-paktepos rpynnbl C3.
Bunetr N 13

1. Henpvieooumble npenctasnenus rpynn Cllv, DIh u TepMbl nuHeliHbIX MONEKYN B CUHIETHOM U
TPWNIETHOM COCTOSIHUSIX.

2. I'Ipanma 0T60pa Onda MaTpudHbIX 3JTIEMEHTOB. MomeHT nepexona. M CTOYHNKM NHTEHCMBHOCTH
3anpelweHHbIX nepexonos.

3. MocTponTb Tabnuuy xapakTepoB Ons TodedHoi rpynnbl D4h Ha ocHoBe maHHOI Tabnumubl
xa-pakTtepos rpynnbl D4.

bunet N 14

1. CnmmeTpuyeckas rpynna nepecrtaHoBok. Jduarpammbl FOHra.

2. Cant-cummeTtpus u cummetpust MO.

3. MNocTponTb Tabnuuy xapakTepoB ans ToyeyHor rpynnel D6h Ha ocHOBe maHHOW Tabnuupl
xa-paktepos rpynnbl D6.

Bunet N 15

1. CuMMeTpuyeckme rpynnbl NepecTaHoOBOK C MHBepcuen (rpynnbl JIoHre-XurruHca).

2. MpoekumnoHHble onepaTopbl 1 MO JIKAO.

3. Onpenenntb TN CUMMETPUK 1 Yncno konebaHuin, aktueHblx B VIK- n KP-cnektpax, ons
kom-nnekca [NiCl4]2- cummeTpum D4h.

bunetr N 16

1. IsoauHamuyeckne onepauun. Cyneprpynna WpenouHrepa.

2. BpawarenbHble BonHoBble hyHKLMK. [paBuna otbopa.

3. HanTtun HenpuBoauMbie NpeacTaBNeHNs AN BCEX CMMHOBbLIX COCTOSIHMIA aTOMOB oTOpa B
mone-kyne BF3.

Bunetr N 17

1. MNpasuna Byneopaa-XodpgpmaHa.

2. Henpusoonmble npeactaBneHns aaepHbIX CMMHOBbLIX COCTOSHUIA 1 criekTpbl AMP.

3. BbinonHuTb KNaccudmkaumio 3HadeHmin J u K no HenpveoanMbIM NpeacTasneHvsam ons
KoM-nnekca [FeBr4]- cummeTpun Td.

Bunet N 18
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1. Teopus cuMmeTpumn B aHanmse KOHUrypaumoHHbIX B3aMOLENCTBUN.
2. BMOpoHHbIE 1 pOBUOPOHHBIE 3CPHEKTBI M UX PONb B XMMUYECKMX PeaKLNSX.

3. MeToaoM caiiT-cMMMeTpUM HaliTh HopMasbHble KonebaTtenbHble MOAbl MeTaNN-NUraHa ons
komnnekca [CuCl4]2- cummeTpun Td.

7.1. OcHoBHas nuTeparypa:

1. AxmeToB H.C. Obwas n HeopraHmnyeckas xmmMusi: y4ebHuUK ons By30B. 7-€ u3g., ctep. - M.: Boicwas
wkona, 2009. - 743 c.

2. 'enbcpmaH M.U., KOcTpatos B.I. HeopraHnyeckas xumns. [SnekTpoHHbI pecypc] - 2-e uag. -
CaHkT-lMeTepbypr: JlaHb, 2009. - 528 c.

Pexwum goctyna: http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=4032

7.2. lononHuTenbHasa nureparypa:

1. AMuHOB, J1. K. Teopus cummeTpun (KpaTkne KOHCMEKTbI NeKunid n 3anayn) : ydebHoe nocobue ans
marnctpaHTos gous.dpakynbteta. Y. 2 / J1.K.AMuHoB . - KasaHb, 2000. - 82 c.

2. ®epotos M.A. SoepHblii MArHUTHbIA PE30HaHC B HEOPraHMYeCKom 1 KOOPANHALMOHHOW XUMUN.
PacTBopbl 1 XnakocTn [ONeKTpoHHbIN pecypc]. - M.: duamarnut, 2010. - 384 c.

