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[TPOF'PAMMA-MUHVMYM
KaHTHAATCKOTO 3K3aMeHa 0 CIEUHATBHOCTH
02.00.01 —Heoprannyeckas xumus
TI0 XUMUYECKHM U TEXHHYECKUM HayKaM
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HaCTOSII.IIa}I IIporpamMma OxBaThIBACT OCHOBOIOJIAT AlOUINE pa3aeIinl HEOpraHu4eCcKou XHUMHH, e¢
TCOPETHYCCKHE OCHOBBI (CTpOCHHe BCIIECTBA, TCPMOAUHAMHKA U KPIHCTPIKa), XHMUIO 3JICMEHTOB,
CBOKCTBa 1 MCTOIBI CHHTEC3a OCHOBHBIX KJIACCOB HEOprannveCcKux COCOUHEHMH, a TAKKE METOABI UX
HCCJICTOBaHUS.

IIporpamma paspaGorana skcneprHbM coBetom Bsicieit aTTeCTAllMOHHON KOMUCCUH MHUHHCTEpCTBa
o6pasoBauus Poccuiickoii Denepann o XuMun (110 HCOPraHN4eCKOH XMMHH) NIpH ydacTuu MHcTHTyTA
oOieit ¥ HeOpraHM9IecKoi XUMUH M. H.C.Kypnakosa PAH 1 Mockosckoro roCyAapCTBEHHOI0
yHuBepcutera um. M.B.JloMoHOCORA.

1. @yHpaMeHTANbHBIE 0CHOBBLI HEOPraHHYECKON XHMHH
1.1. Ilepuoouueckuii saxon J M. Mendeneesa u cmpoenue amoma

OCHOBHBIE TIPEACTABNEHHS O CTpoeHMH aToMma. BonHopas QyHKIHS M ypaBHeHHe [lIpenunrepa.
KBanroBsle wuucia, paguansHoe u YUIOBOC paCIpeleNiCHHE IJEKTPOHHOM IUIOTHOCTH. ATOMHBIE
opburanu (s-, p-, d- u ~A0O), ux SHCPIUH Y IPaHHHBIE MOBEPXHOCTH. Pacnpenenenue anexTpoHOB mo
AO. IlpuHIMI MHHHMyMa JHEpruy. [punuun ITaymu. AtomHbIe TepMEl, npaeuno Xynna. CoBpeMeHHas
opmynupoBKa nepronuyeckoro 3akoHa, 3aKoH Mosnn, cTpykTypa nepuoanueckoit cucTeMsl. Kopotko-
H THHHONEPHOHBIA BAPHAHTBI IEPHOAMYECKON Tabmusl. [Tepros! u TpYIIIBL

3aKOHOMepHOCTH H3MCHEHUA Q)YHI[aMCHTaHBHLIX XapaKTEePUCTHK aTOMOB: aTOMHBIX U HOHHDBIX paanycos,
IOTEHIHAIa HOHU3AIIHH, SHCPrUH CpOACTBA K JJICKTPOHY H SJIEKTPOOTPUUATEIEHOCTH.

FpaHI/IHI:-I NEPHOAUIECKOM CHCTEMBI. HepCHeKTI/IBLI OTKPBITHSA HOBBIX 3JIEMEHTOB,

HCpHOI[I/I‘IHOCTI/I B HM3MEHEHUU CBOMHCTB MPOCTBIX BEUICCTB U OCHOBHBIX XUMHYECKHX COCIUHEHHUH
OKCHI0B, THAPOKCHIIOB, THAPHIOB, TATOTEHHIOB, CyHth)I/IIIOB, Kap6I/I,ZIOB, HHUTPHIOB H 60pI/IIIOB.

1.2. Xumuuecrasn ceasv u cmpoenue MoaexKy

[Tonstue o NpUpPONEC XHUMHUYECKOH CBA3H. (OCHOBHLIE XapaKTEPUCTHKH XUMMHYECKOH CBS3M: AJINHA,
SHCPIHs, HAlPaBJI€HHOCTE, MIOJIIPHOCTB, KPaTHOCTG. OCHOBHBIE TUMBI XHMHYECKOH CBA3MH.

OCHOBHEBIE NOJIOXEHUS METO/IA BATEHTHBIX CBSI3el (MBC). I'nGpuauszauuns opbutaneii. Hanpagnennocrts,
HaChIACMOCTD H MOJIAPH3YEMOCTb KOBAJIEHTHOM CBA3H. BIIHSHHE HEMOAeIeHHbIX 3JICKTPOHHBIX Map Ha
CTPOEHHUE MOJIEKYJI, MOJENb | HiecH.

