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BBenenue

Ha nepBom »3Tame HacTOSALIEro MpoeKTa ObLI MPOBEIEH AHATUTHYECKHUN
0030p U aHaNN3 HAYYHO-TEXHUYECKOW, HOPMATUBHON, METOAUYECKOM JTUTEpATyphl
1o npodeMe MOTyuYeHUsI KEPaMUYECKUX U METAIJIOKEPAaMUYECKUX MaTepuaioB Ha
OCHOBE OOpHUIOB M CWJIMLUAOB TYIOIJIABKMUX M PEIKO3EMEIbHBIX METAIOB C
BBICOKMMH MAarHUTHBIMHA XapaKTEpUCTUKAMH, MU3HOCOCTOUKOCTBIO,
KApOCTOMKOCThIO. PaccMoTpeHbl (PU3MKO-XMMHUYECKHE CBOMCTBA U METO[BI
HOJly4yeHUs: OOpUAOB U CHUIMIUAOB TYTOIUIABKUX U PEIKO3EMENbHBIX METAJUIOB.
[TokazaHa MEPCIEKTUBHOCTH AJIEKTPOXMMHUYECKOTO METO/AA CHUHTE3a OOpUAOB U
CWIMLUAOB TYIOIUIABKHX M PEAKO3EMEIbHBIX METAJLUIOB, IPOBEACH aHAJIU3
0o0BeKTa U MpEeAMETa UCCIIeIOBAaHU 110 JTAHHOMY MTPOEKTY.

Pazpaborana mporpamma pasButusi IIKII «PentrenoBckas amarHoctuka
mMarepuanoB» Ha 2012-2016 rr.

Ha BTOpOM 3Tamne HeoO6Xx0oauMo pa3paboTaTh METOAUKH SIEKTPOXUMHUIECKIX
VCCJIEIOBAHUM B pACIUIABICHHBIX COJIAX, IMOJYYEHHS M OYHMCTKH PEAKTUBOB,
pa3paboTaTh KOHCTPYKIIMH BHICOKOTEMIIEPATYPHOM 3JIEKTPOXUMUUECKON STUCHKU U
ANIEKTPOJIM3EPOB I IPOBEIACHUS DIIEKTPOCUHTE3a, METOJIMKH MCCIENOBaHUs
COCTaBa U CBOMCTB CUHTE3UPYEMBIX MPOAYKTOB. O4YeHb BaXKHOU Uil OOBSCHEHUS
IEKTPOXUMHUYECKOTO  IIOBEICHUS HMOHOB  PEIKO3EMENbHBIX  METAUIOB B
TAUIOTCHUHBIX ~ pacIulaBax  SBIAETCA  3ajJada  M3y4eHHs  CTPYKTYPHBIX
OCOOEHHOCTEHN COJIbBATAllMM MOHOB PEIKO3EMEIbHBIX METAJUIOB B ajlOr€HUIHBIX
pacriaBax METOJaMHU KBAHTOBOM XMMUHU MOJIEKYISIPHON JUHAMHUKU.

B pamkax sKCIEepUMEHTAJIbHBIX MCCIEAOBAaHUN HEOOXOAUMO pa3paboTaTh
(U3UKO-XMMHUYECKHE OCHOBBI SJIEKTPOXMMHYECKOIO CHHTE3a HAHOIUCIEPCHBIX
MOPOIIKOB OOPUAOB U CHIIMIUAOB TYTrOIUIABKUX U PEIKO3EMEIbHBIX METAIJIOB,
BBIZICIICHUSI ~ MEXAaHM3Ma  COBMECTHOIO  DJJIEKTPOBOCCTAHOBIICHHS ~ HMOHOB
TYTOIJIABKMX W PEIKO3EMEIbHBIX METAIUIOB U HEMETaioB (0opa M KpeMHHs) B

XJOPUAHO-(QTOPUIHBIX pacIliaBax, pa3paboTka MpPOLECCOB AJIEKTPOXUMUYECKOTO



CHUHTE3a HAHOIMCIEPCHBIX MOPOIIKOB OOPHAOB M CHJIMLUIOB TYTOIUIABKUX U
penKO3eMeNbHBIX METAIJIOB, pa3paboTKa HKCIEPUMEHTAIbHBIX NapTUH MOPOIIKOB
OOpUI0B U CUJTULU/IOB.

Hnsa pacmmpenus npubopnoit 6a3el LIKII «PenTreHoBckas nuarHocTuka
MaTepuaioB» HEOOXOJUMO TMPOBECTH MEPONPUATHS 1O 3aKylKH HOBOTO
000py/IO0BaHUsl PACIIMPAIOIIAE BO3MOKHOCTH LIEHTpa B IJIAHE WCCIENOBAaHUS U
JWAarHOCTUKM  MaTEpUaloB, IPOBENECHUS  MCCIEAOBAaHMW B  HHTEpecax
IIOJIB30BATENIEH, a TaKKe pealn3aluu KOMIUIEKCA MEp II0 CTUMYJIUPOBAHUIO
ucnons3oBanus LIKII tperbumu nunamu.

3a cyeT BHEOIOKETHBIX CPEJACTB OyIeT MPOBEACHO TEPMOJMHAMUYECKOE
000CHOBaHHE AIEKTPOXUMHUYECKOTO CHHTE3a OOPUIOB U CHJIMUUAOB TYTOIJIABKUX
U PEIKO3EMENIbHbIX METaJUIOB, a TaK)Ke MCCIENOBaHbl pa3Mepbl, MOp(hOJIOTHS,
XUMHUYECKUH cOCTaB, (PU3UKO-XMMHUYECKHUE CBOMCTBA HAHOIUCIEPCHBIX MOPOILIKOB
OOpUI0B M CUJIUIUIOB TYTOIUIABKUX U PEIKO3EMEIbHBIX METAJUIOB.

Takum o00pa3oM, B XOJ€ BBIIIOJHEHUS BTOPOro JTama MpoeKkTa OyayT
pa3zpaboTaHbl  (PU3UKO-XMMUYECKHE OCHOBbl M  pPEaJU30BaHbl  IMPOLIECCHI
AIIEKTPOXUMHUYECKOTO CHHTE3a HAHOJMCIEPCHBIX MOPOIIKOB OOPUAOB CHIIMIIUIOB
TYTOIUIABKMX M PENKO3EMEIBHBIX METAJJIOB, IIOJIY4YEHBI 3KCIIEPUMEHTAJIbHBIC
HapTUU MOPOIIKOB, MPOBEAECHBI MEPOIPUITHS IO PaCIIMPEHUI0 TPUOOPHOI Oa3bl
LHEHTpa MW CTUMYJHpoBaHHUK ucnosb3oBaHus LIKII Ttperbumm nmnamu u

HCCJICIOBAHUH B HHTCpPECaX BHCIITHUX MOJIb30BaTEIICH.



Paspen 1 Paspaborka MeTOAMK TNIPOBEJCHUS MCCJICAOBAHUIA,

000CHOBaHME UX UCIOJb30BAHUSA

MexaHu3M COBMECTHOTO 3JEKTPOBOCCTAHOBIIEHUS PA3JMYHBIX HOHHBIX
(GOopM TYroIulaBKUX M PEIKO3EMEIbHBIX METAJUIOB M HEMETAUIOB (KpEMHHUS U
Oopa), a TakXKe OJIIEKTPOXHMUYECKOrO CHUHTE3a OOpHUIOB U CHIMUUAOB ITHUX
METAJJIOB MCCIIEAOBAIM C TMOMOUIbI0 KOMILJIEKCA COBPEMEHHBIX (PHU3UKO-
XUMHUYECKHUX METOJIOB U NIEKTPOXUMUYECKUX METOJIOB UCCIEAOBAHNS U AaHAIIN3A:

- BOJBTAMIIEPOMETpUS, NPH PA3IUUYHBIX CKOPOCTSAX MOJISIpU3ALUU
(cTaMOHApHBIM ¥ HECTALIMOHAPHBIN PEXKUM);

- IUKIMYECKas BOJIbTAMIIEPOMETPHUsSI C  OBICTPBIM  HM3MEHEHHUEM
MOTEHIMANA;

- IOTEHIMOCTATUYECKUI U TAIIbBAHOCTATUYECKUN IIEKTPOJIN3;

- peHTreHo(a30BbIi METO U3y4YE€HHU (Pa30BOr0 COCTaBa MPOAYKTOB;

- pEHTreHO(ITyOpECECHTHBIN 3JIEMEHTHBINA aHAIIN3;

- TPAHCMHUCCHOHHAs JIEKTPOHHAS] MUKPOCKOTIHS.

BoapTaMrepoMeTpuyeckue ~ METOAbl  W3YYEHHUS  JJIEKTPOXHUMHUYECKUX
IPOLIECCOB SBISAIOTCA HauboJiee pacHpOCTPAHEHHBIMU M MH(GOPMATUBHBIMU IS
U3YYEHUS NIOCIIEIOBATENBHBIX U MaPAJUICIBHBIX JIEKTPOXUMHYECKUX ITPOLIECCOB.

B Hammx wucCClenoBaHUAX BOJbTAMIEPHBIE 3aBUCUMOCTH MOJydYadud C
IIOMOIILIO AIEKTPOXUMHUYECKOTO KOMILIEKCA Autolab PGSTAT30
COTJIACOBAHHOTO C KOMIIBIOTEPHOW CHCTEMOM YIIPABJICHUS.

B  nameit  pabore = ucmonp30Bajach  Me4Yb  CONPOTHUBIICHHS,
HarpeBaTeIbHbIM 3JEMEHTOM KOTOpPOM Cly)Xujia CHUpalib U3 (gexpans MapKu
X27KO5T. BOnu3u coupaid B KOPYHIOBOM 4YeXJ€ TMOMEINAJCS aTuuK
TeMIeparypsl (INIATUHO — IUIATUHOPOIUEBAS TEPMOIIAPA).

ABTOMAaTHYECKOE pETYJHUPOBAHUE TEMIEPATYPBl OCYIIECTBISIIIOCH C
MOMOIIBIO AJEKTPOHHOTO noTeHnuoMeTpa A 565—-001-02. [Ins BKIOUYEHUS U

BBIKJIIOYCHHU A ne4yu HCITIOJIB30BAaIN OE€CKOHTaKTHBIN BHeKTpOHHbIﬁ
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OBICTpOACHCTBYIOMNN  BBIKIIOYaTeh. OH OBUT  BBITIOJHEH Ha OCHOBE
kpemuueBoro cemucropa tuna BKIAYC—150. IIpunaB yka3zaHHbI€ 3]1€Ch MEpHI,
HaM yJaajaoch I0OCTUYb TOUHOCTHU U3MepeHus temmepatypsl £ 1 °C.

Jng cymikyd cojied HMCHOJb30BajiCsl BaKyyMHBIM CYIIMJIbHBIN mIKad
SPT-200. Bce onepanuu B3BEUIMBAHUS MPOU3BOJMIMCH HA AHAIUMTHUYECKUX

Becax mapku BJIP-200.

1.1 Bp10op 3/1eKTPOXMMHUYECKHUX METOA0B HMCCJIEIOBAHNH 3JIEKTPOJIHBIX
MPOLECCOB B PACILIABJICHHBIX Cpeaax

Metonbpl, B KOTOPBIX  HMCCIEAYKOTCS  DJIEKTPOAHBIE  PEAKUUU,
NOJIPA3JIEIISAIOTCS: MEPBOE HA METOJIbI, B KOTOPBIX BO30YKJIAE€MbIIl 3JIEKTPUUECKUNA
CUTHAJI ITOCTOSTHEH WJIM PABEH HYJIIO, KAK, HAIPUMED, MOTEHIIMOMETPHUSI, © METObI,
B KOTOPBHIX BO30YXKJIa€MbIii CHTHAJI MEHSETCS BO BpeMEHH. BO-BTOPBIX, B 3THX
METOJAX HCIOIb3YIOTCS MEPEMEHHBIE CUTHAJBI, B ATy TPYIILy METOJOB BXOJAT,
BCE METOAbI, B KOTOPBIX IMPOUCXOJUAT HU3MEHEHUE TNOTCHIMAIa WIN TOKa,
BOJIBTAMIIEPOMETPUS U €€ BapUAHTHI, MOJIsiporpadus, U XPOHOIIOTEHITMOMETpusl. B
BOJIbTAMIIEPOMETPUM C JIMHEWHOW PAa3BEPTKON HANPSIKEHUE U3MEHACTCS MEXKAY
JIBYMsI TIpEACIbHBIMU 3HAYEHUSMHU C TMOCTOSHHOW CKOPOCTBHIO. JTO W3MEHEHHE
MO>KET ObITh OJTHOKPATHBIM WM [UKIUYECKUM B BUJE TPEYTOJIbHBIX BOJH, IPUYEM
MPOBOASTCA HM3MEPEHUS COOTBETCTBYIOUIETO TOKA. OJTOT METOJ  4acTo
UCIIONB3YETCSl I TOJYYEHUs] KOJIMYECTBEHHBIX WJIM TOJYKOJIWYECTBEHHBIX
IpeACTaBICHUM 00 3NeKTpoAHON cucTteMe. [1o BonbTaMnepoMeTpuuecKuM KprUBbIM
MOXHO TPHOJU3UTETHLHO TMPOBEPUTH OOPATUMOCTH DJIEKTPOJAHONW CHUCTEMBI,
BBISICHUTh, MMEET JHM MECTO MHOIOCTaIUHHOCTb, paclo3HaTh (papaaeeBCcKuil u
HedapazeeBCKUil  aacopOIMOHHO-IECOPOIMOHHBIM MPOLIECChl U € MOMOUIBIO
HHUKIJINYECKON BOJIBTAMIIEPOMETPUU ONPENECTUTD AIEKTPOAKTUBHBIC
MPOMEXKYTOYHBIE COCIUHEHUA. BoJibTaMnepoMeTpusi € JIMHEWHOW pPa3BEPTKOMU
SBISICTCST OCOOCHHO MOIIHBIM ~ CPEICTBOM [JII WCCIAEAOBAHUS  CJIOKHBIX

SJICKTPOAHBIX ITPOICCCOB.
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[lon BompTaMmepoMeTpueld TOHMMAaETCs Oouibllas Tpynna METOA0B
WU3YYCHHS] KHHETUKM OJJIEKTPOAHBIX IIPOLECCOB, B KOTOPBIX BO BPEMEHHU
U3MEHSAETCS NOTEHUHUANl HCCIEAyeMOro 3iekTpoAa (O0ObIYHO MO JIMHEWHOMY
3aKOHY) U HM3MEpSAETCS TOK, NPOTEKAIOIIMMN Yepe3 DIIEKTPOXUMHUYECKYIO SUYEHKY.
Mertoasl, Ipy KOTOPBIX MOTEHIMAI MEHIETCS BO BPEMEHU JAOCTaTOYHO MEIJICHHO
(1+4 wmB/c), Tak, uYTto HaOmIOZaEMBbIC SIBICHUS MOTYT OBITh  OIHMCAHBI
KOJIMYECTBEHHO HA OCHOBAaHHMM DPABHOBECHBIX WJIM KBa3UPAaBHOBECHBIX TEOPHH,
HAa3bIBACTCA KIIACCHYECKOMN MM cTaruoHapHOU BoipTamnepoMmerpueit (KBA). Ilpu
MaJIbIX CKOPOCTSX MOJISAPU3ALUHU IEKTPOJHOU CHCTEMBI 3aIIUCh BOJIBTAMIIEPHBIX
KPUBBIX OCYLIECTBIISIETCS OOBIYHO C IMOMOIIBIO 3JEKTPOHHBIX MOTEHIIMOMETPOB.
Jpyroi  pa3sHOBHIHOCTBIO  BOJIbTAMIEPOMETPUYECKOIO  METOAA  SIBIACTCA
BOJIbTAMIIEPOMETPUsI € OBICTpOH pa3BepTKOW MoTeHuMana. B 3Tom ciyudae
CKOpPOCTh moJjsipu3anuu padoudero snextpoaa coctasiusger ot 10 mB/c mo 100 Blc.
Knaccuyeckas kpusast uMeeT npenenbHblii ToK (I,,), a B BOIbTaMIIEPOMETPUU C
JMHEMHON Pa3BEpPTKON MOTEHIHATa — YETKO BBIPAKEHHBIA MakcUMyMm (MuK). B
KA4eCTBE OCHOBHBIX, IKCIEPUMEHTAIBHO ONPEACIIEMBIX IMAPAMETPOB B METOJIE
KJIACCUYECKOM BOJIBTAMIIEPOMETPUM CIIYKAaT NPEAEIbHBIA TOK I, M moTeHuman
NOJaYBOJIHEL @, (mpu I = I,,p), @ B MeTONE BOILTAMIIEPOMETPUM C JTUHEUHOM
pasBepTKOM MOTEHUMala — TOK NuKa I, M NOTEeHLMan Noaynmuka @i, (Ipu
I,). Teopus KiaccH4eCKOW M BOJIBTAMIIEPOMETPUM IIPU JIUMHEHHOM pa3BepTKE
NOTCHIMAJIA NPUMEHUTEIBHO K IMPOCTBIM M CJIOKHBIM 3JIEKTPOXHUMUYECKUM
nporeccam paccmoTpeHa B MoHorpadusx . Ilmomb6ska m 3. T'amoca [1].
Metoapl ¢ OBICTPON pa3BEepTKOW IOTEHIMAlda, B KOTOPBIX HalpaBiCHUE
U3MEHEHHS MOTEHI[Malla MEHAETCS Ha 00paTHOE, HAa3bIBAIOTCA IIUKJINYECKUMHU.
[uknuueckas BOJIbTAMIIEPOMETPHUSA (LIBA) IIpEACTaBISACT coboit
BOJIbTAMIIEPOMETPUUYECKUNA METOJ, B KOTOPOM (PUKCUPYETCS H3MEHEHHUE BO
BPEMEHHU TOKa, MPOTEKAIOIIETO YepPe3 U3Yy4aeMyl0 CUCTEMY IIPU HAJIOKECHUU Ha
HEE HAIPSDIKCHUs, U3MEHSIOIIErocs BO BPEMEHHM IIO 3aKOHY TPEYTOJIbHUKA.

Teopetunueckue ocHoBsl LIBA pazpabotanst Hukonconom u lleitnom [2].
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He3aBucuMbIMH TEPEMEHHBIMH B 3TOM METOJI€ SBISIOTCA CKOPOCTh U
npeaeasl M3MEHEHMs] MOTeHLHana HHIUKATOPHOTO siekTpona. llpemenpHoe
3Ha4YeHUE MOTEHIMAJIA, IPU KOTOPOM HaIlpaBJIEHUE €r0 Pa3BEPTKU MEHSETCS Ha
oOpaTHOe, Ha3bIBAETCS MOTEHLHMAJIOM BO3BpaTa, MEPEKIIOUCHHUS WU OOpBIBA.
PaccMoTpeHHbIE BBIIIE BOJBTAMIIEPOMETPUUECKUE METOJIBI SIBISIOTCA OJHUMU
u3 Haubosiee HopMaTuBHBIX. HO mpu H3ydeHUH BIEKTPOXUMHYECKOTO
NOBEICHUS HOHOB BOJb(pama, MOIHOACHA U JUOKCUIA yTiiepoaa HaMu OyayT
UCII0JIb30BaThCs KJIaCCUYECKash BOJIbTAMIIEPOMETPUS U BOJIBTAMIIEPOMETPUS C
JMHENHOW pa3BepTKOM norenuuana [1, 2].

PaccMOTpuM OCHOBBI TEOPUH TOTO METOJIA.

Kinaccuueckas BonbTaMmepoMmeTpus. PaccMmoTrpum ciydail oOpatumon
anekTpoaHoi peakuuun Ox + ne <> Red, xoTopas mpoTekaer Ha IMIOCKOM
JNEKTPOJAE B YCIOBUAX M30bITKA HMHAU(PPEPEHTHOrO DIIEKTPOJIUTA B
ucciaenyeMoM pacmiaBe. JlumuTupyromieil craaved mpoiecca  sIBIsSETCS
nuddysus paspsxaomuxcss HOHOB OX K TOBEPXHOCTH HHIUKATOPHOTO
(pabouero) snexkTpoma. B 3THX yClOBHUAX MacCONEPEHOC OCYILIECTBISAETCS
nyTeM MOJyOeCKOHEUHON NuHEHHONW nuddy3uu U y MOBEPXHOCTH IJIEKTPOIa
BO3HUKAET M3MEHSIOLIUNICS BO BPEMEHHU I'PAJAUEHT KOHIEHTpauuu HOHOB OX.
Pemas nuddepenunanpHoe ypaBHeHHe DUKa OTHOCUTEIBHO KOHLIEHTpaUUl
Cox(X, t) U Cgreg(X, t) pu X = 0 ¥ MOACTaBIAS UX 3HAYEHHUS B ypaBHEHUE
HepHcra, mnonydaemM 3aBUCUMOCTb, KOTOpas OIMCBIBAET KJIACCHUYECKYIO
nonsiporpammy. Ilpu 5TOM paznuyaroT ciaydail, Korja NOpOAYKT peakiuu
pacTBOpUM B paciulaBe WM MaTepuaye d3JEKTPoaa, TO €CTh HMEET MECTO
criaBooOpa3oBanue (caywyadl a), unum  npoaykt Red HepacTtBopuM u
HaKaIuIMBAETCS HAa MOBEPXHOCTU UHAUKATOPHOTO dJIEKTpoa (ciy4aii 0):

a) BOCCTAaHOBJICHUE U OKHUCIIEHUE PACTBOPUMBIX BELIECTB

JUig 3TOrO ciayyasi CBsI3b MEXKAY MOTEHIMAIOM M TOKOM B JIF0OOOM TOuKe

BOJIBTAMIIEPHONW KPUBOM ONUCBIBAETCs ypaBHeHUEM [ elipoBckoro — MnbkoBnya:
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p=p, + 5 1t (1)
nkF 1

3HaK IUIFOC B 3TOM YPaBHEHUM OTHOCHUTCS K MPOILECCY KaTOJHOTO
BOCCTAHOBJICHMS, @ MUHYC — K pEaKIIM1 aHOJHOTO OKHCJIeHus BenlecTna [1, 2].

0) BOCCTAaHOBJICHUE U OKHCIICHHE HEPACTBOPUMBIX BEIECTB

B osrom cnyudae BemecTtBo Red HepacTBOpuMO HM B paciiaBe, HU B
MaTepuajie 3JIEKTpoAa, MO3TOMY YypaBHeHHE [elpoBckoro-MnpkoBu4a MOKHO
ynpoctuTh. Hanuuue BemecTBa Ha MOBEPXHOCTU 3JIEKTPOAA MO3BOJSET MPUHATH
€ro aKTUBHOCTh areq = | (Yrea = 1; CRed = 1); nmpu 3TOM ypaBHEHUE

BOJITAMIIEPHOU KPUBOM IIPUHUMAET CJIEAYIOIIMHN BUL:
RT
=@, *——Inll,-1 2
p=p,t  Inll,~1) (2)

r€ KaKk ¥ paHee IUIIOC OTHOCHUTCS K KaTOJHOM peakluH, a MUHYC — K
aHongHoW. YpaBHeHue (2) HaspiBalOT ypaBHeHuem Koubtrohda —
Jlunreiina.l'padudeckuil aHaau3 3aKJIOYAETCS B TOCTPOSHUHU 3aBUCUMOCTEH:

I

o—In—"
Id_l’(o_ln(lnp_l) (3)

[lonyuenHnas nuHeWHass 3aBUCHUMOCTh IIO3BOJISIET TakuM oOpa3om
YCTAHOBUTH BUJ YPAaBHEHUs, KOTOPBIM HEOOXOAMMO IOJIb30BAThCS B KaXKJIOM
KOHKPETHOM CJlydyae MpPU pacyeTe ONBITHBIX KPUBBIX. TAaHTEHC yrjia HAKJIOHA
IpPAMOM IMO3BOJISIET ONPENEIUTh YHUCIO JJIEKTPOHOB N, YYACTBYIOIIHUX B
AIEKTPOAHOM peakuuu [1, 2].

BoapTamnepomeTpus npu JUHEHHON pa3BepTKE MOTEHLHANA. 3aBUCUMOCTH
TOK — IIOTEHUMal B METOAE BOJIBTAMIEPOMETPUU C JIMHEHHOM pPa3BEpTKOU
NOTEHIHAJIa CYLIECTBEHHO 3aBUCAT OT THUIA JJIEKTPOAHOM peakumu.PaccMorpum
ciy4ail 00paTUMOro mporecca, CKOpOCTh KOTOPOTO OrpaHMYEHa MacCONEPEHOCOM
MOHOB B YCJIOBUSAX JIMHEHHOW monyOeckoHeYHOM 1updy3un K IUIOCKOMY
aekTpoay. AnamornuHo metony KBA, B manHHOM MeTone Takke HEO0OXOIHMO

pasnuyaTh TOT Clydyai, KOrja MpoAyKT 3JeKTpoaHon peakuuu Red pactBopum B
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pacijiaBe WJIM MaTepualie »dJeKTpoja, M ciy4yad, korga BemectBo Red
HEPaCTBOPUMO:

a) BOCCTAHOBJICHUE WJIM OKUCJICHHE PACTBOPUMBIX BEIIECTB

B nannoii 3anave 1y HaXOXACHUS 3aBUCUMOCTH | —@ HEOOXOMMO PEIIUTD

muddepennnanbaoe ypaBHeHre Ouka npu CiaeAyoMUX I'PaHUYHBIX YCIOBUSX:

t>0,x=0 4)
C nk |@o—
PO L Ol ) )
Cred RT
JC JC I(1)
D Ox — _D Re d —
Ox &X Red 0‘))6' nF (6)

OTU TpaHUYHBIC YCJIOBUA TOJNy4YeHbl U3 YypaBHeHus Hepucra[l,2].B
BOJIbTAMIIEPOMETPUU C JIMHEMHOW PA3BEPTKOM MOTEHUHUAIA MOTEHLHAN SIBIISIETCA
byHKIIMEH BpeMeHHU:

Q=gitvt (7),

rie V— CKOpocTh mnoJisipuzauuu 3nektpona (B/c). Ilmoc otHOcHTCS K
aHOJHOM TMOJISIPU3AllMY, & MUHYC — K KaToAHOU.BriepBrie 3Ta 3agava Oblia peieHa
HezaBucuMo Ponpncom u IlleBunkom. B o6mieit ¢opme 3aBucumocts I —@

MOJIy4€Ha B cieayromem Bue [1]:

< e 2 4[] o

rae A— GyHKnus, 3aBucsmas or moteHimanga. C yd4eToM IMOCIIEIHEro

YPaBHEHMS TOK B MAaKCUMYM€ BOJIbTAMIIEPHOM KPUBOM (TOK ITMKA) PABEH:

F% 3 ] 1
———n’* C,, D} v" 9)

HOTeHHI/IaJ'I IIMKa (Pp ONIpCACIIACTCA CIICAYIOIIUM COOTHOIICHUCM:

RT
¢p = ¢% t 1,109; (10),

r7ie IUTIOC OTHOCUTCS K aHOJIHOMY IMpPOIECCY, a MUHYC — K KaTOJHOMY.

Pa3HOCTH 3HaYEHMI TIOTEHLIMATIOB IIMKA QpH MOJYIIHUKA (P COCTABUIIA:
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¢%—¢p=i2,22% (11)

[locnennee ypaBHEHHWE OOBIYHO WCIIOJIB3YETCS JUISl OIEHKH YHuCia
AJIEKTPOHOB N, YYACTBYIOIIUX B 3JICKTPOAHOM peakiuu [1, 2].

0) BOCCTAaHOBJICHUE WJIA OKUCIICHNE HEPACTBOPUMBIX BEIICCTB

B »TOM ciydae akTMBHOCTBH NMPOAYKTA JIEKTPOJHOM peakuuu paBHa 1, 4TO
YUUTBHIBAETCS NMPU (HOPMUPOBAHUU FPAHUYHBIX YCIOBHM, MOTYYEHHBIX Ha OCHOBE

ypaBHeHust Hepuctanpu t >0, x =0 :

anq

(01- - ¢0) eXp (_ RT

COX(O, t) = exp (12)

=
RT
Pemienne sToM 3amaum BHEpBBIE BBINOIHEHO bep3suHcom u Jlenaxeew,

KOTOPBIC ITOJYYNIIN 3aBUCHUMOCTD I —(@ B BUIE:

_2n%F%D£C0xv% nFvt 13
’ " RET” RT (13)
YpaBHeHuUe Ui IOTEHLMaa IIMKA [TOJIyY€HO B BUJIE:
RT RT
=@, InC, 10,854 14
¢p ¢0 ]/],F Ox nF ( )

II€ TUTFOC OTHOCUTCS K AaHOJHOMY IIPOLECCY, & MUHYC - K KaTOJHOMY [1, 2].

JInsi yCTAaHOBJIEHHUSI MEXaHHU3Ma 3JIEKTPOJHBIX IMPOLIECCOB BECHMA LEHHBIM
SBISICTCS. TaKXKE HWCIOJIB30BAHHWE Pa3BepTKH TMOTEHIMATa B  OOpaTHOM
HanpaBieHUU. [lo pa3sHOCTM MNOTEHHHAIOB KATOJHOIO M AHOJHOIO ITMKOB,
MOJIUYUHSAIONICHCS 1711 00PAaTUMBIX MPOILIECCOB COOTHOILIEHUIO:

RT
(0,).~(p,) =t 22— (15),

a TaKXe IO COOTHOIICHHWIO BBICOT AHOJHOTO M KAaTOJHOIO IHKOB TOKa
MO>KHO 0XapaKTepu30BaTh CKOPOCTh Ipoliecca rnepeHoca 3apsiaa [1, 2].

B Bosmprammnepomerpun Habm0gaeMasi MIOTHOCTh TOKA SIBISIETCS CyMMOU
HedapaseeBCcKoro iyg U (apageeBcKoro iy TOKOB, YTO COOTBETCTBYET Pa3/IEICHHIO
ATUX KOMIIOHEHTOB TOKa B BHJIE:

i =iy +ig = Cd dE/dt + i (16)
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[Tpu ckopoctax noasipuszaiuu 10 1 B/c mnoTHOCTh HedapaaeeBCKOro Toka 0OBIYHO
MaJia 1o cpaBHEHHIO ¢ (hapaaeeBckuM. [Ipu Gojee BHICOKHX CKOPOCTAX Pa3BEpPTKU
noTeHuuansa HedapaaeeBCKU KOMIIOHEHT MOJKET CTaTh JOBOJBHO OOJBIIMM U

OKa3aTh 3HAYUTEIbHOE BIUSHUE Ha (POPMY BOJIBTaMIIEPHBIX KpUBBIX [1, 2].

1.2 MeToauka noJjiy4yeHusi U OYUCTKU PEaKTHBOB

BaxxHoil 0COOEHHOCTBIO BBICOKOTEMIIEPATYPHOIO  3JIEKTPOXHUMHUECKOTO
HKCIEPUMEHTA SBJIETCS 3aBUCHUMOCTb IOJIyYa€MbIX pPE3yJbTAaTOB OT HaJIU4Us
HEOOJIBIINX MPUMECEH B pacijiaBe 3JEKTPOJIUTa U B MaTepHalie 3JIEKTPOIOB. ITO
NpEIbSIBISCT Cepbe3Hble TPEOOBAHUA K OYHCTKE HCXOJHBIX COJIEH, a Takxke
METAJIJIOB, IPUMEHSIEMBIX JIJIs1 U3TOTOBJIEHUS AJIEKTPOJIOB.

Boi6op (OHOBBIX 3JIEKTPOJIUTOB U KOMIIOHEHTOB [IJIi COBMECTHOTO
AJIEKTPOXUMHUYECKOTO BBIJICTICHUS TYTOIUIABKUX METAJIIOB U HEMETaLIoB (O6opa u
KPEMHHUS) OIpPEAEISUICS JaHHBIMM TEPMOJMHAMUYECKUX PacyeTOB HAIPSHKEHUN
pa3’oXKEHUN COENWHEHUH M JHUTEPAaTYpHBIMU CBEACHUSIMH 00 HUX KHUCIOTHO-
OCHOBHBIX CBOMCTBaXx.

B kauectBe (DOHOBBIX JJIEKTPOJIMTOB HCIONB30BAHBL: — XJIOPHUIHBIC,
XJIOPUIAHO-(PTOPUIHBIE PACIIIABBI LIEJIOYHBIX METAIJIOB U aJTFOMUHUS.

KauecTBO ()OHOBOrO 37EKTPOIUTA ONPEAEIAIOCH U3MEPEHUEM OCTATOUHBIX
noArpodHuuecKuX TOKoB. Manasi BenuumHa octatodHoro toka (ix=0,1 MA/cM®)
OpU  NOTEHLMAaJe  3HAYUTENbHO  OoJiee  OTPHULATEIBHOM  IOTEHLMaNa
AIIEKTPOBBIJCICHUS HCCIEIYeMbIX JEMONIIPU3aTOPOB yKa3blBajla Ha YHUCTOTY

(OHOBOTO JIEKTPOJIUTA.

1.3 KoHcTpykuusi  BBICOKOTEMIECPATYPHOH  3JIEKTPOXMMHMYECKO
Y KM, U AYCHKH U1 IPOBEACHUSA 3JIEKTPOXHMHUYECKHX CHHTE30B

BonpTamnepHsie U3MEpEHUs B pacmiaBax  IPOBOJUIKCH B
BBICOKOTEMIIEPATYPHOM KBApPLIEBOM SYEHKE, CXEMATHYHO MPEICTABICHHOM Ha
pucyHkel. DiekTpoxuMHuuecKas siYelKa COCTosiIa U3 KBapleBoro crakana (1) co

mITyepom (2), B BEpXHEH 4acTu KOTOPOTO OBLIO MPHUKJIECHO CTaIbHOE KOJBIIO C
L/



pe3nooit (3) u chemMHOM KpbIKU. Kpblliika cocTossia u3 GTopoIiacTOBOM BTYJIKH
(4) m cranpHOM HakugHOM raiiku (5). ['epMerwzanus SYEHKH JOCTUTACTCS
HCIOJB30BAaHUEM ILJIOTHO MPUJIETAIONIUX K BTYJIKE KOJEIl U3 BaKyyMHOU pPE3UHBI

(6) u ¢proporutacta (7).

Pucynox 1 - Cxema BBICOKOTEMIIEPATYPHOMN KBapILIEBOU
ANEKTPOXUMUYECKOM s4YeWKM |— KBapueBblil CcTakaH; 2— IITyHep A
BaKyyMHPOBaHUS SUEHKH; 3— KOJIbBILIO C pe3b0oil; 4— ¢TopormiacToBasi BTyJKa; S—
CTajJbHasl 3KMMHAs raiika; 6— KoJIbII0O M3 BAaKyyMHOW pPE3UHBI; 7— KOJIBLIO W3
¢dropormacTta; 8— npoOKM M3 BaKyyMHOUM pe3UHbI; 9— MHIAMKATOPHBINA 3JIEKTPOJ;
10— snextpon cpaBHeHus; 11— TokompoBoabl kK aHonay; 12— Tepmomapa; 13—
3arpy304HO€ YCTPOUCTBO; 14— CTOMOpPHOE KOJIBIO; 15— CepreHTHHOBBIC MIANOBI;
16— dapdopossie TpyOku; 17— pydaiika oxaaxxaIeHUS.

Bo ¢ropornactoBoil BTyJKe MMEETCS MIECTh OTBEPCTUM, B KOTOPBIX IPH
MOMOIIM TUIOTHO MOAOTHAHHBIX MPOOOK M3 BaKyyMHOH pe3uHbl (8) Kpemstcs
WHIUKATOPHBIA 351eKTpos (9), anexktpon cpaBHeHus (10), TOKONOABOABI K aHOAY
(11), Tepmomnapa (12), 3arpy304Hoe YCTPOMCTBO sl BBOAUMBIX A00aBok (13).
YpoBeHb NOTPYKEHHS DIIEKTPOJAOB B HCCIEAYEMbIH pacIiaB PEryJIHpPOBAICA C

noMoIiplo  crornopHoro kojbima (14). Crporas d¢ukcanus 3JIEKTPOJOB
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OCYIIECTBISIIACh € TOMOIIBI0O TPEX CEepPHEeHTHHOBBIX 1mraid (15), »kecTko
CKPEIUIEHHBIX ¢ (PTOPOILIACTOBOM BTYJIKOM NByMs dappopoBsiMu TpyOkamu (16).

B kauecTBE MHIMKATOPHOTO 3JEKTPOAA MPUMEHSUIUCH MOIYNOTPY’KEHHBIE
UTOJIbYaThle IUIATUHOBBIC, CEPEOPSHBIC SJEKTPOJbl. AHOJOM M OJHOBPEMEHHO
KOHTEMHEpOM [UIsl pacilaBa CIIy>)KMJI CTEKJIOYIJIEpOJHBbIM Tureinb. B kauectBe
AJIEKTPOJIOB CPAaBHEHHUs HCIOJB30BaJIM KBa3MOOpaTUMbIE CTEKJIOYIJIEPOAHBIA U
TUTATUHOBBIN IEKTPO/IBI.

s IPOBEACHMUS BBICOKOTEMIIEPATYPHBIX AIIEKTPOXUMUYECKUX
AIIEKTPOJIM30B TaKXKe Obllla CKOHCTPYHMPOBAaHA BBHICOKOTEMIIEpATypHas sueika u3

HEpKaBeroUeh cTalnu (PUCYHOK 2).

Pucynok 2 - Cxema BBICOKOTEMIIEPATYPHOU 3JIEKTPOXUMHUUYECKON SYEUKHU
JUISL DJIEKTPOJIM30B W3 HEPXKABEIOWIEH CTAIX: |— WHIMKATOPHBIM J3JIEKTPOX M3
HUKeJeBOro mnpyra (karonm); 2— rpadutoBbiii Turens Mapku MII-7 (aHon);
3—BoabhpamMaTHO-KapOOHATHBIN paciiiaB (3JEKTPOJINT); 4— TOKOMPOBOJA K aHOAY
BBINOJIHEHHBIN U3 HEP)KABEIOLIEH CTaIU.

CpeMKa NOJIIPU3ALMOHHBIX KPHUBBIX W 3JEKTPOJU3 IMPOBOJAWINCH IOCHE
BBIJICP’KKHM CHCTEMBI HE MEHEE Jaca.

1.4 Puznko-xuMHUYecKHe MeTOAbl HCCICAOBAHHMS COCTABA W CBONCTB
KaTOJHBIX IPOAYKTOB

PeHTreHoBcKHE METO/BI NCCIIEI0OBAHUS OTHOCSITCS K COBPEMEHHBIM (DPU3HKO-
XUMHYECKMM MeTogaM aHaiu3a. OHU OCHOBAaHBI Ha HCIIOJIB30BAHMHM OCOOBIX
CBOICTB PEHTT€HOBCKHUX JyYeil, UTO 3aKII0YaeTCsl B IEPBYIO OUepe/ib, B OOJIBLION
IPOHUKAIOIIEH CIIOCOOHOCTH M B MaJOM JUIMHE BOJHBI (B ThICS4YM pa3 Oosee

KOPOTKOH, YEM y BUAUMOI'O CBETA).
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Meton pentrenoazoBoro aHaau3a OCHOBAaH Ha TOM, 4YTO KapTHHA
paccesiHUsl PEHTTEHOBCKUX Jy4deil KpUCTAJNIMYECKHUM BEIIECTBOM 3aBUCHUT B
HEPBYIO OYepedb OT AaTOMHOM CTPYKTypbl, T.€. OT XapakTepa pacloIOKEHUs
aToMOB. BO3MOXHOCTh TpPUMEHEHHUS PEHTreHOrpaUuyecKoro Meroaa Majis
onpezeneHus (a3oBoOro CoOCTaBa OCHOBaHA HA TOM, YTO XapaKTEpHbIE OCOOEHHOCTH
KapTUHBI PACCESHUS PEHTI€HOBCKUX JIy4eld KpUCTALIOM OJHOW (pa3bl HE 3aBHCHUT
OT MPHUCYTCTBUS APYTUX KPUCTAIIIOB TOM k€ (Da3bl WM Jpyrux ¢as.

Tak Kkak pEHTITEHOrpaMMbl PAa3JIMYHBIX KPUCTAJIMYECKMX  BEILIECTB
OTIUYAIOTCS APYT OT ApYyra U TUIHMYHBI JAJI 3TUX BELIECTB, TO PEHTTEHOIpPaMMa
cmecu (a3 SABISETCS HANIOKEHHEM PEHTICHOTPaMMBbl COCTaBISIOMMX (a3 ¢
COOTHOILLIEHUEM HHTEHCUBHOCTEH IMPONOPLUOHAIBHBIX O0BEMHOMY COJEPIKAHUIO
¢daz.Ilo monoxeHHIo XapakTEpHbIX g AaHHOW (has3bl JIMHUN YCTaHABIMBAIOT
HaJIMYUE WM OTCYTCTBHE TOIO WM MHOIO KOMIIOHEHTA, a MO0 MHTEHCUBHOCTH
JVUHUM IIYTEM CPABHEHMSI C 3TAJOHAMU MOXKHO OINPEAEIUTh KOJIMYECTBEHHOE
conepkanue ¢asbl B cMecH. PeHTreHoayopecieHTHBIA aHaIu3 ObLT TaKKe HaMu
MCIIOJIb30BaH JJIsl yCTAHOBJIEHUS AJIEMEHTHOTO AHAJIN3a MOJyYEHHBIX COCTUHEHU.

Pentreno¢azoBblil 1 peHTreHO(ITyOpEeCEHTHBIE aHAINU3bI OBLIH TPUMEHEHBI
HaMH KaK BCIIOMOTI'aT€JIbHBIE HApsy C OCHOBHBIM 3JIEKTPOXUMHUYECKHUM METOAOM
UCCIIEIOBaHMs JUIsl MACHTU(UKALUNA HPOAYKTAa 3JIEKTPOAHOM peakiuu. Takum
oOpa3zoM, TmosiydeHa mocToBepHas uHGopmarus 00 dSJIeMEHTHOM H  (ha30BOM
COCTaBE CUHTE3UPOBAHHBIX TOCPEACTBOM JIEKTPOJIN3a COETUHEHUH.

