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BJIUSAHUE IIMTPUINHA HA KHHETUKY PEAKIIUU BBIJIEJIEHUA BOJOPOJA
HA KEJIE3E B KUCJIBIX XJIOPUJHBIX PACTBOPAX

© A.B. baavioun, B.U. Burnoposuy, JL.E. I{pirankosa, O.10. Ky3una

Knrouesvie crosa: JKEJIE30, MOHBI BOAOPOJAA; BOAA, pa3psAld; KNHETHUKA, 3aMCUICHHAA CTaAus, IMUPUANH; KOHLICHTPAUs;

natepanbHas quddysust.

M3yueHa KMHETHKA PeaKIMK BbIIEICHUS BOJOPO/a Ha jxene3e B BoaHbIX pacTBopax HC1 ¢ mocTosHHON MOHHOM CHIIOH,
paBHoli 1, B mpucyrcTBuM nupuauHa. [Ipu BBenennu B ¢poHoBsIe pacTBopel 0,5 MM CsHsN nabmronaercs cmeHa 3amen-
JIEHHOTO pa3psija JNMHUTHPYIOIIei aTepanbHol auddysueil, koTopas ocTaeTcs CKOPOCTHONPENEIoNIeil ¥ IpH mocie-
IyIoIeM IBYKPaTHOM YBeNHUEHUH Crupumna. C JadbHEHIINM NOBBILIEHUEM Crypuuma 0 5 MM ITMMHTHPYIOIIEH CTaHO-
BUTCS peakiys pekoMOuHanuy, a Hanuyre 10 MM 100aBKM BHOBb IIPHBOJHUT K 3HAYEHHSIM KHHETHYECKUX [apaMeTpoB
PBB, cOOTBETCTBYIOLIMM 3aMealicHHOMY pa3psay. CkopocTs TBepaodasHoil nuddy3uu uepes CTalbHYH0 MeMOpaHy

(C13) He 3aBUCHUT OT NPUPOJBI JIMMUTUPYIOLLEH cTanun PBB.

Karomnas peakuus Boiienenus Bogopona (PBB) B Te-
YeHHEe MHOTHX JIeT SBIUIACh CBOCOOPa3HBIM IPOOHBIM
KaMHEeM, Ha KOTOPOM HPOBEPSUINCh M YTOUHSIINCH BCE OC-
HOBHBIE IOJOXKCHUS 3JIEKTPOXMMHUYECKONH KHHETHKU. Bo-
Jiee TOTO, OCHOBHAS YacTh MOHIATUN U TEOPUNA JIEKTPOTHON
KMHEeTHKH OBbUIa pa3BUTa MMEHHO B TIPOIECCE H3ydUECHHS
PBB [1-3]. OnHOBpeMEHHO TOPMOXKEHHE KaTOTHOM peak-
I[UM BBIJEJICHHUS BOAOPOJA OYEHb BAXKHO JUIS NPEIOTBpa-
IIEHNs] KOPPO3HUU METAJUIOB C BOJOPOHOM JETOIsIpHU3aIiy-
eif WiIn ee CyIeCTBEHHOT0 MojiaBieHus. bonee Toro, HaBo-
JOPOKMBAaHHWE METAJUTMYECKUX KOHCTPYKIMOHHBIX MaTe-
pHAIOB, CBA3aHHOE C MX KOPPO3HEH B KHCIBIX, CEPOBOIO-
POIHBIX WM YTIEKHCIOTHBIX Cpenax, OIpefenseT X BO-
JOPOJHYIO XPYNKOCTb M KaTaCTPO(HIECKYIO MOTEPI0 Me-
XaHH4YeCKUX CBOWCTB. [loatomy Topmoxenne PBB u a6-
copOIKM BOJOPOAa METAUIaMH — OJMH W3 Haubonee 3¢-
(DEeKTUBHBIX METO/IOB PE3KOT0 CHIKEHHSI WIHM MOYTH IIOJI-
HOTO YCTPaHEHHS KOPPO3HOHHOTO pa3pyIICHUs] MEeTaJUIH-
YECKUX KOHCTPYKIMOHHBIX MaTepHaloOB M CO3/AHUS JKO-
JoTnaecKkn 6e30IacCHBIX TEXHOJIOTHI.

MHorue 0coOeHHOCTH, CBSI3aHHBIE C KaTOJHBIM BBIfIe-
JIEHHEM BOJIOpo/a (B TOM YHCIIe MEXaHH3M 3JIeMEHTapHBIX
CTaauii), I0CTaTOYHO MOAPOOHO OOCYXAanuch B 0030pax
[4-11]. O6menpuHaTO, UTO 3a CTagUeH paspsia

H o + € = Hyy + solvent, (1)

rae solvent — MoyeKysa pacTBOPHUTENs, MPOTEKaeT ynaale-

Hue H,,., KOTOpoe MOXET NPOXOIUTh B COOTBETCTBHH C

peaxuusmu ['elipoBckoro

H o5 + Hyye + € — H, + solvent 2)

wiu Taders

Hauc + Hauc - H2‘ (3)
IIpnaem oxna n3 crapuii (1), (2) wmm (3) B 3aBUCHMO-

CTH OT IPUPOABI PACTBOPHUTEII UM COCTaBa JJICKTPOJIUTA
4acTo OKasblBaeTcs auMuTupyromel [1-12]. Mctounukom
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a/IcOPOMPOBAHHOTO aTOMApHOI'0 BOJOPOJA SIBJISIOTCS THUA-
paTHpOBaHHBIE HOHBI BOAOPOAA JMOO MOJEKYJT Bousl. [la-
ke mpu nporekanuu PBB B OydepHbIX c1a0OKUCIBIX pac-
TBOPAxX aBTOPHI MPHHUMAIOT, 4To H,;. — IpoaykT paspsaa
HOHOB BOJIOPOAA, 00pa3yIOIUXCS MPH JUCCOIMAINE MO-
JEKYJIAPHBIX WM aHWOHHBIX KucioT [13]. D10, Kerarw,
MO3BOJIMIO Mcnojb3oBaTh PBB s ompeneneHus kos-
CTaHT Juccouuanuu cinadeix kucnor [14]. Ho atomsl Bogo-
poza KaKk MOTECHIMAIBHBIE JIOHOPHI IPOTOHA MIPUCYTCTBYIOT
B MHOTOYHCJIEHHBIX JAPYTHX MOJIEKYJIaX PacTBOPHMBIX B
BOJIE BEIIECTB, KAKOBBIMH SBIIAIOTCS, HAIIPUMEp, MOJIEKY-
JsipHBIe (OPMBI CITA0BIX KHCIOT M MX KHCIBIX coied. B
paborax [15-19] moka3aHo, 4TO P BBIACICHUH BOJIOPOIa
13 BOJHBIX PacTBOPOB JOHOPaMHU BOAOPOA, TI0 BCEH Bepo-
SITHOCTH, 4acTO SIBJISIIOTCS BOJOPOJCOAEPIKAIIME MOJIEKYIIBI
PacTBOPEHHBIX BelIeCTB. B Tex ciywasx, xoraa ancopOupy-
©TCsl KaTHOHHAsI KHCIIOTa, KOTOpas MOXET OTLICIUIATH MOH
Bojlopona (vactuna cocrapa BH', rie B — ciaboe ocHoBa-
HHE), TIOSBIISIETCS] BO3MOXKHOCTD MAPAJIIENIBHOTO0, a MOA9ac U
€IMHCTBEHHOTO TpoIIlecca pa3psia HOHOB BOAOPOIaA:

BH' + e — B + Hyy.
ILaﬂee MPOTEKACT peaKIuA:
B+H" — BH".

