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Mporpamma gucumnnuHbl "Xumns knactepos”; 04.04.01 "Xumng".

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

CrtpaHnua 2 n3 11.




Mporpamma gucumnnuHbl "Xumns knactepos”; 04.04.01 "Xumng".

Mporpammy oucumnnuHel paspaboTan(a)(u) noueHT, O.H. (npodeccop) Yesena B.B. (Kadoenpa HeopraHn4yeckom xmmmu,
Xummnueckuin nHetutyt um. A.M. Bytneposa), Vladimir.Chevela@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 npuobpeTtaeMoi KOMNETEeHLUN
OK-2 CNOCOBHOCTbIO YBaXNTENBbHO 1 BepeXHO 0THOCUTBLCS K UCTOPUYECKOMY Hacneauto u
KyNbTYPHBIM TPAAMLMNAM, TONEPaHTHOCTb B BOCNPUSATUN COLMNANBbHBIX U KYNbTYPHbIX
pasnuyunin
MK-1 CNocobHOCTbO AeMOHCTpauun obleHay4Hbix 6a30BblX 3HAHWIA eCTECTBEHHbIX Hayk,

MaremMatukm u MHPOoPMaTUKN, MOHNMaHNE OCHOBHbIX (PaKTOB, KOHLeMNLWiA,
NPWUHLMNOB TEOPWIA, CBA3AHHbIX C NPUKNAAHON MaremMatnkom 1 MHgopMaTNKomn

MNnKk-10 CMOCOBHOCTBIO NPUMEHSATL B NPOCPECCUOHANBHOW OEATENBHOCT COBPEMEHHbBIE
13bIKW NPOrPaMMUPOBAHNS U s13bIkK 623 AaHHbIX, ONepPaLnoOHHbIE CUCTEMI,
9NEKTPOHHbIE BUBNNOTEKN 1 NaKeTbl MPOrpamM, CETEBbIE TEXHONOMM

MK-3 CMOCOBHOCTbIO MOHUMATb U NPUMEHSITb B UCCNELOBATENbCKON U NMPUKNALHON
esTenbHOCTU COBPEMEHHbIN MaTeMaTMyeckuii annapar

MK-5 CMOCOBHOCTbIO KPUTUYECKM NEPEOCMbICIIMBATD HAKOMNEHHDIN OMbIT, UBMEHSATb NPY
HEeobxoMMOCTY BUL M XapakTep CBOEN NPOHECCUOHANBHON AeATENBHOCTU

O6yyatolmincs, 0CBOMBLINA JUCLUMANHY (MOOYNb):

JonxeH 3HaTb:

4TO XMMMS KNACTEPOB NPEACcTaBnsieT CO60N COBPEMEHHYIO ONCLUMIMHY HA CTbIKE HEOPraHUYEeCKOi,
METannoopraHN4eCcKom 1 KOOPANHALMOHHOM XMMM 1 pa3BmBaowwas npeacTaBneHns o peakLMoHHOM
CMOCOBHOCTM, XMMUYECKO CBS3U 1 TOMONOMMM HEOPraHNYECKNX COeANHEHWIA

JonxeH ymeTtb:

OPUEHTUPOBATLCA B y4eBHOMN, MOHOrPadOUYECKO, CNPaBOYHON 1 XypHaNbHON nuTepatype B
obnacTu XMmMm Knactepos

JonxeH snagertb:

TEOPETUYECKMMU 3HAHNSIMW 06 OCHOBHbBIX 3aKOHOMEPHOCTSX CTPOEHNS U PEAKLIMOHHOW CrOCOBHOCTU
KNnacTepHbIX COeaUHEHMI

LonxeH 0eMOHCTPUPOBaTb CNOCOBHOCTb U FOTOBHOCTD!

HaBbIKM MPUMEHEHUS TEOPUIA BANEHTHBIX CBA3EN, MONEKYNSPHbIX opbuTane, KoHUenumum
n3onabanbHOCTU ANS ONUCAHUS 3NEKTPOHHOMO CTPOEHMUS KNacTepoB

2. Mecto aucuunnuHbl (Moayns) B ctpyktype OMOIM BO

JaHHag oucumnnunHa (Mogynb) BkntodeHa B pasaen "61.B.[0B.3 OucunnnumHbl (Moaynm)" OCHOBHOM NpodhecCuoHanbHom
obpaszoBatenbHoi nporpammel 04.04.01 "Xumus (Hegotexmumms n katanma)" n 0THOCMTCS K AUCLUMAMHAM NO BbIGOPY.
OcBanBaeTcs Ha 2 Kypce B 3 ceMecTpe.

3. O6bem gucuMnanHbI (MOAYNs) B 3a4eTHbIX eAuMHMLaX C YKa3aHMeM KONMYecTBa YacoB, BblaeNIeHHbIX Ha
KOHTaKTHYI0 paboTy oby4yaroLmxcs ¢ npenopaearesnem (Mo BMAAM yuyeOHbIX 3aHATUI) U HA CaMOCTOSATE/IbHYIO
paboTy obyuarloLmxcs

O6was TpynoeMKOCTb ANCLIMIMMHBI COCTaBAsSieT 3 3a4eTHbIX(ble) eauHuML(bl) Ha 108 yaca(os).

KoHTakTHas paboTa - 42 4aca(oB), B TOM Yucie nekuun - 0 4yaca(oB), npakTudeckme 3aHaTus - 18 yaca(os),
nabopaTopHbie paboTbl - 24 yaca(oB), KOHTPONb CAMOCTOSTENbHOM paboTsl - 0 Yaca(os).

CamocTositenbHas paboTta - 66 4aca(os).
KoHTponb (3a4é€T / ak3ameH) - 0 yaca(os).
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Mporpamma gucumnnuHbl "Xumns knactepos”; 04.04.01 "Xumng".

CDopMa NPOMEXYTOYHOro KOHTPOJIA ANCUUNIINHDI: 3a4€eT B 3 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)

Buabl n yachbl
KOHTaKTHOW paboTbl,
Paspenbl oucuMninHbl / MX TPYAO0EMKOCTb CamocTosiTenbHas
N Monyns Cemectp (B yacax) pa6ota
MpakTuyeckuellaboparopHble
Jlekumm 3aHATUA paboTbl
1.|Tema 1. KnactepHoe coeanHeHune 3 0 2 0 4
Tema 2. KoHuenuus nnoTHON
2.lynakoBku IMraHaoB Ha MOBEPXHOCTU 3 0 4 4 10
METanIM4eckoro ocTosa
Tema 3. Tvnbl nMraHnos B
s KnacTepHbIX coeaUHEHNSAX 3 0 4 4 10
Tema 4. DnekTpoHHOE CTpoeHne
4. KnacTepHbIX coeanHeHnn 3 B 2 4 10
Tema 5. Knactepbl-metannouenu,
5. MeTannoumKnbl 3 0 2 4 10
6.[Tema 6. MeTannononuagpbl 3 0 2 4 12
Tema 7. anoreHngHole 1
7. kapbokcunatHble knactepbl 3 0 2 4 10
Toro 0 18 24 66

