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Mporpamma ancumnivHbl "Teopusi cUMMETpUN B KoopanHaunoHHom xumun"; 04.05.01 "®PyHaameHTanbHasa v npuknagHas xmmms".

CopepxaHue

1. MNepeyeHb NnaHMpyeMbix pesynbTaToB 00y4eHWs No AMCUMUMIMHE (MOAY0), COOTHECEHHBIX C MNaHUPyEMbIMIA
pesynbtatamm ocsoeHms OlNMOI BO

2. MecTto gucumnnuxbl (mogyns) B cTpykType OIMOI BO

3. Obbem oncumnnnHbl (MOJJ,yJ'ISI) B 3a4€THbIX eOnHMUAax C yka3daHneM Konmyectsa 4acoB, BblAeNNIeHHbIX HA KOHTakKTHYHO
paboTy obyyatowmxcs ¢ npenogasatenem (Mo BuoamM y4ebHbIX 3aHATUI) 1 HA CaMOCTOSITeNbHYO paboTy 0byHaroWwmnxcs

4. CopepxaHue OMcuMnInHbl (MOayns), CTPYKTYpUpPOBaHHOE Mo TeMaMm (pa3fenam) ¢ ykasaHueM OTBeAEHHOro Ha HIX
KONMYeCTBa aKa4eMN4ecknx YacoB 1 BULOB yHeOHbIX 3aHSATUM

4.1. CTpyKTypa 1 TEMATNYECKMIA NMNaH KOHTAKTHOW 1 CAMOCTOSITENBHOM paboThl MO AUCLMNANHE (MOAYIIO)
4.2. ConepxaHue oMcuMnanHbl (Moayns)

5. NepeyeHb y4ebHO-MeToAMYECKOro 0BecrneyeHmnst AN CaMOCTOSTENbHOM paboTbl 0byyarowmxes no AUCLUUNInHe
(Momynio)

6. POHA OLEHOYHbIX CPEACTB NO AUCUMNIMHE (MOLOYHO)
7. MNepeyeHb nutepatypbl, HEO6XOANMOW A1 OCBOEHWS LMCLUMNAMHBI (MOAYNS)

8. MepeyeHb pecypcoB NHPOPMALIMOHHO-TENEKOMMYHUKALIMOHHOW ceTh "IHTepHeT", He0bX0ANMbIX AJ1s1 OCBOEHUS
ANCUUNAnHBI (MOayns)

9. MeTonmyeckue ykasaHusi ons oby4arowmnxcs no 0CBOEHWIO JUCUMIIHBI (MOZYNS)

10. MNMepeyeHb MHAOPMALMOHHBIX TEXHONMOTWIA, UCMOMNb3YEMbIX NPY OCYWECTBNEHM 06pasoBaTeNnbHOro npouecca no
OMCUMNIVHE (MOAYNio), BKNloYas NepeyeHb NporpaMMHOro obecrnedeHns n MHOPMALIMOHHbBIX CMPaBOYHbIX CUCTEM (NpK
HeobX04MMOCTHN)

11. OnncaHue maTepuanbHO-TeXHUYecko 6a3bl, He0BX0AMMOI ANs ocylecTBNeHNs 0bpa3oBaTeNbHOro npoLecca no
OMcumnnanmHe (MoLynto)

12. Cpe,EI,CTBa agantaunm npenonaBaHnua oUCUNNNNHDI (MO,EI,yJ'I;I) K I'IOTpeéHOCTFIM 06yqa|ou4v|xc;| MHBanNnOoB 1 nny, C
orpaHn4eHHbIMM BO3MOXHOCTAMN 300p0BbA

13. MNpunoxeHne Ne1. doHA OLEHOYHbIX CPEaCTB
14. MpunoxeHue Ne2. MNepeyeHb nTepaTypbl, HEOHXOAMMON NS OCBOEHWS OUCLIMMNWHBI (MOLYNS)

15. MpunoxeHue Ne3. NepeyveHb NHPOPMALIMOHHBIX TEXHONOMNIA, UCMOMNb3YEMbIX OS5I OCBOEHUS OUCLMIMIMHBI (MOSYy”Ns),
BK/I0YAS NepeyeHb NPOrpaMMHOro obecneyeHms N MHEOOPMALIMOHHBIX CMPaBOYHBIX CUCTEM
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Mporpamma ancumnivHbl "Teopusi cUMMETpUN B KoopanHaunoHHom xumun"; 04.05.01 "®PyHaameHTanbHasa v npuknagHas xmmms".

Mporpammy omucuunnmHebl paspabotan(a)(n) LouUeHT, K.H. (aoueHT) WrbipnuH B.I. (Kaghenpa HeopraHUy4eckoi Xummm,
Xummnueckuin nHctutyt um. A.M. Bytneposa), Valery.Shtyrlin@kpfu.ru

1. MepeyeHb NNaHMpyeMbIX pe3ynbTaToB 06yyeHUs No QUCLUNINHE (MOOYNI0), COOTHECEHHbIX C MIaHUPYEeMbIMU
peaynbtatamm ocBoeHns OMOIM BO

Obyuqarowumitcsi, OCBOVBWNIA AUCLUNAUHY (MOOY/b), LOMXEH obnanaTtb cneayowmnmMy KOMNeTEHLUAMU:

LWndop PaclumndppoBka
KOMMNeTeHLuun npuobpeTaeMorn KOMNeTEHLUN
MK-1 CnocobeH 1cnonb3oBaTh NOMyYeHHbIE 3HAHNS TEOPETUYECKNX OCHOB

ChyHOaMeHTaNbHbIX Pa3fenoB XMMUW NPY PeLIeH NPOPECCUOHANbHBIX 3aAau

O6yyatolmiics, 0OCBOVBLUNIA AUCLUMANHY (MOOYNb):
JlonxeH 3HaTb:

3NEMEHTBI 1 OMepaLnn TOHYEYHON CUMMETPUMN, MATEMATUHECKNI 1 (PU3NYECKIIA CMBICT HEMPUBOOUMBIX
npencTaBneHuid, Cnocobbl CUCTEMATMHECKOrO NOCTPOEHNS Tabnmy, xapakTepoB HA OCHOBE FreHepaTopPOoB rpynmn 1
NpPoV3BELEHUS MOArPYyn, POPMYNy PA3N0XEHUS 1 NPOVN3BELEHUS HEMPVBOAMMbIX NMPELCTABNEHWIA, ABONHBIE FPYMMb
1 LBy3HA4Hble NPeLCcTaBneHns, anrebpanyeckyto TEOPUIO Py, onepauun ¢ BEKTopamu 1 Matpulamm,
HENpUBOAVMbIE NPELCTABNEHUS FPYMNM CUMMETPUM 1 UX OCHOBHbIE CBOMCTBA, PeAyKLMI0 NPUBOAMMbIX NMPEACTABNEHWA
Mo CUMMETPWM 1 Knaccudpmkaumio TEPMOB aTOMOB M MONIEKYN, Npasuia oTéopa Ans MaTprYHbIX SN1EMEHTOB,
CMMMETPUWYECKUE FPyNMbl NEPECTAaHOBOK, Anarpammbl KOHra, CMMMETPUYECKUE FPyMMbl NEPECTAHOBOK C MHBEPCHEN,
CaiT-CUMMETPUIO, MPOEKLIMOHHbIE OMNepaTopbl, KOH(PUIYPALMOHHOE B3aUMOLENCTBME, HEMPVBOLVMbIE
NpPencTaBNeHUs SOEPHbIX CMIUHOBbLIX COCTOSHWMA, aCMEKTbl CUMMETPUN B MEXAHU3MAX XMMUYECKIX PeakLmi,
BUBPOHHbIE 1 POBUBPOHHBIE 3CPIEKTBI 1 UX POJIb B XUMUYECKMX PEAKLIMSIX.

JonxeH ymeTb:

OpUMeHTUpOoBaTbCS B Tabnvuax xapakTepoB rpynn, acnekTax CUMMeTPUM B TeOpUM KPUCTaNIn4Yeckoro nons,
KOPPEeNsILMOHHbIX Tabnuuax, TepMax MHOrO3IEKTPOHHbIX COCTOSIHUN, OLLeHMBATb PO/b MEX3/1EKTPOHHOIo
OTTanKMBaHUS 1 CNH-0pbUTanbHOro B3anMoaencTeus npu LS- u jji-ceasm, npumenste cyneprpynny WpeauHrepa,
oLleHMBaTb CBA3bIBaHME CnMHOB saep no Knebwy-MopaaHy, HaxoouTe HENPUBOAMMbIE NPELCTaBNEHUS SAepPHbIX
CMHOBbBIX COCTOSIHWIA, OLIEHNBATb CBEPXTOHKOE pacluenneHune B cnektpax JlP.

JonxeH Bnanetb:

HaBblkamu NPYIMEHEHMNS MOHATWIA TEOPUM CUMMETPUM K @aHaNN3y ONTUYECKON aKTUBHOCTW, ANMNOMbHBIX MOMEHTOB,
CTEPEOXMMMNYECKM HEXECTKMX CTPYKTYP, SKBUBANEHTHbIX aTOMOB M ANacTepeoTonnn, 3NeKTPOHHbIX, VK- 1
KP-cnekTpoB, K OTHECEHWIO 3NEKTPOHHbIX NEPEX0A0B B CMEKTPAX NONSPU30BAHHOrO U3Ny4eHWs, rpynmn CUMMETpUN
HEeXEeCTKMX MONEKYI, K aHanvay anekKTPOHHON CTPYKTYPbl MONEKyN, BpalaTenbHbIX COCTOSHUIA, cnekTpos AMP un 3MMP,
CYMMETPUN B MEXaAHN3MaX XMMUYECKMNX peakLii.

JonxeH 0eMoHCTpUpoBaTb CNOCOBHOCTb M FOTOBHOCTL:!

NPUMEHEHUS NOHATUIA TEOPUN CUMMETPUM K aHaNn3y ONTUYECKOW aKTUBHOCTW, AN-NONbHBIX MOMEHTOB,
CTEPEOXMMMNYECKM HEXECTKMX CTPYKTYP, SKBMBANEHTHbIX aTOMOB M ANacTe-peoTonun, anekTpoHHbIX, NK- n
KP-crnekTpoB, K OTHECEHWIO 3NIEKTPOHHbIX NEPEX0L0B B CNEK-Tpax Nofspu30BaHHOMO U3NYYEHNS, rpynn CUMMETPUM
HEXEeCTKMX MOMEKyn, K aHann3y anNeKTPOHHOWM CTPYKTYpbl MONEKYN, BpawartenbHbIX COCTOSHWIA, cnekTpos AMP un 3P,
CYMMETPUN B MEXaHN3MaX XMMUYECKMX peakLnii.

2. Mecto aucuunnuHel (Moayns) B ctpyktype OMOIM BO

HaHHas oncuunnuHa (mogynb) BkatodeHa B pasgen "61.B.[B.15.02 OucumnnmHel (Mogynm)" OCHOBHOW
npogoeccroHanbHol obpasosaTtenbHoi nporpamMmel 04.05.01 "dyHoaMeHTanbHas 1 NpuknagHas Xumms
(HeopraHuyeckas xumns)" 1 0THOCUTCS K AUCLMNAUHAM NO BbiGOpy.

OcBauBaetcs Ha 4 kypce B 8 ceMecTpe.

3. O6beM AUCUMNMJINHDI (MO,IJ,ynSl) B 3a4eTHbIX eanHMLUaxX C yKkasaHueM Konmyectea 4acoB, BblOe/iIeHHbIX Ha
KOHTaKTHYI0 paboTy obyuyatoLmxcs ¢ npenogasarenem (Mo Buaam yuebHbIX 3aHATUIN) U HA CAMOCTOSITENIbHYHO
paboty obyuaromxcs

O6was TpynoeMKOCTb ANCLIMNNHBI COCTABASET 2 3a4eTHbIX(ble) eAnHWL(bI) Ha 72 yaca(oB).

