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OxucnuTensHo-BoccTaHOBUTENBHBIE peakiui (OBP) wurparoT 60ib11yio poib B IpHU-
poze u TexHuke. C UX NPUMEHEHHEM MOIy4aloT METaJlIbl, OPfaHUYECKUE U HEOpPraHUYEeCKHe
BELIECTBA, MPOBOJAT AHAIU3 M OUUCTKY DPA3JIMYHBIX COEIMHEHUH, NPUPOJHBIX U CTOUYHBIX
BO/JI.

N3BectHO ncnonb3oBanue OBP npu M3roToBieHUN MEYaTHBIX IUIAT, IPUMEHSIEMBIX B
cocTaBe JIF00Oro COBPEMEHHOI0 U3/IeNINs PaMOIEKTPOHUKU. DTO IUIACTUHBI U3 JUAJICKTHKA,
Ha [TOBEPXHOCTU KOTOPBIX PACIOJIOKEHbBI TOKOIIPOBOASIINE ITOJIOCKHA MeTajlia (B HAIlleM CIIy-
yae (oJbIUpOBaHHAs ME/Ib) B COOTBETCTBUU C 3aJJaHHOM 3/eKTpruecKoil cxeMoil. B mpornecce
M3TOTOBJICHUS MEYaTHBIX IUIAT IPOBOAAT M30UpATEIbHOE TpaBieHHE (OKUCIIEHUE) IJICHKU
Me/1, HAaHeCEHHOH Ha nosiuMep. BeiTpaBirBanue Meau ¢ npoOesibHBIX MeCT NeYaTHON IUIaThl
OCYILECTBIISIIOT C UCIOJIB30BAHUEM PACTBOPOB, COAEPIKAIINUX CUIIbHBIE OKUCIUTENH, B CIIELH-
QIBHO TOAO0OpaHHOM cpeze (KUCION WM MIETIOYHOM) ISl CBSI3BIBAHUS PACTBOPEHHON Melu B
COJIM UJIM B KOMILIEKCHBIE COSIMHEHMS.

OTO TUNHWYHBIA OKHCIUTEIHHO-BOCCTAHOBUTEIBHBIN MPOLECC, B KOTOPOM (PYHKITHIO
BOCCTaHOBUTEJISL BBINOJIHACT Meb. Mellb — 3TO MallOaKTUBHBIM MeTasul, MPOSIBIIAIOLUINN CTe-
neHu okucnenus +1, +2. Crenenp okucieHus +1 MeHee ycToiunBa, HO MOKET ObITh CTa0U-
JU3UPOBaHA 3a CUET peaklUil KOMIUIEKCO0Opa3oBaHus. B kauecTBe OKUCIUTEINS MOTYT OBbITh
UCTIOJIB30BaHbI CIIEAYIOIIME BEUIECTBA - XJIOPHOE XKele30, Mepcynb(ar aMMOHHS, XJIOpHas
MeJlb, IEPOKCHUT BOAOPOAA, XPOMOBAs KUCJIOTA, XJIOPUT HATPUS U APYrHe TUIIMYHbIE OKUCIIH-
tenu. [Ipu 3ToM BBHIOOP NOAXOJAIIET0 OKUCIUTENBHOIO pacTBOpa OyIET ONpeNeisIThCsl CTOU-
MOCTBIO PEaKTHUBOB, CKOPOCTBIO IPOTEKAHUS MPOLECCa, BO3MOXKHOCTBIO YTUIM3AlMKU oOpa-
3YIOLIUXCS TPOJTYKTOB.

BakHol XapaKTEepUCTUKON OKUCIUTEIbHO-BOCCTAHOBUTEIBHON PEAKLIUU SBIIIETCS Be-
muunHa e€ 2.J[.C (AEOZEOOK-EOBOC). Uem Boime AE’, Tem Golblie BeIMuMHA KOHCTAHTHI
paBHOBECHsI, TeM B OoJblIeil Mepe peakilus OyneT HeoOpaTUMOA.

