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1. BBELEHHE

B 1960 roxy KonoThipkuHbIM 4 coTp. [1] 6bln mpednoxen Mme-
TOJ 33ILHTHl CTaJeHd OT KOPPO3HH B BOAE IIPH BLICOKHX TEMIeEpary-
pax ¢ moMmomibio KHcaopoia. HecMoTps Ha moxpoGHOEe paccMOTPEHHE
aBTOpPaMH WIHPOKOTO Kpyra BONPOCOB, <CBSI3aHHHIX C BO3MOXHHIM
IpUMeHEeHHEeM 3TOTO0 MeTOJa AJS NpeNOTBpallleHHss KOPPO3HH KOHCT-
PYKIIMOHHBIX MaTepHaJsoB B YCJAOBHsAX pabOTH 3HEpTeTHUECKHX ycTa-
HOBOK, NPOIIJO MHOIO BpeMeHH, IpexJe ueM KUCJIOpPOAHas 3aluTta
Obla NpaKTHYeCKH ocyllecTBjeHa. Pexum ¢ 103HpOBaHHEM KHCJIO-
poxa B Boiy Hauaa npuMenstecs B O®PT B 1968 rony (B I'ambypr-
cKoit sHeprocucreme) u B Coerckom Cowose B 1974 rony (Ha - Ko-
Haxosckon ITP3C).

Bosbwoill paspeliB MeXAy BO3HUKHOBEHHEM HAayyHOH HIEH U ee
NMpakTHYeCKON peasusalinell GBI BbI3BaH AByM#A npHunHamy. Opna
M3 HHX 3aKJI0UaJach B CJOXKHBLIEMCS 32 MHOTHe TOAbl YOEXKIEHHH
CMEeLHANHCTOB B TOM, YTO KHCJOPOJ fABJSETCS arpecCHBHBIM KODPPO-
3UOHHBIM areHTOM (OCHOBHOH Meroj GOpbOHl C KopposHel B Bone
ANUTeNbHOe BpeMsi OBl OCHOBAaH Ha Jeaspaluu BoAw). Tak uro
CYILECTBOBAJ ONpeXe/eHHbIH NCHXOJOrHYeCKHH Gapbep, NpensiTcTBO-
BaBILIHH OCYIIeCTBJEHHIO HOBOH HAeH. [[pyras IpuHYHHa cocTodnNa B
HEJLOCTATOYHOM HCIOJNb30BaHHH GOJbUIMHCTBOM KOPPO3HOHHCTOB, pa-
6oTaBlIMX B 0OJNAcTH 3SHEPreTHKH, 3JEKTPOXHMHUYECKHX MNOJLXONOB.V
B To e BpeMs MMeHHO TaKOH IOAXOJ He TOJbKO TIO3BOJHJ MNpeN-
JIOKHTh MeTOJ KHCJIOPORHOH 3alIuTH, HO H OB HEOOXORHMBIM YC-
JIOBHEM IPaBHJbHOCTH NPHMEHEHHA MeTOAA, a TAKXKe ero jAajbHefi-
Wero pa3BHTHS U onpeflelleHHs ¥ pacluHpeHHs o6JacTell mpHMeHe-
HHS. EREER R

HenocraTox, ¢BA3aHHBIA ¢ HELOOLEHKOR 3HaueHHS 3JeKTPOXUMH-
uyeCcKOfl HayKH KakK (pakTopa, Olpelessionlero NepcleKTHBBl KHCJO-
POJXHOM 3aIIWTHI, B H3BECTHOH Mepe sgBJAETCS TOPMO3OM ONTHMH3a-
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[IMH 3TOTO MeToJa M B HacTosllee BpeMsd. JTO, B YaCTHOCTH, OTHO-
CHTCSI K IpoOJeMe BO3MOXHOH 3aMeHBbl KHCJIOpPOLA Ha [EPEeKUCh BO-
nopona. Takas 3aMeHa Obla OCyllecTBJAeHa crneunvanHcramu OPT,
KOTOpBlE € YYETOM BO3MOMKHOCTH pPa3/IOXKeHHS NEePeKHCH paccMaTpH-
BaJid ee BBeLeHHE B BOAY KaK YAOOGHEIN CNOCO6 NO3HPOBaHUSA KHCJO-
pona. Ilepekuch BojopoAa NPUMEHAETCS B HAcTOsllee BpeMs H B
Halllefi CTPaHe — [/ 3aUIMThl OTHEJIbHBIX Y3JI0B Psfia OTEYeCTBEH-
Hbix 3aekTpoCTaiiui. OxHaxo fipy pelleHHH BONPOCA O TOM, KakKof
H3 OKHCIHTeNEH (KHCIOPOA MJM NEPEKHCh BOLOPOAA) M TO KAKHM
IpHYHHAM 1eJ1ecoo6pasHo NPHMEHSITb B TeX HJAH HHBEIX YCJOBHAX,
3JeKTPOXHMHYECKHH aCNeKT Npo6JieMbl NPaKTHYECKH He NPHHHMA-
eTcst BO BHHMaHHMe. TeM e HelOCTaTKOM CTpajaiT H JpYyrHe pa-
60Tbl (KaK DPaKTHYECKOTO, TAK U TEOPETHYeCKOro xapamepa),u CBA-
3aHHBIE ¢ KHCJOPOAHOH 3amuTof. IlockonbKy A4 ApaBUABLHON IIO-
CTaHOBKH U DelleHHs JIOG0H KOPPO3HOHHOK NpOo6JeMbl HeOOXORHMO,
B IePBYI0 OYepefb, HCIOJb30BAThb JEKTPOXHMHUECKHE TOAXOLbI, B
HacTosiwel paGoTe C 1eJibl0 BOCIOJNHERWs VKA3aHHOro mpobena ¢
MO3HLHH 3/MeKTPOXHMHUECKOH KHHETHKH paccMaTpHBAIOTCS TEOpPEeTH-
YyecKHe OCHOBBI METOLA 3alHThl METaJJIOB OT KOPPO3HHU € HOMOIUIBIO
kucaopoga. C yyeToM epCHeKTHBHOCTH MeToLa AJsl IPOTHBOKOP-
DO3HOHHOH 3alLUTH paboTaiomero B Bofe oOOPYAOBAHHS 3JeKTPO-
CTaHIHA TaxkXke aHAJH3HPYIOTCH CYLIECTBYIOUIHe BOAHBIE PEXHMBI
IJIsT SHEPTeTHYEeCKHX CHCTEM, OCHOBAHHBIE Ha BBEJEHHH B BOLY KH-
C70opoJa HJH MEepPeKHCH BOAOpoAa. DTOMY NpeRlIecTBYeT ONHCAHHe
crenuduyeckuX ocoO6eHHOCTEH CXeM TeNJIOBHX H aTOMHBIX 3JIEKTPO-
CTaHUHH, onpelensiOIUX TpeGOBaHHA K NPOTHBOKOPPO3HOHHOM 3a-
LiHTe HX 06OPYHOBaHUs, a Takke (AJs CpaBHEHHS) NPHBOISATCSA APY-
rie BOJLHBIE pPeXHMBI, ofecleyHBalOllle HH3KYI0O CKOPOCTb KOppoO-
3HH METa/NIHUECKHX KOHCTPYKUHMH B sHeprerrke. CnennanbHoe BHH-
MaHHe yleJseTcs aHaMH3y CYLECTBYIOUIWX B3TVISNOB Ha MEXaHH3M
TeHCTBHS KUCIOPOAA M MEPEKHCH BOAOPOAA Ha KOPPO3HOHHYIO CTOl-
KOCTb MeTaJJHYeCKHX MaTepHaJ/JOB B YCJOBHAX SKCIJIyaTallHH 3Hep-

T€THYECKHX YCTaHOBOK. B szaknwouenune paccMaTpuBAlOTCA 3KOHOMH-.

YeCKHe acHeKTHl U HauboJee NepCneKTHBHbIE HAMIpaBJJEeHHs AaJjbHEH-
IIero pa3BUTHA METOAaA.

2. TEOPETHYECKHE OCHOBbI
METOJA KHCJOPOILHOR 3ALIHUTDHI

Hpesa o BO3MOXKHOCTH TPHMEHEHHS] KHCJOPOAA HJIsi 3aLMTHl Me-
TaJJ0B OT XKOppo3uu [1] BO3HMKJA KaK JOrHyeckoe CJAEACTBHE pas-
! BUTOI TEOPHH PacTBOpeHHs M naccHBauuy Meraanos {2—5]. Cornac-
HO 3TOH TEODHH, CKODOCTb pPACTBOpPEHHs Merajnaa (Kak Impouecca
3/MIeKTPOXMMHYECKOH IIPHPOAb) siBjsieTcss (yHKUHEH NnoTeHLHana,
TpHYEM 3aBHCHMOCTb MEXIy CKOPOCTbIO PACTBOPEHH: H NOTEHIHA-
JIOM B pas/HMYHBIX 00/acTsaX 3HAUeHHH INIOCJAENHEr0 HEOJHHAKOBa,
Tlpu notTeHuuanax, IPH KOTOPLIX Ha MeTaJJIe OTCYTCTBYIOT TIaCCHBH-

4 .

PYIOUIHE CJIOH, TO €CTb METa/ll HaXOAUTCS B aKTHBHOM COCTOSIHHH,
CKOPOCTb €ro PaCTBOPEHHST i, SKCIOHEHIHANLHO BO3PACTaeT NpH
CMEIeHHH NOTEHUHAIA ¢ B MOJOXKHTEIbHOM HANpPaBJIEHHH:
io=kgexp (aPn,F/RT), §))
THe kq-— KOHCTaHTa CKOPOCTH peakilHH, o ~— KO3(PPHLHEHT nepeHo-
Ca H Mg — YUCJIO 3JIEKTPOHOB, YYaCTBYIOUIHX B 3aMEIJEHHOH CTadHH
Tipouecca, KOTOPYyio B NaHHOM cayyae CJHeAyeT 3alHCaTb B BHIE

MM Lpe, (2)
M3 ypaBuenust (1) BhiTekaeT JHHEHHAS 3aBHCHMOCTD MEeXIy ¢ H
lgi, n3Bectnas nox HasBaHueMm Tadesnesckoit. B o6amactu tadenes-
CKOH 3aBHCHMOCTH CKODOCTH PacTBOPEHHS MeTaJJa YCTOHYHBBI: NIpH
NOCTOAHHBIX 3HAYCHHAX NOTEHIHAla OHH He MEHSIOTCS BO BPEMEHH.

Jlas MeTannos, CnoCOGHBIX TAaCCHBHPOBAThC, Tadpenesckyue nps-
MBIE XaPaKTEPHIYIOT 3JEKTPOXHMHUUECKOE TIOBEIeHHEe MeTaaa JHIIb
B ONpeJeseHHO! 06J1acTH NMOTeHnHanoB. 110 HoCTHXEHHH HEKOTOpO-
'O JOCTATOUHO IOJIOKHUTEIbHONO 3HAYEHHS MOTEHIHana (I0TeHNHaNa
NaCCHBAUUH Qpac), KOTA CTAHOBHTCS BO3MOMKHBIM obpasoBaHue Ha
[IOBEPXHOCTH MeTaJna ajfCOPOLHOHHBIX HJH (a30BBIX CHOEB, Ipe-
ATCTBYIOIUHX PacTBOPEAHAIO, 3aKOHOMepHOE BO3PACTAaHHE CKOPOCTH
PAacTBOpEHHA ¢ NMOTEHUHANOM Hapyumlaercs. B stom cayuae mpu ne-
PEXOLe OT OILHOrO 3HAYeHHs INOTEHIHANa K APyroMy, Gosee moJjo-
KHTEJILHOMY, CKOPOCTb DACTBOPEHHS CHauaja DE3KO BO3PacTaer,
4 34TeM HaYHHAET CPABHHTEJBHO MENJIEHHO CHHIKATHCSH, CTPEMSCh K
YCTOHYHBOMY SHaUEHHIO, XapaKTepHOMY /ISt PacTBOpeHHA MeTaJjJia
[Ip¥ 3aJaHHOM IIOTEHLHaJIe B CTALHOHAPHHIX YCAOBHAX. Jlas 60.b-
LWIHHCTBA MAaCCHBHPYIOWHXCS METAJIOB. yCTOHYHBAS CKOPOCThL PAcT-
BODCHHS B [IaCCHBHOM COCTOSSHHH He 3aBHCHT (MJIH JIHIIb ca1a6o 3a-
BHCHT) OT noTennuajna. O61acTb NOTEHUHANOB HE3aBUCHMOCTH iy or
¢ (XapakTepH3yIOIash TaCCHBHOE COCTOSTHHE MeTanJja) Taxkxe orpa-
HHYEHA: DU NOCTHKEHHH TAKHX ITOJOXKHTENbHLIX NOTEHLHANO0B, IpH
KOTOPBIX CTAHOBHTCS BO3MOXHBIM HapylleHHe NACCHBUPYIOLIHX CJIO-
€B Ha MeTa/e (BCIENCTBUHE BO3NEMCTBHMS HEKOTOPBIX arpecCcHBHHIX
H4CTHL, HampHMeEp, TAJIOHAHBLIX HOHOB, WJH 3a CYET DPACTBOPEHHS
MeTas1a ¢ 00pa30BaHHeM €r0 HOHOB IOBBIIUEHHON CTENEHH OKHCe-
HHS), CKOPOCTb PACTBOPEHHSI METAJL1a TIPH CABUTE TOTEHIHANA B 1O-
JMOKUTE/ILHOM HANpPABJICHHH CHOBA HaYMHAeT 3aKOHOMEPHO BO3pa-
cTath. IT0 — 06J1aCTh NePenaccuBalyy (ecin 00pasyioTcst HOHHI Bbi-
COKOH CTelleHH OKHMCJIEHHS) HJIH IHTTHHIOOGDAa30BaHHs (ecnmm poct
TOKa CBsi3aH C YaCTHYHLIM pa3pylueHHeM NTaCCHBHPYIOWIEH IJIEHKH ¢
06pa3oBaHHeM IHTTHHIOB).

Mexny o6racTsaMu MOTEHLUKANOB, OTBEYAOIMHAMHA  HAXOKACHUIO
METajlla COOTBETCTBEHHO B aKTHBHOM ¥ B IIaCCHBHOM COCTOSHHSX,
CYLLECTBYET MEPEXOAHAS 06IacTh, A5 KOTOPOH XapaKTePHO 3aKOHO-
MepHOe CHIXEHHE YCTOHYHBOM CKOPOCTH PacTBODEHHS NG Mepe cMe-
IleHNs NMOTEeHIHAJa B [OJOXKHTEJIbHOM HalpaBJeHHH.

PaccMotpennas 3aBHCHMOCTB CKOpOCTH pacTBopeHHs MeTagna
OT NOTEHIHaJa CXeMaTHYeCKH NpeicTaBjeHa Ha puc. 1. Drta 3asu-
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Puc. 1. CxeMaTu4Yeckasg 3aBHCH- Puc. 2. CxemaTuueckue aHof-

MOCTb CKODOCTH  PacCTBOPEHHS nHas (ABCDE) u xatomume (I,
Merajna OT NOTeHIMAsa 2) nonspH3alHOHHHIE  KPUBBIE
JJs1  pa3JMIHBIX  KOHIEHTPaIHiE

¢ JjenoaspusaTopa (c1<C2)

CHMOCTb, coryiacHo [2—6], sBasieTcs BaxKHeHIIel XxapaKTepHCTHKOH
KOPPO3HOHHOTO MOBEJIEHHS MeTaJsia, NMO3BOJAIOUIEH NPEeACcKa3nBarTh
TYTH [TOBBIMIEHHS €ro CTOHKOCTH.

2.1. CamonaccHBaluus KakK CNnoco® TMOBbIIIEHHS
KOPPO3HOHHOI CTOHKOCTH MeraJJa

Omnucanuas BhEe 3aBUCHMOCTb CKOPOCTH pacTBOPEHHS MeTaJia
OT TOTeHIIHaJa MOXKeT OHTb SKCIHepHMEHTaJbHO yCTaHOBJEHa My-
TeM AHOJHOH MOJSPH3alKMH MeTalja B MOTEHUHOCTATHYECKHX YCJIO-
BHUAX U ONpeneseHUss YCTOHYUBBIX BO BPEMEHH 3HAQUeHHH IJIOTHOCTH

aHOMHOTO TOKa (TO €CTh CKOPOCTEH pacTBOPEHHS) AJA BCeX 3afaH-

HbIX 3HAYeHHH moTeHuuasa. UtoGel U3 MOJYYeHHOH TakHM o6pa3oM
3aBHCHMOCTH H3BJjIeYb MHPOPMALHIO O CKOPOCTH KOPPO3HH MeTajia
B TeX HJHM HHBIX YCJOBHsX, HEOOXOJNMMO NPHHATb BO BHAMaHHE 3a-

BHCHMOCTb OT IIOTE€HIHaJa CKOpPOCTH ix KaTOLHOM ILEHOJIﬂpHSy}OH_lePI '

peakuuy, HanpuMmep, peaklud BBACJICHHS BOAOPOLaA

HY o> 1,0, | @)

Taxas 3aBHCUMOCTDb JaerCsi BHIpaxeHHeM
=Fkan+exp (— Bon,FIRT), “)
Ifle @ — aKTHBHOCTb JeNoJsipusaTopa (B AaHHOM cjiydyae HOHOB H+),
p — xosdduuuenT nmepeHoca M n — YHCAO 3JEKTPOHOB, yuactayo-
UIHX B peakuuu (Aas peakuun (3) np=1).
Onuceiaemas ypaBHeHPIEM (4) 3aBHCHMOCTD ig ot 4 CXemMaTrHyge-
CKH JaHa Ha pHC. 2 (kpuBhie [ ¥ 2) B COUETAHUHU C OCHOBHOH xapax-
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TePHCTHKOll aHONHOTO MoBejeHHs MeTaina. Kpusas I ma puc. 2,
COOTBETCTRYIOIIAsl AKTHBHOCTH @; MNENOJApH3ATOPA, Iepecekaer-
csi ¢ anoamoit kpusoii ABCDE B Touke B’, mokasmeiBas, 4YTo NpH
STOM aKTHBHOCTH JeNoJsipH3aTopa Ha MeTajlie yCTaHaBJHBAETCA
NMOTEHIHAN @1 ¥ MeTaJ KOOPPOLHPYET CO CKOPOCTBIO ii, HAXOAACH
B aKTHBHOM COCTOSIHHH.

W3 npeacraBieHHOl CXeMBl JIeTKO BHAETh, YTO AJAS CaMOIpPOH3-
BOJIbHOTO (0e3 Toka) Nepexofa MeTaana B MaCCHBHOe COCTOSTHHe
#HeoOxoauMo,  4roGH KaTolHasd KpHBast  IEPEMECTHIach H3
nojioxkeHuss I Ho Kpa#HeHd Mepe B nojoxenue 2. XapaKTepHou
OCOBEHHOCTBIO TAKOrO MOJOXEHHS KAaTOLHOH KPHBOHM siBJsieTcs
TO, YTO CKOPOCTb KATONHOH pEaKIHH BOCCTAHOBJEHHS JENOJsApH3a-
TOpA NpH NOTEHI[HaJ/e TaCCHBAMY NIPEBHIIAeT MAKCHMAJAbHYIO IIJIOT-:
HOCTh @HOZHOTO TOKAa (KPHTHYECKHH TOK MaCCHBALMH iyxp). EcaH Ta-:
Koe ycJoBHe OymeT BHIIOJNHEHO, KaTOIHAs W aHONHAs KPHUBHE Ie-
pecekyTcs B TOuke ¢’, Jexailell B maccuBHOH o6aact. Ha meranne
YCTAHOBHTCSl HOTEHIHaJ @z, H CKOPOCTb KODPO3HH De3KO ymajier
(Ro 3HaueHHH ip): METaJJ CAMOINDPOMU3BOJBHO (B OTCYTCTBHE TOKA)
NepefiieT B NaCCHBHOE COCTOSHHE.

ITpocrefimum crmoco6oM cMelleHHsT KAaTOAHOH KpHBOH  BoC-
CTAHOBJIEHHSI HeNoJisipH3aropa M3 TMoJoXeuwuss [ B THOJOXE-
HHe 2 fIBJIAETCH NOBLILIEHHE AKTHBHOCTH (KOHLLEI-YI‘pﬂIlHH) IEeNo-
JApH3aTOPa B PACTBOpPE HO BEJHYHHH, NpeBhIIAIOMIeH HEKOTOPOE |
KPHTHYECKOe 3HayeHHe. B cooTBeTcTBHH ¢ TeopHell [2—6], uMeHHO |
Ha 3TOM H MOXeT GObiTh OCHOBaH OJHH H3 CIOCOOOB TOBHIIEHHS |
KOPPO3HOHHOH CTOHKOCTH MeTaslja, NpefyCMaTPHBAIONIH CaMompo- -
H3BOJIBHEIA NIEPeX0] MeTalja B NAcCHBHOE COCTOsIHHE (CaMomacc- |
BaluI).

IIpu Koppo3uHu ¢ KHCAOPOAHON AENONAPH3ALUEH, TO eCTh B YCJIO-
BHSIX, KOTJla 3JEKTPOHBI, 0CBOGOXKAAIOIMECS B aHOAHOA peakuuu (2)
PacTBOpPEHHT MeETallla, HCIOMb3YIOTCA B KATOJHOH peakuMH BQCCTa-
HOBJIEHHS HaXONAILIErocs B pacTBOpe KHCJIOpOAa

1750, +H*+2¢ -+ OH™ (ana Kuc/bX pacTBOpOB) ()
UM

1750,+H,O+2e —§2OH‘ (1as HeATpaMBHBIX pacrsbpos), (6)

CaMONacCHBAIMI0 MeTaJyla MOXHO 0GeCcHeuHTb, NOBHICHB A0 OIpe-
JeJeHHOro 3HaueHHs KOHIUEHTPAIHI0 KHCA0pOoAa B pacrBope. Ha ato
Bnepeele GBIIO yKazaHo KoaorwipkueeIM B pabore [2, c. 1999]:
«...yMeHbllleHHe CKOPOCTH KODPO3HH MOXKeT OBTb JOCTHTHYTO 3a
CYeT BBEJlEHHS B DACTBOP OKHCJHTEJs, CIIOCOOHOTO BOCCTaHaBJ/iH-
BaThCs Ha MOBEPXHOCTH KOPPOJAHPYIOLEr0 MeTalja B COOTBETCTBYIO-
lleM HHTepBaJie NOTeHIHaN0B. TakuM OKHCIHTEIEM MOXKeT ObTh MoO-
JIeKYJISIPHLIH KHCJIOPOX, PeaklHsl BOCCTAHOBJEHHSI KOTOPOTO 10 HOHA
THIPOKCHJIA, CONPOBOXKAAIOMAACS yMeHbLIeHHeM OTPHUATEeJbHOro
3apsfla MeTaJdiHyeckofl TNOBEPXHOCTH, HeH30GeXHOo J0JXKHA NpHBO-
JIHUTb K CABHTY [OTEHLHala B JKeJaTeJbHOM HampaBjeHHH. Benuuu-
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Ha NOTeHUHaja CaMONpPOH3BONBHO PAaCTBOPSIOLIErOCHd MeTajja Mo-
ET peryJHpoBaThCsl B 3TOM CJyyae H3MEHeHHEM KOHUEHTpauH#
MOJIEKYJISIPHOTO KHCJOPOAA B PacTBOPe 3JEKTPOJIHTA®».

2.2. O BJIHAHHH Pa3JIHYHBIX (PAKTOPOB HA OCHOBHYIO XapaKTEPUCTHKY
KOPPO3HOHHOTO MOBEIEHHS] MeTajjia

Jo cux mop, roBops 06 OCHOBHOH XapaKTepHCTHKe KODPO3HOH-
HOro MOBENeHHS MeTasasja, Mbl OrpaHHYHBAJHCb PAcCMOTpPEHHEM ee
of6lero BHAa M He KacaJuCb BONpoca O TOM, 3aBUCAT JH (u eca
3aBUCAT, TO KaK) CKOPOCTH PacTBOPEHHS MeTanlJa B TOH HJH MHOW
00/1aCTH NMOTEHIHAJNOB OT DAa3JHYHBIX HapaMeTpoB. B To e Bpems
BOIIPOC 5TOT, €CTECTBEHHO, HMEEeT NPUHIHIIHAJIbHOE 3HayeHHe HJf
BHIO6Opa crocoba 3alIHMTH METaJaa 0T KOPPO3HH H OLeHKH 3¢ (eKTHB-
HOCTH BHIOPAaHHOTO MeTOAa, B TOM YHCJe METOoda CaMOMacCHBAIHH.
B cBa3H ¢ 3THM caefyer Iipexie BCero NOAYEPKHYTH, UTO, SIBASACH
XapakTepUCTHKAMH KODPO3HOHHO-3JIEKTPOXHMHYECKOTO [TOBEJEHHSA
MeTaJJoB, 3aBHCHMOCTH CKODOCTEH HX PacTBODEHHs OT NMOTEHIHaJna

9 8(n.6.3)
-081
U,DT' 'l’ ————————
: i
|2
*0,8 o ‘
HEr %\\
] L i ] i
7 6 5§ 4 3 2 1 :
~8gi(Afcm?) : X ;
4 3 2 -~tpi(Ajen?}
Puc. 3. 3aBuCHMOCTH CKOPOCTH Puc. 4. Anomuele nosnapusaumonssie
pacTBopennst  xkenesa (/) H KpHBHE JJIfi  KeJe3a B pacTBopax
XpoMa (2) OT mMOTeHIHan3a B H,SO,+Na,SO, mpu pH 32 wu paa-
1 1 HoSO, JIHUHBIX CYMMapHBIX  KOHUEHTPAaUUaX

cynsdara, H.:
1—-10-3, 2—10-%, 3—10-* u 4~—1,0

CYLIECTBEHHO Da3JH4HbI AJS METaJNJIOB H CIJIAaBOB PA3JHYHOH NpH-
poaet [7], Ha ueM, COGCTBEHHO, ¥ OCHOBAHA caMa HAes 06 HCIOJb-
30BAHHMM 3THX 3aBHcuMocTel. Taxk, na puc. 3 [8] comocraBJieHH pac-
CMaTpHBaeMble XapaKTeDHCTHKH JJIsi JKeJe3a U XpoMa NMpPH HX pacT-
BOpeHHH B 1 H. cepHoit kucaore. M3 pHc. 3 BHIHO, YTO OPHPOJAA
MeTaJ/1a CyIleCTBEHHO BJHSET Ha TIepeHaNnpsixKeHHe aKTHBHOTO aHOl-
HOro pacTBODEHHS M Ha CNOCOOHOCTH MeTaJJja NacCHBHPOBAThLCS
COXPaHSTh NacCHBHOE COCTOSHHE, _ :
Kak 6ei10 nokasano B cnenuanbumx uccaenosaunusax [9, 10], aa-
BHCHMOCTH CKOPOCTH DaCTBODEHHsI MeTajlla OT IOTEHIHada MOTyT
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MEHSATLCA M C H3MEHEHHEM COCTaBa PAaCTBOPA — NMPHPOLL H KOHIEHT-
palHH aHHOHOB SJEKTPOJHTA H COAEPKAIIUXCS B HEM HHTHGHTOPOB,
pH cpensr, npuponsl pactBopuTens. B kauecTse npuMepa Ha pHC. 4
IPUBEJEHEl 3aBHCHMOCTH CKODOCTH DacCTBODPEHHS JKejie3a B CEpHO-
KHCJIBIX DACTBOPAX B 06JIaCTH MOTEHUHANOB, B KOTOPOH 5TOT METaJLI
HAXOJUTCA B aKTHBHOM COCTOSiHHH, OT COJepXaHHus cyabdarta (npu
TNOCTOSHHOH KHCJIOTHOCTH pactBopa) [11]. Puc. 4 HJTIOCTPHPYET
YCKOpEeHHe aKTHBHOTO PacTBOPCHHS JKeje3a IIOL JelCTBHEM aHHOHOB
cyabgara, CBA3aHHOE C HENOCPEACTBEHHBIM YYaCTHEM 3THX aHHOHOB.
B JHMHUTHPYIOIIHX CTaLHsX Tpolecca pacTBOPEHHS. AHAJOTHUHBIM
06pasoM MOryT BJHSTH Ha PacTBOPEHHE METaJJIOB H JApyTHe aHHO-
HBI, & TaKXXe MOJIEKYyJbl pacTBopHuTend [11].

O6 usMeHeHHH 3aBHCHMOCTH CKOPOCTH aKTHBHOTO pacTROpeHus
MeTa/a OT NOTEHNHasla BCJEACTBHE H3MEHEHHsS COCTaBa pPacTBOpa
MOXHO CYAHTb H IO JLaHHHIM puc. 5 [12], KoTOpHH HarnamHo mno-
Ka3bBACT BO3MOXHOCTb TOPMOXEHHS TIIpollecca TIPH IOCTOSHHOM
NoTeHIMa e 3a CYET BBENEHHS] B PAaCTBOp HHTHOHpyoOILell FOGABKH.
HsMenenne aHHOHHOrO cocTaBa pacTBOpa MOKET IIPHBECTH H K
H3MEHEHHIO MMACCHBAUMOHHBIX CBOHCTB METaJsJa, KaK 3TO BUAHO, Ha-
TpHMep, H3 NaHHBIX puc. 6 [13].

¥B(uba)

‘W,B{H.ﬁ.!.) -0,5 "
0,4
I __—N T
0,2t w05k
o1F B 2

i ’1'0 - 1 t

5% 3 -gifAlen?) § 4 3 -Lgi(Afem?)

Puc. 5. Auonusie mosspHsauu- Puc. 6. AH&)}lele‘ HOJIAPH3AUHOHHBIE

OHHBIC KDHBBHle @JS XeJesa:

I—38 0,5 n. HSO, u 2—B ToM e
pacTsope ¢ jofaskoli 5,6-1072 4, KJ

KpuBEIE 1a7 Xenesa B GopaTHOM pac-
TBOpe npu pH 7.4:
1 — 6e3 no6aBok H 2 —ng NPHCYTCTBHH 1 1.
Na,S0,

Bausnne Tex waH uubix hakTopos Ha OCHOBHYIO XapakTepHCTHKY
KOPPO3HOHHOTO MOBEAEHHS METa/ia oGBIYHO NIPOABAACTCA JHIUb B.
onpeneneHHod 06JacTH NOTEHLHAJIOB, [Mockoabky k HacToalleMy
BPEMEHH HayKa pacloJiaraeT JOCTATOUHOLN HHopManvelt o npayy-
Hax MOXOGHOTO BJIHSIHHSA, OHO, KaK TpaBHuJIo, MOARaeTcs yueTy. B pe-
Sy/JbTaTe H3MEHEHHe 3aBHCHMOCTH CKOPOCTH PacTBOpeHHs MeraJJga
OT NIOTeHIHA/a C H3MEHEHHeM YCJOBHI NIpOTeKaHHua mpolecca B o6-
IEM cayyae MOMeET ObiTh MPEACKA3aHO, YTO Rejaer BO3MOXKHbBIM
NIPaKTHYECKOe HCNOMb30BAHHE NOAOGHBIX 3aBHCHMOCTE],
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2.3. O BJAMSIHHHM OKHCJHTenEeH
Ha KOPPO3HOHHOe MOBEJEHHEe METAJLIOB

Jlnist ompefesieHHs YCJAOBHH, MPH KOTOPBIX KHCJIOPOA MOXET BEI-
.CTyNaTh B POJIH areHTa, MPHBONSLIErO K CaMONacCHBALHH MeTasa,
‘He06XOAHMO HE TOJBKO 3HATh KHHETHUECKHE OCOGEHHOCTH DEaKlHH
(5) u (6) ero KaTtoxHOrO BOCCTAHOB/IEHHA (mogpobHo H3yUeHHBIE, B
nepBylo ouepenb, B paborax Tomamosa [14, 15]), o u pacnoaa-
TaTh MHEpOpMAalUel O BIHAHHH KHCIOPOAA HAa KHHETHKY coGCTBEHHO
aHOAHOTO Tpolecca PacTBOPeHHs MeTala (peakKuHs (2)). Iocaen-
HHil BONPOC OKa3aJcs He NPOCTHIM H JJIHTEJNbHOE BpEMA GbIT Hpel-
MeTOM AHCKYCCHH, KacaBluefics POJK OKMCJIWTE/eH B mpolieccax pa-
CTBOpPEHHS METaJJIOB. ‘

OcHoBauyeM A5 AHCKYCCHU HOCJHYXH/IH YCTaHOBJEHHBIE OMBIT-
Hble (akTH, COrJIACHO KOTOPBIM OKHCJIHATENH (B TOM 4YHCJAE KHCJIO-
pol), OGBIUHO YCHAMBAIOLKE KOPPO3HIO METAJJI0B {16—18], B ompe-
_JleIeHHBIX YCJIOBHSIX BHI3bIBAJH €e 3aMeleHne (nanpumep, Kog_;_)o-
3us JKese3a B BOJE NOAABJsiach B TPHCYTCTBHH HoHOB MoO,~
WO42~ [19]). BblIO yCTaHOBJIEHO, YTO XapaKTep IeRCTBUS OKHCJIH-
TeJell 3ABHCHT, B TIePBYIO OYepellb, OT HX KOHUEHTpaluuH B pacTBOPE.
B 60JbLIMHCTBE CJYYaeB IJIs BBINOJHEHHS OKHCIHTENEM 3allMTHBEIX
¢yHKIMHA GBIIO HEOOXOAMMO, UTOOH €ro KOHUEHTDAlUs B pacTsope
npeBHINana HEKOTOPYIO KPHUTHUECKYIO BEJHYHHY [20, 21]; npu co-
JepiKaHHH OKHCJAHTENS B PacTBope B KOHUEHTPALNH HHMXKE KPUTHUE-
CKOIl OKHCJHTENb OKA3biBaJ Ha KOPPO3HIO He TOPMO3SAIUEE, a YCKO:
psiiolllee MEfCTBHE, YTO TPOSBJASIOCH B YBEJHYEHHH CKODOCTH IPO-
lecca ¢ POCTOM KOHIIEHTPALMH OKHCIWTENIDPHOH no6asku [19, 22].

BbUIO YCTAaHOBJEHO TAKXKe, 4TO KOJHYECTBEHHBIE 3aKOHOMEDHO-
CTH BJHSIHHMS OKHCJHTEJEH Ha KOPPO3HOHHYIO CTOHKOCTH MeTajlnd
3aBHCSAT OT IIPHPOJIbI OKHCJUTEN, NPUPOABl MeTaaa H cocTaBa ar-
pecCHBHON cpeAbl. DTH XapaKTEPHCTHKH BJIHAIOT, B CBOIO  OUEPELD,
Ha KPHTHYECKYIO KOHIIEHTPaUHIO OKHCIHUTEIS, TpeGyemMylo AJjs Opo-
SBJICHHST OKHC/INTEJNEeM CBOHCTB 3ameRjuTtens (21, 23, 24]. O}m. BJIH~
SI0T TakKiKe ¥ Ha CTENeHb 3allHTH MeTajjaa OT KOPPO3HH.

IIxpoxo pacnpoCTpaHeHHOH B CBOE BPEMS TOUKOH 3peHHus, Ha
_OCHOBE KOTOpPOH AENaJHChb TIOMBITKH OODBSCHHTb BCIO COBOKYMHOCTDH
ONHMCAHHBIX Bhillle SKCIEPUMEHTANbHEIX JAHHBIX, OBLIO NMPEACTaBJ]E-
HHe O TOM, UTO POJb OKHCJHTeNEH He OrpaHMYHBAETCs MX UMCTO J&-
‘ToNApH3yIOmMM jelicTBHeM. Ilpeinosarajoch, UuTO OKHCJIHMTEJA
MOTYT OKa3HIBATh HAa META/LI H HEKOTOpOE I060UHOE NeHCTBHE, IPHBO-
Aslee K MOSBJIEHHIO NONOJHHTEAbHOrO TOPMO3AIEro s¢¢ekra. Bo-
IIPOC O MEeXaHMW3Me BJMSHUS OKHCAuTesel HA PAcTBOPEHHE METAIIOB
M SBUJICS TJIABHBIM IPEIMETOM YIOMSHYTOH BhIIE NHCKYCCHH.

Hcexons M3 NMPEANONOXKEHHS, YTO OKACAHTENH NMPOABJIAIT HEKO-
-Tophle creurdHYeckHe CBOACTBA, Pl MCCAeNOBATENEH CUHTANH, HTO
OKHCJNTENN MOTYT JHKBHIHPOBaThb Ae(exThl NMaCCHBHPYIOWIEH NJIEH-

KH, Haxolsnielcs Ha TNOBEPXHOCTH MeTallia, 3a CYeT -OCaXKIAEHHS B .

