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Pedepar

Otuer 59 c., 1 4., 0 puc., 4 Tabm., 93 HCTOYHUKOB.

KnroueBnie CJIOBa: Hanomarepuansi KOHCTPYKIIMOHHOTO u
(GyHKIIMOHATBHOTO HA3HAYCHUS, AIEKTPOXUMHUYECKUE TEXHOJIOTUH,
peKynepauus — aJMa3HOr0  HMHCTPYMEHTA, PEHTICHOBCKAas  JIMAarHOCTHKA
MaTepPUaIOB.

OOBexTOM HCCIICA0BAaHMs SABJIAIOTCA HAHOPA3MCPHLBIC ITOPOIIKKW Ha OCHOBC
COCI[I/IHCHI/Iﬁ TYIOIINIaBKUX HW PCAKO3CMCIbHBIX MCTAJIOB, IIOKPBLITUSA Ha
CBCPXTBEPALIC MAaTCpUaAIIbI; OTpa6OTaHHBIC AJIMa3HbIC MHCTPYMCHTEI

Llens paboThl — IpOBEICHNE HAYYHO-MCCIIEI0BATEIBCKUX paboT B 001acTH
pa3paboTKU AIIEKTPOXMMUYECKHX TEXHOJOTMH MOJYyYeHHs HaHOPa3MEpPHBIX
MOPOIIIKOB HA OCHOBE COCIUHEHHM TYTOIJIaBKUX M PEIKO3EMENbHBIX METAJUIOB,
HAaHECEHHE TMOKPBHITUH Ha CBEPXTBEPAbIE MaTepHalbl U  PEKylepanuu
0TpabOTaHHOTO aJIMa3HOTO MHCTPYMEHTa M TMOJYY€HHE 3HAUMMBIX HAyYHBIX
pe3yJIbTaTOB.

B mporecce paboThl cocTaBieH aHAIUTUYECKUIT 0030p U MPOBEACH aHANIN3
COBPEMEHHOM HAyYHO-TEXHUYECKOU, HOPMATUBHOW, METOIUYECKOU JIMTEPATYPBI
o npoOieme AIIEKTPOXUMUYECKOTO CHHTE3a HaHOMAaTEepHAaJIOB
KOHCTPYKIIMOHHOTO U ()YHKIIMOHAJIILHOTO HAa3HAYEHHSI HA OCHOBE TYTOIJIaBKUX
U PEOKO3EMENbHBIX ~ MaTepualioB MO  DJJCKTPOXMMHUHM  aiMasza U
MOJU(UIMPOBAHUIO CBEPXTBEPIBIX MaTEpUANIOB, peKynepanuu o0paboTaHHOTO
aIMa3HOTO WHCTPYMEHTA.

[IpoBenen ananu3 oObEKTa U MPEIMETa UCCIEJOBAHUH.

PazpaboTtana oOmieil MeTOAMKH TPOBENEHUS HCCIEAOBAaHUI U MPOBEACHO
000CHOBaHHE UX HUCIIOJIb30BAHMUS.

[TpoBenensl MepompusTus MO 3aKynke obopynoBanus. [IpoBenen Tenaep Ha
3aKyMKy 000pyAOBaHMUS.

CocTaBneH NpOMEXYTOYHBIM OTYET.
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BBenenue

IToBbIlIEHHBI MHTEpPEC K BONPOCAM Pa3padOTKH HOBBIX A(P(PEKTUBHBIX
METOJIOB MOJIYYCHHs TYTOIUIABKUX COSAMHEHUN KapOu10B, OOpUI0B, CUITUIINIOB
PEAKUX TYTOIUIABKUX U PEIKO3EMEJBHBIX METAIJIOB 00YCIOBIEHO HEIPEPHIBHO
paCHIMpSIIONIMMCS ~ HMX  WCIOJB30BAHMEM B KayeCcTBE  MaTEpHANIOB
KOHCTPYKLIMOHHOTO Y (DYHKIIMOHAJIBHOTO HAa3HA4YeHUs] B COBPEMEHHON U
MalIMHOCTPOUTEIBHOW, WHCTPYMEHTAIBHOM, XWMHUYECKOW IIPOMBIIUICHHOCTH,
DHEPIeTHKE, DIIEKTPOHUKE, BOCHHO-ITPOMBIIIEHHOM KOMILIEKCE.
3ameydaTesbHbIE CBOMCTBA 3TUX COCIMHEHUH (BBICOKHE 3HAYEHUS TBEPAOCTH,
MOJAYJIM YIPYTOCTH, IPOYHOCTH, XMMUYECKAs] HHEPTHOCTh M HU3Kas CKOPOCTH
VCIIAPEHHUS], IUPOKUM CHEKTP IIEKTPOXUMUYECKUX M MEXAHUYECKHX CBOWCTB,
JJIEKTPOKATAIUTUYECKUE M  DJIEKTPOPU3UYECKHE CBOMCTBA) YK€ JABHO
IOPUBJIEKJIM BHUMAaHHE HIMPOKOTO Kpyra CHEHHATUCTOB B 001acTu (U3UKO-
XUMHYECKUX U TEXHOJOTMYECKNX HEOPTaHUYECKUX MATEPUAIOB.

CpaBHUTENBHBIN aHAIN3 CYLIECTBYIOIIMX METOJOB CHUHTE3a IOPOIIKOB
BBIIICYKA3aHHBIX COEAUHEHMH, CHOCOOHBIX PpEUIUTh 3aJady MOJyYCHUs
HAHOPA3MEPHBIX 4YaCTHUL, IIOKa3aJ, YTO BECbMa IEPCIIEKTUBHBIM SBIISIECTCS
BBICOKOTEMIIEPATYPHBIA JJIEKTPOXMMHUYECKUN CHUHTE3 B HMOHHBIX pacIlIaBax.
Coznanne  (QUBMKO-XMMHYECKMX OCHOB [UIsi  pa3pabOTKU  3IEKTPOIHBIX
(YHKIIMOHAJIBHBIX U KOMIO3MLIMOHHBIX MAaTEpHaJOB HOBOIO THIIA HA OCHOBE
KpPUCTAJUIOB aJIMa30B U CBEPXTBEPJBIX aJIMa30IM0JA00HBIX MAaTEPUAIIOB SIBIISETCS
aKTyaJIbHOM 3a7ayell TEOPETUUECKOM U MPUKIATHON JIEKTPOXUMHUHU. OTKPBITOE
HaMU SIBJICHUE BO3HHMKHOBEHHUS IIOBEPXHOCTHOM IPOBOJMMOCTH aJIMa30B
Pa3JIMYHON NPUPOABI (IPUPOAHBIX U CUHTETHYECKUX) IIPH KOHTAKTE C HOHHBIMU
pacIuiaBaMy OIPENEIEHHOTO XMMHYECKOI0 COCTaBa, OTKPHIBAET BO3MOYKHOCTh
OCYILIECTBJICHUS JIEKTPOXMMHUYECKUX IPOLIECCOB HA MX MOBEpPXHOCTH. lIpexne
BCETO, JTO DJIEKTPOXMMHUYECKOE II0JyYEHHE AaKTHMBHBIX Tra3oB (a30Ta, XJIOpa,
KHCIIOPOJa), & TAaKXE IPOLECChl HAHECEHMsI TaJbBAaHUYECKUX IIOKPBITUH Ha

aJIMa3bl Pa3jIMIYHbIMUA MCTAJUIAMH W UX COCAMHCHUAMH JI CO3AAaHUS HOBBIX
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TUTNOB  QJIMA3HBIX WHCTPYMEHTOB C TOBBIIICHHBIMH TPOTHOCTHBIMUA H
IKCIUTYaTallMOHHBIMU XapPaKTEPUCTHKAMH.

OrpaHr4eHHOCTb U JOPOTOBHM3HA CBHIPHEBBIX PECYPCOB, YHEPrOEMKOCTH
NPOIIECCOB  TONYYCHHS HEOOXOIMMBIX MaTepuajoB JUIS IPOU3BOICTBA
alMa3HbIX HMHCTPYMEHTOB (anmasza, Bojb(pama, KoOasibTa, HUKEIS, MEIH)
JieNlaeT B HACTOsIEe BpeMsl aKTyalbHOM MpoOjieMy YTHIM3AalUUd M OTPabOTKH
0oTpabOTaHHOTO U OpPaKOBAHHOTO aJIMa3HOTO WHCTPYMEHTa, W3BJICUCHUE
coJiepKaIuXCs B HEM LBETHBIX METAJIJIOB U MX TTOBTOPHOT'O UCIIOIb30BAHUSI.

B cBsi31 ¢ 3TUM OBLTH MOCTABIICHBI CIICAYIOINE 33Ia4u:

1. IlpoBenenme Hay4HO-HCCIEAOBATEIbCKUX pabOT B 00jacTH pa3paboTKu
ANIEKTPOXUMUYECKUX TEXHOJOTHM IMOJIyYeHUs] HAaHOPAa3MEPHBIX IMOPOIIKOB Ha
OCHOBE COCIUHEHHWU TYTOIUIABKHX M PEIKO3EMENIbHBIX METAIIOB, HAHECCHHE
NOKPBITUH Ha CBEPXTBEpIble MaTepualbl M peKylepauu OTpaboTaHHOIO
aJIMa3HOTO MHCTPYMEHTA U MOJyYSHHE 3HAYMMbIX HAyYHBIX PE3yJIbTaTOB;

2. JloocHalleHWe WMEIMIErocs B IEHTPE KOJUICKTUBHOTO —MOJIb30BAHHS
CHeLHaIN3UPOBAHHOTO 000PYI0BaHMS;

3. IlpemocraBiieHHEe HAy4YHO-UCCIEIOBATEILCKUM OpraHU3alHUsIM HOBBIX U
3Q(PEKTUBHBIX METOJOB U CPEICTB MPOBEACHUS HCCIEJOBaHUN B 00JacTH
aHaJIN3a U JUarHOCTUKU MaTepHUaJIOB;

4. TomyueHre 3HAYMMBIX HAYYHBIX PE3YJIBTATOB, MO3BOJISIONINX MEPEXOIUTH K
CO3/IaHUIO HOBBIX BUJIOB HAyYHO-TEXHUYECKOH MPOAYKIIUH B 00JIACTU CO3aHUS
(YHKIIMOHATBHBIX U KOHCTPYKIIMOHHBIX MaTEPHAJIOB;

5. BbIBOg Ha pBIHOK HOBOM HAyYHO-TEXHUYECKON NPOAYKIMHU, TEXHOJIOIMU
AIIEKTPOXUMUYECKOTO CHHTE32 HaHOMAaTEepHaJIOB, TEXHOJIOTUH
MOJTUGUIIMPOBAHUS CBEPXTBEPABIX MATEPHANIOB, TEXHOJOTHH pPEKyIepaIuu
aIMa3HBbIX HHCTPYMEHTOB,;

6. CHuXEHHE DOKOJOTMYECKOW Harpy3kd Ha MNPHUPOLY BHEApPEHHEM
sHeprocOeperaroniel 3KOJOTHYECKH O€30MacHON TEXHOJIOTUU PEKyNepalun

OTpa6OTaHHOFO 141 6paKOBaHHOFO AJIMa3HOT'O HHCTPYMCHTA.
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Jlnst pereHust BBINIE TEPEUMCIACHHBIX 3a7a4 HEOOXOAMMO MPUMEHEHUE
COBPEMEHHBIX  (DU3UYECKUX,  (PUBUKO-XUMUUYECKHUX,  DIICKTPOXUMHUICCKUX
METOJOB HCCIEIOBAHUS W AUArHOCTUKH HAHOCTPYKTYP M HAaHOMAaTEPHUAaJOB:
BBICOKOPA3pEIIAIONIASs] TPAHCMUCCHOHHAA 3JICKTPOHHAS! MUKPOCKONUS, 30HA0BAS
MUKPOCKOTIUSA (CTM u ACM), TudpaKImOHHbIE METO/IEI,
peTHreHO(IIyOpeCeHTHAasT MUKPOCKOIHUS, AJIEKTPOXUMUYECKHE MeToAbl. Jlms
BCECTOPOHHETO MCCIICIOBAHUSI HAHOPA3MEPHBIX YaCTHUL, HAHOIOPOUIKOB,
MMEIOIINUX BBICOKYIO aKTUBHOCTBH U CIIOCOOHBIE U3MEHATHCA B 3aBUCUMOCTH OT
KHHETHYECKNX M TEPMOJMHAMUYECKUX YCIOBUH HEOOXOAMMO Pa3BUTHE HOBBIX
METOJI0B U METOJIUK n3MepeHusi. [Ipu 3ToM HOMKHBI HE TOJIBKO U3MEPSTh, HO U
JETaJbHO MPOCIEKUBATh M3MEHEHUS CBOMCTB HAHOYACTHI[ B IIPOLIECCE HX
00pa3oBaHms, MOCIEAYIONIEH cCaMOOPTaHU3aIMEN U U3TOTOBJICHUS HA UX OCHOBE
(GyHKIMOHATBHBIX U KOHCTPYKIIMOHHBIX KEpaMUYECKHUX "
METAJTIOKEPAMHYECKUX MAaTEPUAIIOB.

BrrmenepeuncieHHble  UCCIEAOBAHHUS IPOBOIATCS € HCHOJIB30BAHUEM
obopynoBanus LIKIT «PeHTreHoBCKast AMarHOCTHUKA MaTEPHAIOBY.

Jlnst  peanmu3anii  TIOCTABJICHHBIX 3a/ad  HEOOXOAMMO TMPOBEICHUE
MEpOINPUATAA TO  JajdbHEHIeMy pa3BuTHi0 U jgoocHamieHutro  [IKII
«PeHTreHoBcKass JMArHOCTHKA MaTepPHalOB» COBPEMEHHBIM BBICOKOTOYHBIM

000py/I0BaHKEM 1O aHAIHM3Y U AUATHOCTUKE MATEPHAJIOB.



1. AxaauTudeckuii 0030p M aHAJAW3 COBPEMEHHO Hay4HO-
TEXHUYECKOH, HOPMATHBHOH, METOAUYECKOl JHUTEpaTyphl Mo mnpodieme
3JIEKTPOXHUMHUYECKOT0 CHHTE3a HAHOMATEPHUAJOB KOHCTPYKIIMOHHOIO H
(YHKIMOHAJILHOI0O  HA3HAYEHHUS] HA  OCHOBE  TYIrOIUIABKHUX H
peaKo3eMeJIbHBIX  MATEPHAJOB MO0  JJEKTPOXMMHM  ajaMa3a H
MOAM(PUIIUPOBAHNIO CBepPXTBEPAbIX MaTepHuaJsoB, peKynepanuu

00pa0doTaHHOIO AJIMA3HOT0 MHCTPYMEHTA

1.1 DJIEKTPOXUMHYECKUH CHHTE3 HAHOMATEPHUAJIOB
KOHCTPYKIHOHHOTO M (YHKIHOHAJIBHOIO HA3HAYEHHMS HA OCHOBE
TYTOIJIABKUX M PeAK03eMeIbHbIX MATEPHAJIOB

[ToBbIlIEHHBI MHTEpEC K BOMpOCaM pa3pabOTKHM HOBBIX A(DPEKTUBHBIX
COeMHEHUI-KapOua0B, OOPHUAOB, CHIMLUIAOB U HWHTEPMETAUIUIOB METaJIOB
IV-VI rpynn - 00ycioBieH HENPEPBHIBHO PACIIUPSIOMIUMCS UX UCTIOIb30BAHUEM
B coBpeMeHHON TexHuke [1,2]. CpaBHUTENIbHBIN aHAIN3 CYIIECTBYIOIIUX
METOJIOB CHHTE3a METaJUIONOJO0OHBIX TYTOIJIABKMX COEIMHEHUH MOoKa3al, 4To
OJHUM U3 BECbMa IIEPCIEKTUBHBIX SBISIETCS  BBICOKOTEMIIEPATYPHBIM
AIEKTPOXUMUYECKUI CHHTE3 B MOHHBIX pacruaBax [3,4]. K nHacTosmemy
BPEMEHHU 3TUM METOJIOM CUHTE3HPOBAHO OKOJIO 50 pa3IMUYHbIX COEAUHEHUM.

Hauano uccnenoBaHuii B MOHHBIX pacIliaBaX, MO-BUIMMOMY, CBSI3aHO C
umeneM JK.Anzapue. Co3gaHHas MM KpynHas SJIEKTPOXHMHYECKas LIKOJIa
(I'peHoOnL, Ppaniysi) M3yyana 3JEKTPOJIM3 PACIUIABICHHBIX CUCTEM C LIEJbIO
BBIJICJICHUSI MHOTMX METaJUIOB, HEMETAJUIOB U HUX coeauHeHuid. B paborax
Aunpue ¢ coTp. ommcaHo monayueHue Oonee 20 OOpPUAOB U CHUIIHUIMIOB
TYromjiaBKkux MeTauioB [5-8] u kapbupom MonubneHa u Bojdbdpama [9]
JIEKTPOJIU3OM  CMecell  (PTOPUIOB, OKCHIIOB, OOpaToB MICIOYHBIX U
HIEJIOYHO3EMEIBHBIX METANIOB U OKCUJOB MEPEXOIHBIX METAIIJIOB.

JlanbHeilmme uccneaoBaHusi B 00JaCTH BBICOKOTEMIIEPATYPHOTO CUHTE3a

HOCWJIM B OCHOBHOM 3IH301MYeCKHil xapakTep. ClelyeT OTMETUTD JHIIb LUK
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pabotst K.Itepua c cotp. [10-17] mo mnony4yeHUI0 MNOKPBHITHIA KapOHIOB

mMetaioB IV-VI rpynm.
OnHaKo BBI3BIBAET COMHEHHME TO, YTO KapOOHAT-WOH M (TOpUIHBIE

KOMIIJICKChI K,TaF,,K,NbF,,K,CrF,,K,TiF,,K,ZnF,a TEM Oonee
K MoCl,COBMECTUMBI MW MOTYT CYIIECTBOBaTb B paciuiaBe LiF — NalF —KF .

JlefictButensHO, B Oosee mo3mHux pabotax [16,17] ommchiBaeTCs TOIBKO
npoliecc MoxydeHus: kapouaa BoJb(paMa ¢ UCHOJIB30BAaHUEM BOJIb(PPaMaTOB
HIEJIOYHBIX U IIETOYHO3EMENIbHBIX METAJIJIOB B Ka4€CTBE NCTOYHHKA BOJIb(pama.

B ocHOBE BBICOKOTEMIEPATYPHOIO AICKTPOXUMHUUYECKOTO CHHTE3a
METaUIONONO0HBIX TYTOIUIABKUX COEAUHEHUN JIeKAaT MHOTO3JIEKTPOHHBIE
MTPOLIECCHI JIEKTPOBBIJICIICHUSI METAJUIOB U HEMETAJJIOB U3 MOHHBIX PAaCILIABOB.
OrcyrctBue wHGOpPMAMK O TEOPETUYECKUX OCHOBAX W  NIPHUHIIUIAX
YOPaBJIEHUS, KAK MHOTOAJIEKTPOHHBIMU IPOLECCAMH, TaK MW MPOLECCAMHU
BBICOKOTEMIIEPATYPHOTO  JJIEKTPOXMMHYECKOTO  CHHTE3a HE  MO3BOJISLIIO
OCYLIECTBJISITh AJIEKTPOCUHTE3 Ha MPAKTUKE, YTO OOYCIOBUJIO CHIXKECHHE
uHTepeca K Hemy. OJIHAKO HAaKOIUIEHWE B IMOCIEOHUE [Ba JECATHIICTHUS
CHCTEMATUYECKUE JAHHBIC [0 MHOTOAJIEKTPOHHBIM MPOLECCAM BBIACICHHUS
TYrOIUIaBKMX METAJIOB W HEMETAJIOB, TMOMNbITKA O0O0O0OIIEHUS KOTOPBIX
npeanpunsata [lanosanom B.UM, KymxoBeiM X.b ¢ cotp. [8,19], nmocayxunu
Hay4yHOM 0a3oi M MPENNOChUIKOM K BO3POXKICHHIO HHTEpeca K mpodieme
BBICOKOTEMIIEPATYPHOIO 3JIEKTPOXUMHUUYECKOTO CUHTE3A.

