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1. llean v 32124 OCBOEHHUS JUCIHUILIMHbBI

lenn  mucrmmumanel:  [loAroToBUTH,  acmupaHToB —  (QU3UKO-XMMHKOB K  HAy4YHO-
HCCJIEIOBATENbCKOM ACATENHHOCTH, CBSI3aHHOM C pPa3pabOTKOM W TMPUMEHEHHEM METOJIOB

COBPEMEHHOT'0 OPraHMYEeCKOro KaTalli3a B Pa3JIMYHBIX OONACTAX COBPEMEHHOH (U3UUECKOM
XUMHHU, HAHOTEXHOJIOTUI M CHHTE3a HOBBIX MaTEpPHAJIOB.

3amaun guctuminHel: Co3nanue yriayOJaeHHOTro MPEeCTaBIeHUs O COBPEMEHHOM OpraHMYeCcKOM

KaTaJIn3e U €ro MeCTe CPeAr APYIHX XMMUYECKHX HAyK, B MAaTEPHAJIOBEICHUH, B XUMHUUECKOH U
HEPTEXUMHUYECKOW TPOMBIIIICHHOCTH. (OCBOCHHE TEOPETUYECKUX OCHOB COBPEMEHHOTO
KaTain3a, 0a30BbIX MPUHIMUIIOB JHM3aifHa ()YHKIMOHATBHBIX KAaTAJTUTHYECKHX KOMIUIEKCOB H
METOOB UX MCCJIEJOBAHHUS, NPUHIMIIOB CO3/IaHUS HOBBIX KaTalM3aTOpPOB, U, KaK CJIEICTBHE,
HOBBIX IPAaKTHUECKH BAXHBIX MarepuanoB. DopmupoBaHHe TITyOOKOrO MOHHMAHHS OOLIHMX
3aKOHOMEPHOCTEH,  ONUCHIBAIOIIMX  HM3MEHEHHE  TepMOAWHAMHYECKHX  (QyHKIuMH B
KaTaJTUTHYECKUX DSJIEMEHTApHBIX aKTax W COIMYCTBYIOUIMX (DU3MKOXMMUYECKUX IIpoIeccax.
OOyuyeHne HaBBIKAM MOJIEKYJISIPHOTO JAM3alfHA W TEOPETHYECKOrO aHajdu3a pe3yJbTaToB
HKCIEPUMEHTAIBHBIX MCCIIEOBAaHUN B OOJIACTH COBPEMEHHOTO OPraHWYECKOIro KaTaiusa,
METO/aM IIJIAHUPOBAHUS SKCIIEPUMEHTOB U 00pabOTKH UX Pe3yabTaToOB, CHCTEMATH3UPOBAHUS U
00001IeHNsT KaK Yy)K€ MMEIOIIeics B JTUTeparype, Tak U CaMOCTOATENBHO IMOJyYeHHOH B XOje
UCCIIEI0BaHU HH(POPMALIUH.

2. Mecto nucuunnubl B cTpykrype OOIL.

Hacrosimas nucnumnnuHa «KuHETMKAa M KaTaluM3» - MOAYJIb OCHOBHOM MNpodeccHoHaNbHOM
00pa3oBaTeNbHONW MPOrpaMMbl BBICIIErO OOPa30BaHUS — MIPOTPaMMbl IMOATOTOBKH HAay4HO-
IeIarOrMYeckix KaJpoB B aclupaHType mo HarpasieHuio noarotroBku 04.06.01 Xumuueckue
Hayku 1o npodmio 02.00.15 Kuneruka u karanus.

Kypc “Kuneruka m Karanus” nns acnupaHTOB 3HAaKOMUT C CHUCTEMON OCHOBHBIX Hay4dHBIX
3HaHUH ¥ METOAOB HCCIICOBAaHUI B 00JacCTH TOMOI'€HHOTO M TETEpOreHHOro Karaiausza. B
OCHOBY Kypca I0JIOKEHBI CIEAYIOUINE JUCIUIUIMHBL. KaTaau3, KHHETUKA XUMUYECKUX PEaKIUM.
OTH 3HaHUSA MOTYT OBITh HCIIOJIB30BaHbl CIELUAINCTAMU B HMX JEATEILHOCTU B Pa3IMYHBIX
HaY4HbIX, HAPOJHOXO3SIMCTBEHHBIX U YU€OHBIX OpraHU3aLUsAX.

OOyuJaronuiics Mo JTaHHOW JUCIUILIMHE JTOJDKEH UMETh (pyHIaMeHTaJIbHBIC MPEICTABICHUS IO
dusndeckoit xumuu. i u3ydeHns: TaHHOW JUCIUILTMHBI He0OOXOAMMO BhICIiee 00pa3oBaHUE C
OCBOCHHMEM 0a30BOTO Kypca (U3MUECKOM XUMHH M 0a30BOTO WM crienkypca «Karamms» s
XUMHYECKHX CIICIIUAITBHOCTEH.

3. TpeGoBaHus K pe3yJbTaTaM OCBOEHUS AU CUMUIIJIMHBI.
B pamkax naHHOI JUCHUILINHBI YTIIyOJISIOTCS U pa3BUBAIOTCS CIEIYIOLUINE KOMIETEHIUH!
Ynuueepcanvnvie komnemenyuu:

CIOCOOHOCTh TMPOEKTUPOBATh M OCYIIECTBIATH KOMIUIEKCHBIE MCCIIEOBAHUS, B TOM YHUCIIE
MEXIUCUUIUTMHAPHBIE, Ha OCHOBE IEJIOCTHOIO CHUCTEMHOTO HAYyYHOTO MHUPOBO33PEHHUS C
UCIIOJIb30BaHUEM 3HAHUH B 00acT ucropun U guiocopun Hayku (YK-2);



Oowenpogeccuonanvrvie KOMnemeHyuu.

CIIOCOOHOCTh CaMOCTOSITENIPHO OCYILECTBIISITh HAYYHO-HCCIIEIOBATEIBCKYIO JACATEIbHOCTh B
(Gu3nYecKoil XMMHHM C  HCIOJB30BaHHEM COBPEMEHHBIX METOJOB  HCCICIOBAaHUS U
UH()OPMAIIMOHHO-KOMMYHUKAIIMOHHBIX TexHonorui (OITK-1).

Hpod)eccuouaﬂbuble KOMnemenuuu.

CIOCOOHOCTh OpPTraHW30BBIBATH MPOBEACHUE AKCIEPUMEHTOB W HWCIBITAHHWH, MPOBOAUTH WX
00paboTKy 1 aHAJIU3UPOBATh UX PE3yJbTaThl, 0000IIaTh B BUEC HAYYHBIX CTaTEH IJIs BEIYIIUX
npodmibHbIX KypHanoB ([TK-3);

TOTOBHOCTh K CO3JaHMI0O HOBBIX OKCICPHMECHTAJIBHBIX YCTAHOBOK JUISL  MPOBEICHUS
7abopaTOPHBIX TPAKTHKYMOB, K pa3paboTke y4eOHO-METOAMYECKON JOKYMEHTAI[MH ISt
npoBeaeHus yaeoHoro npomecca (ITK-4).

4. CTpyKTYypa ¥ cojiepKaHue TUCUUILIHHBI.
OO1mast TPYA0EMKOCTh AUCIUIUINHBI COCTABIIAET 7 3a4eTHBIX equnuil (2524aca).
JlMcUMIIMHA U3ydaeTcs Ha 1-M roay acnupanTypbl. JuciumimHa coctout u3 5 pasaenos. 4.1.

Cmpykmypa oucyuniunol.

O0beM yueoHOiT padoThI (B yacax)

Ne HaumeHoBaHHe T T — Bujg urorosoro
/i JAHCHMILIAHBI Beer | Beero YRITOP KCP. Cam. KOHTPOJISA
0 aynut. Jlekw. JIab. [pak. p abora
1 |Kuneruka u katamus| 252 172 72 - 60 18 10z SK3aMeH
4.2. Cooepotcanue Oucuyuniunl
4.2.1. Pazoenvl Oucyuniunbl u 61UObl 3AHAMUL
Buanl yueoHnoi padornl, u
Ne y P CamocrosiTeJibHAsA
Pa3nen nucuMnInHbI TPYA0EMKOCTh (B Yacax)
n/n pa6ora
Jlek. | JIa6. | IIp. | KCP
Kuneruka 1 MexXaHH3MbI
1 | 3neMeHTapHBIX XMMHYECKHX 10 - 16 6 24
peakuui
) O01mme npeacTaBjJeHus 0 8 ) 8 16
KaTaju3e
I'omoreHHbIii KaTaan3 2C - 1C 16
I'ereporeHHblil KaTaIM3 20 ) 10 6 24
OcHOBHbIE MIPOMBITIIEHHbIE
S | KaTaJaMTHYECKHE IPOLecChI 14 - 16 6 22




4.2.2 CopepxaHue pa3ieioB TUCIHUILTAHBI

Cooepocanue neKuuonn020 Kypca.

Ne | HaumeHnoBa- Coaepixanue pasgesa ®opma
n/m | Hue pa3aesia (TembI) NpoBeIeHUsI
AUCHUTLINHBI 3aHATHI
1. CxopocTh XMMHUYECKOUN peaKIuu.
Kunernka u 2. Kunernyeckue ypaBHEHHS O3JIEMEHTAPHBIX XHUMHUYECKHX
MEXaHU3MBI peaKIuii, 3aKOH JIECHCTBYIOIIUX MacC.
1 | onemenrap- 3. DIeMeHTapHbIH aKT PEaKIHH. Jlexuun
HBIX 4. COOTHOLIEHHE CKOPOCTEN CTaaMii B MHOTOCTaIMHHBIX
XHMHYECKHX nporeccax.
peaKimu 5. BiusiHHE pacTBOPUTENISIHA XUMHYECKYIO PEAKIIUIO.
1. Ompenenenus kataauza.
Oo6mue 2. OcCHOBHBIE 3TaNbl Pa3BUTHs NPEJCTABICHUH O KaTaJIu3e.
5 IpeacTaB- 3. MexaHM3M KaTaIMTUYECKUX PEAKIUi, KaTaTuTUYCeCKHMA
JICHHUS 0 UK. Jlexnun
KaTaIn3e 4. CyOcTtpaTHas CENEKTUBHOCTb, PETHOCEIEKTUBHOCTh H
SHAHTHOCEIEKTUBHOCTb.
5. I[IpoMOTOpHI U KaTaIUTHYECKHE SI/1bI (AHTHOUTOPHI).
1. Knaccudukarus TOMOTEHHBIX KaTallU3aTOPOB
2. HyxneodunbHbIN KaTamus.
3. Kucnotsslif, »1neKTpOQHUIBHBIA M OCHOBHBIH KaTajus.
. Kectkue u MATKHE KUCIOTHI M1 OCHOBAHMUS.
g |TOMOTeHHbIH | 4 MerammokoMmekcHblil KaTams3., b
KaTajm3 5. MdepMEHTATUBHBIN KaTaJIN3. CrmH
6. ABTOKaTanmMU3.
7. VIMMOOMNIM30BaHHBIE TOMOTEHHBIC  KaTajau3aTopbl U
(bepMeHTHI.
8. Karanus mex¢azHoro nepeHoca.
1. CrpoeHue MOBEpPXHOCTH TBEPABIX TEI U €r0 BIUSHHE Ha
KaTaJIUTHYECKYyl0 aKTUBHOCTh. COBpEMEHHbIE METO/bI
UCCIICIOBAaHUSI CTPYKTYPBI U COCTaBa IOBEPXHOCTHOTO
CJOsl TBEpHABbIX Ted. MeTonbl OmpeleneHusl 3JIEeMEHTHOTO
cOCTaBa KaTalu3aTopoB, (U3WYECKHE, CIEKTpajbHBIC U
XUMHYECKHEe  MeToAbl.  AncopOuusi  Kak  cragus
reTepOreHHO-KaTaIuTUYECKOU peaxkuuu. IIpupona
4 IeTeporen- aIcOpOLIIOHHOTO B3aUMO/ICHCTBHH. Qusnueckas
HBI KaTaIH3 azcopouus U XeMOCOpOIHA. Jlexuun
2. Tunsl reTeporeHHbIX KaTalnu3aTopoB.
3. T'eTeporeHHble  KaTajau3aTopbl  KHUCIOTHOW  MPUPOMIBI.
KBaHTOBO-XMMHYECKHE pacyeTsl B3aUMOJCICTBUSA
IPOCTBIX MOJIEKYJ ¢ KaTAIMTUYECKUMH LIEHTPaMHU.
4. KuHeTndyecKuil M30TOMHBIN 2P HEeKT.
5. MeToapl NPUTOTOBIEHUS TETEPOTCHHBIX KaTalIU3aTOPOB:
OCaXKJIeHHEe, TPOIMUTKA, KPHUCTAIM3AlMs, 301b — TIellb
METO/]l, MEXaHOXUMHUYECKUI1 METOJ.
OcHOBHBIE 1. TlomydyeHue BogOpoAa W CHHTE3-Ta3a KaTATMTHYECCKOU
> NPOMBILILIEH- KOHBepcued  yrieBojgoponoB. CuHTe3 ammuaka H| Jlekuun
HbIe MeraHona, cuHTte3 @umepa-Tponma. ['mapupoBanue u




KaTaJIuTHYe-
CKHe mpouec-
ChI

JETHIPUPOBAHUE OPraHUYECKUX COCTUMHEHUN

Oxucnenue OpPraHUYECKUX u HEOPraHUYECKUX
COCTUHEHU. Karamutnueckue MPOLECCHI B
HedTenepepaboTKe.

ITpombliIeHHOE TPUMEHEHNE (PEPMEHTOB.
DKOJIOTrM4ECKHUM KaTaJus. [IpuponooxpaHHsbie

2.

3.
4.

KaTaJIUTUYCCKUEC TEXHOJIOI'NH.

