[MPOTPAMMA-MUHUMYM
KaHUAATCKOTO SK3aMEHa 0 CIIEIUATbHOCTH
02.00.01 «Heopranuueckasi XuMHsI»

0 XMMHYECKHM U TEXHHUYECKUM HayKam

BBengenue

Hacrosmas nmporpamMma OXBaTbIBA€T OCHOBOIIOJIAratOIIUe pa3aeibl HeOpFaHH‘IeCKOﬁ XUMUH, €€ TCOPCTUICCKUC
OCHOBBEI (CTpOGHI/Ie BCLICCTBA, TCPMOJUHAMUKA U KI/IHGTI/IKa), XUMHIO 3JICMCHTOB, CBOMCTBA U METOJIbI CHHTE3a
OCHOBHBIX KJIaCCOB HEOPTraHUIECKUX COEHHHQHHﬁ, a TaKKE€ MCTOABI UX HUCCIICIOBAHUA.

[Iporpamma pa3paboTana SKCIIEPTHBIM COBETOM BricIei aTTecTalilMOHHOM KOMUCCUU MUHHUCTEPCTBA 00pa30BaHus
Poccuiickoit deneparuu Mo XUMuu (110 HeOpraHMYECKOH XUMUM) IpH ydactuu VHCTUTYTA 001Iei 1
Heoprannyeckoi xumun uM. H.C.Kyprakoa PAH 1 M0OCKOBCKOT'0O TOCYAapCTBEHHOI'O YHUBEPCUTETA UM.
M.B.JIomoHOCOBA.

1. ®yHaMeHTaIbHbIE OCHOBbI HEOPTAHMYEeCKON XUMHUM
1.1. Ilepuoouueckuii 3axon /.M. Mendeneesa u cmpoenue amoma

OCHOBHBIE TIPEJCTABICHHS O CTPOCHUH aToMa. BoiHoBast pyHk1ms u ypaBHenue Illpenunrepa. KBantoBbie uncia,
paaraibHOE M YIIIOBOE PACIpeIe/iCHHE SIEKTPOHHON MJIOTHOCTH. ATOMHBIE opOuTai (S-, p-, d- u f-AO), ux
SHEPTUU U IpaHUYHbIC TOBEPXHOCTH. Pactipenenenue anekTporHoB no AO. [IpuHnun MuHuMyma sHepruu. [puHnmn
[Maynu. ATomHBIE TepMBI, TpaBuio XyHaa. CoBpeMeHHast (OpMYIHPOBKA MEPUOUIECKOTO 3aKOHA, 3aKOH M o3y,
CTPYKTYpa MepHOIUecKoii cucTeMbl. KOpoTKO- M NIMHHONIEPHOIHBII BapHaHTHI IIEPHOINYECKOM TaOIUIIBI.
[epmozs! u rpymsL.

3aKOHOMepHOCTI/I N3MCHCHHSA (byH)IaMEHTaJ'II)HI)IX XapaKTCPpUCTHUK aTOMOB: aTOMHBIX U HOHHBIX paJinyCoOB,
MOTCHIIMAJIa MOHHU3allUuH, SHEPTUN CPOACTBA K JJICKTPOHY U DJICKTPOOTPHUIATCIBHOCTH.

I'panune! nepuoanueckoit cucteMsl. [1epcrieKTUBBI OTKPBITHS HOBBIX 3JIEMEHTOB.

IleprogMYHOCTH B U3MEHEHUH CBOMCTB MIPOCTHIX BEUIECTB U OCHOBHBIX XMMUUYECKUX COCUHEHUN — OKCUJIOB,
THAPOKCHUJIOB, THIPUIIOB, FaJIOT€HHUJIOB, CYJIb(QHI0B, KApOUIOB, HUTPUIOB U OOPHIOB.

1.2. Xumuueckas c653b u cmpoenue MOoaeKyn

IlonsTre o npupoae XUMHUYECKOU cBs3u. OCHOBHEIE XapaKTCPUCTHUKHU XAMHUYCCKOH CBS3U: JUIMHA, SHCPTru4d,
HalpaBJICHHOCTD, MOJAPHOCTDb, KPATHOCTD. OCHOBHBIE THIIbI XHMUYECKOH CBSI3H.

OCHOBHBIE TIOJIOKEHHUS MeTo/1a BaJleHTHBIX cBs3ert (MBC). I'mbpuanzamus opouraneir. HanpasneHHOCTS,
HACBIIAEMOCTh U MOISIPU3yEMOCTb KOBAJICHTHOU CBA3H. BMsAHUE HENMOAENEHHBIX 3JIEKTPOHHBIX Map HA CTPOEHHE
MOJIEKYJI, MoJenb [ nnnecnu.

