Mpeaucnosne

Hactosiimee yueObHOoe mocoOre HaNMcaHoO Ha OCHOBE JICKIIUH 10 001IIe-
My Kypcy ¢u3mueckoil xumun (Tema « XuMH4ecKass KHHETHKa U KaTa-
TU3») U HECKOJIBKUM CIICIKypcaM, KOTOPhIE aBTOP B TCUCHHE MHOTUX
JET YUTaN IJs CTYACHTOB M aCIHUPAHTOB XHMHUYECKOTO (haKyIbTeTa
MI'V umenu M.B. JlomonocoBa. HacrogrenbHas HE0OXOIUMOCTD
B yu4eOHOM IMOCOOHH, TJie OBUTH OBbI JOCTATOYHO KOMITAKTHO H3JI0KCHBI
OCHOBBI COBPEMCHHOW TEOPHHU KaTaln3a, OOIINe I TOMOTEHHOTO,
TeTEPOTeHHOTO W (pepMEHTATUBHOTO KaTallm3a, Y)Ke JaBHO Haspe-
na. Benp kimaccuueckne yHHBEPCUTETCKHE YUCOHWKH MO KHMHETHUKE
W KaTaJau3y OBLIM W3JAaHBI MHOTO NECATIUICTHH Ha3aa M HE OTpaka-
0T COBPEMEHHBIX IPEICTABICHUN 00 3TOH OYeHb Ba)KHOW 00OIacTh
XUMUH, 2 HEPETYISIPHO BBIXOISIINE B CBET KHUTH IO 3TOW TEMATHUKE
UMEIOT OTUYCTIMBBIA CIIPAaBOYHO-MOHOTpaQUUSCKHUA XapaKTep U JTUIIb
YCIOBHO MOTYT OBITh OTHECEHBI K yUeOHOH JTUTEpaType, MOCKOIbKY
MPAaKTUYECKH BCE OHU MOCBSMICHBE HE 00mMHUM (yHIAMEHTATbHBIM
npobiaeMaM COBPEMEHHOTO KaTaln3a B IIEJIOM, a YaCTHBIM, XOTSA
W BaXXHBIM €TO pasjesiaM, TaKUM KaK TeTepOTCHHBIM KaTalu3, KaTa-
U3 METAJUIOKOMIUIEKCAMH H T.1I.

B mupoBoii Hay4HOI JIHTEpaType COBEPIIEHHO YeTKO 0003Ha4M-
Jach TCHACHIUS K BBISIBICHUIO U 0000IEHUIO OCHOBHEIX 3aKOHOMEp-
HOCTEH MPOTEKaHWsI BHEITHE BEChMa HEMOXO0KUX TOMOTCHHBIX, TETePO-
TeHHBIX M ()epPMEHTATHBHBIX peakiuii. CiexyeT 3aMeTHTh, YTO B 3TOH
TEHICHIIUN HAXOIUT OTPa’KEHWE OJWH M3 TJABHBIX JUATCKTUICCKUX
3aKOHOB MUPO3JAHISI — Pa3BUTHE 110 CIIUpaH. JeHCTBUTENBHO, H3yde-
HUE KaTaIMTHIECKUX TPOIIECCOB HAYaJIOCh Oojee MoIyTopa BEKOB Ha-
3a]l Ha OCHOBE YUCTO ()EHOMEHOJIOTHICCKON CYIIHOCTH TOMOTEHHOTO,
TEeTEPOTEHHOT0 U ()ePMEHTATHBHOTO KaTanm3a. VIMEHHO 3TO Bpems,
Korja ObUTH clelaHbl MepBbie 00OOMICHUS ONMUCAHHBIX B JTUTEPATYpPE
HAOJFOICHUN 32 TeM, KaK YCKOPSIOTCS XMMHYECKHE PEaKIIIH, MOXKXHO
CUUTATh 3apOXKIACHUEM Haykw O KaTamm3e. OIHAKO B TOCICIAYIOIINE
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JIECATHICTHS OTH pa3JelNbl KaTaln3a Pa3BUBAINCH MPAKTUICCKU HE3a-
BHCUMO JIPYT OT Apyra, 00pa3HO TOBOPs, HE MEPECeKasiCh U B3aUMHO HE
obGoramasicek. JIump B cepenrHe XX B. ¢ pa3BUTHEM 3KCIIEPUMEHTAIIb-
HBIX METOJOB HCCICIOBAHHS W TOSBICHUEM MPUHIMITHAILHO HOBBIX
nprOOPOB B ITHX KATATUTHUECKUX MPOIIECCAaX, KOTOPHIC YXKe, Ka3aIoCh,
HE MOTYT OBbITh OOBEIMHEHBI, HAYAIM OOHAPYKHBATh OOJIbIIIE CXOJICTBA,
4eM passIndui.

Ceituac, B Havane XXI B., 6;arogapst mosIBJICHUIO HOBBIX MOIIHBIX
METOZOB HCCIEIOBAHUS HAIIM 3HAHUS O KAaTalW3e BBHIILIM HA Kade-
CTBCHHO HOBBII YPOBEHBH TITyOOKOTO MOHUMAHHS (PU3MUECKOH CYyII-
HOCTH KaTaIUTHYECKOTO YCKOPECHHUS XUMUYCCKUX PEaKIIHi.

B cooTBeTCTBUU CO CKa3aHHBIM BBINIE MaTepHal HACTOAIIETO IO-
coOus pasjielieH Ha JIBe YacTH. B mepBoi 4acTW paccMaTpUBaIOTCS
HanOoiiee obue pyHIaMeHTAIbHBIC 3aKOHOMEPHOCTH, KOTOPBIM TI0JT-
YUHSIOTCS Bce 0€3 MCKITIOUCHNS KaTaTuTHIEeCKHE Mporecchl. Bo BTOpoit
YaCcTH, HANPOTUB, OCHOBHOC BHUMAHHE YICISACTCA CICHUPUICCKIM
0COOCHHOCTSAM HamboJiee PACIPOCTPAHCHHBIX KATAIUTHICCKUX CH-
CTEM — FOMOTEHHBIX, T€TEPOTCHHBIX U (DepMEHTATUBHBIX.