Meton penTrenoa3oBoro aHaauza

PentrenodasoBeiii  aHanmm3 00pa3loB CUHTE3UPOBAHHBIX COCIMHCHHM
OpoBOAMIM Ha peHTreHoBckoM mudpaktomerpe JPOH-6.0 na memnom K-

u3inydeHuu ¢ jyuHo BosiHbl 1,54051A. Cbemka Benach B MHTEpBaJie yrioB O -
10105 ° ¢ 3agaHHBIM mIaroM 2 ° B MUHYTY NPU TOYHOCTH H3MEPEHUS YTJIOB
mudpaxkun 0,005 rpamyca. s yTouHEHHs] MapaMeTpOB PEIIETKU OTACIbHBIC
oTpakeHHs ObLIH mepecHATHI pu ckopoctu 0,5 °/mMuH. Bpems skcro3unuu 1 cek.

[TommyueHHble peHTTEHOTPAMMBI UJICHTUDUIUPYIOTCS, UCIIONb3Ys KapTOTEKY
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stanoHHbIX 00pa3noB (PDWIN). BrisiBnenue ¢a3 ocymecTBIsIOCh CpaBHEHHUEM
MOJyYEHHOTO Psiia MEXKIJIOCKOCTHBIX PACcCTOSHUN € TaOJIMYHBIMU 3HAUYCHUSMHU.
ComnocraBieHHE ONBITHBIX U TAOJIMYHBIX 3HAUEHUH MEKIIJIOCKOCTHBIX PAaCCTOSHUMN
U OTHOCUTENbHOM  MHTEHCUBHOCTH  JUHUM  TO3BOJWJIM  OJHO3HAYHO
UACHTU(PULIIMPOBATH MTOIYYEHHYIO (a3zy.

MeTtoa peHTreHo(IyOopeCiEHTHOrO 3JIEMEHTHOTO aHaJIN3a

OcHoBHBIM  (u3nyeckuM  3pdexkToM, Ha  KOTOPOM  OCHOBaH
PEHTIeHO(IyOPECEHTHBIM aHalIu3 SIBJSETCS BO3HUKHOBEHHE (DIIyOpecleHIIUH B
BEIIECTBE MPOOBI MPU OOJIYyUEHUU €€ PEHTIC€HOBCKUM H3TydeHHeM.CHeKTp 3TOro
BTOPUYHOTO HU3IYYEHHUS 3aBUCUT OT D3JEMEHTOB, COCTaBJISAIONIMX MHpoOy. OTOT
¢uznueckuil >PPeKT SABISAETCS OCHOBOM OIPENETEHHs] 3JIEMEHTHOIO COCTaBa
npoObl MO CHEKTPYy €€ (UIyOPECHEHTHOIO PEHTTEHOBCKOTO H3JIy4YEeHHs, a
COJIEp’KaHusl 3JIEMEHTOB MPONOPLUOHATIbHBI BEJIMYMHE COOTBETCTBYIOIIUX JIMHUNA
CHEKTpa. OJEMEHTHbI aHaiu3, I[IOJIyYEHHbIX OO0pa3lOoB NPOBOAMIM HA

3rIeMeHTHOM (piryopeciieHTHOM aHanuzarope Crnekrpockad MAKC-GV.

1.5 MeToauka npoBeieHHA 3JIEKTPOIN3A

JIist mpoBeieHUsT IEKTPOIM3a TPU OOJBINX 3HAYCHUSX TUIOTHOCTH TOKa
HCIMOJIB30BAJICSI HUCTOYHMK mnocTosiHHOro Toka TOK-14. Karogom ciyxun
HUKEJEBbIN CTep:KeHb quaMeTpoM 4 mM, miomaaso 0,1 — 0,3 CMZ, a B Ka4eCTBE
aHOJla HCIIOJb30BANUM T'PAQUTOBBIA THUrEldb C TOKAMOABOJOM BBIIIOJIHEHHBIM W3
HEpXKABEIOUIEH CTalld, B KOTOPOM IIPOBOJAMIICS DJIEKTPOJIM3. MOKHO cpasy
OTMETUTH, YTO MaTepuall aHOJa HAa KOHEUHbIC PE3YyJbTaThl MPOIECCAa OKA3bIBAET
CYIIECTBEHHOE BJIMSHME. OJEKTPOJM3 MpoBoawWicsa npu Temmneparype 1173 K;
MPOJIOIKUTEILHOCTh 3eKTpoau3a 15 - 60 mun. [Ipu npoBeneHun 31eKTpoOIH3a
IPU HU3KUX TUIOTHOCTSIX TOKA MPOJOJIKUTENBHOCTh AJIEKTPOIU3a cocTaBisuia 60
MuH. [lpu mnpoBeneHUU BJIEKTPOJM3a NPU  BBICOKMX IUIOTHOCTSAX  TOKa
MPOJOIKUTEILHOCTh 3JIeKTposi3a coctaBisuia 15 wmuH. Ilpu  mpoBeneHun
AIIEKTPOJIN3a MPU PacTylIed IMJIOTHOCTU TOKa MPOJOJIKUTENBHOCTh AJIEKTPOIU3a

cocrassiia 60 MuH.
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Pazpen 2  Ilepeuyennb MeponpusTHI no METOANYECKOMY,
UHGOpPMANMOHHOMY M MeTpoJsorndyeckomy passutuio HIKII

2.1 llepeyenb Meponpusituii no meroauueckomy pazsutuio HIKII

2.1.1 Memoouka npogedenuss OUCNEPCUOHHO20 AHANU3A HAHONOPOUIKOS
O0pUO08 U CUTUYUOOB MY2ONTIABKUX MEMAILLO8

W3mepeHre  OHUCIEPCHOTO  COCTaBa  MHOPOIIKOB  HPOBOJWIM  C
MCIOJIb30BaHMEM JIA3€PHOTO aHAIM3aTopa pazMepa yactull Analysette2?2.

Jlazepublii  aHanmu3atop pa3mepa yactuill  Analysette22  saBisieTcs
YHUBEPCATHHBIMA H3MEPUTEITHHBIM MPUOOPOM, KOTOPHIA MOXKHO HCIIOIh30BaTh
JUISL  ONPENENICHHUs] PACHPENEIICHUs] pPa3MEpOB 4YacTULl TBEPIBIX BELIECTB B
KUJKOCTSIX WJIM Tra3ax (CyCHeH3WH, a3po30Jib) WM B KaIUIAX KUJKOCTU
(amynbcum).

JlazepHblii cBeT mnpu OOHApYKEHMM dYacTHll (IbUIb, CYCIEH3UU U T.I.)
OTKJIOHSIETCSI OT CBOEr0 HCXOJHOTO HampaBJIEHUS W PACCEUBAETCS O]
ONPENCIEHHBIMU YIIaMH, KOTOPBIE ONPEACIISIIOTCS Pa3MEPOM U ONTUYECKUMU
cBOMCcTBaMHU yacTull. PaccesHHBIN CBET cOOMpPAETCs C MOMOIIBIO TaK Ha3bIBaEMOM
nuH3bl Dyphe, a 3aBUCSIIEE OT yIJia pacipeieICHUe HHTEHCUBHOCTH PACCESHHOTO
CBETa U3MEPSIETCS TaTYUKOM B Ipezesiax (OKaaIbHOM MIOCKOCTH JIMH3BI.

Hcnonp3ys momydeHHBIN TakuM oOpazoMm crektp Dypwe, pacrpeneneHue
pa3MepoB YACTHUIl PACCYUTHIBAETCS BCBOETO POJia 00PATHOM IPOIIECCE C TOMOIIBIO
WHBEPCUMU.

[TocpencTBoM cnenuanbHbIX anroputMoB MaScontrol mo3BossieT mpoBOIUTH
ananu3. MaScontrol — 3T0 mopmepxuBaeMasi 0a3ol NaHHBIX Mporpamma. Bce
u3Mmepenust, SOPs, manku v Katajaoru Wiv OT4ETHI 0 pe3ynbTrarax xpaHsarcs B SQL
0a3e JaHHBIX, KOTOpas Aa€T MPOCTOM, YIOOHbBIN U d3(PPEKTUBHBIA JOCTYIl KO BCEM
JAHHBIM

Analysette 22 ucnonab3yeT TpoBEPEHHYIO0 00paTHYI0 KOHCTPYKIUIO Dyphe C
U3MEHSAEMBbIMHU TIOJIOKEHUSIMU W3MEPUTEIBHON SYEHKH, KOTOpAasl 3alaTeHTOBaHA

FritschGmbH. Ilpu »5TomM wu3mepurenbHass s4Yeiika ©u 00paszell YacTUIIBI
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pa3MenIarTcs Ha OJHOM JIMHUU CO CXOASIIMMCS Ja3€PHBIM JIy4OM.

[Tonoxxenue sueilku ¢ oOpasnom Mexay JuH30M Dypbe U JaTYNKOM
oInpezeNsieT yCTaHOBJICHHBIN AMANa30H pa3Mepa dacTull. [l auamna3oHa TOYHBIX
U3MEPEHHI N3MepUTeNbHas sUeliKa PacloiokeHa B HECKOJIbKUX MUJUTUMETpax OT
Toukn (okyca nuH3bl Dypbe, B TO BpeMs Kak OOJIbIIME PACCTOSHUS MEXKIY
AYEHKOM U JaTYNKOM UCHOJIB3YKOTCS JIs1 BBIIOJIHEHUSI TPYOBIX U3MEPEHUH.

TouHbIl W3MEpPUTENbHBIA MpPOLIECC BBINONHSAETCS ¢ nomoup SOPs
(cTaHIAPTHBIX AKCIUTYaTAllMOHHBIX IPOLEAYD).

Jns  rpaduueckoro mpeacTaBieHHs O0IIMe JaHHBIE pacrojararTcs
COIJIACHO TE€OMETPUYECKUM pa3MepaM YacTULbl (HaIpuMep, SKBUBAJICHTHBIN
IUaMeTp X) M Trpauyecku HAaHOCATCS HAa OCh X CHUCTEMBbl KOOpPIMHAT.
KoMnoHeHThI, KOTOpbIE CBSI3aHbI C pa3MEPOM OTAENIbHBIX 3JIEMEHTOB U YKa3bIBAIOT
JIOJIM OTAEJIbHBIX YacTHUIl B Ipesenax oOLIero pacnpeneiaeHus, 0TOOpaKarTcs 1o

ocu Y.

2.1.2 Memoouxa nonyuenus 0e3600HbIX XJIOPUOOE PEOKO3EMENbHbIX
Memainnos u pmopbopama Kanius

Bo BnaxkHoM Bo31yxe O€3BOJHBIE XJOPUABl M JIAHTAHOMJIOB SHEPTUYHO
NOTJIOUIAIOT BJIAry, MEPeXo/s B KPHUCTAJUIOTUIAPATHI C Pa3IMYHBIM COJAEPKaHUEM
MOJIEKYJT KPUCTAJUTM3AMOHHOM BO/IBI.

Ha npaxTuke 1ia nonyuenust 0e3BoHBIX xJ0puaoB P3M Hanbomnee mupoko
UCIIONIB3YIOTCSl METO/IbI, OCHOBaHHbIE HAa 00€3BOKMBAHUU UX KPHUCTAJUIOTHIIPATOB
WM KOHBEPCUU OKCUIOB B XJIOPUJIBI.

ABTOpoM [3] pazpaboTaHbl U YTOUHEHBI CIOCOOBI M ONTUMAJIBHBIE YCIOBUS
mpoliecca TOJydeHHs] OE€3BOJIHBIX XJIOPUJIOB JIAaHTaHa, Lepus, Npa3eoauma,
HEOJMMa, caMapusi, €BpONus, IUCIPO3Usi, dpOUs, UTTEPOUs, JIOTELHUs, a TaAKKE
UTTPUS U CKaHAMSL.

be3BoaHbIe XITOPUABI PEAKO3EMENBHBIX METAIIJIOB MOJYYalOT MO CIETYIONIEH

CXEMC:
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LnCl;-nH,0 —2+ LnCl; + nH,0? (17)

HenocpencTBeHHO nepes OCYIIKOW MPOayBajiy XJIOPOM B TE€YEHUE S5 4YacCOB.
3aTeM TNpoIycKadu Yepe3 KBaplLEBYl0 TpyOy Maphl TeTpaxJiopuaa yriepoja
BHauasie npu Temmeparype 473 K B Tteuenume 1 wyaca, 3aTeM MOJHUMAIIU
temmnepatypy 10 473-533 K u BeliepKUBAIM MIPOAYKT IIPH 3TOH TeMIepaType elle
1 yac, mocne 4vero temmeparypy nogHumanu a0 723-773 K u BbelAEpKUBAIH
npoaykr euie 1-1,5 gaca. ITocne oxnaxnenus neun 10 373 K 10104Ky ¢ XJ10pUaoM
MOMEIIANIA B OOKC, TJIe U XPAHUJIU MOJYyUYEHHbBIH TPOIYKT.

Pacxon Terpaxyopuia yriepoaa 3aBUCUT OT KOJUYECTBA 3arpyKaemMoro
KPUCTAJUIOTHIpATa W COCTABJSIET JIBYX- WM TMATUKPATHBIA W30BITOK OT
crexruoMmerpuyeckoro. Berxon xinopunos P3M pasen 95-96 %.

Kaxnyro napTui0 CHUHTE3UpPOBAaHHBIX COEIMHEHHMI aHATM3HPOBAId Ha
CoJiepKaHUE€ HEepacTBOPUMOrO B BOJI€ OCTaTka — oOkcuxyopuaa. B 5 wn
nuctuiipoBanHot  Boabl  pactBopsin 0,5 rLnCl;, B cnyyae BbllajeHus
YenryiyaToro ocajka uin o0pa3oBaHHs B3BECH XJIOPUPOBAIU TTOBTOPHO.

B kawecTBe paciuiaBa pacTBOPUTENS HUCIOJIb30BAIM  TaJOT€HUHBIC
CUCTEMBI: 3KBUMOJbHasA cMech xyopunoB HaTpus u kanusg NaCl — KCl a takxke
serekTdeckui pacmiaB NaCl - KCl - CsCl. HMuauBuayajdbHBIE COJIH
NpPEeABAPUTENIbHO  MEPEKPUCTAJUIM3OBBIBAIM U CIUIABJISUIA B aTMocdepe

OYMIICHHOI'O 1 OCYHICHHOTI'O aproHa.

2.2 Ilepeyenb MeponpusATHii 0 MeTpoJIornueckomy passutuio LIKII

1. Yuem ycnoeuii nposedenusi anaiuzos u uzmepeHull

B naGoparopusix 1eHTpa yCTaHOBJIEHBbI NTPHOOPHI JIsi KOHTPOJIA 3a
TEMIEPATYpOil, BIAXKHOCTBHIO BO3AyXa M arMochepHOro naBieHHs. Pe3ynbTaThl
PEruCTpUPYIOTCS

2. IlpasunbHocmv npumeHeHusi U XpaHeHus XUMpPeaxmueos U pacmeopos,
npumeHsieMblx — ONisl  NposedeHuss  uzmepenuii.  Ha  obopyoosanuu  I[KII

«Penmeenosckas ouacnocmuxa mamepuailos»
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B nmaGopatopun mpoBOIUTCS KOHTPOJIb 32 HEOOXOIUMOM KBamupuKauen u
YCIIOBUSIMU XPAHEHUS PEAKTHBOB, HA BCEX MCIOJIb3YEeMbIX PEaKTHBAaX 0003HAYCHBI
HA3BaHUS PEAKTUBOB, KOHLIEHTPAIUH, 1aThl IPUTOTOBIIEHUS U CPOKHU TOJTHOCTH.

3. Ilpuem wu Xxpamenue 00pazyo8 Ol NPOBEOEHUs AHANUMUYECKUX
uccneoosanuil

B naGopatopuu npoBoAUTCS KOHTPOJIb 33 MPUEMOM M XpaHEHHEM 00pa3IloB
JUISL TIPOBEACHUS AHATMTUYCCKUX HCCIEOBaHUN (yMaKoBKa, JOCTaTOYHOCTH
o0beMa mpoObl JIsl aHAIKM3a, HAJTMYKUE COMTPOBOUTEIbHBIX TOKYMEHTOB, 3asBKa Ha
IIPOBEJCHUSI UCCIIENOBAHUN).

4. CocmosiHue cpedcms uzmeperull U napka HayuHo2o 060py00B8anus

CocrapneHn rpaduk TOBEpPKHM M aTTeCTAllMM OOOpPYAOBAHMS, MPOBOJMUTCS
KOHTPOJIb 33 UX COOJIIOJICHUEM.

5. Ilopsidok npasunbHocmu 3anoIHeHUs NPOMOKOJI08 U3MePEHUT

[IpoBonuTCS ~ KOHTPOJb  MPABWIBHOCTH  O(GOPMIIEHHS  MPOTOKOJIOB
U3MEPEHHH, KOHTPOJb 3a COOTBETCTBUEM pE3YyJbTaTOB aHAIMU30B YCIOBHUSIM
JOroBOpa (C  BHENIHMMH  TOJB30BATEISIMU M TOJB30BATEISIMU  BHYTpHU
OPTaHU3alNHN).

6. Cocmosinue (poHoa HOPpMAMUBHHIX OOKYMEHMOB

[IpoBoUTCS KOHTPOJIb 32 COCTOSIHUEM, COOJIIOJICHUEM YCIOBUN XpaHEHUS U
CBOEBPEMEHHBIM OOHOBJICHUEM HEOOXOIMMBIX HOPMATHUBHBIX JIOKYMEHTOB.

7. CmabunvHocmsb 2padyupos8ouHbIX U KATUOPOBOUHBIX 2pAPUKO8

B nabGoparopusx LKII mnpoBoautcs eXeKBapTaJbHOE IMOCTPOCHHE
IPalyUpPOBOYHBIX ¥ KaJIHMOPOBOYHBIX TPaPUKOB I CPEACTB HU3MEPCHH,
UCIIOJIb3YEeMbIX ISl IPOBEJEHUSI KOJUYECTBEHHBIX U KaU€CTBEHHBIX U3MEPEHUN C
UCIIOJIb30BaHNEM HAYYHOTO 000PYIOBaHMS LIEHTPA.

8. Cocmosinue pabouux dHcypHaios

B naGoparopusix 1eHTpa MpoBepsieTCsl MPaBUIBLHOCTh BEJIEHUS KYpPHAJIOB,
IPOTOKOJIOB U3MEPEHUM, TIOJTHOTA 3aIKCEH.

B xypHanax BegeTcs 3anuch 0 IPOBEIEHHON MPOBEPKE.

9. Monumopune cucmemvl Kauecmea pe3yibmamos
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B nmaGopatopusix IleHTpa MPOBOAUTCS TOCTOSHHBIX aHAIU3 CHUCTEMBI
KauecTBa pe3yJbTaTOB MW3MEPEHHH M pa3paboTKa Mep KOPPEKTUPYIOLIHUX

BO3JEUCTBU.

Ilpumep oOns nposedenus xkanubposounoz2o obcredosanus. FOcmupoesxa
ougpaxmomempa J[POH-6

JIisi monmydeHus TOYHBIX PE3yJIbTaTOB IO PEHTreHO(a30BOMY aHAIHU3Y
TpeOyeTcs BBHITIOTHEHNE FOCTHPOBKH TPHOOpA.

Memoouxa svinoanenus ocmuposku npubopa J{POH-6.

Brmtounts [IK ¢ momompro BBIKITIOYATENEH Ha MPOIECCOPHOM OJIOKeE,

MOHHUTOPE M yCTpolcTBe nedyaTu. BeizBaTh nporpammubiii komrmuieke JIPOH-6 u
paboTaTh ¢ MPUOOPOM B COOTBETCTBUU C PYKOBOJICTBOM OIl€paTOpa, MMEIOIIEMCS B
paboueM KaTajore mporpaMmbl yrpaBieHUs: U cOOpa TaHHbBIX MOCIIE UHCTAJUISIUY.
B3aumogeiicTBue ¢ npuOoOpoM Mpu 3TOM MPOU3BOAUTCS MOCPEICTBOM JIUCILIES U
xyaBuatypsl [IK. BBINOTHUTE NPUBA3KY YITIOB OCEM TOHMOMETPA K ONTHYECKOU
nIKase npudopa CorjiacHO pyKOBOJCTBY OllepaTopa.

[IpoBepsiercsi ~ pabOTOCIIOCOOHOCT, W MPABUIBHOCTH  HACTPOMKHU
audpakToMeTpa MyTEM OMNpENEICHUsS OTKIOHEHHs OJoKa JETEeKTHPOBAHHS OT
3aIaHHOTO yIJIa TIOBOPOTa, PEHTreHorpadupoBaHUs KOHTPOJIBHOrO obOpasua -
IIOPOILIKA KBapLa, ONPEAEICHNs OCHOBHOM anmnapaTypHOU ITOIPEUIHOCTH.

[locne mnpoxoxaeHUss OJOKOM JIE€TEKTHUPOBAHUS KaXJAOro 3aJaHHOTrO
JMana3oHa HeoOXOJAMMO CYUTATh CO IIKAJIbl TOHMOMETpA U 3alucaTh KOHEYHBIN
yroJ nquamnasoHa. Jlomyckaemoe OTKJIOHEHHUE 0JI0Ka JETeKTUPOBAHUS OT 3aJaHHOTO
yTJia IOBOpOTa AOJIKHO OBITh HE Oosee + 0,015 °.

PentrenorpadupoBanne mopoumkoBoro odpasia KBapiia OCyIIECTBISETCS B
aBTOMAaTUYECKOM pEXHME C BBIBOJOM HH(poOpMauuu Ha mnepudepuitHbe
ycrpoiictBa [IK. PentrenorpadupoBanue MPOBOJUTCA TMpPHU  CIEAYIOIUX
YCIOBUSX:

Pentrenonckas tpyoka 2,5 bCB 27-Cu;

Tok aHO/Ia pEHTTEHOBCKOM TPYyOKH, MA 20;
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Hanpsoxkenne aHoia peHTreHOBCKO#M TpyOku, kB 40;

Pa3Meps! mieneit, Mm 8,0; 2,0;0,1;

[lenmu Cosnepa mociie PEHTIeHOBCKOW TPYOKH H 1,5%

nepes 6JI0KOM JEeTEKTUPOBAHUS

HNuTepBan ckaHupoBaHUs 67,30° - 68,80°;

[ITar ckanHupoBaHus 0,01 °;

DKcIo3unusa B Touke, ¢ 10;

B pesynbrare pentrenorpadupoBanus Ha 3kpane MoHuTopa [IK momkna
MOSIBUTHCA PEHTreHOrpaMma IISITUIUIETa O-KBapla (MEepeKpbIBAIOIIUECS JUHUU
(212), (203) , m (301),), mpuBeneHHAs! HA PUCYHKE 3.

HurencupHoCcTh

L L
8.0 685 9.0
Yron nudpaxuun 26

PucyHok 3 - PeHTreHorpamma kBapiia, moJiyueHHasi Ha Tu(ppakToOMETpe
JAPOH-6

PentrenorpaMmma J10;0KHa yJIOBJICTBOPSTH CJICAYIOIMINM YCIOBUSIM:

- BCE TMATh IHUKOB JOJDKHBI OBITh XOPOIIO pPa3pelieHbl; YPOBEHb
MHTEHCUBHOCTU B MUHUMYME€ Mexay nukaMu (203),+(301),; u (203),; noimken
OBITh HE BBIIIE MHTEHCUBHOCTH THKa (212)4,; cyMMapHasi HHTEHCUBHOCTh ITHKOB
(203)n+(301)4; JIOJDKHA OBITh OoJIbIIIe
MHTEHCUB- HOCTH muka (203) ,;; MUHUMAalIbHAsS UHTEHCUBHOCTH (IIPOBaJl) MEXKIY
nukamu (212)4; 1 (203),; 10mKHA OBITH TPH 3HaUeHUH yria 20=68,00°;

Jlommyckaemoe OTKJIOHEHHE YTOB MU(paKIuu OT TAOIMYHBIX 3HAYCHHUM -
+0,02°. OnpeneneHrue OCHOBHOM anmnapaTypHOM MOTPEUIHOCTH OCYIIECTBIISETCA C
MOMOIIIBI0O H3MEPEHHS HWHTEHCUBHOCTU B TOYKE IMyTEeM OTCUETa HUMITYJIbCOB

pentreHoBckoro usnydenus: CuK, c¢ skcnoszunueit 100 ¢ npu oTpaxxeHUu nepBoro
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nopsizka (101) koHTpoaBEHOTO 00pa3na kBapia. Heobxoanmo nmpoBecTy Tpu cepuu
no 11 n3mepennit. /nurenpsHOCTh Kaxaou cepuu - He meHee | 4. [lopkmrouaercs
mudpakToMeTp K nurtaronieil cetu. [Ipu HampspkeHMM Ha aHOAE PEHTTEHOBCKOU
TpyOku 2,55CB-27Cu 40xB, perynupys TOk aHOAA U BBICOTY LIEJIN BEPTUKATIHLHON
pPacXxoIMMOCTH Tiepesl OJIOKOM JETEKTUPOBAHUS, TOOUTHCSI YPOBHS CKOPOCTH CUETA
(8%10°-10* ¢). TIpu 5TOM Ha TOHHOMETPE HOJDKHBI OBITH YCTAHOBICHBI IICIH: HA
NEePBUYHOM MyUKe - 0,5MM - 111eJ1b TOPU3OHTATBLHON pacXxoauMocTH, 6,0 MM - 111eJb
BEPTUKAJIbHOM pacXOAUMOCTH; Ha OTPAKEHHOM Iyyke - 2,0 MM - MIenb
TOPU3OHTAILHON PAaCXOAUMOCTH. Y CTAaHOBHUTH Takke (3-¢punbTp (Ni), BXOAIIHI B
KOMITIEKT nudpakromerpa. B mpomecce wu3mepeHus: oOpasenl HE OJDKEH
Bpauiathcs. Mi3Mepenue u pacueT NpoBOJATCS MO MporpaMMe yIrpaBjieHus u coopa

JTAHHBIX.
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Pasnean 3 IlpoBeneHue Teopernmueckux wucciaenoBanmii. HM3ydenme
CTPYKTYPHBIX  OCOOCHHOCTEH COJbBATAlMM HOHOB  PpPeaKo3eMebHBIX
METAJIOB B TaJOTeHHIHBIX pacIvIaBax MeTOJaMH KBAHTOBOW XHMHHM H
MOJIEKYJISIPHO TMHAMUKHU

3.1 CTpyKkTypa cobBaTOB HOHAa Y ' B pacmiaBax TpuTOPHI HTTPHsI—

¢propun mesounoro Meramia npu 1300 K mo gaHHbIM MOJEKYJISAPHO-

AHHAMHYE€CKOI0 MOJICJIUMPOBAHUA

3.1.1 Dxcnepumenmanvuas yacmo

MonekyasipHO-IMHAMUYECKUE  PAacdyeThl NPOBOJWINCH B KAHOHUYECKOM
N,P,T-mpubmmxkennu [4] ¢ norenuuanamu MM® B KyOuueckoM OOKce ¢
NEePUOJIMYECKUMH YCIOBUAMHU i Kiactepa u3 104 dopmynbHbix enunul; MF, B
LEHTPE KOTOpPOro pasmemancss Komiuiekc. llepBoHauanbHbiil knactep u3 108
dbopmynpHbIX enuuaull MF cTpownm, uMCXoas W3 AaHHBIX IO KPUCTATUTMYECKOU
CTPYKTYpE COOTBETCTBYrOIIMX (GropusioB [5]. Jlanee B ero 1meHTpe yAgausuiuch Mo
YEThIpE IEHTPAIBHBIX MOHA MIEJIOYHBIX METAUIOB U (TOPA, M B IIEHTP MOMEIIAIH
pPEeABAPUTENILHO ONTUMU3UPOBAHHBIA OKTa’ApUUYECKUM KoMIuiekc. Bbibop aToi
CTPYKTYpPBI CAEJNaH HAa OCHOBAHMM JAHHBIX palboThl Mo coctostHuu noHa Y (III) B
pacruiae  KF  merogom KP-cnektpockonuu [6], mOKa3bIBAIOMINX, YTO
OKTa3IPUYECKUI KOMIUIEKC SIBJISIETCS MPEBAIUPYIOLIEH CTPYKTYPHOW €IMHHUIIEN B
OTOM CHUCTEME. Dbl MNPOBEACHBI MOJICKYISPHO-AUHAMUYECKAE PACUYEThI
TPACKTOPUN U3y4aeMOM CUCTEMBI C IArOM UHTEIPUPOBAHUSA YPABHEHUN IBUKECHUS
0.5 ¢dc. Ha mpoTsHKEeHUM 25 TC € HUCHOJIb30BAaHUEM BPEMEHU TEMIIEpaTypHOU
pemakcaruu 1 ¢c. Takum 00pa3om, HAMU MOJIETUPOBAIUCH YCIOBUS COTbBATAIINH
nona Y(III) B MmogenpHBIX pacrmiaBax Gpropuaos menodnbix metamioB LiF, NaF,
KF u CsF nipu BeIcOKOI# cTenienn pazdaBienus rmpu temneparype 1300 K.

JlaHHbIE JISI  pAcUYETOB  CIEKTPAIBHBIX  KOPPEJSIIMOHHBIX  (DYHKITHH,
KoopAuHanmoHHoro umciaa woHa Y(III) wu  cpenHUX BpEMEH  KU3HHU
conpBaTUpOBaHHbIX KomiuiekcoB Y(III) Opamm ansa nuanazona 5-25 mc, rae
cHUCTeMa IPAKTUYECKH NPUXOJWJIa K PAaBHOBECHOMY COCTOSIHMIO. Bce pacuersl

BBITIOJIHSUIM € UcToJIb30BaHueM nporpammbl HyperChem 7.5.
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3.1.2 Obcyaicoenue pe3yibmamos
Bennunna makcumyma RY-F napnoit koppensiumonHoit ¢pyukiuu gY—F(r),

Cro mMMpHHAa Ha ITOJYBBICOTC (O, OTpaKarouias CTCIICHb MCKAXXCHHOCTU CTPYKTYP

[YFn](n =3~ remnoBbIM JBH>KCHUEM, TIPUBEICHBI B TabuIie 1.

Tabmuma 1 -

¢bynkunu gY—F(r), ero mmpuHa Ha MOJIyBBICOTE .

3aBucuMocTh Makcumyma RY-F mapHoil koppensiunoHHOM

[TapameTp LiF NaF KF CsF
Ry_g. A 2.354 | 2360 | 2.350 | 2.354
o, A 0.128 | 0.150 | 0.112 | 0.094
K4, 5.97 5.84 6.06 6.00
KY =6, % 76.09 | 83.10 | 91.41 | 97.48
t*([YFg]* ). nc 0.023 | 0.030 | 0.226 | 0.370
t*([YF;]*), nc 0.011 | 0.011 | 0.026 | 0.026
RMH)msKU=6| 0.92 1.18 1.45 1.68

MoxHO BUJACTDH, UTO HOH IICJI0OYHOI0 METaJljyia OKa3bIBA€T MaJIOC BJIMAHHUEC HA

pacctosaue Y-F, HO3aMeTHOE BIMSHUE Ha CTENEHb  MCKAXXEHHOCTHU
conmpBaTupoBaHHbIX (opm Y(III) TermoBeiM nBHXKeHHMEM. B Xoje BBINOIHEHUS
pacyeToB OBLJIO YCTAHOBJIEHO, YTO KOMILJIEKC COCTaBa JEHCTBUTEIBHO SIBIISAETCS
OCHOBHOU CTPYKTYPHOI €MHUIIEH B U3yU4eHHBIX MOJieNbHbIX paciaBax LiF, NaF,
KF u CsF. Tem He MeHee, KOMIUIEKChl COCTaBa U BCTPEYAIOTCA B M3YUYCHHBIX
pacmaBax MF (M = Li, Na, K) B nomnsx, gocturatomux 5—10 %. PaccuuranHoe
BIMana3zoHe 5-25 mc cpeaHee 3HaueHHe KoopauHanuoHHoro yucia (KY) u mons
CYLIECTBOBAaHUSA KOMILIEKCOB [YF6]3_ IUIA W3YYEHHBIX CHCTEM IIPUBEICHBIB
tabnuie. MoxxHo BuaeTh, uTo cpeanee 3HadeHne KY mma Y(III) 6mausko k 6 BO
Bcex caydasax, HO B ciayyae LiF u NaF KY nmna Y(III) mMenbme 6 mo nmpuyunHe
OoJbIIEH OJIM KOMIUIEKCOB. Takke M3 MOJYYEHHBIX JAHHBIX CJIEAYET, YTO AOJIS
CYIIIECTBOBAaHMS KOMIUIEKCOB B paciiiaBe (Topuaa IIETOYHOTO MeTaia
cucrematudecku Bo3pactaeT B psany LiF<NaF<KF<CsF. OOpamaer HaceOs

BHMMaHHe BbIcoKas koppesiuusa (R2 = 0.999) nonu cyuiecTBoBaHUSI KOMILJIEKCOB
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[YF6] mis U3YYEHHBIX (TOPUIOB C HMOHHBIM PAAUYCOM IIEIOYHBIXMETAIIOB.
PaccunTannble 3HA4YeHUsS CPEAHETO BPEMEHIDKM3HU t*  mpeobiiagaroniux
KOMILJIIEKCOB COCTaBa [YF6]3_ B M3y4eHHbIX MojenbHbIX paciuiaBax LiF, NaF, KF u
CsF npuBenensl B Tabiuie. Takyke B TaOauIle MPUBEACHBI 3HAYEHUS CPEIHETO
BPEMEHHU JKU3HU BBICIIMX KOMIUIEKCOB [YF7]4_. BpeMena xu3HUM KOMILIEKCOB

obmero cocrasa [YF,]" = "

HaMyd OBLTM OIICHEHBI, WCXOAS W3 BPEMEHU HX
CYLIECTBOBAHUS 1O HM3MEHEHHUS KOOPAMHALMOHHOIO 4Hciia. MOXKHO CYIHTh O
KpaiiHe BBICOKOU JTAOMIBPHOCTA KOMILJIEKCOB [YFs]> B pacrutaBax LiF u NaF u 06
yMEPEHHON JaOMJIBHOCTH KOMILJIEKCOB [YFs]” B paciaax KF u CsF B
cyonukocekyHaHOM auanazone. OOpamiaer HaceOs BHUMaHHE (HaKT, YTO
KOMILIeKChl coctaBa [YF,]" B pacmaBax LiF u NaF xapakrtepusyrorcs
yIbTpakopoTkuM BpeMeHeM ku3Hu (0.011 nc), Bo3pacrarouum a0 0.026 nic npu
nepexoze k pacmiaBam KF u CsF.

Ananu3 aBTOKOppessuoHHbIX ¢GyHkimit yriaoB F,YF,, mokasan, yto ans
Mpeo6Iafaionero B M3y4eHHBIX paciuiaBax Komiuiekca YFg HaGmiomarorcs
HETPEPBHIBHBIC TUHAMUYECKUE UCKAKEHUS IO TPAHSIM OKTa3IpUYECKON CTPYKTYPHI.
CreneHp UCKAXKEHHOCTH OKTa3IPUYECKON CTPYKTYPbl MOKHO OLEHUTb, UCIIOIb3YS
pacrpeiefieHie BepOsITHOCTEN YCPEIHEHHOTO Ha TPAEKTOpUH 5—25 MC U MO YUCTY
yriioB ZFYF B U3y4eHHBIX MOJENBHBIX paciuiaBax (pUCYHOK 4). MOXXHO BHUJIETD,
YTO CTENEHb MCKAKEHHOCTU KOOPJAWHALMOHHOIO IMOJUA3ApPA YMEHBIIAETCS B PIAY

¢ropunos LiF>NaF> KF >CsF.

P
600 -

450 -

150

T

0 g | | | |
30 60 90 120 150 180
ZFYF, rpan

31



Pucynok 4 - Pacnpenenenue BepOsSTHOCTEN YCPEIHEHHOIO Ha TPAEKTOPUHU
5-25 nc u no unciy yrioB <FYF n3yueHHbIX MOAENbHBIX pacIljlaBax.

Makcumym RY-F mnapuoit koppemsuuonnoit ¢ynkuuun gY-F(r), ero
IIMPHHA Ha IOJIyBBICOTE (O, CPEAHEE 3HAYEHMEKOOPAMHALMOHHOrO umciaa KY,
JIOJI CYIIECTBOBAHUSI KOMILJIEKCOB [YF6]3_, CpelHee BpEMS KU3HU t*([YF6]3_)
KOMIIJIEKCa [YF6]3_ U CpeaHee BpeMmsi >KU3HU '[*([YF7]4_)KOMHJICK03 [YF7]4_ TUISE
W3YYCHHBIX (DTOPHUIHBIX PACIIIIABOB.

Takum  0o0pa3oM, Ha  OCHOBAaHMM  MOJIEKYJIAPHO-IUHAMHYECKOTO
MOJICIMPOBAHUS U3YYCHBI CTPYKTYPHBIE 0COOCHHOCTH coibBatanuu noHa Y (III) B
mozaenbHbIX pacmiaBax LiF, NaF, KF u CsF npu 1300 K.

A" s

Cneman BBIBOJ O BBICOKOM JIa0MJIBHOCTH KoMiIuIekcoB [YF
pacrmaBax LiF u NaF u ux oTHocuTenbHOW cTabunm3aluu MHpu Mepexoie K

pacmiaBam KF u CsF.

3.2 KBanToBO-XxXHMHYECKOE H3yuyeHue (pTopuaHBIX

KOMILIEKCOBLIEPUEBO MOATPYIIIbI

3.2.1. Dxcnepumenmanvuas 4acms

Hamu ucnonb3oBan MeToa Teopuu (yHKIIMOHAIA TUIOTHOCTH B JIOKAIHHOM
HEOrpaHMYEHHOM 10 CHHHY NpubmmkeHun QyHkuunonasa SVWNS s usydenus
KOMIUIEKCOB. OTMETHM, YTO Uil METaNIOKOMIUIEKCOB C OTKPBITOM O00O0JIOYKON
METOJ TeOopHH (PYHKIIMOHANA TUIOTHOCTH CUMUTAETCS OJHUM HM3HAUOOJee TOYHBIX
IUI pacdyera CTPYKTYPHBIX, TEPMOJUHAMUYECKUX U JEKTPOHHBIX XapaKTEPUCTUK
[7].

Bce pacuersl BBIMONHEHBI C HCIOJB30BAaHHEM KBAHTOBO-XMMHUYECKOTO
naketa GAUSSSIAN-03 [8]. Onrumuszanuss MOJIEKYJSIPHOM — T€OMETpUHU
KOMIUIEKCOB BBITNIOJHEHA B Tra30(a3HbIX yCIOBUSAX 0€3 KaKuX-TM00 OrpaHuYeHHI
110 CUMMETPHHUIIN B TEOMETPUUECKUX XapaKTEPUCTHKAX.

[IpuHaIEKHOCTh MOJMYYEHHBIX CTPYKTYp HMCTHHHBIM MHHHMyMaMm Ha
MIOBEPXHOCTHU HOTEHIIUAIbHOM HHEPTUUIIOATBEPKIaIach OTCYTCTBUEM

OTpUIATEIbHBIX BEJIMYUH B KOMIIOHEHTaX reccuana [9].
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PacueTrsl  mpoBeneHBl € HKCHOJB30BAHWEM  KBa3HPEIATUBHCTCKOIO
spdextuBHoro ocropHoro norexnuana CEP-31G u cooTBercTByIOmIEro ay0iib-
3eTakayecTBa 0Oa3ucHOro Habop s atomMoB JaHtaHouzoB [10]. DTtor
KBa3UPEISITUBUCTCKUNA  TMCEBJONOTEHIMAT B  SIBHOM  BHUJE  YYUTHIBAET
OJIHOAJICKTPOHHBIE CKAJSPHbIE pENATUBUCTCKUE dB(PdexTh, 0e3 ydeTacnuH-
opOutanbHbeiX 3(dexroB. Takum oOpa3zom, BKaueCTBE OCTOBA, OMUCHIBAEMOTO C
NOMOILBIO BBIPAXKEHHM I TOTEHLMANa, paccMarpuBaerca 46-3JIeKTpOHHas
koHurypanus [Kr]4d10, Torna kak BepxHue snekTpoHHbie 4f-, 5s-, Sp-, 5d- u 6s-
000JIOUKMMOHOB JIAHTAHOUIOB PACCMATPUBAIOTCS B IBHOM BHUjE. B compsbkeHuu ¢
peNATUBUCTCKUM  3(PQPeKTuBHBIM  OcTOBHbIM  moreHuuaniom  CEP-31G
UCIIOJIb30BAIM ~ KOHBEHIMOHAJIBHO BXONSAIIMA B CXEMY  PEISTUBUCTCKHUX
nceBnonoTeHnuanoB cemeiictea CEP BaneHTHBIN ayOnb-3eTa OaswcHBIA HAOOD
(6s6p4d)/[4s4p2d] [11].

N3BecTHO, 4TO IJIsl aleKBATHOTO pacdeTa CTPYKTYPHBIX U IHEPreTUYECKUX
XapakTepUCTUK  TAJIOTE€HUJHBIX  KOMIUIEKCOB  MHOTO3apS/IHBIX  HOHOB,
XapaKTEPU3YIOMIMXCS CUJIBHOM MOJISIpU3aLMed MOJEKyJ JUraHaa, HeoOXOAUMO
UCIIONIb30BaHUE, MOKpaiiHe Mepe BaJIeHTHOro IyOib-3eTa KauecTBa 0Oa3uCHOTO
Habopa JyIsi aTOMOB JIMTAH/Ia C UCTIOJIb30BAHUEM TOJIIPU3ALMOHHBIX QYyHKIUN [12,
13]. [loaToOMy B CONpSKEHUU C PEISTUBUCTCKUM 3(H(HEKTUBHBIM OCTOBHBIM
noternanioM CEP-31G gy aTOMOBIIaHTaHOWIOB WCIIONB30BaIN TyOJb-3€Ta
KadecTBaba3ucHbIM HaOop [11] ¢ oxHOM monspuzanoHHoNyHKIMEH d-Tuma asis
aToMmoB (pTopa, paBaoi 0,8.