B uenom, nono0Hasi KapTHHa MOXKET HPHUBECTH K CHH-
JKEHHIO MepeHAIpsHKEHHsT BOJIOPO/a, €CIH BKJIa MOJ00HO-
TO TpoIecca JOCTaTOYHO BETHK. DTUM, BEPOSATHO, OOBSIC-
HSIETCS YCKOPEHHE KaTOIHOTO BEIJETIEHHS BOJOPOIa, KOTO-
poe HaOmOaeTcs B MPUCYTCTBHU Psila OPTaHUYECKUX
coeHeHnH. JIoHOpaMH POTOHOB MOTYT CITY’KUTH M HOHEI
NH," [3]. CoBepileHHO €CTECTBEHHO, YTO MHOTOYHCIIEH-
HBIE HcclenoBaHus B obmactu uHrubuposanus PBB mpo-
BEJICHBI, MPEXIE BCEro, Ha MeTallax M CIJIaBax IPYIIb
xKeJe3a. DTO HalpSIMYIO CBSI3aHO € MPOOJIEMOH 3alUTHl UX
oT Koppo3uu [20-24].

OtMeTuM, 9TO afcopOIys OpraHMYEeCKUX W HeOpraHHU-
YECKUX MHIHOMTOPOB CYIIECTBEHHO CKa3bIBACTCSI HA KHMHE-
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tuke PBB [25]. U3BecTHBI ciay4an, KOrja HHTHOUpOBaHUE
arpecCUBHON Cpefbl NMPHUBOAUT K HM3MEHEHUIO HPHUPOIBI
HepeHanpsHkeHUs. XapakTep BIUSHUS WHTHOMTOpa Ha
pa3IUYHBIE CTaJUM BBIAEIEHHS BOZOpPOJAa OOYCIOBIEH, B
YaCTHOCTH, OCOOCHHOCTSIMH €T0 MOJIEKYJISIPHOTO CTPOEHHSI.
MHorue HHrHOUTOPHI KHCIOTHOW KOPPO3MH JKele3a, B3s-
TBIC B MaJIbIX KOHIICHTPAINIX, BEAYT ce0s1 KaKk CTHMYJIATO-
psl [26]. Ilpu 3TOM TakKe CHIIKAEeTCS IEpEHANpsLKECHHE
BOCCTaHOBJIEHHsI BOJOPOIA.

ABTopHI [27, 28] n3yyanu BIMsAHUE HA KMHETHKY PBB
pofaHMa Kanusi, H3BECTHOTO CTUMYJISTOpA HABOJOPOXKH-
BaHUA. B sTHieHrnuKoNe Ha xelese aacopOupyercs Impe-
HMYIIECTBEHHO MOJIEKyJsIpHast (opMa KHCIOTEL. OgHaKo
MOXKHO TIPEIIIOJIOKUTE, YTO 3a CUET JHEPIHH aACOpOInI
anexrposmtrueckas guccorpanus HCNS B /I9C BHOBB
CYIIECTBEHHO Bo3pacTeT ¥ Toraa Gynkuuio [IAB Bbimos-
HieT pogaHua-uoH CNS™. B ycnoBHO-0€3BOAHBIX 3THIICHT-
JIMKOJIEBBIX pacTBOpax B pe3ynbrare BBeaeHus 1 MM CNS™
HepeHanpsHkeHne Bojopoaa 1 moseimaercs. [Tocnmemyto-
i gecaTukpaTHolil poct Cens HE U3MEHSET 1), T. €. Be-
myuHa dn/dlgCens paBHa Hymro. B mpucyterBum 2 mMac. %
Boxsl B C,Hy(OH), 1 MM popaHuI HOHOB TaK K€ IMOBBIIIA-
et 1 (ix = const). [Tocnenyromee yBenuuenue Ceys B IATh
pa3, HallpOTHUB, €r0 HECKOJIBKO CHIDKAET, OJHAKO abCOIIOT-
Has BEMYMHA NEPEHANPSDKEHUS] BOJOPOJA IMO-IPEKHEMY
ocraercs Beire, yeM B orcyrcTBuM KCNS. Takum o6pa-
30M, B M3YYCHHBIX CpeJax XapakTep BIHMSHHS KOHIEHTpa-
MM POJAHU-NOHA HA 1| 3aBUCHUT KaK OT COCTaBa PacTBO-
purenst, Tak U oT uHTepBaia Cy+. Ho Bo Bcex mcciemye-
MBIX CHCTeMax OOILIel TeHAEHIMeH OCTAaeTcsl MOBBIIICHUE
T B IpUCYTCTBUM aHMOHOB CNS™.

B pa6orax [29-30] paccMOoTpeHO BIIMSIHHE THApOapce-
Harta Hatpus Na,HAsO, Ha xunetuxy PBB. [lokaszano, uro
B BOJHBIX M OSTHICHIJIMKOJIEBBIX CPEJaxX MBIIIBSIKCOIEP-
JKaIllie YacCTHIBI TIOBBINIAIOT MEpEeHANpsHKEHHE paspsaa
HOHOB BOZOPOAA U 00yCIIOBIMBAIOT MEPEXO OT 3aMeIJICH-
HOTO paspsja K JUMHTHPYIOIEH XUMHYECKOH peKoMOnHa-
Y. 3aKOHOMEPHOCTH PEaKILMH BBIJICICHHUs BOJOpOAa Ha
JKenese B mpucyTcTBur THoMoueBUHBI (NH,),CS u3ydeHs
B paborax [31-32]. Hanuuue THOMOYEBMHBI B YCJIOBHO-
0€3BOJHBIX ITHIICHIIIMKONIEBBIX PACTBOPAX CHIDKAET 1), HO
HE MEHSAET MPHUPOAY JHMHUTHpYIOmEH ctamuu. B o0Box-
HEHHBIX CpefaXx THOMOYEBHHA, HAIPOTHB, MOBBIMIACT IIe-
peHanpsbxeHue Bogopoa. CormacHo cepun pabdor [33—40],
MEHSSI COCTaB CMEIIAHHOTO PAaCTBOPHUTENS, KOHI[CHTPAIIUIO
I'yaHuJliHa U €ro npou3BOJAHBIX, MOXXHO YNPaBJIATH NPU-
pomoii 3aMeIUIeHHON CTaauu. BakHO mMokas3aTk, 4TO IO-
no0Hasi KapTHHA HAOMIOAeTCsl MPH BBEICHUH B PAaCTBOP
OJICKTPOJIMTa MHOTHMX ITOBEPXHOCTHO-aKTHBHBIX BEILICCTB
caMO¥ pa3JIMYHOM MPUPOJIBI, @ HE SBJSIETCSA NPEPOraTuBON
JIMIIG OTJENBHBIX KJIACCOB XUMUYECKHUX COCIIIMHEHUI.

B cBs3m ¢ 3THM 1enbio HacToAmeH pabOTHI SBHIOCH
W3y4YeHHe BIUSHUS THPUANHA U €ro MPOTOHHPOBAHHOI
(OpMBI — WOHA MUPHAWHHUS HAa KUHETUKY M HPHUPOIY 3a-
MEIJICHHOH CTaauM KaTOAHOTO BBIZCIEHHS BOJOPOJA Ha
JKene3e B KHCIBIX BOAHBIX pacTBOpax. OJIHOBPEMEHHO 3TO
MO3BOJIIET PACCMOTPETh Ha OoJiee IIHMPOKOM MaTepualie u
CBA3b Xapakrepa JUMuUTHpylomend craauun PBB, npore-
Kalollell Ha BXOJHOW CTOpOHE MEMOpaHBI ¢ KHHETHKOW
TBepaodazHoll aupdy3und aroMapHOro BOAOpOJA Uepe3
METaJUIMYECKyI0 MeMOpaHy.