OCHOBHBIE TIOJIOKEHHUS METOIa MOJIEKYJIIpHBIX opOuTaneit (MMO). JIByX1eHTPOBBIE IBYXJIEKTPOHHEIE
MOJIEKYJISIpHBIE OpOuTamu. DHepreTudeckue AuarpaMmMsl MO TOMOSIEPHBIX U TETEPOSACPHBIX JBYXaTOMHBIX
MOJIEKYJI. DHEPrUsl HIOHU3AaLlUU, MAaTHUTHBIE U ONITHYECKUE CBOICTBA MoieKyd. MHoronentpossie MO,
THIIEPBAJICHTHBIE U 3JIEKTPOHOAeHINTHBIE MOJIEKYJIbl. [IpuHIIMI n307100a16HOTO COOTBETCTBUS. KOppensuoHHbIe
JIarpaMMBl.

WNonnas cBs3s. oHHAS MOJENTs CTPOSHHUS KPUCTAILIOB, 00pa30BaHNE HOHHBIX KPHUCTAJUIOB KaK pPe3yJbTaT
HEHANPaBJICHHOCTH U HEHACHIIIAEMOCTH HOH-HOHHBIX B3auMozaeicTBuid. MonHslil paanyc. OCHOBHBIE TUIIBI
KPUCTAIUTMYECKUX CTPYKTYP, KOHCTaHTa MajienyHra, S9Heprusi HOHHOM PEeIIeTKU.



MexMoneKyIsipHOe B3aNMOJICHCTBHE — OPHEHTAIIIOHHOE, MHAYKIIMOHHOE U TUCTIepCHOHHOE. BogopoaHas cBs3b, ee
pUpPOAA.

Bgenenue B 30HHYIO TCOPHUIO. 06pa3OBaHI/Ie 30H — BaJICHTHOH U MPOBOAUMOCTH U3 ATOMHBIX U MOJICKYJISIPHBIX
0p6HTaﬂeﬁ, 3alpeuieHHas 30Ha. Metanisl u JAUBJICKTPUKU. rpaHI/IIH)I MPUMCHHUMOCTHU 30HHOM TCOPUH.

1.3. Komnuexcuvie (KOOpOUHAYUOHHBIE) COCOUHEHUS]

OCHOBHBIE TOHATHS KOOPAWHAIIMOHHOHN TeoprH. THITEI KOMIUIEKCHBIX COSIMHEHUH 10 KJIacCH(UKAIINH JTNTaH/IOB,
3apsay KOOPIAMHAIMOHHOM c(epsl, YUCITy IIEHTPATBHBIX aTOMOB. HOMEHKIaTypa KOMIUIEKCHBIX COCTUHCHHUI.
M3oMepust KOMIUIEKCHBIX COeIMHEHUH.

O06pa3oBaHNe KOOPAMHAIMOHHBIX COCTUHEHUH B paMKaX HOHHOM MOoJIeH 1 npencTasieHnii JIpronca. Teopus
MATKUX U KECTKUX KHCIOT U ocHOBaHul [Iupcona, ypaBHeHue Jparo—Beitnanaa. Y cToHYMBOCTh KOMIUIEKCOB B
pacTBOpax U OCHOBHBIE (PAKTOPHI, ee onpeersonye. KoHcTaHThl YCTOHYMBOCTH KOMITJIEKCOB. JIaOUIBHOCTD 1
MHEPTHOCTh. DHTPONUIHBIN BKJIaJ B SJHEPTeTHYECKYIO YCTOWYNBOCTH KOMILIEKCOB, COJIbBATHBIN 3 (EeKT, XeNaTHbINH
a¢dexT, npaBuia ukinoB JI.A.Uyraesa.

IIpupona XuMHUYIECKOH CBSI3M B KOMIUIEKCHBIX KoennHEHUAX. OCHOBHBIC TIOJIOKEHHUS TEOPUH KPUCTATUTHICCKOTO
nonst (TKIT). Paciuerienne d-opOuTaseil B OKTadsAPHMIECKOM U TETPASAPHIECKOM IIOJIE. DHEPTHS PACIIETIICHHS,
OHCPIH CIapruBaHUA U DHEPTUA CTa6I/IJ'II/I3aHI/II/I KPUCTAIIIMYCCKUM IIOJIEM. CHCKTpOXI/IMI/I‘IeCKI/Iﬁ pAd IMrangoB.
[Tonstue o Teopun SAna—Temnnepa, TeTparoHaabHOE UCKaKEHNE OKTa3IpUUECKUX KOMILJIEKCOB.

OHneprerndeckas auarpamma MO KOMIUTEKCHBIX coenuHeHnit. [locTpoeHne rpynmoBeIX opouTaneit u ux
B3aUMO/ICHCTBUE C OpPOUTANISIMU LIGHTPAJILHOTO aTOMa, ?- 1 7-JOHOPHBIE M aKIIeNTOpHbIe Juranabl. Mcnoap3oBanne
TKIT 1 MMO 5151 00bsICHCHHS ONITUYECKUX M MATHUTHBIX CBOMCTB KOMIUIEKCHBIX COCTUHCHUH. [larpaMmbl
Tana63—CyraHo 111 MHOTO3JIEKTPOHHBIX CHCTEM.

