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Beenenne

IMannaguii JaBHO W yCHELWIHO MpUMEHsIeTCs AJis MOJy-
YeHMs] KaTaJu3aTopoB, €ro paccMaTpUBAIOT KaK MEPCIEK-
TUBHbIA MaTepuas A co3naHus 3PpDPeKTUBHbIX HAKOMM-
TeJeid BOAOPOAA B Pa3BUBAIOLICHCS BOAOPOIHOW SHEpre-
tuke. [lpu paspaboTke HOBBIX MaTepUaOB Ha OCHOBE
naiiagusi BaXXHOE MECTO MPUHANIEXKUT METaI0COAep-
JKalllMM HAHOCTPYKTYpaM C YHUKaJIbHbIMU (PU3NYECKUMU
U XMMHUYE€CKUMMHU cBoiicTBamu [1].

B MHucruryre snekrpoxumun um. A H. ®pymkuHa
PAH paspaboran MeTod paadalMOHHO-XHUMUYECKOTO
CUHTE3a B OOpaTHbIX MULIEIAX CTAOMIbHbIX HAHOYACTMLL
METAVIOB ¢ XapakKTePHbIMM CIEKTPaMM OINTUYECKOIO I10-
[JIOLEHUS W BbICOKOM CIIOCOOHOCTbIO aacopOMpOBaTLCS
Ha pa3idyHbIX noaioxkax [2—4]. Mcnonb3oBaHue 3TOro
MEeTOoJa MO3BOJISIET MOJydaTb CTAOUIbHbIE HAHOPA3MEPHbIE
YacTULbl NaIaAUusl, KOTOPbIE COXPAHSIOT XUMUYECKYIO
AKTUBHOCTb U (PYHKUMOHAJIbHbIE CBOWMCTBA B TEUYECHHUE
[UTMTEILHOTO BPEMEHU B XUAKOW (a3e u B cocraBe TBEp-
[IbIX HAHOKOMIIO3UTOB.

Oco0eHHOCTH METOAMKH MOJTYYEHHSI M HCCIEAOBAHNS
nanoyactun Pd

HanopasMepHble 4acTHLibl NaUIaaMsl IMOJdy4YeHbl paaua-
LMOHHO-XMMMYECKMM BOCCTAHOBJIEHMEM MOHOB Pd?* B 006-
patHo-muuesipHoir  cucteme Pd(NH;)4Cl,/H,O/6uc(2-
aTUArekcui)cyabdocykunHar Harpuss (AOT)/uzookTaH
[5]. [IpuMeHeHMe OOpaTHBLIX MMILIEI B KAUECTBE MMKPO-
peakTopa MMeeT psj CYLIECTBEHHbIX MPEeUMYIIECTB: obec-
MneyrBaeTcsl CTadWIbHOCTb HAHOYACTHMLL B XHUAKHUX Cpeaax,
MOSIBJISIETCS BO3MOXHOCTb HCII0/Ib30BAHUSI COBPEMEHHBIX
ONTUYECKUX METOAOB [l METEKTUPOBAHMSI U H3Y4YeHUs
9BOJIIOLIMM HAHOYACTHULI, UBMEHEHMSI X KOHUEHTpalluK 3a
cyeT COpPOLIMOHHBIX INPOLECCOB IIPU KOHTAKTE ¢ pasiny-
HBIMY MaTepuajaMM.

CpoiicTBa  pagualiMOHHO-TEHEPUPOBAHHBIX HaHOYA-
ctil mcenegosadbl MeTomamin UV-VIS criekrpodoromer-
pVM, 3JEKTPOHHONH MUKPOCKOTTNYN M BHICOKO3(hDEKTUBHOMN
kUIKocTHON xpomarorpadun (BOXKX). Karanntnueckast
aKTHBHOCTh M3yyajach Ha TIpUMepe Peakiv MEeTUJINPO-
BaHWST aHWJIWHA.

