MuHHCTEPCTBO HAYKH U Bbiciero o6pasopanus Poccuiickoii @egepauun
denepaanHOe TOCYIAPCTBEHHOE OIOIAKETHOE HAYYHOE YUpPeKIeHHe

Ybumcknii GpeaepabHbIi HeeeN0BaATeNLCKHH HeHTP PoccHiickoil akagjeMHH HayK

YTBEPXJIAIO
140, 3aMecTUTEIs pyKOBOJIHTeJIH YOUIl PAH

N.P. Kui3siprynos
202Z 1.

ITPOIT'PAMMA
BCTYITUTEJIbHbBIX HCIIBITAHU [0 CIIEUHAIbHON UCIUILIHHE IIPH IMpHeMe Ha o0yueHue

10 IIporpaMMaM acCnupaHTyphl — IporpaMMam IOATrOTOBKH HaYYHBIX U HAYYHO-
negarori4ecKux KajpoB B aClIHPaHTYpPE 110 HayT-IHOfI CIIEIHaJIbBHOCTH

1.4.14 KuneTHKa H KaTaJIH3

Va —2022



THUITIOBASI ITPOTPAMMA
AV CIUTLTHHBI

«KUHETHKA U KATAJINA3»

1. Kunernka 1 MeXaHU3M 3JIEMEHTAPHBIX XHMHYECKUX Pearkuuii
CkopocTh XuMH4ecko# peaknuu. KuHETHUECKHe YpaBHEHHS DIEMEHTAPHBIX XHMHYECKHX
peaxnuif, 3aKOH JEHCTBYIOIIMX Macc. MOJEKyIsIpHOCTb, MOPANOK H KOHCTaHTa CKOPOCTH
peakIiu, ypaBHeHUue AppeHuyca, SJHEPTUs aKTHBALUY U IIPEJIKCIIOHEHIIHAIbHBIN MHOKHUTEIb.

BrustHEe pPAcTBOPHUTENS HAa CKOPOCTh 3IEMEHTAPHOM XUMHYECKOH peaklMd B pPacTBOpE.
DnektpocTaTndeckas W crenpudeckas conbBaranui. MorHas cuna u coneBod addexr, ux
BIIUSIHUE HA CKOPOCTH PEaKIlyy.

2. O0mue npeacTaBjJIeHHus 0 KaTaIu3e

Omnpenenennss katanu3a. OCHOBHBIE 3Talbl PasBHUTHA IIPEACTABICHHHM O Karauuse.
Karamurudeckue IIporeccs B mpupoze. Ponb Karaimsa B COBPEMEHHOM NPOMBIIIIEHHOCTH —
XAMHYECKOM, HedTexuMriueckoi 1 HedTenepepabaTeiBaromel, OMOXMMHUYECKOH U MUIIEBOH.

Mexanu3M KaTaIMTHYECKHX PEaKIUi, KaTaTATHYeCKHH IMKI. MeETOasl M INPHMEPHI
IIOCTPOEHHS KHHETUYECKUX YPABHEHWH KaTaJUTHYECKUX peakuui, HX CBA3b C MEXaHHU3MOM
peakruu. CTalMOHAPHOE COCTOSIHHE pPa3IMYHBIX (OPM  KATAIHTHYECKOrO KOMILIEKCA.
AXTHBHOCTE U CTAOMIBHOCTE KATAIM3aTOPOB.

ITpoMoTopsl u KaTamuTHdeckue smbl (MHrHOMTOpEI). CyOCTparHas CENEKTHBHOCTS,
DErHOCEIEKTUBHOCTh W 3HAHTHOCETICKTUBHOCTh. BIMSHME KaTanu3aToOpOB Ha CENEKTHBHOCTH
HapauleNbHBIX, MOCIEI0BATEIbHBIX, TTOCTIEIOBATeIBbHO -MapajUlelbHBIX M APYTHX CIIOXHBIX
peaknmii. 3aBUCHMOCTb CENEeKTHBHOCTH OT KOHBEPCHH B CJIOXKHBIX PEaKIMAX IMPU Y4acTHH
KaTaJIu3aTOPOB Ha OTAEIBHBIX CTaIUAX.