Codepafcauue CeMUHapPO6 U NPAKMUUECKO20 Kypca.

n/n

Haumenosa-
HHe pa3jesa
JTUCIHUTIINHBI

Conep:xanue pasaena
(Tembr)

d®opma
NMpOBeACHUS
3aHATHH

Kuneruka n
MEXaHU3MbI
3JIeMeHTap-
HBIX
XHMHYECKHX
peakuuii

CkopocTh XMMHUECKOHN peakuuu. Kunernueckue ypaBHEHUS
JJIEMEHTApHBIX XMMUYECKHUX PEaKLUi, 3aKOH ACUCTBYIOLIMX Macc.
OneMeHTapHBI  aKT peakuuu. MexaHu3M  3JIEMEHTapHOU
XUMHUYECKON pEeakLHU, MOBEPXHOCTh IOTEHUUAJIBHON JHEPIUH,
TEOpHsl aKTUBUPOBAHHOIO KOMIUIEKCA, CBOOOJHAs DHEPrus
aKTUBAallMM, OSHTPONHUSA AKTHBALMM U O00BEM  aKTHBALMH.
MonexkysisapHOCTb, IMOPSAOK M KOHCTaHTa CKOPOCTH PEAaKLHH,
YpaBHEHHE AppeHnyca, JHEprus aKTUBALUN U
NPEIAPKCIIOHCHIUANBHBI ~ MHOXHUTENb. Teopus  abCONIOTHBIX
CKOpOCTEH: peakIy U 00JIaCTH €€ IPUMEHEHUS.

CooTHoOIlIEHHE CKOpPOCTEH CTaauii B MHOTOCTaJAMIHBIX
nporeccax. Jlumutupyromas cranus. [Iporekanue peakuuu 063
auMUTHpYoIeld craguu. CTalMoOHapHOE M KBa3MCTallMOHAPHOE
IPOTEKaHWE peakuui. YcioBue cranuoHapHocTd. CKopocTh
peaKIy U U3MEHEHUE CBOOOAHON SHEPIHH.

BiustHue pactBopuTens Ha  CKOPOCTb  AJIEMEHTapHOU
XMMHYECKOW peaklUh B PACTBOpE. IJIEKTpOCTaTHYECKass U
cneunuyeckas conbBatauus. MoHHas cuna u coieHoi 3¢ dexr,
UX BJIMSHUE Ha CKOPOCTh PEAKIUU.

CemuHapsl,
MPAKTUICCKHE
paboThI

O01mme
npeacraBJie-
HHUSA O
KaTaJIm3e

Onpenenennst  karaiuza. (OCHOBHBbIE ATalbl Pa3BUTHUA
npeAcTaBieHUl o karanuze. Kartanutuueckue mnpouecchl B
npupozae. Posp katanuza B COBPEMEHHON MNPOMBIIIIIEHHOCTH —
XUMHUYECKOH, HepTeXUMHUECKOW M HedTenepepadaThIBaIOIICH,
OMOXMMHUYECKON U HUIIIEBOH.

MexaHu3M KaTaJUTUYECKUX PEaKUUW, KATATUTUYECKHI
UK. MeToabl M IPUMEPBI TOCTPOEHNSI KWHETUYECKUX YPAaBHEHUI
KATAJIMTUYECKUX PpEaKIHil, UX CBSA3b C MEXAHU3MOM PpEaAKIUHU.
CranuoHapHOE COCTOSIHHE pa3luyHbIX (OPM KaTaTuTHYECKOrO
KOMIUIEKCa. AKTHBHOCTh ¥  CTa0WJIBHOCTh  KaTaJIM3aTOPOB.
[TpoMoTops! U KaTamuTUYECKUE bl (MHrHOMTOPHI). CyOcTpaTHast
CEJIEKTUBHOCTh, PETUOCEIIEKTUBHOCTh M HHAHTHUOCEIEKTUBHOCTD.
BiusiHue kaTanu3aTopoB Ha CEJIEKTUBHOCTh MapajuieibHBIX,
MIOCJIEIOBATEIbHBIX, MOCIEA0BATEIbHO-IAPAIUIEIBHBIX U JIPYTUX
CJIOKHBIX peaklMii. 3aBUCUMOCTh CEJIEKTUBHOCTH OT KOHBEPCUU B
CJIOKHBIX PEaKIUAX MPU YYACTHUHM KaTalIM3aTOPOB HA OTAEIIbHBIX

CcTagusax.

CemuHapsl,
MPAKTUICCKHE
paboThI




I'omoreHnbnIi
KaTaJjmns

Knaccudukanus  roMOreHHBIX KaTaJan3aTopoB, ux
AKTHUBHOCTH U CEJIEKTUBHOCT.

HyxkneopunpHblii katammu3. MexaHW3M W KHHETHKA €ro B
peakusx  3aMENIeHUs, paclerUIeHUuss U  IPHUCOCTUHEHUS.
®daktopel, ompeaensomue IPHEKTUBHOCT  HYKICOPUIHLHOTO
KaTanaun3a.

KucinoTHelii, »1eKTpoQMIbHBIA W OCHOBHBIM  KaTaau3.
MexaHu3M  KHCJIOTHOTO M JIEKTpOQHILHOTO  KaTaiu3a
HYKJICOQMIbHBIX U  ANEKTPOGMIbHBIX peaKklIMid 3aMelleHus,
OTILEIUICHUS U MPUCOEANHEHUs1. MeXaHu3M OCHOBHOI'O KaTaJin3a.
KonuuectBennas XapaKTepUCTHKA KHCIIOTHO-OCHOBHOTO
B3auMojieicTBusl. JKecTkue M MSTKUE KUCIOThl MU OCHOBAHMUS.
AOconroTHasT IIKala KHUCIOTHOCTH, (YHKIHUA KHUCIOTHOCTH.
CBepXKHUCIOTHI Kak Kartanu3aTopbl. CKOPOCTH peaKIUu KUCIOT C
ocHoBaHUsMU. CrienbUYecKUid U OOMUNA KHCIOTHO-OCHOBHBIN
karann3. OCOOCHHOCTH KMHETUKH M MeXaHu3M. KHCIOTHOCTh U
KaTaJUTHYeCcKas akTUBHOCTh, ypaBHeHUEe bpeHcrena.

MeramnokoMIuieKCHbIN KaTanu3. KaTtanuTuiuecku-akTUBHBIC
KoMmIuiekcbl MetaiuioB. IIpaBuna Xurrunca m Tonmena. Mognenb
bacono-Ilupcona. IlpaBuno Yarra, ODieMeHTapHbIE CTaIUHA
METaJUIOKOMIUIEKCHOTO KaTajiu3a: JUCCOLHUALUs, MPUCOSAUHEHUE
U 3aMelIeHHE JIMTaH/I0B, IEPEHOC JIEKTPOHA, BHEAPEHUE IO CBSI3U
MeTaIII-JTUTaH]I, 3IMMUHUPOBAHUE, JIUCCOILMATUBHOE
MPUCOETUHEHHE. [Tpumepsl MEXaHU3MOB peakuuit,
KaTaJIM3UPYEMbIX ~ KOMIUIEKCAMH  METAJUIOB.  T'HAPUPOBAHUE,
TUAPOKApOOHWIMPOBAHNE, KapOOHUJIUPOBAHUE, OKHCICHHE U
MeTaTe3uc OoNeUHOB, W3OMEpHU3ALUs, OJIIMTOMEpH3alus |
nosmmMepusarus  onepuHoB. Karammzaropsr [lurnepa-Harra.
MHOro37eKTpOHHBIE  MPOLECChl M KaTalu3  KJIacTepaMu.
ACUMMETPUYECKUN KaTATUTUYECKU CUHTE3.

®epMeHTaTUBHBI KaTanu3. OCHOBHBIE THUIBI M (DYHKIIUU
bepmerToB. OCHOBHBIE XapaKTEPUCTHKH (EPMEHTOB (IH3MMOB)
Kak OEIKOBBIX MaKpPOMOJICKYJ, a TakKe pUOO3MMOB Ha OCHOBE
PHK. [Ilonsatue axTuBHOTO TIIeHTpa, cyOcTpata, KodakTopa,
uHruouropa. Jlokanuzanus (epMEHTOB B OpraHeiiax, KJIeTKax U
MeMOpaHax. OCHOBHbIE TOJIOKEHUSI Teopuu (HepMEHTATUBHOIO
Karajau3a, DJHEPreTHYeCKUe W  HHTPOINUUHBIE  MapaMeTpbl
(dbepMEeHTAaTUBHBIX MpolEecCcOB. buomMumernka W MOAETUPOBAaHUE
AKTHUBHBIX LIEHTPOB ()EPMEHTOB.

KuneTnueckuil aHanu3 pa3auyHbIX CXEM TOMOI'€HHO-
KaTaIMTHYECKUX peakiuidi. O0paboTka KHHETUYECKUX JaHHBIX 10
YPaBHEHHUSM C JByMSI HEM3BECTHBIMH MapaMeTpaMu. ABTOKATaIN3.
Kunernyeckre 3aKOHOMEPHOCTH METAJUIOKOMIUIEKCHOTO KaTain3a
u (QepMEHTATUBHBIX peakiuid. YpaBHeHne Muxadnuca-MeHTeH.
OyHKIuMs  3aKOMIUIEKCOBaHHOCTH. (OcobeHHOoCcTH  00paboTKu
JKCIIEPUMEHTANBHBIX JAHHBIX [0 KHHETHKE (HepMEHTATUBHBIX
pEaKLHii.

NMMOOUIM30BaHHBIE  TOMOTEHHBIE  KaTaau3aTopbl U
depmenTsl. MOHOOOMEHHBIE TMOJUMEPHI U JAPYrHE CHOCOOBI
AMMOOWIN3aIINY.

Oco0eHHOCTH ~ KMHETHKH  TOMOTEHHO-KATaTUTUYECKHIX
rerepoda3HbIX peaklnid ra3 - KUAKOCTb U KUAKOCTb — KUJKOCTb.

CemuHapsl,
MPAKTUICCKHE
paboThI




Kunerndeckass obmacte rerepodasHbIX peakiui, ee MpU3HAKH U
JKCIepUMEHTaNbHOEe MonTBepxkaAeHue. Karanmuz wMexdasHoro
neperoca. OCHOBHbIE KMHETUYECKHE 3aKOHOMEPHOCTH, METOJIMKA
IKCIIEpUMEHTa U O00pabOTKM KMHETHYEeCKHX JaHHBIX. KuHermka
retepoda3HbIX  peakIMii B MEPEeXOJHOM  ob0iacTh  Tpu
CPaBHHTEIHHO MEJICHHOW XHWMHUYECKOW peakmuu 0e3 ydera
MpeBpalleHuii B morpanudHor mieHke. Juddysnonnas obiaacTh
rerepoa3HbIX peakiuil MPU MIHOBEHHOH XMMHUYECKOH PEaKIIMH.
SlBnenue yckopeHus Maccomnepenaud. BiusiHue rerepodazHocTH
Ha CEJIEKTUBHOCTb PEAKLIUM.

I'ereporen-
HBIA aTAJIN3

CrpoeHue MOBEPXHOCTH TBEPIABIX TEJI M €ro BIMSHUE Ha
KaTaJIMTUYECKYIO AKTUBHOCTb. CoBpeMeHHbIE METO/bI
UCCJIEIOBAHNUS CTPYKTYpbl M COCTaBa IOBEPXHOCTHOTO CJIOS
TBEPABIX TeJd. MeToasl OmpeAesieHusl 3JIEMEHTHOIO COCTaBa
KAaTaJln3aTOpOB,  CHEKTpalbHblE M  XHMHYECKHE  METOJBI.
TepmorpaBumerpusi. PeHTreHo(ha30BbIi U peHTTEHOCTPYKTYPHBIH
aHaiau3. OJEKTPOHHAs MMKPOCKONMS. 30HJO0BAsI MHUKPOCKOIIHMS:
TYHHEJIbHast W aTOMHO-CWJIOBas ~ MHUKpockomus.  Macc-
CIIEKTPOMETPUSA BTOPUUYHBIX MOHOB. AMP-BMY-cniekTpockonus
TBEPIOTro Tena, kpocc-noistpuzanus. IMP-romorpadus. EXAFS
XAFS,XANES, AXS, poTosnexkTpoHHast M 03Ke-CIEKTPOCKOIHS,
I'P-cniextpockomnus. MarHutHsbIe METObI HCCJICAOBAHUS
KaTaJn3aTopOB. KP-cnektpockomnusi. DJIEKTpOHHAs
cnekTpockonus. Judpakiiys MeaIeHHBIX JIEKTPOHOB.

AncopOumsi  Kak CTagusi TeTePOreHHO-KaTATUTHYECKOM
peakuuu. [Ipupona a7copOLIMOHHOTO B3aMMOJICUCTBUS.
®dusndeckas agcopomus u xemocopomus. M3zorepmsl aacopOmum.
TemoTa ancopOumu U €€ 3aBUCUMOCTh OT CTETCHU 3arOJTHCHUS
noBepxHocTu. [IpocTeiimme TuUmbl  aACOPOIMOHHBIX  CJIOCB
(JIsarmriopa, Bbpynayspa-Ommera-Temnepa, ®peiinanmxa).
HeonHOpomHOCTE  MOBEPXHOCTH.  AJCOpPOIIMOHHBIE  METOJIBI
U3MEPEHHs] TIOBEPXHOCTH  Karajau3aropa ¢ KOHIEHTpPAIUU
KaTaJIUTUYECKU-aKTUBHBIX IIeHTpoB. K- nu Y®-cnekrpockonus B
aacopbumu u karanmze. llopucras CTpyKTypa KaTaiu3aTOpOB,
crocoObl ee (OpMUPOBAHMS U METOJbI HCCleoBaHUs. PTyTHas
nopoMerpusi. CTerneHb HCIOJIB30BAHMS  MOBEPXHOCTH  IOP
Karanuzaropa. OnTuManbHasi CTPYKTYypa Iop KaTajih3aTopa.

Tumnel rereporeHHbIX KaTalu3aToOpoB. MeTamibl M CIUIaBbl
Kak karanuzatopbel. Koppemsuuss Mexay KaTaaluTHYeCKOM
AKTHBHOCTBIO META/VIOB M CTENEHbIO y4acTusi O-3JeKTPOHOB B
o0Opa3oBaHUU METAJITNYECKUAX CBSI3EH. JlokasbHBIE 51
KOJUIEKTUBHBIE 3JIEKTPOHHBIE B3aUMOJICHCTBUS MIPU XEMOCOPOLIUU
M Karaju3e Ha MeTajulax M CIJlaBax. PoJjib T-KOMILUIEKCOB B
KaTajiu3e Ha MeTajylax B cruiaBaxX. CKeNneTHble KaTalu3aTopbl.
Mertamuinyeckue Katajau3aTopbl Ha HOCHTENIsX. MeMOpaHHBIe
KaTaJn3aTopbl. 3aBUCUMOCTh KaTAIMTHYECKUX CBOMCTB METAJIJIOB
OT JUCHEPCHOCTH YacTHI[ MeTaula W OT MNpPeBAPUTEIbHOMN
TepMooOpadboTku. KatanuTuiueckne HaHOMaTEPHAIIbI.

