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OCHOBHbIE@ NOHATUSA
Tunbl OBP

CocTtaBneHue ypasHeHun OBP

OCHOBHbIE OKMCIIUTENU U BOCCTAaHOBUTENU

[Mpumepbl NPOABNEHUA O.-B. CBOUCTB

3HavyeHue OBP
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Peakuuu MoHHOro OKmMcnurenbHoO-
oomeHa BOCCTAHOBUTENbHbLIE




Peakunsa MOHHOro oomMeHa

+ 45, 2

AgN" 0, + Na CI = Ag'Cl|+ NaN"0;
Ag'+ N03+N;£'+ Cl—Ag Cl}+Na+NO,
Ag + Cl—Ag Cl|



OKkncnuternibHO — BOCCTaHOBUTESIbHasA peakKkuus

Fe'+ Cu”SO, = Fe"”SO, + Cu’
2H,S"+S70,=3S"+2H,0

CTeneHn OKUCINEeHNA 3NIEMEHTOB U3MEHSAIOTCA.



XapakTepHOH 0COO0EHHOCTHIO OKUCJIUTEIbHO-
BOCCTAHOBUTEJIbHBIX PEAKIUH SIBJISIETCS N3MEHEHHE CTENEeHN
OKHCJIEHMSI, 10 MEHbIIIell Mepe IBYX aTOMOB: OKUC/IeHUe
O/IHOTO (IMOTEPHA JIEKTPOHOB) M 80CCMAHO8eHUEe NPYTOro
(mpucoeauHEeHHE IJIEKTPOHOB).

OkucneHue n BoccTaHOBMEHMe - ABa nonynpoLecca,
camMocToATesIbHOe CcylLleCTBOBaHME KaXXaoro U3 KoTopbiXx
HeBO3MOXHO, HO UX O4HOBPEeMEeHHOe NnpoTeKaHue
obecneymBaeT NpPoxoxaeHne OKUCIIUTerIbHO-
BOCCTAaHOBUTENILHOIO npotLecca.




CreneHb OKUCNEHNS 3NEMEHTOB — YCNOBHbLIE
3apsaabl aTOMOB, KOTOPLIE PacCYUTLIBAT UG-
X051 U3 NPEANONOXEHNA, 4TO XUMWHECKUE
4acTULBLI NOCTPOEHLI U3 WOHOB. MNpu aToM Ana
MONEKyN CYMMa CTeneHew OKUCIEHUA aTOMOB
paBHa HYNIO, CTENEHKU OKUCNEHUS Donee anek-
TPOOTPULATENLHLIX 3NEMEHTOB OTPULIATENbHDI,
a CTeneHu OKUCNEHUA MEHEe INeKTPoOoTPULa-
TENbHbIX SNEMEHTOB NONOXUTENLHbI.

@

CTENEHb OKUCNEHUA AaTOMOB B MOJIEKYNE CEPHON KMCNOTHI




Bewecmea, codepxauwjue amomMbi, KOMoOpbie MOHUXarom C80F0 CmereHb
OKUCJIeHUSI U npucoeOUHSIOM 3/71eKMPOHbI, Ha3bI8aroMCcsi OKUCAUMenaMuU,
a eeujecmea, codepxxaujue amombi, KOmopbie MoebiWarom cmereHb
OKUCJIeHUs1 U omdarom 3J1IeKmMpPOHbI - 80CCMaHo8UMeEIIMU.

Ecnn B poJin OKUCINTENEN N BOCCTAHOBUTENEN BbICTYMAakT MNMPOCTblE BELLECTBA,
Ha3BaHNA peareHToB coBraagarT C Ha3BaHNAMU aTOMOB, NU3SMEHAOLLNX CBOU
cTeneHn oKncreHm4.

Tak, B peakuymu 2Na + CI2 = 2NaCl

OKUCIIUTENEM SBNSIETCS NPOCTOE BELLECTBO - XNTOP, MOCKONbLKY OHO COOEPXUT
aToOMbI Xnopa, NPUCoOEeAnHSIIOLLINE SNEKTPOHLI, 8 BOCCTAHOBUTESIEM -
MeTannu4eckun HaTpumn, cogepkalmm atoMbl HAaTpPUA, KOTOPbIE OTAAOT
9NEKTPOHHI.