IIpemnaraemoe yueOHOE TmocoOHMe HE MPETEHAYET Ha IOJHOTY W3-
JIOXKCHHUS BCEX ACIIEKTOB COBPEMEHHOI HAYKU O KaTaln3e U TOJIBKO BBO-
JIUT YUTATENsl B MHTPUTYIOIIMM MUpP KaTaJuTU4YeCKuX sABjeHud. OcBoe-
HUE MaTepraja He TpeOyeT crennaibHONl TeOpEeTHIECKON MOATOTOBKH,
OJTHAKO TIPU 3TOM IPEAIONIATAeTCs, YTO YATATEIbh 3HAKOM C OCHOBAMH
HEOPraHWYeCKOW, OPraHMYECKOW U (pU3NYecKol XUMHUH B 00bEME YHHU-
BEPCUTETCKUX MPOTPAMM II0 ITHM 0a30BBIM AUCLIUTUIIIHAM.

Bripakaro riry0OKyr0 MpU3HATEIHHOCTh CBOMM KOJUIETaM, MPEXKIe
Bcero O.M. Iloanropaky u E.C. Uyxpaii, a takxke b.M. Bynbiueny,
I''1. EmenssroBoii, M.B. KopoboBy, A.A. KybacoBy, B.B. Jlynuny,
E.A. TMaztok, .A. Ycnenckoii, B.®. IlleBenpkoBy, ANCKyCcCHH ¢ KOTO-
PBIMH IO CaMBIM pPa3HOOOpPA3HBIM ACMEKTaM KATAIUTUYECKONH HAYKH
B HEMAJIOW CTETICHU IOMOTIH aBTOPY IPH MOATOTOBKE dTOTO TOCOOHS.

b.B. Pomanoeckuii
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TEOPETUYECKUE OCHOBbI KATAJIU3A

1.1.  WUcropuuecknin 0630p

Hcropus XUMUM COBEPIICHHO TOYHO OMPENEIsieT HEe TONBKO TOJ, HO
Iake MECSIl POXICHHS KaTaln3a KaK caMOCTOATEIBHOTO pa3iena
HAayYHBIX 3HAHUH (B OTIIHYME OT OOJMBIIMHCTBA Pa3AciioB COBPEMEH-
HOol Hayku). B mapte 1835 T. BeImaronuiics MBEICKUNA XUMUK Ménc
SIko6 bepuennyc, KOTOphId 10 opydeHHo KoposieBckoil akaaeMun
HAayK MHOTHE TOJBI COCTABIISII €KETOJHBIC 0030PhI TOCTIKEHUN B 00-
nactu (U3UYECKUX HaAyK, mpeacTaBui B skypHan Jahresberichte fiir
Chemie cBoe ouepennoe coobmienune. B Hem bepuenmyc obpatmn
BHUMaHHUE, B YACTHOCTH, Ha OOITHOCTH HEKOTOPHIX SIBICHUI (KOTOPBIE
HaOII0OJaNN 0 HEro APYTUe YUYCHBIC), COCTOSIBIINX B TOM, UTO DS
XUMUYECKUAX PEAKIHA MEXAY KaXYIIUMUCS HHEPTHBIMU BEIIECTBAMHU
MOKET MPOTEKATh B MPUCYTCTBUH «TPETHETO» BEMICCTBA, HA3BAHHOT'O
uM Karanmuzaropom. Tak, X. [sBu obHapyxuia B 1817 r. cmocoGHOCTH
HarpeTo IUIATHHOBOHW MPOBOJOKH BBI3BIBATH COCIMHEHHE OKCHIIA
yriepoaa u kuciopoaa; JI. Tenap, OTKpbIBIIUI MEPOKCHA BOLOPOAA,
onucan B 1818 r. ero pasnoxxenue noja AecTBUEM LIeI04ei, OKCUa
MapraHia u 01aropoansx Metamwios; O. [»su B 1820 r. mokasain, 4To,
€CITM CMOYHTH BHHHBIM CHUPTOM IOPOIIOK METAJNIMYECKOH ITaTH-
HBI, 00pa3yeTcs ykcycHas kuciora; O. Mudepnux B 1834 1. ommcan
MOJIy4eHUEe AUATHIOBOTO d(upa U3 CIUpTa MPU AOOABICHUH K HEMY
CEepHOI KUCIOTHI; HaKOHEL, B 1833 r. U3 BBITSKKH SUMEHHOI'O COJI0Ja
OBLT BHEpBBIC BBIACICH (EPMEHT AUACTa3a, KaTaTUTHUEeCKOe Ieii-
CTBUE KOTOPOH IBITANICS BIOCICIACTBUU OOBSICHUTE, XOTS U HEYAadHO,
10. JIubux.

[Ipumeps1, KoTOpBIe OBIIN MpHUBEAEHEI B 0030pe bepuenuyca, Bo-
BCE HE MCUEPIBIBAIN BCE CIIydal M3BECTHBIX B TO BpeMs HAOIIOACHMIA
KaTaTUTHIECKHUX 3(P(HEeKTOB U TeM Oojiee — MPaKTUKY MCIOIb30BAHUS
katanuzaMm. [lonmydenne BuHA TyTeM cOpakHMBaHUS BUHOTPATHOTO
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COKa M3BECTHO ¢ OMOJICHCKHMX BpEMEH, KOrJa HH caxap, HH CIUPT
eme He OBLIHM M3BECTHHI. [IMATUIOBEIN 3(HUp BIEPBBIC MPUTOTOBH-
11 apaOCKHe aIXUMHUKH, T0JCHCTBOBAB CEPHON KHCIOTOW Ha CITHPT.
Camy K€ CEepHYIO KHUCIOTY MOJIyYaldd MPH CKUTAHUU CaMOPOIHON
Cephl B MPUCYTCTBUU CEIUTPHI, UTO OBLIO MPOOOPA30M KaTaTHUTHYIC-
CKOTO KaMepHOTo cmocoba ee MPOU3BOACTBA. 3I€Ch YMECTHO YIIO-
MSHYTb, YTO CaM TEPMHH «KAaTaJTH3», XOTS COBCEM B MHOM CMBICIIE,
yem y bepnenunyca, Brepeie ynotpebun A. JIubaBuii B cBoeM 3Ha-
MEHHTOM Tpyae «Amxumus» (1597 r.) — caMoM mepBoM ydcOHHKE
MPAKTUIECKOU XUMHHU.