‘HEX NPOAYKTOB BOCCTAHOBJICHHs OKHC/IHTeNs. Tak, COTVIAacHO' [25],
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TopMoO3sillee AeHCTBHe XpoMaTa Ha KODPO3MIO XKele3a B HeATpasib-
HOM DacCTBOpe CBA3aHO C TEM, YTO B OTCYTCTBHE OKHCJHTE/S Iac-
CHBHpYyIOLlas IJIEHKa Ha MeTaJjJe, COCTOAIllass M3 OKHCJIA JKeyesa,
umMeer mopul. IIpH HanuuuM B pacTBOpe XpoMaTa B TOpaxX IUJIEHKH
obpasyercst okucen xpoma (CrqO;), KOTOpHIi M NOBHULIAET ee 3a-
UHTHEIE CBO#CTBa. AHasJOrMYHas TOYKA 3PEHHSI NPUHUMAETCH H B
paborax-[26—28], nocBslIEHHbIX HCC/EIOBAHUIO KMHETHKH PacTBO-
peHHs cTaJH B XpoMmaTcolepxXallux cpefax. B stux paGorax mpen-
ToJlaraeTcsd, YTO 3allliTHbie CBOHCTBA XpoMaTra CBf3aHb ¢ 06Gpaso-
BaHHeM Ha CTaJH CMeIIaHHBIX OKHCJIOB KeJe3a u Xpoma, obaamain-
WHX yAyYlIEeHHBIMY TaCCHBALlHOHHBIMH XapaKTepPHCTHKAMU. Bauaxkux
B3rJIS10B NPHIEPKUBAIOTCA H aBTOPHl padoTel [29] npu o6bAcHeHHH
3alIUTHOTO JEHCTBHUSI OPraHHUYECKHX XPOMATOB Ha KOPPO3HIO CTaJH,
QJTIOMHHHS, MexH, KaaMus, nunka. Asropw {30, 31] noaarator, yto
NpHpoAa TaCCHBHPYIOULEH IJIEHKH B TNPUCYTCTBHH OKHC/JIHTENST MO-
}KeT ¥ He H3MeHHMTbCS, HO H3MeHseTcs (IOBBLIIIAETCS) CTENeHb ee
criollHOCTH. TakHe B3rssiibl aBTOpPHl PasBHBAIOT NPHMEHHTEJIBHO K
TOPMOXKEHHUIO PACTBOPEHUS XKeJe3a moja jeficTBueM aHuoHoB CrO42-,
MOO42—', WO42—' H NOz_.

K npencrapieHuio 0 NposIBJEHHH OKUCAHTENSIMH HEKOTODHIX CIle-
LHGbHIECKUX CBOHCTB HccAeloBaTeN npHberajd M NpH TONKOBAHHH
JaHHBIX 110 BJHSHHIO Ha KODPO3HOHHYIO CTORKOCTh METAJ/JIOB MOJe-
KyJaspHoro xucjoposna. Tax, B pabore [32] ycTaHoBJeHO, UTO C poO-
CTOM KOHIEHTpallMH KMCJIOPOAa B AHCTHJINHDPOBAHHOH BOJe CKOPOCTb
KOPpPO3HH MSTKOH CTaJu CHayaja BO3pacTaeT, a 3aTeM CHHXKaeTcs.
Jlnst o6bsCHEHHsT TaKOH 3aBHCHMOCTH aBTODHL [32] mpennosoxuiay,
YTO NPH HU3KHX KOHUEHTPaIHUAX KHCJIODOLA OH IOJHOCTBIO KaTOZHO
BOCCTaHABJHMBAGTCA HA MeTalJje, TO eCTb AeHCTBYyeT Kak HPOCTOH
JenoaspH3aTop. B 3THX yCHOBHSIX ¢ POCTOM KOHIIEHTPALHH KHCJIOPO-
la CXOPOCTb KODPO3HH CTalnd Bo3pacraer. IIpn BHICOKOM colepxa-
HHH KHCJODOAa B BOJAE YacTb €ro PacxoAyercsd Ha aACopOLHIO, MpH-
BOASILYIO K NacCHBAUWH MeTasnsaa (M TONbKO 4acTh KATOLHO BOCCTA-
HaBJIUBAeTCH), C UEM H CBSI3aHO CHHUKEHHE CKOPOCTH KOPpPO3HH.

[lox BAHsHMEM H3J0XKEHHHX paboT, a TakKe APYTHX, OCHOBHI-
BaBIUHXCS Ha GJU3KHX B3rVIAAAaX, B HayKe CJAOXKH/IOCH IPeJCTaBJIeHHe
O HEBO3MOXKHOCTH TOJKOBaHHSA 3alIHTHOIO JeHCTBHS OKHCJHTENeH
Ha KOppO3UI0 MeTawaoB 6e3 yuyera ux crnenndHueckHx ocoGeHHOCTEH.

Takas Touka 3penus Oblia nmoxBeprayTa KpHTHKe B paBoTax Ko-
JOThHIpKHHA [2, 33], B KOTOPBIX HAa OCHOBE HOBBIX Pa3BUTHIX Mpel-
CTaBJIeHHH O MeXaHH3Me HACCHBAUWH H DPAacTBOPEHHA MeTa/lJIoB B
MaCCHBHOM COCTOSIHHH OblJ HalAeH HOBBIK TOAXON H K NMOHHMAHHIO
PONH OKHCJAHNTENefl B IpOLEcte KOPpo3HH MeTalsnoB. Y13 3THX mpel-
‘CTaBJICHHH BBITEKAJIO, YTO A/ ONMHCAHUS KOPPO3HOHHOTO NOBENEHHS
MeTaJ/lJIOB B NPHCYTCTBHH OKHCIHTeJel HeT HeOGXOZHMOCTH 00s3a-
TeJbHO NPHOHCHBATh UM OCOOBIE NacCHBUpYIOIIHe CBOACTBA, TO €CTh
IpennoJaaraTh NpaMoe yuyacTHe OKHCJAUTeNell B 0Opa3oBaHHH NaccH-
BHPYIOUIHX IMIEHOK Ha MeTaljaX; JA0CTaTOYHO NpeANoJOXKHTb, YTO
OKHCJIHTENb JNeHCTBYeT KaK IpPOCTOH JeNoJsfpH3aTop, TMOJIHOCTbIO
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pPacxoAysicb B peakLHH KaTOAHOrO BOCCTaHOBJeHHs. Bcecroponnee:
paccMOTpeHHe TaKOH TOUKH 3DEHHS HMesNO IIPHHLHKIIHAJbHOE 3Haye-
Hue. Ee noATBepKieHHe 03HAYal0 Gbl, YTO TONKOBATb KOPPO3HOH-
HOe IoBeJeHHEe MeTajla MOXHO Ha OCHOBE eIHHEIX TIpe/CTaBJIeHHH
(06 ompeneasiiolliell poad MOTeHLHana), HeE3aBHCHMO OT TOTO, NMOJ-
JlepXKHBAETCS JIM IOTeHIHaJl pPacTBOPSIONIErocs MeTasljaa NoJIspH3a-
H¥ell 3JeKTPOofa BHEIUHHM aHOAHBIM TOKOM HJIM 3a CYET CONpSIKEeH-
HO IpPOTEKAWILeH KaTOJHOH peaKLHH BOCCTAHOBJEHHS OKHUCJIUTENS.
A 3TO0, B CBOIO OYepelb, OTKPHIBAJIO TYTh CO3HATENBHOMY PEryJHpPO-
BaHHIO KOPPO3HOHHON CTOMKOCTH METAJJIOB C MOMOILBIO OKHCJIHTE-
Jei, OCHOBaHHOMY Ha HCHOJb30BaHHM OCHOBHHIX XapaKTEPHCTHK
KOPPOBHOHHOTO TOBEJCHHS METAJlIOB, NOJNYYEHHBIX METOAOM 3JIEKT-
POXMMHMYECKHX H3MEpeHHH.

2.4. Poab OKMCAHTEJNEH KaK MPOCTHIX AENOJSIPH3ATOPOB
NpH KOPPO3HHM METaJJIOB

I[TepBbie CBHIETENLCTBA TOTO, YTO NMOANEPKHBATL T1aCCHBHOE CO-
CTOSTHHE MeTaJj/ia MOXHO Kak TyTeM NpOIyCKaHHS yepe3 Hero aHoX-
HOTO TOKa, TaK M BBENEHHEM B DaCTBOpP OKHCJAHTe]d, OBLIH MOJyue-
Hbl B paGore [33]. B srofi paGore aHOAHAs MOJNSPHU3ALUOHHASA KPH-
Bas, H3MepeHHas Ha cTaau 1X18H12T B cepHOKHCIOM pacTBOpe, HC~
nonL30Bagach OIS TOJKOBAHHA PE3yNbTaTOB NPSMOro ONpeleeHHs
CKOPOCTeli KOPPO3HH 3TOH CTalH B TOM Ke pacTBope ¢ A0GaBKaMH
MOJIEKYJIAPHOTO KHCJOPOLA HJIH HOHOB TDPEXBAaJEHTHOTO KeJjesa.
CkopocTH KODPO3WH CTaJH B NPHCYTCTBHH KaK TOTO, TaK H LPYroro
OKHCJTTHTEN HMEJH KpaHHe HH3KHMe 3Ha4eHHS, CBHAETEJbCTBYHOLIHE
0 TOM, YTO CTaJb B HX NPHCYTCTBHH Nepella B INAaCCHBHOE COCTOSA-
Hue. ConocraBjienne OJHOBPEMEHHO H3MEDEHHbIX IOTEHIHAJO0B KOp-
PO3HH CTaJ# B PacTBOpax oGOMX COCTABOB € @HONHOM MONSAPH3ANH-
OHHOH KPHBOH IJIl PACTBOPEHHS CTaJH B OTCYTCTBHE OKHCJHTeNEH
NI0Ka3aJjo, YTO 3TH IIOTEHIHAJbl AeHCTBUTENbHO COOTBETCTBYIOT 00-
JIACTH NaCCHBHOTO COCTOSIHHUS CTaJH. '

CrenanHbIfi Ha OCHOBE 5THX Pe3yJbTaTOB BHIBOA 06 OTCYTCTBHH
NPHHUMIMANLHOTO PA3JIHYHS MeXIy aHONHOH (3a CYeT mpomycKa-
HHUSI aHOAHOrc TOKa) H XHMHYeCKoH* (32 CUeT BBEIEHHT OKHCHHU-
Teslell) naccuBalHell, TPOAaHAJH3HPOBAHHLIA B NOCAELYIOWHX pado-
Tax Kosoreipkuna [35—37], 6bl1 KOJHYECTBEHHO MOATBEPKAEH B
pabote [34]. AHoaHYIO NOASAPH3ANUOHHYIO KPUBYIO IS craan X22T
B 0,1 H. neaspupoBaHHOM pacTBOPe CEPHOM KUCJIOTH, HOJYYEHHYIO
B NIHPOKOH 06G/acTH IOTEHIHAJIOB, CpaBHUBAIM C HE3aBHCHMO OIlpe-
JleJIeHHOH CKOPOCTBIO KOPPO3HH CTaju (B OTCYTCTBHE TOKAa) B TOM
K€ pacTBOpE, HAaCBILEHHOM BO3AYXOM (CKOPOCTb KOPPO3HH Ompele-
Jsach € MNOMOWBIO (HOTOKOJODHMETPHYECKOTO aHa/lH3a pPacTBopa
NOCJIe pacTBOPEHHST CTaJH Ha XKeJe30 W XpoM). B mpHCyTcTBHH KH-

* Tlox xumuyeckoit naccHpanHefi MOHWMAIOT CAaMOMNACCHBAUHIO B OTCYTCTBHE:
BHELUHETO0 TOKa, BHI3BAHHYIO BBEACHHEM XHMMYECKOrO0 areHTa — OKMCJIHTEJS.
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‘C/I0pola CKOPOCTb KOPPO3HH OKasanach paBHO# 2,5-10-% Ajfcm?, a
noreHunan xopposun +0,74 B (mo H. B. 3.). Onpegesnennas mo
NOJISIPH3AUHOHHOH KPHBOH NPH 3TOM MOTeHWHA]e CKOPOCTh PACTBO-
PEHHS HMEJa IpAaKTHYECKH TO Ke 3HayeHue (pHc. 7). ABTOpH pac-
CMaTpPHBAJIH NOJyYeHHbI Pe3yJbTaT KaK NOATBEDXIEHHE TOTO, UTO
HEHCTBHE IIaCCHBATOPOB THIIA OKHCIHTENEH He 0683aTe]bHO HOMNK-
HO ObITh CBSI3aHO C MX NPSAMEIM YYacTHEM B 00pa3oBaHHH NAaCCHBH-
pymouero cjioss Ha MeTaJjaJe, H NOAYEPKHUBAJH, YTO TaKoe 3aKJloue-
HHE MOXET GBITb PacnpOCTPAHEHO HA OKUCIHTENH PAasIUYHOLN IpH-
POIBL.

Bcectoponnee uccnenoBanne MexanuaMa melCTBHS OKHCAHTENEN
Ha KHHETHKY DaCTBODEHHA METaJIOB ObLIO NMpeAnpuHATo ByHs H
Kounotbipkuneim [38], KOTOpHIe cHCTeMaTHUECKH H3YUYHJIH KOPPO3H-
OHHO-3JIEKTPOXHMHUECKOE NOBELEHHE HHKe/Is B LIHPOKOH O6JacTH
TOTEHUHANOB B pACTBOPAX, COMEPKAIUHX OKHCIHTENH CAaMOH pas-
JMYHOH NPHPOABl M PA3/IHYHBIX KOHIEHTpaLHi. Astoper [38] mnpu-
MEHHIH METOLRL ONpefeJeHHsi yObIIH MacChl HHKEIS B PEe3yJabTaTe
KOPPO3HH H (OTOKOJOPHMETPHUYECKOTO aHaJH3a pacTeBopa mnocJe
KOPPO3HOHHOTO MCNBITAHHS Ha CONEpP:KAHHE B HEM HOHOB HHKEJS.
Takumu Metonamu GuUIM ONpejle/leHbl 3HAUECHHS CKODOCTH KOPPO3HH
HHKeNS Ixop B CEPHOM KHCJOTE 6e3 N0GaBOK M B I HCYTCTBHH paa-
JHYHBIX KOJIMYECTB pPsiaa okHcauTenes — Fed+, * Cet, MnO,,
Cro07%, H0: u O,. Iast xaxmoro pacTBOpa, KPOMe TOrO, OLLIH
H3MEDEHb! TIOTEHUHANbl KOPPO3HH Quop HHKeNsS. Ilonyuennas B pe-
8Yy/IbTaTE STUX H3MEPEHHH 3aBHCHMOCTDb ixop—Qrop NPEACTABJAECHA HA
puc. 8. Tam ke npHBeXeHa aHOLHAsA TONAPH3ALHOHHAS KDHUBaf, H3-
MepeHHasi Ha HHKeJle B CEpPHOH KHCJOTe 6e3 106aBOK.
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Kak BuaHO u3 pHC. 8, pe3yabTaThl TOJSPU3ALHOHHLIX H aHAJH-
THYECKHX M3MEPEHHH XOpollo coBmajalT Ipyr c¢ apyrom. Ha ocHo-
BaHWH THX JaHHBIX ClleJlaH BHIBOJ, YTO 3aBHCHMOCTb CKOPOCTH KOP-
pO3HH HHKeJs OT KOHUEGHTPALMH H HPHPOABl OKHCIHTENS NeHCTBH-
TEJbHO TIOJHOCTBIO O0YCJOBJIEHA 3aBHCHMOCTbIO OT STHX TapaMer-
pOB 3JEKTPOJHOro MOTeHNHaJa MeTajyla H 4TO, CJeJ0BAaTe]bHO, OT-
BET Ha BOMNPOC O QYHKUHSX OKHCJHTENsS B TeX HJIH HHBIX YCJIOBHAX
Heo6X0JHMO HCKaTh, B NIEPBYIO OYepelb, C YUETOM BJHSHHS 3THX yC-
JIOBHH Ha TOTEHI{HaJ Koppo3uu. ITosyueHHBIe pe3yabTaTH NMOCTYXKH-
J¥ OCHOBaHHMEM M AJs BHIBOAA O TOM, UTO AJs OObSICHEHHS BJHSHHA
OKHCJIHTENeH Ha KOPPO3HOHHOE IOBEJEHHE METAJJIOB HET Heo6Xo-
JUMOCTH BO BCeX CJyuyasX IPHIHCHIBATb UM OCOGble CBOHCTBA, B
YacTHOCTH, 00ecneuHBaloie BO3SMOKHOCTb MPSMOro y4acTHsi OKHC-
Jutesel B 00pasOBaHHH NACCHBHPYIOIIHX CJIOEB.

C yKasaHHBIM BBLIBOJOM COTJIACOBHIBAJCA U CJELYIOIIHA TIONY-
yeHHHH B pabore [38] pesyabrar. B0 ycTaHoBa€HO, uTO C pO-

- CTOM KOHUEHTPanWH OKHCAHTENS CKOPOCTh KOPPO3HH HHKEJIs cHaya-

Jla BO3pacTaeT, a 3aTeM, IO JOCTHXEHHH HEKOTOPOH KPHTHYECKOH
KOHIIEHTPallHH HHKeqs, Pe3KO CHHXaeTcs. [lanpHelmiee yBeJHueHHe
KOHIIEHTPALUY OKHC/AHTEs, KaK NpPaBWJIO, He IPUBOLHUT K 3aMeT-
HOMY H3MEHEHHIO CKOPOCTH KOPpO3HH. AHaJOTHYHAsI 3aBHCHMOCTD.
Habaofanach ® MeXAy KOHLEHTpaluel OKHUCAUTEs U TIOTEHIIHAJI0M
xoppo3uH. CyIecTBeHHO HPH 3TOM, UYTO Quop H ixop, COOTBETCTBYIO-
IHe KPUTHYECKOH KOHIEHTpPALMU OKHCJHTEJA, COBIAJH CO 3Haye-
HHUSIMH Qpac ¥ Ixpur, HAAZEHHBIMH O NOJSPH3aLHOHHOH KPHBOH A5t
HHKEJs B pacTBOpe 6€3 OKHUCJHTe .

HpHBeﬂeHHbIe JaHHbli€ NOKAa3bIBaKOT, YTO KaK NpH a'HOll'HOI:I, TaxK
H IIpH XHMHYECKOH NnaccUBallUU AJS nepexoia HHKENd B NMACCHB-
HO€ COCTOsIHHE Tpe6ye'r‘cs1 JOCTHXXKEHHE OJHOTrO H TOTO 2Ke IOTEH-
oHaJla U 4TO BCJHUYHHA TOKa IIpPM 3TOM TMNOTEHLHAJEe HE 3aBHCHT
OT TOro, NOAJAEPXKHBAETCA JU NOTEHUHAJ 3a CYET NOJAAPH3aIHH ME-
TeéJJla BHEUIHUM TOKOM HJX 338 CUET BBEACHHA B pPacTBOp OKHC-
JIATEJIA.

B nonb3y pasBuTHIX TpelcTaB/eHHH CBHIETENLCTBYIOT H MHOJY-

yeHHble B pabote [38] pe3ysabTaTel BU3yaJbHOro HabJaIOAeHHS 3a TIO-

BEDXHOCTBIO HUKeJsI B [IpOllecce KOPPO3HH. BHJ MOBEPXHOCTH CHIBHO-

34aBHCeJI OT BEJIHYHUHBI 3JIEKTPOJHOr0 TOTEHILINAJA, HO COBEPUIEHHO He
3aBHCeJ OT TOro, NPOBOAWJICS JIM ONBIT NPH KAHHOM TNOTEHIHaNE B
NPHCYTCTBHH UJH B OTCYTCTBHE OKHCJHTENbHON J06aBKH.

Buanskue K u3nomeHHHIM BEHIUE Pa3BUTHIM KOMOTHPRHHBIM MOA-

XOAb! OBLIM BHOCAENCTBHHM HCIOJb30BaHH ¥ B pabore [39] mpu
HCCJIEAOBAHKH BJIMSHHUS PAa3/IHYHBIX OKHCIUTEJNbHBIX H06aBOK Ha
[oBe/leHHe HepKaBelollefl CTaJH M THTaHa B KHACJBIX PacTBopax.
B stoli pa6oTe Takke 6bLI0 ClEnaHO 32aK/ITIOUEHHE, YTO BapPhUPOBA-
HHE cocTaBa pacTBOpPa O OKHCAHTENbHHIM A0OaBKaM He compo-

BOXKA4eTCA H3MEHEHHEM CKOpOCTeH pacTBOpPEHHA MeTaJja NpH Io-

CTOAHHBIX 3HAYEHHSIX NMOTEHUUAJaa.
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AHaJIOrHuHbI BEIBOX OblI CHeaH B paGoTe [40] nmpu H3yuenuwu
KHHETHKH PaCTBOPEHHS HepXKaBelolleil CTaJi B CEPHOH KHCIOTE, Co-
depxameli HyOp, CrOs, Ce™ M apyrue oxucauTesu.

06 OTCYTCTBHH TNPHHIHUMHANLHOTO PA3JIMYHSA MeXIy aHOAHOH H
XMMHYECKOH IacCHBAUHEHd CBHAETENBCTBYIOT H De3yJbTAThl, TOJY-
YECHHBIE NIDH HCC/IEAOBAaHHH BJHSIHHS IEPEKHCH BOJAOPOXA Ha KOPPO-
BHOHHYIO CTOHKOCTh XKeJie3a B HeHTpaJbHEIX GOPATHHX H GOpPaTHO-
docdarHbix pactsopax (puc. 9) [41]. ITo manusim {42, 43], ot npu-
cyretBust HeOp (BnnoTh mo 0,1 H. KOHUEHTpALUH 3TOrO OKHCJIHTENA)
He 3aBUCAT U CKOPOCTH PaCTBOPEHHS KeJe3a B aKTHBHOK 06/1aCTH B
0,1 1. cepHoit KHuCIOTE,

¥ ,B|w.89)

-0,5 I-

0,0

+0,5 |

5 5 PRy

Puc. 9. Anomusle mosnspHsalpoHHbe KDHUBHE JJS XKejes3a
B pacTBopax:

0,19 » Gopara ({) m 0,19 M Gopat+0,03 M docdar (2). Touku

O3HAYalOT AHAJHTHYECKH HaNeHHBle CKOPOCTH KODDO3HH M COOT-

BeTCTBYIOLHE MM NOTEHUHAJB KOPDO3HH B TeX M€ DacTBOPAx
¢ n06aBKaMH Da3aHYHLIX Koauuecrs H,0p

B menom u3 pacemorpennoro marepnana CllelyeT, UYTO OAHH W
TOT K€ OKHC/IATENb, B 3aBHCHMOCTH, B IIEPBYI0 Oue€pelb, OT €ro
KOHLEHTPALUHH B PACTBOPE, MOKET MPOABJATL QYHKUUH KAK YCKOPH-
TeIsd, TaK H 3aMEIVINTENsI KOPPO3HH. B 00aacT¥ HH3KHX KOHIIEHT-
pauHH, IPH KOTOPHIX CKOPOCTH KaTOAHON peaklIHH BOCCTAHOBJCHHS
OKMC/TIUTE/IS CPABHHTEJNDHO HEBEJIHKM H TOTEHLHAN (B OTCYTCTBHE
TOKa) YCTaHaBJIHBAETCH B OGJIACTH aKTHBHOTO PacTBOpEHHsI MeTaJ-
713, C YBEJIHYECHHEM CONEPKaHHsS OKHCJHTENs B PACTBOPE CKOPOCTb
Koppo3ux Bo3pacraer. [lorennuan npu atoM caaGo caBHraercs B
TIONIOKHTENLHOM HANPaBAECHHM (TaK KaK CKOPOCTb aHOAHOH peax-
UMK paCTBOPEHHS MeTaJjja B aKTHBHOM COCTOSTHHH OGHIUHO He CHJb-
HO MEeHSIeTCs ¢ NoTeHUHaNOM). Ilo NOCTHKEHHH HEKOTOPOH KPHTH-
HECKOM KOHIEHTPAUHH Cyxp OKHCJHUTENS, 06ecrneyHBanoniel CABHT II0-
TEHLHa/a MeTas1a 10 3HayeHHs!, GIH3KOro, HO HEMHOTO MpPeBHILIA0-
Iero NMOTEHUHa/ IacCHBALMH, CKOPOCTh KOPPO3HH Pe3Ko Najpaer —
MeTa/Jl TIepexOAUT B IacCHBHOE cocrosiHue. [loTeHuuman npu sToM
B TEUEHHE HEKOTOPOro BPeMEHH CABHIaeTCs B NOJOXKHTENbHYIO CTO-
POHY, TaK TO JJIst CTALlHOHAPHBIX YCJIOBHA Ha KPHUBOA NOTEHLUAT —
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KOHIEHTpaLHsa OKHCIHUTENS BOJH3H Cxp HAaBJMIONAETCS PE3KHA CKAUOK
norennuana. OfecneynTb caMONacCHBALMIO ‘MeTajdla € MOMOIUbLIO
OKHCJIMTE/s —— 3HAYHT BBECTH €ro B PAacTBOP B KOHIEHTpAIWH He
HuxKe xpuTHyecKoH. OLEHHTb IPH 3TOM CKOPOCTb KOPPO3HH MeTan-
Jla MOKHO, HCIOJb3Ys NOJIYYEHHYIO METOAOM IIOJSPH3aUHOHHBIX H3-
MepeHH# KPHBYIO 3aBACHMOCTH CKOPOCTH PacTBODEHHS MeTaJja OT
‘JIOT€HIHana B pacTBope §e3 OKHCIHTEAS H NPHHAB BO BHUMAaHHe
TIOTEHLHaJ KOPPO3HH, YCTaHaBJHBAIOIIUACA Ha MeTaslse Iocje BBe-
IeHHs B PACTBOD OKHCJIHTEJbHOH N006aBKH. D

——

2.5. O BO3MOXKHOM BJMSHHH OKHCJHTENEH Ha KHHETHKY
COOGCTBEHHO aHOJAHOH PeaKUHH MOHH3AUMH MeTasJa

IlposiBacHHe OKHCANTENSIMH TIDH KOPPO3HH METaJJOB: CBOHCTB
TIPOCTHIX JACMOJIEPHU3ATOPOB MOATBEPXKAEHO K HACTOSUIEMY BpeMeHH
MHOTOUYHCJGHHBIMH HcCiefoBaHusiMu. Kak ciefyer u3 aHanusa Ju-
TEPATYPHBIX AAHHBIX, 10 TAKOMY MeXaHH3MY OKHCJAUTENH AeHCTBYIOT
IpH BCeX NPAKTHYECKH BaXKHBIX YCJIOBHMAX H B HOAABJISIOUIEM GOJIb-
HIHHCTBE clydaeB. B To e BpeMs, KaK HeOJHOKPATHO ITOAYepKHBA-
aock [43—45], npH BBIGOpe ONTHMAJbHBLIX YCAOBHH XHMHUECKOWH
naccHBalMH B oflleM ciaydyae HeoOXOZHMO YYHTHIBATb W IPHHLHUNHU-
AJIbHYIO BO3MOXKHOCTD BAHSHHA OKHCJAHTeNEl Ha KHHETHKY COGCTBEH-
HO aHOIHOH peaKUHH PAacTBOPEHHS MeTasja. DTO OTHOCHTCS, B 4acT-
HOCTH, K CNOCOOHOCTH MeTaJJIOB IIepeXOJHTb B NACCHBHOE COCTOs-
HHe.

JeACTBHTENbHO, CKJIGHHOCTh META/LIOB K NACCHBALMH 34BHCHT,
B TEPBYI0 ouepelb, OT NPHPOAB NAcCUBUPYIOUIHX yacTHU. TaxHMH
YaCTHILAMH B BOJAHBIX pacTBOpax SBJAAIOTCA alcopOHpOBaHHbIE MO-
JeKyJbl BOIBI, UTO 6bl10 yOEAHTEeNbHO NOKa3aHO Ha NpHMepe xpoma
[46]. B paGore [46] GbL10 ycTaHOBJIEHO, YTO TIOTEHUMAJ MacCHBa-

" uud xpoma B pacrtBope HCl B mernsoBom cnupTe 3aBHCHT OT KOH-
LHeHTpauHH R06aBOK BOJBl, CMeIlasich ¢ ee yBeJIHYeHHEM B OTpHIA-
TeJILHOM HalpaBJeHHH. 3TO CBHAETEJBLCTBOBAJO 006 yYacTHH MoJle-
KyJ BOAb B (OpMHPOBAHHHM TacCHBHpYIOLIEro caod. Bua caenan
BBIBOJ, YTO JEeHCTBYIOL{HM 'HA4ajJ0M 4acTHI — N1acCHBATOpOB (MoJe-
KyJ H,O) sBasiloTcss  aToMbl  KHCJAOpPOAa  3THX  MoOJe-
KyJl, NDOYHOCTb CBfI3H KOTOPHIX C IIOBEpXHOCTHBHIMHM aTOMaMH Me-
Tajja Bo3pacraeT IO Mepe CABHTra NOTEHIHAAa B MOJOXHTEIbHOM
HamnpaB/leHUH, NOCTHTasi NPH ONpeJe/NeHHOM €ro 3Ha4yeHuH (IOTeH-
L¥ajle MacCHBauyMy) BeJUYMHBI, OTBeualoulefi Pe3KOMY TOPMOKEHHIO
pacTBOpeHHs. o

C yuyeToM 3THX Pe3yJbTATOB MOXKHO GBHIIO OXKHAATH, 4Yro (YHK-
LMK maccHBaTOpa TIPHHUHINAJABHO MOTYT BHIIIOJAHATb M ADYrHe KHC-
JIOPOACOAEPXKANIKE YACTHUBI UPH YCJOBHH HX HOCTATOYHO BLICOKOH
KHCJIODOJAOAOHOPHON €IOCOGHOCTH, Ha YTO YKa3blBaJoCh B paboTax
143—45, 47]. B nouckax cHCTeMBl, YAOBJIETBODSIOIIEH 3TOMY Tpe-
6oBanuo, B paGorax [43—45, 47] HccleNoOBasOCh BiugHHe psAa
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KHC/IOPOACOAEPKALINX OKHUC/UTENIEH HA KOPPO3HOHHO-3JIEKTPOXHMH-
YeCKOe II0BEleHHe XpOMa, OTJIHYAKOIIErocsi BBICOKHM CPOACTBOM K
KHCJIOpOAY. Bhiio ycTaHoB/IeHO, YTO HepekHCh BOAOPOJA, a TaKXKe
anuonsl  MoO* u Cry0;% npH KOHLUEHTPALMAX BHIIIE HEKOTOPOH
KPUTHYECKOH BeNMYHHB (3aBUCAIEH OT NPHPOABI OKHCAMTENS U pH
pacTBopa) BbISHIBAIOT CHABUT INOTEHIHAJa NAcCHBALHWH XpOMa B OT-
pHUAaTeNbHOM HanpasJeHud. Takoll cABHT TeM GoJblie, yeM BhilIE
KOHIIEHTpaunsa oxucauteast (puc. 10 [45] u 11 [47]). B paGorax
[43—45] 6B110 MOKa3aKo TaKKe, YTO U3MEHeHHe NOTeHIHana macCH-
BallHH XPOMa B NPUCYTCTBHH YKA3aHHBIX OKHCJAHTENEH HeNb3si OTHe-
CTH 3a CYeT M3MeHeHHs1 pH NpH3NEKTPOAHOTO C/I0S BCAENCTBHE BOC-
CTAHOBJIEHHS] OKHCJIHUTENS H UTO GECKUCJOPOLHbIE OKHCIHTEH (HOHBI

Fe?* u Ce*) He o6n1anaioT CBOHCTBOM CHBUraTh MOTEHIHAJ MACCH-
BAUHWH XpoMa.
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Puc. 10. 3aBHCHMOCTh NOTEHILHA- Puc. 11. 3aBucuMOCTh MOTEHIUAJN A Tac-
Ja maccupauuu xpoMa 8 0,1 H. cusanupu  xpoma B 0,01 H. HoSO4+ .
HySO,; ot Xouuentpauuu noba- +0,1 . Na;SO,; or KOHLIEHTPAUUH HO-

Box Hy0, (B r-3xs/a) 6asok KoCr:0; (8 r-sks/n)

Bce 310 NpuBeJa0 K 3aK/JAOUECHHIO O CTIOCOOHOCTH MOJIEKYJl KHCJO-

' DOACOMEPK AKX OKHCAHTENEH BLICTYNaTh B POJIH YaCTHI, y4acCTBYKO-

IIHX B _06pa30BaHH¥ NAaCCHBHPYIOUIHX cJIoeB Ha Xpome. [Ipu aToM ¢
TIpHMeHEeHHEM 3JJIHIICOMETPHUYECKOTO0 MeTofa OBIIO TIOKa3aHo, YTO:
IJsi TPOSIBIEHHS OKHCJMTENeM CBOHCTB IIacCHBATOpa AOCTATOYHA |j
ancopOLHs ero Ha NOBEPXHOCTH MeTajJa B KOJHYECTBE, He NpPeBh- i’
HiarouieM MOHOCJ09.

B03MOXHOCTb H3MeHEHHsI NIaCCHBAIHOHHBIX XapPaKTEPHUCTHK Me-
Tasnja noj AeHCTBHEM OKHCJIHTENEH B ONpeleNeHHBIX YCAOBASX Obl1a
YCTAaHOBJeHa ¥ NS JKeje3a, HHKeJNd H cTajledl B paboTax [iIO, 43,
44, 48—56]. B manbneiiiieM OO HailleHo, OXHAKO, 9TO JEHCTBHE
OKHCJHTENE Ha pacTBOPEHHE MeTalJOB MOXET NPOfABJSATLCS HE
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TONBKO 32 CUeT WX BO3MOXHOIO YydacTHsi B 0Opa3OBaHMM NaCCHBU-
pYIOIHX cjoeB. Bhto mokasaHo, 4To B MX NMPHCYTCTBHH MOXKET H3-
. MEHHTbCS M CKOPOCTb PACTBOPEHHSl METaJl1a B aKTHBHOM COCTOSIHHH..
Tax, TOPMOXKEHHE STOr0 Ipoiecca (MpH COXPaHeHHH TadeneBCKou
3aBHCHMOCTH CKOPOCTH PacTBOpeHHsi OT MOTeHlHasna) Obuio o6Hapy-

HeHO /s CHCTEeMHl Keje3o — IepeKuch Bojopoaa [57] Ha ¢oHe

cepsoit xucaoTH npu pH 2. dddext 6bu1 06BACHEH MPH NMPEATIONO-
xennu 06 apcop6uuu Moaekysa HpOp Ha Hambosee akTHBHBIX LEHT-
pax TOBEPXHOCTH XKeJie3a MPH €r0 HAaXOXKACHHH B aKTHBHOM COCTOf-
HuM. DBHUJIO TI0OKa3aHO, YTO Ha OCTaJbHOH MOBEPXHOCTH MeTalja
pacTBOPEHHE TIPH 3TOM IPONOJKAETCS NO TOMY K€ MeXaHH3My, HTO:
1 B pacTBope 6€3 OKHC/IHTe/s, Ha 4TO yKasbiBaja 3aBHCHMOCTb CKO-
POCTH TIpOLECCa OT NMOTEHIHAJa H OT CONePKaHHs HOHOB Cy/b(ara
B pacTBoOpe. .

C apyroéi CTOPOHBI, OBIO HAHAEHO, YTO NOA AECHCTBHEM OKHCJ/H-
Tessl aKTHBHOE PACTBOPEHHE MeTaljJa MOXET U YCKOPSThCH, KakK 3TO:
HMeeT MeCTO, HalpuMep, B ciiyyae pacTBOPEHHUS XpPoMa B CEPHOKHC-
JbIX PACTBOpAX, COAEPKALIMX TepekHch Boxopona [45], B cBfsk C
yuactieM Monekysa HzOq B a/1eMeHTapHBIX CTafHsX aKTUBHOIO pacT-
BOPEHHSA XpoMa. ' - :

COBOKYIHOCTb LaHHBIX O BJAMSHHH OKHCJUTENEH Ha KHHETHKY Ka-
TONHLIX TPOIECCOB, & TaKXKe HAa CKOPOCTh PACTBOPEHHs METaJIoB B
AKTUBHOM COCTOSTHMH M Ha TIACCHBALMIO TIpHBesia aBTOpoB [45] K
BBIBOLy O BO3MOXHOCTH MHOTO(YHKUHOHAJNBHOTO AEHCTBHS OKHCJ/IH-
Tenefi Ha KODPO3HOHHO-3JIEKTPOXHMHMYECKOE MOBeAEHHe MeTajJa.
B pa6ore [45] ¢ yueTOoM peakiu#, MpOTEKAIOIIHX HA XpoMe B NpH-
CYTCTBHH TI€DEKHCH BOAOPOJA, Obla NpelJioKeHa cxeMa:

+2mH*+2me
2mH,0+M (7)

M(H202),',1:+ne (8)
H0m+mH20. (9 )

M+mH, 05~ [H(Hzoz )m] ade

rie peaxuusi (7) orpaxaeT KaToOAHOE BOCCTAHOBJIEHHE TEPEKUCH,.
peaknus (8) — aKTUBHOE pACTBOpeHHE METajJa C Y4acTHeM MoJe-
xyan HoOq 1 peaknus (9) — maccuBaluuio.

B coorserctBun co cxemoil (7) — (9) s caMONpPOH3BOJLHOIO
. mepexofa Meranaia B npucyTcTBHH HpOp B MaCCHBHOE COCTOSHHE HE-
06XOAUMO, YTOOGH KOHUEHTPALMsi MepeKHcH GElia Bbillle HEKOTOPOH.
'KPUTHYECKOH BeIMYHHEI (Cxp), MPH KOTOPOH CKOPOCTb KATOMHOrO
BoccTaHoBJeHusi HpQp npu TOTeHuuaje naccHBauuH Oblia Obl pas-
Ha KPHTAYECKOMY TOKY TACCHBAUMM ixp. C Apyrolt CTOPOHBI, KPHTH-
YECKHH TOK MacCHBAlMM «caM siBJseTcs (PyHKUHEH KOHUEHTpauuH
H,0,, mockonbRy oT Hee 3aBHCAT onpeessiollNe BEIHUHHY ixp 1O~
TEHIHAJM [acCHBAlHKM M TepeHampsiKeHWe aKTHBHOTO PaCTBOPEHU,
OMHCHIBAEMEBIE COOTBeTCTBeHHO peakuusamu (9) u (8). B umenom, uro-
6bl crenaTh 3aKJIOUYEHHE O NPOU3BOLAHMOM IIeDeKHCbIO BOXOPOAa:
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cyMMapHOM 3QdexTe ¥ ONpefeNHTh YCIOBHS, NPH KOTOPHIX 3TOT
OKHCJIHTEJNb MOXKeT O0ecCleUHTh CaMOTNacCHBAIIMIO MeTannad, CAedyeT
yuecTb KOJIHYECTBEHHble XapaKTepPHCTHKH BaHsHHs HyOp Ha ocHOs-
Hbl€ JEKTPOXUMHYECKHE H I1aCCHBAIlHOHHBIE CBOACTBA MeTaJsJaa.

