OOHO M3 Ba)XKHENLLUX HarnpaB/ieHUN XMMUYECKOro CMHTE3a COBPEMEHHbIX MaTepnaioB
CBS3aHO C peweHneM nNpobnemMbl N0ONYyYEHNS MUKPO- N HAHOPA3MEPHbIX CTPYKTYP C
3aflaHHbIMU XapaKkTepucTtukamu [1]. JononHuTenbHon npobnemon aBnaeTcs
HeobX0AMMOCTb MOJIYHEHUSA COBOKYMHOCTU pa3HbIX MO KPUCTAN/IMYECKUM MapaMeTpam
N COOTHOLWEHUIO dha3. Ansa peweHns aTon npobnems! LWINPOKO MPUMEHAIOT Noaxon,
CBSI3@aHHbIN C MOJIy4EHUEM HAHOKOMMO3UTHbIX MaTepManioB, B TOM YNCJIE MUKPO- U
HaHoO4YacCTWUL, 3aK/IIO4YEHHbIX B e AUHY0 MaTpuuy [2]. 9TO Nno3BosSeT NpeonoseTb
arperaumio yacTtuu, obecneynTb UX 3aWNTY OT BHELUHUX BO3OAENCTBUI (Hanpumep, oT
OKUCNIEeHUSA KNCIOPOAOM BO3ayxa). B nocnegHmne roabl HabnwaaeTcs BO3POCLUMN
MHTEepecC K CUHTEe3y MUKPO- U HAHOCTPYKTYPUPOBAHHLIX MaTepuanos, obnagatowimnx
PAAOM YJyYLEeHHbIX CBONCTB [3]. [TpuMepoM MOryT C/Yy>XUTb MaTepuasibl Ha OCHOBE
WHTEPMETaNINAO0B /IEMEHTOB CEMENCTBA »XKeJsie3a 1 aJIloMUHUSA, KOTopble obnagatoT
MOBbILWEHHBbIMU (PU3NKO-XUMUHECKNMUN N PU3NKO-MEXAHNYECKMNMU XapaKTEePUCTUKAMMU.
OOHMM N3 NepCcneKTUBHbLIX MOAX0O0B K MOJIy4eHU0 TakKUX MaTepuasioB ABASETCA
CUHTE3 NX MUKPO- N HaAHOPa3MepPHbIX MPEKYPCOPOB B XUAKNX cpedax. Hanpumep,
TEeMMAATHbIN CUMHTE3 HAaHOPA3MEPHbIX CUCTEM, NPEASIOXKEHHbIN SNOHCKUMU YYEHbIMU
H.Masuda n K.Fukuda B 1995 r. [4], ocHOBaH Ha MCMOJIb30BaHUN MOPUCTOro0 aHOAHOIro
oKCUAa aNtOMUHNSA, ABAAIOLWErocs 0AHUM N3 CAaMOOPraHU3YOLWMNXCA HeoOpraHNYecKmnx
CTPYKTYp. TaKnMm MeToL0M NOoJly4atloT HaHOpPa3MepHble MeTaJlJibl B BUAE TOYEK U
HUTen. TeM He MeHee, 3TOT MeTo 4 HeENpPUroAeH A8 NoJy4YeHNsa NpPeKypcopoB
KOMMNAaKTHbIX MaTepuanos nU3-3a HeobxoanmocTu yaaneHmsa 6onbioro obvema
MaTpuULbl, COAaBHMMOI0 C KOJINYECTBOM CUHTE3MPOBAHHbIX YacTul,. B 3Ton cBA3K
MHTepecC NpencTaBAAlT ANCNEPCHbIE MaTpULbl, HECYLLIME Ha NOBEPXHOCTU YacTuy,
€CTeCTBEHHbIN OKCUA antoMUHKSA, obnagamwmin 4ePeKTHOCTbIO U CJIOXKHOM CUCTEMON
HaHopa3MepHbIX NMop [5]. Takada CTPYKTypa MOXXET ABMATbCA NCXOOHOW AN
MoJly4eHUs C ee NOMOLLbI0O HaHOPAa3MepPHbIX MPEeKYPCOPOB CrJiaBoB pP- U d- 3/IeMeHTOB.
OCHOBHOWN MeTOo[ CUHTE3a HAHOKOMMO3UTOB BKJIKOYAET NOJSlyHYeHNE KPUCTaSIMYECKNX
CTPYKTYp onpenesieHHon Mopdoiorum n coctaBa Npu NCMOJIb30BaHUN ANCMEPCHON
aJIlOMUHMEBOW MaTpuubl. B nocnegHee BpeMs, Kak NpaBuso, NCMONb3YIOT MeTo[,
CUHTEe3a B KOJIJIOUAHbIX HAHOpeaKTopax UM NOPUCTbIX HEOPraHNYECKMUX CTPYKTYpax
(HanpumMmep, cNoOUCTLIX rMapokcnaax) [6]. 9ToT noaxon He NO3BONAET B MNOJIHOWN Mepe
NCKJIIOYNTb Npouecchl arperaumm yactuu. CywecTBeHHbIM HeAOCTaTKOM MeToaa
TaKXXe ABNSeTCa TPYAHOCTU NPpU XMMNYECKOM CMHTE3€e HAaHOKOMMO3UTOB C
ynopAao04Y€eHHbLIM pacrosioXXeHneMm a3 B MaTpuLe, YTO CYLLLEeCTBEHHO OrpaHu4nBaeT
nosiydeHne MmaTepmasioB C YHUKaJIbHbIMN CBONCTBaMU. B CBA3M C 3TUM 0CObbIN
MHTepec npenctaBaseT pa3paboTka MeTon0B POPMUPOBAHNA HAHOKOMMO3MTOB,
o6pa3oBaHHbIX C MCMNOJIb30BAHNEM AUCKPETHbIX MPOCTPAHCTBEHHO-YNOPSAA0YEHHbIX
CTPYKTYp. OOAHUM U3 pelleHnin gaHHoW npobnembl ABNSETCS NPeasoXeHHbIn B paboTte
[7] meToa NosydeHNS NOAMMETANINYECKUX CUCTEM, OCHOBAHHbLIN Ha (QOPMUNPOBAHUN
MeTaNJINYeCKUX HAHOCTPYKTYpP B X04€e pefoKC-NMpoLeccoB, NpoTeKawmx Ha
ONCNepCcHOM asiloMNHMEBON MaTpuue. B 3ToM cny4ae MaTpuua cooepXXnTt gedekTbl U



rMopbl B MOBEPXHOCTHOM OKCUOHOM CJ10€, KOTOpble ABJATCA MecTaMmn (OpMNpPoBaHUSA
3apoablen HoBoW dpa3bl. ANCNEPCHOCTb aJIlOMUHMNEBON (ha3bl onpenenseT cTeneHb
n0eeKTHOCTM NOBEPXHOCTHOIO CJ1I08 U ero NnopucToCcTb. ApyrnmMmm cnosamu, CTEHKMU
rnop 1 pasmMepbl 4edeKTOB OKCUAHOIMo CN1I0S OrpaHNYMBaOT Ha Ha4YaJ/IbHOM 3Tane 30HY
npoTeKaHusa peakuunn, T.e. BbICTYMAaT B poJin TBEPAO(a3HbIX HAHOPEaKTOPOB.
O4eBMAOHO, 4TO NCMOJIb3YS ANCMEPCHYIO aJIIOMUHUEBYIO MaTpULLY C pa3HbIMU
pa3MmepaMu YacTUL, U, COOTBETCTBEHHO, Ae(EKTHOCTbLIO M MOPUCTOCTbIO OKCUOHOIO
CJ1051, MOXKHO OCYLLEeCTBNATb CUMHTE3 HAHOCTPYKTYpP C pa3siMiyHon Mopdosoruen. Ecnm
4aCTUMLUbl MAaTPULbl XapakKTepuUsyTca ManbiM pa3bpocomMm pa3mMepoB U UMEKT
MOBEPXHOCTHbIN C/ION C TOXXAECTBEHHbLIM HabopoM AedeKkToB, TO NOABAAETCSH
BO3MOXXHOCTb MOJIy4eHUS NMPOCTPAHCTBEHHO-YNMOPAA04YE€HHbIX HAHOKOMMO3NTOB.