B Hacrosimieit pabote y4eT CHUH-OpOUTaIbHBIXA(P(HEKTOB HE MPOBOIMIIH,
MOCKOJIbKY ~CUMTAETCs, YTO OHM B ONPEIEICHHOM Mepe YUYUTHIBAIOTCA

HCIIOJIb30BAHUCM KBa3HUPCIIATUBUCTCKOI'O 3C13C13GKTI/IBHOFO OCTOBHOI'O IIOTCHIIHKAJIa

[14].
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3.2.206cysucoenue pe3yibmamos

Hnsa rekcapropuanbix kKomiuiekcoB (Ln = Ce-Gd) ormerum, uyTO
HAauOOJIBIIUM  HMCKaXXEHHUEM OKTadJpa XapaKTepU3ylTcs rekcaQTopuaHbIe
KOMILJIEKCHI U LIEPHS], IPA3E0OUMa U cCaMapHusl.

OHEpPrul0 CBS3bIBAHUS [JI1 KOMILUIEKCOB OMNPEAEISIM B KJIACTEPHOM
NPUOIVKEHUH JISl PEaKIINK: Ln** + 6F < 1o caenymwrieit hopmyiie:

E., = E[LnFs] - E(Ln™) - 6E(F) (18)

N30bITOUHYI0O aTOMHYIO CIMHOBYIO IUIOTHOCTh HAa aTroMax JIaHTaHOUAA
pPacCUMTBHIBAIM KaK Pa3HOCTb MEXKIY PacyeTHOM BEIMYMHOM ATOMHOM CIIMHOBOM
IVIOTHOCTH MO Ma/UIMKEHy M 4YHCJIIOM HECIIAPEHHBIX JJIEKTPOHOB HOHA
JTAHTAHOU/IA.

OcHoBHast uH(popManus 00 >Hepruu cBs3biBaHus E.,, ycpeaHeHHOM
paccrosinuu Ln-F (E), MauinkeHOBCKHX 3apsiiax Ha aToMax JIaHTaHouja u ¢ropa,
BEJIMYMHE M30BITOYHBIX ATOMHBIX CIMHOBBIX TUIOTHOCTEH Ha aTOME JIAHTAaHOWJA,
YCPEOHEHHOM BEIMYMHE aTOMHOM CHOUHOBOM IUIOTHOCTH Ha artome QTopa,
BEJMYMHE U30TPONHOro MepMu KOHTAKTHOTO B3aMMOJIEUCTBHS Ha siapax propa B
rekcaTOpUAHBIX ~ KOMIUIeKcax  momydeHHas — merogom  DFT/SVWNS,
Ipe/ICTaBICHA Ha PUCYHKaX 5-9.

JIByropObIii XapakTep 3aBUCHMOCTH PHEPIUHM CBS3bIBAHUS B KOMILJIEKCAX B
painy Ce-Gd orTpaxkaer BiIusHUE cTeneHU 3anojHeHus 4f-o0onouku u
COOTBETCTBYIOIIIMX  MEXKIJIEKTPOHHBIX  B3aWMOJCUCTBUHA  HAa  DHEPrETUKY
obpazoBanus GTOpOKOMILIEKCOB. CleIyeT OTMETUTh, YTO COTIIACHO TPUBEICHHBIM
JaHHBIM  HauOOJbIIEH YCTOWYMBOCTBIO  XapaKTEPU3YIOTCA  KOMIUIEKCHI U
XapaKTepU3YIOIIUecs AEKTPOHHON KoHuUryparueld nona nantanouna [Xelf 3 u
[Xe]f 6 cooTBeTCTBEHHO. 3aMeTHUM, 4YTO YCpEIHEHHble paccTosHus Ln-F B
paccuutaHHbix  (propokommiekcax Ha 0.02-0.10 E w™eHblie 3Ha4YeHUH,
MIPEACTABICHHBIX HA OCHOBAaHUHU PACUYETOB KOMILJIEKCOB METOIOM XapTpu—Poka B
HEOTPAHUYEHHOM MO CHHHY NPUONMKEHUH. AHANIU3 PACcCUNTAHHOW BEIMYWHBI
MaJUIMKEHOBCKOTO 3apsiia Ha aTOME JIAHTAHOW]1a CBUJETEIIbCTBYET, UTO TIOYTH JBE

TPCTU IOJIOKUTCIIbHOI'O 3aps/ia HCHTPAJIbHOI'O MOHA JIAHTAHOW A IOTramacTCd 3a
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CYETIEepeHOCa »JJEKTPOHHOM IUIOTHOCTH C p-opOUTalie KOOPJAUHHPOBAHHBIX
dbTOpua-aHUOHOB HA S-, pP-, d- OpOUTATU MOHOB Ln’". Ananus 3apsI0B HA aTOMax
KOOPJIMHUPOBAHHBIX  (TOPUA-aHUOHOB TOKa3ajl HMX3HAYUTEIBHYIO CTEIEHb
nonapuzauuu  katnoHamu  Ln(III). Tlockonbky B3aMMOJAEMCTBUS Lot t-F
AJIEKTPOCTATUYECKHUE IO CBOEHM NPUPOAE, TO MEPEHOC 3apsAna TAaeT 3HAYUMBIN

HHEPreTHUECKUN BKJIaJ B YCTOMUHUBOCTh IreKCaTOPOKOMIIIEKCOB.

Ce Pr NdPm Sm Eu Gd

—1160

—1185 *

—1210

—1235 - .

—1260 =

E.,. KKaj1/Mob

PucyHok 5 -3aBUCMMOCTB SHEPIUH CBS3bIBAHMS B KOMIUIEKcax B psagy Ce—

Gd.

RLn—F* A
2.40

o

(9%

N
[

o

%)

-
T

A

Ce Pr Nd Pm Sm Eu Gd

o
(g
N
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Pucynok 6 -

N3menenue

YCPEIHEHHOTO

ONTUMHU3UPOBAHHBIX CTPYKTYp KoMIUIeKkcoB Bpsay Ce—Gd.

(a)

Ce

Pr

Nd Pm Sm Eu Gd

Ce Pr

—0.67

Nd Pm

(6)

Sm

PaCCTOAHUA

Eu

Ln-Fnns

Gd

—0.68

—0.69 -

PI/ICYHOK 7 - MI3MeHeHne MaJIMKEHOBCKOI'O 3apsga Ha aTOMC JIaHTaHOH A

(a) ¥ yCPeTHEHHOTO0 MAJLTHKEHOBCKOTO 3apsija Ha aromedTopa (0) B KOMIUIEKCax B

psany Ce—Gd.
: - (a) (©)
Je(Ln), € Ce Pr Nd Pm Sm Eu Gd
08 0 a
iy ~0.03
0.4 - A
—0.06
)
0.2+
. , 00
0~ ‘
Ce Pr Nd Pm Sm Eu Gd —0.12
fiF),e
Pucynox 8 - HM3menenue Benu4yMHBI W30BITOYHONW ATOMHOW CITMHOBOM

IINIOTHOCTH Ha aToME€ IJIaHTaHOHWOa (a) u ycpCHHCHHOﬁ

BCJIMYUHBI AaTOMHOM

CIIMHOBOM TUIOTHOCTH Ha atome (ropa (6) B komruiekcax B psay Ce—Gd.
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Ce Pr Nd Pm Sm Eu Gd

PI/ICYHOK 9 - HM3meHeHHE BEIUYMHBI HU30TPOIIHOTO KOHTAKTHOI'O (DCpMI/I-

B3aMMOJICUCTBHS Ha siipax ¢propa B KoMiuiekcax B psgy Ce—Gd.

Takum o0pa3zoMm, pe3yiabTaTbl IPOBEJEHHBIX KBAHTOBO-XMMHYECKHX
pacuetoB komruiekcoB (Ln = Ce—Gd) MmeTonoM Teopun PyHKIMOHANA MJIOTHOCTH B
aokanbHOM TpubmmkeHnd SVWNS mo3BoNISIOT TPOCIEINUTh BIUSHUE 3al0THEHHS
ANIEKTPOHHON 4f-000J0YKM Ha SHEPreTUYECKHe, CTPYKTYpPHBIE U 3JIEKTPOHHbBIE

XapaKTEPUCTHKHU TeKcaTOPOKOMITIIEKCOB TPEX3apsAIHBIX HOHOB JIAHTAHOUIOB.
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Pasnen 4 IlpoBeaenne 3xkcepuMEHTAJIBHBIX HCCIEAOBAHNH
4.1 PaszpaGoTka (U3MKO-XMMHYECKHX OCHOB 3JJIEKTPOXHMHUYECKOIO
CHHTE32 HAHOJMCIIEPCHBIX MOPOIIKOB 0OPHUAOB M CHWJIMLHUAOB TYIOILIABKUX H

PECAKO3€MEIbHBIX METAJJI0B

4.1.1Hccnedosanue COBMeECNIHO2C0 IJIEKMPOBOCCNIAHOBIEHUA UOHOB

gonvghpama (monuboena) u KpemHus 8 XJ10pUOHO-PmMOPUOHLIX PACNIABAX

Jlist ycTaHOBIIEHHS MeXaHW3Ma o0pa3oBaHUs CHJIMLMIOB BoJibpama u
MONIMOJEHa MBI TPOBOAMIM HCCIEIOBAaHHE DJIEKTPOBOCCTAHOBICHUS HOHOB
TyroruiaBkoro meraiia B 3BTekTuueckoM paciiase KCIl-NaCl-CsCl.

Jlanee Mbl M3ydaldud BO3MOKHOCTH COBMECTHOI'O 3JIEKTPOBOCCTAHOBJICHHS
MOHOB BoJib(pama (MonuOIeHa) U KpeMHHUA. VICTOYHMKOM HOHOB KPEMHHUS MBI
UCIIOJIb30BAIM CUJIMKATBhl HATpUsl U Kalldsd, a HUCTOYHUKOM HOHOB BOJb(hpama
(MmonubaeHa) ¢ropokcuBobdpamaT-(GTOPOKCUMONINOAAT-) UOHBI, KOTOPHIE MBI
BBOAMIM B paciuiaB B Buje NasWO;F; (NazMoO;F;).

DNEeKTPOBOCCTAHOBICHUEPTOPOKCUIHBIX KOMIUIEKCOB BOJb(Gpama H3yyaiu
Ha (hOHE TPONHOW 3BTEKTUKHU XJIOPUIOB HATPHUS, KaJU, I€3UsI COOTBETCTBYIOILIETO
cocraBa (Macc. %): KCI - 19,5 %; NaCl - 12,5 %; CsCl - 68,0 %.

Bonbppam BBOIMIM B XJOPUIHBIA paciiiaB B BUAE CMECH TPEXOKHUCHU
BoJb(pama u ¢propuaa HaTtpusi B cooTHomeHun WO3-3NaF unu ninaBa Naz;WO;F;.
®opma BBeaeHHs BoJbGpaMa MNPUHIUIHAIBHO HE BIMAJIA HAa XUMUYECKOE U
AIIEKTPOXUMHUYECKOE TIOBEJCHHE CHUCTEMbl. Bu3yanbHas OIEHKAa PacTBOPUMOCTU
¢dTopoxcuBonbdpamara (Mbl BBoaAuaU a0 15,0 Bec. %) B XIopuAHO-GTOPUIHOM
paciiaBe mokasaja MoJHOEe U ObICTPOE PACTBOPEHHE BBOJMUMOTO BEIECTBA.

[Ipuyem 1o cpaBHEHUIO C XJIOPUAHBIM PACIIIaBOM, HE COAEPKALIUM XJIOPHU
nesust, To ecth pacmiaBoM KCI-NaCl (mpu 700 °C) mpaktudecku He HabJIr01aJ10Ch
ra3oBblICIICHHUE.

[Ipu nob6asnenun B pacmiaB KCIl-NaCl-CsCldropokcuBonbpamaTraHaTpus

pacriaB OblUI MpO3pavyeH, IBET OCTBIBIIETO IuiaBa — OenbiM. OTOT (akT
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CBUJIETEIILCTBYET O TOM, YTO BOJIb(PpaM B pacijiaBe HE MEHSET CTEIIEHN OKUCIICHUS
W B pacIulaBe HaxoJIWUTCAd B BHUAE (TOPOKCHIHBIX KOMIUIEKCOB CO CTETIEHBIO
OKHUCJIEHUS +6.

Hamu npoBesieHbl BOJIbTAMIIEPHBIE UCCIEA0BAHUS YKA3aHHOW CUCTEMBI MPU
temriepatype 550°C Ha [UIATUHOBOM D3JIEKTPOJE MPHU CTAUOHAPHOM H
HaCTAallMOHApPHOM pexumax nonspuszanuu. Ha pucynke 10 mnpenacraBieHsl
BosibTamreporpamMmel  paciuiaBa KCl-NaCl-CsCI-3Na;WO;F;, nonydeHHble Ha
MJIaTUHOBOM 3JiekTpojsie. B ornunuue ot pacmaBa KCl — NaCl, B uccienyemom
pacmmae KC —-NaCl -CsCl ycroiiuuBasi BOJIHA BOCCTAHOBJICHHSI Ha
NOJISIPU3AIIMOHHBIX ~ KPHUBBIX  TOSABIAETCS YK€  NpU  KOHIIEHTpalUU
dropoxcuBonbdpamara Hatpus mopsaka ~510° momb/cm’. IIpH 3TOM BOJHEL
DJIEKTPOBOCCTAHOBJICHUSI (TOPOKCHIHBIX KOMIUIEKCOB Ha MOJSPHU3ANMOHHBIX
KpUBBIX Haxoautcs B oOjactu -(0,95+1,2) B OTHOCHTENBHO TIATUHOBOTO
anekTpoaa cpaBHeHus. Ha kaTOIHOW 4YacTH BOJbTaMIeporpaMMbl UMEIOTCS JBa
UK D3JIEKTPOBOCCTAHOBJICHUS, TMPEIINONOKUTENBHO, TPUHAIJICKAIIUM JIBYM
DTOpPOKCHAHBIM KOMILIEKcaM Boibdpama -WO,F,> ((0,95+1,10) B otHOCHTEIBHO
IJIATHHO-KHUCIIOPOJHOTO 3JIEKTPOJA CpPABHEHUS) U WOF> ( -(1,10+1,25) B
OTHOCUTENIFHO  IJIATUHO-KUCIOPOJAHOrO  3JIEKTpoJa cpaBHEHHUs). Pa3HocTb

IMOTCHIMUAJIOB ITMKOB KAaTOJAHBIX BOJIH COCTABJIACT IMMOPSAAKA ~100 MB.
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Pucynox 10 - Boapsramneporpammer  pacmiaBa  KCI-NaCl-CsCl

(aBTekTHKa), coaepxamero Naz;WO;F; mpu ckopoctu mnonspuzauuu  0,1B/c.

C(Na;WO;F;) 10 moms/em™: 1-1,0; 2-2,0; 3-3,0; 4-4,0

Ha aHomHOM BEeTBM IMKJIMYECKON BOJbTAMIIEpPOIpaMMbI B 0OoJjiee
MOJIOKUTENIbHOM obyiacti moreHuuanioB -(0,6+0,7) B umeercs mmpokas BoJiHA
OKHCIICHMS, KOTOpas SBJISETCI CyMMOM II0 KpallHEM Mepe IByX BOJIH. Ecin
BO3BpAT MOTEHIMAJIa MTPOBECTU NPHU MOTEHLMAJE MEPBOM BOJHBI, TO HA aHOJIHOU

BETBU MMEETCS TOJBKO OJIHA BOJIHA OKUCIEHUS (pUCyHOK 11).
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Ecnn >xe monspuzanuio paboyero ayekrpona mpoBoauTh ao -1,5 B, To
HAOMIOAI0TCSL JIB€ 4YeTKHE BOJIHBI okucieHus (pucyHok 10). C yBenumueHueMm
KOHLIEHTpaluu (TOpOKCHBOJIb(PpamMaTa JBE BOJHBI, KaK Ha KATOJHBIX, TaK U Ha
AHOJIHBIX YaCTAX BOJIbTAMIIEPOIPAMM COXpaHstoTCA. IIpu yBenMYeHUM CKOpOCTH
NOJISIpU3AllMM  BBICOTHl BOJIH PAacTyT M CMEIIAIOTCS B 0Oojee OTpULIATETHHYIO
o0JsacTh nmoTeHuuanoB (pucyHok 12). IIpu 3ToM Bo3pacTaeT Takke U MOJyIIHMPHUHA
NUKa.

AHanu3 cTallMOHAPHBIX U HECTAIMOHAPHBIX BOJHTAMIIEPHBIX 3aBUCUMOCTEN
AIIEKTPOBOCCTAHOBICHUAPTOPOKCUIHBIX KOMILJIEKCOB BOjJbppama Ha ¢oHe
pacruiaBa KCI-NaCl-CsCI-NaF npoBoauiu o 00Ien3BeCTHBIM JUATHOCTUYECKUM
KpUTEpUSIM. DTU JaHHBIE MPECTaBICHBI B TAOIHIIE 2.

3aBUCUMOCTh ~ CyYMMapHOro  TOKa  IIMKa  3JIEKTPOBOCCTAHOBJIEHUS
(bTOpOKCHBOJIb(PPAMATHBIX ~ KOMILJIEKCOB OT  KOHUEHTpaluu  (HTOPOKCH-
BOJIb()pamaTa B paciuiaBe MpejncraBiieHa Ha pucynke 13. U3 pucyHka BUAHO, YTO
HaOMOaeTCsl  JIMHEHAas 3aBUCUMOCTh MEXAY TOKOM M KOHIIEHTpaluen
dbropokcuBosbdpamara Hatpusi B pacimiaBe KCI-NaCl-CsCl B u3yuyeHHOM HaMu
WHTEpBaJIe KOHIIEHTpaui — 7,5 107+ 3,0 10 moms/en®.

JluneliHas 3aBUCMMOCTH HAOJIOMAETCS M MEX]Y IUIOTHOCTBIO TOKa MHKa
dropoxcuanoro xomrmiekca WO,F,” u KoHIeHTpauueii (GTOpoKcHBOIb(ppaMaTa

Hatpus (pUCyHOK 14).
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Pucynok 11 - Boasramneporpammsl paciaBa KCI-NaCl-CsCl (3BTekTHKA),
COJIepXKaLIEro Na;WOsF; (3,0-10%, Mons/cM’) HpH pasiMUHBIX CKOPOCTAX

nonspusauuu: v, B/c: 1-0,05; 2-0,1; 3-0,2; 4-0,5.1-1,0; 2-2,0; 3-3,0; 4-4,0.
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Pucynok 12 - Bonsramneporpammsl paciuiaa KCI-NaCl-CsCl (3BTekTHka),
conepxamiero Naz;WO;F; (3,0-10'4, MOHB/CM3) IpU  Pa3IUYHBIX CKOPOCTSIX

nonspusanuu: v, B/c: 1-0,05; 2-0,1; 3-0,2; 4-0,5.1-1,0; 2-2,0; 3-3,0; 4-4,0; 5-1,0



Tabmuma 2 - HekoTopeie  ANEKTPOXUMUYECKHE TApaMeTpbl  AJIEKTPO-
2-
BocctranoBieHust WO,F,” B pacrnaBe KCl- NaCl-CsCl-Na;WOsF; Ha ninatuHoBoM

anektpoae npu T = 550° C.

v,Blc |v!* ip, Alem® i,/ -E,,B |-E,»,B |AE,B ol ng

C(Na;WO;F3)= 1,0 - 10 mosns/cm’

0,05 0,22 0,0125 {0,057 1,009 0,965 0,044 3,0

0,1 0,32 0,0475 10,148 1,018 0,971 0,047 2,8

0,5 0,71 0,0706 0,099 1,096 1,028 0,068 1,9

1,0 1,00 0,0881 {0,088 1,140 1,062 0,078 1,7

C(Na;WO;F;)= 2,0 - 10~* moms/cm’

0,05 0,22 0,0138 {0,063 1,045 1,001 0,044 3,0

0,1 0,32 0,0581 0,182 1,062 1,011 0,051 2,6

0,5 0,71 0,0875 0,123 1,116 1,066 0,050 2,6

1,0 1,00 0,1131 0,113 1,157 1,086 0,071 1,9

C(Na;WO;F;)= 3,0 - 10~* moms/cm’

0,05 0,22 0,0356 0,162 1,032 0,984 0,048 2,7

0,1 0,32 0,1069 0,334 1,049 1,010 0,039 3.4

0,5 0,71 0,1769 10,249 1,096 1,045 0,051 2,6

1,0 1,00 0,2100 10,210 1,127 1,070 0,057 2,3

C(Na;WO;F3)= 4,0 - 10~ mosns/cm’

0,05 0,22 0,0494 10,225 1,052 1,004 0,048 2,7

0,1 0,32 0,1400 10,438 1,076 1,015 0,061 2,6

0,5 0,71 0,2275 10,320 1,120 1,072 0,048 2,7

1,0 1,00 0,2706 0,271 1,140 1,083 0,057 2,3
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Pucynok 13 - 3aBHCHMOCTh IUIOTHOCTH CYMMapHOIO TOKa ITHKa

3NIeKTPOBOCCTAHOBJICHHS (DTOPOKCHAHBIX KommekcoB WO,F,~  u WOFg" ot
koHleHTpauu NazWO;F; B pacmiaBe KCI-NaCl-CsCl (sBTekTHKa) mpHu
ckopocTsax nossipuzauuu: v, B/c: 1-0,05; 2-0,1; 3-0,5; 4-1,0

i=]
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LA
T

Y

1.0 2,0 3.0 C10. momsien”

Pucynok 14 - 3aBUCUMOCTb IJIOTHOCTH TOKA MUKA 3JIEKTPOBOCCTAHOBJICHUS
2-
dbropokcuanoro komriekca WO,F,” ot konnentparuu Na;WO3F; B pacrniase

KCI1-NaCl-CsCl(3BTeKTHKa) P CKOPOCTAX Pa3NUUYHBIX mossipusauuu: v, B/c: 1-

0,05; 2-0,1; 3-0,5; 4-1,0
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T T4
Ha PUCYHKE 15 MpEICTABJIEHA 3aBUCUMOCTD ip /iy

¢dTopokcuBoOIb(PpaMaTHBIX KOMIUIEKCOB BOJIb(ppaMa TMpU PA3IUYHBIX CKOPOCTSIX

NOJIIpU3alMy, M3 KOTOPOM MOMKHO 3aKJIIOUYUTh, 4YTO HpPU YBEIUYEHUU

KOHLIEHTpaLuu ¢dTopoxcuBosbppamaTa nepBas BOJIHA (BoJHA

2-
anekTpoBoccTaHoBieHnss WO,F,”) Bo3pacraer ObicTpee, 4yeM BTOpas BOJIHA
2- 2
(cymMmapHas BoJiHa 3nekTpoBoccTtaHoBieHus WO,F,~ u WOF¢™).

12
pu

Ha pucynke 16 npencraBieHa 3aBUCUMOCTb COOTHOIIEHUS ip/vl/ >orv
pazMyHOM cojepkaHuu (ropokcuBoiibPpamara B pacmiiaBe. C yBeIHMUYEHHEM
CKOPOCTH MOJIIPU3ALNU COOTHOILICHUE ip/VU ot v'"* ymensmaercst. C yBelMueHHEM
CKOPOCTM TOJISIpU3allUd  TMOTEHLIHMAIbl TOJYNHUKAa ¢ TMHKa CMEIIAITCI B
OTpULIATENIbHYI0 00J1IacTh MoTeHuanoB (tabnuna 2). [loTeHuumansl KaTOAHOTO U
aHOJHOTO MHKOB PAa3JUYalOTCsl CYHIECTBEHHO M COCTAaBISIOT 3HAUEHUS MOPsAKa
300 + 400 mB, uro cymectBeHHO OoOnbIlle, YeM 3HAYCHHUS JJISI OOpaTHUMBIX
npoiieccoB. M3 3HaUeHUI! MONYIIUPUH TMHUKOB ObUIM PACCUMTAHBI 3HAUYECHHS Olng
(tabmuua 2). M3 Tabnuipl BUIHO, YTO C YBEJIMYEHUEM CKOPOCTH MOJIAPU3ALUU
HAONIOMACTCsl yMEHBIIEHUE 3HA4eHUs On,  COBOKYMHOCTh JTHUX JaHHBIX
YKa3bIBalOT HA 3aMEJIEHHOCTh CTaJMM TE€peHoca 3apsjaa [ Ipolecca
AIIEKTPOBOCCTAHOBIECHUSA(DTOPOKCUAHBIX KOMILJIEKCOB BOJIb(ppama B
sBTekTrdeckoM paciiaBe KCI-NaCl-CsCl. PentrenodasoBbiii aHaM3 MPOIYKTOB
MOTEHIIMOCTATUYECKOTO 3JIEKTPOJIM3a MPHU MOTEHIMAJaX, COOTBETCTBYIOIIUX Kak
NEPBOM, TaK U BTOPON BOJIHBI, MOKA3aJ, YTO OCATOK COCTOUT U3 METANIMYECKOIrO
BOJIb(pama. Takum o0Opazom, poI1iecc AIEKTPOBOCCTAHOBIICHHUS
dbropokcuBosbppamar- uoHoB Ha (one pacmiaBa KCI-NaCl-CsCl  moxHO
MIPEACTaBUTH CICTYIONTUM 00pa30M Ha MIEPBOM BOJTHE:

WO,F,> +6e—W +20” + 4F (19)

3a 2JIeKTPOAHON pEeaKIMeil CIEeMyIOT OBICTphIe HEOOpAaTUMBIE XUMHUYECKHE
peaKkiuu:

WO,F, " +20">WO0,* + 4F (20)
WOF;"+0”— WO,F,” + 4F (21)
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WOFs +30*— WO,” + 6F, (22)

KOTOpbIE€ MOTYT HHTUOUPOBATh 3JIEKTPOIHBIN MPOLIECC HA BTOPOU BOJIHE:

WOF~ +6e—>W + O” + 6F (23)
ry
e

20 L

3

1.5 | 2
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0 . . . — —
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Pucynok 15 - 3aBucuMOCTh ipI/ipI+II Na;WOsF; B pacmiae KCl-NaCl-

CsCl(aBTekTHKA) MpU CKOpOCTAX nonspuzanuu: v, B/c: 1-0,1; 2-0,5; 3-1,0.
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Pucynok 16 - 3aBucuUMOCTH ip/VUzOTVI/Z B pacmiaBe KCI-NaCl-CsCl-

Na;WO;F; npu  paznuusbix kKoHueHTpanusax NazWO;F;. C(Na3W03F3)-10'4
momb/em’: 1-2,0 2-3,0 3-4,0.
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4.1.2 Hccnedosarue 31eKmpo80CCMAHOBIEHUADMOPOKCUOHBIX KOMNAEKCO8
monuboena 8 pacniase KCI-NaCl-CsCl na niamunogom kamooe

Tpuokcun momubaena B xmopuanbix pacruiaBax (KCI-NaCl, KCI-LiCl)
HEYCTOMYMB M XMMHYECKM B3aUMOJECHUCTBYeT ¢ HUM. [Ipu 3TOoM mpoucxomut
OKHUCJICHUE XJIOPUJI- MOHA C O0pa3oBaHMEM MOJEKYJISIPHOIO XJIOpa U JIETy4HX
OKCUXJIOPUIOB MOJIMOJEHA TMPOMEXKYTOUHOW CTeNneHUu OkucieHus. [Ipuuem
TPUOKCHUJ MOJHOJeHa 0oJjiee aKTMBHO PEarupyeT C XJOPHUIHBIM PacIsIaBOM, YeM
Tpuokcua Bosibdpama. Ilepexon k xmopunHo-propuanomy pacriay KCI-NaCl-
NaF u KCI-NaCl-CsCl-NaF, kak u B ciydae ¢ BOJb(ppaMOM CTaOMIM3HPYET
BBICIIYIO CTENEeHb OKHUCIEHUS MoiubaeHa ¢ oOpa3oBaHHEM (PTOPOKCHIHBIX
KOMILJIEKCOB M002F42' U MOOF62'.

BoapsTammnepnsie 3aBucumMocT 3BTeKTHUecKoro paciasa KCI-NaCl-CsCl
npu Temnepatype 550°C mnpu mnocnenoBarenbHoM aoOaBienun MoOj;-3NaF
IIOKa3aHbl Ha pucyHkel7. Ha xaTtoqHOM YyacTh HUKIMYECKON BOJIBTAMIIEPOTPAMMBI
MMEIOTCS AB€ BOJIHBI IIpu noteHumanax -(0,8+-0,9)B u -(1,1+1,2) B oTHOCKTENBHO
IUIATUHO-KUCIIOPOJHOTO 3JEKTpoJa cpaBHeHUs. Ha aHOOHOW dYacTH Takke
MMEIOTCS JIBE BOJIHBI pACTBOPEHUS KATOAHBIX ITPOTYKTOB.

[IpeAnonoXUTeNnbHO, 3TU KaTOJHBIE BOJHBI MPUHAIIEKAT PaA3IUYHBIM
(TOPOKCUAHBIM  KOMIUIEKCAM  MOJMOJEHAa  WIM  Pa3IUYHBIM  CTaIusIM
AIIEKTPOBOCCTAHOBIECHUA(DTOPOKCUAHOTO  KOMIUIEKCAa  MOJUOAeHa.  AHamu3
IPOAYKTOB IMOTEHUMOCTATUYECKOTO W  TaJbBAaHOCTATUYECKOIO  AJIEKTPOJIU3a
NOKa3aJl, YTO MPHU MOTEHIMAJIE MEPBOK BOJIHBI MPOAYKTOM 3JIEKTPOJIN3A SIBISETCS
MoO,, a npu noTeHuuMage BTOPOl BOJHBI Hapsaay ¢ MoO, BBIAEISIOTCS OKCHIbI
Oonee HU3KOMW cTeneHU okuciaeHus (Mo,Os3). DT HWCcleqoBaHUS MOATBEPIWIN
paziMyue B DJIEKTPOXMMHUYECKOM TOBEACHUM (TOPOKCHUIIHBIX KOMILIEKCOB
BosibppaMa W MOIMOAEHA M HEBO3MOXHOCTH TMOJYYEHHUS METAITTMYECKOrO
MOJINO/I€HA AIIEKTPOJIU30M U3 JAHHOTO pacIliaBa.

N3BecTHO, YTO KHCIOTHO-OCHOBHBIE CBOMCTBA pPAaCIUIABOB CYIIECTBEHHO

BJIUSIOT KaK Ha XapakTep 3JEKTPOJHBIX IMPOLECCOB MPHU 3JIEKTPOBOCCTAHOBIECHUHU
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KOMILJIEKCHBIX aHHOHOB TYIOIUIABKMX METAUIOB, TaK M Ha COCTaB IPOIYKTOB
nnekTpoau3a. [lo3ToMy B JanbHEHIIEM Mbl DBITAIUCH BBISICHUTH BIIUSHHE
pa3IMyHBIX J100ABOK, U3MEHSIOUIUX KHUCIOTHO-OCHOBHBIE CBOMCTBA PACIIABOB Ha
XapakTep H3JIEKTPOAHOTO TNpoLecca, a TakKKe Ha IOJHOTY BOCCTAHOBIICHUS
MosnOJIeHa U3 (PTOPOKCUAHOTO KOMILIEKCA.

@dTOpUI- HOHBI BBOJWIMU B paciuiaB B Buje ¢propuna Hatpus 1o 10 mac. %.
[Ipu nobGaBneHun mepBBIX MNOpuMd (Topuga HATpUs Ha KaTOAHOM dYacTu
BOJITAMIIEPOrPAMMBI BUJIHO, YTO MPOUCXOJUT U3MEHEHUE COOTHOUIEHWUN BBICOT
KAaTOJIHBIX MHUKOB BOJIH (pUCYHOK 18). BbicoTa KaTogHOTro muKa MEepBOM BOJIHBI
YMEHbIIACTCS yke B JBa pa3a npu KoHientpauuu NaF 1,92 -10” mons/cm’. B T0
BpeMsl KaK BbICOTa BTOpPOW BOJHBI Ipu noreHuuanax -(0,95+1,05) B ocraercs
npakTuyecku Hem3MeHHOU. [Ipu BBeeHUM M30bITKAa (PTOPUI- MOHOB CYIIECTBEHHO
U3MEHSETCS aHOJHAs BETBb LMKIWYECKOM BOJIbTAMIIEPOIPAMMBI - HA AHOJHOM
BETBU HCUYE€3a€T BOJHA, PACIOJIOKEHHAas B 0oJiee MOJIOKUTEIbHOM  o0nacTu
noreHuanoB -(0,35+0,40) B u ocraercsa ogHa €IMHCTBEHHAs BOJIHA OKHCIJICHHS
npu noreHuuane -(0,60+-0,68) B. IllupuHa aHOJHON BOJIHBI TAaK)KE€ HECKOJBKO

YMEHBIIIAETCS.
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Pucynoxk 17 - Boapramneporpammel pacmiasa KCI-NaCl-CsCl (3BTekTuka),
conepxaiieroNa;MoO;F; mpu ckopoctu nonsipuzanuu 0,1B/c. C(NazMoO;F;)-10°
*, Momb/em™: 1-1,0; 2-2,0; 3-4.,0
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Pucynok 18 —BonsramneporpammeipaciuiaBaKCI-NaCl-CsCl (sBTekTHKa),
COZEpKaILETo 3,0-10’4M0J1I>/CM3 Nas;MoOsF;.C(NaF)- 10'4, MOJIB/CM: 1-0; 2-0,73;
3-1,92; 4-3,05; 5-4,31. Ckopoctb nomnsipuzaiuu 0,1B/c.

[Tpu u30bITKE PTOPUA- MOHOB B paciiaBe YBEIMYMBACTCS KOHLEHTPALIHS
MoOF,*™ HOHOB.

Hamu  uccnenoBaHa — 3aBUCHMMOCTh — TOKAa  AJIEKTPOBOCCTAHOBIICHHS
(TOPOKCUAHBIX KOMIUIEKCOB OT KOHIIEHTpAuU (hPTOPOKCUMOJIMOAATa U CKOPOCTHU
MOJIIPU3AllMU B pacIllaBe, 3aBEOMO cojepxkaiieM H30bITok (ropun- mona (10

Mac.%) (pucynok 19). HaGnrogaemas mpsMo mponopuyMoHanbHasi 3aBUCUMOCTD
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TOKa OT KOHUEHTpauuu (pucyHok 20) M CKOpOCTH mojspu3auuu (pucyHok 21)
MOXET  CBHJIETETLCTBOBATH 00 OTCYTCTBHM  MEJJICHHBIX  COIPSIKEHHBIX
ANIEKTPOAHOMY MPOIIECCY XMMHUYECKUX peakiuil. OgHaKo 3HAYCHUs TMONYIIHPUH
BOJH, a Takke pasHocTh Ej-E,, (Tabmuma 3) MOXKET CBHIECTENBCTBOBATH O
3aMEJIJICHHOCTH CTaJuu TepeHoca 3apsaa. Pa3HOCTh MEXIy KaTOJIHBIMH H
anoaneiMu Tiikamu E, —E, cocraBmser 300+350 mB, 4ro Takxke roBOpUT O
HEOOpaTUMOM XapaKTepe MpoIiecca BOCCTAHOBIEHUS (DTOPOKCUMOINOAAT- HOHOB.

[To nanHBIM peHTreHo(}azoBOro aHaM3a MPOJYKTOM JJEKTPOJU3a IpHU
MOTEHITMAIEC 3TOW BOJIHBI siBIsieTcs: cMech M0;O, Mo. Takum oGpazoM, H30BITOK
¢dTOpUA-NOHOB COCOOCTBYET Oonee riry0oKomMy BOCCTaHOBJICHHUIO

bTOPOKCUMONUOAAT-NOHOB.

A 0,045

L ]

a 0,5 1.0 -E. B

Pucynok 19 -Boasramneporpammel pacmaBa KCI-NaCl-CsCl (aBTekTuka)-
NaF(10 wmac.%), npu  mnocieaoBaTeiabHOoM  AoOaBieHuun  Nas;MoO;F;.
C(NasMoO;F;)- 10'4, MOJIB/CM-: 1-1,0; 2-2,0; 3-3,0; 4-4,0. CkopoCTh NOISIpU3ALUU
0,1B/c.
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Pucynoxk 20 - 3aBucUMOCTb TOKa NMKa OoT KoHUeHTpauu Na;MoO;F; mpu

Pa3IMYHBIXCKOPOCTAX nospuzanuu, B/c:1-0,05; 2-0,1; 3-0,2; 4-0,5; 5-1,0.
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Pucynok 21 - 3aBucmmocTh mapamerpa 1, OT v npu pasmrumbIx
KOHueHTpauHﬂxNagMoOgFg.C(NagMoOgFg)-10'4, moss/em’: 1-0,5-; 2-1,0; 3-
1,5; 4-2,0; 5-3,0.



Ta6mmma 3
DIEKTPOXMMHYECKHUE MapaMeTphl 3ieKTpoBoccTaHOBIEeHUsINa;MoO;F; B
pactiaBe CsCl-KCI-NaCl (oBrektuka)- NaF (10 mac.%) Ha nNJIaTMHOBOM

anektpoae. T=550 °C.

v.Ble  |-E,B  |-EnB i, Ak’ | -EpEp B i jjz' CB
C; (NasMoOsF5)=0,5- 10™* mons/cm’

0,02 1,012 0,952 0,014 0,060 0,097
0,05 1,032 0,959 0,018 0,073 0,083
0,1 1,035 0,970 0,022 0,065 0,071
0,2 1,045 0,983 0,027 0,062 0,061
0,5 1,057 0,989 0,042 0,069 0,059
0,7 1,067 0,998 0,046 0,069 0,054
1,0 1,070 1,004 0,056 0,066 0,056
C, (NasMoOsF;)=1,0-10"* moms/cm’

0,02 0,986 0,892 0,016 0,094 0,116
0,05 0,986 0,900 0,023 0,086 0,103
0,1 1,011 0,944 0,029 0,067 0,091
0,2 1,020 0,939 0,038 0,081 0,085
0,5 1,026 0,970 0,059 0,056 0,083
0,7 1,051 0,970 0,064 0,081 0,077
1,0 1,057 0,979 0,081 0,078 0,081
C; (NasMoOsF;)=1,5-10" moms/cm’

0,1 1,048 0,952 0,038 0,096 0,119
0,2 1,032 0,958 0,054 0,074 0,121
0,5 1,039 0,948 0,074 0,091 0,105
0,7 1,051 0,967 0,091 0,084 0,108
1,0 1,057 0,967 0,109 0,090 0,109
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[Iponomxenue Tabnuibl 3

C, (NasMoO5F5)=2,0-10* moms/cm’

0,02 1,054 0,886 0,034 0,168 0,240
0,05 1,035 0,902 0,044 0,133 0,198
0,1 1,042 0,927 0,057 0,115 0,179
0,2 1,039 0,924 0,075 0,115 0,168
0,5 1,063 0,942 0,112 0,121 0,157
0,7 1,070 0,948 0,131 0,122 0,156
Cs (Na;MoO;F;)=3,0-10"* mons/cm’

0,02 1,015 0,880 0,049 0,135 0,351
0,05 1,035 0,892 0,065 0,143 0,298
0,1 1,057 0,902 0,079 0,155 0,247
0,2 1,063 0915 0,107 0,148 0,238
0,5 1,082 0,924 0,161 0,158 0,227
1,0 1,098 0,933 0,214 0,165 0,214

4.1.3 Hccrneoosanue mexaHuzma cO8MECHMHO20 IJIeKMPOBOCCHMAHOBIEHUS
UOHOB BOIbPPAMA U KPEMHUS 8 XTOPUOHO-(DMOPUOHBIX PACNIABAX

MexaHu3M COBMECTHOTO 3JEKTPOBOCCTAHOBIICHUS HMOHOB BoOjJbdpama u
KPEMHHUSI, a TakKe »JJICKTPOXMMHUYECKOT0 CHHTE3a CHJIMLKJA BoJb(pama
UCCIIeI0BAIIU C TOMOIIBIO KOMIUJIEKCA COBPEMEHHBIX 3JIEKTPOXUMUYECKHUX
METOJI0OB MCCIICIOBAaHMS U aHAIu3a, MOJYYEHHBIX MPOAYKTOB 3JIEKTPOIN3A: METO]
UKIINYECKON BOJIbTAMIIEPOMETPHH, NOTEHIIMOCTATUYECKUN u
raJIbBAaHOCTATHYCCKHUI DJIEKTPOJIN3, PEHTIeHO(A30BbIi METOT N3y4eHHS (a30BOTO
coCcTaBa TMPOIYKTOB JJICKTPOJIN3a, PEHTTEHO(IFOOPECIIEHTHBIN JJIEMEHTHBIN
ananu3.NM3yuenue snexkrpoxumuyeckoro noseaeHusa NaCl-KCl-CsCl-Na;WO;F;—
Na,SiFg npoBoaunock Ha MIaTUHOBOM KaToje npu temneparype 550 °C.

Ha pucynke 22 npuBeaeHbI BOJbTaMIIEpHbIE 3aBUCUMOCTH paciuiaBa NaCl-
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KCl-CsCl-Na;WOsF;-Na,SiFg nonyueHHble Ha MJIaTUHOBBIX AJIEKTPOAaX.

i,

MA/em’
4
139
] \/\/p 2
A
0 0,5 1,0 1.5 2.0 25 -E,B

Pucynok 22 - Boasramneporpammsl pacmiaBa KCl — NaCl - CsCl(kpuBblie
1-4), conepxaniero Na;sWO;F; u K,SiFs. 1 — dpon KCl — NaCl - CsCl, 2 - C
(Na;WO;F;3), mons/em® = 3,0:10%, 3 — C(K,SiFy) ), mons/em® = 4,0-10°, 4 —
C(K,SiFs) ), momb/em® = 8,0-107, 5- C(K,SiFe) ), Moas/em® = 10,0-10” . CkopocThb
nonspuzauuu v = 0,1 B/c.