Karanu3 okcupamu mepexogHbIX METAJIOB. DIJIEKTPOHHAS
TPaKTOBKA XeMOCOPOIIMH U KaTalli3a Ha MOIyNpoBoAHUKaX. CBSI3b
KATAJIMTUYECKON aKTUBHOCTH C II0JI0KEHUEM YpOBHS Depmu.

I'eTeporenHble KaTaau3aTOpbl KUCIOTHOM mpupojasl. Poiib

CemuHapsl,
MPAKTUIECKHE
paboThI




OpEHCTEIOBCKMX U  JIbIOMCOBCKUX KHCIOTHBIX IIEHTPOB B
XEMOCOpOIIMM W KaTauu3e Ha OKCHUIAX AallfOMHHUS, KPEMHUS H
anoMocuiInKaTax. MoauduiupoBaHHbIe U CMELIaHHbIE OKCHHBIE
karanusaTopsl. LleoauTHbIE KaTaNM3aTOPhI, CBSA3h UX AKTUBHOCTHU C
TUTIOM LI€0JIUTA, HAJIMYMEM THAPOKCHIBHBIX TPYMI, MPUPOAOH U
KOHIIGHTpallield BBEACHHBIX B IIEOJUT HOHOB. MONEKyIsIpHO-
CUTOBBIE CBOMCTBA IIEOJUTHBIX KaTalIU3aTOPOB.

Obnactu IIPOTEKAHUS reTepOreHHO-KaTATUTHYECKUX
peakuuid, HMX TPU3HAKK M METOJAbl OSKCIEPUMEHTAIBLHOTO
noaTBepxkaeHus.  KuHernyeckas — o0nacTh  reTEpOr€HHOTO
KaTanu3a. YpaBHeHue JI3Hrmiopa - XuHmienbByaa. Kunetuka
peaKIuii MpH CPaBHUMBIX CKOPOCTSAX aJCOPOLUU M XUMHUYECKOU
peakIMu Ha MOBEPXHOCTU. ANCOpOIIMOHHAs 00JIaCTh KaTajanu3a Ha
OJIHOPOJHOM U HEOAHOPOJHOW MOBEpXHOCTH. KnHeTHkKa peakuuu
MIPU CPAaBHUMOM CKOPOCTH aICOPOIIMHM U XMMUYECKON pEeaKkIuy Ha
noBepxXHOCTH. BuemHenud¢y3nonHass M MepexoiHble ¢ Hel
obyacTh  KaTaiM3a, KHUHETHKA  pEakuuid. Y CTOHYMBOCTH
BHeIHeAu G y3noHHOM u NIEPEXOTHON obacreit
HK30TEPMHUUECKOU reTePOreHHO-KaTAIUTUIECKOU peaKuu.
Buyrpuanddy3nonnas u  mepexoaHbple C  HEH  o0nacTu
TeTepOreHHOro Karajau3a, KHHETHKa, ¢aktop 3(QeKTUBHOCTH,
Moayiab  Twmie. OOmactb TPOTEKaHWS MW CEIEKTHBHOCTH
reTEePOreHHO-KATATUTUYECKUX PEaKIUH.

MeToapl TPUTOTOBJIEHHUS TETEPOreHHBIX KaTaan3aTOPOB!

OCaXJIEHHUE, MPOIUTKA, KPUCTAJUIM3aLUs, 301b — Iellb METOJ,
MEXaHOXUMHYECKUIT METO/I. Tepmuaeckas obpaboTka
KaTaJIn3aTopoB. 3aKOHOMEPHOCTH  (QopmupoBaHus  (Pa3oBOro
cocTaBa M TEKCTYphl NPU TEPMHUUYECKOM pa3JIOKEHUU COJel u
ruapokcuioB. Cnexkanue mopucThiX — Tel.  [lomumopdHbie
npeBpamieHus.  TBepaodasHeie  peakumu.  [IpurororneHue
TeTEPOreHN3UPOBAHHBIX CHCTEM. DaKTOpbl, OIpPENEISAIOLINE
JIUCTIEPCHOCTh AKTUBHOT'O KOMITOHEHTA. MOJIEKYIApHBIA JU3aiiH B
KaTaJuse.
[Tonck KaTadUTHYECKUX CHUCTEM M METOAbl HCCIEeIOBaHUS
KUHETUKA UM  CEJICKTUBHOCTUM  KATAIUTHUYECKUX  pPEaKIuH,
CTaOUJIBPHOCTH  KaTajJlu3aTOPOB M MEXaHM3Ma  KaTallu3a.
HccnenoBanue KMHETUKU I€TEPOr€HHO-KATAIUTUYECKUX PEAKLUN
B MEPUOJUYECKHX, MPOTOYHBIX M MPOTOYHO-IUPKYISIIMOHHBIX
peakTopax, obOpaboTka AKCIEPUMEHTAIbHBIX JTAHHBIX.
MukpokaTtanutuiueckiue peakTopbl. KomMOWHaTOpHbIE METOABI B
Karajau3e, KOMIBIOTEPHBIM MOUCK W  OaHKU  JaHHBIX.
CrextpanpHbie ©  AddpakiUOHHBIE  METOAsI  II-Situ B
MCCJIEIOBAHUM KaTaJTUTUYECKUX peakuuid. 30TonHble METOIbI B
UCCJIEIOBAHNM MeXaHu3Ma KaTanu3a. KuHeTudyeckuii M30TOIHBII
3P PexT. N30TOonHO-MEUEHHBIE COEIMHEHMUS. KBanToBo-
XUMHUYECKHE METO/bI B KaTajau3e. 30HHbIE U KJIACTEPHBIE MOJEIH
MOBEPXHOCTU. KBaHTOBO-XMMHUUECKHE pPACUEThl B3aUMOJIECHCTBUS
MPOCTBIX MOJIEKYJI C KATAIUTUYECKUMU LIEHTPaMH.

OcHoBHBIE
NPOMBIIII-
JIEHHBbIE
KaTaJu-

Ilonyyenue Bogopoga M CHHTE3-Ta3a KaTaAJIUTHYECKOU
KOHBEpcUe yrieBonopoaoB. CHHTE3 amMMHUaka M METaHoJIa,
cunre3 @umepa-Tponma. I'mapupoBaHue U ACTUIPUPOBAHUE
OPraHNYeCKUX COCTUHEHUHN

CemuHapsl,
MPAKTUICCKHE
paboThI




THYeCKUe Okucnenne Heoprauudeckux coenuHeHuil. [lomyuenue
Npouecchl CEpHOH M a30THOH KucioT. KaTanutuyeckue nporecchl OKUCIEHUs
OpPraHMYECKUX BEIIECTB, OKUCIUTEIbHBI aMMOHOJIN3.

Karanutuueckue  mpoueccsl B HedrenmepepaboTke.
Karanutnueckuit KPEKHUHT, TUJIPOKPEKUHT, pudopmuHr,
rUApoouncTKa. M3oMepuzanus u ankuimpoBaHuUe.

['oMOreHHO-KaTaTUTHYECKHE MPOMBIIUIEHHBIE MPOIECCHl C
HUCIIOJIBb30BaHUECM KHCJIOTHBIX, BHGKTpO(bI/IJIBHBIX n
METAJIJIOKOMILJIEKCHBIX KaTalu3aTOPOB.

[IpomblnieHHOE TPUMEHEHUE (PEPMEHTOB.

DKOJOTHYECKUMN KaTajus. [IpupongooxpaHHbie
KaTaJIUTHUYCCKUEC TCXHOJIOTHU.

5. O0pa3oBaTe/jibHbIE€ TEXHOJIOTHH
1. AktuBHBIe 00pa30BaTEIbHBIC TEXHOJIOTHH: JICKIIMH, CEMUHAPbI U PAKTUYECKHUE PAOOTHI.

2. ConpoBokJeHUE JEKUUH BU3YyalIbHBIM MAaTe€pHalioM B BHJIE CIIAalJI0B, MOJATOTOBJIEHHBIX C
UCTIOIb30BAHUEM  COBPEMEHHBIX  KOMIIBIOTEPHBIX  TEXHOJOTHH  (MPOrpaMMHBIN  MaKeT
npe3enTarmii MSPowerpoint) ipoenupyemMbix Ha SKpaH ¢ MOMOIIBIO BUACONPOCKTOPA, a TAKKE
PE3YNIBTaTOB KOMITBIOTEPHOTO MOJIEITUPOBAHUS PUINKOXHUMHUECKUX TPOIIECCOB.

3. [IpoBeneHne MpakTU4YeCKUX padoT B HayyHOH JabopaTopuu, ydacTue o0yyaeMbIX B HayYHOU
paboTe U BHIOJHEHUN UCCIIEI0BATEIbCKUX IPOCKTOB.

4. Vcnonp30BaHME CIIEHUAIBHOTO IMPOTPAaMMHOIO OOECIeYeHHUs W WHTEPHET-PECypCOB IS
00y4YeHHs B XOJI€ MPAKTUIECKUX M CAMOCTOSATENBHBIX padoT.

6. YueOHO-MeTOoAMUYECKOE 0OeciieueHne CaMOCTOSITeIbHON padoThI
acnupaHToB. OLeHOYHbIE CPeCTBA VISl TEKYIIEero KOHTPOJISl yCIeBAeMOCTH,
NMPOMEKYTOYHOM ATTECTANMH M0 UTOraM OCBOEHUS M CIUINJIMHBI.

Buapl camMocTOATENBHOM pabOThI: B JIOMAITHUX YCIOBHSX, B YATAIFHOM 3alie OMOIMOTEKH, Ha
KOMIThIOTEPAxX C IOCTYIOM K 0a3aM JaHHBIX U pecypcaM MHTepHeT, B 1a00paTopusix ¢ JOCTYIIOM
K JJaOOpaTOpHOMY 00OpPYIOBAHHUIO U TPUOOpaM.

CamocTtosTepbHas paboTa TOIKPEIUIICTCS YYeOHO-METOIUYECKHM ¢ HWH(OPMAIMOHHBIM
obecrieueHneM, BKIIFOYAIOITUM YICOHUKH, Y4eOHO-METOANYECKHE TIOCOOMS, KOHCTIEKTHI JICKITHH,
yaeOHOE U HaydyHOe IPOrpaMMHOE oOecriedeHue, pecypcsl IHTepHeT.

®opma KOHTPOJISI 3HAHUWA — TPU KOHTPOJIBHBIX M 9K3aMEH B KOHIIE Kypca, BKIFOYAIOIIHI
TEOPETUUECKHE BOIIPOCHI U 3a/1a4y.

6.1. [IpumepsI 3a1aHMIi 1JI1 CAMOCTOSTEIBLHBIX PA0OT:

1. [To agcopbumm azoTa HU3MepsAIOTCA yneidbHas MOBEPXHOCTh U paclpejesieHUe IMop IO
pasMepaMm y TBepIoro Tena, mmeromero mnopsl auamerpoM oT 10 mo 30 mm. VnpenpHas
MOBEPXHOCTh PACCUMTHIBAECTCS KakK IO cTaHgaptHod mnpoueaype bOT, Tak u myrem




CYMMUPOBaHHA NOBECPXHOCTHU MOP B COOTBCTCTBUU C YCTAHOBJICHHBIM PACHPCACICHUCM IIOp I10
pasmepam (pasz. 5.2).

a) Ha wu3otepme amcopOmum asora mmeercs rucrepesuc. Kakas w3 BeTBe H30TEPMBI -
aZIcOpOIIMOHHAsT WJIM JECOPOIIMOHHAsT - JacT IpH pacuyeTe OoJblliee 3HAYEHUE YACTbHOU
MOBEPXHOCTHU ?

0) VYaenbHas TMOBEPXHOCTb, PAaCCUMTAHHAs W3 pacHpeleNeHus Top M0 pa3MepaM C
UCIIOJIb30BAaHUEM 0ecopOYUOHHOU BETBU W30TEPMBI, OOJbIIE, YeM pacCuMTaHHAs MO METOMY
BOT. O0bsicHuTe, 4eM 3TO 00YCIOBIEHO, €CJIM TIPSO JOKUTh, UTO BCE PE3YIHTAThl U3MEPEHUS
TOYHBI.

Tabéauna 3

CBo0OaHLIN Seur, M2t

00BLeM TaldJeTKH

0,79 987

0,64 933

0,53 890

0,45 795

0,37 839

2. B tabnune 3 mpuBeAcHBI JaHHBIE N0 M3MEPEHUIO YACIBHOW IMOBEPXHOCTH TaOJETOK

MEJIKOJUCIIEPCHOTO YIJIEpOAa, MPUTOTOBJICHHBIX MPECCOBAHUEM MPU PA3TUYHOM JIABJIICHHH.
Cuuras, 4TO ompeneneHue yAeabpHON moBepxHocTu mo Mmerony BOT B 3Tom ciywae BosiHe
npuemiieMo, OOBSICHUTE, MOYEMY C YBEIMUYEHHUEM CTENEeHU CXKaThs yJeNbHas MOBEPXHOCTh
CHayaJia yMEHbIIIAETCs, a 3aT€M BHOBb PaCTeT.

3. Pacnipenenenne mop mo pasmepaM y HEKOETO KaTaim3aTopa ¢ OOJIBIIONW YIASTbHOU
MOBEPXHOCTHIO OIMPEACTSAETCS METOJOM TopoMeTpuH. [Ipuuem onuH pa3 kaTanuszatop depercs B
Buzge tabmetok (5 MM), a Apyrod - B BHJE MEIKHX TpaHyl, Hampumep, pasmepom 0,8 mwm,
MOJTYYEHHBIX OCTOPOXKHBIM JpobiieHneM TabneTok. CpenHuit pasmep mop y TadiIeTUpOBaAaHHOTO
KaTajan3aTopa oKa3ajcs 3HaYUTEeNIbHO MeHbIIe. OOBICHUTE, YEM 3TO BBI3BAHO.

