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BBEJAEHUE

Hacrosmas nporpamma OXBaTbIBa€T OCHOBOIIOJIATAIOIIAE pPa3Jeibl HEOPraHWYECKOU
XUMHH, €€ TEOPETUYECKUE OCHOBBI (CTPOCHUE BEIIECTBA, TEPMOJAUHAMUKA U KUHETHKA), XUMHIO
JJIEMEHTOB, CBOMCTBA M METOJbl CMHTE3a OCHOBHBIX KJIACCOB HEOPraHUYECKUX COCAMHEHUH, a
TaKXe€ METOJIbI X UCCIEA0BaHUS.

[IporpamMma cocraBiieHa JOKTOPOM XMMHUYECKUX Hayk, npogeccopom CkBopuoBbiM B.I.
Ha OCHOBE HPOrpaMMbI-MUHUMYMa, pa3pa0OTaHHON SKCIEPTHBIM COBETOM  Beicuieit
aTTecTallMOHHONW KoMmuccun MunuctepctBa obpaszoBanusi Poccuiickoit denepauuu no xumuu
(Mo HeopraHuyecko XWMHHM) MpU ydacTuu MHcTuTyTa OOIIEH M HEOPraHUYECKOW XUMHUU HM.
H.C. KypnakoBa PAH u MockoBCKOro rocyaapcTBEHHOro yHuBepcutera uM. M.B.
JlomoHoCOBa.

1. D YHAAMEHTAJIBHBIE OCHOBBbI HEOPT AHUYECKOM XUMHWU
1.1. Ilepuoanueckuii 3akoH J.M.Menneneesa u ctpoeHue aroma

OcHOBHbIE NPEJCTaBICHUS O CTPOCHUM aToMa. BosHoBas (yHKIMS M ypaBHEHHE
Hlpenunrepa. KBaHTOBblE uncia, paAuaJbHOE M YIJIOBOE PACIHpENElCHHUE 3JIEKTPOHHOM
IUIOTHOCTU. ATOMHBIE opOuTanu (s-, p-, d- u f~AQO), UX 3HEPrUu U IpaHUYHbIE TTOBEPXHOCTH.
Pacnipenenenue anekrponoB no AO. Ilpunuun Munumyma suepruu. [Ipunnun [aynu. ATomHbie
TepMbl, npaBuwio XyHaa. CoBpemeHHast GOpMyIUpOBKa NMEPHUOJIUUYECKOI0 3aKOHA, 3aKOH Mo3iy,
CTPYKTypa TMEpUOINYECKOM  cucTteMbl. KoOpoTko- W JIMHHONEPUOAHBIM  BapUaHThI
nepuouieckoi Tadbmuupl. [leproas! u rpynmnsl.

3aKOHOMEPHOCTU M3MEHEHUS (YyHJAaMEHTaJIbHBIX XapaKTEPUCTHUK aTOMOB: aTOMHBIX U
MOHHBIX paJMYyCOB, TOTEHLHAla WOHHW3ALMM, DSHEPTUM CPOJCTBA K JJIEKTPOHY U
AJIEKTPOOTPUILIATENBHOCTH.

['panune! neproauueckoi cuctemsl. [lepcrneKkTuBbl OTKPBITHSI HOBBIX 3JIEMEHTOB.

[leproMYHOCTH B HM3MEHEHUU CBOMCTB INMPOCTHIX BEIIECTB U OCHOBHBIX XHMHUYECKHX
COEIMHEHUN — OKCUJOB, THAPOKCUAOB, THUIPUIOB, TaJOr€HHUJIOB, CyIb(PuI0B, KapOUIOB,
HUTPUJIOB U OOPUIOB.

1.2. XumMuueckas CBsi3b U CTPOEHUE MOJIEKYJ

[lonsitTue o mnpupone xumuyeckoil cBsi3M. OCHOBHBIE XapaKTEPUCTUKU XUMHUYECKOU
CBS3M: JJIMHA, OHEPrus, HAIpPaBIEHHOCTb, IMOJIAPHOCTb, KpaTHOCTh. (OCHOBHBIE THIIbI
XUMUYECKOMN CBS3U.

OcHoBHbIE TOJIOXKEHUSI MeToAa BajeHTHbIX cBaA3eil (MBC). ['mOpunuzauus opOuranei.
HanpaBineHHOCTb, HAchIIIaEMOCTh U MOJIIPU3YEMOCTh KOBAJIEHTHOMW CBsi3u. BriusHue
HEMO/IEJICHHBIX 3JIEKTPOHHBIX IIap HAa CTPOEHHE MOJIEKYJI, MOeNb [ niecnu.

OcCHOBHBIE TOJIO)KEHHSI METOoJa MOJEKYyIsipHbIX opoutaneit (MMO). JIByXIeHTpOBbIE
JBYX3JIEKTPOHHBIE MOJIEKYJISIpHbIE opOuTaiu. DHeprerudyeckue auarpamMmbl MO romosiiepHbIX
U TETEPOSIEPHBIX JBYXaTOMHBIX MOJIEKYJ. DHEprus HMOHHU3ALMH, MarHUTHbIE M OINTHYECKHE
cBoiicTBa MoJieKyl. MHorouentpossle MO, runepBajJieHTHbIE U AJIEKTPOHOJEUIIUTHBIE
Moutekyinbl. [Ipunnun nzonodansHoro coorsercTBust. KoppensnuoHHble 1uarpaMMsl.

WNonnas cBs3b. HMoHHas MoJenb CTPOEHHS KPUCTAIOB, OOpa3oBaHUE HOHHBIX
KPUCTAJJIOB ~ KaK  pe3yJabTaT  HEHAIpPaBJIEHHOCTM W  HEHACBIIAEMOCTH  HOH-HOHHBIX
B3aumojieiicTBuil. MoHHbI paanyc. OCHOBHBIE TUIIBI KPUCTAUIMYECKUX CTPYKTYp, KOHCTaHTa
MapnenyHra, 3HEprus HOHHOM PEIIETKH.



MeXMoJIeKyIsIpHOe  B3aUMOJICWCTBME —  OPHEHTAIlMOHHOE, HHIYKIMOHHOE U
aucnepcuoHHoe. BogopoaHas cBs3b, €€ Mpupoa.