Ocoboe MeCTO B UCTOPUH KaTaln3a 3aHUMAIOT JiBe paboTel. OqHa
W3 HUX SIBISETCS, TO-BUAUMOMY, CAMOM TIEPBOW HAYYHOM IyOJIMKAIH-
el B o0macTu SKCIepuMeHTaNbHOTO Katanm3a. B 1778 1. Jx. [lpuctim
COOOMIMII, YTO MPHU MPOITYCKAHUH ITAPOB CIUPTA Yepe3 PACKAICHHYIO
TIHHSIHYI0 TPYOKYy o0pasyeTcs ABa pasNUYHBIX MPOAYKTA, OJHUM W3
KOTOPBIX ObllTa, HECOMHEHHO, BOJIA, @ BTOPBIM — HEKUU Ta3 ¢ PEe3KUM
3amaxoM. Bropas pabota mo cytu OblIa IepBBIM KOTUIECTBEHHBIM HKC-
MEePUMEHTOM B oOsactu kKaranusa. AkagemMuk Caakt-lleTepOyprekoii
akanemnn Hayk K.C. Kupxrod B 1812 r. BBEIONHSI, Kak cedyac MBI
cKa3aiau Obl, «CONMANBHEIN 3aKa3» Ha pa3paboTKy «OTEUECTBEHHOTOY
croco0a MoydeHus caxapa, KOTOPBIU mepecTtai mocTymnats B Poccuio
M3-32 KOHTHHEHTAIbHOH OJ0Kaabl MpoTHB BennkoOpuTaHWM, BBEACH-
Hoil Hanoneonow I. ITogseprast ruiponn3sy BOJHYHO CYCIHEH3UIO KapTo-
(hempHOTO KpaxMaja B MPUCYTCTBHH MUHEPANBHBIX KHCIOT, Kupxrod
00HapyXmJ (M 3TO MMeEJIO KIYeBOEe 3HAa4YeHHE!), 4TO KOJINYECTBO
KHCJOTHI 10 W IMOCJE PEaKIHH OCTAeTCS HeM3MEHHBIM. JTa padora
1 ObLJIa CaMBIM JIETANBHBEIM 00pa3oM IpoaHaTu3npoBaHa bepuemmycom
B ero o030pe, omyOnumKoBaHHOM B 1836 T.

OTtnaBas HOHKHOE TEeHHAIbHOMY 0000meHuio bepuennyca, KoTo-
PBIN YBHET HEKYIO OOIIYIO CYIIHOCTHh B COBEPIICHHO BHEIIHE HEIO-
XO0KHUX KaTaJIUTHUYECKHX MPOIECCaX, MPOTCKAIONINX B TOMOTEHHBIX
U TeTEPOTEHHBIX CHCTEMaX, a TAkKKe MpU PESPMEHTATHBHOM KaTalu3e,
HEOOXOIMMO BCE K€ 3aMETHTh, UTO €r0 OTPOMHBIA aBTOPUTET KakK
o0IIenpu3HaHHOTO «XUMHUKa Ne 1» B eBpomeiickoM HaydHOM cooOIie-
CTBE TOTO BPEMEHU CHITPANl OTPULIATEIBHYIO POJIb B CTAHOBICHUHU TEO-
pUH KaTaTUTHYECKOTO ACHCTBUA. JeHCTBUTENBHO, TBITAsICh OOBICHUTH
MPUPOAY KaTaTUTHICCKUX SBICHUH, bepliennyc BBesl mpencTraBieHne
0 «KATAIUTHYECKOHN CHIIE», KOTOpas «IMAHHPYETCS KaTalu3aTOpOM
U TpoOyKIaeT B peareHTax APEeMIIoNiee B HUX CPOJCTBO», HO caM
KaTadu3aTop B peaknwio He BcTymaeT. [IpencrTaBiieHus o «katanim-
THYECKOHN cuiie», KOTOpylo, 1Mo oOpa3HOMYy BbIpaxxeHuio Jlmbuxa,



1.1. Uictopuyecknii 063op 7

«HEJB3s1 HU MONpoOOBaTh, HA MOTPOTAThY, OBLIN METaPU3UICCKUMHU,
TeM HE MEHEEe MCTOPUYCCKH MMEHHO JTH IPEICTABICHHS IEPBOHA-
YaJbHO JIETIW B OCHOBY TEOpUHU KaTamm3a. bepuenmycoBckas mues
0 «KATAJIUTHYECKOW CHJIE» IKCILUIYyaTHPOBANIACh YUCHBIMHU TOBOJBHHO
Jnonro — g0 Hadana XX B. OgHako Oblta BOBCE He OOIIENTPU3HAHHOM.

IToutn omHOBpPEMEHHO ¢ bepriennycom BenuKui aHTIMACKHH (u-
3uk M. ®apaneil, uzydas OKHCJIECHHE BOJOPOJIa HA METAJIUYECKON
MJIaTUHE, TPHUIIET K BBEIBOAY, YTO 3TA PEAKIHUS MPOUCXOAUT Oiaro-
Japsl «CTYIICHUIO» Ta30B BOIM3U MOBEPXHOCTH METalla. DTa TEOPH
«CTYIICHUS BIOJHE MOXKET OBITh Ha3BaHa (PU3WUCCKON Teopuen Ka-
Tanu3a, MOCKOJIbKY OHAa HE BKIIOYAET B PACCMOTPEHUE XHMMHYECKOE
B3aUMOJICHCTBUE C PEarupyIONINMHU BEIICCTBAMH.

TToxanyii, caMyto cMeIyio JJsi TOTO BPEMEHH HJICI0 BbICKa3all
mBeinapckuii xumuk I, ne ma PuB, 4bs pabora Obuta OmMyOIHKO-
BaHa B 1837 r. PaccmaTpuBas pe3yJsibTaTbl ONBITOB M0 OKHCIEHUIO
BOJOpOJa Ha IJIATHHE, OH IPHINET K 3aKII0UYCHHIO, MOPA3UTEIHHBIM
00pa3oM COBMANAOIIEMY C COBPEMEHHBIMH IIPEICTABICHUSIMH O ME-
XaHU3ME dTOH peakiny, a UMEHHO, MOBEPXHOCTh IJIATUHBI CHadama
OKHCIISIETCSI KUCIOPOJOM, a 3aT€M BOCCTAHABIMBACTCS BOIOPOIOM
¢ oOpa3oBaHUEM BOJBI.