4.2 CopepXxaHue aUCLUNIUHbI (MOAYNS)
Tema 1. KnactepHoe coeavHeHue

?ConepxaHue noHATMS ?7knactepHoe coeanHeHne. KnactepHble COeauHEHNs u KnacTepHble matepuansl? KnactepHoe
coegunHeHve ? N30MpoBaHHas rpynna, cogepxawas csasv metann-merann. KnactepHbole matepuansl ? nonnmepsbl ¢
KnacTepHbIMK rpynnamu. YnbTpaamcnepcHble MeTananyeckme 4yactuupl ¢ guametpom ~300A HasbiBalOT nHorga
?6e3nuraHiHble METANINYeCckme knactepbl?. x nonyyatoT NpemMywecTBEHHO hn3nyecknmm metogamm. beannraHoHbie
MEeTanNnyYeckune KnacTepbl SBNSIOTCS METACTAOUNBHBIMU U CaMblli O4EBUIOHbIA NyTb UX cTabunnsaumnm ? NoKpbITME
NOBEPXHOCTW NuraHiamu. B peaynbtate B 3aBUCUMOCTY OT TWMNA NUraHaoB 06pasyroTcs v MONEKyNnsipHble Knactepbl
WK KnacTtepHble maTepuansl. Knactepsl ? onpeneneHHas CTyneHb Mexay MONeKynsapHbIMA KOMMNeKcamm n
ynbTpaancnepCHbIMN YacTULaMu.

OTHOCUTENbHAsA YCTONYMBOCTb YNbTPAANCNIEPCHBIX YacTuL,. YbTpaancnepcHoe COCTOsHNE NpeacTaBnseT oCTaTtoqHO
60nbLIOI MHTEPEC, NMOCKONbKY NPOLECCH CEAUMEHTaLMW, 06pa3oBaHns NIEHOK, POCTa KPUCTANNOB NPOXOLAT Yepes
cTagun obpasoBaHns 3TUX YacTuWL, a NPV PacTBOPEHUN METANNOB NPOXOAST Yepes aTy 0bnacTb B 06paTHOM
HanpaeneHumn. 1.0QHoaTtoMHbIe YacTulpbl knactepupytotcs ¢ T>12 K ( pesynbtara - yactuupl M2-M6) 2. lumepHble
yacTuubl monyyarTcs Ans 6onbwMHCTBA d- METan0B METOAOM MaTpUYHO nsonsaummn. 3) Metannmyeckue YyacTmubl
coctaBoB M3-M12. MNMonyynTtb Matpuupbl, cogepXxatime YacTuubl 0OHOro copTa HEBO3MOXHO. 4.HacTuubl C YUCIOM
aTomoB 13-150(d~8-20A) NosiBNeHne BHYTPEHHUX aTOMOB, BO3MOXHOCTb YNakKOBOK C OCSMU CMMMETpuK 5 nop. 5).
Yactuubl ¢ pasmepamu 20-100A. KonnyecTBo NOBEPXHOCTHBIX U BHYTPEHHNX aTOMOB CpaBHUMO. 6) HacTuubl €
pasmepamu 100-300A 370 nepexonHas obnactb, rae B LLEHTPe knactepa rnosiBASOTCS CNOV ¢ YyNakoBKOW KOMMNAKTHOMO
metanna (KM, I'MY). CocywecTBylOT ABE yNakoBKM 7 KpUCTanimyeckas n BHEWHSAS ukocasgpuyeckas. 7). Hactuubl €
anameTtpom>300A.

Lonst noBepxHOCTHbIX aToMOB~0.01 BHYTpEeHHSA CTPYKTypa COOTBETCTBYET KOMMAKTHOMY MeTanny.

Teopus KunepTa B onncaHum CTpyKTypbl Knactepos B ocHoBe OaHHON Teopumn nexuT naes, 4To cTepeoxmummyeckoe
pacnonoXeHue nMraHaoB BOKPYr LEHTPanbHOro atoma onpeaensieTCcs B3auMHbIM OTTankKMBaHNEM BCEX XMMUYECKNX
ceszseit. [1py 3TOM cumTaeTcs, 4T0 LEHTPaNbHbIA aTOM He UrpaeT HUKaKoM ponu B onpeaeneHnmn npocTpaHCTBEHHOM
KOHhUrypauum KoMniekca, He onpeaensieT NpeanodTUTENbHbIA BbIGOP HANPaBneHNs CBA3W U HE 3KpaHUpyeT
oKpy>xarowme ero cessn. PacyeTbl 0CHOBaHbI HA MUHUMU3ALIMW NOMHON 9HEPTUN OTTaNKUBaHMS, NONy4aemoi
CYMMUPOBAHWNS SHEPTUiA OTTaNKMBaHNS N0 BCEM Napam CBSA3ei LieHTpanbHbIA MOH - nuraHa. Kaxaas cessb
MeTann-nuraHg cuntaetca adppekTNBHO AENCTBYIOWEN Kak To4ka. Bce n cBsAsen oTTankmsatoT Apyr Apyra Kak TOHKW Ha
cchepe (MpU 0OMHAKOBbIX AfIMHAX CBA3EN).

Tema 2. KoHuenuus naoTHoOmM ynakoBKu nmMraHgoB Ha NOBepXHOCTU MeTa/lZiIu4yeCcKoro ocrtoea
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Mporpamma gucumnnuHbl "Xumns knactepos”; 04.04.01 "Xumng".

npOCTpaHCTBeHHbIe aopeKTbl MMraHOoB B KnacTepax. [MoHATME KOHNYECKOro KnaCcTepHOoro yrna

N3yyeHune 3akoHOMEPHOCTE PACNONOXEHNS Pa3NNYHBIX UIMHAOB HA MOBEPXHOCTM METANNOOCTOBA NPUBENO K BbIBOLY
0 TOM, 4YTO KnacTepoobpas3oBaHME COCTOUT B CO3AaHNUN HA NMOBEPXHOCTY METANNOOCTOBA NIOTHOYNAKOBAHHOW 060104KM
U3 NUraHpoB. Jlurann skpaHvpyeT YacTb NPOCTPAHCTBA HA NMOBEPXHOCTU Me5Tannooctosa. [1ns oueHku aToro agodpekTta
nocTyrnatoT cnedyowmm o6pa3oM. BHeWwHIOWw YacTb 0CTOBA 3a0at0T UaeanM3vpoBaHHbIMM NOBEPXHOCTAMU: IMHENHYIO
uenb ? LMNMHAPOM, NNOCKUIA LMKN ? TOPOM, NPaBWibHbIA nonnaap ? wapom. Paanycel uunvHapa u topa pasHbl
KOBaNEHTHbIM paavycam MeTtanna, paauyc wapa ? cyMMe pacCTosiHUiA LEHTP NonMaapa - aToM MeTanna + r(KoB)
meTtanna. [ns KonmyecTBeHHOM OLEHKM NPOCTPAHCTBEHHOIO SKPaHNPOBaHMUS B OAHOSAEPHBIX COELNHEHUSIX
UCMonb3yloTCs TenecHole yrnbl f ¢ BepwrHoi B atome M. [1ns LenoyeyHbIx MONEKYN ? MPOeKUMU NMraHhoB Ha LUANHAP
e0VHNYHOro paguyca