KapOonwusibl, MeTa/uIoKapOeHbI, METAJUTOICHBI, (yutepuIsl. KOMITIEKChI ¢ MAaKPOIMKINYECKUMU JIUTaHIaMH.
[MonusinepHbie KOMILICKCHI. M30- 1 reTepononucoeauaeHus. Kiactepbl Ha OCHOBE MEPEXOIHBIX M HEMIEPEXOIHBIX
asieMeHTOB. KpaTHbie CBSA3U MeTalll—MEeTasll, MOHITUE O ?-CBS3H.

MexaHH3MBbI peakiHii KOMIUIEKCHBIX COSANHEHHH. Peakiun 3amenieHns, OTILEIUICHHS U IPUCOSIMHEHUS JIMTaH/a,
OKHCJINTEIbHO-BOCCTAHOBUTEbHBIE peaklni. B3auMHoe BIMsIHUE TUTaHIO0B B KOOpIMHAIIMOHHOHU chepe. Tpanc-
BiusiHue M.U. YepnsieBa, yuc-3¢pdexr A.A. I'pundepra. BHyTprchepHble peakiuu JIUraHios.

[IprMeHeHne KOMIIEKCHBIX COEAMHEHUH B XUMHIECKOW TEXHOJIOTHH, KaTalli3€e, MEAHUIIIHE W SKOJIOTHH.
1.4. Obwue 3akoHOMEPHOCHIU NPOMEKAHUSL XUMUYECKUX PeaKyutl

OCHOBHBIE TIOHATHA U 33/1a4 XUMHUYECKON TepMOANHAMUKH KaK HAyKH O IIPEBPAIEHHUSIX SHEPTHH [IPU MPOTEKAHUU
XMUMHUUECKHUX peakiuid. TepMoguHaMudeckas CUCTeMa, napaMeTphbl U QYHKIIUU COCTOSHHSL CUCTEMBI. [1epBhIii 3aK0H
TEepMOJMHAMUKHU. BHYTpEHHsIs 3HEPTUs U ee U3MEHEHNE NTPH XUMHYIECKNX M ()a30BBIX MpEBPAILCHUAX. DHTAIBIINS.
CraHIapTHOE COCTOSIHUE U CTaHIAPTHBIE TEIUIOTH XMMUYECKUX peakuunii. Terurora u sHTanbnus oOpa3oBaHusl.
3akoH ['ecca. DHeprum xumuueckux cBszeil. TeroemkocTs, ypaBHeHne Kupxroda.

OO6parumbie 1 HEOOpaTUMBIE IpoTIecChl. BTOpOIi 3aKOH TepMOAMHAMUKHA. DHTPOMHSI U €€ GU3NIECKUN CMBICI,
ypaBHenue bonbimana. CtangaptHas SHTponus. 3aBUCUMOCTb SHTPOIIUU OT MAPaMETPOB COCTOSIHUA. DHEPrus
I'u66ca. HampaBneHne XUMUYECKUX MPOIIECCOB, KPUTEPHH CAMOIPOU3BOIBHOTO MPOTCKAHHS PEAKIUN B
M30JIMPOBAHHBIX U OTKPBITHIX CHCTEMaX. X UMUYECKUN OTEHMAIL. Y CIIOBUE XUMUYECKOTO PABHOBECHS], KOHCTAaHTA
paBHOBecus. M30Tepma XuMu4eckoi peakuuu. ®a3oBbie paBHOBECHSI, YHCIIO CTEICHEH CBOOOIBI, MpaBmwio (a3
T'ub6ca. dazoBbie AUArpaMMEBI OJTHO- U IByXKOMIIOHCHTHBIX CUCTEM.

CKOpPOCTb XMMUYECKOH peaKluy, €€ 3aBUCIMOCTH OT IPUPOIBI U KOHIIEHTPAI[UH PEareHTOB, TEMIIEPATYPHIL.
Iopsinok peaknuu. KoHCTaHTBI CKOPOCTH U €€ 3aBUCUMOCTb OT TEMIIEpaTyphl. Y paBHeHUE AppeHuyca. DHeprust
AKTHBAIMM U NOHATHE 00 aKTHBUPOBaHHOM KoMIutekce. OOpaTHMble peakuny. 3aKoH JEHCTBYIONINX Macc.
BnusHue katanuzaTopa Ha CKOPOCTb peakiuu. ['OMOreHHbIH U reTeporeHHbli kaTanu3. IIoHsITHe 0 HEenHbIX U
KOJICOATENbHBIX PEAKIIHAX.

1.5. Pacmeopul u anekmponumul



CoBpeMeHHbIE MTPEACTAaBICHUS O IPUPOAE PacTBOPOB. OCOOEHHOCTH KUAKHUX pacTBOPOB. [1opsAA0K B JKUAKOCTSIX,
CTPYKTYpa BOJIBI M BOTHBIX pacTBOpoB. Crenmrka peakiuii B BOAHBIX M HEBOJHBIX PacTBOpaXx.