Unes ne na PuBa kxazamace oueHb cTpaHHOU. Benp rnaBHas
0COOCHHOCTh M3BECTHBIX B TO BpEMs I'€TEPOTCHHBIX KaTalu3aTo-
POB — METAJIOB W OKCHIOB, Ha KOTOPYIO IpEXAe BCETO oOpamia-
7Y BHUMAaHUE XHMHKH, 3aKJII0YANIach B UX KaXKYIICHCS XUMHYECKOI
HEU3MEHHOCTH. HampoTuB, TOMOTEHHBIC KaTalIM3aTOPhl, TAKHE KakK
MUHEpaJIbHbIC KUCIOTH M MICIOYH, MPEACTABISIIA COOON aKTHBHBIC
XHUMHYECKUE COCAUMHEHHUsA. MIMEeHHO mo3ToMy mjaes o0 oOpa3oBa-
HUU TPOMEXYTOUYHBIX COCIMHCHUI MEXIy pearcHTaMu W KaTajau3a-
TOPOM OBIJIa COBEPIICHHO €CTECTBEHHON NI TOMOTEHHOI'O KaTalu3a,
HO Ka3aJlaCch HEMPHEMIEMOW I KaTalu3a reTeporeHHoro. Jlumsp
cronetue cmyctsa, yxe B 30-x rr. XX B., A.H. Teperauny (CCCP)
u P. Ditmency (CIIA) BmepBbIe C MOMOMIBIO CIEKTPAIBHBIX METO-
OB yAAJOCh MOJYUYUTH MPSIMBIC dKCIIEPUMEHTAIbHBIC TOKA3aTeNb-
CTBa TOTO, YTO TETEPOTCHHBIC KaTalW3aTOPHl Takke 00pa3yioT Ha
CBOCH TOBEPXHOCTH MPOMEKYTOUHBIC COCTUHEHUS C PEarupyOIHMA
BEI[ECTBAMU.

Takum oOpa3om, HMEHHO Jie ja PuBa MOXHO 1O TNpaBy CYUTATH
OCHOBOIIOJIO)KHUKOM COBPEMEHHONH XMMUUYECKON TCOPHH KaTalln3a.
[TocnenoBaTenbHBIMH CTOPOHHHKAMHU XHMHUYECKOW TECOPUH KaTaln3a
Opl1n Beimaromuecs xumukn 0. JInbux, B. OcrBannn, . bpéucren,
I1. Cabarpe, B.H. UnateeB, E.W. lllnuranbckuit u Apyrue ydeHEIE.
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1.2.  Katanus n HayyHo-TeXHUUECKWil nporpecc

B ocHoBe 0oNpIIMHCTBA BaXKHEUIIUX MPOMBIIIICHHBEIX MPOIECCCOB
HedTenepepabOTKH, HEPTEXUMHUHM, OCHOBHOTO M TOHKOTO OpraHH-
YECKOT0 W HEOPTaHWYECKOTO CHHTE3a JIe)KAT KaTaTUTHIECKHEe TEXHO-
JIOTUU. B MpOMEBINIIIEHHO Pa3BUTHIX CTPaHaX BKJIAA ITHX IEPEIOBBIX
texnosnoruit B BBII cocraBnser 20-25%, a ecinu roBOpUTh O MPOLYKIMU
COOCTBEHHO XMMHUYECKOM MPOMBIIIIEHHOCTH, 37ech 80% obecrieunBaet
MMEHHO KaTaJu3.

Bonee Toro, Katanu3 chIrpall pemIarIIy0 poJib B CyAbOe Halleu
IUBUIU3ANNAN HAa Pa3HBIX dTamnax ee pa3BuTus. [IlpuBenem numb Tpu
HanOoJiee SIPKUX M MMOKa3aTeNIbHBIX NpuMepa. B Hawame XX B. mepen
YEeIIOBEYECTBOM BCTalla peallbHAsl yrpo3a Tolofa, TaK KaK YHCICHHOCTD
HACEJICHUS 3eMIIH POCIia Topasno OBICTpee, YeM MPOAYKIIHS CEIbCKOTO
xo3siicTBa. Kpome TOro, mMporcxoauino KaTacTpoPpuIecKoe UCTOMECHUE
00pabaThIBaeMBIX 3€Mellb, TIOCKOJIBKY MPUPOJIHBIC YIOOPCHUS, TaKue
KaK YAIUICKAs CEeIUTpa, HE MOTJIM KOMIIEHCHPOBATH MOTEPIO IMTOYBOM
yCBamMBaeMOTO pacTeHHmsIMHU a3ota. KpusucHas cutyamus Oblia 1o-
BOJIBHO OBICTPO yCcTpaHEHa, Koraa HeMeukumu ydeHsiMu @. ['abepom
n K. bormem ObLI cO31aH MPOMBINIICHHBIA TIPOIIECC CHHTE3a aMMHaKa
Ha JKEJIEe3HBIX KaTaaM3aTopax, KOTOPBIH 10 CHX MOP BO BCEM MHpE
SIBJISIETCS OCHOBHBIM ITyTEM IOJIYYSHUS a30THBIX yJIoOpeHuil. Bropoii
npuMep OTHOCHUTCS K 30-M IT. MPOIIJIOTO BEKa, KOTa Pa3BUTHIO aB-
TOMOOIJIBHOTO TPAHCIIOPTa CTaJl MPEMSATCTBOBATH OCTPBIM Ae()HUIIUT
BBICOKOOKTAHOBOT0 OeH3uHa. Torma xumukoM-texHonorom 0. ['ynpu
(CLIA) 6putn pa3paboTaHBl aTIOMOCHINKATHBIC KAaTaaH3aTOPEl KPEKUH-
ra, KOTOpbIE COBEPIIWIH IIEPEBOPOT B IMepepadOTKe HE(PTIHOTO CHIPHS
U TO3BOJIIUIM PE3KO YBEIHYHUTH MPOU3BOJCTBO MOTOPHBIX TOILIHB.
Haxkonen, nocie Bropoit MupoBoil BOIHBI, KOT/1a BO3MOXKHOCTH Tpa-
OUITUOHHBIX KOHCTPYKIIMOHHBIX MAaTEPUATIOB — METAIJIOB, CHIIMKATOB
U JIepeBa — OKA3AINCh MPAKTUICCKH MCUCPIIAHHBIMU, MTOSBUIUCH MIPO-
MBIIUICHHBIC KaTaJIn3aTOPBI MOJMMEPU3ALNAN dTUICHA, TPEIIOKCHHBIC
K. Hurnepom (I'epmanus) u k. Harroit (Mramms). Ceituac mpocTo
HEBO3MOJKHO TIPENCTaBUTh ceOe Hally XU3Hb 0€3 MOIMMEPHBIX Ma-
TEPHAIOB C CAMBIM IIUPOKHM CIIEKTPOM KaK KOHCTPYKIHOHHOTO, TaK
1 (HYHKINOHAIBHOTO MPUMEHECHHS.