Bbino npennonoxeHo, 4T0 B KnacTepax ¢ OCTOBOM, BMMCLIBAIOILMMCS B Wap, obliee Y1Cno nuraHaoB onpenensercs
KOHWYeCKUM KnactepHbiM yrnom (KKY)

Ecnu L ? akpaHuposanue, To L(i) = sin2(f/4); [IL(i) = 1 ? ycnosue nonHoro

3KpaHMpPOBaHUs MoBepXHOCTW. BennunHel KKY yMeHblaloTea Npy yBeNMYeHUN HyKNeapHoCTy KnacTtepa, npu
YBENVYEHWM YMCNa rpaHei B nonuagpe u npubnmuxatotcst K onpefeneHHoMy npenenbHOMY 3HaYeHWio ( npu
PVKCMPOBAHHOM PacCTOsiHUM MeTann-meTann).

Tema 3. Tunbl NUraHOOB B KNlaCTEPHbIX COe AUHEHUAX

B xumun KnacTtepHbIX COoefNHEHNA nuraHapl 06bI4HO KﬂaCCI/ICf)MLI,I/Ipy}OTCFI no 4yncny nOoHMpPYyeMblX 3NEKTPOHOB 1
OEeHTAaTHOCTK, Tna KoopanHauun.

JINraHabl B KNACTEPHbIX COEAVHEHNSIX MOTYT MeTb koopauHaumio BepunHHyio, pebephyio (), rpanesyio(l3, 14) unu
BHyTpunonocTHyto (In(eH)). B knacTepHbIX COeANHEHNSX BOLOPO, Hallle BCEro ObIBAET MOCTUKOBLIM NINraHa0M,
COoeaVHSIIOWMM ABa MeTanna Npy pasnuyHblx TUnax pebepHoi KoopArHaLUW UK Tpy MeTanna npw rpaseson. Ons
BoZopoAa Bceraa noHupyetcs 1 e- . Atom Cl npu BepWwnHHOK KoopanHaumn naet 1e-, npu pebepHoin ? 3e-, npu
rpanesoii (3) ?5e-c aTomamu knacTepHoro octoa. Cepa Npu BEPLUHHOM 11 peBEpHON KOOPAVHALMM AAeT 2e-, Npu
rpanesoii ([13)?4e- . C yBenuueHnem yvcna KoopAVHNPYEMbIX aTOMOB OCTOBA NMPOVICXOAWUT BOBNEYEHNEe Bce GoMblIero
yucna anekTPoHOB cepbl, XoTs U Npw L 3- koopanHaumm octaetcsa ceobonHas HIIM, no koTopoli BO3MOXHa
LOMOHUTENbHASA KOOpAMHAaLNS.

CuTyaums OCnoXHSETCS, ECNM NUraHL UMEET HCAKONbKO AOHOPHbBIX aTOMOB. Hanpumep, npu pebepHoli koopanHauum
rpynnbl S2 cBA3b S- S nexXxuT nepneHaukynsapHo ceasm M-M, rpynna B aTom cnyyae aBnseTcs OOHOPOM 6e, OCTaBlInECS
2 3/1EKTPOHHbIE Napbl TaKXe CNocobHbI K LOMOMAHUTENBHON KoopanHaumm. MpenenbHbli cnyyal LOHMPOBaHNUS
KapOOHUNbHOW rpynnoli - 6e- , B 3TOM ciyyae KapboHWbHas rpynna pacnonoXeHa napanienbHO TPEYroNbHOM rpaHu.

Cnocobbl KOOPAMHUPOBaHNS ONECOMHOBLIX, aLeTUNEHOBbLIX MMraHaoB. [ns oneduHOBLIX NUFraHOOB UMEtDTCS
BO3MOXHOCTW OT MOHO- [0 NEeHTaOeHTaTHOW KoopAnHaLUuK, Npu4eM Nu-cucteMa onedrHa MoXeT BbICTyrnaTh B KA4ecTse
MOHO- Unn BupeHTaTHOro nuraHaa. BoamMoxHOCTH 3amelleHns KapboHUbHBIX FPYNn Monekynamu oneduHoB B
KapboHWbHbIX knactepax. JLoHOpHbIE BO3MOXHOCTM 0nedUHOB. Bo3MOXHbI cneaytowmne BapuaHTbl B3auMMoaeicTems
KapbOoHWIbHBIX KNacTepoB ¢ onedorHaMun. Bo-nepBbix, BO3MOXHO paspyLieHne knactepHoro octoea (cnydan Fe3(CO)12
) ; MPW 9TOM ONleCPUH, CBA3AHHbIV C aTOMOM Xene3a Yepes Nu-CBA3b, ABNSETCS OOHOPOM 2-X SNEKTPOHOB 1 3aMelaer 1
CO ? nurang. Bo-BTOpbIX, BO3BMOXHO COXpaHeHme MeTanoocTtoBa (cnyyai Ru3(C0O)12 , Os3(C0O)12) no cxeme:

M3(CO)12 +RHC=CHR" [l H2M3(CO)9(RC2R')+ 3CO

AueTtuneHoBble nuraHabl. MI3BecTHO, 4TO aueTuneHol penko BXO4AT B KOOPAVWHAUVOHHYIO cdpepy MeTanna Kak TakoBble,
He BCTynas B peakuun gpyr ¢ gpyrom, ¢ Metannamum, gpyrumm nmraHoamin.

WNcecnepoBaHa u CTPYKTYPHO, OXapakTepr3oBaHa rpaHeBasi KoopauHaums OBy3aMelleHHbIX aueTuneHoB. CUMMeTpuYHas
N aCMMMEeTPUYHAsi KOOPAMHALMS rPaHuU.

BHyTprnonocTHble nuraiasl BHyTpy nonnaapa 13 atoMoB MeTasnia UMeeTCcs NonocTb, padmMepbl KOTOPOW 3aBUCAT OT
TMna nonuagpa v paguyca atoma metanna. JJaHHble NonocTy crnocobHbl 3aHMMaTb HEMETaNNIMYECKNE NEMEHTbI. Bbinu
nonyyeHbl coeanHeHus, cogepxawme B nonoctsx H,C, N, S, P, As, Sb. HecmoTpsi Ha Manblii KOBaneHTHbIA pannyc, atoMm
BOJOpOAA HaOeXHO PUKCUPYETCS BHYTPW NMONOCTU OKTa3a4pNYECKNX KNacTepos- CoG(DGBH-H)CO15 BHyTpeHHuI
paanyc nonoctu (0.58A) HaMHoro 6onble koBan. paguyca H(0.38A). Mprmepbl BHYTPUMNONOCTHLIX aTOMOB yrnepoaa ?
KapboHWbHbIE KnacTepbl Xenesa FeS(DGBH-C)CO15 FeG(l]GBH—C)CO1 6. BocbMu-, 0eBATM- 1 ABEHaALATUSAEPHbIE
KnacTepbl C BHyTpMNonocTHeiMu atomamn C, P, Sb.