Takoil aHaMH3 NPHMEHHTEJbHO K PAcTBOPEHHIO XpoMa Gblj Ipo-
peied B paGore [58]. B pesynbrate GBLIO YCT2HOBJIEHO, 4YTO B
pactsopax npH pH or 0 1o 2 mas pacuera xosnuyectB HyOy, Tpebye-
MBIX JJist CaMONacCHBAIHH XpOMa, AOCTAaTOYHO NMPHHHEMarh BO BHH-
MaHHe IeHCTBHe OKHCJHTENS KaK YHCTOro AemoJspusaropa. Ilpu 6o-
Jiee BHcoKHX pH cienyer yunTHBaTBH U €ro yuactHe B 06pa3oBaHuH
[aCCHBHPYIOIHX CJ0eB Ha xpoMe. Tako# yueT NPHBOAHT K BHIBOAY,
yTO camomnaccupauusi xpoma B npucyTctBuH Ho.Op mnpu pH>2
MPOHCXOAHT NPH KOHLUEHTPALHAX HHXKE OXHIA3AeMHIX Ha OCHOBE
pacuera MO KPUTHYECKOMY TOKY TIacCHBAaLMH B pacTBope 6e3 okHc-
JIUTENIS.

B 3akmiouenue 3TOro pasfena cieiyeT NMOJYEPKHYThb, 4TO, KakK
YKa3biBajoch Bbllle, BO BCEX [PAKTHUECKH BAXKHBIX CJYy4asnX, W B
nepBy10 ouepenb NPH KOPPO3HH Keje3a M crajed, OKHC/IHTENIH Be-
IyT cebs KaK MpOCTble AenonsipH3aTopbl. MckiioueHHe COCTaBJALAIOT,
No-BHAUMOMY, Xpomathl [48—b50, 59] u HekOTOpHie ApyrHe OKHCIH-
teqn tuna X0, [51—53, 60—65] mpu pacTBOpeHHH Kenesa H
cTalell B HEHTPAJbHBIX CPERax, a TaKKe OKHCAHTENH, HaXodslHecs
B PacTBOpax B OYeHb BHICOKHX KOHLEHTPaLHsX, KaK 3TO, HaNpuMep,
HMeeT MeCTO JJ51 CHCTeMBl: HepXKaBelollas CTajb — HelTpaabHbIH
pactBop XJopHaa B npucyrctBHH 3 H. HyO,. B nocnennem cayuae
¥3-32 YCHJEHHS TacCHBHDYIOIIHX CBOHCTB 3alUTHOH NJEHKH Ha-
6yrofaeTcss 3aMeTHHIH CABHT NOTEHUHAIa THTTHHI000pa30BaHus cTa-
JIH B IOJIOXHTEILHOM HampaBJ/eHuu [66].

UTo XKe Kacaercs MOJEKYJsSpHOro KHCJIOPOAA, TO GOJBLIMHCTBO
uccrenoBatesiell CKJAOHSIOTCA K MHEHHIO, YTO 3TOT OKHCJAHTENL Clie-
1HQHIECKOTrO AefCTBHS Ha KHHETHKY PacTBOPEeHHs] METaJLIOB He 0Ka-
smiBaer [34, 39, 67—69]. Onnako BcTpeyaloTcsi ¥ APYrHe TOYKH 3pe-
uud. [To nannpM @umepa [70], KDUTHYECKHI TOK NAcCHBAUUM XKe-
jesa B  HEHTPaJbHHIX DacTBOpax INOX JeHCTBHEM KHCJIOpOAA
cHHKaercs. Bo3MOXHOCTD H3MeHeHHs] CKOPOCTH PacTBODEHHS KeJe3a
(mpu mocTofHHOM @) TIOA AeficTBHeM O, cllenyeT M u3 fAauumix [71].
Crnenudnyeckas poJb MPHIHCHIBAETCS KHCIOPOAY H B paborax [72,
73]. I1poTHBOPEYHBOCTL BBIBOJOB, KACAIOUINXCSI POJIH MOJIEKYJAPHO-
rO KHCJIOPOAA B MPOLECCaX PacTBOpPEHHs MeTaJJOB, B ONpefie]eHHOH
Mepe MOKeT OBITb CBSi3aHa € OrPAHHYEHHOH PaCTBOPHMOCTBIO KHC-
JOpoJia B PacTBOPax, He NO3BOJIAIOIIEN NIPOBEAEHHE SKCIEPHMEHTOB
B IIHPOKOH 06/1acTH ero KOHUEHTpanui. 1o 06CTOSATENbCTBO, a TaK-
XK€ TO, UTO BHITEKABIIHI H3 TeopeTHUeCcKux coobpaxenuit [2, 3]
METOJ KHCJOPOAHOH 3alUHTHL AJISI CBOeH NpoBepKH TpeboBaJ CyillecT-
BEHHOTO TIOBBLIIIEHHS KOHIEHTPALMH KHCJAOPOAa B HCCACAYEMBIX
pacTBopax, mnpuBeIH aBTOPoB [1] X HeoBXOAHMOCTH NPOBELEHHS
HCC/IeOBaHUS TIPH IOBBIIIEHHEIX AaBJeHHsX KHcaopoaa. Huxke npu-
BOAATCA PE3YJbTATHl 3TOr0 HCCAEIOBAHHUS.
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3. 9KCNNEPHMEHTAJIbHOE OBOCHOBAHHE
METOJA 3AILNTHI METAJIJIOB
OT KOPPO3HHKH C NMOMOMILIO KHCJOPOJIA

dxcrnepHMeHTalbHasA NpOBepKa TEOPETHYECKOTO BBHIBOZA O BO3-
MOXKHOCTH HCTOJNb30BAHHS KHCJIOPOAA Sl NMPEIOTBPAallleHHs KOppo-
3HH MeTaJJIoB, TpoBefeHHass B paborax KomoreipkuHa u cotp. [1,
74], noATBEpAHUIA JIPaBHAbHOCTE CAEJIAHHOrO BhBOAa. B 5THX pabo-
Tax, KpoMe TOro, OblJIH MOAPOGHO PacCMOTPEHBI BONPOCH BJHAHUS
HAa TACCHBHPYIOILYIO CIOCOOHOCTb KHCJAOPOAA pasJHUYHBIX (aKTO-
poB —— NaBJIEHHs] KHCJAOpOJAa, <€OCTaBa pacTBOpa, COCTaBa CTaJH,
TeMnepaTyphl — H ClleJaHbl 3aKJ4eHNns 06 ycaoBUsAX, 61aronpHsT-
CTBYIOIIUX CaMOIlaCCHBALHK CTalied NOJA HeHCTBHEM KHCJ0pOLa.

3.1. 3aBHCHMOCTb NacCHBHpYWOILEHd CNOCOGHOCTH KHCJaOpoia
OT cojepxKaHHa xpoMma B cnaaBax Fe—Cr

B Ta6a. | mpeacraBierbl nosyuyeHHuie B paGoTe [1] pesyabTaThl
onpenesieHHsT IMOTEHLHANOB KOPPO3HH @uop H CKOPOCTEH KOPPO3HH
ixop C1aBOB Fe—Cr ¢ pa3/iHyHBIM COJAepKaHHEM XpoMa IpH TeM-
nepatype 20°C B 0,1 H. pacTBOpax cepHOH KHCJOTH, HaCHIIEHHBIX
430TOM ¥ HacCBIIMIEHHBIX KHCJODOAOM IIPH aTMoc@epHOM AaBJICHHH.

Ta6aruya 1

Kopposnonnne xapaktepacTHKH cnaaBos Fe—Cr B 0,1 u. H,SO,
npn 20°C B YCJHOBHAX AeaspalHH PacTBOPa asoTOM H
HACHILEHHA ero KHCJO0POAOM MNpH aTMocepHOM AABICHHH

Conf&':&”"e —w&;"p, q’go’p' il:oszmg' i(ic)o’ x 100,
B cnaase, % MB (n. k. 3.) | MB (n. K. 3.) A/cm? Afem?
0 560 —b560 9 —_
4 570 —b560 30 200
6 570 —520 46 220
12 600 —580 40 180 -
13 580 —520 46 300
17 600 —110 93 4.2
20 620 +160 80 9,5
35 630 +240 70 5,1

CKOpOCTH KOpPpPO3HH ONpele/IsiIHCh ¢ NOMOIIbI0 (POTOKOJIOPHMETPH-
4eCKOTO aHaJHu3a pacTBOpa HOCJ/E ONBbITOB Ha COAepXKaHHe B HUX XKe-
Je3a H xpoMma. J[launwle rtaba. 1 rpaguuecky mNPENCTABJEHH Ha
pHc. 12 (xpuBas 1), Hd KOTOPOM [OKa3aHa 3aBHCHMOCTb BEJIHYHHEI
CIBHra IOTeHLHala KOPPO3HH (Acp}\-op=q>}?oi)——(p§gp) CIJIaBa NOJ
BausHHeM Kuciaopona (0,1 MIla) or cocraBa cmiaBa. Kak cieayer
U3 MpHBeJeHHHIX JaHHLIX, efcTBUe KHCJAODPONA A CTajlel pasyiny-
HOr0 COCTaBa CYLUeCTBEHHO pasjuyHo. [IpH HH3KOM comep:KaHHH
xpoma B cnaase (po 13Y% BKJIOUYHTENbHO) HACHILIEHHE pPacTBOpa
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KHCJIOPOJIOM COMPOBOXKAAETCH HEGOMbUIHM CABHIOM Qxop B TMOJOXKH-
TEJbHOM HANPaBJEHHH H BO3DACTaHHEM CKOPOCTH KOppo3HH. Ilpu
nepexofie ot ciaBoB ¢ 13% Cr x cnunaram ¢ 17% Cr B pacTtsopax
¢ KHCJIOPOAOM HabniomaeTcs Pe3KHH CABHT (uop CIUIABA B IIOJOMKH-
TEeJIbHOM HANpaBJeHHH H CHJIbHOEe CHHXXEHHEe CKOPOCTH KODDO3HH.
[lpy nocieayiollleM YBENIHYEHHH KOHLEHTPALMH XpPOMa B CIJaBe

49,8
08h—o0t o
06
o4
o2 |

L ]

1 2 30 c(.'r; a/o

Puc. 12. Bausnne cocrasa cnsasos Fe—Cr na sennuuny
CABHI4 NOTeHUHANa Kopposuu cmiasa B 0,1 u. H,SO,
[P NIepexone OT PacTBOPOB, HACHILEHHHIX a30TOM, X pac-
TBOpaM, HaChIlleHHNM KHCJIOPOAOM, I/l  JaBJieHHH O,,
MIla, u TeMneparyp, °C:
I—01 120 2—5wu 20, 3—5 u 200

HMCET MECTO NaJbHEHIIHH CHBUT Qxop B TOM K€ HAIpaBJIEHHU (npu-
;IEM Aprop CTpemMuTCs K npenmeny), 6e3 CymecTBEHHOr0 H3MeHeHHs
KOD-+

Vs npusenennnix pesyabratos CJHENyeT, YTO CaMOTIaCCHBAIHS
CIUIABOB /30 — XPOM NOA AeHCTBHEM KHCIOPOAA IPH NOCTOSIH-
HOW €ro KOHUEHTPALUNH B PACTBOPE NOCTHIACTCs JIHIUL TIPH COMEpIKa-
HHAH XPOMa B Cll/idBe He HHXKe HEKOTOPOTO 3HaYeHHs (B PACCMOTpEH-
HOM cayuae 17%). Iocaenuee nerko nowsts, ecan y4YecTb 3aBHCH-
MOCTL KPHTHYECKOTO TOKA NACCHBALHH iy, M TIOTEHLHAJA NACCHBA-
UMM @uac c1aBoB Fe—Cr or ux cocrasa. Cornacuo JUTEPATYPHBIM
AQHHLIM, C POCTOM COAEDXKAHHS XpOMa B CIJIABE ixp 3aKOHOMEPHO
CHHXaeTcss  [75], 2 @uac CMellaeTcs B oTpHmATENBHOM HampasJe-
Huu [76]. INpu nocrosHHOM KOHUEHTPALHH KHCJI0pOoJa caMonaccuBa-
HHST IDOHCXONHT IIDH TaKOM COAEPIKaHHH XpOMa B CILIABE, IIPH KO-
TOPOM lyp CTAHOBHTCS PABHBIM CKODOCTH KaTOLHOTO BOCCTAHOBJIE-
st Oy npH TIOTEHLHaNe NacCHBALHH.

C yueToM CKa3aHHOTO OHYeBHEHO, YTO ¢ pOCTOM coZepxKaHus
KHCIOpOJLa B pACTBOpe KPHTHYECKAas KOHUEHTpANUs XpoMa B CIJa-
BE, OTBeualollas Haya/ly CaMONACCHBALHH B NMPUCYTCTBHH KHCJIOpO-
Ad, JMOJKHA CHHXKaTbcs. B paGore [1] 3ToT BEBOX 6bia 3KCIIepH-
MEHTAJIbHO NOATBEPXKJEH, IJIs YEro NPOBOLHJIHCEH H3MepeHHs B yc-
JOBHAX  TIOBLILIGHHOTO' NABJEHHA KHCI0POAa. COOTBETCTBYIOL{HE
Aauuple 1aa nasienus O, 5 MIla, npusenennsle na puc. 12 (xpm-
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Basg 2) u B TabJ. 2, NOKa3bBAIOT, YTO B ITOM CJaydyae CaMmomaccHsa-
HHA CIJjaBa AeHCTBUTEIbHO HauyHaeTcss NpH GoJee HHU3KOM COHEp-
Kauuu xpoMa B craase (13%).

P . Ta6 ruya 2

KopposHoHHbie XapakTepHcTnkn cnaasos Fe—Cr B 0,1 n. H,S0,
npu 20° C B yciaoBMAX JeaspauuH pacTBOpa a30TOM H HACHIMCHHS
ero Kucaopomom npH japiernd 5 MIla

2 02
Conxel;)(mzﬂue —‘p!:ozp' @S&p- z’,fopxw. Lgop X104,
B CnIaBe, % MB (H. K. 3.) | MB (4. k. 3.) Ajem® | Afcm®
4 570 —500 3 45
12 600 —390 4 —
13 580 +190 4.6 0,5
20 620 +210 8 0,2

3.2. 3aBMCHMOCTb MACCHBHPYIOUIEH CNOCOGHOCTH KHCJA0POAA
OT TeMHepaTyphl

Kak momuepkuBaercss B paGore [l], moBnilleHHe TeMIepaTypH,
YCKOpsisi aHOJHOe DAaCTBOPEHHE MeTaslJIoB B aKTHBHOM COCTOSIHHH,
3aMETHO MEHbHIE BJMSET Ha MNOTEHLMaJ IlacCHBAlMH, BCAEACTBHE
yero KPHTHUECKHE TOKH NMACCHBALHH C POCTOM TeMilepaTypbl oGbIY-
HO BO3pacTawT. ITO, OJHAKO, He O3HAYAET, YTO CAMONACCHBAUHA
IpH NMOBLIUIEHHH TEMNepaTypHl 3aTPylHseTCs, Tak Kak TeMIeparyp-
Hbll POCT CKODPOCTH KaTOLHOM [ENOJISPH3YIOIeH peaklluH MOXKer
npepanupoBaTh Hax 3PPEKTOM BJAHSHHA TeMNEepaTypbl Ha aHONHBIH
npomecc. B 3rtoM cayyae Gyler HMeTb MeCTO oOJiervyeHHe XHMHUe-
CKOIt MacCHBAIIMA METaJJa C HOBBILICHHEM TeMIIepaTyphl.

B cayuae, X0oTa B POJIM OKHCIHMTENS BBICTYNIAET KHCJAODPOA, TIPH
yyeTe BJHSIHHSA TeMIepaTypbl HEOOXOAHMO LONOJHUTEJNbHO NPHHH-
MaTh BO BHHMaHHE ¥ 3aBHCHMOCTb OT TeMIlepaTyphl PacTBOPHMOCTH
KMCJIOpOJa B PacTBOpE, KOTOpas IPOXOJAMT yepe3 MUHHUMyM (LJst
BoAbl npu Temnepartype 112° C). Jlnsa BHIACHEHHs BJAHSIHHA TeMIlepa-
TYpHl Ha CKJOHHOCTb ciaBoB Fe—Cr x caMomaccHBaUHH B IPHCYT-
CTBHM KHCJOpORa B pabore [1] comocTapasinch NOTEHUH ANB KOP-
pO3HH cmiaBoB npu Temnepatypax 20 u 200° C, oTBeyarmux GaH3-
KAM 3HAUEHHSIM pACTBOPHUMOCTH Kucjopofa. Ilosyuennsie pesyibra-
Tol (Tabxa.3 u xpusbie 2 ¥ 8 puc. 12) nokasanau GJaronpHATHOE
BJIMSIHHE TOBBIIEHHS TEMIEPaTyphl Ha IACCHBHPYIOULYIO CIOCOGHOCTD
KHcaopona. M3 3THX pe3y/abTaToB C/A€AOBAJO, YTO B TO BPeMsl KaK
IpH KOMHATHOK TeMnepaType Aasjenus xucnopoia 5 MIla nenocra-
TOYHO [JJf TepeBeleHHs] HU3KOJErHpOBaHHHIX CTAJEH B IaCCHBHOE
cocrosinue, npu temneparype 200° C To »Ke AapJjeHHe obecneyHBaer
CaMOnacCcHBalHIO 3THX CTaJjek.

ITo paunbiM [1], Gosnee cuabHoe TeMIepaTypHOe BO3AeficTBHE Ha
KaTOAHYIO DeakilHI0 N0 CDaBHEHHIO ¢ aHOAHOH BBITEKAeT H H3 pe-
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3y/JbTATOB, NMOJYYEHHEIX NPH HCCJAEIOBAHHHM KOPPO3HOHHBLIX CBOHCTB
cranu 0X18H9 B 0,1 H. pactBope HNO;, coxepxameM caelbl KHC-
Jopoaa. B 3THX ycnoBMsIX CTaJb MpH KOMHATHOR TeMnepaType Ha-
XOIHTCS B aKTMBHOM COCTOSIHHH, a mpH 200° C — B macCHBHOM.

Tab6ruya 3

Bausnde TemmepaTypnt Ha NOTEHNHAJH KOPPO3HH cniasoB Fe—Cr
B 0,1 H. pacreopax H,SO,, HacHIeHHHIX a30TOM H KHCJOPOLOM
npu papaednn 5 Mlla

20°C 200°C
Coxepxanune
xpoMa N Q, Ng 0,
B CljaBe, % Pxop* Pxop» Pxop @Pyop »
MB (1. K. 9.) | MB (1. x.3.) | MB (u. k. 8.) | MB (4. k.3.)
4 —570 —500 —500 +-300
12 —600 —390 —420 +400

B cBfI3H ¢ BONPOCOM O BJIHSHHH TeMIIepaTyphl Ha caMOIacCHBa-
1HI0 METAJJOB CJAENYeT, OZHAKO, OTMETHTb, YTO OfJerteHHe caMo-
IPOU3BOJILHOTO IEPEXORa CTaJH B NACCHBHOE COCTOSHHE C MOBHILIE-
HHEM TeMIlepaTyphl MOXKET GHITh CBS3aHO H ¢ YCKOPEHHEeM peakuuH
BHILEJEHHs] BOJOPOLA BCJIEACTBHE HAKOUJAEHHA HA TOBEPXHOCTH CTa-
Ju xap6unos [77, 78], B peaysnbTare yero KHCJIOPOAHAS AENOJSIPHU-
3a1HsT MOXKET CMEHHTbCS HA BOLOPOAHYIO.

3.3. 3aBHCHUMOCTb MacCHBHPYIOLLeH CMOCOGHOCTH KHCA0poJa
0T cocTaBa pacTeopa

st olleHKH nmaccHBHpYIOILel ClIOCOOHOCTH KHCI0poJa KaK PyHK-
UHH cOcTaBa pacTBopa CJenyeT, B NEPBYI OuYepelb, PACCMOTDPETh
3aBHCHMOCTh OT COCTaBa PacTBOpPA KPHTHYECKOTO TOKA NMACCHBALUH
Metansa. HaubGonbWinii HHTEpec NMpH 3TOM IPEACTaBJSET BONPOC O
BJHSIHMH KHCJIOTHOCTH pactBopa. lyia xenesa NpH ydeTe 3aBHCHMO-
CTH CKODOCTH €r0 aKTHBHOTO pacTBopeHHs [11] m noreHuuana nac-
cuBauuu [7] or pH pacrBopa Takoe paccMOTpEHHE INPHBOAHT K BbI-
BOAYy, YTO KPHTHUECKHH TOK lacchHBaumu ¢ pocrom pH pactsopa
cumKaercs. IIoOCKONLKY KHHETHKA aKTHBHOTO PacTBOPEHHSI CNJIABOB
XKejesa C XpOMOM IIPH cOAepxKaHHM XxpoMma MeHee 13% onuceiBaercs
TEMH K€ 3aKOHAaMH, YTO M KHHETHKa PacTBOPEHHs Kene3a [79],
IJ1 3THX CIJIaBOB TaKxXe CHPaBelJIHBO 3TO 3ak/iodyeHue. Kputuue-
CKHH TOK IIacCHBAlHK XPOMa H3-32 HE3aBHCHMOCTH CKOPOCTH aKTHB-
Horo pacTBOpeHHs 3Toro Meramiaa ot pH pacrBopa cHHXaerca ¢
YMEHbIUeHNeM KHCJIOTHOCTH €lle CHJbHEe, YeM ixp IJIS JKeJe3a.
To e wuMeer MecTO U 1Jsi BBICOKOXPOMHCTBIX CTaJjefl, MOCKOJbKY
OHH BenyT cebs nogo6Ho xpomy [79].

CKopOoCTb KOPPO3UH METaJNJIOB C KHCIOPOXHOH JenojsipH3anues,
Kak TPaBuJo, orpanHnuyuBaercs auddysuelr xucaoposa H3 obbeMma
pacTBopa X NMOBEPXHOCTH MeTajla H IOTOMY TPAaKTHYECKH He 3aBH-
cut or pH pacrtBopa. IlosToMy CHHXKeHHe KPHTHYECKOIO TOKa Iac-
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cuBanmu ¢ poctom pH HeusGexHO JOMKHO 03HauaTh obJieryeHHe
caMOTIacCHBAIMH JKeJe3a M CTajell B NPUCYTCTBHH Kucaopoaa. Or-
clofia cjefyer, 4To 3 PEeKTUBHOCTb AEHCTBHS KHC/IOPOAA KAK MaccH-
BaTOpa JO/OKHA TNOBHINATHCA TIPH TEPEXOAE OT KHCJBIX K HEHT-
panbHBIM CcpelaM. JTO O6CTOATENbCTBO, a TaKXKe ONHCAHHOe Bhille
6JaronpHUsITHOE JeficTBHEe TeMIepaTyphbl Ha IIPOsiBJIEHHEe KHCJIOPOAOM
' 3allMTHBIX (YHKUMH o3HAUaeT Iue-
K, uincym Jnecoobpa3HoCTb HCIOJb30BaHHUA
METOZa KHCJOPOAHOH 3alUUTHl MPH
BKCIIyaTalM{ cTasjed B BOAe TNpPH
BBICOKOH TeMIeparype.

DKCcrnepUMeHTaJlbHAsE TIPOBEPKa
spdexTuBHOCTH 3TOro MeToga B
YKa3aHHBIX YCJOBHAX, TMPOBEAEH-
Has B pabore [1], mnoaTsepauia
r—0— o~  CJeJaHHBI BHIBOA. DBIIO MoKa3sa-
2 4% 6 8 10 o2 HO, 4TO CKOPOCTb KOPPO3WH HH3-
Puc. 13. BiHsHHe KOBIEHTpa- KOHFFHPOBa}?{Oﬁ crany, Coiepxa-
uun Op B BOJZe Ha CKOPOCThb meid 2—2,5% XPQOMa, B JABaXIbl
xopposud craad mpn  300°C JMCTHANHpoBanHoi BoAe mpu pH
(o pesysabTaTaM ONHTOB IpO- 5,5—6 W npu TEeMIepaType 300° C
ROMKATENsHOCTbI0 24 9) C DOCTOM COAEPIKaHHS KHCJIOPOAA
B BOJE CHAUaJa BO3DACTAeT, a 3aTeM pe3Ko cHuKaercs (rabi. 4,
puc. 13). Apasoruusble AaHHblE 6u1M moayueHsl B pabote [l u
7Js HU3KOJETHPOBAHHBIX CTajiedl JPyroro cocrasa, a TakKxe L4
nepxagewomeli cramu 1X18HOT. CumxenHe CKOPOCTH KOPPO3HH
CTand TPH HEKOTOPHIX JOCTaTOUHO BBHICOKMX KOHUEHTPALHSX KHC-

Jopofa B BOJAE OTMeuanoch U B paGorax [16, 17, 80—82].

<

LT - ]

Ta6auya 4 Ta6 auya 5
Hopmul KauecTBa BOLW JJsi OJHOKOHTYDHOM

3aBHCHMOCTb CKODOCTH I
ATOMHOM CTAHILUH

KODPO“HH CTaJH B BOJie
npu 300° C oT coepKauus

KucJjopoaa ITutareapHas
Mokasaredb PeakTopHas BoAa Box2
Kon- Cio-
_| pocts
%a’n'"%iﬁg wix O, A DneKTpHUECKas] <1,0 <0,1
P eyt npoaommgcr/b
(25°), MKCM/cM
0 0,00 | 5.12 XnopHIH, MKL/Kr <200 He ggg:;l-
0,1 | 0,14 | 813 _ | e
0.6 0.85 | 493 JKeneszo, MKr/kr He sopmup <
1,1 1,56 0,28 BaﬂoM .. 5
29 9 .84 0.33 Menp, MKr/Kr He Hopbg p <
' ’ ’ BaH
g’g ;’g? 8’3? Kpemuekucaora, <4000 He wopmu-
11,2 | 15,05 | 0.31 MKT/KT pOBaHO

L3
Iy

Ecin yuecTb, YTO CKOPOCTb aKTHBHOT'O PaCTBOPEHHs MeTaJJoB,.
B MEPBYIO Oyepelb XKeJje3a, H3-3a YyUacTHS AHHOHOB 3JIEKTPOJHTA B:
3TOM HpOIlecCe BO3pacTaeT ¢ POCTOM HX KOHUEHTpanWH B PacTBOpe.
[9, 12], To MOXHO CHeNaTh BHIBOJ, 4TO KPHTHYECKHH TOK IlacCHBa-
1lHH, a CJeAOBaTeNbHO, H 3P(HEeKTHBHOCTL 3alUUTHOTO NEeHCTBUA KHC-
JIOPOLa HAa KOPPO3HIO CTaJjell B BOAE MOXKHO IOBBICHTb, 00€CHEUHB:
BBICOKYIO CTeleHb OYHCTKH BOABI OT IpHMecel. DTo 03HAUaeT, 4TO
NPH HCIOJb30BAHUH OYEHb YHCTON BOJBI KOHIEHTpAlUsi KHCJAOPOLA,
Heo6xonuMas AJA OCYILECTBJIEHHS NPOTHBOKOPPO3HOHHOH 3aLIHTHL .
CcTaJbHOTO 000PYAOBAHHA, MOXKeT ObiTh CyHIeCTBEHHO TIOHHIKEHA.

B nesoM MOXHO 3aKJIOUHTb, YTO BCSKOE M3MEHEHHe COCTaBa
pactBopa, NIPHUBOAsILIEE K CHHXKEHHIO KDHTHYECKOTO TOKa IaCCHBA-
UMM MeTajsia (HE3aBHCHUMO OT IPHYHH TakKOro CHHXEHHS), HO He
TOpMO3dlllee KaTOAHOE BOCCTAHOBJEHHE KHUCJ0POAa, HOAXKHO II0JIO-
JKHUTEJBHO BJUSTh Ha NACCHBHUPYIOUIYIO CTIOCOOHOCTb 3TOr0 OKHCJIH-
tesid. B cBsI3H ¢ 3TEM eseco06pa3HO YNOMSHYTh PocdaTHOe HHIH-
OHpoBaHHE KODPO3HH METAJJIOB B HEHTpaJbHBIX BOAHBIX Cpelax..
OTOT 3 (eKT HMEET MECTO TOJBKO B NPUCYTCTBHH KHCJAOPOAA H CBsi-
3aH CO CHHXKeHHeM KPHTHYEeCKOro TOKa NMAaCCHBALHH B NPHCYTCTBUH.
¢docdara BcnencTsre 06pa3oBaHHS HA NMOBEDXHOCTH METAJIOB TPYA-
HOpacTBOpHMBIX QocaTHeIX coqeir [39]. _

Haxkonen, Heo6XoZuMo NOAYEpKHYTb, YTO 3(PdeKTHBHOCTD AeH--
CTBHSI KHCJOpOJAa HOJIKHA CyIeCTBEHHO 3aBHUCETb OT THAPONHHAMHU-
YECKHX YCJOBHH H3-3a HX BJHSHHSA HA CKOPOCTb AUPHY3HOHHOTO MOA-
BOJAa KHCJIOpOAA K MeTanany, GOBIYHO OrpaHHUHBAIOUIEr0 CKOPOCTE.
BoccraHoBaeHHs Op. YBesHUeHHE CKOPOCTH TIOTOKA arpecCHBHOH cpe--
bl JOMKHO CONPOBOXKAATHCS YMeHbIIEHHEM KPHUTHUECKOH KOHIEHT-
pauuu KHCaopoaa, TpebyeMOl Ui OCYILIeCcTBJeHH TPOTHBOKODPO3H--
OHHOH 3al{HTHI.

4. MPKMEHEHHE METOIJA KHCJIOPOOHOW 3AIIHMTD!
AJil BOPbBbl C KOPPO3HENW B IHEPTETHKE

Meron KHCIODOJHOH 3alUKTH HallleJ IPaKTHUECKOe NDHMEHEHHe:
B Coserckom Colose, 3anansoit Espone, CIHA u fnonun pas mpe--
JNOTBpalleHHsi KOPPO3HH OOOPYAOBAHHSA 3HEPTETHYECKHX YCTaHOBOK..
[TockosbKy B TeNJIOSHEPTETHKE B KayeCTBe TEIVIOHOCHTeNs H paGo-
Yero Tesa HCIOJb3YIOTCS BOAA H BOISHOH Iap, KOTOPbie, TAKHM 00-
pasoM, NPeINCTaBJsIIOT 0000 OCHOBHYIO KOPPO3HOHHOAKTUBHYIO:
cpely, pellieHHe KOPPO3HOHHBIX Npo0JieM B dHepreTHKe HIET HO JH-
HHH OpraHH3allHH TaK Ha3blBaeMOro BOLHO-XUMHUECKOTO DEXHMA,.
NpeflycMaTpPHBAWOLIEI0 BBEACHHE B BOJLY TeX HJIH HHBIX JOO4BOK,.
Cnoco6GCTBYIOIINX NOAABJAEHHIO KOPPO3HH. BOLHBIA pEXHM NPH KHC-
JOPOLHOH 3allluTe, OCHOBAHHOH Ha BBEAEHHH B BOAY KHCJIODOAa
(unH TepekucH BOZOpOJA) U CMEHHBUIMHA MeTOJ NOMILENdYHUBAHUSA.
BOZABL, MOJIYYHJl HAa3BaHHUE «HEHTPaJbHOTO», HJIH «BOJHOIO pPEXHMA C
KOHJHIIHOHHPOBaHHEM KHCJOPOJOM HJIH NMEPEKHCHI0 BOLOPOAA».
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[lpexpe yeM mepedTH K PaCCMOTDPEHHIO BONPOCOB, CBSI3aHHBIX C
HCIOJb30BaHHEM 3TOTO PEXHMa, PACCMOTPHM HeKoTopble creunudH-
yecKkHe OCOOEHHOCTH 3JHEPreTHYeCKHX YCTaHOBOK, KOPPO3HOHHBLIE
npo6seMbl, BO3HHKAIOIKE B CBSI3M C HX 3KCIIyaTalHeH, H BOAHEIE
PEXHMEI, 10 NOCJENHETO0 BPEMEHH COCTABJSAKIINE OCHOBY OOPbLOHI C
KOoppo3HeH B 3HEPTETHKE, '

4.1. KoHcTpyKTHBHBIE OCOOEHHOCTH 3HEPreTHYecKMX YCTAHOBOK,
onpeReJsOWue TPeOGOBaHHS K MX KOPPO3HOHHOH CTOHKOCTH

CoBpeMeHHHE TEIJIOBHIC M ATOMHBIE SHEDPreTHYECKHe YCTAHOBKH
TIPEACTaBJSIOT CO60H XOCTATOYHO CAOXKHBIE CHCTEMEl LHPKYJSLHOH-
HBIX KOHTYPOB ¢ BOJAOH H BOASHBEIM NapoM, ¢ {IOMOIIbIO KOTOPHIX
OCYLIECTBJACTCA NpeBpallieHHe TelJa B 3JeKTPosHepruio (maporyp-
‘GHHHBIH LHKJ Ha BOASHOM Iape). BoJbIIHHCTBO COBPeMeHHBIX aTOM-
HBIX CTaHLMH ABAAIOTCS KOHACHCALHOHHBIMH, NIPOH3BOASLINMH TOJb-
KO 3JIeKTPOSHEPTHIO.

Ilo cBoe#i KOHCTPpYKUHH HaubGosee TPOCTHIM THOOM aTOMHBIX
‘3JIeKTPOCTAHIME  ABJIAIOTCA OJHOKOHTYDHBIE CTaHIHH, B KOTOPBIX
BOLA-TEIJIOHOCHTEIb HArpeBaeTCss B DeaKTOPe IO KHIEeHHS 3a cyer
SHEPrHH HeJieHUs s4ep ypaHa u o0palylolluiics map TodaeTcs B
TypOHHY, T. €. KOHTYp [EPBHYHOIO TEeNJOHOCHTES OJXHOBPEMEHHO
SIBJASETCST X KOHTypoM pabouero tena. OfHaKo noKa Takhe CTaHIUH
MeHee DaclpoCTPaHeHH, YeM ABYXKOHTYDHBIE aTOMHbIE 5JE€KTPOCTaH-
UuH, TaK KaKk B HHX pabouee Teno SBJAAETCH DanHOaKTHBHBIM, UTO
3aTpyAHseT OOCIyXKHUBAHHE H PEMOHT TypOHUHHI.

Kpome Toro, cepbesHol nmpo6aemMoll B TaKHX ATOMHBIX 3JEKTPO-
CTAHUHMAX ABJSETCH DaJHOJH3 TeTJIOHOCHTENs W o6pasoBaHHe rpe-
Myuyel CMeCH.

Hawu6oJsee mupokoe pacnpocTpaHenHe NONYIHAH JBYXKOHTYPHHE
aTOMHDBIE 3JIEKTPOCTAHUHH C PeaxkTopaMH, OXJaxIaeMEIMH BOIZOH
MOA AaBJjeHHeM. B TakHuX ycTaHOBKAaX SHeprHus AeJNeHHs sAep ypaHa
CHayaja OT TelJIOBBIAESIOILAX 3JIEMEHTOB TIepELaeTcs [IEPBHUHOMY
TEIJICHOCHTEJIO — BOAe INOA JaBjeHHeM (NepBbI KOHTYp), a yxe
lajiee B IaporeHepaTope — BOJe BTOPOTo KOHTypa, KOTopas mpe-
Bpallaercsi B nap — pabouee TeJo. PafuOaKTHBHEIA TEIJOHOCHTENb
NepBOrO KOHTYpa W BOAA M Ilap BTOPOTO KOHTYpa HE CMELIHBAIOTCS
H paslieJieHbl CTeHKaMH Tpy6uaToll clcTeMbl nmaporedeparopa. B ka-
4eCTBE TEMJOHOCHTEJ s TePBOTO KOHTYpa, KpOMe BOIH, B HEKOTODHIX
ATOMHBIX 3JIeKTPOCTaHUHAX HCIOJIb3YIOTCH HUAKHE METaJabl H rasel
nox nasaennem (He, CO,).

[To mepe pocTa MOILHOCTH TENJIOBLIX H aTOMHBX CTaHIUHH M na-
pamerpoB mapa (temmepaTypa, AaBJjeHue) TpeGOBaHHS K HHCTOTE
BOZLBI TIEPBOT'O ¥ BTOPOTO KOHTYDOB, a TakXke Ilapa HENPEPLIBHO MO-
BeIIaiuch. [loBhmanicy TakKe TpeGoBaHHs K KOPPO3SHOHHON yCTOM-
UHBOCTH KOHCTPYKLUHOHHBIX MaTepHasoB LUHPKYJSIHOHHBIX KOHTY-
POB, maporeHepaTtopa U TypOWHBL. Duiiin paspaGoTaHbl ClelHaJbHEIE
BOLHO-XHMHYECKNE DEXHMBI, IpelHa3HayeHHBIe s obecrneyeHHs

26

HeoOXOAHMOH HaJeXHOCTH H JOJrOBEYHOCTH OGODYAOBAHMS H TIPH-
MeHsieMBIX MaTepHaJoB MIPH BLIOpaHHEIX IapaMeTpax BOJAH H napa
C YU€TOM KOHCTPYKTHMBHBIX 0COOEHHOCTEH IlaporeHeparopa, TYpOHHH
1 apyroro o6opynoBaunus [83].