Mpennaraembl Nogxon NMo3BoJsieT KOHTPOJIMPOBaTb NapaMeTpbl
HAHOCTPYKTYPUPOBAHHON MaTpULbl Ha CTaAun POPMUPOBAHNSA U, BO3SMOXKHO,
ynpaBnsaTb 3TUMU NapaMeTpaMun B npoLecce aKkCcrsyataumm matepuana. Lenb
nccnenoBaHMsa CocTouT B pa3paboTke hyHAaAMeEHTaNlbHbIX OCHOB (DOPMMPOBAHNS
MPOCTPAaHCTBEHHO-YNOPAA0YEHHbLIX HAHOCTPYKTYP M HAHOKOMMO3UTOB Ha 6a3e
ANCNepCcHON aloMUHMEBOWN MaTpuLbl. 18 OCTUXKEHNA 3TOW Lenn peLllatTcs
cnepyowme 3agadn: - yCTaHOBJIEHME 3aKOHOMEPHOCTEN pefoKC-NMpoLLeccos,
NnPOTEeKalLWmnX NP KOHTakKTe ANCNePCHOW aJloMUHUEBOW MaTpULbl, UMEIOLEen CoN
€CTeCTBEHHOro oKkcuaa Ha NOBEPXHOCTN, C BOAHbLIM paCcTBOPOM, Coep>KallM UOHbI
MeTaJIJIoB CEMENCTBA XeJsie3a U Apyrux p, d-metasasios; - CUHTE3 HAHOKOMIMO3MNTOB
MeTogaMm opMmMpoBaHNA NOJIMMETAIINYECKUX CUCTEM Ha OCHOBE ONCMNEPCHbIX
aJIIOMUHMEBLIX MAaTPUL,; - BbISBNIEHNE BAUSAHUA CTPYKTYpPbl MaTpULbl, ee pa3Mepa,
KOJIn4eCcTBa peareHToB N NapaMeTpoB XMMMNYECKOro (hopMnpoBaHuns
nosnMeTaNIM4ecKMX CUCTEM Ha COCTaB, pacrnpeneneHne no pasmMmepam, Mopgpoaormio
M @HN30TPONNIOD POPMUPYIOLLUXCA HAHOCTPYKTYP; - YCTAaHOBNEHUE Koppensaumnm
MeXxay CTPYKTYpPOU HAHOKOMMO3UTOB N UX CBONCTBAMMU; - BbisIBJIEHNE B3aMOCBSA3U
CBOWCTB KOMMO3UTOB CO CTPYKTYPOW U COCTAaBOM MOJIMMETAISINYECKUX CUCTEM, a
TaK>Xe yCcnoBuaMm nx popMmmpoBaHms. [1na peweHnsa NoCTaB/IEHHbIX 3a4a4 B Ka4ecTBe
06bekToB nccnenosaHmsa 6o BoibpaHbl pag ANCNEPCHbIX aJIlOMUHUEBBLIX MaTpuL, C
ycpeOHeHHbIMU pa3MepamMin YacTuu B ananasoHe 10-100 MKM, N CMHTe3npyeMble Ha
NX ocHoBe BMHapHasa cucTeMa >Xefne30-aJloOMUHNI, a TakKXe NoJly4yeHHble Ha 6ase
rnocienHem MHOrOKOMMOHEHTHbIE cucTeMmbl, cogepawme Al, Fe, Co, Ni, Pt, Pd un gp.
an1ieMeHTbl [8]. 3TO cBA3aHO € 60/bLWON NPAKTUYECKON 3HAYUMOCTbIO 3TUX
MaTepunanos. 9 NONy4eHNS HAHOKOMMNO3UTOB Obl/1 MPeasIoXKeH N peasin3oBaH HOBLIN
MeTOo/[ CMHTEe3a, OCHOBAHHbLIN Ha NCMOJIb30BaHUWN B Ka4yeCcTBe MaTpuULLbl ANCMEPCHOro
AJIIOMUHNA. HaCcTuLUbl aJIIOMUHNSA ABNSAIOTCA MUKPOPEaKTOPOM, @ MOBEPXHOCTHLIN
OKCMJA Ha 3TUX 4YacTuuaxX Ha HavaJIbHOM 3Tarne pefoKc-npouecca sBaseTcs
HAHOPEaKTOPOM, YTO MO3BOJIAET KOHTPOJIMPYEMO U C BbICOKMM BbIXOO0M MoJly4aTb
KOMMNO3UTbl HA OCHOBE HN3KOPa3MepPHbIX HAHOCTPYKTYP C LUMPOKNUM Habopom
XapaKTEepPHbIX pa3MepoB U hU3N4EeCKMX NapaMeTpoB. B pesynbTaTe pa3paboTaH



HOBbIA METOA CMHTE3a, OCHOBAHHbLIAN Ha NOJIy4EHNN HAHOCTPYKTYpP B MaTpuue
ONCMNEepPCHOro asiloMNUHNA NMyTEM BblesIeHUS NepexoaHblIX MeTasllIoB. DTOT MeTo.
coyeTaeT NPOCTOTY XMMUYECKUX CNOCOOBOB MaTPUYHOMN N30NALMUN C BOSMOXKHOCTbIO
MoJsly4eHUs NPOCTPAHCTBEHHO-YMOPAAOYEHHbIX HAHOCTPYKTYpP. MNpenmyliecTsa
npenioXXeHHOro 1 yCcrnewHo peasn3oBaHHOro MeTofa CMHTe3a B TBepAoa3sHbIX
HaHopeaKTopax: - KOHTPOJIb pa3Mepa 1 OopMbl HacTUL, B HaHO- N MUKpoAMana3oHe (1-
200 HM, 1-100 MKM); - ynpaBJieHne aHNU30TPOoNmMen 4YacTul,; - CNoCObHOCTb
AKKYMYIAUNN 3HAYNTESIbHbIX 06BEeMOB BOAOPOAA; - 3aLlLMTa NOJYYEHHbIX
HaHOCTPYKTYpP OT OKUC/IEHUS; - MoJSlyHeHne 06 beMHbIX MaTepunasioB Ha OCHOBE
HaHOCTPYKTYPUPOBAHHbIX NOJIMMETaJUINYeCKUX cucteMm. NpennoxeH HoBbIN NOAX0S K
CO3[laHNI0 HAHOKOMMO3UTOB C 3ajaHHbIM cofep>XaHneM HaHogas3bl, OCHOBAHHbIN Ha
NCMNOJ/Ib30BaHNN aJIlOMUHUEBOW MAaTpPULbl C KOHTPOJIMPYEMbIM pa3MepoM YacTul,.
