OEIEPAJIBHOE ATTEHTCTBO 110 ObPA3OBAHHNIO

Huzkeropoackmii rocynapcrBeHnblii ynupepeurer um. H.M. JlodbaueBckoro

OKUCJIMTEJBHO — BOCCTAHOBUTEJIBHBIE PEAKIIUU

KoHcnekT nekuuil no Kypcy HeOpraHu4eCcKo XuMuu

s ctynentoB HHI'Y, oOyvaromuxcs mo HammpaBJICHUIO MOJATOTOBKH
020100 “Xumua” u cnenuanbHoctam 020101 “ Xumua”, 020801 “ Dxkonorus”,
240306 “ Xumuueckasi TEXHOJIOTUSI MOHOKPHUCTAIIJIOB, MAaTepUaJIOB U U3EIHMA

AIEKTPOHHON TEXHUKH

Hwxunit Hosropon

2012



VJIK 541.15
BBK 24

OKUCJIUTEJIBHO - BOCCTAHOBUTEJIbHBIE PEAKIUMN.
CocraButens: Cubupkun A.A. KOHCHEKT JeKIMid MO Kypcy HEOpraHU4ecKOn
xumuu. — Huxuuit Hosropon: Huskeropoackuii rocynusepcutet, 2012. —c.

Penensenr:

B BOCBbMOI yacTHW KOHCIEKTa JICKIIUA PaCKpPBIBAIOTCS OCHOBHBIE TMOHSITHS
TEOPUU  OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX  pEakIui, CUCTEMaTU3UPYIOTCS
CBOMCTBA BaXXKHEHIITUX OKUCIUTEICH U BOCCTAHOBUTEIEH M MPUBOASITCS TPOTYKTHI
X XMMHUYECKOTO MPEeBpaIleHUs B pa3IUYHBIX cpefax. Ha KOHKpETHBIX mpumepax
W3JIaraloTCs METOIbl PACCTAHOBKU KOA((PUIIMEHTOB B YPAaBHEHUSIX OKUCIHUTEIIHHO-
BOCCTAHOBUTEJILHBIX PEAKITUH.

Koncnekr nekuuit npeaHasznauex s cryaentoB HHI'Y, oOyuaromuxces mo
Hanpapiennto moaroroBku 020100 “Xwumus” wu cnenumanpHocTsM 020101
“Kumua”, 020801 “Dxomorus’, 240306 “XumMuuyeckasgs  TEXHOJOTHS
MOHOKPHUCTAJIJIOB, MAaTEPUAJIOB U U3JACJIMK SJIEKTPOHHOU TEXHUKH .
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OkHCcANTEIbHO-BOCCTAHOBHUTEIbHbIE PE€aKIUuu

OcHOBHbBIE IIOHSITHSI K OTIPeIeIeHHA.

OKHCIUTEIBLHO- BOCCTAHOBUTEIBHBIE PEAKIIMU - 3TO PEaKIUH,
COIPOBOKAAIOIINECS N3MCHEHHEM CTEIIEHN OKHMCICHUS XOTSA Obl OJJHOTO
JJIeMEHTa. 3aMETHM, YTO HM3MEHCHHE CTEINCHH OKHCICHHUS 3TOrO
DJIEMEHTAa  HEM30EKHO  CONMPOBOXKIACTCS  M3MEHECHHEM  CTCIICHU
OKHCJICHHSI JPYTOT0 3JIEMEHTA.

[ToBbIllICHUE CTENCHU OKMCIACHMS 3JEMEHTa O3HAYaeT, YTO JTOT
9JIEMEHT OKucisgeTcs. [Ipolecc OKUCIICHHUS COMPOBOXKAACTCS OTHavei
SJIGKTPOHOB.  DJIEMEHT,  KOTOpBIM  OKHCIIIETCSA,  HA3bIBACTCS
BOCCTAHOBHTEJICM.

[ToHM)KEeHUE CTEIEHW OKHCJICHMS JJCMEHTa 03HA4YaeT, YTO JTOT
9JIEMEHT BOCCTaHABJIMBACTCS. IMporiecc BOCCTaHOBJICHHS
COIPOBOXKAAECTCS  NPUHATUEM  JJIEKTPOHOB.  DJIEMEHT, KOTOPHIM
BOCCTAHABJIMBACTCS, HA3BIBACTCS OKMCIUTEIICM.

JIrobast OKUCIMTEIIbHO-BOCCTAaHOBHTENbHAS (anen. red-ox reaction)
peakiuss MOKET OBbITh MPEACTaBlIcHA COBOKYIIHOCTBIO IPOILIECCOB
okuciecHus (anen. oxydation) u BocctanoBienus (axen. reducing).

[osypeaknusi - 3T0 ypaBHEHHE, OTPAKAIOIIEe B3aUMHBIA MEPEX0]]
IBYX Ppa3IW4YHBIX (OpM XUMHYECKOro odyieMeHTa. Ta  Qopma
XAMHUYECKOTO DJIEMEHTa, B KOTOPOW TpEICTaBIcHA Oojiee BBICOKAS
CTCIICHb OKHUCJICHUS 3TOTO JJICMCHTA, Ha3bIBACTCS OKHUCICHHOW (awer.
oxydized). Ta ¢popma, B KOTOpOIl HAXOAUTCS FJIEMEHT B 0OJIee HHU3KOM
COCTOSIHMM OKHCJICHMS, Ha3bIBaCTCS BOCCTAHOBJICHHOU (aren. reduced).
Oxucnennas  ¢opma, nOpuHUMAs  BJIEKTPOHBI, MEPEXOJAUT B
BOCCTaHOBJICHHYIO (pOpMY.

B o611em cirydae nmosrypeakiiys 3anichbiBacTCs B BUE

Ox + z2e — Red.

U COJICPKUT B SIBHOM BHJI€ YHUCJIO Z OTJABAEMBIX M TNPUHUMAEMBIX
AJEKTPOHOB. DTO YMCJIO Z SIBISIETCA TAK)KE DKBHUBAJICHTHBIM YHUCIOM
(MHOXHTENEM, (AKTOpPOM) KaK OKHUCICHHOH, TaK U BOCCTaHOBIICHHOW
(opMbl. DKBHUBAJICHTHOE YHUCJIO MPUBJIEKAECTCS MPU PEIICHUH 3a4ad C
NPUMEHEHUEM 3aKOHA SKBUBAJIEHTOB.

B 51eBoii 1 mpaBoil YACTAX MOMYPEAKIUH JOKHBI ObITh PABHBIMU
CyMMapHbl€ 4YHCJa aTOMOB BCEX 3JIEMEHTOB W OOUIMK 3aps]l BCEX
YaCTHUL], BKJIFOYAs 3JIEKTPOHBI.
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[Ipumep 1. Ilonypeakuusi, oTpakaromiasi BOCCTAHOBJICHHE HOHOB
xenesa (111) B kucnoii cpene, uMeeT BU:

Fe +e — Fe.

OkwucieHHas (popMa TpecTaBisier coboii Fe*. Ha 9To yka3bIBaroT
JBa Mpu3HaKa. Bo-nepBbIX, XUMUUECKUI 3JIEMEHT KeJe30 B 3TOM (hopme
oOiamaer Oojiee BBICOKOH cremeHbpto okuciacHus (+3). Bo-BTopbIx,
UMEHHO K JToi (opMe B ypaBHEHUH TOIYPEAKIIUU JTOOABIISIOTCS
QJIGKTPOHBI, YTO COOTBETCTBYET YPaBHEHHUIO IOJIYPEaKIMU B OOIIEM
BUJIC.

B 1npeoOpazoBanHoM  (OOpalieHHOM) BHJE, OTpaKaloIIeM
MPOTHBOIMONOXKHBIA ~ mporecc (OKHCICHHE MOHOB Kkenesa e,
TIOJTypEaKIUs 3aIUCHIBACTCS B BUJIC

Fe' —e — Fe¥.

Tenepb B JI€BOM YAaCTH OKA3bIBACTCS BOCCTAHOBJICHHas (opma
(Fe™), a B mpasoii — okuciernnas (Fe®). 3amernM, uto mpupoma STHX
¢dopM ocTanack TOM ke HEe3aBUCUMO OT (DOpPMBI 3anucu noaypeakiuu. B
a000M  ciiyyae OKHUCIEHHass (opMa TpUHUMAET »HJICKTPOHBI, a
BOCCTaHOBJICHHAsI — OTJIA€T UX.

IIpumep 2. BoccTaHoBIeHHE NTEpMaHTaHAT-UOHOB B KUCJION cpejie
OTPAXKAETCs MOJIypEaKLuen

MnO, +8H" +5e — Mn*" + 4H,0.

31ech OKHUCIIEHHON (OpMOM SIBIISIETCS COBOKYINHOCTh YAaCTHII
MnO, +8H", conmepxamias Hapamy C JpYyTMMH aTOMaMH, He
U3MEHSIONIUMHU CTEMNEeHb OKHCIICHHS, aTOMbl MapraHila B COCTOSHUU
okucieHus +7. Ora ¢dopMa IPUHUMAET AJIEKTPOHBI U TMPEBpAIlaeTCI B
BOCCTAaHOBICHHYIO (Gopmy Mn®" +4H,O (BMecTe), B KOTOPOH aTOMSI
MapraHiia HaXxoJATcsl B 0oJjiee HU3KOM cTeneHu okucieHus +2. B takom
NOHMMAaHUM OKHUCJICHHas W BOCCTAaHOBJICHHAas (OpPMBI OTBEYAIOT
MOJIypEeaKiuu B O0ILIEM CiTydae.

[Tpu HeoOXOAUMOCTH BCETJIa MOKHO YTOUHUTD, YTO COBOKYITHOCTD
gyactur, MnO, +8H" mnpencraenser coGoif  OKuCIEHHYIO (HoOpMy
XUMHUYECKOTO JIEMEHTa MapraHIia, YT0 BOCCTAHOBJICHUIO MTOIBEPraloTCs
HE TIepMaHTaHAT-UOHBI KaK TAaKOBbIE, a TIEPMAHTaHAT-UOHBI COBMECTHO C
MOHAMH BOJIOPOJIa B 3TON COBOKYITHOCTH.
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Knaccupukanuss OKHCIMTEIBbHO —  BOCCTAHOBHTEIbHBIX
peakuuii. Paznuuaror YeThIpe KJlacca OKUCJIIUTEIBHO-
BOCCTAHOBUTEJIbHBIX PEAKIIUAM.

1. MexMoIeKyIsIpHOe OKHUCIIeHUe-BoccTaHoBeHue. [Iporiecc, B
KOTOPOM aTOMbl OKHMCJIUTENSI U BOCCTAHOBUTENSI HAXOIATCS B COCTaBe
pPa3HBIX BEIIECTB.

S + 02 — 802.
S —4e — S™
O, +4e — 2072

2. BHYTpUMOAECKYIIPHOE OKHCJICHHE-BOCCTAHOBJICHUE.
OKHCIUTENBHO-BOCCTAHOBUTEILHOE MPEBPAIICHUE MPOUCXOIAUT MEXIY
IBYMSI Pa3JIMYHBIMM aTOMaMH, HAXOIAIIMMHUCSA B COCTaBE OJIHOU
YACTHIIBI.

2KClO3; — 2K CI + 30..
Cl™+6e — CI'},
20 % -4 — O,

3. JcnponopurMoHupoBaHue —  93TO OKHUCIIUTEIbHO-
BOCCTAaHOBHUTEJIBHBIM TPOLECC, B KOTOPOM YaCTULBI, COJIEPIKAIINEC
HEKOTOPBIA XUMHMYECKUM DJJEMEHT B IPOMEXKYTOUYHOM CTEIEHU
OKHWCJICHHUSI, MPEBPAILAIOTCA B YaCTHUIBI C OoJee BBICOKOW U Ooree
HU3KOW CTENEHBIO OKUCIIEHUS 3TOTO JJIEMEHTA.

Cl, + 2KOH — KCl + KCIO + H,0.
cl’+e —»cCl't
cl’-e — CI™,

4., KoHnoponopiimoHUpoBaHue — ATO OKUCJIUTEIILHO-
BOCCTAaHOBUTEJIBHBIM TMpPOIECC, B KOTOPOM M3 YaCTHIl, COJEPHKaIIUX
OJINH U TOT € DJIEMEHT B Pa3JIMUHbBIX CTETICHSIX OKUCJIEHUsI, 00pa3yeTcs
COCMHEHME DJIEMEHTA C TPOMEKYTOUHOM MO CPABHEHHUIO C UCXOIHBIMU
CTENEHBIO OKUCJIEHUS.

SOZ + 2H28 — 3S+ 2H20
S*+4e —» &
S?-2 — S
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CBsi3b OKHCJIUTEJbHBIX M BOCCTAHOBHUTEJIbHBLIX CBOWCTB
BCIIECTB CO CTENECHbI0 OKHCJICHHMSI BXOAAIIUX B HX COCTaB
XHMHYECKHX IJIeMEHTOB.