B peakuuun
K,Cr,0O, + 3K, SO, +4H,SO, = Cr, (SO,) , + 4K, SO, + 4H,0O

OKNCIuTesrieM 4aBJideTcAa guxpomart Karnumgd, B KOTOprI7I BXOOAT aTOMbl XpOMa,
npmncoegunHAarowmne 3rekKTpoHbl, a BOCCTAaHOBUTEJIEM - Cyﬂb(*)I/IT Karud, B
KOTOprIZ BXOOAT aTOMbl Cepbl, OTAALLNE IANEKTPOHbI.



BOCCTaHOBIIEeHHe OKMCNneHue
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MexmonekynspHbie BHYTPUMONEKYNApHbIE

TungLOKUCIUTEN
BOCCTAHOBIAT#

Peakuum
ANCNPONOPUMOHMPOBAHMS




Tunbl OKUCNINTESNIbHO — BOCCTAaHOBUTENbHbIX peaKuMﬁ

MexxmoneKynsipHbie OKUC/IUMmesIbHO-8e0CCMaHo8uUmMeslbHble peakyuu.
ATOMbI, NU3BMEHSIOLLINE CBOU CTEMEHU OKUCIIEHUS, HAXOAATCA B Pa3HbIX MO
CBOEN XMMNYECKOW NPUPOAE aTOMHbIX UM MOMNEKYNAPHbIX YacTULax.
MexMmoneKynsipHble NPOLIECChl COCTaBNAKT HAMOONMbLLYIO YacTb
OKUCNUTENBHO-BOCCTAHOBUTENbHbIX PeakLuiA.

Hanpumep: Mg + O, = 2MgO

2H,S + SO, = 3S + 2H,0

2C,H,, + 130,= 3CO, + 10H,C




2. BHympumorneKynsipHblie oKucsiumesibHo-eoccmaHogsumeJsibHble
peakuyuu.

ATOMbI, USMEHSIOLLINE CBOU CTEMNEHU OKUC/IEHUA, HAXOOATCA B O4HOM U TOU Xe
MONEeKynApHOW YyacTtuue:
2KNO, = 2KNO,, + O,
B aTOM criyyae atombl a3oTa, MU3MEHALLNE CTeNeHb OKUCIIEeHUd OT +5 A0 +3,
NPUHUMALOT SNEKTPOHbI, 8 aTOMbl KUCNOpoAa, CTENEHb OKUCNEHUSI KOTOPbIX
MeHsaeTcs oT -2 ao 0, nx otaarT.
Cpeau BHYTPUMONEKYNAPHbIX OKUCITUTENTbHO-BOCCTAHOBUTENBHbLIX peakLmn
BblAENSAOT peakyuu oucrnponopyuoHUpPo8aHUsi (CaMOOKUCIIEHUSI-
camosoccmaHosrieHus). OHU ConpoBOXaAaKTCA OQHOBPEMEHHbLIM YBENTMYEHNEM
N YyMEHbLLUEHNEM CTEMNEHU OKUCINEHUS aTOMOB OHOIO M1 TOrO Xe 3rNeMeHTa,
nepBOHaYanbHO Haxo4dALWKMXCa B OAHOM onpeaeneHHoM coctosiHun. Hanpumep,
aTOMbI Xrnopa 13 cteneHn okncrieHnst 0 nepexoasaTt Kak B CTENEHb OKUCNEHNS —1
(KClI), Tak n B coctosiHne +5 (KCIO,) B peakuum:

Cl, + 6KOH = 5KCI + KCIO, + 3H,0
B pPeaKuunAax preaHeHUﬂ nponcxoantT USMeHeHune cterieHn OKncrneHmnsa ogHoro

N TOro Xe arieMeHTa ¢ obpasoBaHNEM OLHOW N TOU XKe MOSEKyrbl:
2H,S + H,SO, =3S + 3H,0



Korpa dbyHKUMKW OKMCNUTENA U BOCCTAHOBMTENA Korpaa atoMmbl OAHOIO U TOTO Xe 3NeMeHTa 1

pasfeneHbl Mex/y PasHbLMKU BeleCcTBamM, OKUCNAKTCH, U BOCCTAHABNUBAIOTCH, NPOMCXO-

OKMCNUTENBLHO-BOCCTAHOBUTENLHLIE peakunm AAT peakumu ANCrnponopumMoHupoBaHus.
Ha3bIBAKT MEXMONEKYNAPHLIMK.