BapbupoBaHmne pasmMepa 4acTuy, No3BosseT ynpaBiaTb KUHETUKOW Npouecca, N TeM
CaMbIM 3aaBaTb COOTHOLWEHME (a3 B HAHOKPUCTAJIJINYECKOM COCTOAHNU. Ha Ba3se
Takoro nogxoAa noJsiy4eHbl pasinyHble KaacCbl HAHOCTPYKTYPUPOBAHHbIX
KOMMO3ULMNOHHbLIX MaTepuasnos. Nloka3aHo, 4TO N3MEHeHne pa3MepHOCTM MaTpuULbl
MO3BOJISET HE TOJIbKO KOHTPOJINPOBaTb CoAepXaHMe HaHoda3 B KOMMNO3UTE, HO U
ynpaBnATb pa3MepoM u Mopgosiornen obpasyoLmnxca B Xxoae CMHTe3a B MaTpuue
HaAHOCTPYKTYp. YCTaAaHOBMIEHO, YTO BapbMpOBaHMe AnaMeTpa 4acTuL N NCXOL4HbIX
rnapamMeTpoB XMMMNYECKOro rnpoLecca rno3soseT yrnpaBiaTb aHU30TPONnen
noJsiydaeMblixX B X04e CMHTe3a HAaHOCTPYKTYpP. aHHbIn MeToAd Oblsl € ycnexom
NCNosb30BaH AJ19 NOJly4YeHUss MarHUTHbIX HAHOKOMMO3UTOB Ha OCHOBE
MeTa/lJINYeCKUX HAHOCTPYKTYp. Ha npnmepe hpopMmnpoBaHNS cogep kallero metaibl
Tpuaabl XKenesa N aJloMUHNIA HAHOKOMMO3UTa, BbI10 MPEeANOI0XKEHO, YTO KAaTUOHbI
MeTaJlJIOB pa3psaXKalTCcA Ha HaYasIbHOM 3Tarne B fedeKTHbIX MecTax 1 nopax
€CTeCTBEHHOW MJIeHKN OKCUAa Ha NMOBEPXHOCTU aJIlOMUHUA B MPUCYTCTBUN XJTIOPUL-
WOHOB, OKa3blBalOLLMX aKTUBMpPYOLWee aencTeme. Bnepsble pa3paboTaHbl MeTOAbI
nonyyeHmnsa HaHokomno3ntoBs Al-Fe, Al-Fe-Co, Al-Fe-Ni c perynnpyembiM cogep>XxaHuem
anoMuHmna (0o 50 % mac.) [9]. NMonyyYyeHHbIe HAHOKOMMNO3UTbLI 06/1a8al0T BbICOKOW
PM3NKO-MEXAHUNYECKON NMPOYHOCTBLIO U MUKPOTBEPOOCTLIO, @ Tak)Xe onpenesieHHbIMU
MarHUTHbIMU N KaTannTnyeckumm ceoncteamu [10]. NMpenno)xeH HOBbIN METO
noJsly4eHUs HaHopa3MepPHbIX MOJINMETaNINYECKMX CUCTEM Ha OCHOBE AMNCMEPCHOro
AJIIOMUNHUA, 3aKJTHOYAOWNNCA B BOCCTAaHOBJIEHUN MeTasIJIOB Ha Ha4YasibHOM 3Tane
rnpouecca B nopax n gedekrTax OKCUAHON NNEHKN U3 pacTBOpPa UX KOMMJIEKCOB. Takon
noaxon no3BosseT NoJy4YnTb HAHOKOMMO3UTbl HA OCHOBE METaJ1JI0B B €ANHON
MaTpuue, 4To obecnedymBaeT COBMECTHOE NPUCYTCTBUNE IIEMEHTHbIX METaJIJIOB U UX
NPoOCTpaHCTBEHHOe ynopsanoyeHne B MaTtepuane. LleHTpasbHoe MecTo B
nccenoBaHMM NPOLLECCOB NOJTyYEeHUS NMPEKYPCOPOB 3aHNMAET peakuus
B3auMoOencTeusa noHos xenesa(lll) c antoMMHneBon MaTpuLen Npu pasanyHbIX
ycnosuax. Cnegyet 3aMeTUTb, 4TO TakKoW npouecc nccaenosancsa Purenem un
LLiBapuem B 1952 roay npu NCcnosib30BaHUM aJIlOMUHNSA B KaYecTBe pefykKTopa C



nocnepywwmm onpenenenmnem xenesa(ll), Ha ocHoBaHuM Yyero 6bI10 coenaHo
3aKJ/Il04EeHNE 0 NPOTEKAHUN peakumn B HanpasaeHnn obpasoBaHmsa Tonbko xenesa(ll)
[11]. WccnepoBaHna aMepukaHckux cneumnanucTtos Li W., Cochell T., Manthiram A.
[12], onybnukoBaHHble B 2013 roay, NpakTUYeCcKn noaTeepannm pesynbtaTthbl 1952 r.
CornacHo TeopeTnyeckuM cBegeHmnaMm, BoccTaHoBneHune xenesa(lll) antommHuem go
MeTalZINYeCKOro COCTOSAHNS TePMOANHAMUYECKN BO3SMOXKHO, MOCKOJIbKY PaBHOBECHbIN
noTeHUKMan peakumm OKUCIeHUA aJloMNUHUA oTpuLaTesibHee noTeHumana
BOCCTAHOB/IEHNA NOHOB »ene3a [13]. OaHako Hann4ne ha3oBor OKCUOHOW NNEHKN Ha
aJIIOMUHUN N BbICOKOE NnepeHanpsi>XeHne BOCCTAaHOBJIEHUSA NOHOB Xefe3a
CYLLEeCTBEHHO OCJIOXKHAIT npouecc [14]. Pe3yibTaTOM ABNSAETCA TaKXe U3MEeHeHne
cocCTaBa Xungkom ¢asbl 1 obpasoBaHMe B HEN FreTEPONOINAAEPHBLIX U MOHOAOEPHbIX
KOMMNJIEKCOB »Xefe3a N alloMNUHNA. B pesynbTaTe pefoKc-npouecca Ha 4actumuax
ONCNepCcHOro asitloMNUHNA PopMUPYIOTCA 3apoablln SJ1IEeMEeHTHOro Xenes3a, a
npeBpaLlleHmne BCex YCTONYMBLIX pefoKc-hopmM xenesa B obuem Buage MoxeT bbiTb
npeacTaB/eHO B COOTBETCTBUN C NpPedsIoXKEHHOW CXEMOW BO3MOXKHbIX MapLUPYTOB
peakunn [15]. Ans BbISIBNEHNA MaKPOCKOMNUYECKOro MexaHn3Ma penoKCc-npoueccoB
y4acTtmem noHos xesne3a(lll) ncnosnb3osanm MeTon OTHOCUTESIbHON CENIEKTUBHOCTM,
COrslacHO KOTOPOMY A9 OUCKPUMUHALMK NapanfesibHOro nan nocnenosaTesibHOro
nyTen obpasoBaHNS MPOAYKTOB peakumm HaxoaAnam 3Ha4eHne OTHOCUTENbHON
CeNeKTUBHOCTN NPU MaJsioM BpeMeHUn peakumm [15]. PacyeT no akcnepuMeHTalbHbIM
OaHHbIM NoKasaJi, 4YTo 4J1a cay4as B3aMMoLeUCTBUSA NJOCKOro aJiloMUHNEBOTO
obpa3ua c pactsopomM xnopuaa xenesa(lll) oTHocuTeNnbHaa CENEKTUBHOCTb OTJINYHA
OT HYJIS, 4TO ABNSAETCSA NMPU3HAKOM NapanfenbHOro NPOTEKAHNS PeaKLUnn.