B CcTpaHax CHI' IIEPBbLIC HCCJIEIOBAHUA B o0nactu
BBICOKOTEMIIEPATYPHOI'O  AJEKTPOXUMUYECKOTO CHHTE3a BbINOJNHEHB B.M
[TanoBanom, KymixoBeim X.b. ¢ cotp. Coznannas umu mkossl B MOHXE HAH
VYkpaunst u Kabapauno-bankapckom  rocygapcTBEHHOM — YHUBEPCHUTETE
pa3BUBAIOT MCCJENOBAaHUS B 00JacTU TEPMOAVMHAMUKM M  KUHETHKHU
AJIEKTPOJTHBIX TPOIECCOB, (UBUKOXMMHHM PACIUIABICHHBIX JJIEKTPOJIUTOB U
AIIEKTPOJIN3a MOHHBIX PACIIABOB MPUMEHUTEIBHO K BBICOKOTEMIIEPATYPHOMY
IIEKTPOXUMUYECKOMY CHHTEe3y. B  0030pHBIX paboTax JaH  aHaIu3

COBPCMCHHOT'O COCTOAHMUA I/ICCJ'ICI[OBaHI/Iﬁ B obnactu SJICKTPOXUMHUHU
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TYTOIUIABKHAX MetaioB[20-22] u BBICOKOTEMIIEPATYPHOTO
IEKTPOXUMHUYECKOTO  CHHTe3a  KapOwmoB, OOpPHAOB, CWIHIHIOB |
uHTepMeTanaoB MetauioB [V-VI rpynn [23, 24] B uoHHBIX pacriaBax. B
MOCJEAHEE BPEMS TEMATHKa BBICOKOTEMIIEPATYPHOIO AJIEKTPOXUMHUYECKOTO
CUHTEe3a akTHBHO pa3BuBaeTcsi B Konbckom ¢unmane Poccuiickoil akapemuu
Hayk (Anatutel) 1 MunkoiasckoM yHuBepcurete (Benrpus). Ananus Haubosiee
uHTepecHbIX padoT (1990-x rr.) W yCIOBHS TOJYYEHHUS CHHTE3UPYEMBIX
coeauHeHU 00001eHb B paborax [23,24]. OOpamaroT Ha ceOs BHUMAaHHE
cnenyronye (HaKThI:

1) DnekTponu3, Kak MPaBUIIO, OCYILIECTBISJIICS HAa OCHOBAaHUU YHUCTO
AMIIMPUYECKOT0 MO00pa COCTaBa pacilyiaBa U yCIOBUM BEICHUSI MPOIIECCa.

2) OcHOBHasi 4acTh IMyOJIMKAIIMK TOCBSIIEHA BBICOKOTEMIIEPATyPHOMY
AIEKTPOXUMUYECKOMY CHHTE3y OOpUIOB THUTaHA W UUPKOHUSA, CUIUIHUIOB
THUTaHa, KapOUA0B MOJIMO/IEHA U BOJIb(pama.

3) IlpakTHuecku BO BCEX CiIydasX PpAaCIUIABJIECHHBIE CMECH COJEPKaIH
dbropunpl, OopaTbl WM KapOOHAThl INEJIOYHBIX U IIEJTOYHO3EMEJbHBIX
METAJLJIOB.

4) NcTOYHUKOM TYTOIUIABKOI'O METalIa SIBJISUIMCH €r0 OKCHUbI, OKCHCOIHU
WU QTOPHUIBI.

5) TlompITKM TEOpEeTUYECKH OOOCHOBaTh W PACKPBITh MEXaHU3M
IPOLIECCOB BBICOKOTEMIIEPATYPHOIO AIEKTPOXUMHUYECKOTO CUHTE3a
MPEANPUHATHI JIUIITb B €IUHUYHBIX PabOTax.

B cBm3u ¢ »tum B mociuennue 10-15 ner mox pyKOBOJCTBOM
B.N.IllanoBana, X.b. KymxoBa BeJIWCh WHTEHCUBHBIE MCCIEIOBAHUS 10
CO3JIaHUIO TEOPETUYECKUX OCHOB BBICOKOTEMIIEPATYPHOTO
AIEKTPOXUMHUYECKOTO CHUHTE3a, MPUHIIMIIOB pealu3alud U YIPABJICHHUS
MHOTOJIEKTPOHHBIMU ~ pEaKIUsIMU, BBISICHEHUIO WX  MexaHuzma. s
JIOCTUKEHUSI YKa3aHHBIX LIEJICH PelIalnuch CIAeAYIONUe 3a1a4n:

1) npoBeneHHEe TEPMOJUHAMUYECKOTO OOOCHOBAHHUS  BO3MOKHBIX

peakuuid, JIeXalnMX B OCHOBE BBICOKOTEMIIEPATYPHOTO 3JIEKTPOCHHTE3A
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METaUIONONO0HBIX TYIOIUIABKUX COEIWHEHHUH, HAa OCHOBAHMHM KOTOPOIO
ONpEIEsIM BO3MOXKHBIE BapUaHThl U PEXHUMBI 3JIEKTPOCHHTE3a, a TAKXKE
10JI0MpajIM COCTaBbl PACIIABJIECHHBIX CUCTEM.

2) VYcraHOBIEHHME MEXaHU3Ma 3JEKTPOBOCCTAHOBIICHUS  CIIOKHBIX
KOMIUIEKCHBIX aHHOHOB TYIOIUIABKMX METAJUIOB M HEMETAJUIOB, pa3paboTka
IPUHLIAIIOB PEaIN3alii U YIPABIECHUS MHOTO3JIEKTPOHHBIMH ITPOLIECCAMMU.

3) Pa3pabGotrka cmocoOOB COMMKEHUS U HAXOXKACHUA YCIOBUU
COBMEILIEHUSI NMOTEHLHUAJIOB PAa3JIMYHbIX MPOLECCOB BBIJECIECHUS KOMIIOHEHTOB
CUHTE3UPYEMOr0 COEIMHEHHUS.

4)OmnpeneneHue crnocoOOB yrpaBieHUs (OpMON (TOPOIIKH, MOKPHITHS)
KaTOJIHBIX OCAJIKOB.

Pesynbrarom 3THX uCcnenoBaHuid siBUiach cepust pabor (1990-x rr.),
3HAUUTENIPHO pPaCIIMpPUBIIAs MEPEYEHb CHUHTE3UPYEMBIX COECIMHEHUN U Kpyr
IPUMEHSEMBIX JIEKTPOJUTOB (Tabin.l). paccMOTpuUM HambOJEe UHTEPECHBIE U3
HUX, CHHTE3HpYsS IO KiIaccaM COEOUHEHHH (OOpHIbl, CHIMLUIBI, KapOumibl,
WHTEPMETAILIINIBI).

Bopuabl TyromiaBkux MeTajuioB. AHaIN3 padOT MO IIMEKTPOOCAKACHIO
CIUIaBOB IO3BOJIMJI aBTOpaM paboThl [45] cmenaTh BBIBOJ, YTO AJISL Pa3HBIX
BEJIMYMH DPA3HOCTU CTaHAAPTHBIX 3JEKTPOJHBIX MOTEHIUAIOB KOMIIOHEHTOB
cimaBa (AE’) momywarorcss pasiuuHbIe 3aBHCHMOCTH COCTaBa CIUIaBa OT
KaTOJHOM IUIOTHOCTH Toka. Ilpu Onm3kux cTaHAapTHBIX MOTEHUHUAIax
KOMIIOHEHTOB B JIOBOJIBHO IIHPOKOM HMHTEpPBAJIE IUIOTHOCTEM TOKa COCTaB
CIIaBa TIOYTH HE  3aBUCUT OT  KAaTOJHOM  INIOTHOCTH  TOoKa  (
«TEPMOJUHAMUYECKU» pexum) [Ipu |AEO|>O,2 B cocraB cmaBa u He
sapucut AE M ocaxieHuMe CIUIABOB IIPOMCXOMMT NP KATOJHON IUIOTHOCTH
TOKa, MpPEBbINIAIOIIEH MNpeaeabHbll nn(@y3MOHHBIM TOK oOcaxaeHus Ooiee
AIIEKTPOIOIOKUTETHLHOTO KOMIOHEHTA («KUHETUYECKUIT» PEXKUIM).

B pabGore  [46] nmpeacraBieHa — kiaccuUKALUA ~ PEKUMOB
BBICOKOTEMIIEPATYPHOTO 3JIEKTPOXUMHUYECKOTO CHUHTE3a, COIJIAaCHO KOTOPOM

OombIas pa3HOCTh 3HAYCHHWM TMOTCHIIMAJIIOB 3JIEKTPOBBIACICHUS Xpoma [25],
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mommOaeHa [27] u Bombdpama [28] U3 XITOPUIHO-KPUOJUTHOTO pacIuiaBa,
colepkamiero xpomaTt (mMonuOaar, Bodbdpamar) HATpPUs, W TMOTEHIHAJIOB
paspsiaa oKCUPTOPUAHBIX KOMILIEKCOB O6opa [26] u3 atux xe cuctem 0,7-0,8 B,
yKa3bIBa€T  HA  BEPOSTHOCTh  MPOBEACHUS  BBICOKOTEMIIEPATYPHOTO
AIEKTPOXUMHUYECKOTIO CUHTE3a OOPUIOB XpoMa, MO0 IeHa, BoIb(hpaMa TOJIbKO
B KHHETHYECKOM pEXHUME. OJIEKTPOXUMHUECKHI CUHTE3 OOpHIOB Xpoma
OCYIIECTBIISUTM U3 XJIOPUAHO-KPUOJIUTHOTO paciijiaBa, COJAEpIKaIIero Xxpomar u
okcug Oopa [26]. B 3aBucMMOCTM OT cOcCTaBa pacilaBa M IapaMeTpoB
AIIEKTPOJIN3a OCAKAAIUCH KaK MHAMBHIYyalbHble (a3bl Cr,B,CrB,CrB,Tak U UX
CMECH B pPa3IUYHOM COOTHOIIECHUHU. DJIEKTPOXUMHUECKHA CHHTE3 OOpHIIOB
MoiMOJieHa U BoJibPpama OCYHIECTBISUIM M3 PACIUIABIECHHON XJIOPUIHO-
KPUOJUTHOW CMecH, conepkamieii Monubaatr (Bonb(paMar) WIH OKCHUJ
monubaeHa (Boibdppama) u Oypy (okcua 6opa) [29].0nTummuzaius mpoiecca
CHMHTE3a CBOJAWIACH K ONPEACNICHUIO PEXKUMOB TOJIYYEHHUS  BBICIIETO
omHodazHoro Oopuma MB,, oOnamaromero Hauboiee IEHHBIMU (DU3UKO-

XMMHUYECKMMH CBOMCTBamMu. B uHTEepBane KoHLeHTpalui B,0, u Na,B,0, otT 10

1o 20 mac.% npOUCXOAUT TOJHOE OOpPHpPOBaHME TYrOMJIABKOTO MeTaljia
oOpazoBanue ¢a3 MoB, u WB,. B pabote [30] paccMaTpuBaroTCsi BO3MOXKHOCTH
UCIIOJIb30BaHUs XJIOPUIHBIX U XJIOPUIAHO-PTOPUAHBIX (CopepxkaHue Gpropuia He
oonee 10 mac%) pacriaBoB AJis1 BBICOKOTEMIIEPATYPHOTO AJIEKTPOXUMUYECKOTO
cUHTe3a OOpHUIOB TUTaHA U LUpKOHMs. [lokazaHo, 4yTO peakuus oOpazoBaHUS
MB, (M=Ti, Zr) Ha KaTtoAe COIPOBOKIAETCS 3HAYUTEIbHBIM SHEPreTUYECKUM
addexTom; cMeleHne MoTeHIMata BeieaeHus: npu 3tom cocrasmser 0,32. B
s TiB, u ZrB, (973K). IloTreHumanbsl, mpu KOTOPBIX MNPOTEKAET CHUHTE3,
ONPEIEIAIOTCS PA3HOCTBIO IMOTEHIHMAIOB BOCCTAHOBJICHMS KOMIIOHEHTOB
CHUHTE3a, T.€. B KOHEYHOM cuYeTe, (POPMON 3JIEKTPOAKTHUBHOW YacTUIbL. B

U3YYCHHBIX CUCTEMax BCl, -TiCl,,MBF, - MTiF,,MBF, — M ,TiF,,
BCl,—ZrCl,,MBF, — ZrCl,,MBF, — N,ZrF, (Ha ¢oHe pacmiaBa KCI— NaCl)

PA3HOCTL MCXKAY IMOTCHIMAIIaMM BBIACJICHUA TYT'OIINIAaBKOI'O MCTalllla U 6opa HC



npessbiiaer 0.2 B.
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Ta6muua 1. CocraB 23JIEKTPOJUTOB, MapamMeTpbl 3JIEKTPOJIHU3Aa,
KaTOAHbIe NPOAYKTHI
DIEeKTPOJUT Komnonent ¢ | Komnon | I[Tapamerpsl LK | Katoanubiii | Ccbl
TYrOIJIABKMUM | €HT ¢ | 2JIeKTpoJIn3a NPOAYKT JIKH
MeTaJLJIOM Hemeraa | U,B I-10°
JIOM , A-m?
KCI-KF K,CrOy4 K,SiOs | 3-4 1173 | Cr3Si, CrSiy | [25,2
(510) 0]
NaCl-NazAlFs | Na;MOy SiO, 3-4 1000 | 1173 | M3Sis,MSi, | [27,2
8]
(M=Mo,W) B,0; (M=Mo,W)
K>CrOy4 3-4 100- | 1173 | Cr,B, CrB, | [26]
Na,;B,0; 300 CrBy
Na,MO4 (MO3) | (B20O3) 3,5-4 100- | 1173 | MoB4, WB4 | [29]
300
(M=Mo,W)
NaCl-KCI-NaF | TiCl; KBF, 50- 963- | TiB; [30,3
150 1123 1]
KzZI‘F6 KBF4 30- 963- ZI'BQ [30]
120 1123
NaCl-KCI-NaF | K,ZrFg KBF, 5-50 | 973- | ZrB; [32]
1073
NaCl-KCI-NaF- | K,ZrFg KBF, 5-50 | 973- | ZrB; [32]
B,0; 1073
NaCl-KCI-NaF | K,TiFs KBF, 5-50 973 | TiB, [33]
NaCl-KCI-NaF | K,HfFg KBF, 0,5-5 | 973 | HfB; [33]
Na,AlFs-AlL,O; | TiO, B,03 0-100 | 1273 | TiB, [34]
NaCl-KCI-NaF | KoNbF; KBF, 22-25 | 1023 | NbB, [35]
1123
NaCl-KCl K,HfFg KBF, 5-10 | 973- | HfB; [36]
1073
NaCl-KCl K,TaF; KBF, 5-20 | 973- | TaB; [37]
1023
KCI-NaCl- Na,MOg4 CO; 2,5 5-20 | 1023 | WC (Mo,C) | [38]
NaPO; (M=Mo,W)
KCI-NaCl-NaF | WOs(3 CO; 1,9 5-20 1023 | WC (W 0) | [39]
NaF-WO3)
Na,WO, Li;MOy4 Li,COs3 1,8 100- | 1073 | WC [40]
(M=Mo,W) 170 | -
1173
Li,COs 1,7 100- | 1073 | Mo,C [41,4
170 - 2]
1173
NaCl-LiF Na;MOg4 Na,COs 100- | 1073 | Mo, C(W,C) | [41,4
(M=Mo,W) 1000 2]
Na,COs5-K,CO; | SiO; CO; 35-40 | 1023 | SiC [43,4
4]
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YcmoBusi  BBICOKOTEMIIEPATYPHOTO  JJIEKTPOXUMHUYECKOTO  CUHTE3a
NoNOMPAIOTCS W3MEPEHUEM KATHOH - aHHOHHOTO COCTaBa JJIEKTPOJIHTA.
W3meHsiss mapameTpbl AJIEKTPOJIM3a, MOXXHO MOJYYUTh AUOOPHUIBI THUTaHA U
IIMPKOHKS B BUJIE TIOPOIIKOB C PA3IMYHON YAeNbHON moBepxHOCTHIO (0T 1.10°
110 5.10* M°kr'") M TIOTHBIX MOKPBITHH HA PA3IMYHBIX TIOUIOKKAX TOJIIMHOMN 0
20 mxMm. IlpoBenenue mporecca B pexume papuHUPOBAHUS C PACTBOPUMBIM
aHogoM u3 MB, ynydiiaroT KadyecTBO MOKPBHITUH. bosee neranmbHO MEXaHU3M
KATOJHBIX IIPOIIECCOB MPHU BBICOKOTEMIIEPATYPHOM  BJIEKTPOXUMUYECKOM
cuHTe3e qubopuaa TuTaHa omnucaH B paborax [31, 47], a nubopuaa HUpKOHUS B
pabore [48].

JlanpHeliliee pa3BUTHE BBICOKOTEMIEPATYPHOM  AJIEKTPOXHUMHUYECKOM
cUHTe3e aubopuia LUPKOHUS W3 XJIOPUAHBIX, (OTOPUIHBIX M OKCHUIHBIX
pacriaBax paccMoTpeHo B pabore [32]. TepMoauHaMUYECKMMH pacyeTaMu
MOKa3aHO, YTO pa3HOCTh PABHOBECHBIX MOTEHIIMAIOB LIMPKOHUS H Oopa
coctapiger 0.75 (mpu 73 K), 0.53 (mpu 973K) u 045 B (mpu 1273 K).
Cneunansubeie nokpeiTusi ZrD, Ha crexnoyrieponae u3 pacrmiaBa NaCI-KClI-
K,ZrF¢-KBF,-NaF nonydensl nwmb npu  gob6aBke B,0; (mis cHWKEHUS
KaToJAHOM TaccuBanmu) H IwiotHoctd Toka (.05-0.5 AlcM®.  VBennueHue
IUIOTHOCTH TOKA MPHUBOAST K 0Opa30BaHUIO MOPOIIKOBBIX OCAIKOB. Y CIOBHS
ocaxkaeHuss nubopuaa MetawioB IVA rpynmsl U3 XJIOPUIHO-(DTOPUTHBIX
paciuiaBoB 00006111eHbI B padote [33]. [lomumo  xymopuaHbiX, (TOPUIHBIX U
OKCHJIHBIX PACIIaBOB BBICOKOTEMIIEPATYPHOM 3JIEKTPOXMMHUYECKOM CHUHTE3E
nubopuna meramwioB IVA rpynmbel BO3MOXKEH U M3 KPUOJUTHO-TIIMHO3EMHBIX
paciuiaBoB. IIprmeHeHHe STHUX pacIiaBOB C NPAKTHUYECKOM TOYKH 3PEHUS
HEOOXOAUMO  JUIsl  3alIMTHl  TPadUTOBBIX  DIEKTPOJOB M MOJYYCHUS
ATIOMUHUEBBIX ~ JHUraryp. TepmoauHamMuyecKas OLEHKa  BO3MOYKHOCTH
anekTpocuHTe3a TiB, M yCIIOBHIl €ro SKCIEPUMEHTAIBHOTO OCYIIECTBICHUS
npuBesneHbl B pabore [34]. ABTOphl OTMEYAlOT, YTO B HAYaJbHBII MOMEHT
OoCaxkJleHus Ha TpadUTOBBIX KaTojgax oOpasyerca cioil kapbuga TiC,

CIOCOOCTBYIOIIEH YBENMYCHHIO AanbHelmux cnoeB TiB, ¢ matepuanom karona.
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B pabote [35] mokazaHa BO3MOXKHOCTH DJIEKTPOXHMHUUYECKOTO CHHTE3a
HOKPBITUM  OOpUIOB HHUOOMS C HCIHOJB30BAaHUEM  XJIOPUIHO-(DTOPUTHBIX
pacruiaBoB. BbIOpaHbl COCTaBBI 3JIEKTPOJIUTOB U ONPEJEIECHBl IapameTpsl
mporecca, MO3BOJSIIOIIME  TMOJNy4aTh Kak  KPUCTAJUIMUECKHe, TaK U
pEHTreHoaMOp(HBIE CIUIOUIHBIE TOKPBITHS 00pUI0B HUOOUS. ABTOpaMH TaKXKe
IIOKa3aHO, 4YTO  IEKTPOXUMUYECKUM  IIOBEPXHOCTHBIM  OOpUpOBaHUEM
HUOOMEBBIX TOJUIOKEK MOTYT OBITh IMOJIyY€Hbl TOHKOIUIEHOYHBIE CJIOU
nubopuna Huoowus. IlomydyeHHbIe pe3ynbTaThl TaKXKE CBUIETEIBCTBYIOT, YTO
BBICOKOTEMIEPATYPHBIM  ANEKTPOXUMUYECKUH  CHHTE3 OOpHAOB  HHOOUS
BO3MOXKEH JIMIIb B KUHETHYECKOM pexume. [lo MHEHUI0 aBTOpPOB, MPHU TaKOM
peXMMe ~ CHHTE3a  pelarollee  3HA4eHWEe  HMMEET  KOHLEHTpauus
3IIEKTPOTOJIOKHUTEIILHOTO KOMITIOHEHTa (B JAaHHOM ciy4ae rentradroponuobara
kamusa). B oO3opax  [49-51]  cucremartusupoBaHbl ~ pabOThl IO
AIIEKTPOXUMUYECKOMY CHHTE3Y OOpHIIOB TYIOIUIABKUX METANIOB, OIMMCAHbI
METOJAbl ~ OECTONKOBOTO M JJIGKTPOXMMHUYECKOTO  OOpHpOBaHHS U
JJIEKTpOXUMHUYeckoro  OopupoBaHuss. C  MOMOIIBIO  «PAaBHOBECHBIX
AIIEKTPOXUMHUYECKUX AHarpaMMm CHHTE3a» aBTOpbl pabot [49-50] omenuBaroT
BEPOATHOCTh BBICOKOTEMIIEPATYPHOTO AJIEKTPOXUMHUYECKOTO CHHTE3 OOpHIIOB
24 mepexOoIHbIX METAJJIOB M MPEJCKa3bIBAIOT UX BO3MOXKHYIO Mopgosoruio. B
paboTe [36] moka3zaHO, YTO BBICOKOTEMIIEPATYPHBIN 3JEKTPOXUMHYECKHUI
CUHTE3 IuOopuaa rapHUs BO3MOXKEH TOJIBKO B TEPMOAMHAMUYECKOM PEXHUME.

