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BOITPOCHI 1JIA CAMOITIOAI'OTOBKHM
1. JlaliTe mOHSATHE CTENIEHU OKHCIEHUS (C. 0.)?
2. Kak onpenenuTs €.0. 15 SJIEMEHTOB, BXOJISAIIUX B COCTAB MOJICKYJT WU
CJI0KHBIX HOHOB? [IpuBeaUTE MPUMEDHI.
3. Kakue peakinuu OTHOCSTCA K OKHCIUTEIbHO-BOCCTAHOBUTEIbLHBIM
peakuusm?
4. JlaifTe OHSATHE MPOLIECCOB OKUCJICHUS U BOCCTaHOBJIeHMs. [IpuBeaute
IPUMEPHI.
5. Yo Ha3eiBaeTcs okucimreneM? Kakue 3j1eMeHThI M UX COEIUHEHHUS C
TOYKH 3pPEHHUSI CTPOCHMS DJIECKTPOHHOM OOOJOYKM aToOMa MPOSIBIISIOT
okucautenbHble cBorcTBa? ['ie B [ICD pacnonaratorcsi TaKUE 3JIEMEHTHI?
6. Uro mHaszpiBaeTcsi BoccTtaHoBuTeneM? Kakue »3aeMeHThl WIM HX
COCAMHEHUSI C TOYKU 3PEHUS CTPOCHUS JJICKTPOHHOM OO0OJIOYKM aToma
MPOSBJISIFOT BOCCTaHOBUTENBbHBIE cBoMcTBA? ['me B I[ICD pacnosararorcs
TaKue DJIEMEHTHI?
7. J1aiTe NOHATHE OKHUCIUTEIIbHO-BOCCTAHOBUTEIBHOM JIBOMCTBEHHOCTH .
8. UTo MpOoUCXOAUT C OKHUCIUTEIEM W BOCCTAHOBUTEIEM BO BpeMs
OKUCJIMTEIHHO-BOCCTAHOBUTEIbHBIX MPOIIECCOB?
9. Kakue OKUCIUTENbHO-BOCCTAHOBUTEIBHBIE PEAKIIMM MOKHO OTHECTH K
peaKIUsIM MEKMOJICKYJIIPHOTO OKHUCIIEHUs-BOCCTaHOBIeHUA? [IpuBenure

PUMEPHI.
10.Kakne OKUCINTETLHO-BOCCTAHOBUTEIBHBIC PEAKIIMM MOKHO OTHECTH K
peaxkusIM BHYTPUMOJIEKYJISIPHOTO OKHCJIEHUS-BOCCTAHOBJICHUA?

IIpuBenure npumepsl.

11. Kakue OKHMCIUTEIbHO-BOCCTAHOBUTEIIBHBIC PEAKIIUA OTHOCATCS K
peAKIUAM JUCTIPONOPIIMOHUPOBAHUS (caMOOKHCIICHUS-
camoBoccTaHoBiieHus)? [IpuBeauTe npumepsl.

12.Kakoit  OajaHC  JOJMKEH  BBIJICPKUBATHCS B OKUCIUTEIBHO-
BOCCTaHOBUTEJIbHBIX peakiusx? Kak 3to nocturaercs?

13. [laiiTe NOHATHE METONY AJIEKTPOHHBIX YPABHEHUM.

14. Jlaiite TIOHATHE MeETOAA  JJIEKTPOHHO-WUOHHBIX  yYPABHEHUU
(moJtypeakIiuii)

15. Kak paccuutbiBaeTcsi 5SKBHUBAJICHTHas Macca OKHUCIUTENS U
BoccTaHoButels? [IpuBenuTe mpumepsl.

16. Kakue cBoicTBa MpOSIBIAIOT CBOOOJHBIE METAJIJIbI B OKUCIUTEIHHO-
BOCCTAHOBUTEJIbHBIX PEAKIUSIX?
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17. Kakas BenuuMHA CIY’)KUT KOJWYECTBEHHOW XapaKTEPUCTHUKON
BOCCTAaHOBHUTEJIBHOM aKTHBHOCTH METAJUIa B BOJHOM PacTBOpE?

18. Kakue BBIBOABI O BOCCTAaHOBUTEIHLHONM aKTHUBHOCTH MeTajlIa
MO3BOJISIET CAENATh €T0 MOJIOKEHUE B PANY HANPSHKEHUA METAIIOB?

19. Kak onpeaenuth TEPMOJIMHAMUYECKYIO BO3MOXHOCThH OCYIIIECTBICHUSA
OKHCJIUTENBHO-BOCCTAHOBUTEIIBHOW PEAKIIMM B PACTBOPE B 3aJaHHOM
HaIpaBJeHUHU (IIPU CTAaHJAPTHBIX YCIOBUSX)?

20. Yto mpexacrtaBisieT coOOM siBJICHHE TNaccuBalMu Meraimia? 3a cyer
YEro OHa MOYKET IPOU30MTH B arpECCUBHOM pacTBope?

21. Yem ommmyaroTcid  "KUCIOTBI-HEOKHUCIHUTEIU'  OT  "KHUCIIOT-
okuciurenein"? IlpuBenure nmpumepsl B3aUMOJECUCTBHS 3THX KHCIOT C
METaJJIAMH.

22. Yto mnpencraBistoT co0oil aM(OTEepHbIE OKCHUIbI U THAPOKCUIBI
MetaioB? Kak oHM BemyT ceOsi B pacTBOpax KHCJIOT W IIEIOYeH?
IIpuBenure npumepsl.

BUBJIMOI'PAGMYECKUI CITMCOK
1. Koposun H.B. O6mas xumus. M.: Beicu. mik., 2007 r.

2. 3amauu u ynpaxHenus no oomeid xumun/ Ilox pen. H.B. KopoBuHna.
M.: Beicmi. mk., 2004 r.

3. I'munka H.JI. 3apgaun u ynpaxHenus no ooued xumuu. M.: UaTerpain-
npec, 2002 r.

4. Axmero H.C. O0mas n Heoprannueckas xumus. M.: Beicu. mk.,2006
T.
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Cmenenv oxucnenus (c.0.) — 3mo YCIOBHbIU 3aps0 amoma 8
COCOUHEHUU, BbIYUCTEHHBIU UCX005L U3 NPEONONONCEHUSI O YUCTNO UOHHOM
Xapakmepe Xumu4ecKkou ces3u.

CrerieHb  OKHUCIIEHUS  MOXET  HMETh  MOJIOKHUTEIbHOE U
OTpHUIIATENIbHOE 3HAYEHUE, KOTOPOE 0003HAYAIOT apaOCKUMU IudpaMu co
3HakoM "+'" wian "-" ¥ cTaBIT HAJl CUMBOJIOM DJIEMCHTA.

Hanpumep: H'CI, Na'N"~0,.

Jlis psiia J€MEHTOB CTENEeHb OKUCJICHHS aTOMOB B COCIMHEHHSIX

NOCTOsIHHA (CM. Tabnuiry 1).

Tabmnura 1
JJIeMeHT C. 0.
Li, Na, K, Rb, Cs, Fr (IA rpynna), H (kpome +1
TUIPUIOB)
Be, Mg, Ca, Sr, Ba (IIA rpynna) +2
Al, Sc +3
I'aorenpl B rammmmax (MeFx'l); BOJIOPOA B -1
ruapuaax (MeHx); kucinopon B nepokcuaax (H,O,)
O (kpome IepPOKCHUJIOB) -2

HeliTpanbHble aTOMbl W MOJEKYJIbl HMMEIOT HYJIEBYIO CTEIEHb
OKUCJIEHUs, HalIpUMeED, Mgo, H,’.