AHaNOrM4YHbIN pacyeT OTHOCUTENIbHOW CENEKTUBHOCTM, MPOBEAEHHbIN ON4 C/ly4asd
B3anmonencteunsa xenesa(lll) c aucnepcHbIM astOMUHUEM C YOEIbHOW NOBEPXHOCTLIO
nopsagka 0,2 M2/r nokasarsi, 4TO OHa CTPEMUTCS K HYJIIO, YTO ABJAETCA NMPU3HAKOM
rnocsiegoBaTesibHbIX peakunn. AHaIN3 sKCNnepmMeHTasbHbIX AAHHbIX, NOJyYeHHbIX
MeTO40M OTHOCUTEJIbHOW CEJIEKTUBHOCTU MPU Pa3INYHbIX YCI0BUAX NMPOBeAEeHUS
rnpouecca, NnokasaJs, 4To BCe€ OHU MOryT BbITb ONMMUCaHbl NapanaienbHON UIn
nocnenoBaTes/IbHON CXEMOW MPOTEKaHNA peakumn. B aTon cBs3m bblna npeanoXxeHa
eInHasa CXemMa peakummn, NnpoTeKaLwmx Nnpn B3anMmoaencTtemm noHos xenesa(lll) kak c
KOMMAKTHOW, TaK U ANCNEPCHON aJIlOMNHUEBON MaTpuULeN, y4uTbiBatowas oba nytu
obpa3oBaHusa xenesa(0), a Tak>Xe COOTBETCTBYOLLME KUHETUYECKNE YPABHEHMUS
[7,15]. MapameTpbl Npouecca ocaxxaeHus »xenesa(0) 3aBUCAT OT YCJIOBUIN €ro
npoTeKaHns. YCTaHOBJIEHO, YTO YMEHbLLUEHNE pa3Mepa YaCcTul, aJlloOMUHNS,
NMPUCYTCTBME B pacTBOpPE XJIOPUA-NOHOB, POCT KOHUeHTpauunmn xenesa(lll) n
TeMrnepaTypbl, @ TakKXXe CHMXeHne pH NpMBoOAUT K POCTY 3HAYEHUN KOHCTAHT
CKOPOCTU U YBEJIMYEHUIO CTerneHn npespalwleHns [16]. AHann3 xapakTepHbIX
3aBMCUMMOCTEN B3aMMOO4EeNCTBUSA AMUCNEPCHOro aJltoMMHNSA € pacTBopoM xenesa(lll) B
MPUCYTCTBUN XJIOPNL-NOHOB MO3BOJIN BbIOENTL YeTblipe bpyTTOo-CTagum npouecca: |
- CTagns UHULUNPOBAHUSA OKNCJIEHUSA N MOHU3AUWKW aJIlOMUHKUA, NpeanosaratoLwas, B



TOM 4yucne, obpasoBaHne pacTBOPUMbIX MOBEPXHOCTHBLIX XJIOPUOHbIX KOMMJIEKCOB
[7,13]; Il - cTaana obpa3oBaHUs MEPBUYHbLIX 3apodblluen MeTananydyeckonm dassbl; Il -
OCHOBHOW 3Tar, CONMpPOBOXAALLMNNCA CaMOpPa30rpeBoOM CyCreH3unu,
XapaKTepusyLnnca ConpsaXXeHHbIMN NpoL.eccaMmm MOHN3aLNnN alloMUHNA C
nocnepnywoLwen rmapataumen ero NOHOB 1 BblgesieHneM asbl 31eMeHTHOro MeTaJsiia
n Bogopona; IV - nepuon yctaHoBNeHNA OUHaMUYeCKOro retepogasHoro paBHosecus.
Habnogaemble npoueccbl MOXKHO 06BbACHUTbL C NO3ULUN PA3JINYHOIO CTPOEHUA U
PU3NKO-XNMUYECKNX CBONCTB NMOBEPXHOCTHbIX OKCUOHbIX C/1I0€B KOMMAaKTHOIO "
ONCMNepPCHOro ajiloMNUHNA, KOTOPble Pa3/In4atoTCa TOJILLMHON, CTPYKTYPOWN,
nedeKTHOCTbIO N (pa30BbiM cocTaBoM [17]. OoHaKO AaHHbLIA MOAX04 He YYUTbIBaeT
MOP0OI0rnio NMOBEPXHOCTM OCHOBLI, KOTOPas ABAETCHA BaXKHbIM (PaKTOPOM KUHETUKN
reTeporeHHbIX peakunmn. a8 npoBepPKM BO3MOXKHOCTWU ONMCaHMUA N3y4aeMoro
npouecca C No3numm TONOXMMUYECKMX peakunin 66110 NpoBeaeHO CpaBHEHME
M3BECTHbIX MaTeMaTUYeCKUX MoLesiel KUHETUKN 3TUX peakLumn nocpencTBoMm
Kputepusa duwepa. MatemaTuieCkne Bbipa>KeHns COOTBETCTBYIOT KUHETUYECKUM
YPaBHEHUAM reTeporeHHbIX peakunun n KnaccuunumpoBaHbl N0 XapakTepy
3aBMCUMOCTU N KMHETUKE NPOoTEeKaHNs peakunn. CpaBHeHmne npeacTaBsieHHbIX
BapWaHTOB MNokKa3aJsio, 4To Hanbonee afeKkBaTHO CPean N3BECTHbIX KNHETUYECKUNX
YPaBHEHUN reTeporeHHbIX peakLnin XxapakTep sKCnepmMmeHTasbHON 3aBUCUMOCTH
onuncbliBaeT ypaBHeHUe ABpaMu-EpodeeBa, KOTOpoe OTHOCUTCHA K YpaBHEHUAM
curmompgHoro Tuna [18]. Tem He MeHee, 0N1s ONNCAHNA KUHETUKN OCa)KAEeHNS
xenesa(0) Ha AMcnepCcHOM aJtOMUHUK C MO3ULMN FreTeporeHHbIX NpoL.eccos, 3a
OCHOBY NpuHATa Mogenb [enbMoHa [19], y4uTbiBaowas HyKJeaumto Ha NOBEPXHOCTU
TBEPAOro Tena, KoTopas LaeT OTKJIOHEHUE TOro »XXe nopsaaka, 4To U ypaBHeHMue
ABpamun-EpodeeBa. OHa nMeeT paa npenmyLecTs nepeg nocsaeaHnM, NoCKOJIbKy
napamMmeTpbl MOAENN MOryT ObITb O4HO3HAYHO TPaKTOBaHbI, N, Cef0BaTE/IbHO, MOTyT
ObITb N3MeHeHbI. [MocneagHee ocobeHHO BaXKHO Npu Bbibope yrnpaBnsoLwmnx
BO34ENCTBUIN Ha NPOLLECC, B KOHEYHOM UTOre noBbiWaWmMx ero 3pPeKTUBHOCTb. MNpun
nccnenoBaHUM KUHETUYECKUX 3aKOHOMEPHOCTEN FreTeporeHHbIX NpoLeccoB
BO3HMKAET 3aJa4a y4eTa N3MeHeHNs NoBEepPXHOCTU pearnpyrowmnx 4yactuu. nqa ee
pelweHmnsa yaobHbl NpuHLMNbLI paKTasibHOW reoMeTpumn. byayym Konmy4ecTBeHHOMN
WHTEerpasibHON XapaKTepPUCTUKOW CTPYKTYpbl 06bekTa, hpakTasibHasA pa3MepHOCTb
Mo3BONIIeT HAaXOAUTb MJoWwaib NOBEPXHOCTU C 3aJaHHbIM YPOBHEM NMpubamxeHus,
4YTO AaeT BO3MOXXHOCTb UCMNOJSIb30BaTh 3TY BE/IM4YUHY B KUHETUYECKOM aHanunse. B
COOTBETCTBUU C Teopuen [esibMOHa 3aBUCUMOCTb MeXXay CTerneHblo npeBpaLleHns a
N npueBeneHHbIM BpeMeHeM t BbipakaeTcCs KlacCu4eCcKnm ypaBHeHnem [lesibMoHa
[19]. B paboTe npeacTasneHo ypaBHeHNne [lenbMoHa, MOAnpuLmMpoBaHHoe
nocpencTBoOM BBeAeHUA ppaKTasibHON pa3MmepHocTu. CnenyeT OTMETUTh, YTO
OCHOBHbI€ 3aKOHOMEPHOCTU reTeporeHHbIX NMPoLeccoB, NpoTekaowmx 6e3 nsmeHeHns
hpakKTasbHON CTPYKTYpPbI, UCCNEAYIOTCA AOCTAaTOYHO YacTo. MeHbLle BHMMaHUS
yaoenseTrcsa BJANSHUIO FeOMeTPMUYECKON HEOOHOPOAHOCTN Ha KUHETUYeCcKue



XapaKTepPUCTUKN. Y4MUTbIBaA, 4TO MOBEPXHOCTb TBEPAOro Tesla MMeeT BbICOKYIO
cTeneHb camononobus, KoTopasa n onpenenseTca 31eMeHTaMmn PpakTabHON
reomeTpumn, 66110 NPensioXKeHO NCMOJIb30BaTb BENNYMHY PPaKTaNIbHON pa3MepHOCTM
ONs OTPaXKEeHUS COCTOAHUSA NOBEPXHOCTU. [N y4eTa naMeHeHns ppakTaabHON
pa3MepHOCTUN pearmpyrLwmx 4acTul, HaMn NPensio>XKeHo KOHCTaHTy D B
MOANMPULNPOBAHHOM ypaBHEHUN [leNbMOHa 3aMeHUTb BpeMeHHOoW (pyHkumnen Dt [20].