OCHOBHbHIMY 3afayaMH OpPraHH3alHH BOLHO-XUMHUYECKOTO pexXH-
Ma AJs IIEPBOrG M BTOPOrO KOHTYDOB SIBJSIOTCS: NpeaoTBpalleHHe
OTJIOXKEHHS COJiell U NPOAYKTOB KOPPO3HH MaTEepHAa/NOB Ha TEIJOIHE-
pelalollHX MOBEpXHOCTAX, Ha NMapoo6pa3yloUlHX NOBEpXHOCTAX Ina-
poreHepaTopa, NOBEPXHOCTAX KOHACHCATOpPa W B TIPOTOYHON YaCTH
TypOHHBI, a TakXe 3allHTA MaTepHasOB, H3 KOTOPHIX H3TOTOBJEHO
oGopyAOBaHHe KOHTYPOB, OT Pa3JHYHBIX BHIOB KOppo3uu (obuied,
IIUTTHHTOBOH, KODPO3HOHHOIO pactpeckHBanus) [84]. Cneunduue-
CKHMH Ipo6JeMaMu AJAS aTOMHBIX SHEPreTHUeCKHX YCTaHOBOK SB-
JSI0TC  HeOoOXOAHMMOCTb CHHXKEHHS aKTHBAUHH NpPHMeceH BOIAB H
IPOAYKTOB KODPO3HKH ¥ MOJAaBJeHHS BPEAHbIX paAHaLHOHHO-XUMH-
YeCKHX peakLHH.

Hau6oapmylo omacHoOCTb AJs aTOMHBIX 3JEKTPOCTaHUMH, H Oco-
GeHHO [/ OJHOKOHTYDHBIX, NpeNCTaBJseT HapylleHHe repMeTHYHO-
CTH 060JI0YEK TeIJIOBBIAENSIONINX 3/1eMEHTOB, KOTOpOe MOMXET Npo-
H30HTH KaK 3a CUeT MX IleperpeBa NpH HaJHUMH HA HHX OTJIOXKCHHH,
TaK H 32 CYeT KOoppo3HOHHBIX mpoleccoB. ITosTomy npobieMa BuGO-
pa MartepuajoB IJjs 000JiOYEeK TelJOBBIAESIOMHEX 3JeMEHTOB $iB-
Jsercd OueHb BaxKHOH. Hanpumep, a1 OZHOKOHTYPHBIX aTOMHEIX
CTaHIHi, TAe TIONajaHue PAJHOAKTUBHBIX OCKOJNKOB H€JEHHS B ma-
pPOTYpOMHHLIA IIHKJ SIBJASETCS 0COOEHHO ONACHBIM, TPHIIJIOCL OTKA-
3aThCSl OT HPUMEHEHHS HepXKaBeloUlel cTank ajs o60J0UeK u3-3a ee
CKJIOHHOCTH K KOPPO3HOHHOMY DPacTPECKHMBAHHIO TOJ HaNpsKeHHEM
B Cpefax, COAepXKalllhX XJOPHIBl H KHCJAOpOXA. IlpuueM, -ecnu cHH-
XeHHe KOHIIEHTpalluk XJODHAOB B BOAE [0 HH3KOTO yPOBHS MOXKeT
6bITbh AOCTUTHYTO, Hanpumep, 1009% -Hoi odHCTKO}M KOHAEHCaTa Typ-
GHHBl HOHOOOMeHHBIMH (UABTPAMH, TO NTOJaBJeHHE PafAHOTH3a BOJHI
(o6pa3oBaHHs KUCJAOPOAA) fBJSETCS KpalHe TPYAHOH TeXHHYeCKoH
3ajayen. : ~

He meHee TpynHO# 3ajgaueli oka3aJCs NPaBUABHBIN BEIGOD KOHCT-
PYKUHOHHBIX MarepHajsoB AJAS HNapOreHepaTopoB IBYXKOHTYDPHBIX
crauuui. B TO BpeMs KaK OTJOXKEHHS Ha HX BHYTpPEHHHX NOBepX-
HOCTsIX (CO CTOPOHBI IIEPBOTO KOHTYpa) NPHBOAAT JHUIb K CHHXKe-
HHUIO TemJioNnepeladyH H, CJe0BaTENbHO, MOILHOCTH CTaHLHH, OTJO-
JKeHHS CO CTOPOHBl BTOPOTO KOHTYpa Ha TIOBEPXHOCTAX NaporeHepa-
TOPa 0OKa3aJHCh GoJee ONacHbIMHU.

H3BecTHO, YyTO I/l aTOMHBIX 3JIeKTPOCTAHIIHH XapaKTepHO CpaB-
HUTeJbHO HeGousbllioe naBjeHue napa neped TypGunoit (mo 7 MIla),
H 0OBIYHO OTCYTCTBYET HadaJ/IbHEIN TIeperpeB napa, T. €. HX mnapore-
HepaToph! CPABHHUMEL C KOTJIAaMH CpeJHero JaBjeHHs OOBYHBIX Tell-
JOBHIX aJjekTpocTaHuuil. OnHako TpeGoBaHHE BLICOKOH KOPPO3HOH-
HOM CTOHKOCTH Bcero 060pyLOBaHHS NepBOTO KOHTYpa, H B TOM YHC-
Jie IaporeHepaTopoB, NPHUBEJIO K NPUMEHEHHIO [J19 H3TOTOBJEHHS IIO-
CJIelHHX HepXKaBelolled CTaJlH.
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[TaporeHepaTopsl NPHUMEHAIOTCA JABYX MoauduKauHi: ¢ MHOTO-
KpaTHOH TNpHHYJAHTENbHOH LHPKy/SUHeR H NPAMOTOUHbIE, MPHIEM
NIapOreHepaTopbl MEPBOro THMA, NPUMEHsEMbe B CCCP, npepfcras-
JSI0T co60# 6apalaHbl C FOPH3OHTANbHBLIM PACMOJNOXKEHHEM napore-
HepupyloWHX TPYO (MOX ypOBHEM KOTJIOBOH BOJBI) C BEPTHKaJbHbI-
MH TpPYOHBIMM JOCKAMH, a IlapOreHepaTophl, NpuMeHsieMbie B
CIITA — BepTHKANbHOTO THINA, € TFOPH3OHTAJBHHIMH TpyGHBIMH JO-
ckaMy. Ha HayaJbHOM 3Tale Pa3BHTHA aTOMHOW SHEPTETHKH M Te H
ApyrHe H3TOTABJIHMBAJHACH K3 HepXKaBelomled CTanu. dTo peluieHue
0Ka3aJ0Ch He QUeHb YAayHbIM, OCOGEHHO HJs BEPTHKAJbHBIX napo-
reHepaToOpOB, H3-3a KOPPO3HOHHOIO PacTPECKHBaHHs HepxaBelolleH
cTaJ/d NpH HaJAHYHH B BOJLE BTOPOTO KOHTypa XJNOPHLOB U KHCJIOPOAA
(ouncTKa KOHAEHCATA He IPeNyCMAaTPHBaach).

Jlaxe TIpH OTCYTCTBHH NOBPEXAEHHS] 060JOYEK TEIJIOBBIAESIO-
IIHX 5JeMeHTOB 3T0 NPHBOAMT K 3arpsA3HeHHI0 PanHOAKTHBHBIMH
BenlecTBaM¥ BOJbI ¥ IIapa BTOPOTO KOHTYpPa M BHOPOCY PafkHOAKTHB-
HBIX Ta30B 3)KEKTOpaMH TyPOHHB B OKpyXKalomywo cpely. [loneTka
3aMEHHTb HepIKABEIOUIYI0 CTa/b BHICOKOHHKEJEBHIM CIIaBOM (HHKO-
Hesb-600), npu COXPAHEHHH BePTHKAJbHOH KOHCTPYKIHH NaporeHe-
paTopa M HCIOJB30BaHMH (ocdaTHO-BOAHOTO pEXHMA, HE Nald
1009 -H0# rapaHTHH OT MOBPEXAEHUS TaporeHeparopa. _

B0 o6Hapy:KeHO sBJeHHe IIEJIOYHOr0 KOPPOSHOHHOTO pac-
TpecKHBaHHUs TPYy6OK W3 HHKOHens-600 B 30HaX rayGoKOro ynapHusa-
HHUS BOJH3H TPYOHOH LOCKH, B HATIPSKEHHBIX MecTax.

Taxum 006pa3oM, OpraHu3alus BOJHO-XHMHYECKOrO pexHiMa
OLHO- H JBYXKOHTYPHBIX CTaHIMH KMEET CBOH OTJIHUYHTENbHBIE OCO-
GeHHOCTH. B To e BpeMs COBDEMeHHbIE TEIJOBble 3JEeKTPOCTAHIHH
SKCIIyaTHPYIOTCSL TNPH CyHIeCTBEHHO (GoJsee BBICOKMX MapaMerpax
napa: naBjeHne 1o 24 MIla u remmepaTypa neperperoro napa 1o
500—600°C, uwTo TakXe TIPUBOAHT K ClelH(pHKe B OPraHA3aluH
BOJHO-XHMHYECKOTO pEXHMa, 06yCI0BJEHHOH KaK KOHCTPYKTHBHBIME
0COGEHHOCTSIMH TIapoTeHepaTopa (IPSIMOTOYHOTO THNA), TaK M NpH-
MeHeHHeM B KauecTBe KOHCTPYKHHOHHOIO MaTepuaja BTOPOTO KOH-
Typa YrJAepOAHCTHIX CTaseH.

4.2, BogHO-XHMHYECKHE PEXKHMBbI
1 HODMHDOBAaHHE KauecTBa BOJBI
UMPKYJASUHOHHBIX KOHTYPOB ATOMHBIX 3JEKTPOCTAHLMH

4.2.1. O0HOKOHTYpHBLE CTARUUL

I OAHOKOHTYDHBIX aTOMHBIX 3JIEKTPOCTAHIHA H%H6onee WHpO-
KO€ TNpHMEHEHHE TOJyyu/ GeCKOPPEeKUHOHHBIH BOAHBIH DEXUM, T. €.
pexum Ge3 BBeNeHHS XHMHUeCKHX N00aBOK B PeaKTOPHYIO H nHTa-
TeJbHYI0O BOLY IJs TIONABJeHUs PAAHO/IH3a H PEryJaHPOBAHUS pH
Boanl. Ilpn sToM o6muHo npemycmatpusaercs 100%-Has KonmeHca-
TOOYHCTKA ¢ HCIOJb30BaHHEM HOHOOOMEHHBIX MaTepHasoB H Gal-
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macHas CHCTeMa OYHCTKH PeaKTOPHOH BOMBL € MCMOJIB30BAHHEM KaK
HOHOOGMEHHBIX, T4K W MeXaHHYeCKHX (pUJIbTPOB PABJHYHOTO THIIA.

Onnako DpaKTHYeCKH JOKa3aHa H BO3MOXHOCTb OPraHH3alHH
aMMHAYHOrQ BOXHOTO peXuMa IJs aTOMHBIX 3NEKTPOCTAHHHN C KH-
NsSIIMM peakTOpOM KaHasbHOTO THHa [85].

TIpumepHBle HOpPMBL KayecTBa BOAK IJIS1 OMXHOKOHTYPHOH aToM-
HOH 3JEKTPOCTaHIMHA NMpUBeAeHs B Taba. 5 [86].

IIpn TakoM BOOHOM peXHMe B KAYeCTBE KOHCTPYKIUHOHHEIX MaTe-
PHAJIOB HCHOJb3VIOTCH CIIABBL LHPKOHHSI M HEpPXKAaBEWIas CTalb.

4.2.2. [I8yxKOHTYpHOIE QTOMHbIE IAEKTPOCTAHYUL

4.2.2.1. Tiepoiit KoHTyp. OCHOBHBIMH 3aJauyaM¥i OPraHU3AIUHU
BOLHO-XHMHYECKOTO peXH¥Ma TepBOro KOHTypa SBJAAIOTCH: MPeAoT-
BpallleHue OTJNOXKEHHH Ha 060JI04KaX TeIJOBhIASAAOUX 3JeMeHTOB
H HX HelOIyCTHMOIO IleperpeBa; IpeXOTBpallleHHe KOPPO3HOHHBIX
noBpexneHuit o600YeK 3THX 3JAEMEHTOB; yYMeHblleHnue OTJI0XKEHHH,
colepXKalluX HOJTOXKHUBYILHE H30TONB, HAa BHYTPEHHHX IIOBEDXHO-
CTSX T[epBOr0 KOHTYpa, 3aTPYAHSIOLIHX H YAOPOXKAIOUIUX erc pe-
MOHT; TIOAaBJEHHE BpENHHX pafHaAlHOHHO-XHMHYECKHX DeaKUHH
(paanonu3 Boxpl, 06pa30BaHHE HUTPHTOB, HHUTPATOBR H XPOMATOB).

Jns 3anofHeHHS H NOINMTKH MEPBOTO KOHTYpa HCHOJb3yeTcd
BOZla BLICOKOH YHCTOTHI, IOJydYaeMas ¢ HCIIONb30BaHHEM HOHHTOB H
HCIapHTeNel. YTEUKH BOALL M3 NEPBOrCc KOHTYpa CBOAATCA K MHHH-
myMmy. [TognepxaHue 3aJaHnHOrO BOJHOTO PEXKKMa MEPBOTO KOHTYpa
OCYILECTBJISIETCS TIyTeM TEPHOAHUECKOH ero HOAIUTKH HeoOXOAUMbI-
MW peaxTHBaMH, HelpephiBHON paGoToil GalimacHOTO HOHOOOMEHHOTO
¢$uabTpa, CHApSXKEHHOTO HOHHTAMU B 3alaHHOH HOHHOH ¢opMme
(H—OH, NH,—OH; Li—OH; K, NH,—HBO;), a Takxe 3anas-
HEIM COCTaBOM pafouero rasa, ecJd HCIOJb3YIOTCA rasoBhe, a HE
napoBble KOMIeHcaTophl o6beMa [85].

B Hacrosilllee BpeMsl H3BECTHO HECKOJIbKO BOJHO-XHMHUECKHX pe-
XKHMOB TEPBOr0 KOHTYpa, OCHOBHBIMH H3 KOTOPHIX ABJAIOTCS:

1) nefiTpanbHBIR pexuMm ¢ foGaBko#l BOAOPOAA AJd TIOHABJIEHHUS
panHonu3a BOAH; :

2) aMMHayHBIH peXHM;

3) pexuM c HO3HpPOBKOH cuibubx ocuosauui (LiOH) u soxo-
poaa;

4) aMMHayHO-KaJHEBHIA PEXHM IJS NEpBOTO KOHTypa ¢ GOPHBIM
peryJupoBaHHeM peaKkTHBHOCTH peakTopa. HauboJblllee pacnpoct-
paHeHHe Ha aTOMHBIX CTAHIHMAX NMOJYYHJIU JBA NMOCAEAHHX pexuMa.
B ta6n. 6 npuBeseHkl AJsi TpHMepa THOHYHbIE HOPMBI KAUeCTBa BOLBI
LSl IBYXKOHTYPHOH aTOMHOH 3JIEKTPOCTAHUMH ¢ GOPHBIM PETyJHPO-
BaHHeM PeaKTHBHOCTH peakropa [86, 87].

B xauecTBe KOHCTPYKUHOHHBIX MATEePHAJOB INEPBOTO KOHTYpa
OpH [AaHHOM BOJHOM peKHMe MOryT ObITh HCIOJb30BAHBL CIJIABH

UMPKOHHUA, HepIKaBewIlas ¥ yriaepojucTas CTany, a TakXke XpoMOMOo-
JAUO6IeHOBHE CTaJH.
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Ta6auya 6 TaGauya 7

HopMu KauecTsa BOXH AJs MADOTEHEPATOPOB

yecTBd BOJNB €
HOPMH o ’ ATOMHBIX 3JEKTpPOCTaHIHH

RS ABYXKOHTYDHOM CTaHIHH

Ho Ma.mue T enbHA BOAA Boxa napo-
MokazaTean 353““,‘ TTokasatenu [Mutate oxa | renepartopa
Cozepianue: pH 98:,),8-—9962* 9,0—9,8
Kanusd, MT/[KC 2,56—-12,0 (9,3—9,6)
(nuua-7) (mo 2,2) Cso6onHast
aMMHAaKa, MI/Xr >5,0 {eI0YHOCTD, Z30
sosopora. ua/xr| TR oers - '
< }4 H
KH;J;(/)E?M, MxCM/cM <4,0 _ —
XJ0p-HOHA, <0,1 KonuenTpauud,

i <0,1 l}fl*zcil;/pxpfﬁ 5 <100
@sz‘l;;(‘:‘oﬂa ’ , X0pHIbI <500 < 258
6OopHOiT KUCIOTHI, 1o 16,0 Kucnopon <5 (<7) <8,

r/Kr : }Rﬁ(eneao <§1(0<,(%) —

5,7—10,2 enp —
pH BasecH, Mr/Kr — <_1 ,0
Kpemuecoaep-
*xauue,
MKT-3KB /KT (<20) <1000

* B cxo0KaxX DaHbl 3HAYeHHS nokasatenell Ka-
eCTBa NUTATEJbHCH BOAB JJAf OPSMOTOYHOrO mapo-
peHepaTopa IOKPHTHUECKHX napaMeTpoB.

4.2.2.2. Bropoit koutyp. HesaBucumo ot TEMJIOHOCHTENS nepBI:)rIc;
KOHTYpa aTOMHOI CTaHUMH (BOAA, XUAKHE METalLL, ras) OCHOB ba-.
5JeMeHTHl 060pYAOBaHHSI BTOPOTO KOHTYpa OJAHHAKOBEL (naporem;l?r -
TOp, TypOHHA, KOHAEHCATOP, HACOCH!, PEreHepaTUBHLIC nonorpe?o Te-
¥, KOHIEHCATOOUHCTKA, AeasparTop) H MPAKTHYECKH HE OTIHHA %
OT MpUMEHEMBIX Ha TEIJIOBbIX CTAHUHAX. OHaKo KOHCTPYKLHH gru
poreHepatopa, TypOHHb H APYTHX y3J0B H3MEHAIOTCS B 3aBHCHMO i
OT NaBJeHHS ¥ TeMIepaTypbl mapa nepej TyPOHHOM, TaK UTO H3M
HAIOTCA H IpHMEHseMble KOHCTPYKUHOHHbIE MaTepHaIbl. . _

TunHYHA% CXeMa BTOPOTO KOHTYypa ATOMHOH MJIH TEIJIOBOH SJEK-
TPOCTAHIMH NpeACcTaBJleHa Ha pHC. 14. Kak BHIHO H3 CXEMHI, \Bogsal:
Hasl 4aCTb BTOPOTO KOHTYPa (KOHAEHCATHO-IHTATEbHbIH TpakT) H
YHHAeTCsT OT TrJABHOTO KOHAeHCaTopa TYPOHHBI M 3aKaHUMBACTCH B
naporeseparope. [lias TOro yTOGH ONpPEAENHTh, B KAKHX y4acTKax
5TOro TPaKTa HyMKHO TIOCTOSIHHO CJIENHTh 3a KauecTBOM BOAEL, 4 TaK-
e ONpelleJHTh 06beM HeOGXOAUMBbIX TIOKa3aTelen KaieCTBa BOJBI H
WX 3HAYCHHS, HEOOXOAUMO PACCMOTPeTh (PH3UKO-XHMHUECKHE NIPO-
IeCCH, MPOHCXOAsLIME BO BCEX 3JEMEHTaX KOH/IEHCATHO-TIHTATEJIb-
HOTO Tpakra.

B koupencarope TypOMHBI AJisi OOecneueHHs KOHACHCalluH Tapa
noffepxuBaercs Hu3kas Temmeparypa( 26—30° C) u paspexeiue
(0,003—0,005 MITa). Jlnst ofecnieuenssi CHHKEHNS TeMNEpATypHl ye-
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pe3 TpyOHyIo CHCTEMY KOHJeHCaTOpa NpoKauyuBaercs 60JbLIOEe KOJHU-
YyeCTBO BOJABI H3 CHCTeMBl TeXHHUYECKOTO BOJOCHAOXKeHH#A, a Heobxo-
A¥MOe pasperkeHHE B KOHJEHCATOpe CO3KAeTCsd HeNnpephiBHOK pado-
TOH NMapoCTPYHHBIX 5XKEKTOPOB.

Map
-I
“Typbuma_ ~
_I/
OmBopreid ~
nap
bV
Kowdenca-
naH mop
Texxuvecnan
K3H-1 Boda
MorumoBu) (o
Purbmp ondencam
nHg KonBencam spesowiezo nape

Puc. 14. Tlpuauunuajpuas cxeMa KOHJAEHCATHO-NHTATENLHOTO TPAKTa:

IM3H — nmuTarteapybilt snektponacoc; BOH — Gycrepunit saektponacoc; MHIO— |
nojorpesaresb HH3KOoro napnrenus; IIBJl — nonorpesaTedb BbhiCOKOro Aasje-
HHsa; KDH — xovaeHcaTHBI 3JIEKTPOHACOC

OCHOBHEIMH HCTOYHHKAMH IIpHMecell BOIBl B KOHIEHCATOpE sB-
JSFIOTCA: TMOJACOC OXJaXKAalolied BOAB 4Yepe3 HEIJIOTHOCTH TpyGua-
TOH CHCTeMBl KOHJeHcaTopa (KOppPO3HOHHBLE NMOBpPEXIEHHs TPYO,
HeMJIOTHOCTH B MecTax 3aBaJbLOBKH TPy6 B TpyOHBIE NOCKH), HOA-
COC BO3AyXa Yepe3 HeImJIOTHOCTH B COeJHHEHHsIX KopIlyca KOHAeHca-
TOpa ¥ BHIXJONMHOro narpybka TypOHHBI, no6aBouHast Boma (AAST
KOMIIEHCallHM PAa3JHYHBIX TIOTepb BOABI H Ilapa B KOHAEHCATHO-IH-
TaTeNbHOM TpPaKTe), KOPPO3HA KOHCTPYKIHOHHBIX MAaTepHaJoOB KOH- -
neHcatopa (JIaTyHb, AJIOMHHHE — JIaTYHb) H, HaKOHeEL, HEKOTOpOe
KOJIMUEeCTBO TpHMecel,, BHOCHMBIX C KOHIEHCHPYIOLUINMCH I1apOM H3
TYpOUHHL. '

KonnyecTBo mnpHMecel, NOCTYyNAWOINUX € NPUCOCOM OXJ2KAAI0-
e BOABI H JO6ABOYHOH BONON, €CTECTBEHHO, 3aBHCHT OT HX Ka-
4ecTBa, KOTOPOE, B CBOIO OUEPeNb, ONPEAENSACTCSA IPUHATHIMY CXeMa-
MH BOAONOATOTOBKH H COCTaBOM HMCXOAHOMH BOXBI (peyHas, o3epHad,
Mopckasg H ap.). OCHOBHBIMH NMPHMECHMH, MOCTYNAIOWNMU K3 3THX
HCTOYHHKOB H BJHSAIOIHMH Ha paBoTOCIOCOGHOCT, 060pYROBAHHSA
BTODOrO KOHTYpa, SBJSIIOTCA, B NI€PBYIO OUepellb, COMH KECTKOCTH
(6ukapGonaThl M CyabdaThl Kajiblhsg ¥ MArHHS) H KPEMHEKHCJOTA.
OTH IpHMecH MOTYT NPHBECTH Kak K OGPAa30BAHMIO OTJOXKEHHH H
HaKHIH, TaK ¥ K KOPPO3HH KOHCTPYKUHOHHLIX MaTepHaJoB KOHTypa.

Kpome Toro, npoLyKThl KOppOo3uH (OKHCJ/BI XKejie3a H MeIu) ca-
MOro KoHAeHcaTopa H HOCTYNaWOLIHe ¢ NPHCOCOM OXJaxIaroHien
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BOJHl M3 KOHTYPa TEXHHYECKOrO BOLOCHAGXKEHHS H CHCTEM Bl BOAONO/ -
TOTOBKH 106aBOYHOH BOABl TAKXKe OKa3BBAIOT 3HAYHTE/JAbHOE BJIHSA-
HHEe Ha BOLHBIH DeXHM BTOPOro KOHTypa H paboty ero oGopyiosa-
HHUSL. ' '

Kax caedyer u3 H3J0XEHHOTO, KauecTBO KOHIeHCATa, MOCTY-
N4IOIEro Ha Bcac KOHAEHCaTHBIX HACOCOB, 3aBHCHT OT MHOTHX ITapa-
MeTpOB H OCOGEHHOCTeH CXeMBl CTAaHLHM H, CJel0BATENbHO, IleJeco-
06pa3HO ero HOpMHPOBaHHE. DTO NPEAYCMOTPEHO NPaBHJIAMH TeXHHU-
yeCKOH SKCIUIyaTaluMH CTaHUHA [88]; HOPMHDOBAHEI XKECTKOCTD,
cozepKaHUe KHCIOPOAA, YIJIEKHCIOTH, OKHCI0B XeJe3a H MeJu. 3Ha-
YeHHd HOPMHDOBAHHBEIX NOKasaTeJell 3aBUCAT OT THIA [aporeHepa-
Topa (OapabauHbIH, MPSAMOTOYHBIN) U mapaMeTpoB napa. B mocaen-
HYe rOfbl Ha aTOMHBIX 3JIEKTPOCTAHIHAX, TAK XKe KaK H Ha TEIVIOBHIX,
AN AOCTHXEHHS HeOOXOJHMOM YUCTOTH KOHAEHCaTa, a CJaeno-
BaTe/bHO, ¥ MHTATENLHON BOJABI IapOreHepaTopa, Mo COJSM XKeCTKO-
‘CTH M JPYTHM [NpHMecsiM TIpelycMaTpPHBAeTCs KOHIEHCATOOUHCTKA
(HoHNTOBBIE, MeXaHHYECKHe H 3JeKTPOMarHuTHble (QHILTDH).

ITo Mepe nBHXEHHS OYHIIGHHOTO KOHIeEHCAaTa 10 KOHAEHCATHO-
TMHTATEIbHOMY TPaKTy OH NMPOXOJHT CHayaja MOROTPEBATEeNH HH3KO-
ro IaBJeHHs, [[e ero Temileparypa nosmimaercsg xo 60—160°C 3a
'CyeT Tenaa oTOOpHOro mapa TypOMHHI (KOHAEHCAT Ilapa BO3Bpa-
lmaeTcsl B LMKJ), H fajlee NOCTylaeT B geaspatop. Heo6xomumocThb
Leaspanyu o0ycJjoBJeHa TeM, YTO, BO-TIEPBHIX, Ta30yAaJIeHHe B KOH-
JeHcaTope He SIBJSETCS MOMHBIM H KHCJAopox Bosayxa u CO; B Hexo-
TOPOM KOJIMYEeCTBe (TNPONOPUHOHANBHOM HX NapHHaJbHEIM JABJCHH-
M B KOHJeHCAaTope) pacTBOPsieTCS B KOHAeHCATe; BO-BTOPHIX; BO3AYX
IOCTyMaeT BMeCTe C KOHAGHCATOM IpeIoIlero napa nojorpesarenct
HHU3KOTO AABJIEHHS, KOTOPHE HAaXOISATCA NOX pa3pexeHueM, U HaKO-
Hell, HeO0X0UMO YyYeCTb YIVIEKHCJOTY, 0Opa3yIoILylocs NpH pasJo-
2KeHUH 6MKapOGOHATOB NPH NPOXOJe KOHJAEHCaTa yepe3 nojorpebare-
JIH HH3KOTO AaBJAEHHSA.

Bce mepeuncieHRble raspl SBAAITCA KOPPO3IHOHHO arpeCCHBHBIMH
110 OTHOLIGHHIO K KOHCTPYKHHOHHBIM MaTepHaslaM ITMTaTeJbHOIo
TPaKTa, TO3TOMY WX KODDO3HOHHas CTOAKOCTb SABJAETCHA BaXKHOH
XapaKTepHCTHKOH.

OueBnpHo, UTO B TMpolecce ABHKEHHsS KOHAEHCATa MO TPaKTy K
Jeaspatopy OH oforamaercs TPOLAYKTaMH KODPPO3HH, B TOM 4YHCJE
OpHMecsMH, HOCTYNarUUMHA C KOHZEHCATOM TPeEIllero mapa nojo-
rpeBaTtesiell, ecqH OH He cOpachlBaeTcsl HEMOCPEJCTBECHHO B KOHJEH-
catop. Bo MHorux cxemMax OH CMeIIHB4eTCs C OOILKHM TOTOKOM KOH-
JleHcaTa nepen feaspaTopoM HJH cO6pachiBaeTcs B HETO HEIOCPEnCT-
BEHHO.

IleaspaTop cTaBUTCS B KOHAEHCATO-NHUTATEJIBHOM TPaKTe MEXAY
KOHIEHCATHEIM (HH3KOTO JaBJIeHHS) M NHTATEJIbHBIM  (BBICOKOTO
RaBJuenus1) Tpakramu. IIpoiifs neaspatop, KOHAEHCAT MPAaKTHYECKH
OCBOGOXaeTcsi OT pacTBOPEHHHIX Ta30B H €ro TeMmueparypa Iio-
Boilaetcs go 100° C (B cayuyae pgeaspatopa aTmocdepHoro nabJe-
His) und po 160—180°C (B cayyae geaspaTopa BBICOKOrO AaBJe-
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pus, Ao 0,7 MIla). TIlpuueM npu pa6oTe neaspaTOPOB BHICOKOTO
AaBJeHHs pasjaaraercs 10 50% GukapGoHaTOB, comepKAIUKXCH B
KoHIeHcaTe. [lanee Boja TOCTynaeTr B NHTaTeJbHBI TPAaKT CTAHIHH,
KOTOPBIH COCTOHT H3 OAHOrO HJIH JBYX TIMTATEJbHLIX HACOCOB H TIOe
JorpeBaTenedl BHICOKOrO JAaBjieHHs. KoHpmeHcar rpewowero napa
nocaeqHHX cOpachiBaerTcd B geaspatop. IlurarenbHas Boga mojgaer-
¢f B NIAPOTreHepaTop B KOJHYECTBE, HOCTATOUHOM MAJAS obecrneyeHHs
3alaHHOl TIAPONpPOU3BOAUTENBLHOCTH, T. €. 0fecneyesns paboTh Typ-
Guibl HA HOMHHaJIbHOH MOLIHOCTH W BOCHOJHEHHS NOTeph MPOAYBOY-
HOH BOJE! IIaporeHeparopa M mapa, PacXOAyeMOro JAPYTMMH IIOTpe-
outenasmu. Ilocne nogorpesaresneir BEICOKOTO AaBJeHHS HHTATeNbHAS
BojJa uMmeer TemnepaTypy 220—226° C (aTOMHBEE CTAHIHH C BOJO-
BOASIHBIM 3HepretHueckuM peaktopoM BBIP-440, 1000) u gazee
B TMaporenepaTope Harpepaercsa po 260-—278° C (temnepatypa Ha-
CHILIEHHOTO Napa NpH naBieHun 4,7—6,4 MIla).

Taxum oGpasom, no Mepe ABHKeHHs KOHIEHCATa OT KOHIEHCATO-
pa A0 maporeHepatopa INPOMCXOAHT HeUPEPHBHOE H3MEHEHHE ero
TeMI0QHU3HYECKHX U (DH3HKO-XMMHUYECKHX XapaKTepHCTHK (TeMmilepa-
Typa, NaBJenye, rasoHacuilenue, pH, conepxxanne comefl ¥ NpoOAyK-
TOB KOPPO3HH}, YTO MPHBOJHT K M3MEHEHHIO XdPaKTEpa ero B3aHMO-
JEHCTBHS C KOHCTPYKUMOHHBLIMKM MaTepuajaMd oGODYAOBAHHS KOH-
JEHCATHO-NIUTATENBHOTO - TpakTa. HeoO0X0AWMO VYuHTHIBATH TaKXKe
KODPO3HOHHEIE TPOLECCH B CaMOH MHTATeJbHOH CMCTEMe IpH pac-
CMOTpPEHHH BOLHOTO pEXHMa IaporeHeparopa.

Du3uKO-XMMHYECKHE NPONECCH, NPOHCXOASLINE B NapOreHepaTo-
pe, SBASIIOTCH HaHnGoJee CHOKHBIMU M TIOITOMY TPeGyIOT CrelHalb-
HOTO paccMOTpeHHsi. Kak yXKe YIIOMHHaJlOCh paHee, B KaYecTBe KOH-
CTPYKIHOHHBIX MaTepHaJoB NaporeHepaTopOB B HACTOSINEE BpeMs
HCIOJIb3YIOTCH: MEPJHTHbIE CTaJH, HEPKABEOUIHe CTAJH H BLICOKO-
HUKeJIeBble CIIaBbl HHKOHe b-600 u unkanmnoit-800. OcobeHHO BEHICO-
KHE TPeGOBaHHA NPeABABAITCA K MaTepHATy MapOTeHepaTOpOB B
aTOMHOH 3HEpreTHKe.

Ilpy paGore naporenepaTopa B €ro BOAE W Ha TIOBEPXHOCTAX
NPOHCXOANT HaAKOMJIeHHe IpuMeceH, MOCTYNAIOIIUX ¢ NHUTATEIbHON
BOJOH, TaK XaK C I1apOM HX YHOCHTCs MaJjo. IlpuMecn yHocaTcs na-
pPOM KaK H3-3a €ro BJAXHOCTH (KaleJbHHIE YHOC), TAK M 3a CYeT
HEIIOCPEACTBEHHOrO HX PACTBOPEHHS B HACHILEHHOM HJH NEPErPETOM
mape. [1ocKoJbKy YHCTOTA Tlapa SIBJSETCS BamKHBLIM PaKTOpOM, ompe-
JEJSIOUHM HaAeKHOCTh PaBoThi TypGHHBI, HCHNOJB3YIOTCS Pasjiny-
Hble MeTOJbl ero KOHIHUHWOHHPOBAHHS: MPOMBIBKA H OCylIKa 0apa,
CTyNeHuaToe ucnaperhe (m/is GapaGaHHBIX KOTJIOB ¢ MHOrOKpPaTHOH
NPHHYANTENbHON uupky/asuued). Tak xax TypOHHEI aTOMHBIX CTaH-
uui BBOP, B ocHOBHOM, pa6oTaloT Ha HACHILIEHHOM Tape, TO HOP-
MHPYEeTCsi TOJbKO BJAAXKHOCTb napa (<0,2%).

U3 H3noxeHHOro cienyer, YTO [Jsi NaPOreHepaTopoB C MHOIO-
KPaTHOH NPUHYANTEJbHOH LHDPKYJIslHel HeOGXOAMMA HEempephIBHAs
npopyska (no 2% oT pacxoma MHTATeJbHOR BOAB) /S BHIBELEHHS
npHMeceli, HakanJMBalOIKUXCs B Kunsiliell Boge. [IpoayBoyHas BoAa
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MOXKeT GhTh BO3BpallleHa B LIMKJ TIOC/]e ee OYHCTKH, HalmpuMmep, Ha
6aiimacHBIX MOHHTHBIX QHJIBTPaX.

B cayyae npsIMOTOYHBIX NaporeHepaTopoB, YTOGLI O0GECHEYHTDH
BEICOKO€ KayecTBO I1apa, HeoOXOAHUMO NOOHTBCS BBICOKOTO KayecTBa
IMHTATeJbHOH BOIBI, TAK KaK KOHIIGHTpAlWs HeOpraHHYecKHX IpHMe-
celi B mape B JaHHOM cJydae NPakKTHYECKHd PaBHA HX KOHUEHTPAalHH
B NUTATeIbHOH BoJAe. ITO MOXKeT GBIThb JOCTHTHYTO NpHMEHEHHEM
100% -Ho#t KOHIEHCATOOYUCTKH H KOPPO3HOHHOCTOHKHX MaTepHaljoB
B TNMHUTATeJIbHOM TpakTe: HHKOHeaf-600, mHkan104-800 gas mapore-
HEpaToOpoOB, HEpIXKAaBeIONiel CTaldW A NOAOTPEBaTe/]iell BLICOKOTO
LaBJeHHSI NIPH COOTBETCTBYIOLleM BoAHoM pexuMe. Koria meaubie
CIJIaBBI BO BTOPOM KOHTYpe€ OTCYTCTBYIOT, NpPHMEHSeTCS aMMHa4HO-
ru/pa3vHHbIA BOOHBIH pexuMm ¢ pH 9,3—9,6.

4.3. BoaHO-XHMHYECKHEe PEXMMbI H HOpMHpPOBaHHE
KayecTBa BOJABI TEMJIOBBIX 3JEKTPOCTAHLH

4.3.1. BoOHO-xumuueckue pesjcumb. KOTA08 cpedHez0 OaBaeHus

KpaTkoe paccMOTpeHHe IPOLECCOB, NPOTEKAOIIHX HA OTAEJIbHBIX
yyacTKaXx THTaTeJbHOTO TPakKTa, NOBEJEHHS MAaTepHaJOB B €ro yc-
JIOBHAIX H HX CBSI3b C KayeCTBOM BOJABI B 3JEMEHTaX KOHTypa NOKa-
3BIBAIOT, UTO pellleHHe Mpo6JieMbl OpraHH3allHd BOAHOTO peXuMa
BTOPOTO KOHTypa TEIJIOBBIX H aTOMHBIX 3JEKTPOCTAHIUH NOJKHO
OBITb KOMIJIEKCHBIM C YYETOM KOHCTPYKTHBHBIX H TEeTJIOTEXHHUYECKHX
0COOEHHOCTEH SHEPTETHYECKHX YCTAHOBOK, a TakKXKe BhIOpaHHBIX
CPEICTB BOLONOATrOTOBKH.