IIpu Bonbrammnepomerpuueckom wu3zydeHun cuctembl NaCl-KCl-KBF-
K,HfFs kpome BOJH, OTHOCSIIMXCS K 3JIEKTPOBOCCTAHOBJICHHIO KOMILIEKCOB
TPEXBAJEHTHOIO OOpa M  YETHIPEXBAJEHTHOIO TadHus, HaOmomaercs
JIOTIOJIHUTENbHASL BOJIHA, PACIOJIOKEHHAsl IMOJIOKUTETIbHEE TMOTEHI[HAIOB

paspsiga BF, Ha 0,1 B u HfF, na 0,35-0,4 B. ABTOpBI CUUTAIOT, YTO MOSIBIICHUE

3TOM BOJHBI OOYCIOBIEHO CIIOHBIMH YacTHLIAMH - TeTepPOsIEPHBIMU
KOMILIEKCAMH, SIBIISIOLIUMHCS TPOJYKTOM B3aUMOJICHCTBHS KOMIIJIEKCOB
rapuus (IV) u 6opa (I1I). [Ipu 3TOM UM yaanocs NOTYyYUTh MOKPBITHS TUOOpHUAA

radHUs ¢ MEKPOTBEPHOCTHIO 3200 Kre- MM .
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B03MOXHOCTh BBICOKOTEMIIEPATYPHOTO BJIEKTPOXUMUUYECKOTO CHHTE3a
O00pUA0B METAIUTOB V TPYIIIBl UX XJIOPUIHO-()TOPHUIHBIX PACIIABOB IMOKAa3aHa B
pabote [52]. Ha ocHOBaHMM TEpMOAMHAMUYECKUX PACUETOB CHACIAH BBIBOJ, YTO
JUIsl OOPUIOB TIOATPYIINB BaHAIHS XapaKTEPEeH KUHETUYCCKUN PEKUM CHHTE3a
U3 XJIOPUAHBIX U (TOPUAHBIX paciuiaBoB. B cTaTee [37] onpeneneHsl yCaoBUs U
pexum TaB, u3 XmopuaHO-PTOPUIIHBIX PACIUIABOB, OOJACTH MOTEHIIMAJIOB
BBIZICJICHUS TaHTasIa, Oopa u nubopua TaHTajda B 3aBUCHMOCTH OT U3MCHCHHUS
aKTUBHOCTH dbropua-noHa B pacIuiaBe. Ha OCHOBAaHHUU
BOJITAMIIEPOMETPUUECKUX MU3MEHEHUU C/IeJaH BBIBOJI, YTO, U3MEHSISI aHUOHHBIM
COCTaB  dJIEKTPOJIUTA, MOXXKHO MOA00paTh YCIOBUS JUIA  pead3aIiuu
TEPMOJMHAMHYECKOTO PEeKHUMA CHHTE3A.

Cumuuuasl TYroIIaBKMX MeETAJJIOB. TepMoIMHAMUYECKU aHANIU3 U
BOJIbTAMIIEPOMETPUUECKUE M3MEPEHHS IMOKa3alid, YTO BBICOKOTEMIIEPATYPHBIM
ANEKTPOXUMHUYECKUN CUHTE3 CHJIMIHUAOB MeTauioB VI Tpynmbel MOXHO
OCYIIIECTBUTh TOJHKO B KUHETHYECKOM PEXKMME, KOTJla CHaydalla BbIJIEIACTCS
Ooonee mnonoxurenpHbli kommnoneHT (Cr,O;, Mo, W) a 3arem Ha ero
MOBEPXHOCTU MOSBIsIETCsT Apyrot kommoHeHT (Si) [53-56]. duddy3uonusie
OTPAaHUYCHUS MPUBOMASIT K OOPA30BAHMIO PA3JIUMYHBIX MO COCTaBY CHJIMITUIOB,
BIUIOTh 710 BhICIIMX MSi,. {75 BBICOKOTEMIIEPATYPHOTO AJIEKTPOXUMHUYECKOTO
cuHTe3a cumuuioB xpoma ucrnonbszoBanu cucteMy KCl-KF-K,SiFq-K,CrO,4. B
3aBUCUMOCTH OT COCTaBa W IapaMeTpOB DJIEKTPOJM3a TOJY4YeHBl Kak
unauBuayanbueie gasel CriSi, CrSi,, Tak m cMmecu 3Tux a3 ¢ HeOONbIIUM
cozepxaHueM cBoOoHOTO Kpemuus [53, 57].

DIIEKTPOJIN3 CHJIMITHJIOB
MoJHO/IeHa U BOJIb(PpaMa MPOBOIMIIH B PACIIIIABICHHOW XJIOPUTHO-KPHOIUTHOM
cMecH, cojiepxkaiieid MoiauoaaTr (BosibdpamMar) W OKCHA KpeMHus [54].
Cy1iecTBeHHOE 3HAYEHHUE IMPU BBICOKOTEMIIEPATYPHOM AJICKTPOXUMHUYECKOM
CHUHTE3€ HMEIOT TemIepaTypa U IUIOTHOCT, Toka. Hwmxe 1123 K He
obecrieynBaeTcsl TMOJHOTAa B3aUMOJEHCTBUS MoauOaeHa (BoJbpama) w

KPEMHHs, C NOBbIIIEHHEM Temnepatypel (>1123 K) mamaer ycToM4MBOCTB
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MeTaJIoconeBoro ocagka. Ilpu ix<5,6-10° A-M™ 1eneBoil MPOYKT 3arpsi3HeH
CBOOOJITHBIM METAJIOM, TpHU ii>1,2-10° A-mM? mnosBisieTcs daza 1BOWHOTO
cumunuaa (Al, Si),M (M=Mo, W). Bce paGoTel Mo BBICOKOTEMIIEPATYPHOMY
AIIEKTPOXUMHUYECKOMY CUHTE3y CHIHIHI0B MeTaisioB [V-VI rpynn 06001ieHs! B
0630pe [58].

KapOouapl  TyrominaBkux  MeTa/lioB.  BO3MOXHOCTHM  MeTojAa
BBICOKOTEMIIEPATYPHOTO  3JEKTPOXMMHUYECKOTO  CHHTE3a  MOTYT  OBITh
3HAUYUTENLHO PAaCIIMPEHBI, €CIM B KaUeCTBE MCTOYHHMKA YIJIepoJa JJisi CUHTE3a
KapOHJIOB HCIONb30BaTh YIJEKUCIOTY, KOHIEHTpalus KOTOpPOW B paciiaBe
KOHTPOJIUPYETCS M30BITOYHBIM JABICHUEM. JTO MO3BOJISIET cO31aTh OydepHbIit
pacruUiaBiICHHBIA 3JIEKTPOJIMT HAa OCHOBE HU3KOIUIABKHUX XJIOPUIOB HIEIOYHBIX
METaUIOB C 33JaHHBIMH KHCJIOTHO-OCHOBHBIMHM cBoMcTBaMH. Iloka3ana
BO3MOYXHOCTh OCYIIECTBJICHUSI COBMECTHOT'O AJIEKTPOBOCCTAHOBICHUS JUOKCUIA
yriaepoja C pa3IuyHbIMH HOHHBIMH (opmMamMu MoiubieHa u Bojibppama
(KaTHOHW3HPOBaHHBIMU [59] (M *[M°0; 1}*** , mumepaeiMu [60,61] M,0;
dropunaeMu [60] M 0,F} ) (M =Mo, W; M=Li*, Ca®*, Mg*" AI’*) n npsmoro
AIIEKTPOXUMHUYECKOTO CHHTE3a KapOUJOB TMOJA M30BITOYHBIM JABJICHHUEM
YIJIEKUCIOThL. Y CTAHOBIICHO BIUSIHUE COCTaBa 3JIEKTposnTa, nasienue CO, Haj
pacIuiaBoM, TeMIEparypbl, KAaTOJHOW IUIOTHOCTH TOKa, KOHCTPYKLHMH U
MaTepuanoB 3JeKTpoaoB [59,61] Ha (¢a3zoBbli cocTaB W CBOWCTBa
CHUHTE3UPOBAHHBIX MOPOIIKOB KapOumaoB. Peaknum, nexammue B OCHOBE
BBICOKOTEMIEPATYPHOTO 3JIEKTPOXHUMHYECKOTO CUHTE3d, U TEXHOJOTHYECKHE
0COOEHHOCTH OCYIIIECTBIICHMS MPOIEcca ONMucanbl B padborax [39, 59].

Huskasa pactBopumocte CO, B TrajioreHMJHO-OKCHJIHBIX pacIulaBax
MO3BOJISIET PEeaIn30BaTh HHU3KHE IJIOTHOCTU TOoKa (i) M MOMy4YaTh YaCTHUIIbI
pasMepoM  (<2MKM) MYyTEM YBEJIMYEHHS 1y BO3MOXHO B  OKCHJHBIX
BOJIb()paMaTHO-MOJIMOAATHO-KapOOHATHBIX pacIljiaBax.

DICKTPOBOCCTAHOBICHHUE HOHOB CO; ,MoO; u WO,Ha (oHe pacruiaBa
Na,WO, IpoucXoAuT TMpu OJU3KUX 3HadeHusx mnoreHruaioB [40,60]. Orto

IIO3BOJIACT OCYIICCTBUTD nux COBMECCTHOC OJICKTPOBOCCTAHOBJICHUC )41
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peann30BaTh BBICOKOTEMIEPATYPHBIM 3JEKTPOXUMHYECKUI CUHTE3 KapOHJIOB.

OnHuM M3 NPEUMYLIECTB BBICOKOTEMIIEPATYPHOIO AIEKTPOXUMHUYECKOTO
CHUHTE3a II0 CPAaBHEHUIO C JIPYTUMHU CHUHTE3aMHU SIBJISIETCS BO3MOXHOCTh
HAHECEHUs IOPOUIKOB W TOKPBITUH M3 OJHOIO M TOrO K€ AJIEKTPOJIUTA.

DJIEKTPOBOCCTAHOBJIEHUE TMOKPBITUA Mo,C OCYIIECTBISJIM M3 OKCHIHOTO
pacmiaBa Na,WO, —Li,MoO, —Li,CO, [40, 60]. B sToii obmacTu nocTuraercs
COBMECTHOE DJICKTPOBOCCTAHOBJICHHE HMOHOB MoO; u CO;. Hcmonb3yeMble

pacruiaBbl yCTOMYMBBI, HETOKCUYHBI, HETUTPOCKOMUYHBI, HE TPEOYIOT 3alIUTHON
atmocgepsl. CriomHble ocaaku noxy4densl npu 1073-1223 K u miioTHOCTH TOKa
10-10° A-m>. CKOpOCTh OCaXIEHHs MOKPBITHI 5-20 MKM-4', BEIXOJ B BHJE
MOKPBITHUSA 110 TOKY-10 60%, TonmunHa-10 50 MM [62].

Hemoctatok  OKCHOHBIX  pacrjiaBoB -  OoJiblllass  KOHIICHTpAIUs
JOPOTOCTOSIIINX COEMHEHUN Bosbppama u MonubaeHa. C 1eNblo €€ CHUKEHUS
B KA4yeCTBE pacIUIaBa-pacTBOPUTENSI HMCIOJb30BaH HBTEKTHUECKUI pacIuiaB
NaCl-LiF. Ha ero ¢one Obutn ompezeneHpl 00JacTH MOTEHIIMATIOB BhIICICHUS
MonubOaeHa, Bosibhpama u yriepoga [41,42]. IloTreHuman BblAEIECHUS
MoJsmOaeHa w3 MoO; Ha 200 MB BbIlie OTEHITMANA BBIICICHHS yIiiepoaa U3
CO;.DT0 00CTOSTENBCTBO OOBSICHSAET BO3MOXKHOCTH OCAXKIEHHS TMOKPBITHN
Mo,C u W,C.Jobuthcs kpucramimzauud WC B BUAE CIUIOLUIHOIO OCaJKa
IIPAKTHYECKH He yaanock. CKOpPOCTh ocaxaeHns Mo,C u W,C 10 10 MxM-u,
BBIXOJ] MO TOKYy B  BuUA€ MNOKpeITHA- A0 40%, tonmmua- o 20 MKM.
MukpoTBepaocTh Mo,C 1800-1900, W,C - 2900-3100 kre- mm ™.

C ToukM 3peHHs YOpaBICHUS CTPYKTypOH TOKpBITHH KapOuaa
BOJIb()pamMa, OCAXKICHHBIX W3 TaJOTEHUTHO-OKCHIIHBIX PpAaCIJIaBOB, MHTEPECHA
pabora [63], B KOTOpOH U3y4yajoCh BIMSHHE HMOHOB cepedpa Ha
3NEKTPOOCAKICHHE. ABTOPAMHU YCTaHOBICHO, 4To H00aBka 107 Mon% AgClx

pacmiaBy 3BTeKTHKU LiCl-KCI coaepxkamemy K,CO, u  K,WO,, IpuBOJUT K

nonydeHno mpu ix(2-50)-10° A-M” rekcaroHaJbHBIX KPHCTAIUIOB KapOWIOB

W,C 1 WC BMECTO HUTEH U JIeHIpUTOB (0e3 100aBku AgCl).
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PacnuiiaBbl Ha oCHOBe BOJIb)pamMaToB, MOIHOAATOB U KapOoHaTOB. B
MOCJIeTHEE BpeMsi BO3pPOC HMHTEpEC K MPUMEHEHHIO BOJb(PpaMaToB U
MOJIMOJJATOB MIETOYHBIX METAJIJIOB U IIEJI0OYHO3EMENIbHBIX METAIOB B KAUeCTBE
pacCIlJIaBOB-pACTBOPUTENICH JJISI 3JIEKTPOOCAKACHUS METAIOB, HEMETAILIOB,
CHUHTE3a MX COCIMHEHUW M HMHTEPMETAUIMAOB. [l M3MEHEHUsS KHUCIOTHO-
OCHOBHBIX CBOMCTB TUX pacriaBoB MOKHO UCI0JIb30BaTh
KUCIOpoaocoaepxkamue coeauHenuss sneMeHToB [-VII rpynm, BeposTHOCTH
B3aMMOJICUCTBUS KOTOPBIX C paciylaBaMd MOXET ObIThb MpeAcKa3aHa
TepMOJUHAMHUYECKU.[64]. MOKXHO MpEeNNnoiaoXuTh, YTO U3 paccMaTPUBAEMBIX
COCTMHEHHH C BOJb()paMaTHO-MOIMOAATHRIMU PACIUIABAMH MIPEATIOTIOKUATEIHHO
MOTyT B3auMojeicTteoBath B,0;, Na,B,0,; CO,,P,0s5, NaPO;, Na,P,0,,
Na,S,0;, MO; (M=Cr,Mo,W). B OompmmHCTBE Cciy4aeB HauboJee
HPHEPreTUYECKU BBITOJHBIM HAIpaBJICHUEM peakiuu Oyaer oOpa3oBaHHe
JUMEPHBIX COETMHEHUI TYTOIJIAaBKOTO METaIlIa. DJIEKTPOXUMUYECKOE U3YUEHUE
(HOTEHIIMOMETPUYECKOE U BOJHTAMIIEPOMETPUYECKOE)  PACIUIABICHHBIX
coiieBeIX cucteM Na,WO,- B,O; [65,66], Na,WO,- NaPO; [67,68], Na,WO,-
N328207 [69] . N32W04- Li2C03(NaQCO3) [70] u N32W04-C02 [7 1 ]
MNOATBEPKIAET MNPEJI0KEHHbIE aBTOpPAMU HWOHHBIE MOJEIM CTPOCHUSI ITUX
pacruiaBoB ¢ 00pa30BaHUEM JUMEPHBIX KOMILJIEKCOB.

B mocnegnee Bpems TONYyYMJIA  pa3BUTHE PAOOTBI MO HU3YYCHUIO
MPOLIECCOB AJEKTPOKPUCTAILIU3AMK TIPU CUHTE3€ COSAMHEHUMN, U B YACTHOCTH
kapbuga  monumbOmena[72-74].  ABTopamMm  JOKa3aHO  CYIIECTBOBAHHE
KPUCTALTM3AIMOHHOTO  TEpPEHANPSIKEHUS, U3Y4YCHBI  OJIHUTAKCUATHHBIC
COOTHOIIEHUS, MOP(OJIOTHS TOKPHITUN U BIUSHUS MTAPAMETPOB AJIEKTPOIU3A Ha
pa3Mephbl 3epEH U KaueCTBO OCAJIKOB.

Pe3ynbTaThl M3yueHUs BIUSHUS COOCAXKIEHHUS cepedpa, Meau, HUKEI,
peHuss u kobambra ¢ MonubaeHoMm (Boiab(pamom) [75,76] Ha coctaB u
CTPYKTYpY OCaJKOB MO3BOJIAIOT clieiaTh 00001maromue BoiBoibl. [Ipu katonHom
COOCXKJIEHUU METAJUIOB B OKCUAHBIX BOJIb(pPaMaTHO-MOIMOIATHBIX pacIljiaBax

OTpeAeAIOIUMHU (GaKTOpaMu SBIISIOTCS CIIETYIOIINE:
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1) pasHuIla CTaHIAPTHBIX AJIEKTPOAHBIX MOTEHIMAIOB KOMIIOHEHTOB
COOCaKIECHUS;

2) nogobue uX KpUCTAITMYECKUX PELIETOK;

3) ckopocTh B3auMHOM qu((Hy3un aTOMOB KOMIIOHEHTOB.

PaznuuHoe coyeranue 3TUX (PAKTOPOB MPUBOAUT K MHOTI000pa3uio
COCTaBOB U CTPYKTYpbl OCAJKOB: CIUIaBbl BO BCEM JHANa30HE COCTaBOB
(nanpumep, Mo-W), rybuartble, IeHApUTHBIE U UroipdaTbie ocagku [Mo(W)-
Ag(Cu)], unarepmeraummasl [Mo(W)-Ni(Co)], nopomkoBsie ocanku [Mo(W)-
Re]. UWuTepecs! paboThl MO XUMHUYECKOMY H 3JIEKTPOXUMHUYECKOMY MOBEICHUIO
KapOOHATHBIX  PACIUIABOB, COAEpXKammx Okcua kpemHus [43,77], u
BBICOKOTEMIIEPATYPHOMY DJIEKTPOXUMHUYECKOMY CHUHTE3Y KapOuaa KpeMHHUs U3
pacrutaBa Na,CO;-K,CO;-Si0, [44]. Cormacno pabote [44], u3 pacruiaBa
Na,CO;-K,COs-5mac% SiO, ipu 750°C B atmocdepe CO, npu MIOTHOCTH TOKa
0,35-0,4 A-cM™ GbUIH TONTy4eHbI TOKpBITHs SiC Ha CTAIBHBIX 00pa3Iax.

Crnemyetr OTMETUTh Takke 0030pHYI0 paboty [19], B koTopoii 06001IeHBI
MOJIeJIbHBIE TIPEJICTABICHUS O MeXaHU3Max (OPMHUPOBAHUS IIEKTPOXUMUYECKH
AKTUBHBIX YaCTHUI[ M MHOTOAJEKTPOHHBIX MpOlleccaX B HMOHHBIX pacliaBax.
ABTOpaMH TOKa3aHO ONPEAEIIAIONIEE BIUSHUE KHCIOTHO-OCHOBHBIX CBOWCTB
pacruiaBa Ha MEeXaHU3M (POPMUPOBAHUS IINEKTPOXUMUYECKH AKTUBHBIX YACTHIL.
JlanHBI (DaKT MOATBEPKIEH KBAHTOBO-XMMHYECKUMHU pacye€TaMU MEXaHH3MOB
nepepacipeneneHuss >JIEKTPOHHOW IIJIOTHOCTH IIPU BO3HUKHOBEHHHM HOBBIX
XAMHUYECKUX CBA3CU (MM NOJ BO3JCUCTBHEM HA BHYTPUKOMILICKCHBIE CBS3U
BHEIIIHETO OKPY>KEHUS) U PE3YyJIbTaTaMH 3JICKTPOXUMUYECKUX U3MEPEHUM.

