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OBLIAS XAPAKTEPUCTHUKA PABOTbI

AKTyaJbHOCTh TeMbl. COBpEMEHHOE Pa3BUTHE MPOM3BOACTBA NPEIbSBISICT
BBICOKHE TPeOOBaHUS K KOPPO3HMOHHOW CTOMKOCTH M COBEPIICHCTBOBAHUIO METOOB
3alIUTHl KOHCTPYKIIMOHHBIX MaTepUATIOB, OCHOBHBIMH M3 KOTOPBIX SIBIISFOTCS CILJIABBI
Ha OCHOBE eJie3a — YIIIepOJAUCThIe W HU3KOJETUPOBaHHbBIE cTanu. B ocHOBe Koppo-
3MOHHOTO pa3pyLIEHUs CTaJlel JeKaT 3aKOHOMEPHOCTH 3JIEKTPOXHUMHUYECKOIO MOBE-
JEHUsSI CTPYKTYPHBIX U (Pa30BBIX COCTABISAIOUINX, ONPEACIIAIOMINX UX MUKPOCTPYKTY-
pY. AHOJIHBIE 3JIEKTPOXUMHUUYECKUE MPOLECCHI, TAKUM 00pa3oM, pa3BUBAIOTCS HA re-
Tepo(a3HON MOBEPXHOCTH, KOTOpasi B CiIydae >KeJe30yIJIepOJUCThIX CILIABOB SIBJIS-
etTcs aByx(da3Hoil GpeppuTo-rieMeHTUTHOMU. B mocneanee Bpems: HabmomaeTcs cyie-
CTBEHHBIH POCT HAyYHOTO MHTEpeca K KMHETHKE TaKUX MPOILECCOB, YTO CBSI3aHO BO
MHOTOM C Pa3BUTHEM HOBBIX (U3UYECKUX METOJOB M3YyUEHHUS KAaK COCTOSHUS IIO-
BEPXHOCTH B IIEJIOM, TaK U BHYTPEHHETO CTPOCHUS OTACIBHBIX (Pa30BBIX MU CTPYK-
TYpHBIX CcOCTaBIsOIUX. [I[pUMEHUTENBHO K )KENE30yTIePOIUCThIM CIljlaBaM (akTo-
pamu, CYIIECTBEHHO YCIOKHSIOIIMMHU Pa3BUTHE KMHETUKH UX aHOJHOTO pacTBOpe-
HUSI, SBIISIOTCS, C OJTHOM CTOPOHBI, MHOT000Opa3ue UX MUKPOCTPYKTYP MPHU MOCTOSH-
HOM XHMMHYECKOM COCTaBe, OMpEACTAIomuXcs (OopMOil U pacmlpepesiecHueM IeMEH-
TUTHOM (pa3el, a ¢ Apyroil — npuHaLIeKHOCTh cucTeMbl «Fe — Cy» K Tumy «Meramn —
HEMETAJUD», YTO 3aTPyAHSAET TepMOJMHAMU4ecKoe onucanue. Hanpumep, u3BecTHo,
4TO eciu (peppuUTHAsi COCTABIAIOLIAsl CTAJEH MEPEXOJUT B pacTBOpP ¢ 0Opa3oBaHHEM
noHOB Fe®', TO HeMEHTUT MOXeT PacTBOPATHCS MO JBYM MEXaHH3MaM: ¢ oOpa3oBa-
HUEM amMop(HOro yriepoja B BHUJE HEPACTBOPHUMOTO OCaJKa WM YIJIEBOAOPOJOB,
YAQISIOUMXCA C MOBEPXHOCTU. Takas HEOJHO3HAYHOCTh 3aTPyJHSET HUHTEpIpeTa-
IUI0 U 0000IIEHNE PE3YJIbTATOB AIEKTPOXUMUUYECKIX U3MEPEHUI Ha Kelle30yTriepo-
JIUCTBIX CIUIaBax U TpeOyeT AeTajabHOro uccienoBaHus. Kpome neMeHTHUTHOH co-
CTaBJIAIOIIEH K AJIEMEHTaM MHUKPOCTPYKTYPHI CTaJled OTHOCAT MeX(a3Hble TPaHUIIBI
beppuT/IIEMEHTHT, MEK3epeHHbIE TpaHUIbl (eppuT/dheppuT, TeI0 3epHa CTPYKTYp-
HO-cBOOOHOTO (pepputa. Ecnu mociaenHuit 0TOXIECTBISIOT C YUCTBIM XKEJIE30M, TO
pOJIb TPaHUII, ABISIONIUXCS CKOIUICHHEM Je(eKTOB, MPEACTaBISETCS HEOJAHO3HAY-
HOM.

W3BecTHO, YTO 3apOXkKACHHWE aHOAHOTO PACTBOPEHHUS MPOUCXOAMT Ha OMpese-
JIEHHBIX «AKTUBHBIX Y4acTKax» IMOBEPXHOCTH, OOJIaJAIOUINX MOBBILIEHHBIM YPOBHEM
sHepruu. B psize paboT oTeuecTBEHHBIX U 3apyOEKHBIX HCCIeI0BaTeNeH peapUHS-
Thl MONBITKM U3YUYEHUS CBA3M PACIPENEICHMs] aKTUBHBIX Y4aCTKOB PacTBOPEHUS IO
MOBEPXHOCTH IeTepo(azHOro 3MEKTPOAA C €ro MUKPOCTPYKTYpOH, XOTs cama Cyll-
HOCTh TaKOM CBSI3U JIaBHO HalllIa LIMPOKOE SMIIMPUYECKOE MPUMEHEHHUE B MPAKTUKE
MeTaJIorpauueckoil BU3yalu3allid MHUKPOCTPYKTYpPBI IyTEM XUMHYECKOIO WU
3JIEKTPOXUMHUYECKOTO TpaBJieHUs. B OoCHOBe Takol BHU3yaJW3alluy JICKUT CEJIEKTHB-
HOCTh M Pa3M4HAsi CKOPOCTh PACTBOPEHMS OTICIBHBIX 3JIEMEHTOB CTPYKTYPHBI, UTO
OpUBOIUT K (OPMUPOBAaHMIO MHUKpopenbeda. PazButue uccnenoBaHuii B 3TOM Ha-
IpaBJICHUU B MOCIEAHHUE AECATUICTHS OOYCIOBICHO BO3POCIIMMHU BO3MOXKHOCTSMHU
TaKWX METOJIOB M3YYCHHSI COCTOSHHS MOBEPXHOCTH, KAK aTOMHO-CHIIOBAsi MUKPOCKO-
MUl ¥ KOMITBIOTEPHBIE CKAaHEP-TEXHOJIOTHH.

Takum 00pazom, M3ydeHHE BIMSHHUS DJIEMEHTOB MUKPOCTPYKTYpPHI CTajeil Ha
UX aHOJHOE MOBEJACHHUE U YCTAHOBJIEHUE CBSI3U MEXKAY IEKTPOXUMUYECKUMU XapaK-
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TCPUCTUKAMU CIIaBa U KOJIMYCCTBCHHBIMU IMapaMCTpaMH MHUKPOCTPYKTYPhBI ABJISACTCS
AKTyaJIbHBIM.

Ilenw: pa3zpaboTka MOJEAM aHOAHOTO PACTBOPEHMs cTajeil ¢ ¢eppuro-
NEPIUTHON M NEPIUTHON MHUKPOCTPYKTYPAMH, YUYHUTHIBAIOIIEH JJIEKTPOXUMUUYECKOE
IIOBEJICHUE TeJa 3epHa (heppUTa, IIIACTUHYATOTO U 36pHUCTOrO LEMEHTHUTA, a TAKXKE
MeX(a3HbIX U MEK3EPEHHBIX TPAHMUII.

3aoauu:

1.  Omnpenenutb yneiabHbIE CKOPOCTH AHOJAHOIO PACTBOPEHHUS CTPYKTYpPHO-
cBOOOIHOTO (eppUTa U PEPPUTHBIX MATPHUIL IUTACTUHYATOIO U 3€PHUCTOTO IEp-
JUTA.

2. BbisBUTH pacrpesesieHHME aKTHBHBIX Y4aCTKOB IpOIECcCa CaMOpPacTBOPEHUS IO
HOBEPXHOCTU (PEPPUTO-LIEMEHTUTHOT'O CILJIaBa.

3. VYcTaHOBHUTH MOCIEIOBATENFHOCTh AHOAHOTO PACTBOPEHUS MEXK(pa3HbIX TPAHHUIL
beppuT/IIEeMEHTUT, MEXK3EPEHHBIX IpaHull Gepput/Ppepput u Tena 3epHa CTPYK-
TYypHO-CBOOOJHOTO (heppuTa MpHU MOJSIPU3ALUUA CIUIaBa, a TAKKE OMPEIEIUThH
MHTEPBAJIbl TOKOB, COOTBETCTBYIOIINX PACTBOPEHHUIO KaXJAOTO dJIEMEHTa MUKPO-
CTPYKTYPBHI.

4. Hccnenoarh BiusiHUE Ae(PEKTHOCTU CTPOEHUS CIUIaBa CO CTPYKTYypoi depputa
Ha II0CJENI0BAaTEIbHOCTh PAacTBOPEHUsl IpaHull (epput/pepputr u Tena 3epHa
dbeppura.

5.  M3yuurth mpouecc aHOJHOTO PacTBOPEHUS LIEMEHTUTA B YCJIOBHSX CTAallMOHAp-
HOTO pacTBOpeHus dheppura.

Hayunasa nosusna

Paccuutanbl ynenbHbIE CKOPOCTHM aHOJHOTO pPACTBOPEHHSI CTPYKTYpPHO-
cBOOOHOTO (heppuTa U PEPPUTHBIX MATPHUIL IJTACTUHYATOTO U 3€PHUCTOTO MEPIUTA.
YcranoBneHo mpeobiaaHue TOKa pacTBOPEHUS CTPYKTYPHOTO ¢eppuTa HajJ CKOpO-
CTBIO pacTBOpEHUS (DEPPUTHOI MATPHUIIBI TIEPIIUTA.

HccnenoBano pacmnpesesieHne akTUBHBIX YYacTKOB CaMOPACTBOPEHHS MO 3Je-
MEHTaM MHKPOCTPYKTYPHI JKEIE€30yTIEepPOAUCTOrO CIulaBa. BEHISBIEHO, UTO mporecc
caMOpacTBOPEHUS TEPIUTHBIX CTajell HaumHaeTcs Ha Mex(da3HbIX TrpaHHumax ep-
PUT/LEMEHTHUT, a PEeppUTO-NEPIUTHBIX — JIOKAIU3YETCs] Ha MOBEPXHOCTH 3epHa (dep-
pUTa WIK MEPINTA B 3aBUCUMOCTH OT COOTHOILEHUS UX JUAMETPOB.

VYcraHoBieHa MOCIEA0BATENBHOCTh DJIEKTPOXUMHUYECKOTO PACTBOPEHUS Telia
3epHa CTPYKTYPHO-CBOOOJIHOTO (epputa, TpaHul] QeppuT/IIeMeHTUT U dep-
puT/deppuT npu nosgpusanuu cruiaBoB. [lokasaHa ee 3aBUCMMOCTb OT COOTHOIICHHUS
IMaMETPoOB 3epeH (pepputa u nepiauta. BeisgBieHo npeobiasaHne CKOPOCTH PacTBO-
peHusi CTpykrypHoro Qepputa Han GeppUTHOW MaTpHICH mepiauTa u rpaHull dep-
put/dbepput Hax rpaHuniaMu QeppPUT/IIEMEHTHT.

Nzydeno Bausiaue ne(eKTHOCTH OAHO(DA3HOTO CIUIaBa HA MOCJIE0BATEIbHOCTD
pacTtBopeHus rpanul (pepput/gepput u Tena 3epHa (eppura. YcTaHOBICHA CMEHa
MOCTICIOBATENIbHOCTH PAaCTBOPEHUS «Telo 3epHa (eppura — rpaHuisl dep-
puT/dheppur» Ha OOpPaTHYIO C POCTOM CTEIIEHU PABHOOCHOCTU MUKPOCTPYKTYPHI.