[Tonb3ysicb 3TUMU  CBEACHUSIMHU, MOXHO BBIYUCIATH CTEIEHb
OKHCIICHUSI JPYrUX AaTOMOB B COCIWHEHHMS, YUYUTHIBAsA CJIECAYIOIIEe
pPaBUJIIO:

Aneebpauueckasi cymma cmeneHel OKUCIEHUs 6CeX amomMo8 8
COeOUHeHUU 6ce20a PasHa HYJI0, d 8 CIOHCHOM UOHEe — 3apsi0y UOHA.

[TIPUMEP 1: Onpenenurte creneHb OKUCIEHUs aromMa Mn B
Mosekyine KMnO,.

Pemenue. O6o3Haunm c.0. atoma Mn depe3 X. 3Has, 4TO C.0. aTOMa
KHCJIOpOJia paBHa -2, aToma kanus +1, a anreOpanyeckas cyMMa C.0. BCEX
aTOMOB paBHA HYJIIO, COCTaBUM ypaBHeHue: +1+X +4(-2) = 0. X=+7, T.e.
c.0. aroma Mn paBHa +7.

[TPUMEP 2: Onpenenure cTe€NeHb OKUCIEHUS aTOMa a30Ta B MOHE
NO;.

Pemienue. O603HauuM c.0. atoma N yepe3 Y. 3Has, 4TO €.0. aTOMa
KHCJIOpOJia paBHa -2, a ainreOpanyeckas CymMma €.0. BCEX aTOMOB paBHa
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3apsiiy UOHA, T.€. paBHa -1, coctaBuM ypaBHeHue: ¥Y + 3(-2) =-1. ¥V =45,
T.€. C.0. aTOMa a30Ta paBHa +5.

Peakuuu, KOTOpbIe CONPOBOXKIAKTCH HM3MEHEHMEM CTENCHHU
OKHCJICHHSI aTOMOB, BXOJAIIMX B COCTAB PearupylIlMX BellecTB,
Ha3bIBAIOTCH OKUCIUMENbHO-60CCIAHOGUM E/IbHbIMU.

Ormaya  aTOMOM  DJIEKTPOHOB,  KOTOpas  CONPOBOKIAETCS
NOBBIIICHUEM €r0 CTEIIEHH OKHUCIEHUs, Ha3bIBACTCS  NPOYeCccom
oxkucnenus. BemecTtBo, B COCTaB KOTOPOIO BXOAUT OKHUCISAIOLIMMCA
DJIEMEHT, Ha3bIBACTCA 60CCMAHOBUMETIEM.

Hanpumep, Na’ -1e = Na” - nponecc okucienns; Na - BOCCTAHOBUTEIb

[IpucoenrHEHHE aTOMOM 3JIEKTPOHOB, NMPHUBOIAIICE K MOHUKEHUIO
€ro CTCIECHU OKMCIICHUs, HA3bIBACTCA 60ccmaHoéeHuem. BemecTBo, B
COCTaB KOTOPOI'O0 BXOJMUT BOCCTAHABJIMBAOIIMICS JJIEMEHT, HA3bIBACTCS
OKUCAUMETIEM.

Hanpuwmep, Mn” + 5¢ = Mn"™ — IIPOLIECC BOCCTAHOBJICHUS, Mn" —
OKHUCIIUTEb.

OKHUCJIUTEJIH

OkucnuTenbHbIE CBONMCTBA TMIPOSIBJIAIOT COCAWHEHHUSA, B COCTaB
KOTOPBIX BXOJAT aTOMbl 3JEMEHTa B BBICIICH CTENEHU OKHUCJICHUS
(BICIIAs CTETICHb OKUCJICHUS 3JIEMEHTOB COOTBETCTBYET HOMEPY TPYIIIbI
I1CD):

1) Kucnopoaconepxamue KHCIOTBI U HUX COJM, B KOTOPBIX
KMCJI0TOOOPa3YIOIUi 3JIEMEHT HaXOJUTCS B BBICILIEH CTETICHU OKUCJICHUSI
(HQSO4, HNO3, KMIlO4, chr207).

2) HMoHpl MeETaaIoB B BBICIICH CTENEHU OKHCICHUS (Fe+3, Cr+6,
Mn*).

Takke K OKMCIUTEISIM OTHOCSITCS IIPOCThIC BEIIECTBA - TUIIUYHbBIC
HeMmeTasuibl, O,, rajoreHsl B cBo0oaHoM Bue (F,, Cly, Brp).

BOCCTAHOBHUTEJIU
BoccranoBuTenbHBIE CBOMCTBA MPOSBISIOT COSIWHCHHS, B COCTaB
KOTOPBIX BXOAAT aTOMBI AJIEMEHTA B HUBIIEH CTENEHU OKHUCICHUS (I
METAJUIOB HHU3IIAs CTENEHb OKHCIICHHS COOTBETCTBYET HOMEPY TPYIIIIBI
I1C3; nst HemetawioB ¢.0.=Nerp.I1C3O — 8):
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1) BeckucnopojHbie KUCIOTHl U MX COJH, B MOJICKYJaX KOTOPBIX
HOCHUTEIISIMM BOCCTAHOBHUTEJBHBIX CBOMCTB sBjsroTcs aHnoHsl (HCI, HJ,
NaQS).

2) T'mapuasl 1METOYHBIX W IICJIOYHO3EMEJbHBIX  METAJIJIOB
cozaepxkarue noH Bojgopoaa H (NaH, CaH,).

Taxkke TUINHUYHBIMH BOCCTAHOBUTEISIMH  SIBJISIFOTCSL  MPOCTHIE
BemectBa: metawibl (IA rpymnmna, IIA rpynna), H,, C (B Buzae yris wiu
Kokca), P, Si

OKUCJIIUTEJIBHO-BOCCTAHOBHUTEJIBHAA JIBOUCTBEHHOCTD
ATOM »DJIEMEHTAa, HAXOIAIIMUCA B NPOMEKYTOUYHOW CTENEHU
OKHUCJICHHS, MOXET NPOSABIATh KAK  OKUCIMUTEIbHBIE, TaKk MU
BOCCTAaHOBUTEJIbHBIE CBOMCTBA.
+2 +3 +2
Hanpumep, Fe' ™ -le = Fe ”; mon Fe ° mposBisieT BOCCTAHOBHUTEIbHBIE
CBOMCTBA.
+2 +2 o
Fe™* +2¢ = Fe'; non Fe [IPOSIBIIIET OKUCIIUTEIIbHBIE CBOMCTBA.