Hnsg viccnenoBaHusl KaTaTUTUIECKON aKTUBHOCTU OBITN
TIPUTOTOBJCHBI  MOAM(DUIIMPOBAHHBIE  HAaHOYACTUIIAMM
najyiafus  KaTaJu3aTopbl Ha OCHOBE BBICOKOITOPUCTHIX
KepaMUYeCKUX SUEHUCTBIX MaTepuasioB ¢ cofepKaHWeM
nanmagug ot 1,8 mo 3,7%(macc.). KaTanmutiveckyo ak-
TUBHOCTh B XWAKO(Aa3HOM THUAPWPOBAHWU OIICHWBAIU TIO
CKOPOCTH TIOTJIONICHUST BOAOPONA. AHAIW3 TIPOAYKTOB
KaTaTUTUYECKON peakIIny TPOBOAWIN Ha Ta30XKWIKOCT-
HOM xpomatorpade «Chrom-4» ¢ TMIaMeHHO-MOHU3a-
IIMOHHBIM JIETEKTOPOM.

Pe3yJI])TaT])I H HX oﬁcy)leeﬂne

Ha puc. la npencraBieHa 3BOJIOLMSI BO BpeMEHU
CIIeKTpa OINTMYECKOro IomiouieHus CchOpMUPOBAHHbIX
HAHOYACTHULL Maljaaus B 0OpaTHLIX MMUELIAX MPU MOJie-
KyJisipHOM cooTHouleHuu Boabl 1 AOT wy = 1,5. B crnek-
Tpe 1, CHITOM cpasy Iociie 00Jy4yeHHus1, MOXHO BbLACAUTD
I0JIOCHL MOIVIOLIEHUsT ¢ MakcuMymamu npu 220, 265 u
309 um. Co BpeMeHeM mnosoca opu A = 309 HM nepexoaurt
B I0JIOCY C MEHbLUEH MHTEHCUBHOCTBIO C Ay = 270 HM
(criextp 4). B Y® o6nactu crekTpa OTYETIMBO IIPOSIBIISI-
1I0TCSl ABE MOJOCHI € Ay = 232 HM M Ay, = 273 HM.
Jpyroii xapakTep H3MEHEHMS CIIEKTPOB IOIJOLIEHUS
HabaonaeTcss B 0OpaTHbIX Mulie/iax ¢ wy = 3,0 (puc. 16).
B ucxomHom cnoektpe 1 Ha puc. 16 OTYETIMBO BUIHEI
MHONOCHL MOMAOLEHUA € A, O 238 uMm, 290 HM u cinabo
BbIpaXKeHHas I1ojoca C Majloil MHTEHCUBHOCTbIO IIpH
340 um. Co BpeMeHEM HMHTEHCUBHOCTb IIOCAEAHEH IM0J10-
Chl TIOYTU HE MEHSIETCsl, B TO BpeMsl KakK MHTEHCUBHOCTb
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nojochl mpu 290 HM yMeHbllaeTcs [ B 3,5 pasa; Makcu-
MyM nosiochl npu A = 238 HM cmewaerca a0 232 HM, a
MHTEHCHMBHOCTb  MOJIOCHI  BO3pacTaeT IIOYTH  BIABOE
(cnekTp 4 Ha puc. 16). Cneayer OTMETUTb, YTO B CIIEKTpE
MULEJUISIPHOTO pacTBopa ¢ wy = 5,0 cpa3y nociie oOnyue-
HUg opmMmupylores yactuubl (puc. le, cnekrp 1), norno-
llieHMe KOTOpPbIX COOTBETCTBYyeT clekTpy 4 (puc. 16) ¢
XapakTepHbIMU mojocamu Ipu A O 232, 295 u 330 um.
CnekTp cTaOWabHbIX HaHo4yacTull nawiaavsa depe3 20
CYTOK TpeacTaBieH Ha puc. 16 (cmekTp 4), OH MMeEeT I10-
JIOCY MOMVIOLIEHHUS € A = 235 HM, YTO COOTBETCTBYET
JIAHHBIM PaboThl [6], U LWKPOKYKO 1oa0CY B objaactu 280—
350 um.