KoHTakTHas paboTa - 40 4aca(oB), B TOM Yucie nekuun - 40 yaca(oB), npakTnyeckne 3aHsaTus - 0 yaca(os),
nabopatopHble paboTbl - 0 Yaca(oB), KOHTPOMb CaMOCTOSITENbHOW paboThl - 0 Yaca(os).

CamocTositenbHas paboTta - 32 yaca(os).
KoHTponb (3a4éT / ak3ameH) - 0 yaca(os).
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CDopMa NPOMEXYTOYHOro KOHTPOJIA ANCUUNIINHDI: 3a4€eT B 8 ceMecTpe.

4. CopepxaHue aucLUUNAuHbI (MOOYyNs), CTPYKTYPUMpPOBaHHOE NO TeMaMm (pa3penam) ¢ yKkazaHueMm OTBeAEeHHOro Ha
HUX KOonyecTBa akageMunyeckmnx yacos v BuaooB yqe6|-|b|x 3aHATUNA

4.1 CTpyKTypa 1 TemaTM4yeckuii niaH KOHTaKTHOM M CaMOCTOSITe/IbHOW PaboThbl N0 AUCLUNAUHE (MOBYNIO)

Buaobl n yachbl
KOHTaKTHOW paboThbl,

Paspenbl aucuMnInHbl NX TPyAOEeMKOCTb
N 0, aucumnn / Cemecrp) (3 wacax) CamocTosiTenbHas
mMomyns paborta
MpakTnuyeckuelabopaTopHbie)
KLun
Jleku 3aHATUA pa6ortbl
Tema 1. lNoHATME cuMMETPUK B
1 tbunocodunu N ecTeCcTBO3HAHUN. 8 > 0 0 5
" [T eomeTpuyecknii NoAxXoL K Teopum
cummeTpun. TouyeyHas cummeTpms.
Tema 2. [oHATUE O TOYEYHbIX
rpynnax cummetpun. Cnctemol
HayeHuin .
> 0603HauYEHUI TOYEYHbIX rPYnM 8 5 0 0 5

" |HeTbipe TMNa TOYEYHbIX rpynnm.
OcobeHHOCTU HeMpPePbIBHBIX
TOYEYHbIX Fpynmn.

Tema 3. Anroputm onpegeneHns
TOYEYHOMN rpynnbl CUMMETPUM
monekyn. Kputepuun Hann4ins
ONTUYECKOW aKTUBHOCTU U

3. |AMNONIbHOrO MOMEHTA. 8 2 0 0 2
OKBVBaNEHTHbIE aTOMbI.
CTepeoxmmmnyeckm HexecTkme
CTPYKTYpPbl KOMMNIEKCOB.
IwnactepeoTtonus.

Tema 4. AHTucuMMeTpus. CummeTpus

1 ODNCCUMMETPMS B NpUpoae v

4. |nckyccrse. PeweHve 3apay c
NPUMEHEHNEM FeOMETPUYECKOro

noaxoga K Teopuv CUMMETPUN.

Tema 5. Anrebpaundeckuii nooxom K
Teopumn cummeTpuin. OCHOBHble
CBOWCTBA MaTeMaTU4eckon rpynmnol.
5 Tabnuua yMHOXeHus ans rpynnbl.

" |Noarpynnel, unknndeckme 1 abenesol
rpynnol. NpeobpasosaHne nogobusi.
Knaccbl conpsiXeHHbIX 91EMEHTOB.

Tema 6. [eHepatopbl rpynmnbi.
MpownsseneHns rpynn. Onepaumm
Hap BekTopamu. Onepaunn Hag,
6. [Matpuuamn. KsagpartHble,

" leavHWYHbIE, oBpaTHble,
TPaHCMNOHVMPOBAHHbIE,
SPMUTOBO-COMPSAXKEHHBIE U
YHUTapHbIE MaTPULLbI.

Tema 7. NpeobpasosaHue noaobusi
ons matpuud. Matpuubl
npeobpasoBaHuii ans onepaunii

- [cummeTpun. OT06paxeHuns, n3o- u
" [romoMopdom3mM. Henpusoammble
npeacTaBneHns n NX OCHOBHbIE
cBolicTBa. Tabnuupl xapakTepos

rpynn.
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Paspenbl AUCLUANINHBI /
Momyns

CemecTp

Buabl un yachbl

KOHTaKTHOW paboTbl,
UX TPYA0EMKOCTb

(B yacax)

CamocrosiTenbHas
paborta

Nlekuunmn

MpakTuyeckme

3aHATUA

NabopatopHble

paboTbl

Tema 8. lNponsseneHns
HenpuMBOAMMbIX NPEeACTaBNEHWIA.
Tabnuubl Kanu. ®dusnyecknin cMmbicn
HenpuMBOAMMbIX NPeACTaBNEHWNIA.
Cnocobbl cCUCTEMaTUYECKOro
NOCTPOeHNs Tabnuu, xapakTepos.
Tabnuubl xapakTepoB TOYEYHbIX
rpynn n o6o3HaYeHus
npeacrtaeneHnn no MannunkeHy.

Tema 9. Penykumsa npusoamnmbix
npeacrtaenexHnin. dopmyna
pasnoxexus. Pegykums
Npou3BeneHUs HENPUBOANMbIX
npeactaenexHnin. dopmyna
Knebwa-lopnaHa.

10.

Tema 10. Henpusoaumbie
npeacTasneHns u knaccmukaums
TepmoB. Teopema 3.I1. BurHepa.
Knaccucprkaums Tepmos cBo60LHOrO
aroma. ACnekTbl CUMMETPUN B
TEopWU KPMUCTaNIM4ecKoro nons.
KoppensumnoHHble Tabnuubl.

11.

Tema 11. TepMbl MHOrO31EKTPOHHbBIX
COCTOSIHUIA. Henpreoammbie
NpeacTaBneHns n TEPMbl IMHERHbIX
monekyn. MexanekTpoHHoe
OTTankmMBaHUe U CMnH-opbrTanbHoE
B3avmogencTeune npu LS- u jj-caasn.
AToMHbIe TepMbl. Pacwennexuve
TEPMOB Nog OeACTBUEM
CNUH-0pOUTaNbLHOro
B3avmMoencTauns. [BoiHbie rpynnbl 1
[BY3Ha4Hble NpeacTaBneHns.

12.

Tema 12. PacwenneHvne TepMoB B
cnaboM 1 CUMBHOM KPUCTaNNNYECKNX
nonsx cummetpum Oh. OnpepeneHune
CMUHOBOW MyNbTUMNETHOCTM
COCTOSIHUIA METOA0M CHUXEHMNS
cummeTpun. duarpammbl
TaHabe-CyraHo. OnekTpoHHble
CMEKTPbI KOMMIEKCOB NEPEXOAHbIX
d-metannos. Ouarpammbl Oprena.

13.

Tema 13. MNMpasuna otbopa ans
MaTpPUYHbIX SNIEMEHTOB.
NHTEHCMBHOCTb 3NEKTPOHHBIX
nepexonos. MIcTo4HMKM
WHTEHCWMBHOCTM 3anpeLleHHbIX
nepexonos. OTHeCEHUE SNEKTPOHHbIX
nepexonoB B CrekTpax
NONSAPU3OBAHHOMO U3NYYEHNS.

14.

Tewma 14. Knaccudpmkaums
konebaHwWit Mo TMnam CUMMETPUN.
MpaBwna ot6opa Ansi NOrNoWeHNs
N3Ny4YeHnsl MONEKYNSPHBIMU
konebaHuamu. PeweHne 3a0a4y ¢
npUMeHeHneM anrebpanyeckoro
noaxona K Teopun CUMMETPUN.

CrpaHnua 5 13 15.
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Buabl un yachbl
KOHTaKTHOW paboThbl,

Paspgenbl pucuMnInHbI / MX TPy A0EMKOCTb CamocTosiTenbHasi
N Moayns Cemectp (B yacax) pa6orta
MpakTuyeckmellabopatopHble
Jlekuvu 3aHATUSA paboTbl

Tema 15. HekoTopble cneunanbHble

rpynnbl. CuMMeTpuyeckas rpynna

nepecTtaHoBok. Juarpammbl KOHra.
15 CumMeTpudeckme rpynnsbi 8 5 0 0 >

‘|nepecTaHoBOK ¢ MHBEpCKEiA. ['pynnbl
CYMMETPUN HEXECTKNX MONEKYN.
M3opomHamnyeckme onepauuu.
Cyneprpynna WpeauHrepa.

Tema 16. KBaHTOBas MexaHuka n
9NEKTPOHHAas CTPYKTypa MONEKy”n.
Meton MO JIKAO. Cawt-cummeTtpus
n cummetpust MO. Mbpnan3oBaHHbIE
16.|opbutanu. NMpoekUNoHHble 8 4 0 0 2
onepatopbl 1 MO JIKAO. BonHosble
doyHkumm metoga BC.
KoHdpumrypaunoHHoe
B3avMo4encTeume.

Tema 17. BpawartenbHble u snepHble
CMUHOBbIE COCTOSHNS.
NHTeHCMBHOCTL BpalaTenbHbIX
nepexonos. CBs3biBAHWE CNNHOB
17.|anep no Knebwy-Mopaany. 8 4 0 0 0
Henpueoaoumble npeacTtasneHns
AOEePHbIX CMIMHOBBLIX COCTOSHWIA 1
cnekTpbl AMP. CBepxToHKOE
paclenneHve B cnektpax Il1P.

Tema 18. AcnekTbl CUMMETPUM B
MEXaHM3Max XMMUYECKNX peakLnii.
ONeKTPOLMKIMYECKNE peakLmn.
Peakunun uuknonpucoennHeHus.
18.|Peakunn neperpynnupoBku 1 8 2 0 0 0
anuMuHmMposaHus. CTpykTypHas
HEXECTKOCTb, BUOPOHHbIE 1
POBUOPOHHbIE 3CHXPEKTHI U MX PONb B
XMMUYECKUX peakLmsX.

NToro 40 0 0 32

4.2 CopepxaHue gUCLUNIUHbI (MOAYNSA)

Tema 1. NMoHATUE cuMmeTpum B chunococdpmu n ectecTBoO3HaHMU. TeomeTpUUeCcKkuin Nnoaxon K TeoOpmMm CUMMETPUMN.
TouyeuyHas cuMMeTpUSA.

MoHsTME cUMMeTPUK B ounocooun 1 ecTecTBO3HaHWU. [efyKTUBHO-aKCMOMATUYECKMIA METOL B TEOPUU CUMMETPUW.
"eomeTpryeckuii Nogxon Kk Teopum cummeTpumn. OnpeneneHne To4edHon cnuM-meTpum. Onepaunm n aNeEMeHTbI
cummeTpun. CobCTBEHHOE BPALLEHNE BOKPYT OCU CUMMETPWU, NO-PSA0K OCK BpalleHus. MNpasuna opneHTaumum Monekyn
OTHOCUTENBHO CUCTEMBI KoopauHaT. OTpa-XeHue B NNOCKOCTU CUMMETPWU, NpeobpasoBaHne KOOpaMHAT npu
OTPaxXeHUn B NNOCKOCTW cUM-MeTpun. HecobcTBEHHOE BpalleHUe, KONMYECTBO onepauuii HeCOBCTBEHHOrO BpalLeHNs
MpPU HEYET-HOM 1 YETHOM NOPSOKE OCK NOBOPOTA. MIHBEpcHs, NpeobpasoBaHne KOOpAMHAT NpU onepaLy UH-BEPCUN.
ToxaecTBeHHOe NpeobpasoBaHne (onepauus UOEHTUHHOCTU), CPOPManbHbI U COAepPXa-TEMNbHbIA CMbICT OnepaLuum
WOEHTUYHOCTM.

Tema 2. MoHATME O TOYEYHbIX rpynnax cuMmeTpumn. CuctemMbl 0603HaYeHUI TOUEYHbIX rpynn. Yetbipe TMna
TOUYeYHbIX rpynn. OCO6eHHOCTU HenpepbIBHbIX TOUYEUHbIX FPYM.