3. I'oMoreHHbIi KATAIH3

Knaccuukanus KaTalu3aTopoB, WX AKTUBHOCTb M CEIEKTUBHOCTb. Hykmeopunbnbri
Katanu3. MexaHu3M ¥ KHHETHKA ero B PeaKlMsAX 3aMEIleHHs, paclleIUIeHHs U IPUCOSIHHCHUS.
@axropsl, onpeaensaomue 3G heKTHBHOCTE HyKICO(UIBHOTO KaTali3a.

KucnoTHelt, 310eKTpOHIBHBIA ¥ OCHOBHBIM Katamu3. MexaHW3M KHCJIIOTHOTO |
5IeKTPO(UIBHOr0 KaTaiu3a HYKICOOHIbHBIX M 3IEKTPODUIBLHBIX PpEAKIMH 3aMEeIleHHUs,
OTIIENJICHUS M [PUCOEAMHEHWs. MexXaHusM OCHOBHOro Karammsa. KomadecTBeHHas
XapaKTePUCTHKA KHCIOTHO-OCHOBHOIO B3amMmopeHcTBus, JKecTkKHe © MATKHE KHCIOTBI H
OCHOBAHUS.

AGCOmOTHAs IIKana KHCIOTHOCTH, GYHKIHH KHCIOTHOCTH. CBEPXKHCIOTHI Kak
Karamm3aTopsl. CKOPOCTH peakiuM KHuCIOT ¢ ocHoBaHmsmH. Crenududeckmit u obmuid
KHCIIOTHO-OCHOBHBIH KaTamu3. OCOGEHHOCTH KHHETHKH M MexanusM. KucrnotHocTs #
KaTaJIMTUYeCKas aKTHBHOCTE, ypaBHEHHE bpeHcTena.

MeTauIOKOMITIIEKCHEIN  KaTamn3. KaTamuTHyecKu-akKTUBHBEIE KOMIUIEKCBI METaJlIoB.
[Ipasuna Xurrunca u Tonmena. Mogens Bacomo-ITupcona. Ilpasuno Yarra. DieMeHTapHEIC
CTaguyd METAINIOKOMILIEKCHOTO KaTajiu3a: AWCCOIMallds, IPHCOEIMHEHUE U 3aMELICHHe
JUTaH/IOB, TIEPEHOC OIEKTPOHA, BHEIPEHHE IO CBA3M METAUI-TUraH/, SIMMUHUPOBAHHE,
JUCCOLIMATHRBHOE IIPHCOSAUHEHHUE.,

[Ipumepsl MeXaHH3MOB  peakiui, KaTalM3UPYEeMbIX KOMIIICKCAMHM — METasljIoB:
THIPMPOBAaHWE, T'UAPOKapOOHMIMPOBAaHHE, KAapOOHWIMPOBAHWE, OKHCICHHE M METaTe3uC
one(HHOB, H30MEpH3AlMs, OIMIOMEpPH3AIUA U IOJHMEpH3alHs oneduuoB. KaranmszaTtopsl
Ilurnepa—HaTTta. MHOTO3/IEKTPOHHBIE MPONECCHl M KATalM3 KJIacTepaMH. ACHMMETPHICCKUH
KaTUIUTHYECKHH CUHTES.



DepMenTaTuBHBIA Katanu3. OcHOBHBIE THNBI M QyHKOHH (epmeHToB. OCHOBHBIE
XapaKTepUCTHKH (DEPMEHTOB (PH3MMOB) KaK OEIKOBBIX MaKpOMOJIEKYJ, a TakKe puOO3MMOB Ha
ocuose PHK. [TonsTie akTHBHOTO IIEHTpa, cyOcTpara, KodakTopa, HHTHOUTOpA.

Kunerudeckwif aHamu3 paznuuHBIX CXEM TOMOTEHHO-KATAIMTHYECKUX —DPEeaKIui.
O6paboTka KHHETHHYECKUX IAHHBIX IO YPAaBHEHMUSM C IBYMS HEHM3BECTHBIMH IapaMeTpamH.
Aprokaranu3. KuHeTHUecKHMe  3aKOHOMEPHOCTH  META/UIOKOMILIEKCHOIO — Karajusa H
(bepMeHTATHBHBIX peakuuit, YpasHenue Muxasmica-MenTeH. QyHKIMS 3aKOMIIIEKCOBAHHOCTH.
Ocobennoctr  00pabOTKM OKCIEPUMEHTANBHBIX JAHHBIX 110 KHHETHKE (epMeHTATHBHEIX
peaKLui.

