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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
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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
pe3ynbtatamm ocsoeHus OMOMn BO

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

LWndop PaclumndppoBka
KOMMeTeHLUumn npuobpeTaeMorn KOMNeTEHLUN
OK-3 FOTOBHOCTbIO K CamMopassuTuio, camopeannaaumm, NCnoib30BaHNI0 TBOPYECKOro

noteHumana (OK-3).

OrK-1 CNOCOBHOCTBLIO MCMONBb30BATL N PA3BMBATb TEOPETUHECKME OCHOBbI TPAAULNOHHBIX U
HOBbIX pa3fenoB XMMUN NpU peleHnn npodeccuoHanbHbix 3agad (OrNkK-1);

NnK-2 BnafLeHueM TEOPUEN 1 HaBblKaMy NMPaKTUYeCKoin paboTbl B M3bpaHHoh obnactu
xumum (MK-2);

O6yyatolpmiics, 0OCBOVBLUNA AUCLUMANHY (MOOYNb):
JonxeH 3HaTb:

4TO XUMUA Knactepos npencrasnsaet coboli COBpPEMEHHYI0 ONCUMNNINHY Ha CTblke HeOpFaHI/I'-IeCKOVI,
MeTaﬂﬂOOpFaHquCKOM n KOOp}J,I/IH&LI,I/IOHHOVI XM N pa3suBarollas npencrasneHns o peaKLLMOHHOIZ
CI'IOCOﬁHOCTI/I, XUMNYECKOM CBA3MN U TONOMOrnm HeopraHnyeckunx coeavHeHUn

JonxeH ymeTtb:
OPUEHTUPOBATLCA B y4eBHOMN, MOHOFPAdUYECKO, CNPaBOYHON 1 XypHaNbHON nuTepatype B
obnacTu XMmMm Knactepos

JlonxeH Bnanetb:
TEOPETNHECKMMM 3HAHMSIMI 06 OCHOBHbIX 3aKOHOMEPHOCTSIX CTPOEHWS 1 PeaKLIMOHHOM CNOCOBHOCTH
KnacTepHbIX COeaNHEHNIA

JonxeH neMOHCTpUpoBaTb CNOCOBHOCTb U FOTOBHOCTL!
HaBbIKM MPUMEHEHUS TEOPWIA BANEHTHBIX CBA3EM, MONEKYNAPHbIX opbuTanei, KoHUenumum
130n1a6anbHOCTN 4N ONUCAHNS SNEKTPOHHOIO CTPOEHNS KNacTepoB

2. Mecto gucuunnuHbl (Moayns) B ctpyktype OMOIM BO

HaHnas gucuunnuHa (Moaynb) BkAodeHa B pasgen "61.8B.1B.3 ducunnnuHbl (Mogynun)" 0CHOBHOM NPOGPECCMOHANbHON
obpasoBatenbHoii nporpamMmel 04.04.01 "Xumuns (DUsnko-xmMmyeckme MeTobl MCCNenoBaHNsS B XUMUK)" U OTHOCUTCS K
LMCLMMNNMHaM no Belbopy.

OcBaunBaeTcs Ha 2 Kypce B 3 ceMecTpe.
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Mporpamma gucumnnuHbl "Xumns knactepos”; 04.04.01 "Xumng".

3. 06beM gucuMnInHbI (MOAYNS) B 3a4ETHbIX e AUHMLAX C YKa3aHUeM KONMYeCcTBa YacoB, BblOeNleHHbIX Ha
KOHTaKTHY0 paboTy obyuyalowmxcs ¢ npenogasarenem (No Buaam yyebHbIX 3aHSATUI) U HA CAMOCTOSAITENIbHYIO
paboty obyuaromxcs

Obwas Tpyn0eMKOCTb AUCLMMAUHBI COCTaBnseT 3 3a4eTHbix(ble) eamHuL(bl) Ha 108 yaca(os).

KoHTakTHasi paboTa - 42 yaca(os), B TOM 4ucne nekuuu - 0 yaca(os), npakTndeckme 3aHatus - 18 yaca(os),
nabopaTtopHble paboTbl - 24 Yaca(oB), KOHTPONb caMocTosiTeNbHOM paboThl - 0 Yaca(os).

CamocTosiTensHas paboTta - 66 4aca(os).
KoHTponb (3a4€T / ak3ameH) - 0 yaca(os).
dopma NPOMEXYTOYHOr0 KOHTPONS ANCLMMANHLI: 3a4eT B 3 CEMECTPE.

4. CopepXxaHue OUCLUNNUHbI (MOAYNSA), CTPYKTYPMPOBaHHOE MO TeMaMm (pa3penam) ¢ yKkasaHMeM OTBeAeHHOro Ha
HUX KonnyecTtBa akageMnyeckmx yacos v BuaooB y'-leﬁHbIX 3aHATUNA

4.1 CTpyKTypa 1 TematM4yeckuin nnaH KOHTaKTHOM M CaMOCTOSITe/IbHOM PaboTbl N0 AUCUUNANHE (MOOYNI0)

Buabl n yachbl
KOHTaKTHOW paboThbl,
Paspenbl oucumninHbl / UX TPYAO0EMKOCTb CamocTosiTenlbHas
N Moayns Cemectp (B yacax) pa6ota
MpakTuueckuellabopaTtopHble
Jlekumm 3aHATUA pabortbl
1.|Tema 1. KnactepHoe coeauHeHune 3 0 2 0 4
Tema 2. KoHuenuus nnoTHON
2.lynakoBKu IMraHaoB Ha MOBEPXHOCTU 3 0 4 4 10
METanNIM4eckoro octosa
Tema 3. Tvnbl nMraHaos B
8. KnacTepHbIX COeANHEHMNSAX 3 0 4 4 10
Tema 4. SNeKTPOHHOE CTPOEHME
4. KnacTepHbIX CoeaNHEHNI 8 0 2 4 10
Tema 5. Knactepbl-metannouenu,
5. MeTannoumknbl 3 0 2 4 10
6.[Tema 6. Metannononmagpel 3 0 2 4 12
Tema 7. anoreHngHoble 1
7. kapbokcunaTtHble Knactepbl 3 0 2 4 10
Mtoro 0 18 24 66

4.2 CopepxaHue aUCLUNMIUHbI (MOAYNS)
Tema 1. KnactepHoe coeguHeHue

?CopepxaHue noHATMS ?knactepHoe coeanHeHve. KnactepHble COeuHEHNs 1 KnacTepHble matepuansl? KnactepHoe
coegunHeHve ? N30MpoBaHHas rpynna, cogepxawas cessv metann-merann. KnactepHbole matepuansl ? nonnmepsbl ¢
KnacTepHbIiMK rpynnamu. YnbTpaamcnepcHble Metananyeckme 4yactuupl ¢ auametpom ~300A HasbiBaloT nHorga
?6e3nuraHiHble MeTaNINYeckre knactepbl?. VIx nonyyaioT NpenmMyLecTBEHHO (on3nMYeckuMy Metogamn. besnuraHgHole
METanNM4Yeckue KnacTepbl SBASTCS METACTabUNbHLIMU U Camblil O4EBUIHbIN MyTb UX CTABMAN3aAUMN ? NOKPbLITAE
MOBEPXHOCTW NuraHiamu. B pesynbtate B 3aBUCMMOCTU OT TUMA NMraHAoB 0b6pasytoTcs Uy MONEKYNsSPHbIE KNacTepbl
WK KnacTepHble maTepuansl. Knactepsl ? onpeneneHHas CTyneHb Mexay MONEeKynsapHbIMA KOMMeKkcamm n
ynbTpaancnepcHbIMN YacTULaMu.