Ecmnm B coctaB cOe€IMHEHWA BXOJIWT XHMWYECKUUA DJIEMEHT B
BBICIIICH CTEIIEHU OKHMCJIEHUS, TO 3TO COCTMHEHUE HE MOYKET OKUCIISITHCS
Janplie, T.€. IMPOSBISATH BOCCTAHOBUTEIIBHBIX CBOMCTB 3a CUET 3TOTO
aneMeHTa. HampoTuB, NOHMXKEHHE CTENEHU OKHUCICHHS SIBISETCS
3aKOHOMEPHBIM M XapaKTEPHBIM HAIIPABICHUEM MPEBPALICHUS 3TOTO
AJIEMEHTA, a 3HAYUT, OH CIIOCOOEH MPOSBIATH OKUCIUTEIbHBIE CBOMCTBA.
OTU CBOKCTBA MPOSBIIOTCS KaK B MEKMOJCKYJSIPHBIX Tporieccax (B
NPUCYTCTBUU BEIICCTB-BOCCTAHOBUTEIICH), TaK 17| BO
BHYTPUMOJICKYJISIPHBIX PEAKIIUAX.

KNO3; + Pb — KNO, + PbO,
2KNO; — 2KNO; + O..

3aMeTI/IM, 4qTO IpOoHECChl JUCIIPOIMOPHHUOHHUPOBAHUS HCBO3MOKHBI
JJ11 JIEMEHTA B BBICIIICH CTEIICHU OKHCJICHUA, ITOCKOJIBKY 3TOT 3JICMCHT
HE CMOXKET ITOBBICUTH CTCIICHb OKUCJICHUS.

Ecan B cocrtaBe coegWHEHHMS HAXOIUTCA DJIEMEHT B HHU3IIEM
COCTOSIHUM OKHUCJIEHHUsI, TO Oojee TJIyOOKO€ €ro BOCCTaHOBJICHUE
HEBO3MOJXKHO, 1 OH HE MOXET OBITh BOCCTaHOBUTEIEM. Ho MOBEHIIIIEHNE
CTCIICHM OKHCJIEHHS  DJIEMEHTAa  OKa3bIBaeTCd  BO3MOJXKHBIM U
XapaKTEpHBIM HaIpaBJICHUEM MPEBPAIICHUS ATOTO dJIEMEHTA, a 3HAYUT,
OH CHOCOOEH MPOSBISATH BOCCTAHOBUTEIbHBIE CBOMCTBA. DTHU CBOMCTBA
IPOSIBIITIOTCSA KaK B MEXMOJICKYJISIPHBIX Iporieccax (B IPHCYTCTBUH
BEII[CCTB-OKUCIIMTENICH), TAK M BO BHYTPUMOJICKYJIIPHBIX PEAKITUSIX.

H28+ |2—>S+ 2H|,
st—) H2+S.

HeB0O3MOXHOCTE TIOHWKEHHUS CTEIIEHW OKUCJICHHUS O3HA4aeT, 4UTo
TUIA ATOTO DJIEMEHTAa MPOLIECCHI JTVCTPONOPIIMOHUPOBAHUS
HEOCYIIECTBUMBI.

Ecim B coctaBe coeguHEHHUS  JJIEMEHT  HaxXOJUTCS B
IIPOMEXKYTOUYHOU CTEINEHU OKUCJIECHUSA, TO DTO COCIAMHEHUE MOXKET
MPOSIBIIATh KAK OKUCIUTENIbHbBIE, TAK U BOCCTAHOBUTEIIbHBIE CBOWCTBA B
3aBUCUMOCTHM OT MPUPOJbI BTOPOrO YyYaCTHHKA peakuuu. Takoe
[IOBEJICHUE BEIIeCTBAa Ha3bIBACTCS OKHMCIMTEIbHO-BOCCTAHOBUTEIbHOM
JIBOMCTBEHHOCTBIO.

© 1991-2012 A.A.Cubupkun



7

2CrCl; + Zn — 2CrCl, + ZnCl,,
2CrCl3 + 10NaOH + 3NaNO3; — 2Na,CrO, + 3NaNO, + 6NaCl + 5H,0.

OKuCIUTENbHO-BOCCTAHOBUTEIbHASI JIBOMCTBEHHOCTh JIOMYCKaeT
npeobiaiaHue JJig JTaHHOTO BEIIECTBAa OKHUCJIMTEIBHBIX CBOMCTB Haj
BOCCTaHOBUTEJIbHBIMU UJIX HA00OPOT.

s 2IEMEHTOB B IPOMECKYTOUYHOM  CTCIIEHH  OKHMCJICHUS
BO3MO>KHBI POIECCHI JUCTIPONIOPIIMOHUPOBAHUS, MOCKOJIbKY
MPOMEXKYTOUHBIM  XapakTep CTENEHW OKUCICHHUS  Mpeamnoyaract
BO3MOJKHOCTD KaK €€ MOBBIIICHUS, TaK 1 €€ TOHMKCHUS.

3Cl, + 6KOH — KCIO; + 5KCl + 3H,0,
3KoMnO, + 2H,0 — 2KMnO,4 + MNnO, + 4KOH.

Ecin B coctaB coeaqMHEHUS BXOIUT HECKOJIBKO XUMHUYECKUX
AJIEMEHTOB, TO HYXXHO paccMaTpuBaTh BO3MOXXHOCTb OKHCIMTEILHO-
BOCCTAaHOBUTEJIbHOTO MPEBPAICHUS KaXKJI0T0 U3 HUX IO OTJIECIbHOCTH U
naigee — B coBokynmHocTu. Hampumep, nonoBomopon HI sBasiercs
BOCCTaHOBHUTEJIEM 3a CYET aToMa Hoa | © ¥ OKMCIHMTENEM 3a CUeT aToMa
Bomopoxa H™.

4H| + O, — |, + 2H,0,
2HI + Zn — Znl, + H,.

DTO — JIB€ HE3aBHUCUMBIC JAPYTr OT APYyra TPYIIbl OKUCIUTEIbHO-
BOCCTAHOBUTEJIbHBIX CBOMCTB MOJ0BOIOPOA.

PaccmarpuBas Mosiekylly MWOAOBOAOpPOJA KAk COBOKYITHOCTH
aTOMOB, MOXHO OTMETUTh, YTO ATO BEIIECTBO CIIOCOOHO MPETEPIECBAThH
TaKk’K€  BHYTPUMOJEKYJSIDHOE  OKHCJIUTEIbHO-BOCCTAHOBUTEIBLHOE
MpPEBpaIICHUE, HApUMEP, TEPMHUUYECKOE PA3JOKECHUE Ha IPOCTHIC
BEILIECTBA.

2HI — H2 + |2.

Baxkueilliue OKHCIMTEJM M NPOAYKTHI HX MpPeBpalleHUs.
PaccMoTprM CBOMCTBA Ba)KHEWIIIMX BEIIECTB, YaCTO HCIIOJIb3YEMbBIX B
Ka4yeCTBE OKUCIUTEIIECH. [IpeBpallieHne OKUCIUTENEN B XOJI€ U3JI0KECHUS
Oyager  mepenaBaTbCs  MOCPEACTBOM  TOJYPEAKLHM,  KOTOpBIE
noTpeOyIOTCs B JaJdbHEUILEM Il PACCTAHOBKU KO3((UIIMEHTOB U MPHU
U3JIOKEHUU BOIIPOCOB DIEKTPOXUMHH. 3aAMETUM, YTO BCE MOIYPEAKIINH,
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XApAaKTEPU3YIOIINE OKUCIUTENN, COAEPKAT OKHUCICHHYI (opmy
AJIEMEHTa B JIEBOM YacTu. B Ty *e 4acTh mosiypeakiuu A00aBIsIOTCS U
DJIEKTPOHBI.

1. Mousl Bogopoaa v Boga. OKUCIUTEIBHBIM IEUCTBUEM 00JIaIAI0T
PacTBOPBI BCEX KUCJIOT MO APpPEHUYCY 3a CUET 00pa30BaHUs B pacTBOPE
B pe3yJIbTaTe AUCCOLMAIMA KATHOHOB Bogopoja (0ojiee CTPOro — HOHOB
THAPOKCOHUs). IIpOJyKTOM HX BOCCTAaHOBJICHHS SBISCTCS IPOCTOC
BEIIIECTBO BOJIOPOI.

2H" + 26" — H, wim
2H;0" + 2 — H, + 2H,0.

3amMeuanue. B HEOpraHM4eckol XHWMHHU BCTPEYAETCA MOHSTHE O
KMCIIOTaX-HEOKUCIUTENAX. K HUM OTHOCAT TaJOr€HOBOJOPOIHbBIC
KUCJIOTBI, BOJHBIE PACTBOPHI  CEPOBOAOPOAA, CEIECHOBOJIOPOAA,
TEJUTypOBOJIOPOJIa, OPTaHUYECKHWE KapOOHOBbIE KHCIOThI. C TOUYKH
3pEHUsI OCHOBHOI'O TIOJIOKEHHSI ITOrO pasliesla BCE 3TH COCIUHEHUS
CIEAYyeT OTHOCUTh K OKHUCIHUTEISIM, IOCKOJbKY WX IPUCYTCTBUE B
pacTBOpe OOYCIIOBJIMBAET IMOSABJICHUE B HEM HOHOB BOAOPOJAA,
00J1a/1af0IIUX OKUCIUTEIbHBIM JICUCTBUEM, HAIIPUMED, IO OTHOIICHHIO K
AKTUBHBIM MeETajulaM. OJTO pACCYXJCHHE BBIABISACT HETOYHOCTD
TEPMHUHA «KHUCJIOTa-HEOKUCIUTENb». (CTpOoro TroBOpsi, OTCYTCTBHUE
OKHCJIUTEIIbHBIX CBOMCTB MPOSIBJISIIOT HE CAaMU KHUCJIOTHI, 4 UX AHUOHBI.

TepMuH mnpuoOpen pacnpoCTpaHEHHWE B COBOKYIMHOCTH C €ro
AHTUIIOJIOM — «KHUCJIOTa-OKUCIUTENb». K KHCI0TaM-OKHUCIUTEISM
OTHOCATCA CE€pHasi, a30THAs, XJIOPHOBATUCTAs, XJIOPUCTAsA, XJIOPHOBATAas,
XpOMOBasi, MaprasieBas KUCIOThl. KHCHIOTBI-OKHACIUTENN MTPOSBISIOT
OKHCJIUTENBHOE JEHUCTBUE HE CTOJBKO 3a CYET JAUCCOUHMAIMU C
OTIICTUICHUEM HOHA BOAOPOJid, HO TJaBHBIM oOpa3om Omnarojaps
OKHCJIUTEJIbHBIM CBOMCTBAM CaMOTO aHMOHA KHCJIOThI, KOTOPOE, KCTATH,
B KUCIIOW cpene ycunuBaercs. l[IpeBpalieHusi KHUCIOT-OKUCIUTEIIEH
3aCIyKUBAIOT OTJIEITBHOTO PACCMOTPEHUs (CM. Janee).

Bopa sABnsiercss MeHee CUIIBHBIM OKHCIMUTENEM, YEM HWOHBI
BoJoposa. OHa TakKe BOCCTAaHABJIMBACTCS 1O IIPOCTOrO BEIIECTBA
BOJIOpoAAa. B KHCIOM cCpelne BOCCTAHOBIIEHUE BOIbI OTPAXKAETCS
[IPUBEACHHON BBILIE IIOJYyPEAKUUEH, B HEUTPAIbHOW WIIM IIEIOYHOU
cpelle MPOLECC 3alUChIBAIOT B BUE

2H,O +2e — H, + 20H .
© 1991-2012 A.A.Cubupkun



[Iporiecc  BOCCTAaHOBJIEHUSI HMOHOB  BOAOpPOJA WA  BOJBI
OKa3bIBAECTCSl E€JUHCTBEHHO BO3MOJKHBIM, €CJIM B BOJHOM pPacTBOpE
JIpyTry¥€ OKHUCIUTEIM OTCYTCTBYIOT. Hampumep, npu mnoMeleHuu
AKTUBHOTO MeETajlla B BOJYy IIPOMCXOAUT BBIJACICHUE BOJAOpPOJA H
00pa3oBaHUE TMAPOKCHIa 3TOr0 METasa.

2. Tlpocteie BemecTBa HeMeTauibl. OHM BOCCTAaHABIMBAIOTCS 0
COCTMHEHU ATHUX HEMETAUIOB B OTPHUIIATCILHOW CTEIICHH OKHUCIICHHSI.
Hamnpumep, rajioreHsl He3aBUCUMO OT PEAKIIMHU CPEIbl MPEeBpaIiatoTCs B
rajoreHua-uoHsl. Cepa B IIEIOUYHOU cpene oOpasyeTr cyiab(Pua-uoH, a B
KHCJION — CEPOBOIAOPOI.

F+2e — 2F,
Cl, +2e — 2Cl,
Br, + 2e — 2Br,

I, +2e — 21,

S+2e > S,

S+2H" +2e — H.S.

3. Ilepokcua Bomopoma (H;O,) m anmonsl nepokcokucior. [Ipu
BOCCTAHOBJICHUH OHH MPEBPAIIAIOTCS B BOAY U AHHOHBI OKCOKHUCIIOT.