Bce okucimnTenbHO-BOCCTAaHOBUTENBHBIE PEAKIIUU MOKHO Pa3IEInuTh
Ha TPU TUIA:
1) Meowcmonexynsapnoe oxucienue-eoccmamnosieHue — PeEaKkIuu, B
KOTOPBIX OOMEH 3JIEKTPOHAMHU MPOUCXOIUT MEXAY Pa3HbIMU MOJIEKYJIaMHU
WJIA MOHAMH, TIPU 3TOM, OJHO BEIIECTBO SIBIISIETCS OKUCIUTENEM, a IPYroe
— BoccTaHoButeneM. Hampumep,

2%04"‘ 5H3£O3 +3HQSO4 = 2mSO4+5H3£O4+KQSO4+3HQO

BOCCTaHOBUTEJIb 3| P”-2e=P", MPOLIECC OKUCIIEHUS

+7 +2
okuciutrenb 2| Mn' + S5¢ = Mn , Tporiecc
BOCCTAHOBJICHUSI
2) BuympumonexyusipHoe OKUCIEeHUEe-80CCMAHOGNIEHUe — PEAKIUHU, B

KOTOPBIX OKHUCJIUTEIIbHBIE U BOCCTAHOBUTEIbHBIE CBOWCTBA MPOSBIISIOT
aTOMBI, BXOJSIIME B COCTaB OJTHOIO U TOTO K€ BellecTBa. Hanpumep,
2KCl10O; =30, + 2KCl
oxuciurens 2| C1™ +6e = CI', mporiecc BOCCTAHOBICHHUS
BOCCTaHOBHTENb 3| 207 — 4e = O,, IPOLECC OKUCICHNUS
3) Camookucnenue-camogoccmanosienue (OUCnponopyuoHuposanue) —
pEeaKIiK, B KOTOPBIX BOCCTAHOBUTEIEM U OKUCIIUTEIIEM SIBJISICTCS DJIEMEHT
C THEepeMEHHOW (MPOMEXKYTOUHOMN) CTENEHbIO OKHUCJIEHHUS, BXOJAIIUN B
COCTaB OJIHOT'O M TOTO € BemiecTBa. Hampumep,
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4H;PO; = 3H3PO4 + PH;
+3 _ pts
BoccTaHoBUTENb 3| P” —2e = P, mpoliecc okuciaeHus
+ _
oxucutens 1| P + 6e =P, mporecc BOCCTAHOBICHHS

st cocTaBieHUsS YPaBHEHH OKHCIUTEIbHO-BOCCTAHOBUTEIBbHBIX
peakiMii NPUMEHSIOT METOJ AJIEKTPOHHOTO OaniaHca, KOTOPbIA BBIBOJST:
a) U3 BJIEKTPOHHBIX YPaBHEHU; 0) U3 SJIEKTPOHHO-UOHHBIX YPaBHEHMUIA.

Metoa 3JIEKTPOHHBIX YPaBHEHUH

[Ipu cocTaBieHUM YpPaBHEHUM OKUCIUTEIBHO-BOCCTAHOBUTEIbHBIX
pEaKkIMii ATUM METOJOM PEKOMEHIYETCA MPUAECPKUBATHCS CIEAYIOIIETO
HNOpsIIKA:

1. 3anummure cxeMy peakuud C YKa3aHUEM HCXOJHBIX U
00pa3yrommxcsi BEUECTB, ONPEACIUTE AIEMEHThI, KOTOPbIE U3MEHSIOT B
pe3yibTaTe peaklUu CTENeHb OKUCIEHUS, HaWIWTEe OKUCIUTENb U
BOCCTAHOBUTEIIb.

2. CocraBpT€ DJJIECKTPOHHBIE YPAaBHEHHS HMCXOAS M3 TOrO, YTO
OKHCIIUTENb IPUHUMAET JIEKTPOHBI, 4 BOCCTAHOBUTENb UX OT/IAET.

3. IlonbGepute MHOXUTENHW (OCHOBHBIE KOADPUIMEHTHI) IS
AIIEKTPOHHBIX YPABHEHUM TaK, YTOOBI YUCIO IIEKMPOHO8, OMOAHHBIX NPU
OKUCNeHuu, Obll0 pPABHO  YUCTY  IJNEKMPOHOB8,  NOJYYEHHbIX  Npu
60CCMAHOBAEHUU.

4. PacctaBbTe KOA()(PUIIMEHTHI B ypaBHEHUHU PEAKIIUU.

[TPUMEP 3: CocTaBuTh ypaBHEHHE PEAKIIMM BOCCTAHOBJICHHS OKCHIA
xenesa (II1) yrmepogom. Peakiius mpoTeKaeT Mo cxeme:
FCQO3 +C —> Fe+ CO

Pemenue: Xene3o BoccTaHABIMBAETCS, MOHUKAA CTENEHb OKUCJIEHUS OT
+3 nmo 0; yriepoa OKUCIISIETCS, €r0 CTENEHb OKUCIICHU MOoBbIaeTcs ot 0
1o +2.
CocTaBuM CXEMBI 3THX MPOIIECCOB.

BoccranoButens 1| 2Fe™ + 6e = 2Fe” , mporece oxucnenus

okuciurens 3| C’ -2e = C™ , mpouecc BOCCTAaHOBIICHHUS

OO0miee 4YMCIIO BJEKTPOHOB, OTJIAHHBIX BOCCTAHOBHUTEJEM, JIOJKHO
OBITh paBHO OOILIEMY YHCITY 3JIEKTPOHOB, IPUHATHIX OKUcauTeneM. Haiins
HauMeHbIllee O0Iee KpaTHOE MEXIYy 4YuciamMu 2 U 6, omnpenesnseM, 4To
MOJIEKYJI BOCCTAHOBUTENS JIOJKHO OBITh TPU, & MOJEKYJI OKHUCIUTENS -
IB€, T.€. HAXOJWM COOTBETCTBYIOIIME KOA(DPUUMEHTHI B YpaBHEHUU



p€akinun 1ICpca BOCCTAHOBUTCICM, OKHCIHUTCIICM U IIPpOAYKTaMHU

OKUCJICHUSI U BOCCTAHOBJICHUS.. Y paBHEHUE OyI€T UMETh BU/I:
Fe,O; + 3C =2Fe + 3CO

MeToa 3J1IeKTPOHHO-UOHHBIX YPABHEHUH (IOJIypeaKuuii).

[Ipn cocTaBieHUU SJIEKTPOHHO-MOHHBIX YPAaBHCHUN YUUTHIBAIOT
dbopMy CyIIEeCTBOBaHUS BEIISCTB B pacTBOpE (IPOCTOH WIIM CIIOXKHBIM
WOH, aToOM WU MOJIEKYJIa HEPacTBOPHUMOTO WJIn
TPYAHOJUCCOIMUPYIONIETO B BOAE BemiecTBa). YTOObI COCTaBUTh
ypaBHEHUS  OKHCIUTEIHHO-BOCCTAHOBUTEIBHBIX  pPEAKIUHA  JaHHBIM
METOJIOM, PEKOMEH/IYeTCS MPHUICPKUBATHCS CICAYIOIIETO OPSIAKA:

1.CocTtaBbTe CXE€My pE€aklUUM C YKa3aHUEM HCXOIHBIX BEIIECTB M
IPOJYKTOB pPEaKIWH, OTMEThTC HOHBI, H3MEHSIOIMKNE B PE3yJIbTaTe
peaKkIMyu  CTEMeHb  OKHUCJICHHUS,  ONpEJACIUTE  OKHUCIUTEIb U
BOCCTAHOBHTEIIb.

2. CocTaBbTe CXEMBbI MOJYPEAKIIUA OKHUCJICHUS U BOCCTAHOBJIEHUS C
yKa3aHWEM HCXOJHBIX M 00Pa3yIOIIUXCs B YCIOBHAX PEaKIIMd MOHOB WIIU
MOJICKYI.

3. YpaBHANTE YUCIO aTOMOB Ka)KJIOTO AJIEMEHTA B JIEBOM U MPABOMN
JacTAX TOJypPEaKIMi; TPH 3TOM CIEAyeT IMOMHHUTh, YTO B BOJHBIX
pacTBOpax B PEAKIMAX MOTYT Y4acTBOBATh MOJEKYIBI BOABI, HOHBI H'
nnu OH'.