W3ydeHn mporiecc aHOIHOTO PacTBOPEHHsI MIACTUHYATOTO IIEMEHTUTA B yCIIO-
BUSX MOTEHIIMOCTaTUYECKOW mojsipu3anun. [lokazaHo, 4TO pas3pylieHue HEMEHTHTA
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HAYMHAET PAa3BUBATHCSA IO €ro JAe(PEKTHBIM IIOCKOCTSIM U MPHUBOIUT K (HopMHUpOBa-
HUIO HEPACTBOPUMOTI'O OCaJKa HAa MEPIUTHOU COCTABIISIIOIIEH MUKPOCTPYKTYPBI.

ITpennoxena o600MIEHHAs MOJENIb aHOJAHOTIO PACTBOPEHMSI CTaJEl ¢ Qepput-
HOM, (peppUTO-NEPAUTHON U NIEPIUTHON MUKPOCTPYKTYpPaMH.

Ilpakmuueckan 3nauumocms pabomol

3HaueHUs YACIbHBIX CKOPOCTEH aHOJHOTO pPAaCTBOPEHHUS CTPYKTYpPHO-
cB0oOOMHOTO (eppuTa B GeppPUTHON MATPHUIIHI IEPIUTA, & TAKKE PE3YJIBTATHI UCCIIC-
JIOBaHUS TIPOIIECCOB CaMOPACTBOPEHUS MOTYT CITY>KUTh OCHOBOM JIJISl OIEHKH CKOPO-
CTH DJICKTPOXHUMHUYECKON KOPPO3UHM HEIETHPOBAHHBIX CTaJIeH C COJEp)KaHUEM YTIIe-
pona no 1.2 macc.% Ha 6aze MeTamiorpaguyecKux H3MepeHui.

JlanHbIE O pacrpeeieHn aKTUBHBIX YY9aCTKOB CAMOPACTBOPEHHMSI B COBOKYII-
HOCTH C TOCJIEIOBATEILHOCTHIO PACTBOPEHUS DJIEMEHTOB MUKPOCTPYKTYPHI U COOT-
BETCTBYIOIIMMU UM WHTEPBAJIAMH TOKOB MOTYT OBITh MCIIOJIb30BaHBI JIsI ONTUMHU3A-
AW SJEKTPOXUMHUECKUX METOJIOB BU3YAIH3AIMd MHUKPOCTPYKTYPHI IyTEM TpaBJe-
HUSL.

PesynbraTel nccnenoBaHus BIMSHUS JTe(PEKTHOCTH MHKPOCTPYKTYpPBI Ha CKO-
POCTh PaCTBOPEHHMSI TeJla 3€pPHA U MEXK3EPEHHBIX TPAHUI] MOTYT OBITh MCIIOJIb30BaHbI
JUTSI OTICHKH W TIPOTHO3UPOBAHMSI CKOPOCTH KOPPO3UHU CTATH TMOCIE €€ MEXaHUIECKOM
00pabOTKH IO CTENICHH PABHOOCHOCTH MUKPOCTPYKTYPBHI.

Ilonoscenusn, eptnocumole Ha 3auiumy:
— pe3yJIbTaThl pacuera YACJIbHBIX CKOPOCTEH aHOIHOTO PACTBOPEHUSI CTPYKTYpPHO-
cBOOOHOTO (heppuTa U HEPPUTHBIX MATPHIL INTACTUHYATOTO M 3EPHUCTOTO MEPIINTA;
— 3aKOHOMEPHOCTH paclpeesieHUs] aKTUBHBIX y4aCTKOB 10 IOBEPXHOCTH CTalledl B
pe3yJibTaTe uX CaMOpacTBOPEHUS;
— TIOCJIEJOBATEILHOCTh AHOJHOTO PACTBOPEHHS 3JIEMEHTOB (eppUTHOH, (peppurto-
NEPAUTHON U TEPIUTHON MUKPOCTPYKTYP MPH MOJISAPU3ALNHU, 3HAUEHUSI TOKOB, OTBE-
YaloU[MX Hayaly pacTBOpPEHUs IpaHull pepput/deppur u Tena 3epHa Gpeppura ciuia-
BOB C (PeppUTHON U PePPUTO-NIEPIUTHON MUKPOCTPYKTYPaAMH;
— JJaHHBIE O BIUSHUU Ne()EKTHOCTH (EPPUTHON CTPYKTYpHI HA MOCIEIOBATEIBHOCTD
aHOJIHOTO pacTBOpeHUs rpaHull hepput/pepput u Tena sepHa Gpeppura;
— BIMSIHUE CyOCTPYKTYPBI IUTACTUHYATOTO [IEMEHTHTA HA €r0 aHOTHOE PACTBOPEHHE B
YCJIOBUSIX MOTEHIIMOCTATUYECKON MOJISIpU3AINY;
— 0000111eHHasT MOJIeJIb aHOJHOIO0 PACTBOPEHUS CIUIABOB C Pa3IUYHBIMU THUIIAMH
MUKPOCTPYKTYD, YUUTHIBAIOLIAsl MPUCYTCTBUE MEXK(Da3HBIX U MEK3EPEHHBIX T'PAHUIL
¥ 0COOCHHOCTH CTPOCHHMS (PEPPUTHOMN U IIEMEHTUTHOM (a3.

Anpobayus pabomer. PesynbraThl paboThl Obutn monoxeHsl Ha XIV u XV
MextyHapOoAHBIX KOH(EPEHIMSIX MOJIOABIX YUYEHBIX M0 (yHJIaMEHTAJIbHBIM HayKaM
«JIomonocoB-2007» u «JlomonocoB-2008», r. MockBa; MexmyHapoaHOM KOH(pEpeH-
unn «HaHOoTexHONMOrMM M HaHOMAaTepHalbl B MeTaulyprum», r. Mocksa, 2008 r;
II Mexnynaponnom @opyme «AHaIMTHKA U aHATUTHKWY, T. Boponex, 2008 r; I u
IV Bceepoccuiickux koHpepeHuax «DU3nko-XxuMuieckrue mpoiecchl B KOHIEHCUPO-
BaHHOM COCTOSIHUMU U Ha Mex(pa3ubix rpanuuax» @AI'PAH-2006 u ®AI'PAH-2008,
r. Boponex; Becepoccuiickoit koHbepeHIuU «IEKTPOXUMUS U IKoJ0rus», r. HoBo-
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gyepkacck, 2008 r. u Bcepoccuiickoil koHpepeHIun «AKTyaabHbIe MPOOIEMBbI ecTe-
CTBEHHBIX HAayK M MX IpernojaBanuey, r. Jiunenk, 2006 r.

Pabora Obuta otmeuena aumiomoMm Ha XIV MexnyHapoaHoil koHpepeHIun
MOJIOABIX YUEHBIX 10 GyHAAMEHTAIbHBIM HayKaM «JIoMoHOCOB-2007».

Ilyoaukayuu. TlonyueHHble pe3yiabTaThl U3J0KEHBI B 15 paboTax, B TOM 4uC-
ae 9 craThsx, U3 KOTOPHIX 4 B XKypHanax, pekomeHayeMbix BAK mis myOnaukaruum
MarepuaioB auccepranuu [1-4], u 6 Te3ucax JOKIAI0B.

Cmpykmypa u oo6vem ouccepmayuu. Pabota cCOCTOUT W3 BBEICHUS, MATH
IJIaB, CIIMCKA JUTEpaTyphl U3 121 HauMeHOBaHUS M MPUIIOKEHUS, COIECPKUT 25 Tabd-
i U 91 pucyHOK, U3ioxkeHa Ha 162 cTpaHuax MallMHOIIMCHOTO TEKCTA.

Asmop pabomwl uckpenre bracooapua 0oyenmy Kageopsvl uzuueckoco memaiiose-
oenust JII'TY x.m.u. Toponyesou Enene Jlb606He 3a KOHCYIbMAMUBHYIO NOMOWDb 8 Mame-
PUANOBeOUeCKOll YACU IKCHePUMeHma U 0oyenmy Kagheopsbl asmomMamu3upo8auHuIX CUc-
mem ynpaenenus JII'TY k.m.n. Beouwegy Bumanuro Bukmoposuuy 3a mamemamuueckyro
00pabomKy cnekmpo8 sSIpKoCmu KOMNbIOMEPHbIX U300PANXCEHUL NOBEPXHOCI.

COJEP)KAHUE PABOTbI
Bo BBeleHUM OTPaXXEHO COBPEMEHHOE COCTOSIHUE TEOPUM DJICKTPOXUMUYE-
CKHX MPOIIECCOB Ha TreTepoda3HbIX MOBEPXHOCTAX Ha MPUMEPE JKEIE30YTIEPOIUCTHIX
CIUTABOB C (heppUTO-IIEMEHTUTHOM MHKPOCTPYKTYpOH M OOOCHOBaHa aKTyaJbHOCTb
MIOCTABJICHHOW LIEJIH.

B nepBoii riase npezacrasieH 0030p JUTEPATYphl, B KOTOPOM PacCMOTPEHBI
COBpEMEHHbBIE MPEACTABICHUS O MUKPOCTPOCHUU (PEPPUTHOM U MEPIUTHON COCTaB-
JSIOUIMX CTaJId, MEX(Pa3HbIX U MEXK3EPEHHBIX I'paHUll. PaccMOTpEeHO KOPPO3UOHHOE
MOBE/IEHNE OJIHO(A3HOTO CIJIaBa CO CTPYKTYpol (eppuTa U MOKa3zaHa 3aBUCUMOCTD
KOPPO3HUOHHOM CTOMKOCTH TPYOHBIX M MHCTPYMEHTAJIBHBIX CTal€l OT KOJIMYECTBa
MEPIUTHON COCTABJISIIONIEH C pa3IMYHON (POPMOM LIEMEHTUTA B UX MUKPOCTPYKTYpE.
IIpencraBiieHbl CXEMBI AHOJIHOTO PACTBOPEHHMS YACTOIO JKEJe3a B CEPHOKHUCIION cpe-
JI€ ¥ pacCMOTPEHbI KpUCTAIIIOrpaduyecKue 0COOEHHOCTH IIEKTPOXUMHUYECKOTO pac-
TBOpeHUs retepodasHoro cruiaBa. [lokazaHo, yTo ¢GopMHpPOBaHHUE AKTUBHBIX Y4yacT-
KOB aHOJHOTO PAaCTBOPEHMS CIUIaBa ONPEAEISIETCS AUCIOKAMOHHBIM CTPOSHHUEM €TI0
CTPYKTYPHBIX cocTaBisitoliux. [Ipoananu3upoBanbl OCOOCHHOCTH Ipoliecca 3JIeK-
TPOXUMHUYECKOIO PACTBOPEHUS LIEMEHTHUTA B KUCJIOTaX U €ro BIMSHUE HAa KOPPO3U-
OHHOE ITOBEJICHUE CTAJICH.

AHanu3 JUTepaTypHBIX JaHHBIX MOKa3all, YTO Ipouecc (popMUpPOBaHUS aKTHUB-
HBIX YY4aCTKOB PACTBOPEHUS U IOCIEAYIOIIEE PACTBOPEHUE CTAIA ONPEAEIIAIOTCS Je-
(EeKTHBIM CTPOEHUEM 3JIEMEHTOB €€ MUKPOCTPYKTYPBhI, UMEIOIIUM JIUCIOKAIIMOHHBIN
xapakrep. lIpemioxkeHHbIe CXeMbl MEXaHHW3Ma aHOJHOIO PACTBOPEHHUA JKelle3a He
YUYHUTBIBAIOT OCOOCHHOCTH €r0 MUKPOCTPOEHHSI U HE MOT'YT ObITh IEPEHECEHBI HA He-
JIErMPOBaHHbIE (PEPPUTO-LIEMEHTUTHBIE CIUIaBbl M3-32 NMPUCYTCTBHS LIEMEHTHUTA. Pe-
3yJNbTaThl aHAN3a JUTEPATYPhl MO3BOIHIN CHOPMYIUPOBATH LIETh UCCICAOBAHUS U
000CHOBaTh €r0 HAyYHYIO0 HOBU3HY U MPAKTUYECKYIO 3HAUUMOCTb.