Ona onpepeneHnsa hpakTasbHOW Ppa3MePHOCTM NOBEPXHOCTU YaCTUL, UCNOJIb30Ban
TepMoANHaMUYEeCKU MeToA, NpensioxXeHHblin Hemmapkom [21]. MeTon no3sonaseT
HaXoAUTb (PpaKTaJIbHYIO Pa3MepHOCTb NOBEPXHOCTU, NCXOLA N3 SKCNEePUMEHTasIbHbIX
KPUBbLIX BAABANBaHUA PTYTW. PacdeT no ypaBHeHMO HerMapKa nokasan, 4To ans
XapaKTepHbIX MUKPOYaCTUL, allOMUHNS YCpeadHeHHasa hpakKTasibHasa pa3MepHOCTb
paBHa 2.04, 4TO COOTBETCTBYET r1aflkon NMOBEPXHOCTU. [N )Kene30aloMNHNEBBIX
YacTuy, (ppakTasibHas pa3MepHOCTb COCTaBAAeT nopsaaka 2.87, 4To xapakKTepHoO A4
pa3BMTbIX NOBEpPXHOCTeN, obnagatowmx CNoXKHbIM penibedoM. Takon pesynbTaT
06yCcnoBAEH CNOXKHbIM MHOIFOCTaAUNHbLIM MPOLLECCOM, CONPOBOXXAAOLWMMCS
NOHM3aUMEN asloOMNUHNA B X1I0pNOCOAEPKALLEN cpene, CONPSAXXEHHbIMUN peakynamMu
BblOEe/IEHNSA dN1IEMEHTHOr0 Xene3a n Bogopoaa. Hanbonbliee 3HavyeHue hpakTasibHOW
pa3MepHOCTU paBHOE TPEM MMEIDT HYaCTULbl XXesesa, NoJly4eHHble NyTem
AononHUTEeNbHOM 06paboTKK XKene3o0aatoMUHMEBBLIX CUCTEM PAaCTBOPOM FrMAPOKCUAa
HaTpuA. Takoe 3Ha4YeHNe CBOMCTBEHHO MAaKCMMaJlbHO HEPOBHbLIM N MOPUCTbIM
obbekTaM, 4HTO M MOATBEPKAAETCHA pe3ysibTaTaMN MUKPOCKOMNNYECKUX N3MEPEHNI N
OaHHbIMK NopomMeTpun [22]. PewneHne ypaBHeEHUS ansa cnydasa nusmeHeHusa Dt no
YeTbIPEM BO3MOXXHbIM 3aBUCMMOCTSAM ObIJ10 NpOBEAEHO C NMOMOLLbLID NPOrPaMMHOro
nakeTa Maple. YcTaHoBNeHO, 4TO Hanbosniee XopoLlo pacyeTHasa KpruBas CoOBMadaeT C
OaHHbIMUW 3KCNepuMeHTa Npu yyeTe JIMHENHOW 3aBUCUMOCTU N3MEHEHUNS
(hpakTasbHON pa3MepHOCTN BO BPEMEHU, T.€. YypaBHEHNEe afleKBAaTHO ONMucbIiBaeT
rnpouecc socctaHoBneHUs xenesa(lll) no xenesza(0) [22]. Ana onpeneneHns moagenmn
HyKJleauum 1 pocTa 3apoablllien, NCCenoBann NHTEerpajibHbie 3aBUCMMOCTH
MJOTHOCTM TOKa OT BPEMEHU, a AJ19 UX ONUCAHNS UCMOJIb30Ba N NPUBELEHHbIE
H6e3pa3mMepHbie BeNnYMHbI. CornacHoO nMelwmmcsa npeactaBaeHnsaM, paspaboTaHHbIM
NcaeBbiM 1 BapaboLWKNHBLIM, OMUCAHHbIN NPOLLECC OTHOCUTCHA K TaKOBbIM,
MPOTEKaOLWWMM B YC/IOBUAX HEMNPEPLIBHOW HYKNeaunmn, KWNHETNYECKOro pocTa
3apodblllen NPy NCNOJSIb30BaHNMN ANCNEPCHOro aJIlOMUHNA U ANPEPY3NOHHOIO - A4
KOMNaKTHOro [23]. Mpu 3ToM NpoTeKaeT Conps>XeHHas peakums BblaeseHus
BOOOpPOOA, CKOPOCTb KOTOPON, KaK NMOKa3biBAlOT U3MEPEHUS, HA TPU NopaaKa HUXe
CKOPOCTU OCaKaeHns 3/1IeMeHTHOro xenesa. O4eBNOHO, 4TO NMpoLLecc NpoTeKaeT B
YCJ/IOBUAX KaTOOHOIr0 KOHTPO1S, 06yC/IOB/IEHHOINO CTaAMNHOCTLIO pa3psga MOHOB
»xenesa. Y4nTbiBasd HEOOHOPOAHOCTb OKCUAHOW MJIEHKN Ha aJIloMUHUK, @ TaKXXe
3Ha4YMTENbHbIE MUKPOHaANPSA>XXeHns, 00yCcnoBseHHbIE, B TOM 4YUCe, N flanjiaCcoBbIM
OaB/IeHMEM Ha NOBEPXHOCTb YacCTULbl, MOXXHO NPeaCcTaBnUTb, YTO JIOKAJIbHbIE Y4aCTKN
MoBEepPXHOCTN obnagatoT Mason TONLWMHON N SNEKTPNYECKNM COMNPOTUBEHNEM N Ha



3TUX y4acCTKax NMpoTeKaeT KaToAHbIW npouecc. ECTb Tak)Xe MHeHune, 4To npouecc
pacTBOPEHNS UHULUNPYETCA B MOopax U TpelmHax 3a cH4eT B3auMo4encTBuS
arpeccuBHbIX aHMOHOB C MOBEPXHOCTbLIO MeTaJslfla, @ OKCUAHAA NMieHKa aBnseTcs
WHEPTHOM 1 pa3pyLlaeTCcs U3-3a NoAnoBEPXHOCTHON aecTpykuun. B ntobom cny4vae
NIOKaNN30BaHHbIN XapaKTep npoLecca CBA3bIBAOT C HEOAHOPOLAHOCTLIO U
0edeKTHOCTbLIO NNEHKN NoOpoXXAatoLwen HepaBHOMEpPHOe pacnpenesnieHme Toka no
MOBEPXHOCTU, MPU 3TOM 3NIEKTPOXUMNYECKasa CTaAnsa ABNSEeTCA onpeaensowen.