OTHOCKTENBHASA YCTONYMBOCTb YNbTPAAUCTNIEPCHBIX YaCcTuWL,. YNbTpaancrnepcHoe COCTOSHNE NPeacTaBnseT LOCTaTOuHO
60/bLLON NHTEpPEeC, MOCKOMbKY NPOLECCh CeanMeHTaumm, 06pas3oBaHmns NAEHOK, POCTa KPUCTaNIOB NPOXOAAT Yepes
cTaamun ob6pas3oBaHns 3TUX YACTUL, a MPU PACTBOPEHNM METAINIOB NPOXOAST Yepes 3Ty 0bnacTb B 06paTtHOM
HanpasneHmun. 1.04HOaTOMHbIE YacTuLbl knactepupytotces ¢ T>12 K ( pesynbrara - yactmubl M2-M6) 2. lumepHbie
yacTmupl nonyyatoTcsa ans 6onblwmnHCTBa d- METANIOB METOAOM MaTpUYHOM naonsuun. 3) Metannnyeckue 4yactuubl
coctaBoB M3-M12. lNMonyunTb Matpuupbl, cogepxatime 4acTuubl 0OHOro copta HEBO3MOXHO. 4.HacTuubl C YUCNOM
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 €
pasmepammn 100-300A 3710 nepexonHasi obnacTtb, roe B LEHTpe KnacTepa NosIBASIOTCS CNou ¢ YNakoBKOW KOMMNAKTHOro
metanna (KI, I'TTY). CocywecTByIOT ABE yNakoBKU ? KpUCTananyeckas u BHELWHAS nkocasgpuyeckas. 7). Hactuubl ¢
anameTtpom>300A.

Lonsi noBepxHOCTHbIX atoMoB~0.01 BHyTpEHHSIS1 CTPYKTypa COOTBETCTBYET KOMMNAaKTHOMY MeTanny.
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Mporpamma gucumnnuHbl "Xumns knactepos”; 04.04.01 "Xumng".

Teopus KunepTa B onucaHuu CTPYKTYpbl Knactepos B ocHOBe OaHHOM Teopumn NeXUT naes, 4To CTepeoxnuMmyeckoe
pacnonoxeHne NMraHaoB BOKPYr LEHTPaNbHOro atomMa onpenensercs B3auMHbIM OTTa/IKUBAHUEM BCEX XUMUYECKUX
ceazeln. [pu aToM cumTaeTcs, Y4TO LieHTPalbHbI aTOM HE UrpaeT HUKaKOW Ponu B onpeneneHnm NpocTpaHCTBEHHOM
KOHGoMrypaumm KoMniekca, He onpeaensieT NpeanoyTUTeNbHbI BbI6Op HanpaBneHns CBA3U U He aKpaHUpyeT
okpyxatowue ero cea3un. PacyeTtbl OCHOBaHbl HA MUHUMU3ALUUMW NOIHON SHEPrUKN OTTANKMBAHUS, NONy4YaeMomn
CYMMUPOBAHMS SHEPIUiA OTTANKMBAHUS MO BCEM NapaM CBSA3EN LeHTpanbHbIA MOH - nuraHg. Kaxaas cesa3b
MeTann-nuraHg cymtaercsa appekTBHO OENCTBYIOWEN Kak Touka. Bce n cBa3el oTTankuBaroT Apyr Apyra Kak TO4YKM Ha
cdhepe (Npy 0ANHAKOBbLIX ANUHAX CBA3EN).

Tema 2. KoHuenuus NNOTHOW yNaKoOBKM NIMraHa0B Ha NMOBEPXHOCTUA META/IMYECKOro OCTOBa
MpocTpaHCTBEHHbIE 3dhdpeKTbl NMraHaoB B knacTtepax. NoHATME KOHMYECKOro KNnacTepHOro yrna

N3yueHune 3akoHOMEPHOCTE PACNONOXEHNS Pa3NNYHBIX MIMHAOB HA MOBEPXHOCTN METANNOOCTOBA NPUBENO K BbIBOLY
0 TOM, YTO KnacTepoobpal3oBaHME COCTOUT B CO3AaHNUN HA NMOBEPXHOCTY METANNOOCTOBA NIOTHOYNAKOBAHHOW 060104KM
U3 NUraHpoB. Jlurann skpaHvpyeT YacTb NPOCTPAHCTBA HA NMOBEPXHOCTY Me5TannoocTosa. [1ns oueHku aToro agpdpekTta
nocTyrnatoT cnegyowmm o6pa3oM. BHelwHIOWw YacTb 0CTOBA 3a0al0T UAeanM3npoBaHHbIMM NOBEPXHOCTAMU: IMHENHYIO
uenb ? LUNMHAPOM, NNOCKUIA LMKN ? TOPOM, NPaBwibHbIA nonuaap ? wapoM. Paanycel uunmHapa u topa pasHbl
KOBaNEeHTHbIM paavycam MeTtanna, paauyc wapa ? cyMMe pacCTosiHUiA LEHTP NonMaapa - aToM MeTanna + r(KoB)
meTtanna. [ns KonmyecTBeHHOM OLEHKN NPOCTPAHCTBEHHOIO SKPaHNPOBaHNS B OAHOSAEPHBIX COELNHEHUSX
UCMonb3yloTCs TenecHble yrnbl f ¢ BepwrHoi B atome M. 1ns LenoyeyHbIx MONEKyn ? NPOeKUMU NMraHhoB Ha LMANHAP
eIVHNYHOro paguyca

Bbino npennonoxeHo, 4T0 B KnacTepax ¢ OCTOBOM, BMNMCLIBAIOIWMMCS B Wap, 0bliee Y1Cno nuraHaoB onpenensercs
KOHWYeCKUM KnactepHbiM yrnom (KKY)

Ecnun L ? akpaHunpoBaHue, 10 L(i) = sin2(f/4); DL(i) =1 ? ycnosue NoONHOro

3KpaHNPOBaHNA NOBEPXHOCTW. BennunHol KKY YMEHbLWAKTCA Npn yBenn4eHnn HykneapHoOCTn Knactepa, npu
yBenn4eHunm 4mcna rpaHe|7| B nonunagpe n I'IpI/I6J'II/I)KafOTCﬂ K onpeneneHHoMy rnpenesibHoMy 3Ha4eHuto ( npun
prKkCnpoBaHHOM pPacCTOSAHUN MeTaﬂﬂ-MeTaﬂﬂ).