Teopus 35ekTpoauTHYECKOd nuccouranyy. MoHHoe npousseeHre BOAbL U €ro 3aBUCUMOCTb OT TEMIIEPATYPHI.
Bonopoansrii nokaszarens pH, mkana pH. Kucnotsr u ocHoBanus. [Iporonurnyeckas teopus bpencrena—Jloypu.
ComnpspKeHHBIE KHCJIOTHI M OcHOBaHMA. [ mapomnu3. CoBpeMeHHbIE B3I HA IPUPOAY KHCIOT M OCHOBAaHHH.

CunbHbIe U cIa0bIe QJICKTPOJIUTHI. 3aBUCHMOCTD CTEICHU 3J'IeKTpOJ'IPITPI‘IeCKOfI Aucconyanu OT KOHICHTpaluu,
TEMIICPATYPhI, IPUPOABI PACTBOPUTEIISA, TOCTOPOHHUX DJICKTPOJIMTOB. 3akoH pa36aBJ’IeHI/I$[ OCTBaJ’ILL[a. OCHOBHEBIE
TMOHATHA TCOPUUN CUIIBHBIX 3JICKTPOJIUTOB Jj[e6a;1 1 XIOKKEJIS.

HpOI/I?:Be,HCHI/Ie PacTBOPUMOCTH. Z[I/IHaMI/ILIeCKOC PAaBHOBECHUEC B HACBIMICHHBIX paCTBOPAaX MaJlOpaCTBOPHUMBIX
CHUJIBHBIX 3JICKTPOJIUTOB 1 (baKTOpI)I, €To CMCIIAroIIue.

DICKTPOXUMHUICCKHIE CBOWCTBA pacTBOPOB. COMPSHKCHHBIC OKUCIHTEIBHO-BOCCTAHOBUTEIIBHBIC MAPHI.
OnexTpoHbIi noTeHuan. OKUCIUTEIbHO-BOCCTAHOBUTENBHBIE PEAKIIUH U X HampaBiieHHe. Y paBHeHue HepHera.
Huarpammer Jlatumepa u @pocra. DNEKTPOIU3.

KonnuratusHbIe CBOMCTBA PaCTBOPOB MICKTPOIUTOB M HEINEKTPOIUTOB. M30TOHMUEeCKHit KOadduireHT. 3aKoH
Payna. Kpnockonus u 50yIMocKomus, 0cMoc.

1.6. OcHogbl u MemoObl HeoOpeaHUYecKk020 CuHmesa

IpsiMoii CHHTE3 COSANHEHHUI U3 IPOCTHIX BelecTB. Peakimu B ra30Boii (hase, BOMXHBIX H HEBOAHBIX PACTBOPaX,
pacmiaBax. MeToa XHUMHYECKOTO OCAKACHUS U3 ra30BOi (ha3bl, HCIOIB30BAHMS HAKPUTHIECKOTO COCTOSHIS.
3osb-rens Metoa. ['unporepmanshsiil cuates. TBepaodasHbiii CHHTE3 U er0 0COOCHHOCTH; HCTIONB30BAHIE
MEXaHOXUMHUYECKOM aKTHBAUK. XUMHUYECKIE TPAHCIIOPTHBIC PEAKIHMH I CHHTE3a U OYUCTKH BEIIECCTB.
DOTOXUMHYECKUE U IIEKTPOXHUMHUISCKUE METOIBI CHHTE3a. [I[puMeHeHHe BaKyyMa 1 BRICOKHX JaBICHHUMN B CHHTE3E.
OcHOBHEBIE METOABI Pa3JACIICHNUA U OUNCTKU BEIIECTB. MeTOI[I)I BbIpallilUBaHUA MOHOKPHUCTAJIOB U UX
Kiaccudukarys.

2. XuMHuA YIEMEHTOB
2.1. Xumus s-anemenmos

[Nonoxenue s-anemenToB B [lepnoauyeckoii cucteme, 0cOOCHHOCTH AJIEKTPOHHOM KOH(pUTypannu. XapakTepHble
CTETICHN OKUCIICHUSL.

Bonopoa. Ocoboe monoxxerne Bomoposa B [lepuonndeckoii cucreme. M3oToms! Bogopoaa. OpTo- u mapa-BoA0pOI.
Metoms! mosrydeHust Bogopoaa. U3nKo-XUMHYECKIE CBOMCTBA BOJAOPOAa. [ MAPUABI M MX KITACCU(PUKAIIHS.
OKHCIUTENFHO-BOCCTAHOBUTEIFHBIE CBOMCTBA Botopoia. Boma — cTpoeHHe MONEKYIBI K CTPYKTYPa KUAKOTO
cocrosinusi. CTpyKTypa Jibja, KiarpaTsl. [lepokcua Bogopoa, ero noiy4eHue, CTpOeHHe U OKUCIUTENbHO-
BOCCTaHOBHUTEJILHEIC CBOICTBA.

Onemenmot epynnot I14. Obmias xapaktepucTuka rpynmbl.* OCHOBHBIE KIIACChl XUMHUYECKUX COSTMHEHUN —
noiy4yeHue u cBoiictBa. HepactBopumelie comu. OcoOeHHOCTH XUMUM JUTHS. [IprMEeHeH e MIeT0YHBIX METAJLIOB U
UX COEIMHEHUH.