BBenenue B 30HHYH0 Teopuro. OOpa3oBaHHE 30H — BaJEHTHOW M INPOBOJUMOCTU W3
aTOMHBIX U MOJIEKYJISIPHBIX OpOuTaliel, 3anpemenHas 30Ha. MeTayutbl U TUDJIEKTPUKA. | paHUIIbI
IIPUMEHUMOCTHU 30HHON TEOPHUH.

1.3. KommiekcHbie (KOOPIMHAIIMOHHBIE) COSTUHEHUS

OcHOBHbBIE MOHATHS KOOPAMHALMOHHOW Teopuu. THUIBI KOMIUIEKCHBIX COEIUHEHHUI IO
KJIacCU(UKALUU JIMTaH/A0B, 3apsily KOOPAWHALMOHHON c(ephl, YHCIy LEHTPaIbHBIX aTOMOB.
HomMmenknarypa KOMIUIEKCHBIX cOeIuHEHNN. VI30Mepust KOMIUIEKCHBIX COEAMHEHUM.

OOpazoBaHrue KOOPAMHAIIMOHHBIX COCIUHEHHH B paMKax HOHHOM MOJEIH |
npeacrasieHuil JIstonca. Teopust MATKHX U KECTKUX KACIOT U oCHOBaHuM [Inupcona, ypaBHeHHE
Hparo—Beiinanga. YCcTOWYMBOCTh KOMIUIEKCOB B pacTBOpax W OCHOBHBIE (PakTOphl, €€
onpeznensoomue. KOHCTaHTBI yCTOMYMBOCTH KOMILIEKCOB. JIaOMJIBHOCTH U HHEPTHOCTD.
OHTPONUNUHBIM BKJIaJ B DHEPreTHUECKYI) YCTOWYMBOCTH KOMILUIEKCOB, COJIBBATHBIN A(QEKT,
xenaTHbIN 3¢ ¢ekT, npaBuia nukios JI.A.Uyraesa.

[Ipuponga XuMUYeCcKOW CBSI3M B KOMILIEKCHBIX COEAMHEHUAX. OCHOBHBIE IMOJIOKEHUS
teopun kpuctaumueckoro nois (TKII). Pacmennienune d-opburtaneil B OKTa®IpUUECKOM H
TETPAdPUUYECKOM I10JIe. DHEPrus pacIleIyICHHs], SHEPTUs ClIapUBaHUs U SHEPIHs CTa0MIN3aI[IT
KpUCTAIMYEeCKUM TmosieM. CrHekTpoxuMuueckuid psan juranjnoB. [lonstue o Teopum Ana—
Temnepa, TeTparoHalIbHOE HCKa)KEHUE OKTAdIPUYECKUX KOMILJIEKCOB.

OHepreruyeckas nguarpamma MO KoMIUIEKCHBIX coennHeHui. [locTpoeHue rpynmnoBbIx
opOuTanell U MX B3aUMOJIEHCTBUE C OPOUTAISAMH LEHTPAJbHOIO aTOMa, 0- U T-JOHOPHbBIE U
akuentopueie Jurauasl. WcmonpszoBanue TKII m MMO pans oObSICHEHUST ONTHYECKUX H
MAarHUTHBIX CBOWCTB KOMIUIEKCHBIX coenuHeHuid. Jluarpammber Tana6>—Cyrano mmis
MHOT'O3JIEKTPOHHBIX CHCTEM.

Kapbonunbl, MeramuiokapOeHbl, MeTauloueHbl,  ¢ymiepuapl.  Kommuekcel ¢
MAaKpOLMKINYECKUMHU Juranaamu. Ilommsnepubie koMiiekesl. M30- U reTeponoiaucoeInHEeHHUS.
Kitacteppl Ha OCHOBE NEpPEXOIHBIX M HENEPEXOAHBIX JJIEMEHTOB. KpaTHble CBA3M MeTaI—
METaJU1, IOHATHE O -CBS3H.

MexaHu3Mbl peaklvii KOMIUIEKCHBIX CO€MHEHNH. Peakuyuu 3aMenieHus, OTIEIUICHNs U
IIPUCOEAVHEHUS JIMTAHJA, OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIE peakuuu. B3anmmHOe BiHsHME
JUTaHJIOB B KOoOpAMHAUMOHHOU cdepe. Tpauc-nusuue WM. Uepusesa, yuc-3pdext A.A.
I'punbepra. BuyrpucdepHsie peakiiuu JIUraHaoB.

[IpumeHeHrEe KOMIUIEKCHBIX COCIMHEHUHA B XUMHUYECKOW TEXHOJOTHM, KaTalu3e,
MEJMIUHE U SKOJIOTHH.

1.4. OOure 3akOHOMEPHOCTU MPOTEKAHUS XUMUUYECKUX peaKuit

OcHOBHbIE MOHATHS U 337]a4l XMMHYECKON TEPMOJMHAMUKYN KaK HAyKH O MPEBPAILEHUsX
SHEpPruM MpU NPOTEKaHUU XUMUYECKUX peakuuid. TepMmoauHaMmuyeckas cucTeMa, HapaMmeTpsl U
(GYHKIMM COCTOSIHMSI cucTeMbl. llepBbIii 3aKOH TepMOJIMHAMUKU. BHYTpeHHsIsI SHeprus u ee
M3MEHEHHE IIPU XUMHUYECKUX U (Pa30BBIX MpeBpalleHusax. DHTanbnus. CTaHAapTHOE COCTOSTHUE
U CTaHJapTHBIE TEIUIOThl XUMHYECKHX peakuui. Termnora W sHTanbOus oOpa3zoBaHUs. 3aKOH
I'ecca. Dnepruu xummnueckux cpszel. TemnoemkocTs, ypaBHeHue Kupxroda.

ObpaTtumble 1 HEOOpaTUMBIE Mpoliecchl. BTopoil 3akoH TepMOIUHAMUKU. DHTPOIIUS U €€
¢uznueckuil cMmbici, ypaBHeHue bonbliMana. CtaHgapTHas SHTPOIUSA. 3aBUCUMOCTb SHTPOINUU
OT IapaMeTpoB cocTosiHus. DHeprus ['n66ca. Hampasienne XuMu4yecKux MpoLEeccoB, KpUTEPUU
CaMOIIPOU3BOJIBHOTO MPOTEKAaHUS peakuil B HU30JIMPOBAHHBIX M OTKPBITBIX CHCTEMaXx.
XHAMHUYECKUN TOTEHUHAN. YCIOBHE XMMHUYECKOIO pPAaBHOBECHS, KOHCTAHTAa pPaBHOBECHS.