Tema 4. 3ﬂeKTpOHHoe CTpOeHue KnacTepHbIX coe AUHEeHUN
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Mporpamma gucumnnuHbl "Xumns knactepos”; 04.04.01 "Xumng".

MoHATUE 0 KNacTepHbIX BaneHTHbIX anekTpoHax (KB3) u knactepHbix ckeneTHbix anekTpoHax (KC3). B GonblumHcTBe
paboT pa3BuMBaeMble TEOPETUYHECKME NPEACTABNEHNS O MPUPOAE XUMUYECKON CBA3M NPU3BaHbl Obinv 06 BACHUTL NULLb
oOvH hakT ? obliee YMCNOo Tak Ha3biBAEMbIX KNACTEPHbIX BANEHTHbIX 91ekTpoHoB (KB3) unu HeKOTopyto ero Yactb ?
4MCNO KNaCTEPHbIX CKeNeTHbIX aNHKTPOHOB (KC3). Obwee yncno KBS BblumcnsioT no cnenyolwelt cxeme ? K
CYMMapHOMY YMCY 3NEeKTPOHOB BaNlEHTHOW 060N0YKM aTOMOB OCTOBA NPUBABNSETCS YACNO SNEKTPOHOB, NMOCTABNSEMbIX
BCEMU NraHiamu + 3apsn ¢ 0bpatHbiM 3HaKoM. [NepBoHavanbHO 6bINo BBELEHO NOHATUE ?Marmdecknx? yucen KBS kak
YCTOWMYMBBIX XapakTEPUCTNK KNacTepoB, UMEIOLLMX B OCHOBE MONM3Ap onpefeneHHoro tmna. Tak, ang TpeyronbHbix KBO
= 48, ana tetpasgpos ? 60, ons oktasapos ? 86. B panbHeriwem okasanocb, YTO YACNOCOEANHEHUIA C Marn4eckmm
ymucnom KB3 cpaBHMMO CUMCIIOM COEAMHEHWIA, HE UMEIOLWMX ero. Teopust MONeKynspHblx opbutaneit B NpUNOXeHUN K
KnacTepHbIM CoeMHEHNSM. B KBaHTOBOXMMNYECKOM ONMCAHNM CBA3M MOXHO BblAENNTb 2 NOAX0Aa, Pasnuyatowmxcs
cnocobom noctpoeHmst MO knacTepa. B nepsom cnyyae monekyny MmLn nceBpocdoeprieckoil CUMMETprM pa3brBatoT
Ha Mm -ccpepuyeckoe MeTannyeckoe Sapo 1 06onoyky nuraHoos. Bo BTOPOM Monekyny knactepa Aenst Ha
04MHaKoBble 0AHOMETalbHbIE doparMeHThl. MO B nepBoM noaxone nonyyatot, KOMOMHUPYs BHewHne MO sapa ¢
noaxonswmmy MO nuraHnHol cahepbl, BO BTOPOM ? CTPOSAT U3 rpaHMYHbIX opbrTanein 0aHOSLePHbIX (0ParMeHTOB C
yyeToM obLLein cummeTpum knactepa. Mepsbiii noaxon 6onee yHUBEPCANEH 1 Nyylle NPUMEHNUM K ONMUCAHNUIO KPYMHBIX U
CpenHunX KnacTepoB, A8 KNacTePOB HN3KOW HykneapHoCTU bonee NpuroaeH BTOPOi Noaxoa PaccMoTpeHuns
rpaHuyHbIX opbutanei gpparmeHToB ML5, ML4, ML3, ML2. KoHuenuus nsonabansHoctu. Pe3ynbTaThl NpUMeHeHNs
0601x NoaxonoB.

Mpasuna 18-Tn 3NeKTPOHOB, CKENETHbBIX 3NEKTPOHHbIX Nap.

Tewma 5. Knacrepbl-MeTannou.enu, MeTannouuknbl

MeTannou,envl ? romo- un retepoajieMeHTHbIE, NNHENHblIE N pa3BeTB/IEHHbIE. I'Ionyquo 3Ha4YnTenbHoOe 4Yncno
COG,D.VIHGHI/II7I, cooepxauune KOpOTKVI(OﬁbILIHO TpeX3BeHHbIe) Lenun, KotTopblie MOryT 6bITb rOMO- N reTepo3/IeMEHTHbIMI.
JINHEWHbIE TOMO3NEMEHTHbIE meTtannouenu, cogepxatine nepexonHbie MetTanibl. OﬁLI.I,aFI qyepTta BCeX 3TUX COG,D,VIH€HI/II7I ?
Hanuymne LLeHTpanbHOro atoMa, reoMeTpus CBA3en KOTOporo onpeaenseT cTpykTypy scen Lenu. Kak npasuno,
BHyTpeHHVII7| aToM nmMeet KOHq.)I/IpraLI,I/IIO NCKaXeHHOro oktasapa C 4etblpbMs NUHENHbIMWN nnraHoamm, KoOHuUueBble aTOMbl
MOTyT MMETb OKTas4pun4eckyro Uunn TpVIFOHanbHO-6I/|I'II/IpaMVI,£I,aJ'IbHyPO reoMeTpuio. |_|pI/IMepr OaHHbIX KnacTepos ?
Cp-Ru(CO)4-Ru-Ru(C0)4-Cp, Os3(CO)12Br2.

KOOp,EI,I/IHaLI,I/Iﬂ BOKPYr LUEeHTpa/ibHOro atomMa MoxeTt 6bITb nI/IHeI7IHOI7I, HnOCKOKBa,upaTHOIZ. HenwvHelHbie uenwn,
cooepXxaume nepexogHblie Metabl. XapaKTepHaﬂ OCOéeHHOCTb OaHHbIX CO,EI,I/IHeHI/II7I ? Hanuyme MOCTUKOBbIX nnraHaos,
CTArmBarvOWnMxX KOHLUEeBble aTOMbl MeTanna. an/IMepr OaHHbIX KNnacTepos ?

0s3(-Br)2(C0)10, Fe3(l-S)2(C0O)9.

|/|30rHyTOCTb uenun, Kak npasunno, 4OCTUraeTCcsa TeM, HTO MeTaicooepXxaulme rpynnmpoekn 3aHMMaroT LMC- NONO0XEHME B
KOOp,EI.I/IH&LI.I/IOHHOVI ccpepe LEeHTpabHOro atoma. MeTannouenm, coaepXxaume nepexogHble N HenepexonHble 31IEMEHTDI.
MepBbifi cnyyaii LeHTpanbHbI aToM ? nepexonHbli MetTLnann. CTpoeHme MeTioueny onpenensieTcs reoMeTpmen Cceasu
LEeHTPa/IbHOro atoma, a KoHueBble rpynnnpoBkin 9Ln yacTo paccMaTpmnBaloT Kak MeTanncogepXxatme nmraHnbl.