H,O, + 2H" + 26" — 2H.,0,
S,04° + 26 — 2S04°.

4. O30H O3 BOCCTaHABIMBAETCSA CUIBLHBIMUA BOCCTAHOBUTEISIMU 10
BOJIbI B KMCJIOW cpeie. B 3ToM mpoluiecce BOCCTAaHOBATCSA BCE TPU aTOMa
KUCIIOPOAA.

MeHee CHIIbHBIE BOCCTAaHOBUTEIHN IPEBPALIAlOT 030H B KUCIIOPOX
O, u Bogy H,O, nmpuueM yuciao MoOJEKysl KHUCJIOpPOAAa M O30HA B ATOM
NOJIYPEAKLIUA OJJUHAKOBO.

O; + 6H" + 66 — 3H,0,
O3+ 2H" + 26 — H,O + O,.

5. Oxkcuapl W THAPOKCHUIIBI METAJIOB B BBICOKOW CTENEHU
okucieHus. I[Ipogykramyu BOCCTAHOBJICHUS SIBIISIOTCS HMOHBI 3TUX
3JIEMEHTOB B MEHBIIEH MOJIOKUTEIBHON CTEIIEHU OKHUCIJICHUS, PEKE —
MPOCTHIC BEIIECTBA.
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PbO, + 4H" + 26" — Pb** + 2H,0,
MnO, + 4H" + 26 — Mn?* + 2H,0,
NiOOH + 3H* + e — Ni%" + 2H,0,

Ag,0 + 2H" + 2e° — 2Ag + H,0.

6. Kucnoposnconepxkamme KHCIOTHI W WX cond. llpupona
IIPOAYKTOB BOCCTAHOBJICHHUS OTPEACIACTCS CUJIOH BOCCTAHOBUTENS H
XapaKTepoM cpeibl (Kucias, HeWTpaiabHas, MeI0uHas).

6a. Ilepmanranat-uod MnO, BoccTaHaBiIMBaeTCsI OO WOHOB
Mapraiia Mn®* B kucioi cpede, A0 TUAparta JUOKCHIA Maprasiia
MnO(OH), B HelTpaJIbHOI MIIH CIa0O0IICIIOYHON Cpeiax, 10 MaHraHaT-
nona M nO42_ B CWJIBHOILIIEJIOYHOW cpeae. OTMETHM, YTO BMECTO TujipaTa
nuokcuna mapraaia MNO(OH), B ypaBHeHUSX peaknuii AJis MPOCTOTHI
4acTo MpUBOAIT 0e3BoiHOE BerecTBo MNO..

MnO, +8H" +5e — Mn*" + 4H,0,
MnO, + 4H" + 3¢ — MnO(OH), + H,0 wu
MnO, + 4H" + 38 — MnO, + 2H,0,
MnO, +e — MnO,*.

60. XpoMaT M IUXPOMAT-UOHBI BOCCTAHABJIMBAIOTCSI 1O HOHOB
xpoma Cr** B xumemoit cpeme, mo ruapokcmma xpoma Cr(OH)s B
HEUTpAJIbHOM W CIA0OINIEIOUYHON cpelax, /0 TeKCaruapoKCoXpomart-
ronoB [Cr(OH)e]®™ B menounoii cpexe.

Cr,0/ + 14H" + 6e — 2Cr** + 7H,0,
CrO,* +5H" + 3¢’ — Cr(OH); + H,O mu
CrO,* + 4H,0 + 3¢ — Cr(OH); + 50H",

CrO4* +4H,0 + 3¢ — [Cr(OH)¢]> + 30H".

6. Kucinoponaconepxaiiye KHCIOTHI TAJIOIC€HOB W HMX AHUOHBI
BOCCTaHABJIMBAIOTCS 10 MPOCTBIX BEUIECTB TaJIOTEHOB B KHUCJIOW cpene
npu U30BITKE OKUCIUTENS U A0 rajJOT€HHUI-UOHOB B M30BITKE CHIIBHOTO
BOCCTAHOBUTEIA. B 11€104HOM Cpelie 3T YaCTHUIbl BOCCTAHABIMBAIOTCS
710 TaJIOTE€HUI-MOHA HE3aBUCHUMO OT CHJIbI BOCCTaHOBUTENA. B nmpumepax
NOJIypeaklMil MPUBEAEM TOJBKO PEAKIMU KHUCIOPOACOACPKAIIUX
KHCJIOT XJIOpA U UX COJIEH, MPOLECCHI I aHAJIOTUYHBIX MPOU3BOJAHBIX
OpoMa M 0Jja OTpa)KarTCs 3TUMU K€ MOJypPEaKIUsIMUA MOCJIE 3aMEHBI
CHMMBOJIa XJIOpa HA CUMBOJI OpoMa WK HoJa.
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2HCIO + 2H" + 2e” — Cl, + 2H,0,
HCIO+ H" +2e — Cl” + H,0,
ClIO +H,O+2e —»Cl +20H,

2HCIO, + 6H" + 6e — Cl, + 4H,0,
HCIO, + 3H" + 4 — ClI” + 2H,0,
ClO, +2H,0+4e — ClI +40H ,

2HCIO; + 10H" + 10e” — Cl, + 6H,0,
HCIO; + 5H" + 6e — ClI™ + 3H,0,
ClO; +3H,0+6e — Cl +60H .

or. CepHasa kucaora. OKHUCIUTEILHBIM JIEUCTBUEM O0J1aaeT cama
CepHas KHUCJIOTa, HO HE €€ aHUOHbI. Pa30aBiieHHasi cepHas KHUCJIOTa
SBISICTCS OKHMCAWTENeM 3a cuer wuoHoB H', »ToT nporecc ObuI
OXapaKTepu30BaH BbilIe. KOHIIEHTpUpOBaHHAsE CepHasg KHUCJIOTA
BOCCTAHABJIMBAETCSA 110 KPAaWHEN MEPE 10 AUOKCHUJIA CEPBI.

SO,% +4H" + 2e — SO, + 2H,0.

B  npucyrcTBUM = CHUJIBHBIX ~ BOCCTAHOBHUTENEH  00Opa3yroTcs
CEPOBOJIOPOI.

SO,% + 10H" + 8¢ — H,S + 4H,0.

B pesynabTare BTOPHUYHBIX IIPOIECCOB, @ HWMEHHO, OKMCJICHUS
CEpPOBOJIOPOJIa JUOKCUIOM CEPhbl MM H30BITKOM KOHIICHTPUPOBAHHOM
CEpHOM KHUCJIOThI, B PEAKIIMOHHOW CMECH TOSIBJISIETCS MPOCTOE BEIIECTBO
cepa. DTOT ImpoIecC B OOIIEM BUJIEC OTPaXKaeTCs MOTypeakIuei

SO,% +8H" + 6e — S+ 4H,0.

6n. A3oTHas kuciorta. Ee okucnurenbHble CBOMCTBA MPAKTUUYECKHU
BCErJla CBs3aHbl C OKMCIMTEIbLHBIMU CBONMCTBaMM aHuoOHA. [lpupopa
MPOJAYKTOB BOCCTaHOBJICHUSI HUTpAT-UOHA OonpeaensaeTcs
KOHLEHTPAUEN KHUCIIOThI U CUJII0M BOCCTAHOBUTEIIS.

Cnabble BOCCTAHOBHUTEIM MPEBpAIalOT KOHIIEHTPUPOBAHHYIO
a30THYI0 kuciaory B guokcug azora NO,. C  cuiabHbBIMH
BOCCTAaHOBUTEJISIMU PEAKIMUS TPOTEKAET BEChbMa HSHEPTUYHO, IMPUUYEM
obpasyercs cmech mpoaykToB BoccTaHoBieHHs (NO,, NO, N, N,O,
NH4NQO3). Tlpu nelicTBUM aKTHBHBIX METAIOB B JTOH CMecH
npeodiagaeT okconuTpu azora NoO.

© 1991-2012 A.A.Cubupkun



12

NO; +2H"+€e — NO, + H,0,
2NO; + 10H" + 8e — N,O + 5H,0.

PazbapieHHas a30THas KHUCJIOTa IpeBpalllacTcs  CcaadbIMu
BOCCTaHOBUTEIAMH B MOHOOKcua a3zora NO, cuiIbHBIMHU — B HOH
ammonust NH,".

NO; +4H" +3e — NO + 2H,0,
NO; + 10H" + 8¢ — NH,;" + 3H,0.

KoHueHTpupoBaHHasg a30THasg KHUCIOTA B CMECH C COJISTHOM
(«irapckast BOJKa») WU IJIABUKOBOM KHCIIOTAMUA BOCCTAHABIUBACTCS IO
MoHOOKcuaa aszora NO He3aBUCHMMO OT CHJIBI BOCCTAHOBUTEI.
["anoreHU-MOHBI OOBIYHO O0Pa3YIOT C MPOAYKTOM OKUCIICHUS COJb WUITU
TaJIOTeHUTHBIN KOMIIJICKC.

NO; +4H" +3e — NO + 2H,0.

6e. A30THCTasi KMCJIOTa BOCCTAHABJIMBAETCS B KHUCIIOW cpene 0
MoHOoKcuaa azora NO.

HNO, + H" + e — NO + H,0.

6x. BucmyraT-vion BiO3; B KHCIIBIX cpeflaX BOCCTaHABIMBACTCS JI0
coxneii Bucmyta (I11).

BiO; +6H" +2e — Bi* + 3H,0.

2_
63. ®eppar-non FeO,~ BoccTaHaBIMBAETCA B KHUCIBIX Cpeaax o
coneii xenesa (111).

FeO,” +8H" +3e — Fe’" + 4H,0.

/. MloHBbI METaJUIOB, CTOSIIMX B MPABOM YacTU psiia HANPSKEHUN
(30;10Ta, TMUIATHHBI, PTYTH, cepeOpa). OHM BOCCTAHABIMBAIOTCS JIO
IPOCTOTO BEMIECTBA.

Au"+e AW,
AU +3e AL,
Pt + 26 P,
Hg™ +2e —>Hg°,
Ag"+e —AQ.
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8. HMoHbl MeTalJIOB B BBICOKHUX TOJOKHUTEIbHBIX CTEIECHIX
okuciyieHus. OHM BOCCTAHABJIMBAIOTCS B PAacTBOpPE JO MOHOB B Ooiee
HU3KOM MOJIOKUTEIIBHOM COCTOSIHUM OKHUCJICHUS.

Fe** + e — Fe™,
Cu* +e — Cu',
Sn4+ +2e — Sn2+,
ce" +e — Ce,
Co®* +e — Co™.

BaxxHeillie BOCCTAHOBHMTEIM M MPOAYKTHI MX NPEeBPALLICHMS.
PaccMoTpuM Temepr BOCCTAHOBUTENM — BEIIECTBA, OTIAIOIIUE
AIEKTPOHBI. DTH NPOLECCHI MPOTUBOIOI0XKHBI ONUCAHHBIM BbIIE. B
JIEBOM  4YAaCTM  MOJypeaKUUH  OKUCIECHHS  OyAeT  HaXOAUThCA
BOCCTAHOBJICHHas (opMa dJEeMEHTa, U U3 Hee OyayT BBIUUTATHCS
DIEKTPOHBL.

1. TIlpocteie BemiecTBa — MeTaibl. Haubosiee CUIBHBIMU
BOCCTAaHOBUTEJIbHBIMU CBOMCTBaMH 00JIaJlalOT T€ W3 HUX, KOTOPHIC
HaxXoAATCS B JICBOM 4YacTH psjia HaIpsDKeHUs. B KUCIBIX cpelax OHHM
OKUCJISIFOTCS IO COOTBETCTBYIOIIUX KATUOHOB.

Al —3e — AI*,
Zn—2e — Zn*,
Fe—2e — Fe.

B HelTpanbHON MM ENOYHON cpefax o0pas3yroTcsl TUAPOKCHU/IbI
MeTauioB. AM(OTEepHbIE METaIIbI B IIETOYHONW Cpeie MPEBPaIIatOTCs B
pPacTBOPHUMBIE B BOJIE TUIPOKCUIIBHBIE KOMIIJIEKCHI.

Fe+ 30H — 38 — Fe(OH)3,
Al + 40H™ + 2H,0 — 38 — [AI(OH)4(H,0),] .

2. IlpocTthie BellecTBA — HEMETAIbl. BoCCTaHOBUTEIbHBIC
CBOMCTBAa XapakTEpHBbI JJIsI HEMETAUIOB, O00JaJaroluX HEBBICOKOM
AIEKTPOOTPULIATEIBHOCTEIO. € pOCTOM  DJIEKTPOOTPHUIATEIBLHOCTH
BOCCTAaHOBUTEJIbHBIE CBOMCTBa ocijiabeBaroT. IIpoaykToM OKHUCIEHUS
HEMETaJJIa B KUCJIOW Cpefie SBJSIOTCS KHUCIOPOACOACpPKAIINE KUCTOTHI
(ecam kuciora cnabas) WM WX aHHOHBI (CCIIM KHCIIOTa CHJIbHas). B
MIEJIOYHOM  Cpele  HEeMeTaulbl  MPEBpaIlaloTCsi B AHUOHBI
KUCJIOPOJCOAEPKAITUX KUCIIOT, T.€. MTOJTYYarOTCs COJIA 3TUX KUCIIOT.
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P+ 4H,0 - 5¢ — PO,> + 8H" wm
P+ 4H,0 — 56 — HPO, + 5H",
S+ 4H,0 - 6e — SO,° +8H",

I, + 6H,O — 106 — 2105 + 12H" mwm

I, + 6H,0O — 106 — 2HIO; + 10H",

S + 60H —4e — Si0s° + 3H,0.