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

7.3. UHTepHeT-pecypcChl:
. Cant ?AmunHoB ? Teopus cummeTtpun? - hitp://www.znaika.org/?q=teorija-simmetrii

Mocobne ?H.A. MNMoknoHckmin. ToYeyHble rpynnbl CUMMETpUnN? -
http://www.kinetics.nsc.ru/chichinin/books/spectroscopy/Poklonskii03.pdf

Cant ?CummeTpus B npupoge? -
http://900igr.net/prezentatsii/geometrija/Simmetrija-v-prirode/024-Simmetrija-v-prirode.html

Cant ?CummeTpus reometpuyecknx douryp? - http://graphics.distant.ru/nachgeom/05.html

Cait ?9nekTpoHHas 6nbnmoteka y4ebHbix Matepmanos no xmmuu. MN.M. 3opkuit. CummeTtpus
MONEKYN 1 KPUCTaNIMYEeCcKnx CTpykTyp? - http://www.chem.msu.su/rus/teaching/zorkii2/welcome.html

CummeTtpus - hitp://www.znaika.org/?q=teorija-simmetrii

8. MarepumanbHo-TexHU4YecKoe obecrneyeHne oUCLUNAUHbI(MOAYNS)

OcBoeHMe ONCUMNANHDI "Teopvm CUMMETPUN B KOOPANHALIMOHHON xmmmmn" npegnonaraet
ncnonb3oBaHme cnegywowero MmarepmnanbHO-TEXHNYECKOro obecneyeHuns:
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MynbTumMeauiiHas ayautopusi, BMECTUMOCTbO 6onee 60 Yenosek. MynbTumMeaniiHas ayautopus
COCTOUT N3 UHTErPUPOBAHHBIX UHXEHEPHbIX CUCTEM C €AUHOWN CUCTEMON yNpaBneHns, OCHalWeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCNPOU3BEAEHUS U BU3yanu3auum noboit Buaeo n ayamno
NHdpopMauuu, NOyYeHNs 1 nepenadn SNeKTPOHHbIX JOKYMEHTOB. TUNoBasi KOMMIeKTaLms
MyNbTUMEOMNAHOM ay AUTOPUN COCTOUT U3: MyNbTUMELMIHOrO NPoeKTopa, aBTOMaTN3NPOBAHHOIO
MPOEKLIMOHHOrO 3KpaHa, akyCTUYECKO CUCTEMDI, a TaKXe MHTepPaKTMBHONM TpMbyHbI NpenoaaBsaTens,
BK/IlOYaloLWen Ta4y-CKpMH MOHUTOP C AMaroHasnblo He MeHee 22 Ol0IMOB, NepCcoHalbHbI KOMMbIOTEP
(C TexHnyecknmm xapaktepucTukamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHJOepeHL-MUKPOOH, 6ecnpoBoaHOM MUKPOGIOH, 610K ynpaeneHns obopynoBaHUeM, MHTEPAENChHI
noakntoyermns: USB,audio, HDMI. MiHTepakTBHas TpmbyHa npenoaaBaTtens sBnsieTCcs KMo4eBbIM
3N1EMEHTOM yrpaBneHns, 06 beANHSIOWMNM BCE YCTPONCTBA B EANHYIO CUCTEMY, U CIYXUT
NONHOLIEHHbIM paboymm MecToM npenoaasatens. MNpenoaaeatens MMeEET BO3MOXHOCTb JIErKO
ynpaBnsiTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONSIET MPOBOANTL NEKLMMW, MPaKTUYEeCKNe
3aHATWA, Npe3eHTauun, BebrHapbl, KOHEPEHUNM U Opyrie BUObl ayAUTOPHON Harpy3Ku
obyyatowmxcs B yA06HON 1 DOCTYMHOW ANSt HAX CPOPME C MPUMEHEHNEM COBPEMEHHbIX
NHTEPaKTMBHbIX CPeaCcTB 0Oy4eHMs, B TOM YMC/e C MCNONb30BaHMEM B NpoLiecce 0by4yeHuns Bcex
KopnopaTuBHbIX pecypcoB. MynbTumMeouinHas ayautopus Takxke oCHalleHa WupPOoKOrnonOCHbIM
LOCTYNOM B CETb MHTEpHET. KomnbloTepHoe 060pynoBaHMEM NMEET COOTBETCTBYIOWEE
NVLEH3NOHHOE NporpaMmMHoe obecneyeHue.

OucumnnmHa obecrneyeHa KOMNbloTePaMm, NPOEKLIMOHHON TEXHNKOW, CKAHEPOM, MPUHTEPOM,
neyYaTHbIMM N3LaHUSAMU W 3NEKTPOHHBIMM KOMUSIMU OCHOBHbIX Y4eBHMKOB, a Takxe 6asaMun JaHHbIX 1
NHTepHeT-pecypcamu.

Mporpamma cocTtasneHa B cootBeTcTBumn ¢ TpeboBaHnsmm ®rOC BINO 1 y4ebHbIM nnaHoM no
cneuwnanbHocTtn: 020201.65 "PyHoameHTanbHaa v npuknagHas xmmms" 1 cneuyvannsaumm
HeopraHnyeckas xumus .
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ABTOpP(bI):

WrbipnuH B.I'.

" 201 __r.
PeueH3eHT(bl):

Hesstos ®.B.

" 201 __r.
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