Mpumepbl coeauHennii ? 3Ln-M(CO)4-3Ln , BLn - SnR3, -GeCI3, M ? Ru, Os

Bropoii cnyyaid ? ueHTpanbHbI aToM ? HenepexonHblin meTann. Metannouenu, cogepxalune Tonbko HenepexoaHble
meTannbl. PasBeTBneHHble reTepoaneMeHTHble uenn. OnuroMmepHbole 1 NofMMepHble MeTannouenu. Metoabl cnuHTe3a
MeTtannouenen.

Tema 6. MeTannononuapgpsbl

OkTasgpuyeckue 1 TpUroHanbHO-NpuaMaTuyeckue knactepbl? Cpeam 6-T sOepHbIX COeAUHEHN Hanbonee
pacnpocTpaHeHbl okTasgpudeckue Nprmepsl coeanHeH ¢ pasnmyHbiM yucnom KB3. Pt6(U-Cl)12 ? 96,
Rhe(13-C0O)4(CO)12 ? 86, Ni6(l5-C5H5)6 ? 90, Ni6(I5-C5H5)6+ ? 89, Zr6(l-1)12 ? 72, Os6(CO)182- - 86. Hanbonee
MHOro4mcneHHbl coeamHeHns ¢ 86 KBO. Mposienenns ctepudeckmx agodoektos. Co6(CO)16 n Rh6(CO)16 nocTpoeHsl
aHanornyHo OgHako MeHblwmii paguyc Co nenaet okTasap MeHee 06beMHbIM. OTCloLa- BbIpaXXeHHOE CTPEMNIEHNE
3ameHunTb 1 nnmn 2 CO Ha HOI:

Co6(C0O)16 I Co6(CO)152- [l Co6(CO)144-

NHomn nyTb YCTPAHEHUA NUraHoHOro HanpsXXeHus ? BKNOYEeHne nnraHna BHYTpPb nonmagpa
Ru6(l3-H)2(c0)18 I Rus(ll6-H)(CO)18-

ﬂ,aHHbIVI npouecc BbIrogeH, Tak Kak nc4e3aet aCuMMeTpusa OCToBa.

CoennHeHns, cooepxauune oCcTtos B Buae TeTpaFOHaHbHOIZ nmpammnobl (HI/I,JJ,O- OKTaS,Elpa). KﬂaCTeprIe coeanHeHus c
Ky6I/I‘-IeCKI/IM, MKocasapmn4eckmnm OCTOBOM. KHaCTepr TexHeuund ¢ TpuroHanbHO-NpPM3MaTn4eCcknm a0p0oMm. PeakunoHHas
CcnocobHOCTb COefIHEHNA, UMeoLWNX OCTOB B BUIE MeTannononuagpa.

am PAEKTPOHHBH
Ctpannua 6 na 11. BBl YHHBEPCHTET

S OFMALMOHHO AHATVTAHECHAR CATTEMA Ky
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Tema 7. FanoreHnaHble n KapbokcunatHble Knacrepbl

YacTb paHHOro Matepuana BKIoYaeT Knactepbl C YeTBEPHbIMU CBA3SMU MeTann-metani. KOMNOHEHTbl YETBEPHOW CBA3K
BK/HOHAIOT OCHOBHbIE 31EMEHTbI KPaTHbIX CBSA3EN, HO BCTPEYaETCH TOMbKO B COEANHEHUSIX NEPEXOLHbIX METaNNoB, Tak
Kak onsi ee obpasoBaHuMs Heobxoammbl opbuTtanu ¢ 1=2 n 6onee. MonNykoNMYECTBEHHO €€ MOXHO ONUCaTb TOMbKO C
nomoupbto d- opbutaneit. Auarpammbl nepekpbiBaHus u MO. TunnyHblil cnyyail YeTBEpHOW CBA3N ? NOH
Re2CI82-.0cob6eHHOCTb ero - 3aCNOHEHHOE PACMoNOXeHNE NUraHaoB. HeTBEPHYO CBA3b MOXHO ONMcaTh B paMKax
metona rubpuomnsauumm. ? ds5sp3-rubpuaunsaumein. Ha ocHoe paccMoTtpeHns MO ans 4eTBEPHOI CBA3M MOXHO MOHSATb
BO3MOXHOCTb APOOHbIX CTENEHEN OKMCNEHMS, APOOHBLIX MOPSAKOB CBA3bIBAHUS A1 KOMMIIEKCOB TEXHELNS 1
mMonunbaeHa.

Twvnbl NUraHnoB, KOOPAMHUPYIOLLMX KPAaTHOCBS3aHHbIA doparMeHT MeTann-metann. TpeboBaHus K xenaTupyowmnm
nuraHgam. KapbokcmnatHble U pOACTBEHHbIE UM NvraHabl. Heo6xoAuMOCTb 3aMelleHns akcuanbHbIX MO3ULWA B
TUMWUYHBIX CTPYKTYpax buspepHbix kapbokcunatoB. MeTonbl crHTe3a kapboKCUnaTHbIX U ranoreHnaHbIX KnacTepoB
Mo(ll),(111); W(l1),(l11); Re(l1l), No(ll),. Ta(ll)./

5. NMepeyeHb yue6HO-MeTOAMUYECKOrO O6ecneyeHust Ajisi CaMoCTosATeNbHON paboTbl o6yyatoLmMxcs no
AucuunnuHe (Moaynio)

CamocTosiTenbHas pabota obyyalolmxcs BoINOMAHSETCS N0 3a0aHNI0 U NPU METOLMYECKOM PYKOBOACTBE Npenofasatens,
Ho 6e3 ero HenocpeACcTBEHHOro yyacTns. CamocTosiTenbHas pabota noapasfnensieTcsl Ha CaMoCTOSTENbHYIO paboTy Ha
ayLUTOPHBIX 3aHATUSX U HA BHEAYAUTOPHYIO caMocTosTeNnbHyto paboTy. CamocTtosTenbHas paboTta obyyatowmxcs
BKNOYAET Kak MOMHOCTbIO CAMOCTOSITENBHOE OCBOEHME OTLENbHBIX TEM (Pa3fenos) AUCLUMNANHLI, Tak U NpopaboTky Tem
(pa3penos), ocBaMBaeMbIX BO BpeMsi ayanTopHoi paboTbl. Bo BpeMsi caMocTosiTenbHOM paboTbl 0byyarowmecs YnutaroT u
KOHCMEKTUPYIOT y4ebHYI0, Hay4HYIO 1 CMPABOYHYIO NMTEPATYPY, BbINONHSAT 3aaHUs, HanpaBneHHbIE HAa 3aKpenneHne
3HaHW 1 0TPabOTKYy YMEHUIA U HABBIKOB, FOTOBATCS K TEKYLWEMY 1 MPOMEXYTOYHOMY KOHTPOMIO MO AUCLMNAUHE.