METOJJUKA 5KCIIEPUMEHTA

HccnenoBanus npoBeAeHbl IPU KOMHATHOW TemIiepa-
Type B BOJOpPOIHOI aTMochepe Ha kene3e ApMKO (¢ XH-

MHUYeckuM coctaBom, mac. %: C — 0,02; Mn — 0,035; Cr —
0,14; S —0,02; P — 0,025) B BoAHBIX (OMAUCTHILIAT) Cpeaax
¢ KOMIUIEKCHBIM 3J1eKTposuToM coctaa x M HC1 + (1 —x)
M LiCl. Takoif moaxoX MO3BOJSET BBOAUTH B CHUCTEMY
TIOBEPXHOCTHO-HEAKTUBHBII kKatuoH Li' mpu Ce,” = const u
MOCTOSIHHOM MOHHOMW cmite, Korxa KodQ(UIHUEeHT akTHBHO-
ctu f B BeIpaxeHnu a = fC, B IepBOM INPHOIMKEHHN,
MOXXHO CYHTAaTh HEM3MEHHBIM. VICXOIHBIN pacTBOpHTENDH
HACBIIAIN XJIOPUCTHIM BOAOPOJOM, MOTyYaeMbIM B3aUMO-
neiicteueM NaCl c pactBopom H,SO, u mocienyromum
JIOBEJICHUEM PACTBOPHUTENIEM JI0 3a[JaHHOM KOHIEHTpPAIUU
HCI1. Xnopuctelii uTuil KBATH(QHUKALIUHA «X. Y9.» MpeaBa-
purensHO cymunu npu 107 + 5 °C u 3aTeM pacTBOpsUIM B
pabodeM pacTBOpe B pacCUMTaHHOM KoimdecTse. Mcmoms-
30BaJIM IUPUANH KBamudukanun «4. 1. a.». Kunernky PBB
HCCIIeI0BaIN TIPY KOMHATHOW TeMIlepaType Ha HEIO/IBIIK-
HOM jKeJte3HoM anekTpone (Fe-apMKo) B yCIOBHSX MOTEH-
IHOANHAMUYECKOH mosipu3anuu  (CKOPOCTh pa3BEpPTKU
0,66 MB/c, motenmmocrat Solartron 1255), BomopomHas
aTMocdepa, KOMHAaTHas TeMIlepaTypa, MOTCHIHANbl Iepe-
CUMTAHKI 10 CTAaHJAPTHON BOJOPOAHOH miKaje. M3Mepenus
MPOBOJVIIM B JBYX 3KCHEPHMEHTAIBHBIX CEPHSIX: OTHOCH-
TEJILHO PAaBHOBECHOTO BOJOPOIHOTO 3JIEKTPOAA B TOM Ke
pabouyeM pacTBOpe (4TO IIO3BOJISUIO HEIOCPEICTBEHHO
OLICHNBATh CBA3b KHHETUKH IIPOLIEcca C HepeHaNpsKeHHEM
BOJIOPOJa) M BOJHOTO HACHIIIEHHOTO XJIOPUACEPEOPSHOTO
3NEKTPOJIa.

JKenes3Hblil 27€KTPOA apMUPOBAIM B ONPABKY U3 3IOK-
CHIIHOH CMOJIBI C OTBEPMTEIEM HMOIUITHICHIIOINAMHHOM.
Pa6ouyro moBepxHocTh (1 CMZ) MOJIMPOBAIM  HAXKJAYHOMN
Oymaroil pa3HBIX HOMEpOB, OO0E3KMPHBAIM AalETOHOM,
MPOMBIBAJIM PabOYUM PACTBOPUTENIEM U CYIIIH (QUIBTPO-
BanbHOU Oymaroil. Vcmonp30BaHa TPEXdNEKTPOIHAS HIIEK-
TpoxumHueckas sueika u3 crekia «llupekc» ¢ pasgenen-
HBIMH TUTH(OM aHOTHBIM M KaTOAHBIM HPOCTPAHCTBAMHU.
Juddysuro Bomopoma Uepe3 CTAIBHYIO BEPTHKAJIBHYIO
MemOpany (Ct3) cocraBa, mac. %: Fe — 98,36; C — 0,2;
Mn -0,5; Si—-0,15; P-0,4; S—0,05; Cr—0,3; Ni—0,2;
Cu — 0,2; mmomaapio 3,63 cM® 1 TonmmHOM 300 MKM wHC-
cllefoBaly 10 MeToiuKe, puBeeHHo! B [33—40], B 1ByX-
KaMepHON sueiike Tuma siueiiku JleBaHaTXaHa, U3rOTOB-
JIeHHOH u3 cTekna «[Iupekc» B OTCYTCTBHH MPHHYANUTEb-
HOM Jeadpanvu NpU TOTEHIMAJIe KOPPO3UU €€ BXOAHOH
CTOpOHBI. [IpoOKUTETBHOCTE SKCIIEpHIMEHTa — 2 Jaca.
CratucTryeckyro 00paboTKy SKCTIEPIMEHTAIBHBIX JAHHBIX
NIPOBOJIMJIM TT0 METOJMKE MasbIX BBIOOPOK [41] ¢ moBepu-
TenbHOU BeposTHOCThIO 0,95 u ko3 durmentom Crbio-
nenTa 2,447.

OKCIIEPUMEHTAJIBHBIE PE3YJIbTATBI
N UX OBCYXJEHUE

BnusHue nupuauHa U BO3MOXKHBIX IIPOAYKTOB €ro
B3aMMOJIEHCTBHS CO cpenodl Ha kuHeTUKy PBB u 3akoHo-
MepHoCTH TBepaodasHoii quddy3nuu Bogopoaa BO MHOIOM
ONPECISIOTCS KaK HernocpeacTBeHHo cBoiicTBaMu CsHsN,
TaK ¥ caMoif CHCTEMBI, B 11eJIoM. B nanHol paboTe U3 Bcero
BO3MOXKHOTO KOMIIJIEKCA CBOMCTB 3TOrO COEAUHEHUS BBI-
JlefieHa OCHOBHOCTh NHPHAMHA, ONPEelsiomasl Crocoo-
HOCTB IIPOTOHHPOBATHCS C 00pa30BaHHEM KaTHOHOB HMHPH-
IVHUS U CHeIU(HUIECKYI0 BO3MOXKHOCTh STHX HOHOB al-
copbupoBaTbCcsi Ha xeiese W yraepomuctod cramu. Ilo-
creHee 00YCIIOBIEHO, MPEXIE BCETO, TEM, UTO B MOJIEKY-
JIE TMPUJIMHA NPUCYTCTBYIOT TT-CBA3M M aTOM a30Ta, CIIO-
COOHBIM BBICTYNATh B KAaueCTBE JOHOPA UIEKTPOHHOU Ma-
pbl. IToMuMO 3TOro B CHIly OCHOBHBIX CBOWCTB NMUpPUIHMHA
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BO3MO)KHO NPHCYTCTBHE B KHCIOH cpene IapauieIbHO
MonekynspHoit u katnonno#i CsHsNH' dopm nupumuna.
Katuons! nupuIuHms COCyIIECTBYIOT B pacTBope [7] B ToM
cllydae, ecii POTEeKaH!e peaKIuy

CsHsN + H" - CsH,NH" 4)

1poxouT IpU Cyt < Crypuma-

Katnonst CsHsNH™ MoryT crmocoGCTBOBATH IIOSIBIIC-
HHUIO NapajuielbHOro Hapsay c¢ (1) xaromHoro mporecca
paspsna, U3MEHsA TeM CaMbIM KMHETHYECKHE XapaKTepu-
ctuku cobctBeHHO PBB 3a cuer conmpBaTHBIX OpM MPOTO-
Ha (H;0", CsHsNH") u, crnefoaTensHO, 3aTpymHAs TeM
caMBIM TEOpeTHYeCKHH aHamm3 mporecca. Bmecre ¢ tem
a/ICOPOMOHHAS CIIOCOOHOCTh MUPHJIMHA U MPOIYKTOB €r0
MPOTOHUPOBAHUS MOJXKET CKa3aThCS HA COOTBETCTBYIOIICH
CIIOCOOHOCTH aI-aTOMOB BOJOPOJA, HPEXKAE BCEro, IpH
KOHKYPEHIH 3a afcopOruonnsie nentpsl. Mon CsHNH'
MOXKHO paccMaTpHBaTh Kak cilabylo KHCIOTY, KOTopas
CIIOCOOHA YaCTUYHO MOHU3HPOBATHCS B BOAHOM PacTBOpE,
JlaBasg MOHBI BOAOPOJA U MOJICKYJIbI MUPHANHA, B CBS3H C
YeM BBINOJIHSETCS 3aBUCHMOCTb

K, = [CsHsN] [H'] / [CsHsNH].