OnaHHM H3 OCHOBHBIX NPHHLHIOB OPraHH3alHH BOAHOTO pexuMa
BTOPOTO KOHTypa SIBJAseTCS yMeHbUIeHHE KOPPO3HH KOHCTPYKIIHOH-
HBIX MaTepHa/JOB IYTeM CO3MAHH5 ONpele]eHHOR BOAHOH CpPelbl 1O
BCEMY KOHAEHCATO-MUTATEJbHOMY TpakTy, HaH60Jee ONTHMAJbHOH
JUIsl 3afaHHOH cxeMHl craHUHMH. IIpH 3TOM OAZHOR H3 OCHOBHHIX 3a-
nay anas J1060To BOJHOrO peXXHMa B oOlleM cjyuae sBJAETCS MHpe-
AyIpexaeHne KHCAOPOLHOW W YIJIEKHCJHOTHOH KopposuH. OnHHM H3
cnoco6oB  60pbOLl, KOTOpPHIH JaBHO NPHMEHSETCA Ha TEIVIOBHIX H
aTOMHBIX CTAHLHSX, IBJSETCS TepMHYecKas Aeaspauus. OnHaKo, no-
CKOJIbKY JaXxe B [easparopax BbICOKOTO AaBJEeHHS He NPOHUCXOAHT
MOJIHOTO yNlaJleHHst KMCIOPOAa H YIJIEKHCJOTH H3 KOHJEHCATa, TpH-
MEHAIOTCSA THApa3HHHAsA U aMMHayHas o6paboTKa NHTATEJbHOH BO-
Ibl, TIPHYEM TNpHUMEHeHHEe TMAPasHHTHApATa AONYCTHMO IJA JIOOBIX
THIIOB flaporeHepartopos. s GapaGaHHHIX KOTJOB HHOTAA HCNOJMb-
3yercs rufipasvHcyibgar. BBenende ruapasuHruipara B naporese-
parop ¢ u36uitkom B 0,02—0,03 Mr/Kr rapaHTHpyeT OTCYTCTBHE KHC-
JIOPOZa M 3alliHIlaeT TPaKT OT KHCJIOPOAHOHR KOPPO3UH.

Hdna HefiTpannsandu KOPPO3HOHHOrO [AefCTBHS YIVIEKHCJIOTH B
INHTATe/IbHON BOAEe NPHMEHSIOT JO3HPOBKY aMMHAKa H HEKOTOPBIX
MEeHee JieTyuux aMHHOB, HanpuMmep Mopdoausa (pH=85). B ore-
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ueCTBEHHOH NPaKTHKE OOBIYHO HENOJIb3YeTCss aMMHayHas o6paboTKa
NHUTATEJbHOH BOAH KaK HauboJree fellieBas.

[llupokoe pacmpocTpaHeHne B NPaKTHKE TENJOBLIX (H HEKOTO-
pblX aTOMHBIX) CTaHUHH NOAYYHT GochaTHHHA BONHBI PEXHM na-
poTeHepaTopoB ¢ MHOTOKPATHOH NMPHHYAHTENbHON LHDKYJsUeH, KO-
TOPBIH  NO3BOJIAET NPEAOTBPATHTH MEXKKPHCTANIUTHYIO KOPPO3HIO
YIIEPOAKCTHIX CTaseH (A 3THX XKe LleJell HHOTAA NpHMeHseTcs
Cylb§HTHPOBAHHE KOTJIOBOH BOAB) H 06pa30BaHHE OTJOXKEeHHH Ha
NOBEPXHOCTAX maporeHeparopa. Ilpu doctaruposannn Boms mapo-
reHepaTopa IPOHCXOANT o0pa30BaHHe LJlaMa KaJbUHeBHIX COeIHHe-
HHH B TOJ/IIE BOABI, 4 HE HA TEMIONEPENANOLIHX NMOBEPXHOCTHX, U
OH BBIBOJAHTCH C NMpORYBOUHOH Bomoi: CiaelyeT OTMETHThb, YTO HaH-
HBIH DE€XHMM He NPENOTBpallaeT OTIOXKEHHI OKHCJOB Keaesa H
MeIH.

OnHako npH HCNONBL30BaHHH (HOCHATHOTO BOAHOTO pexuMa Ha
aTOMHBIX CTAHUMAX BO3HHKJH TPYNHOCTH, CBA3aHHbBIE, BO-NEPBHIX, C
TEM, YTO MX [1apOreHepaTophl ABAAIOTCA GoJlee KOMNAKTHHIMH («3a-
TECHEHHBIMH») M YCJAOBHS BBIBOAZ LIJaMa M3 HHMX GoJiee CJIOXKHBI,
BO-BTOPBIX, NPH OTCYTCTBHH KOHAEHCATOOYHCTKH B BOJe IaporeHe-
paTopa NpOHCXOAHT HAKOIJIEHHE XJIODHAOB, KOTOPOE MOXKET NpHBe-
CTH K KOPPO3HOHHOMY TOBPEXAECHHIO TPy6OK 1aporeHepaTopos, H3ro-
TOBJICHHBIX H3 HepXKaBewlleH cTaJy,

B orTeuecTBeHHOH TPaKTHKE X0 HACTOSIIEr0 BPEeMEHH HCHOJb-
3YIOTCSl TOPHU3OHTANbHBEIE [apPOTeHEPaToOpPhbl C MHOTOKPATHOH NPHHY-
AMTEJbHON WHPKYNAUKEH, TPyOUaTKa KOTOPHX H3rOTOBJEHA W3 CTaN
0XHI8HI0T, oamako npu 3TOM OTKa3anuch OT (ochaTHPOBaHHS,
MPHHSB CTPOTOE HOPMHPOBAHHE BOABI MO XJOp-HOHY, Tabu1. 7 [86, 87].

Eme Gosnee XecTKHMH SIBJSIIOTCS HOPMBI KauecTBa THTATENbHOI
BOLBL IJIA 1apOreHepaTOpOB CBEPXKPHTHUECKHX napameTpoB [84],
KOTOpHIE PacCMaTpPHBAIOTCS HHXKe.

4.3.2. Bodno-xumuueckue pexcumo. 3nepzo6i0K08
BLLCOKUX naApameTpos

B TeueHHe NJHTEJILHOrO BpeMEHH OCHOBHBIMH BOJHBIMH pexu-
MaMH NpH SKCIUTyaTallUH 3HEPreTHYECKUX GIOKOB BHICOKHX TapaMer-
PoB  GBUIM THAPA3HHHO-AaMMHAYHBIA M THAPA3HHHO-KOMILIEKCOHHBIN
PexuMBl. VX 3aMeHa Ha PeXHM C JO3HPOBaHHEM KHCJI0poaa (MJH
MEpPeKHCH BOAOPOJA) HaYa/lach JHIb B NOCAEAHHE rofbl. s TOTO,
4TOGL OLIEHHTb 3HAYEHHE MEeTOAa KHCAODOLHOM 3allUTH, Leneco06-
PAa3HO CPaBHHTL PEXHM C NO3HPOBAHHEM OKHCJHTENeH ¢ APYrHMH
Pexumamu. IlosToMy HuKe Hapsly C HeATPaNbHBIM PEXKHMOM
KpaTKO paccMaTpHBAOTCS H ApPYyrHe, eMy NpeallecTBOBABLIHE.

4.3.2.1. T'napasHHHO-AMMHAUHBIK PeXHM. BOTHO-XHMHYECKHUIL pe-
UM C JO3HPOBKOH THAPa3HHA H aMMHAKa B KOHAEHCAT U NMHTATEJNb-
HYIO BOAY SIBJISIETCS «TPAAHUHOHHBIM» [JISl SHEPTOGJOKOB BBICOKHX
lapaMeTpoB ¢ NpPSMOTOYHBIMH TaporeHepaTopaMy. OH NO3BOJseT
PemnTh 06Ge 3afauyn BOAHOTO PEXHMA: NPEAOTBPATHTH YIJIEKHCIOT-
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HYIO H KHCJOPOAHYI0 KOPPO3HIO MaTEpPHasoB NHTATEJbHOrO TPaKTa,
a TaKXe CHU3UTb OTJIOXKEHHs B NPOTOYHON YacTH TypOHHBHL

B COOTBETCTBHH ¢ IIpaBHJIaMH TeXHHYeCKOH skcmiyaraunuu [88]
H3GLITOK THAPa3HHa B JIMTATeJbHOH BOJE MOCJ]e Aeasparopa AOJLKEH
cocrasaath 20—30 MKI/KT, a aMMHaK QO3HDY€TCs B TAKOM KOJH-
yecTBe, yTOGH ofecmeunTts pH mnutaTespHoH BOAB He MeHee 9,1+
+0,1 (CCCP) man 9,4—9,6 (CLIA). Dto pasiuyue 0O0YCJOBJEHO
TeM, YTO B OTEUeCTBEHHOH IIPaKTHKe NPHMEHSAOTCS JaTyHHble IOAO-
rpeBaTesM HH3KOTO JaBJEHHS H, CJIe10BaTeJbHO, HOHHTOBLIE QHUIBT-
pBl KOHIEHCAaTOOYHCTKH paboraioT B H—OH-popMme, T. e. H3BJIEKAIOT
ammuax. Heo6xoauMOCTh HenpepbIBHOH NO3HDOBKH aMMHaka ¥ CHH-
KenHe pecypca pHIBTPOB KOHICHCATOOYHCTKH sBJSIOTCH IJIaBHBIMH
HeJ0OCTaTKaMK BOIHOIO pexHMa AaHHoro THna. IIpuMeneHHe CH/IbHO-
aMMuayHoro BogHoro pexuma (pH 9,4—9,6) Bo3MOKHO TIPH HC-
0Jb30BAHHHU NMOJOTPEBaTeell HH3KOTO AaBJEHHS W3 NEPJHTHOH CTa-
JH 1 GuabTpoB KoHAeHcatoouncTku B NH;—OH-¢dopme.

MecTa BBOZA PEAaKTHBOB BO BTOPOH KOHTYD TPHU PasJH4YHBIX BOA-
HBIX DEXHMax MOKa3aHbl Ha cxeMe pHC. 14 cTpejxaMu.

4.3.2.2. TUIPa3HHHO-KOMIJAEKCOHHDBIA pexuM. Bomnei pexum c
JI03HPOBKO AMMHAUHOM COJM STHICHAHAMUHTETPAYKCYCHON KHCNOTH
(3TA, ¢ pacueTHo# f030i 80 MKr/Kr) B MUTATEJbHYIO BOAY H THI-
pasuna B KonjgencaT (u36bTox 20—30 MKT/Kr) NpeisoxeH B pabo-
te [89].

OCHOBHOE Has3HdyeHHe JAHHOTO peXHMa— YBEJIHYHTb MEXIPO-
MBIBOUHBIH mepuon naporeHepartopa. C 3TOd ueJbl0 B JONOJHEHHE
K OOLIYHOM JO3HPOBKE THAPA3HHA B KOHAEHCAT BBOAMTCS HENPEPLIB-
Hag MOANMHTKA aMMOHHeBof conn DJATA B muTaTeJbHYO BOAY (B
CTeXHOMETPHYECKOM COOTHOLIEHHH) AJs obecrmeyeHHss O0GpasOBAHUA
KOMILTEKCOB XeJe3a W Melu. PeXHM NpHToAeH AJS BTOPOTO KOHTY-
pa, B KOTODOM HCIOJb3YIOTCS MOAOTPEBaTeNH HH3KOTO [aBJCHHS,
H3TOTOBJIEHHbIE H3 JIaTyHH. .

JlnuTenpHas NpoBepKa NAHHOTO PEXHMa Ha OXHOH H3 I'P3C mno-
Ka3aja, YTO MEXIPOMBIBOUHBIH IEPHOA IJs HHXHeH palHalHOH-
HOll uacTH maporeHepartopa yseauumacs ¢ 4000 no 18000 u. dro
o6yCaA0OBIEHO TEM, YTO OCHOBHOE KOJIMYECTBO OKHCJIOB IKe€se3a 3a-
AEpKUBAETCS paHbllie B IpelenaXx BOASIHOTO 3KOHOMaH3epa KOTja,
T. e. B 30He Temnepatyp 260—310°C, nmocTaToyHBIX A/ TepMHue-
CKOr0 DAa3JOKEeHHs KOMIJIEKCOHAaTOB ese3a. Ha OCHOBaHHH HC-
cJeNOBaHKil cleJaH BBHIBOA, UTO MarHeTHTOBas IJIEHKR, ToJydae-
Mast I JaHHOM pexHMe, HMeeT B 3—5 pa3 MeHbIlYI0 TOPHCTOCTH
M GOJbUIYIO TENJONPOBORHOCTb, UM IPH TPaJHIHOHHOM aMMHAYHO-
THAPA3HHHOM BOJHO-XHMHYECKOM peXHMe [90].

4.4. HeliTpaJbHblii BOXHO-XHMHYECKHA DPEXKHM
C JO3MPOBKOM KucJopona (HAM TMEPEKHCH BOJOpOAA)

[locse mosiBnenus pa6otti KosoTeipkuHa H cOTp. [1] BausHHE
KHCJIOPOZa Ha KOPPO3HIO JKejesa M CTajJed B BOLE IPH BHICOKHX
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TeMIlepaTypax CTaJo NPeAMETOM MCCIed0BaHHl psixa aBTopos [91—
93]. B arux paborax OLLIO MOATBEPXKAEHO, UYTO CKOPOCTb KOPPO3HH
cTajedl B JeaspHPOBaHHON HeHATpaJbHOH BOJAe BbIE, YeM B BOJIE,
colepKaliell J0CTATOYHOE KOJIHUYECTBO KHCJIOPOAA.

B nosnHOM COOTBETCTBHH € PAaCCMOTPEHHBIMH BHILIE TEOPETHYECKH-
MU IOJIOXKEHHSMH, 0Ka3aJ/0Ch, YTO TIPH UCIOJNb30BAHHH OYEHb UHCTOH
BOJABl KOHLEHTPAlUs KHCAOPOAA, HeoOXOANMasl AJsi IPOSIBJGHHA HM
3alUTHBHIX YHKIHH, MOXKeT OBbITh CYIIEeCTBEHHO CHHKEHa — J0
0,1 mr/xr. TeopeTHuecKH MOXHO ObLIO OXHIATh H CYLIECTBOBAHHS
pepxHell TPaHHILI COHEPXKAHHA KHCJAODOXA, NpeBbIIeHHEe KOTOPOH
(¥3-3a cABWTa NOTEHLHATA KOPPO3HH B 06JaCTb TOTEHHHAJNOB, NPH
KOTOPHIX NPOHCXOAMUT HapylleHHe [aCCHBUPYIOILEH IJIEHKH) MOIJO
NMPHBECTH, HallpuMep, K NOSABJICHHIO SI3BEHHOH KOpPpO3HH. Takoe saBJje-
HHe TakXe OBLJIO 3KCIepHMEHTaJbHO MOATBEPIKAEHO, NIPHUEM B Ka-
yecTBe BePXHEH IPAaHHIBl YKAa3biBAIOTCs pasjiAuHbie 3HAYeHHs (Ha-
npuMep, 10 mr/kr, mo paHubiM [93, 94], u 2 MI/Kr, 0O JaHHBIM
[95]).

HekoTopas pasHOpeuYHBOCTb KOJMYECTBEHHBIX NAHHBIX IO BJHSA-
HHIO KHCJOPOZA Ha KOPpPO3Hi0 06yC/JOBJEHA PasJHUHSIMH B YCJIO-
BHSX NPOBeAEHHS KOPPO3HOHHBIX HcnbiTanHi. KpoMe cocTaBa BOIHI,
B HCCJENOBAHHSIX Pa3/JHMYHBIX HKCIEPHMEHTATOPOB He COXpaHAMUCh
MOCTOAHHBIMK (2 MHOT[A 'OCTABAAUCH W HEKOHTPOJHMPYEMBIMH) THA-
PONHHAMHYECKHE YCJIOBHS M T€OMETPHSI CHCTeM (OTHOIIEHHE TOBepX-
HOCTH MeTa/ja K 06beMy pacTBopa), UTO TaKKe TPHBOJHUJIO K pas-
HODEYHBOCTH pe3yabTaToB [96].

O TOM, YTO KOHLEHTpPALHsA KHCJAOpona, TpeGyemasi AJIsl 3aIUTH
CTalH OT KOPPO3HH B BOLE, CHJIBHO 3aBHCHT OT YCJIOBHH IepeMe-
IIMBAHHUS, HAarJgAHO CBHIETENBCTBYIOT pe3YJbTaThl, HOJyUEHHbIE
SIHOHCKHMH HccepoBatensmu {97). MMy no y6uiu MaccH 6bla Hafl-
JleHa 3aBHCUMOCTb CKOPOCTH KOPPO3HH YIJIEDOJHCTOH CTajd B Je-
HOHH30BAaHHOW (C TIOMOUIbI0O HOHOOOMEHHEIX CMOJ) BoZe (Hauajb-
Hasl yAenbHAs 3JEKTPOnpoBoaHOCTh MeHee 0,5 MKCm/cM) Tipu TeM-
nepatype 33=2°C OT KOHLEHTpaHWH KHCJIOPOAA B BOAE IPH pas-
JUYHBIX CKOPOCTAX ee TeueHus (puc. 15). OnbITH OPOBOIHJHUCH -B
OUPKYASIUOHHOM KOHType. [l H3MEeHEHHs KOHLEHTPALHH KUCJIO-

k10,2/m% cym
30

20

Puc. 15. BuusnHe KonuesTpa-
MM KHCJOPOJA HA CKOPOCTh KOD-
PO3HH CTaAH:

] — B HENOABHXKHOA BOAE W INPH CKO-
poctsix moToka {(m/c): 2—0,42; 3 —
1,0 u 4—3,5
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|
108 102
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1
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polla IpHMEHSIIHCh ero cMecH ¢ a30oToM. IIpomo/KHTeNbHOCTb ONbI-
TOB coctasasaa 500 u.

W3 npuBeleHHBIX Ha PHC. 15 MaHHBIX CJAELyeT, YTO KOHLEHTDPalHs
O,, npyu xoTOPOH CKOPOCTH KOPPO3HH 3aMETHO CHHXKAeTcsd, ¢ yMeHb-
HIEHHEM CKODOCTH TIOTOKAa BO3pacTaeT, NpHYEM 3(PderT OCOOEHHO
BEJIMK IIPH IIePeX0fe OT HEMOABHAKHOH BOABI K IIHDKYJIHPYIOUIEH.

BoiTekalOWHd H3 TEOPHH BHIBOA O TOM, YTO NOBHIIIEHHE CTENEHU
YHCTOTH BOJABl H CKOpOCTell MOTOKa 6/1aronpHsITCTBYIOT 3¢ () EeKTHBHO-
CTH METOAA KHCJOPONHOMN 3alINThl, OB HKCIEPUMEHTANbHO TIOATBEP-
#Jaed B paborax HecmesHoBo# u corp. [94, 98]. v

BoIHO-XHMHUYECKHH DPEXHM C NO3HPOBKOR KHCJIODOXA Hauaj BIEp-
Bble MpUMeHAThes B 1968 roxy Ha TemioBeIX siekTpocranuusx OPI
(TamGyprckass sHeprocucrema). PaspaGoTUHKOM 3TOTO pexXHMA
ssuncst Ppafiep {99]. B Hameli cTpaHe BO3MOXKHOCTb NMPUMEHEHHS
npeaaoKeHHoro B pabore [1] MeToma KHCJOPOAHOH 3aUIHTH [JA
npeAynpexaeHUs KOPPO3HH CTajell B BOLe BHICOKHX apaMeTpPOB HC-
caenoBasnach B paborax [85, 94, 95, 98, 100—103]. ITpoMuimaeHHOE
npuMetienue B CoserckoM Corose BOAHO-XMMUUECKHH PEXHUM C N03H-
POBKO# KHcJopofa noayqua B 1974—1975 rr. [104]. Ha nauwubli
pexuMm OblIH TiepeBedeHnl 2 6iaoxka Konakoeckoi I'P3C, paboras-
IIHe 0 3TOTO IIPH OGBIYHOM THAPAa3HHHO-aMMHAaYyHOM BOJHOM PEXH-
Me. Pa3paboTKof TEXHONOTHH BOAHOTO peXHMMa C NO3HPOBKOH KHC-
Jopofa MPHUMEHHTENbHO K NMPOMBIIJIEHHBIM TEMJOBBIM H ATOMHBIM
9JIEKTPOCTAHUHAM B HalleH crpaHe 3aHuManuch HecmesiHoBa, Map-
ThiHOBa, MapryJaoBa, Kpyxunuu {94, 95, 98, 101, 105—111].

B ta6a. 8 npencrasieHbl cyMMHPOBaHHBIE H3 pafoT psaja uccje-
noBartejiell yCJI0BHSI, HeOOXOANMBIE /15 NOCTHXKEHHS IOJOXKHTENb-
Horo »ddexTa IpH XO3NPOBAHHH KHCJAOPOJAa B KOHAEHCATHO-TIUTA-
TeJBHBIH TPaKT TEIJIOBBIX 3JIEKTPOCTAHLHE.

B Ta6.1. 9 npenacraBieHbl pe3yJbTaThl 3KCIEPHMEHTANBLHOTO OIpO-
00BaHHsS BOOHOrO pexXHMa C IO3HPOBKOH KHUCJAOpPOAA Ha TEIJOBBIX
sqekTpocTanuusax [135].

IlpuBenennble B Taba. 8 3HayeHHd noxasaTesell KauecTBa BOJbI
HE MOTYT paccCMaTpPUBATLCH KaK YHUBEpCAJbHBIE, ¢ M3MEHEHHEM CO-
CTaBa CcTaJjJell M ycJoBHH 3KCIJyaTaluH TpeGOBaHHS K BOAHOMY pe-
KHMY C JJO3HPOBKOM KHCJIOPOAA MOTYT HECKOJNbKO MeHaThcA. ONHaKo
B 11eJIOM BeJHYMHE, YKa3aHHBe B Tabga. 8, orTpaxalor o0ILHe TeH-
JEHUWH Pa3BHTHA HeHTPaJAbHOTO pexHMa. DTOT pexXuM TpeGyeT ray-
GOKOH OUHCTKH BOZbI, OCYLIECTBJEHHs ee NPOTOKa, IPaKTHIECKOTO
OTCYTCTBHA B BOJe HOHOB XJopa, nmojiepxanus pH Ha ypoBae 7.
[Tocnennee MOXKHO HOCTHUL BBelNEHHEM aMMHaka, NO3HPYS ero B
koHuentpanusx 0,06—0,1% [105]. Cornacuo [105—107] (u B co-
OTBETCTBHH C TeopHell), MOAKHMcIeHHe BOAHW (10 5,6—5,8) 3a cuer
npucyrctBusi CO, He6arompuATHO CKa3blBaeTCsl Ha pPesyJbTaTax.
Ovuesunno, HafiferHoe B pa6ore [1] NoBbILEHHOE 3HAYEHHE KOHUEHT-
paunu O,, Tpe6yeMoll 15 NPOSIBIECHHS KHCJIOPOAOM 3alIHTHOrO 3¢-
Q)ex'rg B Bofe npH pH 5,6—6, kpoMe yka3aHHBIX Bbillle, CBi3aHO H
C 3TOH NPHYHHOH.
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Tabruya 8 Tabauya 9

YcnoBHS OCYUIECTBIEHHS BOJHOTO
peXHMa ¢ HO3HDOBKO#H KHCJIODOZA
Ha TeNJAOBWX 3JEeKTDOCTAHILHAX

XapaKTepHCTHKH BOLHOTO DeXHMa
B DEAJbHHIX YCJA0BHAX paborTw
TEMJI0BHX 3AeKTPOCTAHIHA

Hopwms! Konakos- BypwiThin-
Mokasatenn . ;ﬁ:‘:gz:g: l'lpl:{);gqa- Tokasatean ((:'r::?.al;l:_,?ﬁ ?Egr’:g[;i?;'
BEeJHYHH) nas Boxa) C;:M;;:;)M
Y neabHas <0,1— — KoHueHTpaiusa
3.1eKTPOIpo- 0,2 KHCIOpoia,
BOJHOCTh ML /KT 0,18 0,08
BOXHI, : Konnenrpanus :
MKCM/eM xenesa,
Kouuenrpagus | 0,2—2,0 | B 60uan- MKT'/KD 8,0 10,0
KHCIopoja, muncrse  KouLeHTpauus
MI'/Kr pa6ot MeIH,
BEpPXHAS MKT /KT 7,6 5,0
rpaHHna Koumenrpanus
COCTaBJIA - aMMHdKa,
er 0,5 MT /KT — 0,7
CKOpOCTb I0TO- 2—10 — pH (25° C) 7,0 8,6
Ka, M/cex SJ1eKTPONPOBOJ-
pH 6,9—7,5 — HOCTbD,
Cozepxanne <0,03— MrCM/cM 0,1 1,2
XJI0D-HOHOB, 0,1 — ’
ML /KT

Ilpy HHBKHX CKOPOCTAX KOPpPO3HH, OGYCJOBJEHHBIX BBICOKHMH
3HaueHHsMu pH (Gosee 9), BBeseHHe KHCI0pPOAA HelenecooGpasHo,
0 YeM CBUJETeJbCTBYIOT AaHHble Tabu. 10 [105]. Tam xe mokasaHo
BpeJHOe BiHsiHHe HOHOB Cl~ Ha 3alMTHBIH KHCJIOPOAHBIA 3(dEKT.
BriBox 06 oTpHllaTelbHOM BJHSHHH HOHOB XJopa H cyibdara cie-
nyeT ¥ u3 AaHHHIX [106].

ITpoMbIIieHHOE IPHMEHEeH e JO3HPOBKH KHCJIOPOAa B KOHJEHCAT
Ha Kocrpomckoit u Konakosckoii I'PAC B koanuectBax 70—
500 mxr/kr [104, 108] nano nonoxurenbHBA pesyabraT. CKOPOCTH
KoppoauH (cpeassis 3a 5000 y) o6pasioB u3 crauH-20, yCTaHOBJIEH-

Tabauya 10

Bansinve KHcaopopna Ha BHHOC Kedesa (r/m2.JleHb) B NUTATEJbHON
Boge (ctaap 35,8, ckopocTh motoka 1,6 M/c, Temmeparypa 65° C)

pH 7 pH 9,5
CocTaB BORH
6e3 O, 0; 200 Mxr /KT G6es Oy Og 200 Mxr/Kr
QbecconenHas 0,1 0,0015 0,0010 0,0011
To xe ¢ no6as-
KOH & Mr/kr
NaCl 0,19 0,31 0,02 0,0090
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HBIX B KOHAEHCATHO-IIHTATeJbHOM TpakTe CTaHUHMA NpH TeMmepary-
pax 120, 230 m 330°C, coctaBuna <CcOOTBeTCTBEHHO 4, 5,7 H
6,1 Mr/m%-u. TlonoxurenbHple pe3y.abTaThl OBUIM NOJYYEHH H B
napo-BOAsIHBIX NOTOKax npu temneparype 280° C [101].

HsmeHeHHe KOHHEHTPAllMH KHCJIODOAa -B Npelesax 3HauyeHHH,
NpHHATHIX JJs 3allMThl, corjacHo naHHbM [107], mpaktuuecku He
BJHSET Ha BeJIHIMHY 3t deKra. .

KucnopoJHBH DeXHM B HacTodlliee BpeMsl Hallles NpHMeHeHHe
Ha psle 3JCKTPOCTAHUHMH B Hamlel cTpaHe, a Takxe B ®PI, Axr-
auu, UIBeunn, fnmonun [105]. Passutre 3TOro MeTofa Ha omnpeje-
JICHHOM 3Talle IPHBENO K HCIOJb30BAHHIO HAPARY C KHCJIODOAOM H
nepekHcH BOAOPOAA. BosblInHCTBO HccnenoBaTenell paccMaTpyuBaioT
peXHM ¢ LO3HPOBaHHEM TIEPEKHCH BOAOPOLA KAaK YaCTHHIH caydai
Kaca0poRHoH 3amuThl [99, 112—114]. YyursiBas ocobennocts Ho0Op
paanaraTbcsi ¢ O0pa3oBaHHeM KHCJIOPOJa, aBTOPHl YKa3aHHBIX pa-
GOT CUMTAIOT €ro JeHCTBYIOIUMM HauyaJoM IPH HCIOJb30BaHUU Iiepe-
kHcH Bozopona. Ilpu aToM monyepkHuBaercsi, 4TO mepexo] Ha mepe-
KHCb BOJOPOAA IesecoobpaseH JIHUIb NOCTONbKY, MOCKOJbKY €€ Jier-
ye BBOJAHTb B BOAY, ueM kKucaopon {99, 112, 113]. B paGore [115]
YKa3belBaeTcs, KpOMe TOro, 4To nociae BBefeHHs HyOp adp ekt RocTH-
raercs ObICTpee, YeM B pe3y/bTaTe BBEACHHS KHCJIOPOAA.

Hapsny ¢ 3THM CyILeCTBYeT W TOYKa 3PeHHS, COrJACHO KOTOPOH
neficreie Oy u HoOp ne caemyer oroxpaectsaste [107, 116, 117].
Tlo muenmio MapryJosoit [107, 118—120], yacTes mepekkcu pasJga-
raeTcd ¢ BbIAeJEHHEM KHCJOpoXa, a YacThb pacxoxyercss Ha o6paso-
BaHHE THIPONEPOKCOKOMILIEKCOB Kese3a (NPH HE OUEHb BBHICOKHX
tTemnepatypax). [Ipu mosbimennu Temnepatypsl g0 140°C u Bhime
yKa3aHHBle KOMIIJIEKCBI pasjararorcs ¢ oOpa3oBaHHEM 3allHTHBIX
IJIEHOK Ha MOBEPXHOCTH CTaJH, TakK 4YTO, TI0 MHeHHI MapryJnioBoi
[108], mepexuch BOmOpOAa CJEAYyeT paccMaTpHBaTh M KaK areHr,
HeNOoCPEeACTBEHHO . B3aHMOAEHCTBYIOMUY ¢ MeTaJIoM. B0O3MOXHOCTD
[yqac]ms{ HyO; B peakuumn c¢ Xene3oM IpHHUMaeTcs W B paGore
117].

D¢ PexTHBHOCTD AEHCTBHS TIEPEKHCH BOAOPOAA HIJIOCTPHPYETCS
AaHHbIMH pHc. 16 [99]. ITonoxutenbHble pe3yabTaThl NPH HCIOJB30-
Bannd HoOp nonyuewn B GoabuioM uucae pabor [107, 116, 121,
122]. PexoMeHnnyemas KOHLEHTpauus NepekucH cocTasiaser 200—
400 Mrx/kr [107]. IIpumMenenye 3TOro OKUCAHTENS TpeOyer mMORLEp-
xanus pH sva yposHe 7 {107].
© HeliTpanbHbll pexxuM ¢ J03HPOBaHHMEM KHCJIODPOAA H TEPEKHCH
BOJOPOJAA MMeeT DAL NMPEUMYIIeCTB Nepej] TMApa3HHHO-aMMHAYHLIM.
Kpome sryumero samutaoro sddekra (raéa. 11) [108], ou Tpeby-
€T pacxofla OYeHb MaJblX KOJIHYECTB aMMHaKa M CIOCOOCTBYeT yBe-
JAHYEHHIO NJIMTeNBbHOCTH (GHIbTPOLMKIA KOHAeHCAaTOOYHCTKH [107].

BBenenne HeliTpaIbHOIO pexRHMa MO3BOJHIIO TOCTABHTh BOUPOC O
BO3MOXCHOCTH 3aMeHBl B aTOMHOH 3HEpreTHKe ayCTEHHTHBIX HepxKa-
BEOLHX cTasedl Ha mepautHule [116, 121, 123].

Crennansuoe BHuManne npH paspaGoTke HEATDPANLHOTO PeXKHMa

40

OLIO yIeneHo BONPOCY O BOIMOXKHOCTH IKCIVIyaTallHi B 3TOM pe-
KUMEe MEIHbIX ciiapoB. [lo paunmim {112], B ykasaHHBIX YCHOBHAX
MOHO NPUMEHATb He TOJILKO CTalH, HO M JaTyHu. B paGore [124],
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Puc. 16. Uamenenue KOHUEHTpAlHK Keje3a (@) HA PA3IHUHBIX
{{q%ma(;lt (6) xouzencatHo-muTaTesBHOrO TPaKTa JH0 BBOAA
Hf—llzl—) M mocie JRosuposamna H,0, (2), (& — measparop,
Tea0rpeBate/b HHIKOTO NaBICHHS, IB — nonorpepa-

T€JIb BBICOKOrO [AaBJIEHHS) ’

HampoTHB, CAe/aH BBIBOJX O HU3KOH KOPPO3HOHHOH CTOHKOCTH saTy-
Hedl B NPHCYTCTBHM KHCJIOPOJA M NepekucH BoAopoaa. Ilpu sToM,
OHAKO, ¢ yueToM JaHHBIX [112] BHICKa3aHO HpeamoNIOKEHHE, uTo
BOMPOC O BO3MOXKHOCTH NPHUMEHEHHSI IaTYHEA MOXKeET GbiTh PellleH 1o
JHHKHKA HEKOTOPOr0 M3MEHEHHS] MX cocTaBa. ECTb ykasaHue U Ha He-
AOCTaTOYHYIO CTOHKOCTb TIPH HCNOJL30BAaHHH HEATPAJbHOTO BOAHOTO
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pexxHuMa CIJIaBOB Ha OCHOBe cTejsuTa [125], yTo cBsI3HIBaercs C He-
CTOMKOCTBIO B TIPHCYTCTBHH IIEPEKHCH BOXOPOAA CMEIIAHHOTO KapOH-
Ia Bosb(ppaMa H XpoMa.
ITockosbKY B YCJAOBHSIX 3KCIJyaTallHH 3HEPTeTHYECKHX YCTaHO-
BOK (B TOM YHCIE ¥ NPH TPHMEeHEHHH KHCJIOPONHOH 3all{MUTH) MeTaJ-
" Tabauga 11

KoanyecTBO xene3a (MKr/Kr) B NHTaTeabHOH . BOJE, NeperpeToM

nape M B OTJOMXEHHAX B KOTJe HNPH THAPASHHHO-aMMHAYHOM

pexknme (1) W HefiTpaabHoM pexume c¢ gosuposauvem O, (1)
u H,0, (111) na Kocrpomckoit IN'P3C

MecTo onpe- Bueprobaok No 5 Aneprobaok N 7

JeleHHR
xon:(xggzgguuu Pexum I Pewuum 11 Pexum | Pexuwm I1
[Tutatenbuas

BoLa 7.6 3,2 8.2 35
ITeperpethiit )

nap 58 2,8 6,9 30
Ornowenns ,

B KOTIE 1,8 0,4 1,3 03

)

JIHUEeCKHe NOBEDPXHOCTH, KaK NPABUJO, NOKPLIBAIOTCS OKHCHEIMH ILIEH-
KaMy, NofasJjswoliee GObIIHHCTBO UCCHefOBaTesefi NPH O6CyxKAe-
HUM MeXaRu3Ma JeHCTBHS KHMCJIOPOAa M HEepPEeKHCH BOLOPOLA MEPBO-
CTeleHHOe 3HaYeHHe NMPHAAIOT BONPOCY O POJH 3THX OKHC/IHTeNell B
06pa30BaHHH TJIEHOK (KOTOPHIM NPHIUCHIBAIOTCH 3aIUHTHBIE CBOM-
crBa). O6muM HefocTaTKoM GOJMBLUIMHCTBA TAaKUX paBoT SABJAAETCS
HeIOyueT POJIH NOTeHIHa/J a MeTajsa B KHHETHKe NMPOTEKAOLHX Ha
HeM TIPOLLeCCOB.