Ha  ngmarpammax  (CM.  pHCYHOK)  MpEICTaBIECHBbI  HEKOTOPBIE
CTATUCTUYECKUE JaHHBIC TI0 CHCTEMAaTH3allud pPa3pabOTaHHBIX AIICKTPOJIUTOB
JUIS. OCYIIECTBJIEHUSI BBICOKOTEMIIEPATYPHOIO JJIEKTPOXHUMHUYECKOIO CHHTE3a
METaJUIONOJI00HBIX TYTOIUIABKUX COeAMHEHUM B paciaBax. K Hacrosmemy
BPEMEHHU 3TUM METOJOM CHUHTE3UPOBAHO Mopsaka S0 pa3iuyHbIX COCTUHECHUII.
Jns ux cuHTe3a pazpabotaHo 114 pa3nuyuHbIX 3AEKTPOaUTOB. Bemyuiue

IIO3UIINKU B pa3pa60TKe TCOPCTUICCKUX OCHOB H Hp&KTPI‘-IGCKOfI pcaiu3anumn
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BBICOKOTEMIIEPATYPHOI'O 3JIEKTPOXMMHUYECKOTO CHUHTe3a Kak B cTpanax CHIT,
TaK U 3a pyOexoM mpuHajiexkaT MHCTUTYTY 001eld 1 HeopraHM4eCKoH XUMUU
HanuvonanpHoOM akagemuu Hayk Ykpaunbl u Kabapauno-bankapckoro
rocynuBepcureta (70 u3 114 snextponuToB). AHAIU3 COBPEMEHHOIO COCTOSIHUS
METOJa  BBICOKOTEMIEPATYpPHOIO ANEKTPOXUMHUYECKOTO CUHTE3a B
pAacCIUIaBICHHBIX  DJIEKTPOJUTAX  MO3BOJSET  MPEANOJOXHUTH  OCHOBHBIC
HAaNpaBJICHHS B TAJIBHEUIIIEM PA3BUTUH CUHTETUYECKOTO HAMPABJICHHUS: 1)
pa3paboTka M YCOBEpPUICHCTBOBAHHWE  HOBBIX  MPOTPECCUBHBIX U
TE€XHOJIOTUYECKUX TrajJar€HUIHO-OKCUIHBIX U OKCUJHBIX SJIEKTPOJIUTOB;  2)
paclIMpeHue Kpyra CHHTE3UPYEMbIX COCAUHEHUA W KOMIO3HIMOHHBIX
JUCIIEPCHBIX MaTEpPUalOB C PA3JIMYHBIMH MOKDPBITUSIMU B HOH-3JIEKTPOHHBIX
pacmiaBax; 3) pa3pa0oTKa MPOILIECCOB CHHTE3a HOBBIX KJIACCOB COEAMHEHUHU,
TaKUX KaK HUTPUbI, CYIb(PUIbI, BACMYTHIbI, OKCHJIbI CTEXUOMETPUUECKOTO U
HECTEXUOMETPUUYECKOTO COCTaBOB, Kap600opHIbI, KapOOCHIIULIU/IBI,
CUIIMKOOOPHUABI U T.A.; 4) nmanmpHEWIee pa3BUTHE TPOIECCOB  CHUHTE3a
MHTEPMETANIMYECKUX COCIMHEHUM Ha OCHOBE HHKENS, KOOabTa, IUPKOHUS,
TUTaHa, BaHAWs1, HUOOWsI, TaHTaja U BoJbppama; 5) OCYILIECTBIICHUE
MPOIIECCOB CHUHTE3a HA MOBEPXHOCTH JHUCHEPCHBIX JJIEKTPONPOBOASIINX H
HEAJIEKTPOIPOBOASIIMUX TPUPOJAHBIX U CHHTETUUECKUX MAaTepUaioB; 6)
BCECTOPOHHEE V3y4CHUE Ha4daJIbHbIX CTaui IIPOLIECCOB
ANEKTPOKPUCTAIIM3AIMM U POCTa  KPUCTAJUIOB  NPUMEHUTEIBHO K
BBICOKOTEMIIEPATYPHOMY JJIEKTPOXMMHUYECKOMY CHUHTE3y B PACILIABICHHBIX
ANEKTPOJIUTAX C LEJBIO MOJYYEHHUSI MATEPUAIOB PETYIUPYEMON JUCIIEPCHOCTH
U TOKPBITUN C 3aJaHHBIMM CBOWCTBaMH; 7) pa3paboTKa HOBBIX CIOCOOOB
CHHTE3a METAJUIONOAOOHBIX TYTOIJIAaBKUX COCAMHEHWN TyTEeM HHU3KO- W
BBICOKOTEMIIEPATYPHON CEJIEKTUBHOM HKCTPAKUIMHA KOMIIOHEHTOB CHHTE3a W3
Py, KOHIUEHTPAaTOB W BTOPUYHOTO ChIpbSA U MOCIHEAYIOIIEeH 00paboTKu

paciiaBOB BOCCTAHOBUTCIIbHBIMHA I'a3aMU.
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1.2 Daekrpoxumusi ajamaza ¥ MOAM(PHUIMPOBAHHME CBEPXTBEPABIX
MaTepHaJoB

bnaromapst cBO€M WCKIIOYUTEIIBHOM XHMUYECKOM CTOMKOCTH, aiMas,
HECOMHEHHO, SBJISIETCSI INEPCIEKTUBHBIM  KaHIWJIATOM B  DJIEKTPOAHBIC
Marepuasibl. OIHAKO, B OTJIMYME OT MHOTOYMCIEHHBIX JIPYTHUX YTIJIEPOJIHBIX
MAaTEPUAJIOB, KOTOPBHIE JIABHO HANUIM MIMPOKOE MNPAKTHYECKOE IMPUMEHCHUE
(rpaduT, CTEKJIOYraepo], MNUPOJIUTUYECKUM Tpadur, YIrIeBOJOKHO U Jp.),
IEKTPOXUMHUYECKOE HCCIEAOBaHUE ajamasza ObIJI0 HA4aTo CPaBHUTEIHHO
HEJIJaBHO, OKOJIO ABAJUATH JIET TOMY Ha3al. /[0 HemaBHEro BpEMEHH TAKOMY
UCCJIEIOBAHUIO CEPbE3HO MPENATCTBOBAIM JBa OOCTOSITEILCTBA: BO-TIEPBBIX,
anMa3 OCTaBajJiCd JK30TUYECKHMM, TPYAHOJOCTYIHBIM MaTE€PUAIOM, IS
MOJIYYeHHUS] KOTOPOTro TPEOOBAINCH OYEHb BHICOKHE TEMIIEPATYPbl U JIaBIICHUS;
BO-BTOPBIX, AJIMa3 KaK TAKOBOM — M30JIATOP, OH HE MPOBOIUT JJIEKTPUUECKOTO
TOKa U MIO3TOMY HE MOXKET CIIY>KUTh MaTEPUAIIOM I SJIEKTPOIOB.

Curyauus NpUHIMINATBHO U3MEHUIIACH B CBSI3U C YCIIEXaMH TEXHOJIOTHUHU
MOJIYYCHHUS] TOHKMX TUICHOK ajiMasza W3 ra3oBoi ¢aspl mpu cybarMmochepHoOM
naBineHuu. bbutn paspaboTtaHbl BbICOKOA(()EKTUBHBIE METO/bl BbIpAlllUBAHUS
MOJUKPUCTAIUIMYECKUX aJMa3HbIX IUICHOK Ha ajlMa3HbIX M HE aJIMa3HBIX
MO/JTOKKaX. TakWe IUIGHKH MPU MacCOBOM MPOU3BOJACTBE OyAyT, OUYEBHIIHO,
OTHOCUTENBHO HeAoporumu. IlyTeM nerupoBaHusi aKUENTOPHOW NPUMECHIO
(6opoM) ymanoch TOJNYYHTHh IJICHKA C BEChbMa XOPOIIEH MPOBOAMMOCTHIO,
KOTOPBIE MO CBOEMN MPUPOJIE ABISAIOTCS NOIYIIPOBOAHUKAMU [78] a mpu BBICOKOM
YPOBHE JIETUPOBaHUS — U KBa3UMETAUIMYECKUMU. Bwmecrte ¢ mnepBeiMU
VCCIIEIOBAHUSIMH AJIMA3HOTO JIEKTPOJA B ANEKTPOXUMUU MTOTYIPOBOJHUKOBBIX
MaTepuaioB [79] BO3HUK HOBBIN pa3fein — 3JIEKTPOXUMUS alIMa3a.

dopManabHO MEPBO pabOTOM MO PACKTPOXUMHH ajMa3a SBIISICTCS CTAThS
[80], aBTOpBI KOTOPOH MOMBITAIUCH U3TOTOBUTH AIEKTPOJ U3 TUIIEKTPUIECKOTO
KpucTtauia anMasa. s Toro, yToObl MpUIIaTh 3IEKTPONPOBOJIHOCTh XOTS OBl
TOHKOMY BHEIIHEMY CJIOI0 KpHUCTala W TakuM oOpa3oM TMOJIY4YUTh

BO3MOKHOCTb IIPOIMYCKAHHA JJICKTPHUYCCKOI'O TOKd, OHW HUMILUIAHTHUPOBAIN B
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kpuctawt nousl Ar', O, N* u Zn"*. Ho apron BooOlIe He SBJIAETCS JETUPYIOLIEH
IPUMECHIO B aJMa3e; NPUMECH K€ KUCIOpoJa U a30Ta €CJIM U NMPUIAI0T anMaszy
IPOBOJUMOCTh, TO JIMIIb NPU TEMIIEpaTypax HAMHOTO BbIIIE KOMHATHOM.
OCHOBHBIM  pe€3yJIbTATOM HOHHOM UMIUIAHTALIMM  SIBJIAETCS, OYEBUIHO,
amop(du3zanus BHEIIHEro cJios anmasza. B pe3ynbrare  pa3pylieHHs
KPUCTAJUIMYECKOW PEIIETKH M MOSBJICHUS OOJBIIOr0 YUCIA aTOMOB YTIiepoja C
sp” — rubpummsaumein C-C opOuraneii B cioe aMOp(H30BAHHOTO anMasa
BO3HHMKAET 3aMETHAs 3JIEKTPONPOBOJAHOCTb.

HeiictButensHo, aBTOpbl paboThl [80] oTmeuaror: «ITO sBICHHE, T.C.
BO3HUKHOBEHHWE MTPOBOJIAIIETO CJIOS HA aJIMa3e MOXKXHO OOBSICHUTH YBEITMUYCHHEM
TONIIMHBI amopdHOoro ciosi». Tak yto padora [80] oTHOCUTCS, CTPOro roBops, K
AIIEKTPOXMMHUHU HEaIMa3HOTro (aMop@HOro) yriepona, a He aiMas3Horo. Poib
[MHKA B OMHMCAHHBIX AKCIIEPUMEHTaX OCTajlaCh HEBBbIICHEHHOW: «[loBbIieHue
IPOBOJMMOCTH TNPU HMIUIAHTALHH Zn°* MOXeT ObITh BBI3BAHO HE TONBKO
nosiBJiecHueM amopdHoi ¢as3pl, HO TaKkKe M COOCTBEHHO METaUTMYECKUMHU
BKJIFOUCHUIMU» [80].

dakTUYECKH DJIICKTPOXUMUS ajiMa3a HadyuHaeTrcs c paboter [81], B
KOTOpOH BIlepBbIE ObLIa MOJIy4eHa BOJIbTAMIIEpHAs XapaKTePUCTUKA U U3MEPEHa
muddepeHnranbiasg €MKOCTh Ha TpaHUlEe paszielia MOJUMKPUCTAIUTMYECKUI
alMa3/pacTBOp JIEKTPOJIUTA; TaKkKe Obl1a 0OHApYKeHa (POTOUYBCTBUTEIBHOCTD
aJIMa3HbIX AJIEKTPOJOB, KOTOpas 0aja COMOCTaBl€HA C IMOJYNPOBOJIHUKOBBIMU
CBOMCTBaMM ajiMa3a. 3a HCCIEJOBAaHUSMU POCCHUIICKHX aBTOPOB BCKOPE
MOCJIETOBAIN PAOOTHI SNEKTPOXUMHUKOB 13 Anonuu, Uzpanns, @panmuu, CIIA,
[IBetiniapuu, I'epmanuu u apyrux crtpadH. Eciu B cambIx TepBbIX paboTax
WCIIOJIb30BAIMCH aJMa3HbI€ IJIEHKHU, XOTS U C COBEPUICHHON KpHUCTAJUIMYECKOM
CTPYKTYpOH, HO HE JIErMpOBaHHbIE (MX MPOBOJUMOCThH MpUNUCHIBAIN [81]
HEKMM HE€ WJICHTU(DUIIMPOBAHHBIM MPUMECSIM WM TOYEUYHBIM JedeKTam,
BBEJICHHBIM CIICIIHAIGHBIM TEIUIOBBIM PEKUMOM TMPU BBIPANUBAHUU TUICHOK),
TO, HAYMHAs ¢ paboThl [82] B ANEKTPOXUMUUYECKUX UCCIEIOBAHUSIX MTPUMEHSIICS

anMas, JieTUpoBaHHBIM OopoM. Ilepexonq Ha cHenUaNbHO JETHUPOBAHHBIC
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ANIEKTPO/IbI MPUIAN JOTOIHUTEIbHBIA UMITYJIbC UCCIEIOBAHUSAM B 3TOM cdepe.
B mocnennue rogsl 4ucio 1abopaTopuil, 3aHATHIX MCCIEAOBAHUSIMH aTMa3HbIX
3JIEKTPOJIOB, U YMCIO MyOJIMKaUi MO 3JIEKTPOXUMHMM ajMa3a HEYKIOHHO

BO3pacTacrt.

1.3 Pexynepanusi 0oTpa60TAHHOT0 AJIMA3HOTO HHCTPYMEHTA

N3yueHne nporeccoB B3aUMOJICHCTBUS alIMAa30B C Pa3IMYHBIMU CpeAaMu
U COCTOSIHHE TOBEPXHOCTH ajmasza KaK pe3yjbpTaTa TAKOIO B3aUMOJCUCTBHUS
ABJISIETCA AKTYyaJbHOM 3a/lau€i M MMEET BaXHOE NPHUKIIAJHOE 3HAYEHUE IS
CO3JaHUSI COBPEMEHHBIX METOJOB H3BJICUCHHS aMa30B M3 00pabOTaHHBIX
WHCTPYMEHTOB, COPTUPOBKHM ajMa30B, M3FOTOBJIEHUS MW JKCILUIyaTallUH
aJIMa3HOT0 UHCTPYMEHTA.

B coBpemenHoli nuTeparype NpOYHO YTBEPAWIOCH MHEHHE 00
MHEPTHOCTU aJiMa3a K BO3JIEUCTBUIO psla KUIAKO(DA3ZHBIX U Ta3000pa3HbIX CpE/,
0COOEHHO Mpu TeMIiepaTypax, He npebimatonux 400K [83].

B nocnennee Bpemsi ¢ NpPUBICYEHHWEM pslla MPEUU3UOHHBIX METOJIOB
UCCIIEIOBAHUSI B3TJISi[] HA MPOLECCHI, MPOUCXOASIIME HA MOBEPXHOCTH aaMasa,
HECKOJIbKO W3MEHWICS. PaboThl, TOCBSIICHHBIC B3aWMOJICHCTBUIO aIMa30B C
KUIKO(Pa3HBIMU peareHTamu, MHOTOYHCIICHHBI [84-87] [Ipoueccam
B3aMMOJICUCTBHS aJIMa30B C PACIIaBaMH TOCBSIIECHBI €IMHUYHBIE PaboThI [8),
88]. Ecnmu B pabore [88] mpuBOmSTCS pe3yibTaThl UCCIAEAOBAHUS 3aMKHYTOM
CHUCTEMbI aJiMa3 — paciviaB, To B pabore [85] - u3ydeHwe B3aUMOJEHCTBUS
aJMa3oB C pacIulaBaMH THUJPOKCHUJIOB U a30THOKUCIIBIX COJIEW MPOBOJUIIACH B
MPUCYTCTBUM KUCJIOPOA C LEIBIO ONPENECICHUS TPUMEHUMOCTH PEAr€HTOB JJIS
TEXHOJIOTHUECKNX H aHaIuTHYecKux menei. OmwmcanHsie B padore [85]
DKCHEPUMEHTBI IO CTOMKOCTM CHUHTETUYECKUX aiMa3oB K MHHEPAIbHBIM
KHUCJIOTaM TO3BOJIMJIM CIENaTh BBIBOJ, YTO XJIOPHAs, CEpHAsi, COJISIHAs, a30THAs
KHUCJIOTBI U CMECh JIBYX TMOCJIEIHUX HE B3aUMOJIEUCTBYIOT C IMOBEPXHOCTHIO

aJiMa3a HJIn BSaHMOHCﬁCTBYIOT CO CTOJIb Majiou CKOPOCTBIO p€aKUuH, YTO I3THU
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peareHTbl MOTYT MPUMEHSTHCS MJI KOJWYECTBEHHOTO aHajiu3a CHUCTEMBI
rpadguT-anMaz-MeTal  (T.e. TPOAYKTOB CHHTE3a) HW TeM Oojee s
TeXHOJIOTUYecKuX 1enei. Ciaeayer nmog4epKHyTh, UTO 3TH BBIBOJBI CIEIaHbI B
pe3ynbpTaTe HaOMIOACHUN KaK Ha €IMHUYHBIX KPYMHBIX KpUCTaljIax, TaKk M Ha
Macce mnopouika. PaccmarpuBanioch Takke JEHCTBME TaKOro IMIMPOKO
NPUMEHSEMOI0 B TMPOU3BOJICTBE aJIMa30B >KUAKO(PA3HOTO OKHUCIUTENS, Kak
CMECh XpOMOBOM U CEpHOM KHUCHOT. MccienoBanus, MpOBOAUBIINECS METOAOM
I'PaBUMETPUUYECKOrO aHalu3a, HE BBISABISUIM HM3MEHEHUS MAacChl alIMa3HOTro
nopomka. OpHako Ooiee TMO3MHUE HCCIEAOBAHUA C  IMPHUBJICUCHUEM
OPEUU3HUOHHBIX ~ METOJOB  TMOKa3aJd  MPOXOXKICHHE  OKUCIUTEIbHO-
BOCCTAaHOBUTEIBHOTO MPOIECCa Ha MOBEPXHOCTH anMasa [89].

B monorpaduu FO.B. Ilneckosa [90] 060011eHb! BasKHEHIIINE PE3YIbTATHI
M0 3JEKTPOXMMUYECKOMY MOBEICHUI0 CHUHTETHYECKOTO IMOIYIPOBOJIHUKOBOTO
anMa3a M MPUMEHEHUHU. OJIEKTPOXMMUYECKHX METOJIOB Jisi OIpeIeICHHUs
XapaKTepUCTUK aJIMa3HbIX IUJICHOK, a TaKXe OIpeleseHbl MepCIeKTUBBI
Pa3BUTHS ATOU HOBOM 00JaCTH DIEKTPOXUMHUH.

B nutepatype, B oTiMuuMe OT BOJIHBIX PACTBOPOB HMEETCS BechbMa
cKkyaHasi uHpopmaius 00 3IEKTPOXMMHYECKOM IMOBEICHUM aiMa3a B MOHHBIX
pacruaBax. Tak, B pabdore [91] aBTopamu BrepBble ObLIO OOHAPYXEHO HOBOE
SBJICHWE BO3HUKHOBEHHS MMOBEPXHOCTHOM MPOBOJUMOCTH HA TPAaHUIE pa3jena

aJiMma3 — MOHHBIN paciiiaB OoImpcACIICHHOTIO COCTaBa.
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2. AHau3 00beKTa M mpeaMeTa UCCJae 0BaHu

OOBEKTOM HUCCIENOBAHMS MPOEKTA SIBJSIOTCS TYTOIJIAaBKHE COEIMHEHUS
pPEOKMX TYrOIUIaBKMX M PEIKO3EMENIbHBIX METAJUIOB KOHCTPYKIMOHHOTO U
(YHKIIMOHATBPHOTO HA3HAYEHUS, MPUPOAHBIE U CHHTETUYECKHE aliMasbl,
CBEpXTBEP/IbIE AIMAa30MOJ00HBIE MaTepHUalibl, OTpaOOTaHHBIE U OpaKOBaHHBIC
anMa3Hble HMHCTpYMEHThL. [IpenMeToM HCClenoBaHUsI MPOEKTA  SIBISAETCA
pa3paboTKa NPUHIUIHAIBEHO HOBBIX 3JEKTPOXUMHYECKUX CIIOCOOOB MOTyUYEHUs
TYTOIUIABKUX COEAMHEHUIN PENKUX TYTOIJIABKUX U PEAKO3EMEIBHBIX METAIOB B
BUJC HAHOAMCIIEPCHBIX TOPOIIKOB, HAHECEHUS TOKPBITHHA KapOMIOB Ha
KPUCTAJUIBI HMCKYCCTBEHHBIX MW MPUPOJAHBIX  adMa30B, yTWIM3ALUS U
pekyrnepanusi OTpabOTAHHOIO U OpaKOBAaHHOTO aJIMa3HOTO HWHCTPYMEHTA,
U3BJICUEHUE COJEPXKAILIUXCA B HEM LBETHBIX METAUIOB M HMX MOBTOPHOIO
VCIIOJIb30BaHUs.

3ameyaresNbHbIE  CBOMCTBAa  TYIOIUIABKUX  COEIMHEHHW  PEAKUX
TYrOIUIAaBKMX M PEIKO3EMEIBHBIX METAJUIOB (BBICOKME 3HAYEHHs TBEPAOCTH,
MOJENN YHPYTrOCTH, MPOYHOCTH, XMMHUYECKAS] MHEPTHOCTb, HU3Kasi CKOPOCTH
UCIIAPEHUS], IUPOKUN CHEKTP IEKTPOXUMHUYECKUX MU MEXAHUYECKHUX CBOICTB,
AIEKTPOKATAIUTUYECKHE U DJIEKTPO(U3UYECKUE CBOMCTBA, MAarHUTHBIE
XapaKTEpUCTUKM) TMO3BOJSIOT HCHOJIB30BATh HX B KauyeCTBE MaTEpHUaloOB
KOHCTPYKLIMOHHOTO U (YHKIIMOHAJIHLHOTO HAa3HAUEHUSI B COBPEMEHHOUN TEXHUKE
B TaKuUX OTpaciIX KaK MAIIMHOCTPOEHUE, XUMHYECKas IPOMBIIUIEHHOCTD,
DHEPreTrKa, 3JIEKTPOHHKA, HHCTPYMEHTAJbHAs MPOMBIIUIEHHOCTh, BOEHHO-
MPOMBIILICHHBIA KOMIUIEKC.