Bo BTOpOIi ri1aBe npeacTaBlieHa XapaKTEPUCTHKA OOBEKTOB U METOJIOB HC-
cieoBaHMs. B kauecTBE OOBEKTOB HCIOJIB30BAIHU JKEJIE30YIVIEPOJUCTBIE CIUIABBI C
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conepxarurem yrieponaa ot 0.017 mo 1.200 macc% (tabn. 1), MUKpOCTPYKTYypa KOTO-
PBIX BKJIFOYAET TAKUE AJEMEHTHI, KaK TEJO 3€pHA CTPYKTYpPHO-CBOOOIHOrO (eppuTa,
NEPJIUT, COCTOSIIIUNA U3 YEPEIYIOIUXCs IIaCTUH (eppuTa U UEMEHTUTA, MexX(pa3HbIe
rpaHulibl GEPPUT/LIEMEHTUT U MeX3epeHHble rpaHullbl dhepput/deppur. s noiy-
YeHUsS] CTPYKTYpPbl 3€PHHUCTOrO LEMEHTUTa O0pa3lbl MOABEPraiv JOMOJHUTEIBHOU
Tepmudeckoil oopabotke. [ToaroroBka paboueil mMOBEPXHOCTH BKIIIOYAa HUIU(OBKY
U TOJUPOBKY JI0 3€pKAIBHOrO OsiecKa. DJIEKTPOXUMUYECKUE UCCIIEIOBAHUS MPOBO-
JWJIM B CEPHOKHUCIBIX pacTtBopax coctaBa XxH,SO4 + yNa,SO4 (x +y = 0.01 Momw/,
pH 1.8+6.4) MmeToamMu MOTEHIIMOCTATHYECKOW U MOTEHIIMOJIUHAMUYECKOW BOJIbTaM-
EPOMETPUH, XPOHOIIOTEHIINO- U XPOHOAMIIEPOMETPUH.

Tabmuua 1. Conepxanue yriepoaa, CprKTypa1 U IJI0IIAaAb HOBerHOCTI/Iz, 3aHUMaeMas
dbepputHOH (Ha30ii B HCCIICTYEMBIX CIIIaBax

Ob6pasen C, macc.% | Ctpykrypa | Sosm, %0 | Seerp), %0 | Seam, %o | Seam), %o
Apmko-xene3o (AXK) 0.017 D 99.835 99.835 OTC. OTC.
Cranb 3cn 0.200 O+HIIT+3I1 97.089 77.419 9.835 9.835
Cranb 35 0.330 O+HIIIT 95.138 60.645 34.493 OTC.
O+HIIT 24.000 66.876 OTC.
Cranb 60 0.614 O+IIIT+3IT 90.876 ’ 33.438 33.438
311 OTC. OTC. 90.876
II1 88.836 OTC.
Crans V8 0.750 L300 88.836 OTC. 36.423 5413
Cranb 85 0.910 311 86.435 OTC. OTC. 86.435
Crans V12 1.200 311 82.083 OTC. OTC. 82.083

Coctosinue paboyeil TOBEPXHOCTH MOCIE aHOAHOTO PACTBOPEHUS M3ydalld Me-
ToAamMu ontuueckoit (mukpockon MUM-8M) u aToMHO-CUI0BOM (MUKpockon Solver
P47-PRO) mukpockonuu. s onpeneneHusi JUCIEPCHOCTH U pa3Mepa LIEMEHTUTa
UCIIOJI30BAIM  3JIEKTPOHHYIO  TMPOCBEUYMBAIOLIYI0O MHUKPOCKONHUIO  (MHKPOCKOI
OM-200). B oTaenbHbIX Clly4asiX MPUMEHSJIM XUMUYECKOE TPABJIECHHE MOBEPXHOCTH
o0pa31oB B a3oTHOKKCIIOM (1+3 %) ciupTOoBOM pacTBoOpe.

Tperbs riaBa NocBsllIeHa U3YUYEHHUIO MpOIlecca aHOJHOTO pacTBopeHus dep-
pUTHOM (ha3bl KENe30yTIAEPOJUCTHIX CIUIABOB MPHU HEOOJIBIINX MEPEHANPSKEHUSIX.
Y CTaHOBIIEHO, YTO XapaKTEP aHOAHBIX BOJbTAMIIEPOIPAMM BCEX CILIABOB IIPU MEpe-
HanpsbkeHusx (AE) no 200 MB ogHOTUIIHBIN, @ caMU KPUBBIE B OTJEIBHBIX CIIydasx
cnuBatotcs. [loaTomMy i1t U3yueHus BIMSHUS TeOMETpUUecKor popMbl BTOpoi (a3sl
Ha CKOPOCTbh PAaCTBOPEHUS NPUMEHSIN METOJ OLEHKH CTATUCTUYECKOW 3HAYMMOCTH
omMuui. B KadyecTBe AaHANM3UPYEMBIX BEJIWYMH HCHOJIB30BAIM AHOAHBIA TOK
(i4E=cons) TIPY PA3TUYHBIX MEPEHANPSIKEHUSIX OTHOCUTEIIBHO CTAllMOHAPHOI'O MOTEH-
nuana. M3ydaemspie cTaau pa3aesisuid Ha TPYIIbl B 3aBUCUMOCTH OT (hOPMBI TIEpIIUTA.
Kpome Toro, B kaxayro rpynmny Jo0aBisuiM apMKo->kesie30. [IpuHuuN BhIABICHUS
3HAYUMOCTH OTJWYUS Igp—consy PA3HBIX CTAIEN COCTOSUI B MX IMOCJIEI0BATEIBLHOM IO-
NIapPHOM CPaBHEHHHU JIPYT C IPYTOM.

' @ — peppur, I1IT — nnacTHHYATHIA TIEPTUT, 311 — 3ePHUCTHIN TIEPITHT
Soouy Spemp)y Spamm U Spiry — TUIOMANU, 3aHUMaeMble (a30i GeppuTa B LEIOM, CTPYKTYPHO-
CBOOOTHBIM (peppHUTOM U (PEPPUTHON MATPHUIICH TUTACTUHYATOTO M 36PHUCTOTO MEPIIUTA
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, 2 . 2
i, MKA/cm i, MKA/cm .
’ cepus Nel ’ O nracmunyameiu nepaum
¢ AKX, BCT35 - <
CMEWAHHbLI nepaum
200 200 - B 3eprucmolii nepaum
100 100
0 0
0 40 80  AE, uB
Puc. 1. BonbrammnepHbie 3aBUCUMOCTH Puc. 2. CkopocTu aHOJJTHOTO pacTBOPEHUS
CIUIaBOB C TUIACTUHYATHIM MEPIUTOM ctanu 60 ¢ mepauToM pa3nudHon (HOPMBI

Pe3ynbpTaThl moka3aiu, 4To ISl KaKI0M U3 GopM MepiauTa BoJbTaMIIeporpam-
MBI JIOXKATCS IByMSI CTATUCTUUECKHU Pa3IMYHbIMU cepusMHu (puc. /):

— MEPJUT IUIACTUHYATBIN: cepusi Nel — apmko-xkene3o0, Ct35; cepus Ne2 — C160, V8;
— MEePJUT CMEMAHHBIN: cepus Nel — apmko-xene3o, Ct3ci; cepus Ne2 — C160, V8;
— MEePJIUT 3€PHUCTHIN: cepus Nel — apMko-xene3o; cepus Ne2 — Ct60, 85, V12.

Jliist u3yuenus: BausiHUsA (HOPMBI TIEPJIUTA HA CKOPOCTh AHOJHOTO PAaCTBOPEHUS
CIUTaBa MCIOJB30BaNK cTalb 60, TepMUYECKONH 0O0pabOTKOW B KOTOPOM MOTydasid
MUKPOCTPYKTYPY NEpIUTa IJIACTUHYATON, 3€PHUCTON WM CMelIaHHou ¢opmbl. Pe-
3yJbTaThl NOKa3aJIH (PUC. 2), YTO HAMMEHBIIIYIO CKOPOCTh PACTBOPEHUSI UMEET CTallb
C 3€PHUCTBIM IMEPIUTOM, a HAUOOJBIIYIO — C TIAaCTUHYATHIM. CTanb CO CMEIIaHHBIM
LIEMEHTUTOM 3aHHUMAET MTPOMEKYTOUHOE TOJI0KEHHE, YTO CBSI3aHO C MeTayuiorpadu-
YECKUMHU 0COOEHHOCTSMU (PEPPUTO-NEPIUTHON CTPYKTYPBI U 3€PHUCTOIO NEPIIUTA.

OObsicHEHUE MOTYUYEHHBIX Pe3yJIbTaTOB 0a3upyeTcsl Ha MPEACTABICHUH O JUC-
JIOKaIlMOHHOM CTPOEHUHU CTPYKTYpPHO-CBOOOJHOrO (pepputa M (PeppUTHON MaTPHUIIBI
nepauta. Mexay HeMEHTUTHBIMU IJIaCTUHAMU HaOJII0AaeTcsl AUCIOKaluOHHas Cyo-
CTPYKTypa, pasienstonue (eppuTHbIE MPOMEXYTKH Ha oTaenbHble sueilku. Cde-
pouau3anusl IIEMEHTUTA MPUBOJUT K U3MEHEHUIO JHUCIOKAIMOHHON CyOCTPYKTYDHI,
dbopMHpoBaHHE KOTOPOW MPU ITOM KOHTPOJMPYETCS MaclITabHbIM (pakTopom, T.e.
KPUTUYECKUM 3HaYE€HUEM MEXKIUIACTUHYATOrO PACCTOSIHUS, KOTJa HaOIogaeTcsl Xao-
TUYHOE pacHpeiesieHue OTAENbHBIX AUcIOKalui. O4YeBUAHO, 3TO U MPOUCXOAUT B
HaIlleM Ciy4yae Mpu o0pa3oBaHUU CTPYKTYPHI 3€PHHUCTOTO MEPIUTA C pa3MEPOM Iie-
MEHTUTHBIX 100y MeHee 0.5 MKM. YUHUThIBasl, 4YTO aHOJHOE PACTBOPEHHE OCYIIECT-
BIISIETCSI MPEUMYILECTBEHHO B MECTaX BbIXOJa JUCIOKAlM HAa MOBEPXHOCTh KpH-
CTaJl1a, MOYXHO yTBEP>KJ1aTh, UTO HAJIEHHOE CHUKEHNE CYMMAapHON CKOPOCTH aHOJ-
HOTO pacTBOpeHus ctaiu 60 mpH nepexoae K 3€pHUCTOMY LEMEHTUTY CBSI3aHO C W3-
MEHEHHUEM JUCIOKAIIMOHHOTO CTPOCHUSI (DEpPUTHON MATpPHUIIbI MEPJIUTa U YMEHbIIIE-
HUEM HanpsLKeHU Ha rpaHuie Gepput/IieMeHTHT.