Onemenmor epynnuvt I14. Obmas xapakrepucTika rpynmbl.* OCHOBHbIE KIACChl XUMHYECKUX COCTUHEHHUH —
noxydeHue u cpoiictBa. OcoOEHHOCTH KOMILIEKCO00pa3oBaHus S-MeTauioB. OCOOEHHOCTH XUMUHN OepHiuIus,
MarHus 1 pagus. CXoJcTBO XUMHUH Oeprminins 1 uTHs. [IpuMenenne 6eprinivs, MeIT0YHO-3eMeNIbHBIX METaJUIOB U
UX COEAUHEHUI.

2.2. Xumus p-snemenmos

TTonoxenwne p-snemeHToB B [Teproandaeckoii cucreme. OCOOEHHOCTH AIIEKTPOHHOHN KOH(PUTYpannu. XapaKkTepHble
CTETIeHU OKUCIICHUs. MeTasuTsl, HEeMEeTallIbl, MeTaJUIOUIBI CPEIH p-3IEMEHTOB. 3aKOHOMEPHOCTH B N3MEHEHUHN
CBOWCTB BO 2 1 3 mepuoax.



Onemenmot epynnot I114. O6mas xapakrepucTuka rpymnmsl.* Oco0eHHOCTH XuMuu 60pa. bopoBogoposl,
KOMIUIEKCHBIE THAPOOOPATHI, KIIaCTepHBIE COeANHEHH Oopa, 6opazoir, HUTpuI 60pa: 0COOEHHOCTH HX CTPOCHUS U
CBOICTB.

Oxcuj| ATIOMUHMS. AJTIOMUHATBI M THAPOKCOAMIOMUHATHI. ['anoreHnpl antoMuuns. KoMmriekcHble coeMHEHHs
amromuHUs. CIDIaBel amfoMUHEA. AfoMoTepMusi. AM(OTEPHOCTh OKCHIIOB TayuTHs, HHAMS U Tayuisa. OcoOeHHOCTH
xumun T1(I). Ilpumenenue 6opa, amIOMUAHUS, TaJUTAS, HHAWA U TaJUTHS U UX COSAMHEHUM.

Onemenmol epynnuvt [VA. Obmas xapakTepucTika rpynnsl.* OcoOEHHOCTH XUMUH AJIOTPOITHBIX MO UKALINHA
yrnepona. @ymnepens! u ux npoussoausie. Hanotpyoxu. Kapounbr MetanioB. CHHUIIbHAS KMCIIOTa, LIMAHU/IBI,
Juiuad. PoranoctoBomopoaHas kuciora U poranuasl. Cepoyrinepon. @peoHs! 1 ux npuMeHeHne. OKCHIbI
yraepoaa. Kapoormisl. KapboHatsr.

Oxcuibl KpeMHHS, TePMaHus, 0JIOBa U cBrHIA. KBapIl u ero momumopdueie Monudukau. KpeMHUEBast KUCIOTA U
cunukathl. [amorenunsl. KpemuedropucroBomopoHas kuciota. Kapoun kpemuus. KoMIuiekCHbIe COSMHECHUS
0JI0Ba ¥ cBUHLA. [IpMeHeHrEe NIPOCTHIX BEILECTB U COSAMHEHU 351eMeHTOoB rpymisl [VA. Ilonstue o
MONYpOoBOHIKAaX. CBUHIIOBBIN aKKyMYJISTOP.

Dnemenmot epynnvt VA. O61as XapakTepUCTHKA MPYIIbL * 3aKOHOMEPHOCTH 00pa30BaHUsl U IIPOYHOCTH MPOCTHIX U
KpaTHbIX cBs3el B rpymnne. OcoOeHHOCTH XUMHU a30Ta. [IpobiieMa cB3bIBaHUS MOJIEKYJISIPHOTO a30Ta.
OCo0EHHOCTH aJUIOTPOITHBIX MoanpuKarmii pocdopa.

I'mapuas! a1eMeHTOB Tpynnsl VA: ojydeHue, CTpoeHue MoJeKy, cBoicTBa. Cosnn aMMoHMA. JKuakuili aMMuak kak
pactBopuTens. ['Mapa3uH, THAPOKCUIAMUH, a30TUCTOBOAOPOAHAS KUCIOTA. ["aloreHIIbl 2IEMEHTOB IpyHmbsl VA,
[OJIy4Y€HUE U TUAPOIIN3.

Kucnoponusie coenunenus azota. Ocobennoctu xumuu NO u NO,. A30THas1, a30TUCTast KUCIOTHI U UX COJIU:
MOJIy4YeHNe, CBOWCTBA U OKHCIUTENbHO-BOCCTAHOBUTENbHAS CIOCOOHOCTH. [uarpamma dpocra 111 coennHeHUi
a3oTa.