HMMMoOHUITH30BaHHBIE TOMOTEHHBIE KarTaimsaropel uW/depmentsl. HMorooOMEHHBIE
TIOJTMMEPEI ¥ IpyrUe cioco0bl IMMOOHITA3AIIH,

OcoBeHHOCTH KWHETHKH TOMOTEHHO-KATAIUTHYECKUX TeTepo(asHBIX peakiui raz—
JKHIKOCTE M JKMIKOCTH— JKHAKOCTh. KuHeTudeckas o0macTb rerepodasHbpIX peakIud, ee
IPU3HAKK U SKCIIEpUMEHTAIbHOe ToaTBepxkaenue. Karammis mexdasnoro nepenoca. OcHOBHBIE
KMHETHYECKUE 3aKOHOMEPHOCTH, METOIMKA IKCIEPUMEHTA U 00pabOoTKM KHHETHIECKUX AaHHBIX.

Kuneruka rerepodasHeIX peakmuif B TepexoAHOi obmacTy TpH  CPaBHUTEIBHO
MEJJIEHHOM XMMHUYEeCKOM peakiun 0Oe3 ydera TpeBpallicHuit B IMOTPAHUYHOH ILICHKE.
Huddysuonnas obmacte rerepodasHbIX peakluil MpM MIHOBEHHOM XHMHYECKOH DEaKIWH.
SIBJleHHEe YCKOPEHHS Mace 0 mepe a4 u. BriusHue rerepoda3HocTy Ha CENEKTUBHOCTE Peaklmy.

4, I'eTeporeHHbIi KaTAIN3

CTpoenue NMOBEPXHOCTH TBEPIBIX TN M €ro BIHMSHHE HA KATATUTHYECKYIO aKTHBHOCTS.
CoBpeMeHHBIE METOIbl UCCIEIOBAHMS CTPYKTYPHI W COCTaBa IIOBEPXHOCTHOI'O CIOS TBEPIBIX
Tes. MeToIb! OTIpe/ieieHus 3TIEMEHTHOTO COCTaBa KaTall3aTopoB, CIIEKTPAIbHEIE H XUMHYECKHE
MeTOabl.  TepMorpaBumeTpus. PeHTreHo(asoBe'# M PEHTIEHECTPYKTYPHBIA — aHaJu3.
DieKTpoHHAss MHKPOCKOTHS. 3O0HZOBas MHUKPOCKONHMS: TYHHENbHas MW aTOMHO-CHIIOBas
MHUKPOCKOIIHSL. Macc-CIIeKTpOMETpHS BTOPUUHBIX HOHOB. IMP-BMYV -ciekTpockonus TBEpIOro
Tema, Kpocc-monspusauus. SIMP-tomorpagma. EXAP5, XAPS5, XAMES, 5AXS,
doTo2MEKTPOHHAS ¥ OXe-CcreKTpockorusi, ['P-cekTpockomus. MarHuTHbIE — METOJBI
uccnenoBanus Katammsatopos. KP-cnexTpockomnust. DnekTpoHHas crektpockonus. Jubpaxums
MEJICHHBIX JIEKTPOHOB.

Ancopbuust  Kak =~ cTaguMs  TeTeporeHHO-KaTtamuTudeckod — peaxknuu.  IIpmpona
ancopOIMoOHHOro B3auMopedcTBus. Pm3udeckas amcopbuus u  xemocopOmus. Msorepmbl
ancopbumu. Temmora amcopOLMU U ee 3aBUCHMOCTh OT CTEIEHM 3allOMHEHHS ITOBEPXHOCTH.
[Ipocrefimme Tumbl ancopbimonnbx crmoeB (JIaurmiopa, bpynayspa—O3mmera—Tennepa,
Opeitamuxa). HeoTHOpOAHOCTD TOBEPXHOCTH.

AncopOUHOHHBIE METOIBI W3MEPEHHs ITOBEPXHOCTH KaTalu3aropa M KOHLEHTPALUH
KaTaIMTHYECKUA-aKTHBHBIX 1eHTpoB. MK- u Y®-cnexTpockonus B aacopOnuuM M KaTajuse.
[TopucTas CTPyKTypa KaTalH3aToOpoB, crocoObl ee (OPMHPOBAHMSA M METOABI MUCCIEIOBAHUA.
Pryrnas nopomerpus. CTeNeHb HCIOIB30BAHMUS TOBEPXHOCTH MOP Karanusaropa. OnruManbHas
CTPYKTYypa I0p KaTaanu3aTopa.