Jlis pa3zaeneHus IpoueccoB pacTBOPEHUS CTPYKTYpPHO-CBOOOAHOTO (heppuTa U
deppuTa B MIACTUHYATOM U 3€PHUCTOM MEPIUTE HAMU MPOBEACHO MAaTEMAaTUYECKOE
MOJEJIMPOBAHUE BOJIbTAMIIEpPOTpaMM. MOKHO IPUHATH, YTO B 3aBUCUMOCTH OT MUK-
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POCTPYKTYpBI CILIaBa CyMMapHasi CKOPOCTb pacTBOpeHus deppura (/;) onuchBaeTcs
CJIEIYIOIIUMU YPaBHEHUSIMMU:
Deppum + nnacmunuamorii nepaum: Iy = Spemp) * Ipemp T Spaum = igam, (1)
3epnucmoi neprum: Iy = Spim -+ ipom, (2)
Cbeppum + cmewannvil nepaum: ]Qb = qu(cmp)' iqb(cmp) + qu(nn)‘ iqb(HH) + qu(gn) ‘id,(gn), (3)
TIE Lpemp)s Lpemm) WM I3 — YACIBHBIE CKOPOCTH aHOJHOIO PACTBOPEHHS CTPYKTYPHO-
cB0OOHOTO epputa U heppuTa B MIIACTUHYATOM U 3€PHUCTOM IEPIIHTE;
Sopiemp)s S B Sz — MIOIANAH, 3aHUMAEMBIE CTPYKTYPHO-CBOOOIHBIM (PEPPUTOM H
dbeppUTOM B IJIACTUHYATOM W 3€PHUCTOM MEPJIUTE C YYETOM IUIOIIAIN TOBEPXHOCTU
ANEKTPOJA.

Ilenp pacuera coCTOsUIa B ONPEACIICHUH YIEJIbHBIX CKOPOCTEH aHOIHOTO pac-
TBOPEHUs ()eppUTa PA3NUYHBIX (YOPM, T.€. BENUUMH igcmp), Lpims igem- Y PABHEHUS
(1)~(3) obpazyror cucrtemy, pemias KOTOPYI € UCIOJIb30BaHUEM MeTajuiorpaduye-
CKHUX XapaKTepUCTUK (Sycmp)» Spaims Spm B TadN. 1) n BenuuuH I, paBHBIX JKclle-
PUMEHTaIbHO HaOMr01aeMbIM TOKaM (/,,5,) Ha CIIaBaX IPH Pa3IMYHbIX MEepeHaIps-
KEHUSAX, Mbl MTOJYYWIH UCKOMbIE pacdeTHble 3HaueHus. COMOCTaBIEHUE PACUETHBIX
Y DKCIIEPUMEHTAIbHO-HAOIIOAaEMBIX BENUYHH /j MOKA3aI0 MX COBIAJIEHHE BO BCEM
nuana3zoHe AE (tabi. 2), 4To MOATBEPKIAET MPABUIBHOCTh MOJYYEHHBIX 3HAUCHHIM
Ipemp)s Lpis Lpeam- HalleHHbIE 3HAYEHHST TOKOB BO BCEM AManasoHe AE o0pasyror
pacueTHbIe BOJIbTaMIIEpHbIEe KpHUBbIE Bcex hopM depputa (puc. 3).

Tabnuna 2. 3nauenus pacueTHbIX (/pacy) U IKCIIEPUMEHTAIBHO HAOMIOAAEMBIX (1,461)
BEJIMYNH aHOLHOI'O TOKA, MKA

CIUIaB Cranb 3cn Cranb 60 (311) Cranp V12

AE, MB Tpacy Lyain Dpacy Lyacn Tpacy Lo
20 11.46£2.97 | 9.50+£0.68 | 10.72+2.78 | 7.80+4.06 | 9.69+2.51 7.274+2.72
60 28.42+1.68 | 24.671.57 | 26.60+1.57 | 21.33+1.50 | 24.03+£1.42 | 22.334+2.85
100 47.38+1.37 | 45.00£1.18 | 44.35+1.28 | 39.73+1.93 | 40.06+1.16 | 39.80+3.13
140 65.56+£2.66 | 65.83+1.96 | 61.37+2.49 | 56.20+£3.39 | 55.434+2.25 | 58.33+4.37
YcTraHoBIEHO, 4TO  CKOPOCTH i, /e’ 1

pacTBOpeHHsi  (EPPUTHOM  COCTaB-

Jsroteit cTpykTypsl (puc. 3, muHus 1) 200 - 2

npeobiajlaeT HajJ OCTaJIbHBIMHU, YTO 3

CBS3aHO C HAJIMYUEM TPAHUI[ MEKIY

3epHamMu (eppurta, CBOOOJHAS dHEP-

I'us KOTOPBIX YBEJIUYMBAET OOLIYIO 100 -

SHEPTUI0 MOJUKPUCTAIIMYECKOTO Te-

na. Kpome rpanuil 3epeH B peaabHOM

OLIK-kpucrajuyie, UMEIOIIEM  He-

CKOJIBKO  JIEMCTBYIOLIUX  CHUCTEM 0

CKOJIB)KEHUS TUCIOKaUui, HaOJrona- 0 40 80 AE, mB

I0TCSI TPaHULBl CyO3€peH, CTPOEHuE
KOTOPBIX OIMMCHIBAIOT B BHJIE CTCHKHU
KpPaeBbIX WJIA CETKA BHUHTOBBIX JHC-
nokanui. B To xe BpeMs B ¢eppur-

Puc. 3. PacueTHble BoJbTaMIIEpHbIE 3aBUCUMOCTH
(beppuTHOIi COCTaBIAONIEH CTPYKTYpPHI (7),
¢beppura B utacTuHYaTOM (2) ¥ 3epHUCTOM (3)
HepuTe
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HOM MaTpuue IUIACTUHYATOrO IMEPJIMTA BO3MOXHO OTCYTCTBHE CyO3€pEHHOWU CTPYK-
TYpHI TIpU pazMepe (PeppUTHBIX CI0EB, COM3MEPUMBIX C JUTMHON CBOOOAHOTO Mpodera
auciokanuii B peppure. B ciyuyae miuacTMHYATOro NepiuTa CETKM AMCIOKALUi Ha
Mex(da3HoU rpaHulie GeppUT/LIEMEHTUT CO3AAl0T B (DEpPUTHON MaTpHILIE NOJIA YIpy-
IUX HanpsDKEHWM, NepUOJMYECKH U3MEHSIOUIMXCS BJIOJb HAlpaBieHUs, Mapaiesb-
HOTO IJIOCKOCTH MeK(pa3HOM rpaHulbl. B To jxe Bpems, cheponauzanns HEMEHTUTA
IPUBOJUT K CHUKEHHIO BHYTPEHHUX HAINpPSOKEHUH B (eppUTHOM MaTpuLEe NEpuTa,
4TO SIBJISIETCS IPUYMHOM YMEHBIIEHHUS] CKOPOCTH aHOJHOI'O PacTBOpeHHUs (peppura B
3€pHUCTOM IEPIIUTE 110 CPABHEHHUIO € (PEPPUTOM B IJIACTUHYATOM IEPIINTE.

B 4erBepTOii ryaBe IpeICTaBICHbI PE3YJbTaThl HCCIIEIOBAHUS IPOLECCOB
CaMOpacTBOPEHUS CIUIaBOB M MOCIEAOBATEIbHOCTH AHOJAHOIO PACTBOPEHUS Tela
3epHa CTPYKTYpPHO-CBOOOJHOTO (hepputa, MeK(]a3HbIX TpaHull HEppUT/IIEMEHTUT U
MEXK3EpEeHHBIX T'paHull (hepput/pepput mpu aHOAHOW MOJSPHU3ALMUHU. Y CTAHOBIICHO,
YTO 3aBUCUMOCTH IOTEHIIAANAa CBOOOIHON KOPpO3uH (E,,,) BCEX UCCIEAYEMBIX CILIA-
BOoB oT pH conepxxar munumym 1nipu pH oxkoiso 4 (puc. 4a). D10 3HaU€HHE XOPOLIO
KOppENHUPYET C TeM, IPH KOTOPOM M3BECTHA CMEHA MEXaHHU3Ma JIEKTPOXUMHUIECKOTO
pacTBOpEHMs YUCTOrO >Kene3a. PacueT TadeneBbix HaKIOHOB (b,) ISl apMKO-XKeye3a
CO CTPYKTYpOU 4UCTOTO peppHTa B MCCIeayeMoM uHTepBaie pH neicTBUTENBHO BhI-
SBWJI HaJIMYUE JBYX 3HAYEHUH b,, COOTBETCTBYIOUIMX MeXaHH3MaM Xoiciepa
(puc. 5a) u bokpuca (puc. 50).

Exopy B ; S, %
0,5 - 60 -
-0,7 - 30
-0,9 0

1 3 5 pH 1

Puc. 4. 3aBucuMocTy MoTeHIMaNa CBOOOTHON KOPPO3UH (@) U I0JIU TUIOIIA/IU, TTOABEP>KEHHON
camopacTBopeHHuio (0), ot pH ans apmko-xenesa (/) u craneit 20 (2), 45 (3), Y8 () u Y12 (5)

[TosiBneHne NEeMEHTUTHOM (a3bl B CTPYKTYpE CTaJIeld MPUBOAUT K U3MEHEHHIO
UX MOTEHIMaga CBOOOJHOM KOPPO3UM OTHOCUTEIBHO APMKO-XKeje3a, MMEIOLIEro
YHUCTYI0 (PeppuUTHYIO CTPYKTYpY. Ilo 3Hauenusam E,,,, IPUMEHAA METOJbI MaTeMaTH-
YECKOM CTATUCTUKH, MOJYYWIH, YTO MCCIEIyeMble CIUIaBbl 00pa3yloT TPU TPYIIIBIL:
cramu 20 n 40; ctanu 35 n 45; ctanu 60, Y8 u Y12.

VY CTaHOBIIEHO, YTO 3HAYEHUS MOTEHIMANA apMKO-)KEJI€3a BO BCEM HHTEPBaje
pH HaxomsdTcs 3a mnpedenamMu HaWIEHHBIX T[PYyNI, a pa3AelieHHe CTPYKTYpHO-
OJTHOTUTIHBIX (peppuUTo-nepauTHbIX ctanet 20, 35, 40 u 45 Ha aBE TPYNIBI CBSA3AHO C
TaKOW XapaKTEPUCTUKOW MHUKPOCTPYKTYpPbI, KaK COOTHOUIEHUE JTUAMETPOB 3€PEH
dbeppura (Dgy) n nepnuta (Dp): mst cranerd 20 u 40 BeimonHsaeTcs yciaoBue — Dy <
Dy, a nirst ctaneit 35 m 45 — D > De.
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a s E B 0 «pH3.6 3
Ay - L
0pH18 :X. 0735 .pH42
-0,50 X pH 2.2 Axx: x pH 6.4 xx>2<
A pH3.1 t’ -0,45 / -.l-*’
* *
20,55 | A0 a
A, h
> -0,55 - .
>iA0 -/rr-,— 4
X
-0,60 - x4 3;
X -0,65 {
0’.
-0,65 b, = 56+63 mB -0,75 /ba =35+42 uB
-0,70 | -0.85
50 45 .40 lgi [A/em?] 6,0 -55 -50 -45 lgi, [A/er’]

Puc. 5. Tlonynorapudmudeckue BoabTaMIEpHBIC 3aBUCUMOCTH apMKo-kene3a, pH 1.8+6.4

HccnenoBanue MOBEPXHOCTH OOPA3IOB MOcie 0eCTOKOBOW BBIIEPKKH B pac-
TBOpPE B TEUYCHHE 5 MUH MOKAa3aJl0, YTO Ha CIUIaBaX ¢ (epPUTO-TIEPIUTHON U TIEPIUT-
HOUM CTPYKTYpaMu MPOUCXOJUT BBISABICHHE MEPIIUTA, KOTOPOE CBA3AHO C PacTBOpE-
HUEM TOJIbKO Mex(a3HbIX TpaHull GEepPpUT/IIEMEHTHT, B PE3YJIbTaTe BHICOKOW ILIOT-
HOCTU JUcCIOKauuid. B To ke BpeMsi caMopacTBOpEHUE MEX3EpPEHHbIX I'paHUl] dep-
puT/(heppuT HEe HaOIIOJAETCS.