Kak mpaBHus0, TPHHHAMAIOTCH BO BHHMaHHE TOJbKO paBHOBECHBIE
NOTEHIMaNbl peakUHA B CHCTeMe MeTaJJ —BOJad, XapaKTepH3ylo-
IiHe TepMOJHHAMHYECKYI0 BO3MOXHOCTb 06pa30BaHUs Ha NOBEPXHO-
CTH MeTaJjJjia TOTO HJH MHOro coeidHeHHs. B meHCTBHTENBHOCTH XKe,
KakK NMOAYepKHBAJOCh BhIlle, TOTEHIHAM MeTa/lja UIpaeT pellaloilyio

poJib B KOPPO3HOHHOM TIpoliecce, BJIMSAS, B NEPBYI0 Oo4epelb, HA KH-

HEeTHKY COCTaBJSIOUIHX €0 peakUHi — cOGCTBEHHO PACTBOPEHHs Me-
TaJla U BOCCTAHOBJIEHHS OKHCJAHTeNs-JAenojspusaropa. Ilaccusa-
UHA MeTaJjnia, Jiexallas B OCHOBE METOJa KHCJODOAHOH 3alLlMTHI,
KaK NpaBuJo, CBA3aHa ¢ o0pa3oBaHHEM Ha MOBEPXHOCTH MeTaJia
afCOPOUHOHHBIX CI0EB (HA KOTOPHIX TOJbLKO 3aTeM MOTYT BO3HHKATh
H (a3oBble 06pa3oBaHys), TaK YTO NOTEHUHANH IaCCHBALMH MOTYT
He coBnajaTth (M OOLIYHO He COBNAJ2OT) C PACCYHTAHHBIMH IO
ypaBHenuto HepHcra paBHOBeCHBIMH MOTeHIHANAMH T€X HJIH HHBIX
peakuuii,

B TO xe BpeMsi MONBITKYE TPHIOKEHHS 3aKOHOB SJIEKTPOXHMHH K
TOJIKOBAaHUIO KOPPO3SHOHHBIX ABJECHHUHA TIpPH KHCJOPOAHOH 3allHTe, Kak
NpaBHAO, OrpaHHYHBAIOTCS paccMoTpeHHeM puarpamMm Ilyp6s (ma-
IOIHX 33aBHCHMOCTH PAaBHOBECHBIX IOTEHUHaN0B @p OT pH cpemnr)
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[110, 111, 126—128]. Muarpamma Ilyp6s gns  cucrembr Fe—H,0
npH Temneparype 150°C npencraBiena Ha puc. 17 [126]. TIpu ee
IPAKTHUYECKOM HCIOJb30BAHHH H0-

MYCKAeTCsl, YTO 3JEKTpoXUMuyeckne B

N
IIPOLECCH, NIPOTEKAIONIHe Ha JKeJe- I)LFe(DH)z‘
3€ B peaJbHBIX YCIAOBHUSAX, OJH3IKH K ‘K
PAaBHOBECHBIM, YTO B JEHCTBHTENbL- fe¥*

HOCTH He MOXEeT HMeTh Mecra. Ko-
JHYECTBEHHYI0 HMH(OPMALHKIO NpH-
MEHHTEJBHO K NMPOMBILIJIEHHBIM yC-
JIOBHSIM MOJyYHTb M3 NPHBENEHHOH
auarpamMmMmbr  ITyp6s nenbss euie u
MOTOMY, 4YTO OHa H€ YYHTHIBAeT
B3aHMOLCHCTBHE C XKeJIe30M H ero
COGIMHEHHSIMH KHcaopona. [Iloct-
poenue xe puarpammsl Ilyp6s mis
cucrembl Fe-——H,0—O0, ocnoxuser-
Csl OTCYTCTBHEM HeOOXOXHMBEIX MaH-
upix [129]. Tem He menee cymect-
ByeT MHeHHe (Hampumep, [110]),
4TO, U3MEPHB @p H pH BoxHOH cpe-
A6l (TeTVIOHOCHTENAA) Haxe B IpO-
MBIIIJIEHHOM KOHTYpe H OGpaTHB-
ek K guarpamme [1yp6s, mMOxHO
MOJYyYHTb KAYeCTBEHHYIO XapakTe-
PHCTHKY COCTOSTHHS HOBerHOgTHOI‘O EHHCCT'HZ} ﬂ’f,féﬁé‘f)“i 2,3;263 ﬁnf{
CJIOST - KOHCTDYKLHOHHOTO MaTepHa- 150°C (0,5 MIla) P
Jla, KOHTAKTHDYIOLUErO0 ¢ JAHHON
cpenoil. BbiIo mpennoxeno Takke HCIOMb3OBATH COBOKYIIHOCTb TpeX
lapaMeTpoB: @p, pH H yReabHYI0 3/1eKTPONpPOBOLHOCTh KaK «HHTEr-
PaJIbHYIO XapaKTePHCTHKY KOPPO3HOHHOH Cpebl».
. ZJI:IsBeiIHo, 4TO, €CJIM B PacTBOp, COAEPKAIUHM, HAPUMEDP, HOHBI
e*t, Fe**, norpysurts nnatuuoswii 3JEKTPOX, TO IOCJIe YCTaHOBJe-
HUA PAaBHOBECHS Ha 3JIEKTPOJe BO3HHKHET PaBHOBECHBLH NOTEHILHA
XapaKTEPH3YIOWHH OKHC/IHTENBHO-BOCCTAHOBHTENbHbBIE CBONCTBA pa:
CTBOPA, KOTOPBIH MOXET OBITh BBIUHCJACH IO ypaBHeHuI0 HepHera.
B peaabnbix caywasx npuxomntcs umeTs ZIeso, KaK NpaBHJIO, C He-
O6paTHMBIMH cHcTeMaMH. TeMm He menee, aBTopnl {109, 110, 130]
CUMTAIOT, YTO Ha 3JEKTPOAaX H3 GJATOPONHBIX METAJNOB, LaXe B
STHX CIy4asX BO3HWKAIOT PABHOBECHBIE MOTEHIHAJbI, 06JAaLAIOLIHE
“XOpOLIeH BOCTIPOM3BOLMMOCTBIO», H HX MOXHO HCUO/b30BATH IS
KOHTDOJIT KOPPO3HOHHOH arpecCHBHOCTH Cpelbl, B TOM YHC/Ie H HA
TemIoBbIX cTanuusx [131]. MHOrHe M3 5THX MOJIOXeHHH GbIIH npej-
METOM ocTphiX AuckyccHit [129], oxnako TPaKTHYECKOe HCIONb30BA-
RHE TakuX H3MepeHHN M Anarpamm Ilyp6s fnst aHaJH3a SIBACHHE B
PaJLHLIX KOHTYpax HMMEEeT MecTO M B HacToslee BpeMs.
3amlzlgﬂmgfé{;ero Maprynoso#t [111], npu paccmoTpennn MexaHuama
332 H €ro CIJaBOB OT KOPPO3HH B CHCTEMAX C BOJOM
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BEICOKOM YHCTOTH HeOoOXOLUMO YUHTHIBATh 00pasoBaHHE FHAPOKOMII-
JIEKCOB KeJe3a H WX Pellalollyio poJb B Ipoliecce Kopposuu. B pa-
Gorax MapryJoBO¥ NOAYEPKHBAETCs, YTO TaK KakK [/l COBDEMEHHOH.
3HEepreTHK! XapaKTePHO HCIOJb30BaHHE HEHTPAJbHBIX H IIEJOUHBIX
cpes B UHDKYJSIMOHHBIX KOHTYpax U HajJHiHe NPOAYKTOB KOPPO-
3HH B BOJle B OUEHb MaJblX KOHLEHTpPALHAX, B pacTBOpe, HO-BUAH-
MOUMY, MOTYT HPHCYTCTBOBATb TOJIbKO THAPOOKHMCH HJH THAPOKOMI-
Jgekcuble HoHbl. OKHCJIBL METaNJIOB NpeAcTaBafloT cob6oi HepacTBO-
puUMyIO TBepAylo (basy, OOBYHO B3BENIEHHYIO B IIOTOKE TENJIOHOCH-
Teas MIH HaxOJslLylocs B BHAE OCAaZKOB B Pa3/MYHBIX TOYKaX KOH-
Typa, KaK IPaBHJO, B 30HAX C MaJBIMH CKOPOCTAMH motoka. B yc-
JIOBHSIX BOJABl BLICOKOI UYHCTOTHl THAPOKOMIUIEKCH JKeJje3a Crnoco6-
HBl 06pa30BBIBATh Ha BHYTPEHHHX IIOBEPXBOCTSAX KOHTYPOB NepBHY-
HBIH OKMCHBIR CJIOH, TOJMIHHA KOTOPOTO NPH JasbHeHlleld s3KCmayara-
UM C ONTHMAJbHEIM BOJHHIM PEXHMOM YBEJHYHBAETCSH, UTO HPENAT-
CTBYeT KOppO3HH MeTajna. B sTom cayuae nabaroxaercs napaGosn-
yeckas 3aBHCHMOCTh CKOPOCTH KOPPO3HH OT BpeMeHH 3JKcmayara-
IMH, TIepexosiiasi B HEKOTOPYIO 3aBHCHMOCTb C HACHIIEHHEM.

B paGote {111], a Takke B paborax [128, 132] nocryanupyercs,
uro Houbl Fe?t u Fed+ o6pasyior B Boge ruapokoMmiexcsl: [FeOH]+,
[Fe(OH)q), [Fe(OH)s]~, [Fe(OH) 2~ aast Fe(ll) u [FeOHJ,
[Fe(OH).]+, [Fe(OH)s], [Fe(OH)]~ mas Fe(Ill). C yuetom pe-
3yabTatoB pabor [133] mpeanosnaraercs, 4TO JJisi MPOCTHIX CTajleH
HauboJiee MPOYHBIMH H CIVIOMIHBIMH 32IIMTHBIMH OKHCHBIMY IIJIEHKAa-
MU SIBJSIIOTCSI IJIEHKH M3 MarHeTHTa u Marremuta (y-Fe;Oz) xak or-
BeyaloIlHe OKHCJIaM TpeXBajeHTHOro Xene3a. OTCi0na BbICKa3biBaeT-
Cstl IPEATONIOKEHHE, UTO JO3HPOBKA B BOJLY KOHTYpa OKHCJHTeNs AB-
JsieTcst 6ojiee IpeNIOYTHTENbHOM, YeM TPaaHLHOHHbIE BOJHEIE DEXH-
MBI, TaK KaK OKHCJHTeNH cmocoGctByloT mnepeselennio Fe(Il) B
Fe(I1Il).

B paGote [111], B COOTBETCTBHH M C APYTHMH OnyOJHKOBAHHBI-
MH HpeNCTaBJEHUSIMH NPHHUMAETCs, YTO 3alllMTHas IJIEHKA HA TO-
BEDXHOCTH MeTaJjljia B BOAE BLICOKON UHCTOTHI, COAEPIKAUIeH OKHC/IH-
TeJIb, BJASETCS ABYXCAOHHOH — Ha NOBEPXHOCTH METAaJlJIa HaXOMHTCS
OKHCHasl IJIeHKd, a HA MOBEPXHOCTH STOH ILIeHKH — HAPATHPOBAH-
Has nneHka (THAPOOKHCcHAs). Ilpensoxxen ciaelAylOLHA MeXaHH3M ee
pocTa H, eCTeCTBEHHO, YBeaHyeHHA 3G HEKTUBHOCTH 3aILHUTH OT 001lel
KopposuH. M3 rugpoxommiekcos coegnnenust Fe(I11), naxopguuxcs
B o0bEMe TeIIOHOCHTENs, o6pasyiorcs coenvHeHusi tuna FeOOH
(amopdHas ¥ kpucTaJIHuecKHE -, B-, Y- H O-MOAH(HKALWHK), KO-
TOpPBIE, HAaXOHsACh B KOHTAKTe C OKHCHON IIJIEHKOH Ha TIOBEPXHOCTH
MeTajna, «BHPOXKAAIOTCS» B 0e3BOAHBE OKHCH, HanpuMep, y-Fe,0Os,
CrocoGCTBYS ee POCTy.

B mpucyTcTBHE mepekucH BOXOpOLAa B BOJAe Hapady C ONHCaH-
HBIMY BBIINE KOMIIJIEKCAMH 2Kesie3a MOryT o6pasOBLIBATbCA H THADO-
MePOKCOKOMILIEKCH »Toro Merajna. B paGore [108] mpruumaercs,
UTO KOPPO3HsA XKeJe3a B 3THX YCJOBUAX HJIET B [ABe CTaJHH: CHaua-
JIa CKOPOCTh KOPPO3HH HEBeJHKAa M B BoAe 00PasyloTcss KOMILIEKCHI

H“

MEPEKHCH BOAOPOLA C Keje3oM NpH yuactHu nowoB OH-. [Hajee
IIPOUCXOAHT TEPMHUYECKOE Pa3JjoXKeHHe KOMIJIeKCOB ¢ 06pa3oBaHueM
3aIHTHO KeJe300KHCHOH IIJIEHKH TI0 BCEMY KOHAEHCATHO-IHTATENb-
HOMY TpPakTy, BKJIOYas KOTeJ. B TakuX yCJOBHAX aBTOp CUHTAeT
BO3MOXKHBIM TIDHMEHSTh JAJ51 NOJOrpeBaTesiell BLICOKOTO NABJEHHS U
IIePBOTO NOJOIPeBaTes s HH3KOTO JABJEHHS YIVIEDOLUCTYIO CTalb.
B pat6ore [107] 6bl10 mMOKa3aHO HEKOTOpOE NPEHMYILECTBO PEXUMA
C JO3UPOBAHHEM IT€PEKHCH BOAOPOAA — MEHbINAs CKOPOCTh DPOCTa
TEMIEPATyPHl Ha HUXKHEH PagHallHOHHON 4acTH KOTJa.

5. NEPCNEKTUBHOCTb BOJHBIX PEXXWUMOB
C AO03UPOBAHHUEM OKHWCJHTEJIEH

M3 mpoBefeHHOro ananu3a ONyGJMKOBAHHBHIX NAHHBIX CJELYeT,
YTO NPU HCMOJIb3OBAHHH COBPEMEHHHBIX CPeACTB BOAONIOATOTOBKH KakK
B COCTaBe KOHAEHCATHO-NIUTATEJbHOTO TPaKTa, TaK H AJs TMPHTOTOB-
JieHHs] 106aBOYHOH BOJBI OCHOBHEIMH NPHMECSIMH MHTATENbHOH BOIBI
naporeHepaTopa SBJSIOTCS TIPOAYKTHI KOPPO3HH KOHCTPYKIHOHHEBIX
MaTepHanaoB TpakTa. C 5TOH TOYKH 3PeHHA AN 5Hepro6JOKOB BBICO-
KUX IapaMeTpoB C TNpPSMOTOYHBIMM TIapOreHepaToOpaMu OCHOBHBIMH
3ajlayaMHu OpraHH3allH{ BOJLHOTO PeXHMa OCTAITCH:

— YMeHbUIeHHe KOHIEHTDalHH IPOAYKTOB KOPPO3WH B IHTa-
TeJbHOH BOJE W YMeHbIIEHHE XKeNe300KHCHBIX OTJIOXKEHHN B HHXKHeH
paAMalKOHHON 4acTH TlapoTeHepaTopa;

— YMeHblIeHHe KOPPO3HH IIOBEDXHOCTEH IaporeHeparopa;

— YJayyYllleHHe TelnJohH3HYecKHX XapaKTeDHCTHK OKHCHHIX mJje-
HOK HA TelJIoNepefaILUX NOBEPXHOCTAX;

— YBeJHYeHHEe MeXIPOMBIBOYHOTO TepHOJa NaporeHeparopa;

— TIOBHIUIGHHE COJIEBOH €MKOCTH KOHACHCATOOYHCTKH;

— MpefoTBpallieHHe CTOIHOYHOH KOPPO3HH,

He Bce mepeuncienHble 3afayd B OLMHAKOBOH CTENEHH peILaoT-
€Sl TIPH HCIIOJIb30BAHHHM BOAHBIX PEXHUMOB C JO3HPOBAHHEM OKHCJHH-
tenefi (O; man HyO;) B KOHQeHCATHO-TUTATENBHOM TpaKTe 3JIEKT-
pocTanuxu. BaxXHyI0 poJib NIpH 3TOM HrpaeT COCTaB KOHCTPYKLHOH-
HBIX MaTepHaJjoB [1apo-BOASHOIO KOHTYpa. :

Opnako yxe B HacTosilllee BpeMsl MOXHO yKasaTb Ha Onpefe-
JIGHHBIE 3KOHOMHYECKHE M 3KOJOTHYECKHe NpeHMYyUIecTBa BOAHBIX
PEeXHMOB C N0O3MPOBAHHEM OKHCJAHTENeH JJId NpsSIMOTOYHBIX Tlapore-
HepaTopOB BLICOKHX TTapaMeTpOB.

1. YBennueHHe MeXIIPOMBIBOYHOIO NMEpHOAa maporeseparopa 6o-
Jiee 4yeM B JBa pasa, YTO BO3MOXXHO NO3BOJHT NMPOBOAHTH XHMHYeC-
KHe OYHCTKH ero HHXKHeH paivanHOHHOA YacTH TOJbKO B INEPHOIH
KaNKTaJbHEIX PEMOHTOB.

2. 3HaunTeNnbHOE YBeJHYeHHe pecypca HOHOOGMEHHHIX PHALTPOB
KOHIEHCAaTOOYHCTKH [I0 CPAaBHEHHIO C THAPa3HMHHO-aMMHAUHBIM BOJ-
HbIM DEeXKHMOM, KOHOMHS DEakKTHBOB: aMMHaka M THIApasHHa, a
TaKXXe yMEHbllIeHHe KOJHYeCTBa COPOCHBIX BO.

3. B0O3MOXHOCTh HCIIOJIb30BAaHHA YIVIEPOAHCTBIX CTajell B Kauye-
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CTBE KOHCTPYKLHOHHOTO MaTepHasna OOOpPYAOBAaHHSA KOHJAEHCATHO-
IIHTaTeJbHOTO TPAKTA.

Crenyer, 0OJlHaKO, OTMETHTb H HEKOTOpbie OTDAHHYEHHs B IpHME-
HeHHSIX BOMHOTO pexHMa C AO3HpoBaHHeM OKHCaHTesdell. K HHM oT-
" HocATcA: HEOOXOANMOCTb 3aMeHBl JIaTYHHBIX NIOAOrpeBaTesiefl HH3-
KOro J(aBJI€HHs Ha CTaJlbHble, HEIIPHTOJHOCTb HCMOJb3OBAHUS PEXH-~
Ma ¢ [LO3HPOBaHHeM Tra3006pas3HOro KHCJI0poAa AAs GapaCaHHBIX
KOTJIOB H3-3a 3 (dexTa KOHLEHTPHPOBAaHHs COJIEH NIPH YyIapHBaHHH
(noBbILIEHHE YJEJIbHOH NPOBOAHMOCTH TENJIOHOCHTENs) H yAaJeHHH
3HAUHTEIbHOH YaCTH KHCJOPOJa BMECTe C NapoM.

B 3aBHCHMOCTH OT CXeMbI KOHAEHCATHO-NIUTATeJbHOr0 TpakKTa,
ero TenIodH3NIeCKHX XaPaKTEPHCTHK H NDUMeEHsieMBIX KOHCTPYKIH-
OHHEIX MaTepHAaJOB MOTYT HCIOJb30BATHCH Pa3JHUHbBIE TOYKH BBOXA
OKHCJAHUTENEe B TPakT: Nepel KOHAGHCATHHIM HACOCOM, B TPEIOMUHA
map momorpeBaTesiell HH3KOIO HABJEHHS W B THTATENbHYIO BOZLY.
Has pelieHHs BceX IOCTABJEHHBIX B Hayajde JaHHOrO pasfena 3a-
Jay OpraHH3alHM BOLHOIO peXHMa MOTYT HCHOJAL30BATHCA KOMII-
JIEKCHBle METOAbl: C IO3UDOBKOH OKHCJ/HTE/eH, aMMHaKa, THApa3HHa
H aMMonuiiHo#i conu DITA. HMimeloTcs M ApyrHe MyTH COBEpLIEH-
CTEOBaHMs BOJHO-XHMHYECKOTO peXHMa KOHAEHCATHO-NHTaTe/lb-
HOTO TpaKTa, HampHMep, MCKJIOYEeHHe JAeaspaTopa W3 TpakTa, HC-
noib30BaHHe GoJiee TEPMOCTOMKHX HOHHTOB H, COOTBETCTBEHHO,
ycTaHOBKAa (HJIBTPOB JAJsl OUHCTKH KOHJEHCAaTa Mocje MOLoTpera-
Teneli HU3KOrO JaBJeHHs, a TaKXe JAJS OYHCTKH KOHLeHcaTa
rpeollero napa.

CpaBHeHHe pe3yJbTaTOB IIPOMBILIJIEHHOR SKCIJIyaTalllH 3JIEKTPO-
CTAHUHH C BOAHBIMH PeXHMAaMH C JO3HPOBAHHEM OKHCJHTeNeH U 3KC-
HepUMEHTAJIbHBIX JAHHBIX, TOJYYEHHBIX Ha OJHOKOHTYDHBIX aTOM-
HbIX 3JIEKTPOCTAHIMSX, HO3BOJNSET aBTOpaM psima pa6or [116, 123]
yTBepKJIaTb, YTO OTHOCHTEJbHO HH3KHH YPOBEHb KOPPO3HH B OJAHO-
KOHTYDPHBIX aTOMHBIX CTaHUHAX o0ycJOBJEH HaJuyneM B BOIE Peak-
TOPOB pPACTBOPEHHOTO KHC/JOPOLA H I18DeKHCH BOZOpOAa (IPOCLYKTOB
pannonusza Bombl) B KoauuectBax a0 0,1-—0,2 mr/kr. IlpumeHenue
100% -HO# KOHIEHCATOOYHCTKH B TAKHX peakTopax sBasercs o0s3a-
TeNbHBIM. [lanHble, NMoATBepKAAIOLIHE 3TY TOYKY 3PEHHS, NOJYYEHb
Ha peaktope tHna PBMK (Ha mByx 6J0KaX aTOMHOH 3/JeKTpOCTaH-
UMH) u onucausl B paGore [123].

B cBs3u ¢ aTHM genaercs BRIBOA, YTO HOAABJSATH PaJHOJH3 BOJBI
B KMIsUleM peakTope He caenyer. Kpome Toro, pekomeniyercs 6o-
Jiee IIHPOKO HPHMEHATb YIJIepOLHCTble CTaJH Al OJHOKOHTYDHBIX
ATOMHBIX 3JIEKTPOCTAHUHI NpH GeCKOPPEKLHOHHOM BONHOM peXHMe.

BoaMoXHOCTL CcyliecTBOBaHHS MEPEeKHCH BOXOPOLA B BOLHOM
TENJIOHOCHTEJIE aTOMHBIX 3JEeKTPOCTAHLHI IPH BHICOKOH TeMmIeparty-
pe obcyxnaaercs Takxe B padore [134]. Onucan moNOXKHTENbHBI
ONBIT 3KCIJIyaTallMH KHnsluero peakropa BK-50, HMmeiomero 3HauH-
TEJIbHOE KOJIHMYECTBO OGOPYNOBAHHS H3 YIVIEPOMAHCTOH CTAIH B COC-
TaB€é KOHTypa, ¢ [JO3HPOBKOH KHCJOPOJAA B KOHIEHCATHO-MHTATENb-
HHH TPaKT.
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OnHako ecaH npemsoKeHHe 06 HCIOJb30BaHHH NPOAYKTOB pa-
JIHOJIH3a BOAB AJisl CHHXKEeHHsI oOIled KOPPO3HH CTajedl B KHNALIUX
peakTopax npeAcTaBjisiercs JOCTATOYHO OOOCHOBAHHHIM, TO HCIOJb-
30BaBHe NEePeKHCH BOLOpPOAa, obpasyiolelics B aKTHBHOH 30He peak-
TOpa ¢ BOAOH TOJ JaBJeHHeM, BEPOSATHO, HEBO3ZMOXKHO.

Caenyer Takxe NPHHUMAaTL BO BHUMaHHe, 4TO NPH HaJHYHH OKH-
caurenen (Oq, HyO;) B Boje peakropa nonagaHue jaxe HeGOJbIIAX
KOJIMYECTB a30Ta (BO3AyXa) B KOHTYP MOXET NDHBECTH K 06pa3oBa-
HHIO HHTPATOB H HHUTPUTOB B BOJE KOHTypa 3a CYET IIPOTEKaHHs pa-
JMaNNOHHO-XHMHYECKHX peakini, cunxenuwo pH BoaH M omacHoMy
HapyIIEHHIO BOLHOTIO peKHMa.

B 3ak/IOueHHe CJefyeT TOJUEPKHYTb, YTO C YYETOM GO0/bLIOro
yucJa IperMyllecTB MeTOXa KHCJOPOAHOH 3allHTH IO CPaBHEHHIO C
JPYTHMH CYIIEeCTBYIOIIMMH MeTONaMH, CO3JaHHOH TeopeTHYecKo# Oa-
3B, CIIOCOOHOH O0ECHEUHTb €ro AajibHelillee pa3BHTHE, 4 TaKKe HMe-
IOLIEroCs TOJNOXKHTENBHOTO ONbITA NPaKTHYECKOTO HCHOJNb30BaHHUs
HeATPaNbHOTO BOJHOTO pexXyuMa C JAO3UPOBAHHEM OKHCJIUTesNeld AJs
NpenOTBpAallleHUs] KOPPO3HMH 3HEPreTHUeCKOro 060pYNOBAHHST MOXK-
HO cllenlaThb BHIBOJ 06 3KOHOMHUYECKOH 1e/ecoo0pasHocTH AanbHed-
Hler0 BHEADEHHS W pacuiHpeHHs o6JacTell NpPHUMeHEHHT paccMoT-
DPEHHOTO MeToHA.
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YIOK 620.193.013:669
BJUSAHHE NE®EKTOB KPHUCTAJIJIMYMECKON PEWIETKH
HA KOPPO3HOHHO-3JIEKTPOXUMHYECKOE NOBEJAEHHE
METAJIJIOB U CNJIABOB

0. B. Kacnaposa, 1. M. Koaorsipxun

1. BBEAEHHE

Bce peasibHble KPHCTAJJB B TOH HJIM HHOH CTEIEHH HECOBep-
IleHHBl, TaK KaK CcomepxkKaT GoJbllIoe KOJHYECTBO CAMBIX PasHO0G-
pa3HbX Ne(EeKTOB KPHCTaJJIHUECKOTO CTPOEHHS, OKA3hBAOUIUX TPH
onpefieJeHHBIX YCJIOBUSX pelllaiolllee BAHUSHHE Ha CTPYKTYPHO-4yBCT-
BHTEJbHbIE CBOHCTBA METAJIHIeCKHX MaTepHasoB (HalpHMep, Mpoy-
HOCTb, IIACTHYHOCTH, KOPPO3HOHHYIO CTOHKOCTb M Ap.) {1, 2].

B nocneanue TOABL CYUIECTBEHHO YIVMYGHJHCH H PaCIIHPHJIUCH
HaluH TpeJCTaBJeHHs O KOHQUIypalHK H CBOACTBax AeheKTOB KPHC-
TaJJIMYeCKOH peIleTKH M HX pPOJH B KOPPO3HOHHHIX  TIpOLecCax.
B 3HaudTeNbHOH CTENEHH 3TO CTaJNo BO3MOXKHBIM OJarofaps pas-
paboTKe BHICOKOPA3pEIIAIIIHX METOJOB HCCJAENOBAaHHS TOHKOH
CTPYKTYPH KPHCTAJJIHYECKHX TeJ — BbICOKOBOJILTHOH 3JIEKTPOHHOH
MUKPOCKOIIMHY, ABTOHOHHON MHKPOCKOIMH, 3JEKTPOHHOMHKDPOCKONHYE-
CKOH aBTOpajguorpaduu u Ap. [2—14].

HecoBepuieHcTBa KPHCTaJJHYECKOTO CTPOCHHS B peaJbHBIX Me-
TaJJIMYeCKUX MaTepHaJax SBJAIOTCS NPHYMHOM HX CTPYKTYDHOH H
XHMHYecKol HeoxHOpomHocTH [2, 15—19]. Ilocnennsss Bo3HHKaeT
BCJIEACTBHE B3aHMOAEHCTBHS CTPYKTYPHBIX He(deKTOB ¢ IpHUMeCHHIMH
aToMaMH M 3aBHCHT OT Xapakrepa JedekTa, NIPHPOXB MeTakla H
Buna nmpumecH. IIpH 3TO0M 0COGEHHO BaXXHO MOAYEPKHYTb, YTO HOJ-
HOe HAaCBIIeHHE CTPYKTYPHBIX Ne(deKTOB NpHMecHBIMH aTOMaMH H
BO3HHKHOBeHHE CYHIeCTBEHHOH XHMHYECKOH HEeOJHOPOALHOCTH HOCTH-
raercsl MPH Ype3BbYalHO MaJIoH KOHUEHTPalHH IPpHMeCed B MeTaJlle
[20].

CTpyKTypHas H XHMHYecKas HeOJHOPOZHOCTb METAJJIOB H CIjIa-
BOB IIpH OTpelleJleHHBX YCJAOBUSIX BO3JEHCTBHS arpecCHBHOH CpeXbl
Hen36eXHO NPHBOJUT K 3JEKTPOXHMHUECKOH TeTEPOreHHOCTH NOBEPX-
HOCTH H B KOHEYHOM CUeTe — K JIOKaJbHOMY IIPOTeKaHHIO KOPPO3HOH-
HBIX mpoueccos [21—27].
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B nannoit pa6oTe paccMOTpeHBl OCHOBHBIE BHIAB M CBOHCTBA He-
COBEPIIEHCTB KPHCTaJUIMYECKOrO CTPOEHHS H HX BJHAHHE Ha KOp-
PO3HOHHO-3JIEKTPOXHMHYECKOE TOBeAEeHHEe METaJJIOB H CIJIaBOB.
B cBs3n ¢ OOCIUMDHOCTHIO TeMBl CCHLIKH B psile CaydyaeB JaHH Ha
mouorpaHu H 0630pHBIe CTATbH.

2. JE®EKTbHl KPHCTAJNJHYECKOTO CTPOEHUI
METAJIJIOB H CIJIABOB U MX CBOMCTBA

Kak ussecrso [1, 28], nedexThl KpHCTaNIHYECKOTO CTPOEHHS Me-
TAJIHYECKHX MATE€PHANOB KJAACCHPHUHPYIOT NO IeOMeTpPHYECKHM
NMpU3HAKaM Ha TOYeyHble (HyJbMepHBIE), JHHEHHbEe (OJAHOMEpHBIE),
IOBepXHOCTHEIE (IByMepHble) H o6beMHHEE (TpexmepHble). edek-
TH NE€PBHIX TPEX TPYIN OTHOCAT K MHKPOCKONHUYECKHM (OHH HMEIOT
aTOMHbIE Pa3Mephl KAK MHHUMYM B OZHOM H3M€peHHH), a ofbeMHHIe
nedeKThl (IOpbl, TPEIHHEI, apaluHB) — K MaKpOcKonunyeckuM. JIu-
HefiHBIH pa3Mep NOCHEAHHX BO BCeX TPeX H3MEPEHHSAX CYIUEeCTBEHHO
NPEBOCXOAHT MEXATOMHOE PACCTOSIHHE.

YkasanHadq kaaccuuKanus gepeKToB siBJSETCS MHPOKO pacipo-
CTPaHeHHOH M O6ILEIPU3HAHHOH, HECMOTPS Ha CBOIO HEKOTOPYIO yc-
JIOBHOCTb, 3aKJ/IOYAIOLIYIOCS B TOM, YTO NIPH ONpeleqeHHH MEpPHOCTH
JdedeKkTa YYHTBIBAIOT TOJILKO €r0 MAaKpPOCKONMHYecKHe pa3Mepnl [1].
Mexay TeMm; HanpuMep, IpaHHUB 3€PeH, KOTOPble B COOTBETCTBHH
C 3TOH KJaccH(HKalHeHd OTHOCSAT K IIOBEPXHOCTHHIM JedekTaM, B
JEHCTBUTEJNLHOCTH SBJSAIOTCS HE NOBEPXHOCTHIO, a MEXKPHCTAJJIHT-
HOH 30HOH aTOMHOM TOJMIUHHEL. YUTo Kacaercs AHCJAOKAUHH (OCHOB-
HOTO BHJla JHHEHHHIX Ie(eKToB), TO BJOJb AHCAOKAUHOHHBIX JHHHH
TaKXe HMeEeTCSl HCKaXeHHas 006J1acTb KPHCTAJJHYECKOH peIeTKH
aTOMHOH BeJHYHHBL.

Ciienyer OTMETHTb, UTO B CIELHAJBHOA JHTepaType LedeKTH,
HMeIolLlHe MAaKPOCKONMHYECKHH pa3mep, no xpakHed Mepe, B OLHOM
H3MepeHHU (IHCKOJIALlHW, CHCTEMBbI JHCJOKalHH, MHKPOTpPeIlHHH,
TPaHHLBl 3epeH H [p.), YaCTO HA3HIBAIOT IPOTSMKEHHBIMH CTPYKTYD-
HBIMH JedeKTaMH.

OcHoBHBle BHIB AeEKTOB KPHUCTANJIHYECKOTO CTPOGHHS H HX
CBOHCTBA ONHCaHBI HUXKE,

2.1. ToueuHbie pedeKTh

K toueunbiM medekTaM OTHOCSTCSI BAKAHCHH, MEXKY3€JbHbEIE aTO-
MBI, IPUMECHBIE ATOMBI BHEJPEHHS H 3aMellleHHs, a TaKXKe HX KOMII-
JekcH [28—34].

SHeprus o6paszoBaHHs BAKaHCHI MeHblle, a SHEPTHS aKTHBaLHH
MHTpaluy BaKaHCUH OoJiblle COOTBETCTBYIOUIMX 3HEPIUH AN MeX-
yseanunix atoMoB [35]. [TepBoe o6crosiTenbcTBO 00YCAOBANBALT I'PO-
MajHOoe pasHyHe B KOHLEHTpPalli¥ BaKaHCHH H MeXy3eJbHHIX aTo-
MOB B KpHCTaJsiMuecKoi peuwerke (ra6a. 1) [1].
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B paGore [36] man o0630p TeopeTHYECKHX MOJENEH, MO3BOJSAIO-
IHX OLEHHTh 3HEePruio o6pas3oBaHHs TOUEUHHX Xe(eKTOB B MeTaJje.
OcHOBHOE BHEMAaHHe yieJeH0 pacCMOTPEHHIO MEeTOJOB pacuera 3Hep-
rHH 06pa3oBaHUsl MOHOBAaKaHCHH [/ HeNEPEeXOAHbIX METaJlJIOoB.
31ech yMeCTHO OTMETHTb, YTO B YCJOBHSAX TEIJIOBOIO PaBHOBECHS
6O/NbINHHCTBO BAKAHCHI B YHCTHX MeTalJaX HaXOIHTCA B BHIE MO-
HOBAKaHCHH.

Tabaruya 1

KoHlleHTpauns MOHOBAaKAHCHA H MeXYy3eJbHHIX ATOMOB
B MeIH Npu PasiHyHbix Temueparypax {1] (B moasx
OT YHCJa ATOMOB B KpPHCTaJiie)

Bua ToyeuHoro Temnepatypa, °C
Aedexra 0 | 500 | 1000
OpxuHOYHbIE
BaKaHCHH 10—18 10-¢6.5 10-3.9
JluBakaHcuu 10-2 10-10 10-6:3
Mexy3senb-
Hble AaTOMBI 10-180 105 10-3

Toueunble AedeKThl HCKAXKAWT KPHCTANIHUecKylo pemeTky [3l,
37, 38]. TeopeTnyeckre pacueThi, BEIOJHEHHBIE ¢ NOMOIUIbI0 DBM,
II0Ka3biBaIOT, YTO 3aMeTHble CMELIeHHs aTOMOB BOKPYT AedekTra Ha-
GaiofaloTcsl Ha paccTofgHUM 1—2 aTOMHBIX JHaMeTpoB, T. €. B siipe
negexra {28, 31, 37]. B mepBoii KOODAMHAIIHOHHOH c(epe aTOMHI,
KaK NpaBHJIO, CMELleHbl K BaKaHCHH, a BO BTOpoH — or Hee. [las
MeJqH, Hanpumep, OJMXKaHIIHMe K BAKaHCHH COCEJH CMELIEHbl ‘Ha
~1% or BeJMYHHB NapaMerTpa KyOHuecKoH pemeTku (a), a Anas
AJTIOMMHHS, Xxeje3a H MoaubieHa —Ha 2, 2—4 u 6% cooTBETCTBEH-
no [37]. CmelleHns GauxKailInx coceliefl MeXKy3eJbHBIX aTOMOB (B
HampaBJeHHH oT JedekTa) IO BeJHYHHE 3HAUHTEAbHO OoJiblie, yeM
Bakancuit [31, 37]. Tak, B aJIOMHHHH cMellleHde OJHXaHIIHX aTo-
MOB OT MeXY3eJbHOI'O aToMa, 3aHHMAlOIero OKTas3ApHYECKYIo OycC-
TOTY, cocTaBasieT ~209% ot BeanuuHw a [37]. _

ToueuHbie gedeKThi OIHOTO WM Pa3HBIX BHIOB B3aHMOAEACTBYIOT
Mexay co6oil ¥ CO BCeMH IDYTMMHM BHAAMH HECOBEpIIEHCTB KpHC-
TanJaHYeckoro crpoenus [31, 33, 34, 37, 39—43]. Ck/JIOHHOCTb TOYEY-
HEIX HedeKTOB K 06pa30BaHHIO CKOIJIGHHHA CBfI3aHa CO CTpPeMJEHHeM
CHCTeMbl NIEPEHTH B COCTOsIHHE ¢ IOHHMKEHHON CBOGOIHOH 3HEpruel
[43, 44]. DTOT MpoUeCcC CTAHOBHTCS YPE3BbIUAHHO BAXKHBIM NPH HH3-
KOl TeMmepaType H BHICOKOH KOHUEHTPAallHH H3OBITOUHBIX (HEpaBHO-
BECHBbIX) BaKaHCHH, BO3HHKAIOUWIHX B KPHCTA/JIHUYECKOH pelleTKe NMpH
3aKaJjke, IJ1acTHYecKoM Aedopmauun u obayuenun [31].

K HacTosimeMy BpeMeHH 60JIblIOe KOJHYECTBO HeHHO# HHdopMa-
UHH O KOH(QMIypalMH ¥ CBOMCTBAX CKOIIEHHH TOUEUHBIX Ae(EKTOB
10JIy4eHO ¢ TOMOLIbIO 3JeKTPOHHOMHKPOCKOITHYECKOr0 HCC/Ie0BaH s
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H METOLOB MalUHHHOIO MolenupoBadus [33, 34, 43]. HaunGonee moa-
HO H3y4YeHa KOH(QHUIypalUHs CKONJEHHR TOYEUHBIX HNe(eKTOB, a Tak-
®Ke (agTophl, BJAHSIOIUKE Ha UX 3apOXKJIEHHe H POCT, B UHCTHIX Me-
taanax ¢ OLIK- u I'LLK-ctpykTypoisi {34]. IIpoBenenue pajapHeldmux
HCCe[l0OBaHHH Ha MeTaJ/aXx ¢ yKa3aHHBIM THIOM KPHCTaJJIHYeCKOH
pelIeTKH AOJXKHO GbITb CBA3aHO C H3YYEHHEM BJIHMSHHSA TPHMECHBIX H
JerHpYIOLIHX 3/6MEeHTOB Ha TeOMETpHIO, pacnpefeneHde H cTaGH/Ib-
HOCTh kaactepoB [34]. B snuteparype cucreMaTHYecKue NaHHBlE IO
3TOMY BOIIPOCY II0KA BECbMa OrpaHHYEHHI.