INeKTPOXNMMYecKasa CTaausa TpakTyeTCsa Kak npoTeKatoLwasa npu onpenesieHHoM
noTeHuwnane, LOCTUXKEHME KOTOPOro Heobxoanmo ana obpasoBaHUS U NocaeayroLen
NOHM3auUMKM agcopbumoHHOro KoMmnaekca. NocKoNbKy peasibHas MOBEPXHOCTb
rMOpoKCUIMpoBaHa, To KoMnaekc obpasyeTcs BCNeACTBUE BbITECHEHUS XJI0PUOOM
rmapokcuaa C noBepxHoOCTU MeTanna [24]. XapakTep n3aMeHeHns noTeHumnana
NMJaTUHOBOIO 3J/IEKTPOAA, MOrPY>XKEHHOIN0 B PEAaKLUMOHHY CMeCbh, COAepP>KaLlLy NOHbI
»xenesa(lll) n cycneHaonMpOBaHHLIA alOMUHNIA, pa3nnyaeTcs B 3aBUCUMOCTN OT
CTeneHn aNcnepcHOCTU aJlOMUHUA U COCTaBa cpenbl. YCTaHOBJIEHO, 4TO
onNTMMasbHbIM ABNASAETCA, KakK U BblN10 MOKa3aHo MeTogaMn (POpPMasibHON KUHETUKMN,
NCNOJIb30BaHME ANCMEPCHOro aJloMNHUSA C pa3MepoM YacTul nopsaka 85 MKM un
pacTBopa xnopuga xenesa(lll) [25]. HacbiweHne BOOOPOOOM /IEKTPOSINTA N OCajKa
co3faeT BOCCTAaHOBUTESIbHYIO Cpeny, NO3BOAOWLYI0 MPOBOANTbL CMHTE3 6e3
OOMOJIHUTESIbHOW onepaunn rno yaaneHuo U3 3J1eKTPosinTa pacTBOPEHHOIO
Kucnopoga. Npun cpaBHEHNN SNEKTPOXMMNYECKOr0 NOBEAEHNSA KOMNAKTHOIO U
ANCNepCHOro aJloMUHUSA BbISBJIEHO, YTO KOPPO3UOHHbIA NMOTEHUMan KOMNAaKTHOIro
aJIIOMUHNA N0 Mepe MOBbILWEHNSA KOHLUEHTPaLUN pacTBOpa CMELLAeTCs B CTOPOHY
oTpuUaTeNbHbIX 3HAYEHUNIN, YTO YKa3biBaeT Ha obsieryeHmne npouecca akTueauum
aJIIOMNHNA. B KOHLUEHTPUPOBaAHHOM pacTBope HabngaeTcsa gpend noteHymnana B
06/1aCTb MONIOXKNTENBHbIX 3HAYEHUI, YTO Bbi3BaHO 6/10KMPOBAHMEM YacTun
MOBEPXHOCTU aJIIOMUHNEBOW OCHOBbLI OCaAKOM 3JIEMEHTHOr 0 xenesa [26]. MoXHo
OTMETWUTb, YTO KaTOAHOE BOCCTaHOBJIEHUE Xefle3a nMuTupyeTcs anddysmen, B To
BpeMs KakK aHOOHbIN MpoLeCcC MOHN3aLNN aJIlOMUHNA NMPOTEKAET NCKIIYUTENLHO B
KnHeTn4eckom obnactn. Ha KOppPO3MOHHbIX AMarpamMmmax nNpum noTeHUunanax,
COOTBETCTBYIOLLMX BblAENEHUIO 2/1IEMEHTHOI0 XeJie3a NMeeT MeCTO UHTEeHCUBHOe
BblAeNleHe BoAopoaa, KOTOPOEe He NO3BOAAET NpocaeanTb CTaAUNHOCTb, XOPOLLO
NNTIOCTPUPYEMYIO KUHETUYECKUMU KPUBBbIMU. TEM HEe MeHee, NCMOJIb3Ys MeTo[
LUVMKINYECKOW BOJIbTaMNEepPOMETPUM C Ppa3HOM CKOPOCTbLIO pa3BepTKM NoTeHUMana
CUHXPOHU3NPOBAHHOM CO CKOPOCTbIO CaMUX peaKkLuuin, yoanocCb NOJy4YnTb HEKOTOpPOeE
npeacTaBieHne 0 CTaausax nccriengyemoro rnpouecca. AHaIn3 LNKINYECKnX
BOJIbTaMrneporpamMmMm, CHATbIX Ha NJ1IATUHOBOM 3J1eKTpo4e B pacTBope XJiopuaa
x»enesa(lll) nokasan, 4To B AaHHOM C/ly4ae MMeT MeCcTo peakuun, npoTeKkaHmne
KOTOPbIX OTPaXXEHO XapaKTepPHbIMX Y4acTKaMn 3aBucnmocTen [26]. Ana onpegeneHns
npupoabl CTagnn BocCTaHoBNeHMA NOHOB xenesa(lll) no xenesa(ll) ncnonb3osanu
rnapameTp, Ha3biBaeMbl Kputepmnem CemepaHo. PacHeT rnokasas, 4TO ero Besin4nHa =



0.5, cnepoBaTenbHO, Npouecc BoccTaHoBneHMs xenesa(lll) po xenesa(ll)
KOHTPOJINPYETCA KUNHETUKON XUMUYEeCKOW peakumun. N3y4yeHne COBMeCTHOro
BoccTaHoBneHna asonHbix cuctem Fe(lll)-Ni(ll) n Fe(lll)-Co(ll) B BOOAHOM pacTBOpE Ha
aJIIOMNHNEBON OUCMEPCHON OCHOBE NoKasasio, 4To obwunin Bng TeMmnepaTypHOn
3aBUCMMOCTU TaKXXe HOCUT 3KCTPEeMasibHbIA XapakTep - UMeeT MeCTOo pPe3Kun pocT
TeMrnepaTypbl PEaKLUMOHHOW CMeCcK BNAOTb A0 MaKCUMYMa, aHaNI0Or MY HbIN
BOCCTaHoBJsieHUo NOHOB xene3sa(lll) [27]. NMpoBeneHHbIE 3KCNepUMeHTbl NO3BONSAIOT
NnpeanosioXnTb, 4TO TakXXe Kak 1 B cnydae cuctembl Fe-Co, peakumm BOCCTaHOBJIEHUSA
Fe(lll) u Ni(ll) npn nx coBMeCcTHOM NPUCYTCTBUN B pacTBOpeE ABAAIOTCSH
CONps»XKeHHbIMN, KOrga nocaenosaTeslbHO NpoTeKaLwme peakLmmm BOCCTaHOBNEHNSA
MOHOB >XKeJie3a NHNLMUPYIOT peakumm BOCCTaHOBIEHUSA MOHOB HUKenNsa n kobanbTa.
OOHOBPEMEHHO C COOCaXKAEeHNEM MeTasl/IOB UMeEeT MeCTO BblesieHe Bogopoaa.
MeToLOM CHATUA NapumasibHbIX NOJAPU3ALNOHHbBIX KPUBbLIX MOKa3aHoO, 4TOo
coBMmecTHoe BbiaeneHune Fe-Ni n Fe-Co B obnactu paboymx naOTHOCTEN TOKa
MPOUCXOONT CO CBepXnosiAspu3aLmen Nno CpaBHEHNIO C OCa)KaeHneMm xenesa [27,28].