OxucnuTeneM, NPeICTaBISIIOIIMM MPOMBIIUIEHHBIM MHTEpEC AJi MHOTHMX XUMHUYe-
CKHX TIpOIIeccoB, sBisiercst mupoito3ut (MnO,). Ero 00bIMHO UCTIONB3YIOT B KUCIOTHOMU Cpe-
JIe, CO3/1aBa€MOM CEpHOW WJIA COJITHOW KUCIIOTaMU:

MnO, + 4H" + 2e = Mn?* + 2H,0  E°=1,24B
HpI/IMeHHH 3TOT OKUCIIUTCIIb AJIs TpaBJ'IeHI/ISI MEan HOJ‘Iy‘-II/IMI

Cu—2e =Cu?* 1
MnO, + 4H" + 2e = Mn?®" + H,0 1

MnO, + 4H* + Cu = Cu®*" + 2Mn?" + 2H,0
AE®=1,24-0,34=0,90B

I/I3BeCTHO, 4qTo CTaHHapTHLIﬁ BHCKTpO,Z[HHﬁ NOTCHI Al OKHCIHUTCIBHO-
BOCCTAaHOBUTEIbHOU napsel MOXKHO U3MCHHUTD, €CJIN OKUCIICHHAsA WJIM BOCCTAHOBJICHHAA (1)01:)-
Mbl BCTYHAKOT B PCEAKIHIO KOMHJ’ICKCOO6pa3OBaHI/I${. HpI/I OTOM, CBA3bBIBAHHWC B KOMIIJICKC



OKHUCJICHHOH (hOpMBI IOHMKAET, & BOCCTAHOBJIEHHOW ()OPMBI MOBBIIIAET CTAHIAPTHBIN OTEH-
[[AaJT CUCTEMBI.

Ecnu B kadecTBe MUranioB ucnosib3oBath pactBop ITA, To B mosiypeakiiuu OKuc-
JICHUSI BBIIICYITOMSIHYTOW CHCTEMBI B KOMITJICKC OYZIET CBS3BIBAThCS OKUCICHHAS (opma:

Cu+Y*-2e=[CuY]*

4 -
rae: Y'  — monHocThio HoHuzupoBanHas hopma DITA,
[CUY]®" - KoMmIeKcOoHaT MeaH.

VY CTOWYMBOCTh 00PA3yIOMIErOCss KOMIUICKCOHATA XapaKTepU3yeTcss KOHCTAHTOW 00pa-
30BaHus PBoyy. CTaHAApTHBIN AJIEKTPOAHBIN MOTEHIMA MOJYPEAKIIMU C YI€TOM KOMILUIEKCO-
00pa3oBaHUS MOXET OBITH pacCuuTaH 1Mo GopMmyIe:

E° fouv]2- icu, v4- = ECcuzeicu + 0,059/2 = 0,34 — 0,55 = - 0,21B

B momypeakuuu BOCCTaHOBIICHHSI OKHCIHUTENS KOMIUIEKCOHAT OyaeT 00pa3oBBIBATH
BOCCTaHOBJIEHHas opma:

MnO, + Y* + 4H* + 2e = [MnY]* + 2H,0

E°Mn02, va-, He/minyiz- = ECMno2, Hemnz+ +0,059/2 - IgB[MnY ] =
=1,24 +0,059/2 - 1g 14,04 =1,24 + 0,41 = 1,65B

Taxum o6pazom, 3./1.C. MOepHU3HUPOBAHHON PEAKIMK BO3pOCA!
AE®=1,65—(-0,21) = 1,86B

Hamu Obima mpoBepeHa BO3MOXKHOCTH HCIOJIB30BAHUS PACCMOTPEHHOM CHCTEMBI IS
TpaBlieHHs. B kauecTBe cpeabl MCIONIb30BaIM aleTaTHbIN OydepHslil pactBop ¢ pH = 5,5. B
ATUX YCIIOBUSAX OOpa3yroTCsl yCTONYMBBIE KOMIUIEKCOHAThl Menu M Maprasua. Ilapamerpsl
IPOBE/ICHUS OIbITa NPUBEIeHBI B TabuuIe 1.