Cnedyem nomHums, 4mo 8 BOOHbIX pPACMBOPAX CBA3bIBAHUE
U30bIMOYHO20 KUCI0p0Oa u npucoeouHeHue KUCI0p0oOa
goccmanogumenem Npoucxoosm no- pasHomy, 6 sasucumocmu om pH
cpeovl. B kucavix pacmeopax uzoweimok KUCI0POOA CEA3bI8ACMC UOHAMU
8000p00a ¢ 0OPa308aHueM MOEKY 800bl, A 8 HEUMPANbHbIX U WET0YHbIX
— MOJIeKy1amu 800bl ¢ 0bpazosaruem 2uopokcuo-uornos. Hamnpumep,

MnOy4 + 8H" + 5e = Mn*" + 4H,0 (xucunas cpena)

NO; + 6H,O + 8¢ = NH;3 + 90H (neitTpanbHas Wid IIEJI0YHAS
cpena).

IIpucoedunenue xuciopooa soccmanogumenem OCYWeCmeniemcs 6
KUCTOU U HEeUmMpAlbHOU cpeoax 3a cuem MOJeKY1l 800bl C 00pPA308aHUEM
UOHO8 8000POOA, A 8 WENIOYHOU cpede — 3a cuem UOPOKCUO UOHO8 C
obpazoeanuem moekyn 600sl. Harpumep,

I, + 6H,0 — 10e = 2105 + 12H" (kucnas unu HeWTpaapHas cpena)

CrO, +40H" - 3e = CrO,* + 2H,0 (esoyHas cpenia)
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4. YpaBHANTE CyMMapHOE YMCJIO 3aps/IOB B 00EUX YaCTAX KaXJIOU
NOJIypeakluu; JJisl 3TOro MpuOaBbTe K JIEBOM W TNIpaBOM 4YacTIM
NOJIypeakiui He0OXOAMMOE YHUCIIO IEKTPOHOB.

5. Tlonbepute MHOXUTENU (OCHOBHBIE KOADPUIMEHTHI) IS
NOJIypeakluil Tak, 4YTOOBbl YHCJIO BJIEKTPOHOB, OTAABAaE€MbIX IpHU
OKHCJIEHUH, OBLJIO PaBHO YHUCIY OJJEKTPOHOB, MPUHUMAEMBIX MIPHU
BOCCTAaHOBJICHUH.

6. Crnoxure ypaBHEHHUS IOJNYPEAKUHK C YYETOM HaWJAECHHBIX
OCHOBHBIX KO3((UIIMEHTOB.

7. PacctaBbTe KO3((ULIMEHTHI B YPABHEHUU PEAKIIUH.

ITPUMEP 4: CoctaBuTh ypaBHEHHE OKHMCJIEHHS CEPOBOJOPOJAa XJIOPHOU
BOJIOW. Peakuus mpoTekaer mo cxeme:

HQS + C12 + HQO — stO4 + HCl
Pemienne. BoccTaHOBIEHHIO  XJIOpa  COOTBETCTBYET  CIEAYIOIIEE
ypaBHeHue nonypeakuuu: Cl, +2e = 2CI.

[Ipu cocraBineHWH YypaBHEHHUsI MOJNYPEAKUMU OKHUCIEHUS CEPBI
ucxoaum m3 cxemel: H,S — SO42' . B xoxe storo mporuecca atoM cepbl
CBSI3BIBAETCA C YETBIPbMSI aTOMaMH KHUCIOPOJA, MCTOYHUKOM KOTOPBIX
CITy’KaT MoJeKydsl Boiel. IIpm 5ToM o0Opasyrorcs BoceMb MOHOB H';
KpOME TOTO, JBAa HMOHA H' BbICBOOOXKIAIOTCS W3 Mosekynsl HpS. Bcero
obOpa3ytorcs 10 HoHOB BOJI0pO/Ia:

H,S +4H,0 — SO, + 10 H

JleBass 4acTh CXE€MBbI COJEPKUT TOJIBKO HE3APSKEHHBIC YACTHUIIBI, a
CYMMapHbIi 3apsii HWOHOB B TMPAaBOM YaCTH CXEMbl paBeH +8.
CnenoBarenbHO, B PpE3YyJbTaT€ OKHUCIEHUS BBICBOOOXKIAIOTCA BOCEMb
DJIEKTPOHOB:

H,S +4H,0 — SO, + 10 H

[IocKONBKY OTHOWIEHWE YHUCEN OJJIEKTPOHOB, NPUHATBHIX MpHU
BOCCTAHOBJICHUH XJIOPA U OTJAHHBIX IIPU OKUCJIEHUH CEPBI, PABHO 8:2 WU
4:1, TO, CKHanpiBasg YpPaBHEHUs IOJypEaKIMd BOCCTAHOBIICHHS U
OKHCJICHUS, HaJ0 MEPBOE M3 HUX YMHOXWUTh Ha 4, a BTOpoe — Ha l.
ITomyyaewm:

Cl+2e=2CI | 4
H,S +4H,0 =S80, + 10H +8¢ " | 1
4Cl, + H,S + 4H,0 = 8CI" + SO, +10H"

B  MonekymspHoil  (popMe TOJNydEeHHOE ypaBHEHHE  HMEET
CJICYIOLIUN BUJ:
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4C12 + HQS + 4H20 = 8HCI + HQSO4

OpHO M TO K€ BEIIECTBO B PA3IMYHBIX YCIOBUIX MOXKET OKHCIISATHCS
WIM  BOCCTAaHABIWBAThCSA  JIO  pPa3HBIX  CTCNCHEHM  OKHMCIICHHS
COOTBETCTBYIOILIETO  3JIEMEHTa, II0PTOMY BEJIMYMHA DKBHBAJICHTA
OKHCITUTENS] W BOCCTAHOBHUTENS TaK)KEe MOXKET HMETh pasInyHbIe
3HAYECHUS.

IKBUBAIEHMHASL MACCA OKUCTUMENS. PABHA €20 MOJISIPHOU Macce
OCleHHOU HA YUCIO JJeKMPOHO8 N, KOmMopbvle NPUCOeouHsem 00Hd
MONEKYIA OKUCTUmMENsL 8 OAHHOU PeaKyul.

Hanpumep, B peaknuu BocctaHoBieHus Cl, + 2e = 2CI. n=2
CnenoBatenpHo, »JkBuBajieHTHas wmacca Cl, paBHa M/2, T.e.
71/2=35,51r/MOIb.

IKBUBANIEHMHASL MACCA B0CCMAHOBUMENSL PABHA €20 MOJIAPHOU
macce OeNleHHOU Ha YUCIAO INeKMPOHO8 N, KOmopwvle omodaem O0O0Hd
MOAEKYIA 60CCMAHOBUMEISL 8 OAHHOU PeaKkyul.

Hanpumep, B peakiun okucienus H,S + 4H,0 - 8¢ = SO,~ + 10 H'
n=8. CienoBarelbHO, HJKBUBaJICHTHas wmacca H,S paBna M/8, T.e.
34,08/8=4,261/M01b.

IloBeneHne MeTA/UIOB B arpecCUBHBIX Cpeaax.

ITon arpeccuBHOM cpeoil Mbl JOJDKHBI MOHMMAaTh: 1) Boay; 2)
PacTBOPBI KHUCIIOT: &) KUCIOThI-HEOKUCIUTENIN; 0) KUCIOThI-OKUCIUTEH;
3) pacTBOpBHI LIETOYECH.