N3otepma xumuyeckoil peakuuu. Pa3oBble paBHOBECHS, YMCIO cTeneHeill cBOOOMbI, MPaBUIIO
¢a3 ['n66ca. dazoBble UarpaMMbl OJHO- U JBYXKOMIIOHEHTHBIX CUCTEM.

CKOpoCTh XMMHYECKOW pEaKIUH, €€ 3aBUCHUMOCTH OT MPHUPOJAbl M KOHIIEHTpAIUU
pearenToB, Temneparypsl. llopsnok peaxiuu. KoHCTaHTBI CKOPOCTH M €€ 3aBHCHUMOCTb OT
TeMIlepaTypbl. YpaBHeHUE AppeHuyca. DHEprusi akTUBAIlMM M INOHATHE 00 aKTUBHPOBAHHOM
komruiekce. OOpaTuMble peakiuu. 3aKoH JACUCTBYIOIIMX Macc. BiusHue kaTanu3aropa Ha
CKOpOCTh peakiuu. ['OMOreHHBII M TeTeporeHHbId Kataiu3. lloHATHE O UENHBIX |
KoJieOaTeNbHbIX peaKLUsX.

1.5. PacTBOpEI U 31EKTPOJIATHI

CoBpeMeHHbIC MPECTABICHUS O MPUPOAE pacTBOPOB. OCOOCHHOCTH JKHIKUX PACTBOPOB.
[Topsiiok B XKUAKOCTAX, CTPYKTYpa BOJIbI U BOJHBIX pacTBopoB. Criennduka peakiuii B BOJAHbBIX
1 HEBOJIHBIX PacTBOpaXx.

Teopust anexTponauTuyeckodl auccouuanuu. oHHOe mpousBeneHue BOJBI U €ro0
3aBUCHMOCTb OT Temmeparypbl. Bonoponneni mnokasarens pH, mxana pH. Kucnotsr u
ocHoBaHus. IIporonmuruueckas teopust bpencrena—Iloypu. ComnpspkeHHbIE KHCIOTHI U
ocHoBaHus. ['naponus. CoBpeMeHHbIE B3IJIsAbl Ha IPUPOAY KUCIOT U OCHOBAHUIA.

CunbHple M cnabble AJIEKTPOJIUTHL. 3aBUCUMOCTb CTENEHU AJIEKTPOJIUTUUYECKOU
IUCCOLMAlMM  OT KOHLIEHTpAlMU, TEMIEpaTyphbl, MPUPOAbI PACTBOPUTENS, MOCTOPOHHUX
ANEKTPOJUTOB. 3akoH paszbaBienus OctBambga. OCHOBHBIE TIOHSATHS TEOPUHM CHIIBHBIX
anekTposauToB Jlebast m Xiokkers.

[IpousBenenue pacTBopuMocTd. JIMHAMUYECKOE PaBHOBECHE B HACBILIEHHBIX PAaCTBOPAX
MaJ0pacTBOPUMBIX CHIIbHBIX AJIEKTPOJIUTOB U (PAKTOPBI, €r0 CMEIAIOIIHE.

DNEeKTpOXUMHYECKHE  CBOICTBA  PacTBOPOB. ConpspkeHHbIE  OKUCIHUTEIBHO-
BOCCTAaHOBUTEJIbHBIE Hapbl. OJEKTPOJHBIM mnoTeHuuan. OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIE
peakuuu W HX HanpasieHue. YpaBHeHue Hepucra. [uarpammsel Jlatmmepa um Ppocra.
DNEKTPOIH3.

KosumnraruBHbIe CBOMCTBA pacTBOPOB JIEKTPOJUTOB M HEANEKTPOIUTOB. M30TOHNYECKUI
ko3 durment. 3akon Payns. Kpnockomnus u 30yanocKomnus, 0CMOC.

1.6. OCHOBBI M METO/IbI HEOPTAaHUYECKOTO CHHTE3a

[Ipsimoii cuHTE3 coeMHEHNI U3 MPOCThIX BemlecTB. Peakuuu B ra3oBoil (pase, BOAHBIX U
HEBOJIHBIX pacTBOpax, pacruiaBax. MeETol XUMHUYECKOTO OCAXIACHHUS W3 Ta30BoM (asbl,
WCIIOJIb30BAHMS HAJAKPUTHYECKOTO COCTOSIHHS. 30Jb-T€lb MeTOA. [ MapoTepMalbHBIM CHHTE3.
TBepmodaszHplii CHHTE3 W €r0 OCOOCHHOCTH; HMCIOJb30BaHUE MEXaHOXUMHYECKON aKTHBAIUU.
XUMHUYECKUE TPAHCTIOPTHBIE PEAKIUU ISl CHHTE3a M OYMCTKH BemecTB. DOTOXUMHUECKHE U
ANEKTPOXUMUUYECKHE METOIbI cCuHTe3a. [I[puMeHeHne BakyyMa M BBICOKHMX JABJICHUI B CHHTE3E.
OcHOBHBIE METO/IBI PA3/ICICHUS U OUYMCTKHU BEIIECTB. METOIbI BRIPAIIUBAHNUS MOHOKPHCTAJIOB
Y WX KJaccuUKaIus.

2. XUMUS DJIEMEHTOB
2.1. XuMug s-31eMEHTOB

[Tonoxxenue s-anemeHToB B Ilepumoamueckoil cucrtemMe, OCOOCHHOCTH 3JIEKTPOHHOU
KoH(purypauuu. XapakTepHble CTETIEHU OKUCIICHUS.

Bomopon. Ocoboe monoxenue Bomopona B Ilepumommdueckoit cucreme. M3oTombr
Bojoposa. Opro- u mapa-Bofopod. Meroapl mnosydeHus Boaopona. DU3HKO-XMMHUYECKUE
CBOIiCTBa BOaOpOaa. FI/II[pI/I)II)I n Hux KJ'IaCCI/I(l)I/IKaIII/IH. OKHUCIUTEILHO-BOCCTAHOBUTEIBLHEIE
cBOIcTBa Bojopoa. Boia — cTpoeHne MoJIeKylbl U CTPYKTYpa KUJIKOro cocTosHus. CTpyKTypa



nmpaa, KimaTpartel.  [lepokcua  Bomoponaa, €ro IMOJIydeHHE, CTPOCHHE U OKHCIUTEIHHO-
BOCCTaHOBHTEIIbHBIC CBOMCTBA.