OcHOBHEBIE MONOXEHUS MeTOa MONEKYIApHEIX opbutanedt (MMO). [JIByxueHTpoBEIe JBYX3JIEKTPOHHEIE
MOJICKY/ISAPHBIE OpOMTaNd. OHepreTmyeckue muarpammsl MO TOMOSAJEPHBIX M TIeTepOsIEPHBIX
ABYXaTOMHBIX MOJEKYN. OHEPIHs MOHHM3ALMH, MAarHHTHBIE M OITHYECKHE CBOHCTBA MOJIEKY.
MHuorouentpoBsie MO, runepBaneHTHBIE U ANEKTPOHOACHULNTHBIE  MONEKyNsl.  IIpHHIMM
H303IEKTPOHHOTO COOTBETCTBHS. Koppenanuonusle muarpaMmst.



Wonnas cBs3b. Monnas Mozens CTPOCHHUA KPHCTAJIOB, 00pa30BaHHE HOHHBIX KPUCTALIOB KaK pe3ynbTar
HCHAMPAB/ICHHOCTH M HEHACBIIAEMOCTH HOH-HOHHBIX B3aHMONCHCTBHI, Wounsrit paguyc. OcHoBHbIe
THIIBI KPUCTATIHIECKUX CTPYKTYD, KOHCTaHTa Mazesynra, 3HEPTHUs HOHHOM peleTKH.

Mesxmonexynspaoe B3anMoseiicTaue OPHEHTALMOHHOE, MHAYKIIMOHHOE U JUCIEPCHOHHOE, Boxoponnas
CBA3b, €€ IPHPOJA.

Beenenne B 30mmyo Teopuro. OOpa3oBaHHME 30H BAJIEHTHOH u NPOBOAUMOCTH U3 AaTOMHBIX M
MONICKYIAPHEIX OpOHTanel, 3anpemennas 30Ha. MeTawisl u AHUBNIEKTPUKH. ['paHunsl npuMmeHnMocTH
30HHOH TEOPHH.

1.3. Komnnexchuie (xoopounayuonnwie) coedunenus

OCHOBHEBIE MOHATHS KOOPAMHAIIHOHHON TEOPHH. THNBI KOMIUIEKCHBIX COeMMHEHMH 1o KJIacCHpUKaLUn
JTHIAHNIOB,  3apsilly KOOPIMHALMOHHON cdephbl, uMCIy UCHTpaIbHBIX  atomoB. Homenknarypa
KOMIUIEKCHBIX COeAMHEHUHN. M30MepHst KOMITEKCHBIX COeTHHEHHUI,

O6pasoBaHye KOOPIMHALMOHHEIX COEUHEHH B paMKax HOHHOH MOJENM W INpeACTaBleHHH JIbIoHCA.
Teopus MArkuX U eCTKHMX KHCIOT B OCHOBAHHi Iupcona, ypasnenue [paro-Beiinanna. Veroiunsocts
KOMILTICKCOB B pacTBOpaXx U OCHOBHBIE (aKTOpEHI, ee onpeaensmonye. KOHCTaHTBl yCTOHYHBOCTH
KOMIUIEKCOB. JIaGMIBHOCTE M MHEPTHOCTS. OHTpONHUIHEBIN BKIax B SHEPreTUYECKYI0 YCTOMYHMBOCTH
KOMILIEKCOB, COJIbBATHBIH 3¢ dekT, XenaTHeii sddexr, npasuiia uukiaoB JI.A. Uyraesa.

llpupona XWMHYeCKOH CB3M B  KOMILIEKCHBIX KOCIMHCHUAX. OCHOBHBIE TIOJNIOXEHHS TEOPHH
Kpucraimyeckoro mons (TKII). Pacmennenne d-op6utaneii s OKTa3PUYECKOM H TETPa3APHUYECKOM
Tojie. JHEPIUA PaclleIIeH s, SHePrUs CIIAPUBAHUSA M SHEPIUsl CTAOMNU3ALMH KPHCTALTHIECKHAM TTOJIEM.
Crextpoxumuueckuit psax nurannos. IMonsTtae o Teopun SHa-Temnepa, TeTparonanshoe Hckaxenue
OKTa3APHYECKUX KOMILIEKCOR.

JOHepreTHyeckas auarpaMMa MO KOMILTEKCHBIX coemunenui. Iloctpoenue rpynnoseix opGuraneit u ux
B3aHMOZICHCTBHE € OpPOHTAISIMH LIEHTPATBHOTO aToMa, O- M T-JOHOPHBIE M AKIENTOPHBIE JIHraHIbI.
Hcnonesosanne TKIT 1 MMO a1 o6bsicHenus ONTHYECKUX U MarHMTHBIX CBONCTB KOMIIJIEKCHBIX
coenuneHnH. Jluarpammsl Tana6s-Cyraso qis MHOT03JIEKTPOHHBIX CHCTEM.

KapGonmnpl, Meramnokap6ensi, METaIonensl, Gymnepuast. Kommmexchl ¢ MaKpPOHHKIHYECKUMH
nmurainamu. llomusnepHsie komruiekcel. M3o- u rereponoycoenutenus. Knacteper Ha ocHoBe
TICPEXONHBIX H HEIIEPEXOAHBIX IIEMEHTOB. KpaTHble CBA3H METAIIMETA, HOHSTHE O S-CBS3M.