TUmBl TeTepOTeHHBIX KaTaIW3aTOpoB. MeTalulbl M CINIAaBBl KaK  KaTaau3aTOPhL.
Koppesiiust MexIy KaTaluTHIeCKOH aKTHBHOCTBIO METAILIOB M CTEIIEHBIO y4acTUs JICKTPOHOB
B 00pasoBaHWM METAIMYECKUX CBs3eil. JlokampHBIE ¥ KOJUIEKTHBHBIE 3JIEKTPOHHBIE
B3aMMOJICHCTRBHS TIPH XEMOCOPOIMY U KaTalu3e Ha MeTajllax U cijasax. Poib TT-KOMITJIEKCOB B
KaTallu3e Ha MeTauax u ciaBax. CkejleTHbIe KaTanu3aTopsl. MeTamindeckue KaTanu3aTopsl Ha
HocuTesX. MeMOpaHHble KaTalu3aTopbl. 3aBUCHMOCTh KaTAIMTHYECKHX CBOWCTB METAILJIOB OT
JMCIIEPCHOCTH YACTHII METAIa W OT IpeIBapUTENbHOH TepMoobpadborku. Karamutuueckue
HAHOMAaTepHaIbL,



Karanmu3 okcuaamMy MepexoJHBIX METaIOB. DJIEKTPOHHAs TPAaKTOBKA XEMOCOPOLMH M
KaTaju3a Ha NoNynpoBoxHukax. CBs3b KaTaTUTUYECKOH aKTHBHOCTU C IOJIOXKEHUEM YPOBHS
Depmu.

['eTeporeHmple KaTaIM3aTOPBl KUC/IOTHOW INpUPOAEL. Pomb OpeHCTENOBCKHUX H
JIGIOMCOBCKHUX KHCJIOTHBIX ILIEHTPOB B XEMOCOpOIMM M KaTalu3e Ha OKCHIaxX alIOMHHUA,
KpeMHHSI ¥ amoMocuinkarax. MoauGuiupoBaHHbIe ¥ CMEINaHHBIE OKCHU/HBIE KaTalu3aTOpEL
[leoMUTHEIE KATATH3aTOPEL, CBA3b X aKTUBHOCTU C THUIIOM LEO0IUTa, HAIMYHEM I'HJIPOKCUIBHBIX
TPYIIN, IPUPOJONH W KOHIIGHTpAlMeH BBEJEHHBIX B I[EOJMT HOHOB. MOIEKYJIAPHO-CHTOBBIE
CBOWCTBA IIEOIMTHEIX KATAIM3aTOPOB.

O6nacti IpOTEKAHUS TEeTEPOreHHO-KAaTAIHTHUECKUX peaKkiWi, X NPHU3HAKH X METOJIBI
IKCIIEPUMEHTAILHOI0 TOATBepXKAeHUs. Kunernmueckas 001acTh TE€TEPOrEHHOrO KaTajusa.
Vpapuenue JI3HrMiopa—XuHmensByna. KuHernka peakiuil INpH CPaBHHMBIX CKOPOCTAX
aJcopOIMH K XAMUYECKON peaknuy Ha IOBEPXHOCTH. AJCOpONMOHHAA 00MacTh KaTalus3a Ha
OJTHOPOJHON U HEOJHOPOJHOM ITIOBEPXHOCTH.

Kuneruka peakiyy IIpH CPaBHUMOM CKOPOCTH ancopOUUM M XUMHUYECKOH peaklud Ha
MOBEPXHOCTH. BHemmuend(Gy3sHOHHas M INEpeXOAHBIE C HEH oONacTH KaTanusa, KHHETHKA
peaknuit. YcToHUMBOCTh BHEIIHEAHG(PY3HOHHOH H IIEpEXOJHONH 00MacTell SK30TEPMHYECKOH
reTeporeHHO-KaTaTuTHIECKOU peakiu. BHyTpunuddy3nonHas U mepexoquble ¢ Helt obiactu
reTeporeHHOro Karajiusa, KWUHeTHKa, Gaxtop shdexTHBHOCTH, MoAyab Tuue. OOGnacTs
MPOTEKAHUS U CEJIEeKTHBHOCTh FETEPOTEHHO-KATAIUTHYECKUX PEAKITHH,