B BomHpix pactBopax pK, mupuamna (20 °C) paBHa
5,23 [54], 1 nelCTBUTENBHO BBIpa)KEHUE

1/K, =[CsHsNH'] /[CsHsN] [H],
OTKyJaa
[CsHsNH'] / [CsHsN] = 1,7-10° [H'].

Takum obOpazom, B npucyrctBun Cy+ B npenenax 1,0—
107> MOJIB/1 OTHOIIEHHE KOHLEHTPALMH HOHOB THPUIMHHUS
K HENMPOTOHMPOBAHHOW (opMe IHUPHIMHA COCTABIAET
1,7-10° — 1,7-10°. CnemoBatensHo, B HUX MOJIEKYJIIpHast
dopma CsHsN ¢ Cyex nupuima < 1072 MPaKTHYECKH OTCYTCT-
BYeT.

B ¢oHOBBEIX BOAHBIX cpefax Ha XKene3e 3aMeJIeHa CTa-
st paspsna (puc. 1). [ns BRISICHEHHS BIHMSHUS COIEpkKa-
HUS UpUIMHA Ha KuHeTHKY PBB npu paznnunbx dukcu-
poBanubix Cyc (0,05; 0,10; 0,50 u 0,99, mosb/m1) Gbuio
U3YyYCHO BJIUAHHUEC NUPUJANHA B UHTEPBAJIC €r0 KOHIEHTpa-
un 0,5-10,0 MMoutb/1.

Ilpu BBemenun 0,5 MM CsHsN (puc. 2) BenuuuHBI

(8lgi,</8lgC+)E u (6lgiK/81ch+)n CTaHOBATCS

paBHbIMU cooTBeTcTBeHHO 0,75 1 0,25 (Tabds. 1), uto cooT-
BETCTBYET 3aMeUICHHOH narepanbHOl auddys3uu, teope-
THUYECKUE 3aKOHOMEPHOCTH KMHETHUKH KOTOPOM JETalbHO
paccMoTpeHbI B [43] 1 SKCIEpUMEHTAILHO HAOJIOIATUCH B
[44].

DTOT XapakTep 3aMe[UICHHOW CTaJud MPUMEHUTEIHHO
k PBB Ha xene3e BnepBble ObUT MOCTYIMPOBAH B paboTax
aBTOPOB NaHHOW ctathu [33, 34, 37]. PaHee B 21IeKTPOXHU-
MHYECKO#l JUTepaType OH BOOOIIE HE paccMaTpPHUBAIICH,
XOTSI HA BO3MOXKHOCTh ® = | yKa3bIBaJIOCh HEOAHOKPATHO
[1, 3]. EcTecTBeHHO, UTO B 3TUX YCJIOBHSX, KOTAA MPAKTH-
YEeCKU 3aroJHEHO OONBIIMHCTBO AKTHBHBIX LEHTPOB IIO-
BEPXHOCTH, CIIOCOOHBIX afcopOMpOBaTh aTOMAPHBIN BOJO-
PO, CYIIECTBEHHO 3aTpyAHEHA €ro AByMEepHAash MUTPAIHs,
yro TOpMO3HT craauio (3). Jlemo B TOM, UTO XHMHYe-
cKast peKOMOMHAINS BO3MOJKHA JIMIIH B TOM CiIydae, eClii B
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Puc. 1. BausgHue KOHIEHTpayM HOHOB BOAOPOJA, HMOTEHIHANA
anektpoaa (a) u mepeHanpsbkeHus (0) BOmOpoAa Ha KHHETHKY
peaKiMy BBIACIEHUS BOAOPOAA Ha iKelie3e B (DOHOBBIX BOJHBIX
pactBOpax ¢ cocraBoM daexrporura x M HCI + (1 — x) M LiCL
Benuuuna x, mons/i: 1 —0,99; 2 —0,50; 3 —0,10; 4 — 0,05
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Puc. 2. BiusHue KOHLUEHTpAlMM MOHOB BOIOpPOJA, MOTEHIMAIA
anekTpona (a) u mnepeHanpsbkeHus (0) Bogopona Ha KUHETHKY
peakIuy BBIIEIEHNS BOJOPO/A Ha Jkele3e B (JOHOBBIX pacTBOPax C
cocraBoMm anekrpoiuta x M HCI + (1 — x) M LiCl, coxepxanux

0,5 MM C;sHsN. Beanuuna x, mons/in: 1 — 0,99; 2 — 0,50; 3 — 0,10;
4-0,05

4=

p

/
1.# 05 (]
b i i s

mpoiiecce JarepanbHoi Audy3un aTOMBI BOJOPOAa MOTYT
BCTPEYaThCs APYT € APYTOM.

Ho npu ompeneneHHOl BeluuuHE CTENEHH 3allOJHE-
HHs aTOMapHbIM BOJOPOJOM aKTHBHBIX IIEHTPOB MOBEPX-
HocTH O 3TOT mporecc OyAeT CYLIECTBEHHO 3aTpyIHEH H
MOXKET CTaTh JJUMUTHPYIOLIHM.

CrenyeT OTMETUTB, YTO TOMHMO JIBYMEPHOW MOBEPX-
HOCTHOH Muddy3un mapaywieJbHO Ha MeTajulaX, aKTHBHO
aJIcOpOUPYIOINX BOJOPOMA, MMEET MECTO OoObeMHas anug-
¢dy3ua B TBepayro (azy. DTOT mporecc CrocoOCTBYET Oc-
BOOOXKJICHHUIO aKTUBHBIX LIEHTPOB, aJICOPOUPYIONINX aTOMBI
Bomopona. TakuMm o0Opa3oM, oObeMHas TBepaohaszHas
muddysust ciocobeTByer narepanbHol. ClieoBaTeNnbHO,
JMMHUTHUPYIOIIAsi MOBEpXHOCTHAsE AU(dy3us, BUANMO, BO3-
MOXXKHa B TOM cily4ae, Koraa ee TBepao(dasHbIi aHajor
JIOCTaTOYHO 3aTPY/IHEH.