Onemenmor  epynnovl  I1A. OOmas xapakTepucTuka Tpynnbl* OCHOBHBIE KJIACcCHI
XUMUYECKUX COCIWHEHHH — ToJiyueHHe W cBoicTBa. HepactBopumbie comm. OcoOeHHOCTH
XuMuH JuTUs. [IprMeHeHre MeI0YHbIX METAJUIOB U UX COCTUHCHUH.

Onemenmur  epynnot I14. OOmas xapaktepucTtuka Tpynnbl™ (OCHOBHBIE KIIACCHI
XUMHUYECKUX COEAMHEHUN — MOJydYeHHe U cBoicTBa. OCOOEHHOCTH KOMIUIEKCOOOpa30BaHUS s-
MeTaiioB. OcoOeHHOCTH XUMUU Oepuiuins, MarHus U paaus. CXOACTBO XUMHUHU Oepuiuius U
mutus. [lpumeHenne 6epuiuIns, MEeT0YHO-3eMETbHBIX METAIIOB U UX COCMHECHUH.

2.2. XuMus p-3J1€MEHTOB

[Tonoxxenne p-anementoB B llepuommyeckoit cucreme. OCOOEHHOCTH AJIEKTPOHHOU
KoH(purypauuu. XapakTepHble CTEIEHH OKUCIeHUs. MeTauibl, HeMeTasulbl, METaJIOU/Ibl Cpein
P-2IIEMEHTOB. 3aKOHOMEPHOCTU B M3MEHEHUU CBOMCTB BO 2 U 3 nepuojax.

Onemenmur epynnwt 111A. O6mas xapakrepucTuka rpynmbl.* OcoOeHHOCTH XUMHUH Oopa.
BopoBoopobl, KOMIIEKCHBIE THIPOOOPATHI, KJIACTEPHBIE COSAMHEHUsT Oopa, 60pa301, HUTPUL
6opa: 0cOOEHHOCTH UX CTPOCHHUS U CBOMCTB.

Oxcup antoMuHUs. AJIOMUHAThl UM THUIPOKCOAIIOMHHATHI. ['aJloreHubl aJFOMHHHUS.
KommnekcHple coenunenus amoMuHus. CruiaBbl amtoMuHUA. AmoMoTepmus. AMGPOTEpHOCTD
okcuaoB ramms, uausa u tamus. Ocodennoctu xumuu TI(I). [Ipumenenue Oopa, anroMuHMS,
raJiyIusl, UHJIUS ¥ TAJUTUS U UX COCIMHEHUH.

Onemenmor epynnwvi IVA. OOmas xapakTtepuctuka rpynnbl.* OCOOCHHOCTH XUMUU
QUIOTPONHBIX MoJuduKauuil yriepoaa. DymiepeHsl M HX Hpou3BojHbIe. HaHOTpyOKH.
Kap6uner meramios. CHHUIIbHAS KUCIOTA, IMAaHUIBL, JUIMaH. PogaHncToBOI0OpoiHAs KUCIOTa U
pomaauabl. Cepoyraepon. ®dpeonst m ux npumeHeHue. Oxcuasl yriepona. KapOoHwWbL.
Kapb6oHnarsi.

Oxcuapl KpemHuUs, TepMmMaHus, ojoBa U cBuHIA. KBapu u ero mnomumopgHbie
Moupukanuu. KpemuueBas kuciaora u cunukarthl. ['anorenunsl. KpemaedTopuctoBoopoaHas
kucnota. Kapoua kpemuust. KomriekcHble cOeTMHEHUSI 0J10Ba U CBUHIA. [IpuMeHeHne npocThix
BEILIECTB U coeAuHeHHuM snemeHToB rpymmbl [VA. [lonstue o noxynpoBogHukax. CBUHLOBBIH
aKKyMYJISITOP.

Onemenmur  epynnot VA. OOmas XapakTepucThKa TPynmnbl.®  3aKOHOMEPHOCTH
0o0pa3oBaHUs M MPOYHOCTH MPOCTHIX U KPaTHBIX CBs3ed B rpymme. OCOOEHHOCTH XUMHUH a30Ta.
[IpoGmema cBs3pIBaHUS MOJEKYIAPHOTO a30Ta. OCOOCHHOCTH aUIOTPOMHBIX MOAM(UKAIIII
docdopa.

I'unpunel snemeHToB rpynnel VA: mojydeHue, CTpOEHHE MOJeKysd, cBoiictBa. Coiu
amMoHuda.  JKuakmid — aMMHMAaKk ~ Kak ~ pacTBOpUTENb.  ['wapaswH,  T'MAPOKCHIIAMMH,
a30TUCTOBOJAOPOIHAS KUCIIOTA. ["alloreHu/ bl 3IEMEHTOB TPYIIbl VA, MoTydeHue U THIPOIH3.

Kucnoponusie coequnenus azora. Ocobernoctu xumun NO u NO,. A30THasi, a30TUCTas
KHUCIIOTBI M UX COJIM: MOJY4YEHHUE, CBOMCTBA M OKHUCIUTEIbHO-BOCCTAHOBUTEIbHASL CIIOCOOHOCTD.
Huarpamma ®pocra a1 cCoeqMHEHUH a30Ta.

Kucnoponusie coequnenus docdopa: OKCUIbI, KUCIOTH B UX coyin. CpaBHEHHE CBOWCTB
KucaoT (ochopa B pa3HbIX CTeNeHAX okucieHus. KonaencupoBanubie GocPopHbIe KUCIOTHI U
nonudocdarel. OKCHIBI MBILIbSAKA, CYpbMbl M BUCMYTa, KHUCIOPOJCOAEP)KALIUE KHUCIOTHI
MBIIIbSIKA U CYpbMBbI M UX coii. CpaBHEHHE CUIIbI KUCIIOT B rpynie. Cynb(uasl 1 THOCOJH.

[IprmeHeHue NPoCThIX BEUIECTB U COEMHEHUH 37IeMeHTOB VA rpymibl. Y 100peHusl.