4. Metonom BOT mo ancopbunm KpUNTOHA ONpenenseTcs yAeabHas MOBEPXHOCTh IIEHOK
OKCHJIa ITMHKA, 00pa3ylommXxcs Ha TOBEPXHOCTH METaInUecKord Meau. Kaxaplii ncciaeayeMpli
obpazerr cocrout u3 25 MenHbIX AUCKOB (muamerp 5 cm, Tommuua 0,05 MM), MOMEHMICHHBIX
BHYTPh CIIELMATBLHOIO KOHTEWHepa Tak, 4YTOObl OHM HE Kacaluch ApYr npyra. [lmeHku okcuaa
MEJU MOJYy4al0T MHOTOKPATHBIM MOCIIEIOBATEIbHBIM OKUCIEHUEM U BOCCTAHOBIIEHUEM MEIHBIX
nuckoB. Tommmaa mieHok coctasisieT oT 100 no 300 am. ITnomans, 3aHuMaemasi pacmopkamMmu
MEXy TUCKaMH, TPEHEOPEIKUMO Maa.

B Ta61. b.4 npuBeeHb! JaHHbIE, TOJIyY€HHBIE ISl TPEX Pa3IMuHbIX 00pa3[0B OKCH/IA [IMHKA.
Tab6muna 5.4

O0BbeMm
PaBHOBecHOe
azcopOupoBaH-
TaBJIeHHEe  HAA
HOI'0 ra:sa06 astom, Tla
(HTI), em3 P ’
I
0,0301 37,2
0,0349 51,2
0,0383 61,8
0,0426 76,4
0,0475 89,4

[ToBEepXHOCTB, 3aHIMAEMYIO OJJHOH MOJIEKYJIOi aproHa, MOKHO IIPHHATH paBHoil 0,195aM?.
a)  Kakosa paccunrannas no merony bOT ynenbHas MOBEpXHOCTh KaXI0TO U3 00pa3oB?



0) OOcynuTe MoMy4YeHHbIE Pe3yabTaThI.

5. OOHapyXeHO, YTO MPHU BOCCTAHOBJICHUH BOJOPOJOM MEJKHX YAaCTHYCK OKCHIAa HHUKEIs
NiO ckopocTh BOCCTaHOBICHHMSI CHauyalla BO3pacTaer, jJocturas Mmakcumyma mpu 50%+Hom
BOCCTaHOBJICHHH, a 3aTEM BHOBbB MajaeT. /i TOTHOTO BOCCTaHOBIICHHSI MOKET MOTPEOOBATHCS
JOBOJILHO 3HAYUTENbHOE BpeMs. OOBSICHUTE, UTO MPOUCXOIUT B paCCMaTPUBAEMOM CIIydae.

6. OTWJIEH TMONY4YarT TEPMHUYECKUM KPEKUHTOM TPUOIM3UTEIBHO MpH aTMochepHOM
MABICHUHM PA3UYHOTO YIJIEBOJOPOIHOTO CBIPhS, HAuWHAs C Ta30BOr0 KOHJEHCATa,
COJIepKAIIer0 B OCHOBHOM 3TaH W TIPOINaH, ¥ KOHYas MIMPOKUMH OCH3WHOBBIMH (DpakIiusmMu
HepTH U TOKENBIMH  yriieBojoponamu. llepex mocnemyromuM  (QpaKIHOHUPOBAHUEM
00pa3oBaBIICICS CMECH TMPOJIYKTOB JIaBJICHHE MOAHMMAIOT mpubmuszutensHo mo 1,3 MIla. B
X0JIe TePMHUECKOT0 KpEeKHMHra oOpa3yloTcsl Takke HeOOJbIINE KOJIMYECTBAa AlleTHIICHOBBIX H
NPYTUX HEHACBINICHHBIX coequHeHnid. llepen wWcmonmp3oBaHMEM STHIIEHA B Ipoleccax
XUMHUYECKOT'O CHHTE3a 3TH MPUMECH HE00X0AUMO yaainuTh. OObIYHO UX COAEpIKaHUE HE JOIDKHO
npeBbimaTh 5 MiH. A. C 3TOH I[eibl0 Yalie BCEro MpPOBOIST CEICKTUBHOE THIPUPOBAHUE,
nporyckas TPOAYKTHI KPEKWHTa HaJ HEMOJBIKHBIM CclloeM Karanu3aropa. [lpu ouucTke
yrieBoaopoaoB Cz -C3 MOXKHO THAPUPOBATH KaK JIETKYIO (DPAKIMIO TIEPBUYHOTO pa3iciCHHS
NPOJAYKTOB KPEKHHra, TaKk W (PaKIuio, OOpa3yIoIIyIocs MPH OKOHYATEILHOM pa3eIeHU!
MPOJIYKTOB KpEeKMHTa. TUITMYHBIN COCTaB 3TUX ABYX (ppakiuii mpeacrasieH B Tadi. b.5.
Tabmuna b.5

Jlerxkas Koneunas

I'a3 dpaknus, (ppakuusa,
% %

H2 19,0

CHa 30,0 0,25

CoHa 40,0 98,5

C2oHe 10,0 1,0

CoHz 0,1 0,25

CsHe 0,9 -

Po (naBneHMe HACHIIIEHHBIX MApOB KuaK0ro Kpunrona) =505kI1a

0,0197 30,8
0,0309 48,5
0,0369 73,0
0,0375 90,2
0,0424 106
Po = 42111a

I

0,0133 37,8
0,0183 58,1
0,0198 75,8
0,0200 91,8
0,0205 108
Po = 384I1a

Bo dpakiuu nepBuyHOTO pa3aeseHus 00BIYHO COAepKATCs TaKKe HEOOIbIINe KOJTMIECTBA
coequaeHuit cepbl, CH3C=CH u H2C=C=CHz. [Ipu runpupoBanuu ¢ppakiuuu, 00pa3yromencs
IIPU OKOHYATETHHOM Pa3/IeTICHUH MPOJIYKTOB KPEKUHTa, B CMECh HEOOXOAUMO T00aBIIATH J0-
MOJIHUTENILHOE KOJIMYECTBO BOJIOPOAA, OOBIYHO B /IBa pa3a 00JIbIle CTEXHOMETPUUYECKOTO 110
otHoueHuto Kk CoHz.



a) CpaBHute 00a crocoba THIPUPOBAHUS TMPUMECEH aleTHICHOBBIX YIJIEBOJOPOJIOB U
00BSACHUTE MPEUMYIIECTBA KAXKIOTO U3 HUX.
1) IIpennoxxuTe BO3MOXKHBIE KATaTU3aTOPbI H HOCUTEIH.
2) Kak BwIOOp cmoco0a THUAPUPOBAHUS MOXKET TOBJIMIATH Ha BHIOOP
Karanuzaropa?
3) Kakwme kaxxympecs >HEpruM aKTUBAIIMU JJIA WCIOJB3YEMBIX KaTaJIHM3aTOPOB
0oJiee TMPENNOYTUTENBHBI - OOJNBINNE WM MaJeHbKHE - WM UX BBIOOp HE
Ba)KCH?

7. JKuzmkoe OpraHMyYecKoe COCIWHEHHWE THUIPUPYIOT B aBTOKJIABE C HCIOJIb30BaHUEM
MEIIKOMCIIEPCHOr0 Kataju3aropa 5 % mamtamus/yriepoaHsiii Hocutedb. CaMm yriaepoaHbIi
HOCHUTEIIbL HEAKTUBEH B STOU pCaKknuu, OAHAKO IIpU €ro I[OGaBJIeHI/II/I B aBTOKJIaB B KOJIMYECTBE, B
3-5 pa3 OonbmieM, YeM KOJWYECTBO KaTall3aTopa, pEeakius 3aKaHYMBACTCS 3HAYUTEIIBHO
obicTpee. OOBsCHHUTE, UM 3TO 00YCIOBIECHO.

8. [IpoBomuTCs TMOWCK KaTaqu3aTopa THAPUPOBAHUS CHENH(DPHUYECKOTO CBHIPhsl Ha OIHOM W3
3aBoJI0B. Karanm3aTopsl HCCIEIYyIOT B MPOCTOM J1ab0OpaTOPHOM aBTOKJIABE, B KOTOPBIA HX
3arpyKaloT B BHJE TOPOIIKA WM B MeNKopazapoOieHHoM Buae. CTaHOapTHas Mporeaypa
UCTIBITAaHUSL KaTanu3aTopa 3akitouaeTcss B cienyromem. K 50 oM ceipbsi mobaBnstor 0,1 1
KaTaJm3aropa W HM3MEPSIOT CKOPOCTH TMOTJIONICHUS BOJOPOJa B TEUCHHE OIPEIEICHHOTO
MPOMEXKYTKAa BpeMEeHH. B XoJie 3KCmepuMeHTa COAECpPKMMOE aBTOKIJIaBa mepemenuBaior. Llens
SKCIEPUMEHTa - OOHApYXHUTh HamOoJiee aKTHBHBIA Karanu3atop. JIsi KaKaoro kaTaau3aTopa
pe3yNbTaThl XOPOIIO BOCIPOU3BOAUMEI, OAHAKO BO MHOTHX CIy4asX, KOT/a KOJHYECTBO
KaTajqu3aTopa yABaWBaeTCs, CKOPOCTh peakiuu Bo3pactaeT B 4 -6 pa3. OOBICHHUTE, YeM 3TO
BBI3BAHO.

9. Peakmus tuppupoBanuss tuna A+H>->B mnpooautcs B mapoBoit ¢aze B peakTope ¢
HEeMOABIKHBIM ciioeM Katanuzaropa npu 300TC u atmocdepHoM naBieHuu. PeareHT A - oueHb
YUCTOE OPTaHMYECKoe BemecTBO. i1 TOro 4ToOBl M30€kaTh OOJBIIMX 3aTpaT HA OYHCTKY,
KeNaTeIbHO TOJYYUTh BEIIECTBO B Takke Kak MOXXHO OoJjiee YHMCTBIM, MO3TOMY PEaKIIHs
JIOJKHA OBITh  BBICOKOCENIEKTMBHAa 10 OTHOWIEHWIO K BemectBy B. Karanuzarop,
NpPEACTaBISIOMUNA  co0OM TIJIaTHHY, HAHECEHHYI0O Ha OKCHJ aJIOMHHHS, MpPOSBISIET B
1a00paTOPHBIX YCIOBUAX CEIEKTHUBHOCTH, paBHYIO 99,5%. [Ipu sTOoM 00pa3zyroTcsi TOJBKO
CJIEZIOBbIE KOJHMYECTBa JApYrux BemecTB. OAHAKO MPOAODKUTEIBHOCTh pPabOThl  3TOTO
KaTajan3aTopa MO HEMOHSATHBIM NMPUYMHAM HeBeNuKa. ONBITHBIN CHEIUAIUCT MO MPOU3BOACTBY
KaTaJIn3aTOPOB T0JAaraeT, 4YTO HCHOJb3YEeMBbI TNPU MPUTOTOBICHUM KaTadH3aToOpa OKCHUJ
ATIOMUHHUS MEJUIGHHO pa3pyllaeTcs B XoJe Ipoliecca, U Mpeuiaraer MpUMEHATb
cmabunu308anublil okcud anomunus, cogepxamuii 0,5-2 %oxcuna kpemuus. Takoir Marepuan
BBICOKO 3(hpeKTHUBEH B KauecTBE HOCUTENS NP MPOBEIECHUU IPYTHX MPOLIECCOB TUAPUPOBAHUS.
UYro BBI 1yMaeTe 1o 3TOMY MOBOIY?

10. B ogHOM M3 mporieccoB MpeBpaiieHusi OyTuieHa B OyTaJleH CMECh OyTHJICHA M BOJSTHOTO
napa TpONyCKAaT HaJ HUKENbKaIbIUH(POCHATHBIM KAaTaTu3aToOpoM IPH TEMIEpaType OKOJIO
600°C u naBiIeHUH HECKOJIBKO BBIIIE aTMOC(HEpPHOTrOo. DTOT KaTalu3aTop TOTOBAT B XOPOIIO
MepPeMEeNINBAEMOM MTPOTOYHOM PEAKTOpPE MyTEM CIMSHHUS TOTOKA BOJHOTO pacTBOpa aMMHaKa U
MIOTOKA, COJICPKAIIECr0 CONMM Kaiblusg W HUKens u oprodochar. CKOpOCTH TOTOKOB H
KOHIIEHTPAIlMU BEIIECTB B HUX BBIOMPAIOTCS Takumu, 4ToObl PH oOpasyromieiics cmecu
paBHsuIcs npubau3uTensHO 8. O0pa3ylomuics Mpyu 3TOM TeNenoA00HbIN 0canoK GUIbTpyeTcs,
MPOMBIBACTCS, BBICYIIMBACTCS, pa3MeIb4YaeTCs M TpeccyeTcs B TaOJIeTKH HEOOXOAMMOTO
pasmepa u TpedyeMoit (OpMBI.

Paanqule HapTI/II/I KaTaJII/IBaTOpa MOFyT OTJINYaThLCA 110 CBOUM CBOI>'ICTB3_M Nn3-3a UBMCHCHUA
YCIIOBUH WX TMPUTOTOBJICHUS, BBICYIIIMBAHUSA U TaOJCTUPOBAHUSA. Y CTAHOBJICHO, YTO IUIOTHOCTD
HAWJIyYIIUX KaTaJu3aTOpOB, CIPECCOBAHHBIX B TaOJETKM OAMHAKOBOW (DOPMBI, paBHSETCS OT
0,95 o 1,1 r/cm®. Bosee miioTHBIE KaTaJln3aTopbl MEHEE aKTUBHBI, @ MEHEE IIJIOTHBIC, XOTS H



MPOSIBIISIIOT OOJBIIYI0 aKTUBHOCTH, MEHEE CEJICKTHUBHBI, T. €. Ha HHUX oOpa3yercs Oobiie
MOOOYHBIX MPOIYKTOB B pacueTe Ha 1 monbs mpopearupoBaBmiero OytwmieHa. OObsICHUTE, YeM
9TO BBI3BIBACTCS.