Ecnu atombl OAHOIO K TOFO Xe aNeMeHTa

Ecnu nepeHoc SNeKTPOHOB MAET B OAHOM U TOM NPUOBPETAIDT OAMHAKOBYIO CTENEHb OKUCNEHUS

Xe BellecTse, NPoTeKalT BHYTPUMONEKY NS p- WAET peakuua ycpeaHeHus.
HbIE OKMCANTENLHO-BOCCTAHOBUTENbHBIE
peaxkummn.

OKUCNUTENBHO-BOCCTAHOBUTE/IBHBIE

PEAKUMU
! ! T
[ MEXMONEKYNAPHLIe j Esnyrpumonexympuuej
- v

Enucnponopuuompoeaumj [ yCpeaHeHus j

TUNBI OKUCAUTENBHO-BOCCTAHOBUTENBHBIX PEeakunin




CocTaBneHne OKUCIINTEeNbHO-BOCCTAaHOBUTESIbHbIX peaKu,m?l

cBoauTCs K nogbopy KoadhdnUMEHTOB NPU OKUCNUTENE N BOCCTAaHOBUTENE.
[MaBHasi 3aKOHOMEPHOCTb - B OKUCINUTESTIbHO-BOCCTAHOBUTENBHbLIX Npoueccax
obLLee YNCIIO SNEKTPOHOB, MPUCOEONHAEMbIX OKUCIIUTENEM, PaBHO obLlemMy
4YKMCIy SNEKTPOHOB, OTAaBaeMbIX BoccTaHoBUTENEeM. CneagyeTt nonb3oBaTbCs
NPUMEPHO TakMM anropuTMom nogbopa KoadPPUMEHTOB (MeToA INEKTPOHHOro
OGanaHca).

1. Hanncatb cxemy ypaBHeHUs 6e3 KoadhPULNMEHTOB, TO €CTb yKa3aTb UCXOOHbIE
BeLlecTBa N NMPOAYKThbl peakumi.

2. HanTtn anemMeHTbl, UAMEHSAILWMNE CTENEHb OKUCIIEHUSA, N LMdpaMn Hag
CUMBOSaMM 3TUX ANIEMEHTOB YKa3aTb CTEMNEHb OKUCIEHUS.

3. YKasaTb NpoLECChl OKNCIIEHUA U BOCCTAHOBIIEHMA C Y4ETOM KONMYecTBa
aTOMOB 3fIEMEHTOB, Y4acCTBYHOLLMX B 3TUX NpoLeccax

4. Onpengennutb OCHOBHbIE KOSMULIMEHTBLI MPU OKUCIIUTENE U BOCCTAHOBUTESE.
BBoaAaT AononHUTENbHbIE MHOXUTENN, YCTaHaBNUBAaOLWME SNEKTPOHHbIN BanaHc.
Nx nogbupatoT No npaBuny HaxoXaeHUsa HamMeHbLLEero obLero KpaTHoro u
nony4yarT CTEXMOMETPUYECKME KOIPIDULMEHTLI NMPU OKUCIIUTESE U
BOCCTaHOBUTESE.

5. PaccTtaBnatot KoapduumeHTbl nepen npovynMm peareHTamu.

6. [lpoBepsOT YMCNO aTOMOB BOAOPO4a U KMCopoda B J1IEBOU U NMpaBon YacTax
YPaBHEHUS N ONPEOENSIOT YUCNO YHaCTBYIOLLMX B peakumn MOSIEKYN BOAbI.



Hanpumep:

+2 +5 +3 +6 +4
FeS, + HNO, = Fe(NO,) , + H,SO, + NO, + H,0

3anucbiBaem nonypeakunn oKmcrieHmMA " BOCCTaHOBJIEHUA.