OO6muM 171 3THX U (Hy3NOHHEIX MPOLECCOB SIBISETCS
TOT (haKkT, 4TO OHH NPOTEKAT B pPE3yNbTaTe IMEepexoia
aTOMOB BOJOpoOJa C O6L[IPIX AKTHUBHBIX LHEHTPOB U BEAYT K
00pa30BaHUIO OJHHMX M TEX K€ MPOIYKTOB PEaKIHU IO
ypaBHeHuto (3). Ho MonexysspHbI BOJOpPOA C HONApH-
3yeMOil aKTUBHOM IIOBEPXHOCTH JKejle3a BbIIENAeTCS B
ra3oByr (aszy 1o ydactus B TBepAodasHoil auddysuu, B
TO BpeMsl Kak abcopOUpPOBaHHbIN BOOPO]] PEKOMOMHHpYET
B fe(eKTaX KPUCTAIINYECKON PElIeTKH MeTaia Wil Jpy-
THX HapyLIeHHsX, MO0 mociie Bbixoaa Ha Jud(dy3HOHHYIO
CTOpOHY MeMOpaHbl. V1 B TOM, U B IpyroM cilydae 3Ta CTO-
poHa HOpMaIBHO SABISETCS BHEIIHEH.

CrnenyeT OTMETUTh, YTO POCT CKOPOCTH JIFOOOro Map-
HIPYyTa, CIIOCOOCTBYIOIIETO YAAICHUIO BOAOPO/IA B Fa30BYIO
(azy, MOXKET KaK CTUMYJIMPOBATh, TAK U TOPMO3UTbH TBEP-
nodasayro mudpdysuto. Tarke u NOBbIIICHUE KO3(DDUIIH-
eHTa TBepaodazHo oObeMHOW IUPQY3UH CIOCOOHO 3a-
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TPYAHATH U YCKOPATH npoTekanue craauii (2) u (3). Takum
0o0pa3oM, HaIHMIO B3aHMOBIUSHUE PpacCMAaTPHBAEMBIX
1 dy3HOHHBIX TIPOLIECCOB, YTO, HECOMHEHHO, CKa3bIBaeT-
Cs1 ¥ Ha IpUpOJE 3aMeuIeHHoH cTtaauu PBB, B nienom.

Iponomxkas paccMaTpuBaTh BIMAHUE Cypypuma HA TIPH-
poxy 3aMeIICHHOW CTaJuu, OTMETHM, UYTO YBEIHYCHHE
koHeHTpanuu CsHsN no 1 MM cyliecTBeHHO He BIUSIET
Ha KuHerundeckue mnapamerpsl PBB, 3amennenHoil mo-
HpeXHEMY OcTaercs JiarepanbHast Auddy3us aToMapHOro
a/IcopOMPOBAHHOTO BOJOPO/a Ha MOBEPXHOCTH MeTauia. B
npucyTcTBUM 5 MM 100aBKM KHHETHYECKHE HapaMeTphl
COOTBETCTBYIOT 3aMeaiieHHOU peakiuu Tademns (tadm. 1,
puc. 3).

B ciygae MakcHManbHO W3y4eHHOH KOHIEHTpALUH
(10 MM) no0aBky KMHETHYECKHE TapaMeTphl BHOBb, KaK H
B (DOHOBBEIX PacTBOpax, COOTBETCTBYIOT 3aMEIJICHHOH pe-
akuu paspsza (tabm. 1, puc. 4).

B menoM, B BOAHBIX pacTBOpax IO Mepe BBEACHHS H
BO3pacTaHUs KOHIEHTPAI[MM NMUPUANHA HAOTIOJaeTcs Iie-
pexoa OT OHOM 3aMeJIEHHOW CTaauM K IPYTroi COrjacHO
psLy: 3aMeJUICHHBIN pa3ps — 3aMelJIeHHas JlaTepalibHas
Tuddy3us — 3aMeUICHHAs PEKOMOHMHAIUS — 3aMEJICH-
HBIU pa3psn.

B 3namenarene TaGnuIpl NpUBEeHBl 3HAYCHUST KHHe-
THYECKUX IapaMeTpoB, TPeOyeMBIX TEOpUEH 3MEKTPOI-
HBIX MPOIIECCOB AJSI PEaKIUH BBIICICHUS Bojgopoaa. Be-
mmuuHa dE/dlgi, paBHas 0,030 B u cooTBercTByIOmas
cooTHomeHuto By = 2,303 RT/2F, mpakTU4YeCKH HUKOTIA
He BbimonHseTcsa. CormacHo [1], B obmactu sHepreTnye-
CKOW HEOJHOPOIHOCTH IOBEPXHOCTH ¥ JIMHEHHOW CBS3M
9Hepruu ajacopbimu ¢ O, Kak HPaBHIO, BBITOJIHIETCS
3aBHCUMOCTB

n= const + (RT/2BF)Ini;

¢ B < 1. 3Be3mouxa B 3HameHaTene (Tabin. 1) ykasbIBaer,
YTO TEOPETUUECKas BETMINHA HEM3BECTHA.

B [34, 43] nmpoBeneH TeOPETUUECKHUNA aHATN3 KHHETHKH
PBB, pe3ynbraThl KOTOpPOTO HCHOJb30BaHbI HaMU MAJIs
JaTbHEHIero aHannu3a. ABTOPH HCIONB30BAH CIEAYIO-
IIMe TOCTYJIaThI:

Ha METAJUTMYECKUX CHCTEMax peannu3yeTcsl OJUH W3
mapipyros (1), (2) wrn (1), (3);

B COCTaBE 3JIEKTPOJHUTA OTCYTCTBYIOT MOBEPXHOCT-
HO-aKTHBHBIE COCTaBIISIONINE;

— He o0roBapuBaeTcs INPHpPOJa IIEHTPOB aICOPOLUH
aTOMOB BOJIOPO/Ia;

— HCIIOJNB30BaHa 00mIast peHoMeIornyecKkas 3aMecTH-
TenbHas n3orepma Konyss—I mneanm;

— an-aTtoMbl, oOpasyrommecs no peaknuu (1) Ha ak-
THBHBIX LEHTPaX THIA «a», CIOCOOHBI JaTepalbHO IHb-
(YHIHPOBATh K LEHTPAM «a », HA KOTOPHIX MPOTCKAIOT
peaxuu (2) umu (3);

— oOpasyromasicst Moitekyina H,,. OpicTpo necopbupy-
€TCst MM BCTpauBaeTcs B 3D-3apoibIiil ra30BOr0 My3bIps.

CornacHo npoBeZeHHOTo aHanu3a [43, 45], B ycnoBusax
3aMe/yIeHHO# narepanbHOl qudy3un TOKHBI HAOIIO-

JaThCsl CIEIYIOIME KHHETHUECKHE napaMeTpsl: dn/d 1gi,

u 0lgi; /01gC,. , pasnbie cootserctsenHo 0,079 B n
0,25. 3uauenne (Olgi, /01gCyy. ), cocrapmser 0,75.

Bemuauna dn/d1gC. aBTopamu He OLCHHBAIIACE.

-E, B n.B
i 3
il 4% /// 11,45
54 s
P LE 05 1.5
I § i, A i

Puc. 3. BiausHue KOHLEHTpalMU MOHOB BOAOPOJA, MOTEHIMaIa
anekTpona (a) U mepeHanpsbkeHus (0) Bogopona Ha KHUHETHKY
peakIuy BBIIETIEHNS BOJOPOA Ha Jele3e B (JOHOBBIX pacTBOPax C
cocraBoM anekrporuta x M HCl + (1 — x) M LiCl, conepxamux
5 MM C;sH;sN. Benmnuuna x, mons/i: 1 — 0,99; 2 — 0,50; 3 — 0,10,
4-0,05

ty

Puc. 4. BiousHue KOHIEHTpalMK HOHOB BOJOPOJA, MOTEHIMANa
anekTpona (a) W mepeHanpsbkeHus (0) BoIOpona Ha KHHETHKY
peakIuH BBIIETICHNS BOJOPOAA Ha Jkele3e B (JOHOBBIX PACTBOPAX C
coctaBoM snektponura x M HCI + (1 — x) M LiCl, coagepsxamux
10 MM CsHsN. Benununna x, mois/it: 1 —0,99; 2 — 0,50; 3 — 0,10;
4-0,05