11. JInst mpoBeaeHUsl HEKOW peakluy, UIyIleld B BOCCTAHOBUTEIbHBIX YCIOBUSX, IPUTOIHBI JBA
cepeOpsHBIX Katanmzaropa. Kartamuzatop A monyyaroT pas3lioOKEHHEM OKcaiara cepebpa
Ag2C204 B Ieun B moToKe cyxoro azoTa. Kataimmzatop B momydaroT aHanorudasiM 00pa3om, HO
u3 Hutpara cepedbpa AGNOs. B o6oux ciyuasx HMCXOAHBIE MOPOUIKM HArpeBaroT B IEYd B
TUrIax. Karanm3zaTtop A B MCXOJHOM COCTOSHHM MEHEE aKTHUBCH (Ha €IUHHUILy MAcChl), 4eM
KaTaim3arop B, oqHako B XoJe mpoliecca aKTMBHOCTH IOCIEAHEro najaaetr Ovictpee. IlosaTomy,
Harpumep, nocie 20 94 paboThl aKTUBHOCTh KaTajn3aTopa B cOCTaBIISIET TONBKO OHY MATYIO
aKTUBHOCTH KaTanu3aropa A.

Omnpenenenne akTUBHOCTH OOOWX KaTallM3aTOpPOM MPOMOJUTCH OJAMHAKOBO, KHHETHUYECKHE
BBIPQXKCHHS U KKYIIUECS dHEPTUU aKTHBAIMH JJIsi CKOPOCTU HCCIIEIyeMON peakiid B 00OHX
ciy4dasx OJuWHaKoBbl. Katanuzatrop A MMeeT YepHbIM IIBET, B TO BpeMs Kak Karajauzatop B -
cepeOprucTo-0emblid.

OO0BsicHUTE, YeM 00YCIIOBJICHO pa3JInyue.
6.2. IlpuMepbl BONPOCOB M 32124 KOHTPOJIbHBIX Pa0oT M IK3aMeHa:
Bonpocsl py6e:kHoro kouTposs Ne 1

1. CxopocTh xumMuueckoi peakiuu. Kunernueckrue ypaBHEHUS 2IEMEHTAPHBIX XUMUYECKUX
pEeaKInii, 3aKOH JACHCTBYIONIMX MacCC.

2. MonekynsapHOCTh, MOPSAJOK M KOHCTaHTa CKOPOCTH PpEaKIuu, ypaBHEHUE AppeHuyca,
SHEpPrus AaKTUBAlUM M MPEIIKCIOHCHIMAIbHBIA MHOXHTENb. BiusgHuE TeMneparypel Ha
CKOpPOCTb XUMHYECKHX PEAKIUM.

3. CBs13b TEpPMOAUHAMUKY Y KHHETUKH. [ paHUIIBI IPUMEHEHHUs YpaBHEHU AppeHuyca.

4. OnbITHas SHEpPrusi aKkTUBALMS M €€ OIpPEACIICHHE Ha OCHOBE AKCIEPUMEHTAIbHBIX
JTAHHBIX.

S. Teopust akTUBHBIX CTOJIKHOBEHUH B ra3e. YHCIIO aKTUBHBIX CTOJIKHOBEHUM.

6. Teopuss axkTHUBHPOBAHHOTO KOMIUIEKCa. [IOBEpXHOCTh MOTEHUUATBHOM HHEPIUH.

CBoMCTBa aKTUBHOI'O KOMILJICKCA.

7. CpaBHeHHE TeOpUil aKTHBHBIX CTOJKHOBEHHH M aKTHBUPOBAHHOTO KOMILIEKCA ISt
OMMOJIEKYIISIPHBIX PEAKLIUH.

8. Onpenenenne karanusza. Buabl katanusza. OCHOBHbBIE ATalbl Pa3BUTHS MPEACTABICHHUI O
karanuze. Karamutuyeckue mnpouecchl B Mpupoje. MexaHu3M KaTaJTuTUYECKOW peakivH,
KaTAITATUYECKUN ITUKII.

9. AKTHBHOCTh U CTAOMJIBHOCTH KaTadu3aToOpoB. I[IpoMOTOpB M KaTaaUTUYECKHUE S[IbI
(uHruOuTOpPHI). BiusHMe KaTann3aTOpOB HA CEJICKTUBHOCTH MApaJLICIIBHBIX, TOCIIEI0BATEIbHBIX,
II0CJIEA0BATENbHO-IAPAJUIEIbHBIX U IPYTUX CI0XKHBIX pEaKLUH.

10. AncopOuust  Kak ~ CTagusi  TeTepOrCHHO-KaTaUTHYecKoW  peakumu. [Ipupona
a/1cOpOIIMOHHOTO B3auMo/eicTBus. duzndeckas aacopOIus U XeMOCOPOIIHS.

11. N3otepmbr ancopbumu. TertoTa axcopOuuu u €€ 3aBUCUMOCTh OT CTETICHH 3aIlOJTHCHHS

HOBCpXHOCTI/I. AI[COpGL[I/ISI HpOCTBIX MOHeKy.H Ha HOBerHOCTI/I HepexongIx MCTAJIJIOB.
Ancopouust CO, CoHa, Ho.

12. HeomHOPOTHOCTh TMOBEPXHOCTH. AJICOPOIIMOHHBIE METOJbI HM3MEPEHUS TOBEPXHOCTH
KaTaJau3aTopa U KOHUECHTPALIMU KaTATUTHYECKU-aKTUBHBIX 1IeHTpoB. K- n Y ®-criekTpockonust
B a7IcOpPOLIMU U KaTau3e.



13. KunHeruka rereporeHHO-KaTaIMTHUECKUX peakuuii. Mexanusm Jlenrmiopa-XuHIIe bByaa
14. Kunernka rereporeHHO-KaTaIUTHYECKUX peakiuii. Mexanusm Pununa-Nnu

15.  Ipocreiimme Tumsl agcopounonHbix cioeB (JIanrmropa, bpynayspa -Ommera -Temnepa,
Opeitamxa).

16. MynbTumieTHass TeOpus TeTepOreHHoro katanusa. [loHATHE O  CTPYKTYpHOM
YyBCTBUTEJIBHOCTH peakuuil. Peakuuu ruapupoBaHuss M THUIPOTE€HONM3a HA CIUIaBaxX M
HAaHECEHHBIX KaTain3aTtopax. BiausHue JUcnepCHOCTH Ha KaTATUTHYECKYO AKTUBHOCTb.

Bonpocsl py6e:kHoro koHTpoast Ne 2

1. KucnoTHblii ¥ OCHOBHBIN KaTain3. MexaHM3M KHUCIOTHOTO M OCHOBHOIO KaTalln3a.
KonuuecTBeHHas XapakTEpUCTUKA KHCIOTHO-OCHOBHOIO B3aMMOACHUCTBHs. JKECTKHME M MATKHE
KACIOTHlL U oOcHOBaHUsA. CBepxkucinoTel. Crneuuduyecknii W oOMMHA KHUCIOTHO-OCHOBHBIM
katayn3. OCOOEHHOCTH KHHETUKH U MEXAHU3M.

2. MeTannoKOMITIEKCHBI  KaTtanu3. KaraauTudecKu-aKTUBHBIE KOMILJIEKCHI METaJlIOB.
[Tpumepsl MeXaHU3MOB peaKLMii, KaTaTU3UPYEMBIX KOMIUIEKCAMHU METAJIOB. THIPUPOBAHHE,
OKHUCJIEHUE, U30MEpU3aLIUS.

3. Tumbel rereporeHHBIX KaTalnW3aToOpoB. MeTaluibl M CIUIaBbl KakK KaTajau3aTopbl.
Koppensiinss MexIy KaTalTUTHYECKOW AaKTUBHOCTHIO METAUIOB W CTENeHbio ydactus d-
3JIEKTPOHOB B 00Pa30BaHUU METAIIIMUYECKHUX CBS3CH.

4, Meroabl NPUTOTOBIIEHUSI TETEPOTCHHBIX KaTaJM3aTOPOB. OCAXKIEHUE, MPOMUTKA,
KpUCTAJUTH3aIUsI, 30JIb-T€Ih METOJ, MEXaHOXMMHUUYECKHH Meroa. Tepmmueckas o0paboTka
Katanu3aTopoB. DakTopkl, ONPEAEIISIONUE JUCIEPCHOCTh AKTUBHOTO KOMITOHEHTA.

5. [Topuctas CcTpyKTypa KaTalqm3aTopoB, CIOCOOBI ee¢ (GOpMHUPOBAHUS U METOJbI
HUCCIICO0BaHUA. PTyTHaH IMOpOMCTpHUA. Cremnensn HUCITOJIB30BaHUA MMOBCPXHOCTU nop
Katanm3aropa. OnTuMaibHas CTPYKTYpa IOp KaTaau3aTopa.

6. Karanu3 okcugamu nepexogHbIX METaioB. DJIEKTPOHHAs TPAKTOBKA XEMOCOpOLMHU U
KaTajau3a Ha IOJYNPOBOAHMKAX. CBSA3b KAaTAIMTUYECKOM AKTUBHOCTH C IOJIOKEHUEM YPOBHS
Depmu.

7. ['eTeporeHHble  KaTaau3aTopbl KUCIOTHOW mpupoabl. Poiab  OpeHCTENOBCKUX U
JIBIOUCOBCKHUX KHCJIIOTHBIX LCHTPOB B XCMOCOp6HI/II/I N KaTaJInu3€ Ha OKCuaax aJJIOMHUHUA,
KPEMHHUS 1 aTFOMOCHIINKATaX.

8. MonudunupoBaHHble ¥ CMEIIAHHBIE  OKCHJHBIE  Karanm3aTopel. lleonuTHbIe
KaTaJu3aTopbl, CBSI3b MX AKTUBHOCTHM C TUIOM II€OJINTA, HAJUYUEM THUIPOKCHIIBHBIX TPYII,
MPUPOAOA M KOHUEHTPALUMEN BBEACHHBIX B LIEOJIUT HOHOB. MOJEKYISPHO-CUTOBBIE CBOMCTBA
LEOJUTHBIX KaTAIM3aTOPOB.

9. OO6nactu MpoTeKaHUs! reTepPOreHHO-KATAIUTUUYECKUX PEAKLUUN, X MPU3HAKA M METOMIbI
SKCIEPUMEHTAIBHOTO MOATBEPIKICHHUS.

10. HccnemoBaHue KUHETUKH TETEPOTEHHO-KATATMTUYECKUX PEAKIUHA B MEPHOIUYECKHUX,
IPOTOYHBIX M MPOTOYHO-LIUPKYIALHUOHHBIX peakTopax, oO0paboTKka 3KCIepUMEHTAIbHbIX
JTAHHBIX.

11. CtpoeHue MOBEPXHOCTH TBEPIBIX TEI M €r0 BIMSHUE HA KATAIUTHUYECKYIO aKTHBHOCTb.
CoBpeMeHHbIE METOJBl MCCIEA0BAaHUS CTPYKTYPbl U COCTaBa IOBEPXHOCTHOTO CIIOSI TBEPIBIX
Tea. MeToIbl ONpeesieHus IEMEHTHOTO COCTaBa KaTaau3aTOPOB, CIEKTPAIIbHBIE U XUMUYECKHE
METO/JIBI.

12.  CoektpanbHble U JUGPAKIUOHHBIE METOIbI IN-SitU B HMCCIICIOBAHUU KATATUTHYCCKUX
pEaKLHiA.



13. M3oTomHbIe METOIBI B MCCIIEAOBAHUM MeXaHW3Ma Kataian3a. Ku"nertndyeckuii M30TONHBIN
s dext. U30TOMHO-MEeUeHHBIE COeTMHEHHS. KBaHTOBO-XMMUYECKHE METOIbI B KaTalln3e.

Bonpocs! py0e:kHoro KoHTpoJist Ne 3

1. Peakuuu oxucnenus. [lomHoe u mapruanbHOE OKUCIEHHE. MeXaHU3M KaTaTuTHYECKOTO
okucnenus Mapca - Ban Kpesenena.

2. [Tonydyenue BOOPOIa U CHHTE3-Ta3a KAaTAIMTHYECKOM KOHBEPCHEHN YIIE€BOIOPOIOB.

3. Cunre3 ammuaka. TepmMoaMHamMUKa W MexaHU3M Tmpoiiecca. KaramuzaTopsl mpoiecca.

CTpyKTypHasi 4yBCTBUTEIbHOCTh pEaKLIUU

4. Cunte3 @umiepa-Tpormina. MexaHu3Mbl nporiecca (IUCCONUATUBHBIN M aCCOMATHBHBIH).
Pacnipenenenne npoayKTOB CHUHTE3a MO MOJEKysipHod wmacce. Pacnpenenenne Illynbia-
Onopul uapupoBanue U 1EruIPUPOBAHUE OPTAHUYECKUX COCIUHEHUM.

5. OkucneHue HeOpraHMYeCKUx coequHeHnil. [lonyyenne cepHoil 1 a30THOM KUCIIOT.

6. Oxucnenue 3tuneHa B dTwieHokcua. Kartammzarop m mexanusm npouecca no Kunrtu-
3axtiepy u Ban Canrteny

7. Karanutuueckue npoueccsl B HedTenepepaboTke. Peakius KaTaluTHYeCKOro KPEeKUHTa:
KaTaJIn3aTophl, TEXHOJIOTHYECKOe 0()OpMIIEHHE U MEXaHU3M Mpoliecca.

8. Karanutuueckue mporeccel B HedTenepepadboTke. Peakius mzomepusaluy JIMHEHHBIX
aJIKaHOB. KaTaJIM3aTOPHI, TEXHOJIOTHYecKoe 0(hOpMIICHHE U MEXaHU3M Ipolecca.

9. Okonornueckuit  katanu3. Karanutuyeckas HeEWTpaiu3alusi BBIXJIOMHBIX — T'a30B
aBTOTpaHcnopra. Peaknmm m karamuzatopel. Okucienne CO m MexaHu3M peakiuu Ha Pt u
OKCHUJIHOM Katanu3atopax. OKUCIEHHE YTIIEBOJOPOIOB.