st cpaBHeHUs Ha pUc. 2 MpeacTaBieHbl XapaKTepHble
CIIEKTPbl MULIEJUISIPHBIX PACTBOPOB HAHOUACTUIL MaUIaaus
CO 3HaueHusaAMHU oy = 1,5; 3,0; 5,0 uepe3 20 cyToK, KOTO-
pble OTJIMYAIOTCS IO CTPYKTYPEe M MHTEHCUBHOCTM IOJOC.
KoHlieHTpaliusi Nauiaavsi B BOAHOM spe MHULET paBHsI-
gace 0,02 M, a oOuiee comepxxaHue naawiaavsa B MHULEI-
JISIPHOM PacTBOpPE 3aBUCUT OT 3HaueHus . [lpu oy = 1,5
colepxXaHue Malagusi B 00paTHO-MMLEISIPHON cUCTeMe
8,1+1075 monb/a, npu wy = 3,0 1,62+ 1074 mMonb/n,
wy = 5,0 — 2,7-107* monb/n. Co BpeMeHeM yBeIMuMBa-
€TCsl MHTEHCUBHOCTD 110710¢hl Iipy A 230 HMm.

TakuM 00pa3oM, MOXHO ciejlaTb BbIBOA, YTO IIpU
YMEHbLIEHUM pa3Mepa BOAHOIO MyjJa MULIELIbl MEHSETCS
XapakTep CHeKTpa M CHUXaeTcs ero MHTEeHCUBHOCTb IIPO-
MOPLHUOHAILHO COAEPKAHWIO MOHOB Majllaaus B PacTBO-
pe. M3meHeHMe XxapakTepa CIEKTpa B 3aBUCHMOCTU OT
BEJMYMHbBI Yy MOXHO OOBSCHUTb Pa3MUHbIMU (hopMaMu
CYLIECTBOBaHMSI BOIbl B OOpaTHbIX MHULIEIAX: <«CBOOOMI-
HOIi», «CBSI3aHHOW» M «COPOMPOBAHHOM», COOTHOLLEHUE
MEX/Y KOTOpPbIMM MEHSIETCSA IIpU M3MEHeHuu oy [7, 8].
O4eBUAHO, YTO CTPYKTYPHbIE OCOOEHHOCTU MOJIEKYJl BO/IbI
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Puc. 1. DBoonns CieKTPOB ONTHYECKOT0 MOTJIOMIEHAS
MHIE/UISIPHBIX PACTBOPOB HAHOYACTHII MAJLIAM:

a) w=1,5;6) w=3,0; 68 w=5,0; | — cpady mociie obiyye-
Hust, 2 — d4epe3 26 yacoB, 3 — dyepe3 6 cyTok, 4 — uepe3
20 cyTok

B MULIE/IAX BIAMAIOT Ha mpolecchl GOpMUPOBAHHMS HAHO-
JacTUll INalJaausi, YTO OTPpaXKaeTcs Ha XapakTepe CIleK-
TPOB ONTUYECKOro mnorjoileHusa. Kak cieayer w3 aHaausa
cnekrpa 1 Ha puc. la, B Muuemiax ¢ oy = 1,5, B BolHOM
1y/Je KOTOPbIX MEHbIIEE KOJMYECTBO «CBOOOJHOW» BOJbI,
B mOpolecce obnydeHUs: GOPMUPYIOTCS YaCTUIIbI ¢ Xapak-
TEPHbIMU MOJIOCAaMM moraolieHusa mpu 263 u 310 HM. A
[UIs pacTBOPOB YACTULl nauiaausa ¢ wy = 3,0 u 5,0 cnek-
TPbl ONTUYECKOrO IIOIJOLIEHUS OTIUYAIOTCA TOJbKO MH-
TEHCUBHOCTBIO I0JIOC (pHUC. 2), T.€. INpU 3HAYEHUIX Wy >
3,0 B gApe MULEWIbl AOCTATOUYHOE KOJUYECTBO «CBOOOI-
HOW» BOIBI.