Kucnoponnsie coenuaeHus ¢pocdopa: OKCUIIBI, KUCIOTH U UX conu. CpaBHEHHE CBOMCTB KUCIOT (ocdopa B pa3HbIX
crenensix okucieHus. Konnencuposanuslie pochopHbie KUCIOTH U onudocdarsl. OKCUIBI MbIIIBSIKA, CYPbMBI 1
BUCMYTAa, KUCIIOPOACOIEPIKAIINE KUCIOTHI MBIIIbSIKA U CypbMbI U X oM. CpaBHEHHUE CHIIbI KHCJIOT B TPYIIIE.
Cynbhuasl 1 THOCOTH.

[TpuMeHeHHE MPOCTHIX BEIIECTB M COCIUHEHUH 37IeMeHTOB VA rpynmel. Y 100peHus.

Onemenmor epynnet VIA. O0mmas xapakTepucTuka rpynmsl. * Oco0eHHOCTH XUMHA Kuciopoaa. CTpoeHHe MOJICKYJIIBI
KUCIIOpoAa, oObsicHeHUe ee napamarHeTu3ma. O30H U 030HU L. AJIOTPOITHbIE MOJU(DUKAIIMN CEPhI U X CTPOSHHE.

Knaccudukanus okcunos. IIpocTsie 1 CI0XKHBIE OKCHIIBI, HECTEXHOMETPHS OKCHJIOB. [ MIPOKCHABI M KUCIOTHI.
[epoxcuapl, cynepokcupl.

Ceposonopon u cynbdunpl. [Tomucynbdunbl. Cynbdansl. OKCHIBI cepbl, KUCIOTHI U UX coytd. [lonnTHoHOBbIE
KHCJIOTHI ¥ MOMUTHOHATHL. KucopoaHble coeTuHeHus ceneHa u Temtypa. CpaBHEHUE CUTIBI, YCTOIUUBOCTHU U
OKHCIIUTEIbHO-BOCCTAHOBUTEIBHBIX CBOMCTB KHCIOPOAHBIX KUCIIOT B TPYIIIE.

Tanorenuns! cepsl, ceneHa U TENIypa.
[IprMeHeHne IPOCTHIX BEMIECTB U COSANHEHHH IIeMeHTOB VIA rpymmsl.

Onemenmot epynnot VIIA. O6mas xapakTepucTuka rpymnsl. * Oco0eHHOCTH XUMUHU (TOpa U acTaTa.
OKHCINTENbHBIE CBOMCTBA rajloreHoB. B3anMoaelicTBrE rajJoreHoB ¢ BOIOM.

FaﬂOFeHOBOHOpOIlLI. HOJ’Iy‘IeHI/IC, CBOIiCTBA. 3aKOHOM€pHOCTB HW3MEHEHUS CBOMCTB TaJIOrTCHOBOJAOPOAHBIX KHUCIIOT B
rpymnme. KﬂaCCI/I(l)I/IKaIlI/IH TraJJIOr€HHUua0B. MesxranoreHHbie COCAMHCHUSA: CTPOCHUC U CBOIiCTBA.



Kucnopoansie coequaenus raroreHoB. OcoOeHHOCTH OKCHIOB Xyopa. Kuciaopoacoaepskamye KUCIOTH TaJIOTeHOB
1 ux cosr. COMOCTaBIEHUE CHITBI, YCTOMYMBOCTH U OKHCIUTEIHHO-BOCCTAHOBHTEIBHBIX CBOHCTB KHCIOPOIHBIX
KHCJIOT TaJIOTEHOB, muarpamMMa dpocra i TaloreHoB.

HpI/IMeHeHI/Ie raJOrT€HOB M UX COCAUHCHUM.

Onemenmet epynnot VIIIA. O0mast xapakTepucTuka rpymnimsl.* CoeTMHCHHS OJIarOpOIHBIX Ta30B U MPUPOJIA
XUMHYECKOH CBSI3M B HUX. [ MApaThl 01aropoHbIX ra30B. GTOPHIBI U KUCIOPOIHBIC COCTUHCHHUS OJIaropoTHBIX
ra3oB. [IpuMeHeHnE 01aropoHBIX Ta30B.

2.3. Xumus d-snemenmos

IMonoxenue d-aaemenTtoB B [leproandeckoil cucteme. DISKTPOHHOE CTPOCHHE U OCHOBHBIC CTETICHH OKHCIICHHSI.
Crioco6GHOCTh 0-37IEMEHTOB K KOMIIEKCOOOPa30BaHII0. 3aKOHOMEPHOCTH H3MEHEHHS CBOUCTB (-MeTainoB B 4, 5 u
6 nepuopax. IIpuposa d-cxxaTus U ee CICACTBUSL

Onemenmet epynnut 1116, O0mas xapakTepucTHKa rpymibl. * OKcHIbl, THAPOKCUAB U (hropuns Metamuios 1115
rpynIsl — nony4eHue u cBoiicrBa. Kommiekcuslie coequnenus. ConocrtaBnenue xumun nementoB 1A u [IIb
rpymm. [IppuMeHeHne MeTanIoB 1 UX COCIUHEHHH.