OnpeneneHne To4edHon rpynnbl. Cuctembl 0603HauYeHM TodeuHbIx rpynn WeHgnuca n MNepmaHa-MoreHa
(MexpyHapogHas). HeTtbipe Tuna TodedHbIx rpynn: 1) npocteriwme rpynnsl - G1,CS, Ci; 2) unknnyeckume rpynnsl - Cn,
Sn, Cnv, Cnh; 3) nuagpuyeckue rpynnel - Dn, Dnh, Dnd; 4) Td, Th, T; Oh, O (ky6udeckue rpynnbi); Ih, |. NpasunbHble
MHOTOrpaHHMKN (tena lNMnatoHa). Mpumepbl MONEKYN, OT-HOCAWMXCS K Pa3NNYHbIM FPynnaMm CUMMETPUU, 1 KONMYECTBO
onepaumi cmmmeTpmm B 9TUX rpyn-nax. ApXMMenoBbl U kKatanaHosbl Tena. OCobeHHOCTY HenpepbIBHBIX TOYEYHBIX FPyMn
Cllv, blh u Rh(3). Mapametpuyeckue rpynnsi fu.

CrpaHunua 6 13 15.
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Tema 3. AnroputM onpepeneHust To4e4yHoOW rpynnbl CUMMeTpUU Mmonekyn. Kputepun Hanumuusi onTu4eckom
aKTMBHOCTU U OUMNOJNIbHOrO MOMEHTa. DKBUBaNEHTHble aTOMbl. CTepeoOXMMUYECKU HeXeCTKUe CTPYKTypbl
Komnnekcos. [lnactepeoronus.

AnropuTMm onpeneneHns TO4eYHON rpynnbl CUMMETPUM MONEKY, MPUMEHEHNE anropuTMa K OTHE-CEHNIO CUMMETPU
COHOBMNYEBbIX KOMMNEKCHbIX coeanHeHnin. CTporuin KpUTepuin oNTUYECKON ak-TUBHOCTW MONIEKYN, FPYNMbl CUMMETPUN
onTmnyeckn aktueHbix monekyn ? C1, Cn, Dn, O, I, R(3). Ontuyeckas akTMBHOCTb KOMMAEKCOB. [ pynnbl CUMMETPpUN
Monekyn, obnaparowmx AunonbHeIM MoMeHToM ? C1, CS, Cn, Cnv 1 Coov. OKBUBANEHTHBLIE aTOMBI. [pUMeEpPbl OTHECEHUS
CYMMETPUN MOMe-Kyn Ha OCHOBE ONpeaeneHns Yucna aKBMBaneHTHbIX aTOMOB cnekTpanbHbiMu MeTodamu: [VOF5]3-,
[Ni(CN)5]3-, [Mo(CN)8]3-, NiL4. CTepeoxnuMm4eck HeXeCTKNE CTPYKTYPbl KOMNIEKCOB. [MpnHUMN OTHOCUTENBHOCTU K
cpefnctBam HabnoneHus. N30xpoHHOCTb, AMacTepeoTonuns U NPoXMpanbHOCTb (Ha NpuMepax coennHenunin: H3C-CH2CI,
ABDC-CH2ClI n (CH3)2CH-CH(NH2)COOH).

Tema 4. AHTUCMMMeTPpUS. CUMMETPUS U OUCCUMMETPUS B Npupoae U uckyccree. PewleHue 3apay ¢
npUMeHeHUeM reoMeTpUYecKoro noaxona K Teopum CUMMeTpuu.

OnpepeneHne To4e4Hon rpynnbl no cuctemam leHndonuca v MN'epmaHa-MoreHa, Hanmuus onTuye-ckon akTUBHOCTY,
OMNONbHOr0 MOMEHTA M YMCNa HESKBMBANEHTHBIX aTOMOB Y PasnnyHbIX MONIe-KyNl HA OCHOBE BBEAEHHbIX anrOpUTMOB.
AHanns cuMMeTpUn 1 OU3NKO-XMMUYECKNX CBOVWCTB MOMEKYN UCKaXXEHHOWN TeTpasapuyecKon n oKTasapunyeckon
cMMMeTpuK. PaccMoTpeHne CUMMET-pUN U (OU3MKO-XUMUYECKIX CBOMCTB KOHCpOopMepoB. MoHATne 0606WweHHo
cummeTpun. Onepa-ums aHTUCUMMETPUN. [ pynnbl aHTUCUMMETPUM (MArHUTHBIE UNK WyBHWUKOBCKUE rpynnbl). Mpu-Mepsbl
TOYEYHbIX Fpynn aHTUcMMMeTpuu: 12, 2?2/m?, 4?, 327. LiBeTHble (BenoBckue) rpynnbi.

Tema 5. Anre6panueckuin nogxon K Teopum cummetTpmun. OCHOBHbIE CBOMCTBA MaTeMaTuyeckon rpynnbl. Tabnuua
YMHOXEeHUs ana rpynnbl. Moarpynnel, uuknnyeckue n abenesbl rpynnbl. NMpeobpa3soBaHue nopobus. Knaccbl
COnpsiXXeHHbIX 3/IEMEHTOB.

Anrebpanyeckunii nogxom K Teopun cummeTpun. Komnoauums (NpovnsBeneHne) onepauuii cum-metpun. I'pynnbl ¢
KOMMYTMPYIOLWMMU onepaumsaMm (abenesbl) U HEKOMMYTUPYOLWMMM onepa-Lnsmu (Heabenesbl). [Mprmepbl Npon3BeneHNUs
onepauwni B rpynnax C2v (monekyna H20) n D3h (monekyna BF3). Matematnyeckoe onpenenenve rpynnsl. 13 uctopuu
ctaHosneHuns Teopum rpynn (3. Manya ? K. XopaaH ? ®. Kneiin ? C. Jln). YeTbipe OCHOBHbIX CBOWCTBA MaremMaTnye-CKoMn
rpynnbl: 1) KOMNO3unuus Nobbix ABYX SN1EMEHTOB rPyNMbl AAET ANEMEHT, TAKXE NpUHALNE-XaWnid AaHHON rpynne
(ycnoBue 3aMKHYTOCTM); 2) Ans NtobbIx 3NEMEHTOB FPYMMbl BbINMONHAETCS aCCOLMATVBHBINA 3aKOH (FpynnoBble CBOMCTBA);
3) cyllecTByeT EAMHCTBEHHbIN €AMHNYHBIA 9ne-MeHT (E), KoMMyTUpyowmid ¢ NtobbiM OpyruM 3NeMEHTOM Fpynnbl 1
JalowWwnii B NPOU3BEAEHNN C HAM 3TOT X€ 3MIEMEHT; 4) ANs KaxX4oro anemeHTa rpynnel (A) cywecTtsyeT obpatHbIil eMy
ane-mMeHT (A-1), KOMMYTUPYIOWWIA C HAM 1 AAtOWNIA B NPOM3BEAEHUN C HAM €OUHNYHbIA aneMeHT. MNpumepsbl rpynn.
Tabnvua yMHOXeHWst ons rpynnbl. CBoMCTBa TAabNuULbl YMHOXEHNS Ans rpyn-nbl. [ocTpoeHne Tabnuupl YMHOXEHUS Ans
abcTpakTHON rpynnbl M3 Tpex anemeHToB ? E, A n B. Moarpynnsl, uuknnyeckue rpynnel. MpeobpasosaHue nonobus
(onepauus conpsixeHwusl). Tpu CBOMCTBA onepaumm CONpPsXeHNs: 1) KaxAbliA 3NEMEHT rpyrnnbl CONPSXXEH caM ¢ CoboiA;
2) ecnu anemeHT A conpsixeH ¢ anemeHToM B, T0 1 B conpsixeH ¢ A; 3) ecnun anemeHT A conpsixeH ¢ anemeHTamm B n
C, 70 B 1 C conpsixeHbl Mexay coboii. Knaccbl conpsixxeHHbIx anemeHToB. Knaccudoukaums anemeHToB rpynnsl C3v.

Tema 6. M'eHepatopbl rpynnbl. MpounsBepenus rpynn. Onepaumu Hap, Bektopamu. Onepauum Hag maTpylamm.
KBagpaTHble, eMHUYHbIE, 06paTHbie, TPaHCNOHUPOBaHHbIE, 3PMUTOBO-COMNPSAXEHHbIe U YHUTapHble MaTpULLbl.

"eHeparopsbl rpynnsl. Mpumep noctpoeHms rpynnbl C3v Ha ocHoBe reHepaTtopoB C3 n ov. Mpsmble 1 nonynpsmble
npounaseneHuns rpynn. Mpumep noctpoenHns rpynnsl C3v Ha ocHose noarpynn C3 u CS. MNpasble 1 neBble CMEXHblE
Knacchbl aNEMEHTOB. VIHBapraHTHbIe noarpynmnbl. Tabnuua ne-papxum TOHEYHbIX pynn, 3anMcaHHbIX Yepes3 reHepaTopbl
1 NpOuN3BESEHNS HE3aBMCMMbIX Noa-rpynn. dopManbHO-MaTeMaTnyeckumin annapat Teopun cummetpun. OnpegeneHvne
TEH30pa KaK yrnopsao4eHHOM CUCTEMBI PYHKLNIA OT KoopAmHAT Touku. PaHr TeH3opa. Onepaumun Hag BekTo-pamu: 1)
CNOXeHune; 2) YMHOXEHME Ha ckanap; 3) ckanspHoe NpoussBefeHne BEeKTOPOB; 4) TEH-30pHOE (NpsiMOe) Npon3BeaeHne
BEKTOPOB. basncHble BekTopbl. BekTop-cTonbew, BEKTOP-CTPOKa, TPAHCMOHNPOBAaHHbIN 1 06paTHbIi BekTop. Onepaunm
Han matpuuamm: 1) CnoxeHue; 2) yMHOXeEHME MaTpuubl Ha ckansap; 3) ckanspHoe Npov3seaeHne Matpul; 4) TEH30pHOE
(NpsiMmoe) npoussefeHne MaTpul. XapakTtep (cnen) matpuubl. KsagpaTHble, eAMHUYHBIE M 0BpaTHbIE MaT-purLbl,
TPaHCMOHVMPOBAHHbIE, 3PMUTOBO-COMNPSXEHHBIE N YHUTAPHbIE MaTpuLbl. O603HAYEHNE eANHNYHOM MATPULLLI CUMBOMOM
KpoHekepa.

Tema 7. MpeobpasoBaHue nopobusa ans marpuu. Marpuubl npeobpa3oBaHui ons onepauun CUMMETPUMN.
OTto6paxeHusi, u3o- 1 romomopcpmam. Henpusogumblie nNpeacTaBneHUs U UX OCHOBHbIE cBOMCTBA. Tabnuubl
XapakTepos rpynn.

MpeobpazosaHue nonobus ons matpuu. MNprmep npeobpasoBaHunst NoA0HWS C MOMOLLBIO BEKTO-POB 1 MaTpULL NMpu
MoOBOpPOTE CUCTEMbI KoopauHaT. MaTpuupel npeobpasoBaHuii ans onepaunii cummetpun. Matpuua nosopoTa B
TPEXMEPHOM MPOCTPaHCTBE, YHUTAPHOCTb MaTpuLibl MoBopo-Ta. MaTtpurubl npeobpasoBaHnii Ans BCeX BBEAEHHbIX
reHepaTopoB TOYEYHbIX rpPynn cummeTpun. OTobpaxeHns, n3o- u romoMoppraM. OnpeaeneHue NpeacTaBneHns
rpynnel. OnpepeneHne He-NPYBOAMMOro NPEACTaBNEHNS rPynbl. TpW FaBHbIX CBOMNCTBA HEMPUBOLUMBIX
npenctasneHuii: 1) yucno HeNPUBOAMMbIX NPEACTABNEHWA rPynibl PABHO YWCIY €€ KNacCoB; 2) CyMMa KBaapaToB
pasMepHOCTEel HEMPUBOAMMbIX NMPEACTABNEHN paBHA NOPSAKY rpynmbl; 3) €CNv HENPVBOLMMbIE NPEACTaBNEHNS
rpynnbl OOHOMEPHbI, TO OHK camy 06paaytoT rpynny. Tabnuubl xapakTepos rpynn. Henpueoaumele npeacTaBneHnst
rpynn C2 n C3. Pasnenvmo-BbIpOXAEHHbIE KOMIMNEKCHO-COMPSXEHHbIE NPEeACTaBNeHNs 1 nx 6as3ucHble qOYHKLUN.
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Tema 8. NMponaeeneHust HenpMBoAMMbIX NpeacTaBneHMn. Tabnuubl Kanu. druanyeckuin cCMbICN HEMPUBOAUMbIX
npepcrasneHnin. Cnocobbl cUCTeMaTMUYECKOro NOCTPoeHUs Tabnuu, xapaktepoB. Tabnuubl XxapakTepoB TOYEUYHbIX
rpynn n o6o3HadeHus npencrasneHui no Mannmkexy.