Mertajuibl B arpecCHMBHBIX Cpelax MOTYT TPOSIBIISITh TOJBKO
CBOMCTBA BOCCTAHOBHUTEIS, T.K. Me’ HaXOJUTCS B HU3NIEH CTCHCHU
OKUCJICHUS:

Me’ — ne — Me"".

COOTBETCTBEHHO CpeJia COAEPKUT OKUCITUTED.

TepMoIMHAMUYECKUM  YCIOBHUEM  OCYIIECTBJIEHUA  JIFOOOrO
XUMHUYECKOTO MpolLiecca CIYKUT yMeHbleHue suepruu ['ndoca (AG). [1pu

OTpI/II_[aTeJIBHOM 3HAUYCHUU BCIIMYUNHBI AG ) r[pouecc nacT
CaMOHpOI/BBOHBHO B JAHHBIX YCJ'IOBI/ISIX.
AG = —nAEF,

II€ N — YUCJIO JIEKTPOHOB, YYACTBYIOIIUX B PEAKIIUH,
AE — 3J1C oKMCIUTEIbHO-BOCCTAHOBUTEIBHOTO MpoIlecca,
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F — sanextpoxumudeckas KoHcTaHTa (qucio Papajes).

Otcrona BUJIHO, YTO TEPMOJIMHAMUYECKUM YCJIOBUEM
OCYIIIECTBJIEHUSI TAKOTO OKHUCIUTEIbHO-BOCCTAHOBUTEIIBHOIO IIpoIecca
SABJISICTCS TIOJIOKUTENIbHOE 3HadyeHue sJekTpoaBwxkyiiend cuibl (31C),
BO3HUKAIOIICH 3a CUET pa3In4usi OKHUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX
IIOTECHIINAJIOB OKUCIUTEIISI 1 BOCCTAHOBUTEIIS:

) I[C = EOKI/ICJI. - EBOCCT.

B3aumooeiicmeue - memanna C 600011 u Kucjiomou-
HeoKuciumesiem

Cxema nporiecca B3auMOICHCTBUS METAJLJIA C BOJOM:

Mé’ + H,O — Me(OH), + H,

Cxema Tmpomecca B3aUMOJCWUCTBHSL METAUIAa C  KHCIOTOU-
neokuciaureneM (HCI, H,SO4pa3z0.):

Meé’ + H.An — MeAn, + H,

OxucauTelIbHOE JCUCTBHE 600bl W  KUCIOM-HEOKUcaumeneu
OCYIIIECTBIISIETCS 32 CUET MOHOB BOJIOPOJIA, CTAH/IAPTHBIN OKUCIUTEIIBHO-
BOCCTAaHOBUTEJIBHBINM MOTEHIHAI KOTOPOrO MPUHAT paBHBIM 0 (EOH/H=OB).
Orciona cnenyer, uyto JJIC OKUCIUTEIHLHO-BOCCTAHOBUTEIBHOIO
IpOoILIECCa B3AaUMOAEHUCTBUS METAJIJIa C BOJOU U KUCIIOTOM-HEOKUCIUTEIIEM
— TIOJIOKUTEIBHO B TEX CIydasX, KOTJa CTaHJIAPTHBIA OKHCIUTEIBLHO-
BOCCTAHOBMTEIILHBIN MOTCHIIMAJ METajljla (EOMe/Me) OOJIbIIIEC HYJIS.

[IpakTHueckoe OCYIIECTBACHUE TMOJO0HBIX pPEakKIMid BO3MOXKHO,
€CIIM MPU B3aUMOACHCTBUM METAJUIA, CTOSIIIETO B Py HAMNPSIKECHUS 0
BOJAOpPOAA, C BOJOM WM KHUCIOTOW-HEOKUCIUTEIEM O0pa3yroTcs
COOTBETCTBEHHO PACTBOPHUMBIN TMIPOKCHU]T WJIM PACTBOPUMASI COJIb.

I[TPUMEP 5: OueHure TEpMOAMHAMUYECKYHD BO3MOXKHOCTH
B3aumojenicteuss B cucreme [[UHK W BO/JA. llpoananusupyure
MPAKTUYECKYI0 BO3MOKHOCTh B3aUMO/JICVCTBUSA B CTAHJIAPTHBIX YCIOBUSIX,
Y4YUThIBasA pacTBOPUMOCTh TMPOAYKTAa peakuuu. Ecim  peaknus
MPAKTUYECKU BO3MOYKHA, COCTABBTE YPABHCHUE PEAKIIUHU.

Pemienne. OKUCIUTENBHOE JEHMCTBUE BOJBI OCYIIECTBISIETCS 3a CYET
MOHOB BOJIOPOJIa, CTaHAAPTHBIA OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIN
MOTEHIMAJI KOTOpOro NMpuHAT paBHbIM 0. CTaHIAPTHBIM OKUCIUTEIBHO-

BOCCTAaHOBUTEJIbHBIM ITOTEHIIMAT BOCCTAHOBUTEIIS EO(Zn2+/Zn) =-0,76B.
SJC = Eouen. — Esocer. = EX(H/H) - E°(Zn*"/Zn) = 0 — (-0,76) = +0,76B.
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OJC Oosnbliie HyJIA 3HAYUT C TEPMOJUHAMHUECKON TOYKU 3pPEHUS
peakiysi B3aUMOJICUCTBUSI IIMHKA C BOJOW MNpPU OOBIYHBIX YCJIOBUSX
OCYILIECTBAMA.

Opnnako, peanbHas BO3MOXHOCThH JIFOOOTr0 IMpolecca ONnpeaensieTcs
HE TOJIbKO TEpMOJAMHAMUYECKUM (akTopaM, HO M O00pa3oBaHUEM
PAaCTBOPUMBIX WJIM HEPACTBOPUMBIX IPOAYKTOB B3anMOACHCTBUsA. llpu
NEUCTBMU BOJABI Ha METAJJI B KauyeCTBE TAKOIO MPOJyKTa 00pa3yroTcs
ruapokcuabl MetamuioB. ['mapokcua umHka Zn(OH), manopactBopum u
npyu 00pa3oBaHWU IUICHKH 3TOr0 IMPOJAYKTa Ha ITOBEPXHOCTH ITMHKA
peaKkiysl MPaKTUUEeCKU Mpekpamiaercs. [Ipyu oOBIYHBIX YCIOBHSX ITUHK B
BOJIC HE PACTBOPUM.

I[TPUMEP 6: OneHute TEpMOAMHAMUYECKYID BO3MOXKHOCTH
B3aumojeiictBuss B cucreMe I[HHK W COJIAHAA KHCJIOTA.
[IpoaHanu3upyruTe MNPAKTUYECKYIO BO3MOXKHOCTb B3aUMOJCHCTBUS B
CTaHJAPTHBIX YCJIIOBUAX, YYUTHIBAs PACTBOPUMOCTh MPOAYKTA PEAKIIHHU.
Ecnu peakiys npakTHYE€CKA BO3MOXKHA, COCTABbTE YPABHECHUE PEAKIIHUH.
Pemienne. OKUCIUTEIBLHOE JEUCTBUE COJSHOM KHUCIOTHI (KHCIIOTa-
HEOKMCJIUTENb) OCYIIECTBIISIETCS 32 CUET MOHOB BOJOPOJA, CTaHIAPTHBIN
OKHUCJIUTEJIbHO-BOCCTAHOBUTEIbHBIM ~ MOTEHIHAT  KOTOPOrO0  HPHUHST
paBHbIM (. CTaHAAPTHBIN OKUCIUTEIILHO-BOCCTAHOBUTEIIBHBINA MTOTCHIUAI
Boccranosutens E'(Zn*"/Zn) = -0,76B.