3. ['uapun-vion H sBisieTcss oueHb CUIBHBIM BOCCTAHOBUTEIIEM U
OKHCJISIETCS 10 IPOCTOro BemiecTBa Hy.

2H —2e — H,.

4. BecKUCIIOPOAHBIE KUCIOTHI U UX aHHUOHBI. OHU OKHUCIISIIOTCS T10
KparuHEW Mepe 0 MPOCTHIX BEIIECTB.

2ClI —2e — Cl,,
2Br —2e — Bry,
21 —2e — |,

S —-2e — Sum
H,S—2e — S+ 2H".

[Ipu nelicTBMU CUJIBHBIX OKHUCIMTENIEH oOpasyrolieecss MpocToe
BEIICCTBO MPOIO0IDKAET OKHUCISATLCS JI0 AHHOHOB KUCIIOPOICOACPKAIIAX
KHCIIOT WJIM UX aHWOHOB (cM. Bbimie). bojee TiyOOKOMY OKHCIICHHIO

CHOCO6CTByeT TAKXKC IICIIOYHAasA Cpcaa.

5. Katrousl MeTa/LU10B B HU3IIEH CTEIIEHU OKMCIEHUS. B Kucion
Cpeie OHU NEPEXOAiIT B KaTUOHBI UM OKCOKATHOHBI METAJNIOB B OoJiee

BBICOKOM COCTOSAHHHN OKUCJICHUS.

Fe' —e — Fe¥,
Cu'—e — Cu*™,
S’*—2e — Sn™,

Cr* —e — Cr*,
Ti* +H,0-e — TiO* + 2H".

B wenouHoi cpedae aromMbl TAKUX METAJJIOB OKMUCIISIIOTCA O
TUJIPOKCUJIOB JJIEMEHTOB WJIM JI0 AHHOHOB KHCJIOPOJICOJAEpPKAIIUX
KHUCJIOT, 0Opa30BaHHBIX ITUMHU JIEMEHTAMM.
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Ti(OH); + OH™ — e — TiO(OH), + H,0,
Cr(OH); + 50H — 3¢ — CrO,* + 4H,0.

6. Kucnopozacoaepskaipe KUCIOTBI M HX aHUOHBI, COAEPIKAIIUC
HEMETAILIBI B IPOMEKYTOYHON CTENEHH OKUCIEHH. OHU OKHCIIIOTCS B
KHCJION Ccpejie 10 KUCIOPOACOACPIKAIIMX KMCIOT (€C/IM KUCIoTa c1abas)
WIA WX aHUOHOB (eCcau KHUCIIOTa CHJIbHAs), KOTOPBIE COACpIKAT
paccMaTpUBaEMbIi 3JIEMEHT B BBICIIIEM COCTOSTHUU OKHMCIICHHUS.

[TpoayKTOM OKHCIIEHHsS HEMETalla B KHCIOW cpele SBISIOTCS
KHCJOPOICOAEPIKAIINE KUCIOTHI (€CIIM KMCIIOTA ¢1a0ast) Uik UX aHHOHBI
(ectm  kuciora CcuibHas). B Ienmo4yHOM  cpelre  HeMETalIbI
IPEBPAIIAIOTCS B aHMOHBI KHUCIOPOACOACPIKAIINX KUCIOT HE3aBHCHUMO
OT CHUJIBI KUCJIOTHI, T.€. IOJYy4alOTCs COJIU ATHX KUCIOT.

S0, + H,0—2e — SO, + 2H",
NO, +H,O—2e — NO;3 + 2H" wm
HNO, + H,O — 26 — NO; + 3H",
NO, +20H —2e — NO; + H,0,
HsPO; + H,O — 2 — PO,* + 5H".

7. OKcuabl 3JIEMEHTOB-HEMETAUIOB B IPOMEKYTOUYHOU CTEIECHU
OKHUCJICHHS TPEBPAIIAIOTCA B KHUCIOPOACOACPKAIIUE KHUCIOThI, HUX
AHTUAPUABI WJIM WX AHUOHBI, B KOTOPBIX ATOT AJIEMEHT HAaXOJIUTCS B
BBICIIIEN CTETIEHU OKHUCJICHUS.

NO, + H,O—e — NO; + 2H",
CO+H,0-2e — CO,+2H".

8. Boma. Boma He oOmamaer 3aMETHBIMH BOCCTAHOBUTEIHLHBIMU
cBoicTBaMd. OKHUCIIEHUE BOJbI NPOTEKAET B MPUCYTCTBUM CHIIBHBIX
OKHCJIUTEIICM, €CIIM B CHUCTEME HET JAPYTHX BOCCTAHOBUTEJEH, KPOME
BoAbl. Boma okucnserca g0 kuciopoma. B kucinon  cpene
BOCCTAaHOBJICHHAs (opma TMOJypeakiuu MNpeAcTaBlieHa BOJIOM, B
IEIIOYHOMN CpeNie — TUIPOKCUI-UOHAMH.

2H,0 — 4" — O, + 4H",
40H —4e — O, + 2H,0.
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Bimnsinue cpeasl Ha XapakrTep HNpPeBPalleHUs OKUCIUTEIeH H
BoccTaHoBMTeIel. [Ipy  XapakTepUCTUKE CBOMCTB  BaXKHEUIIMX
OKMCJIUTEIIEW U BOCCTAHOBUTEJIEN ITOCTOSSHHO MOAYEPKUBAIIOCH, K KAKON
cpene  (kucimoi, HEHTpPaJIbHOW WM IIEJIOYHOM)  OTHOCHTCS
paccMarpuBaemMoe  mpeBpaiieHue.  ChopMmyaupyeM  HECKOJBbKO
3aMEYaHUM 110 ITOMY BOIIPOCY.

1. Peaknust cpenpl omnpeaenser LIYOMHY  OKHCIUTEIbHO-
BOCCTAaHOBUTEJIBHOTO TMpEBpalleHus. ITa TIyOuHa Ompeaeisiercs
YUCJIOM 3JJIEKTPOHOB, MPUHUMAEMBIX OJIHOM YaCTULEH OKHUCIUTENS M
OTlIaBaeMbIX OJHOM 4YacTHIlEM BoccTaHoBUTens. HamoMHuM, 4YTO 3TO
YUCJIO DJJIEKTPOHOB PAaBHO TAaKXKE HSKBUBAJICHTHOMY MHOXHUTEIO Z
OKUCJIUTENSI U BOCCTAHOBUTEJISI. 3HAUCHHE Z B OOJIBIIIMHCTBE CIIy4acB
MOYKHO TIOJIYYUTh M KaK PA3HOCTh CTENECHEHW OKHUCICHUS 3aJaHHOIO
AJIEMEHTA B UCXOJHOM BEIIECTBE U MIPOAYKTE PEAKIINH.

Haubonee spkoil  wumocTpaliell  3aBUCUMOCTH  TJIyOMHBI
OKMUCJINTEIIbHO-BOCCTAHOBUTEIIBHOTO MPEBPAILIEHUS] OT PEAKIMU CPEbI
SABJISIETCS. BOCCTAHOBJIEHUE TIEPMaHTaHAT-UOHA, COJAEPKALIET0 MapraHel]
B cocTosHHH okmcienms Mn''. B kucioii cpele NIpOoaAyKTOM
BOCCTAHOBJICHUS SIBJISAIOTCSA COJIM Maprasia Mn*? B HEUTPAIBHOU —
npousBogHoe M n+4, B IIEJIOYHOM — MaHTaHAT-UOH, cojiepKamuii M n*e,

MnO, +8H" +5e — Mn*" + 4H,0,
MnO, + 4H" + 3e — MnO(OH), + H,0 nu
MnO, +4H" +3e — MnO;, + 2H,0, a Taksxke

MnO,; +2H,0+3e — MnO, +40H ,
MnO, +e — MnO,” .

2. Peakmus cpenmbl ompesenseT XUMUYECKYI0 (OopMy MPOIyKTa
npeBpamieHusa. [log xumuueckoil QopMoil »ieMeHTa MOHUMAKOT TO
KOHKPETHOE BEIIECTBO (MOJICKYNIY, HOH, (QOPMYJIBHYIO EIUHUILY),
KOTOPBIM IIPEJICTaBiIeH JTOT >aeMeHT. Hanpumep, xpom Cr'> B KucIbIX
BOAHBIX pAacTBOpax mpeacTaBieH aksakatmoHamu  [Cr(H,0)¢™,
KOTOpPBIE YHPOIIEHHO 3aIllUCHIBAIOT B BUJIE Cr¥, B HEUTpPaAJIbHOU cpenie
cymectByer ocamgok Cr(OH);, B menouHoii cpeae oOpasyercs
rupokciIbHbI Komiuieke [Cr(OH)g]® . O6patute BHHMaHEE, YTO BO
BCEX ATUX YACTHIIAX CTEIICHb OKUCIICHUS XpOMa OJMHAKOBA.

XapakTepusys OKHCIHTEIbHBIC CBOiicTBA XpomatoB CrO,°
TIOJIOKEHUEM O TOM, YTO ATH MOHBI IIPEBPAIAIOTCS B COSTUHEHUS XpoMa
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+
Cr" mHesaBHCHMO OT peakuuu Ccpenbl, CIEAYET IPEACTABUTH TPHU
PA3JIMYHBIC TOJYPEAKUIUU — OTICIBHO ISl KHUCJIOM, HEUTPAIbHOU U
IIEJIOYHOM CpPEbl.

CrO,% +8H" +3e — Cr* + 4H,0,
CrO4* +5H" + 3¢’ — Cr(OH); + H,O mn
CrO,* + 4H,0 + 3¢ — Cr(OH); + 50H",

CrO4* +4H,0 + 3¢ — [Cr(OH)¢]> + 30H".

3aMeTuM, 4TO IIyOMHa BOCCTAHOBJICHUS XpOMAaT-MOHA HE 3aBUCHUT
OT PEAKIIMH CPEJIbl, B OTIMYHE OT PACCMOTPEHHOI'O BBIIIC IepMaHTaHAT-
noHa. Yro Kacaercs TPHPOALI THAPATHBIX (GOpM  TPOIYKTOB
BOCCTAHOBJICHUSI TOCJICTHETO, TO OHU TaKXXE COIJIACyIOTCS C peaKIue
cpenbl. Tak, B KHCJIOM Cpele NPOAYKTOM  BOCCTAHOBIICHUS
mepMaHraHata ykasaH HMeHHO moH Mn®', a He rmmpokcuzg Mn(OH),,
Takke coxpepxkammii Mn*™. Tmapokcun maprauma (1) He coBMecTHM ¢
KHCIOTAMH, OH pearmpyeT ¢ HEMH ¢ oOpasoBanmeM comeii Mn®*, a
3HAYUT, UMEHHO 3TH COJM CMOTYT IPEACTaBJISATH Mn*? B kauecTBe
MPOAYKTa BOCCTAHOBJICHMS TIEpMAaHTaHAT-UOHA B KUCIION cpeJie.

Paccyxmast mogoOHBIM 00pa3oM, MPUXOAUM K 3aKJIFOYEHUIO, YTO B
IIECJIOYHOM CPEAE aTOMBI Mn*° JOJDKHBI OBITH TIPEACTaBIICHBI (HOpMOI
MnO42_, a He HMnO, mockoyibKy 3Ta KUCIOTa B IIEJIOYHOM Cpeje
00s13aTeNIbHO JOJKHA TIEPEUTHU B COJIb.

3. Eciiu B monypeakIMu IpescTaBieHbl MOHBL Bojopoxa H', To
OHHU BCErJla BXOJAT B COCTaB OKUCJICHHON (hOpMBI. ITO O3HAYAET, YTO
CWJIa OKHCJIMUTEJIEH, MPEBPAIIAIONIMXCSA C YYaCTUEM HOHOB BOJOPOJA,
OpA TPOYUX PABHBIX YCJIOBUSX TMOBBIAECTCA C YBEIUYCHUEM
KMCJIOTHOCTH CPE/IBI.