Onemenmor epynnwi VIA. OOmas xapakTtepuctuka rpynmbl.* OCOOCHHOCTH XUMUU
kuciopona. CTpoeHHe MOJEKYlIbl KHUCIOpoAa, OOBsicHeHHe ee mnapamaraerm3sma. O30H u
030HHU/]Ibl. AJITOTPOTIHBIE MOIU(UKALIMY CEPBI U UX CTPOCHHE.

Knaccudukanus oxcuaos. [IpocTble U CIOXKHBIE OKCHJbI, HECTEXHMOMETPHSI OKCHJOB.
I'mppoxcunp! u KkuCnoTHL. [1epoKCuabl, CyIepoOKCHIBI.



CepoBonopoa u cyiabduasl. Ionucynspuasl. Cynbdanbl. OKCUabI cepbl, KUCIOTHI U UX
cosiu. [lonuTHOHOBBIE KUCTIOTHI U MOAUTHOHATHL. KuciopoaHble coeAMHEHUs celieHa U Tellypa.
CpaBHeHHE CHJIbI, YCTOWYMBOCTU U OKUCIUTEIbHO-BOCCTAHOBUTENIBHBIX CBOMCTB KHUCIOPOIHBIX
KHCJIOT B TpYIIIIE.

["aslorennapl cepsl, ceneHa u Teirypa.

[IpuMeHeHne NpOCTBIX BEIECTB U COEAMHEHUH JIEMEHTOB VIA rpynisl.

Onemenmur epynnot VIIA. OOmas xapakTepucTuka rpynmnsl.* OcoO0eHHOCTH XUMHH (TOpa
u actata. OKHCIUTENBHBIE CBOMCTBA raJIoreHoB. B3anMoaelicTBIE rajloreHOB C BOIOM.

l"anorenoBomoponbl. Ilomydenue, cBoiicTBAa. 3aKOHOMEPHOCTH HM3MEHEHHsI CBOMCTB
raJIOr€HOBOIOPOJAHBIX KHUCIOT B rpynne. Kinaccuduxamus raioreHuJoB. MeXrajloreHHbIe
COEJIMHEHUS: CTPOCHHE U CBOMCTBA.

Kucnoponnsie COECIUHEHHUS]  TaJOTEHOB. OcobeHHOCTH OKCHUJIOB xJiopa.
Kucnopoaconepxaiiiye KUCIOThI rajJoreHoB U ux cojiu. ConocTaBieHue CUilbl, YCTOHYMBOCTU U
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIX CBONCTB KHUCJIOPOJHBIX KHUCJIOT TaJOI€HOB, JAMarpaMmma
®pocra i raoreHoB. [IpumMeHeHne rajloreHoB U X COSUHEHUN.

Onemenmur epynnot VIIIA. O0mas xapaktepuctuka rpymnisl.* CoequHEHUs 01aropoIHbIX
ra3oB M INpUpOJa XUMHUYECKOM CBs3M B HUX. ['maparel OmaropoaHbix ra3zoB. dropunsl u
KHUCJIOPO/IHbIE COEAUHEHMSI O1aropoiHbIX ra3oB. [IpumeHneHune 01aropoAHbIX ra3os.

2.3. XuMus d-njIeMEHTOB

[Tonoxenue d-snementoB B llepuoanueckoil cucreme. DJIEKTPOHHOE CTPOCHHE U
OCHOBHBIE CTEMEeHH OKHCIeHHS. CHOoCOOHOCTh d-’IIEMEHTOB K KOMIUIEKCOOOPa30BaHUIO.
3aKOHOMEPHOCTU U3MEHEHHUs CBOMCTB d-MeTaiioB B 4, 5 u 6 nepuoaax. [lpupona d-cxxarus u ee
CJIEJICTBUSI.

Onemenmor epynnol IIIb. OOmas xapakTepucTuka rpymnmbl.® OKCUABI, THAPOKCUIBI U
¢Topunsl merayuioB 1IIb rpynmbel — monydeHue u cBoicTBa. KoMIUleKCHBIE COEAMHEHUS.
ConocraBnenue xumuu snemeHtoB IIIA wu IlIb rpynn. [IpumeHenue MetauioB U HX
COCIMHEHU M.

Onemenmur epynner IVE. O0mast xapakrepuctuka Tpynnbl.® OKCHUIBI M TUIPOKCHIBI
TUTaHAa U IUpKOHUA. TuraHaTel M nupkoHatbl. ConM THUTaHWIA U IUPKOHWIA. ['ajJoreHuabl.
CriocoOHOCTh K KOMILUIEKCOOOpa30BaHUIO. 3aKOHOMEPHOCTH B CTA0MJIBHOCTH Pa3IMYHbIX
CTeneHel OKHCIICHMs. BiusHMe TaHTaHOUIHOTO CKaTusl Ha cBoiicTBa raduus. ConocTaBieHUE
MetaioB IVA u IVD rpynn. [IpuMmenenune tTutana 1 HUPKOHUS U X COETMHEHMI.

Onemenmur epynnor VB, OOmas xapakTepucThKa Tpynmbl.* OKCHUIBI M TaJOTCHUIBI.
Bananmatel, Hno6atel u tantanatel. CroCOOHOCTh K KOMILJIEKCOOOPa30BaHUIO W O0Opa30BaHUIO
KJIaCTEpOB. 3aKOHOMEPHOCTU B CTAOMJIBHOCTH Pa3IMYHBIX cTereHed okucieHus. uarpamma
@pocra st coeauHeHui BaHagus. CorocTaBieHHE CBOUCTB coefuHeHui BaHagusa(V) u
dbocdhopa(V). [Ipumenenne BaHaaus, HIOOWS U TaHTala U UX COCAMHEHUH.

Onemenmor epynnor VIb. OOmas xapakTepucTuka Tpynmnbl.® OKCHABI, TAJIOTECHUABl U
cynbuapl. CpaBHEHHE CBOWCTB XPOMOBOM, MOJHUOACHOBOW M BOJIHGPAMOBOM KHUCIOT M HX
cosieli. OcobeHHoCTH KOoMIUIekcooOpa3zoBanus. Kitactepbl. bpon3sel. [ToqukucaoTsl U UX COMH.
[Tepoxcupl. OKHCANTENBEHO-BOCCTAHOBUTEIIbHBIE CBONCTBa COEMHEHUN Xpoma,
3aKOHOMEPHOCTH B CTAOMJIBHOCTH pPa3iM4YHBbIX cTeneHel okucieHus. ComocTaBieHHE XUMHU
anemenToB VIA u VIb rpymnn. [Ipumenenne xpoma, MoinbaeHa U Bosibppama U UX COSTUHEHUI.