Kax BuHO M3 BOTBTAMIEPHBIX KPUBBIX MPU HATHYUUA B (POHOBOM PaCIlIaBe
TOJBKO (DTOPOKCHUBOJIb(paAMaT- MOHOB Ha KATOAHOM YacTH HAOIIOMArOTCS JBa
[MKA, COOTBETCTBYIOIIME JJIEKTPOAKTUBHBIM YACTHUIIAM: W02F42' I/IWOFGZ'
(kpuBast 2, pucyHok 22). JloGaBineHue (TOpCUIMKAT- HOHOB MPHUBOIUT K
CMEIIICHUIO PAaBHOBECHS B CTOPOHY 00pa3oBaHus (PTOPOKCHUBOJIb(pamaT- HOHA
WOF62' C MOTEHILIMAJIOM 3JIEKTpOBOCCTaHOBJIEHUS (-1,2 B OTHOCUTENBHO MIATUHO-
KUCJIOPOJAHOTO 3JEKTpoJa cpaBHeHUs, KpuBble 3, 4, pucyHok 13). Ilpu
MOJISIPU3ALMM 10 MOTEHIHAIA 3JIEKTPOBOCCTAHOBICHUSI KPEMHUS MOYXHO 3aMETUTD
MOSIBJICHUSI TMKAa BOCCTAHOBJIICHUSI KpEMHHUsA TMpu TMoreHiuale -2,.3 B
OTHOCHUTEJIBHO TUIATUHO-KUCIOPOHOTO 3JICKTPOAa CpaBHEHUS (KprBas 3, pUCYHOK
13). PaszHuma Mexay NHUKaMH SJEKTPOBOCCTAHOBICHUSA(DTOPOKCHBOIbGpaMar

noHa u propcunukar-uona cocrasiset 1,1 B (Pucynoxk 23 nuku A u B).
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Pucynok 23 - Boneramneporpamma pacmiaBa KCl-NaCl-CsCl-NazWO;F;-
K,SiFs. ®onossiii anektponutr 3BTekTHKAa KCI-NaCl-CsCl; C (NazWOsF;) =
3,0-10'4 MOJ'II)/CM3, C(K,SiFy) ), = 8,0-10'5 MOJIB/CM. CKopoCTh MOJIAPU3ALUU V =
0,1 B/c. Temnepatypa T = 550° C. Wuaukaropuseiii snektpon — Pt, [lnomans

TIOBEPXHOCTH MHIMKATOPHOTo 31ekTpoaa =0,153 cm”, Dnektpox cpaBHeHus Pt/O.

CrnenoBaTenbHO, COBMECTHOTO 3JIEKTPOBOCCTAHOBIICHUSI MOHOB BOJIb(ppama
U KPEMHMs IpPH HMU3KMX IUIOTHOCTSAX TOKAa HE JOJDKHO IPOUCXOAUTh. Jliis
MOJyYEHHUsI COCIUWHEHUI BoJb(pamMa M KPEMHHUS JJIEKTPOJIM30M U3 JaHHOTO

pacimiaBa He0OXOUMO YBEIUYUTh INIOTHOCTh KaTOHOTO ToKa (Pucynok 24).

LA
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0500
-0.2501
0-
0.250-

0.5001

0.750 . r . r . r . r . r
0 -0.500 -1.000 -1.500 -2.000 -2500 E.B

Pucynok 24 - Boneramneporpamma pacmiaBa KCl-NaCl-CsCl-NazWO;F;-
K,SiFs. ®onoeiii snektposuT 3BTekTHKAa KCI-NaCl-CsCl; C (NasWO;F;) =
4,0-10'4 MOJ'IL/CM3, C(K,SiFy) ), = 1,2-10'4 MOJIIB/CM". CKopocCTh MOJSIPU3ALMIU V =

50,0 B/c. Temnepatypa T =550° C.
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4.1.4 Hccrneoosanue mexanuzma cO8MECMHO20 IJEKMPOBOCCHAHOBIEHUS
UOHO8 MOIUOOEHA U KPEeMHUS 8 XJIOPUOHO-(DMOPUOHBIX PACNIABAX

MexaHu3M COBMECTHOIO 3JIEKTPOBOCCTAHOBJIEHHS HOHOB MOJIMOJEHA W
KPEMHHSI, a TakKe DJJICKTPOXMMHUUYECKOTO CHHTE3a CHJIMIUAI0B MOJIHOIeHA
UCCIIeI0BAIU C TOMOIIBIO KOMIUJIEKCA COBPEMEHHBIX 3JIEKTPOXUMUYECKHUX
METO/IOB UCCIEAOBaHUS U aHAJIN3a, MOJYYEHHBIX MPOAYKTOB 3JIEKTPOJIU3A.

Nzyuenne rnexrpoxumuyeckoro nopeAaeHus NaCl-KCI-CsCl —Na;MoO;F;—
KBF npoBoauioch Ha 1uiaTUHOBOM Karoje mpu Temmeparype 550 °C. Ha
pUCYHOK24 mpuBeaeHbl BoJsibTamIiepHble 3aBucumoct paciiaBa NaCl-KCl —
CsCl —-Naz;MoOsF;— K,SiF¢ nonyueHHble Ha IaTUHOBBIX 3JeKkTpoaax. Kak BuaHO
u3  pucynka 25  (kpuBag  3)  SJIEKTPOBOCCTAaHOBJICHHWE  HauboJliee
AIIEKTPOIIOIOKUTETHFHOTO KOMIIOHEHTA (MOIMO/ICHA) TPOUCXOIUT MPHU MOTCHITHAIIC
-0,95 B, a a5eKTpoBOCCTaHOBJIEHHE 00JIee ANEKTPOOTPUIIATEILHOIO KOMIIOHEHTA
(kpemHus) npu notreHnuane -1,85 B OTHOCHUTENBHO IJIATHHO-KUCJIOPOIHOIO
AJeKTpoAa cpaBHEHUs. Pa3Huila Mexay MOTEHUHATaMH MUKOB BOCCTaHOBJIEHUS
IBYX KOMIIOHEHTOB coctapisier 0,9 B. CrnegoBaTtenbHO, I MOJy4YEHUSA
COCTMHECHHSI MEXKIYy ITUMHU KOMIIOHEHTAMU HEOOXOIMMO TMPOBOIUTH AJIEKTPOIIU3
Opyu MoTeHuuanax Oosbllle, 4YeM TOTEHIHal MpeAeNbHOro TOKa Ooliee
AIIEKTPOOTPUIIATEIILHOTO KOMIIOHEHTa (KpeMHHs).CXeMy MOJy4eHHUs] COCTUHEHUS
MEXIy STUMU KOMIIOHEHTAMU MOYKHO MPEACTABUTH CICIYIONUM 00pa3oM:
1. DneKTpOBOCCTAHOBJIEHUS HAMOOJEE HIEKTPOMOJIOKHUTEIBHOIO KOMIIOHEHTA
(MosmOeHa);
2. DIeKTpoBOCCTAaHOBIEHUS OoJee ANEKTPOOTPULIATEIBHOIO  KOMIIOHEHTA
(KpemMHUs1) Ha BBIIETUBIIEMCS MOIHOICHE;
3. Huddy3nonnoe B3auMoAeiCTBHE MOJIMOJEHA W KPEMHHUA C 0OOpa3oBaHUEM

CUJIMIIMIA MOJIUOAEHA.
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Pucynok 25 - Boubramneporpamma pacmiaaBa KCl-NaCl-CsCl-

Naz;MoOs;F;-K,SiFs. ®onossrii anekrposut 3BTekTHKa KCI-NaCl-CsCl; 1-domn,
2-C(NazMoO;F;)=3,0-10*momb/cm’, 3-C (K,SiFg)= 1,0-10*momb/cm’, CKOpoCTb
nosipuzanuu v = 0,1 B/c. Temneparypa T = 550° C. MHAMKATOPHBIN AIEKTPOI —

Pt, Onekrpon cpaBHeHus Pt/O.
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4.1.5 Hccnedosanue GIUSAHUSL @mopbopam-uonos Ha
97IeKMPOBOCCHMAHOBICHUEHMOPOKCUOHBIX KOMNIEKCO8 B0bdpama 6 pachniase
KCI-NaCl-CsCl

PerymupoBaTe  paBHOBecHE€ MEXIy Pa3IMYHBIMH  (DTOPOKCHIHBIMU
KOMIUIEKCAMH MOKHO HE TOJIbKO BBEJICHHEM ()TOPHUA- HOHOB, HO U JOOABIECHUEM
OKCOKHCIIOTHBIX 4acTuil, Takux kak PO;, BF, u SiF¢® — MNOTEHIMAIBHBIX
aKIENITOPOB HOHOB 0.

dTopbOpaT- MOHBI CBSI3BIBAIOT MOHBI KUCJIOPO/Ia B MIPUAIIEKTPOTHOM CJIO€ C
00pa3oBaHKEM XOPOIIIO PACTBOPUMBIX B PACTUIABE COCTUHEHUM:

BF, +O”<BOF, +2F

N3BecTHO, 4uTO Ha MOP(OJIOTHIO OcajaKka IPH BBIICICHUH TYTOIJIaBKUX
METAJUIOB W3 OKCHUJHO-TAJOT€HUJIHBIX pACIUIaBOB IOMHMO TEMIIEpaTYpHI,
MJIOTHOCTH TOKA, MOJJIOXKKH, €ILIE CYIIECTBEHHO BJIMUSET M aKTUBHOCTh HOHOB
KMCJIOpPOJIa B MPHUAJICKTPOAHOM ciioe. Tak, HampuMep, €Ciau B MPUAJIEKTPOIHOM
CI0€ JOCTHUTAeTCS MPOU3BEICHHUE PACTBOPUMOCTH OKCHJIOB, TO HaOI0MaeTCs
naccuBalnus (GpoHTa pocTa OcCajka M KaTOJHBIA OCaJO0K IOJydaeTcs B BHUJIC
JUCTIEPCHOTO TOPOIIIKA.

Beenenue ¢ropoopar-uonoB B pacmiaB  KCI-NaCl-CsCl-Naz;WO;F;
MPUBOJAUT K H3MEHEHHIO COOTHOIIEHUSI BBICOT TIMKOB pA3JUYHBIX BOJIH
BOCCTAHOBJICHUS (DTOPOKCUAHBIX KOMIUIEKCOB Bojibbhpama. [Ipu BBeaeHuM B
pacruiaB ¢ropbopara kaimst B cooTHomennn KBF,: Na;WOsF; paBuoit 1:5 Ha
KaTOJAHOM YaCTU BOJIbTAMIIEPOTPAMMBI OCTA€TCSl OJIHA BOJHA, IO MOTCHIMATY
COBMAJAIONIEH C TOTCHIIMAJIOM 3JICKTPOBOCCTAHOBJICHUS (TOPOKCHBOJIb(Ppamar
HOHa WOF62'. DTO CBS3aHO C TEM, YTO MPHU BBICOKMX KOHIEHTpamusax KBF,
MPOUCXOJUT JOCTATOUHO TMOJIHBINA MEPEeX0/ BCEX KOMIUJIEKCOB BoJibppama B OJIMH

— Hamnbosee OkcoKucIoTHblit — WOFs~ (prcyHok 26).
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Pucynok 26 - Bonsramneporpammsl pacmuiaa KCI-NaCl-CsCl (3BTekTHKa)
CoZEpKaIEero Nas;WO;zF; (3,0-10'4 MOJIB/CM3) Ipyu  TOCIEI0BATEILHOM
no6asnennn KBF,:C(KBF,) -10”, monms/cm’: 1-0; 2-2,0; 3-3,0; 4-5,0; 5-7,5; 6-

10,0.Ckopocts nonsipuzanuu 0,1 B/c.
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4.1.6 Coemecmmnoe 31eKmMpPOBOCCMAHOBIEHUADMOPOKUCBOIbDpamam- U
@mopbopam- uoros 6 pacniase KCI-NaCl-CsCl

Hcxons w3 aHanu3a BOJIBTAMIIEPHBIX KPUBBIX, Oblla yCTaHOBJICHA
BO3MOXKHOCTh BJIMSIHUSI Ha pPaBHOBECHE MEXIy (TOPOKCHBOJIb(PpaMaTHBIMU
HOHHBIMU (popMamu Bosibhpama, cymiectByromumu B paciiaBax KCI-NaCI-CsCl.

Jlanee Mbl HCClEIOBaIM BO3MOXHOCTb COBMECTHOT'O JJIEKTPOBBIICICHHUS
IBYX MOHOB ((TOopoKucBoNb(pamaT- u TeTpadropOopat- noHos) B pacmiaase KClI-
NaCl-CsCl.

Ha pucynke 27 mnpeacraBiieHa BoOJbTaMIleporpamMma, IOJy4YeHHasi MpU
MOJIIPU3ALUMU AJIEKTPOAa 0 MOTEHIMANIOB pa3psiia MOHOB Oopa (kak Hambosee
AIIEKTPOOTPUIIATEIIBHOTO JIEMEHTA).

W3 BosbTamnepHON KpUBOM BHUJIHO, YTO HA KAaTOAHOM YaCTH MMEIOTCS JBE
BOJIHBI IIepBasi BOJIHA IIPU HOTeHIHane paspsaa nona WOF*(-1,15 B) u Bropas
BogHa - BF, (-1,85 B) oOTHOCHUTENBHO TUIATMHO-KHUCIOPOIHOIO DJICKTPOJIa
cpaBHeHMs. Pa3HuIla MeXAy MOTEHIMATaMu 3JIEKTPOBOCCTAHOBIICHUSI ATUX JABYX
noHoB cocrasisier 0,7 B, 4TO 03HAYaeT 4TO COBMECTHOE 3JIEKTPOBOCCTAHOBIICHUS
BO3MOXXHO  TOJBKO  NOpU  MOTEHIMAdaX  BbIIE  MPEAEIbHOTO  TOKa

SJICKTPOBOCCTAHOBJICHUA BTOpOﬁ BOJIHBI.

-0.0100
-0.00745
-0.00504

i

-0.0025
04 I

0.0025 | I

0.0050 - T T T —— T T T T
0 -0.250045000.750-1.0001.2501.500-1.750-2.000-2.250 2 500 E 1Y

Pucynok 27 - BoasramneporpammapaciiaBa KCl-NaCl-CsCl-NazWO;F;-
KBF,.  ®oHoBbI31eKTpoIUTIBTEKTUKAKCI-NaCl-CsCl; C (Na;WO;F;) =
4,0-10'4M0JIL/CM3, C(KBEy) ), = 1,0-10'4 MOJIIB/CM". CkopocCTh MONSIPU3ALNUA V =
0,1 B/c. Temneparypa T = 550° C. Huagukaropubiii snektpon — Pt, [iomans

TIOBEPXHOCTH MHINKATOPHOTo 31ekTpoaa =0,23 cM, Dnektpos cpaBHennus Pt/O.
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4.1.7 Hccnedosanue BAUAHUSA ¢dmopbopam- UOHO8 Ha
9NEeKMPOBOCCMAHOBIEHUEDMOPOKCUOHBIX KOMNJIEKCO8 MOAUOOeHa 6 pacniage
KCI-NaCl-CsCl

Beenenue ¢propbopar-uonos B paciiaB KCI-NaCl-CsCl-Na;MoOsF; taxke
U3MEHSAET COOTHOLICHUE BBICOT IIMKOB pA3JIMYHBIX BOJH BOCCTAaHOBJIECHUS
bTOpOoKCUIHBIX KOMIUIeKCOB MonuOaeHa. [Ipu BBenmennu B pacrmiae KBE; u
Na3;MoOsF; B cootHomenun paHoil 1:3 He HaOmOAaeTCs OCOOBIX M3MEHECHHIA
dbopM BoJbTAMIEPOrpaMM U BBICOT MUKOB (KaK KAaTOIHBIX, TAaK U aHOJHBIX). Ecnu
yBenmmuuBath KoHUEeHTpanuo KBF, no 1:1 mo oTHOmEHHWIO K KOHIIEHTpaluu
Na;MoOsF;, To Ha KaToAHOW YacTH BOJIbTAMIIEPOTrPAMMBI OCTAETCS OAHA IIHPOKas
BOJIHA, HMEIOIIasg TEHAEHUMIO K Pa3[IBOCHMIO, TOrJAa KakK Ha aHOJHOM HeET
CYIIECTBEHHBIX U3MEHEHUW. DTO, MPENOI0KUTENbHO, CBSI3aHO C TEM, YTO JlaxKe
BbicOKME KoHUeHTpauuu KBF,; He mnpuBoASIT K MOJHOMY TMEPEXOAY BCEX
KOMIUIEKCOB MOJIMOJiIeHa B OJWH — HaubOojee OKCOKHCIOTHBIA (PUCYHOK 28).
[TpomyKT 37eKTponH3a COCTOMT W3 JHUOKCHIA MOJMOACHA U CONIEPKHUT CIECHbI
MeTajuimyeckoro MmonuOaeHa. Bmegenue ¢ropbopaT- mMoHa TakkKe BIMSET Ha
MIPOIIECC DJICKTPOBOCCTAHOBICHUSA(DTOPOKCUIHBIX KOMIUIEKCOB  MOJMOIEHA, HO
KaK U B CiIy4yae BBeJCHUS (PTOPUI- MOHA HE MPUBOJUT K MOJIYUEHHUIO YUCTOM (ha3bl

MCTAJINTMYCCKOT'O MOJ'II/I6I[CH8,.
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Pucynok 28 - Boaeramneporpammel pacruiaBa KCI1-NaCl-CsCl (3BTekTHKa),
COZEpKAaILETO 3,0-10'4 MOJIE/CM’ Naz;MoO;F; nipu nocnenoBaTrebHOM 100aBICHUH
KBF,.C(KBF,) -10'5, MOJIE/CM: 1-0; 2-2,0; 3-5,0; 4-7,5. CxopocTh NOJsIpU3aALNT
1,0 B/c



4.1.8 Cosmecmnoesnekmpo8occmanosieHue uoHo8 Moauboena u 6opa 6
asemexmuyeckom pacniage KCI-NaCl-CsCl

MexaHu3M COBMECTHOTO 3JIEKTPOBOCCTAHOBJICHUS HWOHOB MOJUOACHA W
Oopa, a Takke SICKTPOXMMHUYECKOTO CHHTEe3a OOpHI0B MOIMOAEHA UCCIEI0BAIIN
C TMOMOIIbID  KOMIUIEKCA COBPEMEHHBIX  JJIEKTPOXMMHYECKHUX  METOJ/IOB
UCCIICIOBAHUSI W AaHaJIKW3a, T[OJYYEHHBIX MPOJYKTOB JJIEKTPOJIH3A: METOJ
UKIINYECKON BOJIbTAMIIEPOMETPHH, NOTEHIIMOCTATUYECKUN u
raJIbBAHOCTATHYCCKHUI DJIEKTPOJIN3, PEHTIeHO(A30BbIi METOT N3y4eHUS (a30BOTO
coCTaBa TMPOIYKTOB JJIEKTPOJIN3a, PEHTIEHO(IFOOPECIIEHTHBIN JJIEMEHTHBIN
aHaJu3.

Nzyuenne rnexrpoxummuyeckoro nopeAaeHus NaCl-KCI-CsCl —Na;MoO;F;—
KBF, npoBoaunocks Ha mIaTHHOBOM KaToje npu temnepatype 550 °C.

Ha pucynke 29 npuBeneHbl BoJbTaMnepHble 3aBucuMocTh pacruiaBa NaCl—-
KCl — CsCl -NazMoO;F;— KBF, nostydeHHbIe Ha MJIaTUHOBBIX 3JIEKTPOJIAX.

Kak BuHO U3 BObTaMIEPHBIX KPUBBIX MPU HATUYUU B (POHOBOM pacIliiaBe
TOJILKO (PTOPOKCUMONMOAAT- MOHOB HA KAaTOJHOW YacTH HAOJIIOAAIOTCS JIBa IHKAa,
COOTBETCTBYIOIIME 3JIEKTPOAKTUBHBIM YaCTULIAM: MoO,F,> uMoOF" (xpuBas 2,
pUcyHOK 29).

JloGaBnenue ¢ropOopara Kaius MPUBOAWT K CMEIICHUIO PAaBHOBECHS B
CTOpOHy o0OpasoBaHHs (TopokcuMonubaaT- nona MoOFs™ ¢ IOTEeHIMAIoM
anekTpoBoccTtaHoBieHus (-1, B oTHocUTENBHO  IIATMHO-KUCIOPOIHOIO
JIEKTPOJA CpaBHEHHUs, KpuBble 3, 4, pucyHok 29). Ilpu nongpuszaumu A0
NOTEHIIMaNa 3JIEKTPOBOCCTAHOBJICHHS Oopa Mpu noTeHmane -1,5 B otHocuTenbHO
IUIATUHO-KUCIIOPOJHOTO  3JIEKTpoAa cpaBHEHHMs (KpuBas 4, puHCYHOK 29)
IMPOUCXOJUT COBMECTHOE JJIEKTPOBBIACICHHE MonubOaeHa u  Oopa. Ilpu
noJIsipu3alivu A0 noteHimania -1,4-1,5 B Beigenenus 0opa He MPOUCXOINUT, TaK Kak

HC AOCTUTACTCA NOTCHIHMAJ €T0 3JICKTPOBBIJACIICHUS.
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Pucynok 29 - Boneramneporpamma pacruiaBa KCl-NaCl-CsCl-NazMoO;Fs-
KBF,. ®onossiii asnexrponut 3BTekTnka KCI-NaCl-CsCl;  1-¢pon, 2- C
(NazsMoO5F;)=3,0-10"moms/cm’, 3-C (KBF,)= 2,0-10°moms/cm’, 4- C (KBFE,)=
7,5-10” momnb/cm’, v=0,1B/c Cxopocts momspusanuu v = 0,1 B/c. Temmeparypa T
= 550° C. MupukaTopHbIi asekTpoA — Pt, [1nomans noBepXHOCTH MHANKATOPHOIO

sanektpona =0,10 CMZ, Dnektpon cpaBHeHus Pt/O.
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4.2 I/I3yqune COBMECTHOI'O J3JICKTPOBOCCTAHOBJICHHH KOMIIOHCHTOB,

o0pa3yrommx CHJIMIHABLI 1 00PUAbI B KPHMOJUTHO-XJIOPHAHOM paciliaBe

4.2.1 ObocrosaHnue 8b100pa KPUOIUMHO-XTOPUOHBIX PACNIABO8 cucmem Ojisl
CUHmMe3a CUIUYUO08 U 6OpUO08 MOIUOOEHA U BOIbDPaAMA

Ha OCHOBAaHHHU TEPMOJIMHAMHYECKOTO aHanu3a peakuui
AIIEKTPOXUMHUYECKOTO CHHTE3a TMOKa3aHO, YTO B CHCTEMax C JIOBOJILHO OOJIBLION
Pa3HOCTBIO TOTEHILIMAJIOB BBIJEICHUSI KOMIIOHEHTOB M HEOOJBIIONW 3HEpruei
00pa3oBaHUsl XUMHUYECKOTO COCIUHEHHS AJIEKTPOCHHTE3 MOYKHO OCYIIECTBISTH B
KUHETH4YeCKoM pexume. CHHTE3 MpU 3TOM BapuUaHTE MPOTEKAEeT TaKUM 00pa3oM,
4yTo Ha OoJjiee DIIEKTPOMOJIOKHUTENbHBIA KOMIOHEHT BbIAENsSIETCS Ooliee
AJIEKTPOOTPHUIIATENIHBI ~ KOMIIOHEHT C  TMOCIASAYIOMHUM WX  XUMHUYECKUM
B3aUMOJICMCTBUEM. TakOoW BapuUaHT CHUHTE3a MPOTEKAET B PEKUME PEAKIMOHHOMU
mubdy3un, cienoBaTeabHO, OMPEACTAIOIMMI  TTOMUMO 3JIEKTPOXUMHYECKUX
(bakTOpoB  ABIAIOTCA ~ TeMIlepaTypa H  BpeMs. OIEKTpOCHHTE3  Oyner
OCYULIECTBISIThCA MpU 00Jiee BHICOKMX TEMIEpaTypax MO CPABHEHUIO C CUHTE30M,
OPOTEKAIOIMM B TEPMOJMHAMUYECKOM pexnMe, a (a3oBblii coctaB Oyjaer
3aBHCETh OT BPEMEHHU.

TepMoguHaMUyecKuii aHalW3 HANPSOHKEHUS Pa3joKEHUS OAHOTUITHBIX
COeNMHEeHMI Oopa, KpemHus, Bojb(pama, MonubAeHa MOKa3aid, 4YTO BOJbPpaM U
MOJIMOJIEH 3JIEKTPOMNoJIOKUTENbHEee Oopa U kpemuus Ha 0,5 + 0,7 B. Benuuuna
JETONSpU3aIK BbIACNIEHUsT O0pa W KpeMHHUS Ha BOjib(ppaMe U MOJUOIEHE HE
oonee 200 mB. IlosToMy cruHTE3 CHIMUIUAOB U OOpUAOB Bosb(ppama u MoaubdIeHa
BO3MOXEH TOJIbKO B KHHETUYECKOM pexume. Jlis ympaBlieHHs Takoro poja
CHUHTE30M HEOOXOJUMO 3HaHHWE OCOOEHHOCTEW TMPOIIECCOB SJEKTPOBBIIACICHUS
KOMITIOHEHTOB, 00pa3yromux cuiauiua U 6opus. OcoOEHHOCTH 3JIEKTPOBBIICHUSA
MonOJieHa U Bojib(dpama B paciuiaBax pa3IMYHbIX CUCTEM MOJIPOOHO OMMCAHBI B
aHATMTHYECKOM 0030pe (oTdeT 3a 1 aTam).

Boibop cucrem miig cuHTE3a MPOM3BEIEH HA OCHOBAHMM CIIEIYIOUIUX

cooOpaxenuil. Tak Kak CUHTE3 CHJIMIMIOB U OOpUAOB MOJMOIEHA U BOJbppama
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OPOUMCXOAUT B PEKUME  PEaKUUMOHHOW  Au(dy3uu,  CleJOoBaTEIbHO,
OCYIIECTBIATLCS OH OYJIET IPH JJOBOJBHO BHICOKHX Temrepatypax (sbime 850 °C).
YucTto rajoreHuHblE CHUCTEMBl M3-3a2 BBICOKOM JIETYy4€CTH M TEPMHUYECKOM
HECTOMKOCTH KOMIIOHEHTOB ((TOopcunukarsl, propOopaThl) B JaHHOM CIy4yae HE
TEXHOJOIM4YHbl. ClenoBaTeNbHO, Haubojaee MNOAXOIAIIMMHU SIBJISIOTCS OKCHIHBIE
coeuHEHUs] KpeMHusI U O6opa, a uMeHHo SiO, u B,0s;, moTomMy 4TO KpeMHUH B
3]IEMEHTAPHOM BHJIE TPYJAHO BBIICIHTH M3 OKCHAHHOHHBIX (opm SiO;~, SiO4".
Hcnonp3oBaHue pacmiaBoB (YTOPUIOB IIEJOYHBIX METANIOB B KadyeCTBE
pactBoputens SiO, u B,0; Takxke He MNPEACTaBISIETCS BO3MOXKHBIM, T.K. OHHU
nepeBogsat SiO, u B,O; B Boicmme ¢ropuasl. Ham kaxkercs, uro Hambosee
HOJIXOJAIIMM pPACTBOPUTEIEM OKCHUAOB KPEMHHMS U Oopa MOXKET CIIy>KUTb
pacmaBneHHass cmech NaCl-NazAlFs, mockonbky B oTauune OT (TOPUAOB
IIEJIOYHBIX METAJUIOB (PTOPUI-UOH 3/I€Ch CBSI3aH B MPOYHBINA KOMILICKC [AIFG]S'.
Oxcuapl kKpeMHUs 1 00pa B 3TOM pacIlylaBe YCTOWYMBBI U PacTBOPSAIOTCS B
JNOCTaTOYHOM  KosimyecTtBe. Kpome Toro, »3Tta cucreMa MOpUrogHa i

AJIEKTPOBBIJEICHHS MOJIMOAeHa U BoJIb(ppama.

4.2.2 Dnexmposoccmanosnenue Si (IV) u B (IlIl) na ¢pone pacniasa NaCl —
Nas;AlFs (1:1)

XpoHomnoTeHuoMeTpuueckue usmepenust B pacmiaaBe NazAlFg — SiO,
MOKa3aJid, YTO DJEKTPOBOCCTaHOBIICHHE Ha Ni-KaToIe BKIIOYAIOT «CIa0yI0»
NPEAAUCCOIMALIMI0 KOMILUIEKCA J0 3JIEKTPOAKTUBHOIO BHJAA C MOCIEAYIOIIUM
YETBIPEXAIEKTPOHHBIM TIpo1ieccoM paspsana Si (IV):

{8102 }omn. > {S1(IV)} (24)

{Si (IV)} + 4e < Si (0) (25)

IIpu 6omee nuskoi temmneparype 1173 K B pacmiaBe NazAlFs — AlF; —
ALO; — SiO, ObM TPOBEAEHBI XPOHOMOTCHIIMOMETPUYCKAE HW3MEPEHUS C
UCIIOJIb30BAaHUEM TUIATUHOBOTO Karoaa. Hanmuume Heckonbkux BosiH Ha (E — t) —

KPHBLIX IIO3BOJIAACT ABTOpam caciiaTb BBIBO, 0 CT&I[HFIHOCTH
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anektpoBoccTanoBieHus Si (IV) ¢ o6pa3oBaHreM HU3MINX COETUHEHUN KPEMHHUS.

N3BeCTHO, UTO KpEMHUN W ATIOMUHHUUN SABJISIOTCS JOBOJBHO AKTUBHBIMU
AJIIEeMEHTaMH M 00pa3yloT C IUIATUHOM pa3nuuHble ciuiaBbl. [Ipu ucnons3oBaHuu
IJIATUHBI B KayeCTBE KaToAa [JIsi DJJIEKTPOXUMHYECKUX HU3MEPEHUH B 3THUX
CUCTeéMax Ha OCHOBHOM IpoLECcC MOTYT  HaKJIaAbIBaTbCs  MPOLIECCHI
CIUIaBOOOpa30BaHus U MUX MHTEpIpETalus 3HaYuTeIbHO 3aTpyaHeHa. Kpome toro,
IIeJICHATIPABICHHBIA TMMOJ00P KOMIIOHEHTOB [JIsi SJEKTPOXMMHUUYECKOTO CHHTE3a
HEBO3MOKEH 0€3 3HaHHUS MOTEHIMAJIOB BbIACICHUS KpeMHUS. Mbl NpeanpuHsIu
MOTBITKY TMOUCKa WHAN(PEPEHTHOTO MaTepuala U TMOJYyUYEHUS C €ro TMOMOIIBIO
HOBOU HH(popmanmu 06 snexkrpoxumuueckom noseaeHnu Si (IV) B pacrnase NaCl
— Na3AlF6.

Ha pucynke 30 a mpeacraBieHbl BOJIbTAMIIEPHBIE 3aBUCHMOCTH pPacIljiaBa
XJIOpUIa HATpHUs MpU MOCIEN0BaTEIbHOM J00aBieHun kpuoiuta. HeOonbiue
nobaBku NazAlFs (~1,0 Bec %) npUBOAAT K TMOSIBJICHUIO TpeX BOJH MpPH
noTteHnuamax — 1,2, - 1,5, - 1,7 B. [Ipu Gosiee BRICOKMX KOHIIEHTPAIUSIX KPHUOJIUTA
MOSIBJIIETCS. YETBEPTAs BOJIHA NpH norteHuuaine — 2,0 B. 13 3Tux gaHHbIX cienyer,
YTO TUIATUHOBBIN 37eKTpoj uHaudepenten Toapko 10 — 1,2 B. Habmogaemsbie
BOJIHBl CBSI3aHBl C TNIPOLIECCAMM CIUIABOOOPA30BaHUS M HEMOCPEICTBEHHOIO
Beienenns amomuuns u3 AlFg. CoBceM jpyras KapTHHA HAGMIOAACTCS MpPH
NOJISIPU3ALMHU CTEKIOYTIIEPOIHOrO KaToja (pucyHok 30, KpuBas 2) Ha IUIATHHOBOM
KAaTOJI€ HE MPEACTABISAETCS BO3MOXHBIM, OJHAKO HA CTEKJIOYTJIEPOAHOM KAaTOJIE
HAOJIOMAeTCsl  XOpOIIO  BOCTIPOM3BOJIMMAS BOJHA  AJIEKTPOBOCCTAHOBIICHUS
kpemuus (IV), moTeHman KOTopoil OJM30K K TEPMOAMHAMUYIECKOMY MTOTEHITUATY
pa3oXKeHuss AUOKCcHAAa KpeMHHUs. lloTeHUMOCTaTUYeCKUN BIEKTPOJIU3 MpH
MOTEHIMAIaX 3TOW BOJIHBI JaJl KATOJIHBIA OCaJ0K, COCTOSAIINN U3 METAIUIMYECKOrO
KPEMHUSL.

Ha pucynke 31 npuBeneHsl BojibTaMIiepHbie 3aBUCUMOCTH paciuiaa NaCl —
Naz;AlFs (1:1 mac. %) mnpu mnocrnemoBaTenbHOM nobOaBnennu Si0,. Boisna
BOCCTAHOBJICHUS MOSBIIIETCS NpHU noTeHnnanax — (1,6 + 1,9) B u xapakrepusyercs

CJICAyrOIIMMHA 0COOEHHOCTSIMH: pacTiaHyTa 1o OCH IOTCHIUAJIOB, HpCI[@JIBHBIﬁ TOK
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BbIpakeH HeueTKo; Ha oOpatHbiX (I — E) — 3aBucHMOCTSIX HabmI0qaeTCs 1Ba MUKa
pacTBOpEHUs MPOAYKTa KaTogHOoro Iukia. [Ipumepno no 1 mac. % mnpenenbHbIi
TOK pACTET MNPSIMO MPONOPUUOHAIBHO KoHUEeHTpauun Si0O, (pucyHok 32). Ha
OCHOBaHMH 3TOT0 MOKHO 3aKJIFOUUTh, 4TO pacTBOpuMocTh Si0; B pacmnase NaCl —
NazAlFg (1:1 mac. %) oxono 1,0 mac. %. MoOXHO MNpPeANoOJIOKUTh, YTO
pactBopuMocth 510, B cucreme NaCl — NazAlFg, kak 1 B 4YUCTOM KpHOJUTE,

CBsI3aHa ¢ 00pa3oBaHHEM OKCU(DTOPUIHBIX KOMILIEKCOB.

Pucynok 30 - Bonsramneporpammsel paciuiaBa NaCl (a) u NaCl — NazAlFg
(50:50 mac. %) (6), a — conepxarniero NazAlFj - 10°, moms/em™: 1 —0;2 —7.5; 3 —
22.5; 4 —52,5; 6 — conepxkamiero SiO; - 10* moms/em™: 1,3 —0; 2,4 — 9.5, CkopocTb
nonspuzanuu — 0,1 B/c. T = 1173 K. Karog — a — nnaruna, 6 — 1,2 — nnarusna; 3,4
— CTEKJIOYTJIEPO. DIEKTPO CPAaBHEHHS — INIATUHOKUCIIOPOHBIH.

AHanu3 BOJIbTAMIIEPHBIX 3aBUCUMOCTEN B MOJIYJOrapudMHUUECKOW CHCTEME
i

id—i

koopauHat (lg — E) moxka3piBaer, 4YTO OSKCHEPUMEHTAIbHBIC 3HAYCHUS

Hakiona (1 - E)-zaBucummocrern (0,108 =+ 0,087) Oompme, uYeM i

2, T

3R
YETBIPEXAJIEKTPOHHOTO Tpouecca ( = 0,058). HaxiioH MOIAPU3aIHOHHBIX
n

KpPUBBIX KPEMHHEBOTO 3JIEKTpoAa B KoopauHatax lgi — n (n = 2,5 + 3,2) Takxe
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MPEBBINIACT 3HAYCHUS IS YETHIPEXAIEKTPOHHOTO OOpaTHUMOro Tmpoiecca. ITh
IKCIIEpUMEHTAIbHBIE (DaKThI, a TAK)Ke HAJIMYHUE JBYX MUKOB HA KPUBBIX aHOJIHOTO
pacTBOpPEHHUS, TO3BOJISIIOT CYAUTh O BO3MOXKHOCTH CTaJIMMHOIO MNPOTEKAHUS
CYMMapHOTO MPOIecca BOCCTAHOBIICHIII OKCU(PTOPUIHOTO KOMIUIEKCA B PACILIaBe
NaCl — Naz;AlF¢

Si (IV) +2e — Si (1) + 2e — Si (0) (26)

[Ipu noGaBnenun K,SiFg BMecto SiO, Ha BOJBTAMIIEPHBIX 3aBUCUMOCTSIX
Ha0JII0/1aeTCsl TaK)Ke OJHA pacTsaHyTas 1Mo ocH noteHnuaioB (-1,5 £ 2,0) B BonHa
BoccTaHoBIeHUs (pucyHok 31). Ilpu BBICOKMX KOHLIEHTpalMsIX HaOI0AaeTcs
TEHJICHIIUSI K Pa3/IBOCHUIO BOJIHBI. Ha KpUBBIX pacTBOPEHUS MPOAYKTa KaTOIHOTO
IMKJIa HaOJIOAalTCs JBE BOJIHBL. [IpedenbHBIM TOK 3JE€KTPOBOCCTAHOBJICHUS
K,SiF¢ pacrer npsimo mponopiuoHansHO KOHIIEHTpauu (propcunukatos. Hakmon

BOJIbTaAMIICPHBIX  KPUBBIX B HOJIyJIOFapH(i)MPI‘ICCKOP'I CUCTEMEC KOOpAHWHAT
i
id—i

(lg — E) taxke OONBIIMI JJIS 4ETHIPEXIICKTPOHHOTO 00paTUMOTO0 Mpoliecca.

Pesynbratsl Bosmbramnepusix usmepenuii B cucreme NaCl — NasAlFg — Si0,
MO3BOJIMIIM HaM OOOCHOBAaHHO TMOJOWTH K BBIOOPY YCIOBUHN SJIEKTPOOCAKICHUS
KpeMHus. g 3Toi nenu ucnonb3oBaiu paciuiaB coctaBa NaCl — NazAlFg — Si0,
(0,5 £ 1,0 mac. %) npu 1173 K. IIpu Hu3KUX WIOTHOCTSAX TOKa (1 + 8) - 10 Alem?
OCaXJAI0TCSl CBETJIO CEpble MEIKOKPUCTAUIMYECKUE KPEMHUEBBIE MOKPBITHUS.
CKOpOCTh OCaXKIEHUs TMOKPBITUA B YKA3aHHOM HWHTEpBAJ€ IUIOTHOCTEHW TOKa
cocraBisier 10-40 Mkm/gac, BeIXoA mo TOKy Si B BHJe NOKpbITHs A0 70-80 %.
KpeMHueBbIe TOKpBITUS TOJIy4YeHbI Ha 00pa3lax CTeKIoyriiepoaa, rpadwura,
HUKeId, Meau, MoiubaeHa, BoibPpama, cranu 3. [Ipu MIOTHOCTAX TOKA BBIIIE
1,2 Alem® ocaxmaercst BBICOKO/IMCIIEPCHBIN MOPOIIOK KpeMHMs. Takum oOpazom,
MCIIOJIb30BAaHUE CTEKJIOYIVIEPOJIa B KA4EeCTBE KAaTOAHOIO MaTepHUalia MO3BOJIUIO
MOJIYYUTh 00Jiee HaJeKHbIE pe3yJbTaThl MO AJeKTpoBOoccTaHoBIeHUIO Si (IV) Ha
dboHE XTOPUTHO-KPUOIUTHOTO paciuiaBa. [lokasaHo, 94TO 3IEKTPOBOCCTAHOBICHUE
Si (IV) nporekaer HeoOpaTUMO Kak MHUHUMYM B JiBe cTaguu. [lomydeH kpemHuUi

KaK B BUJIC BBICOKOAUCIICPCHBIX ITOPOIIKOB, TAK 1 B BUAC HOKprTHﬁ.
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Pucynok 31 - Boasramneporpammbl NaCl — Na;AlF¢(50:50 mac. %) (1), —
comepskamero SiO, - 107, moms/em™: 1— 0; 2 — 0,5; 3 — 20,0; 4 — 40,0.T = 1173 K.
Karon — crexnoyrnepoa. Ckopocts nonsipuzanuu — 0,1 B/c.

i, Afem 2
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Pucynok 32 - 3aBucuMocTh TOKa 3nekTpoBocctaHoBieHus Si (IV) B pacmiase
NaCl — Na;AlFq (50:50 mac. %) ot konuentpaiuu Si0O; - 107 mons/em. T = 1173
K. Karon — creknoyraepoa. Ckopocts noasipuzaunn—0,1B.
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Takke kak W B cllydae KpEeMHHUS, TepMHUUYECKas HECTOMKOCTH (propbopar-
MOHa Ha (POHE TAIOTCHHUIOB IIETOYHBIX METAJUIOB U OCOOCHHOCTH KOHEYHOU NN
(anekTpocuHTe3 OOpPUAOB MOJIMOAEHA W BOJb(PpamMa B KHHETHUUECKOM PEKUME)
puBeJ HAC K HeoOXoMuMOoCcTH ucmoiab3oBath paciiaB NaCl — NazAlFg B kauecTBe
pactBoputens okcuga Oopa. Ha ¢done sToro pacmiaBa 3JIEKTpPOXUMHUUYECKOE
noBeJicHHe Oopa HUKEM He wu3ydyajaoch. [loaTomMy 1 OCYIIECTBICHUS
AJIEKTPOCUHTE3a 00pHUIOB BOsb(pama U MOIHOIeHa HEOOX0IUMO OBIJIO BBISICHUTH
OCOOCHHOCTH JJIEKTPOXMMUYECKOTO TMOBeJAcHUs Oopa Ha (OHE KPUOIUTHO-
XJIOPUJTHOTO paciuiaBa.