4. Ecnu B noJiypeaklu NpecTaBlIeHbl THAPoKkcua-uonbl OH | To
OHM BCErJa BXOJST B COCTAB BOCCTAHOBJIEHHON (hOpMBI. ITO O3HAYAET,
YTO CHJIa BOCCTAHOBUTENEH, PEBPALIAIOIIUXCSA C YYACTUEM TUIPOKCHU/I-
MOHOB, TPU MPOYMX PABHBIX YCIOBHUAX TOBBIIIAETCS C YBEIUYECHUEM
OCHOBHOCTH (IIIEJIOYHOCTH) CPEIbI.
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B3anmHoe mnpeoOpazoBaHue ypaBHEHMH MOJYpPeaKUu IJIst
KHCJIOM W ILIeJOYHOM cpenbl. B Tex ciyyasx, e€ciau XUMHUYECKas
(rumpaTHas) gopma 3JIeMeHTa COXpaHsIeTCs MPH TEepPeXoie W3 KUCIOU
cpeabl B WIEIOYHYIO WM OOpaTHO, TO YpPaBHEHHE IMOJIypEaKIuu,
3aIIMCAaHHOE I KHUCJOM CpeAbl, MOXHO NPEBPATHTh B YPABHECHUE
NOJIypeaKiK, 3allUCAaHHOE JIs1 MIEI0YHOM Cpebl, U HA00OPOT.

;g4 3TOro B ypaBHEHHME IMOJYPEAKUHUH, OTBEUAKOIIECH KHUCIION
cpezie, B JIEBYIO M IPaBYI 4YacThb HYKHO J00aBUTh THAPOKCUA-HOHBI,
YUCJIO KOTOPBIX PaBHO YMCIy MOHOB BOJIOPOJia B OKHMCIEHHOU (popme.
OTO MO3BOJUT CBA3aTh MX B MOJIEKYJNbl BoAbl. llocne mnpuBeneHus
NOJOOHBIX YJICHOB MMOJYYaeTCsd YPaBHEHHE MOJYPEAKUIHUH B IIEIOYHOM

cpene.

8032_ +H,O—-2e — 8042_ + 2_H+,
S0, + H,0+20H —2e — SO, + 2H" + 20H,
SO;* + H,0+ 20H - 2¢” — SO, + 2H,0,
S0, +20H — 26 — SO4° + H,0.

B ypaBHeHHE mOnypeakluy, OTBEYAKOLIEW WIEJIIOYHOM Cpene, B
JIEBYI0 U TPaBYIO 4YacThb HYXHO J00aBUTh HMOHBI BOJOPOJA, YUCIIO
KOTOPBIX PAaBHO YHWCIY THIPOKCHA-MOHOB B BOCCTAHOBJIECHHOW (opme.
ITocne popmupoBaHus MOJIEKYJT BOABI U MPUBEICHUS MOJJOOHBIX YJICHOB
MOJIYYUTCS] YPABHEHUE MOTYPEAKIIUU I KUCIIOM CPEIbI.

40H —4e — O, + 2H,0,
40H +4H' — 4 — O, + 2H,0 + 4H",
4H,0 — 46 — O, + 2H,0 + 4H",
2H,0 — 4e” — O, + 4H".

Ecimmn xumuueckas (ruapatHas) Gopma 3jieMeHTa U3MEHSETCS, TO
9TO U3MEHEHUE HY)KHO y4eCTh B TIOJyYEHHOM YPaBHCHHH.

Fe+ 30H —3e — Fe(OH)s,
Fe+30H +3H"—3e — Fe(OH);3 + 3H",
Fe+ 3H,0 - 3¢ — Fe(OH); + 3H",
Fe+ 3H,0 - 3¢ — Fe(OH); + 3H",
Fe+3H,0-3e — Fe’ + 3H,0,

Fe— 3e — Fe*.

3aMeTHM, 4YTO KaK MCXOJHOE, TaK M KOHEYHOC YpaBHCHHUE
OTpakaeT IO CYIIECTBY OJMH M TOT € MPOIECC, a UMEHHO OKHCIICHHE
+
IIPOCTOT'O BEIICCTBA JKeJIe3a JI0 COCTOSHUS OKHUCICHUS Fe 3,
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OKHCIUTETbHO-BOCCTAHOBUTEIbHASI  IBOMCTBEHHOCTb. JTO
SIBJICHUE CBOMCTBEHHO COCIMHEHUSM DJIEMEHTOB B IMPOMEKYTOUHOM
COCTOSIHUM OKHCIICHUs. B 3aBUCHMOCTH OT IPUPOJIBI BTOPOTO YYaCTHUKA
peakiMi paccMaTpuBaeMOE BEIIECTBO BBICTYINAET B POJIM OKHUCIUTEIS
WIN B POJIM BOCCTAHOBUTENSA. DTO OOCTOATENIHCTBO 3aMETHO 00OraIaer
PEaKIIMOHHYIO CIIOCOOHOCTh BEIIECTB, OOBICHSAET MHOrooOpasue
XUMUYECKUX CBOMICTB U TEM CaMbIM TpeOyeT MOAPOOHOIO H3JI0KEHUS
(akTHUECKOro Marepuaia, ero aHaju3a W, KaK MOKa3bIBaeT MPaKTHKA,
BblyuuBanus. [IpowmocTpupyeM  3TO  SIBJIGHHE  HECKOJIBKUMHU
IpUMEPAMH.

1. Ilpu okucimeHuu nepokcuaa Bogopoaa HyO, obpasyercs
kuciopos O,, TpU BOCCTAaHOBJICHUU TOJIYy4YaeTCsl BOJA.

2KMnO, + 5H,0, + 3H,S0O, — 50, + K,SO, + 2MnS0O, + 8H,0,
PbS + 4H202 — PbSO4 + 4H20

2. Ilpu oxucnennun HutputT-uoHa NO, oOpaszyercs HUTpaT-HOH
NOs , nmpu BoccTanoBieHrH — MoHOOKCH azota NO (B kucioit cpene)
i ammuak NH3 (B miemodHol cpejie CHiIbHBIMA BOCCTAHOBUTEIISIMH).

K>Cr,0O; + 3KN02 + 4H2804 — 3KN03 + K2804 + Cr2(804)3 + 4H,0,
2KNO, + 2KI| + 2H,S0, — 2NO + |, + 2K,S0O, + 2H,0,
KNO, + 3Zn + 5KOH + 5H,0 — NHs + 3K,[ZN(OH).].

3. Ilpoctoe BemecTBO 1oa |, BoccTaHaBIMBAeTCS 10 HOIUI-
noHa | He3aBHCUMO OT peakiuu CpeAbl U OKUCISIETCS A0 HOJHOBATOM
kucioTel HIO3 (B kucoii cpene).

I+ HyS— 2HI + S,
I, + 10HNO; — 2HIO; + 10NO, + 4H,0.

4. JIlnoxcun maprania MnO, okucisieTcs B IIEIOYHOU cpejie 10
MaHTraHaT-uoHa MnO42_, a B Kucioi — a0 nepmanraHat-uona MnQy, .
DTO COEIUHEHHWE BOCCTAHABIMBACTCS B KHUCJIOW Cpelie /10 HOHOB
maprania M n*",

MnO, + Cl, + 4KOH — KoMnO,4 + 2KCl + 2H50,
2MnO, + 3K28208 + 4H,0 — 2HMnO, + 3H2804 + 3K2804,
MnO, + 4HCI — MnCl, + Cl, + 2H,0.
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3+
5. Nonsl xeneza FE cnocoOHBI OKUCIATBCS 110 (eppaT-HOHOB
2- .
FeO,~ (B miemodHOl cpele) U BOCCTAHABIIMBATHCS O HMOHOB JKejie3a
+ o
Fe’* (B kucioii cpexe).

2FeCl; + 3Cl; + 16KOH — 2K,FeO,4 + 12KCl + 8H,0,
2FeCl3 + Zn — 2FeCl;, + ZnCl..

6. I'mapasun NoH; u ruapokcunamua NH,OH oxucnsitorest 1o
npocroro BemectBa a3oTa N, u BoccraHaBimBaroTcsa g0 NHz (B
v v + v
IIEJIOYHOM cpee) mim cosiet ammonns NH, (B kucioii cpene).

N,H, + 2K,S,0g + 4KOH — N, + 4K,S0, + 4H,0,
2NH,OH + Cl, — N, + 2HCI + 2H,0,
N,H, + Zn + 2NaOH + 2H,0 — 2NH; + Na[Zn(OH) ],
NH,OH + 3HI — NH,l + I, + H,O.

7. HpOCTBIe BEIIECTBa HEMCETAJIJIbI OKHCIIAKOTCA a0
KHUCJIOPOACOACPKAIIUX KHUCIIOT WJINW MX aHUOHOB M BOCCTAHABJIMBAKOTCS
a0 6GCKI/ICHOpOI[HBIX KHCJIOT M WX aHUMOHOB. boiJee HO)IpO6Ha$I
XAPAKTCPUCTUKA OKHUCIHUTCIBbHBIX W BOCCTAHOBUTCIIbBHBIX CBOICTB
HCMCTAJIJIOB ITPUBCACHA BBIIIC.

Mertoabl pPacCTAaHOBKM KOIPPUIHEHTOB B YPaBHEHUAX
OKHMCJIMTEIbHO-BOCCTAHOBUTEIbHBIX PEaKLM. TpaguuuonHas
3a7a4ya, BO3HUKAKOLIAs B XOJ€ HU3YyYECHUs HEOPTraHUYECKOW XUMMHH,
COCTOUT B HAIIMCAHUU XUMUYECKUX YPABHEHUN.

Ha mnepBoM »Jrame COCTaBIC€HUS XUMHUYECKOIO YpPABHEHHUS
HEOOXOAUMO ONpPEACINTh, KAKME MPOAYKTHI 00pa3ytorces. s peuienus
TOr0  BOMpPOCA HEOOXOAMMO 3HATh NPOJAYKTHl  MPEBpPAILICHUS
BAKHEWIIIMX BEIIECTB, BBICTYNAIOIIMX B POJMA OKUCIUTEIS U B POJHU
BoccTaHoBUTENA. Haunbonee yacTto BeTpedaromuecs BEUIECTBA ObLIN
oxapakTepu3oBaHbl Bbimie. [lo Mepe ocBoeHus (PaKTUUECKOTrO
MaTepuaga HEOPraHMYECKOW XMMHUHU YUCIO W3YyYEHHBIX BEIIECTB OyIeT
IIOCTOSIHHO YBEJIIMYUBATHCH.

Ha BrTOpOM »JrTame COCTaBI€HUS XUMHUYECKOIO YpPAaBHEHHUS
PACCTaBJIAIOT CTEXMOMeTprueckrue kodgduirieHTol. [[puMeHUTENBHO K
OKHUCJIUTEJIbHO-BOCCTAHOBUTEIIBHBIM PEAKLUUAM B XUMHUU HCIOIB3YIOT
YEeThIpE METOAA.
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Metoa mogdopa. DTOT METOJ HE MPEAIOIaracT MCHOJIb30BAHUE
KaKOT0-JIM0O0 aaropyuTMa Ijisi pacCTaHOBKU K03 duiirieHToB. PaccTaBisis
M [pd  HEOOXOAMMOCTHM  M3MEHSsI  NPEXIE  PacCTaBJICHHBIE
KOd(pUITMEHTHI, JT0OMBAIOTCS pPaBEHCTBA OOIIEro 4Yucia aTOMOB
KaXXJ0I'0 3JIEMEHTA B JIEBOM U MPABOU YACTAX XMMUYECKOI'O0 YPABHEHUS.

[Tpumep. [Togdbepure kK03PHULIMEHTH B XUMUYECKOM YPaBHEHUU
C+ H2804 — C02 + SOZ + Hzo

3aMeTuM, 4YTO aTOMbl YIJIEpOJia M CEpPhl HAXOMSITCA B Pa3HBIX
BEIIIECTBAX B JICBOM M MPaBOM YacTAX ITOTO YPaBHEHMS. ITO MO3BOJISIET
IpU NPOU3BOJILHOM BbIOOpPE KOA(DPUIIMEHTOB MpPHU YIIEPOJE U CEPHOM
KUCJIOTE TMOJY4YUTh KOAXDPUIMUEHTH NpU JAUOKCHAE YIJIEpoja H
JTMOKCHUJIE CEPHI.

C ngapyroii CTOpOHBI, KO3(P(QUIMEHT TPU CEPHOM KHUCIIOTE
onpeAcUuT Ko3(POUIIMEHT MPU MOJIEKYyJie€ BOJbI, TaK KaK TOJbKO 3TH
BEIlIECTBA  CoJep)KaT  aToMbl  Bojopoja.  I[lomywaercs,  4TO
KOA(PHUITUEHTHI TIPY CEPHOU KUCIIOTE, TUOKCHUE CEPhI U BOJE PaBHBI.