Onemenmur epynnot VIIB. O0mas xapakrepuctuka rpynmbl.* KuciopoaHbsie coemuHeHns
Maprasua, UxX KMUCJIOTHO-OCHOBHbIE M OKHCIIUTEIbHO-BOCCTAHOBUTENIbHBIE CBOMCTBA, AMarpaMma
@pocra ans coeauHeHud MapraHua. CTaOWIBHOCTb COEAUMHEHWH MapraHiia B pa3iM4HbIX
CTeNeHsX OKucieHusa. (OCOOEHHOCTHM XUMHUU TEXHeluss U peHus. PeHueBas kuciora u
neppenatsl. Conocrapnenue xumuu 3memeHToB VIIA u VIIb rpynn. [Ipumenenue mapranua u
peHusl.



Onemenmur epynnol VIIIB. O6mias xapaktepuctrka rpynmbl.* OO0CHOBaHHE pa3IeICHUS
AJIEMEHTOB Ha CEMEMCTBA Xkelle3a U MIIaTUHOBbIE METaJLJIbI.

CeMeiicTBO jkelie3a: MOJIydeHHEe W (PU3MKO-XMMHUYECKHE CBOMCTBA JKeje3a, KoOanbTa U
Hukens. OKCUAbI U THAPOKCHU/IBI, TaJloTeHu bl U cyabpuasl CoequHeHus xenes3a, Kobdalbra U
HUKEJIS B BBICUIMX CTENEHSIX oKuciaeHusl. KoMIuiekcHble coelMHeHusl, 0COOEHHOCTH KOMILIEKCOB
¢ d°-xoHburyparueii neHTpanpHOro atoma. Kopposus sxenesa u 6opsba ¢ Heil. [IpuMenenue
JKenes3a, KoOalbTa U HUKEIIS.

[InaTuHOBBIE MeETAJIbl: OCHOBHBIE KJIACChl KOMIUIEKCHBIX COEJAMHEHUN IJIATHHOBBIX
MeTaiioB. OKCUIBl W TAJOT€HU]Ibl IUIATUHOBBIX cOoeAMHEHUN. [IpuMeHeHHe MIaTHHOBBIX
METaJlJIOB.

Onemenmour epynnor Ib. OOmas xapaktepucTuka rpynmbl.®™ OKCHABI, THIAPOKCUIBI U
rajoreHuapl. VI3MeHeHHe B yCTOMYHMBOCTH CTEIIEHEW OKHCJIEHUS DJJIEMEHTOB B TpYIIIE.
Kowmmnekcueie coequnenus. ComnoctabiieHue aieMeHToB [A u Ib rpynn. Ilpumenenue menu,
cepebpa u 30J0Ta.

Onemenmur epynner II6. OOmas xapakTepucTuKa rpynmbl.* OcoOOEHHOCTH TOATPYIIIHI
LIMHKa B KayeCTBE INPOMEXKYTOUHOW MEX]y MEPEXOJHbIMH WU HENEePEeXOJHBIMU MeTallJIaMHU.
Oxcupl, TUIPOKCHU/IBI, TaJIOTEHUAbl U cylbduabl. Amanbrambl. OCOOEHHOCTH COEIMHEHUN
pTyTH B cteneHu okucieHus +1. CnocoOHOCTh K KOMIUIEKCOOOPA30BAHUIO M OCHOBHBIC THIIBI
KOMILJIEKCOB IIMHKA, KaaMust ¥ pTyTu. Conocrasienue anemeHToB IIA u IIb rpynmn. [Ipumenenue
LIMHKA, KaIMUs U PTYTH.

2.4. Xumus f-371€MEHTOB

OO6mras xapakTepucTHKa f-351eMeHTOB.* OCOOEHHOCTH CTPOCHHS AJIEKTPOHHBIX 000JI0UYEK
atoMoB. JlaHTaHWJHOE M aKTUHUJOHOE cCxaTthe. CXOACTBO W pa3IUyUe JIAHTAHOUIOB U
aKTUHOWI0B. BHYTpeHHsIs IEpHOAUYHOCTh B CEMENCTBAX JAaHTAHOU/IOB U AKTUHOUJIOB.

Cemeticmeo nanmanoudos. MeTonpl TOJIydeHUs, pa3felieHUus U (PU3UKO-XUMUYECKUE
cBoiicTBa MeTaiyioB. CTENEHU OKUCIICHUS 3JIEMEHTOB M 3aKOHOMEPHOCTH UX U3MEHEHUS B PALY.
OcHOBHBIE KJIacChl XMMHYECKUX COEIUHEHHM — mojydeHue u cBoiictBa. KomruiekcHbie
coenuHeHusl JaHTaHouJoB. OcobGeHHOCcTH XUMuUU lLepust U eBponus. ComocraBieHue d- u f-
anemeHnToB Il rpynmnsl. [IpuMmenenue 1aHTaHOUIOB.

Cemeticmeo akmunoudog. O60CHOBaHNE aKTUHOUIHOW Teopuu. MeTonpl MolydeHus u
(U3UKO-XMMHUYECKHE CBOMCTBA aKTUHOMJIOB. OCOOEHHOCTH pa3jeieHus] akTuHOUI0B. CTeneHu
OKHUCJICHHUSI aKTUHOUJOB M 3aKOHOMEPHOCTHM MX HU3MEHEHUs B psay. OCHOBHbIE KJIACChI
XUMHUYECKUX COECTUHEHUI aKTMHOMJIOB — IOJIydeHue U cBoiicTBa. KoMmiekcHble coeauHeHus
akTuHOMO0B. OcoOeHHOCTH XuUMUU TOpusi M ypaHa. ComocTaBieHUE AaKTHHOUJOB C d-
aneMeHTamMu 6-ro nepuoja. [I[puMeHeHne akTHHOUIOB U UX COeMMHEeHMM. [lepcreKkTuBhI cCHHTE3a
TPaHCAKTHHOMU/IOB.