Tema 3. Tunbl NUraHOOB B KNlaCTePHbIX COe AUHEHUAX

B xumunn KnacTepHbIX COoefNHEHN nuraHapl 06bI4HO KﬂaCCI/I(pMLI,I/Ipy}OTCFI no 4Yncny OOHMpPYyeMblX 3NEKTPOHOB 1
OEeHTAaTHOCTK, Tna KoopanHauun.

Nurangpl B KNacTePHbIX COEANHEHUSIX MOTYT MMETb KOOPAMHALIMIO BEPLUMHHYI0, pebepHYto (D), rpaHeBylo(DS, D4) nnm
BHyTpunonocTHyto (In(eH)). B knacTepHbIX COeANHEHNSX BOLOPO, Hallle BCEro ObIBAET MOCTUKOBLIM NINraHa0M,
COELIMHSIOWMM [1BA METanna npu pasnuyHbIx Tunax pebepHoi koopanHaumMm Unm Tpu MeTanna npu rpaHesoi. ns
BoJopoa Bcerna aoHupyetcs 1 e- . Atom Cl npu BepluMHHOM koopavHaumm aaet 1e-, npu pebepHoii ? 3e-, npu
rpaHeBou (DB) ?5e-c aToMamu knactepHoro octosa. Cepa npu BepWnHHoM 1 pebepHoi koopanHauum gaet 2e-, npu
rpanesoii (13)?4e- . C yBenuuyeHnem yvcna KoopAVHNPYEMbIX aTOMOB OCTOBA MPOVICXOAWUT BOBNEYEHE Bce GoMblIero
4icna aneKTPOHOB cepbl, XoTa 1 npu 13- kooparHauum octaeTcs ceo6oaHas HIM, No KOTOpOit BO3MOXHA
[ONoNHMTENbHAs KoopAnHauUns.

CuTyaums OCnoXHSEeTCs, ECNM NUFraHL UMEET HCAKONbKO AOHOPHbBIX aTOMOB. Hanpumep, npu pebepHoli koopanHauum
rpynnbl S2 cBA3b S- S nexXxuT nepneHankynsapHo ceasm M-M, rpynna B aTom cnyyae aBnseTcs OOHOPOoM 6e, OCTaBlIneCS
2 31EeKTPOHHbIE Napbl TakXe CrocobHbl K LOMOAHUTENBHON KoopanHaumm. MpenenbHbli cnyyal LOHMPOBaHNUS
KapOOHUNbHOW rpynnoli - 6e- , B 3TOM ciyyae KapboHWbHas rpynna pacnonoXeHa napanienbHO TPEYroNbHON rpaHu.

Cnocobbl KOOPAMHUPOBaHNS ONECOMHOBIX, ALLETUNEHOBbLIX MMraHaoB. [ns oneduHOBLIX NMUraHLOB UMEOTCS
BO3MOXHOCTW OT MOHO- [0 MEHTAAEHTATHON KoopAMHaUuK, NpUYeM nNu-cuctemMa onedmHa MOXeT BbiCTynaTb B Ka4ecTBe
MOHO- Unn buaeHTaTHOro nuraHaa. BoamMoxHOCTU 3amelleHns KapboHUbHBIX FPYNn Monekynamu onedguHoB B
kapboHWMbHbIX kKnactepax. JLoHOpHbIE BO3MOXHOCTM 0nedUHOB. Bo3MOXHbI cneaytolmne BapnaHTbl B3auMMoaeicTBms
KapboHWMbHBIX KNacTepoB ¢ onedorHaMu. Bo-nepBbix, BO3MOXHO paspyLieHne knactepHoro octoea (cnydain Fe3(CO)12
) ; MPW 9TOM ONleCPUH, CBA3AHHbIV C aTOMOM Xene3a Yepes Nu-CBA3b, ABNSETCH LOHOPOM 2-X 9NEKTPOHOB 1 3amellaer 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

AueTtuneHosble nuraHabl. MI3BecTHO, 4TO aueTuneHol penko BXOA4AT B KOOPAVWHAUWOHHYIO cdpepy MeTanna Kak TakoBble,
He BCTynas B peakuun gpyr ¢ gpyrom, ¢ Metamiamm, gpyrumm nmraHoamin.

WNcecnepoBaHa u CTPYKTYPHO, OXapakTepr3oBaHa rpaHeBasi KoopauHaums OBy3aMelleHHbIX aueTuineHoB. CUMMeTpUYHas
N aCMMMEeTPUYHAas KOOPAMHALMS rPaHuU.
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Mporpamma gucumnnuHbl "Xumns knactepos”; 04.04.01 "Xumng".

BHyTpunonocTHble nuraHabl BHyTpu nonnagpa na atoMoB MeTanna MMeeTcs nonocTb, pa3Mepbl KOTOPOA 3aBUCAT OT
TMna nonuagpa u paguyca atoma Metanna. JJaHHble NonocTy cnocobHbl 3aHNMaTb HEMETANNIMYECKNE NEMEHTbI. Bbinu
nonyyeHbl coeanHeHus, cogepxawme B nonoctax H,C, N, S, P, As, Sb. HecmoTps Ha Manbiii KOBaneHTHbIA pannyc, atom
BOOOPOAA HAaOEeXHO PUKCUPYETCS BHYTPW MONOCTU OKTa3OpNYECKNX KNacTepos- CoG(DGBH-H)CO15 BHyTpeHHun
pazmyc nonoctu (0.58A) HamHoro 6onble kosan. panmyca H(0.38A). MNprMepbl BHYyTPUNONOCTHBIX aTOMOB yrnepona ?
KapboHWbHbIE KnacTepbl Xenesa FeS(DGBH-C)CO15 Fe6(|:|6|3H-C)CO1 6. BocbMu-, neBATU- 1 ABEHAALATUSAEPHbIE
KnacTepbl C BHyTpMNonocTHeiMu atomamn C, P, Sb.