OpraHunzauus camocTosTenbHol paboTbl 06yHarolWmxcs pernameHTpyeTcs HopMaTUBHBIMA AOKYMEHTaMu,
y4ebHO-MeTOANYECKON NMTepaTypoii U 3N1eKTPOHHBIMY 06pa30BaTENbHBIMU PECYPCaMU, BKMIOYAS:

Mopsook opraHn3aumm n ocylecTBAeHNS 06pa3oBaTeNbHON AesTeNbHOCTM Mo 06pasoBaTebHbIM NPOrpamMMam BbICLIETO
0bpasoBaHus - nporpammam bakanaspuarta, nporpaMmmam crieumanmTeTa, nporpammam MarmcTpatypbl (YyTBepXaeH
npukasom MuHucTepctaa obpasosaHus 1 Hayku Poccuiickoi depepaunm o1 5 anpens 2017 roga Ne301)

Mucemo MuHucTepcTBa 0bpasosaHus Poccuiickoin @enepauum Noe14-55-996uH/15 ot 27 Hosi6ps 2002 r. "O6
aKTUBM3aLUMM CAMOCTOATENbHON PaboThbl CTYAEHTOB BbICILMX Y4EOHbIX 3aBeAeHMA"

YcTae dheaepanbHOro rocyaapcTBeHHOr0 aBTOHOMHOIO obpasoBaTtensHoro yupexaeHns "KasaHckmi (MprBonixXckuii)
doenepanbHbIi yHuBepcuTet”

MpaBuna BHyTPEHHEro pacnopsaka goeiepanbHOro rocy1apCTBeHHOr0 aBTOHOMHOMO 06pasoBaTebHOMO y4pex aeHns
BbICLIEro npodpeccmoHansHoro obpasosaHus "KasaHckuii (Mpusonxckuii) doeaepanbHblii yHuBeEpcmTeT"

JlokanbHble HopMaTMBHbIE akTbl KasaHckoro (MprBonkCKoro) doegepanbHoOro yHmeepcuteTa

6. dOHA OLEeHOYHbIX CPeACcTB Mo AucuUnIuHe (MOoayN0)

DOoH OLIEHOYHbIX CPeaCTB Mo AUCUUNIUHE (MOOYMI0) BKIOYAET OLEHOYHbIE MaTepuanbl, HanpasneHHble Ha MPOBEPKY
OCBOEHUS KOMMETEHLMIA, B TOM YMCNE 3HAHWUIA, YMEHUIA U HaBblKoB. (POHA OLLEHOYHbIX CPeCTB BK/H0YaeT OLEHOYHbIe
cpencTBa TEKyLWero KOHTPONS 1 OLUEHOYHbIe CPeCTBa NPOMEXYTO4YHOM aTTecTaunm.

B dpoHIe oLeHOYHbIX CPeacTB COAEePXUTCS cneayiolas UHgpopMaums:

- COOTBETCTBME KOMMNETEHLUIA MNaHUPYEMBIM pedynbTatamM 06y4eHus No LUCLUMNINHE (MOLYNIO);

- KpUTEPUM OLIEHMBAHNS COPMUPOBAHHOCTY KOMMNETEHLWIA;

- MEXaHU3M (POPMUPOBAHMS OLIEHKM MO AUCUUMNAVHE (MOSYNIO);

- onucaHve nopsiaka NpUMeHeHWs U NpoLeaypbl OLEeHNBAHNS 415 KaXA0ro OLEeHOYHOro CpeacTea;
- KPUTEPVM OLIEHMBAHNS LS KAXA0r0 OLEHOYHOro CPencTBa;

- cogepxaHune OUeHO4YHbIX CpencTB, BKNO4Yas TpeGOBava, npenbsaBnseMbie K OEenCcTBUAM 06y‘-laIOLI.I,I/IXC$I,
OEMOHCTpUpyeMbIM pe3ynbtaTtaMm, 3anaHnsa pas3indHblX TUMOB.

DOHL OLIEHOYHbIX CPEACTB MO ANCUMNINHE HaxoauTcs B [punoxeHun 1 K nporpamme AUCLMNAUHBI (MOLYNHO).
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7. NepeueHb nuTepatypbl, HEO6XOAUMON OIS OCBOEHUS OUCLUNMUHBI (MOAynst)

OcBoeHWe aucumMnnnHbl (MOoyns) npeanonaraeT U3y4eHrne OCHOBHON 1 OOMONHUTENbHON y4ebHOW nuTepaTypbl.
Nutepatypa MOXeT BbiTb BOCTYMHA 0ByYaWUMCS B OAHOM 13 OBYX BApMaHTOB (b0 B 060MX U3 HUX):

- B 9N1EKTPOHHOM BUAE - Yepe3 3NEeKTPOHHbIe BUBMOTEYHbIE CUCTEMbI HA OCHOBaHUM 3aktoyeHHbIXx KDY norosopos ¢
npaBoobnagarensamu;

- 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.

OneKTPOHHbIE N30aHNA OOCTYMHbI AUCTAHUMOHHO 13 No60i TOUKM Npu BBEAEHNN 00yHaIOLWMMCS CBOETO NOMMHA 1 Napons
OT NIM4HOrO KabuHeTa B cucteme "ONeKTPOHHbIA yHuBepcuTeT". Mpn MCNoNb30BaHMKM NevYaTHbIX M3aaHU BBINOTEYHbIN
POHL [OMXKeEH BblTb YKOMMNEKTOBAH MMM 13 pacyeTa He MeHee 0,5 ak3emnnspa (ans obyyatowmxcs no droc 3++ - He
meHee 0,25 ak3eMnngapa) Kaxaooro U3 n3gaHunini OCHOBHOWM nuTepatypbl U He MeHee 0,25 ak3emnngapa AONONHUTENbHON
nuTepaTypbl Ha Kaxaoro obyyatowerocs 13 yucna nuu, 04HOBPEMEHHO OCBaMBAIOWWMX OAHHYIO OUCLMNANHY.

MepeyeHb OCHOBHOW U OONONHUTENBHON Y4eOHOM NTEpaTypbl, HEOOXOAUMOI AN OCBOEHNS AUCLUMNAMHBI (MOOYNs),
HaxonmTcs B MNpunoxeHnmn 2 k paboyel nporpamMme oucuUmMnavHel. OH NOANEXUT OOHOBNEHMIO NPY U3MEHEHUN YCITOBUIA
noroeopoB K@Y ¢ npaBoobnagarensiMu anekTPOHHLIX U3LAHWIA U NPU N3MEHEHNM KOMNNEKTOBAHNUS OOHA0B Hay4Hoi
6rnbnuotekun KdY.