MexaHH3MBI peaKinii KOMILICKCHBIX COEIUHEHHII. Peaxuun 3amemenns, otimennenns u IPHUCOETUHEHHUS
JMIaHJd,  OKHCIHTENbHO-BOCCTAHOBUTENbHBIE  PeakUMH. B3auMHOe  BImSHHe JIMFaHAoOB B
KOOpIHHAaHOHHOW  cepe. Tpauc-pmusaue W.U. YepHseBa, yuc-spdpexr A.A. T pHHOepra.
BuyTpucdepnsie peaknuu nuranios.

IIpuMeneHne KOMILIEKCHEIX COCNUHERHH B XHMUYECKOH TCXHOJIOTHH, KaTaJlu3€e, MeULIMHE U YKOJIOTHH.
1.4. Obwue 3axonomeprocmu NPOMEKAHUS XUMUYECKUX PeaKyull

OCHOBHBIE IOHATHSA U 337a9d XUMHYECKOH TCPMOZMHAMUKH KaK HAaYKH O NPEBPALICHHSIX SHEPTUU TIPU
NPOTEKAHHM XHMHYECKUX peakuuid. Tepmomunamuyeckas cucrema, napameTpbl U QYHKIHMH COCTOSHHS
cucreMsl. IlepBriit 3akoH TepMonUHaMHUKY, BHyTpeHHss 9Heprus u ee uzMeHeHHe IPY XUMHYECKHX H
}a3oBEIX mpeBpameHnsIX. DHTANBIHS. CTanaapTHoe COCTOSHHE M CTAaHAAPTHBIE TEINOTH XUMHYECKHX
peakuud. Temnota ® sHranbnus o6pasoBamma. 3akon [ecca. OHEPrMH XMMHYECKHMX CBA3CH.
Tenmoemkocts, ypasnenue Kupxroga.

OGpatumele u HeoGpaTUMBIE TIPOLIECCHL. Bropoii 3akoH TepMonuHamukm. DHTponHs u ee bu3uyecknii
CMBICT, ypaBHeHHe bonbumana. CTaHZapTHas SHTPONMA. 3aBHCHMOCTE SHTPONIHM OT IAapamMeTpoB



COCTOsHMA. DHeprus I'm66ca. HampaBnenuwe xumuueckux IPOLECCOB, KPHUTEPHH CaMOIPOH3BOJILHOIO
NIPOTEKAHHs PEAaKLMH B M30JIMPOBAHHBIX M OTKPHITHIX CHCTEMAX. XHMHYECKHil NOTeHIUAL. YcioBUe
XMMHYCCKOTO pPAaBHOBECHS, KOHCTAaHTA paBHOBecus. M3oTepMa XHMHUECKOM peakiuud. ®aszoBbie
PaBHOBECHA, HHCIO CTemeHed cBoGoxpl, npaeuno ¢a3 [u66ca. DazoBbie AMarpaMMmbl  OJHO- H
JABYXKOMIIOHEHTHBIX CHCTEM.

CKOPOCTb  XMMHYECKOH pEaKIHH, ee 3aBHCHMOCTH OT NPUPOIbl ¥ KOHIEHTPALUM PEareHTOB,
TemnepaTypel. [Topsnok peaknun. KoHCTAHTBI CKOPOCTH H €€ 3aBHCHMOCTS OT TeMITepaTyphl. Y paBHEHHE
Appennyca. DHeprus akTHBalUM U IOHATHE 0F aKTHBHPOBaHHOM KoMIulekce. OGpaTuMble peakiuy,
3aKkoH nmeHCTBylOmHMX Macc. BrusHue KaTalu3aTopa Ha CKOPOCTh peakUHMH. | OMOTeHHBIH WU
TeTEPOreHHBIN KaTanu3. I[IoHATHE 0 HeMHBIX U KOIe6aTeIbHAIX peaknusx.

1.5. Pacmeopui u snexmponumer

CoBpeMeHHbBIE NpeACTaBIEHNS O NPHPOE pacTBOpOB. OCOGEHHOCTH KHIKHX pacTBopos. Ilopamok B
KHAKOCTAX, CTPYKTypa BOJBI M BOAHBIX pacTBOpoB. Crenuduka peakimii B BOJHBIX U HEBOIHBIX
pacTBopax.

Teopus snexrponuruyeckoit auccomuarmu. onHoe IIPOU3BEACHUE BOJIBI H €TI0 3aBUCHMOCTD OT
Temneparypel. Bogoponusrit noxasarens pH, mxana pH. Kucnotsr n ocrosanus. Iporonutaueckas
Teopus bpencrena-Jloypw. ConpsbKeHHbIE KMCIIOTH B OCHOBAHUSL. || unponu3. CoOBpeMeHHBIE B3TIISIBI HA
MPUPOLY KUCIIOT ¥ OCHOBAHMII.