NMonapunsaunoHHasa KpUBass COBMECTHOIr0 pa3psafa MOHOB HaXoOUTCA HMXKe
MnoNApPnU3aUnMoOHHON KPUBOW OCa>KAeHNSA dN1IEMEHTHOI0 Xefne3a, YTo CBUAEeTeNbCTBYET O
npenmMyLeCcTBEHHOM OCaXkAeHUN Xesie3a N CONYTCTBYOLWEM BblAENEHUN HUKENSA U
kobanbTa. KaTogHOE BOCCTAaHOBJ/IEHNE MOHOB METaNIOB IMMUTUPYeTCS anddysmen, B
TO BpeMSA KaK aHOLHbIN Npouecc MoHU3aUnum aJloMUHUA NPoTeKaeT B KNHEeTUYeCKOWn
obnacTu, 4To NOATBEPXKOAETCA N KNHETUYECKUMU KPUBBLIMU MOJSTyHEHHBbIMN Ny TEM
N3MepeHNsa 0OCTaTO4YHOr o KoJsin4ecTBa MOHOB TOr0 UK MHOIo MeTansa. Pe3ynbTaThl
nccnenoBaHMSA COBMECTHOIO BblAe/IEHUSA MEeTaI/INYeCKOoro xenesa, HUKens u
kobanbTa Noka3asnun, 4To peakumm socctaHosneHus Fe(lll), Ni(ll) n Co(ll) apnatoTcs
COMNpPSXXEHHbIMUN, T.e. NocNefoBaTe/IbHble peakLUnUn C MOHAMN XKeJle3a NHULUUPYIOT
peakuun c noHamm kobanbTa Co(ll)»Co(0) n Hukensa Ni(ll)-»Ni(0) [29]. Kak noka3anu
3KCMEePUMEHTbI, COMPSXXEHHbIE peakLunn BOCCTAaHOBIEHUSA 3TUX MOHOB MOryT 6ObITb
BMOJIHE YAOBJ/IETBOPUTEJIbHO ONMUCaHbl KUHETUYECKUMWN YPaBHEHNSAMW MepPBOro
nopsagka. CoBMecTHoe ocakgeHune Tpex metannos Fe, Ni, Co HocuT ewe 6onee
CJIOXKHbIN XapaKTep 1 onpenenseTca Kak COCTOAHUEM NOBEPXHOCTU ANCMEPCHOro
AJIIOMUHUNA, TaK U KOHLUEHTpaLnen MoOHOB 3TUX MeTaslJlIoB B pacTBope. XKene3o u
KobasbT 0Ca)KA4alTCA NPUMEPHO C OANHAKOBOW CKOPOCTbLIO, @ HUKEb C CYLLLEeCTBEHHO
MeHblen [30]. B TP@XKOMMOHEHTHbIX pacTBOpPax NPONUCXOOUT NPaKTUYEeCKN
CUHXPOHHOE oCaXkaeHune xxenesa n KobanbTa, 0AHAKO CTerneHb BblaesneHns kobanbTa
BbllLe. 3aMeasieHne BOCCTAaHOBIEHMNSA NOHOB HUKENS NMPU COBMECTHOM OCaK4eHun ¢
»xenesom n kobanbToM 06bACHAETCA NOBbILLEHHOW aacopbumen rmgpoKCNaHbIX
coeiIMHEHNI Ha MOBEPXHOCTU CrJiaBa No CPpaBHEHMUIO C BblAeNeHNneM NHANBNOYaNbHbIX
MeTasnioB. Habnogaemoe TOpMOXKEHNE CKOPOCTN BOCCTAHOBJ/IEHUSA MOHOB HUKENS
yKa3blBaeT Ha OTCYyTCTBMe obnervyeHusa paspsna MOHOB 3a cHeT crnsiaBoobpa3oBaHuUS.
3agep>xKa CKOpPOCTU pa3psaa MOHOB NPY COBMECTHOM BOCCTAHOBIEHUN MOXXET ObITh B
3HaYMUTENIbHOW CTEeNeHUN CBA3aHa C U3MEHEHMEM KOHLEeHTPaLUNn paspsrKatowmnxcs



MOHOB B A BOMHOM 3/1€KTPUYECKOM cnoe. Npn CMHTe3e Apyrnx CUCTeM Ha OCHOBE
»xenesa Habnwganacb KapTuHa NnoaobHasa ocakaeHuto xenesa(0): obwnn Bna
TeMrnepaTypHOW 3aBUCUMOCTU HOCUT IKCTPEMasIbHbIN XapaKTep - UMeeT MeCTo
pe3Kun poCcT TeMnepaTypbl PEaKLUMOHHOW CMecu BNJOTb 40 MaKCUMyMa, noTeHunan
NMJaTUHOBOIO 3/IeKTPOAa AOCTUrAET 3HAYNTESIbHbIX OTpULLATESIbHbIX BEIMYUH, YTO, MO
BCEN BUOMUMOCTU, YKA3bIBAaE€T Ha AOCTUXKEHNE BbICOKUX CTEMEHEN OCa)KAEHUNS
MeTannoB. MOXXHO NPennosioXNTb, MO aHAIOrMN C NpeablgyLwmnmMmn pacCMOTPEHHbIMUY
CJ/lydasiMu, 4TO NPU COBMECTHOM BblgesIeHUN 3TUX MeTaJIJI0B B NpoL.ecce KOHTaKTHOro
obMeHa NnponcxoaunT aN1eKTpoanTmnyYeckoe crniasoobpasoBaHume. Kak nokasanum
nccnenoBaHMS NPoLECCOB, MPOTEKAOWMX B X10puacogep Xalmx cpeaax npu
KOHTaKTe MOHOB MeTaJ1JIOB CEMENCTBA »KeJsie3a U aJloMUHUSA, MOBEPXHOCTb YacTuL
ocCaflka MeTaJIJI0B MOoKpbITa chepomTaMmn pas3INnyHbiX pa3MepPoB, KOTOPbIE B CBOIO
oyvyepenb HecyT Ha cebe HaHOpa3MepHble 3apoablin chepru4eckon OopMsbl, 4TO B
LleJIOM yKa3blBaeT Ha BO3MOXXHOCTb CMHTEe3a HaHO4YacTuL, NyTeM KOHTAKTHOro
obmeHa. C uenblo YMEHbLUEHNSA pa3MePOB YacTUL, 0CaAKOB esie3a K UCXOA4HOMY
pacTBopy, coaep>kallemMy noHbl xxenesa(lll), nobasnsann pacTteopsl, cogep>xalymne
WOHBbI Nasnnaansa n naaTuHbl, UMELWKMX Manoe NnepeHanps)XeHne BblaeseHuns
Bogopona [13]. HakonneHne Boaopoda B ocagke, cogep>kallemM naaTuHouabl,
Bbi3blBaeT 0Opa3oBaHME BHYTPEHHMX NONOCTEN N TMAPNOOB METAJINI0B, 4TO B
KOHEYHOM MUTOore NpPMBOAUT K pa3pyLUeHUNI0 ocajKa 3a cYeT T.H. T’MapuaHoOro
ancneprupoBaHma [31]. NMonyyvyaemblie ocagkun a-Kenesa cogep>xaT HaHO4YaCcTULbI
pa3mepoMm nopsaka 100 HM, ogHako HabngaeTcsa cMabHasa TEHOEHUMSA K
obpa3oBaHUIO KPYMHbIX arioMepaToB pa3/In4HOro pa3mepa 40 6 MKM, 4TO
06bACHAETCSA, B TOM 4YMCS1€ N BbICOKON HaMarHM4YeHHOCTbIo 06pa3uoB. Bo Bcex
nccnenoBaHHbIX obpa3uax OCHOBHOM ha3on aBnaseTcs a-xeneso [32]. NpakTudeckun
aHaNornyHble pe3ynbTaTbl OblIN NONyYeHbl Ana KobanbTa U HUKensA. Mo AaHHbIM
peHTreHoga30BoOro aHanm3a, OCHOBHOW ha3on ancnepcHoro obpasua, Noay4YeHHOro
n3 pacteopa Hukens(ll), aBnaeTca afleMeHTHbIN HUKEeNb. Y BCEX UCCNenyeMblX
obpa3uoB, NoNy4eHHbIX U3 pacTBopoB KobanbTa(ll), B Ka4yecTBe OCHOBHOW (ha3bl
obHapy>XeH 371eMeHTHbIN KObanbT, NpeaCcTaBAEHHbIN OBYMSA KPUCTaNIMYECKUMN
nonumMmopHbIMM MoandUKaLNaMnN: rekcaroHanbHon n Kkybuveckon [28,29].
OnTMManbHbIM NPeacTaBASeTCs NoJslydYeHne KoOMMNakKTHbIX 06pa3Los 13
CUHTE3UPOBAHHbLIX BblLLEONMCaHHbLIM cnocobomM obpa3L0B NPeKypCcopoB
MHTepMeTaJINYeCKUX CUCTEM UCKPOBLIM MJIa3MeHHbIM criekaHueMm (SPS) [33].