Henpvsoaumble npeactaeneHuns rpynnel C2v. OnpeneneHve nponsseneHns HeNpUBOAMMbIX Npea-cTaBneHun (¢
npyumepom ans rpynnel C2v). 3agaHne HenpuBOAVMbIX NPEACTaBNEHUA B NPOCTPaH-CTBE OPTOroHaNbHbIX AOYHKLIMIA.
Tabnuubl Kann. PaamMepHOCTb HENPUBOAUMbIX NPELCTABNEHUI B PA3MIMYHBIX TOUEYHbIX Fpyrnax 1 ux 06o3HayYeHme.
Dr3nyecKknii CMbICN HENPUBOLUMBIX MPEL-CTABNEHUA Ha NpYMepe Monekynbl Bogbl. Npeobpa3oBaHue BEKTOPOB
TPAHCAALMN 1 KOMMOHEHT BEKTOPA YrNOBOrO MOMEHTA Npu onepaumsx cummeTpum rpynnsl C2v. Crocobbl
CMCTEMATNYECKOr0 MOCTPOEHNS TabnnL, XapakTepoB HA OCHOBE FreHepPaTopPOoB FPynn 1 NPOM3BEAEHNS NOA-TPYynH
(NpuMepbl nocTpoeHns Tabnuu, ons rpynn C2v n C3v). Tabnmubl xapakTepoB TOUEYHbIX FPynn 1 0603HaYeHNs
npenctasneHuid. Kpatkuii BapuaHT Tabnuu, xapakTepoB HENPUBOAMMBIX NPeAcTaBneHnin (3 kypca Nangay-Ivcpwmnua).
MNMocTpoeHve HenpuBoAUMbIX NpeacTaeneHun rpynnsl D3d Ha ocHoee npowsseneHus noarpynn D3 u Ci.

Tema 9. Peaykuusi npusogumbix npeacrasneHnin. ®opmyna pasnoxeHus. Peaykumsa npousseneHus
HenpuBOOUMbIX NpeacTaBneHnn. dopmyna Knebwa-ropaaHa.

Cnocobbl pefyKumMu NpMBOLMMbIX NPELCTaBNEHUIA. BEKTOPbI-CTPOKU HEMPUBOAUMBIX MPEACTABNE-HUA Kak MHOXECTBO
B3aNMHO-OPTOroHanbHbIX YHKUMIA. PopMyna pasnoxeHus, KpaTtHOCTb BXOX-OEHNS HENPUBOAMMOro NpeacTaBneHms B
npusogumoe. Penykuns nponsseneHUst HENPUBOAMMbIX NpeacTaeneHmii E1xE2 rpynnel D6 meTogom nogbopa 1 no
doopmyne pasnoxeHus. Pegykuum npons-sefeHnin HeNPMBOAUMBIX MPEeACTaBNEHNIA TOHEYHbIX FPYMN C NMOMOLLbIO NPaBun
n3mMeHeHust 0603Ha-4eHnin MannvkeHa. MaTpuubl npeobpa3oBaHmWii U HENPVBOLMMbIE NPEACTABNEHNS TPy
cummeT-pumn R(3) n Rh(3). MaTpuua noBopoTa NponsBonbHOrO Nopsiaka n ee 6asuncHble oyHKLUM (OLHOPOL-Hble
OPTOroHasbHbIe NOMIMHOMBI, MPUCOEANHEHHbIE NONNHOMbI JlexxaHapa). [ponaseaeHns Henpu-BOAMMbIX NPELCTaBNEeHNNA
rpynn R(3) n Rh(3), dpopmyna Knebwa-MopraHa.

Tema 10. HenpuBoaumbie npeacraBneHns u knaccudpumkaumsa tepmoB. Teopema 3.1. BurHepa. Knaccndomkaums
TepmoB cB060,gHOro aroma. AcrnekTbl CAMMETPUU B TEOPUM KpUcTannmdyeckoro nonsi. KoppensiumoHHble
Tabnuubl.

Teopema O.I1. BurHepa: peweruns ypasHeHus WpeanHrepa onpenensior MHOXECTBO HEMPUBO-AMMbIX NPeACTaBNeHNl B
NPOCTPaHCTBE (PYHKUMIA, 3a4aHHbIX 3TUMK pelweHusmMn. KBaHTOBas MexaHmka Kak donsnyeckas nHrepnperaums reopum
cummeTpun (Teopun rpynn). Knaccugpmkaums TepMos cBOOGOLHOro atoma, (oU3NHECKUiA CMbICT HEMPYBOAVMBIX
npenctasneHuii rpynnel Rh(3) n 0603HaveHns nx 6asncHbIX PYHKLMIA. ACNEKTbI CUMMETPUM B TEOPUN
kpuctanandeckoro nons. Pegykumsa npeactaesnexuin Du(1) n Dg(2) rpynnel Rh(3) B kpuctannnyeckmnx nonsx CUMMeTpum
Td, O n Oh. Penykuus Henpusogumoro npeactasneHns T2 (F2) rpynnbl Td K HENPMBOAUMBIM NPEACTaB-NEHNAM FPymnn
C3v 1 C2v. KoppensiunoHHble Tabnuupbl. PaclenneHne ogHO3NeKTPoHHbIX d-opbuTtaneii B KpUCTanIM4eckux nonsix
pasnuyHon cummeTpum. NpUHLMNbI NHBEPCUN SHEPreTU-4eCKMX YPOBHEN A5 OKTasApUYeCcKoro 1 TeTpasapuyeckoro
nonemn n ons JONOMHUTENbHBbIX KOH-cpurypauuii dn n d10-n.

Tema 11. TepMbl MHOrO3/1€KTPOHHBIX COCTOSIHUIA. HenpuBoauMble npeacTaBneHns U TepMbl IMHENHBIX MONTIEKY.
MeXanekTpoHHoOe OTTaNK1MBaHMe 1 CNUH-opbuTanbHOe B3aumopencTeme npu LS- u jji-cBaan. ATOMHbIE TEPMBI.
PacuwienneHne TepMoB nNon AeNCTBMEM CMUH-OpOUTanbHOro B3aumomencTsns. [ BolHbIe rpynnbl U ABYy3Ha4YHble
npepcrasneHus.

Henpwveoanmbie npeactaenenns rpynn Clv, DUh u Tepmbl nuHeitHbIx Monekyn, 0603HaYeHNS HENPU-BOAUMBIX
NpeacTaBneHmnii N nx 6asnCHbIX PYHKLIMIA, 3aMMCTBOBAHHbIE N3 aTOMHO cnekTpockonuu. KoHuenums o-, -, 8- u opyrux
MONEKyNsApPHbIX opbutaneil. TepMbl MHOrO3NEKTPOHHBIX COCTOSIHWIA NMHENHBIX MONEKYN: BbIPAXEHWE NOMHOW
MONEKYNSPHOV BOMTHOBOW CPYHKLMK (M ee NpeacTaBneHus) B BUae npom3sefeHns 04HO3EKTPOHHbBIX BOMHOBbIX OYHKLWIA
(1 X HeNpuBOAMMbIX NPeACTaBNe-HWA); pa3noxeHve NpeacTaBneHns NoNHON MONEKYNSPHON BONHOBOWM (PyHKUMK B
cnyyae 3aMKHYTbIX 1 OTKPbITbIX 9NEKTPOHHbIX 060104eK; NpuMepbl TepMoB Monekyn H2 nO2. ATOMHbIE TEpMb
MHOF0-3M1EKTPOHHbIX COCTOSAHWIA. Y4eT B NOAHONM rpynne CMMMETpUN atoma rpynnbl nepectaHoBok S(n), npuHuun Maynw.
MexanekTpoHHOE OTTaNKMBaHWE M CNH-0pbuTanbHOe B3anmoneicTaue npu LS- u jj-cesasu. PaclenneHne TepMoB nog,
LeiCTBUEM MEXINEKTPOHHOrO OTTaNKMBaHNS, 0603HAYEHUS aTOMHbBIX TEPMOB U NMPWHLMIbBI ONPeaeneHuns nx
MynbTUNNETHOCTW. TepM KoHgUrypaumu d1. Pac-wenneHune nog AeACTBUEM CNIMH-0POUTANBHOIO B3aUMOAEACTBIS
aTOMHbIX TEPMOB C LieN04MCNEeH-HbIMK 3Ha4YeHnamm J. Tepmbl KOHGpurypaumm d2. PacwenneHne atoMHbIX TEPMOB C
nonyuensiMi 3HadeHnsamn J. [1BoiHbIe rpynnbl U ABy3HAYHblE NpeacTaBneHns. Tepmbl KoHcurypauuin d3 n d7.

Tema 12. PacwienneHue TepMoB B cnabom 1 CUNbHOM KpuUcTanindeckux nonsx cummerpum Oh. OnpepeneHune
CMUHOBOW MYNIbTUIMJIETHOCTU COCTOSIHUIA METOL0M CHUXEHUA cumMmeTpuun. Ouarpammbl TaHa6e-CyraHo.
OneKTpOHHbIE CNEeKTpbl KOMMEKCOB rnepexoaHbix d-metannos. Ouarpammel Oprena.
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PacwenneHve TepMoB KoHdUrypaumm d2 (uenovncneHHole J) B cnabom v CUABHOM KPUCTaNINYe-CKUX NOAsSX CUMMETPUN
Oh. OnpegneneHne CNMHOBON MyNbTUMAETHOCTU COCTOSIHWIA METOAOM CHUXEHWS cummeTpun. MNprHLMnbl Koppensauumn
TEPMOB CNaboro 1 CMILHOro KPUCTaNMYeCKnx nonei: 1) Bce COCTOSHUS cnaboro nons KopPenupytoT C COCTOSHUAMU
CUNbHOIO MNONS TOW X€e CUMMETPUM U TOM Xe MyNbTUNNETHOCTU; 2) C UBMEHEHUEM CUMbl KPUCTANINYECKOro nons
CO-CTOSIHMSA C OAMHAKOBOW CUMMETPUEN 1 MyNbTUNNETHOCTLIO HE NepecekatoTcs. dunarpammel TaHa-6e-CyraHo (npumep
ons KoHdurypaumm d5). PaclenneHne TepmoB KoHdurypauum d7 (nonyue-noie J) B cnaboM 1 CUNbHOM OKTasApuyeckux
nonsx. PacwenneHne aTOMHbIX TEPMOB B Cy4yae jj-CBA3W. DNEKTPOHHbIE CNEKTPbl KOMMIEKCOB NepexoiHbIX d-MeTannos.
MocTtpoeHne anarpamm Oprena ans cnyvyaes D- v F-TepMOB OCHOBHOIr0O COCTOSIHMS B Cnabbix KPUCTANINYECKUX NONSX
cummeTtpum Oh n Td ¢ yyeTom Tpex NprMHUMMOB: 1) NHBEPTMPOBAHUE SHEPreTUHECKNX YPOBHER B Nonsix cummeTtpun Td
no oTHoweHuto k Oh; 2) NHBEPTUPOBaHNE SHEPreTUYECKNX YPOBHEW LOMNOMHMTENbHBbIX KOHGUrypaumin dn n d10-n; 3)
WOEHTUYHOCTb BbICOKOCMMHOBbBIX COCTOSIHUIA Ans KoHdurypaumii dn u dn+5. Onarpamma Oprena nns koHgurypaumm ds.