CHinbHBlE M cnalble 3MEKTPONHTHL 3aBUCHMOCTh CTEHEHH SJIEKTPOIIMTHYECKON AMUCCOIHALIMH OT
KOHUCHTpAUH, —TEMIEPATYPHl, MNPHPOABl PACTBOPHUTENS, IIOCTOPOHHUX JNIEKTPOJIUTOB.  3aKoH
pasbasnennst OcrBanbaa. OCHOBHBIE IOHATHS TCOPHH CHUJIBHBIX 3JIEKTPOJIUTOB Jlebast u XroKkkeJrs.

HpOH3BCIleHHe PacTBOPHUMOCTH. HI’IHaMI/I'-IeCKOC PaBHOBECHE B HACBIIICHHBIX pacTBopax
MaJIOpaCTBOPHMEIX CHJIBHBIX SJICKTPOJIUTOB H (I)aKTOpr, €ro cMemaroIue.

DIEKTPOXUMHYECKHE CBOMCTBA pacTBOpoB. ComnpsKeHHbIE OKHCIHTENTHO-BOCCTAHOBHTE/ILHDIE Iapel.
JIeKTPOAHBIH noTeHIHAT, OKHCINTEIBHO-BOCCTAHOBHTELHEIE PEaKUMHK U UX HanpaBjeHHe. Y paBHEHNE
HepHcra. [luarpammst Jlatumepa u ®pocra. DNEeKTPOIIH3.

Kosuuratusaele cBoicTBa pacTBOpOB JJIEKTPOTUTOB U HENEKTPONHUTOB. U3oTOoHMYCCK Mt KO3 dHiHeHT.
3axoH Payna. Kprockomus u 36ym1ockonus, ocMmoc.

1.6. Ocnogbr u Memodur neopeanuyeckozo cunmesa

IIpsMOH cHHTE3 COelMHEHHH M3 MPOCTBIX BENIECTB. Peaknum B razoBoit dase, BOXHBIX M HEBOIHBIX
pacTBOpax, pacniaaBaX. MeTojq XHMHueckoro OCaXKIeHHS U3 Tra3oBOi ¢a3pl, HCMOJL30BAHHS
HaKPUTHYECKOrO COCTOAHHS. 30Jb-T€Ib METOA. [ MApOoTepMAabHBIA CHHTES. TBepnodasuerit cunres u
€r0  OCOOCHHOCTH; MCTIONB30BAaHHE MEXAHOXMMHYECKOH AKTHBALIN. XUMHYECKHEe TPaHCIOPTHBIE
PCaKUMK JUIA CHHTE3a M OYUCTKH BEIIECTB. DOTOXMMHYECKHE M NMEKTPOXMMUYECKHE METOIB! CHHTE3A.
IIpuMenenue Bakyyma M BBICOKHX NaBIeHHH B cuHTese. OCHOBHEIC METOJbl pa3sfENeHUs] U OYHCTKU
BEIECTB. MeTO/bI BHIpAIMBAaHHS MOHOKPHCTAIIIOB H HX K1accuukaius.

2. XHMHA 3J1eMeHTOB
2.1. Xumus s-snemenmos

Honoxenue s-snementoB B Ilepuommueckoil cucteMe, 0COGEHHOCTH 3JIEKTPOHHOH KOH(HTrypauuy.
XapaKTepHBbIe CTENEHH OKHCIICHHS.

Bonopox. Oco6oe nonoxenne BoJopoja B [lepronudeckoii cucteme. U30Tomb! Bonopoza. OpTo- u napa-
BoJopol. Metoxer monmyueHust Bomopona. OU3HKO-XMMHYECKHE CBONHCTRA Bomopoma. I'mapuael v ux



Knaccudukanus. OKUCIHTENbHO-BOCCTAHOBHTEMbHBIE CBONCTRA Bozlopoja. Boza cTpoeHune Monexyitst u
CTPYKTYpa JKMIKOTo CoCTOsHHs. CTpyKTypa Nbia, KIaTpatsL Iepokeun Bomopona, ero monyuenue,
CTPOCHHE H OKHCIIUTENEHO-BOCCTAHOBUTENBHbIE CBOHCTERA.

Onemenmol zpynnor 14. O6mas XapaKTCPUCTHKA IPynmbl. OCHOBHbIE KIaCChl XHMHYECKHX COEIHHEHHH
ToJyueHne u cBokcTBa. Hepactopumsie comu. OcoGeHHOCTH XHMUM TUTHS. [Ipumenenne menovHbIX
METAJLIOB U UX COEIUHEHUH.