+2 +3 -1 +6

Fe—-e=Fe, 2S — 14e = 2S, v panee:
+3 +6 +5 +4

FeS2 —15e = Fe + 2S, N+e=N

O6wee kpatkoe 15, ctaBum ero nepen NO, B neBou YacTu ypaBHeHuUs,
nogobupaem npoyne KoadpPULUEHTbI:

FeS, + 18HNO, = Fe(NO,) , + 2H,S0, + 15NO, + 7H,0

Yucno INEKTPOHOB, OTAAHHDLIX BOCCTAHOBHUTENEM,

PaBHO YMCAY AE€KTPOHOB, INPUHSITLIX OKMCAMUTENECM.




NMpu nopbope kKoahthMUMEHTOB B YpPaBHEHUAX peakuun
AUCNPONOPUMOHMPOBAHUSA, B NEBYK 4YacTb YpPaBHEHUS
3anuUCbLIBalOT CYMMY MHOXUTENEeW, OTHOCSALWMXCH K 3TOMY
ANEeMEHTY.

Na,S"0,— Na,S*+ Na,S$™0

_J,&SOq = Na,S+ 3Na,SO,



Mpu nogbope koahPuUMEHTOB B YPaBHEHUAX peakuuh BHYyTpumone-
KYNSIPHOro OKUCNEeHUsI-BOCCTaAHOBNEHUSA, NPU MNPOTEKaHUN KOTOPbIX B
peareHTe aTtomMbl OAHOro 3NeMeHTa OKMUCNAKTCH, a aroMbl APYyroro

3nemMeHTa BOCCTAHaBNMBAKOTCH, pacyer BeayT Ha BCO (hOPMYNbHYIO
eAMHMUy peareHTa.

(N"H,),Cr'0, —» Cr,”0,+N,+H,0+ NH,

2N —6e =2N’ | 1
Cr'*+3e=Cr" |2

o

2(NH,),CrO, = Cr,0,+N,+5H, 0+ 2NH,




OcHoeénble oxucaumenu

CoeaAnHEeHNs MeTannos
+7 +4 +6 +4
Mn, Mn Cr Pb

Fanorensl, 0,, 0; < (QeHOBHBIC KaTtuoubl BnaropoaHsix

OKHUCJUTE metannos: Au, Pt
|

Bl oo s NV
CoeanHeHns HemMeTannoe

BewecTBa, nposasnsiowmne OKWUCNUTENbHbIE CBOWCTBaA BO
MHOIrMX peakuusx, ABNAKTCA TUMUYHBIMU OKUCAUTENAMMU.
K HumMm oTHOocsaTCa: F,, Cl,, Br,, O,, KCIO,;, HCIO,, H,SO,,

HNO,, KMnO,, MnO,, K.,Cr,O, » ap.




OcHosHtvle soccmanosumenu

CoeauHeHus
Metannbl A
MeTannoe

A ;

OcHOBHBIE
-

BOCCTAHOBUTEAHN

J
CoenuHeHun
Hemertannsl
HeMeTannoe

BewecTea, AsBnsowWMecs BOCCTAHOBUTENSAMM BO MHOIMMX peakuwvsx,
ABASIOTCH TUNUYHbIMKM BOoccTaHoBuTensmu. K Hum otHocsaTcsa: Hy,
C(rpadur): Zn, Al, Ca, KI, HClouy), H2S, CO mn ppyrue, a takxe
GONBWMHCTBO OPraHUYEecKuX COefMHEeHMUN.




Metannel B cBO6GOQHOM COCTOSIHUM MOryT ObiTb TONBKO
BOCCTAHOBMTENAMM, @ B COEAMHEHUNAX NPOSIBASIOT TONbKO

0 +1
nonoXuTtenbHblie cTeneHn okucneHmsa: Na - Na




Merannsi

—
BoccraHnoBuTeAH MOHOB M aTOMORB

ATOMBI C
MUHUMANbHbLIMMY
CTEeNneHs MU OKMCNeHuna

HemerTannsi

-

CBoucrTBa

-

ATOMBI C
NPOMEXYTOYHbLIMMW
CTEeNneHsSMU OKNCNneHms

OKHCAUTEAH

ATOMBI C
MaKCMManNnbHbLIMM
CTenNneHIMM OKMCNeHns

CnocobHOCTL aTOMOB MNU MOHOB NPOABNATE OKUCNUTENbHO-
BOCCTAHOBMUTENbHLIE CBOWCTBA 3aBUCHUT OT WX CTPOEHNA,
SNEKTPOOTPHUUATENBHOCTH, a TaKXe OT CTPOeHMA W J3NEeKTpo-

OTPMUATENbHOCTHU APYIrnuX

YHYaCcTHUKOEB peakKuumn.