Tabmuna 1
PesynbTathl TpaBieHUs MEH B alleTaTHOM pacTBope, conepxamem DJITAu MnO;

VYcnoBus nposenenus | 30 cM° aneratHO-6ydeproro pacteopa + 30 em® 0,1 M DJITA +
OIIBITA m(MnO,) = 0,1293 r.

Bpewmst TpaBieHus, MUH 0 1 3 10
Macca 1oJIOCKH MeJIn, T 0,063 0,061 0,059 0,058
YOBUIbL MAacCHI MEIU, T 0 0,002 0,004 0,005
Crenenb TpaBneHus, %0 0 3,2 6,3 7,9

Kak crnenyer U3 noiay4eHHBIX JAHHBIX, IIPOLECC IPOTEKAET KpallHE MEAJIEHHO, UYTO HE
MO3BOJIIET PEKOMEH0BATh €ro Ui MPAaKTHYECKOTo NMpuMeHeHus. Takum oOpa3oMm, BBICOKOE
3HaueHue J.J[.C. He Bceraa COOTBETCTBYET BHICOKOW CKOPOCTH NMPOTEKaHMs Mpoliecca.

Kak npaBuino, B peaxkiusx OKHCIEHHUS-BOCCTAHOBIEHUSI CKOPOCTh Ipoliecca orpee-
JSETCSl PUPOJON B3aUMOJIEHCTBYIOIIMX YaCTHUI[ U, IPEXKAE BCET0, MEXAHU3MOM IIEpEeHOCa
anekTpoHa. C BBICOKOW CKOPOCTBIO MPOTEKAIOT T€ PEaKlUU, B KOTOPBIX OKHCIEHHAs U BOC-
CTaHOBJIEHHAs! (JOPMBI OTVIMYAIOTCS TOJBKO YHCIOM 3JIEKTPOHOB. Ilpu 3TOM, ecnu B Kaxaou




13 OKUCIUTEIHHO-BOCCTAHOBUTEIBHBIX AP MEPEHOCUTCS OJUHAKOBOE YHCIIO JIEKTPOHOB, TO
pEaKIMIO Ha3bIBAIOT KOMILIEMEHTapHOM. KoMIsieMeHTapHbIie peakiuu, 3a4acTyro, IPOTEKatoT
ObICTpEe HEKOMIUIEMEHTAPHBIX, JIJII KOTOPBIX XapaKTepHbI MHOT'OCTAIMHHOCTh U 00Opa3oBa-
HUE MTPOMEKYTOUHBIX COCTUHEHUHN.

B kadecTBe KOMIUIEMEHTApHOM peaKIMK CIEAYeT paccMaTpUBaTh MPOIECC TPABICHUS
menu xaopuaom xenesa (111):

Cu + FeCl; = CuClI + FeCl,
Cu - le =cCu’
Fe** + le” = Fe®

Bbutn ipoBeieHbI OIBITHI IO UCTIOIB30BAHUIO ISl TPABJICHUS (OIIBIUPOBAHHON MeIH
4M u 2M pactBopos FeCl; (Tabmnuna 2).

Tabnuna 2
Pe3ynbraThl TpaBiaeHUs Meau pactBopoM xiopuma xeneza(lll)
MoJsipHasi KOHICH- Bpems tpaBieHus, Macca nonocku Me- | CTeNneHb TpaBJICHUS,
tpanus FeCls, Mmosb/n MUH M, T %
0 0,110 0
2 0,048 56,4
4M Z 0,006 94,5
5 0 100
0 0,111 0
2 0,054 51,4
2M 3 0,019 82,9
4 0,002 98,2
5 0 100

B 06oux cnyuasix HaOIrOgaeTCs BHICOKAs CKOPOCTH mporecca, xoTs I.J1.C. atoi pe-
aKIIMU HEe3HAYNTEILHA (AE0 =0,77-0,52) =0,25B