Tema 13. I'Ipanma OT60pa AN MatpuyHbIX 3JIeMEeHTOB. WUHTEHCUBHOCTb AJIEKTPOHHbIX Nepexonos. UcTouyHuKmM
UHTEHCUBHOCTM 3anpeLleHHbIX nepexonos. OTHeceHune ANEeKTPOHHbIX NepexonoB B CeKTpax nondpu3oBaHHOro
nany4dyeHwus.

MpaBuna oT6opa Ans MaTPUYHBIX NEMEHTOB (OrpaHNUYEHNs MO CUMMETPUN Ha KBAHTOBO-MEXaHUYECKNE NHTErpanbl):
MaTPUYHbIA 3N1IEMEHT OTIMYEH OT HYNS TONbKO TOrAa, Koraa ero NnpeacTaBneHne CoaepXuT NoTHOCMMMETPUYHOE
Henpveoanmoe npeactasnerve (A, A1, A1g). IHTEHCUBHOCTb aNEKTPOHHbLIX Nepexonos. Mpasuna otbopa ans
MaTPUYHOro aneMeHTa onepa-tTopa AMMnonbHOro MOMeHTa (MoMeHTa nepexona, P): 1) nepexobl Mexay COCTOSIHUAMU C
OQMHAa-KOBOW YEeTHOCTbIO 3anpelleHbl (Npasuno JlanopTa); 2) nepexonbl Mexay COCTOSAHUSAMN C pasHbl-MU CIIMHOBbLIMU
MyNbTUNNETHOCTSIMM 3anpelueHbl; 3) nepexoapl ¢ Bo3byxaeHnem asyx 1 bonee anekTpoHOB 3anpelleHbl. ICToYHUKK
WHTEHCUBHOCTM 3anpeLleHHbIX nepexonos: 1) cnmH-opbuTanbHoe B3aUMOAENCTBIE; 2) cMelnBaHne opbuTaneii pasHol
YETHOCTU NPY HEKOTOPBIX CUMMETPUSX (NpUMep TeTpasapuyeckmx komnnekcos kobanbta(ll)); 3) anekTpoHHO-sAepHOE
(BMGpOHHOE) B3ammoaeincTere. OTHECEHUE 3NEKTPOHHBIX MEPEXOL0B B CNEKTPAX NONSPU30BAH-HOMO U3NydYeHns (Ha
npumepe moHokpuctannos komnnekcos K[Cu(NH3)5])(PF6)3 cummetpum C4v n K[Cu(NH3)2(NCS)3] cummetpum D3h).

Tema 14. Knaccudpukauus konebaHuin no tunam cummetpun. NMpaeuna ot6opa ANsi NOrNOLLEHUS U3NTYYEHUS
MonekynsipHbiMu Kone6aHusimu. PelueHune 3apay c NpuMeHeHWeM anre6panyeckoro noaxoaa K Teopum
cUMMeTpUN.

Knaccugpmkauus konebaHuin no Tunam cummetpumn. HopmanbHble konebanus. MNpenctaeneHme Matpuubl
npeobpa3oBaHnin KOOPAMHAT aTOMOB NPUW onepaunsix CUMMETPUX Ha NpUMepe MOMEKY-/bl BOAbI (ToYeyHas rpynna
cummeTpun C2v), ero pasnoxXeHve Ha NpeacTaBneHns TpaHCNAUWA, BpaweHuii n konebaHuii. Henpuesoaumble
npencTaBneHns HopManbHbIX konebaHuii Monekynbl popManbaermaa (TodeyHas rpynna cuMmeTpun C2v).
Mcnonb3oBaHue canT-cuMMeTpumn Anst Ha-X0XAEHUS HopMarbHbIX KonebatenbHbix Mog. MNprMeHeHre NPoeKUMOHHbIX
onepaTtopoB A/ aHanmaa HopMasbHbIX konebaTensbHbix Moa. BaneHTHble 1 aegpopMaLumnoHHele konebaHus. Mpasu-na
otbopa Ans NOrnowWeHNs N3ny4eHns MonekynsipHbIM1 konebaHnsimy. OnpeneneHune Tna CUMMETPUN U Yucna
konebaHuii, akTueHbIx B VIK-cnekTpax, Ha npuMepax paccMoTpeHHbIX Monie-Kyn. OCHOBHbIe MONOCh! 1 06ePTOHbI.
OnpepneneHvie Tna cCUMMETPUX 1 Ynucna konebaHwuii, ak-TueHbIX B KP-cnekTpax, Ha npuMepax paccMOTPEHHbBIX MONEKYI.
BekTop MHAYUMPOBaHHOIO AU-NONbHOrO MOMeHTa D, TeH30p NonsipU3yemMocTi d U HEMPUBOAUMEIE NPEACTaBNEHNS ero
KOMMO-HeHT. OnpeaeneHne TUMOB HOPMalibHbIX KonebaHuil HUTpaT-uoHa (ToyeyHas rpynna cummetpum D3h),
OTBETCTBEHHbIX 3a NnosineHve nepexona A1? — A1? (nmt*) B CNekTpe anekTPUYecKoro AM-nosibHoro U3ny4yeHus.

Tema 15. HekoTopble cneuuanbHbie rpynnbl. CUMMeTpuyeckas rpynna nepectaHoBok. Juarpammbl FOHra.
CuMmeTpuyeckue rpynnbl NepecTaHoBOK C MHBepcueir. Fpynnbl CUMMETPUM HEXEeCTKMX MOJIeKY .
N3oauHaMmuueckue onepauumu. Cyneprpynna LpeauHrepa.

CummeTpuyeckas rpynna nepectaHoBok. Linknnyeckue nepectaHoekm. O603Ha4YeHNs nepecTa-HoBOK. Knaccobl
COMPSXEHHbIX 9NEMEHTOB CUMMETPUYECKON rpynnbl NepecTaHoBOK. HenprBo-ammble NpeacTaBneHns CUMMETPUYECKOon
rpynnbl nepectaHoBok. Juarpammsl FOHra. Xyk-gmarpammel. Henpueogumble npeacTaBneHns CUMMETPUYECKO rpynnbl
S(4). Usomopdhmam rpynn S(4) n Td. CummeTpuyeckne rpynnbl NEPECTaHOBOK C MHBepcKeln (rpynnbl JlIoHre-XurruHeca) ?
S*(n). Usomopdpmam rpynn S*(3), S(6) n D3d Ha npuMepe 3aTOPMOXEHHOW KOH-ChopMaLLMm Monekynbl ataHa. ['pynnb
CUMMETPUN HEXECTKMX Monekyn. MisoanHammnyeckune one-pauunn. PaccMoTpeHne n3oanHaMmyeckux onepauni Ha
npvmepe Monekynol ataHa. Cyneprpynna WpennHrepa. PaccMoTpeHne cyneprpynn WpeauHrepa Ha npumepe Monekyn
aMMmaka, MeTaHo-na v nponaHa. Tabnuua npovnsBefeHuid cyneprpynnbl nponaHa. Tabnuua xapakTepos cyrneprpyn-nbl
nponaxa.

Tema 16. KsaHTOBasi MexaHUKa v 3NeKTpOHHasi cTpykTypa monekyn. Metron MO JIKAO. Cant-cuMmmetpus n
cummeTpusa MO. MrmbpuansoBaHHble opbutanu. MpoekuunoHHbie onepaTtopbl 1 MO JIKAO. BonHoBble oyHKL MK
metona BC. KoHdurypaumoHHoe B3aumoaencrame.
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MonekynspHble opbutanu kak JIKAO. CummeTpus opbutaneit AByxaTOMHbIX MONEKYN (ToUYeY-Hble rpynnbl Deoh nnm Ceov).
CuMMeTpusi MONekynspHelx opbutanein Ha NpUMepe MONEKYNbl 3TU-NeHa (TouedHas rpynna D2h). MeomeTpuyeckuii
BbIBOL NPELCTABNEHNI MONEKYNSIPHBIX opbuTa-neit Ha npumepe rpynnel D2h. CainT-cummeTpus n cummetpus MO.
OnpeneneHne CUMMETPUM BO3MOXHbIX MONEKYNSIPHBIX opbuTanei ammuaka ¢ noMoLbio caiT-cummetpun. OnpenenexHve
CYMMETPUMN BO3MOXHbIX MONEKYNSIPHbLIX OpbuTanein TeTpasapuyeckoil MoNeKy bl C MOMOLbIO CaNT-CUMMETPIN.
MbpramaoBaHHble opbutanu. [pynnbl CanT-CUMMETPUN W FPYNMbI NEPECcTa-HOBOK ANns Monekyn. OnncaHne
rmbpuansaumm B TPUroHaNbHO-NMpaMUaanbHbIX MONEKynax (To-4evHas rpynna cummetpumn C3v). MpoekunoHHble
onepaTtopbl 1 MO JIKAO. AnanTnpoBaHHbIE N0 CUMMETPUN MONEKYNAPHbIE OpOUTaNN TETPASLAPUYECKUX MONEKY.
MonekynsipHble opbutanu cheppoueHa. MonekynsipHble opbutanu LMKNoneHTaagueHnnTpukapboHmnmMapraHua.
3aceneH-HoCTb opbuTtanein B Monekynax. OnpeneneHne 3aceneHHOCT rmbpumaHbix opbuTtanei Ha npumMepe MoOnekynbl
ammuaka (toveyHas rpynna cummeTtpum C3v). BonHOBbIE hyHKLMM METOAa BaNEHTHbIX CBA3eN. PacyeTbl MeToaoMm
BaSIEHTHbIX CXEM C NMOMOLLbIO FPYyNMn NepecTaHoBOK Ha NpuMepe Mo-nekyn ¢ rpynnamm S(2), S(4) n S(6).
KoHdurypaumoHHoe B3anmogernicTene. dakropmsaLmsa no CUMMETpUN JeTepMUHaHTa KOHAOUIypaunoHHOro
B3aMMOJENCTBNS Ha NpMMepax KOOpANHALMOH-HbIX COeOUHEHWNIA.

Tema 17. BpaluatenbHble v siaepHblie CNIMHOBbLIE COCTOSIHUA. MHTEHCMBHOCTDL BpallaTe/ibHbIX Nepexonos.
Cssa3biBaHue cnuHoB sgep no Knebwy-FopaaHy. Henpueoaumble npeacraBneHns aaepHbIX CMUHOBBIX
cocTtosiHui 1 cnekTpbl AMP. CBepxTOoHKOE paciienneHue B cnektpax 3IP.

BpalartenbHble BONHOBbIE COYHKLIM U YPOBHMW aHEpPrun. TeopeTnko-rpynnoBoii Noaxon K aHanu-3y BpallatenbHbIX
cocTosiHmii. Knaccugoukaums aHadenmii J n K no HenpueoanmbiM npenctasne-HusM. BpawarenbHas nogrpynna.
CraTncTryeckue Beca BpalartesbHbIX cocTosHMiA. MNpasuna ot6opa. IHTEHCMBHOCTL BpalaTebHbIX Nepexonos.
CsasblBaHue crnimHos saep no Knebwy-MopnaHy (Ha npvMepe Monekyn xnopMeTaHa u dotopMeTaHa). Henpueoaumele
NpencTaBneHus SAepHbIX CMIMHOBBLIX COCTOSIHWIA 1 cnekTpbl AMP: aHanua ¢ MCnonb3oBaHWEM rpynn NePecTaHo-BoK U
MeToaa NpPOEKLUMOHHbIX onepatopoB. OnpeneneHve HeNpUBOANMbIX NPEACTaBNEHNI SOep-HbIX CUHOBbLIX COCTOSIHWM Ha
npuMepe Monekyn MetaHa v aTuneHa. CBepXTOHKoe paclienneHue B cnektpax JrP.

Tema 18. AcnekTbl CUMMETPUM B MEXaHU3MaX XUMUYECKUX peakLuin. DNeKTpoLmKInyeckmue peakummn. Peakumm
uuKnonpucoeauHeHusi. Peakuum neperpynnupoBKU U 3IMMUHUPOBaHUA. CTPYKTypHas HEXeCTKOCTb,
BUOGPOHHbIE U POBUGPOHHBIE 3CPPEKTBI M UX POSb B XMMUYECKUX peakLUsiX.