B nactynuBmem XXI B. Hamm HaAEKIbl HA YCICIIHOE PEIICHUE
JIBYX HanOoJiee OCTPHIX TII00ATBHBIX MPOOJIEM — 3KOJOTHYECKON U Tec-
HO CBSI3aHHOW C HEW YHEPTeTHYECKON — MBI B 3HAUUTEIBHOW CTEICHU
BO3JaracM Ha KaTaJUTHYCCKUE TEXHOIOTUH, TAKHUE KaK HEHTpanm3anus
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BPEJHBIX M TOKCHYHBIX BBIOPOCOB MPOMBINIICHHBIX MPEIMPHATHI
M TPAHCIIOPTa B OKPYXAWIIYIO Cpeay, a TakKe pa3BHTHE BOJOPOI-
HOW DHEPTETHUKHU.

Takum oOpa3om, KaTajau3 UIpacT OYCHb BaXKHYIO pOJb B Hayd-
HOW M TEXHOJOTHMYECKOW JESITEILHOCTH 4YelIOBEKa, HAMPaBICHHON Ha
MIPOU3BOJICTBO KaK HEOOXOJMMBIX MaTEPHAIOB, TaK U CPEACTB JKHU3HE-
obecrieueHus.

B To ke camoe Bpems ciienyeT oOpaTHUTh 0c000€ BHUMAaHHE, YTO
caMO BO3HMKHOBCHHE W TOCJEYIOMAasl 3BOJIOMUS 36MHOU OHMocde-
pbl OBLTM OBl HEBO3MOJXKHBI 0€3 ydacTHsl KaTajdu3aTOPOB €CTECTBEH-
HOTO TIPOUCXOXKJICHUS, T.¢ (PEPMEHTOB, KOTOPBIM MPHUPOJA MOPYyUHIIa
CIIEJUTh 32 BCEMH JKMBBIMH OpPTaHM3MaMH Ha 3emje — OT aMEOBI J10
Homo sapience.

Bce ckazanHOe BBINE O KaTaJIM3e U KaTaJUTHUYECKHX Ipolieccax,
KaK MPUPOJJHBIX, TaK U CO3JaHHBIX UEIOBEKOM, JAaeT KJII0Y K TOHHU-
MaHWIO TJIABHOUM MPUYMHBI, IO KOTOPOU JIa’)ke OTPOMHBIC COBMECTHBIE
YCHJIMSI YYCHBIX BO MHOTHX CTpaHaX — XMMHKOB, (pU3MKOB, OMOXH-
MHKOB M JIPyTHX CICIHAAIMCTOB — HE MPHUBEIH K CO3JIaHHI0 OO0IIeH
TEOPUHU KaTauu3a, KOTopas MO3BOJIsLIa Obl MPOTHO3UPOBATH, TCOPETH-
YeCKH IMPeACKa3bIBaTh KaTATUTHYCCKUE CBOMCTBA PA3IMUHBIX XHMHYC-
CKUX coefuHeHud n MartepuanoB. OJHAKO XOpPOIIO OCBEIOMIICHHBIN
YUTATEIb BIOJHE MOXET BO3Pa3UTh: BEIb CYIIECTBYIOT K€ MYJIbTH-
IJICTHAS TEOPHS KaTajau3a, TCOPHsS aKTUBHBIX aHCaMOJICH, 3JIEKTPOH-
Hasl TEOpHUsI KaTalln3a, KOTOPbIe OBUTH MPEIJIOKEHBI B IPOIIJIOM BEKe
M3BECTHBIMHM POCCUHCKUMU U 3apyOCKHBIMH yueHBIMU — A.A. banaH-
nuabM, H.U. KoGo3esbim, K. Xaydde, ©.®D. Bonpkenmreiinom. [leno
B TOM, YTO 3TH OOIMIEH3BECTHBIC TEOPUH KaTaIM3a UMECIOT <JIOKaJb-
HBII» XapakTep, paBHO KakK W JpyTrHe MEeHEe M3BECTHBIC TEOpETHYE-
CKHE KOHIICIIIUH, JUIbh KA4eCTBEHHO, XOTS M BeCchbMa YOeIHTEIbHO,
MOTYT OOBSCHUTH CPAaBHUTEIBHO HEOOIBIION KPYr KaTaTUTHUECKUX
SIBJICHHM, OTHOCSIIIUXCSA K TETEPOTCHHOMY KaTalu3y Ha MacCHBHBIX
WM HAHECCHHBIX MeTaJlaX MIHM TOJbKO Ha TMOJYINPOBOJIHHUKOBBIX
MaTepuasax.