Ponp xumuueckoro cuHTe3a B (OPMUPOBAHUM M YIYYIIEHUH CBOMCTB
COBPEMEHHBIX KEPAMHUYECKHX, METAJUIOKEPAMUYECKUX, KOMIO3ULMOHHBIX
MaTepUaJioB CUMTAETCS OJHOM W3 TJAaBEHCTBYyrOIMX. VIMEHHO Ha craaguu
CUHTE3a 3aKJ1a/IbIBAOTCS pa3MepHbIe, dazoBsie, IIPUMECHBIE,
Mop(osoruueckue, CTPYKTypHbIE U Jpyrue OCOOEHHOCTH, KOTOpble B
CYIIECTBEHHOW  CTEMEHH  ONpEeAeNstoT  (PU3MKO-XUMUYEecKue,  (HU3UKO-

MCXaHUYCCKUC U SKCILNIYaTallMOHHBIC CBOMCTBA MaTCpUaJIOB. [TonsiteH HHTCPECC
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UCClIeIoBaTeNell K METOoJaM CHHTe3a, NMPUMEHSEMbIE MPH CO3JaHUU HOBOTO
Kjlacca BEIIECTB — HAHOKPUCTAIMYECKMX MAaTepuasoB, XapaKTEpHbII
CTPYKTYPHBIN pazMep KoTopbix coctaBisieT MeHee 100 HM. [Ipobnemsl cuHTE3a
HAaHOMATEpPHAJIOB Ha OCHOBE COCAMHEHUU TYTOIUIABKUX M PEIKO3EMETbHBIX
METAJIJIOB HMMEKT HECKOJIBKO aCHEKTOB. OJTO, BO-NEPBBIX, IOJYyYEHUE U
KOHCOJIMAALNS  yJAbTPAJUCIEPCHBIX IOPOIIKOB M, BO-BTOPBIX, IOJIyYE€HUE
HAHOKPUCTANIMYECKUX IUICHOK. I[IpobiemMa moigydeHHs yiIbTpaguCIEPCHBIX
HOPOILIKOB METAJUIONOJ00OHBIX TYIOIJIAaBKMX COEAMHEHUH O00CyXkaaerca B
nyOIUKAIUAX, MOCBAIICHHBIX KEPAMUKE, MOPOIIKOBOW METATypriH, KaTaluzy
U JIpyruMm obnactsaM. Bce MeTonbl cuHTE3a TYTrOIJIaBKUX COCAMHEHUN PEIKUX
TYTOIUIABKUX M PEAKO3EMENIbHBIX METAJUIOB MOYKHO CBECTH K YETBIPEM THUIIAM
peakuu — TBepAo(a3zHbIM, ra30(pa3HbIM, KUIKO(DA3HBIM, U PEAKIUsIM THIA ra3-
TBepHoe Teno. B mocnenHee BpeMsl MOJMYYWIM pacHpOCTPAHEHUE TaKue
HETPaJUIIMOHHbIE METO/Ibl CHUHTE3a MOPOILKOB TYTOIUIABKMX COECIUHEHHM, KaK
30J1b-T€JIb — MPOLIECC, TUAPOTEPMATIBHBINA CUHTE3, TUPOJIN3 MOJIUMEPOB, PEAKIIUU
B HEBOJHBIX pacTBOpaX W pa3jIM4HbIE BAapUAHTBl Ta30()a3HOro CHUHTE3a
(Mma3MOXUMHUYECKUH, Ja3epHsblil). K 3ToMy MOXHO 100aBUTh MEXaHOCHHTES,
CaMOpacHpOCTPAHSIOIMICS BBICOKOTEMIIEPATYPHBIN CUHTE3, CUHTE3 B yIapHBIX
BOJIHAX, JIEKTPOXUMHUYECKUIl cuHTe3. KoHaeHcalnoHHble METOAbl (McnapeHue
U KOHJIGHCAIMs) TOJyYeHHUs KJIACTepOB U YJIbTPATUCIEPCHBIX MOPOILIKOB
U3BECTHBI JJABHO, UX TEOpUsS M3J0KEHA BO MHOIMX paborax. CyliecTByeT, IO
KpaiiHeil mepe, JBa HEOOXOAMMBIX M JOCTATOYHBIX YCJIOBHS KOHJEHCAIIUU
yIBTPAJAUCIIEPCHBIX TOPOIIKOB — OOJIBIIOE IMEPECHIICHUE W TPUCYTCTBHE B
KOHJCHCUPOBAaHHOM I@Iape MOJIEKyJl HeHTpajabHOro rasa. JloCTOMHCTBOM
KOH/ICHCALIMOHHBIX METOJIOB — BO3MOKHOCTH IOJIYYE€HHUS JOBOJIBHO UHCTBIX
YJIBTPaUCIIEPCHBIX IOPOLUIKOB BECbMA MaJIbIX Pa3MEPOB B CPABHUTEIBHO Y3KOM
uHTepBase mnocieqHuX. OJHAKO MPOU3BOJUTENIBHOCTh HUX HE BEIMKA, a
HEProeMKOCTh 3HauMuTedbHa. ClemayeT, KOHEYHO, UMETh BBUIY M BO3MOXHBIC

OCJIO)KHCHHUS, BBI3BBAHHBLIC C IMOAACPKAHHUEM 3aJaHHOI'O COCTaBa, 0COOCHHO
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NPUMEHUTEIPHO K COCIUHCHHUSIM C IIMHPOKON 00JIACTBI0O TOMOTEHHOCTH
(xapOuabl, 0OPUIBI TEPEXOAHBIX METAIIIOB).

OOBIYHBIN pa3MOJ HUCIHOJB3YIOT CPAaBHUTENIBHO PEIKO JIs MOJyUYeHHUS
YIBTPATUCIIPECHBIX TOPOIIKOB, TTOCKOJIBKY CYIIECTBYET HEKOTOPBIN Tpeesn
pa3MalibIBa€MOCTH, OTBEYAIOUIMH JOCTHXKEHHUIO CBOEOOPA3HOrO0 PABHOBECHS
MEXy pa3pylIeHHEM YacTHIl U UX arjomepaiuei. Jlaxke npu pazmosne XpymnKux
MatepuanoB BennunHa d o0braHo He HIke S50-100 am. Kpome Toro, B mporecce
pa3MoJia MPOUCXOAUT 3arpsA3HEHUE MPOIyKTa MaTepUajIoM I1apoB U (PyTEpOBKH,
a TaKXKe KUCIOPOIOM.

HccnenoBarenu, paboTaromire B 001aCTH MEXaHOCHHTE3a, MOJIaraoT, 4To
TOT METOJl TMOJY4YEHHUs YIbTPAJAUCHEPCHBIX MOPOIIKOB MOXET OBITh
WCIIOJIb30BAaH B JIOCTATOYHO IMMPOKUX MacmTabax ¥ SIBISETCS OJHUM U3
NEPCIEKTUBHBIX CIIOCOOOB M3rOTOBJIEHUSI HAaHOMaTepuanoB. OIHAKO YHUCTOTA U
TEXHOJIOTUYECKHE CBOMCTBA MOJYUYEHHBIX TAKUM CIIOCOOOM MOPOIIKOB MOKA HE
W3YYCHBI.

JleTonanrionHass o0paboTka (CMHTE3 B YJApHBIX BOJIHAX U JApOOJIEHUE)
W3BECTHA JABHO, HO €€ CHCTEeMAaTHYECKHUE HCCIEOBAaHUS MPUMEHUTEITHHO K
HaHOMAaTepHallaM, MOCKOJIbKY HaM HM3BECTHO HEMHOrouyucieHHsl. K Meromgam
BBICOKOOHEPTreTUYECKOTO pa3pylIeHus OTHOCHUTCSA u MOJIyYeHHE
YIBTPATUCIIEPCHBIX TOPOIIKOB IMyTEM SJEKTPUUYECKOTO B3pHIBA IMPOBOJIOYEK,
OJIHAKO K XPYNKUM TYTOIUIAaBKUM COEMHEHUSM METOJ] IOKa HE MPUMEHSIICS.

XUMHYECKHE METOMBI TOJYYCHHS YIbTPAAUCIIEPCHBIX TOPOIIKOB OoJiee
YHUBEPCAIBHBI 10 CpaBHEHUIO ¢ (pu3ndeckumu. CyIecTBYeT TPUHIIUIHATBHASL
BO3MOKHOCTh M1a3MOXUMHYECKOTO CUHTE3a PAKTUYECKU BCEX
YIBTPAIUCIICPCHBIX ~ TIOPOIIKOB  TYrOIUIaBKUX  coenuHeHuid. CuHTE3 B
HU3KOTEMIIEPATYPHOU TIa3Me OCYIIECTBIISIETCS TPU BBICOKUX TEMIIEpATypax 0
(6-8)*10° K, uro obecreunBacT BBICOKHIl yPOBEHb IEPECHIICHHS, OGOJIBIIHE
CKOPOCTH PEaKIMH W KOHICHCAITMOHHBIX MPOIECCOB. | TaBHBIMU HEAOCTaTKAMHU
METO/Ia SIBJISIFOTCS: IIUPOKOE pacipe/iesieHue YacTHIl 0 pa3Mepam, T.e. HU3Kasl

CCIICKTUBHOCTD nmponecca n 0oJIBIIIOE COJICPIKAaHHUC anMeceﬁ B
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CUMHTE3UpyeMoM mnopomke. C HCMOIb30BaHUEM IIIa3MOXUMHYECKOT0 CHHTE3a
MOJTy4YeHbl HUTPHUABI U KapOuabl TyromiaBkux metamwios IV — VI rpynm, Oopa,
KpEMHUS U T.[. biiM3Kkhe OTHOLIEHUS K IJIa3MOXUMUYECKOMY CHHTE3Y, KaK U K
BBICOKO3HEPTETUYECKOMY pa3pylLIECHHUIO, UMeEET AIIEKTPOUCKPOBOE
JTUCNIEPTUPOBAHUE, OOBEAMHSIONIEE TMPOIECC  Pa3pPATHOTO  U3MEITbYCHUS
METa/VIOB M CIJIaBOB B AKTUBHBIX Cpelax U CHUHTE3 KapOWJIOB M OKCHIOB.
O¢ddexTuBHBIM CIOCOOOM CTUMYIHPOBAHUS Ta30()a3HOTO CHHTE3a SIBIISCTCS
UCIIOJIBb30BAaHUE JIA3€pHOTO M3NydyeHUs. ONTUYECKUMH WCTOYHHUK Harpena,
UHUIMUPYST W T[OAJEPXKHUBash XUMHUYECKYI0  PEakluio, CHOCOOCTBYET
OJIHOPOJHOMY «CaMOPa30TPEBY» MOJIEKYJ, YTO 00ECIIEYMBACT KOHTPOIUPYEMOE
TOMOT'€HHOE 3apO/IbIIIe00pa30BaHUE U UCKITIOUAET BO3MOKHOCTh 3arpsi3HEHUM U
BIUSIHAE TOBEpXHOCTEN. OJHAKO, MOKa HAaCKOJbKO HaM HM3BECTHO, JIa3€pPHBII
CUHTE3 YJIbTPAIUCIEPCHBIX MTOPOLIKOB TYTOIJIABKUX COEAVMHEHUW HE BBIIIEI 3a
npeesibl 1Ja00paTOPHBIX UCCIEIOBAaHUM.

VYapTpanucrnepcHble  HOPOIIKM  METAUIONOJOOHBIX — TYTOIUIABKHX
COCIMHEHUM PEAKUX TYTOIUIaBKMX METANIOB MOJy4aroT KapOOTEPMHUUECKUM U
OOpOTEpMHYECKUM  METOAOM, B  COUYETAaHMM C  MarHUUTEPMUYECKUM
BOCCTAHOBJICHUEM OKCHUJOB, B TOM YHUCIIE B PEKUME CAaMOPAIIPOCTPOHSIIOLIETOCS
BbICOKOTeMnepaTypHoro cuHre3a (CBC). Ecnu B uccinenoBaHUsAX NPUMEHSIINCH
CPaBHHUTEIHFHO HHU3KOTEMIIEPAaTypHBbIE PEXUMBI U HCXOJHOE ChIphE OBLIO
BBICOKOJIUCIIEPCHBIM, TO 3TH (aKkThl OOECreYMBaIlM COOCTBEHHO IOJyYECHHE
YIIBTPAJUCIIEPCHBIX ITOPOLIKOB. B METO/IE MarHuMTEPMHUYECKOrO
BOCCTAHOBJICHHsSI 00Opa3ymoIIMUiics OKCHJI MarHus Wrpajl poJib CTOIopa
kojecreHuu. Coobdiiaercs o pa3paboTKe TEXHOJIOTHH MOJyUYeHHs] HAaHO(Pa3HbIX
tBepaodaszubix  kommno3uiuii WC—Co ¢ UCIONb30BaHWEM B  KadeCTBE
IIPEKypCcOpOB BoJibPpamara TPUATWICHAUAMHHA KOOAbTa W BOJILGPAMOBOIL
KHUCIIOTBl WJIM MeETaBOJb(paMUTa aMMOHHUS U XJOPUCTOrO KoOayibTa. ITH
TUIATEJBHO IOJATOTOBJIEHHBIE PACTBOPHI IOJBEPralOT CYLIKE pPACHbUICHUEM,
HU3KOTEMIIEPATYPHOMY BOCCTAHOBJICHHUIO M KapOWAM3allud BO B3BELICHHOM

CJIOC B CICHHUAIBHBIX PpCaKTOpax, 4YTO 06CCHCI-II/IB36T, C OHHOﬁ CTOPOHBI,
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BBICOKYIO JUCIEPCHOCTB, @ C IPYrOM — CTPOroe MOCTOSHCTBO cocTaBa. OnucaH
TaK)K€ MHTEPECHBI METOJ CPABHUTEIBHO HU3KOTEMIIEPATYPHOTO razoha3HOro
cuHTe3a 00pua0oB TUTAaHA. Mcnapsronuiics KUAKUNA HATPUH B CMECH aproHa Kak
ra3oM — HOCHUTEJIEM BOCCTAaHABIIMBAET ra3000pa3Hble XJIOPUIbl TUTAHA U OOpa;
DK30TUYECKHM XapakTep peakuui o0ecrneunBaeT MOJJIepKaHUE pPeXUMa
ropeHusi 1 00pa30BaHUE YIbTPATUCIEPCHBIX TOPOIIKOB.

MHorue yibTpagucnepcHble MOPOIIKM TYIOIUIABKUX  COEAMHEHUN
M3TrOTaBIIMBAIOT METOJAMU TEPMHYECKOIO PA3IO0KEHUS (TEPMOJIM3a) TBEPHABIX,
KUAKUX, Ta3000pa3HbIX mpekypcopoB. Hapsany ¢ TpaauuuoHHBIMU
IpeKypcopamMu, Kak HHUTpaThl, OKCaNaThl, Cylb(aTbl, TUIPOKCUIbI U APYTHE
COCIMHEHMs, B TIOCJEAHEe BpeMs B CBSI3U C paclIUpeHueM padoT IO
TYTOIJIABKUM COCIMHEHUSIM KpPEMHHUS, O0pa, TUTaHa, aIFOMUHUS 3HAUYNUTEIbHOE
MPUMEHEHUE HAUIM METAJUIOOPTAHUYECKHUE MOJIUMEPBI ITUX 3JIEMEHTOB.

Takum 00pa3oM, HACKOJIbKO HaM M3BECTHO, MPAKTHYECKH BCE
IPUBEACHHBIE BBIIIE METOAbl MOJYYEHHUs YJIbTPAAUCIIEPCHBIX IOPOILIKOB
TYTOIUIaBKUX COCAMHEHUI HE BBIIIEI 3a Mpeaeibl JaO0paTOPHBIX UCCIEOBAaHUN
WIH TIOJTyY€HUS HEOOJBIINX OIBITHBIX MApTHIA.

[Tpou3BOACTBO METAIONOAOOHBIX TYTOIJIABKUX COEIMHEHHH BO BCEM
mMupe 1 B Poccu ocyiecTBisieTcss o TpaJullMOHHOMY METOY, OCHOBAaHHOMY Ha
BOCCTAHOBJICHHHM M KapOuau3anuu (OOpHUpOBaHMS, CUIUIIMPOBAHUS) OKCHIIOB
TYTOIUIABKUX METAJUIOB B AJIEKTPUUECKUX IE€YaX.

KauecTBO  OTEUYECTBEHHOM  MPOAYKIMH  3HAYUTEIBHO  YCTYHAaeT
3apyOeXHbIM aHajoraMm. Pa3BUTHE OTpPOCIM TOPMO3UTHCS OTCYTCTBHUEM
COBPEMEHHBIX TEXHOJOTUM, MO3BOJISIOLIUX IMOJIYYUTh KOHKYPEHTOCHIOCOOHYIO
KOHEYHYIO MPOIYKIHIO.

KauecTBO M3enuii U3 TYyrorjaBKUX COEAUHEHUN PEIKUX TYrOIUIABKHX U
PEOKO3EMEINIBHBIX METAJJIOB OIPENENSAETC NUCIEPCHOCTBIO, T.€. pPa3MepoM
3€pHa, MCXOJHOTO IOPOUIKAa K3 KOTOPOrO OH caelaH. Yem MeHbUIe pasMmep
3€pEH MOpPOUIKA TYTIOIUIABKOTO COEIWHEHHUS, TEM BBIIIE KAUYE€CTBO W3CIUN.

Oco0eHHO BBICOKMMHU XapaKTEPUCTUKAMH O0JIa/Ial0T W3MIEIHUs, H3TOTOBJICHHBIC
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U3 HAHOPAa3MEPHBIX, YIBTPAAUCIIEPCHBIX U CYOMHUKPOHHBIX MOPOIIKOB, pa3Mep
3epeH KoTopbix 50-850 HM, MOATOMY AJisl UTOTOBJIEHHUS BHICOKOKAYECTBEHHBIX
TBEPIBIX CIUIABOB W HU3IEIUN U3 HUX, UCMIOJB3YIOT TOJIBKO MEIKOAUCIEPCHBIE
HOPOLIKH. B HACTOSIIHM MOMEHT aNbTEPHATUBBl  HWMIIOPTHBIM
HAHOKPUCTAJUIMYECKUM, YIbTPAIUCIEPCHBIM U CYOMHKPOHHBIM IOPOILIKaM
TYTOIUIaBKUX coeauHeHnil B Poccun HeT. OCHOBHBIMM NPUYMHAMU OTCYTCTBHS
IPOU3BOJACTBA JAHHOW MPOAYKLHMH SBISIETCS TO, 4YTo B Poccum Her
MIPOMBIIIEHHOW TEXHOJIOTUU IS BBIITYCKA HEAOPOTUX U BBICOKOKAYECTBEHHBIX
MEJIKOAUCIEPCHBIX MOPOIIKOB TYTOIJIABKMX COEJUHEHUH, a ce0eCTOMMOCTb
MOJIyYE€HHS MIOPOILLIKOB C BBIIICYKAa3aHHBIMU pa3MEepaMy 3€pHA TPaIULUOHHBIMU
METOJAaMHU — YpE3BbIYAaHO BBICOKAs, a KAa4eCTBO 3HAYUTEIBHO YCTYIAET
MUPOBBIM AHAJIOTAM.