Mpynna xmMunyeckon peakuuu. MNpaeuna Bynsopaa-XodpdomaHa. PaspelueHHble 1 3anpelleHHble peakumm.
Tononoruyeckas cMMMETPUsS peakuuii. AHann3 CMMMETPUN Ha NpuMepe peakunu npe-BpaleHns bytanmeHa B
umknobyTeH. MpaBuna otbopa 4N 3anpewWweHHbIX NIV HeCOrNacoBaHHbIX peakuuii. DNeKTpoumkImyeckne peakumm (Ha
npumepe nsomepusaumnn bytaaneH - UMknobyTeH). Peakuun UMKNONpUCoeanHEHNS (Ha NpuMepe AnMepr3auum
aTuneHa). Peakuun neperpynnmnpoB-k1 (Ha NpruMepe CornacoBaHHOro NepeHoca ABYX CBA3aHHbIX O-rpynn). Peakuum
3NMMUHUPOBA-HNS ¢ 06pa3oBaHMEM paaukanos (Ha NprMepe OOToNM3a 1 TepPMoNn3a LnknoneHTaHoHa). CTpyK-TypHas
HEeXeCTKOCTb, BUBPOHHbIE U POBMBPOHHBIE 3QCDEKTHI U X POSib B XMMUYECKUX peakumsx

5. MepeyeHb yue6HO-MeTOAMUYECKOrO O6ecneyeHust Ajisi CaMoCTOATENbHON paboTbl o6yyatoLMxcs no
AucuunnuHe (MOaynio)

CamocTosiTenbHas pabota oby4alolyxcs BeINOMHSETCS Mo 3a4aHNI0 U MPU MeTOOMYECKOM PyKOBOACTBE Npenofasarens,
Ho 6e3 ero HenocpencTBeHHOro y4acTus. CamocTosiTenbHas pabota nogpasnensieTcs Ha caMocTosiTeNbHyO paboTy Ha
ayOMTOPHBIX 3aHATUSX U HA BHeayAUTOPHYIO caMocTosTeNnbHyto paboTy. CamocToaTenbHas paboTa obydyatowmxcst
BKNOYAET Kak MOMHOCTbI0 CaMOCTOSITE/IbHOE OCBOEHME OTAE/NbHbIX TeM (pa3aenos) AUCUMUNINHLI, Tak 1 NpopaboTky Tem
(pa3nenos), ocBaMBaeMbIX BO BpeMsi ayanTopHoli paboTbl. Bo BpeMsi caMocTosiTeNnbHOM paboTbl 0ByYatowmecst YUTaroT u
KOHCMEKTUPYIOT y4ebHyto, Hay4HYIo 1 CMPaBOYHYIO IMTEpatypy, BbINONHAIOT 3aaHusl, HanpaefeHHble Ha 3aKpenneHne
3HaHW 1 O0TPabOTKYy YMEHUIA U HABbIKOB, FOTOBATCS K TEKYWEMY 1 MPOMEXYTOYHOMY KOHTPOSIO NO AUCLMUNIUHE.

OpraHunsauus caMocTosTenbHO paboTbl 0ByHaroIWMXCs PernaMeHTUpPyeTcs HOPMaTUBHBIMI LOKYMEHTaMu,
y4ebHO-MEeTOANYECKON NMTEepPaTypoii U SN1EKTPOHHBIMY 06pa30BaTENbHBIMU PECYPCaMU, BKMOYAS:

Mopsiook opraHn3aumm n ocylecTBAeHNS 0bpa3oBaTenbHON NesTeNnbHOCTM No 06pasoBaTebHbIM MPOrpamMMam BhICLIETO
0bpasoBaHus - nporpammam bakanaspuara, nporpammam creumanmTera, nporpaMmmam MarmcTpatypbl (YyTBepXaeH
npukasom MuHucTepctea obpasosaHus u Hayku Poccuiickoin dPepepaunm o1 5 anpens 2017 roga Ne301)

Mucemo MuHucTepcTBa 0bpasosaHus Poccuiickoin @enepauum Ne14-55-996uH/15 ot 27 Hosi6ps 2002 r. "O6
aKTUBM3aUMM CAMOCTOATENbHON PaboTbl CTYAEHTOB BbICILMX Y4EOHbIX 3aBefeHMNA"

YcTae cheaepanbHOro rocynapcTBeHHOro aBTOHOMHOrO obpasoBaTtensHoro yupexaeHns "KasaHckuin (MpuBonxckuii)
denepanbHblil yHMBepcutet”

MpaBuna BHyTPEHHEro pacnopsaka goeiepansHOro rocy1apCTBEHHOr0 aBTOHOMHOMO 06pasoBaTeNbHOMO yYpex aeHNs
BbICLIEr0 NpochbeccmoHansHoro obpasosarus "KasaHckuii (Mpusonxckuii) doeaepanbHblii yHUBEpCMTET"

NokanbHble HopMaTuBHble akTbl KasaHckoro ([prBonxXckoro) dhenepanbHOro yH1ueepcuTeTa
cant - http://www.znaika.org/?q=teorija-simmetrii

canT - http://www.raduga.edusite.ru/html/simmetr/index.html

cawnt - http://www.bookshunt.ru/b32914_matematicheskie_osnovi_teorii_simmetrii

6. POHA, OLLEHOUYHbIX CPEeACcTB NO AUCLUUMNIMHE (MOAYNIO)
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DOoHLO OLEHOYHbIX cpencTs no gucunninHe (Mo,u,ymo) BK/IOYAET OLUEHO4YHblE MaTepualsibl, Hanpae/iEHHbIE HA NPOBEPKY
OCBOEHMNS KOMMETEHUWA, B TOM YMCIEe 3HAHWN, yMeHI/II7I 1 HaBblkoB. POHAO OLEHOYHbIX cpencTs BKIO4YaeT OUeHOYHbIe
cpencTea TeKylWero KOHTponda 1 oueHOo4YHble cpenctea I'IpOMe)KyTO'-IHOI7I arrecrtauumn.

B ¢hoHLe OUeHOYHbIX CPEACTB COAEPXUTCS Cneaytolas uHpopmMaums:

- COOTBETCTBME KOMMETEHLUI NNaHMPYEMbIM peaynbTatam 0by4eHus No SUCLUMNIMHE (MOLyNio);

- KPUTEPUM OLIEHMBAHNS CHOPMUPOBAHHOCTY KOMMNETEHLMIA;

- MEXaHU3M (DOPMUPOBAHWS OLIEHKYM MO AMCUMNIVHE (MOZYNIO);

- onucaHve nopsiaka NPUMEHEHUS 1 NpoLeaypbl OLEHMBAHNS LS KAXA0ro OLEHOYHOro CPencTBaa;
- KpUTEPWM OLIEHMBAHNS LS KaXA0ro OLEeHOYHOro CPeacTBa;

- cogepXaHue OLEHOYHbIX CPeacTB, BK/oYas TpeboBaHus, NpeabsBisemMbie K 0ecTBUSM 00yHatowmxcs,
IEeMOHCTPVPYeMbIM peadynibTaTaMm, 3aaHns PasnnyHbIX TUMOB.

®DOoHAO OLEHOYHbIX cpencTs no gucunnianHe HaxoaounTcs B I'Ip|/|n0>KeHv||/| 1k nporpamme gucunninHbl (MO,EI,yJ'IPO).

7. NepeueHb nuTepatypbl, HEO6XOAUMMON OIS OCBOEHUS OUCLUNUHBI (MOAynst)
OcBoeHuWe gucumMnnnHbl (MOoyns) npeanonaraet U3y4eHrne OCHOBHOW 1 OONONHUTENbHON y4ebHOW nuTepaTypbl.
Nutepatypa MOXeT BbiTb BOCTYMHA 0ByYaoWUMCSs B OAHOM M3 OBYX BApMaHTOB (b0 B 060MX N3 HUX):

- B 3NIEKTPOHHOM BU e - Yepes3 3NeKTPOHHbIe 6UBIMOTEYHbIE CUCTEMBI HA OCHOBAHWUM 3aKntoyeHHbIX KDY norosopos ¢
npasoobnanatensimu;

- B NeyatHoM Buae - B HayuHow 6ubnuoteke um. H.N. llobayesckoro. Obyyarowmecs nonyyaroT y4ebHyto nutepaTypy Ha
aboHeMeHTe MO YMTaTeNbCKMM brneTam B COOTBETCTBUM C NMpaBunamy nonb3oBaHus HayyHol 6mbnnoTekoi.

OnNeKTPOHHbIE N30aHNA OOCTYMHbI AUCTAHUMOHHO 13 No60i TOUKM Npu BBEAEHNN 00y4aoWMMCS CBOETO NOMMHA 1 Napons
OT NIMYHOrO KabuHeTa B cucteme "ONeKTPOHHbIA yH1BepcuTeT". Mpn MCNoNb30BaHWMKM NeYaTHbIX M3aaHU BBINOTEYHbIN
POHL [OMKeEH BblTb YKOMMNEKTOBAH MMM 13 pacyeTa He MeHee 0,5 ak3emnnspa (ans obyyatowmxcs no droc 3++ - He
meHee 0,25 ak3eMnngapa) Kaxaooro U3 n3gaHnini OCHOBHOWM nuTepatypbl 1 He meHee 0,25 ak3emnngapa AONONHUTENbHON
nuTepaTypbl Ha Kaxaoro obyyatowerocs 13 yucna nuu, 0LHOBPEMEHHO OCBAMBAIOWWMX OAHHYIO OUCLMNANHY.

MepeyeHb OCHOBHOW U OONONHUTENBHON Y4eOHON NTEpaTypbl, HEOOXOAUMOI A4/19 OCBOEHNS AUCLUMNAMHBI (MOOYNs),
Haxonmtcs B MNpunoxeHnmn 2 k paboyel nporpamMme oucuUmMnavHel. OH NOANEXUT OOHOBEHMIO NPY U3MEHEHUN YCITOBUIA
noroeopoB K@Y ¢ npaBoobnagarensiMu anekTPOHHbIX U3LAHWIA U NPU N3MEHEHNM KOMNNEKTOBAHNUS OOHA0B Hay4Hoi
6rnbnuotekun KdY.

8. MNepeueHb pecypcoB MHPOPMALLMOHHO-TE/IEKOMMYHUKaLMOHHOMN ceTn "UHTepHeT", He06X0AUMbIX NS
OCBOEHUSI BUCLUMIIMHBI (MOOYIS)

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

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

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

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

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

9. MeTtoauyeckue ykasaHusi Ansi 06y4arloLLLmMxcsi N0 OCBOEHUIO AUCLUMAUHBI (MOAYNS)
Bup pabot MeTtogunyeckue peKoMmeHaauum

nekumun MN3yyeHne ancumnnuHbl cnefyeT HaunHathb ¢ NpopaboTku pabouelt nporpammbl, 0co60e BHUMaHME,
yoensas uenam 1 3agadam, CTpyKType 1 comepXxaHuio Kypca.

PaboTa c KOHCMEKTOM NekuUWuii:

Heobxonumo npocmatprBath KOHCMEKT Cpasy NoCne 3aHATUIA, OTMETbTE MaTepran KOHCNeKTa
NeKLUUiA, KOTOPbINA Bbi3blBAET 3aTPyAHEHNS A5 MOHUMaHUS. [MonbiTainTech HAWTK OTBETHI HA
3aTpyoHUTENbHbIE BOMPOCHI, NCMOMb3Yys PEKOMEHAYEMYI0 nuTepatypy. Ecnv camoctosaTenbHo He
ynanocb pasobpartbcs B Matepuane, cpopMynupyiiTe Bonpockl 1 0bpatnTech 3a NMoMOLLbIO K
npenofaeaTtento Ha KOHCynbTaumm unu bnvxanweii nekunmn. PerynsipHo oTBoLuMTE BpEMS oS
NMOBTOPEHNS MPONAEHHOro MaTepuana, NpPoBepsisi CBOWM 3HAHWS, YMEHWUS U HaBbIKW MO KOHTPOSbHbLIM
BOMpocam.
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Bup pabor

MeToaouyeckme pekomeHoauum

camocTos-
TenbHas
pabota

Pabouyeli nporpamMmoit OMcUUnvHbI NPeoycMOTPeHa caMocTosiTeNlbHas paboTa CTyNEeHTOB.
CamocTosiTenbHas paboTa NpoBOAMTCS C LeNblo YrNybneHust 3HaHuin No AUCLMMNVHE 1
npenycMaTpuBaert:

- YTeHue CTydeHTaMn PeKOMeHI0BaHHOM NUTepaTypbl M YCBOEHME TEOPETMYECKOro MaTepuana
OVNCLUMNMNHBI;

- MOArOTOBKY K NMPaKTUYECKMM 3aHATUSM, nabopaTopHbiM paboTam 1 Kypcosoit paboTe;

- paboty ¢ VIHTEpHeT-UCTOYHMKaMK;

- NOArOTOBKY K cAaye npakTuieckmx paboT, BoIMONHEHWIO TECTOBLIX 3a4aHNiA 1 clade 3a4eToB U
9K3aMEeHOB.