[IpeacraBieHHble CHEKTPbl palydallMOHHO-IEHEPUPO-
BaHHbIX HAHOYACTHII Maljaiusl B OOpaTHLIX MMILELIAX
MMEIOT BIIOJIHE pa3pellieHHble MOJ0Chl MOMIOUIEHUS B
YP-061acTi, OTIMYHbIE OT CIEKTPOB MOMIOLICHHs KOJ-
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Puc. 2. CneKkTpsl onTHYECKOTO NOTJIOMEHHs HAHOYACTHIL NaJLIa-
IS B MALEJUISIPHBIX PACTBOPAX C Pa3HBIMH 3HAYEHUSAMH (Y
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Puc. 3. Mukpodororpadusi HaHOYACTHII META/LIMYECKOrO NAJI-
JIaaast

JIOVITHBIX YacTHWII TIAJIaansl B BOJHBIX pacTBopax ¢ J00aB-
KaM¥ CTaOUJTU3UPYIONTNX TTIoTUMepoB [9].

BJIEKTPOHHEISI MHKPOCKOIIMA HAHOYACTHI NMAJJIaaAA

Jdnst  noarBepxAaeHUs GOPMUPOBAHUS HAHOYACTMIL
naaiaavs B MULEUISAPHBIX PAacTBOpax M OIpeAeaeHus MX
pa3MepoB MPOBOAWIUCL HCCASAOBAHMS HA DJEKTPOHHOM
MMKPOCKOIIE.

B pesynbrare ObuiM oOHapyXeHbl ABa COpTa YacTMIL
(puc. 3): B OCHOBHOM 3TO MeJKWe dacTulibl or 11 jgo
40 HM M Oosee KpylHbie pasmepoMm oT 300 mo 1100 Hm.
MuxkpoandpakliMoHHass KapTHMHA II0JyYeHHbIX HaHoYa-
cTull (puc. 4) MOKa3blBaeT, UTO OHU MMEIOT IIPABUJIbHYIO
KPUCTAUIMUECKYIO CTPYKTYpy M MO MapaMeTpaMm diie-
MEHTApHOW SYeilKM COOTBETCTBYIOT METALIUYECKOMY
namiaauio. KpynHble YyacTulibl BEPOsSITHEE BCEro cHopmu-
pPOBAIMCh B MPOLECCE arperalMy MeIKMX HAaHOYaCTUIl B
pe3yjbTaTe DBOJIOLIMOHHBIX IPOLECCOB B  0OpaTHO-
MMLUELISIPHOI CUCTEME.

Puc. 4. MukporndpaknnoHHAs KAPTHHA METAIMYECKOro MaJi-
JIas © BbIIEJIEHHOTO KPYTOM YYacTKa Ha puc. 3

CriekTpochoTOMETpHUecKne HaHHBIE W Pe3yabTaThl
37IEKTPOHHON MWKPOCKOTTMW TTOATBEPXKAAIOT (hOPMHpPOBa-
HWE HAHOpPa3MEpHBIX YACTHIl TaNfaaus TPY paaualiuoH-
HO-XVMHWYECKOM BOCCTAHOBIIEHUW MOHOB.

AncopOuuoHHbIE CBOICTBA

Jis pa3paboTKy cnocoOOB MOJyYeHMs1 MaTepuaaoB Ha
OCHOBe IajlaaMsi ObLIM IPOBENEHbl HCCIASJO0BAaHHMS ai-
CcOpOLMM HAHOYACTUL NaIaavs M3 MMUELISPHBIX pac-
TBOPOB Ha MOBEPXHOCTU Pa3IMYHbIX MATEPUAIOB.