Inemenmur 2pynner I[4. O6mas XapaKTEPUCTHKA rpynnbl. OCHOBHBIE KIACChI XMMHYECKHX COEIHHEHMUIA
Nony4eHHe H cBoictBa. OcoGeHHOCTH KOMIINIEKCO0Opa3oBaus s-MeTamnoB. OCOGEHHOCTH XHMHH
Oepuiuius, Mareus U pagus. CXOICTBO XHMHH Oepunnus u nutus. [puMmenenue OepuiLIHs, meNoYHO-
3CMEJIBHBIX METAJIJIOB H UX COCTUHEHHUIA.

2.2. Xumus p-snemenmoe

[Tonoxenue p-anementos B Ilepuoanueckoii cucreme. OcobeHHOCTH SJIEKTPOHHOH KOH(QHUrypauuy.
XapakTepHble CTENeHM OKHCICHHUA. Merannel, HemeTam B, MeTaNTOMIBI CPeIaH  p-3IIEMEHTOB.
3aKOHOMEPHOCTH B M3MEHEHHH CBOHCTB BO 2 i 3 nepuonax.

Inemenmut zpynnor 1IIA. O6mas XapaKTCPUCTHKA TPpynnbl. OcoGeHHOCTH XuMuH Gopa. Boposonoponer,
KOMIUIEKCHBIE THAPOOOPATHI, KJIACTEPHBIE COENMHEHHUS bopa, Gopaszos, HUTPHA Gopa: OCOBEHHOCTH HX
CTPOCHHUS U CBOMCTB.

Okcun amioMuHUS. AJIOMMHATBHI | THAPOKCOAMOMHUHATEL. ['ajoreHuasl amoMuHus. KoMIiekcHble
COCOMHCHUS aMrOMUHHA. CIIIaBbl ATIOMUHUS. AmomoTepmust. AMPOTEPHOCTH OKCHIOB raJlTds, UHOUS 1
TaHs. OCoOEHHOCTH XHMHH TI(). TIpumenenne Oopa, aJIOMUHMSA, TN, WHINS H TaUHS U X
COCUHEHHH.

Onemenmuvt epynner IVA. O6mas XapakTEpUCTHKA rpynnsl. OCOOEHHOCTH XHMHHU AJUIOTPOIHBIX
MonuduKkaumit  yrmepoga. ®Dymmepens! u ux npousponHble. Haworpy6ku. KapGump! Meramnos.
CuHMNBHAS KHCNOTA, IHAHUIEL, JUIHAH. Ponanoctosonoponnast xucnora n poxauusme:. Cepoyrnepon.
®peoHbI B UX puMeHeHHe. OKCHIbI yraepona. Kap6onuisl. Kap6onaTs..

OKCHIbl KpEMHHSI, FePMaHHs, OJIOBA U CBHHILA, KBapu u ero nomumopousie Monudukanmm, Kpemuuepas
KHCIOTa W cumuKatel. ['amorenunst. KpemHeropucToBOmOpoaHAs KHCIIOTA. Kapbua kpemHus.
Komnnekcusle coenvnenus ooBa u cBuHMA. IIpumeHenne IPOCTHIX BEWIECTB U COEMMHEHHI 2IeMEHTOB
rpynnel IVA. Tonstre o nonynpoBoxuukax. CBUHLOBBII aKKyMYJISTOP.

Inemenmur epynner VA. O6mias XapaKTEPHUCTHKA TPYMIIBL. 3aKOHOMEPHOCTH 06pa3OBaHUs U IIPOYHOCTH
NPOCTRIX M KpaTHBIX CBsi3¢H B rpymme. OcOOEHHOCTH XHMMMH a30Ta. Ilpobnema cBsa3bBaHMS
MOJICKY IAPHOT0 a30Ta. OCOGEHHOCTH AMIOTPOIIHBIX Moaudukauui hocdopa.

I'unprnet snementoB rpynnst VA: nonyuenwe, CTpOCHHE MOJIEKYJ1, cBoicTBa. Conu aMMoHMA. YKuaxwmit
AMMHaK Kak pacTBopuTenb. 'MapasuH, ruapokcuiammum, A30TUCTOBOAOPOIHAS KUCHAOTA. | anoreHumn:
MIEMEHTOB IpyInsl VA, nonydeHue u ruapostus.

Kucnoponusie coemunenus azora. Oco6eHHOCTH xuMuu NO u NO,. A30THas1, a30THCTas KHCJIOTHL U HX
COJIH: TIONTYEHHE, CBOKCTBA M OKHMCIIHTENIbHO-BOCCTAHOBUTENBHAS CIIOCOGHOCTE. Huarpamma ®pocra s
COEMHEHHUH a30Ta.

Kucnopoassie coemunenus docdopa: oxcuaBl, KHCIOTBI M HX COJH. CpaBHEHHE CBOMCTB KHCIOT
docdopa B pasHbIX cTemneHsX oKHCIeHHUS. KonzencupopatnHsie hocdopHbie KuCIOTH 1 nosnudocdars..
OKCHIbI MBIIIBAKA, CyPEMBI H BUCMYTa, KHCIIOpOICOAEPKAIHE KHCIIOThI MBIIIBSKA ¥ CYPEMBI H HX COJIH.
CpaBHeHHE CHIIBI KHCIIOT B IpyIIie. Cynsdunst u THOCOH.