Cepa npu peakuuu C CUNbHLIMU OKUCNUTENAMMU B

3aBUCHMOCTH o*r ycnoBuu cnocobHa OKUCNATLCSH
no S** unm s*S,

S +02 —> SO.) (npu o6xure)
S -+ 2HNO, — H,SO, +2NO

(B pactBope, BO3MoXxHO SO)



BewecTBa, coaepXxauwue 3NeMeHTbl B MPOMEXYTOYHOW CTeneHwu
OKMCNEeHUsi, cnocobHbl MNPOSABNAATE KaK OKWUCNWUTEeNnbHbIE CBOWCTBA
(npu B3aumopencTBMu c 6Gonee CUNbHBIMW BOCCTAHOBUTENSAMM),
TaKk U BOoCCTaHoBUTenbHble (Npu B3aumopencTeuu ¢ Gonee CUNbLHLIMM

OKMCNUTEeNaMM).




CoeaguHeHunsn, cogepxawme cr*? unm Cr*3, B 3aBUCUMOCTM
OT YCNOBMW OKUCNAKTCHA A0 PasnU4HbIX NPOAYKTOB.

Cr’+40H —e — CrO, +2H,0

2Cr*+7H,0—6e — Cr,0, + 14H'
Cr”+80H —3e — CrO; +4H,0

Buxpomatel u okcupg xpoma (VI) nposasnsalOT CUNbHbIE
OKMCNUTEeNbHbIE CBOWCTBA.



CoeanHeHuns, B KOTOPbLI
BbiWe +3, MOryT npos

KOTOpbIX BO3pacTaer C
OKMCNeHWs meranna.

X MapraHeu MMeeT CTeneHb OKUCNEeHUS
BNSATH OKMCNUTENbHbLIE CBOWMCTBA, cuna
VBENIMHEHUEM MNONOXUTENbHOWU CTENneHun

MnO,+4H +2e- —> Mn"”+2H,0
MnO,+8H" +5¢" > Mn"+4H,0

MnO,+H,O -

-3¢ — MnO,+20H

MnO; + le- — MnO,”



B HEKOTOPLIX OKUCANTENLHO-BOCCTAHO-
BUTENbHLIX PEaKUMsX B 3aBUCMMOCTH OT
YCNOBMiA NpoOBeAeHUs MOryT 0Dpa3oskl-
BATLCA Pa3HbIe NPOAYKTHI. Hanpumep, B
3aBUCUMOCTM OT TUNA CPe/bl PacTBOpa
NEPMAaHraHaT-uoH MOXET BOCCTAHABNN-

BaThcs 0 Mn® . MnO2 unu MnO%.

cpeaa nepexoj

KUCNOTHAS (‘) Mn04- - Mn02+

HeUTpanbHas MnO 4

> MnOQ

Wweno4Has MnO 4'_. MnO 42'

BOCCTAHOBNEHWNE NEPMAHraHaT-unoHa



HSCHLG ORECTHTGTH0 - BOCCTAROBHICTOHIX TOLGA03

OKMCNUTENbHO-BOCCTAHOBUTENbHbLIE PpPeakuuu WUPOKO TMNPUMEHSAITCA B
NPOMBILNEHHOCTU: NMPU NPOU3BOACTBE CEPHOW U Aa30THOW KUCNOT, NMONYYEeHUMU
caXwu, BOCCTaAaHOBNEHUW METannoe U3 pya, cxuraHiuu Ttonnuea. Kopposus
MEeTannoB TakXe OKUCNUTEeNbHO-BOCCTAHOBUTENbHbLIA NpoUecc, NPUYUHSAIOWUA
orpomMHble yObITKM. OKUCAUTENbHO-BOCCTAHOBUTENbHbIE peakuuu urpaswoT
6onbwyw ponb B OMOXMMUYECKMX npoueccax: abixaHuum, obmeHe BewecrTs,
HEPBHOW AESITeNbHOCTM 4YEeNnoBEeKa U XUBOTHbIX.