8. MepeueHb pecypcoB MHCGPOPMALLMOHHO-TENIEKOMMYHUKALMOHHOW ceTu "UHTepHeT", Heo6X0aUMbIX NS
OCBOEHUS BUCLUMIIMHBI (MOOYIs)

N3yyeHne knactepos 1 Ux cBOMCTB B obnactu xumuu - http:/bibliofond.ru/view.aspx?id=484258
knactepsl - http://www.xumuk.ru/encyklopedia/2008.html

HeopraHnyeckas xumms - http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=4032
agepHas xumus - http://www.xumuk.ru/encyklopedia/2/5457 .html

S1nepHbIi MarHUTHbLIN PE30HAHC B HEOPraHWYeCKOoW U KOOPAVUHALNOHHOM XUMUnN. PacTBopbl 1 XNAOKOCTY -
http://e.lanbook.com/books/element.php?pl1_id=2151

9. MeTtoauyeckue ykasaHus Ans 06y4aloLLLMXcsi N0 OCBOEHUIO AUCLUMAUHBI (MOAYNs)
Mpwn n3ydeHUm 1 npopaboTke TeOPETNYECKOro MaTeprana HeobxooMMmo:

- MOBTOPWTb 3aKOHCMEKTUPOBAHHbIA Ha NEKLMOHHOM 3aHATUI Matepuan 1 OOMONHUTb ero C y4eTOM PEKOMEHL0BaHHOM Mo
JaHHOW TeMe nuTeparypsbl;

- NPW CaMOCTOATENBHOM U3YYEHUN TEOPETNHECKON TEMBI CAENATb KOHCMEKT, MCMOMb3Ys PEKOMEHL0BAHHbIE
nMTEPATYPHbIE NCTOYHUKN.

- OTBETUTb HAa KOHTPOJIbHbI€ BOMPOCHI.

MpakTuyeckne 3aHATAS NPOBOLAATCS C LeNbio yrnybneHns n 3akpenneHus 3HaHUi, NonyYeHHbIX Ha NeKUUsX 1 B
npoLecce caMoCTOSTENbHOW PaboThl HAL HOPMATMBHBLIMW LOKYMEHTaMU, y4ebHOM 1 Hay4HoW nutepatypoii. Mpu
MOArOTOBKE K NMPaKTUYECKOMY 3aHATUNIO HEOOX0OUMO:

- N3Y4NTb, MOBTOPUTb TEOPETUYECKUI MaTepman no 3aaaHHon Teme;
- U3y4NTb Matepuasbl NPakTKyMa no 3anaHHol Teme, yaenssi ocoboe BHUMMaHME pacyeTHbIM hopMynam;
- NPV BbINMOMHEHUW OOMALIHUX PACYETHbIX 3a0aHWUiA, U3y4nTb, NOBTOPUTbL TUMOBLIE 3a4aHUS, BbIMONHSAEMbIE B ayAUTOPUN.

PaboTa ¢ y4ebHoIn 1 Hay4HOWN NUTepaTypOii ABNSIETCS FMABHOW (POPMOV CAMOCTOSTENbHOM paboThl M Heobxoauma npw
MoaroToBKE K YCTHOMY OMPOCY HAa CEMMHAPCKUX 3aHSATUSIX, K KOHTPONbHBIM paboTam, TecTupoBaHuto, 3a4ety. OHa
BK/IIO4aEeT NpopaboTKy NEKUMOHHOIO MaTeprana - U3y4eHne peKoMeHO0BaHHbIX MICTOYHMKOB W UTEpaTypbl Mo TeMaTrke
nekunin. KoHcnekT nekumm OonXeH coaepxartb peddepaTvBHYIO 3anncb OCHOBHbBIX BOMPOCOB NeKUMW, NPennoXeHHbIX
npenoaaBaTesieM CxeM (Mpw UX 4EMOHCTPALMM), OCHOBHbBIX MCTOYHWUKOB 1 IMTepaTypbl MO TeMaM, BbIBOAbI MO KaxXaoMy
BOMPOCY.

10. MepeveHb MHGOPMaLMOHHBIX TEXHONOIUIN, UCMOMNb3YeMbIX MPU OCYLLLECTBNIEHMN 06pa30oBaTeNbHOro
npouecca no gucuunIuHe (MOAyno), BKAoYasi nepeyeHb NPOrpaMMHOro o6ecneyeHns 1 MHOPMaLMOHHbIX
CMpaBOYHbIX CUCTEM (NPY HEO6XOAUMOCTH)

MepeyeHb MHPOPMAaLMOHHBIX TEXHOMOMUIA, UCTONb3YEMbIX NMPU OCYLLECTBNEHM 06pa3oBaTebHOro npolecca no
AUCUMNAVHE (MOLyNio), BKNOYas nepeyeHb NporpaMMHOro obecrnedeHns U MHGOPMAaLIMOHHbBIX CMPaBOYHbIX CUCTEM,
npenctasneH B MpunoxeHun 3 k paboyei nporpamMMe AUCLMNNNHBI (MOOYNS).

11. OnucaHue maTepuanbHO-TeXHUYeckon 6a3bl, HEO6XOAUMOW ANs OCYLLEeCTB/IeHUsl 06pa3oBaTeNnbHOro
npouecca no gucuuniavHe (Moayso)
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MatepuanbHO-TeXHU4ECKOEe obecrneyeHune o6pasoBaTeanoro npouecca no gucumnnmHe (MO4yNo) BKAKYAET B cebs
cnenywouwme KOMMOHEHTDI:

MoMelueHmMst ons caMocTosATENbHOM paboTbl 0ByYaOLWMXCS, YKOMMIEKTOBAHHbIE CNeLMann3npoBaHHoi Mebenbto (CTosbl 1
CTYNbs1) U OCHAIWEHHbIE KOMMbIOTEPHOM TEXHUKOM C BO3MOXHOCTbBIO NOAK/O4EHUs K ceTu "MIHTepHeT" 1 obecneveHnem
[OCTyna B 3NEKTPOHHYI0 MHAPOPMaLMOHHO-06pasoBatefbHyio cpeay KdY.

YyebHble ayamMTopun ons KOHTakTHOW paboTbl C MpenonaBateneM, yKOMNIeKkTOBaHHbIE CneLmanM3npoBaHHol Mebenbio
(cTONbI U CTYNbSA).

KomnbloTep 1 npuHTEp AN pacneyatku pa3aaToyHbix Matepranos.

MynbTMeouiitHas ayautopusi.

CneuwvanunsmposaHHas nabopaTopusi.

CneumanusmpoBaHHas nabopatopusi.

12. Cpe,IJ,CTBa apgantauuv npenogasaHus oUCUNMJIUHDbI K I'IOTpEﬁHOCTSlM 06y'-|arou.|.|nxc5| WHBaANNOOB U NAL, C
orpaHun4eHHbIMU BO3MOXHOCTSAMU 300pPOBbSA

npl/l Heobx0aMMoCTHN B O6pa3OBaTeﬂbHOM npouecce NpuMeHsaTCa cnegyowme MetTonbl U TEXHONOrnn, obneryatowue
BOCMpUATUE UHPpOopMaLInUK 06y‘-IaFOLIJ,I/IMI/ICﬂ nHBanngamn n nmuamm ¢ orpaHN4eHHbIMM BO3MOXHOCTAMIN 300P0BbA:

- CO3[aHve TEKCTOBOW BEPCUM NIOBOro HETEKCTOBOMO KOHTEHTA LIS €0 BO3MOXHOr0 npeobpasoBaHus B
anbTepHaTVBHbIE POPMbI, YO0OHbIe ANl pa3nnYHbIX Nofb30BaTenen;