IIpuMeHenue MpOCTHIX BEINECTB U COeMHENHUH 2IeMeHToB VA rpynmnsl. Y nobpenus.



Onemenmol epynner VIA. Obmas XapaKTepucTHKa rpynnsl. OcobeHHOCTH XMMHH KHclopoaa. CTpoeHue
MOJICKY Bl KHCIIOPOAa, 00bACHEHHE ee napamaraeTH3mMa. O30H U O30HHIbL ANOTpOIHbIE MOANGHKALIUH
CEPBI M HX CTPOEHHE.

Knaccudukauus oxcunos. IlpocTble B CIOXKHBIE OKCHABI, HECTEXUOMETPHsI OKCHIOB. [MIPOKCHIBI M
Kucnotsl. [lepokcuabl, cymepoxcumel.

CepoBonopont u cynsbunst. Tommcynsduas. Cynbtanel. OKCHABI Cepbl, KHCIOTHI M HX COJIH.
ITonuTHOHOBBIE KMCNOTBI M IIONTHTHOHATEL. KHCIOpOIHBIE COENMHEHUS ceeHa U Tesnypa. CpaBHEHHE
CHJIBI, YCTOUYMBOCTH U OKHCJIUTEILHO-BOCCTAHOBHUTEILHBIX CBOHCTB KHCIIOPOIHBIX KUCIIOT B IPyMIIE.

l'ajiorenu el cepel, cenena u TemTypa.
IIpuMenenue NpoCTEIX BEWECTB U COSAMHEHHUH deMenToR VIA TPYIIIBL.

Onemenmer epynner VIIA. Obas XapakTepucThka rpynmsl. OcobeHHOCTH XuMmuH (GTOpa M acrara.
OxuciutenbHble CBOHCTBA raloreHoB. BaauMoeicTBHe raIOreHoB ¢ BOJOH.

["anorenoBonopoxs!. [Tonyuenue, coiicTaa. 3aKOHOMEPHOCTH H3MEHEHHsI CBOHCTB ralOreHOBOLOPOIHBIX
KuCnoT B rpynne. Knaccupukanus ranoreHuoB. MexXranoreHHble CoeIMHEHHS: CTPOEHHE U CBOMCTBA.

KHCHOpOﬂHHC COCIHHEHHA raoreHoB. OCoOEHHOCTH OKCHAOB XJjiopa. KHCHOpOI{COILCp)KaLHI/IC KHCJIOTHI
rajjoreHoB U ux conu. Comnocrapienue CHJIBI, YCTOﬁqHBOCTH H OKHCIIMTEIBFHO-BOCCTAHOBHUTEIBHEBIX
CBOHCTB KHCJIOPOAHEBIX KHCJIOT raJIOTEHOB, AHarpaMMbl (DpOCTa AJIs1 TAJIOTCHOB.

HpHMeHeHPIe TraJIOTCHOB H UX COCUHECHHUI.

Onemenmor epynnur VIIIA. Obmas XapakTepucTuka rpynnbl. CoeMHeNHUs 61arOpOAHBIX ra3oB H IPHPOLA
XUMHYECKOH CBA3M B HHX. [miapaTbl Gnaroponsbix rasoB. ®OTopuasl u KHCJIOPOIHBIE COEAMHEHHS
GaaroposHbIx ra3os. [IpuMeHeHHe 61aropoAHBIX ra30B.

2.3. Xumusa d-anemenmos

Honoxenue d->nementos B Ilepromuueckoil cucTeme. DNEKTPOHHOE CTPOEHHE M OCHOBHEIE CTEIEHH
OKHCIIEHUA. CrOCOOHOCTh d-2EMEHTOB K KOMIUIEKCOOGPa30BAHHUIO. 3aKOHOMEPHOCTH H3MEHEHHS
CBOHCTB d-MeTa0B B 4, 5 1 6 nepuozax. IIpupona d-ckaTus U ee CeACTBUAL.

Onemenmut pynner I115. O6umas xapaKkTepHcTHKaA rpynnel. OKCUIBL, THAPOKCHIB! U QTOPHIB METAILIOB
IIIB rpynner nonmyuerne u cBoiicta. KoMrutekchble coemunenus. COOCTABIEHHE XHUMHH 3JIEMEHTOB
IIIA u IIB rpynn. IlpuMeHeHye METAIIOB M HX COEMHEHHUIA.