AHanu3 CyllecTBYIOIIHX TEOPHH M 3KCIEPHMEHTAJNbHBIX HAHHBIX
noKasblBaeT, YTo Haubosiee JeTasbHO H3YYeHO NOBEJEHHE TOYEYHBIX
nedexToB BOMH3K gucaokanui [16, 45]. B menbliell Mepe Hccaeno-
BaHO B3aUMOJECHCTBHE aTOMOB IIDHMECH M BaKaHCHA ¢ TakHMH Je-
(exTaMM, Kak CHCTeMbl JHCJIOKAalUMH, MHKPOTPEUIHHBl, ABOHHHKH,
TpaHHIbl 3epPeH, XOTS MMEeHHO NMOBeJeHHEe 3THX NMpPOTSKEHHBIX Aedek-
TOB ONpeJeJsieT OCHOBHBIE CTPYKTYPHO-UYBCTBHTEJbHEIE CBOHCTBA
TBepABX Tea [16]. B uactHOCTH, OcTaercs HesCHHIM JaxXe TakoH
NpHHLMNHKAJNLHEIA Bonpoc: GoJblle JIM BAaKaHCHH B TpaHHIle 3epHa
HJIH OHH TOJIBKO OhICTpee TaM ABHKYTCs (30]?

Kak wusBectHo [46], nmpH B3aWMONEACTBHH BAaKAHCHR C aToMa-
MM JIPHUMECH BO3MOXHO 06pa30BaHHe KOMIIEKCOB «BAKAHCHS — aTOM
npumech». C MOHHMKEHHEM TeMIepaTyphl KOHUEHTPalHsi 3THX KOMII-
JIEKCOB DPE€3KO BO3DPACTaeT H IPH JOCTATOYHO HH3KHX TeMIeparypax
MOXeT Ha HECKOJbKO TIOPSJAKOB IIpeBHIIATh KOHLEHTPAIUI0 TEemJo-
BbIX BakaHCHH B Kpucraajne, He cojepxallleM npumecu' [47]. Ilpu
H30BITKE TOYEYHBIX Ae(PEKTOB B KPHCTAJIHYECKOH pPEIIETKE, IOMHMO
OPOCTbiX KOMILJIEKCOB BAKAHCHH C aTOMOM IpHMeCH o6pasyioTes Tak-
e BaKaHCHOHHbIE H MEXYy3eJbHble AHCAOKALHOHHbIE NETIH, B3aHMO-
JeHCTBYIOIIKE ¢ IPHMECHBIMH aToMaMH [34, 48—51].

Crenyer uUMeTh B BHIY, YTO TIPH 3aKaJKe BAaKAHCHOHHBIE CTOKH
(BHEINHYE MOBEPXHOCTH, IPAaHHULbl 3€PeH, TUCIOKAUUH H IP.) MOLYT
OKa3aTbCs OO0OrallleHHBIMH HJH OGeJHEHHBIMH TMPUMECHBIMH aToMa-
mu {30, 52—58). HepaBHoBecHas cerperauus mpuMecell Y 3THX CTO-
KOB BO3HHKHET B TOM CJyuae, €CJIH JHEPrUs CBS3H aToMa IIPHMECH
C BaKaHCHeH 3HAYHTEJbHO GoJibllie CPefHell SHTPOMUH TEIJIOBHIX KO-
Je0aHHA W MX KQMIIEKCHl AOCTATOYHO MoABHKHBI [22, 30, 59—62].

PeasnbHblfi KpUCTada OGBIYHO He HAXOLHTCS B COCTOSHHH TEPMO-
AVMHaMHYCCKOTO PABHOBECHS M KOHIEHTPAlLHsl BAKAHCHH B HEM OTJ/IH-
Yy4ercs OT TepMoJuHaMuyeckH paBHoBecHoli [30]. B atoM cayuae
XUMHYECKHH [OTEHLHaJ] BAKAHCHH U, B YHCTOM METaJJIe, TIPeiCcTaB-
JsomieM cooit pasfaB/eHHBI DAacTBOD BaKaHCHH B MAaTpHIE, OIpe-
nensietcs BeipaxenueM [30]:

bo— KT In 3%,

rae N, — KoHleHTpauus Bakaucuil B Merajne; N,°— TepMonguHa-
MUYECKH paBHOBECHAs KOUEHTPAlHsl BAKAHCHI.

Ecan B pas6apnennom TBepaoM pacTBope UMEIOTCH aTOMEL PACT-
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BOPEHHOTO BelllecTBa (B YaCTHOM cCJydae, TpHMeCHHIE), B3aHMOJeH-
CTBYIOIIHE ¢ BAaKaHCHAMH, H €CJH IONYCTHTb, YTO KOHLEHTpaLHs
KOMILJIEKCOB «BAKAHCHSl — aTOM IPHMECH» He3Hayure/ibHa, a B3aH-
MOJEHCTBHEM BaKaHCHH MeXAy cofoll npeHebpeub, To TOTa XHMHYe-
CKHe TIOTEHIHAJbl TEPUMECH W M BAaKaHCHH [, MOT'YT ObITb 3aHCaHBL
B Buge [15]:

W= +'C‘DE1
Py =04~ CE,

TH€ Mo H Wy’ — XHMHYECKHE TIOTEHIHANbl COOTBETCTBEHHO aTOMa NpH-
MeCH H BaKaHCHH §e3 yYeTa HX B3aUMOJAEHCTBHS; ¢ H C, — KOHIIEHT-
paLus PHUMECHBIX aTOMOB H BaKaHCHH COOTBETCTBEHHO; € — 3HEprud
CBSI3H 4TOMa MPHUMeECH ¢ BakaHCHeH.

BakaHCHH HrpaioT BaxXHyl0 poJp B Hpolieccax IAu(PysHOHHOTO
nepeMelleHHsI aTOMOB B KpHcTadauueckoii pemerke [30, 47, 63].
Cunraercs OOGLIENPHHSATHIM, YTO OCHOBHHIM MeXaHH3MOM JHOPODYSHH
B YHCThIX MeTa/JiaXx H TBEPABIX PacTBOPAX 3aMelleHUs SIBJSACTCA Ba-
KaHCHOHHBIA [47]. Ilonarator |64, 65], uto HaGalomaemble Gosee
HU3KHE 3HaUeHHs KOo3P(DHIHeHTOB AM(PPY3HH B TOHKHX HHTEBHJHHIX
KpHCTaJJaxX 70 CPpaBHEHHIO C COOTBETCTBYIOLUIHMH [Js Makpoo(pas-
OB TaKXe CBfA3aHH C IIOHHXKEHHOH KOHLEHTpallHel BakaHCHH B
3TUX KPHCTaJJIaX BCJIEACTBHE HX fosee COBEPIIEHHOTO CTPOEHHU .

BaxHO NOAYEpKHYTb, UTO B INPOLECCE CEJEKTHBHOIO pacTBOpe-
HHsi KOMIOHEHTOB TBEPAOTO PACTBOPa B TIOBEPXHOCTHHIX CJlOfX CIJa-
Ba reHepupyercsi GOJbLIOE KOJMHUECTBO H3GBLITOYHBIX BakaHcHi [66].
ITocnepHue cuabHO 06J€riyaloT B3aHUMHYI0 AHPPY3HI0 KOMIIOHEHTOB
CIlJIaBa — 3JEeKTPOOTPHILATENBHOIO K NOBEPXHOCTH, a 3JIEKTPOIOJO-
XKHTEJBHOro — B riyOb cnaaBa [67]. IlosyuenHble B HocjelHHe To-
OBl 3KCIIEPHMEeHTaJbHble NAHHBlE TI0 M3YyYEHHIO TpOLecca CeIeKTHB-
HOrO PpAacTBOPEHHS HEKOTOPbIX OMHApHEIX CIIJIaBOB B AKTHBHOM CO-
CTOSIHKH TOATBEPKIAIOT BO3MOKHOCTL NMPOTEKAHHs 3TOTO mpouecca
0 MeXaHH3My o6beMHOR xudpdysun [67].

2.2, JIuneiHble )J,ed)eK’l‘blv

OCHOBHBIM BHAOM JIHHEAHHX He(eKTOB SBJILITCA RHCAOKAIHH
[28, 68—71]. IlomumMo AHCAOKauUMi, X HUM OTHOCSTCS LIENOYKH Ba-
KaHCHH H 'MeXY3€eJbHbIX aTOMOB.

B peajbHOM KpHCTaJ/Je AHCAOKAIHH 00PasyloT TPEXMEpPHYIO CeT-
Ky BHYTPH KDHCTalsa, XOTSl HX TOYHYIO KapTHHY paclipellejicHHs
LaTh OYeHb TpYAHO {68]. ITnoTHOCTL NHCJIOKAaNHA B XOPOIIO OTOX-
XKEHHOM KpHcTaanie 00buHo cocraBaser 10°—10%, a B maacTHYecKH
nebopmupoBannoM — 10'°—1012 wa 1 em? [30, 71].

OnHoli M3 BaxHeAIINX XapaKTePHCTHK HHUCIOKAIHH SBJASETCS ee
SHEpTHS, TaK KaK HMEHHO OHa OmpefiessieT CTelleHb TePMOXHHaMH-
yeckOl ycTOMuYMBOCTH Aucaokauuu [71]. JlHciOKauuu He SBJSIOTCS
PaBHOBeCHRIMH JedeKTaMH, IOCKOJbKY BO3pacTaHHe CBOOOZHOH
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3HepruM NpH HX 00Pa30BaHHH He KOMIIEHCHPYETCH IPOHCXOASILHM
IIpH 3ToM pOCTOM BHTponHuu [29]. DHeprus, cBsizaHHAas ¢ JIHHHER
LHCJIOKAIlHH, UMEET BEJHUYHHY mopsiiaka 1—5 3B Ha aTomHoe pac-
crosiune [68]. B cuabHO nedopMHpPOBAHHBIX KDHCTAA/IaX BeJIHYHHA

5TOfl 3HEPTHH MOXeT cOCTaBaATb ~8 5B Ha aToOMHyI0 MIOCKOCTB-

[29]. )

YKazanHnble 3HAUYeHHS SHEPTHH AMCJIOKAUHH BBIYHCJIEHB Ha OCHO-
Be JHHeHHOH TEOPHH YIPYTOCTH H OTHOCATCA K 06JacTH, Jexallen
3a npenenamMHu sapa nuciokaumu [29, 68]. Pacuer mons nanpske-

HUH U SHEPTHH B CaMoOM sgApe AUCJHOKAalLHH, TAe HWMEITCSd OUYCHD-

CHJIbHBIE CMEIIeHHS aTOMOB H HCKAaXXEHHS pelleTKH, cleaarh ¢ I0-
MOIUbIO JHHEHHOH TEODHH YNPYTOCTH He TIPENCTAaBJSIETCS BO3MOXK-
HEM [72]. Crnoco6hl HCCNeTOBaHUST TOHKOM CTPYKTYPHI sipa LHCJO-
Kal¥H H aHaJH3 MeTONOB MaTeMaTHYeCKOro MOAeJNHPOBaHHA AApa
Iuciaokauuu nanel B pabote [73]. Pacuer aToMHONl KOHQHrypauxy

BOKPYT fiipa BHHTOBOA IHC/JOKALHH B MOJHGIEHe NPHBEJEH B pa-
Gore [74].

JHcnoKaluy B3aHMOJEHACTBYIOT CO BCEMH BHAAMH TOUEYHRIX JHe- -

(hexTOB M HIPalOT BaXKHYIO POJb B YCTAHOBJEHHH TepMOXHHAMHYE-
CKH PaBHOBECHOH KOHIeHTpanuHu 3THX nedektos [31, 48, 73]. Oum
MOTYT OHITb KaK HCTOUYHHKAMH, TaK H CTOKAMH JJs TOUEUHHX He-
dbexros [31].

B3anMoJeficTBHe IPHMECHBIX aTOMOB € JHCJIOKAUHSIMH, HMeOLiee:
VIOPYTYIO, 3JEKTPHYECKYIO H XHMHUECKYIO NPHPOAY, MOKET NPHBECTH:
K JIOKaJbHOH XHMHYECKON HEONHODOMHOCTH CIlJiaBa BCJIEICTBHE cer-
perauuu npuMecell y nucioxanuii {2, 75—77]. [To opHeHTHPOBOYHHIM
pacyeTaM SHeprHsi B3aHMOACHCTBHUSI NMPHMECHBIX aTOMOB C JHCJOKa-
uusMu cocrasiasier 0,01—1,0 3B [2]. TIpumecHble atMocdepbl MO-
TYT 33aKpelJATh KWCJAOKAUHU, YBEAWYHBAA SHEPTHI0 aKTHBALNHH HX
ABHXKeHHS [78, 79], u TOpMO3UTb ABHXKYIIHeCs HHCJOKanuH [16].

PesynpraTtoM ynpyroro B3auMOIeHCTBHS NPHUMECHRIX aTOMOB C
OHCJIOKAUHUSAMH fBJSETCS Cerperanns NpAMecell OKOJIO JHCIO0KAaUMHA
tHna atMoctep Korrpeana [69]. IlpumecHble aTOMbI BHEADEHHs H
3aMeIleHHs] YIPYro B3aHMONEHACTBYIOT C KPAEBHIMH M CMEIUaHHBIMH
aucnoxaunsiMu. [IpuuyeM aToMupl BHeJpeHUS PacnoJaraloTcs B MeK-
IOY3JHH Hal 3KCTPAIJIOCKOCTbIO, a4 aTOMBl 3aMeLIeHHs — Ha KOHIE:
3KCTPaniocKocTH. C BHHTOBBIMH NUCJIOKAIUSAMH B3aHMOAEHCTBYIOT
aTOMBI BHeJpeHHS H He B3aHMOIEHCTBYIOT aTOMbl 3aMelleHus. ITo-
CleflHEe CBS3aHO C TEM, YTO BUHTOBBIE JUCJIOKAUMH CO3AAICT Hoje:
HamnpsKeHHA TOJBKO CABUIOBOro xapaxrepa [2].

Pacuer mokaseiBaeT, 4To [Js1 I0JIHOR GJOKHPOBKH IHCJOKaILUK
aTOMaMu TpHMecH TpefyeTcs HHUTOXKHO Majas HX KOHIEHTpauus
(nanpumep, 10~° at.%) [2].

TunwunniMu atmocdepamu  Kortrpenna spasiores aTMocdephn
4TOMOB yrJjepona H as3ora B a-Fe. 9T atMocdepH JJOKAMUIYIOTCH B
HENOCpeCTBEHHON O6JIM30CTH OT siApa HWJAH B fA/pe JHMCAOKAUHMH H:
3aHMMaloT Majm# o6beM [69]. Ouu cdopmupyioTca BOJIHM3H HEpac-
IE€MJIEHHBIX (MJH TOYTH HepacliienyeHHbX) aucaokaunui. ITpuyem,
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B3aHMOJICHCTBAE aTOMOB yTJIepOoAa H a30Ta ¢ AHCJOKauHamu B a-Fe
HACTOJMIKO CHJbLHO, YTO aTMocdepa HacHIAeTCs yXKe NPH KOMHAT-
Ho#t Temneparype {69].

IIpuMepoM XHMHUECKOro B3aHMOJEHCTBHS aTOMOB C nedexTaMu
YIIAKOBKH PAaCTAHYTON IHCJIOKAUMH® ABJIAIOTCA atmocdepn Cysykw
[75]. Ilns ®X HachlleHHs (B OTJIHUME OT aTMocdep Korrpenna).
Tpebyercs  3HAUHTEJLHO OOMbIIEe KOMHYECTBO NPHMECHEIX aTOMOB,
TaK KaK HedeKTH yMakoBKH HMEIOT CPaBHHTENbHO GOJBIIYIO NpOTH-
xeHHOCTb [69] Xumuueckoe B3aUMOAEHCTBHE OOLIUHO cnabee ym-
DYTOTO M 3JEKTPHYECKOTO (KYJIOHOBCKOTO) [2]. Mocnenunee sBisieT-
Cs1 Pe3yJIbTATOM HepABHOMEPHOTO pacnpejieieHysl S1eKTPOHOB BOJIH-
3M QUCJOKAUHH (MX HEZOCTATOK B 00JaCTH CTYIIEHHS aTOMOB H H3-
GBLITOK B 06JaCTH Da3pexKeHHsi) H TakKe NPHBOAUT K Cerperaiuy
NPHMECHBIX aTOMOB B YYaCTKaX KPHCTAJUIHYECKOM DEIUETKH, OKpY-
JKaIOmMHUX JucIoKauuio {2]. .

CuieyeT OTMETHTb, YTO NIPH BBIXOAE AHCIOKAUHMH Ha TOBEPXHOCTb.
KPHCTa/Ja Ha Heil MOTYT NOSABJSATbCS HEMCUE3210llne aTOMHBIE CTy-
ned. OHH SBJSIOTCS HEOTHEMJEMOH YacTblo TeJHKOH[AJpHBIX IO~
BepXHOCTEH, CBA3AHHBLIX C mojeM jedopMaluii BHHTOBBIX IHC/IOKa~
uuit  (puc. 1) [69, 70]. BaxHOH 0COGEHHOCTbIO TAKHX CTYNEHEH

Puc. 1, Crynesb Ha IOBEPXHOCTH KPH-
crajna, o6pa3oBaHHAs BHHTOBOH JH-
caokanueir  [69]

SBISETCA TO, UTO ¢ NPHCOEIHHEHHeM K HUM aTOMOB CTYNEHH HE HC-
ye3aloT, a nprobperalor GopMy CrupajH. HeonpoBep:KHMBIM 10Ka3a-
TeJbCTBOM TAKOH OCOGEHHOCTH AMCJIOKALMA ABJAIOTCA CIHpaaH poc-
Ta, 0GHAPYXeHHbIe HA MHOTHX KPHCTajiaX, BEIpAIICHHBIX H3 11apos,
pacTBOpOB ¥ paciylaBoB [69, 70, 80], a Takxe TlOJIY'-IEH‘HbI)é 3JIEKT-
POOCaXKAEHHEM METa/JOB Ha pasauiHble NMOLJOKKH [81, 82].
TlpeacrasasieTcss 0COGEHHO BaXHBIM NOAYEPKHYTD, HTO obpasoBa-

* PacTAnyTOH AMCAOKanueR Ha3blBalOT ABE YACTHUHEIC AHCIIOKAIHH Mokan,
cBsizalHble Mexay co6ofl nosocoit AedexTa ynakoBKH [28]. Tlocaeauus ABIACTCA
MIOBEPXHOCTHLIM JAeeKTOM.
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HHE YKa3aHHBIX CIHpasiedl BO3MOXHO He TOJbKO IIDH POCTe KPHCTAJ-
JIOB, HO M npH pacTBopeHuH MerasioB [83]. Tak, HanpuMep, mpH
aHOAHOM pacTBOPEHHH MOHOKpHcTamiaa meau (100) B 0,1 n. HySO,
Ha ee NOBEPXHOCTH HpH OTNpENeJeHHBHX YCJOBMAX NOJNSPH3aLUH aB-
Tope [83] wabaiomand nosiBjenHe cnupasieid. [IpuueM BHHTOBbLIE
JMCJOKAUUH CTAaHOBHJHCh aKTUBHBIMHM TOJIBKO B TOM CJydae, KOTAA
MJAOTHOCTE TOKA, NPH KOTOPORA HaGaI0NanuCh COUpajH, fpeBHINaja
IJIOTHOCTb TOKa o6MeHa. C yBenuueHHeM IJIOTHOCTH aHOAHOTO TOKA
paccTosiHAe MeXJy OTAEJbHBIMH BHTKaMH CIHpajell yMeHbIIAJIOCh.

Cornacao [70] HeucuesarmllHe aTOMHBIE CTYIIEHH SIBJISIOTCA XM-
MHYECKH AKTHBHBIMH HEHTpPaMH. DT0 0GCTOATENbCTBO HEOGXOAHMO
YUHTHIBaTb IPH H3YYeHHH IPOLECCOB B3aMMOJEHCTBHS MeTaj1a €
arpecCHBHON cpeliol, TaK KaK MMEHHO Ha aKTHBHLIX LIEHTpax JOJXK-
Ha B TepPBYI0 ouYepelb OCYILECTBIATbCS AaACOPOIUS KOMIIOHEHTOB
pactBopa (HampHMep, NOCaJKa KHCJIOPOAA M JIOGLIX APYrHX MACCH-
BHPYIOUIHX H HHCHOHPYIOIIMX yacTHIl [84]).

Posb auciokanuidl Kak XMUMHYECKH aKTHBHBIX IIEHTPOB TOBEpX-
HOCTH IPOSIBJASIETCS] TaKXK€ B KaTaJHTHYECKOM YCKOPEHHH MHOTHX
XHMH4YeCKHX peakuuii {85, 86]. Bompoc 0 XHMHYECKOM NOTEHUHAJE
JUCIOKalHi moapo6Ho ONHCaH B pabore [87].

CaenyeT uMeTb B BHAY ellle OAHY XapakTepHYIO 0COOEHHOCTb JH-
CJA0Kallil, a HMEHHO MX BHICOKYIO AH(¢Y3HOHHYI0 MPOHHIAEMOCTD.
Hecmotpst Ha Gosblune MeTOZHYECKHe TPYAHOCTH, CBsS3aHHbIE C OII-
_peneaeHneM Koxbhdunnenta qudPpysHH BAOAb NHCIOKAUNWEH, B 06LIEM
clyyae MOXKHO CKaszaTh, 4TO Ko3(bunuent camonudopysnu BIOND
JIHCJIOKAIME Ha HeCKOJbKO NOPAAKOB GOJbllle, YeM B KpHCTaJIHUe-
ckoit pemerke [30, 88]. OtHocutenbHbli Bkiaan auddysuu BEOMBL
IMCJIOKALMI TeM BhIINE, YeM HHXe TeMnepaTypa [30].

B pab6ore [89] nmaHo TeopeTHueckoe omucaHue npouecca auddy-
3UH ATOMOB 3aMeNleHUs BAOJb JHCJAOKAaUHH, a Tak¥ke 0OO0GLIeHH
BKCIIepUMeHTaJbHble AaHHbIe N0 AHG(PY3UH BAOMbL AUCIOKALHHA B
T K-Meraanax. Hekoropble U3 3THX pe3yabTaToB IPHBEJAEHH B
Tabu. 2.

W3 taba. 2 BuAHO, YTO 3HEPTHS aKTHBAUMH caMoAHddysun u re-
Teposudysus aTOMOB 3aMeIleHUS BAOJb JHCJIOKAUMHA CYIECTBEH-
HO MeHbllle, YeM 3HepPTHs aKTHBallHU 0O0beMHOH nudPysHu.

B HacTosilee BpeMs PacCMaTPHBAIOT ABa MexaHUsMa nudpQysum,
COTMIaCHO KOTOPHIM JIHCJIOKALHOHHOE SAPO TpeACTaBJasieT coboi 06-
JaCTb C MOBBIMIEHHOH KOHUIEHTpauHel BaKaHCHH WAH NOJYI0 TPYOKY
[90]. Onnako B moJaHONl Mepe TOHATH BCE TOHKOCTH CJIOXKHOTO Me-
XaHu3Ma nu¢G@Py3uoHHOTO TIepeMellleHHs] aTOMOB B IHCJIOKALHOHHOM
TpybKke Noka He NpeacTaBasercs BoaMoxHbM [90]. B sHaunrens-
HOH CTEHEHH 3TO CBf3aHO C MaJOH H3YYEHHOCTbIO CTPOCHHS AHCJIO-
KallHOHHOTO siApa ¥ NPOTHBOPEUUBOCTBLIO HKCIEPHMEHTANbHLIX AaH-
HHIX [89].

Yro xacaercs aToMOB BHEADEHHS, TO B HEKOTOPBIX CAyyYasx Haf-
JEHO 3aMenseHHe ux AUPOY3UH BHOJAL JUCIOKaUHH. BoszMoXHhie
MPHYKHEL TAKOTO SIBJEHMS NpPOoaHanu3uposanu B padote {90].
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ITpoueccs mpenMyllleCTBEHHOH caMo- ¥ reTepofuddysur BHOJb
JMHCJIOKAUKA yIaJoch HemoCPEeNCTBEHHO HalJMIOAATh ¢ MOMOIIbID Me-
TOfa 3JeKTPOHHOMHUKPOCKONHUYecKOi aBtopamvorpaduu [2, 10, 20,
30, 47, 91—93]. Kak ussectHo [2], 3TOT MeTOX OT/IHYAETCS] YHH-
KaJbHOM YYBCTBHTEJALHOCTbIO (perHcTpHpyeT IPHUCYTCTBHE B CIJIaBe

_ Tobauya 2
Jaunpe no auddysun saoab pucaokanuit n B o6peme [ K-meranaos [89]
ﬂ“}?}‘?czl%’:(’;:;ﬂo’”’ Nuddyausn B o6beme
OcHoBa ﬂ}gﬂ?{lg@::gd- . . . Qd/Q‘u
Q4 Do'd, Q,* Kkan/ Doz; '
KKan/r-aToM emife /r-atoM eM?/c
Ni 83Ni 36,8 20 66,8 1,9 0,55
409% Ni-|-
+60% Co 8Ni 30,2 3,4 64 0,44 0,47
Al 19,5 34 1,7 0,57
Al SICr 15,4 3-10-7 58 5.10% 0,28
89Fe 13,9 4.10-*° 46,0 13,5 0,3
%0Co 15,7 3-10-8 41,7 464 0,38
Ni 24 3-10-2 54 — 0,44
Cu Si 27 2.10-¢ 44 0,1 - 0,62
Ge 29 1-10-2 44 0,1 0,66
LA o 15,2 1-10-7 43,6 0,3 0,38
50Co 29,7 3-10-7 48,7 1,9 0,61
Ag 1470 12,7 6-10-¢ 41,5 0,48 0,3
1198 16,1 1-10-7 40,8 0,47 0,39
1255h 18,1 1-10-7 39,0 0,23 0,46

* Qd " Qy—3HeerH AKTHBALMH AHDDY3AM BASIb AUSAOKAIUMR H B DHDBEM2 COITS2TCTB2HHO.
*% —
Dod 1 Py —TIpe 19KCIOHRH UMAIBHbIE MHOMKUTENH 419 auddy 3ux BAOJb AHCAOKAUMUIA K B

00beMe COOTBETCTBEHHO B YDPaBHEHHH D=D0 exp (Q/RT), rae D—kosppiunaur nnddysun
R—rasosas nocrosunad, T—abcoM0THA TeMmepaTypa.

ACCATUTBICAYHBIX JOsiedl Y npuMecH H MeHee), XOpOIIEH JOKAaJb-
HOCTbIO M BBICOKOH paspemamomeiil crnoco6uocteio (0,1—0,2 MKM).
Ou A2eT BO3MOXKHOCTb MOJYYHTb Ha ONHOM CHHMKe H306paxeHHe
TOHKOH CTPYKTYpPHI MeTaJl1a M pacnpeje]eHHe B Hell aTOMOB pajHo-
aKTHBHBIX 3JIeMEeHTOB. B uacTHOCTH, ¢ MOMOILBIO 3TOr0 MeTOZa GbLIO
I0Ka3aHo, 4TO M3 TPHMeced BHelApeHHs HaHOOJbLIeH AHGPDY3HOH-
HOH TIOABUKHOCTBIO 00JiafaeT BOLOPOA, KOTOPhIi cerperdpyer Ha
Aucnokauusx [47]. Ha npumepe TuranoBoro cniasa BT15 ycranos-
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JIEHO, UTO BOJAOpPOIAHbIC aTMOC(l)epr Ha CBEXKHUX AHCJAOKAUHAX 06pa-

3yIOTCSI CPABHHTENbHO OBICTPO Jaxe IPH KOMHATHOH Temiiepatype:

[20].

B COOTBETCTBHH C JaHHBIMH [94] aHeprHs CBSI3H aTOMOB BOAOPO-

Ia ¢ OMCJOKAUMSAMH IS UHCTOrO Xejesa cocTasiser 6,4 kkan/
/Moab, a B cOOTBeTcTBHH ¢ [95]—4—6 KkaJ/MOJb. B XPOMHCTHIX

cTajsfx 3TO B3aHMojeiicTBHe eme cunbHee [96]. Ommako xapakrtep

B3aMMOAEHCTBHSA BOAOpOAa C JHUCJOKAUHUSMH €ClLI€ He COBCEM sICEH.

Jns atoMa BONOPOLA yIpyras SHeprus B3aUMOJEACTBHS C AHCIO-

KalHsIMH 3HAYHTebHO GoJiblle, yeM HJis NpoToHa [47].
B 3ax/10yeHHe OTMETHM, YTO JaXXe KPAaTKOe pacCMOTPEHHE OCHOB-
HBIX CBOHCTB IHCJOKaUHH (BHICOKAas B GOJBLIHHCTBE CiayyaeB nuG-

¢Gy3HOHHAS NPOHHLAEMOCTb MAMCJOKAHOHHBIX TPYDOK, CBSi3aHHOE

C AHCJOKAUHSIMH HCKaXeHHe KpPICTaJIJI‘H'-IeCKOI:[ pEelIeTKH U IOoBhHILIE-

HHE 3SHEPrHH KpHCTaJ/Ja, Ha/JHYHEe XHMHYECKH AKTHBHBIX LIEHT-

poOB Ha TOBEPXHOCTH H HEpaBHOMEDHOE pacnpeineieHue Hp‘HMECEﬁ B.
KpHCTaJJ/Jie BCJAEACTBHE HX B3aUMOJEACTBHSA C JIPICJIOKBU.HHMH) YKa-
3bIBaeT Ha HeoOXOJHMOCThb yueTa NIJOTHOCTH H XapakTepa pacrpe-
JIeJIeHHS AHCJAOKAaUMi B MeTalJax ¥ cljlaBax NIpH U3YYCHHH HX IIPpO-
ecca pacTBOPEHHUA B PAa3HUHBIX arPeCCHBHHIX Cpenax.

2.3. NMosepxHocTHBie AedeKTh

2.8.1, I'panuybr 3epen

I'paHuusl 3epeH, OJHH U3 OCHOBHHIX BHAOB HECOBEDIIEHCTB KPHC-
TaJJIHYECKOTO CTPOEHHS, ABJAIOTCH MPEAMETOM MHOTOYHCIEHHEIX HC-
CNelOBaHHH yxe B TeueHue MHorux gecarujerast [97—111]. Caa-
3aHO 3TO NpeXJe BCero ¢ TeM, YTO B Psifie CJAy4yaeB OHH OKa3mlBaIOT
peluaioiiee BJAHSIHHE HA TaKHe BaXKHeHliHe CTPYKTYPHO-UyBCTBHTE/b-
Hble CBOHMCTBA METaJJIMYeCKHX MaTepHasoB, Kak IJIaCTHYHOCTD,
NPOYHOCTh, KOPPO3HOHHAS CTOHKOCTb H JIP.

OnHyM M3 OCHOBHBIX BOIIPOCOB B paccMaTpHBaeMo# 06J1acTH Me-
Talnopu3HKH GBI M OCTaeTcsi BONPOC O CTPYKType TPaHHIl 3€PEH
[99, 100, 103, 104, 109—113]. ¥Yke ¢ HauaJa HBIHEIIHETO CTOJETHS
HCCAEA0BATENH [MbITAJHCh BBISICHHUTb, HMEIOT JH TPaHHUBl 3epeH
aMopdHYy0 MJIH XKPHCTaJJHuecKylo CTPyKTypy. IIpHueM TOaBRKO B
fnoc/jelHMe MECATHNETHS YAAJ0Ch MOJYYHTb ybelHTeJbHbie NpsMble
H KOCBEHHBlE SKCIEpPHMEHTaJbHble JaHHBIE, CBUIETEIbCTBYIOLIHE ©
KPHCTaJ/Hueckol CTpyxkType rpanun 3seped [2, 98, 110]. Ilepsme
Obl1M TIOJYYeHBl, TJIaBHBIM O00Pa3oM, C IOMOILBIO METOAA aBTOHOH-
HOH MHKDOCKOINHH, Ralolleli BO3MOXHOCTb H3y4aTb aTOMHYIO CTPYK-
Typy TpPaHHLl 3eped ¢ paspelieHueM 2—3 A, a Takxe 3JEKTPOHHOH
MHKDPOCKONHH [7]. Bropbie —c MOMOIIbIO Pa3IMYHBIX (HIHUECKHX
METONOB (B TOM HYHMCJIe, IKCIEPHMEHTOB IO ONpEAeNeHUI0 THGDY3H-
OHHOMH NpOHHIAeMOCTH rpaHuU 3eped [2, 30, 47, 103, 114]). 3asu-
CHMOCTb TIOC/IefIHell OT OPHEHTAIHOHHOIO COOTHOIIEHHs MexXIy 3ep-
HaMH, OpPHEHTAalLHH TIpaHHIbBI M pa3Mepa COCEIHHX 3epeH YKashl-
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BaeT Ha AHU3OTPONHIO TPAHHUYHOH JAHGPY3UM H SIBJASETCA KOCBEH-
HbIM NOATBEpXKJEHHEM KPHCTAJNJIHYECKOTO CTPOEHHS] TPaHHIl 3epeH.

B 6GoaplivHCTBE COBPEMEHHBIX MOAesell rpaHHL 3eped [101, 103,
111] ucnonbsyercs upess Morra [98], corsacHo KoTOpof rpaHHLa
3epHa NPEACTABASAETCH B BHIE YepeAyIOUIUXCs obaacTell HAH OCTPOB-
KOB XOpOIIEro H IJOXOTO CONPSKEHHs PEUIeTOK COCERHHX 3epeH.
Tak, nanpumep, B COOTBETCTBHH C OJHOH M3 5THX MOJeJeH TIpH OIl-
pefieseHHON YIVIOBOH pa30pHEHTHDPOBKE IBYX MAEHTHUHBIX peLIeTOK
COCelHHX 3€PeH YacTb HX Y3J10B coBnajgaerT. COBMEIIEHHbie Y3Jibl
00pasyioT COGCTBEHHYIO CBEPXPELIETKY TOTO K€ THIA, UTO H HCXOX-
Hasi, Ho ¢ 60ablyM mapamerpoM. B caygae oco6bIX OpHEeHTAIMOHHEBIX
COOTHOLIEHHH MeXAY pelleTKaMH COCeIHHUX 3epeH, KOTOPHM OTBeuYa-
0T TreOMeTpPHUYeCKH NpaBHJIbHBIE PEIIETKH COBNaJeHHs, 06pa3yloTcs
ocobble TpaHuubl. IIpyu 3TOM 3HAUHTeNbHAS 4acTh aTOMOB Ha TPaHH-
ile HaXOLWTCH B IONOXKEHHH, KOTOPOE SIBJASIETCSI PABHOBECHBIM JLJIsI
KaxKJI0TO H3 COCE[iHHX 3epeH. Takue rpaHHIbl XapaKTepH3YIOTCT HH3-
KON sHepruell ¥ gud¢ysHoHHOA mnpoHHLaeMocTbio {103, 104, 111].

[losgHee mpefcTaBJeHHS O pelIETKE COBNAAEHHS MOJYYHIH CBOE
JajbHefillee Pa3BHTHE B BHIE MOJEIH COBMEIEHHHIX Y3JIOB B IJIOC-
KocTH rpanuusl 3epHa [103, 104, 111]. C nocnenueii corsacyoTcs
HOJIy4eHHBIE SKCIepUMEeHTaJbHEIe NaHHble Mo nuddy3HOHHOH NPOHH-
UaeMOCTH, MHUTPALlMH U HEPTHH IDAHUI 3epeH, a TaKKe HX aTOM-
HOH CTPYKType.

B paGorte [109] nmaH KpuTHYUeCKHH 0630p TEOMETPHUYECKHX H
CTPYKTYPHHIX MoOJeJeH TIpaHHll 3epeH, NOCTPOEHHBIX C HOMOHIBIO
IBM. Ormeuaercs, 4To TeOMeTpHYeCKHe MOJENH pacCMaTpPHBAIOT
BO3MOXKHble KOH(HUTYpallHH B PACIOJOXEHHH aTOMOB 0 0fe CTOPO-
HBEl OT TPaHUBl 3€pHA, NPHBOASAILNE K HAUMEHbIIHM HCKAMKEHHAM H
‘CABHraM aTOMOB CO CBOHX MecT. OTH MOJEJH NOCTPOEHH 6e3 yuera
CHJl MEXaTOMHOTO B3aHMOJEHCTBHS, UTO SIBJISIETCS HX CYLIECTBEH-
HHIM HeZocTaTKOM. IIo cpaBHEHHIO ¢ TeOMETPHYECKHUMH MOLEJSIMH
CTPYKTYPHBle MOJEJH TPaHHIl 3ePeH, NMOCTPOeHHBIe MyTEM pacuera
‘pas/HYHbIX aTOMHBIX KOHOHrypauuf, OTBEYaIOUIHX MHHUMYMY 3Hep-
ruy, 6ojiee NOJHO OTPaXKaIOT PeanbHYI0 aTOMHYIO CTPYKTYPY TPaHHuIl
3epeH. ~

Kax usBectro [103], 3neprusi MeXx3epeHHOR TpaHHIBL, 10 CYIIe-
CTBY, TpeACTaBJAgeT COO0H S5HEPTHIO HCKaXKEHHS KPHCTaJJIHYECKOH'
pelleTKM Ha TPaHHIE HJIH SHEPTHIO, CBA3AHHYIO ¢ HapYIIeHHEM aTOM-
HOTO CONPSKEHHs PeIleTOK 5THX 3epeH B 00/acTH TpaHHUIH. JHep-
THst TPaHHULl 3epeH aHH30TPONHA H [Js YHCTHIX METAJJOB B OCHOB-
HOM OIIpeleJisieTCsl YIVIOM Pa3OpHeHTAaHWH 3epeH M YIJOM HakJOoHa
rpanHub. B o6meM ciyuae, MaJOyrJOBEE TPaHUIB HMeEWT Gojee
HH3KYIO SHEpPTHIO TI0 CPaBHEHHIO ¢ BHICOKOYIIOBBIMHU.* OnHakKo, Kak
yXxe 0TMeyaJoch, IPH OCOGHX OPHEHTAIHOHHBIX COOTHOLIEHHAX MeX-
Iy 3epHaMH, NPUBOAAIIMX K XOPOIIEMY COTPSXKEHHIO KPHCTAa/LIHYe-

* K BHICOKOYIJIOBHIM OTHOCHAT IPAHHUH 3ePEH C YIJIOM Pa30pHEHTALHH COCel-

_sHx 3eped 0=10° [115].
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CKHX pelleTOK B aTOMHOM Maclutale, BHICOKOYIJIOBEEe TPaHHLK 3e-
PEH MOTYT HMeTb OYeHb HHM3KYIO 3HEpTHIO.