Hcxons n3 cyOBEeKTUBHOCTU OII-
TUYECKOTO HCCIEAOBAHUSA TOBEPXHO-
CTH, JUISl KOJIMYECTBCHHON OILICHKH W3-
MEHEHHM, TPOTEKAIOIUX B XOE IJIEK-
TPOXHUMHUYECKOTO pPAaCTBOPEHHUS, UC-
NIOJIb30BaI  KOMITBIOTEPHYIO CKaHep-
TEXHOJIOTHIO, B OCHOBE KOTOPOH JICHKHT
npeCcTaBiIeHne U(POBOro M300paxe-

HUS B MaTpuyHoi ¢opme u B BHUAE =30

CIEKTpa SPKOCTH B KOOPIMHATAX «HO- 200

Mep THHuKcena — spkocTb». Cuuraercs, §

YTO BEJMYHMHA SIPKOCTU KAXKIOTO IHK- %150

cela MPOMOPIUOHATBHA TIyOMHE pac- > 100

TBOPEHHUSI COOTBETCTBYIOIIEH TOYKH

NOBEPXHOCTH (puc. 6). PesynbTarsl no- >0

3BOJIMJIM OIEHUTH IUIOMIAb MMOBEPXHO- 0 10 20 bowon
ctu (S), mosBepieHHOH camopacTBo-  Puc. 6. Mukpoctpykrypa craiu 20 i mpogmuis
peHI/IIO, 3aBUCUMOCTD KOTOpOI‘/’I oT pH MMOBEPXHOCTHU BAOJb CCKYIICH, ITOJTYUCHHBIU C

(puc. 46) Ka4eCTBEHHO MIEHTHYHA AHA- UCIOJIb30BaHUEM ITporpammsl Imagel

JIOTUYHON 3aBUCUMOCTH IOTEHIIHAJa
CBOOOHOM KOppO3uH (puc. 4a).
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HanoxeHne BHENIHEH aHOMHOW MOJSIpU3AIIMU TPUBOAUT K (HOPMUPOBAHUIO
JOTIOJTHUTENBHBIX aKTUBHBIX YYaCTKOB M Pa3BUTHIO aHOJHOI'O PAcTBOPEHHUs, HAYU-
Harolerocs Ha Mex(a3HbIX rpaHulax QeppuT/UeMeHTUT. Pe3yabTaToM Takoro mnpo-
Hecca SIBISETCA pa3pylICHHE OTACNbHBIX 3JIEMEHTOB MHKPOCTPYKTYpBI, KOTOPOE
U3ydalld METOAaMH ONTUYECKONM U aTOMHO-CUJIOBOM MUKpockomnuu. i uccinengosa-
HUS pacHpelesieHUsl aKTUBHBIX YYaCTKOB I10 3JIEMEHTaM MI/IKpOCTpYKTprI ocymeCT-
BIISLIIN MOTEHIIUOCTAaTHYE- - > -
CKYIO ToJisipu3alui obpas-
OB C MpPEABAPUTEIHLHO BBI-
SIBICHHOW MHKPOCTPYKTYpPOU
IyTEM KIACCUYECKOTO a30T-
HOKHUCJIOTO TpPAaBJICHUS, 4YTO
MO3BOJIWJIO POCIEAUTh, Ha
KAKUX HMEHHO  y4YacTKax
MUKPOCTPYKTYPBI [IPOUCXO-
IUT (opMuUpOBaHHE aKTHUB-
HBIX YYacTKOB. Pe3ynbTaTsl
nokaszayiu, 4yro Ha ctaiu 20

Y49aCTKH AaHOJHOT'0 pacCTBO-

peHus q)opMprIOTCH kak ma Puc.7.IloBepxHocTh cTamyu 20 nocie MOTEHIMOCTaATHYECKOTO
pactBopenus npu AE = 100 MB B Teuenue 5 mun, pH 4.2:

a, 6 — UCcXo/IHas MOBEPXHOCTH nocne TpaBieHus B 3% HNO;;

6, 2 — T€ € y4aCTKH MOBEPXHOCTH MOCIe MoJispu3aiuu, X650

C L

3epHax nepaura (puc. 7 a, 8),
TaK M Ha TpaHUIAX 3epeH
dbeppura (puc. 7 0, 2).
Pe3ynbTaThl, Moy4eHHBIE B TAIBBAHOCTATHYECKOM PEXHUME, B KOTOPOM 00pa-
3€1l MPEABAPUTEILHO TMOJSPU30BATN KOPOTKUM TallbBAHOCTATUYECKUM HMITYJIHCOM
(I mA, I c), a 3aTemM MOCTOSIHHBIM 3HAYEHUEM TOKAa B TE€YEHHUE 3aJJaHHOTO BPEMEHH
(puc. 8), mokazaiu, 4yTo Mmocie I/IMHYJIBCEI Ha TIOBEPXHOCTH CTaJIK CJIA00 BBISIBIISICTCS
; - nepaut. To ecTh UCXOTHBIN UMITYIIhC
WHUIIMAPYET OYaru pacTBOPCHHMSI 1O-
BEPXHOCTH, Pa3BUBAIOIINECS TIPHU T10-
CIenyIomeld  TaJbBaHOCTATHYCCKOM
BBIJICP)KKE: TEPBOHAYAIBHO MOSBIIS-
I0TCA TOJBKO 3€pHA IMEepiuTa, YeT-
KOCTh KOTOpPOTO YBEIMYMBACTCS C
pocToM TOKa MOJISIPU3AITIHT
(puc. 8 a, 60), a nanbHeiliee pa3Bu-
THE aHOJHOTO TPOIecca MPUBOJUT K
pPacTBOpEHMIO Teja 3epHa Qepputa
(puc. 8 6, 8) ¢ ero MoCIEAYIOIICH JIO-
Kalu3amueil Ha MEX3epeHHBIX Tpa-

Puc. 8. IloBepxHocTs cTanu 45 nocie
raJlbBaHOCTATHYECKON TOJISIPU3AIIH TP TOKAX:

0.05 (a). 0.10 (6), 0.20 (5). 0.40 MA (2), 650, pH 4.2 HALaX depput/deppur (puc. 82).
PactBopenue apmko-xkenesa c

MUKPOCTPYKTYpOi (eppuTa MOXKHO MPEICTAaBUTh KaK pa3pylIeHHE MeEX3EPEHHBIX
rpanul; ¢pepput/dhepput u Tena 3epHa depputa. AHOAHOE pacTBopeHue craiei 20,
35, 40 u 45, numeromux GeppUTO-MIEPIUTHYIO CTPYKTYPY BKITFOYAET KPOME 3TOTO pac-
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TBOpeHne Mex(pa3HbpIx rpanull (EeppuT/IEMEHTHT W Tela 3€pHa CTPYKTYypHO-
cBoOOHOrO (eppura. B ciyudae craneit 60, Y8 u Y12 co cTpyKTypoid IacCTUHYATOTO
M 3epHUCTOTO MEPIUTA POCT MOJSPU3YIOMIETO TOKA COMPOBOXKAACTCS YBETUYCHHUEM
YETKOCTH TEPJIUTA, YTO CBSI3aHO C TMOCIEAO0BATEIbHBIM PAaCTBOPEHUEM TpaHUIl dep-
PUT/LIEMEHTUT U (HEPPUTHON MATPUIBI IEPIUTA.

AHanu3 COCTOSIHHS TOBEPXHOCTH 3JEKTPOAA MOCIE MOJIAPU3ALUN TO3BOJIUII
OLIEHUTh MHTEPBaJIbl TOKA, OTBEYAIOIINE PACTBOPEHUIO TPaHULl PEPPUT/LIEMEHTUT U
dbepput/deppur, Tena 3epHa peppuTa u nepauTa, mpeAcTaBiIeHHbIC B Ta0M. 3.

Tabmuma 3. 3HaueHus TOKOB pacTBOpEHMs TpaHull hepput/depput u Tena 3epHa dpeppura, MA*

pH ApMKO-Kee30 Crans 20 Crans 35 Crans 40 Crans 45
1.8 0.15/0.40 0.30/0.20 0.15/0.20 0.40/0.20 0.30/0.40
2.2 0.15/0.30 0.30/0.20 0.10/0.30 0.40/0.20 0.30/0.40
3.1 0.15/0.30 0.25/0.25 0.15/0.50 0.30/0.40 0.15/0.40
3.6 0.15/0.15 0.15/0.15 0.40/0.30 0.40/0.30 0.10/0.10
4.2 0.10/0.10 0.05/0.10 0.30/0.10 0.30/0.10 0.30/0.10
6.4 0.10/0.10 0.10/0.20 0.35/0.20 0.50/0.20 0.40/0.20

*B uncnuTene — 3HaUCHUS TOKA pacTBOpPEeHUs Tpanuil pepput/peppur,
B 3HaMEHaTee — Tela 3epHa (peppura

Jiist heppuTHOI MUKPOCTPYKTYPBI apMKO-XKeJie3a TOK, TPH KOTOPOM OTMEUYEHO
pactBopenue rpanull Gepput/gepput (1), MPAKTUIECKH HE 3aBUCUT OT BEJIMYUHBI
pH (ta6a. 3) u cocranser 0.15 (pH 1.8+3.6) u 0.10 MA (pH 4.2+6.4), B TO Bpems
KakK JJIsl CTaJiel, coepKaluX IeMEHTUTHYIO (ha3y, XapakKTepHO HEMOHOTOHHOE H3-
MEHEHUE BETTUYHUHBI /p/p C YBEIIMUEHUEM €€ KOJIMYeCTBa. Pe3yinbTaThl UCCIeI0BaHUS
MO3BOJIMJIA BBISIBUTH B KaKOU IMOCJIEIOBATEILHOCTH HAYMHAIOT PACTBOPATHCS MEK3e-
peHHble TpaHullbl Qepput/deppuT u Teno 3epHa deppuTa TPH MOJSIPU3AIUU
(Tabn. 4). YcraHOBIEHO, YTO CIUIaBbl 0Opa3yloT JBE IPYIIIbl, B OJHY U3 KOTOPBIX
BXOJST: apMKO-3Kelie30, cTanu 35 u 45, rie pacTBopeHue (PeppUTHON COCTABIISIONICH
HAYMHACTCS C TPAHMII 3epeH, a B apyryto — crtanu 20 u 40, rae Teno 3epHa deppura
pPacTBOPSICTCSI paHbBIIIE MEK3CPCHHBIX rpaHull. CMEHa pacTBOPSIONIETOCS dJIEMEHTA
CTPYKTYPBI IPOUCXOIUT 1pu pH 0KoJ10 4, 9TO KOppEIUpPyeT ¢ MUHUMAJIBHBIM 3HAYe-
HueM Ha E,,, — pH — 3aBucumocTH (puc. 4a).