MnaHvpoBaHVe BPEMEHWN Ha CaMOCTOSITENbHYIO paboTy, HE0OX0AMMOro Ha U3yYyeHue HacTosIWen
OVCLUUNMVHBI, CTYIeHTaM NyJlue BCero oCyWecTBNATb Ha BECb CEMECTp, NnpeaycMaTtpueast Npu 3ToM
perynsipHoe NoBTOpPeHWe NpoiaeHHoro matepuana. MaTtepuarn, 3aKOHCNEKTUPOBaHHbIA Ha NeKUUSX,
HeobX04UMO PETYNAPHO OOMNONHATL CBENEHUSMI U3 NUTEPATYPHbIX UCTOYHUKOB, NPEeNCTaBNEHHbIX B
paboueli NporpamMme AUCUMNNHLIL. o Kax oo U3 TeM 15 CaAMOCTOATENbHOIO U3y4YeHNns,
npuBeleHHbIX B paboyei nporpaMmMe OMCUMUMAMHBI CledyeT cHadYana npodYvMTaTh PeKOMeHO0BaHHYo
nnuTepatypy v npu Heo6XO4MMOCTN COCTaBUTb KPaTKUA KOHCMEKT OCHOBHbIX MOMNOXEHW, TEPMUHOB,
cBefeHWUin, TPebylolLKX 3anoMUHaHNS 1 SBNSIIOWMUXCS OCHOBOTMONAralowWwmMmn B 3Tol TeMe 1 Ons
OCBOEHUS MOCNenyoWrxX pas3nenos Kypca.

3a4et

Ha 3auete onpenensietcs Ka4ecTBO M 06 bEM YCBOEHHBIX CTYAEHTaMUN 3HAHWIA, CNOCOBHOCTb K
0606LWeHNI0, aHanMay, BOCNPUATAIO MHGDOPMALIMK, MOCTAHOBKM LLenn 1 BbIBOpy nyTel ee
LOCTUXEHNS, @ TakXe YMeHne pabotaTb C HOPMATMBHLIMW LOKYMEHTAMU B pamkax AvcumnnuHbl. OH
MOXXET NMPOBOAMTLCS B YCTHOW UM MUCbMEHHOM chopmax. DPopMy NpoBeaeHNs onpenenseT kagenpa.
MoprotoBka K 3a4eTy - MPOLECC MHAMBUIYANbHbIA. TEM HE MEHEE, CYLLECTBYIOT HEKOTOPLIE NPaBKna,
3HaHWs KOTOPbIX MOTYT ObITb NONE3HbI 451 BCEX. 3aNM0roM yCrelwHon caaqn 3a4eta sBnseTcs
cvcTematnyeckas pabota Hag y4ebHOM OUCLMINMHOM B TeYeHMe cemecTpa. MoaroToBky XenarenbHo
BECTU, Ucxons U3 TpeboBaHuWii nporpamMbl ydyebHol aucumnnuHsl. LienecoobpasHo nowarosoe
OCBOEHWE MaTeprana, BbiNMOoNHEHWE Pa3NuYHbIX 3aLaHuUiA N0 MeEPE N3yYeHNs COOTBETCTBYIOLLMX
coaepxatenbHbIX Pa3fenos AMcUUnavHbl. Ecnv, roToBsich K 3a4eTy, Bbl UCMbIThIBAETE 3ATPYAHEHUS,
obpaluariTecb 3a COBETOM K Mpernogasatento, TeM 6onee 4To Npy CUCTEMATMYECKOW NOArOTOBKE Y Bac
€CTb Takasi BOSMOXHOCTb. [TOTOBSCb K 3a4eTy, Nyylle BCEro CoYeTaTb NOBTOPEHME TEOPETNHECKUX
BOMPOCOB C BbIMOMHEHNEM NPAKTUYECKMX 3aaaHnit. TpeboBaHUS K 3HAHWSAM CTYOEHTOB ONpPeaeneHb
penepanbHbiM FOCy4apCTBEHHLIM 06pa3oBaTebHbIM CTAHAAPTOM M paboyel nporpammorn
AncumniuHbl. Llenb 3ayeTta - npoBepka v OLEHKa YPOBHS MONYYEHHbIX CTYAEHTOM CrieunanbHbIX
NO3HaHWUIA No y4ebHOM ANCLUMMNUHE N COOTBETCTBYIOWNX UM YMEHWA N HABBLIKOB, @ TaKXe YMEeHUs
NIOFMYECKMN MbICNINTb, APryMEHTUPOBATb M3BPaHHYO HayYHYH0 NO3ULIMIO, pearmpoBaTb Ha
LLOMOHUTENbHbBIE BOMPOCHI, OPUEHTNPOBATLCS B MACCKBE MHGDOPMALMK, LEPUHNLNIA N KaTeropuii.
OueHke nognexar npasBuibHOCTb Y FPaMOTHOCTb PEYN CTYLEHTa, ECNM 3a4eT NPOBOANTCS B YCTHOM
POopMe, a TaKXe ero LOCTUXEHUS B Te4eHne ceMecTpa. JononHNTENbHOM Lenbio 3a4eTa SABnseTcs
(POPMUPOBAHME y CTYLEHTOB TAKUX KAYECTB, KAk OPraHn30BaHHOCTb, OTBETCTBEHHOCTb, TPy Lonobue,
CaMOCTOSATENBHOCTb. TakMM 0B6pa3oM, NPOBEPSETCS CNOXUBLIASCS Y CTYAEHTa CUCTEMA 3HAHWIA MO
LMCUMNMHE, 4TO nrpaeT 6onbluyio porb B MOArOTOBKE Bymywero cneunanucta, crnocobcTeyeT
MONYYEHUIO UM PYHAAMEHTANBbHOW U NPOCPECCHOHANBHON NOAFrOTOBKM. [pn NOAroTOBKE K 3a4eTy
BaXXHO NPaBWIbHO U pauuoHanbHO PacnnaHMpoBaTh CBOE BPEMS, YTOObI yCNeTb Ha KAYECTBEHHO
BbICOKOM YPOBHE NMOArOTOBUTBLCS K OTBETAM MO BCEM BOnpocaM. Bo BpeMsi NOAroTOBKM K 3a4eTy
CTYLEHTbl TaKXXe CUCTEMATU3NPYIOT 3HAHWS, KOTOPbIE OHU NPUOBPENH NPU N3YYEHUN OCHOBHBIX TEM
Kypca B TEYeHME ceMecTpa. OTO NO3BOMSET UM YSICHUTb TOrMYECKYHO CTRYKTYPY OAUCLMMVHDI,
00BEeONHNTD OTLENbHBIE TEMbI B EAMHYIO CUCTEMY, YBUAETb NEPCMNEKTNBbLI €€ Pa3BUTUS.
CamocTosiTenbHas pabota no noAroToBKeE K 3a4€Ty BO BPEMSI CECCUM [OMXKHA NNaHNPOBATbCA
CTYLEHTOM, ucxoas n3 oblwero o6bemMa BONPOCOB, BbIHECEHHbIX HA 3a4€ET, Tak, Y4ToObl 3a
npeLoCTaBMEHHbI ANst MOAFOTOBKM CPOK OH CMOI PABHOMEPHO pacrnpenennTb NpubANanTenbHoO
paBHOE KONMYECTBO BOMPOCOB AN €XEOHEBHOIO M3y4eHUs (MOBTOPEHUS). BaxHo, 4Tobbl 0auH
nocnenHuin neHb (MMbo yacTb ero) 6bin BblAeneH AN JOMNOMHUTENBHOrO NOBTOPEHMS BCEro o6bema
BOMPOCOB B LIENOM. OTO NMO3BONSET CTYAEHTY CAMOCTOSTENBHO NEPENPOBEPUTL YCBOEHUE MaTeprana.

10. MepeyeHb NHPOPMALMOHHBIX TEXHOIOTMIA, UCMO/Ib3YEeMbIX MPU OCYLLLEeCTBNEHUM 06pa3oBaTeNbHOro
npouecca no gucuunanHe (MOAyno), BK/IOYasi nepedeHb NPorpaMMHOro obecneyeHnst U UHCOOpPMaLMOHHbIX
CnpaBOYHbIX CUCTEM (MPU HEO6X0AMMOCTH)

MepeyeHb MHPOPMALMOHHBIX TEXHOMOMUIA, UCTONIb3YEMbIX NMPU OCYLLECTBEHU 06pa3oBaTebHOro npoLecca no
AUCUMNAVHE (MOLyNio), BKNOYas nepeyeHb NporpaMMHOro obecnedeHns n MHGOPMALIMOHHbBIX CMPaBOYHbIX CUCTEM,
npenctasneH B MpunoxeHun 3 k paboyen nporpaMMme AUCLMNNVHBI (MOOYNS).

CrpaHnua 12 ns 15.
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11. OnucaHue MarepuanbHO-TeXHMYecKon 6a3bl, He06X0AMMOW AN OCYLUEeCTBNeHusi o6pa3oBaTe/ibHOro
npouecca no gucuunnuHe (Moayno)

MaTtepuanbHo-TexHu4eckoe obecneyeHre obpasoBaTenbHOro npoLecca no AucumnIvHe (Moaynio) BKtoYaeT B cebs
cnenyrolne KOMMOHEHTbI:

MoMelleHnst 0N1s CaMOCTOSITEeNbHOM PaboThl 0BYYaAIOWMNXCS, YKOMMIEKTOBAHHbIE CreLmnann3npoBaHHoi Mebesbio (CTonMbI 1
CTY/bS) ¥ OCHALEHHbIE KOMMbIOTEPHOMN TEXHUKOW C BO3MOXHOCTbIO MOAK/MOUYEHUS K ceTn "VIHTepHeT" n obecriedeHnem
[OCTyNa B 3N1eKTPOHHYI0 MHOpOpMaLMOHHO-06pasoBaTenbHyto cpely KDY,

YyebHble ayamMTopun ONns KOHTaKTHOW paboThl C MpenonaBatenem, yKOMNIeKTOBaHHbIE CNeLManM3npoBaHHo Mebenbio
(cTonbl 1 CTYNbS).

KomnbioTep 1 npuHTEp Ons pacnedatky pa3naToyHbix MaTepuanos.
MynbTumMeouiiHas ayoutopums.