OTcyTcTBHE OOIIEH TEOPUHM KATAJIUTHYCCKOTO HeHCTBUS, 00-
JMafaroIle mpeacKka3aTeIbHOW CUION, a0 OCHOBAHUE HEKOTOPHIM
BEChbMa aBTOPUTETHBIM YYCHBIM 3asBJATH, YTO KaTalu3 — 3TO CKO-
pee MCKyCCTBO, a HE HayKa. B M3BECTHOM CMBICIIE TaKOE YTBEPK-
JICHUWE BIIOJIHE CIIPABEJJINBO, €CJIM MMETh B BHUJY, UYTO TOYTH BCE
M3BECTHBIE celuac KaTajau3aTopbl OBLIM OTKPBHITH JTHOO CIydaiHOo,
100 MHTYMTHBHO-IMIHUPHICCKUM MyTeM. JOCTATOYHO HAIIOMHHTH
XPECTOMATHWHBIA TPUMEP OTKPBITUS PTYTHBIX KaTalH3aTOPOB IT0-
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nydeHus (QTaneBoro aHTHAPHUIA: CIIy4aHO pa3Ouiics pTYTHBIH Tep-
MOMETp B Kon0e, IAe HaXOoOuics HadTaluH, Tapbl KOTOPOTO Cpaszy
)K€ OKHUCIHIHNCh B aHTuApua. CrmocoOHOCTh K€ allOMOCUINKATOB
BECTH KATAJUTHUYECKHI KPEKUHT ObLIa OOHapyKeHa MpPU TECTUPO-
BAHUU HECKOJBKHUX ICCATKOB MPOCTHIX W CMEIIAHHBIX OKCHIOB, H,
KaK BCIIOMHUHAI caM ['yApHu, ero COTPYIHHUKHU KaTaTH3aTOPhl «HACKAIH
o Bceu Ttabuuue MeHeneeBay.

I'maBHas mpuymHa OTCYTCTBHS OOIICH TEOPUH KaTadn3a OYEeBHIHA!
OHA 3aKII0YAeTCs B PACIPOCTPAHCHHOCTH KATATUTHUYCCKUX SBICHHUMA
U OTPOMHOM MHOT000pa3uy KaTaIUTHUECKUX mporeccoB. O6a atu dak-
TOpa MpPEMsITCTBYIOT, MO0 KpaHEe! mepe ceidac, mepexoay HaydHOTO
3HAHMUS O KaTaau3e OT (PEHOMEHOJOTHH K ero (U3MYECKON CYIIHOCTH,
T.¢. oT onucanus, KAK To unu wmHOE BemecTBO yCKOpSIET JTaHHYIO
peaxknuio, k moanmanuio, [IOUEMY ono sT0 nenaer.

Mesxmy Tem 6oiee ueM OBYXCOTICTHUN OMBIT HKCIIEPUMEHTAIBHBIX
HCCIIeJOBaHWM B 00JacTH KaTajlW3a IO3BOJISICT Jaxe Ha (PeHo-
MEHOJIOTHYECKOM YPOBHE BBIIBUTH HEKOTOPHIC 3aKOHOMEPHOCTH,
o0mmme I BCeX KAaTaTUTUYECKUX PEaKIUil, KOTOPhIe HaXOSAT IPOCTOE
U BIIOJHE €CTECTBCHHOE OOBSICHEHHE B paMKax (pyHIaMEeHTATIbHBIX
(hM3UKO-XUMUYIECKUX 3aKOHOB.

1.3.  CoBpemeHHoe onpepeneHue Katanusa

[To Hambornee TOUHOMY W TMOTHOMY OIPENEICHUI0, KOTOPOe OBUIO JaHO
BBIJIAIOMIUMCSI pOcCHCKUM ydeHbIM akajiemukom [.K. BopeckoBbim,
«KaTaln3 — 9TO MHUIMAPOBAHUE WM YCKOPCHUE XUMHUECKUX PECAKITHA
B IPUCYTCTBHUHU BEIIECTB (KaTaIN3aTOPOB), MHOTOKPATHO BCTYIAIOIIUX
B IIPOMEKYTOYHOE XUMUIECKOE B3aUMOJICHCTBUE C peareHTaMU M BOC-
CTAaHABIMBAIONIUMHU CBON XMMHUYECKHUI COCTaB MOCTE Ka)KIOTO IIHKIA
TAKOr'o B3aUMOJEHCTBUMIY.

BauMaTEeNbHBIN YUTATETh CPa3y Ke 3aMETHT JIBE OCOOCHHOCTH JTO-
ro ompenencHus Katanusa. [lepBas M3 HUX — CKOpee HCTOpHYECKas,
4yeM KoHnenTtyanbHas. ClIoBa «MHUIUUPOBAHHE ... XUMHUUICCKUX PEaK-
Ui OTpaXkaroT TOT (aKT, YTO BCIeH 3a beprenmycoM MHOTHE XUMUKH
CUYHUTANU, YTO POJb KAaTalU3aToOpa CBOIUTCS UMEHHO K BO30YKIECHUIO
XHMHUYECKOTO Tporecca. Jiumb Ha pyoeke XX B. Oaromaps Tpylam
B. OctBanpaa, momyuusmero B 1909 r. HoGeneBckyro mpemMuio mo
XUMUHU 32 pabOTHl B TOM YHCJIE W B OOJACTH KHCIOTHOTO KaTaln3a,
YTBEPAUIICS KHHETHUECKHUH acIeKT dTOTO SBICHUS — YBEIUUCHHUE CKO-
POCTH XUMHUYECKOW pEakIHWH B MPUCYTCTBUHU KaTaIH3aTOpPA.



1.4. Katanus n paBHoBecue 11

Bropas npuHIINUIANEHO BayKHASI OCOOCHHOCTD MTPUBEICHHOTO BBIIIIC
OTIpeIeIICHISI KaTajm3a — ero (heHOMEHOIOTHIECKUi Xapakrep. B camom
ZieNe, Bellb 9TO OINPEIEICHHUE TONBKO OMUCHIBACT SBICHUE KaTanm3a, He
yKa3bIBas Ha (M3WUECKUE MPUIUHEI, KOTOPBIC TMPUBOASIT K YCKOPCHHIO
XUMUAYECKHUX peakiuil. TakoW Mmoaxo/1 1ajJeKo He CIIy4acH U XapaKTepeH
IUTSI BCEX M3BECTHBIX OMpEICICHUN KaTajmn3a, KOTOPHIE MOKHO HAWTH
B y4eOHOW M HAy4dHOU JIUTEpaType.

Mexay TeM NpuBEIEHHOE BBINIE OmpejeieHne kartanuza bopec-
KOBBIM 3aMeUaTeNIbHO €IIe M B TOM OTHOIICHHWH, YTO OHO B HESIBHOM
BHJIE COIEPXKUT TPU OOMMX (PU3UKO-XUMHUECCKUX MPUHIIUIIA COBpE-
MEHHOTO KaTajin3a, KOTOpbIe U OYIyT HAMHU PacCMOTPEHBI HUKE.