Ocraercss goraaaThCsi, 4TO TMPU MEPEXOAE OJHOM MOJICKYJIbI
CEpHOM KHCJIOTHI B OJIHY MOJIEKYJY JHUOKCHJA CEPhbl U OJIHY MOJICKYIY
BOJIbI OCTAETCSl OJIMH aTOM KHUCJIOpPOJa. ITOT aTOM KHCJIOpOJa JOJDKEH
neperuTu Kk yriepoay, oopazoBaB moiiekyny CO,. st oOGpazoBaHus
TaKOW MOJIEKYJIbI HYKHBI JIBA aToMa Kuciaopoaa. [IoaToMy Ha KaKablid
aToM yTJiepojia B JIEBOM 4YacTH PaBEHCTBA HY)KHO HCIOJIb30BaTh JIBE
MOJICKYJIbI ~ CEpHOM  KHUCJIOTBl. Takum  o0pa3oM,  BBICTaBIISIET
kodddurmentsl 1 nepen yriaepoaom, 2 — npu cepHou kuciote, 1 — npu
CO,, 2 — npu AMOKCHUJE CEPBI, 2 — MPU MOJIEKYJIE BOJbI. YpaBHEHUE
peaKkIui UMEeeT BUL:

C+ 2H2804 — C02 + 2802 + 2H20

3ameyanue 1. O6paiiaer Ha ce0s BHUMaHUE OOMIIME Pa3HOPOIHBIX
JIOTUYECKUX TOCBUIOK B paccyxacHusX. [locTosHHas HEOOXOAMMOCTb
(opMynMpoBaTh BEPCHUIO, MPOPadATHIBATH €€, TOTOBHOCTb OTKJIOHUTH
HECOCTOSITEIbHOE WJIM MPOTHBOPEYUBOE JOMYIIEHUE M HCKATh HOBOE
UCXOJHOE IIOJIOKEHUE O3HAYaeT, 4YTO MOJA00p CTEXMOMETPUUYECKHUX
KO3(DPUIMEHTOB SIBJIAETCS TBOPYECKHM IMPOIECCOM. DTO TBOPYECTBO
BBIPAXKAETCA XAPAKTEPHBIMHU CIIOBAMHU <GaMETHM», <IIPEITOIOKUM,
«IOMYCTUM», «I0raJaeMCs» U UM NOJ00HBIMU. /{151 Apyroro ypaBHEeHUs
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peaKIMy paHee U3BECTHBIC MPUEMBI MOTYT OKa3aThCs HEIPHUMEHUMBIMU
WM HEIOCTAaTOYHBIMH, YTO 3aCTAaBHT PEIIAIONIET0 BHOBbL MPOSBIISTH
n3o0peraresibHOCT,. BOT modemy MeToj Mmojadopa, OTIWYAFOITUAKCS
OTCYTCTBHEM anropuTMa paccyXJIeHus, He rapaHTHPYET
MOJIOKUTENbHBIN  pe3ynbpTaT.  OTCYTCTBHE  THIIOBBIX  IPHEMOB
pacCyXJIeHHs MpU MoaAOOpe O3HAYaeT, YTO TAKOH CIIOCOO PacCTaHOBKH
KO3(DPUIMEHTOB C METOI0JIOTMYECKOW TOYKM 3pPEHHUS BOOOILE HEIb3sS
CUUTATh METOOM.

3ameyanue 2. IlogObopoM MOXKHO HAXOIUT KOI(P(PUIIMEHTH HE
TOJIbKO B OKHCIUTEIbHO-BOCCTAHOBUTENbHBIX PpPEAKUUSIX, HO U B
OOMEHHBIX MPOIECCAX.

MeTtoa 3JIEKTPOHHOI0 OajaHca. DTOT METOJ NPEAINOJaract
UCIIOJIb30BAHUE MPOCTOrO AJITOPUTMA, OCHOBAHHOIO Ha MOHSITHU
CTENEHU OKHUCJIEHUSI aToMa M TMO3BOJISIIOLIETO MOJYYUTh HEKOTOPBIE
npeaBapuTenbHble  Kod(pdunmentel. Ha  3aBepiiarornieit  craauu
paccTaHOBKHU KO3(D(PUIIMEHTOB MPUXOAUTCS TPUOEraTh K moadopy.

AJTOPUTM METOJIa BKIIFOYAET CIEAYIOIINE CTAIUN.

1. OnpenensitoT  CTENEHU  OKUCIEHUA  BCEX  DBJIEMEHTOB,
OPEACTaBICHHBIX B YpaBHEHUHU. M3 3THUX 3JIEMEHTOB BBIOMPAIOT TE,
CTEIIEHb OKUCIICHUS KOTOPBIX U3MEHSETCH.

2. OCHOBBIBaACh Ha 3HAYEHUSX MEPBOHAYAIBHOM M KOHEUYHOU
CTENIEHU OKMUCJICHUS JJIEMEHTOB, HAXOMAT YHUCIO OTAABAEMBIX W
OPUHUMAEMBIX D3JIEKTPOHOB. ODTOT JTall OTPAXaeTcs COCTABICHUEM
AJIEKTPOHHBIX YPABHECHUM.

3. Mcxoas U3 yucia oTaBaeMbIX UM MPUHUMAEMBIX AJIEKTPOHOB,
HaXOJAT MHOXUTENU Ul KaXKIO0r0 3JEKTPOHHOIO YPABHEHHUS, KOTOPbIE
MO3BOJISIIOT TPHU CIOKEHUHM ITUX DJIEKTPOHHBIX YPABHEHUW CBECTH K
HYJIIO YMCJIO IE€peAaBacMbIX DJIEKTPOHOB. B pesyisibTare MHOsABISAIOTCS
npeaBapuTeIbHble KOA(DPUUUEHTH Y OKUCIUTENS, Y BOCCTAHOBUTEIA U
y OPOJYKTOB HX MPEBPAIIECHUS.

4. OcCHOBBIBasICb Ha HaWJICHHBIX BBIIIE MPEIBAPUTEITBHBIX
kod(duimenTax, MoaOUparOT KOAIPPUIIMEHTHI TpPU  OCTAJIbHBIX
y4acTHUKAX peakiuu. [Ipy HeoOXOAMMOCTH JOCTHKEHHUSI PaBEHCTBA
Yyyclia BCEX AaTOMOB IMPUXOJUTCA U3MEHATh pPaHEE BBICTABICHHBIE
KO3 (D PUIIUEHTHI.
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[Ipumep 1. PaccraBbTe KO3(Q(UIIMEHTH B ypaBHEHUU PEAKIIMH,
MIPOTEKAIOIIEH B PACILIIABE:

Cr,0O3 + KNO3 + KoCO3 — K,CrO, + KNO, + CO.s.

OnpenenvB CTENEHW OKHUCICHHUS AaTOMOB YCTAaHABJIMBAEM, YTO
U3MEHCHHUE CTEIIEHW OKHUCICHHS MMEET MECTO I XpOoMa M as3oTa.
DJIEKTPOHHBIE YPABHEHUSI UMEIOT BUJL!

Cr®-3e — Cr'*®
N* +2e — N*.

YMHOXXHB TIEPBOE YpaBHEHUE HA 2 U BTOPOE — Ha 3, TOJTy4aeM, 4TO
nBa atoma xpoma Cr'® ormamyt, a Tpu atoma asora N mpucoemuust
IIECTh  JJEKTPOHOB. OTO  IOJIOKEHHE  O3HAYaeT  JOCTHIKECHUE
AIIEKTPOHHOrO OanaHca, JaBUIEr0 Ha3BaHWE PACCMATPUBAEMOMY METOAY
paccTaHoOBKU KO3 PUIIMEHTOB.

Cr®—3e - Cr'® | x2
N* +2e — N*™ x3

[Tonyyaercs, 4yTo mpeABapUTEIbHbIE KOA(D(PUIMEHTH HOJAKHBI
OBITh TAKUMHM, YTOOBI B JICBOW M MPaBOM YACTAX ypaBHEHUS ObLIO ObI MO
JBa aToMa XpomMa M IO TPHU aTromMa a30Ta, HU3MEHAIOUIUX CTENEHb
okucienus. BreictaBimsiem koadduruent 1 mpu CroOsz (B popMynsHOMA
€IMHUIIEC 3TOTO BEILIECTBA COJICPIKUTCS JIBA aTOMA Cr+3), Koddurment 3
npu KNO3, koadpdurment 2 npu K,CrO, u koaddunuent 3 npu KNOs.
[IpenBapuTenbHO ypaBHEHUE PEAKIIMM BBITJIAINAT TaK:

Cr,0O5 + 3KN03 + Ko,CO3 — 2K,CrO, + 3KNO, + CO..

Ocraercs momoOpath KO3(DPUUUEHTHI JUIsi ABYX OCTaBIIMXCS
YYaCTHUKOB PEAKIMU, 1O BO3MOXXHOCTH HE U3MEHSA paHee
BBICTABJICHHBIX. Tak, NIl JOCTUKEHUSI PABEHCTBA YMCIIA ATOMOB KaJus
BbicTaByiieM kod(pduiment 2 npu K,CO; u ang ypaBHHBaHUSA 4uCIa
aToMOB yriiepojia — ko3 duinent 2 pu CO..

[IpaBHIIBHOCTh PACCTAHOBKU BCEX KO3(PQUIIMEHTOB MPOBEPSIEM
MPOBEPKOM 00I1IET0 YKCiia aTOMOB KaXK/I0T0 3JIEMEHTA B JIEBOM U MTPaBOid
YacTAX XUMUYECKOTO YPABHEHHUS:

Cr,0O5 + 3KN03 + 2K-,CO3; — 2K,CrO, + 3KNO, + 2CO0O..
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[Ipumep 2. PaccMoTpuM 0oJiee CIOXKHBIN Cilydail, KOrja B peakinu
OJTHOBPEMEHHO OKHUCJISIIOTCS WM BOCCTAHABIIMBAKOTCS HECKOJIBKO
aTOMOB, Ha IPUMEPE MPEBPAIICHUS

CU28+ HN03 — CU(N03)2 +S+ NO+ H,0.

B 3TOM XMMHYECKOM pPEaKIMUA CTEIEHU OKHUCIICHUS HW3MEHSIOT
Me€/]lb, CE€pa U a30T. DJECKTPOHHBIC YPABHCHUS UMEIOT BU/I:

Cul-e — Cu*?
S?2-2¢ —» <
N* +3e — N*.

I[Ipu Hanmumu ABYX BoccraHoBuTeneil (Memun Cu™ u cepsr S°)
oOpaijaeM BHUMaHKE Ha TO, YTO UX COOTHOIICHHE B paccMaTpUBaEMOM
XUMHYECKOW PEaKIIMU HE SBJIICTCS MPOU3BOJIBHBIM M OTBEUaCT PopMyIie
Cu,S. TloaToMy »DIIEKTPOHHOE YpaBHEHHE COBOKYITHOTO Mpoliecca
OKHCJICHHSI MOJKHO 3aIiCaTh B BUJIC

Cu,S—4e — 2Cu™+ <,

YMHOXast 3TO ypaBHEHHE Ha 3 W CKJIJIbIBasi pe3yJbTaT MOYJICHHO
C DJICKTPOHHBIM YPaBHEHHUEM ITPOIECCAa BOCCTAHOBIICHHUS, TTOTyYaeM:

Cu,S—4e — 2Cu™+ 3 x3
N*® +3e — N*? x4

3Cu,S+ 4N*® — 6Cu*™* + 33° + AN*2,

Koaddummentsr mpu Cu,S, CU(NOs),, S u NO mMoxHO nepeHecTH
B utorooe ypaBHenue. Ho koapduiment npu HNO; nomken okazarbest
Oounblie 4, MOCKOJIBKY YacTh HUTPAT-uOHOB 0o0pa3yer coiab CU(NO3),, He
nojABeEprasich BoccTaHoBlieHHto. Ha oOpasoBanue 6 GpopmMyIbHBIX
equanI] CU(NOs), HeoOX0aUMO 3aTpaTHTh 12 HUTPAT-HOHOB, TaK YTO
npu HNO;3 nmoimken croste koadgdunment 16 (4 + 12 = 16).

OcHOBBIBasICh Ha YHCIE€ aTOMOB BOJOPOJA, BBICTaBIIsIEM
koahdunreHt 8 npu monekyne Boabsl H,O. Jlamee mposepsiem oobiee
YHCIIO aTOMOB KHCIIOpoa (a 3aTeM U YUCIIO aTOMOB JIPYTHX AJIEMEHTOR)
B JICBOM M MPaBOM 4YaCTIX PABEHCTBA M YOEXJIaeMcsl B MPAaBHIBHOCTH
paccTaHoOBKU KOA(DPUIIMEHTOB.

3Cu,S + 16HNO3; — 6Cu(NOg), + 3S+ 4NO + 8H,0.

© 1991-2012 A.A.Cubupkun



25

3ameuanue. Ilo cpaBHeHMIO C MeTOAOM MOAOOpa, METOJ
AJIEKTPOHHOro  OamaHca  sBisieTCsl  OoJiee  COBEPIICHHBIM  C
METOI0JIOTUYECKON TOYKH 3PEHUS, MOCKOJbKY 3HAUUTEIIbHO CHUXKACT
BOCTPEOOBAHHOCTD MPOLIEAYPhl N0A00pa KO3 DUITHEHTOB.