4%

B
3 b
Eoa
i ‘l //
.2

L d i i s

1.5

Tabmuna 1

Kunernueckue napametpsl PBB Ha sxenese B pactBopax cuctemsl H,O-HC1-CsHsN ¢ coctaBoM 3iexkTponuTa
x M HC1 + (1-x) M LiC1 B npucyTcTBUH NHpHUANHA (TIOSCHEHMS B TEKCTE)

Cnupu;mﬂas — dE B _d—E B ali dL,B L B 6lglk
MM dlgi, dlgC,.’ olgCy. | dlgiy, digC,.~ olgCy. |
0 0,115/0,116 | 0,115/0,116 0,90/1,0 0,115/0,116 | 0,060/0,058 0,50
0,5 0,125/0,140 0,078/—* 0,75 0,125/0,079 0,040/—* 0,25
1,0 0,130/0,140 0,080/—* 0,75 0,130/0,079 0,030/—* 0,25
5,0 0,120/0,036* 0,060/0,058 0,55 0,120 0 0
10,0 0,125/0,116 | 0,120/0,116 0,90 0,125 0,060/0,058 0,50
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i, A m’

H 12
C, mnin.

Puc. 5. BiusHue nupuayHa Ha MOTOK TBepAodasHon nuddysun
BOJIOpOJIa Yepe3 CTaJbHYH0 MeMOpaHy M3 PacTBOPOB CHUCTEMbI
H,0-HCI-CsHsN. 1 -0,99 M HC1 + 0,01 LiCl; 2 - 0,05 M HC1 +
+ 0,95 M LiCl. Atmocdepa — Bo3myx

MOXHO OBUIO O’KMAATh IPHHLMITHAIBHBIX H3MEHCHHUH
KUHETHYECKHX 3aKOHOMepHocTeH TBeprodazHoi muddy-
3MH BOZOPOJA uepe3 MeMOpaHy B YCIIOBHSAX Pa3IMYHON
HPUPOJIBI 3aMeICHHON cTaquu. B wacTHOCTH, MOXHO OBI-
J0 HpeanonaraTh HalUYMe H3JIOMOB WM II€pErHOOB Ha
COOTBETCTBYIOIIUX KPUBBIX B KOOPAMHATAX Iy, Crupummas
rae iy — motok TBeprodasnoit mupdy3un. OmHako okasa-
JIOCh, YTO CKOpocTh aupdy3un Bogopona gepe3 MeMOpaHy
iy IPaKTUYECKH HE 3aBUCHT OT 3TOTO (hakTopa, T. K. KpUBas
1 u 2, puc. 5 akTUUECKU COBIIAJAOT.

O0o00mIasi noTy4eHHbIe SKCHEPUMEHTAJIbHBIE JTAHHBIC,
cllelyeT OTMETHTh, YTO CMEHa KOHTPOJUPYIOIIEH CTaauu
PBB no mepe BO3pacTaHMsi CTEIEHM 3allOJIHEHHs aKTHB-
HBIX [IEHTPOB ITIOBEPXHOCTH MeTallla YacTHIIaMHU afcopbata
SIBJISIETCS JOCTATOYHO PACHPOCTPAHEHHBIM siBIeHHeM. [Tpu
9TOM YacTHUIIBI pa3MuHOU nmpupoasl: H, ., Monekymsl pac-
TBOPUTEISI i BBOJMMBIX TOBEPXHOCTHO-aKTUBHBIX BEIIECTB
100 MPOIYKTOB X MPEBPAILEHUS JOJDKHBI OBITH CIOCO0-
HBI aJicopOupoBaThesl Ha eanHbIX AL moBepxHOCTH, B CBSI-
3H C 4eM

®): = ®a;lc + ®solv + ®I'IABa

r7ie ®; COOTBETCTBEHHO CTEIICHB 3aI0JIHEHHS TOBEPXHOCTH
aZicopOMpOBaHHBEIME aTOMaMM  BOJOPOJA, MOJEKYTaMH
pacTBOpHUTENS M YaCTHIAMU BBOJHMMOTO BeIIeCTBa (ITHPH-
JIUH) WIK OPORYKTOB €ro B3aUMOJCHCTBYS (B JaHHOM CIIy-
uae — CsHsNH").

OHOBPEMEHHO aKTHBHBIC [IEHTPHI TOBEPXHOCTH JKelle-
3a SHEPreTUUECKU HEOTHOPOHBI, YTO OOYCIOBIMBACT pa3-
JIMYhe B KaXylledcs dsHepruwm aktupauuu E, ; (9Heprus
aKTHBAMKM U i-TOW cTaguu) 4acTHi ajncopbOara. Ilpm
HEKOTOpOH BennunHe Oy 3aMeATIEHHOH SBISETCS CTaaus
paspsima. OngHako BOMM3M HEKOTOpoH @y CyIIEeCTBEHHO
CHI)KAETCsI 10JIs1 CBOOOIHBIX aKTHBHBIX [IEHTPOB, 10 KOTO-
poiM auddyraupytot H, e, 4T0 HEOOXOAUMO 11 MpOTEKa-
HHS CTaJIMM XUMHUYECKOH PEKOMOMHAUUM, Ej .4 PE3KO
BO3PACTAET U PEATUIYETCA HEPABEHCTBO Ea nugp > EA, pasp.
(mud. — narepansHas audy3us, pasp. — paspsan), TaKUM
obpa3zom, mmmuTHpYomas craaus (1) IMeeT MecTo B HEeKO-
Topom mHTepBane AG, — AG, BEIUYHUH H3MEHEHUS CBO-
OomHoit sHepruu ancopbimm [m66ca. C mocnexyronm
poctoM Oy COOTHOLIEHHE 3HaueHHH E,; Mo abCOMOTHOMN
BENIMUMHE MeEHsieTcs. E, 3 CTaHOBUTCS HauOomblIeH, a
crajus narepaibHol auddy3un 3ameuieHa B TaHHOM CITy-
gae. DTOT BapHaHT pealu3yeTcsl B ”HOM WHTEpBaJie 3Haue-
Uit AG, — AG; n3MeHeHHsT CBOOOJIHOW SHEPTUu aicopo-
un ['u66ca. Hakonen, BOm3u Oy, npudimkaromeiics k 1,
CYIIECTBEHHO CHIDKAETCS JI0JI1 CBOOOIHBIX aKTHBHBIX LEH-
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TPOB, 10 KOTOPbIM AU YHIUPYIOT H,ye, 4TO HEOOXOIUMO
JJ1s npoTekanus cTafuu (3), Ea pexovs. PE3KO BO3PACTAET U
TOT/a, Kak yXe ObUIO CKa3aHO, peanu3yeTcsi HepaBEeHCTBO
EA, pexows > EA, mup.- B TAKUX YCIOBUAX XMMHYIECKas PEKOM-
ounarus H, . cTaHoBHUTCS nuMuTHpyromel. JlanpHeimmit
Mepexol BHOBb K 3aMEIUICHHOMY paspsiay MOXeET OBITh
00BSICHEH TIOCPEICTBOM IPOTEeKaHMs paspsina Ha H,,. mep-
BOro MoHocios. Kpome Toro, ciemyer y4nmThIBaTH TOT
(hakT, 4TO B YCIOBHAX KOHKYPEHTHOH aIcOpOIMM 4acTHUI]
Cl, H;0" u CsHNH' sHepreTnueckas HEOTHOPOTHOCT
METaJUTMYECKOM TTOBEPXHOCTH HE MOXKET CUHTAaThCs CTa-
LUOHAPHON BEIMYMHOM, BCIECICTBHE 3TOr0 3(QeKTHBHAS
sHeprus ancopbumm Ha ALl menserca. OmHAKO MOXHO
MPEIOJIOKHUTh, YTO OHAa CKaYKOOOpa3HO BO3PACTaeT MIH
yOBIBa€T IIPU 3aMOJHEHUHM METAJUIMYECKOW ITOBEPXHOCTH
nepBeIM MoHocioeM [37]. B nanbHeiimem 3anonHenue Al
MOBEPXHOCTH TPOUCXOAUT, BEPOSATHO, B YCIOBHAX OOIbB-
1ie dHepreTUYecKol OJHOPOIHOCTH, a 3aHATHIE LIEHTPHI
azicopOuuy M3HAYaIbHO C Oonbmuel E,;. SBIAIOTCA BTO-
PHYHBIMH MECTaMHU JJISi COpPOLMH YKa3aHHBIX YacTHUIl Ha
HIEPBOM MOHOCJIOE.