CrekrpodhoToMeTpUUECKHe NaHHble M3MEpeHUs ai-
copOLuM HaHoyacTul namiaadsgd Ha cuiaukareie KCK-2
npeacTaBiaeHbl Ha puc. 5. i1a ucciaeaoBaHus ObLl BbiOpaH
METON XpoMarorpadUIeCKOro TUTPOBAHMUS, HCIOIb30BAH-
Hblii paHee aBropamMu [10] mia u3ydyeHUs CBOMCTB MO-
BEPXHOCTU Y-OKCHMAA Xejie3a M aacopOLMKd HaHOYACTMIL
cepebpa Ha noBepxHocTu cuiaukareas KCK-2 [11]. Cyw-
HOCTb METOJa CBOAUTCA K JO3MPOBAHHOMY BBEIEHUIO B
xpoMmaTorpaduueckylo KOJOHKY OINpeAeIeHHbIX KOIUYECTB
WUCCIEAYEMbIX TECT-COSAMHEHUI ¢ MOCAeAYIOIIMM MX
amonpoBaHueM. B orminune ot oObiuHOro mMeroaa (ppoH-
TalbHOl XpomaTtorpaduy, KOraa KOJOHKA HAachllaeTcs
MUCCeAyeMbIM KOMIIOHEHTOM IIpY OAHOKPATHOM mojaue
€ro B OOJIbLIOM KOJUYECTBE, METO/ XpoMaTorpaduueckoro
TUTPOBAHUS MO3BOJISIET UCCAeA0BaTh MOCTAAUNHO TpolLiec-
Cbl B3aMMOJEHCTBUSI TECT-COEAMHEHUN C MaTepuajoM
KOJIOHKH.

IIpolieccbl HAChILLIEHUS] MOBEPXHOCTU  CUJIMKAreJs
HaHOYaCTUMLIAMM Ma/laaus O4YeHb CXOMHbI ¢ HabniomaB-
LIMMHUCSl paHee MpU aHAJIM3€ HAHOYACTULL cepedpa B pa-
oote [11]. ITocae neprona HeCTaUMOHAPHOCTU (IIPUMEPHO
400 Mxn1 pacTBOpa € HaHoOYacTMLAMU MNaUIAdus € Wy =
1,5) xpoMaTorpaMmbl CTaHOBSITCS BOCIpPOU3BOAMMbIMU. B
clyyae HaHOYacTUll ¢ Wy = 1,5 Ha XpoMarorpamme BUIAHbL
IBa nuka ¢ norioueHyveM npu 230 u 260 um. IIpu BBOIE
B 9Ty XK€ KOJOHKY HaHoyacTull ¢ wy = 3,0 u wy = 5,0
HA0MI0AI0TCS €IMHUYHbIE LHMPOKUE MUKW C Pa3sMbIThIM
XBOCTOM, JAETEKTUpyeMble mpu miuMHax BoaH 230, 260 u
330 um.

Hanuuue nByx nuKoB i HaHoyacTyl ¢ oy = 1,5
TMOATBEPXKIAET BbIBOJ, CAENaHHbIA HA OCHOBAHMU CIEK-
TpoOTOMETPUUECKUX HCCAeNoBaHul, 00 obpa3zoBaHUU
pasHbix yactuil. Co BpeMeHeM IPOMCXOAUT DBOJIOLUS
pacTBOPOB HAHOYACTULL ¢ Wy = 1,5, UTO BedeT K M3MeHe-
HUIO XpOMATOIpaMM M YeTKOe pasieleHue [IBYX ITMKOB
ucuesaet. [ yactuil ¢ oy = 3,0 U wy = 5,0 oTO0 sABNEHUE
He Habjogaerca. MoOXHO IpeanonoXuTh, YTO B Cilydae
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Puc. 5. A3meHeHue CHEKTpPa ONTHYECKOro NOIJIONIEHHS OOpPaTHO-
MHIE/UIAPHOTO PACTBOPA 32 CYeT COPONMA HAHOYACTHI MAJLIATAS
CHJIMKAreJieM
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Puc. 6. I3MeHeHue XpoMaTorpaMM MHULEJUISAPHBIX PACTBOPOB HAHOYACTHI NAJLIAIUA CO BpeMeHEM:

I — gepes 6 cytok; I — yepe3 7 cytok; III — yepe3 11 cytok mocie cuHTesa; wy = 1,5

yacTull ¢ oy = 1,5 Gosee BblpaxeH MpPOLIECC CAMOOpPraHu-
3alMM, TPUBOMALLUI K Oojlee YETKOMY pasjielleHUIO yac-
TUL MO pa3MepaM WM aacopOLMOHHBIM CBoOicTBaM. [lu-
HaMuKa M3MEHEHHsl XpoMaTorpaMM HaHOYACTHILl Iajia-
aus ¢ oy = 1,5 npencraBieHa Ha puc. 6. Mcnosb3oBaH-
Hbll MpUOOP MO3BOJSUL IONY4YaTb CIEKTPbl DJIIOHMPYEMBbIX
BELLIECTB B pa3HbIX YacTdIX XpoMarorpadpuyeckKux MUKOB,
aHalu3 CIEKTPOB I10Ka3aJ, YTO HAHOYACTHMLIbI Malaausl B
00paTHO-MULISJUISIPHBIX CUCTEMAX Pa3ivyaloTcs He TOJb-
KO BpeMeHEM yJep>KUBaHMs, HO U CIIEKTPpaJbHbIMU XapakK-
TEPUCTUKAMM WHAMBUIAYAJbHBIX MOJOC MOMJIOLICHUs Yac-
TULI, pa3aeisaeMblx Ha hpakiluu.

CrHekTpbl HAHOYACTUIL B PAa3iMYHBIX 4YACTSIX IMKOB
OTJIMYAIOTCS 1Sl BCEX XPOMATOrpaMM, UYTO CBUIAETEIbCTBY-
€T O HEONHOPOIHOCTH XpOMAaTOrpahuuecKux MMKOB HAHO-
yactuu (puc. 7) [12].

Takum obpazom, meton BOXKX moxeT mcnonb3oBaTh-
ca Ui MccleqoBaHus aacOpPOLIMOHHBIX CBOMCTB M (pak-
LIMOHMPOBAHUS HAHOYACTUII MaIaaus.

KaraimTuueckue cBoiicTBa HAHOYACTHI NAJIAAHA

Tlo pesynpraTaM WccleqOBaHWS  aACOPOLIMOHHBIX
CBOWMCTB HAaHOYACTHIL TIAJJIAZNs HAa Pa3TUYHBIX HOCWTESAX
ObIT creaH BBIBOA O TOM, YTO BBICOKOTIOPUCTBIC SIYEU-
cThie Kepamuueckne marepuanbl [13] aBnasgioTcst ynoOGHBI-
MW acOpOeHTAMH TSI CO3MAaHNST KOMTO3UTIMOHHBIX Mare-
pUAJIOB C BBICOKOHM KaTaIMTUYECKOW aKTWBHOCThIO. [lpm
MOJTYYEHUN KaTajn3aToOpoB MCIOL30BAIMCh KepaMuye-
CKWe s4YelKu ¢ coaepXkaHueM Tmauiamiss ot 1,8 jo
3,7%(macc.). MoandunmpoBaHie TTOBEPXHOCTH KaTan3a-
TOpa OCYIIECTBISNIOCh 3a cUeT cCOpOIIMKY HAHOYACTHUIL TIajl-
Jaausi U3 oOpaTHO-MULISJUISIPHOTO pacTBopa ¢ wy = 5,0 B
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TeYeHME HECKOJbKHX cyToK. KonuuecrBo amcopOupoBaH-
HbIX HAHOYACTHLL MALIAIMSA HA MOBEPXHOCTM KepaMuye-
CKOIO KaTajiu3aTopa KOHTPOJMPOBAIU CIEKTPO(QOTOMET-
PUYECKH.

i MccenoBaHusl KaTalUTUYECKOH AKTUBHOCTU MO-
IMGULMPOBAHHBIX HAHOYACTULAMU IAJLIAAUS BbICOKOIO-
PUCTBIX SIYEHUCThIX KEPAMMUECKMX KaTalu3aTopoB ObLla
BhIOpaHA peakliys METWIMPOBAaHMs aHWIMHA, KOTopas
LIKMPOKO UCIOb3YETCS B XUMUUYECKON TEXHOJIOIUM.