Tewma 4. SﬂeKTpOHHoe CTpOeHue KnactepHbIX coeauHeHun

MoHATUE O KNaCcTepHbIX BaneHTHbIX anekTpoHax (KB3) u knactepHbix ckeneTHbix anekTpoHax (KC3). B 6onblumHcTBE
paboT pa3BunBaeMble TEOPETUYECKME NPEACTABNEHNS O MPUPOAE XUMUYECKON CBA3M NPU3BaHbl Obinv 06 BACHUTL NULLb
0OvH hakT ? obliee YMCNOo Tak Ha3biBAEMbIX KNACTEPHbIX BANEHTHbIX 91ekTpoHOB (KB3) unu HeKoTopyto ero Yactb ?
4MCNO KNACTEPHbIX CKENETHbIX aNHKTPOHOB (KC3). Obuwee uncno KBS BblumcnsioT no cnenyolwelt cxeme ? K
CYMMapHOMY YMCy 3NEeKTPOHOB BalEHTHOW 000N0YKM aTOMOB OCTOBA NPUOABNSETCS YACIO SNEKTPOHOB, NMOCTABNSEMbIX
BCEMU NraHiamu + 3apsn ¢ 0bpatHbiM 3HaKOM. [epBoHavanbHO 6bINo BBELEHO MOHATUE ?Marmdecknx? yucen KBS kak
YCTOWMYMBBIX XapakTEPUCTUK KNacTepoB, UMEIOLLMX B OCHOBE MONMaAp onpefeneHHoro tmna. Tak, ang TpeyronbHbix KBO
= 48, ona tetpasgpos ? 60, ons oktasapos ? 86. B panbHeriwem okaszanocb, YTO YACNOCOEANHEHUIA C Marnyeckmm
ymcnom KBS cpaBHMMO CUMCIIOM COEAMHEHUIA, HE UMEIOLWMX ero. Teopust MONeKynsipHblx opbutaneli B NpUNOXeHUN K
KnacTepHbIM COeMHEHNSM. B KBaHTOBOXMMNYECKOM OMNMCAHNM CBA3M MOXHO BblOENNTb 2 MOAX0Aa, Pasnnyarowmxcs
cnocobom noctpoeHnss MO knacTepa. B nepsom cnyyae monekyny MmLn nceBpoccheprieckoin CUMMETpUM pa3brBatoT
Ha Mm -ccpepryeckoe MeTannyeckoe Sapo n 06onoyky nuraHoos. Bo BTOpOM Monekyny knactepa Aenst Ha
04MHaKOBble 0AHOMETaNbHbIE doparMeHThl. MO B nepBOM noaxone nonyyatoT, KOMOMHUPYs BHewHne MO sapa ¢
noaxonswmmmy MO nuraHnHol chepbl, BO BTOPOM ? CTPOST U3 rpaHUYHbIX opbrTanein 0aHOSLEePHbIX (0ParMeHTOB C
yyeToM obLLein cummeTpum knactepa. Mepsbiii noaxon 6onee yHUBEPCANEH 1 Nyylle NPUMEHNUM K ONMMUCAHNIO KPYMHBIX U
CpenHuWX KnacTepoB, AJs KNacTepPOoB HN3KOW HykneapHOCTU bonee NpuroneH BTOPOi Noaxoa PaccMoTpeHuns
rpaHuyHbIx opbutanei parmeHToB ML5, ML4, ML3, ML2. KoHuenuus nsonabansHoct. PesynbTaTbl NPUMEHeHNS
0601x NoaxonoB.

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

Tema 5. Knacrepbl-MeTannou.enu, MeTanNnouukibl

MeTannouenu ? romMo- 1 reTepoaNeMeHTHbIE, NMMHENHbIE U Pa3BeTBNEHHbIE. [oNy4eHO 3HAYNTENBHOE YNCTO
COeOVHEHNI, coaepXallue KOpoTKM(0BbIYHO TPEX3BEHHbIE) Lenu, KOTopble MOryT BbiTb FOMO- U reTEPOS/IEMEHTHBIMU.
NHenHble rOMO3NEMEHTHbIE METANNOLENU, CoAepXalume nepexoaHblie metannbl. Oblwas yepTa BCex 9TUX COeAMHEHMIA ?
Hanuyve LeHTpanbHOro atoma, reoMeTpusi CBsi3eli KOTOPOro onpeaenserT CTpyKTypy Bce uenu. Kak npasuno,
BHYTPEHHMWI aTOM UMEET KOH(PUIypaLMio MCKaXXEeHHOro OKTasapa ¢ YeTblpbMs IMHEAHBIMW NraHaaMu, KOHLEBbIE aTOMb
MOTYT UMETb OKTasLpPUYECKYI0 U TPUroHaNbHO-BNpamMmaanbHyo reomeTputo. MpumMepsl JaHHbIX KNacTepos ?

Cp-Ru(CO)4-Ru-Ru(CO)4-Cp, 0s3(CO)12Br2.

KOOp,EI,I/IHaLI,VIH BOKPYr LUEeHTPa/IbHOro atomMa MoXet 6bITb nVIHeI7IHOI7I, I'InOCKOKBa,EI,paTHOVI. HenuHelHble uenwn,
cooepXxauwmne nepexogHblie Metabl. XapaKTepHaﬂ OCOéeHHOCTb OaHHbIX CO,ElMHeHMVI ? Hannymne MOCTUKOBbIX NUraHaoB,
CTArmBarvOWnMX KOHLEeBble aTOMbl MeTanna. an/IMepr OaHHbIX KNnacTepos ?

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

|/|30FHyTOCTb uenun, Kak npasunno, OOCTUraeTCcsa TeM, HTO MeTasiconepXxaume rpynnnmpoekn 3aHMMatroT LKC- NON0XEHNE B
KOOp,D.I/IH&LI.I/IOHHOVI ccpepe LEeHTpalbHOro atoma. MeTannou,enM, coaepXxaume nepexogHble N HenepexonHble 31IEMEHTDI.
|_|epBbII7I cnyqa|7| LI,eHTpaJ'IbeII7I aToMm ? I'IepeXO,D,HbII7I meTLnann. CTpoeHme mMeTnnouenn onpenensaetcs reOMeTpMGVI CB431n
LEeHTPa/IbHOro atoma, a KoHueBble rpynnnpoBkn SLn 4acCTo paccMaTpuBalrT Kak MeTanicooepXxawme nmraHaobl.

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

Bropoii cnyyaid ? ueHTpanbHbI aToM ? HenepexoaHbln MeTann. MeTtannouenu, cogepxalune Tonbko HenepexoaHble
meTannbl. PasBeTBneHHble reTepoaneMeHTHble uenn. OnuroMmepHble 1 NoMMepHble MeTannouenu. Metoabl cnHTe3a
MeTtannouenen.

Tema 6. MeTannononuagpsbl
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OkTasfpuyeckme 1 TpUroHanbHo-NpmaMaTudeckme knactepbl? Cpenm 6-tm SaepHbIX COeMHEHNI Hanbonee
pacnpocTpaHeHbl okTasapuyeckue Nprmepbl coeanHeH ¢ paanuyHbiM yucnom KB3. Pt6(U-Cl)12 ? 96,
Rh6(13-C0O)4(CO)12 ? 86, Ni6([15-C5H5)6 ? 90, Ni6(5-C5H5)6+ ? 89, Zr6(-1)12 ? 72, Os6(CO)182- - 86. Hanbonee
MHOro4mcneHHbl coeamHeHns ¢ 86 KBO. MNMposenenns ctepuyeckmx adodoektoB. Co6(CO)16 n Rh6(CO)16 nocTpoeHsl
aHanornyHo OgHako MeHbwnii paguyc Co nenaet oktasap MeHee 06beMHbIM. OTCioAa- BoIpaXEHHOE CTPEMNEHNE
3ameHnTb 1 nnn 2 CO Ha HAI:

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

NHon nyTb YCTPAHEHNA NUraHOoHOro HanpsaXxXeHus ? BKNOYEHne nnraHna BHYTPb nonmaapa
Rue(3-H)2(C0)18 I Rus(ll6-H)(CO)18-

,ﬂ,aHHbIIZ npouecc BbirogeH, Tak Kak ncye3aet aCMMMeTpus ocToBa.