Haubonee monHOe pelieHHe dSTOM MpoOJieMbl XMMHYECKOTO |
(bu3MUecKOro MaTepUaIOBEEHUSI MOXKET J1aTh METO]] BBICOKOTEMIIEPATYPHOTO
IIEKTPOXUMHUYECKOTO CHUHTE3a. DTOT METOJ I CHHTE3a METAJLIONOJIO0OHBIX
TYTOIUIaBKUX COeAMHEHUW Obl1  pa3paboran B.M. IllanoBamom u X.b,
KymxoBbiM ¢ coTpyaHUKaMH. AHATUTHYECKHUI 0030p COBPEMEHHOTO COCTOSTHUS
no JaHHOM mnpobiiemMe mpuBoauTcs B paszzaene 1: IlpeumymiectBo Mmerona
BBICOKOTEMIIEPATYPHOI'O  3JIEKTPOXMMHUYECKOTO CHHTE3a 10 CPABHEHUIO C
IPYTMMH METOJIaMU MOJIYYSHHs] METaUIONOJOOHBIX TYTOIUIABKUX COEAMHEHUN
3aKIIFOYAETCS B TOM, YTO DJIEKTPOJU3 BO3MOYKEH IPU OTHOCUTEIBHO HU3KHUX
temriepatypax (700-900°C). Ilpu BBICOKOTEMIEPATypPHOM  3JIEKTPOJIH3E
BCJEACTBUE TOIO, YTO B3aUMOJECHCTBUE KOMIIOHEHTOB CHHTE3UPYEMOTO
COCAMHEHUS] MPOUCXOAUT HA aTOMAapHOM YpPOBHE, HUMEETCS BO3MOKHOCTb
NOJIy4ECHUS BBICOKOJIMCIIEPCHBIX YacTHL. BricokoTemmiepaTypHblii
ANEKTPOXUMUYECKUI CUHTE3 IO3BOJUT YIHPOCTUTH TEXHOJIOTUYECKYHO CXEMY
MOJIYYEHHUS] METAJJIONOJOOHBIX TYTOIJIaBKUX COCIMHEHUM U aeT BO3MOXHOCTb
pereHepamuu EeKTPONINTA, U CAENaTh TEXHOJIOTHUIO MPAKTUYECKH 0e30TXOIHON

H 5KOJIOTHYCCKH 6630TXOI[H0ﬁ.
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OrpaHr4eHHOCTh M JIOPOrOBU3HA CBHIPHEBBIX PECYPCOB, 3HEPrOEMKOCTb
IPOILECCOB TOJMYyYEHUS] HEOOXONMMBIX MaTepualoB Il  MPOU3BOJCTBA
aJIMa3HbIX MHCTPYMEHTOB (ajiMasa, BojJb(ppama, KoOasibTa, HUKEIS, MEIN)
JieNaeT B HACTOSIIEEe BPEMS aKTyaJdbHOW MpOoOJieMy YTHIIM3AIMK U OTPaOOTKU
OTpabOTAaHHOTO U OpPaKOBAHHOIO aJIMa3HOTO WHCTPYMEHTAa, W3BJIEUCHUE

COoACPIKAIIUXCs B HEM IBECTHBIX METAJJIIOB K UX ITOBTOPHOI'O UCITOJIb30BAHM.
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3. PazpaGorka oOmeidl MeTOOMKHM TIPOBEJCHUS HCCJIeI0BAHMI,
000CHOBaHME X UCTIOJIb30BAHMSA

MHorue CBONCTBA CHUHTE3UPYEMON ¢azbr B METOZIE
BBICOKOTEMIIEPATYPHOTO 3JICKTPOXMMUUYECKOTO CHHTE3a 3aKJIaJbIBAIOTCS Ha
HayaJbHBIX CTAAUAX 3apOKACHUS U pocTa HOBOHU (a3wl. [loaToMy momyueHue
HAHOJIMCIIEPCHBIX MOPOIIKOB U HAHOKPUCTAIUIMYECKUX MOKPBITUM TYTOIUIaBKUX
COCIMHEHUN  PEIKUX U PEIKO3EMETbHBIX METAaJJIOB, MOJTy4YEeHUE
TBEPJOCIUIABHBIX KOMITO3UIIUKA HAa OCHOBE KAapOWIOB TYTOIUIABKUX METAJLIOB
(BombpamMa, MonuOAeHA, XpoMa, TaHTAJa) M METAUIOB TPHUAAbl Kejeza
BO3MOXHO JHIIb HAa OCHOBE TIIATEIILHOTO MCCJICAOBAHUS M BBISCHCHHUS
3aKOHOMEPHOCTEH TpoI1ieccoB (hOPMHUPOBAHUS U POCTA 3apObINIa HOBOU (ha3bl.
C TTOMOIILIO KHCJIOTHO-OCHOBHBIX B3aNMOJICUCTBUI u peaxkuuii
KOMITJIEKCOOOpA30BaHMS B MOHHBIX PACIUIaBaX BO3MOXKHO W3MECHEHHUE SHEPTHH
AKTUBALMUA IPOLIECCOB JJIEKTPOBBIACICHUS TYIOIUIABKUX U PEAKO3EMEIbHBIX
METAJIJIOB M HeMeTaJuioB (6opa u yriepoza). DTo, B CBOIO Ouepe/lb, MO3BOJIUT
YOPABJISTh TIEPEHANPSHKCHUEM 3apOXKIACHUS U POCTa HOBOHM (ha3bl B MPOIECCE
AJIEKTPOCUHTE3a, 4, CJIEAOBATEIbHO, M pa3MEpaMu YacCTUL] CUHTE3UPYEMBIX
COCIMHEHUMN.

OOmasi MeToAWKa  dDICKTPOXUMHYECKHUX  TEXHOJOTUW  TONyYCHHUS
HAHOMATEPUAJIOB KOHCTPYKIIMOHHOTO U (YHKIIMOHAJIBHOTO Ha3HAYCHMUS,
MOAU(UIIUPOBAHUE CBEPXTBEPABIX MATEPHAIOB W OKOJOTHYECKH HYHCTHIX
TEXHOJIOTUU pEKylepaluu OTpabOTaHHOTO M OpPaKOBAaHHOIO  ajIMa3HOTO
MHCTPYMEHTA COCTOUT B H3YYEHUM MEXAHU3MOB  DJIECKTPOOCAKICHUS
COCIMHEHNN TYTOIUIABKUX (PEAKO3EMENbHBIX) METAUIOB C HEMETaUIaMH B
MOHHBIX paciuiaBax, HCCJICIOBAHUEC BIIMSTHUS KHCJIOTHO-OCHOBHBIX
B3aMMOJICHCTBUH U MIPOIIECCOB KOMIUIEKCOOOpAa30BaHUs B MOHHBIX paciljiaBax Ha
TEPMOJIMHAMUKY U KUHETUKY JIEKTPOJHBIX ITPOLECCOB.

JlaHHBIA TTOAXO0J OTJIMYAETCS CYLIECTBEHHOU HOBU3HOMW, a MCCIIENOBAHUS

Ha4dYaJbHbBIX CTaI[I/Iﬁ QJICKTPOKPUCTAIIIN3AIINN B IIPOLECCAX IJICKTPOCHUHTE3a U
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yIpaBICHUS MPOLIECCOM 3apOKICHUS U pPOCTa CUHTE3UpyeMoil (asbl SBISETCS
MUOHEPCKUMU.

Hns HOJTYYEHUS HaHOMATEpPHUAJIOB KOHCTPYKIIMOHHOTO U
(GYHKIIMOHATBLHOTO Ha3HAUEHUS, MOJU(PUIIMPOBAHNE CBEPXTBEPIbIX MAaTEPUATIOB
U DKOJOTMYECKM YHUCTBIX TEXHOJOTUU pEeKylepauuu OTpabOTaHHOTO H
OpakOBaHHOTO aJIMAa3HOTO MHCTPYMEHTa OyAYyT HCIOJIb30BAHBI COBPEMEHHBIE
buznyeckue, GU3NKO-XUMHUUYECKUE, HIEKTPOXUMUUECKIE METObI NCCIIETIOBAHUS
U JUAarHOCTUKM HAHOCTPYKTYp M HAHOMATEpUAJIOB: BBICOKOPA3PEHIAOLIAS
TPAHCMHUCCUOHHAS 3JEKTPOHHAsT MUKPOCKOIHUS, 30HA0Bass Mukpockonusa (CTM
u ACM), audpakiroHHbIE METOJbI, PETHICHO(IYyOpPECIIEHTHAsS MUKPOCKOIIHS,
ANEKTPOXUMUYECKUE  METOAbl.  J[ns  BCECTOPOHHErO  MCCIEAOBAHUS
HAaHOPA3MEPHBIX YACTHUL, HAHOMOPOILKOB, UMEIOIINX BBICOKYIO AKTUBHOCTb W
CIIOCOOHBIE  HM3MEHSAThCA B 3aBUCUMOCTH  OT  KHHETUYECKHX |
TEPMOJIMHAMHYECKUX YCIOBUM HEOOXOJUMO pa3BUTHE HOBBIX METOJIOB U
METONMK M3MepeHus. [Ipu 3TOM JOJKHBI HE TOJBKO U3MEPSTh, HO U JI€TAJIBHO
MPOCIEKUBATh U3MEHEHHsI CBOWCTB HAHOYACTHI] B Ipoliecce UX 00pa3oBaHMUs,
MOCIICAYIOMIEM  CaMOOpPraHW3alMed W HU3FOTOBJICHHS HA HUX  OCHOBE
(GyHKIMOHATBHBIX u KOHCTPYKIIMOHHBIX KEpaMUYECKHUX U
METAJJIOKEPAMHYECKUX MAaTEPUAIIOB.

B npoekre Oyzmer  HCMNONB30BAaHO  SBJIEHHWE  BO3HUKHOBEHMS
MOBEPXHOCTHOM MPOBOJUMOCTH Ha MeX(pa3HOMW TpaHUIE ajJIMa3-HUOHHBIM
paciiaB pa3IyHOrO0 COCTaBa. DJEKTPOAHas (PyHKLIMS aiMa3zHOTO 3JIEKTPOja
Oyner ycranomieHa m3meperuemM DJ[C pa3nmuyHBIX TaTbBAHWUYECKUX IIEMEH C
anMas3HbIM 3iekTpoAoM. [Iporecchl, mporekaromue Ha Mexda3sHOW TpaHUILE,
OyAyT HCCIIEIOBaTbC COBPEMEHHBIMH (PU3UKO-XUMUYECKUMU METOJaMHU:
LHUKJINYECKAasi BOJBTAMIIEPOMETPHUS, HWMIIEIAHCOMETPUS, IMOTEHIIMOMETPHUS,
kynonometrpusi, JDIIP, ¢dotosnekrponHas u Oxe-criekTpockonus. Hanecenue
HAHOKPUCTA/NIMYECKUX IUICHOK U TOKPBITUH OyAET OCYIIECTBIATHCA C
UCIIOJIb30BaHUEM rajgbBaHOCTATUYECKOIO U NOTEHIUOCTATUYECKOTO

ANeKTpoJin30B. Da30Bbll M OBJIEMEHTHBIM COCTAaB IOJIY4YAaeMbIX IUICHOK U
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HNOKPBITHIA Ha aJIMa3bl Oyzer ONpPEEHATHCS METOIAMHU
PEHTTeHO(IIYyOPECIICHTHOTO U peHTreHodasoBoro  anamuza. Co3naHue
(YHKIIMOHAJIBHBIX MaTEPUAJIOB HA OCHOBE MOAU(PUIIMPOBAHHBIX AIMa30B OyJET
OCYLIECTBIATHCA METOJOM CIIEKAHUS.

Jlnst pexynepanuu aaMa3sHOIO HMHCTPYMEHTA (M3BJICUEHUE AJIMA30B W3
OTpabOTAaHHOTO HMHCTPYMEHTAa) OyAyT pa3pabdoTaHbl 3NEKTPOXUMUYECKUE
IPOLECCHI, HE UMEIOIINE aHaJoroB B PO u 3a pyOexoM - 3IEeKTPOXUMHYECKOE
(aHOAHOE) OKHCIIEHHME KapOuaa BOJb(PpaMa M METAJUIMYECKUX KOMIIOHEHTOB
TBEPJOCIIABHOW MaTPULBI B ILIEJTOYHO-COJIEBOM PACILIABE.

B omimmume oT gpyrux MeTomoB B pa3pabaThIBAEMOM  METOJE
peKylepanuy, aJIMasbl U CTaJbHas OCHOBA HE IOJBEPIAOTCS OKUCIICHUIO.

Jlyia pelieHrs: MOCTaBIEHHBIX 3aa4d Mo pa3paboTKe AIEKTPOXUMUYECKUX
TEXHOJIOTU NOJIy4CHUS HAaHOMAaTEPHUAIIOB KOHCTPYKL[MOHHOI'O U
(YHKIIMOHAJIBHOTO HA3HAYEHWsS JUIsI MAUIMHOCTPOEHUS. M JHEPreTHKH,
MOIU(ULIMPOBAHUE CBEPXTBEPAbIX MATEPUAJIOB U SKOJOTUYECKH YHUCTHIX
TEXHOJOTMM peKylepauuu OoTpabdOTaHHOIO U OpakOBaHHOIO  ajJIMa3HOIO
UHCTPYMEHTa OyIyT HCIOJIb30BAHbI CIEAYIOIIUE METOAbl U METOAUKHU
HUCCIIEIOBaHUM:

- IUKIWYECKas BOJBTAMIIEPOMETPHUSA, IpPU PaA3IUYHBIX CKOPOCTSIX
NOJISIPU3alMH (CTAMOHAPHBIN U HECTALIMOHAPHBIN PEXUM);

-IIOTEHIUOCTATUYECKUI U TAIIbBAHOCTATUYECKUN JIEKTPOJIN3;

-peHTreHo¢a3zoBblii METOI N3y4YeHHUs (Pa30BOrO COCTaBa MPOYKTOB;

-peHTreHo(TyOpeCEeHTHBIN JIEMEHTHBIN aHAIIN3;

-TPaHCMHUCCHOHHAs IEKTPOHHASI MUKPOCKOIINS;

-aTOMHO-a0COpPOLIMOHHBIN aHAIIN3;

-aHAJIA3 Ha COAEPKaHUE YTIIEpPOIa.

Ob6ocHoBaHMe BLIOPAHHBIX METO/I0B MPOBEIEHU UCCIeI0BAHUM

VYcTaHOBIEHHME MEXaHU3MOB IOCIEAOBATENBHBIX M HapaJUIeNIbHBIX
IEKTPOXUMHUYECKUX IIPOLIECCOB, JIEKAIUX B OCHOBE DJIEKTPOXUMHYECKOIO

CUHTC3a BO3MOXHO C HCIOJIb30BAHUCM PA3JIMYHBIX SJICKTPOXUMHUICCKUX
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METOJ0B  (BOJIbTAMIIEPOMETPHUS, XPOHOMOTECHIIMOMETPHUS, KYJIOHOMETPHS),
OJIHAKO YCTAHOBJICHHE CIEAYIOIIUX MapaMeTPOB: KOJIMYECTBO NEPEHOCHMBIX
AIIEKTPOHOB, XapakTep JJIEKTPOIAHOro Ipoiecca (0OpaTUMOCTh Mpolecca),
pacueT KUHETHUYECKHUX MapamMeTpoB (koddduuueHT mnepeHoca, ko3p@uimeHt
muddy3un, KOHCTaHTa CKOPOCTH MEepeHoca 3apsia) BOZMOXKHO TOJbKO METOJIOM
IUKJIMYECKON BOJBTAMIIEPOMETPUHU TPHU PA3IUUYHBIX CKOPOCTAX MOJISIpU3AIUU.
Teopust 3TOro ANMEKTPOXUMHUUECKOTO METO/Ia JOCTaTOYHO XOpOIIO pazpaboTaHa
U MUMEETCs] COBPEMEHHOE 3JIEKTPOXMMUYECKOE 000pyA0BaHUE (ITOTEHIIMOCTATHI
Y TAJIbBAHOCTATHI C KOMIIBLIOTEPHOW CHCTEMOMW YIPABJICHHS B cOOpa TaHHBIX).

B wactHOCTH, /U1s1 BOJBTAMIIEPOMETPUUECKUX HCCIICIOBAHUA MBI Oyaem
UCII0JIb30BaTh HaMOoJiee COBPEMEHHOE 3JIEKTPOXMMHYECKOE O0OpYAOBaHHE C
BBICOKMM KJIACCOM TOYHOCTH:

- BJIEKTPOXUMHUYECKU KOMIUIEKC MOTeHIuocTat/ransBanoctar PAR2273
COTJIACOBAHHOTO C KOMIIBIOTEPHON CUCTEMOM yIpaBiIeHUS;

- JJIEKTPOXUMHUYECKUI KOMIUIEKC MOTEHUMOCTAT/TaqbpBaHocTaT Autolab
PGSTAT30 coriacoBaHHOTO ¢ KOMITBIOTEPHON CUCTEMOM YIIPABJICHUSI.

KauecTBEHHBINI Y KOJIMYECTBEHHBIA COCTAB CHHTE3UPYEMBIX COCIMHEHUMN
OyZeT  yCTaHaBIMBATBHCS  METOJAMU  PEHTTEHOBCKOM  JAU(PpPAKUUU |
PEHTreHO(IIyOpECIEHTHOM ¥ aTOMHO-a0COpPOIIMOHHOW — CIEKTPOCKONHUU  C
UCIIOJIb30BAaHUEM CIICAYIOLIEr0 HAyYHOT0 000PYIOBAHMUSL:

- Iudpaxromerp IPOH-6 (ycTanoBneHue pazoBoro cocrara);

- Pentrenognyopecuentnsiii  ananmmuzatop Cnektpockan MAKC-GV
(YCTaHOBJIEHUE KaYECTBEHHOI'O U KOJIMYECTBEHHOTO 3JIEMEHTHOI'O COCTABA);

- AtomHo-abcopOrmonHbiii  criektpomerp AA6800 (ycTaHOBICHHE
Kau€CTBEHHOI'0 U KOJMYECTBEHHOT'O 3JIEMEHTHOI'O COCTaBa);

- Amnamuzarop yriaepoga u cepbl  Analytek-Jena (ompeneneHue
coJiepaHusl yriaepoja B kapOuax Bosibppama, MOJIMOICHA U METAJIJIOB TPUAIbI
)KeJiesa);

- Ckanupyromuii 30HAOBBIA MHUKpockon SolverPro (ycraHoBieHue

pa3MEpHBIX XapaKTEPUCTHUK MOIYYAEMbIX TOPOIIKOB).
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4. Peanu3zanusi Meponpusatuid no pasputuro LKII (mposenenme
MeponpHusATHI N0 3aKylIKe 000py10BaHUs)

Hcxons u3 o0bema (pUHAHCOBBIX CPEACTB TOCKOHTPAKTA M MIPOBEIECHHOTO
MapKETUHIOBOI'O HCCJIEN0BAaHUS ObUI COCTABIIEH NEPEYEHb 00OPYIOBaHUS s
IPUOOpPETCHUSI.

B 2011 r. nma"upyercss 3aKyouTb HACTOJBHBI PEHTTE€HOBCKHUI
IUQPAKTOMETP AJI IMPOBENCHUS AaHAIU3a CTPYKTYPHO-(A30BOTO COCTOSHUS
MOPOIIKOBBIX MaTepuaioB KayeCTBEHHOIO M KOJIMYECTBEHHOro (ha30BOTO
aHanu3a (KpUCTaJuIMYECKUe M aMop(dHble (a3bl, CTENEHb KPUCTAIIMYHOCTH
MaTepHUaJioB), CTPYKTYPHOTO aHanM3a (aBTOMHIMIIMPOBAHUE,
APOKMCMUPYIOIIME PEHTTEHOIPAMMBI, YTOYHSIOIIME CTPYKTYPbl METOAOM

PutBenbnaa, aHaan3 MUKPOCTPYKYPBI).

Ha 3akynky moOpoImIkoBOrO pEHTI€HOBCKOTO AudpakTomMeTpa OOBSBICH
OTKPBITBIM ayKIIMOH B 3JIEKTpoHHOM (opme 15 centsops 2011 r. Jlara
OKOHYAHUS MpreMa 3aiBoK 6 okTsi0ps 2011 r.

Jata npoBenenus aykiuona 13 oxtsaops 2011 1.
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S. IIposenenne npeaBapuTeabHbIX IKCIMEPHUMEHTATbHBIX
HCCAeAOBAHMI MO (PU3MKO-XHMHYECKHM OCHOBAM JIEKTPOXHMHYECKOI0
CHHTEe32 HAHOIMCIIEPCHBIX MOPOIIKOB M HAHOKPUCTAJUINYECKUX IJICHOK

S5.1. Teoperuveckoe 000CHOBAHHME 3JJIEKTPOXHUMHYECKOI0 CHHTE3a
HAHOMCIIEPCHBIX MOPOIIKOB M HAHOKPUCTAJIHYECKUX MJIEHOK

Tyronnaskue metamisl (W, Mo, Cr, Ta u np.) CymeCTBYIOT B MOHHBIX
pacriaBax (0COOGHHO B OKCHJIHBIX pacIulaBax), Kak MPaBUIIO, B BUJIE CIOXKHBIX
KOOPJIWHAIIMOHHBIX COEAWHEHUM B BBICHIEH CTENEHW OKucieHus. s ux
MOJYYEHHs, KaK B JJIEMEHTAPHOM BHUJE, TAK U COCIWHEHUN HAa HUX OCHOBE
HEO0OXOMMO pealin30BaTh B pacIjiaBax JOBOJBHO CIOXKHBIM MPOIIECC MEepeHOCca
OONBIIIOTO  YHWCIA  AJNEKTPOHOB. llommmoO TOrO, [JIi  OCYIIECTBIICHUS
AIEKTPOXUMHUYECKOTO CHHTE€3a HAHOJUCIEPCHBIX MOPOIIKOB, HEOOXOJMMO,
9TOOBI MHOTOAJICKTPOHHBIE TPOIIECCHl BBIACICHUS TYTOIUIABKUX METAJJIOB M
HEMETAJUIOB MPOUCXOAWJIO B HEOOJIBIIOM HWHTEpBaji€ IMOTEHIMAIOB, T.€. B
TEPMOJMHAMUYECKOM peXHUMe. B TepMOOMHAMHYECKOM PEXUME COCTaB
BBIZICIISIEMOTO BENIECTBA HE OyAET 3aBUCUT OT IUIOTHOCTH TOKAa B IIHPOKOM
MHTEepBasie. BMecTe ¢ TeM yBelMYEHHE IUIOTHOCTU TOKA IMO3BOJIUT YBEJIUYUTH
YHUCJIO 3apPOJBIIIEN B HAYAIBHOM CTAIMU AJIEKTPOKPUCTAILIA3ALNU U YIIPABIISATH
pa3MepaMu BBIJCISIOIICHCS (da3bl.

OCcoOEHHOCTH DJIEKTPOXMUMHUYECKOTO BBIJICJICHUS! TYTOIUIABKUX METAJIIOB
Y HEMETAJUIOB B MOHHBIX paciuiaBax (OTCYTCTBHME PAaBHOBECHOI'O MOTEHIIMANA,
3aTOPMOKEHHOCTb AJIEKTPOXUMUYECKOW CTaJuM, BIUSHUE KUCIOTHO-OCHOBHBIX
CBOMCTB Ha KHHETHKY DJJEKTPOJHOTO TIpoIlecca) HENb3d OOBSICHUTH,
OCHOBBIBAsACh TOJBKO Ha TPAAUIMOHHBIX MPEACTABICHUSAX PABHOBECHOMU
TEPMOJUHAMUKH.