Npousesoacreo H,SO, Mpoussoacreo HNO,

% ~
Mony4yeHue caxwm / Cxuraume Tonnuea

OxganuTes
ks

BOCCTaM

” UCTOMHUKM INeKTpu-
/ ' 4YecKOoro Toka

Mony4yeHmne 4yryHa

MonyyeHue ppyrux
MeTannos

Koppoaua merannos
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NonyyeHne a3oTHOM KUCHOTLI

Bo3aayx
e OxkucnurensHas MornoTurensHas
balwHs ‘ SEIE

Cmecurens KOHTaKTHbIV
annapar

B pesynbTate OKMCNUTENbHO-BOCCTAHOBUTENbHbIX peaxuuﬁ
a30T aMMmumaka, Haxoaswuucs B CTEeneHW OKUCneHus -3,
nocnepoBaTtenbHO OKMCNAETCA KUCNOPOAOM A0 asoTta +95.



Katanutuyeckoe oKkMcneHue ammMmuaka:
4NH, + 50,= 4NO + 6 H,0
OkucneHue okcuaa asora (ll):

2NO + 0, = 2NO,

OkucneHue okcuaa asora (IV):

4NO, + O,+ 2H,0 = 4HNO,
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KOppO3Mﬂ MeTaﬂﬂOB - 3TO OKMCI‘IMTeanO BOCCTaHOBMTEHbeIIﬁ npouecc

KOTOPbI MOXHO paccmaTpuBaThb KakK MNPOsiIBIeHUMe CamMOnpou3BONbHOWM
cnocobHOCTM mMeTannoB BO3BpawWaTbCa B OKUCNEHHble dopmbl. Hanbo-
nee WU3BECTHbIM npumepom Kopposuu asnaerca pxaaneuue.

--‘i‘$::s.v ety S

JIECHUE :
_ Fe >Fe'~ +2e€
HdBoccraHoOB/II€EeHUE:

- P2H.O + O, +4e —> 4OH™

'- .l v'tx > D
S 10 Q.\
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XMMUu4YeckKue npoueccesl HYacto OCYLWECTBNAKTCA B Uensx
NONYHYEHUHA U UCNONb30OBaHUA 3aHeprun ( cCXuraHuwe yrns,
npupoagHoro rasa, cropaHuMe 6ensuHa B gBurarensix, pa-
KeTHoe TONnNuBo M T.4.).




B NPaKTUKe 4acTtTo NPUMEHAKT BOCCTAHOBNEHME mMeTannos
M3 UX COegMHEHUN ApyrunMmn mMmerTannamu, sogopoaom, anek-

Tponusom. Bce 3TO OKWUCNUTENbHO-BOCCTAHOBUTENbHbIE
npoueccsl.

Fe,O.+2Al=Al,0,+2Fe

WO.+3H,=W +3H,0
Cu +2¢ =Cd’




NMpw nony4YeHum 4YyryHa M3 pyabl B pe3ynbrate OKUCNUTENb-
HO-BOCCTAHOBMUTENbHbIX peakuMu npoucxoauT nocneposa-
TenbHoe BoccrtaHoeneHue Fe+*? npo Fe*? u szarem po Fe.

3Fe,0, + CO = 2 Fe,0, + CO,
Fe,0, + CO = 3FeO + CO,

FeO + CO = Fe + CO,



Caxy nony4arwT nNyTemM CXWUraHuvs yrnesofopofos
(npupoaHbIX rasoe, MertaHa, aueTruneHa, ckunupgapa
M T.A.) NPpU OrpaHUYeHHOM pfoOCTyne BO3ayxa wvnu
nyTemM UX TEepMHUYEeCKOro pasnoXxeHwus.

CH,-> C+2H,
CH,+0,—> C+CO+HC