SJC = Eouen. — Esocer. = EX(H/H) - E°(Zn*"/Zn) = 0 — (-0,76) = +0,76B.

OJC Oonblie HyIs, 3HAYUT C TEPMOJAMHAMUYECKOW TOYKH 3pPEHUS
peakiysi B3aUMOJICHCTBUSl IIMHKA C COJISTHOM KHCJIOTOM MpH OOBIYHBIX
YCIOBHSIX OCYIIIECTBAMA.

Opnnako, peanbHas BO3MOXHOCTh JIF0OOT0 mpolecca onpeaeisiercs
HE TOJIbKO TEpMOJAMHAMHYECKUM (akTopaM, HO M 00pa3oBaHUEM
PAaCTBOPUMBIX WJIM HEPACTBOPUMBIX IPOAYKTOB B3anuMoOACHCTBUsA. llpu
JNEUCTBUU KHUCJIOTHI-HEOKUCIIUTEISI Ha METall B KA4eCTBE TaKOro
npoaykTa o0pasyroTcs conu. Xjopuja uHka ZnCl, pacTBopuM W 1pu
OOBIYHBIX YCJIOBUSAX IMHK B3aUMOJCHCTBYET C COJITHOM KUCIIOTOM.

Zn + 2HCI = ZnCl, + H,

BOCCTAHOBHTENb 1| Zn —2¢ =7Zn°";  mpolecc OKUCICHHS

oxuciurens 1| 2H" +2e =H,;  mporecc BOCCTaHOBIIEHHS
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B3aumooeiicmeue memanna ¢ Kuciomoi-okuciumenem

Cxema mpomecca B3aUMOJCWUCTBHSL METaUIa C  KHCIOTOU-

OKUCJIUTENIEM:
M’ + H. 30, — conv + npodykm eoccmanoeénenus + H,O

K kucromam-oxucnumensam (OKUCIUTENIbHBIE CBOMCTBA IPOSBIISIET
aHMOH KHCJoTHOro ocrarka) otHocarca HClO4,, HCIO;, HNO;, H,SO,
(TOJBKO KOHIIEHTPUPOBAHHAS ), lIAPCKas BOJIKa (CMECh COJISTHOM M a30THOM
kucior). s ompeneneHuss  TEPMOAMHAMHYECKOW  BO3MOXKHOCTH
PAaCTBOPEHUSI METAJIOB B MOJIOOHBIX KHUCJIOTaX HEOOXOJIMMO BBIYMCIUTH
OJIC peakuum Kak pPasHOCTh MEXAY CTaHAAPTHBIMH OKHCIIHTEIBHO-
BOCCTAaHOBUTEJIbHBIMU MOTEHIIMAJIAMH JJIs1 POLIECCOB BOCCTAHOBJICHUS €€
AHUOHOB (WJIM HEAUCCOLMUPOBAHHBIX MOJICKYJ) M OKUCIICHUSI METaJlIa.

I[IpoaykTaMu BocCTaHOBIEHHs CynbhaT-noHoB SO,° MOIYT GBITH
okcua cepbl (IV) SO,, HeliTpanbHas cepa S unu cepoBogopon H,S, a
HuTpat-uoHoB NOs3;  — okcua azora (IV) NO,, okcun azorta (II) NO,
okcup azora (I) NO, monekynsapusiii a3otr N,, ammuak NHj3 wiau HuTpar
ammonust NHyNO;. CoctaB mnpoaykTa BOCCTAHOBJICHMS 3aBUCHT OT
YCJIOBUU MPOTEKAHUSI PEAKIMU: OT KOHIICHTPAIMU KHUCJOTHI, CTEICHU
YUCTOTHI METaJlJIa, OJTHOPOAHOCTH €r0 CTPYKTYPHI, HAIUUUM TIPUMECE U
T.IL.

Kak mnpaBwio, s y4deOHBIX ILie€JiIe, TPUMEHSIOT CIEIYIOIINE
JOMYIICHUS

TABJINLIA 2
Ha3zBanue AKTUBHOCTbH METaJIA ITpoayKTeI
KUCJIOTHI BOCCTAHOBJICHHUS
AKTHUBHBIC METaJIJIbI (EOMG/MG<-1 ,7 B) H,S
H,SO, CpenHeil akTUBHOCTH METAJUIbI S
(koHUEHTp.) | (-1 ,7B<E0M6/Me<0)
MaJji0aKTUBHbBIC METaJIJIbI (EOMe/Me>O B) SO,
AXKTHBHBIC METaJIJIbI (EOMe/Me<—1 ,7B) NH;, (NH4NOs)
HNO; CpenHeil akTUBHOCTH METAJUIbI N,
(pa30OasienH | (-1 ,7B<E0M6/Me<0)
as) Mai0aKTUBHBIC METaJIJIbI (EOMe/Me>O B) N,O (NO)
AKTUBHBIEC METaJIbI (EOMG/MG<-1 ,7 B)
HNO; CpenHelt akTUBHOCTH METAJLJIbI NO (N,O)
(koHUEHTp.) | (-1 ,7B<E0M6/Me<0)
MaJi0aKTUBHbBIC METaJIJIbI (EOMe/Me>O B) NO,
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OnHako  mpakTUYeckass  BO3MOXKHOCTH  JIFOOOTO  Ipolecca
OmnpeAeNsIeTCs HE TOJIBKO TEPMOJMHAMHYECKUM (HaKTOpoM, HO U
PaCTBOPUMOCTBIO TPOAYKTOB peakiMu. Tak rereporeHHbe IPOIEeCCh
OKHCJICHUSI METajjla B arpeCCUBHBIX Cpelax MOTYT TOPMO3UTHCS 3a CUET
o0pa3oBaHUs Ha TMOBEPXHOCTH MeETajlla HEPACTBOPUMOM IUICHKU
OpOAYKTAa JTOTO B3aUMOJICUCTBUS (maccueayus), TPENATCTBYIOIICH
NPOHUKHOBEHUIO YacCTHIl OKHMCJIMUTENSI K TOBEPXHOCTH  MeETasia.
KoHueHTpupoBaHHble cepHasi M a30THasi KHCJIOTbI MAaCCHBUPYIOT
’KeJ1e30 , Ko0aJIbT, HUKeJIb, AJJIOMUHUI, XPOM, TUTAH.

Fe, Co, Ni, Al, Cr, Ti + kony. HNO3; — Me,0, + NO, + H,0

Fe, Co, Ni, Al, Cr, Ti + kony. H;SO, — Me O, + S0, + H,0

I[TPUMEP 7: OueHute TEpMOAMHAMUYECKYID BO3MOXKHOCTH
B3aumojeictBus B cucreMe MEJ[p U A30THAA KHCJIOTA
KOHIEHTPUPOBAHHAAL. [Tpoananmu3upyire MIPAKTUYECKYIO
BO3MOXXHOCTh B3aUMOJCHCTBUS B CTAaHJIAPTHBIX YCJIOBUSX, YUMUTHIBas
pPacCTBOPUMOCTh TMPOJYKTA peakiuuu. Eciaum peakius NpakTUYECKU
BO3MO>KHA, COCTaBbTE YPaBHEHUE PEAKIIUHU.