Onemenmet epynnot IVH. O0mmas xapakTepucTuka Tpynnbl. ¥ OKCUIBI U THAPOKCHIB THTAHA U IIUPKOHUSA. THTaHATHI
u nupkoHaTsl. Cony TUTaHWIIA U HUpKOHMIA. ['anoreanapl. CocOOHOCTh K KOMILIEKCOOOPa30BaHHIO.
3aKOHOMEPHOCTH B CTAOMJIBHOCTH Pa3IMYHBIX CTENECHEH OKHMCICHHs. BIMsiHAEe TaHTAHOMIHOTO CXKaTHs Ha CBOMCTBA
rapuusa. Comocrasienne MmetainioB IVA u IVB rpynn. [IpuMeHerne TuTaHa U IUPKOHUS M UX COCTUHECHUH.

Onemenmet epynnvt VE. O0mas xapakTepucTHKa Tpymibl.* OKCHIBI U TaJIOTeHU . BananaTel, HHOOATH U
taHTanaTel. CHOCOOHOCTh K KOMIUIEKCOOOPA30BaHHIO U 00PAa30BaHHUIO KJIACTEPOB. 3aKOHOMEPHOCTH B
CTaOMIBHOCTH PA3IMYHBIX cTeneHel okucnenus. narpamma ®@pocta st coeanHeHui Banaaus. ConocTaBieHne
cBoiicTB coenunenuit BaHaausa(V) u pochopa (V). [IpuMeHeHrne BaHaIusl, HHOOHS U TAHTAJIA M UX COCTUHCHUI.

Onemenmor epynnet VIB. O0mas xapakTepucTHKA TPymIbl. * OKCHIBI, TalOTeHUIB U cynbduapl. CpaBHEHHE
CBOWCTB XpOMOBOH, MOJTMOJCHOBOX M BOIB()PAMOBOM KUCIOT U BX coyieil. OCOOCHHOCTH KOMITIEKCOOOpa30BaHMS.
Knactepsl. bponssl. [Tonukucnorsl n ux conu. Ilepokcnsl. OKHCAUTENEHO-BOCCTAHOBUTEIBHBIE CBOMCTBA
COEJIMHEHHUH XpoMa, 3aKOHOMEPHOCTH B CTA0MIIBHOCTH Pa3lUYHbIX CTeNeHeH okuciaeHus. ComocTaBiIeHne XUMHU
anemeHToB VIA u VIbB rpynn. [Ipumenenne xpoma, Moin6ieHa 1 BoJb(ppaMa 1 UX COSTUHEHHH.

Onemenmer epynnet VIIE. O0mas xapakTepUCTHKA TpyITbl.* KucIopoaHbIe cOeTMHEHUS MapTaHIla, UX KUCIOTHO-
OCHOBHBIE U OKHCIUTEIBHO-BOCCTAHOBUTENBHBIE CBOMCTBA, AuarpamMma ®pocta Al COeIMHEHNI MapraHia.
CrabuIpHOCTh COSAMHEHUI MapraHIia B pa3INUHBIX CTENCHAX OKUCIeHH. OCOOCHHOCTH XUMHH TEXHEIHS U PEHHS.
Penuenas xucnora u neppenatsl. Conocrasnenue xumun 31eMeHToB VIIA u VIIB rpynm. Ilpumenenue Mapranna u
peHus.

Onemenmor epynnut VIIIB. O6mias xapakTepucTika rpynmsl.* O00CHOBaHHE pa3eieHus JIEMEHTOB Ha CEMENCTBa
’KeJe3a U INIaTHHOBBIE METAJUIBL.

CeMelicTBO Kele3a: OTy4YeHHe U (PU3NKO-XUMHYCCKIE CBOWCTBA JKele3a, KobanpTa U HuKels. OKCUIBI ’
THIIPOKCHUJIBI, TaJIOTCHUBI U CyIbpuasl CoeTMHEHHS Kele3a, KOOaabTa M HUKENS B BBICIINX CTEICHIX OKHACICHUS.
KOMIUIEKCHBIE COSIMHEHNMS, 0COOEHHOCTH KOMILIEKcoB ¢ d°-koHduryparueii nenTpassHoro aroma. Kopposust
xenesa u 6oproa ¢ Heil. [IpumeHenne xene3a, KoOaIbTa U HAKEJIA.

[InaTuHOBEIE METAJLIBI: OCHOBHEIE KJIACCHI KOMILIEKCHBIX COCI[I/IHGHI/Iﬁ IJIATUHOBBIX METAJIJIOB. OKCI/IJII)I u
TraJJOr€HuAbl MIATUHOBBIX COGHHHGHHﬁ. HpI/IMCHCHI/IC IJIATHHOBBIX MECTAJIJIOB.

Onemenmol epynnuvt Ib. O0mast xapakrepucTuka rpynnsl.* OKCHIBI, THIPOKCHIBI U TAIOTEHUABL. MI3MeHeHne B
YCTOHUMBOCTH CTENEHEN OKHUCIIEHUS 2J€MEHTOB B rpynne. KommnekcHsle coenuHeHns. ConocTaBlIeHUE SIEMEHTOB
IA u Ib rpynmn. IIpumenenue menu, cepedpa 1 3010Ta.