B ocHoBe Hamero mnoaxoga K 3TUM CIOXHBIM IMPOLECCAM  JIEXKHUT
KOHILIETIHSI KUCIIOTHO-OCHOBHBIX PAaBHOBECUN M (DyHIaMEHTajJbHOE y4YEeHHE 00
AIEKTPOXUMHUYECKH AKTUBHBIX 4YacThlax. KBaHTOBOXMMHMYECKHE PaCUETHI
DHEPreTUYECKUX XAPAKTEPUCTHK M DJIEKTPOHHBIX MapaMETPOB OJHO3HAYHO

YKa3bIBalOT Ha BO3MOXHOCTH 06pa3013aHI/1;1 B PE3yJabTaTC MCKYACTHUIHBIX



39

B3aMMOJICHCTBUN KAaTUOHU3UPOBAHHBIX YACTHUI[ B CIIy4a€ >KECTKUX OKCHOHOB
(manpumep, WO,”). A s KapOOHAT-HOHA XapakTepHA MHCCOLMALHS C
00pa3oBaHKEM CO, I10 JelicCTBHEM KaTHOHHOTO OKPY>KCHHUS.
OKCIEpUMEHTAJIbHBIE ~ UCCIEIOBAHUS  AJEKTPOBOCCTAHOBJIEHUS  KECTKHUX
OKCHMOHOB TYTI'OIIJIABKMX METAJIJIOB WO42', MOO42', U T.J. 1 HEMETAJJIOB CO32' Ha
dboHE XJIOPUIHBIX, XJIOPUIHO-GTOPUAHBIX, OKCHJHBIX PACIUIABOB ITO3BOJIUTH
NPEVIOKUTh JJI1  CIOKHBIX CHCTEM CIEAYIOIIMHA MEXaHU3M O00pa30BaHMs

QJIICKTPOXUMHUUYCCKHU aKTHBHBIX YaCTHII.
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IIEKTPOXUMHUYECKHA aKTHUBHBIX YACTHUL, HOTEHLHAIOM 3JIEKTPOBOCCTAHOBIICHMS,
CKOPOCTBIO PpEAaKUMU TNEpPeHoca 3apsja W OCYLIECTBISATh IPEBPAIICHUS
HEOOpATUMBIX AJIEKTPOXMMHUYECKUX TMPOIECCOB B oOpaTtumble. Tak, B ciydae
3IIEKTPOBOCCTAHOBIICHUS PA3IUYHBIX HOHHBIX (hopM Boib(dpama, MoIuOIEHA
pacyeThl  MOKa3bIBAIOT, YTO MNOTEHIMAN  BBIACICHUS  METALTUYECKOTO
BOJIb()pama, MOJIMOI€HA MOYKHO CMEILATh B MOJOKUTEIbHYIO 001acTh 10 1,0 B.

OmuH u3 00s3aTeNbHBIX YCIOBHM 3JIEKTPOBBIICICHHUS COEAMHEHUN
MOCTOSIHHOTO ~ COCTaBa  ABJSIETCS  OJM30CTh  MOTEHUMAJIOB  BbBIJCICHUS
KOMIIOHEHTOB 00pa3ymolMX XUMHUYecKoe coeanHenue. [loatomy Heobxoanmo
HalTH YCIJIOBHS COBMELIEHUS NOTEHIMAJIOB MHOT'03JIEKTPOHHBIX
AIEKTPOXUMHUYECKUX TIPOLECCOB BBIACICHHUS TYTOIUIABKUX METAJIOB U
HEMETAJUIOB.

Bompoc, 0 BO3MOXXHOCTH TMOCJEAYIONIET0 B3aUMOJEUCTBHS TPOTYKTOB
pa3psna (aTOMOB TYIOIUIABKMX METANIOB M HEMETAJUIOB) MpPU HHU3KHUX
TEMIEpAaTypax OCTAaeTCs OTKPBITBHIM. Tak, Hampumep, s TBepAoda3HOro
CHMHTE3a KapOuaa BojdbppamMa U3 DJIEMEHTOB (IPOMBIIUICHHBIA CHHTE3)
Tpebyercs HarpeB mo temmeparyp 1500 — 2000 K. Ananmu3 auTepaTypHBIX
JAHHBIX MO0 CYUIECTBYIOUIUM 3JIEKTPOXUMUYECKUM CIIOCO0aM CHHTE3a KapOu0B
MOKAa3bIBAET, YTO B3aUMOJEHCTBUE MEXKAY DJICKTPOXUMHUYECKU BBIJIEICHHBIMU
Ha KaToJle BOJb(MpaMOM U YIJIEPOJAOM BO3MOXKHO W TIpu Oo0Jiee HUBKUX
temneparypax 900-1000 K. 3ameTHOE NOHMKEHUE TEMIIEPATypPhl HAYAJIO
B3aUMOJICUCTBUS 3JIEMEHTOB, JOCTUTAEMOE B METOAE SJIEKTPOXHUMHYECKOrO
CHUHTE3a, MOKHO OOBSICHUTH B paMKax TEOpHH mepechimieHus: Porunckoro [92,
93]. CormacHo 53TOH TEOpUM AKTUBHOCTb U OOYCJIOBJICHHbIE €10 (DU3UKO-
XUMHYECKHE CBOMCTBA TBEPJBIX TEJ 3aBUCIT OT TOTO, HACKOJIBKO Oblia JajieKa
CUCTEMa OT COCTOSIHMSI PAaBHOBECHSI B MOMEHT (OPMHUPOBAHUS PEIIECTKH
TBEPJOr0 NPOAYKTa, UHBIMU CJIOBaMH, OT CIIOCO0A €ro MoJIy4eHHUs.

JIns  KONMYECTBEHHOW OLIEHKM INEpECHIEHUs (a  CIIeI0BATENIBHO

akTuBHOCTH) C.3. POruHCKuUM Npe1yioxKul BEIUIUHY

AG* = —kTIn(n/p)
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IJIe T — PAaBHOBECHOE JIaBJICHHE Mapa UCXOJAHOTO PEareHTa; p — JaBJICHUE,
IPY KOTOPOM PeajbHO OCYIIECTBISIETCS (POPMUPOBAHUE HOBOU (pa3bl.

JInsi OCHOBHBIX THIIOB HMCTOYHUKOB TIE€PECHIIICHUS, OMPEIEISIOMUX
MOBBIIIEHHYIO aKTUBHOCTh TBEPJBIX PEAre€HTOB, U3 4YeThIpeX BbiAeNeHHBIX C.3.
Porunckum 3ajioxkeHbl B OCHOBE 3JIEKTPOXMMHUYECKOIO METo/a cuHTe3a. Bo-
NEPBBIX, 3TO MEPECHIIEHUE, 00YCIOBICHHbIE CTPYKTYPHBIM OTKJIOHEHUSIMU KaK
CJIEZICTBUE HEPABHOBECHOT'O POCTA KPUCTAIIOB B YCIOBUSX AJIEKTPOCUHTE3A, BO-
BTOPBIX, MIEPECHIIICHUE TUCIIEPCHOCTH (T.€. N30BITOYHOUN SHEPTHH, OTINYAIOIICH
1 Monp BemiecTBa B JAHHOW CTEMEHHU APOOJICHHS OT TOTO K€ KOJUYECTBA
BeleCTBA B  OecKOHEYHO OonpmioM  Kycke). Od4eBUOHO, UYTO  TPH
AIIEKTPOXUMUYECKOM CHHTE3€ B3aMMOJEHCTBHE TYrOIUIABKOIO MeTalia M
yriepoja MPOTEKAET HAa aTOMAapHOM YPOBHE M TO3TOMY MOCIEIHUN THUI
NEPECHIEHUs] JIOJDKEH B  3HAYUTENIBHOW CTENEHH TMOHMXATh HHEPTHUI0
aKTHUBAIIMK 3TOTO B3aUMOJICUCTBUS, a CIIEIOBATEIbHO, U TEMIIEPATYpPy CUHTE3A.

Crenatb KOJUYECTBEHHBIE OIEHKU CYIIECTBYIOIIETO NEPECHIINICHUS B
CUCTEME BO BpeMsi OJJIEKTPOJU3a BechbMa  3aTPyIHUTENIBHO. MOXKHO
NPEANOJIOKUTh, YTO PEAKUUS B3AUMOACUCTBUSI MEXKAY BJICKTPOIUTUUYECKHU
MOJIYyYeHHBIMU Ha KaToje BOJb(PaMOM M YIIEpOJOM MPOUCXOIUT B Ta30BOM
¢daze. Torma, gake OYEHb HE3HAUUTEIbHOE HM3OBITOYHOE JABJICHUE TMApOB
AJIEMEHTOB, BBIJICISIEMBIX Ha KaTOJE, KOTOPOe 00s3aTEIBHO JOJKHO BO3HUKATH
B BUJIY YKA3aHHBIX BBILIE NMPUYUH, MOXKET J1aTh 3aMETHBIN BBIUTPHIII YHEPrUU.
Tak kak 3HAUE€HHWE PABHOBECHBIX JABJICHWH IMAapOB BoJb(pamMa W yriepoja B
paccmarpuBaeMoM TemriieparypHom untepBaie (900 — 1000 K) odeHs mainsbl.
MuHuMalnbHas TeMreparypa, mpu KOTOPOl BO3MOXKHO B3aUMOJICHCTBUE MEXIY
BOJIL)PAMOM U YTIAEPOJOM, TMOITYYECHHBIMH SJIEKTPOXUMHUYECKUM METOJIOM, B
KOKJIOM  KOHKPETHOM  Clly4ae, [O-BUIUMOMY, JOJDKHO  OIpPEACNSTCS

9KCIICPUMCHTAJIbHO.
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5.2. IlpenBapure/ibHble 3KCHEPUMEHTAJbHbIE MCCJIEIOBAHUA IO
(pU3MKO-XMMUYECKHM OCHOBaM 3JIEKTPOXUMHYECKOT 0 CHHTEe3a
HAHOJAUCIEPCHBIX MOPOIIKOB M HAHOKPUCTANJIMYECKHUX MJIEHOK

N3ydeHune sIeKTpOXUMHUUYECKOTO TOBEACHUS pPACIUIaBIEHHONW CHCTEMBbI
Na,WO,-Li,WO,-Li,CO; mpoBoaunock Ha Pt, W u Ni pabodux saekTpoaax mpu
temnepatype 1023+1173 K. Ha puc.l mnpuBeneHbl BOJBTAMIEPHbIE
3aBUCcUMOCTH paciiaBa Na,WO,-Li,WO, -Li,CO; Ha HUKETEBOM KaToIE.

Beenenune no 20 monb.% Bonb(pamara JUTHS B paciuiaB BoJb(pamara
HaTpUs HE T03BOJSIET OOHAPYXKUTh €ro JJIEKTPOXUMHYECKOW aKTUBHOCTH.
OpHako, BOJIbTaMIIEPHBIC 3aBUCUMOCTU CMEIIAIOTCS B TTOJIOKUTEIIbHYIO 00J1aCTh
MOTCHIIMAJIOB 10 CPaBHEHUIO C BOJIbTaMIeporpamMMmor (oHa, Kak U
CTallMOHAPHBIN MOTEHIIMAT HUKEJIEBOTO AJIEKTpoaa. TeHIEeHIHs K MPOSBICHUIO
BOJIHBI HaOIO/aeTcs TOAbKO mpu KoHIeHTpamuu Li, WO, Bbime 20 Momb.%.
[Ipu conepxxanuu Bodbppamara sutus 40,0 Monb.% mnpu NOTEHIHANAX -
(1,8+1,9) B ortHocutenbHo Pt/O, snekTpoja cpaBHEHUsS HAOMIOJAETCS THK
BOCCTAHOBJICHUH Li,WO,. PentrenogasoBbrit aHaIu3 IIPOAYKTA
MOTEHIIMOCTATUYECKOTO AJIEKTPOJIN3a MPH MOTEHITMAJIE TTHKa MTOKa3ajl HaJu4yue B

KaTOAHOM OCaJK€ MCTAJIJIMYCCKOI'O BOJ'Ib(bpaMa.



43

Alenm?
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145 1,95 EB

Puc.1. Boasramneporpammel pacmaBa Na,WO, (1), conepxamiero Li,WO,,
Mo %: 2 - 10,0; 3 - 20,0; 4 - 30,0; (5-10) - 4,0; Li,CO3, monb. %: (1-5) - 0; 6 -
1,0; 7-2,5;8-5,0;9-10,0; 10 - 15,0. Cxopocts nossipuzanuu 0,1 B/c. Karop -
Hukens. T =1123 K.

B nanHoM ciyyae MexaHM3M 00pa30BaHUs NEKTPOXUMHUUYECKN aKTUBHBIX
YaCTULl HauOOJIEEe JOCTOBEPHO MOXHO OIMCATh, UCIIOJIb3Ysl TEOPUIO KATUOHHOTO
KaTajn3a, C €IMHCTBEHHBIM OTJIMYHEM, YTO B BOJb(paAMaTHOM pacIliaBe TPYAHO
CO3/aTh U30BITOK CHJIBHOMNOJSAPU3YIOIIMX KaTUOHOB. BBeleHUE 3HAYUTENBHOTO
KolMMyecTBa Bodb(pamara JuTHs B pacmiaaB  Na,WO, mnpuBoautr K

2- .
kaTuoHu3anuu noHoB WO, nonamu Li*. UTo COOTBETCTBYET CXEME:

xLi* + WO} < {Li WO, }~° 1

rae X > 2. DTo MOATBEpKAaeTCs JaHHBIMH PaboThl [89], B KOTOpOW MOKa3aHO

3HAUUTCIBbHOC Ppa3IMiue B IIOTCHIHAJIAX ITINIATUHO-KHUCJIOPOJHBIX 3JICKTPOAOB U
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MOTEHIIMAIAX BOCCTAHOBJIICHUS IUBOJh(pPAMaT-HOHOB U KATHOHU3UPOBAHHBIX
JUTHEM BOJIb(PpamMaT-aHMOHOB. Takas cxema TMOATBEP)KIACTCS 3HAYCHHUSIMU
MOTEHIIUAJIOM BbIZieNeHusT Bodbppama -(1,8+1,9) B - 3HauuTenbHO Oosiee
OTPUIIATEIBHBIM MO0 CPABHEHHIO C 3JIEKTPOBOCCTAHOBJICHUEM aHMOHOB W,0,% u
0oJiee MOJIOKUTEIBLHBIM TI0 CPAaBHEHHIO C AJIEKTPOBOCCTAHOBJICHHMEM aHHOHOB
wWO,* (ponoBas kpuBas). Ilporecc AMEKTPOXMMUYECKOTO BOCCTAHOBJICHUS
aHHOHOB WO42', KaTUOHU3UPOBAHHBIX HOHAMU Li", MoxHO ommcaTh 0O

CXEMOM:

{Li WO} +6e > W + g Li,O+ (4 -~ ;joz- 2

JIist coBMenieHusl MOTEHIMANOB BBIJICJICHUSI yIiepoia U BoJib(ppama,
KOTOpO€ HEOOXOAUMO JUId pealu3alldd  3JIEKTPOXMMHUYECKOTO0 CHUHTE3a,
TpebyeTcs yrpaBieHue GpaKTopamu, BIUSIONIMMA Ha CKOPOCTh BOCCTAHOBJICHHUS
yriepoaa. B ucciaeayemoil cucreMe 3THUM YCJIOBHUEM SIBISETCS KOHLIEHTPALUS
Li,CO;. C ee poctom HaOMIOMAETCS CMEIIEHHWE CTAllMOHAPHOTO IMOTEHIIMAJa
HUKEJIEBOIO 3JIEKTPOJa B OTPUIATEIbHYIO 00JIACTh W TOSIBICHHUE JIBYX IMHUKOB.
[lepBblii W3 KOTOpPHIX Tpu moTeHmuane -1,725 B cooTBercTByeT
3JIEKTPOBOCCTAHOBIICHUIO KapOOHAT-UOHA, @ BTOPO# npu noTeHuuane -1,825 B -
AJIEKTPOBBIACICHUIO BOJIbPpama 1o peakuuu (2).

OTHOCUTENIBHO  OTPUIATEIbHBIA MOTEHIMAN BBIACJICHUSI  yriaepojaa
OOYCJIOBJIGH DJIEKTPOXUMHUYECKON peaKIMell KaTOMHOTO BOCCTAaHOBJICHUS
KapOOHAT-HOHA, KOTOpas OKa3bIBAET OMPEEISIONIee BIUSHUE HAa CyMMAapHBIM
MOTOK BOCCTAHABIMBAIOUIMX COCAUMHEHUN YIIIepoja, BCIEACTBUE BBICOKOI

koH1eHTpauu Li,CO3. JlaHHBIN TPOIIECC MOKHO OMMUCATh CXEMOM:

{Li CO Y7 +4e—C+ % Li,0 + (3 - %joz— 3

Pazmuuue B 100 MB MOXHO OOBSCHUTH BIMSHUEM 3HAYUTEIHHOIO
u30bITKa KaTuoHOB Li‘, oOpasyromierocs B peE3yJIbTaTe TEPMUYECKOIO

pa3noxeHus: kapOoHaTa MpU BBICOKOM Temmeparype mporuecca. JlanpHeiimee
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yBenuueHue KoHueHtpauun Li,CO; nOpuBOOUT K pPOCTYy MHUKOB M HUX
coBMmenieHuto npu norennuane -(1,8+1,85) B. Ilpu konnentpanuu Li,CO;
oosmee 10 ™Monb.% KaTOAHBIM TPOAYKTOM 3JekTponusa sBiusgercs WC.
OOpazoBanue KapOWmOB BoJdb(paMa MPOUCXOAWT 3a CUET aATOMAPHOTO

BSaHMOHCﬁCTBHH BOJ'II)(I)paMa " yrjicpoaa Ha KaTodC 110 pCaKIIUH:

W+ C— WC ‘4

CrexvioMeTpHsl TIPOAYKTa ONPEICISICTCS COCTAaBOM  3JICKTPOJIUTA |
MOTCHITNAIIOM AJIEKTPOn3a (Tadi.2).

Tabnuya 2
3aBUCUMOCTH ()a30BOTO COCTaBa MPOYKTOB AJIEKTpou3a cucteMbl Na, WO,
(40 mo11b.%)-Li1,WO,-Li1,CO5 ot konnentpanuu Li,CO3. T =1173 K.
AHOI — IU1aTUHA

Konuentpanusa Li,CO; | moTeHUHaN 3JI€KTPOIN3a, (da30BbIil cOCTaB
MOJIb. % B, OTHOCUTEJILHO pt/0, MPOJIYKTa JICKTPOJIN3a
0 1,9 \WY
1,0 1,9 W, «cnenpr» W,C
2,5 1,9 W, W,C, «cnenpr» WC
5,0 1,85 W,C, WC
5,0 2,0 W,C, «cnenpr» WC
10,0 1,8 WC
15,0 1.8 WC, ¢cBOOOIHEIN
yraepos
5.3. HccaenoBanue MeXaHHu3Ma COBMECTHOI'0

3J1eKTPOBOCCTAHOBJIEHHS] MOHOB BoJIb(ppamMa M MOJHMOIEHA B OKCHIHBIX
pacmiaBax

HccnenoBanue MexaHU3Ma COBMECTHOTO 3JIEKTPOBOCCTAHOBJICHHMS
MOHOB BOJb(pamMa u MoIMOJEHA MPOBOJUIN METOAOM BOJIbAMIIEPOMETPHUH.
@DOHOBBIM 3JIEKTPOJUTOM ObLT BbIOpaH Bodb(ppamar HaTpus (puc.2 kp.l).
CoOBMECTHBIN 3JIEKTpOpa3psii UOHOB BOJb(PpaMa B CTAIMOHAPHOM PEKUME
BO3MOJKEH TOJBKO B M30BITKE MOHOB BoJibPpama. [ToaTomy MBI uccinegoBamu

BOJIbTAMIICPHBIC 3aBUCHUMOCTHU COBMCCTHOI'O 3JICKTPOBOCCTAHOBJICHHUSA HMOHOB
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BoJb(paMa 1 MoJIUOIEHA B MHTEPBAJIe KOHIIEHTPAIlMU BBOAUMOTO MOJIuOaaTa
autus B uarepsaie 1,0-5,0 MOJIB/CM".

B mamux wuccrnenoBaHMSX MBI U3yyaiau 0ojiee HUBKHE CKOPOCTH
nosspusaruu 0,1-0,2 B/c, Tak kak Hamied 3amadeil ObUIO HCCIEAOBaHHE
MEXaHHW3Ma COBMECTHOI'O JJICKTPOBOCCTAHOBJICHUS HOHOB BoJb(pama,
MojubOeHa W yriaepoja IMpH TOJYYEHHUU TOKPHITUH JBOWMHBIX KapOWI0B
BoJIb(ppama 1 MoIuOeHA.

Ha puc. 2 npencrasinena Bosbrammneporpamma Na,WO,, coaepkarias
monuomar smrtug 1,0-5,0 monw/cm°. Ha KpuBOil 2 (puc.2) BUJEH OJUH MUK
BOCCTaHOBJIEHUSI mpu mnoreHiumaire —(1,6-1,8)B oTHocuTenbHO TMIATHUHO-
KHCJIOPOJHOTO SJIEKTPOJia CpaBHEHHUs. YBelnueHue KoHieHTpanuu LiMoO,
MPUBOJUT K PACTSHKEHUIO MKUKa BoccTaHoBieHus (kp.4 puc.l) -(1,6-2,0)B.