2.5. O6mume pencTaBieHus 0 GU3NIECKUX METOIaX MCCIICIOBAHNS B HEOPTaHUIECKON XUMHUHT

JuppakiMOHHbIE METOJbl UCCIEIOBAaHUSA: PEHTIeHO(Aa30Bblii U PEHTIC€HOCTPYKTYPHBIH
aHaJIn3bl, HeUTpoHOTpadus, AeKTpoHOrpadus.

CriekTpasibHble METOJIbl HMCCIIEAOBAHUA: D3JEKTPOHHBIE CIEKTPhl B BUAUMOW U Y-
obOmactu. KonebarenbHas cnekrpockonuss — MK- u  xoMOMHALMOHHOTO  paccesHHUs.
Crnekrpockonust DIIP, SAMP, SIKP u y-pe3onancusie. EXAFS-cnektpockonus. CrnexkTpockonus
LUAPKYJSIPHOTO TUXPOU3MA.

HccnenoBanus 31€KTpONPOBOJIHOCTH M MArHUTHOM BocnpumMunBocTd. MccnenoBanus
JUIIOJIBHBIX MOMEHTOB. M€ jaHC-CIIEKTPOCKOMHS.

OnTuyeckass W DJIGKTPOHHAsT MHMKpOCKONus. JIOKajabHBIH pPEHTrE€HO-CHEKTPaIbHBIN
aHaJIun3.

TepmorpaBUMeETpHs U MACC-CIIEKTPOMETPUSL.



HccnenoBanue NoBEepXHOCTH METOIaMU PEHTTE€HO- U (POTOZIEKTPOHHOM CIEKTPOCKOIUH,
0’K€-CIEKTPOCKONUU U T.II.

JOINOJIHUTEJIBHAS ITPOT'PAMMA
KAHIMAATCKOIo0 3Kk3amMeHa 1o cnenuanabHocT 02.00.01 «Heopranuyeckasi Xumus»»

1. OcHOBHBIE METO/IbI PUIUKO-XUMHUYECKOTO aHAIN3a

OCHOBBI ydeHHS O TEPMOJAWHAMUYECKOM pPAaBHOBECHU. TepMOIMHAMHYECKHUE H
XUMHUYECKHE MOTEHIMAJIBI U UX IPUMEHEHHE B YUEHUU O PAaBHOBECHH.

[lonsitTne o kommoHeHtax u (Qaszax. ['ereporennsie paBHOBecus. IlpaBuno ¢as, ero
BBIBOJI U IPUMEHEHHUE K KJIAaCCU(PHUKALIMU CUCTEM. 3aKOH paclpeesICHuUs.

OnHokOMIIOHEHTHBIE cucTeMbl. Jlmarpamma cocrosiHus. YpaBHenue Kiasuyca-
Knaneiipona. Tpoitnas Touka. [losnst muarpammer coctostHusl. CTaOMIIBHBIE M METaCTaOMIIbHBIE
COCTOSIHUSL.

JIByXKOMIIOHEHTHBIE CHUCTEMBI. MeTtoapl u300pakeHusi cocraBa. [lpaBuno pervara.
Jlnarpamma cOCTaB — CBOMCTBO M MX I€OMETpHUYECKas XapakTepucTuka. [I[puMeHeHne npasuia
bas.

JuarpaMMbl pacTBOPUMOCTH JIBOMHBIX CHCTEM. JlHarpaMmbl TUIaBKOCTH JBOMHBIX
CHUCTEM.

TpexkomnoHeHTHbIE cucTeMbl. OOmIMe CBOWCTBA AWArpaMM COCTOSIHHS. MeTobl
m3o0paxkeHus: cocraBa. OOmMH METOJ TMOCTPOCHHUS JUarpaMMbl COCTaB — CBOWMCTBO.
[Ipumenenne npaBuia has.

JluarpamMmbl  pacTBOPUMOCTH TpoMHBIX cucteM. OOpa3oBaHHE KpUCTAJLJIOTHAPATOB.
OOpazoBanue nBOMHBIX cojeil. [Iponeccol BbicanuBaHus-BcamuBaHus. CriocoObl ompeneacHus
coctaBa TBepaoH ¢a3pl. OOpa3oBaHUe TBEPABIX PACTBOPOB.

JluarpamMMbl COCTOSIHUSL CUCTEM, 00pa30BaHHBIX BOJOW U ABYMS COJIIMH C OOLIUM HOHOM.

Metonpl  HcclneAoBaHUS ~— PAaBHOBECHS  BOJHO-COJIEBBIX — cucTeM.  OrmpeneneHue
PacTBOPUMOCTH. BusyanbHO-nonuMeTpuueCcKuii METOJ. H3oTepmuueckuit METOJ
PacTBOPUMOCTH.

Metoibl n300paxeHusi TPEXKOMIIOHEHTHbIX cucteM. Meroa ['n66ca. Crioco6 Pozeboma.
Meton Ckpaiinemakepca.

OOmwmit MEeTO1 MOCTPOEHHUS TUarpPaMMbl COCTaB — CBOMCTBO TPOWHBIX CHCTEM.

[Tonurepmuueckue quarpaMmbl pacCTBOPUMOCTH TPOHHBIX CUCTEM.

YeTbIpeXKOMIOHEHTHbIE KOHAEHCUPOBAHHbIE CUCTEMBI (IPOCTHIE U B3aUMHbIE). MeTo 1bl
M300paX€HUsI COCTaBOB YETBEPHBIX CHUCTEM Ha IUIOCKOCTH. JlMarpaMMbl pacTBOPUMOCTHU
YETBEPHBIX CUCTEM.

OuncTKa UCXOIHBIX KOMIOHEHTOB JJIs1 U3y4eHUS (PU3UKO-XUMHUECKUX CHCTEM.

O myTsX NpUMEHEHUs] BHOBb MOJIYYEHHBIX KOMIIJIEKCOB Ha MPAKTHUKE.

[TocTpoenue nuarpaMm cocTaB — CBOMCTBO KUAKUX (ha3 METOJaMH U3MEPEHUS:

1) nokazatens npenomiieHus (pedpakromerpus);
2) pH-cpens! (moteHunomeTpus);

3) NJIO0THOCTH (J€HCUMETPHS);

4) Bsi3KOCTHU (BUCKO30METPUS);

5) 2MEeKTPOTPOBOTHOCTH.