MeTo/bpl IpPHUIOTORIEHUS TIE€TEPOTEHHBIX KAaTAIU3aTOPOB: OCAXJEHHE, IIPOIUTKA,
KPHCTAIUTH3al¥sl, 30J1b-Telb-METO/I, MeXaHOXUMHYeckuil Mmeron. Tepmmueckas o6paboTka
KaTalM3aTopoB. 3aKoHOMepHOCTH (GopMUpOBaHUS (DA30BOTO COCTaBA M TEKCTYpPEI IIPH
TEPMHYECKOM pa3jIOKEHUH cojel U TuapokcHnoB. Crexanue mopHcThIX Ted. [lomumopdrbie
npeBpamenus. TBepmodasHsle peakiu. IIpUTOTOBIEHHE T'€TEPOr€HU3UPOBAHHBIX CHCTEM.
DaKTOphI, OMPEIENSIONMe AUCTIEPCHOCTh AKTUBHOIO KOMIIOHEHTa. MONEKyIApHBIA JU3aiiH B
KaTalnuse.

IToncK KaTaJMTHYECKUX CHCTEM U METOJBI HMCCIICAOBAaHWS KMHETHKH U CEIEKTHBHOCTH
KAaTAIMTHYECKUX  peaknui, CcTabuIBHOCTH  KaTaau3aTopoB M MeXaHHM3Ma  Karauwusa.
HccnemoBanie KHHETHKH T'€TEPOr€HHO-KATAIMTUYECKHX pPEakUUd B [EPHOAMYCCKHX,
MPOTOYHBIX W IPOTOYHO-LUPKY/IAIMOHHBIX peakTopax, 00paboTka 3KCIepUMEHTAIBHBIX
NAHHBIX.

MukpokatanuTiuueckie  peaktopel.  KomOumHaTopHBIE  METOABI B KaTaluse,
KOMIBIOTEPHEIA TOMCK W GaHky maHHbX. ChekTpaibHble W AM(PAKIMOHHBIE METOXBI B
MCCIIEOBAHUH KATATMTHYECKMX peaknui. VI30TOIHbIE METOIBI B HCCICIOBAHHH MEXaHH3MAa
Karanu3a. Kuserudeckuit msoronubii sddexr. V3oTonmHo-MedeHHBIE coequHeHUs. KBaHTOBO-
XHMHYECKHE METO/bI B Karaiu3e. 30HHBIE W KJIAaCTEpPHBIC MOJIETH HOBEpXHOCTH. KBaHTOBO-
XMMHYECKHE PACUeThl B3AUMOICHCTBHS IIPOCTHIX MOJIEKYJI C KATATUTHICCKUMHE [ICHTPaMU.

5. OcuoBHBbIE TPOMBINIJIEHHBIE KATAJTHTHYECKHE IIPOIECCHI

ITonyyenue BOMOpOJA W CHHTE3-ra3a KaTaNUTHYECKOH KOHBEPCHEH YIJIEBOJIOPOIOB.
CunTe3 aMMHaka W MmeraHosa, cuHTe3 ®Pumepa-Tponma. ['mapuposanue U JerHAPHPOBAHUE
OpraHUYeCKHX COCIUHECHUH.

OxucieHHe HEOpraHMuYecKux coemuHeHuH. [lomydeHme cepHONM M aA30THOM KHCIOT.
KaTanmuTrueckde IPOIECChl OKUCICHHS OPTaHWYECKUX BEINECTB, OKUCIUTENBHBIA aMMOHOINU3.
KaranuTtuyeckne mpoueccsl B Hedrenepepaborke. Karanutuaeckuit KpeKHHT, I'MAPOKPEKUHT,
pudOpMHUHT, rHapoouncTka. MizomMepusanus v alkujaupoBaHue.

[OMOTeHHO-KaTaIMTHUECKHE TIPOMBIIIIIEHHBIE TPOIIECCH ¢ HCIIONBE30BAaHUEM KUCIIOTHBIX,
IEKTPOGMIBHBIX ¥ METaUI OKOM ILICKCHBIX KaTaau3aropoB. [IpOMBIIICHHOE HPUMEHEHHE
pepmenToB. Dxonoraueckuii katamm3. [[pupoooxpanHble KATATATHYECKUE TEXHOJIOTHA.
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