NckpoBoe nna3sMeHHoe CnekaHne OCHOBAHO Ha TEXHOJ10M M BbICOKOCKOPOCTHOIO
npeccoBaHUsA-CNeKaHNa ANCNepCHbIX MaTepuanos. aesa 3Toro npouecca
3aKJ1l04aeTCa B COMeTaHUN NMPecCoOBaHNA C UHTEHCUBHbLIM 3JIEKTPUYECKNM pa3psanoM B
Te4yeHne HeCKONIbKNX MnnnncekyHn. OCHOBHbIM npenmMyLiectsomMm SPS-
KOMMNAKTUPOBaHUSA SBNSETCH O4EHb BbICOKAsi CKOPOCTb Harpesa U KOPOTKUE LUKIbI
CrnekaHus, KoTopble MO3BONIAIT KOHCOMMANPOBATL NOPOLLKN 6e3 pocTa YacTuu n
HapyLweHnsa HaHOCTPYKTYpbl. BbiICOKasa TemnepaTypa UCKPOBOM MNia3Mbl akTUBU3NPYET



crnekaHue, ycTpaHsasa agcopbupoBaHHble ra3bl U NpUMecKH, NPUCYTCTBYOLWME Ha
MOBEPXHOCTU YacTul. MNpu NPoxXoXK4EeHUN INTIEKTPNYECKOro ToOKa Yepes JUCnepcHbIn
obpa3sey B npouecce SPS NponCcxoanT KOHCONMAAUNSA OTAENbHbIX YaCTUL, YTO MOXXeT
ObITb NPOUNTIOCTPUPOBAHO HArNAAHON Ka4YeCTBEHHOW MOAesbIo MaccornepeHoca nNpu
WCKPOBOM MJla3MeHHOM CrNeKaHUn OBYX 4YacTuu maTepuana. PopmMmmpoBaHume
COeAMHUTENIbHOM0 Y4acTKa - MEPEMbIYKN MeXXAy YacTuuamMmm NPponCxXoauT nyTem
MacconepeHoCca BellecTBa BC/IeACTBME NCNAPEHNS, KpUcTannnsaumm, obbemMHoRn,
MOBEPXHOCTHOW U 3epHOrpaHnyYHon audgysuun. lNo gaHHbIM PEeHTreHoa30BoOro
aHa/n3a yCTaHOBJIEHO, YTO MNoJly4YeHHble Ha SPS-ycTaHOBKe obpa3ubl coaep>xaT
MHTepMeTannmyeckue casbl. 49 nccnenoBaHUa BO3MOXXHOCTU SPPEKTUBHOIO
he3sarpermpoBaHnsa gucnepcHbix obpasyos, COCTOAWMX N3 HaHOYacTuL, KobanbTa,
MOJTYHEHHbIX JIEKTPOXNMUYECKUM METOLAOM, NX MOBEPXHOCTb NoABepranach
NJ1a3MOXMMNYECKON MOONUKALNM BbICOKOYACTOTHbLIM pa3psaaom. Obpaseu,
MoJsly4YeHHbIn nyTeM Moandukaumm NCXoaHoOro HaHopasMepHoro kobanbta BY
pa3psanoMm, oTamyaeTCa Haln4meM TOHKO3EPHUCTOMN CTPYKTYPbl, CKJIOHHON K
obpa3oBaHUIO pa3BeTBJIEHHbIX LlernoYyek ¢ pa3MepoM HacTul, nopsaaka 15 HM.
OngppakTorpamma obpasuya, noaseprHyToro moandukaumnm BY paspagom,
MPaKTUYeCKN COBMaaaeT C ANPPaKTOrpaMMon NCXogHoro obpasua, 4T0 KOCBEHHO
cBumaeTenbcTByeT 06 oTCyTCTBUM (ha30BOro npeBpalleHns. na nccnenoBaHms
MarHUTHbIX CBOMCTB CUMHTE3UPOBaHHbIE HAHOPAa3MepHble YacTuubl cucteMsl Fe-Al ¢
pa3HbIM COOep>XaHNEM 3JIeMeHTOB NUCMO0J1b30Baan A8 MOoJIyYeHUss KOMMaKTHbIX
obpa3uoB, 3aTEM N3MEepPSASIN HaCTOTHYIO 3aBUCMMOCTb UX MAarHUTHON NPOHULLAEMOCTM
B Anana3oHe 30 kl'y - 1 Mlu. B pe3ynbTaTe nccnenosaHns obpasuos
HaHogucnepcHom cnctemol Fe-Al C BapbupyeMbiM cogep)XaHMeM aJlloOMUHNS,
YCTaHOBJIEHO, YTO OHU MOrYT MPUMEHATBLCA NPUN CO34aHUN MArHUTOONINIEKTPUKOB O/14
OTHOCUTENIbHO HU3KMX YacToT (600 kIy) [10]. MonyyYyeHHble 3NeKTPOXNMNYECKUM
MeTOLOM CUCTEMbl MOIYT UCMOJIb30BaTbCA NPU N3rOTOBJIEHUN MaTepmaioB Ha OCHOBE
WHTepMeTannnaoB. TakXe AaHHbIM MeTo MOXXeT MCMNOJ1b30BaTbCA A1 reHepaumm
BOOOPOOA N B Ka4eCTBe OCHOBLI KaTasIn3aTopoB, Hanpumep, ana okuncneHmsa CO [34].
MpuKNagHOM acnNeKT AAHHOIo Nogxo4a 3akKJ4yaeTcs B NOJlyHeHUN AUCNEePCHbIX
NMPEeKypCopoB MaTepPNasioB B XNUAKoN pase, 6e3 pacnbiieHNs B OKpyXXatoLwen cpeae,
4To 0O6yCNOBAMBAET IKOJIOMMYHOCTb N IHEPTrOdIPEKTUBHOCTL Npenlaraembix
TexHosornn. Takmm obpasom, B HacToswen paboTe npeasoXXeH HOBbIN
YHUBEPCasibHbIA MeTo NoJly4eHUsa HaHOMaTepunasioB, OCHOBAHHbLIN Ha NCMOJIb30BaHUN
aJIIOMUHNEBOW MaTpPULbl C onpeneneHHon AeeKTHOCTbIO N NOPUCTOCTbIO
MOBEPXHOCTHOIO CJ1I04 B Ka4yecTBe TBepAoda3HOro HaHOpPeakKTopa Ha Ha4YalIbHOW
CcTagun BbloeneHna Mmetannos. [JaHHbIN NOAXOL NO3BOJIAET MoJlyyYaTb LWMPOKUIA Kacc
KOMMO3NTOB Ha OCHOBE MUKPO- U HAHOYaCTuUL, C onpenesieHHbLIMN pa3Mmepamu,
Mopdonoruen, aHnsotTponmen. MNMpun 3ToM MaTpuLa oKasbiBaeT CTabunnsmpyouiee
OEeNCTBME, aKKyMYynmMpysa BoOOpOd U 3alimuas HAHOCTPYKTYPY OT OKUCIEHUA. DTO
Mo3BOJISIeT CO34aBaTb HaHOMaTepuabl, obnagarowme yHUKaabHbIM KOMMJIEKCOM



PYHKLMOHANbHbLIX CBONCTB, XapaKTEepPHbIX A1 OpraHM30BaHHbIX MacCMBOB
YNOpSAA0YEHHbIX YaCTUL, U KOMMAaKTHbIX MaTepuanoB. KpoMe Toro, HQHOKOMMNO3UTbl Ha
ocHoBe Al-Fe-M nposBasAoT BbICOKYIO KaTaJIMTUYECKYIO aKTUBHOCTb B peaKLuax
KoHBepcum CO. HaHokoMno3uTbl Al-Fe-Pd nmetoT KaTaimTU4eCKy0o akTUBHOCTb,
CPaBHMMYIO C aKTUBHOCTbIO MEeTaJI/INY4ECKOW NMAaTuHbI («MNJ1aTUHOBOM YEPHN») B
peakunsax OKUCEHNA OKCMaa yrnepona, 4To CBUAETEeNbCTBYET O NePCNEeKTUBHOCTM
MCNOJ/Ib30BaHMNSA TaKUX HAHOKOMMO3NTOB B Ka4eCTBe KaTaJIM3aTOPOB A0XKUra
BbIXJIOMHbIX N MPOMbILIJIEHHbLIX FA308B.