Ha pucynke 33 mnpencraBiieHbl BOJTAMIEPHBIE 3aBUCUMOCTH paciljiaBa
NaCl — NazAlFg (50:50 mac. %) npu mnocieaoBaTeIbHOM J00aBJICHUH OKCHAA
oopa. HeOonbmme nob6aBku okcuga Oopa NPUBOAST K MOSBICHHUIO BOJHBI
BOCCTAHOBJICHUS NOpW TOTeHHuamax — 1,5 £+ 19 B  oTHoOCUTENIbHO
MJIATHHOKHUCIIOPOJAHOTO 3JIEKTpoJa. BbIicoTa BOJIHBI pacTeT ¢ IOBBIIICHUEM
KoHIleHTpauu B,0O3; B pacmiaBe, 0JIHAKO CTPOro KOJIMYECTBEHHOM 3aBUCHUMOCTU
HaM HE YyJaJIOCh YCTAaHOBHUTh. BOJHBI pacTsSHYThl MO OCH NOTEHIMAIOB. Bun
IIUKJINYECKON BOJBTAMIIEPOTPAMMBI CBUJIETEIBCTBYET O HEOOPATUMOM XapaKTepe
CTaauu TepeHoca 3apsaa. [Ipudyem ¢ MoBBINIEHHEM KOHIIEHTpAllUM OKCcHja Oopa
HEOOpaTUMOCTh  Tporiecca TMoBblmaerca. [IpoayKT MOTEHIMOCTAaTHYECKOIO
IEKTPONM3a mpu moreHnuamax - 1,7 = 1,9 B mnpeacraBnaser coboi
BBICOKOJIMCIIEPCHBIA MOPOIIOK amopdHOro Oopa. Mbl He cTaBWIM Tepea coOou
3a/lady BBISICHEHHUSI JETaJbHOTO MEXaHU3Ma »JJIEKTpOBOCCTaHOBICHUS B,0;,
O/IHAKO Ha OCHOBAaHMHM BOJHTAMIIEPHBIX M3MEPEHUM CXEMAaTUYHO MPOIECC
AJIIEKTPOBOCCTAHOBIICHUSI MOKHO MPEICTABUTD CISTYIOIIUM 00pa3oM:

B,03+ AlFs" <> BOF,% > + AIOF (27)

BO,F," Y + 3¢ <> B + xO” + yF (28)
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Pucynok 33 - Bosnbramneporpammsl paciiaBa NaCl — NazAlFg (50:50 mac.
%) (1), conepxamiero B,0Os; - 10 moss/em’: 1 — 0;2-1,2;3-2,4;4-12,0. Karox
— crexnoyriepona. Ckopocts nonsgpuzauuu — 0,1 B/c. Dnexrpon cpaBHeHuUs —
mnatuHokuciaopoaubid. T = 1173 K.
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4.2.3 Onexmpoxumuuecxoe nosedenue pacnaaéa NaCl — Nas;AlFs npu
COBMECMHOM NPUCYMCMBUU 6onbdpamama (Moauboama) Hampus U OKcuoda
KpemHus (bopa)

[Ipu cpaBHEHUY MMOTEHITMATIOB AJICKTPOBBIICICHUS BOJIb(Ppama u MoInOaeHA
U3 XJOPUHO-KPUOJUTHOTO paciuiaBa, CojepKaliero BojbdpamMaT U MOJIUOAAT
HATpHs, C MOTEHIMAJIaMU 3JEKTPOBOCCTAHOBIICHUS OKCU(TOPHUIHBIX KOMILJIEKCOB
HETPYAHO  MPEIANOJO0XKHUTh, 4YTO  COBMECTHOIO  3JIEKTPOBOCCTAHOBJIEHUS
OKCU(DTOPUAHBIX KOMIUIEKCOB YKa3aHHBIX METAJIJIOB HEBO3MOKHO JTOCTHYb.

Ha pucynkax 34 u 35 mnpeacTtaBieHbl BOJbTAMIIEPHBIE 3aBUCHUMOCTU
XJIOPUIHO-KPUOJUTHOTO pacIljiaBa MPU COBMECTHOM TMPUCYTCTBUU BOJb(Ppamara
HaTpUsT U OKCHUIOB KpemHuss u Oopa. Kak u criemoBano 0Xujaatb, Ha HHX
HaOMIOMArOTCS ~ NB€  BOJIHBL.  llepBas  BoJHa  OTBEUaeT  MPOIIECCY
AJIEKTPOBOCCTAHOBJIEHUS OKCU(PTOPUAHOrO KOMIUIEKca Bojdbdppama. Bropas —
AIIEKTPOBOCCTAHOBJICHUIO OKCHU(TOPUIHBIX KOMIUIEKCOB KpeMHHs U Oopa.
PaznocTth noteHnuanos noiyBoiH coctasisier 0,7 + 0,8 B.

AHanornyHasi KapTuHa HaOIOAAaeTCsl U B MPUCYTCTBUU MOJMOIaTa HATPUS,
C TOM JIMIITH PA3HUIICH, YTO JIECKTPOBOCCTAHOBIICHUE OKCU(PTOPUIHBIX KOMILJIEKCOB
npoucxoaut Ha 150 + 200 MB mnosoxurenbHee, 4eM 3JIEKTPOBOCCTAHOBJICHUE
OKCU(TOPUAHBIX KOMIUIEKCOB BOJIb(pama.

[IpuBeneHHBIE JaHHBIE €IIe pa3 MNOATBEPXKAAIOT, UYTO DIJIEKTPOCHHTE3

CHUJIIMIIN 0B U 60pI/II[0B 6y,Z[CT IMPOUCXOAUTb B KHHCTHYICCKOM PCIKUME.
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Pucynoxk 34 — Bonbr-amneporpammel pacmiasa NaCl — NazAlF, (50:50mac.
%) (1), comepsxamero 2,3 - 10” mons/cM’Na, WO, (2-5) u SiO, -10°, mons/cm™: 1,2
—0;3-48;4-14,3; 5 — 24,0. Cxopocts nonsipuzanuu — 0,1 B/c. Karong —
creknoyraepon. T = 1173 K. DnexkTpos cpaBHEHUS — IIATUHOKUCIOPOIHBIH.
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Pucynok 35 — Bonsramneporpammsl pacmuiaBa NaCl — Naz;AlFg (50:50mac.
%), cogepxarnero 1 — 1,2 - 10” moms/em® B,O5; 2 — 1,2 - 107 momb/em’ B,O; 1
4,5 10° mons/eMNa,WO,; 3 — 1,2 - 107 moms/em® B,05 u 6,75 - 107
mois/cm Na,WO,. Karox — crexnoyriaepon. T = 1173 K. DekTpo cpaBHEHHS —
IIJJATUHOKUCIIOPOAHBIN.

4.2.4  Hccrneoosanue coemecmno20  I1eKMPOBOCCMAHOBNIEHUS  UOHO8
PeOKO3eMeNbHbIX MEMAILIL08 U KPeMHUS 8 XJIOPUOHO- (DMOPUOHBIX PACNIABAX

W3y4yeHne COBMECTHOTO 3JIEKTPOBOCCTAHOBJICHHSI MOHOB IEPUS U KPEMHUS
MIPOBOJIMJIM HAYWHASI C BBEACHHUS B PACIUIAB TPUXJIOPHAA IEPHUS OMPEACICHHON
KOHIICHTpAIlMU, a 3aTeM K HEMYy IIOCIEIOBATEIIbHO J00aBIISIIA OMPEISICHHOE
KOJIMYECTBO (PTOpCHIIMKATA Kajaus U Ha000POT.

Xapaktep HM3MCHCHHS  BOJIBTAMIICPHBIX  3aBUCUMOCTCH  CHATBIX B

raJJorcHuaHoM paciuiaBe, COACPIKAIIUM TPUXJIOPHUI LOCPHSA U (1)T0pCI/IJ'II/IKaT KaJInuia
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Ha BoJb(hpamoBoMm aekTpose Ha (oue pacmiaBa NaCl-KClI -CsCl, npencraBiex
Ha pHUCyHKe 36.

[Ipu conmepxkaHuu B paciylaBe TOJbKO (TOpPCHIIMKATA Kallusi MOpsIKa
O,5><10'4 MOIIB/CM® HAOJIFOJAOTCS IBE BOJIHBI BOCCTAHOBJICHUS M OKHUCIICHUS MOHOB
kpemHusi npu noreHunanax —(1,6+1,7)B u —(1,8+1,9)B cooTBeTcTBEeHHO (KpHUBas
1, pucynok 30). VYBenuueHHe KOHILIEHTpalMH (PTOPCUIMKAT-UOHA B paCIUIaBe
OPUBOJUT K POCTY BTOPOM BOJIHBI, B TO BpEMsl, KaK BbICOTa NEPBOM BOJHBI
MpaKTUYECKH HE W3MeHseTcs. HaOmomaercss Takke CMENIEHHWE BOJHBI
BOCCTAaHOBJICHUSI MOHOB KPEMHHUSI TIO OCH TIOTCHIIMAJIOB B OTPUIIATEIHHYIO 00JIaCcTh
(kpuBag 2, pucyHok 36). Ilpu BBemeHuum xjgopujaa uepus mopsijka
1,54x10*  moms/cM® B paciuiaB, coiepKammii  ()TOPCHIMKAT-HOH, HA
BOJIbTAMIIEPHBIX KPUBBIX TOSIBISIETCS BOJHA BOCCTAHOBJICHHMSI MOHOB ILIEpUs MpHU
noreHuanax —(2,7+2,8) B (kpuBas 3, pucynok 36). [ToreHuman BOCCTaHOBJICHUS
HMOHOB Liepusi Ha BOJb()PAMOBOM 3IIIEKTPOJAE MOJOKUTEIbHEE MPU OTCYTCTBUHU
MOHOB KpeMHUs B paciuiaBe. Pa3HOCTh NOTEHIIMATIOB BbIJCICHUS LIEPUSI U KPEMHUS
coctanisieT okojo 1,0 B. YBenuuenue KOHUEHTpallMM MOHOB LEPHUS B paciliaBe
NPUBOAUT K COJIMKEHHUIO MOTEHIUATIOB BbIICNICHUS UCCleqyeMblx HOHOB. K Tomy
K€, BOJIHBI HAOJIIOaeMble HA AaHOJHOW BETBU BOJIBTAMIIEPOTPAMM B JTHX
YCJIOBUSIX CIIMBAIOTCS B OJIHY IIMPOKYIO BOJIHY (KpuBas 4, puCcyHOK 36).

[Toxoxass kapThHA HAOIIOMAETCS HA IMUKIWYECKHX BOJbTaMIIEpOTpaMMax
polIecca COBMECTHOTO AJIEKTPOBOCCTAHOBJICHUSI HOHOB LIEPHUSl C MOHAMH KPEMHUS
B paciuiaBe KCI-NaCl (pucynku 37, 39).

Ilpu comepxamuu B pacmae 1,510 moms/cm®  xmopuma  uepus
HaOJIFOaeTCsl BOJTHA BOCCTAHOBJICHHUSI MOHOB TIEpUs TpU MOTeHInanax —(2,2+2,3)
B (xpuBas 2, pucynok 37). IIpu Beenenuu dpropenukara kamus 1,2x10™ Moms/cm’
XJIOPUJIHBIE KOMILUIEKCHI IIEpHUsi HAa BOJBTAMIIEPHBIX KPUBBIX HAOJIIOIAETCS OJIHA
BoJIHA npu noteHunanax —(1,9+2,0) B, B otnuuune ot pacmiaa NaCl-KCI -CsCl

(xpuBas 3).
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Ha pucynke 38 mpuBeaeHbl HUKIMYECKHUE BOJIbTAMIIEPOTPAMMbI paciljiaBa
NaCl-KCl —-CsCl Ha cTekIoyriepogHoM »3JeKTpoje. BoiHa BoccTaHOBJIEHUSA
MOHOB 1IEpUsl HA CTEKJIOYIJIEPOJHOM DJJIEKTPOJAE OYEHb pACTSIHYyTa MO OCH
MOTEHIIMAJIOB M HaOJomaeTcs mnpu mnoreHimanax —(2,4+2,5) B (xkpuBas 2).
JloOaBiienue  QPTOPCUIMKAT-UOHOB mopsaka  1,98x10*  moms/em®  Ha
BOJIbTAMIIEPHON KPUBOMW TMOSBISETCS BOJTHA BOCCTAHOBIICHUS (DTOPCHIIMKAT-MOHOB
npu mnoreHunanax —(1,2+1,3) B (kpuBas 3, pucyHok 38).YBenuueHue
koHueHrpauu K,SiFg no 3,96><10'4 MOJIB/CM’ MPUBOJAUT K YBEIMYECHUIO TOKA
BOJIHBl BOCCTAHOBJIEHUS (DTOPCHIIMKAT-WOHOB IMOYTH B JBa pas3a, 4TO MOKHO
yBUAETh Ha pucyHke (kpuBas 4). IIpm sToM HaOmIOJAeTCSl CMEIICHHUE BOJHBI
BOCCTAaHOBJICHUS] HOHOB LIEPHUS B OTPUIIATEIIbHYIO 00JIaCTh MOTEHIIUAIOB.

[Tocnenytomee BBeneHHE (PTOPCUIIMKATAa KaJHs B PaCIUIaB, COACPIKAIIUN
TPUXJIOPU]T TIEPUSl, TPUBOJAUT K U3MEHEHHIO ()OPM KaK KAaTOJHOW, TaK MU aHOTHOU
BOJH. IIpolecc 35eKTpOBOCCTAHOBIEHUS MPU COBMECTHOM NPUCYTCTBUHU HOHOB
1epusi U KPEeMHHS B XJOPUIHO-(PTOPUIHOM pacIUiaBe TOKA3bIBAET, YTO BOJIHA
COBMECTHOTO 3jekTpoBbiieneHuss Ce u Si npu 00sbIIOM HU30bITKE (HTOPCUITUKAT-
MOHOB TIPEACTaBISIET COOOM OJHY pACTSHYTYIO MO OCH MOTEHIMAJIOB BOJIHY
(xpuBas 5, pucyHok 38). [Ipu 3ToM CTaHOBUTCS HEBO3MOXKHBIM BBIIETIUTH 001aCTH

BOCCTAHOBJICHUS MOHOB LCPHA U KPCMHUS.
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Pucynok 36 — [uxnuyeckue BosibTammneporpammbl pacmiaBa NaCl-KCl-
CsClaa BombdpamoBom amektpoae: C (K,SiFg) x10%, moms/em™: 1-0,5; 2 -1,0;
(CeCl3)x10%, moms/em’: 3 — 1,54; 4 — 3,00. V=0,5 B/c. S = 0,196 cm*
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Pucynox 37 — LHuknuueckueBoabTamneporpammsl pacmiaBa NaCl-KCl—

CeCl; Ha Boab(PpamMOBOM 2JIEKTPOJIE MpH nocaeaoBaTreabHoM qo6aBiaennu K,SiFq:
1- hoHoBbIit 3nexTponuT; 2 - C(CeCls)x 10", mons/cm’ = 2,0; 3 — C (K,SiFq)x10%,
MOIIB/CM = 1,2. V=0,2 B/c
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Pucynok 38 — Iluknuueckue BosibTamneporpaMmbl paciiaBa NaCl-KCl—
CsCl- CeCl; Ha CTEKIOYIJIEPOJHOM JJIEKTPOJIE€ NPH MOCIEI0BATEIbHOM
noo6asnenun K,SiFg: 1- ¢goHOBBIM amexTposur; 2 - C(CGC13)X104, MOJIB/CM® =

1,98;C (K,SiF,)x10*, mons/cm3: 3 — 1,98; 4 — 3,96; 5 — 5,94. V=0,1 B/c
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Pucynok 39 — Iluknuueckue BosibTamneporpamMmbl paciiaBa NaCl-KCl—
CeCl; Ha BOIB(PPAMOBOM IJIEKTPOAE MNPHU IOCIEIOBATENLHOM J00aBICHUU
Na,SiFq: 1- doHOBEII 3mekTponut; 2 - C(CeCl3)x104, mons/em® = 2,0; 3 — C
(Na,SiFg)x10", moms/cm’3 — 1,98; 4 — 3,96; 5 — 5,94. V=0,2 B/c



4.2.5 Hccneoosanue coemecmHo20  21eKMPOBOCCMAHOGNIEHUS. UOHO8
JIAHMAHA u 60pa 8 X10pPUOHO-PMOPUOHBIX PACNIIABAX

Ha pucynke34 u pucyHOk 35 mpuBENEHBI PE3yJbTaTbl BOJBTAMIIEPHBIX
U3MEPEHUI COBMECTHOTO 3JIEKTPOBOCCTAHOBIIEHHUSI KOMIIEKCOB O0Opa U JJaHTaHa B
XJIOPUJIHBIX U XJIOPUAHO-(PTOPUAHBIX paciijiaBax.

[Ipn BBemeHMM B XJIOPUAHBIM pacIUIaB, COJAEpKALIMM HOHBI JIAHTAHA,
dbropbopar-uona (pucyHoxk 40, kpuBas 3) Ha KaTOAHOM W aHOJHOW 4YaCTU
BOJIbTAMIIEPOIPAMM MOSIBISIOTCS MO JBE€ BOJHBI. BOJHBI BOCCTaHOBJIEHUS
dbTopOopar-noHa, B ITOM CiIydae OKa3bIBAIOTCSA 00JIe€ PACTSIHYTBIMH TIO OCH
MOTEHIIMAJIOB, YEM B CHUCTEMaxX B OTCYTCTBUM XJIOPUJHBIX KOMIUIEKCOB JIaHTaHa
(mantan u Oop oOpasyloT cruiaB). Ha aHOZHBIX ydacTKax IUKINYECKON
BOJIbTAMIIEPOrPAMMBI HaOJIIOJAI0TCS JIBE BOJIHBI OKMCIIEHUS! KATOIHBIX MPOIYKTOB.
[Ipn panbHeilieM yBENIMYEHUH KOHIEHTpauuu  (TopOOpaT-uoHA  BOJIHBI
CIIMBAIOTCS B OJHY (KpHBBIE 4-5).

OTnMYUTENHFHOM  OCOOEHHOCTBIO  AHOJHOM  BOJHBI ~ OKUCJIEHUS  IpHU
COBMECTHOM NPHUCYTCTBHHM KOMILUIEKCOB JaHTaHa U Oopa SIBJISETCS TO, YTO BOJIHBI
AaHOJIHOTO pAaCTBOPEHHUS CMEIIAIOTCS B 0ornee TMOJOXKHUTENbHYIO 00JacTh
MOTEHIIMAJIOB M 3HAYUTEIBHO PACTATMBAIOTCS MO OCH MOTEHIManaoB. Benuunna
CMEIICHHUS AaHOJHOW BOJIHBI PACTBOPEHHS B TOJOXKUTENbHYIO 001acTh IO
MOTEHIHATY 3aBUCHT OT KOJNMYeCTBEeHHOro cooTHomrenns BF, u LaCls. C
YBEJIIMYECHUEM KOHIEHTpaluu (ropOopaT-uoHA IO OTHOIICHHUIO K MCXOTHOU
KOHLEHTpAaUMu  XJOPUIHBIX  KOMIUIEKCOB  JIaHTaHa  Ha  LUKIWYECKOU
BOJIbTAMIIEPOrPAMME TMPOUCXOJUT CIHUSHHE BOJHBI 3JIEKTPOBOCCTAHOBICHUS
¢dTopbOopaT-noHa U XJOPUAHBIX KOMILJICKCOB JIAaHTaHa B OJIHY PAcCTSHYTYIO IO OCH
MOTEHIMAJIOB BOJHY BOCCTAHOBJICHUSI.

N3 dhbopm aHOAHOM BOJIHBI MPU 3TUX YCIOBUSX TPYJIHO BBIJEIHUTH MPOLIECCHI

HHAWNBUIYAJIbHOI'O BOCCTAHOBJICHUA JIaHTAHA, 60pa " UX CIIJIaBOB.
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Pucynok 40 — Bonbramneporpammsl pacmaBa NaCl-KCl-LaCl;: 1 —

dbonoseiit anexTpoaut (NaCl-KCl); 2,3,4,5 — C(LaCl;)=1,5 10 moms/em’; 3 —
C1(KBF,)=1,5 10" monb/cm’;4 — Co(KBF,)= 3,1 * 10™ monb/em’;5 — C3(KBF,)=7,9
10 momb/cm’ Katox — Ag. Di.cp. — CVY.

Ha pucynke 35 npuBeaeHbl HUKINYECKHE BOJIbTAMIIEPOTrPaMMBbI XJIOPUIHO-
dropunnoro pacrmmaBa KCl - NaCl - NaF (5 macc.%), comepxamero 1,910

mons/cm” LaCly (xpuBas 1). IIpu no6asnernn B pacmias 1,910 mons/cm® KBF,
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(kpuBas 2) Ha KaTOAHOW OOJIACTH TOSIBJISIOTCS BOJIHBI BOCCTAaHOBJICHHS Oopa U
JaHTaHa ¢ oOpa3zoBaHueM Oopuna jantaHa. Habmiomaercs BiausiHue QTOpHI-UOHA
Ha (GopMy Kak KaTOJHOW BOJHBI BOCCTAHOBJICHHS, TaK W AaHOJHOW BOJIHBI

oKucaeHus (kpusas 3).

A
i, Alcm’

10,018

1 1 1 >
0,5 1,0 1,5 E,V

Pucynok 41 — Boneramneporpammel paciviaBa NaCl-KCl-NaF-LaCl;-KBF, Ha
cepedpsiHoM rekTpoge: 1, 2, 3—C(LaC13):1,9'10'4 MOJII)/CM3; 2,3 - C(KBF4)=1,9'10'4

MOJIB/CM; 3 — C(NaF):l,S'IO'3 MOJIB/CM:.

ITpu 3TOM BOJIHA COBMECTHOI'O BOCCTAaHOBJIEHUS OOpa U JlaHTaHa OoJjiee pacTsIHYTa,
a aHOJHasl BOJIHA PACTBOPEHMsI OOPUIOB JIaHTAHA CIMBAETCA B OJHY PACTSIHYTYIO
[0 OCH IOTEHLMAJIOB BOJIHY. IIpu panbpHEdIIEeM yBEIWYEHUE KOHIICHTpaLUU

dbTopbopara kKanmus B pacilaBeé Ha KAaTOJHOM YacTH BOJbTAMIIEPOTpamMM
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MOSABJISICTCS 3HAYUTENIBHO PACTSAHYTAas IO OCHU IOTEHUUAIOB BOJHA, KOTOpAas
SIBJISICTCS] BOJITHOM COBMECTHOTO BBIJICTICHUS JJaHTaHa U Oopa.

[TocTaBiieHHBIE HAMU KCIIEPUMEHTHI CBUIETENIBCTBYIOT O TOM, YTO MPOLECC
snexTpoBoccTanoBienns uoHoB La’™ B La’ Ha Bomb(paMoBOM 31eKTpone
IpoTEeKaeT B OO0JacTH MOTEHIMANOB, OJM3KUX K MOTEHIMAJIaM pPa3JoKEHUs
(OHOBOTO 3JEKTPOJIUTA, U TOITOMY TPYAHO BBIJACIUTH BOJHY BOCCTAHOBJICHUS
WOHOB JIaHTaHa JO0 METAIMYECKOTO JaHTaHa. [lpm Hammumu B (POHOBOM
ANEKTpoJuTe (PTOpOOpaAT-MOHA yNAaeTCad BBIIBUTH ATOT MPOLIECC, TaK KaK HMEET
MECTO JAECNOJISIpU3als BBIACICHHS JAHTAHA HA MPEIABAPUTEIIBHO BBIACIMBIIEMCS
6ope npu BoccTaHOBIeHUU aHnoHa BE,

OTnMYUTENbHONM  OCOOCHHOCTHIO  AaHOAHOM  BOJHBI  OKUCJIEHUS  MpHU
COBMECTHOM TPUCYTCTBUU KOMILJIEKCOB JIaHTaHa W Oopa, SBISETCS TO, YTO BOJHBI
aHOJIHOTO PAacCTBOPEHMSI CMEIIAIOTCA B 0oJsiee MOJOXKUTENbHYIO 00JacTh
NOTEHUHUAJIOB. BenuumHa CMEIIEHWsT aHOAHOM  BOJHBI  PAacTBOPEHUS B
MOJIOKUTENbHYIO O0JaCTh MO  MOTEHIMATy 3aBUCHT OT  KOJHMYECTBEHHOTO
cootHomenuss BF, u LaClg. U3 dopm aHOAHONM BOJIHBI MPU ATUX YCIOBHSIX
TPYJHO BBIJEIUTH POIIECCH MHIMBHUIYATHHOTO BOCCTAHOBJICHUS JIAHTaHa, Oopa u

X CIIIIaBOB.

4.2.6 Hccneoosanue coemMecmHo20  21eKMPOBOCCMAHOGNIEHUSI UOHO8
camapus u 60pa 6 X10puUOHO GMOPUOHBIX PACHIABAX

Jluarpamma coCTOSIHUSI CUCTEMbI Sm-B CBUAETENBCTBYET O BO3MOXKHOCTHU
CYILIECTBOBAHUS Pa3IUyHbIX (ha3 B 00sacTU TeMIepaTyp HallUX HCCIEIOBaHUN

(pucyHOK42).
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Pucynok 42 — JluarpamMmma coCTOSIHUSI CUCTEMBI Sm-B

CoBMecTHOE QJICKTPOBOCCTAHOBJIICHUEC HOHOB CaMapusad C HOHaAMHU 6opa

u3ydanock Ha ¢one s3xkBuMosbHOTO pacuiaBa KCl — NaCl(973 K) na cepebpsiHom

AIIEKTPOJIE.

[TocnenoBaTenbHOCTh
XJIOPUAHBIA pacIuiaB J00ABISUTH OMPEACIICHHYIO KOHIIGHTPAIUI0 TPUXJIOPHIA

MNPOBCACHUA  OKCIICPUMCEHTA Obuta TakoBa. B

camapus M NPOBOJMWIM CbEMKY BOJBTAMIIEPHBIX KpPUBBIX. 3aTeM J00aBIsUIM B
paciyiaB pa3iuyHble KOHIEHTpanuu QropOopara Kanuss u HaOmoganu 3a

U3MeHeHHneM (OpMBI BOJIbTAMIEPOrpaMM MPH COBMECTHOM TPUCYTCTBUU B

pacruiaBe HOHOB camapus U pTopOoopaT-uoOHOB.

43 nmpencTaBleHbl IMKIMYECKUE BOJBTAMIIEPOIPAMMBI

Ha pucynke
pacriaBa KCI- NaCl Ha cepeOpstHOM 3J€KTpoJie TPU  MOCJIEI0BATEIHHOM

nob6asnennu SmCl; u KBF,.
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Pucynok 43 — Bosbramnepnsie 3aBucumoctu pacmiaa KCl — NaCl mpu
nob6asnennu SmCl; u KBF,, cHsaThIe Ha cepeOpstHOM JIEKTpoIe: a) C(SmCl3)x10'4,
mon/em’: (1-3) — 1,25; C(KBF,)x10™, mons/em™: 1-0; 2- 1,25; 3- 2,5. V=20 Blc;
T=973 K; S=0,03 cm*; 6) C(SmCl;)x10™, moms/em™: 1-0; (2-4)- 1,8; C(KBF)x10™,
mois/em’:1- 0; 2- 0; 3- 1,8, 4- 3,6. V=0,2 B/c; T=973 K; $=0,1 cm”.

[Tpu KOHLIEHTPALUAX TPUXJIOpUIA camapus C(SmCl5)=
1,0:2,0x10™ momb/cM Ha BONBTAMIIEPHBIX KPUBBIX MOYXHO Da3lIMUUTh BOJHY
nepesapsana Sm>* — Sm>* npu norenrmanax E= -(1,1+1,3) B u Bonny paspsza
Sm** — Sm” npu morennmanmax E= -(2,1+2,5) B (pucynok 43 a - kpuBas 1,
PUCYHOK 43 0 - kpuBas 2).

Beenenue ¢ropOopaT-mOHOB B camapHiicOAepKaluii pacIuiaB MPUBOAUT K

HN3MCHCHHUIO q)OpMBI BOJIbTaMIICpOrpaMM KaK KaTOAHOI'0, TaK MW aHOJHOI'O
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ydyacTkoB. Ha kaTtogHOW 4YacTH BOJBTAMIEPHBIX KPUBBIX HpPH MOTEHIMANAX —
(1,5+1,6) B nosiBisieTcst BoiHa BOCCTaHOBJICHHS (hTOPOOPAT-HOHOB (PUCYHOK 43 a,
KpuBas 2), kotopas pact€r ¢ ypenuueHueM koHueHtpauuu KBF,. OcobenHoctb
BOJIH BOCCTAHOBJIECHHSI (PTOpPOOPAT-HOHOB COCTOUT B HMX HESIPKO BBIPAKECHHOM
XapakTepe U PaCTIHYTOCTHU IO OCH NOTEHIUAJIOB.

C yBenuyeHUEM KOHUEHTpaluu (TopOopaT-uoHa MO OTHOIICHHIO K
UCXOJHOM KOHLEHTpPaUuu XJOPUAHBIX KOMIUIEKCOB caMapHs HaUUKINYECKOU
BOJIbTAMIIEPOrPAMME MPOUCXOJUT CIUSHUE BOJHBI 3JIEKTPOBOCCTAHOBJICHUS
¢dTopbOopaT-noHa U XJIOPUAHBIX KOMIUIEKCOB camapus B OAHY PacTAHYTYIO MO OCH
MOTEHIIUAJIOB BOJIHY BoccTaHOBJIeHUsA. KpuBas 3 Ha pucyHke 43 a u kpusbie 3,4 Ha
pucyHke 43 © COOTBETCTBYIOT MPOIIECCY COBMECTHOTO 3JIEKTPOBOCCTAHOBIICHHUS
KOMIUIEKCOB camapusi u Oopa. JlanpHeiilee yBETMYEHHE KOHLIEHTPALMU

dbTopbopaT-uoHa B paciijiaBe MPUBOJUT K 00pa30BaHUIO TOJIBKO OOPUIHBIX (a3.

4.2.7 Hccneoosanue cogmecmno2o 31eKmpo8oCcCmMaHO8IeHUs UOHO8 Yepusi U
Oopa 8 X10pUOHO-PMOPUOHBIX PACNIABAX

CoBMECTHOE DJIEKTPOBOCCTAHOBJICHHWE HOHOB IIepUs C HWOHaMH Oopa
u3yuanocs B pacmiaBax KCl — NaCl (973 K) u KCl — NaCl - CsCl (823 K).

[TocnenoBaTenbHOCTH TPOBEIACHUS OKCIIEPUMEHTAa Oblla TakoBa: B
XJIOPUJIHBI paciiiaB J00aBIsUIM ONPENENICHHYI0 KOHLIEHTPALUI0 TPUXJIOpHIA
1EepUsi ¥ TPOBOJIWIN CHhEMKY BOJBTAMIIEPHBIX KPHUBBIX IMOJYYCHHOTO pacCIljiaBa.
3areM n00aBIsUIM B paciulaB pas3liMyHble KOHIEHTpauuu ¢ropbopara Kaiusa u
HaOMoAQIM 32 HW3MEHEHUEM (OpMbI BOJITAMIIEPOIPAMM IIPH COBMECTHOM
MPUCYTCTBHUH B PaCILIaBE MOHOB IIepHsi B PTOPOOPAT-UOHOB.

Pe3ynbTaThl nonsipuzanuu cepedpstHOro 3IEKTPojia B XJIOPUIHOM pacIUIaBe,
coJiepalieM TpUxJopua epus u GropOopart Kanus MpeCTaBiIeH Ha pUCyHKe 44.

Kak BugHO W3 pHUCYHKA, MpPU COACPXKAHWUU B paCIUIaBe HOHOB IEpHUs
(C(CeCl3):1,78><10'4 MOJIB/CM3), Ha BOJIbTaMIIEpOTpaMMe HaOJIOJACTCs TOJBKO

OJIHa BOJIHA BOCCTAHOBJICHMSI MOHOB 1Iepus Mpu noteHuunanax —(2,0+2,2) B.
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Beenenue B xnopuansiid pacruiaB KCI-NaCl, copepskamuii MOHBI Liepus,
¢Topbopar-uona (kpuBas 3, pucyHok 44) NpPUBOAUT K HU3MEHEHHUIO (opM
KaTOJHOM M aHOAHOW 4acTu BosibTamneporpamm. [lonokurTenbHee MUKOB TOKa
BOCCTAHOBJICHHMSI MOHOB LIEPHs TOSBIAIOTCS HECKOJbKO IMUKOB TOKa, MPHUEM
HaOJIOAAaeTCsl  CYIIECTBEHHOE  YIIMPEHHWE  OCHOBHOTO  NHUKA.  AHOJHOMY
PacTBOPEHHIO MPOAYKTA BbIACIMBILIErOoCs Ha KaToIHON BeTBM BA cooTBeTCTByeT
OJIMH WJIM HECKOJIbKO MHUKOB TOKA B 3aBHUCHUMOCTH OT KOHIIEHTpaiuu ¢propbopat-
MOHA NpH NocTosiHHOW KoHIeHTpauuu CeCls.

Jlis Toro 4TOOBI BBIACHUTH MOCJEIOBATEIBHOCTH MPOILIECCA COBMECTHOTO
AIIEKTPOBOCCTAHOBICHUADTOPOOpPAT-NOHA W KOMIUICKCHBIX WOHOB IepHsi ObLia
MPOBE/ICHA MOJSpU3aALUs CEPEOPSHOTO AJIEKTPOJa MPHU Pa3IMYHBIX MOTEHIMAIAX
BO3BpaTa, COOTBETCTBYIOIIMX KAaK IOTEHIIMANy BOCCTAHOBJIECHHUS OOpa, TaKk u
NOTEHIIMAy COBMECTHOTO AJIEKTPOBOCCTAHOBJIEHUS Oopa U 1epus (pucyHok 44,
KkpuBble 3-6). Takas cbeMka MO3BOJIMJIA COOTHECTH BOJHBI, HAOIIOJaeMble Ha
AaHOJHBIX M KATOAHBIX YYacTKaX BOJBTAMIIEPHBIX KPHUBBIX MPU IUKINYECKON

NOJISIpU3aIKU paboyero 3JIEKTPoa.
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Pucynok 44 — Iluknuueckue BoabTamieporpammbl pacmiaBaNaCl-KCl-
CeCl;-KBF; npu pa3auuyHbeix moTeHnuanax Bo3Bpatra -E, B: 1- ¢doHoBbIN
snektpoint; 2 - C(CeCly)=1,78x10"* moms/cm™; 3 —2,8; 4 —2,5; 5 - 2,3; 6 — 1,65.
3-6: C(KBF,) = 5,44x10™*monb/em’. V=0,1 B/c. S =0,02 cm’

Bonmny A (pucyHok 44) Mbl CBsi3bIBaeM C BbifeieHHeM Oopa. Bomxa B,
HaOnrofaemMasi Ha BOJIbTAMIIEPHBIX KpPUBBIX, Ha Hall B3IJSJ, CBS3aHAa C
BbIJICJICHUEM LIEpUsl Ha MPEIBAPUTEIBHO BBIACIUBIIEMCS OOpe ¢ 0Opa3zoBaHUEM

pasIMYHBIX TIO0 cocTaBy OopumHbiX (a3. Habmomaemas nenomsipuzaius TpH
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BBIICTICHUH 1iepusi OOBSACHSETCS B3auMojeicTBUEM Lepus ¢ Oopom. [Ipuponmy
BOJTHBI C MBI CBSI3BIBAEM C BBIICJIEHUEM YUCTOTO Iepus Ha Oopuie 1epus.

Takoil ke xapaktep B3auMmojeicTBUs HaOmomaercs U B paciiaBe NaCl-
KCI-CsCl mnpu Ttemneparype 823 K. Hwuxke npuBeleHbl pe3yJbTaThl
BOJITAMIIEPHBIX U3MEPEHUI COBMECTHOI'O 3JIEKTPOBOCCTAHOBJIEHUS UOHOB LIEPUS
¢ nonamu Oopa Ha ¢one pacmiaBa NaCl-KCIl-CsCl nmpu 823 K. Kak u mnpu
BBICOKOM TeMIepaType, Ha KaTOJHOM YYacTKE BOJIbTaMIEpOrpaMM HaOII0Jal0TCs
HECKOJIbKO  XapaKTEepPHBIX YYacCTKOB JJIEKTPOBBIACIECHHS OOpUIOB  liepus
pa3IMuHOrO  cocTaBa. Pe3ynbTaThl JaHHBIX BOJIbTAMIIEPHBIX  HU3MEPEHUN
IIPUBEAECHBI HA PUCYHKE 45.

[Ipn conmepkaHMM B pAacIUIaBE TOJIBKO XJIOPUAHBIX KOMILUIEKCOB ILIEPUS
IPOUCXOJUT UX OJHOCTAJUNHOE BOCCTAHOBJIEHUE [0 METAJUIMYECKOrO LEpHs
(kpuBas 2, pucyHok 45). Jlo6aBnenue propbopara Kajaus B paciijiaB, CoJAeprKalinuii
TpUXJOpUT lepus (KpuBas 3, pUCYHOK 45), TPUBOAUT K TIOSBJICHUIO Ha
BOJIbTaMIIEpOrpaMMe BOJIHBI BOCCTAHOBJIEHUsI Oopa mpu noteHmanax - (1,5+1,8)
B. B pe3ynbrare, ¢ yBenuueHrneM KOHIIEHTpauu GTopOopaT-uoHa Mo OTHOIIEHUIO
K HMCXOOHOM KOHLEHTPALMM XJOPHIHBIX KOMIUIEKCOB LEpPUsS HA LHUKINYECKOU
BOJIbTAMIIEPOrPaMME MPOUCXOAUT CIUSHUE KATOAHBIX MUKOB 33 CYET COBMECTHOTO
3IIEKTPOBOCCTAHOBICHUAPTOPOOpAT-HOHA M XJIOPUIHBIX KOMILJIEKCOB LIEPUS C
oOpa3zoBanureM OOpHUAHBIX a3 Hepus pa3IMuHOIO COCTABA.

OTnUunuTeThHONM OCOOCHHOCTHIO AHOIHOW BOJIHBI OKHCJICHHUS TPOTYKTOB
KaTOJHOTO MPOJIYKTa MPU COBMECTHOM IPHUCYTCTBHH KOMIUJIEKCOB Liepus U Oopa
ABJIIETCSI TO, YTO MUK AHOJHOTO PACTBOPEHHS LiepUsi MO Mepe A00aBlieHUA
¢TopbopaTa B INEKTPOJUT YMEHBINAIOTCS M YIIUPSIETCA, MO CPaBHEHHIO C
BOJITAMIIEPOrPAMMAMHU. CHATBIMH B YHUCTO XJIOPHUIHBIX COAEPKAIIUMHU TOJIBKO
MOHBI 1IepUsl paciulaBax. OJTO CBSA3aHO, HAa HAIl B3TJSLA, C 0O0pa3oBaHHEM
TPYAHOPACTBOPUMBIX COCAUHEHMM Oopuaa uepus. BennunHa cMmeleHus: aHOJHON
BOJIHBl PACTBOPEHHUS B MOJOXUTEIbHYIO OOJACTh MO MOTEHIHATY 3aBUCUT OT

KOJIMUecTBeHHOro cooTHomrenns BF, n CeClg”. C yBenMueHHEM KOHIGHTDALHH
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dbTopOoparT-noHa TO OTHOIICHUIO K WCXOMHOM KOHIEHTPAIMH XJIOPUIHBIX
KOMILUIEKCOB LIEpUsI HA LUKIWYECKOW BOJIbTAMIIEPOTPAMME MPOUCXOAUT CIUSHUE
BOJIHBI 3JIEKTPOBOCCTAHOBIIEHUS (TOpOOpAT-UOHA U XJIOPUAHBIX KOMILJIEKCOB
Hepus B OJHY PACTSHYTYIO MO OCH MOTEHIMAIOB BOJIHY BOCCTaHOBJIeHUd. U3
dbopM aHOIHOM YaCTH BOJIbTAMIIEPHBIX 3aBUCUMOCTEN MPHU ATUX YCIOBUAX TPYIHO
BBIJICJIUTH TPOIECChl UHJIMBHUIYAIbHOTO OKHUCIECHMS Iepusi, 00pa U HX CILJIaBOB.
JlanpHeiinee yBenudeHue KOHIEHTpauu (GropOopar-uoHa B pacIuiaBe MPUBOIUT
K 00pa30BaHUIO TOJBLKO OOPUAHBIX (a3.