CoeauHeHns, cogepxalume oCTOB B BUAE TETPAroHanbHOW nupamnibl (HAO0- okTasapa). KnactepHble coeanHeHms ¢
KyBr4eCKMM, NKOCa3apVNYECKUM OCTOBOM. Knactepbl TEXHELIUS C TPMUIOHANBHO-NPU3MATUYECKM S4p0M. PeakumoHHas
CNOCOBHOCTb COEAUHEHNIA, MEIOLWMX OCTOB B BUAE METANNONONM3pA.

Tema 7. ManoreHngHbIE U KapﬁchunaTHble Knacrtepbl

YacTb gaHHOro Matepuana BKatoYaeT Knactepbl C YeTBEPHbIMU CBA3SMU MeTann-metann. KOMNOHEHTbl YHETBEPHOWN CBA3K
BK/HOHAIOT OCHOBHbIE 31EMEHTbI KPATHbIX CBSA3EMN, HO BCTPEYaETCS TONMbKO B COEANHEHUSIX NEPEXOLHbIX METANNO0B, TaK
Kak ans ee obpazoBaHusi HeobxoanMbl opbuTanm ¢ I=2 n 6onee. MonyKONMY4ECTBEHHO €€ MOXHO Onucatb TONbKO C
nomoupbto d- opbutaneit. uarpammol nepekpbiBaHus u MO. TununyHblii cnyyai YeTBepHO CBA3N ? NOH
Re2CI82-.0cobeHHOCTb €ero - 3aCNIOHEHHOE PACnoNOXeHNe NMraHaoB. YeTBEPHYHO CBA3b MOXHO ONMcaTh B paMKax
metona rubpunmsaumm. ? ds5sp3-rubpuaunsaumein. Ha ocHose paccMoTpeHns MO ans 4eTBEPHOI CBA3M MOXHO MOHSATb
BO3MOXHOCTb APOBHbIX CTENEHEN OKMCNEHMS, APOOHBLIX MOPSAKOB CBA3bIBAHUS A1 KOMMIIEKCOB TEXHELMS 1
mMonunbaeHa.

Twnbl NMUraHnoB, KOOPAMHUPYIOLLMX KPAaTHOCBA3aHHbIA doparMeHT MeTann-metann. TpeboBaHus K xenaTvupyowmm
nuraHaam. KapbokcunartHble U poACTBEHHbIE UM nuraHabl. Heo6xoaMMocTb 3aMeleHns akcuanbHbIX MO3ULWIA B
TUMWUYHBIX CTPYKTYpax busaepHbix kapbokcunatoB. MeTonbl crHTe3a kapboKcUnaTHbIX U ranoreHnaHbIX KnacTepoB
Mo(ll),(111); W(l1),(111); Re(l1l), No(ll),. Ta(ll)./

5. MepeyeHb yue6HO-MeTOAMUYECKOrO O6ecneyeHust Ajisi cCaMoCTosITeNbHON paboThl o6yyaroLmMxcs no
AucuunnuHe (Moaynio)

CamocTositenbHas pabota 0by4arolyxcs BbINOMHSETCS MO 3a0aHNI0 U MPU METOLMYECKOM PYKOBOACTBE NpenofasaTens,
Ho 6e3 ero HenocpeLCcTBEHHOro y4acTus. CamocTosiTenbHas pabota noapasnensieTcsl Ha CaMoCTOSTENbHYIO paboTy Ha
ayLUTOPHBIX 3aHATUSIX U HA BHEAYAUTOPHYIO CaMOCTOsTENbHY0 paboTy. CamocTosTenbHas paboTta obyyatowmxcs
BK/OYAET Kak MOMHOCTbIO CAMOCTOSITENIbHOE OCBOEHME OTLAEMbHBIX TEM (Pa3fenos) AUCLUMNAUHBI, Tak 1 NpopaboTky Tem
(pa3gpenos), ocBaMBaEMbIX BO BPEMS ayanTopHOl paboTbl. Bo BpeMsi caMocTosiTenbHOM paboTbl 0ByyaoWwmnecs YnuTarT u
KOHCMEKTUPYIOT y4eOHYI0, Hay4HYHO 1 CMPABOYHYIO NMTEPATYPY, BbINONHAT 3aaHUsl, HANpPaBieHHbIE Ha 3aKpenneHne
3HaHW 1 0TPaBOTKY YMEHUIA U HABBIKOB, FOTOBSTCS K TEKYLWEMY 1 MPOMEXYTOYHOMY KOHTPOSO MO AUCLMUMIUHE.

OpraHnsauus caMocTosTenbHol paboTbl 0By4arowWmxcst pernameHTpyeTcs HopMaTUBHBIMA LOKYMEHTaMu,
y4ebHO-MeTOANYECKON NMTepaTypoii U 3NeKTPOHHBIMI 06pa3oBaTebHbIMI Pecypcamu, BKOYas:

MopsiLoK opraHn3aumm 1 ocylWeCTBAEHNS 06pa30BaTeNbHON AeSTENbHOCTM Mo 06pasoBaTebHbBIM MPOrPamMMam BhICLIETO
06pasoBaHus - nporpammam bakanaspuara, nporpaMmmam crieumaniTeTa, nporpammam MarmcTpatypbl (YyTBepXaeH
npukasom MuHucTepcta obpasosaHus 1 Hayku Poccuiickoin depepaunm o1 5 anpens 2017 roga Ne301)

MNMucemo MuHucTepcTBa 0bpasosaHus Poccuiickoin ®enepauum Noe14-55-996uH/15 ot 27 Hosibps 2002 r. "O6
aKTUBM3aUMM CAMOCTOATENbHON paboTbl CTYAEHTOB BbICILMX Y4EOHbIX 3aBeAeHMNA"

YcTaB ¢heaepanbHoro rocyjapCTBEHHOr0 aBTOHOMHOrO 06pasoBaTenbHOro yupexaeHus "KasaHckuii (Mpreonxckuii)
doenepanbHbI yHuBepcuTet”

MpaBuna BHyTPEHHero pacrnopsiaka goeepanbHOro rocy1apcTBeHHOr0 aBTOHOMHOMO 06pasoBaTeibHOMO y4peXx aeHns
BbICLLEro npodheccuoHanbHoro obpasoeaHus "KasaHckuii (Mpueonxckuii) doeaepanbHblli yHUBEpPCUTeT"