- CO30aHNe KOHTEeHTa, KOTOprIZ MOXHO NpencTaBuUTb B pa3/InyHbIX BUOAX 6e3 noTtepun OaHHbIX WK CTPYKTYpPbI,
npengycMmoTpeTb BO3SMOXHOCTb MaCLIJTa6I/IpOBaHI/I9I TeKCTa un m306pa>|<eH|/||7| 6e3 noTtepun Ka4yectea, NpenycMoTpeTb
OOCTYNMHOCTb ynpaBneHnsa KOHTEHTOM C KnaBuaTypbl;

- CO3[aHve BO3MOXHOCTEW AJis 06y4atoLwmMxcsl BOCIPUHUMATb OLHY M Ty XXe MHPOPMaLMIO U3 PasHbIX MCTOYHVIKOB -
Harmpumep, TaK, 4Tobbl LA C HAPYWEHWUAMYI Clyxa NoNyyYani MHGOPMALIMIO BU3YalibHO, C HAPYILEHWSIMU 3PEHUS -
ayamanbHo;

- NPVYIMEHeHNe NPOorpaMMHbIX CPeACTB, obecneyrBatoLmMx BO3MOXHOCTb OCBOEHMSI HABLIKOB 1 YMEHUIA, OOPMUPYEMBIX
OVCLMMNAMHON, 3a CHET aNlbTepPHATUBHbBIX CNOCOOO0B, B TOM YMC/e BUPTYasNbHbIX nabopaTtopuii U CUMYSILIMOHHBIX
TEXHONOIIA;

- MPUMEHEHNe ANCTaHUMOHHBIX 06pa3oBaTenbHbIX TEXHONOMMIA ANs nepeaadn MHopMaumum, opraHn3aumm pasnmnyHbIX
POPM NHTEPAKTMBHOW KOHTAKTHOM paboTbl obyyatolerocsi ¢ npenonaBaTenem, B TOM Yncne BebnHapos, KOTopble MOTyT
6bITb NCMONb30BaHbI AJ1S MPOBEAEHNS BUPTYaNbHbIX NEKUMIA C BO3MOXHOCTbIO B3aMMOLENCTBNS BCEX Y4aCTHUKOB
ONCTaHLUMOHHOro 06y4yeHus, NPOBEOEHUS CEMMHAPOB, BBICTYMNEHNS C AO0KNaAaMN 1 3aLWUTbl BbINONHEHHbIX PaboT,
NpoBeaeHNs TPEHNHIOB, OpraHM3aunn KONeKTMBHONM paboThbl;

- NPYMEHeHNe ANCTaHUMOHHbIX 0Bpa3oBaTenbHbIX TEXHONOIMA ANs OpraHM3aLmMmn OoPM TEKYLLEro 1 NMPOMEXYTOYHOMO
KOHTpONS;

- YyBENMYEHNE NPOAONXKNTENBHOCTM Caa4n 0byyaowmmest MHBaNNLOM UK NNLOM C OFPaHUYEHHbIMU BO3MOXHOCTSIMM
300PO0BbS POPM NPOMEXYTOYHOW arTecTaumm no OTHOLWEHWUIO K YCTAHOBIEHHOW NPOLAO/IXUTENbHOCTU UX COQYM:

- NPOLONXMNTENbHOCTU cAaYmM 3a4éta Uim sK3aMeHa, MPOBOAMMOro B MMCbMEHHOI chopMme, - He Bonee 4eM Ha 90 MUHYT;

- NPOOONXMNTENbHOCTX MOArOTOBKM 06y4Yatolerocsi K 0TBeTy Ha 3a4éTe UM K3aMeHe, MPOBOAUMOM B YCTHOW doopMme, - He
6onee 4eM Ha 20 MUHYT;

- NPOLONXNTENbHOCTMN BLICTYNNEHNS 0ByyatowWwerocs npu 3awmTte KypcoBoi paboTbl - He 6onee YeM Ha 15 MUHYT.

Mporpamma cocTaBneHa B cooTBeTcTBUM ¢ TpeboBaHnaMu GIrOC BO n y4ebHbiM nnaHoM no HanpasneHuo 04.04.01
"Xumma" n marmctepckoi nporpamme "Hedprexnmnsa n katanma".
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Mporpamma gucumnnuHbl "Xumns knactepos”; 04.04.01 "Xumng".

lMpunoxerne 2
K pabo4eii nporpamme AUCLUNINHBI (MOAYNS)
£1.B.[1B.3 Xumuns knacrepos

MepeueHb nuTepartypbl, HEOOXOAUMOM 4Nt OCBOEHUS OUCLMIUINHBI (MOLOYNS)

Hanpasnenue noagrotosku: 04.04.01 - Xumuns

Mpodomnb noarotosku: Hedptexmmma n katanma
KBanucukaums BbinyCKHUKA: MarmcTp

dopma oby4eHus: o4Hoe

SA3bik 0by4eHmns: pycckuii

"on Havana obyyeHns no obpasosBaTensHoi nporpamme: 2016

OcHoBHas nuTeparypa:

1.MuHbKO, H. . MeToabl nony4eHunst n cBoincTea HaHOOOBEKTOB [ONEKTPOHHLIN pecypc]: y4ed. nocobue / H. N. MuHbko,
B. B. Ctpokosa, V. B. XepHosckuit, B. M. Hapues. - 2-e nag., crep. - M. : ®JIMHTA, 2013. - 165 c.
http://znanium.com/bookread.php?book=462886

2.Toy6 M. MexaHn3Mbl HEOpraHU4YecKkmx peakumin. [OnekTpoHHbIi pecypc] / Toyb M., Bepaxecc Ox. - M.: BuHom.
NabopaTopus 3HaHwiA, 2017. - 683 c. http://e.lanbook.com/books/element.php?pl1_id=8697

JononHuTtenbHas nuteparypa:

1.Miwonnep, Ynbpux. CTpykTypHas HeopraHudeckas xumus / Y. Mionnep; nep ¢ aHrn. A. M. Camoiinosa, E. C. Pembe3sbl
non pen. A. M. Xosuea.? JonronpyaHsiin: U3patensckuin lom 'MHtennekt', 2010. -351 c.

2.bepotoB M.A. SlnepHbIi MarHUTHbIA Pe30HaHC B HEOPraHNYeCKon U KOOPANHALMOHHON XM, Pacteopsbl 1
xuakocTu. - M.: ®duamatnut, 2010. - 384 c.

http://e.lanbook.com/books/element.php?pl1_id=2151
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Mporpamma gucumnnuHbl "Xumns knactepos”; 04.04.01 "Xumng".

lMpunoxerve 3
K pabo4eii nporpamme AUCLUNINHBI (MOAYNS)
£1.B.[1B.3 Xumuns knacrepos

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

Hanpasnenue noarotosku: 04.04.01 - Xumns

Mpodomnb noarotosku: Hedptexmmma n katanus
KBanucukaums BbinyCKHUKA: MarncTp

dopma 0by4eHus: o4Hoe

SA3bik 0by4eHuns: pycckuia

oo Havana obyyeHns no obpasoBatenbHoi nporpamMme: 2016

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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