B peakiiny MeTWIMpOBaHMsI aHWIMHA LIeJCBbIM MPOLYK-
TOM SIBJSICTCS] MOHOMETIIAHWIMH (peakiys a), a noOOUHbIM
npoaykToM aumetwiaHwivd (JIMA) (peakuus 6):

NH2 NH—CHs
O]
< KaT.
a) + H, + HC\ — + H,0
H
NH—CHs HsC— N—CHs
@]
¥
6) + H, + HC/ _Kar. + H-O
\H t 2

Jna xatanusaropa, MOAUPULIMPOBAHHOIO HAHOYACTHU-
uamu Pd, coorHollleHHe MOHOMETWIAHWIMHA K JUMETII-
aHuiMHy coctapiasder 1,0 : 0,22. B ombiTax ¢ KaraamsaTo-
pPOM, MPUrOTOBAEHHBLIM I10 TPAAULIMOHHON TEXHOJOIUH,
9T0 cooTHoleHue paBHo 1,0 : 4,0. Takum obGpazom, Mo-
AiGULKMPOBAHKE KAaTalu3aTopa HAHOYACTULAMMU Iaulaaus
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Puc. 7. XpoMaTorpaMmbl HAHOYACTHI, HALIANUA C PA3JMYHBIMH (Y M CHEKTPbI SJIIOMPYEMbIX HAHOYACTHIL:

I—awy=151 — =50
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A. A. Peeuna, A. H. Kezuxoe, O. I. Jlapuonos, B. T. /lybenuyx

HE TOJBKO YBEIWYMBAET CEJIEKTUBHOCTH TMpoliecca TIo
11eIeBOMY MOHOMETWJIAHWJIWHY, HO W TIO3BOJISIET CHU3UTH
TeMmepaTypy cuHTe3a 10 55—65 °C.

Pereneparns kaTanmsatopoB TIPOBOIWACH TTPOKATM-
BaHWEeM Ha Bo3Ayxe Tipu Temreparype 550 °C ¢ mocne-
JYIOIIAM BOCCTAaHOBJIEHWEM BoaopoaoM mipn 55—60 °C He
MeHee 15 pa3 6e3 3aMeTHOTO YMEHBIIEHUST aKTUBHOCTH
CEJIEKTMBHOCTM KaTajiu3aTopa, 4TO TOBOPUT O BBICOKOW
CTaOMIBLHOCTY HaHECEHHBIX HaHoUacTUIl namnanus [14].

Taknm  oOpasoMm, WcCTONb30BaHWE  PaIUAITMOHHO-
XUMHWUYECKOTO BOCCTAHOBJIEHUS MOHOB METaJsIOB B 0Opar-
HBIX MWIIEJIaX TIO3BOJISIET CHWHTE3UPOBATH CTAOUIIbHBIC
HAHOYACTHUIIB TIAJIMAAUSA €O CTPYKTYpOUl 3JeMEeHTapHOM
syerikin (Fm3m). BricokomopucTeie sSYencThie KepaMuye-
CKWe MaTepuanbl, MOAUMDUIIMPOBAHHBIE HAHOYACTHUIIAMU
nannagust, ooragaroT BHICOKON KAaTaTUTUUECKOH aKTWUBHO-
CTBIO W CEJIGKTUBHOCTBIO B PpEaKIMA METUIUPOBAHUS
aHUJIMHA.
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