JlokanbHble HopMaTMBHbIE akTbl KasaHckoro (MprBonXCKoro) doeaepanbHOro yHmBepcuteTa

6. dOHA OLEeHOYHbIX CPeaCcTB MO AUCUUNIUHe (MOLYNI0)
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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)

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

AOepHbIi MarHUTHbIA PE30HAHC B HEOPraHWYECKOM U KOOPANHALMOHHON XUMnK. PacTtBopbl 1 XMAKOCTK -
http://e.lanbook.com/books/element.php?pl1_id=2151

9. MeTtoauyeckue ykasaHusi Ans 06y4aloLLLMXcsi N0 OCBOEHUIO AUCLUMAUHBI (MOAYNS)
Bup pabot MeTtogunyeckue peKoMmeHaauum

npakTnyeckue | MpakTnyeckme 3aHATUS NPOBOASTCA C LENbIO YrnybneHns 1 3akpenneHns 3HaHWim, nonyyYeHHbIX Ha
3aHATMA NEKLMSX U B NPOLIECCE CaMOCTOSTENBHON paboThl HAA HOPMATUBHBIMU [OKYMEHTaMM, y4ebHOM 1

Hay4HoI nuTepatypoii. MNpn NOArOTOBKE K NPaKTUYECKOMY 3aHATUIO HEOBXOAUMO:

- U3Y4YnTb, MOBTOPUTb TEOPETUYECKUI MaTepuan no 3anaHHon Teme;

- U3y4nTb MaTepuanbl NPakT1Kyma no 3afaHHol TeMe, yaensis 0coboe BHUMaHWE pacyeTHbIM

popmynam,

- NPV BbIMOSHEHUW OOMALIHNX PacyeTHbIX 3a4aHnii, N3y4ynTb, NOBTOPUTL TUMOBbIE 3a4aHUs,

BbIMNOJSIHAEMbIE B ayAUTOPUN.
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Bup pabot MeTtoaunyeckue pekomeHaauum

nabopatopHbie| JTabopaTopHas paboTa - 3T0 NPoBefeHNe CTYAEHTaMM MO 3a4aHU0 NpenoaasaTens unm no

paboThbl WHCTPYKLUMM OMbITOB C UCMONb30BaHNEM NPUBOpPOoB, MPUMEHEHNEM UHCTPYMEHTOB 1 ApYrX
TEXHUYECKMX MPUCNOCOBNEHNIA, T.€. 3TO N3yHeHUE Kaknx-nnbo 06 bEKTOB, SBNEHWI C MOMOLLbIO
cneumansHoro 06opyLoBaHus.
B xone nabopatopHbix paboT CTyAeHTbl BOCMPUHUMAIOT U OCMBICIIMBAOT HOBbI y4ebHbIA MaTepuarn.
MpakTnyeckmne 3aHATUS HOCSAT CUCTEMATUYECKUIA XapakTep, PErynsipHo cneays 3a Kaxaol nekumen
nnn OByMSA-Tpems nekumsimu. JlabopatopHble paboTbl BbINOMHSATCS COrNacHoO rpadomky y4ebHoro
npoLecca 1 cCaMoCTOSTeNbHOM paboThl CTYAEHTOB NO aAucuunnmHam. MNpu aTom cobnofaetcs
MPUHLMMN MHAMBMAYaNbHOrO BbINONHEHNS paboT. Kax ablii cTyneHT BeaeT pabouyyto Tetpaib,
ochopMIIEHME KOTOPOW JOMXKHO 0TBEYaTh TPEOOBAHMSAM, OCHOBHbIE U3 KOTOPbIX Cleayoume:
- Ha TUTYNIBHOM NIUCTE YKa3bIBaAIOT NPeAMET, KypC, rpynmny, NoArpynmny, (oamuimio, MMsi, 0TYECTBO
CTyAEHTA; Kaxayto paboTy HyMEPYIOT B COOTBETCTBUM C METOANYECKMY yKa3aHUSIMU, yKa3blBaloT
[aTy BbINONHEHNS pPaboThbl;
- NMOJIHOCTbIO 3aNNChIBAIOT Ha3BaHMeE PaboThl, LeNb 1 NPUHLMAN METOAA, KPATKO XapakTepuayoT X0
9KCMEeprMEHTa U 06 bEKT NCCNENOBAHUS;
- NPV HEOBXOAMMOCTMN MPUBOAAT PUCYHOK YCTAHOBKM; pe3ynbTaThbl OMNbITOB (OUKCUPYIOT B BUAE
PUCYHKOB C 06513aTe€NbHbIMU NOAMNUCSMU K HUM, @ TakXe Tabnuubl Av OnMcbIBaOT CIOBECHO
(xapakTep ochopMneHns paboTbl 06bIYHO yKa3aH B METOAMYECKMX YKA3AHUSX K CAMOCTOSTENbHBIM
pabotam);
- B KOHLe Kaxaoli paboTbl AenatT BbIBOA UK 3aK/UEHWe, KOTopble 06CyXaaoTcs nNpyu NoABeAeHUN
NTOrOB 3aHATUS.
Bce nepBuyHbIE 3anvcK HEOOX0AUMO nenath B TETPALM MO X04y SKCMNepUMeEHTa.
MpoBeneHune nabopatopHbix paboT BkOYaAET B cebsi cnepytowme atans:
- NOCTAHOBKY TEMbl 3aHATUIA 1 onpeneneHne 3anad nabopaTopHoi paboTol;
- onpepneneHune nopsiaka nabopaTtopHO-NpPaKTUYecKo paboTel UK OTAENbHbIX €€ 9TanoB.;
- HENOCPEeACTBEHHOE BbINONHEHNE NabopaTopHol paboTbl CTyAEHTAMW U KOHTPOJb 32 XOA40M 3aHATUIA
1 cobnoieHeM TexHNk 6e30nacHoOCTY;
- NofiBeaeHne NToros nabopatopHoii paboTsbl 1 POPMYNMPOBAHNE OCHOBHbLIX BbIBOLOB.
Mpw noaroToBke Kk NabopaTopHbIM 3aHATUSAM HEOBX0AUMO 3apaHee U3yYnTb METOAMYECKME
pekoMeHaaLun no ero npoeefeHnio. Ob6paTMTb BHUMaHUE Ha LieNlb 3aHATUS, HA OCHOBHbIE BOMPOCHI
LLNSi NOArOTOBKM K 3aHATWIO, HA COAEPXaHNe TEMbl 3aHATUSI.
K nabopatopHbiM paboTam CTy[eHT [ONYCKAETCs TOMbKO NOCNE MHCTPYKTaxa no TEXHWKE
6e3onacHocTu. MonoxeHust TexHUK 6e30MacHOCTU U3NOXEHbI B MHCTPYKLMSX, KOTOPbIE LOMXHbI
HaxoauTbCS Ha BUOHOM MecTe B naboparopuu.