MeTtona MOJIyPeaKIMH. OTOT METOI IIOJIHOCTBIO
aIrOPUTMHU3UPOBAH U OOECIIEUMBAET PACCTAaHOBKY KO3((UIIMEHTOB B
YPaBHEHUSIX PEAKLHM, MPOTEKAIINUX B BOJHOM pactBope. K umciy
JOCTOUHCTB 3TOI'0 METOJ/1a MOKHO OTHECTH OTCYTCTBHE HEOOXOAMMOCTH
ONpENIETATh CTENEHU OKHUCIICHHS AJIEMEHTOB y YYaCTHUKOB PEaKIUH,
MOJIHOE MCKJIIOYEHHE Olepanuii moadopa u onepupoBaHue Gopmyliamu
peaIbHBIX YYaCTHUKOB peakuuu. J[Jid molydeHus ypaBHEHUSI pEaKIUU B
OKOHYATEJIbHOM BHJI€ JIOCTATOYHO 3HATh MPUPOAY MPOAYKTOB
XUMHUYECKOTO MPEBPAILECHUS OKUCIUTENS U BOCCTAHOBUTEIS U PEAKIIUIO
cpensl (Kucmasi, HEWTpanbHAs WIHM IIEJIOYHAs), B KOTOPOU MPOTEKaeT
poriecc.

ANTOpUTM METO/A BKJIKOYAET CIEAYIOIIUE ITAIIbI.

1. OmnpenensitoT, aToOMbl KaKUX DJIIEMEHTOB H3MEHSAIOT CBOO
XuMH4YecKyto (TuapatHyio) Gopmy, T.e. MEPEXOmAT B COCTAB JAPYrou
MOJIEKYJIbI, 0Opa3yrOT HOBBI MOH, OCBOOOXKIAIOTCS B BUJE MPOCTOIO
BelecTea M T. . VI3MeHeHHe XUMHUYECKOHM (OpMBbI  OTPAXKAOT
BBIPDOKEHUSIMH, W3 KOTOpPBIX Jajee OyayT IMOJy4YeHbl YpaBHEHHUS
noJiypeakiuii. B 3TUX BbIpaXeHUAX B MOJIEKYJSIpHOUN (hopMe UM B BUAE
(dhopmySIbHOU €AVHULIBI 3aIMCHIBAIOT MaJIOPaCTBOPUMBIE,
MaJOJUCCOIIMMPOBAHHbIE W ra3000pasHble BewiecTBa. B cioywae
pPaCTBOPUMBIX  CWJIBHBIX  BJEKTPOJMTOB  NPUBOIAT  (POpMyJibl
COOTBETCTBYIOLIUX UOHOB.

2. BricTaBisis COOTBETCTBYIOIINE CTEXMOMETPUUECKHUE
Ko3(puurenTsl, A00MBAIOTCA pAaBEHCTBA 4YHUCIa AaTOMOB  BCEX
AJIIEMEHTOB, KpOME BOJI0OPOJ1a U KUCIOPOA.

3. VYpaBHHBAaIOT 4YHClIa aTOMOB BOJIOpPOJa M  KHCJIOPOJA,
PYKOBOJICTBYSICh CJIEAYIOIIMMU IPABUIIAMM.

B kuciaon cpene Ha KaxApld JIMIOHWUKA aTOM BOJOpPOJA B
MIPOTUBOIMOJIOKHYIO YaCTh PABEHCTBA 3alIMCHIBAIOT MOH BOAOPOA H*

[H] — H".
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B kucnon cpene Ha KaxKIbld JIMIIHUKA aTOM KHUCIIOPOJA B Ty XK€
+
4acTh PpAaBEHCTBA 3alMCHIBAIOT JBa HOHAa Bojopoma H', a B
IIPOTUBONOJIOKHYIO YaCTh — MOJIEKYJTY BOJIbI.

[O] + 2H* — H,0.

B mienouHou cpene Ha KaxIplid JIMIITHUKA aTOM BOJIOPOJIA B Ty XK€
4acTb  paBEHCTBa  JIOMMCHIBAIOT  Tujapokcua-uon OH, a B
MPOTHUBOITOJI0KHYIO YaCTh — MOJICKYJTY BOJIBI.

[H] + OH — H.0.

B menouHoM cpene Ha KaKAbIi JIMIIHUKA aTOM KUCIIOPOJA B Ty XKeE
4acTh PABECHCTBA JOIMCBHIBAIOT MOJIEKYJIY BOJBI, 4 B IIPOTUBOIIOJIOKHYIO
4acTb — JIBa THIpokcua-uona OH .

[O] + H,O — 20H".

Ecin mpouiecc mporekaer B HEUTPAIBHOM CPEAE, TO YPaBHUBAHUE
aTOMOB BOJOpOJa IPOBOJUTCA TaK K€, KaK IJs KHUCJIOM cpenbl, a
ypaBHUBAHHUE aTOMOB KUCJI0POA — KaK IS IEJIOYHOU CPEBI.

B pe3yinbTare BBINOIHEHUS 3TOTO 3TAIla YUCIIO AaTOMOB Ka)K10r0 U3
JJIEMEHTOB, BKJII0OYasd BOAOPOX M  KHUCIOPOA, B KAXKIOU U3
(hOpMUPYIOIIMXCS TOJYPEAKINMN TOJKHO 0KA3aThCsl OJJTUHAKOBBIM.

4. OCHOBBIBAsACHh Ha BEIMYMHE CYMMApPHOTO 3apsi/ia YACTHUIL B JICBOM
U MPaBOM 4YaCTIX COOTBETCTBYIOIIUX BBIPAXKEHUM, ONPEACIAIOT YUCIO
OTAABAEMbIX WJIM NPUHUMAEMBIX OJJIEKTPOHOB, HME€d B BHUAY, YTO
DJICKTPOH MMEET OJUH OTpuUATEIbHbIA 3apsan. Ha 3stom stane
MIOJIY4arOTCs JIBE IOJypEaKkUuu, B KOTOPBIX JOCTUTHYTO PABEHCTBO HE
TOJIBKO YHUCJIa aTOMOB, HO U CyMMAapHOro 3apsja JEBOW W IIpaBOi
yacTel BblpaxeHud. [Ipy HEOOXOOUMOCTH B Ka)KI0M U3 MOIMypeaKkiui
MO>KHO BBITNIOJIHUTD MPUBEICHHUE MOI0OHBIX YJICHOB.

5. Jlns kaxmod wu3 Toypeakuui BbIOMpAaeM 4YHCIA, IOCTe
YMHOKEHUsI Ha KOTOPBIE U MOYJICHHOIO CIIOKEHUS IABYX IOJypEaKUHUi
IIOJYYUTCS BBIPAXKEHHUE, HE COoJepKalee B SABHOM BHAE YHCHA
OTJaBaEMbIX W NMPUHUMAEMBIX JJIEKTPOHOB. Takoe BhIpakeHue (B psie
CllydaeB — TI0CJIe MPUBEACHUS MOA00HBIX YJICHOB) TPEICTABIISIET COOOM
ypaBHEHUE XMMHUUYECKOUN pEaKIIMH B COKPAILICHHOW HOHHOU (opMe.

6. Jlyis nomy4yeHus ypaBHEHHs PEAKIMU B MOJIEKYISIpHO Popme B
JEBYKO M TIPAaByHd YaCTH COKPAIIEHHOTO HWOHHOIO YypPAaBHEHUS
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JOMHUCHIBAIOT PABHOE YHWCIO HEAOCTAIOUIMX HMOHOB, (QopMHpYs
MOJIEKYJIbI U (DOPMYJIbHBIE €TUHUIIBI.

[Ipumep 1. PaccraBbre KOA(DPUUMEHTHI B ypaBHEHUHM pPEAKIMU
OKHCJIEHUS TJIIOKO3bI XJIOPATOM KaJIUsl B CEPHOKHUCIION cperie

C6H1206 + KC|03 + H2804 — C02 + C|2 + K2804 + Hzo

XUMHYECKYI0 (OpMY H3MEHSIOT SJEMEHTHl YIJIEpOA M XJIOP.
Yriuepoa HaxoIWJCS B COCTaBE MOJIEKYJBl TJIFOKO3BI W TIepelies B
YIIAEKUCHIBIA Ta3. XJOp BCTyHajl B PEakIMI0 B BUJE XJIOpaT-MOHA U B
pe3yibTaTe MPEBPATUIICS B IPOCTOE BelleCcTBO. MI3MeHeHne XUMHYECKON
(bopMBI OTpaXkaeT 3aMuCh:

CeH1206 — COy,
ClO; — Cl..

VYpaBHHBaeM 4YHCJIO aTOMOB yIJIepoJla W XJIopa, HE oOparmas
BHHMAaHHMS Ha aTOMbI BOJIOPOIa M KUCJIOPO/IA.

C6H 1206 — 6C02,
2CI 03_ — CI2

YpaBHHBAaEM YKMCIO aTOMOB BOJIOPOJA M KACJIOPOJa, TPUHUMAS BO
BHUMAaHUWE, YTO PEAKIMd NPOTEKAET B KUCIIOU cpeae. B monypeakiuu c
IIFOKO30H B JIEBOM YacTH paBEeHCTBA 12 JIMITHUX aTOMOB BOJIOPOJa, a B
npaBol — O JIMITHKUX aTOMOB KHUCJIOpojaa. B moiypeakiuu ¢ Xjopart-
MOHOM B JIEBOM dYacTh O JIUIIHUX aTOMOB Kuciopoja. Ilonb3ysch
paBUJIaMU JJIsl KUCJIOUW CPeJibl, MOJydaeM BhIPaKCHUS:

C6H1206 + 6H20 — 6C02 + 12H+ + 12H+,
2ClO; + 12H" — Cl, + 6H,0.

CyMmapHbI 3apsl JIEBOM YaCTH TIEPBOrO BBIPAXKECHUS PAaBEH
HYJI0, a TipaBoi — itoc 24. CrienoBaTenbHO, B JIEBYIO YaCTh PAaBEHCTBA
HYKHO jaonucaTth —24¢ . Bo BTOpOM BBIpaK€HHUH B JIEBOM YAaCTH OOIIMIA
3apsii MoHOB cocTaBmil mmoc 10, Torma kak B MpaBoOM OH paBEH HYIIIO.
3HayUT, B JIEBOU YaCTH JOJHKHO ObITh nonucano +10e . OkoHYaTENLHBII
BU/I TTOJTypPEAKIMi MOCIIe MPUBEACHUS TOAOOHBIX YJICHOB

C6H1206 + 6H20 —24e — 6C02 + 24H+,
2CIO; + 12H" + 10e — Cl, + 6H-0.
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Haumensbiee oomiee kpatHoe yucen 24 u 10 pasuo 120. YMHOX)UB
MEPBYIO NMOYPEAKIIUIO Ha D, a BTOPYIO — Ha 12, cliokuM ux.

CeH1,06 + 6H,0 — 24¢” — 6CO, + 24H" X3
2Cl0; + 12H" + 10e — Cl, + 6H,0 x12

5CgH120s + 30H,0 + 24ClO;5 + 144H" —
— 30CO; + 120H" + 12Cl, + 72H,0.

ITocne mpuBeAcHUsS] TMOJOOHBIX YJIEHOB IIOJly4aeM ypaBHEHHUE
peaKIuM B COKpAILIEHHON HOHHOU (popme

5CgH 1,06 + 24CIO; + 24H" — 30CO, + 12Cl, + 42H,0.

[lIo ycnoBuio XJIOpaT-WOH HAXOJWJICA B COCTaBE XJiopaTa Kajusl.
OcCHOBBIBasICh Ha 3aps/ic MOHA Kajdusi W XJOpaT-uOHAa WM Ha UX
cootHomeHnn B dopmynbHoi equnune KClOs, onpeaensem, dro s
(opMupoBaHUsl yKazaHHOW (OPMYJIBHOM E€AMHULIBI MOTpedyeTcs
JlonucaTh B JeBYI0 yacTh ypaBHeHus 24K™. JIns coxpaHeHus paBeHCTBA
B €r0 MPAaBYIO YacTh JOMKUCHIBAEM TAKOE K€ YMCIIO 3TUX UOHOB.

AHaNOrMYHO CKa3aHHOMY BBIIIE€ OOHApPYKUBAaeM, YTO HWOHBI
BOAOpOAA JOJKHBI ObITh CBSI3aHBI B MOJIEKYJIBI CEPHOM KHUCIIOTHI, YTO
notpebyer mormcars 12S0,° B 06¢ 4aCTH PABEHCTBA.

[locne Toro Kak B JIEBOM 4YacTM YpaBHEHUS  OyayT
YKOMIUJIEKTOBaHbl MOJIEKYJIbl U (DOPMYJIbHBIE €IUHUIIbI, YKa3aHHBIC B
yCIIOBUM, B TMPaBOM YACTH paBEHCTBA HUX (HOPMUPOBAHUE TOJKHO
COCTOSITBCSI aBTOMAaTUYECKH, YTO O3HAYAET COCTABJICHUE YPAaBHEHUS B
MOJIEKYJIIpHOU (popMe.