Onemenmor epynnut 115, O0mas xapakTepucTika rpynmnsl. * OcoOeHHOCTH MOATrPYIITE! IIMHKA B KAYECTBE
MPOMEXYTOYHOI MKy MEePEXOJHBIMU U HETIEPeX0IHBIMU MeTajutaMu. OKCHAbL, THAPOKCHUIIBI, TaJIOT€HHUIBI 1
cynbuasl. AMansramsl. OCOOEHHOCTH COEMHEHUI PTYTH B cTerneHu okuciaeHus +1. CriocoOHOCTb K



KOMIUIEKCOOOPa30BaHHUIO U OCHOBHBIE THIIBI KOMIUIEKCOB LIMHKA, Kaamus 1 pTyTH. Comnocrasnenue aneMeHToB 1A u
IIb rpynm. IlpuMeHeHue nMHKA, KaIMUS U PTYTH.

2.4. Xumus f-anemenmos

O6ias xapakrepuctrka f-anemMenToB.* OCOGEHHOCTH CTPOCHUS dJICKTPOHHBIX 000JI09EK aTOMOB. JIaHTAHUITHOE U
aKTUHHUHOE ckaThe. CXOACTBO U pa3iMyue JaHTAaHOUAOB U aKTUHOUIOB. BHYTpeHH:s nepuoAn4HOCTh B
ceMelcTBax JJAaHTAHOMJIOB U aKTHHOHJIOB.

Cemeticmgo 1anmarnoudos. MeTobl ONy4YeHNs, pa3aenaeHus 1 HU3UKO-XUMUUECKUe CBOlicTBa MeTaIoB. CTeneHu
OKHCIICHHS AJIEMEHTOB U 3aKOHOMEPHOCTH UX U3MEHEHHs B psity. OCHOBHBIE KJIACCHI XUMHUECKUX COSAMHEHUH —
noydeHue u cBoiictBa. KoMIuiekcHble coeimHeHust JaHTaHonn0B. OCOOEHHOCTH XMMUH LIEPHS U €BPOIIHSI.
Comnocrasnenue d- u f-axementos III rpynmsl. [IpiMeHeHre TaHTAHOUIOB.

Cemeticmeo axmurnoudos. O60CHOBaHNE aKTHHOWIHON Teopry. MeTo b TOSTy4eHus U pU3NKO-XUMHUYECKHe
CBOMCTBA aKTUHOMJIOB. OCOOCHHOCTH pa3zeieHus akTHHOUI0B. CTEeNeHN OKUCIICHNS! aKTHHOUJIOB U
3aKOHOMEPHOCTH UX U3MEHEHUS B psay. OCHOBHBIE KJIaCChl XUMHYECKHX COSANHEHUN aKTHHOUIOB — IOJIy4EeHHUE U
cBoiicTBa. KomIuiekcHbIe coeinHeHUs akTHHOMI0B. OCOOEHHOCTH XMMUU Topus U ypaHa. CornocraBiieHHe
aKTUHOMIOB ¢ J-3;meMenTaMu 6-ro nepuoja. [[puMeHeHre akTHHOH/IOB U X COCUHCHUIA. [lepCreKTHBBI CHHTE3a
TpaHCAKTHHOHU/IOB.

2.5. Obwue npedcmasienus 0 u3u4ecKux Memooax Uccie008aHus 8 HeOP2aAHUYECKOU XUMUU

JudpakinoHHbIe METO/IbI HCCIICIOBAHUS: PEHTIeHO(])A30BbIil U PEHTIEHOCTPYKTYPHBIN aHAIU3BI, HelTpoHOTpadus,
3JIEKTpOHOTpadusl.

CnexTpabHbIE METOIBI HCCIIEIOBAHMS: JICKTPOHHBIE CTIEKTPHI B BUIUMOM 1 Y D-o0mactu. KonebarensHas
cnekrpockoms — K- u komOuHamonHoro paccestaus. Cnexrpockonus JI1P, AMP, SIKP u ?-pezonaHCHBIE.
EXAFS-cnexkrpockonusi. CIeKTPOCKOMHS [TUPKYIIPHOTO TUXPOU3MA.

I/ICCJ'IC,I[OBaHI/Iﬂ SJICKTPOIIPOBOAHOCTH U MarHUTHOI BOCIIPUUMYUBOCTH. I/ICCJ'IC,I[OBaHI/Iﬂ JHUITIOJIBHBIX MOMCHTOB.
HMHCH&HC'CHCKTPOCKOHI/IFI.

OnTryeckast ¥ 3IEKTPOHHAS MUKPOCKOMH. JIOKaTbHBIH PEHTIeHO-CIIEKTPATBLHBIA aHATN3.
TepmorpaBUMETpHs U MACC-CIIEKTPOMETPHSI.

Uccnenoranue IMOBEPXHOCTU METOJJaMHU PEHTI'CHO- U (I)OTOSHEKTpOHHOfI CHIEKTPOCKOINHNH, O¥KC-CIIEKTPOCKOIINHU U
T.II.
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