Onemenmut epynnet IVE., O6las xapakTepucTHka rpynmnsl. OKCHIIbI B THAPOKCH/IbI THTAHA U LIUPKOHHS.
Turanatel u uwmpkomarsl. Comu  THTamua WU mupkoHunaa. lanorenumbl.  CrnocoGHOCTh K
KOMIITEKCO00pa3oBanmio. 3aKOHOMEPHOCTH B CTaGHMIIBHOCTH Pa3/IHYHBIX CTeNeHel OKHCICHUs. BisHue
JIAHTAaHOUAHOro CxXaTusl Ha cBoicTBa rapuus. ComocrasneHue MerawioB IVA u IVE IpyMIL.
IIpuMeHeHNE THTaHA ¥ LMPKOHKS U MX COSUHEHHIL.

Onemenmut 2pynnwr VB. O61as XapaKTepUCTHKA rpynnbl. OKCHABL ¥ rajloreHuasl. Banagartsl, HHOGATHI U
TaHTanaTel. CHOCOGHOCTh K KOMILIEKCOOGPa30OBAHMIO M 0GPA30BAHHMIO KJ1acTePOB. 3aKOHOMEPHOCTH B
CTAOMIBHOCTH DA3fMYHBIX CTeNeHeH OkuceHus. JlMarpamma ®pocra IS COCNVHEHHH BaHAIWA.
ComnocraBnenue cBoiict coenunenuit panamus(V) u dochopa (V). IlpumeHenne Banamus, HHOOHS H
TaHTajla ¥ X COeMHEHHIH.

Onemenmor 2pynner VIB. OOwas XapaKTepHUCTHKa rpynmsl. OKCHABI, TalOTeHHUIOBl H CyIb(HIBL
CpaBHeHHE CBOICTB XPOMOBOM, MOIHOIEHOBOH H BOJIL(YPAMOBOH KHCIOT M X cojeif. OcoGeHHOCTH
xommexcoobpaszopanus. Knacrepsl. Bpoussr. ITomUKHCIOTH M MX COJIH. [Tepokcunpr. OxkucnuTENBHO-



BOCCTAHOBHTE/IBHBIE CBOHCTBA COENMHEHHMH XpOMa, 3aKOHOMEPHOCTH B CTAGHIbHOCTH Pa3IMYHBIX
cTeneHed oxucnenus. ComocraBnenue xuMmum siemetoB VIA u VIB rpynn. IlpumeHeHHe xpoma,
MonubeHa 1 BosbbpamMa B UX COeqMHEHHI.

Onemenmur epynnor VIIS. O6mas XapaKTepUCTHKa Ipymmsl. Kucnopoanble coennHenns mapranua, mx
KHCIIOTHO-OCHOBHBIE M OKMCIIHTENILHO-BOCCTAHOBUTENBHEIE  CBOICTBA, [uarpamMmma  @Opocra st
CoenuHeHH# MapraHna. CTaGMIBHOCTD COENMHEHHUI Maprania B pPa3/IHYHBIX CTENEHSAX OKHCIICHHS.
OCOGeHHOCTH XHMHH TeXHelMs W peHus. PeHuesas KucgoTa M neppeHatsl. COMOCTaBIEHHE XUMHH
sneMeHToB VIIA u VIIB rpynn. [IpuMenenue MapraHia U peHus.

Onemenmur 2pynner VIIIB. O6as XapaKTepUCTHKa rpynnbl. O60CHOBaHHE Pa3AENeHHS JJIEMEHTOB Ha
CEMEHCTBA KeNe3a U INIATHHOBBIE METaJLIbI,

CeMelcTBO xenesa: Nomydente # GUINKO-XUMHYECKHE CBOHCTRA XKeJlesa, kobanpTa v HuKens. OKCHABI |
THAPOKCHIBL, TaOreHUAbl U Cynbhuas CoeMHEHHA Kesesa, KOGANbTa M HHKENS B BBICIIHX CTENEeHAX
OKHCICHHs. KoMIuleKCHBIE COoeMHEHNs, 0COBEHHOCTH KOMILIEKCOB C d6-K0H¢nrypauneﬁ LUEHTPAIILHOrO
aroMa. Kopposus xenesa u 6oprba ¢ Heit. [Ipumenenne xenesa, koGaabTa U HUKENIS.

[InarusoBLIe MCTAJLIBL: OCHOBHBIE KJTACChl KOMITIEKCHBIX COCIUHEHHH TUIATHHOBBIX MCTAIOB. OKCPIIIBI H
rajloTeHU bl INIATHHOBBIX COEIUHEHHUIH. HpHMCHeHHC TIATHHOBBIX METAJLJIOB.

Onemenmut 2pynner 15, O6imas XApaKkTEPUCTHKA Tpynnbl. OKCHABI, I'MAPOKCHABI M TalON€HHIBL
VsmeHeHHe B yCTOMYMBOCTH CTeleHell OKHCIEHHS 3JIEMEHTOB B rpynmne. KommekcHble coeauHenwus.
Comnocrasnenue snemenTos 1A u I rpymn. [Ipumenenne Menu, cepebpa u 30510Ta.