Pemenne. OKHCIMTEILHOE JEHMCTBHE Aa30THOM KHMCJIOTHI (KHCJIOTa-
OKHUCJIMTENb) OCYIIECTBIACTCS 3a cueT HuTpaT-uoHoB NO;3 . CocraB
IPOJAYKTOB BOCCTAHOBJICHUS] KUCJIOTHI 3aBUCHUT OT aKTUBHOCTH MeETajla U
KOHIIEHTpAllMK KHUCJIOThl (CM. Tabnuiy 2). B paccMarpuBaeMoM ciydae
B3aMMOJICUCTBUS MAJIOAKTHBHOTO METala MEIU C KOHIIEHTPUPOBAHHOM
A30THOM KMCJIOTOM MPOJYKTOM BOCCTaHOBJICHHSI OyaeT okcup azora (IV)
NO,. CrangapTHbBI1I OKHUCIUTEILHO-BOCCTAHOBUTEIBHBIM IMOTCHIIAAI
E°‘NO;/ NO,) = +0,78B. CraHgapTHBIii  OKHCIHTEIBHO-
BOCCTAHOBHTENBHBI moTeHnrat Boccranosurenst E(Cu”/Cu) = +0,34B.
SJC = Eowen — Esocer. = E(NO5/ NO,) - E%(Cu*"/Cu) = 0,78 — 0,34=
+0,44B.

O/JC Oonbiie Hyms, 3HAYUT, C TEPMOJAMHAMUYECKON TOYKU 3PEHUS
peakuuys B3aUMOJCUCTBUS MEIW C KOHLIEHTPUPOBAHHOM a30THOMU
KMCJIOTOM MPU OOBIYHBIX YCIOBUSIX OCYIIECTBUMA.

OnHako peangbHasi BO3MOXKHOCTB JIF000T0 MpoIliecca ONpeaeseTcs He
TOJILKO  TEPMOJAMHAMHUYECKUM  (akTopaM, HO U  0Opa3oBaHUEM
PAaCTBOPUMBIX WJIM HEPACTBOPUMBIX MPOJIYKTOB B3auMozeicTBusa. Ilpu
NEUCTBUU KOHII. a30THOM KHUCJIOTHI Ha MEJb MPOJYKTaMU PEAKIIUU OYyIyT
Cu(NOs),, NO,; u H,O. B cBsizu ¢ xopoleld pacTBOPUMOCTBIO HUTpaTa
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MEJIY, MacCHUBAallUd TOBEPXHOCTH METa/lla HE IMPOUCXOIUT, U PEaKIUs
peajbHO OCYIIECTBUMA:
Cu+ HNO3(K) — CU(NO3)2 + N02 + HQO
BoccranoButens 2 |Cu — 2e = Cu”’ IPOLECC OKUCIIEHUS
okucautenb 1[NO3 + 2H" + ¢ —> NO, + H,0 MPOIECC BOCCTAHOBJICHUS
Cu+2NO; +4H" — Cu®" +2NO, + 2H,0
Cu + 4HNO3(K) — CUO\IO3)Q + 2N02 + 2H20

B3aumooeiicmeue memanna c 600HbIM PACHEOPOM ULETI0UU.

B BOmHBIX pacTBOpax WIEJIOYEN OKUCIUTEIBbHBIM JIEHCTBUEM
0o0JIalat0OT  MOJIEKYJIbI  BOJABI (32 CUET HOHOB H+). [TosTomy
TEPMOIMHAMUYECKAs] BOBMOXHOCTh OKHCJICHUS METAJUIOB B ATHUX CIydasix
ONPENEIACTCSA, KaK U MPU ACHCTBAM BOJbI, TTOJOKEHUEM METaia B Py
Hanpsi)KCHUH OTHOCHUTEIBHO BOJOPOAA. A HPAKTUUECKYIO BO3MOXHOCTH
OCYIIIECTBJICHUSI  JAHHOM  PEAKIMU  ONPEACNSeT  PAaCTBOPUMOCTD
MOJYYEHHOrO THUIAPOKCHIA B 1uenodyax. B wenouax pacmeopsiomcs
2UOPOKCUOBL, npoAsaAlOWUe ampomepHble CBOUCME (2UOPOKCUObBL
oepunusa, yunka, onosa(ll), arromunusn, xpoma (I1l) u m.o.),

15man Me+ HOH —Me(OH), + H;,
ecau amghomepHulil 2UOPOKCUO, MO
23man Me(OH), + ROH — R, [Me(OH),/
Me + HOH + ROH — R,[Me(OH),] + H,

I[TPUMEP 8: OuneHure TEpMOAMHAMUYECKYID BO3MOXKHOCTH
B3auMojenctBusi B cucreme I[[MHK U PACTBOP ['HJ[POKCH/IA
HATPUA. IIpoananusupyiire IIPAKTUYECKYIO BO3MOKHOCTb
B3aMMOJCHCTBUSI B CTaHJAPTHBIX YCJIOBUSX, YYUTHIBAsI PACTBOPUMOCTH
NpPOAYyKTa peakiuu. Ecim peakuyss NpakTUYEeCKH BO3MOXKHA, COCTABHTE
yYpaBHEHHUE PEAKIIHH.

Pemienue. B3anmogencTBrue merajia ¢ paCTBOPOM IIEIIOYU COCTOUT
U3 JBYX 3TanoB. Ha mepBoM 3Tamne B3auMOACUCTBYET METAJUI C BOJOU, U
eciau obOpasyercsi am(OTEepHbIM THAPOKCHI, TO HA BTOPOM IJTalle OH
B3aUMOJICMCTBYET CO LIEJIOYBIO.

B BOmHBIX pacTBOpax WIEJIOYEN OKUCIUTEIBbHBIM JIEHCTBUEM
00JIalat0T  MOJIEKYJIBl  BOJABI (32 CUET HOHOB H+). [TosTomy
TEPMOIMHAMUYECKAsI BOBMOXHOCTh OKHCJICHUS METAJUIOB B ATHUX CIydasix
omnpeaessieTcs, Kak U npu JeWCTBUU BOJABI (CcM. mpumep S5). B manHoMm
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Cay4yae €CTb TEPMOAWHAMUYECKAs BO3MOXHOCTh  OCYLIECTBJICHUSA
B3aMMO/ICVICTBHS IMHKA C BOJIOM.
Zn +2H,0 =Zn(OH), + H,

OOpa3oBaBIIMICSA TUAPOKCU] LIMHKA aM(OTEPHBIN, CIEAOBATEIBHO

B3aMMO/JICUCTBYET CO LIEIO0YbIO, T.€. MPAKTUUECKU PEAKIMS OCYIIECTBUMA.
ZI](OH)2 + 2NaOH — Naz[ZD(OH)4]

CymmapHO 1mponecc B3aWMOJICWCTBHS IMHKA C  PacTBOPOM

TUAPOKCUAA HATPUSI MOKHO MPEACTABUTH CIIEYIOIIUM 00pa3oM:
/n + 2H20 + 2NaOH — Naz[ZD(OH)4] + H2
BOCCTaHOBHUTENb 1|Zn — 2¢ — Zn>"  mpomecc OKUCIeHUs
oxucmutens 12H" +2e — H, IIPOLIECC BOCCTAHOBJICHUS
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WHJIUBUY AJILHBIE 3AJIAHUS

l.1.Acxons w3 CTENEHW OKHUCJICHHUS MOAYEPKHYTOTO  3JIEMEHTA,
ONPENETNUTE, KAKOE COCTUHEHNUE WJIM HOH SIBJISIETCS TOJBKO OKHUCIIUTEIIEM,
TOJIBKO BOCCTAHOBUTEIIEM M KAKOE MOYET MPOSIBJISITh KAK OKUCIUTEIIbHEBIE,
TaK ¥ BOCCTAHOBUTEIbHBIEC CBOMCTBA.

a) HCl, HCIO;, C104

6) S, H,S04, H,S05

B) MnO,, Mn, MnO,

r) H;PO;, PH;, PO4™

1) K,Cr,07, I, H,SO5

¢) O,, H,0O, H,0O,

k) Cr, Cr,03, CrOy4

3) H,S, KMnO,, HNO,

n) Cl,, MnOy’, SO,

k) C, HySe, Sn**

1.2. MoryT i1 IpOUCXOAUTh OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIC PEAKIINI
MEXIYy  BEIIeCTBaMH, MpuBeAcHHbIMM  HUxke? I[louemy?  OtBer
MOTUBUPYWUTE  PAacCCMOTPEB  CTEIECHb  OKHUCJCHHUS  IOJYEPKHYTHIX
DJIEMEHTOB.