Bo3MoskHOCTH 00pa3oBaHUsl BTOPOTO U MOCIEIYIOMINX
CJIOEB HA OCHOBE ITOJIyYeHHBIX PEe3yJbTaTOB OLEHUTH JI0C-
TaTOYHO CJOXHO. JIJIsT 3TOro HEOOXOAMMO HCCIEIOBaTh
Ooiee MUPOKUKA KOHUEHTpauuoHHbI uHTepBan CsHsN u
UCIIONB30BaTh, 1O KpaiHeW Mepe, METOA HMIIEAAaHCHOI
CIeKTpocKonHy. Panee Ha Takyr0 BO3MOXHOCTH YKa3aHO B
paborax [46, 47], roe oTMedaeTcs, 4TO OOJIBLIA SHEPTHUSL
ajicopOunK BOJOpOJa Ha BOJb(paMe BeAET K HACTOIBKO
NpoYHO# cBs3u H,,, mepBoro MoHocnos ¢ NOAI0KKOM, UTO
TaKHe aTOMBI IPAKTHYECKN HE YYaCTBYIOT B 3JIEKTPOJHOM
peakuun. ABTOpbl [48] Takke OTMeuand, YTO MepeHarps-
JKeHHE JUIS BOJOpOJa HAa IUIATHHE OINPEAENsAeTCsl CKOpPO-
CTBIO ABYX ITapaJUIEeNbHBIX PEAKIHUH: Pa3psagoM HOHOB BO-
J0pojia Ha CBOOOMHBIX YJacTKax NMOBEPXHOCTH W BOCCTa-
HOBJICHHEM X )K€ Ha aJ[COPOMPOBAHHBIX aTOMaX BOJOPOAA
¢ obpazoBannem H,. CormacHo [49], mpu MOHOCIOHHOM
MaKCUMaJIbHOM TOKPBITHH TUIaTHHBI BOJOPOJIOM OJUH W3
JBYX THUIIOB aJICOPOLMOHHBIX LIEHTPOB 3allOJHEH TOJBKO
HanoJioBuHY. bosee Toro, no [47], XuMUUeCKUi MOTEHIIHAT
BOJIOpOJIa BEChbMa BBICOK ¥ BITOJIHE JOCTaTOYEH IS 3aMeT-
HOHM a/IcopOIMK aTOMAapHOTO BOJOPOJA BO BTOPOM MOHO-
cIoe.

PasBuBas mpencrasieHus, copMyIpOBaHHbEIE B [47—
49], MOXHO TIPEATIONOKUTE cienytomee. [Ipn Hammunu Ha
INOBEPXHOCTHU METalJIa HECKOJIBKO I'PYIIT aKTUBHBIX LEH-
TPOB, KaX/Jasi U3 KOTOPBIX XapaKTepPH3yeTCsi CBOUM HHTEp-
BAJIOM 2Hepruil agcopbuuu atomoB H, MoHOcnoiHOE 3a-
TMIOJIHEHUE OZIHOH Takoil rpynnsl ALl Moxer 00ycloBHUTH
nosiBiieHne Ha Helt H,;. Bo BTOpoM cioe 6e3 3amonHeHus
WIIM TIOJTHOTO 3allOJIHEHHS AaKTHBHBIX IEHTPOB IPYTHX
TPy

B nenom, nposeneHHoe uccienoBanue kuHetuku PBB
MOKa3bIBaeT, YTO MPHUPOJA €€ 3aMEJICHHOH cTaauu ompe-
JIeTISIeTCST XapaKTepoM aJICOPOMPOBAHHBIX MOJICKYN pac-
TBOPUTEJIA, KOMIIOHCHTOB JJICKTPOJIUTA U IMOBECPXHOCTHO-
AKTHBHBIX BCIICCTB. Menss ux npupoay U KOHIEHTPAIUIO,
MOXXHO (DHKCHPOBATh XapakTep JUMUTHPYIOIINX CTaauit
peakIuu 1 u3ydath 3akoHoMepHocTH PBB npuMennTensHo
K 33/IaHHBIM yCIIOBHSIM.

HOI[XO}I, CBSI3aHHBIN C WCIOJb30BAHUEM BEIIMYUH erH

u O}, TO3BOJIET HHTEPIPETNPOBATH MUPOKO HalIIo/ae-
MBI OTCYTCTBUS OJHO3HAYHOM CBA3M MEXIY KHUHETHUKOH
muddy3un Boroposa B METa/ll B PacTBOpax JIEKTPOIUTOB
U npuponoi 3ameuieHHoW ctaauu PBB. bonee toro, on
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MO3BOJISIET MPOTHO3MPOBaTh IYTH IIEJE€HANPAaBICHHOTO
noabopa HHIHOUTOPOB HABOAOPOXKUBAHHS METAIINIECKUX
MaTepuaioB (IPUMEHUTENBHO K HpoLeccaM KOPPO3UH) U
CTUMYJISITOPOB a0bcopOuuu Bogopona (IPUMEHUTETBHO K
npobsieMe CO3MaHMSI €ro  aKKyMYJSITOPOB, HMEIOIINX
NPUHIUITHATEHOS 3HAUCHNE UIS pelIeHHs psaa mpodiem
BOJIOPOJHOM SHEPreTHKH). DTUM BOIpOCaM OyIeT ITOCBS-
IIEHO CHEeHaIbHOe COOOIICHE.

Takum 00pa3oM, B MPHUCYTCTBHU Pa3IHIHBIX KOHIICH-
Tpauuii nupunuHa B pactBopax HC1 Ha xenese HaOmoma-
eTcsl psAA: 3aMeIJIeHHBIH paspsan — 3aMeAJeHHas JaTe-
panbHast auddy3us — 3aMeUICHHAs XUMHYECKas PEKOM-
OuwHamysa. 3aMeHa TNHpUAMHA Ha  opTOo-(propdeHmn-
OWUTyaHHIUH NPHUBOJMT K €ro TpaHc(hOpManuH: 3aMeajIeH-
HBIA pa3psi — JUMHTHPYIOLIAs XUMUYecKas peKoMOWHa-
s — 3aMeUIeHHas JlatepanbHas muddysus — 3amen-
neHHBId paspsan  [37]. A B UpPUCYTCTBHH  MeTa-
HUTPO(eHMIOUTyaHUIUHA HAOII0IaeTCsl HECKOJIBKO HU3Me-
HEHHasi TOCIeJOBAaTeIbHOCTD: 3aMEUICHHBIN pa3psg —
JUMUTHpPYIOIIas jarepanbHas auddy3us u nanee ¢ Cous-
MEPHMBIMH CKOPOCTSIMH — XHMHYECKass peKOMOWHAIS 1
3aMeJUIeHHBIH pa3psn [50].