JIOTIOJTHUTENBHO [Tl OKUCIICHHST MEI MBI HCITOJIb30BaIU pacTBop xiopuaa meau (11).
OTOT peakTuB ObUI MOITYYEH HAMU CIIeAyIoIUM 00pazoM. ['0ToBUIM pacTBOp XJIOpHIa HA-
TpHs, K MOJIy4YEHHOMY PacTBOPY A00ABIISUIN CYyXyIO HABECKY MEHOTr0 Kynopoca. B pe3yib-
tare peakiuu oopazosanust CUCIl,; pacTBop nmproOperan TEMHO-3eNEHYIO OKPACKY:

2NaCl + CuSO4 = CuCl, + Na,SO4

ITomy4eHHBIM pacTBOPOM MPOBOAMIM TPaBJIeHHUE (OKUCICHUE) MENu:
Cu + CuCl, = 2CuCl

9T10T MponIecC TakXKC OTHOCUTCA K KOMIINIEMCHTAPHBIM peaKI_II/I}IM:

Cu —-le =cCu'
Cu**+1e =cCu'

JlaHHBIX TT0 UCTIOJIb30BaHUIO pacTBopa xiopuaa meau (1) mpuBenens: B Tabiumie 3.




Ta0numa 3
PesynbTarhl TpaBiieHus meau pactBopom xsopuiaa meau (I1)

VYenoBuss  mpuro-

B 100 cm® Bozst pactoputs 30 T NaCl u
TOBJICHHSI PAaCTBOpa

25 r CuSOq - 5H,0

JJId TpaBJICHUA

Bpemst TpaBieHus, 0 2 4 5 6 7
MUH

Macca  TIOJIOCKH 0,116 0,085 0,047 0,028 0,015 0
MEJIH, T

CTeHeI(;Ib TPaBICHHS 0 26,7 594 75,9 87,1 100
menu, %

[Ipumensiemble B paboTe OKUCIUTENH - pacTBOpbI xiopuaa xkene3a (1) u xmopuna
mermu (1) merkomocTynHbI, UIMEIOT HU3KYIO CTOMMOCTh. X HCIIONB30BaHHE HE MPUBOIUT K
00pa30BaHUIO IKOJOTUYECKHU OMAcHbIX MpoaykToB. Tak, pactBop FeCls mocne ero ynorpe6-
JICHUSI MOXET OBITh 3aMEHEH CBEXHM, a CTapblii PacTBOp HAIPABIEH B OYHCTHBIE COOpYKe-
HUS. B HUX a0 u3BiiedeHUss MeOu W3 OTpabOTaHHOTO PAacTBOpa €ro MPOITYCKAIOT Yepes
CTAJIbHYIO CTPYKKY U B pe3y/IbTaTe KOHTAKTHOTO OOMEHa METaJUIMYEeCKasi MeJlb OCaXKIAeTCs B
BUJIC PBIXJIOTO MTOPOIIKA Ha CTAIBHOM CTPY)KKE M MOKET OBITh MCIOJIh30BaHA B KAYECTBE BTO-
PUYHOTO CBIPbSI.

Takum 00pa3oM, B pe3yabTare MpoJelaHHON paOOThl HAMH YCTAaHOBIIEHO:

1) Cesi3piBaHKE B KOMIUIEKC OKUCIeHHOU hopmbl —MnO; pactBopom D/ITA mpu pH =
5,5 yBenuuMBaeT MOTEHIIMAJ CHCTEMbI, HO HE MPUBOAMUT K BBICOKUM CKOPOCTSIM IMpoIliecca
OKHCIIEHHSI (DOITBIrHPOBAHHON MEJIH.

2) Jlns ueneit TpaBieHUs MEYaTHBIX IUIAT Hanbosee yao0HO U 3((HEKTUBHO UCIONIB30-
BaTh KOMIUIEMEHTAPHbIE OKHCIUTEIBHO - BOCCTAHOBHUTEIBHBIE PEaKIUH, COMPSHKEHHBIE Taphl
KOTOPBIX TEPSAIOT U IPUOOPETAIOT MO OJTHOMY JIEKTPOHY.