10. Okwucnenne mpomnuieHa B akposienH. Karamuzatopel u MexaHu3M mnporecca. OyHkiuu
pa3IMYHBIX KOMIIOHEHTOB KaTaJlu3aTopa Ha IpUMEDE.

Bonpochl BLIXOIHOI0 KOHTPOJIs (3K3aMeH)

1. CxopocTb xumuueckoi peakiuu. Kunernueckrue ypaBHEHUS 2IEMEHTAPHBIX XUMUYECKUX
peaKInii, 3aKOH JACHCTBYIONIMNX MacC.

2. MonekynsapHOCTh, MOPSAJOK M KOHCTaHTa CKOPOCTH pEaKIuu, ypaBHEHUE AppeHuyca,
SHEpPrus AaKTUBAIlUM M MPEIIKCIIOHCHIIMAIbHBIA MHOXUTENIb. BiusgHue TeMmeparypel Ha
CKOpPOCTb XUMHYECKHX PEAKIUM.

3. CBs13b TEpPMOAMHAMUKHI Y KHHETUKH. [ paHUIIBI IPUMEHEHHUs YpaBHEHUs AppeHuyca.

4. OnbITHast SHEpPrusi aKkTUBALMS M €€ OIPEACIICHHME Ha OCHOBE JKCIEPUMEHTAIbHBIX
JTAHHBIX.

S. Teopust akTUBHBIX CTOJIKHOBEHUH B raze. YHCIIO aKTUBHBIX CTOJIKHOBEHUM.

6. Teopuss axkTHUBHPOBAHHOTO KOMIUIEKCca. I[IOBEpXHOCTh MOTEHUUAIBHOM HSHEPIUH.

CBoOMCTBa aKTUBHOI'0 KOMILICKCA.

7. CpaBHeHHE TeOpUil aKTHBHBIX CTOJKHOBEHHH M aKTHBHPOBAHHOTO KOMILIEKCA ISt
OMMOJIEKYIISIPHBIX PEAKLIUH.

8. Onpenenenne karanusza. Buabl katanusza. OCHOBHbBIE ATalbl Pa3BUTHS MPEACTABICHHUIN O
karanuse. KaramuTuyeckue mpouecchl B Mpupoje. MexaHu3M KaTaJTuTUYECKOW peakivH,
KAaTAITATUYECKUN ITUKII.

9. AKTHBHOCTh U CTAaOMJIBHOCTH KaTamu3aTopoB. I[IpoMOTOpB M KaTadUTUYECKHUE S[IbI
(uHruOHUTOPEI). BiusHMe KaTann3aToOpOB HA CEJICKTUBHOCTH MApAJLICIIBHBIX, OCIIEI0BATEIbHBIX,
II0CJIEA0BATENbHO-TIAPAUIEIBHBIX U IPYTUX CIOKHBIX pEaKLUH.



10. AnjcopOmmst  Kak — cTagusi  IeTepOTeHHO-KaTalMTU4YeckoW — peakmmu.  [lpupona
a7IcOpOIMOHHOTO B3anmoiericTBrs. Dusndeckas aacopOnust 1 XeMOCOPOITHsI.

11. N3ortepmer ancopOruu. Terora aacopOIMu U €€ 3aBUCUMOCTh OT CTETICHH 3arllOJHCHHUS
MOBEPXHOCTH. AJCOPOLMS TPOCTHIX MOJEKYJI Ha [MOBEPXHOCTH MEPEXOTHBIX METAIIOB.
Ancop6uust CO, CoHa, Ho.

12. HeogHopoaHOCTh TOBEpPXHOCTH. ANICOPOIMOHHBIE METOABI M3MEPEHHUS IOBEPXHOCTH
KaTaJau3aTopa U KOHLIEHTpallMK KaTaIuTUYECKU-aKTUBHBIX LIeHTpoB. K- n Y®-cnexkrpockonus
B aJICOpOITMHU 1 KaTaJn3e.

13.  KuHeruka rereporeHHO-KaTaIMTHUECKUX peakuuii. Mexanusm Jlenrmiopa-XuHIIe bByaa
14. Kunertnka rereporeHHO-KaTaIUTHYECKUX peakiuii. Mexanusm Pununa-Wnu

15.  Ipocreitmme tunsl agcopounonHbix cioeB (JIanrmropa, Bpynayspa-Dmmera-Temnepa,
Opeitamxa).

16. MynbTumjieTHass TEOpUs TeTepOreHHoro Kartanusa. [loHSATHE O  CTPYKTYpHOI
YyBCTBUTEJIBHOCTH peakuuil. Peakuuu ruapupoBaHuss M THUIPOTE€HONIM3a HA CIUIaBaxX M
HAaHECEHHBIX KaTain3aTtopax. BiausHue JUCrepCHOCTH Ha KaTAIUTHYECKY0 AKTUBHOCTb.

17. KucnoTHBIi M OCHOBHBIM KaTanu3. MexaHW3M KHCIIOTHOTO M OCHOBHOI'O KaTajn3a.
KOJII/I‘ICCTBGHHaH XapaKTepI/ICTI/IKa KHCIIOTHO-OCHOBHOI'O BBaHMOI[eﬁCTBHH. )ICGCTKI/IG U MJIITKHUEC
KHCJIIOTBI W OCHOBaHUSA. CBepXKuciaoThl. Crnenupuyeckuii ¥ OOmMUNA KHUCIOTHO-OCHOBHBIN
KaraJjins. OCOGGHHOCTI/I KNHCTHUKHN U MCXAHN3M.

18. MerannokoMIUIeKCHBIA KaTanu3. KaTaluTHuecKU-aKTHBHBIE KOMIUIEKCHI METaJlIOB.
IIpuMepsl MEXaHM3MOB PEAKLHM, KaTAIU3UPYEMBIX KOMIUIEKCAMU METAJUIOB. THIPUPOBAHMUE,
OKHCIIEHUE, U30MEpU3aLus.

19. Tumbel TreTeporeHHBIX KaTaau3aTopoB. MeTamasl M CIJIaBbl KaK KaTalM3aTOPHI.
Koppensiuss Mexay KaTaTUTUYeCKOW aKTHBHOCThIO METAUIOB W CTENeHbio ydvactus d-
3JIEKTPOHOB B 00Pa30BaHUH METAUTMYECKUX CBSI3EH.

20. Metonpl NOPUTOTOBJICHHS TE€TEPOrEHHBIX KaTaau3aTOPOB. OCAaXICHHE, MPOIMUTKA,
KPUCTAIIN3AIMs, 30Jb-Tellb METOJ, MEXaHOXUMHUYecKkuil meron. Tepmudeckas oOpaboTka
KaTanu3aTopoB. DaKTOPbI, OMPEACISAIONINE AUCTIEPCHOCTh AKTUBHOTO KOMIIOHEHTA.

21. Ilopucras CTpyKTypa KaTaJu3aTopoB, CHOCOObI e (OpPMHUPOBAHUS M  METOJbI
uccienoBanud. PryrHas mopomerpus. CTemeHb  UCIONB30BAHUS  MOBEPXHOCTH  IIOP
Katanmzaropa. OnTUMaibHas CTPYKTYpa IOp KaTaau3aTopa.

22. Karaimm3 okcuaamMu NEPEeXOIHBIX METALIOB. DJIGKTPOHHAs TPAKTOBKA XEMOCOPOIHMH W
KaTajau3a Ha MOJyNpoBOAHMKAX. CBSA3b KaTAIMTUYECKON aKTUBHOCTH C IOJIO)KEHHUEM YpPOBHS
depmu.

23. TereporeHHble KaTaaU3aTOPbl KHUCIOTHOM mpupoasl. Pomb OpeHCTENOBCKUX U
JBIOMCOBCKUX KHCJIOTHBIX IIGHTPOB B XEMOCOPOIMM M KaTalu3e Ha OKCHJAaX AIIOMHUHHA,
KPEMHHUS U aJTIOMOCUIIMKATaX.

24. MoaubunupoBaHHbIE W  CMEIIaHHBIE  OKCHUIHBIE  KaranuzaTopbl. lleonuTHble
KaTaJII/ISaTOpI:I, CBA3b HUX AKTHUBHOCTU C THUIIOM II€0JIMTA, HAJIMYHUCM I‘I/II[pOKCI/I.HBHBIX rpyHH,
MPUPOAOA M KOHIEHTpPALMEl BBEICHHBIX B IIEOJTUT MOHOB. MOJEKYISPHO-CUTOBBIE CBOMCTBA
IICOJIUTHBIX KaTaJII/I3aTOpOB.

25. OOnactu mpOTEKaHUs T'€TEPOreHHO-KATATUTUYECKUX PEeaKluil, UX MPU3HAKU U METOJbI
AKCIIEPUMEHTAIILHOTO MOATBEPKICHHUS.



26. HccnemoBaHue KHHETUKH TETEPOTCHHO-KATATUTUYECKUX PEaKIUid B MEPHOIUYECKHX,
IPOTOYHBIX M MPOTOYHO-LIUPKYIALHUOHHBIX peakTopax, oO0paboTka 3KCIepUMEHTAIbHbIX
JAHHBIX.

27. CtpoeHue MOBEPXHOCTU TBEPIbIX TEJI U €ro BIUSHUE HA KATaJIUTHUYECKYIO aKTHBHOCTb.
CoBpeMeHHbIE METOJBI MCCIEA0BAaHUS CTPYKTYPbl U COCTaBa IMOBEPXHOCTHOTO CIIOSI TBEPIBIX
Tea. MeToIbl ONpeeNeH s AIIEMEHTHOTO COCTaBa KaTaau3aTOPOB, CIEKTPAIIbHBIE U XUMUYECKHE
METO/IBI.

28.  CrhekrpanbHble W JAUQPAKIUOHHBIC METOMBI IN-SitU B HMCCIICIOBAHUU KATATUTHYECKUX
pEaKLHii.

29. M3oTonHbIle METONBI B MCCIIENOBAHUM MeXaHW3Ma Kataiani3a. KuHeTtndeckuil M30TONMHEIN
addekr. M30TOMHO-MeueHHBIE coeTMHEHUs. KBaHTOBO-XMMHYECKHE METO/IbI B KaTaIu3e.

30. Peakuuu oxucnenus. [lonmHoe u mapiuanbHOE OKUCIEHHE. MeXaHu3M KaTaTuTHYECKOTO
okucnenus Mapca - Ban Kpesenena.

31. TlonyueHue BOJIOpO/A M CHHTE3-Ta3a KaTATMTUYECKON KOHBEPCUEH YTIIEBOIOPOIOB.

32. CuHnre3 amMuaka. TepMonmHamuKa W MeXaHW3M Tporecca. Karammzaropsl mporiecca.
CrpyKTypHasi 4yBCTBUTEIBHOCTb PEAKLIUU

33.  Cunre3 Oumepa-Tpormira. Mexanu3mbl mporiecca (IUCCOIMATUBHBIA U aCCOIIMATUBHBIN).
Pacnipenenenne npoayKTOB CHHTE3a MO MOJEKysipHod wmacce. Pacnpenenenne Illynbia-
Onopul uapupoBanue U 1ErUIPUPOBAHUE OPTAHUUECKUX COCIUHEHUM.

34.  OxwucneHue HEOPraHWYECKUX coenuHeHu. [lomyuenne cepHOi 1 a30THOU KHUCIIOT.

35.  Okwucnenue s>tuiieHa B dTuieHokcun. Karanmmszarop m mexanusm mporecca no Kunrtu-
3axtiepy u Ban Canrteny

36. Karanutuueckue npoueccsl B HedTenepepaboTke. Peakius KaTaltuTHYECKOr0 KPEeKUHTa:
KaTaJIM3aToOphl, TEXHOJIOTHYECKOe 0hopMIIeHHE 1 MEXaHH3M IpoIiecca.

37. Karanutuueckue mporecchl B HedrenepepadoTke. Peakuus n3oMepu3anuy JTHHEHHBIX
AJIKaHOB. KaTaJIM3aTOPHI, TEXHOJIOTHYecKoe 0(hOpMIICHHE M MEXaHU3M Ipolecca.

38. Okonornueckuit  katanui3. Karanutuueckas HeUTpaau3alus BBIXJIOMHBIX — T'a30B
aBTOTpaHcnopra. Peaknmn m karamusatopel. Okucienne CO m MexaHu3M peakiuu Ha Pt u
OKCUJIHOM Katanu3atopax. OKUCIEHHE YTIIE€BOJOPOIOB.

39.  Okwucnenue mpommiieHa B akpoJienH. KartammzaTopbl m MexaHu3M mpoiiecca. OyHKIIUN
pa3IMYHBIX KOMIIOHEHTOB KaTaJlu3aTopa Ha IpUMEDE.

3agauu K IK3aMeHy

1. HccnenoBanack xeMocopOIust BOAOPOa KalbleBOH GhopMoii eonura, conepxkarieit 0,5
% TIaTHHBI, BBEJCHHON KaTHOHHBIM OOMEHOM BMECTO YacTH MOHOB KaiblMsa. Takoil crocod
MPUTOTOBJICHUS TO3BOJISET MOTYYaTh IJIATHHY B aTOMAPHO AUCIIEPCHOM COCTOSHUU.
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Ha puc. 1 moka3aHa mony4yeHHass B OJJHOM M3 TUIHUYHBIX SKCIIEPUMEHTOB KPHBAas W3MEHEHHS
KOJIMUeCcTBa ajcopbupoBaHHoro Bomopona (B aromax H wa atom Pt) Bo Bpemenu mpu
nocrosuHoM naBiennu 80 k[la. AncopOuus Bogopoa Ha caMoOM IIE0JIUTE TPEHEOPEKUMO MaJa,
3 dexth quddy3un B EOJUT U U3 HETO TaKXKE HE CYIIECTBEHHBI. B OTHOM OmbITe CHavaia B
tedeHue 254 noanepxusanu temneparypy 105C, zarem nogaumanu ee 1o 205C; B npyrom -
TEeMIIepaTypy B T€UCHHUE BCEro dKcrIepuMeHTa nojaepxkupayin paBHor 250C. B o6oux ompiTax
UCTIOJIb30BAJIM CBEXKHE KaTaIN3aTOPHI.

a) O0bsicauTe HaOMIOAaeMbIe Y(HPEKTHI.