Ha pucynke 46 mnpeacTaBieHbl IUKIMYECKHE BOJbTAMIIEPOTrPAMMBbI
poIecca COBMECTHOTO  AJIEKTPOBOCCTAHOBJICHUS KOMILUIEKCOB Oopa W Iepus
BoJb(pamoBoMm asekTpone. KpuBas 1 Ha pucynke 46 mnpenacraBiseT cobOoi
BoJibTamIieporpaMmy sBTekTdeckoro pacmiaBa KCI-NaCl. OrcyTrcTBue KaKux-
700 BOJIH Ha HEW W HHU3KUA OCTATOYHBIM TOK MPH OTHOCHTEIBHO BBICOKHX
OTpUIIATEIbHBIX TMOTEHIMANaX IMO3BOJISIET HAM CJleNlaTh 3aKJIIOYEHUE O UYUCTOTE
dbonoBoro snekrponuta. Kak BUAHO M3 KpUBOM 3 Ha BOJIbTAMIIEPHON KPUBOM

AHOJHOI'O paCTBOPCHHA HCCKOJIBKO BOJIH, YTO CBA3aHO CO CHHaBOO6p330BaHI/IeM.
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Pucynok 45 — [uxknudeckue BoJbrammneporpammbl pacruiaBa NaCl-KCl-

CsCl-CeCl;-KBF; Ha cepeOpssHOM DJIEKTpojAe TIpU  IOCJIEA0BATEILHOM
nob6asnenuu KBF,: 1- poHOBBIH 251eKkTposIUT; 2 - C(CeCl3)x104, MOJIB/CM: = 2,2; C

(KBF,)x10*, mons/cm™: 3 —0,55:4 — 1,1. V=0,1 B/c. $S=0,084 cm*
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Pucynok 46 — Iluknuueckue BoabpTamieporpammbl pacmiaBa NaCl-KCl-
CeCl;-KBF, Ha BonbhpamMoBOM 3JIEKTPOJE MPHU TMOCIEAOBATEIBHOM JT00aBICHUN
tpuxiopuna nepusi, C(CeCly)x10™, u Tterpadropbopara xamus C(KBF,)x10™
Monb/cM: 1 — dbonoBbIl dnekTpouT; 2 — 1:1; 3 — 1:2; 4 - 1:5; 5 - 1:10. T = 973K.
V =0,2 B/c. S = 1,6 oM’

4.2.8 Hccnedosanue coémecmnoco  21eKMpPOGOCCMAHOBNIEHUS — UOHOG
npazeouma (Heoouma)u 6opa 8xI0PUOHO-PMOPUOHBIX PACNAABAX

Bnusinue noGaBok ¢(ropOopara Kaius Ha XOJA BOJBTAMIEPHON KPHUBOIA
BOCCTAHOBJICHHSI HOHOB HeoJuMa (IIpa3eoiMMa) CX0Ke ¢ BIUSHUEM (PTOPHI-UOHA ,
oOpa3yromierocst npu aucconuannn NaF — BojiHa BOCCTaHOBJIEHUS Ipa3eoauMa
pacTsAruBaeTcs 1O Ocu nNoTeHHuanoB (pucyHok 47). Ilpu coBmecTHOM
BOCCTAHOBJIEHMM HOHOB HEOJMMa WIM Ipa3eoguMmMa c (ropOopatom Kanus

BO3HMKHOBEHHE MOXOXKEH KapTHUHbI, IIO-BUAUMOMY, TAKIKC MOKHO OO0BICHUTH
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o0pa3oBaHWEeM CMEMIAHHBIX XJOPUTHO-PTOPUIAHBIX H YHCTO  (PTOPUIHBIX
KOMILJIEKCOB.

Heobxoaumo oTMETUTH, YTO B OTJIMYMU OT A00aBKM (Topujia HaTpus,
yBEIMYCHHE KOHIEHTparuu (Qropbopara Kamus B paciulaBe MPUBOAUT K
MOSIBJICHUIO THMKOB COBMECTHOIO BbIENIeHHs Oopa ¢ HOHAMU HeoJuMa u
npaszeoauma (pasnuunble (aszpl 0opuaoB) U coOcTBeHHO Oopa. Kak criemyer us
pucynka 47, MK 3JIeMEHTapHOTO0 O0pa MOSBISIETCS TPH MOTEHIIUANax OKojo -1,5
B (xpuBbie 2 u 3). [Ipu BBICOKMX KOHUEHTpPAIUMAX OH CWJIBHO PACTAHYT MO OCH
MOTEHITMAJIOB W O HAaJMYMU MOHOB OOpa B pacIuiaBé MOXKHO CYIUTh TOJIBKO TIO
pPE3KOMY  YBEJIMYCHUIO KpyTU3HBI (oHOBOW kpuBoil. C  BO3pacTaHueM

TEMIICPATYPhI BOJIHA TAKKC CTAHOBUTCS MCHCC YETKOMU.
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Pucynok 47 — Huknuueckue BosibTamieporpammbl pacruiaBa NaCl-KClI-
CsCl na BonbdpamoBom snektpoae 1 — ¢on; 2 — C(KBF,) 1,6- 10° moms/em; 3 —
C(KBF,) 3,2- 10, mons/em™; 4 — C(PrCly) 4,6 - 107, mons/em®, V = 0,2 Ble, T =
823 K.
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4.3 Pa3zpaborka  mpoueccos IJIEKTPOXUMHUYECKOT0 CHHTe3a
HAHOJAUCHEPCHBIX TMOPOIIKOB OOPHAOB M CWIHIUAOB TYIOIJIABKUX U

PE€AKO3E€EME/ILHBIX METAJIJI0OB

4.3.1 Paspabomka npoyeccos  2J1eKMpOXUMUYECKO20 cunmesa
HAHOOUCNEPCHBIX NOPOUIKOB CUTUYUOO8 MOUOOeHA, 80abhpama, Xpoma

CoeauHenust KpeMHHs ¢ MeTaiuiaMu [V A rpynmnsl NpeACTaBISIIOT BayKHBII
KJIACC HEOPraHWYECKUX COECIMHEHUM C PSAOM LIEHHBIX CBOMCTB. M3 MX MOPOIIKOB
MOTYT OBITh TIONyYEHBl KOHCTPYKIIMOHHBIE MAaTepHalibl C  3aJlaHHBIMU
EKTPOPU3NIECKUMH, OTHEYIOPHBIMU, AHTUKOPPO3MOHHBIMU  CBONCTBAMH,
M3HOCOCTOMKOCTBIO, MEPCIEKTUBHBIMU JJIi PA3BUBAIOLIMXCS HOBBIX oOOsactei
TexHukd. Hambonee W3y4eHHBIMM ¥ TIPAKTUYECKA BAKHBIMU  SIBJISIOTCS
nucunuuuasl MSi, (M - Cr, Mo, W).

Ha BosbTaMIIEpHBIX KPUBBIX XJIOPUIAHO-KPUOIUTHBIX pAacCIUIaBOB IIPU
COBMECTHOM TMPHUCYTCTBUU MOJMOMATa HATPUsI U OKCHIA KPEMHHUS HAOIIOAAIOTCS
nBe BoJIHBIL. [lepBas U3 HUX OTBEYAET AIEKTPOBOCCTAHOBJICHUIO OKCU(MTOPUIHBIX
KOMITJIEKCOB MOJHUO/IeHa, BTOpas - OKCHU(MTOPUIHBIX KOMIUIEKCOB KPEMHHUSI.
PazHocth notenimanoB nonyBoJiH coctasisieT 0,8- 0,9 B. Ananoruunasi kaptuHa
HaOJIoaeTCsl U B MPUCYTCTBUU BOJb(pamMa HATpusl C TOM JIMILb Pa3HUIICH, YTO
pa3HOCTh NOTeHIMAIOB MoyBoJIH Ha 100-150 MB MeHsblie.

OTcroa BBITEKAET MOCIEA0BATEIBHOCTD CTAIMI CUHTE3A:

1) Beimenenme metawia (Mo mimu W), kak OoJiee AIEKTPOIIOIOKUTEITHHOTO
KOMIIOHEHTA;

2) BBLIEJICHHE KPEMHHUS HA TOBEPXHOCTH BBLACIMBLIEIOCS PAHEE METAJLIA;

3) peakumonHas auddy3us KpeMHHs] BriayOb METAIOCOJIEBOTO OCajaKa ¢
00pa3oBaHMEM pa3JIMYHBIX 1O COCTaBYy CHJIMUUIHBIX (a3 BIUIOTH 10
BBICIIX CUIMLUIOB.

[Iponecc cuHTE3a CHIIMIIMAOB MOXKHO MPEACTABUTH CIEAYIOIIUMU SJIEKTPO-
XUMHAYECKUMH U XUMUYECKUMH YPABHEHUSIMU: HA KATOJIE

MO,F,* + 6¢ — M + 20% + 4F (29)
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SiOF,*Y + 4e — Si+xO” +y F (30)

M + zSi — MSi, (31)
Ha aHOJC:
20% -4e + C — CO, (32)

[Tpo1OKUTENLHOCTh MEPBOM CTAIMKM CUHTE3a 3aBUCUT OT COJEpKaHUS
TYroIjlaBKOro MeTajljla B pacijlaBeé M OT KAaTOJHOM IUIOTHOCTH ToKa. Jlis
MOJIYYCHUSI  BBICOKOJUCIEPCHBIX  TMOPOIIKOB  TIOCIEIHSSA  JODKHA  OBITH
MakcUMalbHOW. Bropas  cragus  HauMHAaeTcss 1O  Mepe  BbIpaOOTKU
ANEKTPONOJIOKUTEIBHOTO KOMIIOHEHTAa. CHUHTE3 CHIMIUI0B OCYIIECTBISETCA
JIMIIH TPU YCIIOBUU OCAXKICHUS MOPOIITKOB MOJIMO/ICHA W BOJb()paMa Ha KaTOJE B
BUJIE METAJJIOCOJIEBOTO OCaJKa, MPOYHO YIAEPKUBAIOLIErocs Ha KaToje. ITO
YCIIOBHE BBINIOJIHSIETCS MpU Temneparype He Boie 1223 K. B nmpotuBHOM ciydae
MOPOIIKK METaJlJIa OCHINAIOTCA Ha JTHO AJIEKTPOJU3epa, KOMIOHEHThl CHUHTE3a HE
CONPUKACAIOTCS U HE B3aUMOJICUCTBYIOT.

OntuMuzanusi Mnpouecca JJIEKTPOXUMUYECKOTO CHUHTE3a CHIIUIIUIOB
MonuOJieHa U BoJbpamMa TakUM O0Opa3oM CBOAMTCS K  OMNPEIEICHUIO
KOHIICHTPAIMOHHBIX ~ COOTHOIIEHUW, IUJIOTHOCTM TOKa, TEeMIepaTypbl U
MPOJIOJKUTEIBLHOCTH Tipoliecca. [Ipu BbIOOpE KOHIIEHTPALMOHHBIX COOTHOIIEHUN
KOMITOHEHTOB HY>KHO YUYUTBIBAThH,YTO JUOKCUJ KPEMHHUS 00JIaJaeT OrpaHUuYeHHOU
pacTBOPUMOCTBbIO B KpUOJHMTHOM paciaBe (8,82 mac. %) mnpu 1273 K.
JloOaBrieHne XJOpUAAa HATPUS B KPUOJUT MPUBOJUT K CHIKEHHMIO TeMIEpaTyphbl
raBiieHust cmecu u pactBopumoctu Si0O,. B pacmiaBe NaCl -Nas;AlFg (1010 K)
sBTeKTHYEcKOro cocraBa (60.5 mac. % NaCl u 31.5 mac. % Naz;AlFs) pactBo-
pumocth Si0, cocrtapmsieT npubauzuteabHo 1,0 mac. %, 4TO MOATBEPKAACTCS U
HAalllUMU UCCIICIOBAaHUSIMUA. MaKCHUMaJIbHOE COACPHKAHUE KPUOJIUTA B JBOWHOU
cucteMe NaCl-Na;AlFg, mo3Bosidroiiee MNpoBOAUTH 3JiekTponu3 npu 1173 K,
cocrasisier 70 mac. % nipu pactBopumocTtu SiO, B paciuiaBe Takoro cocrana 2.0
mac. %. Konuenrtpanuio monubaarta (Boabppamara) HaTpUs ONPEessieT BeTUINHA
PacTBOPUMOCTHU Si0,, obecrneurBaromnias MOJIy4eHHE CHJIMLIMIOB

CTEXHOMETPUYECKOr0  cocTaBa. Ilpm  BbIOOpE  KOHIEHTPALUMU  OKCHUCOJHU
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TYTOIUIaBKOT'O0 METAJlJIa CIEAYET TaKKe MPUHUMATh BO BHUMAaHUE MEPBYIO CTAUIO
aMekTpocuHTe3a. Ha  mepBodt  ctagmm  mpoucxomuT — (GOpMHpPOBaHUE
METaJIOCOJIEBOTO OCaJiKa, a MPOILIECC BBIACICHUS KPEMHHUS HAYMHAETCS MOCIe
BbIpaOoTKH comr. OT KOHIIGHTpAIlMud COJW B paciuiaBe (MPU ix=const) 3aBUCAT
MPOJOJDKATEILHOCTh BBIICJICHUS MeETajllla Ha KaToAe M B MEHbIIEH CTENeHU
pa3Mep 4YacTHI[ METaJoCOJEBOro ocaaka. JlJis TMOJHOrO CHIMIIMPOBAHUS
BBIJICJIUBIIIETOCST MOJMOIeHa Wi Bosibdpama coaepxkanue Na,MO, HE AOIKHO
npeBsbImaTh 2 Mac. %.

CymectBennyto poib B BOC cumuuunoB Mo u W urpator temneparypa u
WI0THOCTh ToKa. CHmxkenue temmeparypbl Hiwke 1123 K He oOecneunBaer
MOJHOTY B3aumoaeicteusa Mo (W) u Si, ¢ HOBBIIIIEHHEM TeMIIEpaTyphl Bbilie 1223
K cHmkaercss yCTOMYMBOCTh METAJLIOCOJIEBOTO OCAJKa W CHUIUIUIBI HE 00pasy-
1otcs. [Ipu onTrManbHOM cOCTaBe paciiaBa YUCThIE MPOAYKTHI MOTY4Yal0TCs, €CIIU
IJIOTHOCTH ToKa coctaisier 0.5-1.2 A/em® s MoSi, n 0.5-1.5 A/CMZWSiz. [Tpu
ix< 0.5 A/cM” neneBoit mpoaykT 3arpsasHer Mo uimm W. B uHTepBane mIoTHOCTEH
Toka 0.5-1.5 A/cM® ¢ TIOBBIIICHHEM ILUIOTHOCTH TOKA YMEHBIIACTCS pasMep 3epeH
cuuiuaoB MonubaeHa u Boibdppama. B BOC cumunmmo Mo u W, kak u npu
HEIMOCPEJICTBEHHOM B3aUMOJICCTBUU TPOCTHIX BEILIECTB, MPEUMYIECTBEHHBIM
npoiieccoM siBisieTcst 1uddy3ust KpeMHuUs yepes cioi MeTtaiia. Meramn npu 3ToM
cnabo ydacTByeT B AU Py3uu, U BBICIIME CHIMLUABI 00pa3yloTcs B CHCTEME 3a
cyeT Hu3mMX. [1lo3ToMy Ha cocTaB MOJy4yaeMbIX MPOAYKTOB CYIIECTBEHHO BIUSET
MPOIOJKUTENBLHOCTD Tponecca. Tak, B pacmiaBax NaCl-NazAlFg (1:1) - (0.5-2.0)
Mmac. % Na,MO, -1.0 mac. % Si0O, npu 1173 K u nnotHoctn Toka 1.2 Alem® B
3aBUCUMOCTH OT MPOAOKUTEIBHOCTU DJIEKTPOIM3a TMOJY4YaloT pa3iuyHbIe
npoaykTel: Mo, Mo;Sis, MoSi, (Tabmmia 4). AHanoru4Has 3aBUCUMOCTH (ha30BOTO
cocTaBa OT MPOAOJKUTENBHOCTU 3JIEKTpoin3a Habmonaercs u B pacruiaBe NaCl-
Na;AlFs-Na,WO,-  SiO, (tabmuma 5). Takum  00pa3oMm, onTUMalbHas
MPOIOIKUTEILHOCTh BEACHUS 3JIEKTPOJIM3a 3aBUCHUT OT COJIEPHKAHUSI COCAUHEHUS

TYTr'OIlIaBKOI'oO MCTajljla B pacCIljiaBe.
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Tabmuma 4 - ®a30BbIl cOCTaB MPOAYKTOB 3ekTpoiu3a cucrembl NaCl-

NazAlF¢ (1:1 mac.)- 1,0-2,5 mac. % Na,MoQO4-1 mac. % Si0,. T=1173 K, katogHas

2
IUIOTHOCTE ToKa — 1,0 A/cm

daza Conepxanue Na,MoO, - 1,0mac.%
[1po10KUTENBHOCTD JEKTPOJIN3a, MUH.
10 20 30 45 60
Mo
MO3Si
MOSiz
Si
Conepxanue Na,MoO, - 1,5mac.%
[1po10IKUTENBHOCTD YIEKTPOIN3a, MUH.
10 20 30 45 60
Mo
M03Si
MOSiz
Si
Conepxanue Na,MoQ, - 2,5mac.%
[1po10IKUTENBHOCTD YIEKTPOIN3a, MUH.
10 20 30 45 60
Mo
M03Si
MOSiz
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Tabmuma 5 - dasoBblit cocTaB MPOAYKTOB 3iekTponns3a cucreMbl NaCl-
NazAlFg(1:1 Mmac.)- 0.5 mac. % Na,WO4-Imac. % Si0,. T=1173 K, karomgHas
IJIOTHOCTH ToKa — 1.0 A/cm?

daza Conepxanue Na,WO, - 0,5mac.%
[Tpoa0KUTETBHOCTD AJEKTPOJIN3a, MUH.
10 | 20 | 30 | 45 | 60
W
W;Si
WSi,
Si

Conepxanue Na,WO, - 1,0mac.%

HpOI[OJ'I)KI/ITeHBHOCTB QJICKTPOJIN34, MUH.

10 20 30 45 60
\\Y%
W;Si
WSi,
Conepxanue Na,WO, - 2,5mac.%
[Tpoa0KUTETBHOCTD AJEKTPOJIN3a, MUH.
10 20 30 45 60
W
W;Si
WSi,

OTMBITBIE OT COJied M KPEMHHUS M BBICYLUEHHbIE cuauuuabel Mo u W
IPEACTABISIIOT COOOM BBICOKOAMCIIEPCHBIE MOPOIIKM ¢ pazmepoM vactuy 0.1-5
MKM. OCHOBHBIMH MapaMeTpaMu, XapaKTEPU3YIOUIUMHU IKCIIEPUMEHTAIbHbIE 00-
pasibl, SABJIAIOTCS XUMUYECKasi YUCTOTa 00pa3La, HaJu4ue CBOOOJHOTO KPEMHHUS,
CoJIep)KaHuEe IpPUMECEH, a TaKKe yAesbHasi MOBEPXHOCTh 00pa3uos. [1o naHHbIM
peHTreHo(a3oBOro aHajan3a, B HEKOTOPBIX CiIy4yasx MPOJAYKThl CHHTE3a

colepKalu CBOOOJHBIM KPEMHHH, KOTOPBIA yAadsid oO0pabOTKON TopsyuM
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pacTBOpoM Tuapokcuna Hatpus. CTenmeHb OTMBIBKM OT CBOOOJHOTO KPEMHUS
KOHTPOJUPOBATU PEHTIeHO(A30BBIM aHAIU30M. B OTMBITBIX JAUCHUIUIINAIAX
MoauOJieHa U BoJibpaMa cojepkanue npumeced (Si, Na, Al) nHaxoauTcs Ha
YPOBHE COTBIX J0JE€l TMpoleHTa. YenbHas mnoBepxHOcTh MoSi, u WSi,
cocrasiser 6-15 M/r.

N3BecTHO, 4TO CcUIUIUALI 3y1eMeHTOB VI Trpynmbl SBISIOTCS BechbMa
XUMHHU- YE€CKH YCTOMYMBBIMHU cOenMHEeHUs MU, aMoSi, - Haubosee yCTOMYMB K
OKHCIICHUIO CpeIr BCEeX OECKUCIOPOIHBIX COeNMHEHWU. TemmepaTypa Hadama
aKTUBHOTrO okwucieHust it MoSi, cocraBiager 1600, a must WSi, - 1673 K.
OnHako HaMH ONPENENIEHO, YTO BBICOKOAUCIIEpCHbIE mopomku MoSi, u WSi,
okucisitorcss Ha Bo3ayxe npumepHo npu 1088-1098 K ¢ o6GpazoBanuem MO,,
MO,, Si0O, (M — Mo, W).

[lepBonauanbHo BOC cunumumuaoB XpoMa OCYIIECTBIISUIM M3 PACIJIABOB
cmecu NaCl-Na;AlFg-K,CrO,-S10,. BonpTamMnepHble 3aBHCHUMOCTH COAEpIXKAT
BOJIHBI BOCCTAHOBJICHUSI OKCU(TOPUIHBIX KOMIUIEKCOB Cr U Si Py 3HAYUTEIBLHO
omimmuaromuxcsa noreHnuamax -(0.7-0.9) u -(1.3-1.9) B coorBercTBeHHO. B
3aBUCUMOCTH OT COCTaBa W TapameTpoB djiekTposuia nojydanu ¢asel Cr,03,
CUJIUIUJIOB XpPOMa B CMECHU C COCUHECHUSIMU AIFOMUHUSA.

Jlns onTUMHU3AUMU TOJIYYCHHUS CHIMIMAOB XpoMma, HE COJeprKallux
coenudenuit amomunusi, BOC ocymectBisiim B cucreme KCI-KF-K,SiFg-
K,CrO,. Ee BosbTaMmepHble€ 3aBUCUMOCTH TaKXE€ OTMEYAIOT  BOJIHBI
BOCCTAHOBJICHUSI OKCHU(PTOPUIHBIX KOMIUIEKCOB Cr u Si Npu 3HAYUTEIBHO
OTJIMYAIOIIUXCA TIOTEeHIMalaX. B 3aBHCHMOCTH OT cocTaBa W IIapaMeTpOB
AIEKTPOIN3a TTOTYyUeHbl Kak uHAuBUAya bHbIE a3l Cry0s, Cr;Si u CrSi,, Tak u

cMecH 3TUX (a3 ¢ HeOOIBIINM CoAep)KaHuEM KpeMHus (Tabimia 6).
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Tabnumab — ®a30BbIit cocTaB MPoaAyKTOB AekTponusa cucrembl KC1-KF-
25 mac. % K,CrO4,— 1,0 mac. % Si0, — 0,25 mac. % K,CrO4 T=1173 K,

HanpspbkeHue B BanHe — 3,0 B

daza Conepxanue K,CrOy4- 1,0mac.%
[Tpo a0 mKUTETBHOCTD AIEKTPOIN3a, MUH.
10 20 30 45 60
Cr,03
Cr;Si1
CrSi,
Si
daza Conepxanue K,CrOy4- 0,5mac.%
I1po10KUTENbHOCTD AJICKTPOJIN3a, MUH.
10 20 30 45 60
Cr,05
Cr;Si1
CrSi,
Si
®daza Conepxanue K,CrOy4- 2,5mac.%
I1po10KUTENHbHOCTD AJEKTPOJIN3a, MUH.
10 20 30 45 60
Cr,03
Cr3Si
CrSi,
Si

[Ipu BBIOOpPE KOHIIEHTPALIUU CrO42' n SiO, (K,SiFs) neobOxomumo
pUHUMATh BO BHUMAHUE, YTO HA MEPBOM CTaauu 3eKkTposimsza oopasyercs Cr,Os
— CoJIeBas «Ipyllia», KOTOpasi HAYMHAET CUJIMLIUPOBATHCS 110 MEPE PACXOI0BAHMUS
TyroriaBkoro metamwia. B otnuune or BOC cununnioB monubaeHa u Bojibppama
B 3TOM CHHTE3€ OJMH M3 KOMIIOHEHTOB OCaXJAeTCA HE B DJIIEMEHTAPHOM BUJIE, a B
BUJIE OKCHUJA, a IPYTOU SIBISETCA BOCCTAHOBUTEIIEM 3TOI0 OKCHA.

TepMoaMHaMHUYECKMI pacdeT KPEMHUMTEPMHUYECKOIO BOCCTAHOBJIEHUS I10-
Ka3aJ, 4To npoiecc oopazoBanus Boicuiero cuinnuaa CrSi, mpoTekaeT yepes3 cra-

Uy 00pa3oBaHUs HUBIMIMX CHIIMIUAOB U B ycioBusx BOC (973-1173 K) Tepmo-
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JTUHAMUAYECKH HamOoJiee BHIroaHo oOpa3zoBanue cumnuaoB Cr;Si u CrSi, u okuc-
aenue Si go SiO,. DkcnepuMeHTaNbHbIE NaHHbIE (Ta0auIa 7) MOKa3bIBAIOT, YTO
MPOIECC KPEeMHUNUTEPMUUECKOTO BOCcCTaHOBIeHUsT okcuaa xpoma (II1) 3aBucur ot
psina (pakTOpoB, Cpeau KOTOPBIX PEIIAIONIYI0 POJIb UTPAIOT TEMIIEpaTypa U IMpo-
JOJDKUTENIBHOCTH TIpoliecca.

Takum 006pa3zoM, MpU DJIEKTPOJIU3E XPOMO- (MOJUOAEHO-, BOIbGpaMo-) - U
KpEeMHUNCOAEpKAIINX paciiaBoB peanuzoBad BOC nmopomkoB CHIMIMAOB XpoMma,

MouOieHa U Bob(dpama.

4.3.2 Paspabomxa npoyeccos NIEKMPOXUMUYECKO20 cunmesa
HAHOOUCNEPCHBIX NOPOULIKO8 DOPUO08 MOIUDOEHA, 80IbDpaMa, Xpoma

Bosiabl BoccTaHOBNIeHHST (PTOPOKCHAHBIX KOMILIEKCOB MosinOjaeHa u Oopa
COOTBETCTBYIOT mnoreHnuanam -(1,0-1,2) u -(1,5-1,9) B, T.e. wmomubaeH
aneKTponoioxuTensHee 6opa Ha 0,5-0,7 B. Ananornunas kapTuHa HaOIr0AaeTCs
TaKke TMPU BOCCTAHOBJICHUH (PTOPOKCHUAHBIX KOMILIEKCOB BoJib)pamMa U Oopa.
[ToaToMy mpu BEIOOpE KOHIIEHTPAIIUNA OKCHA U OKCHUCOJIM TYTrOIUTABKOTO METaslia
HEOOXOJMMO TMPUHUMATh BO BHHMaHWE TOT (aKT, YTO HA TMEPBOM CTaTUU
AIEKTPOXUMHUYECKOTO CHUHTE3a BoJibpaM ©W  MOJMOAEH  BBIACISAIOTCS €
o0pa3zoBaHWEeM METALIOCOJIEBOM Tpymnu. Beigenenne O0opa HaAUMHAETCS TO MeEpe
pacxo/I0BaHUs OKCHJIa WJIM OKCUCOJIM TYTOIJIAaBKOTO METaJLIA.

ONEeKTPOXUMHUUYECKUN CHUHTE3 OOpHUI0B MOJIMOACHA U BOJIb(ppaMa OCYIIECTB-
nsimu u3 paciuiaBieHHo cmecu NaCl-NazAlFg-Na,MO,4-B,0;5 (rne M - Mo, W). B
ATHUX CHUCTEMAax, B 3aBUCUMOCTH OT COCTaBa paciuiaBa U MapaMeTpOB IEKTPOJIU3a,
BBIJICISUTMCh KaK WHAWBUAYyalbHbIE OopuaHbie (a3bl TYTOIJIAaBKOTO MeETaslia
(Beictmit 6opun MB,), Tak U cmecu a3, BkiIro4as Huzimme 6opunsl M;B MB,
MB,, M;,Bs. Ontumu3zanus 3JeKTpOXUMHUUYECKOTO CUHTE3a OOpHUIOB CBOJUJIACH K
ONpECNICHUIO PEXHUMOB TOJyueHUs: Bbiciiero Oopuga MB,, obnamaromero
HanOoJiee IEHHBIMU CBOMCTBaMHU. ONTHMAIBHOM SIBJISIETCS] KOHILIEHTPAIIMS OKCHJIA

(okcuconu) tyrommaBkoro meramia 0.75-1.5 mac. %. Ilpu OGomnee BBICOKHX €€
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3HAYEHUSIX U3-32 HEYCTOMYMBOCTH METAJUIOCOJIEBOM IpyIIM MOJHOEOOpUPOBAHHE
BBIJICTTUBIIETOCS TYTOIUIABKOTO METajlla HE IOCTUTaeTCsl.

bbiio uccienoBaHO BIUSHHME KOHIEHTpAaIlMM OKcHUjaa Oopa Ha COCTaB
KaTOAHBIX OCaAKoB. bopua mosBiaseTcs B KaTOAHOM OCaJKe MPHU COJEP KAHUU
okcuaa 6opa B pacruiase S5 Mac. %. [lpu ganbHeiiieM NOBBIIIEHUN KOHIICHTPALUU
oKcuJa 0opa B KaTOJAHOM OCAJKe YBEIMUYUBAETCA cojepkanue Oopuanbix ¢as. B
uHTepBaie KoHueHtpauui 10-20 mac. % B,0; TyromnaBkuil MeTajul MOJHOCTBIO
oopupyercs ¢ o0pazoBanuem Boiciiux 60puaoB MoB, u WB, (Tabauiist 8, 9).

DNEKTPOXUMHUUYECKUN CUHTE3 OOPHI0B MOJMOIeHA U BOJIb(pama MpOBOIUIH
B MOTEHIIMOCTATHUYECKOM PEXHUME, MOCKOJIbKY MMEHHO HampsbKeHue (MOTEHLMAMN)
OTpeeNsieT X0 peakuud U KOHTPOIUPYET MpUpoAy ocaakos. Eciau matepuanom
aHoja sBJIsieTCS rpaduT M HANpPsDKEHUE HA BaHHE He mpeBbliinaet 2.5 B, kaToaHbii
0CaJIOK COCTOMT B OCHOBHOM M3 METaJUIMUECKOro BosibPpama u monubaeHa. Ilpu
U=2.5-3.5 B na karone oOpasyercs cmech a3 (M, M,B, MB, MB,, M,Bs), npu
U=3.5-4.5 B xatoaHbIif 0Ca0K COCTOUT U3 BHICIIETO OOpHUIA.

DNEeKTPOMETALTYpruYeCcCKui CUHTE3 00pua0B XpomMa.
OnextpoBoccranoBieHune Gropokcuanoro kommiekca Cr (VI) no Cr,O3 mpoTtekaer
o 00paTUMOMY TPEXAJIEKTPOHHOMY MEXaHM3MYy U KOHTpOJupyeTcs nuddys3uen.
[Iponykrom nsnektposm3a B cucteme NaCl-Na;AlFg-K,CrO, siBisiercss okcup
Xpoma Cr,0;. Ha BOJIBTAMIIEPHBIX 3aBUCHMOCTSIX COBMECTHOT'O
AJIEKTPOBOCCTAHOBJIEHUSI HAOIIOAAIOTCS BOJIHBI MPY 3HAYUTENLHO Pa3INYaronInXCcs
noteHuuanax: -(0.7-0.9) B u -(1.4-1.7) B. Ha mnepBoit craguu BIC xpom
BbIensieTcs: B Bue okcunaa Cr,Os;, B3aMMOACHCTBYIONIETO C BBIICISIONIMMHUCS Ha
BTOpO#l cTamuu OopoMm c oOpazoBanuem OopuioB. CuHTE3 OOpHIOB XpoMma
ocymectBisim U3 pacmiaBieHHot cvmecu NaCl- NazAlFe-K,CrO4-B,0;. B
3aBUCMMOCTH OT COCTaBa paciljlaBa U MapaMEeTPOB BJIEKTPOJIM3a MOJTy4Yaldu Kak

uHauBuAyanbHbie pasel Cr,0s, CrB, CrB, CrBy, Tak u ux cMmecu (tabmauma 10).
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Tabmuma 7 — ®a30Bblii cOCTaB MPOAYKTOB 3ekTposm3a cucteMbl NaCl-

NasAlF¢ (1:1 mac.)- 0,5-1,0 mac. % Na,MoO,-20 mac. % B,0s;. T=1173 K,

Hanpsixenue Ha Banne — 4,0 B.

daza Conepxxanue Na,MoO,4 — 0,5mac.%
[TpoaoNKUTENBHOCTH JAEKTPOIN3a, MUH.
10 20 30 45 60
Mo
Mo,B
MoB
Mo,B;
MoB,
B
dasa Copepxxanue Na,MoO,4 — 0,75mac. %
[IpoonKUTEABLHOCTD JIEKTPOINU3a, MUH.
10 20 30 45 60
Mo
Mo,B
MoB
Mo,B5
MoB,
B
daza Copepxxanue Na,MoO,4 — 1,0mac.%
[TpoAONKUTENBHOCTH JAEKTPOIN3a, MUH.
10 20 30 45 60
Mo
Mo,B
MoB
Mo,B;
MoB,
B
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Tabnuma 8 — ®a30BeIiA cocTaB MPOAYKTOB dekTpoinia cuctembl NaCl-NasAlF,
(1:1 mac.)- 1,5 mac. % Na,MoOy,-20mac. % B,0;. T=1173 K, HanpsbxkeHue Ha
BaHHe - 4.0 B

daza Copepxxanue Na,MoO,4 — 1,5mac.%
[TpoaoNKUTENBHOCTH JAEKTPOIN3a, MUH.
5 10 20 30 45 60
Mo
Mo,B
MoB
Mo,B;
MoB,
Copepxxanue Na,MoO,4 — 1,0mac.%
[TpoaONKUTENBHOCTD JEKTPOIN3a, MUH.
5 10 20 30 45 60
Mo
Mo,B
MoB
Mo,B;

Tepmoannamuueckuii pacyet 0opoTepmMudeckoro BocctanoBieHus Cr,0;
moKas3all, UTo Mpolecc 00pa30BaHUs BBICHIETO OOpUIa MPOTEKAET Yepe3 CTaauu
oOpazoBanue Hu3muX OopuaoB. B unemom mnpouecc BOC 6Gopumo xpoma
ONpeaensaeTcs CIEAYIOIUMU B3aUMOCBS3aHHBIMU IapaMeTpaMU: COCTABOM
BAHHBI, HANpPSDKEHUEM Ha BaHHE, TEMIIEPATypol U MPOJOTKUTEIbHOCTHIO
AJIEKTPOJN3a. Y CTAaHOBJIEHBI ONTHUMAJbHBIM COCTaB pacmiaBa, mac. %: 39,25-
44,55 NaCl, 39,25-44,5 NazAlF,, 1,0-1,5 K,CrO,, 10,0-20,0 B,O; wu
ONTUMAaJbHbIE TMapaMeTpbl BJEKTPOJIM3a: HampsikeHue Ha BaHHe 3,5-4,5 B;
temreparypa 1173-1223 K, npoaomkuTeNnbHOCTh dJekTposn3a 45-60 MuH.,

mIoTHOCTh Toka 1,0-1,8 A/em’.
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Tabnuma 9 — ®a3oBeIii cocTaB TpoayKTOB AnekTponu3a cucteMbl NaCl-NasAlFg
(1:1 mac.)- 1,0-1,5 mac. % Na,W0O,-20 mac. % B,0;. T=1173 K, nanpsikenue Ha
BanHe — 4,0 B.

®da3za Cogepxxanue Na,WO, — 1,0mac.%
[IponOIKUTENBHOCTD AIEKTPOJIN3A, MUH.
5 10 20 30 45 60

W

WB

W:B;

WB,
B

Copepxxanue Na,WO, — 2,0mac. %

HpOI[OJ'I)I(I/ITeHBHOCTB QJICKTPOJIN34a, MUH.

5 10 20 30 45 60
w
WB
W,B;
WB,
B
Cozepskarue Na;WO, — 1,5mac.%
HpOI[OJI}KI/ITCJ'IBHOCTB 9JICKTPOJIN34a, MHUH.
5 10 20 30 45 60
W
WB
W,B;
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Tabmuma 10 — @®a30BbIi coCcTaB MTPOAYKTOB djekTposmza cuctembl NaCl-
Na;AlFg (1:1 mac.) 0,5 -1,5 mac. % K,CrO4-10 mac. % B,0;. T=1173 K,

HanpspkeHue Ha BanHe — 3,0 B.

daza Conepxanue K,CrO4 — 0,5 mac.%
[IpoIOKUTENBHOCTD IIEKTPOIN3a, MUH.
10 20 30 45 60
Cr
CrB
CrB,
B
Copnepxanne K,CrO4 — 1,0mac.%
[IpoIOKUTENBHOCTD IAEKTPOIN3a, MUH.
10 20 30 45 60
Cr
Cr,B
CrB
CrBy
B
Conepxanne K,CrO4 — 1,5 mac.%
[IpoIOIKUTENBHOCTD IAEKTPOIN3a, MUH.
10 20 30 45 60
Cr
Cr,B
CrB
CrB,
B

XUMHUYECKHN aHAJIN3 JJIEKTPOJUTA MOCJE JJIEKTPOIM3a MOKa3ajl, 4To

XpOM HM3BJICKACTCA M3 paciljiaBa MPAKTHYCCKH ITOJHOCTBIO. I[JI}I ﬂaHBHCﬁMCFO
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BEJICHUSI TIpoIlecca HEOOXOAMMO TPOBOAWTH KOPPEKTHUPOBKY DIIECKTPOJIUTA
nobaBneHne xpomara kanus. BeiBog omgHodasHoro mpoaykra CrB, cocrtaBmi
0.14-0.21 1/A, coorBeTcTBeHHO. KOHEYHBIE NUCNIEPCHBIE TOPOUIKKM HMEIH

YIEIBHYIO OBEepXHOCTH 10-20 M7/T.

4.3.3  Paspabomrxa  npoyeccog  3IEeKMPOXUMUUECKO20  CUHME3A
HAHOOUCNEPCHBIX NOPOUIKOB DOPUOOE HeOOUMA U NPA3EO0OUMA

BricokoTeMiiepaTypHbIil SIEKTPOXUMUYECKUI CUHTE3 OOPUI0B HEOANMA U
npaseoarMa MPOBOAWIM B aTMoc(epe OYMIIEHHOIO M OCYIIEHHOIO aproHa,
HAKOMHUTEIbHBIM 3JIEKTPOJIOM CIY>KUJ BOJb(PPAMOBBIN MPYTOK, MOIHOIECHOBAS U
Keje3Has IUIaCTUHBL. AHOJAOM UM KOHTEHHEpPOM JUisl paciuiaBa  CIy XK
CTEKJIOYTICPOAHBIN THreb. B KauecTBe anekTpoja CpaBHEHHS ObLIT MCIOJB30BaH
KBa3HOOPATUMBIN CTEKJIOYTJIEpOIHbIN 31ekTpos (cTtepkeHb CY-2000, nnamerpoM
2mm). IloTeHuman Takoro OdJIEKTPOJa, OINpENeNsieTcsl pPeloKC-TpoleccaMu B
pacmyiaBe M 3aBHCHT OT €ro cocraBa U Temieparypbl. Mcmonb3oBaHue
CTEKJIOYTJIEPOAHOTO KBA3UAJIEKTPOJa MO3BOJIWIO M30€KaTh M3MEHEHHUs COCTaBa
pacruiaBa B pe3yJibTaTe KOPPO3UU OKCHUJIHBIX MaTEpHUAJIOB, KOTOPHIE UCIIOIb3YIOT B
KayecTBE MEeMOpaH B KOHCTPYKIIMH KJIACCUYECKUX AICKTPOJOB CPABHEHHUSL.

C  wenbto  ompeneneHUs ~— ONTUMAIBHBIX  YCJIOBUM  Ipoliecca
AIIEKTPOXUMHUYECKOTO CHHTE3a OOpHIIOB HEOIMMa U Ipa3eojuMa ObLJIO M3yYEHO
BJIMSIHME COCTaBa paciulaBa, MOTEHIIMAa, IJOTHOCTH TOKAa M TEMIIepaTyphl Ha
COCTaB KaTOAHBIX OCAJIKOB.