12. CpencrtBa apanTtaumm npenogaBaHUs AUCLUN/IMHBI K NOTPe6HOCTAM 00y4YaloLLuXcsi MHBaNUA0B U AL, C
orpaHU4YeHHbIMU BO3MOXHOCTSIMUA 34,0POBbSI

I'Ipvl Heobxo0aMMoCTn B o6pa305aTean0M npouecce npuMeHATCAa cnegytowme Metonbl U TEXHONOrnu, obneryatouime
BOCMpUATME UHPOopMaLUK 06y'-|a}OLIJ,I/IMI/IC$I MnHBanngamn n nuuamm ¢ orpaHM4eHHbIMM BO3MOXHOCTAMU 300P0BbA:

- co30aHne TEKCTOBOW BEPCUM NtoBOro HETEKCTOBOIrO KOHTEHTA AJ1si er0 BO3MOXHOM0 NpeobpasoBaHus B
anbTepHaTVBHbIE POPMbl, YO0OHbIE AN pa3fnyHbIX NOMb30BaTene;

- CO30aHNEe KOHTEHTAa, KOTOprVI MOXHO NpencTaBuUTb B pa3/InyHbIX BUOAX 6e3 noTepun OoaHHbIX UK CTPYKTYpPbI,
npenycMmoTpeTb BOSMOXHOCTb MaCLIJTa6I/|pOBaHVIﬂ TeKCTa un |/|306paer|/||7| 6e3 noTtepu Ka4ectea, NpenyCcMoTpeTb
OOCTYMNMHOCTb yrnpaBneHnsa KOHTEHTOM C KnaBuaTypbl;

- cO34aHVe BO3MOXHOCTEW A5 06y4atolwmxcsl BOCIPUHUMATL OLHY M Ty XXe MHPOPMaLMIOo U3 PasHbIX NCTOYHMKOB -
HarnpuMmep, TaK, 4Tobbl LA C HAPYLWEHNUAMU CyXa NOMyYani MHGOPMALLMIO BU3YarbHO, C HAPYILEHWSIMU 3PEHUS -
aynanbHo;

- MPUMEHEHVEe NPorpaMMHbIX CPencTB, obecrneynBatoWmx BO3MOXHOCTb OCBOEHMSI HABbIKOB 1 YMEHUIA, CDOPMUPYEMbIX
OVNCLUMNMIMHOM, 3a CYET anbTepHaTUBHbLIX CNOCOO0B, B TOM YUCNE BUPTYanbHbIX NabopaTopuii U CUMYNSILNOHHBIX
TEXHONOIMIA;

- MPUMEHEHWE OUCTAHUMOHHBIX 0BpasoBaTenbHbIX TEXHONOTUIA ANs Nepeaayn MHGopMaLum, opraHn3aunm pasnmnyHbIX
POPM NHTEPAKTUBHOM KOHTAKTHOW paboTbl 0Byyarolwerocs ¢ npenogasaTteneM, B TOM Yucne BebrHapoB, KOTOpble MOTYT
6bITb MCNONb30BaHbl ANS MPOBELEHNS BUPTYaNbHbIX NEKLUIA C BO3MOXHOCTbIO B3aVMOLENCTBUS BCEX YHACTHUKOB
LUCTAHUMOHHOIO 06y4eHUs, NPOBELEHUS CEMUHAPOB, BbICTYMNEHUS C AOKNALAMU U 3aLNTbI BbINOAHEHHBIX paboT,
NpoBeAeHNs TPEHUHIOB, OPraHU3aLMy KONNEKTUBHON paboThl;

- NPVYMEHeHNe ONCTaHUMOHHbIX 06pa3oBaTenbHbIX TEXHONOIMIA NS OpraHM3aLmmn GOoPM TEKYILEro 1 MPOMEXYTOYHOMO
KOHTPONS;

- YBENNYEHME NPOLOMIKXNTENIbHOCTU cAa4m oby4atowmMMcst UHBANUOOM UK NINLOM C OFPaHNYeHHbIMU BO3MOXHOCTSMI
3[0p0Bbs DOPM NMPOMEXYTOYHON aTTECTALMMN MO OTHOLWEHWIO K YCTAHOBIEHHOW MPOAONXUTENBHOCTY UX COAYN:

- NIPOAONIXUTENIbHOCTU COoa4n 3a4éTa UM aK3ameHa, nposoaonMoro B NMUCbMEHHOMN oopme, - He 6onee 4em Ha 90 MUHYT;

- NPOOONXNTENbHOCTM NOAroTOBKM 06y4atolerocs K 0TBeTy Ha 3a4éTe Unn aK3ameHe, NPOBOAVMOM B YCTHOM doopMe, - He
6onee yem Ha 20 MUHYT;

- NPOOONIXUTENNbHOCTU BbICTYNNEHNA oéyqaromerom npu 3awunTte KprOBOI7I pa60TbI - He bonee yem Ha 15 MUHYT.

Mporpamma coctaeneHa B cooTBeTcTBUU ¢ TpeboBaHusMu ®IFOC BO u yyebHbiM nnaHoM no crneumansHoctu: 04.05.01
"(PyHpameHTanbHas v npuknagHas xumMmsa" u cneumannsaummn "HeopraHmdeckas XmMmns'".
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lMpunoxerne 2
K pabo4eii nporpamme AUCLUNINHBI (MOAYNS)
51.B.[]1B.15.02 Teopus cumMMeTpmun B KOOPANHALMOHHOU XUMUN

MepeueHb nuTepartypbl, HEOOXOAUMOM 4Nt OCBOEHUS OUCLMIUINHBI (MOLOYNS)

CneumnanbHocTb: 04.05.01 - PyHoameHTanbHas U NpUKIALHAS XUMAS
Cneuvanusaums: HeopraHmyeckas xmmMms

KBanngpukaumst BeinyckHuka: XuMuk. MNpenonaeaTenb XMMnm

dopma oby4eHus: o4Hoe

S3bIk 06y4eHNs: pyccKuii

"oa Hauana obyyeHus no obpasosatenbHoi nporpamme: 2018

OcHoBHas nuTeparypa:

1.MaBno., H. H. Obwas n HeopraHnyeckas xumus : y4ebHuk / H. H. Maenos. - 3-e nag., ucnp., gon. - Caxkt-MNetepbypr :
NaHb, 2011. - 496 c. - ISBN 978-5-8114-1196-2. - TekCT : aneKTPOHHbIN // JlaHb : anekTpoHHO-BMbnmoTeyHas cuctema. -
URL: https://e.lanbook.com/book/4034 (nata obpauweHusi: 10.03.2020). - Pexxwum goctyna: Ans aBTopya. nonb3oBaTeneil.
2. l'enbomaH, M. U. HeopraHunyeckas xumus : yuebHoe nocobue / M. U. Fenbcpman, B. M. OcTpartos. - 2-e nag., cTep. -
CaHkT-leTepbypr : NlaHb, 2009. - 528 c. - ISBN 978-5-8114-0730-9. - TekcT : aneKTPOHHbIN // JlaHb :
9NeKTPoHHO-bubnnoTeyHas cuctema. - URL: https://e.lanbook.com/book/4032 (nata obpaweHusi: 10.03.2020). - Pexum
[oCTyna: Ans aBTopm3. Nonb3oBaTenei.

JononHuTtenbHas nuteparypa:

1.AMuHOB, J1. K. Teopusi cummeTpumn (kpatkme KOHCNEKTbl NEKUMA 1 3aaadn) : yuebHoe nocobre ons MarncTpaHToB
domaunyeckoro gakynbreTa. Y. 2 / J1.K.AMuHOB . - KasaHb: KI'Y, 2000. - 82 c.

2. bepnoToB, M. A. SloepHblii MarHUTHbIA PE30HAHC B HEOPraHW4eCKOW 1 KOOPAMHALMOHHOW XuMun. PacTteopsl 1
XnakKocTu : MoHorpadpus / M. A. @epoTos. - Mocksa : PUSMATIINT, 2010. - 384 c. - ISBN 978-5-9221-1202-4. - TekcT
: BNEKTPOHHBIV // IlaHb : anekTpoHHO-6ubnmoTteyHas cuctema. - URL: https://e.lanbook.com/book/2151 (aata
obpaweHns: 10.03.2020). - Pexxum noctyna: ons aBTopus. Nonb3oBaTtenei.
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lMpunoxerve 3
K pabo4eii nporpamme AUCLUNINHBI (MOAYNS)
51.B.[]1B.15.02 Teopus cumMMeTpmun B KOOPANHALMOHHOU XUMUN

nepe'-IeHb MHPOPMaLIMOHHbIX TEXHONMOINMMK, UCNONb3YyeMbIX AJ1s1 OCBOEHUS AUCLUMIUHBI (MO,IJ,ynil), BKo4yas
nepe4yeHb nporpaMmMHOro obecneyeHns u MH(POPMaLIMOHHbIX CNPaBOYHbIX CUCTEM

CneumnanbHocTb: 04.05.01 - PyHoameHTanbHas U NpUKIALHAS XUMAS
Cneuvanusaums: HeopraHmyeckas xmmms

KBanngpukaumst BeinyckHuka: Xumuk. MNpenonaeaTenb XMMnm

dopma 0by4eHus: o4Hoe

S3bIk 06y4eHNs: pyccKuii

"oa Hauana obyyeHus no obpasosatenbHo nporpamme: 2018

OcBoeHne oucuUnnInHbI (MO,EI,yl'IFI) npegnonaraet ncnosib3oBaHme cnenytowero nporpamMmHoOro obecrneyeHus 1
MHJPOpMaLMOHHO-CNPAaBOYHbIX CUCTEM:

OnepauunoHHas cuctema Microsoft Windows 7 MpodbeccuoranbHas unm Windows XP (Volume License)

MakeT odpucHoro nporpammHoro obecneverus Microsoft Office 365 nnu Microsoft Office Professional plus 2010
Bpayaep Mozilla Firefox

Bpaysep Google Chrome

Adobe Reader XI unn Adobe Acrobat Reader DC

Kaspersky Endpoint Security ang Windows

YyebHo-MeToAMYeCKas nutepatypa ons JaHHOW AUCLMMNANHBI UIMEETCS B HANMYMK B SNIEKTPOHHO-OMBNMOTEUHOI cucTeme
"ZNANIUM.COM", nocTyn K KoTopoii npenoctaeneH obyyatowmmes. I6C "ZNANIUM.COM" coaepXuT npon3BeneHns
KPYMHENWMX POCCUNCKUX YHEHbIX, PyKOBOAUTENEN rocy0apCTBEHHbIX OpraHoB, npenogaearenein segyLmx By30B CTPaHbl,
BbICOKOKBaNMULIMPOBAHHbLIX CMELMANNCTOB B pa3nnyHblx cdoepax busHeca. doHn 6ubnmotekn cpopMmnpoBaH C y4eToMm
BCEX M3MEHEHUA 06pa30oBaTeNbHbIX CTaHAAPTOB 1 BKNKOHYAET y4ebHMKN, y4ebHble nocobus, yuebHO-MeToanYeCcKme
KOMIekchbl, MOHOrpadoum, asTopedeparbl, AuccepraLmm, SHUUKIoNeaun, CnoBapu U CNpaBoYHNKN,
3akoHo4arteNbHO-HOPMaTUBHbIE [OKYMEHTbI, CrieumanbHble Nepuognyeckme n3gaHns n ndnaHusl, Boinyckaemble
nspartenbcteamu By30B. B HacTosiwee Bpems S5C ZNANIUM.COM cooTBeTCTBYET BCEM TPeOOBAHMSAM (oeepanbHbIX
rocynapcTBeHHbIX 06pasoBaTtenbHbIX CTaHAapToB Bbicwero obpasosaHust (PrOC BO) HoBOro NokoneHus.

YyebHo-meToamMYeckas nutepatypa s LaHHOW AUCLMNAUHBI UMEETCS B HANNYMU B SNEKTPOHHO-BMBNNOTEYHOR crncTeme
NapatenbcTBa "MaHb" , LOoCTyn K KOTOpOM NpepocTtasneH obyyatowmmes. 96C NapaTtenbcTea "MaHb" BktoyaeT B cebs
SNEKTPOHHbIE BEPCUM KHUT n3patenbcTsa "laHb" 1 opyrux BeLylwmx n3natenscts y4ebHoOM nuTepaTypsbl, a Takxe
SNEKTPOHHbIE BEPCUUN MEPNOANYECKUX U3OaHWUIA NO €CTECTBEHHbIM, TEXHUYECKUM U r'yMaHUTapHbIM Haykam. 9bC
N3paTenbcTea "MaHb" obecneunBaeT fOCTYN K HAYYHOW, y4ebHO NuTepaTtype 1 HayYHbIM NEPUOLNYECKAM U3LAHUSM MO
MakCMMarnbHOMY KONMYECTBY NPOOUNbHbLIX HANPaBReHUi A C COBNOAEHNEM BCEX aBTOPCKUX U CMEXHbIX Mpas.
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