Onemenmut epynner 115, O6was XapaKTEPUCTHKA rpynnbl. OCOGEHHOCTH HOArPYNIIBI MHKA B KAYeCTBE
TIPOMEXYTOYHOH MEXIy MEPEXOJHBIMH H HENEpPeXONHBIMH MeTAIUIaMH. OKCHIBL, THIPOKCHABL,
TanoreHuB! U CyabGunpl. AManeramel. OCoGEHHOCTH CoeIMHEeHMIl PTYTH B CTENIEHH OKHCJIEHHS +1.
CrocoGHOCTE K KOMIIEKCOOGPA30BAHKIO M OCHOBHBIE THITEI KOMIIJIEKCOB IIMHKA, KaAMHS H DPTYTH.
Comnocranenne snementos IIA u 116 rpynn. IIpumMenenne IMHKa, KaAMHS H PTYTH.

2.4. Xumus f-anemenmoe

06ma51 XapaKTEpHCTHKA f;BJ'ICMeHTOB. OcobennocTn CTPOCHHUA 3JICKTPOHHBIX obosoyex daTOMOB.
.HaHTaHI/IlIHOG H aKTHHHJHOE CXKaTue, CXOI.[CTBO U pa3jif4ue JTaHTAaHOHOOB U aKTHHOUJOB. BHYTpeHHHS{
NEPUOINYHOCTE B CEMEHCTBAX JJAHTAaHOHUJI0B U aKTUHOHUOB.

Cemeisicmeo nanmarnoudos. Metonp NOTYMCHNS, pazfenenus H  (PHU3HKO-XUMHUYECKHE CBOHCTBA
MeTaIoB. CTENEHHN OKHCIIEHHS 3IIEMEHTOB H 3aKOHOMEPHOCTH UX U3MEHEHHS B psiny. OCHOBHbIE KIacChl
XUMHYIECKMX COCJMHEHMH T[ONyYeHHE H CBOMCTBAa. KOMIUIEKCHBIE COemMHEHHs JIAaHTAaHOUIOB.
OcobennocT XuMuK uepus M eBponus. CONOCTaBIcHAE d- S-anementos III rpynmsr. IIpumenenue
JIaHTaHOHUJIOB.

Cemeticmeo axmunoudos. OGOCHOBaHHME AKTHHOMIHOMN Teopu. MeTonpl mnomaydeHus u  uzuKo-
XHMHYCCKAE CBOHCTBA aKTHHOMAOB. OCOGEHHOCTH pasfeNeHuss aKTHHOMIOB. CTeleHH OKHCIICHHS
aKTHHOUJIOB U 3aKOHOMEPHOCTH HX W3MEHEHHs B psfy. OCHOBHBIE KJIACCHI XMMHHYECKHX COCIHHEHMIL
aKTMHOMIOB IOJYYEHHE W CBOHCTBA. KoMIUTEKCHBIE COemMHEHHS aKTHHOMTOB. OCOOEHHOCTH XMMHM
TOpHA M ypaHa. ConocTaBiieHHe aKTHHOMAOB C d-3JeMEHTAMH 6-r0 nepuona. [IpumMeHenue akTHHOMIOB U
UX coeanHeHHH. [lepcrnekTHBBI CHHTE3a TPaHCAKTHHOUIOB.

2.5. Obwue npeocmaenenus o gusuyeckux memodax uccnedosanus 6 HeOP2aHU4eCcKol Xumuu

JHbpaKIIHOHHEIE METOIBI HCCIIELOBAHHS: PEHTIreHO(a30BbIH ¥ PEHTTEHOCTPYKTYPHBIit aHANH3E,
HeHTpOHOTpadus, 3MeKTPOHOTpadHsL.



CreKTpabHEIE METOIbI HCCIIEA0BAHUS: 3IEKTPOHHBIE CeKTpsl B BUIUMOH 1 Y ®-06acTh.
KonebarensHas criektpockonus UK- u koM6HHAHOHHOTO pacceanuns. Cnexrpockonus II1P, SIMP,
AKP. EXAFS-cnektpockomnus. CnekTpocKomnus LHPKYJISIPHOTO JUXPOU3MA.

HCCHCI[OB&HPIH JIEKTPONMPOBOJHOCTH ¥ MAarHUTHOU BOCIIDHUMYHUBOCTH. I/Iccnenosannx JAHUTIOJIBHBIX
MOMCHTOB. I/IMHCI[aHC-CHeKTpOCKOHI/Iﬂ.

OnTayeckas H 3IEKTPOHHAS MUKPOCKONHS. JIOKAIbHBIH PEHTIeHO-CIIEKTPATIbHbIM aHAJH3.
TepmorpaBumeTpus i Macc-ClIEKTPOMETpHSL.

Hccnenopanne moBepXHOCTH METONAMH PEHTIEHO- H (GOTO21EKTPOHHOM CIEKTPOCKONHH, OXKe-
CIIEKTPOCKOITHH H T.II.
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