B wuccnenyempix cuctemMax B 3aBHCHUMOCTH OT COCTaBa M IapaMeTpoOB
AJIEKTPOJM3a ObUIM TIOJy4eHbl KaK MHAMBHUAyaidbHas (a3za Oopa, ¢aza BBICIIETO
o6opuna NdBg, Tak u cmecu stux (a3, Bximouas NdB,. Ontumuzanus mporecca
AIIEKTPOCHHTE3a OOPHUAOB CBOJAWIACH K OINPEACICHUIO PEXKUMOB MOTyYCHUs
Boiciiero Oopuna NdBg, o6naparomero Haumbosiee I1EHHBIMH CBONCTBaMHU.
[TpoBenens! nexTponussl paciiaaBoB coctaBa KCI-NaCl(1:1)-Nd(Pr)Cl;(0,5+3,0)-

KBF; (0,5+12 wmonpHBIX %). PentreHodas3oBblii aHaliu3  MNPOIAYKTOB
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IMOTCHIHUOCTATUYCCKOIr'0 JJICKTPOJHM3a paciliaBa IIOKa3aH B Ta6J'II/IHC 11 u Ha

pucyHkax 48, 49.
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Pucynok 48 — PentreHorpamMmbl npoayKToB 3JiekTpoiusa cucrembl NaCl-

KCI(1:1)-PrCl3(1,6-3,0)-KBF4(3,0-11,5 wmacc.%) mnpu pa3HbIX COOTHOIIEHHUSX
kounentpanuii C(KBF,):C(PrCl;): a — 2, 6 — 6, B — 8. Crannaptabie quauH: 1 —
PrBg, 2 — PrB4, 3 —B. E=2,6 B. T=973K
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PucyHoxk 49 — PeHTreHorpammsl poayKToB 31eKTposm3a paciiaBa NaCl-
KCI(1:1)-NdCl5(1,6-3,0)-KBF4(3,0-11,5Macc.%) npu pa3HbIX COOTHOIIEHUSIX
kounentparuit C(KBF,):C(NdCl3): a—- 2, 6 — 6, B — 8. Crangaptabie TuHAM: | —
NdBg, 2 —NdB,, 3-B. E=2,6B. T=973 K
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Tabnmuna 11 - 3aBUCMMOCTH COCTaBa MNPOJYKTa MOTEHIHMOCTATHYECKOIO

anektponu3a cucreM NaCl-KCI-NdCl;-KBF,

n NaCl-KCIl-PrCl5-KBF, ot

MOJISIPHOTO COOTHOIIEHUSI KOMITOHEHTOB paciaBa. E=2,6 B. T = 973K

C(KBF;) |C(Nd(Pr)Cly) | C(KBEFE,):
CoctaB mpoJiyKTa 3JIeKTpoJin3a
macc.% Macc. % C(Nd(Pr)Cl5)
1,6 1,5 2 PrB¢, PrB4(cnensr) | NdB4, NdBg
4,7 1,6 6 PrBg NdBg
6,2 1,6 NdBg, B,
8 PrBg, B(crennr)
NdB4(cnenn)

[To nanHBIM peHTTreH0(A30BOT0 aHAIM3A MOJYYCHHBIX KATOJHBIX OCAIKOB
n3 paciuiaBieHHbix cucteM NaCl-KCl-CsCl-NdCl;-KBF, u NaCl-KCI1-CsCl-PrCls-
KBEF, npu 823 K mo0xHO clenatb BbIBOJ O TOM, 4To Temmeparypa 823 K He
oOecrneunBaeT MOJTHOTHI B3aUMOACHCTBHS BRIACIISIOMIMXCS JICMEHTOB.

beumn mpoBeneHbI cepuu JIEKTPOJU30B B MOTEHIIMOCTATHUYECKOM PEKUME
npu Pa3IUYHBIX MMOTCHIIHAIaX OTHOCHUTEIIFHO KBa3UOOPATUMOTO
CTEKJIOYTJIEPOIHOTO AJIEKTpoaa cpaBHEHUs. [IpOayKTOM MOTEHIIMOCTATHYECKOTO
anekTponuza pacmiaBa NaCl-KCI-NdCl;-KBF, npu norenumanax ot -2,4 B no
MOTEHITNAIOB, COOTBETCTBYIOMINX BBIICIICHUIO METAUIOB (DOHOBOTO DJIEKTPOJIUTA
ABJsIETC Trekcabopuya Heoauma (tabmuma 12, pucyHok 50). AHaJIOTHYHO
MOJIy4aeTcsl U Tekcabopu mpa3eoanma Mpu MOTECHIIMOCTATHYECKOM AJICKTPOIIN3E

pacmiaBa NaCl-KCI-PrCl;-KBF, B untepBane norenuuanon —(2,4-2,8) B.
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Ta6nuna 12 - 3aBUCUMOCTB cOcTaBa IpoIyKTa 3JekTposn3a pacmiaBa NaCl-

KCI-NdCl;-KBF, ot norenuuana snekrponusa. T=973 K

[ToreHuman anekrponausa, B
Cocras pacmiaBa, Macc.%
2,3 2.4 2,5 2,6 2,7 2,8
KCl(41,4)-NaCl(49,2)- NdBs, |NdBe,
B B, NdB4s | NdBg | NdBg
KBF,4(6,3)-NdCl5(3,1) B(cnemsl) | B
KCl1(40,5)-NaCl(48,1) NdBs, |NdBs,
B B, NdB,; | NdBg | NdBg
KBF4(7,9)-NdCl15(3,5) B(cremsl) | B
KCl1(39,3)-NaCl(46,8)- B,NdBs, |B,NdB,, NdBs, |NdBs,
NdBg | NdB¢
KBF.(9,7)-NdCl;(4,2) NdBg(cnensr) | NdBg B(cnensr) | B
KCl1(37,9)-NaCl(45,2)- B,NdB4, |B,NdB., NdBs, |NdBe,
NdBg | NdB¢
KBF,(11,9)-NdCl5(5,0) NdBg(cnensr) | NdBg B(cnensr) | B
3 M%: e 2., .
S I 1. 1&1 ,1 | B
. - L
‘ 1 1
i SRS St vy
&= 28 E *?&r &8 % & 'ﬁ% E )
Pucynox 50 - PenTreHorpamMmbl TPOJYKTOB OJJICKTPOJIM3a paciliaBa

NdCl;(5,0)-KBF,(11,1)-KCl1(38,2)-NaCl(45,5macc.%) npu pa3HbIX MOTEHIMAIAX:
a—27B,6-2,6B,8-25B, - 2,3 B. Craanaptasie muann:1 — NdBg, 2 —

NdB4, 3-B. T=973 K

P C3yJIbTAaThl T'AJIbBAHOCTATUYCCKOTO 3JJICKTPOJIM3a II0OKa3aJir, 4YTO CHUHTC3

. 2
rekcabopuI0B OCYIIECTRISAETCS B MHTEpBaJie miioTHocTel Toka oT 0,1 10 4,0 A/cm

(trabmumal3). OnTUManbHBEIM SBISIETCS WHTEpBal IIOTHOCTEH Toka ot 1,0 mo

2 o
3,0 A/cm”. MakcuMalbHbBIN BbIXOJ IMPOAYKTA rajibBAHOCTATHUYCCKOI'O 3JICKTPOJIM3a

pacminaBa NaCl-KCI-NdCl;-KBF, coctaBun 0,36 1/A 4.
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Tabnuma 13 - 3aBUCHMOCTB COCTaBa MPOIYKTa AMEKTpoau3a pacmiasa NaCl-

KCI1-NdCl5;-KBF, ot mimoraoctu Toka. T=973 K

)
CocraB pacmniana, IInotHOCTH TOKA, A/CM

macc.% 0,1 1,0 20 | 2,6 3.4 4,0

KCI(41,4)-NaCl(49,2)- | NdB,
KBF,(6,3)-NdCL;(3,1) | B

NdBg | NdBg | NdB¢ | NdBg, NdB,4 | NdBg, NdB,4

KCI1(40,4)-NaCl(48,0)- | NdBs,
KBF4(7,96)-NdC15(3,5) | B

NdBg | NdBg | NdB¢ | NdBg, NdB, | NdBg, NdB,4

KCI1(39,2)-NaCl(46,7)- | NdBs, NdB,, NdB,,
NdB; | NdBg | NdBg

KBF,(9,7)-NdCl5(4,2) | B NdB,(cnen) | NdBy(cren)

KCI1(37,9)-NaCl(45,2)- | NdBs, NdBs, NdBs,
NdB; | NdBg | NdBg

KBF,(11,9)-NdCL,(5,0) | B NdB,(cren) | NdBy(cren)

Haiinensl ontumanbabie cooTHomeHus koHueHTpanuii C(KBF,):C(NdCl,),
WHTEpBaJbl IIOTHOCTEH TOKA W HANPsOKEHWS HAa BaHHE JUIA  IOJTYYCHUS

HaHOPA3MCPHOI'0O IMopouiKa FCKC&60pI/II[a HCOMUMaA.

4.3.4  Paspabomka  npoyecco8  IIEKMPOXUMUUECKO20  CUHmMe3d
HAHOOUCNEPCHBIX NOPOULIKOE OOPUO08 camapust, 2A00aUHUS, OUCHPO3USL
Pesynbrarhl mccnenoBaHUN AIEKTPOXMMHYECKOTO TOBEICHUS XJIOPHIHBIX
KOMITJIEKCOB CaMapus, TaJAOJUHUS, AUCTIPO3us U (GTopOOpaT-noHa ObUIH B3ATHI 32
OCHOBY TIpH TIOMCKE YCIOBUH BBICOKOTEMIIEPATYPHOTO JIIEKTPOXUMHUIECKOTO
cuHTe3a  OOpUIOB  camapus, TaIOJMHHS W JAUCHPO3Hs. AHATU3UPYS
BOJIbTAMIIEPOTPaMMBI  COBMECTHOTO JJICKTPOBOCCTAHOBJICHUS HWOHOB camapus,
raJIoJIMHUSA, TIpa3eoauMa U 00pa MOXKHO 3aKITFOYHUTh, YTO TPOIECC IIEKTPOCUHTE3
OOpUIOB camapwsi, TalOJIMHKS, AUCTIPO3Hs B TAJTOTEHUIHBIX CHCTEMax BO3MOXKEH
TOJILKO B KHHETHYECKOM PEXHUME. DIEKTPOCHHTE3 MPOBOAUIN B SKBUMOJIHLHOM
pacmaBe KCI-NaCl, coxepkaiem xnopuja camapusi (rafoJIMHUS, JUCIPO3US) U

dbTopbopar Kamus B TOTCHIIMOCTATUYECKOM pEKUME TMPH  MOTEHI[HAIaX
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—(1,5-3,0) B oTHOCHTENBHO CTEKIOYTJIEPOJHOTO KBA3HOOPATUMOTO 3JIEKTPOJA
cpaBHeHMA. KoHuUeHTpanmu Tpuxyopuaa camapus (TagoyiMHUSA, OUCHPO3HUsA) H
terpadTopbopara KaJus COCTaBJISIIN COOTBETCTBEHHO
C(LnCl3)=(1,5+6,0)x10"* wmoms/cm’, C(KBF,) = (6,0-30,0)x10* wmons/cm’.
PesynbTaThl  TPUBENEHHBIX  SKCIEPUMEHTOB  TOKa3ajad, 4YTO  HauOosee
OTNITUMAaJIbHBIM YCJIIOBUEM DJIEKTPOCHHTE3a Tekcabopuaa camapus SmBg oTBewarorT
cootHotenus konneHntpanuii C(SmcCl;) : C(KBF,) = 1:(1,5 +5,0), Hanpsbkenue Ha
anekTponu3zHon BanHe E=(2,7+3,0) B u 1=0,5 Alem?. ['excabopug camapus
CHUHTE3UPOBaH U3 paciiaBoB ciaeayromux coctaBoB: NaCl — KCl — SmCl; (1,2+1,7
MoJIb %) — KBF4(2,7+6,1 mons %).

YcnoBus noaydeHus: OOpuIHbBIX (a3 TraioduHUs U AUCIPO3Us MIPUBEICHBI B

tabimmuax 14, 15.

Tabmuia 14 - 3aBucUMOCTh cocTaBa mpoaykTa snekTposm3a pacmiaBa NaCl-KCl-

GdCl;-KBF, ot noteHunana u Bpemenu aiektponusa. T=973K.

CocraB pacmuiaBa, | Hanpsoxkenue | [IpomomxurensHocts | CocTaB

macc.% Ha BaHHe, B ANEKTPOJU3a, Yac | MPOAYKTa
AIEKTPOJIN3a

NaCl -37.9 -2.8 2 GdB,

KCl-48.3 GdBg

GdCl;-5.6

KBE, - 8.1

NaCl -494 -2.8 2 GdB,

KCI - 38.8

GdCl; - 4.2

KBF, - 7.6

NaCl - 46.9 -3 2 GdB,

KCI-36.9

GdCI; - 6.6

KBF,-9.6
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[Tponomxenne Tadauier 14

NaCl -37.9
KCl-48.2
GdCl; -5.7
KBF, - 8.2

-2.8

GdB,

NaCl -35.0
KCIl-44.6
GdCl; - 10.7
KBF, - 9.7

-2.8

90 muH.

GdB,
GdBe¢

NaCl -40.2
KCI-51.2
GdCl; -3.5
KBF,-5.0

-2.9

GdBg¢

NaCl -49.0
KCI-38.5
GdClL; -5.1
KBF, -7.3

-2.8

GdBe¢

NaCl - 13.6
KCI-17.1

CsCl -59.2
GdCl; -5.2
KBF, -4.9

30 MuH

GdB,
NaGdF4

NaCl -12.9
KCl-16.3
CsCl - 56.7
GdCL; - 7.1
KBF, - 6.8

-2.9

30 muu

GdBg¢
CsCl

NaCl - 13.8
KCl-17.3
CsCl -60.1
GdCl; - 4.5
KBF, —4.3

GdB,
GdBe¢

NaCl -13.1
KCl-16.5

CsCl-57.1
GdCl; -7.2
KBF,-6.2

-2.5

GdB,4

NaCl - 13.5
KCl-17.1

CsCl-594
GdCl; - 5.1
KBF, - 4.8

-2.5

GdBe¢
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Tabmuma 15 — 3aBucumocTh (Ha30BOro cocraBa KaTOTHOTO MPOAYKTa OT

napameTpoB 3ektpoausa (T =973 K. Karog - W)

CocraB pacmiaBa, | Hanpsbxkenue | [IpomomkurensHo | Coctas
macc. % Ha BaHHe, B | cTb anekTponusa, | mpoayKTa
qac AIIEKTPOJIU3A

NaCl - 13.2 BX: 2 DyB,
KCI-16.8
KBF, -4.16

NaCl — 13.2 238 2 DyBg, DyB,,
KCl - 16.8

DyCl; - 2.9
KBF, — 8.15

NaCl — 13.2 238 2 DyBg, DyB,,
KCl - 16.8
DyCl; - 2.7
KBF, - 7.8

NaCl — 13.2 238 15 DyB,
KCl-16.8
KBF, -2

NaCl — 13.2 238 2 DyB.,
KCl - 16.8

DyCl; - 2.8
KBF, — 3.94

NaCl — 13.2 BX: 1 DyBs
KCl - 16.8
DyCl; - 1.96
KBE, - 2.7

NaCl - 13.2 238 0.5 DyB,, DyBs,
KCl - 16.8 DyB,

DyCl; - 1.76
KBFE, — 1.65
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4.3.5 Paspabomka npoyeccos INEKMPOXUMUYECKO20 cunmesa
HAHOOUCNEPCHBIX NOPOUIKO8 DOPUOOS IAHMAHA U Yepusl

Pe3ynbTaThl MO COBMECTHOMY 3JIEKTPOBOCCTAHOBIICHHWIO HWOHOB JIaHTaHA
(mepusi) m Oopa OBUTM B3ATHl 32 OCHOBY IIPH BBICOKOTEMIIEPATYPHOM
DIIEKTPOXUMHUYCCKOM CHHTE3€ OOpHIOB JIAaHTAHA U IIEPHSL.

CunTe3 mopomika Tekcadopuaa JIaHTaHa MPOBOJWIN  MOCPEIACTBOM
MOTCHITMOCTATUYECKOTO 3JICKTPOJIM3a W3 PACIUIaBJICHHOW CMECH CJICIYIOMIETO
coctaBa macc.%: NaCl (37,7) — KCl (48,1) — LaCl(3,4) — KBF,(10,8).

Hamu wu3ydeHo BiMsSHHE TOTEHIMATa W KOHIICHTPAIMU KOMIIOHEHTOB
pacriaBa Ha COCTaB IOJTy4aeMbIX OOpHUIHBIX (a3 JaHTaHA. DTH JaHHBIC CBSA3aHBI B
tabnuiax 16 u 17.

Tabmuma 16 — 3aBucuMOCTh (ha30BOr0 COCTaBa KaTOJHOTO IPOIYKTa OT

napameTpoB 3JIEKTPOJIU3a

Kar | Ilorenmman | [Tpomomxut 1, C(LaCl3) | C(KBF,) | IIpony | Macca
on | smextpomu3 | empHOCTH | Alem” | -10* -10° KT ocajka,
a, B AJIEKTPOJIN3a MoIb/cM | Mosb/eM’ DIEKTP r
, 9 oan3a
2.6 1.5 04 1.8 1.08 LaBg¢ 0.08
-2.6 2.0 0.5 2.1 1.27 LaBg¢ 0.45
2.6 2.5 04 1.8 1.08 LaBg¢ 0.4
\\% 2.6 2.5 0.7 2.4 1.50 LaBg¢ 0.68
2.0 2.5 0.6 2.0 0.80 LaBg 0.66
2.4 2.5 0.5 2.1 1.32 LaB.,, 0.91
24 2.0 04 2.2 0.88 LaB, 0.55

Bnusinue xonuentpauuu. [Ipu BpIOOpEe KOHUEHTPAIMOHHBIX COOTHOILICHUN
LaCl; u KBF, cnenyer npuHrMaTh BO BHUMAHUE MEPBYIO CTAJIMIO JIEKTPOCUHTERA,
B T€UEHHUE KOTOPON UJET BbIACICHHUE 00Jie€ dIEKTPONOI0KUTEIILHOIO KOMIIOHEHTA
oopa. Brigenenne ke 0Oojee 3IEKTPOOTPHIIATEIILHOTO KOMIIOHEHTA (JIAaHTaHA)

HAaYMHAETCs 0 Mepe BbIpaboTku PpropOopaTa kanus. OnTuManbHas KOHLEHTpaus
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KBF, cocraBmier mopsgka (0.8+1.5)x10”° wmoms/cm’. Ilpu 6Gomee BBICOKHX
koHueHtpauusix KBF; mnomyuenue OopumoB JaHTaHa HE YHOaeTcs M3-3a
HEYCTOMYMBOCTH KaTOAHOTO ocajaka. Hamu urccienoBaHo BIMSIHUE KOHIEHTpALUU

dbropbopara Kanus Ha COCTAaB KaTOAHBIX OCaaKoB (Tabmuna 17).

Tabnuma 17 — 3aBUCUMOCTD cOCTaBa KaTOAHOTO MPOAYKTa OT COOTHOIICHUS

koHueHtpanui LaCl; u KBF,

Ka | Ilorenn | [Ipomomxwure | i, Alem® C(LaCl3)- | C(KBFE,) IIpony | Mac-
TO uan JBHOCTH 104 103 C(LaCls): KT ca

I | DIEKTPO | 2JIEKTpOJHn3a, moms/em® | momb/em | C(KBFs) | snekrp | ocax-

nm3a, B q 3 oJim3a Ka, T

2.6 2.5 0.7 2.4 1.50 1:6 LaBg | 0.68

W 2.4 2.5 0.5 2.1 1.32 1:6 LaB,, | 0.91

-2.0 2.5 0.6 2.0 0.80 1:4 LaB¢ | 0.66

2.4 2.0 0.4 2.2 0.88 1:4 LaB, | 0.55

[TosiBnenue ¢aspl 6opuga B KAaTOJHOM OCAJKE HAUMHAETCA IPU MOJISIPHOM
cootHomiennn LaCl;:KBF,= 1:1. Ilpu nanpHeiiemM yBeJIWYEHUU KOHLIEHTpaLUU
dbropbopara Kamus B paciljlaBe yBEJIUYUBACTCS cojepkaHue OOopuaHbIX ¢a3 B
KAaTOJHOM OCaJKE.

[Ipu BbBIOOpE KOHIEHTPAIIMOHHBIX COOTHOIIEHMH KOMIIOHEHTOB MBI
PYKOBOJICTBOBAJIUCH CIEAYIOIMIMMHU COOOpakeHUsIMU. Bennunna npeaenbHoro Toka
0osee ANEeKTPOMNOJIOKUTEIBHOTO KOMIIOHEHTa Oopa HE JOJKHA OBITh CIUIIKOM
OOJBIION, TaK KaK B TAKOM CITy4ae He JOCTUTAETCsl TOKA BbIICJICHUS JJaHTaHa.

Kak BumHo u3 pucynka 51, ¢ poctom konmentpamuu LaCl; u KBE,

HA0JI0JaeTCsl MPSMO MPOTMOPIMOHATBHBIN POCT TOKA CHUHTE3A.
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Pucynok 51 — 3aBUCMMOCTH IJIOTHOCTH TOKA 3JEKTPOBOCCTAHOBJIEHUS OT
koHneHTpanuu LaCl; (kpuBas 1) u konueHTpauuu ¢propdopaTa kanus (KpuBas 2) B
pacmuiaBe KCI-NaCl npu T=973 K.

BnusHue temneparypbl. CyllleCTBEHHOE 3HAYEHHME IPU AJIEKTPOCHUHTE3E
oopunoB umeer temreparypa. Boime 1073 K drTopbopat-uon BE, Tepmuuecku
HeycTolunB M pasznaraercs. llpu cHuwkenuum temneparypbl Huxke 973 K He
oOecrneunBaeTcs MOJHOTA B3aumoencTBus La u B.

Bnusinue norennumana. OneKTpocuHTe3 OOPUAOB JaHTaHA HAMU MPOBOIUIICS
B IOTEHLUOCTATUYECKOM PEXKHUME, MOCKOJIBbKY HMMEHHO HaIpsSHKEHUEONPEEsieT
XOJl peakiuii ¥ KOHTPOJIUPYET MPUPOTY PEaAKINH ocaxaeHus (tadmuma 18).

Tabnuma 18 — 3aBUCUMOCTH COCTaBa KaTOJIHOTO MPOAYKTa OT MOTEHI[MAa

Karo | [lorenmmaman | IIpogomxuren | i, Alem” C(LaClz)- | C(KBEy) [Tponykt | Maccaoc
hi| €KTpOJu3a, B | BHOCTBANEKTPO 10* -10° ANEKTPO | aaka, T
Jm3a, U MOJIB/CM® MOJIB/CM® Jm3a
-2.6 2.5 0.7 2.4 1.50 LaBg 0.68
\WY -2.0 2.5 0.5 2.0 0.80 LaBg 0.66
24 2.5 0.6 2.1 1.32 LaB,, 0.91
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Takum 006pazom, TpoIiecc AEKTPOCUHTE3A MOKHO MIPEJACTABUTH B BUJIE
CJIEMYIOIIUX TIOCIEA0BATEIBHBIX CTAIHA:

- BBIJIETICHHE 0oJiee SIIEKTPOIIOIOKHUTEIFHOTO KOMIIOHEHTa (060D);

- BBIJICTICHHE 00Jiee DIEKTPOOTPHIIATEIIBHOTO KOMIIOHEHTa (JIaHTaH) Ha
peBapUTEILHO BBIJICIICHHOM 00pe;

- B3auMmHas auddy3us ngaHTaHa U Oopa ¢ 00pa30BaHHEM pPa3IUYHBIX IO
cocraBy OopuaHbIX a3 La,B,.
[TomydeHHbIE PE3yABTATHI IO COBMECTHOMY AJIEKTPOBOCCTAHOBIICHUIO MOTYT OBITH
B3STHI 33 OCHOBY TMpPHU TNPAKTUYECKON peanu3allid BBICOKOTEMIIEPATYPHOTO
AIIEKTPOXUMHUYIECKOTO CHHTE3a OOpUIOB JIaHTAHA.
Bnusinue nponomkutensHocTd. V3 TipuBeneHHBIX B Tabmuiie 19 naHHBIX ciemyer,
YTO TPOJOJDKUTEIHHOCTh BEICHHUS AJICKTPOJIN3a BIUSECT HAa MAacCy KaTOJHBIX
0CaJKOB, yBenuueHue BpeMeHW Ha 30 MHUH. BEAET K YBEIMYCHHUIO MAcCChI
KaTOJHOTO oOcajaka B 2 pasa. M3 pucyHoka 52 MBI MOXXEM YBUIETh MPSIMO
MPOTMOPIIMOHATIBHEI POCT  MacChl KaTOJHOTO OCajKa OT MPOAOKUTEIBHOCTH

anektposn3za B pacmiase KCl-NaCl-LaCl;-KBF,,

Tabmuma 19 — BnusiHMe mpOAOHKUTENBHOCTA BEACHUS JJIEKTPOJIM3a HA

MacCCy KaTOAHBIX OCAAKOB

Kato | ITorenuman | IIpomosmkur 1, C(LaCl;) | C(KBF,) | IIpony | Macca
Il | DJIGKTPOJIU3 | €JIbHOCTH Alem® | -10* 103 KT ocajka,
a, B AJIEKTPOJIH3a MOJIB/CM | MOJIB/CM | DJIEKTP r
, 4 3 3 oJin3a
-2.6 1.5 0.4 1.8 1.08 LaBg 0.22
-2.6 2.0 0.5 2.1 1.27 LaBg¢ 0.45
\YY 2.4 2.0 0.4 2.2 0.88 LaB, 0.55
-2.6 2.5 0.7 2.4 1.50 LaBg 0.68
2.4 2.5 0.5 2.1 1.32 LaB.,, 0.91
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Pucynok 52 - 3aBuCHMOCTh Macchl  KaTOJHOTO  OCagka  OT

nponomkuTenbHocTy ekTpoinsa B pacmiaBe KCl-NaCl-LaCl;-KBE, npu T=973

K (nmo ganaeM Ta0muie! 19)

Hcxons w3 3TOro mnoKa3aHO, YTO ONTUMAajbHAas MPOAOHKUTEIBHOCTD
BEJICHUs IIpoliecca 3JEKTposM3a s noiydeHus mnopomka LaBg cocraBiser
60+150 muH.

DneKTpoCcuHTE3 OOPUIOB IIEpHsl OCYIIECTBISUIM B PACIUIABIEHHON CMecu
NaCl-KCI-CeCl;-KBF, npu temneparype 973 K na BosnbppamoBoM 3iekTpoje. B
ATOM CUCTEME B 3aBUCUMOCTH OT COCTABA U MAPaMETPOB 3JIEKTPOJIM3A MOIyHAIUChH
KaK MHAUBUAyasbHas (aza Oopa, cMecu (a3 OOpHIOB IepHsi, HO OCHOBHBIM
MPOAYKTOM siBisieTcs Bbicimii 6opua uepust CeBg.

[Tpu BeIOOpE KOHUEeHTpannoHHBIX cooTHOoeHn CeCl;u KBF, nHeobxonnmo
OPUHUMATh BO BHUMAaHUE MEPBYIO CTA/UIO DJEKTPOCHUHTE3d, B TEUEHHE KOTOPOU
UICeT BbIJCIEHHE OoJiee BJIEKTPOIOJIOKUTEILHOIO KOMIIOHEHTa — Oopa.
Boigenenue ke 1epusi HauMHAETCs MO Mepe BbIpaOOTKU (TopOopaTa Kamws.
OntumanbHas koHueHTpanus KBF, cocraBnsier nopsaka (1,0+1,5)><10'4 MOJIB/CM.

[TosiBnenue ¢aspl Oopusia B KaTOJHOM OCAJKe HAYMHAETCS MPU MOJSIPHOM
cootHomiennn CeCl;:KBF,=1:1. Ilpu panpHeillieM NOBBIIIEHUU COAEPKAHUS
¢dropOopara kanusi B paciljlaBe YBEJIMYMBACTCA COJEpKaHue OOpuAHbIX (a3 B
KatogHoM ocajke. OOpa3oBaHHe BBICIIET0 OOpHAA MPOUCXOIUT MPU MOJBHOM

cootHomeHun nopsiaka CeCl;:KBF, = 1:5. DnextpocunTe3 60pua0B IPOBOAUIHN B
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MOTEHIIUOCTATUYECKOM PEXUME, TTOCKOIbKY UMEHHO MOTEHIMA ONpPEAesieT X0/
pEaKUU U ONPEAEIACT NPUPOITY PEAKLIAN OCAKICHHUS.

[IpoAOMIKUTENBHOCTh  BEICHUS DJIEKTPOJIM3a CYLIECTBEHHO BIMUAET Ha
COCTaB KarogHoro  ocaika. OnrtumanbHas MOPOJOTKUTEIBHOCTh BEIACHUS
mpoiiecca deKTpou3a s nomydenus ga3 CeBg cocraBnser 60+-90 muH.

B  umenom  mpormecc snekTpocuHTE3a OOpUIOB LEPUS OIMPEAETsSeTCS
CIEAYIOUIMMH B3aUMOCBS3aHHBIMH TapaMETpPaMU: COCTaB AJIEKTPOIUTHUYECKOU
BAaHHBI, HAMPSKEHUEM Ha BaHHE, NPOJOKUTEIBHOCTBIO AJIEKTPOIN3A,

TEMIIEpaTypOH.

4.4Hapa0orka DJKCHEPHMMEHTAJBHBIX 00pa3smoB HAHOAMCIIEPCHBIX
MOPOIIKOB OOpPHAOB M CHJIMIHAOB TYIOIUIABKUX M peAKOo3eMeJbHbIX

METAJLJI0B

4.4.I1Memoouxa nonyuenuss HAHOOUCNEPCHBLIX NOPOWKOE OOPUO08 U
CUTUYUOO8 MY20NNABKUX MEMAILIO8

[Iporiecc mosydeHuss HAHOAMCIIEPCHBIX TOPOIIKOB OOPHIOB M CHIIMITUIOB
TYrOTJIaBKMX METAJJIOB OCHOBAaH Ha COBMECTHOM  DIIEKTPOXHMHUYECKOM
BOCCTAHOBJICHMM HOHOB Oopa (KpeMHHUs) U TYrOIUIaBKOTO MeTaljia B
pacIUIaBICHHBIX SJIEKTPOJIUTAX.

Bbi6Op KOMIIOHEHTOB  3JIEKTPOJIMTUYECKOW BaHHBI TPOU3BEACH Ha
OCHOBAaHMU TEPMOJMHAMUYECKOTO aHAIM3a W KUHETHYECKHX H3MEPEHUMN
COBMECTHOTO D3JICKTPOBBIJICIICHUSI TYTOIUIABKOTO MeTaiia u O0opa (KpemHHs) U3
pacIiaBICHHBIX HOHHBIX 3JIEKTPOJIUTOB.

Jl7is IpoBeieHUsT DJEKTPOXUMHYECKOTO CHHTE3a CHUJIMIIMIOB MOJIMOACHA U
BosibppaMa  BaXHBIMH  [MapaMeTpaMd  SBISIOTCS:  KOHIICHTPAI[MOHHBIC
COOTHOIIEHUS, INIOTHOCTh TOKA, TEMIIEpaTypa 1 MPOI0JKUTEILHOCTH Mpoliecca.

DJEKTPONn3 BEAYT B MOTCHIMOCTATUYCCKOM PEXHUME (ITOCKOJIBKY UMEHHO
HanpsDKEHUE — ONpeeNsieT  XOJA  peakuuid M KOHTPOJUPYET  MPUPOIY

peaKHI/II/IOCEDKI[eHI/IH) H rajJbBaHOCTAaTH4YCCKOM (I[J'I?I YCTAHOBJICHUS TIPCACIBbHBIX
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IJIOTHOCTEH TOKa) pexxumax npu temmepatype 550+10 °C, onTumanbHOU s
JAHHOTO pacTBopuTess. BO3MOXHO oOCylIeCTBIEHHUE CHHTE3a W Tpu Ooliee
BBICOKOWM TemIepaType, OJHAKO TMOBBIIMIEHUE TEMIIEPATypbl MPUBOAUT K
UCIIAPEHUIO pacIulaBa, YBEJIMYEHHUIO JABJICHHS Tapa HaJa pacijlaBoOM U MOTepe
dbTopbopara (propcuiinkara) Kajiusi B BUAY €ro TEPMUUYECKON HECTOMKOCTH.

[Tponecchl ¢ TOKOBOM Harpy3koil anektposmza 10 10 A npoBogunuch
HEIMOCPEJICTBEHHO B TPEXAJIEKTPOAHOU stuelike. [lpu Harpyske 10 oHOro amiepa
BOJIbTAMIIEpPHAsl KPUBAs 3JIEKTPOIN3Aa PETHUCTPUPOBAIACH HA AJIEKTPOXHUMHUYECKOM
xomiiekce AUTOLAB PGSTAT 30, a no necatu ammnep — komriuiekcom PAR-
STAT, conpsokeHHbIM ¢ OycTepoM. OJeKTpoiu3bl ¢ Tokamu a0 30 ammep
MPOBOJUINCh, HA HWCTOYHHKE TOCTOSHHOTO CTAaOWMJIM3UPOBAHHOTO TOKA B
JNBYX3JIEKTPOAHOM  sueiike. e KOHTpods  MOTEHIMala  Karoaa  Mpu
MOTEHIIUOCTATUYECKOM JIEKTPOJIM3E B 1IEMb BKIIOYAIHN 3JIEKTPOJl CPABHEHUS.

Texnonocuueckuu npoyecc

Jlist mosydeHusT HAHOIMOPOILIKOB OOPUAOB U CHJIMIMIIOB TYTOIUIABKUX
METAJIJIOB MOCIEA0BATEIBHO OCYIIECTBIISIIOT CIAEAYIOUINE ONEPaALlUN:

1. TiiaTenbHast HOATOTOBKA STYEMKHU U 3JIEKTPOOB

2. IlepemnaBnennyto s3kBUMOJIbHYI0 cMech NaCl-KCl-CsCl ucnosib3oBaiu B
Ka4yecTBE (JOHOBOTO 3JIEKTPOIHTA.

3. ®@ropokucBosibdpamar, hropokcumonndaat, dropdbopar (dbTopcuarKar)
Kanus (HaTpusi) TOOABISIIOT B BUJE 00E€3BOKEHHBIX, OCYIIICHHBIX COJICH.

4. CuHTE3 NPOBOJAT B OTKPBITON SIYEHKE C JOCTYIIOM KHUCIOPOAA BO3AYXa.

5. [loTeHumocTtaTnueckuil (raabBaHOCTATUUYECKUH ) 3JIEKTPOJIU3 PACILIIABOB

NaCIl-KCI-CsCl-Na;WO;F;—Na,SiFy (K,SiFy);

NaCl-KCI-CsCl-NasMoOsF;—Na,SiF¢ (K,SiFy);

KCl-NaCl-CsCl-Na;WO;F;-KBF,;

KCl-NaCl-CsCl-Na;MoO;F;-KBF,.
MPOBOJAT HA BOJB(PAMOBOM (HUKEJIEBOM) JIEKTPOAaX B Mpesaenax oT -2,2 1o -2,5

B otHOCHTENBEHO CTCKIIOYIJICPOJHOI'O KBA3NUCTAIMOHAPHOI'O 3JICKTPpOAa CPABHCHUS.
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6. KarogHo-coneByro rpymy BIOCIEACTBUM OTMBIBAIOT OT COJIEBOTO
pacruasa.

7. @a30Bblil cOCTaB HUJAECHTU(MUIMPOBAH METOJOM PEHTTeHO(}a30BOro
ananmm3a Ha gudpakromerpe JPOH-6, »snemeHTHBII CcOCTaB — METOIOM
PEHTreHO(IIyOPECLIEHTHOTO aHAJIN3a.

Ilocnedosamenvrocms, pesxcumpl, OIUMENbHOCHb Onepayuil

1. B3BemmBaHnue KOMIIOHEHTOB JIEKTPOJIATA JUJIS TPOBEACHHUS DIIEKTPOJIN3a;

2. 3arpy3Ka B3BEILIEHHBIX 3JIEKTPOJIUTOB B TUTEIIb JJIS1 PACILIABICHUS.

3. 3aKperIeHHE 3IEKTPOIOB (aHO1a, KaTO/Aa, 3JEKTPO/1a CPAaBHEHNUA).

4. TloakimroueHre 3MEKTPOI0B K HCTOYHHUKY MMOCTOSSHHOTO TOKA.

5. IlpoBemeHue nsnekTponn3a B 33JaHHOM  IOTEHIIMOCTATUYECKOM
(TaJIbBAaHOCTATUYECKOM) PEIKUMAX.

6. Brirpy3ka KaTogHO-COJIEBOM IPYLIN U3 ANEKTPOTUTHUECKON BaHHBI.

7. IIpoMbIBKa MOJYYEHHBIX KaTOAHBIX OCAJKOB JUCTUUIMPOBAHHOW BOJOM C
KUITTYCHUEM.

8. ®acoBKa MOTYYEHHBIX KATOJHBIX MIPOYKTOB B CTEKJISIHHbIE OIOKCHI.

9. IlpoBenenue peHTreHO(Pa30BOr0, PEHTTEHO(ITYOPECHEHTHOIO aHaIn3a
COCTaBa MOJYYEHHBIX KaTOJHBIX OCAJKOB.

IKrcmpemanvrble cumyayuu

1. IlpoTrekanue BaHHBI pacIuiaBa.

(ompenensieTcss MO CHWXXEHUIO YPOBHS paciyiaBa M YaCTUYHOMY WJIU
IIOJITHOMY BBIXOJY U3 CTPOsI HAarpeBaTes)

Breirpysuts mnam

Brruepnats pacruias

CMmeHuTh BaHHY U HarpeBaTelb

2. BCIBIIIKA HA IOBEPXHOCTHU PACIJIaBa B XOJE AJIEKTPOJIN3A.

BBIKIIFOUNTH OCTOSIHHBIN TOK

[ToBbicuTh TEMIIEPATYpPY B BaHHE Ha 20/30°

OuucTuTh NOBEPXHOCTHh pacIiaBa (YILUIOTHUThH LLIAM, YJAJUTh CO CTEHOK

BAaHHBI KOPKY 3aTBEPAECBUINX COJIEH).
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[TpoaomKUTh SJIEKTPOIH3.

3. [Toxxap Ha yCTaHOBKE.

O06ecTOoYnTh YCTAHOBKY

TymuTh yrieKuCIOTHBIM OTHETYIIUTENIEM U XJIOPUCTHIM KajdueM (HU B KOEM
clly4yae He MPUMEHSTh BOJY U MECOK).

Tpebosanus 6ezonacnocmu

Ha yvactke pekymeparnuu aaMa3HOTO MHCTPYMEHTA CJIEAYIONINE OCHOBHBIC
MEphI [0 TEXHUKE 0€30MacHOCTU U OXpaHe TpyAa:

1. PaGouuii, oOcCIayXUBaIOLMIl YCTaHOBKY, OJET B crmenoaexnay. llpu
o0CITy’)KMBaHUU BaHHBI C PACIJIABOM HAJEBATh MPEJOXPAHUTEIBHBIC OYKUA WIIU
JMIEBYIO MACKY.

2. Ilpm pabote c pacmiaBoM 3alpeniaeTcsl IMOJIb30BATEIS MOKDPBIM WM
BJIQYKHBIM UHCTPYMEHTOM.

3. Bce onepaiuu o NpUroTOBJICHUIO U KOPPEKTUPOBKE pacIliaBa, pas/iesike
OCTBIBIIIETO TJIaBa (BHIOMBKA, YOOpKa), BCE MAHUITYJIAIINH B TPOMBIBOYHBIX BaHHAX
CO IIIEJIOYHBIMU PACTBOPAMHM U Pa3rpy3Ky aHOJHOM MOJBECKHU BBINOJIHATH TOJIBKO B
PE3UHOBBIX MEepUYaTKAX.

4. VYyacToKk pekynepaluu O0O0OpyIOBaH JOCTATOYHOW MPUTOYHOH W
BBITSKHOW BEHTHIISILIMEH, XOPOIIIUM OCBEILIEHUEM.

5. OcTaToK 1Ie04H, CIy4yaitHO MONaBIINe Ha MOJI, YCTAHOBKY, JT0JDKHA OBITh
yOpaHHBIM.

6. Mecra OOCTY)XKMBaHHS YCTAaHOBKH JOJDKHBI OBITh CBOOOJHBIMU IS
MIPOX0/1a, TTOJI POBHBIM.

7. Ydactok 00OpyI0BaHHMS PAKOBHHOW C TOJBOJOM XOJIOJHOW M TEIUION
BOIbI, (DOHTAHYHKOM.

8. B ciyyae momnajgaHus MIEJI0YM HAa KOXKY WJIM B I1a3a pabOTaroIIero cpaszy
e MPOMBITh OPAKEHHOE MECTO OOJIBIIUM KOJIMYECTBOM XOJIOJHOW BOABI, TUOO
c1abbIM PacTBOPOM OOPHOM MITM YKCYCHOM KUCJIOTHI i OOPATUTCS B MEITYHKT.

9. [lepen npueMoM UM BO BpeMs pabOThI MBITh PYKHU C MBLUIOM.
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10. Ha yuactke pexymepamuu COOJIOMAETCs OOINee MPaBUIIO MO TEXHUKE
Ooe3zomacHocTH Tpu  paboTe C TEPMHUUECKUMH BaHHAMHA W [I€YaMH,
AIIEKTPOOOOPYI0BAHUEM.

3axnouenue

[Ipy BBICOKMX IJIOTHOCTSIX TOKA BO3MOXKHO YCUJIEHHE KOHKYPHUPYIOLIUX
peakiuil BbIIeNEHUs EI0YHbIX MeTAJIIOB poHa. OHAKO, MPOAYKTHI AJEKTPOJIN3a
IIPH TOKAaX BILIOTH O 4 A/cM’ He TOKa3bIBAIOT MIENOYHYI0 PEAKIHIO HPOMBIBHBIX
BoA. IloaToMy ecTh OCHOBaHMS MOJIaraTh, YTO BBIJCIUBIIMECS KaJIUM M HATpUH
MOTYT BCTYIaTh B pPEaKIMH BoccTaHOBiIeHUA HOHOB P3M m Oopa (kpemHwus).
Hanpumep, BOCCTaHOBIIEHHBIM METAJUIMYECKUN HATPUM C IIOBEPXHOCTH AIEKTPOAA
muddyHaupyer B 00beM paciuiaBa, BBITECHsSE 00p u3 GTopOOpaT-uoHa U HEOJIUM
(mpa3zeoguM) U3 HUX KOMIUIEKCHBIX HOHOB. O MOCIEIHEM MpOolecce KOCBEHHO
MOXHO CYIUTh 1O OO0pa3oBaHUIO TOHKOM MpoBojdAled (MO-BUAUMOMY,

MCT&HHHHCCKOﬁ) IJICHKH Ha IMMOBCPXHOCTHU pacIljiaBa.

4.4.2 Memoouxka nonyuenuss HAHOOUCNEPCHBLIX NOPOUIKOE OOPUO08 U
CUTUYUOOB PEOKO3IEMENbHBIX MEMANNO08

[Ipouecc mosyueHuss HAHOAMCIIEPCHBIX TMOPOIIKOB OOPUIOB M CHIIMIUIOB
PEOKO3EMENIBHBIX METAJUIOB OCHOBAaH HA COBMECTHOM 3JIEKTPOXMMHYECKOM
BbIeNIeHNH O6opa (kpemuus) u P3M B unepTHbIX ycnoBusax. Cneunduka paboTsl ¢
P3M u ux coeaguHEHHSIMH COCTOMT B HEOOXOJUMOCTH CO3JaHHUS YCIOBUH,
rapaHTUPYIOIIMX OTCYTCTBHE B CHUCTEME KUCIOpPOJAa U Biaru, 10O B MPOTUBHOM
cinydae rajoreHunsl P3M rumponu3yroTcs ¢ 00pa3oBaHUEM OKCUTAIOTEHUIOB.
[ToaToMy B3KCHEpUMEHTHI MPOBOJWINCH B aTMoc(epe aproHa, OYMILEHHOTO OT
CJIEIOB BJAard M KHUCIOPOJA, JUIsl YEro TEXHUYECKUU aproH MPOITYCKAJICS 4Yepe3
KOJIOHKHA C CHJIMKarelieM M MEeHTaokcuaoM ¢ocdopa, a TakkKe depe3 TUTAHOBYIO
ryOky, Harpetyto 10 1073 K.