6)  Uto MoxHO cka3zaTh O ¢opme (hopmax) BOAOPOAA, aJACOPOMPOBAHHOTO B yKa3aHHBIX
(pa3MUYHBIX) YCITOBHSIX ?

2. [Ipu rugpupoBaHMM CMECH n-KCWJIONA U TETpaduHa Ha HuKene Penes HabOmomamu
BO3pacTaHWe CKOPOCTH peakiuu (B MOJIAX TeTpajMHa M KCUJIOJA, MPOPEardpoBaBIIMX 3a
€IMHUIy BPEMEHH) C YBEIMYCHHEM CTEIeHH npeBpaineHus (cM. paza. 3.5). TunuuHbie JaHHBIC
OTIBITOB MPEACTABIEHBI B TaOIHULIE!

Cocras cmecn CyMMapHasi CKOPOCTh T'MIAPHPOBAHUS
k1o [A1]-rerpanamn [A7][CMECH, NPOU3BOIbHbIE €IHHHILbI

620 280 8,5

566 235 8,8

462 139 9,4

334 57 10,4

159 10 11,3

JlaBneHue BoIOpoO/a B X0/I€ THUAPUPOBAHUSI TTOIICPKUBATIOCH TTOCTOSHHBIM. [Ipeamonoxum, 4To
KOJIMYECTBO aJICOPOMPOBAHHOTO BOJOPOA B XOJI€ PEAKIIUIO HE MEHSETCS U, TOCKOIIbKY PEaKIus
MIPOBOJIUTCS B JKUJKOU (pa3e, 4TO Bce aKTUBHBIE IIEHTPHI KaTtaau3aTopa 3aHsThl. [loaToMy moss
LEHTPOB, 3aHATHIX YacTullaMu 1, papHa

q-= Ki[A1]
Ki[A1] + K2[A 2]

rae K1 u K2 - KoHCTaHTHI aacopOiun, [A1] u [A2] -KOHIIEHTpauu peareHTOB B KHUIKOM (ase.

a) TTokaxxuTe, 9TO €CIIM MOJIEKYJIbl PEareHTOB aJICOPOUPYIOTCS Ha OJTHOM TOM K€ TUIIE LIEHTPOB,
TO CKOPOCTb PEaKLMK JTOJDKHA MOAUYUHATHCS CIENYIOLIEMY BBIPAKEHUIO!

- = K K]_[A]_] + k2K2[A21
Ki[A1] + K2[A2]

0) Kak Oynmer MeHSATbCS CKOPOCTh pEaKIMM B TOM Cilydae, €CIM THIPUPOBaHHE OyaeT
IPOBOANTHCA JIOJIbIIIE, YeM YKa3aHO B TaOJuIle, NpPU BBHIOJHEHUH INPUBEICHHOTO BBIIIEC
BBIpaKEHUS 11 cKopoctu? CienyeT M OXUAaTh, YTO CHEIaHHBIC BBIIIE MPEANOIOKEHUS U
BBIBEICHHOE JJISI CKOPOCTH BBIp@KEHHE OyIyT CIpaBeUIMBBI O IOJHOTO H3PACXOJI0BAHUS
BOJIOpOaa?

8) KakoBa OymeT CKOpOCTh THAPHUPOBAHUS YHCTOTO TETpPAJIMHA TPHU €ro KOHIICHTPAIUH,
paBuo# 10011pon3BONBHBIM €IUHUALIAM ?

Ilpumeuanue. CKOpOCTh TUAPUPOBAHUS YUCTOTO N-KCHIIOJIA UMEET HYJICBOU MOPSJIOK U PaBHA
12,91pou3BoiabHON €AHMHHUIIBI.



3. [TpoBoauTCS KaTtanuTU4eCKOe ruapupoBanue cMecu anetoHa (A) um uso-rekcena (C) B
NPUCYTCTBUHM PA3UYHBIX pacTtBoputeneii. CKOpOCTh THUAPUPOBAHHS, BBIPAKCHHYIO dYepe3
CENIEKTUBHOCTh S, KOTOpas TMpeacTaBiseT co0oi oTHouieHne 3(@EeKTUBHBIX KOHCTAHT
CKOpOCTEH IBYX peakiuii (TO ke, YTO M OTHOILICHHE CKOPOCTEH B OJUHAKOBBIX YCIIOBHUSX), IIPH
UCTIOJIb30BaHUU TEX XK€ MPEINOJI0KEHHUN, UTO U B 3a/1a4€ 2, MOXKHO 3alUcaTh B BUJIE

keKo/kaKa

rae Ki - KoHCTaHTa CKOPOCTH peakiny, HAYIIEH Ha MOBEPXHOCTH, a Ko - KOHCTaHTa aacopOonuu
(ko3 duIHeHT aCOPOIIMOHHOTO PacpeIeIICHuS).

OOsbscHUTE, TIOYEMY B psAy CIEAYIOUIMX Hepeacupyouux pacTBOpPUTENEH, BO3PACTacT:
UKJIOTeKcaH< 0eH301<okTaHoy-1 <u3omponanon? [IpenmnomnararoT, uro A u C KOHKYPUPYIOT 3a
aI[COp6LII/IOHHBIe LOCHTPBI OAHOTO U TOI'O K€ aTOMaA.

BbIX Karanu3aTopax. Haumyudinee coriacue ¢ SKCIEpUMEHTAIbHBIMH JaHHBIMU HaOIIOAaeTcs
IIPY MPEATNIOI0KEHNUHN, UTO JJUMUTUPYIOLIEN CTAUEN PEAKLUHU SBIIIETCS B3aUMOJICHCTBUE MEXKIY
a7IcCOpOMPOBAHHOM MOJIEKYJION ATHUJICHA M MOJIEKYJION BOJIOPO/Ia, HAJIETAIOIICH 13 Ta30BOM (asbl.

Hawmnyummm o6pa3om 3KcriepuMeHTaJIbHBIE JaHHBIE OMUCBIBAIOTCS CIEIYIOIIUM BhIPAKEHHEM:

AetOIT (P Po )

1 +B€+H 100/ T (PCHH‘)

Cxkopoctb =

a) Cormacyercss nu  (QopMa TNPUBEAECHHOTO BBIPAKEHHS C MPEIIOKEHHBIM  BBIIIE
MexaHu3MoM? JlaliTe BEIBO BBIPAKEHUS ISl CKOPOCTH.

6)  Bo03MO0HO 111, YTOOBI TOKa3aTEIN 00€UX IKCIIOHEHT OBUIH MOJI0KUTEIHHBIMU?

6¢) B oaHoit n3 paboT cOOOIIATIOCh, YTO KaXyIIAsCs SHEPTUsl akTUBaMu (OmnpeaesicHHas 13
HaKJIOHA TMpPSIMOM B appeHWYCOBCKUX KOOPIWHATAX) pPEaKUHH TUAPHUPOBAHHS OJTWIICHA Ha
HHUKeNeBOM Katanusatope paBHa npu 100C 41,9 x/[x/monb, a nmpu 150C 26,8 x/[x/Mob.
Cornacyercs 1 3TOT (DaKT ¢ MPUBEACHHBIM BBIIIE BHIPAXKEHUEM JUISI CKOPOCTH PEAKLIUU?

2) PaccmarpuBaemass peaknuus IIMPOKO HCCIENOBANACH HA PA3JIMYHBIX METATUIMYECKUX
Karanu3aTopax. HagexXHo yCTaHOBIEHO, YTO MPU MOCTOSIHHOM COCTaBE PEAKIIMOHHOM CMECH B
JIOCTaTOYHO OOJIBIIIOM MHTEpBAJe TEMIEpAaTyp Ha OJHUX KaTalu3aTopax CKOPOCTh pPEaKIHUU
IIPOXOJUT YEPE3 MAKCUMYM, a Ha IPYIMX IOCTOSSHHO BO3PACTAET C YBEINYEHUEM TEMIIEPATYPHI.

1. Moxer M HaOMIOAATBCS MAaKCHMYM, €CIM HPUBEACHHOE BBIIIE BBIPAKECHUE IS
CKOpPOCTH CIIpaBeIJIMBO?

2. Cornacyercs JM pa3iMyHOE TOBEJEHUE PAa3HBIX THUIIOB KaTaJM3aTOpPOB C
MOCTYJINPOBAHHBIM BBIIIIE MEXaHU3MOM?

4, Nzyuaercs ciaemyromas peakifusi:
B
FRETg 0 s,

A -ra3; B,Cu D -xwunkoctu. Bce peareHThl mpeAcTaBsaioT cO00i OpraHnyecKrue COSTUHEHHUS.

PearenT A mpoOyNbKHMBAIOT Yepe3 COCYM, CoAepKalui peareHT B um MenkomucmepcHBIH
katanuzarop. Pearentr B Bcerma Oepercs B wu30Obitke. Pearent C mpencraBiser coOoi
HEHACBIIIeHHOe coenrHenue. Bemecrso D crabuisHO.

C yBenuueHHUEM JIaBJICHUS peareHTa A MpoJ0KUTEIbHOCTh Pa0OThI KaTalnu3aTopa 3HAYUTEIEHO
yMmeHb11aercs. O0bsCHUTE IPUYUHBI ATOTO.

5. MokeT 7 Kaxylnasics SHEprus akTUBaUWU (ONpelesieHHas MO HAaKIOHY KPHBOH ISt
CKOPOCTH B appPEHHYCOBCKMX KOOpJAMHATAX) KaTAIUTHYECKOW pPEaKIUu 603pacmams C



YBEIIMYEHUEM TEMIIepaTyphl, €CIIM TOMOTeHHAsl PEaKIIUs OTCYTCTBYET?

6. Paccmorpute tuapupoBanue oneduHa B cooTBeTcTByromuii mapadud. [lomaras, uto
peakuus UIeT 4Yepe3 OAHOBPEMEHHOE B3aUMO/ICHCTBUE aAcOPOUPOBAHHON MOJIEKYIbI osiehrHa ¢
JBYMsI  aJCOpOMPOBAaHHBIMH aTOMaMH BOJOpojaa (mucconuaTHBHAS aJCcOpPOLNs), BHIBEIAUTE
BBIPOKEHUE 11 CKOPOCTH peakiuu B Mojeau JIeHrMiopa -XuHIenbByaa (OHMH THIT aKTUBHBIX
1eHTpoB). [IpoayKT peakuuu ciabo ancopOupyeTcs Ha KaTaau3aTope.

7. B nmuddepenunansnom peakrope B wuHTepBase Temmeparyp or O mo 200T
HCCIIEI0BAJIOCH THAPUPOBAHKE ATUJICHA B ATaH Ha MeaHOM KaTtaymsatope. [Ipu 200C ckopocth
peakiuu onucsiBaeTcs ypaBHeHUEeM — = KPu2/Pcang, a npu 0°C - ypaBuenneM —I = K’'Pr2/Pcana,

OOBsICHUTE TIONydeHHBIE pe3yibTaThl, Ipeanojaras, 4YTO JUCCONMAIMA BOAOpOJIA He
IPOMCXOTUT U YTO B YKA3aHHBIX YCIOBHUSX BBINOJHAETCS Mozenb JleHrmiopa -XuHIIENIbBYAA €
OJTHUM THIIOM aKTHUBHBIX IIEHTPOB. MOKHO JIM OOBSICHUTH B paMKax PaccMaTpHUBAEMON MOJIEIH
Ha0Jr01aeMoe U3MEHEHHE BBIPAXKEHUS IS CKOPOCTH PEAKLIUU?

8. B pesynbrare m3ydeHus IeTHAPUPOBAHMS IHMKIOTEKCaHa B OEH30JI Ha KaTalau3aTope,
MpEJCTaBISIIOIIeM CcOoOOM  OIaropoJHBI  MeTall, NpU MOBBIIICHHBIX TeMIepaTypax B
MIPUCYTCTBUU JEUTEPO-BOJLOPOAHON CMECH, BBIICHWIOCH ciexyrouiee. [Ipu temmneparype Huxe
250 T o6pa3yroTcst TOJIBKO AEUTEpUPOBAHHBIE MOJIEKYJIbI IIMKJIOTEKCaHa

CeH12-xDx. B unreppane or 250 no 300T obpa3zyercss kak O€H301, TaK U JEHTEPUPOBAHHBIN
IUKJIOTeKcaH, a mpu Temmneparype Boinie 300C neiiTepupoBaHHBIN ITUKIOTEKCaH HE 00pa3yeTcs.

a) Kak MeHsieTcs MexaHu3M JETHIPUPOBAHUS C MTOBBIIICHUEM TEMIIEpaTyphl?

6)  Paccmorpure  ycioBus, orBewaromue — 50%#HO0#  cTemeHM — MpeBpallieHds B
muddepenimans_HoM peakrope. Kak Oyaer MeHAThCs (hopma KUHETHUECKOTO BBIPAKEHUS JUIS
CKOPOCTH B M3y4CHHOM TeMIlepaTypHOM HHTepBane? Bo Bcex ciydasx MOJBHOE OTHOLICHHE
Bojgopona (winm JeiTepus) K YIVIEBOJOPOAY B Ta30BOM (ha3ze 3HAYUTEIBHO OOJIbIIE
CTEXHOMETPUIECKOTO.

9. PaccmorpuM naHHble Puawia 1o passioKEHUIO pa3IMYHBIX CIUPTOB Ha OKCHIE
amoMuHus. B pesynbTaTe 3TOM peakiuu o0pa3yroTCs COOTBETCTBYIOIIMEI ojedWH U BOJA;
HaIpuMep,

CH3CH2CH20H - CH3CH=CH2 + H20
Bo Bcex cnyuasix Boga aicopOupyeTcst 3HaUUTENbHO MIPOYHEEe, YeM OJIe(hHH U CIIUPT.

Kax BuaHO U3 naHHBIX Ta0n. b.2, kaxymascs SHeprus akTHBAIMU peakiuu (ormpeaeneHHas mo
HAKJIOHY KPHBOH B appeHHYCOBCKHX KOOpJAMHATAX) MpPU BBICOKUX M HHU3KUX JABICHHSIX
CYIIECTBEHHO pa3nuyHa. [IpenmonokmMm, YTO CTENEeHb NPEBpAICHHS NPU ONpPEACICHHON
KOMOWHAIMK JaBJICHUS U TeMIepaTyphl He CIUIIKOM Benuka, Hanpumep ot 20 mo 40 %,u yto
oOpaTHON peakiuerd MOXXHO TpeHeOpeub. I[IpenmonokuMm Takke, 4YTO KHHETHKA PEaKIUd
COOTBETCTBYET MeXaHU3My JleHrMiopa-XuHIIeIbBYa C OJHUM TUIIOM aKTHBHBIX IEHTPOB.