. 1 . .
Tabnuma 4. PacTBopsttonuiicst aneMeHT (EeppPUTHON COCTABIISIONMIEH MUKPOCTPYKTYPhI
2
1 HEKOTOpbIE MeTaJIorpaduueckre XapakTepUCTUKN  H3yUYEHHBIX CIJIaBOB

Cmuias pH D, Do, SOH’
1.8 2.2 3.1 3.6 4.2 6.4 MKM | MKM /o
Apmko-xene3o | O/ O/D O/D = = = OTC. 44.8 | orc.
Crans 20 T3D T3D = = O/ O/ 15.3 22.1 | 22.58
Cranb 35 O/ O/D O/ T3D T30 T30 37.3 34.5 |39.36
Cranb 40 T30 T3D O/ T3D T30 T3D 9.2 12.7 | 48.39
Craib 45 o/D o/D o/D = T30 T30 17.0 13.2 | 54.84

e

' ®/® — rpannmsr bepput/deppur, T3D — Teno 3epHa peppura,
rpanul ¢pepput/dheppuT U Tena 3epHa
* Dp, Do, St — imaMeTp 3epHa mepinTa 1 (peppuTa, mIoaah 3aHAMaeMast TIePIHTOM

— OAHOBPEMCHHOC BBISBJICHHUC
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OObscHEHNE MOTYYCHHBIX 3aKOHOMEPHOCTEH, ClIeyeT UCKaTh, IPUBJIEKAs KO-
JMYECTBECHHBIC XaPAKTEPUCTHUKA MUKPOCTPYKTYPHI CILIABOB, KOTOpAasl XapaKTepU3y-
eTCcsl TpeMsl HE3aBHCUMBIMM BEJIMYMHAMU: JUaMeTp 3epHa depputa (Dgp), AMamMeTp
3epHa nepiurta (Dy) u wiowmwans (Sy), 3anumaemMas nepautom (tadia. 4). Eciau Benu-
yrHa S;; 3aBUCUT OT COZEpKaHus yriepoja B CIUIaB€ U MOHOTOHHO YBEJIMYMBAETCS C
ero poctoM, T0 Dy U Dy OT €ro KOJIM4ecTBa HE 3aBUCHT, a ONPEIEIISIOTCA peKUMaMU
TepMuueckoi o0padotku. BuaHo, uto mnsa craneit 20 u 40, 006pa3yromux, corjaacHO
MOJIYYEHHBIM pe3yJbTaTaM, OJHY TPYIITY, BBIIOJHAETCS HepaBeHCTBO Dy < Dy, TO-
rjaa Kak Juist ctaneit 35 u 45 3HaK HepaBEHCTBA U3MEHSETCSl Ha TPOTHUBOIIOIOXKHBIN —
Dy >Dgp, 4TO TNPUBOJUT K COOTBETCTBYIOIIEMY HM3MEHEHHIO IOCIEA0BATEIbHOCTU
PACTBOPEHHUSI «TEJI0 3epHA — TpaHUIlbl peppuT/PpeppuT» Ha 0OpaTHYIO.

Ha nmomynorapudmMuyeckux rajibBaHOCTATHUECKUX M MOTEHIIUOAMHAMUYECKUX
BOJIbTAMIIEPOTPaMMaxX pacTBOpPeHHUE TpaHuil Ghepput/GeppuT u Tena 3epHa deppura
CONPOBOXK/IAETCA TOSBJICHUEM IPSIMOIMHENHBIX y4aCTKOB, TOYKA MEPECEUECHHS KO-
TOPBIX KaK MO TOKY, TaK U MO MOTEHIHAILY C XOPOIIUM IPUOIMKEHUEM OTBEUYAET 3a-
BEPIICHUIO MPOIIEccCa PACTBOPEHHUSI OJHOTO 3J€MEHTa CTPYKTYpPhl M Hayally pacTBO-
penus npyroro (puc. 9).

Pacmeopenue Buisenenue
mena 3epHa Pacmeopenue gheppumo-neprummnoti
Geppuma mena 3epua, CmMpyKmypol
E, B Buisignenue ’:(— E, B : Geppuma |
Geppumnoti ! 6 IK—)‘. ]
a Ecmpyl(mypbl: i 0,1 F i i
1 1 | !
03 | : Buisenenue X |
! -0,3 ' '
! > nepauma N
! i
-0,5 - i 05 2 ; |
x2x x X XX : x X X XX
X
-0,7 -0,7
1,5 2 25 lgi, [mrA/em’] 1,5 2 25 lgi, [mkA/em’]

Puc. 9. Ilonynorapudmudeckue ranpbBaHocTaTuaeckas (/) u moTeHImoanHaMmuaeckas (2)
BOJIbTaMIIEpHBIC KPUBBIE apMKoO-kene3a (a) u ctanu 45 (6), pH 1.8

PasHast ckopocTh pacTBOPEHUS AIEMEHTOB MUKPOCTPYKTYPHI CIUIaBa TPUBOIUT
K popmupoBanuto penbeda (puc. 10a), a usmenenue tonorpaduu MOBEPXHOCTH CO-
MIPOBOXIACTCSI U3MEHEHHWEM TOHAIBHOTO Wara3oHa M300pa)KeHUs, T.€. €ro HHTe-
IpalbHON SPKOCTH, YTO IMO3BOJMJIO, MCIOJIB3Yys MATEeMAaTHUYECKyH0 00pabOTKy HU30-
OpaxeHUs, TPEACTaBUTh COCTOSHHUE TIOBEPXHOCTH B BHUAE CIEKTpa SPKOCTH
(puc. 100). Tak, anogHOE pacTBOpeHHUE 3epHa nepauta u dpeppurta (puc. 10a, dpoto /
U 6) XapaKTepU3yeTcs CIEKTPaMH C OJHUM MaKCHUMYMOM, TOJIO)KEHHE KOTOPOTO B
MPOIECCEe Pa3BUTHUSL AHOJAHOTO PACTBOPEHUSI CMEIAETCs U3 00J1acTh SIPKOCTH PeppH-
Ta B obnacTh nepauta (puc. 106). CpaBHEHUE CIIEKTPOB SIPKOCTU cTaiu 45 mocie
rajlbBaHOCTATUYECKOTO PACTBOPEHHSI B CEPHOKHCIIOM PACcCTBOPE CO CIIEKTPaMH, MOITY-
YEHHBIMH TTOCIIE Kilaccudeckoro pactBopennus B HNOs, mokasano ux MICHTHYHOCTD.
Hanpumep, ciekTp sSIpKOCTH, COOTBETCTBYIOIINIA TPaBICHHUIO TpaHul] hpepput/peppur
B HNO; (puc. 106, kpuBast 7) 01130k 1o ¢Gopme K CIEKTPY, MOJTYUYSHHOMY IOCie
aHOJHOTO pacTBOpeHus rpanull Gepput/peppur (puc. 106, kpupas 4).
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Obnacme nepruma Obnacmo peppuma
(maxcumym 1) (maxcumym 1)

- n%

= D

210 apkocmp

130 170

Puc. 10. a — [ToBepxHOCTh cTanu 45 mocyie 0eCTOKOBOM BbIACPKKH (/) ¥ rajbBaHOCTATUIECKOTO
pactBopenus nog Tokamu: 0.05 (2), 0.15 (3), 0.30 (4), 0.40 (5) u 0.50 MA (6), X650, pH 1.8.
6 — CrieKTphl IPKOCTH TTOBEPXHOCTHU CTAIN 45 TI0CTIe aHOAHOTO PACTBOPCHHUS
(xpuBbie 1+6) u xumuueckoro tpaBienus B HNO; (kpuBas 7).
6 — CxeMa crieKTpa SIpKOCTH M OTIPE/ICTICHHUS fy

[IpenyoxkeHa KOJWYECTBEHHAsI XapaKTEPUCTUKA CIEKTpa SPKOCTH (Z,), Mpe.-
CTaBJISAIONIAsl OTHOIIICHUE PA3HOCTH BBICOT MAKCUMYMOB K PACCTOSIHHIO MEKTy HUMHU
(puc. 106). Ha puc. 11 mpeacraBieHbl 3aBUCUMOCTH £, OT TOKa MOJISIPU3ALUKA U TPO-
JOJKUTENBHOCTU TPaBJIEHUS, KOTOPbIE UMEIOT TpU o0JacTu: [ — pacTBOpEHUE Mep-

mata (¢, > -0.0035),
I — rpanun  dep-
put/deppur (¢, = -0.0035)
u /1l — Tena 3epHa deppu-
ta (¢, < -0.0035). Ilpm
ATOM TMEpexoJ]l K PacTBO-
pEHUIO MEX3EepEHHBIX
rpanul] pepput/deppuT u
Tena 3epHa deppura mpo-
UCXOOUT B 00J1aCTH TOKOB
nossipu3anuu 0.30 u 0.40
MA, COOTBETCTBEHHO, YTO
KOppEIupyeT C pe3yibTa-
TaMH, MpPEeACTaBICHHBIMU
B Ta0I. 3.

0 30 60 90 120 150 ¢, ¢

\

0 0,1 0,2 0,3 04 I, mA

Puc. 11. 3aBucumoctu ¢, OT ToKa nomasipu3zaruu (/)
Y TIPOJIOJKUTEIbHOCTH XUMHUECKOTO TpaBiieHus (2)

Jlnst onpeneneHust TyOUHBI pACTBOPEHUS TPAHUI] U Tella 3epHA MCIOIb30BaIN
aTOMHO-CHJIOBYIO MuKpockonuio. Ha puc. 12 npencraBienst ACM-uzo0pakeHue
MOBEPXHOCTU CcTajgu 45 TMocie TalbBaHOCTATUYECKOTO PACTBOPEHUS W MPOPUIIH
BJIOJTh BBIOpAHHOM CEeKyIIeH, mepecekaroreii 3epua nepiurta (puc. 12a, 3epua 1, 3, 5
u 7) u geppura (puc. 12a, 3epna 2, 4 u 6). Ha ocHoBanuu npodusieil moBepXHOCTH
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(puc. 126) ompenensm TayOWHY pac-
TBOPEHUS CTPYKTYPHO-CBOOOJHOIO
depputa ((4hoemy) u nepmara (Ahp).
[TockonbKy MONyYEHHBIE paHEe NaHHBIC
CBUACTEIHCTBYIOT O PACTBOPEHUH TOJb-
Ko ¢assl dhepputa, To BeauuuHa Ak co-
OTBETCTBYET TJIyOMHE  pPacTBOPCHUS

MKM
0 10 20 30 40 50

-

600

400
HM

200

(peppuTHOil MaTpubl nepauta (Aheap). 0 10 20 40 50 60 70

Ha puc. 13 npeacraBieHsl 3aBUCUMOCTH
Ahoempy M Ahgqy OT TONAPU3YIOLIETO
AHOJIHOTO TOKa B CEPHOKHCIIOM pPaCTBO- h, nm
pe U TMPOJOJDKUTEILHOCTH TPAaBJICHUS B 500 -
pactBope HNOj;. BrisiBieno npeo0Oiazaa-

HUE CKOPOCTH PACTBOPEHUS CTPYKTYp- 300
HO-CBOOOJHOTO deppuTa Haa (QeppHT-

MKM

HOM MAaTpHULICH NEepIuTa, 4TO KOppeiu- 100
pyeT ¢ pesyiJbTaTaMu pacyera UuX 0
YACIBbHBIX  CKOPOCTEH  PacTBOPEHUSA

20 40 60 [, mkm

Puc. 12. ACM-u3o0pakeHue NoBEpXHOCTH

Lp(cmp) W Lgp(rarm), TIOIYICHHBIMHA MCTOIAMH cranu 45 (a) mocie NonsgpU3aluyl TOKOM
IMOTCHOUOANHAMHNYCCKOUN BOJIbTAMIIC- 0.30 MA, pH 1.8u HpO(bHHL (6) BJIIOJIb
POMETPUM U H3JIOKEHHBIMU B IJaBe 3. CeKyILeil; bl COOTBETCTBYIOT HOMEPY

VYBenuueHue TIIyOMHBI  PacTBOPEHUS
CTPYKTYpPHO-CBOOOJHOTO epputa mpu

NEepeCcCKacMoro 3¢pHa

noyspusyronieMm Toke 6omee 0.30 MA na Ahgen, — I - 3aBucumoctn (puc. 14,
KpuBas 3) CBA3aHO C Pa3BUTHEM IIPOLIECCA AHOJIHOTO PACTBOPEHH Ha (PEPPUTHOM CcO-

CTaBJIAIOLIEN MUKPOCTPYKTYPBI.