AHaM3  TPOAYKTOB  IMOTEHIMOCTATHYECKOIO  DJIEKTPOJM3a TP
coaepxkanuu Li,MoQO, ¢ koHLeHTparuei 10 2,5 MOJIB/CM’ npu noteHuuane -2,0
B mokazan nHanmuume Tosmbko MonmbOmeHa. [Ipu yBenmnyeHWM KOHIIEHTPAIMHU JI0
5,0 MOJIB/CM® B KQTOHBIX OCAIKAX 0OHapyXUBAIOTCS U BOJIbpaM U MOJIUOICH.

W3 puc. 3 BugHO, yTO mpu OoJiee BbICOKON ckopoctu nosspusauuu (0,2
B/c) npu koHuentpanuu LiMoO, paBHOI 2,5 MOJIB/CM® HPOHCXOMHUT CIHBAHHE

IIMKOB BOCCTAHOBJICHUA NOHOB BOJIL(I)paMa 141 MOJ'II/I6I[CH8,.
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Puc. 2. Boaeramneporpammbl paciuiaBa Na,WO, (kpuBbie 1-4),
coaepxkamero Li;MoQO,. 1 — don Na,WO,, 2 — C(Li,MoQO,) = 1,0 mons%, 3 —
C(Li;Mo0Oy) = 2,5 momp%, 4 - C(Li;MoO,) = 5,0 monbp%. CxopocTb
noisipuzanuu v = 0,1 B/c. Temnepatypa T = 900° C. Karon — Pt, Dnekrpon
cpaBHenus Pt/O.



0 0,5 1,0 1,5 2,0 2,5 E. B

Puc. 3. Boasramneporpammel pacmiaBa Na,WO, (kpussie 1-4),
conepxarmiero Li,MoO,. 1 — ¢por Na,WO,, 2 — C(Li,MoO,) = 1,0 mons%, 3 —
C(LipMoOy) = 2,5 momps%, 4 — C(Li;MoO,) = 5,0 monb%. CkopocTb
noisipuzanuu v = 0,2 B/c. Temnepatypa T = 900° C. Karon — Pt, Dnekrpon
cpaBHeHus Pt/O.

Takum  o00Opa3oM, WCCIEIOBaHWE BOJBTAMIIEPHBIX  3aBUCUMOCTEH
COBMECTHOTO DJJIEKTPOBOCCTAHOBJICHUSI MOHOB BoJb(pamMa M MOJuOACHA B
OKCHJIHBIX  paciuilaBaXx M  aHaliu3 KaTOAHBIX  OCAJKOB, IOJYYEHHBIX
MOTEHIIUOCTATUYECKUM JJIEKTPOJIM30M MPU COOTBETCTBYIOIIMX MOTEHIMANAX
MoKa3aj, 4TO COBMECTHOE OJJICKTPOBOCCTAHOBJIEHHE HMOHOB BoOJibdpamMa Hu
MonuO/eHa BO3MOXKHO mpu KoHueHTpauuu Li,MoO, B untepBaie 2,5-5,0

3 2
MOJIb/CM™ MpH TIOTHOCTH Toka 0,05-0,2 A/cm”.
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54. CoctaB mNOKPHLITHH B 3aBUCMMOCTH OT KOHIEHTpPaluu
MOJIHOIATA JUTHSA

Jlis moTydeHus] MOKPBITHI ABOMHBIX KapOUJ0B MoIuOAeHa U BoJb(pama
AIEKTPOJIM30M K3 HOHHBIX PACIIABOB HCIOJIB30BAIM JJIEKTPOIUTHI COCTaBa
(Mo1.%):

Na,WO, (47,0)- Na,MoQ, (47,0)-Li,Mo00Oy (1,0)-Li,CO5(5,0).

Na, WO, (46,25)-Na,Mo0, (46,25)-Li,M00, (2,5)-Li,C0O3(5,0);

Na, WO, (45,0)-Na,MoOy, (45,0)-Li,Mo0Oy (5,0)-Li,CO5(5,0);

Karogom cnyxxunu MoJuOACHOBBIC, MEIHbIC, CTAJbHBIE, HUKEJIECBbIC
IUIACTUHKH, @ TaKXe KPHUCTAUIbl NPUPOJHBIX aJIMa30B, 3aKpEIUIIEMbIE Ha
TOKONOJABOAE M3 HHUKEIEBOM IIPOBOJIOKH, 3aAlIUIICHHOM OT OKHUCICHUS
aJTyHJIOBOW TPYOOUKOM.

DNEeKTpOJIUT  TOTOBAT  PACIUIABIEHHMEM B  3JIEKTPONEYH  CMECHU
BoJIb()pamaTa U MoJuOAaTa HaTpusl B alyHAOBOM WiH rpaduroBoM turie. o
noctmxenun 700°C B pacrmiaB mogaroT kapOboHat u monuOnat autus. Ilo
noctuxennn 900°C B pacmiiaB morpyxaroT 37eKkTpojibl. [lepen Hayaiom omnbita
pacIuiaB OABEPTACTCS OUUCTHOMY JIEKTPOJIN3Y B T€UECHHUH |-24. IpU KaTOHOU
motHoctn Toka 0,075 - 0,1 A/cM’. DIEKTPONH3 OCYIIECTBISETCS B OTKPHITBIX
BaHHAX B raJIbBAHMYECKOM PEKHUME MPHU IIIOTHOCTH KaToaHoro Toka 0,06-0,075
Alem®, Temmeparype 900 °C ¢ rpadutobiM anozoM. I10cie 3MeKTposIH3a KaTo
OTMBIBAJIM OT JIEKTPOJIUTA FOPSIYEN BOJOU U CYLIUIIH.

[oxpeiTust Mo,C-W,C o0pa3yroTcs, eciu KOHIIGHTpalus Mojubaara
JUTHUA B paciuiaBe coctaBisgeT 1-5 Momb.%, konnentparus Li,COs—5 monb.% B
rpadguroBoM Turie. CIUIOLIHBIE OCAJIKH JABOMHBIX KapOWAOB MOJUOACHA U
Bosb(ppama momyyarorcss npu 900°C. IImoTHOCTH TOKa HaXOAWTCSA B Mpeaesax
0,06-0,075 Alem’.

Meronamu peHTreHo(a30BOTO M PEHTIEHOQPIYOPECIIEHTHOTO aHajIu3a
yCTaHOBJEH (Pa30BbIH M 3JIEMEHTHBI COCTaB MOJy4YaeMbIX IMOKpHITUNA. Bce

JTAHHBIE CBEAECHBI B TA0OIUIIEI 3 U 4.
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Tabmuma 3.

VYcnoBust TpoBeACHUS  DJIEKTPOXMMHYECKOTO  OCAKJICHHS  JTBOWHBIX
KapOu10B BoJibpaMa v MOJIMOJIeHa HA MOJUOACHOBBIE, MEIHbIE U HUKEIICBBIC
IO IJIOKKU

Bun Konuenrpamusa | IlnoTHOCTB AHoOn
Ne | mo1oXKHn Li,MoOQOy,, TOKa, 1, Alem?
MOJIb. %
1 Mo | 0,075 ['pacduTOBBIN TUTETH
2 Cu | 0,075 ['paduToBBIN TUTETH
3 Mo 2.5 0,075 ['pacduToBBIN TUTETH
4 Cu 2,5 0,075 I'paduToBbI TUTETH
5 Cu 5 0,075 I'paduToBbI TUTETH
6 Mo 5 0,06 I'paduToBbIN TUTETH
7 Ni S5 0,075 ['paduToBas miacTHHKA
Tabmnura 4.
YcnoBust TpoBEACHUSA  DJIEKTPOXHMHYECKOTO  OCAKJICHHS  JTBOWHBIX

KapOua0B BoJb(ppama u MoMOIeHA HA AIIMA3HBIC TTOJIOKKH

Bun Konuenrpanus Toxk I, AHon
Ne | mognoxku | Li,MoQO4,Momb.% A
1 AJimasbl | 0,4 I'paduToBbI TUTETH
2 | Anma3ssl 2,5 0,5 ['paduToBBIN TUTETH
3 | Anmassl S5 0,4 ['paduToBBIN TUTETH
4 | Anma3zsl 5 0,6 ['paduroBas muactuHka
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3akJIloueHue

B pesynbrare NpOBENEHHBIX TEOPETUYECKUX M IKCIEPUMEHTAIBHBIX
uccienoBanuii mo srany 1 «Pa3paboTka Teopun M METOIMKH HCCIIEIOBAHUI»
OBLIO BBIIOJIHEHBI CIEAYIOLIUE BUABI padoT:

Pa6oTbl, BHINIOJIHEHHBIE 32 CYET OI0AKETHBIX CPEeICTB:

1. CocraBieH aHaIUTUYECKUN 0030p U MPOBEJCH aHAJIU3 COBPEMEHHOM
HAy4YHO-TEXHUUYECKON, HOPMAaTUBHOM, METOANUECKON JIUTEPATYPhI IO IIpodiIeMe
IIEKTPOXUMHUYECKOTO  CHHTE3a HAHOMATEPUAIOB  KOHCTPYKLUMOHHOIO U
(YHKIIMOHATBPHOTO Ha3HAUYEHUS HA OCHOBE TYTOIUIAaBKHX U PEIKO3EMETbHBIX
MaTEPUaIoB MO IEKTPOXMMHUHU ajMa3za U MOAU(PUIHMPOBAHUIO CBEPXTBEPIBIX
MaTepuasoB, peKymnepanul 00pabOTaHHOTO aJMa3HOrO MHCTPYMEHTa MO TPEM
HaIlpaBJICHUAM:

-3JIEKTPOXMMHUYECKOMY CHHTE3y HAHOMATEPHUAJIOB KOHCTPYKLMOHHOIO U
(YHKIIMOHATBPHOTO Ha3HAUEHHUS HA OCHOBE TYTOIUIAaBKHX U PEIKO3EMETbHBIX
MaTepHuaoB

-3JICKTPOXUMHH aaMa3a U MOJU(PUIIUPOBAHNN CBEPXTBEPAbIX MAaTEPUAJIOB

-peKynepanny oTpaboTaHHOTO aJIMa3HOr0 MHCTPYMEHTA

2. IlpoBeneH aHanu3 oObEKTA U IPEAMETA UCCIIETIOBAHUIA.

OOBEKTOM HUCCIEIOBAHMS MPOEKTA SIBJSIOTCS TYTOIJIAaBKHE COEIMHEHUS
PEAKHUX TYIOIUIABKMX M PEAKO3EMEJIBHBIX METAJUIOB KOHCTPYKLIMOHHOTIO M
(YHKIIMOHATBPHOTO HA3HAYEHUS, NPUPOAHBIE U CHHTETUYECKHE aliMasbl,
CBEpXTBEpAbIE aIMa30No00HbIe MaTepHalbl, OTpabOTaHHBIE M OpaKOBaHHbBIE
aJIMa3Hble MHCTpyMEHTHL. IIpeameToM wuccinenoBaHUs NPOEKTA  SABISAETCS
pa3paboTKa NPUHIUIHAIBEHO HOBBIX 3JEKTPOXUMHUYECKUX CIIOCOOOB MOTyUEHUs
TYTOIUIABKMX COCAVMHEHUHN PEIKUX TYTOIUIaBKUX U PEAKO3EMEIIbHBIX METAJIJIOB B
BUJE HAHOAMCIIEPCHBIX IIOPOLIKOB, HAHECEHUS IIOKPHITMM KapOWIOB Ha
KpUCTaJUIbl HUCKYCCTBEHHBIX W NPHUPOAHBIX  aJIMa30oB, yTWIM3aUUd U

pekyrepanusi OTpabOTAHHOIO © OpaKOBAaHHOTO aJIMa3HOTO HWHCTPYMEHTA,
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U3BJICYEHUE COJICPKAIMXCA B HEM IBETHBIX METAUIOB M KX MOBTOPHOTO
UCITOJIb30BAHUSI.

3. PazpaGorana oOmas MeTOAUMKAa TMPOBEACHUS HUCCIECAOBAHUN U
IPOBEJEHO OOOCHOBAaHWE MX MCIOJb30BaHUS.

JInst pelieHus: MOCTaBICHHBIX 3a/lay MO pa3pabOTKE ANEKTPOXUMUYECKUX
TEXHOJIOTH MOJIy4EeHUS HaHOMAaTepUaIOB KOHCTPYKI[TMOHHOTO u
GYHKIIMOHATBPHOTO  HAa3HAYEHUS IS MAIIMHOCTPOSHUS W DHEPreTHKH,
MOAU(PUIMPOBAHUE CBEPXTBEPABIX MATEPUAIOB U IKOJOTMUYECKHM YMCTHIX
TEXHOJOTHH peKynepauuu OoTpabOTaHHOTO U OpaKkoOBaHHOIO  alIMa3HOTO
WHCTPYMEHTA OyAyT WCIIOJB30BAHBI CICAYIONIUE METOABl W METOJUKH
HUCCIIETOBaHMMI:

-  UMUKJIMYECKas BOJbTAMIEPOMETPUS, TMPU PA3IUYHBIX CKOPOCTAX
NOJISIpU3alK (CTallMOHAPHBIA U HECTAMOHAPHBIN PEKUM);

-MOTEHIUOCTATUYECKUH U TAIbBAHOCTATUYECKUIA AIIEKTPOJIU3;

-peHTreHo¢a3zoBblii METOI N3y4eHHs (Pa30BOrO COCTaBA MPOIYKTOB;

-pEHTIeHO(IIYyOPECIICHTHBIN AIIEMEHTHBIN aHAJIU3;

-TPAaHCMUCCHUOHHAS 3JIEKTPOHHAsI MUKPOCKOIIHS;

-aTOMHO-a0COPOIMOHHBIN aHATIU3;

-aHaJIU3 Ha COJIEp’KaHue yTiepoa.

4. PeamusoBansl Mmeporpustus 1o pazuturo  LKII (mpoBenenue
MEpPOTPUATUIN 10 3aKyIIKE 000pyI0BaHUS).

Ha 3akynky mopomkoBOro peHTI€HOBCKOTO audpakromMeTpa OOBSBICH
OTKPBITBIN ayKIIMOH B 3JIEKTpOHHOH popme 15 centadps 2011 r.

JlaTa okoHuaHus nprema 3asBok 6 okTsiops 2011 r.

Jlata mpoBenenus ayknuona 13 oxktsaops 2011 r.

[logBeneH wWTOr B OTKPHITOM AayKIMOHE B 3JIEKTPOHHOU (dopme

0304100006611000120 ot 10 oxta6ps 2011 r.

Pa6oThl, BBINOJIHEHHBbIE 32 CHET BHEOIOAKETHBIX CPEICTB:
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5. IlpoBeneHsl maTeHTHblE ucciaegoBaHus B cootBeTcTBUM ¢ ['OCT
15.011.96.

B pesynbrare npoBeAeHMs NATEHTHBIX MCCIEAOBAHUMN, BKIIIOYAOLIUX
nateHTHyI0 uHpopmanuio PO, CIIA, 'epmanun Ha rayOuny 25 et mno ObuIo
oOHapyxkeHO 52 mareHTa, IO HpodJieMe TMOIy4eHHs] HaHOMATEpPUAJIOB
KOHCTPYKLIMOHHOIO U (DYHKIIMOHAJIBHOTO Ha3HAYEHUsI JJI1 MAalIMHOCTPOEHUS U
SHEPreTHKH -33, mo mpoljemMe MOJydeHUs: CBEpXTBEPIbIX MaTepuaioB -12, mo
npobJieMe peKynepanuy aaMa3oB U3 OTPAOOTaHHBIX aJIMa3HbIX HHCTPYMEHTOB -
7. B pesynbraTe aHanu3a MaTEHTHOW JAOKYMEHTAIMHM OBLIO YCTaHOBJIEHO, YTO
JEHCTBUE CYIIECTBYIOLUIMX MATEHTOB JHMOO MOXET MPEKpaTUTh CBOE JCHCTBHE,
100 yKe MPEKPATUIIO, YTO CBSI3aHO C UCTEUEHUEM CPOKa JEHCTBUS NATEHTOB, a
TaKK€ C TEXHUYECKMM M MOpaJbHBIM YCTapEeBaHHEM OTUX CIOCOOOB Ha
COBPEMEHHOM YPOBHE Pa3BUTUS HAYKH U TEXHUKH.

3asiBUTENIIMU  SIBJISIFOTCSL  BbICIIME y4eOHbIE 3aBEJCHMs, YacCTHBIC
OpEINpUITUS U KOMIIAHUH, a TaKkKe PU3NYECKUE JTUIIA.

6. I[IpoBeieHbI MAPKETUHTOBBIE UCCIIEIOBAHUS.

Ilenp wuccnenoBaHus — ONMCAHUE POCCUHMCKONO M MHPOBOTO pPbIHKA
HACTOJIbHBIX PEHTI€HOBCKUX TU(PPAKTOMETPOB

OOBEKTOM HCCIENOBAaHUSl  SABIISAIOTCS HACTOJIbHBIC PEHTTEHOBCKHUE
TuGpaKTOMETPbl - yCTPOMCTBA, MpEAHA3HAUYEHHBIE NJIs1 IMPOBEJICHUE aHaln3a
CTPYKTYpPHO-(a30BOr0 COCTOSIHUS OPOIIKOBBIX MAaTEPUAJIOB.

B pesynbraTe NpOBENEHHBIX MAapKETHMHIOBBIX MCCIEAOBAHUSAX OBLIO
YCTaHOBJIEHO, YTO HA PBIHKE CYLIECTBYIOT HECKOJIbKO KPYITHBIX KOMIAHHWM I10
IIOCTABKE HACTOJIBHBIX PEHTTEHOBCKUX IU(PAKTOMETPOB.

7. IIpoBeneHbl NpeaBapUTEIbHbIE IKCIIEPUMEHTAIBHBIE UCCIIEIOBAHUS 110
(U3UKO-XMMUYECKUM OCHOBAM 3JIEKTPOXUMHUYECKOTO CUHTE3a HAHOAUCIIEPCHBIX
HOPOILIKOB U HAHOKPUCTAIIINYECKUX IJICHOK.

[TpoBeneHo TeopeTHueckoe 0OOCHOBAHHE ANEKTPOXUMUYECKOTO CHHTE3a

HaHOJUCIICPCHBIX IMMOPOMIKOB U HAHOKPUCTAINIMYCCKHUX IIJICHOK
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YcTaHOBIEHBI ~ OCHOBHBIE  3aKOHOMEPHOCTH  DJIEKTPOXUMHUYECKOTO
BBIZICICHUSI TYTOTUIABKMX METAUIOB M HEMETaUIOB B HOHHBIX pacIljlaBax
(oTcyTcTBHE PaBHOBECHOTO IIOTCHIAA, 3aTOPMOKEHHOCTh
IEKTPOXUMHUYECKON CTaauu, BIMSHUE KHUCJIOTHO-OCHOBHBIX CBOWCTB Ha
KHMHETHKY 3JIEKTPOJIHOTO MPOIecca).

[IpoBeneHbl MpeaBapUTEIbHBIE SKCIIEPUMEHTAIBHBIC HCCICIOBAHUS 10
(U3UKO-XUMHUYECKIM OCHOBAM 3JIEKTPOXUMHYECKOTO CHHTE3a HAHOAUCTICPCHBIX
MOPOIIKOB U HAHOKPUCTAITNYECKUX TICHOK.

HccnenoBaHo 3JIEKTPOXUMUYECKOE MOBEJECHUE PACIIaBIEHHONW CUCTEMBbI
Na,WO,-Li,WO,-Li,CO; Ha Pt, W u Ni pabouux 31eKTpoax npu TeMIeparype
1023+1173 K.

[TpoBenen pentreHoda3oBbI aHAIN3 MPOIYKTA MOTEHIIMOCTATHYECKOTO
AJIEKTPOJIM3a JAHHBIX PACIUIABICHHBIX CUCTEM.

[IpoBeneHo HCCJIEJOBAaHHE MEXaHu3Ma COBMECTHOI'O
AJIEKTPOBOCCTAHOBJICHUSI HMOHOB BOJb(paMa © MOJUOACHA B OKCHIHBIX
paciiaBax. YCTaHOBJICHO, YTO COBMECTHOE DJIEKTPOBOCCTAHOBJICHHME HOHOB
BoJb(ppaMa u MoiaubJeHa BO3MOXKHO mpu KoHueHtpauuun LiMoO, B
uHtepBane 2,5-5,0 MOJIB/CM’ npu miotHocT Toka 0,05-0,2 Alem?.

[IpoBeneHbl uCCAEAOBAHUS 1O YCTAHOBJIEHHUIO COCTaBa IOKPBITUN
KapOUJOB TYTOIUIABKUX METAJIOB B 3aBUCUMOCTH OT KOHIIEHTPAIMK MOJIMOaaTa
JUTUS.  YCTaHOBJIEHO, 4dYTO mOKpeITHS Mo,C—W,C oOpasytorcs, ecnu
KOHIIGHTpAIsi MOJuOaara JWTHS B paciuilaBe cocTtaBisieT 1-5 Monb.%,
koHneHtparus Li,CO;—5 monbs.% B rpaduroBoM Tturie. CIUIONMIHBIE OCAIKH
JBOMHBIX KapOumoB MoymbOaeHa W Bojdbhpama mnomydatrorcs mpu  900°C.
[TnoTHOCTH TOKA HaxoauTcs B npeaenax 0,06-0,075 Alem?.

8. CocraBieH NpOMEKYTOYHBIN OTYET.
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