Tabmuma b.2

E, x1x/Mo0ab
Cnupr

BBICOKOE JJaBJICHHE |[HH3KOe€ JaBJIcHHe Pa3HOCTD
u-C3H-OH 172 119 53
uz0-C3H-OH 163 109 54
H-C4HoOH 184 117 67

a)  TlokaxuTe ¢ OMOIIBIO COOTBETCTBYIOLIMX PACUETOB, YEMY COOTBETCTBYET ISl KAXKIOTO



U3 CIIUPTOB PAa3HOCTh B 3HAUCHHSIX SHEPIUU aKTUBaNuU £, paBHas B cpenHeM 58 k/x/MoIb.

6) Bo3MOXHO M, YTOOBI JUIT BCEX TpPEX WCCICIOBAHHBIX CIIUPTOB Pa3sHOCTh MEXIY
3HaYCHUSIMHU E TPU BBICOKOM U HM3KOM JaBJICHHUSIX ObLIa MPAaKTUYECKHA OJMHAKOBOH (B Ipeeiax
MOTPEIIHOCTH YKCIICPUMEHTA)?

10. IIpu wmsydenuwm peakuuu ruapupoBanus A + Hz->C + O B mapoBoil ¢ase c 1enbio
pa3paboTKK HOBBIX KaTaIN3aTOPOB BBIABIICHHI 1Ba HanOoJee akTUBHBIX Katanu3aTopa - M u P.
Bce uccnenoBanue NpoOBOAMIIM B PEAKTOPE C HEMOABHMXKHBIM CIIOEM NPU OJHOM M TOM XKe
KOJIMYECTBE KaTaIM3aTopa M MOCTOSIHHBIX TeMIlepaType W AaBieHuu. [Ipn Oompmmx CKOpPOCTIX
NOTOKA PEaKIIMOHHOW CMECH KaTauu3arop M MposBisil OONBLIYIO aKTUBHOCTH (CM. HYDKE
OIpe/ielICHNEe aKTUBHOCTH), YeM KaTtaiau3zatop P. [Ipu HeGoimbImX CKOPOCTSAX MOTOKA, HA00OPOT,
P 611 6onee akTuBeH. CocTaB peaklIMOHHOM CMECH BO BCEX CIy4asiX ObUI OJIMHAKOB.

a) OObsacHUTE TOTyYEHHBIE PE3YIbTATHI.

0)  Crnemgyer nu oXuuaTh, 4To Karanu3zaTtop M Oymer «Oojee akTHBHBIM» M TpU Ooliee
BBICOKOU Temmeparype?

11. Ilpum wm3yuyenuu peakuuu runpupoanus A + Hz -> C + O B mapoBoil ¢asze c uemnbio
pa3paboTKK HOBBIX KaTaJIM3aTOPOB BBISBICHBI Ba HanOoiee akTUBHBIX Katanu3zaTtopa —M u P.
Bce uccnenoBanue NpoOBOJAMIIM B PEAKTOPE C HEMOABHMXKHBIM CIIOEM MPU OJHOM M TOM XKe
KOJIMYECTBE KaTaIM3aTopa M MOCTOSIHHBIX TeMIlepaType W AaBieHuu. [Ipn Oompmmx CKOpPOCTIX
NOTOKA PEaKIIMOHHOW CMECH KaTaau3arop M MposBIsI OONBLIYIO aKTUBHOCTH (CM. HIDKE
OIpe/ielICHNe aKTUBHOCTH), YeM KaTtaiau3zatop P. [Ipu HeGoiIbImMX CKOPOCTSAX MOTOKA, HA00OPOT,
P 6b11 6onee akTuBeH. CocTaB peaklIMOHHOM CMECH BO BCEX CIy4asiX ObUI OJIMHAKOB.

Q) OOBbscHUTE TIONyYEHHBIC PE3YIbTATHI.
0) Crnenyer nu OXXuMaaTh, 4TO KaTanmm3aTop M Oymer «Oojee aKTHUBHBIM» W TIpU Oojee
BBICOKOH TemmepaType?
Ipumeuanue. TIporeccyl Macco- U TEIUIONEPEHOCA HE BIMSIOT Ha CKOPOCTh peakiuu. [Tobounbie
peakuuu OTCYTCTBYIOT. Peakmmsi HeoOpaTuMma, W BO BCEX CIydasX CTEMEHb MPEBpPAIICHUS
cymectBeHHO MeHbIe 100%.
AKTUBHOCTb ONPEJIEAETCS KaK:

Yuciio npopearnpoBaBIIUX MOJIEH

(Bpemsi) ¢ (rpamMMBbl KaTaiu3aTopa)

12 B naGopaTopHBIX YCIOBHUSAX M3ydaeTcs HeoOpaTuMas KaTaJuTUUYecKas peakmus tuma A ->B.
Hcxonnblif peareHT A agcopOupyercs oueHb cinabo, B agcopOupyercss 3HaYMTEIHHO CHIIBHEE.
[IpeamonoxumM, 4YTO ONpeAeTCHHEe CKOPOCTH pPEaKIWd B 3aBUCUMOCTH OT TeMIepaTypbl B
peakTope TPOBOJUTCA TakUM 0Opa3oM, 4YTO CTENEeHb NPEBpALCHHUs MOACPKUBACTCS
nocrossHHOM W paBHOM 20%. IlonydeHHble JaHHBIE MO CKOPOCTH peaknuu [(Y4UCiIo MoJei
npopearupoBasiiero Bemiectsa)/(MuH) ¢ (fpaMM KaTaiu3aropa)] mpeacTaBiIeHbl B BUC KPUBOM B
apPEHUYCOBCKUX KOOpPIMHATAX.

a) OObsicHuTE (Ha KaYECTBEHHOM YPOBHE), Kakas Oyaer ¢popMa y KpUBOU.

6) TlpuBemuTe Takoe e 0OBICHEHUE IS CayYas, KOTaa BelecTBo B He ajcopoupyercs,
1) BEMIECTBO A ancopOHpyeTcss OTHOCUTEIHHO CHIIBHO;

2) BemEecTBO A aacopOUpyeTcs OTHOCUTEIBHO C1a0o0.

IIpennosaraercs, 4TO B ONKUCAHHBIX IIPUMEPAX IPUMEHUMA MOJEINb JIEHrMIOpa -XUHIIEIbBYAA C
OJIHMM THUIIOM aKTUBHBIX LIEHTPOB.

12. Jlna cunte3a meranona no peakuun CO+Hz -> CH30OH npuroroBsieHbl 1Ba IUHKOBBIX
Katanu3aropa. Karamuzatop A monydeH pasioxenuem arerara muaka ZN(CH3COO)2 mpu
BBICOKOH TeMIlepaType B MOTOKE CyXOro a3oTa, kKaramm3aTtop B - paszmokeHuem kapOoHara
nuaka ZNCOs B aHAJIOTHYHBIX YCIOBHSAX. B 000MX ciydasx MCXOJHBIE MaTepUaibl MPEICTaB-



M COOOM  METKOAMCIICPCHBIE IMOPOIIKH, KOTOPBIE paclpeieNisyii TOHKHM CJIOEM B
CIeNUabHBIX KOHTEHHEepax, IOMEIIaeMbIX B Ieub. BemecTBa, oOpa3yrommecs Tocie
pa3n0>1<eHH;1, 3arpy>1<an1/1 B peaKTop n HpOBO,Z[I/I.III/I peaKumo B OJWHAKOBBIX yCJ'IOBI/IHX.
Karanmusatop A mposiBisT B Ba pasa Ooblnyio (B pacdyeTe Ha CIAMHHUIYY MAcCChl) MCXOIHYIO
aKTHUBHOCTH 10 CPaBHEHMIO ¢ KaTanu3aTtopoM B. boiee Toro, karanuzaTtop A Tepsiji aKTUBHOCTh
MEJIJICHHEE, YeM Kataiu3atop B.

OOsbscHuTe, uyeM OOYyCIOBIEHA pa3MU4HAs CKOPOCTb MOTEPU AaKTHUBHOCTH JTUMH JBYMS
KaTaJIn3aTOPaMH.

13. PaccMOTpUM OKCHJ] HUKEJsd, IMOMEUIEHHBII B pEakTop, B KOTOPOM OH MOMNEPEMEHHO
OKHCJISIETCS M BOCCTaHABIIMBAETCS B XOJI€ LIMKJIMYECKOTo mpouecca. OKCHIT HUKENs MOJy4daroT
crenyromumM odpasom. M3 pactBopa kapOboHaTa HUKEIs O] BO3ICHCTBUEM aMMHAKa OCAKIAIOT
rUApOoKcUa HUKens. Ero oTuiabTpoBBIBAIOT, MPOCYIIMBAIOT, MPOKAIUBAIOT U IOJYYEHHBIH B
pe3ynbTare OKCHUI HUKEIS TaOIeTHPYIOT.

a) Kak MOXHO W3MEHUTh METOIUKY MPUTOTOBJICHHUS KaTaln3aTopa, YTOOBI YBEIHUYUThH
IPOIOJDKUTEIBHOCTD €r0 pabOThl B pacCMaTpUBAEMOM Ipoliecce?

0) JenarenbHO yBENMYUTh CKOPOCTh BOCCTAHOBJICHHS OKCHIA HHUKENsS, OCOOCHHO Ha
HAYaJIBLHOM dTarne mporecca. Kak 3To MOXXHO clienarh?

14. HukeneBplil KaTtamu3aTop MojydaroT coocaxaeHuem mnon aeiicteuem NH4OH u3 pactBopa
Ni(NO3)2 1 BTOporo BemiecTBa, U3 KOTOPOrO B TOTOBOM KaTallu3aTope 0Opa3yeTcsi TEKCTYPHBIN
poMoTop. OKCHIBI ATIOMHHUSL U KPEMHHUSI HE yJOBJICTBOPSIOT MPEABSIBISIEMBIM K IPOMOTOPY
TpeboBanusM. Kakoe BEIeCcTBO MOKHO MPEIIOKUTH B ITUX IEISAX ?



7. YueOHO-MeTOAMUYEeCKOe U MH(OPMAIHOHHOE OOecnedeHne JUCHUILTUHbI
Pexomennyemas nureparypa
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ba3bl gaHHbIX U HHGOPMALIMOHHO-CIPABOYHbIE IOPTAJIBI:

— Poccuiickuii n”HGOPMAIIMOHHBIN MOPTAJ B 00JIACTH HAYKH, MEIUIIUHBI, TEXHOJIOTUH
u obpasoBanus — e-library.ru

— TlonHoTekcToBas 6a3a JaHHBIX MHOCTPAHHBIX JKypHaIOB — Sciencedirect.com
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— EnuHoe okHO nocTyma kK oOpa3oBaTenbHBIM pecypcam @DenepaibHOro mopraia
Poccuiickoe o6pazoBanue http://www.window.edu.ru

— Ilopran  ¢dynmamentanmpHOrO  XUMHUYeckoro  oOpa3oBanusi  Poccum -
www.chem.msu.ru

8. MaTepuajibHO-TEXHHYECKOE 0O0ecneyeHue TUCIIUTIMHBI

NOX PAH pacronaraer MaTEepUAIIBHO-TEXHUYECKOU 6a3oi,
oOecrevynBaroiel MPOBEIEHUE BCEX BHUJOB TEOPETUYECKOM M MPaKTUYECKOU
HNOJrOTOBKH, HPEIyCMOTPEHHBIX Y4YE€OHBIM IUIAHOM, a Takke 3(pPeKkTUBHOE
BBITNIOJIHEHUE JUCCEPTALMOHHON paOOThI:



Aynuropus IS TPOBEACHUS JIEKIMM, OCHAIICHHas KOMIIBIOTEpOM U
IIPOEKTOPOM IS TIOKa3a CIAaiI0B KOMITBIOTEPHBIX Tpe3eHTanuii. KoMIbroTepsl,
00BEIMHEHHBIE B JIOKAJBHYIO CE€Th C BBIXOJOM B MHTEpHET M MOIKIIOYEHHBIC K
MEXIYHAPOJAHBIM M POCCHUICKAM HAay4YHbIM 0a3aM JJaHHBIX U DJICKTPOHHOU
OuOIMOTEKE C OCHOBHBIMU MEXAYHAPOAHBIMU HAYYHBIMU KYpPHAIaMHU.

Nuctpymentanbraas 6aza NOX PAH ocHoBaHa Ha NEHTPE KOJJIEKTHUBHOTO
nosb30BaHus ¢uznueckumu Mmetomamu uccienoBanuss MOX PAH. B cocrase
umeronierocsi oodopynosanusi AMP-cniekrpomerp dpupmsl «bpykep»: AVANCE I
DRX-600, macc-cnektpomerp Bruker ultraflex Ill, macc-ciekrpomerp Bruker,
cuektpodoromerp Y@ m Buammoii odiactm Specord M400MK-cnektpomeTp
Perkin-Elmer, aexrpodoromerp Agilent, ckanupyromui MHUKPOCKOI, aTOMHO-
CHJIOBOII MUKPOCKOII — CIIEKTPOMETP, U MHOTHE Apyrue npudopsl. Jlaboparopuun
OCHAIIIEHBI COBPEMEHHBIMH NMPUOOpaMH I (PU3NKO-XUMUYECKOTO aHAIHN3a.

[Iporpamma cocTaBlieHa B COOTBETCTBHM C TpeOOBaHUSAMH  CIEIYHOIIUX
HopMaTuBHBIX [Ipukaza MunoO6puayku Poccun ot 30 utons 2014r. N 869 €©06
YTBEPXKJIEHUH (ellepaJbHOro IoCyJapCTBEHHOIO 00pa30BaTENbHOIO CTaHJapTa
BbICIIero oOpa3zoBaHusi 1o HampasieHuto mnoarotoBku 04.06.01 xumuueckue
HayKH (YpOBEHB IMOATOTOBKU Ka/IPOB BBICIICH KBATU(PHUKALINH)>.