1) NH; u KMnO,

M) PH; u HBr

H) Zn 1 HNO;

O) HN02 u HJ

n) HCl u H,S

p) KQCI'QO7 41 H3PO3

C) HNO3 )51 st

T) KMIlO4 51 I(NOQ

Y) AgNO3 141 H202

(b) 802 51 st

2. Tlomb3ysicb METOJOM DJJIGKTPOHHOro ©OanaHca (WM METOAOM
NOJIypeakiiuii), paccraBbTe KOIPQPUUHUEHTHI B JaHHOM YpPaBHEHUU
peakiuu. YKaXHUTe, KaKoe BEIEeCTBO SBIIACTCS OKHUCIHUTENEM, KaKoe-
BOCCTaHOBHUTeNIeM. PaccunTaiiTe SKBUBAJICHTHYIO MAacCy OKHCIUTEIIS.
OKHCIIUTEIHLHO-BOCCTAHOBUTEIbHAS PEAKITUS BEIPAXKAETCS CXEMOU

a) KBr + KBI'O3 + HQSO4 —> BI'Q + KQSO4 + HQO
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6) HQS + C12 + HQO — HQSO4 + HCI

B) NaQSO3 + KMIlO4 + HQO —> NaQSO4 + MIlOQ + KOH

1") PbS + HNO3 — S+ Pb(NO3)2 + NO + HQO

)I) KMIlO4 + NaQSO3 + KOH — KQMHO4 + NaQSO4 + HQO

e) KQS + KMIlO4 + stO4 — S+ KQSO4 + MHSO4 + HQO

)K) N&CI’OQ + Pb02 + NaOH — NaQCrO4 + NaszOQ + HQO

3) chr207 + HQS + HQSO4 — S+ CI'Q(SO4)3 + KQSO4 + HQO

1n) KMnO, + HBr — Br, + MnBr, + H,O + KBr

K) H3ASO3 + KMIlO4 + HQSO4 —> H3ASO4 + MIlSO4 + KQSO4 + HQO
J'I) FeS + HNO3 — FG(NO3)2 +S +NO + HQO

M) FGSO4 + KCIO3 + HQSO4 —> FGQ(SO4)3 + KCl1 +H20

H) KQCI'QO7 + HCI — C12 + CI'C13 + KCI + HQO

0) Au + HNO; + HCI — AuCl; +NO + H,0

H) Cd + KMIlO4 + HQSO4 —> CdSO4 + MIlSO4 + KQSO4 + HQO

p) Cr,0; + KCIO; + KOH — K,ClO, + KC1 + H,0

C) MIlSO4 + Pb02 + HNO3 —> HMHO4 + Pb(NO3)2 + PbSO4 + HQO
T) FGSO4 + chr207 + HQSO4 —> FGQ(SO4)3 + CTQ(SO4)3 + KQSO4 + HQO
Y) chr207 + H3PO3 + HQSO4 —> CTQ(SO4)3 + H3PO4 + KQSO4 + HQO
(1)) ASH3 + HNO3 —> H3ASO4 + N02 + HQO

3. Ouenure TEPMOAMHAMHUYECKYIO BO3MOXXHOCTh B3aMMOJCHCTBHUS B
CHUCTEMAaX, NPUBEACHHBIX HUXKE.

IIpoananusupyiire [IPAKTUYECKYIO BO3MOKHOCTb 3TOro
B3aMMOJICHCTBUSl B CTaHJIAPTHBIX YCJIOBUSX, YYUTHIBAs PACTBOPUMOCTh
OpoAyKTa peakuuu. Ecin peaknuss mNpoOTEKaeT, COCTAaBbTE YPABHEHHUE
METOJIOM 3JIEKTPOHHOTO OajaHca.

a) aJJIOMUHUN B KOHLICHTPUPOBAHHOW CEPHOU KUCIIOTE U IIMHK B PACTBOPE
NaOH.

0) LMHK B KOHIIGHTPUPOBAHHON CEpHOM KHCIOTE W QIIOMUHUN B
pactBopeNaOH

B) MeIb B KOHIICHTPUPOBAHHOW a30THOW KHCJIOT€ M OJOBO B PacTBOPE
KOH

I') BUCMYT B KOHIIEHTPUPOBAHHON a30THOM KHUCJIOTE€ W IMHK B PacTBOpE
KOH

1) MarHuii B KOHIIEHTPUPOBAHHOW CEpHOW KHUCJIOTE U MEAb B PaCTBOPE
NaOH

€) Me/b B pa30aBJICHHON a30THOM KUCIJIOTE 1 0JI0BO B pacTBope NaOH
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) MelIb B KOHIIEHTPUPOBAHHOW CEPHOM KHUCIOTE U TalWil B pacTBOpE
KOH

3) MarHui B pa30aBJICHHOM a30THOM KUCIOTE U XpoM B pacTBope NaOH

M) IMHK B KOHIICHTPUPOBAHHOW CEPHON KUCIIOTE M OEpUIUN B pacTBOpE
KOH

K) BUCMYT B KOHIEHTPUPOBAHHON CEPHOUN KHUCIOTE U 30JI0TO B PACTBOPE
NaOH

J) IIMHK B pa30aBJICHHOW cepHOI KuciioTe U XpoM B pactBope KOH

M) MEIb B KOHLEHTPUPOBAHHOW COJSTHOM KHUCJIOT€ WU QIIOMUHUA B
pactBope NaOH

H) KOOaJIbT B pa30aBI€HHOMN a30THOM KUCJIOTE U cepeOpo B pactBope KOH
0) MapraHel] B KOHIIEHTPUPOBAHHON CEpPHOM KUCJIOTE U TaJIMil B pacTBOPE
KOH

1) BUCMYT B KOHILICHTPUPOBAHHOI a30THOW KHMCJIOTE U MEIIb B PacTBOpE
NaOH

p) KOOaIbT B KOHUEHTPUPOBAHHOM a30THOM KHUCIIOTE M LIMHK B PacTBOpE
NaOH

C) UMHK B KOHIIEHTPUPOBAHHON a30THOW KHCJIOTE€ M aJIOMUHUN B
pactBope KOH

T) MapraHell B KOHUEHTPUPOBAHHOM COJSTHOM KHCIOTE U OJIOBO B
pactBope KOH

y) MeAb B KOHIIEHTPUPOBAHHON a30THOM KHCIOTE W rajuid B pacTBOpE
NaOH

¢) Maruuii B pa30aBiaeHHON CepHOM KucioTe U 6epunuii B pacteope KOH