ITpu anamuse BenuduH Ahgemy U Ahggy ObLIM 00HAPYKEHBI TOUKU MPOQHIIS,

0 20 40 60 80 100 L c
Ah, um
600 - - ¥
4 -k
400 | el
X 3
///
200 [/*‘
& 1
= > = >= MZ
0 hal 1 1 | ]
0 0,1 0,2 0,3 0,4 I, mA

Puc. 13. 3aBucumocty riryOMHbBI pacTBOPEHUS
(beppuTHOIf MaTpuLbl iepauta (1, 2) u
CTPYKTYpHO-CBOOOHOTO hepputa (3, 4)
oT Toka noispuszanuu (/, 3) B pactBope ¢ pH 1.8 u
MPOJOJKUTENbHOCTH TpaBiieHus (2, 4) B HNO;

rIIyOMHa PacTBOPEHHUSI KOTOPBIX
IpEBBIIAET TJIYOHHY pacTBO-
peHusi Tena 3epHa ¢eppura u
nepauTa B 2 pasa. Konnuectso
TaKUX TOYEK COCTaBIsieT 6 u
16% ot oOmero kojudecTsa
TOYEK, NPUXOIAIINUXCS Ha IIO-
BEPXHOCTh 3€pHa CTPYKTYpHO-
cBOOOIHOTO (heppuTa U TEpIIH-
Ta, COOTBETCTBECHHO. IIpuBie-
Kasi aHallu3 MHKPOCTPYKTYpHI
cranu 45, MOXKHO CUMTaTh, UTO
yKa3aHHbIE TOYKH TOBEPXHOCTH
COOTBETCTBYIOT MEK3EPEHHBIM
rpanunaMm  depput/deppur u
Mex(pa3HbiM TpaHuuaMm ¢ep-
PUT/LIEMEHTUT B MEPIIUTE.



17

Hailinennoe npeo0OianaHue CKOPOCTH PACTBOPEHHUS CTPYKTYPHO-CBOOOJHOTO
depputa Haa GeppuUTHON MATPHUIIEH NEPIUTa, a TaKKe MEXK3EPEHHBIX TpaHHIl (ep-
put/dhepput Haa Mex(pazHbIMU rpaHUaMU (DEPPUT/IEMEHTUT CBSI3aHO C OCOOEHHO-
CTSIMU UX KPUCTAILIOTpaUyECKOro CTPOCHHUS:

— HaJlM4ue cy03epeHHOM CTPYKTYpbl BHYTpH 3€pHa (peppuTa, NpeacTaBIsomen
co00l MaJoyrJIOBbIE IPAHUIIBI, U €€ OTCYTCTBUE B (DEPPUTHON MATPUIIE MEPIAUTA TIPU
pasMepe PEeppUTHBIX CIIOEB, COM3MEPUMBIX C JITTMHOM CBOOOJIHOTO Mpobdera IucaoKa-
Ui B peppure;

— OONBIIMIA yTroa Pa3opUEHTHPOBKH MEXK3EPEHHBIX TIpanull dhepput/deppur,
yBeIIMYEHUE KOToporo 10 ~30° NpUBOAUT K POCTY SHEPTUU T'PAHUIIBI [0 CPABHEHUIO
C MaJIOYTJIOBBIMH TpaHUTIaMU (DeppUT/IIEMEHTHT.

JUis u3ydeHus BIUSHUS J1€()EKTHOCTH MHMKPOCTPYKTYpbl Ha (OpMUPOBaHHE
AKTUBHBIX YYAaCTKOB PACTBOPEHHS HCIOJb30BAIA APMKO-XKEIE30 CO CTPYKTYpO
beppuTa B MATH Pa3TUYHBIX COCTOSHUX, YKa3aHHBIX Ha puc. 14. YcTaHOBJIEHO, YTO
IIpOKaTKa 0€3 OTKUIa W3MEHSET MOCIE0BATEIbHOCTh AaHOJHOIO PAaCTBOPEHUS «Tpa-
HULBI Gepput/PeppuT — TEJIO 3epHa» HA OOPATHYIO IO CPABHEHUIO C APMKO-)KEJIE30M
1OCJIe PEKPUCTAIUIM3ALMOHHOIO OTKHUra. BojbTammnepHble 3aBUCMMOCTH apMKO-
XKeJieza ColiepkKaT JBE UETKO BbIpakeHHBbIE oOnactu (puc. 14), koppenupyromnme ¢
TOKaMU pacTBOpPEHUs Teja 3epHa (pepputa u rpanui] hepput/Gepput, HalJCHHBIMU
10 pe3yJibTaTaM M3y4YeHHs IMOBEPXHOCTU oOpa3lia mocie nosspuzanuu. [lomyueHnsie
BOJIbTAMIIEPHBIE 3aBUCMMOCTH 00pa3yloT JIBe TPYyMIIbI, onpenesnseMbie Gopmoii 3ep-
Ha. B mepByro rpynmy BXOJHUT apMKO-)KEJIE30 B COCTOSIHUSX, XapaKTEPHU3YHOLIUXCS
BBITSHYThIMU 3epHaMu (puc. 14a), BO BTOPYIO — B COCTOSIHUSIX, XapaKTEPU3YIOIIUXCS
PaBHOOCHBIMHU 3epHaMH (puc. 140).

Pacmeopenue

Pacmeopenue  Pacmeopenue eparu
. P . P paruy Pacmeopenue epanuy mena zepna

E, B '_mena sepna ' heppum/eppum E B peppum/heppum

&
<

o1 [ | | » A0
01 - | ; '
| | | 0
-0,3 ! ! !
' ' Pacmeopenue
-0,5 : < Mmena sepua
0,7 ‘

0 0,1 0,2 0,3 04 I, mA 0 0,1 02 0.3 04 I, mA

Puc. 14. BonpTammnepHsie 3aBucuMocTd apMKo-xene3a (pH 2.2) ¢ BeITssHyTOM (@) 1 paBHOOCHOM (6)
(dbopmamu 3epHA B COCTOSHUSAX: [ — MpOKaTKa, 2 — npokarka+otxkur npu 450 °C,
3 — npokatka+orxur npu 600 °C B reuenue 30 ¢, 4 — npokaTka+omxur npu 600 °C
B T€UYEHUE 2 MUH, 5 — npokaTka+oTxur npu 650 °C

O4eBHIHO, YTO NMPUYMHOM H3MEHEHUs IOCIENOBATEIBHOCTH AaHOJHOTO pac-
TBOPEHUS «TeJO 3epHa (hepputa — rpanuilsl hepput/deppuT» SBISIETCS YMEHBIICHHE
IUIOTHOCTU JUCIIOKAIIMN U TIOSBJICHUE PABHOOCHBIX 3€PEH B MUKPOCTPYKTYpE OJIHO-
¢azHoro crasa.
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B nsATOM riaBe NpencTaBiE€Hbl PE3yJIbTAaThl UCCIEI0BAHNS AaHOJHOTO PACTBO-
pEHHS LIEMEHTUTHOU (ha3bl JKEIe30yIIIePOIUCTHIX CIUIaBoB. st onmpenenenus cra-
LIMOHAPHOIO MOTEHIMANa LeMeHTuTa (£;;) B u3ydyaeMoM uHTepBaine pH Obu1a ocymie-
CTBJIEHA MOTEHIMOCTaTHYECKas MOJSpU3alys IPU BHEIIHEM NOTEHIIMAlIe B UHTEpBa-
ae ot -0.4 go 0.0 B. UToObl HCKIIOUHUTH MPOLIECC PACTBOPEHHMS Tea 3epHa (peppura,
BHOCSILIETO JIOMOJTHUTEIbHBIN BKJIAJl B BEJINYMHY aHOAHOTO TOKA, SKCIIEPUMEHT OCY-
HIECTBIISUIN HA CTalNM Y8 ¢ MEPIAUTHON MUKPOCTPYKTYPOM HE CONEpkKAIIEH CTPYKTYp-
HO-CBOOOJIHOTO (peppuTa. 3HaUCHU £ CBUAETEIBCTBYIOT, UTO MOTEHLIUAN [IEMEHTH-
Ta TOJIOKUTEIIPHEE YEM apMKO-)KeJie3a, U €ro MOSIBJICHUE B CTAIM Y8 NPUBOAUT K
CMEILIEHUIO MOTEHIIMAalla CTAIN B 001acTh 00Jiee MOJIOKUTEIbHBIX 3HAYEHUH 110 CpaB-
HEHUIO C APMKO-KEJIE30M.

Pe3ynbpTarhl Mokasanu, 4To XpoHoamiieporpammsl ctaineit 20, 45, Y8 u Y12,
U3MEPEHHbIE B YKa3aHHOM MHTEpBaJIe BHELIHETO MOTEHIMANA, COAEPKAT IUIOIIAJKY
TOKa C €ro nocjieaymwmnieM Bo3pactanuem (puc. 15). Mzyuenue cocTosiHUSI MOBEPXHO-
CTH AJIEKTPOJa IOCJIe MOJSpPU3alMU MOKa3ajio, YTO Ha Bcex oOpaslmax oOpasyercs
CJIOM YepHOro LBETa, KOTOPBIM Ha (peppuTo-nepauTHbIx craisx 20 u 45 oTmedeH us3-

OupaTeabHO TOJBKO Ha MOBEPX-
I, mA

HOCTH IICpPJINTA. DTO MO3BOJIUIO 4
I — pactBopeHue (asbl

YTBEPKAAaTb, 4YTO BO3paCTaHHC depputa

I, mA
TOKa Ha XpOHOaMIICporpamMme I, 1] — pactBOpeHue (1)3351
ABJIACTCA PE3YyJIbTaTOM aHOOHO- EMCHTHUTA
o pacCTBOPCHUA HWMCHHO IIC- L1
MCHTHUTA, IIPH KOTOPOM IKCIIC30
nepexoauT B pacCTBOp, a YIJIC- 0.9

pox B BUJIE OCaJKa HaKaIlJuBa-
€TCs Ha NMOBEpXHOCTHU. [ lnoman-
Ka TOKa, MpeJlIecTBYyronas 0,7
3TOMY IIPOLECCY, OTBEYAET Ce-

JIEKTUBHOMY pPacTBOPEHUIO

dbepputa, 4TO MOATBEPXKAACTCS 0,5

pe3yabTaTaMi  MHKPOCKOIIUYE- 0 10 20 30 L, mun
CKOTO MCCICN0BARMA MOBCPXHO-  p . 5 Xponoammeporpammst (a) craneii 20 (1), 45 (2),
CTH CTajiecn B XOAC HOJApH3a- V8 (3) u Y12 (4) npu noreruunane 0.0 B, pH 4.2
OHUH. U CX€Ma XpOHOaMIeporpaMmsl ()

YcraHoBiieHa crenyromas
CX€Ma aHOJIHOTO PACTBOPEHHUS 3JIEMEHTOB MUKPOCTPYKTYPHI B YCIOBHUSX MOTEHLIUO-
CTaTUYECKOM MOJSPU3ALNU C YUYETOM MTOBEACHUS IEMEHTHUTA:

— JJIs CTaJIell ¢ MUKPOCTPYKTYPOH «IIEpJIUT» BHAYalle Pa3BUBACTCS CEJIEKTUBHOE
pacTBOpeHHe TUIACTUH (eppuTa C MOSIBICHHUEM IUJIOMAJAKH TOKa Ha XPOHOAMIEPO-
rpaMMe, a 3aTeM OCYUIECTBIIACTCS Pa3pyIlICHUE IEMEHTHTA;

— IUIS CTajle ¢ MUKPOCTPYKTYPOil «peppHUT+HIepauT» napauieabHO C pacTBOpe-
HUEeM (eppuTa, BXOSIIIETO B COCTaB MEPIUTHON COCTABISIONIEH MUKPOCTPYKTYPHI,
IPOTEKAET PACTBOPEHHUE CTPYKTYPHO-CBOOOIHOTO (eppHUTa.