CaMOCTOS- | - YTeHWe CTyOeHTaMy PEKOMEHAOBAHHOM NMTEpaTypbl 1 YCBOEHUE TEOPETUYECKOro MaTtepuana
TenbHas LNCUNMNANHBI;
paboTa - 3HaKOMCTBO C VIHTepHET-NCTOUHMKaMM;

- NOLArOTOBKY K PasfiMyHbIM DOpMaM KOHTPONS (TECTbl, KOHTPOJbHbIE PaBOThbl, KOMOKBUYMbI);

- BbINOJIHEHNE KOHTPONbHbIX paborT;

- NOAroTOBKY OTBETOB Ha BOMPOCHI MO PasnuUyHbIM TEMaM OMCLUUMNIVHBLI B TOA NOCNEen0BaTelbHOCTH, B
KakoWm OHW NpencTaBneHsbl.

MnaHvpoBaHne BpeMeHU, He0bX0OMMOro Ha U3y4YeHne OUCLUMUMNWH, CTYeHTaM fy4le BCero
OCYLWWeCTBNATb BECb CEMECTP, NpeaycMaTpmsas nNpy aToM perynsapHoe noBToOpeHne marepuana.
Matepuan, 3aKOHCNEKTUPOBAaHHbIN Ha NeKUMsX, He0BX0AMMO perynspHoO npopabartbiBatb U
OOMONHATbL CBEASHUSAMMN U3 OPYrMX UCTOYHUKOB NNTEPATYPbI, NPeACTaBNEHHbIX HE TONbKO B
nporpamme AUCLUMNANHBI, HO N B NEPUOANYECKUX N3OAHUSIX.

Mpu M3y4eHnn ANCUMNANHBI CHavana HeobXxo4MMO Mo KaX 4oV TeMe NPoYMTaTbh PEKOMEHO0BAHHYHO
nnTepaTypy 1 COCTaBUTb KPATKMIA KOHCMEKT OCHOBHBIX MOJIOXEHWA, TEPMUHOB, CBEAEHWi, Tpebytowmx
3anoOMUHAHNS 1 SBNSAIOWNXCS OCHOBOMNONarawmmmn B 3TOM TeMe AN OCBOEHUS NOCnenyoWwmx Tem
Kypca. [1ns pacwmpeHus 3HaHus no AMCUMNINHE PEKOMEHOYETCA UCNONb3oBaTth VIHTEPHET-pecypChl;
NPOBOAUTbL MONCKM B Pa3fiNyHbIX CUCTEMAX U UCMONb30BaTbh Marepuanbl CanToB, PEKOMEHO0BaHHbIX
npenogasaTenem.

3avert Mpun oTBETE Ha 3a4yeTe HeobXxoaMMo:

- NpoayMath ¥ YeTKO U3NOXUTb MaTepuan;

- naTb onpeneneHne OCHOBHbIX MOHATUIA;

- [aTb KPaTKoe OnncaHne sIBNeHWIA;

- NPUBECTW NPUMEPBI.

OTBeT cnenyeT UNNOCTPMPOBATL CXEMaMU, PUCYHKaMK U rpagoukamu.

Mpv yCTHOM MOBECTBOBaHWW M3naratb Matepvan 4eTko 1 o6aymaHHo. [ins ycnewHoin coaym 3aveta
HeobxoAMMO pasyMHOE COYETaHNe 3anoMMHaHNsS U MOHUMAaHUS, MPOCTOrO BOCNPOU3BOACTBA y4ebHOM
MHdpopmaLmm 1 paboTbl MbIC/K
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10. NMepeuyeHb MHGOPMALLMOHHBIX TEXHOJIOIMIM, UCNOJb3YEeMbIX NMPU OCYLLECTBIeHUU 06pa3oBaTe/IbHOro
npouecca no gucuuniauHe (Mooynio), BKauas nepeyeHb NporpaMMHoOro obecneyeHns U MHGOOPMaLMOHHbIX
cnpaBoOYHbIX CUCTEM (MPU HEOOXOAUMOCTH)

MepeyeHb NHPOPMALMOHHBIX TEXHOMOMUIA, NCTONb3YEMbIX MPU OCYILECTBAEHMI 06pa30BaTENBHOrO NpoLecca no
OUCUMMNAVHE (MOLYNIO), BKNOYAS NepeyeHb NporpaMMHOro obecrneyeHns u MHGOPMALIMOHHBIX CMPaBOYHbIX CUCTEM,
npenctasneH B MpunoxeHuu 3 k paboyen nporpaMMe OUCLMMNVHBI (MOLYNS).

11. OnucaHue MatepuanbHO-TeXHMYecKon 6a3bl, He06X0AMMOW AN OCyLUEeCTBNeHusi o6pa3oBaTefibHOro
npouecca no gucuunnuHe (Moayno)

MaTtepuanbHo-TexHu4yeckoe obecnedeHne obpasoBaTenbHOro npouecca no aucuunanHe (Moaynio) BkYaeT B cebs
cnenyowme KOMMNOHEHTbI:

MoMelueHmnst ons caMocTosATENbHOM paboTbl 0ByYaOLWMXCS, YKOMMNEKTOBAHHbIE CMELMann3npoBaHHoi Mebenbto (CTosbl 1
CTYNbsl) U OCHAIWEHHbIE KOMMbIOTEPHOM TEXHUKOM C BO3MOXHOCTBIO NOAK/OUEHUs K ceTu "MIHTepHeT" 1 obecneyeHnem
[OCTyNa B 3NEKTPOHHYI0 MHADOPMaLMOHHO-06pa3oBatenbHyto cpeay KdY.

YyebHble ayamMTopun 0ns KOHTaKTHOW paboThl C MpenonaBatenem, yKOMNIeKTOBaHHbIE CNeLMani3mpoBaHHoi Mebenbio
(cTonbl U CTYNbA).

KomnbloTep 1 npuHTEp AN pacneyatku pa3aaToyHbix MaTepranos.

MynbTMeouiiHas ayautopus.

CneuvanunsmposaHHas nabopaTtopus.

CneumannsmpoBaHHas nabopartopusi.