Bbi6Op KOMIIOHEHTOB  AJIEKTPOJIMTUYECKOW BaHHBI TPOU3BEACH Ha
OCHOBaHMM TEPMOJAMHAMUYECKOIO aHAIM3a UM KHUHETUYECKMX HW3MEPECHUHU

COBMECTHOTO 3JeKkTpoBbiieneHuss P3M u Oopa (KpeMHHSA) M3 TajJOr€HUHBIX
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pacrutaBoB. 13 coequuenuit P3M u Gopa (kpemHHs), HE COAEPKAIMUX KUCIOPOI,
xynopunel P3M u  ¢ropbopar (pTopcuiukar) Kaiaus SBISIOTCA JOCTATOYHO
HU3KOIJIABKMMH M XOPOILO PacTBOPUMBIMU B 3KBUMOJIBHOM paciiaBe KCI-NaCl.
Janublii  (OHOBBIN  DJIEKTPOJIUT BBIOPAaH U3  CIEAYIOIUX COOOpaKeHUI:
HaIpspKEeHUE pasznoxeHus: pacruiaBieHHon cmecu KCI-NaCl 6onbliie Hanps>KeHus
paznoxenust ansa pacmiaaBoB LnCl; m KBF; (K,SiFg), x TomMy ke xiopuuabl
HIEJIOYHBIX METAJIOB XOPOILLIO PaCTBOPUMBI B BOJIE.

DIEKTPOJIN3 BEAYT B MOTEHIHOCTATUYECKOM PEXUME (IMIOCKOJIBKY MMEHHO
HalpsoKeHWE  OMpEeAeNsieT  XOJA  peakuWil U KOHTPOJUPYET  MNPUPOAY
PEAKIMUOCAKICHUSA) U TaJIbBAaHOCTATUUECKOM (ISl YCTAHOBIEHUS MPEACIbHBIX
IUIOTHOCTEN TOKa) pexumax npu temreparype 700 £10 °C, ontumanbHON ais
JAHHOTO pacTBopuTess. BO3MOXHO OCylUIECTBIEHUE CHHTE3a W Tpu Ooliee
BBICOKOW TemIepaType, OJHAKO TMOBBIINICHUE TEMIEPATypbl MPUBOAUT K
UCIIAPEHUIO pacIUlaBa, YBEJIMYCHHUIO JABJICHMS Mapa HaJa paciylaBOM U IOTepe
dbTopbopara (dpropcunukaTa)kanusiBBULy €ro TEPMHUUECKON HECTOMKOCTH.

[Tponiecchl ¢ TOKOBOM Harpy3koil anektposmza 10 10 A npoBogunuch
HEIMOCPEACTBEHHO B TPEXAIIEKTPOAHOU stueiike. [Ipu Harpy3ke 10 OAHOro amiepa
BOJIbTAMIIEPHAs] KPUBAsl 3JIEKTPOIN3Aa PETUCTPUPOBAIACH HA AJIEKTPOXHUMHUYECKOM
koMmiiekce AUTOLAB PGSTAT 30, a no necsatu ammnep — komruiekcom PAR-
STAT, conpsokeHHbIM ¢ OycTepoM. OJeKTpoiu3bl ¢ Tokamu a0 30 ammep
OPOBOAMJIUCH, Ha MCTOYHHUKE IOCTOSHHOTO CTaOWMJIM3MPOBAHHOTO TOKa B
JNBYX3JICKTPOAHOM  siuerke. I  KOHTpOJd  MOTEHUMalla  Karojga Ipu
MOTEHIHOCTATUYECKOM JIEKTPOJIM3E B LIETb BKJIKOYAIHN JJIEKTPOJl CPABHEHUS.

Texnonocuueckuu npoyecc

JIJist moJiy4eHus HaHOMOPOIIKOB OOpUIIOB M CHIIMIIMIOB PEIKO3EMEIbHBIX
METAJUIOB MOCJIEI0BATEIBHO OCYIIECTBIISIIOT CIEAYIOIIUE ONIEPALINHN:

I. TarenpHast MOATOTOBKA STYEUKH U JJIEKTPOJOB

2. IlepemnaBnennyro 3kBUMOJbHYIO cMmech KCI-NaCl wucnonb3oBain B

KayecTBE (JOHOBOTO 3JIEKTPOIHTA.
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3. Xnopuasl P3M u ¢ropbopar (dpropcunukar) xaaus A00aBUTh B BUIE
00€3B0OKEHHBIX, OCYIIICHHBIX COJICH.

4. CuHTe3 NpOBOJAT B aTMOC(hepe OUUIIEHHOTO U OCYIIIEHHOTO aproHa.

5. Horenunocrarnueckuid anekrponn3 pacmiaBoBKCl-NaCl-LnCl;-KBFu
KCI1-NaCl-LnCl;3-K,;SiF¢ npoBoasaT Ha BoibhpPaMOBOM M CEPEOPSTHOM DJICKTPOIaxX
B mpeaemax ot -2,5 g0 -2,8 B OTHOCHUTEIBHO  CTEKJIOYIJIEPOIHOTO
KBa3UCTALIMOHAPHOTO 3JIEKTPO/IA CPABHEHHS.

6. KartomHo-coneByto TIpylly BIOCIEACTBUM OTMBIBAIOT OT (PTopuaa
TUCTIPO3Us BO PTOPHUIE KaTHSl.

7. ®a30Bblil cocTaB MIECHTU(GUIUPOBAH METOJOM PEHTTEHO(]A30BOrO
aHanu3a Ha nudpakromerpe [JPOH-6.

Ilocnedosamenvrocms, pedxicumvl, OIUMETLHOCHb ONepPayuil

Brusanue nnomnocmu moka

[Ipu BBICOKMX TIJIOTHOCTSIX TOKA BO3MOKHO YCHUJIEHHE KOHKYPHUPYIOIIUX
peaKkiuii BBIICTICHUS MIEIOYHBIX MeTa/uToB (poHa. OTHAKO, MPOAYKTHI DJIEKTPOTU32a
IPH TOKAX BILIOTH 10 4 A/cM’ He TOKAa3bIBAIOT MIENOYHYIO PEAKIHIO IPOMBIBHBIX
BoJ. [loaTOMYy ecTh OCHOBaHHUS MOJIaraTh, YTO BBIJCIUBIIHUECS KalWil W HATpU
MOTYT BCTyNaTh B PEaKlMM BOCCTAHOBJIEHHUS MOHOB Heoauma u O6opa. Hampumep,
BOCCTAHOBJICHHBIA  METANIMYECKUH HATPUMl € TIOBEPXHOCTH  BJIEKTPOJa
mudyHaupyer B o0beM paciuiaBa, BeITeCHssI 00p u3 propbopar-uona u P3M u3
UX KOMIUIEKCHBIX MOHOB. O MOCJEAHEM MpOLecce KOCBEHHO MOKHO CYAMTH IO
00pa30BaHUIO TOHKOW MPOBOMASIICH (MTO-BUAMMOMY, METAJUIMUYECKOW) TIJICHKA Ha
NOBEPXHOCTH PACILIaBA.

Buvibop noonooicku

BaxxapIM, TIO HaimieMy MHEHUIO, SIBIISICTCS TaKXKe CIOCOOHOCTh MPOAYKTa
AIIEKTPOJIN3a YACPKUBATHCS HA BJEKTPOJIe. ITO OOBSICHAETCS HE TOJBKO TEM, YTO
001K BBIXOJI MO TOKY CHMIKAETCS 3a CYET YACTUYHOTO PACTBOPEHHUS B paCILIaBe
YOABIIETO C DJEKTpoAa NPOAYKTa, HO W OOIMMUMU TPYAHOCTSIMH OYUCTKH
MOJIy4YeHHOT0 ocajika. B ciiyyae oOpa3oBaHMs KAaTOJHO-COJEBOM TPYIIM CUIBHO

YIPOLIAOTCA MPOLECCHl U3BJICYEHUSI OCAJKa U3 TUIJIA U MOCIECIYIOIMEH OTMBIBKU
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¢oHOBOTO AneKTposuTa. ['pyiia mocie OKOHYAHUS IIEKTPOJIM3a MOJHUMACTCS U3
paciuiaBa Ha DJIEKTPOAE M OCTBIBAET BMECTE C SYEMKOM HAJ IOBEPXHOCTBHIO
pacruiaBa B uHepTHOM atMocdepe. Hamu OblM HCTIBITAHBI pa3IuyHble MaTEPHUAIIbI
U (GOpPMBI 3JEKTPOAOB. YCTAaHOBJIEHO, YTO aAre3us K IMOBEPXHOCTH IKEJIE3HOTO
ANIeKTpoJa OoJblle, yeM y Bojdbhpama, MoJUOJeHAa U CTEKJIOYIJepoaa H3-3a
oOpaszoBanusi ciost OopuaoB >kene3a. OmHAKO, >KENE3HBIM SJEKTPOJA CHIBHO
KOPpO3UPYET U BEJIMKa OMACHOCTH 3arpsi3HeHus paciiaBa. JloOUThCS TOro, YTOObI
rpylia aepxanach Ha 3JIEKTPOAE, YAalI0Ch MpPeABapUTEIbHOM MoaudUKauen ero
noBepxHoctu. [Ipouecc mnpoBoaunm craenyrommm obpazom. Ilepen Hauamom
3NEKTPONK3a B (DOHOBBI SIEKTPOIUT J0OABIANOCH HeGonmbmoe (mopsiaka 1-107
MOJIb/JT) KonuuecTBO ¢ropbopara kanus. [locne Beiaepx KU, HEOOXOAUMON s
pPacTBOPEHHsI COJIM W YCTAHOBJIEHUS PABHOBECHS B pPACIUIaBE, Ha AJIEKTPOJBI
IO/[aBalICsT  KPATKOBPEMEHHBIH HMITYIbC ToKa (mioTHoctbio 20-30 AleM® u
JUIMTENIbHOCTBIO 1-2 cek). B pesynbrate Ha »3iekTpoje oOpa3yercs ciou
AJIEMEHTHOTO O0pa, JOCTAaTOYHO XOPOIIO CIEIUICHHOTO C HEW, W JalbHCUIN
MPOLIECC UJET Y’KE HA €r0 MOBEPXHOCTH.

HeoOxogumbiM  yCclioBHEM  sSBWJIACH TOAada Ha pabouuid  IIEKTPOJ
KpPaTKOBPEMEHHOT'O UMITYJIbCa MOBBIIIEHHOTO TOKA, MOCJIE YEero AJIEKTPOIU3 UJIET B
o0bryHOM pekume. CpeaHuil pa3Mep MONYYEHHBIX YacTHUll, MOMUMO IUIOTHOCTU
TOKa, 3aBHUCHUT U OT NOPSAJKA 3arpy3KH coyieid B TUrelb. llepBoHavanbHO BBOAUTCA
MOJIOBUHA OT OOIeld Macchl BBOAUMOTO B paciuiaB (ropbopata kamus. OT
BHEIIHETO MCTOYHMKA TOKa Ha pabO4Mil 3JIEKTPOJ MOAAECTCA KPATKOBPEMEHHBIN
UMITYJIbC TOKa BBICOKOW aMImuTynbl. [locie mpekparieHus: IMIyiasca B paciijiaB
n00aBisieTcsl HEOOXOJMMOE KOJIMYECTBO XJIOPHa HEOAMMAa M OCTaBILIAsICS 4YacTb
dbTopbopara Kamus W TPOBOAUTCS DJIEKTPOJU3 TMPU ONTHUMAIBHOM 3HAYEHUU
IJIOTHOCTH TOKA.

Obpabomka kamooHo20 0cadka

[Ipouiecc OTMBIBKH MPOJYKTa AIEKTPOJIM3a UIPAET BAXKHYIO POJIb, TAK KaK
OCTaTKM (OHOBOTO DJIEKTPOJIUTA PACTBOPAIOTCS TOJBKO IPU MHOTOKPATHOM

KUIITYEHNH B JHUCTWUIMPOBAHHOW BOJE C mocienyromen aeckanrtanuen. [locie
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JIEKaHTAIMN OCaJo0K LEeHTpUu(dyrupoBaiu U BeICymuBanu. Jjisi pacuera MaccoBOU
nonu  OOpUIHO-COJIEBOM TPYIIM B MOJYYEHHOM O00pasile B3BEHIMBAIA MAaccCy
KaTOJIHOT'0 0CajJKa J0 U IOCJIe OTMBIBKU (MaccoBas J10Jisl O0pH/ia JaHTaHa B OCAJIKE
cocraBisieT 16-20 %).

JUis 1DoJlydyeHusi CKaHOrpaMM IIOJIyYEHHYK0 B XOJA€ CHUHTe3a OOpHUIHO-
cosieByro rpymy ormbiBaiud B 40 % pacTBOpe 3TaHOIA, NPOMBIBAIA YHUCTBIM
ATAHOJIOM W TOTPYXalIW B IOJIYYECHHYHO CYCIIEH3MI0 KPEMHHMEBYIO IUIACTHUHKY.
Jlanee NMIaCTUHKY aKKypaTHO BBIHUMAJM U CYLINJIM IIPU KOMHATHOM TeMIIEpaType
B BakyyMe. B oTinumne ot 00pasuoB, MOJIy4YeHHBIX METOJOM NOJUBA, HAHECEHHBIN
TaKUM CIOCOOOM MOPOIIOK MPOYHO JEPKajcsi Ha MOBEPXHOCTU M HE «CIOJI3al»
BCJIE 3@ 30HIOM 2JIEKTPOHHOI'O MUKPOCKOIIA.

IIprMeHenne ONMCaHHOW METOJIMKHU TAKXKE aeT BO3MOXXHOCTb YAECPKUBATH
IIPOYKT 3JIEKTPOJIM3a HA KAaTOJE U IOJHOCTBIO M3BJIEKATh €0 I10CJIE OKOHYAHUS
npouecca. A 3TO, B CBOI OYEpPEdb, YIPOINAET IPOLECC OTMBIBKHM, IO3BOJISAET
n30eXarh MPOLEAYpPhl OYHUCTKH OT MaJlOpPACTBOPUMBIX MpHUMeEced U B pasbl
CHIDKaeT  00bEMBbl  MPOMBIBHOM  KMIKOCTH  ((AKTUYECKHM  OTMBIBAETCA
JIETKOPacTBOPUMBIN B Boj€ (POHOBBIN 31eKTpoauT). Kak crnencrBue — cHuUxKaeTcs
BEPOSITHOCTh OKHMCIICHUSI BBICOKOJUCIIEPCHBIX YAaCTULL KUCIOPOJIOM.

IKxcmpemanvrvle cumyayuu

1. IIpoTrekanue BaHHBI pacIuiaBa.

(ompenensgeTcs IO CHWKCHUIO YPOBHS paciylaBa M 4aCTUYHOMY WIIH
IIOJITHOMY BBIXOZY U3 CTPOsI HAarpeBaTes)

Breirpysuts mnam

Beruepnars pacras

CMeHHUTh BaHHY U HarpeBaTesb

2. BCIIBILIKA HA ITIOBEPXHOCTH PACIUIABA B XOE DJIEKTPOJIA3A.

BBIKIIOYNTE IOCTOSAHHBIN TOK

[ToBbicUTE TEMIIEPATYpPY B BaHHE Ha 20/30°

O4uCTUTH NOBEPXHOCTH paciulaBa (YIUIOTHUTH LUIAM, YAQJIUTH CO CTEHOK

BAaHHBI KOPKY 3aTBEPAECBUINX COJICH).
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[TpoaomKUTh SJIEKTPOIH3.

3. [Toxxap Ha yCTaHOBKE.

O06ecTOoYnTh YCTAHOBKY

TymuTh yrieKuCIOTHBIM OTHETYIIUTENIEM U XJIOPUCTHIM KajdueM (HU B KOEM
clly4yae He MPUMEHSTh BOJY U MECOK).

Tpebosanus 6ezonacnocmu

Ha yvactke pekymeparnuu aaMa3HOTO MHCTPYMEHTA CJIEAYIONINE OCHOBHBIC
MEphI [0 TEXHUKE 0€30MacHOCTU U OXpaHe TpyAa:

1. PaGouuii, oOcCIayXUBaIOLMIl YCTaHOBKY, OJET B crmenoaexnay. llpu
o0CITy’)KMBaHUU BaHHBI C PACIJIABOM HAJEBATh MPEJOXPAHUTEIBHBIC OYKUA WIIU
JMIEBYIO MACKY.

2. Ilpm pabote c pacmiaBoM 3alpeniaeTcsl IMOJIb30BATEIS MOKDPBIM WM
BJIQYKHBIM UHCTPYMEHTOM.

3. Bce onepaiuu o NpUroTOBJICHUIO U KOPPEKTUPOBKE pacIliaBa, pas/iesike
OCTBIBIIIETO TJIaBa (BHIOMBKA, YOOpKa), BCE MAHUITYJIAIINH B TPOMBIBOYHBIX BaHHAX
CO IIIEJIOYHBIMU PACTBOPAMHM U Pa3rpy3Ky aHOJHOM MOJBECKHU BBINOJIHATH TOJIBKO B
PE3UHOBBIX MEepUYaTKAX.

4. VYyacToKk pekynepaluu O0O0OpyIOBaH JOCTATOYHOW MPUTOYHOH W
BBITSKHOW BEHTHIISILIMEH, XOPOIIIUM OCBEILIEHUEM.

5. OcTaToK 1Ie04H, CIy4yaitHO MONaBIINe Ha MOJI, YCTAHOBKY, JT0JDKHA OBITh
yOpaHHBIM.

6. Mecra OOCTY)XKMBaHHS YCTAaHOBKH JOJDKHBI OBITh CBOOOJHBIMU IS
MIPOX0/1a, TTOJI POBHBIM.

7. Ydactok 00OpyI0BaHHMS PAKOBHHOW C TOJBOJOM XOJIOJHOW M TEIUION
BOIbI, (DOHTAHYHKOM.

8. B ciyyae momnajgaHus MIEJI0YM HAa KOXKY WJIM B I1a3a pabOTaroIIero cpaszy
e MPOMBITh OPAKEHHOE MECTO OOJIBIIUM KOJIMYECTBOM XOJIOJHOW BOABI, TUOO
c1abbIM PacTBOPOM OOPHOM MITM YKCYCHOM KUCJIOTHI i OOPATUTCS B MEITYHKT.

9. [lepen npueMoM UM BO BpeMs pabOThI MBITh PYKHU C MBLUIOM.
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10. Ha yuactke pexymepamuu COOJIOMAETCs OOINee MPaBUIIO MO TEXHUKE
Ooe3zomacHocTH Tpu  paboTe C TEPMHUUECKUMH BaHHAMHA W [I€YaMH,
AIIEKTPOOOOPYI0BAHUEM.

3axnouenue

[Ipy BBICOKMX IJIOTHOCTSIX TOKA BO3MOXKHO YCUJIEHHE KOHKYPHUPYIOLIUX
peakiuil BbIIeNEHUs EI0YHbIX MeTAJIIOB poHa. OHAKO, MPOAYKTHI AJEKTPOJIN3a
IIPH TOKAaX BILIOTH O 4 A/cM’ He TOKa3bIBAIOT MIENOYHYI0 PEAKIHIO HPOMBIBHBIX
BoA. IloaToMy ecTh OCHOBaHMS MOJIaraTh, YTO BBIJCIUBIIMECS KaJIUM M HATpUH
MOTYT BCTYIaTh B pPEaKIMH BoccTaHOBiIeHUA HOHOB P3M m Oopa (kpemHwus).
Hanpumep, BOCCTaHOBIIEHHBIM METAJUIMYECKUN HATPUM C IIOBEPXHOCTH AIEKTPOAA
muddyHaupyer B 00beM paciuiaBa, BBITECHsSE 00p u3 GTopOOpaT-uoHa U HEOJIUM
(mpa3zeoguM) U3 HUX KOMIUIEKCHBIX HOHOB. O MOCIEIHEM MpOolecce KOCBEHHO
MOXHO CYIUTh 1O OO0pa3oBaHUIO TOHKOM MpoBojdAled (MO-BUAUMOMY,

MCT&HHHHCCKOﬁ) IJICHKH Ha IMMOBCPXHOCTHU pacIljiaBa.
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Paznenr S5 Otyer mno mNpoOBeIeHHOMY AayYKHHOHY M0 3aKyIlKe

o0opynoBaHus

B HACTOSAIINAN IIEPUOLT IIPOBEICHAYKIMOH 10 3aKyIIKe
000pyI0BaHUSAN3MEPUTEIBHOTO KOMILIEKCA TUTSL ANEKTPOXUMHUYECKUX
HUCCIIEeI0OBaHUMN:

http://www.sberbank-ast.ru/purchaseview.aspx?1d=1277541

I[To pesynapraram ayknuoHa ¢ opranu3anueit OOO «Komnanus
CEPBUCIJIAB» (ITporokon Nell/2) 3akiaioueH JOTOBOpP (TpakIaaHCKO-IPABOBOM
noroBop Nel1/0AD).

OOBsBIICH TEHEP HA 3aKYIIKY CKAaHUPYIOIIETO 3JICKTPOHHOTO MUKPOCKOTIA C
CHUCTEMOM SHEProAUCIEPCUOHHOTO MUKPOAHATIN3A:

http://www.sberbank-ast.ru/purchaseview.aspx?1d=1316452

Jlata  Jlatau

HavaabH IlaTa OKOHYa Bpems T le/lOCTa
ast HUSA nposej
nyoun ue HOBJIEHO
(Makcum NpUeM eHHus
Ha3Banne MecTto OpranuszaTop Kauuu H3MeHe MOANHCAH
Kox ayknuona aJbHAas1) ayknu Craryc .
AYKIHOHA MMOCTABKH AYKIMOHA (BpeMﬂ Hu / ne
IneHa 3asAiBOK OHa
MOCKO Pa3biaAC KOHTPAKT
KOHTPaK (Bpemsi (Bpemst .
BCKOE) HeHHil a
Ta MOCKO MOCKO
BCKOE€) BCKoOe€)
henepansu
oe
rocyaapcTB
C€HHOE
OIODKETHOE
N obOpazoBaTe
Poccuiicka p
4 JIbHOE
MOCTaBKa YpeKICHI
H3MEPUTET Penepaus Zsirculjlero
p , 360004,
BHOTO KaGap o npodeccno
KoMIIIeKca P nanpHoro  20.02. 28.02. 04.03.
1210304100006 - 986 Ony6
613000011 " bankapcka 040.00 obpasosan 2013 = 2013 = 2013 wkoam o
IIEKTPOXH ' ust 17:57 09:00 12:30
MHUYECKUX 4 Pec, "Kabapaux
Hanpuuk T,
HcceaoBa o-
o yiL.YepHsl
HUU bankapcku
IIEBCKOTO, M
n.173, -;
roCyJ1apCTB
CHHBIHN
YHUBEPCHUT
eT UM.
X.M.
bepOexora"
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Hara [daram
Havanbn OKOHY Bpems

Hara Haanu IIpuocra
ast aHus nmpoBex
l'ly6J'll/l He HOBJICHO
(MakcuMm NpHeM eHHs
Ha3panue Mecto OpraausaTrop Kauuu H3MeHe IOoANuca
Kox ayknuona ajbHAas) aykuu  Craryc .
AYKIIHOHA IMOCTABKH AYKIIHOHA (BpeMﬂ Huii / HHe
neHa 3aiBOK OHa
MOCKO PasbsC KOHTPaAK
KOHTpaK o (Bpemsi (Bpems wenmii  Ta
Ta MOCKO MOCKO
BCKOE) BCKO€)
benepanpH
oe
rocyaapcTB
€HHOE
OTOKETHO
e
N obpasoBare
Poccuiicka
MoCTaBKa JIbHOE
CKaHUPYIOIIIE YpexKACHU
ro priom Penepaini ZBI:;ICHZJ[ero
AEKTPOHHOT » 360004, npogeccuo
™ Kab6apauao P
= 0 HanmpHOTO  18.03. 08.04. 12.04.
1] 0304100006 - 11 106 Omy6n
613000022 MHKpOCKOlAd L cka 000.00 obpazoBan 2013 2013 2013 HKOBAH HET
¢ cucTeMoil P Vs 15:31 09:00 11:30
SHEProUCIIe 4 Pecr, "Kabapaux
Hanpuwmk r,
PCHOHHOTO o-
yi.YepHsl
MHKpPOAHAIIN bankapcku
sa IIEBCKOTO, M
n.173, -;
rocyJ1apcTB
CHHBIN
YHUBEPCUT
€T UM.
X.M.
Bepbekora

"
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IIpoToxoa Nel1/2
NMoJABeeHNsI HTOTOB B OTKPHITOM ayKIMOHE B YJIEKTPOHHOIT (hopme
0304100006613000011
r. Hanpunk «01» mapra 2013
T.

3aka3uuk: (denepanbHOE TOCYIAPCTBEHHOE OIOHKETHOE 00pa30BaTEIbHOE YUPEKICHUE
BeIcHIero mnpodeccuonanbHoro oobpasoBanus «KabapauHo-bankapckuii  rocyaapcTBEHHBIH
yauBepcuteT uM. X.M. bepoekoBa» (KBI'Y)

Ha 3aceqanum EqnHoil koMuCcCHE IO pa3MeIeHUI0 3aKa30B IMPUCYTCTBOBAJIM:
1.ITpeacenarens komuccun — Tumkos N.JI.

2. 3amectutenb npenacenartens komuccun —bopykaeB A.3. — HadanbHUK yIpaBJICHUS
HKOHOMHKH U TJIAHUPOBAHHUSI

UJieHBl KOMUCCHH:

3. Kymbikos P.B. — HavanbHUK OT/Iea MO OpraHU3aINK 3aKYTIOK
4. MamykoB X.B. — munaamuit HayuHsiil coTpyaauk Y HU T
5. Cexkperapb komuccuu — [llabaTykoBa P.A. - cnenuanuct otena opraHu3aii 3aKyrmoK

HaumenoBanue ayKIMOHA:IIOCTaBKa M3MEPUTENIBHOTO KOMILIEKca TUISE
AIEKTPOXUMUUYECKHUX UCCIETOBAHUI

HauvanbHasi (MakcuMaJsibHasi) neHna gorosopa: 986040 (1eBATECOT BOCEMBIECST IIECTh
THICSTY COpPOK) pyO. 00 Kor.

[Ipouenypa paccMOTpeHUsI BTOPBIX YacTel 3asiBOK HAa y4acTHE B OTKPHITOM ayKI[MOHE B
anexTpoHHO# popme 030410000661300001 InmpoBoaunacy Equnoit komuccueii no pa3MenieHmo
3aka3oB KbI'Y «01» mapra 2013r. mo anpecy: KbP, r. Hanbuuk, yn.YUepnsimesckoro, 173,
Pekropar, ka0.18a

Enunas xomuccus no pazmenieHuto 3akazoB KbI'Y, paccmorpena B COOTBETCTBUU CO CT.
41.11 ®enepanbHoro 3akoHa Ne 94-®3 BTOpBIE YaCTH 3asBOK yYACTHUKOB OTKPBHITOI'O ayKI[MOHA
Ha COOTBETCTBHE UX TPeOOBaHUSM, YCTAHOBJICHHBIM ayKIIMOHHOM NOKyMEHTallMed W MpHHsIIA
CIIEYIOILEE PELIEHUE:

OpU3HaTh COOTBETCTBYIOUIEH TpeOOBaHUSM AayKUMOHHOW JOKYMEHTAIMH E€IUHCTBEHHYIO
3asBKy, noctynusiyto ot OO0 "Komnanus "CEPBUCJIAB";

3akmiounth goropop ¢ OOO "Komnanuss "CEPBUCJIAB"mo 1eHe, He mpeBbIIIAIONICH
Ha4yaJbHYI0 (MAaKCUMAJIBHYIO) LIEHY 10T0BOPA;

MPU3HATh OTKPBITHIM ayKIMOH B 3JIEKTPOHHOU (pOpME HECOCTOSBUIMMCS.

CBeneHus 0 pelIeHur KaKa0ro wieHa EquHoi koMuccuu o pa3MelieHmio 3aKasa:

DdUO [IpunsToe pemeHue OO0O0CHOBaHHE PEIICHIS

Tumkos M.JI. npusHath 3asBKky OOO "Komnanus B cootserctBuu co c1. 41.11
"CEPBUCJIAB"cooTBeTCTBYIOIIE!H u 41.12 ®epnepanbHOro
TpeOOBaHUSAM ayKIIMOHHON JOKYMEHTAIIMH 1 3akona Ne 94
3aKJIFOYUTH JOTOBOP

Bopykaes A.3. npusHath 3asiBKy OO0 "Kommanus B cootBerctBuu co crt. 41.11
"CEPBUCJIAB" cooTBETCTBYIOIIEH u 41.12 ®epnepanbHOro
TpeOOBaHUSM ayKIIMOHHON JOKYMEHTAIIMH 1 3akona Ne 94
3aKJIFOYUTH JOTOBOP

Kywmbixos P.B. npusHath 3as8Ky OO0 "Komnanus B coorserctBun co cT. 41.11
"CEPBUCJIAB"cooTBETCTBYIOIIEH u 41.12 ®epnepanbHOro
TpeOOBaHUSM ayKIIMOHHON JOKYMEHTAIIMH 1 3akona Ne 94
3aKJIFOYUTH JOTOBOP

Mamyxos X.B. npusHath 3asBKy OO0 "Komnanus B cootserctBuu co cT. 41.11

u 41.12 ®egepanbHOro
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"CEPBUCIJIAB"cooTBeTcTBYIOIIEH
TpeOOBAHUAM AyKIIMOHHOW JOKYMEHTAIIUH U
3aKJTIIOYUTH JJOTOBOD

3akona Ne 94

[ITaGatykoBa P.A.

npusHaTh 3asiBKy OO0 "Kommnanusg
"CEPBUCIJIAB"cooTBeTcTBYIOIIEH
TpeOOBAaHUAM ayKIIMOHHOW JOKYMEHTAIIUH U
3aKJIIOYUTh JOTOBOP

B coorBeTctBuM co cT. 41.11
n 41.12 degepansHOTO
3akoHa Ne 94

Hacrosmuit  mpoTtokon Oynmer pasmemieH Ha oduuuadbHOM caite PD s pasMemnieHus
uHpOpMaLlMM O pa3MEIIeHUWH 3aKa3oB http://zakupki.gov.rum Ha 3JEKTPOHHOH TOProBOM
MJI0IAAKe «ABTOMATU3MPOBAHHAS CUCTEMa TOProB»www.sberbank-ast.ru.

Ynenvt Eounoii Komuccuu no pazmeuieHuIo 3aKa3o8, NPUCyYmMCcmeyoujue Ha 3ace0anuu:

IIpencenaresnb KOMUCCHH:

3aM. npeacenaresiss KOMUCCUM:

Y1eHnl KOMUCCHU:

Cekperapb KOMUCCUM:

HpeIICTaBI/lTeJIb 3aKa3yMmKa:
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/Mamykos X.B./
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/Tumxkos N.JI./




T'PAKJTAHCKO-ITIPABOBOM JJOTOBOP Nel1/OAD

r. Hanpunk «21»mapra 2013 rona
denepanbHOE roCyJapCTBEHHOE OI0DKETHOE oOpa3zoBaTeIbHOE

YUPEKICHHE BBICHIETO npodeccuoHanbHOTO obpazoBanus«KabapauHo-
bankapckuii rocynapcTBeHHbIN yHUBEpcuTeT UM. X.M. bepOekoBa», UMeHyemMoe B
JanbHeneM «3aka3uuk», B Iule nmpopekropa Tumkosa Moparuma Jleonunosuya,
JNEeHCTBYIOLIEro Ha ocHOBaHUU JtoBepeHHOCTH Ne(1-25/539 ot 05.04.12r., ¢ ogHOM
CTOPOHBI, W OOINECTBO C OTPAHWYECHHOW OTBETCTBEHHOCTHIO "Kommanus
"CEPBUCJIAB" B gume reHepanbHoro pgupektopa CabypoBa Buktopa
BanentnHOBHMYa, JEUCTBYIONIETO HA OCHOBAaHMM YCTaBa, HWMEHYEMbIM B
nanpHenmeMm «lloctaBmuk», ¢ Apyrod CTOPOHBI, a BMECTE HMEHYEMBIC B
nanpHeieM «CTOpoHbI», ¢ coOMoiIeHrneM TpeOoBanuit denepanbHOro 3aKOHA OT
21.07.2005 1. No 94-®3 «O pa3MellleHUH 3aKa30B Ha IMOCTaBKM TOBAPOB,
BBINIOJIHEHUE PabOT, OKa3zaHWE YCIYT ISl TOCYJapCTBEHHBIX U MYHUIUIAIbHBIX
HYXII», W HHOTO 3aKoHojarenbcTBa Poccuiickon Penepaunv, Ha OCHOBaHUU
pe3yJbTaTOB pa3MEILICHHS 3aKa3a IIyTEM IPOBEICHHUS OTKPHITOTOAYKIIHMOHA B
anexktpoHHot popme(llporokon Nell/2 or «01» mapra 2013r.) 3akmrouniu
HACTOSAIMKA TpakJIAaHCKO-IIPAaBOBOKM JOTOBOP Ha INIOCTaBKy ToBapa (manee —
JIOTOBOP) O HUKECTIEAYIOLIEM:

1. IlpeameTt noroBopa

1.1. TlocraBmuk 00s3yeTCs MMOCTABUTBbU3MEPUTEIIBHBIM  KOMIUIEKC — JUIA
ANEKTPOXUMHUYECKUX HCCIEIOBAHUMN, COTJIACHO HOMEHKIIATYpPE 3aKa3a, yYKa3aHHOU
B TEXHUYECKOM 3a7aHuu (nanee — «ToBap»), ABISIOMIEHCS HEOTHEMIIEMOMN YaCThIO
Hactosmero gorosopa (Ilpunoxenue Nel), a 3aka3zumk 00s3yercs NPUHATH U
OIUIATUTh B COOTBETCTBUU C YCIOBUSMH HACTOSILIETO JOTOBOPA.

1.2. Orniyckaembiit ToBap npunaanexuT [locraBmyky Ha paBe cCOOCTBEHHOCTH U
Ha MOMEHT 3aKJIOYEHHUsI HACTOAIIEr0 JOTOBOpa B 3aJ0T€ WM IOJ apecTOM HeE
HAXOJUTCS U CBOOOJIEH OT JIFOOBIX MPUTA3AHUIN TPEThUX JIUII.

1.3. TlocTtaBka TOBapa 1O HACTOSIIEMY AOTOBOPY MOJKHA MPOU3BOAUTHCS B
npejesiax aCCOPTUMEHTA M KOJIMYECTBa YKa3aHHOTO B 3aKyNOYHOM crienupuKaluu
(ITpunoxenne Nel k goroBopy) B TeueHue 120 KajneHIapHBIX JHEH €O JHS
3aKJIFOYEHHS] JOTOBOpA, MO ILIEHAM, MPHUBEICHHBIM B IMPOTOKOJIE  COTrJIACOBAHUS
noroBopHoii neHsl (IIpunoxenne Ne2 k 1oroopy).

2. O0s3aHHOCTH ¥ IpaBa 3aKa3umka

2.1. 3axazyux obsa3zan:

2.1.1. B monHOM OOBEME BBITIOJHUTH CBOM 00s3aTEILCTBA, MPEAYCMOTPEHHBIC
YCIOBUSIMHA HACTOSILETO JOTOBOPA.

2.1.2. IlpussaTe u omnatuth ToBap, NOCTABIECHHBIA B COOTBETCTBUU C YCIOBUSIMU
HACTOSILETO I0TOBOPA, U IEUCTBYIOLIETO 3aKOHOAaTeNbCcTBa PO.

2.2. 3axkazuux umeem npaso:
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TpeboBath oT [locTtaBmuka Hajexaiiel noctaBku ToBapa, COOTBETCTBYIOIIETO
KauecTBy, oObemMaMm, CpoKaM HMX TIOCTaBKK M HHBIM  TpeOOBaHUSM,
PETYCMOTPEHHBIM HACTOSIIINUM JIOTOBOPOM B YCTAHOBJIEHHBIE CPOKU JJOTOBOPOM.
B ciywyae mocraBkM TOBapa ¢ HapylUIEHHMEM YCIOBHM HACTOSIIEro JI0roBOpa,
3aKa3uudK BIpaBe OTKA3aThCsi OT  OIJIaThl BCEro IIOCTABJIEHHOIO TOBapa J0
BBITIOJIHEHUS BCEX YCJIOBUI 10 nocTtaBke ToBapa.

TpeboBate or [locTaBuiuka mepenayd HEOOCTAIONIMX WM 3aMEHbl OTYETHBIX
JOKYMEHTOB, MAaT€pUaJIOB U MHOW JOKYMEHTAIIMH, MOJTBEPKIAIOIINX MOCTABKY

(otrpy3ky) Tosapa.
[IpuBnekatb  SKCHIEPTOB, CHEHUANIMCTOB M  HMHBIX  JHUI,  OO0JIagaronInx
HEOOXOJUMBIMUA 3HAHUSIMU B O0O0JIAaCTH  CepTH(HKAIUH, CTaHAapTHU3aLMH,

0€30MacHOCTH, OLEHKU KayecTBa W T.I., JAJI yYacCTHsS B MPOBEICHUU IKCIEPTU3HI
ucroiHeHus1 [locTaBmMKOM 0053aTeNbCTB W MpeAcTaBiIeHHBIX [locTaBumkomM
OTYETHBIX JOKYMEHTOB U MaTEPUAJIOB.

OnpenensTe AWML, [ HEMNOCPEACTBEHHOTO Y4YacTHsl B  KOHTPOJIE Hal
OCYILIECTBJIEHUEM TMOCTaBKH ToBapa llocTaBmimkom u (WiIM) caade-nmpueMKe
ToBapa o KOJIMYECTBY U KAUECTBY.

3. O6s13anHocTH M npaBa IlocTaBuuka

3.1. [locmaswuk o0b6s3am:

3.1.1. TloctaBuTh 3aKa34uKy, COTJIACHO YCJIOBHUSIM JIOTOBOpPAa M JEUCTBYIOIIETO
3aKOHOJATENbCTBA ToBap, ¢ HAJUIEKAIMM Kaue€CTBOM, B KOJMYECTBE, CPOKHU H I10
HOMEHKJIaType B cOOTBeTCTBUU C lIpunoxenuem 1 k Hactosiiemy JOTOBOPY, B
KOMITJIEKTE C JJOKyMEHTAIMEH, OTHOCSIICICS K TOBapy (CepTU(UKATHI U T.I1.).
3.1.2. IlocraButh 3aka3zuuky ToBap B TeueHue 120 kameHAapHBIX JHEN, CO JHSA
3aKJroueHus qorosopa no ajapecy: 360004, KbP, r. Hanbuuk, yin.UepHsliiieBcKoro,
173.

3.1.3. TloctraBuk rapaHTUpPyeT KayecTBO ITOCTaBJIIEHHOro ToBapa B MNepHOJ
JNEUCTBHUSI TapaHTUMHOrO Cpoka commacHo cootrBercTBytomemy ['OCTy,
TEXHUYECKUM YCIIOBHUSIM U JIp.

3.1.4. TloctaBuk 00sA3yeTCsl 3aMEHUTh HeaoOpokauecTBeHHBIN ToBap 3a cBOM
CYET B TEYEHUE TapaHTUPOBAHHOTO CPOKa MO MEepBOMY TpeOOBaHMIO 3aKa3uuKa U B
COTJIaCOBaHHBIE CTOPOHAMM CPOKH, 3a0paTh W BBIBE3TH MPHU 3TOM OpaKOBAaHHBIN U
banscudunupoBanHblii ToBap 3a CBOM CYET.

3.1.5. PaccmaTtpuBaTh M IPUHUMATh PELICHHUE B 2-THEBHBI CPOK 10 MMCbMEHHBIM
OpPETEeH3UsAM 3aKa3uyMKa @0 HEHaJIeKaleMy UCIIOMHEHUI0 H (WJIM) He
UCITOJIHEHHIO YCJIOBUH HACTOSILErO JOTOBOpA.

3.1.6. HezamennutenbHO (B CpOK HE Mo3jaHee | pabouyero AHs MOCHE BbISBICHUS
00CTOSITENBCTB), MHCHBMEHHO WHGOPMHUPOBATH 3aka3unka 00 OOHapyKeHUu
He3aBUCIIMX OT [locTaBimiMka MTPUYMH, NPENSTCTBYIONIUX OCYLIECTBICHUIO
noctaBku ToBapa.

3.1.7. KomrieHcupoBaTh 3aKa34lKy BCE€ YOBITKH B COOTBETCTBUHU C JICHCTBYIOITUM
IrPAKIAHCKAM  3aKOHOJATEIbCTBOM, CBSI3aHHBIE C  HEUCIIOJHEHHUEM  WIIU
HEHAJICKAIMM HCIOJIHEHUEM YCJIOBUM HACTOSIIETO JOTOBOpa, €CIM OHHU
BO3HUKJIX 110 BUHE [locTaBmuka.
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3.1.8. CBOEBpEMEHHO MPEACTaBIATh 3aKa3uMKy BCIO HEOOXOAUMYIO MH(POPMAIUIO
o nocrasisieMoM ToBape.

3.1.9. ObGecneunth MpUCYTCTBUE TeXHUYECKOro crnenuanucrta IlocraBmiuka npu
IIPUEMKE TOBapa 3aKa3uYMKOM.

3.1.10. BpimoaHuth B HOJIHOM O00BEME BCe CBOM  00s3aTelILCTBA,
MIPEAYCMOTPEHHBIE YCIOBUSIMU HACTOSLIETO I0IOBOPA.