1.2. DneKTpOXUMHUYECKHNE METO bl aHATTN3a

KonnykroMerpuss M KOHAYKTOMETPUYECKOE TUTPOBaHUE. TEOpETHYECKHE OCHOBBI
MeTOoJa. YIenbHas ¥ SKBUBAJCHTHAS 3JIEKTPOIPOBOJHOCTh. KHCIOTHO-OCHOBHOE THTPOBAHUE.
TI/ITpOBaHI/Ie, OCHOBAHHOC Ha peakuuiax OCaXJICHUI, OKHCJICHUA-BOCCTAHOBJIICHU A,
KOMIUIEKCOOOpa30BaHUL.



[ToTennmomeTpusi ¥ NOTEHLMOMETPUYECKOE THUTpoBaHHE. TpebdoBaHMSI  peaKIUsM,
HCIIOJIB3YEMBIM B IMMOTCHIHUOMETPUYCCKOM THTPOBAHUMU. Ckauok noTeHIuala. KwucnorHo-
OCHOBHOC€ THTPOBAHHE. TI/ITpOBaHI/Ie o METoay OCaXIACHUA. TI/ITpOBaHI/IG nmo MEroay
KOMIUIEKCOOOpa3oBaHus. TuTpoBaHUE 1O METOAY OKHCICHHSI-BOCCTaHOBICHUS. (CrocoObl
HaXO0XICHUA KOHEYHOM TOYKHU NMOTCHIHUOMETPHUICCKOI0 THUTPOBAHMA. PacuerHsniii cmocoO.
I'padmyeckuii ciocod.

ArnmapaTypa M TEXHMKA BBIITOJTHEHUS aHAIN3A.

[Torenumocrarnueckuii METOH HCCIEN0BAHUS KOPpPO3UH METAJIJIOB.
HOTCHIII/IO)II/IHaMI/ILIGCKI/Ie U TaJlbBAHOCTATUYCCKUC [IIOJAPHU3AIVOHHBIC KPHBBIC. HpI/IHI_[I/IH
paboTel notenuuocrata [1-5848. MccnenoBanrue kKoppo3uu METAJUIOB MOJ1 HAIIPSKEHUEM.

HaHOCTpyKTypHBIE TOKpBITUS UM  KOHCEPBALMOHHBIE CPEACTBA  METAUIMYECKHUX
noBepxHoctel Ha ocHoBe BADOC.

1.3. Xpomarorpadusi.

Knaccudukanus xpomatorpadpudeckux METOI0B aHam3a. AJICOPOIIMOHHAS KUIKOCTHAS

xpomatorpadus. AncopOunoHHas razoBas XpomaTorpadusi. PacnipenenurensHas
xpomatorpadust. Tonkocnoiinas xpomatorpadus. bymaxknas xpomarorpadusi. MoHHooOMeHHast
xpomarorpadus. Ocanounas xpomarorpadusi. OKHUCAUTENBEHO-BOCCTAHOBUTEIbHAS

xpomatorpadus. AacopOLHOHHO-KOMIUIEKCO00pa-30BaTelibHas XpomMaTorpadus.

1.4. PeppakroMeTrpusi U NOJISIPUMETPUS

OcHoBbl pedpakromerpuyeckoro Merona. Ilokasarens npenomieHus. Pegpakromerpsl.
[Ipumenenue peppakTOMETPUH.

[Monsspumetpusi. OCHOBHI MOJSIpPUMETpUYECKOTO MeTona. OnpeneneHne KOHIEHTPAIUU
BEIIECTB MO YIIIy BpamleHHs IIOCKOCTH noisipusanuu. [lomspumerpbl. O0macTh MpUMEHEHHS
MOJIIPUMETPHUH.

Kpucrammoontuka. M3ydeHue  KpHUCTAUIOONTHYECKHX  SBICHUH TpU  MOMOIIH
HOJISIPU3AIMOHHOTO  MHUKpockoma. OmpeneneHne TOKaszaTened IMpeIoMIICHHS MOPOIIKOB
MMMEPCHOHHBIM METOJIOM. METO Il OYHNCTKU BEIIECTB, ONPEEIICHUE UX YHCTOTHI. DIIEMEHTHBIN
aHaJIN3 BEIIECTBA.

1.5. Pentrenorpadus

CrieKkTppl HMCIyCKaHUSI PEHTT€HOBCKUX Jyded. [[udpaxkius peHTreHOBCKUX Jiyuyel Ha
Kpuctayiax. MoHOXpomaTHu3alusi PEHTICHOBCKUX Jiydeld. PeHTreHoBckuil IudpakToMerp.
PentrenodasoBblii ananus.

dusnueckass OCHOBA PEHTICHOCTPYKTYpHOro aHanuza. OrmpeneneHue MnapaMeTpoB
pelIeTKH U CUMMETpuu Kpuctaiia. OnpeneneHue KOOpAUHAT aTOMOB B AJIEMEHTapHOM sueiike
kpuctaya. CpaBHUTENbHBIE BO3MOXKHOCTH PEHTIEHOCTPYKTYPHOIO aHallu3a, HelTpoHorpaduu
U JIEKTPOHOTrpaMy KPUCTAIUIOB.

Cummerpust ¥ MOpQOJIOTHUS KPUCTAIOB. DJIEMEHTbl CUMMETpUU. TodeuHble TpyMIbl
cummeTpud. [IpocTsie GopMbl KpUCTATIINYECKUX MOHOTPAaHHUKOB. CHUMBOJIBI TpaHeil.

1.6. buoreHHsbie AIEMEHTHI U UX POJIb B )KM3HU PACTEHUM U KUBOTHBIX
buorennsie snementsl. Knaccugukanus OMOTEHHBIX 3JI€MEHTOB. DJIEMEHTHBIM COCTaB

4yesioBeKa. TOKCHYHBIE M HETOKCHYHBIE dJeMeHThI. [lookeHnne ux B NEPHOIUYECKON CHCTEME
J.W. MenneneeBa. I[lonstue TOKCMYHOCTH. XHMHMUYECKHE CBOMCTBa M OHOJIOTHYECKas POJIb



3neMeHTOB. MukposieMenTsl U pepmenTsl. IIpeacraBienue o Meramiopepmentax. Poiab HOHOB
MeTauioB B (pepmeHTax. CHHEPIU3M U aHTarOHM3M JJIEMEHTOB.
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