12. CpencrtBa apanTtaumm npenogaBaHUsl GUCLUM/IMHBI K NOTPe6HOCTAM 00y4YaloLLUXcsi MHBaNMA0B U NNL, C
OrpaHUYeHHbIMU BO3MOXHOCTSIMU 34,0POBbSI

rlpl/l Heobx0aMMOCTHN B 06paaoBaTean0M npouecce NpuMeHsaTCa cnegyowme Metonbl U TEXHONOrnn, obneryatouime
BOCMpUATUE UHPopMaLnUm o6yqa+ou1|/|Mv|csa nHBanngamMn n nmuamm ¢ orpaHN4eHHbIMM BO3MOXHOCTAMU 300P0BbA:

- CO3[aHne TEKCTOBOW BepCUM NtoBOro HETEKCTOBOMO KOHTEHTA LIS €F0 BO3MOXHOr0 npeobpasoBaHus B
anbTepHaTVBHbIE POPMbI, YO0OHbIe A1 pa3fnYHbIX NOfb30BaTene;

- CO30aHNEe KOHTEHTAa, KOTOprI\/'I MOXHO NpencTaBuUTb B pa3/InyHbIX BUOAX 6e3 noTepun OoaHHbIX UK CTPYKTYpPbI,
npenycmoTpeTb BOSMOXHOCTb MaCLIJTaél/IpOBaHI/IH TeKCTa un |/|306pa>KeH|/||7| 6e3 noTtepun Ka4ectea, NpenycMoTpeTb
OOCTYMNMHOCTb ynpaBneHnsa KOHTEHTOM C KnaBuaTypbl;

- CO3[4aHne BO3MOXHOCTEW AJis 06y4atoLWmxCsl BOCMIPUHUMATL OLHY U Ty XX€ MHPOPMaLMIO U3 PasHbIX NCTOYHIKOB -
Harnpumep, Tak, 4Tobbl LA C HAPYLWEHNUAMU Cyxa NONMyYani MHGOPMALLMIO BU3YalibHO, C HAPYILEHWSIMU 3PEHUS -
ayananbHo;

- MPUMEHEeHNe NPorpaMMHbIX CpencTs, obecrneynBatoWmx BO3MOXHOCTb OCBOEHNS HAaBbIKOB 1 YMEHUIA, (DOPMUPYEMbIX
OVCLUMNMNHOM, 3a CYET anbTepHaTUBHbLIX CNOCOO0B, B TOM YUCNE BUPTYanbHbIX NabopaTopuin u CUMyNSLNOHHBIX
TEXHONOIIA;

- MPUMEHEHVE OUCTAHUMOHHBIX 0Bpa3oBaTenbHbIX TEXHONOIUIA AN1s Nepeaayn MHGopMaLum, opraHM3aunm pasnmnyHbIX
(hOPM MHTEPAKTNBHOM KOHTAKTHOW paboTbl 0ByyarolWerocs ¢ npenonasaTeneM, B TOM Yucne BebrHapoB, KOTOPbIE MOTYT
6bITb MCNONb30BaHbI A5 MPOBEAEHNS BUPTYAbHbIX NEKLUIA C BO3MOXHOCTbIO B3aVMOLENCTBUS| BCEX YHACTHUKOB
OVCTAHUMOHHOIO 06y4YeHUs!, NPOBELEHUS CEMUHAPOB, BBICTYMIEHUS C LOKNALAMU U 3aALMTbI BEINOSHEHHBIX paboT,
NpoBeAeHNs! TPEHUHIOB, OPraHU3aLMy KONNEKTUBHON paboThl;

- NPYMEHeHNe AUCTaHUMOHHbIX 06pa3oBaTenbHbIX TEXHOMNOIMA NS OpraHM3aummn goopM TEKYILEro 1 NpoMeXyTOYHOro
KOHTPONS;

- YBENNYEHME NPOLOIXNTENIbHOCTYU caaqm oby4atolwyMcst UHBANUOOM UK NINLOM C OFPaHnYeHHbIMU BO3MOXHOCTSMI
3[0p0Bbs DOPM NMPOMEXYTOYHON aTTECTALMMN MO OTHOLWEHWIO K YCTaHOBIEHHOW NMPOAONXUTENBHOCTY UX CHAYN:

- NPOOONIXXUTENNIbHOCTU CcOoavn 3a4éTa nnmn aK3ameHa, nposBoaonMoro B NMUCbMEHHOMN oopme, - He 6onee 4em Ha 90 MUHYT;

- NPOOONXNUTENbHOCTM NOAroTOBKM 06y4atollerocs K 0TBeTy Ha 3a4éTe Unn aK3ameHe, NPOBOAVMOM B YCTHOM doopMe, - He
6onee 4yeM Ha 20 MUHYT;

- NPOOOIXUTENNbHOCTN BbICTYNNEHNA 06yqa+ou4eroc9| npun 3awunTte KprOBOI7I pa6OTbI - He bonee yem Ha 15 MUHYT.

Mporpamma cocTasneHa B cooTBeTcTBUM ¢ TpeboBaHnaMu GIrOC BO 1 y4ebHbiM nnaHom no HanpasneHuo 04.04.01
"Xumuna" n MarmcTepckon nporpamme "Pusnko-xmmMmyeckme Metobl UCCNea0BaHns B XMun".
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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

Mpodpmnb noaroToskn: PU3NKO-XMMUYECKNE METOAbI UCCNEA0BAHNA B XUMUW
KBanucukaums BbinyCKHUKA: MarmcTp

dopma oby4eHus: o4Hoe

SA3bik 0by4eHmns: pycckuii

oa Hauana obyyeHus no obpasosatenbHol nporpamme: 2017

OcHoBHas nuTeparypa:

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

2. Toy6, M. MexaHn3mbl HeOpraHM4eckux peakuuii [OnekTpoHHbI pecypc] : MoHorpadpms / M. Toy6, 1. Bepaxecc. -
OnekTpoH. aaH. - Mockea : NapatenbcTeo 'flabopaTtopus 3HaHwmit', 2017. - 683 c. - Pexxum goctyna:
https://e.lanbook.com/book/94114

JononHutenbHas nuteparypa:

1.Miwonnep, Ynbpux. CTpykTypHas HeopraHudeckas xumus / Y. Mionnep; nep ¢ aHrn. A. M. Camoiinoga, E. C. Pembe3sbl
nog ped. A. M. Xoeusa. - JonronpyaHoiin: Usgatensckuin Jom 'MHTennekT’, 2010. -351 c.

2.XosuB A. M. Mionnep Ynbpux CTpykTypHas HeopraHundeckas xmmums: MoHorpadoms / Mionnep Y., Xosus A.M. -
HonronpynHbiin:HTennekT, 2010. - 352 ¢. ISBN 978-5-91559-069-3 - Pexum poctyna:
http://znanium.com/catalog/product/319373

3. ®epotos, M.A. SoepHbIi MarHUTHbBINA Pe30HaHC B HEOPraHUYECKOM U KOOPANHALUMOHHOM XuMumn. PacTeopbl v
XNOKOCTY [DNeKTPOHHBIV pecypc] : MoHorpadgus / M.A. ®enotos. ? OnekTpoH. aaH. ? Mocksa : duamatnut, 2010. ?
384 c. ? Pexum goctyna: https://e.lanbook.com/book/2151
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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 noaroToskn: PU3NKO-XMMUYECKNE METOAbI UCCNEA0BAHNA B XUMUW
KBanucukaums BbinyCKHUKA: MarncTp

dopma 0by4eHus: o4Hoe

SA3bik 0by4eHuns: pycckuia

oa Hauana obyyeHus no obpasosatenbHol nporpamme: 2017

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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