5CgH,0g + 24CI05 + 24H" — 30CO, + 12Cl, + 42H,0,
+24K* +12S0,% + 24K* + 12S0,°

5C6H1206 + 24KC| 03 + 12H2804 —
— 3OC02 + 12C|2 + 42H20 + 12K2804

[Ipumep 2. PacctaBbTe KO3 PUIIMEHTHI B ypaBHEHUN PEAKIINU

SnS + CI2 + NaOH — NaQ[Sn(OH)6] + NaQSO4 + NaCl + H,0.
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XuMHYeCKy0 (OopMy B 3TOM IPOLIECCE U3MEHSAIOT OJIOBO, cepa U
xjiop. OJ0BO M cepa CBsi3aHbl B COEAMHEHUE, TaK YTO MU3MEHEHHUE UX
XUMUYECKOU (POPMBI MOKHO OYyAET OTPa3uTh OJHOU MOITYpPEAKIUEH.

SNS — [SN(OH)e]* + S04~

Peakuuss mnporekaer B IIEJIOYHOW CpENE, HAa YTO YKa3bIBacT
npucyrctBue NaOH cpeay MCXoaHBIX BEIIECTB. ATOMBI OJIOBA U CEPBI
yYpaBHEHBI, HO B IIPaBOM YacTH UMEETCS O JIMIIIHUX aTOMOB BOJOpOJAa U
10 numHux atomMoB kuciopoda. [Ipumensist copmyiupoBaHHbIE paHee
npaBwia I IICJIOYHOM Cpedbl, YpaBHHUBAaeM aTOMbl BOJOpOJa H
KUCJIOpOJia, NMPUBOAUM TOAOOHBIC WICHHI W J10OMBAeMCs pPaBEHCTBA
3apsI0B:

SNS + 6H,0 + 200H™ — [Sn(OH)g]* + SO, + 60H + 10H,0,
SnS+ 140H™ — [Sn(OH)¢]* + S04~ + 4H,0,
SNS+ 140H — 10e — [Sn(OH)g]* + SO4* + 4H,0.

Bropas momypeakiusi, oTpakaroiias npeBpaileHue aToOMOB XJIOpa,
HE COJIEPKUT BOJIOPOJa U Kuciopoa. [ls ee coctaBienust morpedyercs
JIMIIH HAUTH YUCIIO AJIEKTPOHOB!

Cl,+2e — 2Cl .

CokpanieHHOE HMOHHOE YpPAaBHEHHUE IIOJNYyYAaeTCs B PeE3yJIbTaTe
YMHOXKEHUSI BTOPOMl MOJypEAKIUKU Ha D U MOCIEAYIOIIETr0 €€ CIOKEHHUS
C IIEPBOW:

SNS+ 140H — 10e — [Sn(OH)g]* + SO +4H,0 | x1
Cl, +2e — 2CI x5

SNS + 140H + 5Cl, — [Sn(OH)¢]* + SO, + 4H,0 + 10CI".

+
HoOasnss B 00e yactu paBeHctBa 14Na’, popmupyem 3a7aHHbBIE B
ycIoBUU (POPMYITBHBIE €TUHUIIBL

SnS + 14NaOH + 5Cl, — Na[Sn(OH)¢] + Na,SO, + 10NaCl + 4H,0.

3ameuanne 1. B paccMoTpeHHOM ~— TpuMepe — W3MEHEHHUE
XAMHYECKONH (OPMBbI TPOM3ONIIO y TPeX OJJIEMEHTOB. llockombky
COOTHOIIIEHHE OJIOBA U CEPhl OKA3aJoCh 3aJlaHHbIM (QopMmyioit SNS, To
OKHCIICHHE 3TOTO COSIMHEHUS YAAJIOCh OTPa3UuTh OAHOM MOTypeaKIuei.
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B o0meM cnydyae mnpu HaIMYMM B PEAKIUOHHOW CHCTEME
HECKOJIbKUX HE3aBUCHUMBIX OKUCIMTENIECH MM BOCCTAHOBUTEJIEH HYXKHO
OyZeT BBINOJIHUTH JIMHEWHbIE KOMOMHAIIMM KaXKJIOH W3 BO3MOKHBIX
NOJIypEaKIMil OKHUCIICHHS C Ka)XI0M MOJypeakiueldl BOCCTaHOBJICHUS.
DOTO  MO3BOJIUT  TOJYYUTh  MOJHYKD  COBOKYIHOCTH  JIMHEWHO
HE3aBUCHUMBIX YPaBHEHUI OKUCIUTEIbHO-BOCCTAHOBUTEILHBIX PEAKIINH,
KOTOpasi JOJKHA OBbITh NpEACTaBiI€HAa KaK pe3ylbTaT PacCTaHOBKHU
ko3pduurentoB. B cTexuoMeTpuuecKux pacuerax Kaxjaas U3
NOJIyYEHHBIX  PEAKIMil  XapaKTEepU3yeTcss CBOMM  H3MEHEHUEM
XUMUYECKOW TEPEeMEHHON W JOJKHAa 00paldaThiBaThCsl OTAEIBHO OT

IPYTOu.

[Tpumep. Xmopua xpoma (I11) mpeBpammaercs B xmopua xpoma (I1)
JICHCTBHEM  IIMHKA B COJSHOKHUCIOM  pacTBope.  Ilpomecc
CONPOBOXKIACTCSI MOOOYHOM peaklueil BbIACICHUs Bojopoaa. B atom
ClIydae CTENeHb OKHCJICHHUS H3MEHSIOT TPU XUMHUYECKHX dJIEMEHTa —
IIMHK, XpOM H© Boaopoa. B cucreme mpencraBieHbl  OIWH
BOCCTAaHOBHUTEIIb (METAJUTMYCCKHUMA [IMHK) JIBA OKUCIUTENS (MOHBI XpoMa
Cr** u BOJIOPO/Ia H+), IpUYEM COOTHOIIICHUE KOJUYECTB BCTYNAIOIIUX B
PEAKIIUI0 OKUCIIUTENCH MOKET OBITh JTFOOBIM.

Meton mnomypeakiuii (Kak, BIpOYeM, M METOJ 3JICKTPOHHOI'O
OajlaHca) MO3BOJISICT MOIYYUTh JIBA JIMHEWHO HE3aBUCUMBIX XUMUYCCKHX
ypaBHEHHUS.

2CrCl3 + Zn — 2CrCl, + ZnCl,,

Cr'+e —Cr*" | x2
Zn-2e —zZn"" | x1

2HCI + Zn — H, + ZnCl,.

2H" +2e —»H, | x1
Zn—2e —7Zn*" | x1

IIpu oTBeTe Ha BOMPOC, KakK JOJKHA BBITJISJICTh PEaKIUs
BOCccTaHOBJIeHHs Xjopuaa xpoma (l11) muHKOM B COJITHOKHCIION cpene,
HY>KHO yKa3aTbh TOJIbKO Ha IEPBYIO peakuo. BTopoii mpouecc He umeer
OTHOIICHUSI K PAaCCMAaTPUBAEMOMY OKHCIIMTEILHO-BOCCTAHOBUTEILHOMY
nepexoay coenuHeHut xpoma. He cieayet cmymiaTbcsi, 0OHaApY>KUB, YTO
B YPAaBHEHUH BOCCTAHOBJICHUS TPUXJIOPHUJIA XPOMA OTCYTCTBYET COJITHAS
KHUCJIOTa WM, TEM 0oJiee, BOJOPOI.
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JItobag nuHelHass KOMOMHAIMA ATUX JBYX YPaBHEHUH SIBIISETCS
OIMOOYHBIM OTBETOM Ha BOIIPOC, MOCKOJIBKY MPU COCTABJICHUU TAKOH
KOMOWHAIIMM TMPOU3BOJIbHBIM ~ OTHOCHUTENIbHBIM BKJIaJ ATUX JIBYX
ypaBHEHUI B OOLIUI MpoLecc 3aMeHAeTcsl Ha (PMKCUPOBAHHBIN, HaIlepe/]
3aJJaHHBIA. OJTO IPOTUBOPEYUT MOJIOKEHUIO O HE3aBUCHUMOCTH JTHX
pEAKIUNA.

B crexuomerpuueckux = pacderax  KOJHMYECTBO  LIMHKA,
HEOOXOOMMOIO  JJIi  BOCCTAHOBJIEHMS  3aJaHHOTO  KOJINYECTBA
TPUXJIOPUJA XPOMA, ONPEHEIAECTC XUMHUUYECKOU IEPEMEHHOU IEPBOM
peakuuu. Yto kacaercss oOHIEro KOJIMYECTBA I[MHKA, KOTOPOE MOIJIO
OBITh U3PACXOJI0BAHO B CUCTEME, TO OHO PACCUMUTHIBAECTCS U3 U3MEHEHHUI
XUMHUYECKOM MEPEMEHHOM MEPBOM U BTOPOM PEAKLIMU 110 OTAEIBHOCTH.

3ameyanue 2. OIHMM HW3 OrPAaHUYECHHN METOJa TMOJYypPEeaKIIHA
ABJISIETCSI OTCYTCTBUE TaPAHTHUH ITOTYUYECHUSI OKOHYATEIbHOTO YPABHEHUS
B CJIyya€ NPOTEKAHUs PEAKIMH B PaCIUIaBE WJIM HEBOJHOM PACTBOPE,
MOCKOJIBKY NMPaBWJIa JOCTHKEHHSI PABEHCTBA YMCIIa AaTOMOB BOJIOPOJAA U
KUCIIOpOAa B IIOJIHOW Mepe TMPUMEHUTh He ynaaerca. Meron
NOJIYPEaKIMM MOYKET OKa3aTbCs MPUTOJHBIM UM TMOJIE3HBIM IS
HEBOJIHBIX CpE€J, HO COCTABIIEMBIMU MOJYPEAKLUUSIMUA  MOXKHO
MOJIb30BATHCS JIMIIb B IEJSIX PACCTAHOBKU KO3(D(DUIIMEHTOB, MOCKOJIbKY
B OTUX YPaBHEHHSIX MOTYT BCTPETUTHCS YacTHIBI (MOJEKYJbI BOJEI,
pousl H u OH ), KoTOpBIC HE CYIICCTBYIOT B PACIIaBE MM HEBOJIHOM
pacTBope.

Aureopanvecknii  meroxa.  HeuwsBecTHbie — KO3 PUIIMEHTHI
o00o3HauaroT OyKBaMH U COCTaBJIIIOT  CHUCTEMY  YpPaBHEHUH,
OTPaXKAIONIYI0 PAaBEHCTBO OOMIEro YKcia aTOMOB Ka)KJIOrO 3JIEMEHTa B
JEBOM W OpaBOM  dYacTax  ypaBHeHHS. (CTexmoMeTpuyecKue
KO3(DPUIHUEHTBI HAXOAAT B PE3YyJIbTATE PELICHUS MOJTYYEHHOU CUCTEMBI
yYpaBHEHUN METO/IaMU JIUHEUHOU anreOphl.

[Ipumep. PacctaBbTe KOAPPUIIUEHTH B ypPaBHEHUH PEAKIIUU
xS0, + szs — 7S+ tH,0.

BBenem HensBecTHEIE:
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xS0, + szs — zS + tH,0.

CocrtaBuM ypaBHEHHUs OajlaHCa M0 KaKIOMY BUY aTOMOB.

{111 aTOMOB CEpBI: X+y=z
JI1s1 aTOMOB KHCIIOpOAA! 2X =1.
Il atomoB Bogopoaa: 2y = 2t.

Yucno ypaBHEHUMHM B CHUCTEME PaBHO YHUCIY DJIEMEHTOB,
NPEJCTABICHHBIX B peakiuu. YHCIO MEPEMEHHBIX PAaBHO YHCITY
YYaCTHUKOB peakiu. B cucreme u3 Tpex ypaBHEHUU C YETHIPbMS
HEW3BECTHBIMU OJ[HA TEPEMEHHas MOXKET OBbITh 3ajJaHa IPOU3BOJIBHO.
DTO COOTBETCTBYET TpeOOBAaHUIO TIPOM3BOJILHOTO BBIOOpA OJHOTO
CTEXMOMETPUUECKOro KOoA(PUIKEHTa, KOTOPOE CO37a€T BO3MOXKHOCTH
YMHOXXEHUSI XUMUUECKOT0 YPaBHEHUS HA KOHCTAHTY.

[Tonoxxum Ha 3TOM OcCHOBaHuWM, Hampumep, X = 1. Torma wu3
BTOPOTO ypaBHEHUS U = 2, U3 TpPEThEro ypaBHEHUd Y = 2, U3 MEPBOro
paBeHcTBa Z = 3. YpaBHEHUE PEaKIUU

SOZ + 2H28 — 3S+ 2H20

3ameuanue. lcnonp30BaHHME 3TOrO0  MeEToAa He  Tpedyer
XUMUYECKUX 3HaHWW. [l peakuuid ¢ ydacTueM OOJIBIIOrO 4YHcia
BEILIECTB U MPUCYTCTBUEM OOJBIIOTO YHWCIA XMMHUYECKUX 3IIEMEHTOB
BO3PACTAlOT TEXHUYECKUE TPYAHOCTU [PU PELIEHUU CUCTEMBI
ypaBHEHHUN BpY4YHYH. MeToa HETPYOHO QIrOPUTMHU3UPOBATH IS
pearm3anuy Ha KOMIIBIOTEPE.
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OKHCJIUTEJIbBHO — BOCCTAHOBUTEJIBHBIE PEAKIINUA
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