1.4. Katanu3 u xummnyeckoe paBHOBecue

[TepBbiii GpyHIAMEHTANBHBIA TPUHIIAIT KaTairu3a ObUT BBeleH B 1885 T.
OctBanbaoM, KOTOPBIN J1al cieayromiee onpezaenenne: «Karamuzaropsr —
ATO BEIIECTBAa, KOTOPBIC M3MEHSIOT CKOPOCTh PEaKINU, HE H3MEHSA
HHEPreTHYCCKUX (PaKTOPOB peakuum». MHTepecHO 3aMeTuTh, 4TO ITa
KJIACCHUYECKasi OCTBAJIbJIOBCKast opMysnpoBka rmouru uepe3 100 (!) ser
MPAaKTUYECKH JTOCIOBHO ObIIa MOBTOPEHA B OMPEACICHUN KaTaIi3aToOPOB
U KaTajau3a, peKOMEHJI0BaHHOM B 1981 r. TepMHHONIOrM4ecKO KOMHUC-
cueit MexmyHapoIqHOTo coro3a uncToi u npukiaanoi xumun (IUPAC):
«Karanmszatop — 3T0O BEIIeCTBO, yBEIUUNBAIOIIEE CKOPOCTh PEAKINU, HO
HE M3MEHSIOIIee CyMMapHOW CTaHIapTHOW »Hepruu ['mbbOca peakium;
SIBIICHUE HA3BIBACTCS KATAJM30M, a PEAKIUU — KATATHTUICCKIMM.

OdeHp 9acTo MOJATaoT, YTO 3TO OE3yCIIOBHO KOPPEKTHOE YTBEPK-
JICHHUE BITOJIHE YKBUBAJICHTHO APYroMy, O0Jee IPOCTOMY U BIIOJHE II0-
HATHOMY JTI000MY XHMUKY ompezeneHuto: «KarammzaTop — 310 Takoe
COCIMHEHNE, KOTOPOE YCKOPSET XUMUUECKYIO PEAKIUIO, HO HE BIHSICT
Ha XHMHYECKoe paBHOBecHue». OIHAKO MOCIEHHSS 4acTh 3TOU (dop-
MYJIHUPOBKH TPeOyeT HEKOTOPBIX YTOYHEHHUU, MOCKOIBKY HEOOXOIUMO
YETKO OIPEHCNINUTh, YTO KOHKPETHO MPUHUMACTCS 3a KPUTCPHUM paB-
HOBECHSI B TOW WM WHOW peakIMOHHOU cucteme. Ecnu B xadecTse
TaKOr0 KPUTEPHsI BHIOPAHO COOTHOIICHHWE KOHICHTPAIMHA MPOIYKTOB
PEaKIy ¥ UCXOAHBIX BEIIECTB, TO SKCIIEPIMEHT ITOKA3bIBACT, YTO BBE-
JICHUE KaTaln3aTopa B PaBHOBECHYIO CMECh BIOJIHE MOXKET M3MEHUTH
3TO COOTHOIICHHE. Tak, IpHU THAPOIHM3E STHIIALETaTa B HMPUCYTCTBHH
HCI cooTHOImIEHNE KOHIICHTpAIUi MPOIYKTa M pPEarcHTa B COCTOSHUHU
paBHOBecHsl u3MeHsiercs noytu B 1,5 pasa npu 40%-M yBenuyeHuu
KOHIICHTPAIIUU COJSTHOW KHCIOTHI KaK KaTajam3aTopa.
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YTBep:KIeHHE e O HEM3MEHHOCTH BEIIMYUHBI CTAaHIAPTHOH CBOOO-
HOU sHepruu peakiuu (A,G°) npu ee MPOBEIECHUN KaK B OTCYTCTBHE,
Tak ¥ B MPUCYTCTBUU JTIOOOTO KaTaan3aTOpa COBEPIICHHO OE3yMPEUHO.
Ero merxo moHATH, MMes B BUAY HEM3MEHHOCTh XUMUYECKOTO COCTaBa
KaTajgu3aTopa A0 U IMOCIE Peakiuu (CM. MPUBEACHHOC BBIIIE OMpere-
JICHWE KaTaJln3a).

JlefiCTBUTENBHO, €CIIA 3alHCaTh CTEXHOMETPHUECKOE ypaBHEHUE
KaTaJUTHYECKON peaknuy B caMOM OOIIEM BUIC Kak

A+B+K=R+S+K
rae A, B u R, S — pearentsl u npoaykrtsl, K — karanusarop, To
AGR = AsGR + AGS + AGR — AGR — AGE — AGR =
= A:GR + AGS — AGR — AsGg = AG°

T.€. BEJIMYMHA CTaHJAPTHON CBOOOMHOMN SHEPTUH PEAKINHU 3aBUCUT OT

MPHUPOABI TOJBKO PEareHTOB U MPOIYKTOB, HO HE KAaTalu3aTopa.
Odusnueckas mMpuYNHA HAOII0IaeMOTr0 HKCIICPUMEHTAIBHO H3Me-
HEHUSI KOHIEHTPAINid KOMIIOHEHTOB PAaBHOBECHOW CMECH MpPH BapbH-
POBaHUM KOHILEHTPAIMH KAaTalnu3aTopa BIIOJHE OYCBHIHA, KOTJA PEUb
UICT O HEWACATbHBIX pacTBOpax. B Takmx cucremax, HaXOISIIHXCS
B COCTOSIHMH PaBHOBECHS, HHBAPUAHTHBIM IapaMETPOM SIBISCTCS CO-
OTHOIIICHUE aKTUBHOCTEW, a BOBCE HE KOHIEeHTpauwil. [loaTomy mpu
W3MEHCHHH, HAallpUMep, HOHHON CHIIBI PacTBOpa B pe3ylbTaTe mobaBie-
HUS B CHCTEMY HOBOH MOPIUHU KaTaau3aTopa U3MEHSIETCS U COOTHOIIE-

HUE KO3 (QUITMEHTOB aKTUBHOCTH, a CIIEJIOBATEIbHO, U KOHIIEHTPAIlUN
KOMIIOHEHTOB.