[IpuMepoM BLICOKOYIVIOBHIX I'PAHHI, 3€PeH C BLICOKOH CTeleHbIo-
COBTIaIeHHs, YaCTO BCTPEYAIOMIMXCS B METaNJIaX ¢ PeKpHCTaJJIH30-
BaHHON CTPYKTYPOH, SABJAIOTCH ABOHHHKOBBIE 'PAHUIK. DHEPTHA KO-
repeHTHOH ABOHHHMKOBOH TPaHMLB (HanpHMep, B clyyae ABOHHHKA
IepBOro poja) oueHb Maja H cOCTaBJaser okolo 3—10% or aHep-
ruy J100HX MPOH3BOJbHHX TPaHHL 3epeH B MertaJue [102].

B Hacrodllee BpeMs CYHTaeTcs OOLIENPHHATEIM, YTO MaJOyrJo-
BBl TPaHHIB 3€PeH COCTOSAT H3 CTEHOK IHUCJOKAaLHMH, siipa KOTOPHIX
He nepekphuBaoTCs. TakHe TpaHUIb Ha3HBAIOT TAKKe JHCI0KAIHOH-
HBIMH HJIH cy63epeHHBIMH. Hannune ynpyro nedopMHpoBaHHBIX 06-
Jacrelf MEXAy DHCIOKAHNHAMH JaeT BO3MOXKHOCTh PaCCUHTATh CBOM-
CTBa 3THX TPAHHL Ha OCHOBe JIHHEHHOH Teopuu ynpyroctu [103].

AToMHas CTPYKTypa BBHICOKOYIVIOBBLIX TPaHHII elle He JOCTATOYHO
H3yYyeHa, XOTA B NOCACJHHE FOAbl B CBSI3H C IOSIBJE€HHEM HOBBIX BEI-
COKOpa3pellalolluX MEeTOAOB HCCJeJOBaHHs (B NMepPBYIO Ouepelb aB-
ToHOHHOH [7, 99, 100, 104, 113, 116] u smexrponsoir [9, 107, 108,
117] MHKPOCKONHH), a TaKkKe BO3MOXHOCTH MAaUIMHHOTO MOJEJHpPO-
BaHHUS CHOXHBIX aTOMHBIX CTPYKTYp [109] ObLIH HOCTHTHYTHI 3HAYH-
TeJbHBIE YCIIeXH B BBISICHEHHH HX aTOMHOIO CTPOeHHs. DKCHepHMeH-
TaJbHO YCT2HOBJIEHO, HallpEMep, YTO BHICOKOYIJIOBHIE TpaHHLBL 3e-
peH He ABJSIOTCS IIJIOCKHMH, a COCTOSAT H3 CyOMHKDOCKOIHYECKHX
BNaJHH H BBEICTYIOB, He NPEBHIIAIOT IO MHpPHHE 2—3 MeXaTOMHBIX
paccTosHHH H cofepxaT Auc/ioKau¥H. OnxHaxo, BCJeACTBHE OUYEHb
6/1M3KOTO pacnoJOXKeHHsT JHCAOKAllHA Ha TakWX TPaHUIlaX MPOHCXO-
AHUT NEPeKpHTHEe AAep AUcaoKauuh. [l 3THX TpaHHL OCTAETCS IIO-
Ka JIHCKYCCHOHHBIM BONPOC O TOJie Hanps:KeHu# pucaoranui [103]
H O0COGEHHOCTSIX PacHOJIOKEHHsI aTOMOB B y4acCTKaX TJIOXOTO H XO-
poluero compsiKeHHs peuerok [28].

Onnofi M3 BaXKHeHIIHX OCOGEHHOCTEH TPAHHUIl 3epeH B MeTajiax
¢ JioOBIM THIIOM KDHCTAaJJIMYECKOHN PEIIEeTKH SABJSETCS HX NOBLIILEH-
Has au(pdy3HoOHHAS NPOHHNAEMOCTb TPH CaMo- U reTepoludbysnu
IO CPaBHEHHIO C COOTBETCTBYIOLIeH AJsi Teja KpPHCTANJIHTOB [2,
118—122]. OtHowenne koadpuurenta auddysuu mo rpaHHnam 3e-
per Dy x kosdpdunuenry o6vemuoir nudpdysun D, B GoablIHHCTBE
caryyaes KosneGJieTcsi B 3aBUCHMOCTH OT TEMIIepaTyphl B Ipelenax
10°—105 [30]. dueprus axTuBanUu TpaHHYHON AUGQY3HH COCTABAS-
er ans pasauuydbix MertasnoB 0,35—0,70 or 3HepTHH aKTHBAaUHH
o6beMHOR auddy3un, npuueM GOJbIIHE 3HAUEHHs OTBeYaloT GoJee
TYronsaBkHM pactBopurenasm [30].

Crenyer uMerb B BHIY, UTO HaJHyHe HEGOJAbIIUX KOJHYECTB NIPHU-
Mecel B MeTaJslJie MOKET OKa3biBaTh OYeHb CHJbHOE BJHSHHE Ha
Inddysnonnyo mnponruaemocts rpanmy seped [123]. Hanpuwmep,
ddoexTuBHbIN KO3(dHIHEeHT TpaHHuHON camMoAH(OY3HH Keje3a B
TPOAHBIX criaBax cucTemMbl Fe—Cr—Ni, umeomux TILK-pemerky,
B NPHCYTCTBHHM NpHMeceH YBEJHYHBAETCS HAa HECKOJBLKO INOPSAAKOB
BeJHYHHB [123].
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Hekotoprle pesysibTaTh aj1s camo- u rereponudpPysuu mo rpa-
HHLAM 3epeH NpHBeAeHH B Taba. 3 [30, 124].

.IIHchbysnonﬂaa INHPHHA TpaHMUBl 3epHa (T. e. 06JacTH, B KOTO~
poit HabtofaeTcs yckopeHHas Auddysus mo cpaBHeHHIO ¢ 06BEMOM

Tabauya 3*

OHeprus aKTHBAUMH IPAaHHIHOR (Qs) m o6bemHoRt (Q.) Anddyaun,
KKaa/r-atom [30, 124]

PacTsopuTte np -
(THD pegxeﬂm) ﬂ&%”;ﬁﬁ:ﬂiﬁ % 2 g—b
v
Ag (I'LIK) Ag 20,5 441 7
Ni (TLK) Ni 26,0 65.8 8110
v-Fe (CLIK) Fe 38 67,9 0,56
Cr (OUK) Cr 46,0 73,2 0,63
a-Fe (OLIK) Fe 40 60 0,67
Cu (TLK) Co 22,0 55,2 0,40
» » gd él,g 33,1 0,35
» » n 4, 45,6 0,54
Co ( TLIK) Fe 31,3 57,2 0,55
-Fe (T'LUK) Co 33 72,5 0,46
v Ni (CLIK) Co i 32 64,7 0,49
-Fe (OLIK) Co 47,0 63,0 0,74
a~Fe (OLK) Ni 43,3 61,9 0,70
a Mo (OLIK) W 77,0 112,9 0,68

* Habmonaemele B Ta6a. 2 H 3 He3HAYHTeAbHBIE Pa3JHYHSA B 3HEPTHH AKTH-
BaluH 06bemMuoft caMoandodysuu Ag u Ni MoryT 6uiTh CBa3aHH ¢ Pa3HOA YHCTOTOMU
W CTPYKTYpPOM uCCne ROBAHHBIX MAaTepHANOB, a TAKKE C BO3MOMKHBIMU Pa3aHIHAME
B MeTOAKKe onpejeneHns K03hbHUUeHTOB CaMoXHOGDY 3HH.

ClJaBa) AOXOAHT JO MHKDPOMETPA H 3HAUMTEJBHO NIPEBOCXOIUT ee
KpHCTaJIorpadHYeCKyio IHPHHY, COCTABASIONYI0 HECKOJIbKO MEXK-
aTOMHBIX paccrosinufi [2, 30]. MHTepecHo OTMeTHTb, YTO TaKHe IH-
pokHe N1 (ysHOHHbIE 30HB OGPA3YIOTCH HE TOJBKO IpH caMonug-
bysuu, Ho u npu auddysun npumecess. TIPHUHHEL HX BO3HHKHOBE-
HHs elle He JOCTaTOYHO H3yueHHl. [lonpo6HO BONMpOCH rpaHHuHOMN
zupysun ocsewens B [1, 30, 63, 103, 115]. :

CurieqtyeT OTMETHTb, UTO XHMHYECKHIl COCTAB IPAHHIL 3€PeH MOXeT
CylleCTBEHHBIM 00pa30M OTJIHYATBCS OT Teda KPHCTANIHTOB H B 3HA-
YHTEJbHOM CTENEeHH 3aBHCEThb OT COCTaBa CIIJIaBa M MHOTOYHMCJEHHBIX
MeTaJaypruveckux ¢akropos. Ilpu 3ToM XuMHYecKas HeoNHOpOoA-
HOCTb TPaHHIl 3ePeH MOXKeT OBbITb CBfi3aHa KaK C IPEANOUYTHTENbHEIM
BEUIEJIEHHEM TaM H3OBLITOUHBIX (a3, Tak H ¢ cerperanuei mpHMecei.
Haxe npn HUYTOKHO MaJOM COMEPIKAHHHM TIPHMeECell B CILIaBe HX
KOHUEHTPALHUA B MEKKPHCTAJIUTHEIX 30HAX MOXET GBITb OYeHb BhI-
COKOH, a pacnpeneneHue — HeDAaBHOMEPHBIM BCJEJCTBHE aHH30TPO-
nuu  cerperaunn [125—130]. Cerperauns npumeceii no rpasnuam
SepeH JeTanbHO omHcaHa B paGorax [22, 101—103, 126, 131, 132].
31ecb MPeACTaBASETCS LeJdeCO06Pa3HBIM OTMETHTD JHIHb clenyo-
ee. :
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Kak nspectHo [133—136], paBHOBecHasi cerperanusi mpHMeced
TIO TPaHHLaM 3€PeH, KaK INPaBHJO, YMEHbIIAET SHEPTUIO TPaHHIL 3€-
peH u B LieIoM CBOGOAHYIO SHeprHIO cHCTeMbl. B Hacrosulee BpeMms
AJs ONMUCaHHS DaBHOBECHOH cerperallid IO TpaHHOaM 3€peH TIhbi-
TaloTCs HCIOJb30BaThb BLIDAXKEHHS, aHAJNOTHYHBIE H30TEPMAM II0-
BEpXHOCTHOH afcOpPOUHH MOJeKyJ H3 ra3oBoi ¢asnl [131], mpuuem
yale BCEro — H3oTepMe JIeHrMiopa, KoTtopasi ONMHCHIBAET MOHOMOJIE-
KyJSPHYIO ancoOpOUHIO He B3aUMOAEACTBYIOIIHX MeXAy co6oi MoJe-
KyJ Ha ofHopoaHoi mosepxHocTH [137]. OxHako Bompoc o BHOOpE
“TOH WJIH HHOH H30TepMBbI afcopbuuu (T. e. ypaBHEHUs, CBA3KIBAIOIIE-
ro KOHIEHTpAalHIO TIPHMeCH Ha TpaHHlle H B Teje 3epeH) IOKa
OCTAeTC OTKPHITHIM. BO BCIKOM Cayyae He SICHO, IPaBOMEPHO JIH
BOOGILe HCIONb30BATh BRIpAaXKEHHWe THIA H30TepMHl JleHrMiopa nid
-OIIHCAHHSl PaBHOBECHOH cerperaliMy NpHMeceHd NO I'pDaHHLAM 3epeH,
TaK KaK OHa B ITPHHIHIIE MOXeT ObITb MHOTOC/NOAHOH H HEOJHODPOA-
‘HOM BHOMBb oTHenbHOH TpaHuusl {2]. IlonoxeHne OCNOXKHAETCH OT-
CYTCTBHEM HeOOXOMMMOT0 KOJHYeCTBa HANEXKHBIX CHCTeMaTHYECKHX
‘SKCNIEPHMEHTANbHLIX NaHHHIX O LUHPHHE 30HHI PABHOBECHOH cerpera-
IMH, COJAEepXaHHH M pacupefejleHHH NpHUMeced B HeH, a TakXke 0
BJHSIHHY aTOMHOH CTPYKTYPHI TPaHHIL 3epeH Ha 3HEPrHI0 YHPYTHX
HCKaXKeHHH M cTemeHb cerperanuu. OTcyTcTBHE yKa3aHHOH HHpop-
MalMH oOyCJOBJEHO INpexIe BCEro TEM, YTO BO MHOTHX CAydYasx
‘IKCTIePHMEHTAJAbHO Ype3BbIYaHHO TPYAHO HE TOJBKO KOJHYECTBEHHO
‘OLlEHHTb 3epHOrPaHHUYHYIO NPHMECHYIO CerperalHio, Ho Jaxe ee Ka-
qecTBEHHO OOHapyxuth [22, 103].

Taxum o6pazoM, 0630p JHTepaTYPHEIX NAHHEIX MO TPaHHUIAM 3e-
PeH MOKas3blBaeT, YTO HECMOTPS Ha gBHBIH NPOTpecc, AOCTATHYTHIA B
TocJaeJHHe TOABl B 3TOH 06JacTH (U3HUECKOTO METaJJIOBEJCHHS,
‘MHOTHE BOIIPOCH, CBSI3aHHBEIE CO CTPYKTYPOH H CBOHCTBAMH T'PaHHIL
3epeH, OCTAlOTCH He BBIICHEHHBIMH H TPeOYIOT HaJbHefllero pasBH-
THs. BMecTe ¢ TeM, He BhI3BIBaeT COMHEHHH, UTO cerperanHs IOpH-
Mecel B MEXKPHCTaJJNHTHBIX 30HaX, NPHUBOAsALLAs K OOJbILIOH JO-
KaJbHOH XHMHYECKOH HEONHOPOZHOCTH CIJ1aBa, NOBLILIEHHAs SHEP-
THs] IPOH3BOJIBHBIX TI'DaHHI 3epeH W HX BbiCOKas AudbysHoHHad
NPOHHILAEMOCTh — 3TH H MHOPHe ApYyrue ()akKTOPH IPH ONpe]esieH-
HBIX 3JIeKTPOXHMHYECKHX YCJIOBHAX MOTYT OBITh NPHYHHONA TIOHHKEH-

HOR KOPPO3HOHHOH CTOHKOCTH TOTPAaHHYHBIX 30H N0 CPaBHEHHIO C
TeJOM KPHCTaJJIHTOB.

2.3.2. BHewHAs NOBepXHOCTd KPUCTAAAQ

H3BectHo, yTo peasibHasi MOBEPXHOCTh KPHCTAMJIa He SIBJSETCS
ATOMHO-TJaJKOH, a HMeeT CJIOXHBI pegbed, reOMETPHS KOTOPOTO
MOXeT OKasblBaTb BJAHSHHE HAa KHHETHKY NPOTEKAHHA MHOTHMX IIO-
BEPXHOCTHHIX mnpolleccoB (Haupumep, AudPy3HH, KOPPO3HH H AP.
[1, 138—141]).

Ha xpucrannuueckodf moBepXHOCTH BCeraa HMeEIOTCS CTYMEHH
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BBLICOTOH OT OJHOTO [0 HECKOJbKHX MEXAaTOMHBIX PacCTOSHUH
(puc. 2) [139, 141]. Kax yxe oTMe4aJoch, aTOMHEIE CTyIE€HH MOTYT
BO3HHKATb TP TepeceueHHH NOBEPXHOCTH QUCAOKANHOHHOH JHHUEH,
UMeIOIell HOPMaJbHyIO K NOBEPXHOCTH BHHTOBYIO KOMIIOHEHTY [69,

Puc. 2. CTymeHH Ha TOBEPXHOCTH KpHCTaJa IpH

T=0 u T>0. Crpenka [—2 cCHMBOJH3UDYET QIIYyK-

. TyalHOHHOE POXKAEHHE H3JOMOB; 3-—4 — obMeH aTo-

MaMH MEXIY H3JIOMOM H aXcopOLHOHHBIM CJ0eM
[1

70, 142]. Ecau noBepXHOCTb He IEPECeKaeTCs JMCJAOKAILHOHHOH JIH-
HHell, TO CTyneHb NOJIKHA JUOO HAUMHATBCS M KOHUATbCS HA KpasX
MOBEPXHOCTH, AMG0 3aMBIKaThCsl Ha cebs [0139]. B mocaepneM cay-
yae ee KOHQUTypalHus GyAeT KPHBOJHHEHHOH. .

Ilpu T=0K no yc/j0BHIO MUHEMYMa CBOGONHOH 3HEPIHH KOHTYD
CTyIeHH GyjAeT Ii1ajKuM, HeH3bs3BJEHHBIM (PHC. 2)0[139]. C noBH-
[IeHHeM TeMIepaTypbl BCJAEACTBHE BKJjala SHTPOTHHHOTO 4YieHa Ha
JMHHAX CTyHeHH OYAyT NOSABJATbCS H3/IOMbBL (PHC. 2). Teoperuue-
CKHe pacyeTsl, NpoBejlennble B pabore [139] Aisi MOBEPXHOCTH KPH-
cTaJJja, HaXo4sllerocs B paBHOBECHH C IapOM, NOKa3hBAKOT, YTO B
TOM cJyyae, KOTAa HalpaBJeHHe CTYNEeHH COBNafaeT ¢ HanpasJeHA-
eM TJIOTHON YNAaKOBKH, CpelHee PacCTOsiHHE MeXIy H3J0MaMu Co-
CTaBJSAET: '

}\10 ~ % eu/kT,

rle @ — MeXaTOMHOe pPaccTOsiHHe; 4 — 3Heprus 06pa3oBaHHsA H3J0-
Ma.

ITyTb, KOTOPBIA TPOXOAKT aACOPOMPOBAHHAS YACTHIIA TIO TIOBEPX-~
HOCTH, OTIpefleNfeTcsl BHpaKeHHeM: '

[, = V D,t,, _
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rie Dy — koaHUKEHT noBepxHOCTHOR nuddysun ancopbHpoBaH-
HbIX aTOMOB; Ta — BPEMs XH3HH aTOMa B COCTOSIHMM aJACOpOLHH.

CoraacHo gaHHeM [140] [;>>Ao. Orcooma JoOrHuHO 3aKAIOUHTh,
4TO B Opouecce B3aWMOAEHCTBHS C NBYMEPHHIM TIasoM afaToMOB
CTyIeHb C M3JIOMaMH MOXET ObITh HeNpepHIBHBIM HCTOYHHKOM HJIH
crokom anatomoB [139]. OueBuzno, uTO 3TO OGCTOSTENBCTBO HEOO6-
XOAHMO YYUTHIBATH W IIPH H3yYEHHH NPOLECCOB B3aMMOAEHCTBHS TO-
BEPXHOCTHHIX aTOMOB DacCTBOPSIOIIEToCs MeTalla ¢ KOMIOHEHTaMH
pacTsopa. _

IToMHMO aTOMapHOH 1IEPOXOBATOCTH, BO3HHKAIOUIEH BCJENCTBHE
TepMHUUYECKHX GAYKTyauui#l, NOBepXHOCTb IPOHU3BOJBHOIO CEUEHHA
KpHCTaJJa INIOCKOCTBIO LKA ‘He COXpaHSeT HCXOMNHOH TIJafko-
CTH, a TOKpbiBaeTcs CHCTeMOH peOpHcTHIX cTynened. Takywo CTpyk-
TYpPy I[OBEPXHOCTH HA3BIBAIOT €CTEeCTBeHHOM ,lepoOXoBaTocThio [1,
139]. E€ nosiBnenne 06YCJOBIEHO TeM, YTO BCAEACTBHE AHHW30TPO-
IIHK TIOBEPXHOCTHOrO HATAMXKEHHsS MHHHMYMBl TOBEPXHOCTH M IO-
BEPXHOCTHON 3Heprud He COBHazaioT. Makpockonuuecknd penaved
[IOBEPXHOCTH PeaJbHOTO KPHCTaJJa BO3HHKAeT TaKXKe B MecTax e¢é
TlepeceyeHus] AUCHOKALHAMH H MeXOJOYHEIMH TPaHHIAMH.

Tab6auya 4 Tabauya 5

Yucao Oamxafimmx cocefei aToma Ha  Sxeprua cBasum  (sB) enunmunmx
nosepxHocTH I'IIK-kpucranaa [2] ajaTOMOB HaMJAJHs H MelH B
3aBHCHMOCTH OT HX IOJIOXEAHS Ha

Honosene Yncao Gamxaimux cocegern  NoBepxuwoctH  (110)  Boabdpama
atoma Ha | [laoe- [144]
HOBerHOC' KOCTh B n.JoC-
THE BHH3Y KOCTH BCET O
Mozoxerse | py cu
(111) | 3 6 9
3 (001) | 4 4 8 1 L 66
(011 441 2 7 — )
) 2 2,71 953
3 3,01 2,86
) (1})1) 3 4 7
001) | 4 3 7 PETIYY
(011) 441 9 7 aﬂaT(I)_IMHa(bE:l p;g.OLBETCTByIOT NONOXKEeHHIC
10 %33 2 3 2 Caenyer HOAYEPKHYTb, YTO:
(011) | 4+1 1 5 NOBEPXHOCTHHIH  CJIOH KpHC-
Ta/JJla HaxXOOHTCs B 0coboM
iy | 3 0 3 (pU3HKO-XHMHYECKOM  COCTOA-
8 (001) | 4 0 4 Huu. CBoficTBa aTOMOB Ha
011) ) 441 0 5 TIOBEPXHOCTH B MOHOMOJIe-

KyJsIpHOM ¢JO€ BCJIeJCTBHE
Ha;HLél:l(‘g?bl COOTBeTCTBYIOT [0J0XKEHHIO aTOMOB HeCKOMHeHCHPOBaHHbIX CBA-

3efl OT/AHYAIOTCA OT CBOHCTB:
aTOMOB BHYTPH Kpucrasaa [47, 143]. IlpuueM, B 3aBHCHMOCTH OT
IIOJIOKERHsT aTOMa Ha NMOBEPXHOCTH, HMelolleH, KaK fIPpaBuJIo, CJIOXK-
HbIH pesbed (puc. 3), MOBEPXHOCTHBIE aTOMBI OTJIHYAIOTCSA APYT OT
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ApYyra pasHbiM UYHCJIOM cocefelt (taba. 4), a cjaefoBaTeIbHO, R

sHepruedi cesizu [2]. )
DHeprus CBA3H aicOpGHPOBAHHLIX HA METAaTHYECKOH TI0BEPXHO-
CTH aTOMOB TAKXe 3aBHCHT OT MX NOMOMEHHS Ha NOBEPXHOCTH.

B patore [144] TeoperTHyeCKH BEIYHCJIEHA SHEPTHS CBA3H ¢IAHHHYHBIX

Puc. 4. Pazjuunbie TOJO-

Puc. 3. Pasnuunble NojioXKeHHsA aTOMOB Ha TIO-
wenust anaromos  (I—3)

BEPXHOCTH KpHCTaana (2): 110
| —Ha samoaHenHoM pebpe; 2 — Ha 3amoamessom  HA NOBEPXHOCTH (
yriy; 3 — Ha 3anoJHeHHOH NOBepXHOCTH; 4 — Ha 3a- posabbpama {144}
noJIHeHHON cTynenbxe; 5 — Ha HC?HHOJIHGHHOM peo6- ©® — atoMbl Boabdpama; O —
pe; 6 — Ha He3ano/JHEeHHOM Yray: 7 — Y CTyleHb- 2XATOMBI
Ku; 8 — agcop6uposaHHoe; 9 — BaKaHTHOe; [0 -— nHo-

JNyKpHCTaJAHYecKoe

afaTOMOB MEIH H TaJjJiafusl H UX CKOIJIEHHH Ha NOBEPXHOCTH BOJb-
¢ppama (110) (puc. 4) u (100) nns pasHBIX NOJNOKEHHH anaTOMOB.
HexoTopbie pe3ybTaThl 3THX PaCyeTOB, HAXOAAUIMXCS B yIOBJETBO-
PUTEJBHOM COOTBETCTBHHM C SKCMEPHMEHTaNbHLIMY JAHHBIMH, NpHBE-
IEeHB B Ta0J. 5. :

Kak 4 caegoBajo OXKMAAThb, AJAs aZaTOMOB HaubOJee sHEPreTH-
YyeCcKH BHITOAHBIM fBJISETCH INOJOXEHHe 3, a HaHWMeHee BBITOA-
HBIM — TIOJIO>KeHue 1.

OpHoll 13 oco6eHHOCTeR MOBEPXHOCTHOTO CJOSA ABJAETCS €ro Ha-
CHIL[EHHOCTh CTPYKTYPHBIMH AeeKTaMH- (BaKaHCHAMHE, JHCHO0KaLHs-
MH u ap.). Hanuyue 3Tux AedekToB B NOBEPXHOCTHOM CJ/IOE MOXKET
MPUBECTH K IPAfHEHTy XHMHUECKOTO NOTEHIHaNa, a CJel0oBaTeJbHO,
M K pPas/uyHON CKOPOCTH DaCTBODEHHS OTHE/IbHBIX y4aCTKOB NOBepX-
HOCTH TIPH BO3NEHCTBHH arpecchBHOi cpenbl [141].

MBuoToUHCIeHHbIE 3KCIEPUMEHTabHbIE N1aHHBIE CBUAETEALCTBYIOT
0 TOM, YTO Ha TOBEDPXHOCTH MeTa/ja HMEeTcs OYeHb MOABUXKHBIN
cnoft atomon. ITosepxHocTHan nuddysus NpoTeKaeT aHU30TPONHO, a
ko3h¢uiuenT AHMOY3HH B 3HAUUTEJbHOR CTENeHH 3aBHCHT OT CO-
ctosinus noBepxHocTH. Iloapo6Ho nubdy3HOHHBIE TIPOLECCH HA MO-
BEDXHOCTH KPHCTAJJIHUCCKHX TE€J, a TaKXe B IPHIOBEPXHOCTHBIX
cJI0sIX paccMoTpeHs B paborax [30, 47, 139, 145—147].
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[ToBepxHOCTb peasbHOTO KPHCTaAla XapaKTepH3YeTCs HajJHuHeM
3JIEKTpHUECKH aKTHBHBIX LeHTpOB [148—150] u son ¢ pe3ko NOHH-
XeHHOH paboTo¥ BHX0Ja 3JaeKTpoHOB [137]. Pacupenenenne a/eKT-
pHYECKH aKTHBHEIX LEHTPOB IO NMOBEPXHOCTH SBJISIETCS HEPABHOMEp-
HEIM, I@PHYeM HX IJIOTHOCTb OKa3blBaeTcsi BecbMa OOJIbIIOH
(10 cm—?) [139]. IIpeamnoaoKUTENbHO CUHTAIOT, YTO STH LEHTPH
NpeACTaB/AT co00H CKOMIeHHs Ae(eKTOB — BaKaHCHI, npHMeCcHBIX
aTOMOB H HX xomiulekcoB [139]. Uto xacaercs paboThl BBIXOLA, TO
OHA CHJDbHO 3aBHCHT OT CTPYKTYDPHl NIOBEPXHOCTH H HAJAHUYHs Ha HeH
agcopOupoBaHHBIX yactul {151].

Crenyer uMerb B BHAY, YTO HE TOJBKO MOHOMOJEKYJSIPHBIH NO-
BEPXHOCTHBIH CJIOH, HO H TOHKHE IIPHNOBEPXHOCTHBIE CJOH IO CBOE-

"My CTPOCHHIO, XHMMHYECKOMY COCTaBy M CBOHCTBAM MOTYT CYyHIeCT-
BEHHO OTJHYaTbhcs OT oObema kpucraanaa [139, 146, 152—154]
TonlnHa TaKHX c/0eB B 3aBHCHMOCTH OT croco6a BO3JEHCTBHA Ha
NOBEPXHOCTb MOXKET H3MEHATbCH B WIHPOKOM JAHAaNa30He: OT He-
CKOJIbKMX COT aTOMHHIX cj1oeB mo 10-*—10-% cm [1, 145, 155—158].

Ilpy n3yuyeHHH KODDO3HOHHBIX IIPOLECCOB OCOOEHHO BaXHO YYH-
TBIBATb TOT (aKT, UTO IOBEPXHOCTHBIE CJIOH PeabHBIX MeTaJIHEeCKHX
MAaTepHaNoB MOTYT ObIThb CHJIbHO OGOrallleHbl aTOMaMH pacTBOPEH-
HOTO KOMIIOHEHTa (B YaCTHOM cJydae — TpHMECHBIMH) BCJEICTBHE
NOBCPXHOCTHOH cerperaudH (Kaxk paBHOBECHOH, TaK U HEpaBHO-
BecHol1) [22, 103, 159]. Takoe oforalleHue Moxer GbiThb OYeHb He-
pPaBHOMEDHBIM H3-32 aHH30TPONHHU IIOBEPXHOCTHOH cerperauud. [1pu
3TOM B TIOBEPXHOCTHBIX CJIOSX Hapsdy €O CTPYKTYPHOH HEORZHOPOX-
HOCTBIO, BO3HHKHET XMMHUYECKass HEOJAHOPOAHOCTb, YTO B CBOK Oue-
pelb NpHBENET K JOKAJbHOMY NPOTEKAHHIO KOPPO3HH.

B paGote {160] naH TeopeTHYeCKHi aHaJH3 BJHSHHS CTPYKTYpHl
aTOMHO-IIepOXOBATOH IpaHHUbl pasfena Ha3 Ha paBHOBECHOE pac-
IpejeseHHe TPUMECH OKOJO 3TOH TPaHHLLBl, a TaKkKe BJAMAHHA IDH-
MeCH Ha CTPYKTypy rpanuubi. Tlokazano, uTo yyeT IIePOXOBATOCTH
NPHBOLUT K YCHJEHHIO 3(p¢ekToB o0oralleHusl TPaHHUIbl NPHMECHIO.
B cBoio ouepenp oforauienyie rpaHuubl pasdfena pas IPHMeEChbIO CO-
NPOBOXKIAETCS YBEJIHYEHHEM LIepOXOBATOCTH rpaHulbl pasjena. OT-
MEuaeTcsi, YTo IOJyueHHBIE pe3y/bTaTbl MOMHO HCIOJNb30BATb HJIA
aHalu3a s¢dexkra oforanieHus NpuMecblo cBOGOIHEIX NOBEPXHOCTEH
KPHCTaJJa H TPaHHIl 3epeH.

Taxum o6pasoM, xapaxkTepHOH OCOOEHHOCTbIO peajibHBIX MeTalj-
JIOB. K CIIABOB, BCErAa HMeIOIIHX Ae(deKTHOe CTpoeHHe KPHCTAJLIH-
YECKOH PpEIUeTKH K COJEpPMKalINX HDHMECH, SBJSETCS MX CTDYKTyp-
Has ¥ XHMHYecKass HeoJHOpoAHocTb. IIpH 3ToM HEOOXOAHMO TIOM-
HUTb, 4TO NOCAENHSA BO3HHMKAET HE TOAbKO B pe3y/NbTaTe B3aHMO-
IeHCTBHS PaCTBOPEHHBIX aTOMOB CO CTPYKTYPHBIMH Aedpexkrtamu. OHa
MOXeT OBITh TAaKXKC Bbi3BaHa TEPMONHHAMHMUECKHMH H (HJH) KHHe-
THYECKHMH (G aKTOpaMH ¥ B OTCYTCTBHE 3THX Ae(EKTOB (HampHMep,
B C/lyyae IPOLECCOB YNOPSAOYEHHs, Cerperaliii npH (asoBblX mpe-
BpalleHHsX, CTapEeHUH, KpucTasausaunu) [2].

BaxxHo mopuepkHyTh, uTO CTeneHb CTPYKTYPHOH H XMMHUECKOH
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HEOIHOPOJAHOCTH CIVIaBa CYLIECTBEHHBIM 00pasoM 3aBHCHT OT €rO0
XMMHUECKOTO COCTaBa, TEXHOJIOTHU BHINNIABKH, PEXHMOB TOpsvYeH H
XOJ0AHON medopManuu, TepMHUecKoH 06paboTku W APYTHX MeTas-
Ayprudeckux ¢akropos. IIpx 3ToM ciefyeT y4YHTBIBaThb, UTO B IPO-
necce IKCIAyaTauHHd KOHCTPYKIHOHHBIX MaTEPHaJIOB, npelHasHaueH-
HBIX JJs PaboThl B arpeCcCHBHHIX Cpemax (OCOOEHHO mpH BRICOKHX
TeMIlepaTypax), B INPHHIHIE BO3MOMXKHO H3MEHEHHe HX TOHKOH
CTPYKTYpH (Hampumep, nepepacipee/enne n1epeKToB KpACTaaInie-
CKOHM peLIeTKH, aHHUTHJSLHS CTaphix ¥ 06pasoBaHHe HOBBIX CTPYK-
TyPHBIX J1e(eKTOB), a CIEeNOBATeNbHO, H KODPO3HOHHOH CTOHKOCTH.

Bonpochl, cBizaHHBlE C H3MEHEHHEM TOHKOH CTPYKTYPBI MeTas-
JOB M CIJIAaBOB [OPH XOJOXHOH AeQOpMauyH ¥ OTHKHIE, C MO3HUHUH
COBPEMEHHBIX TNPEACTABJEHHA (H3HUECKOro MeTaJJIOBeeHHs NOoA-
po6Ho ocBeulenst B paboTax [161—163].

3. BJUSAHUE TOHKOW CTPYKTY¥PBHI
METAJJIOB U CHNJABOB ‘
HA HUX KOPPO3HOHHO-3JIEKTPOXUMHYECKOE MOBEJEHHWE

AHanus ony6auKoBaHHBIX AanHbIX [164—178] nosBoaser co Bcelt
OTpeNeeHHOCTbIO 3aKJI0UHTh, UTO TJyOOKOe NOHHMaHue CyTH Ipo-
necca paCTBODEHHSI MeTajla B PaCTBOpPE 3JEKTPOJIHNTA HEBO3MOXKHO
6e3 yuera ero TOHKOM CTPYKTYpBl. ITpu 5TOM COBEpIICHHO OUYEBHIHO,
YTO B 3aBHCHMOCTH OT XHMHYECKOTO COCTABA aTPECCUBHON CPeldbl H
YCJIOBUII ec BO3XEHCTBHSl POJb TOHKOH CTPYKTYpPHL METaJJia B €ro
KOPPO3HOHHO-3JIeKTPOXMMHYECKOM TOBELEHHH MOXKET OBITH pasiny-
Hoi [22, 24, 179—181]. »

Xopollo ¥3BecTeH, HanpuMmep, TOT (Hakr, YTo cerperaunus npume-
ceff Mo rpaHMLaM 3epeH 3aKaJeHHbIX AYCTEHHTHBIX HeprKaBerllHnx
cTajelf siBAfeTCS TNPHYMHOH HX MEXKPHCTAJJHTHOH KOPPO3HH
(MKK), xak TIpaBHJO, B CHJBHOOKHC/JHTEJIbHBIX Cpelax, a TaKKe
B CEePHOH UM a30THOH KHCJOTaX MpH NOTEHLHaTaX, COOTBETCTBYIOMIHX
obaactH mepenaccusaunu [22, 24, 180, 181] (pwuc. 5).

B cooteerctBuk ¢ [179] B 1 u. HoSO4 nmpeumyuiecTeennoe pac-
TBOpEHME :Kese3a 30HHON MJIaBKH y AHCAOKAUMH Jyywie OCyLIeCTB-
NsleTCst B aKTHBHOMN 06/acTh aHOAHOro pacTsopeHust. B. obnactu me-
penaccHBalM¥ AMKH TpaBJeHHsl BBHIBJISIOTCA IUIOXO, @ HX IJIOT-
HOCTb He COOTBETCTBYET IJOTHOCTH JHCJOKaIK.

Heo6X0gMMO OTMETHTb, YTO arpeccHBHas cpela MOXKeT ObiTh
NPUYMHON H3MEHEHHS He TOJbKO XHMHMYECKOTO COCTaBa IMOBEPXHOCT-
HBIX CJIOEB cIJaBa - (BIJIOTh O IPOTEKaHHA B HUX (a30BbIX MpeBpa-
LieHHU}) B TpoOIlecce ero CeneKTWBHOTO pacTBopeHus [66, 67, 182—
185, 190—193], HO TakxKe 3HEPreTHUECKOro pesbeda NOBEPXHOCTH
[186] u ToHKO# cTpyKTYpHl MeTaaa [10, 187—189].

B macrosinlee BpeMs He BBI3HIBAeT COMHEHHH, YTO MPH H3yUeHHH
IPOILLECCOB, NPOTEKAIOLUIUX Ha rpaHHuIe pa3jiena (a3 MeTalJ—3JaeKT-
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