Hcnonp30BaHuE aTOMHO-CHJIOBOM MHKPOCKOIMHUH TO3BOJMIO KOJUYECTBEHHO
OLIEHUTh TJIyOUHY U CKOPOCTb PAaCTBOPEHMSI 3JIEMEHTOB MUKPOCTPYKTYpbI cTajueit 20
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n Y8. [loka3zaHo, 4TO NOJISIpU3anysl CTAJIEW B TeUeHHE |5 MHUH NPUBOJIUT K SPKO BbI-
paXXEHHOMY penbe(y C BBICTYNAIOIMIMMHU 3€pHAMU MEPIUTA, YTO CBHUJIETEIBCTBYET O
PacTBOPEHHH CTPYKTYpPHO-CBOOOAHOrO (peppuTa, Wi IJIACTUH LEMEHTUTA B PE3yJib-
TaTe PacTBOPEHUs GEPPUTHOM MATPULBI IEPJIUTA. Y BETUUEHUE TPOJOJKUTEILHOCTH
MOJISIPU3ALMK TPUBOAUT K U3MEHEHUSIM UCXOJHOW MUKPOCTPYKTYPHI:

— Ha (GeppUTO-NEPIUTHON MUKPOCTPYKTYype HAOIIOJAeTCsl MapajuiebHOe pac-
TBOPEHHE CTPYKTYPHO-CBOOOJHOIO (eppuTa U MEepiuTa, Ha MOBEPXHOCTU KOTOPOTO
NOSIBIIIFOTCS BBICTYIIAIOIIUE TIJIACTUHBI HEPACTBOPEHHOIO [IEMEHTHUTA;

— Ha MEPIUTHON MUKPOCTPYKTYPE MOSBIISIIOTCA YYACTKH C pa3pyLICHHBIMHU I1J1a-
CTUHAMU IIEMEHTUTA U HapyIIaeTCs IEPUOJUIHOCTD pesibeda.

ACM-uccnenoBanue penbeda EeMEHTUTHBIX TUIACTHH B XOJI€ MX aHOJIHOTO pac-
TBOPEHUS I[I0KA3aJI0, YTO PACTBOPEHUE OTIAEIBHOM LEMEHTUTHOW IUIACTUHBI 4
(puc. 166) compoBOXAaeTCsl MOSIBIICHUEM JOMOJHUTEIbHBIX MAaKCUMYMOB Ha COOT-
BETCTBYIOIIEM el ydyacTke npodwmis. [Ipu sTom xapakTtep npoduiis He MOABEPKEH-
HOM pa3pyIIeHUIo TIacTUHBI 5 (puc. 166) aHamornyeH Hepa3pyIIEHHBIM TUIACTHHAM
[-3 Ha puc. 16a. Pe3ynbTarbl aTOMHO-CHUJIOBOM MHUKPOCKOIHUHU IMOKA3bIBAIOT
(puc. 166), 4TO TWpOlIECC AHOJIHOTO PACTBOPEHHUS LIEMEHTUTA pa3BUBAETCS MO Je-
(PEKTHBIM TIIIOCKOCTSIM, PACIIOJIOKEHHBIM Ha pacCTOSTHUU 15+25 HM.

a
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Puc. 16. ACM-u3006pakeHus MOBEPXHOCTH CTalU Y 8 U Mpo b BAOIb yKa3aHHON JIMHUH
MocJie moTeHIocTaTnueckoi nmoygpuzanuu npu 0.0 B B Teuenue 15 (a) u 30 muH (6)

Pe3ynbTaThl McclieOBaHUS pACIpPEIe/ICHUs AKTUBHBIX YYAaCTKOB PAaCTBOPEHUS
[0 3JIEMEHTaM MHKPOCTPYKTYpBI, pacdyeTa yAeNbHbIX CKOPOCTEH aHOAHOIO PacTBO-
pEHUsl CTPYKTYPHO-CBOOOJHOrO (peppuTa U eppUTHON MAaTPULBI IEPIINUTA, TOCIEN0-
BaTEJIbHOCTH PacTBOPEHUS MEK(a3HbIX, MEK3EPEHHBIX I'PAHUI] U TeJla 3€pHa, a TaK-
K€ 3aKOHOMEPHOCTH PACTBOPEHHUS IUIACTUHYATOTO LIEMEHTHUTA, MO3BOJISIOT MPEAJIO-
KHUTh MOJIEJIb AHOJJTHOTO PACTBOPEHHUS HKEJIE30YTIIEPOIUCTHIX CIUIABOB C PA3IMYHBIMU
TUIIAMH MUKPOCTPYKTYp (puc. 17).
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Puc. 17. Mozenb aHOTHOTO PaCTBOPEHMS CTallel ¢ MUKPOCTPYKTYPaMU Pa3IMuyHOrO TUMA: @ — PEeppUTHOH,
6 — dbepputo-niepnutHor (D<Dg), 6 — hepputo-niepiautHoit (D> D), 2 — nepanuTHO#; AY — aKTUBHBIE YUaCTKH PaCTBOPEHUS,
@/® — mex3epeHHble rpaHullbl Gepput/pepput, T3P — Teno 3epHa CTpyKTypHO-cBOOOAHOTO (heppuTa, I1 — nepnut
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DNEeKTPOXUMHUUYECKOE PACTBOPEHHUE CIIABOB C COJIEPKAHHEM YIJIEpOJla MEHeEe
0.10 macc.% (puc. 17a) u MEKpPOCTPYKTypoO# (pepputa mpeactaBiser coOoi paspy-
[IEHHE MEXK3epEeHHbIX rpanul] pepput/deppur u Tena 3epHa ¢geppura. [locnenona-
TEIbHOCTh PACTBOPEHHUSI YKAa3aHHBIX 3JIEMEHTOB MUKPOCTPYKTYPbI IPU MOJIAPU3ALINU
3aBUCHUT OT BeIUUYUHBI pH: 1ipu pH < 3.6 B IepBYIO 0YEPE/lb PACTBOPSIIOTCSA IPAHULIBI
bepput/pepput, a 3aTemM — TeNO 3epHa, a Ipu pH > 3.6 pacTBOpeHnE MEK3EPEHHBIX
rpanull pepput/dheppur u Tena 3epHa HAaUMHAETCA OJHOBPEMEHHO.

Pacnipenenenne yyacTKOB pacTBOPEHHS MO MOBEPXHOCTH CTaJIel C COEep>KaHU-
em yriepoaa 0.10+0.60 macc.% u deppuTo-nepaUTHON MHUKPOCTPYKTYPOH OJHO-
3HaYHO OMpPEJENIAETCS COOTHOLICHHEM IuaMeTpoB 3epeH (eppura (Dy) U mepaura
(D). Ecmu Dy; < Dy, To tipu pH < 3.6 nipoliecC HaYMHAETCs TOJIbKO HAa TTOBEPXHOCTH
CTPYKTYpHO-cBOOOmHOTO (pepputa (puc. 176), nmepexoas 3atemM Ha Mexda3Hbie rpa-
HULBI U QeppuT B nepiurte. V3MeHeHne 3HaKa HEPAaBEHCTBA Ha MPOTHUBOIIOIOKHBIMH,
T.€. D> D¢ IpUBOAUT K NEPBUYHOM JIOKAIW3ALMHA AKTUBHBIX YYaCTKOB HA IOBEPX-
HOCTU MeX(a3HbIX rpanull Gepput/mementut (puc. 176). llpu pH > 3.6 dopmupona-
HUE aKTUBHBIX YYAaCTKOB PACTBOPEHUS IPOUCXOIUT TOJIBKO Ha MEXK(Pa3HbIX rpaHUIaX
(beppUT/LIEMEHTUT HE3aBUCUMO OT COOTHOLIEHUSI AUaMeTpoB Dy u Dp.

AHOJIHOE pacTBOpEHHUE CTaliel ¢ cojepkanueM yriepojaa o6osee 0.60 macc.%,
UMEIOIIUX MHUKPOCTPYKTYpPY MepiuTa MpeACTaBIsieT co00i Mociie[oBaTeIbHOE pac-
TBOpEeHHE MeX(a3zHbIX TpaHul] PeppUT/LIEMEHTUT U (HEPPUTHOW MATPHUILI MEPIUTA
(puc. 172).

[Tpu 3HaueHUM MOTEHIMANa, MOJOKUTEIbHEE HAJICHHOTO B paboTe 3HAUYEHUS
E, Ha cruaBax, coJepiKaluX LIEMEHTHTHYIO COCTaBJISIOILYI0, HAUMHAETCS pacTBO-
pEeHUE IEMEHTUTA MO JAePEKTHBIM IJIOCKOCTSIM B MECTaX BbIXOJa JUCIOKAIMI Ha IO0-
BEPXHOCTh KpUCTaIA.

OcHOBHBIE BBIBO/IbI:

1. PaccumTanbl yaenbpHBIE CKOPOCTH MPOIIECCOB aHOTHOTO PAacTBOpPEHUS dep-
PUTHOM COCTaBIIAIONIEH CTPYKTYpHI, @ TaKKe (PEPPUTHON MATPHULI IIIIACTUHYATOTO U
3EpPHHUCTOTO IMEPIUTA KEIE30YTIIEPOAUCTBIX CIUIABOB C COJNEPKAHUEM yTIIIepoJa B UH-
tepBaiie 0.017+1.200 macc.%. YcranoBiaeHo mpeobiiajaHie CKOPOCTH aHOHOTO pac-
TBOPEHUSI CTPYKTYPHO-CBOOOJHOrO (epputa Haj (EeppUTHON MaTpHICH MepiuTa,
oOycioBiieHOe (POPMUPOBAHUEM STUYEUCTON CYOCTPYKTYpHI B 3epHax (epputa, a Tak-
e MEXK3EPEHHBIX T'PaHUIl HaJl MeXK(Pa3HbIMU, CBSI3aHHOE C YTIIIOM Pa30PUECHTUPOBKH.

2. [lokazaHo, 9TO TpoIIECC CaMOPACTBOPEHUS (PEPPUTO-TIEPIUTHBIX U TIEPIUT-
HBIX CTaJiel pa3BUBaeTCs 1Mo Mex(azHoit GpeppuTo-1IeMEHTUTHON TpaHUIle. Y CTAHOB-
JIEHa TMOCJIEIOBATEIbHOCTh AHOJHOTO PACTBOPEHHUS Tella 3€pHa CTPYKTYpPHO-
cB0oOOHOTO (heppuTa, MeK(a3zHBIX rpaHUI] HEPPUT/IIEMEHTUT U MEK3EPEHHBIX Ipa-
Hull ¢pepput/depput. [lokazana onpenensromas pojib COOTHOIICHUS TUAMETPOB 3e-
peH deppuTa u mepauTa U CTPOSHUST MEK(Pa3HBIX M MEK3EPEHHBIX TpaHuIl B (hopmu-
POBaHUU ATOU MOCIIEI0BATEIBHOCTH.

3. BbIsIBIIEHO, YTO YMEHbILIEHHUE MJIOTHOCTU AUCIOKALMI U MOSBICHUE PaBHO-
OCHBIX 3€pEH B MUKPOCTPYKTYp€ 0JHO(A3HOr0 CIIjIaBa CO CTPYKTYpOu uucToro ¢ep-
pUTa NPUBOJUT K M3MEHEHHUIO IMOCIEI0BATEILHOCTH AHOJHOTO PACTBOPEHUS «TEJO
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3epHa ¢epputa — rpaHuisl Gepput/Geppur» Ha 0OpaTHYIO U U3MEHEHHUIO aOCOTIOT-
HBIX BEJIMYUH MOTEHIIMANIA U TOKA UX PACTBOPEHUS.

4. Tloka3aHo, 4TO pacTBOPEHHE LIEMEHTUTA HAYMHAETCA I1OCJIE PAaCTBOPEHUs

(a3l (heppuTa B yCTAHOBJIEHHOM IMOCJIENIOBATEIBHOCTH U MPOXOJIUT MO €ro cyorpa-
HULIAM.

5. Tlpennoxxena o600IIEHHAs] MOJENIb aHOJAHOTO PACTBOPEHUS CTaliel C pas-

JUYHBIMUA TUIIAMU MHUKPOCTPYKTYP, YUMUTBHIBAIOIIAA POJb MEX(Pa3HbIX U MEXK3EpeH-
HBIX TPAaHUIl U OCOOEHHOCTH CTpOEHUs (HepPUTHOM U IEMEHTUTHOH (ha3.
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