TTomo6Has kapTuHa TpeOyeT uHTepmperanuu. O6cTos-
TeNbHOE OOBSICHEHHE YKa3aHHOW TpaHC(HOPMAIUM CXEMBI,
XapaKTePHU3YIOUIeH MOPSAA0K M3MEHEHUS! MPHPOABI JTHMH-
THPYIOIIEH CTaauu, TpeOyeT NOIOIHUTEIbHBIX HCCIIEI0Ba-
Huil. [loka xe oTMeTuM, 4TO, NO-BUJUMOMY, SHEPTHUS aK-
THBAI[MM PEAKIHM BBIACICHUS BOAOPOAA C JIUMHTUDPYIO-
UMK — cTajgueil lartepanbHOd AUGQY3UH U XUMUIECKOH
pekoMmOMHanK — BechMa Onm3ku. I[losTomy HeOosbline
nu3MeHeHus ® aToMapHOro BOJOpOJAa MOTYT BBI3BaTh MO-
no6HbIe 3¢ GeKTsl. [pyroil IpHYMHON B MOJOOHBIX YCIIO-
BUSIX MOTYT SIBUTHCS (DIIyKTyaI[MOHHBIE N3MEHEHHS, HaJH-
YHe KOTOPHIX BIIOJHE BO3MOXHO B CHIIy HaHOPa3MEpPHBIX
TOJIIIMH MOBEPXHOCTHBIX aJICOPOIIOHHBIX CIIOEB.
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[ocrynuna B pegakuuto 15 mas 2013 r.

Balybin D.V., Vigdorovich V.1, Tsygankova L.E., Kuzi-
na O.Y. INFLUENCE OF PYRIDINE ON HYDROGEN EVO-
LUTION REACTION KINETICS ON IRON IN ACIDIC CHLO-
RIDE SOLUTIONS

Kinetics of hydrogen evolution reaction (HER) on iron is stud-
ied in aqueous HC1 solutions with constant ionic strength, equal to
1 in pyridine presence Insertion of 0.5 mM CsHsN into back-
ground solution induces change of slow discharge by limiting
surface diffusion which remains the rate-determining step (rds) at
subsequent twofold increase of Cpyrigine. With further increase of
Cpyrigine Up to 5 mM the recombination step becomes rds, but pres-
ence of 10 mM additive again leads to the HER kinetic parameters
corresponding to slow discharge. Rate of solid phase diffusion
through the steel membrane (St3) does not depend of limiting step
of HER.

Key words: iron; hydrogen ions; water; discharge; kinetics;
slow step; pyridine; concentration; surface diffusion.

BJMSAHUE HEKOTOPBIX KOMBUHHUPOBAHHBIX JOBABOK HA KOPPO3UIO
N AHOJHOE PACTBOPEHMUE JIEI'KOIIVTABKHUX CIIJIABOB

© A.T. Bepexnas, I1.1. Orapes, B.B. Dxmwiuk, JI.M. AcTtaxoBa

Kntouegble cnosa: NAHK; 0JI0BO; 3BTEKTHYECKHE CIIaBBI; ONHAPHBIE CMECH.

ConocTaBieHbl 3aKOHOMEPHOCTH aHOAHOTO PacTBOPEHHMS OJIOBA, IIMHKA M CIUIABOB OJIOBO-IHHK B IPUCYTCTBHU HOJIHU-
JIOB Kallis U TeTpabyTuiaMMOHUs, GpocdaTa HATPUsS U X OMHAPHBIX CMeceil ¢ OEH30TPHA30JI0M U OJIeaTOM HATPHS B
6opaTtHOM pacTBOpe. OIEHEHO B3aNMHOE BIIMSHHE KOMIIOHEHTOB B CMECSX H ITIOKa3aHa ero 3aBHCHMOCTb OT IIOTEHIIH a-
7a. YCTaHOBJICHO, YTO MHAMBUIyalbHbIC T0OABKH M UX CMECH MEHSIOT JOJIO TOKa, HIYIIYI0 Ha (GOpMHpOBaHUE MACCH-

BHUpPYIOIEH OKCUAHO-TUAPOKCUAHOMN TIICHKHU.

B mponomxenue pabor [1-3] mo ycraHOBIeHHIO 3a-
KOHOMEPHOCTEH 3JIeKTPOXUMHUYECKOTO TIOBEJICHNS [IUHKA,
0JIOBa M HX CIIIaBa YBTEKTHYIECKOTO COCTaBa B NMPHUCYTCT-
Bun Oenszotpuazona (BTA), oneata (OJIH) u ¢ocdara
Hatpus (@), mommna terpadyrmiammonus (T), a Taxxke
UX OMHApHBIX CMECei M3Y4YeHO BIIMSHHE YKa3aHHBIX CO-
eIMHEHUH U CMecel Ha JI0- M 3a’BTEKTHYECKHE CILIaBBI
OJIOBO—IHHK.

OKCIIEPUMEHT

CrmtaB Sn-Zn ¢ conepkaHueM uHKA [Zn], = 5, 10, 50
n 70 mac. % moNydYanu CIIIaBI€HHEM METAJUIOB B BaKy-
YMHPOBaHHBIX CTEKJISIHHBIX aMIIyJsax. DJISKTPOIbl apMUPO-
BAJIM B OTBEPXKACHHYIO STIOKCUIHYIO CMOJIY M HEIOCPEICT-
BEHHO Mepe W3MEPEHHsSMH MOBEPXHOCTh 3aYHIIAIH, I0-
JIHUPOBAIH, 00E3KUPHUBAIIK CIIUPTOM, POMBIBAIN JUCTHI-
JISITOM U CYIIHIN (PAIBTPOBAIbHOM OyMarou.

TlonspuzanvoHHpie, MOTCHINO- W TallbBAHOCTATHYEC-
CKHE U3MEPEHHs MPOBOAWIM C TOMOIIBIO MOTCHIIOCTATA
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[11-50-1.1 B TpexdNMeKTPOIHOH sfueiike ¢ pa3ieIcHHBIM
KaTOAHBIMU M AQHOJHBIM NIPOCTpaHCTBOM. [lomspusarnnu-
OHHBIE KPHBBIC META/UIOB M CINIAaBOB CHHMAJH CTYIEH-
yaro yepe3 50 MB ¢ BbIIepkKoi mpu 3agaHHOM MOTEH-
uuane E B teuenue 1 muH. Tok perucrpupoBaiu yHU-
BepcaJbHbIM mpubopom B7-35. B kauecTBe anekTpona
CpaBHEHUS UCIIONB30BAH XJIOPUACEPEOPSHBII ITEKTPOT
OBJI-1M, mnpOTHBO3JEKTPOAOM CIyXWJa IUIaTHHA.
[IpuBenennsie B pabore E OaHBI OTHOCHUTEIBHO X.C.D.
Bce m3MepeHHs BBHINOJNHSIM B JI€a’PUPOBAHHOM 3JIEK-
TPOJIUTHIECKHM BOJOpoJOM OopatHoM pactBope (pH
7,4) mpu 25 °C. Bausaue 106aBOK M UX cMeceill OLCHHU-
BaMd KOX(QPHUIHUEHTOM TOPMOXEHUS Y = ig/iy, THOE iy H
iy — CKOpPOCTH IIpoIiecca B pacTBope 6e3 NoOaBKU U B ee
npucyTcTBHU. JlelicTBHE HOOABOK B CMECH OMPEIEISIN
KOA(pGHUIHUEHTOM B3aUMOBIHUSHUS G = Y.,/(Y1-Y2) [4], Toe
Yews Y1 M V2 — KOIDPUIMEHTH TOPMOXKEHHS MpoLecca B
HPHUCYTCTBHU CMECH U 100aBOK 1 M 2 COOTBETCTBEHHO.