1.5. "pOME)KyTO‘leIe coeinHeHNA B KaTtaluse

Bropoii pyHImamMeHTanbHBIH MPUHIKMI COCTOMT B YTBEPKICHUH, YTO
KITIOYEBBIM (DAKTOPOM KAaTaTUTHUECKOTO YCKOPECHHS SIBISETCS 00pa3o-
BaHUE HEYCTONYMBBIX MPOMEKYTOUHBIX COCTUHCHUH (MHTEPMEINATOB)
MEXIy UCXOOHBIMH peareHTaMu U karaimm3aTtopom. OOpa3oBaHHE HH-
TEpMEeInaTOB HAOIIOJAeTCsI BO BCEX 0€3 MCKIIIOUCHUS KaTaTUTHIECKUAX
mpoleccax — FTOMOTCHHBIX, TE€TEPOTEHHBIX U (PEPMEHTATUBHEBIX — 3TO
YHUBEpCAIbHBI MEXaHNU3M YCKOPEHHSI XUMHUYeCKnX peakiuii. Konkper-
HBIC TUIBI MPOMEKYTOUHBIX COSANHEHUHA B KaTATUTHICCKUAX MPOIIeccax
Oonee mMOIPOOHO PacCMOTPEHBI HIDKE B COOTBETCTBYIOIIUX pa3meiiax.
31ech JULIb OTMETHM, YTO B HACTOSLIEE BpEeMs IPUPOAA UHTEpPME-
INATOB XMMHUYCCKUX PEaKIUi, B TOM YHCIEC U KAaTaIUTUYECKHUX, UX
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CBOWCTBA W NIPEXKIE BCETO PEAKIIMOHHAS CIIOCOOHOCTH COCTABISAIOT
OCHOBHOE COJCpKAHHE dKCIIEPUMEHTAIBHBIX M TCOPETUICCKUX HCCIe-
JIOBAaHWW B XUMHUYECKOW KHHETHKE. ITO 00CTOATEILCTBO B CBOE BpeMs
010 oTMedeHo akagemukoM H.H. CeMeHOBBIM, KOTOPBIM OINPEeITHII
KHHETUKY KaK «()U3UKY U XMUMHIO HHTEPMEIUATOBY.

Konmenuus oGpa3oBaHus MPOMEKYTOUHBIX COCAMHEHHI B Ka-
TaIUTHYECKUX PEAKIUSIX OTKPHIBACT IMyTh K MOHMMAHUIO TIABHOTO
(hakTopa KaTaaMza — CHIKCHHUS MOTCHIIMAILHOTO (dHEPTreTHYECKOTO)
Oapnepa. D10 Tpetwil PpyHIAMEHTANbHBIN MPUHINN KaTanu3a. Ecim
HUMETH B BUY, YTO 3TH IIPOMEKYTOUHBIE COCTUHEHHUSI 00pa3yIoTcs B pe-
3yJIbTAaTe XUMUYECCKOTO B3aMMOJEUCTBHS MCXOTHBIX PEareHTOB C Ka-
TaJN3aTOPOM, CTAHOBHUTCS MOHATHBIM (PU3UUIECKOE CONEp:KaHUE OYCHB
o0Opa3Horo BeIcKa3biBaHUs bopeckoBa: «KaramuzaTop OTKpBIBAET HOBBIN
PCaKIMOHHBIN MyTh» (MPEBPAIICHNS HAYaIbHBIX BEIIECCTB B KOHCUHBIE),
CYIIECTBEHHO OTJIMYHBIA OT HEKATAIUTUYECKOTO MapHIpyTa. ITO OT-
JUYME COCTOUT B TOM, UYTO KATATUTHUCCKUN U HEKATATUTUICCKHUHA ITyTH
peanu3yroTcs Yepe3 pa3Hylo MOCIeA0BATEIHHOCTh dJIEMEHTAPHBIX CTa-
Ui, OJHA U3 KOTOPBIX SBISETCS JTUMHUTHPYIOMICH U OMpeneseT CKO-
POCTH BCEro IMpolecca B IEIOM.

B cBoto ouepenp, OCHOBHOI (hakTOp, OT KOTOPOTO 3aBUCHT CKOPOCTH
JTUMHUTHPYIOIIEH CTagu#, — 3TO BBICOTA €€ MOTEHIIMAIBHOTO Oapbepa.
[Tockompky B 00mmIeM ciydae TUMHUTHPYIOIIAs CTaAWs Ha IyTH KaTa-
JTUTHYECKOM HE COBIAJAET C TAKOBOM HA IMyTH HEKATATUTHYECKOM, TO
HamboIee KOPPEKTHO CIEAYIONIee YTBEPKIACHUE: YCKOPCHUE XUMUUe-
CKOH peakuuu B MPHUCYTCTBUU KaTallM3aTopa AOCTUTAETCA Oimaromaps
Oonee HU3KOMY PHEPTEeTHUCCKOMY Oapbepy JTUMHUTHPYIOMICH CTaIWH,
YeM B CIIy4ae PEakui HEKATAIUTHICCKOU.

1.6.  QakTopbl KaTaNIUTUYECKOrO YCKOPEHUA peaKLuit

CHayama pacCMOTPUM JIBa Pa3IMYHBIX MPUHIUNA KIACCU(PUKALUN Me-
XaHU3MOB KAaTaJIMTUYECKUX pEaKIUi, KOTOpbIE JJISl BCEX XUMHMUYECKHX
peakuil onpeaenstoT Kak COBOKYIHOCTb 3JIEMEHTAPHBIX CTAIUMN.

B nepBoMm u3 HuX KiaccH(UKAIMOHHBIM MPHU3HAKOM SIBIISICTCS Xa-
pakTep 00pa3yOmMXcs HHTEPMEINATOB. Pa3niuaioT HOHHBIE peakiuiy,
KOTZIa TIPOMEKYTOYHBIC BEIISCTBA MPEACTABISIOT COOOU 3apsuKEHHBIC
YaCTUIIBI, HAIIpUMEP KapOeHUEBEIC WM KapOOHHEBHIC HOHBI B OpraHuYe-
CKHX PEAKIMSIX, KaTaJH3UPYyEMBIX KACIOTaMH. AHAIOTHIHBEIM 00pa3oM
ONPENENAIOTCS U OKUCIUTEIbHO-BOCCTAHOBUTENIbHBIE PEAKLMHU, KOTJa
X0Ts1 ObI OJUH U3 aTOMOB B COCTaBE PEArHPYIONIUX YACTHUI] U3MEHSICT






